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Crarrq lpucBrrleHa aHa:ri:y ocofrrsocreft eaxopucranHrr HoBHX
npofpar!{ HHX neAarori,t H iax :aco6ie G RAN2 D ra GRAN3 D) Ai-is po:n's:yBaH Hfl

BrIpoBaIXyBarI4 HoBi MeroAI4KI4 HaBr{aHHs. B cnoroAnimnrol,ry iH$opprar{ifiHor,ry cycnir'crBi. qK;
co6orc 3aMiHHno iuaycrpia,rbHe, Tpa1r4rliftne HaBqaHH{ sAifrcuroerrc.a nonijrsHaMr4 TeMnar.{}r -
BHMarae neBHHX uarepia,rrirHx 3arpar (saxynra Si:rauHax npu:ragin, HaoqHocrefr, o6:ra4HaHu
npo$i;6nrax xa6inetin). Hoei rexso-uorii noeNHHi 6yru ronoegeai cyqacH'Mr{ MeroAa}r}-
HaBr{aHHt) B tKI{x BriHTenb Bl4crynae y poni [opaAHI4Ka q:r-a yrnie, IorroMarae il,r Hasqurac;
e$exrNeno neperBoproeara in$opuaqiro B 3HaHH.[.

JIITEPATYPA:
1' Arar'rauvyrc ll.C. flpornosyeanHx $i:rzvnoi ocniru B yMoBax oco6ncricHo opienroeauor--

HaBrraHHr, ll 36ipwvtrc HayKoBHX nqarlb K-lIAy-. Cepig neaarori.{Ha: Merogo,torivui npanuran,,
$opuyeauHr $i:nvuux 3HaHb yvuie i npo$eciiuax xxocrefi uail6yrHix sqfire,rie tpi:rznra r=
acrpoHoluii. - Ka,r't'lueqs-floriltcltcnfi: Kau'sHeqr-lloAilrcrnnfi 4epxaenafi y"i".p.rr.r.
iH$opvaqifrHo-BuAaBHi.tuufi ni4gil, 2003. - Bun. 9. _ C. 1l-lz

2' Cauofr,reHxo H.l. My,rsruveAifigi sacolu niA qac noBTopeHHr, y3arrurbHeHHfi Ta cucreuaru:auj.
sHaus yvl-Iie. - Marepia,ru Bceyxpaiucrxoi HayKoBo-npaxruqHoi rcou$epeuqii ,.lu$op:uarurca r"rovn'lorepuo opieHrosaHi rexso;rorii HaB.{aHHr,'. Xrue.ninNurrcnft. 2A|j.
Iittp://edLi. ukrsat.com/lab confltezy I 4 lmrn.lrtrn I

B I{KOPI/TCTAHH'I H OB I4X IH OO PMAIIIfr HI{X TEXH OT O TIfr TJIfr
PO3B'.'I3YB AHH,q f E O MBTPI4IIHI{X 3MAII HA N OSYXOB Y

lUmux A., Tamoaeuxo B.
Xep c o u cuxuit d ep uc aeuuil yu ie e p c ume m

iH$opuauiftHnx rexuororifi (:oxpena
reoMerpi{r{Hltx 3a"[.aq ua no6y::on1..

Article is devoted to the analysis of features of use of computer technologies (in particular of progran:
pedagogical means CRAN2D and GRAN3D) for the decision of geometrical tasks on .onrruriion.

Y 4epxanHifi HaqioHanrnifi nporpaMi "Oceira. Yxpaiga XXI cro:rirrfl" 3asHaqego, Luo
npiopnrerHHM HanptMKoM pe$opllyBaHnr ocsiru € 3a6e3neqegHr MopanrHoi, iure:rexryaarHoi ra
IicHxiriHoi foroBHocri rpova4xn .ao 3lo6yrrs ocniru. Y rperrorry rNcxuo:rirri Vr<paiua \{a€ crarri
trepxaBoio iHrelexrya-urunx ineft i rexso:rorift. Pea,'iisauis uiei 3aAarii norpe$ye BrrpoBarxeHHt
iHHoeauifiHax Texnonorifi HaeqaHHa y ocnirriift npoqec.

