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JIOJIATOK B
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AHAJII3 METO/IB CTHCHEHH 305PAKEHD /1151 3BEPITAHHSA Y
JIELIEHTPAJIIBOBAHHMX BJIOKYEHH CXOBHIAX

Po3ruIstHYTO MeTO[M CTHCHEHHS! 300paxkeHb Ul 30epiraHHs Y JIeleHTpalli3oBaHuX ONoKUeiiH-CXOBHINAX, 30kpema B cucreMi IPFS.
IIponoRy€eThea METOOMOTIS OLIHKY e(DeKTHBHOCTI PI3HHX AITOPHTMIB CTHCHEHHS 300paKeHs, 10 BKIIFOUAE SK CTHCHeHHS Oe3 BTpat (PNG,
TIFF, GIF), tak i crucHenns 3 Brpatamu (JPEG, WEBP). BukoHyeThcst IOPIBHSHHSA NOKA3HUKIB po3Mipy (aiiB, skocti 300paxkeHs (3a
nomioMoroto MeTpuku PSNR), wacy 3aBanTaxennst B [PFS Ta mpormycknol 3m1aTHOCTI UM KOKHOTO METONY CTHCHeHHS. JIns KOKHOTO
300paykeHHST BUMIPIOETBCS XCI, SKHil 30epiracTbes y ¢MapT-KOHTPAKTL B JIOKAIbHIH GIOKICHH-MEPEeXki, PO3rOpHYTIil 3a JOIOMOIO0
Ganache. BHkopHCTaHHS TakMX METOJIB JIO3BOJNSE ONTHMI3YBaTH 30epiraHHs Ta Tepefady 300pakeHh Y ONOKUCHH-CXOBHIIA,
3a0esiedyroun GalaHe MK SKiCTIO 300paKenb, posMipom daiiliB Ta MBUAKICTIO A0CTYILY.

BJIOKYEIH, CTUCHEHHS 30BPAJXEHb, CXOBHILIA JIAHUX, IPFS, GANACHE, TPA®GIKA.

The methods of image compression for storage in decentralized blockchain repositories, specifically in the IPFS system, are examined.
A methodology for evaluating the efficiency of different image compression algorithms is proposed, incorporating both lossless
compression (PNG, TIFF, GIF) and lossy compression (JPEG, WEBP). The comparison includes metrics such as file size, image quality
(measured by PSNR), upload time to IPFS, and bandwidth for each compression method. Fach image is hashed, and the hash is stored in a
smart contract within a local blockchain network deployed using Ganache. Such methods enable the optimization of image storage and
transfer within blockchain repositories, ensuring a balance between image quality, file size, and access speed.

BLOCKCHAIN, IMAGE COMPRESSION, DATA STORAGE, IPFS, GANACHE, GRAPHICS.

Beryn nponopuiiiHa SIKOCTI aITOPUTMY, SKHH, y CBOIO Hepry,

CydacHHii HayKoBHil TpOrpec aKTUBHO [MpocyBae — SAJICHHTH B1/l PO3MIpY, THITY Ta 00CATY JIAaHHX, a TAKOXK B1JI
Bunepesvkaioun  ixHiii  posmwrox i  THILY CHCTCMM, B SKiHl BiH 33CTOCOBYEThC.
BUPOBA/DKEHHS HOBOBBCACHb. Pamime s 3Gepiramms MeTto10 po0OTH € BH3HAUCHHS HAHOUTBIN e)eKTHBHOTO
BEIHKOIO  OGCHIY  300paKeHh JIOBOAHIOCS BHTpadars — METOLY CTHCHEHHA 300paenh Juls 30epiratia B GOKHein
3HayHMH 9ac 1 pecypeu. Temep Maiike KOXKHA KOMIaHiA
CHPSMOBAHA Ha IOJIIIISHHs Npolecy 30epiranus numxom '8 TPOJLYKTHBHOCTI TIepejiati JlainX.
iHTErpanii CUCTEM CTHCHEHHA 300pakeHb Y CBOT IPOIYKTH. OB'exToM  JTOCTI/UKCHEA €  CeKTHBHICTh  MCTOMIB

CHCTEMH CTHCHEHHs 3/aTHI TpalfioBatd 3 pisaump — CTHCHEHHSI 300paxeHb, SIKi BHKOPHCTOBYIOThCS  JUIS
THIIAMH JaHHX, TAKUMH SK 300paKeHHd, 3BYK, Bifleo, TEKCT 36°P‘-"“a""" y
Tomo. BOHH Bifpi3mAIOTECS OIHAa Bim OMHOI cBoero JIOCHUDKEHHS € mponec cTHCHeHHs 306pakenb Ta fioro
apXiTeKTYPOIo, THIIOM [aM STi, TOIo, AKTyalbHICTb gaHoi  BIVIMB Ha PO3MIp QailiiB Ta AKiCTH 300PasKCHIS.
TeMH IIOJIArac B TOMY, W0 3a OCTAHHi POKM B Talysi MeToRaME FOCTIURCHIA € TpOBCACHHA CKOTCPHMCHTIB

TEXHOJIOTT,

CXOBHIIAX 3 TOUKH 30py po3Mipy daiiimy, KocTi 300pakeHHT

OnoKuein CXOBHIIAX. Ipeamerom

MCTOAaMi JOCTIOARCHHA € IPOBCACHHA CKCIICPHMCHTIB

36epiraHns JaHUX 3pocia MoTpeba v HaliiiHiX i 6esmeqnnx 31 CTHCHEHHAM 300pakeHb PI3HUMH METOAaMH Ta aHali3
MeTofax 3abesnedeHHs KOH(IIeHIiHHOCTI Ta wimicHocri — PE3YJPTATIB 53 JIOMOMOIOK CHEINAMBOBAHHX [IPOrPAMHHX
inopmarii. B koHTeKCTi pO3BHTKY TexHoJori 300paxens, — HCTPYMCHTIB.

BHHHKA€ BelMKka norpeba y 30epekenHi Ta OOMIHI ITHMME OTpuMaHi pesyIBTaTH MOXKYTh OyTH BHKOPHCTAHI UL

JIAaHUMH B OC3IMIEYHUX Ta HajiHHUX ymoBax. TakuM 4HHOM,
BHBYeHHSI MeTO/{IB CTHCHEHHS 300paskeHb UL iX 30epiranms
y O0K4YeHH-CXOBUIII Mac BeNMKe NPAaKTH4HE 3HAYEHHS Y
cydacHoMy iHdopMalliiiHOMy cepeloBuul. Y  ILEOMY
JIOCIIDKEHH]  BHPIINICHO JIOCTIIUTH METO/IM  CTHCHEHHS
306paskeHb I iX epeKTHBHOTO 30epiraHHsa vy OIOKUCHH-
CXOBHIIII OCKUIBKH TeXHOJIOT1A Onokueiiny [ 1] mporonye psix
nepepar i 30epiraHHS JaHHX, TaKHX $K IiJBHIIeHA
Oesriexa, Haj[IHHICTE TA MacIITA0OBAHICTh.

Ha cporojiHinmmii rens icHye araro JIOCTYITHAX CHCTEM
CTHCHEHHsI 300paskeHb, SKi BIIPI3HAIOTBCA 3a AKICTIO B
3aJIKHOCTI Bil auropuTMy. SIKIiCTB CTHCHEHHS IIPSIMO

HOKpAllleH s Tpolecy 36epiranus 3o0paikenb y G1okueiin
CXOBHIIAX, a TaKOX MOXKYTh TOCTYXHTH OCHOBOK JUIS
MOJAIBINNX JIOCHJPKEHb Y Taiy3i CTHCHCHHSA J@AHUX Yy
HEHCHTpaﬂi'ZOBaHI’IX CHCTEMaXx.

1. Texnoaorii 30epeskens 300pakens y OaI0Keiin
CXOBHINAX

300paskeHHs, fKi BHKOPHCTOBYIOTBCA B CYYacHHX
iH(OpMaLIHHUX CHCTEMAX, 3a3BUYal MaloTh BEJIIMKHI o0csr
JIaHUX 1 MOTpeOYIOTh e(peKTHBHUX METOJIB 30epiraHHs Ta
nepefadi. ¥ 343Ky 3 UM, OIOKYeHH CXOBMINA aKTHBHO
JIOCIDKYIOTECA V1A 30epiraHHs 300paskeHb, OCKUIBKH BOHH

57



MPONOHYIOTh  ICLIEHTPali30oBaHy, Oe3ledHy Ta IIpo30opy
iHppactpykrypy Juis 30epiranns janux [2]. B nanomy
IOCTI/DKCHHI pO3ILIAEThCA  HANTOMy IpHine Onokdeiin
cxoBuiie — IPFS,

IPFS  akTuBHO NIPOTOKOJI
KOMYHIKAIli Ta po3nojuty Janux, noOyoBaHui Ha OCHOBI
omoxueiin TexHomoril. e OmoKTIeH cXOBHIIE, IO TPOIIOHYE
JIELEHTPANI30BaHY ApXITEKTYpY i 30epiraHHs Ta oOMiHY
IaHuMH [3].

TIpu

BHKOPDHCTOBYETBCA K

Bubopi IPFS juisi 30epiranus 300pakeHs y
OJIOKYCHH CXOBHIIAX BPAaXOBYIOTHCA KUIbKA BaXIIHBHX
ynaHuKiB. IPFS Bupi3nscTnes cBocio jiereHTpam3oBaHicTio

Ta MacmTaboBaHICTIO, 10 poOHTH Horo mHpHBaGIHBHM
BapiaHToM Juri 30epiranns Janux. Ils xapakrepucruka
HIMPOKO MO€THYETHCSA 3 OCHOBHIMH TIPHHIIUIIAMH OJIOKUeHH
TEXHOJIOT T, 3a0e3IIedyI0uH HalIiHICTD Ta Ge3eKy JaHuX.

Apxitektypa IPFS  Gasyerscd  Ha  KOHI[EIINI
PO3MOIECHOT MepeXkl 3 JIOJIATKOBHM MIapoM OJsioKuein
Texnonorii. KoskeH By301 Mepexki MosKe OYTH AK KII€HTOM,
mo 30epirac faHi, Tak 1 HOCTAYalbHUKOM KOHTeHTY [4].
Kom1 KIieHT 3amuTye TOCTYN A0 IeBHoro ¢aitmy 3a ifforo
XelieM, HaHOJIHIKY KT
BY30I1, IKMid Mae 1eit daitr, Ta mepeaae HOTo KINEHTY depe3
Grokueiin (uB. puc. 1).

MeEpeia aBTOMAaTHYHO 3HAXOJHTDL

( Kopucrysa4 1 ](—){ Kopucrtysay 2 }—)[ Kopucrtysay 3 }
K

3aBaHTaXeHHs

A

OTpumaHHs no xewy

A 2 N

(romermr Je
Kopucrysay

Kopucrysau 4 ]1—)[ Kopucrysay 5 J‘—>[ Kopucrysay 6 ?

A

{ Kopuctysay 7 ]‘—)[ KopuctyBad 8 ]1—)[ KopuctyBay 9 ]

Puc. 1. ApxiTekTypa cy4acHux 0;10K4eiiH CXOBUIIL

JlomarkoBo, B cydacHomy cBiti IPFS akTHBHO
BHKOPHUCTOBYIOTE B IHTerpailii 3 010K4eiiH TeXHOJIOoTIEr0, 10
JIO3BOJBIE  3aDE3NeYHTH  IPO30PICTH  Ta  LUIICHICTh
30epekeHnX JaHuX. OCKITBKH KoskeH aftn  oTpuMye

yHIKJILHHI Xem [5], BIH MoKe OYTH JIerKo 3allHcaHHil B
Grnokueiin, 3a0e3nedyIouH HE3MIHHICT JaHHX Ta TIEPeBIPKY
IXHBOT LUUTICHOCTI (JIUB. pUC. 2).

