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PaccmarpuBatoTcst 1BOSIKOIIEpUOINYECKME KOHTAKTHBIE 3aayy ISl yIIPYroro cjiosl ¢ He-
M3BECTHOI 00JacThlo KOHTakTa. ONHA rpaHb CJ0SI HAXOAMUTCS B YCJIOBUSIX CKOJIb3SIILIEH
WJIA XKECTKOH 3a7esIKy. 3a1ayu CBOASITCSI K UHTETPAJIbHBIM YPaBHEHUSIM, s1Ipa KOTOPBIX HE
cozepxat ksagpatyp. JUist ciydast MOJHOro KOHTaKTa APYroil rpaHu CJiosl C AByMEPHOM CH-
HYCOUIAJIBHOM XECTKOM IMOBEPXHOCTBIO 3a1a4u MMEIOT TOYHOE pelIeHUe, KOTOpoe MC-
MOJIb3yeTcs 151 OTJAAKU MPOrpaMM, Peaau3yIolUX YUCIEHHbI METO HEJTMHEMHbBIX UH-
TeTpajibHbIX ypaBHeHUI [anaHOBa, MO3BOJSIOLINIT OMHOBPEMEHHO OMPENEIUTh 00JIacTh
KOHTaKTa M KOHTAaKTHbIe NaBjieHUsl. PaccuMTaHbl MexaHUYECKME XapaKTEPUCTUKU TPU
BHEJIPEHUMU CHUCTEMBbl JUIUNTUYECKUX NapaboJoOuA0B, U3yUEH Mepexon OT AUCKPETHON K
HEMpPEePbIBHOI 00J1acTU KOHTAaKTa.

Knrouegoie cr06a: BOSIKONEPUOINIESCKUI KOHTAKT, YIIPYTHiA CJIOM, MHTETpabHbIE YPABHEHUST
DOI: 10.31857/S0032823523010101, EDN: HVZBFR

ITroHepckoit paboToii B 0061aCTH IEPUOIMYECKOrOo KOHTAKTa sIBJisieTcsl pelieHue Becrep-
raapaa JJisi OMTHOMEPHOM BOJHUCTOM ToBepXxHOCTU [1]. OcHOBHast monsi myOauKauuii Mo
NIAaHHOI TeMaTUKe OTHOCUTCS K IUIOCKUM 3anadam [2]. [Ins uccienoBaHusl MPOCTPAHCTBEH-
HOTO MEePUOANYECKOTO KOHTaKTa Il KPYTOBbIX MHASHTOPOB pa3paboTaH METO[ JIOKaIu3a-
uuu [3, 4]. Acumnrorudyeckue [5, 6] v unucieHHbIe [7] pe3yabTaThl MOJIYYEHbBI 1JIsI KOHTaKTa
IIBYMEPHOU BOJIHUCTOM TOBEPXHOCTU C mosynpocTtpaHcTBoM. Ha ocHoBe peryssipHoro
ACUMIITOTUYECKOIoO METoda U3ydaJlUChb ABOAKOIICPUOAUYECCKHME KOHTAKTHBLIC 3agadyu IJisd
YIIPYToTo CJI0SI TIPU 3alaHHOI 001aCTH KOHTaKTa [8]. YuuThIBaJIOCh BAMSIHUE TPEHUS, U3HO-
ca, CUEIUIEHUs, MUKPOTEOMETPUU U aATre3ur MpU MePUOANIECKOM KOHTAKTE YIPYTUX Tes
[9—13], ObLIO TIOJly4eHO TOYHOE PElIeHUE 3a/1a4M O TIOJJTHOM KOHTAaKTe BOJIHUCTOTO IITaMIa
co cioeM [13]. UccnenoBaniuch nmepuoanveckre KOHTAKTHBIE 3adadyd ISl BSI3KOYIPYToro
noaynpocTpaHcTBa [14], a Takke 111 MOJYIIPOCTPAHCTBA C YaCTUYHO 3aKPeIlJICHHOM rpaHu-
ueit [15].

