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CNNANH-®YHKLUNAMMN

EXPERIMENTAL DATA APPROXIMATION BY CUBIC SPLINE-FUNCTIONS

Po3pobsieHO MeToanKy anpokcumalii eKcCriepuMeHTaIbHUX QYHKUIA 3rnagxyBaibHUMU KyOidHU-
MU crulariHamy O4HOro aprymeHTy. EkcriepymeHTasibHy iHpopMaLuito onepXyBasiu LUISIXOM CKaHy-
BaHHSI i 06POBKN CKaHOBaHOro 306paXeHHs1 BUXiAHOI i 34epopmMoBaHOi KOOpANHATHOI CiTkn 3a
ZOrNoMororo crnewiajibHo Po3pP06IEHOro NPOrPamMHoOro Moay/Is.

PaspabomaHa memoduka annpokcumayuu sKkcrnepuMeHmarbHbIX OyHKUUU canaxusarouumu Kybudecku-
Mu cnnalHamu 00HO20 apeymeHma. JKcriepumMeHmarbHy UHGhopMayuto rnosyyanu rnymeM CKaHUpo8aHus u
obpabomkKu ckaHUPOBaHHO20 U30b6pakeHusi UCX00HOU U dehopMupOo8aHHOU KOOpPOUHamMHOU cemku rpu ro-
Mowu crieyuasnbHo pas3pabomaHHO20 Npo2pamMmMHO20 MOOYIIS.

There had been developed the procedure for experimental functions approximation by one argu-
ment smoothing cubic splines. The experimental data were obtained by means of scanning and
processing the scanned image of the initial and the deformed coordinate grid with the help of specially
developed program module.

Beryn

BukopucToByoUr eKCIepUMEHTAIBHO-PO3PAXYHKOBI METOAN PO3B’A3yBaHHS MPHUKIAHHUX 33124 00pOOKU
METaJIB THCKOM, TOBOAWTHCS MAaTH CIIPaBy 3 MAacHMBaMH CKCIICPHUMEHTALHHUX NAHWX, BiJ SKOCTI 0OpOOKH
SIKHX 3aJI€KHTh YCIIX PO3B’si3aHHs 3a1a4i B mijioMy. ExcriepuMeHTanbHa iH(opMaliis 3aBKau MICTUTb CHCTE-
MaTH4Hi IOXHOKH, 00YMOBIICHI METOJIOM BUMIPIOBAHHS 1 BUMAIKOBI MMOXUOKH, BUKIIMKAH] BUIIAJKOBUM PO3Ci-
SIHHSIM BUMIPIOBAHMX BEIMYMH. MaTeMaTtudHa oOpoOKa MOBHHHA BiOKPEMITIOBATH BHITAIKOBI MTOXMOKH Bif
JIOCHIDKYBaHOI 3ae)KHOCTI. [Ipy 11boMy BUXOISTE 3 TOTO, IO AOCIIKyBaHa (DYHKIIIS € HETICPESPBHOIO 1 IH-
(hepeHITiIOBaHO0, a BUIAIKOBI TIOXMOKH HE MArOTh Takoi BiuacTuBocTi [1, 2]. KpiM BUMOTr TouHOrO HabOIH-
KEHHSI 10 00'€KTIB, SIKI alPOKCUMYIOThCS, HEOOXiTHO 3a0e3MmeunTH BUKOHAHHS TPAaHNYHUX YMOB, BIIOMHUX 3
TEOPETHYHOTO aHANI3y MpoIecy (1€ YMOBH Ha OCI CUMETPIi, Ha TpaHMIIl TIPY)KHOI 1 IJIaCTHYHOT 30H Ta iH.) [3].
Briepuie nporpamuuii KoMIUieKe 3 moOYA0BU 3IIIADKYBATBHUX KyOIYHMX CIUIAMHIB Ta iX 3aCTOCYBaHHS VIS
3HAXO/DKEHHS KIHEMaTHKH OCECUMETPHYHOI 3a/1a4i 0yJ10 po3pobiieHo B podoTtax [4, 5].

Merta naHoi poOOTH HONATae y po3poOdLi METOLY, SKMH JO3BONUTH MiABUIIUTH TOYHICTH BUMIPIOBaHb
KOOpAMHAT BY3JiB JeQOPMOBAHOI AIMIBHOI CITKM 1 3HAYHO 3MEHIIUTH TPYAOMICTKICTh MPOLECY BUMi-
PIOBaHHS Ta MMOJANBIIOT alpOKCUMAIlii OTPUMAHNX EKCIIEPUMEHTATBLHUX PEe3YIIbTATIB KyOIYHUMH CIUIAH-
GyHKITi M.
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BcTynneHue

Mpu Mcnonb3oBaHWM 3KCMEPUMEHTaNbHO-PACYETHBIX METOAOB PELUEHUs NMpUKNagHbIX 3agady obpa-
OOTKM MeTannoB AaBfiEHMEM MPUXOAUTCS UMETb N0 C MacCUBaMM 3KCNEPUMEHTamNbHbLIX OaHHbIX, OT
KayecTBa 006pabOTKM KOTOPbLIX 3aBUCUT yCrex peLleHust 3adadum B LenoM. dkcnepumeHTansHast Hdop-
Mauus BCerga COAEPXUT CUCTEMATUYECKME MOrpeLlHOCTU, OOYCMOBMIEHHbIE METOAOM U3MEpPEHUs U
cry4aviHble MOrpeLlHOCTU, BbI3BAHHbLIE CIyYaliHbIM pacCesiHUEM MU3MepPsieMbIX BENMUYMH. MatemaTtude-
ckasi 0bpaboTka AoMmKHa OTAENATh CryYanHble MOrPEeLIHOCTU OT UCCneayemon 3aBucMMocTu. Mpu aTom
NCXoQsAT M3 TOro, YTO muccneayemasi pyHKUMA SBNsSieTCs HenpepbiBHOW U AnddepeHumpyemMon, a cny-
YalHble NOrpeLLlHOCTN Taknm CBOMCTBOM He obnapgatot [1, 2]. Kpome TpeboBaHui TOYHOro npubnmxe-
HWUst K 0ObeKTaM, KOTOpbIE annpPOKCUMUPYIOTCS, HEOOX0AMMO 0BecneyunTb BbINOMHEHWE MPaHUYHbIX YC-
NIOBWIA, U3BECTHLIX U3 TEOPETUYECKOro aHanuns3a npouecca (3To YCroBMs Ha OCU CUMMETPUN, Ha FpaHnLe
yrnpyrorl n nnactuyeckon 3oH U T. 4.) [3]. BnepsBble nporpamMmmHbIA KOMMAMEKC MO MOCTPOEHUIO Criaxu-
BalOLLMX KYOUYECKUX CNAaMHOB M UX MPUMEHEHWIO ANt HAXOXAEHUS KUHEMATUKN OCECUMMETPUYHOW 3a-
naun 6bin paspaboTaH B paboTax [4, 5].

