MeTtoauueckre YKa3aHus K PEIICHUIO 33434 s CTYACHTOB 3a09HOr0 06V‘-ICHI/IH

HcxonHble JaHHBIE BHIOMPAIOTCA 110 HOMEPY 3a4€THOM KHUKKU

3amayga Nel
CranbHolt crepkenp (E=2 10° MIla) naxoauTcs MO ACHCTBUEM MPOJOILHOM CH-
ael P. IloctpouTs smopbl npoponbHbix cuil N, Hanpsbkenuit S, nepemenienuit D. IIpose-
PUTHh TPOYHOCTH CTEPIKHS.
Hcxonable maHHBIE.

cxema l;
F=12 em®; @=2,9 x; b=2,1 u; c=1,1 n; P=1900 10° H=190 xH, E=240° MITa.
Pemenne
VYpaBHEHUE paBHOBECHS: SYi=0: Ra+Rp-P=0
CreneHb CTaTUYECKOW HEOMPEAECTIUMOCTH S=m-n=2-1 cucrema OIWH pa3

CTAaTUYCCKH HCOIIPCACIINMA.

JUtst 3aneMiIeHHOro 00OMMH KOHIIAMH CTEPKHSI IIOJTHOE a0COIOTHOE Y UIMHEHUE JT0JIK-
HO OBITh paBHBIM HYJIIO. YpaBHEHUE COBMECTHOCTHU JedopManuii
DI=Dl, +Dl, +DI, =0

OmpeneuM MPOAOJIbHBIC CHIIBI Ha KaXKJOM YYacTKEe HArpyKEHHs, TOJIb3YSICh METOIOM
CEUYCHUM.
| yaacrox: Of£z£c

N,
Il ygacToxk: cEzEc+b N, =
N,

- R,,

_RD’
_RD+P

Il ygacrok: ctbf£z£c+b+a

Torna
- N1|1_' RDXC
DI = =
EF, EX
- N2|2:' Ry, %0,
EF, EXF’
Dl — N3|3_(_ RD+P)>G .
= Ex '
nmdl-ayc+-RDm+(-RD+Ppa:O
EX  ExXF E X

Pazpermiast 370 ypaBHEeHHE OTHOCUTENBHO Rp , momyyum

-2 10804k,
2a+b+2c
[IpoonbHbIE yCUIMS Ha yYacTKax Harpy»Ke€HUsl CTaTUYECKH HEOIpeaeaumMoro opyca
N, =-109,11 kH
N, =-109,11 kH
N, =80,89 kH

HanpsbkeHust B monepevHbIX CEYSHUSX CTATUYECKHU HEOMPEeIMMOro opyca

=M~ 90,92 Mrza;
l:1

DI,

S1



s, =2 = 45 46 Mila;

2

s, =2 = 67,41 Mila;
F3

[IpoBeprM MPOYHOCTH CTATUYECKH HEOIIPEASIIMOTO CTCPIKHS:
s __ =s, =90,92 MIla<[s |=160 MIla; npousocts obecreucHa.

yZ[JII/IHeHI/IH Y4aCTKOB CTCPIKHA

DI l:SE—lcz- 0,500 10"

DI =3P 04770
E
DI = 5E3a = 0,674X10"*
OnpenenuM nepeMeeHus NONEPEYHbIX CEYEHU, COBIAIAIOIINX C TPAHUIAMH YYaCTKOB
Harpy»KeHUs:
ceuenne A (>kecTkas 3a7eIKa): D, =0;
ceueHue B : D, =D, +DlI, =0,977 mwu;
ceuenne C: D. =D, +Dl, =0,500 rux;
ceyenue D : D, =D +Dl; =0 - xecTkas 3anenxa.
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3amaga Ne3
XKectkuii Opyc MpUKpEIUIeH K JBYM CTAIbHBIM CTEPXHIM C TUIOIIAbIO IMOTIeped-
HOTO cedeHHs F, ommparomumcs Ha HEMOABMKHOE OocHoBaHWe. K Opycy mpuKperuieH
CPEeIHMIA CTYNeHYAThI CTATLHON CTEepKeHb ¢ 3a30poM D =b c. Tpebyercs:

1. YCTaHOBMTB IIPU KaKkou cuie [ 3a30p 3aKpoercs;

2. HalTH PEaKLUI0 OCHOBAaHMS B HWIKHEM CEUEHUN CPEIHErO CTEpXKHS IPH 3a-
JAHHOM cwiie [ ¥ TOCTPOUTH SMIOPY MPOAOJIBHBIX CHII ISl CPEIHETO CTEPIKHSA;

3. HalTH YCUJIUS U HANIPSDKEHUS B KPAaWHUX CTEP)KHSX MPHU 3aJaHHOU cuiie [

4. YCTAHOBUTH, HAa CKOJBKO T'PaJyCOB HAJI0 OXJAJUTh CPEIHUI CTEPKEHb, YTOObI

peaKIusi OCHOBAHUS B HUKHEM CCUCHHU CPETHETO CTEPIKHS MPH 3aJaHHON CH-
ne H obparunach B HyIb.
HUcxonHable maHHEBIE.
cxema ll;
F=12 cv® c=1,2 m; H=140 xH, b=4%0"°, memnepamypnoiii kos¢pdpuyuenm au-
Helinozo pacuupenus cmanu a=12540", E=240° MITa.
Pemenne
1. Onpenenum H=H,, pu KOTOpOH DH,0 =D,

B aToMm ciydae R=0, N;=Ny,=H,.
_ Hoe a@Ho(c/2) | Ho(c/2), Ho(c/4)6_7 Hee

"~ EF & E2F E2F EF g 4 EF
THLC pe b H,=2bEF
4 EF 7
Torma Hy=5,486 kH.
2. Peakuuto ocHoBanus R onpenenum U3 ypaBHEHUS:
D,- Dy=D
_/He
"4 EF
R
_ 2°,&R(c/2) Rlc/2)s_5 Re
""EF & EF = E2F g A4FEF
ZE_§&:|@C b R:ﬁ_“bﬁ:lA(H_Ho)
4EF 4FEF 5 5

Torma R=188,32 xH.
[TpomonbHBIC YCHITHS B CPETHEM CTEPIKHE

| yuactok: O£ z£0,25¢ N, =- R=-188,32 «H,
Il ygacToxk: 0,25¢ £ z £ 0,5¢ N, =- R+H =-48,32 xH,
[l yaacTok: 05cfzEc N; =- R+2H =+91,68xH
3. Yeunust N;=N,=N omnpenenum u3 ypaBHEHHs] paBHOBECHs BEpXHET0 Opyca
- R+2H
2N-2H+R=0 b N = —

Torma N=45,84 kH.
Hampsioxenue S :% =38,20 MI1a.
4. [Tpu R=0 ycumus N=H.



Dt naiinem u3 ypaBHEHUsI

D,- D =D
7 Hc
=——, =abDtc
" AEF =
ZE-aDtc:bc
4 EF
1l H 0
p =—C¢-—-b~<
a e4 EF 7
Torma Dt =78,47°.
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3amgaua Ned

CranpHOM KyOMK HaXOOUTCS MOJ JEHCTBHEM CHJ, CO3JAIOLIUX IUIOCKOE Harps-
’KeHHOe cocTosiHue (OHO W3 TpeX IIAaBHBIX HANPSDKCHUH paBHO HyI0). TpeOyercs Haid-

TH.

