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I'A. TYJIVYEHKO, I'.€. MAKCUMVK

XepcoHChKHI HaI[lOHAJIBHUI TEXHIYHUN YHIBEPCHUTET

ITPO MEXI IIPAKTHYHOI'O 3ACTOCYBAHHA
METOAY TOYKOBUX /KEPEJI

Memoo moukosux dxcepen (abo memoo GpyHOaMeHmanbHuUx po36 'sa3Ki6 y aHeI0MOBHIN
aimepamypi), axuu egeau y 1963 poyi epysuncexi mamemamuxu M.O. Anexcuodze ma
B.Jl. Kynpaoze, munogum 3acmocy8aHHiM MA€ PO368 S3aHHS SPAHUYHUX 3a0ad PI3HUX MUNIs,
0151 OughepeHyianbHUX piGHAHb AKUX GIOOMI (PyHOAMeHmMANbHI Po38 'a3KuU. 3a Yac iCHY8aHHSA
Memoody meopemuyHo 008e0eHd 1020 30IHCHICMb 3a NeBHUX YMO8 6 001ACmAX O008IIbHOI
eeomempuunoi gopmu. Ilpome 0210 nimepamypHux oOdcepen C8iOUUMb, WO NPAKMUUHE
3acmocy8ants mMemoody 30UCHIO8ANOCA OOCHIOHUKAMU Memoody BUKIIOYHO Y 3A0ayax 3
obracmamMu npocmoi 2eomempudnoi popmu. 30e6iibuio020 ye noacHEMbC He0OXIOHICMIO
mMamu aHanimuyYHuLl po3e 30K 3a0adi Ol NPOBEOeHHs OYIHOK MOYHOCHI PIZHOMAHIMHUX
MOOughixayiti Memo9dy mouKo8ux oxcepe.

YV Oaniii pobomi nposedeno NOpiGHAHHA OOUUCTIOBANLHUX MOICIUBOCHEN MEMOOY
MOYKOBUX Odicepen i Memoody CKIHYeHHUX eleMeHmi6é Ha 080x mecmoeux 3adax. Obnacmio
MOOENOBAHHs CIMAYIOHAPHO20 MEeMNepamypHo20 NOJis 8 Nepuwlill 3a0aui € mpaouyitiHuil
NPAMOKYMHUK. Y Opyeill 3a0aui npamMoKymHUK Ha 080X NPOMUNENCHUX CIOPOHAX MAE GUPI3U
pizHoi eeomempuunoi popmu. I panuyni ymosu 6 060x 3aoauax 30epexceni oonaxosumu. Ilpu
PO38 SA3aHHI OCHOBHOI cucmemu TIHIHUX aleeOpaiyHux PieHAHb Y Memoodi MOUKo8Ux dxceper
s3acmocogyiomocs  peeyaspuszayia 3a A.M. Tuxonoeum ma auaniz oOughepenyianvrux
enacmusocmeii L-kpugoi 0151 3HaX00)CeHHs 3HAYEHHS napamempa pe2yasapusayil.

Tokazarno, wo memoo mouko8ux 0xcepe 3HAYHO NOCMYNAEMbCS 8 MOYHOCTT Memooy
CKIHYEHHUX eleMeHmMi8 8 001ACMAX CKIAOHOT 2eoMempudHoi ¢popmu.

Kniouosi  cnosa: memoo mouxosux Oogicepen, Memoo CKIHUEHHUX eleMeHMmIs,
GdyrnoamenmanvHi po3e a3Ku.

