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B xypcoBoii paboTe 1o conmpoTuBIICHNIO MaTepuaioB «II[pOYHOCTHBIE pacueThl 3JIEMEHTOB
KOHCTPYKUUI P Pa3IMUHbIX BUAAX HATPYKEHUs» BBIMOJIHSAIOTCS pa3/ieiibl:

— pacyer Ha IPOYHOCTH U XKECTKOCTh IIPU PACT)KEHUHU-CIKATUH;
— pacyer Ha IPOYHOCTH U )KECTKOCTh IIPU KPYUYECHUU;
— pacyer Ha NPOYHOCTH U JKECTKOCTh MpHU U3ruode.

ITo KaXXJI0MYy pa3acily BBIIIOJHAKOTCA YKA3aHHBIC HUXKC 3a1aHUs.
Pa3/:[en |. PacueT Ha IMPOYHOCTH U XKECTKOCTh IIPH PACTAKCHUU-CIXKATHU.

Jnist cratudecku orpenenuMoro opyca
—  ONpeAeNuTh NPOAOJIbHBIE YCUIIHS, TIOCTPOUTD SIIOPY MPOJOJIBHBIX YCUIINT;
— noxo0paTh MONepeyHble CEUeHUs, UCXOS U3 YCIOBUM TPOYHOCTH;

— TIOCTPOHUTH 3IIOPHl HOPMAJIBHBIX HANPSHKCHUH U JIMHCHHBIX MEPEMEIICHUIN MOMepEeYHbIX
CEUECHU.

Kectko 3allICMHUTh HpaBLIﬁ KOHCI] 6pyca, JJIA HOHy‘IGHHOﬁ CTaTH4YCCKU HeOHpeHeHHMOﬁ
CHUCTCMbI

— PaCKpBITh CTATUYECKYIO HEOIPEIEIUMOCTD;

—  OIPENENUTH IIPOIOJIbHBIEC YCWIHS, IIOCTPOUTH JIIOPY IPOJOJIBHBIX YCUIINH;

— IIOCTPOHUTH 3IIOPHI HOPMAJIbHBIX HAINIPSKEHNUN U NIEPEMEILICHHI MONEPEYHBIX CEUCHMUI;
—  BBIIOJHHUTH Ae(POPMAITMOHHYIO TTPOBEPKY;

— OIPEAEIUTH 3a11ac MPOYHOCTH.

Paznen Il. Pacyer Ha MpOYHOCTH U KECTKOCTh PU KPYUECHUH.

Jlis cTaTidecku ompeaeuMoro opyca

— OINpPEAENIUTh KPYTALIME MOMEHTHI, [IOCTPOUTH JIIOPY KPYTSIIUX MOMEHTOB;

— nojxo0paTh MONEpeyHbIe CEUEHUs, UCXOS U3 YCIOBUNA MPOYHOCTH;

— TIOCTPOUTH 3IIOPHl MAKCUMAJIbHBIX KacaTeIbHbIX HAPSKEHUH U YIIIOBBIX NEpEeMEIeHNUH
MOTEPEYHBIX CEUEHUH.

Kectko 3ameMuTh MpaBblii KOHEIl Opyca, /Uil TTOTYYEHHON CTaTUYECKH HEOMpeneTuMOi
CHCTEMBI

— PACKPBITh CTATUUCCKYIO HCONIPCACITINMOCTD,
— OIIPEACIUTH KPYTAIMIUEC MOMCHTBI, IIOCTPOUTD IMIOPY KPYTAIIHUX MOMCHTOB;

— MOCTPOUTH SMOPLI MAKCUMAJILHBIX KAaCATCIIbHBIX HaHpH)KeHI/Iﬁ " YTIJIOBBIX HepeMCH_[eHI/Iﬁ
MOINCPCUYHBIX CEUCHMI.

—  BBITIOJTHUTH JI€POPMAIIMOHHYIO TTPOBEPKY;
— OMNpEEeNUTh 3arac NPOYHOCTH.
Paznen I1I. Pacuer Ha MPOYHOCTH U KECTKOCTh IIPH U3THOE.

Jlist craTyecku onpeaenuMon 6amku

— OIPCACIUTH MONICPCUHBIC CUJIBI U I/ISFI/I6aIOIJ_II/IC MOMCHTHI, ITIOCTPOUTH 3TIOPHI;
- HO,Z[O6paTB MOIICPCUYHLIC CCUCHUA 3aJJaHHOM (bOpMLI, HUCXOOA U3 YCJIOBI/Iﬁ IMPOYHOCTH;



1151 OAJIKK TIPSIMOYTOJIBHOTO CEYCHUS € 3aaHHBIM OTHOIICHHEM cTopoH h/b

— TOCTPOUTH rpaUKU HOPMAIBHBIX M KacaTelIbHbIX HAIMPSHKEHUN B OTIACHOM CEUEHUU;
— omnpeaenuTs nepemenenue ceuenus C.
Jl00aBUTh MOABMKHYIO HIAPHUPHYIO omopy B cedeHuu C, Ui MONyYEHHOH CTaTU4YecKd

HEoTpeAeNTuMON cuctembl (0ajaKa IpSIMOYTOJILHOTO CEUEHUs)

— PaCKpBITh CTATUYECKYIO HEONPEAEIUMOCT;

— OINpeAeNuTh NONEPEYHbIE CUIIbI U N3TUOAIOIINE MOMEHTBI, TIOCTPOUTH 3ITIOPHI;

— TIOCTPOWTDH MPUOIMKEHHBIN BUI YIIPYTOW JIMHUU CTaTHYECKU HEOTIPEAETUMO Ok,
—  BBINIOJHHTSH J1e()OPMAIIMOHHYIO TIPOBEPKY;

— OIPEAEIUTh 3a1ac MPOYHOCTH.
BbIbOP MCXO/JHbIX JTAHHBIX

HcxonHbie nanHble puBeneHbl B Tabnuie 1. B Tabnuiie 2 mpuBeaeHbI PACYCTHBIE CXEMBI
KOHCTPYKIIUH.

Jlnst BBIOOpA MCXOMHBIX JAHHBIX HEOOXOJAMMO I1OJ] TPEMs MOCJICIHUMH IHudpamMu HOMEpa
3a4e€THOM KHIDKKHU noanucath OykBol A, B, C. Hanpumep,
Ne025324
ABC
W3 xaxxqoro BepTUKAIBHOTO CTOJIOLA Tabmuiel 1, 0003HAU€HHOrO BHU3Y OYKBOM, B3ATh YHUCIIO,
CTOSIIIEE B TOW TOPU3OHTAILHOM CTPOKE, HOMEP KOTOPOM COBITAJIaeT C HOMEPOM OYKBEI.

COJIEPXKAHUE I'PAOUYECKON YACTU
I'padrueckas yacTb JOIKHA COAEPIKATH!

Jluctsl I, 2. Pacyet Ha IPOYHOCTH U JKECTKOCTb IPH PACTSHKEHUHU - CKATUU U KPYUEHHH.

- pacyeTHbIE CXEMbl CTATUYECKH OMPEICIMMBIX U CTAaTUYECKU HEOMpEeIeTUMbIX OpYCheB;
HKBUBAJIEHTHBIE CUCTEMBI (NIl CTATUYECKH HEOIPEAETUMBIX OpYChEB); SMIOPHI MPOJOJIBHBIX
CWJI, HOPMaJIbHBIX HANpPsDKEHUH M IepeMelieHnil (Juist OpycbeB, paboTaoliye Ha pacTshKeHHe-
C}KaTI/Ie); OIIOPBI KPYTAIIUX MOMCHTOB, HanOOJBIINX KacaTeIbHBIX HaprI)KeHI/Iﬁ N YIJIOBBIX
nepemMenieHui (s OpycreB, paboTaOIMNUX HA KPYyUEHHUE).

