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Cy3 0omu

“Marepuaiyiap Kapimaiaurd (paHuHU V3IAMTHPHIIA aMaJIui Japc,
JabopaTopusi MaIFyJOTIapy, Tajabagap TOMOHHIAH Oa)kapujaauraH
xucooam rpaduk HUIUIAPU YKYB Kapa€HUHUHT MYXUM TapKUOUN KUCMU
XUCOOIaHAIN.

YOy kymnanma tanadanapra ‘“Martepuaniap Kapiuiuru” GpaHuaad
aMaliiii MalliFyJaoTiap/ia TAIOBUM MacaiajlapHu €YUl YCYJIUHU MYCTAKUJI
Vypranuiira €épaam oepaau. KynmaHMaHUHT Ty3WIHIIA Ba MaTePUATMHUHT
0acH ATUIUII yCIyOu aHa 1Ty MaKCaJHU KYy371a0 TaHJIaHTaH.

Kynmnanmaga wmarepuaiiap Kapiiwiurd (GaHUHUHT — “Oruidmniaa
OankaHuHT AedopManusiapuau aHukian’, “CTaTuk aHUKMac Oakajap
xucobu”, “Mypakka0d kKapmunuk’, “OuuK NOpodUUIM IOMKA JACBOPJIU
crepxkennap”’, “Orpu crepxkennap’, “CuKuwiIraH CTEpKEHJIAPHUHT
yctuBopiuru (Oyitiama srunum)” Ba “JluHaMuK Kydnap Ba 3ap0 rOKIJIap
TabCUPU~ MaB3yjiapu OYViHya KHCKaya Hazapuil MabiIymoTiap OepuiiraH
o0ynu0, Oy sca Tamabanapra kam BakT capd Kwinb Mabpy3aaa YTUITaH
MaTepHaIapHA dclamra épaaM Oepamd. YKyB KyUIaHMAHMHT acOCHIA
KHCMU TUIIOBUI MHUCOJI Ba MacajajlapHH €UMIlra ayxpaTuirad Ba oaradcui
0a€H KWIMHIaH, OyHAa TaJla0aHUHT YKUTYBYM €pIaMUCHA3 MacajaHd €YUl
YCYJIMHU MYCTAaKWJI TYIIYHUO OJIMILTAa UMKOH Oepaju.

VKyB KyIIaHMAaHWHT IOKOPHAA AafTWIraH Xap OHp MaB3ycHAa
MYCTaKWJI €UMIll Y4YyH KEJITUpPWITaH MHCOJ Ba Macajaigap Tayiadara
dbaHHMHT MaB3ycu Oyilmya wmacajajap €4ull YCYJUIApUHU KaHYaJuK
V3namTupud OJATaHIUTHHUA TEKIIUPUO KYpUIITa UMKOH Oepaiu.

KymranmMa  Kypunum — TapiauM — UYHAIMIOUWAArA  OJUM  YKYB
IOPTIAPUHUHT Ta1adanapu yuyH MYJDKaJIJIaHTaH.



Orumuia 0aJKaJapHUHT Ae(opMaANUAIAPUHA
aHMKJIAI

banka 6omr nHepuus TEKUCIUKIapUaad Oupuia €Trad TallKy Kydsap
TabCUPUJIA TYFPH ATWIAAM Ba YHHHI YKH XaM IIy TEKUCIUKAA STUJIAJIH.
bankanuHr nedopManysuiaHral YKUra 3J1acTUK YU3UK JIeHrIIaIn.

bankanuar nedgopmanuscu: CalKWIMK Ba ailaHuI Oypuard OwmiaH
XapakTepJiaHaIu.

bajika KyHAQJIaHT KECUMHU OTHPJMK MApKa3MHUHT Oalika YKHUra THUK
paBUIIIa KYYMIIM YHWHT KECHMJArW CaJKWUJIUTH Jevunaau Ba Z Xapdu
OmiaH OeJruiaHaIu.

banka xap Oup KECUMUHUHT aBBAJITH Ba3uATUIa HUCOATTAH OYpUIIUIILL
Oypuarn 1y KECHMHHUHI aljgaHWIn Oypdyaru Jewunaad Ba 6 OwiIaH
OenruIaHagu.

bajnkaHUHT canKuiauru z adcuucca YKU x  opacujard MyHocabaTHuU
udponanoBun z(x)= f(x) TeHrIamara »SJacTUK 4YH3UK TEHIJIaMacu
eUniIaan.

MaremaTukagad MabiayMKH, z(X) = f(X) 3rpW YM3UKKa YTKA3WJITaH
YPUHMAHUHT a0ciiuccanap YKy OujiaH XOCHJI KWJITaH Oypyaru

dz

Oynanu .
Amannma Oy Oypyak 1° jgaH KMYMK OYJIraHjaurd y4yH tgd~6 nebd
om0, (7.1) Hu Kylngarnda €3aMus:
0= gz =2
dx
TYFpu srunuiga d7aCTUK YU3UKHUHT ATPWINTH, 3TYBUM MOMEHT Ba
Oaka OMKPJIMTHM opacujia Kyhuaara MyHocabaT MaBxKyIJIUD:

i _ M(x). (7 3)
p(x) EJ,’ '

(7.2)

OyHma: M(x) - koopJauHaTa OommaaH x macodaaa TypraH Kecumaru
ATyBYU MOMEHT;
p(x) - 6anka 3IaCTUK YM3UFUHUHT 1y KECUMIAru STPUJIUK pajny-
cH;
El, - 6anka KyHAalaHI KECUMUHUHT OUKPJIMIH.

(7.3) mynocabarmaH QoiigananuO Oajka »dJAaCTUK YHU3UFUHHHT
Takpuouii nuddepeHIman TeHrIaMacuHy KyHuaaru KypuHHIIIa €3aMus:
EJ,z" (x) = M(X) (7.4)



Arap z VKUHMHT WyHanumu rokopura kapaca (7.1-maxi), (7.4)
TEHIJJaMaHUHT HMKKajga TOMOHMHUHT HIIopajapu Oup xwun Oymamu. (7.4)
TEHIJIaMaHu OMp MapTa MHTErpayiad KeCUMHHUHT aiJlaHUII OypYaruHUHT,
sHa OUp MapTa MHTErpajiad KeCUM CAJIKWIMIMHM TOIMUII Y4yH KyWuaaru
ndomanapHu XOCHJI KUJIaMU3:

0(x) :%UM(x)dx+C} (7.5)
y
Z(X):%“dXIM(X)dX+CX+ D} (7.6)
y
M M Z'(x)>0
(\W_O_/> M<0
Z'(x)>0 o (
Ol
) 7.1-m1aki )

by tenrnamamapmaru C Ba D wuxTuépuil y3rapMac COHJIAPHHUHT
KUHMATIIapUHN OATKaHUHT TUPATHII IapTiapuaad ¢hoiaananubd Tomamus:

L) =
x=0 Oyaranma ZA(O)_O} (7.7)

9 z,(0)=0
a4+ 3 I T 1 X
Ae— y _—¥~~-_
S 0 7 x=0 Oymranma z,(0)=0
fo =3 ¢ x=/¢ Oymranma z,(¢)=0 (7.8)

_______

A .
Sy (X) ’,; B Zl — Zl
%Z ngn X, =X, =a Oynranma (@) y(a)} (7.9)

«—x —>
fe / g z,(a)=1,(a)
«— Xi—p
8) 74 ( F g
AR ) T Arap Ganka Gup ydacTkagaH ubopar
~ — |2 ’ C (V) (V)
z a ygn% Oynca, y3rapMaciap COHH 2 Ta TEHT, N Ta
X = 2z oyinca, 2n Ta ¥y3rapmMac COH OViaju.
< ~Xp >
i ——— bynapaun Ttomum  y9yH 3ca  2n T
« ’ - TEeHIJIaMaHW OWprajivkjaa eduira TYFpU
7.2- mwakn Kenaau, Oy 3ca KYI BakKT Ba MEXHAT Tayiad
KHUTaTH.

Kyiinaa Maxcyc uymmapHu TagOWK 3THO ydacTKajdap COHH KaH4a
OyNnuIMaH KAThbUW Ha3ap Yy3rapmaciap COHUHM HUKKUTara KEeJITHUPUII
MYMKHWH:



1) OryBum MOMEHT TEHIJIaMaJlapUHK KOOpJWHATa Oomu OwuiaH
TErUIUIA KECUM oOpacujia >KOWJAaIraH Talllkd KydJapaaH
Ty3aMu3.

2) DOryBYM MOMEHT TCHIJIAMAJIapWHU KABCIAPWHU OYMAC]IaH WHTE-
rpajjiaiMus.

3) DOryBYd MOMEHT TCHIJIaMacHra Kuprad sky(QT Kyd XaauHu (x —a)°
OmHOMTa Kymautupamus , Oy OmHoM 1 ra TeHT OYNraHIuru y4yH
KydT Kyd KUMaTura xanan eTkazmaiiau (7.3-makin).

4) Texuc élimnrad Ky4 OaJKaHWHT OXUpHTrada eTMaran Oysica, YHH
OaJIkaHUHT OXMpHUTraya JaBOM STTUpPAMU3 Ba YHUHT WJITapUTd
MYBO3aHATUHU Oy3MaclUK YYyH JABOM 3TKa3WIraH Ky4 WHTEH-
CHUBJIMTHJArd Ky4YHM TETHIUIM Macodana TecKapu HyHaIuIaa
Kyssmu3 (7.4-1mmaki).

v

Ty g
E

‘—
— a —)
¢ X

NN,
—rle—
1
;—bi—l
1
]
l_.‘_

I
1

1.4 - maxn
1.3 - maKn
V3rapMac KecuMIH Gankara 6apua Kydiap, SBHH TYIUIaHTaH, Ky(dT
Ba EMWJITaH Ky4lap TabCUP ITAETTaH X0J1a FOKOPUIATH MaxCyC WyJUIapHU
XxucoOra o0 YHUHT CATKWJIMTH Ba allJIaHUII Oypuyard yuyyH yMyMJlallraH
TEHIJIAMAaHU €3aMU3:

200~ f0+90.x+ﬂzm_<x—zaf O W CRO) _un—dr}

6 24 24
(7.10)

g . L _ (x—6) (x-¢) <, (x=d)|
¢9(X)—z(x)—¢90+EJy{ZM(X a)+ Y F , +>'q 5 >q 5 }
(7.11)

Oynma f, Ba 6, - Jap MOC paBuIIa KOOpJWHATA OOIIM »KOMWIalraH Ke-

CUMHUHT OOIIJIAHFUY CAJIKUJIUTH Ba ailiaHui Oypuaruiu udoananiu.

by ¢opmynanapra OonulaHfuy mapameTpiiap yCyiau €K yHHBEpCal
dbopmynanap nevuiaagu.

Arap koopauHaTa OOLIM KUCTUPUO MaxKaMJIaHTaH TasHYra JKOW-
namca f, =6, =0, arap ogaui WApHUPJIX TasgH4Yra xoiamca f =0, 6, #0
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OynuO, VHr TasHYJa CAJKWIMK HOJIra TEHIJIMK IApPTUJaH 6, TOMWIaIHu,
arap KOHCOJIHMHT 3pKUH y4uTa >koinamran Oynca, f, =6, =0 Oynanu Ba
MKKajgacu XaM KHCTHUPUO MaxKamJIaHTaH TasHYjJa CaJKWJIWK Ba alJIaHHUIII
Oypuaru Hojira TEHIJIMK IapTHUIaH TOIHIIAIH.
YMymuii XoJjila TallKd KydJapHUHT Oa)kapraH HWIIW KyWujgaruda
oynanu:
Ty h (7.12)

OyHma T - TAlIKW KyWIApHUHT OaxkapraH UIIu;
F. - yMyMmIiamras Ky4iap;
0, - YMyMJIAILITaH Ky4YuILiap.

OryB4M MOMEHT Ba KECYBUHM Ky4yJapHH XHUCOOTa oOJIraH XoJjaa
KYHJAJaHT STUaUIaa 1eGopMarussHUHT TOTEHITMA YHEPTUICH KyHuaaru
KYpUHHIILIA OVIaau:

M 2dx tnQ%dx.
v ‘Zl 2EJ, +Z£ 2GA '’ (7.13)
OyHma n - Oanka KyHAaJTaHT KECUMHHUHT MIAKIUTra OOFIMK OyIaauraH Ko-
adunmMeHT Macaial, TYFpu TYpTOypUaK y9yH n =1,2; qoupa-
BUM KE€CUM YUyH 77 =111; KymiraBp yuyH 7 =2,5 Ba XOKasa.

AmManga OMpUHYM WHTErpajira HucCOATaH MKKMHYU HHTErpall KyJla
KHYUK OYITaHJIMTA Y9yH YHU XHCOOTra ojiMacak Ba MOTCHITMAT dHEPTHs-
HUHT TakpuOuii udoaacuaan goigaraHaMms:

- M *dx
U —Zl' 2E] (7.14)

KactunpssHO TeopemacuHM TaaOMK ATHO Oanka KECHMIIAPWHUHT Jie-
dbopMalMsICUHU TONUIITHUHT YMYMUH ycyiutapujiad oupuaup. «lepopma-
USHUHT TIOTEHI[MAJ SHEPIUsCUIAaH YMyMJIAIraH Kydra HUcOaTaH OJUH-
raH XyCyCHUW XOCHJIa Iy YMyMJIAIITaH Ky4Y WYHAIUIIUAArA Ky4YuIlra TeH-
TIAPY.

ou
Ap = 7.15
iF 8F ( )
14 2
OyHJa u - Oajika KECUMUHUHT MTOTEHLIUAI SHEPTUscU 0yno, u = J' —M2 éi]()dx
0 y

ra TEHIIHUp.
F - yMymiiaimirad ky4d 0ynu0 F €éku M ra TeHr;
A - yMyMJIallirad Kyquin 0ynu6 z €éku 6 ra TeHIaup.
by popmynara KactunbsiHo Teopemacu aedriaam.



Xycycuil Xocuia TYIUIaHTaH Kydra €Kku MOMEHTTra HucOaTaH OJIMHCA,
y 3JIACTHK CHUCTEMA YM3UKJIU 3JIEMEHTUHUHT MOC PaBHIIA TYIJIAHTaH Ky4
WVHAMUIINUIAard CAIKUIWTY €KUM MOMEHT MYHaIuIuard aijianui oypua-
rura TEHT Oyaau:

S a= (7.16)
oF oM

[Torenuuan sHeprus (u) ypaura yHuHr (7.13) ¢opmynanaru Oainka
YUIyH YMKapUiTaH KuiMaTuHu Kyiuo, (7.12) dopmymnanu O6ankara TaaOuK
ATUO KyHUJaruHu XOCHII KI/IJIaMI/IB'

jM( y MO, 'V'(X) (7.17)

{.1-Muco.1.

Kyuananr kecumu Typu TYpTOypUakaaH ubopart Oyiaran €rou KOH-
COJIb PPKUH YYMHUHI aijlaHuIll Oypyard Ba CaJKWJIMTU O€BOCUTa WHTE-
rpajuiail yCcyiau OuiaH aHukKJIaHcHuH (7.5-1makin).

z

F=5kun 7
A 4 > 8
QA 20,
X DS ZB
4 =2

M

—
_

2
AN

N

7.5-makn
Eunmn: Tasiny peakumsuiapu: R, =5xu, M, =10xkuM. 6ynanu. Koop-
JTHaTa OOIIMHU IaKIAa KYpCaTUITaHICK KOMIAITUPUO STUIIraH YKHUHT
nuddepenunan Tenriamacudu (7.4) bopmynanan doigananubd Ty3amMus:
EJ,z" (x) = M(x).
Koopaunara OGomugad x Macodana KecuM o0au0, yHra HucOaraH
ATyBYM MOMEHT TEHIJIAMaCUHHU Ty3aMM3:
M(x) = —F(/-x)/
VY xonpa sruiaraH YKHUHT aud@epeHiuan TeHrjiaMmacu Kyhujaaruda
Oymanu:
EJ,z (x)=—F(/—x).
By TeHrnamaHu MKKM MapTa UHTErpamuiad UXTUEpUN KECUMHUHT aii-
JaHum Oypuyard Ba CaJKWIMTHHA TOMMIN TEHIJaMalapuHU XOCHII
KUJIaMHU3:



EJyz'(x):—F(zx—§)+C; (1)

EJyz(x):—F(z%—%)+c.x+ D: (2)

(7.7) uerapa maptuaan ¢ornanann6, C Ba D y3rapmac coHjiapHHM Toma-
MU3:
x=0 Oymranga z;(0)=0 Oynamu, (1) man C=0,
z,(0) =0 6ynamu, (2) nan D=0 napuu Tonammus.
by kutimatmapau (1) Ba (2) ra KysiMu3 Ba Kyiujgarura sra 0yiamus:
EJ,z'(X)=-F(x-%) ; EJ,z(X)=—-F(x%-X) ;
by Tenrnamanapra x=/=2u HU KyHUO, KOHCOJIHUHT SPKUH YUYUHUHT
almaHum 6ypqar1/1 Ba CAJKWJIUTUHU TOMIAMM3:

2 2 2 2
A= o=t o B 105(200) _ = —0.00375 pao.
EJ, 2 2E], 2-1.10°10-(20)
2 3 3 2 2
) (0)_——( g__e_)__ FO 5107007 12 o0

3EJ 2.1-10°-10- (20)°

y

{.2- MHCOJI.

Kymragp kecumiau mnynaT OaJlKaHUHT TaHWIAPUHUHT aWJIaHUII
Oypuaru Ba Oajika YpTaCUHUHT CAJIKWINTH OCBOCHUTAa MHTETpAJIAIl yCYIU
Ounan Tonmicud (7.6-maxn) Kymrasp Ne20, J, =1840cx”.

Eunir:  Taguu  peakuusuiapu

R, =R, =8xu Oynamu. g dxn/n IZ
Yan TasgHugan X Macodana R R NN Z

KecuM  oam0, Yalm  TOMOHJAru L9, P ,95'; S; )

Ky4wiapaaH KECHM MapKasura /12—

HUCOaTaH MOMEHTIAp WHFHHINCHHU Y b Ry

oJIaMHU3: 7.6-1maxmn

3
M,=0; M(x)=R, -x—q%):2(4x—x2).

bynn xucobra om0, (7.5) Ba (7.6) napHu Kyiuaarnya €3aMms:

2 x* X
O(x) = ﬁ(‘lg—?) +C (1)
z(x)——( X—S—X—4)+C x+D (2)

EJ,



by udonanapnaru C Ba D y3rapmacnap (7.8) yerapa mapTuaan
doiinanann® aHUKJIaHAIH;
x=0 Oynranga (2) nan D=0 Oymaau;
x=/¢ oynranna (2) nax L(4£ —ﬁ) +C/ =0; OyHuan C = __32 oymaau.
EJ," 6 12 3EJ,
C Ba D nmapuuHr kuiimatunu (1) Ba (2) ra kyitno, 0 (x) ea z(x) y4dyH

Kynaaru udoanapHu oJaMus3.

2 x> 16
0 S () G — N 3
(x) EJy( X 2 3) (3)
2 2 2x* x* 16
2(x) EJ. EJ ( 3 12 3 X) (4)

y y
DHIM MacaJlaHWHT MAPTUHU OakKapuIra yTaMus.
x=0 oynranaa (3) man

32 32-10°
0,(0) = =— =-0,0029 pan,
A 0) 3EJ,  3-2-10°-1840 P
x=/(=4nu Oynrannaa (3) nan

2 4° 16 32
93(4)25( 2-42—?—3 ):ﬁ:o,oozg paz,

y y

X = g =2m Oynranna (4) nan

3 4 8
Zﬂ,m(2)=£(2 222 16 2}=— 40 _ 40-10 = -0,36cMm.
y

3 12 3

3EJ.  3.2.10°-1840

y

7.3- MHCOJI.

JloupaBuil KyHAQIAaHT KeCUMJIM €Fou OallkaHWHT TasHYJIAPUHUHT
alinanuin Oypuyard Ba B KECUMUHUHT CaIKWIMIH OEBOCHUTA MHTETpaJIIaIl
yCyiau OWJIaH aHUKJIAHCUH (7.7-1maKm).

Egumn: TasgsH4 peakuusiiiapuad XucoOIanMu3 :

M, =-R,.-6+q-4-4+F-2=0;
16q+2F 16-4+2-1
6 6

R, = =11xn ;

_4F +8q 4-1+8-4
6 6
Tekmupum: XZ=R, -F-q-4+R, =6-1-4+11=17-17 =0.
JleMak, TasiHY peakuusiiapu TYFpyu TOMHIUOIN.
banka ukkuta AB Ba BC yuacrtkanapra 6ynuHanu.

M, =R, -6-F-4-q-4-2=0; R, = BKH.
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AB yuactkana (0<x, <2); M,;(x) =R, -x, =6x, .
DnacTHK YM3UKHUHT quddepennuan tenrnamacu EJ z 1(x) = 6x;;

byHu MKKM MapTa MHTErpajIaiMU3:
2

EJ, Z}(X) = 6% o) 1)
X3
EJ 7, (X) = 6;1 +Cx, + D, (2)
BC yuactkaga (2<x, <6);

(Xz B 2)2

M,(X) =R, X, =F(X,-2)—q =6x, —1(x, —2) - 2(x, _2)2-

DJ1acTHK YU3UKHUHT muddepenmnman TEHTJIAMACH
EJ, 73 (x) =6x, —1(x, — 2) — 2(x, — 2)°.

byHu WKKM MapTa MHTErpajIaiMU3:

2 92 73
EJyzi(x):6X72—l(X222) —2(X2_32) +C, (3)

=2 (% -2)"
6 12
C,,C,,D, Ba D, ¥y3rapmac connap (7.8) Ba (7.9) derapa maptinapuaan

dolinanann0 aHUKIaHA N :

x,=0 Oynranma (2) man D,=0 Oynanu.

X, =X, =2 Oynranna z;(2)=z;(2), 6ynaau, (1) Ba(3) gan C,=C, HuU
OJIaMH3.

X,=X,=2 Oymranga z,(2)=z,(2) 6Yynamu, (2) Ba (4) nau D,=D, =0
HU OJIAMU3.

X, =X,=2 Oynranga z,(6)=0 Oynamu, (4) nan D,=D,=0 HH oJlaMH3.
X, =6 OVynranga z,(6)=0 OYymnaau (4) naun

3
EJyzz(x):a%—l( +C,x, +D, (4)

3 4
0=63—4——4—+C2-6; CZ:—%.
6 6 9
JleMax, Cl=c:2=—%; D,=D,=0 Oynap skaH.

bapua HOMabiyMiiap TONWIAMW, SHAA MACAJIAHUHT MIAPTHUHU Oaxka-
pHIlTa yTamMmus:

x, =0 Oynranga (1) TenrmamagaH A TasHYHUHT ailllaHUIl OypyarvuHu
aHUKJIalIMU3:

C 244.10° .64
9, =72t (0)=——L —_ —-0,014 paj.
n =220 EJ 9.1.19°.314.25* pa

y

11



CaJIKMJIMT'MHHU

X, =2m OYynranga (2) TeHrnamamzaH B KeCUMHUHT

AaHUKJIauMU3:

3

8
Zg) = iI:Xl + Cz : Xl]: ]E:O o 4 (23 - 244 : 2] = —2,4CM
EJ, 1-10°-314-25 9

X, =6mx Oynranga (3) tenrnamagan C KECUMHUHT ailJlaHUII OypUYaruHu

aHUKJIauMU3:

_ 2 _ 3
0, =zi(6):${3-x§—(xz 22) o 62) +c2}:
y

6 2 3
__ 100648 (g 44 2406 008pa
1.10° -314- 25 9

{.4-MHUCO.1.

K¥ynmamaar kecumu mBessiepaan noopart OyaraH myiaaT KOHCOJTHUHT
SPKUH YUYUHUHT aljaHuill Oypyaru Ba CAJIKWUJIUTU OOIUIAHFUY MapameTp
ycynunan Qoitnananu® anukiaaHcuH (7.8-maki). [Bemnepaunr Ne20

6ymu6, J, =1520ck* OYnanu.

z 1 M=2kHM E=1
q="4Kn/m*] q KH z
< —q-r€-q---
7 l 4 A 4 1 l 3 # | X _ X

S em—e e [ _A A X A
A B .L#: P cl

7.8-maxn
Euum: Tasgsaa peakuusimapuHud Xucoo1anMm3:
2=R, -q:3-F =0
R, =3q+F =3-4+1=13xn
M, =-M, +F-5q-3-1,5=0;
M, =5F - M +450=5-1-2+45-4 = 21xnm.
KOHCOTHUHT MKKMHYM Yy4YacTKacHJiaH OJIMHraH Kecumu yuyH (7.10)
Ba (7.11) popmynanan poigananud ynusepcai hopMmynaiapHu €3aMu3:

1
Z =f +0 X+—|—-M —+R —_——
() =T+ 6, 2 PRaTg 9, 2 24

EJ,

{ X’ X’ X_4_M(X_3)2+q(x_3)4}, (1)
e et ] o

2'(x) = 6, —

EJ, 6

12



Oynma f, Ba 6, Jap MOC paBulla KOOpJAWHATA OOUIMHUHT OONUIAHFUY
CAIKWINITK Ba alnanumn OypuaruHu wudonanaitnun.Koopaunara Oomum
KUCTUpUO MaxKamJaHTaH TasHYAA >KOWJIAIITAHIIUTK Y4yH WMKKajlacu Xam
f, =6, =0 ra TeHr Oynaau

(1) Ba (2) popmynamapra x=/=5u HU KyiHrO, KOHCOTHHHT 3PKHH
YUYUHUHT, SbHU C KECUMUHUHT CAJIKWJIMTY Ba aljiaHuIl OypyaruHu TOIa-
MU3:

2 3 4 2 4 8
zc(5):i _212 1132 g2 92 g2 | 58 610 = —3,20cm.
EJy 2 6 24 2 24 6-2-10°-1520
6 3 2 2 3
2.(5)=0, =+ 2154132 —4> 4> _9.2442% |~ _0089 pao.
2-10° -1520 6 2 6 6
7.5- MHCOJ

7.9 maknaa Kypcatwirad mynaT 0ajka TasHWIApUHUHT alJIaHUII Oyp-
yaru Ba B, D KeCUMJIapHUHT CATKWIUTU OOUUIAHFUY MapaMeTp yCyJid Ou-
JIaH TOTMHWJICHH.

Kymraspuunr Ne50 6¥mu6, J, = 39290cu* ra TeHraup.

Eunnr:  tasgHu  peakuus-

JApUHU XUCOOJTAUMU3 : M = 4knm F =3k
SM, =F-8-R,-6+q-4-4+M=0; 2 " q=8kn/nm q__? I
8'F+RC+M I y L 2 2 VVV —_ —y
6 7 <+ y/ : t'q-- __
8:3+16-8+4 _, | " Rel™ ]
= s 6KH RA |<—2M—>1 — 4M _4—2M —.I
ZMC:RA'6+M—q'4’2+F'2:O; 7.9-maxki

8q—M —2F 8.8-4-2.3
6 - 6
Tekmupum: £Z =R, -q-4+R. -F=9-8-4+26-3=35-35=0.
JleMak, TassHY peakiusIapUHUHT KAUMaTIapyu TYFPU TOMMIIHO TN,
OHAM KOoOpJMHAaTa OOIIMHU A TasiHUYra >KOWIamTupud, OamKaHUHT
OXMPI'H ydacTKacuaaH ojiuHraH X kecum yuyH (7.10) Ba (7.11) dbopmyna-
napaaH doiananud yHuBepcasl popMyiagapHu Ty3aMH3:

3 2 4 3 4
z(x):f0+90-x+% R X g 0= k=2 o (x-8P  (x-6)')
(1)

=9kn.

R, =

e 2 24 6 24

13



1

Z'(x)=90+—{RAXTj+M(X_2)_q (x-6Y  (x—6)

—2)
b2l g DO 8 )

Oynnma f, Ba @, map Moc paBulla KOOpJAWHATA OONIMHUHT OOIUIAHFUY

EJ

y

CAJKWINTH Ba ainaHuml OypuaruHu wudopasaiad, KoopauHaTa OOIu
HIApHUPJIM TasHYTa KyWWiraniauru cababmu f, =0 TeHr Oynub, 6 ,#0
dapxauaup. €, C TasHYIAa CAIKUIMK HOJITA TEHIJIMK MIAPTUAH TOIWJIa-
mi. x=6mu HU (1) dopmynara kyiicak, kecum C TasHYra Kydasiu,
IOKOpHJIard KOMJaHW OMPUHYM MYyHKTUTA acoCaH, KeCHMJIaH TallKapuia
KOJITaH WUKKHTA XaJId YbTUOOPCU3 KOJIAUPUIIATH.

z(6):90-6+i{96—3+4£—8£}:0; g, =206

EJ,[ 6 2 24 9EJ,
f, Ba 6, nmapuuHr kuitmatiapunu (1) Ba (2) popmynanapra Kyiuo ma-
CaJJaHUHT IIAPTUHU OakapaMus:
x=0 Oynranaa (2) dbopmynagaH A TasHUYHUHT aWjgaHUIll OypyaruHud TO-
namMu3:
406 406-10°

21(0) =9, =— 20 __ — _0,0057 pao.
M0 =0y = =" 572.10° . 38290 pa

y
x=2 M Oymranga (1) dopmynanan d¢oigananud, B kecMMHUHT
CAIKUJIUTUHHU TOTIaMU3:
3 8 8
2 @)= 206 o, 1(g2) 81210 1210
9EJ, EJ, \ 6 9.2-10°-1840 2-10°-39290

x=6 M Oynranga (2) dbopmynagan C TasHUHUHT alJlaHUIl OypYaruHU TO-
naMu3:

=-0,099¢cm .

2 3 6
2°(6)=6, __ A6 L 98 Laagt o 428610 =0,0006 pao.
98J, EJ | 2 6 ) 9-2-10°-39290

x=8 M Hu (1) hbopmynara kyin6 D KeCUMHHHT CaTKUJIUTUHU TOTIAMU3:

3 2 4 3 4 6
Z|3(8)=—ﬁ-8+i 98—+46__84_+262_+82_ _ 3904}5 10
k), EJ,\6 2 24 6 24) 9-2-10° 39200

y

=0,55 cm.

{.6-MHCO.I.

VY3rapMac KyHAQJIaHT KeCUMJIM ¢Efou Oalka y4yH KECUMHHUHT
CaJIKWJIMTY Ba aiylaHWII Oypyaru smopacu Kypwicut (7.10-mak).
Euum: Tasga4a peakuusimapuHud Xucoo1anMu3:

M, =-R, .z+qéo7se:o;

14



2
R, = 0.7597" _ qu = 6KH
20 8

ZMC:RA-f—qé-o,zwzo
0,250/ 1

_ _ g =2

AT T, TgdtTe

Tekmupum: ¥Z=R, -q-2+R, =2-4-2+6=8-8=0.
q=4xkn/m

-
a) -« 1

¢ é: 2.]l/l I EZZM Re _.I IOCMF_

Ra le 2 f

70,009
50" 0(x)" (pad) A
il
0,007 0,005

Bn. «z (X)» (cm)

B) O | ‘

@)

6) ©

1
7.10-maxn
DOHaM OalKaHWUHT UKKMHYM YYaCTKACH/IaH OJIMHTaH X KECHMHUHT Yall
ToMoHUJaru Tamku kyuiaapaan (7.10) Ba (7.11) ganm Qoitgananu6
yHUBepcan GopMyIaHu Ty3aMu3:

_ e Lp ¥ (x=2)
z(x)=f, +6, X+EJy{RA 5 q ” } (1)
by 1 xz_ (x-2)°
Z7(x) =6, +—E\]y{RA—2 q 5 } : (2)

oynma f,=0, 6,20 OYyauMO VYHr TasHYJA CAJIKWIMK HOJIIa TEHIJIUK
mapTugaH poiganann0 aHUKIAHAIN.

3 4
2(4)=0, 4+—| 2% 42 | 9.
EJ,| 6 24

14
OyHmaH 6,=-—— Oynaau.
y T y
Tonunran kuiiMaTiapuHu >bTHOOpra ommd, (2) dbopmynagaru x
HUHI YpHHUra Oup HeuTa KuWMaTiap KyuuO aijnaHuin OypyarMHUHT

KUMUMaTIapUHU TOMUO YHUHT 3MIOPACUHU KypaMu3:

15



14 14-10° .12
21 (0)=6, =7 = — 0,007 pao.
O =0 = T T3 110° 10 20° e

14 1 (2 10-10° -12
2\ )=0=——"—+ —|2° |=- =-0,005 pao,
13) 3EJ, EJy( 2} 3-1-10° 10-20° g

2 3 6
zi(z:4):90=—i+i oH 4218 150 12 ~=0,009 pao .
3EJ, EJ,\ 2 6/ 3:1.10°-10-20

Ouau (1) bopmynanaru x ra Oup HeuTa KUMMaTiap KYHMuO CaIKUINK
KUHAMAaTIapUHU TONMO, YHUHT 3IMIOPACUHU KypaMu3 :

14

ZA(O):—E'O:O; ZA(O):O,
y
3 8

2,(2)=- 14 2+ 1 22— =— 20 %0 12 5 =—10cm,

38, EJ,{_ 6) 3:1.10°-10-20

B 3

z.(4)=- 14 gy Lo 42450 %6

3B, EJ,| 6 24| 3EJ, 3EJ,

Kecumuunr amnanum Oypyard Ba CAJIKWIMTHHUHT TOTHWJITAaH
KuiiMatiapuaad (Goiganannd Kypuiaran smropanap 7.10-makm, 0, B 1a
KypCaTUITaH.

{./-MUCOJI.

Kyunananr kecumu 30x10cm® OYiran TYFpU TYpTOypuak OYyiran

€F0Y KOHCOJHHUHI MOTCHIMAJ SHEPTUICH Ba SPKUH YUYUHUHT STHIUII
caJKuauru anukiaancus (7.11-maki).

Eunmr: IloTeHiuan sHEPrUSHUHT KUWMATUHU Kydujgaru ¢opMmyJia-
M2 (x)dx

nadH U =
!,‘ 2EJy

KecuMHUHT 5pKHH y4H-
naH X Macodaaa KeCUM O0JICaK,
yHra HucbObatan M(x) HH J

doinananu® xucoOmanMmus:

F=3ku z

|1

l
aHMKIaliMU3: . — 1) /
KyHpmananr k€CUMHUHT HUHEp— f——— (= 2,05———] A
ST MOMEHTH T 0
3 3 '

3, =" 1060 _ 555000t

12

4 2 2 ! 2 2 3

U :IM (x)dx: F _[xzdx: Fo0 _ (300) 5 (200) _5333kecu |
5 2EJy 2EJy 5 6EJ 6-1-10° - 22500

y
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banka spkuH yuuHUHT srunum cankuauruau (7.14) dbopmynanaxn
aHUKJIIalIMU3:

A=f=—"m jM()dM(X)
oyHaan M(x)=-F-x; d]\le(x) —Xx Oymaam.
A=f= ﬁlyj; F-x-xdx = %fxzdx - ?I?Ej: . 302](;](10)3 = 0,356¢m.
/.8-MuCOJL.

