OIl/1.9.02.02 COITPOTUBJIEHUE MATEPUAJIOB
YACTD 2
KoHTponbHbI€ 3a1aHMS 1 METOIMYECKUE YKA3aHUS K PACYETHO-
MPOEKTUPOBOYHOM pabOTE /I CTYJICHTOB MEXaHMYECKUX CIEUATBHOCTEN

[lpuBeacHbl 3a7aHUA U OPUMEPbI BLIMONHEHUA PACUYCTHO-NPOCKTUPOBOUHDLIX
paboT 1Mo pazaenam Kypca COMPOTHBIICHHS MAaTEPUAIOB. CTATHYECKH HEOTTPEACITHMBIC

Oanku u PAaMbl, CTIOKHOC CONPOTUBIICHUC, yGTOEHﬂBOCTb.



5.3. PacuéTt cTaTHvecKHn HeonpeaeuMBbIX 0a/10K

3agaua Nel2

Hns 3agannbix Oanok (puc. 5.11) nOCTPOUTE AMIOPHI MOMEPEUYHBIX CHJI U W3TH-
0aloLIMX MOMEHTOB, a TaKKe noAodpaTh ABYTABPOBOE ceueHue npu [o|= 160 Mila
(cxema @) W ompenenuTh Yrojl MOBOPOTa JIEBOW OMOPHLI JAepeBsSHHON Oanku mpsamo-
YTOIBHOTO CEUESHHS C pa3MepaMu H U A (cxema 6).

JlaHHbIe B3sTH U3 TAdN. 5.3.

Tabmmna 5.3
bykeer | Cxema no M, )
anpasera | pic.s.11 da, M q, kHiu P, kH s bxh, cm
a,0,B I 1,0 15 20 25 10x20
T, I,e¢ 1 1,1 16 22 23 10x25
€, K, 3 I 1,2 17 24 21 10x30
u, i, K v 1,3 18 26 18 10x 35
q,M, H \' 1.4 19 28 20 15%25
0,1, p VA 1,5 10 30 22 16x30
C.T,¥ VII 1,6 12 12 24 17x20
b, X, 1 VIII 1,7 14 14 26 18x20
u, 11, 11 IX 1,8 13 16 28 19%x25
BI, 3, 10,5 X 1,9 11 18 30 2030
| 2 3 4 5 6

[Mopanok BeInonHeHHs 3a1aun 12 aHANOTHYEH pelleHto npuMepos 12 a, 6.

[pumep 12 ¢. [ns Hepa3pe3Hoi AByTaBpoBoil danmkw (puc. 5.12, ¢) BEIMONHHUTE

NPOCKTUPOBOUHbIA  pacuét mnpu [c]=160Mlla; =15 xH, AM=18kHMm,
g=27 kH/m,a=1wm.
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g—27 kH/m

) A NMMMMMZB
lp=ts i 7= Nr 4718 kHm 4
lea 1M | alm | 2a-2m |
6)
‘ (] v
%) s ’\\I_'memwxé
P IX] M 7
27 kxH/m
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0
15 [/ g—
4 i @, kKH™
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| | 7/ 3
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| a2
i O
ijl 7
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e) : > AN
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Peuwienue.
1.Onpeaensgem cTeneHb CTaTUUECKON HeonmpeaeauMocTd Oanku. Ha danky Ha-
JI03KEHbI YeTbIPe CBsI3W; CUCTEMA IJI0CKAs W MOXKHO HCIOJIb30BaTh TPH YPABHEHMs
pPaBHOBECHA, 3HAUWT, OalTka OJWH Pa3 cTaTHYeCKH Heonpeaennma (4 —3 =1).
2. BoiOrpaeM OCHOBHYIO CHCTEMY, KOTOpasl J0JIkHa ObITh CTATUYECKH OIpeje-
JTUMOM H TeOMETPHYeCKn Hen3MeHsieMo (prc. 5.12, §) v 3KBHBAEeHTHYIO CHCTEMY,
KOTOpaa noayuaercd NyTEM 3arpy»KeHUa OCHOBHOH CUCTEMBbI 3aAaHHON HArpy3Kol U

HEeH3BECTHOH cuyioil X, B MecTe oTOpoIIEHHOI CBA3H (B Touke A) (puc. 5.12, 6).

3. IlocTpouM B OCHOBHOH CHCTEME 3MOPbl U3rUOAILUX MOMEHTOR OTAENLHO
OT 3a1aHHoi Harpysku (M) n ot X =1 (M), (puc. 5.12 2, 9).

4. CocTaBnsieM KaHOHMYECKOE YPaBHEHHME METOJa CHA A1 OAMH pa3 craTuye-
CKH HEONPEACIIMMON CUCTEMDbI

5. Onpenensiem ko3hpuneHTs 81 U A|p, HCHONB3YS MpaBuio BepeluaruHa no

;M .
chopmyne SKP =3 ﬁ , TJg M; — IIOIAAb 3NOpPsl Mp, m.; — OpaAuHaTa, B3ATasA U3

-z

MOPBI M| oA USHTPOM TSKECTH mopel AMp. Cnie10BaTENbHO,

1511 3012 12:2 5 27.2° 12-2 7| 1 40,5 3
A, = =+ =+ c—+ 12— = = kHwm™.
2 3 2 3 2 3 12 2 3\ B

Haxosum 6 T.e. BEIUKMCSSA COCTABJIAIOIIME TUTOIIAM SIMIOPLl A 1 yMHOXaem
HAa OPJIHHATHI, COOTBETCTBYIOIITHE TIEHTPAM TH/KECTH MIomaaeit Toi ke Smopsl M.

! .1.3.3.3.3211\43_
Iy, 2 3 EJ

611 =

A 40,5
6. Pewrast kaHOHWYECKOe ypaBHeHHe, monyunM X, = ——L=——"=—-4 SkH.

11

3HaK «MHHYC» YKa3blBaeT Ha TO, YTO cuna X, (T.e. peakuma [2,) HampaBneHa He

BBEPX, a BHU3 (puc. 5.12, ¢).
7. CtpouM smopbl O 1 M, kak Aa 00blUHON Oanku (puc. 5.12, xce, 3).
8. ITpoeepsieM NPaBWIILHOCTb PACKPLITHS CTATHYECKOH Heonpeaenumoctu. [lns

3TOTO METOJAOM HA4adbHBIX MAPAMETPOB BBIMMCIUM NpOrud Ha neBol onope Oankwy,



TIPWHAB HauaJi0 KOOPAWHAT HA TTpaBoM KoAte (pwc. 5.12, ¢). BemuwaiHa 3TOTO TIPOTH-

0a 10/kHa OBbITh PABHA HYJIKO (1ONYCKAETCS MOTrPeuiHoCTs 10 1%).

274 181

Ely=—%" 34—1)+T=—204,75+204,75=0,

T.C. CTATHYCCKAA HCONPEACIHUMOCTL PACKPLITA IIPABUIILHO.

M,
9. U3 ycrmoBua npodHOCTH G, = — <|G] HaX0OMM MOMEHT CONPOTHBIIE-
z

HUa Danku

M 25.5-10°

Imax __

ol =160 10° =159,4-10° 4" =159,4 cm”.
6 .

v

TTpuanmaem aeytasp Nel8a ¢ W, =159 cm’, pu stom 6 > [0] Ha 0,23%.

Lpumep 12 6. dna 6anku (puc. 5.13, a) nocTpouTsb 2mopsl () U M, U BblYUC-

JIUTh Yrojl noBopoTa NneBoi onopel. [TonepeuHoe ceueHue OalikM NPSIMOYTOJIBHOS,
H=10 cm, h =20 cm, matepuar — aepeso, £ =0,1- 10° MIMa.

Peluenne.

[lnan pewenus Takoi ke, kak B npumepe 12, ¢. Ctenelb craTHYCCKoOi Heompe-
JICNIMMOCTH CHCTEMbl PaBHA eaWHuLE. PauvoHanbHas OCHOBHAS CHCTEMa H300pakeHa
Ha puc. 5.13, 6, akBuBaneHTHasA — puc. 5.13, ¢. ['py30Bas U eAMHUYHAS INKOPbI U3TH-
0aloLIMX MOMEHTOB CTPOSTCA OT/CNIbHO JUIS KAX/10i 0anku, a u300pakaoTes Ha OJ1-
HO¥ ocw (puc.5.13, 2, o).

