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Abstract. In earlier works of the authors related to the investigation of the properties of hidden
defects in materials with coverings, a number of features was established for defects and coverings,
differently bonded to the substructure or substrate. In particular, it should be pointed out that
on a number of occasions a contact of covering with the substrate can be rigid, though the nature
of the loading of the covering is such that some components of contact straining in the interaction
zone of the covering with the substructure can be neglected. So, if the covering is loaded, as a
rule, by forces normal to the covering standards, then in the area of the contact of the covering
with the substrate, tangential straining, very accurately, can be neglected. Then you can take into
consideration the boundary problem in simplified position the contact of the covering with the
substrate without friction. If the covering is thin enough in thickness, then if there are significant
tangential effects and in the absence of normal forces, we can consider the boundary problem under
the assumption of flexible contact, that is, with neglect of normal components. The mentioned
types of the boundary problems were studied in many works of authors. At the same time, in
connection with the complexity, the tridimensional boundary problem for the object with rigid
bonded covering has not studied before. In this setting, in the contact area of the covering with
the substrate all three components of the contact straining arise, none of which can be neglected.
The covering experiences a general type of the impact, as normal, and tangent. It is this type of
formulation of the boundary problem for an object with covering that is considered in this article.

Keywords: block element, factorization, topology, integral and differential factorization methods,
exterior forms, block structures, boundary problems, bodies with coverings, hidden defects.
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1. Cay4aii rapMOHUYeCKUX KoJiebaHUit

PaccmarpuBaeTrca rpanndnas 3a71ada O pas-
HOTHITHBIX MOKPBITUAX, MOJICJINPYEMBbIX IIJIACTH-
namu Kupxroda, pacroyiozKeHHbIX HA TPeXMep-
HOIT tedpopmupyemoii ciiouctoii cpeie. Cunraem,
YTO KOJIMYECTBO INIACTUH PaBHO B M Kaxkjas
obJiataeT MHIANBUAIYAJIbHBIMI MEXAHUIECKUMU
cBofictBamu. [IpumeM ocu KOOpAMHAT T10X2 Je-
ZKAIUMU B IIJIOCKOCTH ILJIACTHH, & OCh T3 — Ha-
IIPaBJICHHON 110 BHENIHEHl HOpMaJii K IIOJJIOZK-
ke. PaccMoTpum ciydail rapMOHUYECKUX BO3-
JIEMCTBUI HA WX MOBEPXHOCTH IJIACTUH, YKECTKO
CIIEIIJICHHBIX ¢ OCHOBaHMEM. T0ria, COKpaTuB Ia-
paMerp rapMOHUYECKUX KOJieOaHuil, ypaBHEHUsI
TPAHUYHON 3a/1a4n JJId IIJIACTUH IPEICTaBUMBbI
B Buje [1,2]

Ry, (021, 0z2) up = sp(x1, 22),

(1.1)

b=1,2,...,B.
Smech  Kaxkjasi IJIACTHHA  paccMaTpUBa-
ercsi KakK MHOroobpasme ¢ Kpaem, IJe
u, = {up, ugp, usp} — BEKTOP IIE€PEMENIeHUsT

TOYEK IIJIaCTHUH IIO I‘OpI/ISOHTa.TH)HbH\J n BepTI/I—
KaJIbHBIM HaIlPaBJIEHUSAM CPEIUHHON IIOBEPXHO-
ctu. meer mecro obo3nadenue

mi 0 0
sp(21,22) = 0 m2 0],
0 0 733
1 = —55b51b($1,£€2), 22 = _55b825(x15 1;2)7

N33 = €53653p(T1, T2),

Snp(21, 22) = (tnp + gnb),

Rb (8331, 8$2) uy =

p11 piz O
=|pa p 0|, (12)
0 0 ps33
32
P12 = (82b3m181:2) U2p,
82
P21 = (52ba$18x2> U1p,
0?2 0?2
P11 = <8x% + 611’675% + 643b> Ulb,
0?2 0?2
P22 = <8x% + ElbaTc% + 6431)) U2p,
ot 9% 0?2 ot
=425+ — .
P33 ((%% + 822 02 + D + 543b) usp

