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3anponoHoBaHo HOBY XMapHy Monenab o0uuciaens — IIUIIC sik mociayra, mo NMOKINMKAHA
3a0e3neunTu MacoBe Bukopuctanus IIJIIC nns opranizauii BUCOKONPOAYKTUBHUX 00YMC/IEHbD.
Kuarouogi ciaoBa: xmapHi oounciaenss, IIVIIC, HDL -xoa, IIJIIC sk mocayra.

New cloud computing model — FPGA as a Serviceis offered, that called to provide more
mass use of FPGA for high-performance computing.
Keywords: Cloud computing, FPGA, HDL -code, FPGA as a Service.

Beryn

[Iponec cTBOpeHHsST BUCOKONPOAYKTUBHUX PillIeHb Ha 0a3i mMporpaMoBaHUX JIOTIYHUX 1HTETpaJbHUX
cxeM (IUIIC) ranbMyeThCs BEIHMKOK BapTiCTIO LUX KpHCTaniB. Hampukiaza, mepeqoBi Kpucramu Jigepa
pusaky IIUIIC kommanii XILINX xomTyroTh mo KijbKa THCSY YMOBHUX OAWHHIB. A OCKUIBKH 3acO0H
NpOrpaMoBaHoi JIOTIKK € JIOPOTMMH, CTBOPHTH Ha iX OCHOBI 3acoOu oprasizamii pekoH}IirypoBHHUX
O0YHCIIEHh MOXKHA JIMIIE y BEIUKUX OOYHMCIIOBAIBHUX IEHTpax i3 3HaYHUM (iHAHCYBaHHsAM. Tomy
THYYKICTh TaKHMX DILICHb € HAA3BHYaHO HM3BKOIO, OCKUIBKM KOPHUCTYBadi, SIKi HE MalOTh TOCTYILY 10
00YHCITIOBATIBHOTO LIEHTPY, HE MOXXYTb BHKOPHCTaTH Li¢ OOJagHaHHA. A TOMYy i HE MOXYTb OLIHUTH
e(eKTHBHICTh TAKUX PILICHb Ta PU3UKHYTH 3aKyNUTH Take oONajHaHHA AJS cBOiX moTped. Biamosiano i
3alliKaBJICHICTh B PO3rOPTaHHI CHCTEM Ha 0a3i MpOrpaMOBaHOI JIOTIKA 3MEHIIYEThCs. SIK HACHTiOK, Yepes
manuii monmt 3poctae 1 mina Ha [IJIIC, ockinbkn BUPOOHUK 3aKiajac B I[iHY OUTBIIY YacTKy MOCTIHHUX
3aTpar Ha KOXXHHUH KpHCTall. Y TBOPIOETHCS CBOEPITHE 3aMKHYTE KOJIO: KPUCTaIM JOpOri, 00 iX HIXTO He
KYIIy€, a HIXTO HE KyITy€ TOMY, 1[0 BOHH HAJITO TOPOTi.

Buxogom 3 curyanii, mo cknamacsi, Moriao 0 Oytu Oinbll edeKTHBHE BHUKOPUCTAaHHS 3aco0iB
MIPOrPaMOBAHO] JIOTIKH. AJe SK LIbOTO TOCSITTH?