Boiuucnsem ko>hpUUHECHTb KAHOHMYCCKOTQ YpaBHEHUA O X +A[p =0 mo

npasuny Bepemarnna;

1-2 1-4

LIy, =— g-l+— g-1=2;
2 3 2 3
EJAIP=—I2-2-l+5’625'l’5-§+5’625'2’5-3—9'2’5-i=—8,25.
2 2 4 2 12 2 24
X, = —%z 825 _ 4,125 kHwm.
11
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M3BeCTHEIMH METOaMW WIW CITOKeHHeM »mmop M (x) =M - X, + M, cTtponm

omopel (2 u A, oTmenbHO AIA KakIoW Oanmku, a u3olpaxaeM Ha oAHOM ocH
(puc. 5.13, 3, u, x).
14 MpoBepKU NPABHILHOCTH MOCTPOSHUA SMIOPH A4 MOJKHO BBIYUCIUTH MPO-
~ g
rud Oanku Ha Kakod JudO onope, WM NEPEMHONKUB dmOpy M Ha M), BbUMCIUTD
B3aUMHBIH VIO MOBOPOTA ceueHUs OANKW Ha MPOMEXKYTOUHOHR omope B, riae OH 107-
KEH ObITh PABEH HYJIIO,

B 12-2°1 7875-2 2 4]125-15 7 8203-1,5 3 8203-25 5
EJ&H{=-— = -—+4+ -—+ 4 IR
‘ 2 3 2 3 2 8 2 4 2 12

225 3 115944115940,
> 24

OnpeaenuM yroja nopopota cedeHua 0anku Ha nesoi onope A. /s storo npu-

JIOKMM B OCHOBHOMH CHCTEME (B JIeBO# 0aJike) e JMHMYHBIM MOMEHT Ha onope A U no-

CTPOMM 3MIOPY M3rMGAKLIMX MOMEHTOB OT 3TOH Harpysku M, (puc. 5.12, e, xc). Tle-

peMHOKas no npaeuny Bepeliaruda smops M, 1 ZW] HAXOJUM;

e 1222 78752 1

. —=-10,625.
B 2 3 2 3

Jlna mepepannoil 6amxu (£ =10* Mlla) mpAMOYTOIBHOTO MOMEPEUHOro ceue-

HUA hxh=12x20cm’

3 =
J = 1220 =8000cm’, £ =0,1-10°MIla. Yron NOBOPOTA Ha onope A:
3
o, =- 10,625 =— }()0’625 10 —=-0,01328 pag =-0°,76.
] LT 10™-8000-10

3HAK MHHYC YKa3bIBAET HA TO, YTO HANPABJISHHUE YTIJIa IOBOPOTA QaJIKU Ha JISBOU
ONoOpe NPOTUBONONOMKHO HANPABICHUI) €IUHUYHOIO MOMEHTA, MPUIIOKEHHOIO HA
ytod onope (puc. 5.13, 1), T.€. CeUEeHHE TOBOPAYMBASTCA TNPOTHB XOAA 4YaCOBOU

CTPCIIKH.



5.4. Pacuér craTnyecKu HeonpeaeMMoil pambl

3apaua Nel3

Jlnst rnockoit cramproit ( £ = 2-10° Mlla, [6]=160 M{la) craTudeckn Heompe-
JeumMoi pambl (puc. 5.14) tpedyeres:

1) - onmpenenuTth cTEMeHb CTATHIECKOH HEOTIPEAETHMOCTH,;

2) - BHIOpAThb OCHOBHYK) M SKBHUBAJCHTHYK) CHUCTEMbl; COCTABUTb KAHOHUYC-
CKHC YPAaBHEHHA METOA CHIT,

3) - DOCTPOUTDH INKOPHI U3rHOAOIIUX MOMEHTOB B OCHOBHOH CUCTEME OT 3a-
JIAHHOM HATPY3KH W IHHAUHBIX HEH3BECTHRIX

4) - BbrumMciIUTh KOIPPULMEHTH KAHOHUYSCKUX YPABHCHMIA,

5) - HAlTW HEW3BECTHBIE CHITOBHIE (DAKTOPHI;

6) - NOCTPOMTH OKOHYATEBHBIE AMIOPbI MPOOJbHBIX H MOMEPEUHBIX CHIT U H3-
THOAKOLIMX MOMEHTOB;

7) - caenarh MPOBEPKY MPABWIIEHOCTH PACKPBITHS CTATHUYECKOH HEOlpeaeliu-
MOCTH,

8) - moaoOpaTk MBYTAaBPOBOE TIOTIEPETHOE CEUCHHE paMBl, TIPOBEPHTH €T0
MPOYMHOCTD B OMACHOM CEUCHHH,

9) - onpenenuTh NepemenieHne y3ia A pamel.

JlaHHbBIE B3ATHh H3 Ta0M. 5.3.

[Topsagok BeimonHeHHs 3agadn 13 aHanornyeH NpuBeIeHHOMY B ipumepe 13.

[lpumep 13.

Jlnsa pambi (puc. 5.15, @) BBINOAHUTD 33/1aHUE, U3NOKEHHOE B 3aaaue Nel3,
Pemenue.
1} — CreneHb CTATHYSCKOM HEONPEAC/IMMOCTH 3aaHHON PaMbl PABHA IBYM, T K.

HEU3BECTHbIX OMIOPHBIX PEAKIMH 5, @ YPABHEHHI PABHOBECHS MOXHO COCTaBUTh 3.
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2) — OcHOBHAd CUCTEMa MOJAYUCHA MYyTEM OTOpachiBAHUA ABYX «IMLIHMX)» CBS-
3ett (puc. 5.15, 6). DxeuBaneHTHAS cucTema (pHc. 5.15, 8) — 3TO OCHOBHASA CHCTEMA
UIIOC 3aJaHHas Harpys3ka M HEHM3BECTHbIC CUIbl, MPUIOKCHHLIC BMECTO OTOPOLLCH-
HbIX CBA3EH.

KaHonnueckoe ypaBHCHMEC METOAA CUA AAA ABAxAbl CTATUYCCKU HEONPEACIH-

MOM CHUCTEMbI UMEET BU;
{8 N +8,X,+A, =0,
3, X, +8,,X,+A,, =0

3) — B OCHOBHOI CHCTEME CTPOMM 3MI0PbI M3rMOAIOILKUX MOMEHTOB OT €AMHHY-
Hbix cua X =1 u Xp=1 (puc. 5.15, 2, 0), cymMMapHYIO €IMHUYHYIO 3nKpy M (puc.
5.15, ¢), mIoAyYEHHYI) CYMMMPOBAHHEM B Ka)KA0H Touke pambl >mop M, u M, Ha
puc. 5.15, »e n3o0paxkeHa 3aaaHHas HArPy3Ka B OCHOBHOM CHUCTEME, a TPy30Bas >k0-
paM,—napnc. 5.15, 5.

4) — Boluucnsem ko3 PpuIIMeHTbl KAHOHMYECKUX YPABHEHUH, UCITONb3YS NIPaBH-

@ m
no Bepewaruna 3, = Z#

/z'.]811=l-3-3-2-3+1 3.5 2, 5+I 3-3- 2-3+l-5 +l-5-3- 2-5+l-3 =&);
2 3 2 3 2 3 3 2 3 3 3
,L]gn=l.3.2.2.2+l.2.2.2.2=@;
2 3 2 3 3
I 1 1 2 ,
ER, =FB,==-3-3=2+=.3.5.2.2=-13;
2 3 2 3
EJA]P:_QO.}}.E_ 20.3_,.40'3' E_go g.ﬁ_@&.z:_ﬂ:
2 2 2 2 3 3

.33
EJA,, =[20-3+4(_]12' J%Q:ISO.

Jls IpoBEPKH TIPABHTBHOCTH BBIYHCIICHAA KOXD(HUINEHTOB CHCTEMBI ypaBHe-

HUH BLIUKUCIIEM:

13



LS =%%-3+3-3-3+5'5

EJA = =LJ (A +85p) =~ 49310 +150= _ 4460 ,

2 3 3

3
mﬁp:_20.3%_(20.%4(;23 J.3_80.3.5+_2_M.z.2 4460

[Tporepka MPaBHITEHOCTH BRIUHCIICHHS KOYMPHITHEHTOB CUCTEMBI YPAaBHEHHIA'

1) 6']I +26'|2 +622:6559 ?4_2(_13)_'_?:%’

2) A1P+A2P:Asp; — 4910 + 150 — _ﬂ-

Takum oOpazom, koXPPUITHEHTE] KAHOHWYECKOTO YPaBHEHHS BBIYMCIISHBI
BEPHO.