I'A. TYJIVYEHKO, A.E. MAKCUMVK

XepCOHCKUI HAlMOHAJIbHBIM TEXHUYECKUH YHUBEPCUTET

O I'PAHUIIAX IPAKTUYECKOI'O IPUMEHEHUA
METOJA TOYEYHBIX HCTOYHUKOB

Memoo moueynvix ucmounukos (uau memoo GYHOAMEHMANbHBIX peuleHUll 8
AH2NOA3bIYHOU umepamype), Komopulil esenu 6 1963 200y epy3unckue mamemamuxu
M.A. Anexcuoze u B.J]. Kynpaoze, munuunvlm ucnonib308aHuem umeem peuleHue epaHuyHbix
3a0a4 pasiuyHbLIX MUnos8 0as OouppepenyuanbHbvlX YpasHeHut, 01 KOMOPbLIX U3BECHHb
@yHOamenmanvhvie peulenus. 3a 8pems Cyuwecmeo8anus memooa meopemuiecku 0oKa3aHa
€20 CX00UMOCMb Npu psaoe O02panudeHull 6 O00AACMAX NPOU3BOJILHOU 2eoMempuiecKou
Gopmel. OOnako 0630p nUMEPAMYPHLIX UCMOYHUKOE NOKA3bI6Aem, YMO NpaKmuieckoe
npUMeHeHUue Memooa OCYUeCmaIsAIOCh €20 UCCIe008aAMeNIMU UCKTIOYUMENTbHO 8 3A0a4dx C
obracmamMu  npocmol  ceomempuyeckou  Gopmel. B ocHosHoOM dmo  00wsacHAemcs
HeoOX00UMOCMbIO  UMeMb  AHAIUMUYecKoe peuleHue 3a0ayu Ol NPOGeOeHUs. OYEeHOK
MOYHOCMU PA3TUYHBIX MOOUDUKAYULL MEMOOd MOYEYHBIX UCTIOYHUKOS.
https://doi.org/10.32782/2618-0340-2019-3-16
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B 0annoii pabome nposedeno cpasHenue SbIYUCTUMENLHBIX BO3MONCHOCHEN Memood
MOYEYHBIX UCTNOYHUKOS U MemoOd KOHeYHuIX daemeHmos. Obnacmvlo MOOenuposanus
CMAYUOHAPHO20 MEMNEePAmypHO20 NOold 6 Nepeoll 3adaue AGIAemcs MpaOUyUOHHbLU
npsAMoy2onbHUK. Bo emopotl 3a0aue npsamoyeoibHUK Ha 08YX NPOMUBONOJIONCHBIX CIOPOHAX
umMeem @vlpe3vl PA3HOU 2eomempuyeckol Gopmol. I panuunvie yciosus 6 obeux 3a0auax
coxpanenvl 0OuHaxogvlmu. Ilpu peuwienuu OCHOBHOU cucmeMvl TUHEUHBIX aAN2eOPAUYecKUx
VpasHeHull 8 Memooe MOYEYHLIX UCMOYHUKOS UCHONb3YIOMCA — pecyiapuzayus  no
A.H. Tuxonosy u ananuz oughghepenyuanvuwix ceovicmea L-Kpugoti 015 HaxXoxHcOeHUs 3Ha4eHUs.
napamempa pe2yiapuzayuu.

Tokazano, umo memoo MoYeyHbIX UCMOYHUKO8 3HAYUMENbHO YCMYNnaem 6 moYHOCmu
Memo0y KOHEUHbIX DNEMEHMO8 8 0ONACAX CILONCHOU 2e0MemPUUecKou opmbl.

Kniouesvie cnoea: memoo moueyHvIX UCMOYHUKOB, MemOO KOHEUHbIX IIeMEHNO8,
¢yrnoamenmanvHvle peuierus.

H.Ya. TULUCHENKO, H.Ye. MAKSYMUK

Kherson National Technical University

ABOUT PRACTICAL APPLICATIONS FOR METHODS OF POINT SOURCES

The method of point sources (or the method of fundamental solutions in the English-
language literature), which was introduced in 1963 by Georgian mathematicians
M.A. Aleksidze and V.D. Kupradze, in typical use, has a solution of various types of boundary
problems for differential equations for which fundamental solutions are known. During the
lifetime of the method, its convergence was theoretically proved under a series of restrictions
in domains of arbitrary geometric shape. However, a review of literary sources shows that the
practical application of the method was carried out by its researchers exclusively in problems
with domains of simple geometric shape. This is mainly due to the need to have an analytical
solution to the problem for assessing the accuracy of various modifications of the point
source method.

