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TeMa: Hosr rroAxoAr.t B KpafiHoe,'reMenTrrrrr aHa,.u43 3it, eJrrrrrrurrHrr 3a,{aqrr
I{sroralrr crarroBr{rqero: npoS. 4uu Cre$xa Huxolaera lr.rlroaa

Axrya.nuocr rr 3HatrrrMocr rra rrpo6.nervra, flpe4naraanar Ar.rcepraqr4orreH TpyA e B
AKTYILJIIIA }I I,IHTEII3HBHO PA3BI,IBAIqA CC O6IACT HA ITqIICJ'IIITCJIIIATA MATEMATIIKA, BA)KHA U
3a npIIJIO)KeHLttTa.

O6sop na cs.qrp)Karrrrero rr lpr{Hocr{Te B Ar,rcepraqr{oHHrrs rpyA. {r.rcepraqlrara
c'bAr,pxa 300 crpaurqz, pa3npeAeJ'reHr.r n Vno4, 4 rnasu, 3aKrroqenrae r.r 6r.r6nuoroa.6lrs ot
149 garraeru.

B Vao4a ca $opuy,nlrpaHa {eJrure Ha Ar.rceprarlaoHr,rur r,pyA, H3rroJtBaHr.rre Meroan 3a
oc'bqecTBgBaHeTo I.IM, I,r3JrO)KeHO e C.LA'Lp)r<arrr4eTo IIo rJraBII.

l-aaea 1 e nocsereHa xa Cr4eceuua Mero4 rra Kpafirrzre Ereruenru (CMKE) 3a perxaBaHe
Ha crreKTpa!'rH1..t 3a4aqlr or eerBr,prx pe4 (e4uor,aepxr.r. n. 1.2. vuorouepnu, n. 1.3) r rrrre-
rpo4r.rQepenqaa"rHrr 3aAaqr{ (n. 1.5). B n. 1.4 sa 6raxapuouuunara AByMepHa c[eKTpaJrrra
3aAaqa e npeA,'ro)€Ha r.r o6ocrrosaHa nocrrrporleAypa (A,rropnrru 1.1), r<oaro no4o6para
ToqHocrra rra co6creenr.ne croftHocrr4 (CC) n na co6crseHure @yuxqura (C@), no;ryvenr
no CMKE. flpoqe.qypara e ocrroBana Ha Aorn JrHr.rreJrno peruaBaHe Ha eJrHnrnr{Ha 3aAaqa
c ArcHa qacr rroJryqeHara rro CMKE co6crBeHa Qyrrrqna, Ho c rr3rror'r3Baue na ro-$r.rHua
upex<a (r'.rerog rra ABere Mpexu, npeAJ'ro)Ken or Xu u Zhott za 3aAar{H or II pe4) urlr c
H3nOJ'BBaHe Ha nOJIr'tHOMI.t OT CTerreH C eAHHLIqa IIO-BHCOKa OT Ta3rr Ha IIOJII,IHOMT.TTe 3a De_
uaBalre Ha cneKTpaJHara ra4aua (lreroa Ha ABere npocrpaHcrBa, rrpeffroxelr or Augpeea
r Paveea). Te:n peaylraru ca 3a KpaftHlt ereMeHTrr or crenen n ) 2.

I,Islo,ranaHero na raseftnn KE e clreceua'ra $opvy,rlrponxa Ha 3a4aqu or IV peg e
AI,IcKyrupaHo n n.l.5, xr,4ero e aHillr{3rrpaHo r.r3rroJnBanero Ha rrocrrrpoqeAypara or rt. 1.4
BbB Bapr,raHTa MeToA rra ABeTe rrpocTpaHcTBa.

B n.1.6 e KoHcrpyrrpaHa cMecena Bapr.laqnouua $oplry,rapoBKa Ha unrerpo4r.rQepen-
IIHa!'rHa 3aAaqa or xr.rnep6oluveu rr.rn. flonyveurr ca aflpfiopnr,r oqenKrr 3a perrteHrr.nra Ha
HerrpeK'bcHarara, uoJryAr.tcKperHara r,r Ar,rcKperHara :a4a-ra. flyrrxt 1.8 ct4tp>ra p$yJrra-
TI'ITe OT qI{CJIeHI,I eKCnepI,IMeIITI.l, I.IJIIOCTpI,rpaq[ H.SKOII OT MeTOALITe, aHa"'II,nApaHII B Ta3Ir
TJIABA.

