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VY craTTi po3rIIaloTECS JesiKi 0COOIMBOCTI BUKOPUCTAHHS METOY
CKIHYEHHHX piSHHL[L 0Py 3alUCY YAaCcTKOBUX TMOXIJHHX CHCTEMHU
TU(EpeHIliaTbHAX PIBHSIHbD MOMEHTHOI TEOpii HEMOJIOTuX O0OJOHOK B
MEPEeMIIEHHSIX JUIS TOYOK CEpPEIUHHOT IOBEpPXHI OOOJIOHKH, SIKi
3HAXOMAATLCS B Oe3mocepenHiil OJIM3bKOCTI Bif ii KyTiB.

Equilibrium equations for shells of arbitrary shape in displacements
contain, in addition to partial derivatives of the desired displacement
functions, also variable coefficients, which depend on the coordinates of
its points and the geometry of the middle surface.

When calculating by the finite difference method, it is difficult to
write high-order partial derivatives for points located near the corners of
the shell. This leads to the appearance of unknown values of
displacements and the values of variable coefficients in the fringe points,
and therefore, the need to use certain boundary conditions for the angle
of the shell. In addition, if the boundary conditions for moving the
contour points of the shell are unknown, then the equilibrium equations
should also be written for them. But in this case additional unknowns
appear again.

It is advisable to obtain such expressions for these derivatives in
finite differences, which would not include the values of the function at
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the above-mentioned boundary points. The solution to this problem is
presented in the materials of this article.

To achieve this goal, we used some possible representations of
high-order partial derivatives in finite differences, described in the works
of Professor P.M. Varvak. On the basis of this, expressions of partial
mixed derivatives were obtained for the point of the middle surface of
the shell at various locations relative to the corners of the shell.

A method for calculating shells was proposed, taking into account
all the above-mentioned features, namely: the basic equilibrium
equations of the shell in displacements should be written only for its
internal nodes; to them it is necessary to add equations that display the
conditions on its contour, made up in finite differences. When writing
the latter, it is necessary to take into account that the first derivatives of
the functions can be written in one-sided differences with the same error
as for the central differences.

Taking into account all these proposals, the finite-difference method
reduces the solution of differential equilibrium equations of the shell in
displacements to the solution of a system of linear algebraic equations in
which the desired displacements at the nodes of the computational grid
are unknown.

KitrouoBi crioBa: 000J10HKa, ArQepeHIlialbHI PIBHIHHS, MPSIMOKYTHI
KOOPJIMHATH, YACTKOBA MOXi{HA, CKIHUCHHA PI3HUILSA

Keywords: shell, differential equations, rectangular coordinates,
partial derivative, finite difference

Sk mokaszaHo B poborax [1,2,3], 3amaga mpo po3paxyHOK 0OOJIOHOK
JMOBUTbHOT  (OPMU  3BOAMTHCS IO BHUPINICHHS CHCTEMH TpPHOX
nudepeHLiaIbHUX PiBHSAHD PIBHOBAarM B MEPEMIIEHHAX 31 3MIHHUMH
koedimienTamMu. J{st T BUPIMIEHHS JOIUIBHO CKOPUCTATUCS YUCIOBHM
METOJIOM CKIHYEHHUX pi3HHUIb. Tak K I cUCTeMa PiBHSIHb MICTHUTH HE
TUTPKY YACTKOBI MOXiHI BiJ] IIyKaHUX (DYHKIH MepeMilieHb, a i 3MiHHI
koeQilieHTH, fAKI € audepeHIiaibHUMH BHpa3aMH, TO CKIHYEHHO-
PI3HHUIIEBUH 3aITiC HEOOX1THO IMOITMPUTH Ha Ti ¥ 1HIII.

CKOpHCTaBIINCH BUpPa3aMH TMOXiJHUX OUTBII BHCOKHX HOPSIKIB,
ornmcanux y pobori [4], orpuMaeMo HaOIMKEH] 3aIMCH TS TOXITHUX Bif
mykanuxX (yskmiin B |-t Touri o6omoHkm (puc.l). Jeski 3 HuX
mpencTaBieHi B Ta0. 1.
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Puc.1. IllabmoH-ciTka mist 1-10o1 TOUYKH 000IOHKH
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Ale BHHHMKAIOTH TNEBHI CKIQIHONII TPH 3alHCYy YacTKOBHX
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Puc.2. labnon-ciTka amns 1-1o1 Touku Oinst KyTa 00OJOHKH

CrpaBa B TOMY, 11O TIPY PO3PaxXyHKY METOJIOM CKiHUEHHHUX DPi3HHUIb
BUHUKAa€ HEOOXiIHICTh B 3aMiHI HEBioMOi (YHKII B TOUYKax TI03a
KOHTYpOM O0OOJIOHKH Yepe3 3Ha4YeHHsI ii B TOUKax Ha KOHTYpi 1 B cepenHi
KOHTYPY.

Sxmo Bumesragani yacTkoBi moximHi ans |-Toi KyTOBOi TOUYKH
3aIKcaTH Yepe3 OnepaTopu, HaBeleHi B Tabi.1, TO 3'IBIATHCS 3HAYCHHS
¢yHkii B Toukax C i J 1mo3a KOHTYpOoM 000JIOHKH (pHC.2).

