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4 KoHTponbHbIe TPUMEDB! SCAD

Bpegerne

HJauHnlil TOKYMEHT COAepPXHMT ONMUCAHUE [EKOTOPbIX KOHTDOJLHbLIX NPUMEpPOoB, A
KOTOPLIX U3BECTHO TOYHOC AaMANUTHYECKOE pelleHHe u/MAHM  M3BCCTHLL  PelleHMs],
flOJIYHYCHHbIE C NnoMolIublo APYIUX nporpaMM, MPpcAHA3HAYCHHbB(X s adanm3a
HaNpsoReHHO-1e(pOPMUPOBAHHOTO COCTOAHMS KOUCTPYKIUIN. B OCHOBHOM MCHOSL3OBAHbI
npUMepbl, IDUBEAEHIblE B DEKOMEHRAUMUAX NO TECTUPOBABUIO NMPOrPaMMIbIX NPOAYKTOB
uucturyTa no cranjlaptusanuu Opanuun (AFNOR) u npuMepsl, 1 KOTOPbIX U3BECTHb
pewterusi, noryderHuie 1o nporpamme COSMOS. B rex cnyuasx, xorfa U3BecTHO TOUHOE
AHAJTHTUYECKOE pewenue, B JaHHOM PYKOBORCTBE [AdHb] CCbIJIKHKH Ha COOTBBTCTBy[OU.lMQ
ny6nukauny. [ToMBMO omucaliMil KOHTPOJbHBIX TPUMEPOS, HAHHBIH AOKYMEHT COLEPKUT
pe3yJbTaTbl CPaBHeHUS peuieduii, noaydedunix no nporpamme SCAD, u  Toulbix
pe3ynbTaTOB. TekcTel UCXOAHbLIX JaHHbIX A8 SCAD npusesenst B JaHHOW KHUTE, KpOME
TOPO, OMY COAEPIKATCS 1A AUCKETE, TPHIArAEMON K JAHHOMY PYKOBOLCTBY.

ITOT AOKYMEHT MOXCT ObITh TaKXKEe NOoJC3eH B KayecTBe oOpasua 3anonHeBms
MCXOAHLIX IAHHLIX [IPH PCHICHUN PATHYIILIX 3a/ia¥ aHaiu3a KOIICTPYKIWA.



SCAD KoHTpOJIBHBIE TpUMEPDL

barka, aameMiIeHHAd ¢ JByX KOHLoB - MSru6 B miockocTH - Pacrsxernye -
cxarne (SSLL 01/89)

Cceninxa: S.Timoshenko, Resistance des materiaux, t.1, Pars, Evrolles, 1976, p.
26.M.Courtand et P. Lebelle, Formulaire du beton arme, t 2. Paris, Eyrolles,
1976, p.219

Orrecanve 3a7avy -

TeoMerpus:

l=1m, | =17x10*m’

2y B

Y,V t,8 % b & ¢ %
h X U [ 03t 0.2L | 0.24 031 L'

Pacuernasn cxema obLero BHAA, THIT 3; Yerslpe CYEPXKHEBbIX 3/1eMenTa, THR 10, nary yasos.

1 4 2 2 3 3 q 4 El

Monyns ynpyrocth matepuana E = 2.1 x 10" Pa
Ceazw:

u, =v,=06,=0, ug=vg=20;=0;

Harpysxm:
P /M\C £ F = 20000 N
Liv bbb by iy p=24000N/m
| FP F2E C = 3000 Nm
X 0.3¢ Fy=- 30000 N
F,=- 10000 N

ConacrasieHne pe3yIbTATOB:

Touxu HarMeHobamye U SCAD Teopus [orpem-
EJISHMIA MSMEPERVS HOCTD Y4
G Q. nonepeynas cuna (N) - 6000 - 6000 0
G M, moment (Nm) 2800 2800 0
G v, nepemerwenue (m) - 49023 x 10% | - 49 x 107 0.05
A [, ropuaoyransaasn peaxumst (N) 24000 24000 0




6 KoutponbHele npumeput

SCAD

Hexonmnie garrnie g SCAD:

==== Tecr AFNOR SSLL 01/89
=== 3aleMAEHHBIH PaMHDIit CTEPXKCHE
(0/1; SSLLO1/ 2; 5/33;m 1 cm 100 H 9810 /)
(17101 12/10 1 23/10 13 4/10 1 4 5/)
(3/1 SO 21E+011 2.1252 2.1252/)
= E = 21E7 Pa, ceuenue xpampat 2.1252 x 2.1252 oM
4/0/0.3/0.5/0.7/1.0/)
501123456/5123456/)
==== 3alleMennl Y3aul 1 B 5
(6/40311/
16321/R13/10000/
20531/ 20141/40151))
( 7/ 120000/ 2 24000/ 3 -3000/ 4 -30000/ 5 -10000/)

* yanoBasa cocpefoTodertas cyna F=20000 T

I

(
(

* pacnipeaeneHHas ciaa p=24000 T/m
* cocpenotodyeutsit Momert C=3000 Txm
* yanosasa cocpeaoToyennas ¢wna F1=30000 +

* yajgosas cocpenatoycHas cuna F2=10000 T




SCAD KOHTPOILHBIE IIpUMEpDI 7

bagxa - H3ru6 B mwrockocry - Je@opManHa OT PABHOMEPHO PaCIPERCTCHHOH
Harpysx#a (SSLL 02/89)

S Timoshenko, Resistance des
Beranger, 1963, p.166.

Ccrumea: materiaux, t.1, ParnsEdition Polytechnique

Onucanue 3249
TeomeTpus:

A
T

L/2

Pacuernasa cxema obuiero BMIA, TUR 3; YeTBIpe CTePHHEBLIX anemenTa THna 10, naTe yanos.

1 1 2 2 3 3 1q 4 5

- L + ~uf

L =144 m
A=31x10"'m?
Mowmenr uuepuuy 1 = 2810 x 10" *m*
Koagduument a,=A/A, = 2.42

Hapnua Ganky

Jlnowany cevenys

MaTepranx nuHeilHO yNPYrui, H3OTPOITHBI.
E=20x10" Pa; v =03
Ces3m:

Wy =v,=0; 05 =vg =0

Harpysku:
P
p=1x10°N/m
ab bbb bbb bbb didlle
T ZA
ConocraBneHue peayIbTaToB:
Toxxm HamveHosarme ¥ SCAD Teopus INorpenxocts,
ePHMLIA W3IMEDEHHA %
C v, nepeMeuterie (m) -1.259281 x 10" | -1.25926 x 107 0,00167




8 Kontponbaeie mpuMmepst

SCAD

Hexogrsre garrsre pag SCAD:

==== Tectr AFNOR SSIL 02/89

==== paMHLIH CcTepXeHb C YYCTOM COBHIA

(0/1; SSLL02/ 2; 5/33;m 1 ¢m 100 H 9810/)
(1/10 1127101 23/10 1 34/101435))

( 3/1 62e3 562 562 0 9.853e3 9.853e3/0 n 0/)
====n=0 - yuer casura

=== E = 2E1} Pa, EF, Ely, Elz, Glk, GFy, GFz
(4/0/0.36/0.72/1.08/1.44/)
(5/11236/51236/)

==== 3aKPeNJIeHsl IMHeRKRbIE CT.CB. O KOHIAM CTePXus
(6/16311/R13/10000/)

( 7/ 1 100000/)

* pacnpenenenuas cuna p=100000 H/m




SCAD KoHTpossHble nmpumepbt S

Banka - Harn6 b anockocry - Toveuras ynpyrag cegass (SSLL 03/89)

Ccepurka: C. Massonnet, Application des ordinateurs au calcul des structures, Paris,
Eyrolles, 1968, p.233.

OmHcanHe 337a9H !

Teomerpus:

Jomna 6anke 1 = 3m

A B C Y,V 8
& R%Ky ray I‘\ MOMERT HHepuuH TonepevHore
2L 214

| | ceyeims 1 =63 x 10*m?
} X, U

PaceetHan cxema. Tun cxembl 2, YEThIpe CTEPXKHEBLIX 3JMeMEHTa (YHUBEDCATBHDBIH CTEPXKEHD, TMN
10), B TpeTbeM yaie - 3neMeHT THNa 51, MOAETUPYIOWHT CB5A3b KOHEYHOU SKEeCTKOCTH.

1 1 2 2 3 3 4 4 5

Matepuan MHeHHO YNy, H3OTPONHLI.

E=21x10" Pa

Ceszu:

w=v,=0;,ve=20

XecTkocts ynpyroit onopwt B Touxe B: K, = 2.1 x 10° N/m

Harpyswar

- s F = 42000 N
| L | 1 '
Conocrasilenye pe3yIbTaTOB:
Touxu Haumenosanue n SCAD Teopus Tlorpeumocts, %
efVHHMIA MSMEPEHNS

B M, moment (Nm) 63000 63000 0
B v, nepemelense () -0.010 -0.010
B V. peaxuua (N) - 21000 - 21000




10 KoHYPONLHBIE TPUMEPD! - _____SCAD

Hexonrurre garasre 107 SCAD:

==== Tect AFNOR SSLL 03/89

==== paMHBI} CTeDxeHb C YNPYTOR CBA3BIO O CPeaHE 11poera
( 0/ 1: SSLL03/ 2; 2/33; M 1 e 100 H 9816/)

(1/10112/10 £ 23/10 1 34/10 14 5/53 2 3))

(2/1 15/425))

(3/1 1e8 13.23e7 13.23e7/2 3 2.1e06)

==== cTepxens E = 2.1E11 Pa, EF, Ely, Elz

==== g [leHTpe - CBg3L no 7, EF

(4/0/3/6/9/12/)

(5/113/53/)

=== JleBhIV KPaii - 3aKperuieHb! JUHEHHbLIC CT.CB. 10 U,W + wapHup no UY

n

=== mpapblit Kpal - JAKPENAEHB! JUHEAHBIC CT.CB.I0 W + wapuup no UY
(6/20311/40311))
( 7/ 1 42000/)

* cocperoTodeRHag cina F=42000 H




SCAD KoHTpobREIE NPHMEPDI i1

Ilpocrparcrperrag cxema ¢ yupyrud cBAsamMu (SSLL 04/59)
Cerutka: M. Laredo, Resistance des materiaux, Paris, Dunod, 1970, p. 165.
Ormcanme 3a7347H;

Teomerphs:
| =2m
Iy =1z=1=10%"
J =20 x 10 M
A =0.001 M
Z.W N
5 ‘4
f 7
5 >
xX,U
4 /
1
L 3
Y.V
\ 3
i L
2
LEJ 8 N
— .
11 10

Pacyernaa cxema THn O.

5 yanoB, yeTbipe cTepxkneBwix ajeMenta THNa 10, Kk KpaHWM y3/1aM NPUMBIKAIOT MO 4eThipe
ajemenTa TvNa 51, MOAEAMPYIOWMX CBs3M KoMeyRoM xectkoctH. K nmepsomy yany - 8, 9, 10, 11,
K nAatomy - 5, 6, 7, 12-it anemMenTH.

Marepwan:
E =21 x10" t/M?
G = 7.875x 10" /2

Caasm:

B touke 5: u,=0, nyKeitnasn XecTKOCTL No Hanpasitersw y 52500 N/m xecTkocTH noBopoTa
BOKpYT oceli y,z 52500 Nm/rad

8 rouxe 1i: u,=0, MuHelHas XecTKOCTh No HanpaBjenuto y 52500 N/m xecTkocTH rnoBopota

BOKpyr ocedt y,z 52500 Nm/rad

B touke 3: wapnup



12 KouTpoabibie npUMepb! SCAD
Harpyaxu:
B rouke 4: F = 1t F
5
v
4
3

2
Comnocrasyelue pe3yaIbTaToB:
Touxu | Hammenopanue n eguHuna Teopun SCAD [TorpewrHocTs

U3SMEPCHMA %

5 Mx, MomeHT (Nm) 1562.5 1562.5 0
5 My, moment (Nm) - 84375 - 8438.14 0.758 10
5 Mz, moMenT (Nm) 3125.0 3124.6 0.128 10~
{ Mx, MmoMeHT (Nm) -1562.5 - 1562.5 0
1 My, moment (Nm) - 8437.5 - 843705 0
i Mz, moMeHT (Nm) 3125.0 3125.0 0
5 v, nepemMelierue (m) - 0.029762 - 0.0297619 0.336 10~
5 ux, yroJ nosopoTta {paa) 0.16071 0.160726 0.001
4 w, nepeMenfeHue (m) - 0.37004 - 0.370044 0.108 10




SCAD KonTponsnne npumepnt

Hexoqmnre garmsre zog SCAD:

==== Tecr AFNOR SSLL 04,89

0/ 1;5s110489;/33; M 1 cm 100 H 9810 /)
110412/ R13/0601 1/
5125/5135/5145/51531/5161/517 1/
)
(2/224/225/226))
(3/1 2.1E8 2.1e5 2.1e5 1.575e5/
2 2 52500/ 3 4 52500/ 4 6 52500/
51 52500/6 5 52500/7 6 52500/)
==== crepxeds EF= 2.1E8 H/m2, Ely, Elz, Glk
=== HuxKRUN Koney - csa3y 1o X-ET, UY-GIk, UZ-Glk
==== gepxHHi Koneu - caan no Y-EF, UY-Glk, UZ-Gik
(4/2/0/001/002/022/)
(5/5135/1234))
(6/4031 1))
(7/ 1 1ed))

==== cocpenoToyeHHas cuia '=10000 H

(
(

=== JIPOCTPAHCTBEHHAA PaMa C YIIPYTUMK CBAIAMM HA KOHLAX




14 KoHTpoXbHBIE MTPUMEPSI SCAD

Koxcomnaag pama (SSLL 05/59)

Cerurka: A.Campa, R. Chappert et R.Picand, La mecanicue par les problemes, fasc.4: Resistance
des materiaux, Paris Fnucher, 1987.

Onmcasie 3a5a94:

A B L=2n; 1=0.2m
v . Mowment nnepuny [=(4/3)10%*
;C 5 Cropora kpagparioro cevenns 2x102m
L
E A

Pacuetnas cxema Tun 2, TPKY CTCPXHEBRIX MEMeNlTa THIA 10.

3 2 4

1 1 2

®—

Marepmrast nunelHO-YRPYIUil, UIOTPONHEIN
E = 211 Pa
Crszuc
Broske AnC: U, =V, =86,=0 ,Uc=V.=8=0

ConocraneHye pe3yabTaTos ;

Teopust SCAD [orpemmocts, %
B v(m) -0.125 -0.1249 0.8 10°
D v,(m) -0.125 -0.1249 0.8 107
A V,(N) 500 500 0 ¢
A M(Nm) - 500 - 500 0
C V,(N) - 500 - 500 0
C MNm) |- 500 - 500 0
Harpysixu
4A B
é B rouke D: F = 1000N
C D“ F




SCAD KoBTpoabHyle npuveps:

15

Hexonmere ganrere gags SCAD:

( Brymarmie; 1pH PCYETE YCTRHOBHTE TOTHOCTD PRITOKEHHA MaTpHIE! 12.)

t

=== Tect AFNOR SSLL 05/89

==== KOHCOJIbHA paMa

( 0/ 1; SSLLOS/ 2; 2/33; M 1 cM 100 H 9810 /)

(1/10 1 12/10 13 4/10 2 2 4/)

(3/11000E+12 2.667E3 / 2 1.000E+12 1.000E+12/)
(4/0/2/0002/200.2/)

(5/1135/3135/)

==== 3aiemMJaednl y3asl A y C: cT.cB. N0 u,wuy
(6/20311/)

{(7/1 1000/)

=== cocpenoTovennas cuna F= 1000 N = n 1 7




16 KoHTponbrble ipumepbl SCAD

Apka ¢ samemuerneM (SSLL 06/59)

Cevuma: J.S.  Przemieniecki, Theory of matrix  structural  analysis, New  York,
MCGraw-Hill, 1968.

OnHcarnde 334344

FeomeTpus:
Y“ r= 3M
Konsuesoe ceuernye:
d, = 0.02
44 A
f d, = 0.016m
7 Y.V
r
90° 4
Mz %
>
0 B T F1 X, U
F2

PacyetHas cxema TvO 5.

Apka cMOleNMpoBaHa 24-M4 CTEePXHeBLIMY aJementamy 10 Tuna. 25 y3sos.

1234

Martepuan:
E =2 x 10" t/M?
Chaau:
B royke A: U, =V, =86, =
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SCAD KoHTpOJIbHbIE IPHMEDD]
Harpysior;
B Touxe B:
F1 = -10 N;
F2=-5N;
Mz = - 8 Nm

CorocTaB/ienye pe3yabTATOB:

Touxka | HarMemoBarme u eqvrmma Teopus SCAD ITorpemuocts, %
U3MEepeRus]
B Ug (M) 0.3719 0.3782 16
V(M) 0.2417 0.2417 0
6(pan) 0.1654 0.1653 0.06

Hexornrsre ganrzre 117 SCAD:

==== Tectr AFNOR SSLL 06/89
==== ApKa C 33lemMIeHHeM

( 0/ 1; SSLLO689/ 2; 5/3;11./)
(1710112 /r123/0011))

(3/12.262¢+7 9.274e2 9.274e2 697.5802 4586576.25 4586576.25 nu=0.3/)

==== K0JIbIeBOC CCYCHHE C yueToM caBura £ = 2e11 N/m2

i

=== KOOpAMHATBI B HHJIHHBKM‘!CCKO‘H CUCTEME KoopaAnBaT
(4/390/1 1 24/0 -3.75/)

==== 3aleMJieH y3en A CT.CB. N0 U,w,y
(5/1123456 /)

(6/250111/25022/25063/)

(7/1-10/2 -5/3 -8/)

==== CocpeloTo4eHHan cuaa B Touke B - Fx = -10N, Fy = -5N, Mz = -8Nm




18 Koxrpospiie npumepbl SCAD

Apxa c samemnereM (SSLL 07/89)

Cebinka: S.Timoshenko, Strength of materials, Part t: Elementary theory and problem,3eed,
1955, R.J. Roark, Formulas for stress and strain, 4eed, NewYork, McGraw-Hill, 1965

OnucanHe 3a7a4H ..

Teomerpus:
r=1I(m
d, = 0.02m
d, = 0.016m

A = 1.131x10™" p?
I, = 4.637x109 *

Pacyetnas cxeMa Tun 5. Apka cMOAReaupoBaHa 15 crepkHeBhIMH anemenTaMu 10 Thna.

Yanos - 16.

Marepyan svHelHO-yIPYTHE, H30TPOTHBIH
E = 2etl Pa
Chasu:
B rtouke A: U, =V,=6,=-0
Harpyatar
B touxe B : Fx = -100N

CorocraneHie Pe3yabTaToB :

Teopus SCAD [Norpewurtocts,
%
B ub(m) 0.13462 0.133939 0.5
9=15° Mt(Nm) -741180 -725754 2.08
Mf(Nm) 965925 947573 1.899




SCAD KoHTpoJbHBIE IPHMEpEI

19

Hcexonusre gaunsre 119 SCAD:

==== Tectr AFNOR SSLL 07/89
==== ApPKa C 33IUEMIEHHEM

( 0/ 1; SSLLO789/ 2; 5/3;11;/)
(1/10112 /1 14/001 1))

3/ 12262e+7 9.274e2 9.274e2 697.5802 4586576.25 4586576.25 nu=0.3/ )

==== KOJbUEeBOEC C€YEHME C yYeroM CABUIA

=== Koopzmuam B llVU'[PlH)IKH‘-IeCKOﬁ CHUCTEME KOOPAUHAT
4/1/r 1 15/0 6/)

=== 3allcMJjien ysesx Al ¢T.CB. NO u,w,uy
(5/1123456))

(6/ 16031 1))

(7/1-100 00 0/)

==== CoCpeloToOYeHHas cuaa B Toyke B - F=100 N = 0.01 r

~




20 Kodtponbiisie npUMepsl SCAD

Apxa ¢ mapHupHEIM orpanydem (SSLL 08/89)
Cevunxa: P. Delius, Resistance des materiaux, Paris, Technique et Vulgarisation, 1958.

Ornrcasye 3303499

Teomerpust:
2 A
r=1wuM

19 Y.V d, =002 m

d. = 0.016 u
F .
2 S = 1131 x 10*
% I = 4.637 x 10°m*

2 2 £ 1 XU

21
18
17

Pacuernast cxeMa
Tun ¢xembr 2.
PaccMoTpeHsl gBe momenu apkM: us 49 yanos u 48 crepxkneRbix aseMextoB TMrna 10 w w3 200

y3no8 1 199 sanemeHTOB.

Matepyan:

E=2x 10" H/u®
Casam:

Toyka 2: U, =V, =0

Toyka 1: V, =0
Harpysks:

F=100N



SCAD

KoHTtposbiibie npymMepbt

ConocrasieHye pe3yibTaToB:

Toura | Haumenosa-|  Teopus SCAD SCAD NorpemrocTs,%
uHe ¥ (49 y=noB) (200 yznos)
ugm 49 yanos | 200 ysroB
2 O,(pan) |-3.0774 x 102 | -2.85513 x 107 3.0213 x 102 7.2 18
! O,(pan) |3.0774 x 102 | 2.85513 x 107 3.0213 x 107 7.2 18
49 V(M) [-1.9206 x 107 | -1.7248 x 102 -1.8864x 102 [ 1019 1.78
! U(m)  [5.3912 x 102 | 4.9581 x 107 -5.2039x 107 8 1.8

TforpeluHoCTs OmpefesieTcsl 3aMeKOd AYTH OKPYXKHOCTW BIUCAHHOM JIOMAHOH, W 3HaYeHMA

OPUBOAATCS B y3.7aX, COOTBETCTBYIONIUX TOYKAM, YKa3aHHLIM HAa DUCYHKe.
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22 KoHTpONBHBIE TPHMEPE!

Hexonmsre pgamrete 119 SCAD:

( 0/ 1; SSLLO088Y/ 2; 2/ 33; M 1 cm 100 H 9810 /)

(@Y
10113/10124/i0135/10146/10157 /10168 /101795 /1018 10/
101911 /10110 {2 /10 1 11 13 /101 12 14 /10 1 1315 /101 14 16 /101 1517 /
10116 18 /10 1 17 19 /10 11820 /1011921 /1012022 /10121 23 /1012224 /
1012325 /1012426 /1012527 /1012628 /1012729 /16128 30 /101 29 3t /
1013032 /1013133 /8013234 /10 13335 /10 1 34 36 /10 § 35 37 /10 1 36 38 /
1013739 /10 1 38 40 /10 1 39 41 /10 1 40 42 /10 1 41 43 /10 1 42 44 /10 1 43 45 /
10 1 44 46 /10 3 45 47 /10 1 46 48 /10 1 47 48 /10 1 47 49 /10 1 48 49 /)

(3/

1 56 2.000E+11 2
(4/

1.6 nu=3 gf/)

1.000
0.991
0.966
0.924
0.866
0.793
0.707
0.609
0.500
0.383
0.259
0.131
0.000

(5/2

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.600
0.000
0.000

-0.500 / -1.000
-0.369 / -0.991
-0.241 / -0.966
0117 / -0.924
0.000 / -0.866
0.109 / -0.793
0.207 / -0.707
0.293 / -0.609
0.366 / -0.500
0.424 / -0.383
0.466 / -0.259
0.491 / -0.131
0.500 /)

13/13/)

(6/49031 1))
(7/1 100 0 0 0/)

-0.000 -0.500 /
-0.000 -0.369 /
-0.000 -0.241 /
-0.000 -0.117 /
-0.000  0.000 /
-0.000 0.109 /
-0.000 0207 /
-0.000 0.293 /
-0.000 0.366 /
0.000 0424 /
-0.000 0.466 /
-0.000 0.491 /

0.998
0.981
0.947
0.897
0.831
0.752
0.659
0.556
0.442
0.321
0.195
0.065

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-0.435 / -0.998
-0.305 / -0.981
-0.179 / -0.947
-0,058 / -0.897
0.056 / -0.831
0.159 / -0.752
0.252 / -0.659
0.331 / -0.556
0.397 / -0.442
0.447 / -0.321
0.481 / -0.195
0.498 / -0.065

-0.000 -0.435 /
-0.000 -0.305 /
20,000 -0.179 /
-0.000 -0.058 /
-0.000 0.056 /
-0.000 0.159 /
-0.000 0.252 /
-0.000 0.331 /
-0.000 0.397 /
-0.000 0.447 /
-0.000 0.481 /
-0.000 0.498 /




SCAD Kontposntible npuMepsl 23

ILrockan Qepma - Llapranprsie crepxur (SSLL 09/89)

Cepurka: S. Timoshenko, Resistance des materiaux, t.1, Bruxelles, Edition Polytechnique
Beranger, 1963, p.10.

Onrcanye 3azavy .

Teomerpnst
6 =30°
Y,V 2] Jnvina crepxnsa | =45 m
Tl, [Mnowann NOTIePUHOro
ceueHus ) CTEPXHS

X,U A=3x10%m?

Pacyernas cxema.
Tun | (naockas mapHWpRO-cTepxiEBas CHeTeMa). JlBa crepxnesnix anementa 10 Tuna, 3 yana,
1 3

Matepuan auHeHn0 ynpyruii, H30TPONHDIN.
E=21x10" Pa

Caaaw:
Broukax AuB: u,=v,=0,uy=vy=0.

B Touxke C: wapuup

Harpysmor:

A B

F=21x10'N



24 KoHTpoaLHbIe npUMeph! SCAD

Conocrasnenye pe3yJIbTaTOR:

Towm Haivenosarnue u SCAD Teopust [TorpemnocTp,
eIUHUIA MIMEDEHMS %
C v, nepemenrerye (m) -3x10% -3x10?
crepxens AC N (&) 2.1e4 2 1e4 0
crepxens BC N (n) 2.1e4 2 1e4




SCAD Kontposnspee npumepst
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Hexorrnre ganmsee 11y SCAD:

==== Tect AFNOR SSLL 09,89

==== npockas depMa. IWAPHNDHKIE CTEPXKHU

( 0/ 1; SSLLO9/ 2; 1/33; M 1 em 100 H 9810 /)
(1/10 4 12/10 1 23/

( 3/1 63¢7,

=== E = 21E11 H/m2, EF

/0/3.89711 0 -2.25/7.79422 0 0/)
/113/313))

==== 3aujeMJicHul Y31 A v B: ¢r.cB. o u,w

(FL I




26 KoHTposnbHEe IpuMeph SCAD

Cucrenmz 6aiox - Harnb » mwrockocry (SSLL 10/89)

Cerinka: S. Timoshenko et D.H. Young, Theorie des constructions, Paris, Librairie
Polytechnique Beranger, 1949, p. 412-416.

Omcanye 330394 *
leomerpast

e

5 . 1A )
B Y. v
8
E i
7 £, U
AJIXHBbI MOMEHTB!l HHEpLUH TLI0IU2 U
AB le=4m l,6 = 64/3 x 10® m* App = 16 x 107 m?
AC lLke=1m Ly = 1/12 x 10 m* Apc =1 x 1070
AD lo=1tm I,p = 1/12 x 10* m* App =1 x 10" m?
AE Le=2m Lie =4/3 x 10* m* A =4 x 10" m?

Pacyernas cxema Tum cxemur 2, Ilare cTepxHeBrrx aneMmernTos {0 tuma, 6 y3nos.

Matepyan JUHEIAHO YNPYIHH, USOTPONHAIA,
E=20x10" Pa

Cassui

Touxy B, D, E: u=v=9-=0.

Touxa C: u=v=_.
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Harpyskic
Fl C p
NP 208 (227297557781 10 F=10° N
¢ |A p = 10° N/m.
E
ConocTanieHMe PesyIbTATOB:
Touxu HavneHosawve n Teopys SCAD MNorpemmocts, %
€MHATA HIMEDPEHHS

A 8, yroa nosopota (pax) - 0.227118 - 0.22740 0.0757

A M,n . MomenT (Nm) - 11023.72 - 11021.0 0.0247

A M,c Moment (Nm) - 113.559 - 1137 0.124

A M, o, MomeHT (Nm) -12348.588 -123474 0.0096

A M, moment (Nm) -1211.2994 -1212.77 0.1214

Hexonrmre garmsre ey SCAD:

==== Tect AFNOR SSLL 10/89

==== paMHas KOHCTPYKLWA

0/ 1; SSLL10/ 2; 2/33; M 1 cM 100 H 9810 /)
1/10 112/10123/10334/10253/101 3 6))
2/525/)

==== prapHup no yray nosopora UY

3/1 S0 2e11 1 1/2 SO 2¢11 2 2/3 SO 2ell 4 4/)
=== CTEP}EHU KBaZPATHOID CEUEHHs

= E = 2.1E11 1/m2

(4/0/0.5/1/5/1 0-2/1 0 1/)
(5/1135/4135/31335/613))

==== gamemaensl ysnsl D,B,E: cr.cB. o u,w,uy

(
(
(

~~

==== jaKperuienn ¢t ch u,w B ysene C
6/20311/36321))

7/1 1e5/2 1000/)

==== cocpenoToYeHHas cwia F = 1e5 N

==== pacnpelejeHHas cuna p = 1000 N




28 KourpoJipHble npuMepbl SCAD

ITrocraq @pepma - Ilapruprsie crepxey (SSLL 11/59)
Ceruma: ].S. Rao, The finite element method in engineering, probleme 5.1,p.275.

