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VJIK 539.3

FOnka nnacTuHa arnnumM MacanacuHn nHTerpannu ycynaa
eyvwga Yyerapasun waptnapra 6ofnuk 6ynraH MaxcycrnukHm
abTMbopra onuu.

F.O. TaxubaeB, M.M. Mup3aesa, LLI.O. TypaxoHoBa.

AnnmkoH naenat yausepcutetd, 170100 Aramkan, Y30ekucTan
2023 nnun 3-manga tobopunraH. 2023 un 28-Manga 4on aTuL YYyH Kabyn KUMUHraH.

AHHOTaumsa. Ywby makonaga vHTerpannu ycyn, KanvHNUrv y3rapmac tonka us3oTpon nnacTvHa yuYyH Kyhunrad
YyerapaeBui MacanaHu edvwga kynnauunrad. Yerapasun waptnap Tydannu xocun GynaguraH MaxCyCnmkHW akc
3TTUpagUraH e4MMHU Onunw yecynu KypcaTtunrad. CoHNM e4MmHM onuwiga perynvpusaums ycynuaaH conganaHunran.

pasnuyHbIX NpeobpasoBaTenein aHeprumM Ha X OCHOBE UMEIOT BbICOKYIO Hay4HYH U NPAKTUYECKYH 3HAYUMOCTb.
Kanut cysnap. Yeknu anemeHTnap, auddepeHuman TeHrnama, Yerapasuii MHTerpan TeHrnama, tnka m3oTpon
nnacTuHa, MNyaccoH KoaULMEHTH, aNacTUKNNK MOAYNW, MapaMeTp.

AHHOTauus. . B gaHHon paboTe vHTerpanbHblM METOAOM pellaeTcsl KpaeBas 3ajada Ofisi TOHKOW M30TPOMNHOM
NNacTUHbl MOCTOSHHON TOMLWMHBI. [Toka3aH cnocob NonyYeHnst peLleHnst, OTpaxaroLmi cneundmrKky, BO3HUKAKOLLYIO 13-
3a rpaHMYHbIX YCNOBUIA. [INs Nony4YeHns YNCIIEHHOIO peLleHns NCMOoMb30Banca MeToa perynapusanmu.

KntoueBble cnoBa. KoHeuHble anemeHTbl, AnddepeHumnansHoe ypaBHeHe, rpaHnyHoe nHTerpansHoe KoHeyHble
aneMeHTbl, AnddepeHUmansHoe ypaBHEHNE, TPaHNYHOE NHTErpanbHoe

Annotation. In this paper, the integral method solves a boundary value problem for a thin isotropic plate of constant
thickness. A method for obtaining a solution is shown, reflecting the specifics arising from the boundary conditions. The
regularization method was used to obtain a numerical solution.

Keywords. Finite Elements, Differential Equation, Boundary Integral Finite Elements, Differential Equation, Boundary
Integral

Kupnm. buno Ba uHIIOATIApHU KypuIIIa
9HT MakOyJl yI4aMIapHU TaHJIAIMl OPKAJIH KyPHIIUII
KOHCTPYKITUSUTAPUHIHT XaB(CU3IUTUHH,
WIIOHWIMJINTUHE Ba YMJAMITMJINTHHY TabMUHIIAII
Macanaiapu kypwiaau. byHpali MacananapiaH
Oupu  TalKu FOK TabCUPHIAH KOHCTPYKIIUS
dJIEMEHTIIApUIa XOCUIT OYJIaIuTad 3¥pUKHUIILIAPHH,
FOK KYTapuIl KOOMIUATHHY aHUKJIaIl MacaJlacCuanp.
Xo3up/ia KypHIUII KOHCTPYKIUSJIAPUHU XUCOOIIAIT
Ba JIOWMXANalllHW amalira OIIMpaJiuraH  Ba
HaTW)XaJapUHU BU3yaJUIAIITUPUO OepyBUH KYIUIad
Jacrypnap MAaBXY . Kypunui
KOHCTPYKUUSIADUHUHT Ky4JIaHTaH-
nedopmalyssIaHTaH XOJaTHHU Oaxojamijga, peant
TeOMETPUK YadaMmiapura Moc Ba (U3NK-MEXaHHK
XYCYCHUSTIApUHH TYnanuruya M30XJ1a1ll
WMKOHUATIIAPUHU SpaTyBud, YEKJIU 3JEMEHTIIap
yCynura acocllaHraH Typiad XuJi JacTypui
TU3UMIIAD KEHI KyJUlaHWjaau. Yapra MHCOI
cudaruga Ansys, Scad, Jlupa-CODPT, AutoDesk
Robot Structural Analysis Professional,
MOHOMAX, APM Civil Engineering, [IK STARK
ES, RFEM 6 kabu Kypuiuil KOHCTPYKIMSIApHUHN
JOWHXAJIAITHA aMaJira OIIHUPaanTaH JacTypiapuHu
KeNTUpUIT MyMKWH. bymapman ANSYS — nymé

Scientific Bulletin.

