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AHotanif. Mema. llpu pimenni kpaloBux 3agau MmerogoM [aneopkina HeoOXigHo 3anasaTi OasucHi (yHKUII, 3aBAaHHA
OasucHHX QyHKUIH y aHaniTHUHINH (opMI He 3aBKAM BiNOBINAE 3aranbHoMY pimeHno. [Ipusabmuiee 3aBnanna OasHCcHMX yHKIIH y
rpadivHOMY BHIIIEdl. AJle IPH LLOMY BHHHKAE 3a/1a4a OLIHKH NapaMeTpiB LHX 0a3HCHHUX (YHKILIH, 9Ki MOXKYTh BXOIUTH B OIHC
HeniHifiHo. MeToro naHol poboTH € po3podKa 3aralbHOTO ITiIX0AY BHpIlIEHHS KpalioBHX 3afay MeToaoM ['anbopkiHa, Kom OasHcHI
tyHkuil 3agaHi He aHAMITHYHO, a y reoMeTpHuHOMy BHrIadl. Memoduka. 3anponoHoBaHnil HOBHIl 3aranbHUi MiAXiA BHpilLcHHA
KpaiioBHX 3afau MeTofoM anbopkina, Konm GasucHi dyHKIIT 3a7aHi He B aHAMITHYHOMY BHITIAAL a y reoMeTpuuniil dopmi. [ns
NOUIyKy MapaMeTpiB OasHCcHUX (YHKIIH 3aJaHHX y TEOMETPHUYHIH (OopMi 3aCTOCOBYEThCS ANTOPHTM €BOMOLIIHOIO NOMIYKY PillIEHb.
[Tobynosanuii uncenbHHil anropuTM MeTody [anbopkiHa 3 BHKOPHCTAHHAM €BOMIOLIHHOrO AJIrOPHTMY BHNAAKOBOTO MOLIYKY
Haiibinbm npuBabnuBuX pimeHe Ta rpadiuHoro mpeacraeneHHs GasucHux ¢yHkuiil. PesyanTaT. [TobGynoBana saraneHa cxema
yHcneHHoro Meroly ['anbopkiHa 3 BHKOPHCTAHHAM AJTOPHTMY €BOMIOLIIHOIC MOWYKY Haiibinel npuBabIMBHX pillleHb. Y SKOCTI
NpHKIaja HaBeAEHO Pe3yIbTAaTH YHCICHHOrO pilllcHHSA TecTOBOI KpaiioBoi 3aJadi TEMIONPOBIOHOCTI B Tl 3 JBOBHMIPHHM IOIEM
Temnepatypi. PesynbTaTH uMclIeHHOTO po3paxyHKY NpH 3aBAaHHi Gasuchux ¢yHkuill y rpadiuniii dopmi cniBeTaBneHHI 3 TOUHHM
pillICHHAM, OTPHMAHO 3aJ0BLIBHHI 30ir pesynsraTie. Haykoea noeusna. [Ina Bupimenns kpaHoBux 3agad metogom ['anwbopkina
3alpONOHOBAHO BHKOPHCTOBYBATH HE aHANITH4HE, a rpadiuHe npezicrasieHHs OasucHuMX ¢yHkuiii. Hepimomi mapameTpn Bupazy
pilieHHs 4epe3 Oa3HcHI GyHKUIT MOKYTh BXOAHTH HEMiHifiHO. /{1 nmolryky HEBITOMHMX NapaMeTpiB BHpa3y 3arajlbHOTO pillleHHA
3aIpONIOHOBAHO BHKOPHCTOBYBATH AITOPHTM ¢BomouiiiHoro nomyky. Hasenenmii esomouniiinmit anroputm 3 amanTamiero
napaMeTpiB MOLIYKY, AKHil 30iracThes 3 WIyKaHUM pimleHHAM 3 Biporignictio 1. Ipaxkmuyna swauumicms. 3anporoHOBAHO TPH
pilleHH] KpaiioBUX 3a7auy MeTogoMm [anbopkiHa BHKOPHUCTOBYBATH rpadiuHe mpeactaBieHHS OasmcHMX (yHKUIN, 10 mae 3Mory
JocHifAKyBaTH 00’ €KTH KoM HEBidoMuil aHamiTHuHHi BHA (yHKUiH. Bukopuctanna meTony I'anbopkiHa npH pilleHHi 3aiad, KOIH
OasucHI (pyHKIII 3a7aH] HE aHANITHYHO, @ Y TEOMETPHYHOMY BHIIIAAI JO3BOJINTE PO3IIHPHTH KJAc PIlICHHS KPaHOBHX 3aja4, B TOMY
YHCi MOKIHBICTE (POpMyIIOBaHHS CKIIAJHUX BiJHOIIEHb Bi1OOpY /NS NOIIYKY pillleHb.

