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BBEJAEHUE

HacrosAmuii npakTUKyM COACPKUT 3aJlaHHUsl, BBIIIOJIHEHUE KOTOPBIX [TOMO-
KET CTYJEHTaM OCBOUTh JUCHHUIUIMHY « COIPOTHUBIIEHUE MAaTEPUAIIOB), TTO3BOJIUT
OBJIAZICTh METOAUKON PELICHU 3a1a4 U OCHOBAMH MH)KCHEPHBIX PACYETOB TUIIO-
BBIX 2JIEMEHTOB KOHCTPYKIMI Ha MPOYHOCTh U KECTKOCTh. CaMOCTOsATENbHAS Pa-
00Ta Haj 3aJaHUsIMH JacT BO3MOKHOCTh CTYACHTaM IPUOOPECTH HEOOXOAUMBIE
HaBBbIKU B PEIICHUH 3a/1a4, B BHIOOPE METOAMKHU PACUETOB MO YKa3aHHBIM T€MaM
JVCHHIUIMHBL. DTH HABBIKU Y TIOJIYYEHHBIE 3HAHUS MO3BOJIAT IPUMEHNUTH U3y4YCH-
HBIE METO/bI K PELICHUIO ITPAKTUYECKUX 3314 U IIOCITYKaT OCHOBOM U1 pELICHUS
CHELUAJIbHBIX 33JaHNUN MPOEKTUPOBAHUSA U KOHCTPYUPOBAHUS HHKECHEPHBIX KOH-

CTPYKLIMA COOTBETCTBEHHO HAIIPABIIEHUIO, [0 KOTOPOMY 00y4arOTCs CTYACHTHI.



IMPUMEPBI PEHIEHUSA 3ATAY

3aganue 1
3aoaua Ne 1. Tema 3a0auu: IIpoeKTUPOBOYHBIN PacUeT CTEPHKHS Ha

IMPOYHOCTD U JKCCTKOCTD IIPHU PACTSKCHHUH U CXKAaTHUU.

Jliis 3amanHoro crepxkHs (puc. 1) Tpedyercs:

- HAUTH PEAKLIUIO 3aEIIKU:

- IOCTPOUTH DMMIOPY MPOAOIBHOM cuitbl N;

- 3aIIMCaTh yCIIOBUE MTPOYHOCTH;

- HalTH TUTOIIA b TIOTIEPEYHOTO CEUCHUS CTEPIKHS;

- OTNPEJICTUTD MOJHOE U3MEHEHUE JITTMHBI CTepKHS Al.

YuciieHHBIE 3HAUCHUS 3aJIaHHBIX CHJI W JIMHEHHBIX pa3MepoB yKasa-Hbl Ha puc. 1. [Ipu pacuere
npuHATh [0]= 180 MITa.

F3=30 xH F,=38 xH F1=27 xH
B - - D X
_a=04wm b=0,5m A1 c=06m
Puc. 1
Pewenue

1. N300paxkaeM pacyeTHYIO CXEMY CTEpXHS C YKa3aHUEM YMCIICH-
HBIX 3HAYEHUW CWJI, JUHEHHBIX pa3dmepoB (puc. 2). [lokaszpiBaeMm mpenBa-
pUTENBHO HampaBiCHUE peakuuu 3aJedku Rg B  MOJOKUTEILHOM

HanpaBJICHUHU OCH X.

R Fs=30 xH F,=38 kH F=27 xH

B

- 73_{ - - D X
a=0,4 m b=0,5 m c=0,6 m

2.

Puc. 2



CocraBsieM ypaBHEHUE PaBHOBECHS TPOEKIIMI CUJI Ha OCh X:

ZX:O; F1—F2+F3 +RB:O

OmnpenernseM peakiuio 3a1eIKN:
Rp=—-F{+F,—F3=-27+38—-30=—19 kH.
3HaK MUHYC 03Ha4yaeT, 4To peakuus Rg HampaBiieHa HE BIIPaBO, Kak

NPUHUMAJIH TP COCTABJIICHUU YPAaBHEHUs paBHOBecHs, a BieBo. Ha
pac- UeTHOM cxeMe Ui JajdbHEWIIMX pacyeToB HAJAO0 yKas3aThb
NEUCTBUTENIbHOE HampaBieHue peakinuu (puc. 3). I[lpaBuUIbHOCTH
ONPENCIICHUS] PEAKIMUH JIETKO TIPOBEPUTH, €CJIM  CIOXUTb CHUJIBI,
HanpasjicHHble BpaBo (F;, F3) u cunbl, Hanpasnennsie BieBo (F, Rg),

Pe3ynbTaThl ClloKeHUs JOKHBI OBITh OJMHAKOBBIE («CKOJIBKO BIIPABO,

F3;=30 xH F.,=27

[
" »

Rg=19 xH F,=38

CTOJIbKO BJIEBO»). BbINOMHMM MpOBEpKYy rpaduyecKu:

Ha pacquHoﬁ CXCMC IIOKa3bIBACM CHJIBIL, IIPHUIJIOKCHHBIC K CTCPIKHIO

1 PCAKITUIO 3aCIKH B ACHCTBUTEIHLHOM HampaBieHuu (puc. 3; 4,a).



Re=19 xH & Fa=30xH F2=38 kH ' F1=27 xH
< = > < I S > ;
a=0,4 m < b=0,5m < c=0,6m S
3 2 1
Puc. 3

1 Pa3OuBaeM cTep>K€Hb Ha y4aCTKH, B HAIIEM CIIy4ae TPH Y4acTKa,
HOMEpa y4acTKoB 1, 2, 3 MOKHO MPOCTAaBIIATH CJIEBA HAIPAaBO WJIN CIIPaBa
HaJIeBO, Kak Ha puc. 11. MeTogom ceueHuil onpeaensieM Npoa0JbHYIO CU-
Jy Ha KaXJIOM y4acTKe.

Yuacmox 1. TIpoBoguM MBICIEHHO CEKYIIyI IIOCKOCTh |-l Ha mepBom
ydacTke crepxHsa ( puc. 12, a). PaccMoTpuM oTCedeHHYIO MpaBylO 4acTh
crepxkHs. [IpononsHyto cuimy N; mpuHUMaeM MOJIOKUTENbHOM M MOKa3bl-
BAEM €€ «OT CEYEHHUs», T. €. CUMTAEM NEPBBIA Y4aCTOK PaCTSIHYTbIM. la-
KUM € 00pa3oM HEU3BECTHYIO MPOJOJIbHYIO CHIIY HaJo0 M300pakaTh Ha
Bcex yuacTkax. CocTaBisieM ypaBHEHUE PaBHOBECHS JIJIsl OTCEYEHHOM Tpa-
BOM YaCTHU CTEP>KHA:

X :0; Fl_ N1: O;

N1 Fi=27xH

) ¥ Orcioga N; = F; = 27 kH,
Ny > 0 - pactskeHue.

»

Yuacmox 2. IlpoBogum cekyuryto miaockocts -1l (puc. 12, a) na BTopom
ydacTke. PaccMOTpUM OTCEYEHHYIO MPaBYI 4YacTh CTEPKHS. Y paBHEHUE
paBHOBECUS ISl OTCEYEHHOM YacTu cTepxkHs: X = 0; F1 — Fy— N, = 0;

N,=F,—F,=27—-38=—-11kH; N, <0 — ckarue.

N, F2=38 F,=27 xH

»
»

3

P
<

Yuacmox 3. IlpoBogum cexytryto miaockocts -1l Ha TpeTheM ydacTke
(puc. 12, a). PaccMoTpuM JI€BYIO OTCEUEHHYIO YaCTh CTEPIKHSI.



YpaBHEHHE paBHOBECHS JJISI 3TOM YACTH:
X=0;N3—Rp=0;
N3= Rg=19 kH; N3 > 0 — pacTsxeHue.
[To HaliAEHHBIM 3HAYEHUSAM [POIOIb-
HeIX cuil N; crpoum smtopy N (puc. 12, 6). UncneHHble 3HaY€HUs MOPO-

JOJIBHBIX CUJI HA Y4JaCTKaX CTCPIKHA OTKJIAAbIBACM B BBI6paHHOM MmacuiTta-

oOe.

A

\ 4

2. YcioBue MPOYHOCTU MPU PACTHKEHUU — COKATUU  CTEPXKHS TIPH
IIOCTOSIHHOM IUTOIIA/IM ITONIEPEYHOro ceueHus A = const:

N max
Omax A <o.

311€Ch O 1y — HAUOOJBIIIEE IO MOAYJII0O HOPMAIBHOE HAIPSKEHUE;
N hax - HaOOJBIIIAS 10 MOJTYJIIO TIPOIOJIbHAS CUJIa;
A — mI011a/1b ONIEPEYHOTO CEYEHUS CTEPIKHS;

0 — OO0IIYCKACMOC HAIIPAKCHHUC JIsI MaTCpPpHajla CTCPIKHA.

3 YCIOBUA IIPOYHOCTH HAXOAUM ILUIOIIAAb ITOIICPCYHOI'O CCUCHUA
CTEPIKHSI:
. 3
N .. N 27 -10

A= . = > =18O-106 =15-10-4mM2=1,5cm2

3. OmpenensieM HOpMaJIbHBIC HATIPSKEHUS HAa YIaCTKAX CTEPKHS:

N, 27-103
—_— == —_— . 6 — .
01=—""=15-10% 180 - 10¢ [1a = 180 MlIla;
N, —11-103 )
0y = 1 15 10°F° —73,3-10¢Ila = —73,3 Mlla;
N, 19-103
|| . 6 =
03 4 15107 126,6 - 106 IIa = 126,6 MIla.

Ha Bcex yyacTkax yciaoBHE IPOYHOCTH BBITIOIHEHO:
0; < o =180 MlIla.