Oyiirua KeHT TapKalraH KYyN (YHKUIUSUIA YEKIH
JJIEMEHTIIapra acocCJiaHTaH XucoOjaml — TH3UMHU
xucobnanaan [1]. YmlOy nactyp AMepHKaHUHT
ANSY S xoMmanusicu TOMOHHIAH UIILTA0 YAKWITaH.

Yeknu 3JIeMEHTIIAp YCYIu AuddepeHiia
TEHITIAMAJIAPHU €YUIITHUHT COHJIM YCYJIUAUD, YHAA
Kypuiaa€Tran coxa TYJajJuruya Kyn COHJIM COAJza
3JeMEHTIIapra aXpaTHJaAu Ba Xap Oup sieMeHTaa
TYTYH HyKTajap TaHJaHuO my HyKTajnap Oyiuua
COHJIM €YMMHHM aHMKJAIl aIrOPUTMHU Ty3mnaau. by
Kyla — Karta — XaXMaard — XucoOJanutapHH
Oaxapumau  Tajma® odTtagu. bBuHpPOK  ycymHUHT
ITOPUTMH JacTypJiall yuyH KyJaid Oynranu ydyH
Oapua xucoOnammiap KOMIBIOTEP 3WMMAaCHTa
OKIaTHANMK MyMKuH. lyHHHT y4ayH XmcoOumarr
WIIapy KaHYaJMK KyI OYIWIINTra Kapamai YeKin
3JIEMEHTIap YCYJH Ky/Aa KEeHI TagOUuK 3THIMOKAA.
by ycynpman Ttamkapu Bapwanus ycynd, Typiap
yCyNHd, 4YerapaBUi HMHTETpaj TEHIJIaManap ycCyiu
XaM MaBxKyz [2]. UerapaBuii vHTErpas TEHIIaMmanap
YCyJIM COHJIM-aHAJUTHK yCyJ XucoOmaHamu, Oy
yeyana  auddepeHiman  TEHriiama — €4UMH
HHTETpaylap OpKaJM aHAJUTHK  KYpUHHIIIA
OJIMHA/IH, OMpoK  dyerapaBuid nrapTiaapHu
KAHOATIAHTHPHUIL  Y4YyH MHTErpajulap COHIH

Physical and Mathematical Research Vol. 5 Iss. 1 2023
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WHTerpautam Owiad anMamtupmiany [3,4]. Yekmu
JNEMEHTIap ycynunaH ¢apkid paBUIAa OYyTYH
KypuinaéTraH coxa sMac, (akaT coxa derapacu
KUCMITapra aXpaTHIIAaN. Iy cababmm
xpcoOnanap XaXMH WHTETpaUId  TEHIJIaMa
ycyiapaa HucOaTtaH KaMpoK Oyiaau.

Ymly wMakonama dYerapaBuid WHTerpal
TEHTJIaManap ycyiauaaH Oupy KaJuHINTH y3rapMmac
IOIIKA U30TPOII IUIACTUHA YUYH KyWWIraH YerapaBui
MacajlaH¥ e4uIll YYyH KypHiaau.

Macajnanuur Kyiwimmm. Mabiymky,
Oamanyuru  Oomka yiayamiapura KaparaHuua
aHyaruHa KUYKWHA OYnraH mpusma EKM LWIAHAD
MaKIAgard SKUCM  IIacTHHA(TUINTA) —TeHHIaIH.
[InactuHa ¥ypTa TEKUCIUTH JeraHjaa KaTuHINTHHUA
TEHI WKKWAra aXpaTyBud (03a TYIIMHUJIAIH.
[InacTuHanapHUHT Ky4IaHraH-aedopManusIanral
XOJIATUHU YpraHuilja YHU 3 Typra axpaTWIalu:
STWJyBYaH IIJJACTHHA, IOMKA IUIACTMHA, KaJuH
miacTrHa. bymapHu Ypranumpga xap OWPHHUHT
XOJaT TeHIVIaMaJIapy Typiinda KypUHHIIAA OJIMHAIMN.

buz ronka niacTUHANApHU ~KYpamus3.
byHzma ypra TEKMCIMIM (03acura TUK MyHanumiia
KYyHWwIrad Ky4dna JeQopManysIaHUIl XOJIATHHH
ypranamus. Kaauuaura h Hu Oormika yagamu a ra

