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JoNroBeYHOCTh U HaJIEKHOCTh KOHCTPYKIUU OLIEHUBAETCS KaK Mpoy-
HOCTBIO, TaK M JKECTKOCTBIO €€ AJIEMEHTOB. JKEeCTKOCTh 3J1€MEHTOB KOHCT-
PYKIMH XapaKTEpU3YIOT MepeMElleHUs] — JUHEWHbIE NepeMeleHus] TOYeK
MIPOIOJIEHOW OCH Opyca M YTJIbI TOBOPOTA €ro MOMEPEYHBIX CEUCHUN OTHO-
CUTEJbHO NEPBOHAYATIBHOIO MOJOXKEHUS. YMEHHE ONpeAessaTh Nepemelle-
HUS OCOOCHHO Ba)KHO TPU PEIICHUH CTATUYECKH HEONPEACITUMBIX 3a/1a4.

1. BAZJAHUE JJIS1 BBIITIOJHEHUS PACUETHO-
TPAOUYECKOM PABOTBI

B 3agaue 1. Onpenenuts, YIiaoBble U JUHEHHBIE IIEPEMEIEHHS, B Oal-
K€ METOIOM HayaJIbHBIX NMapaMeTpoB, B TOYKax 1,2 U 3, MOCTPOUTH SITIOPEI
Oy, Mx, ¢, y .

B 3amauax 2,4. Onpenenuts nepemMenieHust B pame (BEpTHKAJIBHOE B
T.1, TOPU3OHTAIIBHOE B T.2 U YIJIOBOE B T.3).

B 3agauye 3. Ompenenuth nepeMerieHus B KpUBOM Opyce, METOIOM
Mopa (BepTHUKaJIBHOE B T.1, TOPH30HTANBHOE B T.2 M YIIIOBOE B T.3).

KoHkpeTHble BapuaHTBl 3alaHusl ONPEIEISIOTCS IPENOAaBaTeeM.
UncneHHble 3HAYSHUsI 1Sl BCEX 3aa4 MpeCTaBiIeHbl B Ta0muIe 1.
Tabnuna |

N Kg/’M F,xH kI—¥ ’M a,M h, Mmm b, MM d, mm
1 1 2 3 1 100 40 80
2 2 4 5 2 120 50 100
3 3 6 7 3 140 60 120
4 4 8 9 1 100 70 80
5 5 2 11 2 120 40 100
6 6 4 3 3 140 50 120
7 7 6 5 1 100 60 60
8 8 8 7 2 120 70 80
9 9 2 9 3 140 40 100
10 1 4 11 1 100 50 120
11 2 6 3 2 120 60 60
12 3 8 5 3 140 70 80
13 4 2 7 1 100 40 100




Ipomomxenue Tadmuip 1

N KI%M F,xH kIl-\I/I~ ’M a, M h, MM b, MM d, Mmm
14 5 4 9 2 120 50 120
15 6 6 11 3 140 60 60
16 7 8 3 1 60 80 80
17 8 2 5 2 80 90 100
18 9 4 7 3 100 100 120
19 1 6 9 1 60 80 60
20 2 8 11 2 80 90 80
21 3 2 3 3 100 100 100
22 4 4 5 1 60 80 120
23 5 6 7 2 80 90 60
24 6 8 9 3 100 100 80
25 7 2 11 1 60 80 100
26 8 4 3 2 80 90 120
27 9 6 5 3 100 100 60
28 1 8 7 1 60 80 80
29 2 2 9 2 80 90 100
30 3 4 11 3 100 100 120
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Ormpenenenre nepeMenieHnii, BO3MOXKHO, HECKOJIBKUMH METOJIaMHU.
PaccMoTpuM HEKOTOpEIC U3 HUX.

2. OIIPEJIEJIEHUE ITEPEMEIIEHNI B BAJTIKAX
METOJ1OM HAYAJIbHBIX ITAPAMETPOB

[MpubmmxenHoe muddepeHnmansHoe ypaBHEHHE N30THYTOH ocu Oall-
KU MIMEET BUJI:

E-J y'=M,. @.1)

3aKOH U3MEHEHHs MOMEHTA 3aBHCHT OT XapakTepa MPHIOKEHHUs Ha-
rpy3ku. B mpakTuke Jalie BCero MpUMEHSIOT CIEAYIOIINE HATPy3KU: cocpe-
JOTOYCHHAs] CHJIa, MOMEHT M PaBHOMEPHO paclpeeieHHas Harpy3ka. B

O6H_IeM BHUIC PI3FPI6aIOIJ.IPII>i MOMCHT Mx MOKET OBITE 3aIIUCaH TaK

az-1)" q-1)

My =M(z-1,)" +> Pz—1p)+ > S

2.2)

rae /,, — pacCTosHUE OT Havyajia KOOPAUHAT J0 TOUYKH MPUIIOKEHUSI MOMEHTA,;
Ip — paccrosiHie OT HavajIa KOOPAUHAT JI0 TOYKH TPUIIOKEHUS CUITBI;
lg — paccTosiHAe OT Hayaja KOOPJHMHAT JI0 Hayajia pacrnpeienéHHOl Ha-
TPYy3KH,
I, — paccTosHHEe OT Hayaja KOOPAMHAT N0 KOHIIA paclpenenéHHOH Ha-
TPY3KH.
[MocnemHee BRIMUTaEMOE BKIIFOUACTCS B ypaBHeHue (2.2) B ciydae 00-

pBIBa pacnpeneneHHo Harpy3ku. Ha pucyHke 1 moka3aHsl NOMOXKUTEIbHbBIE
HaNpaBJICHUS BHEITHUX HArPy30K.