VsrapMac KYHIQJIAHT KECUMJIM €roy OallkaHUHT Kyd4 KYWHWIrad
HYKTaCUHUHT ATUJIULL
CAJIKWJIMTA Ba TasHYJIaAp
KECUMUHUHT AWJIAHHULLI
Oypuaru AHWKJIAHCUH
(7.12-maxn).

Euyum: 1) (7.14)
dbopmynagan QoitganaHuod
TYIUIAHTaH F Ky4
KYWWJITaH KECUMHUHT
ATUJIUII CATKWINTHHU XUCOOIaitMu3:
eh® 20(10)° 20(10)°

Z4 M, F=4xu

7.12-maxi

J, = = = =1666,67cm* :
Y12 12 12
F oM., X
AB vuacTtkama x, <0/2); M =R, X, =—-X; —Lt=-1
y A ( /) 1(x) AT OF 5
CB yuactkaga (0<x, <//2) ; Mz(x):Rc.Xzzg.xz; ‘)A/([)_;(x):%

banka cMMMETpUK IOKJIAaHTAHJIMTH ca0aldjau HMKKajda ydacTKa y4yH
XaM yukapuwirad kuitmatnapuu (7.14) popmynara KysimMus:
0
oM(x) 2 fg. L X__F£_ 400-(200)
OF EJ 32 2 48E), 48.1.10°-1666,67
2) A TasgH4ra XypT Ky4 (My), SbHU BaKTHHUAJIUK YMyMJIAIITaH Kyd-
HU KYHUO, YHUHT aiiJIlaHUII OypYaruHy aHUKJIauMU3:

=0,4cm.

A= jM()

M
bankanuHr TtasH4y peakuusulapu: R, =—-—>; R, =—+—> Ta TEHT
2 / 2 14
oyanu.
Nkkana ygacTkamaru 3ryB4d MOMEHTJIAp:

17



AB yuactkanga M, (x) = F_M, X+ M ; aM—l(x)z—ﬁ+1=1—ﬁ,
2 oM, /

CB yuactkaga M, (x) = F M ‘X, aM—Z(x):—x—z.
27 oM, /

bynapaunr xammacunu 3bTuOO0pra onuo (7.13) nan 6, HU TOMAMU3:

%
0, 1[] M, () ) gy jM()"M(’C)d]

EJ M, M,

T R

Arap M, =0 OynuivHu 3pTHOOpPra ojicak, ¢, Kyhnmarunya Oynaau:

F LY.« (% F (e 2 2 F
0, =——— Ix—— dx, +I dx, —
2E) | o\t ¢ T2E)\8 24 24) 16EJ,
bajika cMMMETpUK IOKJIAHTaHJIUTHA cabadiu
Fr2 400 - (200)?

0, =-0, = = =0,006 pa.
* % 16EJ, 16-1-10°-1666,67 e
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MycTakuJ1 e4uil y4yH MUCOJLIIAD

7.1. Hlaknma xypcaTWIraH KOHCOJUIAPHUHT 3PKUH YYHHUHT aWJIaHUII
Oypyaru Ba CAJIKWIWTH STUITAaH YKHUHT AudepeHnran TeHTJIaMacHHH
WHTEeTpasuIall uynau OviaH aHUKJIaHCHH.
Kapobu: a) 6=0; 0) 6=-0,0054 pan ;

f =-0,516¢cm, f=0.

a) 6)
z z TLM> = 30xHm

1 F=20 k z =30ku/m
g hl[ P’y” CITITT
M = 20xHm

|<_ f = 2M _’I :: g — 2M N
7.1-mucon yuyn
7.2. laknaa kypcaTuirad OankajlapHUHT TasHwilapuaard 6 , Ba 6, au-

JaHUII Oypyakjiapy Ba MNPOJETIAPUHUHT  YpTacUJarud  CaJlKHIMK
AHUKJIAHCUH

Kapobu: a)

N

0 20

>

\\\\l AN NN

6 =-0,=-0,0094pao; 6)6,=0,0097 pao; 6, =-0,0127 pao,
f =-104cwm; f =-194cm.
B) 0 ,=-0,=-0,001pao ; f =-0,062¢cm.

3) 0) B)

7 N0 0 = 20kn/g M {2y 2 q= 20KH/A£_M?80 w2 2 gz 30kn/m z
Ne36 Ne27
X
¥ s s il of s ol
] /777 __ﬁé
f——r =4y — fe /=6m ] fe—/ =2 —)
7.2-MuCON yUyH

7.3. KyHmamaHr keCuMH KyIITaBpJaH noopaT OyiaraH KK TasHYAa ETYB-
uyy nymar Oamka yuyH | f]= %OO OYAraHga COPTAMEHT >KaIBaMIAH

KYIITaBp TAHJIAHCUH Ba MYCTaXKAMJIUTH TEKIIUPHUIICHH.

2KaBoOwu:
Kymrasp Ne55; z4 q=40xu/m 4z »
o . =1600xe/cn® =[o]. | I R

f——— 1 =8 ————|
7.3-MHCOJ yuyH
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7.4. bouutaarud napaMmeTp ycyiuaad (oigananu0, makiaa KypcaTuirad

Oallka y4YyH DOHI  KaTTa [fmj

CAJIKWIMK Ba MPOJIET ypTacuaaru ( fy)
2

ax)
g
CAJIKWJIUTH TOTIUJICHUH. \ _1_
JKasooOwu: Y
q/* m;ﬁm
x=05270a f _=-0,00652 E

max !

4 L |
x=05 foa f =-000651%" = ! -
EJ

max ’

7.4-Mucon yuayH

7.5. Mlaknma xypcatwiral KOHCOJHUHT 3PKUH y4yujard OaJIkaHUHT Ta-
SHWIapUJaru aimaHum Oypuard, MNOpPOdET YPTACUHUHT  CAIKWJIWTU
OoIIIaHFUY TapaMeTp ycynuaaH ¢oiiaa-

JaHUO aHUKJIAHCHH. 3)
()
e T
g (86 +0,)0° . 1

E

01
2) 24E] T
:_5(q1+q2)€4) 6) t _l_
120EJ Q1 1 l %
(8a, +79,)¢° . (79, +80, )" i
0, =-— ; Oy = X T
6) 360EJ 360EJ
__5(a, +9,)* : ‘ g
- 768E] 7.5-Muco yuayH

7.6. Ilaknna kypcatwiran 6ankaiap B KeCUMUHHMHT CaJIKUJINTH Ba A Ke-
CHMHUHTI ailiaHuIl Oypuakjaapy aHUKJIaHCHH.

JKaBoOu:
4 3
a) f, = 37ga ; 0, :_11qa
48EJ 48EJ.
4 3
6) f, -9 ., 0
) T 24E]) ARD
a) ) 6)
g U ga q ga
AT ; B 5o g A

[t —f—t—fm g = 20 —fe— 20—t
7.6-mucon yuyH
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7.7. Waknna kypcatwiran 0anka C KeCUMUHUHT
CAJIKWJIMTH Ba alJlaHUIIl Oypyaru aHUKJIAHCHH. ViVl

4 3 1C
XKapobu: f, = _ 4302 , 6. = _ 2502 ﬂig% — 2qa
24E] 12EJ
et —fe— e —
1. 7-Mucon y4yH

7.8. Mlaknga xypcatunran Oankamap C KECUMIIAPUHUHT CaJKUIIUTHU
AHUKJIAHCHH.

4
KapoOu: a) fc:47qa ;
72EJ
4
6) f(::67qa
72EJ

0) qa\ W 6) g, @ g

IS I S

At a b a et —
7.8-Mucon yuyH

7.9. Arap maknaa KypcatwiaraH mynaT OajdkaJlapHUHT CaJIKWJIUTH 300

JaH oMaca, YJIapHHHI 6I/IKpJIPIFPI TCKINUPHUIICHUH.

Kapobu:
a) OMKPIWMIH €TapJIu: f=09[f]
0) OMKpJIMIM €TapJIM SMAC: f=115[f]

a)

f——— €/2 —» F=60xn q = ZOKH/M J;

NI

| { =4 ‘I

7.9-MuCOI yUyH
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7.10. Ilaknga xypcatwiran OankagapHUHT C KECUMUHUHT CaJIKUIUTHU
Ba D xecuMHuHT ainanuin Oypuarnau KactunbsiHo Teopemacujan ¢oi-
ajjaHuO TOMWHT.

>

F=21 xu M = 21KH/;/1“_N 5 q _12 KH/M A
2) 6 —Ne — N2
EX : | y ‘:’ ) y l l X
> > 1> > Y
E i} D 5 j y 5—; D c 5

C D
v NIV 15m
fe—1M 1M —pe—IM —pf v —ple—In —pj My
7.10 -mucon  yuyn
XKapobu: a) f. =-25cm; 0) f. =-35cm; B) f, =-0916cwm;
6, =0,015 pao, 6 ,=0,0025 pao, 6, =0,0025 pao.

7.11. Haknga kypcaTwirad MKKYM OalKaHWHT KYUMIIIMHU XUCOoOnan uynu
OwiaH WKKUM XyCycHud Mucoiga ¥3apo KY4dIll TEOPEMACHUHUHT
TYFPUINTUHYU TEKIIUPHHT.

_ Fr*a. P M-/

" 16EJ’ b 24E)

XKapobu: z, =1z,

f— /2 —sle—y/2—e—a —|

< 1
| -~
CN\\ D = Ut \‘ ’’’’’
sy OO0 TTs=~ao { _____
Y
]
|
le
"
m

—
PR

% l
/
14
7
1
)
1
I
1
1
1
\
\
A
A
Y
\
(@)
—
=
\
\
/
]
1
]
]
1
1
1
\
\
3 \

\

-
- ~o

—
\
\
\
N
N
-

7.11-mucon y4yyH

7.12. Ilaknma xypcatwiradH KOHCOJUIH

OAJIKAaHWHI KOHCOJIM Yyhjgard D KecuM- F q=30xu/m
HUHT CaJIKWIWTH F KydHWHT KaHpain \ \ v ey
KHiiMaThaa HOJra TEHT  OYJIHMIINHU A;/;; B C D
AHUKJIAHT.

JKasoOu: F =100«xw. . My

7.12-mucon yuyH
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7.13. Kyiingaru KOHCOJJIAPHUHT MPOJETH YPTACUHUHT aljaHUI Oypdaru
Ba OPKUH YYUHUHI CAJTIKWUJIUTH TOTUJICHH.

CxeMana ’KaBoOuap CxeMana >kaBoOap
P Elz_ | EJ0 P Elz | EJO
g 40a ga q 19 .,
YT ¢ |-toase || I omaf b -’
Z , 2
q ._’qaz 5 ga _aqa a1 5
[TI7] [ | -—aaf o [ vt | Set |2
Z 24 ;|24 6
<
q <—qa2 1 q uqa 7 2
I3 33370 ) | _le|-ca|| 3333 3T} | -zd@' |-Zga’
4 |, 2q 6 4 6 3
192’ q ’ 19 q
P 1 2
b g ﬁqa“ --0a3 r iy ; Eqa4 —lan
PR E |24 2 Gis q 0 |2 3
Pl E o7 o TITF |29 . | s
¥ 24qa © 4 24qa -=ga°
<+ - 6
q ga’e q Qgas
/] e
NN EER o I EEEEE R R 5 1
7 L, 59| 7 Jaa' | e
= —te—a = —pe—a —f

7.13-Mucon yayH

7.14. JKapBanga kentupwiraH Oankamap yuyH C  KECUMHUHT
cankwimru (z.) Ba B TagHYHUHr ainaHum Oyp4ard aHUKJIAHCHH.
Kynpananr kecumu KymtaBpaaH uoopar OViaud YHUHT HOMEpHU Xap Oup
BapuaHT y4yH OepuiraH. bankamapra Tabcup 3TyBYM Kyujap UKKH Bapu-
aHT/a Oyaau:

1) q=20xn/m; F =40xn; M =60xmum;.

2) q=40xn/m; F =60xu; M =30xuu;

Arap xap kaiicu OaJKaHMHT XYCYCHM OFHMPJIUTA XHCOOTra OJIMHCA, yJap-
HUHT CAJIKUJINTH KaH4ara ( Az.) y3rapaau?
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CxeMana P £ |xymrasp *xapooap
% TN Ze (ew) | @ g (pao) |Az (cm)
a) s _4d
+ 1131 d 3 1 33 -1,355 0,00926 | -0,031
K- Qe 2| @
pul -1,197 0,00806 -0,022
6 — M
)l I/Iq ] 1 27° 1,212 0,00707 -0,045
<
B) — M q
IR EEEEEEEE 1 36 | -1,295 000822 | -0,027
C 53
@\ -« 2 45 -1,117 0,00692 -0,017
) g
C# IEEEER . 1 | 27 | 0355 |-000488 |-0,046
ééé\ IF wEQ«\ 2 | 30 |-1,130 |0,00832 -0,038
<
) — ' “lM 1 27 -0,444 | 0,00866 -0,046
& cle % B 2 | 20 0 0,00785  |-0.084
q -0,045
e a -1,858 0,001192 )
)| TIT v il 1|27
B
‘f%\ Clr “ﬁw\ 2 36 -1,046 0,00775 -0,027
le& = 24le—2a = 4 y—)

7.14-mucon yuyH

7.15. Illaknma xypcatuiraH, MaxKamJaHUII IIApTIapu OyWuda Xap Xuj
OynraH Mkky OankaHuHT A Ba B kecumuiapuparu CaqkKuivK Ba aiJIaHUII
Oypyakiapy TOIHJICHH.

JKasooOwu: -
Fa’ 2Fa’ a) lF l g
D 2=y O n=g A T B [
z,=0 ; Z,= : 5 2F
) F
_Fa® _5Fa’ R F 7
4T Ry A7 6E) 8 B [
2
0,=0. ) _Fa . k— @ —ste—t—ste——|
6EJ

7.15-mMucon yayH
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7.16. XXagBannga kypcaTuiraH KOHCOJIIM OaJKaHUHT MPOJETUHU YPTACUHHU
Ba KOHCOJIb 3PKWH YYMHUHT CAJIKWIATH Ba 4an (A) TasHYHUHT aiJaHUII

Oypyarv TOIUJICHH.
Kynmamanr kecumu KymtaBpaaH uOopaT OViauO, OadkaHWUHT FOKJIAHHIIH

WKKH BapuaHTaa Oyaau:
1) q=20xu/m ; F=40«xn : M = 60xHm
2) q=40ku/m ; F=60xu ; M =20xum ;

Cxemala P £ |kymTasp ’aBoOIap
§_ womepu |7 oy Zo, (cm) HA, (paa)
— —q E
A I 1V 1 3 11 1 27 | -0,866 0,266 -0,01067
¢ ‘&\ 2 21
-0,931 0,196 -0,00931
q F
o e e D AR R O B
A
C %B D12 [30° | o343 -0,129 -0,00343
q MI"
Aad v ¥ ¥ ¥ —{ | | 27 |07 |05 -0,00133
c R
@\ 2 30 -0,799 0,494 -0,00659

A ' I 14 1 27 -0,498 0,241 -0,00732
C §B D

2 18 0 -0,711 -0,00518

-« <

Jv

—Iﬂl—l 1 24° | 0658 |0844 -0,00438
Ag C ‘g)&\ D |2 18 0 -0,194 0
—>

21 -0,965 1,042 -0,00432

g
S A

A C B

—r/2—
f————— = A e =1y
7.16-Mucon yayH

g
(V)

33 -0,881 0,89 -0,00678

7.17. llponétu ¢ OYATaH Ba UKKHU IIAPHUPJIU TassHUTa KYHUITaH OMKPIUTH
y3rapmac (EJ = const) Oynran 6ankanur ypracura F Ba M kyunap Tabcup
KWJIAIH.

banka negopmManMsICUHUHT TOTEHUHAT SHEPTUSCUHUHT KUHAMATUHU XU-
cOOJIaHT.

293 2
JKasoOwu: P M

+
96EJ 24EJ
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7.18. Ilponéru ¢, Oukpaurud EJBa OamaHmiuru h, Oyiaran ysrapmac Ke-
cumiu Oanka co srwmmin Tabcupuaa TypuOau. bankamarm 3HT KarTa
HOpMaJl Ky4JIaHUIIUIAp PyXCaT TUIraH Ky4IaHUIl [o]| ra Tenr ged Xxucoo-
n1a0, 6ankaia TYIJIaHTaH NOTEHIIUANl SHEPTUSIHUHT KUMMATUHU XUCOOIaHT.
KapoOu: Z[G—E;M.

7.19. XKanBanga kypcaTwiraH MKKM KOHCOJIJTM CUMMETPHUK Oajikanap CUM-

METPUK 0K Onaan roknanran. KoHcosn yunnaru cankunuk (Z,) HU, OpOJIET
ypracu (Z,) HM Ba 4Yal TasHYJard KECHMHHHI aiJaHuIl OypyardHu

xapdiap Tap3uia aHUKJIAHT.

Cxemanap XKasBobmap
EJz, Elz, EJO
a) 1F 1F lF —ﬂFa iFaS %Faz
&Kk = |7
YO N P
<& G
B)l lF —EF 3 éFa3 EFaz
& FF <& AN
0 YTy 9 . 135 ,| 9

¥
& &~
; q mﬁ_lq _an4 9 3,
L 4

q
° § tég@:t ! 4:@:\& %qazt _%qaz _gqas
>1:)—|M Mr —2 Ma* gMaz 3
Iﬂc@ «&“J 5| M

1 5 5
= Ma 2ma?| _ Ly
3) @\J L «8«\ 2 8 Z

fe—a—fe—a—r+—a —feq—fe—a—

7.19-mucon yayH
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7.20. [laknaa kypcaTuiarad OadkaHuHT A Ba B TasHWIapWHWHT alIaHUII
Oypuarnau Ba C KECUMUHMHI CAJIKUJIUTHUHU KAaCTUJIbSIHO TeopeMacuiaH
doliaann0 aHUKJIaHT.

M 0
Kasobou: 0, =—°; .
A 3EJ M
0 _MOE_ N\ Cl
" eR) S B S
as(a’® +3as + 26°) -
ZC: 0 2 . l— A ~:‘ 8 >
6EJ(3.+6) < /¢ >

7.20- Mucon yayH
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CraTuk aHHKMAaC 0aJIKaJapHu XUCcoOaamn

baska TasHY peakiusiiapuHu
aHUKJIOBUU napaMeTpJIapHUHT
COHM Iy Oanka Y4YyH JIO3UM
OynraH CTaTUKAHUHT MYyBO3aHAaT
TEHIJIaMaJIJADUHUHT COHUJAH KYTI
Oynca OyHmail Oankaiapra CTaTHK
aHMKMac Oankaimap  Jaevwnagu.
Amannma wMammHa €EKHM  HWHIIOOT
KHUCMJIApU  YUYH UIIaiIuran
OaJIKaJapHUHT OUKPIUTUHU
OIMPUO, STUIUIITA MOWUIITUTUHU
KaMaWTUpHUILl, SBHU  yJapJiaH
YHUMIUPOK (oHganaHuI  y4yH
KyllMM4Ya  TasH4Ilap  Kyuuiira
TYFPH KeNaau.

Hartmxana yJjap CTaTUuK
aHuKMac Oaykajgapra aijiaHaju.

Cratuk aHuUKMac Oankanap-
HU €4UII YYyH CTaTUKAHUHT MYBO-
3aHAT TEHIJIaMaJlapuJlaH TalllKapu
gHa JaeopMaius TEHIrJIamaniapu
Ty3ujnaau. by TeHrnamanap COHHM
OpTUKYa HOMAabJIyMJIap COHMHIa
TEHI OYJIUIIM Kepak, Iy OpTUKYa
HOMabJIyMJap COHM OujlaH Maca-
JIAHUHT CTaTUK aHUKMACIUK Japa-
xKacu AHUKJIAHA]IN. Cratuxk
aHWKMac OaJIkaJapHU EUUIIIHUHT
Oup Heva ycyJiiapyu MaBxXyIaup.

8.1-Muco.Ja

&
SN

=

6)

)

e)
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(KHM) 1
1

@qullll,x

/
4 v v v v "X _
71A B
7
A
T' g - 4M -_— RB
1k
) q
/]
2 x
’4 A4 A 4 A\ 4 A 4 A 4 >
1A B 1R
/]
7 2
M, =902 q
/] |
/]
; A 4 A\ 4 A 4 A 4
éA ----------- B| T
4 BRSNS 2
M, =R,/ _
1 F
12
A
Rg
y q |
7
4 \ v v A _
/8 R
—X —)
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O «Q (x)
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:\W
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! 5
|
le—X0=1,5 M—0y|
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8.1 maknm a) ga KypcaTWITaHJAEK IOKJIaHTaH MyJaT OajJKaHWHT
KYHJQJIAHT KECUMU TaHJIAHCHUH.

Eunm: Iy Oanka ydyH J03uM OYyiraH CTaTUKaHUHT MYyBO3aHaT
TEHTJIaMaJIApUHU TY3aMHU3 :

>X=H=0; H,=0; (1)
>Z =R, —(Q- R,=0;
R A_q li+ B O ! (2)
L+ R; =07,
EZ

ZMA:—RB'HqE -M, =0

EZ (3)
MA+RB£:q?'

Jlemak, Oanka Oup MapTa CTaTMK aHMKMAC 3KaH, YyHKU Y4 HO-
MabJIyMJIM UKKH TEHTJIaMa CUCTEMAaCH XOCHII OYIIIH.

(R,, R, 6a M, HOMabaymiap, xamaa (2), (3) tenrnamanap) Oy cTaTuk
aHUKMAac OaJKkaHd VHT TasHYJaH 030] KWUJIUO, YHHUHT TabCUPUHU XO3HpUa
HOMabJiyM OynraH Rg Kyu Ousian anmamTupu0, acocuil cucrema Oepuiran
cucremara TyJia paBullla SKBUBAJICHT OYJIUIIH JIO3UM.

Kyunap TabCUpPUHUHT MYCTaKWUIMK NpUHOMOUAAH (oiinananuO, q
Ky4JlaH zf Ba peakuua Kyud R, nman ZFfB xocul OynraH B KecUMHUHT

CATKWIMKIAPHU  aJOXUJa-aJioxyuja  TonuO,  yJApHUHT  aiareOpuk
WUTMHAMCUHU HOJITA TEHIJAlTUpaMu3, YyHKH Oepuirad cucremana D
Kecum/ia TastH4 00p, TastHY1a KYYMIIl HOJITa TEHTIUP:

2, =1, +2g =0; (4)
Bynnaru z; Ba 2y JapHH COPAaBOYHHUKIAPAH OJHUII MyMKHH, EKH alipum
dopmynamapaan  Qoimanmanud xucobjam  KuWMH AMac. Macanas,
OOIUTaHFUY TTapOMETp ycyiuaaH doigananud TONMUII KUMUH dMac, OyHaa
f,=0,=0 Oynaau.
M 2 3 4 4 4 4 4
y 1{_ WL E} 1{_q£ Lot et et

= + — 00— | = — ;
"R, 2 SRR EJ,| 4 6 24| B8E],

S A N AN
EJ,| "2 “6] B, "2 "2 "6) 3E,
bynapuu (4) Tenrnamara Kyiuo0, Rg HE TOmamus.
_ar + Ry -1” =0; OyHman R :§q€ =6xkn OViamu
8EJ, 3EJ ’ "8 '

y y
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4z _’quaz q=20K%/l F =(Qa TZ

Hp
X A 4 \ 4 A A 4 A 4 A A 4 E

y
(2) Tenrnamanan > C BE
Mp

R, =0/-R, =q€—gq€=gq€=10mt

RAT<— 2a=du 4 A= \Ro
oynanu. _-T

I "Q(x)"
(3) JdaH 28,9 ()
?? A s VA Ve ,
M,=qg——-R,/=0q—— = ——— = —8knm. 0
A=q 5 A q > 3 3 :\“imjjl”l”ﬂ
bapua HOMabiiymsiap TOMUII- |
raijaH KeWnH, CTaTUK aHUK Oayka

cupatuma Q(X)eaM (x)  dmrOpa-

91,1

46,67

|

|

|

|

JapuHA  Kypamus.  Q(X)saM (x) I
snropanapu 8.1-maki, e, K Japaa ! AN

|

|

|

|

|

KypCaTHWJITaH. 356

KecyBun ky4HMHT alcliecca
VKUHU KeCcUO YTraH HYKTACUHUHT
abcrieccacl Xo HM  TOMHO, Iy 16755
KeCUMJIaru AryBYHU MOMEHT 8.2-man

KUMMaTUHU TOIIaMU3:
dM(X) . R
o~ QU= Ry ax =01 X = =15

(L5)°

80

2
M(xo):RD-xo—q%:6-1,5—4 =9 4,5= 45k,

bankaHuHT MycTaxkaMiauK ImapTugaH Qoigananu®, yHUHT KyH-
JaJIaHT KECUMUHU TaHJIANMU3:
vax _ 8 104

M
o, =—2<|o|; OyHgan W, > = =50cwm°.
oW, o] Gymnan W, ==
CoprameHT kaaBanuaaH roct (8239-72) | Ne 12-Homepnu mpo-

GUITHU TaHJIANMU3, YHUHT KapIIWIUK MOMEHTHU W, = 58,4cm® ra TEHT.

Acocuil cucTeMaHy KaHaad XWjjia TaHjIall XUCcOoO HMIIMMHHU OCOHJIAII-
TUPUII €KW KUWWHJIAIITHPUIIN MYMKUH, JICKHH HaTWXa Oup Xuia O0ynub
KojaBepaau. Acocuii cuctemanu (8.1-maki, 3, u) Japjaa KypcaTHITaHACK
KUJINO OJIMII XaM MYMKHH.
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8.2-MuCOo.J1

8.2-Illaknyma KypcaTwiran myjgaT OaJKaHUHT TasHY peaKIusIapu
AHMKJIAHCUH Ba KYHJAJIAHT KECUMHU KYILITABD TAHJIAHCHH.
Eunn: CtaTuKkaHUHT MyBO3aHAT TEHIJIaMaJIaApUHU TOAMHU3:

S>x=0; H,=0 (1)
22=0; R,—-0q-2a+R, -F =0;

R, +R, =3qa (2)
M, =0;
M,-R;-3a+F-2a+q2a-a+ M =0;
3R, -a-M, =5qa’ (3)

Jemak, macana Oup MapTa CTaTUK aHMKMAC KaH.

Macananu Oanka sruwiral YKUHUHT OuddepeHiman TeHTJIaMacuHU
HMHTErpauiam ycyiaujaan ¢poiaananud eyamus.

bynnma wHTerpamiam HaTwKacuaa XOCHI OYITraH UXTHEPUIN y3rapMac
COHJIAPHU TEHTJIAIITUPUIN yCynuaaH (oiiaiaHaMus.

Koopaunara 00mMHA KUCTUPUO MaXKaMJIaHTaH TastHUTa XKOWIalTup-
cak, uxtuépuii y3rapmac cormnmap C Ba D Hoara TeHr Oymaau. D1acTHK
YU3UKHUHT nudPepeHiran TeHr1aMacuHy Ty3aMu3 Ba yJIapHU UKKUA Map-

Ta UHTETPaAJIaiMU3:
2 3 2

EJZ =R, x - M, 2 EJzi:RB);—MBx1+C1;(4) EJyzlzRB-);—MBx21+C1~x1+D1 (5)

2
—a
BJz;" =Ry - x, = My, - xo — F (%, _a)_qu;

2
2 2 3
Izl =R, 2 - M, .x, —F 28 e o (6)
2 2 6
3 2 RN Y

2 6 24
C Ba D napHu Tonuil y4yyH KyWHJaryd MapTiIapHu €3aMus.
x, =0 OYynrannma z; =0 Oymaau, Oynaan C, =0 ;
x, =0 Oynranna z, =0 Oynanu, OyHJIaH D, =0;
x, =X, =a Oyaranga z =z, 0ymaau, OyHjgaH C,=C, =0 ;
x, = %, =a OyIranga z, = z; Oynaau, OyHmad D, =D, =0 .
x, =3q OYnranaa z, =0 6Ynaau Ba (7) naH KyHuJIaruHu TOIMaMU3.

Ry - (32)3 M, (3;)2 -F (22)3 -q (22324 -0; OyHman 9R,0—9M , =4qa’ (8)

XOCHJI OYIaju.
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M,HM TONUII y4yH (3)HUHT MKKaJa TOMOHUHHU -3 ra Kynautupuo,
xocuy1 0yiran udoara (8) Hu xaaaad KyaMus:

3R, -a— M, =5qa’ -3

9R, -a-9M, =4qa’

—6M, =—-11ga*, OyHman M, = 1—61qa2 :%.20-22 = 14667 k1w .

M, HUHT KuliMaTuHu (3) ra KyHub R, HU TOTAMM3:

11 y452 2 2 2
=ga”+5ga” 1.20.2°+5.20-2
3RB-a—1—61qa2:5qa2; Ry = =8 = 911kn.

3a 3-2
R, HUHT KUMMaTuHU (2) ra Kyiuno, R, HU TOMAMH3 :

R, +R, =30a; R, =3ga—R, =3-20-2-911=289xn.

Tonunran TasH4 peakuuss Ba TasHY MOMEHTHMHHMHI KHUMATIApH
TYFPU TONWITAHJIUTUHU TEKITUPUO KYpaMu3:

¥2=R, +R;-30a=289+911-3-20-2=120-120 = 0.
JleMak, TasHY peakUsUIapUHUHT KUUMaTiapu TYFPU TOMUIUOIH.
KecyBun Ky4 (Q(x)) Ba OryB4d MOMEHT M(x)(*) Kulmatu
M, . =167,55kwu HU 0J1MO, Oalika KYHJAJIaHT KECUMUHU TaHJIaiMu3.
M,, 16755-10*
[c] 1600
CopramenTt xansanugad Ne45 HoOMEpaU KYyIITaBPHU TaHJIAUMM3.

W =

=104719 cn®.

8.3-MHuco.J1.

[Maknna kypcatwiaran mnynar Oanka y4yH UIBEJJIEp HOMEpU

TAHJIAHCHH Ba MPOJIET YPTacUJard KECUMHHUHT CAJIKWIUTH TOMWICUH (8.3-
1aKN).

Eunnr: MyBo3aHaT TEHIJIaMaJapyuHU TY3aMU3.

¥z2=0;R, +R, +R =q(a+s) (1)
ZMzO;RA(a+6)+R-6:q(a+6)2. )
bankaHMHT CTaTHK aHUKMACIIHK Japa)KaCHuHU aHUKJIaHMU3:
Z:f0+¢90-x+Ei RAg—q)z(—:r+RB (X_GQ)S ; (a)
a® a’
EngzEJé’A-a+RA?—qz=O; (3)
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3 3 4
EJzC:EJ@A(a+e)+RA@+Rg%—q(a;f) -0. (4)

(1), (2), (3) Ba (4) TeHrnamamapHu OWprajavkiga edub, Oapya HO-
MabiaymilapHu TonaMus: R, =40,5xu, R, =1053xn Ba R, =14,2kn.

Texkmmpuut:

>7=R, +R, —q(a+6)=40,5+1053+14,2—20-8=160-160=0.

JleMak, TasH4 peaklUsIapUHUHT KUAMATH TYFPU TONMMIIHOIH.

KecyBun Ky4 Ba O3ryBUM MOMEHT JIIOpajlapuHU OAaTAArUAEK
KypaM#u3 Ba yJiap 0), B) IIak/jiapJa KeITUPHUITaH.

Omopagad M, =475kum HU 0110, OaJka KECUMHUHHUHT 3apypHid
KapIIMJIMK MOMEHTUHU TaHIaiMU3;
M,, 475-10°

max

W, = = = 296,875 cu®
[o] 1600
q=20xn/m
CopramenT xagBaiuman Ne27 A B F
HOMEPJIM LIBEJUIEPHU TAHJIAUMU3.
3. 4, Rp
W, =308 cu®; J, =4160cu*; Rn ._FsM_.I-r: N
EJ, =832-10" ke ca’. 405 o
9n"Q(x)

XoxJyaran KECHMHHHT Ml My, ) ‘%

CAJIKWIMTUHU TONUII YYYH OJIIUH ““{LL 14,2

(3) Tenrnamaman EJQ, HUHT
KUMMaTUHU aHUKJIaliMU3. 50,5

a’ a’ ! 75

EJ ‘9A = _RA ? + qﬂ = In" M (x)"

, (knm) /{
=-40,5- 5—2—1550KHM2. | i
6 24 5
Karra mnposer ypracumaru 41,0
CAJIKWIMKHUA TONMUII Yy4YyH (a) 8.3-maxn
dopmynara x =2,5x HU KYIMHU3.
3 4
EJ2(25) = B0, -25+ R, 22) g (2;) = —1‘250 25440522 _
8
- 20—~ (25)° =88,54xnum°; 6Oynoan 7(2,5) = — 88,54 =— 88,5410 =-1064cm.

EJ 2-10°-4160
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MycTakuJ/1 e4ull Y4yH MHCOJLIIAp.

8.1. Ilaknpma kypcaTwiaraH OajdKaJlapHUHT TasiHY peaklusl Kyuaapu
TonWJICHH (8.1-MUCOJT yUyH).

M =05F/ q
ey

21 f 0 T il
B & B I

gy e o e e e
8.1-Mucon yuyH
XKaBobOmap: a) RA:%F; RB:—%F; MA:—%FZ;
MR- o R=Dars m =0
8) RA:—Z—é; Rg:%qﬁ; MA:%.

8.2. lllaknma kypcaTunran OagkajdapHUHT Xap KalCH y4yH HCTajlraH yCcyi-
naH ¢oiganaHu0, CTaTUK aHUKMACIUK Japa)aCUHU TONMHO, TasHY peak-
USJIADUHU aHUKJIAHT.

a) lFZSKH lF 2) lFZBKH Fl ) lF lF )
& 18 S BRI ik
o of s A
B A i B 4L LD
B)E i_gvv_iéxﬂ\%—il\/[ Ji e:—IMm]%HM i E M:_;)j im;lsm Y ip
e T T T s

= pbebed b e 2 e

é.Z-MI/ICOJ'I yYUyH
XKapoOnap: a) R, =R, =2,5kn ; R.=11kn; M, =—6kum; M =5kum
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0) R, =R. =15«kn ; R, =50xn ; M, =-20knm ; M. =8,4375kHm
6) R,=R.=45kn; R, =45kn; M,==2xum; M, =9xum

e) R, =R, =11kn; R, =6xn; M,=-4kum; M, =—-8xkum
0) R, =R; =11875«n ; Ry =-3,75kn ; My =25kum ; M, =—5kum
e) Ry, =Rc =6xn; Ry,=-12xn; My =8kum; M, =-16kum
ac) R, =8knu ; R, =8kn; M,=Myz=—6kum ; Mg =2KHM
3) R, =20xwu; R, =20xu; M, =M, =-10kum; M, =5kHm

2
u)R, =0, ; R, =0; M,=M,=-8kum ; M, =8kum.

