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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.

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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gbOowo 6-Bg ImEgdmEos  oMLOL  SBYsModo,

Mmdgeoi  89ygds 16

dM3HYgeo 99d9b@BHologsb 29m3gBHMommo  sMIHOHR03MIOL  dsm3zseolioby-

3o a=600 bd; b=9001s8; h=3 13; £=120 1s3; = =300; = =200; V =2

X W F*10~° T, T, 8 M, M, H

a
0 0 0 0 0 0 0 0 0
0.1 |0874 |4252 |-13568 |-323.847 |0 -132.137 | -6.626 |0
02 |0.824 7.460 | -34.269 |-293.723 |0 9.452 10544 |0
03 |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 | 6547 |0
05 |0.668 11.266 | -68.517 | -214.952 |0 27.015 | 11475 |0

3HOOWO 6.950L0L 565M0T0 39MIYEHMONWO sMIHOBOZMOOL Fom35wobfiobgdoom

gb®owo 7-Bg 9m390mwos godlol sbysM0do, MHmIgwoa dgpqds 16

M GHYgo 99dgb@BHologeb 29m3gBHMommo  sMIHOR03MIOL  dsm3zscolioby-
3o a=600 1d; b=900 1d; h=3 s0; f=120 sd; 2 =300; == 200; ¥ =3

X W F*107° Ty T, 8 M, M, |H
a

0 0 0 0 0 85.136 |0 0 9.669
0.1 [0907 |3956 |-40.816 |-318.960 |75.425 |-141.515 | -25.965 |8.597
02 |0843 |6.890 |-71.680 |-276.423 |57.652 |8.791 -6.577 | -0.978
03 |0726 |8823 |-93300 |-219.154 |40.366 | 18.807 | -4932 |0.884
0.4 |0746 |9.948 |-106.447 | -218.645 |20.224 | -21.392 |-10.517 |-0.331
05 |0674 |10.301 |-110.552|-189.115 |0 26673 | -3.709 |0
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Bom =600 13; b=900 sd; h=3 13; £=120 19 5~ =300 ; = =200; V =2

X W F*107° Ty T, 8 M, M, |H

a

0 0 0 0 0 122,181 | 0 0 1.960
0.1 [0.821 |3.495 |[-26232 |-296.073 | 144.450 |-127.906 | -2.160 | 2.034
02 [0744 |6.044 |-58.182 |-248.584 |92.645 |11.655 | 14.429 | 1.144
03 (0626 |7.693 |-82917 |-188.541 |62.802 |20.746 |14.743 |-0.079
04 (0642 |8644 |-96353 |-185.750 |31.456 |16.825 |11.178 |-0.057
05 |0576 |8938 |-101.297 |-157.497 |0 27.182 | 15710 |0
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M 3HYgeo grgdgb@ologsb 99990 BoH03MMO sMHOBOZMOOL omZoEOL-

Fobgdoo: a=600 1d; b=900 1d; h=2 sd; f=12018; £ =450; ==300; ¥ =2

x W | &.10% | £.10* | w Ty T, s M, M, |H
a

0 |0 0 0 0o |o 0 00 0 0
0.1 |0480 |2717 | 5654 |0 |-5266 |-161.452 |0 |-10.375 | -4774 |0
02 0772 | 1720 |-4240 |0 |-15453 |-129.400 | 0 | 2.600 |1.815 |0
03 |0988 |1.098 |-3466 |0 |-24218 |-110720 |0 | 1571 |1.256 |0
04 |1.126 | 1044 |-3622 |0 |-29.352 |-117.045 | 0 | -2.021 |-0.456 |0
05 |1.156 | 0555 |-2779 |0 |-31.557 | 95644 |0 |3452 |2.165 |0

