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MNOBYJIOBA TPAEKTOPII JE®OPMYBAHHS BLUIBHOI
INOBEPXHI T YAC TOPHEBOI'O CTUCHEHHA 3A
JAOITOMOI'OIO CUCTEMU KOMII'IOTEPHOI MATEMATHUKH
MAPLE

BiHHMIBKMI HAIllOHATHHINA TEXHIYHIH YHIBEPCUTET

AHoTauis.

3000ymo auanimuuni eupasu 018 6UHAYEHHA HAKONUYeHol Oedpopmayii ma NOKASHUKA HANPYHCEHO20 CMAHY Hd
OCHO8I anpoKCUMayii 3a1ediCHOCII MIdC 0Cb080I0 MA K008O Oepopmayiamu. [JaHo NOPI6HANbHULL AHALI3 MPAEKMODIl
degopmayiil imimayitinoeo moodentoganns iz suxopucmanuam CKM Maple.

KarouoBi cioBa: TopieBe CTHCHEHHS, OidHA IOBEPXHs, TPAEKTOPiA IePOpPMyBaHHSA, CHCTEMa KOMII IOTEPHOI
MaTtemaruku, Maple.

Abstract.

The analytical expressions for accumulate strain’s and stress state parameter definition on the basis approximation
of dependence between axial and round strains is received. A comparative analysis of deformation trajectories of
simulation modeling using SCM Maple is given.
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Beryn

OnHuM 13 6a30BHX MPOLECIB MIIACTUYHOTO 1e(OPMYBAHHS € TOPLEBE CTUCHEHHS, IKE BUKOPUCTOBYETHCS
SIK CKJIAJIOBA YaCTUHA TEXHOJIOTTYHOI'O MPOIIECY BUTOTOBJICHHS JA€TAJICH, TaK 1 K CIIOCIO JOCIIKSHHS (Pi3UKO-
MEXaHIYHUX BIACTUBOCTEH Marepiaiis [1, 2].

[Tig gac ToprEeBOro CTUCHEHHS, Y 3B’SI3KYy 13 HEPIBHOMIPHICTIO AedopMarliii, BiTOyBaeThCS BUKPHUBICHHS
(dbopmu BIJIBHOT MOBEPXHi, TaK 3BaHE OOYKOYTBOPEHHS, BiJI SIKOTO 3aJICKUTh HANPYKEHO-IePOPMOBAHUH CTaH
Ta rpaHn4Hi nedopmarii matepiany [1 — 5].

3HayHy 4acTKy B HayKOBHMX JociiukeHHsX 3aiimae CKM Maple, sika Hajae MOXIIMBICTH KOPHCTYBady
BHUKOPHCTOBYBATH IHTEJIEKTyalIbHE CEPEIOBHIIE [l MATEeMaTHYHHUX A0CTipKeHb [1 — 8].

Meroto 1aHoi poOOTH € aianTyBaHHS BUKOPHCTaHHs rpadiyHoro Ta ontuMizaiiiiHoro maketis CKM Maple
Ut TOOYIOBU TPAEKTOPIH NedopMyBaHHS O19HOT MOBEPXHI ITiJ 9aC TOPIIEBOTO CTHCHEHHS.

Pe3yabTaTtu gocaixkeHHs

3amexHiCTh MK OCHOBOIO Ta KOJIOBOIO nedopmanismu &, = f(g,) Moxma ampoxcumysaT y BHrIsmi

PO3B’SI3KY TU(EPEHIIaIbHOTO PIBHSIHHS 3 BIJIOKPEMIFOBaHUMH 3MiHHUMH [ 1 — 4]
de 1 3 m

L= . 5 m > O y (1)
de 2 2 g +m

4 4
Jie M — KOHCTAHTa, SIKa BU3HAYAETHCS €KCIIEPUMEHTAIBHO.
, . . . .
Po3B’si3xoM qudepentianbHoro piBHIHHS (1), 13 ypaxXyBaHHSIM IOYaTKOBOT YMOBH & o0 = 0, oTpumaemMo

[1-4) :
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BukopucToByroun BHpasu sl OOUMCIICHHS OKa3HUKA HAMIPY>KEHOTO CTaHy Ta HAKOMUYeHOi Jedopmartii
Ha BUTBbHIN O14HIM mOBepXxHi miJ 4ac nedopMyBaHHI Ta CMiBBiTHOMIEHHS (2) OTPUMAHO CIiBBIIHOLICHHS AJIS
OLIIHKK Hampy>KeHO-Ie(OPMOBAHOTO CTaHy OiYHOI MOBEPXHI LMTIHAPUYHOTO 3pa3Ka MiJ Yac TOPLEBOTO
crucHenns [1 — 4]:



~ 1-3.cos’(t)

,m)= ) 3
n(tm 1+3-cos’(t) ®
Su(t,m):m'J: 3+#(T)'df- (4)

OtpumMaHni mig 4gac iMiTariifHOro MonenroBaHHS B mporpamHoMy komimiekci DEFORM 3D, 3naueHus
0CBOBOI Ta KOJIOBOI JedopMaliiit Oyno ampoKCUMOBAHO CIiBBiAHOMIEHHSM (2) 13 BAKOPUCTAHHSAM PO3po0IeHOT
nporenypu B CKM Maple i3 BUKOpUCTaHHIM MakeTy optimization Ta moOyJOBaHO BigMOBIAHHUN Tpadik
(puc. 1).

restart:

with (Optimization) :

with (plots):

data A := [[-1, 0], [-.913307374, .87e-2], [-.895268744, .17682e-1], [-

.909067791, .60291le-1], [-.860639114, .125253], [-.84980456, .133413], [-

.838489892, .14158], [-.826753866, .14975], [-.81429968, .157915], [-

.800769023, .166065], [-.786719424, .174192], [-.772371834, .182293], [-

.758064751, .190367], [-.743884661, .198416], [-.730360835, .206437], [-

.715806186, .214422], [-.701096834, .222366], [-.685630682, .230264], [-

.669800058, .23811], [-.653321754, .245902], [-.636263146, .253639], [-

.618528361, .261318], [-.600587402, .26894], [-.581781281, .276502], [-

.562672325, .284004], [-.542896959, .291447], [-.522633872, .298828], [-

.502016749, .306148], [-.480410536, .313405], [-.458133535, .320599], [-

.435430755, .32773], [-.412002595, .334797], [-.388016354, .341797]1, [-

.363541436, .348733], [-.338642094, .355605], [-.313319426, .362413], [-

.287648235, .369158], [-.261739689, .375841], [-.235525873, .382461], [-

.209111602, .389021], [-.18215416, .395521], [-.155569004, .401963], [-

.12860172, .408348], [-.101455889, .414676], [-.73617837e-1, .420947], [-
46008918e-1, .427165], [-.18071445e-1, .43333], [.10161435e-1, .439445],
.38172249e-1, .445511], [.66268011le-1, .451531], [.9422861e-1, .457506],
.121475014, .463437], [.148290309, .469326], [.174529208, .475175],
.200636576, .480986], [.226274226, .486763], [.246904439, .492519],
.267520008, .498261], [.331456225, .50069], [.362345501, .506011],
.362935174, .511228], [.373046093, .516529], [.428674643, .521851],
.448581047, .527136], [.468378663, .532414], [.484104453, .537693],
.494841052, .542995], [.515339334, .548347], [.534275614, .553719],
.542328905, .559144], [.557364819, .564696], [.572384834, .570301],
.578645724, .575991], [.612924842, .580877], [.617078879, .586731],
.636370713, .598386], [.64726274, .604197], [.662687837, .609961],
.671119316, .615773], [.678155501, .62165], [.686711116, .63401],
.689871121, .640378], [.740448845, .663176], [.745571531, .684143],
[.74892529, .691393]]:
[0,0.004834,0.009909,0.014908,0.019699,0.024366,0.028967,0.033544,0.038085,0.
042546,0.04699,0.051446,0.055939,0.060473,0.06505,0.069673,0.074344,0.079062,
0.083824,0.088629,0.093475,0.098359,0.103279,0.108233,0.11322,0.118236,0.1232
78,0.128344,0.133432,0.138539,0.143666,0.148812,0.153975,0.159157,0.164357,0.
169575,0.17481,0.180061,0.185332,0.190621,0.195927,0.201252,0.206595,0.211956
,0.217335,0.222732,0.228147,0.233579,0.239028,0.244495,0.249978,0.255479,0.26
0997,0.266532,0.272082,0.277649,0.283233,0.288836,0.294459,0.300101,0.305764,
0.311447,0.317148,0.322865,0.328599,0.334352,0.340125,0.345921,0.351742,0.357
602,0.363193,0.368885,0.37468,0.380438,0.386247,0.392083,0.397982,0.403961,0.
409993,0.416105,0.422368,0.428704,0.435142,0.439915,0.446745,0.453326,0.45997
4,0.466574,0.47315,0.4798,0.486533,0.493457,0.500605,0.50786,0.5143,0.525447,
0.533585,0.541631,0.549897,0.55822,0.5592] :
[0,-0.008682,-0.017633,-0.026468,-0.035066,-0.043479,-0.051829,-0.060125, -
.068354,-0.076475,-0.08452,-0.092517,-0.100577,-0.108676,-0.116789, -
.124911,-0.133038,-0.141169,-0.149298,-0.157419,-0.165521,-0.173594, -
.181636,-0.189645,-0.197623,-0.205569,-0.213471,-0.221327,-0.229128, -
.236871,-0.244553,-0.252171,-0.259723,-0.267207,-0.274622,-0.281968, -
.289242,-0.296444,-0.303573,-0.310627,-0.317604,-0.324504,-0.331325, -
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.338065,-0.
.382979,-0.
.423979,-0.
.461285,-0.
.495323,-0.
.524557,-0.
.554612,-0.
.583923,-0.
.617339,-0.