AHaI3yI04M OCTaHHI TEHJEHIi PO3BUTKY KOMII FOTEPHOI TEXHIKH, MOXHA TMOOAYUTH MiATBEp.I-
JKEHHS BIJIOMOTO TpaBuJa, 10 PO3BUTOK TEXHOJIOTIH #e mo cmipami. I1oai0HO 10 TOro, sSK KOJKCH Yepe3
BEJIMKY BapTiCTh OOJIAAHAHHS KOMII I0TepH Oynau OararoTepMiHAIBHUMHM, TakK i Temep 4epe3 CTPIMKHUi
PO3BHUTOK KOMIT FOTEPHOr0 00JaJHaHHS, BHACIIJOK YOI0 BUHUKAE NOTpeba B MOCTIHHOMY HOT0 OHOBJICHHI,
1 BHACNIJJOK PO3BUTKY BCECBITHBHOI KOMIT IOTEPHOI MEpeXi i 3pOCTaHHS MIBUAKOCTI, 3 SKOI KOPUCTYyBad
MOXe JOCTYIATUCS IO PECYpCiB MEpexi, 3’ IBHIJIACS MOMIIMBICTD 1 IOTpeba y BUKOPUCTAHHI BiJIaIeHOTO
OOYHUCITIOBAJIBHOIO IEHTPY. binbine Toro, 3'siBuiacst TexHosoriss grid computing, mo mae 3Mory
BHUKOPUCTOBYBAaTH NapajielbHO LMWK psix OoOuYMCIIOBAIBHUX pecypciB. Llg TexHomoris mnepenbavae
MO>KJIMBICTh HaJaro/pKEHHs CIIBHOI poOOTH psAoy OOUMCIIOBAJIBHUX 3ac00IB 32 CXEMOIO, pO3pOOICHOI0
KOopucTyBaueM Ii€i Texnouorii. Ta KopHCcTyBaya 3arajioM HEe Ma€ I[IKaBUTH NMUTAaHHS, SK OpraHi30BaHHUN
TOW YW HIIWH OOYMCITIOBAILHHUN IMPOIeC — KOPHCTYBaya Ma€ IIKaBUTH JIMIIE TOTOBHU 3aci0 peamizaiii
Horo 3ajad, HE3BaXKAIOUM HA Te, sIK CaMe OpraHi3oBaHi 3aco0OH, IO BUKOHYIOTH Horo 3amady. Im’s
TEXHOJIOTI, sika 3abe3neuye peanisalito 1poro npuHuumy — cloud computing (xmapHi 06YHCICHHS).
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Puc. 1. Xmapui obuucnenns

XmMapHi 004HC/IeHHSA

Bianogiano mo onyoikoBanoro B 2008 porii noky |EEE, «XMapHa 00po0ka gaHux — Iie mapaaurma,
B paMKax sKoi iH(opMallis MOCTiHHO 30epiraeThcsi Ha cepBepax B IHTEpHETI 1 THMYACOBO KEIIYyeTCsl Ha
KJIIEHTCBKIA CTOpPOHI, HANpHKIal, HA MEPCOHAIBHUX KOMITIOTEpax, irpOBHX NPHCTAaBKaxX, HOYTOYKax,
cMaptdonax i T. 1.»[1].

XMapHi 0OYHCIICHHs, MMONPHY NICBHI HEIOJIKH, 110 HacaMIlepe/l OB’ A3aHi 3 MUTAHHSM MPUBATHOCTI
JaHUX KOPHCTYyBaua, sIKi 30epiraroThCsl Ha BiIJAIEHOMY cepBepi, HAJAIOTh psAA BeIHKHX mepesar. llo-
nepiuie, A HaJaro/PKEHOTO TaKUM YHHOM OOYMCIICHHS 3HHIKYIOTHCS BHMOTH JIO OOYHMCIIOBAILHOI
MOTY>KHOCTI TEPCOHAJIBHOTO KOMI I0TEpa, OOOB'SI3KOBOI0 YMOBOIO € TUIBKM HAasBHICTH JOCTYIy [0
Iarepuety. 3 iHmoro 6oky, 1e 3abe3nedye 3HWKECHHS BUTpAT Ha araparHe 1 mporpaMHe 3a0e3reveHHs, Ha
00CIIyTOBYBaHHS 1 €IEKTPOCHEPTi0, 8 TAKOXK EKOHOMIIO JUCKOBOTO MPOCTOPY, OCKIIBKH 1 AaHi, 1 mporpamu
30epiratotbess B IHTepHeTi. [lo-apyre, Takui migxix ga€ OULTBIIY MOMIIMBICTH IS IIBHALIOL 0OpPOOKH
JAHWX, OCKUIPKM HE BUMarae mnpu IbOMY MOJepHi3amii KIi€HTChKOi dYacTuHHU. [lo-Tpere, XMapHi
O0YHCIIEHHS XapaKTepU3YIOThCS BEIMKOK HAJAiiHICTIO, 00 BiMOBa OJHOTO 13 CepBepiB, IIO HAaa€e
MIOCIIYTH, HE BeJle JI0 Kpaxy CUCTEMH.

