5 Nekuyunn 2
CTATUHECKWUU PACYET NYTU HA NMPOYHOCTDb

[naH nekyuu:

2.1. OcHosHoe duhhbepeHyuanbHoe ypasHeHUE U €20 peLieHue.
2.2. OnpedernieHuUe pacyemHbIX HanpsKeHUl 8 anemMeHmax rnymu.

2.1. OcHoBHOe auddhepeHUManLHoOe ypaBHEeHUe U ero peLueHue

PacyeTHas cxema: BO3bMeM OarkKy Ha CrfowWHOM ynpyroMm OCHOBaHWUW, Ha
KOTOpPYIO AencTByeT cocpenotovyeHHas cuna P (puc. 2.1). Npumem nonoxe-
HWe KOOpAWHATHbIX OCen C LeHTpOM B Touke 0, rae npunoxeHa BepTukasib-
Hasa cuna.

P
e 0 4 e —— > X
<L>‘ qpeaK
v y

Puc. 2.1. PacyeTHasa cxema

N3 kypca «ConpoTuBrneHne matepuanoB» W3BECTHbI criegyloume 3aBu-
CUMOCTW:
1) nsrnbarownin MOMeHT

rae p — KpMBU3HA,

1dy

Ve =y" torna M =—y". EJ; (2.2)
p

2) nonepeyHas (nepepesbliBatoLias) cuna

Q= —dM =y . EJ; (2.3)
dx
3) peakTUBHbIN OTNOP OCHOBaHUS
dQ
Opeak =——— = yIV -EJ. (24)

dx
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Moactaensst B ypaBHeHWE (2.4) BMECTO Opeax €FO 3HAYeHWe Mo dopmyne
Opeak = U.y= —y'V -BJ, nonyynm

v, U
y'+—-y=0. (2.5)
EJ
910 ocHOBHOe AudchepeHUanbHOe ypaBHEHME CTaTU4eCKoro pac-
yeTa NyTU Ha NPOYHOCTb.
[na pelweHna 3aToro ypaBHeHUA cocTaBnaeTcs ogHopoaHoe auddepen-
LUmanbHoe ypaBHEHNE

yWV+4K* .y =0, (2.6)
B naHHOM ypaBHeHUM BBeAEHO criegytouiee 0603HayYeHne
a4 =Y (2.7)
EJ

N3 aToro paBeHcTBa nosy4yeHo

_ /L
K=4- =5 (2.8)

B pesynbrtaTe MHTErpmpoBaHuUsa NMHENHOro AnddepeHumansHOro ypas-
HEeHUa 4YeTBepTOro nopsgka nornyvyeH obwmn mHterpan (pyHKuMs y ot X) C
NOCTOSIHHLIMW KO3dhpuumeHTamm

y = C,"* sinKx + C,e"* cosKx + Cze ™ sinKx + C,e ™ cosKx.  (2.9)

Mcrnonb3yem n3BecTHble rpaHuWYHble YCMoBUS ANs onpeneneHns Koadg-
puumenTos G;:
1) X >0, y =0, 4To MOXeT BbITb TONbLKO Npy C; =C, =0;

d
2) x=0, Toraa y :d_li =0 13 yCcrnoBus CUMMETPUMN: KacaTenbHas K ocu

6anku B Havane koopauHaT ropusoHTanbHa, C; =C, =C;

3) noctpoum anopy nepepesbiBatowmx cun Q
(puc. 2.2).
Ecnun B3sTb 3HayeHne Q 4yTtb npasee To4km 0

Q=_F
(x =+0), 10 2 N3 paBeHCTBa MpaBbiX
Q=-y"-EJ

Puc. 2.2. Oniopa Q

YacTen ypaBHEHUN MOXHO ONpeaenmTb
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_PK

C;=C,=C=—.
3 4 oU

(2.10)

Torga ynpyrmun npornd 6anku B nitobon Touke MOXHO paccynTaTth Mo 3aBu-
CYMOCTMU

_PK

V=20 KX sinKx + e ™ . cosKx), (2.11)

(e

roe e (sinKx +cosKx)=1n — opauHaTa =
NMHUK BNUSHMSA npornda (puc. 2.3). =3n/4K
Takum ob6pasom, ynpyrum npormo
penbca B NMO6GOM Ce4YeHUU Ha pPacCToA- oy > X
HUK X OT TOYKU NPUSIOXKEHUA CUNbI Uil