Karw4ogi ci1oBa: meroa lanbopkina; Kpaifosa 3anada; rpadiune sobpaxenns 6asucHuX QyHKUIH; anroput™ eBomoLiioro
HOLIYKY
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Aunortamus. Ifens. Ilpn pemennn KpaeBbix 3a1au MeroaoM [anepkmuua HeoOxommmo 3ajgaBaTh 0azoBble (YHKIHMH, 3a/aHHE
OazucHeIX (DYHKIMII B aHATHTHYECKOil (opMe He Beerza COOTBETCTBYeT oOmiemy peineHuro. IlpuBnekarensHoe 3amaHue 0asHCHBIX
¢ynkuuii B rpadudeckom Buae. Ho mpu 3ToM BO3HHKaeT 3aJada OLICHKH NApaMETPoOB 3THX OasMCHBIX (WYHKIMI, KOTOpBIE MOTYT
BXOJHTb B ONHcaHHe HenuHeiiHo. Llenbro manHoil pabotsl siBnsieTcs paspaboTka oblero noaxona peLicHHs KPaeBBIX 3a7ad METOJO0M
[anepkuna, koraa 6asucHele dyHKLIHH 3a0aHBl HE aHATUTHYECKH, a4 B reoMeTpHueckoM Buje. Memoouka. Ilpennoxxen HoBiil obLmii
MOAXO0J K PElICHHI) KpaeBBIX 3agad MeTofom [anepkmHa, Korjga ©OasHcHble (DYHKUMH 3a1aHbl HE B aHAIMTHYECKOM BHIE, a B
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reomeTpuueckoii hopme. Jlns momcka napameTpoB DasHCHBIX (YHKIHI 33a1aHHBIX B TEOMETPHUECKOH (hopMe NMPHMEHSETCA aIrOPHTM
SBOJIOLIHOHHOTO TOMcKa pemeHnil. IlocTpoeH umcneHHbli anroputM Mertoja [anepkHHa C© HMCHOTb30BAHHEM 3BOMIOLHOHHOTO
IMOPHTMa CIy4aiHOre MOHCKa MPENOYTHTENbHBIX pPEIUEHHi W rpadHYecKoro mpeacTaBieHHs OasHcHBIX GyHKUMI. Pesyrsmamet.
[TocTpoeha obmas cxeMa uncIeHHOro MeToAa ['anepkuHa ¢ HCMIOIB30BAHHEM AITOPHTMA IBOMOLMOHHOTO MOHCKA MPeINOYTHTEIbHBIX
pemennii. B kauecTee npuMepa NpHBeASHBI PE3YILTATE YHCICHHOTO PELICHHS TECTOBOI KpacBoi 3a1aul TEIUIONPOBOIHOCTH B TENE C
JIBYMEPHBIM TNOJIEM TEMIEpaTyphl. Pe3ynbraTel uMCIEHHOTO pacueTa NpH 3ajaHuM OasucHbIX (yHKuMil B rpaduueckoii dopme
COMOCTAaBICHbI ¢ TOYHBIM PELICHHEM, MOMYHEHO YAOBICTBOPHTEIbHOE COBIIAJACHHE pe3ynbTaToB. Hayunas noeusna. [1na peileHus
KpacBbIX 3a]a4 METOIOM [ ajlepKnHa NpeIoKEHO HCIONb30BaTh HE AHAIHTHYECKOE, a rpa)HYecKoe NpeCTaBIcHHE Oa3sHCHBIX
¢ynknuii. HemsBecTHble mapamMeTpbl BhIPE’KeHHs pellleHHsl uepe3 OasuCHble (YHKUIMH MOTYT BXOJAHTh HenHHeitHo. Jlns noucka
HEHM3BECTHBIX MapaMeTPOB BbIpaMEHHA OOLIEro pEIICHHS MPEANOKEHO HCNO/Ib30BaTh AITOPHTM 3BOMIOMHOHHOIO IIOHCKA.
[TpuBeAcHHBIN HSBONIOLMOHHBIH AITOPHTM € ajanTalHell MapaMeTpoB MOHCKA, KOTOPbHIH COBNAJACT C HCKOMBIM PELICHHEM C
BepostHocThiO 1. [flpakmuyeckan snauumocms. llpennokeno npm pemreHHH KpaeBbIX 3afad MeTtonoM [anepkuna ncmonb3oBath
rpauueckoe npezcTapleHHe 0a3HCHBIX (DYHKIMIH, YTO MO3BONSET HCCIEN0BATE OOBEKTHI, KOTJa HEW3BECTHBIH aHAMMTHYECKHH BHI
¢yukuuit. McenonbzoBanue Mmerona lanepkuHa npH pelleHHH 3aiad, Korfa OasWcHble (DYHKIMH 3ajlaHbl HE aHAIMTHYECKH, a B
TEOMETPHYECKOM BHIE MO3BOJIHMT PACIIHPHTE KIACC PEIICHHE KPAeBBIX 3a/ad, B TOM HHCIE BO3MOMKHOCTB (DOPMYIHPOBKH CIIOKHBIX
OTHOLIIEHHIT 0TOOpa /s MOKHCKA pelleHHii.