2
8.3. Illaknma xypcatunran OankanuHr C TasgHUMTa KYWWITaH y4d
KYyTapuinO KeTMacluru y4yH F Ky4HUHT F e
KHITMaTH HUMara TeHr OVJIUIIN Kepak.

N ITNENINT NI
XKaBoou: F= 16 kn ) ’55;;;
I / f— ¢ = 4 —]

8.3-Mucon yuyn
8.4. Ilaknma xypcarwiran 6ainkanuHr C

TassHYUJArd PEaKusd KyYUMHUHT KUHMaTH

HOJITAa TEHT OVIWIN Y4YyH % HuCOaT

hod e A A l
KaHJal OYJIHIIN Kepak. B C

e ———a —

8.4-mucon yayH

JKaBoOu: % =0,433.
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O4uk npopu/uUIH IONKA 1eBOPJIN CTEPKEHIIAP

Kypunuin KOHCTpYKIMSIIapu UUKIA FOTIKA JEBOPIIA CTEPKEHIIAp XKY-
Jla KYII y4pauyd Ba YHAAH KEHT KYJUIAaHWIAH.

JIECBOPHUHT KUIMHIWTU & KYHIAJAHT KECUM IO3aCMHUHI aCOCUU
Yigamnapu ¢ €ku h, 7aH KYHJAJIAHT KECUM YidaMjapH 3ca Y3YHIUTHIaH
8-10 Mapra kWYUK OVyiran cTep)KeHJapra IONKa JIEBOPJIU CTEpPKEHIIap
nevimnanm (9.1-makm, a).

Onka geBopnu CTEpKEHNAp KYHIAJAHT KECUM  FO3aCHUHUHT
KYpuHUIIUTa Kapao, €nuk Ba ounk npoduuiu 6ynanu (9.2-maki a, 0).

FOnka neBopiu CTepKEHJIAPHUHT YpTa CUPTH, YHHHT XUCOOUU CXe-
MecuHH Xocui Kuaaau (9.1-mmakm, 0).

a) 0)
i %
l / /

9.1 - makn

A\

%1

Iim

Onka neBopau crepkeHiapaa
OypajuIIHU XOCWJI KWIYBYM KydJiap
TabCUPUAAH JepopMalMsUIaHUIT HKa-
pacHUJa KYHJAJAHT KECUM 103acHu
TEKUCIIUTMYa  KOJIMAcJaH, KECUM
103aCH JCIUIaHIUATA YUpauid, SbHU
TEKHUC KECUM THUMOTe3acu Oy3uiiaju,
OyHaal XOJI IONKa JEBOPJIU  CTEp-
KECHJIAPHUHT Y3Ura XOC aCOCHUM XY- — —
CYCUATHIIUP. 9.2 - mak

FOnka neBopnu CTEpKEHHUHT Oapya KyHAaJdaHT KECUM lo3ajapuja
JeraHamnuss Oup Xwin Oynaaurad OypasiMilra 3pKUH Oypaluil ACHUIaIu.
byHnail Xxonja CTepKEHHUHT KYHJalaHr KecuMuaa akaT ypruHMa KyuJia-
HUII XOCHJI OVJIaJin.

Bypanum Oypuaru Kyhujaaru Gopmyiaiad TONUIAIU

o0
AT

M
0=—"L1z. 9.1
Gl (9.1)
Hucouii Oypaymm Oypuaru ' = 46 _ M, (9.2)

dz GJ,

36



Oynman M, =0©'GJ, 6yam.
ODHI KaTTa ypUHMA Ky4WIaHHUII KyHHIaruda TOIUIaIH.

TMax = % ' 5: % (9-3)
Jt Wt
GyHza W, = % : (9.4)

Oynapaa: M, - cod Oypanuiil MOMEHTH;
G - CWDKUII MOAYJIH,
0 — KYHJIaJaHT KE€CUM KAJIWHIIUTH;
W, — KECHMHUHT KapIIWINK MOMEHTH;
J, — KECMMHMHI MHEPLHUS MOMEHTH, TApKUOU Kecumiap yuyH
J o=, +d, ++J, (9.5)
KYPUHUIIJA TOTIMJIAIN:
DHCU3 TojocajapjiaH scajraH Typiad IMpokar Oywomiap y4yH
KyWuJ1arunda TONuiIaau:
. -3
P LA (9.6)
i1 3
OyHza h.- ypTa yu3uru Oyiinda yinuaHaguraH Xap Oup KUCMUHUHT  y3yH-

JIUTH;
S ;- Ma3Kyp KUCMHUHT KaJUHJIIUTY;
o —TIpOKAaT OYIOMJIQPHUHT IIaKjIura OOFJIUK OYyiaraH Kod3(puiMeHT
OYnMO yHUHT KUMMAaTH KYyWHAary kajBajija KeITUPUITraH.
Typnu kecumnap yuyH ¢ K03QOUIMEHTUHUHT KUIIMaTIapH.
9.1.xanBan.

N

N

7
- L’Z%’Z%f%’,f
4/;

Kecum Typu

2/

N

1,08 1,17 117 |L,0=+13 115+13

FOnka aeBopiu cTepKEHJIApHUHT TYpJY KyHAATaHT KECUM Fo3aJIapuaa
JeIyIaHalus Typanya Oynaauran Oypanuiira SpKuHMAac Oypaiuin genunsa-
au. MacanaH, KYIITaBp KECHMJIM CTEPKEHHU OUp YYHMHH KUCTUPUO
Maxkamyiad MKKUHYM ydyura OypoBuu xy(dt Kyu Kyuwmica (9.3 maki),
MaxKaMJIAaHTaH KECUM Y3WHUHT TEKHUC XOJIaTHJa Konaau (JeniaHauusIaH-
Maiin), SpKUH y4Ha 3ca JeryiaHanus sHT karTta oynanu. lynra yxmami,
CTEP>KECHHUHT Y3YHJIIMUTU OyinYa Typiu HYKTAJAPHUHT KY4YWIIU Typjuya
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Oynaau Ba TOJIAJJAPUHUHT HUCOMM Uy3WIMIIK Naiao Oynagu (s ,#0) 1e-
Mak, KYHAaJaHT KeCUMa YpUHMAa Ky4JIaHMII XaMm Xocuia oymaau. Iy Ou-
JaH Oupra KYIITaBpHUHT TOKYajdapu Kapama-KapIiiv WYHaIWIIga STUaaau
Ba KUMIIASIIH.

Orununr+oypanuin

8 ) Oruui

Bypanuur

1
e
0 T+ Oypanum
q

M
B=M2 QJTHII
Iy
m

&
Orumnr+Bypanum
[}
zZ TUIHILL
=me
UL

aJl

9.3-maki

9.5-maxn
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Kapamaétran KymTaBpHUHT 3pKHHMAC Oypavill X0JIuaa KYHJTaJTaHT
KECUMHUHI TOKYacura TabCUpP 3TYBUM UYKH KydJiap CHCTEMacH Kapama-
KapIlli TOMOHTa MyHalIraH MKKUTA XyPT Kydra keatupuiagu (9.3-maxd,
0). Ilapammens Texkuciaukaa ¢ETyBUM OyHAAW UWKKHTa JKYyPT Ky4
WUFUHOWCUTA KYIIANoK Xy(pT Kyd aevmmtaau. Kymanoxk XypT KydHUHT
KuiiMaTh OMMOMEHT (B,) OmiaH 0axoJjlaHaIu Ba

B,=M-h (9.7)
ra TeHr Oynanu, OyHaa h - Kymanox )Ky(dT KydHUHT eJIKacH.

KyHnananr kecumaa HOpMajl KyWIAHHIIIAH TAlIKapW UKKU TypIaru
ypUHMa Ky4JlaHUII XOCWJ Oynamu: a) r,, 3pKUH Oypayuilira MyHOCHO

kenyBuM (9.3-maki, B) Ba cod Oypanumra OepyBUM ymMymuid OypoBYU
MoMeHTAaH (M) xocun OyiyBunM Ba M, Owinan OenruianyBud; 0) 7,. o

@

HOpMaJl KyWIAHUIIHUHT Naijgo OYnuinyd OuilaH XOCUJ OYIJIyBUM, STYBUU-
OypOBUM MOMEHT M, HU KEITUPUO YMKAPYBUM YMYyMHUU OYpOBUM MOMEHT

(M) HUHI UKKMHYY KECUMUHU TalIKWI KWJIaau. bynap KymiraBp Tokdacu
Oyitnda y3apo Kapama-Kapiiyd WyHanaraH OYiaum0 TeKuc TaKCUMJIAHTaH Ae0
KaOyn KuinHaau (9.3-maki r). YpuHMa Ky4wlaHUIl OKUMUHUHT MOMEHTH,
STWJIMII MapKa3ura HucOaTaH CTEPKEHb KAIUHIWTH OVin4ya TEeKuc
TaKCUMJIAHTaH OYynu0O, HSTruIumI-Oypajauill MOMEHTH M, Tra TEHI' Ba
Kynaaru ¢popmyia OniaH aHUKIaHA U,
M, =-EJ, 0" (9.8)

FOnka neBopnu crep:keHnapra TabCUP 3TYBUM KYUYJAPHU TaIIKHII
ATYyBUMJIApUTaA TapKATUII Ba (PakaT 3pKUHMAC OypajuIIHA XOCUJI KUITyBUYU
KOMITAaHEHTJIAPUHU XXPATHUIII Tajaad dTHIIA]IH.

Tamku Ky4iapHu axpaTuill Kyiujgaru cxeMma Oyinda yTkazuiaau.
1) 9.4-mrakn, a) ma KypcaTWIraH CTEPXKEHb STHIIHIN-OYpaHIIl MypakkKao
KapIIWIMK XoiaTuaa Oynaau. by KydHu y3ura mapajuiesb paBUINIa 3TH-
JIAII MapKasura Kyuupamus Ba F-.-e MOMEHT Kywwiagud. Y xoJjjga F
KYYHUHT TabCUpHUJIA CTEpPKEHb (akaT sruiuin Xxojatujaa Oymaau (9.4-
maki, 6), M =F -e Tabcupuaa 3ca Oypanuin xojatuaa oynanu (9.4-mrax,
B).

byHra yximam axpaTuill, CTEpKEHTra Y3yHJIUTU OYyinya TaKCUMJIaH-
raH Kyd4 TabCHUp JTraHja Xam XyJIau IyHaai Oaxapuianu (9.4-makd, al,
6%, BY).
2) 9.5-mrakn, 0) Aa KypcaTWIraHAeK IOKJIaHraH CTEP)KEHb XaM STHJIMII-
OypaMIn Mypakkad KapIIMJIMK XoJsiaTuja Oyimanu. bynpain xydTiapHu
XaMMa BakT xaMm M MoMeHT OwraH 9.5-maki, 0, B lapJia KYypcaTHITaHIeK
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aIMaIITUPUII MyYMKHH. ByHra yxmiam ukku KyQTIapHUHT WAFUHIUCUTA
KYIIAJIOK XXy(PT Ky4d AeHUIIaIN.

CTep>KEeHHUHT ATWINII MapKa3u OpKaJd YTyBUM TEKUCIUKAA TabCUP
ATYyBYH Ky(DT YHH akaT 3raju, KyImaaok Kyt aca dhaxkat Oypaiiau.

by MoMeHTmapHUHT OWpHWHHM e€JIKacura KymaiTMacura OWMOMEHT
nenunany Ba B, OwiaH Oenrunanaau. bumomeHTt Kyhnmaru dhopmynagaH

TONUJIAN:
B,=-EJ, ©" (9.9
CexTopuan HOpMaJ KyYJaHUIIIHUHT KeCUM OYyiinua y3rapuill KOHyHU
KyWugara TeHriama OunaH udoaanaHau.
c,=-E0"w (9.10)
by dbopmynagan KypruHaIWKH, IOMKA AEBOPIU CTEPKEHHUHT IPKUH-
Mac OypalMina HOpMall Ky4WIaHMII KYHAAJIAHT KEeCHMJAa CEKTopHual
103aJ1ap KOHYHH OYiinya TakCUMJIaHa U,
CexTopHall ypuHMa KyWIAHUITHUHT KeCUM OViinya y3rapuil KOHyHU
KYiujgaryd TeHrinamMa owian udoaaaaHaau:
r, =EO"S. /5 , (9.11)
OyHJaH KYpUHAIUKH, 7, KYHAAJIAHT KECUM 103U OViHYa CEeKTOpUall CTaTUK
MOMEHT KOHYHHM Oyin4a y3rapap dKaH.
OpkuHMac Oypamnuil xojatuaa OyiaraH, ONKa AEBOPIU CTEpKEHIAp-
HU XHcoOJaiia, HopMaid KyWwIaHUITHNA Kyhuaaru (GopMmysiagaH aHUKJIAIT
JIO3HM.
o,=B, -0d,, (9.12)
OyHzma B, - XMCOOMIi STyBUM OYpPOBYH OUMOMEHT, H -cm’;
J, — CEKTOpHaJl HHEPIUS MOMEHT, em’;
@ — CEKTOPHAI 038, CM°
CexTopuall ypuHMa Ky4wlaHUII KyHugaru Gopmyiaad aHUuKIaHaIu
r, =M,S /1], -5, (9.13)
OyHma M, - SryBUd- OypOBYM MOMEHT, H-cu; S! — KecuMmHMHT, 7 ,=0 Ba
7, AHUKJIAHAJUTaH HYKTaJlap OpAJIIUFU/IA aKPATWITaH KUCMH, CEKTOpHUal

(]

CTaTUK MOMCHTH, o— YpUHMA KY4YJIaHHUIO aHUKJIIaHAAWI'aH HYKTaJdaH

YTYBYH JIEBOP KECUMUHHUHT KAJIUHIIUTH.
Cexropuanl XxapakTepucTukamap o ,J, S, Ba OIWIMII MapKa3uHH

aHUKJIAII ycyJuiapu 4-000/1a KeATUPUIITaH du.
Kymrasp Ba mBemnep npoduIIapuHUHT CEKTOpHAI TeOMETPUK Xa-
pakTepuctukaiapu (9.2), (9.3) xanBamiapaa Ba STUIMII MapKa3d KoOOp-
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AVHATAJapUHU aHUKIAI GopMyranapu Xamaa ailpum Mertan mpoduiuiap-
HUHT CEKTOpHUaJ MHepIus MoMeHTiapu (9.4) sxaaBanaa KeITUPHUITaH.
CrepxxeHb Oypanuini OypUyarMHUHT TEHIJIaMAacUHU TY3UIl Y4YyH 3p-
KMHMac Oypanuiijga Tallkd Ba WYKM MOMEHTJIAp OOFJIaHMII IIAPTUAAH
dolinananunany, sbHU
M=M, +M,, (a)
Oynma M - srunuin Mapkasura HucOaTaH MOMEHT.
by (a) udomara M, au (9.8) nan Ba M, HU (9.2) HaH KUIMaTIapUHH
KYn0, Kyiuaaruau X0CuJl KujJaMus3.
EJ 0" -GJ.0' =-M. (9.14)
(9.14) mm z OViinua, guddepeHnunamiad, Oypamuin OypyarduHUHT
muddepeHiran TeHIIaMaCuHU XO0CUIT KAJIAMU3:

oV — K" ="M (9.15)

EJ

[2]

Oynna K =,/GJ,/EJ, - STWIHII-OypasHIll XapaKTepUCTHUKACH; M :—d%z-
CTEp)KEHTa oz YKW OYinad, TabCcUp 3TYBUM TallKK EWuIIraH OypoBYH
MOMEHT UHTCHCHUBJIUTH.
(9.15) TenrnamaHuHr OOIJIAHFUY TapaMeTp yCysu Oyinya eduMu
Oypanuiil OypuarnHUHT udoaacuuu 6epasu.

1
0-0 + 2% shiz+ B0 (1 chir) + Mo (k2 - shiz) + £ (2)- (9.16)

K GJ, kGJ,

by epna 6,, 6}, B, ea M, -~ MOC paBullIZla, KOOPJMHATA OOMIMHUHT, OypaJIHIII
Oypuaru, HUCOM Oypanuin Oypdyaru, OMMOMEHTH Ba YMYMHU Oypaiui
MoMeHTH; f(z) - kyunap Ba aedopmanus Tabcupuaard GyHKuusiap ak-
TOpJIapH, pojeTaa oepunran +(9:5 — xxaaBain).

Xap XwI MaxKaMJIaHUII YCyJIM Ba IOKJIAHHUII CXEeMajlapyd Yy4yH
OOlIIaHFUY MMapaMeTp KuhiMatiapu 9.6-xaaBania KeNTUPUITaH.
Kyunap TabCUpMHUHI MYCTaKWJJIMK NMPUHIMOUAAH (oiigananud, Typiu
XWI Kywiap OMpUKMacH YIyH OONIIaHFUY TapMETPJIapHU TOIUII MYMKHH.
Kyud Ba reomerpuk akriapu opacuma Kydugard auddepeHmmnan
OOFJIaHUIIT MaBXKY/I:

M, =0O'GJ,, (9.17)

OyHzna M, — co( Oypanuuigaru MOMEHT, H -M .

. 1
M, HaH z , Oyinya OWpPHMHYM XOCWIa OJIMO Ba yHM -— ra
K

KYyaiTupuO OMMOMEHT TEHIJIaMaCUHU XOCUJI KWJIAMU3.
1 dM
Ba) = — 3 t .
Kk dz

(9.18)
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KymraBp npokatiapHUHT CEKTOpHUATl FEOMETPUK

XapaKTepUCTUKATIaApU
9.2 - xxaaBal.
Hpogn OryBuM-
Cektopuan | o il CexTopuan Cod 6 _
Mpodu Hnepmas | YSTMEPHE | o mme Bypuanur YpYBUH 3J1a
vomenrn | YIVH MOMEHT 1a CEKTOPHAI CTHK XapakKTe-
HOMepH o 6 cexTopual 4 MOMEHTH pUCTHKA
J, €v®) | to3a W, ,(cm™) 3.(en*) :m(w’l)
max, (ci?)
10 644,3 15,25 42,26 2,873 0,04122
12 1353 20,10 67,33 4,243 0,03457
14 2560 25,54 100,23 5,911 0,02966
16 4879 32,25 151,30 8,406 0,02562
18 8219 38,90 211,28 11,37 0,02295
20 13121 46,15 284,31 14,81 0,02074
22 22799 55,91 407,33 20,32 0,01844
24 33799 64,48 524,15 25,57 0,01698
27 52987 76,68 690,99 31,93 0,01515
30 76704 88,38 867,93 38,83 0,01389
33 107160 100,69 1064,3 46,19 0,01281
36 154820 115,19 13440 56,85 0,01183
40 228900 134,13 1706,6 68,75 0,01070
45 376630 159,75 2357,6 05,31 0,009819
50 611990 187,10 3270,9 131,2 0,009038
55 906350 216,19 4180,8 159,9 0,008198
60 1349900 |251,22 5373,4 195,5 0,007425
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[IBemnsiep mpokaTIapHUHT CEKTOPHUANI TEOMETPUK XapaKTepUCTUKaIapH

a.X

=

32.M0, J ‘ 0z.map 02 % ;oZ.Map
. !
' I
® | o,
9.3 — xxanBan
Orunuit Map- CexTo Cexropuan Cexropuan - OryBuH-
= Ka3U-HUHT |pUa 1032 KapIIMJINK & E | Oypysun
% KOOp/IHHA- MOMEHTH E GE 3JIACTUK
i Tacu UHEp 0, /o, Weo, g gv’ Xapakre-
= a,,(cm) |-ums 2 4 > = Y| pHUCTHKa
g MCHTHH M%) ) :M4) (&) % ?:E K—F (en™)
=  (em®) O % o EJ,
1 2 3 4 5 6 [ 8 9
5 1,08 2491 2,70 | 426 | 9,22 | 5,85 (1,350 |0,14370
6,5 1,15 64,88 /3,86 | 6,36 |16,80 |10,21 |1,497 | 0,09315
8 1,22 141,8 |5,15 | 8,75 |27,57 16,20 (1,940 | 0,07219
10 1,34 2548 |7,19 |12,71 |49,35 |27,92 {2,727 | 2,05411
12 1,48 /68,3 19,54 |17,31 |80,51 |44,39 (3,634 | 0,04245
14 1,58 1512 12,03 |22,63 125,74 166,85 4,815 | 0,03483
16 1,68 2760 14,74 128,63 187,23 /196,40 6,306 | 0,02950
18 1,83 47,45 (17,68 |35,32 268,41 134,34 8,128 | 0,02655
20 1,94 7698 21,27 142,46 361,95 181,28 9,84 | 0,02201
22 2,01 11593 24,84 149,60 466,69 233,73 11,66 | 0,01958
24 2,10 15326 27,48 |55,21 557,74 277,59 13,21 | 0,01812
27 2,14 24337 31,85 66,46 /64,11 366,19 16,25 | 0,01505
30 2,26 36645 37,21 |76,54 084,87 478,78 20,39 | 0,01456
33 2,25 52630 41,39 |88,54 1271,7 594,43 24,29 | 0,01326
36 2,47 92189 149,50 104,55 1862,2 881,11 38,91 | 0,01268
40 2,43 148100 55,18 121,67 2655,1 1217,2 [59,74 | 0,01240
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9.4-xanBain

Kecum typu “34; ;i:;; Cﬁ‘;};;f:{il;u . KECHM TypH 3;:;;1[1; ;v-lre;p:;am Cek;(z)pw.lz;ljﬁuﬂﬁ
KOOpAMHATAC J, J.,
1 2 3 1 2 3
I _._.
A
J,h 3y, 0%
a,=—— Jip + o +——
L. — YT, J,
A .
! i
y
. ._}./!._._ ll_k: /] Fr
aLy ,:A h d. h? A E) é “v:‘g 2
=— zy i ' 4
i 2 y a} 2 2 E’ h
_.t ..... '. ..... :l y : ke
[ !
P s
I — f___. NG N T
: Qy a. = J31’h leszh2 \k E/_/ (‘ ZJZYh 74J1yj3yh2
A e l] Y, o, 4 | ay T, J,
7! A
==
OryBuu OypyBYM MOMEHT
dB
M, =—2 (9.19)
dz
Ymymuit 6ypyBud MOMEHT M =M, +M (9.20)
SIXITAT MOMEHTIIM KyYHUHT UHTEHCUBJIUTU TEHT:
m = dM/dz (9.21)
OpkuHMac Oypaiauinl Ba KYHJAJaHr OSTUAJUII opacujaa Kylujgaruya
VXIIALUIMK MaBXKY IJUD:
OpKuHMac Oypauii: Kyunmananr srunmuumr:
\% . v .
EJ,®" =m; EJ, 2" =q;
i 11 .
EJ, 0" =M ; EJ 2" =Q;
1 . 1 .
EJ, 0" =B,_; EJ,Z" =M;
l. I.
EJ,O; EJ,Z7;
EJ, 0O ; EJ,Z ;
f (X) dyHKIUMA Ba yHHHT XOCHIIACH
9.5 xanBain
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IOk Typnapu

e
M ¢ q
= < b4 > ) 4
= — B—ple——p
o
= | ik s iRy~ rae
S e 12 > F D ) - ¢
MkxuHYM ydacTKa
M %[M*Chk(){*a)‘i’l};
f(X) L Cf-ch(x-a)] Fe [K(x—a) — shi(x — a)] ‘
GJ, KGJ, YynHuM y4yacTka
,324 |:K2(Z;a)2 _chdx—a)_@ +ch}(x—g)}
Mer? Fe YuynHuM yyactka
fl(X) ex shk(x —a) [l—chK(x—a)] m
¢ G\Jt [K(x—a)—Shlc(x—a)+shlc(x—s)]
xGJ,
YuuHuu yyacTka
11 Mex? Fe
f (X) chi(x —a) — GJK shk(x —a) rtl] [chx(chr(x — 6) — chr(x — a)]
t t

z
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IOnKka 1eBop.iM cTep:KeHJIAPHUHT XYCYCHii I0KJIalI yCy/IHAa XHco0aamaa GONLIanruY napamMerpJiap

Baska cxemacu Ba 10K

Bouutanrny napameTpiaapu

Baika cxemacu Ba 0K

Bouuianruy napamerpiapu

e

B, =M e[(lf chaxl)(1-chk ) +
+shaxt(xt —shrt) J2(1-chx ) +
xlshkt ]’1;

M, :Me/c[shkl'(l—chzz/cﬁ)—ShaK(
L-chkt) ][2(1fchrx 0) + klshkt ]’1;

0,=0; 63=0

azklé_chké _ atxl )|,
g 2 shxt shit )|

817M3k (iichm((} _
M " GI \kt shee )0
; » E M, =Me/(; B, =0;a =6/l
|‘—4’|<—B —
I: f >
=
1 Fe  shaxl,
[4 % =53 gt
/7(%7 0y =0; M, =—-aFe; B, =0;
|<—6E-|<—B — a =g/l
I 4 >
m
14 q o=
A

By =~ [(@xt — shaxt) L — chid) —
(A—charl)—(xt—sht) | /
[2@—chrt) +xtshict) | ; My =—Fe[(axl —

shaxct)shict + (L—chol)(L—chid) |
20— chit) ++xfshnet | §y=0; 65 =0

a=d/¢;
eél—p|e—— d —> me
l—— B ——>«—C —> M, =-——(a®-af);
l " |9, =0;
By=0;a, =c//
_ xlchoxt i By = {l(O,SKZaZ&Z —chaxl)(1—chkl) — (axl — chax?),
f4 B, =-Me————
a shxl — xlchicl
(1t —shrt) 1/[2(L—chaxct) + ktshit ]}
é chk ¢ —chax!
M, =-Mex —; 2 2,2
shxl — xlchi ¢ {[(0,51( a0 —chayrl)(1—chrl) -
e B 1 f/ q — (et — shayrl) (it —shiet) |/
; 0, =0;0,=0; 6=c// TiTl 1t = Stk = Sk
N A

&=Ll

ashkl —shax!

=-Fe/————;
shkl —xlchxl

aklchkl —shaxl
shxl — klchit

B,

M, =Fe

0, =0,0=0; a =g/l

2@~ chrt) + xtshxt ] };
M, = {[(0,5K2a2(2 —chayl)shil +

+ (axl —shaxl)(1—chk?) ]/[2(17
—chiel)+ ktshxt | }— {[(0,51«'2012/42 -
chayrl)shil + (axl — shayxl)(1— chil)
1[2Q0 - chit) +xtshet ] };

0,=0; 6,=0
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IOnKa 1eBOpJIH CTep:KeHJIAPHUHT XYCYCHIi I0KJIAII yCYJINIA XHCO0IaNIa GOLIIaHr Iy TapaMeTpJiap

bajnka cxemacu BonuIaHTHY Baika cxeMacu boumuianrmy
Ba IOK napaMeTpJjapu Ba 0K nmapamMeTrpJjgapu

B =
q 0 K shxl — klchk (

e
a vm _% oy’ klshil — chogkl :|

shil — klchil

1 a’k202chil — chkl
=M 2% T 0
_"_C_f 07k shil — klchx/l e~
0, =0;01=90%;

B,=0;M,=GJ0,/!

_ms {3 a’klshil — chax|

Eocfrczfzchké —chayxl

shxl — xlchrl

X —>
=0 6=0,a=9;04 =55 |, / .
M PRI 0 d B, =—(0,63 thxt/2)/(xt -

1 g\ chet g ? othl/2 )
ZI 0,=0,0,=0;a=6/c. 3 z )

|4_a_.|<_B —_— < 0 > 6,=0;6; =0.

I _ 14 > 9By = —6,G3,shit (xlchicl — shil);

“/I: Bo = %(thd B S?hi}fj; 2‘ } ,V‘R/I o = GJ,0,kchrl [(klchk! —shxl);
%I M, =—Fe;6, =0; 6} =0; <‘—X—>| , ,77;57 6, = 0:60 =0,
_ i

——ple—— B ——»] a:%

B, =6,GJshxl [(xlchrl —shkl);

l > 0
c
e q ﬂ[oadth g_chakfj g M, =0,kGJ, xchrl [(klchkl —shrl);
a "| I | | By=12 chxt z
a (almh ‘- Chal’{éﬂ ZI % 0, =00} =
le »!
éte—d " IMg=-m(d-c)6,=0;6t=0| l I
{&——— B —«—(C =
/
9.1-mucour.

9.6-mraknaa KypcaTWiraH HOCUMMETPHUK KYIITAaBp YYYH STHIUII
MapKa3W KOOpJWHATallapyu, @@ XUCOOJaHaJIuWraH caHokK Oomu cudaruga
OOIIT HOJIb HYKTa TOMMJICHH, CEKTOPHA MHEPIIMS MOMEHTH XUCOOJIAaHCHH.

Eunm: bomr mapkasuii MHEpUMS MOMEHTJIAPUHU Z Ba 'y JIIOpaliapu
oyitnua Bepemruarun dopmynacugan dhonganaHnud xucobiaiiMus:

=jy2dA:2-1-24.1+%[2(6-6+9-9—6-9)]=678CM4;
A

=[2’dA=2-1-12-15-12 + % % 112 = 6624cu*,

A
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TZ log 6) 1
______________ 1 6
[ FE B
| "“L-O.M v ) s
1.
j |----i- --------- Ei o (B g
|‘jCM-> 15 cMm |T g
9.6-1max 9.7-maxi

il 100

9.8 -makn

Kyt0 B Hu 5 HyKkTaga, @, HUHT XUCOO OOl HYKTACUHM 2 Ja 0JIH0,
w , dIIOpacuHu Kypamu3s (9.8-mak, a).
by smropanu keTrma-keT y Ba z smropanapura BepemryaruH Kouaacu
Oyitnua KynauTupuoO, CeKTOpHUaT YM3UKIU CTATUK MOMEHTIIADHU TOIIaMU3.

oy =T 2[2.6-120 - 29240 +9-120]= ~8100cx’;
s, :g.lz_%.lzz_]ﬂSOO(m?

Oruiaum MapKa3MHUHT KOOpAWHATajgapu Kyuuaaru QopMynaaan
AHVKJIaHA!.

a, =- Sop: __ ~8100 =11.95Cu;
J, 678
S

a, =— o8 = _ 10800 =-1,63cm.
J 6624

y
OTUUII MapKa3u CUMMETPUS VKU OV YKWJa €Taliu.
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KyTOHM STWIIMII MapKa3uja >KOWIamTupuO, o' SMIopacuHu Kypuo
OOIIl HOJIb HYKTaHHM TONaMu3, OyH/a 2 HyKTaHU XUCOO OOl HyKTacu Ae0
onmuHaau (9.8-maki, 0).

Bepemuaruy ycynu Ouinad Kyiugard gopmyiia Oyiinua o' smopa-
cunad dorpanannd, D y3rapMac COHHM XUCOOIaWMU3:

[ora 120 + 60 1 100+ 80 1
DA |22 15.0-2.40.24. 24 T2 151 | = = —20cu?.
2 2 2 76

A
o=w"'-D TeHrmMKAaH (GoimanaHu®d @ SIIOPACHMHU KypHII YYyH
KyWHaarmiapHu XUco0iaimus:
o, =60 — (—20) =80cm?; @, =0—(~20) =20cn?; @, =—120 — (=20) =—100cx:’;
{@1 =80 — (—20) =100cx®; @, =—40(=20) =—20cu’; w, =—100 — (—20) = —80cn.
Tonunran xwuitmatinapgan Qoigananub, « DdIIOPaCUHU KypaMu3
(9.8-maxn, B).
CexTopuall UHEPIIMSI MOMEHTUHH TOMHII YUYYH @ SMIOPACUHU Y3UHU-

}”131/1ra KYTTaUTHUPAMHU3:

_5j 2ds _21 15 [2(80-80+100-100 —80-100)]+ LZZMZ % 20 = 90400cn®

9.2-MHCO.I.

9.9-makn, a) ma KypcarTwiral OINKa JEBOPJIM CTEPKEHb YUyH
Oypanum Oypuaru, cod Oypanuil MOMEHTH, OMMOMEHT Ba JT'yBYH-
OypoBYM MOMEHT TEHIVIAMaJlapu  Ty3WICHMH. M, B,,M,, Q éa M

SMIIopajiapyu KypuicuH. Xamzaa xaB(uin KecuM Y4yH o,,0,6a o Jap

sropanapu  KypuicuH. CTepKeHb KYHAAIAHT KecuM ro3u 9.10-makn, a)
Jla KypcaTujras.
Eunm: KyHmanaHr KECMMHUHI T€OMETPHUK XApPaKTEPHUCTUKAIAPUHU
XUCOOIaiiMus.
1)  KyHnmanaHr KECUM I03H:
A=2-20-3+70-3+40-3+110-3=780 cu’.
2) y ykura HucOAaTaH OFUPJIMK MapKa3HWHHUHT XOJIaTH:
ZS ~2-20-3-65+70-3-95-40-3-55 12750

c =16.3cm
Z A 780 780
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_ F=10xu =10xu/M
e=0,1m 4=2 M=10xaM

[TIT) "

ANV

le 0,6 R

0,0555
0,0166

2
e
H N

A
=
% 0,092

0,1636

0,496
0,2548 0,095

0,5405

N~ e} <
3lg g R B
N~ e} N <
0 ol 8 N =]
& i o T
- = N
Q) g
i [T 5 5
O
§ e 9 IO
— ﬁ'—” 0
@KHM ~
K
— |O
s

i

17,56 ?
70,752
064

© %7,
Ee,m

.9-makn

3) KecumHuuHT 60111 Mapka3uii nHepIUs MOMeHTH (9.10-1makn, a):

3 3 3 3
3, =2/ 203 L o0.3.352 | 370 1103 3407 0087eu;
12 12 12 12

3
J,.=2 w+3-2,0-48,72 + 70-3 +70-3-38,7% |+
12 12

3
+3-110-16,3% |+ 40-3
12

3
_{3‘110 +40.3-71,32j =1633835,7cm".
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—f 1925

B a)Al ~

j. ________ A .

Y3

el
oy

r) 58,7
===
38,7

e

71,3

25725

300

,CM 30187,5
TS |
1 e
B

58200
Li P

9.10-mmraxi

97

4) Hxtuépuil 4, KyrOra HUCOATaH CEKTOPHAJ FO3aHHUHT SITIOPACH
EplaMu/ia STUITUIT MapKa3WHUHT X0odaTHHHU ToraMu3. (9.10-mrakm, 0):

v Ba Z »smopanapudu Kypamus (9.10-makmn, B, T).