Ilpn xMapHHX OOUYHMCIEHHSX MPOrpaMH 3allyCKAalOThCS 1 BUIAIOTH PE3YJIbTaTH POOOTH Yy BIKHO
CTaH/IAPTHOro BeO-Opay3epa Ha JIOKAJBHOMY KOII FOTEp, IPU 1[bOMY, SK BXKE OYJIO CKa3aHO, BCE MPOrpaMHe
3a0e3IeueHHs 1 1aHi, HeoOXiTHi [T poOOTH, 3HAXOSTHCS Ha BianeHoMy cepBepi B [HTepHeTi.

Kareropii xMmapHux o04uc/jieHb

IcHye nmexinpka ymoBHuX Kareropiii Cloud Computing [2]. TTepiua — Software as a Service (SaaS) —
00'eqHy€e 3aKiH4YeHi, II0 HE MOIMYCKAalOTh KacToMizamii, MPOXYKTH, HANpPUKIa, IMOIITOBI CIy:kOu abo
nopranmu. Jlo nmpyroi rpynu, imeHoBaHoi Platform as a Service (PaaS), Bxomsath xmapHi cepBicu s
PO3pOOHUKIB, 5IKi, 32 BEIMKMM paxyHKOM, € MaclITa0OBAHMMH 1 aBTOMAaTHYHO KEPOBAaHWMH XOCTHHT-
pecypcamu. SIckpaBuMu mpukianaMu takux miatgopm € Google App Engine i Windows Azure. Ille oana
Kareropisi — iHppacTpyktypa sik cepic (Infrastructure as a Service, 1a8S), 1m0 € XOCTHHIOM BipTyalbHUX
marH. OCTaHHIM 9acoM IMO3HAYMIACS TEHICHITS 10 OpraHisaliii me oxHiei Moaeni Everything asa Service,
ane ii BOpOBa/UKCHHSI Ma€ BUHATKOBO MapKETWHIOBHI XapakTep, OCKUIbKM HAaBiTh BHUICHA3BaHI TPU BHIH
CepBICIB 3HAXO/IATHCS HA €Talli PO3BUTKY.

ILJIIC sk mocayra
Jisi BUpILICHHS! BUINEONMCAHOT MPOOJIIEMH HEAOCTYIHOCTI MPOrPaMOBAHOT JIOTIKM MOXHA TaKOXK
BUKOPHUCTATH NPUHIIMT XMapHOI MOJIEN 1 BAKOPHCTOBYBATH HasIBHI Y OJIHOTO abOHEHTa Mepexi [HTepHeT-
peCypCH MPOrpaMoOBaHOi JIOTIKM SIK TOCIIYTY JJIs 1HIIOro abOHEeHTa. 3aCTOCYBaHHS i€l KOHIEMIIT HE JIUIIIe
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HaJIaCTh PeCypc MPOrpaMoBaHOI JIOTIKM TOMY, XTO HOTO HE Mae, ajie i JacTh 3MOT'y aMOPTH3YBaTH BUTPATH
Bil HaJaHHA IOCIYT'H TOMY, XTO Hero Bojozie. Tomy pekoH(IrypoBHiI OOYHMCICHHS MOJCIICBIIAIOTH
BHACJIIZIOK ONTHUMAJIBHIIIOTO iX BUKOpUCTaHHS. OTOX, B JOJATOK A0 BXKE ICHYIOUMX XMapHHUX MoJenei
nponoHyeTbest HoBa Mozens — [UJTIC sik mociyra, FaaS (FPGA as a Service).