3a ocraniri poxa norrairuo :pic iurepec ncaxo;roris Ao npouecie ri:ya,rrHoro Mr{cJreHHr, a
nenarorin i uero.{racriu - Oo npo6neM $opuyraxns cnoco$iB i urerogin Br{Kopr{craHgr rpaSir{HHX
3acooiB iu$opuaqii n npoqeci HaBqaHHs i npaqi. fpa$ivHy Aismsicrr y,{HiB 6urnu"o
opraHi3oByBarl4 3a AonoMofoto 3aBAaHb, rrd cfipr4sror6 @oplrynaHuro y Hr4x plxouocri
npocropoBllx yflBiTeHb, po3BHrKy Jrori.ruoro i o6pa:uoro MHcJreHHr, BuxoByrorb y lux roronuicrt
.ao rpoAyKrHBsoi ,Ti.s,rruocri. 3ata.ri ua no6y4ony, Gytytu AocrynHHMH i rpo:yvi:rvMlr a:&

IlocraHoBKoro IraraHHfr, € B rofi xe qac lyx{e gMicrosuNt{H B MareMaruqgoMy ta :roriqHov\
eiguoureuui - tla cnpaaxni MareMarnr{si loc:ri4xeHHr B uiuiariopi.

-fix noxa:ye BI{Br{eHH.s negaroriuHoro AocsiAy, 3ailalrar na no6y4oBy Ha ypoKax reoverpii'
npanilxerrc.fi Ayxe Mano yBarla. Ocxixnru IJr.s roro, uio6 sHaftru po3n'x3ox saAa.{i ua no6yAony,
Ba)K-[HBa to'Iuicru BI4KoHaHHt no6yloe 3a IonoMoroio ur.rpxyn-s ra,rinifrrpi, ro yvHi Aocarb qacro
a6o ryxe nosiruHo npoBoAsrb analiz, a6o x nepepo6rrlorb no6ygonu xi.:rcxa pa3iB. {e
cnoeirlHroe reMn HaBrlafilnoro npoqecy. I xo.ra y nueueiui reoMerpurrnr4x [o6y,qon BaxruBinruu
e er4iEnq 6yxyeatu ar'Iropi4TM reoMerpaqHux no6ygoB, a He Briacne no6yzfoeu, npore caMe Ha
ocraHsi eilnoAarsct 3nar{Ha qacruHa qacy. Touy B rlrronax po:n'l:yrortcr. -sK rrpaBr{no.
naftnpocriui saaa'ri ua no6yAoBy, npr4rroMy,{yrxe r{acro orrycrarorr,c.s raxi erarrfi po:n'xsyeauua.
rK AoBeAeHHfr Ta roc,riAxesgfl, qepe3 ulo BTpar{aerbc.s po3Br4Banbua $ynxqia 3aliaq Ha no6y4oey.

llepcueitruBHllM IILrIsxoM ycyHer{Hfi iliei npoor'reMu e Br{KopHcraHH{ HOBAX iHsOprvraqifiHrax
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rexHonorifi (HIT) Ha ypoKax reoMerpii. Ilcrzxo.rroro-reAaforiqsi acnertN BHKOpIiCTaHHs HIT n

HaBrrarbHoMy ilpoqeci loc:riANyBa,'Il4cs B po6oTax B'lI' 3iH'IeHKa, IO'I' Maru6uqg' B'B' Py6Ueea'

H.@. Tauasiuoi, I.M. -f,r:iorrn a ra rH L2, 41. flu:ranirs MeroII4Kt'I BI{Br{eHHt 3aAarr Ha IIO6yAoBy

po3rn{Aan6cr y po6orax M.I. 6ypla, O.M. Acrpx6a, O'C' [y6uHrIyK; rpo6neMy 3o6paxenb

rrpocropoBlix &iryp y crepeoMerpii po:po6ue i HayKoBo o6rpynryeaB M'@' 9ereepyxin'

Meroguxa 3acTocyBagHfl HIT Ha ypoKax MaTeMarI'lKu .qocnilxyBanacfl y po6orax Cua'rrxo O'A'

Xan4axa M.I., BinoKa O.B' 11, 3]