AV M q
Fr T rT77171
SR EEEEEE
PO O W O il o
b [REER I RS
= b1 gy d P
fp
1
Pucynoxk 1
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[NoncrasuB ypaBaenwue (2.2) B (2.1) u ABaX (bl HHTETPUPYS, TTOTYIUM

(z=lp)® , 4G=1) 4Gl o

EJXy':EJX(p0+M(z—Zm)+P 3 y y

M(z —lm)2 + Pz _IP)3 + 9z _lq)4 - i _qu)4 5(24)

EJyy=EJ + EJy@yz +
xy xYo x%Po 5 6 24 24

rae E —mMonyns ynpyrocty;
J, — 0ceBol MOMEHT MHEPLIUHM TIONEPEYHOrO CEUEHMS;

@y — Y01 IIOBOPOTA CCYCHHUA B HAYaJIC CUCTCMBbI KOOP/IMHAT,

Yo — HpOFI/I6 BHa4aJi€ CUCTEMbI KOOpAWHAT.

VYpapuenue (2.4) Ha3bIBACTCS YHUBEPCATBHBIM YPABHEHHEM, MOCKOJIb-
Ky OHO IO3BOJISIET ONMpEEINTh IPOrHO Gaiaku Oe3 MPOBEACHUS IPOMO3IKUX
BBIYHCIICHUH TTOCTOSHHBIX HHTETPUPOBAHHSI HA KAXKIOM CHIIOBOM yYacTKE U
MPUTOHOrO JUTsl Pa3IMYHBIX HATPY30K U 3aKpETUICHHH Oalok.

HeobxoaumMo uMeTh B BHIY, YTO HAYAI0 KOOPAWHAT, BHIOMpaeTCs B
KpaiiHeM CeYeHUH OaKH.

EJ @y
[TOCTOSHHBIE MHTErPUPOBAaHUs (Ha4albHBIE MMAPAMETPBI = * u

EJ, .
xY0) onpenensOTCs M3 YCIOBHiI 3aKperuIeHnst GalIoK.
=< [Ipumepsl >=

AJropuTM pemieHusl IepBoi 3a71a4d MOXKHO Pa3OWTh Ha CIEeIyIoIIne
JTamsbl.

1. BeiOupaem cucremy KOOpIMHAT.

2. HaxonuMm Hen3BeCTHBIE PEAKIMH ONOPHBIX 3aKPEIICHUH.

3. CocraBisieM 4acTHOE ypaBHEHHE NPOTHOOB IS PAaCCUMTHIBAEMOM
CXEMBI.

4. U3 ycoBHii 3aKperieHus 0alKy onpezessieM HadallbHbIe TapaMeT-
pbl Yo U (g, U 4Ero 3amuichiBaeéM ypaBHEHHE NMPOrnOOB 3aKpETUIEHHBIX
TOYEK (CEYCHHIT) HA OCHOBE YACTHOTO YPABHCHUS.

5. IloxcraBiseM y, U ¢, B ypaBHEHHUE /I PACCUUTHIBAEMON CXEMBIL.

6. 3amaBasi 3HAYCHUS Z JUISl YKAQ3aHHBIX TOYCK, BBIYHCIISIEM TPOTHOBL.

22



IIpumep 1.

JLi1s1 3a1aHHOM CTAaTHYECKU ONPENIEIMMOM OaJIKH ONPEeUTh TPOrnobI
W YIJIBI TIOBOPOTA B cedeHMsiX 1,2 M 3 MeTOAOM HaydalbHBIX MapaMeTpoB.
ITocTpouTh 3MIOPEI NONEPEYHBIX CHJI U M3THOAIOIIUX MOMEHTOB, YIJIOB IT0-
BOpOTa CEYEHUH U IPOrnOOB.

Vor g my o g1
1HHiH I 3

Ry Rg
a a a a

=k

Pucynok 2

Hano: ¢=5 kH/m, M=10 kHm, a=2 m.
1. Beibupaem cucteMy KOOp/AMHAT C HAYaJIOM B JIEBOM KpaifHeM cede-
HUH.
2. OmpenensieM peakuy ONOPHBIX 3aKpeIUIeHUH

dSMy=-M+Rp-2a+q-a-25-a=0;
dYMp=q-2-a-2-a-R,-2-a-M+q-a-05-a=0.

Ortcrona
M=-—g-a%-2 ~-5.4.2
Ry = q-a ,5:10 5 ,5:_10 KH,
2-a 2-2
I7ie 3HaK “-” 03Ha4aeT, YTO UICTUHHOE HaIpaBJieHHe peakiuu Ry nportuso-

MOJI0XKHOE (BHU3).

