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YKaxoH nkTncognéTtn Ba AMnnoMaTus yHUBEPCUTETH
°Tashkent International University of Education

AHHOTauma. Mackyp Makoraga anacTvknuk goupacupa (bup ynyoBnu Hasapus)
NPU3MaTUK XXMCMHU CUKMO (BMp TOMOHM MycTaxkamnaHraH) bypalu macanacu myBo3aHaT
TEHrnamacuHn Kypuvu, xocun ©OynraH auvddpepeHuman TeHrnamanap CUCTEMacUHU
MHTEerpannaw ycynnapu Ba €e4YMMUHUHT COHIMU HaTWXanapuHU Taxnunn KentupunraH.
KapanaétraH >XWUCMHVHI TeOMEeTpUK Ba MeXaHVK XapakTepucTukanapura HucbartaH
EYNMHUHI AKMHNawuL xonaTtu ypraHmnraH.

Kanum cysnap: anacmuk, nnacmuk, cumkuw, deghopmayus, KydnaHuw, dacmypnauu,
ansopummnap, OuggepeHyuan meHanamanap, KoopOuHam @yHKUusicu, vezapaguli
Macarna, Mampuuca, XOC COH, XOC 8eKmop, uHmeaparn, dughghepeHyuarsn, cucmema,
KoHCmaHma.

Derivation, integration and numerical
analysis of the solution to the equilibrium
equation under constrained torsion of a
prismatic body
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Abstract. The article presents an analysis of the numerical results of solving the problem
of constrained torsion of a prismatic body (one side is reinforced) within the framework
of the theory of elasticity (one-dimensional theory), finding the equilibrium equation, and
integrating the resulting system of differential equations. The state of convergence of
the solution based on the geometric and mechanical characteristics of the object under
consideration is investigated.
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Kupuw

Mabnymkn anacTVKNUK xornatvaars npusaMaTvK >KUCMNapHuHr Bracos-
KaHTopoBu4 ycynura acocaH anactuk xonatga JlamenuHr [1] y4 ynyoBnu
TEHrMaMacuHMHI e4nMun Kynuaarm K)v/pI/IHI/ILIJ,D,a M(bo,u,anaHa,qM

U=U,(x,y,z ZUmn
)+ 2V
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mn=123,....
KypvHuwaa kypvnaau. by eppa
U,.,V,,W, —onannaaH aHrknaHraH coyHKuusnap
Oynunb, ynap anemeHTap Haszapus acocmaa KypunraH
OYNULLIM MYMKWH;
fngi), fmzn , frﬁi) koopauHaT  PyHKUMSANapu
6ynub, 4YerapaBuii LapTnap acacuga onguHaaH
TaHnab onvHagw;

U,isVos s W KMCMHUHT  yMyMnaLuraH
cUImKMWNapu 6ynmb, Homabnym dyHKUMANap4aaH
nbopataup.

1 2 3 -

fngn),fmn ,fn(m) QyHKUMANNAp  TYNUKIUKINK
waptuHn  [2,3,4,5] KaHoaTnaHTupuwm  GunaH
Ovpra, KMCMaH EKu TYNUK MPU3MaTUK >KUCMHUHT
€H TOMOHNapura KynunraH yerapasui LlapTrapHu

KaHOaTNMaHUTUPULLN KepakK.

Makonaga napannenenunegHn cuknb Oypalu
MacanacuHMHIr eMMMnHN Kypuwaa (1) garm HoNMHYK
xagnapwu (U, V,, W, Xxocun kunuw mMacanacu
kapanagn. By dyHKuManapHu Kypuw edmnaéTtraH
Macanara 6ofnuk 6ynmb, ynap (1) garm xagnap
COHMra Ba YeK4YM3 KaTOPHUHI SIKMHMAWuwmra
6eBocta Tacup 9aTagu. by  dyHKunsnapHuHr
Modenu  kapanaétraH MacanaHu  KaH4anuk
aHuK akcnavtupca (1) garM Yekcus WuFMHOMAaH
ONMMHaguUraH SneMeHTnap  COHWHWU KaManTUPULL
UMKOHUATUMHU B6epaan. by y3 HaBbaTnaa komnbloTEP
BaKTUHW TeXanam Ba XMco0-kntobnapHu kucka BakT
nymaa amanra OWNPULLIHA TaMUHNanaw.

