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BJINSIHUE CJIATAEMBIX BBICOKOI'O IIOPAIKA MAJIOCTHU
B PEIIIEHUU, OBOBIIAIOIIIEM ITOJIXO/ M. YUJIbSIMCA,
VUUTBIBAIOIIIEM AHU30TPOIINIO MATEPUAJIA!

AHHOTAIINA

Crarbsi IIOCBSIIEHA WCCIEIOBAHUIO II0JIsI HAIPSPKEHWI Yy BEPIIUHBI OCTPOH TPENIUHBI B aHU30TPOIIHOM
MaTepuaje ¢ TpeMsl B3aUMHO OPTOTOHAJIBHBIMHU OCSAMHM CHMMETDHM YeTBEPTOro MOpsaiaKa (¢ KybHduecKoit
CI/IHFOHI/IGI7I). PaccmoTpen 1nockmit ciydaii, Korma ojgHa U3 OCe CHUMMETPUH OPTOTOHAJIbHA, TIJIACTUHE, &
OCTABITIAECST JIBE OCH JIeXKAT B IUIOCKOCTH IIACTUHBI. [IpwBeslen acMMOTOTHYECKWI aHaan3 BKJAJa BLICIIIX
npubamKennit B 0000IIEHHOM aCUMIITOTUIECKOM PA3JIOXKEHUN MEXAHUIECKUX TOJeil BOJIM3U BEPITUHDBI TPEIIUHBI
B JIMHEHHO-YIIPYTOM aHU30TPOITHOM MAaTepuaje ¢ KyOWmdecKoir cumMMeTpueil ero ympyrux cBoiicTB. B crarbe
Ha OCHOBAHUU TIOJydeHHOro pemenus HemkeTn ¢ coaBropamMu Jijisi OECKOHETHOW AHU3OTPOIHOM TILIACTHHDI
C LCHTPAJBLHON TPEIIUHON HaleHbI U IIPOAHAJIU3UPOBAHLL YIVIOBLIC PACIPEAEJICHUd COCTABJIAIONINX TEH30pa
HampszKeHuil BOJM3M BEPIIMHBI OCTPON TPEIMUHBI HA PAa3IMIHBIX PACCTOSHUSIX OT KOHUMKA TPENIUHBI, 9TO
TIO3BOJISIET ONEHUTH BKJIAJ HEOCOOBIX (PEry/sipHBIX) CIATAEMBIX B O0INEe ACHMITOTHIECKOE MPEJICTABIEHNE
MEXaHUIECKUX TI0JIel, TeHEePUPOBAHHBIX OCTPOM Tpemuuoii. B pabdore Hemxern mpoanan3upoBaH BKJIA
UCKJIIOUUTEIbHO T-HAIpsKeHUil, Toraa, KaK MOKAa3aHO B HACTOMIIEH cTarhe, ciemyroriue 3a T-HampsKeHnunem
cJlaraeMble UTPAIOT 3HAYUMYIKO POJIb B ONUCAHWM TIOJIEH, WHIYIMPOBAHHBIX TperuHoi. CpaBHEHUE YTIJIOBBIX
3aBACHMOCTEIl KOMIIOHCHT TEH30pa HAIPAXKCHUI, IIOCTPOCHHBIX HA PA3JIMYHBIX PACCTOAHUAX OT BEPIINHBI
TPEIIUHbI, WHIUKATUBHO IOKA3BIBAET, YTO C YBEJIUYEHHEM PpACCTOSHUS OT BePIIUHbI nedekTa Tpedyercs
COXpaHEHNe B aCUMITOTHIECKUX Psi/iaxX, NMPEICTABSIONINX HAIPIKEeHUsd, TepeMentennsa u aedopMarun BOIU3n
KOHUMKa pa3pesa, CJaraeMbIX BBICOKOIO Mopsjka Majioctu. CoxpaHeHHe cJlaraeMbIX BBICOKOI'O IIOPSIIKA,
MaJIOCTH MOXKET OBITH WCIIOJIb30BAHO IJjIs PACIIMpPEeHusi O0JIACTH, B KOTOPOIl CIPAaBEIINBO ACUMIITOTHIECKOE
pelienue B pAgax.

