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Koarouosi cioBa:

KpyIJia IUIaCTHHA AUCKPETHO-3MiHHOL
TOBIIMHY, KpaifoBa Ta cKJIaaeHa 3a-
Jaya, CKJIaieHa KOHCTPYKIIis, MAaTPHIIA
tumy ['pina, MmaTpuyHa anredpa.

Meta po6otu. [ToOyayBaTiH KOMIIAaKTHUH OOYHCITIOBAIbHAN ANTOPHTM
PO3B’S3KY 3a4adi Mpo cTaTHIHE AeGOpMyBaHHS KPYTIUX IUIACTHH JIHC-
KPETHO-3MiHHO{ TOBIIIMHH 32 JOMOMOTOI0 anapaty ¢yHkmiit I'pina Ta ma-
TPUYHOI anreOpu.

Metoau nociimkeHHs. MeTonu rpaHUYHO-CKIAJCHUX 3a/a4 Ta Mat-
puub tuny ['pina, MaTpuuHa anredpa.

Otpumani pe3yiabratu. [100y10BaHO KOMIAKTHUN OOYHCITIOBATBHUIA
ITOPUTM PO3B’S3KY 3aJiaui PO CTaTHYHE J1e)OpPMyBaHHS KPYIIIHX IUIa-
CTHH JMCKPETHO-3MIHHOI TOBLIMHH 3a JOIOMOTOI0 amapary (QyHKIiH
I'pina Ta MaTpU4HOI anreOpw.

HaykoBa HoBM3HA. Y naHiii poOOTi 3acTOCyBaHHS amapaTy (yHKIIHA
I'pina ta MaTpryHOI anreOpu J103BOJIMIIO TTOOYIyBaTH KOMIIAKTHHUH 00-
YHUCIIIOBAIBHUN alNTOPUTM PO3B’S3KY PO3IIISIHYTOI 38124l IPU NPAKTHYHO
JIOBUTHHIM KIJIBKOCTI CEKIi y CKJIaJcHOMY TiJli, SIK€ 3aCTOCOBYBAJIOCS
IPY MO/JIEITIOBAHHI.

Ipakruyne 3HauvenHsa. JlocmimkyBaHa y poOOTi 3amada MOAEIIOE
SIBHIIA, SKi BiIOYBarOTHCS, 30KpeMa, Ipu 1ehopMyBaHHI €IEMEHTIB BYJI-
KaHi3auiiHoro obnamHanHs. OpjepkaHi pe3ynbTaTd J03BOJSIIOTH BHU-
SIBUTH OCOOJIMBOCTI pOOOTH €JIeMEHTIB KOHCTPYKIIT CKJIaJIHOT CTPYKTYpH
1, 3PEIITOIO, MiJBUIIUTH ii €PEKTHBHICTh MUIIXOM ONTHMI3AIlii mapamMeT-
PIB CKJIaJI0OBHX YaCTHH.

THE USED MATRIX OF GREEN TYPE AND ALGEBRA OF MATRIX
IN THE PROBLEM OF STATIC DEFORMATION OF THE CIRCULAR
PLATES WITH DISCRETE-VARIABLE THICKNESS

S. A. Levchuk, A. A. Hmelnitskiy, S. P. Shvydka

Zaporizhzhia National University

kpmm.mfl@znu.edu.ua

Key words:

circular plate with discrete-variable
thickness, boundary-compound
problem, compound construction,
matrix of Green type, algebra of
matrix.

Purpose of work. To build the compact computational algorithm of
decision of task about static deformation of round plates of discrete-
variable thickness by the vehicle of functions of Grin and matrix algebra.
This article is devoted to the simulation of static deformation of discrete-
variable thickness circles. This approach is not new. Previously, he was
developed in a number of works (see literature). However, in this paper,
the use of the Green’s functions and the matrix algebra enabled us to
construct a compact computational algorithm for solving a given problem
in a practically arbitrary number of sections in a folded body, which was
used in modelling. The aforementioned approach was implemented in full
in the previous work of the author, but for a ring plate of variable
thickness. In this paper, the investigated method of calculation was
developed in terms of increasing practical results.

