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B crarbe npejcraBieH 0630p TEXHOJIOTHN PACIpelelIeHHOTO peecTpa «OIIOKYeHH,
Jexaleil B OCHOBE KpUNTOBAIIOTEI BUTKOWH, 1 pacCMOTpPEHbI HEKOTOPbIE CBSI3aHHBIE C
HEll HaIlpaBJICHUSI CCIIEOBAHNI, IPEACTABIISIONINEG HAYIHBIN U MPaKTUICCKUI HHTEPEC.
PaccmoTpeHs! anbTepHaTHBHBIE TPaAUIMOHHOMY proof-of-work BapmaHTBI mOATBEpKHE-
HUS TPaH3aKIWil. 3aTpOHyTa Takasi BaxkHasi npobiaeMa (pyHKIMOHNPOBAHNS JaHHON KPHII-
TOBAIIOTHI, KaK OTCYTCTBHE Ha NMPAaKTHKE PeaNbHON JIeIeHTPATN30BAaHHOCTH U AHOHHUM-
HOCTH, KOTOPBIE 3asIBIICHBI B TCOPUH. B KauecTBe apryMeHTOB NPUBECHBI CICAYIOIIHNE:
HaJIMYME KPYIHBIX IYJIOB IS MAfTHUHTA, BIUSATEIBHOE SIPO MIPOrPaMMHBIX pa3paboTyn-
KOB CHCTEMbI, MEXaHN3M OIIOBEICHNH U HEKOTOPbIE APYIHe MHCTPYMEHTBI, KOTOPLIMHA B
HPUHIMIIE MOKHO 3JI0YIIOTPEOHTS.
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In this paper, we present a review of the blockchain technology, which underlies the
Bitcoin cryptocurrency. We also discuss some related research directions, which are of sci-
entific and practical interest. Alternative algorithms for transactions confirmation are con-
sidered. Potentially, they may be more effective and less resource consuming. We also touch
such important problem as a lack of actual decentralization and anonymity which are stat-
ed as the main Bitcoin benefits comparing with traditional money system. The arguments
in favour of this position are as follows: the presence of large mining pools, the influential
core developers, the alert mechanism and some other instruments which may be misused.
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BBEJEHUE

TpaguionHasi cxemMa TOBApHO-JIEHEXKHBIX OTHOIIEHUN MpPEAINoJiaraeT, YTo
MOKyHaTelb NMepefaeT MPOJiaBIly JeHbI'M, 2 B3aMEH MOJIyJaeT KeJlaeMbIil TOBap
unu yenyru. [1pu aTOM [TOJIKHBI BBITIOJTHSTHCS YCIOBHS, [ISJIAIONINE 9Ty CXeMY
SKU3HECIOCOOHO!, a UMEHHO:

— MOKYTaTeJb He TOJKEH MMETh BO3MOXKHOCTH JIBAK/bI MCIIOIBb30BATh OHU
U Te Xe JIeHEKHbIE CPEJICTBA;

— TpofaBel] JOJKeH UMETh WHCTPYMEHTBI, YTOObI YOSUTHCS B TIOJTYyUESHUN
[ICHET Mepej nepegayveil Topapa MOKynaTeso;
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— IOJKHA OBITH NCKITFOUEHA BO3MOKHOCTh HE3aKOHHO! dMUCCHH (TIOJ/IEIIKN )
JIEHEL:

Ecnu kakoe-nmu6o u3 3Tux TpeOGOBaHUI OKasKeTcs HapylLIeHO, TO MpOoAaBel]
PHUCKYET OKa3aThb CBOM YCIYI'M MU OTAATh TOBAap OECIUIaTHO, HE UMes MO3XkKe
BO3MOXKHOCTH NOJIYYUTh HHTEPECYIOIIUE YXKe ero TOBaphbl U yCIyTH.

ITpu pacyerax nOCpeCTBOM HaJIMYHbBIX JIEHET IIEPBbIE JBa TPeOOBAHUS pe-
aJIM3YIOTCS €CTECTBEHHBIM 00pa30M, UCXOfs U3 (pU3MUECKOro HaJU4Ms WIKA OT-
CYTCTBHMSI Ha pyKax ITOKYyNaTells KyIIOp 1 MOHET, a BBIIIOJIHEHNE TPETHETO TPeOO-
BaHMs oOecrne4ynBaeTcsl BOJSHbIMU 3HaKaMHU, 3aKOHOJIATEIbCTBOM U T.JI.

TapaHTOM BBINOJIHEHMS IAaHHBIX TPeOOBaHW NMpU OE3HAIUYHBIX pacueTax
ABIIsieTCsl OAaHK, yepe3 KOTOPbIH MPOXOAAT Bce IaTexxu. ITlepBoe ycnosue obe-
CIIEYMBAETCSl CIUCAHUEM CPEJCTB CO cYeTa IOKYIaTessl, BTOpOoe — MPOBEPKOM
HaJIM4Msl CPE/ICTB HA cyeTe MOKYIaTelNs U Bblauell yeka OAaHKOBCKUM TEpPMHU-
HAJIOM, a TPEThe YCIOBHE OOECIeYMBAETCS TE€M, UTO 3MUCCUSI HAXOIUTCS MOA
KOHTpOJIeM OaHKa — JOBEPEHHO CTOPOHBI. [OBOpS PO pUCKH, CIEAYET MORUYEP-
KHYTb, YTO €CJIU IIPOfiaBel] OTJACT TOBAp, HE JOXK/ABIIUCH IOATBEPXKAECHUS TEP-
MHHAJIa O IEPEBOJIE CPEJICTB Ha €0 CUET, TO BOZHUKAET BEPOSITHOCTD TOT'O, YTO
OH UMEET IIIaHC OTAATh TOBAap OECILIATHO.