BxiaHi paHi 3asaHTaxeHHs B IPFS  OTpumaHHs yHikanbHoro xewa ‘ )
36epiraHHs xelwa B Gnok4emHi
3o6paxeHHs 1 IPFS DFCD3545
3o6paxeHHs 1 IPFS 52ED879E 3
3obpaxeHHs 1 IPFS 460B428K2

Puc. 2. B3aemojisn IPFS 3 6u0k4eiin mepexeio
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BpaxoByroun mocriiienii posputok IPFS Ta akTuBHL
JIOCI/DKEHHA B raiy3i OJIOKHEHH TexHoJoriH, oOpaHHA
nporo Onok4eiiH cxoBumia i 30epiraHHs 300pakeHb
Bi).lKPHBaE LLIl’lpUKi NEPCHEKTHRBH JUIA [10/1AJILIIOIO PO3BUTKY
Ta BJIOCKOHAIICHHS ITiel iH(pacTpyKTypH.

Hespasxatoun na mnepeparu, Bukopuctanns IPFS sax
ONIOKIeHH CXOBHIIA TaKoXK Mae CBOi BHKIMKH, Taki K
oOMesKeHa MpOIYCKHA 3jaTHICTh Mepeki. Lle 00oB’s3k0BO
BPaxOBYETECA IIPH BHOOPI METONIB CTHCHEHHS (IUB. Tabm.1).

Tadumns 1
AXTYAJILII HEPEBATH TA HCAOMIKH 30epiramms
300PaKeHb B JIENeHTPAI30BAHHX CXOBHINAX

(Xapakrepucrnka  (Thinocun Minycn

JeuentpanizoBanicts|3abesneuye Bucokuil  [O6MexkeHa
piBeHb Oe3MeKH Ta mpoITycKHa
HaIliHOCTI JaHHX, 3IaTHICTB,
OCKIJIbKY JaHi locobIMBO B
PO3NOAUIAIOTECS 110 |[II06abHik

PI3HHX By3JIaX MepeKi [Mepexki

MacmTadoBanicTs  [3xarnuit edexrusao  |[[Ipodmemu 3
00pOOIATH BETHKI MpOITYCKHO
oGcArd JaHux Ta 3/1aTHICTIO
B32€MO/TIATH 3 TPH BEIHKHX
BEJIUKOIO KiJIbKicTIO  |oOcsrax
KOPHCTyBa'—[iB WlaHHUX

'VuikanpHicTh Xemy  [KoxeH daiin orpumye [MoxIHBICTE
yf{jKaHI)IIHﬁ XCII, 0 |BTpaTH
rapaHTye IiTiCHICTh Ta|IOCTYITY 10
Oesrnexy JaHHX aHKX y pasi
[BTpaTH Xenry

[Tpozopicts nanux | 3abesneuye TIpobiemu 3
MPO30picTh Ta Konpinenmiit

BIIKPHTHH JOCTYII 0 |[HICTIO JaHIX

JlaHkX ITa
IPHBATHICTIO
[Bapricts 30epiranns | Bapricrs 30epiranns | Burparu na
IaHUX 3a3BHYAH MepexeBy
HHKUa TOPIBHAHO 3 [aKTHUBHICTE Ta
LIEHTPAIli30BaHHMHA MaHIyJIsii
pillIcCHHAMH [TaHHIME

Omie, BHOIp BIANOBLAHHX MeTOHIB CTHCHEHHSA €
KTIOUOBHM UM 3aGe3NeTeHHs e)eKTHBHOIO, eKOHOMITHOTO
Ta Oesmevnoro 30epiraHHs 300paxeHh Y OJMOKYEHH
CXOBHIIAX.

2, TexHoJ10ril CTHCHEHHS 300pAKEHD

TexHoorii cTHCHeHHS 300paXeHb MOXKHA PO3ILINTH Ha
JIBA CTHCHEHHS 3 BTpaTaMH Ta CTHCHEeHHs 6e3 BTpar.

CTHCHEHHS 3 BTpaTaTH - METOJI, AKHif J03BOJIAE 3HATHO
3MEHIIHTH Po3Mip (ailily 3a paxyHoK BTpPaTH SKOCTL
300paskeHHsa. lLlelf MeTon [g03Bois€ HOCATTH 3HATHOTO
3MEHILEHHs po3Mipy (hakiry Oe3 HOMITHHX BTPaT SKOCTI;

CTucHeHHs Oe3 BTpat - MeTO[, sIKHH JI03BOIIsiE 30eperTi
HOYAaTKOBY sKicTh 300pakenHs. Ojnak, ueil Meroj, sk
MpaBHIO, HEe JO3BOJLIE JOCATTH TaKOro 3HAYHOTO
3MEHINCHHA po3Mipy (aiimy, sSK CTHCHEHHS 3 BTpaTaMH.

Jlo ImociB BTPAaTHOTO CTHCKAHHS MOMKHA BiJHECTH
BHCOKY  e(eKTHBHICTh. BrparHe cTHCHEHHA  MoOXe
3a0e3MeUHTH 3HAYHO OUIBIIMH CTYIiHB CTHCHCHHA, HIXK
Hesprparne. Lle MoKe IIPU3BECTH /10 3HAYHOI EKOHOMIT MiCIls
Ha JIHCKY, NiJIBHINEHHS IIPOITYCKHOI 3JaTHOCTI Mepexi Ta
MOKpaeHHs epeKTHBHOCTI 00poOKH 300parKenb.

TuM gacoM 10 MiHYCiB BTPaTHOTO CTHCKAHHST 3a3BHUal
BIJIHOCATH BTpaTy AKOCTi. BTpaTHe cTHCKaHHSA Iepenbayae
BHIaTeHHA nedkoi iHpopMmamii 3 3o00pakenus. Lle Moxe
[PH3BECTH JI0 BTPATH jleTaliell, 3MIHH KOJIBOpy abo
Takoik  cepenl  MIHYCIB  pO3IILIAIOTH

BIZIHOBJICHHSA JIaHHX. Brparusum
inpopmarito, sKy Oy10 BHIAJeHO IIPH CTHCKaHHI, 11
HEMOJKIIMBO BiJIHOBHTH.

KOHTpAcCTy.
HEMOIKITUBICTh

BrpaTtHe CTHCHEGHHA UIHPOKO 3aCTOCOBYETBCA VI
00pobkn 300paxeHb, Jile He3HauHa BTpaTa JieTalizalii €
JIONYCTUMOIO 1 He BIUIMBAE CYTTEBO HAa IX CHPHHHATTA.
BHKOpHCTAHHS METOIB BTPATHOIO CTUCHEHHS, J03BOJLIE
3HAYHO 3MCHIIUTU Po3Mip (ailiy 3a paXyHOK 4acTKOBOTO
3MEHIUEHHA SAKOCTI 300paKeHHA, INO € NPHHHATHHM
KOMIIPOMicOM y 0araThox BHHankax. Lli MeTonu 6a3yioTbes
Ha aIFOPHTMaXx, IO BIAKHIAIOTH ab0 y3aralbHIOIOTH JesKi
Jietalil 300pajkeHHs, SKI MEHII [IOMITHI JUISl JIFOJICBKOI'O OKa,
30epiratoyH [IpH LLOMY 3arallbHy Bi3yallbHY SKICTh.

Tum wuacoM [0 IUIFOCiB  Oe3BTPaTHOrO CTHCKaHHS
BiHOCATE 30epekeHHA AKocTi. be3BIpaTHe cTHCKaHHA He
MPH3BOAUTE [0 BTpatH iH(opmamii 3 300paxenns. Lle
O3Hadae, 1[0 CTHCHeHe 300paxkeHHA Oylie IIOBHICTIO
BI/INOB1/IATH OPUTTHAIILHOMY.

Alle OCHOBHHI MiHYC O3BTPAaTHOTO CTHCKAaHHA Iie
HHU3bKa C()CKTHBHICTh. be3BTpaTHe CTHCHCHHA 3a3BHYAil
3abesledye HIKYUI CTYIIHb CTUCHEHHS, Hix BTpaTHe. Lle
o3Hayac, 1o JUB 30epiranis CTHCHEHHX 300paykenh MoOXKe
3HajobuTHcs Oublile Micus Ha JUUCKy abo [poIycKHOI
3JATHOCTI MEPesKi.

DBe3BTpaTHe CTHCKAHHA BHKOPHCTOBYETBCS B Pi3HHX
obnactsix, Je  30epeimenus 300paxkens €
BUpimIanbHUM acriekToM. Hanpukiian, y MexuaHiii cdepi abo
B 00po0Il 300paXkeHsb s APYKY, BajXUIHBO 30epertu Bei
BaXKJIMBI [eTali Ta TOYHICTh, TOMY O€3BTpaTHI METOIH
CTHCKAHHS € HEBIJ'€MHOI0 YacTHHOIO IIPOLECY CTHCHEHHS
300paskeHb. BHKOpHCTaHHS  ©E3BTPaTHOTO  CTHCKAHHA
JIO3BOJIIE 3MEHIIMTH OOCAT JIaHuX, 30epiralodn MpH oMY
BHCOKHII piBeHB SIKOCTi, HI0 POOHTH HOr0 He3aMiHHHM
IHCTPYMEHTOM Y cydacHiil o6pobiii 300paskeHs.

Hapasi BHOIp MeToLy CTHCHEHHS 3aJIeKHTH Bil

SAKOCTI

KOEIKpCTIIOFO 3ac‘rocysa111m_ )II[S{ 306}]3)1(6“]; 3 BHCOKOID
JIeTali3aliclo, /il KX BTPAaTa AKOCTI He € JOIIYCTHMOIO,
CNT BHUKOPHCTOBYBaTH Oes3BTpaTHe CTHcHeHHA. Jlma
300paKeHb, I AKHX BLXKIHBA IPOIMYCKHA 3AaTHICTH abo
posMmip  daiiny,
CTHCHEHHS
Ilicns  Toro, sK MH

MOXHA ~ BHKOPHCTOBYBAaTH  BIparHe
3pO3YMIIH  aKTYallbHICTh
JIOCII/DKEHHS METO/IIB CTHCHEHH 300pakeHb Y KOHTEKCTI 1X
30epiraHus B GIIOKYEIH-CXOBHINAX, HACTYIIHHM KPOKOM €

aHami3 JOCTYITHHX aJ'I]"OpI/]TMiB CTHCHEHHA. PosrisiHeMo
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OCHOBHI METOIH, fKi IIIPOKO BHKOPHCTOBYIOTBCH I
3MEHIICHHA po3Mipy 300paikeHb Oe€3 BTpaTH AKOCTI Ta 3
BTpaTaMH, Mo0 BH3HAYHTH IX ¢(peKTHBHICTH Y KOHTEKCTI
HAIIHX JIOCILJKEHb.

VY JocHijKeHHl pO3IIILAAlThC] allOPUTMH BIPATHOTO
ctucuennsd, Taxi gk JPG, WEBP Ta anroputMu cTHCHEHHS
6e3 BTpart, Taki sk PNG, TIFF, GIF.

2. Meroj crucuennst PNG

Metoz crucHenns PNG e dopmarom 300paens, sKHit
aKTHBHO BHKOPHCTOBYEThCA [ 30€piraHHs pPacTpOBHX
300paznens [6]. Onnicto 3 kio4oBux ocobimBocreid PNG e
MOXJIMBICTH CTHCHEHHA 0Oe3 BTpar sxocti. Jlma 1woro
peamizoBanmii anropur™ crucHenns Deflate.

Deflate — me anropHTM CTHCHeHHS 3 BTpaTaMH, IO
BHKOPHCTOBYeThes B hopMati PNG it 3MeHIITeH s po3Mipy
taitmy Oe3 BTpatH sAkocTi. Bim Gaszyernes Ha KomOimarmii
anroputMy LZ77 Ta xogyBanHsa Xaddmana [7].

Anropurm  LZ77 BHKOPHCTOBYETHCA JUIA  3aMiHH
HOBTOPIOBAHHX IOcCHifoBHOcTeH OafiTiB Ha 3BOpOTHI
NOCHJIAaHHA Ha 3HaWICHI paHille MOCTIZOBHOCTI B TEKCTI.
Lle#t mponiec TpyHTyeThes Ha BiKHI KOB3aHH:, fKe 30epirae
Komii OCTaHHIX JaHuX. 3amicTh 30epiraHHs IMOBHOI KOMii,
BHKOPHCTOBYEThCS IMOCHJIAHHA Ha IO3HILI0 Ta JIOBKHHY
HOCJI1/IOBHOCTI.

Ilicng 3actocyBamHs LZ77 no pgaHMX, OTpHUMaHi
CHMBOJIBHI TOCHIIOBHOCTI KOOYIOTBCS 3a  JONOMOTOIO
kxomyBanHd XagdMaHa, SKe CTHCKAE YacTo IIOBTOPIOBAHL
CHMBOJIH Y MeHIII OITH Ta PiJIKo MOBTOPIOBAHHI CHMBOJIH Y
OubILi.

