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JOCIIIKEHHSA ITPOLECY ®PACYBAHHA I'YCTUX ITPOAYKTIB METOJOM
AHAJII3Y POSMIPHOCTEM I KOMIT'IOTEPHOI'O MOJEJIIOBAHHSI

Memotio docaidsiceHHS € OMPUMAHHSA 3A1HCHOCMI, WO ONUCYE 8IOHOWEHHS CUA MUCKY HA 00UHUYHUL 06°em piduHu
i iHepyfiiHumu cuaamu 0o cusa 8’a3kocmi. B pe3ysibmami ompumaHa 3a/1excHiCms onucye 8i0HOWEHHS MINC CUAAMU MUCKY
Ha oduHuyHull o6csiz piduHu (abo zasy) ma iHepyiliHumu cuaamu do cua 8'si3Kocmi. 3a OMpUMAaHo 3daelcHicmio ma
BUKOPUCMOBYIOYU KoMn'tomepHe Modea08aHHsl 1 eapitoroyu diamempu exody [ euxody 0451 npodykmy i 3MiHI04U
weudkicms nepemiujeHHss NOPWHSA MOXCHA 8u3Hayumu muck AP, akull 6eanocepedHbO 8NAUBAE HA NOMYMCHICMb, WO
8UMPAYAEMbCsl.

Kawuvoei csaoea: muck, e’si3kicmv, winbHicmb, nomydscHicms, weudkicms, T — meopema, 4ucao nodibHocmi,
dosamop, nopuieHb, 30/10MHUK.
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PETROVSSKYI VIACHESLAV

Odesa National Technological University

RESEARCH OF THE PROCESS OF PACKAGING DENSE PRODUCTS BY THE METHOD OF DIMENSIONAL
ANALYSIS AND COMPUTER SIMULATION

The filler in question A9-KNE belongs to semi-automatic, piston, linear type, single-position fillers for viscous products with dosing
by volume. The main purpose of dosing devices is to provide the required amount of material with sufficient accuracy. According to the
structure of the working cycle, the dosage is portioned (discrete), and according to the principle of action, it is volumetric. Discrete dosing is
characterized by periodic repetition of dose release cycles. With the volumetric method of dosing, the doser measures the portion using a
measuring chamber of a certain volume.

The A9-KNE semi-automatic machine is designed for volume dosing and packaging of food products with a viscosity of 0.4 to 8 Pa
s in glass and tin cans. A dose of the product is formed during the stroke of the piston. The piston moves with the help of a drive, which is a fist
with a built-in crank, from the crank through a lever mechanism and a pair of bevel wheels, the rotational movement is transmitted to the
dispenser spool. When the piston moves in the other direction, the product is squeezed into the can. The purpose of the study is to obtain a
dependence that describes the ratio of pressure forces per unit volume of liquid and inertial forces to viscous forces. To solve this problem, it
is suggested to use the dimensional analysis method.

The main premise used in the dimensional analysis method when finding the number and type of similarity numbers is the axiom
that only quantities of the same dimension can be added and subtracted, as well as the fact that some dimensions are expressed through
others in the form of their multiplication in the corresponding degrees. On this basis, it is established that if any physical quantity is a
function of other physical quantities, then this dependence can be represented as a product of these dimensions in some powers.

The resulting relationship describes the relationship between pressure forces per unit volume of liquid (or gas) and inertia forces
to viscosity forces. Then, in the Gambit program, the working area is built according to the dimensions. The entrance and exit of the product,
the walls of the working chamber are designated. Then a map of the working area is built in the form of a grid and exported to the Fluent
program. In this program, product parameters (viscosity and density) and boundary conditions (piston movement speed) are set, parameters
of the working area are initialized and the necessary calculations are performed. Then, using the TableCurve 3D program based on tabular
data, we build a surface that is described by the dependence proposed by the calculation program. In this dependence, there are coefficients
for variables. These coefficients are sought in our equation in similarity numbers. According to the obtained dependence, by varying the
diameters of the inlet and outlet for the product and changing the speed of the piston movement, it is possible to determine the pressure AP,
which directly affects the power consumed.

