IInockmii (monepevHsbIi) U3ruod

[Tpu mmockoM m3rHbe MpojoIbHas och Opyca (0anku) nedhopMUPYETCS B IIOCKOCTH
JICWCTBUS BHEIIHEN HArPy3KHU.

ISP

Bce BHemnHue Harpy3ku nepreHauKyIIpHbI TPOJ0JILHON ocu Opyca (Oasiku) U Jiexar
B OJTHOM M3 IJIaBHBIX MJIOCKOCTEN HHEpIuu Opyca. [l 6ajJok ¢ CUMMETPUYHBIM I0-
MIEPEUYHBIM CEUCHHEM TJIaBHbIE IJIOCKOCTH WHEPIIUU COBIAJAIOT C MJIOCKOCTSIMH TPO-
JOJIbHOM cuMMeTpuu Oanku. B morepedHbIx cedeHusix 0ajiku BO3HUKAIOT BHYTPEH-
HUE CUIIOBbIE (haKTOpHI — Horepednas cuia Q u usrudaronmit MoMeHt M .

Xapakmep degpopmauyuu 6pyca npu uszaube

l’lpO()OJZbHO@ B60JIOKHO

M — «M AY

colcamue npoooIbHO20
M gonoxna, 6<0

S -
N e i =t —

60JIOKHA HEUMPATILHO20 pacmsidicenue npooobHO20
cnost, nanpsacenus =0 gonoxna, 6>0

Z-Z - npOOOILHAS OCb
X, Y - YeHmpanvHvle 0CU NONEPEUHO20 CEYEeHUS.



Hanpsikenust npu u3ruoe

B monepeyHbIX CeUYeHMsIX BO3HMKAIOT HOpMasbHble Hampsbkenuss O. HopmanbHbie
HaIPSDKEHUSI 110 BBICOTE MOMEPEYHOIO CEUYEHUs OajKkh M3MEHSIOTCA IO JIMHEHHOMY
3akoHy. Ha BepxHel u HUXKHEH TpaHUIle CeYEHUs] HANpPsHKEHHUs] MaKCUMAaJbHBI (Mpa-
BWJIO 3HAKOB — IPU PACTSHKEHUH MPOIOIbHBIX BOJIOKOH OaJIKU HAMPSKEHUS MOJIOKH-
TEJIbHBI, TPU CXKATUU — OTpHUIATENbHbI). OCh X, IPOXOIAIIAs Yepe3 LEHTP TIKECTH
ceuenust C — HEWTpasbHasi OCh CEUCHHUsI, Ha HEeW HAIPsHKEHUS paBHBI HYJIIO.

lTonepe4yHoe ceyeHue Ipaghuk HopMasibHbIX HanpspKeHul
8 rnornepe4yHoM ce4eHuUU

c
4 Y o Omax

y o(y)

b O r%ax

<>

0Cb X - HEUMPAbHASL OCb CeYeHUs]
(%) C - yenmp msicecmu ceuenus

Casi3b HANIPSIZKEHUH ¢ U3rHOAKOIIUM MOMEHTOM:

M
O'(Y)—idl
M
max_WX

['eoMeTpuyeckre XapakTepUCTUKU CEYEHH, NCTIOJIb3YEMBIE B pacueTax Ha U3ruo
4.
OceBble MOMEHTBI HHEPIIUU CCUCHUS (M ):

J, = [y%dF, J, = [x*dF
F F

F — momiaae ceueHus.
3.
OceBble MOMEHTHI COITPOTUBIICHUS CEUEHUS (M°):

W:‘]X W:Jy

X
ymax

Xmax» Ymax - HAUOOJbBIINE PACCTOSHUS OT HEUTPAIBLHON OCH 0 TPAHHULIBI CEUEHUS.
Jy, W, - Hcronb3yloTcsi B pacyerax, €Ciau M3rH0 NMPOMCXOIUT B BEPTUKAJIHHOU
TUTOCKOCTH YZ, HEUTpasibHAsl OCh CEYEHUS - OCh X.

Jy, Wy - Hcrions3yroTcst B pacuerax, eCiu M3ru0 MPOUCXOAUT B TOPH3OHTAIBHOM

IIJIOCKOCTH XZ, HeﬁTpaanaﬂ OCb CCUYCHHS - OCh ).



['eoMeTpryeCcKre XapakTEPUCTUKU CEYUEHUI IIPOCTON TreOMETPHUECKON (HhOPMBI

lNonepe4yHble ce4yeHUsi Npocmou 2eomempu4yeckol ¢hopMbi

MpsiMoyzonibHOEe cevYeHue Kpyanoe ceyeHue
A y A y
h > / >

Konbuyeeoe (mpy6yamoe) ceyeHue

Y

S\

7

d
~— D
Ilpamoyzonvroe ceuenue
OceBoil MOMEHT UHEPIIUU CEUEHUS:
bh® hb® 4
J = — ’ J =—, M ).
12 =g |0
OceBoil MOMEHT CONIPOTUBIICHUS CEUECHUS:
x = J X = J X ; Wy = ‘J—y — J_y
Ymax 05N Xmax 0,90
bh? hb® 3
A

Kpyznoe ceuenue

OceBoil MOMEHT UHEPIIUU CEUECHUS:

zd* 4 4
‘JX :Jy :6—4z0’05d R (Jl/l )

OceBoil MOMEHT CONPOTUBIICHUS CEUEHUSI:



W. = Iy :‘]_X W =YY __Y
* Yo 05d ¥ X... 05d
zd?
X:Wy—¥z0,1d3, %)

lebueeoe ceyenue

OceBoil MOMEHT HHEPLUU CEUECHMUS:
ZD*( (d)* o, (dY ],

J,=J, = 1-1=| [=005D" 1| —| | :
T ( (Dj ] ( (Dj o0

OceBoli MOMEHT CONIPOTUBIICHHUSI CEUCHMUS:
J X J X J y J y

Ymax 05D’ Y X 05D
zD?3 d)* 2 d)* 5
W, =W, = > [l_(BJ ]zO,lD [1—(5) | o).

YcioBue NPOYHOCTH NIPH U3rHde

W, =

o =M < [O']
max WX

[o] - monyckaemoe manpsoxenue.

[Ipy MpOEKTUPOBOYHOM pacueTe M3 YCIOBUS MPOYHOCTH MOXKET OBITH OINpEesiCH

OCEBOIl MOMEHT COINPOTHUBIICHUSI CEYCHUS, a 3aTe€M IMOI00paHbl XapaKTepHBIE pa3Me-

pBI CEUEHUS U OMpEACIEHa €ro II0Ialb:
M

W > ‘ max‘

“ o]




IHocTpoenue 3m0p BHYTPEHHUX CHJIOBBIX (PAKTOPOB NpH M3rude 0aaok

B momnepeuHbIx ceueHusx 0ajKy BOSHHUKAIOT BHYTPEHHHUE CHUIIOBBIE (DAKTOPHI — MOTe-
peunas cuna Q (H, xH); usrubaronmit MmomeHT M (H -m, kH -m). BHyTpeHHuUe cuio-
BbIE (DaKTOPBI OMPEACIISIOTCS METOJIOM CEUCHUH

Hpaeuﬂo 3HAKO0B 0171 nonepeurHslx cujl u u32u6ammux MOMEHmMO6:

IIOJIOKUTEIIbHA, €CJIM BHEII-
| HUE HArpy3K{ BpallaroT OT-
CEUEHHYI0 YacTb OaJIKM IIO

P P qacopoit CTpEJIKE.
V>0 <0 [Tonepeynas cuiia B CEYEHUU
OTpULATENbHA, €CIU BHEII-
~ % g{- — = HHUE HArpy3Kd BpalllalOT OT-
—== é Q’ * CEYEHHYIO 4acTh OalKu Mpo-

THB YaCOBOW CTPEIKE

Q>0 l P Pl Q<0 [Tonnepeunas cuiia B ceueHUU
|

W3rubarommii MOMEHT B CEYCHHUH TOJIOKHUTEIICH, €CIIM BHEITHUE HATPY3KH CTPEMSITCS
C)KaTh BEpXHUE BOJIOKHA OaJKU.

N3rubaromuii MOMEHT B CEUEHUU OTPULIATEINIEH, €CJIM BHEIIHUE HArpy3KHU CTPEMATCS
C)KaTh HIDKHUE BOJIOKHA Oaliku

Pacwudgpoeka npasusa 3Hakoe!