Crioyatky po0OoTy 3 BUAUICHHS allapaTHOTO pecypcy MokHa Oyne 3[iHCHUTH Ha SIKOMYCh OIHOMY
cepepi. Iliznime omma HDL-3amuT MokHa Oyzae BHKOHYBAaTH Ha psi PO3MOAITICHUX CEPBEPHHUX
JOKaji3auii y BCbOMY CBiTi.

bazoBoro oauHuIEer0 oONaAHAHHS TPOIOHOBAHOI cHcTeMH Oyne 3BHYaliHA Mepeka Miar 3
intepdeiicom Ethernet, Ha sikux posmingyBarumythest kpuctanu [TJIIC. Takox Oyxe moTpiOHa sk MiHIMyM
OJlHa CEpBEpHA CTaHIisI Ha KOXKHY JIOKami3alilo ©0a30BOro oOJajHaHHA A BUKOHAHHS CHUCTEMHHX
¢byHKuid. BiamoBinHO, KOXXKHA Taka CTPYKTYpHAa OJUHHMLS MaTUME MOPTH AJs 3B'SI3KYy 3 JIOKAJIBHOIO
MepEeXero 00UHCITIOBATIBHOTO LEHTPY Ta HOPTHU AJIs MiA’ €AHAHHA A0 Mepexi [HrepHer.

Krientcpkiit ctoponi Oyzne norpiOHe BiANOBiAHE MporpaMHe 3a0e3neueHHs IS KOPUCTYBaHHS UM
XMapHUM CEpBiCOM, BUKOHAaHE Y BUIIIsAI WeD-noaTka i 3aBaHTa)KyBaHe 3 BiIOBIIHOrO cepBepa. IHIIMM
BapiaHTOM € IiHTerpallis Takux (YHKLii B XMapHy orepauiiiHy cucteMmy, OJHi€r0 3 sikux crane Goggle
Chrom OS, nepiumii pesi3 siKoi 3aIaHOBaHO Ha KiHelb 1bOro poky. HemaBHoO Oyi0 mpoIeMOHCTPOBAHO i
nepumii xMapHuit HetOyk Litl Webbook, sikuii mpairoBatiMe Ha MOAIOHUX ONEpaLiiftHIX CHCTEMaX.

3 mormsiny OoOMiHY HaHMMHM MDK YacTHHAaMH OpPraHi30BaHOTO XMapHUM METOIOM OOYMCIIIOBaya
iCHYBaTMMYTh TPH PiBHI oprasizaii 1oro poooTH.

B ocraHHi pOKHM IIBHIKICTH Mepeqadi JaHUX 4epe3 BCECBITHIO MaBYTHHY BHpocia B pasu [3,4], i
HaBiTh Mepeki MOOINIBHOrO aocTymy A0 IHTepHEeT Bxe mocsraioTh mBuakomii mo 14,4 MB/c, a B
HeJaIeKoMy Mail0yTHOMY OOMIH JaHUMHM CTaHE Iie MBUAINM [5]. [HIIa cripaBa — JTaTEeHTHICTh, OCKIIBKA
HaBITh SKIIO B HaHOMMKUYOMY MalOyTHBOMY 1 OyayTh pO3pOOJieHI MapHIIpyTH3aTOPH 1 CYMyTHE
oOjaHaAHHA 3 AyXKEe MaJIOI0 JIATCHTHICTIO, TO BXKE CaMe IMOIIMPEHHS CUTHAIy, HIBHUAKICTH SKOrO Xo4a i
3Ha4yHa, aje CKiHYeHHa, y MaciuTabaxX TUIaHeTH BHOCHTH 3HAYHy 3aTpUMKy. ToMy IIBH[IIE 32 BCE B
HAHOIM)KUYOMY MalOyTHBOMY 1110 TPOOJIEMY BUPILIUTH HE BIACTHCS, 1 HA 6ePXHLOMY piéHi OOMIH TaHUMHU
MK BEJIMKUMH CETMEHTaMH TPHUCTPOIO BiIOYBATUMETHCS 3 BEIHMKOIO 3aTPUMKOIO, OCKIJIBKH PEAIBHO IIe
OyayTth reorpadiyHo BimmaiaceHi cepBepu. Tomy po3podnuk HDL-omucy moBuHEH 100pe CerMEHTYBaTH
CBO€ pIllIGHHS — CTBOPUTU HOro 3 siIkoMora OuIbIIOl KUILKOCTI MapalieIbHUX YacTHH, sIKi HE TOTpe-
OyBaTHUMYTh IIBUJIKOTO OOMiHY iH(opMaIiero Mixk co6oro. [ToTpiOHO 3a3HAUWTH, MO HABIThH SIKIIO 1 HE
BACTHCSl OpPraHi3yBaTH CEIMEHTYBaHHS, TO Taka CHCTEMa BCE OJHO MaTHMeE INPHUHANMHI JIBa CErMEHTH,
OCKIIBKH KJIIEHT, SKHH KOPUCTYEThCS TMOCIyror uepe3 IuTepHeT, (akTHYHO OyAe CErMEHTOM
BBOJy/BHBONY. | came kitieHTChKuit iHTepdeiic BUKOHYBaTUME TIEPBUHHY 00pOOKY TaHHX.