Cucremy BUTKOMH MOXHO IpPENCTaBIATh ce0e KaK aHalor Oe3HAINYHBIX
JIeHeT, I7ie posib 6aHKa (TpeThell NOBEPEHHOW CTOPOHBI), UTPAeT TaK Ha3bIBa-
eMasl mernovka 6;okoB wim 6iokuerH (blockchain), KoTopas moepskuBaeTcs
KOJIJIEKTMBHO aHOHMMHBIMH Yy3JlaM¥, Ha3bIBaeMbIMU MaiiHepamu (miners). B
PYCCKOSI3bIYHBIX HCTOUYHUKAX MOXKHO BCTPETUTh TEPMUH «paCIpeesIeHHbIN pe-
ectp» [20]. UMeHHO 3TH OCOGEHHOCTH MO3BOJISIIOT XapaKTepU30BaTh OUTKOMH-
JIeHbI' aHOHUMHBIMU U JIELIeHTPAIN30BaHHBIMI.

OB30P TEXHOJIOTU PACIIPEJIEJTEHHOTI'O PEECTPA «BJIOKYENH»

Cmpykmypa yenouku 6a0ko6. Llenouka GJI0KOB 1O CBOEH CYTH NPEJCTaB-
JSEeT XypHAJl TpaH3aKIMil, KyJja 3aUChIBAIOTCS BCE CAEIKH, OCYIECTBISIEMbIE
B 9TOH BaJIOTEe, W, TAKUM 00Opa3oM, JIF00O0H MpofaBel] mepey nepefadei ToBa-
pa Bcerjga MOXKeT MPOBEPHUTh HAJIIMUYKE JIEHEer Ha cueTe MOKYIaTeJs, OTCIEUB
BCE TIOCTYIUICHHSI U PACXOJIbI, CBSI3aHHBIE C €r0 CUYETOM (peam3yercsi 3TO I0-
CPEeICTBOM CIIEIMAIIBHOTO MPOrpaMMHOTO obecrnieueHust). VaeanbHblil XypHAI
TpaH3aKIMil MOKHO TPEJICTABISATH ceOe B BUJIE PACTUPAKUPOBAHHBIX MJCHTUY-
HBIX KOTII MeXKy aOCOIOTHO BCEMH YYaCTHUKAMM TaKOW TUIATEKHOM CHCTEMBbI
(mokynaTesIsIMH U TPOAABIIAMH).

B cayyae egMHCTBEHHOTO 3K3eMIUIsIpa XXypHajia TEXHOJIOTHUS epeBosia fie-
HEr CO cueTa Ha CYeT aHaJIoTuYHa paboTe yepe3 0aHK. B MoOMeHT 3amycka cucre-
MBI B 3KypHalle ieTaeTcsl 3alUCh O TOM, CKOJIBKO CPEJICTB HAXOUTCS Ha CUETY Y
KasKJOTO yYaCTHUKA CUCTEMbI, M 3Ta 3aNUCh MOANUChIBaeTcs Bcemu uMmu. [Tocme
3TOr0 YYaCTHUKHU MOTYT MEPEBOAUTH APYT APYTY ACHBIW; IS STOTO MPOIaBel]
U MOKyHaTellb 00pallatoTcsl K XypHay, U MPOJaBel] MpoBepsieT 10 BCeM 3alu-
CsIM, €CTh JIi TpebyeMasi CyMMa Ha cueTe MOKYIATeJIsl, TOCe Yero MOKymaTehb
ieNIaeT 3aluch B XKypHAJle O MepeBOfie JICHEeT MPOJaBIy U CKPEIUISieT ee CBOeN
MOJINUACHI0. DMUCCUOHHYIO (DYHKIIMOHATLHOCTh TaK>Ke MOXKHO peajn30BaTh pU
MIOMOIIY €IMHOBPEMEHHON TOANUCH BCeX Yy4acTHUKOB. [1OCKONBKY B XypHaie
JIeJTAI0TCS 3aMUCH UCKITFOUUTEIIBHO O TpaTax (TOJIbKO MepBasi 3aluch O Hayalb-
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HOM COCTOSIHUM CUETOB HE SBIIIETCS TAaKOBOU, HO OHA CKPEIISETCS MHOAUCIMU
BCEX YYACTHHMKOB), TO TOBOPUTH O MOIIEHHUYECTBE 3[€Ch OE€CCMBICIEHHO: MO-
LICHHNUK MOKET JIUIIb [IEPEBECTU MEHBIIIE ICHET, YeM TPeOyeTCsl, HO 9TO KOHTPO-
nupyeTcst mpopasioM. [lTaBHOE 371ech — 9TO 00eCeYnTh MOJJIMHHOCTD ¥ COXPaH-
HOCTb CAMOI'0 >KypHaJIa.

