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OOCNIAXEHHA PYXOMOI TPILLUHMU
B AHISBOTPOIMNMHOMY MATEPIAII

PosrnspaeTbcA 3apada nNpo BU3HA4YeHHs HanpyxXeHo-pedopMiBHOro cTaHy
B OKOMi BEPLUMHU TPILWHK, WO PYyXa€TbCA 3 YCTaNeHoK LWBUAKICTIO B NPYXHOMY
OAHOpPiAHOMY oOpTOTPONHOMY npocTopi. TpiwumMHa 3HaxoauTbLCA nNia  Aiero
30cepemXeHOro HaBaHTaXeHHs, NpuknageHoro Ao ii 6eperis, ke pyxaeTbCcs pa3om
i3 Heto. [InA 3HaxoAXeHHs PO3B'A3KY 3afadi 3acTOCOBaAHO MeTop y3aranbHeHUX
KOMIMJIEKCHUX TMOTeHUianiB, 3a [AOMOMOrol $IKOr0 OTPUMMaHO CUCTEeMYy 3ajad
NiHINHOTrO CNpsXeHHsl, SKi pO3B'A3aHO aHaniTM4Ho. Bu3HayeHi HanpyxeHHA
Ha NPOAOBXEHHI TPiWWHM Ta nobyaoBaHi iX 3anexHOCTi BiA LWBWUAKOCTI pyXy,
pocnigXkeHO XapaKkTep PO3KPUTTA TPILUHM.

Knroyoei cnoea: mpiwuHa 6 aHi30mpornHOMy [pPOCMOpI; HarpyXeHHs;, 3adava
TiHIGIHO20 CrIPsKEHHS.

Betyn. B cyyacHoMy GyaiBHMLTBI, MalUMHO-, MiTako- Ta pakeTobyayBaHHI
KOMMO3WLiMHI MaTepianu HabyBaloTb Aeaani LMPLIOro 3acTOCYBaHHS 3aBAsiKU
YHIKanNbHUM i3NYHUM XapakTepUCTUKaM. SAK HacnigoK, BUHMKAE 3arpo3a nosi-
BV i PO3MNOBCIOMKEHHA AedeKTiB, sKi HanyacTile SBNSATb COBOK TPILLMHK.
HocnimpkeHHo ocobnmBocTen HanpyXeHo-4edOpMiBHOrO CTaHy B OKOMi pyxo-
MOI TpILMHKM B i30TPONHOMY MaTepiani npuainseTcs 6arato yeBaru sik aktya-
fbHIN | cknagHin npobnemi. Pyxoma TpilmHa B i30TPOMHOMY NPOCTOPi po3rns-
fanacb B [6, 8]. Lla poboTta npuceaYeHa JOCAIOKEHHIO PYXOMOI TPILLUMHA B
aHi30TPONMHOMY NPOCTOPI, 8 caMe BNNMBY LUBMAKOCTI pyxXy AedeKTy Ha po3no-
Jin Hanpy>XeHb Ha NiHii TPILLWHM Ta Ha PO3KPUTTS TPILLMHN.

®disnyHa noctaHoBKa 3apadi. B poboTi 3anponoHoBaHO mMeTon 3Haxo-
DKeHHs1 HanpyxeHb 6e3nocepeaHbo neped PPOHTOM TPILLMHU CKiIHYEHHOT
OOBXWHM, SIKa PYXaeTbCA 3 YCTaneHoK LUBUAKICTIO, MEHLUOK 3a KPUTUYHY
LWBUAKICTb. TpiliMHa 3HAaXOAMTLCHA B OPTOTPOMNHOMY NPOCTOpI Nig Aieto 3oce-
pedKeHOro HaBaHTaXeHHs, npukrnageHoro go ii OeperiB, ske pyxaeTbcs
pas3om 3 TpiwmHot (puc. 1). MNpyxHi BNacTMBOCTI NPOCTOPY BW3HaYalTbCs
enemMeHTamMu MaTpuui koedilieHTiB XXOPCTKOCTI.