This paper compares the computational capabilities of the point source method and
the finite element method. The domain of simulation of the stationary temperature field in the
first problem is the traditional rectangle. In the second problem, the rectangle on two
opposite sides has cuts of different geometric shapes. The boundary conditions are kept the
same. Convective heat exchange is observed at first boundary of the domain, the temperature
of the second boundary is kept constant, and adiabaticity conditions are satisfied at the other
boundaries of the domain. In solving the basic system of linear algebraic equations in the
method of point sources, regularization according to A.N. Tikhonov and the analysis of the
differential properties of the L-curve to find the value of the regularization parameter are
used. Computational experiments have shown that even for a rectangular domain, the
condition number of this system of equations varies non-monotonously depending on the
radius of the circle on which fictitious sources are placed.

It is shown that the point source method is significantly inferior in accuracy to the
finite element method in domains of complex geometric shape. The continuation of research is
connected with the construction of approximate conformal mappings of a given domain onto
domain which is bounded by the contour of fictitious sources.

Keywords: fundamental solution method, finite element method, fundamental solution.

ITocranoBka npodaemMu
Meton ToukoBUX axkepen (a00 MeTon (pyHIaMEHTaIbHUX PO3B’S3KIB y aHTJIOMOBHIN
JiTepaTypi) TO3UIIOHYETHCS CBOIMH pO3POOHHMKAMH, $K TaKWif, IO MOXE CKJIACTU
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KOHKYPEHIIII0 METOly CKIHUCHHHUX €JEMEHTIB y 00J1acTsAX CKJIaAHOI reomMeTpuyHoi ¢popmu [1].
[Ipote OinpImicTh TPUKIANIB HOTO BUKOPUCTAHHS CTOCYIOThCS OOjacTteil mpocToi
reoMeTpuyuHoi GopMH, 30KpemMa, MPAMOKYTHHKIB [2—-5]. Ile mosicHIoeTbecst HEOOX1AHICTIO MAaTH
TOYHHMH PO3B’SI30K 3a]adi JJIs1 OLIHIOBAHHS TOYHOCTI PO3B’s3Ka, SIKUM OTPUMYETHCS METOI0M
TOYKOBHX JKEpPE.

VY Toif ke dac 3aNMIIaloTbcs HEPOpPMaTi30BaHMMHU MPOLEAYpPU BUOOPY TOYOK
KOJIOKaIlii Ha TpaHHIll JOCTKyBaHOi oOmacti, GpopMu KOHTYpY (IKTHBHHUX JDKEpen Ta
pPO3MILIEHHSI TOYOK Ha HboMy. lIuTaHHsA iX omnTUMambHOrO BHOOPY /[0 IOIO Hacy €
HEPO3B’ A3aHUM.

Takok HEraTMBHO BIIMBA€ Ha TOYHICTH Ta AJEKBATHICTh PO3B’SA3KIB, SKi OTPUMaHI
METOZIOM TOYKOBHX JDKEpEJ, IOoraHa OOYMOBJIEHICTh CHCTEMH JIHIMHUX anreOpaiaHmux
PiBHSHB, 1O PO3B’SA3aHHS SIKOi B IIbOMY METOJI 3BOJUTBCS PO3B’SI3aHHS I'PAaHUYHOI 3a7adyi.
OuyeBuaHO, IO B I[bOMY BUIAJKYy € HEOOXIIHUM 3aCTOCYBaHHS METONY peryispu3allii 3a
A.M. TuxoHoBuM. {7151 BCTAHOBJIEHHS 3HAYCHHS MapaMeTpa perysspu3salii, 1o, 1K BiIOMO, €
OKpPEMOI0 3a/1a4€10, JOCIIPKYIOTh JU(epeHIlialibHI XapaKTePUCTHKH L-KPHBOI, sKa OyIy€eThCs
cneuiagbHUM 4yuHOM [6—7]. IIpoTe, sIK MOKa3yroTh BJIACHI OOYMCIIOBAIBHI €KCIEPHUMEHTH,
BKa3aHa KpPHUBa HE 3aBXKJIM Ma€ OMHMCAaHUH y jiTeparypi npodiik, M0 poOUTH ii HEMPUAATHOIO
JUIs 3HAXO/PKEHHsI 3HAUEHHs ITapaMeTpa peryspu3ariii.