CrpouM >mi0py HOpMaJbHBIX HanpsokeHu# (puc. 12, ). [lo Buay smopa HOpMaJIbHBIX HAIPSXKEHUH M0o100Ha S1Iope

NPOJIONILHBIX CHII, HO OPAMHATHI B MaciTabe paBHbBl HOPMAIILHBIM HANIPSHKCHUSM B COOTBETCT- BYIOIIMX CEUCHUAX
CTEePXKHS

a) Rg=19 xkH
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| |
Fs=30xkH N F»=38 kH Fi=2

< > it >
N
D X
S ax04m “| |[b=05m N c=06m ~
3 2 1
m I [
0)
27
19 o +
Omopa N, kH
11
% 180
126,6 4 D
9 Omropa g Mlla
73,3
Puc. 4
5. OnpenensieM U3MEHEHHE JJIMHBI HA y9acTKaX CTEPKHS 1Mo Ghopmy-
JIC
Al = N xi li
! EA’

rae EA — )KEeCTKOCTh MOMEPEYHOTO CEUCHUS CTEPIKHS:
EA=2-105-106-1,5-10-4=3-107 H.

Torpa:
Nl =15 27.103-0,6
Al =2 EA = ———o—=54-10" M = 0,54 mm;




_ Nly MNP —11-100-05

- = — . —4 e — .
Al, EA EA 3107 1,8-104m 0,18 mMm;
Nyls _Nga, 19-103-0,4 )
Alz = £ EA = 3107 =25-104m = 0,25 Mmm

6. Haxoaum moiHoe u3MEHEHUeE JJTMHBI CTEPIKHSL:
Al =) Al; = 0,54 - 0,18 + 0,25 = 0,61 mm.

PacueTHy10 cXeMy CTEp>KHSI U SIIOPbl CTPOUM Ha OJIHOM Jucte Ghop-
Mara A-4 (puc. 4), Ha cxeMe W DII0paxX YKa3blBaeM YHCJICHHBIC 3HAYCHUS
3aJIaHHBIX BEJIMYMH W BEJIUYUHBI, IOJIyYEHHbIC B PE3YyJIbTaTE pacuera.

Omeem: Tlnomas monepedHoro cedenust crepxus 4 = 1,5 cv’. Ve-
JIOBHME TMPOYHOCTH BBINIOJHEHO HAa BCEX Y4YacTKax CTepxkHs. V3MeHeHue
JUTHBL cTepxHs (yamuHenue) Al = 0,61 mMm.

3aoaua Ne 2. Tema 3a0aqu: [IpoeKTUPOBOUYHBIN pacueT CTEPKHS
(Baya) Ha MPOYHOCTH U KECTKOCTh MPH KPYUECHUHU.

Jls1 3aTaHHOTO Bajia TpeOyeTCs:

- ONPEeAECIUTh MOMEHT Mo;

- HaWTH KPYTAIIME MOMEHTHI HA YYacCTKaX Bajia U MOCTPOUTH DIIOPY
M

- ONIPEACNIUTh JUAMETP Bajla U3 YCIOBUS MPOYHOCTU MTPU KPYUEHUU;

- OMpenenTh HauOOJNbIINE KacaTeIbHbIC HANPSHKEHUS Ha y4acTKax
Bajia U MOCTPOUTH SMIOPY T pay |

- HalTH YIJIbI 3aKPy4YMBaHMSA HA YYacTKaX Baja (); M HOJHBIA yroi
3aKpPYYHUBAHUS (.

UucrieHHble 3HaY€HUs 3aJJaHHBIX MOMEHTOB M JIMHEHHBIX pa3MepoB
nokaszaHbl Ha puc. 5, a. [Ipu pacuete nmpunsts [r] = 30 Mlla.

Pewenue
1. M3o0Opaxkaem cxemy Bajia C YKa3aHHEM YHUCJICHHBIX 3HAYECHUU JIU-
HEHHBIX pa3MEPOB U 33JJaHHBIX MOMEHTOB (pHC. 5, ).
2. Haxogum momeHT 3anenku My u3 ypaBHEHHS BHEITHUX MOMEHTOB
OTHOCHUTEJILHO OCH X:

10



Zsz 0} —M1+M2+M4+M0=0}

orcroja Mg=M{; — M, — M,= 600 —900 — 200 = —500 H- m.

3HaK MHHYC O3HA4aeT, YTO MOMEHT M, HampaBjeH HE MPOTHUB X0J1a
4acOBOM CTPEJIKH, a TIO XOJ1y YaCOBOW CTPENKU, yumem 3mo Ha cxeme, no-
Kaxcem momenm My 6 OelicmeumenbHOM HAnpaeieHuu.

3. PazOuBaeM Bas Ha yyacTku, o003HayaeM ux HoMmepamu 1, 2, 3.

4. Ha xaxxa0M y4acTKe MPOBOAMM MBICIEHHO CEKYIIYIO0 IJIOCKOCTh
(puc. 5, 6) U cocTaBiiieM YpaBHEHHE PaBHOBECUSI MOMEHTOB OTHOCHUTENb-
HO OCHM X JJIsi OTCEYEHHBIX YacTeil Baja, BKJIIOYas B OTU YpaBHEHHUsS Kpy-
TAIIAE MOMEHTHI Ha KaXKJOM Y4JacTKe.

Yuacmox 1. Y, M, =0; —M,+ M,y = 0 - 111 1€BOH OTCEYEH-
HOM 4acTH M= M;=600H:-M.

Yuacmoxk 2: YM,=0; —M{+ M, + M, = 0;
M, = My — M, = 600 — 900 = —300H - m.

Yuacmox 3 ), M, = 0; —My — M,3 = 0 - g mpaBoii orce-
YEeHHOM YacTH, M= —My=—-500H" M.
OTceueHHbIC YaCTH Bajla MOKa3aHbl Ha puc.13, 6.
[Io mogy4eHHBIM 3HAYEHUSIM CTPOUM JMIOPY KPYTSIIIUX MOMEHTOB
(puc. 5, 8). HanbonpIee 3HaueHre KpyTAILIET0O MOMEHTA
Mymax = 600 H - M.
5. YciioBUE NPOYHOCTH MPU KPYUEHUH

_ |MK|max
T'max Tp = [T]
3nec Wp = % - TIOJISIPHBI MOMEHT COIPOTUBJICHUS CEUYECHUs BaJa.
6. U3 ycnoBus npounoctu Haitnem Wp:
IMilnax 600
W, = o = 30106 =20-10-6M3 = 20 cm3.

3,16:20 -
Orcioma d = VY = +/. — =3 T01,9T = 4,67 cm.

4

)

JluameTp Bajia MOKHO TaKXe HalWTH 1o hopMmyiie:

11



P10 Mimax 2 167000 02 = 467 o=
Tt 3,14-30-106 Mz EbIEM =

= 46,7 MM.

7. Haxonum 3HaueHHs HAUOOJIBIIMX KacaTeJbHBIX HAINPSIKEHUN Ha

d

"

ydacTKax Baja JijIs pacyeTHOro 3HaueHus auametpa d = 4,67 cm.

Yuacmork 1. r _ My 600 = 30-10¢]la = 30 MIla.

max1 — Wy ~ 20-10-6

Yuacmok 2: 1 _ My _ —300 = —15-10¢[la = —15MIla.
maxZ oy, 20107

VYuacmorx 3: r _ My _ =500 = —25-106I[la = —25 MIla.
max3 oy, 201076

[To HaliieHHBIM 3HAYEHUSM CTPOUM SIIOPY HAUOOJBIIMX KacaTellb-
HBIX HANpsOKEHWM Ha ydacTkax Bana (puc. D, 2). Bce 3HaueHust Hampsixke-
HUI Ha 3TOM 3II0PE COOTBETCTBYIOT YCIOBHIO IIPOYHOCTH MPHU KPYUEHUU:

] — HOMep ydJacTka.

Y ca0BuE MPOYHOCTH BBITOJTHEHO HA BCEX yYacTKaX.

8. Haxomum yrmimel 3akpyurBaHus (YIJibl TOBOPOTA CEYEHUI) HA Ka-
KJIOM y4acTKe BaJsia 1o opmyire:

My s

Y= G,

3necs |j — nnuHa ydactka;
G — monyns caBura, s cranu G = 8 - 104 Mlla;
] md* d  3,144,67*

= — f—_—_ = 4 —_ |
p =3 =Wps - 46,67/ cMm MOJIIPHBIA  MOMEHT
WHEPIIUU KPYTJIOro TOMEPEYHOT0 CEUCHUS BaJIa;
Gl, =8-10%-10°¢- 46,67 -10-8 = 373,36 - 102 H- M2 —  xecT-

KOCTBb IIOIICPCYHOI'O CCUCHM:A BaJid IIPU KPYUYCHHH.

12



600-0,22

Yuacmox 1. @1 = 37336102 = 0,354 - 10-2pag = 0,20 rpag.
Yuacmox 2. @2 = % = —0,281 - 10—2pax = —0,16 rpag.
Yuacmok 3. @3 = 3_75303.% = —0,241 - 10-2paxg = —0,14 rpag.

9. Haxoaum momHBINA yroj MOBOPOTA MPABOTO CEYEHUS Bajla OTHOCH-
TEJIBHO JIEBOI'O CEYCHUSA:

Q=2 =¢1+ ¢+ @3 =020-0,16 — 0,14 = —0,1 rpag,

M1=600H-m M»=900H-m M3;=0 M;=200H-m Mo=500 H-m
['A I/ \J‘ﬂ
a) T N
a=0,22 m b+c=0,35m c=0,18 m_
Mi=E00H™M M _‘M K3 Mo=500H-m
< \ </
X Y X
6) -/
M;=600H-M M>=900H-m M 2
A S N
(/ A X
9 600
Dmopa M.,
How
300||||||||||E>||||||||||||| X
500
30
2) %—)
2mopa Tmax
LT 6—; MIla
15 o5
Puc. 5

Omeem: nametp Basia d = 4,67 cMm;
NOJIHBIN yroJ 3akpyuuBanus ¢ = — 0,153 rpan.
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3aoaua Ne 3. Tema 3a0auu: IPOEKTUPOBOYHBINA pacUeT HA MPOYHOCTh
cTepsxHs (0aNKK) MpU MPSIMOM U3THOE.
VYcnoBue 3anauu cM. 3aaanue 1, 3agaya Ne 3. Cxema (a) (nByxomnop-
Has KOHCOJIbHAs 0ajka), YMCJICHHbIC 3HAUEHUS 3a/IaHHBIX BEJIMYUH yKa3a-
HBI Ha cxeMe Oaliku (puc. 6).
Pewenue
1. M300paxkaeM pacueTHYI0 cxeMy OajKHh C yYKa3aHHEM YHUCIEHHBIX
3HAYCHUW HArpy3Kd W JIMHEWHBIX pa3MepoB. PacripeneneHHyro Harpysky
IPHUBOJIUM K paBHOJEHCTBYOMICH Q = gb.
2. Haxomum peakiuu omop. CocTaBisieM YpaBHEHHS PaBHOBECHUS
MOMEHTOB OTHOCHUTEIILHO Touek A u B (puc. 6):
b
Y M,y=0; Fa+M—Q2—|—RBb = 0;

Rp=1(-Fa—M+QY)=1(-8-15-15+30-3) = 6xH.

b
Y Mg = 0; F(a+b)+Q2—I-M—RAa=O;
1 b 1 3
Ri=r7 F(a+bh)+Q~+M = . -8(15+3)+30,, +15 =32kH.