B HacTost1Iel cTaThe 11 pelIeHUsT TPEXMEPHBIX MEPUOINYECKUX KOHTAKTHBIX 3a/1a4 TSI
CJI0SI C HeuseecmHOU 30HOUW KOHTaKTa MPUMEHSIETCS YMCICHHBINM METON HEJWHEWHBIX rpa-
HUYHBIX MHTETpalbHBIX ypaBHeHUM [16]. [Iist Bepudukauumu pe3ynbTaTOB MCIIOIb3YETCs
TOYHOE PEIIeHUE JIJISI TIOJTHOTO KOHTaKTa IBYMEPHOUM CUHYCOMIAITBHOM XECTKOI MOBEPXHO-
CTHU M yIIPYTOIO CJI0sl, KOTOpoe 0000IIaeT n3BeCcTHOEe pemieHue JIXKoHCOHA U COaBTOPOB LIS
MOJIyTIpocTpaHcTBa [5, 6]. B oTinune OT MpsIMOTo YKCIIEHHOTO METOIA OBICTPOro Mpeobpa-
3oBaHust Dypee [7] MeTOn MHTErpabHBIX ypaBHEHU [16] MO3BOISIET MOMydaTh MpUeMIe-
MbI€ Pe3yJIbTaThl IPU CYIIECTBEHHO MEHbIIIEM Yuciie y370B. [TokazaHo, 4TO nepexos OoT Iuc-
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Puc. 1. JIBosikonepuoandeckast 006J1acTh KOHTAKTa.

KPETHOTO K HEMPEPBIBHOMY JBOSIKOTIEPUOANIECKOMY KOHTAKTY (TIEPKOJISIIINSI) CBSI3aH ¢ 00-
pa3oBaHMEM HOBBIX MHTETPUPYEMBIX OCOOCHHOCTEH sIpa MHTErpaJibHOTO ypaBHEHUSI Ha
JIMHUSIX Tiepexoaa. KauecTBeHHbIE BBIBOABI COMIACYIOTCSI C U3BECTHBIMU PE3yJIbTaTaMU Me-
TOJa JIOKAJIM3alUM JIJIs TOJIYIPOCTpaHCTBa |3, 4].

1. ITocTranoBKa 3a1a4, UHTErpajibHbie YpaBHeHUs. B nekapToBbIX KOOpAWHATaX PacCMOT-
puM citoii {|x| < oo, |y| < oo, 0 < z < A} ¢ mapameTpaMu yripyroct G (MOLYJIb CIBUTA) U V (KO-
a¢ppunuent Ilyaccona). M3yunm KOHTaKTHBIC 3agadyM 0e3 ydeTa CHJI TPEeHUsI, KOrga KOH-
TaKTHOE JaBJIeHUE

q(x,y) = q(x = 2nl,y —2mly); nm=0,=£1,22,... (L.1)

SIBJISIETCST TBOSIKOTIEPUOAMYECKOM (yHKIMe# ¢ mosynepuonamMu /; U [, COOTBETCTBEHHO
BIOJIb Oceit X 1 y. KOHTaKT ocylecTBIIsSIeTCsT Ha BepXHeit TpaHu ciiost 7 = 0, a HYKHSIS TpaHb
7 = —h MOmMYMHEHA YCIOBUSIM CKOJIB3SIIICH WIN XKeCTKO# 3anenku (3amauu A u b cootBeT-
ctBeHHO). [JlaBneHue (1.1) MOpoOXIEeHO MBOSIKONEPUOAMYECKON CHUCTEMOM OXMHAKOBBIX
2KECTKUX IITaMIIOB, BHEAPECHHAA 1MoJo1IBa KOTOPbLIX HE UMECT OCTPBLIX KPOMOK, IMTO3TOMY 30-
Ha KOHTaKTa 3apaHee HeU3BECTHA U CONEPXKUTCS B MPSIMOYTOJIbHBIX sTYeiikax pazmepa 2/; X 2/,.
ITycTh sueiika S comepKUT HavYaJlo KOOPAMHAT U eMIUHUYHYIO 061acTh KOHTakTa £ (puc. 1).
dopma 0CHOBaHMI IITAMITOB OITUCHIBaeTCs (hyHKIIMEH

fx,y) = f(x=2nl,y —2mb); nm=0,£1,£2,...

K KaX1oMy LITaMIly ITpHUJIOKEHA HOpMaJibHas Cujia P TakK, 4YTO IITaMIIbl BAaBJINBAKOTCA oe3
IIEPEKOCa U UCIILITEIBAIOT OCaAKy d.