=

TTIABHBIC HAIPSDKCHUA M HAIIPABJIICHHC ITIABHBIX ITIOIIAIOK,

2. MaKkCHMaJbHBbIE KacaTelbHBbIC HANPSHKCHHS, paBHBIE HAUOONBIICH MONYypPa3HOCTH

TJIaBHBIX HaHpH)KeHI/Iﬁ ;

3. oTHocuTenbHbIE AeopManuu €, €,
4. OTHOCHUTEJIBbHOE U3MEHEHHE 00bEMA;

5. yIeNbHYIO MOTEHIMAIBbHYIO SHEPTHUI0 AehopMalnil.

Hcxonable maHHEBIE.

cxema lll;



Sx =100 Mlla; sy =20 Mlla; ty =30 Mlla; xosddunuent Ilyaccona u mMomyb
ynpyroctu crama M=0,3, E=2X40° MiTa
Pemenne
1. OmnpenenyM TIIaBHBIC HAMIPSDKEHUS S rax, S min ¥ HAIPABJICHUE TIIABHBIX IIIOMIAJIOK,
T.€. YIJIBI HAaKJIOHA TIIaBHBIX TUIOMAJ0K K TUIOIIAKaM, Ha KOTOPBIX JEHCTBYIOT 3a/aH-
Hble HanpsbkeHus Sy= +100 M1la, s= -20 MIla .
VYdreMm, 9TO MO 3aKOHY MAPHOCTU KacaTelIbHBIC HANPSHKCHUS HAa B3aMMHO TEPIICHINKY-
JSIPHBIX TUTOIIAKaX PaBHBI MO aOCOMIOTHON BENWYMHE W MPOTHUBOMOIOXKHEI MO 3HaKY. C
y4eTOM IpaBHJIa 3HAKOB I KacaTeIbHBIX HaNpspkeHUH ty-+1, t,=-t (3HaK MHHYC mOKa-
3BIBACT, UTO KacaTeJIbHbIC HAMPSHKCHUS CTPEMSTCS BpaIlaTh AIEMEHT 00beMa MPOTUB Ya-
coBoii ctpenku). Torma

S, +S
§,=5,, = % Y —J J +4t 2 =+107,082 MIla;

S _+S
s,=s, . = —-—J J? +4t 2 =-27,082 MiTa.

VYroun, onpenensonyii HAaKJIOH IIaBHBIX TIOMIAJ0K:

1 2

a, =— arctg—>—=0,232 pao =13,28°.

2 Us,-s,

IIpn a, >0 ucxoaHas IUIOMIaAKa TOBOPAYUBAECTCS POTUB YACOBOM CTPENIKH, ITpH &, <0

WCXOJHAs MUIOIIAJIKa TOBOPAYMBAETCS IO YaCOBOW CTPEJIKHU.

2. OHpCI[GJ'H/IM OKCTPCMAJIBHBIC KACATCIBbHLIC HAIIPSIKCHUA, PABHBIC IIOJYPA3HOCTHU
TJIaBHBIX H&Hpﬂ)KGHPIfI:

= % = 67,082 MIla:

= stm 67,082 MITa.

DKCTpeMallbHbIE KacaTeJIbHbIE HANpPSDKEHUs JEHWCTBYIOT Ha IUIOMIAJKAX CABUTra, HAKIIO-
HEHHBIX K IJIaBHBIM IIJIOMIAIKaM MO YIJIOM 45 °, ¥ HanpaBJAEHBI OT S min K S max

3. Omnpenenum oTHOCHTENBHBIE Aedopmanuu €, 6,6, Mo 0000neHHOMY 3aKkoHy 1'y-
Ka:
ex:é(sx_ n(sy+sz))’
ey :é(s y ~ n‘(s . ¥S x))’
€, :%(Sz' n'(SX+Sy)).

Y4rem, 94To IPH MIOCKOM HANPSOKEHHOM cOCTOsTHUU S =0, Toraa

e.=1fs,- s )=5310%
E
y

1 )
e :E(S . msx)=—2,5 10

e,=- r—Ig(s . +s,)=-1,210"

4. OmnpenenyiM OTHOCUTENIBHOE U3MEHEHUE 00beMa!



1- 2m

1- 2m
= (

S, +s,+s,)= s, +s,+s,)=1610%

-4
ui q =e +e +e,=1,610"

5. Onpenenum yaenbHy0 NOTEHIMATBHYIO SHEPTUIo AehopMaluid.

OnpenenuM ee COCTaBIISIIOIINE.

VnenbHasi NOTEHIMANbHASI SHEPTUST U3MEHEHHsI 00beMa paBHa

,= 1;.);”'(5 | +s,+s, ) =0,002133,

VYnenbHasi NOTEHMANbHASI SHEPTUST U3MEHEHUs] (OpMBbI paBHa

:1;—Em(sf+s§+s§- S,S,-SS,- 5253)20,032717.

u

¢
[MonHas yaenbHas NOTEHIUAIbHAS dHEPrus ae(opMaiyii paBHa
1
u=u,+u, :E(S 2452452 2m(s 5, +5 5 ,+5 5 ,))=0,034850,

2

I uzi(sf+s§- 2ns Xsy)+tx =0,034850.
2E 2G
Sy

Sx

Sy
3agaga Ned
K cranbHOMY Bany NpuIOKeHbI TPU U3BECTHBIX MOMeHTa: M7, My, M3. Tpebyercs:

6. yCTaHOBUTH NMPH KaKOM 3HAYEHHMH MOMEHTa X YToJl TOBOPOTa MPAaBOTO KOHIIEBOTO
CEUEHHUs BaJla paBeH HYIIO,

7. JUId HaliIEHHOTO 3HaYyeHUs! X MOCTPOUTH SMIOPY KPYTALIMX MOMEHTOB,;

8. mpwu 3amanHOM 3HaueHHU [] ompenenuTh AMamMeTp Baia W3 pacyeTa Ha MPOYHOCTh
¥ OKPYIIMTH €T0 3HaueHue 1o Ommkaimiero, pasaoro: 30, 35, 40, 45, 50, 60, 70,
80, 100 rm;

9. mOCTpPOUTH AMIOPY YINIOB 3aKPYUHBAHUS,



10. HaiiTn HanOONMBIINIA OTHOCUTENBHBINA IO 3aKPyINBaAHUS.
HcxonHable maHHBIE.
cxema |V
a=1,9 m; b=1,2 m; c=1,4 m; M,=1900 Hm; M»>=1200 Hm; M3=1400 Hwm; [t]=35
Mlla, G=80000 MIla
Pemenne

1. OmnpenenuM KpyTSAlIME€ MOMEHTHI Ha KaXXJIOM YYacCTKE HArpy»KeHHUs, MOJIb3YSCh
METOJIOM CEUEHUM.

| ygacTok: Of£zfa m =-X,

Il yaactok: atz£fa+c m, =- X- M,

Il ygacTox: atcf£z£a+c+b m=-X-M;-M,

|V ydacrox: atc+b£z£2a+c+b m,=-X-M;-M,+M,

TToJTHBIIA YTOJT 3aKPYYUBAHHKS JOJDKEH OBITH PABHBIM HYIIIO:
j = 1+j 2+j 3+j 420, roe

_ ma _(' X)a_
1= - I}

GJp GJp

_me _(- X- Mge.
2= - y

GJp GJp
_mb _(-X-My-M,)b.

j

j

j

° GJ, GJ, ’
P = ma _(- X- M;- M, +M,)a.
Gy, GJ, ’
Toecoa

(- X)a+(- X- My)c+(- X-My-M,)b+(- X-M;- M, +M,)a=0
M,a- M,(a+b)- M (a+b+c)

X= 2at+b+c

[omyaum X=-1001,56 H m.