Jluct 3. PacueT Ha MPOYHOCTH U )KECTKOCTH MPU U3rHOE.

- pacyeTHble CXEMbl CTaTMYECKH OMNPEACTMMON M CTaTUYECKH HEOINpeNeNuMOi Oallok;
HKBUBAICHTHYIO CUCTEMY (ISl CTATUYECKH HEONPEACTUMON OalIK1); SIIOPHI TIONIEPEYHBIX CHUI U
U3rHOAIONIMX MOMEHTOB; CXEMBl OaJIOK, Harpy)>XKeHHBIX €IMHUYHBIMH CHJIOBBIMH (haKTOpaMH,
NPUJIOKEHHBIMUA B cedeHUuM C, W SIIOPHI M3THOAIONIMX MOMEHTOB OT WX NEHCTBHS; rpaduku
HOPMAaJTbHBIX W KacaTeNbHBIX HAIMPSDKEHWH B OMACHOM CEYEeHUH (IJIs1 CTAaTHYECKH OMpPEeIeTUMOi
6ankn); NpUOIM>KEHHBIN BUJ YIPYTroi JTMHUU (JUIS CTATUYECKH HEOIIpeIeIMMON OaKn).

['padmyeckas yacTh BBIMONHIETCS Ha TpexX Juctax A3 unu Ha 6 nuctax A4.



NCXOAHbIE JAHHDIE

Tabnuua 1

Ne | Cxe-|1=10a | a; |a, |as | a4 q P, P, m; m, | h/b|d/D Mamepuan
Ma (m) (xH/m) bpyc | bpyc 1l bpyc I
1| 1| 04 |2a|3a|5a|3a| 5 |1,0qal1l,5qa|5,0qa°]|55qa%|1,0| 04 cm JI0 90-1 Cm.20
2| 2 | 05 |3a|4a|2a|4a| 10 |20qa|25qa | 6,00a° | 6,5qa% | 1,5 | 0,5 | conommepbl | 10 70-1 Cm.30
noaUAMUOA
3| 3| 06 |2a|5a|5a|2a| 15 |3,0qa|3,5qa|7,0qa?|7,50a% |20 |06 | xanporon B |JIC 74-3 Cm.40
41 4 | 08 |4a|2a|4a|3a| 20 |4,0qa|45qa|8,0qa°|8,5qa% |25 0,7 Kanpom JIC 63-3 Cm.50
5| 5 | 10 |3a|3a|2a|5a| 5 |50qa|55qa|9,0qa’|9,50a*|3,0|08| V5301-41 |JIC 60-1 Cm.60
6| 6 | 04 |2a|4a|3a|2a| 10 |1,0qa|1,5qa |5,0qa’|5,5q9a° | 1,0 | 0,4 T[ICMJ] AMz 3 BT5
71 7 | 05 |3a|5a|3a|3a| 15 |20qa|25qa|6,09a°|6,50a% |15 |05 | conorumepel AMz 5 BT6
noaUAMUOA
8| 8 | 06 |2a|2a|3a|4a| 20 |3,0qa|3,5qa|70qa?| 7502|2006 | xanporon B AMz 6 BT 14
9| 9 | 08 |4a|3a|4a|2a| 5 |4,00a|45qa|8,0qa’|8,50a” |25/ 0,7 Kanpow AT 31 BT 20
0| 0 | 10 |3a|2a|2a|2a| 10 |500a|5,5qa | 9,00a° | 9,592 | 3,0 | 0,8 | V¥5-301-41 AJT 33 BT 21
C| B |[C|C|B|B| C C A B A |B|A A B A
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[Ipogomxenue Tadm. 2
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[Iponomxenue Tabm. 2
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OxkoHnyanue Ta0iI. 2
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MexaHn4yeckmne XxapakTepucTnKn nnacrmacc

Tabnuua 3

Mapka Mopynbe ynpyroctn | [lpegen npoyHoctn | lMpeaen npo4YyHOCTH
E, Mlla NpW PacTsXKEHUN npun oKaTuu
o?, Mlla o, , Ma
MNonuctnpon NCMA 2700 37 100
Cononumepsl nonvamMmaa 1600 70 120
KanponoH B 2100 90 110
KanpoH 2800 65 110
®eHonnact ¥5-301-41 2300 50 180
MexaHn4yeckmne XxapakTepPUCTUKN YyryHa Tabnvua 4
Mapka Mopaynb ynpyroctu £, Mpenen npoyHOCTH MNpenen npo4HoOCTH
Mrla npn pacTskeHnn o, npu oKaTUu
M/lla O':, Mlla
CY 18-36 80000 180 700
CY 24-44 110000 240 1000
CY 32-52 130000 320 1200
CY 38-60 160000 380 1400
CY 40-64 170000 400 1600
MexaHn4Yeckmne XapakTepuUCTUKN CTanu Tabnuua 5
Mapka Mogynb ynpyroctn |Mopynbe casura G, |[peaen tekydectn | MNpegen npoyHo-
E, Mlla Mlia o,, Mia cw o, Mlla
Cr. 20 200000 80000 250 420
Cr. 30 200000 80000 300 500
Cr. 40 200000 80000 340 580
Cr. 50 200000 80000 380 640
Cr. 60 200000 80000 410 690
MexaHn4yeckme XapakTepPUCTUKN Cr/1aBoB LIBETHLIX METa10B Tabnuua 6
Mapka Moaynb ynpyro- Moaynb casura MNpenen Tekyye- | lMpeaen npo4vHo-
CTv E, Mlla G, Mrlia cwv o,,, Mlla cm o,, Mla
NaTyHb
J10 90-1 105000 40000 85 280
J10 70-1 105000 40000 110 350
JIC 74-3 105000 40000 120 350
JIC 63-3 105000 40000 120 320
JIC 60-1 105000 40000 130 370
ANOMWHMEBBIE CNiaBbl
AMr 3 70000 27000 80 180
AMr 5 70000 27000 110 250
AMr 6 70000 27000 150 300
Al 31 70000 27000 130 200
Al 33 70000 27000 180 250
TutaHoBbIE CM1asbl
BT 5 110000 42000 630 700
BT 6 110000 42000 750 800
BT 14 110000 42000 800 900
BT 20 110000 42000 830 950
BT 21 110000 42000 860 1000
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eoMeTpuYecKkmne XapaKTePUCTMKM NMOMNEPEYHbIX CEYEHMUN

Tabnuua 4

dopma ceyve- MoMeHTbI MHepunmn MOMEHTbI CONPOTUBIEHUS
HUS npu nsrnbe Npv KpyyYeHuu npu nsrnbe Npy KpyYeHuu
y
4 4 3 3
x - y:ﬂ Jp:ﬂi x:Wy:i p:ﬂ
> 64 32 32 16
dy
y J,=J, = J, = W, =W, = W, =
X 7Z-D4 4 7Z-D4 4 7Z'D3 4 7Z-D3 4
> | = 1-k = 1-k =——I\1-k =——I\1-%
q LK) | =T ow) | =T o) = )
<«d> k=4 k=4 P p=d
< > D D D D
AY 3 2
. g b J =ab’ wo= o W = pb°
< R 12 6
x hb® hb*
L J =— W =—
Y12 Y6
‘br
dopmynbl Tpaneuuun Ans NepeEMHOXEHUS 3P Tabnuua 5