5) — lNoacrasisiem 3HaueHns1 KOYPPHITHEHTOB B CHCTEMY KaHOHHYECKHX YpaB-
HEHUI:

299 4910
—= B - == {299)(1—39)(2:4910;
Hui

—13X1+?-X2+15020, —39X, +20X, =-450.

v AL, +AL,8, 491020 -450-39

. > = —=1809rH;
8,8, — 85 299.20 -39
DB+ AL, —450-29944910-39 o
’ 8,18, — 85, 299.20 -39 ’ ’

6) — Ctpoum >mopbl M3rudaromux MOMEHTOB M, - X, u M, - X, (puc. 5.16, a, 6)

| olpeersAeM OKOHYATEIbHbIC ONOPHBIE peakluH (puc. 5.16, 6).
Dmopy W3rd0arIMX MOMEHTOB CTPOMM KaK CYyMMY YK€ WMEIOUIHXCS SIMop:
M=M,+M, - X +M,-X, (puc.5.10, ¢). Bce smopsl W3rudaloux MOMEHTOB

CTPOHUM CO CTOPOHDbI CHKATEIX BOJIOKOH. 3HaKku — He CTABHUTEL, TAK KaK OHH NPOTHBOPC-

YHBHI (HA BEPTHKAIBHBIX YUACTKAaX ).

14



Smopsl potoseHBIX ¢l N (puc. 5.16, 2) w norntepeunsrx cun (O (puc. 5.16, 0)
CTPOATLCA MPOCTO M MX TOCTPOCHHE HE TPeOyeT MOSICHEHWH (CM. pacTAKEHUE-
CKaTHE W M3rud Oanok).

Ha yuactke ¢ pacnpenenennoii narpyskoi

Hx)=V,—q-x=0, x=L=56’46=1,41M.
g 40

YpasHerne w3rnbarOmmx MOMEHTOR

.xz

M) =V, x=L2 0 1 3=56.46-20x7 +20-18,09-3;

npu x=141m M___ =558kHM (puc. 5.16, ¢)

7) — [IpoBepuM NMPABHIBHOCTD PACKPBITHSI CTATHYECKOM HEONPEASIIMMOCTH CHUC-
TeMbl, /114 3TOro HaAo yCTaHOBHUTH, YTO ASPOPMALIMK [0 HAIPABICHUIO UMCIOILMXCA
B CHCTEME CBSI3€H PABHBI HYJIIO, T.€. B JITOOOH OCHOBHON CHCTEME TI0 HAIPaBIICHHIO
OTOPOILEHHBIX CBA3CH HAN0 MPUIOKHTH €IMHUYHYIO Harpy3Ky, NOCTPOMTH OT 3TOM
HArpy3KH 31TIOPY H3THOA0MUX MOMEHTOR W IO NMpaRwiTy BepemariHa nmepeMHOXHTE
3TY 3MIOPY Ha OKOHYATEIBHYIO 3MIOPY M3rH0AromInX MOMEHTOB. B pesyapTaTe d07-
JKEH OBITh HYJIb (JIONyCTHMas norpenrHocts 1%).

3
20-3 1, 3426:3 2, 34264449 . . 40-3 . 2554-2 2
2 3 2 3 2 12 2 3

04312 o 1) 43833 (2 5 1 5] 83832 2 30410278+3562—
2 3773 2 373 23
—~270+3405+62,61-19722- 5843 = —55565+55564=-0,01

2

ITorpemrroCTh

5 100% = 0,002% < 1%, 4T0 JIOMYCTHMO.

8) — IToa0op NBYTABPOBOrQ CEUEHUA paMbl NPOM3BOAUM W3 YCAOBMS €ro Npoy-

HOCTH 10 HOPMaTBHEIM HanpsixeHusm (5.1) mpu A/ =449 [0] =160 MITa.

3
> Af o < Té? -ll(;)s = 280.6-10" 1* = 280.6 car’ .
- .

Ilo 'OCT 8239-72 npunumaem asyrasp Ne 24 ¢ W, =289 car’, J.= 3460 car’, 1=
=348 cv’ h=24cu,b=11,5cu,d=0,56 cu, 1= 0,95 e,

15



BribupaeM onacHoe ceueHUe, KOTOpOES B paccMaTpUBACMON paMe NpoXoauT ue-
pes onopy B, juia KoTopo# M ... = 44,9 kHx, Nyyey = - 18,09 kH, Qe = - 63,55 kH.
YCIOBHUS NPOYHOCTH PAMBIL:

) O gy = O (M) +0(N) <[a];
6) 6%, =vo’ +37° <[o]
OnpeaenseM HaPAKCHUA:

3
M_ .. + 449-10

o, (M)=+—mx — 4 — =+155,35-10°/1a = +155,35 MI/a,
‘ ' W. 289-10™°
N — 10°
o(N)=—22 = 18,09 17? =-52-10"J1a =-52 M!aq,
F 348-10
M 107
c:iﬂ(O,Sh—t)=iLw_8-(0,5-24—0,95)-10‘2=i143,38-10617a=
J 3460-10
=+143,38MIiq;
QO e-t-(h—t 10%-115- (24— 1076
oo Yow "6 ( ):63,55 10 11,5. OfS (24 .0’35) 10 _413-10° [Ta =
2-d-J. 2-0,56-107°-3460-10
=413 Mlla.

Torma ycrmoBHs TPOYHOCTH TTPHOOPETAIOT BHI!
a) Opax = 15535+ (-5.2)=-160,55 MIla > [c]|=160MIia.

160,55-160

[Teperamnpstxerne -100% = 0,34% < 5%, 9T0 TOTYCTHMO.

6) ot = \/(—143,38— 52 +3-413% =1649MTTa >|c|=160Mla .

pact

1649 -160

[TepenanpsixeHHe -100% = 3,06% < 5%, uTO IOTTYCTHMO.

3HAUUT, NIPOUYHOCTH paMbl 00CCICUCHA.

9) — Onpenenum nepemertenust ceuenust . J[ns 31oro B Jit000# OCHOBHON CUC-
TEME MOCTPOUM SMIOPY H3rHdarOUX MOMEHTOB M| OT €OQWHWYHOI CHIBL, MPUIIO-
KEHHOH 10 ropusoHTaM B ceueHun C (puc. 5.17, @), yuuTsIBas, 4TO BEPTHKAIBHOE
nepeMeLlleHre paMbl B cedeHud (C paBHO HYIIO, TaK Kak TaM ecTh ornopa. [1o npasuay

Bepeularuna onpeaenum
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& = 1 . 20'3_1_34;26'3_2_2_'_40'3'-2_4499-3.1 ):_107,9]:
EJ.\ 2 2 12 2 2 EJ
3
- ]?1799] 19 73:_15:6'10_3./‘/1:—1556./14]14.
2-107-3460-10

3HaK MHHYC B OTBETE YKa3bIBAacT, UTO MEpeMelenne ceueHna (| MPOU30MIUIO 10
HANPABICHUIO, MPOTHUBONOIMKHOMY HANPABICHHIO ¢MHUYHONA cubl (puc. 5.17, a),
T.€. BJIEBO.

Onpeaenum  yron nopopota ceuenus (. B mo0oii  OCHOBHOH cucteme
(puc. 5.17, 6) B ceuenwn  TPHITOKHAM €IHHHIHBIH MOMEHT W TIOCTPOHM 3ITIOPY W3-
rudaloMX MOMEHTOB A} oT 9Toro 3arpyskenus (puc. 5.17, 6).

ITo npaswty Bepemarnna onpenennum

1 2554-2 1 851 85110°

- —=1,23-107 pao.
EJI. 2 3 FEJ. 2-10"-3460-10

o =

3HaK MTOC B OTBETE YKA3hIBAET HA TO, UTO HATIPABJIICHHE YTJ1a TIORBOPOTA B CEUe-
HUY (' COBMAJAET C HAMIPABIEHUEM NPUIOKEHHOTO €JUHUYHOTO MOMeHTa (puc. 5.17,

6), T.€. MPOTHUB X014 HAaCOBOH CTPEJIKH.

2 o~
3 3/2 |

/# £
”fyl 12

Puc. 5.17
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6. C10KHOE COITPOTHUBJIEHHUE
PaccmatpuBaetces pacuét OaJiku MpU KOCOM (HEMIO0CKOM) U3rude, BHCUCHTPCH-
HOE CHKATHE KOPOTKOTO CTEPXKHS U U3rHd ¢ KPydEHHEM CTATHYECKH OIPEeNeSTUMOro

Bala.

