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AHHoTauusi. B craree npeaniokeH MOTUQHUIIMPOBAHHBINA TIOAXO]] K TOCTPOCHHUIO pe-
HIEHUS 3aJa4H YIIPYTOCTH JJIsi CPEPHUECKOTO KOMITO3UTa, COCTOSIIIEr0 U3 MPOU3BOIBLHOTO
KOJIMYECTBa CJI0EB, KOTOPBIM MO3BOJISET OIIEHUTh COOTHOIIIEHHE ITapaMeTPOB BCE KOHCTPYK-

OUK B MOMCHT Hadajia IIJIaCTUYCCKOI'O TCUCHU .

KiroueBble ci10Ba: yCIIOBUS CONMPSKEHUS, TPAHUIIA CJIOEB, MOAU(DHUKAIIMS METOa ITPO-
TOHKH, TpEeXAHaroHajibHasa CUCTEMA JIMHEHHBIX anre6pqueCKI/1x ypaBHeHHﬁ, Ha4daJio 1jacTtHu-

YCCKOT'O TCUCHUS.

C mosiBIE€HHEM MOIIHON KOMIIBIOTEPHOU
TEXHUKHU TPOOIIEMy TIOKCKa CTPYKTYPhI OCECHM-
METPUYHOTO CPEepHUECKOr0 KOMIIO3UTA M MOCT-
PpOCHUS HATIPSKEHHO-11e() OpMHPOBAHHOTO COCTO-
staus (manee — HIIC) mnaHHOM KOHCTPYKITUH MOYKHO
Ob1T0 OBI PEMUTH MOTHBIM MEepedOPOM BCexX Ta-
pameTpoB KOHCTPYKIUH. OHAKO KOMITbIOTEPHBIH
MoHCK CTpyKTyphl U moctpoerne ero HIAC Ha-
TaJIKUBAETCS Ha JOCTATOYHO CEpbE3HBIE TPYA-
HocTU. M3BecTHO, UTO B MOCIEAHNE TOABI pas-
paboTaHo OONBIIOE KOTHMUECTBO 0a3 TaHHBIX, CO-
Jiep>KaluX HanOoJIee MOJTHbIE CBEACHUS O CTPYK-
Type U CBOWCTBax (Kyda BXOAAT B TOM YHCJE U
MeXaHW4ecKHe, 1 TEIJIOBhIE, U IpyTHe CBOWCTBA)
CaMbIX Pa3HOOOPa3HBIX MaTEPUAIIOB, U3 KOTOPBIX
MOXXHO CO3/JaBaTh HOBBIE CIIOMCThIE KOMIIO3HUTHI.
A Taxke M3BECTHO, YTO C YBEIWYEHHEM KOJH-
YecTBa CIIOEB, U3 KOTOPBIX MOXKET OBITH CIIpO-
eKTHpOBaHa MpeaBapuTeibHas CTPYKTypa KOM-
MO3UTA, CJIOXKHOCTh YHNCIEHHOTO PelIeHNs 3a/1a-
gyt 06 HIC KOHCTpYKIIMH pacTeT Aa)e He B Teo-

METPHUUYECKOI MPOrpecCcr, a SKCIIOHEHIIHANBHO,
TO €CTh 3ajJjaua MEPEXOAUT B paspsij TpyaHOpe-
IIaeMBbIX, I KOTOPBIX YCTaHOBIEHO [3; 5], uTo
caMblii OBICTPOJICHCTBYIOUN COBpPEMEHHBIN
KOMITBIOTEP BBIMOIHSET TaKKe 3aaHus TOJaMHU.

B nanHoii paboTe npeayokeH OAUH U3 Ba-
PHAHTOB TAKOTO MOCTPOCHHSI pelIeHuUs 00 yrpy-
roM JeopMUPOBAHUN MHOT'OCIIOWHOTO chepryec-
KOTO KOMITO3UTa, KOTOPBIH MO3BOJISIET N30€XKAaTh
JONTUX ¥ TPOMO3AKUX KOMITBIOTEPHBIX BBIYHC-
JICHUH JJ1s1 OLICHKH B IIEPBOM MPHOIHKEHUH KO-
JIUYECTBA CIIOEB, TApaMETPOB HArPY3KH, CBOICTB,
pa3MepoB, MaTEpHaIOB CI0EB KaK MpPHU YIIPYroM
nedopMupoBaHUN Bceil KOHCTPYKIIMHU, TaK U B
MOMEHT Hauajla MIaCTHYECKOTO TEUEHHS.

Anamnz HJIC paccmaTpuBaeMoro KoMIIo-
3uTa OyJeM MPOBOJMTH B MPEATIOI0KEHHH OJTHO-
POAHOCTH ¥ U30TPOITHOCTH MAaTEPHAJIOB CIIOEB Oe3
ydeTa TeMIepaTypHbIX HApPsHKEHU 1 HaTATOB.