Karo ce a6crpaxr.rpav or rrpererrqlo3Htrfr L4 nopa4v roBa rre Bxrraru MareMarr.rqecKrr
TOtIeH CTrrJr Ha rleJr[r AncepTarl[orreH TpyAr r,r3Jro)KeHr.reTo Ha peSyJrTaTnTe B Ta3r.t nraBa e
uafi-upeqlrauo. LI-{e or6e,rexa caMo HeHy}KHoro (u nenpanulrno) npeAno!'ro)Kenr.re Sij(r) > O
na crp. 30, 8 peg or4o.ny.

Cnexrpa"rnlr 3a4ar{rr B cr,craBHtr o6racru c HeJroKaJrHrr yclrolLrs ca [peAMer Ha rcc,'reA-
BaHe B'bB Bropa rnaaa. Pa,:pa6oreu e o6rq no74ro4 3a rpr,r ocHorJHn rrrra,3a,Aa,qn: 3itAner.r c
Bbrpelrrnlt rpaH[qrr rr HeJroKaJ]nu ycJroBrlr Br,pxy rflx (rt.2.2)i sa4auu Br,pxy 3acra,rrBarqr
ce o6namu (n.2.4); xoararturr 3a4ar.v (n.2.5). O6qunr noAxoA e B r{3noJr3Bane rra KpaftHr.l
eJIeMeHTrr c t4rrrerpa!'IHlr cl.eneHr.r IIa cao6o4a. To:r,r logo4 AaBa BafMo)KHocr npr,r l€cjreA-
BaHeTO HA anpOKCr,rMarIXJrTa r{ CXOAnMOCTTA Aa Ce I,I3IIOJI3BaT r4HTepnoJ'raquoHr{r'r OlepaTOpH



oT vHTerpa!'reH Trrrr, KaKTo Aa ce KoHcTpyr{paT rroAxoAqtqu anocTepr,ropHr.r [poqeAyprr 3a
IIOBI.IqaBaHe TOTIIIOCTTa IIa IIOJ'IyyeHr'rTe IIpII6I[.DKeHU peIIIeHIrt.

3a c,ryvaa Ha crreKTpaJrrrrr 3aAarr[ or BTopn peA c rreJroKa!'rHr.r ycJ]oB q Bbpxy B brpern-
Hrrre rpaHnrlfi ToBa e HanpaBeHo s n.2.2. tr{3non3narru ca rpu.bfa,JrHrr xpaitnn elelrerrru c 6
crener .r Ha cro6o4a (croftHocrlr Br,B a.bpxoBere [r r{HTerpaJrr{ no crpaulrre) rr [paBo,],f'L,,rrru
c 8 crererrlr na cno6oga, ocurypqBarqu xon$opvuocr Ha MeroAa. flpe4,rorxena e nocrrrpo-
rleAypa, Kosro ro4o6pana crauAaprrrara oqerrxa (2.24) aa CC 4o (2.27) (Teoper'ra 2.3), lr
crarrAaprHara oqeHxa (2.23) 3a CO Ao (2.31) (Teoper'aa 2.4). llpe4,'lox<euo e n rroBrrrnaBarre
rra ToqHocTTa qpe3 Bb3cTaHoB.aBauIa lporleAypa B bpxy MaKpoereMerrTtr) Ho Ts npeAnorara
rJraAKocr sa co6crnenure Qyrrrcqlru, KaKBaro re eABa J'rrr 6r.rxa llor;rr.r Aa IaMar B cJ'ryqa,s rla
cbcraBua MHoroa,rb,'rna o6nacr, xarnaro ce pa3rre)KAa ryx (Teopeua 2.5).

9pea no4xo4xr1 lr:6op rra KE c uurerpa"rxu crerrerru rra cno6o4a 3a 3aAaqlr Bbpxy 3a-
clbnBaqn ce o6,racru e flo,ryqeH orrrnMa!'rerr peA rra cxoAnMocr raxro:a CC, raxa t-r sa C@.
I4s6opr'r rra KE u rexHl4Krrre Ha LI3cJreABaHe B cryqaa rra Kou'r'aKlnn 3aAa.rrl ca rr3JrolxeHrr
BL,pxy KorrKpeTHa eAHoMepHa 3aAar{a.

f.naea 3 e [ocBereHa rra rreron$oplrnug MKE 3a pernaBarre rra eJ'rnnrr,rqHn 3a4aqlt or
II-pn r.r IV-rlr peA rrpr r€[o,T3Baue rra KE c r.rHTerpaJrHr.r crerrexrr Ha cBo6oAa.