Llenbto gaHHOM paboTbl SBnsieTcs pa3paboTka MeTona, KOTOPbIA NMO3BOMMT MOBLICUTL TOYHOCTbL U3-
MEPEHU KoOpAMHAT Y3roB AENUTENbHOW CEeTKU U 3HAYMTENbHO YMEHbLUUTL TPYAOEMKOCTb Mpolecca
N3MepPEHNIN N NOCreayoLlel annpoKCMaLumn NoNyYeHHbIX 3KCMepUMEHTarbHbIX pe3yrbTaToB Kybude-
CKMMM crnanH-gyHKUNSMN.

Introduction

During the application of the experimental and calculating methods for solving the applied
tasks of metal processing with pressure, it is necessary to deal with experimental data. The qual-
ity of their processing determines the successful solution of the problem on the whole. Experi-
mental data always include systematic errors, determined by the method of measuring and acci-
dental errors, caused by the accidental dispersion of the measured values. Mathematical
processing must separate casual errors from the dependence under research. In this case the
function under research is assumed to be a continuous and differential one — the property which
casual errors do not possess [1, 2]. Apart from the requirement of accurate approximating the ob-
ject, it is necessary to satisfy the boundary conditions known from the theoretical analysis of the
process (the conditions on the axis of symmetry on the boundary between elastic and plastic
zones, etc.) [3]. The programming complex for building smoothing cubic splines and their applica-
tion for finding the kinematics for the axisymmetrical tasks were first described in [4, 5].

The purpose of this work is to develop the method which will enable to increase the accuracy
in measuring the coordinates of the deformed grid nodes and to reduce considerably the labor
capacity in the measuring process as well as subsequent approximation of the obtained results by
cubic spline-functions.

AnpoxcuManisi MACHBIB eKCIIEPUMEHTAJIBHUX JaAHUX

B po06oTi posrismaeTbest BUTIAAOK, IO Ma€ MICIIE€ Y OCIHIKEHHI OCECUMETPUYHUX TIPOIIECiB 00poOKH
METaJiB TUCKOM, KOJH SIK BHXiJHa BUKOPHCTOBYETHCS iH(OpMalis Ipo CHOTBOPEHHS KOOPAMHATHUX Ci-
TOK a0o JiHi# Tedwii. Y IIbOMY BHIIAIKy €KCIIEPUMEHTANBHI JTaHi MPEACTABIAIOTh Y BUTIISAII TAOJIHIHO
3aJaHUX MAcHUBIB MOTOYHUX (EHIepOBUX) KOOPAMHAT Z, 7 Bil moyaTKoBHX (JlarpankeBux) z, 7 1 yacy t.

OyHKITIT eHIepoBUX KOOPAWHAT BiJ| JIAaTPaHKEBUX z(Zo, ¥o, ) 1 T (2o, 7o, ) MOKYTH OyTH OTPHUMaHI aIl-
POKCHMAIII€I0 €KCIEPUMEHTAIbHUX 3HAa4eHb 7;; (f) 1 z; j (f) BUMIpAHMX Yy By3lax CITKHM 1, j. OnHak,
PO3B’A30K 3aa4i 0araTOBUMIPHOTO 3T UKYBAJILHOTO CIUIaiHY OB’ SI3aHUN 3 LUTUM PSIIOM TPYIHOILIIB,
OCHOBHHUMH 3 SIKHX € IM00YI0Ba PO3B’s3KIB IS 33144 31 CKJIaJHOI KOH(DIrypaiiiero Mexi. ToMy crodatky
KyOIYHUMU CIUTalHAMU allpOKCUMYBAIU 3aJIeKHOCTI z(zy, 7y = const, ¢ = const), 7(zo, 7o = const, ¢ = const)
Ta 1H., 0 JEerko AU(EPSHIIOITHLCS 1 SIKI Haaaji JISTKO BUKOPHCTOBYBATH IS BU3HAYCHHS KOMITOHEHT
TeH30pa WBUAKOCTeH Aedopmaniii. B naniii poOOTI AN po3B’si3aHHS MMOCTaBJICHOI 3a1adi BUKOPUCTaH1
3rJ1aKyBajibHI KyOiuHI CIIAMHNA OJTHOTO apryMeHTy [6—9]

3 . .
Si(x)=Y aj(x-x), xe[x,x4], i=12,..,n—1... (1)
=0

Kpurepiem sikocTi anpokcumallii B 1bOMY BHIIAAKY € (GyHKLioHaT [9]
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X, - .
1(A)= f|s" (0 dx+ £1(5 - s(x)) )
X i=1P;

Iie f; — 3HAYeHHs 3TJIa/pKyBaHOI (YHKINT y By3Ji (3HauyeHue crnaxkusaemoi dyHkumm B yane; the value of
the smoothed in the node function), p;, > 0 — Barosi KoediiieHTH (Becosble koadpdrumeHTbl; weight factors),
[x1, x,] — oOmacth Bu3HadYeHHs GyHKIII f(x), (06nacTb onpegeneHus dyHkumm f(x), domain of the function
f(x).

3agaua 3riapKyBaHHS (POPMYIIOETBCS Y BUMIIAAL MiHiMiZawii ¢pyHkuionana (2). Ctpykrypa QyHKIio-
Hana (2) 3abe3nedyye KOMIPOMIC Mi’K BUMOTaMH MIHIMaJIbHOT KPUBHM3HH CILIaiiHy S(x) 1, 0qHOYACHO, HaM-
MEHIIIOTO BIIXWJICHHS CIUIAliHY BiJ 3a/laHUX EKCIIEPUMEHTAIbHUX 3HA4eHb. B OUIbIIOCTI BUMAAKIB IIi
BHUMOTH € CyNEePEUIMBUMH, TOOTO HAOIMKEHHS KPUBOI 10 EKCIIEPUMEHTAIBHUX TOYOK 301IbIIYE KPUBH3-
Hy 1 HaBnaku. HeoOXiHe CHiBBiHOIICHHS MK IMMU BUMOTaMH 3a0€31eUyEThC BHOOPOM BaroBUX KOe-
¢imieHTiB.
1.
J
Tpuner. [y ogepikaHHs 3aMKHYTOI CUCTEMH PiBHSHb HEOOX1THO 3a/1aTH TPAaHUYHI YMOBH. 3aCTOCOBYBa-
TH CIUTaWH-QYHKIIT ¥ 3a7a4aXx 00pOOKH METaIiB THCKOM 3py4YHO TOMY, 110 T'PaHHUYHI YMOBH 4acTO BiJOMi
3 IOCTAaHOBKH 3aJ1adi.