Knioyeente ciosar meton [anepkuna; kpaesas 3ajaua; rpadiueckoe H3oOpakeHHe 0Da3sHCHBIX QYHKUHIL; anropHT™
3BOTIOLIHOHHOTO MOHCKA
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Abstract. Purpose. In solving boundary value problems by Galerkin method should set basic functions. Set of basic functions in
analytical form does not always correspond to the total solution. Attractive set basis functions is graphically. But while the challenge
is estimating the parameters of the basic functions that may include a description not linear. The aim of this work is to develop a
general approach for solving boundary value tasks by Galerkin method, when the basis function is given not analytically but in
geometric form. Methodology. 1t was proposed a new general approach for solving boundary value problems by Galerkin method. In
this method basis functions were given in geometric form but not in analytic form. To search the parameters of the basis functions
which were defined in geometric form is used the evolutionary algorithm. Was constructed numerical algorithm Galerkin method
with the help of evolutionary algorithm random search of the most attractive solutions and graphical representations of the basis
functions. Findings. It was built general scheme of numerical Galerkin method with the use an evolutionary algorithm to find the
most attractive solutions. As an example, were given the results of numerous solution to the boundary problem of heat conduction in
the body of the two-dimensional temperature field. Were given the results of numerous calculation when setting the basic functions
in graphic form a comparison with the exact solution. It was received a satisfactory coincidence of results. Originality. It was
suggested to use not analytical but graphical representation of the basis functions for solving boundary value problems by Galerkin
method. The unknown parameters of the expression solution using basis functions may include non-linear. It was suggested to use an
evolutionary algorithm to search for the unknown parameters of the expression of the general solution. There is provided an
evolutionary algorithm with the adaptation of search terms that match the desired solution with probability 1. Practical value. It was
suggested that in solving boundary value problems by Galerkin method to use a graphical representation of basis functions, allowing
objects to investigate when an unknown type of analytical functions. To use Galerkin method in solving problems when the basis
functions given not analytically but in geometric form will expand class solutions boundary problems, including the possibility of
formulating complex relationships selection to find solutions.

Keywords: Galerkin method; boundary problem; graphic representation of basis functions; evolutionary search algorithm

PimieHHs TakuMX 3a7au yYCK/IAJHIOEThCA THM, WO HeE
Beenenns 3apxau OazucHi GyHKuUil 3agani aHaniTHuHo. [Ind mporO
HeobOXigHO po3pobuTH HOBHMH 3aranbHHH WiAXiT 11
BHpillleHHA TaKUX KpaiioBuX 3amad. [lna pimieHHA TaKHX
3aj1ad Migxo uTs MeTo] ['ansopkiHa.