TTowaTkoBuii eTamn monsArac y BH3HaYeHHI HMOBIpHOCTETT
MOSIBH KOJKHOTO CHMBONY V 300pakeHHi. Y KOHTeKCTi
CTHCHEHHsI 300paykeHb Il CHMBOJIH MOXKYTh OyTH
Hpe/CTaBlIeHl, HaNpHKIAJ, 3HAYeHHAMH IikceliB ado
IHITMMHE KOJaMH, 1[I0 HPE/ICTABIAIOTh KOJIbOPH.

Jlna  oGumcieHH HMOBIpHOCTEH BHKOPHCTOBYETHCS
(dopmyia 1:

n;
Pi=y M

Iie p; — HIMOBIPHICTB IOABH CHMBOITY i,
N; — KUIKICTb BXOKEHb CHMBOIY i ¥ 300pakeHHi,
N — 3aranbpHa KilIbKicTh CHMBOIIB ¥ 308 paskeHHI.

Ilicns oOuMclIeHHS HMOBIpHOCTeH Oy/yeTbes JepeBO
Xapdmana. Jlns KOKHOTO CHMBOIY OyJyeThest JIMCTOK
JepeBa 3 Barolo, IO BiAIOBiJae [IMOBIpHOCTI IOSBU
cHMBOJTY. BIyTpimmi By3/In MaloTh Bary, fika ¢ CymMoIo Bar
miteit. Ilicia moOymoBH JepeBa BY3NIaM HATAIOTBCSA BarH,
BLATOBLHI X HMOBIPHOCTAM.

Jlna npusHadeHHs KoaiB XaddhMmaHa KOKHOMY CHMBOILY
TNMpHU3HAYACTLCA y"iKaJ'H)III/Iﬁ KOJ1, 10 BH3HAYACTLCA NIJIAXOM
Bil KOpeHA [epeBa /[0 BiamoBigHoro imetka. Koi
CKJTAIacThes 3 mochijiosrocTi Gitis, ae 0 Bkasyc Ha JiBe
BiAradyKeHHs, a | - Ha mpase.

Ilicns 1poro 300paskeHHA KOIYETBCSH, 3aMIHIOYH
KO’KEH CHMBOJI HOTO BiTIOBIIHUM KoztoM. Lle npu3BoiuTh 710
CTBOpPeHHs OIiTOBOI HOCITITOBHOCTI, fIKa IpPEICTAaBIIIE
CTHCHEHe 300pasKeHHsL.

Hampuknag mma moGynoBn JepeBa XaddMara UL
nannx «AAAABBBBBCCCCDDD» nicist anaiizy 4acToTH,
Oyze OTpHMAaHO HACTYIIHI 3HATCHHS:

—  A:yacrora 4 pasH, IMOBIpHICTS IHosBU 4/16;

—  B:uacTota 5 pasis, HMOBIpHICTS IOSBU 5/16;

—  C:uacrora 4 pasu, HMOBIpHICTD 1105iBH 4/16;

D: vacrora 3 pa3u, iMoBipHIcTE mosiBu 3/16.

ITicias 1bOTO BH3HAYACTHCA Bara KOMKHOTO JIMCTKA 1

Oyayethes nepeso Xapdmana (auB. puc. 3).

Puc. 2. Ipuknax giarpamun Xadppmana

TakuM uHHOM, MeTol| cTucHeHHs PNG 3abesneuye
3MEeHINeHHs po3Mipy Gaiiny 6e3 Brpatun sxocrti. Lle ro3soinse
chexTnBHO 30ecpiraTH Ta TMepemaBaTH  300payKCHIA,
36epiratouu Bei AeTanmi Ta TouHicTh. B cydacHoMy cBiti
BHKOPHCTAaHHA IbOTO METOAY € KpPHTHIHHM 111 cdep
MeJ(HYHOT JarHOCTHKH, HAYKOBUX JOCIIJUKeHb, Hoirpadii
Ta IHIIHX cdep Jie BajMBa BHCOKA AKICTh 300paKeHHS.

3. Meron crucuenns TIFF

Merton crucHerHs TIFF e dopmaToM 300paskeHb, SKui
BHKOPHCTOBY€ETBCA UIA 30epiraHHs pacTpPOBHX 300paikeHb.
Ojuicto 3 KiodoBux ocobnuBocreil TIFF € MOXKIHBICTH
CTHCHEHH:A Oe3 BTpat skocTl. [lis 1Iboro BHKOPHCTOBYEThCA
ajiroputm crucuenns LZW.

Anropurm LZW — 1e anropurm crucHenus 0e3 Brpart,
mo BuKopucToByeThesA B opmari TIFF st 3MeHnieHHS
po3Mmipy aiiry Oe3 BTparn skocrti. Bin Oasyerbcs Ha
BHKOPHCTAaHHI CIOBHHKA (DiKCOBAHOTO pO3Mipy, SKHI
JIMHAMIYHO OHOBJIIOETHCA T11J1 Yac TpoIecy CTHCHEHH [ 8].

I[lepmmM eTanoM € cTBOPeHHs CIOBHHKA, KU MiCTHTB
BCI MOJKJIMBI CHMBOJIM BXiaHux janux. ITix yac mponecy
CTHCHEHHf, aJrOpPHIM INyKae HAHOOBLIY MOCTiIOBHICTH
CHMBOJIB, fKa BK€ € B CJIOBHHKY, 1 3aMiHioc ii Ha
BIIMOBITHUIT KOO CIOBHHKA. Ll MOCIiTOBHICTE CHMBOIIB

[IO'l"iM PO3IIHPIOCTRLCA Ha OJHH CHMBOII, I HOBa
MOC/ITOBHICTE JOAETHCA 10 CIOBHHKA.
Hanpunknaz, PO3IIIsHEMO CTHCHEHHS paiKa

«ABABABA» 3a momomororo LZW. CrnodaTtky CITOBHHK
MICTHTB JIHIIE OKPEMi CHMBOJIH «A» 3 KooM «1» Ta «B» 3
KOJTOM 2.
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I1i yac CTHCHCHHS, AJITOPUTM CIIOYATKY 3HAXO/IUTH «A»
B CIOBHHKY 1 BHBOJMTb BitloBiHui koj. Ilorim Bin
PO3IIEPIOE MOCTITOBHICTE 10 «AB», skoi e Hemae B
CIIOBHUKY, TOMY «AB» JI0JIa€Thes 10 CIIOBHUKA 3 KOJIOM «3»,
a KOJI 111 «A» BHBOJIUTHCS.

Tlportec NpoOOBKYETHCS, TIOKA Bech POk He Oyje
CTHCHYTHH, I B pe3ylbTaTi OTPHMYETbCA IIOCILIOBHICTH
KOMIB cJIOBHMKA. TakHM 4HHOM, BHXIAHMH KO JUIS psiKa
«ABABABA» 3a 1onomororo airopurmy LZW oyze 1, 2, 3,
1, 3 (nus. Tabn. 1.2).

Tabamms 2
Hoxpoxkosuii npunmun podoru aaropurmy LZW

Kpok | CroBHHK (CHMBOI : KOJ) Busin
AITOPATMY

1 A:1,B:2,AB:3 1

2 A:1,B:2,AB:3,BA:4 1,2

3 A:1,B:2,AB:3,BA:4, ABA: |1,2,3
5

4 A:1,B:2,AB:3,BA:4,ABA: [ 1,2,3,1
5

5 A:1,B:2,AB:3,BA:4, ABA: [1,2,3,1,3
5

Lleit anropurM mMHPOKO BHKOPHUCTOBYETBCA — IUIS
CTHCHEHHSI IaHUX, SKi MICTATH IIOBTOPIOBaHI MOCIIIOBHOCTI
CHMBOJIB, 1 JIO3BOJISE cTHCKAaTH 300paxceHHsi Oe3 BTpar.
Baxumso 3asmauntd, mo, Xoda LZW e amropurmom
cTHCHEHHs Oe3 BTpaT, BIH MOXKe OyTH Hee()EKTHBHHM JIIs
CTHCHEHHS JesKHX THIIB JaHuX. Hampuioran, BiH Moxke He
3MEHINYBaTH po3Mip (aiimy, SKImo AaHi MICTATH BHCOKHI
piBeHb HIyMy a0o0 SKIO IOBTOPIOBaHI HOCHIJIOBHOCTL
CHMBOJIB € JIy’Ke KOPOTKHMH ab0 piIKICHHMH.

4, Metoa crucuennsn GIF

Merton ctucHeHHs GIF € gopMaToM 300paXeHs, SKHi
BHUKOPHCTOBYETHCS [UTA 30epiraHHsA pacTpoBUX 300paiKeHb.
Opniero 3 wnogosnx ocobnusocteii GIF € MoMIUBICTD
crucrenns 6e3 Brpar sikocTi. Jlist HbOro BHKOPHCTOBYETHCS
anroput™ criucHenHs LZW, ananoriunuii jgo Toro, mo
BukopucroByetbest B TIFF. Opmak, BapTo 3a3Ha4MTH, IO
GIF Bigpizuserses Big TIFF nexinbkoma HIOaHCAMH.

TMo-nepiie, GIF nijrpuMye aHiManiio, 10 JIO3BOJISE
30epiraTh Kijlbka 300paskeHb B OXHOMY (aiiii.

IMo-gpyre, GIF BHKOpHCTOBYC HalTpy KOJBLOPIB, IO
00Me:Kye KUIbKICTh KOJIBOPIB, AKI MOKYTh OYTH BUKOPHCTAHI
B 300paskenHi, 10 256 [9]. Came 4epes 1o ocobIuBicTL, 3a
OCTaHHI POKH BHKOPHCTaHHA LOTO (DOPMATy CTaLy MEHII
npuBabinBHuM, asie He3pakaioun na ue, GIF moci npoytosimxye
BUKOPHCTOBYBAaTHCh [UIA 300paskeHb 3  OOMEKEHOIO
HAITPOIO KOJIbOPIB, TAKHX SIK TEKCT, JIOrOTHIH abo npocTi
LMrocTpanii, i He JMBIAYHCH Ha HOTO HENOJIKH, € JOCHTH
eexTHBHIM.

Aunroputm LZW B GIF nparroe Tak camo, sk i 8 TIFF.
BiH cTBOpIOE CIIOBHHK, KMl JHHAMIYHO OHOBIIKOETBCS IIij|
yac  IpoIleCy  CTHCHEHHS, 3aMIiHIOIOYHM  HaWIoBIIi
HOCJIJIOBHOCTI  CHMBOJIIB, $IKI BXK€ € B CIIOBHUKY, Ha

BimmoBigHi Komu crnoBHHKA. lle mosomse GIF cruckatu
300paskeHHs Oe3 BTpaTH sKOCTL. AJle Takoxk BapTo
3a3HAYHTH, 110, Leif MeTO MoKe OYTH Hee)eKTHBHHM, AKIIO
[OBTOPIOBAHI TOCIIJIOBHOCTI CHMBOJIB € JIy’Ke KOPOTKHMH
abo JaHi MicTATE BUCOKHIA PIBEHb IIyMY.

4. Meton crucnenns JPEG

Mertoj ctucuenns JPEG € dopmarom 306panenn, sk
BHKOPHCTOBY€ETbCA Ul 30epiraHHs pacTpOBHX 300paikeHb.
OjHieo 3 kio4oBuX ocodiuBocreil JPEG € MOMKIMBICTB
CTHCHeHHA 3  BTparamMu  skocti. Jlma  mworo
BHKOPHCTOBYETHCH aITOPUTM CTHCHEHHS, 10 OasyeTbes Ha
JIUCKPETHOMY KOCHHYcHoMY neperBoperHi (DCT) [10].
DCT € MeTofioM CTHUCHEHHS, IO BHKOPHCTOBYEThCS B
(opmari JPEG 11 sMeHIIeHHS po3Mipy ¢aiiny 3a paxyHOK
BTparH sKocTi. Bin  GasyeTbcs  Ha  IIepeTBOPEHHI
MPOCTOPOBHX NaHHX 300paskeHHA B 9acTOTHI JaHi, IIO
JI03BOJISIE  BIAKHHYTH YacTOTHI KOMIIOHEHTH, SKI MeHII
BaXUIMBI  JUId  CHPHHHATTS JiojchkuM  okoM. [lpornec
crucHends JPEG MoskHa po3GUTH Ha TSTh OCHOBHHX
KPOKIB.