1
KP
= En . (2.12) Puc. 2.3. 3niopa 1

y

KP
B Touke npunoxenus cunbl X=0, n=1, yzﬁ — 3Ta 3aBUCUMOCTb

NCMOJIb3YETCA Npn 3KCnepnMeHTaribHoOM oripeaesieHnn moaysa yrpyrocTtu U.
Ha kakom xe pPacCToAHNN OT TOYKUN NMPUSTOKEHNA CUTbI np0r|/|6 paBeH HyJ'IPO?

y=0 npu n=0, e ¥ =0,Torpa

sinKx + cosKx =0, npw X=Z’—:<°. (2.13)

2.2. OnpepeneHne pacyeTHbIX HaNpPsHXKeHUU B arieMeHTax nyTu

OceBble HanpseHNa B penbcax OT OANMHOYHOM Harpyskm No OCU pesibca,
Mla, oT cTaTnyeckoro BO34ENCTBUS BEPTUKANIbHOW CUIbl ONPEaEnsoTca no

doopmyne
C, =— (2.14)

roe M — nsrnbaromnm MoOMeHT OT cocpeaoToydeHHon cunbl, KH-M; W — MOMeHT
COMPOTMBIIEHNS NMOMNEPEYHOrO CEeYEHNs penbea, M°.
Mpn onpeaeneHnn unarmbatowlero MomeHTa no dopmyne (2.2) 6epetcs
BTOpasi Npou3BoaHasa oT 3aBMcnMocTu (2.12) (ynpyrui npornb pensca).
Mocne npeobpasoBaHU NOAYHNM

M:%e‘KX(COSKx—sinKx). (2.15)
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dyHkumio e ¥ (cosKx —sinKx) = Ha-

T
K 3Bann OpavHaTOM JUHUW BIIUSIHUS WU3IU-
P BatoLero MomeHTa (puc. 2.4).
oy > X [Mog Toukon npunoxeHna cunbl X = 0,
nw=1.
1 3 BbllWe HaNMCcCaHHOro ypaBHEHUS BUA-
Puc. 2.4. 3niopa HO, 4To nu =0, ecnn cosKx —sinKx =0 npwu
T
X=—.
4
y P
Torga narnbarowmn MomeHT M= W“’ N OCeBble HanpsXXeHUs1 B NOJ0LL-
Be pefibca onpenenstoTcs no gopmyne
P
(0}
c,=——U. 2.16
P =T wrH (2.16)

HanpsxxeHnsa cmatmna B wnanax nog nogknagkon, Mlla, oT oguHoO4YHOM Ha-
rPY3KM paccuymnTbiBalOTCA NO popmyne

G, = (2.17)

roe Ry, — peakuus wnanbl peanbHoOro nytu Ha Harpysky, kH (puc. 2.5); o —
onopHas nnowaab noaKnagku, M2,

P
— RLIJ RLIJ —
Qpeax /

Puc. 2.5. PacyeTHasa cxema
Ans onpeaeneHns AaBneHns penbca Ha onopy

B peanbHOM nyTu penbCc onupaeTca Ha oTAefbHble Onopbl — LUnasbl.
HaBneHve R, Ha onopy YncneHHo paBHO cneayoLlen BenminHe

R (2.18)

w :qpeak'g’

rA€ Qpeg — MOFOHHbIV PEAKTUBHBIN OTNOP OCHOBAHUSI; — PACCTOsIHUE MexXay
ocaAMU Wwnan (WnasnbHbIX ALWUKOB).
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PeakTnBHbIN OTNOP OCHOBAHUSA YNCIEHHO paBeH

K
qpeaK:Uy; y=2UPn, (2.19)
K K¢
R,=Uy/=U—Pn/=—P 2.20
W y >U n 5 n ( )

Mocne nogctaHoBkn doopmysbl (2.20) B (2.17) OKOHYaTENBbHO MOSYyYUM
crneyoLyo 3aBUMCUMOCTb

K/

HanpsbkeHus B 6annacrte noa wnanon B nogpenscoBomM ceveHun, Mlla,
(puc. 2.6) OT OANHOYHOM CUMbI ONPeaenAtTCA U3 BblpaXeHUs

