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PO OJMH NIAXIJ 10 PO3PAXYHKY OBOJIOHOK
JTOBLIbHOI ®OPMU B IPSIMOKYTHUX KOOPJIMHATAX 3
YPAXYBAHHSIM HEOJJHOPITHOCTI ii MATEPIAJIY 1O
CEPEJMHHIN ITOBEPXHI

AN APPROACH TO CALCULATION OF SHELLS ARBITRARY
SHAPE IN A RECTANGULAR COORDINATE WITH REGARD
HETEROGENEITY OF ITS MATERIAL ON THE MIDDLE
SURFACE
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IIpoBeneno  aHami3  MOXJIMBOCTI  3aCTOCYBaHHS  CHCTEMH
nudepeHLialbHUX PIBHAHP MOMEHTHOI Teopii HemoJorux OOOJOHOK B
MepeMillieHHs X, o0y/IOBaHOI HA  OCHOBI  TIMOTE3U  «IIPSMHUX
BEpTHKaJel», Ha BUMAJOK, KOJIU MaTepiaid 0OOJIOHKH HEOJHOPIIHUH O
il cepeanHHiI MOBEPXH.

The analysis of the possibility of using previously obtained system
of differential equations of the theory of moment no shallow shells in
movements based on the hypothesis of "direct verticals" to the case
where a non-uniform coating material on its middle surface. We obtain a
new system of differential equations, which is different from the
previous one only by the fact that the need to understand the values of
the variables under factors within them. Some changes will affect only
the right-hand sides of the equations, is their free members will not
contain values of elasticity modulus of the shell material. This will
expand the technique proposed earlier by the author, based on the class
of problems when it is necessary to take into account the heterogeneity
of the cladding material on its middle surface
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B OinpmrocTi icHyrOUMX TeOpil po3paxyHKy OOOIOHOK Ha MIIHICTh
BUXiHI AudepeHuiansHi piBHAHHS, TOOTO PiBHSHHS PiBHOBArd, ¢izudHi
Ta TEOMETPUYHI PIBHSIHHS, CKJIQJCHO B KPUBONIHIMHHX KOOpPIWHATAX.
Jnsa noBimbHHX (GOpM OOOJIOHOK 3alHMC BHUXIMHAX PIBHSAHB B Takiid
CHCTEMi KOOpAWHAT BUKJIMYE MEBHI TPYIHOLII.

B pobGori [1] A.dlyxep otpumaB audepeHIianbHi PpiBHIHHSI
piBHOBarn OE€3MOMEHTHHX OOOJIOHOK IOBLIBHOI (POPMH B JEKapTOBHX
KoopauHaTax. Aie HUM OyJI0 PO3TISHYTO JIAIIEe CTaTWIHWNA OiK 3amadi
0e3 ypaxyBaHHS Jlii 3rHHHUX Ta KPYTHUX MOMEHTIB.