I'paHWYHBIC YCITOBUST KOHTAKTHBIX 33124 UMEIOT BUIL
2=h: u, =—0@-f(x%)), Tx=7,=0 (xy e
6, =T,=T,=0 (x,y)eQ
ANz=0u=1,=1,=0 bz=0u=u=u=0
[pu 3amaHHBIX TapaMeTpax yrnpyroctu G, v, BennauHax /|, b, 8, h v dyukimu f(x, y) Tpe-

OyeTcs ONpenenTh 06J1acTh KOHTAKTa £ 1 naBieHue q(x, y) = —06,(0, 0, i), (x, y) € Q. 3atem

IIPU UCITOJIL30BAHUU MHTETPAJIBHOIO YCIOBUS paBHOBECHS IITAMIIOB MOXET OBITh HalieHa
cuia P.
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HNHTterpaibHble ypaBHeHUS 337124 A U b OTHOCUTEIbHO KOHTAKTHOTO TaBJeHUS, UCTIOJb-
3ys1 U3BeCTHbIC (hyHKIIMM [prHa /U151 €105 M TIEPUOIMYHOCTb, MOXXHO 3aIlMcaTh, UHTETPUPYSI
10 eMMHUYHOM 06j1acTh KoHTakTa 2, B Buzae (0 = G/(1 — v))

[[ a&WKE M, x, y)dEdn = 2108 - f(x, )] (x,y) € Q (1.2)
Q

¢ sapom 6e3 kBamparyp B popme B.M. AnekcanmpoBa [8] (s =& —x, 1 =M—y)

K(&an:xay): R_l +F(S,t); R = S2+t2

1

Fis,) = ————+ R + F, + F, = (G, + 2G, +2G, + Gy)

Van* + R? 211,

F=Y(00+0.,0), B=Y Qm+0_n
n=1 m=l1
E” = z Z (Q”'” + Q—'l,m + Qn,—m + Q—n,—m)
n=1 m=1
_ -1 2 2 _]/2 _ 2 2 1/2
Qun = Ry = (41° + R, . Ry = [(s +2n0) + (t + 2mly) ] w3

A)Gy=3/2, B)Gy=2—-4(x-D/(k+1)> k=3-4v

ZM( O)COSTC , Gy = ZM(rOm)cos lmt
1 m=1 2

Gy —ZZM(,W)COS osnl—mt

n=l m= 1 2
M(r) = 1- exp(—fr) — L(r), = nh[(n/ll)z + (m/lz)q 1/2
A L =M’ B) L(r) = 2x sh(2r) —
VO sh(2r) + 2r e 2k ch2r) + 1 + > + 4r*

CXOOUMOCTb psIIOB B BeIpaxeHUsx wis Fy. (k = 1, 2, 3) ynydiiaercs Npyu yMEHbIIEHUU
TONIIMHBI cjios . DyHkumst M(r) Ha 6eCKOHEUHOCTH yObIBaeT, Kak exp(—2r), odbecrieunBas
CXOIMMOCTbD PSIAOB B BbIpaxeHusx 1is Gy. (k =1, 2, 3), a B HyJe ctpemurcs K G.

2. Tounoe pemenune. MHTerpaibHoe ypaBHeHUe (1.2) MMeeT TOUHOE pelleHue, Koraa
eAUHUYHAsE 00JIacTh KOHTAaKTa {2 COBITAJAET C STYEKOM S (OJHBII KOHTAKT), a K (pyHK-
uuu f(x, y) npuMeHuMo npeobpazoBanue Pypwe. i1 onpeacaeHHOCTU paCCMOTPUM I0JI-
HbIIi KOHTAaKT I'PAHM YIIPYTOro CJOS1 C XECTKOW ABOSKOINEPUOAMYECKON CUHYCOUIATbHOM
MTOBEPXHOCTBIO aMIUTUTYABI A U JUIMHAMU BOJIH (repuonamu) 2/; u 2/,. B paMkax JMHeNHHOi
TEOPUM YIPYTOCTU MPENITOIAraeTcs, YTO aMIUIUTYyAa MaJjla TI0 CPaBHEHMIO C JUIMHAMU BOJH [6].
B aToMm ciyyae ypaBHeHue (1.2) mpeoOpa3syercs K Bumdy [8]