MeToponorus
®apa3 kunawnuk  KapanaétraH  KUCMHUHT
z=0 KecuMM MaxkamnaHraH. z=[ kecumuaa

Gypaw momeHTn (J,,) Gepunran GyncuH (1-pacm).
XKuCMHUHr BGapya €H TOMOHMapu Talky Kydnap
Tacupuga 6ynmacuH. [MapannenonunegHu CuUKWMO
Oypaw macanacvHWHr MyBo3aHaT Auddepeuman
TEeHrnaMacuHu Kynmaarmya Kypamms:

1-pacwm.
U, (x,y,z) = —H(Z)y
Vo (x.y,2) = 0(z)x (2)

W, (x,y,z) = V(z)gp(x,y)
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Oy epaa 6(z)-6ypanuw Gypuaru, v(z)- HMCOUN
Oypanuw 6ypyarn, ¢(x,y)-6ypanuw  yHKumsicu.
(2) kypuHMLWOArM eynm napannenonunegHn cuknb
Oypawga xocun 6ynaguraH Ba XXUCMHU Yku 6yinda
MyHanraH Hopman KyunaHuwHu xucobra onagu
[1]. By xomatpa pennoHaums Hucbun Bypunuw
OypyarmHuHr cTepkeH Vyku Oyhnda yarapuwwura
DofNuK paBuwda TaHnaHagw.

Hatuxanap Ba myxokama

0(z), v(z) Ba p(x,y) byHUMANAP BapraLManapuHUHL
bofnukMacnuruHn  atubopra onub  MyBo3aHaT
TEHIMamMacuHU  KypUWHWHT  YMYMWA  cxemara
acocaH kynuparn guddepeHuman TeHrnamanap
CUCTEMAaCUHWN Ba YHra MOC YerapaBuii LLapTnapHu
XOCUN Kunamms:

0"+ayv' =0
v'—b0' —-by =0
z=0 da0(0)=0, v(0)=0
z=ldav'(1)=0, 0'(I)+aV'(1)-B, =0

®)

Vio+agp=0

P~y =0 4)
x=xa

@, +dx =0
y=1b

(3)-(4) pa kyrmnparn denrunalunap onvHraH:
J, = Ij(xz +y2)dF; J oo :/H%IjgpzdF;
F F
T, = [[ (0% +o))dF;
F
Ji = [[ep, ~yp)dF: 1, =

F
= I (xp.sp.)ar:
F

1

A+2
o, = TG'([(V')Z dz,0, =
, 1 )
= —Ivzdz L, = [v0'dz
0 0
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J. J. J 1) ~ w
a1:%2b1:% ;bzz% ﬂH:JZH/Jp; 0)12%3,601:— %3
P o0 o0

(3) Ba (4) andbdepeHuman TeHrnamanap cucTemMacuHu MWHTerpannawHm kypub vymkamms. Cucrtemanm
€UUMUHKN Kypuliaa KeTMma-keT SKMHnawuw ycynuaaH donganaHunagnm. YHra acocaH, HOMMHYK

skvHnawvwaa @, =0 Ba a~)1 =1 kypuuuwpaa TaHnanmus. By xonga 6Gypanuw dykumsacn ¢(x,y) Cen-
BeHaH eunmun 6unaH yctma ycT Tywaau:

Sh(PB.y) .. .
o (x xy+z, =123, aP13) Ch((é-b;Sln(Rix); B, =(2i-1)7z/(2a) (6)

