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y  CTarri npoBeaeHO oraaa aKTyaaBHHX MeroaiB no6yaoBH CTpyKTypoBaHnx i 6aoHHO-CTpyKTypoBaHHX 
ancKpeTHnx Moaeaen reoMeTpHHHHX 06’eKTiB. HaBeaeHO BH3HaaeHHH ancKpeTHOi Moaeai (ciTKn) 
reoMeTpnHHoro o6’eKTa, 11 rnniB Ta pi3HOBHaiB. OnncaHO 3araaBHy nocaiaoBHicTB KpoxiB, Heo6xiaHHX 
aaa  reHepanii CTpyKTypoBaHnx ancKpeTHHX Moaeaen reoMeTpHHHHX 06’eKTiB, piBHHHHa i Teopii, Ha 
ocHOBi hkhx 6yayK>TBca ciTKH, cnepiaaBHi nporpaMHi 3aco6n aaa  reHepanii ciTOK.
HaBeneHO BH3HaaeHHa Ta KaHomam ^opMH eainTHHHoro, napa6oaiHHoro Ta rinep6oaiHHoro THniB 
nn^epeHniaaBHHX piBHaHB y aacTHHHHX noxiaHHX apyroro nopaaKy. OnncaHO aareGpaiam, eainTHHHi 
Ta rinep6oaiHHi MeToan no6yaoBH CTpyKTypoBaHnx ciTOK, po3raaHyTO HHceaBHi Meroan Ha npHKaaai
MeTOay CKiHHeHHHX pi3HHUB.
Po3raaHyTO npHKaaan no6yaoBH CTpyKTypoBaHoi ciTKH aepoaHHaMiaHoi ^opMH NACA0012 Kpnaa 
aiTaKa, mo po3po6aeHi 3a aonoMororo HanioHaaBHoro KOHcyaBTaTHBHoro KOMiTeTy 3 aepoHaBTHKH 
(NACA), aaa piBHaHHa nyaccoHa 3 pi3HHMH 3HaaeHHaMH napaMeTpiB. BroHaaeHO nepeBarn i HeaoaiKH 
CTpyKTypoBaHnx ciTOK. HaBeaeHO mnpoKe Koao npaKTHHHoro 3acTocyBaHHa MeroaiB reHepanii 
aHCKpeTHHX Moaeaen.

Kjimnoei cjioea: ducKpemna Modejib, cmpyurnypoeana cimxa, Gjionno-cmpyKmypoeana cimxa, 
dutpepenijiajibHipiennunn, ejiinmunnuu Memod, zinepGojiinnuu Memod.

BicnuK 3anopijbKozo nau,ionajibHozo ynieepcumemy Ns 1, 2018

http://etacar.put.poznan.pl/maciej.michalek/PublikacjePliki/MyT30NT
https://liu.diva-portal.Org/smash/get/diva2:1066727/
http://esatjoumals.net/ijret/2015v04/i05/
https://hal.inria.fr/file/index/docid/938519/
http://elar.urfu.ru/bitstream/10995/31024/l/ittisu_2015_41
mailto:larysa.khalanchuk@tsatu.edu.ua


140 VisnikZaporiz'kogo nacional'nogo universitetu. Fiziko-matematicni nauki

REVIEW OF DISCRETE MODELS OF GEOMETRIC OBJECTS 
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Computer simulations have been widely employed in modem engineering. Such simulations allow to 
emulate a physical system using numerical analysis. Typical engineering problems employ structural 
analysis, heat transfer, fluid flow, etc. These problems generally require the solution to boundary value 
problem for partial differential equations. The numerical solution of a boundary value problem involves 
dividing the domain of the problem into a collection of subdomains (a discrete model). Generally, a 
discrete model of a geometric object (aka mesh or grid) is a tessellation of a part of the Euclidean space 
by simple shapes such as, triangles, quadrilaterals, tetrahedra, hexahedra, etc. There are exists two 
classes of meshes: structured and unstructured. Structured grids (opposite to unstructured) are identified 
by regular connectivity. Each element in the structured grid can be addressed by an index. Structured 
grids typically have the higher degree of quality, better convergence, and require less computational 
memory. Structured data also allows the use of solution algorithms which are not possible to implement 
on unstructured data.
The objective of this article is to study methods and approaches for an automatic generation of 
structured discrete models of geometric objects.
The article is a review of the most useful methods for the automatic generation of structured and block- 
structured discrete models of geometric objects. Initially, possible applications of structured grids have 
been described. In the next section, applications of elliptic, hyperbolic, and parabolic equations for 
structured grid generation have been studied. The most efficient numerical methods for mesh generation 
have been also reviewed. In the final section, some engineering applications of structured grids have 
been discussed.