344724,-0.
389072,-0.
429526,-0.
466337,-0.
499589,-0.
528686,-0.
558817,-0.
588317,-0.

617908] :

351302,-0.
395087,-0.
434998,-0.
471325,-0.
503822,-0.
532886,-0.

562993,-0

593227,-0.

3578,-0.364216,-0.370551,-0.376806, -

401023,-0.
440397,-0.
476264 ,-0.
508005,-0.
537094,-0.
.567095,-0.
598781,-0.

406879,-0.412657,-0.418356, -
445725,-0.450981,-0.456167 , -
48116,-0.486744,-0.491012, -
512159,-0.516295,-0.520437, -
541337,-0.546293,-0.550393, -
571193,-0.575307,-0.579556, -
603227,-0.607872,-0.612539, -

data B:=zip((x,y)->[x,y],%%,%):

3amaeMo piBHSHHS (DYHKIIT 3aJ€KHOCTI MiX OCHOBOIO Ta KOJIOBOKO Je(opMallisiMH Ta OOUHCIFOEMO
BIAXHJICHHS 110 anpokcuMartii CMipHOB-AutsieBa (2).

Ez E phi:=(x,m,a)->-a*x-(2-a)*m*arctan (x/m) :

E[z]=Ez_E phi(E[phi],m,1/2);

# oBumcrnioeMo BimgxuieHHss o anpokcmManii CMipHOB-AnsieBa

res_Sm B:= map((zz) -> Ez_E phi(zz[1l],m,1/2)-zz[2], data B):

1 3 E¢
EZ——E Ed)—ém arctar[mJ
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Puc. 1 — Anpoxcumaris 3a1eXHOCTI Mi>K KOMIIOHEHTaMH JteopMariii Oi94HOT MOBEPXHi 3aTOTOBOK ITi/I 4aC TOPIIEBOTO CTHCHEHHS i3
BukopucranHsiM CKM Maple [1 — 4]

[ToTiM OOYHMCITIOEMO TIApaMETP alpPOKCHUMAIII] 0 METOAY HaMMEHIIMX KBaIpaTiB 3 JOINOMOIOK (YHKIIT
LSSolve(obj, constr, bd, opts) cnemianizoBanoro mnakery «Optimization» Ta OyayeMo BiIMOBIAHY
armpokcuMariiro (puc. 1).

sol Sm := LSSolve(res Sm B);

eval (Ez_E phi(x,m,1/2),sol Sm[2]);

sol_Sm:=[0.0019490902528233¢n = 0.18345000120844%
X

5" 0.27517500181267ctan(5.45107655171799)

Lf:=[eval (Ez_E phi(x,m,1/2),sol_Sm[2]) ,data B]:
G2:=plot(Lf,x=0..0.5592,style=[1line$ (nops (Lf) -

1) ,point] ,symbol=CIRCLE, symbolsize=8,color=[RED,black], thickness=[2,1],labels
=["", "]1,linestyle=[1,1]):

g40:=PLOT (



TEXT([-0.08,-1.1],'e',FONT (SYMBOL,14)) ,COLOR(RGB, 0.1, 0, 0),

TEXT ([-0.06,-1.12],"z",FONT (TIMES,ROMAN,12)),

TEXT ([0.8,-0.05],'e' ,FONT (SYMBOL,14)),

TEXT([0.82,-0.07],"3" ,FONT (SYMBOL,12)),

AXESSTYLE (NORMAL) ) :

display({G2,g40}) ;

