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ADNOTARE

Tema acestei lucrari de diploma este analiza trilemei blockchain-ului. Scopul acestei lucrari este de a
investiga solutiile existente pentru depasirea trilemei blockchain-ului, precum si realizarea unei analize
comparative a acestor solutii pentru a identifica cele mai promitatoare tehnologii si domeniile lor de aplicare.

In primul capitol al lucrarii de diploma a fost prezentati o analiza detaliati a trilemei blockchain-ului,
precum si a tehnologiei blockchain in sine. Acest capitol examineaza tehnologiile existente care incearcd sa
rezolve aceastd problemd, cum ar fi sharding-ul, sidechain-urile, protocoalele de nivel doi si algoritmii de
consens. De asemenea, a fost efectuatd o evaluare a avantajelor si dezavantajelor acestora.

in al doilea capitol al lucrarii de diploma, au fost descrise si comparate caracteristicile principale ale
tehnologiilor blockchain moderne. De asemenea, se acordad atentie identificarii domeniilor in care solutiile
blockchain pot fi aplicate cel mai eficient. In plus, vor fi propuse solutii partiale pentru trilema pe baza
blockchain-ului Ethereum, ca o solutie de nivel doi, cu accent pe abordarile de compromis care pot imbunatati

echilibrul intre securitate, scalabilitate si descentralizare.

Cuvinte cheie: blockchain, trilema blockchain-ului, scalabilitate, securitate, descentralizare, sharding,

sidechain-uri, protocoale de nivel doi, algoritmi de consens.



ABSTRACT

The topic of this thesis is the analysis of the blockchain trilemma. The purpose of this work is to
investigate existing solutions aimed at overcoming the blockchain trilemma, as well as to conduct a
comparative analysis of these solutions in order to identify the most promising technologies and their areas of
application.

In the first chapter of the thesis, a detailed analysis of the blockchain trilemma and blockchain
technology as such was presented. This chapter examines existing technologies that attempt to solve this
problem, such as sharding, sidechains, second-layer protocols, and consensus algorithms. An assessment of

their advantages and disadvantages was also conducted.

In the second chapter of the thesis, the main characteristics of modern blockchain technologies were
described and compared. Attention is also paid to identifying areas where blockchain solutions can be most
effectively applied. In addition, partial solutions to the trilemma based on Ethereum blockchain as a second-
layer solution will be proposed, with a focus on compromise approaches that can improve the balance between

security, scalability, and decentralization.

Keywords: blockchain, blockchain trilemma, scalability, security, decentralization, sharding,

sidechains, second-layer protocols, consensus algorithms.



AHHOTAIMS

Temoi#t qaHHOW AUIUIOMHOM pabOTHI ABISETCS aHAIU3 TPHIIEMMBbI O0K4eitHa. [{enpio naHnHoi paboThl
SBIISICTCS UCCIIEIOBAHUE CYIIECTBYIOIIUX PEIICHHH, HAIPAaBICHHBIX HA MPEOI0JICHHE TPUIEMMBI OJIOKUeiiHa,
a TaKoKe MPOBEJICHNUE CPABHUTEIBHOTO aHAJIM3a ITUX PELICHUH C LIENbIO BHISBICHHUS HAN0O0JIe€ MEePCIIEKTUBHBIX
TEXHOJIOTUI U UX 00JacTeil mpuMeHeHUsI.

B nepBoii rinaBe qumioMHON paboThl OBLT MpeICTaBICH ACTaIbHbIA aHAU3 TPUIEMMbl OJ0K4YelHa, a
TaKXKe TEXHOJOrMM OJIOKYelHa, KaK TakoBOW. B 3Toil riaBe paccMOTpeHBI CYIIECTBYIOIIME TEXHOJIOTHH,
IBITAIOMIMECS PEIIUTh JTAaHHYIO MPOOJIeMy, TaKHe KaK MIapIWHT, CaliueiiHbl, IPOTOKOJIBI BTOPOTO YPOBHS U
KOHCEHCYCHBIE aJITOPUTMBI. bbl1a poBeeHa OLIEHKA UX MPEUMYIIECTB U HEAOCTATKOB.

Bo BTOpoOi#i rnmaBe AUMIOMHON paboThl ObLTM pa300paHbl, OMUCAHBl OCHOBHBIE XapaKTEPUCTHKU U
CpaBHEHBI COBpEMEHHBIE OJIOKUYEHH TexHonoruu. Takke, BHUMaHue OyeT yAeJICHO BBIABICHHIO 00JIACTeH, I1e
OJIOKYEIH pemeHns MoryT ObITh Hanbosee 3¢ hekTnBHO TpuMeHeHbl. Kpome 3Toro, Oy IyT MpeaoxKeHsl My T
YaCTUYHOTO PelleHus TPHUIeMMbI Ha 6a3e 6mokyeitHa Ethereum kak pelieHue BTOpOro ypoBHsi, C aKIIEHTOM Ha
KOMITPOMHUCCHBIE TIOJIXO/IbI, CIIOCOOHBIE yIyUIIUTh OanaHc MEXIy 0€30MacHOCThIO, MACIITAOUPYyEMOCTBIO U
JEHECHTPATA3ALUECH.