Onycagre 33739 .
Teomerpuss

SneMeHTH dnanua (m) Tnowany ceyerma (m?)
ACn CB 0.5 x 2% 2 x 104

CD 2.5%3 1x10*

BD 208 1x10*

Pacuervas cxema

Tun cxemsr | (MOCKAA WAPHUPHO-CTEPXKHEBAs cUcTeMa). 4 cTepxkseBrix seMenta 10 thna

4

Marepuan auHeiiHO yTIpYTHil, H30TPONHbBIA.
E = 1962 x 10" Pa

(9:7::0

Bystax AuB: u,=v,=0;, ug=vyg=0.



SCAD

Konrtponvubie npumepn
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Harpysin:

Cocpenotouetiag cuna & Touke D: F = -9.81 x 10° N

Conocranyesmne pe3y/IbTaTOB:

Tourxn Hammeropanne » Teopua SCAD ITorpemmocT
eIVMHYTA H3MEpPEeHUs %
C |ug, ropnscutanshoe nepememenue (m)| 0.26517 x 1073 0.265165x10%  0.0018
C  |v¢, BepTHranbHOE mepemewmenye (m) | 0.08839 x 10°|  0.088388x107|  0.0023
D |up. ropuaoHTanbHOe TiepeMemetive (m)| 3.47902 x 10°|  3.479026x10|  0.00029
D |vp, BeprHkaneHoe nepememenve (m) [ -5.60084 x 10°]  -5.60034x10°  0.0089

Hcexonrsre garmsre g SCAD:

=== Tectr AFNOR SSLL 11/89

=== nockas ¢epMa, WapHHPHBIE CTEPXHY
(0/1;,SSLLi1/ 2;1/33; m 1 cm 100 H 9810 /)
(1/10 1 13/10123/1023 4/102 2 4/)

( 3/1 3.924e7/2 1.962¢7))

=== E = 2.1E11 H/m2, EF
(4/0/1/0.500.5/20 1/)

(5/113/213))

==== ganieMnens! y3ael A 1 B: cT.cB. 110 u,w
(6/40311))

(7/1 9810/)

==== cocpenoToUeHHanA cuna F= 9810 N =1 1

I

I




30 KoHTponbHbIe npUMEDBE SCAD

Ilnockas gpepma, mapruprnre crepxar SSLL 12/89
Centnia: M.Laredo, Resistence des materiaux, Paris, Dunod, 1970, p.579.

Ormucanve 3a0ayu:

Teomerpus:
m i Sn Sm fm  Sm__ 5m
% = 'I" — 7
A2 A2 A2
A A1 At Al Al A1 A1 4am
A C
Lo M2 A2
6

Pacuyernas cxema tvn 1.

20 anemeuToB, 13 y3/10B,

17 crepxuesnix anemenros tvna 1 (1+17) n 3 anemenrta (18, 19, 20) Tuna 154 (Hymb-3neMeHT,
Mozenupyomii Kocylo cesizb) B yanax 1, 7 u 10 (snementst 18, 19, 20). ¥Yzam 11, 12, 13
npuHagIexat snementam (8, 19, 20, MmoxeaupymowMM CBA3U.

2 5 4 6 & 7 ]
@ N N
1 2 3 N 4 10
1 ] 2913
N
1
[
Mareprar:
E=2.1x10'Pa
Caasu:

B touke A: u, = v,= 0.

B touke Bu C:vg=v'c=0.
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Harpystar:
lF E l Fg V‘\/u'
E F
A 3 ¢
" i
Ve
B
Vg &—
B rouke E cacpenorovernan cuna Fg = 150 kN = 1529 v
B mouke T cocpeporoyennas cuna Fp = 100 kN = 10.193 1
B Touke A 3agannoe nepemewenne V, = 0.02 M
B Touxe B 3amannoe nepevewenne Vg = 0.03 M
B touke C 3axannoe nepemertenue Vo' = 0.015 M
Obwwit warper alfa = 1¢-5 rpan Ce-1, 150 rpan C
Conocranyenyie pesyasTaTos:
Touxu | HawMenosarme | Teopuss | SCAD IMorpeumsocts, %
¥ CDEMUA
H3MEDEHS
BD N(N) 43633 | 43629.6 0.0078
D vy(m) -0.01618 | -0.161768 0.0198




32 KoHTposbHble npyiMeps!

SCAD

Hexoqmasre gasaste i SCAD

==== Tect AFNOR SSLL {2/89
==== uiockas GEpMa, WAPHHUPUDBIE CTEPXHMU, 3AXAHHBIE MEPEMELTERUS
( 0/ 1; SSLL12/ 2; 1/33; M 1 oM 100 H 9810 /)
(1/0278/1213/1235/12810/1224/1246/
1269/1112/1123/1134/1145/1156/
1168/1189/11910/1257/1276/
154 31 11/ §54 37 12/ 154 3 10 13/)
( 3/ 1 2.961E8/ 2 5.922E8/ 3 LE10 /)
(4/0/04/5/ 104/ 15/ 20 4/ 20 -4/ 25/ 30 4/ 35 /
0 -1/20 -5/35.5 -.866025403/ )
(5/11))
(6/40311/90321/18131/R116/1/
1811 141/1911151/2011161/)
(7/ 1 150000/ 2 100000/ 3 150 1e-5/4 .02 / 5 03/ & 0.015001/)
=== cocpeaorouennas cuia Fe = 150 kN = 15.29 1

Il

=== cocpeaorodentasn cwia Ff = 100 kN = 10.193 1

=== 3anaunoe nepemeenye va = -0.02 M

I

safanHoe nepemewtenue vb = -0.03 M

f

=== 3ajaHHoe nepeMewenye vc' = -0.015 M

=== g6umit narpes alfa = tc-5 rpaag Ce-1, 150 rpan C




SCAD KonTtponsHeie npuMepnt 33
Ilrockas gpepma ¢ 3aTAxKOH SSLL13/89
Ccputka: M. Laredo, Resistence des materiaux, Paris, Dunod, 1970, p.77.

Onucanue 3agavu:

Teomerphst:
a b a Banku AD, DF, FB:
A D H E B A=0.01516m?
82 |, a3 ] Ar=A/2.5
A1 1=2.174x10* m'
d C £ Crepwnu AC, DC, CE, FE, EB:
! A=A, ~4.5x10"3m?
A4=3.48x10m?
a=2.00m b=4.00m [=8.00m ¢=0.6m d=2.088m

Pacyernasn cxemMa Tvn 2.

Hymepauvs yanos (yanet 7 1 8 vMmelor onuHakoBbie koopauHatel, 9 u 10 - Tawke, u Ha cxeme,
chopmuposannon SCAD, )

3

4 5 6

CTep)KHCBbI(‘.‘ 3J1EMEHTDI.

1 8 20 2

Aaemerrtot 10(yane 7-8) u 11(y3nnt 8-10) Tum 154,
Idnementrl 1,2,6,7,89 (aneMent 9 - yaaor 8-2) tun 1.
3nementst 34,5 tun 10.

4

Marepua:
E=2.1x10"Pa

Cassu:

B rouke Ai u, = v,=

B Touxe B: vy;=0.

Harpysxm:

102

G=0.4xE Pa

0.

p P=50000N/m

8=6.52x10"m

222222082220 2222%2221222222122222222
S

N




34 KoHTpoxbHbIE IPUMEPRI

SCAD

ConocTaBnenne pesymbTaTOB:

OnemenTn, | Haumenopanme Teopns SCAD ITorpenrHocTs,
M eTMHMIIA %
Towxm V3MEPEHENS
CE N(N) 584584 584588 0
H M(Nm) 49249.5 492471 0.005
D v(m) 0.0005428 | 0.0005426 0.036

Hexomrre gammzre 1ig SCAD

==== Tecr AFNOR SSLL 13/89
==== qurocKan depma C 3aTAKKOMK
(0/1; SSLL13/ 2; 2/ 43:4/ 33; m 1 cm 100 H 9810 /)
(1/1214/1225/10334/10345/
10356/1117/1113/1126/
1182/154 47 9/154 4 8 10/)
( 3/ 1 9.450E+08/ 2 7.308E+08/
3 3.184E+09 4.565E+07 5.0938e8 gf /
4 tel8/)
(4/2/6/0 06/206/606/806/ 4/ 4/5/5/)
(5/33/63/73/8/)
(6/36311/46311/56311/
1011 121/1111131))
( 7/1 50000/2 3.26¢-3/3 -3.26e-3/)
==== pacnpegeneunas cuna p = 50000 N/m

==== 33flaHHOe cMelleHue 2*3.26e-3M




SCAD Koutponshnie npumepn
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SSLL14/89 Pamriag KoRCTpYROIHA
Cenunxa: J.C.Bianchi, Rapport de la SOCOTEC, Paris, non publie, 1964.

Omicanve 3agagy:

TeoMeTpus:
c 1=20m
b a=4m
12 %) a h=8m
i b=10% +4% =1077m
[’ =5 0)( 1041774
1
L1 t h L=2510%m"
A B
7||’ L /\L
Pacuetnaa cxem:
E Tum cxempr 2.
4 CTEpXHEBHIX 3JICMEHTA THIa 2.
3 <
k] 5

1 2
’ .

Marepuan:
E=2.1x10"Pa
Caa3ns
B touke A: u, = v,= 0.

B touke B: vy =ug = 0.



36 KoHTpOIbHBIE TTPUMCDDI SCAD

Harpyaru:

£2
) p=-3000 N/m
M

F1=-20000 N
F2=-10000 N
M= -100000 Nm

Conocrapyenye pesyibTaTos:

Towwm Hammenosanue u Teopus SCAD ITorpemuacts, %
eJMHMIA MIMEPEHMHSA
A N(N) - 31500 - 31500 0
A OMN) 20239.4 20238.6 0.004
C v (m) -0.03072 -0.03075 0.097




SCAD KoHTponsHbIE nTpUMepbI
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HUcexonarre gaarwre 11g SCAD

==== Tecr AFNOR SSLL 14/89
==== paMHad KOHCTPYKUWA

0/ 1; SSLL14/ 2; 2/33; m 1 cm 100 H 9810 /)
1,2113/2124/2235/2245))
3/ 1 1.000E+10 1.050E+08 / 2 1.000E+10 5.250E+07/)
- E = 21E1t H/m2
( 4/0/20/0 8/ 20 8/ 10 12/)
(5/113/213))
(6/30121/30531/50311/31634 1))
( 7/1 20000/2 10000/3 -100000,/4 2785.44/)

==== ¢ocpegoToveHHas cuta Fz = 20000 N

(
(
(

=== cocpegoToyennada cura [x = 10000 N

1

=== pacnpegenennas cuia p = 278544 N/m

==== cgcpeaoTodeHnbiit Moment M = 100000 N*m




38 KoHTtponsHble npuMeps SCAD

SSLL 15/89 barxa Ha ympyroMm ocHoBaHWH

Cepurra: M.Courtand et P.Lebelle, Formulaire du beton arme, t.2, Paris, Eyrolles, 1976,
p. 382.

OmMcanue 3a1aum:

leomerpus

A c B A I=2d10/2m
[2 £33 333 ﬂ ™~ 1=10* m*

} L » ®,U

Pacuermas cxema Tun 3

11 22 33 14 s5 6 17 88 9 1010 111 1212 13

Mareppar
E=2.1x10"Pa
Crssn:
Touxu A u B ceofonnst. Kospduuent ynpyroctu nocrenn k=840 000 N/m2

Harpysiar:

-C C[ i l ) C F=-10000 N

I /2 1/2

J ]

ConocTanyeHHe pe3yabTaTos:

Tou- | Haumenopamme | Teopusa SCAD SCAD Iorpemnocts | [lorpemHocts
K H eMHEMIA % %
V3MepeRMs
Bapuanrt 1 Bapuanr 2 BapuanT 1 BapwanT 2
C M, -5759 -5758.74 -5742.14 0.0045 0.29
(Nm)
C v, -0.006844 |-0.00684336 |[-0.00684423 |0.0094 0.0034
(m)
A Vi -0.007854 |-0.00785882 |-0.00784522 (0.0614 0.112
(m)
A 8, -0.000706 |-0.000706 -0.000694416 [0 1.64
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Hexoqurre gauprre pigs SCAD

BAPKAHT 1:

==== Tect AFNOR SSLL 15/89

==== §aJKa Ha YNPYroM OCHOBAHUH

(0/ 1, SSLL1589/ 2; 3/33; m 1 cm 100 H 9810 /)
(1/3112 01 11/001 1))

( 3/ 1 2100E+07 0.000E+00 cz 1 840000 0/)
====F = 2 {E{{ Pa, ¢ = 840000 N/m2, h = im
(4/0/r 1 12/0.4139412/)
(6/10311/70311/13031 1))

( 7/1 10000/)

==== cocpeaoToyenuas cuna Fz = 10000 N

BAPUAHT 2:

Tect ¢ 3anaHneM k03dHUUMCHTA NOCTEAU C MTOMOLEBIO
3aeMeHTOB 51. JKecTKOCTb 3TUX DJIEMEHTOB MOMYYAETCA YMHOXKEHHEM

npuseAcHAON jUTHHR Ha Cl:

( 0/ 1; SSLL1589/ 2; 3/33; M 1 cm 100 H 9810 /)

(1/3412 /71117001 1/
5121/5132/r110/001/51213))

( 3/1 2.100E+7 1.000E+00/2 3 1.739E+5 /3 3 3.477E+5 /)

== E = 2.{E11 Pa, cf = 840000 N/m2

(4/0/r 1 12/0.4139412/)

(6/10311/70311/13031 1))

( 7/1 10000/)

==== cocpeporoueHnas cuna Fz = 10000 N

i
[




40 Korxtposibtnle npyMephbl SCAD

SSLL 16/89 banxa ra ynpyrom ocHOBaHHH

Cepumca: M.Courtand et P.Lebelle, Formulaire du beton arme, t.2, Paris, Eyrolles, 1976,
p. 385.

Onucamye 3ajayu:

Teomerpus:

A D B ywv [=nx10/2m
tEEEIEEEE: ™ 1=10" m?*

L w2 | w2 -

PacaerHas cxeMa

Martepuan:
E=2.1x10"Pa
Crsam:
B roukax A u B wapuuper
Koagpduuuenr nocrenu ky= K=840000 N/m?

Harpyskm:

P F

c Hummlnmum) c F=-10000 N
| w2 L2 | p=-5000 N/m
' ’ C=15000 N.m

ConocrasteHHe pe3y bTaToB:

Tou- | Hanmenopanue Teopus SCAD Ilorpemocts, %
K1 ¥ el
UIMepeHUS
Bapuant 1 |Bapuant 2 |Bapuant 1 [Bapuanr 2
A 0, 0.003045 0.00304496 |0.00304496 |0.0013 0.0013
(rad)
A Q. 11674 11674.2 116834 0.0017 0.08
(N)
D Vo -0.00423326 |-0.00423326 |-0.00423326 |0 0
(m)
D M, 33840 33839.9 33827.2 0.0003 0.0378
(Nm)
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Hexonrvre ganaete g1 SCAD
BAPUAHT {:

TecT ¢ npaMbIM 3a0aHuem koatdhduUMeHTa NTOCTENRH B
JKECTKOCTHDLIX XaPaKTePHCTUKAX CTEPXKHS:
=== Tect AFNOR SSLL 16/89
==== (ajKa Ha YIPYTOM OCHOBAHHH

/ 1, SSLL1689/2;3/33; m 1 cm 100 H 9810 /)
/101 12/rt23/001 1))
/ 1 21E7 0 cz 1 840000 0/)
=== E = 21E11 Pa, ¢1 = 840000 N/m2, h = 0.01m
( 5/13/25 3/)
(4/0/7 1 24/0.2069705889/)
(6/10511/250521/130331/1 1634 1/r123/1))
(7/1-15000 / 2 15000/3 10000/4 5000/)

==== cocpefoTo4eHHast cuna Fz = 10000 N

(0
(1
(3

=== cocpexoTouennbit MomenTt Ma = 15000 N*m

Il

=== cocpeporoyeHniii MomMent Mc¢ = -15000 N*m

== DaBHOMEpPHO-pacnpeieNeHHas Harpy3ka p = 5000 N*m

BAPUAHT 2:

Tect ¢ 3ananueM ko3pOUUMEHTA FIOCTEIUN C TIOMOLLbIO

anemeHTOB 51. JKecTKOCTb STHX 3/1eMEHTOB TOJIYYaeTCs YMHOXEHMCM
NPUBEAEHROM KN Ha C1:

=== Tect AFNOR SSLL 16/89

=== GasIKa Ha YIPYTOM OCHOBaHMUM

0/ 1; SSLL1689/2;3/33; m 1 cM 100 H 9810 /)
t\91i0112/123/0011/5121/5132/R122/001/51225/)
3/ 121E7 0 /2 3 .869276E5/3 3 1.738553E5/)

=== [ = 2.1Ei1 Pa, ¢1 = 840000 N/m2, h = 0.01im
(5/13/253))

( 4/0/r 1 24/0.2069705889/)
(6/10511/250521/130331/1 1634 1/r123/1/)
(7/1-15000 / 2 15000/3 10000/4 5000/)

==== cocpeaoToyeHHas cuaa Fz = 10000 N

[

(
(
(

==== cocpeaoTOYeHHBI} MomeHt Ma = 15000 N*m
==== COCpenoToMeHHbIN MomentT Mc = -15000 N*m

==== paBHOMEPHO-paclpeaeseHnas narpyska p = 5000 N*m




42 KoHTposbHble rpuMeps SCAD

Ilnra - Tparceepcansasti wsrub - Kowcors (SSLS 01/89)

Cepunxa: S. Timoshenko, Resistance des materiaux, t. 1, Paris, Librairie Polytechaique Ch.
Beranger, 1949

OmcarHe 3a7a9H ©

TeomeTpust:

Jdmauas | = 1 m

b 2, W
y. v
y BuicoTa ceuerua:
x U h = 0.005 m
\ 7 [upuna cevenus:
. b=01m
0 s x /

d L R

~ 7

2 4

Pacaernas cxeMa tun 3. 10 KOIEYHBIX 3JIEMERTOB MUTHMTLI THna 11.

2

ST T ]

1 22
0/
b
Marepuan aunedHo ynpyruit, U30TPONHEINU
E=21x10" Pa; v=103

Crsau:

XecTKoe 3aiemMacHke B touxke x = 0 (u=v =w=0;0, =90, =0, =0).

Harpyaxt:
PaenomMepuo pacopesenentas mo niowand p=-1700 Pa.

Conocrasnenye pesybTaToB:

Touxu HammeHoBanuve u Teopusn SCAD [TorpewmocTs,
SIIHULIA U3MEPEHNA %

Kpai | w, ncpemetieHye (m) -0.0973 -0.09571 1.63

x=1
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Hcxonrnie garrnie 119 SCAD:

==== Tect AFNOR SSLS 01/89

==== KOHCOJb UIUTA

(0/ 1, SSLPO1/ 2; 3/33; m 1 cm 100 H 9810 /)
(/11 11212 3/R19/001 11 1))

( 3/1 2.1e7 0.3 0.005/)

=== F = 21E11 H/m2, k-1 [lyaccoHa, ronnm=a
(4/0/R 110/0.1/R 11 1/0 0.1 0/)
(5/1345/123435/)

==== 3aUleMNICH JEBbI{ Kpail: CT.CB. 10 W,uX,uy
(6/16311/R19/10000))

( 7/1 1700/)

==== pacnpepeneHnas cwia p = 1700 N/m2

i
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KoHTpoIuHbie RpuMe Dbl

SCAD

ILtnta - TparceepcarsHem HarHo - Ceoboadoe omrpanne (SSLS 02/89)

Cenurxa: S.Timoshenko, Resistance des materiauy, t. 2, Paris, Librairie Polytechnique Ch.

Beranger, 1949

Onpcanne sagave :

Teomerpwsr:

<Y

1m

YX
1m

Hdavna pebpa a=1m

Buicota cewenus h = 0.01m

Pacuernas cxeMa Tun 3. YerbipexyroabHble 3aeMedTh! IUATHE TMOA 20.

/
/11{1/;13/41/21{16{1/:1/;1420/

Marepman auHeliHO ynpyrui, U3OTPORHBIA
E-21 x 10'' Pa; v = 0.3

Cosaau:

Bronw ocu y = £0.5 (w=0; 6, = 0)

Bross ocu x = 0.5 (w=0; 8,

—_-0)
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BosgpeitcrBint
Rasnenne F=795 Pa

Conocrasnense pesyabTaTOB:

Toyxu Haunenosanue o SCAD Teopasx Norpemrsocts, %
€UHHIA H3MEPEHHs
uentp 0 | wy, mepementenne (m) -0.16728 x 10° -0.1677 x 107 0.25

Hexomrmre ganawre g SCAD:

==== Tect AFNOR SSLS 02-89
( 0/ 1; SSLS 02-89/ 2, 3/5;2;/ 33;M 1 CM 100 N 9810 pC 1 /)
==== |PaPHUPHOE ORUPAHHKE TLTUTHI
(1201 121213/R19/001111/R109/00 11 11 11 11))
( 3/1 2.400E+011 0.3 0.01 /)
==== E = 2.{E11 H/m2, k-1 [lyaccona, Tomuunza
(4/0/R 1 10/0.1/R 11 10/0 0.1/)
(5/1 34/t134/R 2 10/t1/
135/111 35/R 2 10/1/)
(6/16311/R199/1/)
(7/1795))
==== pacrnpeaeneHHan cwia p = 795 Pa




46 KoutpoasHbie npruMepbl SCAD

Kpyrosasg nmura - TpanceepcaapHard Haru6 - XXectroe samemuernne
(SSLS03/89)

Ccebinxa: S.Timoshenko, Resistance des materiaux, t.2, Paris, Librairie Polytechnique Ch.
Beranger,1949.

Ormcatye 330399 .

Teomerpus:

v, v Paastyc r=1im
._\ Butcota ceyenusa b = 0.005 m
X u
2, W

Pacyernan cxemMa tMn 3. JIJ9 TPeyroJbHLIX [UIOCKUX 3/feMEHTOB B pacyere NMPUMEHeH THI
anemeHTa 12, And 4e¢ThIpexyTonbHLIX - 20,

Marepman nuHedHO yRpyruil, N30TPONHBIA
E =21x10" Pa; v =03

Cassy:

Mo kpalo xecTkoe zamemnerne: u=v=w=0; 8, =0,=6,=0.

Harpyarm:
PasnoMepro pacripeseneHHas Harpyska p = {000 Pa.
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ConocTanneHmne pe3yIbTaToB:

Touxu Haiveropanmwe u Teopna SCAD INorpemmocts, %
€QIMEYNA H3MEpERus
ueHTp 0 | Wy, mepememenne (m) -0.0065 -0.006471 0.446

Hexoqunre gaunsre 11y SCAD:

==== Tect AFNOR SSLS 03/89
==== KpyToBad IIHTa
( 0/ 1; SSLS03/ 2; 3/5;2;/ 3;11,/33; M 1 cm 100 H 9810 /)
(1712112 12/r 1 14/0 0 0 10 10/
201231213/r18/00t111/r914/00 10 10 10 10/)
( 3/1 2100E+011 0.3 0.005 /)
(4/0/r 1 10/0.1/r 10 15/0 6/)
G/t 45/
24/1525/r29/1/
1134 5/rt15/10/)
==== %eCTKOE JAMEMNEHME N0 KPAO: CT.CB. IO W,V,W,UX,1y,uz
(6/16311/r1 149/1/)
==== pacnpeneieHsas cuaa p = 1000 Pa
(7/ 1 1000/)




48 KoHTpPOJIBHEIE TIPEMEPBI SCAD

Llwmoegp - Bryrpernee gaprerme (SSLS 06/89)

Crepurxa: R.J. Roark et W.C.Young, Formulas for stress and strain, 5° edition, New York,
McGrow-Hill, 1975.

Omucague 334394 ©
Teomerpus:

Paquyce R=1m

N5

Tonmura h = 0.02 m

a

Nna L=4m

¢

Pacyernas cxema tun 5. 400 koneuwnx snemenToB, THN 50, oboaoyxa.

cﬁ s1|; rﬂa ﬂFoﬂFolee:ﬁ:aa}Fsz}Fsclfasolpss :\askuaaabasﬁu a¥sds
a* % 1|s ﬂF75|P”||‘“|3“"’72[P7"I57°IF“P““7"““ﬂ‘“ 6363
ei 11{54* 71}:56"3sleuias.a"ssz]Fsﬁ"iso[zw"unruua 45“:4 PE Y
EuﬁsnbazJEul azs"szalrﬂ;ze 25N2A 2%
P
i

P 2
P 14fa13 stz|F1 ﬁquoFoellauu"to? 06| ao%u oFodlo
Fz I:e IF 1Fas"¢a7 T 5“04 sfsds
P 74*73|k72JE ‘"zmuzenilzsabﬂ_ss sﬂeA efeds
?5%5:}25:";52“151"25 &z |k slbarkse 45*“ ER R
i P :
F o
f

84 93FQZJIN'|

;al asj:uiz:a"nz 23|| ao[Pza 2827k 24 25*24 242

2#1 1?« 16] 1852 14 :s"zu zu"quoezoazonoew:ﬂeA ooz

osfioe 193“102|19¢"|90|ws153 a7 ae u"u sdsxs

Y 7*7 ||7 6| 7sfi7e 173"172]571"174: oefsesltezfes es"st s464a

64 5a"saits 56| 55154 153"152 n soue"ua aTfiaelf4sf sof 4 43

'3
Inaﬁas Ladfiasfiazlfiasfiaohzofi2eff 27p26lp 25 24f 24 24>
fi o

G I N RGN Y (N | AN Sy S |y g |

16|n 15 1481 13 (2|p11fvra[ioeinaslp o706 051 o403 02

odleafloello?||oe a5 |loa fosffo2 {{os [[s0]es ||eo]lar fzs es]lu spafpe

aoll7ef(7a|l77(7e || 75|74 73|72 [j7 1|70 | L9 |68 |lc7 j66 |55 |64 ksEz

Bo|lsaflsalls7[|ae ||66 54 53|52 ||S5||50 49|48 (|47 |[46 ||45{j¢4 H3e2]s1

40|38 ||as||s7||I6 |25 134 |33 (|32 |[3¢+[|ao 29|28 ([27 §26 [|25 |j2< [R8[R2|R

20|[1ofl1a(17|jrteff1Sfrapr3fftefirsptop oY B |7 A6 f1o]¢3]2 R

Marepnan auHedng ynpyruit, M30TpONHsIN
E=21x10" Pa;v =03
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Crsan: CpoGoaHbie KpaeBble yCnoBusL.

Harpyarxu: pasHoMepHo pacniperenedHas Harpyska p = 10 000 Pa.

ConocraBiense pesyIbTaTOB:

Touxw Hanmenopamme m Teopus SCAD Horpemsocs,
€MHHIA F3MEPEHUS %
Bee a,,(Pa) 0 0 0
routat 6m(Pa) -500 x 10° | - 499661 x 10° 0.0678
SR(m) 2.38 x 10° -2.451 x 10 2.983
SL(m) - 286 x 10° | - 2.85494 x 10° 0.177

Hpmevarme nomysennoe nepememenne 14275 x 10° neobxommMmo yMHOXMTE Ha 2, T.K.
CYUTAJ/IaCh TOJABKO YacTb KOHCTDYKIIUH, OTPE32HHAA TUIOCKOCTAMU CHMMETPHN.



50 KoHTposbHbie npuMepnt

SCAD

Hexommie gavmmie prg SCAD:

=== Tectr AFNOR SSLS 06/89
==== [WIMHAD HATPYXEH BHYTPEHHUM JaBJIEHHEM
( 0/1;SSLS06;/2;5;/3;11;/33; M 1 cm 100 H 9810 /)
(1/501122223/r119/001111/r2019/00 21 2121 21))
==== E = 2.1E11 Pa, k-1 {IyaccoHa, TonmoHHa
(3/1 2.1et1 0.3 0.02/)
(4/1/r120/0 4.5/r 21 20/0 0 0.1/)
(5/13/r120/1/

124 /2115/r220/2t/

1 6/r 1 440/1/)
(6/16311/r1399/1/)
( 7/1 10000 /)

==== gHyTpeHHee nabjenre p = 10000 Pa




SCAD KoHTposibHbIe npuMeps 51

Ilmnra - [Japreane - Crobogrioe ormparne (SSLS 24/89)

Cenurka: S Timoshenko et S Woinowski. Theorie des plaques et des coques, Paris,
Librairie Polytechnique Ch.Beranger, 1961.

Orcanme 334390 *

TeoMerprs
a
2 ‘Ib x
- BricoTa ceuenmns
b h =0.01 m
Z,W X U
!} Y Y, v

PacyerHas cxema tdn 3. Tun anementos 20 (runtra).

a o Q o o o o o

] @ ®© 94 @ 3] a7 L ;] . 100
=

81 .73 : ] B84 : 3 [: ar ] ;<4 [:4]

71 1z 3 74 ™ 76 n 78 7 -]

81 a <] &4 65 ® 67 @ o 0

51 £ 53 & % -] s ) % @

41 42 L<] 4 45 -] 47 L] Ll D

kil 7] k<] M K k] 37 ] 39 40

~—r L= T zr ey A= ~]

MaTepHan JMHe#iHO YTIpYTUH, M30TPOIHBIR
E=10x10Pa;v=103
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KoHTpo/sHRIE TIPHMEDB!

