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[Ipu po3poOii mpoleciB BalbLIOBAaHHS BaXKIUBUMH 33JladaMU € OIlIHKa
dbopmosminu, HanpyxeHo-nedopmoanoro crany (HJC) ta nedopmiBHOCTI MaTepiary
3aroTroBoK. (OcOOMMBO aKTyalbHOIO Taka OLIHKA € JJs [POLECiB  XOJOJHOTO
dbopMyBaHHS BaJbIIOBAHHAM TMPU HEOOXIAHOCTI OCSITHEHHS 3HAYHUX CTYMCHIB

nedopmarii [1 - 12].
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[lig yac BaybIIOBaHHS, Y 3B’SI3KY 13 HEPIBHOMIPHICTIO Aedopmalliii, BinOyBaeThCA
BUKpUBJIICHHS (OpMH BUIbHOI TOBEpPXHI, B SKOrO 3aJCKUTh HAMPYKEHO-
nedopMoBaHUl CTaH Ta rpaHn4H1 Aedopmariii Matepiany [1 - 17].

MerToro nanoi poO0OTH € MOPIBHSUIBHUM aHaJ3 HaMpPyKeHO-1e(POPMOBAHOTO CTaHY
HWTHAPUYHUX 3pa3KiB MiJ Yac BaibIloBaHHsA 13 BukopuctanusimM CKM Maple Ha ocHOBI
MaTEMaTUYHOTO aHaTi3y.

3aexHICTh MK OChOBOK Ta KONIOBOK Jedopmaniamu &, = f(£,) MoxHa
anmpoOKCUMYBaTH y  BUIVISIAL  PO3B’SI3KYy  JUQEPEHIIAIbHOTO  PIBHSHHA 3
BIIOKpeMITIOBaHUMHU 3MiHHUMH [1, 2, 3, 4, 11, 16]

de __f-pz-&‘;-l-k

V4

= , >0, 1
de p2-8;+k P M

4
ne p, &, k — KOHCTaHTH, sIKI BU3BHAYAETHCS €KCIIEPUMEHTAIIBHO.

OueBuano, 1o BenuuuHU &, k, p OyAyTh BU3HAYaTHCS YMOBAMH TEPTSd MIDK
3arOoTOBKOI0 Ta I1HCTPYMEHTOM, MaTepiajioM JOCHiIKyBaHOI 3aroTOBKHM Ta il
TUTIOPO3MipaMHu.

Po3B’s3x0M nudepenuianbHoro piBHsIHHA (1), 13 ypaxyBaHHSIM IOYAaTKOBOT YMOBHU

82‘8 _, =0, oTpumaemo [1,2,9,10,15, 16]

82:—5-8(/)—%-(k—é)-arctg(p-g(p). (2)

BuxopucTtoByroun Bupasu aiisi OOUMCIEHHSA IMOKa3HUKA HAMpPYXKEHOTO CTaHy Ta
HakomuyeHoi nedopmailii Ha BIIBHIA Ol4HIM mMOBepXxHI mpu AedOpMyBaHHI Ta
CHIBBIAHOIIEHHSA (2) OTPUMAaHO y3araJibHEHHI CITIBBITHOIICHHS ISl OI[IHKH HAIPY>KEHO-
nedOpMOBAHOTO CTaHy OIYHOI MOBEPXHI1 MIIIHAPUYHOTO 3pa3Ka IijJ Yac BaJbI[IOBAaHHS

[1,2,3,4,10,11, 12, 15, 16]:
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_ \/5-(1—5—( -&)- cos()) 3

755 4) JIm(1=8) -6~ [1-2:& ~(k—&)-cos’ () |- (k— &) -cos’ (1) 8
243 (261 (k=8) -1
3-p j (k=¢) cos’(7) cos’(7) d

Takox OyJi0 MPOBEACHO AOCTIIKEHHS MPOIIECY BaJbI[IOBAaHHS 13 BUKOPUCTAHHSIM

(4)

&,(t,p. &, k)=

iMiTaniHOr0 MojenoBaHHs B mporpamHomy komruiekci DEFORM 3D. Otpumani
3Ha4Y€HHSA OCHOBOI Ta KOJOBOI Aedopmarliii ma yac iMITAlIHHOTO MOJETIOBaHHS, Oyi0
anpPOKCMMOBAHO CIHIBBIJHOMIEHHSIM (2) 13 BUKOPHUCTAHHSIM PO3POOJICHOI MpOoleaypH B

CKM Maple i3 BUKOpUCTaHHSAM IMakeTy optimization Ta MoOyIOBAaHO BIAMOBITHUN

rpadik (puc. 1).