OCHOBHBIE COOTHOILICHUS IS pEIIeHUS 3a-
nmaur HIC omHOTrO i-TO CII0St TAKOBBI:
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— 3akoH ['yka st omHoro (i-ro) cios cde-
PHYECKOTO cocya:

ou
& =7 = B0, +2- B0, ,

(1)

u
=y ~Bo,Bio,.

rne B,=1/E,;; B,=—(v,/E); B, =B, + B,; u—nepeme-
wenue; B, = const — monyns FOura i-ro cruos,
n, = const — kodppuument Ilyaccona i-ro cios;

— ypaBHEHHE Hepa3pbIBHOCTH AehopMaluii
JIS i-T'O CJIOSI TaKOBO:

dg‘P .
r?+8¢—8r:0, (2)

— ypaBHEHHE paBHOBECHS U1 OTHOTO (i-T0)
cnost cpepuueckoro cocyna:

do
r

1 2.(6 ~c,)=0. 3)

n ( o)

['paHMYHbIE YCIOBHS IS i-TO CJIOS TAKOBBI:
o(r=r)=p;;0,(r=r,)=py, (4)

[ie 7,— BHYTPEHHHH, a 1, | — BHEIHUH PaJILyChl OJIHO-
ro I-TO CJIOS.

YnoBnerBopuM ypaBHeHHUE paBHOBecHS (3),
BB QYHKIMIO HANPSOKEHHA [ ISt i-TO CIIOS:

dF;

= 2. = L =
0,=F/r;6,=5 "4 0.~ O )

[ToicTaBUB 3TH COOTHOIICHUS B YPABHECHHSI
(1), a 3atem B (2) nonyuum auddepeHuanbHoe
ypaBHEHHE BTOPOrO MOPSIIKA C MOCTOSHHBIMHU
ko3¢ hurmeHTaMu OTHOCUTENHHO QYHKIMH HATIPSI-
KEHHU S, PEIIMB KOTOPOE MOIyIaeM:

Fi=Ai-(L,+L) P-B-Q-L—-L)/r,

IepeMeELICHUE I I-T0 CII0A
u=A"r+B/r,

pICH Li=E-(1-v)/(1-v,=2:v?),
Ly=2-E; v,/(1-v,=2-V}?),
A= (rj+]3'pj+] _rj3 P! I( rj+]3_rj3) (L, + Lyl
B'= (rj' rj+])3' (pj+] _pi)/[( rj+]3_rj3) (2 'L] +L2)]'

W u3 cooTHOIIEHUH (5) MOXKHO HalWTH COOT-
BETCTBYIOIIHE HAPSKEHUS.

Ecnu teneps paccMOTpeTh MHOIOCIOMHYIO
cepruecKyro KOHCTPYKLIHUIO, COCTOSIIYIO U3 IIPO-
W3BOJIBHOTO N KOJIMYECTBA CII0EB, U CUUTATh, YTO
CIIOW TIOCa)KEHBI TIOTHO, HO 0€3 HATATOB, TO yC-
JIOBHE COMPSDKEHUS Ha TpaHuIle i-ro u i+1-ro cio-
€B MOXXHO 3amucarh Tak: u(r, ) = u; (¥, ).
Y4uuTpiBas euie CHJIOBbIE TPAHUYHBIE YCIOBH
JUIsI BCEd MHOTOCJIOWHON KOHCTPYKLMH, TO €CTh
Ha BHYTPEHHEW IOBEPXHOCTH UMEETCSI pABHOMED-
HOE JIABJICHHUE P, @ HA BHEIIHEH — PABHOMEPHOE
JABIICHHE P, |, TIOJIYYUM, PACCMATPHUBAs yCIIO-
BUSI COTIPSDKEHHMS [T BCEX TPAaHHII cioeB chepu-
YECKOr0 KOMIIO3UTA, TPEXAUArOHAIBHYIO CUCTE-
My N — | TUHEHHBIX anreOpanyecKiux ypaBHEHUH
OTHOCHUTENBHO N — 1 HEM3BECTHBIX PEAKTHBHBIX
JaBieHul p, = x,i=2,3, ... ,N,n=N:

/x2+d2]x3 =d;,
dxy + X3+ dyx, =
d g+ x,+ dyxg =0(6)
< d Xy x5+ dyxg =0
dy,y Xyt X, T dy, x, =0
\_ dy, X, Tx,=d,
31eck BBeAEHBI 0003HAYEHUS:
d. = I D
1 1>
1, +1, +9,
1
_ 2N=1 ) .
dzn,] - pN+] »

I]N—] + IZN—] + 6N—]

d = Ili
i Ili+12i+6i ’

d 121'
o Ili+12i+6i’

3HAYCHUS p; U Py, | — OTO BHCIIHES Py, | U BHYT-
PEHHEE p| PABHOMEPHBIC JIABJICHUSI JIJIsl BCEH KOH-

CTPYKIWH,
]” =3. ,,l}. (,,i+23 _ ,,i+13) .L]i. (2 ,Lliﬂ —Lz”]) %

X (L]Hl +L2i+l),
Li=3 1,0 (=) LT @2 LT = L)) %

X (L,/'+ L),
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8= (ry® = 1) (i’ = 77) - (2 L' = L) X
X (L = L1y - (L + Ly — L — LY.