SCAD

Cesa: w =0 1o BceMy XOHTYpY

Harpyaxi:

PaBnoMepHO pacnpeaeferHas Harpyaka p = 1.0 Pa

CornocrasieHie pesvABTATOR:

Teopust
b/a Iporué Uarnbaomuii MOMEHT
Woay = apa‘/Ehs Ml 01axX = Bpa2 Mv max ﬁ!paz
1.0 o =0.0442 B = 0.0479 B, = 0.479
20 a=0.1106 g =0.1017 B, = 0.0464
5.0 o = 0.1416 B =0.1246 B, = 0.0375
SCAD:
b/a ITporub Uarnbaroutuit MOMeHT
1.0 o =0.04418 B =0.0471 B, = 04710
20 a = 0.11026 B = 0.1007 B, = 0.0469
50 a =0.1436 B =0.1270 B, = 0.0406
Torpemuocty, %
b/a Mporn6 Harubatomuit MOMEHT
1.0 (o) 0.045 (B) 1.67 (B,) 1.67
2.0 (a) 0.307 (B) 0.98 (B, ) 1.077
5.0 (a) 1.412 (8) 1.93 (B, ) 8.267
ITpumeyatme:

o, B, B, - TEOPETHYECKM INO/NYYEHHbIE 3HAYEHHMSA, KOTODhie L1 AAHHOW 3a0a4d He 3aBUCAT OT
amavenmit 4, b, p, E, h.
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Hexomquere gasmsre g9 SCAD:

==== Tecr AFNOR SSLS 24,89

==== NPAMOYrO/bHAS [LIMTa (0L PACTIPEAETEHHON HArPy3KOH
(0/1;SSLS24:/2;3;/4;100:45 46 55 56/33; M 1 cm 100 H 9810 /)
(1,201 121213/r19/001 11 1/r 109/0 0 11 11 11 11))

(3/1 te7 0.3 0.01/)
(4/0/r 1 10/0.1/r 11 10/0 0.1/)

4/0/r 1 10/0.4/r 11 10/0 0.2/)

4/0/r 1 10/0.1/r 11 10/0 0.5/)
(5/1 3 5/111 3 5/r 2 10/1/

134/11 3 4/r 2 10/11))
hakmiadad (‘-BO60}1H0(‘. OJIMpaHuC
(6/1 631 1/r199/1/)
G711




54 Koutponshnie npumepn SCAD

ILtnra ToHkas - TpancBepcanbARIY Haru6 - Ysuopoe omypanne (SSLS 26/89)

Cenutka: J.L.Batoz, An explicit formulation for an efficient triangular plate-bending
element, International Journal for Numerical Mathematics in Engineering, vol.
18, John Wiley & Sons, 1982.

Omycanye 3374344 .

Teomerpra: BbicoTa cevenus h=1m

AQ0m

[ 1

[ ‘Fz
&
Y 3

4

Dy C
——— < —— Y, V
20m
Z, W xu
’ Al 4B >

F 3

v

B4l @© @ 64 BS W - L ] 14 =] o 0
81 e « ; 84 a8 as 4 ::] <] 90
Kl 72 B 74 7% ™ 7 n 7 a0
61 @ ®« ™ 65 & [:24 68 -] 70
51 V] = 2 56 5 57 E] 9 &
4 2 43 4“4 45 L] 47 48 9 £
31 X2 <] H ¥ 36 37 k-] X 40
pat n 2n 24 2 % ra a 2 30
" 12 13 “ 15 16 17 18 19 M
1 2 k] 4 5 & 7 8 9 10

Marepuan nuneiino yrpyrui, N30TPOMULIIH
E = 1000 Pa; v = 0.3



SCAD KoHTpobHblE MpyMephl

35

Cas3u:

onupanue B Toukax A, B, D.

Harpysxu:
MomeHTbr:
My = 10 Nm, npuioxenmbi# 8 Touxax B u C,
My = -10 Nm, npnnoxennsiit B Toukax A u D;
M, = 20 Nm, npunoxenHeiit 8 Toukax A 1 B;
M, = -20 Nm, npunoxeHnbiit B Toukay D u C.
Cuanst;
F, = -2 N, npunoxennasa 8 touke C.

Conocraryienne pe3ymsTaTos:

Mecto Ty pesymrata Teopus SCAD

TorpemmsocTs, %

toyka C | w, nepeMeuierye (m) -12.48 -12.48

0

Hexoqunre pammvre g SCAD:

~=== Tecr AFNOR SSLS 26/89
==== NPAMOVIOJibLHAA TIJINTA 3JaKDENNCHHAA B TDEX TOUXAX

(0/1;SS1526:/2:3,/4;101:100/33; m 1 cM 100 H 9810 /)

(1/201 121213/r 1970011 1 £/r 109700 11 11 11 11/)

==== [=1{e3 [la, koacdduument [lyaccona, Tonumua
(3/1 1e3 0.3 1))
(4/0/r 4 10/4/c 11 10/0 2/)

(5/t 3 /11 3/111 3/)

(6/110511 /12105171052 /311052/1043 / 11043/

111044 /121044/ 121035/)
==== COCPeJOTOMECHHDbIC MOMENTBLI B Y371aX

(7/ 1 -10/2 10/3 -20/4 20/5 2/)
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KoBtposbhbic TpUMEPE]

Lwmrap - Pacraxerde-cxatie - Kosgpguuuerr Hyaccorna (SSLV 01/89)

Cceruka:

P.Germain, Introduction a la mecanique des milieux continus, Paris, Masson,

1986.
OmHcanme 334390 !
Teomerpus:
Z41m 1m 1m
—
< E D AF— A
- = X B
-Efx < ofY B £ XYy
< & A (4 R
L
2L
A - TUowlaalb UWIUHAPA ¢ panuycom R
Paguye R=1m
HJmra L=3m
Matepuan AuHeRHO YyTIPYTUR, U30TPOLHbIT
E=2x10° MPa;v =03
Casan:
Nledopmaumsn ceverust uuanuapa s naockoery yOz cuMmeTprtla.
ConocTarnense pesyabTaTOB:
Mecro Haunenosanme u SCAD Teopus
eMHUIIA U3MEPEHUS
Touka A ug 1.5 x 103 1.5x 107
Touxa B uy 1.5 x 107 .5x 107
Touka C Ue 1.5 x 107 1.5 x 107
Toyka D up 1 x10? 1x10?
Touka E T 0.5 x 103 0.5 x 10°
Touka A w, -0.15 x 10 | -0.15 x 10?
Touka D Wy -0.15 x 103 | -0.15 x 10°
Touka E Wi -0.15 x 10* | -0.15 x 10"




SCAD KoHTponuHbIEe NpUMeEpL]

Hexogurre garmpre g SCAD:

I

=== Tecr AFNOR SSLV 01/89

a=== [UJIURAP PACTSOKEHHE-CKATUE
(0/1;SSLVO1,/2:11;/)

(160 1121213/r19/001 1 11/r 10 1100 11 11 11 11/)
==== E=2e5 Pa, kosdduusuent Tlyaccona, TonumHa
(3/1 25 0.3/)

(4/0.001/r 1 10/0.1/r 11 12/0 0.25/)

(5/1 10/r 1 12/11/1 3/r 1 10/1/)

6/1119311 /r 1 9/1))

(7/ 1 34100/)

==== garpyska F/A = {00 MPa




58 KoHTpoapHsle IPUMEPH] SCAD

Ilmira Torxas - Kpywerne - Casur (SSLS 27/89)

Ccrlixa: J.Robinson, Element evaluation. A set of assessment parts and standard tests,
Proceedings of Finite Element Methods in the commercial environment, val. 1,
octobre 1978.
J.L. Batoz et M.B. Tahar, Evaluation of new quadrilateral thin plate boundary
clement, lnternational Journal for pumerical methods in engincering, vol (8§,
John Wiley & Sons, 1982

Omxcanue 33743494 *

TeoMmerpua:

Boicora cevenns
h =0.05m
JlauHa nauThI
L=12m
Ulupnua naurat

I=1m

Pacuernas cxema tin 3. Koweunste agementtit 1un 20, Cxenma coaepxut 500 aneMcHTOR, HO2TOMY
Ha PUCYHKE NPHUBEAFH TOJbKO €€ CbpaI'M(‘HT

] N RN ! 3T {701 | T | v §owr | e | oar [t o VT
3 YR N R AR G ic7y
T3 k- LR RO BN
T 4 s
T B 5 ER 18
s 6| ® iES )
7 f 73 57 87
B[ 8 | 2 R E] RGN
T | 8B B & B[ & "'1 | 18 189
RN ENEENEE RN IR Y R N I A K
P T r 1 —— - —— T - v L g T ]

Matepuan AuHCiHO YIPYTUH, K30TPONHLIN

E=10x10" Pa; v=025
Cossu:
Cropona AD: o =v=w=0 06,=0,=0,=0

Harpysxr
Toyka B: F,=-10N.
Touka C: F, = 1.0 N.



SCAD

KOHTpoJIBHEIE IPAMEDBI
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ConocraBileHHe Pe3yJILTATOB:

Mecro Havenoranwe u Teopus SCAD Iorpemuocrs,%
CIMHMIIA U3MEPEHHS
Touxa C | w, nmepememsenue (m) 35.37 x 1073 35.1937 x 107 -0.498
Hexozrnre garmsre gig SCAD:.

==== Tectr AFNOR SSLS 27/89
==== [pAMOYTOJIbH2as1 KOHCOJIbHAN IIHTA 3AUEMICHHAS
(0/1;SSLS27;/2;3;/33; m 1 eM 100 H 9810 /)
(1201 121213/r19/001 11 1/r 10 49/0 0 11 11 11 11))
=m=== E=]e7 []a, xoacrduument IlyaccoHa, Tommauua
(3/1 17 0.25 0.05/)

(4/0/r 1 10/0.1/r 11 50/0 0.24/)
(5/t 34 5/r110/1))
(675610311 /55103 2))
(/1172 -1))

==== cocpeaoToveHHble CUNH B y3n14aX
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KoHTpoMsHbE HPUMEDDI

SCAD

Ilnocro-gegpopmrpoBanHoe cocTosHHe - banka-crenka (KSLS 01/95)

Ceruxa: Konmanor A.C. Pacyer fanok-crenok. M. Tocerpoitusaar, 1956,

Omycague 334394 :
TeoMeTpHs:

Y“

Pe v bebbae g

[

o—0 o—¢ 66— oO6—mb O—¢

BbicoTa ceueyus

§=01m
Paamepnl B maaite:
a=16m
b=16m

Pacyernas cxema tin 1. 200 xoneunnix 3nementeB tuna 21 (6anka-crenka).
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&
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Marepran JuHeHHO yNpYrHi, U30TPOIHbIA

E = 2650000 T/m? v = 0.15

Cassn:

IIAPHHPHOE OTIKPaHMe BAOJb JBYX CTOPOH N0 ocH Y.

Harpyskmn:

PaBHOMepHO pacripesiesieHHas Harpyaka p = 300 T/m’

Conocranienye PE3yALTATOB.

Koopauaari Haumenoparme K Teopus SCAD [Norpemmocts, %
TOYIKY EAVHHIA W3MEPEHMSt
niepeMelreHnst (MM)
X y
0 0 u, -0.71927 -0.712916 0.88
0 0.8 u, -0.22032 -0.220583 0.12
0 1.6 Uy 1.47337 1.40129 4.89
0.4 U -0.50801 -0.503612 0.87
0.4 U, -0.67233 -.0.66708 0.78
04 0.8 u, -0.14769 -0.148389 0.47
0.4 0.8 u, -0.95047 -0.945416 0.53
0.4 1.6 u 0.77978 0.777829 0.25
0.4 16 u, -2.03175 -2.02651 0.26
0.8 0 U, -0.94440 -0.942612 0.19
0.8 0.8 u, -1.32644 -1.32636 0.006
0.8 1.6 U, -2.508928 -2.50373 0.21




62 KoHTpossHbe npuMepsl

SCAD

Hexonanre garmnre 113 SCAD:-

==== Tecr KSLS 01 ( Tounoe pemwenne Komanor A.C. Pacyer 6an0k~CTeHOK )
=== ¢6. KUICH XXIV crp.32-42

(0/1;KSLS01/2;1;/4;100:1-10/)

(172911212 13/r19/001111/r1019/0 0 11 11 11 11))

=== [F=265e6 /M2, koadurment ITyaccona, roamuna

(3/1 2.63e6 0.15 0.1/)

(47 0/r 1 10/ 0.08/r 11 20/0 0.08/)

S/ 3/41 1/r 2 20/11)/)

(6/191 931 1/r 1 9/1))

(7/ 1 3 4 500/)

==== DABHOMEPHO pacrpefeneHHas marpyska p = 500 1/m2




SCAD Konrponstsie npumepbt 63

Ipoctpancrsennas gepma. - Pacraxerne-cxarne (CS01/95)

Ccnuika: Beer, F.P. and Johnston, Jr., E.R.., “Vector Mechanijcs for Engineers, Statics and
Dynamics”, McGrow-Hill Book Co., Inc. New York, 1962, p.47.

Omnacarme 337a9H *

Teomerpnst:
Tlnomans MOMEPEYHATo CEYeHUS KKAOro crepxud - A = 6.45616 x 10 m2

* 8

/‘y

v

z

Pacuetnas cxema tvn 4(MPOCTPaHCTBEHHAA IAPHHPHO-CTEPXKHeBasA cHcTeMa). TPy CTepXHEBBIX
aneMedTta Tuna 10.



64 KoHTponpHbIE TIpUMEpDI

SCAD

Matepuan suueiiHo ynpyru#, #30TPONHBIA

Moxyns ynpyroctn Marepuara E = 2.1 10" Pa

Casi3i: WapHUPHOE 3aKperenye yanos B mirockoctn XOY.

Harpysxa:

B ysen HoMep 4 nMpUNOKena BEPTHKANBLHAA cocpepoTodetnas cuna P = 226.796 H.

ConocrasneHne PeIYILTATOB

Cnocob nonyyenus
petienis HADPAXEHWE
N(t) 131. N(t) 23m. N(1) 334.
Teopust 47 141 103.5
SCAD 47.144 141.4 103.9
Horpemsocts, % 0.306 0.28 0.386
Hcxonmrre garore g SCAD:

==== Tect COSMOS cratuka S

==== (epMEHHRI 3JIEMEHT

(0/1;CS01/ 2; 4/)

(1/10 1 1 4/10 1 24/10 1 3 4/)

( 3/1 13.54836e3/)

=E = 21E7 t/m2, F ~ 6.4516e-4 m2

( 4/0/0 2.4384/1.8288 0/0.6096 1.2192 -1.8288/)
(5/1123/2123/3123))

(6/4031 1))

(7/1 22.679%¢-3/)

==== cocpenorodenxad cwia F = 22.67%-3

It




SCAD KoRTpoasHbIE MPpUMEpH]

Kowcornsras 6amka. - [nockst warnt (CS06/95)

Onmcalne 33439 !

Teomerpns:
Cevenuvie 6arxr: h x 5=2.54-102m x 2.54-103\;
Jlnmua 6anku L=0.254 M.

z

!

Vx

A

4 4 & 6 7 8 98 10 11 12 13

4
] 15

IR
x

MecrtHple ocH ceyeHUS CTEPXhA;

Pacuyernaa cxeMa

CrepxieBas Monieib, THIT cxeMbt 2(Tutockast paMa). 10 cTepXHEBRIX 3MEMEHTOB, THM 2.
[[nocko HampsikeHHast cucTema. Tun cxems! 2. 320 anemenrtos, TMN 21 (6anka-cTeHka).

MaTepuan JUHeHHO YOPYTUii, N30TPOITHLIH
Moaynn ynpyrocty marepvana E=2.1-10" Pa;
xosdduument [lyaccona v=0.3.

Caszir 3a11eMIeHME JIEBOTO TopHa.

Harpyska:
CocpenotoyenHas cuna P=4.536 N, npwioxkeHHast Ha XOHHE KOHCOJN,

ConocramieHne pesyabTATOR:

Teopusa SCAD [LorpemsocTs, %
(cTepxkHeRas MOOEND)
Y. .ByseN 13, m -3.38582- 10°* -3.40022-10° 0.425
Teopas SCAD Iorpemuocts, %
(6ayxa-cTeHKa)
Y. B yane N 15, m -3.38582- 10° -3.338-10°3 1.412

Hexogrnmre gamusre o1 SCAD
3anaua cs6.spr B aupexropun EXAMPLES.




66 KoHTposbuble npuMeps SCAD

barxa - Pacver ma sazanrnre nepememenna (CS09A,/95)

Cepurka: Cere, J M. and Weaver, W Jr. “Analysis of Framed Structures”, D Van
Nostrand Co., 1965

Ornycanme 3313494 *

Matepyan AuHeHHO yMPYru, U30TPONMHLIN
E=21x10"Pa

Nnuna 6anxu L =2.032 m.

Tonepeynoe cevenye b x h = 508 x 10?m  x  5.08 x 10”m

['eoMerpms:

<!

PacyerHas cxema Tun 2. Yetbipe cTEpKHEBBIX 3ReMeHTa Tvna 2 v oauH - tana 154(ysen 5-6),
HY/b-3J1eMEHT, MPeIHAIHAUYCHHBIN JUTA 3alTpenIcHUA JHHEHHBIX MU YTJIOBBIX fepeMeuieHut.




SCAD KoHTponsHBIE TPUMEPBI

6

ConocraBieHne pe3yIbTATOB:

Teopusa SCAD IorpewnocTs, %
v,nepeMenieyue (n) - 0.0254m - 0.0254m 0
Q, nepepesmBaroiiag ciaa (N) - 4.2524 x 10° - 4219 x 10° 0.785
M, uarubaroums Mmoment (Nm) 4.32 x 10° 4.153 x 10° 3.87

Hexoqusre gasssre g SCAD:

==== Tecr COSMOS crartuka 09A

==== (anka, pac'leT Ha 3a/laHHOe OepeMenteHITEe
( 0/ 1; CS0%A/ 2; 2/)

(121 12/R13/0011/1542 58/)

(3/1 S0 2.1et1 5.08 5.08/2 1e10/)

===—E =21E{t H/m2,bx b

(4/0/R 1 4/0.508/2.032 0 -1/)
(5/1135/515/))

(6/511111))

(7/10.0254/)

==== 3371aHHO¢ TicpeMcuicHune w = 0.0254 M




68 KoHTposibHBIE TpUMEDBI SCAD

barxa xorsgepag (CS08/95)
Cerurka: Raymond J. Roark and Warren C. Young, “Formulas for Stress and Strain”.
Onwcarne 33Ja4H :

Marepuan anReAHO yIpYTHi, H3CTPOHLL.
E =20 x 10" Px;

T'eomerpus:
nonepeunoe ceuenue b x h = 0.10t6m x 0.0254m;

pamyc R = 0.254 m;

Harpysxa
Yanosaa Harpyska F/2 = -453.5925N no ocu X B yanax 5 u 14,

uau F = 907.184Ns yszne 21(crepxHeBas Monenn).
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Pacuernaa cxema tvn 5. llepsblit papuaHT pacuera - CTepXHeEBas Momenbh M3 20 crepKHeBbIX

37eMeHTOB TUna 5. Bropo#t BapwaHT -

afleMenT 000JI0UKH),

CornocTassieHyie pe3yabTaToB:

obosoyeyHass n3 16 ssemeHTOB THNA 42(TDEVIONLIILI

Teopus SCAD IMorpemmocTs, %
Vaen 21 (CTepXKHEBAST MONETD)
TlepeMeleHye 510 ocH X,m 1.80848 x 10 1.81902 x 10* 0.58
flepeMenlenye o ocH Z,m 2.54 x 10+ 2.54503 x 10 0.198
Teopus SCAD Horpewxocrs, %
VYaen 5(i4) (obonouyeynas Mozens)
TlepeMelieH e 1o 0CH X,m 1.80848 x 10 1.82718 x 104 1.034
nepeMeniesye na acu Z,m 2.54 x 107 2.52402 x 10 0.63
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Hcxonrmie pamwpie g SCAD:

==== Tect COSMOS cratuka 08

==== BapuaHT |: konbuesas Ganka, zamemMNeHNe, CTCPKHEBAS MOALTD

0/ 1, CS08 1/52;/335M1CM100T1C1/)

1/511{2/R118/001 1))

3/1 S0 2.100E+011 10.16 2.54 /)

===E=21E11 H/m2,bx h

(4/

0.000000 0.000000 0.000000 /-0.000783 0.000000 0.019929 /-0.003127 0.000000 0.039734 /-
0.007018 0.000000 0.059295 /

-0.012432 0.000000 0.078490 /-0.019335 0.000000 0.097202 /-0.027684 0.000000 0.115314 /-
0.037429 0.000000 0.132715 /

-0.048510 0.000000 0.149297 /-0.060857 0.000000 0.164960 /-0.074395 0.000000 0.179605 /-
0.089040 0.000000 0.183143 /

-0.104703 0.000000 0.205490 /-0.121285 0.000000 0.216571 /-0.138686 0.000000 0.226316 /-
0.156798 0.000000 0.234665 /

-0.175510 0.000000 0.241568 /-0.{94705 0.000000 0.246982 /-0.214266 0.000000¢ 0.250873 /-
0.234071 0.000000 0.253217 /

-0.254000 0.000000 0.254000 / )
(5/1123456))
(6/21011 1))

(7/ 1 -0.0906 /)

==== cocpenorouerHas cuna P = 0.0906 T

(
(
(

==== BapuaHnT 2: konbuesas 6anka, saulemicHne, 060J04eYHas MOZEND
(0/1,CS08_2/2;5/52,/33M1CM100T1C1/)
(/4211267421237 /421348 /421459 /
4211016 /4211127 /4211238 /42 11349/
4212116 /4213127 /4214138 /4215149 /
42111106 /42112117 /42113128 /421141393 / )
( 3/ 1 2.100E+07 00.0254 /)
====E = 2{E7 1/m2

~
=N
~

0.006000 0.101600 0.000000 /-0.019335 0.101600 0.097202 /-0.074395 0.101600 0.179605 /-
0.156798 0.101600 0.234665 /

-0.254000 0.101600 0.254000 /-0.009667 0.050800 0.048601 /-0.046865 0.050800 0.138403 /-
0.115597 0.050800 0.207135 /

-0.205399 0.050800 0.244333 /0.000000 0.000000 0.000000 /-0.019335 0.000000 0.097202 /-
0.074395 -0.000000 0.179605 /

-0.156798 -0.000000 0.234665 /-0.254000 0.000000 0.254000 / )
(5/1123456/10123456/)

(6/50111/140111/)

(7/1-00453000/)

==== cocpeaaroyennag cuna P = 0.0453 1




SCAD KonTposmnuie npuMeps 71

baxxa - Ilpogorsroe cxarre - Ycrowunsocts - Illapauproe omHpatie
(CB01/95)

Cchutka: Brush, D.O., and Almroth, B.QO., “Buckling of Bars, Plates and Shells”, McGraw-
Hill, Inc., 1975 p. 22,

Ommcarwe 3aq4a9Hd -
TeomeTpust:
Paswep nonepeunoro cegenus 6anku (ksagpat) h = 2.54 cm;

avna 6anxn L= 1.27 m.

El

P < L
—_— | ] ———
T ] T
Pacuyernan cxema
1 1 2 2 3 3 4 4 5

Marepuan: nuHCHHO yrIpyruit, H30TPOTTHLIH
Monyas ynpyroctn E = 30.59 x 10? T/m?

Casiay: L1apHHPHOE ONMpaHHe TOPLIOR

Conocrarnenyie pe3yhTaToBs:

Teopnst SCAD Norpemrnocts, %
| Pxp (1) « 4.4767 4.4688 0.176




72 KoHTposbiible rmpaMeps!

SCAD

Hexoqaere gaansre 311 SCAD:

=== Tect COSMOS ycToituusocts 01
ss=== JapDHUPHOE OnMupaHHe 6aikn
(0/ 1, CU01/ 2;2))
(1/10112/R13/001 1))
(2/115/425))

( 3/1 S0 2.1e7 2.54 2.54)/)

=== E = 21E7 1/m2, xBanpat 2.54 cM
(4/0/R 1 4/0.3175))

(5/113/53))
(6/10111/50121))

(7/1 -4./2 4.))

==== rocpenoToyeHHas cuna F = 3.68 1




SCAD KeHTpobHpIe TPHMEPBI 73

bamxa - Ilpogoasroe cxatwe - Ycrodansocts - Jamemaenwe (CB02/95)

Ccpurka: Brush, D.O., and Almroth, B.O., “Buckling of Bars, Plates and Shells”, McGraw-
Hill, Inc,, 1975 p. 22.

Onrcagne 3aqayyr -
Teomerpnst
Cropona xBapaTHoro ceyenust h = 2.54cm

Jmna 6amxu L = 1.27m.

El h

Pacuernan cxema tun 2. CrepxueBnie ajneMeHTbl 10 THNA.

L 1 2 2 3 3 4 4

>— »

Matepuan: IMHERHO yrIpYTHI, N3OTPOMHBINA
Moayns ympyroctr E = 30.59 x 10°T/m?
Cpasy: 3ameMnelue TopuoB

Conocraryenre pesyrbTaTos:

Teopus SCAD IMorpenmocts, %
Pxp (1) 17.90701 17.92 0.073
- d

Hexoxrsre pavmvre 13 SCAD:

=== Tect COSMOS ycroitunsocts 02
==== CCTKOE 3ameM/eHye Ganku

(0/ 1, CU02/ 2; 2/)
(1/10112/R13/601 1))

( 3/1 S0 2.1e7 2.54 2.54/)

== E = 2.1E7 1/m2; xBagpar 2.54 cM
( 4/0/R 1 4/0.3175/)

(5/1135/)

(6/10111/50121))

(7/1 -17./217./)

==== ¢ocpeaoTodeHHasx cyna F = 17 1




74 KoHTPONLKBIC TPUMEpL! SCAD

CTEp)KHEB&H CHCTEMA - Oﬂpeﬂeﬂe]ﬂle YCHIIHA - HaMedeHHe TeMIIEPATYPAI

(T1)

Cenunka: C.T1. Tumomnienko, ConpoTHsiacHHe MaTepuanos, ¢rp.34 (3.4) - “Haykxa” - M.1965

Omxcanue 334aH:
Teomerpust:

p

L 1 )

! 7 CeueHua BCex CTePXKHEW PaBHbL SxdcM

PacyeTHaa cxeMa “'in 5, TDU CTCPKUEBBIX aJEMEHTA TUN 4.

4 t 3

Marepuar;

CTepRHM 2 U 3 - Meab, CTepXeHb | - ctans.

Monynu yrnpyroecty cTaiy U Meau:

Fc=2x10%r/cm;

Em=1x10%r/cM?.

KoadprumenTor MUHCHHOTO TCMOCPATYPHOLO PACIIUPEHUS CTATU ¥ MCAU:
ac=125x107,

aM=165x107,



SCAD KOHTpOJIbHBIE TPUMEPHI

Harpyska:
Temneparypa Mersercs Ha At=50° C
Pemenue:

Ycunue B crepxue 1.

Teopra:

al Mo |E.F, 50 165 135|107 -2-106 .25
2 [ [ 05

cos’ o
= = =13.3867
N L1 EF L1 210625 T
2c0s a EpyFy 0.7071068 1-106.25
SCAD:N1=13.3867T
ConocraBreHNe pe3yIILTATOB:
Teopus SCAD Ilorpemmocts, %

| Veunue B crepxate 1 13.3867 13.3867 0




76 KoHKTposbHBIE npUMeEphl

SCAD

Hcexoxrrsre garmnre pag SCAD:

0/

1;T1/

2;5/

23; 1 6 4 0 0 3o,

33M1em 100 T 1 /)

1/

4121/4224/4223))

3/

1 S0 2e+07 5 5 RO 7.851 NU 0.3/

2 50 1e+07 55 RO 7.851 NU 0.3/)

4/

0/00-1/1/-17)

S/
1123456/4123456/3123456/22356))
6/

28121/38121/18111))

{7

1 50 1.25e-05/2 50 1.65e-05/)

/)
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CrepxHepas cucreMa - OnpeneeHNe RanpARenna - MIMEHEHHEe TeMOEepaTyphl

(72)

Cerumxa: C.I1. Tumowenko, ConpoTHeaeHde MaTepuanos, c1p.35 (3.8) - “Hayxa” - M.1965

Omicanse 3a4avH:
TeoMerpus:
4 m Z —
2 3 —_
1
| 1 |
NI 1

Ceyennsa Bcex CTEpXKBeH PaBHEL: Sx5cM

Pacuersan cxema Tun 5. TpH CTEPXHEBHIX 3J€MeHTa THIT 4.

4 1 3
[ ]

Marepuan:

Crane.

