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Abstract. The existence of hidden defects, which are not observed visually, in coatings of
nanomaterials, in seismology and in materials science is investigated. A method of investigation
of such defects in coatings, based on a topological approach is developed. An analysis of defects is
given using the example of an investigation of the stress-strain state of a block structure consisting
of two-dimensional horizontally disposed different-type blocks contacting along the boundaries
between themselves. The block structure is located on the surface of a three-dimensional linearly
deformable substrate and is rigidly connected to it. The considered block structures are under
arbitrary harmonic external influence. This is characteristic not only of nanocoatings, surface
hardening of materials, but also of lithospheric plates, the investigation of the stress-strain state
of which serves the purpose of obtaining information about the seismicity of the territories. The
obtained results indicate that the hidden defects are actually new types of cracks, supplementing
the known Griffiths-Irwin cracks. Unlike Griffiths-Irwin cracks, characterized by roundness and
smoothness of boundaries, this particular type of cracks contains fractures of boundaries and
visually more accurately describes crack boundaries, for example, in brittle materials such as, for
example, glass.

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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g — BEKTOpP KacaTeJbHbIX W HOPMAJbHBIX Ha-
IPSIZKEHUiT O, IJIUTaMI Ha TPAHUIIE OCHOBAHUSI.
Hexkoropeie Tunbr marpur-gyuakmmit K(ag, az)
OCHOBaHWil, Ha3bIBAEMbIE CUMBOJIOM CUCTEMbI
UHTErPAJIbHBIX YPABHEHUN, IPUBEIEHB! B 4] u
JAIOTCS MaTpulei-pyHKIneit BuIa
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Marpuna (1.2) rpaHudnoil 3a1a4u SIBISETCS
OJIOUHO-INATOHAJLHOM, COCTOSIIEN U3 PACIIOO-
JKEHHON Ha JIMAroHaJIM MaTPUIbI BTOPOTO II0O-
psliKa, IIPEJCTaBAAIONICH MATPUIHBINA I BEK-
TOPHBII onlepaTop, U OTAEJbHOIO CKAaJISIPHOI'O
oneparopa. [lockoabpKy omepaTopbl HE3aBUCH-
MBI, 3TO CYIIECTBEHHO 0DJIErYaeT UCCJIEI0BAHNE
IPAHUYHON 3a/Ia4U.

2. Metox pellieHns I'PaHUYHBIX 33024
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Ha rpanunre mpasoil mIacTHHBI OHA UMEIOT BT kax = esaFa(aq, aga—) X
s x [(gix +t1n) — aragy (gox +t2n)]
Ffl({{) - / {567"(Tx1:1:2r - a1a511+Nx2r)+
—0o0

k1, = esrFa(a, ao1y)x

- 2 —1y —1
+ l€1r(a1 E4r€qy )a21+ulr+ > [(glr + tlr) o Oé1062_21+ (927' + t2r>] ’

+(1- VT)Oél’lLQr}eialml dx1—

—e5-Fao(ag, anyy ) x kor = 5, Fa(aq, agay) x

X [(glr +t1y) — 041042_21+(g2r + tzr)] .

< [(g1r + t1r) — a1057y (920 +t2r)] ) =0,

B pesynbrare ncesmnoanddepeHuaibHbie ypaB-

HEeHUA TJId 93TOI'0 C.qua.ﬂ MO>KHO IIepernucaTb

o1y =1 (041)2 — e 47@1—7}7 B BHUJI€ CUCTEMBI a/IreOpaniecKux ypaBHEHUil B
MaTpUYIHO hbopMme

_ 1-— VE r
Sor =" &1 €(700,0) ALY 4By Zy 4K = 0,
N A,Y,+B,Z, 1K, =0,
Frien( - /{56r(Tx1x2r — 1099y Nayr )+ A, — (an,\ a12,\> B, — <511,\ b12)\>
e aziy azy)’ bain  baan/’
, 2 1y 1
+ie (] —eqpey, Jagy uirt A — <a11r a12r> B — (bllr b127”>
) T ) T b b )
- VT)OK]_UQT}ezalml oy asiy  G22p 21 b2y
a1y = E6r,  Q12n = —EEAQ105],