AHAaJIi3 OCTAaHHIX JT0CHIIKEeHb i myOJaikanii

IIpuxnaau 3acTocyBaHHA METOAY TOUKOBUX JKEPEN 10 PO3B’s3aHHsI IPAHUYHUX 33]1a4
PI3HUX THUIMIB MO>KHA 3HaiiTH B poOoTax [1-5] Ta 6araTbox iHIIHX.

[To3uTHBHUI BIUIMB 3aCTOCYBaHHS MeTOoAy peryisipmsamnii 3a A.M. TuxoHoBuM Ha
TOYHICTh METOY TOUKOBHX JUKEpEJ MPOLIIOCTPOBaHUN B poboTax [6—7].

TecroBa 3amaya, 110 BUKOPUCTOBYETHCS B JJAHOMY JOCHI/DKEHI, 3all03MYeHa 3 KHUTH
[8], B sIKkiif BOHA pO3B’A3y€ETHCS METOJIOM CKIHUCHHHX €JICMEHTIB.

Meta nociaigxeHus

Mertoro gaHOi poOOTH € TIPOBEAEHHS MOPIBHSUIBHOTO aHAi3y TOYHOCTI PO3B’SI3KIB
TECTOBOi 3ajadi, SKi OTPUMaHI METOJIOM TOYKOBUX JDKEpeN] Ta METOAOM CKIHUYCHHHX
€JIEMEHTIB.

BuxkJiageHHsi 0CHOBHOIO MaTepiajy J0CJaiIzKeHH S

PosrnsiHeMo 3amauy mpo cTalioHapHUW TEMI000MIH y JABOBHUMIPHIN 00JacTi, sika €

nepepizoM (puc. 1) nepdopoBanoi craneBoi IINTH 3HaYHOI JoBKuHH [8, C. 56—63].

R0O.05

0,20
0,12

0.06

- 025

Puc. 1. F'eomeTpu4Ha Mo/1e/1b PO3PAXyHKOBOI 00J1aCTi.
BBenemo no3HavyeHHs:

XX

Bm .. . . .
D_=D, =45 —— — xoedili€HTH TETUIONPOBITHOCTI MaTepialy IUTUTH;
yy M'G C
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h=25

Bm . . . .
IEXra Koe(]ilieHT KOHBEKTHBHOI TETIOBI1a4i;

I, =600°C — Temmeparypa cepeioBUINa, SIKE TPi€, HaJl BEPXHbOK MMOBEPXHEIO TUIUTH;
T, =50°C — remneparypa HUKHBOI IIOBEpXHI IUINTH;

a=0,25 m 1 b=0,20 m — mMpUHA 1 BUCOTA ITUTH.

Tecmosa 3a0aua 1. Po3B’s13aTH rpaHUuHy 3aja4dy Ui piBHsSHHA Jlamaca:

o'T o°T
DXXE_FDWW:O (1)

3 'pPaHUYHHUMHU YMOBaMU:

dT
D,— +h T —T, | =0 — Ha BepxHiii rpaHuIli 001aCTi;
“dyly=>b y=>b
T(x;y) 0 =T, — Ha HU>KHIN rpaHuLl ; (2)
y =
oT

n =0 — agiabaTu4Hi YMOBHM Ha BCIX IHIIMX IPAHHISLX O0JIACTI.
n

Tecmoesa 3a0aua 2. CiouaTKy po3B sSHKEMO CIIPOIICHY 3a7advy, SKa BiIPIZHIETHCS Bif
3amadi (1-2) TUIbkHM IOCHiKyBaHOH oOiacTio. B nmpyriit 3amaui obmacts (2 = [O;a]x[O;b] €
NPSIMOKYTHUKOM, SIKHH MICTUTh BECh TIEpepi3 IUTUTH, BKIFOYAIOYH BUPI3H.