KiroueBblie cjioBa: acCUMIITOTHIECKOE pa3J/I0zKeHune; I10JId HaHpﬂ}KeHHﬁ; Ky6I/I‘{€CKaH CHUHI'OHU, CJlaraeMbIe
BBICOKOI'O IIOPgAAKa MaJIOCTH.
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BBenenue

MioronapaMeTpUIecKuil aHaAJIN3 I0JIell HAIPAXKEHUI SBJISETCA BayKHBIM ACIIEKTOM HCCJIEIOBAHUII B COBpe-
MEHHOH MeXaHUKe pa3pyIIeHusl. DTUM BOIPOCAM MOCBSIMIAETCS OOJIBINOE KOJMIECTBO HccaenoBanuii [2-10].
B crarbe Hempkern ¢ coapropamu [1] u3yueHo HampsizkeHHO-71e(bOPMUPOBAHHOE COCTOSIHEE B OKPECTHOCTH BEp-
muHbl JedeKTa U TMPUBEICHO JBYUICHHOE PA3JIOXKEHNE MEXaHWIECKUX TMOoJjei. ABTOPBI C(OKYCHPOBAIN CBOE
BHUMAaHWE Ha BAUAHUN T-HampsKeHwi, Ha MeJTOCTHOE OMUCAHWE O/ HAIPSKEHW Y BEPIIUHBI OCTPON TPEIu-
Hbl. OIHAKO HAyYIHBIM COODIIECTBOM MPUHATO MPEJACTABICHUE O BAaXKHOU POJIM CJCAYIONHNX 3a T-HampsiKeHuem
caraeMbIX. Bo MHOrIX cTarbsix [2-10] 6BLIO MOKA3aHO, UTO C yBEJIMIEHHEM PACCTOSIHUS OT KOHUMKa JedexTa
3¢ deKT BIUIHUS BBICIINX PUOJIMKEHUI ycuauBaeTcsd. JlaHHAsi cTaTbhs MOXKET PACCMATPUBATHCS IMIPOJIOJIZKE-
ureMm paborsr Hemxern m coaBropoB. B Hacrosmeit pabore peajm3oBaHa TONBITKA y9IECTh BBICIIHE MTPUOJIN-
JKCHHUS B ACAMIITOTHYECKOM PA3JIOXKEHHN MEXaHWYCCKUX MOoJel, MHAYIMUPOBAHHBIX TPEIINHON B aHU30TPOITHON
IUTACTUHE C KYyOMYEeCKO KPUCTAJLINIECKON DPENIeTKOI.

1. Maremarndyeckasi IOCTAHOBKA 3aJIaY1

Paccymorpum 3amaty o0 IIOCKOM HAIPSI?KEHHOM COCTOSHHUHU 033 = 03 = 013 = 0 B ITACTHUHE W3 aHM30TPOII-
HOro MarepuaJsa. Torga o0oOIeHHbI! 3akoH ['yka mMmeer BT

€11 S11 Sz Sie o1
€2 | = | Si2 Soa Sz o2 |, (1.1)
€12 Si6 S26 Ses g12

rie €j,0;; — KOMIOHEHTbI TeH30pOB jedopMaliy U HAIpPSLKeHui, S;; — TEH30p HOJATIHBOCTH.

3aBUCAMOCTD ,D;e(bOpMaHI/II/I OT CMeIIEeHUA B IIJIOCKOCTH OIIMCBIBACTCA CJACAYIONIUM COOTHOIIIECHHEM, I'Ie U
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Hedopmanum yI0BIETBOPSIOT YCJIOBHIO COBMECTHOCTH:
&% 0%e 0?%e
. 22 -0 (1.3)
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[IpencraBum nampsizkenust depe3 GYHKIUH DPU:
o 0 i 1.9
o = s ok = -, g = — . .
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Torya, MOACTABIsAS HAIDPSKEeHUsI B ypasHeHne coBMectHocTu (1.3) m umcrmosb3yst o6ofmennbrii 3akon [yka,
3aganubiii ypasaenueM (1.1), mosydum cieyiomee COOTHOIICHUE:
a4¢ 2596 64¢ + (25 2+ 566) 64¢ 25 84¢ + 51 a4¢ =0 (1 5)
v 55 1 a5a3 2916553 157 =0 .
oz} 03022 03023 01023 x4

L1t pernieHus ypaBHEHNS COBMECTHOCTH HCIOJIB3YETCst OBIIee pelieHne B BHJIE KOMILICKCKOIO HOTEHIHAJIA
¢ = ¢(2) ¢ KOMIUIEKCHOIl IepeMeHHON z = %7 + pxo. IlogcraBisds 1o ofmmiee perienne B ypasHeHue (1.5),
TIOJIYINM XapPaKTEPUCTUIECKOE ypPaBHEHHE:

511/L4 — 2516//"3 + (2512 + S@G)MQ — 285560+ S22 =0 (16)

S22

[TonyuuBiieecsi ypaBHeHHE OIpeIesisieT 3aBUCHMOCTh PEIIeHs OT MaTepPUaJbHBIX KOHCTAHT. KOpHHU 3TOro
XapPAKTEPUCTUIECCKOTO YPABHEHUS IMOKA3BIBAIOT BJIMSIHAE yIPYTOHl AHW30TPOIMHU HA DPEIIeHne ILIOCKON 3a1adn
TEOPUU YIPYTOCTH.

B mammHO#t cTarhe OymeM OmMPATHCA HA PE3YJIBTATHI MOJIEKYJISPHO-IMHAMUTIECKOTO WCCICIOBAHUST CBOUCTB
marepuasa, nposenennoro B makere LAMMPS. B cratpbe [11] 6buim mosyueHbl 3HAYMEHHST YIPYTHX MOYJIeit
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JIJIsT MaTepUaJIoB ¢ Kybudeckoit cuaronueit. Bocnombayemcs Tenzopom yrpyrux momayieit ['TIK-menu, onucannoit
MIOTEHIINAJIOM IIOT'PY?KEHHOI'O aToMa
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roe 3HaveHus: mpeacrasaensl B ['la.
st Tensopa yupyrux mogysedi (1.7) Gbui HOIyueHbl CJIeyonye KOPHE XapaKTePUCTHIECKOTO yPABHEHUST

(1.6):
ji1 = 0.708728 + 0.705482i, 112 = —0.708728 + 0.705482i, ji3 = fir, jia = fio- (1.8)

Acuvnrorniaeckoe pasioKeHne MOJEHl HANDSAKEHUH, yIUTHIBAIONIEE AHU30TPOIMIO MATepHasa, MHOJAPOOHO
ommMcaHHOe B cTarbe [1|, mmeer Bum:
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rae An, B, — aMIUIUTYy/Hble MHOXKHUTEJIU II0JIsl HAIIPYKEHUIA.

[IpuBegem aMILIUTYHBIE MHOYXKUTEJIN B CJIydae OECKOHEYHON aHM30TPOIHON IJIACTUHBI C IEHTPAJIBLHON Tpe-
IAHON, IOJBEPrHYTON OJHOOCHOMY HArpPy2KEHUIO:

V2a V2a

Al = Tasana B = TU Sino cosa,

o , oRe(uy + p2) . .
Ay=—" [cos’a+ Re sin®a + \Re + , By=——"—"""="[sinacosa — A,
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rje A — KOHCTAHTA, OTHOCAINASICA K BPAIICHHMIO TeJia KaK abCONIOTHO TBEPAOro (MCC/IeJ0BAHUE HMPOBOIUIOCH
upu A = 0), & — yroJl HAKJIOHA TPEIIUHbI, ¢ — IIOJOBUHA JJIMHBI TPENIUHBI, 0 — [PUKJaJIblBaeMas K IJIACTUHE
HOpMaJIbHas Harpy3Ka.

2. Pe3ynbTaThl NCCIEI0BAHUS

IIpoBesmem wmcciemoBanme npyu NPUIOKEHWN K IIacTune omHoocHoro Harpyxkenms o = 50 I'lla ma paszmng-
HBIX 00e3pa3MEepeHHBIX IMOJIOBUHON JIMHBI Tperuabl a = 20 A paccrosiHusx OT BepImuHbI jedeKTa Mpu yrie
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Hakjona « = 0. Takue 3HavUeHWs] HATPY3KU U JJIHHBL JleheKTa O0OYCIOBICHBI JTAJIHHEHIIIM HAIPABICHIEM KC-
CJIe/IOBAHU, CBA3AHHBIM CO CPABHEHUEM IIOJIEH HAIPS?KEHUI Ha HAHOCKOIUYECKOM YDPOBHE C IPEJICTABICHHBIM
B crarbe Hemkern u cooBTopoB [1] aHaquTHYecKuM peleHueM i aHU30TPOIHBIX MATEPUAJIOB.

