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6odm Uggdol 9gggbs 429eobbdmdl 6sggdMmdol 3gmdgB®mowo s5mbogmdol,
3oLl BoB0IMM-09456039M0 M30L909d0L, Lbgs LbgmEgdmsb 393006 g-
d0l  (LObOBEOZOM  J0MMDYOOL) O RoMGABO (LogJLBBEIMIGHSEOM)  OGZOM-
30l dmddggdol 0YoE0BI300L. LosbysMmodm Udgds Fgpaqds  89dwga0
do6M0m5©0 IMYEOLOQb:

39MmI9G®oNMEo 9mEYmo, HMIJwoE  SOFIOL  Boggdmdol  ggmdgGHMome
babgl.  39Mdm, 0o fy30d0 Lbyrwos, ®) olz®godrwo ofiy3¢o
LoLEBHYTJIOL 2o5bRM0TGOOLIMZOL 2odMm0Yy9bgds 39MIMFoMIMGdI0s60 OY9-
0963000 MEOO  296GHMWdgd0  L3MbGHIJH™  §aOGH0Eddo 459005690
©ob3MOIGMwo  LobEgdgdolsmzol - B39MWgdMH030 ORIMIBE0WMEOmO  §ob-
AM90900.

x0bogzme 9gdobozm®mo  dmEgwo, MHmIgwdos 0aolbdgds  Lbgmerol
1300376 9996036  3560539GHM90L  TMOOL  M30IOMENGds,  39MIMO
d50390Ld O IRMMT53090L TGOl iM53030 56 sMHOR030  ITIMI0YdY-
905, M9350MdOL Mol 56 bbgs 356599GHMYO0L (33¢009ds  OGZOM-
030L 96 EMHMOL (330 GdLMD 935300609000 b Lbgs.

LsboBOghm  30MHMdJdol  FmEYgEro, OMIgEoE 2obLobBM3MLgL  boggdmdol
53536900l 96 dolo Lbgs BbgMgdmsb  dogHmgdol Lo3zombgdl.  dogMHmgds
3900905 256bm® 309w 0o 0gymb 96 bolGo 96 Lobldmgsbo 3953806M90000.
00MJM0  39300600L  Lobg  49BLOBOZMZL MYodEHomwo dosezgdol Lobgls
5 ©5mgbMdsL. gl o390 BbgMEobsm30l 0lYM03g F9MIAS00  BodEHmMmg-
0055, MMAMO3 B59JL3WMOGSE30M IBHZ0MMZ900 S BsTsaMdoL  Bgs30-
690bg 96 P9 GHowgddo Dmaoghmo Fomgsbo  3bmdowos, Mog LodrsEgdsls
04935 2960LsBE3OML ol d9T0g39d0, GMIWGdOE STIMEbol  490fYy39-
GoLOM30L LyFOOM ORIMIOE0SMMO 2obEMEGOJIOL A50bEYAMIgdOl Fg-

©939© 3000g0.
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3909 ©GH30MM30l IMEIEo, OMIgedos 0awolbdgds 4oMg OGHI0M™MZ0L
Lobg. M6s 500b0dBMU, BogdL3MOGSEF0M IGHZOMMZS Ho®dm©AboEos Fo6r-
G030 ©GH3060mM3900L (G99MOLlo  doegdols s Aobsfowgdmmo G-
3060m3900L) Lobom, glg 0go Yoo  49Mgasbo  bBgdmddgwgds Lbbgmw by
50Lobgds  FoMFBH030 WIBHZ0MMZ900L 30630 gE 0 303d0bsEG00m.
399635600900L  3OMm3gbdo  J0ToMm™S396  BosbyoModm Ldqdol  Foedm-

©965L J939Ud939d0l Lobom. QoLsFYz9@0 sdmEsbols obggzom Jaglidgdgds
0o60mp9bs () bgds mmbogg dmgwrols dobggz0m.
R0gOOL gosbasM0dgool 3ModBogzsdo bdoMmos d9dmbggzgdo, MHm@Log

3900565093930 3mb63M9BHOo 58M356s FgEIMGO0m FoMEH0Z00 LOsbYIMOTM Bdg-
dols mmbogzg Imgeol dobgz0m. 58 EOML JguodErgdgeros bosbys®odm dg-
dol  J39ldgdgdo AW  M30LMBMOZ5 395056GH03mb  5dm3sbols
290050939¢)°. 3603369035605 oMM INPHS Bogdol gosbas®m0dgdool by3zombo
9OM-96m Lobol FsMEH030 IGHZ0MM30L IMJdggdol Jgdmbggzsdo  Losbys-
60odm bdgdob J39LJ98905 IOl yBoo.