[IpeobpazoBanue Pypbe guddepeHnrabLHON
qaCTUu CUCTEeMbI ypa.BHeHI/Iﬁ nMeeT BUI

§n &2 0
R(—iaq, —iaa)Up=—[ &1 & 0 |,
0 0 £33

§12 = egpaiaalUsy,
2
&n=(aj+e¢

fgo= (a2 +¢

&a1 = egpa1 Uy,
2
1605 — €435)Uts,

2
1607 — €43p) Uas,

&33 = (—(0f + 03)* + £430) Usp,

U=Fu, G=Fg, s,=1{s1w, 5% 530},
Uy =Fow,, Gy =Fagy,
Ty = Faty, sy = {s15, 52,53} -
31echb

€1b = 0a5(1 - Vb)a

Ourp
g1b = Mb Dra +
T3

0
+ ugb)a $3:07

B Ouap
92b = b 76953
Ry(—iaq, —ioo)Us, =

Uz, = Faugyp,

Gap = Fagay,

€2 = 075(1 + Vb))
8U3b

c‘?xl ’

61’2

[(0F + 03)® — easp] Uss,
T3, = Fatay,

b=\r,

2

0°u,
My = =Dy ( YA

837%
Dy,

Dbl = ﬁu

82U3b
922 ) = f35(0),

Dy,

Db2 = ﬁa

83’11,3(,

2w s | =
( Vb)é)x%(?m)

= fap(ON),

ugp = f15(0W),

Ouzy
Hal‘z - f%(aQb)

2
€43b = W Py

€53 =
Eyh}

(1-vh12H*

Eyh}

Dy= ——2b
T R0 - )

(1—v3)12H%

En} ’
(1-v)H
L

566_

31ech HOpMaJbHbIE HAIPSI>KEHUSI tgp Heii-

CTBYET Ha IIJIUTY CBEPXY U g3p — CHUIY.

AHaJIornyHo HAIpSXKEHUS §1p, gop U t1p, top

JENCTBYIOT B KacaTeJbHON IJIOCKOCTH, TpUYeM
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gop U top, — B HAIIPABJIEHWH 10 HOpMAaJieil K TOp-
1aM JUTOCHEPHBIX ILIUT.

OrpaHnumBasicCh JABYMsI IOJIYILIOCKOCTSIMHI
Ha 1epOpMUPYEMOM OCHOBAHUU, CJIEIYsI TIPUHSI-
TeIM B [1,2| 0603HAUEHUSIM, TIPH/IAJIUM [TApAMeT-
paM JIeBOI M TPaBOii MOJIYIIJIOCKOCTU COOTBET-
CTBEHHO 0OO3HavUeHust b = \, 7.

[TpuusaThl TakzKe Caeayonue 0003HATEHUST:
Wy — MOIYJb casura, v, — Koaddurment Ilyac-
cona, F, — momynb FOura, h, — Tommuna, g,
t;, — BEeKTOPBI KOHTAKTHBIX HAIIPSI?KEHIH 1 BHEIII-
HUX I'OPU30OHTAJIbHBIX, (J1p, §2b, L1p, L2p U BEPTU-
KaJIbHBIX, §3p, t3p BO3IAEHCTBHIT COOTBETCTBEHHO,
JEeACTBYIOIUX [I0 KAaCaTeJIbHOU K I'PAHUIE OC-
HOBaHMS U 110 HOpMaJIk K Hell B obstacTsax 2.
Fy = Fy(ay,a9), F1 = Fi(a1) — aBymepHblii u
OJTHOMEPHBIH orrepaTopbl mpeobpazoBanusa Dy-
pbe coorBercrBenHo. Omnucannble B [2] rpanmd-
HbIE YCJIOBHS 3/I€Ch COXPAHSIOTCHA. BhIparKeHus
I HOpMaJIbHOI Ny, n KacaTeabHol Ty 4, CO-
CTABJIAIONINX HAIIPAXKCHUAN K CPEJUHHON I1IJIOCKO-
CTH Ha TOPIAX IJIACTHH JAI0TCsS COOTBETCTBEHHO