6(z) Ba v(z) pyHkumnsanap (3) AaH Tonunaauv Ba ynap matpuuany Kyumaarn KypuHuira ara:

R(2)=F(2) C, (7)
by epaa
(o] _1 _ae / ae /
0! Cl
R(z)= 1% ,F(z): 0 —ae”  ae” ,C= © ,y =4/b, —ab,

, 0 _bl rz —rz C3

v b, e e
O rerz _re—rz C4

(7) marv ¢, c,, c,, c, y3rapmacnap 4erapasui wapTiapgaH Tonunaau Ba ynap kyumaarm KypuHuwaa
6ynagu:

¢ == 1+ apbth(r¥)/(tb,); ¢ = Byb, I 1

&=t By =t B (1o
2 2

NTepaumsiHUHT KEMWHIM kadamnapuaa oypanvw oyHKUMSCH Kynmnaarm KYpUHULLAE aHUKNaHaau:

(0()6, J/) = @xy+ z (91, Y + gy 8hP, y)SinF, x (8)

i=1,2,3,

by epaa DYHKUMACUHUHT (8) KYpUHUWWHM aHuknanau. by

XapaéH MabfyM aHUKMMKKa JpULLIMITYHYa OaBOM

aTagn, sbHuM (8) épmamupa (JW,J J, —(5))

Pzz, = Puz — @, nHTerpannap xucobnaHaau. Ynap épaamuaa @,
o ; NapHUWHI SIHMN KWAMaTtnaHapy aHvKnaHaaum Ba X.3.

q,; = w (9) MatLab TUnMHUHI BU3yan aactypnaiwl UMKOHUSTK

ab; P, GUI (Graphic User Interface) donaanaHysuura

_ Kynam rpacpuknm uHTepdenc apatagum Ba YHUHT

(2P' +a)1) époammga Mypakkab nowivxanap (mpoektnap)

3, chP,.b Kypvw MyMKkuH. JKymnagaH lokopaa Kentupunra

anddepeHumnan TeHrnamanap cuctemaHu KeTma-

KeT SKMHMawuW ycynuaa eYMLLUHWHE JNOWMXaCUHM

ApaTULL, ONWHraH COHMW HaTWXanapHu BU3WYN

Tax NN KM UMKOHUATUHU sipaTagu.

4y =

UTepauusiHUHr  KerMuMHriM  Kagamuga 0_)1,0)1
NapHUWHr TonNuNraH kunmatvgaH dorganannb (9)
dopmyna 6ynnya Pzzi,qli ,q,; KoadhduumneHTnap

xncobnaHagn. By  kuiimatnap — Cen-BenaH (2) AaH choitpanaHnb AecbopmaLNs Ba KyunaHmL

KOMMOHEHTanapunHn TonamMmus. YHra kypa:

www.actaeducation.uz 24
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e . =U, =0; e, =U0y +V,, =0

e, =V, =0e. =Vy+W, =0 x+vp,

e

zz

X, =Y =1%e;Z =(A+2G)e

2z

=I/V0 =V’¢;€

zX

By epaa A4 Ba G Ilame koHcTaHTanapw.

Bbapua katTanuknapHu xucobnaw yvyH MatlLab
pactypuHuHr GUI acocupga kywvgaru nonmxaHu
xocun kunamma (2-pacwm). by epga a, b, L — 6epunrax
XMCMHVHT yrdoBnapu; n- Oypanuiw dyHKumMsacuganm

(6) cymmagaH oOnWHraH anemMeHTNap  COHU;
- TallKu
xz _Oz—yPI;Pyz _OzxszyLH'lale/lHr

KomnoHeHTanapwv; Jff, Jp, Jk, Jn nap moc pasuwga
I ppsd psd s ], MHTETPANNAPHUHT KMiAMaTH. “n int” —