Research methods. Methods of border-component tasks and matrices of
type of Grin, matrix algebra. It should be noted that in the numerical find
of an inverse matrix whose elements are necessary for the construction of
appropriate matrices of the Green type, it will be necessary to solve
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systems, each of which consists of a certain number of algebraic
equations, which depends on the number of sections in the composite
object. When solving these systems, using one of the exact methods (for
example, the Gauss method with the choice of the main element), often
encounter problems of computational nature, because with a sufficiently
large dimension of systems of equations, the error of computation of
unknowns becomes unsatisfactory. The use of the same iterative methods
for the solution of systems of algebraic equations in the cases considered
is extremely difficult, since it is necessary to prepare the matrices of
coefficients for unknowns at a large size of matrix data. Therefore, it
should be noted that the resulting matrices have a so-called ribbon
structure, that is, they contain a large number of zero elements (quasi-
diagonal matrices). It is well known that when solving a system of
equations with a quasidiaginal matrix, the number of arithmetic
operations and the amount of computer memory involved can be
significantly reduced, which leads to an increase in the accuracy of the

calculations.

Got results. The compact computational algorithm of decision of task is
built about static deformation of round plates of discrete-variable
thickness by the vehicle of functions of Grin and matrix algebra. The
constructed computational algorithm allowed to deal with calculations of
non-matrix coefficients for unknown large sizes, but with matrices in size
four to four. This avoids many computational complexities.

Scientific novelty. In this work application of vehicle of functions of Grin
and matrix algebra allowed to build the compact computational algorithm
of decision of the considered task at the practically arbitrary amount of
sections in a component body which was used for a design. It should also
be noted that when solving this problem there are features in the form of
improper integrals of a function that is discontinuous at the left end of the
integration segment. Applying the theory of boundaries is easy to show
that these integrals will be convergent (in any case, if the function is a
constant, or has a power character).

Practical value. The task probed in process designs the phenomena
which take place, in particular, at deformation of elements of
vulcanization equipment. The got results allow to expose the features of
work of elements of construction of difficult structure and promote its
efficiency by optimization of parameters of component parts.

Beryn. Jlana ctaTTs IpUCBSYEHA MOJIEIIO-
BaHHIO CTaTHYHOTO JAe()OpMYyBaHHS KPYTIHX
IUTACTHH JUCKPETHO-3MIHHOI TOBLIMHHU. 3aCTO-
COBaHUH METOJ PO3PaxyHKY IONEpenHb0 OyB
po3BuHYyTHH y pobotax [1-7]. IIpore B maHii
po0oTi 3acTocyBaHHs anapary ¢yHkuid ['pina
Ta MaTPUYHOI anredpu J103BOJINIIO MOOYyBaTH
KOMIAKTHUN  OOYMCIIIOBAIBHUM  aJITOPUTM
PO3B’SA3KY PO3TJISHYTOI 3a/1a4i IPU MPAKTHYHO
JOBUIbHIN KIJIBKOCTI CEKI1H Y CKIIaJIEHOMY T1JIl,

SIK€ 3aCTOCOBYBAJIOCS TIPU MOJICNIIOBaHHI. 3ra-
JaHWH MiaXig OyB peanxi30BaHui y IOBHOMY 00-
csi31 y po0orti [4], ane 1S KiTbLEeBO1 IIaCTUHU
3MIHHOI TOBIIMHMY, 1y [7]. Y maHiit po6oTi OyB
PO3BHHEHUI JOCIIKYBAaHUI METOJ PO3paxy-
HKY 3 TOYKH 30py 30UIbIICHHS TPAKTUYHUX pe-
3yJIbTaTIB.