MaTemaTyHa noctaHoBKa 3agadi. PiBHSHHS pyxy Anst OpTOTPOMNHOro
maTepiary B HepyxoMili cuctemi koopamHat ( Xy, X, ), 3rigHo Ao [2, 3] ma-
I0Tb HACTYMHUIN BUTNSA:
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ne Cijkl — KOMIMOHEHTN TEH30pa NPY>XHUX CTanux; o —ryctmHa MaTepiany. TYT

i B NoganbLUOMy Mo iHOeKcaMm, Lo NOBTOPHHTLCA, MPOBOAUTLCA A0AaBaHHS.
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Puc. 1 — CxeMaTuuyHe 306paxKeHHsi NOCTaHOBKM 3agadi

BusHayanbHi CniBBiAHOLWIEHHS AN aHi30TPOMHOro MaTepiany 3agatoTbCA:
- y3aranbHeHnM 3aKkoHoM yka

oug . .
O'ij:CijkIa_Xkl- b1k 1=123; @

- cniBBigHoWweHHAMM Kowwui

ou: Oui | . .
i _1 Mi T ,1,j=12,3; 3
ACTRES

- TpPaHWYHUMK YMOBaMU Ha Geperax TpilLvHM
oy =-R(Xy-vt—c), i=12, xe(ab), 4)

ae o(Xq—vt—c)— penbta-cpyHkuis Oipaka.

Po3B’a3aHHA 3apgavi. PosrnsHemMo TpilimMHy B OPTOTPOMHOMY MPOCTOPI
L0 PyXaeTbCs YCTaneHo 3i LWBMAKICTIO V<Vc, A€ Vo — KPUTUYHA LUBUOKICTb
(puc. 1). Pyxoma TpiluHa B Halomy BUMNAAKY € ifeanisauieto 3anpornoHoBa-
Hoto lodbdpe [8]. Ls igeanisauis € OouinbHOK NPY BUBYEHHI NOKarnbHUX OCO-
6nmBoCTEN HanpyxeHo-4edopMiBHOrO CTaHy 6ing BepLMHM yCcTaneHo py-
XOMOI TPILLMHMK, WO AeTanbHOo nokasaHo B [7].

3pobumo 3amMiHy koopamHaT ¥ = X; —Vt, Xy = X, . Togi piBHAHHSA (1) Ha-
ByBae HacTynHoOro BuUrnagy
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2
ne Gijsi (V) = Cijs = V"1 Sis » Smn — cmBON KpoHekepa.
BBaxaemo cnpaBefnvMBUMW HACTYMHi PIBHOCTI, AKi BipHi SIK 4N HaLoro,
Tak i Ansa 6inbLUOCTI TUNIB HABAHTaXEHHS:

+ -+ —
012 =073, Op =02). (6)

Mpwn BMKOHAHHI YMOBU V < Cx ANA LWUBWMAKOCTI PyXy TPILLMHKM PIBHAHHSA (5)

€ CUCTEMOI0 OOHOPIOHWUX PIBHAHb B YACTUHHWUX MOXiAHMX €MiNTUYHOro TUNy,
TOMy Ang ii po3B'a3aHHs MOXHa 3acTtocyBaTtu nigxig JlixHmubkoro — Ewenoi
— CTpoxa y3aranbHeHVX KOMMMAeKCHUX noTeHuianis [3, 8]. MNMpunyctumo, wo
none nepemillieHb He 3anexuTb Bif KoopauHaT X3. B Hawomy Bunagky
NMOCKOro HanpyxeHo-4edOopMiBHOro CTaHy Le NpunyLeHHsa cnpaBeanuee i
Jani 6yge posrnagatucsa 3anexHicTb Tinbku Big KOOpJJ,VIHaT(Xl,Xz). Mpea-

CTaBMMO BKasaHe nosie nepemiwieHb Yyepes AoBiNbHY dyHkuUito f (xl,xz) y
BUrNAAi

u=af (X +pxy), (7

e a— OOBiNbHMIN BEKTOP; Pj — HEBigOMi MOKM LLIO NOCTIlHI.