X Oyvmya Tpaneuus ycynuparu
OynuHmwnap coHu; “m int” — y 6ynnuya tpaneuus
ycynuaarn OynuHuwinap couu; “‘n ff° o(x,y)
dyHKuMACKMagarm anemeHnap COHMU, it-(9)
dopmynagarm KaTTanvknapHu aHuknaw  y4yH
ONMHagWraH wuTepauusinap CoHu. Jlonnxa WKKM
KMcmaaH ubopat 6ynub, yHUHT 6upuHum kncmm OK
TyrMacuHu 6ocuw GunaH amanra owwupwnagum Ba
lokopuaarm wHTerpannap Tpaneuus dopmynacu
épaamnga Takpmubum xucobnaHagun. VIKKWHUM Kucmm
NUQTADA YISOBLASH TtyrmacuHu 6ocuw 6unax
aHuknaHagn. YHga acocaH ¢(x,y), 6(z) Ba v(z)
PYHKUMANAPHWUHT OXMPTY KYPUHULLMHW @aHWKNaHaau.
bynap épmamunpga cumkun, pedopmauus  Ba
Ky4naHu  KOMMOHEHTanapuHUHI  KuAMaTnapu
GepunraH x, y, z HykTaga aHuknaHagw. Jlonmxara

(10)

=W, +U,==0 y+vp,

Xyzszexyzo;YzzGeyz;Zx =Ge,, (11)
o3rMHa  Y3rapTUpuLL KMpUTNG okopuaaru
KOMMOHEHTANapHWHI  rpacpurmHn - xam  Yn3uLl
MYMKWH.

ApatvnraH anropuTMHUHT  TYFPU  ULLNALLWHA

TeKWMpuLL Ba ONUHraH HaTWXanapHUHT
WLIOHYNUIUIMHU  aHuKNalW  makcagupa  6up
KaTop Taxnunnap amanra OWvpUnau. Xocun

KWNWHraH gactypuii TabMUHOT acocuia XUCMHUHT
Ky4naHraHnuk — aeopMaLmoH X0NaTUHN ypraHuLl
Makcaguaa YHUHI Kynhuparm reomMetpuk Ba ousmk
xycycusinapu acocuga (Oup ynyoBnu Hasapus)
Oypanuw macanacu Taxnun kunuHau: (a, b, L—
caHTumeTpaa Gepunagn; E=2*108 kr/cm? ; u=0,3 ;
P1, P2 - kr/lcm?).

3-pacmpa Cen—BeHaH (6) dyHUUACUMHUHT xaanap
COHM n ra HucbaTtaH KuAMaTnapuHUHE rpadurn
kentupunraH. by pacmgaH KypuHu6 Typnbamku
KEWMHIn xmucobnap yyyH n = 2 onuw etapnm (n
1-kopa, n = 2—k1u3un Ba n = 3— Awwun). 1-xagsanga
@(x,y) PYHKUMA Ba YHUHT XOCUnanapu NWTUPOK 3TraH
nHTerpannapHuHr (5) kumarnapu n ra TucbaTaH
Taxnun KUnuHraH. ByHUHr yyyH nownxaga n HUHC
knimatuHm  yaraptupnd OK  TyrmacuHm  6ocui
eTapnu. 1-xagBangaH KYpuHnG Typubamkn KENNHIN
XMCcob KUTOBNAp YYyH 7 HAUHT KUAMaTUHW UKKWN EKN Y4
TaHnaw Kndosi.

2-pacm.

www.actaeducation.uz
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3-pacm (a=1, b=1, L=4, y=1, -a<x<a)