Moayae ynpyrocti cramu Ec=2x10%r/cm?,

K03 PUUHEHT MKEeIHOTO TeMIepaTYPHOTO pacimupeus ctamm oc=125x107,
Harpyzxa:

TeMriepaTypa Menstercs wa At=50°C

Pemenme:

Teopua:

. 2
B BepTHKANHHOM CTEpKHE G = 2500cosasin”a _ 2500.-0.7071068-05 _ 517.77 xr/ow?

2¢cos’ o+l 0.7071068 +1




78 KoutpossHble npumMepsl

SCAD

2 .
B HakJIOHHOM - G = 1250sin" o _ 1250:05 366.116 kr/c™?
2cos?o+1 17071068

SCAD:

12.9441
0.025

B BepTHKANLHOM CTEpPXHE O = =517.77 xr/em®

915291

=366.116 Kr/cv?
0.025

B HaxiIoHHOM G =

ConocrasieHue pe3yJbTaToB:

Teopus SCAD Torpemmiocts, %
B BEPTMKATBLHOM CTEPXKHe 517.77 517.77 0
B _HAXJIOHHOM 366.116 366.116 0




SCAD KoHTposrHEe TpUMephI
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Hexonrrre garpnre s SCAD.

0/

1:T2/

2,5/

23 1 6 4 0 0 30/
33m 1 em 100T 1))

1/

4121/4124/4123))

&/

1 SO 2¢+07 5 5 RO 7.851 NU 0.3/)
4/

0/0 0 -1/1/-1/)

©/
1123456/4123456/3123456/22586))
6/
18111/28111/38111))
G/

1 50 1.25e-05/)
Vo)




§0 KoHTpossHEIC TpHMepbI SCAD

CrepxreBasg cacrema - Onpegeserye HAnpAXERds - HaMeHeHe TeMruepaTypsl
(B1)
Ccepumea: C.I1. Tumomnerko, Conpotupierue MaTepyanos, ctp.35 (3.6) - “Hayka" - M.1965
Ommcarne 3a70a9H:

Teonerpus:

27 F =5x5 | F,=2F K

L 1 A 1 |

f 1 1

[Lnowany ceyeuns crepxxus ua 1 u 2 yuacrkax: F1=2F2, yyactku pasHoil JUTHHBL 11=12,
Pacuernas cxema tum 5. J[BA CTEPXKHEBLIX 3ICMCHTA THIT J.

1 1 2 2 3

Marepuan:

Cranp.

Mogyan ynpyroctu crann Ec=2x10%r/cM?

KoahgpuuueHT THeiHOr0 TeMIEPATYPHOro pacluBpeHus craiy ac=125x107,

Harpysaxa:
Tenmriepatypa Mensietca na At=60° C

Perterme:
Teopys:

o1 =1000xr/cM;
62 = 2000kr/cM>,

SCAD:
a1 =1000kr/cM;
62 = 2000kr/cM%.

Conocrasnexue PE3ybTaToB:

Teopus SCAD HNorpemsocts, %%

ol 1000 1000 0

62 2000 2000 0




SCAD KosTposslibie npumMepst
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Hexonrsre gannnre 419 SCAD:

(0/

1;b1/

25/

23, 1 6 4 0 0 30/
3BmM1cmM100T 1))

(1/

5112/5223))

3/

1 S0 2e+07 55 RO 785 NU 0.3/

2 SO 2e+07 7.07107 7.07107 RO 7.85 NU 0.3/)
4/

001/101/201))

S/
1123456/3123456/2256/)
6/

18111/28111))

i/

1 60 1.25e-05/)

/)




82 KoHTpOJsTbHBIE TTPUMEpPDT

SCAD

IlpoBec n varaxenue MEIHOIO mpopoja (nl_canat)

Cebka: C.IT.®Gecux. CnpaBovHHK 70 CONPOTHRICHUIO Matepuanos.-Byaisensnuk, K., 1970,

308c. (cp.33 )

OnMcane 337394 ©

[ponon amnuuoit 40M waxoaurcs mon fAedicteMeM coberserHoro peca, OTOpb! Ha OJHOM YDOBHE.

Heobxoxnmo onpeaenuTs CTpesty fipory6a u HaTAXeHUE NTPOBORA.

[eomerpumst:
P
ay b d bbb bl bgie
< R

MaTepuast TUHEHAHO YIPYTHE, H30TPOMHbIIL.

£ =le T/M’, mromnoems ¥ =8 T'u’,
Casian;

U, = w, =0;

Ug =wp =0
Harpyiku:

P = y*mowaos ceveria ( T/nat. )

ConocTasnenne peiynuTaToB:

Touka HauMmcHoBanHKe 1 Teopusa SCAD
€AHHHNA N3MEPEHHUS
3rauyenne 3afaHHaR q9HCN0
TOYHOCTh HTepaLHi
ucHtp | v, mepememienne (m) 0.458 0.4615 Te-2 44
0.45827 le-3 141
0.45798 le-4 240
N, oceroe yennue (T) = 4.38566 4.34248 1e-2 44
= 3490#*nxR* 4.37317 fe-3 141
4.37596 le-4 240

llprnpteyanme: Pacder nponssoannica AN Kpyraoro cedenus 1ipy R=0.02cm




SCAD

KoHTposbHbIE TpUMEpE!

83

Hcxoonwe oannvie ons SCAD:

(0/

1;nl_kanat/

2:2/

23; 1 6 4 0 0 30/
33;? 1 2?2 100 T 1 /

39; 1l:mec;/

)

(1/

302 1 1 3/302 1 3 4/x 1 37/0 01 1/302 1 41 2/)
(3/1 S6 1e+07 4 0 RO 8/)

(4/

0/40/1/x 1 38/1/)
{(5/1 1 3/2 1 3/)

(6/
* pac /

116 31 1/x 1 3%/1/)
(7/1 0.010048/)
{16/3 1000 1 11 1 0/)

[Mpumep 3 CnpaBovHHKaA :

I'lpuuep.“Onlaenenun CTpeJly pOBeCa N MATSKERMe MERROT) OpOBOAA, ecan | =
=40 4; £=1.10° x2/ca®; y = 0,008 x2/cx®. Onoput wa ogrov ypoane, Pemenie.
Tpopkeanne nposona lymncxomn OT €r0 YANHHeHns Al, BuS!'‘aHBOre PaCcTRTHBAN-

_ 9
muM yewstwed H = &

Benuuuua ypadeerns no saxony [yka paswa Al = g—:.= E)'?‘-;B_f‘ c apyrof

8
CTOpoHH Al = —sf; (cu. Tabauuy pacaernux popmyn). fpupas (uBas npassie acr,
poayvaeM LA onpejenexas /.
pa 3gle
64EF '

! 3/3h ( q
f—'g‘ ~BE\TAK KeK — =y).

Moncrasnan fanHwe 323a9H, OONYHARM:

3
3. 4000 - 0,008
[=200) —g 1 qer =48 ex

Toraa HaTAXerne Nposoda

_ yP _ 0008 40000
0= T g T s

OTKyfAa
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Ilnacramyarag cacreMa - Mogamnni adamms (din-testl)

Cepumea: IIpounocTs, ycToWuupoctb, konebanus. CupaBouHuMk B Tpex ToMax / Ilox
pen.1.A.Buprepa u f.[Ilanosko. Tom 3.—M.. Uszp-so “Maumsocrpoenue”,
1968, c1p.375.

OnHcanme 3372%4:

I'eoMeTpusa:

KBaJlpaTHas WAPHUPHO ONEPTast ILIACTHHKA C pasmepoM cTopoH 1,6 M v Toanmroit 0,05 M.

. Pacuernaa cxema tun 5. Koneyno-aneMeHTHAS Mozens MYacTUHBL THN 11.

[ia ] ot [n foe fiafiarasran] e oe s o]
13 u]] 65 fusjnfiesrssf s o s s feasese]

/7] [/ [ fiefisojnsjonfe)
[ [0 5 [0 o6 rosfssfiofssef s safovs foxo ]
[/ [ )]s [ofm]isfushe/wfin o)

3/18/35/51/67/83/99/115/131/147/163/479/195/211 /227/243
WWWWWWE
1/17 33/ 4981 97 /113/129/145/161/177/193/208 /225 241

Marepuan:
Mopnyne ynpyrocty Marepuana E = 3,06x10° H/m?,
xoadrpuument Ilyaccona p = 0,15,
mrotHocTs p = 2,55 Heex/M".

Conocrarnenne pesynbTaToB:

Yacrore, 1/C
@opuma SCAD Teopus Horpemmocrs, %
Kozefanmii
1 389.34381 385.67 1,02
2 972.26794 973.35 0,12
3 972.26794 973.35 0,12
4 1548.7508 1542.71 0,39
5 1943.6772 1928.39 0,79
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2-51 1 3-a dopmbI (kpaTHbie)

1-a dopma
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Hcexorreie panmrre pig SCAD: (Daitn din-testl.spr 8 aupexropun EXAMPLES)

0/

1;din-testt/

2;5/

23, 1 6 4 0 1 30/
33;m 1 em 100 H 9810 /35:1:2;/

139, 1:Did;

)

(1/ |
1111214819/r 1 150017 17 1/ 14,30 1 25 19 201 1 13/0 0 17 {7
1717/14 13420 21/r 1 15/0 017 17 1717111 4524 22/r 1 15/0 0
1717 1717/11 156 2223/r 1 15/0 0 17 1717 17/11 1 6 7 23 24/r 1
150017 17 17 17/81 17824 25/r 1 15/0 0 17 17 17 17/
111892526/rt15/0017171717/11 19102627/ 1 15/0017 17
17 17/11 110 11 27 28/r 1 15/0 0 17 17 17 17/11 1 11 1228 29/r 1 15/0
017 1717 17/11 1 12 1329 30/r 1 15/0 0 17 17 17 17/
11113143031/r 11500 17 17 17 17/11 1 14 1531 32/r 1 15/0 0 17
1717 17/11 1 1516 32 33/r 1 15/0 0 17 17 17 17/11 1 16 17 33 34/r 1
140 0 (7 17 17 17/14 1 271 272 288 289))

e/

1 GE 3.06e+06 0.15 0.05 RO 2.5/)

(4/

0/r12/01/03/r 1 2/0.1/0.6/r 1 16/0.1/0 0.1/ 1 2/0.1/
030.{/r12/01/0601/5110/0.1/0 0.2/r 1 2/0.1/
0302/r12/01/0602/r110/0.1/003/r12/0.1/
0303/r12/0.1/06 0.3/r110/0.1/00.4/r 1 2/0.1/
0304/r12/0.1/06 0.4/r 1 10/0.1/0 0.5/r 1 2/0.1/
0305/r12/01/060.5/r 1 10/0.1/0 0.6/r 1 2/0.1/

0306/ 12/0.1/06 06/r110/0.1/00.7/r12/0.1/
0307/r{2/01/060.7/r110/0.1/0 0.8/r12/0.1/
0.308/r12/0.1/06 0.8/r110/0.1/0 0.9/r 1 2/0.1/
03069/r12/01/0609/r110/0.1/01/r 1 2/0.1/

031/r12/0.1/0.6 {/r110/0.1/0 1.1/r 1 2/0.4/0.3 1.1/r { 2/0.1/
061.1/r110/0.1/0 1.2/r 1 2/0.1/03 1.2/r 1 2/0.1/

0.6 1.2/r110/0.1/0 1.3/r 1 2/0.1/0.3 1.3/r 1 2/0.1/

06 13/r110/0.1/0 1.4/r12/0.1/03 1.4/r 1 2/0.1/

06 1.4/r 1 10/0.1/0 1.5/r 1 2/0.1/0.3 t.5/r 1 2/0.1/

0.6 1.5/r { 10/0.1/0 1.6/r 1 2/0.1/0.3 1.6/r £ 2/0.1/

06 1.6/r 1 10/0.1/)

s/

11231 17/1/34123/35123/51123/52123/
68123/69123/85123/86123/102123/103123/
119123/120123/136123/137123/153123/154123/

1701 23/171123/187123/188123/204123/205123/
221123/222123/238123/239123/255123/256 123/

2721 23/r 1 17/1/)

(6/

* Did /

11631 1/r1255/1/

14322)

7/

1 0125/2 1))

/)
(15/100 5 /
/)
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Mavra mox posxericTeHeM BeTpoBo¥ HarpyaxH (Test Wind)

Cepuika: M.®. DBapwrein. [uHaMMueckHR pacdeT MaaT u GaweH Ha HEHCTBHE BeTpa,
Cmpoumenvnad mexawuxa u pacyem coopyxcenuii, 1967 Nod (52), ¢. 37-43.

Onucanue 3adauu:
Pacuernas cxema:

CxeMa MayThl MOKa3aHa Ha pPHCYHKE a) C YKa3aHWEM CTAaTHYECKHX BETPOBKWIX Harpys3ok
(pacTipeXieNIeHHBIX M COCPEIOTOUCHREIX), }KECTKOCTHBIX XApaKTePHCTHK CTBOJNA MadThl R YIIPYTHX
ornop, 06paz0BaHHEIX OTTAXKAMH.

Ha prcyHke 6) yka3aHbl 3HaYeHHA pacTpe/IeleHHOH H COCPEAOTOYEHHBIX MACC.

175,7 1 E § §
1 g
< P SRR b M=2,5 reaM
o ]
§ -
= — 2 =]
I| '- - (-]
- & b
= 4 -]
68,5 1M e 8,21
-~ 1, = — o — - M=181caim
e |
2 % qQ
-]
3 - 2| =
o = 2
g s55wtm ] 541 s
8 WYV ' e "E ¢ —— M= 26 veei
[[]
i
2 ?
Q N
2,11 s 291
-4 S — & —q m-a,ﬁ:-cenzm
-+
3
0 - I
& - &
< g R
,'.L =)
a) 6)

Momyms ynpyroctu E = 21%10° T/M%,

B oTnu4ne OT NepBONCTOYRHKA TIPH MOOANBHOM aHAJTH3C HE YUHTHIBATIOCH RITMAHHE MPOAONBHEIX
CHIT B CTBOJIE MAYTHI. JTO HECKONBKO WIMEHHAO XKECTKOCTHBIC XAPAKTCPUCTHKH K CABHHYIO CMCKTP
COOGCTBEHHBIX YACTOT Ha 2+5%.
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SCAD

#oaSalabatnlll 1 1410000 §122 020222029252 520252.32032223 320953 §3]3§233409d 42111 AR

ConocrapienHe pelyaLTaToB:

PacuerHas exema tun 5, Crepxenan cucrema U3 50 aneMeHToR THR 2.
B yanax 5,4,3,2 - snemenTsl THIIA 51(CEA3b KOHEUHOM XECTKOCTH).

HaumeroBaHme Teopun SCAD HNorpenmocTs,
TTporu® BepILUXHBI (M) 367 3.85 4.9
Usrubaronuit MoMeHT (T*M) B 1-M ceueHuH anementa | -727.06 -787.21 8.27
50
Peakuns r ynpyro#t onope Ne 6 (1) -78.37 -85.39 8.96
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Hexoonve Oannvie ona SCAD (daiin Test Wind B mupextopru EXAMPLES)

0/ 1;WIND/25/23; 1 12 4 0 1 30/

33;m 1 cm 100 T 1 /35:1:2;/ )

1/

5115/5124/5133/5142/2517/2578/r17/001 1/
25152/26216/2616 17/r17/001 1/2°6 24 3/
26325/262526/r17/0011/26334/27 434/
273435/017/0011/27425/27543/274344/r17/001 1/
27516/)

2.5305e+06 0 KE 2/

2.0496e+06 0 KE 2/

1.6989¢+06 0 KE 2/)

4/

0/0 0 72.75/r 1 2/0 0 74.25/0 0 302.25/0 0 342.25/0 0 7.275/r 1 8/0 0
7.275/0 0 80.175/r 1 8/0 0 7.425/0 0 154.425/r 1 8/0 0 7.425/
0022935/r 1 8/0 0 8.1/0 0 306.25/r 1 8/0 0 4/)

G/

113))

(6/

20161/r13/1001/516111/r19/1/1516121/r19/1/
2516131/r19/1/3516 1 4 1/r 1 9/1/4516 15 1/r 1 9/1/
201102/r13/1001/

101142/701142/r18/1/16 01 15 2/

r117/1/34 0116 2/r 1 8/1/6 0 1 17 2/430 1 17 2/r 1 8/1/)

/

1 0.45/2 0.372/3 0.456/4 0.527/5 0.404/6 2.9/7 5.4/8 9.2/9 12.4/10
25.506/11 17.658/12 25.505/13 35.316/14 10.7/15 10.93/16 11.92/17 5.89/ )

(15/
206100
130002

2200151 /)
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Pacyer npocTpaHcTBERROH CTEPKHEBOH CHCTEMBI H2 CEHCMHYECKHE BO3JECHCTBHA
(Test_Seism)

CcebLika: LIHKUMN Tlpomspanuit T[occtpos CCCP. [locobue 10 MPOEKTHPOBAHHO KAPKACHBIX
NpOM3RaHW JUiA CTpoMTenbcTBa B ceficMmyeckux pafonax (k CHull [1-7-81). Mockea.
Crpoiinanar, 1984, c. 180-200.

Pac4eTHas cxema:
IpocTpaHcTBEHHAN CTEPXKHEBAR CHCTEMA, TOKA3AHA HA PHCYHKE a).

Y4aCTKH MOBLULEHHOH JKECTKOCTH B MECTAX CONPAXEHHA PUIeNEd C KONOHHAMK MOASTHPYIOTCA
KECTKUMH BCTABKAMH M MOKA3aHbE B CEYEHUY 10 OCH 5 Ha prcyHKe 6).

BenuuuHa po3neictena 8 Sautos, AeficTBUE BOOKD KOPOTKOH CTOPOHBI 302HHUA.
Maccnt B yanax nepexpwiruii Py = 2550 T/ 36 (y3noe) = 70.833 1.
Maccni B yanax nokpertus P, = 804 T/ 36 (yanos) = 22.345 1.

a) KodddHuuueHTsl JMHAMHIHOCTH YTOYHEHH B
ST cea3u ¢ uaMereryamMu B CHHIT i npuRaTeY:

ans nepboii dopmer — 1.405 (no [Toco6uio
1.269);

112 BTOpol ¥ TpeTbed dopM — 2.5 (2.7).

CoOTBETCTBEHHO NONpABOYHbIE
ko3 PHUMEHTDI, NPHHATbLE npu
CONOCTaBAEHNH pe3ynstaror, — 0.9 n 0.926.

v
Yo

Mogyns ynpyrocta: 2.6*10° v/’

6) Ans paccMmaTpyBacMoit
cpemHed  pamsl  QopMEl

Sl"l - 0231348 D22 3435 D13.14% _—011.)15 Koneﬁa}inﬁ‘ cBﬂmele C
obusm 3aKpyUUBAHUEM
30aHUA (2-9 4 4-9 B pacueTe
Shao 070,633 D7DA33 1 D222 070833 no SCAD) He AA0T

—

H CEACMMYECKYIO HArPY3Ky.

m}' DYO.83) DY6AY3 07b.a)y 020433
~—

Q‘_“ DTQ83) DYb ass Dra sy DYOAI3

| | | .
oy & & &
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L 99
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Hymepauus y3mos B paMme 1o ocH S

ConocTapiieHHe Pe3yJaLTATOB:

YacTornt
HaumenosaHue Teopns SCAD Horpegﬂom,
DO
HowMep dopmebl o Homep dopmel B {pan/cex) (pan/cex)
[Tocoburo SCAD*
1 1 7.246 7.162 1.159
2 3 18.362 19.779 7.72
3 ) 28.612 28.555 0.199
HHepuHOHHbBIE CHIBE
Homep | Stax Huepuuonssie cuibl (Kn)
opaii Teopun SCAD [NorpemmnocTs,
Cymmap- B yzne B yane Cymmapsmie %
HEIE vo| (pacuernoe) e y‘[:;:(;l cbnuO;§ ::—S)Horo No YTaKY
Jraxy (*36)
1 499.9 85 14.824 1 14.824 * 0.9 = 13.342 480.31 3.92
2 1066.2 89 31.898131.898 ¢ 0.9 = 28.708 1033.49 3.07
] 3 19723 93 58.479|58.479 % 0.9 = 52.631 1894.72 3.93
4 710 97 21.213]21.213%0.9=19.092 687.31 3.2
1 1308.2 85 39.462|39.462 > 0.926 = 36.542 1315.51 0.56
2 1803.9 89 54.683|54.683 * 0.926 = 50.637 1822.93 1.05
2(3) |3 -588.7 93 -17.445|-17.445* 0.926 ~-16.154 -581.54 1,22
4 -630.3 97 -19.407-19.407 = 0.926 = -17.971 -646.96 2.64
1 141.1 85 4.206(4.206 * 0.926 = 3.895 140.22 0.62
2 55.1 89 1.893]1.893 * 0.926 = 1.753 63.11 14.54
3(5) |3 -359.2 93 -10.577[-10.577 * 0.926 = -9.794 -352.58 1.84
4 2423 97 7.379]7.379 * 0.926 = 6.833 245.99 1.52
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Hexoonsie oanuvie dnn SCAD

(O/L:ks1/2:5/23; | 6 4 0 0 30/33;m [ cm 100 T 1/35;1:13)
1/
ST15/r12/0144/531317/5126/c12/0144/531418/5137/12/0144/531519/5148/r12/0
144/531620/5456/r11200011/55910/12/0011/551314/412/0011/551718/c12/001 1/5
12125/ 12/014 4/533337/512226/r12/0144/533438/512327/r120144/
533539/512428/r12/0144/533640/542526/c120011/552930/r 12001 1/5 533 34/ 1 2/0
O11/553738/c12/00 [ 1/5 141 45/c 12/0 144/53 S357/5 1 4246/r 1 2/0 1 4 4/
$35458/514347/r12/0144/535559/514448/c12/0144/535660/544546/r12/001 1/55 49
50/c12/0011/555354/r12/0011/555758/c12/0011/516165/12/014

45373775 16266/ 12/0 1 44/537478/5 163 67/c 1 2/0 1 44/53 75 79/5 1 64 68/c 1 2/0 1 4 4/5 3
76 80/54 65 66/c 12001 1/5569 70/ 12/00 1 1/5573 74/ 12001 1/5577 78/ 12/00 1
1518185/ 120 144/539397/518286/r12/0144/539498/5 18387/ 12/0144/539599/5 |
8488/r12/0144/5396100/548586/c 12/0011/558990/r12/0011/559394/r12/001 1/5 597
98/t 12/00 1 1/5 1 101 105/r 1 2/0 1 44/53 (13 117/5 1 102 106/r 1 2/0 ) 4 4/5 3 114 118/

S1 103107/ 12/0144/53115119/51 104 108/c 1 2/0144/53 116 120/54 105 106/t 1 200 1 1/5 5
109 110/r12/0011/55 113 114/r 12001 1/55 117 118/c 12/001 1/5 1121 {25/r 1 2/0 1 4 4/5 3 133
137/5 1122 126/r 12/0 1 44/ 53 134 138/51 123 127/r 12/0 1 4 4/53 135 139/5 1 124 128/r 1 2/0 1 4
4/53 136 140/54 125 126/c12/00 1 1/5 5129 130/c 1 2001 1/55 133 1344 12/00 1 1/55 137 138/ 1
2001 U/5) 141 145/r 12/0 1 44/53 153 157/5 1 142 146/r 12/0 § 4 4/

$3 154 158/S 1 143 147/c 1 2/0 1 4 4/5 3 155 159/5 1 144 148/r 1 2/0 1 4 4/5 3 156 160/5 4 145 146/¢ 1
2001 1/55149150/r 12001 1/55 153 154/r 12001 1/5 5 157 158/ 1 2/001 1/

51161 165/ 12/0144/53 17317751 162 166/c 1 2/0 1 44/53 174 178/5 1 163 167/c 1 2/0 1 4 4/5 3
175 179/5 1 164 168/r 1 2/0 14 4/5 3 176 180/5 4 165 166/t 12/00 1 1/55 169 170/r 1 2/00 1 1/ 5 5 173
174/¢ 12/001 1/55177 178/ 1 2/0 01 1/54 S 25/r 1 7/0 020 20/5 4 6 26/r 17/0 020 20/5 4 7 27/r 1 7/0
02020/54828/r 1 7/002020/55929/r 17/002020/55 t030/r 17/0 020 20/55 11 31/r 1 7/0 0 20
20/551232/017/002020/5 5 1333/t 17/0 020 20/ 5 5 14 34/r 1 7/0 0 20 20/5 5 15 35/r 1 7/0 0 20 20/
551636/r 1 7/002020/5 5 1737/ 1 7/0020 20/ 5 5 18 38/r 1 7/0 0 20 20/5 5 19 39/r 1 7/0 020 20/ 5 5
20 40/r 1 7/0 0 20 20/44 6 165 145 166 146/44 6 166 146 167 147/

44 6 146 145 126 125/44 6 167 147 168 148/44 6 147 146 127 126/ 44 6 126 125 106 105/44 6 148 147
128 127/44 6 127 126 107 106/ 44 6 106 105 86 85/44 6 128 127 108 107/44 6 107 106 87 86/

44 6 86 85 66 65/44 6 108 107 88 87/44 6 87 86 67 66/ 44 6 66 65 46 45/44 6 88 87 68 67/44 6 67 66 47
46/ 44 6 46 45 26 25/44 6 68 67 A8 47/44 6 47 46 27 26/ 44 6 26 25 6 5/44 6 48 47 28 27/44 6 27 26 7
6/44 6 28 27 8 7/ 447 169 149 170 150/44 7 170 150 171 151/44 7 150 149 130 129/

447171 151 172 152/44 7 151 150 131 130/44 7 130 129 110 109/ 44 7 152 151 132 131/44 7 131 130
111 1107447 110 109 90 89/44 7 132 131 112 111/44 7 111 110 91 90/44 7 90 89 70 69/

447 112 111 92 91/44 7 91 90 71 70/44 7 70 69 50 49/ 44 7 92 91 72 71/44 7 71 70 51 50/44 7 50 49 30
29/ 4477271 52 S1/44 7 51 50 31 30/44 7 30 29 10 9/44 7 52 5132 31/ 44 731 30 11 10/44 7 3231 12
11/44 7 173 153 174 154/ 44 7 174 154 175 155/44 7 154 153 134 133/44 7 175 155 176 156/

447 155 154 135 134/44 7 134 133 114 113/44 7 156 155 136 135/44 7 135 134 115 114/44 7 114 113 94
93/447 136 135 116 115/ 44 7 115 114 95 94/44 7 94 93 74 73/44 7 116 115 96 95/

44795 94 75 T4/44 7 74 73 54 53/44 7 96 95 76 75/ 44 7 75 74 55 5444 7 54 53 34 33/44 7 76 75 56 55/
447 55 54 35 34/44 7 34 33 14 13/44 7 56 55 36 35/ 447 35 34 15 14/44 7 36 35 16 15/44 7 177 157 178
(58/ 44 7 178 158 179 159/44 7 158 157 138 137/44 7 179 159 180 160/ 44 7 159 158 139 138/44 7 138
137 118 117/44 7 160 159 140 135/ 44 7 139 138 119 118/44 7 118 17 98 97/44 7 140 139 120 119/ 44 7
{19 118 99 98/44 7 98 97 78 77/44 7 120 119 100 99/ 44 7 99 98 79 78/44 7 78 77 58 57/44 7 100 99 80
79/447 79 78 59 58/44 7 58 57 38 37/44 7 80 79 60 59/ 44 7 59 58 39 38/44 7 38 37 18 17/44 7 60 59 40
39/44 739 38 19 18/44 7 40 39 20 19/)

G/

1 S0 2.6e+06 40 60 RO 2.5 AX 0-0.8/

250 2.6e+06 40 60 RO 2.5 AX 0.44 -0.8/

3 S0 2.6e+06 40 40 RO 2.5 AX 0.44 -0.8/

457 2.6e+06 30 80 17.5 8 32 0 RO/0 2.5 AX 0.65 -0.65/

5 57 2.6e+06 30 80 17.5 8 32 0 RO/0 2.5 AX 0.55 -0.55/
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6 GE 2.6e+06 0.2 0.1 RO 2.5 C1 0 C2/0 O/
7 GE 2.75e+06 0.15 0.2 RO 2.5/)

4/

0/r 13/6/0 0 4.41/r 13/6/0 09.21/r 1 3/6/0 0 14.01/r 1 3/6/

00 18.81/r 13/6/0 6/t 1 3/6/0 6 4.41/r 13/6/0 6 9.21/r 1 3/6/

06 14.01/r 1 3/6/0 6 18.81/r 1 3/6/0 12/ | 3/6/0 12 4.41/r 1 3/6/
0129.21/r 1 3/6/0 12 14.04/r 1 3/6/0 12 18.81/r 1 3/6/

0 18/r 1 3/6/0 18 4.41/r 1 3/6/0 18 9.21/r 1 3/6/0 18 14.01/r 1 3/6/
018 18.81/r 1 3/6/0 24/r 1 3/6/0 24 4.41/r 1 3/6/0 24 9.21/r 1 3/6/
024 14.0)/t § 3/6/0 24 18.81/r 1 3/6/0 30/t 1 3/6/

030 4.41/r 1 3/6/0 30 9.21/r | 3/6/0 30 14.0Ur 1 3/6/

030 18.81/r 1 3/6/0 36/r 1 3/6/0 36 4.41/r 1 3/6/0 36 9.21/r 1 3/6/
036 14.01/r 1 3/6/0 36 18.8Y/r 1 3/6/0 42/r 1 3/6/

042 4.41/r 13/6/0 42 9.21/r 1 3/6/0 42 14.01/r 1 3/6/

042 18.81/r 1 3/6/0 48/r 1 3/6/0 48 4.41/r 1 3/6/0 48 9.21/r 1 3/6/
048 14.0)/r 1 3/6/0 48 18.81/r 1 3/6/)

5/

1123456/13/121123456/r13/1/41123456/c13/V/
61123456/r13/1/81123456/r13/1/101123456/r 13/1/
121123456/r13/1/141123456/c 13/1/161123456/r13/1))
(6/

1701113137011 Ur 13/1/570 1 1 1/r 13/1/7703 1 I/
r13/1/97011 e 13/1/1170 1 1 U 13/1/13701 1 1/ 1371/
157011 /e 1311770 1 1 Ve 13/1/50 12 Ur 1 11/1/250 12 I/
r1 /1450 121/ 1 117165012 Ur 1 11/1/850 12 1 1 11/1/
165012 1/r 1 11/111250 12 /1 11/1/1450 1 2 Ve 1 1171/
165012 1/ 1 11/17)

7/

1 22.345/2 70.8333/)

(15/2050000930128 22125100/

10 "A" 0/0"B" 6/0"B" 12/0°T 18/1"1“ 0/1"2" 6/1"3" 12/1°4" 18/1"5" 24/ 1
6" 30 1"7" 36/ 178" 42/1"9" 48/2°0" 0./2"4.41° 4.41/2°9.21" 9.21/2 "14.01" 14.01/2
"18.81" 18.81/0"" 0.)
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KoHTpOIbHLIE TIPHMEPB!