Key words: discrete model, structured grid, block-structured grid, differential equations, elliptic method, 
hyperbolic method.

B C T y n

Ha cboroAHimHm A^Hb b rn*eHepHHx AOAaTxax OAHe i3 npoBiAHHx MicAb 3aHMaroTb AOcaiA^eHHa, 
axi BHKOHyroTbca i3 3acrocyBaHHaM xoMn’roTepHoro MOAearoBaHHa pi3HOMamTHHx peaabHHx 
npoAeciB, ocxiabxn xoMn’roTepHe MOAearoBaHHa 3a cboimh BmpaTaMH b GaraTO pa3iB exoHOMinHO 
BHriAHime Hi* noGyAOBa $i3HHHoi' MOAeai. Cynacm npoexTH MaroTb Bee Giabrn cxaaAHHH 
xapaKTep, ocxiabxn BHxopHCTOByroTb MOAeai, axi cxaaAaroTbca 3 AOCHTb BeaHxoi' xiabxocri 
xoMnoHeHTiB i 3B’a3xiB Mi* hhmh. MaTeMaTHHHe MOAearoBaHHa npoAeciB y Taxnx xoHCTpyxAiax 
Mae neBHi TpyAHO^i, noB’a3am 3i cxaaAHidro reoMeTpHHHoi' $opMH BiAnoBiAHHx oGaacTen.

fl,HCxpeTHoro MOAeaaro reoMeTpHHHoro oG’exTy (ciTxoro) Ha3HBaroTb MHO*HHy tohox, 
po3noAiaeHi b AOcaiA^ybamH oGaacTi, pa30M 3i 3B a3xaMH Mi* ahmh TonxaMH. fl,HCxpeTHa 
MOAeab reoMeTpHHHoro oG’exTa 3aMiHroe BHxiAHy HenepepBHy oGaacTb cxiHneHHoro mho* hhow 
npocTHx ^ iryp  [45], B 3aae*HOCTi bIa po3MipHOCTi npocropy AHCxpeTHi MOAeai cxaaAaroTbca 3 
pi3HHx THniB eaeMeHTiB:

-  OAHOBHMipHi (BiApi3XH, AyrH XpHBHx);

-  ABOBHMipHi (TpHXyTHHXH, HOTHpHXyTHHXH);

-  TpHBHMipHi (TeTpaeApH, npH 3MH, meCTHrpaHHHXH).

Po3pi3HaroTb CTpyxTypoBaHi Ta HecrpyxTypoBaHi ciTXH (pnc. 1). HecTpyxTypoBaHi ciTXH 
BH3HanaroTbca 3BHnaHHHM HaGopoM By3aiB. HorinHHH 3B’a30x Mi* By3aaMH ciTXH BH3HanaeTbca 
AOBiabHHM hhhom, toGto xo*eH By3oa MO*e MaTH AOBiabHy xiabxicTb «cyciAiB». Ha BiAMiHy bIa 
HecTpyxTypoBaHoi' ciTXH b CTpyxTypoBaHiH Bci BHyrpimHi BepmHHH TonoaorinHO exBiBaaeHTHi

0i3UKO-MameMamuHHi naynu ISSN 2518-1785 (Online), ISSN 2413-6549 (Print)
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Mi* coGoro. HanpHK^aA, HOTHpHKyTHi crpyKTypoBam ciTKH TonoaorinHO eKBiBaaeHTHi 
CTaHAapTHHM npaMOKyTHHM ciTKaM.

PncyHOK 1. OrpyKTypoBaHa (mBopyn) i HecTpyKTypoBaHa (npaBopyn) ciTKH 

CTpyKTypoBaHa ciTKa BiApi3HaeTbca bIa HecTpyKTypoBaHoi thm, BOHa:

-  HaK^a^ae oGMe*eHHa Ha $opMy eaeMeHTiB, CTpyxrypy i'xHboro po3Mi^eHHa i Ha 
reoMeTpHHHy MOAeab;

-  noTpeGye BHTpaTHTH Giabrne nacy aroAHHH-po3poGHHKa, aae MeHme nacy po3paxyHKy 
oGnHcaroBaabHoi tcxhIkh;

-  po3paxyHKOBHH anropHTM He 3MmroeTbca n p n  noAaabrnoM y noApiGHeHHi ciTKH, 3MmroeTbca 
.rame KpOK CiTKH.