G, = (2.22)

Q
o
> U
] [N

Puc. 2.6. Cxema cun, gencTByOWMX Ha wnany (a)
n anopa nporndos (6)

HaI'IpFDKeHVIFl noag I'IOJJ,OLIJBOIZ wnarnbl nponopunoHaribHbl Npocagkam, no-
3TOMY HanpshkeHue B NoApenbLCOBON 30HE Gy COOTBETCTBYET Y,, @ CpeaHUM
cp .
HaI'IpFDKeHI/IFlM (56 —> ycp.
cp
S6_
Gp

= yﬂ, oTcroaa
Yp

O = Og ;/—p =og 1 : (2.22)
cp

Q
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roe og = %” NO3TOMY Gg = g—m c y4eTom chopmyrbi (2.20)
o

6 =——Pn, (2.23)

roe Q, — nnowagp nonywnarsl ¢ y4eTom koaduumeHTa nsrmba o, ; P —

BepTUKanbHasa Harpyska Ha pernbc.
Onopa Hanps>KeHUM NO MOMepedHoOMy CeYeHuIo Lwnanbl UMeeT BuA,
npeacTaBneHHbIn Ha puc. 2.7.

6 *Rm 6 *Rm

Meccao3bl % %
o WNMM M
Puc. 2.7. Ontopa Hanps>keHUn No nonepevyHoMy CeYeHUto Wwnanbl: a — npu

O0ObIYHbIX CKOPOCTSX OBWXEHUSA; 6 — npu OBMXKEHMM noesga ¢ 6onbLion
CKOPOCTbIO; 8 — NMpu yaape

Gmax

OnpepgeneHue HanpsXXeHUW B INeMeHTax nyTn npu AencTBUU CUCTe-
Mbl Harpy3oK.

Y CcOBpPEMEHHOro NOABMKHOIO COCTaBa TENMEXKN MOryT 6biTb B OCHOBHOM
ABYXOCHbIe (puc. 2.8, a), TpeXOCHbIE N YeTbIpEXOCHbIE (pUc. 2.8, 6).

a 69-76 TOHH 6 120 TOHH
OopyTtTO 100 TOHH OpyTTO 169 TOHH

Puc. 2.8. Cxema rpy3oBbIX BaroHOB:
a — ABYyXocHas Tenexka; 6 — YeTbIpexocHas Tenexka

B npaktudeckux pacyetax OeUCTBME CUCTEMbI Harpy3oK Ha pacyeTHoe ce-
YyeHue B NOOBOM arnemMeHTe BEpPXHEro CTPOEHUSA MyTU MPUBOAMUT K SKBMBASEHT-
HOW OZIHOW Harpy3ke C MOMOLLbI0 OPANHAT NMHUK BNNAHNUS 1 U pw (pyc. 2.9).
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P, P, Pg 6 P, P, Pg

AT 0 - » X AT, \ oy m;x

g “% il
+Ho 7 Mo = 1 N3
= 1 X1, X3

X2
X3

Puc. 2.9. Cxema gns onpegeneHns HanpshkeHUn: a — B penbce;
6 — Ha wnany n 6annact

HanpskeHns B penbce, Ha wwnany n B 6annacTte onpeaensiTcs no cre-
ayowum dpopmMynam:
o__ 1
P 4WK

c Py-1+P, -y +P3 (—u3) (2.24)

roe p; =f(K-x;) — npuHumaetca no tabnuuam [2], nnbo no popmyne (2.15);
K — K0athnUNEHT OTHOCUTENBHOM XXECTKOCTU penbca N NoapenbCoOBOro Oc-
HOBaHWA; X; — paccTOosiHNWE OT pac4eTHOM OCK [0 OCH i-ro Koneca,

K-t

Ow =Py + Py -1+ Py -mg); (2.25)
Q)
K-/

roe m; = (K- x;) — npuHnmaeTca no tabnuuam [2], nnbo no dopmyne (2.11).
BnusiHne cocegHux Konec yumMTbiBaeTCs NPU MX HaXOXOEHWW OT pacyeT-
HOro CeYeHus Ha paccTosaHun He bornee 3,5 M, T. €. X; <3,5 m.

PekomeHaoyemasn nutepartypa [1, 2, 6, 8].
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