BHewHue Haz2py3Ku, co3daroujue
noJioxumeJsibHble norepeyYyHbie cunbiQ

nonepedrnoe

ceueHue ' gz
z i
lP i q
L
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PT q

qz

BHewHue Haz2py3Ku, co3daroujue
ompuyamesibHbIe NonepeyYHbIe CusbIQ
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BHewHue Ha2py3Ku, co3daroujue
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ceuenue
Z Z

! | i z2/21 z/2 ng

BHewHue Ha2py3ku, co3daroujue
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3agaua 1. KoHconbHas Oaika (6asika ¢ )KeCTKOM 3a/1eTKOM):
% P

/_\

banka umMeeT oMH y4acTOK HarpyKeHus, POJOJIbHAs OCh Z HAlpaBjeHa OT CBOOO-
HOTO KOHIIA K 3aJIEJIKE.

B 3aznenke Bo3HMKaOT peakTuBHbIE cuila Ry 1 MoMeHT Ma. VX onpenensieM u3 ypas-
HEHHU paBHOBECHS

2Y; =0 Ry,—P=0
sMi =0~ |M,—P-1=0
4 A
OnpenenuM MornepevHble CUITbl U U3TUOAIOIEe MOMEHTHI, MOJIb3YSICh METOJIOM Cede-
HuM. PaccMOTpuM paBHOBecHE OTCEUEHHOU (ITpaBoil) yacTu OaJIKu

y

Ra

= P
+
Q 0
M 0
Pl

KoopauHata ceueHus: MOKET MpUHUMATh 3HadeHus 0 <z <

B ceueHnn BO3HUKAET MOIEpeYHasl CUJIa, paBHAs BHEIIHEW Harpys3Ke, IEHCTBYIOLIEH
Ha OTCEUYCHHYIO YacTh

Q, =+P =const;

¥ U3TUOAIOIINA MOMEHT, PaBHBIH MOMEHTY BHEITHEH CHJIbI OTHOCHUTEIHHO IICHTpA
TSDKECTH CedeHUs (JIMHCHHO 3aBUCHUT OT KOOPAWHATHI CEUCHUS Z)

M, =-P-z

Brruncnsiem 3HaueHMs CUJIBI K MOMEHTA HAa TPaHUIAX y4acTKa HArpy>KeHUsI U CTPOUM
AITOPBI:

Qi(z=0) =*P; Qi(z=1y=+P
Mi(z=0)=0; M(z=1y =—PlI



[TpoBepka npaBUILHOCTHU MOCTPOCHUSI STIOPHI:

3HAYCHHE CHJIBI K MOMCHTA B ceUeHHH Z=| 110 aOCOTIOTHOW BEJIMUNHE COBITAJIAIOT C
pEaKUMsIMHU B 3aJE1KE A.

OmnacHoe ceueHue - B 3a/IeTIKe, IJIe MOMEHT HauOOJIBIIHI 110 a0COMIOTHOM BETUYHHE.

3agauya 2. PaccMOTpUM KOHCOJIbHYIO OQJIKy MO IEHCTBHEM JIBYX BHEIITHHX COCPEIIO-
TOYEHHBIX CHUJI

P1=2qa

2ga

2qd $?

Peaknium B 3amenke Ry 1 MoMeHT My ompenenseM u3 ypaBHSHHH paBHOBECHS
ZYifO {RA+P1—P2:O
>M' =0 M, +P,-10a—P,-6a=0
Ry=-P, +P, =qa;
M, =-P, -10a+P, -6a=-2qa’

banka nmeeT nBa ydacTka Harpy»xeHus

| ygactok: 0<z<4a (cmpaBa) z
Q=-P, =-20a ;
M,=Pz=20a-z P1=2qa
Torna Ha rpaHUIax y4acTKa
Qi(-0) =202 Qu(z-4a) = —202
2
Ml(z:O) =0 Ml(z:4a) =+8qa
Il yaactok: 4a<z<10a (cripaBa)
P2=3qa
Q,=—P, +P,=+qa z
M, =+P;z—P,(z—4a)=+2ga-z —3qa(z — 4a) z-4a 4a 1
P1=2qa
Z 8




Torma Ha rpaHuIIax ydacTKa
Q2(z=4a) =+0a Q2(z=10a) =+0a

M2(224a) Z-i-8qa2 MZ(Zlea) :+2qa2

CtpouM 3ITIOpBL.

[IpoBepka nMpaBUIILHOCTU MOCTPOEHUS MIOPHI:

3HAYEHUE CUJIBI U MOMEHTA B ceueHUU z=/(0a 1o a0COIIOTHON BETMYMHE COBMAIAIOT C
peaKkIusIMu B 3a/ieTKe A.

OnacHoe ceueHHe - B CEUCHUH, I71€ MOMEHT HauOOJIbIIUA

M max = +8ga?

[IpaBua KOHTPOJIS AIIOP:

Ecnu Ha Ganky elcTBYIOT TOJIBKO COCPEAOTOYEHHBIE CHIIBL, dMmopa Q crymneHyaras, B
CEUCHUH, TJIE PUIIO’KEHa cuila P, MpOUCXOIUT CKauOK Ha BETUYUHY ATOU CUJIBI.

Omropa M nuHeliHasi, B CEYEHUH, T TPUII0KEHA BHEIIHSS CUIIA, HA SIIOPE BO3HHUKA-
€T U3JIoM (Yrodl), BEpIIMHA U3JIOMa HallpaBJI€HA HABCTPEUY CHUJIE.

3anauya 3. PaccMOTpUM KOHCOJIbHYIO OalIKy MO IEWCTBUEM BHEIIHUX COCPENOTO-
YEHHBIX MOMEHTOB

RA
2
M2=5qa M1=2qa’
4—
Q 0
2ga°
G
M 0
3ga’

Peakiuu B 3anenke Ry u MomeHT M, ompezensiemM U3 ypaBHEHH paBHOBECHS
2Y;=0 RA=0
>M' =0 - Ma+M;—M,=0
M =—-M, +M,=+30a’
banka nMeer 1Ba yyacTKa HarpyXKeHus

M1=2¢a’
| yaacroxk: 0<z<b5a (cmpaga) e
Q=0 N N
M, =+M, =+2qa® = const Lt




Il yaacrok: 5a<z<10a (cpaBa) Ma=3gg 1_Mf=3¥ﬂ:
z
Q, =0
2 * St >
M, =+M; —M, =-3ga“ = const - ’
3 *

CTpouM 31I0pHI.
[IpoBepka: 3Ha4eHHE CUIIBI I MOMEHTA B cedeHUU Z=/(Oa 1o aOCOIOTHON BEITUYMHE
COBIIAJIAI0T C PEAKLIUSMU B 3a/CIIKE A.

OmnacHoe y4acTOK - TOT, IJIe MOMEHT HauOOIBIINIA 110 aOCOTIOTHON BEIMUNHE
M max = —3ga?

[IpaBuiaa KOHTPOJIS DHIOP:

Ecnu Ha 6aJ'IKy ,Z[CﬁCTBYIOT TOJIBKO COCPCOAOTOYCHHBIC MOMCHTHI, ITOIICPCYHBLIC CHJIbI
QZO. BH}opa MCTYHGH‘-I&T&H, B CCUCHUH, I'TC IIPUIIOKCH BHECILIHUM MOMCHT, Ha JIIIO0-
PC IIPOUCXOANUT CKAYOK Had BCIIMUYHMHY 3TOI'0O MOMCHTA.

3amaua 4. PaccMOTpUM KOHCOJIBHYIO OQJIKy MOJ] ACHCTBUEM PaBHOMEPHO pacrpeie-
JIEHHOU Harpy3Ku

18qa’

42qa’
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Bnecs  [kH / m] - ”HTEHCUBHOCTB pacIpeelieHHON Harpy3ku, cuna 6qa [«kH ],

MMOKa3aHHAasl MyHKTUPOM — PABHOAEHCTBYIOIIAs paCIPEIEICHHON HArpy3Ku
Peakiuu B 3anenke Ry 1 MomeHT M, onpezernsieM U3 ypaBHEHH paBHOBECHS

2.Y; =0 R,—6ga=0
. =
>M' =0 M, —-6ga-7a=0

R, =60a;
M , =420a®
bajka uMeeT Ba y4acTka HarpyKeHHsI
| ygacTok: 0<z<6a (cmpaBa)

3nech cusia (Z - paBHOJICUCTBYIOIIAS pacIpeiesIeHHON
Harpy3Ku Ha OTCEUCHHOW 4acTu Oajku
Q, =+0z aunelinas 3a6ucUMocms OmM KOOPOUH ambl CeYeH Usl Z

M;=-0z-05z2=-0 ,5qZ2 napaboaudeckas 3a6UCUMOCHLb

0m KOOPOUHamvl ce4eHusl Z
Torma Ha rpaHMIax y4acTka

Qi(2-0) =0 Qi(;-6a) =602
M1(,—0)=0 M1, 6a) = —180a°
o0
Il yaactok: 6a<z<10a (cipaBa) " z-3a e 3a
Q2:+6qazcon3t Z LVJ,J/J,V\\,\L\L\L\H
M, =-6qa(z—3a) auneiinas sasucumocms om . ba
KOOPOUH AMbl CeYeH sl 7

Tornma Ha rpaHMIax y4acTKa
Qz(;-62) =002 Q2(z-100) = 1602

M (,-64) = —180a° M p(,-10a) = —-4202°

z=6a z=10a

CTpouM 3ITIOpBL.
[TpoBepka: 3HaueHUE CHJIBI U MOMEHTA B ce4eHUHU z=1(a 1o abCONIIOTHON BETNYHHE

COBIAAAIOT C PEAKLUSAMU B 3a/1eJIKe 4.