OraaA aKTya^bHHx niAxoAie i mctoaIb aBTOMaTHHHoi reHepaAii HecrpyKTypoBaHHx ciTOK 
(ahckpcthhx MOAeaen reoMeTpHHHHx oS’crtIb), 30KpeMa aHaai3 mctoaIb reHepaAii ahckpcthhx 
MOAeaen 3 BHKopHCTaHHHM TpHKyTHHx a6o TeTpaeApHHHHx eaeMeHTiB, a Taxo* HOTHpHKyTHHx a6o 
mecTHrpaHHHx CKiHneHHHx eaeMeHTiB, HaBeACHO b poGori [7],

MeToro AaHoi poGoth e aHaai3 aKTyaabHoro CTaHy npoGaeMH aBTOMaTHHHoi noGyAOBH 
CTpyKTypOBaHHX AHCKpeTHHX MOAe^eH (ciTOK) reOMCTpHHHHX oG’eKTiB.

OG’ckt AOcaiA^eHHa -  CTpyKTypoBaHi Ta GaonHO-CTpyKrypoBam ciTKH Aaa reoMeTpHHHHx 
MOAeaen.

npeAMeT AOcaiA^eHHa -  mctoah reHepaAii CTpyKTypOBaHHX Ta GaonHO-CTpyKrypoBaHHx ciTOK 
reoMeTpHHHHx MOAeaen.

CYHACHOrO CTAHY TEHEPAD,II CTPYKTYPOBAHHX CITOK
3araabHa nocaiAOBHicTb KpoKiB, HeoGxiAHHx Aaa reHepaAii CTpyKTypOBaHHX ahckpcthhx MOAeaen 
reoMeTpHHHHx oG’eKTiB Taxa:

1. TeoMeTpia oGaacTi, axa GyAe AHCKpeTH30BaHa, noBHHHa GyTH BH3HaneHa, toGto rpaHHAa 
oGaacri noBHHHa GyTH onncaHa. noAaHHa reoMeTpii MO*e GyTH BHKOHaHO pi3HHMH 
rnaaxaMH: aHaairaHHa $opMa (c$epn, AHaiHApn), cnaaHHH, NURBS (HeoAHopiAHi 
paAioHaabHi b-cnaaHHH), mctoah iHTepnoaaAii. TeoMeTpia MO*e GyTH noGyAOBaHa b 
CHCTeMi aBTOMaTH30BaHoro npoeKTyBaHHa (CAnP) aGo b chctcmI reHepaAii ciTOK. BaraTO 
CAnP BHKopHCTOByroTb aHaaiTHHHi $opMH i He Ay*e AoGpe niAxoA^Tb Aaa CTBopeHHa ciTOK 
3 noTOKOM, ^ o  e npoGaeMHHM Aaa aHaairanHoro 3anncy, TOMy GaraTO naxeTiB reHepaAii
ciTOK 3aGe3neHyroTb neBHHH piBeHb niATpHMKH CAnP.

2. AHaai3 Me* reoMeTpHHHoro oG’exra 3 mctow BCTaHOBaeHHa BiAnoBiAHOCTi Mi* 
reoMeTpHHHHMH ocoGaHBOCTaMH (HanpHKaaA, 3aaMaMn) Ta mc* obhmh By3aaMH 
CTpyKTypoBaHoi ciTKH. ^ a a  po3B’a3aHHa Aiei 3aAani 3 ypaxyBaHHaM noAaHHa noBepxHi nacTO 
ii HeoGxiAHO nepeopieHTyBaTH. ^ a a i Aaa reHepaAii ciTKH noTpiGHO OTpHMaTH napaMeTpHHHO 
raaAKi noBepxHi, ^oG tohkh ciTKH naaBHO 3MmroBaaHCb no noBepxHi. ^ a a  OTpHMaHHa 
raaAKOi noBepxHi HaHnacTirne BHRopncTOByroTbca CAnP, axi rapamyroTb anrne 
reoMeTpHHHy raaAKicTb, aae nacTO He e napaMeTpHHHO raaAKHMH. napaMeTproaAia
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3raaA*yBaHHa noBepxHi 3a3BHHan BKaronae po3B’a30K eainTHHHoro piBHaHHa Ha noBepxHi. 
3ayBa*HMO, npn noGyAOBi ACKapTOBoi ciTKH ach KpoK He noTpiGeH.