31939 3obboWMW0s FoMMINPBS BOWGOOL 255635600900l 365JEH034)-
o 9900m©Oo Bssbys®OdMm Bggdol, LolsDBPIOHM 306MHMBYIOOLS S WHEHZOOMZOL
3M6309@M@o 3ol 45035¢0obobgdom. gobbowrryeos d90gy0 3Mb3-
9GO sdmEsbgdo:

50misbs 1. mmbogg 2396000  Loblmmzgbs Bsdsa®admwmo  god-
10@OL 396330 dm@gdmwo Jggm@bryemo dosews F=const (bsb. 3)

M6 LyYHIHDY LoblMM3bs IYMHPbMdOWO 3MmFJdOLIMZ0L, Mol
doerols dsdo dmddggdl 99Olweo dsns,Rowbzol 1wbjgosl 993b Loby:

4%(x) = F/12E1° (x* + “sz) lo<x<f] 9)
35Jb0oE MO0 BoMb3s, MMIgEoE 8495805, 0gbgds:

a Fa? Fa?®

max =pg5;7-0-028—= (10)

(10)-0b gomgzsrolfjobgdom dogomgdo:

as B b3
8ftax =0.0208-—, 8y, =0.0208 -, (11)
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Bob. 3. goO®R0GOL 396@G®d0 MO0 FgygOlyero dogs

3b™dow0s, HMI BoORoEHOL F0wobMmeo Lbobolidg

h3
RECTTem (12

Los3 h o®xoEol Lobdgs, bogom

bh3 ah®
a_g2nt p — &t
EI*<E—@>El" = E— (13)
sdo@md
EI?
—=@Q-v)b @EIF =(1-v)a (14)
506G d000gds EI%=(1 — v2) bDs EIfF = (1 —v?)aD (15)

(11)-80 (14)-ob 9939600 doz009dm:

a3

a P —

St =0.0208 ——5—rs.
b3

8P =0.0208 Ry (16)

(16)-0b aomzscolfobgdom q*= - qﬁ d00modL Labgl:
1+ max
6%1@)6
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F*=——p (17)

5023965, FoglodocrMo bs®b3s B J3gldgdol dgLodsdol 3m3Fdo, G™Igeos

9dm399990o 3oOHBoEOL (bob. 3) doduodserm@Mo Bs0bzol 9d3035¢9bEGHwGOs.
59m396s 2. oMRoEGHOL MmmMbozg 239600 BoLFHIS BFsYMIOMWO

dsbBY F00YIMW0S M9bdMSE Pobsforgdmwo sGHOMMIZs q=const.

50 99dmbggzsdo 9394690s:

A® (x)=%(x4 — 2ax? + a®x?) (18)

35Jb0doE MO0 Bs©MB3s, MMIgEog ool 99580 0gbgds:

A qba*

b 4
a _384E1a_0.0026qm‘z (19)

(18)-0b gomzsolfjobgdom dogzomgdo:

a4
5max S 00026m
B _ b*
Smax = 0.0026 = (20)

(20)-0b gom35e0olLobgdoo doowgds:

x4
q = b2 (21)
Itz

5093565, 35gdL0do OO Bobzs B J39Udgdol dglsdsdols 3mFdo dmEg-
30 gomRoEOL doduodowrmo Bs0bzol 993035 ab@EHwmo odbgds.