OnacHoe ceueHue - B 3aJIeIKe, T7Ie MOMEHT HauOOJBbIINI MO a0COMIOTHON BEITUYHHE
IIpaBuia KOHTPOIA JIIOP:

Ecnu Ha Ganky neicTByeT pacipeesieHHas Harpyska, normnepednbie cuiibl Q nu3MeHs-
I0TCA 10 JIMHEWMHOW 3aBUCUMOCTH, 3MI0pa — HAKJIOHHAs npsimast. Mzrubaromuii Mo-
MEHT M W3MeHsieTCs O MapadoInYeCcKOMY 3aKOHY, AITIopa — napadoiia, IpudeM, Bbl-
NYKJIOCTh NTapaboJibl HalpaBjieHa HaBCTPEUy pacipeiesIeHHOM Harpy3Ke.

Ha yuacTke, rne pacnpenesieHHas Harpy3Ka y>ke He IEUCTBYET, IToIIepedHas Cuja mo-
CTOSIHHAS, 2 MOMEHT JIMHCHHBIN.

11



3agaua 5. PaccMOTpUM KOHCONBHYIO OajKy MOJ ACMCTBUEM BCEX TUIIOB BHEIIHUX
Harpy3ok

[TocTpouTth >MIOPEI BHYTPEHHUX CHIIOBBIX (DaKTOPOB, MOJ00paTh MOMEpEYHOE ceye-
HUE 33JJaHHON (POPMBI.

M=3qa’
q — P=2qa

«
Sa 2a 3a c

Ucxonubie nannbie: g =10 kH/m, a =0,1 m, [0]=100 Mlla

Peakuiuu B 3anienke Ry 1 MoMeHT M, ompenensieM U3 ypaBHEHUM paBHOBECHS
2Y; =0 Ry+50qa—P=0
{ZMiA 0 {MA _M - P-10a+5qa-25a=0
R, =-50a+ P=-30a;
M, =M + P-10a—5qa-25a=+1050a”

banka umeet Tpu yuacTka HarpyXeHus

P=2qga

| yaacToxk: 0<z<3a (cmpaga)

Q, =+P =+2qga = const : A 4
M;=-P-z=-20a-z auneinaa 3asucumocmuv om Z « Z
Torzaa Ha rpaHMIIax yyacTka

Ql(z:O) =+20a Ql(z:Ba) =+20a

2
Ml(z:O) =0 M1(2=3a) =—6qa
M=3ga’ P=2

Il yaacTok: 3a<z<b5a (cmpana) |—> "
Q, =+P =const Z \ 4

My,=-P-z-M =-20a-z2— 3qa2 JIUH eliH asl 3a8UCUMOCTb OM 4 3a

KOOpOUHamvl cedeH ust z
Torma Ha rpaHUIax yyacTKa
Q2(;-3a) = +202 Qz(;-52) = +202
M (,-3q) = —902° M (,-54) = —130a”
[l ygacTok: 5a<z<10a
f1.5fz-5a) A 9(z-3a)

M=3ga’ l P=2qa

< = » L2




Q;=+P—q-(z-5a)=+29a—q(z—-5a)  auneiinas sasucumocmo om 1

Ms=-P-7—-M +q(z-5a)-05(z—5a) =—2qa-z—3qa® +05q(z—5a)° napabona
TOI‘I[a Ha I'paHUax ydaCTKa
Q3(z:5a) =+20a Q3(2:1031) =-30a

2 2
Mg( =-130a Mg(zzma) =-10,50a

z=5a)

MaxkcumanbHOE IO MOAY/IIO 3HAYCHHUC MOMCHTA IIPUXOIUTCSA Ha CCUCHUC, B KOTOPOM
IMOIICpCUYHasdA CHUJIa 06paHIa€TCH B HOJIb. OHpe,HeJII/IM KOOPpOHATY OITaACHOI'0 CCUCHUA:
S P+50a

q

Q;=+P—-q-(z-5a)=0 = =7a

Torna M.« = M3y, _7q)= -1500a”

CTpouM 3ITIOpBL.

P=2qga

2ga

3qa
M 0
i 6ga’
10.5qa" %2
13qa’

15qa’

[TpoBepka npaBUIIBHOCTH MOCTPOCHUS SIOPHI:
3HAYE€HHUE CUJIBI I MOMEHTA B ceueHUU Z=/(a no aOCOIOTHON BEIUYNHE COBIIAAAIOT C

peakuusiMu B 3a7eKe A.
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[IpaBuia KOHTPOJIS ITIOP:

Ecnu Ha Oanky AeicTBYeT pacrpesieieHHas Harpy3Kka, monepeunble cuiabl Q n3meHs-
IOTCSI 110 JIMHEHHOW 3aBHCHMOCTH, JIIOpa — HAKJIOHHAs npsmas. Marubarommii Mo-
MEHT M u3MeHsIeTCs 10 MapaboIMvYecKoMy 3aKOHY, dMiopa — nmapabdosa, mpuyeM, Bbl-
MYKJIOCTh Mapabosibl HAallpaBiieHa HABCTPEUY pacipeaeIeHHON Harpy3Ke.

Bepmmna napaboiasl M HaXoAUTCS B CEUSHHH, TJI€ dITI0pa orepeuHoi cuibsl Q mepe-
CEKaeT HYJIEBYIO JJUHUIO. MaKkCUMyM, €CIIM pacipeAeeHHas Harpy3Ka HalpaBlieHa
BHU3. MUHHMYM, €CITA pacupeaei€eHHasl Harpy3Ka HalpaBlieHa BBEPX.

OmnacHoe ceueHue TaM, I7ie¢ MOMEHT HauOOJIBIINN 110 a0COIIOTHON BEJIHYHHE

_ _ 2
M o =M 3(z7a) = —15,00a“ - mo 3ToMy 3HAUCHHUIO U3THOAIOIIETO MOMEHTA BEIETCS

pacdueT Ha IMPOYHOCTE.

YcnoBue NpovYHOCTH
2
:\Mmax\:15qa S[G]
max WX WX
2 2
~ oW, > 15qa _ 15-10000 60,1
o] 100-10

o

-15.-10"% »% =150 en®

[ToxGop KBaIPaTHOTO CEUCHUS
OceBoii MOMEHT COTIPOTHUBIICHUS MpsiMoyTosbHuKa (h=c, b=Cc)
bh* ¢?
WX = — =
6 6

c>3/6W, =3/6-150 =4 48cu

IUIOIIAAh CEUEHUS F=c?>=20 07 o’

14



3agaua 6. llapaupHo onepras 6anka, Harpy>keHHast COCPEJOTOYCHHON CHIIOMN

P

v

Ha mapHupHBIX oropax BO3HUKAIOT BEpTUKAIbHBIE peakTUBHBIE CHIIbl Ry 11 Rp . Ux
ONpPEAEISIEM U3 YPABHEHUN PABHOBECHS

>M} =0 {—RA-2a+P-a:O
—_

ZMiA =0 Rg-2a-P-a=0

R, =+05P; Rg =+0,5P;
nposepka
YY, =0 = R, +Rg —P=0;

npOBEPKa COULNACH
OnpenenuM MoNepeyHble CUIIBI U U3TrH0a0IIe MOMEHTHI, MOJIb3YsCh METOJOM Ceve-
HuM. banka uMeeT Ba y4acTka Harpy>KeHHs, MPOJIOJIbHYIO OCh Z HaIlpaBiIsieM OT
[IAPHUPHOM OIMOPHI K cepeiuHe OANKH.
| ygactok: 0<z<a (cmpaBa) ARs

Q; =—Rg =—05P =const

M, =+Rg-2=+05Pz auneiinas 3asucumocmuo >
Torna Ha rpaHMIaxX yyacTka
Ql(zzo) =-05P Ql(z:a) =—05P
Ml(z:O) =0 Ml(z:a) :+O,5Pa
Il yaactok: 0<z<a (cneBa) A
A
z
Q, =+R, =+05P =const
M,=+R,-2=4+05Pz auneinas 3aéucumocmuo <z
Torma Ha rpaHUIaX yyacTKa
QZ(Z:O) :+0,5P QZ(Z:a) :—|—O’5P
M2(Z:O) =0 MZ(z:a) =+0,5PCI

OmacHoe cedyeHue TaM , I7ie MPUIIOKEHA BHEIIHsS cuiia P (MOMEHT HAaHOOJBIINI 110
a0COJTIOTHOM BEJTUYMHE).