3. reHepaAm ciTKH oG’eMy. Ua npoAeAypa icTOTHO BiApi3HaeTbca pi3HHx THniB ciTKH.
^ a a  reHepaAii crpyKTypoBaHHx ciTOK BHKopHCTOByroTb pi3Hi cneAiaabHi nporpaMHi 3acoGn: 
ANSYS [1, 13], OpenFOAM [6], SPGrid [9], HybMesh [30] to^ o.

TeHepaAia CTpyKTypoBaHHx ciTOK po3poGaaeTbca Ha ocHOBi pi3HHx piBHaHb i Teoprn, a caMe:

-  eainTHHHi piBHaHHa [9, 16, 34];

-  napaGoainm piBHaHHa [2];

-  piBHaHHa eaacTOAHHaMiKH [37];

-  piBHaHHa HaB’e-CTOKca [10, 19, 22];

-  TpiaHryaaAia [5, 14];

-  Teopia R-^yHKAin [4-5];

-  KpHBa, noBepxHa, oG’cm, eKCTpaKAia Be3be [8, 15];

-  $yHKAii TpiHa [42],

Po3raaHeMO KBa3iaimHHe (aimHHe bIahocho CTapmnx noxiAHHx) AH^epeHAiaabHe piBHaHHa b 
nacTHHHHX noxiAHHx Apyroro nopaAKy BHraaAy

an  ( y  ) Uxx +  2 a u  ( y  ) Uxy +  a 22 ( y  ) Uyy = f  ( y ,  U> Ux , Uy ) > ( ! )

Ae av ( *  >'). i , j  = 1,2, HenepepBHi ^yHKAii b AeaKm oGaacri G.

Po3raaHeMO 3BHnaHHe AH^epeHAiaabHe piBHaHHa

an (dy -  2aX2dxdy + a22 (dx )2 = 0, (2)

aKe Ha3HBaeTbca xapaKTepncTHHHHM A-aa piBHaHHa (1), a koto iHTerpaaH -  xapaKTepncTHKaMH.

3 Kypcy 3BHnaHHHx AH^epeHAiaabHHx piBHaHb bIaomo: aK ^o z = x , y ) -  AeaKHH po3B’a30K 

piBHaHHa (3), toGto

An z^ + 2 a12 zxz^ + a22 z 2y = o, (3)

TOAi cniBBiAHomeHHa C = x , y ) e 3araabHHM iHTerpaaoM piBHaHHa (2). M ae cnay i oGepHeHe

TBepA^eHHa.

H exan an ^  0 (a22 ^  0). ToAi i3 (2) MaeMo:

dy _ au W A  f  dx _ an ± VX'l
dx all ’ ^ dy a22 J ’

Ae A = a122 -  aua22.

PiBHaHHa (1) b oGaacri D c  G  Ha3HBaeTbca piBHaHHaM

a) zinepdom nnozo m uny, aK ^o AHCKpHMmaHT A > 0 Aaa Bcix (x, y  ) e  D , KaHOHiHHi ^OpMH aKOTO 

MO*Ha 3anncaTH y BHraaAi

F (5, V.U ,U. ,U,)
u,,=- 2 a

a 12 ^  0,
12
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a6o

U „ „ -U88 = F, ( a , |W ,U,,U„) ;

6) napa6oniHH020 muny, ax ^o  A = 0 npn (x, y) e D , xaHOHinm $opMH aKoro MO*Ha 3anncaTH y 
BHraapi

f  (^, n , u  , u , , u „)

a ^22 ^  ^ J
22

b) emnmuHHoeo muny, ax ^o  A< 0 npn (*, y A  D , KaHOHinHi ^opMH aKoro MO*Ha 3anHcaTH y 
BHraapi

■ „, a n  a  0.
a n

y  BHnaAKy aimHHHx piBHaHb ppyroro nopapKy 3i craaHMH Koe^ipieHTaMH opep^yeMO HacTynHi 
KaHOHinHi $opMH:

+ V  + yV  = g  (£, p) -  eainTHHHHH THn;

F + b1V!, = g  (£,, p) -  napaGoainHHH THn;

U „+  U =EE m
F  (£,

V ^ + fV  = g  (£, p) } . „
1 -  nnepooaiHHHH THn.

rs - A + A  = g (%, n)J

HaBepeMO peaKi npHRaapn noGypoBH CTpyKTypoBaHoi cItkh aepopHHaMinHoi $opMH NACA0012 
xpnaa aiTaxa, po3poGaem 3a ponoMororo HapioHaabHoro KOHcyabTaTHBHoro KOMiTeTy 3 
aepoHaBTHKH (NACA), a napaMeTpn b nncaoBOMy Kopi MO^yTb 6yTH BBepem b piBHaHHa paa 
tohho'1 reHepapii nonepenHoro nepepi3y npo^iaro i oGnHcaeHHa koto BaacTHBOCTen.