3obbowmwos 939303565893 M9d0sb0 mMbgwzgowmosbo LogMzomo
3MbLEGHOMJ30900L  ©©69350-3slBG03MNM0  BEYMIsMIMIOL 45965008900
35250mMY00.  5ERMM0MI9O0L  5TMbLBOLMZOL  gsbbmGmiE0gwgdwo  oym
39OLOL 2odMmmM3Es, MMIJo J90y)boo 0ym 16 dMEHYJo gargdgb@oliogsb,
I go0i3 §96056 58MmdMM3Eo IMz5e3MmbgEOL BYsdoMl. dgygbowo
36MHMyM530L J99Ro 29bLDBPZOMWOos 3MI3Mb96EHIO0 O IBMEO-
906900 dyMmdsMgmdol. 930vMHgdbBg  odmbobmos 9303900 bBmE-
3590 9550 9d0Ls W, F1dseol 5369300Ls, Bsdmwnbsgo 8mdgb@gdols
M; M, 936gbsgo 8mdgb@GHol H, @Gobygbioswrydo dowggdol Ty, T,, dbgdo
doe3900L S. 250mmM3wqddo godmygbgd s 1yd-bsdo §g3G0 ModMgMWwo 53
30033mb9bEHOLY 93D -IRMOT0MYOE  AEYMIIMGJMO0EIB, odmygbgds
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39900920 $9360900Ls Fom0 H0Ygd0L 0derg3zs MAbodzbgEm goblibgsgzgdgdl 5-

3% x586 86093690 Mmd9d0LsL.

gb®owo 5-Bg Im3gdmwos  4oMboL  sbyomodo,

B0 a=600 13; b=9000; h=3 13; £=120 bd; = =300; = =200; ¥ =

GOmdgwos  dgpgds 16
dMGHYJro 9ggdab@BHologeb 29mdgEHMmoo sMHOHR03MdOL  dsmzswoloby-

x W F*107° T, T, 8 M, M, H
0 0 0 0 0 0 0 0 0
0.1 0.874 4.252 -13.568 | -323.847 |0 -132.137 | -6.626 |0
0.2 0.824 7.460 -34.269 | -293.723 |0 9.452 10544 |0
0.3 0.716 9.610 -52.849 | -242312 |0 19.524 10.796 | 0
04 |0.735 10.868 | -64.207 | -242.823 |0 -17.965 | 6.547 0
0.5 0.668 11.266 | -68.517 | -214.952 |0 27.015 11475 |0

BHOOWO 5. 356LOL 56256000 9MmAgEHOME0 SMHOR03MBOL Jom35eolobgdom

©53509-EIBMOHT0MYOMwo dEYMIsMgMmdoL 3m33mbgb3 ool gobsfowgdol

30553030 bbgssbbgs 3603369 mdgd0oLsm30L dm (3939905 Bobo® 4-7-%9.

Q)

0.2

0.4

0.6

0.8

x/a

0
0.1 |
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
v

[
»

——1

-2

Bob. 4. 5958 -©IBMOTI0MYOMEO BEYMTsMYMdOL 3mI3MbIBEYOOL gobsfiowrgds-1
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-100

-120

Bob. 5. 5350~ BMOHI0MYOME0 IEYMIsMgMdOL 3nd3MmbgbEHdol gobsfowgds-2

A

20 I\/I2
15

10

-30

Bob. 6. ©5353-©YBMOHT0MYOME0 dYMT>MIMIOL 3m33MbIBEJIOL gobsfowrgds-6
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x/a
0 0.2 0.4 0.6 0.8 1
A
3
2.5
2
1.5
—-—1
1 ——2
0.5 =03
0 \/
-0.5

Bob. 7. ©5350-qn3mO»I0M9dwo 3™IsMgmdols 3md3mbgb@ndol gobsfowgds-7

Bobo® 8-bg Fomdmpqbowos Bsmb3qd0l, 8mdgb@Hgdol s odsdEMdol
239MLOL AMOB030

10

v

-0.1

Bob. 8. Bombzgd0l, dmdgb@gdol s odsdwyermdols QomLo-3

19



3956boMo 235438 MO0 M96BIMO LORMAOL 565G MMO dBIMOL STMEIbOL
6oEb3000 5dmbLbs. MLLOWMWM BOOROGHIDY  FM(39dMWOs MO0 MIBIBIOO
LOA®AOL  BdBIMO, STLMID  TFo0  FobEsAds O FoDBY  IGZOOMZS
53059mR0wgd96  LodgBHMoolL 30MMBL (bsbsBo 9). GmymeE 3bmdowos gb
50m3obs  d00ygzsbgds  99dgao  Lobol  Lobymesdme  0bEgAMo©