Jnst po3poOkH Ta IPOEKTyBaHHA CHCTEMH OMAIeHHS 3
TpyOUacTHMH Ta30BHMH HarpiBayamMH po3TalllOBaHHMH Y
OymiBelIbHHX KOHCTPYKUiAX HeoOXigHO BHpilIyBaTH
3adaui TernmooOMiHY y KaHani OyJiBensHOT KOHCTPYKLIL.
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MeTa
Mertoro [gaHoi poboTH € po3poOKa 3aragbHOTO
OifXO0Ay  BHUpillleHHS KpaHoBHX 3aJai  METOJ0M
lanpopkina, konu ©asucHi (QyHKIT 3amaHi  He

AHAJITHYHO 2 Y FeOMETPHYHOMY BUTIISLI.

MeToauKa

HaiiBaxnuBint ocoOIuBOCTI
copmynboBaHi y poboTi [8].

Barato po0iT npHcBAUeHHI pillleHHIO KpaioBHX 3a/1a4
meronom l'anpopxina [1,3,4,6,10, 12-18], ame y Bcix

meTony [ampopkiHa,

po3msiiacTbed  BapiaHT Koo  (YHKOIT @  MamTh
aHamiTUUHUA BuA. Y pocimimxeni [l1] pospobieno
gicelbHe  pillleHHd 3  BUKOPUCTAHHAM  METOJIY

lanbopkina 3 MeToJaMU eKCTpanoisllii, ajle IpH 1IbOMY
¢yHKLiT 3a1aHi KiTbKicHEM criocodoM. JocTiTHHK JTerko
MOXKE 3HAWUTH aHaJITH4YHe pilleHHs (YHKLII MeToI0M
lanpopkina, ame y OaraTboX BHMNAAKaX HeBigomi
KiTbKicHi XapaKTepHCTHKH JJOCTi[KYBaHOTO OO0’€KTY.
3HarouH fKi NpollecH MpOTiKalOThb, iX MOKHA 3a0aTH
rpagiyno. [ns pimenns MoKHA 3aCTOCYBaTH METOZ,
laneopkina.

Meton ['anbopkiHa TIpeAcTaBIEHHH B HACTYIHIA
oyKe KOMMAaKTHii ¢opMi. 3rigHo 3 NPHIMYIIEHHAM,

JIBOBHMipHa 3ajada OIIMCYETBCH JMiHIAHHAM
Ju(epenuialbHHM PiBHAHHAM:
L(u)=0 (1)

B obmacTi D (x,y) IpH rpaHHYHHX YMOBaXx:
Su)=0

Ha niHil 0D, mo e Mexkero obmacti D. YV wmetoni
l'anpopkina mepeadadacThbes, IO HEBiOMa ¥ MOXKe OyTH
JOCHTb TOYHO MpeAcTaBleHa HaOMIKeHUM pillleHHAM:

N
u, =uy(x,y)+ Zajgpj(x,y)

i=1

2

Je: ¢; — e BifoMi aHaniTHYHI QYHKIIT; QyHKIUL U,

BBEICcHA, o0 3a10BOJIbHHTH I'paHHYHHUM YMOBaM, TOdi

9K a; — e KoeQilieHTH, 10 MiUIATal0Th BH3HAYCHHIO.

i
IMinctanoBka BHpa3y (2) B piBHAHHSA (1) MPU3BOAUTE 10
BigMiHHOI Bim Hyns HeB’s3ki R, fdKa BHpaKaeTbcs y
BHTISAII:

]\'I
R(ag,ay..ay,x,y) = L(ug) = L(ug) + Y a;L@;) (3)

i=1

B namiif poOoTi HaBeneHo pinleHHA KpailoBoi 3amadi
MerogoM [ampopkina, B #kii ©OasucHi QyHKOi
npeacTaBieHi rpagidHo. Y TakoMy BHNAAKY ITapaMeTpH,
AKi BXOAATH 70 CKNaay OasucHMX (yHKIiH HemiHiffHO
IIPHBOJATE 10 HeliHiIAHOT HeB s13Ki y BUrmami (3).