O.P.Pxaninua [2] monoBHWB piBHSHHA piBHOBaru A.llyxepa
TEOMETPUYHUMH DIBHSHHAMH Ta (I3UYHUMH 3aJIeKHOCTSIMH 3aKOHY
I'yka 3 BBejeHHSM B3TMHHUX Ta KPYTHUX MOMEHTIB, IO JO3BOJIMJIO
OTPUMaTH HOBI PiBHSHHSA MOMEHTHOI Teopii HETMOJIOTMX OOOJIOHOK B
NPSMOKYTHHX KOOPIMHATAX y BUIJISL:
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[Ipu BUBenEHHI NUX PIBHSAHB Oyia MpPUHHATA HE TIMOTe3a MPSIMUX
HOpMalieil, a eKBiBaJIeHTHa il 3a TOYHICTIO TilmoTe3a TPSIMHUX
BepTHKael. 3TriHO 3 HEH BEPTUKAJIbHI BIIPI3KH, IO INEPETUHAIOTH
TOBILY OOOJIOHKH, Micis AedopMallii 0OCTaHHBOI 3aIHMIIAI0THCS TPSIMUMH
1 MalOTh TOW CaMUil KyT Haxuiy A0 CEpeAWHHOI MOBEpXHi, IO 1 A0
nedopmariiii. Ile o3Hauae BiACYTHICTH 3CYBIB IO TOBIIMHI O0OJOHKH Ta
JMHIMHUA PO3MOALN Hampyr MO BHCOTI HE B3IOBX HOpPMaled [0
CEpeIMHHOI TMMOBEPXHi OOOJIOHKH, a B3J0BXK BEPTHUKAIBHUX JIHIH 1O
BIIHOIICHHIO 710 Hel. Y BIAMOBIAHOCTI 3 MPUIHSTOIO TiMOTE30H0 3THHHI
Ta KPYTHI MOMEHTH 3aJal0ThCsi BXKE HE Ha HOPMajbHUX, a Ha
BEPTUKAIBHUX 3pizax obonoHku (puc.l). Bei BenmnunHN MO3A0BXKHIX Ta
MOMEPEYHUX CHJI i MOMEHTIB, SIKi BiJMiU€HO 3ipOYKOIO, BiTHECEHi IO
OJIMHUINI JIOBXXWHU TIPOCKIlii BEPTUKATLHUX 3pi3iB  OOOJIOHKH Ha
TOPHU30HTAJIbHY IJIOMIKHY.
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Puc.1. BHyTpimHi cumm B iepepizax 000JI0HKH
napajesbHUX JI0 OCi Z

Cucrtema TprOX JudepeHIliaibHUX pPiBHSHb PIBHOBArM MOMEHTHOI
Teopii HENoJOTMX OOOJIOHOK JOBLIBHOI (OpPMH B MPAMOKYTHHX
KOOpJMHATaX BIIHOCHO TpboX (YHKIIH TepeMillleHp Ha TiAcTaBi
TIIOTE3H «IIPSIMUAX BEPTUKAIEH MpecTaBieHa B poooTi [3].

BuBeneHHst 11i€] CHCTEMH IMOJIATANIO B IJICTAHOBII B DIiBHIHHA
piBHOBaru obonoHku (1) moximamx Bixm BHyTpimHIX cui (2) i (3) 3

TIOTEPEIHBOI0 3aMiHOK B HUX OChOBHX jedopmariii &, g;, V. L

neopmariii 3ruHy i KpydeHHs y . , Z; , ;(:y gyepes mepeMitieHHs U, v, W.

Ny = E-h(B, &+ foe)+ B 13y )
N;:E'h(ﬂlz'5:+ﬂ22‘5;+ﬂ23'7:y); 2
S:y = E'h(ﬂla'f": + B '5; +ﬁ33'7:y)'
5
6 h=—————— — ToBmMWHA O0OJIOHKHA B HANPSMKY
COS @, -COS @,
BEPTUKANBHOI OCi  Z; COS ¢,, COS @, — KOCHHYCH KYTiB HAaXHIy

JTOTHYHUX JI0 TIOBEPXHI 000JIOHKH B370BK KOOPIWHATHUX OCEH X 1 ;
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Bupasu (2) i (3) orpumani aBTopoM poboTH [2] i IpeaCTaBIAIOTh
co0o0r0 (i3uuHi pIBHAHHS MOMEHTHOI TeOpii HEMoJIOTHX OOOJOHOK B
MPSIMOKYTHHUX KOOpAMHATaX 3 3MiHHUMH KoedimieHTaMu
Bii(i,1=12,3).

B ychoMy ckazaHOMY BHIIE BBaXKajOCh, 1[0 MaTepiajl 00OJOHKH SIK
IO TOBIIMHI, TaK 1 ITO BCiH TUIOMII 11 CEPEIMHHOT MOBEPXHI € OTHAKOBHM.
Ane otpumani B pobOotri [3] piBHSHHS piBHOBard OOOJOHKH B
MPSIMOKYTHHX KOOpJIMHATaX HE BAXKO TpaHchopMyBaTH B Taki, LIO
J03BOJISITh BUKOHYBAaTH PO3PAaXyHOK OOOJIOHOK JOBUIBHOI (opMu 3
ypaxyBaHHSIM HEOJHOPITHOCTI MaTepiay 1o ii CeperHHIN TOBEPXHi.