3HM0wo 9. dHBHYJEro 9egdgbEHOLORD T9)b0Er0 oMol sbysm0d0-3

gb®owo 10-Bg dm3999wo0s go®LoL sbas6M0do, GMmdgmoi 99agds 16

M 3HYgro 9egdgbEoboasb 99990 BoHB0IMMO MIMBOZMOOL omzowrolfjo-

6000 a=600 13; b=900 13; h=2 1d; =120 bd; ~ =450; = =300; ¥V ==

x W | £.10% &.10*| w.10] T, T, 8 M, | M, |H
a
0 0 0 0 4483 | 0 0 40.670 | 0 0 0.494
0.1 0.540 2.160 | -5.384 | 3.771 | -19.722 | -160.265 | 35.190 | - - 0.130
12.55 | 6.790
0.2 0.860 0.900 -3.589 | 2.812 | -33.783 | -120.808 | 26.482 | 2.237 | 0.684 | -
0.086
0.3 0.976 0.207 -2.724 | 2.070 | -43.769 | -99.786 19.016 | 1.090 | 0.124 | 0.075
0.4 1.084 0.121 -2.880 | 0.992 | -49.984 | -106.060 | 9.342 - - -
2.886 | 1.908 | 0.033
0.5 1.096 -0.383 | -1.964 |0 -51.780 | -83.250 0 3.138 | 1.168 | O....
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M 3HY9geo 9egdgbEoboasb 99890 B0DB0IMMO SMHOBOZMOOL gomzoeolfjo-

Bgdoo: a=600 13; b=900 18; h=2 1d; F=120 13; = =450; = =300; ¥ =
f W 81.104 82.104 0)104 T1 Tz 1) Ml MZ H
a
0 0 0 0 5964 | 0 0 56.89 | 0 0 0.094

0.1 | 0.546 | 2.353 | -5.158 | 5.750 | -10.61 | -148.211 | 53.32 | -10.46 | -4.864 | 0.090

0.2 | 0.860 | 0.900 | -3.297 | 4.710 | -26.15 | -108.330 | 43.13 | 2.802 2.098 | 0.043

0.3 ]0.976 | 0.207 | -2.341 | 3.095 | -37.74 | -85.733 | 29.19 | 1.747 1.544 | -0.007

0.4 | 1.084 | 0.121 | -2.446 | 1.602 | -43.73 | -90.370 | 14.67 | -1.787 | -0.095 | O..

0.5 1.096 | -0.38 | -1.559 |0 -46.31 | -68.924 | 0 8.536 2425 |0
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gb®owo 12-Bg dmEgdmeos 3omLoL s6asM0do, MGMIgeoi dgygds 4

dM3HYgeo 99d9b@BHologsb 29m3gBHMommo  sMIHOHR03MIOL  dsm3zseolioby-
Boon: a=600 13; b=900 sd; h=3 148; £=120 sd; > =300; = = 200; ¥ ==

X W F*107° T, T, 8 M, M, |H
a

0 0 0 0 0 0 0 0 0
0.1 [3.055 |[8.143 |[-33524 |-547.738 |0 -360.082 | -21.150 | 0
02 (3500 |[13.807 |-63.965 |-580.313 |0 -69.440 | 18727 |0
03 [3.120 |[17.040 |-85.910 |-453.087 |0 +46.068 | 31568 |0
04 (2980 |[18.600 |-97.247 |-384.653 |0 9593 | 24542 |0
05 |[2.847 [19.033 |-100.887 | -343.255 | 0 48077 |30.692 |0

3bOowo 12. mmbo 3G @EYygmo gargdgb@olbogeb 9gwagbowo gomlols sbas@odo-1

3b00wo013-Bg dm399wos 2oMLOL sbgo®0do, GMIgwos dgygds 4

dM3HYgeo 99d9b@GHologsb 29mIgBHMomo  sMIHOHR03MIOL  dsmzsolioby-

Boo: a=600 1d; b=900 1d; h=3 13; f=120 13 ;2 =300; +=200; ¥V ==

x W | F10°° Ty T, 8 M, M, |H

a

0 |0 0 0 0 167.711 | 0 0 25564
0.1 |3.102 |7.612 | 73932 | 534.651 | 143543 | -877.807 | -67.922 | 13.575
02 |3513 |12.968 |-127.59% | 554528 | 105571 | 74350 | -32.800 | 1.491
03 |3.102 | 16067 |-161.141 | -424.420 | 68266 | 42.819 | -17.740 | 1.670
04 |2956 |17.603 |-178806 | -359.190 | 32.735 | -17.048 | -25.887 | -0.327
05 |2816 |18.045 |-184004 | 318724 | 0 44352 |-17.117 | o
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Boon: a=600 13; b=900 s9; h=3 13; £=120 1 5 =300 = =200; Y =7