MepeMHOXXeHUE NPSMONNMHENHOM U KPUBO- MepeMHOXeHNE NPSAMOSIMHENHBIX Tpane-
JIMHENHOW Tpaneuni L
yd A \
\ Mu32 a b
Mu3e a b
\ 4
hcp |/2 /
M ¢ d
M ¢ d
|
|
N | —\ !
(M, xM)= E(ac+bar+ 2h,,(c+d)) (M, xM)= 5 (2ac+2d +ad +be)
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OBPA3EL| BbINOSIHEHWSI KYPCOBOW PABOTHhI

3agaHue:

[IpoBecTr MPOEKTUPOBOYHBIM pacueT Ha MPOYHOCTb M IMPOBEPOYHBIN pacueT Ha JKECTKOCTh
3a/IaHHBIX CTATUYECKU OINPEAECIUMBIX YIPYTUX CUCTEM.

[IpeBpatuth CUCTEMBI B CTaTUUYECKH HEONPEAEINMbIE, JOOABIAsA JTONOJHUTENBHYIO ONOpPY, U
BBINIOJIHUTH IIPOBEPOYHBIN pacyeT Ha IPOYHOCTb.

HUcxomuble qaHHBIE:

Ne: 4 5 7

A B C
Cxema Ne 7;
1=10a=1,0 m; a=0,1 m; a1=3a=0,3 m; a,=5a=0, 5 m; az=2a=0,2 m; as=5a=0,5 m;
=15 kH/m,; P1=20a=3 kH; 2P,=6,0 kH, P,=4,50a=6,75 kH,; 2P,=13,5 xkH;
m;=9,09a°=1,35 kH m; m,=8,5qa°=1,275 xH m
h=3b; d=0,7D.
Matepuansti:  6pyc | — Kanpon,; opyc Il —JIO 60-1; 6pyc 1l - CYH 38-60, 6pyc IV — BT-6.
MexaHHuecKHe XapaKTePUCTUKH MaTepHAJIOB:
Kanpon: E=2800 Mlla;, o’ =65 Mlla, o, =110 Mlla;,
JIC 60-1: E=105000 MIla;, G=40000 MIla; o, =130 Mlla; o, =370 Mlla ;
CY 38-60: E=160000 MIla; o’ =380 Mlla; o, =1400 Mlla ;
BT-6: E=110000 MIla; G=42000 Mlla; o, =150 Mlla; o, =800 Mlla.
Koaddunuent 3amaca npuHsaTh N=3.



Yacrs I.
PacyeT Ha MPOYHOCTD U KECTKOCTH MPHU PACTKEHUU-CHKATHH.
JJis cTaTU4ecKu OIpeaesuMoro opyca
®  OIpPENeTUTh MPOAOTBHBIC YCHIIUS, TOCTPOUTH MIOPY MPOJOIBHBIX YCHUIINN;
e 1oA00paTh MOMEPEUHBIC CEUEHUS, UICXOSI 3 YCIOBUI MPOYHOCTH;
®  [IOCTPOUTH AMIOPHI HOPMAJTBHBIX HAPSKEHUN U TIEpEeMEIleHUI OTePEeYHbIX CEUCHUN.
XKecTtko 3amemMuTh MpaBblii KOHEN Opyca, s MOTYYEHHOW CTAaTUYECKH HEOIpeneTuMOi
CUCTEMBI
®  PACKPBITh CTATUYCCKYIO HEOTPEACIUMOCTH;
OTIpPECNIUTh MPOJOJIbHBIE YCUIIHS, TOCTPOUTH MIOPY MPOJOJIbHBIX YCUIIUNL;
MOCTPOUTH SMIOPHI HOPMAJIBHBIX HAIPSKEHUH U ePEMEIICHUH MONEPEYHBbIX CEUCHMUI;
BBIMIOJHUTH J1e()OPMAITMOHHYIO TTPOBEPKY;
OTIPEICIIUTH 3aIac MPOYHOCTH.
1.1.Cratuuecku onpenenuMelii Opyc.

OnpenenumM peakTUBHYIO CUIy Ra, BOSHUKAIOIIYIO B 3aJelIKe. YPaBHCHHE PAaBHOBECHS
JUISL CTATUYECKH OTPEeINMOro opyca:

Ra—2P+2P, =0 = Ra=2P,—2P,=-5qa=-75 kH.
OnpenenyM TPOJOJIBHBIE CHIIBI HA KaXKJIOM YYacTKE HArpyXeHUs, IMOJIB3YSICh METOJI0M
CEUYCHHI.

| yaacTok: 0<z<bha

ypaBHEHHE PaBHOBECHSI OTCEUEHHOM yacTu Opyca: N, =0,

TaK Kak Ha [EPBOM y4acTKe HarpyKEHHs BHEIIHUE CHIIBI HE IEHCTBYIOT.
Il ygacrok: 5a<z<7a
ypaBHEHHE PABHOBECHS OTCEUYEHHOM YacTH Opyca:
N,-2P, =0 = N, =2P,=40a=60«xH,
Il ygacTok: 7a<z<8a
ypaBHEHHE PABHOBECHsI OTCEUEHHON YacTH Opyca:

N,—-2P =0 = N; =2P,=40a=60«xH,
IV ygacrok: 8a<z<10a
ypaBHCHHE PAaBHOBECHS OTCEYCHHOW YacTH Opyca:
Ng—2P, +2P, =0 = Ny =2P, —2P,=-5qa=-75«H .
Bbipazum 1uromaan TMOMEepedHbIX cedyeHuil depe3 mapamerp D - nmamerp cedenus Ha
TpeTbeM yuactke Harpyxenus (d=0,7D).

_#((15D)? -d?)

| yaactok: F, =1382D?;
Il yaactok: F, :d[)zi):OAOlDZ;

Il yaactok: F3=7Z-D2 =0785D7;

IV ydacTok: |:4=7ZD2 =0,785D°

OrnacHbIM y4acCTKOM, T.€. YYaCTKOM Ha KOTOPOM BO3HHMKAIOT MAaKCUMAaJbHbIE HAIIPSKEHUS,
SABJISIETCS TPETUIN y4aCTOK HArpyKEHUSI.
CocTaBuM yci0BUE IPOYHOCTH AJIsI TPETHETO YUACTKA!