B n. 3.2 nexou$opMrrrrrr rrHTerparerr eJreMerrr rra Crouzeix-Raviart (C-R) e u3noJr3Barr
rpu pernaBarre Ha AByMepHa eJrrrfrrrrqHa aagasa, .{orcasareJ'rcrBoro rra ocrroBrru.x pe3y,'rrar
ryx (Teopeua 3.1.) e nenr,nHo - 3a Aa ce noJ'ryr{u orleHKara (3.4), rpa6na Aa ce oqerru u
rpernKara 3a c'brJ'racyBaHocr (sropua v,reu B .qqcHo B oqeuKara or BTopara ,rleva ua Crpeur,
Ha Kolro ce no3oBaBa 4oq. Pavena). Cruqnar npouycK e rrarpaBeH B AoKa3are,'rcrBoro Ha
Teoper'aa 3.2 n rt. 3.2 3a pa3rrrupeHnr r4HTerpaJrerr eJreMeHT EC-R. Tyr ca B'bBeAelrrr rr ABa
qerrrprrbrr,Jrrrlr uurerpanuu KE.

B n. 3.4 e npeAlo)Kerro afiocrepnopHo o6e4uneuue Ha Kpaihr]r e,teMeHTr.r, TaKa.{e urrrep-
rroJrrrpauoro B'bpxy MaKpoeJreueura xpafirroeneMerrrrro perxeHrre 4a 6't,4e no-4o6po rpr,r6lu-
x(eHrle Ha rorrHoro perneHr.re. llplr lo4xo4arq ue6op rra MaKpoeJ'reMeHTa roBa e rroKa3aHo 3a
cryrraq Ha C-R n EC-R eJreMeHTrr. Crrqara nporleAypa e r{3rroJnBarra u pu peuaBaHe rra

AByMepHara c[eKTpa,'rHa 3aAarra 3a rroBrrlraBaHe roqHocrra Ha rrpr.r6nurxenlrre CC u C@ (n.
3.5). Tau e rpeAJro)KeHa H Apyra anocrepuoprra rporleAypa (Alropurrrnr 3.1), ocrronarra na
pelnaBaHe Ha cneKTpa!.rrrara 3aAaqa c Koft Aa e or 4re unrerpa"nrra rrexou$op:uHlr eJreMerrra
q AOn'bJ'IHHTeIIIO peruaBaHe rra eJrrrnTI.IqHa 3aAaqa c r'l3rroJr3BaHe Ha Aon.r,JrrreHrrTe c,t c cTofr-
Hocrnre B'r,B BbpxoBgre KpaiiHoereMerrrHpr rrpocrpaHcrBa. loxasauo e rroBurrraBaHe c ABa
rropsAbKa Ha rotrHocrra na CC rplr c.borBerHn npeAnofio)KeHfi.fl :a r,ra"qxocr rra CO.

B n. 3.6 e rpe4no>xena vo4n@lrt<aqna (napeveua Z-eleuenr) ua rpnr,n rrrr.rxa rra 3eur<e-
Brrrr, Kosro e rrp[JroxeHa 3a penaBaHe rra eJrrrrrrrrqna:a,qava or IV peg. B n. 3.7 Z-e,reueurrr
e rr3rro,'I3BaH 3a pelxaBaHe Ha eJrurrrrrr{rra cneKTpaJrrra 3aAar{a or IV-ur pe4. Anocreplroprra
fipoqeAypa, ocHoBarra rra pe[aBaHero Ha crreKTpil[Hara 3a4aqa c'l'c Z-eler,aerrra, [ocJreABaHa
or perxaBalle IIa I,I3xoAHara eJrlrnrlt.{Ha 3aAa.ra c AflcHa qacr noJ'ryqerrara CO r.r [eloreeaHe
ua ron@opl'trlrr eJreMerrr rra Ee.n, 4ana Bb3Mo)KHocr Aa ce [oAo6pu c ABa nopsA'rJKa roq-
Hocrra rra nplr6,rzrxerrnre CC.