Hampukiian, s 0CeCUMETPUYHOTO IIACTUYHOTO Ne(hOpMyBaHHS HA OCI CHUMETpii 3arOTOBKH BHKO-
HYIOTBCS YMOBHU

3Hax0KCHHS KOCS(DIIIEHTIB 4’ 3BOAUTHCA 0 PO3B’SA3KY CUCTEMH PIBHSIHD 3 I SITHIIarOHAJIBHOK Ma-

o%r
90, Or_y 9z_, 3)
(9102 0% or

Lle no3BoJIsIE TOYHO 3aJaBaT TPAHUYHI YMOBH, 1[0 3HAYHO ITiABHULIYE TOYHICTH OOUUCIIEHD.

IIporpama obuuciieHHs crutaiiHy (1) T03BOJISE JETKO BUKOHATH PSIT OTIEpaIliii Haj TaOJIMIHO 3aTaHH-
MU QyHKOisIMHA. Y mporpaMmy BKJIIOYEHA Mpouenypa oO04YHMCIeHHS 3HaYeHb CIUTaiH-QyHKUIT 1 i1 nepmoi i
JIPYroi MOXITHUX y MOBLIBHIM TOUIl 00JacTi BU3HAYEHHS, a TAKOXK MPOLeAypa modyaoBu rpadika cruiai-
Hy. BuOip BaroBux koedili€HTiB p; BUKOHaHUH 32 METOAMKOIO, onrcaHoio y [9]. Pozpobnena npouenypa,
110 peanizye iTepaliiHui mpouec BUOOpY BaroBux koeginieHTiB. Barosi koeginieHTH BUOUPAIOTHCS TaK,
11100 3a0€e3MeunTH HaHOUIBIINY IIaJKICTh CIUTAMHY 1 33JJOBOJIBHUTH YMOBY

- S(x)| <8, i=1,...,n, (4)

ne O; — aOCoIIOTHA MOXHUOKA €KCIIEPUMEHTAIBHOTO 3HAYCHHS QYHKIIIT f; (TOX1OKa BUMIpIOBaHb KOOPIH-
HaT TOUKH (7;;; z;;)) (aBCOMNOTHAs NOrPeLIHOCTb SKCNEPUMEHTANBHOTO 3HauYeHUst PYHKLMK f; (MorpeLHocTb
n3mepeHus koopamHaT Toukm (r;,; z;;), the absolute error of the function fi experimental values (the error of the
point (r;;; z;;) coordinates measurement).
ITepamiitamii mporec MPOIOBKYETHCS TOTIOKH He Oyae BUKOHAHO YMOBY (4) JUTsl yCiX BY3JIiB CIUIAHHY.
Indopmariro mpo BUXiAHY i CIIOTBOPEHY KOOPIMHATHY CITKY OJIEp)KyBalll IUIAXOM i1 ckanyBaHHs. OOpo0-
Ka CKAaHOBAHOT'O 300pa)KEHHS MUIMIBHOI CITKH Ha Oyab-sKii cTafii 1eopMyBaHHS 3a JOIOMOIOK po3podJie-

HOTO HAMM HPOTPAMHOTO MOJIYIIS IO3BOIISIE  [osmtomsswaspossios 0o s b o wpsmme i
CTBOPHUTH 023y JJAHUX KOOPJIMHAT BY3JIOBHX | o rmstoo 1T 2 e e o
TOUOK CiTku. OTpUMaHi JaHi 3amuCcyroThCs ' ' T
B pobouux nmictax (aiiina Microsoft Excel i
BUKOPUCTOBYIOTBCS JUIS ITOJANIBLION aIllPOK- :...W..
cumaiiii. Takuii crociO MT03BOJIKMB 3HAYHO o
3MEHIINTH TOXHOKY BHUMIPIOBaHb KOOPAU- prs € 2
HAT BY3J1iB KOOP/JIMHATHOI CITKH J;. e
Y pobouomy BikHI PO3pOOIIEHOI TPO- e
rpaMyd  BIKPHBAIOTH (haiil 300paXkKeHHS %
¢dopmary *. bmp (puc. 1). Haruckaroum P T

JBOIO KJIABILICI0 MHUII Ha 300pakeHH,
BUOMPAIOTECS TOYKU JUTHIBHOI CITKH, Puc. 1. Po6ode BikHO mporpamu

KOOPJIMHATHU SKUX HEOOXiIHO BH3HAYMTH. Puc. 1. Pabouee okHo nporpammel
Fig. 1. Program window
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ITopsimok 3amaHHS KOOPAWHAT BY3JIIB ITOBHHEH BIAMOBiAATH JiHII Tedii MeTamy B mporeci medopmariii.
OTprMaHi KOOPAUHATH 3aHOCAThCS Y (aitn enekrponHoi Tadmuii Excel (puc. 2).