N,  4qga <[6]p:

(o2 (oX Gep
= 2 = = = >~
max F, 0401D2 n

=216 Mlla



Omnpenenum nuametp D U3 ycnoBust IpoOYHOCTH:

| _4ea _ 4-15020-0,1 002626 m
[c]? 0401 \216-10°-0401

[Mpuaumaem D=0,0263 m = 26,3 mm, d=0,7D=0,01841 m =18,41 mm
[Tnomaam monepeyHbIX CeUCHM Opyca:

| yaacTok: F, =9,56 10™ v’;
Il ygacToxk: F,=2,77 10 M2;
Il ygacToxk: F, =5,43 10* MZ;
IV yuacTok: F, =543 10" m%;
HanpsiokeHus B IOMEPEYHbIX CEUCHHUAX CTATUYECKH ONPEIeTMMOro opyca
| yaacTok: o1 Ny OMIla;
1
Il yuacTok: oy =2 _ 999 92 _ 2166 Mita:
F, D?
N
1 yuacrok: o3=—2=50992 _1104 MITa;
Fs D?
IV y4acrok: Oy =E—: —6.,37 q621 =-=1381 Mlla ;
4 D

Omnpenennm abcoOTHOE yATUHEHUE Opyca, Kak CyMMY yJIJTMHEHHS y4aCTKOB:

Al=Al +A41, +Al, + 41,

AI 1= —Nlll :0,
EF
Al = Nal2 _1g97.98° 92" _ 1 547.10°
EF, ED?
Njl3
Al 3= —33 509 9% 92° _0394.10-
EF; ED?
Ngly ga? -3
Al 4= -1273——-=-0,986-10""wm
E F4 ED?
qa
A|:A|1+A|2 +AI3 +AI4—1233 2 —0955 10 M.
ED
OrmpesiesTuM TIepeMeleH s TONEPeYHbIX CeYCHHUH, COBIAAIONINX C TPAHULAMU YYacTKOB
HarpyKeHHUs:
ceyeHue A (JkecTkas 3a/elika): A, =0;
ceyeHue B : Ap =Ap + A1, =—-0,986 mm;
ceuenue E: Ag =Ag +4l5 =—-0592.mm;
ceyenue G : Ag =4 + 415 =0,955mm;
ceuenue C : Ac =A4g + Al =0,955mm.

1.2. Ctatruecku HEOMpeaeIUMbIN OpyC.
YpaBHEHUE paBHOBECHS IS CTATHYECKU HEONPEISIMMOTO Opyca:
Ra—2P, +2P, —R. =0 = S=m-n=2-1, cucreMa OAWH pa3

CTaTU4YCCKU

HEoIIpcacianuma. PaCKpOCM CTaTUYCCKYIO HECOMNMPEACINMOCTb, T.C. OIPCACINM HCU3BCCTHBIC

peakiuu B xkecTkux 3aaenkax 4 u C.



Onpenenum NpOAOJbHBIE CHJIBI HA KaXJOM YYacTKE Harpy>KeHus, MOJb3ysICh METOJIOM
CEeUEeHUI.

| yaacTok: 0<z<bha
ypaBHEHHE PaBHOBECHS OTCEUCHHOW YacTu Opyca: N, -R-=0 = N; =R.,
Il yaacrok: 5a<z<7a

ypaBHEHUE paBHOBeCHs oTceueHHOM yactu Opyca: N, —-R. -2P, =0 = N, =2P, +R.,
Il yaacTok: 7a<z<8a

ypaBHEHHE paBHOBECHUs OTceueHHOM yacTu Opyca: N; - R, —2P, =0 = N, =2P, +R.,
IV yuacrtok: 8a<z<10a

ypaBHEHHE PaBHOBECHSI OTCEUEHHOM yacTu Opyca:
N,-R.-2P, +2P, =0 = N, =2P, -2P,+ R,

JUig 3ameMiaeHHOro O0OMMM KOHLIAaMHM CTEp>KHSI HOJHOE a0COJIIOTHOE Y/UIMHEHHE JOJIKHO
OBITh PaBHBIM HYIIIO:

Al=Al, + 41, +Al;, +A4l, =0, rre

Al = N1I1: Rc -5a ;

EF, E-1382D2
_Nyl, (2P,+R¢)-2a,
" EF, E.0401D2
_N3l; (2P +R¢)-a .
EF; E.0785D2
Al Nala _ (2P—2P, +Rc)-2a

Al

Al 5

“"ER,  E.0785D?
Tosoa Rc -5a - (2P, + Rc)fa ) (2P + RC)-Za s (2P, - 2P, + Rg)-Za o
E-1382D E-0401D E-0,/85D E-0785D
Rc-5 (49a+Rc)-2 (4qa+Rc) (-50a+Rc)-2
1382 0401 0,785 0,785
Pazpemas 3T0 ypaBHEHHE OTHOCUTENBHO R, monyunm Rc=-0,992qa=-1,488 xH.
W3 ypaBHeHus paBHOBecHs HaxoauM R, =2P, —2P,+R. Ra=-5,9920a=-8,988 kH
[IpononbHBIe YCHIIHS HA Y9aCcTKax HATrPY)KEHHS CTaTHYECKU HEOINpeIeIMMOoro Opyca
| yqacTok: N, =R.=-0,992qa=-1,488 xH,
Il yqacTox: N, =2P, +R.=3,008qa =4,512 xH,
Il ygacroxk: N, =2P, + R.=3,008qa =4,512 kH,
IV yuactok: N, =2P, - 2P, + R.=-5,992qa=-8,988 xH
HamnpspkeHus B onepeyHbIX CEYeHUsIX CTaTHYEeCKH HeonpeaenuMoro opyca
N
| ygactok: o =—1-_0 JZE =-156 Mlla:
Fr D?
Il yaacTok: oy =2 7519 _ 1528 r7a:
F D?
N
Il ygacToxk: o3 =3 3,83£ =831 Mlla;
Fs D?
N
IV yuactok: oy=t=T 637 =165 MIla
4 D



Omnpezenum 3anac MPOYHOCTH CTATUYECKHA HEONPEICTMMOTO CTePIKHSL:
P P _ .

Ohax =02 =1528Mlla, ocf =65 Mlla;

Toraa K03 UIUEHT 3amaca IPOYHOCTH

65 —=399.
1528

BeinmonnnuM  geopManiioHHy0 npoBepky. OmnpenenuMm aOCONIOTHOE YAJIMHEHUE Opyca,
KaK CyMMY YAJMHEHMsI Y4acTKOB, IPHUYEM IOJHOE YyJUIMHEHUEe Opyca JOJKHO OBITH PABHO
HYJIIO:

AIZAI:I_ +A|2 +AI3 +AI4 =

— _359 qa2 150292 ga’ S +383 qa2 _1526 qaz
ED ED ED ED
—_0278-102+1163-10°2+0,297-1072-1182-10"2 =0
OHpe,Z[eJ'II/IM HepeMeIIleHI/IH nonepefmmx CG‘ICHI/II\/'I, COBITaJAaKOIINX C FpaHI/II_IaMI/I y‘IaCTKOB
HArpy>KCHUA:

ceueHue A (KecTKas 3a/elKa): A, =0;

ceyeHue B : Ag =Ap + Al =-1182mm;
ceuenue E: Ag =45 +Al3 =—0,885mm;
ceyenue G : Ag =4g +A4l, =0,278mn;
ceuerue C : A. =4, +A4l, =0.



Yacrs .
Pacuer Ha MPOYHOCTD U KECTKOCTh MPU KPYUEHUHU.