[IpoBepsieM npaBUIBHOCTH ONPEACIIEHUS PEAKIIUN OTIOP:

Y2 Y=0,-F+Ry,—Q+Rpg=0;,-8+32-30+6=0;0=0—
Peakiuu onop HaiineHsl BepHO. Peakiinu onop mokassiBaeM Ha cxeme Oal-
KM B JICHCTBUTEIBHOM HampasieHuu (puc.15, a).

R4 =32 kH
F=8 kH g=10xkH/m M=15 kH-m

| % ’ ‘ —BR3=6KH

Ad Q=30 kH /ﬂ%B
a=15wu b=3 m —

1 2 Q=gb=30 xkH

Puc. 6

3. Pa3zbuBaem Oanky Ha y4yacTKH — JIBa y4acTKa, HOMEpa y4acTKOB
(1, 2) yka3bpiBacM Ha cxeme OaJIKH.

14



4. Ha xa)I0M y4acTKe METOJOM CEUEHHI ompenessieM NONepeyHyto
cuny Qy u msrubaromuii MoMeHT M,. Jnd oTcedeHHON yacTu Galku co-
CTaBJIsIEM YpaBHEHHs PAaBHOBECUS HMPOEKLMH CHJI Ha OChb Y U ypaBHEHH
paBHOBECUSI MOMEHTOB OTHOCUTEIBHO OCHU Z, IPOXOAIIEH Yepe3 nonepeu-
HOe ceueHue (cM. puc.15, 6).

Yuacmox 1 (0 < x1 < a):
XY=0,-Q,—-F=0;, Q,=—-F =—-8kH;

YM, =0; My + Fx;1 = 0; M, = —Fxy;

MZ1(0) =0; MZ1(Cl) = le(l,S) = —-8- 1,5 = —12kH-m.
Yuacmox 2 (0 < x, < b): KoopauHATy X, OTKIAagbIBaeM OT CECUYCHHUS B
CIIpaBa HaJICBO

2Y=0; Q2 +Rp —gqx2 = 0;

Qy2= —Rp+ qxy;
Q,2(0) = —Rp = —6 kH, B ceuenun B;

Qy2(b) = Qy2(3) = —Rp+qb =
—6 + 10 = 24 xH, B cguenuu A.
X
M ,=0; M-I—Rgxz—qxz?z— 2=0;
2
M, = M+ Ryxy —5-;
M,,(0) = M = 15 kH-m;
qb? 10 - 32

MZZ(b)=M+RBb—T:15+6'3_ > = —12 kH-m.

OnpenenuM MOJOKEHUE CEYEHUS HA y4yacTKe 2, B KOTOPOM IIOIe-

peuHas cuia (J,, paBHa HYJ0, a U3rHbOaroIuii MOMEHT M ,, UMEET MaKCu-
MajbHOE 3HAYEHHUE:

r

=0 =0 o6
Q}-‘E = UIIPpH X7 = q ~710 Y M;
- gx3? 10 - 0,62
Mmax =M +Rgx; — 5 215—|—6'0,6—T=16,8HHM.

1o mosy4eHHBIM 3HAYEHUSIM CTPOUM 3IIIOPBI MONEPEYHOM CHiIbl Q U
uszrubaromiero Mmomenta M, (puc. 7, 6, 2). [lonokuTenbHbIE 3HAYCHUST OT-
KJIaJbIBa€M Ha 3IMFOpax BBEPX OT 0a30BOW JIMHUHU (OCH SIMIOPHI), OTPHUIIA-
TeJbHBIC - BHU3, IPU 3TOM JITI0pYy M, CTpOMM Ha C)KaThIX BOJIOKHAX.
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5. ITo smrope u3rubaroIero MOMEHTa HaX0 UM OITACHOE CEUCHHE:
M, | nax = 16,8 KH-M.

6. YcnoBue npoyHOCTH MpU U3TUOE:
|M
VA

Omax | max = [O-] .

Otcrona w,
. 103
W M, | _ 16,810
Z= [o] 160 - 106
7. Ilo HaiilecHHOMY 3HAUYE€HUIO0 OCEBOTr0 MOMEHTa conpoTtuBieHust W,
HaxOJUM pa3Mepbl 33JaHHOTO TIOMEPEYHOT0 CCUCHHS OANIKHU.

= 105-106 M3 = 105 cm3

R4 =32 kH
F=8 kH 0=10 kH/m M=15 xH-m
Rp = 6 kH
a) r v h g
1| Aff 2 Y0=30kH /%B
a=15m bh=3m =
< X2 S
g M
6) F r>MZl M22<—\ RB
le Qyz
0,6 m
<>
8) 24
‘ iy
gl
Omopa Qy, kH
16,8
15
) | ‘ i

Omntopa M, kH-m

12 Puc. 7
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[To Tabnume (mpunoxeHue 3) Moa0MpaeM HOMEp JIBYTaBPOBOW Oall-
KU, Onukaiiiiee 0oJbllee 3HaUeHUE OCEBOIO MOMEHTA COMTPOTUBIICHHUS:
W, = Wi raea = 109 v’
YTO COOTBETCTBYET AByTaBpy Ne 16.
8. [IpoBepuM BBHITIOJTHEHUE YCIOBHS MpoYHOCTH. Hanbonbiee HOp-
MaJbHOE HampspKeHUe 11 BeIOpanHo# Oanku Ne 16:

. 403
o, = Mzmax _ 168107 _ 454 1.106 [Ta = 154,1 MIIa.

max W ~ 109-10-6

Z

OHpeI[CJ'H/IM OTKJIOHCHHUC HOPMAJIBHOT'O HAIIPSKCHHUSA OT HOITyCKac-
MOIO:

160 — 154,1

= 0fy — 0,
Ao 160 100% = 3,7%.

baska Henorpyxena Ha 3,7%, uro nomnyckaercs (Ao < +5%).

Omeem: JIByTaBpoBas 6anka Ne 16.

3aoaua Ne 3, cxema 0, puc. 8 (KOHCOJIIb).
[Topsanok pemienus cM. 3aaady Ne 3, cxema a. UuCeHHbIE 3HAYEHUS
3aJIaHHBIX CUJI U MOMEHTOB, JINHEHHBIX pa3MepOB MMOKa3aHbl Ha puc. 8, a.

Pewienue
1. N3o6pakaem 3agaHHyI0 Oaliky (KOHCOJIb) C YKa3aHUEM YHCIICH-
HBIX 3HaYCHUM cuiibl F 1 MoMeHTa M, MuHerHHbIX pa3mepoB (puc. 8, a).
2. Haxoaum peakiuu 3a7eKy U3 ypaBHEHUN PAaBHOBECHS:

YMy=0; —-M+F(a+c)+My=0.

Mowmenrt 3ameaku My=M — F(a+¢) =20 —12(2 + 3) = —40 kH-m;
— M 4 HampaBIieH 1o X0y 9acOBOM CTpesku (puc. 8, a).
>2Y=0;F—-Ry=0; Ry=F =12 kH — peaknus R, HamnpasieHa
BHM3, KaK ITOKa3aHO Ha puc. 8, a.
[IpoBepKy MpaBMIILHOCTH OMPEACICHUS PEAKITUH 33aIeTTKU MOYKHO
BBITIOJTHATH, COCTABUB YPABHCHHE PABHOBECUS MOMEHTOB OTHOCHTEIIHHO
Kakoii-1100 Touku (B nau D) n yOequBIINCH B €r0 BHIITOJTHCHHH:
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Y Mg = 0;Ra(a+c)—M—My=0;12(2 + 3) — 20 — 40 = 0;

0 = 0 — peaknuu HaiiACHBI BEPHO.

a) Ra=12 kH M= 20 xHwm T F=12xH
—>
\ 4
A 1 - D 5 B
Ma=40 xH-m a=2m C=3m
0)
qa Smropa Qy, KH
12
8) 40 36
16 ‘ Dmopa M, kKH-M
I
Puc. 8

3. PazbuBaem Oanky Ha y4acTKH, Ha cXeMe OajKu yKa3blBaeM HOMeE-
pa yuactkoB — 1, 2 (puc. 8, a).

4, Ha ka)XJIoM y4acTKE METOJIOM CEUCHUU ONpeaeisieM BHYTPEHHHUE
YCHUIIUS — TIOIEPEYHYIO CUIy (), ¥ M3rubaromuii MOMeHT M.
Yuacmok 1:0 < x1 <a =2M; (Qy1=—Ry=—12kH;
M, =My —Ry-x1=40—-12-x1; M,1(0) = My=40kH-m
M, (a) =My —Ry-a=40—-12-2 =16 kH-m.

Yuacmox 2. :0<x, <c=3mM; Q,,=-F=—-12xH = Q,:.
My =F - xp; =12 xp; M,,(0) = 0;
M,(c)=F-c=12-3 =36 kH-m.
5. ITo amrope M, HaxoauM HAaUOOIBITUN U3rHOAOIINI MOMEHT
M, max = 40 xH-m.
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6. YcimoBue mpoyHOCTH TIPU U3THOE

"
/ \ |a|max=% [o].
L/

IA

” md3 o
: 3mech W, = — - OCCBOH MOMEHT COIPOTHBIICHHS
32

KpYTJI0ro NONEPEYHOro CEYEHM s Basla.