Bepemuarua KougacuHu Taa0uK 3THO, » Ba y 3MIOpAacHAaH YU3UKIN

CCKTOPpHAJI CTATUK MOMCHTHU aHI/IKJIafIMHBZ

S(oaY) :IwAl 'ydA=2(1925'35.2.35.3+M.20.35.3_1100'20.2.20.3j:
A
=10451250 cwm’.

3 2 2 3
KecuMHuHT Z YKU CUMMETPHUK OYJITaHJIWTHIAH YU3UKINA CEKTOpHAI
CTaTHK MOMEHT S, ,) =0 Oynanu.
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OrWimim Mapkasd A KOOpAWHATAIAPUHUA, A HYKTa KOOpJAWHATAIAPU
opkanu udomanaimMus: S(2) =0 , Oy rannurugaH , a,=0;
. __Stwan _ 10451250 _
i J,. 249087
5) bomr Hykra M,, npodui YpTa YM3UFHHUHT CHMMETPHUS VKU
STWJIMII MapKa3Wura SKWH HYKTaJa KECUIITaH HYKTacura TYFpH KeJaJIu.
6) bom cekTopuan koopauHaTa @ SHOpacuHu Kypamm3 (9.10-
IIaKi, o).
7) Bepemuarua Koupgacu Oyindua @ SIIOPACHHU Y3WHH-Y3WTa

—42¢m

KYanTupuO, CEKTOpran WHEPIUS MOMEHTHU TOIHJIA]IN:
2
J,=[0’dA+ZA, 0.5,
A

OyHIa A4, — CEeKTOpHal 103a SIMIOPACUHUHT aJOXU]a YYaCTKACUHUHT F03a-
cH;
o, — 1Ty 3MI0pa aIOXUJa y4acTKaJIapH H03acCy OFUPJIMK MapKa3u-
HUHT OpJINHATACH;
& —KECUM DJIEMEHTIAPUHUHT KaJTUHIUTH!

J =2{260(2.455-455+2.245.245—455.245.455).3+455'35§455.3+1940'20-2.1940-3}:

=171260745 cn®
8) bBypamum uHepuHus MOMEHTH J, Kyiwumard GopmysiajgaH TOIH-

Jt:%Zhi 5°

OyHma h, ez &, - TPOQUIHUHT Xap OUp TYFpU TYPTOypUaK IIEMEHTUHUHT
OaJaHJINTH Ba KAJIWHIIUTH |

a —1npodun makiaura OormuK Oyiran kodpuuueHT, Oepuwiral IIaKi
Y4yH « =115ca TEHT.

9.10- makn, @) OwIaH MOC XOJiJIa TOIIaMM3

Ji :%(2'20'33+70-33+110'33+40'33)=2691CM4.

JJaaun

9) DOrumum Oypanuin xXapaKTepHUCTHKACH

5
K= G, =\/ 8 %O 2691 :0,00251i20,251£.
EJ, V2-10°-17126745 cm M

10) bypamumm OypuaruHuHr TeHrIamMacu (9.16) cTepikeHb dall
KECUMUHHUHT MaxKaMJIaHUIIIUHU XUCOOra oJICaKk y KyHuaard KYpUHHIITHU
OJIaJIN.
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B, M
0=—"(1-chkx) + —2° —shkx) + f (x). a
GJt( ) <G/ (rx )+ f(x) (a)

bouutanruy mapamerpiap 9.6-xanBaaHuUHr 4-6 cxemanapu Oyitmya
TONUJIA/N:

shxl —xlchxl K shx? —xlchxl shxl —xlchxl

a.shil—sha .kl me| 05a;klshkl —cha, k! 05 g klshk!
B, =-Fel — —~ -
klcha k! —shkl

—Me , (0)
shk? — klchk/
V. - Fe@EKlel—shagkl m 0,5a¢k*¢*shil — chil — cha k! _ 05a k20 chil — oy kil B
0 shk? — klchk/ K shx? — klchk/ shx? — klchkl
—M-e-KChKE_Cha“"’Kg, (©
shk? — klchkl
OyHIa

a,=02;, a,=04, «,=06; ar=08 (9.9 — waxn);

kl =0,00251-600=1506; m=qge=10-01=10;
bepunran xon yuyH Oypanumn M, =M _ Oymnajau.
['unep6osioruk GyHKIUsIAp TAOIUIIACUAH TOMAMM3:

shx?/ =sh1,506 =21434 ; cha rl =ch 0,9036 =1,4366 ;
shaxl=sh1,2048=1,5182; ch alqkf =ch 0,6024 =1,1870;
chkl =ch1,506 = 2,3652 cha, k! =ch 0,3012 =1,0457.

Tonunran 0y kutimaTinapau (0) ra KysaMu3:
B - 10.01.6 0821434-15182 1.6 [05-06’-1506-2,1434~14366 _
° " 21434-1506-2,3652 0,251 21434 -1,506 - 2,3632
05 0,4° -1,506 - 2,1434 —11870 100 1,506 -1,506” - 2,3652 —1,4366
21434 -1,506 - 2,3652 ’ 21434 —-1,506 - 2,3652
=-1,6637xw - m°

M. —10.012:8:1906-2,3652-15182 1 0,5-0,6%-1506%-2,3652—-1,4366
i " 21434-1506-2,3652 0,251 21434 1,506 - 2,3652

0,5-0,4%-1,506° - 2,3652 -1,1870 2,3652 —-1,0457
2,1434-1,506 - 2,3652 }10'0’1'0’2512,1434—1,517-2,3652
(a) dopmynara B,, M, JapHUHT KHMMAaTHHA Ba 9.5-)KaIBalumaaH

f(X) GYHKIUSHUHT KAWMATHHH —S5-y4acTKaHUTHT

TEHrJIaMacura KyWuoO, KyWugaraHu XOCHJ KHJIaMH3:

=—-1,5838«xH - M.

Oypanum Oypuaru

53



0= 11.6637(1—ch0,251x) - 22538 (0,251x — sh 0,251x) + - [0,251(x ~12) -
0,251 0,251

t

—sh0.251 (x-1,2)]+ 5 —ch 0,251(x - 2,4) +1} -

m [ 0.251%(x—2,4)?
2517 2

2. 2
_0;;12 {0,251 (;c 3,6) _Ch0'251(x_3,6)+1}_M.e[l—ch0,251(x—4,8)]} (2)

byHnaH Tamkapu, Kyiuaara MOMEHT TEHIJIaMajlapura SramMmus.

Co¢ Oypanu
M, =0'GJ, =-1,6637-0,251-sh0,251x —1,5838(1 - c/0,251x) +

m m
+ Fe[l-¢h0,251(x -1,2) |+ ——|0,251(x - 2,4 |- ——0,251(x - 0,6) — sh 0,251(x - 3,6) | +
L-ch0251(xr-12) ]+ 0281 -2,4]- 7 [0251(r~08) - $0251(x - 36)]

+ Me0,2515h0,251(x — 4,8); (0)
bumomenT
B, = iz WM. _ 1 6637070,251x —228%8 02515 + & sh 0,251(x—1,2) -
K X , 0,251
m m

[1-ch0,251(x - 2,4)]+ [1—ch0,251(x — 3,6)] - Mech0,251(x — 4,8); (e)

0,251° 0,251°
Orunui-oypaiuil

M, = e _16637.0,2515h 0,25Lr - 1,5838(1—ch0,251x) + Fe[l—0,251(x ~1,2)]+

¢ dz
+—™ [0,25(x—2,4)— —sh0,251(x— 2,4) — " [x—0,8) — Sh0,251(x —3,6)]+
0.251 0.251
+Me0,25sh0.251(x - 4,8); (o)
Byposun M=M, + M, =-15838+ Fe+m(x2,4) -m(x - 3,6) (3)

M,,M_,, B, Ba M TCHIIIaMaJIapMHU KOJI'aH y4YacCTKajlap Y4yH x HHHI
KuiiMaTtura Kapad, YHI TOMOHJard Kyd (hakTopiaapuHu Tauuiad ro0opuln
iy OvitaH XOCHIT KAJIaMU3.

M,,, B, 6a M, s3010paJlJapyHu KypHII Y4yH IOKOpHIAaru TEHIJIamMa-
napra F,q, M ea e JapHUHT KMUMaTIapuHU Kysamu3 (9.9-maki).
KecyBun Kkyd4 Ba SryBudM MOMEHT OJHNIOPAJIAPUHU KypUIIl YYyH
OoIITaHFUY TTapaMeTp OYiHYa CAJIKUIWK TEHTJIaMacHHU Ty3aMH3:

O, o F(x-12)° B q(x—2,4)° N q(x—3,6)° N M(x—4,8)% . (u)

EJz = T x? +
2 6 6 24 24 2

2 3 3 3
0= = fyxrg, o p EOCREL Q02D GBSOy ag); (o
X
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_ 2 _ 2
M:Z_Q:f0+90.x—F(x—1,2)—q(X 22’4) +q(x ;’6) + M, ()
X

Q:c{j—l\fzeo—F—q(x—2,4)+q(x—3,6). (1)
bouutanruu mapametp 6, ea f, TapHU TOMaMU3:
0y = e —t)+ L 60z -t - (65t - 2 -0 =2 (3-08-08) + 22

2
3-10

6062 ~0,6*)-(6-0.42 ~0.4* )22 1-0,2%) - 1-02°) =156

2.6
F/ (? M 10-6
fo =——1(a: —aﬁ)—qT[(Zaj —a;‘)— (2ay, ‘“fq]+7(1—3af4) - —7(0’8‘0’83) -

2
2
_1086 2067 ~06")-(2-0.4° ~0,4 +%(1_3.o,22):-17,56;<m

Q, Ba f, mapuunr Kuitmatnapuau (01) Ba (M) TeHrIamanapra Kyuno

Q Ba M »smropanapuHu Kypamus (9.9-maxim).
11. Kyunanunutapam xucoOjail, HOpMaj KydyJlaHWILIap Oyiinua
XUCOOM KecuM Y4YyH M ea B, KaTTa KUiIMaTra SpUIIMIINHU KaOys

Kunamu3. Bynmaii xonm M =1756kun® Ba B, =16637«xuy’ OYIraH KeCUM

oymanu.
CekTopuall HOpMaJl KyWwIaHHI o, Kyidugard popmyiagaH TONUIAAN
B -10*
o,=—% - m= 1,6637-10 — - 0=97 - wKefcn’. (1)
J 171260745-10

(2]

OryBUd MOMEHT TabCUPHUJAH XOCWJI OYyNaguran HopMaa Ky4JIaHHUIII-
HU TONIAMM3:

M 17.56-10°
=—- 7= -2=10,75-2%¢ : 0
%73, " 16338357107 e ©)

y

0,24 | 0,63 % EO,W 0,39 %
It

0,44
e ; N
@)
(KZ/CMZ )
Hmm”wm]]]] S 8 HH]]]]]]I
1,88 S o h*w

9.11-maxn -
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YMymuii  HOpMan Ky4yJaHWIl o, 6a o, JAPHUHT aireOpauk
wuruHIMcHra  TeHraup. (u) ea (0) TeHrimamanapjaaH — doiganaHud
KypWiral o, éa o, Ba o, + o, smopanapu 9.11-maknga xypcaTuiras.
Q, M, 6a M, nap TabCUpHUAAH YPUHMA KyWIAHMII XOCHJI OVIaau.

Ypunma kyunanuil Oyiinda xucoouii kecum yuyH M, = 0,0555 xwm ;
M, =15284 kum 6a Q=15,26 xkn OYITaH KECUMUHU OJaMU3.

Co¢ OypanumgaH Xocuia OYJIraH ypuHMa KydJaHUII Kyduaaru ¢hop-
MyJaJiaH TOMWJIAIH:

_Mt(Jnj:Mt Bo°

alw, ), as?t

t
5.1 Xanpangan % >10 Oynranja « = f=0,313 OYIraHJIUryd y4yH

M .10*
;M. ;_00555:10

=3.107% =0,62x2/cn’

J, 2691.10°°
4
O’SLN_B :3-10" =0,62 xe/cm®.
2691-10
YpuHMma KyunaHull Kyiugaru GopMynajgaH TOMWIAIN
M, S,
T, = .
J, -0

Kecumaa ynap cekTtopual CTaTUK MOMEHTTa IPOMOPIHOHAT
paBHIllla y3rapajayd Ba JHI KaTTa KMHMATra MacTKU TOKYAHUHI ypTacuiaa
spumay (9.10-maxm, e).

__15284.10°
e~ 9691-10°°

KecyBun kyuman Xxocun OynraH ypuHMa KyuiaaHul JKypoBCKwHid
dbopmynacu Oyitnya Kyrugarunda TOIUIaIu:

Q,S,
1,6

ByHHHT 5HT KaTTa KUMMaTH JIeBOpJa MapKa3ui YK Oyimda Oynuo,

ynap Kyhujaaruda Oynaau:
L 15,26 -10°-16,2-10° -10°°
16,34-10° -10°° - 0,03
Oy epaa S; =16,217-10°cu® —y_ Mapkasuii YKIaH ro3agapuaa €Ky macTaaru
QXpaTWJIraH KECUMHUHT CTATUK MOMEHTH.

0,33=017 KZ/CM2

T

=5xa/cm®
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MycTakui e4yniln y4yH MacaJjajiap

9.1. lllaknna xypcatuiradn npoduiuiap yudyH 3TWIAII Mapka3u (A HyKTa)
Ba3USATU aHUKJIAHCUH, aCOCUM CEKTOpHAJl 03aiap SMI0pacu KypUJICUH, Iy

DIIOPAHUHI DHI KaTTa OpJAWHATACU ),

MHEPIHS MOMEHTH KUHMAaTH XHCOOJIaHCHH.

1)

40 x 5

2) 80 x 4

3) 60 x 4

14) 40 x 2

H4ox2 80 2

3

Y 80x3

4

9)“20x4 ”110) 80 x 3.

5) 20 x 3 6),

60 x 3.

7

20 x 3.

7

60 x

9.1-mucous yuyH

AHUKJIIAHCHUH Ba CCKTOpHAJI

XKaBoOJlapu: 9.1-xanBain
Cxema
112|3/4|5(6/7/8|9(10|11/12|13|14|15|16|17|18
HOMEpHU
LO (coRNqp] % < <t
Vin) lolojlo|Rlojlo™=CNolo|ad|lo|o|o|Q lo|9lo
— o - ™ ™
1 [ 1 — 1 1
—
Zyen) |s|o|o|o|o|olojo|lc|ls|Oo | S| Q|o|lo|lo|o|d
+ 1 Nﬂ: +
+ 1
1
@ ]| ~ e O [ — N Dl | R | |0
CIYNIR 28 ae8e e N QDS T T~
2 N | w S < N~ T
— ™| - Lo N — | |~
(en®) | ~N N O
o | M| Lo o | 1 O
hmeolQ8 R s FF S S o5 &0
L) 1QaJNLIo|RAT 2R IR T oSS
< w < N | ™ < | A| Y |0
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9.2. Illaknga KypcaTWiraH KyHIQJIAHT KECUMJIU
CTepKeHb MKKUTa Kyd F=6 kH Ounan uy3wmmaam.
Kyunap yunmapunaru kecumra Kynuuirad. Arap:

a) F kyunap kecuM OFHUPJIHK

KYWWJITaH;

0) Kecum nepopumarm K HyKTara MKKuTaJIaH % 15

Kyujaap KyWwiran Oyica, CTEpKeHb KyHIaJdaHT Ke-

Mapkasu (0 ra

1
.

CUMMJIATM SHI KaTTa 4y3yBYM Ba CHUKYBYM KyuJja-

HUIIJIAP TOMUJICHUH.

KapoOu: a) o =375ke/cn’®  (uy3mimin);
0) 0 =1530k2/cn® (uy3unum) Ba o =781ke/cm’ (CUKWIMIL).

9.3 3er makauaard KyHaaaanr kecumiu crepxkenb F=30 kH kyu Ounan

Mapkazuii uysuwnagu. CTepKeHb KyHJaJaHI KEeCUMUIAru

SHT KaTTa 4y3yBYM Ba CUKYBUM KYWIAHHII AHHKJIAHCHH.
XKapobu: o, =1333K2/CM2;

0, =—667ke/ cn’

_80x4

30x4

7| L

15

120x4 T

|:|K

30x4ﬂ

9.2-Mucon yuyH

9.4. llakyga KypcaTWIraH KECUMJIAP YUYYH STUJIHMII Map-
ka3u A OepuiraH, xap OWp KECMM Yy4YyH aOCOJIIOT
KuiimaTu Oyinya w,,, HUHT 3HI KaTTa KOOpAHHATaIapu

AHUKJIAQHCUH Ba CEKTOpPHAI WHEPIHUS MOMEHTH J,
XUCOOJIaHCHUH.

30x3

[ | 60x3

30x3

B—

9.3-Mucon yayH

RN AN @ |L@_—__:_.57&6
14,14y
9.4-mucoin yayH
’KaBoOU: 9.4-xanBai
KecumJiap a 0 B r
womax, (cm®) 179,2 68,8 166,3 76,4
J,, (cm®) 575039 7915 88580 26159

9.5 Y3ynnuru 2,5 m 6ynran 24 a nomepau (roct 10017-39), torapacumon
npogMUIA CTEP)KEHHUHT UKKHTA Y9 KUCTUPUO MaxKaMjaHTaH Ba Y3YH-
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JUTUHUHT YpTacura Kyhuunarad 100 kxrm OypoBYM MOMEHT OmiiaH Oypasiajin.
OHr KaTTa CeKTOopHaja HOpMaJl KywIaHHII Ba cod Oypanuiigaru SHT KaTTa
ypUHMa KYyWIAHHIUIAPHUHT KUMMaTH aHUKJIAHCHH. TorapacUMOH TIPO-
(MITHHHT TEOMETPUK XapaKkTepUCTHKAIapu 9.2-KaaBallaH OJIMHAIIH.

Kapobu: o' =807xe/cm®; 7' =189k ol

9.6 KymraBp KyHaajaHr kecumiud 18-
HoMepsi  (roct-39) cTep)KeHb ywiapuiaaH
oyitnama VK HyHammImaa Oypuna
OJIMalIUraH KWINO MaxKamyiaHTaH JICKUH Y
SPKUH allJIaHUIIA MYMKHH.

ToxuamapuHuHT OUPU  TEKUCIUTH]A
TabCUP ATYBUU M, =200xkem JU XKy(PT Ky4du

M, =200 &

Kyvwirad. CTepeHb KYHIAJaHI KECUMH—
Jard 5HT KaTTa HOpMajl Ba ypUHMa Kydia-
HUIIUIAp AaHUKJIAHCUH.

KymTaBpHUHT CEKTOpHUAI TEOMETPHUK
XapakTepucTukagapu 9.2-xxagBangaH OJv—
Ha/IH.

JKaBoOu: o =1574K2/CM2; T

max

= 319ke/cn’. 9.6-Mrcon yuyH

max
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Mypakkad KapuIminK

bankara Tabcup STa€TraH Kywilap YHMHT YKWUra TUK OyiuO, 0ol
WHepLHs VKIapuaaH YTMalaural TeKCIWINKIapaa ETraH xoyuiap/aa, oaika-
1a KMk srunai aedopmarnusicu xocun 6ynaay (10.1-makom).

bankara Tabcup 3TYyBYM KyUYHM KYHJQJIAHT KECUMHHHI OOl YKjiIapu
Oyiir4a TaIIKWI STYBUIJIAPHUTa aXpaTHO, KUHUIUK STWINUIIHHK y3ap0 THK
oOynran Oom  TEKUCIUKIApAa  XOCHII
OynmyBUn VUKKH TYFpHU ArUAJIULLI
HuruHaMCHAaH uOopaTr ned Kapail MyM-
KHH.

Kulimuk srunuin xojatuaaru Oaika-
HUHT MyCTaxKaMJuru (akat HopMall Kyd-

HaHu OYinYa TeKIIUPUIIAIH. —
KyHnananr KECUMHUHT oupop o
HYKTAaCUJArd HOpMaJl KyWIaHUII Kyd4Jjap
TabCUPUHUHT Ooup-Oupura xanan :
Oepmaciuk MNpUHOUNUIAH (HoWTaTIaHNO RE \\\\\
KyWlHJarnda aHuKJIaHaIu: O i
o= lt]/[y 7 _ 1:/[2 y, (101) 10.1-mraxn

y z
Oynma M, M, - KyHIaJaHI KECUMHUHI MapKa3ui OOl yKiapra HucOaTaHn

9T'YBUH MOMCHTJIApH,

»»J, - KYHIaJgaHI KECUMHHHI MapKa3uil 0ol yKiaapura HucOaTaHn

J
WHPEIUA MOMEHTIAPH;

Y, Z - KyWIAHUIINA AaHUKJIAHAIUTaH HYKTAHUHT KOOPIMHATAJIAPH.
Kyunanuin aHuKIaHaIural HyKra OUpUHYM Yopakaa €rca M Ba M,

ra 4y3yBYd HOpMaj KydJaHUIUIap MOC Kenub, dopmyliana 3ryBYH MO-
MEHTJap MycOaTr wuIopa OuiaaH, arap CHUKyBYHM OYica, MaHdUil HIimopa
OwyaH OIMHAAMW, y Ba zJap Y3 UIIOpacu OWJIaH OJMHAIIU.

Heittpan VkHuUHr TeHriamacuHu yukapuin yayH (10.1) dbopmyna-
HUHT YHT TOMOHHWHHU HOJITA TEHIJIAIITUPAMU3, YYHKA HEUTpaAJl YK YCTUIAru
HyKTaJIapJla Ky4IaHUII HOJITa TEHTIUP:

M, z +sz:0; EKn z=—MZ—Jyy,
J J M, J,

y z

Oy TYFpu YM3HK TEHIJIamacu 0Yiun0, YKHUHT Oypuak Kod(PHUIMEeHTH
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M.J J
=Y —__Yiq, 10.2
MyJZ J 9¢ ( )

2
OyHJla ¢ - KYYHHUHT BEpTUKa] YKUTa OFUII Oypuaru.
Kuliimuk srunuiiga HedTpaa YM3UK Kyd YWU3UFUTa TUK OyIMaiau.
Tyna cankunuk Ba aijaHui Oypyaru 0011 YKIapHUHT WYHAIUIILIApU
Oyitmya xocuia OYiaguraH CalTKWINKIAPHUHT Ba alllaHUII OypUYaKJIaApHUHT
r€OMETPUK MUFUHIUCUTA TEHT OYJaiu:

fo ez, 0=J0" + 07, (10.3)

Oynnma f,f,,6, Ba 6, nap MOC paBMIla y Ba Z YKIapu HyHanuiuu Oyiinya

k=tga

CAJIKWIMKJIApH Ba IIy YyKjaap Oyiuwua ainmanum Oypdakiapu. Kulmmk
ATUIMIIAA TYJa CAUTKWJIUKHUHT MYHATUIIN KyY YA3UFU OYViina0 iyHanmaiu,
OanKu HEUTpasl YM3MKKAa THK WyHanraH Oymamu, (IIyHUHT Yy4yH OyHmain
ATUJIMINTA KAWIITKK STUJIMI JeHuIaam).

banka MypT wMarepuangaH, SbHU YY3WIMII OWJIaH CHKWIMINTA
TypJiida KapUIMWJIUK KypcaTca Ba KECHM HEWTpand YKKa HucOaTaH
CUMMETpPUK OYyiMaca XxaB(Jin KeCUM/Ia IHT KaTTa 4y3yBUM (4) Ba IHT KaTTa

CUKYBYM (B) KYWIAHUIIUIM HYKTaJlap YYyH MYCTaxXxKaMJIMKKa TEKIIUPUO
KYpUJIaJu :

M M
max \]yZA+JZyAS[Gv]
y : (10.4)
o =M, +&y <[o,]
max \]y B JZ B y

Oynwma y,, ., Z,, - HEATpaln YKIAH SHI Y30KJa TypraH HyKTaJapHUHL

KOODIMHATAJIAPH.
Arap [o,]>|o.] 6¥1ca, 6u3 TekumpadTran X0 yuyH A HYKTaHHHT,

S’bHU YY3yBUYM KYUWJIAHUIIIM HT KaTTa OYJIraH HyKTa YU4yH TeKIIUPUIIA]IH.
KyHaananr kecuMu TYFpu TYPTOYpUaKIU, KYIITaBPJIM OaTKaJIapHUHT
MyCTaxXKaMJIUTU Kyiujgarnda Ooymaam:
O = Wy + WZ <lc], éxu o, = (M/Wy Jeosa + (Wy/WZ Jsina|< o] (10.5)
y z

OyHJ1a W,, W, - KECAMHHMHI y Ba z YKIapura HUCcOaTaH KApIIMJIUK MO-

MEHTJIApHU.

Yysumuin (CUKUIUI) OuIaH Oupra STHIHINTa KapIIHIUK KYypcaTyBuH
Oanka (akaT HOpMaa KywIaHHUII OYinya MycTaXKaMJIMKKa XHUCOOJaHaIu,
ABHU N, Kyd Ba M, M, 5IyBYM MOMEHTJIAPHUHI TabCUPU XUCOOTra ONH-

HaaHu.
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KuiIIMK STHIMIIIa KECHMHM TaHIIAIl, aBBall, N HUHI TabCHPHHH
xucobra  onmacaaH — Oaxapunmanu.  JloupaBudi ~ KecuM — Y4yH
W, =W, =(1/Mi+Mf)/[0']. Tyrpu TYpTOypUak, KyIITaBp KECUM YYYyH
W, >(M, +cM,)l[c] Oynnma CZWMZ' TYFpu TYPT Oypuak yuyH Oy HucOaT

W . .
» Oynanu, KYIITaBp ydyH C=8 Ba UIBEJUJIEp YUyH C =60epuiiaiu,
6

z

KEHHUH KeTMa-KeT SKUHJIAIIWII YCYyJId OWJIaH Kepakjad KEeCUM TaHJIaHa/u.
KeinH N, Tabcupu XucoOra OJMHMO, TEKIIMPHUO KYpHIIaIu.

Uysunmuim (CUKHIIMIN) OWJIaH STUIIMINTA KapIIWIUK KypcaTydyu Oanka
KYHIQUIAHT KECUMUHHHT HWXTUEPUM HYKTaCHUJard HOpMal Ky4JIaHWUII
Kyiuaara ¢hopmyna omnan anukiaanaau (10.2 —maxon).

N M M
= (x) + 4 Z+ z y. (10.6)
4 3,7,
Kecum HelTpan 4M3MK TEHIJIaMacHMHU XOCHa Kuium y4uyH (10.6)

(dopMynaHu YHT TOMOHMHH HOJITA TEHTJIAIITUPAMMU3:
N, M M
W o Y74 —2y=0. (10.7)
A 3,7,
by xonaa HeWTpan 4M3WK KOOpAWHATa OOIINWIaH YyTMaWIUraH TYFpU
YU3UKIUDP.
HeuTpan 4u3uK TEHIrIIaMaCHHU KOOpJHWHATAIApP CHUCTEMAaCHIaH Ke-
cu0 axkpaTraH Kecumiiapu Oyiinua TYFpu YM3HUK TEHIJIaMacHUHU KyWujaru

KypuHuIuaa udoaananMmus:

a, a,
3, N, IN,
Z y r'y
ry 'N<v) r, N(x)

Kkl q,=-—21—" , =——=—2 (10.9)

OyHna r, =,/ y, r, _\/7 (10.10)

oy H(boz{anapra Oanka KYHIaIaHT
KECUMUHUHT OOII HHEPUHs paanyciaapH

JAedunIaad, a, Ba a, Jap — HEWUTpan

YU3UKHUHT KOOpJMHATajdap VKUJaH Kecuo
aKpaTraH KECUMIIADUHUHT Y3yHIUKIAPH.
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Arap Oanka wMaTepuaqyd YY3WIMII Ba CHKWIWINTA OWp XWiaa
KapIIWIMK KypcaTca KECUMHUHI HEUTPAI VKUJIAH 3HT Y30KJIaru HYKTacH
Y4YH MYCTaXxKaMJIMKKa TEKITUPUO KYpUIaIu:

Ny M M

Yy z

Ou =iz Ny <o) (10.12)

y z

Arap Oanka martepuanu MypT OyJica, YHMHT MYCTaXKaMJIUTH SHT
KaTTa 4Yy3yBUM Ba CHKYBYM KYyWIAHHIUIM HYKTajdap Y4YyH ajoxuja-
aJIOXHaa XUcoOIaHaIu.

banka KyHOaJIaHr KECUMHM TYFpHU
TYPTOYpUaKIIH, Ba KYLITaBpiau Ba
CUMMETpHUsI VKura J3ra OYyiaraH IIJIAaCTHK
MaTepualiaH sicaaraH Oynca, xaBdau
HYKTaCM KECUMHHMHI YETKM Oypuaruia
oynmub, xap Oup Kkyu (Qakropura Moc
KEJIyBUM KYYIaHUII HIIOpajiapd OUp XMWl
Oymaaum Ba MyCTaxKamJIMTd KyWujaruua
TOIJIA]IN:

Ny M, M,
= + +
A4 W, W,

Mapka3zuii ~ OynmaraH  CHUKWJIMIIIA
YMYMHAM  XOJJa  CTEPXKEHb  MapKa3uu
CUKWIMII Ba CO( KUWIIMK HSTUIHIITa
KapIIWIMK  Kypcaraaud.  Xap  KaHjau i
KYHJAJIaHT KeCUMJaru WYKHU Ky4 i

|

dakTopiapu N, =F Ba UKKHATA ,
(X) O-min > O ‘.uJJ.lllIHJJ“JJ. o max > O
: -
1

o

<[6].  (10.12)

z

q
(S = —————

l

M,=F-z., M,=F-y. 3IyBYd MOMEHTJIApra

KEITUPHUIIAIH (10.3-111311(31). ) L I .
KecuMHUHT UXTHUEpPUM HYKTAacHIaru “U o
HO %
pMall KywlaHUIl KyWumaru Qopmylanan 10 3t
TOIIWJIA N
N, M . .
o=—t)4 y-z+MZy:E 142 SF Ve ZyF (10.13)
A ], J, A r r,
N — N HEUTpaJl YM3UK TCHIJIaMACH Kyhuujgarnda €3uiiaiu:
Z-1 : N z
1+ 2F+y glF =0; €KI/I—&+—O=1, (10.14)
r, r, a, a,
r? 2
OyHmaun o =--*; qa,=--1 Oynaum, (10.15)

Ye Zg
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Oy epAa «, Ba «, Jap KOOPAMHATA YKIAPAAH KECUO a)KpaTraH KECUMIIAPH;
Y. Ba Z. Jap Ky4 KyMWITaH HYKTAaHUHT KOOpAUHATAIAPH.

Arap Kyd4 KYWWITaH HYKTa KOOpJAWHATa OOIWIaH YTyBUM F -F
TYFPU YM3HUK YCTHAA €TTaH HyKTajlapra Kyduica yjapra MocC KelaJuraH
HEUTpan VK y3-y3ura mnapajuiesib paBHIaa KyuynO € KoopaumHaTa OoIIura
AKUHIamaaun €ku y3oknamanad. Macanan: kyunu 0, 1, 2, 3 Hykramapra
KyHhcak, yjnapra MOC Kejnaauran Heutpan Vykmap N, -N,;; N,-N,
xoJiataapaa N, - N, 3ca UeKCU3JIUKAa Oymaau.

Arap Kyd KyWwiraH HyKTa KoopAuHata OomujaH yTmaran F —F
TYFpH YU3HK YCTHAA €TaNTraH HyKTajgapra Kyiuiaca, HeuTpan YK Oupop B
HYKTa aTpoduja ailjlanap dKaH.

Arap Oy XOJHUHI aKCHUHU OJICAaK, SbHM HeuTpaln VK Oupop
Ky3rajamac B HyKTa aTpoduja aijgaHca Kyd KYWWITaH HyKTa KOOpJAWHAaTa
OommaaH YyTMalIuran F-F TYFpU YM3UK YCTHJIa XapakaT KUIaju.

Arap Ky4 KyWWITaH HyKTa 0z YKH yctuaa €rca, y xonma Yy, =0
Oynaau Ba cTepkeHaa YK OViiiad 4y3uiyBUM €KUM CUKUIIYBYM Ba CO() TEKUC
srunuin aedopmarusacu coaup Oynaau. Mapkasuii OyaMaran CUKUIUIIIA
gy3uauiira 3aud KapmmidK KypcaTyBUM MaTepuaiapJaH scaliraH
CTEPKCHJIAPHUHT  MYCTaXKaMJIMTM  TabMUHJIAHWUIIA  Y4YyH,  YyHra
KYyWUUIAQAUraH CHUKYBYM Kyd KYHJAQJIAHT KECUMJA Yy3yBUM KYyWIAHWIL
XOCHJT KWJIMACJIUTH JJO3UM/IHUP.

KeCHMMHUHT OFMpIMK Mapka3u arpoduaaH axparwirad €nukK coxa
MYKapUCUJArd HyKTara KyWuiraH Ky4JaH KecuM ro3ujaa (axat Oup Xui
UIIOpAJIM KYYJIAaHUIII XOCHJI Oyiica, OyHaal €muK coxara KECHUM SIIPOCH
ne6 aranaau (10-mak, a, 0, B).

=0
w| =
A\

10.4-makn

JlonpaBuii KyuJaHuIl Xocwi OVyica, OyHaal €NMK coxara KecuM
saapocu  ne0 aranagu  (KYHOAJaHT KECUMJIM CTEpIKeHJapra Kydwiap
TabCUPUHUHT YMYMH XOJIMTa: OypalHIl Ba STHIMIITHUHT OWpra TabCHPH,
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qy3UanIl (CUKWIUIN) HUHT Oypanuinl OuiaaH OMpraliMKaard TabCUpJapu
kupagu. bypamum OwiaH ATHIWIIHUHT OUprajukgard TabCUPHIA
CTEpKEHb KYHJIAJIaHI KeCUMHJA OypoBUM MOMEHT - M, , M, Ba 3ryB4n

MOMEHTIIAp - M, M, Xocu Oynanu, 4y3uinil (CHKUIUIN) HUHT Oypajui

OwiaH Ouprajnukaaru TabCcupuja sca, Oyinama kyd N, Ba M, XOCHI
Oymanu.

byngaii  Xommapga = CTEpKEHHUHT  MYCTaxXKaMJIUTH  DKBHUBAJICHT
KyWIaHUII Oyiinda TeKIMUPWIaan. DKBUBAJICHT KyWIAHHIITHUHIT KUAMaTH
9HT KaTTa OYJTraH HyKTajgapu XaB(uu XucoOaHa u.