Pa.:orr,t 3 THM, tK noKa3ye .qocBiA BI{I4TeniB, aKTyanbHi{MI'I 3alII4IIIaloTbcg TaKl III{TaHHt',

noa,ssaHi 3 Merorr.rKoro Br{Kop varallfl. HI'f npia po:e'x:yeanl{i 3ara'{ Ha IIoOyAoBy: Ha f,Kl'Ix

era[ax HaBqaHHfl i npu ran.renni sxoro Marepiany roqinbHo BHKopHcroB]'lBarI{ nrI3, sa f,KHX y]'IoB

BI4KoptlcTaHHs f[n3 An.s po3B't3yBagHfi 3agar{ Ha no6y4oBy cnpuse inre'rerryalbHoMy po3BlITKy

1o"". Ana;iis qi'ix [I4TaHs i 6ye Mero]o Halrloro AocniAx<eunt'

3aaaqi Ha no6y,(ony po3Br{Barorb no[r]T(oBi HaBu'rKIa po3B'{3}tsaHHt npaKTtlr{Hi4x IIpo6-[eM'

3a.{yqaiorb Ao rlocsn;Hnx c;Mocrifistlx loc:rilNenn. 3a AonoMoro}o Hasirr uafinpocriiru4x 3a'4aq

ria noSyAoey 6imur rp).HToBHo ycBiAoMnrororbcq reoperr4qHi ei.qolaocri npo octloBHi reoMerpra'rHi

$irypu, ocKixEKH e 
'rrpoueci 

pose'mynaHm qux 3allalql AHTI4Ha CTBOpIO€ HaOqHy MoAeilb

ur*i"uoateft i nilsorueHb, xKi BuBr{a}orbcx, i npaqioe.: rliero Mo.{e'{n}o'

llJupor<e 3acrocyBaHHr B HaBrrar,rbHoMy Ilpoueci pisHtlx 3aBAaHb, 3aila'q, BnpaB na no6yAoey

noB'.f,3aHe S Alfl-r]rHiCrlo, tKa Sa CeOiM XapaKTepOM cXOXa Ha pO3B's3aHHt ilpO6JleMHHX curyaUift'

ocrasui x, .sK nigouo, BrlMaraloTb axrnnsoi po3woBoi Aigtrnoc'ri 1^ruie' ocBo€HHq HXMI{

cfierlianbHHx .[ifr, Ao sKuX BxoAf,Tb eJIeMeI{TI.{ noln)'Ky i a6CrparyBaHHs, a TaKoX ocoorfieoi

pyxorurocri i .qusar'riqsocri npocropoBl4x ysBneHb i npocropoeoi yreH xirefi'

3ala.{i Ha no6yaony HafiKpaIlIlIM. r{H}IOM cnpn.flioTb HaKoIar{eHH}O KOHKpSTHHX

feoMeTpHr{Hr4x yrBneHb, po3B}IBa}oTb 3.qaTHiCm '{irxo yflBnfrTI4 CO6i ry vra inuy feoMeTpplr{Hy

Qirypy, i ointur rorc, SopMylorb 3Aa*iicrn ITo.qWKH onepyBarH eneMeHraMlr qiei $irypx' Bosra

cr4jrbHo po3Br{Baro* roriq'e MHcreHHfi, ,ao*arp""uy iniyiuilo, a raxox cilpHtrorl poslnrinHn

.qi*lrN noxoAxeHHr pi3HHX reoMeTpuqHLIX oiryp, MoxjTI4BOCri ix nepetBopeHHs' lqo e BaxjlfiBoro

IlepeIyMOBOlo po3BHTKy npocropoBoro MI{CreHHt' 
^ ^-^-..,,1^;,i,r'a, D"trnr,{ nn?vMoR

<llpocropoBe MlrcneHHfl, - IIuile vl.c. flxuttaHcbKa. - e cEeul{(biqHaM BI4'[OM po3yMoBol

lisruiroc.ri, u,o Mae ruicqe r piruenHi 3a/raq, .sKi B'Mararorb opie'Tailii B npaKT'r{Holr,v i

reopeTHqHOMy rrpocropi (xx BIr,qI{MOh{y, .1ax i ytBxIoBaHoMy)' y cnoix naft6i;mru po3BlIHeHHX