1100 3aMiHMTH TX Yepe3 3HAYCHHS B CEPEIHIX TOYKaX, HEOOXIIHO
BUKOPUCTOBYBAaTH T'paHUYHI YMOBH il KyTa OOOJOHKH, IO iHOAI €
HeOaKaHUM.

ToMy J[OIILHO OTpUMATH TakKi BHpa3d I [MX IMOXIJAHUX Y
CKIHYCHHHX PI3HHIAX, SKi O HE MICTHIIM BUINE3a3HAYCHUX TOYOK 11032
KOHTYPOM.

3 mi€r0 METOI0 Ha JOJATOK A0 Omeparopa Il 3MIIMIaHOi MTOXiITHOT
JPYTOTO TOPSIIKY
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3aIMMIIEMO IIIe MOXKIIMBI Ba BapiaHTH, HaBeaeHi B poOoTi [5]:
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BuxopuctoByroun (1), (2) i (3), a takox manmi Ta6n.l mus 1-toi
TOYKH (pric.2), OTPUMAEMO TaKi BUPa3d YaCTKOBUX IMOXiTHUX:
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AHAJIOTIYHO MOXXHA OTPUMATH BUPa3H TaKWUX 3MINIAHUX YaCTKOBUX
MOXTHUX Jsi |-Toi TOYKM MpH 1HIIUX PO3TallyBaHHAX 11 MIOAO KYTIiB
000710HKH (Ta0:1.2).
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Crmim 3poOWTH aKIEHT e Ha OXHINA TpoOiieMi, sKa MOXKE MaTH
MicIle IPU PO3PaXYHKY.

SKmo 3 TpaHWYHUX YMOB TMEPEMILICHHS KOHTYPHHX TOYOK
3a3/1aJeriap HeBiJJOMI, TO B I[bOMY BUIIQIKy CHCTEMY PIBHAHb PiBHOBAaru
00OJIOHKM B MepeMillleHHAX BapTo Oyino O 3amucaTd 1 Iy KOHTYPHHX
TOUOK. AJie TOAl Lle NpU3BEAe OO0 MOSIBU B TOYKAaX 11032 KOHTYpOM
000JIOHKM HEBIMOMHUX 3HAYCHHh IIEPEMIIICHb 1 BUHUKHE HEOOXiTHICTH
BHU3HAYEHHS TaM BEJIMYWH 3MIHHUX KOE(IIiEHTIB, SKi BXOIATH 10 CKIATY
PIiBHSHB.

1106 yHUKHYTH IIOTO, MOXXHAQ IOCTYIHTH HACTYIHUM YHHOM:
OCHOBHI PIiBHSHHSA PIBHOBAarM OOOJOHKH B TEPEMIMICHHAX 3aMHCYEMO
TIABKK A5 i1 BHYTpIIIHIX BY3JiB; /[0 HHUX MOBHHHI OyTW [ojaHi
PIBHSHHS, IO BiJOOpaXalOTh TPaHUYHI YMOBM 1 CKIaJeHI TeX B
CKiHYEHHHX PI3HHUIISAX, aje 3 OJHI€I0 ocobmuBicTio. CripaBa B TOMY, IO
3rimHo 3 [6] MokHA 3amKcaT BUpa3M MEPUIMX MOXITHUX U KOHTYPHUX
TOUOK 4epe3 OAHOCTOPOHHI Pi3HUIN 3 TaKOK X MOXHOKOI, IO W IS
HEHTPAIBHUX PI3HUIb, MPEACTABUBINM iX, HAOpUKIAM, Ui TOYKH |
(puc.3), B HACTYITHOMY BUTJISII:

of 1
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o), Zix( | L fr) (6)

Q

0

Puc.3. [llabnon-citka amns |1-Toi TOYKM HA KOHTYpPi 000JIOHKH

a st rouku P (puc.3):
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Came Taky ¢opMmy 3ammcy ciifi 3acTOCYBaTH [UISl TIEPIIAX
MOXiAHUX BiJ (QYHKLIN MepemilieHb, U0 BXOAATh Y PIBHAHHS JESKUX
CTaTUYHUX YMOB Ha KOHTYPi 00OJIOHKH.

TakuMm 4MHOM, IPU BUKOPUCTAHHI ONEPaTOpiB, HaBeAeHUX y Tab.1
i 2, Ta OHOCTOPOHHIX (OPM 3aIUCy MEPIINX MOXiAHUX AJIS TPAHHYHHX
yMmoB 3azadi (6) i (7), MeTOJ CKIHYCHHUX PI3HHIb 3BOJUTH PIIICHHS
mudepeHIliabHAX PIBHAHb PIBHOBarm OOOJIIOHKK B TEPEMIIIEHHSIX
[1,2,3] mo pimeHAEs CcHUCTeMH JHIMHHX anreOpaidHuX piBHSHB,
HEBIIOMMMH B SIKUX € 3HAYCHHS INYKaHUX TMEpeMillleHb y By3lax
PO3PaxyHKOBOT CITKH.
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