COOTHONIEHUAMMN
gu
83:2 ’
8u2 8u1
Ny, =g | =2 +v—1"
T2 €8 (8x2+yax1>’
FE FE
T 8= T
2(1+v)H (11— )H

Ous
Tmlajz = &7 <8331 +

Er =

2. Cay4ail cTaTU4ecKOil ITOCTAHOBKU

Cunraem, 4ro jiedexTsl |3,4] npecraBisior
coboit mostybeckoHeuHbIe tacTubl Kupxroda
B (bopMe IOJIyIIIIOCKOCTEH, TPAHUIIBI KOTOPBIX
mapaJijie/IbHbl U HAXOSITCsT Ha JTUCTAHIN 20,
0 > 0, nmpuieM KaxKjast 00J1aaeT WHIUBULYa b
HBIMU MeXaHU4IeCKUMU cBoiicTrBamu. lIpumem
OCH KOOPJIWHAT X10T2 JIEXKAIUMH B IIJIOCKOCTH
IJIACTUH, & OCh X3 — HAIIPABJIEHHON 110 BHEIII-
Hell HopMaJIu K TTOJII0XKKe. PacecMOTpuM cirydaii
CTATUYCCKUX BO3JICHCTBUI HA IMOBEPXHOCTH ILIa-
CTHUH, YKECTKO CIIETIJIEHHBIX ¢ OCHOBaHWeM. To-
ITa ypaBHEHUs TPAHUTHON 3a/1a49n 715 NJIaCTHH
[IPEJ/ICTABUMBI B BHJIE

Rb (a$1,8$2) ub—Sb($1,$2) = 0, b= )\,7".
Srech  Kaxkjas IJACTUHA  pacCcMaTpUBa-
ercss KakK MHOroobpasme ¢ Kpaem, TIJe
u, = {up, ugp, usp} — BEKTODP IIE€PEMENIEHUs
TOYEK MJIACTUH 10 TOPU3OHTAJILHBIM U1y, Uy U
BEPTUKAJIBHBIM U3, HAITPABJIEHUSIM CPEeIUHHON
MMOBEPXHOCTH, & b = A [jIsT JIeBOM IJINTHI U

b = r — nsa npagoit. meror MecTo 0bo3HaTE-
Hue

Y11 Y12 0
Ry (0z1,0x2)uy = |21 2 0 |,
0 0 33
82
P12 = (@bm)uzba
82
o1 = (@bm)ulb,

0? 0?2
P11 = <(9a:% + 51b0:c%> U1p,

2 %
oo = ((%% + 51ba$%>

o 0% 0?
o= g+ 205 * aug)

[TpeobpazoBanne Pypbe auddepeHnuatbHOi
qacTH cucTeMbl ypasHenuii (1.1) nmeer Buj

$11 P12 O
Ry(—ioy, —icg)Up = — [ 21 22 0 |,
0 0 ¢33

P12 = egpaalUsp, @21 = eop1 Uy,

o11 = (af + enpad)Uns,

P22 = (a3 + e1pat) Uy,
$33 = —(af + a3)*Us,
U, =Fu, G,=Fg, T,=Ft,

gy = {glbag2ba93b}a
ty = {t1, ton, tap} -

st nedopMUPYyeMOro OCHOBAHUST, OIIMCHIBAEMO-
o IpaHUYHON 3a/ia4eil, IPUMEHUMbI Pa3InYHbIe
MO/JIeJIN, J1aBaeMble COOTHOILIEHUSIMU