Qopvax ue e MHCrreuHx o6pa:aMH, y 'rn * $iXCyOrrcl npocTopoBi n:racrssocri i Bi'qHocHHI'i'

ouepyroull s'xinH,lau o6pa:auu, cTBopeHI4MIa ria pisriift naoqilift ocuoei, MHc"IeHHs sa6e:ne'rye

ixHroenro:r,tiuy,tp"t"O"ptauiioi"'uopt"*'"1oBHXo6pa:ie'eiAr'{iHHlaxnirruxiAsax>'
J{r nora.:ano a pa.ui loctiaNen"'Ce'n. Bore'HHixoe, H'lI' Ilinr'nona' I'C"firuuaricrxa)' y

urxonxpir TpyAHOrrli y gcrasonreHni npocropoBr{x siAHOCUH, OnepyBaHHi npocropoBHN''II

o6pa:ana ilepeBaxarcTb HaA TpyAHoIIiaMI4 no [peAcraBJIeHHIo $oplrllE a6o seIIaqHHz o6'exta qu

iioro o6pa:a. O.EsHrr,r i: nepcnerrHBHI'IX ilnsxi; po3n'l3auHfi rII{x TpyAHox{iB e BI4Kop*craHIls

roMn'rctepgoi rexsixi{ Ha ypoKax MareMarEKI4' . ",^,.-,rnr c

Pose',RlynaHur SaAa.ii ua no6y.uoey s BI4KOpI4CTaHHSM roMn'totepsoi texslxpt Hana€

Moxor'eicru ,r"prt^uop *li ,u"r^r:ri, cxarnleHi'ni yxnnenHx yruie rpo reoMerpuurii Sir'vptl' luo

Br4Br{aroTbcs s rurinbHoMy Kypcl MaTeMaTLKlI, Ha pygani voleiri, slti lroxna po:rurgaru' rri

Mox'a o6epraru i nepereoploBarr4 3a 6axauHsv. Molenrorcql,I feoMerpa'*ri $irypu na expaui

KOM['rorepa,yqeH6nocTynoBoHaKonI4IIy€'qocTaTHboKOHKpeTHaxfeoMeTpuqHI4XysBJIeHL"'[i]s
To|o, IIIo6 nepeTBopHTI4 npouec po:r,xaynaHrlq |eoMerpuunol saAa.{i Ha MoAeI}oBaHHg noAyMKI4.

Bi:ya.ni:auix reouerpr'qHux 
',oHtT6 

i ralrexrrocreft po6urb KoM['ioTep e$exraBHI{M i nory>rnutul

saco6oM np?r poae'x:ysauHi sa/iaq Ha no6yAory, BI'IK'II'IKa€ B yrHie 6aNat-lHq BucyBarld

opurina:rsni rinores' Ta IIIyKaTH HecTa'Aaprsi ,ulsxt, pOae'x:yrau*fi' 3An.A*' cilpl4te po3BI4TKy

TBopI{uX Ta eBpHcTlIqHHX cKna.{oBI{X MI4cjI.*,,". Arre c:iil 3ayBa>KA.t|\ IIlo HaAMipue :axonJIeHH'

xolrn'rotepggMg SaCOOa*Iu eiaya-xiSaUii, 9K, B npnnquni' i 6y'As-xxoio HaoqgiCrrO' He np1ilygTr1Me'

ocxi:*ru Bor{o Moxe ranbMyBarr4 po3BrlToK rrpocropoBl{x y-snireHb i yww' fiocrifiHe

Br4Kopr.{cTaHH, roToBr4x puc},r{KlB e npoueci po:n'xsyeauHt rcoMerpu\t1ux 3aila\l, npI43BonI{Tb '4o
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roro, uo B yi{HiB cna6Ko $opnayerlcx lnrinHx BI4KoHyBaru so6paxegHs lrpocropoBlax $iryp na

nloqani. I{o6 yHr.rrcHyrtt rJprx Herarr4BHl{x sBLItu 6aNaso B}IKopI{croByBarIa xoMn'rotepni saco5p

nisya,risauii ne cri;ltrcll xrc iHcrpyMexT, irlo ,{onoMarae BrrurereBi crnopronarra saoqsicrr, cxi,'IuiE