2 2
g-a’4-M+05-q-a> _54-4-10-054-5__ p

R, =
4 2-a 2.2

ITpoBepka: CocraBUM CyMMY IPOEKIMI BCEX CUI Ha OChb Y.
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YY=-q-a-2+R,+q-a—Ry=5-2-2+20+5-2-10=0.

Homns 03HA4YacT, 4YTO pCaKlun ONnpeACI€Hbl, BEpPHO, U MOXHO NPUCTY-
NaTh K CJICAYIOIIEMY STally 3a/la4u.

3. JIng cxeMbl (PHCYHOK 2) COCTaBJIIEM ypaBHEHUE H30THYTOH OCU
0aJKu, onMpasch Ha ypaBHeHue (2.4)

4
z
EJxy(z)=EJxyo+EJ xpoz—q (21

(z—a)’| oy (2727

4 2

‘11
(z—3a)3 +q (z—3a)4 ‘

+ Ry
6 24 \
ik 1w

4
+q,(z 2a)
24

4. V3 ycnoBust 3aKkperuieHus 0ajku (BepTUKAIbHBIE MepeMeIeHHs Ha
OITopax paBHBI HYIIO) OTpe/IelsieM HadalbHbIE ITapaMeTph

EJyy(a)=0; EJyy(3a)=0.

3anuceiBast HpOFI/I6 13 IIYHKTa 3 JJI O9TUX TOYCK, MMOJTYYHUM IBa ypaB-
HCHUA

4

a .
EJXy(a)=EJXy0+EJX¢>0-a—q§=Oa

4 3
EJXy(3a):EJXJ’0+EJX(/>0-3a—g(32ai +RA(3a6a) N

2 4
+M(3a 2a) +q,(3a—2a) 0.
2 24

BbruuTas U3 BTOporo nepBoe, NoiIy4uM

a*80 84> a’ at

OTCrO0/Jia Nojiydyacm

24



794> 4q* a
EJ =gq——-R,—+M—=175,
xPo =49 48 Z 4

a U3 IIepBOr0 ypaBHEHUS

4
EJ vy, =7.5~2+5§—4=—11,667 .

Tax xak EJyy,=EJyy,, TO Iporud B IepBOii TOUYKE ONpEJEICH, aHa-
JOTHYHO EJyq, = EJy(,, CIEN0BATENBHO M IOBOPOT CeYeHMs 1 Tak e ompe-

JIeJIEH.
5. 3anmcriBaeM ypaBHEHUE NMPOrHOOB U3 IMMYHKTA 3, MOJICTABIISAS B HETO
HalJIeHHbIE HaYaJbHbIE MTapaMeTPhI

4 3 ~ 5
EJoo(z)=—1166+7.52—qg—| +r,C af| (=2
24 6 D)
17
3 4
(z—3a) +q(z—3a) |
6 24

+q,(z—2a)4|

+R
24 B

|1]1 |1 vV
Hpm[aBaﬂ Z 3HAYCHUEC KOOPpAUHAT TOYCK 2u 3, BBIYHCJIUM HpOFI/I6.

6. Jnddepenuupyst 310 ypaBHEHHE OAMH pa3, IOJIYYUM YypaBHEHHE
YIJIOB IOBOPOTA, IBYKpaTHOE MuddepeHnrpoBanne NpuBeaeT K ypaBHEHUIO
n3rudaronmx MOMeHTOB u T.1. JuddepeHmpoBanue mpoBOIAT, HE pac-
KpbIBas ckoOOK. [TonmydeHHbIe PYHKIMN UCIIONB3YIOT VIS TIOCTPOSHUS Tpa-
(bMKOB, pUCYHOK 3.
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Pucynox 3 — Dmropsl BHYTPEHHUX YCUIMM U IIepeMelleHni
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3. OIIPEJIEJIEHVE ITEPEMEILEHUI B PAMAX

Wurerpan Mopa B 00mieM BHAE HArpyKe€HHs CTEp)KHS COJECPIKUT
LIECTh CIIaraeMbIX

5=| NeN +kyQFQ1 +kaFQ1 +MxFMxl +MyFMy1 +MzFle 7
I\ EF GF GF EJ, EJ, EJ,

Jlnis pacTsbkeHust — CKaTus HCIONIB3yeTcsl IiepBoe ciaaraemoe. B rio-
CKOIf paMe UMeeM OTHOBPEMEHHOE JISHCTBUE U3rnda M pacTsHKEHUS-CKATHS,
U TOrJla HCIIONb3YeTCsl MEpPBOE, BTOPOE U 4eTBepToe ciaraemoe. OnHAKO
MOXKHO II0Ka3aTh, YTO IIEPBOE M BTOPOE CJaraeMoe Ha MOPAAOK MEHBbIIe
YEeTBEPTOro ¥ MIMU MOXKHO NpeHeOpeub. Torna npu u3rnde npsMoInHeHHBIX
aseMeHToB opmyna Mopa OyAeT BBITISIIETh TaK

Mxl'M

A=Y gy 3.1)

= E-Jy

31ech 3HaK CyMMBl O3HAayaeT, YTO HHTerpaj Oepercd IO CHIOBOMY
Y4acTKy, a B CIy4yae HECKOIBKHX YYacCTKOB PE3YJIbTaThl HYXHO CyMMUPO-
BaTh.