U, = {ulbau2b7u3b}a

u(ry, z2) =

17
:E61m //K(Ozl,()zg)G(Oél,Oég)X

x e HoT) gy dao,

e\, x€Q., x€y,

(o, k) = a1 + agxa,
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Q5 (1] < 005 22 < —6),
Qr (|21] < 005 0 < 22),
Q9(|{L‘1| <oo; =0 < a9 < 0)7
K= |Knpl|, mn=123,
K(Oél,OQ) = O(A_l), A = Oé% + Oé% — 00,
_ 1-v)H
€6 L (H)7 G(Oél,OéQ) = F2(a17a2)ga

g — BEKTOpP KacaTeJbHbIX U HOPMAJbHBIX Ha-
NPsIZKEHU I 1101 ININTAMK Ha IPAHUIE OCHOBAHMUS.
Hexkoropsie Tunbr marpun-gynxmmit K(ag, az)
OCHOBaHUil, HA3bIBAEMBIE CHMBOJIOM CHCTEMBI
MHTerpajibHbIX yPaBHEHUIl, IpuBeeHbl B [5-7].
Hanpumep, Jjist yIIpyroro cJjiost ¢ 3aKperjieHHoi
HYDKHEH TPAHbIO B JIMHAMUYIECKOM CJIydae OHa
uMeeT BUJL

a%M —+ a%N ajae(M —=N) i P
K= [ajaa(M—N) a?N+a3M iasP
—i01 P —1a9 P K

B ciiyaae konebanus ¢jiost ¢ 3aKpeIIeHHON HITK-
Hell TPAHBIO JIEMEHTBl MATPHUIIBI-(DYHKIINU HTMe-
10T TIpeJICTaBICHIE

M (u) = x3 (02 sh 209 ch 201 —
— oy 'u?sh 201 ch209) (2u*A (u))i1 ,

28h202

N =
(u) w209 ch 209’

(2.1)
K (u) = x3 (o1sh 20y ch20y—
— 05 'u®sh 205 ch 201) (2A (u)™ !,

P (u) = ((2u2 —0,5x3) (1 — ch 20 ch209) +
+oytoy 2u! —u? (1,5x3 + xd) +
+x3x3] sh 20 sh 205 ) (A () 7!,

A (u) = u? (2u® = x3) -
— (2u* — u?x2 + 0,25x3) ch 201 ch 209+
+oy oy (20 —u? (26 + 1) +
+x3x3 + 0,25x3] sh 204 sh 209,

X§=pA+2p) WP xa=pp

on=Vu:—x%, u=\/ai+al n=

1w2,

1,2.

Craruyeckuii cjIy4aii 9Toil yKe 3a/1a41 IIPUBOTUT
K dJjIeMeHTaM BHJIa

(1—-v)(3—4v) (shdu + 4u)

M (u) = )
27;}21%11 (22)
N(u):u3ch2u’
—2v) (3 — 4v) sh? 2u — 4u?
- (1= 7jA)hQ 0
K (u) = (1-v)(3—4v) (Shélu—élu)7

A
A:u[(3—4V)Sh22u—|—4u2—1—4(1—1/)2].

Marpuna (1.2) rpaHudHOl 3a/a49U SIBJISETCS
6JI0YMHO-TUATOHAJIBHO, COCTOSIIEN U3 PaCIIOIo-
KCHHOI Ha JIMaroHaJIi MaTPUIIbI BTOPOIO IIO-
pAAKa, IPpeICTaBIAIONel MATPUYHBII ollepaTop
WA BEKTOPHBLIN OIlepaTop, U OTIEJIBLHOTO Ha
JMaroHaJ ckaJjsipaoro omneparopa. Ilockosb-
Ky OllepaTopbl HE3aBUCUMBI, 3TO CYIIECTBEHHO
obJierdaer MCCJIEOBAHNE IPAHIYHON 3318491 HA
sTare BHEIIHEro aHamsa [8], Ho3Bosis BOCIOb-
30BaTbCs PE3y/IbTaTaMU, BBIIOJHEHHBIMU B pa-

6orax [1-4].