2. KpyTsmue MOMEHTBI Ha y9acTKaxX HarpysKeHHS
| ygacrox: m, =1001,56 H m,
Il ygactok: m, =-398,44 H um,
[l yaacToxk: m, =-1598,44 H u,
IV ygacToxk: m, =301,56 H m.

3. OnacHBIM Y4aCTKOM, T.C. YHaCTKOM Ha KOTOPOM BO3HUKAIOT MAaKCUMAJILHBIC Kaca-
TCJIBbHBIC HAIIPSIPKCHUSA, ABJISACTCA TpCTI/Iﬁ Y4aCTOK HArpyKCHH.
CoctaBuM YCJIOBUA NTPOYHOCTU IJI OMMACHOTO YHAaCTKa BaJa.
t =% gft]=35MIa
W

max
p

3
w, =P D
16

=0,1963D°

Omnpenenum nuametp D U3 ycrnoBust IpOYHOCTH:



D3/~ 5 = 00615 = 61,5
[t 50,1963

[Tpuaumaem D=0,07 m = 70 mm
BbIuucinM reoMeTpudYecKre XapakTepPUCTHKU MOMEPEUHBIX CCUCHHM Basia;

[TonsipHBIIE MOMEHT COMPOTUBIICHUS CEUCHUS:

:p D3

w 5 =0,1963D° =67,35X10°° »°;

p

[TonspHBIA MOMEHT UHEPLIMM CEUECHUS

pD4 4 -8 4,
=, =00082D" =23572>40* x';

p

, M1 M2 M3 X
z .4 .4
SN2 oy S — S S — S E— -1
A B C D E
a b C a
W 1l I |
1001,56
301,56
Mip LT[ 0 [Ha
- 398,44
1598,44
0.0030
D e [ T 0 [pad]
0.0071
0.0101

4. OmnpenenrM aOCOJIIOTHBIE YTJIbl 3aKPYyYHUBaHMS YYAaCTKOB Baja!

. a
i = g‘l—J =0,0101 pao:

p
. C
J zza:' 0,0030 pad,

p

| b
J 3:%: - 0,0102 pao;

p
: m,a
= =0,0030 pao
] 4 GJ pa

p




[TonHeI yroi 3akpyynuBaHus Bajia

J =ittt ,=0

OnpenenuM yriaoBbIE€ MEPEMENIEHUS MONEPEYHBIX CEUEHUHM, COBMAJAIOIINX C TpPaHU-
[IaMHU YYaCTKOB Harpy>KeHUs:

ceuenne A (>kecTkas 3a7eKa): [f =0;

ceuenue B : DJB =Df\ +] , =0,0030 pao;
ceuenue C: OF =D’ +j , =- 0,0071 pao;
ceuenue D : DJD =DJC +j , =-0,0101pao;
ceyenue E : QE=QD +j,=0

5. Haubonpumnii OTHOCUTEIBHBIM YIOJl 3aKpyUHUBaHUS

3amaua Ne/

JI7st 3aJaHHOTO TOMIEPEYHOTO CEYEHUSI, COCTOAIIETO U3 IIBEJUIEpa U PaBHOOOKOTO
YroJIKa WK U3 JIByTaBpa U PaBHOOOKOTO YrojiKa, WU W3 IIBEJUIepa U AByTaBpa, TpeOyeT-
(0

1. ompenenuTh MONOKEHUE IIEHTPA TAKECTH,;

2. HaWTH OCEBBIC U NMEHTPOOCIKHBIE MOMEHTHI HHEPITUU OTHOCHUTEIHLHO IEHTPATBHBIX
oceu X; U Ye;

3. OmpeneNuTh HANPaBJICHHUE IIABHBIX IIEHTPAIBHBIX OCEH U U V,

4. HaAWTHU IJIaBHBIC MOMEHTHI HHEPIIHH,

5. BBIUEPTUTH ceueHHE B MactiTabde 1:2.

HcxonHable maHHEBIE.
cxema V.
mBesutep Ne20; paBaoOokwmit yrook 90" 90° 6; nByTaBp Ne20a.
Pemenue

3amaHo cocTaBHOE cedeHue, cocrosiiee u3 paBHOOokoro yromka 90906 m aByraBpa
Ne20a. Beibupaem crenyromue ganasie o tadbmunam ['OCTa mis coproBoro mpokara:

PaBHOOOKMi1 yrosiok 90" 90 6 ("OCT 8509-86)

b=90 mm - mupuna nmoaku, t =6 mm - TonuuHa monku, F=10,61 cM® — momanp ceue-
HUS, Zp=2,43 cm - monoxkeHue LeHTpa Tsxect, J=J,=82,10 cm® - oceBble MOMEHTEHI
WHEPIUU OTHOCUTEIHHO IEHTPAIbHBIX oceH, Jy,~=48,10 en® - HEHTPOOEKHBIT MOMEHT
WHEPIIHH.

JiBytaBp Ne20a (I"OCT 8239-89)

h=200 ym - BeicoTa, b=110 mm - MpuHa TONKH, S=5,2 MM - TONIUHA CTeHKH, t=8,6 mm
- TonmuHa monku, F=28,9 cy? — miomans cedenus, J,=2030 e’ Jy=155 em® - oceBbIe
MOMEHTBI HHEPIIUH OTHOCHUTENIBHO IICHTPAIBHBIX OCEH JIByTaBpa.

BreruepunBaem 3amanHoe cedeHne B macmrabe 1:2. Beioupaem ncxomasie ocu XOY Ta-
KM 00pa3oM, 4TOObl OHU OBLIM MapaijiebHbl CTOPOHAM COCTABHOTO CEYEHUS U MPOXO-
TV 9epe3 MEeHTPHI TsokecTu AByTaBpa Cy u yronka Co.

JI71st KaXK7I0To 2JIEMEHTa CEYeHHS TPOBEAEM COOCTBEHHBIE IIEHTPAIbHBIE OCH.



KOOpI[I/IHaTBI HCHTPOB TSXKCCTU IJICMCHTOB CCUCHUS B BBI6paHHBIX 0CiX, UX IIomaau u
MOMCHTBI MHCPIIMH ITPHUBCACHLI B Ta6JII/II_[€.

Ne I[Tnomans Fi Koopauuarsl 11.7. MOMEHTBI HHEPLIUH
CMZ Xi Yi in in inyi
Z Z Z
cm cm cm cm cm
1(nByTarp) | 28,9 3,07 0,0 2030,0 155,0 0,0
2(yromok) 10,61 0,0 12,43 82,10 82,10 48,10
geelcggggoe 39,51 2,25 3,34 3311,18 | 310,24 -248,05

KoopanHaTel IEHTPOB TSHKECTH YacTe cedeHus: B BhIOpaHHOU cucteme oceir XOY
(Bce pa3Mephbl B3SITHI B M, HHICKC 1 COOTBETCTBYET IBYTaBPY, HHICKC 2 - YTOJIKY)
X, =05b, - z,=3,07 cm
¥, =0
X, =0
y, =05h, +2,=12,43 cm
[Inomans COCTaBHOTO CEYCHUS
F=F+F,
Crarndeckyue MOMEHTHI TUIOIIAIN ONPEIEISAINCH:
(-
Sx - yi ><I:i
(-
S, =%
KoopauHaTsl IEeHTpa TSHKECTH COCTABHOT'O CEUEHUs OMPEENIEHbI o (hopMyaam
1 2
+
S, *S _ X OE X