>restart:

with (Optimization):

with (plots) :

>data A := [[-1, 0], [-.913307374, .87e-2], [-.895268744, .17682e-1], [-.909067791, .6029le-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], [-.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], [.66268011e-1, .451531], [.942286le-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.
055939,0.060473,0.06505,0.069673,0.074344,0.079062,0.083824,0.088629,0.093475,0.098359,0.103279,0.10823
3,0.11322,0.118236,0.123278,0.128344,0.133432,0.138539,0.143666,0.148812,0.153975,0.159157,0.164357,0.1
69575,0.17481,0.180061,0.185332,0.190621,0.195927,0.201252,0.206595,0.211956,0.217335,0.222732,0.228147
,0.233579,0.239028,0.244495,0.249978,0.255479,0.260997,0.266532,0.272082,0.277649,0.283233,0.288836,0.2
94459,0.300101,0.305764,0.311447,0.317148,0.322865,0.328599,0.334352,0.340125,0.345921,0.351742,0.35760
2,0.363193,0.368885,0.37468,0.380438,0.386247,0.392083,0.397982,0.403961,0.409993,0.416105,0.422368,0.4
28704,0.435142,0.439915,0.446745,0.453326,0.459974,0.466574,0.47315,0.4798,0.486533,0.493457,0.500605,0
.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,-0.068354,-0.076475,-0.08452, -
0.092517,-0.100577,-0.108676,-0.116789,-0.124911,-0.133038,-0.141169,-0.149298,-0.157419,-0.165521, -
0.173594,-0.181636,-0.189645,-0.197623,-0.205569,-0.213471,-0.221327,-0.229128,-0.236871,-0.244553, -
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.252171,-0.259723,-0.267207,-0.274622,-0.281968,-0.289242,-0.296444,-0.303573,-0.310627,-0.317604, -
.324504,-0.331325,-0.338065,-0.344724,-0.351302,-0.3578,-0.364216,-0.370551,-0.376806,-0.382979, -
.389072,-0.395087,-0.401023,-0.406879,-0.412657,-0.418356,-0.423979,-0.429526,-0.434998,-0.440397, -
.445725,-0.450981,-0.456167,-0.461285,-0.466337,-0.471325,-0.476264,-0.48116,-0.486744,-0.491012, -
.495323,-0.499589,-0.503822,-0.508005,-0.512159,-0.516295,-0.520437,-0.524557,-0.528686,-0.532886, -
.537094,-0.541337,-0.546293,-0.550393,-0.554612,-0.558817,-0.562993,-0.567095,-0.571193,-0.575307, -
.579556,-0.583923,-0.588317,-0.593227,-0.598781,-0.603227,-0.607872,-0.612539,-0.617339,-0.617908] :
data_ B:=zip((x,y)->[x,y],%%,%);

data B[101,1];

Ez_E_phi:=(x,m,a,q)->-a*x- (gq-a)*m*arctan(x/m) :

E[z]=Ez E_phi (E[phi],m,a,q);

res Sm B:= map((zz) -> Ez_E phi(zz[l],m,a,q)-2zz[2], data B):

O OO0 o0oooo

E¢7
EZ:—a E‘b—(q—a)marctan e

O06uHCITI0EMO TApaMETPH APOKCHUMALliT 10 METOly HalMEHIIMX KBaJpaTiB i3 BUKOpUCTaHHAM KoMaH i Optimization[LSSolve] ta Gyxyemo BifnoBiaHy
anpokcuMario\
sol_Sm := LSSolve(res_Sm B, {m>=0.0001});
eval (Ez_E_phi(x,m,a,q),sol_Sm[2]);
sol_Sm :=[0.0000181330286534944033 ,

[a=0.181181723022019098 , m = 0.285132630482256788 , ¢ = 1.82498389230558145 ]]
—0.181181723022019098 — 0.4687016365arctan( 3.507139812x)

Lf:=[eval (Ez_E phi(x,m,a,q),sol_Sm[2]) ,data_B]:

G2:=plot(Lf,x=0..data B[101,1] ,style=[line$ (nops (Lf) -

1) ,point] ,symbol=CIRCLE, symbolsize=8,color=[RED,black], thickness=[2,1],labels=[ ", "],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],"j", FONT (SYMBOL,12)),

AXESSTYLE (NORMAL) ) :

display({G2,g40},view=[-0.08..0.56,0..-0.62]) ;

BuxopucroBytoun cmiBBigHomieHHss (3) Ta (4) Ta pe3ynbTaTH ampoKCHUMaIlii,
noOy10BaHO TpaekTopii AedopmMyBaHHS A1 HEOE3MEUHOI, 3 TOUKH 30py HAKOMWYCHHS
MOIIIKOJIKeHb, TOUKH 3pa3ka SIK 3a pe3ysbTaTaMu anpoKcumallii criBBiaHOmEHHAM (1)
EKCIIEPUMEHTAIIbHUX JIaHUX, TaK 1 CAMHUX EKCIEPUMEHTAIbHUX 3HAY€Hb HAKOMWYEHOT
nedopmarlii Ta MOKa3HUKA HAMPYKEHOTO CTaHy, OTPUMAaHUX IMiJ Yac IMITAI[IiHOTO

MOJICTIIOBAHHSI TPOIIECY BaJIbIIOBaHHS. BianmoBigHi pe3ynbTatul Oyid OMpaibOBaHi

po3pobienoro npouenyporo B CKM Maple Ta npencraBienHi Ha puc. 2.
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Puc. 1 — Anpokcumariist 3aJIeKHOCTI MiX KOMIIOHEHTaMu Jiehopmaltii HeOe3neuHo , 3 TOUKU 30py
HAaKOIUYCHHS TOIIKOKSHHSI, TOUKHU 3aroToBKH i3 Bukopuctanusm CKM Maple [1, 2,9, 11, 16]