B cnyuae npocTpaHCTBEHHOM CUCTEMBI MOXKET BO3HUKHYTh CUTYyallUs
KOT/Ia BCE ILIECTh CHJIOBBIX (PAKTOPOB OTIMYHBI OT HyJs. Ho u B 3TOM Ciny-
Yae MOXKHO IT0Ka3aTh, YTO JOCTATOYHO Y4ECTh TOJBKO M3THOAroIINe 1 Kpy-
Tsimme MoMeHThl. O4eBraHO, MHTErpat Mopa OyieT BBITISIIETh Tak

- (3.2)

A= if MM, n MMy, + M M,
Sl EJ, EJ, EJ,

Bo MHOrux ciny4asx ObIBaeT ym0OHO BBIUHCISATH 3TH WHTErpPaibl Tpa-
(hOaHATUTHYECKUM CITOCOOOM. ITOT CIIOCOO UMEET OOJNBITYI0 UCTOPUIO U B
COBPEMEHHOMN JIUTepaType HM3BecTeH Kak crocod Bepemaruna. s mpa-
BUJIGHOTO €0 HCIIOJIb30BaHMS IMOJE3HO MPOCIEAUTh BhIBOI (hopmynbsl Be-
peuiarusa

27



Jonyctum, 4ro TpeOyeTcs BBIYHUCIUTH MHTETPAN OT IMPOM3BEICHUS
IBYX (YHKIMH, U3 KOTOPBIX OfIHA O0S3aTEIbHO JOJDKHA OBITH JIMHEHHOH,
T.€. 3aBUCALICH OT apryMeHTa B IIEpBOM CTEMEHN.

I=Iﬁ(z)~(kz+b)dz=kjﬁ(z)~zdz+bjﬁ(z)dz.

I'pacduuecku 3T0 MOXKHO MPENCTABUTH CIEAYIOIMM 00pa3oM

M
)

e ©

Z dz .

Zc
kz+b
/

/ 5, :kZC +b i

Pucynok 4

TlepBrIii uHTErpan ¢ KO3(QQUIMEHTOM Kk O3HAYAET CTATMYECKUH MO-
MEHT IUIOIaJy OrpaHUYEeHHOH rpaduxoMm fi(z), T.K. f(z)dz — >nemen-
TapHBIA NPSAMOYTOJIBHUK, & Z IJIEY0 OTHOCHTENBHO OcH ) . Bropoii uHTe-
rpai mpu Ko3hGUIMeHTe b 03HAaYaeT caMmy ILUIONIa b, OTPAHUYCHHYIO Tpa-
¢duxkom f|(z). OO03HaUMM 3Ty IUIOWIAAb ) U IEPENUIIeM UHTErPaybl B
BUZIE

I=kS, +bo.

Kak n3BecTHO cTaTUYECKHIT MOMEHT MOXKHO npeaACTaBUTh B BUAC IIPO-
H3BCACHUS IJIOMIA/IM HAa KOOPAWHATY HCHTpPA TAKCCTU U UHTEIpall nNpeacTa-
HCT B BUJIC

I=ko- z, +bo=wlkz, +b)=w-y,.

28



Ho kz_. +b— cyrs opauHaTa JuHEHHON (yHKIUHM, ompenenseMas

abcIyccol EeHTpa TSHKECTH TUIOIAIH @ .
Urak, mepeMenieHne MOXKET OBITh BRIYUCIICHO 1O (hopMmyme

A:i""yc. (3.3)

Takum oOpazom, /Uit BEIYMCIEHHS NEpeMelIeHus 1o npaBuiy Bepe-
ImaruHa TpedyeTcs MpOU3BECTH CIEeAYIONHe NeHCTBUSL.
1. IocTpouts 3MIOPEI BHYTPEHHHUX YCWIMH OT 3aJaHHBIX cul M,

YTO JAacT OuepTaHue IIomaau @ .

2. OcBoOOXIaeM CHUCTEMY OT 3a/laHHOW HArpy3KH U MPUKIAIbIBAEM K
HEll CMUHWYHYI0 HArpy3Ky B TOM HAIPaBICHUH, B KOTOPOM HEOOXOIUMO
HaliTu mnepemelneHue. Eciau onpenensiercs JHHEWHOE MEpEMEIIEHUE, TO
eIMHUYHAS HArpy3Ka ITPENCTaBIsIeT COOOW COCPENOTOYCHHYIO CHITY, PaB-
Hyto eauHuie. Ecnu onpesensiercss yriaoBoe mnepeMelieHue, T0 eAUHUYHAs
CHJIa TIPEJICTaBJISICT COOONH MOMEHT, paBHBIA eauHUIlE. [1oCTpOUTh 3MI0pY
M,.