CtpouM 3II0pbI:
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a
1 |
Ilonepeunvie
CUJlbl 0,5P
Q 3
0,5P
Hszeubaowue 0,5Pa
M

HpOBepKa IMPaBUJIBHOCTHU ITIOCTPOCHUS SITIOPHI:
Qupea)=—08P  Qy,_q=+05P

Ilpoucxooum ckayok Ha 6enuyuHy @HeuwHel Haspy3ku P

M 1(z=a) =+05Pa=M 2(z=a)

[IpaBuiia KOHTPOJIS DOIOP:

Rg=0,5P

Ecnu Ha Oanky AeMCTBYIOT TOJIBKO COCPEIOTOUYCHHBIC CHIIBL, dMtopa Q cTymeHvarasi, B
CEUCHUH, TAC MpWIOKEeHa cwia P, MpoucXomuT CKauyoK Ha BEJIUYUHY ITOU CHIIBIL.
Onropa M nuHeiHas, B CEYEHNH, 1€ TPUJIOKEHA BHEIIHSS CUJIa, HAa SIIOPE BO3ZHUKA-
€T u3JIoM (yroJi), BEpIIMHA U3JIOMa HallpaBjeHa HABCTPEUy CHUJIE.

a a
T I
0,5P
RA é_?
Q
P é RB
0,5P
0.5Pa
\J%
M Y
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3agaua /. llapaupHo onepras 6anka, Harpy>keHHasi COCPEIOTOYECHHON CHUIION

3a a

Ha IMapHUPHBIX OIIOPAX BO3HUKAIOT BCPTUKAJIBHBIC PCAKTUBHBIC CHJIbI RA 141 RB . Ax
OIIpCaACIIACM M3 ypaBHeHI/Iﬁ PaBHOBCCHUA

ZMiB =0 {—RA-3a—P-a:O
—

ZM‘A —0 Rg-3a—P-4a=0

R, =-0,33P; Rg =+1,33P;
npoeepka
Y, =0 = Ry +Rg —P=0;

npoeepkKa coutilaco

OHpCIIeJ'H/IM MONCPCUYHBIC CUJIBI U I/I3FI/I6aIOH_II/I€ MOMCHTBI, IIOJIB3YyACH MCTOA0OM CCUC-

Huii. banka uMeeT 1Ba y4acTka Harpy>KeHHsl, TPOJ0JIbHYIO OCh Z HallpaBJIseM OT
IAPHUPHOM OMOPHI K CepeHe OaIKHU.

| ygacTok: 0<z<a (cmpaBa) lp
z
Q; =+P =const
JA

M, =—-Pz Jumneinas 3a6ucumocms 5

Torma Ha rpaHuIIax ydacTKa
Ql(ZZO) = +P Ql(z:a) = +P
Ml(z:O) =0 Ml(z:a) =—Pa

Il yaacToxk: 0<z<a (cnema) A

A

Q, =+R, =const

M,=+R, -z AUHEUHAs 3A8UCUMOCITb L,
Torna Ha rpaHUIax y4acTKa

QZ(z:o) =-0 ,33P QZ(Z:a) =-0 ,33P

MZ(Z:O) =0 MZ(Z:a) =—O,33P-3a:—Pa

OmnacHoe ceueHue - B MIapHUPE B, TaM MOMEHT HauOOJBIINN 110 a0COIFOTHOM BETH-
YUHE.

17



Crpoum 3MI0pHI:

TS 0
P/3

T

Pa

ITpoBepka MpaBUIBHOCTH IMTOCTPOCHHUS AIIOPHI:
Ql(z:a) =+P QZ(Z:a) =-0 ,33P
IIpoucxooum ckauok na eenuuuny peaxyuu Rg =133P
Mi(zoa) =—Pa=M;(_q)

[IpaBuaa KOHTPOJISI DHIOP:

Ecnu Ha Ganky IeMCTBYIOT TOJIBKO COCPEIOTOUYCHHBIC CHJIBI, dMtopa Q cTymeHvarasi, B
CEUCHUH, TAe MPUIOKEeHa cuia P, MpoucCXomuT CKauoK Ha BEJIUYUHY ITOW CHIIBIL.
Onropa M nuHeiHasl, B CEYEHNH, 1€ TPUJIOKEHA BHEIIHSS CUJIa, HAa SII0PE BO3ZHUKA-
€T U3JI0M, BEPIIMHA U3JI0MA HAIIPABJIEHA HABCTPEUY CHIIE.

TRA TRB =
A”ZL BA
3a a

: B il

T 0
RA P/3

]

\o

Pa
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3agaua 8. lapaupHo onepras 6anka, Harpy>KeHHast COCPEJOTOYCHHBIM MOMEHTOM

M=2Pa
_>

a « a

Ha mapHupHBIX oropax BO3HUKAIOT BEpTUKAIbHBIE peakTUBHBIE CHIIbI Ry 11 Rp . Ux
ONpPEAEISIEM U3 YPABHEHUM PABHOBECHS

_ =
i . - —
>M' =0 Rg-2a-M =0
RA:—M:—ZPa:_P; RB:+M:+2Pa=+P;
2a 2a 2a 2a
npoeepka

npoeepka coutiacob

OnpenenuM MOTIEPEYHBIC CHITBI M M3THOAFOIINE MOMEHTHI, MOJIL3YSICh METOJ0OM CeUe-
HUH. banmka nMeeT nBa ydacTka HarpyKCeHHs, POIOJIBHYIO OCh Z HaIlPaBIsieM OT
IIIAPHUPHOM OIOPHI K cepeuHe OAITKH.

| ygactok: 0<z<a (cmpaBa) ARz

Q; =—Rg =—P =const

M;=+Rg-z2=+Pz JIUHEUH sl 3A6UCUMOCTNb D AN
Torma Ha rpaHuIIax ydacTka

Q1(2:0) =—P Ql(z:a) =—P

Ml(z:O) =0 Ml(z:a) =+Pa
Il yaacToxk: 0<z<a (cneBa) A
Q, =+R, =—P =const E
M,=+R,-2=-Pz JIUHEUH A5l 3046UCUMOCHLb <z,
Torma Ha rpaHUIax y4acTKa

Qa(3-0)=—F Qo(-a) =—F

MZ(z:O) =0 MZ(z:a) =—Pa

OnacHble ceueHus — cJieBa 1 CIipaBa OT TOYKH IIPUJIO0XKCHNA BHCITHCTO MOMCHTA M.
19



Crpoum 3MI0pHI:

Pa

HpOBepKa IMPaBUJIBHOCTHU ITIOCTPOCHUS SITIOPHI:
Q1(z=a) = Q2(z=a) =—P
Ml(z:a) =+Pa Mz(Z:a) =—Pa

IIpoucxooum cxkauox na eenuyuny eénewre2o momenma M =2Pa

[IpaBuiIa KOHTPOJIS SIIOP:

Ecnu Ha Ganky nefcTBYIOT COCPENOTOYCHHBIC CHIIBI I MOMEHTHI, 3mopa Q cTymneHya-
Tas, B CEUCHHH, T NMPUIIOKEHA CHJIA, IPOUCXOIUT CKAYOK Ha BEIUYHMHY 3TOM CHIIBI.
MowmenT Ha smope Q He oTpakaercs. Dmopa M TUHEHAsl, B CEYCHHUH, TJIe TIPUITOKE-
Ha BHEIUHSA CUJIAa, HA SIIOPE BO3HUKAET M3JI0M, BEpIIMHA M3JI0Ma HalpaBlieHA
HaBCTpeuy cuiie. B cedeHuw, riue npuiokeH BHEIIHUKA MOMEHT, Ha amope M npouc-
XOJIMT CKaYOK Ha BEJIMYHUHY 3TOIO MOMEHTA.