0012 < g <0,2

STWIIMIIMHUHT 0KopU derapacu W=0,2h  Oynran
IJTaCTHHA FOITKA TUTaCTHHA XucoOmananu [7]. Bomka
XOJUlap OSTWIyBYaH Ba KaJIWH IUTaCTHHAJIApAa
kypuwianu. HOmnka mIacTHHANAPHUHT —OTHIIHIIN
Macajiacu OMTTa BepTHKaIa ETYBYM HyKTajaap OUp
XWJI OTHIWII ONQJAW JIeTaH THIOTe3a OwiaH
Vprauunaau. bynmgan IUIACTUHA OTHIHNIIAHA
Ypranumga ¢dakar  ypra  TEKHCIUTHHUHT
STWIWIIMHU KYPUII eTapiy dKaHW KenuO YWKau.
IOnka mmactiHa Vpra TEKUCITUTWHUHT STHIIAIIHA
kyhugarn Codu Kepmen TeHrnmamacu OwiaH
ndomananamu[2,5]:

HucOaTH OpaIUK/IA Ba

o*w ow o*w  p
dxt +2 dx20x2 + ax5 D (1)
D = Eh?/12(1 —v?),
By epma w =w(x)=w(xq,x;) — IUaCTHHA
STWIHIIK, P — TAlIKA THK KYHWIraH rOKJIama

WHTEHCHUBIUTH, D — TIIAaCTHHA STHIMII OUKHUPIIUTH,
E — mnactuHa HOpMall 3IAaCTHKIMK MOAYJH, V —
yauHr Ilyaccon koa¢¢uumentn, h — muiacTuHa
KanuHaury, G - II1acTHHA 3rajularal coxa.

Omnka TUTACTHHAIAPHUHT STUITAIIH
Macanacuga (1) — TeHrIama IJIacTHHA 3rajularaf
coxa uerapacu I' HM Maxkamjam maptd OwuiaH
Oupra Oepmmamu. YerapaBwii mapTiap IDIaCTHHA
YeTiaapu KaHAad MaxKamJIaHTaHJurura Kapao
acocaH Kyluaara KypuHunuiapaa oepuianu [6]:

Scientific Bulletin.

KACUO MaxKaMJIaHTaH:
ow

X1,%3) =0
W( 1 2) 1 anx
SPKHH YpHATUITaH:
W(xlle) = 01

Mnx(xpxz) =0
9PKHUH (MaxKaMIlaHMaraH):

Mnx(xbxz) =0,

Qr*zx(xpxz) =0

ow o
By epna -— — derapaBuii 4M3uK HOpMa/IH
X

Oyitnua xocuna, My (x1,X;) —BSTyBYM MOMEHT,
Qr,, (X1, X2)- KENTUPWITAH KYHIATAHT KyY.

Eunm ycyam. Manbanap ycynura kypa (1)
TCHIJITaMaHUHI' CUNMHU Kyix’m,uarn HUHTCTpaliin
KYpuHHIIIA onmuHaan[3]:

w(x) = wo(x) + [ Wi(x, »)q(y) + W, (x, y)m(y)]dL,
(2)

By epna I’ €R?\G - miacTuHa sramnaras

coxajJaH Taumkapuja I' yerapacura yxiam 4n3uk,

Wwo(xq,x3) = 64Dm

Vx2+x2% - T gerapa paauyc BeKTOpH y3yHJIUTH,
1

YCYCUN e4UM, T =

) Wi(x,y) = o InT, W,(x,y) =
_ &) - byngamenTan eunmiap,
ony

7=ty —y1)? + (x2 — ¥2)? - T Ba I'
YM3MKJIAp HyKTajJapd opacugard macoda, x =
(x1,x2) €T, y=0wuy2) €
I q(y) Ba m(y) nap uxtuépuit pyHKIHsAIAD.

(2) xypunumgary udoxaa (1) TeHrmamanu
UXTUEPUM  TallKM  TabCUp  Ba  UXTUEpUHU
OMKHpIIMKIArud TUTaCTHHA yUyH aiiHaH

KaHoaTaHTHpamu. busra dakar (1) TeHrmamanu
VY3UHUTMHA €YMMHUHHM OWJIMII eTapiM 3Mac, Ou3ra
IUTACTHHA YeTJIapura KyWWIraH MIapTiIapHH Xam
KaHOaTMaHTUpHUILY 3apyp. Eunmnuu (2) xypuauia
TaHJIAlll Xap KaHJal yerapaBuil maptiiap yuyH MOC
KeJaBepMaiau, YyHKH uerapa MaxKaMJIaHUILIUTa
Kapad TypJii MaxCyCIuKIapra ara OYJInuIg MyMKHH.,
(2) ndona sca xed KaHgall MaxCyCIIMKKa 3ra dMac.
byHpail kaMYMIMKHH (2) wudonmara uerapa
HyKTaJaparn MaxcCyClIMKIapra MOC KeJlaJuraH
sHa Oup wudomaHW KYNIMII OpKaIM Xajl O3THII
MyMKuH. Byaunr yuyn 6upop 180° Ba yHAaH KaTTa
Oynran Oypuakka 3ra KJIWH MIAKIAIATH TUIACTHHA
(1-pacm) yuyH my Oypuarura KyHWIran
JKaMJIaHTaH Ky4 TabCUPUJATH CUHTYJISIP CHUMHIAH
¢oiinananum MyMkuH [6,7]:

Physical and Mathematical Research Vol. 5 Iss. 1 2023
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ManbayMKH, AMW!=0 , mynra x¥ypa
Law = ¢a N\ AA(Re[W/!] + ilm[W/]) = 0 ékn
Law = Pa AA(Re[W/] + idAIm[W/]) = 0 6y epaan
D> AARe[W}!] = 0, AAIm[W/!] = 0.
Jemak Re[W!], Im[W/] xam (1) TeHrnamaHuHr
{2:‘; . z; eunmiapu  Oyrmaam. YnapHUHI  YU3HKIH
xkombuHarmacn W.! kabum Maxcycnmkka  ora,
1-pacm. KimH maknunaru riacTvuHa. IIYHUHT YYyH KOMIUlekc ¢ynkmms W/ Yprura
W, (x) XaKUKAH ~ KuAMaTid — KyWugard — QyHKIHsAIaH
=7*f(k,0,) 3) (bofmana}gn MYMKHH:
By epaa 7 = W} = cRe[W}] + cy o Im[W,]
V1 — 02 + (x, — 0,)2 0, = arctg % By epna ¢;, — uxTuépuii KOHCTaHTaIap.

f(k,8,) = Ay cos(kBy) + By sin(k8,)

+ Cycos(k — 2) 6,

+ Dy sin(k — 2) 6,
k — mapamerp, Ay , By , Co Dy —uxTuépmii
KOHCTaHTajap, 01, 0, —0ypyaK KOOpANHATACH.
(3) ubomanm Tyrpunan —tyrpu (2) udomara Kyumod
Kysl onMaiiMu3, OJAUH
7¥— mapamerp Ba Ag, By, Co, Dy —KOHCTaHTANAP
KUAMATHHU aHUKJIall Kepak. YiapHu Oypuax
TOMOHJIapUra KyHWIraH dYerapaBuil IapTiaplaH
AHUKIAMHA3:
1-tomonma:  L[F*f(k,0)] = ¢4,
L,[F*f (k, 0)] = o,
2-tomonnan L3 [F¥ f(k, ap)] = @3,

Ly[F*f (k, ap)] = @4 4

L, i=14 Maxcyc HyKTa &Trax
TOMOHJIAp/ary YerapaBuii mapTiap

@;, i=14 — yerapama  Oepuiran
dyHKIMsIap

Arap wuerapaga OepwiraH (QyHKUIUSUIAD
@; =0,i = 1,4 6ynca (4) TeHrIIamanap cCucTeMacu
HyJ/1aH GapKiH ednmra era OYIUIg Y9yH cucTeMa
JeTepMUHAHTH HOJTa TeHT Oynumu kepak. byngan
k ra HucOataH TpaHLEHIEHT TEHIJaMa XOCHII
Oymaau|[ 8], yHUHT €YUMH yMyMHH X0JIJ]a KOMIUIEKC
COHBaysroHasmac: k=k,,n=12,..N. A,

By , Cy,Dy —xoHcTtanTamap (4) TeHrnamanap
TH3uMHuIaH  k; napra OOFIMK paBUIIgA
aHMKJIaHAIW, JIeMaKk yJlap XaM SroHa Tap3ja

anukitanMaian. Harmxama (1) Tenrmama yuyH
KyHugaru KypruHUIIIA €9UM XOCUIT KHITaMuU3:
— VN =k

We(x) = Xi=1 a7 f (ky, 0o) Q)

[MapameTp k; xKoMIuIekec COH OYNTaHU Y4yH
(5) eunm xam xommekc Oymamgn. Komrureke
KUIMATIN KY4YUIl aMajuil axaMusarra sra smac. bus
(5) eunMHM MaxCyCIMTMHHM Cakjaral XxoJjjaa
KOMIUIEKCIUTHIAH XONIM KYPUHUIIMHA  XOCHII
KUIMIIEME3  3apyp. Bymmmr yuyn — Wi(x) =
7Rif(k;, 0,) HI XaKUKWH Ba MaBXyM KHCMIIApHHH
aXpaTamus:

W} = Re[W!] + ilm[W/]

Jlemak,
N

W= ) [cRelWd] + o lmW]
i=1

Iynmaii  kuauO, UXTHEPUM IIAKIAATH
IJTaCTHHA OTHIdImH  Macajgacuaa (1) TeHriiama
eunmu crudatuaa Kyinaara upoJaHu OJIHII Yerapa
HyKTanap/ia MaxKaMJIaHHWII KYPUHUIIATAa OOFIUK
OyraH MaxCyCJIMKHH XaM XUcOOra oju0 e4rMMHU
aHMKJIAIl IMKOHUHHU Oepaau

w(x) = wo + W(x) + LW, (x) (6)

By epma [y — MaxcyciauMk ydyH mapamerp, YHUHT
KUAMaTIapu lp=0Baly=1 Arap
MaxXxCyCJIMKHM 3bTHOOpra ojMil 3apyp Oyiamaca
ly = 0, 3apyp 6ynca [, = 1.