I J. q, ﬂ)dﬁdﬂof ]j @cos (ug_ij cos (w%) dudw =

=4neh[6—(A—Acolecos?ﬂ; —o < X,y <oo  (§22A) .1
1 2

YcnoBue § > 24 He ABISETCS TOCTATOYHBLIM ISl TIOJHOTO KOHTAKTa BBUIY HECOIVIACO-
BaHHOCTU nedopMaliii TOBEPXHOCTU CJIOSI C XKECTKOI ToBepXHOCThI0. Kak rmokasbiBaroT



56 30JI0TOB, MMOXXAPCKUN

pacueTsl 1o MeToay lanaHoBa, rpu 6 = 24 MOTYT OCTaBaThCsl MaJible 30HBI B .S BHE KOHTAK-

Ta. B 3TOM cily4yae MojiHbI KOHTAKT BO3HUKAET JIUIIb 1pu & = §; > 24, rie §; — HEKOTopoe
KPUTHYECKOE 3HAYCHHE.

ITycts /; =2 ,. BBenem 6e3pa3mepHble 0003HaYeHUS (IUTPUXU Jajlee OMyCKaeM)

=X g5 po¥ N g4 g _h 5 _8-4
l I l l l h h 22)
gxy) =28 b pl P g5 o0
mo I ol

[MapameTp A XapaKTepu3yeT OTHOCHUTEbHYIO TONIIIMHY YIIPYTOTO CJIos, a mapaMeTp € < 1 —
OTHOILIEHUE TIEPUOIOB.

B o603HaueHumsix (2.2) ypaBHeHue (2.1) nmpuMeT Bu,

I .[ q@, n)didnT ]f LE/J )COS(M&_—XJCOS(WT%)dudW =

—o0 —oo —o0 —oco

=21 (8 + A cos(mx) cosﬂ); —o < x,y<oo (8= A) 2.3)
€

TouyHoe peleHMe MHTETPaIbLHOIO ypaBHeHHUs (2.3) HAXOOUTCS HNPU MOMOIIM IBOMHOTO
npeo6pasoBanust ®ypee. B pesynbraTe noayuyum

l@ Al+e

1D =5, 2L(n7n/1+£)

2
L=lim—%: Ay =2 B ==Y
u=0 [(u) 1-2v
B 3agaue b npu npubavkeHUn Marepuana ciaosi K HeckumaeMomy (V — 0.5) KOHTaKTHBIE
NaBJICHVSI HEOTPaHWUYEHHO BO3pacTaloT (ITOJTHBIM KOHTAKT CTAHOBUTCS 3aTPYIHUTEIHLHBIM).
IIpu A — oo pemenue (2.4) nepexoouT B pelieHue [IXXKOHCOHA M COABTOPOB [5, 6] mid
YIIPYTOTo MOJIYITPOCTPAHCTBA

T
cos(x) cos
€

(2.4)

y

-2
Avi+e cos(mx) cos —=,
2 €

q(x,y) =

M3 KOTOPOTO HEJIb3sT ONPEACSINTD CBSA3b MEXKITY BIABIMBAIOIIEI CUTON 1 OCATKOM.
JIns1 citost n3 penrenus (2.4) HalimeM BOABIUBAIOIIYIO CUITY

P= j j q(x, y)dxdy = 2L, (2.5)
15 u

Junst 3amaun b cuna P yyBCcTBUTEbHA K 3HaUeHUIO Koaddunuenra Ilyaccona. Ipu v =
= 0.25 3nauenue P (2.5) mist 3amauu b Ha 12.5% npeBbIlIaeT COOTBETCTBYIOIIEEe 3HAUYCHUE
IS 3amauu A.