= 2=225
©TTF F,+F, N
L+ S X, +y, F
yC — Sx Sx — yl 1 y2 2 :3’34 om
F F,+F,

Paccrosaue MCXKIAY COOTBCTCTBYIOIIMMH COOCTBECHHBIMH HOCHTPAJILHBIMHA OCSIMU
3JICMCHTOB M HCHTPAJIbHBIMU OCAMHU BCCTO COCTABHOI'O CCUHCHHA

a=Y-Yc
B =X - X
No q bi
cm cm
1(nByTaBp) -3,34 0,82
2(yromok) 9,09 -2,25
IIpoBepka M=M=E =0,367
&, b, F

OceBble U IIEHTPOOESKHBIM MOMEHTBI OTHOCUTEIBHO LIEHTPaJIbHBIX oceil Xc, Ve BhI-
YUCJISIIOTCS 0 popMynam

Jo =J +J2 =% +a’F, +J2, +a’F,=3311,18 cu*
Jo =JE +32 =31 +b2F, +JZ, +b?F,=310,24 cu’

Jyeve = ‘])l(cYc + J>2<cvc = ‘])1<1Y1 +a,bF + ‘])2(2Y2 +a,b,F,=-248,05 e’

10
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[TonoxeHue raaBHBIX HEHTpaIbHBIX oceil uHepuuu U,V ompenensercs yepes3 yroiu
a, KOTOPBIA OHU COCTaBJISIOT C IICHTPAIbHBIMH OCSIMHU XC,YC (MON0KHUTEIBHOE 3HAYCHHE
yTIjia OTCUUTBHIBACTCS MTPOTUB X0/ YaCOBOM CTPEIIKH)

a= %arctg _2der 20082 pao=4,69°

Yo © Xc

ITo pe3yibTaTaM pacCuCTOB HAHCCEM Ha YCPTCXK. LICHTP TAXKCCTH BCCTO CCUYCHMA,
LCHTPAJIBHBIC OCH,; TTIABHBIC ICHTPAJIBHEIC OCH.

I'naBHBIE HECHTPAJIbHBIC MOMCHTBI MHCPIHUH CCUCHUSA
J, =J,cos%a +J sinfa - J,_sin 2a =3331,54 cu*
J, =J,sin%a +J, cos?a +J . sin 2a =289,88 cu*

Kpome Toro, riiaBHble HEHTPaJbHbIE MOMEHTHI HHEPLUU CEYEHHS] MOTYT OBITh BBI-
YHCJIEHBI 110 (hOpMyIaMm:

+

J e :JX°—2JY° +%J (Jy - I, ) +4J2, =3331,54 cn’
+

min = % - %\/ (3, - 3, )" +4J2%, =289,88 cu*

BrINoaHNM aHaTUTHYECKYIO IPOBEPKY.
Jyo +3y =3, +J,=3621,42 cu’

Jyy = Jyey COS2A - LZ‘]“sinZa =0

3amaua Ne8
JUig 3alaHHBIX JIByX cXeM OajoK TpeOyeTcsl HalmucaTh BBIPAXKEHUS JJIS KaKJI0Tro
ydacTka ¥ MoCTpouTh 3mopsel Q u M; momobparts

1. mis cxemsl (@) AEPeBSHHYIO OajKy KpyIJIOTro IMOIEPEYHOro cedeHus npu [S]=8

Mlla;
2. nns cxembl (6) cTalbHYHO Oaliky JIBYTaBPOBOIO IOINEPEYHOTO CEUYCHHUS TPH
[s]=180 MIla.
HcxonHable maHHBIE.
cxema VI;
1,.=1,1 m; 1,=6 u; 8,=9a; ay=9a; as=1a; M=9 kHwm; P=10 kH; 9=6 xH/m.
Pemenne
Cxema a

JI71st KOHCONBHOM OANIKK OTPEACNIUM MONEPEUHbIC CUIIBI U U3TrMOAIOIINE MOMEHTHI Ha
Ka)XJIOM y4acTKEe Harpy»eHHus, pacCMaTpuBasi y4acTKu OaKi OT CBOOOJHOTO KOHIIA
K 3aJIejIKe.

| yaactok: O£z£a=011m
Q. =0
M, =0
Il yaacTok: afz£10a=11m
Q, = q(Z- a)' P
M,=-05q(z- af +P(z- a)
12



Torga Ha rpaHuIIax yyacTka
QZ(zza) =-10xH QZ(ZZIOa) -- 4,06 xkH
M,y =0 M 5(s-100) = 6,96 kHM

z=10a)

3HaueHNE MOMEHTA B OITACHOM CEUYCHUM

M, o« =6.,96 kHm- no sToMy 3HaYCHHIO M3THOAIOLIEI0 MOMEHTA BEICTCSI PacyeT

Ha MPOYHOCTb.
YcnoBue MpoYHOCTH
M
Mo £[s ]=8 Mila,
W

X

S

max

p w, 3 W[ﬁaj =869,96 cu’

[Toabop xkpyraoro ceueHus

_pd®
W=
2
32\pN =0.207 1 = 207 Cu :%—336 54 cn?

q
: T I

"""7/ S —
Oa a
/
0.99u 0.10y
I I
Q 0 [xH]
4,06 -
6,96 10,0
+
M 0 [xkHwm]
Cxema 6

OnpenenyM BepTUKaIbHbIE PEAKIUHU B IIapHUPHBIX onopax Ra, Rs. YpaBHenus
PaBHOBECHSL:

13



?éM‘B:o
faM' =0
i- RyXl0a- Pxa+qg>x9axba- M =0

1- R, ¥0a+Pxl1a+q>x9ax45a+M =0
- Pa+qgx@axbba- M

R, = =1532«H,
10a

R, = Pxlla+qg>9ax45a+M = 27 08KH:
10a

npoeepka

ay=o0 p R,+R,- g9a- P=0;

npoeepka couniacoy

OmpeneuM TOMEepPEYHbIe CHIBI M M3THOAOIIMe MOMEHTHI Ha KaXKIOM y4acTKe Ha-
IPY>KEHU, TIOJIb3YSICh METOJIOM CEUCHHUIA.
| ygacTok: 0£z£a=06m (cmpaBa)

Q=P
M,=-Pz
Tornma Ha rpaHUIIaX y4acTKa
Ql(Z:O) =10xH Ql(zza) =10 kH
M) =0 M (e = - 60KH M
Il yaacTok: afz£2a=12m
QZ = P- RB
M, =-Pz+Ry(z- a)
Torga Ha rpaHuIIaX yyacTka

Qz(zza) =- 1708xH Q2(2=2a) =-1708xkH
M 2pa) = " 6 0xHm M 2z=2a) = 4 25kHm
IV yuacTtok: O£z£a=06m (cmesa)
Q =R,-0z

Torga Ha rpaHuIIaX yyacTka

Qy(p0) =15321H Qupa) = 1172kH
M () =0 M (o) = 811KHM
Il yaacrok: afz£8a=48m
Q3 = RA - gz

M, =M +R,z- 05q7°
Torga Ha rpaHuIIaxX yyacTka

Q3(z:a) = 11172 KkH Q3(z=8a) =-17 ,08 xkH
M 3(z=a) = 17 11xHm M =4.25kHm

z=a 3(z=8a)

14



MakcumanbHOE 3HaUYCHUE MOMEHTA MPpUXOANTCA Ha CCHCHHUEC, B KOTOPOM IOICPCHHAA

cuiia oOpamiaercs B HOJIb. OnpenenuM KOOpIuHaTy CEUEHUs:

Q;=R,-0z=0 P :&:4,25a:2,55ﬂ4

q

TOFHa M3( ) = 28 ,56 xkHwm

z=4,25a

OmnacHBIM SBJISICTCS CCUCHUEC, I'IC MOMCHT IPUHUMACT HauOoJIbIIIEE 3HA4YCHUC,

M, . =28,56 xHwm.