1-xagBan
o(x,y) DyHKUMSICMAArM anemeHTnap couu (a=1, b=1)
n 1 2 3 4 5
WHTerpannap
JW 0.03754 0.030566 0.03018 0.030125 0.030113
Jk 0.47945 0.42833 0.42099 0.419 0.41825
Ji -0.44087 -0.4222 -0.41906 -0.41807 -0.41782
CeH-BeHaH  dyHkumusacura  Gofnmuk  Bapva KapaéH MabnyM aHuKNUKKa 3puLniryHya gaBoM

witerpannap  J,,.J;,J;  —(5) xucobnaxranpan
KEMWH Ly Typyxra KMpyB4M Ba z ra Oofnuk @,
@y, s (5) nHTerpannapHu xucobnanmma Ba ynap
éppamMuga @;,@;, NapHWHr KWAMatK Tonunagw.
UtepaumaHuHr KENWHIN Kagamuaa 51,031
NapHWHI ToMumraH kunmatugaH donganadmt (9)
dopmyna 6yimua D4y 9, KkoabduumeHTRap
xucobnaHaau. by KnamaTtnap CeH-BeHnaH
PYHKUMACUHUHT (8) KYPUHULIMHW aHuKknangun. by

aTagm, sbhu (5) éppamuga J,,J, »J; unTerpannap
xucobnaHagu. Ynap épaammnga ,, 0, NapHWHT
SIHMW KMAMaTNaHapy aHuknagau Ba x.3.

2-xagBanga n=2 ga (8) marm xagnap colura
HucbaTtaH @;,@; naHy TonuL YYYH KaH4a ntepaums
KANULL NO3UMAUIN Taxnun kunuHrad. XXagsangaH
KYpuHUG  Typmbaukm @, @), napHn 4-5 xoHa
aHuKNuKga xucobnaw y4vyH kynu 6GunaH 4-5 Ta
nTepauns KU etTapnm aKaH.

2-xapBan
a=1;b=1;L=1;n=2;
Utepauumsa -Ne 51 r
0 0 3.435929975329609
1 -10.442866788342187 3.944184109278434
2 -11.045630422326512 3.971335456839694
3 -11.079773935760535 3.972865335872468
4 -11.081703172711858 3.972951753761411
5 -11.081812166058358 3.972956635906427
6 -11.081818323649394 3.972956911723480
7 -11.081818671523013 3.972956927305787
8 -11.081818691176158 3.972956928186110
9 -11.081818692286467 3.972956928235840
10 -11.081818692349190 3.972956928238652

3-xagBanga VHTerpanfapHVHT KuiiMaTnapu Tpaneuusi ycynupary opanukHu GYnuvHUWnap coHura
HMUcOaTaH Tax/ A KUTMHaH.
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3-xapBan
@(X,y) dyHKUMACKMAArn anemMeHTnap coHn (n=2)

WnTerpannap nint=10 n int=20 n int=30 n int=40 n int=50

m int=10 m int=20 m int=30 m int=40 m int=50

J 0.039969 0.033028 0.031669 0.031188 0.030965

v

J, 0.48176 0.44167 0.43425 0.43166 0.43046

J -0.42309 -0.42225 -0.42221 -0.42222 -0.4222
by XagsangaH KypvHNG Typubauku wTepaumsnap CoHura OOFMUKNWUIMHKM  oKopuaa
WHTerpannapHu xmucobnawgaa yprtada 40 ékm 50 Ta  KypauKk. KenvHrn  Ttaxnunnapga KyysniaHumL

6)7]'II/IHVILIJ HyKTalnapunHu ol eTapiin 3KaH.

OnacTuknNuK xonatmaa HaTKanapHUHT COHIIN
AkMHNawmwm (8) ga onNuHraH anemeHTnap coHura

KOMMNOHEHTanapuHUHI AKMH1aWnLn (8),D,aH OJINHIraH

Xaanap CoHUHM cukcupnab (MacanaH, n=3), @,,,
Ba 7 NAapHW aHMKNAaLl y4yH oniMHaguraH utepauusnap
COHUra HucbataH Taxnunm KenTumpunraH.