3. YucheHHslii aHam3. {715 YMCIIEHHOTO pellleHrs KOHTAKTHBIX 3a1a4 MPUMEHUM METO/,
npemioxeHHbIi [anaHoBbIM [16], TO3BOIIONINI OMHOBPEMEHHO OIPENEIUTh 001aCTh KOH-
TaKTa 1 JaBJICHUS B 3TOl 061acTu. B aToM MeTone nHTerpupoBanue B ypaBHeHuu (1.2), (1.3)
pacrpocTpaHsieTcsl Ha S4eiiky S, comepxkainyo obnacts Q. [IpennonoxeHust 06 OTCYyTCTBUU
KOHTaKTa U 0OpalleHUs] B HyJIb AaBJIEHUS B JOTIOJIHUTENbHOM 061acTu S\ MPUBOIST K CU-
CTeMe MHTErpaJIbHOTO YpaBHEHUSI 1 MHTETPAJIbHOTO HEPaBEHCTBA (CHOBA MCITOJIb3yeM pa3-
MEpPHbIC BEJTUUUHDI)
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_[q(N)K(N,M)dN =dM); qM)=20, MeQ

S
[a(N)K(N, M)dN > d(M); g(M)=0, M e S\Q (3.1)
S

N=Etnm, M=xy dM)=2m0[5- f(M)]
HOCJ’IC BBCICHUS HETWHENHBIX O1rIepaTopoB
p (M) =sup{p(M),0}, p (M) =inf{p(M),0}
U TIPpEICTaBJICHUSI ICKOMOTO IaBJIeHMs B (popme
q=qM)=q" (M)+q (M)

cucteMa (3.1) cBOOIMTCS K pelIEHNIO HEJIMHEITHOTO OnepaTOpHOro ypaBHeHUs Thita ['amMmmep-
IITeiiHa

Op=0 (MeQ), Op=p +Kp" —d, 3.2)
e p = p(M), p* = p*(M), d = d(M),
Kp' = j p (N)K(N, M)dN (3.3)
S

ITpu 3TOM MHTErpasbHOe HepaBeHCTBO (3.1) yaoBieTBOpPSETCS aBTOMaTuYeCcKu. MoXXHO
JIOKa3aTh 9KBUBAJIEHTHOCTh cucteMbl (3.1) 1 ypaBHeHus (3.2) [16].

[Tpu yucieHHOM pelieHUU ypaBHeHUs (3.2) mpuMeHsieTcsl MOAUGULIMPOBAHHbBII METOJ
HproToHa, OCHOBaHHBII HA TTOCTPOSHUU MOCIEN0BATEIbHbBIX MPUOIVKEeHUIT 110 (hopMynam

' -1
Put = Pn—(F'Dy) Opuy pu=p,M); n=0,1.., py=d,

rae F — nuddepeHmpyeMelit orepatop, anmmpoKCUMUPYIOIIN ontepatop © 1Mo paBHOMEp-
HoIt MeTpuKe [16].
B otinuue ot 3amay a1 onHoro mTamia sapa (1.3) B siueiike .S UMeIOT He TOJIbKO KJI1acCH-

— —1
YECKYIO 0COOeHHOCTh R l, HO M OOIMOJIHUTCIbHBIC WHTCIPUPYEMBIC 0COOEHHOCTH Ril,O’

Riti. Rijsi. Ry cootserctsento B Toukax (€= xF 2, n=y), €=x, n=y7F2h),
E=x32,M=yF2L) u (€ =x7F2, N=yt2,) Ha CTOPOHAX U B BEPIINHAX IIPSIMO-
yroibHUKa S. [Ipu pacuete 3HayeHMit sapa onepatopa (3.3) B 9TUX TOYKAX OCOOEHHOCTU
coiaxXuBaiauch o dopmyne (n, m = 0; 1)

E—x+2nh) + M =y +2mb) = - x+2n4)’ + M~y +2mb)’ +%,

rae sy U hy — 11aru CeTKU COOTBETCTBEHHO I10 OCSIM X U ).