Key words: pressure, viscosity, density, power, speed, T-theorem, similarity number, dispenser, piston, spool.

BcranoBnieHHsT 3B’SI3Ky MK BXIAHUMH MapamMeTpamMH MPOAYKTY Ta KiHEMaTHYHHMH XapaKTepHUCTHKAMHU
BHKOHYIOYOT'O MEXaHi3My HAIlOBHIOBAYiB MOPIITHEBOTO THITY, SIKi JO3YIOTh 32 00CATOM, € aKTYaIbHOIO 3a7a4ero JIIs
BHU3HAYCHHS IMMOTYKHOCTI EJIEKTPOJIBUTYHA Ha MPOIIEC J03yBaHHS.
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MeTor0 TOCIHIHKEHHS € OTPUMAHHSI 3JICXKHOCTI, 1110 OITMUCYE BiTHOIIEHHS CHJI THCKY Ha OIMHUIHHHA 00’ €M
PLAMHY 1 IHEPUIHHIMHU CHJIAMHE JIO CHJI B’ SI3KOCTI.

Jnsa pimeHHs 1€l 3amavi  3ampONOHOBAHO CKOPHCTATHCh METOIOM aHamizy po3MmipHoctei. [licms
OTPUMAHHS 3aJICKHOCTI B UKCIIaX MOoAi0HOCTI y mporpami Gambit OyayeThes 32 po3Mipamu poboda 30Ha J03aTopa.
[Ipu3HauaroThcs BXiJ 1 BUXiA POAYKTY, CTIHKH pobodoi kamepu. [lotim OynyeTbest kaprta poOOYOT 30HU y BUIIISIAL
CITKH 1 eKcropTyeThes B iporpamy Fluent. B miid mporpami 3a1a10Tbest TapaMeTpy NpoAyKTY (B'S3KICTh 1 IIIIBHICTB)
i TpaHUYHI YMOBH (LIBHAKICTH MEPEMIIEHHs MOPIIHS), 1HIIIaTi3yI0ThC MapamMeTpu poOOoY0i 30HHU 1 MPOBOASTHCS
HeOOXiIHI 00YNCIIEHHS.

HanoBHeHHS mpoxyKTaMH KOHCEPBHOI TapH, i€ BaXKIMBHN TEXHOJIOTIYHHN TPOIEC MPH BUTOTOBICHHI
KOHCEpPBOBaHUX MpoAyKTiB. dacyBaHHS B Tapy BH3HAYCHOI KUIBKOCTI MPOAYKTY, 3IIHCHIOIOTH CHEHiaIbHUM
ycraTkyBaHHAM. lle ycTaTkyBaHHS BiJAiIsi€e MEBHY KITBKICTh MPOAYKTY, 1 HampaBiIsie B KOHCEPBHY Tapy.
BuxopucToByIOTh Ba cr1ocoOM HANIOBHEHHS Tapy — 3a 00CATOM Ta 3a piBHEM. MexaHi3MH, 0 pealizyloTh CHocio
3a 00CATOM — J103yBaJIbHI, a 32 PIBHEM — Ha3UBAIOTh HAIOBHIOBAJIbHUMH.

Krnacudikanis Takoro o6na{HaHHS HACTYITHA:

- TI0 MeXaHi3allil — HeaBTOMAaTH4Hi, HalliBABTOMATHUYHI, aBTOMAaTHYHI;

- II0 METOJly YTBOPEHHS THCKY — IpaBiTalliiiHi, atMoc]epHi, BaKyyMHi, KOMOIHOBaHi;

- [0 KOHCTPYKLIT — JIHI}HI Ta KapycCeJbHi;

- 1O KiJIbKOCTI HATIOBHIOBAILHUX POOOYMX OpPTraHiB — HA OJJHOMO3UIIIHHI Ta 0araTomo3uIliiHI;

- 32 BIACTUBOCTSIMHU (pacOBaHMX MPOAYKTIB — IJISI CHUITyYHUX, PIAKNX MaJO B A3KHX 1 B’I3KHUX IUIACTUYHUX.