6.1. Hennmockuii n3rnd 6anku

3anaua Nel4

Hns nepessanoi Ganku (£ =0,15 10° MIla) npaMOYTONBHOTO CeYeHWs W 3a-
IPyKEHHOH Tak, KaK MoKa3aHo Ha puc. 6.1 tpedyercs:

1) MOCTPOHTD SIIOPH H3THOAIONTHX MOMEHTOB B BEPTUKATLHOM H FOpH30H-
TaTbHOW TTOCKOCTSX

2) noao0paTh pasMepsl MOTEPeYHOro ceueHns OalIkH TPH YCJIOBHH, YTO
[6]=20 Mlla, h/b=k (3anano);

3) OTIPEICITHTD TIOJ0KEHHE HEHTpaNnbHONM IMHIH B OMTAaCHOM CEUCHHH OalKH
H NOCTPOUTD JUIS ITOIO CCUCHMS IIOPY HOPMAJILHBIX HANPAKCHUIA B AKCOHOMETPHU,

4) BBIUMCIIMTH TIOJIHOE NEPEMENICHHUE 1IEHTPA TSHKECTH ceueHus -1,

JlaHHbIe B3aTh U3 TAONHIEL 6. 1.

[lopanok eoimomnenua 3agadu Nel4 anagoruden pemeHuio npumepa Nel4,

[Tpumep 4. BrimomunuTs pacué€r mo riady, NMpUBeACHHOMY B 3ajaue Neld, pnus
Ganku, n30dpaméunon Ha puc. 6.2, a, npu ycinosum, uto a=0,5 v, g=4 xH/x, P=10

wKH, M=12 xHu, y=30°, h/b=2.

Perienue.

1. PazmosxkuM cuiy P Ha BEPTHKAILHYIO H TOPH3OHTAILHYIO COCTABIAIOLINC!
P,=Pcosy = 8,66 xH, P,= Psiny =5 xH.

2. Hzobpaxaem Oanky B BEPTUKANbHOH IUIOCKOCTH BMECTE€ C HArpy3KaMH,
JICHCTBYIOIIMMH HAa Heé (puc. 6.2, 6). OnpenenseM ONOPHbIC PEAKIUW U CTPOUM

HMOPY H3rndaloUMx MOMEHTOB M, (puc. 6.2, ¢).

18



Tabnuua 6.1.

bykeet | Cxema no a, q, P, M, v, k
andasuta | puc. 6.1 M KH/wm ki kHM epao

a,0,B I 0,70 4.0 14 12 30 2,0
T, [, ¢ 11 0,25 4.5 13 10 45 2.5
€, K, 3 ITI 0,30 5 12 9 60 2.9
u, i, K v 0,35 55 11 8 30 2,2
I,M, H Vv 0,40 6,0 10 7 45 24
0,1, p VI 0,45 6,5 9 6 60 2.8
C, T,V VII 0,50 7,0 8 14 30 23
¢, X, 11 VIII 0,55 7,5 7 13 45 2,6
4, 1, g IX 0,60 8 6 11 60 2,1
I, 2, 0.9 X 0.65 8.5 5 15 30 2.7

I 2 3 4 5 6 7

3. H3zo0pakaeM Oanky B rOPU3OHTAIBHOH MIOCKOCTH (BMJ CHU3Y), COBMELLAA
€€ ¢ IUIOCKOCTBIO YEPTEXkKA, BMECTE ¢ HAPY3KaMU, JICHCTBYIONIMMH Ha HEE (puc. 6.2,
2). OnpenenaeM OMNOpPHEIE PEaKUMH M CTPOMM SMIOPY H3rHOAlOIMUX MOMEHTOB M,
(puc. 6.2, 9).

4. QOupegenseM OMACHOE CEYEHHE B OAIKE, ULl KOTOPOTO PE3YJIbTHPYIOLIMI
n3rnfarommuit Moment M, = 1}MZZ +M 12 Oyner umerp HaudoOsIbIIEE 3HAveHHe. B

PAacCMATPUBAEMOM NPUMEPE ONACHBIM ABIAETCA ceueHue, rae M. = 8,93 xHwm, M,
=0,8 rHui.

M
W, W

. "l

~
5. M3 ycnoBus Mpo4HOCTH Oanku NpH KOCOM H3THOE G .

noA0KHPacM Pa3MEPhbl MONCPSUHOTO CCUCHUs DAJIKH.
3nece M., M, — abCOMOTHBIE 3HAYEHWA H3rMOAOILNX MOMEHTOB B BEPTHKAJIb-

HOH H T‘OpI/ISOHTEU'IBHOﬁ TUTOCKOCTAX AJIA OITACHOTO CCUCHHUA Danku.
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Puc. 6.1
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g 10,2 kH
}0,8 kH 4 xH/m § 7 5H

2)
@ YIVYYY VYAV vy X
............ e e, - - 0 . KHwm
b
2.5
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1,2 2
b: L

MomenTnl conpotusienua W, =

s

2 b
b’, W, =—. Torpa ycioeue

6
2
307703

C yuérom Toro, uto h = 2b, nonyuum W, =

MPOYHOCTH MPHHHUMACT BHA!

8,93-'103-3+0,8-|03-3

_ =20-10°
2.h°

Orcroga naxoanm: H=924 cm, A=18.5 cu.
6. OnpenecnsacMm MONOMKCHUE HCHTpaabHOH OCH B OMACHOM CCUCHHM OAlKu M3

YCII0BHS, UTO BO BCEX TOUKAX ITOH OCH HAINPAMKKEHUSA PABHBI HYJIKO, T.€.

M. M,
c=—=2y—z=0.
!]z (j V
M. J, M, J, y y
Orcroma y=————2z W tgoo=————%, o — yTOJ HAKIIOHA HEWTpPaTbHOI
M, J, M, J,

OCH K OCH Z NONCPCHHOro CCUCHUA OaJikH.

3navenns M, n M, GepyTca w3 smop ana onacHoro ceuenns Oankm (M, =-8,93

2
kHu, M, = 0,8 kHa). Yutém, uto ‘]]Z = (ﬁ) =k?* Torna tga=— 08

.21 =0358,
b ~893

Jy
o = 19,7". Vron o oTkiablBaeTcs OT OCH Z NPOTHB X0/1a YACOBOH CTPEJIKE, T.K. OH
NONOKUTENCH (puc. 6.3.,a).

Beiuucngaem Hanps:keHUs B OMACHOM CEUEeHUMW Qanku ¢ MoMmeHTamu M, = -8,93
kHav, M, = 0,8 kHw B TOUKaX KOHTypa NONEPEYHOro ceuenusa (puc. 6.3, a, Touxu 1-4)

M

z y- Ad
J. T,

no gopmyne ¢ = —

-
Ly

3/1ech z, ¥ — KOOPAMHAThI TOUEK NONEPEUYHOro ceueHHs Oanku (B JaHHOM Cllyyae

Touck 1 - 4).
3 3
MoOMEHTBI HHEPLHH ./ _ = blg = 9,24 _1128’48 =4866,78 C.l-t4,
g, b0 1848928 1h1869 et
' 12 12
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Hampsaxerns B yTOBBIX TOUKaX OAITKH:
_ -893-10° 0,185 -08-10° 10,0924
' 466,78-107" 2 1216,69-107° 2
=(16,96—3,04)-10°Tla=13,92 MIla

c,= (16,96+3,04) 10° ITa =20 MIa;
G3= (-16,96 +3,04)-10° Ila = - 13,92 Mlla,
o= (-16,96-3,04)-10° Ta =- 20 MITa.

[lo HaliieHHBIM 3HAYEHMUAM CTPOHMM IMKPY PACHPE/ISIISHUS HANPSAKEHUH 110
KOHTYPY OTIACHOTO ceUeHHs OakH (pruc.6.3, ).

Brluucnum nepemeltieuus LeHTpa TSKECTH ceueHua 0anku 1-1 otaensHo B Bep-
THKATBHOW ¥ TOPH30HTAITBHOH TIOCKOCTAX. [Iyist 3TOTO pasrpy3nM Ganky, MPHIOKHAM
CAMHUYHYIO CUNTY B cCuCHUM I-1 U mocTpoum anopy U3rudaroLMXx MOMEHTOB OT 3TOMH
cuel M, (puc. 6.2, ¢, o). [lo mpaewiry Bepemarura BerancesiaM mporud Ganku B Bep-
TUKAIbHON NAOCKOCTH,
1= ZO;:—}?zFL](%I -3,07 %-Oﬂ6—%-],5-8,93%-0,6 -

_% 233 %'0’6] T 2;;?1':5 T 01510° -21723:8%6178-10‘3
=-37210"xn =-3,72 unm.