YciaoBue HpO‘-IHOCTI/I MOXHO 3aIiucaTtb B BU/C:
32|M,
10l max  |pax < [o],

B da3m

OTCIO/IA TTOTyYHM:

332 M, ,.. 3 32-40-10°
= =344-10"2M=34,4 cm.

d TOo 3,14-10-10°

| \\'llr

OceBoil MOMEHT CONIPOTUBJICHUS KPYTJIOTO MOMEPEYHOTO CeUEHUsI OalKu
md3 3,14-34,43

W, = = = 39944 cMm3.
7732 32 M
Haubonbliiee HOpMaabHOE HANPSXKEHUE B ONTACHOM CEYCHUM OalTKU
M, 40103 106 _
Omax |-~ = 39924106 — 10,01 -10¢ I1a = 10,01 MIIa.
Wy

YciioBUEe MPOYHOCTH BBIMOJIHEHO, Opmax = [0]. Haumbonbiiee HoOp-
MaJIbHOC HANPSHKEHUE HE3HAYUTEIBHO OTJIMYAETCS OT JIOIyCKaeMOTO
(Ao = 0,1 %), 4TO OOBSCHSETCS OKPYTICHUEM PE3YyIbTATOB YHCICHHBIX
pacdeTos.

Omeem: lnametp kpyrioro ceuenus 0anku d = 34,4 cm.

3aoaua Ne 4. Tema 3a0auu. T'eomerpuyeckue

XAPAKTCPUCTUKH TITTOCKUX CCUCHUM.

J171s 3aJaHHOTO TTIOCKOTO cedeHus (puc. 9)
Tpedyercs:

- OIIpCACINTD ITOJOXKCHUC LNCHTPA TAXKCCTH,

- HOCTPOMTD I'NIaBHBIC ICHTPAJIbHBIC OCH; b a b
- OIIpCACINTD I'NIaBHBIC HCHTPAJIbHBIC MOMCHTLI

Puc. 9
WHEPLHH.

Jannbie 11 pacuera: a = 80 MM, b=20 MM , ¢ = 60 MMm.
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Pewenue
1. M3ob0paxkaeM 3amaHHOe ceueHue B Maciurabe (puc. 10). Jlms
ynoOCTBa pacueTa pa3Mephl yKasbiBaeM B caHTHMeTpax. Ha pucyHkax
18, 19 mocnenoBaTenbHO TMOKa3aH MOPSAOK MOCTPOCHHM, HEOOXOIUMBIX
i pacuera. [Ipu BBITOJIHEHUS 3a/1aHUs BCE MOCTPOSHUS MOKHO M300pa-
’KaTh Ha OJTHOM PHCYHKE.

Y1, y2’ y
=
Q
({o]
I = G,
<& N 72
N 2 ?
\ —
S b, 48 cMm =
© o
o0 —
T
= CE) Cl 74
<
1 0 g
Z
b; =12 cm
Puc.18

2. Pa3OuBaeM cedeHHWe Ha JIBE YacTH — IPSIMOYTOJBHUK 1 U Tpe-
yroiabHuK 2 (puc. 10). [Ins kaxaol 4yacTu MOKa3bIBaeM IOJIOKEHHUE IEH-
Tpa TspkecT (Touku C; u Cy) U TlIlaBHBIE LEHTPaIbHBIE OCU — JUJISl TIPSIMO-
yroJibHUKA ocu z1 (1Y, s TpeyronbHuka — ZC2y;.

3. BeiOupaem BcriomorarennbHyto cucreMy koopauHat zZOy (puc. 10)
OTHOCUTEIILHO KOTOpPOM OyJleM ONpeaessiTh MOJOKEHHE LIEHTPa TAKECTU
ceuenusi C, oCb Y COBMEILIAEM C OChIO CUMMETPHUHU CEUEHHUs, a OCh Z — C OC-
HOBaHuWeM ceueHus. [lo tabmune (mpwioxeHue 2) HaxoguM (GopMyIsl,
HEOOXOAMMBIE JIJISl pacueTa.

4. OnpenensieM KOOPAUHATHI LIEHTPA TAKECTU CEUCHUS:

- IUTOIIA AN YaCTEU CCUCHUS

A1 = b1h1 =128 = 96 cm?;
1

2
Az =£b2h2 =8-6=24cm .

20



- KOOPAMHATHI LIEHTPOB TsHKECTH YacTeld 1 v 2 B 0CAX CUCTEMBI KO-
opJuHaT ZOy (pI/IC 11) Zc1= Zcy = 0; Yec1 = 4 cMm; Y2 = 10 cm.

- OmpezesieM KOOPAUHATHI LIEHTPA TSIKECTH 33JJaHHOTO CEYCHUS B
ocsix cucteMbl koopauHat ZOy:

-n
ze =0; yo= AYe — 26 4+24-10 —52cm OKa3bIBaeM
A, 96 + 24 Ha cXeMe
KOOpIMHATY

Y¢ ¥ LIEHP TSHKECTH TOUKy C

(puc. 11).

5. IIpoBoMM r1aBHBIE HEHTPAIbHBIE OCU ceueHus Z,Cy,.

6. Beiuuciisiem riaBHbIC IIEHTPAJbHbIE MOMEHTHI MHEPIUU CUMMET-
PUYHOTO CEYECHUS CEYEHUS] OTHOCUTENIBHO IJIaBHBIX [IEHTPAIBHBIX OCEH
Zc U Y.

- PacCTOSIHUS MEXKY TJIABHOW HEHTPAIbHOU OCBIO Z¢ Y OCSIMU Z1, Z3
a;=52—-4=12cm; a,=10—-5,2 = 4,8 cm;

- paccrosinus b; = b, = 0, Tak kak ocu y4, y, ¥ Yy cOBIAAAOT;

Ye N Y, Y2, Y
A
=
o =
" . C, S
= Z
‘ b2 38 cMm ~
I ;D d
<l = Cy OJ 23
< 3 o
1 0 ol

b1: 12 cMm ~

Puc. 11

- IJIaBHBIC ICHTPAJIbHBIC MOMCHTBI MHCPIUU CCUCHU A
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b, h3 b,h3
L,=1 . +al4 = 5+ aid; + T azA, =
12 - 83 8- 63

= 1.22 - 4,82 - 24) = 1251,2 cm¥;
(12 +1, 96)+(36+,8 ) 51,2 cM4;

b3h,  b3h, 123-8 83-6
I =X +bA)=1 '+ 2 °= + = 1216 cm*.
i i i

re Vi 12 48 12 48

Omeem: LleHTp TsxecTu cedueHus: Touka C U IJIaBHbIE LEHTPAIbHBIE
ocu ZcCyc moka3zaHbl Ha puc. 11, rnaBHbIE [IEHTpPaAIbHBIE MOMEHTHI MHEP-
unmn I, = 1251,2 em%; 1, =1216 cm*.

3ananme 2

3aoaua Nel. Tema 3a0auu: PacueT Ha MPOYHOCTH OATKHU TIPU KOCOM
(crosxxHOM) M3THOE.

banka ¢ monepeyHbIM CeUeHHUEM B BUJC MPSAMOYTOJbHUKA ¢ COOTHO-
mienueM pasmepoB h/b=k (h — BeicoTa, b — mmpuHa) HarpykeHa cuiamu
(F, q) u momentamu (M), IEHCTBYIOIIMMU B BEPTHKAIBHONH M TOPHU30H-
TaJbHOU TUIOCKOCTH (puc. 12). Tpebyercs:

- ONPECIIUTh BHYTPCHHHUE YCHIIMS B MONICPEYHBIX CCUCHHSAX OaIKu B
TJIABHBIX TJIOCKOCTSX;

- IOCTPOUTH SITIOPHI BHYTPCHHUX YCHITUH;

- U3 YCIIOBUS NMPOYHOCTH 10 HOPMAJILHBIM HAIPSKEHHUSAM OTpee-
JIMTH Pa3Mephl MOMEPEUHOT0 ceucHust Oanku b u h;

- MPOBEPHUTH BBHIMIOJHEHUE YCIOBUS MPOYHOCTH 1O HOPMAaJIbHBIM Ha-
NPSDKCHUSIM TIPU HaMIGHHBIX pa3Mepax;

- TIOCTPOUTH AMIOPY HOPMAIBHBIX HAIPSHKCHWA G B OIACHOM ceve-
HUH .

Jlannbie s pacueta: a =4 m; c=2m k=2; F=12kH; q=6
kH/m; k =h/b=2; M = 16 xHwm; [o] = 160 MIla.

Pewienue
1. M300pakaeM pacyeTHyIO cXxemy OajKy COTJIACHO MCXOIHBIM JlaH-

HBIM C YKa3aHHUEM pa3MepoB U Harpy3ku (puc. 12).
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YA\
F=12xH
/ 0= 6 xH/m M =16 kH-m
Ny ZAT N
/7;!784_/ X
, a=4wm _Cc=2m

Puc. 12

2. IToka3piBacM cxeMy OalIKu B 6epmuxanvhotl niockocmu xy (puc. 13, a).

Peakiuu onop B IJIOCKOCTH XY HAXOJUM U3 YPABHEHUI PABHOBECHS MO-
MEHTOB OTHOCUTEJIBLHO TOUEK 4 U B

a
>Ms=0; Rgya —Q —+ F(a+b) =0;
2
1 Qa
RBy:a(z_F(a+b))="'=—6KH.
a
Y Mp = 0; —RAya+Q2—I—Fb=O;
1 Qa
Ray =— —+ Fb =--- = 18 kH.
a 2

3HaK MUHYC peakluH Rpy O3Hauaer, 4yTO peakiys HalpaBieHAa HE BBEPX,
KaK MPUHSJIM [TPH COCTABJICHUN YPaBHEHHUs paBHOBecHs, a BHU3 (puc. 13, a).
BrImtotHsIeEM poBEpKy MPaBHIIBHOCTH OTIPEIEIICHHS PEaKITHi OTop:

S'Y=0; Ray—Q—Rpy +F=0; 18—24—6+12=0;0 = 0.