PaccmorpuM 3aBUCHMOCTH 011,012, 022 OT MOJIAPHOTO yIvia O NIpU yIEPXKAHUU PASJIUIHOIO KOJUIECTBA CJIa-
raembix Ha Oespazmepubix paccroguux - = 7 = 0.1,0.5,1.0,1.25. Ha pucymax 2.1-2.4 kpubble, 0003HaUEH-
Hble 1udpoit 1, MOKa3bIBAIOT paclpejie/ieHne KOMIIOHEHT TeH30pa HAIPS?KEHUH 011,012, 022 1IPU OJTHOUIEHHOM
ACUMIITOTUYECKOM OOODIIEHHOM PAa3JIOYKEHUHN Y UJIbsiMCa, KPUBasl 2 IPH JBYUWIEHHOM Da3JIOKEHHH M TaK JlaJee
10 7 ciaraeMoro. Tak»ke BHU3yaM3UpyeTCsl Da3jIoXKeHHe IIpu yaepxkauHuu 50 cilaraeMbIX, KOTOPOe MBI OyieM
CYUTATH TOYHBIM DPEIIeHUEM IOCTABJIEHHON 3a/1atu.

ITomumo BU3yasIbHOI OLIEHKM HaiijileM cpejHue abCOJIIOTHBIE U OTHOCUTE/IbHBbIE IorpemHocTd. s Kazkjoi
KOMIIOHEHTBI TEH30pa HAIPSKEHHUI pa3odbeM oTpe3oK § or —m jo 7w Ha 500 Toduek W oIpejiesinM CpeJiHue
OTKJIOHEHHSI OT aCUMIITOTUYECKOI'O PAa3JIOKeHUsl IpU yjepxKanuu H0 cjaaraeMbIX IO CJIEAYIONM (hOPMyIaM:

%| kn k,50| 5205)| kn k:,50|/| k,50|
] o] o ] o o] 0
A, = 0g,; = 100 % 2.10
7 500 ’ I 500 ’ ( )
k,n o —
rje 0,7 — KOMIIOHCHTA TEH30pa HANPsKeHUI 0j; NPH 3HAYEHUM IOJISIPHOrO yIya 0 = 0 upu yrep:kaHuum B
ACUMIITOTUYIECKOM PAa3JIOKEHUU 7 CJIAracMBbIX.
B Tabn. 2.1 — 2.8 mnpuBeseHbl cpejiHue abCOJIIOTHBIE U OTHOCUTEIbHBIE OTKJIOHeHWs KpuBbix N = 1..7
or kpuoit N = 50. Ilo gaHHBIM TAOJUIIAM MOYXKHO TOHSITH, UTO [JIsi JIOCTUYKEHWS Pe3yJibTara Tpedyemoii

TOYHOCTHU TIPU DOJIBIIEM YIAJEHUN OT BEPIIUHBI OCTPON TPEIUHBI HEOOXOINMO YIUTHIBATH OOJIbIIEE KOJIMIECTBO
PeryJIgpHBIX CJlaraeMbIX.
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B 0DODOIIIEHHOM ACHUMIITOTHYECKOM pelreHnn Ha paccrogamu i = 0.1
Fig.2.1. Angular distributions 11,012,022 for different numbers of terms in the generalized asymptotic solution

2.1. YryoBble pacupeiesieHust 011,012,029 NPHU YAEPKAHUU PATUIHOTO KOJUIECTBA, CJIATAEMbBIX

at a distance 7 = 0.1

Tabsma 2.1

Cpennue abGCOJIIOTHBIE OTKJIOHEHHUSI ACUMITOTHMYECKHUX Pa3JIoXKeHUii KOMIIOHEHT TeH30pa
HaIpsXKeHUil, coaepkainux n = 1..7 cjlaraeMbIX, OT Pa3JIOXKeHUs Npu yaepkanuu n = 50
cjaaraeMbIX Ha GespasmepHoM paccrostamu 0.1
Table 2.1

Average absolute deviations of the asymptotic expansion of the tensor components of voltages
containing n = 1..7 terms, from the expansion when holding n = 50 terms at dimensionless
distance 0.1

Kom-Bo craraembix | A,,,, I'lla | A, I'Tla | A,,,, I'lla
n=1 43.66 1.80 3.52
n=2 6.34 1.80 3.52
n=3 0.14 0.10 0.07
n= 0.14 0.10 0.07
n=>5 1.28-107% [ 1.26-1073 | 1.21-1073
n=20 1.28-1072 | 1.26-1073 | 1.21-1073
n= 1.26-107° | 1.14-10=° | 1.32-107°
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Tabsmma 2.2