3HaK MHUHYC YKa3blBAET, UTQ BEPTUKAIbHOE MEpEeMELLeHUe ceucHua [-1 Hampag-
JIEHO NMPOTHBOMOJIOXHO MPUIOKEHHON €/IMHUYHON cunie (puc. 6.2, ), T.e. ceuenue [-1
NepeMecTUI0Ch BEPTUKATLHO BBEPX Ha f,=3,72 atar.

[Tporn6 Ganky B rOpU30OHTAILHOM HAMPABJIEHUH,

_f;:ML‘.MIZZ(Df'mwzl l.].098.%.096+l.155.053.%.0‘6+4'135".lx
) : kS, EJ A2 3 2 3 12 2
><076+]—-'1,5-2,5-l-0,6 _0362 _ 50,36(2-10  .
2 3 LJ,  -0l15-10°-10°-1216,69-10

=198-10" 4 =198 4.
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20M

24

Puc. 6.3




3HaK MJIOC NOKa3blBAaeT, YTO TOPHU3OHTANBHOE MepeMelleHHe cedenus I-I Ha-
0paBneHo No HANpaBleHUIO NPUNOKESHHOH eaMHUuYHOH cuibl (puc. 6.2, ¢), T.e. ceue-
Hue | - I nepemMecTiock NpOTHB HAaMpaBiaeHus ocu z Ha f.—1,98 waq,

Boraucisem nostroe nepemMenienne eHTpa tsxkectu ceuenwns -1 (puc. 6.3, a):

S = \/ﬁz + 1= w/3,722 +1,98° =4 21.um.

_ 198
HanpaeneHve mnonaHOro nepemenieHda kK ocu vy, tgf= ;— = %’72 =0,532
B =28,02°.
6.2. BHenleHTpeHHOE pacTs:KeHHe (CRaTHe)
3agaua NelS.

UyryHHbI KOPOTKUH CTEPIKEHb, MOMEPEUHOE CEUEHUE KOTOPOTro H300paKEHO
Ha puc. 6.4, coxUMaeTcs TIPOJIOTBHON CHITOH P, TpruIiokeHHoN B Touke A. Tpebyercs
HAUTH AOMYCKAcMYIO Harpy3Ky £ MpH 3aJaHHBIX pa3Mepax CCUCHHMA M AOMYCKaCMBIX

HAOPMKCHUAX AN YYTYHA HA CKATHUC [G]C H HA PACTAKCHUC [G]p H NOCTPOUTL B aK-

COHOMCTPHH J3IIOPY PpaclIpCaciICHuA HaprI)I(GHI/Iﬁ Mo CCUCHHIO CTCPIKHA. IlaHHBIe

B34Th U3 TabuHIbl 6.2,
[Topsaok BeinoaHeHUs 330auu Nel5 aHanoruueH peweHuy npumepa 15,

Ipumep 15, [Ins  KOPOTKOr0 YYrYHHOrO  CTEPXHS ([c]p:40 Mlla,

[G]C:] 00 Mlla), cxxaroro cwiioii P, npunoxeHnHoil B Touke A (puc. 6.5, a), rpedyercs

ONPEACAUTb AOMYCKACMYIO HArpy3Ky [’ U MOCTPOUTH B AKCOHOMCTPUHU 3IIOPY pac-
TIPeICIIeHAs HaNPsokeHni (a = 2 cv).

Pemenue.

1.-Onpenensiem miomnaae NONEPEUHOTO CeUeHUs CTEPKHA (pHc. 6.5, §).

_'2a-5a

Ia 2 +4a(5a-3a)=18a>=18-2* =72 cv’.
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Tadnuua 6.2

ByKBbI Cxema no a, e [o]. [c]
andasuTa puc. 6.4 Mlla

a,0,B | 4 110 21
T, 1, ¢ I 5 120 22
g, i, 3 11 6 130 23
u, i, K v 5 140 24
I, M, H \Y% 6 150 25
0,11, p VI 4 60 26
C, T,y VII 5 70 27
d, x, 1 VIII 4 80 28
9, I, I IX 6 90 29
Bl 3, KO8 X 5 100 30
l 2 3 4

2 -Haiiném monokeHHe MeHTPa TAXKECTH MOTIEPETHOTO CEUSHNS TI0 hopmymam:

Z‘:Zb;"zci :zFf'yci_
2F 2 F

Tak kak ceueHHE UMEET BCPTHKAIIBHYIO OChb CHMMCTPHH, ABJIAIOINYIOCA IJIaBHOH

Ve

L[CHTpﬁJ'[I:HOFI OCBIO, TO JOCTATOTHO BBIMHCIIHTD JIMIIB )/ ..

Paz00béM nonepeuHoe ceueHue Ha npoctbie purypnl (puc. 6.5 6). Torna

S"l ]7; .ycl 2+F2 ..ycz Sa Sa
c:_i: 1 . ,F,I[e c :_’ c :_;
y 7 K2+ F, Yer 3 Yea 5
2a-5a 5 5
a-2d -—a-2+4a(5a—3a)-—a 55 55
y——2 3 2 _R4-222-407 en
2a-5a + 4a(5a - 3a) 27 27

Ha pacctoanun y, =4,074 ¢y npoBoguM INABHYIO IEHTPAIBHYIO OCh Z, Tapa-
JIENIHO BCHIOMOTATEIbHOH OCH Z) (puc. 6.5 ). PaccTosSHNE LIEHTPOB THMECTH Tpe-

YTOIBHHKOB H MPAMOYTOJILHUKA OT OCH Z:
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g

| NH:\_ W9 9=bl

Puc. 6.5
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5 55 10 10
a=y,-yv,=—a-—a=——a=——-2=-0,74cm,
3027 27 27

5 55 10 25
a,=y,—y =—ad——a=——a=—-7-2=093cm.
27V e mH T 27 54

3.-OnpejiensieM TNaBHbIE UEHTPAJLHBIE MOMEHTHI WHEPIMH TIOTIEPETHOTO Ceve-
HuA. OcH z 1 y (puc. 0.5, 8) ABIAIOTCA TNIABHEIMH LIEHTPANBHBIMHA OCAMH HHEPIHH,
T.€. IPOXOJIAT Yepe3 UEHTP TAKECTH CeUeHHs, KOTOPOE HMEET OCb CHMMETPUH, Clie-
JIOBATEIbHO UEHTPOOEKHBIM MOMEHT HHEPLHH CCUEHUS OTHOCHUTENBHO Ocell Z U ) pa-
BEH HYJILO,

BrluncnsiceM MOMEHTHI HHEPLHH BCET0 CEUCHHA OTHOCHUTENBHO TIABHBIX IICH-
TPaNbLHBIX OCEH Z U Y, NPUMEHSAA 3aBUCHUMOCTh MOMEHTOB HHEPUMHU MPH NApacih-
HOM TiepeHoce oced U (OpPMYyJIBI MOMEHTOB HHCPUHH MPAMOYTOJNBEHHKA W TPEYTOJb-

HHUKA OTHOCUTEC/IbHO COOCTBEHHbIX OCHTPAJIbHBIX occi. Torna

3 2 3 3 2
J.= —2(1(50) + SGZ[ECIJ 2+ 40((50) - (3@) )+ 4a(5a - 30{20] =
27 12 54

: 36
_A021 A2 e 70407 on,
81 81
3 2 3
J, = %+502(§a] 2+ (5‘1_2‘2’)(4“) =840* =84-2% =1344 cm*,

4 -BeraucnsieMm KBajparbl PajMyCOB HWHEPUHH OTHOCUTEIIBHO TJIABHBIX LEH-
TPalbHBIX OCEH

_4021a* 4021 , 4021
81-184> 1458 1458

-2

:J— 2 =11,03eMm?,
b

J| 4
o_J, _84a' 14 _2=%.22=18,(6)CM2.

i = =—a
YooF 187 3

5.-OnpenensieM MOJIOkKEHNE HEHTPAITBHOH JTMHWH, BBIYHCITHE OTPE3KH, OTCEKAE-

2 .2
[ iZ

Mble HEHTPaNbHOM IMHUEH HA OCAX KOOPAMHAT ¢, = ———, @, = ——2—, TA€ Zp U Vp —
r Yp
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KOOPJIMHATHI TOUKH A — TOUKM TIpWIOXKeHus Harpy3ku P (puc 6.5, ), zp=-4 cm,

18y 6 em. N _ 1103
—4 3,93

¥p=3,93 cm. 3naumr, a, = =-281cmMm.