Peakuuu onop HaaeHsl BEpHO. Peakiuu onop mokassiBaeM Ha pac-

YETHOM CXeMe B JICMCTBUTEIILHOM HampaBiieHUH ( KpaCHbIC BEKTOPHI).
Onpenensem nonepeunyro cuny Q, u usrubaromuii MoMenT M, Ha

ydgacTkax Oanku 1 m 2 B TWIOCKOCTH XY (IMOJApOOHOE pEIICHHE CM. IIpUMep
3amanuel, 3agaga Ne 3):
Yuacmox 1, 0 < x1 < a:

Qy1= Ray — qx1;

Q,1(0) = R4y = 18 kH;

Qy1(a) =Ry —qa =18 —6-4 == —6 kH;
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M1 = Rayx1 — >

a? 6-42

q
M,1(0) = 0; le(a)=RAya_T=18-4— ~

OnpenenuM noJsioxkeHue cedeHuss D, B KOTOpoM momepevHasi CHiia

= 24 kH - m.

(y1 paBHA HyJIIO, @ U3TUOAOIMI MOMEHT M, MMEET DKCTPEMAIIbHOE 3HA-
yeHue (MakcuMyM) (puc. 13, a):

* Ry, 18
Q1 =Ryy —qx; =0; x| = 7 6 3m;
N3rubaroiiniit MOMEHT B 3TOM CEYEHUU PABEH
®2 ., 22
. . 4% 6-3
My X =Ryxi———=18-3———=27xH"m

Yuacmox 2, nyst npaBoit orcedeHHoM yactu 6anku 0 < x2 < ¢;

Qy2= —F = —12 xH,
My, = Fxy; Mp(0) = 0; My(c) = Fc=12-2 =24xH - m.

y
Ray = 18 kH 1F=12xH
g= 6 kH/m
a) ARLVIITTTITTETT]
l D B X
O =24xH Rey = 6 kH
a:4M CZZM
Xj=3 M M_
6) 18
o Omopa Qy, kH
M
e
27 . 12
24
Omropa Mz, kH-m
i i Ay

Puc. 13
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1o 1oTy4eHHBIM 3HAYEHUAM CTPOMM SIIOPLI ) U M, . DIIOpPBI M3TH-
OaroIIMX MOMEHTOB CTPOUM Ha C)KaThIX BoJIokHax (12, 6, ).

B copuzonmanvhoii nrockocmu xz Ha 0anky JEWCTBYeT mapa Cui ¢
MoMeHTOM M = 16 kH-M (puc. 14, a). Peakiuu omnop o6pa3yroT napy cui ¢
TaKUM JK€ M0 BEJIMYMHE MOMEHTOM, HAIpPaBJICHHBIM MPOTHUBOIOIOKHO

BHEIIHEMY MOMEHTY M.

M 16
Rpyz=Rp,=—=—= 4kH.
a 4

Omnpenensem nonepeynyro cuity Q, u u3rudaromuii MOMeHT My
Ha yJacTKax OajKu.
Yuacmox 1. Q1 = =Ry, = —4kH, My = —Ry,xq;
M,1(0) =0, Myi(a) =Ryza=4-4=16kH " M.
Yuacmok 2.  Q,, =0; My,;=—-M =—-16kH" M.

ITo mosy4eHHBIM 3HaYE€HUSAM CTPOUM 31I0pkl @, U M, (puc. 14, 6, 6).

y
Ra; =4 xH Re; =4 xH M =16 xH-m
A D S
%) S >
3M 1\1
z
ﬁ/ Omropa Q,, kH
0) 4
6) - Omopa My, kH-M
12
16
27 _
24
N CoBMerieHHbIE
F ‘ smopbl M; 1 My
2) |
12 \
16

Puc. 14
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3. OmacHoe cedeHHe ONMpEeASUM I10 AI0PaM H3THOArOIINX MOMEH-
TOB. /{7151 HATTISTHOCTH TIOKa)KEM ATH SIIOPHI HAa OAHOU cxeme (puc. 14, 2).
OMnopbl U3rKOAOIIUX MOMEHTOB ITOCTPOEHBI HAa CKATHIX BOJOKHAX.
PaccMmotpum onachsie ceuenus B u D.
Ceuenne B: M,p =24 kH M, [Mp| =16 kH - m.
Ceuenne D: M,p =27 kH ™M, [Myp| = 12 kH - m.

4. HayepTuM momepeyHOe ceyeHue OanKh M TOKaXeM 3HaKu HOp-
MaJIbHBIX HAMPSHDKEHUW OT M3rMOarolnX MOMEHTOB (BHJ Ha IMOIEPEYHOE
CEUEHHME JIEBOW OTCEYEHHOM YaCTH CIpaBa — C MOJOKUTEILHOTIO KOHIIA OCH
X) (puc. 14). 3Haku HaNpsHKEHUM OMpeAeNsieM MO0 SMIopaM H3TruOarommx
MOMEHTOB — 3IIOPbI MOCTPOEHBI HA CKAThIX BOJIOKHAX. ONpeaenm moJio-
YKEHUE HYJICBOU JINHUU B OMACHBIX CEYEHUSIX

Ceuenne B: tan B = 22 1 = 8 2 = %22 — 267, B = 69,5°.
Mzp Iy  Myp 24

Ceuenue D: f = 60,6°.
HyneBast TiHHS TPOXOIUT YEpPe3 YSTBEPTH CEUCHUS C pa3HBIMH 3HA-

KaMU HOPMAaJIbHBIX HAIPSYKEHUM.
OnacHvle mouxku — 3TO TOYKHU, Haubosee ynajieH-

HbIE OT HYJIEBOM JIMHMM. B NpsAMOYroiabHOM cCe4eHUHn

=

OTaCHBIE TOYKH HAaxXOAATCS B yIjaX, B KOTOPBIX 3HAKH
HaIpsOKCHUH 0T 000MX M3THOArONIUX MOMEHTOB COBIA- _ -

natoT. B nHamem ciydae sto Touku 1 u 2 (puc. 14). B
3TUX TOYKAaX BEJMYMHA HOPMAJIbHBIX HAINPSXKEHUN OJU-

[
|
|
|
|
|
|
+++++++++\

HaKoOBa, B TOUKE 1 HaMnps2KCHUE MOJIOXKHUTCIBHOC — pac- /§
—\\+ + H

[

+++

TSOKEHUE, B TOUKE 2 HalPsDKEHUE OTPHUIATEIbHOE — CKa- ‘Hynesas munus
THe. Puc. 14
y T'eomempuueckue xapakmepucmuxu IpsMo-

yrosibHOrO ceuenus (puc. 15):  h/b =Kk,
OceBble MOMEHTBI HHEPIIUU

E |, =bh*12; 1,=b’h/12; 1,/1,=K>

OceBble MOMEHTHI COITPOTUBIICHUS:

W, = bh?/6 =b’k’/6;

W, = b’h/6 =b%ki6;  WJ/W, =k

Puc. 15

26



5. YciioBue NpOYHOCTH JIJIs OMACHOM (YIJIOBOM) TOUKH MPSIMO-
YTOJIBHOTO CEUEHUS:

_ _ MZ ¥ =
"I.rnax - JO.T. - W + o .
z

Haxonum pa3mepbl MONEPEUHOro CeUeHUs 0alKy ¢ y4eTOM 3aBUCHU-
MOCTHU M€Y OCEBBIMU MOMEHTAMU COIIPOTUBIICHUA:

3 6M, 6M,
b = 2 + 2 ,/ a .

624 616 103

3
Ceuenne B: b = "
22 2 160-100

=8,07-10"%2m = 8,07 cm.

6-27 6-12 103 _
. = = 7,82-10"°m = 7,82 cMm.
22 2 160-10

Brioupaem 6osbimuii pazmep b =8,07 cm, mpuaumaem b==8,1cm; h=16,2
CM.

3
Ceuerne D: b =

6. Onpenenm HOpMaJIbHBIE HANIPSIKEHUS B OMACHBIX TOYKax | u 2
oracHoro ceuenus B.
MoMeHTBI COTPOTUBIICHUS:

ES

bh® 8,1- 2-8,1 °

W, = = A = 354,3 cM?,
_b2}1_8,12-2-8,1_ 3
W, = e = g = 177,15 cm”.
HopwmanbHoe HanpsiKeHrne B OMAaCHBIX TOYKax 1 u 2:
Mg My 24 - 103 16 - 103
01= Tmax = - w, 3543 107 17715 10

= (67,7 +90,3) - 106 [1a = 158 MI]a.
o2 = —158 MlIla.
HampsikeHus B OMacHbIX TOYKAX MEHbIIE JOMYCKAEMOI'o HaIlpsiKe-
Huda Ha 2 Mlla, sHeporpyxenue cocrtaisaer 1,2%, uro gonycrumo. Hecos-
NaJIeHUEe PaCYeTHOrO 3HAYEHN HAaMOOJBIIEr0 HAMPSYKEHUS U JOIYCKaeMo-
ro HamnpsDKEHUs] BO3HUKAET 3a CUET OKPYIVICHHMsS] YMCJICHHBIX 3HAYEHUUH
pa3MepoB ceueHUsl.

27



5 o %Hyﬂeeaﬂ
Oniopa HOPMAJIbHBIX — HaIpsike- - JIUHUA
HUIl B CE€UYEHUMU B TMOKa3zaHa Ha
puc. 16.
z
Omeem: Pa3zmepsl
IIPSIMOYTOJIBHOTO CEYEHUS ~ 1
b=8,1cm; h=16,2 cm. 158
z o
158 Onopa o, Mlla
Puc. 16

3aoaua No2. Tema 3adauu. Pacder Ha NMPOYHOCTh CTEPKHS (Baja)
npu u3rude ¢ kpyueHuem. TpeOyercs: onpenenauTs quamerp Baia d.
JlaHHbIC U pacyera: cxema Bana (puc. 17); mepemaBaemasi MOIII-
HOCTh P =15 xBT; yrinoBas ckopocTs Bpaiienus Baia N = 160 06/muH;
D; =380 mm, D, =180 MM, a=0,3M,b=0,2M, ¢c=0,2m; [g] = 70 MIla.