Csoiicreoro Ha ueron$opurrr.rre r'reroAa Aa AaBar npu6nux<euul ua rovurare CC or4oly,
e ArrcKyrr.rpaH s n. 3.8. 3a cr)Kar-renr.re AoKa3areJrcrBara rra TeopeMa 3.11 (sa ueusrnxna,ra
o6aacr) u Teopeva 3.12 (sa usnurHa"'ra o6racr) He ca KopeKTrrrr. 3a 4a 6r,4e Bqprro rrepa-
BeHcrBoro (3.62), rpa6na nbpBrrsr rrJreH B nocJreAHoro paBeHcrBo (3.63) aa 6r,ge oqerreu
orAoJry, a He orrope. Brrpoven s 3a.6eae)Kra 3.11 .qoq. Pa.reaa e Ka3iura, qe "3a no-ro.n.sruttr
rpeqr.r3nocr n Teopeua 3.11 u Teopernra 3.12" raxasa oqeHra rpa6na Aa ce npeAno,'ro)Kr{, Ho
TOBa He npaBrr AoKa3aTercTBaTa BepHr{.

Kou6lrnaqnara or nexonQopuerr MKE ea pernaBarre rra crreKTpa,rrrara 3aAa.{a (AaBaq

rIpu6;rra>xerrlre rra CC orgoly) n xou$oplreu MeroA Ha KE ea penanaue Ha crroMarareJrHa



eJrr.rrrrr.rtrna 3aAarra (c Aflcna qacr npecMerrrarara CQ) 4aea n,t':ruro>xrrocr ga 6bAar HaMepe-
Hrr ABycrpaHrrr{ npu6nloxeulra 3a rrernBecrHr.rre CC, xoero e Mrroro rIeHHo B peaJnu 3aAaqr.r
(u. 3.10). flpe4ro>xeHuar Alroplrrtu 3.2 ce ocnosana rra rBbpAeHuero rra Teoper,ra 3.14.

[oxa:are.ncrnoro e KopeKTrro o6a.re cal{o 3a rlbpBara (rrail-lra"rxara) CC, "crullrre cto6pa-
x<esuq" ne pa6orrr sa nporaerolna CC.

lllecrre npur'aepa n 1.3.11 ltr'rrocrprzpar ocHoBHHTe pe3yJrrarn, noJryr{elq B Ta3u r,'raBa.

B Fnaea 4 ca c'r,craBerrrl BaplraqltoHHrr MareMarr4qecKr.r MoAeJTLI Ha Ba)KHn pea^rrrrrr npo-
6,reuz - npecvaraHe ArHaMrrrrrr[Te Harrpe)KeHI.Ig Ha rpeAa B.bpxy eJracrr.rr{Ha ocnoea (n.
4.2), npeclraraue Ar4HaMuqHrrre rrpeMecrBaHzs r{ rralpe}xer.ts Ha rpeAa B'bpxy ocHoBa or
Burrxnpoe rur (n. 4.3) fi Ha BrrHToBo cepe4,ro (n. 4.4). Cuecena crrMerprrqrra Bapuaqr{orr-
lra Qopvy.nr.rponKa Ha 3aAaqara 3a olpeAerqHe Ha HerrpnHyAeHrrre rrecrorrr u $yrrxqlra rra

Qopuar:a Ha BerporeneparopHa rrepKa e HanpaBerra n n. 4.5. Crg:r,px<are;rulr prMeprr c
peaIIHIt AaHHr-I Ca [pr.rJro]KeIIIt B noc,'IeAH .fi nyHKT.

fly6;rr.rxaqrr.r no reMara Ha Ar.rceprarluouHr4s rpyA r rlr{Tr{paHr.rs. Pe:y,rrarure,
rlpeAcraBeHrr B AlrceprarllroHnlrs rpyA, ca ny6;rzxynauu a 28 crarlru, 1 crarlrq e lprrera
3a rrerrar. [ne or pa6orrre ca n JCAM (I4O 1.029:a 2010 r.), 1 e a !ox,:ra,4n na BAH
(I{A 0.219 :a 2010 r.); 12 ca a peqerreuparru c6opnlrqu c pa6oru Ha Me)KAyHapoArrr.r KoH-

$eperrqrz - e LNCS (11 pa6oru) r g AIP Conference Proceedings (1). IIo cnegenne rra
aBTopa ca sa6eaqsanlr o6qo 51 qr.rruparus rra 11 pa,6oru, BKJrro.rerrrr B Arrcepraqr{sra, r.r
oule 10 qtrlrpanna ua pa6oru, HeBKJrroqeHrr B Ar.rcerarlrrsra) rro cBbp3arru c reuaraxa-ra u'.
Taxa cuequQuvnrrre ycJroBr.rr 3a npaAo6r.rBarre Ea Hayqrrara crenen !,oxrop Ha HayKure B
L4tr4KT ca rr3nbJrHeHrr. fler or uy6.nuxaq[rrre ca caMocrorreJrrru, 77 - c ep'u.l:. cr,aarop, 6 - c

ABaMa c'baBTopr{, 1 - c rpuna c'baBToprl. Curmau, qe B ca,BMecrHrrre pa,6oru yrracrrrero rra
c'baBTopure e paBHocrfiHo.