Oani nigctaBumo (7) B (5), 3BigKM OTpMMaemMo cuctemy OOHOPIgHUX Ili-
HiMHMX anre®puYHUX PiBHSAHb BiZHOCHO KOMMOHEHT BEKTOPA a :

(Ci1k1+(ci1k2 +Cigk1 ) P+ Cigk2 pz)ak =0. (8)

HeTpuBianbHWin po3B’sa30K Liei cuctemn byae icHyBaTV TiNbKW y BUNAAKY,
KOMnn BU3HAYHWK MaTpuui koedilieHTiB OPIBHIOE HYNEBi:

dEt[Cilkl"'(CilkZ +Cigk1) P+ Cizk2 pz]=01 i,k=123. 9)

OTpvmaHuii Bupa3 npegcTaBnsie cobo PiBHAHHA YETBEPTOro Nopsiaky
BIJHOCHO [, PO3B’A3KOM SIKOrO, B 3arafilbHOMY BMNagky, € ABi napu Komnne-

KCHO crnpsiXeHux kopeHis. ObpaBLUM ABa KOpeHi 3 4OAaTHOI YABHOK YacTu-
HOI0, 3anuLlemo 3ararnbHuin po3B'a3ok cuctemu (5) B HACTYNHOMY BUINSAI:

u=Af(zl,22)+Z\f'(zl,22), (10)
e A=(a,a) - wmaTpuua BrRacHux BekTopiB  cuctemu  (9);

f(z)= ( fi(2),, f2(22 )) — BEKTOP-(PYHKLs y3araibHEHUX KOMMIIEKCHUX 3MiH-

HUXZj =% + Pj X% (1=12) .



[na 3HaxogKeHHs1 Hanpy>keHb, WO AiloTb Ha NIOWWHI iHTepdency BBe-
Aemo B po3rnsg Bektop t=(01,05,), BUpa3 Ans sIKOro Yepes NoxigHy Bid

dyHkuii f(z) oTpumaemo, niactasmsium (10) B (2)

t=2Re[Bf'(z,2,)], (11)

ne BIJ =(Ci2jl+ Pk CiZjZ)Ajk ; f'(Zl,ZZ)Z(f]_’(Zl), fZI(ZZ)) L, j,k =12.
3po6uslum 3amiHy f'(zq,2,)=F(z,2,), 3anniwemo Bektop t Ginblu Ae-
TanbHO

091 =2Re[B1F(z) + BaFo (22)],
09 =2Re[By1F(71) + By Fo (2,)]-

[na opTOTpONHOro NPOCTOpy MpY 3afaHivi opieHTauii HanpAMIB NPY>XHOT
cuMmeTpil mMaTpuus B MaTume enemeHTU Tinbku 3 AINCHOK YaCTUHOK Ha
FOMIOBHIV AiaroHani Ta eneMeHTU TiflbKM 3 YSIBHOK YaCTUHOK Ha 3BOPOTHIN
AiaroHani. Tomy 3anuwemMo 1i B HaCTynHOMY BUrnaAi AN 3py4HOCTi B noga-
NbLUOMY aHaniTU4HOMY PO3PaxyHKY:

D:(Re[Bn] |m[312]j_ (13)
Im[B;;] Re[By,]

(12)

3a ponomoroto matpuui D Ta anrebpuyHux nepeTtBOpeHb MU MOXEMO
nepenuncaTy BUpa3 Ans HanpyxeHb B HACTYNHOMY BUrMsgi

021 = D112Re[F ()] -1D12Im[F, (2,)],

(14)
092 =—D312Im[F(z1)]+ Doy 2Re[F2(22)]-

Ae zi=X+PiX;: FR(z), F(zy) — aHaniTuyHi dyHKUii iX KOMMNEKCHWX
aprymMeHTiB B NPOCTOpi.

Po3rnsHeMo HeobxigHi Ham aBa BMMAOKM HaBaHTaXEHHSsl, a came: npu
nepLIoOMy TUMi HABaHTaXEHHS, KONW AiloTb PO3TAryBasibHi CUMK Ha TPILLMHY,
noTeHuianu 6yayTb MaTh HacTyrMHy CUMETPIto

Re[F(x1,—%2)]= Re[F(x1,%)], IM[F(xq,—%2)]=—Im[F(X1,%)],

Ta n,pyrvu7| TUN HaBaHTAXEHHA, KON Ha Tpiu.ley OiloTb AOTUYHI HaBaHTa-
XeHHA, 3 cmmeTpiero Burnagy

Re[F(x1,—X2)] = —Re[F(xq,%)] Ta Im[F (X1, —Xp)]=IM[F (X1, %5)].
Takmi  TMN  cuMeTpii  noTeHUianiB  3ad0BOSIbHSAE HACTYMHUM YMOBaM
F(E) :w_LF(z) [6]. OaHy BnacTuBiCcTb NoTeHuUjaniB BUKOpUCTaAEMO, LIOO 3a-
nMcaTu HanpyxeHHst 6eanocepeHbO Ha TPILLMHI B HACTYMHI chopMi:
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o1 = by [A" (%, 0)+ A (%, 0)]+ibya[F (%4,0)~Fy (%,0)],
o =iby[R" (%,0)~F (%4, 0)]+bp[F5" (%,0)+F; (%, 0)].