Marepianu Ta METOUKA TOCHTIIKEHb. Po3-
TJITHEMO KPYTJ1y IUIACTUHY AMCKPETHO-3MIHHOT
TOBIIMHU (puc. 1).
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Puc. 1. OcroBuii mepepi3z KPyriioi IIaCTUHA JUCKPETHO-3MIHHOT TOBIIMHU

Po3paxyHkoBa cxema A Takoi MoOZeNl
Moke OyTH BHU3Hau€Ha TakUM 4YMHOM. Bicecu-

METPUYHHN HOpMalbHHN TporuH W = W(r)
MTOBHMHEH 33/I0BOJILHATH PIBHSHHIO [8]:

Bicnuxk 3anopi3zbko020 HayionanbHo2o yHieepcumeny

AMW=F, (1)
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ne F=q/D, q=q(r) - intencusricts 30BHi-
IIHFOT'O HOPMAJIBHOTO HABAaHTAXXEHHsI, D — IU-
JIHIPUYHA )KOPCTKICTh MaTepiany, A — Bicecu-
MeTpu4HMi onepaTtop Jlaruiaca:

2
A:d_+li_
rdr

(2)
dr?

3 orysiy Ha OCBOBY CHMETPIIO PO3B’S30K
JIOCHUTh BU3HAYMTH TIJILKH B3J0BXK pajiyca Iuia-
CTHHH, SIKy MOXHA PO3IJISJIATH K CKJIAJICHUI
00’€KT, IKHH CKIIAJA€ThCS 3 KPYIJIOl INIACTHHU
paniyca R, 1 AesKoi KUIBKOCTI KiIbLIEBUX ILIa-
CTuH, Ui AKuX R <r<R,, (l =12,..,n— 1)
BIJIIIOBITHO.

DyHIAMEHTATFHOK CUCTEMOIO PO3B’S3KiB
BiJIMOBIAHOTO OJAHOPIAHOTO PIBHSHHS MOXYTh
OyTu cuctemu QyHKIii [8]:

1) s xpyrnoi mnacturan (0<r < R)):

wh =1, w=;2, 3)
2) st KiJTelb (R <r<R,)
(i=12,.,n-1):
wh =1 , W = ln(r),
w =, W =2 1n(r). (4)

Takum YWHOM, 3arajbHI PO3B’S3KH PiB-
HsHHA (1) MOXYTh OyTH 3amMCaHi y BUTIISL:

VVl(’”)Z Cl(r)+C2(r)r2,
w,=C, (r)+Cj+1 (r)ln(r)+
+C,,, (r)r2 +Cj+3(r)r2 In(r), (5)
ne W, (r) — HOPMaJIbHUM MPOTUH KPYTIJIOi Ij1ac-
TUHH pajiyca R, Wk(r) — HOPMAaJIbHUH TPO-
k-oi KimpueBoi cexii
(k =23,.., n), a IHJIEKC ;j 30UIBIIYETHCS HA YO-

T'MH IIJIaCTUHH,

THUPH OJIMHUII ITPH 301TIBIICHHI kK Ha OJHY OJIH-
HHUIIIO, TpHYOMy k =2 Biamosimae j =3.
SIk1o po3B’sI30K Aali 3A1ACHIOBATH METO-
JIOM Bapiarfii JOBUTPHUX CTaJUX, TO BH3HA-
uuBiK C; 1 MiICTABUBIIY iX BUpa3K y (5) He-

BaXKO OTPUMATH 3aJIEKHOCTI (3 TOUHICTIO J10
CTaJINX 1HTETPYyBaHHS):

VVI (I") :(_jl +(_jzl"2 +
+IE(§)§{(§2+r2)ln§+§2—r2}d§; (6)
W, (r) = 6_; +E_;+1 ln(r)+

+Cj2r® +Cjuar’ In(r) +

Dizuko-mamemamuyni HAyKu

+j:Fk (5)%{(52 +r2)ln§+§2 —rz}dg.

s BU3HAYCHHS CTaInX ¢,

(j=12,...,4n-2) y bopmymax (6) BapTo CKO-
pUCTaTUCA KPalOBMMM YMOBAaMH, HaIIPUKJIA[
YMOBaMHU KOPCTKOI'O 3aTHUCHCHHA Kparo CKJIa-
JICHO1 TJIaCTUHH:

aw.
= O; n

" dr

w

n

=0 (7)

r=R

n

r=R

Ta yMOBaMHU 3’€JHAHHS CIIEMEHTIB CKIIAJCHOI
KOHCTpyKIIii [3]:

W — W . dVV:| _ dVVHl | .
iFZR, it r=R, > d - d s
r r=R; r r=R;
M, =R, =M,, =R s O e ®

ae i=12,..,n—1,adepes M, i O, no3HayeHi
3rUHAJIBHUIA MOMEHT Ta TOIepPEeYHa ChJja BiIo-
BiJTHO (HWKHIMH 1HJIEKCAaMH TYT 1 JaJi MO3Ha-
YeH1 HOMEPH CEKIlii Y CKJIaJIeHI KOHCTPYKIIii),
JUTSI IKUX MaloTh Miclie Bupasi [8]:

EnW d*W. o dw.
M"(r):_lz(lu : { > }
—O'i) dr r o dr
EW d
(F)=———f @ A, 9
o) 12(1-c7)dr ©)

O; — KoedilieHT

Je h, — TOBLIMHH CeKLiH, O,

ITyaccona, E, — moxyis FOnra.

[Mincramsroun (6), (9) B (7), (8), orpuma-
eMo cucreMy 4n—2 niHIAHUX anreOpaiuHux

PIBHSIHB BIIHOCHO HeBigomMux C 3 MaTpHULCIO

.. . . 4n-2
koe(irieHTiB pu HeBiTOMUX A = {a..} .
g i, j=1

TeopernuHni pe3yabraTH Ta IX aHamis.
Po3B’s13aBmM aHy cuctemy 1 MiACTaBISIOYN
3HaieHi Bupasu st C, (]:1,2,...,4n—2) y
(6), matumemo [2]:

n

W (1) =3 [ G (£ (£)de.

1=l ¢

re Fi(&)=(F) F.@f, F.&)=F()
G(r,&)=1G\(r.&) G,(r.&)) 1=12..n-1;

k=12,.,n; G(r,&)
tuny ['piHa ans gaHoi 3agadi.

(10)

— moOyaoBaHi MaTpuIli
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— [— 4n-2
Axuo uepez A = {a[j}i /- TMO3HAYUTU Mart-

. 4n-2
puIo, O0EpHEHY 10 MaTpuIll A= {aij}‘ij:1 , O

3ragyBajacsa BUIIC, a TAKOK BBCCTU HaCTyHHi
IIO3HAYCHHA:

R &

tii(f):_allé{(ét +R2)ln§ +&? RZ} ;_ii+1§{2R,ln?+E—R/}+

+5,¢+2D,§{2(1+0‘1)1n%+(01

g

tljz(g):;ﬂ_{(é: +R2) é +f§ R }+5J-,»+1§{2R, In

—auD,, 5{2(1 ‘o )ln%+ (o,

l‘,{(f)=—;j4n3§{(§ +R2) 1;+§

ne j=12,..,4n-2; [=12,..,n—1, a iHOeKC i
301IBIIY€ETHCSI HA YOTHUPU OJTUHHMII MTPH 3011b-
HieHHI [ Ha OAHY OAMHMINO, puuomy [ =1

npu k =1:

Gll(r’g)_{

& -~ g
_I)F_'_l_o-l +Clji+3DlE; (11)

& R

1

)

§2
_1)?+1—0,+1} a;isD,,,

1

_ 2
R2 —dj4n-2 é n Rn + 5_ - Rn s
4 & R,

BiAMoOBinae j=1, TO KOMHOHEHTH MOOYya0OBa-

ju |Lm

HUX MaTpuip tumy ['piHa G,(r, cf) HaOyayTh
BUTJISILY:

t,ll (§)+tlzl (f)rz, npu l #1,
0, (&) + (&) + 1 (r,),

npu l =1, Il(r,§)=0 npu & >r;

Gll(’”a‘f):tllz (§)+t122 (Zj)”Z,

npu k #1:

(&) +e " (E)n(r)+42 (&) +417 (8)r* In(r), npul=k;

G, (r, &)=t (&E)+" (E)In(r)+8,2 (&) r* +,7 (&) r* In(r)+ 1, (r, &),

I(rf):O npu & >r;
G (r.6) =1
) 4/1 4(§) ( ) t:n73

4n5

(¢
(

G,(r,¢)= 55) 4"“()()
In(r,§)=0 npu & >,
ne [=12,..n—1; k=23.,n, a iHACKC |

3011BIIY€ETHCSI HA YOTUPU OJUHMII MTPH 3011b-
IICHHI kK Ha OJHY OJMHHUIIO, MPUYOMY Kk =2
BiANOBiNaEe j =3,

Jk(r,§)=§{(§2 +rz)ln§+§2 —rz}.