Tak KaK B OITACHOM CCUCHHH MOMECHT HOHO)KHTGHBHLIﬁ, BCPXHUC BOJIOKHA CiKAThI,

HUKHHE - PACTSHYTHI.
YcnoBue MpoYHOCTH

RA RB
£ q p|-
15,32 1172
I L
Q 0 [xH]
28,56 17,08 17,08
+
17,11
81 4,25
M
W 0 [ kH m]
6,0

s =Mu g [s |=180 Mmi1a,
max WX

M
p W, 3 % =158,66 e’
s |
[TonGop nByTaBpOBOrO CEUCHUS
aByTaBp Ne 18a:

15



W,=159 e, F=25,4 cn?, J,=1430 cm®, S=89,8 e, h=180 mm, b=100
mm, S=5,1 mm, t=8,3 mm

- Mo 17961Mlla
W,

X

S

max

Banka neporpyxena na d% =

[S]_Smax 0/ — 0
—[ij x100% =0,21% .

3amaga Nel0
Jliia Ganku TpeOyeTcs:
1. HaiiTH M3rUGAIONIMT MOMEHT Ha JIeBoii omope (B gomsix gl%);
2. moctpouts 3mtopsl Q u M;
3. TOCTPOUTH SMIOPY MPOrHOOB, BEIYUCINB TPU OPIAUHATHI B MIPOJIETE U JIBE HA
KOHCOJIH.

Hcxonable naHHEBIE.
cxema VII;
a=0,9; b=0,2.
Pemenue
VYpaBHEHMs paBHOBECHS JJI CTATUYECKUA HEOMIPEACTMMON OaKu:

1-R,J-M,-Px05l-05q(bl)*=0

SR +M, - P05l +q(bl){05b1+1)=0

Cucrema ouH pa3 CTaTUYECKH Heompenenuma: S=3- 2=1.

Packpoem cTaTuvecKyro HeONPeAeTUMOCTb, MONb3YsSICh METOIOM CHIL.

B kauecTBe SKBHUBAJICHTHOI CHCTEMBI BBIOMpAEM IIAPHUPHO OMEPTYIO CTATHUYCCKU
OTpeNIeTUMYO0 OaJIKy, HATPYKCHHYIO HEH3BECTHBIM MOMEHTOM X, B CCYCHHH A Ha Mec-
TE OTOPOIICHHOMN CBSI3U — KECTKOM 33JIeIKH. YCIOBHE IKBUBAJICHTHOCTH — PABEHCTBO HY-
JIFO yIJia TIOBOPOTA B CEYCHHH A - 3aIlUIlIEM B BUJIC YPABHCHHUS METOMA CUJI ISl ONUH pa3
CTaTHYECCKU HEOTPEICTUMON CUCTEMBI:

d, X,+D, =0. d,, - yrom moBopora cedeHHsS A, BBI3BAHHBIA CIMHUYHBIM

MOMEHTOM, IPUJIOKEHHBIM B c€4eHUU 4 B HamnpasieHuu X, . D, - yron noBoporta ceve-

HUA A OT JEUCTBUs BHEIIHEW Harpys3ku. OnpenennM NepeMenieHns CEYeHus 4, Monb3y-

sch MeTOAOM Bepemaruna:

d, :é(ﬁ’ M);

X
1 (o
Dp=——(Mp” M +M," M)
EJ,
VMHOKIM 3II0pY OT ACHCTBUS eIMHIYHOro MoMeHTa M camy Ha cefs:

1 (—, — 1 __ 0,33l
dllzg(lvl M):H(WOMO): EJ
X

X X

A :%xlx =05; M,=<x-=

winN
wIinN

16



YMHOKUM 3MIOpbl M3rHOAIOIMX MOMEHTOB OT JEHCTBHUS BHEIIHHMX HArpy3o0K Ha
sntopy M :

— P - 3
Dleé(Mp, M"‘Mq, M):—Ej (Wll M1+W2, Mz): 0,0;j58QI
X X X
wlz-ixi'x:-o,125P|2; m:}
2 4 2
wz:-%><(o,5q(b|)2)>t:-o,01q|3; I\szé
X, =- 2 =0178750]", M =017875q]”

1
N3 ypaBHeHUI paBHOBECUS HAXOIUM 3HAYEHHUS PEAKIUNA:

R, =- 064875 q, R, =-005125q| .

OmpenenuM TonepeyHble CHUIbI U M3THOAIOIINE MOMEHTHI Ha KaXKIOM y4acTKe Ha-
IPY’KEHHSI, TIOJTB3YSICh METOIOM CEUCHHUIA.
| ygacTok: O£z£05 (cmesa)

Q =R,
M, =R,z+M,
Torga Ha rpaHuIax yyacTka

Ql(ZZO) =- 0,6488 ql Ql(ZZO,SI) =- 0,6488 ql
M () =01788 gl M (o) = - 01456 gl

2=0 5l

Il yaacTok: 05l £z£1 (cumesa) )

Q, =R, +P

M,=R,z+M,+P(z- 05l)

Torma Ha rpaHunax ydacrka
QZ(Z:O’SI) =0,2513¢| QZ(Z:I) =0,2513¢|
M 2(z=05) = " 0,1456 ql* M 2(=1) =~ 002ql?

[l yaacTok: OE£z£Dbl (cmpaga)

Q; =0z

M, =-0,5qz°

Torma Ha rpaHunax ydacrka

Q3(z=0) =0 Q3(z=b|) :O’qu
M 3(2:0) = O M 3( =- 0,02 ql 2

z=b1)

Brimonaum nedopmaimoHHyo nNpoBepKy — yOeaumcsi, 4ToO Yroj MOBOpPOTa B ceye-
HUU A paBeH Hymo0. [lepemernienue onpesenseM, NEPeMHOX ask AMIOPY U3THOAIOIIEr0 MO-
MeHTa M i CTaTUYECKU HEOMPENeTUMON OalKM U AMIOPY OT JAEHCTBUS €AMHUYHOTO

MoMmeHTa M , momnb3ysichk GopMyaaMu AJisl IEPEMHOKEHUS MPSIMOJIMHENHBIX Tpaneruii

(M- MW)::—S(Zac+2bd+ad +bc).

17



1 .y 1 a®5l
9= EJX (M M): EJX 8?(2alcl+2b1d1+a1d1+blcl)+
05l

0_ 0,012969 - 0012969 E

+ ?(Zazcz + 2b2d2 + a2d2 + bzcz)g_ E‘]x =0

e0e ¢, =1d, =05c,=05 d,=0;
a, =0,1788ql*; b, =-0,1456q|°;
a, =-0,1456q1%; b, =-002q°

OmnpenenuM nporuObl NOMEPEYHBIX CEUCHUN 0aTKW METOIOM HaualbHBIX MapaMeT-

br 2 1)
6

B

pOB:

2 3 ) 3
EJ,y=EJ,y, +EJg,z+ MA%J, RA%+ P@

z>0,5l z>|

R 24 2> |
npuiem Yo =0, g, =0.
Torma nporuOsl B cedeHusx 0aiku (0Ch Z clieBa HAIIPaBo):
Ya(z=0) =0
~0,0039( ‘-
y(z=0,25l) - TX’
~00088q1“
Y(z=051) = Tx
_ 000704 ‘
Y(z=0,75|) - TX’
Yo(z=) = 0;
_ - 000344l ‘o
y(z=(1+0,5b)l) - Tx,
_ - 0,0068ql*
Vo) =55