>subs (sol_Sm[2] ,m) *tan (t)=data_B[101,1];
TT:=fsolve (%, t);
Eu:=(t,m,a,q) ->2/3*m*34 (1/2) *Int (((1+(-a- (g-a) *cos (t) *2) *2-a-(g-a) *cos (t) *2) /cos (t)*2)*(1/2) ,tau=0. .t);
ET:=(t,a,q) ->6* (-a- (gq-a) *cos (t) *2+1) / (9+3* (-2*a-2* (g-a) *cos (t) *2+1) *2) "~ (1/2);
hO0:=plot(data_A,6 thickness=2,color=red):
h2:=plot([[ET (t,subs(sol_Sm[2],a),subs(sol_Sm[2],q)) ,Eu(t,op(subs(sol_Sm[2],[m,a,q]))),t=0..TT]],linest
yle=[1,3],thickness=[2,1],color=[blue,black]) :
h40:=PLOT (
TEXT([-0.12,0.63],'e"' ,FONT (SYMBOL,14)) ,COLOR(RGB, 0.1, 0, 0),
TEXT ([-0.10,0.62] ,"u" ,FONT (TIMES,ROMAN,12)),
TEXT ([0.9,-0.04], 'h',FONT (SYMBOL,14)),
AXESSTYLE (NORMAL) ) :
display({h0,h2,h40});

0.28513263048225678&an(¢) = 0.5592

TT :=1.099265017

!

Eu:(z‘,m,a,q)—)im«/?J' L+ (ca—(g-a)cos1)’) —a—(g-a)cos)® -

co(1)?

6(—a—(q—a)cos(t)’+1)
9+3(72a72(q7a)cos(t)2+1)2

ET=(t,a,q) >
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Puc. 2 — IlopiBHsNBHE rpadiuHe npeAcTaBICHHs HAIPYKEHO-1e(OpMOBAHOIO CTaHy, OTPUMAHOTO
3a IOMOMOTOI0 IMITaI[IfHOTO MOJICJIOBAHHS BAJIbLIIOBAHHS Ta 3a JOTIOMOTOIO CITIBBIAHOIIEHB (3)
Ta (4) B pe3yabpTaTi allpoKcUMalii 3aJIeKHOCTI MK KOMIIOHeHTaMu Aedopmaniii [1, 2, 10, 11, 16]

YactuHa MaTeMaTUYHOTO amapaty Ta po3poOseni ¢parmentu komy B CKM
Maple, saxi mpencraBlieHO B JdaHii poOOTi, MOKJIAJIEHO B OCHOBY pPO3pOOJICHHX
iHQOpMAIIHHUX  TEXHOJOTIM  €KCICPUMEHTAIbHO-aHATITUIHOTO  MOJICTIOBAHHS
nedOpMOBAHOTO CTaHy MaTepialy Ha BUIbHIN MOBEPXHI MUIIHAPUYHUX 3pa3KiB Mif dac

BICECUMETPHUYHUX TIPOIIECiB AeOpMYBaHHS 13 BUIbHOIO TTOBEPXHEIO.
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APPLICATIONS OF SOME SPECIAL FUNCTIONS IN MATHEMATICAL
MODELING

Abstract. The possibility of application of methods of mathematical modeling on the basis of
system of orthogonal functions, and also Lambert's functions, perspective of a direction in the decision
of problems of increase of level of designing of corresponding technological processes of manufacture
is substantiated.
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CyuacHuit (haxiBelb He MOKE YCIIIIHO BUPINIyBaTU MpodeciiiHi 3a1a4i, M0 CTOSITh
nepea HUM, He BOJIOAIF0YM HEOOX1THUMH 3HAHHSAMU MPO MPEAMET CBOET TISIILHOCTI, PO
cocoOu 1 3aco0u, Ta MpUAMATH TBOpYE BHUPIIMIEHHS IUX 3a7ad. MaTemaTuka €
TEOPETUYHOI0 0a3010 ¥ IHCTPYMEHTOM IMi3HaHHS OUIBIIOCTI HABYAJIBHUX JAUCIMILIIH.
Bnanuii momryk 1 po3po0ka peaqbHOTO MPOEKTY HEMOXKIINBI 0€3 BUKOPHUCTAHHS amaparta
1 METO/IIB Cy4yacHOI MaTeMaTHUKHU. Bijbll TOro, MaTeMaTUYHE MOJICTIOBAHHS 1 HACTyITHA
MaTeMaTU4YHa aJITOPUTMI3allisl YMOXJIMBIIOIOTH 3amydeHHs cydacHux IKT 3 meroro
e(eKTHBHINIOro pPo3B’sA3aHHA MpobneM. IX po3B'A3yBaHHS 3yMOBIIOE IIOIIYK HOBHX

MIIXO/IB 10 3aCTOCYBAHHS Cy4aCHHUX MPOTPAMHHUX 3acO0IB MIATPUMKH MaT€MaTHYHOI
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