HanosntoBau, mo posriianaerbess A9-KHE BimHOCHTBCS 10 HaIiBABTOMATUYHUX, IOPITHEBUX, JIHIIHOTO
THITy, OJHOIIO3UIIHUX HAIIOBHIOBAYIB AJISI B’ SI3KUX IPOAYKTIB 3 JO3YBAaHHAM I10 00’ €My.

Jlo3yrodi mpHCTpoi NMpH3HAYEHHI I 3a0e3leueHHsT MOTPiOHOT KINBKOCTI MPOAYKTY ab0 CHPOBHHH 3
HEOOXiTHOIO TOYHICTIO. POOOYMI UK — MUCKPETHWH, MPUHIMI Aii 32 oOcsromM. IIpu muckpeTHOMY (acyBaHHI
BiJIOYBA€ThCS TOBTOPEHHS POOOYHMX IMKIIB, & MPU 00'€EMHOMY CITOCOOi JT03yBaHHS, MPUCTPIA BigMipse TMOTPiOHY
MOPLIIO 32 JIOIIOMOT0I0 IIEBHOTO 00CSTY MipHHKA.

Mamuna A9-KHE npusnauena mis 00'eMHOro 1o3yBaHHS Ta (DacyBaHHS XapuOBHX MPOAYKTIB 3
B'si3kicTio Bix 0,4 o 8 Ila ¢ B ckisHi Ta sxepeTsaHi 0anku. J[o3a npoaykry Gopmyerses mpu xoai nopiss. [loprieHs
MEePEMILIAETHCS 3a JONIOMOTOI0 MPUBOJLY, SIKM sIBIIsi€ cOOO0I0 KyJiak 3 BOYJOBaHUM KPUBOIIMIIOM, BiJl KPHBOILIUIIA
4yepe3 MEeXaHi3M Baxkelsl 1 mapy KOHIYHHMX KoJiec 00epTalbHHUI pyX NepelacThCsi Ha 30JI0THHK jgo3aropa. [lpu xoni
MOPIIHS B 1HIIOMY HANpPsIMKY IPOAYKT BUTHCKAETHCS B OAHKY.

MeTo10 JOCHIIKEHHSI € OTPUMAHHS 3aJIeKHOCTI, IO OMKCY€ BITHOLICHHS CHJI THUCKY Ha OJUHUYHHUNA
00’eM piuHH 1 iHEPIIITHIMU CHJIIAMH 10 CHJI B’ S3KOCTI.

Juist pitmeHHs 1i€i 3a1a49i CKOPICTYEMOCH METO/IOM aHAITi3y pO3MIipHOCTE.

BimpmicTe po3MipHOCTEl MOke OyTH BHpakeHa dYepe3 pO3MIpPHICTH OCHOBHHX BEIHYHH 1 HAa3WBAIOTHCS
MOX1JHUMH BEINYNHAMHU.

OCHOBHUM TIOJIOKEHHSIM, SIKE€ BHKOPHUCTOBYETHCS B METOJI aHalizy pPO3MIpHOCTEH NpH 3HAXOIKEHHI
KUTBKOCTI Ta BUY YHCEN MOMIOHOCTI, € aKCioMa Mpo Te, 10 CKIaJaTHCS 1 BIIHIMATHUCSA MOXYTh TIIbKH BETHYHHU,
10 MalOTh OJJHAKOBY PO3MIpPHICTh, a TaKOX Ta OOCTaBWHA, LIO OJHI PO3MIPHOCTI BHPaXKalOThCS uepe3 iHIII y
BUIJIAJI X MEPEMHOKEHHS B BIAMOBIAHUX CTyIeHsX. Ha 1iif OCHOBI BCTaHOBIIOEThCS, IO SIKIIO Oy/b-sika (i3ndHa
BEJIMUMHA 3HAXOJUTHCS K (QYHKIIS 1HMMX (I3MYHUX BEJIMYMH, TO I 3aJIe)KHICTh MOXe OyTH IpelcTaBieHa y
BUIJISAI JOOYTKY LIMX PO3MIPHOCTEH y JESIKUX CTYIEHSIX.