SCAD

Ccpuika:

Teomerpust:

Onpenenerne 3HaveHys nporuba B rabkof miacTHue

C.I1. Tumowenxo, C. Bowrosckuii-Kpurep, [lnactuaxu u obonouxu.— M.: $duamatrus,

1963, c1p. 20-22

PaaMephl 112CTHHKK B Dnade 7,2x 1,3 m, Tonuna 1,3cM

Marepnan:

[nbxas nnacTnHra (MeMOpata) ¢ HEMOABWXNEIM KOHTYPOM.
Moayne ynpyroctu E = 2100000 xr/cm?,

ko3pdHuMent fyaccona p=0,3.

PacyeTHas cxeMa:

Tun cxemnt 5. Cxema cocTouT 1z 3640 snemenTton Tuna 34 | (nenuuedHsii anemeHT 060109KH ).
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H
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142 143 AEYY ALY 148 147 148 149 140 AL1) 152 153 154
14 Kl dy i04 LSL 1 112 tay 23h (3] 2
1 7 ] 1 s L 7 L v 10 " 2 13
Harpyikm:

TLRACTHHKA HAPY)KeHa PABHOMEPHO PACTIpe/ieNeHHoi Harpy3koi q = 1,4 kr/cw’.

Ceaiu:

B yanax mo KOHTYpy cXeMBl HaNIOXXEHBI CBA3H NO HanpasnerusM X, Y, Z.
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ConocraBnenye pesyaLTaToB:

Teopus SCAD [Morpemsoctn, %
IIporn6 B neHtpe (cMm) 1,76 1,7804 1.16
Hanpsxense B uenrpe (kr/em’) 2503 2520 0.68

Hexomsre qammsre poa SCAD.
Maitn nel.spr 8 mupextopun EXAMPLES xommaexca SCAD.
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Pacyer paMbr Ha UMOYIECHBHYIO HATDYSKY

Cetunka: Pacuer coopymesuit Ha UMNYJAbCUBHMIE BoaneicTeun. /Pabudosuy WM,
Cununsir AIT., Jyxun O.B., Tepenun B.M./M.-1970, Uagatenscreo sureparyps
110 CTPOUTENLCTRY, C.91.

TeomeTpus:

- MownenTl uHepIHH pureneit J2=2 107 w!
MowmenTh uHeplsu croex Ji=1 107 a*

Tlorounbte Maccsl purenelt m2=0/0510 Tm? cex?

—

- o
[
Marepran
Crans, Moaynb ynpyroctd E=2,1 107 Tm2
Crsasn

B yanax 1 u 2 HanosxxeHb! CBA3U Mo HampaBieHusaM X W Z ¥ 3anpeleH MOBOPOT BOKPYr ocu Y.

Harpyaxn

Ha paMy pelicTByer MMNYAbCUBHAS HArpyska, pacrmpeaefieHHasd B
HIKHEM KOHTYDE, BEJMYMHA pPacnpellefIEeHHOTO MTHOBEHHOTO MMITYJIbCa
Ha egvHuly e 0.3T cex/M
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Pacuetnas cxema:
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HyMcepala 3AEMEHTOB

THIL cXeMbl 2, CTEePXKHEBLIE DIIEMEHTH THIT 2.

Pemmerme no SCAD
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HyMepauvA y3/0B

BMeCTo pacnpenenenisiX Mace HpUMeEPa MPUKIAALIBAEM BeCa Mact B Y3MbI, MOAYYEHHKIE ToCe
paabueHns puresell u ctoex pamot 11a 10 yyacTkos.

KococumMerpuuibie hopmbl cOBCTREHHBIX Konebanuit B NPUMCPC He PACCMATPUBAINCH, 11O3TOMY
cpashyBaeM UL cHMMeTpruHbie opmel (dhopma 4,5 u 6 mo SCAD cootBerciByloT (popmam 1,
2 1 3 npumepa).

Teopus SCAD Pacxoxzaerme, %
Ne Nepuon, | Yacrora Ne Yactora
COBCTBEHHbIX cex paa/cex | cOBCTBEHHBIX pan/cex
KO1e6aHHM xoacHanui
! 0.7474 8.4026
2 0.2424 25.911
3 0.148 42.436
4 0.0607 103.4649 1 103.703 0.23
S 0.0500 125.5376 2 126.246 0.56
6 0.0406 154.4937 3 155.437 0.63
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Heboabmoe pacxoXIEHUE B OMPEAENEHMH YACTOT OOBSICHSIETCA TeM, YTO 3ajaHHble B TNpuUMepe
PAaBHOMEPHO paclpeneleHHble Macchl 3aMedsuiics B SCAD maccaMu, NPpUIIOKEHHSHIMMW B ySJbl
paMmsl,

3agava B mpuMepe petuanach e3 y4eTa BHYTPEHHEr0 TPEHHUS, NO3TOMY KO3(PULIMEHT ReYTIPYroro
COTMPOTHBACHUA MaTepHana na3HayeH K=1E-6.

HMMnynbcuBsHOe BO3AEHACTRHE 32M3HO B Y3JALL HIDKHETG KOHTYPa pamsl (y3asl ¢ 1 mo 31), npuyeM
pesinumta 03T cex’/M9.81Mm2/cex?=2.943T-cex Ha NOT. METP SNEMEHTOB CTOEK M pUrens (nepexon
OT MACC K UX BECAM).

Bpemss geficTBHf MrHOBCHHOTO MMnynsca 3ajaem 1/170 or nepHoja mnepmo¥t wacrorsl, T.C.
t=0.0044cex (re boxee 1/150 ot T).

BoiyMCIEHBLIM B OpHMepe MOMEHT B HMKHEM DHTENlE OKONO JIEBOrO Y3Ja COCTABJISAET
(Dur.47,ctp.94): Mp=-4.35/(E]Jp/1001)=-0.518Tm.

Boruncnensptit mo SCAD 8 coorercraytomeMm wecte (cedenue 1 anementa 21) momeut
Mp=-0.515724Tm.

Pacxowaenue B 0.44% O6BsACHAETCS TeM, YTO PacuipefcieHHBIE MAacChl ¥ HMITYAbC, 3aNaHHbIC B
TIDUMEPE, 3aMeHsUTMCh MaccaMK M HMNYAbCaMH, JTPUIOKEHHBIMA B Y3/1aX.

OTMeTUM, 4TO CYUIECTBEHHO BAMSET M Ha3HAYCHUE BpeMeHW LeHCTBUA MTHOBEHHOTO HMMITYJbCA.
Tak, ecru BogsMeMm Haubonbiyro Bemuuuny t= T/150=0.00498cek, To (3aaaua ¢ umerem Di2.spr)
noayyuM moment Mp=-0,581772TN, a pacxoxnerue ¢ pemienMeM npumepa yxe 12.3%, a npu
t= T/160=0.00467cex nonyvaem Mp=-0.546527TM ¥ pacxoxzexmne 5.5% (3agada ¢ uUMeleM
Di3.spr).

CorrocrapiieHue pe3yJbTaToB:

t Teopus SCAD Pacxoxnenue,%
(mpems1 AeicTBHA T
HMITYJIBCA), CEK
0.00440 (T/170) -0.518 -0.515724 0.44
0.00467 (T/160) -0.518 -0.546527 5.5
0.00498 (T /150) -0.518 -0,.581772 2.3

Hexonmnmay garmmer g SCAD seasores daitap B aupextopud EXAMPLES kommnexca
SCAD:

Dit spr, Di2.spr, Di3.spr
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Harypusre  pmamwgeckve  HCCTEJOBAHWA ~— CTPDOHTEJIBHEIX  KOHCIDYKILHH
peakroproro orgeneans Kpsmckoit ASC ¢ pearropom Tvma BB3IP-1000

Copurka: Kocrun WX, [Habavncexkuit T.3., 3arees B.B, Mambuesa J1.B. Harypunie
AVIHAMUYECKVE MCCIIEOBAHMA CTPOMTENBHBIX KOHCTPYKLMY PEakTOPHOIO OTHeNeHus
Kpesimckoit AQC. - CTpodrensHas MEXaHBKA W pacdeT coopyxeduid. - 1991. - Ne 2. -
C.77-80.

Teomerpust: peaktopHoe oraeiexmne Kpumckoit ADC ¢ peaxropom tua BBIP-1000 peanuzosano
C MCNOJB3OBAHMEM CTAHZAPTHOTO IIPOCKTHOTO peIleHWs], 332 MCKIIOYEHMEM KXYNoJa 3amudTHoMn
0B0NOUKK, KOTOPHIY Ha BpeMsi NPOBeJeHMs UCILITaHWIl ewmge He 6w Bo3Besed. O6muit BuA
peaktopHoro otachennst Kpmmekoit ASC ¢ peaktopom mvria BBOP-1000 npeacrasren na puc. 1.

Puc. 1. Obumit rux peaxropHoro orxenerns Kpumckoi A2C ¢ peaxtopom THra BBOP-1000

PacueTHast CXeMa PEAaKTOPHOrO OTAeNeHWwsT o6muii BUA PacyYeTHOW CXeMB! PEaKTOpHOID
oraeneHus Kpuimckoit ADC ¢ peaktopon tina BB3P-1000 npeacrasnen Ha puc. 2.
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Puc. 2. Pacyetnas cxema peaxtopHoro oraenenus KpuiMckoit A9C ¢ peakropom tuna BBOP-
1000:

2 - ob6cTpoiika pEaKTOPHOrO OTAENeHUs; 3 - KOHCTPYKUuMm ctvuiofata; 4 - (yHIaMeRTHas
TUTHTA;

5 - BOKCOBhIE KOHCTPYKLVHN BHYTPM 3AUMTHO#H 060104KH
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Koneyno-areMeRT™HAs MOAENKDb PEAKTOPHOTO OTACNEHMS OOUWIMA BHA KOHEYHO-3IEMEHTHOMN
Mogenu peaktopHoro otaeneHus Kpemcxoit ADC ¢ peaxropoM tuna BB3P-1000 npeacrasnen
Ha pHc. 3.

Puc. 3. O6ummit Bux KOHCYHO-3ICMCHTHOI Mogest peakTopHoro orienenns Kpomckoit A3C ¢
peaktopoM THra BB3P-1000

Marepuahr:
Kenesobetod.

OcHoBanupe - CI0# CYTIMHK2, TORUMHA 0KONO 40M.

Harpyawr

[TpoBeneHue BUOPAUHOHHEIX MCTBITAHRE ObUIO NPOBENEHO C WUCMONB3OBAHMEM BUGPOMAalIMHEL,
YCTAHOBJEHHOW Ha OTAECNBHOM GETOHHOM MAacCUBe DAJIOM C PEaKTOPHBIM OTAECNEHUEM Ha OTM.
0.000. Takum ofpasoM, KonefaHuA, BO3byxaaeMele BUOPOMANIVHOMN, NMEpelaBaluch Yeped TPYHT
OCHOBaHW$ PeaKTOPHOro oTAesenus. Bubpomainyna cocrosna us Tpex ceKlMit - BuBpatopos
Ne6ANAHCHOrO TUIMA HAMPABAECHBHOTO AeHCTBMS W TMIPABIMYECKOro MPuBoAa, obecrieuuBINera
IU1aBHOE MepekpuiTe Axanazona yactoT 1..12 [u. Ilpu asToM amanasoH Harpysox COCTaBJSLI
43...1800 xH.
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ComocTanneHe pe3yIbTaTOB PacyeTosB:

Yacrotet coberrensbx xonebanmi, (Do)

] I1 11T

JKCHepHMEHTATLHBIE JAHAKE dBTOPOB 1.75 2.0 445
CT2TBH, YKasaHRo# B CCRUKE

PacueTHsle faHHKIE aBTOPOB CTATBHM, 1.50 22 410

yxasarro#l B Cehurke
Pacgernnie gammne no SCAD 1.501 2.267 4,397
IorpenmHocts O CPaBHEHVIO C 14.228 13.35 1.19
9KCOEPHMEH -TAHNMY JAHHEIMH ABTOPOB
ctaTsH, (%)
IMorpemmrocTs 0O CPaBREHU C 0.067 3.045 7.24
PaCYeTHRIMM zxax-um:r aBTOPOB CTATLH,
(%)

Kpome npMBECBHOrG COMOCTABIEHMS DPE3YJBTATOR PacyeTOB Ha DHC. 4 MpexcTaBsieHa
TAKXE MOJyYeHHas aBropamy  ykasannoit B CCBUIKE  CTaTbM  AMIUIMTYAHO-YaCTOTHAs
XapaKTEPUCTHKA KOHCTPYKTUBHBIX IJTEMEHTOR DEakTOpHOro oTnenenns. Ha atom pucyHke Ans
CpaBHeHVs1 IPUBEAEHR! TAXXKe onpeneneHusie ¢ npumenennem [IBK SCAD qacTore cobcrBenHbix
xoebaHiil PeAKTOPHOTO OTAENEHNs COOTBETCTBYIOIME ero 50 dopMaM cobCTBeHHbIx KonebaHUMN.
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13840376  2.267055 320088 43889177 50739041 B.2965101 73237993 0.506249 90s2s777 U.O09796

15010007 23785371 38620561 4.JOES 61006493 T43B18  BEEBRW?  9VErres 10055241

+ 5358914 2.9769101 4518078 52092442 242597 09708366 9238143 10.218014

25679453 49004528 5 ATSATBR 7.52500% 94719762  10.245652
568068304 7 57188 9.9w815 10329201
70555219 9.9608345 100438
7 9963123 99940312 1RB711%
791765 10.913745
7 9701304 10.99435

Puic. 4. AMIIUTYAHO-93CTOTHAA XaDaKTEPUCTUKA BEPXHUX OTMETOK O6CTpoMxH (oT™. 41.4 M),
nopoGonounsix koucrpykuuid I (ot™m. 33.0 M) u 3amuTHO obonoukn 2 (oM. 53.0
M)
OTHOCHTEJIbHO Bepxa (yHAaMeHTHOH koHcTpyxuus J (o™, 13.2 M)
(mdpamu TIokazaHb ompegenieHnnie ¢ npusMeHenned JIBK SCAD yacrorsl
cobcTBeHHbIX KonebaHuil peakTOPHOTo OTACICHUA)

TakuM 06pa3oM, NPOBEJEHHOE COMOCTABNEHME YacTroT cobcrBesmbix  Konebauwi
PeaKTOPHOTO OTAEJNENHA CBUAETENLCTBYET O JHOCTATOMHO XOpowed TOYHOCTH CORMAAEHMSA
monyyeHrsix ¢ npuMeHeHneM [IBK SCAD pesysbTaToB He TONBKO C PacUeTHBIMHM HAHHBIMH
aBTOPOB yKa3axHoh B CcnUmEe CTaTbhU (MaKCHMaNbHAA NOCPEWHOCTL He npesbunaer 7.24%), Ho W
C TMpPHMBEAEHHBIMW B 3TOH K€ CTarTke 3KCIEPUMEHTANbHBIMH HAHKBIMM  (MaKCHMMasibHas
NorpewHocTb He npesblaeT 14.228%).
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PeaxropHoe orgeneune sneprobroxa N 1 Xmemrunkod ASC ¢ peakTopoM THIA
BB35P-1000.

Cebnka: Pacuer 3alUMTHOH 000ONOUKM B COCTABE PLaKTOPHOTO OTACACHUR Ha BCE BHIBI HArPY3OK ¢
y4eToM BITHAHUA KORCTpYKUMIM peaxTopHoro aTHeneHns.
Otan 1. Pa3zpaboTKa KOHEYHOINEMEHTHIX MOAEACH peakTOPHOro OTAENIEHHS | 3RUTHON
obonoyku. Onpenenenue Harpy3ok or obxatna 30. Pacuet PO oT Bcex BHOOB Harpy3ok
U BO3ACHCTBUA c yveToM TPYHTOBBIX yCRoBHH./
KH3II. 43-724.OM. KXK. 01 (apxue KHUDIT Ne 26992-C). - 1997. - 126 <.

Ieomerpus o6bexTa:

Puc. 1. O6umii Bua peakTopHero oraenenus sveprobnoxa N 1 Xnenasnvnxou AIC
¢ peaktopom Tuma BBOP-1000
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Pacuernas cxema peaxTOPHOTO OTHENEHVS:
obumii BYA PacuETHON CxeMbl PEAKTOPHOrG OTAeaeHMA 3Heprobaoka N 1 Xmeasnuuxoit ASC c
peaxtopom tMna BBDP-1000 npeacraBner Ha puc. 2.
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Puc. 2. Pacuernas cxema peakTopnoro ornenedus sHeprodaoxa N 1 Xmenpwunkoit A9C ¢
peakropoM THna BBIP-1000: 1 - samwmrHaa obosouka peakrtopa; 2 - 0OCTPOHKA PEaXTOPHOro
OTAeNeHNs; 3 - KOHCTPYXKUMY cTtwnobara; 4 - dyHAaMeHTHAst niuTa; 5 - GOKCOoBble KOHCTPYKLMU
BHYTDH 3aUTHOH 060NOUKM

KoneuHo-daeMenTHAS MOIETD PE€AKTOPHOIO OTACICHHUA. Oburme IPHHUHNBI
KOMINIOBOBKH

lns ynpomesns coCTaBieHWSI KOHEYHO-I/IEMEHTHOW MOAENH DEAKTOPHOrO OTAeNeHus OBbu
MPUMENEH [TPOEKTHO-BEYUCTUTENbHbIE koMnaexke SCAD, no3BoiSOMMIA BKRIOYWTL B MOIAETH
okoso 60000 ysnos, 4To OGLIYHO BNOJHE AOCTATOYHO AJS ONMCAHUA 3XaHMB W coopyxkenuii. Tem
He MeHee, TIPU JIOCTATOMHO TOAPOOHOM ONMMCAHUM KOHEYHO-3JEMEHTHOW MOEMH TaKOro KPYITHOTO
U CNOXHOTO COOPYXEHKS, KaK peaKTOPHOE OTACNEHHE B [EIOM, KONMYECTBO Y3/10B KOHEYHO-
3JIEMEBTHOH MOXENN MOXET MPEBLICUTh yrasauumii npepen. [logToMy mpu NMOCTPOEHUH KOHEMHO-
SNEMEHTHON MOJETM PEAKTOPROro OTAENEHUST TNOAPOOSHaA MOAeNb OBONMOYKH COYeraeTess C
HECKONbKO DA3PEXKEHHBIMH MONENSAMHK OCTAJILHBIX KOHCTPYKIMW PEakTODHOro oraeinenus. Takum
ofpasoMm, 3seck peamu3oBay OOBLIYHLIA NPUBUMN GparMerTAMN o6Well KOHEVHC-3IeMEHTHOR
MOAENH C NEeTaJbHBIM ONyCAKUeM 040} K3 ee HacCTeil.

Bonee paspexennasn pa3z6uBKka H2 KOHEUHBIE 3JEMEHTH KOHCTPYKUMK o6CTPoiiku u BHoxcos
BHYTPH 321UMTHOU 060/10YKY BHITIONHEHZ TaKHM 06pa3oM, 4TOo6bl OHA Me MCKAaXAJNa Pe3yJbTaToB
HANPAKEHHO-Je(OPMUPOBAHHOIO COCTOAHUS KAK CaMOM 3aumMTHON o6ONOYKH, TaK U BCEro
COOPY)XEHHWsS B LeoM. TIPH 3TOM YYUTBIBAIOTCA BCE OCHOBHBIE HECYLUME 3IJNEMEHTBI KOHCTPYKUKM
PEaKTOPDHOIO OTHAEJCHWA, MX OHKECTKOCTH M Macchl. B pesyiwsraTe pacyeTa ONpeaesfaeTcs
JEHCTBUTEABHOEC HAMPSXEHHO-AehOPMHUPOBAHHOE COCTOARME BCeX KOHCTPYKUHH PEaKTOPHOro
OTAETEeHHKA.

Ofnas xoHeuro-aJeMeHTHAS MORENb PEAKTOPHOTO OTHENeHyst PUBEAeHa Ha pHC.3.
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e B

Puc 3. O61wasn KOHEYHO-INEMEHTHAA MOETh PEAKTOPHOrO OTAENEHUA

Ha puvc. 4 mokasaHa Ta ’xe MOAEIb ¢ BbIPE3OM, KOTOPLIH TO3BOJSET YRWIETh COCTABJISIOWUME ee
KOBCTPYKTUBHEIE SAEMEHTSI:

®  3FALIMTHYIO 060NOYKY;

60KCOBbIE KOHCTPYKUWH BHYTPU 3al(UTHOU 060109KY;

KOHCTPYKUUH 0B6CTPOHKK;

KOMCTPYKUMM CTHI08ATA.

MocjAenyomux pasgenax 6ojee MOAPOOHO OMMCAHbI OTAENbHBIE YacTH 0bLed KOHeYHo-
INCMEHTHON MORENM PEAKTOPHOrO OTACNEHUS.
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Puc. 4. O611as koHEeYHO-3MEMEHTHAS MOAENDL PEAKTOPHOTO OTHENEHUS C BBLIPEIOM
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®parMeHT 3AMNTHOA 060109KH PeaKTOPROIO OTHEEHHA

Hecnenyemas oBonouxa M3 NMpeABAPUTENIBHO HATIPAKERHOr0 xenesobeTora mpencTaBier coboi
{1) BepTnKaIBHBIA UNAWHAD ¢ TIONOrHM ChEPUYECKHM KYTIOIOM,

JuameTp LBUIMAAPA MO CPENHHHON OBePXHOCTH paBeK 46.2 M, a KYTION oNMUcaH 1o cdepHuecKou
NOBePXHOCTH paguycoM 35 M. ToalMna WIMHAPUHMECKOM YaCTH TIpWHAT2 pasnon 1.2 M, a
TonaugHa cdepyyeckod yactH - 1.1 M. CompsikeHHe KYnojaa € UMIAUHADOM BHINONHBEHO ¢
NOMOWIBIO KECTKOTO KOJNLUEBONG KapHM3a. BHYTpeHHss NMOBEPXHOCTE 060JOYKH MMeEeT CTAILHYIO
PepPMETH3UPYIOMYIO OBNUUOBKY TONLMHON 8 MM, NPHKPENIEHHYIO K TeAy 060J0YKM ¢ NOMOIIbIO
ABKePHBIX YTronkoB, OPHEHTAUHSA dHKEDHbIX YIOJKOB MPUHSTA B IWIVHAPHYECKOH YacTV TOMbKO
B KOMBLUEROM HalpaBneHuy, a B cdepudeckod YACTH - KaKk B KOJBIEBOM, Tak M B
MEPHAUOHANLHOM HanpPaBJIEHMKX.

IIpenpaputensHoc HanpsDKeHNE 000T0UKN 0BECTIEYHBAETCS CUCTEMAMI TEKKOMAATBHO-NETIEBOO
(B UMIMHADINIECKOH Ya2CTH) M OPTOTOHANBHO-NIETNEBOTO (B KYTIONE) apMMPOBAHUs. APMATypHbIC
KaHaTbhl M3 BBHICOKOIIPOYHOIT ITPOBOJIOKHM DasMEIloTest B KaHa1006pasoBatensx, 3a0NHENHRIX
aHTHQPUKUUOHHONR cperoit (mymeunnv canom). Jlnamerp xaHanoobpasosarens cocrabiser 0.225
M, a pHaMeTp KaHaTa paseH (.14 M. B tmamnapuyeckoi yact pacnojararorca 96 xanaros,
KB B3 KOTOPBIX COCTOMT U3 BOCXOAsALEH ¥ HMCXOAAileit perBedt. B Bepxuel sone uwiynapa
KaHaTbl OTrHOAOTCS BOBHYTPL 000JOYKH. B HIDKHEN 30HE WWIMHAPA KAHATHl TEPEXOHAT B
OMOPHYIO FUIUTY Tepekpuitia (CTHXo0ar), fAe NPOMCXOAMT COMDSDKEHWE BOCXOAALlEH u
HUMCXOASLUCY BeTBel KaHauoobpasoparens. ApMaTypa KymompHOH 4wactw (36  xanaToB)
pacnoiaraeTcs B HaKJOHRBIX IUIOCKOCTAX, MPOXONAMMX YEPe3 NEHTP KPHMBU3HbI Kynona. Brieoaw
HaTSOKHBIX YCTPOMCTS DasMeLIAOTCA Ha BEPXHEH ¥ HAPYXXHOM OGOKOBOM rpaHAX KapHU3a.
HarsxeHne xaHaTOB BBLINOXHAETCA MO3TANHO O JIOCTHXEBHA DACHETHOTO YCWIMA NMOX TANHBIM
auxepoM. Yeunwe HaTSDKEHVst NDUHBMAETCA U3 YCOBHS 0OecrievelMs BOCMPUATHS 060J04UKOI
MEPUAMOHANLHBIX W KOJBUEBBIX HanpspkeHuil or jaelcTBust UM30OBITOMHOG  HPEANYCKOBOTO
WCTILITATENLHOTO AABEHHA.

W3BecTHO, UYTO € TeyeHMeM BPEMEHM MOA BO3IAECUCTBMEM PaznuuBbix (PakTopoB (pefakcauus
HanpspxeHu§l B apMarype, yCaika M TOA3yuecTh 0ETOHa W T.JL) YCUAMA HaTHKEHWA OTAENbHBIX
KAHATOB YMEHLIUAIOTCA W CTAHOBATCS pasnuyubiMu. Kpome TOro, CymecTByeT RepOSTHOCTh
BbIXOMa M3 CTPoA (0TKA33) OAHONO MNY HECKONBKHMX ITYYKOB apMaTypel M, CJIe0BATEJbHO,
BOIHUKHOBEHUS B 060JOYKE CJIGKHOrO NPOCTPABCTBEHHOMO HANPAXCHHO-ASPOPMUPOBARHOTO
coCT0AHUA. B TO ke BpeMs KOHCTPYKUMH LONXKHA COXPaHSTb CBOK LEJOCTHOCTL [P BCEX
DErNaMeHTUPYeMbIX HOPMATHBHBIMH IOKYMEHTAMY BHYTPEHHMX M BHEWHUX BO3ACHCTBUAX, 2
TAKXKe UX COoveTaHusix. 1akuM 06pasoM, BOIHWKAET 3alaua ONpeescHyA M aHalu3a fnepeMellenni
1 HanpaxeHWT TPH COBMECTHOM IAeHCTBMM HAIPY30K OT HATSKEHUS APMATYPHBIX KaHATOB M
APYTHX BO3AEHCTBUAX POU3BONBHOTC BHAA.

CeTka KOHEYHL(X 3JIEMEHTOB, MONCTHDYIOWMX 3AIUMTHYIO O60JOYKY, CTPOMJIACH Ha CPEAUHHON
TIOBEPXHOCTH €€ TIONEPEHHBIX CEYeHUH, INe BeIUYMHSl RCp SBIAIOTCH pafiHycamMH RS TIOCTPOEHHS
cpearnHOM mnoBepxHOCTH 060NOYKM B WwIHHApHYeckod, a Rcd - B cdepuyeckoit cucreMe
KOOpAMHaT.

Ha pue. 5 npuBegeHa KOHEYHO-3JIEMEHTHAS MOJETH 3ALIUTHON 060J0UKY.

Bcero B KoHeuHo-aNeMeHTHON Mopenn 3anpsrron obonouxy cogepxaires 1611 ysnop u 1649
anenexToB. Bea sawqurnan o6onouxa omucana 060109 HBIMU KOHEYHBIMHA dIEMEHTaMH.