Otnanky mporpaMm IpoBeaeM MPY MOMOIIM CPaBHEHUSI MHTErPaTbHON XapaKTEPUCTUKU
¢ TouyHbIM 3HayeHueM (2.5) mpu A = 0.001, € = 1, v = 0.25. B cuny cumMeTpuun 10CTaTOUHO
MHTErPUPOBATH 110 4eTBepTH .S. B Tab:1. 1 naHbl 3HaYeHMs P, pacCYMTaHHBIE IIPYU PA3HBIX A, O
1 U3MEHEHUHU YMCIIa Y3JI0B PABHOMEPHOI CETKU B MepBoit yeTBepTH S (ceTka 9 X 9 cooTBeT-
ctByeT 289 y31am B S; cetka 13 X 13 — 625 y3naMm B S). BUIHO, 4TO MPU CTYIICHUM CETKHU
YUCJIEHHOE pellleHue MpubankaeTcst K TouHomy. st cetku 13 X 13 morpeHoCcTh pacueTa
WHTETPAJIbHOM XapaKTepUCTUKK He TIpeBOCXOAuT 3%. B Ta61. 1 HEMOMHBINA (ITOYTH MOJTHBIIN)
KOHTaKT OCYILIECTBIIsIeTCsT [T 3a1aui A ipu A = 1, § X 10° = 2. [1pu OUYTH MOJTHOM KOHTaK-
T€ YHUCJIICHHOE PellIeHUE TaKKe CTPEMUTCS] K TOUHOMY.
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Ta6auna 1. CpaBHeHUe 3HAYeHUI cuiibl P(§) X 103 st cetok 9 X 9, 13 X 13 ¢ (2.5) npu A = 0.001,
e=1,v=0.25

Sangaya A b

5% 103 2 3 2 3
A=0.25 9x9 10.50 15.75 11.86 17.78
13 % 13 10.40 15.60 11.73 17.59
(2.5) 10.19 15.28 11.46 17.19
A=1 9x9 2.58 3.87 2.91 4.36
1313 2.57 3.86 2.90 435
(2.5) 2.55 3.82 2.86 4.30

Ta6muua 2. 3HaueHust CUbl P X 103 npu Ay = By =0.001,e=1,v=0.25

3y x 103 0.5 1.0 15 2.0 2.5
A=1

3amaua A 0.172 0.575 1.124 1.734 2.365

3amaua B 0.183 0.634 1.257 1.948 2.663
A=2

3amaua A 0.119 0.337 0.605 0.897 1.205

3anaua b 0.127 0.369 0.671 1.004 1.352
A=3

3anaua A 0.0935 0.247 0.426 0.619 0.820

3amaua b 0.101 0.271 0.473 0.691 0.920

PaccMoTpuM BHeApeHUE IBOSIKONEPUOINYECKON CUCTEMBI SJIIMITUYECKUX Mapaboioun-
IIOB, KOTna

2 2

X y
x,y)==—+=-—, R 2R, ((xyes
S(x,p) TRET 12 Ry, (X))
Iasnee ucronb3yeMm 6e3pasmepHble 0003HauyeHus (2.2), 3aMeHsss GopMyIibl 1t A v & Ha
] h S
=—, B = —, 6 = —
4 )

3HaueHUsT CUIIbI P B 3aBUCUMOCTH OT OCAIKH O MPU PA3HBIX A IPUBEACHBI B TabOI. 2 IUIst
cnydas Ay = By = 0.001 (kpyrosele napabonounst), € = 1, v = 0.25. B 3agaue A (ckonb3diuas
3aje/1Ka) 3HaUeHs CUJIbl MEHbIIIe, YeM B 3afade b (kectkast 3azmenka). B o6enx 3amavax, Kak
BUIHO U3 TabJI. 2, BOABIMBAIOLIAS CUJIa CHIDKAETCS Mpu yBenuueHun A. B 3amaue B, kak
MPaBUJIO, TIIOIIAIb 001aCTY KOHTaKTa HEMHOTO OOJIbIIE, YeM B 3a1ade A.

Jns u3ydeHusT 3aBUCUMOCTH MHTETPAIbHOM XapaKTEePUCTUKH OT V BBelieM 6e3pa3MepHYIO
[97810%

P P

) = 5 3.4
2nGl
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P(] x 1073 a P(] x 1073
4 —
2+ 4
= by -
| | | |
0.25 0.45 v 0.25 0.45 \Y

Puc. 2. 3aBucumocTh Ge3pasmMepHoOii BraBauBaromeii cuibl Py ot koadduunenra INyaccona v mis 3amad A A (a)
ubu By (6); 8y =Ay=By=0.001, e =1, A =0.25, nmyHkrup wisi 3a1a4 A u by.