CkirazeMo napaMeTpryHy MOJIeNb puc. 1

Vnopumis 3 mapaMeTpuYHOi MOJENi BHXOAUTH, IO THCK
_D—_) (AP) 3amexuTh BiA BXiJHHUX IapaMeTpiB:
L} AP mBuAKocTi  mopmHS (V  mopmmHs), #oro

dovs. weren. > miamerpa (D mopmHs), giamerpa OTBOpPY
M«T) BuTiKaHHA (d BHTIKaHHS), B'I3KOCTI NMPOIYKTY
—_—> (W), minsHOCTI MPOAYKTY (P).

Prvoxyura TakuM 4rHOM, 3aJIEKHICTh MA€ BUJ;

AP=f(V,D,d,u,p) (1)

Puc. 1. [Tapamerpuuna Mojenb

3 (1) uncno He3aJeKHUX MapaMmeTpiB a=6.

[IpencraBuMo 11i MapaMeTpu Yepes 3aralbHONPHHHATI OAWHUI BEMIPY:
Kr

AP =1Tla = % =2 2
TobTo:
[AP]=[M -L"-T7] 3)
ne M — maca, xr; L — nopxuna, M; T — 4ac, ¢
AHaJOTIYHO:
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WIBunkicts: - M _ry 7193
V] c [ ]
Hiamerp nopwnst: [D]=[m]=[L];
Jliamerp otBOpy u1st BUXOMY Hpoaykty: [d]=[m]=[L];
B'SI3KICTH IPOIYKTY: [u]l=1Ia-c - ke =[M L onl];
M-c
K2

TYCTHHA IPOIYKTY: [p]= —= [M - L_3] )
M

Topni:
rT=a-6=6-3=3 (4)
3rifHO 3 MPUHIIUIIOM aHAaJi3y PO3MIPHOCTI:
AP=A-V"-D".d* u? . p? 5)
(M- L7 T2] = (LT L™ (L] M L7 TP (M- L3 (6)
Jnst BUpILICHHS IHOTO 3aBIaHHS CKJIQJAEMO MaTPHIIIO:
Tabmus 1
Po3mipna maTpunst
n m k P q AP
M 0 0 0 1 1 1
L 1 1 1 -1 -3 -1
T -1 0 0 -1 0 -2
Ha ocHOBI MaTpuIli BUXOIWUTH CHCTEMa adreOpaidHuX PiBHSIHb:
ptqg=1
n+m+k—p—3qg=-1 (7
—n—p=-2
3BigKH:
g=1-p
n=2-p ®)
Bupinryemo piBHsiHHS (7) 110/10 ABOX HEBIJIOMHUX:
2—-p+m+k-p-31-p)=1 ©)
Maewmo:
m+k+p=0
k=-m-p (10)
Topni:
AP = A- VP - [ [d] P - [ - [p] (1
PO3KPHBAEMO JIYHKKH:
AP=A-V2-V"’-Dm-d'm-d'p-up-p-p'l (12)
[TapameTpu 3 0JHAKOBUMH MTOKa3HUKAMH CTyIeHS Tpeba 00'eTHaTH:
AP 4B p . Pym
2, = AGPQ) (13)

Buano, 1m0 orpuMaHna 3ajiexHicTb BitomMux ynceln noxionocti (Eu) i (Re) i mapameTpuyHOro KoMIuiekcy
(D/d) sxuii xapakTepu3ye reoOMeTprIHi 0COOIUBOCTI 00'€KTA.

abo:
AP A N-p . (Pym
2, = AT Q) (14)
0CTAaTOYHO MAEMO:
E —Awew(ﬁm 15
u= e . (15)

AP

Yucno nopibrocri Eitnepa Eu = — 11e 6e3po3MipHuii koedilienT, akuii npucyTHiil B piBHAHHAX Hap'e —