X

18



Q/ql

0,6488
0,1788

dic2

d2

M/Q| Zal

Edwlgl*

Il dl'
0.25PI
0.02q/?
0,2513
0,2513 Cﬂ 0.2
% 0,6488
W b1 a2 b2
i 0.02
0,1456 g 0oss
: 0.0070
oo I IR,
0.0034@
0.25l 0.25l 0.25| 0.25 (0.l

0.0068

19



3amaua Ne6
XKectkuii Opyc NpUKpEIUIEH K MIapHUPHO-HEMOABM)KHON OMOPE U K JIBYM MPYXKH-
HaM C OIMHAKOBBIM CPEIHHUM JUAMETPOM BUTKOB D M ¢ OJMHAKOBBIM JHAMETPOM MPOBO-
noku d. [Ipyxwuna 1 umeeT M BUTKOB, Tpy)uHa 2 — N BUTKOB. Tpedyercsi:
1. HaliTu ycunus u HanpsoKeHUs B 00euX MpyKUHAaX;
2. HAWTH OCaJKH 00EUX MPYKHUH,
3. YCTaHOBHUTH IPHU KAKOM OTHOLICHHUU NMVN ycriins B 00CHX MPYKUHAX PAaBHBI MEKITY
co0O0H;
4. HAWTW YCWIWS, HANPSDKCHHUS U OCAJKU TPU HAMJICHHOM OTHOIICHUH M/N U 3ajaH-
HOW BeauurHe M (uiau N).

HUcxonHable maHHEBIE.
cxema VI

D=13 cu; d=1,3 cu; m=13: n=6; P=60 H, G=8 10* MI1a.
Pemnenue
ypaBHeHI/IH paBHOBeCI/IH JJI1 CTATUYCCKU HGOHpGI{GHI/IMOﬁ CUCTEMBI.

i = X, =0
, P Y,+N,- N,- P=0
P N,a+N,a- Pa=0
P N,+N,- P=0 (1)

Cucrtema ouH pa3 cTaTU4eCKH Heompenenuma: S=4- 3=1 .

—— —— —
Qo Qo -
< X
-,
© o

Q_)o
<
> —
1
o

PaccMoTpum cxemy nedopMaliiy CUCTEMBI.

AB BB
DABBl - DAccl A_C = CCl
1

CC, =1, BB, =1;

YpaBHEHHE COBMECTHOCTU AehOpMallHii :

|1:|2

HpOHOHBHBIG I[e(i)OpMaL[I/II/I BHHTOBBIX IIPYXWH WU UX OCAOKH paBHBI:
= 8N,D°m_
Gd* '
= 8N 2D3n.
Gd*

W3 ypaBHEHUS! COBMECTHOCTHU JedopMaliii MOJIyYUM

N,m=N,n P N,=ON, . (2)
m

Paspemas cucremy ypaBHenwii (1),(2) Haxo1uM yCHIIHS B CTEPIKHSIX CHCTEMBI:
N,=" -1895H

m+n

Pm

N, = =41,05H

m+n

MakcumanbHble HAaIPSDKEHUS B CEUEHUAX IPOBOJIOKU MPYKUH
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t,=k 8N13D =3,25 MIla
pd

8N,D

t,=k—2—=7,04 MIla
pd
Diozs
k= dD— =1,139 - nonpasounsiii koappuyuenm
|
d
Ocanxu npyxuH
3
1, =3NPM_ 6189 e
Gd
3
|, =3NDN 5189 e
Gd
= PacuemHas cxema
I
-
1
Y
[ ]
2 = ,Zﬁ,
= a
y Cxema cun
P N1
Ya
y ” 1 N
[ = ] >
C A B
N2
a a
F

Cxema Oegpopmauyut

lo Y

YcTaHOBUM, TIPU KaKOM OTHOIIIEHHU BUTKOB NMVN yCHIUS B MPY)KHHAX PaBHBI MEXKITY
coooi

nycmu N; =N, =N [}
2N- P=0 (1)

Nm- Nn=0 (2)
CnenoBarenpHO, IpU

n=6, m=n =6,

21



t,=t,=kor2 =515 MIla
3d
3
1,=1,=3PP 5138
3Gd

3amaga Nel3

UyryHHBII KOPOTKUN CTEPKEHb CKUMAETCS MPOAOJIbHOM cuiioil P, mpunoxxeHHOU
B Touke 4. TpeOyercs:
1. BbuMcauTh HauOONBLIEE PACTIATMBAIOIIEE M HAUOOJbIIEE CKUMAIOLIEE HaIpshKe-
HUS B TMONIEPEYHOM CEUEHMHM, BBIPA3UB 3TU HAIpsDKEHUd depes P u pa3mepsl cede-
HUS;
2. HAWTH JOMyCKaeMylo Harpy3Ky P mpu 3aJaHHBIX pa3mepax CEUeHHs U JOIyCKae-
MBIX HalpsKEHUSX JIUIS 4YyTyHa Ha C)KaTHE U Ha PacTsSKEHHE.

HUcxonable maHHEBIE.
cxema VII;
a=3 cm; b=4 cm;[s] =130 MIla; [s],=29 Mlla .
Pemenne
OnpenenuM NojgoKeHUe HEHTPa TAKECTH CEUCHUS.
CeueHne nmeeT ocb cumMMmeTpuu Yc. OpUHATY LEHTpa TSKECTU OMPENeTUM OTHO-
CUTEIIHLHO ocu X.
BripasuM miiomnaap MOMepeyHoro ceueHus yepes napamerpsl a u b. Cedenue paso-
ObeM Ha TPH YaCTU — JIBa TPEYTrOJbHUKA U MPSMOYTOJIBHUK C IEHTPAMU TSKECTH B TOU-
kax Cy, Cy, Cs:

F=F +F,+F, :%prb+b>Qb+%>a>Qb: 28+ 2b? =56 e’
CTaTI/I‘-IeCKI/Iﬁ MOMCHT 1JIomaan CCYCHUA OTHOCUTCIIBHO OCHU XZ
Sy =S +S,+S =Ry, tRy, tFRYy; =ab><2§b+2b2 >b+abx%b :%abz +2b° =192 en®

Opaunara nienTpa TsikecTd C MOXKET OBITH OTpesesnieHa mo popmysie

S b§a+b9
Ye ==X _e—ﬂ:3’436M
F (a+b)

['maBHbIE IIEHTpaJIbHbIE OCU MHEPLIUU CeYeHUs - ocu Xc, Yc
Brrunciaum riiaBHbple HEHTPAIBHBIE MOMEHTBI MHEPLIUU CEYCHUS.
I'maBHBIN LEHTPAIBHBIA MOMEHT MHEPLIMU CEYEHUS PABEH CYMME MOMEHTOB MHEp-
UM YacTeil ceueHus (mj, Nj — pacCTOSHUS MEXIY ICHTPAIbHBIMH OCSIMU 4YacTeil W IICH-
TPaJLHOU OCHIO CCUCHHMSI)
_ 11 2 2 2 2 2k —
Jy = Jxl +miFy "'Jx2 +m;F, +Jx3 tmyF; =
3 3 3
al2b 2 bx2b 2 al2b 2 4
- ( ) +m, >ab+—>( ) +m, >Qb2+—( ) +m,” xab =280,38 cu
36 12 36
—q1 2 2 2 3 2 —
Jy =Jy ik +Jy +noF + ) gk =

22



_2b xal 2b>h3 2bxa’®

+n,° xab + +n,’ b + +n,” xab = 270,67 cu*

2b

m=Ye- Y =Yc- ?:0,76&4

m, =Yy, - Y. =b-y. =057 cu
2b

My =Ye- Ys=Yc- ?:o,mm

n, = b #2230
2
n, =0
N, = _b +2 =30
2 3
KBapathl r1aBHBIX PadyCOB HHEPIUH
j2 =ﬁ=5,010ﬂ42 i2=ﬁ=4,830ﬂ42
X F Y F