Ha puc. 2 nipencraBieHbl 3aBUCUMOCTH CHJIBI Py oT V st 3amad A u b ripu 8y = Ay = By =
=0.001, € =1, A = 0.25 ¥ 1)1 COOTBETCTBYIOILMX CITy4aeB BIABIMBAHSI OJHOTO ITaMIIa (3a-
Jauu A; u by). Ing 3agad A u A; 3aBUCUMOCTb Py(V) UMeeT rurepooanyecKuii TuI. 3Have-
HUs cuibl (3.4) 1S ABOSIKOTIEPUOANYECKOI CUCTeMBbl OOoJbllie, YeM ISl Cliydyasi OJHOTO
mrammna. TpyaHee CTAHOBUTCS BIABUTh IBOSIKOTIEPUOANYECKYIO CUCTEMY TS 3amadu b, Ko-
rIa MaTepua MpUuoIKaeTcsl K HECXXMMaeMoMYy.

[Mpu cOonmkeHnM mITaMnoB (YMEHBIIEHUM €) pacTeT UX B3aMMOJIECTBHE, KOTOPOE TPO-
SIBJIIETCSI B YMEHBIIIEHUY WHTETPAJIbHOM XapaKTePUCTUKHM KOHTAKTHBIX JaBJICHUIA.

J17151 BBITSIHYTBIX BIIOJIb OCH X JUIMIITUUECKUX Napadonounnos (4, = 0.0005, B, = 0.001, e =1,

v =0.25) 3HaueHus P Gosbllie, Y4eM COOTBETCTBYIOLIIME 3HAYCHUS JIs1 KPYTOBBIX Mapaboion-
OB U3 TabJI. 2.

OTMeTHM, 4TO B cllyyae NMepUOANIECKON KOHTAKTHON 3amavyu IJis YIIPYyroro MoJyrpo-
CTpPaHCTBa Ha OCHOBE METO/Ia JIOKAIM3AaIluK OBIJIY CeJaHbl BBIBOIBI O TOM, YTO yYET B3aM-
HOTO BJIMSTHUSI TISITEH KOHTAKTa YMEHbIIIaeT KOHTAaKTHBIN paJuyc 1 yBeJTUUUBAET TaBJIeHNE B
LIEHTPaJIbHOI YacTu 00J1aCTh KOHTAKTa 10 CPaBHEHUIO CO ClIydyaeM eOIMHWYHOro Iramia [17].
7151 c10s1 MOXKHO clieJlaTh aHAJIOTUYHbIE BBIBO/IbI. XOTSI MHTErpajibHasi XapaKTepuUCTUKa (HO-
MUHaJIbHAsI CWJIA) JJTSl AMHUYHOTO 1ITaMIIa, KaK MpaBuiio, 60Jblie, YeM 151 ABOSIKOTIEpUO-
MUYECKOM CUCTEMBI, TaBJICHNE B IIEHTPE 00J1aCTH KOHTAKTa OOJIbIIIE MIJIST ABOSKOIIEPUOINYC-
cKoit cuctembl. [1pr 3TOM HOMUHAIBLHAS THIONIAIL OOJIACTA KOHTAKTa MEHBIIIE JIJIT TBOSIKO-
nmeproauyIeckoil cucremel. Hanpumep, mist 3amad A, u B; mpu §, = 0.0025, 4, = B, =
=0.001,e=A =1, v=0.25 06s1acTb KOHTAKTa 3aIOJHAET .S, a JUI aHAJTOTUYHBIX 3HAYEHUI
ImapamMeTpoB B 3amadax A U b uMmerorcs y3ibl BHe KOHTaKTa; KOHTAKTHOE TaBJIeHUE B TOYKE
nepBOHAYaNbHOTO KacaHus gy X 10° = 0.833 mna zanaum A, u g, X 103 = 0.885 st 3amaun A,

aHanoruuHo g, X 103 = 0.928 nns sanaun B, u g, X 10° = 0.970 n1s 3anaun b.