x W F*107° Ty T, 8 M, M, |H
a

0 0 0 0 0 251.927 | 0 0 6.740
0.1 [2.858 |6783 |-65.012 |-490.435 | 224.476 | -348.692 | -9.508 | 6.614
02 |[3.182 |11.597 |124.077 |507.636 |172.998 |59.792 |32.905 | 4.021
03 |[2751 |14.427 |-165.416 | -378.600 | 112.336 |52.117 |47.323 |0.483
04 [2596 |15.857 |-187.030 |-317.285 |54.198 |-5.652 | 42.007 | -0.176
05 |2462 |16.278 |-194.006 | -280.161 |0 50.110 | 47.886 |0
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Bob. 35. ©539d9-gBMOHI0MHGOME0 IEYMTsMGMOOL
30033mbgbEGH9d0L gobsfowgds-21

x/a

-100

-150 —o—1
- )
-200

—0—3
-250

-300

-350

-400

Bob. 36. 53939~ IBMOHI0OHGOME0 IEYMTMGMOOL
30033mbgb3Hd0L gobsfowgds-22
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60
40

20

0 > x/a
——1
D 04 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0:9 1
2
-20

-40

-60

-80

Bob. 37. ©535d-gBMOHI0MHOME0 IRMIsMgMdOL
3003mbgb3Hgd0olL obsfogrgds-23

Bobo® 38-Bg (omBdmaqbowos 3350Ms@ M g93d5d0 Lobltmmsw Bo-
35369090 30wobMwo 3s6gwo 99adsdo a x b =1 x 1 3, LodHEOL
Moobom R1=10 8, bolgg h=0.002 9, asOGLo TGOS fodmmo by x hy =
0.5 x 2.0 b3 339000L gogmegdom T; = 0.5 3. IGHIOMZs OO MIBIdGS®
39B5Foegdmmo-0,533/F. Bobs® 39-41-Bg §smBm©anBoos aMs303900 Bo-
©b3900L, dMIBEGHIOOL s IFSOMMOOL FSOLOL oM (+) @S oyds ( - )
9053060909 (050350 (IGHOMObMwo bsHo) s 4gmIgBHOOMEo 9O
008030 ®gmEo0ol (dmerosbo bsHo). dodbodsgrmMo  zmdomgds Bowmwb-
3900b5mM30L  Jgoabl  58% 3390mdo  x1=0.50, x,=0.58, 8MIgbEgdOLIMZOL
Lbgomds 9900990L 43% 3390030 x1 =0.5 3. x,=0.20. 35bL539PMJIYW SO OO
gMdowgds 99odhbgzs 3390mdo  x1=0.58. x,=0.20, 969 Bgs3omdg 50%,
boem dos Bgsdomdy -39 %.
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Bsb. 38. LobliBro Bs3syMgd0 (30¢0bOHWWo 3sbgwo

-0.1
4 v
Wl,mm
Bob. 39. Bowmbzgdol, 9mdgb@gdol s odsdwarmdols qombo-1
-7.5
-5
25 ——1
-0.1 ] I I ! ! 0.6 —0—2
0 >
X1, Mm
25

W1,Hm

Bob. 40. Bopmb3gdol, dmdgh@gdol s odsdermdols gombo-2
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10