Onpenennm Noa0KeHNe HyJICBOW JINHUH CEUYCHHUS.
KoopnuHaTsl TOUKH MpUIIOKEHUs cuibl P
Xp =X, =0 Yp = YA =- Yc=-343cm
HyneBas nunus napamienbHa ocu XC. OTpe3oK, OTceKaeMblil HyJIEBOM JIMHUEHN Ha
IJIaBHOM LIEHTPaTbHON OCU MHEPIIUU ceueHus YC,
.2

Y :-I——125CM

Yp
HawuGomnpIire 1Mo BeInYMHEe HAPSOKCHHS CKAaThs OyayT Ha HYKHEH rpaHuIle cede-
aust (Y=-Yc), HauOONbIIKE 10 BEJIMYMHE HANPSHKCHHS PacTsHKEHHs OyayT Ha BEpXHEH
rpanuiie cedenus (y=2b-yc).
XPX Ypy 0

o
'xﬂ

Torga Hau6GonbmNe C)KI/IMaIOH_II/Ie HaIIPSKCHUS PaBHbI

S =- —§1+

§1+ Ye ’( yC Z=_749.22P 1/n2

Torga HaubGosbmINE paCTﬂFI/IBaIOH_II/Ie HaIIPSKCHUS PaBHbI

§1+ Ye ’(Zb Ye)O_ 395 0gp 1122
ﬂ
Omnpenenum I[OHYCKaeMYIO HarpysKy.
VYcmoBre MpOYHOCTH HA CHKATHE!
¢ £ls]. =130 MITa
YcoBrue MPOYHOCTH HA PACTSIKCHHE:
sP £ls ]p =29 MIla

Torna
[P] .£173,51 kH [P], £73,96 xH
[Tpuanmaem [P]=73,96 xH
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A YL Y2,YC AY3

ni n3
e) S max
+
o)
n / \ n
/ IC2 \ yn Xi
e ™ / \ m2 >
(qV] =
o) / It C . \ mi3 X(;
Ci1 Cs X13
g Yyc
N
X
/ Py >
c A
S max
2a/3 |al/3 0,5b 0,5b |a/3| 2a/3
a 0,5b 0,5b a
3amgaua Nelb

[IkuB ¢ quamerpom D; 1 yriiom HakJIOHA BETBEH pPEMHS K TOPU3OHTY &; JeiaeT N

000pOTOB B MUHYTY U TepefaeT MomHOCTh N kBm. JIBa Ipyrux mIKMBa UMEIOT JUaMET-

pbl D, 1 yIiIbl HaKIIOHA BETBEH pEMHS K TOPU30HTY @, M KXKJBIA U3 HUX MEPEaacT MOIII-
HocTh N/2. TpeOyercs:

agkrwpdE

o

o N

ONIPEAEIUTh MOMEHTBI PUIIOKEHHBIE K IIKMBAM;

MMOCTPOUTH BIIOPY KPYTALIUX MOMEHTOB M,,,;

ONPENEIIUTh OKPYKHbIE YCHIHSA t) U tp, TEUCTBYIOIINE HA IIKUBHI;

ONIPEAEIUTh JABJICHUS HA BaJl, IPUHAMAsA UX PABHBIMU TPEM OKPYKHBIM YCUIIHUSM;
OTPEIEIUTh CUJIbI, U3rUOAIOIINE BaJl B TOPU3OHTAIBHON U BEPTUKAIBLHOMN ILIOCKO-
CTAX,

MOCTPOUTH IMIOPHI U3TUOAIOIUX MOMEHTOB OT BEPTUKAIBHBIX U TOPU3OHTAIBHBIX
CHI;

MOCTPOUTH AMIOPY CYMMAPHBIX U3THOAIOIINX MOMEHTOB,;

HalTU OMACHOE CEYEHHE W OIPEAECIUTh MO TPEThEH TEOPUU MPOYHOCTH MAKCH-
MaJIbHBIM PaCUYETHBI MOMEHT;

nofo0parh auametp Baja d npu [S]=70 MIla u OKpyIIUTh €ro 3HAYCHUE 10 OJH-
*xaitmrero, pasaoro: 30, 35, 40, 45, 50, 60, 70, 80, 100 ym
HUcxonable maHHEBIE.
cxema VIII;
N=90 xBm; n=800 o6/mun; a=1,3 m; b=1,9 m; c=1,8 m; D1=0,9 u; D»,=0,8 u;

a1=90°; as =80°.
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Perienue

1.0npenenenre MOMEHTOB, MIPUIOKEHHBIX K IITKUBAM.
MowmeHnT, niepegaBaeMblii iepegaueit 1:

M, = 30—N =1074,30 H m.
pn
MowmeHTHI, TIepeaBaeMble repeaadamu 2 u 3.
M, :M =537,15 H .
pn

2.ITocTpoenne SmIOpHI KPYTAIUX MOMEHTOB M,
1 yuactox: M,;=0,

2 yaactok:  M,,=M;=1074,30 H u,

3yuactok: M,3= M-M,=537,15 H .
3.Ycunusi, IeHCTBYIONINE HA IIKUBHI.
OxkpyxHoe ycunue nepegaun 1

M, _ 2387,32 H,
1
Oxpy>xHOE ycuiue nepenad 2 u 3.

= 2M, =1342,87 H,
2
4.]JlaBrieHUs Ha BaJl.
3t, =7161,97 H,
3t, =4028,61 H.

5.Cubl, u3rubaroIye Baja B TOPU30HTAIBHON U BEPTUKAIBHOMN MJIOCKOCTSIX.
BepTtukanbHas v ropu30HTANIbHAS COCTABIISIIOIINAE YCUIINH, IEUCTBYIOIIMX HA BaJl CO CTO-
POHBI IEPBOU MEPEAAUH:

P, =3t;sina, =7161,97 H,

P, =3t,cosa, =0,

t, =

t,

BepTukanpHas 1 ropu30HTaIbHAs COCTABIISIIOIINE YCUIIUH, AEUCTBYIONIMX Ha Baj CO CTO-
POHBI BTOPOM M TPEThEN IIepeaay:

P,, =3t,sina, =3967,41 H,

P,, = 3t, cosa , =699,56 H,

6.ITocTpoenue 31mop U3rudAOIINX MOMEHTOB OT BEPTUKAIBHBIX U TOPU3OHTAIBHBIX CHII.
[TocTpoenue >mropsl u3rudaromero momenta My:

ismy(P,)=0, iYalb+c)- P,(c)+P,(05a)+PR,(a)=0,

(g N_ P

iSMRy)=0 " 1Ys(b+c)- R, (b)- Py(b+c+0,58)- Py (b+c+a)=0
Y, =1393.27 H,

Y, =13703,51 H.

IIpoBepka:
SB,=0pP - PR, -2R, +Y,+Y; =0
Benuuunsl nzrudaromero MmoMenta My B XapakTepHBIX CEUEHUSX !
Mx1: O,
25



MX2: MX3: YA(b) = 2647,22 HM,

MX4: MX5:YA(b+ C)-P]_y(C) = -7736,44 H M,
MxezM)q:-sz(O,sa): '2578,81 HM,

MX8: .