OTNOAMB HA OCAX KOOPAUHAT U, U dy H, COCANHAA MOJYYCHHBIC TOUKH, NOJILY4UM
HEHTpaNbHYO JTUHUK (puc. 6.5, 6), KOTOpas JAENHUT CEUEHHE Ha CXKATYIO W PacTAHY-
TVIO (C TPOTHBOIOIOKHOW CTOPOHET) 30HBI (prc. 6.5, 0).

6.-IMondop monmyckaeMoH Harpy3ku. MakCHUMajbHbIE HAMPSKEHHS BO3HUKAKOT B
TOYKaxX, HanOoJee yaanéHHbIX OT HeUTPaTbHOW NMWHWY (B KaKI0H 30He). B mannom
ciyyae 370 ToukM K (zx=-4 cM, y,=5,93 cm) B cxkaroii u Touka M (z,~8 cm, 1= -4,07
CM) B pacTaHyTol 30He (puc. 6.5, 6). [Ans onpenencHUs MOMOKEHNSA OMACHBIX TOUEK
NPOBOAUM B KaKJ0H 30HC KacaTeldbHbIC K KOHTYPY MOOCPEUHOIO CEUEHUA, mapai-
JIENBHBIC HEHTPATBHOHN JTHHHH.

H3 ycnoBua Npo4HOCTH CTEPIKHA HA PACTAKEHUE MOJYUYUM BEIUUUHY BO3MOXK-

HOH JIOMYCKAaeMOM Harpy3KH.

+ Zp 2 Yp Vi
Cpux =00 =—F 1+-£ > L+ ) < [G] , OTKya
I i i ?
Flo 72.10™-40-10°
P<— [ ]P =- =133,06-10° H=133,06 kH.
1. %0 &y VetV _ 4-8 _ 3,93.4,07
1+ + 1
i i? 18,(6) 11,03

h
AHaNOTHYHO OTIpeIeNaeM BETWUWHY AOMyCKAaeMON Harpy3KH M3 YCITOBHA TMPOU-

HOCTH Ha CKATUC.

- P 1+Zi).zi\'+y.’)'yf{ <

Gmax = G}{ =_F' I,‘z 1:2 —[G]c? OTKYﬂa
; . —4 = . 6
P<-—— .{[G]c — =—72 204 ( ;gg).;g%=18I,52-IO3H=I81,52KH.
LT T Yo de g, 44 39359
j i’ 18,(6) 11,03

¥
ITpyHUMaemM B KAUECTBE /IONMYCKAEMONH HArpPy3KH MEHBIIYIO M3 3TUX JIBYX CHJI,
T.€. P=133,00 xH.
7.-ITocTpoeHue 3MOpbl HOPMaNbHBIX HANMpsAKeHHU. BeluMcnuM HanpsxeHus B

toukax A,8,C,D,K,1.,M,N nonepearoro ceueHns cTep:kaA (puc. 6.5, ¢) mo dopmyne
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Z,Z Y, 33.06-10° 4.z, 3oy
G =—£,' 1+ == '+yp.2J =‘] 00 _I40 . 1+( 4 ’+3’9 .
i 72-10 18,(6) 11,03

i
=-18,48(1-0,214 .z, + 0,356 y ) MIla.
[ToacraBuM B NOCHE/HEE BLIPAKEHHE KOOPJAMHATHI ToUuek A-A, monyuum coor-
BETCTBYIOLUME HOPMAaNbHbIC HaNpsxkeHUA (Tadn. 6.3), Mo KOTOPbLIM CTPOUM 3MIOPY B

akcoHoMmeTpuH (puc. 6.5, 8).

Tatauna 6.3
i A B C D K L M N
Zi, M -4 4 4 -4 -4 4 8 -8
Vi, CM 3.93 393 -2.07 -2,07 593 593 | 4,07 | -407
o;, Mlla| -60,1 -28,5 11 -20,7 -73,3 | -41,6 40 -23.4
6.3. M3rud ¢ kpyueHuem
3apaua 16

Omnpenenuts auametp Bana (puc. 6.6) no TpeTheil TEOPUM MPOUHOCTH MPH
[6]=100 MIla.

JauHbie B3sTh U3 Ta01.6 4,

Tabnwua 6.4
bykebl Cxema no a, M P, kH Dy, m Dy, o, pao
andaBura | puc. 6.6

a,0,B I 0,20 10 0,40 0,60 20
r, e T 0,25 12 0,42 0,58 25
€, K, 3 11T 0,30 14 0,44 0,56 30
M, i, K v 0,35 16 0,46 0,54 35
JI, M, H V 0,40 18 0,48 0,52 40
0,1, p VI 0.45 20 0,50 0,50 45
C,T,V VII 0,50 22 0,52 0,48 50
b, x, 1 VIII 0.55 24 0,54 0.46 55
u, 11, L IX 0.60 26 0,56 0,44 60
bl, 9, 10,9 X 0.65 28 0,58 0,42 65
1 2 3 4 5 6

IMopsaok BeinosiHeHust 3aaaun Nel6 ananoruueH peuieHuro npumepa 16.
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Mpumep 16. Onpeaenints auamerp Bana (puc. 6.7, @) no TpPETbel TEOPUH NPOY-
Hocrr npu [6]=100 MTla.
Hano: Pi=15 kH, IX=04 um, 1,=0,6 u, 0=30°, a =0,25 .

Pewenne.

1. OnpenensieMm Harpy3ku, AeHCTBYIOLIHE HA Ban. [IpuBeném cuny 7, K 1ieH-
. D,
TPY TAXKECTH NOMEPEUHOTO CEUYEHHA BaNla, NOJYUHUM KPYTALLUMKH MOMEHT A, :T
W FOPU30HTaNbHYIO cuiy {75, n3rudaiollylo Ball B rOPpU30HTaNAbHON MIOCKOCTU. AHa-

TIOTHYHO MPHBEAEM CHITY F| K LEHTPY TAKECTH MONEPEUYHOTO CEUEHWA BaNla, MOTYIAM

h Dy

KPYTaumii Mmoment M, , =——— u cuny P, npoekuun kotopoit V=P cosa v Hi=

=P |sinq U3rubaroT Baja COOTBETCTBEHHO B BEPTHKAIbHOH M FOPHU30HTAJILHOW MJIOCKO-

CTAX.
W3 ycnoeus pagHoBecHs Bana npu kpyuennu (O M .=0) oueBnHo, uto M ,=M,,.
/D 1504
Torma P =—1"L=""""—10xH.
Dy 0,6
2. HMzo0paxkaeM Bajl ¢ ACHCTBYIOIUMMH HA HErO KPYTALIUMH MOMEHTaMH

(pwc. 6.7, 6). B narnHOM ciyyae Kpy4YeHHE WCITBITHIBACT YaCTh Baja, PacoNOKeHHAsT

MEKly 1IKUBaMH. [TpuMeHM MeTon CeUeHHd W MOJyUuM, paccMaTpUBas JIEBYIO OT-

D . : 2D .
CCUEHHYIO YacTh Bana, M =M, = LD 1504 =3kHm (M, = LD, 1006 =3
" 2 2 2 2
kHM). CTpouM 3mi0py KpyTALLHX MOMEHTOB (puc. 6.7, ).
3. Paccmarpusaem u3rud Bajla Kak ABYXONOPHOH OAIKM B BEPTHKAIbHOMH

MAOCKOCTH NOJ ASHCTBUMEM BEPTUKANbHOM Harpysku V=Ficosa=15-¢0s30°=13 xH
(puc. 6.7, 2). Onpejensiem ONOpHbIE PeaKLMU H CTPOUM 3NO0PY U3rubaoIMX MOMEH-
TOB M, (pnc. 6.7, »ic).

4, PaccmarpueaemM M3ru0 Bana B rOpU3OHTANILHOH MJockocTH (puc. 6.7.e)
o aefcTBHeM Harpy3ok Py=10 xH w H=F) sina=15-s1n30°=7,5 xH w cTponm »mopy

H3rubaloLmMx MoMeHToB M, (puc. 6.7, ).
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OnpeaensieM pacyETHbIH MOMEHT NO TPETbEH TEOPHUHM NMPOYHOCTH B OMACHOM Ce-

yenud Bana. OnacHoe CceYEHME HAXOoAMTCA TaM, Trac paC‘léTHblﬁ MOMCHT

i _ 2 2 2~ ~
M pped = \/M y tM i+ M, OyaeT HandoNbLUIMM.