[=] Microsoft Excel - 4.XLS _ o] x|
[H] wsiin  Opseka Baa  BeTapka  MopMAT  Cepevc  AakHbe ORkHO  CMpasks I
DEdem SRY §b@®- @ = -a Ao - @)
Avrial Cyr ~10 - K KY E==B 9 % =EE LD A L
Ad - £ dwl_stage

A B c o) E F G H | J K L I M (o) P =l
1 [B_stame Towl_row | dwi_col dwl_x dwl_y dwr_koef s dwr_koef_y dwl_x0 dwi_y0 =
2 a 1 1 492 " 21
3 1] 2 2 520 242 " 21
4 o 3 3 545 302 Al 21
g o 4 4 563 362 Al 21
B o a 5 o84 446 " 21
7 o B B 8597 522 " 21
8 a 7 7 GB04) B4D " 21
g a a8 8 B11] 730 " 21
10 o El 9 B16| 838 Al 21
11 o 10 100 818 930 Al 21
12 o 1 11 602 1018 Al 21 -
13 o 12 12 579 1088 " 21
14 o 13 13 861 1136 " 21
15 a 14 14 540 1180 " 21
16 1] 15 15 538 1232 " 21
17 o 16 16 536 1276 Al 21
18 o 17 17 631 1314 Al 21
19 o 18 18 631 1354 " 21
20 o 19 18 524 1356 " 21
a1 n N fe'ul EDG 1440 A4 21 i
W 4 r nhd_resultol / [« | v
FoToso MU

Puc. 2. ®aitn MS Excel, y sikoMy 30epiraroTbCst 3Ha4eHHsI KOOPAUHAT BY3JIOBHX TOUOK
Puc. 2. ®anin MS Excel, B KOTOPOM XpaHATCHA 3HAYEHUs1 KOOPAMHAT Y3MOBbIX TOYEK
Fig. 2. MS Excel file with the values of nodal points coordinates

ATIpOKCHMYIOUH OTpHUMaHl €KCTIIepUMEHTAIbHI JaHHI, 3aJaBaMCS TPAaHUIHHUMH YMOBaMH aHAJIOTid-
aumu (3), a TaM [e TpaHHUHi yMoBH He Binomi — mpuitvanu S'(0) = S'(n) = 0. Onepyroun excrepuMeH-
TaTLHUMHU TaHUMH, OOUHCITIOBAIIA 3HAYCHHS JPYTUX MOXiTHUX (YHKINT y By3JIax alpoKCHUMAIlli 3a METO-
VKOO [9], 110 103BONMIO OOYUCTUTH 3HAUYEHHS CIUTAHH-QYHKIIH Y BY3IOBUX TOUYKaX CiTKH.

Bumnuiemo B po3ropHyTOMY BUTJISIII CHCTEMY PiBHSIHB, SIKY HEOOXiTHO pO3B’A3yBaTH B pa3i NOOYI0BU
3TJ1a/PKYBaILHOTO CIUTAMHY. Y HETEepioAMIHOMY BHITAJIKy BOHU MAIOTh IT ATHAIarOHAIBHY CTPYKTYPY [9]

ayMy + by My + My = 8y;
My + ay My + B My + g M3 = g;
CiaMig+ by My +aMy+ bMiy + My = 8, i=2,...,N=-2 &)
eN-3My_3 + by oy My_y + ay 1 My_y + by My = Syvy;
N2 My + by My_y + ayMy = 8y-

KoedimienTn 1i€ei cucTeMu BU3HAYaOTHCs (HhOpMyJIaMu

2
1 1 1 1 1 . ]
Eljzg(]]j_1+bj)+zpj_1+ E'FI—II pj+b—12pj+1, I=1,2,...,N—1,

1 1 1 1 1 1
b==h——||—+—|p;+|—+—|ps |, i=12 ..., N=2 6
o ©

C—— o io12. N-3
Ty, P TR
o _ 0 o _ 0
g =R A A A o) N
by by
SIk1o 3rmapKyBaNbHAN CIUIAHH 33/I0BOJIEHSE YMOBH s /(O) =5 /(n) =0, T0
ag=ay=1 Bh=q=cyo=by1=8 =8y =0 (7)

Jns pos3m’sizanHs cucTeMH (5) BUKOPHCTOBYBAIM aJTOPUTM pPO3B’S3KYy CHCTEMH pIBHSHb 3
I’ ITUTiarOHATBHAMH MATPHILAMH, 3aCHOBAHHI HAa PO3KJIaNaHHI MaTpHIb cucTeMu y Burnsami LWL, ne L
— HIKHS TPUKYTHA MAaTpHLS 3 OJUHUYHOIO A1aroHAILTIO, a W — AiaroHanbHa MaTpHULs 3 TO3UTUBHUMHU
enemMeHTamu [9].

[Ticna oGuncnenns M; i3 cuctemu (5) 3HaUCHHS CIUTAlHY Z; BU3HAYAIOTHCS CITiBBIHOIICHHIM
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z,—2 =p,D, i=0,... N, (8)
MIPUYOMY
1
Dy :Z(M_Mo);
1 1 .
D; = (Mg = M) = ——(M; = Myy), i=1,..,N—1 ©)
h, B
—1
DN = b_(MN - MN%)'
N-1

HaiiBasxnuBimoro 3amaueto y moOyI0Bi 3rIaKyBalIbHOTO CIUIAHy € BUOiIp BaroBUX KOe(iLi€HTIB pj.
3a3zHaummo, o AKImo p; = 0, TO 3rIAHKYyBATBHUN CIUIAHH TEPETBOPIOETLCS B IHTEPIOIAIIHHIN. 3BiACH

BUILTMBAE, 110 YUM TOYHIIIE 33JaH0 €KCIIEPUMEHTAIbHI 3HAUCHHS KOOPAUHAT Z? y BY3JaX CITKH, THM
MEHIIIMMH TIOBUHHI OyTH BaroBi MHOXHHKH p;. B mpakTHuHmX 3amavax 3a3BU4ail BiZlOMi IOMUJIKH Y BH-

3HAYCHHI BEIMYUH Z? , TOOTO ‘ A —z|{<8, Ne z; — 3HAYEHHA CIUIakiHy. Y 1ii cuTyawii mpupoaHO 1m0-

OakatH, MO0 3rTADKYBATBHIN CIIIAHH S(X) 3a70BOJLHAB YMOBY (4), SIKY TIEPETHUIIIEMO y BHTIISIL

9 <38, i=0,...,N, (10)

Zi —Zi

a6o pi|D|<8; i=0,...,N... (11)

Ili oOmexeHHs Oy BHKOPHCTaHI Il OOYMCIICHHS BaroBUX MHOXHHKIB p;. 1100ymoBaHO iTepartiiiHwmii
HpoLeC, peani3allist IKOro J03BOIMIIA OiepKaTH HeBiloMi M; 1 MHOMKHUKH p;