396@Mgds%Y:

= [ 22040~ [ k(to, D@0 (Ddr=F (o), (22)

w’—1 t—tg

t+tg+dcosp
(t+to+dcosp )2+d2sin2p’

Lo k(ty, t) = (23)

V1

X1

21

Y2

21

65b.9. mMH0 0sbsdsMO LogMdol dBsGo

LoQSE B -9l 3MPbg BBl LOdMEHYJLS S HORIL FmEMOL, HMIgEoE ool
0Bocol 396G FmGol. (22) gob@HMmegdosb 8m©dozo IGH30MHMZ0L

©OML 5305 dJ00Pds 36Mmd0wo 0bFHGYMI MO gob@megds MdGms30 96
2l(d cos B = 21) 2450565339090 3565 geMHo dHsMgdol dgdmbgzglsdo.

20



(22) 256¢HM™gds 5G0L 30639000 2356MG0L LobYMsMo 0bEYYMoEvY-
60 396GHM@Wgds, 98 QobGHMgdol  53mblbs B39b Gga30deos IV-V doygzsbowro

SEMmOHOMIJI0m.
3999900 53mbsblibo ddagyo Labom

@o(t) = \/7 (),

LoS3 P(t) 390IMOL 3sbol Bbd0ss. Lo E0Z30L5M30L 3oyErolbIMm™
L-1.

+1 +1
S [T ® A [ [Tk, 09 () d®)= f(to). (24)

(24) 296@Megds dm309356Mmm dob 9930350 9bGHME 296E M0

1—t f(t)dt
1+t t—tg

: (25)

1Ft ¢t

Po()= [} [f_“ 1 ”‘(“”dtllwo(t) dv= [}

1 o+1 (1=t k(ty,t)
58 3obH™EgdsTo — f_l T 1t dt; 4o 993335¢gm 396l Boge 53900

339000530 BMOINWO

L [tk §(-1/2:1/2)
;f—l 1F¢t t1—tg dty=Ly [( k)to't] to € ab,

boQS3
L, [(S,E"”Zﬂ/mk)to,t]: Ly [(S,E"”Zﬂ/ak)to,t] , th €714 (=Ln)

boeom

L e, [ )]

1+t t—tg
9030090 99909 §O5303 39bGHMgdsms LobEgdol
Pn(tyj) +27=1 Lil1 Gie An(Lie tuj )P (tie)=fo (ty)) (26)
bogS3
Ay (tie, tyj) =

p*(z 2) p*(l/Z:::—l/ «(1/2-1/2)
1+ Z =1 Zk 1 tok —ty; + Zm VfT py] Z =1 dvk (tvj) k(tvj tit)_
o#V k#j “vkTtv ke#j
) b s
ZO’ 1Zm - k(tok' le) Zk 13 = k(tvkl Le) + pv]2 2 Zk 1 dvk (tv] )k(tvk tle)
0FV k+j bk —toj k+#j
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b @y, (t,;) -b5d9860 LoEoYJdOs.

D i e

1+ Za 1 Z + Z?cnzlpwc_ - pv'z 2) Z;{n:1 dvk (tvj)]f(tvj)'

RESY —tok k#j Uj_tvk ] k#j

fO(tv])

) “Gip)

5ot R g2 f () = Tt P fCta )y TR du (tur) £ (1)
o #V k;t] k#j

(V=1,2,...m; j=1,2,...m3)

*(; ;) 1 t— tU’] *(%;_%)_1 t—a
Psk _froro+1 H] 1O'k ~0; e Tni fTiTi+1 H] 1tle _tlJ at
g o p—
(G2) _ P o k=2m-1; o=1n,

P T G, G

pa1 +'p0 i k=1, o=1,n,

1 0=1 (tv] - v]o)
/0¢k]

ot (o = tujo)
Jo#k

dvk =

MmO 3 395639690 (26) LOLEYISL 993l GO IO 58MbIBUBO, B3 (24) 593U

JOMNSOIOD0 5dMbLbs, 536 Josbermgdol LoBmliEg sGOL Lo3domE Toswo

0oL, J390mm dmyzs60wos 58 LolEgAol STMbLBS M8abody 3mb3MgE M

990mbgg3500. 3MmaMsds dgpqbowos Matematika 4.1 Loddmer® 9bsby.