[Tnactuna srumiy  Macanacuga  (6)
udona q(y), m(y) uxtuépuii GyHKUMsIIAp Ba C;—
uxTU€puil KOHCTaHTajmap OwiaH Oupra OJMHIAH
xonnga (1) TenryiiamaHu ailHaH KaHOATJIAHTUPAIHM,
JICKWH yerapana Oepunran HIapTiaapHu
KaHOATJIAHTHPMaWan, eMak (6) ndoaanu xo3upua
KyWHUIraH MacaJlaHWHI €4YMMHM Jied onMmaiimusz. Y
UXTUEpUN IapaMeTpiapHH Y3 UWYura oOJiraH
aHanmuTuK KypuHuingard udoxa. Ly wuxtuépuit
napameTpIap yerapaBuil IapTiaapHu
KaHOATIAaHTUPHUII YyYyH (QoipanaHwiaan. YIiapHu
uryHaail tannam kepakku (6) udoma I werapana
Tasad HJTWIraH IIApTIapHA KaHOATIAHTHPCHH.
Bynunr yuyn (6) upoganu dverapaBuii mapriapra
KysMU3 Ba KyHuJaru KYpUHHILJArH WHTErpall
TEHIIAMaHHU XOCHJI KHJIAMH3:
u() = I () + [ K y)z0)dl,  (7)
By epma c;- uxtuépuii KoHcTaHTamap, v;(x) =

T

(LlVI/Cl(x),LZWCl(x)) , T- TpaHCHIOHHMpIIAII
oenrucu, K (x,y) — MaTpuua, yHUHT 3J€MEHTIapu:
Kij(x,y) = LiW;,i=1.2,j =12, z(y)— xomro-
HEHTaJapu ¢ , m OYIAraH HOMAbBIyM BEKTOD,
u;(x) = —Lilwo(x)], i = 1,2,
L, Ba L, -derapaBuii mapt ornepaTopJiapu.

(7) mHTETpaJ TEHTIaMaJiap CUCTEMAaCHIaH ¢,
m—_QyHKLUsIAp, C;- HOMabJIyM COHJIAPHH TOIHO
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(6) udomara kyicak FONKa IUIACTHHA STHIIUIIN
MacaJJaCHHUHT aHAIWTHK €YMMUHH OJlaMH3. BUpOK
(7) cucreManu eYMMUHH aHUKJIAII XKYa MypaKkao,
IIYHUHT YHU COHJIM €YMMWHU aHUKJIAIl Ba YHIAH
¢oiigananui OunaH yerapaiaHaMu3.

Amanuii TagOoMKH. 04 Ba BC
TOMOHJIApH KHCTHPHUO Maxkamutanran AB Ba OC
TOMOHH 3pKHH OYNraH IONKa IUIACTHHA STHIMIIN
MacajlacuHU KypaMu3.

OA TomoH Omman OC 3rpu YH3UKIN
TomMoHura O HyKTara yTKa3wiraH YpHHMa YW3WK
opacuiaru Oypuak «g = T XaMJa HKKH TOMOH
Typiau4ya MaxkamiaHrad, gemMak O HyKTa Maxcyc
HykTa. O HyKTara yamjaH Ba YHTJaH SKAHIAMTaHaa
kyuwuinr w(x) 6up GupHaaH KeCKUH (hapK KHIaIuraH
Xocuianapra ara 0ynanu.

¥
B'lrlrlrlr|r|r|r|r|r|r|r|r|r|r|r|r|r O C

TEFNFFFNFRFRRFFRFARNFFFRRRRFRFFER N D

2-pacM. O HyKTa/la MaxCyCJIMKKa 3ra
IUTaCTHHA.

bynnait maxcyciuk (2) udonana MaBxyn
sMac, WIyHUHT Yy4yyH OyHmaiti xomma [p =1
Oynaranma (6) mdomaman QoiimanaHran Makcajra
MyBopuK. Bynunr yayn W, (x) ra kupamuran k, Ay,
By, Cy, Dy HOBMaymMnapau aHukiam kepak. OA4 Ba
OC ToMOHNIapary yerapaBuil mapTriapra Kypa