Po3z¢’azanna 3a0aui 2. 1lpsMoxyTHa 00JaCTh JT0O3BOJISIE 3aCTOCYBATU A0 PO3B’sI3aHHS
3a/1a4l aHAITUYHUNA METOJT BITOKpEeMIIEHHS 3MIHHUX — MeTo Dyp’e.

Bynemo mykatn HaOmmkeHuid po3B’si30K 3amadi (1-2) ans mpsMOKyTHOI oOmacti y
BUTJISIL PANLY:

F(x;y) :@@m).co{%j. 3)

OdeBuaHO, 110 NPHU LOMY 3aJOBOJBHSIOTHCS T'PAaHWYHI YMOBH Ha BEpPTHKaIbHHUX
cTopoHax, komu x=0 Ta x=a.

Hecknaguuii sxicHuii anami3z HaOmmkeHOro posp’sizky 7'(x;)y) mokasye, IO BCl

¢dynkuii Y (y)=0, xomu n=1;00 . Omke, usg 3agaya Mae TOYHHH DPO3B’S30K, SKHH He
3aJIE)KUTH B 3MIHHOI X:

T(x;y)= 4,y +B, . 4)

[MincraBuBmM (4) 10 TPaHUYHUX YMOB (2), OTPUMYEMO:

4, = W, -T,)
Dyy+hb . ®))
B, =T,
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Toni Tounu#t po3B’ 30k rpaHuyHOI 3aaa4i (1-2), mae Bursan (puc. 2):

_MIL-T)

T(x; +71.
(%) D, +hb 0

Ha BepxHi#i rpanuii 06y1acTti, KOJU y = b , CIIOCTEPITAETHCS TEMIIepaTypa:

h(T,-T,)
+hb

Yy

T(x;b) = b+T,. (6)

3anumemo Bupa3 (6) y OuIblI 3pydHiil A7 SIKICHOTO aHalizy GopMi:

D T, -T
T(x;b)sz—M.
D, +hb

Toni mpu 3aJaHUX YHCIOBHX 3HAYEHHSIX KOeQili€HTIB Ha BEpXHI1 rpaHHUlll 00nacTi
crioctepiraetbest Temmepatypa: 1(x;b) =105 C (puc. 2).

LT
- e

..
a® o
g ey
L]
L
..

LA X
ee®?® ‘e
*® *e
£ ot
2 = B i
- .
. -
LT T T LA

=3

o

° . )
e 01 02 o3
- Ld
0.0 .*
B L
L . a . . .
...'.I..'..
Puc. 2. I'pagix Tounoro po3B’si3ky (6) rpaHUIHOL Puc. 3. Po3milenHs TOYOK KOJOKALII TA TOYOK
3agadi (1-2) nst npsiIMOKYTHOT 00J1acTi. (ikTHBHMX JKepeJ1 Y MeTOi TOUKOBHUX JxKepeJ.

3acTocyeMo 70 pO3B’S3aHHS JIOCITIDKYBAHOI 3aJadi METOJ TOYKOBHX JDKEpEl Y
TpaauliiHINA Horo peanizallii, TOOTO Mpy PIBHOMIPHOMY PO3MIIIEHHI TOYOK KOJOKAIII{ 1 TOUOK
(GIKTHBHUX JPKEPEIT Ta IPY BUKOPUCTAHHI KOJIa B IKOCTI KOHTYpPY (QIKTUBHMX JKepen (puc. 3).