OMamO3 dmyzsbowo  3bO0wwdoEsb BBl n=10 —Lsmgol doowpfggs 10-3

LoBMLEHOL Gogo.
K(to,t) =1, f=2;n=10.

3b®o 6-do 6583969005 06O MMHO 456GHMEgdOL BLEHO STMBsbLBO
p(t) =1

22



®o0 098437 | @, 09955 | @ |0,99942 | ¢ | 0,99695

©o1 | 0,98641 | @, |0,99734 | @, |0,99891 | ¢, | 0,99695

©o; |098811 | @, |0,99769 | @s, |0,99891 | ¢, |0,99856

®o3 |0,98955 | @3 |099769 | @5 |0,99077 | ¢, |0,99879

©10 098955 | @5, |0,99802 | @5, |0,99184 | ¢,5 |0,99899

@11 1099356 | @3, |0,99830 | @s3 | 0,99277 | @go | 0,99899

P12 0,99431 P33 0,99919 Peo 0,99277 P31 0,99963

©13 1099496 | @, |0,99919 | @g |0,99606 | g, | 0,99860

©,0 099496 | @, | 0,99931 | @, |0,99653 | g3 | 1,10160

3HOoo 6. 063 9M5HO Q96EHMEGOOL BYLEHO 5dMbsbLbO-1
K(to,t)= (t+to +4 cosm/3) / (t+ ty + 4 cosm/3)?+ 16sin? (%),f =2,n=10
n=3
u [g, Z] =y 2+6y+axy+2x-x"2 + 4) [ (x +y +2)"3
ul[g, Z]:= (x+y+4Cos[m/3] / (x + y + 4Cos[r/3])"2+16(Sin[r/3])"2)
st [y, m,m| =S G pplo KD / (Aay = Aos )+ Zmyn (Thi ol K1) /
(/11;]' - Aa,k)}
52 [LL ] o1 PP, K (Ayy = Ay )+ SR poly, K1 Oy j-201) 5
s3 [LL ] =pply, j1(Zi2s ddly. j, k,m] + ;41 ddly, j, k,m]) ;

s4 [&L]:= pp[y,]]ul[ly]ﬂy]]

55 |y j,m|:=E 2% pply, K1/ (Ay; = Ay)-pRly , klu1 [y, Ay @[]

+Z;(Tl=—]1+1pp[y' ]/(Ay] Ayk) Zk—]+1pp[Y; ]/(Ay,j'/lyk);

s6

ly.j.m|=2) 2 pply. jlddly .k mlo[Ay ]+ S5 oy pply. jlddly  j , k,mle[Ay ]
: —_ vyV—1ym-1

s7ly j,n,m| = B4 SiStpplo , k1/(Ay-Ayi)-pplo , K1ut[Ay A i D2 i)+

Dio=1+y 2k =1 L (pplo, k1/(Ay;-25 1)-pplo, klul[Ay; As i @[ Ao i ];
Dylty, = —1+2(c—1)/n (0,1,n)]

m=4

Doxp—r-1 m-1,k.1,m

Table x;, k,1, m




h=2/n
Dy[Agx = 75 + hxy, (0,1,1), (k, 1, m)]
Table[N{AU,k}, {o,1,n},{k, 1, m}]

W [t,z,m] ;= Prochict [t — Ay ik 1 ,m)]

Tpyr =1

Do{p(0,k) = (1/nD{wlt, o, m],}} t-> 2, )
Integrate[w(t, o, m)/(Iy (1 + £)/(1 = )(t-Ag1 ), (t T, ts41)],
(o,1,n),(k,1,m)

pp[1.1]=N[p(1.1)]

pp[n.m.]=N[p(n.m)]

Dypp[o.m — 1]=pp[(c,0), (0,1,n — 1)]
Dypplo.k]=pp[(c,k),(0,1,n), (k,1,m —1)]
Dypplo.1]=p[(c — 1, mj) + p[o,1](c,2,n - 1)]