CpeaHne OTHOCUTEJIbHBbIE OTKJOHEHUSI aCUMIITOTUYECKUX Pa3JIOoKEHWI KOMIIOHEHT TEeH30pa
HaIps>KeHn, cogepkamiux n = 1..7 cjlaraemMbIX, OT PAa3JIOXKeHHUsI MpU yaep>KaHuu n = 50
cjlaraeMbIX Ha Oe3pasmepHom paccrosHum 0.1
Table 2.2

Average relative deviations of the asymptotic expansions of the tensor components of voltages
containing n = 1..7 terms, from the expansion when holding n = 50 terms at dimensionless
distance 0.1

Kom-Bo cnmaraembrx | d,,,, % Op1a, 0 Oa, J0
n=1 1891.76 14.92 3.59
n=2 339.10 14.92 3.59
n=3 5.67 1.21 0.47
n=4 5.67 1.21 0.47
n=>5 0.05 0.02 0.01
n==6 0.05 0.02 0.01
n="17 460-107% 1 4.05-107* | 1.57-1071
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Puc. 2.2. Yrmosble pacnpeneneHuss 011,012,022 TPHA YAEPKAHAU PA3TATHOTO KOJUIECTBA CIATAEMBIX
B 0DODOIIEHHOM ACHMIITOTHYIECKOM pelreHnu Ha paccroguuu i = 0.5
Fig.2.2. Angular distributions 11,012,022 for different numbers of terms in the generalized asymptotic solution
at a distance 7 = 0.5

Tabauma 2.3

CpeaHue abCOJOTHBIE OTKJIOHEHHUS ACHMIITOTUYECKUX PA3JIOXKEHUH KOMIIOHEHT TeH30pa
HaIps>KeHni, cogepkamiux n = 1..7 cjlaraeMbIX, OT Pa3JIOXKeHUsI MpU yJaAep>KaHuu n = 50
cjlaraeMbIX Ha Oe3pasmepHoMm paccrosHuu 0.5
Table 2.3

Average absolute deviations of the asymptotic expansion of the tensor components of voltages
containing n = 1..7 terms, from expansion when holding n = 50 terms at dimensionless
distance 0.5

Kon-Bo cmaraembix | A,,,, I'lla | A,,,, I'lla | A,,,, I'lla
n=1 356.21 3.11 7.27
n=2 14.78 3.11 7.27
n=3 1.55 1.13 0.77
n=4 1.55 1.13 077
n=>5 0.07 0.07 0.07
n=>06 0.07 0.07 0.07
n="7 3.50-1073 | 3.22-1073 | 3.69-1073
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Tabsmma 2.4

CpeaHne OTHOCUTEJIbHBbIE OTKJOHEHUSI aCUMIITOTUYECKUX Pa3JIOoKEeHWI KOMIIOHEHT TEeH30pa
HaIps>KeHn, cogepkamiux n = 1..7 cjlaraemMbIX, OT Pa3JIOXKeHHUsI MpU yaep>KaHuu n = 50
cjlaraeMbIX Ha Oe3pasmepHoMm paccrosHuu 0.5
Table 2.4

Average relative deviations of the asymptotic expansions of the tensor components of voltages
containing n = 1..7 terms, from expansion when holding n = 50 terms at dimensionless
distance 0.5

Koun-Bo ciaraeMbixX | 05y, % | 0010y %0 | Sony, %
n=1 465.88 54.23 13.28
n=2 230.14 54.23 13.28
n=23 19.28 19.67 1.70
n=4 19.28 19.67 1.70
n=>=5 0.89 1.11 0.21
n==6 0.89 1.11 0.21
n="7 0.05 0.05 0.02
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Puc. 2.3. YrimoBble pactpeseieHus 011,012,022 IPU YIEPKAHUU PA3TUTHOTO KOJUIECTBA CJIATAECMBIX
B ODODOIIIEHHOM ACHUMIITOTHYECKOM pelleHnu Ha paccrogaun 7 = 1.0
Fig.2.3. Angular distributions o11,012,022 for different numbers of terms in the generalized asymptotic solution
at a distance 7 = 1.0

Tabauma 2.5

Cpennue abCOJIOTHBIE OTKJIOHEHUSI ACHUMITOTUYECKUX PA3JI0KEHUl KOMIOHEHT TEeH30pa
HaOpsi>KEeHuii, cogepkammux n = 1..7 cjaraeMbIX, OT Pa3JIOXKeHus npu yaepkaHuum n = 50
cjaraeMbIXx Ha Oe3pa3dmepHoOM paccrosiiuu 1.0
Table 2.5