Po3micTMO piBHOMIPHO Ha MEPUMETPI MPSAMOKYTHOI oOnacti N TOUOK KOJOKaIii

rl.(xl.c; yl.c), i=1;N. Ha koni paniycy R po3MICTUMO TaKy * KUIbKICTb TOYOK (DIKTUBHHX

JOKEpeT (x_f; yf ), j=1;N . Po3m’s30k 3amadi (1-2) Oymemo IIyKaTH y BUIJISAI YaCTHHHOL

CyMH psay:

fmwzz%@mw, (7)
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1

-

SKUW acOIIMOBaHMM 3 (PIKTMBHUM JDKEPEJIOM, SKE PO3MIIIEHE B TOYIl 3 KOOpAWHATAMU
R. _.R . 1.
R./(x_/’y_/)> J=LN.

ne ¢;(x;y)=1In \/ — (yHAaMeHTaJIbHUI PO3B 130K piBHAHHA Jlamnaca (1),

Jl71g 3HaxXOJKEHHSI HEBIAOMUX KOe(]illi€eHTIB a ; 3 PO3BUHCHHS (7) ckmamemMo cuctemy

piBHsHB [1]:

N
Dalp(rsR)=y(r), i=1N, (®)
=

=/(x; ) ONUCYE 3a/1aHi TPAaHUYHI YMOBH (2).

ne onepatop [ T(x;y) 50

Martpuito cuctemu (8) moznaunmo G. Yucno o6ymoBieHOCTI MaTpuili G 32 HOPMOIO
MeTpuku L, noznaunmo Cond G.
J1J1 OI[IHKY TOYHOCTI OTPUMYBAHUX PO3B’SI3KiB BUKOPUCTAEMO HOPMY:

2 Z\/SLIJ(T (6;3)~ T (x; ) ddy

Il BUMIPHHUX Ha KOMHAKTi ()= [O;a]x [O;b] dymxuiit 3 mpocropy L,(Q), mma sxux
nigiaTerpanbaa GyHkiis 3 (7) € iHTerpoBanoro 3a Jleberom ta iHITy HOPMY:

& = \/mgx(T(x;y) ~T(x; )’))Z

17151 HeepepBHUX Ha KOMIAKTi (= [O;a]x [O;b] dymnkuiii pocropy C(Q).

Taomums 1
XapaKTepUCTUKHU PO3B’ 3Ky 3a/1adi 2 It MPSIMOKYTHOT 00J1acTi

Paniyc, 40 By3711B KOJIOKAIIii 90 By3:1iB KOJIOKAIIii
R, M Cond G & £, Cond G & £,

0.20 4,7-107 50-107" 28-10° | 2,7-10 1,1-107 3,8-10°°
0.25 1,3-10° 9,0-10°° 57107 1,5-10" 1,5-107° 1,5-107
0.30 2,5-10" 1,8-10” 31-107° 6,8-10" 4,4-10° | 5,7-107
0.35 34-10" | 88-10° | 9,1-10° 89-10° | 4,0-10° | 52107
0.40 9,6-10" 2,6-10° | 3,4-107 3,1-10" 32107 3,1-107
0.45 4,1-10" 9.9-107° 1,6-10°° 1,5-10" 1,5-10°° 4,710
0.50 1,6-10" 50-107 2,1-107° 6,3-10" 49-10°° 52-107°
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Jani Tabn. 1, 3 ogHoro 60Ky, MOKa3yloTh, 0 METOIOM TOYKOBHUX JKEpEN] MOXYTh
OyTH OTpuUMaHi pPO3B’S3KM BHCOKOI TOYHOCTI. 3 IHIIOr0 OOKy, 3aJIeKHOCTI dYHCIa
00yMOBJIEHOCTI MaTpPHULIl CUCTEMHU PIBHSIHb METOAY TOUKOBHX JKEpell, CepeAHbOKBaIpaTUIHA
nmoxuOKa Ta MaKCUMallbHa TIOXMOKa B/l pajiyca Kojia GiKTUBHEX JHKEpeNl HE € MOHOTOHHHUMU.
OueBUIHO, MO METOA TOYKOBHMX JKepend MoTpedye mnopanbiioi ¢Gopmamiszanii  Ta
OOTpyHTYBaHHS.

Po3é’azanna 3adaui 1. Jlns po3B si3aHHS TECTOBOI 3a1adi | METOAOM CKIHYEHHUX
enemenTiB Bukopucraemo naketr PDETool 3 cucremu komm torepHoi marematuku MATLAB

(puc. 4).