Dypplo. 1]=pp[(c — 1,mj) + pplo, 1](c,2.n)]
Dopp[n.k]=N[p[(n, k)], (k, 1,m)]

ddly .j ,k  m|:={Delete[ITL1(Ay; — hy1), {G), ()}]/-h—>

M Delete[[T7=1(Ayx — hy1),{(), (k)}]/-h—> 2}

Dy {Print [N [(1 +s1(v,j,n,m) +s2(v, j, m) —s3 [v,j,m] +s4[v, jle[Ay] —

s5[v, j, m] +s6[v, j, m] —s7 [LV' J m]”}=2L(v, 1,n-1)(,1,m-1)

Dy [Print[N[(l +s1(n,j,n,m)+ s2(n,j,m) — s3(n,j,m) + 54(n,j)]]] (p(ln,j) -
s5[v, j, m] —s6[v, j, m]-s7[v, j, n, m]=2(j,1, m).

539353900 @S 3dIM33W oS  sdmblbol  dogwo  Gogyo
390503039090 39M056GH0,  39MdmE, FsMm3mmbs  FHowol  dJmbg
L9gobdmIgEI0 MHYIW390sbo LogmEoMO LOLEHJIgOOL TJMEO3Is, MILSE
3039453560 m 399mm3gdol ROl Ytelele)) 399563039059 LoBMLEOL
360036903560 653500l 2o69d.
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do00s®O 336700

BoGo®admmo  36535¢dHMO30  MIMOOME0  33¢093900L  2556256M0dg-
09000 300900 J99a900L 9BsoBol Lorwmdlzgubg 9a30dw0s 93539~
0™ 899920 ©o3369d0:

©9350-33LGH0399M0 IEAMT>MIMO0L 30MHMdYdT0 dgmao (Y39GH0w3s-
05393900560 LgoldMI)IH0 MBI 3JOO0SB0 JMBLEHM™MJ30900L FosBAIMO-
3900l 36)Md9ds 15305MO CMYIEN0S, 5JEHSIMH0S S FMOMbMZL osbYIMO-
39000 2565370 M9do IgmnmEgdol 99dw)dsggdsl.

059990539090 6MY350-3WLEH03MNM0  IEYMBMYMdOL  30MMdJdT0
doOm3Mmbs 3OOl dJmbg Lgoldmdggao ™Mby 3gEEr0sbo 3MBLEHMYI30-
900L 59695000930l FgMmO3d> MYOMHMb39wwymal oG30MmM30L 67dolBoYH
L3o05HY OMY390-3LEH0IMOO BEYMTIMIMOOL oAIBL.

0599905390905 6MY350-3WLBH03MM0 BEYMTsMIMdOL  30MMd9dT0
doOmIMmbs 3Ol dJmbg Lyoldmdggao ™Mby 3gEEr0sbo 3MBLEHMYI309-
dob 359639608900l 0lgmo FgOMPO3d, HMIgEwos MOOHMb39wwymal IGHIOM-
30L 630013096 BEBO0sDY MY350-3WSLEHOIMO0 FEAMIIMIMIOL MEYwYS®
SbHZL Q5960 Tgd0L J0b0Tse MO BoGIXJOOM;

39496005 FMoErgdol dJmbg Fsmm3mmbs 53oEgdoLoysd dgwgagbowo
by 3900560 3bLEHYJ300L sDBMLEBHIOMWO LosbYIMOTM MEYO;

53853909905 FOOW9doL dJmbg 2939590 oMM 3MPHS BoMHROEJOOLS
@5 39MLYOOL o960 dgd0L FgOMPO3dS. 3MBGWGMEo 399933500 OEHZ0M-
0306 Lbgoslbgs  Lobol, Ubgosolbgs LoboBOzmm  3oMmMdgd0L, s3Mgm39
FO0EgdolL bLbgoalbgs LOEOEOLS s J9BEsRJIOL Yom35¢woLobgdoo;