xx incrpyiraer{T, 3a AonoMofo}o sroro y*li ogepxqnorb MoxrlfiBicrr oneplnarl{ reoMerpl'IrrHu}tl

o6'e xtaupl.
Tarufi nimi,u Ao BHBqeHHs 3a.qaq na no6y,uovy, xxuit aKIIeHrye 3ycvxns. yrHie caMe Ha

ilpoueci o[epyBaHH fr, a He Ha crBopenni npocropoB?Ix o6pasin, 3sarrHo cnpu.fle posnutroni

odpa:xoro Mr4c,reHHr, ocxilrxlr yci pyr:uuui onepaqii no6y,uoell BI4KoHye Koltn'Iotep, 3aJil{ilIaloq;:

yrueni r{ac Ha AocniAnaqmy rixnruicrr.
llpoeeger-li AoclilNesns noKa3yrorb, Ir1o BHKop}IcraHHt ne,4arofrlnofo nporpaMHoro

zacoly (IIrc) Aae 3Harrni.rfi e$err npu po3rn.flili zallaq Ha no6yAoBy 3aBAsKE roMy, Irlo Ao3Bo--Ite

3gar{Ho npr{cxopuTra i niAel,Iqurra roquicrb B}lKoHaHHr no6yaoa [1]'
OcraHHiM r{acoM poapo6nxemcq 6araro MeroAl4qnux saco6ir, $ltlxuielo flKl4x e AonoNIoI-i

BqgTenro MareMarHKH onruuisyeara npoqec HaBTIaHH{ asrelpu i reonaerpii. Ao rarur\

rporpaMHi4x laco6is Moxna ei.qHecru pospo6:reHi na rcaSeapi in$oprraaraxn Hny iv.
M.ll.fiparovagoBa M.L Xa,rlar<oM ra O.B. Birrorou llll3 GRAN-2D ra GRAN-3D, uto Ha.aalori

yr{HrM 3Mory onepyBarti Mo.qexsMLI o6'exrie, .sxi ersqa}orbct B rypci nnauirraerpii (GRAN-2D) re

crepeoMerpii (GRAN-3D. Brca:alri nporpavrui saca1u MoxHa Bl4KoplrcroByBarll4:rx po:n'*yBaHHt

3a1ar4 ua no6ygoey. Bnropucratt5{ qfix iln3 Ao3BoJrr€ yrueni 3ocepeAl{Tucs Ha reop-rifr cropon:

po:n'asyea1n^x za1ar:i'. Ocrima Brracne Tro6yEoBH MoxTTb 6yru nnxonani sHa'rHo utnwrtue. ui;
npg enxopncraHHi rpagraqiftnoro iucrppaenrapiro, 3'.flBrtersct qac Ha rIpoBeAeHHq erani;

.qoBeAegHfi ra .qoc,ri.qNeHufl po3B'.s:xin 3a.qar{. I{e losso,T.fl€ TaKox ycKnaAnarl4 3aBIaHHfl tE
oirlbru oI{JIbHHX Y'rHin.

nIJ3 GRAN-2D Harre]Kurb Ao cepe/loaaul [J'raarui'ruoi reoverpii. Bis Ao3Bo:rE€-

crBoproBara ra gocnigNynarr cr4creMn sn's3aHnx reoMerplrtI*I4x o6'exriB aa ITnoIIlaHi. 3a

.qorroMofolo uboro nporpaMHoro :aco6y MoxHa onepyBarri raKI{MI{ THIIaMH o6'exrie. tK Tor{Ka

(ni::rua ror{Ka, ToqKa Ha o6'exri, cepeAHs roqKa, Torrxa neperr.iHy o6'eKTia, caMerpnqHa roqKa.i-

;riaix (npxMa, naparenbna rrprMa, [eprreH.{HKyn{pHa npflMa, 6icexrpraca K}Ta. AorI4r{Ha ro Koila}-

IIAMAHA. KOJIO.

nfB GRAN-3D .qoeeonf,€ onepyBarr y npocropi TaKI4MTI reoMerpfiqHliMn o6'eKtaMH, ax

ToqKa, eigpirox, fiawan4 rrJrolqr{Ha, MHororpaHHHK, rloBepxux o6eprauHt ra goeiltua rloBepxnt-
MoxHa slificHronarrr napurenbHe rrepeHeceuHr, noBopor ra ge$opMauirc o6'extin, a raKox
BHKoHaHHs nepepisia orlyxnltx MHororpaHuuxin nnoIuHHaMI{.