FOkopuaarn MycTaxkamJIMK Ha3apusjapd acocujia HSKBHUBAJICHT
Ky4WwlaHUIJIApHU Kyhujaru Qopmynanapaan Oupu OViinua xucoOmarn
MYMKHH :

or  L1— 1+
ol =No?+4r%; ol =o? +3c%; o :T’U-G+T’u\/62 +47%, (10.16)
Oynapja o,r - KyHAaJaHT KecuM XaB(hJd HyKTacHIaru HopMaJl Ba ypuHMa
Ky4JIaHHUIILIap.
JloupaBuii KyHAaJdaHT KECHMJIM CTEep)KCHHU Oypanuimn Owiad
ATUJIMINTa XucoOjamga xaB(Jiu KECHUM YUYyH HSKBHUBAJICHT MOMEHT Jie0

aTajgyBYM MOMEHT XUCOOIaHaA N,
MycraxkaminukHuHr |l1-Hazapusicu 6yitnua

MU= MZ+MZ+ M2, (10.17)
DHepreTuK Hazapuscu Oyiinya M., = \/0,75MX2 +M;+M;7, (10.18)
M,, — OHI KaTTa KWHWMaTra SpHUIIauraH KecHMM XaB(hJIu KECHUM
oyanu.
MycTaxkaMIuK apTH Kyhuaaruda Oyaaay :
Mo (161 (10.19)

G?KB W

2

CTep)XeHHUHT KYHJAJaHI KECUMHUHHUHT JHAMETPHUHH TOIHWII YYYyH
(10.19) bopmynanan W, HU TOIIAMU3:

M 7d® M 32M o
W, > —=; > d >3 —2% 0 .
AR A I I .
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10.1-muco.1.

Kyunamanr kecumu TYFpu TYpTOypuakjgaH uOopaT OyiaraH €rou
OaJIKAHUHT 3PKUH YYMHUHT CAJKWINTY, KYHIAJIAHT KECUM Yyiuamiiapy Ba
HEWUTpAJI YKHUHT XOJIaTh aHUKJIaHCUH (10.5-makon).

A
Iz
A :
I
g X T ¢ i y
2 ————————————— L —» h=28 > < % >
Y | A 3p°
1 YF=4xny 2
¢ (=2wm - — o =[o]|=80ke/cm
a) 0)
10.5-mraxn o= [O'] =80 KZ/CM

Eunm: y Ba z Yknapu OyiiMya F Ky4HU TalIKWI STyBYWJIapra
aXpaTamus:
F,=F-sina =F-sin30°=4-05=2xH,
F, =Fcosa =F-cos’ =4-0,866 = 3,464 xH .
KoHCoMHUHT KUCTUPUO MaxKaMJIaHTaH KeCUMH XaB(u KecuM Oymaau,
TOPHU30HTANl TEKHUCIUK M, = Fsina =F -sin30° =4.0,5 = 2xH ,
BEPTUKAJI TEKUCIUKIA M, =Fcosa =F -cos30° =4-0,866 = 3,464 kH .

Tyna sryB4M MOMEHT F KyY KyHWJITaH TEKCUJIUK]A TaAbCUP ITAIU.
(10.2) dopmynanan QoiganaHuO HEWTpad YKHUHI XOJATHHH

AaHUKJIauMU3 ;
6h3

2 2
K =tgep = J—ytga =2 tga = (Ej tga = (DJ tg30° = 2%.0,5774 = 2,31,
J, be” 8 8
JKaZBaJIdaH, SSbHU tge = 2,31 IaH ¢ = 66°40' HU TOIIAMM3.

AOcomoT KukiMaTu OyiiM4a SHI MKKATA HOPMal  KYy4WJIaHWII
KECUMHUHI 4 Ba B HYyKTajapuja XOoCwI OViaau, 4 HyKTajaa 4yy3yBuHd
KY4YJAHHUIIl BA B HYKTaJla 3Ca CUKYBYM Ky4WJaHUI Xocwi Oyianu. bynapHu
(10.5) popmynanan aHUKTANMHA3:

G e = (MW, Jeosa + W, W, Jsine]= V%(My +M, \%j = V%(a,gzm 4-2)=14,928/W;

y z

y
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W, (en%/6) h
OoyHma — = —— -9
I W T he?l6

z

DHT KaTTa KyWIaHUIIHU PyXcaT STUITaH Ky4IaHUII OMJIaH TEHIJIAMI-
TUPaMU3;
O =14,928/W  =[c]=80k2/cu’* OGyHIAH KECHMHUHI Tana® KIIHHAIUTaH

4
KapUIIMK MOMEHTUW | = % =1866cn°,

2 2
2 2
UKKUHYU TOMOHJAH W = oh” _ M =Z4°.
g 6 6 3
by ndomanapHUHT YHT TOMOHJIApUHHU TEHTIAIITHPAMMU3:

263 —1866; =2 /3'12866 =141cm : h=26=2-141=282cwm.

4
O rax = M = 79,9K2/CM2 = 80;<2/CM2 :
14,(28,2)

6
Jlemak, OanKaHUHT KYHAAJIAHT KECUMUHUHT YiYaMJIapuHu ¢ =14,1cm

Ba h=28,2cm KUIUO 0JICaK, YHUHT MYCTaXKaMJIUTU TabMUHJIAHAP DKaH.
banka spkuH yuum F, Ky4y TabcupuaaH Beptukan f, ra nmacrra

Kydanu, F, Ky4 TabcupuaaH dca f ra ropusoHrtan cwpkuuau. f Ba f,

Jlap Kyduujgarnda aHuKJIaHAIu:
28,(14,1)°

3 3
J, _ ok’ _141(282) =26350,3cu*; J, =) — 6587 5eu?,
12 12 12
F .63 . 2- 3 . 3 . 2' 3
( B 22002000 oo o Ff' 3464-10°200° oo

' 3EJ 3-10°-6587,5

, ’ 3EJ, 3-10° - 26350,3
banka »spkuH yuwmHUHr Tyiaa cankwiuruaa (10.3) dbopmynamnan

TOIIaMH3

f=[f2+f2=4(081) +(0,35) =0,882cu.

CanKUIMKHUHT HYHAIUIIA Z VKU OujaaH B Oypyak XOCHII KUJIaIH.
0,84

f
gf=—"= 03" =2,31.

bunobapuH KyTrasaek, tgf =tge, 0YIubd 4uKIu.
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10.2-Muco.1.

Kynmamadar kecuMu KyITaBp/iaH uoopaTr Oynran mymaT Oaidka ydyH
KYHJQJIAHT KECHUM TAaHJAHCHUH, HEUTpAJI YK XOJaTU AHUKJIAHCUH Ba SHT
KaTTa CaNKWIMK Xucoonancus (10.6- maxi, a)

Euum: Kuctupu® wmaxkamiianraH KECHMJIard SHI KaTTa JTryBYHU

MOMEHTHHU XHUCOOIaMM3:

M,=F-/-sina :300-200-%:600001@0]14,

2
M = q%+ Ficosa = 6&200+300-200-0.866=171960K20M.

W
buprHYY AKUHIIAIIMUIIIT Y9YH C = W_y =8 neb omaMmus:

z

M, +cM, 171960 +8-60000
Y o] 1600
Coprament (Foct 8239-72) xaxBanumad 27 HOMEPIU KYIITaBpPHH
TaHJIAaUMU3:
W, = 407cm® Ba W, =50cn°.

=407, 47crm’.

Z/‘ a) q=6xu/M

/)

2 I

A X
f——_————————— — —p
/

7

1 /=2u YF=3kH

Fa=30°

10.6-makn

Kuctupub maxkaMiaHraH KeCUMJa A Ba B HyKTaJarv Ky4JIaHHIILIAp
Cex = —Omn OYJIATIN, ITYHUHT YUYH

max

M
Oy = ——+ M, 171960 00000 _,6)5 5 Kefcm? .
W, W, 407 = 50
Jlemax, One —l0] 1y 162251600, ) 14 <5%.

[o] 1600
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lynmaii xkummO, 27° HOMEpAM KYIITAaBPHU TaHjacak OaJKaHWHT
MYyCTaXxKaMJIUTH TAbMUHJIAHAP JKaH.

By kymraBp yuyH J, =5500cu*® Ba J,=337cu’ O¥manu, IIyHUHT
M,J,  60000-5500
M,J, 171960-337

TYpT XOHaNMM MaTeMAaTHK KaaBaigad ¢ =80°2'.

by kwitmatnan ¢orgamann® N-N HEWTpan VK VTKa3WwiraH Ba
KUCTUPUO MaxXKaMJIaHTaH KECUM YYyH HOpMall KywiaHuil smtopacu 10.6-
makJi, 0) 1a KypcaTuira.

OHT KaTTa CalKWINK KOHCOJHUHT PKHUH y4ua XOCHI Oyiamu:
¢ F£3 sina 300(200) -0,5
g 3EJ 3.2.10°-337

z

1 [qf“ LFC cosaj ~ 1 {6-(200)4 . 300(200)° - 0.866

Y4yH KUCTUPUO MaxKaMJIaHTaH KeCUMJIa tge =

=0,593 cm.

* B3, 8 3 ) 2-10°-5500| 8 3
(10.3) (bopMyJIaﬂaH doiiananuO SHT KaTTa CATKUIUTHHA TOIIaMU3:

= T2+ 12 =4J(0593) + (017 ) =0,617cn.

by ¢’ 6ypqa1< OCTHJIa Z YKHWIa NyHAITUPUITaH

f 0,593 .
tgp’ =—2L=-"""=344 , éku '—=73%48'.
9 =% T o172 ¢

z

J =0172¢cm.

10.3-MucoJ

KyHmamanr kecMMu WKKWATA IIBEJUIEpJaH uOopar MmyjaaT KOHCOJIb
VUyH MYCTaxKamJIMK IapTuaaH ¢(ougamHuO, Iy MIBEJJIEPHUHT HOMEpU
anukyiaHcud (10.7-maxd, a )

Eunin : Kuctupub maxkamiiaHran KecuM xaBguu 0ynuo, yHaaru Ky
N(x) Ba M, M, TapHU XMCOOIANMM3:
N(x)=F,cosa +F, -cos 8 = 6-0,966 +1- 0,866 = 6,662 x#
M, =F/sina+F, -/ +M=6-200,259+2-2+3 =1011knm,
=—-F,//2sin=-1-1.0,5=-0,5xum.
KyHaananr KeCUMHUHI Ya4amMJIapUHU aHMKIAIl y4yH M, MOMEHT
TabCUpPHJIA TYFPU STUIIUIITA XUC00J1a0 cMHA0 KYpaMu3:
W, =M, /[c]=1011-10* /1600 = 63 19cn°.
Coprament (I'oct 8239-72) sxaaBanuman OWTTa MIBEUIEp YYYyH
W' =34,8cu® 10- HOMepIIH MIBEIJIEP TYFPH KeIadu, HKKUTA IIBEJUIED YUYH
W, =69,6cu’ 6¥nanu.
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» 'y
a) M = 3kum 2
z4 Ve f
F, 52k 7
/
X L/,
- Z
7z é
: 4 7
' o 0 2
| 48= v
[} a*=ll
7 7

Tl
--.”- -- - -
\ %
iy
DG
Il

X
N
S

10.7-maxn

banka xynmananr Kecumzaa M JaH Talmlkapy M, Ba N(x) XOCHII
OymuImuHN XucoOra oJubd TEKIUpHUIl YIyH |2-HOMEp/IM IIBEICPHU
KaOyJI KWJIaMH3 Ba YHTa TETHIILIN KAAMAaTIapHA aHUKTaMU3;
W, =50,6cx° OUTTa HIBETIEP YUYH,
W, =2W; =101,2cu’ UKKUTA IIBEILIEP YUYH
A=2A, =2-133=26,6cm’ — KECUM 031

J,=2(0+A,-27)=2(31,4+133-1,54?) =125,88cn*,
W, = Ji = 12588 =242cm°.
8 5,2

Kecumuunr xaBduu HykTacu (A) Jard 3HT KaTrTa KyWIaHHUIIHU

TONUO 12-HOMEPJIH MIBEJUIEPHUHT MYCTaXKaMJIMTUHU TEKITUPAMU3:
N(x) M, M, 6.662-10>° 1011-10* 0,5-10°
O max = + - = + +
AW, W, 26.6 101,2 24,2
Ome —10] 100 123067 ~1600
[o] 1600

by 12-nHoMepnu mBemiep Tyrpu keamac 3kad. [IlyHuHT yuyH mBes-
JepHUHT HaBOaTaarucu 10-HOMEpIUCH TEKITUPaAMU3:
W, = 2Wy1 =2-34,8=69,6cm°; A=2A =2-109 =218cm?,

=12,30,67 KZ/CM2 ,

100 =2,3%.

z

J,=2(0+A-22)=2(20,4+10,9-1,44%)=86cn’; W == 2 =1869 cn’,

By mBesiepHH TEKIMKUPUO KypamMus:
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6,662-10> 10,11-10* 0,5-10°
O = + +
21,8 69,6 18,69
Ome — 0] 100 — 1750,66 ~1600
o]
by mBeiep, spHu 10-HOMEpIY MIBEJUIEPHU KaOyil KWUJIaMU3.
XaBhau KecMMIard HEUTpasl YKHUHT XOJaTHHU aHuKIaimMui. 10-
HOMEpPJIM 1IBEJJIEp YUyH: I, =3,99¢cn,

J
r’=(399) =1592cn® , r’i=-2= 80 _ 3045 cur?,
g A 218
Koopaunara ykjmapugaH HEWTpand YKHUHT KecuO  akparraH
kecmanapunu (10.9) popmynanan Tonamus.

_IIN(x)  6,662-10

=1750,66 1<2/CM2 :

100=9,4%.

a, = = 15,92 =-0,105¢cm,
M, 10,11-10
2 . . 2
q = 2N __866210° ooie o5 gs250u.
’ M, ~0,5-10
10.4-MucCO0.J1.

10.8-makn, a) ga KypcaTuiaraH yCTyH y4yH KYHAaJIaHT KECUMUHUHT
KUppajapuaary HyKTaJlapuJard KydJaHUIUIap, HEUTpay YKHUHT XOJaTh
AHUKJIAQHCUH; KECUM SJIPOCH KYypPWICHH Ba KYyWIAHHII DIIOPACH
aKCOHOMETpPHSIa KYPHUJICHH.

10.8-mraxn
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Egum: 1) (10.13) dopmynanan doitganannb, KyHIAIAHT KECUMHUHT
1, 2,3 Ba4 HyKTanapaaru Ky4wlaHUIUIAPHU KAWUMATIApUHU TOTIAMU3:

. . J 3 2 2
azf{u Ye 'V, 2 ZJ; R S AL T, S

AU T ) YT 4 12 12 12
, a® 24* 247
rA=—= = cM
12 12 12=48
18-10? { 6-(—12) 10-18
o, = 1+ +
24-36 48 108
.-
o, = 18107}, 612 10 18} =2,083(1+15+1,67) = 8,686x,
24-36| 48 108
18-10°[, 6-12 10(-18)
o, = 1+ +
24-36 | 48 108
2 B J— J—
. _18-10°[ 6 ( 12)+10( 18)
24-36 | 48 108
I1) Heititpan yxuunr xonatunu (10.14) popmynanan aHuknaitMus:
r? 48 ry 108

z

ay — :_—:—8CM; az :——:——2—10,80]1/[-
7 6 Z. 10

by KuiimMaTiapHu oy Ba 0z yKjapura macmrab OujaH KyiuO, a, Ba

1

} =2,083(1-1,5+1,67) = 2,437xn,

} =2,083(1+15-1,67)=1,729%n,

} =2,083(1+15-167) =—-4,520kH,

a, KeCMaJapHM XOCWJI KWIaMHU3 Ba XOCWJI OYyJiraH HyKTaJlapHU TYFpu
YU3UK OWJIaH TyTalTUPCAK, HEUTpal YM3UKHU U(POAAIOBUU TYFPU YU3HK
N-N xocuia 6ynaau (10.8-maxi, 0).
III). KecuMm siapocuHm Kypamus:
ByHUHT y4yH HeWTpan YKHM KECUMHUHT TOMOHJIApUTa ypUHMA KHIJIHO
YyTKa3ub, xap Oupura Oy sa Oz YKJIapuJaH MOC paBHIla Kecubd akparran
KeCMaJlapHU aHWKJaimMu3: KEeCUMHUHT WHEpIus paauyCllapuHu Ba

KEeCMaJIApHUHT KUMUMaTIapuHU Kyiujaru ¢gopMyJiiara KyssMus:

r’ r
y;z = _L; Z;z = _L'
a, a,
1) Hetitpan YKk 1-2 ToMOHra ypuHMa KWIMO VTKa3WIraHjia,
108
a,=w, a,=———=-6Cm.
+18

bynapuu macmtab 6unaH Kyuno 4(0,-6) HyKTaHU TOMAMMU3.

2) Heiitpan yx 3-4 TOMOHTa KyWWica, FOKOpHJA TOIMJITaH HyKTara
Kapama-Kapiii TOMOHJA YHUHI KuiiMatura TeHr Oynran A(0;6)
HYKTaHU TOTIAMM3.
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3) Heirpan yxuu 2-3 TOMOHra ypuHMa KUIMO KYHuo, a, =12cm; a, = o

HU TOIIAMMU3.
y, = —g =—4cm; 2, = —% =0, spHU B(—4;0) HyKTaHU TOLAMMU3.
4) Heiitpan yxkuu 4-1 tomonra kyinO, B Hykrara kapama-kKapiia To-

MOH/Ia Ba KUMIMaTu TeHr OynraH B, (4; 0) HyKTaHW TONaMU3.

DHIM I0KOpHUAa HeUTpal YK OWlaH Kyd KYyHuiIraH HyKTa Oopacujiaru
MyHOcabaTiapHu YbTUOOpra oaud, SbHU HEHUTpad YK KECUMHHUHT ydJapu-
Jla aiijjaHraH NMalTaa Kyd KYWWIraH HyKTa KoopJuHata OomuaaH yTMaran
TYFpU 4YU3UK OYilnad xapakaTiaHUIIMHU xucobra onub, A,B,A B,
HYKTJIapHU TYFPU YU3UK OWJIaH TyTalITUPCAK, HATHXaja poMO IIaKiu
Xocui1 Oyaay, aHa Iy makiara kecum sigpocu aevunanu (10.8- maki, 0).

V) bupuHuu nyHKT/Ia aHUKJIaHTaH KyWwIaHull o, o,, 0,;, Ba o, JIap-
HUHT KMUMaTJIapuHU MacIiTad Oyirdya KeCUMHUHT TETUIIUTN HyKTajJapura
HILIOpajlapuHu XyucoOra oJinbd KYyHuo yimapHUHT 3mopacuHu Kypamus (10.8-
IaKJI, B).

10.5-mMuco.1.

10.9-maknga kypcaTwiral TacMald y3aTMa BaJUHUHT JHAMETPH,
MIKUBJIAPHUHT OFUPJIMKIAPU XHCOOTa OJMHMAaraH Xojja TYypTUHYU
MyCTaxKaMJIMK HazapusicuJiad (poijanaHu0 aHUKJIaHCHUH.

n =600 a%uH; [c]=600x2/cu?; T =2t, D, =46cm, D, =44cu Ba D, =32cm

11€0 OJIMHCHH.
Egum: [1IBemiepra TabCup 3TYBYM KyWIAPHHW BaJl YKHUTa KEJITHPHO
T+t KyuJnapHu Ba M, MOMEHT OwiaH OypyBYM Ky(PT KywIapHH XOCHII

KHJIaMU3.

Mﬁl:(Tl_tz)'Dl s

D
7; M62 :(Tz _t2)72 ea M63 :(Ta _t3)7-
[IBemnep TOMOHHUIaH y3aTHJIaIuTaH OypoBuHn MOMEHTJIapPHH
XUCOOIaiiMu3:

M. =71620- 2 —71620-%% — 7162 xecm,
: n 600
N, 60
M, =71620-—2 = 71620— =13130,3kzcm,
: n 600
M. = 716202 — 716200 — 5068,3 k.
n 600
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N. =
M =909 1100k
95,2
| rl‘: ( m M62 Mﬁg —
o"’og o ~
l N F
- E 1790,4 775,2

o
~

[i

=]
=

i

Z o

o

a

N
———— -

Beptukan Té:KI/IcnI/IK,Z[a 5968,3 1 775.2
a B F o
: 835,68 v OIT"M " (ke cm)
i 1342,8 11491,6
r) :
d

[}
1 ['opusonTan Texucnukna |
'

14547 11790,4

S . -
A %E C13636,75 D /7;71;

IV il '
"M (1220

]
| | 195075 !
- |
I) IIIIIIE I-;

10.9-1akn

FOxopumaru Ky4€1ap Ouan MOMEHTJIap opacujaru
MyHoOca0atiapjaH Ba 7 =2t ODKaHIUTHHU JbTHOOpra oimbd xap Oup
IIKUBAA  TAPMOKJIAPHUHT  TAapaHIVIMTUHU  TOPTWIMIN  Ky4dJapuHU
AHUKJIAUMU3.

_2M,  2.7162
D, 48
T, +t, =596,8 + 298,4 = 895,2

2M;,  2.13130,3

t, =298 4x2; T, =2t =2-2984=5968xe.

t = =596,8 ke, T,=2t,=2-596,8=11936x2
2
T, +t, =1193,6 +596,8 =1790,4 x2
t, = 21;)463 = 2'2268 =314.10ke; T, =2t,=2-31410 = 6282«
3
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T, +t, =628,2+314,1=9423 .
Ban M, MoMeHTnap Tabcupuia Oypanaau, BepTHUKal TEKUCIUKAA

(T, +t,) KYYHHHT BEPTHKAI TaLIKHJI 5TYBUYHCH
(T, +t,)c0s30° =942,3-0,866 = 775,2xc  Ba T,+t=8952x2  Kyujap
TabCUPHIArH STHJINILL, xamja TOPHU30HTAI TEKUCIIUKIA

(T, +1)sin30° =942,3-0,5 = 447,6 ke Ba T,+t,=1790,4ke Ky4Jiap
TabCUPHUIATH STUINII TabCUPHIa OYIIaIu.
TasgHy peakusuIapvuHu aHUKJIAUMUA3:
ZMB =895,2-15-R, -10+7752-7,5=0; R, =72548ke;
>'M, =892,2-11,5— R, -10 - 775,2-25=0;
R, =835,68«ke.
Texmmpunr: 895,2 — 835,65 — 775,2 + 725,08 =1600,865 —1610,88 =0.
BepTukan TeKUCIUMKIAru 3TyBYd MOMEHT 3MIOPACUHA KYpaMHU3.
AB yuactkama (0<x, <15);
M,(x)=8952-x,; M,(0)=0; M,(1.5)=1342,80kecm,
BC yuactkana (1,5<7,<4,0);
M, (X)=8952- x, —835,68(x, —15); M, (L5)=13428;
M, (4) =1491,6 ke cm, M;(9) =1789,2kecm,
ED yuacTtkaga (0<x, <25);
Q,(X)=—772,745k2; M,(x)=71568-x,; M,(,)=0; M,(2,5)=1789,2xecm.

['opu30HTaN TEKUCIUKIArd 3TYBYM MOMEHT AIIOPACUHU KypaMu3.

AB y4dacTtkama (0<x, <25); M,(x)=0;

BC yuyactkaga (1,0<x, <4); M,(x)=1454,7(x, -15);
M,(@5)=0; M, (4)=23636,75 kecm,

CD y4actkaaa (4<X,<9); M;(X) =1958,75 xecm,

ED yyactkaga (0<x,<25); M,(x)=7833 x,;
M,(0)=0; M, (2,5)=1959,75 kecu.

FOkopuna Tomwiran KuiMatiapjaad — (oijananud  KypuiraH
BEpTUKAJl Ba TOPU3OHTAT TEKUCIUKIArd OHryBYA MOMEHTJIAPHUHT
srropajapu Ba xucoOjam cxemanapud 10.9-makn, B, I, 1, € Japja
KYpCaTUITaH.

Omropanapaan kypunaauku C kecum xaB(diu Oyiap sKaH, YyHKHU Oy
KecUM/Ja 3KBUBAJIEHT MOMEHT JHTI KaTTa KuilMatra 3ra Oynaau:

MY, =M, =,/075M? + M, + M, =

oKe6

= \/0,75 -7162° +1491,6° + 3636,75° = 7343 13«k2 - cm.
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Bamauuar guameTpuHu  OalKaHMHT MYCTaxKaMJIWK  IIapTHIAH
aHUKJIIalIMU3:

32-M,, _ [32:734313 _
d> - -
o] 314600

10.6-Muco.1.

Arap uysH Opyc y4dyH Tajgad STWITAH MYCTaXKaMJIUKHUHT JXTHET
koopdunuentu [n]=4,0, MaTepUANTMHUHI MyCTaXKaMIMK 4e€rapacu
uy3MIMIm y4yH o' =2000ke/ cum® Ba CHKWUIMII y4yH o =8000ke/cm?
Oynca, YHMHT y4yH pyXcaT JTWITaH KyYHUHT KHHUMaTH aHWUKJIAHCUH
(10.10-mraxm).

Euum: Kapana€tran Opyc cukwininra Ba Oypajauinra KapIIuiuk
KypcaTaJu.

Kyamamanr xkecumiapaaH Xap OWPHUHUHT YETKHM HYKTaJIapH

xaBpauaup, YyHKH yJapjaa
z

OypaJiMIll  TabCUPUJIAH  DHT M, =3Fd 7
Karta  KywlaHuim — maigo ¢ Z
6?.]13)11’1. _— . é y
XaBdau HYKTajard o ;
KYWIAHUIITHA CUKYBYH F Kyd ed=5cm
o . 10.10-maxn
opkanu udoaanaimus:
F  4F M, 3Fd 48F
oO=——= ——2 y T = - 3 = 2"
A d W, =zd zd
16
(10.16) dopmynanuar yuyumHuucHAaH (Qoigananud, KyHugarua
o' 2000
MYyCTaxXKaMJIMK IIAPTUHU XOCHUJI KHWjlaMu3: V=—+=——=0,25.
ot 8000
o :1—,uG+1+,u (7 s ar? :1—0,25 B 4F2 +1+O,25 F2 (42 v 4.482 <
2 2 2 zd 2 xd [n]

F 2( 3 5\/ 9232 j <
d ]’
Pyxcat sTuiiran KydHUHT KUiiMaTu Kyiujaarnya oynaau:
2 __u 2
[F] > zd o, _ 3,14 5<.2000

> 3 3~ 4.5855 =670,4xke.
[n](B«/923 —2] o
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MycTakuni e4yniln y4yH MmacaJjajiap

10.1-mucon. laknga kypcaTuiarad TypTOypUYak KyHIaJaHT KECUMJIM KOH-

coyira xos TEKHCIMK OViW4Ya TeKHWC EWMIITaH Kyd Tabcup 3Taau. Kecum-

HUHT HEUTpaJl YKUHUHT XOJIATUHH, S)PKUH YUUHHHT TyJa CAJKWUJIWTHHU Ba

XxaB(IM KECUM/Iary SHT KaTTa 4Yy3yBUM KyWIAHUIIAPHU aHUKJIAHT.
»=30°13" ; f=0.03xe,

may =193.2 KZ/CMZ :

min

JKaBoOu :

Shja = 22°
Z 4

g= 6,5KH/M T

bty liid

<
24cMm
VY\<

ASNNNY ANNNNNN
y

“H

fo———— (=2 ————
10.1-mMucon yuyH

eB=20cm s

10.2-mucon. Kynaananr kecumiiapu Iakija KypcaTwiran OajkaJlapHUHT
STWJIMIIN HATHKACHJla KECUMJIAPHUHT OFUPJIMK MapKazjlapu KypcaTUJraH
WYHAIUIIIA CYpWITaH. ballkalapHUHT Xap KaUCUCH Y4yH TAlIKU Kyd4Jap-
HUHT TabCUP TEKUCIUKIIAPU BA3USTUHU aHUKJIAHT (¢ OYypYaKHMHT Z YKU
OouiaH).

>
N

e s

0T 0) B —t—— ',
' t | Neso |
s : T I |
8 __I __2/ = ————y-> : Yy i y
i | T A
1] &l . i 7919, 9P '
Fo = 13°,4 b420. o = T :
52 : 7 ! f
6= 1OCM I‘_ a =3°36 .4 4 : N a = 704,91

10.2-mucon yuyn
dBOOJIapH:. a) ¢ = y0) o= y8) =8, 2)p=
Kasobmap ) p=20°,6) p=35° 6) p=8", 2) p=60°

10.3-mucon. Illaknga xypcarwiaran Oankaiap y4yH HEUTpal YU3UKHUHT
Ba3UATUHU TONUHT (YK y OuiaH Oypyak « ), XaB(pJiM KeCcUM/JIa HT KaTTa
HOpMaJI KYWIAaHUIIUIADHU AaHUKJIAHT, KEeCUM TOMOHJapu Oyinda Oy
KYWIAaHUIUIADHUHT ~ BMIOpajapuHu KypUHT Ba OaJIKaHWHT JHI KaTTa
CAIKWJIUTUHU aHUKJIAHT. XamMMa XoJiJla XaM HOKJIAQHUIIHUHT TabCUP
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TEKUCJIUTM KECHUMHUHI STUJIMII Mapka3su — HykKra O opkaiau yTaauraH
BEPTUKAJ TEKCWJIMK v T'a TYFPU Kenaau. bamkanapHUHT KyHAANaHT KECUMU
A) 6ynranaa matepuanu €rod, b) Ba B) — nynar

R
3 Lﬁ

F 3 q

EEERREEY

— SO

£3 -
Ei
L

B)

10.3-mucon yuyH

banka H]?o- Kecum | Byp- *KaBoOJap
N/N cxeMaz) et IOkmap | ymuam- | 4wak | B omax | f max
cuBa | ¢ apil ypHaK S
kecumu| (M) 1ap v @ (kefear” | ()
M= 0 04 ol
1| 1-A | 1,5 12x20cm | 60° | 78°16' | 97,2 | 1,38
KHM
2 | 15 | 14| MT2 | Kymmaspl 450 | go0g1 | qa43 | 177
KHM Ne 12
3| 1B | 20 | M76 |lsemwiep | g0 | go0551 | 149> | 198
KHM No6 xum
4 | 2-A | 2,0 | F=0,8ku | 10x15cm | 45° | 662" | 752 | 1,32
5 | 25 | 15 | F=2kn Iﬁ‘f’g 30° | 83%2! | 1273 | 0,97
6 | 2B | 14 | F=3xn LJHVB;; 60° | 87°38" | 1552 | 0,79
7 | 3-A | 20 |g=2 xm/m| 10x25¢cm | 45° | 80°55 | 950 | 0,47
8 | 3B | 1,2 | g=3 ku/m Iﬁfrﬂfj 30° | 82%6' | 1168 | 0,47
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I1IBen.

9 | 3-B | 2,4 |g=2 ku/m 45° | 85°%54" | 1481 | 141

No24
M=6 0 04m1
10| 4-A | 25 | 0 | 12x30cwm | 60° | 84°43" | 88,8 | 048
11 | 4B | 3,0 x;j Ij\}”;; 45° | 87°2' | 1516 | 0.63
12 | 4B | 22 1:(4;5 %‘ifﬁ;‘ 30° | 79°39" | 1463 | 041
13| 5-A | 25 |F=25ku| 9x5lem | 45° | 70°12' | 87,3 | 0,67
14 | 5B | 4,0 | F=12 ku Iﬁ‘;g 60° | 88%4' | 1542 | 1,34
15 | 5B | 24 | F=4xu %ij 30° | 80°54" | 1388 | 0,64
16 | 6-A | 3,2 |gq=6xu/m| 16x24cm | 60° | 75°37° | 90,0 | 0,89
17 | 6-b | 50 |qg=4 xu/m Iﬁy‘fg 60° | 88°50' | 1326 | 2,12

18| 6B | 40 | 9712 | HIsen 1 00 | o509t | 4495 | 294
KH/M Nel6
10.4-mucomn. [Taknaa KYpcaTujraH

kyHaamanr kecumu Ne 20  Homepan
KYIITaBpaaH HOOpaT KOHCOJHUHT JPKUH
YUYUJArd TyJia CalKWiIuK & =Ilcu Ba YHUHT

nyHanumm y YKy OmmaH S =20° Talikui
KUJIagu.

Ky#unaarunapau TONuUI Tajgad KUITMHAIH:
1) a, Oypuak Ba F KyYHUHI KHHAMATHHH,
2) HeuTpan YU3UK XO0JIaTH Ba
MaxkKamiaHrad xkecumHuur 1, 2, 3 Ba 4
HYKTaJapuJaard Kyd4iaHAIIapHH.
Kapoou: 1) o =80°5"; F =4,79%w;

2) 9= p=20° o, =1213K2/CM2; 10.4-mucon yuyH
o, =187ke/cm®; o, =-1213x2/cn’®;

o, =187 ke/cm?.

10.5-mucon. [laknaa kypcaTuiarad, KyHIaJIaHT KECUMU Y3rapyBuM OYiran
koHCOTHUHT C Ba K KECUMUHUHT TYJa CaJIKUIUTH TOMUJICHH.
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fc =1.55cm

JKaBoOu :
fk =0,28cm
'z
/ )
/a
7
2
7
| /
I /,
7 3
I 7
I//
<_16CM > —_————
y 3 /
o = 452 |l A 3

F=3,5ku
10.5-mucon yuyn

[o]=1400k2/cm® 6a [f]=¢/400 Oynca, makiaa

10.6-mucon.  Arap
OalKaHUHT  MYCTaXKaMJIITH Ba  OUKPJIMTH

KypcaTwiraln ImyJjiar

30° .4
z 4297 F-=18kn q ! z
Z F T 0) | g=1,3kH/M /% Ne20
a) 1 );( E_ __x )4 g
ﬂ | é ey ﬂm 7
l [fe—— V=4 —] LT

—— (=2M —y
fe12cr—]

10.6-Mucon yuyH

TCKIIUPHUIICHUH.

KapoOu: a) &, =807ke/cm®; f=05cu
6) 5., = 68677 , f=095cm.
M,
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10.7-mucon. Arap makijga KypcaTWiraH ydOypyak KYHAaJTaHT KECHMIIH
uysH Ganka ydyH [ofu=400xe/cv®, [o],=1200ke/cu® GYica, KyHmamadr
KECUMHUHT 3apypuH yIdaMiiapy aHUKJIAHCHH.

XKapobu: h=12 cwm.