Anpo6aqnr rra pe3ynrarrrre, Pe:yrrrarlrre B ArrceprarrrroHHtlz 'rpy4 ca AoKJraABarrn
Ha c[equa,'rr{3r.{paHr{ Me)r{A/HapoArrr.r xorrQepenqun - a Burrapua: LSSC (2003, 2005,2007,
2009,2011), AMiTaNS (2010), NAA (200a,2008); n vy>x6uua: European FE Fair (2005,
2010,2011), KaKTo rr Ha MelKAJrHapoArrrr rexHuqecKr4 Qopyun: Research and Development
in Mechanical Industry, Cr,p6ur, 2008, Int. Conf. UNITECH, fa6pono (2009-2011).

V.racrre B Hayqnr.r npoeKTH. M. Paqesa rrMa yr{acrrre z 2 r.ayttau npoexra, $urrarr-
crrpar { or HOHI4 lr n 3 rpoexra, $uuarrcupauu or TY - fa6poso.

Aorope$epar. Aarope$epalr,r e rra 38 crp. r.r orpa3qBa B KoHrleHTpr.parr BrrA c,r,At-
pxarrxero rra Ar.rcepraqrronrrrrr rpyA. OcnoeHure npr,rHocrr Ha aBTopa ca orpa.:euu n An-
TopcKara cnpaBKar Ho rpx6aa Aa ce rrMar rrpeABr.rA rrocoqeuure Hena'JIHIt u Aoplr IIeBepHu

AoKaiareJrcrBa e f,raea 3.

3a6e,rerrcu n [pe[op'r,Kr{.
Karo qrno B rrpeAcraBeHrr.s rpyA rrMa cepuo3Hrr rrpxHocu B Teopu.qra n lpu,'Io)KeHxq-

ra xa MKE 3a peuaBaHe rra rrpaKTlrqecKrr BZDKHL It HecraHAaprHr.r 4u$epenqua"nur aa4a-
wr. llpeogo:reHu ca c'bulecrBerru rpyArrocrr{ rrp floryqaBarle Ha oIreHKIr 3a roqllocrra rra
rrpeAJro)i(errrrre rnrero4lr. l{e orSe;re>xa orrroBo eoeKTITBHLITe arlocreprropHn npoIIeAypI'I 3a
ct,lrlecrBello rloBr.rrraBane peAa Ha roqHocr lra [bpBoHaqaJIHo floryqeunre npll6llrx<ertlrr.
Cvurau o6a're, .re a rpyn aa "goxrop Ha uavxurel' ne 6u lpa6na"no Aa rrMa raKlIBa rlpolycKrr
B AoKa3are,,'rcrBara. o le noBerre gor1. Pa.rena rBbpA . qe "npeo6.na4analllrtr xapaKTep Ha

Ar4ceprarrr4-rra e reoperuven". C.rlrral,r. ca, lor qe ar<o n Tpera DraBa 6gxa ocraHa"lu caMo
6e:crropuure reoper[rrrru pe3yJTTarI4, HtKoI{ TeoperrryHlr xrl[ore3l{ Ir ocnoBaHlrre Ha rqx a"'r-
ropnTMrr, TpyAbr lelxe caMo Aa crreeeJrr. Or rosn orpoMeH Mareplriur Molxe Aa ce orAeJrll



cGlqecTBeHaTa qacT, It lr3J.rox(eHa c eAfiH rro-flpeql{3eH MaTeMaTI{qecKI-t e3rrK, Mo)Ke Aa ce
upeBbpHe B Au cepTartrorreH TpyA.

3ax,llo.rexrre: Bts ocaona Ea BcE rno Ka3aao Ao ryK nMaM ocnoBarrue Aa He nryEr,ro-
x<a ga 6rge npvc'bAeHa na!4mara crenen ",qoxrop Ea naJrKlrre " na Maneaa Pagoctaaoaa
Paqena n npo$recrromatr*o nutpaatenze 4.5 Marexarnxa- *avgpa cneunatso<t: 01.07.09 - ,
" II zwc nu're.ra a u are tt arsxa" -
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