Fasoni crepeoMerpuuHi o6'€KTH, frKLlMv onepyrorb y ruxoni rrpi4 BlrBr{euui crepeoverpi:
(:nu.rafina a6o spi:aua nipalri4a, rrapaJrerenineA, ny6, :nuuafirtufi. a6o:pisannfi KoHyc, qu,riH,tp.

xylx), MoxHa crBoproBarr4 oKpeMo, BKa3aBrrIu JII4ITIe geo6xiruri fiapaMerpl{ o6'exta.
HaAalo.{fi Moxnusicrb ixBrrAKo BHKoHarI4 norpi6ni rpaSiuai no6yroen, nepeeipuru ry r{H

iHruy rinore3y, Brrnpo6ynarw rofr qu inurufr MeroA posn'rcynaunn :a4aui, nn3 GRAN-2D ra
GRAN-3D e rofr xe qac He BuMafalorb BeJrr4Koro o6crry 3HaHb i elriHr crocoBHo po6ora :
xoRan'rorepoM, Mzlrorb gpaiirouornufi iHrep$efic, pospoO;reunfr, s npaxyBaHHsM cyr{acnlzx BI4Mor

i{o neAarori.rHux nporpaMHux saco6ie.
B rofr xe qac qi |In3 Marorb i seAoirixu, Ao {KI4x Moxna eilHecru ri4cyrnicru MoN:rneocri

siA\,{iHHru onepauin, cKonirosarr4 o6'eKT, $yuxuir IIoKpoKoBofo BfiBeAeuHa :o6paxeHnfl He

nepe,e6auas MoxrIaBocri nn6ipxoBoro B]IBe.{eHHs o6' exris.
y .{oc,ri.qNeHi{sx E.f. Anaurena, O.M. Ka6alloeoi-Merutep, I.C. flxuwancrroi [5]

Bra3yerbc.{ npo 3HaqHuft sniurs po3Bl4TKy IrpocropoBoro MacJIeHHfl Ar4't?rnu ua {i saranassit
iurerexrya-nrunft po:euror. 3rilno 3 AocniAxeuH-fir,Iu O.M. Ka6auonoi-Memt€p, s 6yaa-xxuir
npafiolr $oprtrysaunfl rrpocropoBoro o6pasy, fiK ilpaBnno, BXoAtrb xo.ra 6 aei aii: po3rntAaHHs

3aAanoro Haor{Horo uarepiary Ta crBopeuHfi BJIacHe o6pa:y. BuxopucroByBarl{ lIlI3 uoxHa npu
rpopvynanni eN{iHH,tr Br{KouyBaru oduptsi qi aii. llpavouy,3acrocyBaaHfi nporpaMHfix gaco6in 6yae
rigirpanaru pisui $yurqii.3oxpel{a,fipupo3rntIaHni saAanoro Haoquoro ntarepiary BoHo MarI{Me

opieurnpHy $yuxuirc. ffirn Ha ocHosi )MoBgo-rpaSiuuoro so6paNeuHx, Itto 3Haxorl'Irbcfl Ha
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.{HcIIJIei, [poBoAtrb aHari3 eneMegTits feoMerpr4qfloro rira, ix ni4norireH6 Ta Bracrr{Bocreft. llicm
Ilboro, Oepyrn 3a opieHTup BIdAineHi xaparcepHi oco6nanocri, BoHr4 crBoproBarrrMyrb
rlpocropoBufi o6pa:. llpa eriacHe crBopeuHi o6pa^:y 3acrocyBaHss lIfI3 Moxre Br,rxogyBari,r
KoETponuoqy SyHrIIirc: y,IHi Mo)I(yrb Bl4Kopl4crarr4 ix 3 Meroro uepeniprra npananruocri
crBopeHH{ o6pa-:y, ule pa3 oIliHrcro.rlr neeHi si,4noureHi{s N,rix eJleMerrraMrz ri.na, Ha naru nofnr,a,
Aorlilssunt Ha AaHoMy erani 6y4e BuKopr4crarnrs naxerie GRAN-2D m GRAN-3D.