Ecin npennonoxuts, yro L7+ L *1 —
—L,/~ L, = 0 nns Bcex cnoes, T0O B COOTHOILE-
Husax g dy; u d), Benmuuna §; obpamaercs B
HOJIb ¥ MOM(HKALINSA METO/IA IIPOrOHKH [2] ¢ yue-
TOM OCOOEHHOCTH CTPYKTYPbI JaHHOM CHCTEMBI
ypaBHEHUH (6) JaeT CIEAYIONINE COOTHOIICHUS
JUISl HEM3BECTHBIX 3HAYEHMH p :

N-1
QI?Z : H [217

P; =P T_i_l'(pl_pNH)’
N-1

k+1 k i-1

e O, = 2111, 'Hlm; 0,=1,0,=1,+1,,,tne k=2,

i=ln=i n=1

3,...,N-1,

U PasHOCTh 3HAYCHUH p, — p,., , KOTOpas yda-
CTBYET TPH IMMOCTPOCHUH PEeLICHUS JJis1 PyHKIHH
HAIPsDKCHUH £, a TakKe VISl HANPSDKCHUH G, U
Oy (5) xaxoro cjos MpuodpeTaeT T0CTATOYHO
IIPOCTOU BUL:

Bocnonp3yemcs Teneps yciaoBUEM ILIac-
TUYHOCTH Tpecka, KOTOpoe AJisl i-T0 CJos pac-
CMaTpPUBAaEMOM KOHCTPYKIIUU IPUOOpETaeT BU:

0, ~0p|=3 B2 L,~L|/ 2 F)=0;, ®)

e GT. —IpeaAci TEKy4ECTU MaTepualjia 1-T'0 CJIOS.
i

C y4eToM 3TOro, 4roObl MMETh BO3MOXK-
HOCTh OIIEHUTH IKCTpEMajibHbIE MapaMeTphl
BHEIIIHEH Harpy3KH KOHCTPYKIIHU, MEXaHUIECKHX
CBOWCTB CJIOEB U T. I, TO €CTh T€ MapaMeTpsl,
W3MEHEHHE KOTOPBIX TOBJICYET 3a COOOM Turac-
THYECKOE TEUeHHE PacCMaTPUBAEMOI0 KOMIIO-
3UTa, UCIOJIb3yEM YCJIOBHE PaBHOIMPOUYHOCTH,
BBEICHHOE B pabore [4], IpUMEHSs €ro 3/ech
KaK yCJIOBHE TOTO, YTO IJIACTHYECKOE TE€UEeHUE
Ha4HETCs ¢ BHYTPEHHEro pagnyca 1 MpakTudec-
KM BO BceX ciosfx ofgHoBpemeHHO. [loncraBisis
TIOJTy9CHHBIE COOTHOIIEHUS (7) B YCIIOBHE TLJIAC-
TaHocTH Tpecka (8) mpu r = r, JUis i-r0 CJI0A U
B3$IB OTHOILIEHHE ITOTyYEHHOT'0 YCIIOBHS IJIACTHY-
Hocth Tpecka Juig i-To cosl K YCIIOBHUIO TuTac-
tanoctu Tpecka nipu r = r,,| Juis i+1-ro cinos,
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MIOTy4aeM COOTHOLICHUSI, KOTOPBIE B IEPBOM ITPHU-
ONMKEHUH TIO3BOJISIFOT OIICHUTh YCTOHYHBOCTD
paccMaTpuBaeMol KOHCTPYKIIUH K IIJIACTHYECKO-
My TE4EHHIO:

I’M3 _ (l_vi) 'Gri 'Em
rz‘3 (l_vw)'cr‘ E
miaBeexi=1,2,3, ..., N-1.
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Abstract. The article suggests the modified approach to solving the problem of spherical
composite elasticity consisting of selectable number of layers, which allows estimate the
correlation between parameters of the whole structure at the beginning of plastic flow.

With the advent of the powerful computer equipment the problem of search of
axisymmetric spherical composite structure and construction intense the deformed condition
of this design could be solved by means of full search of all design parameters. However,
computer search of structure and creation of its intense deformed state encounters rather
serious difficulties. It is known that a large number of the databases containing the fullest data
on structure and properties (including mechanical, both thermal, and other properties) the
most various materials from which it is possible to create new layered composites is developed
in recent years. And also it is known that with increase in quantity of layers from which the
preliminary structure of a composite can be designed, complexity of the numerical solution of
a task about intense the deformed condition of a design grows at all in a geometrical progression,
and is exponential, that the task passes into the category hardly solved for which it is established
that the most high-speed modern computer performs such tasks for years.

In this work one of options of such creation of the decision on elastic deformation of a
multilayered spherical composite which allows avoid long and bulky computer calculations for
an assessment as a first approximation quantity of layers, parameters of loading, properties,
the sizes, materials of layers both at elastic deformation of all design, and at the time of the

beginning of a plastic current is offered.

Key words: coupling condition, boundary of layers, modification of sweep method,
tridiagonal system of linear algebraic equations, beginning of plastic flow.
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