(A+ GHRU‘)HT) MP = 6P (12)
5. .
i , akmo (ecn, if) DII‘ = 0;
o0 | /o w
0, axmo (ecmu, if) le =0,
ne k — Homep iTeparii (Homep utepauuu; the iteration number).
Martpuii 4 i H MarOTh TaK¥id BUTIIST
_ 0 . _
0 5 N
by ) by
4l | (14)
hy_s 1voy By
hy oy 1y 0
L O 1 .
[0 0 0 i - -
1 1, -1 1 Pt
K'Y -(B' 5 4
H=1 . . ) . .5 R= . . (15
1 _ 1 1
by - (]1/\/—2 + ]11\/—1) Ay
I 0 0 0 | : PN ]
3B'130k Mixk M, 1z; BU3HAYAETHCS MATPUUHUM PiBHAHHAM

AM =6 Hz (16)

Sk movaTKoBe HaOMMKEHHS Opanu p? = 0, 1o BiANOBiga€e IHTEPNOISALIHHOMY CIUIaHHY 31 3HAYCHHSAMU
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D, = D,O . Iteparniiinuii mporiec MPOAOBKYETHCS TOTIOKH 3HAUCHHSI CIUIalHY z; Y By3JlaX CITKH HE BUSIBIATH-

Cs B «KOPHIIOPI», IKWH BU3HAYAETHCS ciiBBigHOMICHHM (10).

Y po6oTi onTUMankHI 3HAYCHHSI CIUIAMHY z; Y BY3JIaX CITKH OyJH OTpHMaHi JUIsl 3HaYeHb BarOBUX KO-

e(iLi€eHTIB, M0 BIANOBIAAIOTH MOXHOKaM BUMiproBaHb &; < 0,01.

Po3pobnenuit mporpamMHuii MOy b BUKOPUCTAHO AJISI allpOKCHMALlil eKCTIEPUMEHTAIBHUX 3aJIeKHOC-

TeH 7 Bl y 32 YMOBH z = const JyIsl IPOIIeCy IPSMOTO BUAABIIIOBaHHA. YacTHHY OTpUMaHUX 3TJ1a/KyBa-
JHHUX KPUBUX MOKA3aHO Ha pucC. 3.

ExcniepumeHTanbHi 3HaYeHHS (IKCIepUMEHTAIbHBIC 3HaYeHNUs; experimental values)
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§,<0,01
Puc. 3. I'padhmkm cnnaviH-gyHKUNUA, NONyYeHHbIE AN 3HAYEHUI BECOBbIX KO3 (ULNEHTOB, COOTBETCTBYHOLLIMX
norpeLuHocTsm usmepernii 5, < 0,01

Fig. 3. Spline-function plots, obtained for the weight factors values, which correspond to the measurement errors 3, < 0.01

AnnpokcumMauuss MacCUMBOB 3KCNEepPUMEHTaNIbHbIX AaHHbIX

B pabote paccmatpuBaeTcsa cryyaw, MMeEKOLWUA MEeCTO Mpu MccneaoBaHUUM OCECMMMETPUYECKUX
npoueccoB 06paboTky MeTannoB AaBneHMeM, Korga B KayecTBe NCXOAHON UCNofb3yeTcs MHpopmaums
06 MUCKaXeHUM KoopAMHATHBLIX CEeTOK UMW NMUHWUIA Toka. B aTom cnyyae akcnepuvMeHTanbHble AaHHble
npeacTaBnsaloT B Buae TabnmyHo 3agaHHbIX MacCUBOB TEKYLUMX (3/NepoBbIX) KOOPAMHAT Z, I OT UCXOA-
HbIX (NarpaHxeBblX) Zy, fp U1 BpeMeHwu t.

®yHKUMM 3NEPOBbIX KOOPAUHAT OT farpaHXeBblX Z (Zy, Iy, t) U r (Z, ry, t), MOryT BbITb NOMyYeHbl an-
NPOKCHUMaLIMen aKCepUMeHTarbHbIX 3HaYeHui r;; (f) u z;; (t), namepeHHbIX B yanax ceTku i, j. OgHako, pe-
LWeHne 3a4avM MHOrOMEpPHOro CriaxuBalowWero cnnanHa CBA3aHo € LenbiM psaoM TpyaHOCTEW, oc-
HOBHOM M3 KOTOPbIX SABMASETCA MNOCTPOEHME peLUeHUn Ana 3agad Co CrOXHOW KOoHdurypauuewn
rpaHuubl. oaToMy cHayana Kybuyeckumy cnnavHamu annpoKCUMMpOBaNU 3aBUCUCMOCTU Z (Zo,
ro=const, t = const), r (zy, ry = const, t = const) n gp. koTopble nerko auddepeHLMPYIOTCS U KOTOpbIE B
JanbHellleM nerko Mcnomnb3oBaTb AN ONpefeneHus TeH3opa ckopocTen aedopmauuin. Noatomy B
OaHHoW paboTe Ans pelleHMs NOCTaBNEHHOW 3adaynM MCNOMb30BaHbl CriaxuBarowme Kybudeckue
cnnariHbl ogHoro aprymenTa (1) [6—9].

KpuTeprnem kayecTBa annpokcrMaLlmm B 3TOM cny4vae sBnsaetcsa dyHkumoHan (2) [9].

3apava crnaxuBaHus opMynupyeTcs B BUAE MUHUMM3aUUK dpyHkumnoHana (2). CTpykTypa dyHk-
unoHana (2) obecneumBaeT KOMMPOMUCC MexXay TpebOBaHUAMN MUHMMANbLHOW KPUBU3HBI cnnanHa S(x)
n, B TO Xe BpeMs, HauMEHbLLEro OTKIOHEHNS ChnanHa OT 3aJaHHbIX SKCNepUMEHTanNbHbIX 3HadYeHun. B
fonbLMHCTBE cny4vaeB 3T TpeboBaHUA NPOTUBOPEUMBLI, TO €CTb NPUBNMKEHNE KPUBOM K SKCNEPUMEH-
TanbHbIM TOYKaM yBENWYMBAET KPMBU3HY N HAoOopoT. Heobxoammoe COOTHOLLEHNE Mexay 3TMMMK Tpe-
boBaHusiMm obecnevnBaeTcs BbIODOPOM BECOBbIX KOS PULNEHTOB.

HaxoxgeHne koapduruneHTos a}-

mMaTpuuen. na nonyvYeHnss 3amMKHyTOW CUCTEMbl ypaBHEHUI HeOoBXoAMMO 3adaTb rpaHWUYHbIE YCMNOBUS.
Wcnonb3oBaTtb cnnavH-pyHKUMKM B 3afavax o6paboTkM MmeTannoB gaBrneHneM ygqobHo noTomy, YTo rpa-
HWYHbIE YCNOBUSA M3BECTHbI U3 NOCTAaHOBKW 3a4auyu.