H3 paccmorpenns snwop M., M, M, (puc. 6.7, 6, 0, uc) onpeaensem, uto onac-
HOE CCUCHWE B JAHHOM CITydac HaXOOWTBHCA B MECTE TOCAAKH TIEPBOTO ITKWBA, TAC

M= 3 kHwm, M, = 4,375 kHm, M. = 3,25 kHwm,

Torga M =43*+4,375%+3,25* =6,22 kHm.

pee
6. M3 ycrnoBHs MPOYHOCTH BBIYHCIIACM AWAMETP BaJla
M

3
acH - nd

G pacy = = < [G], eoe W, = .
W, 32

32 M acy
Torna d = 3j——— TIpu [6]=100 MITa Haxonum
nlo]
3
d 2;(% =859-10*mM =859Mm.
7-100-10°

OxkoHuaTenbHbli avaMeTp Bajia npuHumaeMm B cooteerctBuu ¢ ['OCT 1654:

d=30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 125, 140, 160, 180, 200 121z

Hrak, nnametp Bana d = 90 .
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7. VCTOMUHBOCTb CKATBIX CTEPKHEM
PaccmarpuBaerca moadop pauHMoOHaNBbHO PACTOIOKEHHOTO CEUYEHHA CIKATOro
CTEPXKHA ¢ YUETOM €ro YCTOHYMBOCTM MOpH Pa3aMuHbIX cnocodax 3akpenacHud

CTEPKHA B IBYX B3aHUMHO-NCPNCHAUKYIAPHBIX MJIOCKOCTAX,

7.1. PacuéT cokatoii ¢cTOMKU HA YCTOMUYHBOCTD

3apaua 17

CramsHOM cTep)keHb MIHHOMN /, CXeMa 3aKPETUTEHHS KOTOPOTO B ABYX TUTOCKO-
cTAX nokaszaHa Ha puc. 7.1, ckumaerca cunoi P. TlonepeuHoe ceueHne CrepikHs B
JIBYX BapwaHTaxX MpeacTaBieHO Ha puc. 7.2. Tpedyercsa mns Ka)kIoro sapHaHTa mo-
MEPEUHOrO CEUEHUS CTEPXKHA NoaodpaTh pasMepa MONEPeuHOro CeUeHUs U onpene-
auTh KO3(pPHUHEHTH! 3anaca yCTOHYHBOCTH CTEPIKHA MPH JOMYyCKaEMOM Hampske-

HuM Ha cxatue [¢|=160 MIla. [lannsie B34t n3 Tadn. 7.1.

Tabnuua 7.1

bykBbl Cxema zakpen- | Ilonepeunoe
andasnTa TIEHWA CTEPIKHA CeUCHHNE P, xH I,m

no puc.7.1 CTEPKHSA 110

puc. 7.2
a,0,B 1 1 400 2.0
r,n,e 11 11 450 2.2
&, K, 3 111 111 500 2.4
H, , K 1V |\ 550 2,0
I, M, H \Y \Y 600 2.8
0,1, P VI VI 650 3.0
C, T,y VIl VII 700 3.2
¢, x, 0o VIII VIII 750 3.4
9, i, 1l 1X 1X 800 3,0
bl, 3, KO3 X X 850 3.8
1 2 3 4

[lopanok BeinonHeHus 3aaaum Nel7 aHanoruueH peleHuto npuMepos 17 a, 6.

IMpumep 17.a. CranbHoii crepsxkenb (6 =160 Mla) numuoit [ =2 ar cxxumaercs

cunoii > =100 xH. Cxema 3aKkpenieHHus CTEPKHA M ero nonepeuHoe ceueHue
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noxkasaubl Ha puc. 7.3, a, 6. IlonoOpaTth pazMepbl MONEPEUHOTrO CEUCHUA CTEPIKHA,

HAWTH KPUTHIECKYIO CHITY W BRIUHCITHTE KO(DPHUITHEHT 3amaca yCTOWIHBOCTH.

Peiucnue.

['maBHBIE LICHTpaJbHBEIE OCH pPacCMaTPHBAEMOTO CEYEHHA — 2TO OCH Z, V
(puc. 7.3, 8).

TTombop ceyeHWs CTEPKHS TTPOW3BOANM METOAOM TOCIIE0BATETLHBIX TIPHOITH-

JKCHU A,

B nepeomM npubnukenuun npuaumMaem @) =0,5. Torga # > %, T.€.
¢olo

3
o ZLIO. >12,5-107% 2 212,5¢u’. Tak KaK ceueHME COCTOMT M3 ABYX
0,5-160-10°

PaBHOGOKHX YTOIKOB, TO TpeGyeMas MIIOmanb OAHOTO YIonka £, =625 ¢, [1o tab-
nuie «Crans npokatHast yryoas pasuonpounas» (I'OCT 8509-72) npunumaem 2L
70x70x4.5 ¢ F =62 ¢, b =7 cu, 2=1.88 e, Jor = Juaz= 29 ", imatn = bomaci=
2,16 v, Jomas =31 e’ (puc. 7.3,r). MOMEHTBI HHCPIUHH CCUCHHUA OTHOCHTCIIBHO

TJIABHBIX HEHTPAIBHBIX ocei uHepuwH (puc. 7.3.8). J.= 2/ s, =229 = 58 CMJ'_, Jy=
2 Jrtmagn =2 -51=102 ear®.

J 2J 102
Brruncngem paauycel MHEpUHH [ = ,|—, [ = xln =287cm,
PAAHY R THED Ve \/2};, \/2-6,2

. 58 .
ZZ = m = 2.,1 6C.M' = lx(maa,[).
Iubkocts crepsa = 2l A, = L1200 g7 5 207200 g

i : 2,87 - 2.16
Eciu nosepuyTth ceuenne na 90, to Ay = % =926, A, :% =487,

T.€. BO BTOPOM BapHAHTE PA3HOCTh MEKAY THOKOCTAMH OoNblIe. 3HAUMT, 0003HAYe-
HUA OCCH B MEPBOM BapuadTe (puc. 7.3,B) HAMU BoIOpAaHO OpaBUbLHO. /lanbHEHIMH

pacu€T BEAEM 1O MAKCHMATBbHOW THOKOCTH A, =A,. B mepsom npubmmkenwn

hemax = A, =69,7.

miax
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a) P—100xH P 5

ﬂi =1 1=0,7

—v— _Z,, J/ J— A ymaﬁ.«f,
Z ‘ 7
7 2) ?

y
6) . o - xma(’l:r_)
N > - /
\ A ///// X Imabi.
b
0) P P

Puc. 7.3.
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3uauenme koddduuMenTa @ Ans 5Tod rubKocTH onpeaensem mo tadm. 7.2.

Tabmauua 7.2
A 0 10 20 30 40 50 60 70 80 90 100
¢ 1,00 | 0,99 | 097 | 0,95 | 092 | 0,89 | 0.86 | 0,81 | 0,75 | 0,69 | 0,60
A 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200 | 210 | 220
0] 0,52 10451040 | 036 0320290261023 0,21]0,19|0,17 | 0,16

IIpu 2=69.7, ¢, = 0,81, uT0 3HAUUTENLHO OTJIMYAETCH OT NpuHATOroe ¢ = 0,5,
ITosromy Tipon3BOAMM BTOpPOE TIPHOMIKEHWE W B KauecTBE (p TIPHHWMAaEM CpeaHee
apU(PMETHUCCKOC 3HAYCHUE MCKTY MPHHATBIM () W NOJYUYCHHBIM (), 3HAUCHUAMU

0,5+0381
2

B IEPBOM NPHOMMKEHUH, T.€. () = = (,655. Briuncisgem Tpebyemyro mio-

100-10°
0,655-160-10°

11316 TTOTIEPEUHOTO CEUSHHS CTEPkHS [7, > >9.54-10"" % 29.54c” .

[ =22% _ 477 ea® Tpunumaen 2L 56x 3564 ¢ Fi=438 e, J. =233 cx’. Pa-
I, 27 233 1-200

IUYC MHCPLHH [, = ,/—— = o = ~— =23006 ¢M, Apaxhy———=86,7, uTO
A \/ 21 \/ 438 2,306

cooTBeTCTBYET (¢, =0,71.
[Tpu 5TOM pacueTHOE HANPSIKEHUE B CTEPIKHE PABHO

P 100-10°

c= - = 7
®y, I 0,71-2-4,38-107

=160.8 Mlla.