Po3rnssiHeMo nepLummn Tmn HaBaHTaXxeHHs. [ns 3py4HOCTi BBE4EeMO B pO3-
rnsg noteHuian CD(Z)=—iF(Z) i, NiACTaBNsAYM MOro Ta rpaHnUyHi YMOBM Y

(15)

BMpa3 angd HanpyxeHb (15), OoTpUMaeEMO HaACTyMNHi NPeACTaBfeHHsa Ha MiHil
TPILLMHN:

b [®1 (%,0)+D1 (X, 0)]+by[F" (%1,0)— R (%,0)] =—P5(x4 —¢), 16)
by1[®7 (%,0) - @1 (%4, 0)]+b1a[R" (%.0)— R (%,0)]1=0, % €(a,b).

3 BpaxoBaHMMM B PiBHSAHHI (16) rpaHMYHUMK yMOBaMy OYeBMAHA HaACTy-
MHa 3aneXHiCTb rPaHMYHMX 3Ha4YeHb NOTEeHLianiB Mixk coboto

by @1 (%,0)+by R (%,0) =b @y (%q,0)+bpF (%,0).  (17)

BpaxoBytoun OTpuMaHy 3anexHiCTb NoTeHujianiB, BiACYTHICTb Hanpy>eHb
Ta nepeMillleHb Ha HECKIHYeHOCTI, BBe4eMO NOoTeHUjian HacTynHoro Burnaay

E(z)=bu®(z)-bR(2), (18)

Ak Oyae AOPIBHIOBATW HyNeBi Yy BCill KOMNIEKCHIM NMOLWWHI, 3BigK/ BCTa-
HOBMIOEMO BiAMNOBIAHUN 3B'A30K:

a(z)%cblm- 19)

MigcTaBnsAouM OTpMMaHy 3anexHicTe B yMoBu (16), oTpmaemo 3agady
NiHINHOTO CNPSKEHHS Bi4HOCHO MOTEHUjiany (Dl(z):

_ P
1 b1

Tak sk nMocTaBrieHy 3afady MOXHa po3rnsfaTv K CyneprosuLilo OBOX
cnocobiB HaBaHTaXEHHsI OKPEMO, MPOBIBLUN NpeACTaBMNeHHi BULLE NepeTBo-
PEHHS AN BUNaAKy rpaHUYHUX YMOB B BUTMSA)

bz]_[q)f (X1,0)+CI)1_ (Xl,O)]+b22[F1+ (Xl,O)— Fl_ (Xl,O)] = 0, Xl € (a,b),
by1[®7 (%,0)—@r (x1,0)]+bi2[R7 (x1,0) = R~ (x4, 0)] =-P,3(x —c),

MOXHa oTpumMaTtu Bmpas ans noteHuiany @, Ta BignosigHO 3anucaTty 3aga-
4y NiHINHOrO CNPsXXeHHNA ANs APYroro BUNaaKy HaBaHTaXXeHHS TPIWMHK:



0407 =104 0), T, <[+ 228, x<(ap). @
2

KopucTyroumcb BNacTUBICTIO Cyneprnosuuii oTpMMaHWX PO3B’A3KiB, MOM-
HOXMMO ApYyry 3agady NiHIMHOrO CnpsbkeHHs Ha | Ta gogamo 4O nepLloi
3apavi niHinHoro cnpspkeHHs. OTpMMaeMo 3agady MiHIMHOIO CNpsKeHHNA Ans
000X Hanpy>xeHb y BUrNAai:

3 P,o(% —c)+iRd(x —C)

¢ (x)+4 (%)= T +1Ty) 1)

ne ¢*(x,0)= @7 (x,0)+id3 (%,0).
[HivicHa YacTuHa po3B’si3Ky L€l 3agadi niHinHoro cnpspkeHHs Oyae signosiga-
TW HOPMarbHOMY HaMpPYXXEHHIO, a YSIBHA YacTHa — AOTUYHOMY HamnpyXeHHHO.
Ons pos3B’sizaHHs 3agadi (21) ckopucTaemocsi BiJOMOK  METOAMKOI
po3B’si3aHHs nofibHux 3agad, BuknageHow M.l Mycxeniwsini [5]. Poarns-
HEMO PiBHSHHSA

F @) -gF (=1, (22)

e g — [oBiNbHa koMnnekcHa nocTiHa (g #1) .