— &5, Fa(a, agaq) X
b _ ( 2 71) -1
X 11X = 1IN Q] — E4NEpy )Qg1_,
X t1r) — Q1o t =0
[(glr + 17") 1 22+(92r + 27")] , broy = (1 . I/)\)al,
—1
a21)\ = €6X; G422\ = —EEAN1Qgy_,
— 5 2 r
oot =iy/a5 —eqn, & € (—00,00). ' ) .
. boix = iein(a] — eanely ) Qg
3aecs F|~ — obparHble onepaTopbl K OTHOMEp-
nomy mpeobpasopanuio Oypre. boox = (1 —v)au,

Bsenem cienyroriyio cucreMy 0OO3HAYEHMIT: G1lr = E6ry  G12p = —E6r001 042_11+,

Yo =A{yinvant, Zan={zn 220},

Y = {y1r,v2r}, Zr={z1r, 22},

Fig=Fi(a1)g, Fag=Fa(a,a2)g,
Yix = FiTp 200, yox = F1lNgy»,
Yir = F1lo 00r,  Y2r = F1lNgyr,

, 2 —1y, 1
biir = ie1r-(Q] — €4r€7, )gy
bior = (1 — ),

_ _ ~1
ag1r = €6r, Q227 = —E6r109y,

. 2 —1 —1
ba1, = lelr(oﬁ — E4r€1, )a22+7

boor = (1 — ).

zin = Fruiy, 220 = Frugy, 22r = v
— — Tomnosiornyuecknit MeTOJT PEIIeHns] TPAHUIHBIX

zir = Fruy, 29 = Frugy, A D p

33189 OXBATBHIBACT BCE €CTECTBEHHBIEC TUIILI I'Da-
Ky ={kixn, kar}t,  Kr ={kip, kor}, HUYHBIX YCJIOBHUI, KOTOPbIE MOTYT OBITH CHOPMY-
JINPOBAHBI Ha JedeKTax, TPEIUHAX UIH PA3JIo-
kix = esaFa(ay, ani_ ) x max. OH [03BOJISIET, HE3ABUCUMO OT CIIOCODA Ha-

IpyzKeHUd IMOKPBITUl, OJMHAKOBO HCCJIEJIOBATD

x [(g1n + 1) — a1y (921 + tan)] IPAHIIHYIO 33aTy.
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Paccmorpum mpumep ckpwITOro medexra B
IIPEAITIONIOZKEHN N, ITO BePTUKAJILHBIC HaIIPAXKe-
HUs HA TOPIAaX IUIUT COBIIAAIOT, & TAKYKE COBIIa~
JIAI0T KacaTeIbHbBIE K TOPIAM ILINT HAIPAXKEHUS.
XapaKTEepHBIM CBOWCTBOM CKPBITOrO AedeKTa
SIBJISIETCsT OTCYTCTBHE BU3YaIbHO HADJIIOIAEMOTO
U3bIHA TOKPBITUS, TO €CTh TPEIIUHDI, Pas3phl-
Ba. [Ipu orcyrcrBun medexTa HAIPSKEHUS U
repeMerreHunsi 6eperoB TPEITUHBI 00SI3aHbI COB-
magarhb. Ilosromy paccMorpum ciydvail, Koriaa
Z, = 7Z,, u y1» = y1,» = 0. Torna, perenne
JIAeTCsT COOTHOITEHUSTME

Yy = -C;'(By'K) - B, 'K,),

-1 -1
Cy=B)'A), C,=B;'A,
C11x  C12x Ci1r C12r
C)\ - 9 C’f‘ - )
Co1n  C22) C21r  C22r
Ci12x  —Ci12p
C)\r = 5
C22)\ —C22p

Yor = {vor.v2r}, Y ={0,y2:},
r = {Ovy2r}a
Z,=-B;'A,Y, - B'K,.