3. [lepeMHOXUTH SMIOPHI OT BHEIIHEW HArpy3KU U OT €UHUYHOU CH-
JIBI TIO BhIpakeHuto (3.3).

IlpousBeneHne ®-y, Oepercs €O 3HAKOM «ILIIOC», €CIH OSMHIOPHI

® u )y, pacnoJOXCHBI IO OJHY CTOPOHY OT OCH 3MIOPBI, U CO 3HAKOM

«MHHYC», €CIIH OHU PACTIOIOKEHBI TI0 Pa3HBIC CTOPOHBI OT OCH.
Ecnu Ha paccMaTpuBaeMoOM ydacTKe CTEpkHA 00e dmopsl M pu M,

IpsIMOIMHENHbIe, TO 0e3pa3InyHo, Ha Kakoil smope OpaTh ILIONIA/b, a Ha
KaKoH — OpJIUHATY.

[IpaBuiio Bepemaruaa HelpUMEHUMO UIsi KpUBOrO Opyca, a Takke B
cllydae, KOrja IOIepedHoe ceueHue Opyca mepemeHHo. IIpu crymeHuaro-
NIEpEMEHHOM CEUYEeHUH NpaBuiIo Bepeljaruna npuMeHnmMo.

Uucno y4acTKOB ONpeesseTcs yCIOBUAMU HarPy>KEHHUS.

Ecnu o0e SMIOPLI MPEACTABJIAIOT TpallClluu, TO B 9TOM CJIydac L EJIeCOo-

00pa3HO HCMONb30BaTh (HOPMYNy JUIsl IEPEMHOKEHHS Tpanelui (pPUCyHOK
5).
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L

\

Pucynok 5
11
8 =——(2ac+2bd + ad +cb).
EJ 6

Ecnu ogHa U3 smiop COCTOUT U3 IBYX TPEYTrOJbHUKOB Pa3HbIX 3HAKOB,
TO J00ABIIAIOT JIBA PABHOBEIHKHX TPEYTOJbLHUKA IPOTHUBOIOIOKHBIX 3HA-
koB CBK 1 ADK, 4T0 He BIHsCT Ha pe3yabTaT BEIYUCICHUN (PUCYHOK 6).

D
h * “®
B / /:/ T 3

\\1\0)2 I.T. M, A T — B
~ P ——
}?\\D c[f:ﬁr =

Mcl Mcz MCs

—w M, :

Pucynoxk 6 Pucynoxk 7

I'py3oByto mapaboiM4ecKyro SIIOPY MOXHO 3aMEHHUTh JBYMs Tpe-
yronsaukamu ABC u CBD u napaboindeckoid Snropoi, Iionaas KOTopoi

2 .
®, = glh, riae h— cpeaHss opauHaTa 3Mopsl. Ecin HaliieHHOe mepemerre-

HHE OKa3aJOoCh OTPULIATENbHBIM, TO 3TO O3HA4aeT, YTO IepeMelleHue Ha-
TIPaBJIEHO MPOTHB JACHCTBUS €AMHIUYHOIN HArpy3KH.

B Tex cimydasx, Korzia rpy3oBasi 3MI0pa UMeeT CIOXKHOE OuepTaHUe, C
LEJbI0 00JIErYeHNs BBIYUCICHUH P EPEMHOKEHUN S0P LEIeco00pa3Ho
€€ paccllouTh, T.€. BMECTO MOIHOM SMIOPhI HOCTPOUTD OT/EIbHBIE SIIOPEI
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M3ruOAIONIMX MOMEHTOB OT KaXK/IOW Harpy3Kh. OTH SIIOPHl UMEIOT BHJ
MIPSIMOYT'OJIGHUKOB, TPSIMOJIIMHEHHBIX M MapaOOIMYeCKUX TPEeYroJbHHUKOB,
JUTSL KOTOPBIX 3HAYEHUS IJIOMAeH U [IEHTPOB TXKECTEH U3BECTHBI.

Jpyroii croco6 nmepeMHOXeHHUsT KpUBOJIIMHEWHBIX SMIOp MpecTaBiIeH
B IIPUJIOKEHUU A.

PaccmorpuM npumMenenue crnocoda Bepermaruna Ha npumepax.

IIpumep 2

bydb il
a C

Pucynok 8

J71st paMbl OnpeneNuTh TOPU3OHTAIBHOE, BEPTUKATBHOE TIEpEMEIICHUE
u yron nosopora cedeHus C . JKecTkocTe momepeuHoro ceuenus (£J )

MIOCTOSIHHA JUISl BCEX YYaCTKOB.
s onpeneneHus nepeMeIleHHH CTPOUM SHIOPHI M3THOAOMINX MO-
MEHTOB M OT 3aJaHHON HArpy3ku (PUCYHOK 9), OT €AUHUYHON TOPU30H-

TaJNbHOU CUIbl M|, OT €qMHUYHON BEpTHKAIBHONU CUiIbl M, W OT eIUHUY-

HOro MoMeHTa M5 (pucyHok 10).