2F 4

E

Pewenue
1. M300paxaem cxeMy Bajia COrylacHO BapuaHty (puc. 19, a).
2. OnpenensieM MOMEHT M, IPUIIOKEHHBIN K IIIKUBY OT PEMHSI

P 30P 30-15-103
M=_= = = 896 Hm = 0,896 kH - m.
w mn 3,14 - 160

3. Omnpenensiem cuity HaTskeHus pemus, D; = 380 mm = 0,38 m:
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2M_2-896

D4 0,38
3F = 14,16 xH.
4. OnpenensieM CUJibl, MPUIIOKEHHbBIE K KOJIECY:

F =

= 4716 H = 4,716 xkH =~ 4,72 xH.

- OKpY’KHas cuiia
2M  2-896
Ft = =
D, 0,18
- paauanbHas cuia
F,= F.tga =996-0,364 = 3625 H =~ 3,63 kH.
3nech o = 20° — yroJ 3aiemieHus 3youaroi nepenayu,
tg 20° = 0,364

By Ha IIKUB U KOJIECO C MOJIOKUTEIBHOTO KOHIIA OCH X (CIipaBa)

= 9956 H = 9,956 kH =~ 9,96 kH.

nokasas Ha puc. 18.

5. CocTraBUM pacyeTHyIO cxemy Bayia. [IpyBOJMM CHIIBI K OCH Balia.
Touky NpHUIIOKEHUS CHIJI TIEPEHOCHM Ha OCh Bayia X, JIOOABJISISI MOMEHTBI
NPUCOCIMHEHHBIX Tap, paBHBIX MO BenuuuHe MoMmeHTy M. CocraBisieMm
pacueTHyo cxemy Baia (puc. 19, 6).

Puc. 18
6. OnpenenseM peakyu ONOpP M3 YPaBHEHUNM paBHOBECHS MOMEHTOB
OTHOCHUTENBLHO Touek A u B:

IInockocmo Xy: } My =0; —Fr,a+3F(a+b)+Rp,(a+b+c)=0;
XMp=0; F.(b+c)—3Fc—Ry(a+b+c)=0.
[ToacTaBiiss YUCIIEHHBIE 3HAYEHUS CUII M JIMHEHHBIX Pa3MEPOB B

YPaBHEHMS, HAWJIEM BEPTUKAIBHBIE PEAKIIUU OTIOP:
R4, = —1,97 kH; Rp, = —8,56 kH.
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3HAaKM MUHYC O3HA4aloT, YTO PEAKIMW HAIPABJICHBI HE BBEPX, KaK
IIPUHUMAJIA [IPU COCTABJICHUU ypaBHEHMH, a BHM3. Ha pacyeTHOU cxeme
MOKa3bIBa€M PEAKIIMU B JCHCTBUTEIHLHOM HAIMPABICHUH, T. €. BHHU3 (pHC.
19, 6). BrimonHsieM mpOBEpPKY MPABUIBLHOCTH OMPEACIICHUSI PEaKIIHid, CO-
CTaBJIsAsl YPAaBHEHHUE IIPOCKLIUM CHII HA OCh Y:

XY =0, 3F—F.—Ry, —Rp,=0.

[loacraBnsisi YMCIEHHbIE 3HAUEHUSI CUJI M Peakuuid, yOexmaemcs B
MPABUJIBHOCTHU ONPEACIICHUS] BEPTUKAIBHBIX PEAKIIUN OTOP.

Ilnockocms XZ. B 3TOM TWIOCKOCTHU K BTy PUJIOKEHA TOJIBKO OJHA
cuia Fy, T.e. cxema Oaniku turosas [4, c. 60].

OnpenenuM peakinu Ra; v Rg; U3 BeIpaKeHUI:
F.-(b+c) Fi-a
a+b+c’ T a+b+c

[ToxcraBisst YMCIEHHBIE 3HAYCHUS CHJI U JIMHEMHBIX pa3MEPOB, Hail-
neM: Ra, =5,69 xH, Rg,=4,27 xH.

[Toka3piBaeM peaklMy Ha pacuyeTHOM CXEM€ B JICHCTBUTEIIBHOM Ha-

RAZ =

MPaBJICHUH.
7. BHyTpeHHUE yCUIMs HA y4acTKax Baja HaXOJHMM Tak K€, Kak U B
BBIIIIE PACCMOTPEHHBIX 3a/1auyax, MNP MPSIMOM HU3THOE — CM. pEIICHHUE 3a-
naun Ne 3, 3amanue 1, mpu Kpy4eHUH — CM. perieHne 3agaun Ne 2, 3aianue
1. Ctpoum »3mrOpsl HM3rMOAOIMMX MOMEHTOB. PaccmaTpuBaeM Ball Kak
JIBYXOTIOPHYIO OaJIKy, Harpy>K€HHYI0 COCPEIOTOYCHHBIMU CHJIAMHU B JIBYX
IJIOCKOCTSIX. OMIOPHl M3THOAIOMIMX MOMEHTOB HMEIOT BHUJ HAKJIOHHBIX
NpsSIMBIX IO BCeH inHEe Oanku. M3rubaromuii MOMEHT B CEUEHHM Oaliku
pPaBEH CyMM€ MOMEHTOB BHEIIIHUX CHUJI, IPUJIOKEHHBIX JIEBEE WJIU IMpaBee
JTAHHOTO CEUYECHUsA. Y YUTHIBAEM TAKKE CBOKMCTBA BIIIOP.
PaccmoTpum BepTUKaIBHYIO TIOCKOCTH XY (puc.19, 06), onpenensem
u3rubarone MOMEeHThl M; B XapaKTepHBIX CEUEHUSIX:
B ceuenusix Hag onopamu 4 U B u3ru0arnime MOMEHTHl paBHbI HY-
JI1O
N3rubatomuii MoMeHT B ceueHuu | (cieBa)
M, =—Ryy-a=-197-0,3 =-0,591 kH - m;
N3rubaromuii MoMeHT B ceuenu 11 (cripaBa)
M, = —Rpy,-c=-8,56-0,2=—-1,712kH - m.
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a=0,3 M b=02m | c=02wmM
A3F = 14,16 xkH
6)
Ry =569kH | M M Re, = 4,27 kH
K N Y w
‘ / \ [ B X
, Ray = 1,97 kH YF. =3,63xH R =856kH
Fr = 9,9 kH 1 &
6)
0[5191% ‘ 7 omora M st
1,712
2)
1,707
0,854
Smopa My, kH-m
YA
9) 0,896
Omropa My, kH-m
Puc. 19

31



Crpoum smropy u3rudaromiero MoMeHTa M; Ha CKaThIX BOJIOKHAX,
oTkiaapiBaeM B cedyeHusax | u Il opauHatel BHU3 U COEAUHSAEM NPSAMBIMU

JMHHSMH TOJYYCHHBIE TOUKH 3ITIOpHI (puc. 19, 6).
B ropuzoHTanbHOM IJIOCKOCTH JeHCTBYeT oaHa cuia Fi. Jlis Tumno-

BOW OaJIKu M3ruOaroiuii MOMEHT B TOM CEUYEHUH, B KOTOPOM MPHUIIOKEHA

CHJIa MOKHO HaiTh 1o ¢opmyie [4, c. 60]:

Ft-a-(b+c)_9,96-0,3-(0,2+0,2)
a+b+c 0,34+0,2+0,2

= 1,707 kH - m.

My] ==

Onropy KpyTAIIEro MOMEHTa CTPOUM Ha y4acTKE MEX]y KOJEeCOM U

mkuBoM, M, = M (puc. 19, 0).
8. Haxonum KBUBAJICHTHBIM MOMEHT I10 TPEThEH TCOPHH TPOUYHOCTH

B ceucHusax | u ll:

Myer = MZ+ME+MZ= 05917 +1,707° + 0,896° =

= 2,016 kH - m;

My = M2+ M3 + M2 = 1,7122 40,8542 + 0,8962 =

= 2112 xH - m.
Bri6upaem Hanbompliee 3Ha4eHUEe IKBUBAJICHTHOTO MOMEHTA!
Mg max = 2,112 kH - M.
9. 3anucpiBaeM yclOBUE MPOYHOCTH

M
= e < o], rne W _ md® - MOMEHT cONPOTHBIIEHHS
na u 32

KPYTJIOTO ONEPEYHOT0 CEYeHUS Bajla Mpu U3ruoe.
10. U3 ycnoBus mpoyHOCTH ONpEesieM TuaMeTp Bajia

o JEE Max

3 3ZM.. 3 32.2,112103 —
d:_:’ %Z W:6,75'10ZM:6,?5CM:67,5MM.

11. BeimoaHsieM NPOBEPKY NMPABUILHOCTH OMIPEACIICHUS JUaMETpa.
OceBoOil MOMEHT COMPOTHUBIICHUS TIPU U3THOE
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nds 3,14 6,75

W,= = 30,2 cm3;
Y 32 .
[TosistpHBIE MOMEHT CONPOTHUBIICHUS
d3
= = 3
W, = 1_6 2W, = 60,4 cM3.

Mzrubaroimii MOMEHT B OIACHOM CEYEHUU

Mnmax - MZEII +M}2r11 — 1.?122 ‘|‘0.8542 — 1.91 KHM.

HaunGosnbiiiee HOpMaabHOE HAMPsHDKEHUE B OMACHOM TOYKE OMAaCHOTO

ceueHnus |

M, .. ~ 191-103

= = L 6 =
Omax Ty - = 397 0 ¢ = 632" 10°71a = 632 Mlla.

HaubGombpmee kacaTeibHOE HaIIPpsAKCHHUC B OITIAaCHOM TOYKE OMNACHOTO

CCUCHUA BaJia

_ _Mc_ 89  =148-106Ma = 14,8 MIla.
" w, 60,4107

DKBHUBAJIEHTHOE HAIPSHKEHUE TIO TPETHEN TEOPUU MPOYHOCTHU

Ooxamax = Vo2, +4rz,, =V63,22+4-14.82 = 69,8 MIla.
Omnpeenum HeCOBIAAEHNE HAIPSHKEHUN O axp max M [O]:

[G] — O5kB max 70 — 69,8
Ao = _ 100% = ———— 100% = 0,3%.
lo] 70

HecoBmnajaenue qonyckaeMoro U HauOOJIbIIETO 3KBHBAJIEHTHOTO Ha-

MPSOKEHUA BO3HUKACT 3a CUET OKPYIJICHHS PE3yJIbTaTOB BBIUKCICHUW. B
IPOCKTHOM MPAKTUKE HAWJECHHOE 3HAYEHUE JUaMEeTpa OKPYIJISIOT 10
crangaptHoro. [Ipumem d., =70 MM. 3a cyeT yBeIMUYCHHUS AMAMETPa 0
CTaHIAPTHOTO 3HAYCHUS 3aI1aC MPOYHOCTH Bajla yBEINUYNBACTCH.
Cranpaptasiii psaa: 40, 42, 45, 48, 50, 52, 55, 60, 63, 65, 70, 75, 80,
85, 90, 95, 100, 105, 110....
Omeem: PacueTHoe 3HaueHHe quameTpa Baja d = 67,3 mwm,
crangapTHoe d =70 mm.
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3aoaua Ne 3. Tema 3a0auu: PacueT Ha IPOYHOCTH OAJIKU TIpU yaap-
HOM Harpy>keHHH.