M=2Pa
Apa=p [ ARs -p
A7 ﬁif
<
a a
T |
Q H 0
RA = RB
Pa
M M m«\
N B 0
Pa
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3agaua 9. llapaupHo onepras 6anika, Harpy>keHHast COCPEJOTOYCHHBIM MOMEHTOM

£ . 4L

Ha mapHupHBIX onopax BO3HUKAIOT BEpPTUKAIbHBIE peakTUBHBIE CHIIbl Ry 11 Rp . Yx
ONpPEAEISIEM U3 YPABHEHUN PABHOBECHS

>M} =0 {—RA~2a+M:O
) =
| . =
>M' =0 Rg-2a+M =0
RA:+M:+2Pa:+P; RB:_M:_ZPa:—P;
2a 2a 2a 2a
nposepxa

npoeepka coullacob

OnpenenuM MONepeyHbIe CUIIBI U U3THOAI0IINEe MOMEHTHI, MOJIb3YSCh METOJ0OM CeUe-
HU. bajika uMeeT JBa y4acTKa HarpyKeHus, POAOJIbHYIO OCh Z HAIIPABJISIEM OT
[IAPHUPHOM OTMOPHI K cepeuHe OaNKH.

| ygactok: 0<z<a (cmpaBa) "
/4
Q, =0 <—-_24
M, =+M =+2Pa=const A
Torna Ha rpaHUIaX y4acTKa
Q1(z=0) =0 Q1(z=a) =0
Ml(z:O) =+2Pa Ml(z:a) =+2Pa
Il ygacTok: 0<z<a (cnema) A
A
4
Q, =+R, =+P =const
M,=+R,-72=+Pz JIUH eUH A 3A6UCUMOCHLb <z,
Torma Ha rpaHUIaxX yyacTkKa
Q2(2=O) =+P QZ(Z:a) =+P
MZ(Z:O) =0 MZ(Z:a) =+P-2a=+2Pa

OmnacHble ceueHUs — Ha KOHCOJIBHOM y4acTKe.
CrpouM 3II0pbI:
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M=2Pa
RA=P Re=P Y

2a a —>
T |

P

o LTI 0
M=2p

: 1l

[IpoBepka npaBUIIBHOCTU MTOCTPOCHUS SIIOPHI:

Ql(z=a) =0 Q2(z=a) =+P

IIpoucxooum ckauok Ha eenuuuny peaxyuu Ry

M 1(z:a) =+Pa=M 2(z:a)

[IpaBuiIa KOHTPOJIS SIIOP:

Ecnm Ha Ganky nefcTBYIOT COCPENOTOYCHHBIC CHIIBI I MOMEHTHI, 3miopa Q cTymenya-
Tas, B CEUCHHH, TJ€ MPUIIOKEHA CHJIA, IPOUCXOIUT CKAYOK Ha BEIUYHMHY 3TOM CHIIBL.
MowmenT Ha smope Q He oTpakaercs. Dmopa M TuHEHas!, B CEYCHUH, TJIe TIPUIIOKE-
Ha BHEIUHSA CUJIA, HA SIIOPE BO3HUKAET M3JI0M, BEpIIMHA H3JI0Ma HalpaBlieHA
HaBCTpeuy cuiie. B cedeHuw, riue npuiokeH BHEIIHUKA MOMEHT, Ha amope M npouc-
XOJIMT CKa4OK Ha BEJIMYMHY 3TOIO0 MOMEHTA.

RA =p ARB =P <_M —2na
: bS
2a a >
T I
RA i R
AR HRRE=ATARHARTHARNIA B .
0 2Pa
M
o~
M 0
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3agaua 10. [IlapaupHo onepras Oanka, Harpy>KeHHas pacipeieICHHON Harpy3Kou

Lo o b il

2a

v

OnpenenuM BepTUKAIIbHBIE PEAKIIMU B IAPHUPHBIX onopax Ra, Rg. YpaBHeHus

PaBHOBCCHAI:
ZMiB:O -Rp-2a+q-2a-a=0
ZMiA=0 = {RB-Za—q-Za-a:O
Ra =+0a; Rg =+0a;
nposepka
2Y; =0 = Rpo+Rg —20a=0

npoeepkKa couiaco

banka umeer OOWH Y4YaCTOK HAI'PY>KCHU. OHpGI[eHI/IM IIOIICPCUYHBIC CHUJIBI U U3T'H-
6aIOH_[I/I€ MOMCHTHSI, I10JIB3YACh MCTOIOM CCUCHUM.

| ygactok: 0<z<2a (cueBa)
Rk %
LoV :
Q,=+Rp—0qz JIUH eliH a5l 3A8UCUMOCT b i

M;=4+Rpz—-0z- Z_ +Rpz -0 5qz°  napaGonuueckas 3a8ucumocme
Torna Ha rpaHMIaxX yyacTka

Qi;-0) = +Ra =+0a Qi(1-22) = *Ra —202=-0qa
Mi(;_0)=0 M1(;-2a) =+0a-2a-2ga’ =0

MakcumanabHOE 3HaY€HHUE MOMEHTA MPUXOJUTCS Ha CEYEHUE, B KOTOPOM IOTIe-
pedHas cuiia obpariaeTcsi B HoJib. OnpeaenuM KOOPAUHATY CEUCHHUS:
R
q
_ 2 2 _ 2
Torna Ml(zza) =+ga” —0,5ga” =+0,50a
OmnacHoe cedyeHHe TaM , I7Ie MOMEHT HAMOOIBIINH 110 a0COIIOTHON BEJINYHHE

M o =+050a°.

CtpouM 3II0pHI:
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Ra=gah

A

ga

[IpaBuiaa KOHTPOJIS DHIOP:

,

ga

i q

VN 2

2a

[ i

Il

W

0.5¢a?

2

Ars=qa

—
B

ga

Ecnu Ha Ganky JelicTByeT pacmpeneieHHas Harpyska, mornepednbie cuiibl Q u3mMeHs-
IOTCA IO JIMHEHHOM 3aBUCHUMOCTH, JIIOpa — HAKJIOHHAsA mpsimasi. M3rubaronuii Mo-
MEHT M u3MeHseTCs Mo NapadoIMYecKOMY 3aKOHY, dMIopa — napabdosa, mpuiemM, Bbl-
MYKJIOCTh Mapa0oJibl HAMpaBjIeHa HABCTPEUY paclpeieIeHHON Harpys3Ke.

Bepiuna napa6onsl M HaxonuTCs B CEYSHHH, TJI€ JII0pa monepednoi cuibl Q nepe-
CEKAET HYJIEBYIO JIMHUIO. MaKCUMyM, €CJIM paclpe/iesICcHHAas Harpy3Ka HallpaBJicHa
BHU3. MUHHMYM, €CIIU paclpeeIeHHAsl Harpy3Ka HarlpaBlieHa BBEPX.

ga a

RA m

0
Q W -

ga
0.5¢a?
+

Yo ~
M 0
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3agauya 11. [llapaupHo onepras 6anka, Harpy>KeHHasi pacIpeeIeHHON Harpy3Koi

q
A A

a 2a a

OnpenenuM BEpTUKAIIBHBIE PEAKIUMU B IIAPHUPHBIX onopax Ra, Rg. YpaBHeHus
paBHOBECHS:

YML =0 ~R,-3a-q-3a-05a=0
—
MY =0 Ry -3a+(Q-3a-25a=0
R, =-0,5qa; Rg =—2,504a;
npoeepkKa

npoeepka coutiacob

banka nmeer TPpHU Y4aCTKa HAI'PY)KCHUA. OHpGI[eHI/IM IIOIICPCUYHBIC CHJIBI U HU3TH-
6aIOH_[I/I€ MOMCHTHSI, I10JIB3YACh MCTOIOM CCUCHUM.

| ygactok: 0<z<a (cmpaBa) 0.5, A%

<—>:

Z AN E A

Ql =—0z JIUH eUH a5l 3A8UCUMOCTb

M,;=+0z-0,5z=+0,50z 2 napaboaudeckas 3a6UCUMOCHLb
Torna Ha rpaHMIaxX yyacTkKa

Ql(z:O) =0 Ql(z:a) = _qa
Ml(z:o) =0 Ml(z:a) :+O’5qa2
gz A
i AR
Il yaacTok: a<z<3a (cripaBa) (0 ; ARE
z O I o
Q,=-02—-Rp z-a a
Z
Torna Ha rpaHUIaxX yyacTkKa
QZ(z:a) =—ga+250a=+150a Q2(z:3a) =-30a+250a=-05qa
M (,_q) = +0.50a° M(;_34) =+450a° — 2 50a - 2a=—0 50a’