HeoOXigHO 3a3HAaYMTH TaKOX, [0 TpHU
pO3B’sI3yBaHHI JaHOI 3a7a4l BHHUKAIOTh 0CO0-
JIMBOCTI y BUIJISIII HEBJIACHMUX 1HTETpaliB BiJ
¢yHK1ii, 10 pO3pHBHA HA JIIBOMY KiHII BiJpi-
3Ka IHTeTPYBaHHS:

Bicnuxk 3anopi3zbko020 HayionanbHo2o yHieepcumeny

npu l =k,

L&)+t (E)In(r)+252 (&) +¢57 (&) r* In(r);  (12)
§)r +t4”2( )rzln(r), npu | # k;
} f)r +t4”2( )rzln(r)+ln(r,§),

npu l =k,

[F(&)@mias [F(&)Emac,

0 4 0 ¢
3aCTOCOBYIOUYM TEOPil0 I'PaHMIlb, HEBAXKKO

MOKa3aTH, 10 JIaHi iHTerpanu OyayTh 301kHi (y

BCAKOMY Pasi, AKimo ¢pynkuis F (&) — KoHcTa-

HTa, Y4 Ma€ CTEMIEHEBHI XapakTep).

Takum ynnoMm, ¢ynkiis (10) 3 KOMIIOHEH-
tamu (11), (12) € po3B’sI3KOM PO3IIISIHYTOI 3a-
nmadi (1), (7), (8). Orpumani pe3ynbTaTu y3-
TO/DKYIOTHCS 3 BiTOMHMH [9], ofep:kaHUMU 32
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JIOTIOMOT 010 Teopil PyHKIIIT KOMIUIEKCHOT 3MiH-
HOI.

BapTto 3a3HauuTH, MO NPU YUCEIHHOMY
3HAXOIKEHHI 00epHEeHOi Matpuli A, eneme-
HTH K01 HEOOX1IH1 P MOOYIOBI BiIOBITHUX
Matpuile TuUny I'piHa, HeoOXimHO Oyae
po3B’si3atu 4n CUCTEM, KOKHA 3 SKHX CKJIaja-
€Tbes 3 4n anreOpaiyHUX piBHSAHB 3 4n HEBi-
JIOMUMH, JI€ N — KUIBKICTh CEKIIH y CKiaje-
HOMY 00’ €KTI.

[Tpu po3B’s13yBaHHI JAHUX CHCTEM 32 JIOTO-
MOTOI0 OJIHOTO 3 TOYHHX METOJIIB (HalpHUKiIa,
MeTony ['aycca 3 BHOOpOM TOJOBHOTO elie-
MEHTA) YacTO 3TUKAEMOCS 3 TpodIeMaMu 004uun-
CITFOBATBHOTO XapaKTepy, OCKUTLKH MPH T0CTA-
THBO BEJIMKOMY # TOXHWOKa 00YHCIICHb HEB1IO-
MUX CTa€ HE3a10BIILHOO. 3aCTOCYBAHHS XK 1Te-
patiifHuX METOAIB PO3B’A3KY CHCTEM anredpai-
YHUX PIBHSHB Y BUMAJKaX, SIKI PO3TIISIal0ThCA,
BKpail yTpyIHEeHO, OCKIJIbKH MOTpiOHA mornepe-
JTHS TIATOTOBKA MaTPHITh KOS(III€HTIB TP HE-
BIZIOMUX TIpH BEJIWKOMY PO3Mipi JaHUX Mart-
pHIIb.