BepxHiii piBeHb i HaJJaBaTUME MIPOSKTOBAHIM CUCTEMI BIACTUBOCTEH XMapHOT.

Cepeowniti pigenb OyJlie MEPEXEIO TIIAT, Ha SIKMX PO3MILIYyBATHMYThCSI KPUCTAIM MPOTPAMOBAHO] JIOTIKH,
sIKa TeorpadiyHO CKOHIICHTPYETHCS B MEXKaX OJJHOTO OOUYHCIIOBATIBHOTO IIEHTPY 1 QyHKIIIOHyBaTUMe i Horo
kepyBaHH;IM. Ha 11boMy piBHI OOMIH JAaHUMH BiIOYBaTHMEThCS 200 32 JJOTIOMOTOI0 KOMYTYIOUOi MEpExKi, sika
OpraHizoBaHa Ha OJJHOMY 3 KPUCTAIB, Y MEXax JPYKOBaHOI IIaTH, a00 3a JIOMOMOTOI JIOKAJIBHOI MEPEKi JIIst
oprasizaiii BiIHOBiIHOTO KiacTepy. Ha 1isoMy piBHI opraHizailisi 0OUHCIFOBAIBHOTO MPOLIECY BiAOYBAETHCS
AHAJIOTTYHO OpraHizaii po6oTH 6araTopoLEcOPHOi CUCTEMH.

Huoicniti pigens. Ha upoMy piBHI MO)KHa OyJie peani3oByBaTH BECh CHEKTP apXiTEKTYp, OCKUIBKH
CHCTEMa BUKOHYBAaTHMETHCS B MEXKaX OKPEMO B3STOIO KpHUCTaa.

Hwxnilt piBeHb HalaCTh IPOEKTOBaHIN CHCTEMI BIACTHBOCTI CUCTEM 13 KOH(ITYpOBaHOIO apXiTEKTYpOIO.

Ipouec 00podxu kiienTcbK0ro HDL -komy
BiamoBigHo 10 omMcaHWX BUIIE PiBHIB OpraHi3allii CHCTEMH MPOIleC IMILIEMEHTAaIlii KIIIEHTCHKOTO
3alUTy BiJOYBaTUMETHCSI MOYEProBO Uit KOXHOro piBHs (puc. 2). Ilix 4ac KOKHOrO eramy CIOYatky
BiIOyBaTUMETbCS aHaNi3 JAOCTYIIHOCTI PpEecypciB BIAMOBIZHOIO PIBHSA, MICHS YO0 MPOXOAUTHUME
nexomnosuuiss HDL-koxy, a Ha ocTaHHBOMY eTami — HOTO BioOpakeHHS y KOHQIrypauiiHui Qaiin
BIJIITOBITHOTO KpHCTAIA.
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HDL-kopg KrieHTa, Lo 3aMOBNsA€E Nocnyry
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Puc. 2. Innnemenmayis HDL-x00y kaiecuma