JI71st cTaTU4ecKu onpeneuMoro opyca
®  ONpENeTUTh KPYTAIIUE MOMEHTHI, IOCTPOUTH AMIOPY KPYTAIIMX MOMEHTOB;
e nojo0OpaTh TOMEpeYHbIe CEUEHHUs, WCXOAS U3 YCIOBHM MTPOYHOCTH (NIPUHATH
k03 dunment 3amaca N=3);
® [OCTPOUTH AMIOPHI MAKCUMAIBHBIX KAaCATEIhHBIX HANPSDKCHUNW W YTIIOBBIX MEPEMEIICHUN
MOINEPEYHBIX CEUCHHI.
XKecTtko 3ameMuTh MpaBblii KOHEN Opyca, Ui MOJTYYEHHOW CTAaTUYECKH HEOIpeIeTuMOi
CUCTEMBI
®  PAaCKPBITh CTATUYECKYIO HEOMPECIIUMOCTE;
®  ONpPENCTUTh KPYTAIIUE MOMEHTHI, IIOCTPOUTH DIIOPY KPYTSIIUX MOMEHTOB;
® [IOCTPOUTH AMIOPHl MAKCUMAJIBHBIX KAaCaTEIbHBIX HANPSXKEHUN U YTIIOBBIX NEpEeMEIeHUM
MOTIEPEYHBIX CEUCHUH.
®  BBINOJHUTH JeHOPMAIIMOHHYIO TIPOBEPKY;
®  OMpEAETUTH 3armac MPOYHOCTH.
1.1.Cratuuecku onpenenuMelii Opyc.

Onpenenm peakTHUBHBI MOMEHT My, BOHUKAIOIINKA B 3a/ielIKe. Y paBHEHUE PaBHOBECUS

JUTSL CTATUYECKH OTPEeINMOro opyca:

Ma+mM-m,=0 = mA:—m1+m2:—O,5qa2:—0,075;<H-M.
Onpenenum KpyTAIIME MOMEHTBHI Ha KaXIOM YYacTKE Harpy»KeHHUsl, MOJIb3YSChb METOJ0M
CEUYCHHUI.

| ygacTok: 0<z<ba

ypaBHEHUE PAaBHOBECHSI OTCEUCHHOM YacTu Opyca: M, =0,

TaK KaK Ha MIEpBOM y4aCTKE HarpyKeHHs] BHEIIIHUE MOMEHTHI HE ACHCTBYIOT.
Il yaactok: Sa<z<7a
YpaBHEHUE PaBHOBECHsI OTCEUEHHOM 4acTH Opyca:

M,-m =0 = M,=m, =9ga* =1,350 xH - u,
Il yaacToxk: 7a<z<8a
ypaBHEHHE paBHOBECHs OTCEYEHHOI YacTu Opyca:
M3—m1+m2:O — M4 =m1—m2=0,5qa2=0,075KH-M.
IV yuacTok: 8a<z<10a
ypaBHEHHE paBHOBECHsI OTCEYEHHOI YacTH Opyca:
My,—m;+my,=0 = M, =m; —m,=05qa® =0,075kH - .

BbIpa3uM MOMEHTBI CONIPOTHBIICHUS MTONIEPEYHbIX ceueHuid uepe3 auametp D (d=0,7D).

zD3 d)* 3
I : W= 1-| —| [=0,1492D",
y4acTOK PL=" 16 (Dj
3
Il yaacrok: szzﬂl[; =0,1963D°;
3
Il yaacTok: Wp3=ﬂ1[é =0,1963D3;
7ZD3 d 4 3
v : Wyy=——1-| = | |=0,1492D
Y4aCTOK p4 16 (Dj

[TonspHble MOMEHTHI MHEPLIUU CEUECHU Opyca



4 4
| yaactok: J _D [1—(%) )=0,0746 D*;

P 32
7 D*
Il yaactok: J,= ;= 00982D";
4
Il ysactok: Jp3=”2 =0,0982D"*;
4 4
IV yudacrok: Jpa —ﬂs—z{l(%j ]— 00746 D*

OmnacHbIM Y4aCTKOM, T.C. YUYAaCTKOM Ha KOTOPOM BO3HUKAIOT MAKCHUMAJIbHBIC KaCaTCIbHLIC

HaIIpsSKCHUA, ABJIACTCA TpeTI/Iﬁ Y4aCTOK Harpy>KCHHU:.
CocrtaBuM YCJIOBUS ITPOYHOCTH IJIA OIIACHOI'O Y4aCTKa BaJia.

2
Mo o 99 [1], 20e 1] 06[c]-06%2
Wp2  0,1963D n

Onpenenum nuametp D U3 ycioBust npoyHOCTH:

2
D>gl 24" _ 9 15%00 001 ) v6419a.
[z]01963 1\ 26-10°.01963

[Tpurumaem D=0,065 m = 65,0 mm, d=0,7D=0,0455 m =45,5 mm
[TosstpHBIE MOMEHTBI COMTPOTHBIICHHMS TIOMIEPEYHBIX CEYEHUI Opyca:

=26 MIla

06130
3

Tmax =72 =

| yaacTok: W,, =40,98 107 u/5;
Il yqacrok: W, =53,92 10° a/*;
11 yuactok: W, =53,9210° »°;
IV yuactox: W,, =40,98 10°° »°
[TonsipHbIe MOMEHTHI MHEPITUU CEUYCHUI Opyca
| yaacroxk: J,, =133,17 10° a%;
Il yaactok: J,, =175,2510° u%;
111 yaacrox: J,, =175,2510° u%;
IV yuacrox: J,,=133,1710° »*

MakcumaneHble  KacaTelbHBbIE HAINPSOKEHUS B IOMEPEYHBIX  CEUEHUSX  CTaTHUYECKH
oTmpeeTuMOro Opyca

M
| yaacTok: 7,=—+=0 Mlla;
pl
M, qa’
Il ygacToxk: T, =—==4584———=2504 Mlla,
W D3
M 2
Il yaacroxk: 73 =3 _ 2,55£ =139 Mlla:;
W3 D3
M 2
IV yuacTok: Ty -4 - 3,35£ =183 Mlla
W4 D3

Onpenennm abCOMIOTHBIN yrojl 3akpy4duBaHus Opyca, Kak CyMMY YIJIOB 3aKpy4YUBaHUS
YYaCTKOB:



Mjly

?1 Gy
3
= Mal2 _ 1833512 ~0,00385pa0=0,2212pad,
Gy, GD
3
¢,3:M_3'3:5,09 98 _000011pa0=00062pac;
Gl GD*
3
@ 4= Malq = 13,40£:0,00028pa0:0,0162p610§

GJp4 GD*

3
0= 91 +¢; +3 +9y = 201840 =000424pad=0243zpa0
GD
OmpenenyM YIjaoBbIE IEPEMELIEHUS IONEPEUYHBIX CEYEHUHM, COBHAJAIONIMX C TPaHHIAMH
YYaCTKOB HArPYKCHHSL:

ceyeHue A (KecTKas 3a/elKa): @, =0;

cedeHue B : @p =@a+ @1 =000028pao=00162pag;
ceuenue E: @ =g +@3 =000039pao0=00222pag;
cedyenue G: o =@ + ¢, =000424pao=0,243zpag,
ceyenue C: oc =¢g + 1 =000424pao=0,2432pao.

2.2. CtaTu4ecku HeolpeaeTuMBbIil Opyc.

VYpaBHeHHE paBHOBECHUS ISl CTATUYECKU HEOTIPEIeIMMOro Opyca:

My +m; —m, —mg =0 = S=m-n=2-1, cucremMa OIWH pa3 CTATUYECKU
HEoIpeaeIumMa.