Pacxoxaenue ¢ [o]=160 MIla coctapnset 0,5 %, 4To 10mycTUMO.
2
HTaK, cedeHHe CTEPHKHA COCTOUT M3 ABYX YroyikoB L 56x 56 x4 ¢ F =438 cu
KakaplH. PanuoHanbHOE pacmofioKeHHE TMOMEPEYHOrO CTEPXKHA IOKa3aHO Ha

puc. 7.3, 0.
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Beruncmsgem KpHTHWYECKyHO cunmy. Tak Kak B TOCICOHEM TIPHOTHKCHHH

Ana=2=86,7<1,,,,,=100 (ana cTanu), TO KPUTHUUYECKOE HANPANKEHUE BHIYHCIIAEM 110
dopmyne

A s ,
chp =6y — 7‘Jma.\ '(GT _GH) ,

nped
rae oy=240 MTla, ;=200 MIla, A,p.0= 100.

Toraa o, =240 - (glgg

2
j (240 - 200) = 210M/a.

Kputnueckas cuna Py, = 6,, I, =210-10°-2-438-10 * =184 .10’ H=184 kH.

P
Koxdduunent 3anaca ycToHIWBOCTH CTEPHKHAS K, = ; = % =1,84.

[pumep 17.6. CranbHolt ctepkens ([o]=160 MIla) anuuoii / =2 ar cokumaercs

cunoit P =100 xH. Cxema 3aKpenneHns CTEPKHA U €0 MOMEPEUYHOE CEUEHNE MOKa3a-
Hbl Ha puc. 7.4, a, 6. [logoOpark pasMepsl MOMEPEYHOro CEUEHHs CTEePKHs, Onpee-

THTH KPUTHYECKYIO CHITY H BEITHCITHTE KO HUMEHT 3araca yCTOHYHBOCTH.

Permenne.

Haxomwm monmoKeHWe HeHTPa THKECTH BCErO CEUEHWSA OTHOCHTENBHO BCTIOMO-
rareabHbIX ocell z) My (puc. 7.4, 6), pa3OuB ceueHue Ha ABa NPAMOYIOAbHUKA:

XV 1 yatly v 3u-a-25a+3a-a-05a
M F Fi+ 1 3a-a+3a-a

Ye -],50

Uepes monydeHHbld UEHTP TAKECTH (( MPOBOAWM LEHTPANbHLIE OCH Z, } BCETO
ceuenns (puc. 7.3, ¢). Tak kak BepTHKaNbHasA UEHTPATbHAS OCh SBJIAETCA OCBIO CHM-
METPUU CEUYEHUA, TO LEHTPAAbHBIE OCH OYAYT OJAHOBPEMEHHO U IJIABHBIMH QCAMM.

Brluncnsiem MOMEHTBI HHEPLMH OTHOCHTEBLHO 3THX OCeil:
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-]3 =(']:r1+bl2ﬁi)+(']:c2+b22}{;)=
3 3
:{—a(f’;) +a? .3a-a:|+|:3ai2a ra? -3a-a} =85a";

; _3a-d’ +a(3a)} 55
Y12 12 ’

at .
, 2 r
ITnomane Beero ceuenus F =3a-a+3a-a=6a", a= E
, J
BrlukcrnseM pagdycel HHEPIHH | = F, TOTra

¥ 1
| EE
= 2L 1190, i =L~ 065,
6a ” ba

~ -/ .
['ubkocte crepwus pasHa A =—— rae - kodpduimenT 3aBucammi 0T Cno-
j

coba 3akpennenus crepknsa. B paccmarpuaemom npumepe =2, n.=0,5 (puc.
74, a).

['ubxocte cTepxHA

)vauzl =0,5-2=O,84_
L LI% a
Lol 22 _6ls

2
v

i, 0651 a

. 05-2 1,54 2:2 336
Eciu noMeHaTh 0003HAUCHHUA OCCH, TO A = = LA, = = .
© 0,650 o« - 1,19a a

2TO0T pacqéT IMTOKA3EIBACT, YTO BO BTOPOM BapHAHTC o0o3HaucHHE oceH CTCpiK-

HEHW OyJeT pauroOHAIBHEE, T.K. PA3HOCTh B THOKOCTSIX IJIs MEpPBOTO BapyaHTa 000-

3HAYCHUA OCcei 6OJ'[I>]J.IGj YCM IOJIAA BTOPOTO.

33
Hrak, A == 6,&_ = 155

) , TAe ¢ TOMKHO ObITh B A7, JlanpHelmmil pacuéT npo-
a a

.. 3,36
W3BOIAM TI0 QOJTBIIEH THOKOCTH A, =
: a
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Omnpenenenvie pa3MepoB NIOTIEPETHOTO CEUCHUS CTEPKHS TTPOU3BOIAM METOIOM

LOCIEAOBATENbHBIX IPUOJIMIKCHUI, UCIOJIb3YS IPEABAPUTELHBIE PACUETHL, U3 KOTO-

pBIX A :ﬁ,F = 6a2,a:\/z.
' a 6

[Teproc npubnuskenue. [lpunumaem @; = 0,5,

[Tmoraae TOTIEPETHOTO CEUEHNA CTEPKHS

3 B
FZL;}WBLm(zmj-IO_{Mz, az\/zz 12,5 =144 cm.
ool 05-160-10° 6 V6

336 3,36

2

g 144.107

I'HOKOCTE cTepiKHA A, = =232 . llo Tabmuaue 7.3 mpu A>220,

¢<0,16.
[lo3ToMy Ana OBICTPEHIIErO PEIIEHHA 3aJa4H BO BTOPOM MPHONHKEHWH IPH-

Humaem ¢=0,2 1 pacuér NOBTOPSAEM B TOM XKE MOPSIKE.

103 3 1077
ja szszm,zs-loﬂﬂ, a:Jw =2,28-107 .
0,2-160-10 6

3,36

_— :W:MT ITo tabmuue 7.3 npu A=140, ¢ = 0,36, a npu A=150, ¢ =

0,32. [Ipouzeoaum TUHEHHYIO HHTEPNOJIALHIO u nonyyaem

¢, =036- (0,36 70.32)7 =0,332. CpasuuBaeM IpUHATOC 3HaUeHHe @, =0,2 BO
2 10

BTOPOM NpuOJMIKEHUM M NOJAY4YeHHOE 1o Tadiuue. PacxoxkicHue COCTaBiseT
0,2—0,332‘

0332 -100% = 39.7%, a nomryckaerca pacxoxaeaue a0 3%. Tloaromy npous-

BOJWM TPETbe NPHOTMIKEHHE, B KOTOPOM (¢ paBHO CpeIHEMY apH(METHUYSCKOMY Me-

AKIOY TMPHUHATBIM W HOJIYYCHHBIM 3HAUCHHAMH (¢ BO BTOPOM HpHGHH}KeHHH, T.C.

0, = w = 0,266 . Pacuér NOBTOPAEM B TOM K€ MOPSJIKE
.10° ‘ 3
> 10010 — >234-10" a7, a:\/z=l,98-102.w, /. =i_2= )
0,266-160-10 6 S 1,98-10

03=0,26 (no tadn. 7.3), UTO HE3HAUMTEILHO OTIMYACTCA OT OpuHsaToroe ¢=0,266.

.« 2
Brruncnsem pacuérnoe HanpsokeHue B crepxne (F=6a”)
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P 100-10°
¢, I 026-6-(198-107)

=163,5-10° ITa =163,5MT1a . PacxosxkieHue ¢

[G] =160 MIIa cocrasiser 2,19%, uro aonycrumo. Mrak, pasmep a = 1,98:107 m.
PannoHanbHOe pacnofiQkKEHUE MONEPEUHOro CEYEHUA CTEPKHS MOKA3aHO Ha
puc. 7.4, 2.
Tak kak B 0OCHCAHEM MPUOTMIKCHHM MAKCUMaibHAs THUOKOCTL pPaBHA
Amax=170>100 (ms1 cTanm), TO KPUTHUECKYIO CHITY BRIUHCIAEM 110 hopmyie Ditnepa
_mlRJ.
7w

4
B paccmartpuBaeMoM mpumepe /. = 8,5¢

p 7 -2:10"-85.(1,98-10 )

\ o =161-10° H=161xH.
’ (2-2)

P
L LIS
! P 100

Koadduuuent 3anaca ycTOHUUBOCTU PaBeH &
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