Crokca. BiH neMOHCTpye€ BiTHOIIGHHS Mi>K TUCKOM Ha 00'€M PiJUHU 1 CHJIaMH iHepIii.
Yucno noxpibHocti PeifHonbiaca — 1€ BiHOWIEHHS cwil iHeplii B morowi, 10 cui Bs3KocTi. 'yctiHa B

. v-d- . . . . . .o
YUCCJIBHUKY 3aJIC)KHOCT1 Re =P AEMOHCTPYE€ IHEPIIIO YacCTOK, AKl1 BIAXWIAKTHBCA Bl PyXy OO IpsAMIU, a
u

B'SI3KICTh B 3HAMEHHUKY JIEMOHCTPYE, IO PiJIMHA TIEPENTKOKAE IIHOMY BiAXUICHHIO.
TToTy>XHICTh BCTAHOBJICHOT'O Ha MallIHHI ABUTYHA € QyHKIiA Bix AP, To6TO:
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N = f(AP) (16)

Toni 3MiHIOIOUM oxaHI ¥ (ikCyrouM iHIII BEJMYMHM BXOAATH B 3aIEXKHICTH (1) MOXHA BHM3HAUUTH

MiHIMQJIBHY BEJIMYMHY BHUTPAa4YCHOi IIOTY>KHOCTI Ha TEXHOJOIIYHHMH Impouec 00'€eMHOr0 HAINOBHEHHS TapH
npoaykroM. CKiiaJieMo TaOJIMII0 MOKIIMBUX BapiaHTIB BapiHOBaHHX 1 (PIKCYIOTHCS 3MIHHHX.

Ta6muus 2
Ta0Juus MOKJIMBHUX BapiaHTiB BapiiioBaHuX i (ikcylOThcs 3MIHHUX
NeNe P1 (xr) D (m) d (m) R (kr/m*c)
1 const const var const
2 var const const const
3 const const const var
4 const var const const

ne P| — HaBaHTa)keHHs Ha IITOK MOPIIHS, KT;

D — mgiameTp nmopimHs, M;

d — niaMeTp OTBOpY BUTIKaHHS, M;

WL — B'3KICTh MIPOJYKTY, KI/M*C, BEJIMYHHY B'SI3KOCTI MOYKHA MIHSATH HOOIYHO - 3MIHIOIOYH TEMIIEPATypy

MPOJYKTY.
P,
% i
—| T~ 7
/"J/f_
-]
g 3
e e
=00 4
d

BUXIO NPOOYKMY

Puc. 2. CxemMa eKCiepHMEHTAILHOI YCTAHOBKH: 1 - INTOK NOPILHS, 2 - IOPLIEHb, 3 - KaMepa 3 NPOAYKTOM, 4 - 3MiHHA 1Iaii0a 3 0TBOPOM

MopemoBanus npouecy B nporpami GAMBIT i FLUENT
VY mporpami Gambit OyayeTbes 3a po3mipamu pododa 30Ha. [Ipu3HadatoTHCS BXiJ 1 BUXiJ MIPOIYKTY, CTIHKH
pobouoi kamepu. [ToTim OymyeThcst KapTa poOOUYOi 30HH Y BUIIISAI CITKH 1 €KCIIOPTYEThes B porpamy Fluent. B miit
IporpaMi 3aJaroThCs MapaMeTpy MPOAYKTY (B'I3KICTh 1 MIUTBHICTH) i TPaHWYHI YMOBH (IIBHAKICTH IEpPEMIilICHHS
MOPIIHS), IHIMIANMI3yIOTECS HapaMeTpy po00Y0i 30HU i POONAThCS HEOOXimHI OOYHCIECHHS. 3a pe3yibTaTaMH
00YHCIIeHb OTPUMAaHI HACTYITHI KapTH.