©53853900 5 49dM3IZWIM0s  STMbLBJOOL  godsMEH039dw)w0
35600563)0. 390dM, 993035¢9bGHIMH0 VMb30MO LoboLEHOL by BoMTBOE DY
59439560l 3900035, MLSE 30394e35Mm 45TMMZgdOL SOLYIO0M FoddME0-
390599 LOBMLEHOL 360TZ69WMZ560 B 3IMPOL Focqdy.
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MJMMOME0 33939000, 3956350009000 d0gdIero F99gRqd0L obo-
@obBob  LyRMIZgDBY FgbodegdgEos LadMmgdBHm MmEMmYBOBsE30gdOLIMZ0L
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Resume

The task of calculating discontinuous thin-walled structures in the elastoplastic
regime is quite complex, relevant and requires the development of special calculation
methods.

The relevance of calculating the elastic-plastic state of slabs with cuts is due to
the design of shell-type buildings using modern building materials, as well as the
development and implementation of effective methods of engineering calculations.

The purpose of the study is to study the elastic-plastic state of an anisotropic
body with a wound. Creation of a technique for calculating thin-walled structures that
provides an unambiguous reflection of the elastic-plastic state at any stage of loading
with minimal estimated costs.

Creation of a new refined computational model of a thin-walled structure,
consisting of plates with rectangular cutouts, taking into account various boundary
conditions for various types of contour shrinkage, as well as various sizes and
arrangements of holes. The experiment was carried out on the example of a monolithic
reinforced concrete flat slab. The results obtained as a result of the experiment were
compared with theoretically established real values. An analysis of the results of
theoretical studies, calculations and experiments is presented.

Based on the processed methods, an algorithm and a software package are
presented.

From an engineering point of view, the limit state of a structure is
characterized by such a significant change in its original size and shape that further
operation of the structure becomes impossible. It is clear that long before the threshold
is reached, the structure already has some cracked plastic areas, the impact of which is
still insignificant and the structure can still be considered rigid, but with increasing
load, the plastic areas begin to expand and, finally, when external forces reach a
certain ability to stretch, the structure is called “completely spreading”, which is
characterized by an indefinite increase in the strain rate.

Under conditions of imminent rupture, plastic deformation is much greater
than elastic, so the latter can be completely neglected; as a result of this explanation,
we obtain an ideal rigid-plastic model of a real deformable body. It is this model that
is used to determine thrust.

The calculation of buildings according to Hooke's law provides for excessive
rigidity of the building, leading to an overload of the material. In this regard, it is
natural to assume the possibility of plastic deformations in individual elements of the
building, which ensures the economy of the building in terms of the cost of materials.
In construction, thin-walled spatial structures are widely used. They have found
application in the rational solution of the roof of hydraulic, industrial, agricultural,
commercial, cultural and sports facilities.

Thin-walled structures with cutouts, holes, slots and other structural elements
are difficult to calculate, as they require not only consideration of structural elements,
but also a comprehensive consideration of such issues as: Real properties of modern
materials, electromagnetic elasticity, viscosity, interaction of the design structure with
the liquid is taken into account and gas and many other factors.

This regularity is violated especially significantly by various rigid schemes of
anchor-type rods.
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The zones of stress concentration in the places of ruptures of irregularities (gill
end, discrete bonds) significantly affect the ultimate strength and durability of thin-
walled structures. The currently known traditional analytical and numerical methods
are less effective in studying the stress-strain state of discontinuous thin-walled
structures. Therefore, it is necessary to develop new effective methods for solving
problems of this class.

The method of calculating thin-walled spatial structures with notches under
conditions of linear and non-linear deformation makes it possible to determine stresses
and moments with the same accuracy both in a continuous zone and near the edges of
the notch and near the vertices. Knowledge of the nature of the distribution and
displacement of stresses around the holes in the body and in the boundary elastic tape
is one of the mandatory components of strength calculations.

Scientific novelty: Creation of a method for calculating thin-walled structures of
rectangular cross section under the conditions of an elastic-plastic state, which ensures
the determination of the elastic-plastic state at any stage of loading. General methods
for constructing solving differential equations for calculating the parameters of
intervals, slabs and membranes in particular cases are given. Methods for solving
differential equations with variable and discontinuous coefficients are refined. An
accurate calculation model of a thin-walled structure composed of plates with a
rectangular cut was created.
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