Tlepmmm xpokoM 300paeHHs po30HBAETHCA Ha OIOKH
po3mipom 8x8 mikcemiB, LeH mNpolec MOYKHA OIHCATH
(opmyioro 2:

N=—— (2

e N — 3aranbpHa KUIBKICTE OJIOKIB,
W — mumpuHHa 300paxeHHs,
H — BHCOTA 300pakeHHs.

Jani KOJIBOPOBHIH mpocTip 300pareHHs
neperoproerbes 3 RGB B YCbCr, mo Bijjokpemiioe
sickpasictb (Y) Biy xpomarauHocti (Cb ta Cr) [11].

Tpertim KpokoM KoskeH 610Kk 8X8 mikcesliB IIepeTBOpIoE
IPOCTOPOBL laHI KOOPAHMHATH X, y) B YacTOTHI JaHi
(KOMITIOHCHTH HH3BKHX 1 BHCOKHX HacTOT) 3a JIOTIOMOTOIO
DCT. Marpuns pesynsratris DCT  pospaxoByeTbes 3a
thopmyoro 3:

F=T B-T" 3)

nie F —matprnsa pesyibraris DCT,
B —matpnms 8x8 mikcesis 300pakeHHs,
T'— MarpuLs KOCHHYCHHX [IepeTBOpeHb po3MipoM 8x8,
TT — rpanHcrionoBaHa MATPHILA ePETBOPEHb.
MartpHIs KOCHHYCHHX IIEPETBOPEHD PO3PAXOBYCTBCS 32
(hopmynoro 4:
. 2j+1)-i-m
T[i,j] = C{(I) * COS (T) (4)
Jie | — pAmOK MaTpHII,
Jj — CTOBIIeNs MaTpHIIi,
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a (i) — Bu3HAYAETHCS 32 HOPMYIIOI0 5:

1
, AKmo i =0
a@) = V8 )
E' Ak i > 0

YerBepTUM KpOKOM YacTOTHI KOOPIMHATH KOIKHOI'O
OJOKY  HOpMaTi3yIOThCS 32 JOMOMOTONW  TabmHIi
KBAaHTYBaHHsA, IO 3MEHIIYE TOYHICTb BHCOKOYACTOTHHX
koMmoHeHTiB. Ha 1poMy ertami BinOyBaeTbest BTpaTa
inpopmanii. Koedimientn JKII kBaHTyoTBCSH, TOGTO
OKpPYTJIAIOTHCA 10 3a1aHUX 3Ha4eHb. MaTpHIL KBaHTYBaHHS
pospaxoByeThes 3a GopmyIioio 6:

. F
B =] ©)

ne B' — xBarTH30Baui koedimierTn DCT,

F — Matpu pesymsraris DCT,

Q — MaTpHIlI KBaHTYBaHH,

| -] — omepartis B3ATTA MiIOrH (OKPYIJICHHS BHHU3),

Matpunst Q Moske OYTH BH3HA4YeHa 3a JIOHOMOIOIO
TabIMIb KBAHTYBaHHS, AKI MICTATh 3HAUCHHA KBaHTYBAHHA
IUTA pi3HHX YaCTOTHHX KOMIIOHEHTIB Ta PiBHIB CTHCHEHHS
[6].

OcTaHHIM KpOKOM HOpMalli3oBaHi G6I0KH KOJYIOTBCS 3a
normomororo  koaysanis  Xaddmama s mopanbioro
3MeHIeHHs po3Mipy daily 1 30upatoThest pasoM i3
3arosioBkoM JPEG.

Baxuiuso 3asHaunTH, 10, Xo4a JPEG € anroputMom
CTHCHEHHS 3 BTPATAMH, BiH JI03BOJIE BUOpaTH OaaHc Mix
posMipoM aiy Ta sKicTIO 300paxkeHHA 3a JONOMOICIO
napamerpa skocTi. BUCOKI 3Ha4eHHs AKOCTI NPUBOJATH 0
MEHIIIOTO CTHCHEHHS Ta BHIIOT AKOCTI 300paKeHH, TOI AK
HH3bKI 3HAUEHHS SKOCTI IIPHBOIATE JI0 G7ILIIOr0 CTUCHEHHS
Ta HIDKYOT SIKOCTI 300pakeHHs.

Ockinekn JPEG € onnum 3 HaiteheKTHBHINTHX METO/IIB
CTHCHEeHHS, IepeBakHo i ¢ororpadiil, ski 3a3Buyail
MICTATh BEJIHKY KINBKICTE AeTaneH Ta KOIbOPIB, 1 IPH HEOMY
3MiHa fKOCTi 300pakeHb Maitie He BHAHA JIOICBKOMY OKY,
BiHl € HAHMOMYJSIPHINIMM METO/IOM CTHCHEHHs 300paskensb B
YCbOMY CBITI.

5. Metoa crucuenns WEBP

WEBP € dopmaToM 3006pakeHs, pospodienum Google,
AKHH aKTHBHO BHMKOPHCTOBYETBCS Y BeO-3aCTOCYHKAX.
Onuicio 3 KIOYOBUX ocodiuBocTell 1poro dopmary €
MOJKIIHBICTE CTHCHCHHA 3 BTpaTaMu sfKocTi. Jlms mporo
BHKOPHCTOBYCTRCS IrOpHT™ cTicHenms VPS.

VP8 € amropurMoM CTHCHEHHS 3 BTpaTaMH, MO
BUKOpHCTOBYeThest B opmari WEBP, i 3MenmenHs
posmipy dairy. Bin 0a3yerbcs Ha  BHKOPHCTaHHI
JIICKpeTHOro  KocuHycHoro  1epersopenns  (DCT),
AHAJIOTTYHOIO JIO TOTO, MO BUKOpHcTOBYeThes B JPEG. DCT
HEPETBOPIOE 300paskeHHs] 3 IPOCTOPOBOrO (IIKCEIBHOIO)
NpeCcTaBleHHs 10 JYacTOoTHOTo. lle Mo3BoNse BHIATHTH
BUCOKOYACTOTHI KOMIIOHEHTH, SIKi JIIOJICbKE OKO MEHII

YyTIMBE, 3MCHINYIHYH posMmip daiimy 6e3 3Ha4HOTO
3HIDKEHHS SKOCTI 300paKeHHs.

Ha Bimminy Bin JPEG, y ¢opmari WEBP, sxuit
BHKOPHCTOBY€E aJI'OPHTM CTHCHEHHA VPR, pOBGHBKH Ha
O6mokn Moxke OyrH OulbIl  THydukoo. VP8  moxe
BHKOPHCTOBYBATH OJIOKH Pi3HOT0 po3Mipy, BKinodaroun 4x4,
8x8, 16x16 Ta immi. lle 103BOJIE AMTOPHTMY ONTHMI3YBATH
CTHCHEHHS JUIS PI3HHX YaCTHH 300paKeHH .

Taxox, BapTo 3a3HauHTH, Mo VP8 BimpisHAeTbCA BLX
JPEG me pexuibkoma Hioancamu. [lo-nepme, VP8
BHKOPHCTOBYE OLIbII cPeKTUBHHI MCTOI KOIYBAHHS, KU
BKIlodae B ceDe IPOrHO3yBaHHA MK KajapamMH Ta
BHYTPIIIHBO-Ka/[poBe mporHosyBanus. Ilo-gpyre, VP8
BKJIl04ae B cebe BOY/IOBaHUH MeXaHI3M KOpeKLil IIOMHIIOK,
IO JIO3BOJIAE BiTHOBHTH 300pasKeHHA HABiTH NPHU BTparti
JIaHWX i 9ac nepenadi. [lo-tpere, VP8 nmigrpuMye anbda-
KaHaJl, IO JI03BOJIAE CTBOPIOBATH NPO30Pi 300paskeHHS.

Baxnupo 3asHaumTH, o, xoda VP8 € anropurmom
CTHCHCHHA 3 BTpaTaMH, BiH MOKe OYTH HeeeKTHBHUM JIIL
CTHCHEHHS JeAKNX THILB JaHUX. Hampukmag BiH Moxe OyTH
MeHII e(eKTHBHMM 11 CTHCHEHHS 300paKeHb 3 BHCOKOIO
JIeTaJUTIO0, OCKITIEKH BiH MOKe IPHU3BECTH [0 BTpaTH ApIOHHX
Jletaliei Myl 4ac CTUCHEHHS.

Hessaxaroun Ha HC,LLOJIiKIfI Ta IE€peBard KOXKHOIo 3
METO/IiB  CTHCHCHHA, BaKIHBO BpaXoByBaTH Oararto
(akTOpiB, TaKHX AK AKICTh 300pakeHHA, posmip daiiry,
IITPUMKA OPO30POCTi Ta IHINI BUMOTH 0 CTHCHEHHS.

6, TIpononoBanuii MeT01 aHAJI3Y CTHCHEHHS 300pPasKeHb
U1 30epiranmsi B JeMeNTPaTi30Banux 610K eiin
CXOBHIIIAX

Jlna BupimeHHs TpoOneMu edekTHBHOTO 30epiraHHT
300paskeHb y OIOKICHH CXOBHINAX, IPOMOHYETBCA METOX
aHami3y, IO IPYHTYETbCS Ha [IO€JHAHHI TeXHOJOTIi
CTHCHEHHA 300paKeHb Ta [ICHCHTPATI30BAHOI CHCTEMH
36epiranns IPFS (InterPlanetary File System). lle 6ymo
00paHoO Yepe3 akTyalbHICTh poGiaeMu 30epesKeHH BEITHKHX
06cAriB NaHuX y JeleHTpanizoBaHuX Mepexax. 1lel MeTon
JIO3BOJISIC OIIHHTH BIUIMB PI3HUX METOIB CTHCHEHHS Ha
edeKTHBHICTD 36epiraHHs 300paxeHs, BKIIIOYAIOUH OCHOBHI
[OKAa3HUKH: po3Mip (ailily, sKicTb 300paskeHHA, dac
3aBaHTAKEHHA Ta [IPOIYCKHY 3MaTHICTE.

3 Merolo peanizauii nboro Merojay 0yno pospobiieHo
SIKHH 3a0e3ledye KOPHCTYBAdiB MOXKIIHBICTIO IMIOPTYBATH
300pawenna Tta BuOMpatH Merojau crucHenmd. [licis
IMIOPTY 300paKCHHA CTHCKAIOTBCS 3a JOIOMOTOI0 PI3HHX
anroputMmiB, Takux sk PNG (deflate), TIFF (lzw), GIF (lzw-
like) mna crucuenns Oe3 Brpar, ta JPEG (DCT), WEBP
(VP8) juia crucHenns 3 Brpatamu. Llei nabip merojis 0yio
o6paHO 11 3a0e3MeUCHHS IMHPOKOTO CICKTIPY MOXIIHBHX
CLICHApiiB BHKOPUCTAHHSL.

SIKicTh  300paKCHHs, OIHKOETBCH 33  JIONOMOTOH
merpukn PSNR (Peak Signal-1o-Noise Ratio) 1 30epiraerses
JUIA MOJANBINOTO aHalizy. Bukopucranua Merpuku PSNR
6yno obpano uepes ii 3maTHICTL OO'CKTHBHO OIIHIOBATH
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AKicTh 300paKCHHA MiCJAs CTHCHCHHA, IO € KPHTHYHO
BaKIMBUM JUIA TIHOTO TOCIHIKCHHSL.

CrHCcHEHI 300paXkeHHs 3aBaHTaxkyThca B IPFS uepes
cepgic Pinata, sIkuit BUCTyIae MocepeHHKOM JUIs JI0CTYILY
IO BCECBITHBOI Mepeki. BHKOPHCTOBYHOUH TEXHOJOTIKO
IPFS, koxne 300paKENHST  OTPUMYE
VHIKaIRHHE Xell, Mo 3adeslmedye Iforo oXHO3HAUHY
iAeHTH(IKALII0 Ta MOXUIMBICTE AOCTYIY 10 HBOTO B OYIb-
AKHUH MoMeHT 4acy. Lle rapanTye OesmeKy Ta He3MIHHICTh
mo ¢ ACIIEKTOM Yy KOHTEKCTI

3aBaHTaKcHe

JAaHHUX, Ba;KIINBUM
ICLECHTPANI30BaHUX MEPEIK.