OtoX, Ha nepwiomy emani Ma€e OyTHM BUKOHAHUM aHaJi3 JOCTYNHOCTI BUIBHOIO OOJIAAHAHHS 3
IHTEepHeTY 13 CTBOPEHHSIM BiANOBIAHOTO rpady, B SKOMY KOXKEH BY30J — L€ OOUYHMCIIOBAILHUMA LEHTP, L0
Ma€ B HAsSBHOCTI BUIBHI pecypcH IMpOrpaMoBaHoOi JIOTiKU. Bara Ko>KHOTO By3ia BKazyBaTUMeE Ha KUIBKICTb
BUIbHMX €KBIBJICHTHUX JIOTIYHUX BEHTHIIB 1 KoHGirypauii. Bitku rpady, mo 3B’ s3yl0Th BEpIIMHH,
BKa3yBaTUMYTh Ha JIATEHTHICTP 1 MIBUJKICTh, 3 KOO iH(QOpMAIlis MOXKe TIepeIaBaTUCs MIXK BiJlITOBITHUMHU
00YHCITIOBATILBHUMH LIEHTPaMH.

Ha opyeomy erani BukonyBatumeTbes aekomnosunis HDL -xony BiamoBiaHo 10 oTpumanoro rpagdy.

Tpemiii eman niependavyac BUKOHAHHS aHAJI3y BUTBHOTO CErMEHTa MPOTrPaMOBAHOI JIOTIKM 00paHHX
o0uncmoBaiIbHUX LeHTpiB. Ha 6a3i nporo ananisy MoxHa Oyzae copMyBaTi eKBiBaJICHTHUH rpad) BiTbHUX
pecypciB KpHCTaIIiB A7l KOXKHOTO 00YHCITIOBAIBLHOTO LEHTPY.

Yemeepmuii eman — aexomnosuttist HDL-koxy BiAnmoBingHO 10 0TpUMaHOTO rpady BUIBHUX KPHCTAIIB.

[licna uporo xa n'amomy emani MoxkHa Oyne oTpumarty Kinuesuid HaOip HDL-¢aiiniB ans renepanii
MPOIIUBOK, SIKi Pa30M 3 JOAATKOBUMH (paiiiaMu HACTPOIOBAHHS CUCTEMHU CTaHYTh KIHLIEBUM MPOLYKTOM i
IMIUIEMEHTALII].

o »x 1m0 mpolecy reHepailii caMuX MPOIIMBOK, TO JUISl LIJIbOBUX KPUCTAJIIB BiH BiAOYBaTHMETHCS
BIJIIIOBIIHO /10 TEXHOJIOTIi 00paHoi ¢ipMu BUpOOHUKA KPHCTAIIIB MPOTrpaMoBaHoi Jioriku. Hanpuknaz, mis
kpuctaiiB XILINX BiH Moxe BifiOyBaTucs 3a IOIMOMOTOI0 BiMOBIIHMX KOHCOJIBHUX YTHIIT [6,7].

MOKJIHBICTh BUKOPUCTaHHS PECYPCIB KPHUCTANIIB MPOrpaMOBaHOI JIOTIKK 3 PI3HOI0 apXiTEKTYpOIO HE €
CYIEPEWINBOI0, ajpKe (Bailyl Uil OKpeMO B3SITOr0 KpucTalla IMIUIEMEHTYIOTh CIeLiallbHO PO3POOJICHUM st
OTO CHHTE3aTOPOM. 3 OJJHOTO OOKY, IIe SIKpa3 1 MiIKPECIIOETHCS YHIBEPCABHICTIO B CHITY a0CTPaKTHOCTI MOB
omrcy amaparaux 3aco6is (HDL — Hardware Description Language). 3 intoro 60Ky, 1ie 6y/ie TakoX i 03HaKO0
XMapHOI TEXHOJIOT11, OJTHAM 13 PHHIIHITIB SIKOI € MPO30PiCTh CTOCOBHO TOr'0, “SIK 1€ peali30BaHo” .