KiawueBble cjoBa: ONOKYeiH, TpuwieMMma OJOKYeliHa, MacIITabupyeMOoCTh, OE€30MacHOCTb,

ACUCHTpAJIN3alus, IapJAuHT, C&IZ,I[“IGIZHLI, IMPOTOKOJIbBI BTOPOT'0 YPOBHS, KOHCCHCYCHBIC AJITOPUTMBI.
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BBEAEHHUE

B nocnennue roapl TexHoyorus OJOKUYEHH cTajla OJIHOM M3 camblX OOCYXKIaeMbIX TeM B cepe
nH(OpMaLMOHHBIX TexHonoruii. OHa MpUBIEKaeT BHUMAaHHE HE TOJHKO CIEIHUAINCTOB IO pa3paboTke
MIPOrpaMMHOT0 00ECIIeUeHUs U UHKEHEPOB, HO U MpeAcTaBuTeNel Ou3Heca, TOCyTapCTBEHHBIX CTPYKTYP U
Hay4YHBIX KpyroB. BiiokuelH npeaocTaBiisieT HOBbIE BO3MOKHOCTH JUIsl ICLICHTPATU30BAHHBIX CUCTEM U
MMeEeT MOTEHIMAJ JJIsi KOPEHHBIX M3MEHEHH B TaKWX OOJIACTSIX, Kak (DUMHAHCHI, JIOTHCTHUKA, MEIMIIMHA,
yIOpaBlIeHUE NaHHBIMH U MHorue apyrue. OJHaKo, HECMOTpS Ha BCE CBOM MPEUMYIIECTBA, TEXHOJIOTUS
OJIOKYEHH CTaJKHWBAaETCS C CEepPbe3HBIMHU MpoOIeMaMH, OJHOW M3 KOTOPBIX SBISIETCS TaK Ha3blBaeMas

TpujieMMa OJIOKYEHHa.

Tpunemma OsioK4elHA OMMCHIBAECT CIOXKHOCTh OJHOBPEMEHHOIO JOCTMIKEHHUS TPEX KIHOYEBBIX
Lesiel: NeleHTpaau3aluy, 0e30MacHOCTH U MacliTabupyeMocTu. B OosbLIIMHCTBE CilydaeB, pelleHue Ha
ocHOBe OJOKYeiHa MOKET 3(P(PEKTUBHO YAOBIECTBOPATH TOJIBKO JIBA U3 3TUX ACHEKTOB, IIPH 3TOM JKEPTBYS
TperbuM. Hanpumep, cucremsl, 00ecreunBaronve BEICOKYIO JELEHTPATU3AIMIO U 0€3011aCHOCTb, 3a4acTyIO
CTAJKUBAIOTCS € NpoOjIeMaMu MaclITaOUpyeMOCTH, 4YTO OrpaHMYMBAET HMX MPOM3BOJIUTEIBHOCTh HU
BO3MOKHOCTH MaCCOBOT'O MCI0JIb30BaHus1. Hao60poT, 010K4YeiHbI ¢ BBICOKOM MacIITabupyeMOCTbIO0 MOTYT
CHIDKATh YPOBEHb JCLEHTpalM3alli{d, YTO CTaBUT IMOJ Yrpo3y HX YCTOMYMBOCTh K arakam U

HECHTPAJIM30BAHHOMY KOHTPOJIIO.

N3yuenne TpuiaeMMbl 6JI0KYEHA TPECTaBIsIeT COOON BaKHOE HANpaBlIeHUE, TaK Kak 3 (HEeKTUBHOE
pelieHre 3Toi MpoodIeMbl MOXKET CTaTh KIIFOUEBBIM 1IarOM Ha ITyTH K TOBCEMECTHOMY BHEAPEHUIO OJIOKYEHH
TexHojoruil. B nanHoil guruiomHON pa®oTe OyIyT MmoApoOHO pacCMOTPEHBI CYLIECTBYIOIIME METONbI U
MIOJIXO/1bl, HAIIPaBJICHHbIEC Ha pellleHue TpHJIeMMbl OJ0KueitHa. byeT npoBeéH aHaIN3 TEXHOIOTHM, TaKUX
Kak LIapAWHT, Cali{4eHHbl, IIPOTOKOJIBI BTOPOTO YPOBHS U Pa3iIW4HbIE AJITOPUTMBI KOHCEHCYCA, C LICNIBIO

OILICHKH UX B(i)(l)eKTI/IBHOCTI/I 1 MPUMCHCHUSA B PCAJIbHBIX YCIIOBUSAX.

AKTyalTbHOCTh TEMBI JAHHOM paboThl 00YCIIOBIEHA OBICTPHIM pa3BUTHEM OJIOKUEHH-3KOCUCTEMBI U
YBEIUYMBAIOLIUMCS HHTEPECOM K TEXHOJIOTUSM, KOTOPBIE MOTYT IIPEJOCTABUTD PELICHUS JUIS IIOBBIICHUS
MIPOM3BOJIUTEILHOCTH U HAJE&KHOCTH JEIIEHTPAIN30BaHHbIX CUCTeM. B pabote Taxke OyAyT IpeaiokKeHbl
MyTH YAaCTUYHOTO PELIEHUS TPUIEMMBI C aKIIEHTOM Ha TMOpUJIHBIE MOAXO/bI, KOTOPbIE MOTYT YIyYIIHUTh

OanaHc MCKOAY MaCI_HTa6I/IpyeMOCTBIO, 0E30IMaCHOCTBIO U z[eueHTpanmauHeﬁ.
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