8 fy(k,0) =0
fe(k,0) =0
Mg(?, (XO) = 0 (8)
Q; (r,ap) =0

by cucrema Kyimmaru udoganap opkaid
XOCHJT KWJTHHAIH:
f(k,08y) = Ay cos(kBy) + By sin(kb,)
+ Cycos(k —2) 6,
+ Dy sin(k — 2) 6,
f'(k,6y) = —kAg sin(k6y) + kB, cos(kby)
— Co(k —2)sin(k — 2) 0,
+ Dy(k — 2) cos(k — 2) 6,

My(7,0,) = (k — DT 2[Agk(v — 1) cos(kB,)
+ By k(v — 1)sin(k6,)
+ Co(k(v —1) +4) cos(k — 2) 6,
+ Dy (k(v — 1) + 4)sin(k
—2) 6],

Qp(7,600) = (k — DF*2[~Agk(v — 1) sin(k6,)
+ By k(v — 1)cos(k6,)
+ Co(k(1 —v) +4)sin(k —2) 6,
+ Dy ((k —2)(1 —v) + 4)cos(k
—~2) 6,
(8) cucrema Ay, By, Cy, Dy mapra HucOaTan
Oup KWHCIHM anreOpawik TEHrIamMa. YHH edu0
KyWHJaruHy OJIAMU3:
Ag = —Co, Bp = =Dy %,
_ (4 + (k— 2))(1 —v)sinka, — k(1 —v) sin(k — 2) a,

C, =D
oo (4+ k(1 —v))coskay + k(1 —v) cos(k — 2) ag
)
Bup  kMHCIM anreOpaMK TEHTrIIamanap

cUCTeMacHd HoJmaH (GapKId eduMra sra OyIuim
yUyH YHUHT A€TEPMUHATH HOJ OYIIHUIIM 3apypJIUTH
maptugan k mapamerpra HHcOAaTaH TPaHICHICHT
TEHTJIaMa XOCHJT KHJIaMU3:

1-v 2 t? 5+2v+v?

cost = 26 sin aoa—g—m (10)
t =2ay(k—1) ay= mOyaranu yuayH
5+2v+v2
cost = - s (11)
_ 5+2v+v? 6
= —(1—1/) G+ CJruiian KHpuTaMmus.
o 5+2v+v2

v=0 6}/HFaHIla b > 1, YYHKH m

oynman (v + 1)2 < 0, 6y 5ca MyMKHH 3Mac.
Hemak (11) TeHrnama e4MMH KOMILIEKC:
t=nntiarcch(—b),n=0,+1,12,..

(10) man

kp =142+ n=04+1,+2,..

WCk" (x) = ¥ f(k,,0,) eunmmarn dakarn = +1
Oynarann Km3ukTHpamu. YyHkm n = —2,-3,..
oynranga w(x) uuar O HyKTagarn KAHMaTH 4€KCH3
0ynn6 Konaau, OyHIal OYIUIIN MyMKHH dMac, n =
0,2,3, ... kuiimMaTiIapAa MaxCyClIUK MaBXyJl IMac.

Iynmait k6 6m3 O Hykraga Tamad
STWITaH MaxCycliKKa odra Oynran KyHuumaru
KoMIUIeKc udonara sra 0yraMus:

4

1k
W) = ) aw (12)
=1
C; — UXTUEPUU COH.
n=-1ga ky,= % + i—arcczr;(_b),
3  arcch(-b)
n= 1,[[8: k3'4=EilT (13)
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By ndona (1) TeHrnamanuHr OUp >KUHCIH
KACHMHHHT €YMMHUIIP, YHUHT XaKUKUH Ba MaBXyM
KACMJIApH XaM NIy TeHIJIaMa eduMiiapu Oyianaw,
OyHnaH xakukuii kuiimarim Ba (12) udona xabu
MaxCyCJIHMKKa 3ra Oyiran GyHKUIUS ONaMu3:

4
W0 = ) [cRelW!] + ol [W]]
= Eéxu
8
W.(x) = Z oW} (x)

i=1
By epaa W} = Re[W,"],
WA = Im[wr],  i=14
¢, 1l =18 — nxtuépuit xoncranrtanap. lllynmaii

K0, KypwiaaéTraH Macana €YNMHHHA KyHumaru
KYpUHUIILIA KUIUPAMU3:

8
W) = wo(@) + W) + ) a8
=1

OJiuHrag HATHKaJap TaXJINJIM.
IOxopuna TakuamaHAUKH, (14) xypunHHIIIATH
udpoma Ttapkubuma ¢ (y), m(y) — wuxtuépuit

dyHKOMsTap Ba ¢; — MXTHEPUHA KOHCTaHTajIap
MaBXyJ, yJIapHH KYWWIraH Macaja 4derapaBuid
mapTiapuaan AHUKJIAHMU3. bynna @)
KYpPUHUIIATH WHTErpajl TeHIJamanap THU3UMHHH
edumr 3apyp Oymamu.  MuTerpan TeHrnamaiap