Average absolute deviations of the asymptotic expansion of the tensor components of voltages
containing n = 1..7 terms, from expansion when holding n = 50 terms at dimensionless
distance 1.0

Kon-Bo cmaraembix | A,,,, I'lla | A,,,, I'lla | A,,,, I'lla
n=1 27.90 2.72 9.37
n=2 22.10 2.72 9.37
n=3 4.47 3.28 2.01
n=4 4.47 3.28 2.01
n=>5 0.41 0.41 0.39
n=~6 0.41 0.41 0.39
n="7 0.04 0.04 0.04
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Tabauma 2.6

CpeaHne OTHOCUTEJIbHBbIE OTKJOHEHUSI aCUMIITOTUYECKUX Pa3JIOoKEHWI KOMIIOHEHT TEeH30pa
HaIps>KeHn, cogepkamiux n = 1..7 cjlaraemMbIX, OT PAa3JIOXKeHHUsI MpU yaep>KaHuu n = 50
cjlaraeMbIX Ha Oe3paszmepHoM paccrosHuu 1.0
Table 2.6

Average relative deviations of the asymptotic expansions of the tensor components of voltages
containing n = 1..7 terms, from expansion when holding n = 50 terms at dimensionless
distance 1.0

Kom-Bo caraeMbrx | Og,,s %0 | Ooins 70 | Oonys %0
n=1 1110.08 | 115.09 21.58
n=2 998.25 115.09 21.58
n=3 152.77 118.64 4.30
n=4 152.77 118.64 4.30
n=>5 8.66 13.01 1.36
n==~6 8.66 13.01 1.36
n="17 1.51 0.98 0.31
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Puc. 2.4. YrmoBble pacrtpeseseHus 011,012,022 IPU YIEPKAHUU PA3TUTHOTO KOJUIECTBA CJIATAECMBIX
B ODODOIIEHHOM AaCHMIITOTUYIECKOM PeIleHnu Ha paccrosauu 7 = 1.25
Fig.2.4. Angular distributions o11,012,022 for different numbers of terms in the generalized asymptotic solution
at a distance 7 = 1.25

Tabauma 2.7

Cpennue abCOJIOTHBIE OTKJIOHEHUSI ACHUMITOTUYECKUX PA3JI0KEHUIl KOMIOHEHT TEeH30pa
HaOpsi>KEeHUii, cogepkammux n = 1..7 cjaraeMbIX, OT Pa3JIOXKeHus npu yaepkanuum n = 50
cjlaraeMbIx Ha Oe3pa3MepHOM paccrossHum 1.25
Table 2.7

Average absolute deviations of the asymptotic expansion of the tensor components of voltages
containing n = 1..7 terms, from the expansion when holding n = 50 terms at dimensionless
distance 1.25

Kon-Bo cmaraembix | A,,,, I'lla | A,,,, I'lla | A,,,, I'lla
n=1 24.57 2.11 10.06
n=2 25.42 2.11 10.06
n=3 6.31 4.65 2.67
n=4 6.31 4.65 2.67
n=>5 0.73 0.73 0.68
n=>06 0.73 0.73 0.68
n="7 0.09 0.09 0.09
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Tabauma 2.8

CpeaHne OTHOCUTEJIbHBbIE OTKJOHEHUSI aCUMIITOTUYECKUX Pa3JIOoKEeHWI KOMIIOHEHT TEeH30pa
HaIps>KeHn, cogepkamiux n = 1..7 cjlaraemMbIX, OT Pa3JIOXKeHHUsI MpU yaep>KaHuu n = 50
cjlaraeMbIX Ha Oe3pa3zmepHoOM paccrosHum 1.25
Table 2.8

Average relative deviations of the asymptotic expansions of the tensor components of voltages
containing n = 1..7 terms, from the expansion when holding n = 50 terms at dimensionless
distance 1.25

Kom-Bo caraeMbIX | Ogyys %0 | Ooras 20 | Oopys 0
n=1 1535.34 76.01 25.03
n=2 2424.37 76.01 25.03
n=3 664.48 129.54 5.76
n=4 664.48 129.54 0.76
n=2> 46.65 20.24 2.60
n==6 46.65 20.24 2.60
n=7 5.09 3.26 0.74