Hanpumep, ons ocecMMMeTpUYecKoro nnactnyeckoro AeopMmMpoBaHNs Ha OCUM CUMMETPUM 3aro-
TOBKW BbINONHSAOTCA ycnosus (3).

OTO No3BONSET TOYHO 3afaBaTb MPaHUYHbIE YCIOBMUS, YTO 3HAYUTENbHO MNOBbLIWAET TOYHOCTb Bbl-

CBOOUTCA K peLleHNd CUCTEMbI ypaBHeHMVI C nATUAMaroHanbHon
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YNCIEHWIA.

Mporpamma BbluMcneHns cnnanHa (1) no3BonseT fAerko BbIMOMHUTL PS4 onepauvn Hag TabnuyHo
3aaHHbIMK (byHKUMAMKU. B nporpaMMy BKOYeHa npoueaypa BblYMCNEHUST 3HAYEHWUI cnnaiH-yHKLMK
N ee NepBoOK 1 BTOPOW NPOM3BOAHONM B MPOM3BONLHON TOYKE 06nacTy onpefenexus, a Takke npowueay-
pa nocTpoeHus rpadmka cnnaviHa. Beibop BecoBbIX KOI(PEULUNEHTOB p; BLIMOMHEH NO METOAMKE, ONu-
caHHon B [9]. PaspaboTtaHa npoueaypa, KoTopasi peanu3yeT UTepaunoHHbIn npouecc Bblbopa BECOBbIX
KoapmumeHToB. BecoBble koachdpuumeHTsbl BoibrpatoTca Tak, 4Tobbl obecneunts HambonbLUyo rnaa-
KOCTb ChfanHa v ygoBneTBOpUTb YCroBuio (4).

WTepauunoHHbIn npouecc NpogormkaeTca A0 Tex Mop, noka He OyadeT BbINOMAHEHO ycrosue (4) ans
BCEX Y3M0B ChnanHa.

UHdopmauno 06 ncxogHom n 4edopMUpOBaHHOW KOOPAMHATHBIX CEeTKax Moriyyanu nytem ee cka-
HupoBaHusa. ObpaboTka CKaHMPOBAHHOrO U300paKeHUs AenuUTEeNbHOW CEeTKM Ha Kakon-nmbo craguu
nedopMMpoBaHNs NPU NOMOLLM pa3paboTaHHOro Hamy NPOrPaMMHOro MoAyrsi No3BossieT co3aaTtb ba-
3y AaHHbIX KOOPAUHAT Y3MOBbIX TOYEK CeTKW. Mony4eHHble faHHble 3anMCbiBalOTCs Ha paboymnx nmuctax
danna Microsoft Excel n ncnonesytotca ang ganbHenwern annpokcumauun. Takon cnocob nossonun
3HAYUTENBHO YMEHBLUNTbL MOTPELUHOCTb U3MEPEHUIA KOOPAMHAT Y3/10B KOOPANHATHOMN CETKM J,.

B paboyem okHe paspaboTaHHOM MporpamMmbl OTKpbIBAOT dharn m3obpaxeHuns dopmarta *. bmp
(puc. 1). Haxxnmas neBon knaesuLen MbIWK Ha n3obpaxeHun, BbIBUPAOTCS TOYKM OEenUTENbHON CeTKM,
KoopaMHaTbl KOTOPbIX Heobxoaumo onpeaenuTb. Nopsaaok 3agaHvs KoopaMHAT Y3NOoB AOMMKEH COOTBET-
CTBOBATb JIMHUK TOKa MeTansna B npouecce gedopmauun. MNonyyeHHble KoopanHaThl 3aHOCATCS B chann
9NEKTPOHHOM Tabnuubl (puc. 2).

[ns annpokcMMaumy nosyyYeHHbIX 3KCMepMMEHTanbHbIX OaHHbIX 3aaBanucCb rPaHUYHbIE YCMOBUS
aHarnornyHble (3), a TaM rae rpaHUyHble YCroBust He u3BecTHbl npuHnmanu S’(0) = S’(n) = 0. Onepupys
SKCNEpPUMEHTamNbHbIMU AaHHLIMU, BbIMUCNSANM 3HAYEHUS BTOPbIX MPOU3BOAHLIX (PYHKUMM B y3rax an-
NpoKCcMMaumm No MeToauke [9], 4TO NO3BONUMO BbIYUCAUTL 3HAYEHUSA CrnanH-PYHKUUA B Y3MOBbIX TOY-
Kax CeTKMu.

Bbinuwiem B pasBepHyTOM BUAE CUCTEMbI YPaBHEHUI, KOTOPblE HEOOXOAMMO peLuaTth Npu NOCTPOEHUN
CrnaxvBaroLLero crnnanHa. B Henepuoanyeckom criydae oHM MMEIT NaTuanaroHanbsHyto cTpykTypy (5), [9].

KoahdumumeHTbl aTOM cuctembl onpegenstotcs chopmynamm (6).

Ecrnu crnaxuiBatoLmii cnnaitH yaosneTsopsieT yenosusim S”(0)= S”(n)=0, To (7).

Ons peweHna cuctembl (5) UCNONb30BanNM anropuTM peLUeHUst CUCTEM YpPaBHEHWIA C MATUAMaro-
HaNbHLIMI MaTpULLAMI, OCHOBAHHbI Ha Pa3fnoXeHUn MaTpuL, cuctemsl B Buae LWL, roe L — HuxHss
TpeyronbHasa MaTpuua ¢ eAUHUYHON anaroHanbeto, a W — amaroHanbHasi matpuua ¢ NonoXuTenbHbIMU
anemeHTamu [9].

Mocne BblumcneHna M; u3 cuctemsl (5) 3HaveHns cnnamHa z; onpeaensitoTcs COOTHOLLEHNEM (8).