TU3UMHHH COHJIM yCyJUlap OpKIM YHU3UKIH
TEHTJIaMalap TU3UMHTa KeITHPAMU3:

8 nz
Z v (x;) +h, Z K(x;, y7)z(v;) =ulx),
=1 j=1

i=1n (15)
Eku oneparop kypuHuniga:

Kz=u
by epaa n; - muacTuHa srajularaH coxa

yerapacu [ ga olmHraH TYTyH HyKTajJap COHH,
n, - I gerapacura yxmam umsuk [’ 1a onuHrad
TYTYH HyKTajiap COHH.

AHUK WHTETPATHH COHJHM YCyl OwWiaH
xpcoOamua TYryH HyKTajap COHHM KaH4a Kyl
Oyica mIyH4Ya aHUKIUK IOKOpH Oyianu, IJeKWH
TEHTJIaMallap TH3UMH JeTepMUHATH IIyHYa HOJITa
skuHnamany. IyHMHr y9yH TH3MMHH €YMMUHHU

OJTHIIIIA peryaupusanys yCynuaaH
¢oiinamanamus[9,10].

Bapua XUcooamuiap 3-pacmua
KeATHPWITaH QIrOPUTM  Oyiiya  KOMIBIOTED

JacTypiapu OpKanu Oaxapunaad. 1- sxaaeania
KyWHiaran MacajaHd HWKKA XWJI: MaxXxCyCJIMKHU
9pTHOOpPra ONraH Ba OJIMaraH pexXumiIapraa
OJIMHTaH HaTWkanapu kentupwirad. Hatwkamap
Kyhumgara Oeprimanap OnjiaH OJMHTaH:

Scientific Bulletin.

Tamku kya:  p = 20 H/M?,

mwiactuHa Kamuaaura: h = 0,1Mm,
TOMOHJIap HUCOATH (2-pacm)

Berilmalami kiritish

1.

Transendent tenglamani
yechis
k. Aq. By. Cy. Dy larni
aniqlash

Maxsuslikni
tekshirish

i aniqlash

Chiziqli tenglamalar

tizimini qurish

Regulyarizatsiya

usulini qo'llash

1Kz —ull < |

Kuchlangan-deformatsiyalangan
holati perametilarini hisoblash

Natijalami chop etish

3-pacM. XucoOJial yCyau ajiropuTMH.
1-xanBai

Hisoblash aniqligi
tahlili

[l&z —ul > &

Regulyarizatsiya
parametrini tanlash

I

KIX MaxcyciHk 9bTHOOpra Maxcyciuk 3bTHOOpra
apameT OJIMHMaraH OJIMHTaH
paapu (-0,0) (+0,0) (-0,0) (+0,0)
Yarr TOMOH/1a SIHF TOMOHJIA Yarr TOMOH/1a S”HF
TOMOHJA
2,52
8 -1078
w 3,92 3,92 2,37 10
- 107" - 1071
w —5,02 —5,02 8,95-1077 -1,07
9x, -10712 - 10712 - 1077
ow —5,08 —-5,08 8,95- 1077 1,55
dx -10718 - 10713 - 1077
M, 5,43 5,43 8,87 10° 4,08
M,, 3,25- 107¢ 3,16 - 107° —-8,8 - 10° 2,02
- 1073
Qy, —9,27 - 10* —9,27 - 10* —9,35- 102 58 10t
Qs -3,03 -3,03 9,25 - 108 -3,94
Oxyx, -2,26- 103 -2,26-10* | —532- 10° 2,45
- 108
Oy, 1,35 1073 1,31 1073 —5,32- 10° 1,21
Trix, 3,25 3,25 -31-10° 2,31
2-paCM11a KypcaTwiiraH IUIaCTUHA  4erapaBuil

mapTiapu Oyiinua oJMHTaH HaTHXajap.

1- xxagBanra a3THOOP Oepud Kapacak, (0,0)
HyKTara VHT Ba 4Yall TOMOHJAH SKHHJIAIICAK,
Ky4JIaHTaH-ie(popManysIanral xoJar
napameTpiapu KuiiMatu 2- Ba 3- ycTyHiapaa oup-
oupuaan aespnu dapk kuiamaiinu. by (0,0) HykTana
X4 KaHIal MaxCyclIuK WYK e OepuiraH HaTHXa.
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4- Ba 5- yctyHiapaa ca 6up- OupuaaH KecKuH papK

KWIaau, (0,0 HyKTaJa Ky4JIaHTaH-

nedopmarsiiaHTaH xoJar rapaMerpiapu

KHMaTHAa cakpanuiap KypuHuO TypuOmu. AltHaH

mynap 2-pacMia Ja KypcaTWITaH Macajla y4yH

XaKUKATra MOC KeNaJWraH XyCYCUSITAUD, YYHKH

yerapaBuii maptmap (0,0) HuHT uYam Ba YHT

TOMOHHUAA Typiawdaaup. by 3ca 1ry Hykraga

MaxCYCJIMKHH KSJITUPUO YUKapaIu.