3. BHernHunii aHaau3 rpaHUYHON 3aa4uu

I'panuunble 3amaqm Jjist KaXkJI0ro OJI0Ka
6JTOYHON CTPYKTYPBI MOIPY?KAIOTCS B TOTIOJIOTH-
9eCKOe MTPOCTPAHCTBO, WHIYIIMPOBAHHOE TPEX-
MEPHBIM €BKJIMJIOBLIM [TPOCTPAHCTBOM, IIOCTE
4ero npumenerreM ¢opmysibl CToKca B TOHOJIO-
TUYECKOM TIPOCTPAHCTBE, CBOJATCH K (DYHKITH-
OHAJILHBIM ypaBHenusiM. [Ipusesem mpejcras-
JieHust (pyHKIIMOHATLHBIX YPABHEHUHN, OTBEYAI0-
MUX TIEPEINCTEHHBIM OMEPATOPAM TPAHUTHOM
zasiaan. PyHKIINOHATBHBIE YPABHEHUS CKAJISID-
HOT'O oreparopa nmeroT Bus |1, 3]

Rsp(—ia, —iaa)Uspy = (Oz% + 05%)2U3(, =
= —/ wap+Sap (a1, a2),
o
Ssp(ar, an) = es3pFa(ar, ) (tap + gap),
b= \,r.

31ech wsp — YYACTBYIOIINE B IPEJCTABJICHIT
BHemtHue (HbOPMBbI, UMeroIue Jist J1eBoit (A) u
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npaBoii (1) surocdepHOil MINTHI BhIParKeHUe i) Quiy | Ougy
Wwoy = —€ —| €22 + -
833‘1 a$2
, Pu 0%u ou
wy = ¥ — —iag -« =+ — loou dx1+
{ [ ox3 03 % 9o 22 !
. PPusy  D?usy Ougy . 4
+ za%u;;b + 25— — 2iae——~ | do1+ +| e1a—=—— — €101 U\ — €2 QU1 | dxa ¢,
0x70x Oxy ox1
3 2
0 ) i 0 uz) o? Dus) +icdusy | dz
—tag - 3 2
ox3 9x2 " ox ! ’
; 6U1 8’&2
wip = X0 (g, T ey TH
a$2 833‘1
3 2
w ei<a,x> 0 U3y io 0 U3y O42871137‘_"_
= — — — 2 — o
T 81’% ax% 2 Oy ie1raouyy | dop+
Pu 0%u
. 3 3r . 3r 8U1r . .
+iQ5uUsy + 2—5—— — 2iqn dzi+ 4 =T _ d
p ) iUy, — iUy | dag
0x10x2 Oy Oy r " " ’
3us, 0%us, ou
. 2 3r , . 3
+ —j0 — +iajus, | dag p.
oz} Ox? L oxy L
. _ilayz) aulr 827“
OyHKIMOHAJbHBIE YDAaBHEHUS IPAHUYIHON 3a1a-  W2r = € —\ €2 Oz, | Ory
9y JJIs BEKTOPHOI'O CJlydasi, IIpejcTaBJIeHHbIe
JJISL KaXKIOM IUIMTHI, BJISIOTCS MATPUIHBIMEI U — jomu 2r) daz+
AMEIOT BU/L

+ 8uQr . . d
R12b(—za1b’ _ZQQb)U12b = 811)87{131 LE1pQ U2y — €2, 2UTy x2 -

= —/ wizp + S12p(v1, a2),

,Z[aJII)HefIHIGG HccJjIieJ0BaHue IIOCTaBJIEHHOI 3a-

0 Jagan TpeOyeT IPUBJICYCHUsT CPEJICTB BHEITHETO
aHajn3a, aJI'OPUTM KOTOPOIo pa3paboTaH aBTO-

Uige ={ U, U },  wizp = {wip, wa}, paMu 1 JIeTaJbHO M3JI0XKEH B [§].