Mg Bupimenns miel 3agadi y po©oTi 3anporroHoBaHO
BUKOPHUCTOBYBAaTH alTOPHTM €BONMIOLIHHOTO IOIIYKY
HaHOiMBI NpHBa0OIMBUX pillleHE [2,7]:

X =S(G(X ) k=1,2,...,
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ne: Xy — Oesnmiu Ha#binemr OaxkaHHX pillleHb MO
BiftHOLIEHHIO BUOOpY Rg st Kpoky &3 Xy ; — Te x s (k-
1) — ro xpoky itepanil; G(X) — ¢yHKOis reHeparil,
MOPO/UKeHa CTAaBIEHHAM IreHepauii Rg:

G(X)=y € Qax € XyRoxpug, (%3)> 0]

S(X) — ¢yukuis BuGOpY, MOPOIKCHA CTABICHHAM
BHOOpY:

S(X) = fx e X|vy e [X\S(X)] xR sy}

[lotiMm mnpoBOAHMTBECH OLIHKA
BiZmiOpaHUX B yciX riKax MOIIyKY:

KpalllHX pilleHb,

Ne N

Xp=(D.> X )I(Ny-Ny)

J=11=1
I=12,...N,

j=12,...N,

ne: [ — nopsiikoBHH Homep 3Mminnoi; | — HoMep
BimiOpaHoro pimieHHS; j — HOMep raily3i eBOIIOLiliHOTO
noporecy; Ny KiIBKICTE KpallUX pillleHb, 10
BiZOMpAIOTBCH HA KOKHOMY KpOLi eBONIOLiifHOTO
momyky B ofHiei rTimku; Nz — KinbkicTe rinok
PO3paxyHKy €BONIOLIHHOIO alropuT™y.

Ilicnis nporo mpOBOAWTHCS OLIHKA €MIIIpHYHHX
JHcTIepciil y BUIUIAML:

Ne Na
ol =(Q. Y (xj—xy )} I(Ng-N, 1)
=l
Ha (k+1) — omy kporti iTepartii BUpoGAgeThCS
reHepauis HOBHX pillleHb 110 HOPMa/IbHOMY 3aKOHY UL
KOKHOT 3MiHHOI X' 3 IEHTPaMH B TOUKax x’;j, I=1,N,j=1,
2

Ng i nucnepciero o .

Ax npuknan peanisanii 3aIpoONOHOBAHOTO MiAXOILY

PO3TISIHEMO pilenHs JIIBOMipHOT1 3aadi
TeIIONPOBIAHOCTI:
2 2
09 o0
ox~ Oy

3agani rpaHH4YHi YMOBH IIEPILIOTO POAY:
0=T-T,=0npu x=0ix=L

ne: # — wykana naamipHa temieparypa crinku; T, —
TeMnepaTypa Gi9YHMX MOBEPXOHb CTiHKH MiJTPHMYEThCS
IIOCTIHHOIO.

O=T7-T,=0mpu y=0 O<x<L

0—0 npu y > o

pe: T, — TemmepaTypa HMXHBOTO TOpPLS CTiHKH
HiATPUMYETBCH TIOCTIHHOIO.
Pizuunesa arpoKcHMallis IrpepeHIiabHIX

oneparopiB HaBezeHa B [5].

IIpy BH3HaueHHi pi3HUIEBOI NOXiAHOI 3amicTh
BiIHONIEHHS HECKiHUEHHO MalHX MOKHa 0OMeXKHThCS
BIIHOLIEHHAM KiHLIEBHX pisHunb. /Jlng anpoxkcumanii
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moxigHoi y  By3m  x;  BHKOpPHCTAaHi  HacTymHi f(x) f{y) — nmonatkosi GasucHi OyHKuii, 3amani B

CIIBBiHOLICHHS: IaHOMY NpHKIali B aareOpaidniil Gpopmi:

f(x) =a, + a,x +a,x°

o = O(xi1,y;) — 0%, ¥;) _ 6., -0/ _o=n-0 b b mpu y—0;0-1 (4
* X, —X h h S)=b+=+—,
Yoy
_ Oy )—0.y) 6/ -6, 0-6(-1
(9X = 1 Dol = == =D Tak, 1o H:EJO(al +L12Jc—¢—a3)cz){bl +b—2+b—éj-
X=Xy h h Yoy
) N oy i _pi _ Bigome Toune pimenns BHKIajeHoi 3agadi [9], ske
o) = O %) = 007 1) = g, = o) -0 MOHA 3aIICATH y BHTIISLI:
’ Yin —Y; h h
el 4 200: e—(mn’L)} in( , )
P —=— ——sin(—x).
o - O(y;.x;)=0(y;15%;) _ 0; -0, _0-0() O 7 5t o L
’ Yi = Via h h

Ha pucysky 2 HaBeleHO MNOpiBHSHHS 3HaiileHOro
Jpyra pisHuleBa MOXiTHa BU3HAYEHA TAKAM YHHOM: pillleHHs | TOYHOTO pillleHHs 3a1a4i.