Color: u

0.2

0.15

0.1

0.05

0 N
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

Puc. 4. I'pagix po3B’si3ky rpannyHoi 3agayi (1-2) ansa nepepisy niaurtu 3a ronomororo PDETool
MATLAB.

MakcumanpHa  TeMmIeparypa CIIOCTEpITaeTbcs Yy  BEPXHBOMY  JIBOMY  KYTi
T(0;h)=146,0°C.

Jna peamizanii METOAy TOYKOBUX JDKEpENl PO3MICTHMO DPIBHOMIPHO Ha TpaHMII
niepepisy mwiuTH (puc. 1) piBHOMipHO N=108 TO4OK KOJIOKAIiil (Ha MPAMOJIIHIHHUX IIJISTHKAaX
rpanuni obnacti 3 kpokoMm 0,01 M) 1 Taky * KUIBKICTh TOYOK (PIKTHBHMX JIKEpeNd, Ha KOJi
pamiycy R=2 M, sKe€ OXOIUIIOE AOCIiIKyBaHy o0Omacth. IlouaTtkoBe (Oe3 perynspu3sairii)
PO3B’s3aHHS CUCTEMHU, KA aHAJIOT1YHA cucTeMi (&), MPUBOAUTH JI0 HEaleKBaTHOTO (Pi3HUHOMY
3MICTY 3a7a4i HaOJIMKEHOTO PO3B’SI3Ky (pHC. S5a).
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a) 0)
Puc. 5. I'padik po3B’si3ky rpann4uHoi 3agadi (1-2) 1Js nepepizy njMTH MeTOA0M TOYKOBHUX JIZKepeJt:
a) 0 peryJaspu3aii; 0) micjsi peryJsipusaiii.

Perynspu3anito cucremu Buay (8) BukoHaemo 3a metoioM A.M. TuxoHoBa:

(G+AE)a=b, )

ne G — wmatpuus cuctemu Buay (8); £ — OIMHWUYHA MAaTpULs BiAMNOBIAHOT BHUMIPHOCTI;
a — BEKTOp IIyKaHUX KoeQilieHTiB @, ; b — BeKTOp 3Ha4eHb BinoMux QyHkmiit y(7) 3 npaBux
YaCTHH IPAHUYHUX YMOB y TOYKaX KOJIOKAIIii.

Jlis  3HaxXOIDKCHHS 3HA4YeHHS TapaMerpa peryispusamii A mpoTadyiIroemMo
KOOPIMHATH TOYOK L-KPHUBOI, IKa ITApaMETPUIHO 331a€Thcs hopmyssamu [6—7]:

x=In|(G+AE)a-b
y= ln||a

b

(10)

ne ||*|| — JUCKPETHHUN aHAJIOI HOPMU METPHUKH MPOCTOPY L, (Q)

3 BKa3aHUMH YMCIOBUMH JaHUMH 3a1adi 1 rpadik L-kpusoi (10) maBeneHo Ha puc. 6.
I'padix kpuBuau L-xpuBoi (10) HaBeneno Ha puc. 7. [Ipu 1ipoMy i1 3HaXOKEHHS 3HaYEHb
MOXIHUX B TOYKAX TaOyJslii BUKOpHUCTaHI iX KiHIeBi aHanoru. KpuBuna L-KpHuBOi gocsrae

MaKCHMyMy, KoM mapamerp peryispusanii A=4,5-10" . Ipadik po3s’s3ky 3amaui (1-2)
micis peryispusaiii cucreMu Buay (8) 13 BKazaHMM 3HAUEHHSM IMapamMeTpa HaBelIeHHUI Ha
puc. 5 6.
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.
= 0.010 .
.

.
‘o,

1360 13563 1370 1375 1350 0.001°0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009

Puc. 6. I'padix L-xpusoi. Puc. 7. I'padix xpuBuHuU L-KpuBoi.