Takum oOpa3oM, B 9TOM CJIy9ae UMEET MECTO
HapyIIeHne CBI3HOCTH JIJIsT KOMITOHEHTDHI HAIPsi-
JKEHHUIl, 9TO CBUIETEJIbCTBYET O MPUCYTCTBUN
ckpbITOro fedexTa. Buimucas Bee mceBnoandde-
peHIInaIbHbIE YPABHEHUS JIJIsl KAXKJIOTO yIacTKa
CPaHUILI U I KaXKI0ro OJI0Ka, BHECEM B HUX
COOTBETCTBYIOIIME TPaHNIHbIE ycIoBud. [locte
3TOrO PEINM H3BJIEUEeHHbIE U3 MceBIoandde-
PEHIIMAIbHBIX YpaBHEHUI HHTErpaJjbHbIE ypaB-
HEHUs ¥ HOoJIydIuM u3 (2.5) mpejicraBjieHne pe-
IMEeHUH B KaXK0M OJIOKe, B JIEBOI U IIPABO TIO-
JIVILIOCKOCTU B BHJIE

uy) = F2_1 [R)\(—ial, —ia2)]_1 X

X (- / wx +esnFa(gy+ty) ), (2.6)
o0
u, = F2_1 [Rr(—z’al, —Z'Oég)]il X

X — / wr + 557“F2(gr + tr)
o0y

IIpencrasum coornomenune Uy + U, = U,

Ub(al, 042) = FQ(OZl, Oég)Hb npm r3 = OB BHUJIE
Pyu(zi,22,0) + Pru(zr, 22,0) =
=F;'K(a1,a2,0)x
X [GA(al,OQ) + G (aq,a2)], (2.7)
Gi(a1, a2) = FoPyg(x1, 22),

Gr(Oél, a2)

3necy Py, P, — nmpoekTopsr Ha JIeBYIO U Tpa-
BYIO TOJIYILJIOCKOCTH, SIBJISIONIHECS HOCUTEJISIMU
COOTBETCTBYIONUX IJIUT. BHOCS COOTHOIIEHUS
(2.6) B sieBble wactu (2.7) U HpUMEHUB peobpa-
zoBanus Pypbe, MOTyIUM COOTHOIIECHUS BUIA

=FoP,g(z1,22).

[RA(—Z'OQ, —Z'Ozz)]il X

X —/W)\-I-Eg))\(G,\—I-T)\) +
o0y
+ [Rr(—iOzl, —iag)]_l X

X { — / wr+55r(Gr+T7“) -
o
_K(ala 042,0) [G)\(alv a2) + Gr(ab OQ)] =0,

Ty =Faoty(z1,22), T, =Fat,.(21,22)

Bekrop-dynxmm Gy (a1, a2), Gy(a1, az), a8-
Jistioriiuecs mpeoopazoBanusaMu Pypoe GyHKITHT,
C HOCUTEJISIMU B TIOJIYIIJIOCKOCTAX, SIBJISTIOTCS Pe-
TYJISPHBIMU (DYHKITUSIMEA [TaPAMETPOB (vp TIPU
PUKCUPOBAHHOM (v] B JIEBOH W IPaBOil IOJIy-
IUIOCKOCTSIX COOTBETCTBEHHO. B CBA3M € 3TUM
MOXKEM 0DO3HAYMUTH BEKTOP-DYHKIUU, PETyIsap-
HbIE II0 IapaMeTpy (o B HUKHEH, 3HaK MUHYC,
U B BepxHell, 3HaK ILIIOC, MOJIYIIJIOCKOCTX, TO-
JIOYKUB

Gi(ag,a2) =
Gr(ah a2) =

Brocs atu 0603HadeHNs B IPEALIIYIIEe COOTHO-
IIIeHue, IPUXOAUM K (PYHKIIMOHAIHLHOMY YPaB-
neruto Bunepa—Xomnda ciiegyionero Buaa

MG, =G_+V,
MG+:G,+V,

G_ (ala 062),

G-i-(al’ OQ)

M = —[essa(af + a3 — eq3,) 2+

+ 5671K1(041, ag)] "t x

X [E53r(a% + O[g — 5437«)72 + EglKl (a1, ag)] ,
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V = +(af + a3 —e43,) 2%
X [Avkiy + Brkoy + €53, T (o, a2)] +
+ (aF 4 a3 — e43,) 2%
X [Axkix + Bakoy 4+ +essnT (a1, az)]