/ N\
Z \ I
01 / . >
0.1 6E{16n 0.1 0.2 0.3 0.47 0.5 ‘o6
\ Py,
N\ g
\ P -
5 N =

-10

-15 V}
o, MIla

Bob. 41. Bopmbzgdol, 9mdgb@gdol s sdedwyermdols 3smbo-3

Bobo® 42-44-%Bg 9m399Mw0s 46099303900 Bobzol, ImIgbEHIOoLs s
©5350mdol 3390030 x; =0.5 3;  1- o393 9MLDY, 2-45ML0, HMIgELS
593L fodm 0.5 x 2.0 b3; 3- QoMLO, OHMIgELsg oJ3b Hodm 0.5 x 4.0 L8. W -U
365983030 (oMmdmMoygbli 005356 ©8M300gdgdsl My dmdgb@gdol 4Gmex303L
@5 B9b9630sGmo doenggdol T; aMexo3l dmMol. gl @sdsbsliosmgdgeo
301909005 {odMl FobMmdws© ©s doorgds U fyzg@owo gmbizogdol
3360HmJbodsgool 99dmbgg35d0, BmbdEool ¥ BHodobols, Mowsbsa R, ¥ dmoegzsto
BBd5055, o3 BggLodsdgds  aselol  Bswgb3gdl.  536950980L R, ¥ o
LY 36553035 355B60500 Bs01b63900, G@dmgdos 999Lsdsdgds 8mdgh@agdls o
396396305 H  doemgdls, bmerm gcmsx503b R,¥ -l as9B60s Bonb3s, Gog
5bHL0SMGOL 2o FMgen doegdU.
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0.2 1E-15 0.2 0.4 0.6 *»™m

0
0.15 1
- 2
4
0.3
W,mm
0.45 $

Bob. 42. Bospmbzgdol, 9mdgh@gdol s idsdemdols 3sMbo-4

0.2 1E-15 0.2 0.4 0.6 ™M
0
0.15 —1
-—e 2
4
0.3
0.45
Ql’H/m

Bob. 43. Bowmbzgdol, dmdgb@gdol s odsdwermdols 3ombo-5
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Tz,kH m e Xy,m

Bob. 44. Bomb3gd0l, dmdgh@gdol s odsdwermdols dombio-6

{0dmUb LoboliEol Fobolinsmgdrgdol 4sHMOm 0BMHPYdS N300 AoMLOL
LobolE 93, M3 39RO BBl OEZ0M™M35-hor B30l 4953039000 (bob.45).

0.9

0.6

0.3

-9.99E-1

v

Bob. 45. E300m35-Bo0Mb30L gMo3030
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3MbLEOWMJ300l Tgbolifogero Hodml 2qmdgEHmor)ero doboliosmgdeng-
0L 293w 9bsBg BoBIMGIMwo 0dbs LgMos gosbao®0dgogdols Hodml Lbgs-
©sLbgs LOTOPEEOL. HIMZ0IOgds [Hodml Lodsmerols 3390mdo x;=0.50
6ob3969000 b5bsH46-by.

v

0
h,,m
1
2 X1=0,5M
X1=0,1M
3 X1=0,2M

v W;,mm

Bob. 46. 593000909 gds [Hodmb Lodsweobs 339mdo

BoboBgdbg 47 o 48 3399905 455303900 IGHZ0OMZo-Bob3gs
©H30MmM39-0mgbE0 99990 33gmgdolbomgol 1. x; =0.1 9; x, =0.539; 2. x;
=0.29; x,=0508; 3.x =050; x; =0.50; 939e5Bg oo 60369 MOYOL
9396900 s Bo0b3900 509396 oMLOL 396G®To  (x; =0.59; x, =0.53; ),
396900l 3000990msb F0sbMmgdolsl Bomb39d0 s dmdgb@gdo dzotMgds.
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P, k H/M?

t
0.7
0.6
0.5
0.4
0.3
0.2
0.1 W, mm
6E-16 >
0 1 2 3 4 6
-0.1
Bob. 47. @300035-Bo0MbB35339m9d0Lm30L
P,kH/M
A
3 2 1 1 3 2
~ N\ R
N | |
\ N
1 7
N L
H) i
| // /
i g
0.3 y’ s
] 4///
|\/|2,H 0.1
-1.5 0 15 3.0 4.5 M,H

Bob. 48. 5@300035-0m3963H0 33907900LmM30L




Bobo® 49-bg 65B3969005 M0 g39d0 FMTSOMNYO IGHZOM-

3900L5L 3390030 x1 =0.5 3;x,=0.5 F; bergwm bsbsB 50-Bg 30 Bsbgz9bgd0s Loss gb

39005930900 dogdo 509396 ogdlodsE 9609369 MBSL.