MakcumanbHOE 3HaU€HHE MOMEHTA IMPUXOJUTCS HA CEYEHHE, B KOTOPOM IOINEpEeUHast
cuia oOpaiaercs B HoJtb. Onpenenum KOOpAuHATY CeUSHUS:

25



Q,=-0z-Ryz =0 = z=—"=2=2ba

Torma  My(,_ps,) =+05q(25a)" —250a- 154 =—0625qa’

Il ygacTok: 0<z<a (cnena) A
RA

Q; =+R, =-0,50a = const

My =+R,-z=-050a-z auneiinasa 3asucumocmus  Z
Torma Ha rpaHUIIax ydacTKa

Q3(2=0) =-0 ,Sqa Q2(Z=a) =-0 15qa

M3(2=0) =0 M2(z:a) =—O,5qa2

OmnacHoe cedeHue TaM, I71e MOMEHT HauOOoJbIINI 110 a0COIIOTHON BEINYHUHE
M, =—0625qa°.
CrpouM dBIIOpBI:

15 A 30a
_ bHa
Ra=-0.50a .} ARe=-250a
[T T T TA T LA
A B
a 2a a
" I I
2.5a
1.5ga

Ilonepeunvie

CU.Jibl
Q m 0
L] z

0.5ga
ga

H3zubarwwue 2
MOMEHNLbL 0 Sqa

s e

2
0588% % 6250a2

[IpoBepka NpaBUIBHOCTH MOCTPOEHUS AIIOPHI:

Q3(z:a) = _O ’5qa = Q2(z:3a)
M3, =-050a° =M,z
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[IpaBuiia KOHTPOJIS IIOP:

Ecnu Ha Ganky aeicTByeT pacnpeneneHHas Harpy3ka (, nmomnepednble cuisl Q usme-
HSIOTCS IO JIMHEMHOMY 3aKOHY, dII0pa — HaKJIOHHAs npsimasi. M3rubarommii MOMEHT
M wm3MeHsieTcs 10 NapaboIMYecKOMy 3akoHy. BmINykinocTh mapabonibl HampasieHa
HABCTpedy paCIpeeIICHHON Harpyske (.

Bepmmna napa0osnbl M HaX0IUTCS B CEYEHMH, TJIE€ AIII0pa MonepeyHoi cuiibl Q nepe-
CEKaeT HYJEBYIO JIMHMIO. MakcuMyM, €ClIM paclpelesieHHas Harpy3ka HalpasiieHa
BHM3. MUHMMYM, €CJIM pacpeIesICHHAsl Harpy3Ka HalpaBiIeHa BBEPX.

Ha yuactke, rae pacnpenenenHas Harpy3ka yKe He JI€MCTBYET, IONepedHas CHiIa Io-
CTOSIHHAs, 2 MOMCHT JTUHEHUHBIH.

Ecnu Ha 0anKy OEHCTBYET COCpPENOTOYEHHAsl CUJIa, B CEYEHUH, IJI€ OHA MPHUIIOKEHA,
Ha smiope Q MPOUCXOAUT CKaYOK HAa BETUYMHY 3Toi cuibl. Ha smiope M Bo3HHKaeT
W3JI0M, BEpIIMHA U3JI0MA HAIPABJICHA HABCTPEUY CHJIC.

A 30a

RA :_%Sqa A Rs=-250a

T X

1.50a
Q RB
0
L]
Al 0.50a
ga
0.5qa?

T Er |

0.50a* |~ —-0.625qa>
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3agaua 12
[ToCTpoOuTh AMIOPHI BHYTPEHHUX CHIIOBBIX (DAKTOPOB, TI0I00pATh MOTIEPEYHOE CeUe-
HUE 33JJaHHOH (OPMBI

M=202 q
JIJIJ IV T T Tl T
A «

2a 3a 2a 3a

d
D

Wcxonnsle mannbie: g =10 kH/m, a =0,1 m, [o]=100 MIla, d=0,8D

OnpenenuM BepTUKaJIbHBIE PEAKLMH B IIapHUPHBIX oniopax Ra, Rg. YpaBHeHus pas-
HOBECHSL:

ML =0
{ZMix:O
{— Ry,-7a-M +q-8a-a=0
Rg-7a—M —-q-8a-6a=0
_-M+qg-8a-a_-2¢a°+q-8a-a_6qa’

R, = =0,8570qa;
A 7a 7a 7a f
2 2
RB:+M+q 8a 6a:+2qa +(-8a 6a:50qa _7143qa:
7a 7a 7a
npoesepka

=0,857qa+7,143ga—-8qga=0;
npoeepkKa couiaco

OnpenenuM MONepeyHbIe CUJIbI U M3THOAIOIMEe MOMEHThI Ha KaXKJIOM Y4YacTKe
Harpy>kK€HHusi, MOJIb3YysIChb METOAOM CEUCHUM.

| yaacroxk: 0<z<2a (cieBa) raA
Q; =+R, =const z
M| =+Rpz auneunas 3aucumocmo .
Torna Ha rpaHuIaX y4acTKa N
Qi(;-0) =+085702 Q1(1-2q) = +0.8577a
M1(,—0)=0 M (,_pq) =+0.8570a - 2a = +1714qa’
Il ygactok: 2a<z<ba (cnera) Q(Z'Zia)
i 0.5(z-2a

Q, =+R, —q(z - 2a) Rad ‘%( )
JIUH eliH a5l 38UCUMOCHLb :

2a | z-2a
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M, =+R,z—q(z-2a)- (2 —22a) =
2
= +RAZ - M napa60ﬂuqec7<a;l 3dA6UCUMOCM b
Torma Ha rpaHuIIax ydacTKa
Q2(z22a) = 1085702 Q2(;52) = +0.8570a—30a = —2,143qa
M(s_zq) = +17140a° M (,52) =+0.857qa-5a—45qa” =-0,215qa

MakcumanbHOE 3Ha4YC€HHE MOMEHTA MMPpUXOJUTCA Ha CCYCHUC, B KOTOPOM IIOIIC-
pCYHasdA CHJIa 06pa1uaeTc;I B HOJIb. OHpGI[GJ'II/IM KOOpAINHATY CCUCHUA:

Q, =+R, —q(z—2a)=0 = Z:w:&&rﬂa

2
0857 anz —2081qa*

Torna My, p8570) = £+ 0857-2857 —

IV yuacToxk: 0<z<3a (cripaBa)

Q, =+0z JIUH elH asl 3a6UCUMOCT b

YA
M,=-0z- > =-0,509z 2 napaboaudeckas 3a8UCUMOCHb

Torma Ha rpaHuIIax ydacTKa

Qu(;-0) =0 Qu(z-30) =302
M4(z=0) =0 M 4(z=3a) — —4 ’5qa2
Il yqacrok: 3a<z<ba (cnpaBa) 0.5: gz
RE"‘
Q;=+0z—Rp L z-3a), Ja
M3:—O,5q22+RB~(z—3a) < :

Torma Ha rpaHUIax y4acTKa
Q3(;-34) = +302 - 7,1430a = —4,143qa Qs(;-52) = +50a —7 14302 =-2,1430a

M3(,_3q) = —4508° M3(,_50) =—12508° +7,143qa - 2a = 1785qa’

CTpouM 3ITIOpBL.
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o
jsH)
(o0}
o
QD

A M=2ga’ ! ARs=7.143qa
RA =0.857qa a ;
ANV I M N
AZS <« B
2a 3a 2a 3a
| 1 i v
3
Ilonepeunvie
Ql/ga ﬁ\h\ 0
2,143 JEE
4,143
2,857a
<>
2081 14 785
Hzeuobarwwue 1,714
MOMEHmbL
+
0
M/qa’® ©
0,215 -
45

[TpoBepka MPaBUIBHOCTH TTOCTPOCHHUS SIFOPHI:
Q3(;-50) = —2:14308 = Q5(,_sg)

2
M 3(z=5a) = 1,/850a

2
M 2(z=5a) =-0 ,215qa

1785qa® +0,215qa* = 2qa® = M
(Mmeem mecmo ckauok nHa senuyuny éHeuiHe2o momenma M)
OnacHBIM SBIIIETCS CEUEHHE, IJIe MOMEHT IPHUHHUMAET HauOoJbIIee Mo adco-
JIIOTHOU BEJIMYMHE 3HAUYCHUE,
M, . :—4,5qa2, 0 ATOMY 3HAYEHUIO W3THOAIOIIEr0 MOMEHTA BEACTCS pacyeT Ha
MIPOYHOCTb.
VY cioBue NpoyHOCTH