ITicast 3aBanTakenns 3o0paikens B IPFS, orprmami xenn
30epirafoTbest vy CMapT KOHTPAaKTi, pPO3TOPHYTOMY B
IOKaIbHIA Onok4edH Mepexi, mo imirye Ethereum. J{ms
LBOTO  BHKOPHCTOBYIOThCH — TexHosorii  Ganache s
posropTaHHs JIoKaibHOI Mepexi Ta Truffle juia ynpasmisas
CMapT KOHTPaKTaMM, HAImHCAaHMMH Ha MoBi Solidity.
BukopucTaHHSI IMX TeXHOJOriH 3abeslleuye  BHCOKY
HaIIHHICTL Ta MaCITab0BaHICTh CHCTEMH.

DOpoHTeHI YacTHHA BeD-3aCTOCYHKY, pealizoBaHa 3a
nonomororo TexHonorii ASP.NET RazorPages, 3abe3zneuye
IHTepaKkTHBHHIT 1 3py4YHHII y BHKOpPHCTaHHI IHTepdeiic.
Kopuerysaul MoxyTh 3aBaHT@KHATH 300pajkeHHs 31 CBOro
IIPpHCTPOLO, BHGP&'{'M METOJAH CTHCHEHH:A 3a JA0IIOMOI'0I
4ekOOKCiB, MeperITHyTH 3i0pamy iHopMaIliio Ipo CTUCHEH]
300paskeHHs, NMOPIBHAIbHI rpadiku, a TaKoX BIIKPHTH Ta
MEPETAHYTH BCl CTHCHEHI 300pajkeHHs [ Bi3yalbHOTO
nopiBHsiHHS sKocTi. [HTepdeiic kopucTyBada po3pobiieHuii 3
ypaxyBaHHAM NPHHIHMINB 103alimiri, mo 3abesnedye
IHTYITHBHO 3p0o3yMilie B3a€MOII0 Ta MiHiMi3allif0 TIOMIJIOK
3 00Ky KopHcTyBada. Lle Oy10 0OpaHo, OCKUIBKH 3pYYHICTh

BHKOPHCTAHHS Ta IHTYITHBHICTb iHTep(eHCy € KpUTHYHHMHU
JUIA 3aJTyHMCHHSA [IHPOKOT ay/IUTOPIT KOPHCTYBaUiB.

Bekenp wacTuHa, peanizoBaHa Ha ocHoBi NET 8 ta C#
12.0, BijnoBijiae 3a 06pobky jaHnx, Bzaemojito 3 IPFS Ta
GII0KUCHHOM, a TAKOXK 33 BHKOHAHHS OCHOBHHX 0i3HEC-JIOTiK
3acTOCYHKY. BukopuctoByloun 6i6mortexy ImageMagick,
OeKeHI 4YacTHHA 3IHCHIOE CTHCHeHHA 300paieHb 3a
oOpaHUMH MeToaMH, OOYHCIIIOIOYH po3Mip daitny Ta
MeTpuKy AkocTi PSNR. Lle pimenns Oyno obpaHo uepes
BHUCOKY IHYYKICTD
ImageMagick, sxa pgo3Bomse edeKTHBHO MPAIFOBATH 3
pizuuMu Gopmaramu 300pakeHs.

3a momomoroio HttpClient BinOyBaeThCs 3aBaHTaXCHHS
cricHenux 3o0paxens o IPFS i orpuManus yHiKaibHHX
XeNIiB UL KO3KHOTO 300paxkeHHs. J{i1s 30HpaHHs MOKa3HUKIB
ugacy 3aBaHTaxkeHHs B IPFS Ta mpomyckHOi 3IaTHOCTI
BHKOPHCTOBYFOTECA IHCTPYMEHTH BUMIpIOBaHHS 4acy, Taki
sx Stopwatch, 17151 0BUMCIIEHHS TPHBAJIOCT] 3aBAHTAKEHHS
Ta po3mMipy daitmy micns ctucuenns. Le 3abesnedyc Toummit
Ta HamifiHMIT 30ip JaHUX I HOJAIBIIOTO aHATI3Y.

broxweiin 4acTHHA CHCTEMH BiAIOBINae 3a 30epesKeHHA
XelliB 300pakeHb Yy JELEHTPATi30BaHIH Mepexi, IO
rapamiTye ix 0Oesneky, He3MIHHICTh Ta Hpo30picTsb. JIokanpia
OJIOKYEHH MEPEKA pO3ropTacThCs 3a JIOIIOMOI'0I0 Ganache,

HPOJAYKTHBHICTL  Ta 010J10TEeKH

MO [A03BOISC IOBHAKO CTBOPHTH CCPEIOBHIIC JULA
TecTyBaHH#A, a Truffle BUKOpHCTOBY€ETbCA I YIPaBIIiHHS
CMapT KOHTpaKTaMH, HanmucaHuMH Ha Mosi Solidity. Lleit
nigxig 6ys obpanuil yepes Horo HaJiHHICTH Ta IIHpOKe
BH3HAHHA B CHUIBHOTI PO3POOHMKIB OJIOKYCHH-PIIICHB.

Hmxde HaBeJIeHO MAJIFOHOK SIKHIT Bi3yalli3ye B3a€MOJII0
BHINE3a3HAUCHHX MOIYJTiB po3po0bieHOI CHCTEeMH (JIHB.
puc. 3).

Kopucrtysay

DdpoHTEH]

| BeG-Gpayaep I '.-I]

Bino6paxeHHA iHTepdgency

Baaemo/is 3 KopucTyBaYem

|

/

Ganache

| BaBaHTaXKeHHA Xelly 3 CMapT KOHTPaKTy

| 3aBaHTaXXEeHHSA XelWy B CMapT KOHTPaKT

IPFS

\ [/

Bekeng

O6pobka 3anuTie

I 3bepexeHHn 306paxeHHa

AN | A

| MosepHeHHs 3obpaxeHs

Puc. 3. ApxiTeKTypa HPOIOHOBAHOI0 3ACTOCYHKY /LIH aHAJIZY.

TakuM  4YMHOM, pPO3pOOIEHMI  METOJ  JIO3BOJIAE
KOPHCTYBadaM  IPOBOJUTH  KOMIUICKCHHH  aHal3
e(heKTHBHOCTI PI3HAX METO/{iB CTHCHEHHS 300pakeHb Y

KOHTEKCTI 30epiraHHs B JICIEHTPAII30BaHUX OJIOKHEHH
cxopumiax. lle  3abesmeuye 3HalTH
onTuMansHui GanaHc MK posmipoM dailly Ta SKICTIO

MOKITHBICTH
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300paXKCHHA, IO € KPHTHYHO BAXKIHBHM Ui 0aratbox
CYHaCHHX 3aCTOCYBaHb. 3aB/IAKH BHKOPHUCTAHHIO TIEPEIOBHX
TEXHOJIOTH Ta iHTerpaii 3 6I0K4eiiH, IPOMOHOBAHHN METOT
3abesledye  BHCOKY  HajifHiCTh,  Ipo3opicTh  Ta
MacIITaboBaHICTh, IO pOOUTH Oro  iHHOBAIINHHM
pIIEHHAM Y chepi YIpaBIinHs HGPOBHMH JaHAMH.

7. ExcriepaMenT

Jnsa  nmocmimkeHHs eQeKTHBHOCTI pI3HHX METOJB
CTHCHEHHs 300paykeHb Yy KOHTeKCTI IX 30epiraHHs Ta
nepesaai B IPFS Oyino o0paHo pisHOMaHiTHHH Habip
300paneHb. 300paskeHHs [IPE/CTaBIAIOTh THIIOBL ClieHapil
BHUKOPHCTaHHS Y Be0-3aCTOCYHKAX 1 BKITIOUAKOTh (poTorpadii,
Menu4Hi 300pakeHHs, Trpadixy Ta noroTurm. Bei
300paxkeHHs Oymu orpuMani y ¢opmari BMP, mpo
3abesredye BUCOKY SAKICTb 0€3 BIPAT i € ONTHMAJILHAM UL
MOMAJIBIIOro HOPiBHATLHOTO aHAMI3y METO/IB CTHCHCHHA.

Jlna xosxkHOTO 300pakeHHA OyI0 3acTOCOBAHO II'ATh
HOIYJIApHUX MeToJiB crHcHenns, Taki sk: JPEG, PNG,
WEBP, GIF ta TIFF.

JPEG BukopucTOByeThest Ui (ortorpadii 3aBIaKu
CBOEMY e(eKTHBHOMY AITOPHTMY CTHCHEHHS 3 BTpaTaMH,
AKHH J0oOpe MpaIroe 3 JeTalIMU Ta IPaJicHTaMH KOIBOpY.
PNG 3abesneuye cTHcHeHHsA Oe3 BTpar, o poGHTH Horo
ijieansHuM Juis rpadike ta inocrpaniii. WEBP noennye B
cobi mepeBaru SK CTHCHEHHS 3 BTpaTaMH, Tak i Oe3 BTpar,
[IPOIIOHYIOYH BHCOKMH cTymiHb Kommpecii. GIF wacro
BHKOPUCTOBYETECS UL IPOCTUX IpadhiyHuX 300pakeHb 1
animamii, Tomi sk TIFF 3abesnedyc BHCOKOsKICHE
CTHCHEHHS ©Oe3 BIpar Ui 30epeKeHHA MAaKCHMAJIbHOL
SKOCTI.

HaGip mocmimkyBaHMX MaHHX BKmModae B cebGe 20
(otorpadii, AKi BIAPI3HAOTHCA TAKHMH XapaKTCPHCTHKAMHA
SK: HasBHICTh MOHOXPOMHOCTI, KOIbOpOBAa raMMa Ta
TEIUIOTa, KOHTPACTHICTh, HACHYEHICTh Ta pi3HA ILIJIBHICTD
TiKCeJIiB.

Taxosk Habip JaHHX MICTUTH |5 JIOrOTHINB, SKI MOXKHA
PO3ILINTH Ha 3 TPYIIN 110 5 JIOTOTHIIB: KONBOPOBI JIOTOTHIIH,
4OpHO-OLI JIOTOTHIIN Ta YOpHO-011i JIOroTHIIM 03 3alIMBKI
KOIIBOPOM.

OxpiM 1pOro jgataceT BKIOYac B cebe 5 rpadiunux
300pakeHb, cepel AKHX € YJOpHO-011i 300pakeHHs. I'padiuni
300paKeHHs  BIAPI3HAIOTBECH 33  PO3MIPOM, KOJILOPOM,
HAacCHYCHICTIO Ta IHIIHMH XapaKTepHCTHKaMH.

Takosxk juis BceOI1MHOrO amamsy, B JAOCITJGKYBaHl aml
Oyi0 mogaHO YOpHO-OiMI MeamyHI 300pajkeHHSA, TaKi SK
sniMkn MPT, 300paskeHHs KITHH Ta IHIN 300paXkeHHs 3
Me/IMYHOI chepH.

Kosne 3o00pakenns 3 Habopy jaHux OyJO peTelbHO
ninibpaxe, moeb BKJIIFOYATH  IIHPOKHIH CHEKTp
XapakTepHCTHK. [TepIloro 3 OCHOBHHX XapaKTepHCTHK IIpU
BiOOpi 300paxkeHb Oyina poO3MiIBHA 3JaTHICTH, TOOTO
KUIBKICTH IKCENIB 10 TOPH30HTAl Ta BepTHKAJ, AKa
BIUIHBa€ Ha po3Mip (aibmy Ta sAKicTe 300pakenus. Taxoxk
MPIOPHUTETHOIO XapaKTEPUCTHKOIO OyIa IUILHICTD MIKCENiB,

ITI0 BH3HAYAETHCS KIIBKICTIO IIKCEIiB Ha JIF0iM i BIUTMBAE Ha
yitkicTh 300paskeHHs. [Ipu Bindopi Takoxk Oylia BajHBa
PI3HOMAHITHICTh KOJTBOPOBOI TaMMH, sKa Bimobpaxae
Janazo” HasBHI Ha 300paxkeHH 1
KOHTPACTHICTh T2 HACHIEHICTh.