A

6E-16

-12 -8 -4 D
-0.1

P.KH/m?

6 MTMla

Bob. 49. ©9M3000909d900 IGZOOMZgd0LLL 3390030

-120 -100 -80 -60

P,KH/m2 4
0.7

0.6
0.5
0.4
03

0.2

Q,kH/M

6E-16

-40 -20 D

P

H
v

Bob. 50. go583Mmg0 dsengdol odlodorymo 3603369 mds
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BoboBgdols 47-50 5965¢w0BgdoLOL 30GdMYMIM, GMI EIGHZOOMIY-
Bobsb 0,5 38/ 90 M5Md0L 3m33MmbgbEgd0 03306 530560 M30L9d9dL;
93963900 5 F0doOHMMEgdgd0 03390056, 0{ygdgb 99d306Mgdsl, beaerm h
Bo®b3z0Lsl 0fjggdl LHMsx BOHEIL. gb 30 339330JM9g00bgdL, MMI  OE306-
30L30 0,5 33/F 350 0§49l 130L0 IEFGSEMBOL 353

2.6. mH0 0bsdsMO LogMAol 3sMsgEmmo dBsGMOl s3mEsbols Gogbgzomo
59cblbs

3009350 MLOLEOYWM BOOROGHIDY I (39TNWOS OO M9bIOIMO LogyMdol
0DoM0, 533Lb Fom0o 2obEsYgds O FoNDBY IGHZOOMIS 93059 BOGdID
LodgBH®o0L 30MHMdL (bsbsBo 51). 85d0b, OHMamOE 3bMmdowos gl s3m35bs

900Y356905 9990920 Lobol LObyMEIsOE 0BEHJAMIWE 256EMEGOSDY.

Y1

X1

21

Y2

21

Bob. 51. mM0 565ds"0 LogMdol dBseo

T Bt [ (o, )00 (e (to), ©

w’=1 t—tg i

t+tg+dcosf
(t+to+dcosp )2+d2sin2p’

bsog k(to, £) = (63)
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LoQSE B -9l 3MPbg BBl LOdMEHYJLS S HORIL FmMOL, HMIgEoE FoOL
B0 (396GM9OL IMEOU. (62) 2ob@Megd0@ob 8d030 OGZ0MH™M30L OML
5305  dooegds  (36Mmdowo  0bGHIAMWMOO  gobEmegds  MdMogo b
2l(dcos B = 21) 25056533 gdMwo 3565w MHo dHsMgdol Jgdmbgzgzsdo
[154].

(62) 256¢Mgds 5G0L 30639000 2356M0L LobYMEsMo 0bEYMoE-
60 396GHM@gds, 98 QobGHMgdol  53mblbs Bz9b dga30dwros IV-V doygzsbowwo
5EMmOHOMTJI0m.

3999900 53mbsblibo d9dagyo Labom

Po(t) =\/g<p(t),

LoS3 P(t) 390IMOL 3sbob Bbd0ss. Lo E030L5mM30L 3oyErolbIMm™
L=1.

t+

[T e d® 1] Skt () d(O)= f(to), (64)

(64) 296@Megds dm309356Mmm ol 9d3035¢9bGHME 256EMEgdsBHY

1 +1 |1 41 [1-t k(tq,t) 1 +1 [1-t f(t)dt
o+ [ |- )] /Tﬁﬁdhlfﬂo(ﬂ A= | (65)

1 +1 [1-t k(ty,t)
58 3obOMEgdsT0 — f_l = tl_lto dt; 4o 993335¢0gm B396L 8096 53900

339QOOYLO BOOINON

1+l [1=th(tt) 5, (-1/2:1/2)
-1 ﬁﬁdtan[(Sn k)to,t],tOEab,

boQS3
L, [(5,5‘1/2:1/2)k)t0,t]= Ly [(5,5‘1/2:1/2)k)t0,t] , th €774 (=Ln)

boeom

L e [ ).