Ba @), Ba r NapHN aHUKNaH y4yH onvHagurau
4-xapBan.
KydunaHwuuw|a=2 b=1L=2 P, 6 P,=4000, E=2"10° kr/cm? ; y=0, 3
KOMMOHeHTanapm
@,,(); Bar NApHW aHWKNaLLAarM uTepaumsnap CoHu
0 1 2 3 4
_ 0 -2.26802 | -2.32955 -2.3317 -2.33177
,

_ 1 1.49256 1.51061 1.51935 1.562781

@,

r 0.853689 1.0817 1.08847 1.08871 1.08872
-Zz(1,1,0)10/G 0.207209 0.229437 |0.229661 0.229669 0.229669
-Xz(0,1,2)10/G 0.134898 0.13771 0.137601 0.137597 0.137597
Yz(2,0,L.2)10/G 0.127446 0.156048 |0.156544 0.156561 0.156562

4-xapBanpaH KypuyHUO TypubAMKM KyuraHWULL
KOMMOHEHTanapmnaa y4 XOHa aHWKMMK OfuL Y4yH
yyta EKku TypTa UTepaumsiHA OFfUHWLLM eTapnu.
UTepaumanap COHWHUHI OwWWWK OelmnHYn  Ekn
ONTUHYM pakamnapra Tabcup 3TagM Ba Oy
3aMOHaBU KOMMbloTEprapAaH Kyda xam kam BakT
Tanab aTagu (cekyHanap mabHocMaa).

KUCMHUMHI MaxkamnaHraH TOMoHuAa ZzZ HWHT

KAAMATU XKUCMHUHT  Y3YHIWUIM  YHWHT  KyHOanaHr
KECMWHWHT Y3yH TOMOHUra TeHr 6ynryHya ycub
Oopaan Ba KelWuH gespnu 6up xun 6ynuo, Xuncwm
Y3YHNUIMHWHT opTuwmra  G6ofnuk 6ynmangun (4-
pacwm). By xapaéH p=0, 3 Ba XWCM KyHAanaHr
Kecumn KBagpaTtra sikuH 6ynraHga Tespok Kkeyaau.
pu=0, 45 y4yH y4yyH Oy Xapa€H CEeKMHpPOK Keyaau
(2.26-2.28-pacm).

25 T T
-Z#(1,1,z)*100/G

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff —

__________________

4-pacm. a=2; b=1; L=1,2,3,4,6; P1, P2 =4000; p=0, 3
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Ky4naHUWHWHT  ypyHMa KOMMOHEHTanapuHuWHr (Xz, Yz) KkuAMatnapu >XUCMHUHT Oy TOMOHWra
AKMHNawraH capuy ycnb 6opagwn. by ycui XUCMHUHT Bynn y3yHnawraH capv siHa xam optagm (5-pacm).

______________________________________________________________________

...................................................

....................

8 10

5-pacwm. a=2; b=1; L=1, 4, 6, 10; P1, P2 =4000; u=0,45

Xynoca

Oactypnaw tunun MatLabHuHr BU3yan UMKOHUATH
GUlgaH dorpganannb kynawm rpadouknm nHtepdenc
ApaTunaM  Ba  YHWHr  épgamMuga  Mypakkab
MacannapHu euLl y4yH fionnxa (NpoekT) spatungu.
ApaTtunrad nonuxa conganaHyBun yyyH Kynan Ba
KeHr MMKOHusATnapra ara 6ynmb, yHWHr épgammnaa
lokopuaa KentupunradH yd4 ynyosnu Bypanu
Macanacu eumngu. Jlovmxa épaammuga OriMHraH
HaTwKanapHUHI COHNM Ba rpadvk Taxnmnm amanra
owmpungu. OnNvHraH HaTWXxanap Xvcmaa kevyaguraH
PU3UK KapaéHNapHWHr  TYFPU  akCraHTUpUnULIK
kKypcatungun. by y3 HaBbaTtuga TaHmaHraH CoOHNU
METOOMapPHUHT  TYFPU  TaHMNaHraHAUrMHu Ba
ApaTunraH anropuTM HaTKACUHW ULLIOHYITUITUTVHM
KypcaTtagu
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