Packpoem cratnueckyro HEONpPEIeIMMOCTb, T.€. ONPEIEIMM HEU3BECTHBIE PEaKTUBHBIE
MOMEHTEHI B KecTKuX 3anenkax A u C.
Onpenenum KpyTSALIME MOMEHTHI Ha KaKJIOM YYACTKE HArpyXeHHs, IOJIb3YsIChb METOAO0M
CEYEHHUN.

| ygacTok: 0<z<b5a
ypaBHEHHE PaBHOBECHUSI OTCEUEHHOM yacTu Opyca: M;+m; =0 = M; =-mg,
Il ygacrok: 5a<z<7a

ypaBHEHHE PAaBHOBECHS OTCEUCHHOI YacT Opyca:
M,-m+m.=0 = M, =m -m,
Il yaacTok: 7a<z<8a
ypaBHEHHE PAaBHOBECHS OTCEUCHHOIT YacTH Opyca:
M,—m,+m,+m. =0 = M,=+m -m,—-m. ,
IV yuacrok: 8a<z<10a
ypaBHEHHE PaBHOBECHSI OTCEUCHHOMN YacTH Opyca:
M,-m +m,+me=0 = M, =+m —m,-m,
JUist 3aIeMIICHHOTO OOOMMH KOHIIAMH CTEPIKHSI TOJHBIM Yo 3aKpy4MBAHHUS JOJDKEH OBITH
paBHBIM HyTIO:  @=@, + @, +¢, +¢,=0, rae



Myl  —Mc 5a _
GJl, GO00746D*"
_ Myl _(—mC +m1) 2a
° GJ,, G00982D*

M3|3 _(—mC +m1—m2) a_

Q1=

PGl Goo9sD’

Myl _(—mc +m1—m2) 2a
Y476l Goo746D
Tocoa

—-Mmc 5a (—mc +m1)2a (—mc +m1—m2)a (—mC +m1—m2)2a
GO,O746D4+ G 0,0982D* " G00982D* " G 00746D* -0
—mc 5+(—mC +9qa2)2+(—mC +O,5qa2) +(—mC +O,5qa2)2
00746 00982 00982 00746

Paspeliias 5T0 ypaBHEHHE OTHOCHTENBHO Mc, MONydnM  Mc =1,6230a°=0,243 kH .
13 ypaBHEeHUs PABHOBECHS HAXOAMM M, =—M, +M, + M., ma=1,1239a*=0,168 xH
KpyTsiue MOMEHTBI Ha y4acTKaX Harpy:KeHUs CTaTUYECKH HEONPEIEIMMOro opyca

| yaactox: M, =-1,623qa® =-0,243 kH - u,
Il yaacrok: M, =7 377qa% =107 kH - u,

Il yaacToxk: My :—1,123qa2 =-0,168 xH - m,
IV yuacTok: My = —1,123qa2 =-0,168 kH - m

MakcumalnbHble KacaTelIbHBIC HANMPSDKEHHS B IOMEPEYHBIX CEUCHHUSX CTaTHYCCKU
HeompeaeIuMoro opyca

2
| yqacrok: r=M1 - 108898 _ 594 M1t
Wp1 D3
2
Il yaacrok: =2 375798 _ 2052 Mita:
W, D3
M 2
Il yuactoxk: T3 :—3:—5,72£:—3,12 Mlla;
W3 D3
M 2
IV yuacrtok: 74 =4 -7 ,52£ =—411Mlla ;
W4 D3

Omnpenenum 3anac MPOYHOCTH CTATUYECKU HEOTIPEIETNMOTO CTEPIKHS:
Tmax =72 =2052 MIla, o, =130 Mlla;
Torja Ko UIIMEHT 3araca MpOYHOCTH
Ne 06-130 380,
2052

BeinonauMm eopmannornyto mposepky. Onpesennm aGCoMIOTHBIN Yroi 3aKpydruBaHUs
Opyca, Kak CyMMY YIJIOB 3aKpYYHBAHUs YYaCTKOB, IPUYEM TIOJHBIM yroJl 3aKpy4rBaHus Opyca
JOJIKEH OBITh PaBEH HYIIIO: P=@, +¢, +@p;+¢, =0




Ml ga’ .
¢ 1= =-108/6—+=-000228 pao=-0,131zpao;
Gl GD*
3
0 )= Malz 1502992 _ 000316 pao=0181 2pad;
Gl GD*
3
o= Mals 11449 __600024pa0=—0014 2pacy
GJp3 GD*
3
pi=Mals __351092" __000063pa0=—0036 2pao;
Gl GD*
To2da 0131+ 0,181-0014-0036=0

OHpe,Z[eJ'II/IM YIJIOBBIC TMICPCMCHICHHA IIOIICPCYHBIX CequHﬁ, COBIIaJarOMX C TI'paHHUlaMU
YYaCTKOB HArpy>XCcHHUA:

ceyeHue A (KecTKas 3a/elKa): @, =0;

cedeHue B : @p =op + @4 =—000063pao=—-00362pao,
ceuenue E: @ =g ¥ @3 =—000087 pao=—00502pad;
ceuenue G: o =@ + ¢, =000228 pao=0,131epag,
ceuerue C': @ =@g + @, =0.
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Yacrs I1.
PacueT Ha IPOYHOCTH U KECTKOCTH NPHU U3THOE.

JUIsl CTaTU4eCKU OIPENeIMMON OalIku

® OIIPEJIEIUTD [TONEPEYHBIE CUIIbI M U3rMOAIOIUNE MOMEHTBI, IOCTPOUTH 3ITIOPHI;

® [10100paTh TONEPEYHOE CEYECHHE 3aJaHHOM (POpPMBI, UCXOAS U3 YCIOBHM NPOYHOCTH
(mpuHATH KO3 PHIKEHT 3amaca N=3);

® [IOCTPOUTH I'paPuKy HOPMAJIBHBIX M KacaTeJIbHbIX HANPSHKEHUH B ONTACHOM CEYEHMH;

® OIpeIeNINTh NepemerieHue ceuenus C.

Jlo0aBUTh MOABMKHYIO LIApHUPHYIO omopy B cedeHuu C, Ui MOJyYEHHOH CTaTHYECKU
HEOIIPEAEIUMOM CHCTEMBI

® PaCKpBITh CTaTUYECKYIO HEOIIPENEIUMOCTH;

® OIPE/IETUTh MONEPEUHBIE CHIIbI U N3TUOAIOIINE MOMEHTBI, TOCTPOUTD SIIOPHI;

® [IOCTPOUTH MPUOIMKEHHBIN BUJ YIPYTO# JINHUM CTaTUYECKU HEONIPEAECTUMON OaKu;

® BBITIOJIHUTH A€(POPMALITMOHHYIO IIPOBEPKY;

® OIIPEJIEIUTD 3arac MPOYHOCTH.