3rigHo 3 [5] 3a BiACYTHOCTI HABaHTaXXEHHS HA HECKIHYEHOCTI, pPO3B’A30K
PiBHSHHSA (22) mae BUrnag,

_Xo@)
271 I x§m-2)

F(2) (23)

ae Xo@ =] [-a)7(@z-b), (24)
j=1

¥ =a+Iif — nocrTiiHa.

Sanuwemo Xy (2), Xg (t) , BUKOpPUCTOBYIOUM hopMyny (24), B 3aranbHoO-
My BUrMSAi, BpPaxoBYHOUW, WO ¥ — KOMMMEKCHi Yucna. OTxe, B HaWwoMmy Bu-
nagky OTPUMaEMO Takui pe3yrnbTar:

Xo(2)=(z-a) 7 (z-by' ™, Xg (%) =—0(q—a) 7 (b—x)" "e'7 . (25)

NincTasnstouu (25) B (23), BU3Haummo dyHkuii F;j(z) (j =1,2,3) :

_(z-a) " (z—b) 71 T fj (g )dxg

27 (q—a) " (b—x)" 71" (x —2)

a
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Ro(x —¢)+iPd(x —c)
T, +iT, '

ne f(q)=

3apgaya niHIMHOro CrnpshKeHHs 3aranbHOro BUIMA4Y Mae pilleHHs npeg-
cTaBneHe B poboti M.I. Mycxeniwsini [5]. Crigytoun ubomy, po3B’si30K piB-
HAHHSA (21) MOXHa 3anucaTn y BUrnsagi:
R +iP (z—a)V2(z—b) V2
27i (T, +iT, )e™ 2 (c —a) V2 (b —c) V2 z—c

#(2) =— , (27)

ae T B3aTi 3 piBHSAHb (19) Ta (20) BignosigHo.

MigcTaBmBLWKN OTpUMaHW PO3B’A30K ANS MOTEHUianiB HaBaHTaXEHHSA B
3agady NiHINHOrO CNpsbKeHHA (21), oTpMMAeEMO 3HAYeHHS HOpMarbHMX Ta
OOTUYHUX Hanpy>XeHb B OKOMi BEPLUWHU TPILLIMHM.

Ha ocHoBi oTpMMaHoro po3B’a3Ky, NiACTaBMBLUM PO3B’A30K 3agadi MiHin-
HOro cnpspkeHHs (22) B BUpa3 Ansa HanpyxeHb (12), MoXHa 3HaWTu ix 3Ha-

YeHHS Ha NiHii TPiLWWHM 3 NpaBoi Bif HET CTOPOHM (x > b) :

S G ) A G S 953

z—C i (c—a) b—c)”*1

e e "
e eyt (mem)@eg)
2 i7y; ~7i i1

Z—C e”V'(c—a) '(b—C)'

[ns 3HaxomXeHHs1 nepeMiweHb 6eperie TPILLMHM BUKOPUCTAEMO PO3B'si-
30K 3ajadi NiHinHOro cnpsikeHHs (22) Ta npeactaBneHHs nepemiwieHb (10),
BpaxyBaBLLU Te, L0 HaM LiikaBe caMe PO3KPUTTS TPILLUHM (NePEMILLEHHS MO
OCi X ), OTPUMaEMO NEPEMILLEHHs B TAKOMY BUMMISAAI:

= 2Re [(A — iy, 22) PIEDED B | (29)

b, 2nTy (=) (x—a)(b—x)