9030090 d999 §O5303 49b6GHMgdsms LobEgdol
(pn(tvj ) +Z;l=1 Z:il die An (tie tvj )(pn (tie )sz (tvj) (66)

bogS3
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An (tie ’ tvj ) =

P G pr 22 -1 )2)
14 Y6-1 ZZL=1 -t Xk _1Uf—t 2% Yh=1 dyi (ty;) | K (ty) tir)-
0FVv vj k;t] vk~ vj k;l:]
. . I({% =) *I(CE 2 oL
a=1 Z;{n 1 tok k(t(rk' te) Zk 175 & k(tvki Le) + pyjz 2 Zk 1 dvk (tvj )k(tvktte)
o *v k;t] tyj k#j

bowo @, (ty,;) -15d7860 LoEoYgdos.

G -3) ) @57 (1 -
fo(ty)= 1+Z 1Zk x +Z7<n=1”f(f— 2 k=1 Ay () | f(ty))-
t t t
kij vj vk #:]
(7_7) p G «(1/2-1/2)
ZO’ 12]{ 1 f(tak) Zm = f( vk) pv Zk 1dvk(tvk)f(t )
0+v kqt] tvj ~tuk k+j

(V=1,2,...n; j=12,....m;)

*(%‘_%)_if l—I t— tU} *(%'_%)_if —a 1_[
Dot i SToTo+1 ] =L oi—0; Uk 0j 7 T it ] =1 tie— U
Lo R—
(32) p.l Y, k=2Zm-1;
pa‘k = *(l_l) *(l _l) o= 1’ n,
palz' 24 D, 21mZ k=1; oc=1,n,
] 0=1 (tvj - 17]0)
d _ Jo#k,j
K =
’ Tt (b — tyg,)
Jo*k

MmO 3 395639690 (66) LOLEHYISL 593L GO IO 58MbIBLBO, MM (64) 5J3L
950 IOD0 5dMblibs, 585096 Josbermgdol LobMiEg sl Ls3domE Foowo
0oL, J390mm dmyzsboeos 53 LoLEJIoL STMbLBS MsdEabodg 3mb3MgE M
09000bg93500. 3OMyMsds dgygboeros Matematika 4.1 LoddmermE  gbsby.
OMamO3 dmyzsbowo  3bO0wWwqdosb BBl n=10 -Lsmgol doowpfgzs 10-3
LoBMLEOL GoYO.

K(to,t) =1, f=2;n=10.
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3b®o 15-8o 6563969005 063)9aM@m0 2563 Mgd0L BYLEO 5dMmbsblibo

p) =1
®o0 1098437 | ¢, ]0,9955 ©05; 1099942 | @ | 0,99695
o1 1098641 | @, |099734 | @, ]0,99891 | @, |0,99695
®o; 1098811 | ¢@,3 |0,99769 | @s, |0,99891 | ¢;; | 0,99856
®o3 |0,98955 | @i |0,99769 | ¢@s; |0,99077 | ¢, |0,99879
®10 098955 | @i, |0,99802 | ¢@s, |0,99184 | ¢,; |0,99899
®11  |0,99356 | @3, |0,99830 | @s3 |0,99277 | g, | 0,99899
©1; 1099431 | @3 [0,99919 | @ | 0,99277 | g | 0,99963
©13 | 0,99496 | @, |0,99919 | @ | 0,99606 | g, |0,99860
©,0 099496 | @, |0,99931 | @ |0,99653 | g3 | 1,10160

K(to,t)= (t+to +4 cosm/3) / (t+ ty + 4 cosm/3)?+ 16sin? (%),f =2,n=10

3b®oo 15. 063995 OH0 A56EHMgd0L BMLEHO SdMbsbLBO-1

3b®o 16-8o 6563969005 063)9aM@OHO 2563 Mgd0L BLEO 5dMmbsblibo

o) =2
®oo 1203931 | @y | 195791 | ., | 186391 | @ | 1,93347
©o1  12,03931 | @y | 1,92563 | @4 | 1,85699 | @, | 1,93347
0oy | 2,0469 0, | 1,91797 | @so | 1,85699 | @, | 1,89614
Po3 2,01678 P30 1,91797 P51 2,00858 P77 1,88928
010 | 201678 | @, | 1,91049 | @, |0,00021 | ¢,5 | 1,88826
P11 1,98325 P32 1,90321 P53 1,99175 Pso 1,88826
P12 1,97474 P33 1,87622 Peo 1,99175 Pg1 1,85258
P13 1,96663 Pap 1,87622 Pe1 1,94963 Vg2 1,84524
0,0 | 1,96663 | @4 | 1,86991 | @ | 1,94148 | @ | 1,87185