BriBoanbl

ITo npuBeeHHBIM pe3yJIbTaTaM BUJIHO, YTO IIPU yBEJUYEHUU KOJIMIECTBA YIEPKUBAEMbBIX CJIAIaeMbIX BBICO-
KOI'0O TOPSiJIKA MaJjIOCTH YMEHBIIAITCs aDCOJIIOTHBIE U OTHOCUTEJIbHBIE MOTPEITHOCTH, 8 TAKKe [PU YBeJIMIeHUN
paccTosHusS OT KOHYHUKA sedeKTa HeOOXOAMMO YIAEPXKHUBATH OOJIbIIee KOJUYIECTBO CJIATaeMbIX B ODOOIEHHOM
ACHMIITOTUIECKOM PA3JIOKEHUN TI0JIsT HANPSPKEHWH B OKPECTHOCTH BEPINUHBI TPENIWHBI JIJIs JIOCTUXKEHUS Heob-
XoauMoit TouHOCTH. JaHHBIN aHAMN3 OBLI IPOBEJIEH JIJIsi TOHUMAHUS TOTO, CKOJIBKO CJIATA@MbIX HYXKHO YJ/IEDPXKH-
BaTh B IIPEJICTABJEHHOM AHAJUTHIECKOM PEIIeHWM [IPU CPABHEHUM €r0 C pe3y/IbTaTaMH MOJIEKYJISpPHO-IMHAMU-
YECKOI'0 MOJIEJINPOBAHUS IMOJIeil HAIIPSIYKEHUI IIACTUHBI C IEHTPAJIBHON TPENIUHOM, UTO ABJISIeTCs 1A bHENAITIM
HaIpaBJICHNEM WCCJIEIOBAHUI.

JImreparypa

[I] Nejati M., Ghouli S., Aytollahi M.R. Crack tip asymptotic fields in anisotropic planes: Importance
of higher order terms // Applied Mathematical Modelling. 2021. Vol. 91. P. 837-862. DOL:
http://dx.doi.org/10.1016/j.apm.2020.09.025.

[2] Stepanova L.V., Belova O.N. Coefficients of the Williams power expansion of the near crack tip stress field in
continuum linear elastic fracture mechanics at the nanoscale // Theoretical and Applied Fracture Mechanics.
2022. Vol. 119. Article number 103298. DOI: https://doi.org/10.1016/j.tafmec.2022.103298.

[3] Stepanova L.V., Belova O.N. Stress intensity factors, T-stresses and higher order coefficients of the Williams series
expansion and their evaluation through molecular dynamics simulations // Mechanics of Advanced Materials
and Structures. 2023. Vol. 30. Issue 19. Pp. 3862-3884. DOLI: https://doi.org/10.1080/15376494.2022.2084800.

[4] Rashidi Moghaddam M., Ayatollahi M., Berto F. The application of strain energy density criterion to fatigue
crack growth behavior of cracked components // Theoretical and Applied Fracture Mechanics. 2017. Vol. 97.
Pp. 440-447. DOI: https://doi.org/10.1016/j.tafmec.2017.07.014.

[5] Razavi M.J., Aliha M.R.M., Berto F. Application of an average strain energy density criterion to obtain the mixed
mode fracture load of granite rock tested with the cracked asymmetric four-point bend specimen // Theoretical
and Applied Fracture Mechanics. 2017. Vol. 97. Pp. 419-425. DOI: https://doi.org/10.1016/j.tafmec.2017.07.004.

[6] Lakshmipathy T., Steinmann P., Bitzek E. LEFM is agnostic to geometrical nonlinearities arising
at atomistic crack tips // Forces in Mechanics. 2022. Vol. 9. Article number 100127. URL:
https://arxiv.org/pdf/2208.11462.pdf.

[7] Chandra S., Kumar N.N., Samal M.K., Chavan V.M., Patel R.J. Molecular dynamics simulation of crack growth
behavior in Al in the presence of vacancies // Computational Materials Science. 2016. Vol. 117. Pp. 518-526.
DOLI: https://doi.org/10.1016/j.commatsci.2016.02.032.

[8] Andric P., Curtin W.A. New theory for Mode I crack-tip dislocation emission // Journal of Mechanics and
Physics of Solids. 2017. Vol. 106. Pp. 315-337. DOI: https://doi.org/10.1016/j.jmps.2017.06.006.