Lnnvuapuyeckas 4actb 3alMTHON 06os0ukn ornncara npsMoyroasysMu (K3 tuma 41), a xymon
- qernipexyronsabmu (K3 tima 44) u TpeyronsHeiMu 060T0YEUHBIMY KOHEYHBIMH 3JIEMEHTAMA
(KD tvma 42).

K uentpy cdepnr cxomstes 12 TpeyTONBHBIX 000J0YEYHBIX KOHEYHBLIX ayleMenta (KO tuna 42).
Taxoe ux uMcI0 BHOGPAHO ¢ TeMm, YTOOBI OCTAThCS B IMPEesiax PEKOMEHAYEMBIX COOTHOWEHHH
cropon s Tpeyronsupix K3, Jng Toro, 4Tobnl OCYWECTBHUTL TEpeX0A OT PazbHEHMSA KAKIOTO
psiaa Ha 48 snemeHTOB K 12-TH dieMeHTaM, MpenocHerMit paa omyicand 36-t0 K3 Tuma 42.
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Ha unauxapuyeckoi dacti 060ouku uMeercst 22 rpeyroisHbix K3 thma 42, xoTophle BBeieHb
ANg ONUCAHUR OTBepCTH B uunvnape avametpamu 3.0 M 1 4.0 M.

OCHOBHBIE TOMIUKHB 3NeMEHTOB LHAMHAPUYECKON YacTH 3aluTHOM 06004KY coctaBasior 1.2 M
(npumepre 1/19 vacrs panrtyca), a kynonsHol yactd 1.1 M (npumepuo 1/32 vacrs pannryca)

/
]
]
N ;J: 1
:\ T =2 ; ¢
N [ - %
W)
~ CAA
S
N~ 1
A m— 2270)
1
\SSESES o
\: T 1 L1 ?
N 7
S
\Ql%:;_:

Puc. 5. KoHeUHO-2NEMEHTRAA MOJIENS 3AMTHON 060M0UKH

Hanbonburas yepcaHeHHast TOMLIMHA NO BLICOTE 3/eMEHTa B D3alioHE KaplM3a cocrasiser 5.7 M
(ppuMepHo 1/4 wacth paauyca). [Ipu sToM aAns ToncToit 4acTH 0GOTOUKM B pajioHe KapHU3a He
MNMEET TIPAKTUYECKOrO 3HAMEHMs, MCNOAB3VIOTCS AU B PaAcueTe 3jneMeHThl TOHKON Aubo TONCTOH
obonouxu. Kak nokasariu npoBeneHHbe MCCNENOBaHWs, B o00UX Ciyyasx MX BAMSHKE Ha
coceanue, Gonee TOHKUE 3BNEMEHTH! TPAKTIYECKM ONMHAKOBG, 3 HEKOTOPOE YMEHbIleHue JIuHO
YBCIWUEHUE HANPSOKeHHT (BBIYMCTEHHBIX TI0 TEOPHSIM TOHKMX JIMO0 TONCTBIX 0OONOYEK) B CaMHX
3THX 3JIEMEHTaX OCOBOTO 3HAYEHWA He WMmeeT. [loaToMy WA BceM 3allkTHOI oBonouxy B
KONEY0-3NeMeHTHOH MOJIeTY HCNIOIb30BaHbl oaHopoasie KD Tonxoll o8onouky.

OTcyer HOMEPOB Y3NOB UM 3eMEHTOB AN XKakJIOTO0 PANA PaabMBKM HA KOHEUHBIE 3NEMEHTHI
HAYUHAETCR Ha OCM, MapanneasHodl ocu X (MOROKKUTENABHOE HarmpaBiaeHne) ofured CUCTEMB
KoopauHaT. [lnsa obnerdenys 9TCHUS PE3YIALTATOB pacueTa B Tabauue 1 npusegeHnt (CcHU3Y
BBEPX) HOMCPA V3NOB M 3/1€MEHTOB KOHEYHO-ITEMEHTHON MOJRIU 3aMTHOH 060N104KsL.

Tabmma 1

Homepa vasoB M 2JeMEHTOB KOHEYHO-3JIEMEHTHONH MOMEN 3AIMUTHON O00JI0YKY

J Yucno o Kowed Hble 31€  MeHTHI Homepa ! YacTh -

| croes | Tunm Paimep K3, m T Homepa K3 yai0B ¢ saunwol

' i KD | BbIcOTano 0cu Z | TOJIUIMHA | 1 BEpXHero paaa | ofosouku
( 41 0.78 ' 145 | 1-49 49-96 ! Hunknas yacts |

Lo 202 130§ 49-96 97-144 | wwwmgpa |

i 18 41 | 2.12 (.20 97913 145-9%4 i OcnosHas

i i 4acTs

Ll 4| 2.12 135 1 914-961 095-1042 | uwmmuapa

L i 1.59 ' 188 1 962-1009 1043-1090 | i
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Yucno KoReu Hbie 31  MeHTHI Homepa Yacrs -
cnoes | Tun Pazmep K3, m Homepa K9 Y3J10B 3AMMTHON

K2 BbICOTA N0 0cH Z | TOMAIMKHA BepXHEro pRaa obonovuku
1 44 2.29 5.7¢ 1010-1057 109]1-1138 Parton
1 2.29 5.60 1058-1105 1139-1186 KapHu3a
1 2.12 4.30 1106-1153 1187-1234
< 44 1.10 1154-1441 1235-1498
1 42 1.10 1442-1477 1499-1510 Kynon
1 42 1.10 1478-1489 1511

OparmvenT 60KCOBLIX KOHCTPYKI{HE BHYTPH JALHTHOMK 060/0UKK

®parmest 6o0KkCa MNPEACTAaBNICH B BHAE BOCBMMYIOALHON UPH3MSEL, BLIMOJTHEHHOH K3
NPAMOYTO/TEHBIX KOHEUHBIX 3ieMenToR (KO THT 41), WIMTI nepeKphITHA, BHIMOIHERHON W3 TpeyroNbHBIX
KOHenHbIx 3/ementon (K3 THI 42), a noaxpemuionme pebpa B BU/IE CTEH - M3 NPAMOYTONBHBIX KOHEYHBIX
sneMertoB (KO tum 41).

KoHeyno-anemenTHas Mogens Gokea BIUTIOHaeT B ceby yamnl ¢ HoMmepaMH oT 1536 no 1600 n
KOHEYHBIE 3ReMENTLI ¢ HOMepamu ot 2000 no 2095 n npuseneHa Ha pHC.6.

T
|

| L

Puc.6. KoHeyno-3nemenTHas monens 60KCOBBIX KOHCTPYXUHMH BHYTPH 3aGHTHON 06010uKM

B tabnwie 2 MpHReNEHRB NOPIAKOBLIE HOMEDE JIEMEHTOB Gokca.

TeoMerpuueckie padmepnl pebep, NOAKPESUIAIOMMNX BOCSMUYTONbHY0 IPH3MY, MORO6pasEl Tak,
uto xectkoctheie (EF u El) XapaxTepucTHKH BCER KOHCTPYKIUMH B LENOM COOTBETCTBYIOT PEaTbHBIM
TPOAONBHOR W W3FHOHOM XeCcTKOCTAM GOKCOBEIX KOHCTPYKUMH, HaXONAUIMXCH BHYTPH 3AlUMTHON
obonoukn. Ito obecneynBacT HAREXHYIO Mepeaaty BOMEHCTBHA OT cobcTREHHOro Beca foxca Ha
BEPXHIOKO TUIHTY CTWIOGATa, 8 TaKKe OT KONeSaHWR ero 3MeMEHTOR NPy celtcMHUEcKOM BO3IEHCTBHH.

Tafinuna 2
Homepa y3I0B M 31€MEHTOB KOHEYHO-3JIEMERTHON MOAETH GOKCOBBIX KOHCTPYKIME
TlopsuKOBEIE HOMEPA IIEMEHTOB
Jrax Cretibl 60Kca Ioakpenasiomue IMepexprrrue
Gokca pebpa ITAKA
K3 1rma 41 KD Tuna 41 KD Tvna 42
] 2143-2154 2155-2162 2067-2078
2 2103-2114 2127-2134 2079-2090
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TENE 2115-2126 | 2135-2142 ] 2091-2102 i

®parMeHT KOHCTPYKIHE 00CTPOMKH peakTOPHOIo OTACIEHASA

Ha puc 7 npuBeacHa KOHEUHO~-3NeMEHTHAA MOJIens OGCTPOHKH ¢ BRIPEIOM.

KoHneuno-aneMeHTHas MOfIENk KOHCTPYKIMA o6CTPOHKY BBINOJHEHA H3 080I0YESHBIX KOHEUHBIX
aneMmenToB (KD Tunor 41, 42, 44) u smovzer B cefa ywint ¢ 1768 no 2650 3 5NEMEHTERI ¢ NOPAAKOBbLIMH
HoMepamu ) 860-3292 (nmThl nepeKpuITHit).

CTeHEl aNIpOKCHMUPOBAHEI [PAMOYIOJIBHBIMK OGOMOUEUHBIMU KOHEUHBIMM 3nemedTamu (KO
TMna 41) ¢ BBICOTOM 37cMEHTa, PAaBHOM BBICOTE 3Taw@. KX pasMep Mo TOPU3OHTANIK COOTBETCTBYET
pasOHBKe IUTUT Ha KOHEYHbIE MEMEHTDL,

B TaGmie 3 mpuBeseRbl HOMEpa YATOB H 3NIEMEHTOR IUTHT NepeKphITHi aTaxed 06CTpoiky, a 8
Tabnuue 4 - MOPAAKOBBIE HOMEDA JIEMEHTOB, OMKUCHIBAIOIIMX CTEHS MEXKITY ITAXAMM.

//

Puc.7. Koneuno-3neMeHTHas MOReNL 00CTPORKM ¢ BRIPE3IOM

DparMedT KOHCTPYKUMH CTHA06ATa PEaKTOPHOTO OTAENEHHS

Ha puc.8 nmpurencHa KOHEUHO-3N1EMEHTHAA MORENk cTWicOaTa. MoOeNk COCTOMT M3 JUIUT cTHNO06aTa,
BHYTPEHHMX M HapPYXHBIX CTCH, MOJEAMPYEMEIX TPAMOYNONTbHBIME  OBONOUEHHBIMY  KOHEUHBIMH
3NleMEeHTaMH, a TaKKe HeQOMBILOrO YUCTA KOMOHH, MOJERUPYEMBIX NIPOCTPAHCTBEHHBIMH CTEPXHEBBIMHU
KoHeuHkIMH 3nteMenTaMk (KD tina 5).

[anta crunobara. TInuTel cTMnofara ROCTATOMHO roNpoGHO ONUCaHLl 06ONOYEYHBIMH KOHEYHBIMH
sneMenTamk tinos 41, 42, 44. Tpn 3ToM M aHanuza HANPHKEHHRO-NEPOPMUPOBAHHOIO COCTOAHNS
3amMTHOR 060M04KK NOCTATONHO 65IN0 OBl BRIONHUTH U IHAYHTENHHO GOsee paspexeHHyro pazGuBKy
MIHAT K3 KOHEYHBIE INEMEHThl, HO HEOGXOAMMOCTL Y4eTa BCEX HECYIUMX CTeH W YHHOUKALMSR 1A BCEX
[UTKT OAHOTHNHON CETKM KOHEYMbIX NEMEHTOB NPHBEIM K HEKOTOPOMY CTYWIEHWIO CETKY HA cthnobare.
OrBepeTHA B IUIMTAX MONEGAHPOBANIACE “ITYCTHIM INEMEHTOM” - KOHEUHbIM AneMeHToM (KD Tuna 200).
Hymepanus y3noe BHITOHEHa C/IEBa HANPABO W CHH3Y BBEPX, TO €CTH CHAYALA NO HAMPABNEHHIO och X, a
3ateM oc Y oflnell cHcTeMBl KOOpAMHAY. BONBLIEH 4acThKO ITOr0 >KE MPABIIA NPUIEPXKHBANACE H
HyMEpaLUUA KOHESHHBIX 3TEMEHTOB,

B rabnuue 3 mpuseacHs! HOMEPa Y3N0B U 3NEMEHTOR Q1A KAXROA W3 IAHT cTwiobara.
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Taganna 3
HoMepa y3/10B 1 2ieMEHTOB KOHEMHO-2JIEMEHTHO! MoaeTH
[LTHT flepeKpBITHH 3TAXKeH 06CTpoHKH
ITax HopsakoBbie HOMepa
KOHEYHBIX 3JICMEHTOB Y3JI0B

1 2972-3292 2326-2650

2 1753-1807 1768-1860

3 1808-1858 1861-1953

4 1859-1909 1954-2046

S 1910-1560 2047-2139

6 1961-2011 2140-2232

7 2012-2068 2233-2325

TaGnuna 4.
Homepa y3/10B H 3.1€MEHTOB KOHEYHO-3/IeMEHTHOIH
MOJeNIH CTeH 0GCTPOFKH MeXKRY ITAKAMHU
Homepa >neMeHTOR Hapanjenbrble 0CH
lepsbis OcTanbHbIe X ] y Crena
ITAN ITAKHN ¢ KOOPAHHATON, B M
mo vV noe X
2178-2189 2111-2182 -33 - HapyXHas
2271-2252 2283-2342 33 - -
2359-2368 2369-2418 - 33 -7
2432-2444 2445-2509 - -33 ="
25232531 2532-2576 -24 - BHYTPEHHAS
2593-2601% 2602-2646 24 - -
2659-2664 2665-2694 - 24 i
2709-2717 2718-2762 - -24
2776-2784 2785-2829 - -27 -
2872-2879 2880-25919 -33 mo -27 - foTiepeYHBIe
2921 2922-2926 27-33 -

2930-2932 2933-2947 -33 no -24 -
2954-2956 2957-2971 24-33 -7
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Puc.8. Koneuno-3lieMeHTHAA MOAEHE CTITO00ATA

Homep2 y3J10B H 2/1eMeHTOB KOHEXHO-31eMeHTHOM
MOABJIN NAUTHI CTHN063TA

Tabnuua 5

Otmertka Bepxa Hopankopble HoMepa (0T M A0)
MUIHTHL 3/1eMERTOB yinos
13.2 2972-3272 2327-2650
6.6 3295-3597 2657-2978
3.6 3601-3681 2985-3253
0.0 3683-3983 3254-3576
4.2 3987-4319 3584-3910

Crennl cTrnobara. Bee cTeHB MOACNMPYIOTCA NPAMOYIONbHEIMU 06OROUEHHBIMKY KOHEYHBIMU
anemerTamMy (K3 THna 41) K BKIOMAIOT B ceH2 3neMenTs ¢ 4320 no 5547,

Crenp! cTi106aTa LOCTATOHHO NOAPOGHO PasbyTh! HA KOHEHHEIE FMEMEHTLI N0 FOPUOHTANH, 4 110
BEPTHKATK HA BCKO BHICOTY 3TaKa. PacCTaHORKA KOHEUHbLEX JJICMEHTOB, paboTAIOLIMX B OCHOBHOM B CBOEH
TUIOCKOCTH M PACTIONOXKEHHBIX MEOKTY JTOKAMH ¥ R4 OTBEPCTUAMU B OJIHH P4/, PEKOMERIYETCA BCEMH
TPYAaMHU 110 METOIY KOHEHHBIX JJIEMEHTOB U JAET NPEKPACHOE PEMEHHE 1A paboThl BCETO COOPYKEHHS.

HyMepalma 57eMeHTOB ¢TeH BHIMIOJIHEHA CHU3Yy BBEPX, IPHYEM ECIIH CTEHA MMPOZO/LKAETCS M Ha
RBILIEJNEKAIEM ITAXE, TO POADIDKACTCA U HYMEPALIMA ee 31EMEHTOB. HoMepa 37eMeHTOR ATA RapyXHBIX
cTeH cTuno6ara npuresieHsr B rabauue 6.

Konounsl ctuno6ara. KONOHHE! omucaHbl [POCTPAHCTBEHHBIM CTEPKHEBBIM  KOHEUHEBIM
snemesrtom (KD THRa 5) © HoMepaMyl aneMeHTOB oT 4433 1o 4447 ana xonoHH, naymux ¢ oT™M. 0.0 M 1 3.6
M, U C HoMepamH oT 4448 no 4453 114 KONOHH, HIYIRWX TONLKO ¢ OTM.3.6 M.

Tabauua 6
HoMepa y3/10B M 3/1éMEHTOB KOHEHHO-31eMEHTHOI
MOJE/IM HRPYXKHBIX CTER cTHI06aTa

OTtmeTka Bepxa D1eMeNTLI HAPYXHBIX CTeH,
TUIKThI, M napanienbHbIX ocu
C I(OOplIHHﬂTOFl o C KOOP}]HIlaTOﬁ no
oT a0 ocr Y ocu X
-33 ™ RER'] 33 M -33 M
-4.2 0.0 5252-5268 5320-5338 5396-5415 5476-5493
0.0 3.6 5266-5285 5339-5357 5416-5435 5494-55]1
3.6 6.6 5286-5302 5358-5376 5436-5455 5512-5529
6.6 13.2 5303-5319 5377-5393 5456-5475 5530-5547
Taémuua 7

HoMepa y310B H 32eMeHTOB KOHEYHO-)JIEMEHTHOI MOREIR BHYTPEHHUX CTEH CTHN064TA

OTmerKs Bepxa Hymepauus 351eMeHTOB BHYTPEHEIHX
TUIMThI, M CTeH, PACMOTGKEHHBIX

B Npejienax OTMETK2 BEpXa B Openenax
ot a0 OHOTO TLIYThI, M HECKONLKUX
3NEMEHTa IJNEMEHTOB
-4.2 0.0 5001-5046 -4.2 3.6 5135-5182
0.0 3.6 5047-5049 -4.2 6.6 5183-5308
6.6 13.2 5050-5107 4.2 13.2 5309-5932
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DHIAKO-MEXAHHUECKHE XAPAKTEPHCTHKE MATEPHATOB KOHCTPYKUHif
PEAKTOPHOIO OTAECHUS

Jna aamprroi ofonouxu npumst Gerom Kmacca B30 ¢ Momynem ympyroctn E=3.31e" MIla,
ko3¢ duunentom ITyaccona v = 0.2, wioTHoCTsIO p = 2.42¢”° MKr/M® I wwHRApa 1 p = 2.64 Mxr/M® ans
kynona. Ero pacuernoe conpoTueienHe cocrasmser [S): Ha cxarve R, ==17.0 MIla v Ry ., = 22.0 MITa;
Ha pacTkenune Ry = 1.2 MITa u Ry, = 1.8 MITa.

Jna ocTambHEIX KOHCTPYKIMH peakTopHOro OTAeNieHHa NpHHAT GeToH Knacca B15 ¢ moayseM ynpyrocti
E = 2.35¢** MTTa, xos¢dummentom ITyaccona v = 0.2 u nnoTHOCTEIO p = = 2.15¢> M)r/M®. Ero pacuertoe
conpoTHBIIeHHe cocTaBnser [S]: Ha oxarne Ry, = 8.5 MIla ¥ Ry ., = 11.0 MITa; na pacmoxenne Ry, = 0.75
MITa 1 Ry gy = 1.15 MITa.

ApMatypa BO BCex ciywasx npunara kinacca Alll. Ee pacuetHmie compoTHBiieHHs cocTaegoT [5]: Ha
pacTkenne B cxarne R; = R, = 365 MIla u R, ., =390 MITa.

B KOHEHHO-3)IEMEHTHOW MOXENM pPeaKTOPHOTO OTAENCHNA YYET JUHaMHYecKOro B3aHMONEHCTBHA
COOPYEHHS ¢ TPYMTOBBIM OCHOBAHHMEM OCYLICCTRIAETCA MOCPEACTBOM BBEJCHHA B KOHEUHBIE 3NEMEHTHI
$ynmameHTHON IIMTHL K03dGHuHenTa noctenu C, Npeanonarad, 970 B yanax, rie $yHnaMeHTHad JUTHTa
HMEET YO TNOAOMIBE KOHTAKT ¢ OCHOBAHMEM, BHIMOJHAETCA YCNOBHE paBeHCTBa Tpornbos yanos
dyHRAMEHTHOM TUIRTBI ¥ OKHAAEMBIX CECMOOCANOK.

OcHoBaHHeM e $yHOAMCHTOB Ha mnpommnomanke Xwuensauukol ADC ARMAIOTCA  aprwuITO-
ICBPOSIMTOBBIC TOMIM ¢ DpOCHOAMH Necdanuka. [pydr cnaboBbiBeTpesbif, TOMYCKaNbHBIH,
TPENAHOBATEIA, PacUETHbIC 3HAUCHAA KOTOPOro NPHHATE! pasHEMu p = 0.2314 /w’; E= 240000 T/M*; v =
0.25 u xo3ppuumenT nocrenu C = 1.34947 /M’

MogansHbli aHAM3 B COMOCTABJICHRE PE3YALTATOB PACYETOB

Ilia onpeseneHus OCHOBHBIX NHHAMHMECKMX XaPaKTEPHCTHK 3JaHMsl PEAKTOPHOrO OTAeneH#s Grum
pa3paboTaHEl KOHEHHO-INEMEHTHBIC MONEM HA OCHOBE ¢MIHOH NIPOCTPAHCTREHHON pacyeTHoM cxeMbl
nprMenuTensto k [IBK SCAD # BK ANSYS.
IpenpapuTeNbHO B pacyeTHOA cXeme OBUTH HasHadeHbl Y3Nbl, B KOTOPLIX COCPEROTAYMBATIUCE MACCH
coopyxeHmns. [ing pacuera 9acTOT H OpM co6CTBeHHLIX KojeBaHmit Bcero Gsut mpuHAT 301 y3enm ¢
€OCPEAOTOUECHHBIMA NHCKPETHEIMY MAcCaMH, B TOM YHCTIE:

¢ 141 - 3amuTHan o6onoqka;

e 12 - BOKCOBBIE KOHCTPYKLMH BHYTPH 3alRTHOA ofonoykw;

e 73 - ofictpoiika;

¢ 75 - ctwobar,
B KOTOPEIX COCPEXOTOIEHKI MAcchl C BOIMOXHOCTHIO KosiebanHit nmo HanpasnennsM oced X u VY, npu
AOCTATOMHO paBHOMEPHOM PacrpeReIeHHH ITHX Y3JIOB 110 KOHCTPYKUHAM.
T crwnobata Macchl cocpeIoTOYEHb B YPOBHAX IUIMT cTUN00&Ta - 910 0TM, 0.0, 3.6, 6.6 u 13.2. Ins
oberpofiku n 6okca Macchl COCPeNOTOYEHH! B YPOBHAX NEpeKphITHi ITakedl. Jlng saumrHolt ofonoaxd
Macchl COCPEAOTOMEHEI B 12-TH yanax, pacnoNIOKEHHBIX 0O OKPYXHOCTH 060n0YKNW; YPOBHH
COCPENUTOUERHA ITHX MACC HAYT, B OCHOBHOM, YE€PE3 KMUIbIE 3 APYCa KOHEYHBIX 3/IEMEHTOB.
B cymMapHyr0 Maccy peakTOPHOro oTaenenus - 28114.117T-c¥/M BoULH COBCTREHHBIA BEC CTPOMTENLHA(X
KOHCTPYKUMA N BeC TeXHONnoru4eckoro ofopynopanns. OGmee KONUYECTBO aKTHBHBIX Mace - 903,
Bcero B pacuere yunThiBanock 16 GopM coGCTBEHREIX koNE0aHM T COOPYXEHHS.
PesymLTaTel COMOCTARNIEHAA BBIMHCJACHHLIX 4YaCTOT KOAeOaHMH pEaKTOPHONO OTHENCHHA NHO JMBYM
BEMTHCIMTEITHEIM KOMIUICKCaM ITpECTaBNCHb! B Tabmine 8.

Tabauua 8
ConocraBjieHHE BEIHYHH co6CTBEHHBIX YACTOT AAHAMHIECKOT0 AHATH3A
N Yacrora, I'T] A,
dopmur SCAD ANSYS %
1 2.843 2.849 0.2
2 2.943 2,792 - 5.1
3 3.973 4.016 1.0
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N Yacrora, I'L] A,
_dopmMsl SCAD ANSYS %
4 4289 4.261 0.6
5 4.661 4.823 33
6 4.837 4.761 1.5
7 5.397 5.274 2.2
8 5.743 5.924 3.1
9 5.953 5.861 1.6
10 6.754 6.805 0.7
11 6.801 6.835 0.5
12 7.329 7.352 0.3
13 7.385 7.396 0.1
14 7.433 7.438 0.0
15 7.437 7.448 0.1
16 7.675 7.810 1.7

Kak BuaHo u3 [IpEAcTaBJIEHHBIX B rabmine 8 JAAaHHBIX, COFOCTABJIEHHE PE3YNBETATOB BBIYMUCNEHMA
YacTor KonebaHui PCAKTOPHOTO OTAENEHHR NO ABYM BBIYHCAUTCABHBIM KOMIUICKCAM IIOKAa3zallo uX
AOCTAaTOYHO Xopomee COBNaacHue,

Bo3aeiicTBHA B HArPY3KH Ha KOHCTPYKIUH PeaKTOPHOIO OTHe/ICHHsE

Pacuer KOHCUHO-3/IEMEKTHON MOXENN BLIMONHANCA HA C/eMYIOIIME HATPY3KH M BOINIEHCTBHA, OMMUCAHHE
KOTOPLIX NPHBEICHO HIDKE.

IlocTosiHHBbIE HAPY3KH
CobcrreHunit Bec KOHCTPYKiuit. CoOCTBEHHBIC BECR HECYIMMX M OFPAXAAIOIMX CTPOHTENBHBIX
KOHCTPYKMHI H TEXHONOrHMYeckoro o6OpyHOBaHMS DEAKTOPHOIG OTAcNEeHHs, cofpanbl cornacHo
ROATAACHBM ILRAKAM M CXeMaM PacnpeesicCHUA BECOR 110 ITMKAM, NPEACTaBeHHbX B pabote [13)].
HarpyskH oT ofxarus 3amHTHOA 060/104KM apMOKAHATAMU. BeUunHb! ycunnli B apMOKaHaTaX CHCTEMbI
ApeABapUTEIHHOT0 AATHKEHU 3aXHUTHOH 0G0MOMKH NPUHATSHI CJTCTYIOMIHMI:
¢ UMNMHAPMYECKAH uacTh 32lMTHOH 060f0MKM - Bce 96 apMOKAHATOB HATAHYTHI Ha
ONMHAKOBYIO BEMUUHHY - 7.84 MH waxnbtif;
e KyMNOJIbHAS YacTh - Bce 36 apMOKAHATOR HATYHYTHl Ha OAMHAKOBYIO BenuuuHy - 7.62 MH
KaKpRIi.