YucnoBun po3B’A30K. Ha OCHOBI npeacTaBneHoro BuLLE PO3B'A3aHHS
NnocTaBneHoi 3adadi NobyaAoBaHO anroputM Ans 3HaXOMXKEHHSI HamnpyXeHb
Ta BMKOHaHa MNOro YncrioBa peanisauisi, Ky NpoBeAeHO Ha npuknagi opToT-
ponHoro MaTepiany, a came ByrnennacTuka, TeXHIYHi cTani SKkoro npeacras-

neHHi B Tabn. 1.
Tabnuusa 1 — TexHiyHi cTani ByrnennacTuka

Mogyni KOHra, la KoedpiuieHnTun MNMyaccoHa Mogynb 3cyBy, [Tla
Ey =6.91 v13=0.119 vy =0.315
E,p =851 Vo3 =0.142 v, =0.307 G, =241
Es; =184 vip =0.488 vy =0.622
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3 Bupasy (23) gns opTOTPOMHOro MPOCTOpYy MOXHa nobyaysaTu rpadik
3aneXHOoCTi HanpyXeHb nepen (POHTOM TPILLMHA Big CUM NPUKNIageHoi Ao
il 6eperiB, LA 3anexHicTb 300paxkeHa Ha puc. 2. 3 aHaniTUYHOro PO3B’sA3KY
NOMITHO, LLO Ha MiHil TPILWWMHU HaNPY>XEHHS He 3anexaTb Big WBWMAKOCTI i
pyxy. [ns opTOTPOMHOrO NPOCTOPY Lie cnpaBefnvBO TiNbku ToAi, KOnu oci
NPyXHoI cumeTpil cnisnagarwTb 3 OCAMM KoopAuHaT. He Ha niHii TpiwuHm
BXe CTaHe MOMITHMM BMAMB LUBWMAKOCTI Ha HanpyxeHun ctaH. 3 rpadika
MOMITHO L0 NPV HabnWXeHi 40 BEPLUMHU TPILLMHW, HAMNPYXEHHS NPsSiMy0Tb
[0 HECKIHYEeHHOCTI, Tak K Lie ocobnvBa Tou4Ka.

Puc. 2 — Posnogin HanpyxeHHsi O, nepea (PpOHTOM TPilMHU B 3aNeXHOCTi
Bifi NPUKNaAeHOoro 30BHilUHLOro HaBaHTaXEeHHS

OTpumMaHuin po3B’AA30K A03BONSE NpoaHanidyBatM CTYMNiHb PO3KPUTTS
TpilwmHW. Bupas (24) pae 3amory nobyanysaTu 3anexHicTb nepemilieHs 6epe-
riB pyxomoi TpilMHW, Ha $Ky Aie 30cepemXeHa po3TaryBasibHa cwna, Bif,
LUBUAKOCTI PyXy TPILLUHN.

Ha puc. 3 306paxkeHa 3anexHiCTb pO3KpUTTS TPILLMHM Bif LUBWMOKOCTI ANS
mMaTepianiB 3 xapakTepuctvkamu, HaBegeHuMmn B Tabn. 1 [1, 4 ]. Ak mMoxHa
MOMITUTW, 3 POCTOM LUBUAOKOCTI PyXy TPILLMHM 3POCTAE i CTYNiHb ii PO3KPUTTS.
BignosigHo OO0 aHaniTMYHOro PoO3B’A3KYy B BEPLUMHI TPILLUHM NepeMilleHHSs
[OOPIBHIOKOTb HYIMO | 3pOCTaloTb Y Mipy HabnwkeHHs OO0 Micus NpuKnageHHs
cvnun. Po3kpuTTS TPILWMHM TaKoX 3anexuTb Bif HaBaHTaXXEHHS!, NPUKNageHoro
o il 6eperiB, Ha rpadiky BuLLE BOHM O4HAKOBI 411 BCIX LUBUAKOCTEN. AK BUA-
HO 3 aHaniTMYHOro PO3B’'A3KY Ans nepemiweHb (24), yim Ginbwa cuna, Lo
npuknageHa oo 6eperis, TMM GinbLue PO3KPUTTS TPILLMHWN.
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Puc. 3 — 3anexHicTb po3KpUTTA TPILLMHM NepeA NPaBo BEPLUMHOK TPILLMHU
B 3anexXHOCTi Bif UBMAKOCTI

