Jlekuunsa 6
PACYET YCTOMYUBOCTU NYTU NPOTUB NOMNEPEYHOIO COBUTA

NonepeyHas yCcTOMYNBOCTb MYTU — OCHOBHOE Yycrnosue GesornacHocTu
ABWXKeHUs noes3fos. B nepByto ovepedb OHO orpefdensieTca COCTOSIHUEM
BEPXHEro CTPOEHUS MyTU N XapakTepoM CUIOBOro BO3AENCTBUS MOABMKHOIO
cocTaBa Ha NnyTb.

[MonepeyHbi caBur penbcolunanbHON peLleTkn Nod Noe3goM ABnseTcs
NpAMoKn yrpo3on 6es3onacHoOCTU ABWXKEHUS rnoesnos. [1py HebnaronpuATHbIX
COYETaHUSAX BO3AEWUCTBYIOLWINX Ha MyTb BepTUKAlbHbIX WU FOPU3OHTaNbHbIX
nonepeyHbIX CUST MOXET NPOU30UTU MOMEPEeYHbI COABUM perbCoLunansHON
peweTkn no Gannacty, 0COGEHHO 3arpA3HEHHOMY MMM HaxogsLWeMycs B Ta-
FNTIOM COCTOSIHUN.

BeposaTHOCTb OOHOBPEMEHHOIO COYETAHUA MaKCUMaribHbIX 3HAYEHUN No-
nepeyHbIX CUN C MakCUManbHOW UNN MUHMMArbHOW BESTIMYMHOW BEpPTUKASIb-
HbIX Harpy3ok 6nuaka Kk Hyn. Hanbonee HebnaronpuaTHbIM criydaem byaet

BO34eNcTBme Hal'lpaBJ'IFHOLIJ,eIZ ocn nepBoﬁ TEeNEeXKNn Ha Hapy)KHbIﬁ penbc

kpnBOW. [109TOMY ropu3oHTanbHble nonepeyHble (6okoBble) cunbl Yy NPUHK-

MarTCA MakKCMMalibHO BEPOATHbIMU, a BEPTUKaSIbHbIE HArpy3kn — CpeaHnMH,

Z‘_Y6 Z_> ct ' 'p
S T\
° > > > > > = >

Puc. 6.1. PacyeTHas cxema
ANA onpeaeneHus nonepeyHon yCTondnBoCcTu NyTu
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Ha pacuyetHon cxeme npuBeneHbl cnieayowime obosHadeHus: Py n P, —
BepTMKarnbHas Harpyska OT Konec Ha penbcbl; Yg — 6okosas cuna; H_, v
H,_,, — nonepeyHble cunbl, 4eACTBYIOWME Ha LInany oT AByx penbcos; C, —

Ha4dalibHOEe conpoTmBrieHne CMeLEeHUIO LLnarsibl; FTp — CUJ1a TpeHunsa Linanbl

no 6annacty; f, — KO3tOPULIMEHT TPEHNSI CKOMNbXXEHUSI KONeca Mo perbey.

N3 pacyeTa npoyHOCTU NyTU [2] M3BECTHO, YTO AaBfieHWe pefibca Ha
Lunany MoXHO onpeaenutb no dopmyrne
K./
_ B
QLU——PCp, (6.1)
2
roe Ks — KoapduumMeHT OTHOCUTENBHOW XECTKOCTU NOAPENbLCOBOrO0 OCHOBA-
HUS U penbca B BEPTUKAmNbHOW NMOCKOCTU, M '; ¢ — paccTosiHue Mexay ocsa-
MW LUNarn, m.
YpepxxuBatlowasa oT caBura wnan cuna — ConpoTUBIIEHNE UX NMONepeYvHo-
My nepemeLleHuto B 6annacrte

K, -

£, (6.2)

rae C, — Ha4yanbHOe COMPOTUBMEHNE CMELLEHMIO LLUMarbl NPy OTCYTCTBUM BEp-
TVKarbHOW Harpysku; o, — cuna Tpewns wnanbl no 6annacty npy Ham4mm
BepTUKanbHoW Harpy3ku; f,, — koaddrumeHT TpeHns wnanel no 6annacry.

I'IonepeqHaﬂ caoBuraroada cuna ABrAaeTcd paBHO,D,eVICTByPOLLLeVI ABYX CUn,
NPUNOXXEHHbIX K pefbCaM.

Hy = Yo %P -, (6.3)

roe fIo — KO3 (PULMEHT TPEHNA CKONBXEHUS KoSleca Mo pesibey.