BpemenHble HArpy3KH
Habmmonnoe eHympenhee Oasnetine. B pacyeTax NPUHATO HECKONBKO REAHYUH HAGLITOUHONO
BHYTPEHHENO HABNEHHUS B 3AIIUTHOM 060/104ke peakTOPHOTO OTAENeHHs coracHo [8]:
e BRenMYMHA H3OLITOTHOrO BHYTpeHHEro JaBieHHs pasHa q=0.46 MIla (4.6 atM) n
COOTBETCTBYET PEKNMY NPEIUTYCKOBRIX HCIIBITAHKIA;
e BemMYKHA MIGKITOYHOrO BHYTPEHHEFO faBNeHHs parHa g=0.4 Mlla 1 COOTBETCTBYET PEXHMY
APOEKTHO#M aBapnmu;
e BenMYHHA UGRITOYHOFO BHYTPEHHENO AarneHud pasHa q=0.17 MiTa 1 COOTBETCTBYET pskuMy
HAPYIUEHUS HOPMATLHBIX YCIOBHI SKCIUTYaTALUH.
Temuepamypa. B pacuetax NpuHATO HECKONBKO BEIHYUH TEMNEPATYPHOTO BOIAEACTBUL:
e TeMflepaTypHaf Harpy3ka cpefpl BHYTpPH xene3o0eToHHON obonoukH paBHas t°=150°C
COOTEETCTBYET PEIKMMY MPOEKTHOM apapuH cornacuo [8];
e TeMnepaTypHad Harpy3ka Cpefbl BHYTPH xenelobeToHHoi o6onotuku pasHaa 1°=90°C
COOTHETCTBYET PEXHMY Hapyllenus HOPMATBHEIX YCIOBUH SKCIUTyaTalBy cornacHo [81;
& TeMmneparypHas HATpPY3Ka OT KAHMATHUYCCKOTO BO3NEHCTRUMS COOTBETCTBYET CPERHEMECAYHON
TemMepaType B AHBape HapykHOro BOIAyxa: t°= -5°C u t°= 20°C BHyTpH 3auMTHON 060oNR0YKM
1 IPUIEraromHX K 0000uKe noMeweHui cornacHo [2].
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Ocobrre BrO3ACHCTBHA
Bosoywnas ydapnaa eonna. B kavecTBe pacu¢THOrO BO3AEHCTBMA HA KOHCTPYKUMH PEAKTOPHOrO
OTNEMEHHA NpHHSTA cornacHo {7, 12] Bo3AywHaA yNapHad BOJIHA CO CMIEAYIOMHMY TapAMETPaMA:

s p3GriTouNoe marnenne Ha bponTe - APy = 30 KITa = 0.03 MI1a;

®  MPOROIKUTENILHOCTE (hasbr cxxaTus - . = lc.
[IpuHATO, YTO yAaapHasd BOJIHA PACTIPOCTPAHACTCA BROJMB OCH 3MaHWA, HANpPaRIeHHE AEHCTBAA
FOPH30HTANBHOC.
Crepu. VIHTeHCHBHBIH MasToMacoTaGHEIR BRXPL (CMepY) NpHHUMacM ¢ napameTpamn (1, 12):

*  TOOBAA BEPOATHOCTH NPOXOKICHHA CMEPUa Yepea nollanky P = 1.27-107 miomamxa/ron;
Khacc yHTeHcuBHocTH K = 3.4;
MaKCUMANLHA8 CKOPOCTh BPallleHUs CTEHKH BOporku cMepua V = 90.7 m/c:
MAKCHMANbHAS NOCTymaTeNbHas cKopocTk cMepya U =22.5 m/c;
JUTHHa 30HBI TpoxXoxaeH L = 46 km,

® JIMPHHA 30HBI S =450 M.
OunpeaencHue BENWYHH AaBleHMA Berpa Ha 3namme. CornacHo [12] naenenne serpa ONpeAesiAeTca Mo
dopmyne:

w=W,-C,
rae C - a’poauHaMuyecKHi koapduuMeHT, onpezensembii nmo [4]; W, - HOpPMaTHBHOE 3HaucHUe
BeTpoBoro ApasneHHs Wy= 0.5 - k - p Vi | ok - k03¢ PHUUEHT npHBEACHUS, YYHUTHIBAIOLIUA
NPOCTPaHCTREHHYO HEOJHOPOAHOCTD NONA BOITyHOrO N0TOKA B CMepye H anpejenseMslli mo rpapuky B
3aBMCHMOCTY OT oTHOWeHMS h/R; h -~ ropu3oHTanbHLIA pasMep (B IUIOCKOCTH, [1EPHEHIMKYMAPHOR
HaNpageHHIO BeTpa) IUIOWANM, ¢ KOTOpPO#W cobupaeTcs Harpyskda; R - paauMyc, COOTBETCTRYHMIME
MaKCHMatbHOH CKOPOCTH BpallcHHS BO3XYWHOro NMOTOKA,
Jns nnreHcusHbIX cmepuei R = 50M.
Jlnsl rOpU3OHTAILHBIX Pa3MEPOB 3aaHus 66x66M cooTnomenne W/R = 1.44, orcrona npunnMaem k =0.51 u
p = 0.132 kr-ci’/M* < mnoTHOCTs BO3MyXa; Vy = V + U = 90.7 + 22.5 = = 113.2 m/c - MakcHMansHas
CKOPOCTh BO3QyXa.
ITpy onpenesieHuH 1aRIEHNS BETPA B XAPAKTEPHBIX TOYKAX 30AHHA IPHHATO.

® (CKXODPOCTh RETpa H, CNEAOBATE/IbHO, HABMEHWE BETPA HC U3MCHAIOTCA TI0 BHICOTE Hal

MOBEPXHOCTBIO 3EMITH;

&  TAHTCHUMANBHAA COCTABAAIOLIAX CKOPOCTH BETPA ONpeNe/aeTcs BhIPpAKEHHAMMU:

V=(I/R) - V(0<r<R)

V=(R/M)-V(R<r<ow),
rae V -MakCHMafbHaA TAHTEHUHANbHAA CKOPOCTh BETPa; R - paanyc, coOTBETCTBYIOWUA MakCUManLHOH
CKOPOCTH Bpall€HUA BO3QyUIHOIO TNIOTOKaA.
3ravyeHHd a3poaHHaMudeckux kodhduuneHToB C A4 30aHUA PEAKTOPHOrO OTASNEHKA cornacHo [4]:

* o (PORTANLHOM cTOpOHe 31aHus (cxema 2) C =+ .8;

®  [10 TOpPUAM ¥ C IOOBETPEHHOH CTOPOHEI 31aHus (cxema 2) C =- 5.
BriHenenne aspoauHaMHyeckpx koddduurentor C HA LHAHHAPKYECKYIO YACTh 3alUMTHOA 060NOUKH
BBINOJTHEHO cOMIacHo [punoxeHuto 4 (cxeMa 126) [4].
AspoauHamuueckie ko3pduienTsl C Ha KynoJbHYX 4acTb IAWMTHOH 0GONOYKM NPHHATSI COTNTAcHO
[Tpunoxexnto 4 (cxema 3) [4).
HasneHue, BrI3RAHHOE HIMEHEHHEM aTMOcdepHOro asiaeHus. B coopyxenusax 6e3 MpoeMop (3aKpbIThie
COOpPY)XEHUA) BHyTpeHHee JaBIeHHE OCTaeTcf PpaBHBIM aTMochepHOMy 10 nNpWXofa cMepua.
CneaoBaTensHo, BO RPEMA €0 NPOXOKAEHWI PAIHOCTh MEXIY aTMOCHEPHBIM AaBNIEHHEM H JlaBJICHUEM B
LieHTpe BOPOHKH cMepya GyeT HATPYXaTh HAPY KHBIE CTEHB.
TouHoe pacnpeneseHne pa3psKEHUS HO HOBEPXHOCTH MOXHO ONIPedCHTE C JOMOMAIO Qopwyn,
BBIPOKAOUINX 3ARMCHMOCTE MEXTY REJUYHHOMA PAIPIKEHNR W PACCTOSHUEM OT PACCMATPHBAEMON TOYKH
A0 LIEHTpa cMepya:

Ap(H)=0.5-p- Vi  2-P/R*) (0 <r<R);

Ap(D)=05-p Vi - (P/R})R<r<w).

> o @
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Kak cimegyer M3 npHBefeHHLX GOPMY, HauOoNbldee PA3PHKEHHE Y HAPYAKHOH CTEHBI JOCTHIAETCK B
MOMEHT BPEMEHH, KOrjJa UeHTp CMepya HaXOMMTCA Haj HeH B NPEANONRONKEHHH, YTO CMEPM ABIDKETCA 00
OCH CUMMETpPHH 371aHua OX.
Cepcvmveckue Bo3fielicTRug. Pacuer NpoMSBOAMTCA COMIacHo TpeGoRanuaM [2, 6, 7, 9-11] ¢ yuwerom
AeACTBHA ceiiCMMIECKMX CHJT B TPEX HAMPaBACHHAX OQHOBPEMEHHO.
MpuHnATa BenHYMHa MpoekTHOro 3emuerpaceHns ([13) - 5 6annoB, MaKCHMANBHOTO pacyeTHOro
aemnetpscetins (MP3) - 6 6amnoe no wixane MKS - 46.
B pacuere yuutsiBacTed 16 popM coBerBeHHBIX KoneGaHuit coopy KeHHSR.
KOSIM4eCTRO AMHAMMMECKAX COCTABNAIOIUMX PABRHO KONHHECTRY (PopM coBCTBEHHMLIX KonmeGauui, MO
KOTOPLIM  PACKNA/bIBAETCS  AMHAMMWMECKAA  HArpy3ka. 3HAYEHMA  CCHCMHYECKHX  HAarpy3ok,
COOTBETCTBYIOLIMX KOKAOA (opMe cOGCTBEHHLIX KOneGaHwuii, BHIMUCNEHBI cODTacHO nmonoxennaM [3] ¢
yderoM Yykazawu#i (7], npu 3TOM pacyeTHOE 3HayeHMe ceficMMMecKOol Harpy3iksl IpH  pacuere
CTPOMTENBHRIX KOHCTPYKUMA 31aHNA PEAKTOPHOrO OTAENEHHS OHPEAC/UIOCh C HCTIONb3OBAHUEM NHHERHO-
CTIEKTpANLHOA TeopHH celicmoctofikocTy. CeHCMHYECKHE MHEPLUOHHEIC HArPy3Ku KOPPEKTHPORANHMCh
CREQYIOWHAMM KO3 PPUUHEHTAMM:

ek, — ko3 dHLMeHT, 3aBUCAIMA OT KATENOpUH ceftcMocToltkocTH, ki=1;

*  ky — k03 PULKEHT, 3aBHCAIMIA OT BHICOTEI COOPYXeHud, k,=1;

ok, — k0aQIpHIMEHT, YIUTEIBAIOIIMHA 3aTyXaHHE b cUCTeMe, k,=1.

PacyeTHbIe COWETAHUS HATPYIOK H BO3eilcTBRIA

OnucaHHsIe BpYUIES HATPY3KH H BOIASHCTBUA B PACHETHOR CXEME PEAKTOPHOIO OTHENEHHA NPEACTABNCHEI B
BUJIE NECATH OTHENBHBIX 3ATPYIKEHHIM:
1. [penobxatie 3amMTHOK 060N0UKH YCHITHAMK B 8pMOKAHATAX BEIHYHHONT.84/7.62.
2. CobeTheHHBI Bec.
3. N36errognoe nannenue.
4. Temneparypa MIIA+ - 1 BapuanT.
S. Temneparypa MITA— - 2 Bapuaut.
6. Bozgyminaa yaapHas BOHA.
7. Cmepu N 1- aarneHue serpa.
8. Cmepu N 2- nepenan nasnenmni.
9. Ceiicmuxa - T13,
10. Ceficmuxa - MP3.
B coorsercruy ¢ TpebosaHmaMy [3] png pacuera 3aMTHON OCOMOUKM NPUHATH! fSTH PECYETHHIX
coyeTanut Harpy3ok Y Bo3felcTBuil. Bemtunsnl kKO3QOHHIIEHTOR COYETaHMA HArPY3IOK W BO3NEHCTRHIA
TIPHHATEL B COOTBETCTBHH ¢ TpeboraHusmu [4, 7, 8].
Kpome nonoxkeHui, Han0XeHHbIX BhIIIE, TAKKE YITEHO ClEAYOLeE:
¢ Temneparypa 3aMbIKaHMA 3amuTHOR 06onouky coctarmer 20° C;
® TEMIepaTrypHoe TMOJle ECTECTREHHOTO KIIMMATHUCCKOrO TeMNEPaTypHOro BO3ACHCTBHSA,
ACHCTRYIOMIEE HA BHEIIHION MOBEPXHOCTh 3AUMTHON 060JIOYKHN PEAKTOpa, PACIPE/ENeHo He
PABHOMEPHO N MPHIOXKERO ClEAYIOIMM obpasoM. Brime orMerin +46.0 M, re BHELIHAA
MOBEPXHOCTE 06O0JIOUKH He 3aUMIICHA pACNONOKCHHBIMH PAMOM € HEH KOHCTPYKUMAMM
ofcTpoitku, NeHcTBYeT TeMmepaTypa t, = -5° C, a Hike, B 38IMAUIEHHOR KOMCTPYKLMAMM
oficTpofixu 30He, AcHCTBYeT Temneparypa t, =+20° C B COOTBETCTBHH ¢ TpeGoBanMaMH {2];
¢ BO3LEHCTBUA OT YyJapHoH BOMHE! H BEpOSTHONO CMepya TAloke IEMCTBYIOT TOABKO Ha
BHEIHIOO, HE 3aIMINEHHYIO KOHCTPYKIMAMH OGCTPOfKM MOBEPXHOCTE 3AIIMTHOH 0BONOMKM,
TO ECTh BhIlze OTMETKH +46.0 M.
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AHANH3 K CONOCTARJICHUE Pe3yALTATOB PacyeTa PeaKTOPHOro OTACNIEHHS,
BhInonnendbix ¢ npumenennem IIBK SCAD u BK ANSYS

Pacyer peaxropHoro otaenenns ennossen ¢ npumerHeyuem [IBK SCAD n BK ANSYS.

B pesysbrate BBITIONHEHWA PaCcyeTOB HA AEHCTBHE CTATMYECKHX HArPY3OK TIONYYERBI 3HAYEHWS
YaNnosbix fepeMelileHwit M HANpPsDKCHUA B UEHTPaX KOHeyHMx aneMenros. Kpome storo, ans
KOHEYHBIX 3JEMEHTOB DEAKTOPHOIC OTAeNeHMA BEYUCTeHml ycunus Mx, My, Mxy, Qx, Qy u
Hanpsxkenus Nx, Ny, Txy B ueHTpe KoHeuHhix anemeHTOB. [IJ14 3212y AMHAMMKY I0Jy4eHbl
3HAYEHMS YaCTOT Y NEpHOoAp KolebaHuit, a Takke Ko3pdHuHeHTs! DOPM.

Jns mpoBepkud TOYHOCTH pemreHUs B Tabmuax 9—16 npuBOAMTCS cpasHenMe DE3yNbTATOB,
MOTYYEHHBX B Xofe pacyeroB ¢ ucnosnb3aosangem I[IBK SCAD u BK ANSYS. Cpasnerwe
Pe3yIbTATOB BBIIOJHAETCS [0 Y3J1aM, KOTOPBIE PaclIONOKEHBI B XapaKTEPHBIX 30HAX COOPYXCeHHA
N Hambosee APKO OTPAKAWOT NMOBEAEHUE KOHCTPYKUMI peakTopHOro oTaeneHus. Kpome atoro, mno
ofpasyonteii  3awMTHONM O060NOYKM BBIOGPARO HECKOJAbKO Y3JNOB, KOTOPHE TDEACTABASIOT
KaYeCcTBEHHYIO KapTUHY paborsl 3auIUTHON 060MOYKM NOX AeHCTBMEM DPA3IYHLIX NPHHATHIX
THoe Harpysox. Ysen N 1511 pacnonokeH B 3eHUTE KYTOAbBOH 4acTW 3amMTHOH o6onoyku, N
1331 ABnsercsas MPOMEXYTOUHBIM Y3I0M W PACNONOKEH B KYTONBHOM 4YaCTH MEXAY 3CHHTOM H
KAPHHAOM 3a1UTHON 060s10uKy. ¥V3asr N 1091 u 899 pacnoNoXeHK B MECTe COMPAKEHMS KYIIO/2a
¢ ymaunapom. Yanst N 333 u 661 pacnosoxeHs! Ha QMAHMHAPHYECKOH YacTH 3aTUMTHOH 0607108KM
(cM. puc9). Vaaet N 2245, 2313, 2233 u 2325 Haxonsrcs mo yraaMm obcrpoitkut peaxTopHOro
OTAENEHUA, ¢ BHEWHEH CTOPOHBI M ONMpeAC/SIOT TNOBEACHWE CTPOUTENBHBIX KOHCTPYKUMIA
06CTPOTKY DEAKTOPHOTO OT/ACAEHHA NPK BO3ACHCTBMM Ha HUX HArPYSOK.

257777 N
Vrizammm IO

- 899

661

333

Puc. 9. Pacnonoxenne y3n0B Ha KOHEYHO-3J1EMEHTHOR MOIENH 3AIMTHOM 0GOIOUKH,
U1% KOTOPBIX [TPOBOAVIIOCK CONOCTAB/IEHHE PEe3Y/ILTATOR PacyeTos,
BeINOAHERHBIX ¢ MpuMeHeHueM [IBK SCAD n BK ANSYS
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Puc. 10. Pacnonoxenue yaios Ha KOHEHHO-3IMEMEHTHOR MoenH o0cTpolixy,
U8 KOTOPBIX NPOBOANIIOCE COTMIOCTARAEHHE PE3YIILTATOR PacyeTos,
BhIlONHeHHBIX ¢ npuMeHennem [IBK SCAD u BK ANSYS

Pesynbrarel pacuera peaxropHoro otienexus sHeprobnoka N [ Xmemasuuukoft A3C ¢ peaktopom THMa
BBOP-1000 npu 1 BapuanTe 2arpyxcedus npeacrashenkl B Tabn. 9. B stoMm chmydae BcA Harpyska
NPUKTaALIBAETCA Ra 3AUIBTHY IO 060!10‘()()’, YTO BbI3BIBACT OCHOBHbIE YCHIIMA U NEPCMEUICHUA HUMEHHO B
KOHCTPyKumnx obontoukn. B cBaszm ¢ TeM, YTO YCHIMA B apMOKaH2Tax HE OAMHAKORBL]L, B 3ALIHTHOM
060104Ke BO3HMKAET CIIOXKHOE [POCTPAHCTBEHBOE  HaNpAMERHO-ACHOPMHUPOBAHHOE  COCTOBHYE,
Hanbonbiine BepTHKATLHBIE NEPEMELICHHA, B HanpardeHuu ock OZ, pacnononeHsl B 3eHUTe KyNONbHOM
yacTH o6onouku. B Hanpasnenun OZ rnoGaibHOR CHCTEMBI KOODAYIHAT, MAaKCMMAMLHLIC MepEMELIEHHA
HaOMORAOTCA B KYyMONBHOA YacTH H cocTaenfroT 15.09 MM. BepTukaneHnie nepememenus B
KOHCTPYKUHAX 06CTpoiikn ¥ Ha $YHIAMEHTHON [UIUTE PeaKTOPRONC OTACNEHHA, MPH JaHHOM BapHaHTe
3ArPYKCHMA MPAKTUHECKH PABHLL HYIO.

Tabauua 9

3arpyxensie 1. [peno6xkaTue 3aMUTHOI 0GWIOUKH YCHIHAMY B aApMOKaHaTax
BenuunHoH 7.84/7.62

Ne Ne Iepenemenitn A Yepememenns A. [Mepemerennn A
yana SCAD | ANSYS % SCAD | ANSYS Y SCAD | ANSYS %
n/n ux, MM ux, MM uy, MM vy, MM uz, MM uz, MM
I 333 -6.598 | -6.6355 6.2 0.00 0.00 a. -1.836 -1.7468 4.6
2 661 <7.372 -7.4153 1.4 0.0238 .02391 0.5 -4.367 -4.2498 2.3
3 899 -3.350 -3.3805 0.0 0.1012 1186 83 -6.148 -6.0176 2.1
4 1091 -2.973 -2.9674 0.2 0.1779 164 4.1 -7.075 -6.9369 2.3
5 1331 -3.599 -3.5919 0.0 0.2096 .18708 9.4 -12.90 -12.759 1.1
6 1511 -1.985 -1.9816 0.0 | 02154 21326 0.2 -15.08 -15.091 0
7 2233 -0.669 | -.064598 | 03 -0.044 | -.046905 | 6.3 -0.073 -0.073 0
8 2245 -0.073 | -.069529 | 5.2 -0.024 | -.022694 | 8.1 0.0174 | -.016% 1.3
9 2313 0.0119 | -.012820 1.1 -0.105 -.11880 4.5 -0.038 | -.034001 2.]
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Ne Ne TMepemernenna A [Mepememtenna A Ilepemetucunn A.
yiia SCAD | ANSYS Y% SCAD | ANSYS % SCAD | ANSYS %

n/n ux, MM ux, Mm uy, MM | uy, MM uz, Mm uz, MM

10 2325 -0.016 | -.023170 1.4 0.00 .000 0 0.00 000 0 |

Peayastatsr pacyera peaktopHoro oraenenus saeprobnoka N 1 Xmenwnuukoii A3C ¢ peakropom
tina BBOP-1000 nipu 2 BapuanTe 3arpyxenus npeacrasiaensl B 1261, 10. CobCTBeHHBIR Bec
KOHCTDyKuHﬁ PE2KTODHOIO OTAEJEHHSA BbI3HIBACT B OCHOBHOM BEpPTHKAJNBHbLIC nepeMeneHng
coopyxenuns.. B peaysbrate 310l Harpy3ku B pabory BKIKOYACTCS YTIPYTOE OCHOBanMe, Bemwunnn
nepeMeltedyid Ha Jo4owmBe MYHAAMEHTHOH MAMTH, B Hanpasaesuu ocu OZ, coctasunyu 0.89 mm,
HessauurenbHule nepeMelleHUs TPYHTA CRSI3aHBI € TEM, YTO eCTECTBEHHblE [PYHThI, CAAraOUHe
ocHoBaHue 1104 XMebHUUKOW ASC SBAAOTCA MOAYCKAMBLHBIMH. MaKCHMANLUblE BEPTUXANLHDBIE
TepeMellenyst NPU  AZHHOM  3arPYXEHWM PACNONOKCHEL B KYNOne 3aUMTHOK 060J0UKU U
cocTasasor 5.79 M. FopusonTaibHble BeNyRIHHBI TepeMEUIeHHUH 10 BCEMY COOPYXKENHIO B 11ETIOM,
He NPeBLINAT 1.2 MM.

Tabauna 10
3arpyxenne 2. CobcraeHRbLIA BeC.
Ne No {Tepememenun A [Meperemennsn A. [lepemewennn A.
n/n y3na SCAD | ANSYS Yo SCAD | ANSYS % SCAD | ANSYS %
ux, MM ux, MM uy, MM uy, Mat nz, MM uz, MM
1 333 0261 0.025 4.1 -.2020 -0.2 0 -3.177 -3.169 i
2 66t -.2707 -0.265 2 - 2060 -0.189 8 -3.841 -3.839 0
3 899 -3728 -0.367 23 - 1988 -192 3 -4.231 -4.19 1
4 1091 - 8243 -0.805 2.5 -. 1968 -.1963 ¢ -4.456 -4.411 l
5 1331 -1.146 -1.142 0 -. 1966 -.1959 1 -5419 -5.40 0.5
6 1511 -1.065 -0.99% 6 - 1943 -.189 3.2 -5.793 -5.789 0
7 2233 -.0755 -0.073 7.1 -.5509 -.5021 8.1 -3.307 -3.107 6.3
8 2245 -.5283 -0.509 3.1 -5776 -.5623 3.3 -2.985 -2.94 I
9 2313 -.3253 -0.323 0.4 -.6867 -631 85 -2.602 -2.59 1
10 2325 -.2059 -0.199 4.5 -.6046 -.5%6 22 -2.158 -2.07 4.3

Pe3ynbTarel pacyera peakTOPHOrO oTaeiedus aHeprobrnoxa N 1 Xmenbuuukoii A3C ¢ peaktopom
Tuna BB3P-1000 npy 3 papuanTe 3arpyxenus npeictasaensl B Taba. 11. UabprrouHoe nasnenue
MPIWIOKEHHOE K BHYTPEHHWM noBepxHocTsm 30 u Bepxy miaMThl cTiiobata, cosaaowedt noa 30
"AHUUIE', BBI3BIBAET HEPEMEIEHNsA NO BCeM TPEM HaNpaBleHWAM TIHOGaNbHON  CHCTEMBI
xoopanHat. B Hanpaesenuu ocu OZ naubosbluue nepeMeiends HaOMIONAOTCA B KYIOAbHON
vactu 30 u coctasamor 15.6MM, TopK3oHTANIBHBIE TIepeMelleHysl IO HanpaBaeHuaM oceii OX u
OY npunumalor HauboabLIMe 3HAYCHNS B UMIMHpIYeckoi wacth 30 n cocrasaaioT 6.65Mum.

Tab6anua i1,
3arpyxenue 3. HafniTounoe 1aBnenne.
Ne No Iepememenust A, lNepememernin A, Iepemcmennn A
Wa y3na SCAD | ANSYS %o SCAD | ANSYS Y% SCAD | ANSYS Yo
X, MM ux,mMmM Uy,MM uy,Mm HZ,MM uZ,MM
l 333 6.792 6.6549 2.4 -1775 -.16410 9.1 2.277 2.203 3.5
2 661 7.023 6.8789 2.1 -3384 -.35018 4.2 3.564 3.5029 2.1
3 8§99 2.448 2.3306 4.3 - 4671 -.46728 0.2 4.598 4.542 23
4 1091 8372 .82079 23 -.3494 -.57616 5.4 5.132 5.0626 1.1
5 1331 2382 2.1342 1.1 -.6107 -.6381 4.1 12.79 12,670 1.2
6 151¢ 8524 8833 4.6 -.6251 -.65507 5.5 15.60 15.592 0.3
7 2233 0358 035237 22 0279 02569 7.2 1355 .133808 1.1
8 2245 .1325 14140 6.1 -.1319 -.12308 6.3 0752 0813 7.3
9 2313 -0610 -.06609 7.4 1566 1.5156 3.7 .0922 .084315 8.2
10 2325 .0258 0.2770 15 .0225 .03566 4,1 1326 0131356 1.3
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PeaynbTarkl pacdeTa peakTOPHOIO OTAENeHMs 3neprobmoka N 1 XuensHuLkol ADC ¢ peaxTopoM Tuma
BB3P-1000 npu 4 u S5 papuatTaxX 3arpyxeHus mpenctaBfens! 8 Tabn. 12 u 13. B pesynbrate
TEMITEPaTYPHOr0 BO3AEACTRHMA, REHCTBYIOLNErO HA BHYTPEHHIOK U BHEIUHIOIO [OBEPXHOCTL 3ALHTHOM
060NOYKM, B KYNONBHOH 9actH HaOmoIaloTeAs RepTHMKANBHEIC MepeMelieHus pasHete 10.97 mM.
MakcHMansHble MOPU3OHTANLHBIE NEPEMCIUEHUA cocTaBund 643 MM, Owu  pacntonoxeHsl R
UHAMHApHUECKOl uarT 1A THON ofomoury

Tabauua 12
3arpyxende 4. Temnepatypa MIIA+ - 1 Bapuant
Ne Na Mepemetnenns A Nepememennn A Hepemetnenun A_T
o/n yma | SCAD | ANSYS % SCAD | ANSYS % SCAD | ANSYS %
nX,MM ux,MM uy,MM uy,mm MM uz MM

1 333 4.843 4.643 4 -0464 -.0427 7.9 2.811 2.789 0.1

2 661 4.650 4.590 ] -0921 -.0899 23 5.739 5.841 1.8

3 899 6.326 6.429 1.1 -.1291 421 6.2 7.779 7.812 0.5

4 109t 4.115 4.317 46 | -.1503 -.1489 1.3 8.846 8.237 6.7

5 1331 2.340 2.241 29 | -.1480 -.1413 4.7 10.97 10.68 1.8

6 1511 .2263 2162 4.4 -.1375 -.132 3.6 11.07 10.97 1.2

7 2233 .0470 0442 6.3 -.1270 -.1218 3.9 1166 .1201 33

8 2245 | -.0381 -0352 7.6 -.0388 -.0396 2.1 1083 .0993 8.3

9 2313 .2359 2321 1.2 -.1090 - 1157 5.2 1452 .1391 4.1
10 2325 1611 1673 3.5 -.0408 -.0412 0.9 0544 .0512 5.8

Ta6anua 13.
3arpyxenue 5. Temneparypa MIIA-- - 2 BapuauTr
Ne Ne Iepemenrenna A. TlepeMewterun A. flepemewtenna A
/n yara | SCAD | ANSYS % SCAD | ANSYS % SCAD | ANSYS %
ux,MMm UX,MM uy,MM uy,MM UZAMM uz,Mn

1 333 4.860 4.69 3.4 | -0650 -.0621 4.4 2.826 2727 3.5

2 661 4.598 4.491 2.1 ~1328 -.131 1.5 5.762 5.824 1.0

3 859 6.740 6.725 02 | -1870 -.182 2.6 7.779 7.813 0.2

4 1091 3.354 3.23] 3.6 | -2164 <212 18 8.548 8.626 0.8

5 1331 4599 A31 6.1 -2245 -2123 4.9 4.742 4913 34

6 1511 -.0528 -.0509 35 | -2190 -.204 6.8 3.329 3.251 2.1

7 2233 0522 0516 L1 -.1304 -1294 0.7 J181 109 7.6

8 2245 | -.038s -.0395 2.5 -0418 -.0398 4.7 .1063 .0982 5.3

9 2313 2356 224 4.6 -,1084 -.1031 4.6 .1429 1417 1.4
10 2325 1583 1613 1.8 -0419 -0398 5.0 .0565 052] 7.7

PesyneTaTtei pacyeTa peakTopHOTO oTAeneHust aHeprobaoka N 1 Xmensmmxoit A3C ¢ peaktopoM
tvma BBOP-1000 npu 6 papuanTe 3arpyxeHus npeactasireHsl 8 Tabsn 14, BozpelicTaue ynapuoi
BOJHSI Ha PeaKTOPHOE 0TRejleHHe B GONbluell Mepe BOCIPHHMMEETCH BHEIUHUMU QIpaXAI0IUMU
KOHCTDYKIIHAMM ¥ BEPXHed 4vacTblo 3aumyTHOM o6onowku. B cBA3M ¢ 3TUM HMEHHO B
OrPKJAOWUE KOHCTPYKUMSIX ¥ KYTIONBHON YACTH 3AIMUTHOM 060J0YKM BO3HUKAIOT HaUbOIbLIMe
NEPEMEVIECHUSL

Ta6muua 14.
3arpywenude 6. YaapHas Bojixa
Ne Ne Tlepememenyn A Ilepemerennsg A. Hepememenns A.
n/n yuia | SCAD | ANSYS % SCAD | ANSYS % SCAD | ANSYS %
ux,Mm uX,MM uy,mMM uy, MM N2ZMM UzZ,MM
1 333 .1496 .1501 0.6 .0893 .0842 57 -.5429 -.5236 35
2 661 1933 2013 3.9 1728 1691 1.7 -7209 - 7184 0.2
3 899 1116 1106 4.5 2057 2135 3.7 -.8385 -.8531 1.8
4 1091 1766 1643 6.8 2128 2218 4.1 -8872 -.8631 2.8
5 133] .05%0 .0541 8.1 2313 2404 37 -1.459 -1.503 34
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6 1511 2123 2116 0.4 2363 2216 59 -1.242 -1.31 5.3
7 2233 5010 497 0.7 A323 4217 23 -0193 -0]72 9.5
8 2245 -4617 -453 1.7 4736 A5 4.6 -.0614 -.0659 6.8
5 2313 5494 5385 2.0 -4370 -.4401 0.6 .00 00 0
10 2325 -3949 -3724 535 -.4722 -4905 4.6 -0612 -.0599 2.1

PeaynpTaTh pacyeTa peakTOpHOro ortaAeseHus aneprodnoxa N 1 Xmensnunkoin ADC ¢ peakropom
moa BBOP-1000 npu 7 8 sapuaHTax 3arpyKeHus npepcrasiennt B8 Tabn. 15 u 16. Brusmne
HATPY3KHM OT CMEpYa 13 PEaKTOPHOE OTAeJIeHUe, Kak M B CHy4ae BO3AEACTBMA YAapHOH BOMHBI,
BOCTIDHHUMAETCA BHEIIHHMH OTPaXAaION{MMK KOHCTPYKUMAMH U BepxHeil yacteio 30. B cBAsm ¢
3THM MMEHHO BO BHELIHMX OI'DLKNAWIMUX KOHCTPYKLHSIX Y KynodbHoi yacty 30 mabmoparorcs
HAaHBONbLIHE MepeMEILEHHU.