1.23ex0z
. 1.17as0Z
1.11e*02

L.05ex0Z
9.87ar0l
9.26e+01
8.64ev0l
8.02e+01
Tdle«ll
6.78e+01
G.17e+01
5.550+01
4.840+01
4.32e+01
3.70e+01
3.08e01

B 2.47ee01
1.85c+01
1.23e~01
G.17ex00
1.58e-07

[ Contoura of Dynamic Preasure (peacal)

Mar 25, 2013
FLUENT 6.3 [24. pbns. lam]

Puc. 3. KontypHa kapTa po3nojijly cTaTH4HOro THCKY B po0ouiii

somi Puc. 4. KontypHa kapra po3nogily JHHAMIYHOIO THCKY B
Hi.

po0ouiii 30Hi.
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Costours of Yelaclly HegrStuds (mis] Miar 3
FLUENT B3 (34 pte. Damd

Puc.5. Koutypna kapTa po3nojijiy a6co0THOr0 THCKY B podouiii Puc.6. Kontypna kapTa po3noaijay mBHIKOCTel B podouiii 30Hi
30Hi
L2tasd
L1%s*0
Lzt
Ligasd
Rtasl
532000
Lhy LR
Eitari
igarh
58300
E31a0
5.5
18740
1,350
ATleell
Allesd
[
LBSasd
L24gs0
I B2l
L8
Waloalty Yestors Colered By Drranio Pressurs (pavanl) FLUDT 83 Iz‘:nm?’l.‘l.ﬁl
Puc.7. BekTopHa KapTa po3noiily MIBHAKOCTEl Bil CTATUYHOTO Puc.8. BekTopHa KapTa po3noJity IIBHAKOCTeH Bil TMHAMIYHOIrO
THCKY B po6ouiii 30Hi THCKY B po6ouiii 30Hi
4.41e-0
= 4.19a-0
B sorc-0
3.75¢-0
2.53a-0
3.30e-0
3.080-0
2.868a-0
2.84e-0
2.420-0
. 2.20e-0
1.98e-0
1.76a-0
1.548-0
1.32¢-0
1.10e-0
6.918-0
B.&le-0
44le-0
2.208-0
1.57e-0

Yeloclty Vectora Colered By Yelocity Megnltude (m/a) 2, 2013

Apr 0
FLUENT B.3 [2d. pbns. Jam]

Puc.5. BekTopHa kapTa po3noaily IBHAKOCTel B po0oyiii 30Hi

3 mapamMeTpuyYHOi MOEJi BHIUIMBAE, IO IIKaBUTh HAC BUXiOHWK mapamerp AP. Bapiroroun niamerpu
BUXIZTHOTO OTBOPY ISl MPOJXYKTY: Bix 15 10 25 MM 3 KpOKOM 5 MM, i po3paxyBaBIIM IIBHJKOCTI MPOJIYKTy Ha
BUXOJIi 3 PIBHSHHS CYLIJILHOCTI, TAKOXX BapilOIOYM OTPHMAaHI 3Ha4eHHs 3 kpokoMm 0,1 M / ¢, po3paxoByeMoO ducia
Eiinepa i PeiiHonbca.

3 mapaMeTpHUYHOT MOJIeITi 1 METO/ly aHaJIi3y po3MipHOCTeH Oylla oTpuMaHa 3aJIexxHICTh (15):

D m
Eu=A-Re™?: (E)
B AKili HEBiIOMi MOKA3HMKM CTyNEHIiB. IX MOXHA 3HaliTH a0 3a JONMOMOTOI EKCIIEpPHMEHTy abo 3a

JOIIOMOT'OK0 MOACJIFOBAHHA. Buznaunmo IIi IIOKa3HUKH 3a JOIIOMOT'OKO MOACIIOBAHHA. I[J'ISI Oporo H€06Xi,Z[HO

po3paxyBatu uucia Eitnepa i PeiiHonb/ca 3a BiANOBIIHUMHU (HOPMYITaMHU:
AP

Fu=-—r (17)
_vdp
Re == (18)
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OTpuMaHi po3paxyHKOBI JaHi 3BOAMMO B TaOJIHITO:

Tabumusg 3
Vvar Eu Re D/d dvar
V4 X y
0.379 1.679 10.1 4
0.479 1.051 12.77 4
0.579 0.72 15.44 4
0.679 0.523 18.12 4 d=25mm
0.779 0.397 20.77 4 AP =308.74 I1a
0.879 0.312 23.44 4
0.979 0.252 26.12 4
1.079 0.207 28.77 4
1.16 0.243 27.74 5
1.26 0.206 26.88 5
1.36 0.177 29.01 5
1.46 0.153 31.15 5 d=20 mm
1.56 0.134 33.28 5 AP =418.811la
1.66 0.119 3541 5
1.76 0.106 37.54 5
1.89 0.092 40.32 5
1.89 0.158 30.24 6.66
1.99 0.143 31.84 6.66
2.09 0.128 33.44 6.66
2.19 0.118 35.04 6.66 d=15 mm
2.29 0.108 36.64 6.66 AP = 725 831Ta
2.39 0.099 38.24 6.66 ’
2.49 0.0914 39.84 6.66
2.59 0.084 41.44 6.66
2.69 0.078 43.04 6.66
Jlorapugmyemo piBHSIHHS B YHCIaxX MOAIOHOCTI:
lgEu=lgA+plgRe+mlg(§) (19)
Jlorapudmyemo maui Tabuui 3.
Tab6muus 4
Eu Re D/d
z X y
0.225 1.004 0.602
0.0216 1.106 0.602
-0.142 1.188 0.602
-0.281 1.258 0.602
-0.401 1.317 0.602
-0.505 1.369 0.602
-0.598 1.416 0.602
-0.684 1.458 0.602
-0.614 1.393 0.698
-0.686 1.429 0.698
-0.752 1.462 0.698
-0.815 1.493 0.698
-0.872 1.524 0.698
-0.924 1.544 0.698
-0.974 1.574 0.698
-1.03 1.605 0.698
-0.801 1.480 0.823
-0.844 1.502 0.823
-0.892 1.524 0.823
-0.928 1.544 0.823
-0.966 1.563 0.823
-1.004 1.582 0.823
-1.039 1.6 0.823
-1.075 1.617 0.823
-1.107 1.633 0.823
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ITotiM, kopucTytounch mporpamoio TableCurve 3D 3a TabnugHMMH MaHWMH, OyAyEMO HOBEPXHIO, SKa
OIUCYETHCSI 3aIPONOHOBAHOIO PO3PAXyHKOBOIO ITPOTPaMOI0 3aJIEXKHICTIO. Y Wil 3aJIC)KHOCTI MPUCYTHI Koe(ilieHTH
nipu 3MiHHKX. L1 KoedilieHTH NIyKaHi B HAIIOMY PIBHSHHI B YMCIIax MOAIOHOCTI, ane X HeoOXiHO NepepaxyBaTH:
A=1,921
p=10085=0.153
m=10"%=0.0123

koefficient 2.prn, X , Y ,Z

r°2=0.73 z=atbx+cy
a=1.9211739,b =-0.81585531, c =-1.9099824

Puc. 10. ITo6ynoBa nosepxni

OcCTaTOYHO OTPUMYEMO:
Eu = 1.921 Re™0153(2)0.0123 (20)

BucHoBok
OTprMaHa 3aJeXKHICTh ONUCYE BITHOIIEHHS MK CHJIaMU TUCKY Ha OJIMHUYHUHN 00car piauHu (abo rasy) ta
IHEPIIHHIUMHU CHJIAMH JI0 CHJI B'SI3KOCTI.
3a OTPHMaHOIO 3aJICKHICTIO, BAPIFOOYH JliaMETPH BXOIY 1 BUXOIY JJIS MPOAYKTY i 3MIHIOIOYH IIBHIKICTH
NepeMillleHHsT TOpINHS MOXKHa BH3HAUWTH THUCK AP, skuii Oe3nocepeqHbO BIUIMBAE Ha TMOTYXKHICTh, IO
BUTPAYa€THCH.
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