OueBUIHO, IO PO3B’sA30K 3a1adi (1-2) METOJOM TOUKOBHX KEPEIT 13 3aCTOCYBaHHSAM
perynsipu3aiii He MOXHA BH3HATH aJCKBaTHUM. 3BEpPHEMO yBary Ha TOH (akT, 1o Ha
CTOpPOHaX BUPI3IB HE BUKOHYETHCS YMOBA aiabaTUUHOCTI. Y 3B’SI3KYy 3 LIUM OOYHMCIIIOBAJIbHI
eKCIIepUMEHTH OyJIM TIPOJOBXKEHHI 3 3aJy4CHHSM JOJATKOBUX (DIKTUBHHUX JDKEpen Ois
TpaHuIb BUPI3iB (pUC. 8) Ta 3 KOHTYpOM (IKTUBHUX JKEpesl, KUl TMOBTOPIOE KOHTYP
JOCTipKyBaHo1 o0acTi (puc. 9).

Bim3HaunMo, 1m0 B IMX BHUMAgKaX KiJTbKICTh TOYOK KOJIOKAIii 1 TOYOK (PIKTUBHHUX
JDKEpen € pi3Ho, 1, SK Hachigok, Marpuus G cuctemu (8) € mpsiMOoKyTHOW. Tomy
peryssipu3ailis BUKOHYBajIacs Uil CHCTEMH BUY:

(G"G+2E)-a=G'D.

Jlnist 000X croco6iB po3MILIEHHS TOYOK (DIKTUBHHX JKEpesl TakoXK Oyiu 1molyaoBaHi
rpadgiku L-KpuBOi Ta BCTAHOBJICHI 3a iX JOMOMOIOI0 3HAYCHHS MapaMeTpiB peryispu3altii,
aJle IbOTO BHSBMIJIOCS 3aMalio JUIsl 3HAXO/DKEHHS (DI3MYHO aIeKBAaTHOTO PO3B 3Ky 3ajadi
(1-2) ™MeTomoM TOYKOBUX JDKEped I 00ylacTi 3 TeoMETpi€ro, sSKa CKJIaJHima 3a
NPSMOKYTHHK.
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Puc. 8. [lepmnii BapianT po3MileHHst Puc. 9. Ipyruii BapianT po3miLueHHs 101aTKOBHX
T0AATKOBHX (PiIKTUBHHX JTKepeJL. (iKTHBHHEX TXKeEpeI.
BucHoBku

IIpoBeneni oOuMCIIOBATBbHI EKCIIEPUMEHTH TIOKa3ald, MO B 00JIacTi CKIATHOT
reoMEeTpUYHOi (POpMHU 32 JOMOMOTOI0 METOJIYy TOYKOBHUX JKEpesl HE BAAETHCS MOOYAyBaTH
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GI3UYHO aJeKBaTHUM PO3B 30K TpaHWYHOI 3amadi i piBHAHHS Jlammaca. Ha BiamiHy Bin
TEOPETUYHUX TependaueHb [1] perynspusaiiss OCHOBHOI CUCTEMH ajredpaiuHuX piBHSIHb HE
MIPUBOJNTH JI0 CYTTEBOTO IMOKPAIEHHS TOYHOCTI OTPUMYBaHHUX PO3B’A3KIB.

JloriyHMM TIPOAOBKEHHSM JIOCHII)KCHh € BHBYCHHS BIUIMBY PO3MIIIEHHS TOYOK
(GIKTUBHUX JDKEpel Ha TOYHICTh PO3B’SI3aHHA TPaHUYHHUX 3a7ad. 30Kpema, MPOBEICHHS
00YMCITIOBAILHUX E€KCIIEPUMEHTIB JJIsl TPaHUYHUX 3a/1a4 i3 piBHsAHHAMHU Jlarmaca i [Tyaccona,
KoJu (IKTHBHI JDKepesa pO3MIIMIYIOThCS B 00pa3ax TOYOK KOJIOKAIi Mpu KOH(DOPMHUX
BiZIOOpaKeHHSAX JOCIIKYyBaHO1 00J1acTi Ha KOJO ab0 Ha KOHTYP, SIKHIl TOBTOPIOE TE€OMETPII0
3amaHol o0JacTi.
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