Ha Gaiky ¢ KBaJpaTHBIM IONEPEYHBIM CEYCHHUEM C BBICOTHI N mamaer
rpy3 BecoM P. TpeOyercst u3 yclioBUSI TPOYHOCTH MPU YAAPHOM HaArpyxKe-
HUU Haith pasMep b momepeuyHoro ceueHus Oanku. JlaHHble mas =3 M,
P=200 H, h=0,5 m, E = 2 - 106 MIla, [¢] = 160 MIla. IIpu pacuere mpu-
usite E=2-10° MITa, [o] = 160 MIla.

Pewenue

1. Cmamuueckuii pacuem 6anxu. IlpukiaapiBaeM BeC MaaroIero rpysa K
0aJiKe CTaTUYECKH, CTPOUM DITIOpY M3rubaromero Mmomenra M, ., (puc. 22).

ACT® T X ; B %

Oniopa M, ; <

Pl W,=—;

Puc. 22

Pemaem B o0miem Bujze, pacueTHbie (HOPMYIIBI ISl TUIIOBOM  OasiKu
Oepem TabnuuHble [4, C. 58].
OmnpenensieM HanOoJIbIIIee HOPMATBHOE HANPSDKEHUE B OTMIACHOM Ce-

YEeHUU OAJIKU TIPU CTATHYECKOM Harpy>KCHUH:

M, 6Pl

Ocrmax — WZ =b—3. (1)

Haxonum cratndeckuii mporud B MECTe MaJCHHS Tpy3a, Ha CBOOO/I-
HOM KOHIIE OaJIKU:
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P13 12P13 4PI3

ACT= SEIZ = 3Eb4— - Eb4 (2)

2. lunamuyeckuii K03(PGUIIMEHT B yIPOIIIEHHOM BUJIE:
2h

ky = x/A—CT. (3)

3. YcnoBue npoYHOCTU IPU yIaPHOM HarpyKEHHH:

Ompmax = Ocrmax ka < [U] (4)

[ToncraBum B ycioBue (4) Beipaxenus (1), (2), (3):

6P1 Zh-SEIZ_éPE 2h-3Eb4_6 hEP

= . . == — < g
Ommax = 3 P[3 b3 " 12P3 b 21
6 hEP 6 0,5-2-1011.200
Orciona b= — —== == 23 = 0,0685 M = 6,85 cm.

4. TIpoBepouHbIii pacyer. 3HaueHHE pa3mepa D sBisercs mpuodIHU-
»KeHHbIM. [IpoBepUM BBIMOJIHEHUE YCJIOBUSI TPOUYHOCTH MPU ITOM pazMepe

b=6,85 cm.

p3 6,853
W, = g = 6 = 53,57 cm3;
b* 6,85%
I —_- —= — 4.
2= 13 12 183,5 cm%;

M, Pl 2003

w, w, 535710

=11,2-10¢ Ila = 11,2 Mlla

PI3 200 - 33
3EI, 3-2-1011-183,5-108

A= =4,9-10-3 M;
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2h 2:0,5

ky=1+V1+—= —_— = ;
1 A 1+\/1+4’9_10_3 15,3;

Ogmax = kg * Octmax = 15,3+ 11,2 = 171,4 MIla > [o] = 160 MIla
- YCJIOBUE MPOYHOCTH HE BBINIOJIHEHO, MAaKCUMAaJbHOE JUHAMHYECKOE Ha-
NPSDKEHHUE MPEBBIIAET AOMycKaeMoe HampspkeHue Ha 7,1 %, 4to He no-
MyCKAETCH.

5. Bmopoe npubnusicenue. Ypenuuum pasmep b, mpumem b = 7 cm.
BbrancinM Bce HEOOXOAUMBIC BETMUUHBI JUIS 3TOTO 3HAYCHUS D!
W, =572cm3; I, =200cM% Ocrmar = 10,49 MIla
Aer=4,5+10-3Mm; k, = 15,94; 0pnee = 167,2 Mlla;
Ao = 4,5 % < 5 %, uTo nomycTumo.

[TpuarMaem pazmep b = 7 cwm.

Omeem: b=7cwm.

3AJIAUM JUISI IPAKTUUECKUX 3AHSATHIA

3aoaua Ne 1. OnipenenuTh pazMepbl MPSIMOYTOJIBHOTO CEUECHUS JIepe-

BSIHHOI OaJIku U3 YCJIOBHUS IIPOY- q = 12 kH/m

HOCTH II0 HOPMAJIbHBIM HaIIP:I- l 1 l l 1 l l l 1 1 l l l l 1 % h =2b
JKCHUAM, IIPU paCdCTC IMPHUHATH

[6] = 10 MITa. 1=2m b
3aoaua Ne 2. ]Ina cTanpbHON Oanku F F

U3 YCJIOBHS TPOYHOCTH IO HOPMAJIBHBIM ! !

HaIpsOKEHUsIM 1ToA00paTh HOMEp JIBYTaB- 79;;} 3

pOBOFO CCUCHUsI. a= 2 M a= 2 M a= 2 M

IIpu pacuere nmpunsats F = 60 xH,
[c] =200 MIla
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3aoaua Ne 3. Ha Ganky neiictByrotT nBe cuibl: F; =12 kH B Beptu-
KaJIbHOU T1ockocT Xy U F, = 8 kH B ropusoHTansHO# miockoctu Xz. U3
YCIIOBUSL MPOYHOCTH IPU KOCOM H3THO€ OIpeneauTh pa3Mepbl HpsIMO-
YrOJILHOTO CEYCHHUs OAITKH ¢ COOTHOIIeHHEM cTopoH h/b = 2.
[Tpu pacuere mpunsTh @ = 2 M; [6] = 160 MI]a.

3aoaua Ne 4. J151s1 cranbHOM OaJIKu TpeOyeTCs:
- IOCTPOUTH DMIOPHI BHYTPEHHUX YCUIINN B TJIaBHBIX ITIOCKOCTAX OANKH,
OTIPEICTUTH TIOJIOKEHUE OITACHOTO CEUCHNS,
- MPOBEPUTH BHITIOJIHEHHUE YCIOBUS MMPOYHOCTH TSI 3aJaHHOTO ABYTaBpO-
Boro ceuenus Ne 30 mpu [0]=180 MI]a.

y
)é y
’7B X YA
4m Ne 30

3aoaua Ne 5. J1j1s1 Ganiku, U3rOTOBJIEHHON U3 TPOKATHOIO JIBYTaBpa:

- IOCTPOUTH IMIOPHI BHYTPEHHUX YCHIIMHA B TJIABHBIX TUIOCKOCTSIX
OaJIK¥, OMPEACIIUTD MOJ0KEHHUE OMACHOTO CEUCHUS;

- MPOBEPUTH BHITIOTHEHHE YCIOBUS IMTPOYHOCTH TSI 3aaHHOTO JBY-
taBpoBoro ceucuust Ne 36 mpu [g]=160 MI]a.

y
> >
A /7;;73 X __Z

z 2M 4 m No 36
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3aoaua Ne 6. ]I nByTaBpOBOM OaJIKU:

- IOCTPOUTH AMIOPHI BHYTPEHHUX YCHIIMH B TJIABHBIX TUIOCKOCTSIX
OaJIKM ¥ OTIPEJICIIUTD TTOJIOKCHHE OTIAaCHOTO CCUCHUS;

- IPOBEPUTH BHITIOJIHEHUE YCIOBUS MPOYHOCTH JIJIS 33 JaHHOTO JIBY -
taBpoBoro ceucHust Ne 36 npu [g]=160 MI]a.

y
M=12 « F=18 xH _l
A AB X 1=
Z | 2M 4 m No 36

3aoaua Ne 7. ]Ins 6aJiku ¢ IpSIMOYTOJIbHBIM MTONIEPEYHBIM CEYEHUEM
Tpedyercs:

- IOCTPOUTH IMIOPHI BHYTPEHHUX YCUJIMH B TIIABHBIX TUIOCKOCTSIX
OanKu, oNpeeNuTh MOJI0KEHUE OTIACHOTO CEYCHHS;

- U3 YCJIOBHSI IPOYHOCTH HAWTU pa3Mepsbl MPSIMOYTOJIBHOTO TOIe-
PEYHOTO ceyeHus Oanku mpH cienyromux naaasix: h/b = 2, [6]=160 MIla

y F1=24 xH y I
4 v h ”'ff
X I
5 Aom AL
Z < 2M 4 M
3aoaua Ne 8. JI;1s1 Bana MeXaHUYECKOM TIepeaayu:
- IOCTPOUTH MIOPHI U3TMOAIOIINX M KPYTS- ya 1 K,
IIIETO0 MOMEHTOB Y OTIPEICTTUTH TTOJIOKEHUE
A dA\ i
OIIACHOI'0 CEYEHUS,; J o
- OIIPEACIIUTH TUaMETp Bajia 10 TPETher g
TEOPHUH MPOYHOCTH 1pH [o] = 160 MIla. = a a a
I~

Haunnbie 115 pacuera: Fq = 12 kH, F), =
6 KH,
d;{ =100 MM, d, = 200 MM, a = 0,3Mm.
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3aoaua Ne 9. JI;ns1 Bajla MEXaHHYECKOM IIe-
penauu Tpedyercs: ya d

- IOCTPOUTH SMIOPHI U3TUOAIOIINX U KPYTH- /_L F

IIEr0 MOMEHTOB U ONPEJETUTH MOJI0KEHUE

Lz
OITaCHOI'O CCUCHMUAA, / T /

- OIPEAEIUTh TUAMETP Bajla M0 TPEThEU

J|E

TEOPHUH MPOIHOCTH.
Jannbie 115 pacuera: Fq = 4 kH, F, = 8 kH,
dy =100 mMM,d, = 50 MM, a = 0,2 M; [o] = 160 MIla.