-flx nora^:ytotr AocliANeHHt, anropuTMa ocuoBHr4x no6ylon 3acBorororbcr rrHfiMu Kpaiile.
flKUIo Io BHKoHaHHt f{HtMI.{ nenuoi nobyloru ua expaHi ronrn'rorepa 3'flBfisrotrcr e xolipHoMy
so6paxeuni nci xpora no6yAoex. Ha rl6oMy erani rorli:u,rlo Br4KopricroByBarr4 lIlI3 aK oAHH 3

eulie uaouuocti, oct<ixmra y'rni noeasni nuiru BHKoHyBaTN ocHoeHi no6yloeu qiapxy;rev i
fiuifixorc. lloAalrure po3lxidpenar i y.uocxouareuus 6a:u upocropoBxx o6pasin y ruxolxpin 8-9
xracie Aor{inbHo opraui:ynaru caMe 3a .4orroMororc eKcriepHMeHTyBaHHs 3 }MoBiio-rpa$ivuuv
TI{noM Haovnocti, 3oKpeMa BI{KopI{cranHs GRAN-2D st< cepeAoBuri{a ilrs. po:n'xsanHs. z4aq Ha
no6yaoey. llpa sI4n.IeHHi crepeoMerpii auropNcraHnq lIlI3 3nar{Ho noneruye cnpufianrn
I{H-flMH TaKoro nrarepia;ly .sK BIrKoHaHH.s :o6paxenr npocropoBr4x Siryp Ha mrou{lrsi,
posn'xsynauux 3aAar{ Ha no6yAony nepepi:in MHororpaHsraxir. Ha nor{arxy Br4Br{eHHs
crepeoMerpii nopyr 3 BIaKopLcraHHtM rpaSivniax pegaxropin runy GRAN-3D 4oqinlue i
3acrocyBaHHt ei.qnoeilHllx Harypanbuux ruogeleft. Ile .uacrb 3Mory po3Br4Barg
IlporlrnocraBnf,Ioqy a6ctpaxqirc, .sK oAI{H i: npafiouiB cTBopeHH.{ rpocroponoro o6pa:y.

fIpH aKTHBHoMy rrExopucranni nil3 frenb cauocriftso sMoxe su1irrsru cyrreBe j

ApyropfiAHe B MoAentx ra nopinuroaaru npocroponi xapaxrepucrrzKr{ o6'exra sa ftoro yMoBHo-
rpa$iuurau :o6paxteuu.srd. Ocxinmu qi npufiouu poeproeoi Aisnrsocri e Ay)r(e BaxnHBaM y
crnopeHHi npocropoBllx o6pasin, To Moxna roBopr{Trr flpo neo6xiasicrb rarrdx BnpaB ni,t qac

3aHtrb, oco6ffaso gn-a yruin si cra6o po3BrrHyrur'l pinuev fipocropoBoro Mr4c,qenHr.
Paqionaqnuo opraui3oeaHa xoir.tn'rorepira nigrpuMKa Br4BrreHHr 3aAar{ Ha no6y4oey :

BI'IKopI4craHHtM nporpaMnux saco6in GRAN-2D GRAN-3D Aae 3HarrHu[ neAarorivHrafi e$ex:r.
ocxi:rrxN Ao3BoJrte po3rullpl{Tx lrox.runocri iugunigyafiisauii HaBrraHHr, cKoporrzT}r qac ra
ni.qeauxru .fixicrl, niArotosxa Br{r4Te,rls Ao ypoKy, a raxox ni.qerdrql,rru e$exraeuictr gfin.{eHHg i
posl'nliHHa MetoAie reoMerpuqul{x no6yAoB B cepe4nix aara.:nHooceirHix trrKoJrax, y Knacax

ryuanirapnoro cnprMyBaHH.f i xnacax s nornu6neuaM Br4BqeHHsM npupogHr4r{o-MareMarr{r{Hr4x
,ryrcuunliu.
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