Yrob6bl OCYIIECTBUTH COIPSKEHUE JIUTO-
cepHBIX IJIUT C TPEXMEPHBIM OCHOBAHUEM,
UMEIOIUM Ha I'DaHUIle TpeXMepPHble BEKTOPBI

Siop(v1, 2) =

= —espFa(aup, a)(gy + ), (3.1) [epeMelleHnil 1 HalpsKEeHUH, HeOOXOINMO
b— \r Takoii ke (opMe IPEJCTABUTH apamerp
- b )

B
bl

HaIPAXKEHHO-1ePOPMUPOBAHHOTO COCTOSTHUS JIU-

Siop(a1, a2) = {S1p, S} » TOCEPHBIX IIUT. [IJIs 3TOro BBEIEM B PaccMOT-

peHne 00beINHEHHBIN BEKTOP BHEITHUX (POPM
. ) napaMeTpa BHEIIHUX HAIrpPy30K
Rigp(—iay, —icgy) =
(@ +enad)  enpaian wp = {w1p, Wap, W3b } 5
== 2 2
epanay (05 +E10q) Sy = {S1b, S2b, S3p} -

3J1eCchb wp — BEKTOP BHENMTHUX (DOPM, UMEIOIINX
peJicTaBjIeHue

Torma perrennst B KarXKI0# IJINTE MOXKHO IIpe
CTaBUTH B BUJIE

. 0 0
Wiy = —e“""‘”{— (51,\ 81;12/\ + €9 822:_ uy, (1, 72,0) =

= Fy ! (1, 72) [Ra(—iaq, —iag)] " x
- iEl,\O@ul,\) dz1+

i Juiy . . q X —/w>\+S>\ ,
— T U — €2\ T2
o1 1A 22Q2U2) ) e

n

(3.2)

rZL_
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U, (xlv .’L‘Q,O) -

= F2_1 (:L’l, :IZQ) [RT(—ial, —iaz)]_l X

X —/wr—i—Sr

o

Corpsirasi Bce TpU KOMIIOHEHTBI [T€PEMEIeHUi
JIUTOC(EPHON MINTHI, KAK HOPMAaJbHBIE, TAK U
KacaTeJbHBIE, C IIepeMelleHusIMI BepXHeil Irpa-
HUIIBI OCHOBAHUS, [IOJIy4aeM COOTHOIIIEHUS BUA

Pyu(x1,22,0) + Pou(z1,22,0) +
+Pru (%1,:62,0) =
=5 'F3 'K (a1, a2,0) x
X [Gy (a1,a2) + Gy (0, 00)],

G) (a1,02) = FoP)g (21, 12),
GT(OQ, 042) = FQPTg (.%'1, xg) s

Pyu=F;! [R,(—ia1, —iag)] " x

X —/ wp—i—Sb(Oq,ag) s
o0,

p=A\T.

Bnecs Py, P,., Py — mpoekropsl Ha JieByro,
PaBYIO MOJIYIJIOCKOCTU U Ha CPeJMHHBIA 11PO-
MEYKYTOK, SIBJISIFOIIMAECS] HOCUTEJISIMU COOTBET-
CTBYIOIIUX IJIUT ¥ ONUCHIBAIOIIETO TIPOMEKYTOK
|z2| < 0. Brocst coorrnomenust (2.2) B jieBble da-
cru (3.1) u mpumenus npeobpaszoBanus Pypbe,
[OJIy9MM COOTHOIIIEHUs BU/IA

[R)\(—ial,—iag)]il —/ wx+ Sy ) +Up+
o0,

+ Ry (—ian, —ias)] ! —/ W+ 8, ) —
0%,
—K(a1,@2,0) [Ga(a1, a2) + G (a1, a2)] =0,

Ug = FQP@U ($1, 1‘2) .

Bekrop-byukmuu Gy (a1, az), Gy(ag, as), saB-
Jistoriiuecs mpeobpasoBanusgymu Pypobe HyHKIMI
€ HOCUTEJISIME B MOJIYIIJIOCKOCTSIX, €CTh PEryJIsip-
Hble (DyHKIIUU apaMeTpoB (o Npu (PUKCUPOBAH-
HOM (v1] B HUKHEH M BEpXHEN IOJIYIIJIOCKOCTAX

COOTBETCTBEHHO. B ¢Bs3M ¢ 9TUM MOKeM 0003Ha-
9UTh BEKTOP-(PYHKIINHU, PEery/sdpHbe IO Iapa-
METPY (v2 B HUXKHEH, 3HAK MUHYC, U B BEPXHEIi,
3HAK ILIIOC, IIOJIYIIJIOCKOCTSIX, IIOJI0XKUB

Gi(a1, a2) = G (a1, a2),
Gr(al,ag) = G+(a1,a2).