ITicas Toro sk 6yB copmoBanuii Hadip AaHMX, cTaNo
MOJKIHBHM IPOBECTH aHATI3 TOCILTKYBAHHX 300paikKeHsb,
JUISL TOTO 00 BH3HAYHTH ONTHMAIILHHII METOJ CTHCHEHHS
s 30epiramHs  y  OmokuelH — cxommmi.  Jus
BHKOPUCTOBYIOTECH HIOKa3HHKH 11O OLIMCAH] HIKYE.

OCKIUIBKH OTHOIO 3 OCHOBHHX IIUJICH M1 ac 30epiraHms
daitmB ¢ 3HWKEHHS BUTPAT Ha 30epiranis, TO Oyio
BH3HAUCHO OJHH 3 TOINOBHHX IOKA3HHKIB, AKHI IpAMO
BIUIMBAE Ha BapTicTs 30epiranns so0pakens B IPFS — posmip
3aBaHTaXKeHOro  (Qaiiry. BincoTkoBe — CHiBBIIHONICHHS
po3Mipy cTHCHeHoro ¢ailly 1o modaTKoBoro (hailimy
OOYHCITIOBATIOCH 33 (POPMYIIOF0 7:

KOJIbOpIB, IO

G
= S 7
S 0100 (7

e S — BiICOTKOBE CHiBBITHOIICHHA PO3MIpiB,
C — po3mip cTHcHyTOrO (haily,
(O — po3mip opHriHaisHOro (aiiy.

AHAJIOTTIHO 10 po3Mipy (aiiny, Ha BapTicTh 30epiraHHs
TaKOXK BIUIMBA€ BHTpaueHa IIPOIYCKHA 3/IaTHICTL KaHAIy
(Mepeski) Axkuil OyB HagaHHMH KIHIEBOMY KOPHCTYBauy.
Ilponyckna 3jatHicTh, BHMIipIOBaHa Yy Kulobaifrax Ha
CeKyH1y 00YHCIIIOBaIach 32 (OpMYI0I0 8:

(6]

c

nie 1p — mponycKHa 3aTHICTB,

C — po3Mip cTHcHYTOrO (haillly y Kinobaiitax,

{ — wuac, BuTpavenuii Ha 3asBanraxenns B [PFS,
BHMIPIOBaHHH B CCKYHJIAX.

Takoxk, BaKJIHMBIOK BHMOIOK JUIS KIH€HTa, INJI Yac
Mponecy CTHCHEHHA € MAKCHMAIILHO MOYKIIHBE 366pﬁ7{€3"]l§{
saKocTi (aiiny micnst opmaryBaHHs. SIKICTh BHMIPIOETHCS
MIIIXOM KaJABKYJALIT MIKCEIBHOT Pi3HHIN CHIHALY A0 IIyMY
(PSNR) po3paxoByBarach 3a (hopMynoro 9:

2552
psnr = 10 - log,, e )

Jie pSNT — MKOBE BiHOIICHHS CHTHATY JI0 IIyMY,
mse — 3Ha4YeHHA cepeIHbOKBAAPaTHIHOT MOXHOKH.

Lli mokasHuku Oymm oOpaHi I 00'€KTHBHOI OITIHKH
e(eKTHBHOCTI KOKHOIO METOJY CTHCHEHHS 3 TOYKH 30pYy
po3Mmipy aiily, IIBHAKOCTI 3aBaHTaKEHHA, Ta AKOCTL
300pasKkeHHS.

B nepmry uepry, Oyio BUMIpAHO Ta HpOaHANIi30BAHO
posmipu oTorpadiii micas CTHCHEHHI 3a JOHNOMOTOIO
PI3HHX METOJUB (JIUB. pHC. 4).
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Bia poswipy s06paxens (%) ans jpeg [ Buina poswipy soGpaxens (%) ans png [Cm] Suina po: Swissa poamipy 3oBpaxens (%) ans Ui
[ Bwivia poswipy soSpaans (%) o
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0007 0005 0018 0008 0013 0003 0017 0014 0004

0002 0020 0010 0008

0009 0018
Puc. 4. T'padix 3mian posmipy s gororpadiii

SIK BHJIHO 3 Jliarpamu, Halb UL po3Mip daiiiry micist
CTHCHeHHS crocTepiraBes st merony TIFF (amropurm
LZW). lle MOKHa ITOSCHHUTH THM, III0 METOIH CTHCHEHH: Oe3
BTpArT 3a3BH4ail 30epirarTs Oiibie iHpopMaltii, HiZk METOANA
3 BTpaTaMmH. 3 iHmoro 6oky, Meton WEBP (axropurm VP8)

[OKa3aB HAMKpaIMil pe3yibTaT 3 TOUKH 30pY 3MEHIISHHS
po3Mipy daiimy.

JlpyruM BajKIMBHM TIOKa3HHKOM OVJI0 BHMipHOBaHHS
SAKOCTL 300pakeHHS THC/IA CTHCHGHHA 3a JIONOMOTOKO
merpuku PSNR (Peak Signal-to-Noise Ratio) (mus. puc. 5).

3mina sxocti (%) (PSNR) ana |

g [ 3wia socti (%) (PSNR) ans png [ 3uisa swocti (%) (PSNR) ann webp
[ 3wina sxocti (%) (PSNR) ans gif
100

3mina sxocti (%) (PSNR) ana tiff
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0007 0005 0016 0006 0013 0003 0017 0014 0004

0012 0002 0020 0010 0008 0018 0009 o018

Puc. 5. I'padix 3minn axocti nas gororpadiii

SIk THoKasye jiarpama, MeToJd CTHCHeHHs 6e3 Brpar,
taki gk PNG 1 TIFF, noBmicTio 30epiraioTh  SKICTh
300paKeHHA, IO MATBEPIKYETHCA  MAaKCHMAIBHAMU HacTyrmHuM BaKIMBHM IIOKa3HHKOM Oyjla BHMIipsAHa

3HayeHHsMH PSNR. MeTo (i cTHCHEHHS 3 BTpaTaMM, TaKi IK  [POINYCKHA 3/[ATHICTh NPHU 3aBaHTaXeHHi 300paxens B IPFS
JPEG, WEBP i GIF, nemonCTpyIoTh HipKYi 3HaueHHS PSNR,  (auB. puc. 6).

[0 € OYiKYBAaHHM pe3YIbTATOM 4Yepe3 BTPary YacTHHU
iH(opMartii IpH CTHCHEeHHI.



cKHa

Mipon,

ThicTs (KB/s) ans jpeg [ Mpo

—

500

s (KBis) ans prg [

Ha apaTHICTs (KB

icTs (KB/s) gns

anarwicts (KB/s) ans tiff

000! 0005 0016 0008 0013 0003 D017 0014

012 0002 0020 0010 0008 0018 0009 0018

Puc. 6. I'padix mpomyckuoi 3qarnocti ans pororpadiii

SIk nokasye Jiarpama, HaHOUIBIN e(pEKTHBHI 3 TOUKH
30py IPOILycKHOI 3[aTHOCTL, TOOTO BUTPAvYaloTh il MeHITe, €
METO/H CTHCHEHHs 3 BTparamu, taki sk WEBP, JPEG ta
GIF. Ile MoxHa MOSACHHTH THM, 1110 MEHIIII po3MipH (ainis
NO3BOIBIIOT TIBUIIIE TIEPEIABATH aHI 4epPe3 MEPEKY.

AHami3 nokasas, mo 1 (oTorpadiii, Akl 3a3BHTAL
MICTATh BeNHKY KUIBKICTb OeTanell Ta KONBbOpIB, MeTOIOU
cricHenHs 3 Brparamu, Taki sk JPEG i WEBP, e Giibim
c()eKTUBHUMH U 3MCHIICHHS po3Mipy (atiny.. Ha ocHoBi

pe3yibTaTiB MM poOMMO BHCHOBOK, mo Meto); JPEG
3a0e3leuye ONTUMAIBHHII OalaHc MK 3MeHIISHHAM
po3Mipy Gailly Ta AKICTIO 300payKeHHS JUIi CTHCHEHHS
(doTorpadiii.

AmnarnoriuHo  ¢ororpadism, Oyno BHMIpAHO Ta
TIPOAHATI30BAHO PO3MIPH MEIMYHHX 300paxeHb IIC/IT
CTHCHEHH 3a JOMOMOTOK PI3HMX METOMIB (IUB. pHC. 7).

3mita poamipy soBpaxett (%) ans jpeg [ 3miHa poamipy soGpaxets (%) ana png [[C] 3mita poamipy sobpaetb (%) ans webp

3miHa posmipy so6paxers (%) ans tiff [ 3mita posmipy soGpaxeHs (%) ans gif
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Puc. 7. I'padix 3minm posmipy 1aa MeImannx 306pakens

SIK BMIIHO 3 JiarpaMu, METOIM CTHCHCHHA 3 BTpaTaMHu,
Taki Ak JPEG ta WEBP, 3HauHO 3MeHIIHIH po3Mip ¢aiimy,
HPOMNOHYIOUH e)eKTUBHIII Pe3yIbTaTH 3 TOYKH 30pY 0beary
naHnX. Takok MoxHa mobaudTH 1mo Meron PNG, sxuit
cTuckae 300paxkenHss ©e3 BTpar, [OKa3aB Haikpaiy

pe3yIbTaTH UIA OUTLIIOCT JAHMX, B IOPIBHAHI 3 1HIIHMH
MeTOaMI CTUCHEHHS, HaBiTh 3 THMH, M0 HEXTYIOTH SIKICTIO
mij 4ac gopmaryBanus. J[pyruM BajdJIMBHM NOKa3HHKOM
Gymo BHMIDIOBaHHSA SKOCTI MeJWYHHX 300paskeHb IICIA
CTHCHEHHS 3a jlonoMororo MeTpuku PSNR (yiuB. puc. 8).
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3mina sikocTi (%) (PSNR) ans jpeg [ 3mina sivocTi (%) (PSNR) ansa png [[C__] 3mita saKocTi (%) (PSNR) ans webp
3wmiHa AkocTi (%) (PSNR) ana tifft [ 3mia axocti (%) (PSNR) ans gif
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Puc. 8. Tpadik 3Minn skoCTi JUISE MEUIMHIX 300pasKeHD
Sk TIOKa3zyc ﬂiarpaMa, METOU CTHUCHEeHHA 6e3 BTpar, MEJIHTHUX 306pa>i<enb. e BaiKITHBE GGCPC}KC"HH

taki sk PNG 1 TIFF, mosmictio 30epiraioth sKicTh
300pakeHHA. MeTo 1 CTHCHEHHA 3 BTpaTamy, Taki sk JPEG,
WEBP Tta jna 6umbmocti subipku GIF, nemomnctpyiots
HIDKTI 3HavdeHHS PSNR, mo Moxke OYTH KPHTHIHHM IS

MaKCHMAJIbHOI KIJIBKOCTI JICTaICH.

HacTynHUM BaIMBHM IIOKa3HHKOM Oyia BHMipsHa
MPOMYCKHA  3/IaTHICTL TMPH  3aBaHTa)KCHHI  MeJIYHHX
300pakens B IPFS (mus. puc. 9).

MponyckHa 3aaTHICTs (KBFs) ans jpeg [ Mponyckua anathicTs (KB/s) ans png [ NponyckHa anaTHicTs (KB/s) Ans webp
MponyckHa anaTHicTs (KB/s) ans tiff [ MponyckHa snatHicTs (KB/s) ans gif
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Puc. 9. T'padix nponyckHoi 371aTHOCTI 15 MEIMYHIX 300paKCHB

Sk moKasye jiarpama, METoOJM CTHCHCHHS 3 BTpaTaMH,
taki sk WEBP ta JPEG , € naii6inbim epexTuBHHME 3 TOHKN
30py MPOMYCKHOI 3/IaTHOCTI, alie B TOil ke ac, PNG nokaszas

Xo4 1 He JUIsl Beiel BHOIPKH, alie Ui GUIBIIOCTI, HaHKpar
MOKA3HHKH.