3HOowo 16. 063500 2563 Mgdol BLEO 5dmboblibo-2
n=3

u[{, Z] :=(y_A2+6y+4xy+2x—xA2 +4)/(x+y+2)"3

ul|x, y|:= (x+y+4Cos[m/3] / (x +y + 4Cos[r/3])"2+16(Sin[/3])"2)

(Avj - /10 k);

sa|y.j. |:= pply, jlu1]

s2 y],]

e 1pp ly, k /(AYJ -

/1}’] AY]

s1 |y jonm|=Xy it pplo kD) / (A -

Api )+ SRS ooy, K1/ Ay -Aoi) 5

s3 [&1; ] =pply, j1(Z425 ddly, ), kym] + X7y y ddly, j, k,m]) ;

Ao i)+ 2o —y1 iz pplo kD) /
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$5 |y J,m| =2} 2} pply, k1/(Ay; — Ay )-pply  klui[Ay;, Al o[ Ay ]
XIS PPy, K1/ Ay -Ay) — S0t oLy, KD/ (g j-Agi)s
s6
ly.J.m| =2} 2 pply. ladly ) k. mle[Ay i J+5 1 poLy. j1ddly /K, mlg[2, ]
s7ly j,n,m| = B2, S5t pplo , k1/(Ay-Ay)-pplo , K1ut[Ay A i Do ]+
Do=1+y Y (pplo, k1/(Ay;-A4 1)-pplo, k]UJ-[/ly,j,Aa,k])(p[Aa «;
Dylt, = -1+ 2(c —1)/n (d,1,n)]
m=4
Doxj=f—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,y,m] ;= Prochict [t — Ay r(k 1 ,m)]

Th+1 = 1

Do {p(c,k) = (1/nD{wlt, o, m],}} t-> 4, 1)
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)]

Dypplo.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}
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Dy {Print lN [(1 +s1(v,j,n,m) +s2(v, j, m) —=s3 [v,j,m] +s4[v, jle[4y] —

s5 [vl j; m] + s6 [vl j; m] —s7 [Y;V, jl m]”}=2b(y ’ 1 rn_l ) (J rl rm_l)

Dy [Print[N[(l + s1(n,j,n,m) + s2(n,j,m) — s3(n,j,m) + S4(Tl,]')]]] @(An;) -

s5[v, j, m] —s6[v, j, m]-s7[v, j, n, m]=2(j,1, m)

106



Nsolve[

- ol-1] +4,555561900646285 | o[- -
2.89358450209 6 0.7777777777777 | 1,3547741118
72986 778] 938679
o[- 0,4810,310,86777262 | o[- +0,113816053
0.5555555555555556]+ | 9 0.3333333333333 | 77112733
333]
ol 0,6159121660736209 | ¢[0.11111111111 | +0,013734413
0.1111111111111111]+ | 5 11111] 288995662
0.7777777777777778==2
]
- @[-1] o[- +1,839803672
1,51349277000 +0,449274961179193 | 0,7777777777777 | 7282132
10348 85 778]
¢[-0,5555555555555556] | 0,0377728807640743 | ol- 0,1509852879
7 0,3333333333333 | 876374
333]
©[-0,1111111111111111] | 0,0765210483436924 | [0,11111111111 | 0,0163479691
9 11111] 94835908
©[0,3333333333333333] | 0,0402792373251470 | @[0,55555555555 | +0,015548155
44 55556] 94290189
¢[0,7777777777777778]
- ol-1] -1823362155569745 | o[- +2,372745987
0,45876391213 0,7777777777777 | 3671526
421934 778]
¢[-0,555555555555556] | 0,5328747022562497 | ol- +0,224328772
0,3333333333333 | 61819006
333]