BukopuctoByroun criBBigHomenHs1 (3) Ta (4) Ta pe3ynbTaTH anpoKcuMallii, MoOyJOBaHO TPAaeKTOpil
nedhopMyBaHHS O19HOT MOBEPXHI MTIHAPUYHIX 3Pa3KiB 5K 32 pe3yIbTaTaMH allPOKCHMAIIi] CITiBBITHOIIICHHSIM
(1) excnepuMeHTANPHUX AHUX, TaK 1 CAMUX EKCIIEPHMEHTAIbHUX 3HA4eHb HaKOMU4eHoi nedopmariii Ta
MOKa3HHKa HANpPYXEHOTO CTaHy, OTPUMAaHMX MiJ 4Yac iMITallifiHOTO MOJEIIOBAHHS MPOLECY TOPLEBOTO
CTUCHECHHS. BiAmoBigHi pe3ynbraTd OynM oIpamboBaHi po3podieHoro mporuenyporo B CKM Maple Tta
MIpeICTaBJIeHHI Ha pUC. 2.

subs (sol_Sm[2] ,m) *tan(t)=0.5592; TT:=fsolve(%,t);

Eu:=(t,m,a)->m*2/sqrt(3) *Int (sqrt(((a*2-a+l) /cos(tau)*4- (2*a*2-

5*a+2) /cos (tau) *2+(2-a)*2)) ,tau=0..t):

ET:=(t,a)->2* (-a-(2-a) *cos (t) *2+1) /sqrt (1+1/3* (1-2*a-2* (2-a) *cos (t) *2) *2) :

Eu(t,m,1/2); ET(t,1/2);

hO:=plot(data_A, thickness=2,color=red):

h2:=plot([[ET(t,subs(sol_Sm[2],1/2)) ,Eu(t,op(subs(sol_Sm[2],[m,1/2]))),t=0..T

T],[limit (ET(t,subs(sol_Sm[2],1/2)),t=Pi/2),t,t=0..Eu(TT,op (subs(sol_Sm[2], [m

;,1/21)))1]1,1linestyle=[1,3], thickness=[2,1],color=[blue,black]) :

h40 :=PLOT (TEXT ([-0.12,0.73], 'e' ,FONT (SYMBOL,14)) ,COLOR(RGB, 0.1, 0, 0),

TEXT ([-0.08,0.72],"u",FONT (TIMES,ROMAN,12)),

TEXT ([0.9,-0.04], 'h' , FONT (SYMBOL,14)),

AXESSTYLE (NORMAL) ) :

display({hO,h2,h40}, view=[-1..1, -0.05..0.77]1);

0.183450001208446n(t) =0.5592

TT:=1.25380111
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Puc. 2 — INopiBHsIbHE rpadidHe MpeCTaBIeHHs HAPYKeHO-Ae(OPMOBAaHOTO CTaHy, OTPHMAHOIO 32 IOMIOMOTOI0 iMiTalifHOTO
MOJIEIIOBaHHS TOPLIEBOTO CTUCHEHHSI Ta 3a IOMOMOTOI0 CITiBBigHOLICH (3) Ta (4) B pe3yabTati apoKCUMALIil 3aJIeKHOCTI MK
KOMITOHEHTaMH aedopmariii [1 — 4]



Bucnosku

YacTrHa MaTeMaTHYHOTO amapaTy Ta po3podieHi gparmentu koxy B CKM Maple, siki npencrasieHo B
naHiil poOoTi, HaAAIOTh MOXKIIUBICT B aBTOMAaTH30BAaHOMY PEXHMi OTPHMYBATH ITapaMeTpPH alpOKCHUMAIIii
CHIBBITHOIIEHh MK KOMITIOHEHTaMH JaedopMalliid, 00UHCIIOBATH MapaMeTpy HampyKeHO-1e(hOpMOBAHOTO
CTaHy 3aroTOBOK MiA yac JeopMyBaHHS, BHKOHYBaTH BIAMOBiAHI MOOYyIOBM Ta aHaji3 pe3yJbTaTiB
IMITaIiHHOT'O MOAEIIOBAaHHS TOPIIEBOTO CTUCHEHHS IMUTIHAPUIHIX 3aTOTOBOK.
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