1.1.Cratnuecku onpenenumas Oaika.
Omnpenenum peakiuy B )KeCTKOU 3azeike Ra, Ma. YpaBHEeHUs: paBHOBECHS JUIsl CTATUYECKH

OTpeIeTUMON OaJIKu:

ZYiZO Ra+P —q-7a=0
. =

ZM' ~0 m,—P,-10a—m; +q-7a-35a=0
A

Ra=-P,+q-7a=5qa=75«H;

ma =P, -10a+m; —q-7a-35a=45 qa% =0675xHu
Omnpenenum monepeyHble CUITBI U M3THOAIOIINE MOMEHTHI Ha Ka)KJIOM YYacTKE HarpyKEeHHUS,
MOJB3YSICh METOJIOM CEYCHHUH.
| yaactok: 0<z<3a (cneBa)
Q =Pk
M, =Pz
Torma Ha rpaHHIaX y4acTKa
Ql(z:O) =P =200a=30«H Ql(z:Ba
M 1(2=0) = 0 M 1
Il ygacToxk: 3a<z<b5a
Q, =P, —-q(z-3a)
M, =Pz-05q(z-3a)
Torga Ha rpaHuIax yyacTka
Q2(z=3a) =P =20a=30kH Q2(2=5a) =P, -2ga=0
M,(,s.) =P 3a=6qa" =09 xHwm M, . = P52 —2qa” =8qa’ =12xH - m
Il yaacToxk: S5a<z<10a
Q, =P, —q(z—3a)
M, =P,z-05q(z—3a)* +m,
Torna Ha rpaHunax ydacrka
Q3(z=5a) =P, -2qa=0 Qg(zzma) =P, —-7ga=-5qa=-7/5kH
M. = P52 —-20a" + m, =17qa” =255 xHm

My (,10a) = P10a — 24 50a” +m, =4,5qa° =0675«H - m

=P =20qa=30xH
=PR8a=6qa” =0,9xH - m

z=3a

z=3a z=5a

z=ba

(z=10a
11



MakcuMajibHOE 10 MOAYJIIO 3HAYCHHUC MOMCHTA MNPHUXOJUTCA Ha CCUCHHUC B KOTOPOM
IorepecuHas Cujia 06pau1aeTc>1 B HOJIb.

Torna M, =My, 5, =295 kHM - 10 _3TOMY 3HAYCHHIO HM3rHOAIOLIETO MOMEHTA

z=5a
BCACTCA pacqu Ha HpO‘—IHOCTB.
Or{pez[eJmM IMOJIOKCHHUC ONCHTPA TAXKCCTU ITOIICPCHHOT'O CCUCHMUA.

CeueHne UMeET OCb CUMMETPHH Y.

BbIpa3suM IUIOMIAfb IOMEPEdHOro cedeHns depes mapamerp ¢ . F =11c?. Ceuenme
pa3o0beM Ha JIB€ YacTH — MPSIMOYTOJBHUKH C IeHTpaMu TsbkecT B Toukax C;, C, (BTOpoi
MPSIMOYTOJILHUK — BBIPE3aH).

Sy, =S51+3, = 12¢? -2c—c?-35c=205¢® -—cratuuecknii MOMEHT IUIONIAAM CEUCHHS

OTHOCHUTEIIEHO OCH Xj.
Opmunara 1eHTpa Tsokecth C MOXKET  OBITh  ompejaelieHa 1o ¢opMmyne

3
Yoo X _205¢% 18636¢.
F 11c?
HeﬁTpaHBHaH OCbhb CCUCHUA HpOXOI[I/IT qepe3 HeHTp TSKECTU CCUCHU A C
BBI"II/ICJ'II/IM MOMCHT I/IHepLII/II/I Honepequro CCUCHUA 6aJ'IKH.
rHaBHBIfI HeHTpaHBHBIﬁ MOMCHT I/IHepHI/II/I CCUCHUA paBCH pa?)HOCTI/I MOMCHTOB I/IHepI_II/II/I
‘{aCTeﬁ CCUCHUA (ai — paCCTOHHI/IH Me>1<,£[y I_[eHTpaJ'IBHBIMI/I oCiAIMHU qaCTeﬁ nu HeHTpaHBHOﬁ OCBIO

CeueHus)

oh®
Ji=——+4a/F,1=12;
12

3 3
I, =3,-J, :%ﬁo,ma&:)z 1262 —%—(1,6363(:)2 .c? =13462¢*

MOMEHTBI CONTPOTUBIICHUSI CEYCHUSI BBIUMCIISEM I BOJIOKOH, pa0OTAIOIIMX HA PACTSKEHUE
(amkHsAA TpaHuna cedenus) — W,, ¥ BOJIOKOH, paOOTalOMMX Ha CXaTue (BEpXHssS TpaHUIA
ceuenus) — Wi.

Jy 13462c’ ~Jy  13462c"
= , = -
4c-Y. 2,1363c Y. 18636¢
CocraBUM YCJHOBHSI TPOYHOCTH Ui OMACHOTO CEYEHUsl JUIsl BOJIOKOH, paloTaloMX Ha
pacTspkeHue (HIKHHE BOJIOKHA), U JIJIsl BOJIOKOH, pabOTArONINX Ha C)KaTue (BEpXHUE BOJIOKHA):

p :|MmaX| _ 17qa®

W, = =6,301c®; =7224¢°.

p
<[] P:"i:%:l%ﬁ M,

o - 3
mx W, 7.224c n
M 2 c
oo IMmal 1702 je 0w 1400_ 606y,
mx W, 6301c n 3
Onpenenum napaMeTp ¢ U3 yCIOBHM IPOYHOCTH:
17qa’ 17 -15000 - 0,12
¢, 2 AR _ [ 17-15000-0.1° _, 05,
[c]P7,224 \1266-10°-7,224
17qa’ 17 -15000 - 0,17

Cy 23|70 =3 5 = 0,00954m
[c]'6301 4666 -10°-6,301

[Tpunumaem c¢=0,0141m = 14,1 mm.
OceBoii MOMEHT MHEPIIUU MOMIEPEUYHOr0 CEUEHUs OaTKU:

Jy =13462c* =53210-108 1"

MoOMEHTBI CONPOTUBICHUS MOMEPEYHOTO CEUEHUS OATIKU:

12



W, =6,301c® =17,664-107° ».3; W, =7,223¢3 =20,249-107° »/°.
MakcuMaiibHbIe HOPMAJIbHBIC HAIIPSKCHUSA B OITACHOM CCHCHHU CTATUYCCKU OHpGI[CJ'IPIMOﬁ
Oanku (¢ yueToM MpaBuiIa 3HAKOB JJIsl HAMTPSDKEHUH ):

o° :—M —144,36 Mlla, o? :|Mmax|:+125,93M17a.

max Wl max W2

Omnpenenum KacarelbHbIE HAIIPSDKEHUS B OITACHOM cedeHHH 1o (popmyre XKypasckoro:
Q S omc
X
BJ,
S¥" - cTaTU4EeCKUI MOMEHT OTCEYEHHOW YaCTH CEYEHUSI OTHOCUTENBHO HEUTPAIBHON OCH.

OnpenenuM KacarejibHbIE HANpPSKEHHS B CEUEHHMM, TAE€ TNONEepedyHas CUJia JIOCTUTaeT
MAaKCUMAJIbHOTO 3HaUCHUSA Qnax=7,5 kH.