¢[-0,1111111111111111]

0,1010004095801007

¢[0,11111111111

+0,020215080

7 11111] 337064716
¢[0,3333333333333333]
- o[-1] - o[-
0,34396142337 0,6695340458404401 | 0,7777777777777 | -
648793 778-] 0,4595310794
570364
o[- o[- +1,560870983
0.33333333333333333)] 1,1472479242470601 | 0,3333333333333 | 321445
333]
¢[-0,1111111111111111] ¢[0,11111111111 | +1508183152
0,4095737459331361 | 11111] 540201
¢[0,3333333333333333] | 0,5888227226493971 | ¢[0,55555555555 | +0,021188258
5 55556] 031171005
©[0,7777777777777778)
- o[-1] - o[- -
0,25315028290 0,4384884864212425 | 0,7777777777777 | 0,2258913853
855673 778] 277375
¢[-0,555555555555556] | 0,5118127731116784 | o[- +1,693550793
0,3333333333333 | 5753946
333]
¢[-0,1111111111111111] ©[0,11111111111 | -
0,7298032789177569 | 11111] 0,0333698928
42433135
¢[0,3333333333333333] | 0,0772379222213824 | ¢[0,55555555555 | +0,026051401
4 5556] 442842546

o[-
0,7777777777777778]=2
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- o[-1] - o[- -
0,19802298774 0,3220086854046968 | 0,7777777777777 | 0,1476113055
45873 778] 7695357
¢[0,5555555555555556 | 0,5118127731116784 | o[- +1,693550793
0,3333333333333 | 5759946
33]
¢[-0,1111111111111111] | 0,7298032789177569 | o[- -
0,1111111111111 | 0,0333698928
111] 42433135
¢[0,3333333333333333,] | 0,0772379222213824 | ¢[0,55555555555 | 0,0260514014
4 | 5556] 42842546
©[0,7777777777777778)
- o[-1] - o[- -
0,19802298774 0,3220086854046968 | 0,7777777777777 | 0,1476113055
45873 778] 7695357
¢[-0,555555555555556] | 0,1316730774704037 | o[- -
2 0,3333333333333 | 0,7163874495
333] 079421
¢[-0,1111111111111111] | 2,2647647875294186 | ¢[0,11111111111 | +0,173333598
11111] 50259406
¢[0,3333333333333333] | +0,113783551100283 | ¢[0,55555555555 | +0,034114432
1 5556] 35539252

©[-0,7777777777777778
==

- o[-1] - o[- -
0,16088209252 0,2515620120839555 | 0,7777777777777 | 0,1082522863
20833 7 778] 5996498
¢[-0,555555555555556] | - o[- -
0,1173318918071697 | 0,3333333333333 | 0,2094110471
4 333] 999756
©[-0,1111111111111111] | 0,2830667482091958 | [0,11111111111 | +1,794208234
6 111111] 385839
©[0,3333333333333333] | +0,449854422431152 | ¢[0,55555555555 | -
03 5556] 0,0631376904
7420775
¢[-0,7777777777777778] | - ol[1,]==2
0,0251853607498673
46
- ®[-1,] - o[- -
0,13412549638 0,2042784361148270 | 0,7777777777777 | 0,0845164199
90,5655 2 778] 8767781
¢[-0,555555555555556] | - o[- -
0,0859827764890693 | 0,3333333333333 | 0,1365364983
5 333] 4354672

¢[-0,1111111111111111]

0,1385203116208621

¢[0,11111111111
11111]

0,1468723428

6460132
©[0,3333333333333333] | +1,730214638146178 | ¢[0,55555555555 | +0,317036430
5556] 6622039
©[0,7777777777777778] | - @[1,]==2
0,0,64417724542640
54
- o[-1,] - o[- -
0,11393682612 0,1703351759055418 | 0,7777777777777 | 0,0686297898
40167 5 7778] 2852402
¢[-0,555555555555556] | 0,0671179995805709 | ¢[- -
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