T I Vll )1
ga’ P& qa’ 1 A 1:|||||||
2 5 = =

M, M, =M, = M;
h a 1
Pucynok 9 Pucynox 10
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s ompeneneHuss TOPU30HTAIBHOTO IMepeMenieHus ceyeHus C me-
pemHOXaeM smopsl M u M. Yo0Hee B34Th IUIOWAAb (@ ) Ha IOpe

M |, aopmuuary y, uHa smope M .
AP 1 1 q~a2 _q-a2 'h2

P = — b = .
E-J, 2 2 4-E-J,

3HaK «MHHYC» IOKa3bIBA€T, UTO MEPEMEIIECHUE IPOU30UIET HE BIEBO
(KaK MpUIIoXKeHa eJUHUYHAS CHJIa), a BIIPaBO.

Jlnist onpenesnenus BepTHKanbHOro nepemenienus ceuenns C mepe-
MHOKaeM 3mopsl M, u M, . Ilpu nepeMHOKEHHH 3II0p HA pUTrelie ILIo-

manb (@ ) 6epem Ha smrope M (T.K. OHAa KPUBOIMHEWHA), a OpAUHATY 0]
uentpom Tsokectd (),.) Ha smope M ,. Ilpi MepeMHOXEHHH SIOp Ha

cToliKe 6e3pa3InyHo, ryie OpaTh IUIOMIAAb WA OPAUHATY.

2 2 4 3
wo L |Lga 3,90 -1 |ga qah
E-J, (3 2 "4 2 E-J. | 8 2

3HaK «ILTFOCY TOBOPHUT O TOM, YTO CCUCHUE C MNEPEMECTUTCS BEPTHU-
KaJIbHO BHU3 (HO HaIlpaBJICHHUIO HpPIJ'IO)KeHHOﬁ eZ[PIHPI‘IHOﬁ CI/IJ'H)I).
I[J'IH OIIPEACICHUS yIjla MOBOPOTA CECUCHUSI C IIEPEMHOXKAEM IIIHOPhI

M u M . Bepem momas Ha smope M, u opauHary Ha smope M .

2 2 3 2
1 l'qa'a'H_qa'h'l: 1 q-a” qa h

“E-J,\3 2 2 EJ.| 6 2

P

3HaK «ILTIOCY TOBOPHUT O TOM, YTO CEUYCHUE C IIOBOPAUYMUBACTCS IO XO-
ay 4acoBOM CTPCJIKH, T.C. B HAIIPABJICHUU MMPUITOKECHHOTIO €AMHUYIHOI'O MO-
MCHTa.
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B
2 i

Pucynox 11

A

st 3amanHOlN paMbl (pucyHOK 11) onpemenuTs rOpH30HTAIBHOE Tie-
peMelnenue ceuenns B u yrnosoe nepemennenue ceuenns A .

CTpouM 3MIOpbl U3THOAIOIMX MOMEHTOB OT 3a/laHHOW HArpy3Kd U OT
€IMHUYHBIX Harpy3ok. J{Jsi ocTpoeHus 3Iop He0OXOJMMO 3HAHUE OMOp-
HBIX peakiuid. [To3ToMy I Ka)KI0ro pexuMa HarpyXeHusl He00X0JMMO UX
OIIpeJicICHHE.

Jl1s1 perxuma Harpy KeHus 3aJJaHHON BHEITHEW Harpy3Koi

2
q-1 . q-1.
SM =L+ Ry 2-1=0; Ry="
ZMB=q~I%~Z—RB~2~Z=O; RA=3'Tqr'l.

Ha BepxHeM pHrese paccionM 3Iopy (IIOCTPOMM ee OTAENBHO oT R
Y paBHOMEPHO pacHpe/ielIeHHON Harpy3ku) (pucyHok 12).
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? q v 3ql”
SN 1 ] 4
X I =
My — M, 2
RB q_lz [2 mh\
7 4 4
Pucynox 12

J1st pexxriMa Harpy>kKeHusi €IUHUYHON TOPU30HTANIBHON CUIION B TOY-
ke B (pucynok 13).

>X=H,-1=0; H,=1;
M, =Rg-2-1-1-1=0; Ry =05;
YY=R,+Ry=0; R,=-05.
/
Ha > ]
A )
Ra M
1
RBT 1 /
3 —_
B 4, 2 L
Pucynox 13.

INepemuoxas equHUUHYIO d10py M, (pucyHok 13) u rpy3oByro M,
(pucyHOK 12), mOIy4uM TOpH30HTAIBHOE NIEpEMEIEHNE TOUKH B .
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oy 1 (1 1 2 1 P P 2
KP=—| = ﬂ I 31_ ,éiq 12_1 - ,liliﬂ_,.,liliﬂ_,.,l 1.Z2 ﬂ
EJ\3 2 42 24 32 22 4 22 4 22 3 4
__ gl
48E-J.

s pexxuma Harpy)KeHus CITUHHYHBIM MOMEHTOM B TOUke A (pucy-
HOK 14).