AHaili3 MNOKasaB, M0 U1 MEIMIHAX 300pakceHb
KPHTHYHO BaK/IMBHM € 30€peskeHHs MAKCHMAJIBHOL SKOCTI,
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tomy Meton PNG e Ginbmn mpujaTHHM 3a iHII, OCKUTBKA
cTHCKae 300paxcenHs 6e3 BTpaTH AKOCTI i TIokasye HalKpari
pe3yabTari And OLIBIIOCTI JOCHIIAKYBaHHX (ailniB 3a
TAKAMH XapaKTepHCTHKAMH SK po3Mip dailny Ta MpoITycKHa
3JATHICTh MiJI Yac 3aBaHTaXKeHHs B OJOKYEHH CXOBHIIE.
[Ipore, sKn10 HEOOXITHO HA/IIHHO 3MEHIIUTH po3Mip (aitmy
B JIeKUIbKa pasiB I ycici BHOIPKH, BPaXOBYIOUH MOXIUBY

BTPAaTy BaXJIHBHUX JeTaleil, Moxke OYTH BHKOPHCTaHHH
Merojl crucHenHs 3 Brpatamu WEBP, ockinbkn nokasas
HAHKpaLli pe3yabTaTH W1 IHOTo IOKA3HHKA,

Hani ©yno BHMIpAHO Ta MPOAHAN30BAHO PO3MIpH
rpaiiku Ta JIOTOTHINB ITCHA CTHCHEHHS 3a JIOTIOMOICIO
PI3HHX METOJiB (IHB. pHc. 10).

3miHa poamipy 306paxeHs (%) ans jpeg [___] 3miHa poamipy 306paxeHs (%) ans png ] 3miHa poamipy 306paxeHs (%) AnA webp

3miHa poamipy soGpaxets (%) ans tiff [———] 3mina poamipy soGpaxets (%) Ans gif
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Puc. 10. I'padix 3minn po3mipy rpadiunmx 306pakeHs i Jjororumnis

Sk BHAHO 3 MiarpaMH, METOj CTHCHEHHA ©Oe3 BTpat
TIFF, Mae 6inpi po3MipH ¢aiinis y NopiBHAHHI 3 METOAaMU
3 prparami, Takumu sk JPEG, WEBP ta GIF. V roii e qac
Metosi cracHeHHs ©Oe3  Brpar PNG  nokasye kpain
pe3yipTaTi cTHCHeHHA 3a JPEG

ta GIF (uus. puc. 11.)

fo—
Type: png, Quality: 100%, Size] 7.51 KB] Time: 1.225, Throughput. 6.18 KB/s | Open Image |
Time: 0.93s, Throughput: 8.78 KB/s | Open Image

Type: webp, Quality: 42.74%, Size 8.
Soopeman2

Type: png, Quality: 100%, Size{35.35 KB] Time: 1.27s, Throughput: 27.76 KB/s | Open Image

Bf Time: 1.23s, Throughput: 31.32 KB/s | Open Image

8] Time: 1335, Throughput: 135.24 KB/s
Type: webp, Quality: 25.3%, S\zen Time: 1.47s, Throughput: 481.33 KB/s | Open Image

Type: webp, Quality: 30.72%, Size]

[r—

Type: png, Quality: 100%, Size

Puc. 11. HopiBosnms po3MipiB geakux (aiiiis s
WEBP 1a PNG

INonepenuiii aHaniz mokasas, IO MPOHNYCKHA 3/1aTHICTh
NpsIMO  3aJIEKHTh BiJl posMmipy ¢alilly, ToMy HpOBOIUTH
IOAATKOBHII aHai3 JiarpaMH HPOIMYCKHOI 3JaTHOCTI IS
rpaiuHUX 300pakeHb Ta JIOTOTUIIB He € HEeOOXIIHHM.
Taxkok OCKUIbKH JUIi  1uX 300paiKeHb € JIOpEeHHHM
MakcHMalibHe 30epekeHHsA, TOMy Meron PNG €
OITUMAIBHIMINM 33 IHII, OCKUIBKH HPOBOJUTH Ge3BTpaTHe
CTHCKAHHSA 1 MOKA3ye TapHi pe3yibTaTd cTHCHeHHs (aitiy.

IIpote, AK anpTepraTHBy M1 MeTomy PNG npH 30epekenHi
rpadiyanx daiinis MoxHa BigMiTHTH WEBP, ockinpku 1eit
METOjl CTHCHEHHH II0Kasye 4YHM HafKkpalli IOKa3HMKH
CIIIBBIJHOIIICHHS AKOCTI Ta po3mMipy (aiiny cepen mMeTomiB
CTHCHeHHA 3 BTpaTaMu. [IpoTe B TakoMy BHIAAKY OyIe MaTi
Miclie 3Ha4Ha BTpaTa SKOCTi.

BucnoBkn

B xomi mpoBeeHHs ananizy 0yi1o AOCTiKESHO METOIN
CTHCHEHHS 306pakKeHb piit: ¢ 30epiraHma y
JlelleHTpasi3oBaniX GIoK4eiin cxoBuiax Ha npukiani IPFS.

Jlns 1poro criodaTtky Oyiio posrisHyTo ocoOJIMBOCTI
30epiraHHsa JaHUX y OIOKIeHH cXoBHIIAX, 30kpeMa B IPFS i
[POaHAI30BAHO METO/IH CTHCHEHHs 300pakeHb, SIKi MOJKYTh
GyTH 3acTOCOBaHI /Ul 3MCHIICHHA PO3Mipy (ailiiB nepes
36epirannsaM B IPFS.

HacrynuuM kpoxkoM Oy/lo  BH3HAYeHO IOKA3HHKH
e(PeKTHBHOCTI LISl KOXKHOIO 3 METO/IB CTHCHCHHSA (pO3Mip
(aiimy, sKicTh 300pakeHHs, IpPOIYCKHA 3JaTHICTH IpHU
3aBaHTAKEHHI, UaC 3aBAHTAKCHHS),

Ilicnia mporo mwiA NpoBedeHHA IOCIHDKEHHI OyIo
pospobieno Geken)i Ha NET 8 ta pponren Ha Razor Pages
JUIS IMITOPTY Ta CTHCHEHHs 300paskenb. [l imitariii poGorn
pealbHOI OIOKYeiH Mepeski OylI0 PO3TOPHYTO IOKaIbHY
Giokueiin Mepexy Ethereum 3a ponomoroio Ganache it
HAMHCAHO cMapT KoHTpakT Ha mMoBl Solidity [12] sikuii Oys
Mi3HINE 3aeIUIOCHHH B JIOKAJNBbHY OIOKYECHH Mepexy 3a
nonomoroto Truffle,
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[licns peamizanii cHCTeMH, SIKa JO3BOJHTB IIPOBECTH
aHamiz, Oyll0 TIPOBEJICHO EKCNEPUMEHT 31 CTHCKAHHI
300pasKeHb PI3HUMH MeTOAaMH Ta 30epeskeH M Ix B IPFS i3
(ikcalliero OTPHMAaHUX XeIIiB Yy CMapT-KOHTpakTaX Ha
OsiokueiiH  Mepexi. 3a  pesyibraramu
CKCIICPHMEHTY 3i0paHo Ta NPOaHaTi30BaHO JaHi IIpo po3Mip
taiiniB, AKicTh 300paxkeHb (3a MeTpukolo PSNR), wac
saparTaenis B IPFS ta nponyckny 31aTHiCTh JUIS KOXKHOTO
METOIy CTHCHCHHS,

JUTsl HOBHOTH KapTHHU OYJI0 Bi3yalli30BaHO pPe3yNIbTAaTH
JIOCI/UKEHHA Y BUIIIS rpadikis Ta TabauIb.

3a pesympraTaMd JOCILKCHHS, IIO-IIepine, OYy7Io
BH3HAYEHO, [0 METOU CTHCHEHHS Oe3 BTpar, Taki sk PNG i
TIFF, no3BonsATh 30eperTH BHCOKY SIKICTh 300paykKeHHS.
IIpoTe, Ile IPH3BOAUTH O 3HAYHOTO 30LIBINEHHS PO3MIpy
taiiny. Taka ocoOiMBICTE MOXNE OYyTH KPUTHYHO BaiUIHBOIO
UL TUIIB 300pakeHb, J¢ MaKCHMallbHa JeTaii3aiis €
HeoOXIiIHOIO, IK-0T MEIHTHI 300pasKeHHA.

[lo-gpyre, moCHiKeHHA IIOKa3alo, IO MeTOAH
cTHCHEHHsI 3 BTpataMu, Taki sk JPEG ta WEBP, nossomstots
3HaYHO 3MEHIUTH po3Mip aimy. Ile mnokpairye
epekTUBHICTD 30epiraHus Ta nepej@adi JaHuX y OIoKYeiH
CXOBHMIIAX. 30KpeMa, BOHH € ONTHMAIBHHMH [T
BUKOpUCTaHHA 3 (poTorpadismMu Ta Tpadikoro, e
JIONYCKACTLCS JIesiKe 3HIDKEHIS AKOocTi Oe3 3HauyHMX BTpatT
Bi3yalbHOI iH(pOpMAaITi.

Kpim Toro, Oymo BcTaHOBIeHo, mo MeTog WEBP
JIEMOHCTPY€ HaHKpallli pe3yIbTaTH 3 TOUKH 30py 3MEHIIISHHS
posmipy (aiity npum 30cpekeHHI JIOCTaTHBOI SAKOCTI
300paskeHHs. lle poOuTh 1oro ONTHMANBEHAM  JUIS
BHKOPHCTAHHS y BHIAIKAX, KOJIH HeOOXiTHO 3HAHTH OanaHc
MDK po3MipoM (aiiiry Ta sSKicTHo.

Jlocni/pkeHHst  TakoXkK  BHABMIIO, IO  [POIYCKHa
3JIATHICTB NpH 3aBaHTakeHHI B [PFS € HaiiBumowo y MeToiB
CTHCHEHHS 3 BIpaTaMH., INO 3YMOBIGHO IX MeHIIHM
poamipom daiinis. Lle cnpusic mBHuNii nepejpayl JaHux y
MEPEXKi, IO € BAXJIMBHM ITOKAa3HHKOM e()CKTHBHOCTI.

Ha OCHOBiI OTPHMAHHX Ppe3ylbTATIB MOXKHA 3POOHTH
BHCHOBOK, 1110 JUISL BHIIA/IKIB, Jie KPHTHYHO BaXKIIHBA BHCOKA
SIKICTh  300pakeHb, HalKpammM BHOOPOM € METOI
crucHeHHs ©Oe3 BTpar PNG. [Ing Gimpm edeKTHBHOTO
BHKOPHCTAaHHS PECYPCiB Ta 3SMCHIICHHA Yacy 3aBaHTaXKCHHS,
MeTO/JH CTHCHeHHs 3 BTpaTami, Taki sik JPEG ta WEBP, €
Oubi fomabiumu. [IpoBesene jJociijuKeH s N10Ka3alo, Mo
meron JPEG 3abesnedye onTuMmanbHHE OanaHc MK
3MEHIICHHAM PO3Mipy (hailly Ta AKICTIO 300paXKeHHs.

Jina MmiATBepIKeHHA OTPUMAHHX pe3ylbTaTiB Ta
3po0IeHHX BHCHOBKIB HEOOXiJHI MOJAJbIIL JOCIIHKEHHS.
BoHH MaroTh OXOILTIOBATH Pi3HOMAaHITHI THITH 306paXkeHb Ta

JIOKAJTBHI i

BKJIFOYATH OUIBIN CKJIAQJHI CIleHapil BHKOPHUCTAaHHA, HIO
JIO3BOJIMTH OTPUMATH OLIBII TOYHI JIaH1 110/10 edeKTHBHOCTI
KO;KHOT'O METOIY CTHCHEHHS Y PI3HHX YMOBaX.
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JIOATOK T

Crnaiinu npe3eHrarii

JlOCHIJIPKEHHSI METO/I1B CTUCHEHHS 300paXKeHb Y
OJTOKYEHH CXOBHIIAX

Buxonas:
cr. rp. I13m-22-3, Oniiinuk A. €.
Kepisuuk:

K.T.H., nou. kad. [1l. Knpuuenxo 1. B.

AKTYallbHICTh

O0'exToM A0CHiKEHHS € ePEKTHBHICTL METO/IIB CTUCHEHHS 300pasKeHb, SKI BUKOPHCTOBYKTHCS IS
30epiranHs y ONoK4YeiH CXOBHUILAX.