Haunbonee BaxHoW 3agadyeri NpM NOCTPOEHUM CrMaXuBaloLLero cnnarnHa sBnsieTcs Bblbop BECOBbIX
KoappmumeHToB p,. OTMeTUM, 4TO ecnm p; = 0, TO CrNaXuBarLWUn cnNnamH NpespaLlaeTcs B UHTEPMo-

NAUMOHHbIN. OTCloda BbITEKAET, YTO YEM TOYHEE 3adaHbl SKCnepumMeHTalrbHble 3Ha4YeHnA KoopanHat ZIo

*

B y3nax CeTKW, TeM MEeHbLUMMWU OOJKHbI ObITb BEcoBble K03d3d)VILI,VIeHTbI Pi- B NPaKTU4eCKnxX 3agadax

0

0ObIYHO U3BECTHbI norpewHoCTn B onpegeneHnn senimvymH Z,Q, TO €CTb ‘Z/-

—z,‘séi,, rae z; — 3Hade-
HUS cnnanHa. B aTon cuTyauum eCcTeCTBEHHO MoXenaTtb, YTOObI CriaxuBarowun cnnanH S(x) yoosne-
TBOPSAN ycrosuio (4) kotopoe nepenuwem B Buge (10) nnm (11).

OTN orpaHMyeHns BbINM UCNONb30BaHbl AN BbIYMCIEHUS BECOBLIX KO3hdMLUMeEHTOB p;. MocTpo-

€H VITepaLI,VIOHHbIVI npouecc, peannsauna KOToporo no3sosinna nonyynTtb HEN3BECTHbIE M,- n MHO-

xutenum p; (12), (13).
MaTpuubl A u H nmetot Bug (14) n (15) cooTBETCTBEHHO.
Cssi3b mexay M, v z; onpegenseTca maTpuyHbIM ypaBHeHneMm (16).

Kak HavyanbHoe np|/|6n|/|>|<eH|/|e npuHUMann p? = 0, 4YTO COOTBETCTBYET MHTEePNnOoALUNOHHOMY cnnawm-

HY CO 3Ha4veHunamu Di =D,o MTepaLI,I/IOHHbIVI npouecc npoposnkaetca OO0 TexX Nnop, noka 3Ha4veHusa

cnnariHa z; B y3rax CeTKN He OKaXKyTCs B «Kkopuaope», KOTopbln onpegenserca cootHoweHmem (10).
B pabote onTuManbHble 3HaYEHUS CrnaHa z; B y3nax CeTKu Obinn nomyyeHbl Npu 3Ha4YeHnsIX BeCo-
BbIX KO3 PULIMEHTOB, KOTOPbIE OTBEYAIOT NorpeLlHocTaM nsmepenun §; < 0,01.

Pa3pa6OTaHHbll;1 ﬂpOFpaMMHbIl;I MoAyIb NCNONb30BaH AOJ1A annpokCcMMaunn akCnepnMeHTarbHbIX 3a-
BUCUMOCTEWN I OT Iy npu z = const ang npouecca NpsSMoro BbigasBrnmnMBaHUs. Yactb NONy4YeHHbIX CrinaXxwu-
BalLWMX KPUBLIX NMpuBeaeHa Ha puc. 3.
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Experimental data arrays approximation

The paper considers the situation, which takes place during the research of the axisymmetric
processes of metal processing with pressure, when the information on the distortion of coordinate
grids or flow lines is used as initial information. In this case the experimental data are presented
in the form of tabular arrays of the current (Eiler) coordinates z, r from the initial Lagrange coor-
dinates z,, r, and time t.

The functions of Eiler coordinates from Lagrange, z (zy, ro, f) and r (zy, ry, t), can be obtained
by the approximation of experimental values of r; (f) and z; (f) measured in the grin nodes i, j.
However, the solution of the multidimensional smoothing spline task involves a number of difficul-
ties, the main of which are connected with building the solutions for the tasks with complex boun-
dary configuration. Therefore the relationships z(z, r, = const, t = const), r(z, r, = const,
t = const) were the first approximated by cubic splines. These relationships are easily differen-
tiated and then are easily used for estimating the components of the deformation rate tensor. So
in this paper one argument smoothing cubic splines are used to solve the problem (1) [6—9]

In this case the approximation quality criterion is the functional (2), [9]

The problem of smoothing is formulated in the form of functional minimization (2). The struc-
ture of the functional (2) provides a compromise between the requirements of the spline S(x) mi-
nimal curvature and, at the same time, the spline least deviation from the prescribed experimental
values. In most cases these requirements are contradictory, i. e. the curve approximation to the
experimental points increases the curvature and visa versa. The necessary relations between
these requirement are provided by the right choice of weight factors.

The estimation of aj. factor is confined to the solution of the equation set with penta-

diagonal matrix. In order to obtain the closed set of equations it is necessary to set the boun-
dary conditions.

Application of spline-functions in the problems of metal processing with pressure is convenient
because the boundary conditions are often known from the problem formulation.

For example, in axisymmetrical problems the following conditions are satisfied on the work-
piece axis of symmetry (3).

This enables accurate specification of boundary conditions, which considerably improves the
computation accuracy.

The program for spline computation (1) allows to perform a number of operations on tabulated
functions. The program includes the procedure for the compitation of spline-function values and
its first and second derivaties in a random point of the function domain as well as the procedure
for spline plot construction. The choice of weight coefficients was made using the procedure [9].
There had been developed the procedure that realizes the iterative process of choosing the
weight factors. The weight factors are chosen so that they provide the highest smoothness of the
spline and satisfy the conditions (4).

Iterative process continues until the condition (4) is satisfied for all nodes of the spline.

Information on the initial and the distorted coordinate grid was obtained by means of its scan-
ning. Processing of the coordinate grid scanned image at any deformation stage with the help of
the developed program module, allows to create a data base of the grid nodal points coordinates.
The obtained data are written in the working sheets of the Microsoft Excel file and are used for
further approximation. This method enabled to reduce considerably the measurement error the
coordinates of the grid §, nodes.

In the window of the developed program the image file of the *. bmp format (fig. 1) is opened.
By clicking on the image with the left mouse button the grid points, which coordinates must be de-
termined, are chosen. The order of settings the node coordinates must correspond to the line of
metal flow in the deformation process. The obtained coordinates are written in the file of an Excel
electronic table (fig. 2).

For the obtained experimental data approximation, the boundary conditions similar to those in
(3) were set. And if the boundary conditions were unknown it was assumed that S”(0)= S”(n)=0.
Using the experimental data, the values of other derivative functions in the approximation nodes
were estimated by means of procedure [9], which enabled to calculate the values of spline-
functions in the nodal points of the grid.
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The equations to be solved for the construction of a smoothing spline were written in an ex-
panded form. In a non-periodical case they have penta-diagonal structure (5), [9].

The factores of this system are determined by the formulas (6).

If the smoothing spline satisfies the conditions S"(0) = S”(n) = 0, then (7).