Po3raaHeMO npocTy 3B’a3aHy oGMe^eHy oGaacrb D b pBOBHMipHOMy npocTopi 3 peKapTOBHMH 

KOopflHHaTaMH x  = ( x ,y )r , po3fliaeHa Ha hothph oGaacri [47, c. 130],

--------t— — -------

PncyHOK 2. 06aacTt D no6an3y aepopHHaMiHHOi ^opMH NACA0012 

B y3araabHeHOMy BHraapi MaeMO piBHaHHa nyaccoHa paa reHepapii CTpyKTypoBaHoi cItkh

a 22 X‘£& ~  ^ a \2 -*V| +  ailX^  +  ( a 22 -̂ 11 _  ^ a \2^\2 ^11^22 ) X% +  ( ̂ 22 -^1 _  ^^12^2 +  ̂ 11^22 ) X  ̂ ~

pe 6 Koe^ipieHTiB P-k Ha3HBaroTbca KOHTpoabHHMH ^yHKpiaMH.

HaHnpocTimHH npHKaap reHepapii cItkh, Mae Ha3By aanaacoBoi cItkh (pnc. 3) [47, c. 131], 
OTpnMaeMO 3a yMOBH, a x ^ o  Bci 6 KOHTpoabHHx ^yHKpin popiBHroroTb Hyaro, to6to
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P]k = o .

T oai MaeMO HacrynHHH BHraaA piBHaHHa n y acco H a

a 2 2 2 a i2 +  a n * m = 0-

npanycTHMO, tohkh rpaHHHHoi ciTKH 3aAam Ha HOTHpbox xpaax E}, E2, E3, Ea oGnacri D, 
toai ciTKa BcepeAHHi uiei oGnacri MO*e 6yTH noGyAOBaHa Ha ocHOBi HopMOBaHoi aob^ hhh Ayrn 
(pnc. 4) [47, c. 133], OT*e, MaeMO 2 a^reGpai'HHHx piBHAHHa A-aa reHepaAii ciTKH:

^ = 4 ,  ( ^ X 1 - 1) + 4 4 ( y  t , 

t = 4  J M  J.

PncyHOK 4. CiTKa Ha ocHOBi aobxhhh Ayrn

HaK^acTH rpaHHHHi yMOBH fl,ipH xne-H eH M aH a, to  MO*Ha 3reHepyBaTH ciTKy BcepeAHHi 
oGaacTi D, axa GyAe opToroHaabHa BciM norapbOM KpaaM oGaacri D. B AbOMy BHnaAKy aaa 
reHepaAii ciTKH (pnc. 5) [47, c. 136] MaeMO piBHHHHa

s  =  4 ,  © H „ ( t )  + <  (%)H , ( ( ) ,

t = <°E, k \)H 0 (4  + 4  ( n )^ l ( s )■
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Ae BepxHrn iHAexc 0 BKa3ye Ha BHMory opToroHaabHOCTi, a H0 Ta Hx -  xyGinm ^yHXAii 
iHTepnoaaAii EpMiTa, BH3HanaroTbca ax

H 0 (5 ) =  (1 +  25 )(1  - 5 ) \

H x (5) = (3 -2 5 )5 2,

0 <  5 <  1.

PncyHOK 5. CiTKa 3 rpaHHHHoro opToroHaatmcTro

rpaHHHHa opToroHaabHicTb poGmr. ciTxy raaAxoro no BHyTpirnmH Me*i oGaacTi.

Pi3Hi THnn AH^epeHAiaabHHx piBHaHb b nacTHHHHx noxiAHHx Apyroro nopaAxy MO*yTb 
acoAiroBaTHca 3 pi3HOMaHiTHHMH THnaMH riApoMexaHinHHx 3aAan. HanpnxaaA, 3aAani, MicTaTb 
3aae*HicTb BiA nacy, 3BOAaTbca ao napaGoainHHx a6o rinepGoainHHx piBHaHb. napaGoainHHMH 
piBHaHHaMH BH3HanaroTbca Tenii, MaroTb AHCHnaAiro, HanpnxaaA Tenii, A-aa axnx icTOTHoro e 
B’a3KicTb a6o TenaonpoBiAHicTb, b ABOMy BHnaAxy po3B’a30x GyAe raaAXHM, a rpaAieHTH i3 
nanHOM nacy 3MeHrnyBaTHMyTbca, a x ^ o  rpaHHHHi yMOBH He 3aae*aTb bIa nacy.