ZT F=6 xu T y
e = A 4 2
fe—— (=18 —] B —»
4

10.7-mMucon yuyH
10.8-mucon. KyHnananr kecuMu TpanenusCUMOH OYiraH 4ysH KOHCOJIb
KECUMUHUHI Oypuyarujard HyKTajJlapuJard HOpMall Ky4JIaHMIIJIAp Ba SHT
KaTTa CATIKWINK aHUKJIAHCHUH.
Kyitnparunap Oepuiras:
E=12-10°ke/cm® ;  J, =4455cu*;  J, =1875cu*;
Kasobu: o, =391xe/cm?; o, =109xe/cm®; o, =603ke/cm®;
o, =246ke/cm®;  f =058cwu;

=5qu—|
ry A
ZT F=6 ku :
a i_{ 3 Io Y
a = 15 I .
fe— (=121 —] " f : c
- |—o 15bw —»I\

10.8-mucon yuyn

10.9-mucon. Illaknma xypcatwiran €rod
koHcoNb F; Ba F, kywiap Ttabcupuian F, =165ke

SrUafv, TYFpU TYpTOypYaK KECUMHUHT >

Oanananury h HUHT 5HU B ra HUCOATUHH 2 Ly Y] |
7e0 0aub YHHMHT yadamiapuHU TaHJIAHT Ba T‘j'-(- ~——

YHUHI A KECUMHJArW TYyJia CaJIKWINK ‘/ﬁ | ],7“‘; T
KUUMAaTUHU Xamzaa WYHAJIUIIUHU d R °
AQHUKJIaHT;

10.9-mucon yayn
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JKaBoOu: [0'] =100 KZ/CM2 , 6 =9cm; h=18cm; f, =198cm,
(BepTHKaJITa 80° 52/ Oypuak ocTuaa).

10.10-mucon. laknma kypcatuirad FUINITHH YCTyHTa
V3 XyCycuil Oorupiauru Ba kyuu 80 Kr/cM® Ta TeHr
OynraH IIaMOJHUHT OHpP TEKUC TaKCHUMJIaHTaH
KYHJIaJaHT 00CUMH TabCUP KUJTAIH.

5m —

VYVYVYYVVY VY VY

+«—nh

FvumtuH ycTyHHHUHT conumutupma orupauru 1,6 uu/fmiuﬁ'huu '
ra TEHT. |
YeTyH acocuzaru SHI Karra Ba JOHI KUYMK _ T
CUKYBYM KyYJaHUIUIAP MUKIOPY aHUKJIAHCHH. i
k=g~
Kasobu: o, =—2xn/m?, 10.10-mucoxn yays

Oy = —14KH/M2 :

10.11-mucon. Illaknma xypcartwirad
KYIITaBp  KECUMJIM  KOHCOJIHMHT
KYHIQJIaHT KeCUMHUJATH SHT KaTTa Ba
OHT KHYMK Ky4JaHUII KUHMaTIapu
AHUKJIAaHCUH:

Kapoou: o, =8ldxe/cu’;

o, =—-900xz/cm’ .

A
|
|
64 | T
|
10.12-mucog. [loupaBuii KyHAaTaHT KECUMIIU EFOY :
= =
AB yctynnu F kyd Owinan TOpTWITaH KaHaT TyTHO | N
Typaaud. Arap €rod y4yH [o]=100x2/cu? OYiICaA, YCTYH :
B KecuMJla KUCTHpHO MaxkamiaHraH el s
xucobnab, KaHATHUHI MyMKHMH OYyIraH »Hr karra  oopo |
1
TapaHTJIaHUIIA AaHUKJTAHCHH.
3
—_ L0
KasobOu: 787 Kr. o

10.12-mucon yuyn
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10.13-mucon.  JleBopra  maxkamiiaHaJauTaH
KpaHHUHT KymtaBpiau 6ankacu BC cunu JIE ra
TOPTKHU AC ra HIAPHUP épramMua
oupukTHpiaraH. Arap 10K F =40xu OYyica,
OanKaHWHT KYHJAJlaHT KEeCUMHIArd HHT KaTTa
HOpMaJ Ky4YJaHUIIl AHUKJIAHCHUH.

0c

60

| Y
||=|=I|N= 16 F=40 ku
|

10.13-mucon yuyH

— 20 «——75cm —20«—

XKapobu: o, =976ke/cm’.

10.14-mucon. Tomonnapununr Hucbatu h:e=15 Oyiran TYrpu

TYpTOypUaK KYHJAJaHT KECUMJIM €F0Y IIMNpeHres Oalikacu ywiapujaaH
HIAPHUPIW TasHUO Typaau, y TEKUC EHMMIran Kyd OuiaH okjiaHTraH. Arap
[c]=100ke/cn?  OYmca, OGanka
KYHJQJIAHT KECHUMH YJdamMiiapu

f
Ba [o]=1200xz/cm’® OVnca, S m > 1 e —— ; % .
nyjgar Toptkunap (A4ADea DB) 38

JTMaMeTpJiapyu aHUKJIAHCHH.

6=117cm; D
3M | 3M

d=126cm. | ! !

10.14-mucon yuyH

Kasoou: h=176c¢um; ‘

10.15-mucon. llaknma kypcaTuiaran OaiKaJapHUHT IOKOPU IIApHUPIIN Ta-
AHYMHUHT Y4 XWJI BapUaHTAA >KOWJAIITaH XOJUlapyd YYyH OHI KaTTa
Yy3yBUM BAa CMKYBYM Ky4IaHUIUIAp KUMMaTHU TONMWICHMH. bapya xoiuiapaa
OaIKaHWHT OaJIaH/JINTU KYWIAPHUHT TahCUP WYHAIUIIINTA Tapaijieyb.

10.15-mucon yuyH
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N/N Kecum ’ a o c 1070pH *aBoOap
XUJUIApH Ba TasTHY
ymuamiapu (cm) (CM) (CM) (xn) | Bapmant | O pay (KZ/ CMZ)
Y 3HITHIL CH? WAL
1 86,0
T V a ) 87,0
=
2 3 % 180 | g0 | 450 | 2 6 81,9 91,2
IR/
3 s B 80,1 93,0
4 a 1271 1357
S Ne18° 160 60 | 140 | 10 6 1142 1486
6
B 1102 1526
10.16-mucou. HlIaxmma
KypcaTuirax KyLITaBp
KeCUMJIN OaKaHWHT ¥3

OFUPJIMTUHU XHcoOra oJyiMai
YHUHT KYHJaJlaHT KEeCHUMJaru
9HT KaTTa 4y3yBYM Ba CUKYBYHU
KyWIaHUIIIAPp TOTTHIICH.
Kapoou: o', =937xe/cu’;
Ol = —122T k2] cn® ;

Ne60

10.16-mucoun yuyH

10.17-mucon. Illakmma kypcaTwiarad YCTYHJApHHHT FOKOPHU y4HTa
Oyiutama CUKYBYM F, Kyd N HyKTacura KyWHJITaH Ba KyHAajdaHT F, Ky4
XaM TabCUP KWIAAW, YHUHT TabCHp MHYHAIUIIM KECHUMHUHI STUJIUII
MapKas3u OpKajid yTaJu.

YceryHnapaaru SHI  Karra HOPMaJl  KyWIAHWIIHH, aCOCHJIaru
KECUMHUHI HEUTpasl YKUHUHT BazustuHu, A, B, C, D nHykramapaaru
HOPMAJI KYWIAHUIJIAPHHU TOMMWHT, XaM/la UCTAITaH KYHIAIAHT KECUMHUHT
HEWTpan yKiIap yraaurali M HYKTaHUHI KOOPAWHATAIIAPUHU KYPCATHUHT,
IONKa JIEBOPJIM YCTYHJIAPHUHT OSTUIUII-Oypanuin  aedopMmanusiapu
XUcoOra OJIMHMACHH.
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‘Fl i Fz‘ lFl F2
N i 4 v N I 4

. |
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///II//IIi/III_//// I IIIIIiIIII I

2 i
|
|
B‘N 4 ﬁ Py
4
b/ | a D | C
5 Ne30 fe— 18cm —
10.17-mucor yayH
=2 |Fh | R »KaBoOap
5 2 |0 | (e
= o, 9|9 | Op | 0 |MHykma |xoopounama
a,(em) |a, (cm) v o v vy
1 |6 1 13,7 | -147 |268 |-57 [-1063 | -738 | 1125 0 1,47
2 121 2 | -149 -1,66 }1045|-1532| 505 [ 1051 [ 1625 0 1,47
3 | 25/03]| 113 4,05 (884|688 120 -317 | 914 0 1,47
4 118|016( 1,81 | -1,78 [102,6/21,4 (77,8 |-464 |1026 0 1,47

10.18-mucon. Cuxkunran OpyCHHHT A HYKTacHIaru
HOpMaJl KyWIaHHII o, =12ke/cv® Ta TeHr (4Y3HInIL),

B nykraga o, =0 ra tenr C HyKTajga Ky4dJaHUII
HHMAara TeHr?

Kasobu: o, =48 K% > (cuKmmim). 10.18-wcon yayn
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10.19-mucon.  Hlaknma  KypcaTuiraH  MKKH

YCTYHHUHT B HYKTacHJlaru CUKYBYU
Ky4JaHUIIUIAp Oup-OMpura TEHIJIMTH MabiyM
oynau: Y cTyHnapHUHT A HYKTAaCUJIaru

KYWIaHMOUJIAPHW TAKKOCJIAHT .

XKapoOu: [lonpaBuii kKeCUMIIM YCTyHa Ky4JIAHMIII
20% kaTTa OYymaau.

10.20-mucoun. Arap [o], = Trel cm® Ba
o], =70ke/cn®;  GYaca, 1makmma KypcaTmirad
OETOH YCTYHHUHT MACTKH KMCMH MYCTaXKaMJIMIH

TCKINUPHUIICHUH.

o' =6,3kelcm® < Trel em?,
XKasoOu: ™

ol =9,7kelem® <T0ke | cm?.

10.21-mucon. a) Ba 0) makiaga KypcaTuiaraH
YCTYHJIAQPHUHT aCOCHJIard dSHI KaTTa HOpMal
KY4WIaHUIIUTAPHU TOTIHHT.

Xapobwu : a) o, =90xe/cm’;

0) o, =120x2/cm®.

Yeryn

| oyiinua No 18
TITTTTITIT

yVeryn  Veryn
acocu
Ycryn
acocu

~
~

e

|
10.21-mucon leyH
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HOMEPJIH

10.19-mucon yuyH

1F=6KH

|<_26 CM —»

— 40cmMm —

E 0 cM_,|
//////:'///////}///////:///
5 1 | IF
L R ¥
—26 cn—*

10.20-mucon yuyn

i _,Ik%_. §i - pA - CHKYBYH Ky4JIaHUILIAPHU TOIIHHT.
: J ’KaBoO :
deCTVH 10 c!/[ 1'5 cM

a) o, =1579kelcM’; 6) o, =170,7ke/cm’.

FZ%KH 5 1F236KH 10.22-mucon. Ne55 HOMEpIIU KYIITaBp KECUMIIU
! kaita yctyH F=180 xH ky4 Owian mapkasuid
! CUKWIAsIA. Arap KymTaBp OyTyH y3YyHJIUTU
| HIBEJIJIEPHU
naBaH/Ial OWlaH KydyauTHpHIIca, KYIITaBPJIH

Ba KyYaWTUPWITaH YCTYHJIApJIAaTM 3HI KarTa



117

10.22-mucon yayH

10.23-mucon. lakmmapaa kypcaTuiraH KyHIaJdaHT KECHMIIM Yy3yH-
JUKIIApU ¢ =154 OyIran crepxkennap F kyd Tabcupuaad uysuiaau. F kyu
KYWWIraH HyKTa Kecumiiap/ia 1jay3uya OuiaH OenruiaHraH.
Koopaunaranap cucremacumaH HEUTpand YKHUHT KeCcUO akparras
kecmanapu, A,B,C,D Hykramapparm Hopman KywiaHUIIIAp, SHI KaTTa
KyWIAHUIIUIAp Ba CTEPKEHb Y3YHJIUTHHUHT YPTaCHUIArd CaIKWIMKIApHU
aHukJianr. FOmka J1eBOpJM CTEPKEHJAPHUHT STUIUII Ba Oypanuil Je-
dbopmanmscl HaTHXKAcHAa XOCWJI OyJIaauraH KywIaHUILIaAp Xucoora
OJINHMACHH.
23-MUCON YUyH

= | =
< § % _ »KaBoOJIap P ——
% E z IIzlevrrpa: YIb HYIBacuHUHr | Kecyim Hy rBanapuaart Kyurnaduwnap (xe / em?)
u e ' f (cm)
a,(em) | a,(cm) o, O, Oc Op © max
1 |60 | +0.75 12,67 +375 -625 +125 +1125 | 1125 0,49
o |40 | +0.96 -1,56 +1672 | +281 | -1005 | +381 | 1672 0,57
2 |so| -5 +1,48 919 +331 | +1493 | +243 | 1493 0,45
4 |200]| -125 +1,25 +1273 | -764 | -764 +1273 | 1695 | 041
5 |60 | +6,04 2,27 +1342 -443 +784 +115 | 1403 0,30
6 |25 | -054 -3,30 -532 +1580 | +949 -1164 | 1580 0,55
7 15 -0,53 -2,49 +23 +1283 +747 -514 1283 0,45
8 |30 | -077 +2,17 -280 +412 -700 +1524 | 1524 0,41
o |10 | -0.63 +1,05 +1415 | +454 +10 - 1415 0,54
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/
23-mucon y4yH I'— 8 cm —P|

10.24-mucon. [laknnapaa KyHAaJdaHT KecHMMiap Ba YJIApHUHT KECUM
AIpoaapu KypcaTuiraH. Arap KECUM TEKCWIMIM Ba THMK Kyd A HyKTara
Kyiunaran Oyica, Oy KeCMMJIApHMHI Xap Kaiicucuja HeuTpan YK KaHaan
yTaau.

XKapooOu: bapua kecumnapaa B Ba C HykTanap opkajiu yTaau.

24-mucon yuyH

10.25-mucon. Illakmma kypcaTuiarad wam OYII KYHIAJIaHT KecHuMJap
Ooepwirad. by kecumyapHuUHT a) Wud OYym Ba O) mum Oy Oyimaran
XoJulapia YCTYHJIApJAH Xap KalCHUCMHUHI KECUM SIAPOCH Yiadamiiapu
AHUKJIAHCHH.

7 2 tz A 4,
1

- ==

I<—80CM—.
20021
I
1
1
I
1
1
1
1
¥ <
f¢—200 cxr—>
1
.
@
1
;k<
1
1
v

)
o
[}
2

ey W,

10.25-mucon yayH

!
}

10.25-mucon yuyH
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Kecum

SpOCH XaBobOumap
yiuam- | &) W9u Oy Oynran 0) nuu Oy Oynraxn
napu 1 2 3 1 2 3

h, () 42,9 112,4 72,0 26,7 66,7 50,0

6, (cm) 68,0 112,4 72,0 50,0 66,7 50,0

10.26-mucon. Mlakngaru  ABCD
MyJIaT THUPCAKIUK CTEpPKEHHUHT AB
KACMUHHUHT JAaMETpu  d =125cu. M
HYKTaJla 4Yh3Ma TEKUCIUTWra THUK 2 KH S F|= - -~
Kyd Kyudwirad. KecyBuM Ky4lapHUHT I
ypUHMa  Ky4JaHUIUJIApUHU  XUCoOTa
onMmaii »Hr xaBpuu Hykra M

l +«—3 Cm—bi

<__15_’| T

KeCUMaru Ky4wIaHUIILIApHU Ba XUCOOUH I VI i
KyWIAaHWINIHA YYUHYA Ba TYPTUHYH 10.26-mrcon yuyH
MyCTaxKaMJIMK  Hazapusuiapu OViinda

TOITUHT.

KaBobu: o, = 451K2/CM2; o, = —5dre/cm®; oM =505ke/cm?, o =480ke/cm’?

M =

10.27-mucon. Kyunananr kecumu jaouwpa Oynaran Bajira OypoBYu
M, ==12000kecu Ba ATYBUH M, =9000kecu MOMEHTJIAP TabCHUp Kujaau. Bai

MaTepHalid y4yH pyxcaT dTWITaH KyWIaHUII [o]|=1000xe/cn? . 1y BasmHHHT
mmametpu (d), Il Ba IV wMycraxkamiMK Hazapusulapd acocujaa
AHWKJTAHCHH.

’KaBoOwu : d,, =535¢u; d,, =52cu

10.28-mucosn. Banxunr xaB(u KECUMUTa OypoBuu
M, =20kecu, STYBUU M, = 60kecu MOMEHTJIAD Ba Yy3yBUM N=90ke KYy4

Tabcup Kwiaau. Banmaunr nuamerpu I mycraxkaMiIMK Ha3apUsCU acOCH-
Ja aHUKJIaHCUH. Ban Marepuanmn ydyH pyxcaT OSTWITaH KyWIAHUII
[0]=600Ke/cn?.

KasobOu: d=41cm.
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10.29-mucon. JloupaBuil KyHAATAaHT KECUMIIH ITYJIaT BaJIHUHT XaB(Iu
KeCUMHUJA M, =8ku-m Ba M, =6xku-m MOMEHTIAP TabCHUP KWIaah. Arap
[c]=1800k2/cn® OYIICca, IV ~MycTaxkamyIMK HazapuscujaH Gdoigananuo

BaJIHUHT JUaMETPH aHHUKJTAaHCHH.
KasoOu: d =82cm.

10.30-mucon. Arap [0]=1800k2/cn?
Oynca, 1Mmakiga KypcaTWIraH CHUHUK
CTEP)KCHHUHT KYHJAJaHT KECHUM FO3UHHUHT
yigamiapu [II-mycTaxkaMImK
Hazapusicuad doigananu0d TaHIAHCHH.
K¥Hnmamanr kKecuM  HWKKM ~ BapHUaHTHA
KapaJCUH: Joupa Ba KBaapar.

1
10.30-mucon yuyH

JKaBoOu: d =6.75¢cu: a=59cu

10.31-mucon.  Illaknma  kypcartwiras,
TUaMeTpU d =7cw OYJIraH CTEPKEHJAH sicajraH
KPOHIUTCHMHHUHT KYHJIQJIAHT KECUMHUIAru 3HT
KaTTa Xuco0otr kywianui I[II-mycTaxkamimk
HazapusicuaaHn (oiiananuo
AHUKJIAHCHH.

Kasobu: 1830 KZ/CM2

10.31-mucon yuyH
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JrpH CTEepsKeHIap

MamuHaco3nukaa Ba KypWIHII aMaJuETHAA KOHCTPYKLHUS 3IIEMEHTIApU
opacuaa TYFpH dSJEMEHTIAapJaH TAIIKapH 3TPU YKIM CTEp)KEHIap XaM XKyJa Kyl
yupaiiiu. Macanan, 10K KyTapyBUM KpaHJApPHUHT WJIMOFH, O€pK XajKa, THIIIUPaK
TYyFOHH, apka Tym0a3 Ba mryjapra yxmanuiap. CTep>KeHHUHT STPUINTH, STPUIIUK pa-
JIMyCH O HUHT SHT KarTa Oamanmmrd hra uucOatu Gwinan udonananamu. p/h>5

Oynranaa CrepiKeHb KHYMK Srpuimkna, p/h<56ynranma karra srpuiivkiaa, arap

P h=® oyinca, Tyrpu Ykiu 0ymaau. (11.1-maki)

11.2-maxn

Kylnna CMMMETPUK KYyHIQJIAHT KECUM F03aJIM XaM/la yJiapra TabCUP dTaUTaH
Ky4 Opyc VKM ycTuaa €KM KECHUM F03aCHHMHI CUMMETPHS YKHUJa ETyBUM KaTTa 3rpH-
JUKIArd TEKHC 3TpU Opyciap Xakuaa Tyxtanamus. byHnail arpu OpyCHUHT UCTaJIraH
KEeCHM Io3acujard 6apya MUKM Kywiap yuyTa KOMIOHEHTra, ssbHu HopMai Kyd N ra,
3ryBYd MOMEHT M yra Ba KecyBuu Ky4 Q(y)ra KeTHpHIaau.

Arap 3TyBYM MOMEHT CTE€P>KE€Hb YKHU STPUIIUTHHM OIIMpca MycOaT, akc X011
MaH(puit 6ynaau, arap Oyilama Kyd 4y3uJIdIlra Moc Kejca MycoarT, ake XoJaa MaH-
¢uii, arap KeCyBUM KYYHUHT UYHAIMIIM OYiiamMa KydHUHT MycOaT WYHAJIUIIIUHK CO-
aT CTpelKacH xapakatd Oyiinda 90°ra GypHII HATIKACHIA XOCHI KWIHHCA MycOar,
akc xoiaa manduit 6yaaau.

OrpWIMK painyCul KWYUK OYJIraH TEKUC 3TPU CTEPKEHJIAp YM3UKJIU Ba Oyp-
YaKIM KYyduluiapHu ymymuid xonna, seHu M,N Ba Q napuu xucobra onranaa Mop
MHTETpaiy EplaMujia aHUKJIall MyMKHH

MM, ds NN, ds QQ ds
N i o) e

oynma M,N Ba Q - 3rpu 6pyCHI/IHF UXTUEPUN KYHIATAHT KecuMuja OepuiiraH

(11.1)

Ky4Jiap TabCUpUIa XOCWI OYIraH I0KOpuaa KypcaTHirad Kyd (pakropiapu;
M, N.,Q, - u3naHyB4M KyuuIll HyHaiummaa KyHuiraH OUpiauK Kyd (MOMEHT)

TabCUPHIA YIIIa KEeCUMIa XOCKJI OVIIran yximani Kyd (hakropiapu;
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K -xecuM Mmakiaura Ooriuk Oynran koddumuent (Macanan, TYFpu
o 10
TYypTOYypUaK yuyH k=1,2 Ba oupa yuyH K = 5) .

ds — €ii anemMeHTH |
S- €M Y3YHJIUIH .
N Ba Q JApHUHT TabCUPU M HUHT TabCUpPUTa HUCOATAH KYUYMIIHUHT MUK]IO-

pura xxyna kam o6ynranu yuyH, (11.1) popMmynaHUHT OXUPTH UKKW XaJUHU KYTTYHIAK
XOJuI1apaa YbTHO0PCU3 KOJAUPHUIIT MYMKHH.

TeKncC 3rpu CTEPKEHIAPHUHT KYHIAJIAHT KECUMJIApU/Ia HOpMaJl Kyd-
JaHUIIap OWJIaH OMpra ypuHMa Ky4wIaHHIILIAp XaM Iaijgo O0yiaaau. Orpu-
JUTU KarTa OYiraH CTep)KeHJapAard HopMall KywIaHWIuiap TYFpHU CTep-
KEHHHM OTUJIWINTa XHCcOoOJlalll y4yH 4YuKapwiral Qopmyna Oyitnua
XucooOyanca, y yn Kyiui MyMKUH OYIMaral KaTTa XaTOJIUMKHU Oepaju.

OryBud MOMEHTJAH XOCHWJ OyiraH HOpMasl Ky4dJaHWII KyWujaru
dopmynagan Tonunany (11.3 makm):

o =M.z (11.2)

S S r+z
OyHaa M —Oepuiaral KeCUMJaru 3ryBUM MOMEHT ;

S —HeWTpan yKKa HucOAaTaH KYHJAJIAaHT KECUMHHUHT CTaTHK MOMCH-
TH;

r —HEUTpas KaTJIaMHUHT STPUIIUK PAIUYCH ;

Z—HEeWTpan YKIaH KywWIaHWII aHWKJIaHaJAWUTraH ToJjiarada OyiaraH
Macoda.

byiinamMa Ky4 TabCHpHUJaH XOCHJ OYJraH HopMmaji KydJaHMIILIap
TYFPU CTEPKEHHUHT VK OYyinad dYy3uWiuiid Ba CUKWIWINKIATA Kalu

XucoOIaHaIu.
o =§ (11.3)

OrpH CTEP>KEHHUHT 3TWIMIIAA YHUHT KYHJAJaHT KECUMUJIA KECYBUH
Q KyuJia XOCuJ OylaJuran ypuHMa Ky4dJIaHWII TYFPU CTEPKEHJaru Kaou
Kyposckuii popmynacuaaH TOMUIAH.

Q5 (11.4)

eJ

N Ba M HHUHI WyHaJIMIIWTa XaMmJla 3TPU CTEP>KEHHUHT KYHJAJaHT
KeCMMHU IIIaKJIM Ba MaTepuaiaura kapad, xaBdiau HyKTalap KyHIaJdaHT
KECUMHHUHTI WYKM (OTPpWIMK MapKa3ura SKUHPOK) HYyKTajapu Ba
IIYHUHTAEK, TAIKU HyKTajdapu OYIUIIM MyMKUH Ba HOpMaJ Ky4YJAHUIITHU
Iy HyKTaJIap y4yH XucoOJai Kyiuaaru GopMyiaiad aHUKIaHau:
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12 o] (11.5)

o, anopacu

h;
ES
L
=

0 11.3 - maxi

(11.5) dbopmynaga N HHHT KMHMAaTHHU YHHHT WIIOPACHHH XHUCOOTa
OJITaH XOJiJa, M V3UHUHT aOCOJIIOT KUKWMaTuh OWaH, CTEPKEHHUHT
STWIIMIKA  KapajlaéTraH HYyKTaJla 4YY3WIuIl EKU CUKWIUIIHU XOCHII
KWINIITa Kapad mycoaTt MmycOar €ku Manduii umopa Kynuiaau. KacpHuHr
Maxpaxiaara wMycOar &€xku MaHbuil wumopa Kyuunaau. KacpHuHT
Maxpaxujard MycoaT wuIopa TaIllKy ToJjiajiapra, MaH(uil uimopa 3ca
TOJIaJlapra MOC KeJaaau.

Orpu  CTEpKEHHHHI  KyHAAJIaHT
KECUMUJIATH HEUTPAII VK Iy KECUMHUHT 77 .
MapKasuil 0011 YKuaaH STPUINK MapKa3u
TOMOH CHJI)KWTaH. .

HenTpan kaTtmaMHUHT 3TpUWIMK pa- 3
IUyCcH r KyWuaard udomagaH Tomwiaan R - *

% _da-=o. (11.6)
Wz c

(11.6) uponanan alipum KyHaamaHT 11 4-maxn
KeCUM IIaKijiap Y4YyH XOCWJ KWIMHTaH
dbopMynaapHU KEITUPAMU3.

Tpaneuus yuyn (11.4-makn).

h 6, + 6,
r= 2 . (11.7)
(6’1 +R, %2 6 )én !
h R, - (62 - 61) )
Howupa yuyH (11.5-makn) : r R,
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d2
r=— 1 11.8
4[2p—«/4p2—d2J ( )
Tyrpu TYypTOYypUaK yUYH
= hR (11.9)
/n—=*
RZ

bomka maknmaru Kecumijap Y4YyH [ Ba 6=p—I JIAPHUHT

KUiIMaTIapy CIpaBOYHMKIIAP/A Ba allpuM JAapClIUKiap/ia KEITUPUIITaH.
Takpubuii popmyna Oyiimya HEUTpad YKHUHT CUJDKUII MUKIOPUHU
aHUKJIalll MyMKHH:

en 0 (11.10)

OyHaa J, KECMMHHUHI Kyd TEKMCIUIMIa THK OYJraH, sbHM HEUTpas YKKa

napajien Oyaran Mapkasui 0011 YKKa HucOaTaH HHEPIIUS MOMEHTH.
HeiiTpan YKHUHT CUJDKUIIKA JOUPABUM Ba TYFpPHU TYPT Oypyak KecuMm
y4yH TaXMUHaH Kyhiujaruya oynaau:

2 3h3 2
d° | _ 9% _ h

1

e

16p Tehp 12p
by taxmunwuit popmynanap srpuiauru yprada Oyiarad Opyciap y4dyH,

SbHU h < 0,5 OVaran X0J y4yH SXIIIM HaTWKaIap Oepasy.
yo,

Macananap euuinia Kyiuaara xajaBaiiad ¢hoiaaaaHaMus.
Orpu cTepKeHIapHU XHcoOnalijga Te3-Te3 yupad TypaJauraH HWHTE-
rpaJiJIApHUHT JKaJBaJH :
11.1- xanBan

Opanukgara Kaimariap
Tip| U
p HTETpaJI TypHU 0os 0_% 0—% 0 n

1 2 3 4 5 6

1. | [sinpdg 1-cosa 0.293 1 2
2, : cospdg sina 0,707 1 0

3. | [sin® pdo —%sin 201 +% 0.143 0785 | 1571
4. | [ cos pdg Jsin2a+? 0,643 | 0,785 | 1,571
5. | [sin?pcospdp | sin® 2/ 0118 | 0333 | 0
6. | [ cos’psinpdp | (1-cos’a)-3 0,216 | 0,333 | 0,667
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7. | [sin2¢ dg e 0,5 1 0
8. :COSZ(odgo %sinZa 0,5 0 0
0. :Sin¢COS(pd¢ sin® or/2 0,25 0,5 0
10. :(DSin(Dd(D sina —acosa 0,152 1 3,141
1. | [pcospde Cosaracosad 9262 | 0571 | -2
1(2 .
——|a —aSInZa)—
12.| [ psin® g dp \ 0933 | 0868 | 247
—g(COSZa—l)
Lll(a2+asin2a)
13. | [pcos’ pdg . 0,226 | 07368 | 2,47
+§(0052a—1)
1 o —
14.| [ psin2¢ do bin297) 025 | 0,785 | -1571
—(axcos2a/2)
lc05205—1)+
15. _[(pCOSZ(pdgo 4 0,143 -0,5 0
+ (asin2sin2a/2

e JKansan E-H.TuxomupoBHuHr “Kypc conpotusieHus

1934 napcaurujan OJMHTaH.
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11.1-muco.1.

11.6-mraky, a) ma KypcaTwirad CTep)KeHb yudyH M,N Ba Qamropanap
KYPWICHH.

Eunm: [lakngan kypuHagukn M MOMEHT TabcupuaaH N Ba Q jap
Xocui OVaMaiiau, y akat Moamopacuraruia tabcup kypcaragu. Iy ca-
020 qKy4 TabCUpUJIA CTEP)KEHHUHT AB y4JacTKaCMHMHT KYHJIaJlaHT Ke-
cuMHJa KaHJal Kyd (akTopiapu XOCWi OYIMUIIMHU Kapaihmui. XojaTu
BepTUKaIIaH Oomuiad ¢ Oypuak
OwmaH xXucoOJaHaJIuraH HXTHUE-
pUM KYHAAJAHT KECUMJIa 3JIEMEH-
Tap TYIUIAHTaH Ky4
dF =qds =qgpda TabCUPUIAH
XOCHJ1 OYiaaurad Kyd (akropiia-
pY Kyhujaaruya TOMWIAIN.

dM(q) = dFp(sing —sina) =
ge’(sing —sina)da;

dN =—-dFsingp =—qgpsingda;

dQ =dF cosp = gpcoseda.
OymnapaaH

?

M, =ap’[(sinp—sinalda = qp’

0

(gosin @+Ccosp—1 );

[
N =—qgpsin [da = -gpgpsin ;
0

@
Q =qgpcose|da—=qppcose;
0

BD  y4ackaga 3ryBYA  MOMEHT
y3rapmac 6ynanu :

AB ydacTkaja 3ryBYM MOMEHT Y4YyH
udomaHu Kyd TabCUPUHU KYIIHIII
MIPUHITUIIUTA MYBO(HK TOTTaMU3:

M = 1 +M(q) = qp*(psin g + cos p)
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3 % kuitMatiapaa M, N, Q nmapHu xucoOmaimus.
M, =u=0p";

M = 2£sin£+cos£)=1,128 2
,, qp(G "+ cos” |=11280

M 2 zsin£+cos£]=1,409H 2

M = 2zsinz+cos£]=l,511 2

N,,=0;

N _=-gp° sin%+cos% =-0,262qp°;

i

N ,=-qgp° %sin% =-0,909qp°;

o=

(o]

N | =-gp’ %sin% = -1571qp°;

o=

(=]

Q(p:O = O’
Q  =-gprcos==0,455 qp>;
(/’:g 6 6
T T
= —qpZcos ™ =0,555 qp;
Q¢’=Z 4p cos qp

T T
=qp—cos—=0.
szz Qp= cos

Tommnran xkuiimatnapaan dovganaand M, N, Q smropanapuan Kypamus (11.6-
IakJ, B, T, [I.).
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11.2-muco.1.

F =150xn xyTapyBuM WIMOKHUHI XaB(IM KYHIaJaHI KECHUMJAru SHI KaTTa
qy3yBYM Ba CHKYBYM KywiaHUIDIap Tormwicud (11.7-mrakm,a).

Egyr: OryBun MOMEHT A
M=F - -p Ba Oyiinama kyu N=F F
OHI KaTTa KuiimaTra j3ra OyiaraHu a) ] ]
yuyH A— A xecum XxaBdau Oynanu. -1 9= -
KecumHuHT XaBhIM HyKTajdapujarua
KYWIAHHIIJIAPHU KyW#uaara ¢GopMy-
J1ajaH aHUKJIaMU3.
N M h )
O,,=—*— L2 €KH - .
A Srzxh,
N M h,
O =T .
A SR,
K¥yHmananr keCHMHM MKKUTA A—+ 4" — =)= A
y4uOypuakka axpaTuO, yHUHT
OFUPJIMK  Mapak3u  XOJaTUHU
AHUKJIAUMU3. v, YF oy vy,
he, h + hs, 2h <« 2712 —>‘<—h2—>! 4—nh_
, % _ 2 3 2.3 _ L
A he, N he, h(26, +s6,) 6) —h=1§ —
2 2 3(6l + 62) _ 4—20—_L |
h(26, +6,) 16(2-6+12) T F~—+
= = =71lcm SNe I 1 T
3(81+82) 3(6+12)) —?‘,—E—-Il‘v———
(11.7) dopmynaman doiina- & | I N ~J l
JaHuO, HEUTpall KaTJIaMHUHT 3T- L |
PUIINK PaAUYyCUHU TOIIAMU3. — | —p |
16812 —p 4|_.|
r= 2 —18.1cw  |e—— Ry=28 -
6+2812 =0 znﬁ—(lz-e) '
16 ) 12 orc" |
I

O, Ba O, Ky4JIaHUIUIApHU TOIIMIIAA E—

Kepak OynanguraH KuMaTIapHH TO-
aMu3:
p=R,+Z,=12+711=1911cu )

o, =11798-"= |
M, I

e=p-r=1911-181=101cm |

_6t6, _0+12 16 1aacn I
2 2 11.7-makn

0, = 63222
cm

A
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S =A-e=144-101=14544cn’

h, =h—(z, —e)=16-(7,11-1,01) = 9,9¢cm

h,=2,-e=711-101=6,1cn.
Kyunanumnapuu anukiainmMms

_ 16000  16000-1911-61 .0 K7 r
144 145,44 -12 c
o = 16000 16000-19,11-9,9 _ 632’2,{7 2
144 145,44 .28 cm

Tonunran xuitmaTnapaan ¢oinananuO, Kypuwiran KydilaHui smopacu 11.7-
11aKJI, B) 1a KYpCaTHJITaH.

o,
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MycTakuia equn y4yH MUCOJLIaP

11.1. [IynaTnan sicairal CTEPKEHHUHT B KECUMMHMHI BEpTHUKaJ, TOPU3OHTAI
BA TYyJa Ky4YUIIJIAPU aHUKJIAHCHH.