Brocst 3T 0bo3HAYEHUST B TIPEIBIAYIIEE COOT-
HOIIIEHUE, TPUXOINM K MaTPUIHOMY (DYHKITHO-
HaJlbHOMY ypaBHeHUio Bunepa—Xorida

MG, =G_+V+K;'Uy, M=K['Ky,
Ko =5R,'—¢;'K, Ki=¢;'K-eR",

R)_\l/w)\—l-RTl /wr—

o Q.

V=K'

— e R{'T) — &R 'T, |,

U@ = FQPgu (:171, :IZQ) s

KOTOpOe, HapsJy € HaJIu9MeM HEeHM3BECTHBIX
G (a1, ), CONEPKUT B KAUECTBE HEU3BECTHBIX
rakxke n ux pysxinuonassl Buga G (aq, ass),
HyZKJIAIOIINAECA B MOCIEAYIOMEM OIPeIe/ICHIH
U3 HEKOTOPOIi CUCTeMbI ajirebpandecKux ypab-
uenuit [1-4]. B stux ke paborax M3/107KeHBI CIIO-
coObI onpeieenus PyHKIMOHAIOB, BXOISIINX
BO BHermHIe PopMbl. st nccaeaoBaHmss 0COOEH-
HOCTel perrenust (pyHKIIMOHAIBHOTO YPABHEHUS
ObLT UCIIOJIBL30BaH (PAKTOPUAIMOHHBII IOIXO/I,
uzsioxkenublit B [5-7|. Vccenosanue cBOiCTB pe-
IIeHUl 9TOr0 MaTPUUHOIO (PYHKIIMOHAIHLHOTO
yPaBHEHUSI IPUBEJIO K HAPSLY C U3JI02KEHHBIM
B [1-7] pesysnbraram, Tak:Ke K HOBBIM, HE BCTPE-
JaBIIIAMCS PaHee.

Ilpu # > 0, TO ecThb, KOrja TOPLbLI ILIUT
yIAJIeHBl Ha paccTosHue 20, KOHTAaKTHBIE HAIIPS-
KEeHUA Ha KpadX IIJIaCTUH UMEIOT IIpe/IcTaBJIe-
ure (3] Buna

g)\(cflaIQ) = Ulk(xlal‘Z)(—IEQ _ 9)—0,5+i7+

+oox(x1, 22)(—22 — 6)
To < —(9,

g (21, 22) = o1, (21, ) (22 — 6) 05T 4
—0,5—1y
)

—0,5—iy
)

+oor(x1, 22) (22 — 0)
xo >0, v>0.

BekTopsr 01y, 01, HEIPEPBIBHBI 110 000OUM T1apa-
merpaM. [Tapamerp v ompejesisiercsa Mexanude-
CKUMHU XapaKTHPUCTUKAMU OCHOBAHUS, CIIOCOD
ero Haxox/JieHust onucad B |3]. Hanpumep, mis

ciydas (2.1), (2.2) umeem y = arcth 2%17_25), e
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v — koadpunment Ilyaccona marepuaia ocHO-
Banus. [Ipencrasienue (3.2) IOKa3bIBAET, YTO
KOHTAKTHBIE HAIPSIXKEHUsI TI0 Mepe TpubIMzKe-
HUsT K TOPILY JATOCHEPHON TINTHI HATMHAIOT
CUJIBHO OCIMJJIMPOBATDH 110 3aKOHY, OIUCHIBae-
MoMy (DPYHKIHEH

lzg — 0] cos (yIn |z — 6]), |zo — 6] = 0.

[Tocsiesinee o3navaer, 4TO TOJIHKO Kpasi JTUTO-
cEepHBIX TIUT CKJIOHHBI K Pa3PYIIEHUIO IIPU
TpebOBAHUU B YCJIOBUSAX JIMHEHHOW yIPYTOCTH
00ecIevnThb MOJIHOE CIEIJIEHUE C OCHOBAHUEM.
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