3aoaua Ne 10. Ban, Ha KOTOPBIA HACAXKEHBI JBA IIKUBA, BPAIIAETCS C
MTOCTOSTHHOM YTJIOBOM CKOPOCTHIO. TpedyeTcs:

- IOCTPOUTH SMIOPHI U3THOAIOIINX U KPY-
TAILEr0 MOMEHTOB U ONIPEAEIIUTD MTOJI0KEHNE

OITACHOT'O CCUCHMS;
- ONPENICNIUTh TUAMETP Bajia Mo TPEeThen

TEOPHUH IPoYHOCTH 1pH [a] = 160 MIla.
Jannbie g pacueta: Fq1 = 10 kH, F, = 5 kH, d; = 60 mm,
d, =80 mm, a=0,3 M.

3aoaua Ne 11. banka HarpyxeHa cOCpelOTOYeHHOM cuioil F u  ma-
poii cun ¢ momentoMm M. TpeGyercs:
- IOCTPOUTH SIMIOPHI BHYTPEHHUX yCHUITUH;
- U3 YCJIOBHSI IPOYHOCTH OIPEAETUTH pa3Mephl MPSIMOYTOJIBHOTO TOTIe-
peunoro cedenus Oanku [Ipu pacuere npunsts [o] = 10 MIla, h/b = 2.

y/
_ > A F=12xH y
M=24 kH-M| h ;ﬁ:ﬁ
7z il &

<—
Z 2 M 4 m b
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3aoaua Ne 12. ]Ins 6anku, n1300pa>keHHON HA PUCYHKE:
- IOCTPOUTH DMIOPHI BHYTPEHHUX YCWINN, OTIPEACITUTD MOJOXKEHNE OTac-
HOTO CEYCHHUSI.
- MPOBEPUTH BBITIOJHEHNE YCIOBHSI POYHOCTH ISl IBYTaBpPOBOM OAJIKU
Ne 36 mpu [o]= 160 MI]a.

YA y
4 g =6 xkH/™m F=4xH __{_
| EEEREENE RN S i N

Y X YA
I1=3wm —_—

Ne 36

3aoaua Ne 13. CtepKeHb ¢ IPSMOYTOJIbHBIM TOTIE-
PEYHBIM CEYEHHUEM CKMMAETCsI BHEIIEHTPEHHO crutoi F. F

X
Martepuan cTepKHS HEOJJUHAKOBO COITPOTHUBIIAETCS pac- ) y
TSOKEHUIO U Ckathio. Tpelyercs: >
N
\b
e

YA

- HAUTH IFCOMCTPHUUCCKHC XaPAKTCPHUCTHUKH ITIO0IIC-
pPE€YIHOIr0 CCUCHUS CTCPIKHA;

¥

- OIIPCACIUTD IMOJIOKCHUE OIIACHBIX TOYCK; N

- 3allMCaThb YCJIOBHA MPOYHOCTH AJIA OIIACHBIX TOYCK N
e T

(V) (9] ~
B PACTSHYTOU U CKATOM YaCTSIX CEYEHHUS; C /\
- U3 YCJIOBUM IPOYHOCTH HaiiTH cuiy F;

- IOCTPOUTH AJIPO CEUECHUS.

/[

Januble qns pacuera:  [0]c = 16 MIla, [o], = 1 MIla,
h=0,6 M, b= 1wMm;

T

Xi
y
z

/7

i’

3aoaua Ne 14. Onpenenutb HaUOOJIbIIIEE HATIPSIIKE- Y

<«

HUE CKaTHs B CTEPIKHE, BHEIICHTPEHHO C)KaTOM crion F
=160 xH.
[Tonepeunoe ceuenue crepxus - AByTaBp Ne 40.
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3aoaua Ne 15. JIns 6anku, n1300pa’keHHON HA PUCYHKE:

- TIOCTPOUTH SIIOPHl BHYTPCHHUX YCHJIUN B TJIABHBIX IUIOCKOCTSIX
OaJKi U OTIPEACIUTH TI0JI0KEHNE OITACHOTO CEYCHHSI;
- U3 YCJIOBUS NMPOYHOCTH HANTH pasMepbl MPSIMOYTOJBHOTO MTOTIEPEIHOTO
CeueHHs OaJIKu Mmpu cienyronux naHueix: h/b = 2; F =4 xH,
M=12xH-wm; | =4 m; [c] =10 MI]a.
_,g] v
— F
f ) X

z | —>

o~

R P

=
\:\\k\k\-\i\ <

(op

3aoaua Ne 16. JIns 6anku TpeOyeTcs:
- ONPENICINTh BHYTPCHHHUE YCHIIMS Ha ydacTKaxX OaJIkM M IOCTPOUTH

SMIOPHI B TJIABHBIX INIOCKOCTSX OAJIKH, yb  F=6H
- ONPENEIUTh  ITIOJOKECHHE —M=20 kH-M y
OTaCHOTO CEUCHUS; >
A4 s? B X
- W3 YCIOBHS IPOYHOCTH TIO- “
o z
no0paTe HOMEpP ABYTaBPOBOM Oaiku ZM 4m ,

npu [6]=200 Ml]a.

3aoaua Ne 17. JIns 6anku, n300pa’keHHON HA PUCYHKE:

- OIPEJICINTh BHYTPCHHHUE YCUIIMS HA YYacTKaX OayKu;

- IOCTPOUTH SMIOPHI BHYTPEHHUX YCUJIUI B IIaBHBIX MJIOCKOCTSIX OaJKH,

- OIIPEJICHUTH MOJIOKESHHUE OTIACHOTO CEUCHHS,;

- U3 YCJIOBHSI POYHOCTH HAUTH pa3Mephl MPSMOYTOIBLHOTO MOMEPEYHOTO
ceuenus Oanku npu h/b = 3, [6]=100 MI]a.

y F1:24 xkH F2:6 kH y
4 X > h {?
B A *
Z . 2M 2 M 2M b
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Ipunooscenue 1

I'eomeTpuyeckne XapaKTePUCTUKHU MPOCTHIX CEYeHUH
h — BeIcOTa ceueHwust; b — mUpHHa CEUCHHUS;

A-— rjiomanab MmoncpeyYHOro CCUYCHUA,
C- LHEHTP TAXKCCTHU CCUCHUA,

Y, Z — TJIaBHbIC LIEHTPAJIHBIEC OCH CEUCHNS,
Iz, Iy — oceBble MOMEHTBI HHEPLIUU CEYCHUS.
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JIBYTABPBI CTAJIbHBIE TOPSTYEKATAHBIE
(TOCT 8239-89)

h - BeIcOTa IByTaBpa

yi

: - b - mmprHa noaKU
——
< | S - TOJIIIMHA CTCHKH
1
i t - cpeHss TOMIIKHA TTOJIKH
1
- x_ |l x A - oAk MONepeyHOro CeUCHHs

]
i | - MOMEHT HHEpIHMH
, b—s
1
: 2 W - MOMEHT cOonpOTUBIECHUS
]
] (v
A G S - cTaTHYECKH MOMEHT ITOJyCEUCHHMS
: . .

y! 1 | - paguyc HHEPLIUU

b
Homep |Macca Pasmepsl, MM A, Iy, Wy, iy Sy ly Wy, | iy
5 y 1 1 1 y
nByraspa |1wm, kr["p b S t cM em | o o | end | em?t o | oM

10 9,46 ({100 55 |4,5|7,2| 12,0 | 198 | 39,7 |4,06| 23,0 | 17,9 [6,49|1,22

12 11,5 |120| 64 | 48| 7,3 | 14,7 | 350 | 58,4 [4,88| 33,7 | 27,9 [8,72|1,38

14 13,7 {140| 73 (49 (75| 17,4 | 572 | 81,7 |5,73| 46,8 | 419 |11,5|1,55

16 159 |160| 81 (50 (7,8 | 20,2 | 873 | 109 (6,57| 62,3 | 58,6 |14,5(1,70

18 18,4 |180| 90 | 51|81 | 23,4 | 1290 | 143 |7,42| 81,4 | 82,6 [18,4|1,88

20 21,0 {200(100| 5,2 | 8,4 | 26,8 | 1840 | 184 |8,28| 104 | 115 [23,1|2,07

22 24,0 1220(110| 54 | 8,7 | 30,6 | 2550 | 232 [9,13| 131 | 157 |28,6|2,27

24 27,3 1240(115({56 | 95| 34,8 | 3460 | 289 [9,97| 163 | 198 |34,5|2,37

27 31,5 1270(125{6,0 (9,8 | 40,2 | 5010 | 371 |11,2| 210 | 260 |41,5|2,54

30 36,5 | 300|135 6,5 {10,2| 46,5 | 7080 | 472 [12,3| 268 | 337 |49,9|2,69

33 42,2 1330(140| 7,0 |11,2| 53,8 | 9840 | 597 |13,5| 339 | 419 |59,9|2,79

36 48,6 {360 |145|7,5|12,3| 61,9 [13380| 743 |14,7| 423 | 516 |71,1]|2,89

40 57,0 {400 |155]| 8,3 |13,0| 72,6 [19062| 953 |16,2| 545 | 667 [86,1|3,03

45 66,5 [450|160| 9,0 |14,2| 84,7 (27696| 1231 |18,1| 708 | 808 | 101 |3,09

50 78,5 | 500170 {10,0{15,2|100,0 |39727| 1589 [19,9| 919 | 1043 | 123 | 3,23

55 92,6 |550(180(11,0{16,5|118,0|55962| 2035 | 21,8 | 1181 | 1356 | 151 | 3,39

60 108 | 600{190{12,0(17,8|138,0|76806| 2560 | 23,6 | 1491 | 1725 | 182 | 3,54
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