BucHoBok

3amponoHoBaHa HOBa Mozedb xMapHoro oduncneHus — [IJIIC sk nmociyra, ska Bupinrye npoOiemy
HepoctynHocTi Benukux kpucraiis IIJIIC B cumy iX Benmukoi BapToCTi. 3ampONOHOBaHI AITOPUTMH
IUTaHyBaHHS pOOOTH Li€i CUCTEMH MOXHA PO3BUHYTH Ul Kpaloi opraHizaiii o04uciIroBagIb-HOIO MPOoLecy,
a 3apoINOHOBAHUH CEPBiC MOXHA PO3MIMPUTH 1HIIMMHU TEXHOJIOTISIMH.

[lorpiOHO TakOX 3a3HAYUTH, LIO OCKUIBKM IHOYCTpPis XMapHHX OOYHMCIEHb 3apa3 CTPIMKO
PO3BHBAETHCA 1, 32 MPOrHO3aMu aHaNiTUKIB, 10 2012 poky Ha ii yacTky npunagatume 9% Bcix BUTpaT Ha
IT, TO 3aBAsKM 1ii TexHOJOril pexoH(IrypoBaHi OOYMCICHHS MOXYTb BHWTH Ha HOBHH PiBEHb CBOTO
PO3BHTKY 1 B MailOyTHHOMY CTATH IyXe MOLTHPECHUMH.
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1. Beryn

3 BUHUKHEHHSAM 1 PO3BHTKOM LHU(POBUX TEXHOJOTIH y AOAPYKAPCHKIM MiArOTOBLI Y po3poOieHH1
mpu@TiB BimOynucs 3HauHi 3MiHd. [lo-mepiie, Bianana HEOOXIJAHICTH TPYAOMICTKOI omepallii BTIICHHS
mpudra B Metani. CydacHi mpuTH iCHYIOTh y OU(GPOBOMY BHIIISAL 1 HE MOTPEOYIOTh MaTepialbHUX
HOCITB. A TO-Apyre, KUIbKICTh MIPUQTIB pi3Ko 30inbIIKIACA. 3 OJHOrO OOKY, 1€ PO3IIMPHUIO MOXKIIUBOCTI
I PO3pOOJICHHS, a 3 1HIIOrO — BUHUKIO 0araTto HesKiCHUX IIpHUQTIiB, a yacTo ix BeJuKuil BUOIp 4acto
MEPELIKOKae poOOTi 1 HEPIAKO MPUBOANUTE A0 Opaky. OTxe, mpu(TOM HA3UBAIOTh HAOIp APYKOBAHUX UM
TEKCTOBUX CHMBOJIB MEBHOTO CTUIIO (HAMPUKIAJ, KUPHUH a00 KypCHB) i MEBHOTO PO3MIpPY, SIKHH Mae
nieBHe 300paxxeHHst [1].

OTOTOXHIOIOYH Pi3HI BuAM Kiacugikauiil mpru@TiB, MOXKHA CKas3aTd, IO Cy4YacHi LIPUPTH MOKHA
MOMUTATH Ha YOTHPH OCHOBHI rpymnu [2] — py6neni mpudTu (e ix HazuaroTh Sans Serif, mo B nepekami
o3Hauae “0e3 3acivok”), mpUQTH 3 3acidKaMu, ICKOPATUBHI MIPUMTH i CrICIiadbHi CUMBOJIBHI MPUPTH, Ki
3aMiCTh OYKB MICTSITh CHMBOIIH 1 KAPTUHKH.

3okpemMa J1o TpyIu MpUQTIB 3 3aCiYKaMK HAJIEKATh:

» Penecancha (crapa) antukBa. Lle rpyna MaJoKOHTpacTHUX MIPUQTIB 3 TOXUICHUM TOJIOKCHHIM
nepa (25-450), siki MalOTh CIIBBIIHOIICHHS OCHOBHUX 1 3 eanytounx mrpuxiB 1:2 ... 1:4. Jlo ui€i rpynu
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