=0, T.x. B omacHOM cedeHuM nonepeunas cwia Q=0 kH, B — mmpuna cedenus,

T =

Q Somc
Ty_q= 1-1 :0’ Somc :0’
2C\] X -1
gome
oy =—22 =459 Mlla, $om¢ = 9¢2.0,3636¢
CJ X -
ome
r. .=—2=2 =306 MIa, S°™ =9¢2-03636C
2 -2 3cJ X 22
gome
Tmax = 2—=487Mlla, S =3c-18636c-05-18636c
cJxX
Q Somc
733 = 2 =O, Somczo
30\] X 3-3
Omnpenenum nepemenienne cedenns C, monb3ysch MeToaoM Beperaruna:
1
yC E.J (M X M 1432)
X
1 (=
HC = EJX (M XMuxe)'

DmIopsl M3rHOarIUX MOMEHTOB M, M OT JeiCTBHA €IMHHYHON CHJIBI M €IUHUYHOIO
MOMEHTA, MPUJIOKEHHBIX B ceueHnn C, 1 M, OT IEHCTBUS BHEUIHUX HArpy30K INEPEMHOXKAEM,

MOJIb3YSICH OpMyIaMH AJisl NIEPEMHOKEHUSI KPUBOJIMHEHHON U MPSIMOJIMHENHOM Tpamneruii:

(MxM,, )= ('S(ac+bd +2h,,(c+d));

1 [l I
Ye :H(gl(alcl + bldl + 2hlcp(cl + dl))""gz(azcz + bzdz + 2h2€p(c2 + dz))j =
X
4
_ 2180420 _ 00490 -
EJX
e0e =0;d, = 2a c,=-2a;d,=—
I, —2a 1,
a, =6qa® =09«H u; b1 =8qga’ = 1,200 kH u; h,, =7 50a* =1125kH x;
a, =179a® =255«H m; b, =450a° =0675xH u; h,., =13875qa’® = 2081k H x;
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3HAaK «-» O0O3Ha4acT, 4YTO IMCPCMCIICHUC HAIPABICHO B CTOPOHY MHIPOTHBOIIOJIOXKHYIO
HaIIpaBJICHUIO €IMHUYHOMN Harpys3kKu.

1 (1 !
0. :H(é(alcl +b,d, +2hlcp (Cl +d1))+ : (aZCZ +b,d, +2h20p (CZ +d2))) )
X

6
3
67,/50a
_ 208 _ 061194 pao
X
20e ¢, =1d,=1c¢c,=1d,=1
3HAK «1+» yIua MOBOPOTa CEYEHHUs O3HAYaEeT, YTO YIVIOBOE IEPEMEIEHUE COBIAJAET I10
HaIpPAaBJICHUIO C EAMHUYHBIM MOMEHTOM.
2.2. Cratuuecky Heompeaeanmas Oaka.
VYpaBHEHUs! paBHOBECUS JJIsl CTATUYECKH HEOMPEAETMMON OaKu:
m, +R.-7a—-P,-10a—-m, +q-7a-35a=0
Cucrema oquH pa3 CTaTUYECKHU Heonpeaenuma: S =3—-2=1.
PackpoeM cTarndeckyro HEONPEAEIUMOCTb, MOIb3YsICh METOJOM CHIL
B kauecTBe 5SKBUBAJICHTHOW CHCTEMBI BBIOMpPAEM CTAaTHUYECKH OINPENEINMYIO OalKy,
Harpy>kKCHHYI0 HEM3BECTHOW cmioil X; B cedyeHHM C B HalpaBiICHUHM OTOPOIICHHOM CBSI3U —
MOJBMKHOTO IIAPHHUpPA. YCIOBUE YKBHBAJIECHTHOCTH — PAaBEHCTBO HYIIO mnporuda B cedenuu C -
3alAIIEM B BUJE YPAaBHEHMs METOAA CWJI I OAWH pa3 CTaTUYECKH HEONPEAEIMMOM CHUCTEMBI:
0, X, +4, =0. 0,, - mporub ceueHus C, BbI3BaHHBI €JIUHUYHOW CHUJIOW, NMPHIJIOKEHHON B

ceuenun C B HampaBineHuu X, . A, - nporud cedenus C OT AEUCTBUS BHEUIHEW HArpy3Ku
(ompeneneH Aisl CTaTUYECKU ONpeneuMoi Oanku) A, =Y. .

Onpenenum O, , Noub3yschb MeTonoM Bepemarnna. YMHOXXHM 53MI0py OT AEHCTBUSA
SAMHUYHOU CUJIBI caMy Ha ceOst:

1 ,— v 1 __\ 114,333a°
511:—(MXM):—(Q1M1)=—,
EJ, EJ, EJ,
I\leg 74, _(21=17a-7a
3 2

A

X, =——2=24320a=3648kH, R. =3648 kH
n
N3 ypaBHEeHNI paBHOBECHS HAXOAUM 3HAYCHUSE PEAKIINI

R, =7432qa=11148xH, m,=-12523qa*=-1878 xHu.

OHpeIIeJII/IM IIOIICPCYHLBIC CHUJIbI U 1/13r1/16a101111/1e MOMCHTBI Ha KaKJIOM Y4YaCTKC HAI'PYy>KCHHA,
MMOJIB3YACh MCTOI0M CCUCHUM.

| yuacToxk: 0<z<3a (cneBa)
Q=P
M, =Pz

Torna Ha rpaHuMIax yyacTka
Qo) =P =200a=30xH  Q,,,,
M 1(z=0) — 0 M 1(
Il yaacroxk: 3a<z<ba

Q, =P —X,; —q(z _33-)

M, =Pz—-X,(z-3a)-05q(z-3a)

Torna Ha rpanunax ydacrka

y =P =20a=30xH
y=P3a=6qa" =0,9xH - u

z=3a

14



Qy (30 = —04320a =—-0648 kH Q,(1sa) = —243202 = —3,648 kH
M, (za) =6qga’ =09xHwm M, (52 =3136qa’ =047xH - m

Il ygacToxk: S5a<z<10a

Q, =P, — X, —q(z—3a)

M, =Pz-X,(z-3a)-05q(z-3a) +m,
Torna Ha rpanunax ydacrka

Q, (2-52) = —24320a =-3648xH Q, (2-108) = —74320a=-11148xH

M =12136qa* =1,82xHm M 3(2-108) = ~125230a* =-1878«xH - m

3z5a

BrinmonuuMm aegopmalimoHnyto npoBepky — yoeaumces, 4ro nporud B cedeHun C (Ha orope
() paBen Hymo. [lepememnienue ompenenseM Mo meTtoAy Bepemiarnna, mepemMHoXas >IIOpY
M3ru0arIIer0 MOMEHTA ISl CTATUYECKH HEONPEASTMMON 0ajIku U 3MIOPYy MOMEHTA OT JCHCTBUA

€IMHUYHOMN CUJIbI B CEUCHUU C.

1 (o 1 (l I
Yo :E(M x Mmg):a(gl(alcl +b,d, +2h’ (¢, + dl))+ Ez(azc2 +b,d, +2h? (c, + dz))j -
_(-8,8484 +838484)qa* _ 0
EJ,
ede ¢, =0;d, =-2a;,¢c,=-2a;d, =—7a; |, =2a; I, =5a;

a, =60a® =09xHm; b, =31360a” =0470xH M; h,, =5068qa’ =0760xH u;
a, =121360a” =1820xH m;b, =-12523qa’ =-1878xH m; h, , =29320a* =0044xH u;

OmnacHbIM siBiIsieTCs ceueHue A Tperbero yyactka, M. =-1878 xHu.
MakcumanbpHble  HOPMAJIbHBIE  HANpsDKEHWS B ONACHOM  CEYEHHU  CTaTUYECKU
HeonpeAeauMoi 6anku (¢ yd4eToM IpaBuila 3HAKOB JUIs HaNPsDKEHUH):

M M
ol = ‘ max‘ —9277 Mlla, o’ = +m =106,34 MIla .
2 1
o, =1400 Mlla, o? =380 Mlla,
Ko duiuenT 3amaca NpodHOCTH ONPEJETNM IO Mpeiey IPOYHOCTH Ha PACTIKEHHE
380
106,34

3amnac MpoOYHOCTH CTAaTUYECKH HEOIPEASTUMON KOHCTPYKIIMH TTOBBICHIICS IO CPAaBHEHHUIO CO
CTaTUYECKU OMPENAETUMOM.
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