0" :l 0.,-6 0,-6,_, :9f+1*2‘9s+9i—1 _ 0 /-4\
T h h R

_O(+1)—260 + 6(-1)
l 9"*‘1_9'79“,"_9“]'—1 9J+1_29J+9J—1_

6*, E—— J J — — 8 05 ——1=0,05

¥ Rl h h h? T
_O(+1) - 260 + 6(-1)

-

—_—2-1

V naHoMy OpHKiafi NOLIYK pillleHb 3/ilICHIOBAaBCA ¥
topmi: a

0=06,(x,y) f(x)-f(y)  Tp

" 0<x<0,5
0<y<l X

ne:  6Gp=0y(x,y) — OasucHa yukuis, 3amaHa Puc.2. Iopieusnns 0eox piwiens 3adavi /
reoMeTpuuHo (puc.l.); Comparison of the solutions of the task:

(v1) — peavaibmamu pivienns 3a0ayi 3a 00NOMO2010 HOBOZO
0 nioxody supiutenus Kpatiogux 3aday Memodom Ianvopkina;
1 (v2) — pe3yabmamu 6i00M020 MOYHOZ0 PileHHs BUKIA0CHOT
0.4 3a0aul.

[ 3 nopiBHAHHA (pHc. 2.) BUIHO, OO 3HaleHe pillleHHs
3aJI0BiIbHO BIiJTIOBiZla€ TOYHOMY pillIEHHIO, IIEpII 3a BCe
uepe3 BJale BHUKOPUCTaHHA O0a3HCHMX (YHKIIH B
rpagiuniii  ¢opmi. PasoM 3 THM BHUKOpPHCTAaHHA
IOJaTKOBHX OasucHHX QyHKUiH B anamiTH4HIHA dopmi (4)
He 30BCiM Bpale, y [ojanblioMy Tpeda abo Oinmbin
peTenbHUI TOMIYK A0JaTKOBUX OazucHUX (yHKIiH abo
X mpencTaBieHHA Takoxk y rpadiuniit popmi.

PezyabTaTn

[ToOynoBaHWil  YHCENBHUIl  aNTOPHTM  METOLY
Tanbopkina 3 BHKOPHCTaHHSM €BONIOLIHHOIO alTOpHTMY
BHIIAJKOBOTO MOINYKY Hail0inbIl NpHBaOIMBHX pilieHb
Ta rpaidHOTO NpeACTaBIeHHSA OasHCHHX QYHKLiA. B
AKOCTI NpHKIaAy HaBeJeHO PpillleHHs TEecTOBOl 3amadi
TerionpoBinnocTi. [TopiBHAHHA 3HalAEHOrO pilleHHs 3
TOYHHM  [IOKazalo  3aJ0BilbHE  CIIiBBiJHOIICHHS
pe3yJbLTaTiB.

Puc.1. 3adava 3adana epacpivnum memodom /
Provision problem with the help of graphical method
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HaykoBa HOBH3HA i MpaKTHYHA

3HAYHMICTh
Jns  BupimleHHS  KpaHOoBHX  3a7a4  METOAOM
lanpopkiHa 3ampomoHOBaHO BHUKOPHUCTOBYBATH  He

aHaliTHYHe, a TpagidHe mpe/CTaBlieHHS Oa3MCHAX
¢ynkuii. HeBinomi mapameTpn BHpa3sy pillleHHS 4epe3
OasucHI OYHKOIT MOXKYTh BXOIHTH HelniHifiHO. [ng
[OIIYKY HEBiJOMHX @apaMeTpiB BHpa3y 3aralbHOTo
pilllcHHs 3alpONOHOBAHO BUKOPHCTOBYBATH aJIlOPHTM
eBoJIIoLliiiHOro  nomyky. HaBeneHuii  eBoNrONiHHHHA
AITOpUTM 3 aJalTaliclo [apaMeTpiB IMOUIYKY, SKHH
36iraeThes 3 NIYKaHUM pillleHHSIM 3 BiporinHicTo 1.

VY skocTi npukaany 3pobieHo MOpiBHAHHS pillleHHA
TECTOBOI  JBOMIpHOI 3azadi  TEIUIOMPOBIOHOCTI 3
pilieHHsAM, 3HafiJeHMM  po3poOIeHMM  YHCEIbHHUM
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