ToMmy BapTo 3BEpHYTH yBary Ha Te€, IIO
oJIepKaHl MaTPHIIl MAIOTh TaK 3BaHy CTPIYKOBY
CTPYKTYpY, TOOTO MiICTATh BEIUKY KUIBKICTh
HYJIbOBHX €JIEMEHTIB (KBasimiaroHajabHI Mar-
puiii). 3aranbHOBIIOMO, IO P PO3B’A3yBaHHI
CHUCTEMHU PIiBHSHB 13 KBa3iJlaroHaJbHOK Mar-
pHUICI0O YUCIO apu(METHYHHX OIepamid i
00’eM 3axisHoi nam’sati EOM moxyTts Oytu
CYTT€BO 3MEHIIEHI, 0 MPUBOAMTH JIO ITiJ[BU-
HICHHS TOYHOCT1 OOYUCIICHbD.

Po3paxyHkoBa cxema g 3HAXOIKECHHS
o0epHeHOi Marpumi A, i3 3aCTOCYBaHHAM
BKA3aHOTO BHIIIE ITiTXO/y, MOXE BHTJISIIATH Ta-
KUM YHHOM.

Buxonsiau 3 BioM0i MaTpU4YHOI PIBHOCTI

AA=E,
ne A7 = {‘_’ij }4,.

-, — MatpHI, o0OepHeHa /10 3a-
L,j=

}4n E

ilij=1°

naHoi matpuili 4= {a — OJWHHUYHA

MaTpuIl, 6a4rMo, 110 IS 3HAXO/KEHHS HEBI-
JIOMHX €JIEMEHTIB 00epHeHoi Matpuii A~ He-
00X1HO po3B’s13aTh 41 CUCTEM JIIHIMHKX ajre-
OpaiyHUX pIBHSHb BUTIIALY:

(‘71'1 Ay ... ai4n)A:

=(0 0 1, 0 0),

Dizuko-mamemamuyni HAyKu

Ie i — HOMep psjaka oOepHEHOI MaTpHIll
(i:1,2,...,4n), 1, — o3Hayae, WO OJWHULA €
i -TOI0 KOMITOHEHTOIO BEKTOPA BUTbHUX WICHIB.
VY BUNAAKY TPHOX CEKIIH y CKIQACHOMY
00’ €eKTi (n = 3) y MaTpUYHOMY BHIJISII 3ra-
JlaHAa CHUCTEMa IMOJAEThCS TAKUM YHHOM (VIS
KOYKHOTO i ):
A11C1+A12C2 :Fl,
A22C2 +A23C3 :FZ’
APC =F.
Jam 13 cuctemoro (13) misi BU3HAYEHHS
BeKTOpiB HeBinomMux C' (j=1,2,3) MOXHa 3po-
OUTH HACTYITHE.

I3 mepmioro i npyroro piBHSHB CHUCTEMHU
(13) 3HaiinemMo, BUKOPUCTOBYIOUHM MIPAaBHIIa Ma-

TpuuHOi anrebpu, C> i C’ BinnoBinHO:
C? = (Alz)" (Fl _Allcl)’
C? :(AB)_I (Fz —AZZCZ),
APC =F°. (14)
IlincraBnsroun aani Bupas mis C* i3 (14) y
Bupa3 a1 C° i3 1€l ) cCHCTEMH 1 ojepiKaHi

npeacTaBieHns s C° — B OCTAHHE PiBHAHHSA
cucremu (14), maTumemo:

c=(4") (F' - 4"C'),
c=(42) {F2 —A2(4%) (F'-4"C )}
A (A7) {F2 — A2 (4%) (F'-4"C )} - F*,

(15)

ITepeTBOpHBIIM OCTaHHE 3 piBHAHB (15), oxep-
KUMO:

(13)

Ve (A23 )“ 42 (AIZ )“ A =
yoE _A33(A23)‘1 F? 4
A2 (A7) 47 (42) F (16)
OcTtaHHE piBHSIHHS €, Y PO3TOPHYTOMY BH-
JIs]11, CUCTEMOIO JIBOX JIHIMHUX anreopaiyHux

PIBHSIHb BITHOCHO TaKOi X KIIBKOCTI HEBIiZO-
MUX.