M = K, 'K,
Ki=e;R, ' - K, Ky;=K-e5R,",

V=K' R;' /w,\+RT1/wT—
IO 0Q,

- R'T) — &R 'T,

KOI‘,H,a. TOPIBI IIJIUT IIOJTHOCTBIO C6JII/I3I/IJII/IC]),
KOHTaKTHbIC HalIPDAXKEHUA Ha KpadX IIJIaCTHH
NMEIOT IIpeJCTaBJICHUE

gx(z1,2) — aan(w1, 22) 25 '+
+osx (21, 22) In |2o| +
+o6r (21, x2) sign xa,
: (2.8)
gr(x1,22) = o4 (21, 2)T5 +
+0os5, (71, x2) In |22| +
+0’67«($1,:I}2) signxg.

Bce BekTopnl o) (21, 22) U opp(1,22), N =
= 3,...,6 HempepbIBHbBI IO 0OOUM IapaMeT-
paM. YueT BpeMeHHOro mmapamerpa exp(—iwt),
COKPAIIICHHOTO IPU PElIeHUH I'apMOHUYECKOM
IPAaHUYHON 3aJa4y, IPUBOAUT K IIPEJICTABJIC-
HIIO KO3 PUITNEHTOB (PUB3NIECKIX HAIPSIYKEHNIH
o3p(x1, 22,t) npu ocobennocTsix B hopme
o (21,2, 1) = Reapp(w1, 29)e ™! =
= Reop(x1, 2) cos wt+Im o (21, x2) sin wt.

BriBoabl

ITo cpaBHEHUIO CO CIyYasiMU OTACTBHO BEp-
THUKAJIbHOI'O WJIA KacaTeJbHOI'O BO3JeliCTBUS HA
JinTOCGEpPHBIE TIUTHI B PACCMATPUBAEMOM CJIy-
Yae YKECTKOIrO CIIEIIEHUS JINTOCHEPHBIX ILIAT €
OCHOBaHUEM KOHTAaKTHbIE HaIIPAXKEHUA B 30HE
CONMMKEHUsI, HAPATY C UMEIOIMMHA MECTO CHH-
CYJISIPHBIMU COCTABJIAIONINMHE, IPUOOPETAIOT HO-
BbIe CBOICTBA, COCTOAIINE B TOM, YTO BCE KO-
duImeHTh 1P 0COOEHHOCTX 3aBUCHAT KaK OT
apaMeTpoB BEPTUKAJIBLHOI'O BO3AEHCTBUA, TaK
U T'OPU30HTAJIBLHOIO.

[Monyuenmoe coorHomtenue (2.8) cBueTEb-
CTByeT O TOM, YTO CKPBITBIE Te(eKThl (HhaKTH-
YECKU SIBJISIFOTCSI HOBBIMU THUITAMU TPEIUH, J0-
[IOJIHSIFOIIMMY U3BECTHBIE Tperuab! ['puddura—
Upsuna [5-8]. menno, B oTyindue OT TPEIUH
IN'pudpura—lpsuna, xapakKTepu3yeMbIX 3aKPyT-
JIEHHOCTBIO U TVIQJIKOCTHIO IPAHUIL, JTAHHBIH TUI
TPEIUH COJIEPYKUT U3/IOMbI TPAHUIL U BU3YAJIb-
HO 60JIe€ TOYHO OINUCHIBAET T'PAHUITHI TPEIIUH,
HAIIPUMED, B XPYIKAX MaTepuajiaX, TAKIX Kak
creky0. B Hacrosimeit pabore 3ToT THI dedeK-
TOB OOHAPY?KEH B HEOIHOPOIHON cpeje hopMu-
pyeMoit 6JI09HOH CTPYKTYPOIl U3 TPEXMEPHOTO
ciog u maut Kupxroda. Bompoc cymecrsosa-
HUS TIOJIO0HBIX JIe(DEKTOB B OMHOPOIHBIX CPeiax
Oy/IeT 0OBEKTOM CJIE/IYIONTUX UCCIICOBAHUI.
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