[MockonbKy Hanbonbwune GoKoBbIEe CUMbl NepeaarTCs, Kak npasBuno, oT
NepBbIX HanNpaBnAKLWMX Konec, cuna Tpenus P, -f npuHumaeTca co 3Hakom

cpp
MUHYC.
MonepeyHas capuratowas cuna Hy, 4, AecTBytOLWAs Ha Wwnany oT HapyX-
HOro penbca, 1 nonepeyHas cuna H,, ,, AeicTByOLWas Ha Wwnany oT BTOPOro

(BHYTPEHHEr0) penbca W NPEensTCTBYOWaAs CABUIY, COCTaBAT CreayloLLyto
BESTIUYMHY

K-t
Hyq =Yg =5 (6.4)
ol
Hyp =Py £ -1, (6.5)
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roe K, — koaddnuMEHT OTHOCUTENBHOW XXECTKOCTU NOAPENbCOBOro OCHOBA-
HUS N penbca B rOPU30OHTanbHOM NSIOCKOCTN, M
CymmapHas cuna, casuratowas wnany,

K. -/
Tcp,B = HLu-1 + Hm-z = (Y6 -P —. (6.6)

cT 'fp) o
[Mpy TOPMOXKEHUM B KPMBOW BO3HUKAET AOMNONMHUTENbHAsA NornepeYyHas cuna

_ N, L.
T R
roe N, — TopmosHas cuna, kH; L, — pacctosiHue mexay LeHTpamu aBTocLe-
MoK BaroHa, M; R — paguyc KpnBon, M.

KoadhdumumneHT ycTonm4ymBoCcTM MNyTM MNPOTUB MOMNEepeyHoro casura nop
noesaom onpeaesniieTcs OTHOLWEHMEM yaepXXUBaOLWNX N COBUTaOLWNX CUN

K, -/

H

, (6.7)

A 2 L; | (6.8)
e (Yo —Pp ) =5
[Mocne cokpaleHus Ha (/2 hopmyna npumeT Bug
2C,/l+2P, -f K
n=—2 P w8 (6.9)
(Y6 h Pcp 'fp) Kr

PaccMoTpuM cny4dai npeaenbHOro paBHoBecus:, T. €. npumem n=1.
Mpwn 3TOM NoNy4Ynm
2 G,

+2 Py, - -Kg = (Y5 —P,

- Fo) ;. (6.10)

OTciopa BUAHO, YTO NYTb MOA NOE3A0M C OCEBOM Harpyskor P, okasbisa-
eTca B npeaenbHOM paBHOBECUM, eCrin nornepeyvHas 6okoeasa cuna AocTura-
eT BeNnUYuHbI

:2—Co+2PCp-fm%+Pcp-fp. (6.11)

r r

Y6

[Mocne geneHus nesBon n NpaBoW YacTu ypaBHeHus (6.11) Ha BenMUUHY

Pep Mony4um npefensHo AonycTMMOe OTHOLUEHUE MonepeyHoi GOKoBOW cu-

Nbl K BEPTUKaNbHON:

63



2G, 25-E2+g. (6.12)

r

\G

+
F’Cp PCp 1K,

Takum obpa3om, CONpPOTMBIIEHNE NOMNEPEYHOMY CABUIY 3aBMCUT OT KOH-
CTPYKUMWN MYTWU, €ro COCTOSIHUSI U BepTMKanbHOW Harpy3km Ha penbcbl. Co-
CTOSIHWE MYTM MOXET ObITb YY4TEHO CreayrLuMmn napameTpamu:

— C, — 3aBUCUT OT CTeMeHn YnnoTHeHUs1, 3arpsA3HEHHOCTU U BIaXHOCTU

6annacrta, Cy =2...6 kH;
— f, —xenesobeToHHble Wnanbl Ha webHe (f, =0,25...0,45); f, — nepe-
BAAHHble Wwnanbl Ha webHe (f,, =0,45...0,60);

— KO3(p(PMLMEHT TPEHUSA CKOMBXEHUS Koneca No penbcy Npu NoBopoTe B
ropusoHTaneHoun nnockoctn f; =0,25...0,43;

— KO3 pMUMEHTbI OTHOCUTENBHON XecTkocTu K; n K: [14].
Benununny koadduumeHta K. MoXxHO onpeaenuTs no gopmyne

(6.13)

Kpome TOro, yCTOM4YMBOCTb penbcollnanibHON peLlleTkn B MNonepeyHom
HarnpasBfiEHUN MOXXHO OLIEHUTb U MO O4HOMY U3 OBYX KPUTEPUEB:
1) MO OTHOLLEHMIO MakCcMMaribHbIX AMHAMUYECKUX pamHbIX cun Y, K cTa-
TUYECKOM Harpyske KOSleCHOM napbl Ha NyTb 2P.; N3 HepaBeHCTBa
Yp n- CO