®isuuni pisasans (2) i (3) Mictars koedinientn B, (i, j =1,2,3),

BEJIMYHMHA SKHUX 3aJIeKHUTh BiJl KOOPAWHAT TOUOK i reoMeTpii cepeInHHOT
MOBEPXHi 000JIOHKH.

Sxmo wmarepianr 00OJOHKM HEOAHOPIMHWUH, TOOTO MOIYJh
MPYXKHOCTI ~ MaTepiany SBISEThCS (YHKIIIEI0 KOOPAWHAT MPOEKIi ii
Cepe/IMHHOT TOBEPXHI Ha TUIOIIUHY XOY, TO HOro HeoOXiTHO BBECTU B
3HaueHHs 3MiHHUX KoedirientiB B (2) 1 (3). Tomi B mo6iit Toui
MTOBEPXHI 0O0JIOHKHU 3 KOOPAWHATAMH X 1Y

:Bi/j (X1 y) = :B| j (X1 y) ) E(X’ y) ) 4)

ne E(X, y)— dyHkiis 3MiHu 10 MOBEpXHi 000JIOHKH MOJLYJIS
TIPY>KHOCTI MaTepiaiy.

Hogi ¢iznuHi piBHsiHHES (5) 1 (6) OyayTh BiAPI3HATHCH BiX
MOTIEPE/IHIX TUTLKH THM, 10 MAIOTh Ha yBa3i i/l BETHYUHAMH iX
KOeQIIIEHTIB:
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Lle o3Havae, o0 BeCh XiJ MaTeMAaTHYHUX BUKJIAJIOK, MOB’S3aHUX 3
OTPUMAHHSM CHUCTEMH JHU(EpeHIiaJbHIX PIBHIHb PIBHOBaru 0OOJOHKH
B IEpeMillleHHsX, 30epexeThcs, a B caMiii cuctemi piBHsHD (7)
BiIOYJEeThCSl 3MiHA JIMINE TMPaBOi YaCTWHU KOXXHOT'O DPIBHSIHHS, TOOTO
BUTbHI 4JeHH He OyAyTh MICTUTH BEIWYMHA MOJIYJS TIPYKHOCTI

MaTtepiary 000JOHKH :

+ A Ot A Ut Ay O+ A - 0+ A, - 0+ A5 00+
+ A Ot As 0= _X*/5 ;

+ By 0,1+ By - 0,5+ By - U, + By - 0+ By - 0,,+ B3 - 0,1, +

+ By 0,185 0, = _Y*/5 ;

+ Gy 0 +Co 0,0+ Cp - 0,y +Cy - 0, +Cy - @,,+Cy - 0, +

+Cly 0,5 +Chs - 0,1, +Chg - 0,111+ C7 - @00y +Cig - 04190+

+ Gy B9y = _Z*/5 '
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e A(i=1+15),B;(j=1+15),C, (1+24) - xoedinientn,

NPEJICTABISIOTH Pi3Hi KOMOiHaIii koediuienTis ’ om (n,m=1,2,3).

3HaueHH AEIKUX 3 HUX HaBeIACHO B Ta0mumi 1.

3nauenns koedinientis A, , B;, C,
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3minHa BenmunHa P, sika BXOOWTH 10 CKIamy NMeskux KoeimieHTiB
TPETHOTO PiBHIHHS, BUBHAYaTUMEThCS 3a POPMYIIOH0;

—2

_ o
12 cos® ¢, -cos® g,

(8)

Orpumana cucrteMa aUQEpeHIIATPHIX PIBHSAHb  PIBHOBArd
000JI0HKHM B TiepeMimeHHsX (7) J03BOJIsiE PO3MIMPUTH 3alIPONIOHOBaHY B
poboti [3] MeToaMKy Ha Kiac 3aJad, KOJM TOTpiOHO BpaxyBaTu
HEOTHOPIIHICTh MaTepiaxy 0OOJIOHKH 10 ii cepeTnHHii MOBEpXHi.
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