Tataunna 15.
3arpyxenHe 7. Cmepu N 1 - naprene peTpa
Ne Ne IepementeHny A Tlepememenus A [Mepemetnennn A
n/n yuia | SCAD [ ANSYS % SCAD | ANSYS % SCAD | ANSYS %
ux, MM | UX, MM uY, MM | Uy, MM uz, MM | uz, Ms
1 333 -2346 -.2292 21 000 000 0 .0697 .0703 0.8
2 661 -2114 -2012 4.7 -.0102 -.0099 2.9 .1023 .10 0.2
3 899 -2314 -.2295 0.8 -.0173 0165 4.6 1257 1261 0.7
4 1091 -.1953 -.1928 1.5 -.0234 -022} $.s 1480 1423 4.1
S 1331 -.1053 -0995 5.7 -.0242 -0228 5.7 4188 4201 0.4
6 1511 -.1486 -1501 1.3 -.0248 -.0239 36 3104 3132 0.9
7 2233 -5766 -.5694 1.2 -.0728 -.071% 1.2 -.1285 -.1301 1.5
8 2245 -.5319 -5281 0.7 0451 .0449 04 .1425 A5t 59
9 2313 -.5422 -5325 1.8 1119 0995 9 -.1357 -.1379 1.4
10 2325 -4982 -.5013 0.5 -.0620 -.0615 0.8 .1439 1402 2.1
Tabsnua 16,
3arpyxenue 8. CMepu N 2 - nepenan iaBlieHHH
Ne Ne Tepememenns A. {lepemcienng A. epememennn A.
n/n yia SCAD | ANSYS % SCAD | ANSYS % SCAD | ANSYS Yo
ux, MM | UX, MM uy, M | vy, Mm uz, MM | uz, MM
1 333 .2856 .2823 1.1 -2216 -.2196 0.9 1117 J121 0.9
2 661 2262 2166 4.4 -.2214 -.2193 0.9 .1437 1513 53
3 899 .2266 2308 1.7 -2199 -.2201 0.4 .1603 .1582 1.2
4 1091 1753 .1738 1.1 -2200 -2184 0.9 1593 1603 0.6
5 1331 .1859 .1826 2.1 -2273 -.2251 0.8 2420 251 3.2
6 1511 1536 .150] 1.9 -2340 -.229 2.1 1327 1541 1.1
7 2233 .8079 7973 1.4 -.3607 -.3597 0.2 1523 .1496 1.9
8 2245 .8871 .8635 2.7 -.5967 -.6021 1.1 -.2553 -.2502 1.9
9 2313 8825 8619 23 -.6416 -.6374 0.6 4184 4204 0.4
10 2325 .6925 .7032 1.1 -4188 -.4203 6.4 .0104 0113 19

Taxum ofpasom, B Tabmuuax 9 - 16 npeacTasieHbl NMEPeMeUIEHWA Y3JO0B, DACIOIOXEHHRX B
XapaKTePHbIX 30HaX PeaXTOPHOTG OTAEJNEHHs. ITH TNEpeMEelleHus], XaK Obl10 CKasaHO BhIUle,
oTIpeesieHs! MO OBYM BbiuMcinTenshhiM xomriekcam - [1BK SCAD u BK ANSYS. Pesyabratm
NPOBENECHHOIO COMOCTABIEHHUS BEJMYMH TIePEMEEHHN CBUALTENBCTBYIOT 0 JOCT2TOYHO XOpoureii
TOYHOCTH COBIAaZeHWs TONYYEHMBIX AAHBBIX, MOCKOJBKY CPEAHAS OTHOCUTENbHAN TOFPEUIHOCTh
HaxoguTen B fpeaetax 2.5 - 5.7%, 2 MakCUMANBHAY OTIIOCHTENLHAS TIOTPEIIHOCTh HE NPEBbIAET
9.5% u xapakTepHa AN COyMaeB pacyeTa Ha OCOOEIC BMIB BO3AEHCTRUYM Ha COOPYXKEHME.

Tlocnenuee o6bscHAETES pasauMMAMM B MeToAMKax, nipuMeHsieMbrx B [IBK SCAD u BK ANSYS
/I yHETA B KOHEYHO-IJIEMEHTHONH MOAENM PEAKTOPHOTO OTAENEHUA BANAHAS PEATBHBIX CBOHCTE
rPYHTOBOrO OCHOB2HUA (kK02diPUUMEHTA NOCTENN) U 3a4aHUA OCOfBIX BUAOB BO3AEMCTBHMIA.
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Tecrosrie npumepn k mocraponeccopy Apmuponaane (“SCAD-ARM™)

[Tpumep 1

[lpoBepra nogfopa MPOAONLHOM APMATYDM B CTEPXHEBOM SJEMEHTE IIPAMOYTONHONG
ceyeHHA, paboTarineM Ha warub (Ipumep 2 [1] crp.26).

Jano: npsMoyrospHoe ceyeHne paamepamu  b=300mmM; h=600Mm;
g=&L Ld57/2 2a=40MN; v,,~0.9 (HArPYSKM HEMPOROJKUTENBLHONO AEHCTBUS OTCYTCTBYIOT),
varnbaoumit  moment  M=200xH®wM; Getom  Tamenmit  xiacca

1 P 3 B15 (R,=~7.7MIla); apmarypa xiracca A-II (R,=280MIla).

i T Tpedyercd onpefennTs NROIMAND CedeHHs NPOOIBHON APMATYPH.

0 [ 3o o
,I,_LL_,L HanpsixeHHOE COCTOSIHME CeqeHUst MOAENVPYETCS B y3le 2 PacyerTHOoM
,|.___6.._0__._+ CXeMxl, puBegeHHOM Ha puc. 1. PaccMmarpupaercsa 6anxa wa Asyx onopax,

NPAMOYTOJIBHOTO CEYEHUA C Pa3MePaMM, YKA3aHHRIMU BHIIE, MPONETOM 6M,

Puc. 1 Jlna moayuerms usrnbaioutero Momenta M=200xH*M 6anka sarpyxena

PABHOMEDPHO paciipefesieHHOl Harpyakoi MHTeHcUBHOCTBIO q=44.4kH/M.

ConocrapieHye pe3yIbTaTos:

Ceyenye B pacyeTHOH cXeMe SCAD Teopna TlorpemmocTs, %

Vsen 2 15.4 15.28 0.779

Texcropsl ghartil HCXONHBIX JaHANX /te pacdera B cpexe "SCAD” v nonbopa apMaryper

(0/1;p2 - nsru6 B npsimoyroasHoM cevenun/9;1:1 2/10;1:1 2/)
(1/5112/5123))

(3/1 SO 235E4 30 60/)

(4/0/3/6/)

(5/112346/2246/32346))

(6/16311/26311))

(7/1 4.445/)

8/0000000111111))
(9/1150091A2A11000))

(10/44330000/)
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Ilpnmep 2

ITpoBepka noa6opa NMPOAOABHON apMaTYPhl B CTEPKHEBOM 3MEMEHTE NBYTABPOBOIC CeYeHMUH,
paboraromem Ha BHenestpeunoe cxarie (IIpumep 34 {1] ctp.81).

q=90.45 v/
(T2 T2PP R

N=660 r
12 13 A

i
| 211 21]

L 162
Puc. 2
60

|

10

JlaHo, pazMepnl CeMEHMA U PacnojioXeHue apMaTyph! - Ha pUc.3;
Gerton TAKEJIBER KHAacca B30 (Ry=19Mna  mpu  y,=1.0;
E,=2.9*10‘MIla); apMarypa CHMMEeTPHYHas KJiacca
A-111 (R;=R,=365Mna); npoxonvhas cwia N=6000xH; usrubarommit
MoMeHT M=3100xH"™M; pacueTHast IJANHAa 3jNEMEHTA: B ILIOCKOCTH
varuba [;=16.2 M, uz mwiockoctn usruba 1;=10.8 m.

Tpefiyerca onpelenuTs MAOWaAh CeYeHus MPOAOALHON aPMATYDBL.

HanpsokeHHOE COCTOSIHME CEYeHHS MOJe/IHpYeTcs B y3jge 2
pacueTHOH CxeMel, mpuBeJeHHOM Ha puc. 2. PacemaTpupaerca Ganxa Ha
ABYX Ofl0paX, ABYTABPOBOLO CEYEHHS ¢ Pa3MEepaMM, YKA3aHHLIMM BEILUE,
npoaeroM 16.2M. Ans noxyuenns usrubaromero MoMenra M=3100xH*m
6anka  3arpymeHa  DABHOMEPHO  DacmpefeNeHHOW  Harpyskoi
UHTEHCUBHOCTBIO  q=94.5xH/M; rmpomosbhHas  ckumalomas CUia
P=6000xH npunoxena B y3jie 3 U HanpaBjeHa NPOTWB OCH CTEPXKHSA.
Pacyer B cpene SCAD npouasenen npy y,=1.

5.0
,1[_4._

Puc. 3

Conocrasyenne pesynsTaToB:

CeyeHue B DACYETHOU CXEMe

SCAD

Teopusa

IorpemsocTs, %

Vaen 2

53.1

52.78

0.60

TexcToBrni harin HexXOqHEIX JAHHRIX 4189 pacyera B cpeqe “SCAD” w noxbopa apMaTypsr

(0/1; p34 - BHeuenTpenHoe cxatye, asyrasp,/91:1 2/10;1:1 2/)

(1/5112/5123))

(3/1 S3 296E4 20 150 60 20 60 20/)

(4/0/8.1/16.2/)

(G/112346/2246/323486))
(6/16311/26311/30121))

(7/1 9.45/2 600/)

(8/00000001.11111))
(9/130001 1 A3 A11000))

(10/558.1 54 100))
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TIpumep 3

[Tpobepka mombopa mpomosbHOll apMATYpHl B CTEPXHEBOM DJIEMEHTE IPAMOYTOIHOIO
ceuenns, pa6orarommeM Ha BHeueHTpennoe pacrTsikenue (Ilpumep 44 “Tlocobue mo
TIPOEKTHUPOBAHMIO GETOHHBIX W Xee306eTOHHEX KOBCTPYKLIMH U3 TsKeNbX N Jerkux GetoHos Ges
npenBapuTesbHOro Hanpsikenus apmarypst (k CHull 2.03.01-84)"cTp.89).

_ Zano; npsaMoyronsHoe cedenue pasmepaMd b=1000 mm; h=200m»;
[=1. 6dd T/ a=a'=40mn; Geron Tshxenmit xiacca B1S (R,=7.7MIla npu 1v,,=0.9);
FRYFEFYR npogomsHaa apmatypa xiacca A-I11 (R,=R,.=365MIla); pacrarusatomas
1 9 3 cuna N=532xH; narubarouqit MoMerT M=74xH*M.

E 3 Tpefyerca  onpeAenuTh  WIOIIAAbL  CEJEHAMH  NPOAOJBHOM

| 30 I a0 | CAMMETPHYHOMN apMaTypH.

L 6.0 L HanpsixeHHoe COCTOAHME CeYeHHUA MOAeJMPYETCS B y3ne 2
1 A pacueTHOM cxeMbl, NpHBeReHHON wa puc. 4. PaccMatpuBaercs banka Ha
ABYX OIIOpaX, INPAMOYTONBHOIG CedeHHs1 ¢ pa3sMepaMM, YKa3aHHBIMM

Prc. 4 Bblle, mnposeromM OM. Jan  nonydemus wmsrubaomero  MoMeHTa
M=74xH®M 6anka 3arpyskeHa paBHOMEPHO DACTIDERENIEHHON HATPY3KOW HHTEHCHBHROCTBIO
q=16.44xH/m; npoponbnag pactarmeatomas cwna P=532xH mpunoxena B y3ne 3 ¢ HanpasJieHa
BIOJb OCH CTEPHKHS.

Ny

CorocTaBneHne pe3yJIbTaTOB:

Ceyenre B pacyeTBON cXeMe SCAD Teopus Horpenmocts, %

Yaen 2 23.3 22.75 2.36

Texcrossnd gaiin HCXOZRBIX Jarunx 419 pacyera B cpeac “SCAD” u nogbopa apMaTypE:

(0/1;p44 - BHeLleHTPEHHOE pacTAXeHMe ¢ HarHboM, npsaMoyroasHoe cedenue/9;1:1 2/10;1:1 2/)
(1/5112/5123))

(3/1 SO 235E4 100 20/)

(4/0/3/6/)

(5/112346/2246/32346))

(6/16311/26311/30121))

(7/1 1.6445/2 -53.2/)

8/0000000111111))

6/11500951A3A11000)

(10/4433100/)
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IIpumMep 4

Ilporepra momGopa MPOAOJbHOM apMaTypw! B NAOCKOH CIUIOMIHOM iiuTe, paboTaromieil Ha
u3rub.

/‘:ﬂ 24 22 23 24 \
/1, / / 151af 0.383
] / 7 / 8,0 / 9 101 4383

/l
N VAT AT

10 .10 . 10 . 10 _ 10
1 T 50 7 *

X

Puc. 5

ZAaroc. nnockast nNpAMOYTOJNBHASL TUTHTA NeEPeKPbITHS, Ofepras mno JABYM CTOPOHaM ¢
pasMepaMu B nnade 1=5000MM n b=1150MM; Tonumroit h=300 Mv; a=42 MuM; TUMTa BRNOMHEHA
u3 Tskesoro Gerona knacca B15 (Ry=8.5Mna y,,=1); apMatypa wiacca A-Il1 (R,=365 Mma).

Harubarompit MOMEHT B pacyeTHOM cedeHuu (B cCepeliuHe NpOJeTa) OT TIOCTOSHHBIX U
AAMTENbHBIX HArpy3ok M =63 kH*M, oT kpaTkoBpeMeHHbIX Harpyszok My=4 kH*M.

Tpebyerca onpefesMTs [IOWaAb ceMeHisl MPCAORBHONE apMaTyphlL

HanpsioxeHsoe COCTOSHUE CeUEHWUS MOJAENMPYETCs B UEHTPaIbHBIX TOUKAX KOHEYHBIX
asmementor 3, 8 u 13 pacyetnoil cxemsi, mpuBexeHHoH Ha puc.5. O6AacTs pasbura Ha 15
KOHEUHHX 3teMentoB. J)1a nosnyyeHus TpeGyeMOro HanpsxeHHO-ge(pdPMMPOBAHHOTO COCTOSHUA
B PaCyeTHOM CEYEHMM CX€Ma 3arpyxXeHa PaBHOMEDHO  pacrpefeleHHOM  Harpysxkod
MHTEHCUBHOCTBIO )=1.763T/M OT ROCTOSHHMBIX W IVIMTEJBHBIX Harpysok ({-0e sarpyxeHue) u
q4=0.113 T/M OT KpaTKOBPEMEKHBIX HarpyaoK (2-oe 3arpyeHue).

Coriocraniepste pesyIsTaTOB:

Ceverue p pacyeTHOM cXeMe SCAD Teopus Torpenmocts, %
Touxa B UeHTpe axeMenTa 3 6.64 6.55 1.36
Touka B ueHTpe sneMenTa 8 6.61 6.55 0.91
Toyxa B ueutpe aaementa {3 | 6.64 6.55 1.36
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TexcToBrOf gharin HCXONHRIX JAHHELX JUrd pacyera B cpexe “SCAD” u nosbopa apMaTypar

( 0/1;p54;/9:1: 3 8 13/10;1:3 8 13/)
(t/1111278/R14/001111/R52/0066686))

( 3/1 209E4 .2 .3/)

(4/0/R15/1/R61/0.383/ R61/0 384/ R 6 1/ 0 .383/)
(5/113/R13/6/63/R13/6/12/62/)
(6/t6311/R114/1/R151/0001 1))

(7/1 1.763/ 2 .113/)
(8/0000000111111/2000000121111/ /**)
(9/11 15001 1 A3 AL 1 1))

(10/4.2 42000 0 0/)

Pacyet no dopmynam [2).
hy= 300 - 42 = 258mm. [Tog6op MPOAOALHOMN apmaTyph TipousBoauM cortacno I 3.18 {1]. Ilo dopmyae
(22) u13 [1] BEYUCAUM 3HAYEHHE O,
M 67*10°

= = 5 =0103
Rpbh 85*1150* 258

03

Nz taba. 18 [1] mas amementa m3 Gerona wiacca Bi5 ¢ apMartypoit xnacca A-II1 npm y,=1 Haxomum
ag=0.427.

Tak kak am = 0.103 < aR = 0.427, cxatad apMaTypa o pacyeTy He Tpebyercs.

HMa rabn. 20 (1) npn om=0.103 saxomnm & = 0.94435.

Tpebyeman nicinans CeYeHUs PACTAHYTOH apMaTyphl onpeflennM Mo dopmyne (23) us [1]:
[IpnBoauM HeobX0AMMYIO ILIOMIANb CEYEHUs apMaTyphl K i MeTpy WMPHHBI CeYeHUs TUIMTHL

Agl =753/115=655 mm?
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IIprmep S5

I[TpoBepka noabopa MPOROILHON APMATYPs! B 0OGIOYKE HY/IEBOI KPUBUIHEL

31 |32 ] 33 | 34 | a5 | 36 | o7 |28 [ 3[40 [ 41 [ 4243 ] ¢4 ] 48 0383
16 |17 (18|19 20|21 |22 |23 24| 25| 26|27 |28 20]320 0.384[1.15
1 |23 | 4|85 el 71 e|a|two|1t|12]113]14]18 0.383

—»
X

04x15=60

+

He—

48 50 51 52 &3 54 55 56 S7 68 B3 80 61 €2 63 64
33 34 |35 36 |37 38 39 |4p 41 42 43 44 |45 48 |47 48
17 18 19 260 |21 22 23 |24 25 |26 27 28 |28 30 (31 3z
1 2 3 4 5 6 ? 8 g 10 11 12 {3 14 15 16

Puc. 6.

Haro: Obonovyka Hynhesoil KPUBM3HBL, ONEPTast M0 ABYM CTOPOHAM ¢ Pa3MepaMM B [UIaHe
1=6000 MM u b=1000mMm; TomumHo# h=200my; 2=2"=40 mM; 060/N0YKA BLINOAHEHA M3 TAXKEIOro

ferona knacca B15 (R,=7.7Mna, y,,=0.9); apmarypa xnacca A-1I] (R =365MIla).

Nsrubawmmit MOMENT B pacyeTHOM CedeHHU (B cepeauHe mponera) M=74xH*M; pactarupatowas
cuna N=3532xH.

Tpebyercd onpefenuTh (J0IaaL CeYedHs MPOAOJILHON apMaTypbl.

Hanpsoxennoe cocTosHye CceYeHUA MOJENUPYeTCH B  JIGHTPANBHBIX TOUYKAX KOHEUHKIX
asementor 3, 8 m 13 pacyeTHoil cxembl, NpuBegeHHOM Ha puc.6. Ofnacts paséura Ha 45
KOHEYHBIX 3JeMeHTOB. [/ monydeHust TpeByeMoro HampsiKeHHO-Ze(GOpPMHUPOBARHOIO COCTOSTHUA
B PacyeTHOM Ce4CHUM CXeMa  3alpyeHa  PaBHOMEPHO  pacrpeleNieHHOW  Harpy3xoi
NHTeHCUBHOCTRIO =1.763T/M M COCPEROTOYEHHBIMH Harpy3kaMu Bnoiab och X B yanax 16 u 64

32, 48 n 64.

Conocrabirenne pe3yALTATOB!

Ceuenyie » pacyerHoM cieMe SCAD Teopus Horpemmocts, %
Toyka B UEHTpE aAeMenTa § 232 22.75 1.94
Touxa B UeHTpe 3neMeHTa 23 23.2 22.75 1.94
Touka B uewtpe aneMenta 38 | 23.2 22.75 1.94
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Tercronnn? ghaiin smexommx Jarswix 214 pacvera 8 cpege “SCAD” i mon60pa apMaTyper

(0/1;po - /9; 1:8 23 38/10; 1:8 23 38/)
(1/411121718/R114/001111/ R 152/00 16 16 16 16/)

( 3/1 235E4 0.2 0.2/)

( 4/0/R 1 15/0.4/R 16 1/ 0 0.33/R 16 1/0 .34/R 16 1/0 .33/)
(5/113/R 13/16/16 3/R 1 3/16/1 2/16 2/1 6/R 1 63/1/)
(6/16311/R144/1/160131/640131/320121/480121/)
( 7/1 1.6445/2 -17.73/3 -8.865/)
(8/00000001.11111/200000012111 1)
(8/11150009 1 A3 A11000))

(10/4 40000 0/)
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TIpumMep 6
[Tpoeepka riog6opa MPOXOALHOI apMaTyph B Gaixe-creHKe.
Jago 6anka-crenxa jmHolt 4000 MM
79 74 73 76 z 78 Bricotott 8400 MM u TomumHon 120 MM
Q@ se@ 69@ 70@ 20 | 6ANKa-CTEHKA BRENIOJHEHA M3  TSDKEJIOrO
Gerona knacca B15 (Ry=7.7Mna; y,=0.9);
s@ 52@ 63@ 64® 55® &8 apMaTypa KRacca
A-ITI (R,=365Mma).
55® 56@ 57@ 5e® 59@ é0
Obnacts 6arku-crenxu pasbura Ha 60
ﬁ@ m@ 51@ 52@ 53@ 84 KOHCYHBIX BJIEMEHTOB pa3MCcpaMu ZUmHDﬁ
800mM u BricoToit 700MM. PacueTHas cxema,
13® ‘H@ 45® 46® 17@ ® = nmpuBeieHa Ha puc. 7. Cxema 3arpysxkeHa B
i BEDXHMX  y3NaX  KaKAOTO  KOHEYHOro
3@ 33@ 39@ "0@ ‘”@ 2 DJIEMEHTA  COCPENIOTOYEHHOH  HArpy3koi
o BEMMYHHON: BHYTPU XOHCTpyramu P =16T;
31@ 32@ ﬁ® 3@ 35@ ¥ 3 Ha xpasx P,=6r.
25@ 248 27@ 29@ 29@ 30 Tpefyerca  ompese/uTs  IUIOMARb
. , @ 21 , 2@ zﬁa 24 ceyeHMsa MpoOIbHON apMaTyphl.
13® 14® 15® 1s® 17® 18
?© e® 9 1 11 12
®L® ® 0 ;6
1 2 3 4 5 &
04 04 , 04 04 _ 04
g g 08 3
Puc. 7
ConocrapieHne pe3yIbTATOB
Ceuenve B pacuernost cxeme | SCAD [ Teopus [ IMorpemmioctn, %
Touxa B UeHTpe aAeMeHTa 3 340 34.02 0.06

Texcrosudt ¢haiin HexoaEmIX garssry and pacvera B cpege “SCAD” u mopbopa apMaType!

( 0/1;pbs - /9; 1:1-10/10;1:1-10/ )
(1211 1278/ R14/001111/R511/006666))

( 3/1 209E4 2 .12/)

(4/0/ R 15/08/ R612/000.7))
(5/12456/R177/1/1 13/2 3/R 1 4/1/)
(6/70311/120311/80321/R 1 3/1/R 6 11/6/)

(7/1 6/2 16/)

(8/00000001.11111/)
(9/2115001 1 A3 A3 1 1))

(10/00000 0 0/)
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IIpoBepxa paboTh! 2{-r0 MOAYJS apMUPOBAHUA BRINOIHAETCA PAacYeToM sl 3-TO KOHEYHOro
sjeMeHTa. Bce enMAMIIEL B TOHHAX M MeTPax.

PacyeTHble COYETAHUA AT 3-TO KOHEYHOrO ANEMEHTA, [ONyYEHHRe U3 CTATHYECKOTO PAcIeTa
UMERT cneAyowmne 3Hagenus: N,=-3.241/m% N,=-1930.571/M%; T,=0. Beugy Ttoro, uro
KOCaTeNbHbie HANPAXEHUS PaBHBI 0, NOKydeHHble HOPMATLHBIE HAIIDSXEHUS ABISIOTCA TAaBHBIMU
LLCHTPa/lbHBIMY HANPAXXEHUAMU. YCHOBUE DABHOBECHA ANS IIOLIAAKU CEUEHMSI OPTOrOHAJIBHOM X
ocu Z uMeeT BUI:

N A<RA+R_ A

ree A - nuolags monocht Gasnkn-cTeHKM anuHoi 1 M npy ToHe pasHol 0,12 M.

U3 ycnosua paBHOBeCHsT ONpefiesisieM TUIOIARb CRATON apMaTypel A; BROAb ocH Z.

(N,—Rp)A (193057—867)e0.12
Rec 37500

= 0.003402 M*

Ag=
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Ipumep 7

[lpoBepka noa6opa MpPOAOALHOA ApMATYpbl B TNPOCTAHCTBEHHOM CTEPKHEBOM 3JEMEHTe
TIPAMOYLOTHOTO cevenis, paborawliem Ha BReyeHTpertaoe pactaxenue ([Ipumep 38, (1] cp.89).

400 Hado. npsaMoyronssoe ceuenue pasMepaMyu b=400 wwm;
1'_—r' h=600mMM;  a=a'=50MM;  GeTOH  TsXenmti  KJlacca
— 2232 B25 (R,=14.5Mna npu yy,=1); Mponomyas apMarypa KIacca

— A-II1 (Rs=Rsc=365MIla), pacnoioxenue U  nAOWAAK
2720 CeYeHUA apMaTypPhbl NMPUBENCHBI Ha PHC.8; cxUMaroWas cuna
N=2600xH; wu3rmfaownii MOMEHT OTHOCHTENbHO OCH
Y, My=240xH*M, u3rubaminyii MOMEHT OTHOCHTENLHO OCH
22032 Z M,=182.5xH*nm.

Tpebyerca npoBepuTh NPOYHOCTL CEYEHUS.

600

Hanpsoxennoe cOCTOSHUME cedeHUd MONETUPYETCA B

J‘ﬂ J_ﬂ yane 2 pacueTHOH CcXeMkl, TIpUBeXenMol MHa puc. 9.

PaccMatpuBaeTcs Ganka na AByX ONOpax, MNPsiMOYTONbHOTO

Puc. 8. CCUCHUS ¢ PasMepaMu, YKa3aHHbIMM BblUe, MpogctoMm Gn.

Ilnd nonyuenus uarpbaomero momenta My=240xH*um

fanka 3arpyxeHa paBHOMEPHO DACIPEAeNeHHONl HATPY3KOI WHTeHCUBHACTBIK g,=33.33xH/M; pas

noay4eHus  usrmbamowerc  Momenta  M,=182.5kH*M  6anka  3arpyskeHa  paBHOMEpIO

pacnpeicneHHOW Harpy3skod HHTEHCHUBHOCTHIO (y=40.55kH/M; mpogonmsuas pacraryparomias cuaa
P=2600cH npunoxera B yzne 3 W HanmpaBieHa NPOTHB MTPOAGALHOM OCH CTEPXKHSL.

4 Y
/ oy = 40.55 kH/u

42-53.37 kH/m

1 2 3

& 5 ¢ »
4 ) X

3.0 |, 3.0

6.0
Puc. 9.
Conocrasrenue pe3yIbTaToOR:
Cedenme B pac4eTHOH CXeme SCAD Teopus IMorpenrtocts, %

Y3en 2 Ceuenue npoxonur | Ceyenue npoxoautr 0
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TexcroBent pasin HeXoRmEIY JAFIRY A8 pacvera B cpege “SCAD” u nonbopa apMaTypsl

(0/1;p38 - xocoe BHeleHTpeHHOE CXaTHe, PsSMOYT. ceu./9;1:1 2/10;1:1 2/)
(1/5112/5123))

(3/1 SO 275E4 40 60/)

(4/0/3/8/)

(5/112346/2246/32346))
(6/16211/26211/R21/0011/3013 1))
(7/1 4.05/2 5.33/3 260/)

(8000000011 1111))

(971250011 A3A11000))
(10/5533100))

(13/1 221360 17.09000 0 0/)
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