^ x ^ o  AHcnnaAinHi MexaHi3MH BiAcyTHi, Aaa aimHHHx AH^epeHAiaabHHx piBHaHb b nacTHHHHx 
noxiAHHx po3B’a30x 36epirae CTaay aMnaiTyAy, a Aaa HeaimHHHx -  aMnaiTyAa po3B’a3xy MO*e 
HaBiTb 3pocTaTH, TaxHM po3B a3xoM xapaxTepn3yroTbca rinepGoainm AH^epeHAiaabHi piBHaHHa b 
nacTHHHHx noxiAHHx. EainTHHHi AH^epeHAiaabHi piBHaHHa b nacTHHHHx noxiAHHx 3a3BHnan 
BH3HanaroTb 3aAani, onncyroTb BpiBHOBa*eHHH a6o CTaann CTaH Tenii. Aae Aeaxi CTaai 
npoAecH Taxo* MO*Ha onncaTH napaGoainHHMH (npHMe*OBHH map) a6o rinepGoainHHMH 
piBHaHHaMH (HeB’a3xa HaA3ByxoBa Tenia) [46],

HannpocTime reHepyBaTH opToroHaabHy ciTxy, ocxiabxn oGaacTb noxpHBaeTbca npaMOxyraoro 
ciTxoro. EpaHHAi oGaacTi MO*yTb He oxonaroBaTHca rpaHHAaMH ciTXH, aae aAanTHBHe 
BHnpaBaeHHa MO*e Gyra BHxopncTaHO Aaa noxpa^eHHa noBepxHi. OT*e, HeoGxiAHe yronHeHHa 
ciTXH b abox HanpaMxax Aaa ABOBHMipHoro BHnaAxy, aae Aaa TpHBHMipHoro BHnaAxy AOCTaTHbo 
BCTaHOBHTH ciTxy b HanpaMxy, nepneHAHxyaapHOMy rpaHHAi. HannacTime CTpyxTypoBaHi ciTXH 
GyAyroTb ax npaMOxyrai maxoBi AexapTOBi ciTXH [2, 10-11, 17-18, 23, 25, 28, 32, 36, 41],

B GaoHHO-CTpyxTypoBaHOMy MeTOAi oGnHcaroBaabHa oGaacTb po3AiaaeTbca Ha HaGip 
npaMOxyTHHx GaoxiB, He nepexpHBaroTb oahh oahoto. ^aai ciTxa reHepyeTbca Ha xo*HOMy 
GaoAi oxpeMO. 3raaA*yBaHHa Ha Gaoxax BHxoHyeTbca ao AOcarHeHHa neBHoro CTeneHa 
HenepepBHOCTi Ha Me*i GaoxiB. Po3pHBH y BiACTam Mi* ciTxaMH Ha Me*i GaoxiB MO*yTb 
ycxaaAHHTH po3B’a3yBaHHa.

HanGiabm po3noBCMA*em mctoah reHepaAii ciTOx BiAHOcaTbca ao HacTynHHx xaTeropin: 
aareGpainHi, eainTHHHi i BapiaAinm, rinepGoainHi.
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AareGpai'HHi mctoah CTBoproroTb ciTXH BHyTpirnHboi oGaacTi i xoMGrnyroTb aareGpai'HHe 
npeACTaBaeHHa rpaHHAi. ^aa TpaHC^imTHoi iHTepnoaaAii BHxopHCTOByroTbca noaiHOMH [8, 26], 
AareGpai'HHi mctoah He HacTiabxn THynxi, ax iHmi mctoah, aae reHepaAia ahmh MeTOAaMH e 
npocToro i rnBHAxoro.

EainTHHHi mctoah reHepaAii MO*yTb oGpoGaara Giabrn 3araabHi BHnaAKH. B ohh MO*yTb 
BHxopHCTOByBaTHca CTBopeHHa BHCOxoaxicHHx ciTOx, axi MaTHMyTb Ga*aHy raaAKicTb, Ha 
AOBoai cxaaAHHx oGaacTax. Po3B’a30x piBHaHHa nyaccoHa BH3Hanae MicAenoao*eHHa tohox 
ciTXH. BapiaAinHHH mctoa Taxo* Aae eainTHHHe piBHaHHa, po3B’a30x axoro BH3Hanae 
MicAenoao*eHHa tohox ciTXH. Ba*aHBHM e BnGip ^yHXAin ynpaBaiHHa, axi BH3HanaroTb BiACTaHb 
Mi* TOHxaMH ciTXH Ta opToroHaabHicTb ciTXH [9, 16, 34],