Xy.Jioca.
IOxopuaa onmHraH HaTmKamap Oyiuda

IIYHW XyJIOcCa KHJIUII MYMKHHKH, TUTaCTHHAJIAP

STHIIUINY MacCalaCHHU WHTETPAJUIN yCyJiia eUIiaa

(dbyHnameHnTan euumiap OwmiaH Oupra dYerapaBwid

mapmiap Tydaniam Xocu1 Oynaiuran MaxCyCIIMKHH

9pTHOOpPra OJIMII YYyH aMJIaHTaH Kyd OpKalH

ONMHTAaH CHHTYJISP €YNMIAH XaM (QoWgaTaHuII

Makcaara MyBo(uK Oymap sKaH.
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Considering the specificity depending on
boundary conditions in the integral method of
solving the problem of thin plate bending.

M.M. Mirzaeva, G.O. Tajibaev, M.K. Mahkamov,
Sh.O. Torakhonova

Andijan State University, 170100 Andijan, Uzbeki-
stan

Abstract. Problems of ensuring the
durability of building structures lead to the solution
of differential equations of various forms.
Differential equations differ depending on the form
of construction and the type of confinement. The
shape of the elements used in the construction of
buildings and structures, in various industrial
production, is frequently updated. Each new form is
a new problem. Determination of correct application
of parameters depends on the accuracy of the
solution of this problem. Currently, there are many
computer programs that perform calculation and
design of building structures and visualize the
results. But it cannot be said that they will solve any
problem with high accuracy, there is still a lot of
work to be done in creating such software tools. This
work is one of the studies in this field.

In this paper, a method for universal
solution of linear boundary value problems for a thin
isotropic plate with constant thickness of arbitrary
shape is given. It shows the use of an expression that
reflects the peculiarities of boundary conditions in
the method of sources used in solving integral
equations.

In the source method [3], the stress-
deformation state of the plate is represented by
fundamental solutions. Fundamental solutions in
this method are smooth functions in the area
occupied by the plate, they have no special features
in this area. The parameters of the stress-
deformation state on the right and left sides of the
boundary point, where the type of fastening has
changed, can be drastically different from each other.
If this condition is not taken into account, the
accuracy of the solution of the given problem will
be low. In the method of sources, it is possible to
achieve an increase in accuracy if, together with the
fundamental solutions, the expression representing
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the boundary singularity is also considered. This
gives us a universal method for the plate bending
problem of arbitrary shape and with arbitrary
boundary conditions.

The article shows the expression of the
required particularity using a singular solution under
the action of a concentrated force placed on a corner
point of a wedge-shaped plate. In the process of
deriving the necessary expression, a transcendental
equation is generated, the solution of which is a
complex number in general and it is not unique. In
the required expression, we can get a linear
combination of functions generated by them. Since
the plate bending problem is given by a linear
differential equation, both the real and abstract parts
of the complex expression are solutions for the
homogeneous part. At the same time, it will have the
special feature of being a singular solution under the
influence of a concentrated force. We use this linear
combination of real and abstract partitioned
functions to represent specificity.

Thus, we can obtain the general solution of
the stress-deformation state differential equation in
the case of plate bending, consisting of three parts: a
specific solution, a fundamental solution, and a
solution related to a particularity. The fundamental
solution, and the solution to the particularity contain
unknown functions and unknown numbers, which
are determined from the boundary conditions in the
problem. A system of integral equations is derived
from the condition that the solution satisfies the
boundary conditions. Numerical methods are used
to solve it.

Fig. 2 shows a practical application of this
method which was seen as the bending of a thin plate.
In this case, the sides OA and VS are clamped, and
the side AV and OS are free. The results obtained in
two modes of the given problem: the specifity was
taken into account, and the specificity was not taken
into account are presented. The value of the
parameters of the stress-strain state on the right and
left side of the point (0,0) does not differ from each
other. In the mode that takes into account the
specificity, there are jumps in the value of the stress-
strain state parameters to the right and left of the
point (0,0). These are the properties that hold true
for the problem shown in Figure 2. Therefore, it is
appropriate to use a special solution along with
fundamental solutions in solving the problem of
plate bending in an integral way.

Keywords. Finite Elements, Differential
Equation, Boundary Integral Finite Elements,
Differential Equation, Boundary Integral
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