——=<f + ,
2PCT 2IDCT

(6.14)

roe f; — koadnymeHT TpeHna Hus3a wnansl 0 6annacTt; N — Yucno Lwnarn,
y4yacTBYIOLMX B COMPOTUBEHUN MOMNEPEYHOMY COBUTY MyTU, Kak NpaBuno,
n = 5+7 — gepeBsHHbIE Wnanbl, N = 4+6 — xene3obeToHHble wnanbl; Cy — co-
NPOTUBIIEHME LUMAnbl NONepeYHoOMy CABUIY Npu OTCYTCTBUM BepTUKalibHOM Ha-
rpy3kun, Gy oT 2+3 o 6+7 kH npu TMNOBLIX Nnevax 6annacTHOM NPU3MbI.

Mpn 2P, =196 +216 kH (20 +22 T) Ha nyTK ¢ AepeBAHHbIMKY LINanaMmu u

LLebHe HepaBeHCTBO (6.14) NpuHMMaEeT BMA;

Yo

<0,58+0,67. (6.15)

CT

BenuunHy Y, AnNA KOHKPETHOW MOABWXHOW €AUHMULbBI MOXHO MOMyYnTb,
ncnonb3ys rpadurk-nacnopT BNUCbIBAHUS B KPUBYHO B 3aBUCMMOCTM OT HEMo-
raleHHOro YyCKopeHus
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V2 h
oy =—-—-9g—. (6.16)
R S
OuHamnyeckass pamHasi cuna, KH, B 3TOM cnyydae onpegensercs no

doopmyne
Y, =[1+0,7(k. =1)] Yy, (6.17)

rae Y, — nacrnopTHble 3Ha4YeHUss paMHON curbl; K. — KOadduUUMEHT anHaMK-

KW, YYUTbIBAOWMIA BNUSHNE Pa3NUYHbIX OTCTYMMEHUN B COO4EPXaHUM MyTU U
akunaxa, k. = f(\V) onpegensaetcs akcnepuMeHTanbHo;
2) N0 OTHOLLEHNIO MaKCMMarbHOW rOpM30OHTaNbHON NONEPEYHON Harpy3ku

OT penbca Ha wnany H® k cpegHel BepTuKanbHOW Harpyske penbca Ha
wnany Qu, ucxoasa n3 HepaBeHCTBa
Co

Hmax
W <2f +—. 6.18
QLLI T QLLI ( )

BepOFlTHOCTb O4HOBPEMEHHOIo coveTaHnAa MaKCUMaribHbIX 3HAYeHUN ro-
PU30OHTAJIbHbIX HAarpy3oK Ha MNnyTb C MakCUManbHOW UM MMHMManbLHOW BENU-
YMHOM BEPTUKAllIbHbIX HAarpy3okK Obnuska K HYJO.

TeopeTuyeckun paccumtatb 3HadeHuss HT® n Q,, faowme camble Hebna-

FOMNPUATHbIE COOTHOLUEHWUS, MPaKTUYECKN HEBO3MOXHO B CUITY CITOXHOW CIly-
YaNHOW COBOKYMHOCTU BO3HMKAaIOLWNX B NYTU HEPOBHOCTEN. XOTH BEMNUYUHY
Qu oonyckaetcs onpefensaTs No MeToauke oueHKM BO3AENCTBUS MOLBUXKHO-
ro cocrtasa Ha nyTb [2, oopmyna (6.1)].

FopmsoHTaanym Harpy3ky Hmax MOXHO TOJ1Y4NUTb pPaCHETHbLIM MyTEM,

ncnonb3ya 6OKOBbIE HArpy3kM OT Tenexek akunaxemn Ha pernbc Yg (NO aKcne-
pUMEHTanbHbIM AaHHbIM NMB0 No rpadukam-nacnopTam) no popmyne

k!
2

rge kr — KOS(*)(*)VILI,VIGHT OTHOCUTESIbHOW XXECTKOCTU penbca n nogpernbcoBoro

OCHOBaHUA B INopu3oHTaliIbHOM MnornepevyHomMm HaripaBJlieHUN, M_1; ZY6 My —

cymmapHas 6okoBas curia Ha penbC Hag pacyeTHOM LWnasion OT BCeX Oceu
TEeNnexKn aKnnaxa.

max
HLIJ

Y5y (6.19)

Pekomengyemasa nutepatypa [1, 6, 14].
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