2
M| _4500% 1 4

(o2
max WX WX
2 2
—w, »400a’_ 4510000 60’1 —45.10° m*=452 en®
[o] 100-10
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[TogOop KOJBIIEBOTO CeUEHUS
OceBoit MOMEHT comnpoTHBIIeHHs KoJbiia (0=0,8D)

3 4
W, = ”3[)—2(1— (%J ]z0,1D3(1—0,84):0,05904D3

DZ'oi/ W :%/ 4.5 =424cm d=08-4,24=3392 cu

005904 10,05904

2 2
IVIOMA/b CeueHHs F= ”Z) (1 - (%] J ~0758 D2(1-0,82)=508 2
3amaua 13

[TocTpouth >MIOPEI BHYTPEHHUX CHIIOBBIX (haKTOPOB, MOJ00paTh MOMEPEYHOE ceue-
HUE 33J]aHHON (POPMBI.

q M=2qa’
<=
RN /]
P=3qa \_
< 2a >< 3a >< 2a >K 3a >-> 3c

Ucxonnwie nannwie: g =10 kH/m, a =0,1 m, [c]=100 Mlla

OnpenenuM BepTUKAIBHBIE PEAKIIUU B IMIAPHUPHBIX onopax Ra, Rg. YpaBHenus
paBHOBECHS:

Mg =0
{ZML=0
{— R,-8a-P-3a+q-5a-75a+M =0
Rg-8a+P-5a—q-5a-05a+M =0
_-P-3a+qg-5a-75a+M _—3qa-3a+q-5a-75a+2qa’

R =
A 8a 8a
2
_30°48° _ 5515502~ 3810a:
8a
o _—P:5a+q-5a-05a-M _ —3ga-5a+q-5a-05a-2ga®
B 8a 8a
B 2
_—1450a” _ ~18125qa~-181qa;
8¢
nposepka 2Y; =0 =

R +Rg +P—-q-5a=381ga—181lga+3qga—5qa=0;

npoeepkKa couiaco
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OnpenenHM IMOIICPCUYHBIC CHUJIbI H I/I3FI/I6aIOH_[I/Ie MOMCHTBI Ha KaXIAOM Yy4YacCTKE

Harpy»KeHus, MoJib3ysCh METOAOM CEUCHUI. 0§ oe
[JL0ReV4
| yuacrtok: 0<z<2a (cneBa) >
;’ z
|
Q,=-0z Juneunas 3a6uUCUMOCMb Z
2
Z g
M, =-0z rare napabonuueckas 3a6UcCUMoCmby
Torna Ha rpanunax y4acrka
Ql(zzo) =0 Ql(z:Za) = _an
_ _ 2
M1(;0) =0 M1(;_24) = —202 ; 07
Il yaactok: 2a<z<b5a (cnesa) RAA 052
AN :
2a z-2a
z
Q, =—0z+ Rp JIUHEUHas 3048UCUMOCMb
9z’
M, =—""—+ R,(z - 2a) napabonuueckas 3asucumocmo
2

Torma Ha rpaHuIIax ydacTKa
Qa(;-20)=—202+38lga=181qa  Qy(,_5,) =—50a+38lga=-119qa
M (;_5a) = —202 M(,_sa) =—1250a° +381qa - 3a =-107qa’

MakcuManibHOE 3HAaYE€HHE MOMEHTA MPUXOJUTCA HAa CEUCHHE, B KOTOPOM MoOIie-
pedHas cuiia oopauiaeTcsi B HoJib. Onpeaenum KOOpAUHATY CeUEHUS:

= Ra =381la
q

2

Q,=—0z+R, =0 = 4

381° 2 2
Torma My, 3815 =| — 5 +381-181 |ga” =-0,36qa

IV yuacrtok: 0<z<3a (cipaBa)
RB
M
M, =+M + Ry - Z nuneiinaa 3asucumocmo 7
Torma Ha rpaHuIaxX yyacTka
Q4(Z=0) = +1,81qa Q4(z=3a) = +1,81qa
My(—0) = +M =20a® M (,-3q) = +202° — 181qa - 3a = -343a’
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Il yqactok:

3a<z<ba

(cpaBa)

RB
e
/4
Q; =—Rz — P=+181ga —3ga=-1,19ga = const Z“”Q‘ 3a
Mz =+M +Rg -z+P(z-3a) uneiinas z
3a8UCUMOCMb
Torma Ha rpaHUIIax y4acTKa
Q3(;-32) = —1190a Q3(225a) =-119qa
M3(,_3a) = +20a% —181qga - 3a=-3,43qa’
M3(,_54) = +202° —181qa -5a + 3qa- 2a=-105qa”
CtpouM BII0pBI:
250 %
RA:3_81qu : q M=20a’ A Rs =-1.81qa
] =203 &
N A .
A AP=3ga
2a A 3a 2a 3a ';"
I I i v
1,81 181
Ilonepeunvie
o [,
ga @
2,0
3,81a
M/ga’ W 0
H3zeubarowue é Mi
MOMEHM bl 0136
1,06
2,0

3,43
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[TpoBepka MPaBUIBHOCTH TOCTPOCHUS SIFOPHI:
Q3(2:5a) =-119ga= Q2(z:5a)
2 2
M 3(2253) = —1,05qa ~ M 2(2:5a) = _1,07qa
(HMeem MECMO NOocpeutHocno BOSHUKWAA 34 cUem OKDPYIIEHUA 3Ha‘l€H1/luu

peaxyuti onop. Ha sniope mooxcno ykazams cpeonee snaverue — 106 qaz)

OnacHbIM SIBIISIETCS CCUCHHUC, TAC MOMCHT IMPUHHUMACT HauOoJIbIIee 1Mo adco-
JIIOTHOM BEJIMUMHE 3HA4YCHUC,

M. =-343ga’ 6
max — O qa , 11O C—)TOMy SHAYCHHUIO HU3THO0A0IICIO MOMECHTA BCIACTCS pacqu Ha
HpO‘{HOCTL.

VYcioBue NpoyHOCTH
M 2
- M| _ 343qa <[o]
max WX WX
343ga® 343-10000-0,1°
lo] 100 - 10°

=343-107% 4% =343 e’

= W, >

[TonGop npsMOYTOJILHOTO CEUCHUS
OceBoif MOMEHT COTIPOTUBIICHUS TpsiMoyTobHuKa (h=C, b=3C)
bh? 3c-(c)’ c®
WX = = = —
6 6 2

c>3/2W, =3/2-3,43 =190 cu

IUIONIAb CEYECHUA F=3c2=10 ,830]142
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3agauya 14. PaccMOTpuUM KOHCOJBbHYIO OaJIKy MO IEHCTBUEM BCEX TUIIOB BHEIIHUX
Harpy3ok

[TocTpouTh 3MIOpHl BHYTPEHHUX CUIOBBIX (PaKTOPOB.

/ f.-' I-lF=Ef.m -
R (o S e M=3‘qa"

2a Sa , ja *

Ucxonubie nannbie: g =10 kH/m, a =0,1 m, [0]=100 Mlla

Peakiuu B 3anenke Ry 1 MomeHT M, ompezernsiemM U3 ypaBHEHH paBHOBECHS
2Y; =0 Ry+50a—P=0
{ZMiA 0 {MA —M-P-Ta+5qa-45a=0
Ra =-50a+ P =-30a;
M,=M +P-Ta—-5qa-45a=-55qa°

banka umeet Tpu yuacTka HarpyXeHus

M=3qu
| yuacrok: 0<z<3a (cmpasa) z ‘ r
Q; =0=const .z t’
M, =—M =-3qa® =const
giz-3a)
1. 5(z-3al A .
R - M=3ga
Il yaacroxk: 3a<z<8a (cmpasa) " P=2qu >
2 | -3 ! [ .
Q,=+P—q(z-3a) JIUH eUH asl 3A6UCUMOCTb OM 1 -
z-3a 3
z—-3a T '
M2=—M—P-(z—3a)+q(z—3a).—( 5 )_ z

=—M - P-(z-3a)+0.5q(z - 3a)2 napabona
Torma Ha rpaHUIax yyacTKa

Q2(;-34) = +202 Qz(;-84) = t202 — 50a=-30a

M p(;—sq) = —308° M (,_ga) =—302° — 2qa-5a+0.59 (5a)° =-0.5qa’

MakcuManbHO€ IO MOAYJIIO 3HAYEHUE MOMEHTA MPUXOJUTCS HAa CEYEHUE, B KOTOPOM
norepeyHasi cuia oopaiaercs B Hojb. OnpeenM KOOpAuHATY OTaCHOTO CEYEHUS:

Q,=+P-q-(z-3a)=0 = ,Pr3_g,

q
Torzia M ey = M (,_gq) = —30a® —2qga- 2a+0.5q(2a)* =-500a*
Il ygacToxk: 8a<z<10a (cmpana)
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z-3,3a 4 230 P=2qa M:‘?'?HJ
. i —

o

=3 . Ja

Q; =+P —5ga=-3ga = const

M;=-M —P-(z-3a)+50a-(z-5.5a)  suneiinas sasucumocms om z
Torna Ha rpanunax ydacrka

Q3(z:8a) =-3qa QS(z:lOa) =-30a
M3(,—ga) = —3ga® - 2ga-5a+5qa-25a=-050a>
M3(,_10s) = -302° —20a-7a+5qa - 4,5a = +5 50"

Crpoum >mI0pBHlI.