ITincTaBnsroun 3Haigere 3 (16) C' y (15),

3 . . o . .
susHaunmo C° i C? iy Takuii croci6 3aKiH-
YIMO PO3B’SI30K 3a/1a4i.
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VY 3aranbHOMY BUTJISIL, SKIIO PO3IIISAATH
CKJIaJIeHy KUIBIEBY IUIACTUHY, sKa CKIIajaa-
€TBHCS 3 N CEKLil, MAaTUMEMO HACTYIHY pO3pa-
XYHKOBY CXEMY.

Cucrema Jyisi BU3HAUEHHS €JIEMEHTIB 00ep-
HEHOI MaTPUIll TaKOX 3alHIIEThCS Y BUTJIISIL,
ananorignomy (13):

A11C1+A12C2:F1,

Anflnflcnfl +An71ncn :anlj
A"C" =F". (17)
Po3B’s3yBanbHa cuctema JIiHIMHUX anreo-
paldHUX PIBHSHB JJII BU3HAYCHHS HEBITOMHX

KOMITOHEHTIB BEKTOpiB C! 3amuimierses y Bu-
TS

(_1)n+1 Ann (An—ln)—lAn—ln—l (An—Zn—l )_1 ..,A22 (A12 )—l A”Cl _
— Fn _Ann (An—ln )—1Fn_1 4

+Ann (Anfln)flAnflnfl (An72n71 )_1 Fn72 4.+

(18)

+(—1)n+1 Ann(An_ln)—lAn—ln—l (An—Zn—l )_l 43 (1423)_1 42 (Alz )—' F

Bekrtopu C*, C°, ..., C" BU3HAYalOThCs 32
PEKYPEHTHUMHU CITIBBITHOIICHHIMH:
C? = (Alz)“ (Fl _Allcl)’
C? :(A23)’1 (Fz —A22C2),

' = (An—Zn—l )‘1 (Fn—Z _ g2 on2 ),
C" = (Anfln )“ (anl _An—ln—lcn—l). (19)

Sk 6aunMo, TP po3paxyHKaX JOBOIUTHCS
MaTH CIpaBy HE 3 MATPUISIMH KOe]ili€HTiB
IIPU HEB1IOMUX po3MipoM 4n x4n , a 3 MaTpu-
MU po3mipom 4 x 4 . Ile 103BoJsi€ YHUKHYTH
0aratb0X OOYMCIIOBAIBHUX CKJIAJHOCTEH.

Po3paxyHkoBi pe3yabTaTu. 3a BUKIaje-
HOIO BUIIIE CXEMOIO OyJI0 OTPUMAaHO JIesIKi po3-
paxyHKOBI pe3yabTatu (puc. 2 —4). Ilpu pospa-

XYHKaX Oymo MPUAHATO: n=3;
E=2-10°MIla; v=0,25; /=001 m;
h, =0,02 wm; h, =0,03 Mm; R =01 m;

R, =0,2 m; R, =0,3 M. Po3paxyHok 31ilicHIO-
BaBCSI JUISI HACTYITHUX BapiaHTiB HABAaHTAKCHHSI
(xpusi 1, 2, 4, 5 Binnosimno): g' =(1,1,1) MITa,
7* =(1,1,0) MITa, 7° =(1,0,1) MITa,
g* =(0,1,1) MIla, g° =(0,1,0) MITa (y nyxkax
BKa3aHi IHTEHCUBHOCTI HaBaHTA)XCHb Ha Iep-
IIiid, APYTiH 1 TPETiil CeKUifAX BiAMOBIAHO).

108 M-10,H - 107!
70 W-10°, m 37 17 5 Q100 H
1 1 1
2
52,5 \ \ 08.8 / 11,3
35 % \ 60,5 z 7,5 / /
2 5
N > s L7 N
4
0 r, M -16 1 r M 0 45 r,M
0 0,1 0,2 0,3 0 0,1 0,2 0,3 0 0,1 0,2 03

Puc. 2. HopmanbeHi mporuau

Bicnuxk 3anopi3zbko020 HayionanbHo2o yHieepcumeny

Puc. 3. 3runansHi MOMEHTH

Puc.4. Ilonepeuni cumm
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