M, =-1+R;-2:1=0; RBzle;
1
Y=-R,+R;=0; R, =—;
x 4T g 475
>X=H,=0; H,=0
1 1
! 2
AG
7
Rj M,
RB! 1
2
1
Pucynox 14

VYron noBopora ceueHust A Oyner paBeH

2 2 3
o o L[ 131 1) 1 gl (11 1) g 1 1g 21] 15gP
E-J|2 4 32 2 3 2\42 2 4 2 24

21
32| 48EJ,
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IIpumep 4

A
Pucynok 15

OnpenenuTs BEpTUKAIBHOE MepeMenieHre Touku A (pucyHok 15) 3a-
JaHHOTO JIoMaHoro Opyca. IlonepeuHoe cedeHue npeacTaBisieT coOOH mps-
MOYTOJIbHOE Ce€ueHue pa3zMepoM b Ha h.

1. ITocTpouM 3mIOpbI U3rHOAOMUX U KPYTAIIUX MOMEHTOB M OT

3aJIaHHOM Harpy3ku (pUCYHOK16).

IlluuH||||

i’
Pucynox 16

2. OcBoOOXJaeM CHCTEMY OT BHEIIHHX YCHWIHH, NPUKJIAJbIBAEM B

TOYKE A BEPTUKAIBHYIO €AMHHYHYIO cuiy F . CTpouM SHIOpbl M3rudaro-
IIMX U KPYTSIIMX MOMEHTOB OT JaHHOH CHIIBI (pHCYHOK 17).
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[N ]

Pucynox 17

Tak xax B Qopmyny (3.2) anst onpeneneHust HMepeMeIleHHH BXOIAT
MOMEHTHI HHEPLUH, TO LEIecO00pa3Ho A KaXJI0ro cIaraeMoro HalucaTh
WX BBIPaKCHUSL.

3 3
S o_bw S

=— =—; J =Bhb’,
T 12 D) =P

rze f — K03 HUIMEHT, 3aBUCSIIUN OT COOTHOLIEHHS h u b.
3. OrmpezernsieM IepeMeleHne, nepeMHoxast smopsl M u M| no
¢dopmyne Bepemmaruna (3.3).

2 2 2 2
AR RS E I L WE S PY S WLV L e |
B/ |32 4 223 26| 2 377723

2 4 4
_,_L{%l.l_,_qlzi.[}:&_,_ﬂ

GJ, 2 48EJ, GJ,
E 12
[Ipunumas Bo BHUMaHue, 4T0 G = , Jp = —ﬂJ o
2(1+p) k?

h
e k= 5 TTOTTyIHM

4 2
AA:ql E_'_k (1+ ) '
EJ, | 48 64
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4.OIPEIEJIEHME IMEPEMEIEHHNM B ITJIOCKUX
KPUBBIX CTEPXHX BOJIbIION KPYBU3HEI

B crepxHsax OONBIION KPUBU3HBI BCE SIMFOPHI, KaK OT 3aJIaHHBIX Ha-
IPY30K, TaK U OT €IMHUYHBIX HArPYy30K HEJIMHEHHbI, TOATOMY MpaBuiio Be-
peuiaruHa HenmpUMeEHUMO.

B sToM cnyuae mepeMerieHus OnpeAessoTCs MyTeM aHaIUTHYECKOro
BBIYHMCIIEHUs MHTerpaiia Mopa.

M p,M, ,ds

A=Y |
EJ

Jly1s1 onpenieneHrst HICKOMBIX TEpEeMEIeHNH B KpUBOM Opyce Clieyer.

1. Haiitu onopHsle peakiuy npu ASHCTBUY 3aJaHHON Harpy3KHu.

2. CocTaBUTh ypaBHEHHs M3THOAIONIET0 MOMEHTA Ha y4acTKax Opyca
OT 3a1aHHOH Harpysku (M g, ).

3. [To HampaBICHUIO UCKOMOTO IIEPEMEIICHUS MPIIOKUTH B 3a]aHHOM
CCUCHUM CIMHUYHYIO HArpy3Ky (CIMHHYHYIO CHIY, WIH CIUHHYHBIA MO-
MEHT).

4. HaiiTi ONIOpHBIC PEaKIUH IMPU HATPYKECHUS €IUHUYHBIMH HATPY3-
KaMHU.

5. CocraBuTh ypaBHEHHs W3rHOAIOIIEr0 MOMEHTa Ha yYacTKax Opyca
OT eIMHUYHBIX Harpy3ok (M, M, u 1.11.);

6. ITo hopmyne Mopa HaiiTu IepeMenieHusl.

Y M=4kHm

Fos30

Pucynox 18

38



IIpumep 5

OmnpeznenuTs FOpU30HTAIBHOE HEpeMElleHHe U Yroil I0BOpoTa cede-
Hus A (pucyHok 18) Opyca O0mbIIOH KPUBH3HEL, a=2M.

OnpefensieM OMOPHbIE PEAKIUU OT 33 JaHHON HATPY3KH.