RA=-3ga A54a
o 250 F g |Pega
z F, TR T . -:. G O .'\.l Mzaqa_—l
-
A
Za | Sa Ja +
MaA=-5.5qa i i {
2
| 2qa
0 et ”
[ Sa
Iga
5. 5ga°
M "_.\ ,I [v]
”Iﬁqa. ..x { f| \4 ‘ ‘ ‘ ‘
R\ W gd

Sga
[TpoBepka MpaBUILHOCTH MMOCTPOCHUS MIOPHI:

3HAYCHHE CHJIBI U MOMEHTA B ceueHnH Z=/(a 1o aOCOII0THON BEJIMUYNHE COBIIaAaroT C

peaKuMsIMHU B 3a7eKke A.
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3agaya 16. [locTpouTs 3MI0pEI BHYTPEHHUX CUIIOBBIX (PAKTOPOB.

M=6qu’ q lP=2qa

da 1 2a ) Za

Ucxonubie nannbie: g =10 kH/m, a =0,1 m, [0]=100 Mlla

OnpenenuM BEpTUKAIBHBIE PEAKIUMU B IIAPHUPHBIX onopax Ra, Rg. YpaBHeHus
PaBHOBECHS:

ML =0
{ZMiA=0
{— R,-6a+M —P-2a—-4ga-4a+2ga-a=0

Rg-6a+M —-P-8a+4qga-2a—-2ga-5a=0
:M—P-2a—4qa-4a+2qa-a:+6qa2 —20a-2a—16ga’ + 2ga® _

R
A 6a 6a
. 2
_ 12qa — _2qa:
6a
n M+ P.-8a—4ga-2a+2ga-5a —-6qga’+2qa-8a—8ga’+10ga®
° 6a 6a
2
:12qa _ +2qa:
nposepka 2Y; =0 =

R, + Rg —P+40a—-2ga=-2ga+2ga—-2ga+4qa—2ga=0;

npoeepkKa coutidcov

Adz
banka uMeeT Tpu y4acTka HarpyKeHHs Ra | ).
| yaacTok: 0<z<4a (cuera) o P
AR AR R ) s
Q=+Rp+0z JIUH etiH asl 3a6UCUMOCTb : z

z
M;=-M +Rpz+0Qz- 5= —M + RpZ + 0,50z° napabonuyeckas

Torpa Ha rpaHuLiax ydyacTka
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Qu(220) =202 Qu242) =202 + 40a = +202

M1(,q) =608’ My(,_4q) =—608° — 2qa-4a +8da” = —6qa’

z=4a

MakcuManbHOE 3HAa4YCHHE MOMEHTA MPpUXOJUTCA Ha CCYUCHHUC, B KOTOPOM IIOIICPCU-
Has CuJia 06pa1uaeTc;1 B HOJIb. OHpGI[GJII/IM KOOpANHATY CCUCHUA:

Q=+Rp+0z=0 = Zz—&:Za
g

Torna My(,_p,) =(~6 —2-2+2)qga’ =-8qa’

Il ygacTox: 0<z<2a (cmpaBa)

Q; =+P =const

a b

My =—-P -7 nunetnasa sasucumocms
Torna Ha rpanunax yJyacrka

Q3(z:0) = +2qa Q3(z:2a) = +2qa
M3(Z=0) IO M3(z=2a) :—4qa2
Il ygacTok: 2a<z<4a (cmpaBa)
qf’.}-.?u}

Q,=+P—-Rg + q(z — 2a) JIUH eUH asl 3a8UCUMOCT b ”__ﬁ-.r_,__}”%é A Rs P=24u

z-2a o
MZ:—P-2+RB-(z—2a)—q(z—2a)-(T): L L
=—P.z+Rg-(z-2a)-05q(z - 2a)2 napabona e

Torzaa Ha rpaHMIIax yyacTka

Q2(7-2a) =0 Qz(;-40) =+202
Ma(s-2) = 402" Ma(-gq) = —603°

CTpouM 3ITIOpBL.
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" T

Sga’

HpOBepKa IMPaBUJIIBHOCTHU ITIOCTPOCHUS SITIOPHI:

Q1(z —4a) ~ +20a = QZ(Z =4a)
Mi(,_4a) = —602° =My(;_gq)
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3agaya 15. [TocTpouTsb 3MIOPEI BHYTPEHHUX CUIIOBBIX (PAKTOPOB.

M=4ga"
A P=dqa g +f,-'

A A

=

2a _ da ) 2a

Ucxonnwie nannwie: g =10 kH/m, a =0,1 m, [oc]=100 Mlla

OnpenenuM BepTUKAIIbHBIE PEAKIIUU B IAPHUPHBIX onopax Ra, Rg. YpaBuenus
paBHOBECHUS:

Mg =0
{ZM‘A=0
{— R,-6a—P-4a+6ga-3a+M =0
Rg-6a+P-2a-6qga-3a+M =0
_-P-4a+6ga-3a+M _-16qa” +18qa” +4qa” _

R.—
A 6a 6a
6qa’
= =+0a;
6a q
n _—P-2a+6ga-3a-M _ —8qa® +18ga® —4qa® _
B 6a 6a
2
:6qa =+0a;
69
nposepxa >Y; =0 =

Ran+Rg+P-6ga=0a+qga+4qa—-6qa=0;

npoeepxKa couiaco

banka uMeeT Tpu y4acTka Harpyke€HHs

| ygacToxk: 0<z<2a (cnesa) {1
Ra i .5z,
Q=+Rp—0z JIUH eTiH Al 3a6UCUMOCTIb i}
i " * - <
Ml:+RAZ—qZ-§:+RAZ—O,5qZ2 napabonuieckas — Zz
Torma Ha rpaHUIIax yyacTka
Qi(;-0) =+0a Qu(;-2q) =02 —20a=-0a
M1(,_0) =0 M i(,—2q) = +02- 28 - 2qa* =0

MakcumanbHOE€ 3HAaYEHWE MOMEHTA IMPUXOAUTCA HAa CEYECHHUE, B KOTOPOM IMOIEPEY-
Has cuja oOparniaercs B HoJb. OnpenenuM KOOpIUHATY CEUCHUS:
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Q =+Ry—-0z=0 = Z=—>"=a
aq
Torma My(,_,) =(+1-05)qa” = +0 5qa”
4z
Il yaactok: 2a<z<6a (cneBa) A RA PT 0.5z
...... X

) 2a | z-2a ,

Q, =+Rp — 0z + P nuneunan 3as6ucumocms ) z N

M, =+R,z-050z° +P- (z—2a) napabona
Torna Ha I'paHUIAX y4aCTKa
Q(z220) =t0a—-20a+40a=+30a Qy(,_6,)=+0a—-60a+4ga=-qa

|V|2( ) =0 M2(z=6a) :+6qa2 —:I_8qa_2 +4qa.4a:+4qa2

z=2a

Il ygacTok: 0<z<2a (cmpaga)

Q; =0 =const

Mj =+M =+4qa® = const

CTpouM 3ITIOpBL.



Aé ZB

2a da 2a >
i |4 i e i i
Sa
ga

=4 e
o B T m ”ﬂ I

4[\[?‘51 “&[Ei i

e qa
4 5qa’

w L, ﬂﬂﬂHHH Hl‘ IJ[ HH

[IpoBepka npaBUIBHOCTH MOCTPOEHUS SIIOPHI:

Qz(;26a) =02
Q3(z=2a) =0

(HAmeem mecmo ckauox ma genuuuny onoprou peaxyuu Rg )

Ma(,_ga) = +408° = M3, g

Re=qa M=44a’
q A S 3a ‘p‘ 4
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