rinepGoaiHHi mctoah po3B’a3yroTb rinepGoaiHHy CHCTeMy piBHaHb A-aa reHepaAii ciTXH bIa 
rpaHHAi oGaacTi. 3a3BHHan HaxaaAaeTbca yMOBa opToroHaabHOCTi am in ciTXH. 3a3BHHan 
AOAaeTbca 3raaA*yBaHHa, ^oG no3GyTHca nepeAHacHoro HaxaaAaHHa aiHin ciTXH. 3oBHimHa 
rpaHHAa ciTXH BH3HanaeTbca po3B’a3xoM piBHaHHa, TOMy ach mctoa oGmc* chhh Aaa 
BHxopncTaHHa b GaoHHO-CTpyxTypoBaHHx ciTxax, aae Ay*e xophchhh npn noxpHTTi ciTOx.

niA nac reHepaAii GaoHHO-CTpyxTypoBaHoi ciTXH cnonaTxy CTBoproroTbca oxpeMi cxaaAOBi ciTXH 
Aaa pi3HHx nacTHH reoMeTpii, BHxopncTOByroHH aareGpai'HHHH, eaihthhhhh hh rinepGoaiHHHH 
MeTOAH. BpaxoByroHH HaGip cxaaAOBHx ciTOx, BH3HanaeTbca, ax 3poGnTH noxpHTTa 
aBTOMaTHHHHM, aae MO*e BHHHXHyTH 3Gin, a x ^ o  npn noxpHTTi He GyAyTb mIahhmh 3B’a3xn Mi* 
xoMnoHeHTaMH pi3HHx GaoxiB.

BnxopHCTaHHa MeTOAy cxiHneHHHx pi3HHAb Aaa po3B’a3xy AH^epeHAiaabHHx piBHaHb Gyao 
oahhm i3 nepmnx niAxoAie Aaa OTpnMaHHa AHexpeTHoro npeACTaBaeHHa Tiaa. B koto ochobI 
ae*HTb iAea TpaHC^opMaAii ciTXH, ^ o  BH3HaneHa Ha OAHHHHHOMy xyGi, y noTpiGHy reoMeTpiro 
xyGonoAiGHoro Tiaa. ^ x ^ o  Tiao Mae cxaaAHy $opMy, to aw npoGaeMy mo* ha po3B’a3aTH 
MeTOAaMH AexoMno3HAii hh GaoHHoi AexoMno3HAii, axi 3acHOBaHi Ha iAei AexoMno3HAii Tiaa Ha 
xyGonoAiGm Gaoxn.

HnceabHi mctoah, ^ o BHxopncTOByroTbca npn reHepaAii CTpyxTypoBaHnx ciTOx:

-  mctoa cxiHneHHx pi3HHAb [2, 17, 34, 37];

-  mctoa cxiHneHHx eaeMeHTiB [1-3, 14-15, 23, 27, 29, 33];

-  mctoa cxiHHeHoro oG’eMy [10-11];

-  mctoa cnexTpaabHHx eaeMeHTiB [26];

-  mctoa FDTD [37],

Ha npaxTHAi 3acTOcyBaHHa reHepaAii CTpyxTypoBaHnx ciTOx BHxopncTOByeTbca Aaa
MOAcaroBaHHa mHpoxoro xoaa oG’exTiB i npoAeciB:

-  MOAearoBaHHa oG’exTiB, MaTepiaaiB, Ae^opMaAin, Tpi^HH [3, 4, 12, 13, 15, 20, 23, 24, 36, 
39, 40, 44];

-  MOAearoBaHHa aepoAHHaMixn, riApoAHHaMixn, noTOxiB pi3Horo noxoA^eHHa [2, 10, 11, 18, 
19, 21, 22, 24, 25, 30, 38-40, 42, 43];

-  MOAearoBaHHa 3aAan TenaonpoBiAHOCTi [11, 33, 36, 41];

-  MOAearoBaHHa xBHab pi3Hoi npnpoAH [14, 17, 27, 37];

-  MOAcaroBaHHa MarmTOCTaTHHHoi 3aAani, OAiHxa eaexTpoMarHiTHoro noaa [26, 42];