3
XKapobu : 5,7 = TFp 0,4cm
4 EJ

3
5 = % =0,25cu. O =0,472cm.

11.2. laknma KypcaTuiaran 3rpu CTEPKEHb YUYH TYBUM MOMEHT, OViliama Ba
KECYBUYU KyWIap 3MI0palapy KypUJICHH.

JKasooOu: ‘M =0,125qp7;

max ‘

= ‘NA‘ =0,50p;
Quax| =[Qs|=050p.

. —'| d=8,cm |<—

11.1-mucon yuyH 11.2-mucon yuyH

|‘_
!
i

11.3-mucon yuyH

11.3. OHu 6 cM, KamHIUTY 4 cM OYJIran TYFpu TYpTOypUYaK KECUMIIA CTEKEHHU
aru0, y ypraya paguycu / CM JM TaKaCUMOH IIaKira Keatupuirad. CTepKeHHUHT
ypTacugaru KECUMHHMHI MapkasujaH 12 cm macodara Oup-Oupura Kapama-Kapuid
nynanrad 10 kH ra TeHr UKKUTa Ky4d KYWWIraH ; Oy Kydjap Kallpuiran CTEp>KCHHHU
TYTpUIIAITA MHTWIAAMIAP. YPTaJard KeCHMHMHT SHI KAaTTa Uy3yBUM Ba CHKYBUH
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KyWIQHUIUIApHU TOMHUO, [Iy KEeCMM YYyH HOpMal KyWIAHUIIHUHT SIIOpacH
KYPUJICUH.

Kapoon: 750——; —340—— (r = 6,55 cu).
CM CM

11.4. Tyrpu TYypTOypUaKk KECUMJIU WJIMOK KyTapa OJIaJIuraH IOK MHUKIOPH TO-
NUJIcHH. MJIMOKHUHT KaJIWHIUTH 7,5 €M, HWYKapu TOMOHJAAru Tojiajap paauycu 15
CM, TalllKapu ToJjiajap paauycu 25 cMm. Mukapujgarun Tonamap KaBaTuaaH 7,5 cM

Y30KJIUK/Ia KYYHUHT TabCUp YM3UFH yTaau. Pyxcar stunran kyunanum /00 K% T

TCHI.
Kasobu: 52xu(r =19,577 cm).

F A

11.5-mucon H
i 11.6-mucon yuyH

11.8-mucon yuyn

|‘a_=800M F

11.10-mmco.
11.9-mucon yuyn HHeon Y
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11.5./luamerp 8 cMm OynaraHn [OOMpPaBUN KECUMIIM CTEpKEHIAH sCalraH
XaJIKaHUHT Wuku quameTpu 12 cm. Xanka F =20xx kyu Ownan cukunaau, A Ba B
HyKTaJlapJard Ky4wIaHUIILIap TOMUJICHH.

XKapobu: : »gg_*< . 607X r =9.81cm)
c

2
CM M

11.6. Haknaa KypcaTHiral 3rpu CTEPKEHHUHT A HyKTacu F Kyd Tabcupuaan

TOPU30HTA MYHAIMIIIA KYYaIUMH, arap Kyuca KaH4dara KyJ4aam?
3

XKapobu: o, _FP Fp  vanra kapab xyuamm.

“?  2EJ 2EA
11.7. Illaknma xypcaTwiraH »dIpU  CTEpXKEHHUHT B TasgH4Y peaknuscu
AHUKJIAHCUH. B HYKTaHUHT TOpH30HTANI KYUYHUIITH TOIMMJICHH ( OyiiaMa Kyd TabCHPH
XUCOOTa OJTMHMACHH).

2
Kasobn : 7, =091: A —0,042 M P"
Yo, i EJ

11.8. [laknaa kypcarmiran ABC crepxeHHUHT XaB()JIU KYHIAIaHT KECUMMIa-
T'H OHT KaTTa Ba 9HT KMYMK HOpMaJl KyWIaHUIIJIAPHUHT KHHMAaTH aHUKJIAHCHH.

Kapoon: o, =1246—— o, =—-1284"_

2. min -
cm” ] cm

11.9. Pyxcar oTuiaraH Ky4laHUII [0']=12 K% " Oynrannma, IIakiaa

KYypcaTWiIraH 3upak MIaKJIWJIard JIeTajdb YUYyH F Ky4HHHT pyXxcaT 3TWITaH KMMMaTH
TOIUJICHH.

Kasobu: [F|=82xu
11.10. Pyxcar sTuiran KywIaHUILIAp [O'q ] =600 K% X [ac ] =1800 K% ¥

Oynranma, sjpuM XaJjka IIaKkJIura 3ra OyJaraH uysHAaH scalraH CTeP>KCeHHUHT MyCTax-
KAMJIMTY TEKILUPHUIICHH.

JKaBooOwu: —5p4_%°_.  _ _og5Ke
O =564 oy, =285 4M2
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byiiiiama Ba OyiluiaMa — KYHAAJIAHT 3TUJIHIIL.
CrepKEHHUHT TYFpHU YU3UKJIH MyBO3aHAT X0JIaTUIaru
YCTUBOPJIMTUHM HYKOTUIIM Tydailiin srunumura  Oyiiama  Sriiuiil
nennnand. DIIAaCTUKIMK Yerapacuja YK Oyiimad CUKWITaH CTepKeHJapia

XOCWJ OynmamuraH KpUTHK Kyd KuiimMata OJisiep ¢opmyiacujaH
doitnanannd Tonuaagy :

F o 7z2EJmin

kp — gz !

(12.1)
kel
6sz{a E—CT CPKCHb MATCPHUAJTIMHUHI 3JIACTUKIINK MOI[YJII/I;
‘] min
MOMEHTU,;

- CTEpKCHb KYHIAJAHT KECHM FO3MHHHI MUHHMAaJI WHEPIUS
lrg=p -

KCITUPUIITaH €KUM DJPKUH Y3YHIHMK, Oy Y3yHJIHKKa

CUHYCOUJAHUHT OUTTa SIPUM TYJIKUHU KOUIAIIATH;

[ - CTEp)KEHb YWIAPUHUHT MaXKaMJIaHWI YCYJIWHH XucoOra
OJIYBYH Y3YHJIMKHU KEATUPUIN KOAIPDUITUESHTH;

{ - CTEPKECHHUHT XaKUKAMN y3YHJIUTH.

-
I ﬁ%
l’ “ 4 II
i ‘\ 2
' ' 3 !
E ) ‘| ' ¥) I
.‘ £ A
‘\ i ! “ N~ “\
du=1 =2 = Vu=07 ¢ 1u4=05
| )z | U 3 U A 7
- ; - i PSSR T,
a) 0) B) r)
12.1-makn

12.1. a, 6, B, I - mMaKUlIapjla CTEPKEHb YUYIAPUHUHT MaxKamiia-

HUIIWHUAHT SHT OJJIMM YCYJUIapy Ba yjlapra MOC KEIyBYH Y3YHJIMKHUHT
KEJITUPUIT KOADPUIMEHTUHUHT KUMMATIapu KYpCaTUIITaH.

CuKwIran crepKeHjaap XaB(-XaTapcus

WIUIAllM  YYyH pyXxcar
STWITaH Ky4 KPUTHK Ky4JaH KUYHMK OYJIUIIN MapT :
F
Fl-=.

. (12.2)
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OyHzma n, - yCTUBOPJIMKHHHI Taaal dTHJIraH dXTUET KO3 UIMEHTH.

CTepXK€HHM CHUKYBYM Kyd KPUTHUK KuUHMaTra €TraHja CTEp>KCHb
KYHAQJIAHT KECHUMUJa XOCHJI OVIaJurad Ky4dJaHHUIITra KpUTHK KydJaHHUII
nennnany Ba Kyuuaara hbopmyinagaH TOMUIAIH

Fk T 2 E
P _

. gkelf ,U E .
bynnma: A=—% ="— - CTEp)KCHHUHI 3TWIyBYAHIIUIH,

min IFmin
\] H o
lin =1/— - CTEp)XEHb KYHJIAJIAHI KECUMUHHHI MHUHHUMAI
A

WHEPIHS PaTuyCH.

KpuTuk KydnaHUII CTEpKEHb MATEPUATMHHUHT POTMOPIIUOHAIIINK
yerapacujian opTuO kKeTMmaran xojija Jisiep dopMynacuaad QoiigaiaHuIil
MYMKHH:

2
Oy = 7; E <o,. (12.4)
Opnatna Dinep popmynacuaan Gorgananum yauyH A >4, €ku
izl E (12.5)
(o}

n

mapT OaXapuIUIITN Kepak.

KpuTtuk Kywianuim OpomnopUHOHAIUIMK 4YerapacujiaH OpTUO KeTuo,
['yk KoHyHH ¥3 KyuumHM WYKoTca, Junep dopmynacuaan Qoiinananud
oynmaiinu. bynmait xommapna SICHHCKMWHHMHT SMIUPUK (popmynacuaaH
dolinanannd xucobiaHaIu :

o, =a—bl+ci?, (12.6)
OyHaa a,b,c — MarepuaIapHUHI Xoccacura OOFJIUK KodbduiueHtaap,

TaxprOa Wyau OujaH TOMWIAIW Ba KyUYJaHUII YIdaMuIa YidaHau.
Alipum  Matepuayuiap yuyyH Oy  KOADPHUIMEHTIApHUHT  Ba
ATUJIYBYAHJIMK /1 HUHT Kuiimatiapu 12.1-anBanjga KEITHUPUITaH.

12.1-xanBain

CrepxxkeHb | OTMITyBYAHIIUK Koaddummentnap (xe/cn?)
MaTepuau A e a b c
[Tynar :
Cr.3 100 3100 11,4 0
MapKaJu
Cr.5 90 4640 36,17 0
MapKaju
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Kaparaii Ba 75 293 1,94 0
apua
UysH 80 7760 0,53
CHUKuIUIITa WIIOBYM  CTEPXKCHJIADHU — aMalijla  yCTUBOPJIMKKA
XucooOmam Kyiuaaru gopmyiia €épaamMuaa oaxapuaaiy
O'Z%S(D o], (12.7)

OyHma ¢

KY4YJIaHUIIHA KaMauTupuil KodhPuiimeHTu.
by xosddunmeHt ¢akaT CTEpKEHHUHI MaTepualura Ba YHHUHT
ATUJYBYAHIUTH A Ta OOFIUMKAUD. ¢ - KOIPOUIMEHTHUHT KuUHMaTiIapu
(12.2) - »xanBanIaH OJIMHAIH.
byitnama srunumiaa ¢ - KO3(POUIIMEHTUHUHT KUTMaTIapHu.

- MYyCTaxKaMJIMK Y4YyH OepujraH acocuil pyxcaT 3THWJITaH

12.2 — xxanBan

OTUIyBUYaHIIUK

ITymatnap | Ilynmar | Maxcyc . .

A= f_g c.2,ct.3,ct4| Cr1.5 mynar Hysu Erou
0 1,00 1,00 1,00 1,00 1,00
10 0,99 0,98 0,97 0,97 0,99
20 0,96 0,95 0,95 0,91 0,97
30 0,94 0,92 0,91 0,81 0,93
40 0,92 0,89 0,87 0,69 0,87
50 0,89 0,86 0,83 0,57 0,80
60 0,86 0,82 0,79 0,44 0,71
70 0,81 0,76 0,72 0,34 0,60
80 0,75 0,70 0,65 0,26 0,48
90 0,69 0,62 0,55 0,20 0,38
100 0,60 0,51 0,43 0,16 0,31
110 0,52 0,43 0,35 0,25
120 0,45 0,36 0,30 0,22
130 0,40 0,33 0,26 0,18
140 0,36 0,29 0,23 0,16
150 0,32 0,26 0,21 0,14
160 0,29 0,24 0,19 0,12
170 0,26 0,21 0,17 0,11
180 0,23 0,19 0,15 0,10
190 0,21 0,17 0,14 0,09
200 0,19 0,16 0,13 0,08
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banka Oyiimama — KyHAaJdaHT STHIMINTA KapIIMIIMK KypcaTaéTra’ma
YHUHT CATKWJINTU KyHuaaru Takpuouit popmysna omnan anukiaanaam (12.2

— I1aKi).
Z
7= OF , (12.8) q(x M .
1- = F gl [ oF X,
5, AN Z_.‘_J.,,,-:;::/”f}g;,_
OyHIa z, - KYHJAJAHT Ky4Y TabCUPU— —x— T -
IaH XOCHII oynrax e l >
CAJIKUJIUK, 12.2 — maxkn
z - F Ba KyHJaJaHT Ky4 TabCUPHUIAH XOCHI OYJIraH TYJia CaJKUIUK;
7°EJ .
F = - DWJIEep KyYH,
fkel
OyHIa |- KYHAQJIAHT Kyd TabCHUP TEKHUCIWUTUTA TEPHNESHIMKYISp OyiaraH

oo YKKa HUcOaTaH XMCOOIaHa IH.
(12.8) dpopmyna HaTWKamapu KYHIAJaHT Kyd TabCHUpHUIra MOC OViraH
AJACTUK YM3WKHUHT STPUIIMTH OMp MIIOpaM Ba u=1 OYIAraH Xoa y4yH

AHUKPOKIUD.
banka kyHmanaHr KECUMUJArd 3HT KaTTa HOpMaJl Ky4JaHUIuIiap

Ny M F M, Fz
o= = (12.9)
o A W A W W
OyHma M =M, ,+Fz - OaJlKaHUHT UXTUEPUN KYHIANaHT KECHUMUIATrH
YMYMHH 3T'YBUH MOMEHT;
M, - uxTuépuil KeCUMAAru KYHIAJaHT Kyd TabCUPHUAAH XOCHII

OyJaauran SryBYd MOMEHT.

bankanuHr OYyitnaMa-KyHAAJdaHT OTUAIUIIMAA HOpMal KydWJIaHHII
OwIaH Ky4 opacuja YM3WKIW OOFJIAaHWII OYJIMaraljJurd y4yH Kydjap
TabCUPUHUHT OUp-Oupura xanan OepMaciuk NpUHIUNUIAH (oiinanaHud
OYIMaian, 9yHKH KyWIaHHUII Kydra Kaparanaa Te3poK YCau.

byiinama-KyHIamaHr OSrAdIIga  XucoOdaml dYeKidd Kyd Oyinda
Oaxkapuiiaiu.

Marepuanu miactTuk OyaraH Oajka Y4YyH YeKIM Kyd Oyitmya
xucoonam ¢popmynacu Kyuuaaruda oynanu :

F], o], Fln ]2,

max SGok ) (1210)
AW s F[n])
F3
OyHIla o, - OKYBYaHJHUK Yerapacw; [n] - MYCTaXKaMJIUK YYYH DXTUET

Kod(pbULHEHTH.
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12.1-mucoa

Kynnananr kecumu 18-HomMepnu KyurraBpaaH uobopar

OynraH CcT.3 MapKajau MyJaT CTEepP)KEHra TabCUp AITYBUYHU l ¥
pyxcaT 3TWIraH Kyd aHukKJIaHcuH (12.3-makm). OXTuér 4 O'GE
ko3 duumentn |n, |=3. '{
Euni : CTep>KeHHUHT 3TUITYBYAHIUTUHU TOTIAMU3 : E@ ;
CopramenT xagsamumad r. =199cu , | . =946 cu’ (=20x
JIApHU OJIAMHU3.
gzt 1200 44505, u=1
rin  L99 v
OrunyB4aHiIuK A>A4, =100 OYIraHu y4yH KpPUTHUK 793%&
Kyunu Ditep popMyacuaan Gpoigananud XucooaanMms: 12.3 - maxr
= 7B min. (314)° -2 '10i 948 _ 46635 k2 = 466,35 «1.
(10) (1-200)
Pyxcar stunran kyusau (11.2) bopmynagan aHUKIaiMM3:
Fo 46635

=15545,3 ke =155,45 «H .

PR

12.2-MHuCOJI

Kynmamanr kecuMu XaldKacMMOH OYJIraH 4ysH YCTYHHHHT Y3YHJIUTH
(=8m, Tamku auametrpu D=20 cm, nuku auamerpu d=18cm OymuoO,
IOKOPH y4YH LIapHUP BOCUTACHIa MaXKaMJIaHTaH yCTyH y4yH F, Ba o
nap Tornwicul (12.4-maxki).

Euunt: YceryH KyHIamaHT KECUM FO3MHU XUCOOTaiMu3:

A:%(DZ d )_ﬁ(zo2 ~18%) =59,66cn’. lﬁp
KyHnanaHnr KECUMHUHT UHEPIYSI MOMEHTH: Z OOE
J . =é(D4—d4)_314(204—18) 2699,6¢c1". {
KecMHMHT nHEpUMSA paanycH: ¢ =:8M Y
J 2699,6 '

r. = min _ o 6,727 . !
min \/ A \/ 59,66 A g
YCTYHHI/IHF BFI/IHYB‘-IaHJII/IFI/I v \

gl _pl 07800 oo 7,9;;,,

r.. r. 6,727 12.4-nrakn

min min
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(12.1)-xamBanman A, =80 HH omud, Oy Owman TakkKociab

Kypamu3,A=8325>1 =80 Oynranauru cababmu F_ KyuHu Oilnep

kp
dbopmymacugan goitganaHub aHUKIAWMHS :

2 2 6
= Edon _ (314) 110°-20998 _ )73 4, — 270,30k
(uf) (0,7-800)
Kputuk kywianuin
F F
O = P _ 27030,4 = 453.07x2/cm ° l Yoz 2
A 59,66 o t
Oynanu. 7 J i
Yy :
12.3-MHcCOJI e zflf'g?%! 5f0f12m

12.5-maknga KypcaTWIITaHACK KyHJaTaHT
KECUMJIM  CT.3 Mapkajaud TynaT YCTYH Yy4yH

u=2
pyxcaT OTUJIT'aH CI/IKYBLII/I KyLIHI/IHF KHnnmaTtu v S —
AHUKJIAHCHH.
12.5-makn

Bypuaxiukiap Homepu 70x70x7 , |n, |=2.

Euum: KyHpanaHr KeCUMHUHT MHEPIUMS MOMEHTHUHU XHCOOJalMu3
(12.5.6-maxn). CoprameHT sKamBanmupaH: J, =42,98cu’, A =9,42cu®,

Z, =199cm omamMms.
2 2 4
J,=3, =40, +a*A)=4[42,98+ (0,6 +199)9,42] = 424,68cn",
OyHma a=1z,+56=199+5-012 = 2,59%m.
KecuMHUHT uHepus painyCUHU XUCOOIaiMu3 :

B
ro=r_ =.—= 42408 _ 3,357cm.
A 4.9,42

YCTYHHI/IHF STUJIYBYAHIIUT'H

a=tl_ 213 9745
f 3357

min

12.1-xanBangan cr.3 Mapkanu mnynar yuyH A, =100 HM o0Ju0
A=7745 Ounan Takkocnab, A=7745<1, =100 Oymrannuru Oilnep

dopmynacugan donganann® Ooynmaiiau. LlyHUHr ydyH KpPUTHK Ky4HH
SAcunckuil popmynacugan goitnananud Tonamus :
Fo =0 -A=(a-bl)-A=(3100-114-77,45)4-9,42 = 83539,2xe = 835,4xH .
Texmupunaérran ycTyHra TabCUp 3TYBUH pyXcaT dTHJITaH Ky4

F
[F]= ﬁ = 83% = 417,7xH Oy na .

108



12.4-MmucoJ

Kyumamanr kecumu 15x15 cM®  6yiran lFKP =125t
Kaparail YCTYHHHHT YCTHBOPJIHWTU TEKITUPHUICUH — ﬂ% .
(12.6-m1axir). Acocuii pyxcaT dTWITaH KydWJIaHHUIII 1
[o |=100k2 / cn?. 5 }(\Ci'x' >

Eunm:  Arap acocuil pyxcar 3TWITaH o 6.6 il,,s’::|
KywiaHum Oepunran Oyica, yCTHBOPJIMKKA
OyitlamMa  STUJIHUII @ ko3 dumeHTH1a"
¢oiiganannb XxucoodIaHaIm. #=05

KecumHUHT 103acu Ba WHEPIIUS MOMEHTHHH ~—
XUCOOalMuU3; 12.6-mraxm

4 4
A=a? =15 =225e’; ), =& =12 _ 4218 750",
12 12

KyHnananr KECUMHUHT MHEPIUA PAINYCH

J
S L TR
A\ 225

VY CTyHHUHT 3TWJIyBYaHIUTUHU XUCOOIaiMU3:
Pl p!l _0,5-660 _744.
r 4,3

min

CukyBYM Kyd4 TabCHUpPUJIAH YCTYH KYHIAJaHI KECHUMHUJA XOCHJI
Oynanurad Ky4IaHHUII
F 125107
A 225
12.2-xanBangaH HMHTEpHONANUsIa0 ¢ =0548 HH TOmMO, KaMaii—
TUPWJITAH pyXcaT ITUITaH KyUYJaHUIITHA TOTIaMU3:
(p[a]z 0,548-100 = 54,8x2/ cm?.
bynap opacunaru dhapkHu Tonamus :
o=¢lo] 1505555548 5013505
o 55,55
JleMak, YCTYHHUHI YCTHBOPJIMTM TabMHHJIAHAp JKaH, (akaT yCTyH
1,35 % ra xam IOKJIaHTaH.

= 55,55x2 / cm?.

12.5-Muco.1.

12.7 —maknga kypcatwiraH mnyjaaT YCTYH Y4YyH IIBEUJIEp HOMEpH
TaHJIAHCHH.
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Euwnmr: by MacaJlaHu KETMa-KeT E 150 ki
AKUHJIAIITUPUIT  yCylnu OujlaH edaMu3. YCTYH l E
A

KYHIQJIAHT  KECUMUHUHI  3apypud  F03aCHUHU
Kyhuaara ¢hbopmMyiagaH aHUKIAUMU3 : 47 o2
y
A, 2 F :
® [G ] (=30 wm

byHga ukkuta HOMabiIyM Oyimb6 (A Ba ¢),
yJapaan Oupura, MacanaH ¢ ra Kuimar 0epud A,

|
rd

u=0,7
HU Tonamu3. bupunuu xonna ¢, =0,60 ra TeHr 1ed0 ¥

OJIAMH3: %

2
sap. 2 _150-10° =15,625 cm?. 11.7-maxn
?0,60-1600

Coprament (I'oct 8239-56) »xagBanmpaH HHT SKUH 14-HOMepiu
IIBCJUIEPHU TaHjaad oJlaMU3 Ba YHUHT ydyH A=156cm’ =17cm
KUHUMaTIapHu OJu0 YCTYHHUHT ycTuBopiaurunu (12.7) dopmynagan
dolinananu® TeKmMpamMu3. ABBAJIO YCTYHHUHT  ATUJIYyBYAHJIUTWHU
aHUKJIalMU3.

' rmin

L _ul_07-300
Foin 17

OruyBYaHJIUKHUHT Oy KUMMaTWra TETHIUIM ¢ HUHT KUMMaTHHU
12.2-xanBangan omamu3. ¢ =0,43 HM KaOynd KuiauO KamMaWTUpUIITaH
pyxcaT dTWIraH Ky4JIaHUITHU TOIIAMHU3 :

¢ [o]=0,43-1600 = 6882/ cm®.

CukyBYM Ky4JaH YyCTyH KYHJAJlaHT KeCUMHJA XOCHJI OYaauraH

KYWIaHUIII

=1235.

F 150-102
A 156
JeMaK, YCTYH XaJIU YCTHBOP dMacC dKaH.
16-HoMep:Iy mBeUIEpHH KaOyI KumaMus : A =181lcu?

YCTYHHI/IHI‘ STUJTYBYAHJIIUT'H

2= 97 '300112,23.

=961,5ke/ cm?,

=187cm.

! rmin

12.2-xxagBangan ¢= 0,503 HU TOITAMM3!
¢ [0]=0,503-1600 =804,8ke/ cm?.
CuKyBYM KyWJIaHUIII

2
o= 150-10 =828,7 kel cm®.
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828,7-804,8
828,7
JleMak, yCTyYHHUHT KYHJaJaHT KeCUMHUHU |6-HOMepsin miBesuiep 1ed
KaOyJl KWicak, YHWHT YCTHBODJINTH TabMHUHJAaHAp d9KaH, aturu 2,88 %
KYIIPOK FOKJIaHAp SKaH.

VYnap opacunaru dapku 100 =2,88 %.

12.6-MuCO.1.

Kynpananr kecumu joupaBuil Oynran cr.3 mapkajid mynar Oanka
YIyH MYCTaXKaMJIMKHUHT aMajijjard AXTHET KOd(POUIIMEHTH aHWKJIaHCUH
(12.8 —maxi).

Euum : banka xaBdiau KyHAanaHT KECUMHUJArKM SHT KaTTa CUKYBUYH
KYWIAHUIIHA TOTIAMU3:

_ E+ M, N Fz,
AW

o

12.8-maki
Kyumananr kecum 103u = ”2 2 _ 314 8’ =50,24cm?.
Unepuust MOMeHTH ~ J, =J, = ”60!14 = 3’1;;84 = 200,96 cn” .
Kaprmmik moment W, =W, = 7d” = 314-8° =50,24cm°.

32
bankara Tabcp 3TaéTraH KyHOajdaHr Kyd F, JdaH XOCWJ Oyiaaurad

MaKCHUMaJl CAUTKHJIMK Ba DUJIep KyYUHU aHUKJIANMM3 :
F.¢° - 600-(400)°

Z, = = - =199cm.
48EJ, 48-2-10" - 200,96
2 2 6
F - 7° EJ . _ 314°-2-10 2200,96 24767 ko
(u’l) 1-400
Kyanamanr F, Kyd TabcuUpuAaH XOCWJI OyaguraH STyBYd MOMEHT
M, = R0 _ 800490 _ 65000 ko cor.

4
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VYK OViinab iyHanran Ky4HUHT Dilliep Kyuura HucOaTu

i = ﬂ =0,032.
F 24767

IOKOpHI[aFI/I TOIINJITaH KHﬁMaTHapHH OHI' KaTTa KYYJIaHWIIHW TOITHIII

dbopmynacura Kynnod KyHuaaruHu XO0CHI KUJIaMH3

_ 800 60000 =1242,73 kel cm?.

o, = +
* 50,24 50,24 (1—0,032)
Kyunanum OujgaH TalKd Kyd OpacHjarn MyHocadaT YH3HKIN
OynraHaa MyCTaXKaMJIIMKHUHT 3XTHET KOd(PbUmeHTu

O 2400

n = =
o 1242,73

2.K
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MycTrakuj e4yuil Y4yH MHCOJLIap.

1-mucon. Jlurepjsanran mOyJaaTAaH sCaJraH JOUPaBUM KYHIaJIaHT
KECUM YUYYH KPUTUK KyYHUHT KUAMAaTH aHUKJIAHCHUH.
o, = 5700xe/cm® E =2,2-10%ke/ cm? n,=3,2 11€0 OJTMHCHUH.

Kapobw : F, =28600xe =286 xH .

2-mucon. CHUKWIMII YYyH acOCHH pyXcaT JSTWITaH KyWIaHWIINA
[c]=1000k2/cn® Gynca, maknga KypcaTuirad uysH YCTyH ydyH pyXcaT
STUITAH Kyd KMAMATH aHUKJIaHCHH.

JKaBoOwm : 44800xe = 448kH .

lF:240 KH

(=27 m (=6 m
¢ =2,8m

Y - =S

vy —_— é %
%ﬂf. - 3-MuCon yuyH

1-mucon yayH 2-MHCON yUyH

3-mucoyi. CUKWIMII Y9yH acOCHH pyxcaT OJTWITaH Ky4WIaHUII
[0]=1600ke/cn® GYymca, maknma KypcaTwiaran CT.3 MapKald ITyIaTaaH
scajiraH YCTYH Y4YyH TEHr €HIM OypdYakiukiap NTPOPUIMHUHT Kepakiu
yiyamiapyu aHUKJIAHCHH.

Kapooum : 70 x 70 x 8 OypuakIuKIap.

4-mucoi. Ilaknma kypcaTuiraH KyHAaJdaHT KECUMJIADHUHT FO3acu
TEHT OYJiran Ba Oup XWJ MIAPOUTAA UIUIANWIUTaH YCTYHJIAPHUHT KPUTHK
Kyuwlapu KulMaTiapu HucOatuHu Ounep Qopmynacuaan Qoitnananud
TOTIVHT.

Kasoou : F iR iR iR TR TR =10:0955:0,333:4,56:4,35:2,38.
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1 2 3

/M g
2 7

—a—f k—a—f e

4-MUCOJ YUYH

S5-mucon. Illaknmga xypcaTunaraH CTEpKEHHU
CUKyBYd F,, Ky4 KUAMAaTH KaHJIau y3rapajiu;
arap: a) IMAaMETPUHH UKKW MapTa OLIUPCAK,

0) KYHAQJIaHT KECUM IO3UHU WKKH MapTa
OIIIMPCAaK.
CrepkeHb o,,<o, Ja YCTUBOPIMIHHU

WYKOTaU.

XKaBoOu : Oprtanu : - 7%

a) 16 mapta; 0) 4 maprTa.

Fo e
6-mucon.  Marepuai- l : v 2
Japu Ba JIUaMeTpiapu Oup 04

xun ~ Oynran — JgoupaBuid
KYHJIQJIAHT KECHUMJIA CTep-
KEHJIAap Y4yH CHKyBYM F

SRR

5-MucoN yayH

n
=
w

t

DO
dl
<

——

R

KYYHUHT KMUMAaTIapUHU
TaKKOCJIAHT .
CTepKEHHUHT yCTUBOp- (Y~ —~—~— A == TR ———— P
suru 7 e J1a NYKOJIaIH. V% g
Kasobwu \: MHEOT YIYH
F :le , R =4F; F_=204F . F F
S o 3]y 4

/-mucon. KyHpanaHr KecUMH
1031 Ba MaTepuaayd Oup Xui Oynras,
1aKJIJ1a KypcaTWiran oemra

[EEN
N
_

YCTYHJIADHUHT KalCH OMpHU JHI KyII s §

YCTUBOD Ba DHI KaM yCTHBOD.

KaBoOu: 3 - sHT KYII YCTUBOD; l
4 - 5HTr KaM yCTHBOD. 7

W

—15m ——15m —

———3,5m

7-MUCOI yYyH ’
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8-mucosn. Arap TOpOMOPUHO—HAIIIUK F40 i
4yerapacu o, =2000xe/cu’® OYIica, KYHIalaHT
KECUM FO3M TaBp IMakIuaa OyaraH MapKazuit
CUKWIIYBUM TYJNAT YCTYH YYyH YCTUBOPJIHUK iow
3anac Kod(phUIMeHTH aHUKIaHCHH.

KapobOu :n, =3,28.

O-mmcon. Arap kyHmamanr kecumu d \l‘%ﬂ

IMAMETPJIN JOUPAHU TEHI I03aJIU: a) KBaJ— T I
|

d o o
par, 0) xaika (a:BZOB)- B) TY¥pu TypT- 8-mucorn yuyH

4 cm /Vllc

|«—100 cm —

Oypuak (b x 2b) Ounman anMaiuTupcak, CHKyBYM F, KyYHMHI KUAMaru

KaHJlau y3rapaju.
Kasobu : Opranu : a) 4,9 mapta, 6) 4,55 mapta, B) 1,9 mapra.

10-mucon. Ilaknga KypcaTwiraH yCTYHJApHH  YCTHBOPJIMKKA

TEKIIUPUHT.
KaBoOu: Dn, =328, 2)n, =312, 3)n, =33,4)n, =506, 5)n, =503, 6) n, =4.

F=55kn FTOKH F=CJ’>51<H F=280ku F=3600xu F=40xu
1|, 2 ‘ ‘ 3 |, 4 5 6 L‘ ,
e Tt T 1, AR
010 I<—4O—>|_L Ne 6,5 46 n o Q o
y 2% i ol i
{=2m 0=15m L=45m L=45m
L ="1m TTITT
T 10T k5357 + 340 - 50

YysH yuyH o, =650u!mn’
ﬁ“wez = 80 y_ 5 2

I"III Yy FFF A2 i A T v FFT v E= 2,2 10°u/ mm

Cr.3 ynar [n,]=3 ;"; « Wm[n]=5 777 [n]=4
~—

10- Mucoia yuyH

11-mucon. Illaknga kypcaTuiaraH CT.5 Mapkajiu | F=700 s
nyjgaTAaH ~ sicajiraH  yCTYHHMHT — YCTHUBOPJIUTHHU,
Oyilama OSTWIMIIJIATH ¢ HUHTKUAMATH OepuiaraH
12.2-xanBanaan $oiigaiaHud TEKIIUPUHT.

Xucobuit kyunauuin 3800xz/cm’.

JKapoou: 3690 < 3800x2/cm’ =

YCTYyH eTapjHya 3arac yCTHBOPJIMKKA 3ra. e
11- mMucon yuyH

|
gl

15m

le—24 cn —
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12-mucon. Ct.3 mapkaim mynataaH scairal, Oamagmmrun h =2,5m
OynraH, MacTKU KUCMH KUCTUPUO MaxKaMJaHTaH Ba IOKOPH KHUCMHU IPKUH
Oyiran, yCTyH y4yH KYIITaBpJM KYHAaJaHT KECUMHHUHI Homepu 12.2-
XKanBajgan doinanannd aHuKIaHCUH. Xucooui rok 250 kH, xucobui
kyunanuia 2000 Kr/em’.

YKapo6u : K¥ymrasp nomepu 30°

13-mucon. VMkku yum OunaH mapHupiap €paamMuja MaxkKamiaHTaH,
(8 x 12 cm ) TyFpu TYpTOYpUaK KyHIanaHr kecumsn €rou yuyH F=30 kH
Kyd OWJIaH CHUKWJIAIu. YCTUBOPJIMKHHUHI 3amac KO3()(PUUIMEHTHUHU HKKU
XOJI UyH TOMHUHT : 1)/=2m; 2) (=1m. o, =2000x2/cm’ 1e0 OJMHCHH.