For solving the equation set (5) the solution algorithm for the equation sets with penta-
diagonal matrices was used. This algorithm is based on the system matrices decomposition in the
form LWL, where L is a bottom triangular matrix with single diagonal and W — diagonal matrix
with positive elements [9].

After calculating Mi from (5), the values of spline z; shall be determined by correlation (8), (9).

While building a smoothing spline, the most important problem is the choice of weight fac-
tors p;. It should be noted that if p; = 0, the smoothing spline is transformed into an interpo-
lated one. It follows that the more accurately the experimental values of z? coordinates in

grid nodes are set, the smaller the weight factor values will be. In practical tasks there could

certainly be errors in the estimation of the z,o values, i. e. ‘Z,-O —z,-‘ <9§;, were z is the spline

value. In this situation it is quite natural to wish the smoothing spline S(x) to satisfy the condi-
tion (4) that can be rewritten as (10) or (11).

The limitations were used to calculate the weight factors p. We have buiilt the iterative process, the
realization of which enabled to obtain the unknown quantities M, and factors p; (12), (13).

The matrices A and H have the following form (14), (15).
The relationship between M, and z; is defined by the matrix equation (16).

As the initial approximation it was assumed that p? =0, which corresponds to the interpolat-

ing spline with the values of D, = D,-0 the iterative process is going on until the value of spline z

in the grid nodes turns to be in the «corridor» defined by the correlation (10).
In this paper the optimal values of spline z; in the grid nodes were obtained for the weight fac-
tors values which correspond to the measurement errors §; < 0,01.

The developed program module has been used for the approximation of the experimental rela-
tionships r versus r, when z = const for the direct extrusion process. Some of the obtained
smoothing curves are presented in fig. 3.

BucHoBku

Po3pobneHo MeTOAMKY pO3paxyHKY XapaKTepUCTUK KiHEMATHUKH JeQOpMYyBaHHS Ui OCECUMETPUY-
HHUX IpoIeciB 00pOOKH TUCKOM, SIKa OCHOBAaHA Ha alpoKCUMAallii eKCIepUMEHTATBHUX (GYHKLIN 3raamxKy-
BaJIbHUMH KyOIYHMMH CIUIaifHAMH OHOTO apryMeHTy. [HdopmMalliro mpo BUXITHY 1 CIIOTBOPEHY KOOPIH-
HATHY CITKY OJICpP)KyBaJli IIIIIXOM 11 CKaHyBaHHS W 0OpOOKHM CKaHOBAHOTO 300pakKEHHS MITMIBHOI CITKH
3a JJONMOMOTOI0 PO3pOOJIEHOrO MPOrPaMHOTr0 MOAYJIS, IO J03BOJIIE CTBOPUTH 0a3y AaHUX KOOpIMHAT
BY3JIOBHX TOYOK CITKH.

BbiBOAbI

Pa3paboTaHa MeToauKka pacyeTa XapakTepuUCTMK KMHEMATUKN 4edhopMUPOBaHUS NpY OCECUMMETPH-
Yyeckux mnpoueccax o6paboTKM [aBfieHWEM, OCHOBAHHas Ha anmnpoKCUMaUMW 3KCMepUMeHTamnbHbIX
bYHKUMIA CrnaxuBatoWmmy KybuyeckuMmn cnnaiHamm ogHoro aprymeHTa. MHdopmMaimio 06 CXoaHow 1
AedopMUpoBaHHO KOOpAMHATHOWM CEeTKe Nonyyanu nyTemM ee ckaHMpoBaHUA 1 06paboTky cKkaHWpOBaH-
HOro U306paXKeHNs OenmTenbHON CeTKM Npu noMoLy pa3paboTaHHOro MporpamMMHOro MoZyrnsi, no3eo-
nsoLero cosgatb 6a3y AaHHbIX KOOPAMHAT Y3MOBbIX TOYEK CETKM.

Conclusions

There had been developed the methodics for the calculation of the deformation kinematics
characteristics for the axisymmetrical tasks, based on the approximation of experimental func-
tions by one-argument smoothing cubic splines. The information on the initial and the distorted
coordinate grid was obtained by means of its scanning and processing of the coordinate grid
scanned image using the developed program module. It enables to create the data base of the
grid nodal points coordinates.
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PekomeHpoBaHa kadenpoto TexHonorii Ta aBToMaTm3alii MalmHobyayBaHHs

Hapginwna go pepakuii 20.09.05
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Kouytoodiecoka Kamepuna Isaniena — acucrent, Cyxopykoe Cepeiii Ieanoeuu — acmipant
Kadepnpa TexHornorii Ta aBTomaTtusadii MawmHoOyayBaHHS;

Knouko Bimaniii Ieanosuy — 3aBinyBad kadeapH BUILOI MAaTEMATHKH,
BiHHMLbKUI HaLiOHaNbHUIA TEXHIYHUIA YHIBEPCUTET;

Yyoamwk Anvona Banenmuniena — marictp xadenpu teopii HMOBIpHOCTEH i MaTeMaTHYHOT CTaTUCTHKH.
KuiBCbkuin HauioHanbHU yHiBepcuTeT iMeHi T. LeByeHka

Kourob6ueckass EkamepuHa MeaHoeHa — accucTeHT, Cyxopykoe Cepzeli MeaHogUY — acnunpaHT
Kad)enpa TexXHOoJIormm n aBTomaTmsaunm MmallMHOCTPOEHUA;

Knouyko Bumanutl UeaHoeu4y — 3asefyolnii Kadheapow BbiCLLUEN MaTEMaTUKK.
BUHHULKUIA HAUMOHaNbHBIN TEXHUYECKUIA YHUBEPCUTET;

Yyb6amiok AnboHa BaneHTuHiBHa — wmazicmp kaghedpu meopii (mosipHocmell | Mamemamu4HOI
cmamucmuku.

KneBckuin HaumoHanbHbIA yHMBepcUTeT MmeHu T. LLieByeHko

Katerina Kotsubivska — Assistant, Sergiy Suhorukov — Post-Graduate Student.

Chair of Machine-engineering Technology and Automation;

Vitaliy Klochko — Head of the Chair of Higher Mathematics,

Vinnytsia National Technical University

Aliona Chubatiuk — Master of Sciences- of the Chair of Probability Theory and Mathematical Statistic.
National Taras Shevchenko University of Kyiv

30 BicHuk BiHHMLBKOrO NoniTexHiYHoro iHeTutyTy, 2006, Ne 3