-  OAiHxa ^iabHOCTi iMnyabcy eaexTpoHa (EMD), koto momchtIb i noB’a3aHoi 3 hhm 
iH^opMaAinHoi eHTponii ffleHHOHa Aaa GaraToeaexTpoHHoi MoaexyaapHoi chctcmh [28];

-  AOcaiA^eHHa 3BaproBaHHa TepTaM (FSW) [29];
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-  AOC.niA*eHHH B AHXAOHHOMy £H3aHHi naAlHHfl THCXy [31];

-  cniBCTaB^eHHa Ga3HCHoro npeACTaBaeHHa 3MiHHoi noaa HaA oGaacTro b KOHTeKCTi 
HHceabHoro MOAearoBaHHa i 3bopothhx 3aAan, ac HenepepBHe cxaaapHe a6o BexTopHe noae 
HaA oGaacTro MO*e Gyra npeACTaBaeHO b pi3HHx cxmneHO BHMipHHx Ga3HCHHx 
HaGaH^eHHax, taxhx ax HecTpyxTypoBaHHH Ga3HC a™ HHceabHoro po3B’a3xy npaMoi 3aAani 
i peryaapHa ciTxa aba npeACTaBaeHHa po3B’a3xy 3BopoTHoi 3aAani [35],

BHCHOBKH
B poGori npoBeAeHO otaaa cynacHoro CTaHy reHepaAii CTpyxTypoBaHHx AHCxpeTHHx MOAeaen, 
axhh e npoAOB^eHHaM i AonoBHeHHaM nonepeAHix AOcaiA^eHb, npoBeAem b poGori [45], a 
caMe: onncaHO ochobhI xpoxn aba noGyAOBH ciTXH, axi e 3araabHHMH aba GaraTbox niAxoAie i'x 
aBTOMaTHHHOi reHepaAii; po3raaHyTO aareGpai'HHi, eainTHHHi i BapiaAinm, rinepGoaiaHi mctoah 
reHepaAii CTpyxTypoBaHHx Ta GaonHO-CTpyxTypoBaHHx cItox; npoaHaai30BaHO cneAiaabHi 
nporpaMHi 3acoGn, 3a AonoMororo axhx BiAGyBaeTbca xoMn’roTepHa reHepaAia cItox; onncaHO 
piBHaHHa i Teopi'i, Ha ochobI axnx GyAyroTbca cItxh; HaBeACHO HHceabm mctoah, 
BHxopHCTOByroTbca npn reHepaAii ciTOx; AOcaiA^eHO mnpoxe xoao oG’exTiB i npoAeciB, aba 
MOAcaroBaHHa axoro BHxopHCTOByroTbca CTpyxTypoBaHi ciTXH.

fl,ocaiA*eHHa mctoaib reHepaAii CTpyxTypoBaHHx ciTOx BHaBHao nepeBarn Ta HeAoaixn ixHboro 
BHxopHCTaHHa, a caMe: nepeBarn -  MO^aHBicTb BnxopncTaHHa Giabm bhcoxoto nopaAxy 
anpoxcHMaAii i MeHrnoi xiabxocTi pecypciB oGnHcaroBaabHHx MamHH; HeAoaixn -  oGmc^ chha Ha 
^opMy eaeMeHTiB, CTpyxTypy ixHboro po3Mi^eHHa i Ha reoMeTpnnHy MOAeab, aAanTaAia ao 
cxaaAHHx Tia AOCHTb TpyAOMicTxa i e MO^aHBicTb noaBH BnpoA^eHHx eaeMeHTiB, AexoMno3HAiro 
Ha Gaoxn MO*Ha 3acTOcyBam aba mctoaIb, xoan Gaoxn Ta rpaHHAi MO*Ha npeACTaBHTH aBHO, aae 
y BHnaAxy HaATO cxaaAHOi $opMH Tiaa AexoMno3HAia Man*e He 3acTOCOByeTbca. nonyaapHoro e 
xoMGrnaAia reHepaAii CTpyxTypoBaHHx Ta HecTpyxTypoBaHnx crrox, axa A03Boaae BHxopncTaTH 
Bci nepeBarn i oGmc^ hth HeAoaixn oGox bhaIb ciTOx.

Y3araabHroronH pe3yabTaTH AOcaiA^eHHa, MO*Ha 3PoGhth bhchobox, npoBeACHHH oraaA 
niATBepA^ye axTyaabHicTb po3poGxn MeTOAie reHepaAii CTpyxTypoBaHHx AHCxpeTHHx MOAeaen 
reoMeTpnHHHx oG’exTiB aba noAaabmoro HnceabHoro aHaai3y i'x BaacTHBOCTen.
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