> My =R ,a+M + Fhcos(30)+ Fh, sin(30)=0,
rae h=a+asin(60)=3,73 m; b =acos(60)=1 u;

_ M+ Fhcos(30)+ Fh 5in(30) _ 4+373-0866+1-1-0,5

R
4 a 2

=3865 kH;

2 X=-Hp+Fcos30=0;
Hp=Fcos30=0866 kH ;
2Y=Ry;—R,—Fsin30=0;
Ry =R, +Fsin30=4365 kH .
IIposepka

Y M, =—M — Fcos(30)(h — a)— Fsin(30)(a+ )+ Rya=0

BI)Ipa)KeHI/Ie H3rn6ammero MOMCHTa OT 3a£[aHHOI>i Harpy3ku B IpOU3-
BOJIBHOM CCYCHHU MECPBOIro y4aCcTKa KpUBOIro 6pyca HUMECT BU/:

M, =—R,(a—acosg,)=-3,865a(1-cosq,);
0<¢, <120,

Fop

Ha BTOPOM Y4acTKe

M,  =Rzasin¢,+H,(a—acosp,)=8,73sinp, —1,732cosp, +1,732

Fop
0<¢, <150.

Jl71s1 onpenieneHust Topu30HTAIEHOIO NEPEMEIIEHNS] IPUITIOXKHUM B Ce-
yeHnH A (pucyHoK 19) TOpH30HTaIEHO HAIIPABICHHYIO EANHUYHYIO CHITY.
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Pucynox 19

BripakeHue nu3ru0aronero MOMEHTa UMeeT BUJT:
— JUI IEPBOrO y4acTKa

M,y =lasing,+R' (a—acosp)=2(singy—cosp +1) ;

— IUIA BTOPOr'o ydacTKa

My, =R'gasing, + H'g(a—acosp, ) =2(sinp, —cosp, +1),

rae R'y=R'p =1, H'z =1 — onopHEIE peakMu.

ITo popmyne Mopa BEIMUCIMM FOPU30HTAIEHOE IEPEMEILEHHE.
5
P

1[5
AZZPZE_J [ M gy My adp + [ Mgy, M, adg,
o 0

[Monygaem NP = 2168 .
EJ
Omnpenensiem yron moBopota ceuenus A. Cremys oOmieil Metomuke
OIIpeIeHUs TIepeMenieHuil mo ¢opmyne Mopa, NpUIIoKHM B cedeHHH A
eIMMHUYHBIA MOMEHT (pucyHok 19). CocraBHM BbIpa)k€HHE H3THOArOLIETro
MOMEHTA:
— 7S IEPBOTO yJacTKa

M, =1-R",(a—acosp,)=1-0,5-2(1-cos,)=coso,;

291

40



— JUI BTOPOT'O y4acTKa

M,, =-R";asin@, =-0,5-2sin @, =—Sing,,
1

rie R =R"; =Z=0,5, H'" 5 =0 — onopHeIe peakyu.

[Mpumenus popmyny Mopa, monyanm

1%” 7”

6
Py=— IMFq)lM2q)1ad¢1+ IMF(/)zMMzad%
EJ 0 0
32,14
Orcroma @ = ———
LAY

3HaK «MUHYC» MOKAa3bIBAET, YTO CEYEHUE [MOBOPAUYMBAETCS HE MO HAa-
MPABJICHHUIO €IUHUTHOIO MOMEHTA, a B TPOTUBOIOIIOKHYIO CTOPOHY.

OOBIYHO TOABIHTErpaNIbHBIE (DYHKI[UM BBIPAKAIOTCS Yepe3 TPUTOHO-
MeTpuyecKue PYHKIMU B Pa3IHYHBIX KoMOUHanusx. Tak Kak 3T KOMOHHA-
UM JIOBOJIBHO TUIHMYHBI, MPEACTABISETCS IEIeCO00pa3HbIM JaTh CBOIKY
HauboJiee YaCcTO BCTPEUAIOIIUXCS NPU PELICHUH MOA00HBIX 3aJ[a4 UHTErpa-
J0B (Tabmua 2).

Tabnuma 2
N F(p) [F(p)
1 sin @ 1—cos¢p
2 cos @ singo
1 1
3 in’ —| p——sin2
sin” @ 2[@ 5 QD]
1 1
4 2 —| @+—sin2
cos” @ 2[@ 5 QD]
. L .5
5 sim@-cos@ Esm 1)
6 1—cos¢p Q-sing
2 2 . 1.
7 (1-cosp) §¢—2szngo+zszn2go
) 1
8 (1-cosq)sing l—cosgo—Esinzgo
. e 1.
9 (1-cos@)cos ¢ smgo—;—zsm%o
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IMPUJIOXXEHUE A
dopmyia CUMIICOHA JIJTsl BBIYMCIICHUSI 3HAYEHUI UHTErpaia BUIa
A= Ia(s) -b(s) ds,
(ecnm a(s) u b(s) ‘;{e BEIIIIC BTOPOTO MOPSI/IKA)

Jmiopa afs) Dmropa a(b)
/ e

¢ dl f) Cs d, £,

S/2

N
"
()
h

wn
S
")
wn
S
W)

|

Pucynox 20
S
A:E(c1 ey +4dydy+ fi - fy).
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