[TocTpoenne >mopsl u3rudaromero Mmomenra My:

IS mB(P ) = O, ] XA(b +C) + Plx(c)+ P2x(0’5a) + PZX(a) = O’

|
lsm.(p)=0 " 1 Xg(o+c)+ P, (0)- Py lb+c+05a)- P, (b+c+a)=0
X, =-368,69 H,
Xg =1767,81 H.
IIpoBepka:

SP,=0P P, - 2P, +X,+X;=0

3HauveHus u3rudaromero Momenra My B XapakTepHBIX CEYECHUSX:
My1: O,

My2: My3:XA(b): -700,51 HM,

My4: My5:P1X(C)+ XA(b+ C): -1364, 14H M,
My6=M,7=-P(0,5a)=-454,71 H u,

Mygzo.

[TocTpoenue >mrOpbl CyMMapHOTO M3TH0AIOIET0 MOMEHTA.
M* =0,

M? =M? =273833Hn,

M? =M?® =785579 Hn,

M® =M’ =261860 H u,

M® =0.

HOCTpOGHI/Ie SIIOPLI MIPUBCACHHBIX MOMCHTOB.

M, :JMfyM+M3

Mt =0,

np

M? =2738,33 H u,
M? =2941,53 H u,
T =M? =7929,90 H m,
M? =2830,40 H u,
M’ =267312 Hn,
M® =537,15 H m.

np
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c N/2 Y N/2
LLI D+ L D> D2
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A \ 4 B A\ v
b c 0.5a 0.5a
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T1=2t1 t tF T2=2t2 Y4, To=2t2
M1 M2 M2
P1 P P
_;97 / :Zx < ix
A Ply PZy \ 4 PZy \ 4
dnjopa Kpymawux Momenmos
M2 M2
|=d | | \ \Ml \E\ | \\ |
i, N VE 4r’s 6! ‘[‘7 8
1
1 2 3
1074,30
: 537,15
Mk L L e T T e e [
a'llﬂpbl u3zu6alouwx MOMEHMQ6
Ya Py Ye A Pay P2y
| LY | | LY LY
\1 2\ I 3 4\ | 5 6\ 1 7 8\
A 2647,22 B (]
M
P
2578,81
7736,44
Xa A P1x=0 B P2x Pax
| [ | | LY LY
\1 2\ 1 3 4\ I 5 6\ 1 7 8\
A B
S RN 454,71
1364,14
3'"017(1 CYMMAPHBIX U32H 6ammux MOMEHmMO06
7855,79
2738,33 \_/
2618,60
Mcym [Hm]
dniopa npusedennvlx MOMeHMOE
7928,90
2941,53
2738,33 2830,40
2673,12
537,15
Mnp [Hn]

Onpenenenne nuaMeTpa Baja.
OnacHbIM SIBJISIETCSL CE€UYEHME, TJ€ NPHUBEACHHBII MOMEHT JIOCTHUIaeT MaKCHUMaJlbHOTO

3HA4YCHUs.

YcnoBrue MPOYHOCTH Bajla MPU HCIOJIB30BAHUHM TEOPUU HAMOOIBIINX KacaTeIbHBIX Ha-
NpsDKCHUH (TpeTheil TEeOpHH MPOYHOCTH) UMEET BUI:
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np

Mmax
=_"_£[s]=70 Mlla,
W

X

3
20e W, =P9" 0143
32

TOorga AMaMeTp Bajia B OITaCHOM CCYCHUH

Mmax M4

0,1[s ] 0,1[s ]

[IpuHIMaeM nuamMeTp paBHBIM:

d= 110 mm.

3amaua Ne22

ds3 3 —~— =3 —*— =0,1049 um.

B onacHoM ceuennn Bana ¢ quamMeTpoM d neHCTBYeT KpyTAIIUiA MOMEHT M,, 1 u3-
rubarormii MOMeHT M,,.. Bai cnenan u3 yriepoaucToit ctanu (peaes MpoOYHOCTH KOTO-
poii paBeH S, a Mpesies TeKy4ecT! S,) U He UMEeT PEe3KUX IEePEeXOI0B, BEHITOUCK, KaHa-
BOK; TIOBEPXHOCTh €r0 YUCTO 00padoTaHa Pe3IoM.
Onpenennuts k0O3PGUIMEHT 3amaca NPOYHOCTH B OMACHOM CEYEHUH BaJla, IPUHSB
HOpMaJIbHbIE HANPSHKEHUS! M3rn0a M3MEHSIOIUMHUCS 110 CUMMETPUYHOMY IMKIY, a Kaca-
TEJIbHBIE HAIIPSDKEHUSI KPYUEHUS - 1O MYJIbCUPYIOLEMY ITHKITY.
Ko puumenTsl KOHUEHTpalMu HanpsbKeHUH M MaclTaOHble KO3 QUIIMEHTH
MOKHO CYMTaTh COOTBETCTBEHHO OJWHAKOBBIMHU JUIsI HOPMAJIbHBIX M KacaTelbHBIX Ha-
MIPSOKCHUM.

HcxonHable maHHBIE.

d=40 ym; M,,=290 Hxu; M,,.=300 Hxu; S,=590 Mlla; S ,=280 Mlla .

Perienue

MOMEHTBI COTIPOTUBIICHHS ONTACHOTO CEUCHUS:
npu usrude

W, =6,28310° »°

X

IIPU KPy4YEHUU

_pd?®
W, =

=12,566 10° »*

MaxkcumanbHbIe HATPSKCHHS .
npu u3rude

s = MW =47,75 10° I1a=47,75 MIla;

max
X
IIPU KPy4YEHUH

M
t = WKP =23,08 10° [7a=23,08 MI1a.

max
p

HapaMeTpLI MUKJIIOB U3MCHCHH A HOPMAJIBHBIX U KaCaTCIbHBIX H&Hpﬂ)KGHPIﬁ:

AL CUMMCTPHUYHOTI'O [IUKJIA
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S, =S x = 47,75 Mlla; Sn=0;

JUISL ITYJIBCHPYIOMIETO [IUKIIA

t,=t, =05, = 11,54 Mila.

HpeI[GJIBI BBIHOCJIMBOCTHU MaTepI/IaJIa:

s _, =(0,55- 0,0001>s , )’ , = 289,69 MIIa;

t , =065 , = 173,81 Mllq;

Koadunmentsr, xapaktepusyronme 4yBCTBUTEIBHOCTh Marepuaia K aCUMMETPUU

UKJIA.
y . =0,02+0,000256 , = 0,138;

y, =0,5% ., = 0,069,
O¢ddextuBHbIe KO3(DPUIMEHTH KOHLUEHTpAIMK HANpsDKEHUA IpU U3rude M Kpyue-
HUH:

K, =K, =12+0,258~ 40

= 2,20;

MacmraOHble K03 PUIIMEHTHI:

K =Kgq =1,2+0,1(d - 3)= 1,30; sech 0=4,0 cu

Koaddutmentsr ancToTsl 00pabOTKH MO YCIOBHIO 33/1a4U PaBHBI:

Kes =Kg =1

Kosddunment ynpounenus u3 yciaoBusi 3a/1auv paBeH:

K,=1.

Koa¢pdunnenTsl cHUKEHUs Mpeena BBIHOCIUBOCTH JIETaIH NPU U3rM0€ U KPyUEHUU:

K., =K, :EBKS " Kl i 18xKi - 1,602:
ds Fs g v

Kosddunment 3anaca mpoyHOCTH MO HOPMAIbHBIM HAMPSIKEHUSIM:
n=_ > =355

Ksﬂ S a ty s S m
Koaddunment 3anaca mpouyHOCTH MO KacaTeIbHBIM HAMPSKEHUSIM:
n = = =8,552,

Kigla 7Yt
OO6muii ko3¢ UUKEHT 3amaca IPOYHOCTU NPHU JEHCTBUU HOPMAJbHBIX M KacaTesb-
HBIX HANPSKCHUN

n=—"5% _330

Ve +
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