[9] Gao Y.-J.,, Deng Q.-Q., Huang L.Ye, Wen Z.C., Luo Zhi-R. Atomistic modeling for mechanism of crack
cleavage extension on nano-scale // Computational Materials Science. 2017. Vol. 130. Pp. 64-75. DOL:
http://dx.doi.org/10.1016/j.commatsci.2017.01.003.



Mywanrosa K.A., Cmenanosa JI.B. Bausnue caaz2aemur 6biCOK020 NOPAOKA MAAOCTIU 6 PEUweHuU, 0b6obusarowem noodroo ...
38 Mushankova K.A., Stepanova L.V. Influence of high-order terms in a solution generalizing the Williams approach ...

[10] Cui C.B., Beom H.G. Molecular dynamics simulation of edge cracks in copper and aluminium
single crystals // Materials Science and Engineering: A. 2014. Vol. 609. Pp. 102-109. DOL
https://doi.org/10.1016/j.msea.2014.04.101.

[11] Mymankosa K.A., Crenanosa JI.B. MoJeky/sipHO-IMHAMUYECKOE MOJEJMPOBaHMe [0JIefl HAUpsUKeHHd B
IJIACTHHE C NEHTPAJIBHOW TPEIMUHOW W3 MaTepUajioB C TI'PAHENEHTPUPOBAHHON KybOudeckoil permeTkoi //
Becrauk Camapckoro ymnuBepcurera. EcrectBennonayunasi cepus. 2021. T. 27, N 4. C. 68-82. DOLI:
https://doi.org/10.18287/2541-7525-2021-27-4-68-82.

[12] Xemnan K. Beenenme B Mexanwky paspymenuss / mep. ¢ amria. Mocksa: Mwmp. 1988. 364 c. URL:
https://libcats.org/book/449703.

[13] Stepanova L.V., Roslyakov P.S. Multi-parameter description of the crack-tip stress field: analytic determination
of coefficients of crack-tip stress expansions in the vicinity of the crack tips of two finite cracks in an
infinite plane medium // International Journal of Solids and Structures. 2016. Vol. 100-101. Pp. 11-28. DOL:
http://dx.doi.org/10.1016/j.ijsolstr.2016.06.032.

Scientific article
BY

DOLI: 10.18287/2541-7525-2023-29-2-30-40 Submited: 16.02.2023
Revised: 22.03.2023
Accepted: 30.06.2023

K.A. Mushankova

Samara National Research University, Samara, Russian Federation

E-mail: karinamushankova@yandex.ru. ORCID: https://orcid.org/0000-0002-6081-1169
L.V. Stepanova

Samara National Research University, Samara, Russian Federation

E-mail: stepanovalv2015Qyandex.ru. ORCID: http://orcid.org/0000-0002-6693-3132

INFLUENCE OF HIGH-ORDER TERMS IN THE SOLUTION
GENERALIZING THE APPROACH OF M. WILLIAMS, TAKING INTO
ACCOUNT THE ANISOTROPY OF THE MATERIAL?

ABSTRACT

The research is devoted to the study of the stress field at the crack tip in an anisotropic material with
three mutually orthogonal axes of symmetry of the fourth order (with cubic symmetry). A plane case is
considered when one of the axes of symmetry is orthogonal to the cracked plate, and the remaining two
axes lie in the plane of the plate. The paper presents an asymptotic analysis of the contribution of higher
approximations in the generalized asymptotic decomposition of mechanical fields near the crack tip in a
linearly elastic anisotropic material with cubic symmetry of its elastic properties. In the article, based on
the obtained solution of M. Nejati and co-authors for an infinite anisotropic plate with a central crack,
circumferential apportionments of the stress tensor components at the crack tip at various distances from
the crack tip are constructed, which makes it possible to estimate the contribution of non-singular (regular)
terms to the general asymptotic representation of mechanical fields generated by an acute crack. In the work
of M. Nejati, the contribution of exclusively T-stresses is analyzed, then, as shown in this work, the terms
following the T-stress play a significant role in describing the fields induced by the crack. A comparison of
the angular distributions of the stress tensor components constructed at different distances from the crack
tip indicates that with the increase of distances from the crack tip, it is required to preserve in asymptotic
series representing stresses, displacements and strains near the tip of the crack, the terms of high order of
smallness. The preservation of the terms of high order of smallness can be used to expand the domain in
which the asymptotic solution in the series is valid.

Key words: asymptotic expansion; stress fields; cubic syngony; high-order terms.
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