B Tabs. 3 naHbl MUHUMMaJbHbIE 3HAYEHUSI OCAIKU U COOTBETCTBYIOIME 3HAUEHUSI CUJIBI,
MIPY KOTOPBIX HAYMHAETCSI IEPKOJISILIMS (Cpasy B ABYX HAIIPaBJICHMSIX), a TAKXKE MPU HACTYTI-
JICHVU TIOJTHOTO KOHTAaKTa ISl JBOSIKOIIEPHMOINYECKON CUCTEMBI PAaBHOOTCTOSIIIIMX APYT OT
Ipyra KpyroBbIX Iapabononzos. B Hauane mepkonsiumu st 06enx 3amad 3aBUCUMOCTb OT
mind, x 103 or A 6;1M3Ka K AMHeHON. OTMETUM, YTO 3HAYEHUS] HOMUHAJILHOM CUJIbI B
TabJ1. 3 ¢ pOCTOM A BBIXOJISIT Ha TIOCTOSIHHBIM OIMHAKOBBIIA 1T 00EUX 3a/1a4 yPOBEHb.
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Tabmmma 3. MUHMMabHBIE 3HAUEHUS OCAIKU M CUJIbI JJIsl Havaia MepKOJISALNY U MOTHOTO KOHTAaKTa
npu Ay = By =0.001,e=1,v=10.25

3anaya A 0.5 1.0 1.5 2.0 2.5
Hauvasio nepkoasiuyu
A 8y x 103 1.41 2.14 2.87 3.61 4.33
A Px 103 1.97 1.91 1.90 1.91 1.90
b &g X 10° 1.33 1.97 2.62 3.27 391
b Px10° 2.00 1.91 1.90 1.90 1.90
TTomHBIIT KOHTAKT
A &g % 10° 2.82 4.49 6.34 8.22 10.09
A Px 103 5.67 4.93 4.88 4.88 4.88
b &y X 10° 2.67 4.09 5.71 7.37 9.03
b Px 103 5.84 4.97 4.88 4.88 4.89

3akmoyenune. CoriacoBaHMe YMCIEHHOTO PElIeHWs] ¢ TOYHBIM MOATBEPKAaeT KOPPEKT-
HOCTb sinpa B popme (1.3). Meton 'ananoBa 3¢h(eKTUBEH U B MpeleIbHOM ClIy4yae IOJIHOTO
KOHTaKTa, KOrjma MHTerpajibHoe HepaBeHCTBO (3.1) ucuesaeT. [1o cpaBHEHUIO C TPSIMbIM
YUCJIEHHBIM METOAOM [7] puemyieMasi TOUHOCTh JOCTUTAETCS TTPU HEOOJIbIIIOM YHMCJIC Y3JI0B
ceTku. KecTKas 3ameiaKa OTHON rpaHM YIPYTroro Ciosl U3 HeCKMMaeMOro MaTepualia mpe-
MISITCTBYET TIOJTHOMY TBOSIKOIIEpUOINYECKOMY KOHTaKTy Mo Apyroit rpaHu. [1pu aBosikome-
PUOIMYECKOM KOHTAKTe ISl CJIOST BBISIBJIEHBI 3(h(heKThl aHATIOTUYHbIE OOHAPYKEHHBIM pa-
Hee METOAOM JIOKaIU3aluu LIS TTIOJYyIIPOCTPAHCTBA.

Pa6Gota BeInmoniHeHa 1ipu Tioaepkke Poccuiickoro HayyHoro ¢oHma (kox mpoekra 22-21-
00013) 1 mocBsIIacTCS CTOJETHIO IMPUKIATHOrO MareMaTuka akamemuka E.B. 3omortoBa
(1922—1990 rr.).
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Doubly Periodic Contact Problems for a Layer with an Unknown Contact Zone

N. B. Zolotov* and D. A. Pozharskii®*

“Don State Technical University, Rostov-on-Don, Russia
*e-mail: pozharda@rambler.ru

Doubly periodic contact problems are considered for a layer with an unknown contact do-
main. One face of the layer is subjected to sliding support or rigidly fixed. The problems are
reduced to integral equations the kernels of which do not contain integrals. For full contact
of the other layer face with a two-dimensional sinusoidal rigid surface, the problems have ex-
act solutions used to verify computer programs realizing the numerical method of Galanov
nonlinear integral equations which allows us to determine the contact domain and the con-
tact pressure simultaneously. Mechanical characteristics are calculated for indentation of the
system of elliptic paraboloids, the passage from discrete to continuous contact zones is in-
vestigated.

Keywords: doubly periodic contact, elastic layer, integral equations
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