Kapobu: 1) n, =4; 2)n, =67

14-mucon. VYcTuBopiauk mapTuaaH ¢ KodphuuueHTHUHT 12.2-
KaJBajgard KuhiMmatiaapujaan doigananu0, (14-Mucon yuyH) kaaBaiuja
KSJITUPWITaH CUKWIYBYM YCTYHJAPHUHT KYHJAJAHT KECUMJIAPUHUHT
ya4yamiapu aHHUKJIAHCHH. YCTYHJApHUHI MmaTtepuanu: 1) €rod, acocui
pyxcaT JTWiIraH Kywlanuil [o|=100xe/cu®; 2) uysH, [o]=1200xe/cn® ;
3)cr.3 [0]=1600x2/cm?; 4) c1.5 [0]=1800K2/ cn?.

YCTyH yWwIapyuHUHT MaxKaMJaHWIIL YCyJUlapu: a) HKKH y4M Xam
MIapHUPJIM MaxkamiaHraH; O0) Oup y4yud IIapHUPIM MaxKamJIaHTaH,
UKKWHYM y4d KUCTUPUO MaxKamJIaHTaH; B) HMKKH Y4YUd XaM KUCTUPHUO
MaxKaMJIaHTaH; I') OUp y4u KUCTUPUO MaxKamyIaHTaH UKKUHYU y4U SPKHUH.

15-mucon. bepwiiran CTEpKEHJIM CUCTEMa—
HUHI BC yCTyHUHM YCTHBOPJIMKKA TEKIIUPHUHT.
CrepxkeHnap KyHJIQIAHT KECHUMH  JIOMPaBUU
oymub d, =d, =2cu; d, =2,8cu. Matepuanu Cr.3
MapKaJy myaar. |n,|=25 ne6 onuHCHH.

Kypcatma: MacanaHuHT CTaTHK aHUKMACIIHK
NAapaXKaCUHHW AaHWKJIAIJIA YHU OCOHJIAIITUPUIIL
yayH A = A, =0,5A, 1€0 OJTMHCHUH.

fe—45 cm —d|e—45 cm —

/]
15- Mucon yuyx

JKasoOwu: n, =274
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14-mMucon y4yH.

XKapoOu:
CxemMaHUHT Yeryn | CukyBuun
o Mare- MaxkamiiaH. Kecum
T/p| xympamanr Y3YHIIUTH|  Ky4
puanm | ycynm yJlamu
KECUMU (M) (xH)
(cM)
a 3 90 12,0
7////£ . 6 4 120 | 125
1 /74| Erou
e—355 —b| B 4 150 11,8
r 1,6 60 11,2
‘E a 3,6 140 18,6
. 0 5 250 21,9
2 %% 4 | Brod B 5 400 | 243
r 2 180 20,9
0,7a a 5,2 1200 22,5
R R 48 | 800 | 166
"7 / ja Y B 4,5 900 | 150
L r 2,8 1100 | 22,9
4 : 2 48 | 850 | 218
0,6df- d Yan 0 3,8 600 15,1
B vy B 4,2 700 14,3
r 3,2 900 25,7
(44,04 2] a 3,2 380 10,0
s o8]  fla Crs 6 3,6 700 | 12,0
izzzzzd | nymar B 8,0 800 | 139
r 2,4 1000 15,8
a 3,6 280 27°
5 B:ﬂ Ct.3 0 4,5 650 40
mynaT B 5,0 1200 50
r 2,2 250 30°
16-mucon. Arap ycryn BC HuHT N=18°
MaTepuand CT.3 MapKalM IIyJaTgaH Ba ¥|A B T
I,|=3  6ynca,ycruopmuk  mapTuzaH 7 = 1
YCTYHHHHI TEMIIepAaTypacHHHMHT pyxcar —2=1
STWITaH OIIMPWINIIY [At] HU aHMKIaHT. 0=08xn

Arap OankaHu abcairoT KAaTTHK Je0
OJICaK,

€YMIl HaTW)KACU Heya Mapra
y3rapaiu.
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Kapobu : 104° ; [At°] - 10,1 mapra kamasn. | Feso
/_\M=3KHM
17-mucon.  Hlaknma — kypcarwiaran  €rou T 1
YCTYHHHUHT KYHAAIAHT KECHMHUJArH OHI KATTa ,_3, RNy
HOpPMaJI Ky4IAHUII aHUKJIAHCUH. l ) 24en j
YKasoou : 48«ke/cm? T
17-mucon yuyn
18-mucon. Ilaknga kypcatuiran
Oankara Tabcup dtaétran ' kyuHuar g =20ku/m
KUiiMaTu HOpMAJT KYWIAHHUIII HNENENENES F I
1600xe/ cm® JaH OIMIMACIUK MIAPTHIAH F777 T o
AHUKJIAHCHH. P S S —
XKaobOu : I =436 xH. 18-Mucon yuyH

19-mucon. Hlaknga kypcatwiran myJgarT KOHCOJHUHT KYHJaJlaHTr

KECUuMHUJaru 3HT KaTtTa CAJIKUJINK aHUKJIAHCHH.
F=02F,.

XKapobu : o, =1400ke/cm®; f_ =16cm.

F1=0,11F
4 lFlzo,ZFa Nel0
/ ~ =t
f——— =2y
19-mucon yuyH
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/IluHaMuKk Ba 3ap0 Kywiapu TabCHPH.

Awmanja KOHCTPYKIMs KUCMIIapH, KYIIMHYA, JUHAMUK, S’TbHA UHEPIHS,
3ap0 Ba JMaBpui Yy3rapyBuaH Kydjap Tabcupuja Oymaau. MacanaH, 0K
KYTapyBUM MaIlIMHAJIADHUHT OCWITaH IOK Vy3rapMmac Te3JuK OuiaH
KyTapuia€Tran OyJica, 10K yHTa CTaTUK, arap 0K MabJIyM TE€3JIaHUII OuiaH
KyTapuica, IMHAMUK TabCUP KUJIAJIH Ba XUCM 3appadajiapujia Te3JaHUII
XOCHJT KUJIaJIH.

Tekuc aitnanma xapakatjaa OyJraH FIIIMpaK TYFUHIApUIa MapKa3aaH
KOUHMpMa Kyd XOCHJI OV1aau Ba Oy Kydura MHEpIUs Kydd Jevuiaau.

JluHamMuK Kywilap TabCUPUIAH KOHCTPYKIMS KUCMIIapuaa Oup-
OupuaaH karTa GpapK KUIyBUM JUHAMUK KyWIaHUII Ba aedhopMaliys XOCU
oynau.

Tesnuru Oup oHAA HOJTA TEHr OYJIYyBYM Ba KyjJa XaM KHCKa MYJJIatT
n4uja Kydra 3ap0 Ky4u AeHuIau.

bup )XUCMHUHT UKKWHYHY KUCMTa YPWIHIIUAAH 3ap0 XoCcuJ1 Oynaau Ba
YHUHT TE3JIMK MUKJOPU T€3 BaKTJa HOJra TeHrjiamanad. 3apd BakTuaa
KUCMJIa XOCHJI OYIIaIUraH Ky4IaHUII Ba Jeopmanus 3HT KaTTa Kuiimarra
SPUILIAJIA.

CucteMaHuHr OepwiraH Ky4ylapHH Xamja 0K Ba TPOCHHMHI TEKHUC
Te3JlaHyBYaH XapakaT OwiaH KyTapWIHIIHAA Naijgo OylaauraH WUHEPIuUs
KYUYHHM XHCOOra OJIfaH/ia TPOCHUHT KYHAAQJIAHT KECUMHAAru ITUHAMUK
Oyilama Kyd, KyWwIaHUII Ba Kyuuluiap Kyiugaruya anuvkianaau (13.1-
IaKn) :

N,=k,N_, . (13.1) T i tx
a 4 Ng
o,=k,o,, , 13.2) T T
5. =k, &5 . (13.3) ; T
[
oynmapna k. =1+a/g (13.4) -IMHAMUK - o
KO3 UIUEHT, 6 Ci
9=9,81m/cm® - OFUPIIHK 2 Q-+ JAx
= a
KYYHHHUHT TE€3JIaHHIIIH, : 13Imaxn " g
a—y3rapMac TE3JIaHMIII,
N, o, 0, —CTaTUK Ky4JlaH Xocuj Oyiran 0yiama Ky,

KYWIAHHUII Ba Ky4ULLJIap.
TpocHUHT MycTaxKaMJIMK IIapTH Kyluaaru ¢popmynaaaH
XucoOIaHaaIn :
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ra NI +y A/

op =2t i, Q AL <o) (13.5)
Tpoc kyHAaIaHT KECUMUHMHT 3apypHil 1031 Kyluaaruda oyiaau :
Q

>

A> T (13.6)
DR /4
0

3ap0 kyuu Tabcupugan xocua 6ynran N, ,o,,6, Jnap (13.1),(13.2)

Ba (13.3) popmynanap O6yitnua xucobmaHaau, TMHAMUK KOADPHUIIHMEHT dca
KOHCTPYKIUSTHUHT Maccacu Xucoora onmHMarasa Kyiuuaaru hopmyaaaH
aHUKJIAaHAIH :

K =1+ /1+§—h | (13.7)

OyHIa h- 3ap0 OepyBUM KyYHUHT TYIIUII OandaHJIUTH, Kyd 3apOcu3
Oup oHna Kyhunranja seHu h =0 Oynca k,=2 Oynanu.

3apOaHyBYM 2JIACTUK CUCTEMaHUHT Maccacu xucoora onuHca, (13.7)
HU KyUUJIaru KypuHUIIAA €3aMU3 :

k,=1+ [1+ 2h = : (13.8)
6., 1+ Q)
OyHma h — Tymaérran Ky4HHHT TYIIWII OaJIaHJIUTH |
Q — TymaéTtraH Ky4YHUHT OFUPJINTH ;
F - 3apOyiaHyBYM 2J1aCTUK CHCTEMAHUHT OFUPJIUTH |
S, — TymaérraH Kyd CTaTUK KyHuiaranma 3ap0d HYKTACHHUHT

KYYUIIH ;
S — 3ap0 OepyBUM CHCTEMa MAacCaCUHU 3ap0 HyKTacura KeATHUPHUII
kodbdunmentu ( < 1), Ba Kyliugaruiya aHukjIaHa u

[.,00)?dF
— 4
=5 ¢
OyHma o, (x) —-Q HHUHI OFUPJIMIMra TEHT Ba 3ap0 HyKTacura KyWuiraH

, (13.9)

KYYHUHT CTaTUK TabCUPHUIAH XOCUJ OYJITaH KYy4HIII.

Arap n HHUCOAT XyJa KarTa, TaXMUHaH 5L >100 Oyica, (13.7) Ba

cm cm

(13.8) napHu Kylnaacu KypuHHUIIIa €3aMHU3 :
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2h

k= |=—— (13.7) k, = (13.8)

F
cm 5 1 _
o ( +,3Q)

OpKMHJIMK ~ Japaxkacu  OWTTa  cucTeMa  XyCcycud  (PpKUH)
TeOpaHUIIMHUHT JOUPABUM YaCcTOTACH KyWuaarnda Oyiasay :

_ |8 _jc_|C
oo~ (E-fE-[E w10

OyHma o, —TeOpaHMa XapakaT KWIyBUM KUCM OFUPJIMTUTa TEHT OYJraH
Ba CTaTUK paBUIIla KYWWIraH Kyd TabCUPUJAH XOCWI OYIIyBUM TEOpaHUII
WYHAIUIIUAATY KYYUIII |

C — DJACTUK CUCTEMaHUHT OMKpJIUK Koddducuentu O0ynmubd, Oup
OWpIUKKa TEHT OYJTaH KYYUIITHU XOCWI KIJITYBUM Kydra TEHT ;

M — TeOpaHyBYM KYYHUHT MaccacH ;

J . —IUCK MacCCaCUHUHT MHEPIUS MOMEHTH.

OpKUH TEOpaHUIIIHUHAT JaBpu T, Kyhuaard popmynaaad TOMUIAIH :

T.=2% 24 /%:27;\@ | (13.12)
@, g c

Baxkr Oyiinua rapMOHHMK KOHYH OWJIaH y3rapyBuu yHFaTyBUYd Ky4
F=Fsinot , (13.12)
OyHna Fo— YiFaTyBYM Ky4YHUHT MakcuMals (aMIUIUTY/1a) KHAMATH ;
@®— YHUHI Y3rapUIIMHUHT JTOUPABUU 4aCTOTACH.
F- Kyd TabcUpuja MaXOypui TEOpaHHUIN OJIAANTaH SPKUHIIUK
napaxkacu Oup OViaraH cucrema ydyH TeOpaHHUIIl aMIUIMTyAacu KyWujaru
dbopmynagaH TOMUIAIH :

7 - Oon (13.13)

maxnch.
o, 4n*w?
QA=)+
0)0 a)O

Oynpa 6, =F,5,,— M MaccaHuHr F, Ky4 yHra CTaTMK KyWWIraHia
OJINIIIM MyMKHWH OYJITaH KY4HIIIH.
TeOpanumgaru JuHaMuK KOAQPUIMEHT KyWuaarnda TOMWIaau :

K, = | (13.14)

OyHma n — cyHUII KO3 UITUEHTH.
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Arap KapmwinK Ky4d TEOpaHWII XapakaT Te3JIUTHUra mponopIuoHaT
o o g
Oynranna, n=2— , Oynmamu, o - KapIIMIUK Ky4d OWIaH TE3JIUK
m

opacujJiarv IponopIHOHALIMK KOA(PHUITMEHTH.
Arap cyuum 6ynmaca (13.14) vu Kyitugaruya €3amus :

1

2
(0]
1-—
@

k = (13.15)

Jlemak, QMHAMHUK KY4YIaHUIOHA TONHMIN YYyH, aBBanx F, Kyd4

TabCUPUAAH XOCWJI OYNraH CTaTUK KYy4YJaHUIIHA AaHUKJIa0, JUHAMHK
KO3 ulMeHTra KynauTUpHIIl KEPaK dKaH.

o,=k, o

cm

1 —muco.1.

Q=30xH 1KHM (=8m OamaHIJIMKKa Yy3rapMac  a=6m/cex’
TE3JIAaHUII OWJaH KyTapa€TraH myjaT TPOCHUHT KYHJIAJIaHT KECHUM HO3U
aHukKjaHcuH (13.1-mak).

Tpoc MaTepwaauHHHT Xycycuii orupiaurn  y=0,0072 xk2/cu®  Ba
pyXcaT STUIraH KywiaHui [o|=1800 ke/cu® .

Euum : Mycraxkamnuk mapta (13.5) dopmynagan ¢origananuo
TPOCHUHT KYHJQJIAHT KECUMUHU TOTIAMH3 :

a
Oty AL (Q+7/Af)(1+g)
o7 ==k <lo] ; o™= ; <lo] ;
Q 3000 )
A> = =2,7
Oynna o], 1800 e
1+2 1+ % _0,0072-800

g 9,81
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2 — MHCO.I.

N=250qiin/ mun OypyYaK TE3NMK OWJAH KUYMK KaJaMJII BHHTCHUMOH

IAJWHIPUK TIPYKUHA BEPTUKAT TEKUCIIMK/A KYy3FaaMac mapHup atpoduia
alilaHagu. Q KK KyWWIraH XxoJaraa (¢ =27cwu, YPaMHHUHT PaJUyCH

w

R=3cm,CUM KECUMUHHUHI paguycu r=03cm, ypammuap COHH
n=9,G=8-10°xe/cm* ,Q=25 ke, Oyaranga mpy>kuHa CUIMH KECHMHUIAru
7™ Ba FOKHMHT 3HT KaTTa Kyuuiu (4,) tonuwicud (13.2-maki).

Euum : Q  [OKHHMHT SHI MacTKU BasuaATAa OViIraH XoJiaTura
MPY>KMHAHU 4y3YBYM JUHAMHUK KYYHUHT SHI KaTTa KUMMATH TYFPU KEIau
Ba KyWuarnya aHuKJIaHaIu :

Fa = ka Q

2
[yxauHr yayH K, :1+3:1+w—(€+/‘t 2) oynasu.
g g

7N 314.250
30

Oy epna o= =26,17 pao/ cex -

- IPYKUHAHUHT OypUaK TEe3JIUTH,
_4F, R®n, _4F, 3.9

A =
°  Gr*  8-10°(03)

=015F, cm
lynpaii Kunwmo,
2 2
F. =Q{1+w—(€+/1 a)} 2,5{1+ (zg,g) (27+0,15 Fa):|:
9

=25[1+0,7(2,7+015F,)]=7,225+0,2625F, ,

OyH/1aH 77N
¥y w
A =ﬂ=9,8 Ke
1-0,2625
[IpyxriHa CUMUHUHT KYHJQJIAHT KECUMUIA XOCHWI /- 27cy
Oynanurad SHT KaTTa JUHAMUK ypHUHMA KyWIAHHUIITHU
(6.14) dpopmynamgan aHUKIAHMH3.
2F,R 8F,D 8-98-6 * Q
Mok =k —2 =] : 693,8ke/ cm’® .
‘ ar®  xd? 314(0,6)° 13.2-maicn

Oy epna k=114 HU 6.3 — KaJaBaJJIaH OJJIUK.
[IpyXuHAHUHT y3auUIIM €KW Q FOKHUHT MaKCUMaJl KYy4HIIH :
_8F,D’n, 4.98-3°-9

_ 147
°= T Gd* 8.10°.03 "
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3 — MHCOJI.

13.3 —maknma KypcaTwiaraH IIyJiaT CTepKeHra lokopujad Q 1ok
TyIIagy Ba YHUHT YCTUBOPJIUTH TabMHHIAHTaH €0 Xuco01ab KyHaamaHr
KeCUMHJIa XOCHJI OYylamuran MaKCHUMall CUKYBYH

Q=60kr
KywIaHdll  aHukKiIaHcuH.  CTepXKEHHUHT V3 [I{l]l h —I3OCM
OFHMPIIMIH XMCOOTa OJIMHMACHH. : _T
A;=beM?
Eduir: DHr KarTa CUKYBYM CTaTUK KYWIAHMII - 0 = 60CH
CTEPKEHHHMHT YCTKHM KMCMMJIa XOCWII OYJIaau : I_xz i '
o, _Q _%0_ 10ke [ em?, A=1Zone *
A 2 6 T)z' """ ‘E’ """ -/ 5 = 100cm
1 '
Q IOKHH CTaTMK KYWHUIIJA CTEP>KEHHUHT N e /,i
KACKAPUIIKM 3ap0 KOWMIAa CTATHK KYYMIITa TEHT 13.3-makn
oymanm :
5. =Y Al = Qf, Qf, _ 60-660 . 60-1600 _ 0,00065 ¢
EA EA,  2.10°-12 2.10°-6
h 30 o .
= = 46153,8 Oynamu, Oy HucOatr KuiiMaTH KarTa
o 0,00065

cm

Oynrannuru cababim nuHaAMHUK KO3(hPUIMEHTHU TakpuOuil dopmyrnagaH

TOIIAMHU3.
(= [2n_ [2:30 g
5. 10,00065

cm

JIMHaMUK Ky4JIaHUIITHA XUCOOJTaUMu3 :
oc,=k,o, =3038-10 = 3038K2/CM2_

4 —MuCO.JI.

FOkopuaaru, spau 13.3-maknga KypuiiraH CTEp>KEHHUHT MacCCaCUHU
XUcoOra oJiraH x0Jia, AMHAMUK KYWIAHUIIHU XUCOOIaiMuU3. .

Eunm : Crepxxennunr [, Il yyacTkacugaru uXTuEpUd KECUMUHUHT
CTaTUK KYUYUIIIMHU XUCOOIAMU3 :

X 14 X
5icm:Q l’ (nglggl) ; xamQ 1+L1 (OSXZSKZ)
" EA “"EA  EA,
Crepxenp |l ydacTKaCMHHMHT CTaTHK KY4YMILIH FOKOPUJIard MUCOJIA

xucoOnanran sau. CrepxkeHb |  yYacTKAaCMHUHI YEKCH3  KHUYUK
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AJIEMEHTUHUHT  OFUPJIUTHU dF,=xAdx, Ba I y4acTKa y4yH
dF,=xA,dXx,.

bynapau (13.9) dopmynara kyiiudé Ba A =2A, ;/¢,=06¢, 1apHu
xucoora oiu0 A HUHT KUUMATUHU TOMaMU3 :

I(aw) dF j(Q Ly y AZ y A, dx,
et _
- {Q(“ )} P(AL+AL)

E A1 A2 1 2
Q*4 Q% Qut . Q
l,+ 5
ey ey T AN T A T
Q.1
{E(A:Az)} y(ALL+ A L,)
(067 (08 06 1
__ b - 4 3 3=0,183

CTepEHHUHT OFUPIUTUHU XUCOOIaUMHU3 :
F=y(A ¢, +A,¢,)=0,00785(12-60+6-100)=10,36 x2
CTepsKeHHUHT y3 oFupiuruan xucobra omm6 (13.8%) dopmynanan
TUHAMUK KO3()PUIUEHTUHU XUCOOTaiMU3 :

k,= 2h 2:30 =299,25

S L+ ,Bg) 0,00065 (1.+ 0183190

JInHaMUK Ky4JIaHUIITHA XUCOOJANMU3 :
o,=k, o, =299,25-10=2992,5 ke / cm®
JleMak, KOHCTPYKIMS MACCACUHUHT JUHAMUK KyWIaHUII Ba JUHAMUK
K03 HUIUEHTIApHUHAT KHUMaTUTa TaAbCUPH KyJa KaM Oyiap dKaH.

5 — Muco.I.

13.4 —maknga KypcaTuiarad OaJKaHUHT 3PKHH y9ura m Maccaid
10K KyHhuiaran 0yiau0, OajJkaHUHT Y3 Maccacu XyucoOra oJMHMAac/iaH YHUHT
XyCycuid TeOpaHUIIl YaCTOTACH AaHUKJIAHCHH.

Eunm : banka Tas4 peakinusyiapudu aHukiad0 AB ydacTka ydyH
AJACTUK YHW3UK TEHrJaMaJlapuHU YHHUBepcal QopmynanaH QoiiganaHuo
Ty3aMu3 :

f,=0 O¥Vnaamu.
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3 3
zl(x):é’o-x+E—1‘]{—RAx—}:00.x Qx

6 C12E3°
Koopaunara oomm Q=q-m
KOWITaIran KECUMHHHT  p g —o— C_?_>
OOILTAHFUY allTaHuTI 2/775777 ? x
Oypuaru 6, B TasHuma —— X —
CAIKWIMK HOJra TEHIJIUK | R _Q R _ 3Q
4= BT 5
mapTUaaH TONUIIAIN. 2 Y- 2
Q(2a)® Qa’
z,(2a) =6, -2a— =0 ; OyHImaH 6 = .
1(28) =0, 12EJ TR ° 3EJ

bynapuu z,(x) Tenrmamacura Kyinn0, AB ydacTka ydyH 3J1acTHK
YU3UK TEHIJIaMacu Kyiujgaruya oynaau :

Zl(X) — Qa2 Q X3

X —
3EJ 12EJ

bankanuar BC yvactkacu yuyyH
Qx*  3Q(x-2a)° _Q {az y x_3+§(x—2a)3}

Z,(X) =6, -x— = —
:(X) =, 12EJ 2 6EJ EJ

3 12 2 6
x=3a HU KyhHnO C KECHUMHUHT CAJIKWJIMTHHU TOTIAMM3 :

2 3 3 3
ZC(Ba):g a_.3a_@+a_ :_Q_a
EJ| 3 12 4 EJ

Xycycuit TeOpanuin yactotacuau (13.10) hopmynanan dorigananud
aHUKJIAI Y9YH OJIINH
Qa® gma®
E] EJ

/9 | g _|H
wo_\/écm gma3 \/ma3

EJ

o, (3a)= HHU TOIIAMU3.
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Mycraku e4yulll YYyH MHCOJLIap.

1-mucon. VY3ynmuru 60 M, MaTepUaTMHUHT COJUINTHPMA OFUPJIUTU
y=Tz2lcm® , pyxcar >TWIraH KywIaHHIDH |[o]=600xz/cm? OYIran apkoH
50 kH rokuu gactnad 3 cekyHada 9 M OanaHJJIMKKa KyTapaau
ApPKOHHUHT AWaMETPH, YHUHT ¥3 OFUPJIMIMHU XHoOra ojraH Ba OJIMaraH
XOJUTap/ia aHUKJIaHCHH.

KasoOu : 3,74 c™m ; 3,58 cMm.

2—-mucon. Howmepu . c-B)-
22"  Oynran  WKKara B i "
KYIIITaBp Oankara E
o 17T I77 + TTTIY 777
YpHaTUITaH nebeTka ) 02 — .
g _ 5
épnamuga t, = 45 xkH r—3%, R

0K y3rapMac Te3JIaHHUII
Ounan KyTapuJIaJin.
Hactnabku 3  cekyHama 1ok 12 M OanaHIJUMKKa KyTapuiaJu.
[0]=1600ke/cn® OYynramga OalkaHMHT MyCTAXKAMIMIH, JE€OETKAHUHT

2-MHCOJI yIyH

orupiuru ', =7xkH HM XmcoOra onran XoJija TEKITUPUIICHH.
XKapobu : o™ =1100x2/cm?

3- mucon. Kynpamanr kecum ro3acu 5 oM® y3ywiuru 90 w,
MaTepUATUHUHT XOKMHH OFUpaurua 7,2 r/em’ Oynran myjaaT apKoOH
épnamuaa tekuc Tesnmanum OwnadH 30 kH rox kytapwrnaau. bupunum 2
CeKyHTAa IOK 4 M OanaHIjiMKKa KyTapuwiaaud. ApPKOHJArd 5SHI KaTTa
HOpMaJl KyWIAHUIIHU YHUHT Y3 OFUPJWUTHMHU XUCOOra OJIraH Ba OJIMaraH
X0JUTapJia aHUKJIAHCHH.

Kagobu : 800 kr/cm? ; 722 Kr/cM?
4—muconn. MarepualuHUHT p
COJIMILITUPMA OFUPIUTH 7,5 r/em® , E =2.10° A /g

Kkr/cM’® Ba TYTMHHUHT ypTada paguyCcu I =
1,5 m , Oynran maxoBuk MuHyTtura 100 T
a

Zh

le—gq —

mapta  aiinmamagum. 1y  maxosukauur {=80Cu
Ky4JIaHULIN OuIaH payCHHUHT
nedopmanusacy aHUKJIAHCHH. B

5-MHCOJ Y4YyH
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XKapobu : o, =1980ke/cn’ ; Ar=0142cu

5 —mucon. Illaknna kypcaTuiaras ImyJjaT CTeKEeHb IIaKJ TeKUCIUTUra
TUK A YK arpoduaa TeKUC ailnaHaad. Y HIaru HOpMasl KyWwIaHUll o, ra

eTraHjia o Oypdyak TE€3JUK aHUKJIaHCHUH. KywianuniHuHr Oy KuitmMatuaa
CTEP>KEHHUHT a0CAITIOT YY3WIMIIHA aHUKJIAHCHH.

y=7852/cm’;E=2-10° ke/cm®.

KaBobu : w=281pao/cex; Al=0,053 cu

6—mucoun. [laknga KypcaTuiaras mysaar
CTEPKEHb KYHJIAJIAaHT KECUMUJA Q FOKHUHT

TabCUPUJaH, Q 0K TyCaTlaH TabCHUP

KWITaHaa Ba y h OamaHmIvKIaH AHcKara
Tymrasjga Xocwia Oymamuran Oyiimama
yy3yBuM 3apOjaH  Xocwi  Oymaaura
KyWIAHHUIIIAp, CTEP)KCHHHHI  MaccacH

XUCOOra OJIMHMAarad Xo0Ji1a TOIMWICHH.
KaBoOu :

lea

o, =565kelcm’; o,=113kelcm’®; o, =1944k2/cm?.

—_— |

60cy NN NN Q=40xr

"f

fl: 1OCrw
| |

6-MuCcoN y4yH

[/ — mucon. Hlaknga kypcatwiran OalKaHUHT XaB(uIM KYHJalaHr
KECUMUJAaru SHT KaTTa HOpMaJl Ky4JIaHMII Ba CAJIKUIMK Oajka MaccacUHU
XucoOra oJiMacaaH Ba XxucoOra om0 XUCOOJIaHCHUH.

o, =350ke/cm® ; 8,= f,=058cm.

Kapobu :
o,=304ke/cm’ ; 5,=1f,=0506cm.
7, Q=100xkr
7 /]
z
h=5
//—| cM

7-MHCOJI yYyH

X

Z ~
[~ N =18°

—’y

—p

— =6y ———]

8 — mucon. Cr.3 Mapkaiau IyIaTIAaH scairaH, KYHIAJIaHT KECHM 031
1 x1cm Bay3ynwnmuru 1 M Oyaran CTep)KEHHUHT KECUMHUJIATH YY3yBUYHU
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3apOaaH Xocui OynmaauraH Kyw@wiaHuil o, =2000xe/cm’ Ta eTHIIN YIyH
F =100xe 1OK KaH4Ya OajlaHJIMKIAH TYIIUIITN Kepak ?

JKaBoOu : h=09cwm .

O-mmcon. Illakmma kypcaTuiaradH KOHCOJHHHT JPKUH  y4yuWra
OOlILJTAaHFUY TE3JIUTU HOJITAa TEHI Q IOK TycaTlaH Kyuwirad. banka spkun

YYUHUHI  CAJIKWJIWMI'H

“Z
Ba KUCTHUPHO MaxKaM-

JJAaHTaH KECUMUHUHT j VA X __Ngy— 14
SHI KarTa HOpMall ﬂA B [~
KyWIaHUIIN ~ XUCOO0- -
TAHCHH. —o— (=16 — | Q=150kr
9-mucon yayH

JKaBoOu:
f, =0,358 cm; o, =587 xelcm?

10 — mucon. Ilaknga kypcaTuiaraH @
mynaT cTepkeHra h OamaHaaukgaH Q IOK e 100/11
tymaau. CTepKeHJard SHI KaTTa CHKYBYH 1 Q=10re

Ky4IaHHUII aHWKJIAHCHH Ba Oy KyWIAHMII X
o,=2000xz/cv’ maH omMaciaurd ydyH Q
10K KaHJai OagaHIMKIaH TYIIUIIA Kepak.

Macana CTep)KEHHHHI OFHPJIATH XHCOOTra i
OJIMHMAC/IaH CYMJICHH. i

@ Ia=5CJv

¢ =100cm

XKaBobu : o, =400xz/cm’; h =250 cu

g
11 - wmucon. Hlaknma KypcaTuiaran 10-mucon y4yn

OankanuHT ypracura munytura 1200 mapra
ailllaHyBYN JIBUTATEIb raren
VYpHatwiran. Arap OankaHuHr @ Z | -
SPKUH  MaxOypuil  TeOpaHUII A o~ — Y
takpopiuru 20 % opTuk Oyiica, i 0/2 Q13 7z L
YHUHT Y49yH KYIITaBp KECHUM p :'3M

HOMCPH TOIIUJICHUH.
11-mucon yuyH

XKapobOu : kymraBp Ne 16.
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12—mucou. MTaxnga KYpcaTWwirad .,
KOHCOJIHMHT Oukpiuru E-J=22-10°ke/cm / E

Oynca, yHUHT V3 TEOpaHUII TAKPOPJIUTH v Q =49k

TOIIUJICHH. p———/ =15 ——

KaBobu : w=625 1/cex. 12-mucon yuyH

13—mucon. Ilpyxunara Oup-Oupura TEHI HWKKHTa IOK HIMOK
épaamua ocuirad Ba Oy FOKJIADHUHT OMprajukaard TabCupuaa MpyKuHa
25 MM ra uy3wiaau. Arap lokiapjaH Oupu TycaTJaH OJu0 TalulaHca,
KOJraH IOKHUHI OViiama TeOpaHUII JaBpW, SHI KaTTa TE3JIMTU Ba
TeOpaHUIIIN TOMUJICHH.

Kasobu : 0,224 cex ; 35 cm/cek; 981 cM / cek’ .

14—mucon. Ilakinga KypcaTWITaH BallHUHT  p-gqey, i 16 B
Xycycum KYHJIaJIaHT Ba aWJIaHTaH s : l "y
- ___.__:_-____' _________ } -
TeOpaHUIIUIAPUHUHT YaCTOTACH TOMUJICHH. acank ] 777777
XKapoOu : + L
Q=1,25xu
@ o =125 1l cex ; @,,,,=200 1/ cex. : 30 ey
. . 14-mucon yuyn
15-mucon. Illaknaga KypcaTwirad Imyjar
CTEPKCHHUHT  ¥3  OFUPJUTUHU  XUCOOTa i
oJIMacJaH, YHUHI TeOpaHMI TaKpOPJIUTH Ba i
JTaBpU aHUKJIAHCHH. i
-1 |
KaBoOu : 785 I/cex ; 0,008 cek £=100c i
|| d =2cm
—. |—
|
Q=1n

15-mucon yuayH
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	Ечиш: Таянч реакциялари     бўлади.
	Ечиш: Таянч реакцияларини ҳисоблаймиз:

	Юпқа деворли стерженларнинг турли кўндаланг кесим юзаларида депланация турлича бўладиган буралишга эркинмас буралиш дейилади. Масалан, қўштавр кесимли стерженни бир учини қистириб маҳкамлаб иккинчи учига буровчи жуфт куч қўйилса (9.3 шакл), маҳкамланг...
	Верешчагин усули билан қуйидаги формула бўйича   эпюрасидан фойдаланиб, D  ўзгармас  сонни ҳисоблаймиз:
	Кесимда улар секториал статик моментга пропорционал равишда ўзгаради ва энг катта қийматга пастки токчанинг ўртасида  эришади (9.10-шакл, е).

	Кўндаланг кесимнинг бирор нуқтасидаги нормал кучланиш кучлар таъсирининг бир-бирига халал бермаслик принципидан фойдаланиб қуйидагича аниқланади:
	Кучланиш аниқланадиган нуқта биринчи чоракда ётса   ва   га чўзувчи нормал кучланишлар мос келиб, формулада эгувчи моментлар  мусбат  ишора билан, агар сиқувчи бўлса, манфий ишора билан олинади,    ва   лар ўз ишораси  билан олинади.
	Нейтрал ўқнинг тенгламасини чиқариш учун (10.1) формуланинг ўнг томонини нолга тенглаштирамиз, чунки нейтрал ўқ устидаги нуқталарда кучланиш нолга тенгдир:
	Агар балка материали чўзилиш ва сиқилишга бир хилда қаршилик кўрсатса кесимнинг нейтрал ўқидан энг узоқдаги нуқтаси учун мустахкамликка текшириб кўрилади:


	Жавоби:   .
	Устунлардаги энг катта нормал кучланишни, асосидаги кесимнинг нейтрал ўқининг вазиятини, А, В, С, D нуқталардаги нормал кучланишларни топинг, ҳамда исталган кўндаланг кесимнинг нейтрал ўқлар ўтадиган М нуқтанинг координаталарини кўрсатинг, юпқа деворл...
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