BucHoBku. [locnigkeHo BNacTMBOCTI PyXOMOi TPILLMHM Ta BMAUB Pi3HMX
cnocobiB npuknageHHs 30BHILWLHIX cun o ii 6eperiB Ha po3nogin HanpyXeHb
nepes (OpPOHTOM TPILLMHM Ta Pi3HMX LLUBUAKOCTEN PYXy OPOHTY TPILLMHM Ha ii
po3KkpuTTS. BpaxoBaHo aHi3oTponito martepiany, WO Aae 3MOry BUKOPUCTOBY-
BaTM 3anponoHOBaHi MeTOAM B aKTyanbHUX 3ajavax Ans NporHo3yBaHHS
pynHauii  KOMMO3WUTHUX MaTepianis, SKi BUKOPUCTOBYIOTbCS B Garatbox rany-
39X CyyacHoro BMpobHMUTBA. 3a OOMOMOrol 3anpornoHOBaHOMo YMcenbHo-
aHaniTMYHOro MeTody AOCHIAXEHO BMNMMB NPY>XHUX BNacTMBOCTEN MaTepianis
Ha noBeAiHKy TpiwmHKu. MobyaoBaHO ehekTUBHUI anropuT™M O/151 PO3B’si3aHHS
noctaBneHoi 3agadi Ta nodibHMX A0 Hel, 3a JOMOMOrot SIKOro MOXHa Mpo-
aHanisyBaTu HanpyXeHo-AeOPMIBHUIA CTaH aHi30TPOMHOrO NPOCTOPY B OKOSi
pyxoMoi TpilwmHN. CchopMynbOBaHO Ta PO3B’si3aHO 3aady NiHIMHOro cnps-
XKEHHSA ONS BMMNAAKy PyXOMOI TPiLLMHKW, NpoaHarnisoBaHo BMMMB LUBWMAKOCTI, 3
AKOKO PyXaeTbCs (PPOHT TPILLMHK, HA HANPYXeHO-AedOPMiBHWUIA CTaH.
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RESEARCH OF MOVING CRACK IN ANISOTROPIC MATERIAL

The problem of determining the stress-strain state around of the tip of a crack
moving at a constant speed in an elastic homogeneous orthotropic space is consid-
ered. The crack is under the action of a concentrated load applied to its interface,
which moves along with the crack. The method of generalized complex potentials
was used for the solution. A system of linear conjugation problems was obtained,
which were solved analytically. Stresses on the extension of the crack were deter-
mined and their dependence on the speed of movement was plotted, the nature of
crack opening was investigated.

Keywords: crack in anisotropic space; stresses; linear conjugation problem.

This work is devoted to the study of a moving crack in anisotropic space
[1-4], namely the influence of the defect velocity on the stress distribution on
the crack line and on the crack opening. The paper proposes a method of
finding stresses in front of the crack, which moves at a steady speed less
than the critical one.

The moving crack, in our case, is an idealization proposed by Yoffe [8]
and later investigated by Freund [6]. This idealization is expedient when
studying the local features of the stress-strain state near the tip of a fixed
moving crack, which is shown in detail in [7]. We obtain the problem of linear
conjugation for both stresses in the form:

3 P,o(% —c)+iRd(x —C)
(Tl + |T2 )

¢ () +e (%)=

where ¢* (x,0) = @1 (%,0)+i®3 (%,0) . The real part of the solution of this

linear conjugation problem will correspond to the normal stresses, and the
imaginary part to the tangent stresses. The problem of linear conjugation of
general form has a solution of the following form [5]:

R +iP, (z—a) Y2 (z-b)?
27i(Ty +iT, )% (c—a) V2 (b—c) /2 z—c

#(2) =-

On the base of the problem solution an algorithm for finding stresses is
constructed and a numerical implementation of the algorithm is performed.

With the help of the solution, it is possible to plot the dependence of
stresses ahead of the crack front on the force applied to its shores. From the
analytical solution it is noticeable that the stress cracks on the line do not
depend on the speed of its movement. The obtained solution also allows to
analyze the degree of crack opening. With increasing of crack velocity the
degree of crack opening increases too.
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The properties of a moving crack and the influence of different ways of
applying external forces to the crack edges on the stress distribution ahead
of the crack front and different velocities of the crack front at its opening are
studied. All work was carried out taking into account the fact that the anisot-
ropy of production allows the use of recommended methods in current prob-
lems with composite materials, which are now used in industry. Therefore
the urgent task of predicting the material destruction is of high actuality
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