MeTo10 podoTH € BU3HAUCHHS HAHOiNbII €()EKTUBHOTO METO/Y CTHCHEHHS 300pakeHsb Juis 30epiraHHs B
OnoKueiH CXOBHIIIAX 3 TOUKH 30py po3Mipy (aiiny, AKocTi 300paxeHHs Ta IPOAYKTHBHOCTI epenadi JaHux

TIpexmeToM TOCTITREHHS € TIPOTICC CTHCHEHHS 300paskeHb Ta HOro BIUIHB Ha po3Mip (aiinis Ta AKicTh
300pakeHHA

MeTogaMu J0CTiTKeHHS € IPOBEIEHHS EKCIIEPHMEHTIB 31 CTHCHEHHAM 300paXkeHb Pi3HIMH METOTaMHI
CTHCHEHHS Ta aHAITI3 Pe3yNbTATIB 3a JOMOMOTOI0 CTeliani30BaHNX MPOTPAMHHX IHCTPYMEHTIB.

70



[TocranoBka 3amaui

HeoOxiiHO BUPINTUTH HACTYIIHI 3aBJIAHHS:

PO3MISAHYTH ICHYIOYM METO/IM CTHCHEHHS 300paskeHb;

NOpIBHATH 00paHi JyIs JOCITIJUKCHHSA MCTO/IH CTUCHCHHS 100 BUSBUTH X IICPCBAry 1 HCIOJIIKH;
BH3HAYUTH (PaKTOPH, IKi BApTO BPaXOBYBATH P 30epiranui 300paxeHs y OIOKYEHH CXOBHILL;
c(opMyBaTH KpUTepii, 3a SKAMH JOPEeYHO TIOPiBHIOBaTH METOIN CTHCHEHHS MiX c00010;

peaslizyBaTH MporpaMHy CUCTEMY /sl TPOBCACHHS MOPIBHAIBHOTO aHANIZY;

@ 0 9 O 8 9

copMyBaTH raH MPOBEJEHHS SKCICPHMEHTY Ta BU3HAYHTH HAOIp JOCHIKYBaHHX AaHUX SKi O MOKPHBAIHA THIIOBI
CIIeHapil BAKOPHCTAHHS y BeO-3aCTOCYHKaX;

TIPOBECTH €KCTIEPUMEHT, 3aIOKYMEHTYBATH PE3YJIETAaTH, MPOBECTH X l'[OpiBHﬂHHS[ Ta aHania;

HAaJaTH PEKOMEH/IALil HAa OCHOBI OTPUMAaHUX PE3yJIbTaTIB. 3

bnoxkueiin cxoBuie IPFS

IPES (Inter-Planetary File System) — mpoTokon KOMyHIKaIlii Ta pO3MOALTy AaHUX, TOOY10BaHM
HA OCHOBI OJIOKYEHH TEXHOIION, SKHUH NPONOHYE ACLCHTPAII30BaHY apXiTCeKTypy 30¢epiraHaa Ta
0OMiHY TaHUMH.

Apxitexrypa IPFS Bsaemonis IPFS 3 Griokueiin mepexero

[ KopucTymay 1 ](_p[ KopucTysau 2 ]1—»[ KopmeTyeay 3 ] BxigHi aaHi BapanTaxeHHA B IPFS  OTpHMAaHHA yHIKANLHGTO Xewa

BoSpawentat

xewas

IPFS DFCD3545

IPFS }—)I 52EDBTOE

BaBaHTAMEHAR

OTPUMEHHA N0 Kellly

[ Kapueryaay Kopworysay 4 ](—»[ Kopucrysas § H KopHeryaay 6 Kopheryaas ]
lSuﬁpa)«eunm

[ KopweTyBan 7 ](—b[ KopwcTyeas 8 ]1—»[ Kopucryeas 9 ]

[ 1]

So6pareHHa IPFS 460B428K2




Meton ctucHenua PNG

PNG (Portable Network Graphics) — pactpoBuii opmMar 36epekeHHs rpadigHoi iHhopMarrii,
10 BUKOPUCTOBYE CTHCHEHHS Oe3 BTpart. [y nocsarHenHs 0e3BTpaTHOTO CcTHCHEHHS, B PNG
BHKOPHUCTOBYETHCS anroput™ crucHeHHs Deflate.

Ilepesaru: Henoniku:

o 3a0e3neuye MaKCUMAaJIbHY SKICTb; o BemuKuit posmip ajiny B MOpIBHAHHI 3 BIPATHUMH

. . METOJaMU CTUCHEHHS
o 3MCHILNYE PO3MIpP OPUIIHATIEHOIO 300paXKCHHS.

o BIICYTHS IIITPHUMKA IPO30POCTI

o BIJICYTHS MiTPUMKA aHiMalliH

3actocyeanns: Chepu MC/IHLWHH, IPyKapcTBa, rpadika Ta iHI, JIC BaXJIHBO 30CPCHKCHHS SKOCTI.

Meron ctucaHennus TIFF

TIFF (Tagged Image File Format) e hopmarom 300paskeHb, SKHit BHKOPUCTOBYETRCS JJIS SIK OJIKH 13
0a30BUX YHIBEPCATBHUX (JOPMATIB IPEACTABICHHS BUCOKOAKICHHUX 300pakerb. OAHIEN0 3 KITFOUOBHX
ocobnmuBocteit TIFF € MOKITHBICTE CTHCHEHHS 0€3 BTPAT SKOCTI 32 JOTIMOTOI0 anropuTMy LZW.

Ilepesarn: Henoniku:
o 3abes3neuye MAKCHMAIIbHY SKICTh; o BeNHKHH posmMip daiiny;
o migrpuMmye Oinbpmie  HOTHPBOX — MilbspHiB o BIJCYTHS MIATPHMKA MPO30POCTI;
KOIIOPIB. . . . -
o BIJICYTHS MATPHMKa aHiMarliii.

3acrocysanns: Chepu nonirpadii ta iHII HANPSIMA JC BAXITHBO 30CPCIKCHHS BCIIMKOTO PIBHA AcTamnizalii.



Meton ctucaenua GIF

GIF (Graphics Interchange Format) — e pactpoBuii ¢hopmar 306paxeHb, sSIKHi IHUPOKO
BHKOPHCTOBYETECS B [HTepHETI 3aBASKH CBOTH 3/aTHOCTI MITPUMYBATH aHIMaIIifo.

Ilepesaru: Henoniku:

o 3a0e3neuye MaKCUMAaJIbHY SKICTb; o BemuKuit posmip ajiny B MOpIBHAHHI 3 BIPATHUMH

. . METOJaMU CTUCHEHHS,;
o 3MCHILNYE PO3MIpP OPUIIHATIEHOIO 300paXKCHHS.

o OOMEKeHICTh 256 KOIBOPaMH.

3acrocypanHs: BebG-animaitis, npocti rpadiku, JOrOTHIN Ta THIIC,

Meton ctucaenusa JPEG

JPEG (Joint Photographic Experts Group) — 1le ITMPOKO BHKOPHCTOBYBaHUIH (hopMaT Jyis 30epiraHns i
mepeaadi quQpoBHX 300paxeHs, 0co0anBo doTorpadiil. s TOCITHEHHS ONTHMAIBHOTO DalaHCy MIK
poamipoM Ta skictio, B JPEG BukopucToByeThest anroputm crucuenHs DCT.

Ilepesarn: Henoniku:
o BHUCOKHH PIBCHb CTHCHCHHS; o BiJCYTHICTb IPO30POCTI Ta aHIMALLii;
o MITPUMEA 16 MIIH KOTBOPIB. o BTpara SKOCT;

o 0OMeKeHICTb 256 KoNbopamHu.

3acrocypanns: dororpadii, BeO-3aCTOCYHKH.



Meron ctuceessss WEBP

WEBP — 11e cyuacHuii ¢dopmar 300paxkets, po3pobiieHuit komnaniero Google, mpu3HaueHui Juist
30epiranHs Ta repenadi HMQporMx 300paskeHs 3 ePeKTHBHUM CTHCHEHHIM. [ MocATHEHHS
ONTHMAaIbHOTO OajaHcy MiX po3Mipom Ta sikicTio, y WEBP BukopucTOBY€eThCS airopuT™ crucHeHHS VP8,

Ilepearn:

o BUCOKHUH PIBEHb CTHCHEHHS;

o MATPUMKA MPO30POCTi (anbda-kanaty);
o TiITPUMKA aHiMarl

o MATPHMKA 16 MIIH KOJIBOPIB.

Henoniku:

@

obMexKkeHa NIATPUMKA B JAEIKMX cTapux Opaysepax i
penakTopax 300pakeHb;

BTpaTa SIKOCT;

BIJICYTHS MiATPHMKA aHimMallii

3acrocyeanns: Motorpadii, BeO-3acTOCYHKHM, aHIMALT, rpaghiuHI CICMCHTH 3 MPO30PICTH.

Excriepument 3 goTorpadissmMu
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EKCHGpI/IMeHT 3 MCAUMYHUMH 306pa)KCHHHMI/I

medical 047_medical 045 medical 043_medical

046_medic 042 meical

11

Buiha pesspy Sotpasen
SoGpukens |

Type: png, Quality: 100%, Size| 7.51 KB| Time: 1.22s, Throughput: 6.18 KB/s
Type: webp, Quality: 42.74%, Size:[8.17 KB] Time: 0.93s, Throughput: 8.78 KB/s | Open Image

3o0puRert 2

50 Type: png, Quality: 100%, Size]35.35 KB{ Time: 1.27s, Throughput: 27.76 KB/s | Open Image
40 Type: webp, Quality: 30.72%, Size: Time: 1.23s, Throughput: 31.32 KB/s

Jobpusesn 3

Type: png, Quality: 100%, Size] 180.47 KB| Time: 1.33s, Throughput: 135.24 KB/s | Open Image
Type: webp, Quality: 25.3%, Size]706.89 KB| Time: 1.47s, Throughput: 481.33 KB/s | Open Image
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BucHoOBKH

AHaniz mokasye, Mo I8 BUNAIKIB, ¢ KPUTHYHO BAXKIIHBA BHCOKA AKICTH 300paskeHb, HAHKpanUM BHOOPOM €
meTon cTucHeHHs PNG, a 1 BHIAAKIB KoMH Tpe®a ZOCATTH OUIbII e(peKTHBHOTO BMKOPHUCTAHHS PECYPCIB Ta
3MEHIICHHS Yacy 3aBaHTaXKeHHs, OiIbII A0UUTbHUMH € MeTou cTucHeHHs JPEG ta WEBP

B xomi mpoBemenHs aHanizy Oyno JOCHIAXKEHO MeTOIM CTHCHEHHS 300pakeHs s 30epiraHHa Y
JeleHTpanizopaHux OnokdedH cxoBuimax Ha npuxiani IPFS i BuABieHo onTuManbHi METOAM CTHCHEHHS IS
PI3HHX ITiIeit.

13

Anipobauist pe3yJbTaTiB 10 C1IKSHHS




JIaKyto 3a yBary!




JIOJTATOK JT

ExcriepTHHI1 BUCHOBOK pe3yJIbTaTiB NEPEBIPKH KBaNi(iKaliifHOT poOOTH Ha

BiamoBiHICTh oopmineHHs «Bumoru JICTY 3008:2015»

ExcreptHiil BHCHOBOK pe3ylbTAaTIB IepeBIpKH KBamipikariitnol podotu

C CHT
(mocana)

3ayBasKeHHS

MPOTPaMHOI iHKeHepil
(xadenpa)

Omiiiguk A.C.

(npiasmme, bi's, mo Gazsxosi)

13m-22-3
(rpyma)

Tyskr JICTY 3008-

2015

3MICT YHKTY

CTopiHKa
KBami(iKaliiHoT
pobotn

1

2

3

7.1 3arajabHi NoI0XKeHES

7.3 HyMepanisa cTopiHOK 3BiTV

7.4 HyMepanis po3gitis, miApo3aitiB, IyHKTIB, MiIMYHKTIB

7.5 PHCYHKH

7.6 Tabaumi

7.7 Ilepedik|

7.8 IpuMiTKH

7.9 BuHOCKH

7.10 ®opmyaH TA piBHSAHHS

7.11 HocHIaHHES

7.13 Cnucok aBTOpiB

7.14 CropoueHHS TA YMOBHI IO3HAKH

7.15 NogaTku

Excnept

10.06.2024

Bagm HEUBOJIO

(mpisBHIme, imimam)