AHaAJIOTHYHYIO CXEMY MOXKHO pealli30BaTh M IIOCPEICTBOM KypHala, pac-
TUPA>KUPOBAHHOT'O BCEM yYaCTHUKAM CHUCTEMbI. [IJ1s1 3TOro B MOMEHT 3allycka
CHCTEMBI YYACTHHKH IOJYYAIOT IO 9K3EMIUISIPY XXypHana, Ifie 3alucaHbl Ha-
JaJbHbIE CyMMBI Ha MX cueTax (OHM MOTYT ObITh HyJeBbIMU). [Tocie aToro xyp-
HaJibl HEOOXOAMMO XPaHUTh TaK, 4YTOOBI Y KaXKOT0 OBLIO JOBEPUE K CBOEMY K-
3eMILISIPY, WK, APYTUMU CJIOBaMH, Oblila YBEPEHHOCTH B TOM, UTO 3allUCU B CBOU
>KypHAJI JIeJIaeT TOJNBKO ero Biajenen. I1pu Takon cxeMe il nepeBojia eHer
CO cYeTa Ha cueT IpojaBell U MOKyHaTellb CBEPSIIOT CBOM KOINMU KypHala, 3a-
TEeM IIPOJiaBell IIPOBEPSIET HAIMYNUE JIEHET y IOKYyNaTessl B 00€ CTOPOHBI IEIAI0T
3aIKCh O EPEBOJIE ACHET B CBOM XKypHaJbl. [Tocie 3Toro oHuM TpaHCIMPYIOT MH-
(popmanyio o nepeBojie BCEM OCTAIbHBIM YUYAaCTHUKAM CUCTEMBI.

OueBHIHO, YTO KaK MUHUMYM B CUJIY TEXHUYECKUX CIIOXHOCTEN ONUCAHHAs
crcTeMa He MOXET OBbITh peajn30BaHa Ha MPaKTHKeE MPH OOJIBIIOM (U 1asKe yMme-
PEHHO GOJIBIIIOM) YHCIIe YIaCTHUKOB, IIOCKOJIBKY HEOOXOMMa MieaIbHas CHH-
XPpOHU3ALMsl Y4aCTHUKOB U1l 0OeclieyeHusl UIEHTUYHOCTH BCeX KOIUII XXypHaa.
Tem He MeHee KOHIENTYaIbHO TAKYIO CUCTEMY MOXKHO CUATATh HEKUM HJi€alu-
3UPOBAHHBIM 00pa30M cucTeMbl BUTKOUH, 6a3UpyIOIyIOCsS Ha paclpefieIeHHOM
peecTpe «OJIOKYEHH».

Texunonoeuu oaa peaaudayuu pacnpeoesennoz0 peecmpa. IIocKonbKy pe-
ajJu30BaTh TakKHWe HUJlealIbHbIE CHUCTEMbl HE IPEACTaBISETCS BO3MOXKHBIM, TO
HEOOXOIUMO KaK-TO CMSITYUTh TPEOOBaHUs, IPEXK/E BCETO, K CHHXPOHU3ALNN,
«3aIu1aTuB» 4eM-TO ApyruM. [Ipu aToM Heo6XxouMo 00eceYnTh JOBEPUE MOJIb-
30BaTelell K 3TOM CUCTEME, 1axKe €CIIH Y HUX OTCYTCTBYET KOIHUS TAKOT 0 XKypHaJIa.
J171st TOCTHKEeHMS 9TUX CBOMCTB cucTeMa BUTKOUH onupaeTcs Ha psij Ipuemiie-
MBIX Ha IIPAKTUKE MEXAaHU3MOB, OCHOBHBIMU U3 KOTOPBIX SIBJISIFOTCS CIIEyIOLIHE:
ofHOpaHroBas (peer-to-peer) ceTh, KpunTorpadudeckas nudpoBas MOAINCE,
BpeMeHHOH mTamn (timestamp), Kpunrorpaguieckas xem-pyaknus SHA-256,
nepeBo MepKiis, oKa3aTeJbCTBO BBIMOJHEHHON paboThl (proof-of-work) [3, 9,
13]. Takum o6pa3om, B oTianuue oT 6aHKa, foBepue K KOTOpoMmy (popMHpYeTcs
Ha OCHOBE JINIEH3WH, PEIyTalluy, CACTEMbI CTPAXOBAHUS U JPYIUX WHCTPYMEH-
TOB, IOBEpHE K KPUNTOBAIIOTE Oa3upyeTcss Ha Kpunrorpaduu, anropurMax u
BBIYHCIIUTEIBbHBIX MOIIHOCTSIX.

Tpansaxyuu no nepesody oenez 6 cucmeme bumrxoun. Ha monbp3oBarens-
CKOM YpOBHE pa0oTa ¢ OUTKOMH-IEHbraM! HE OTJINYaeTcs OT onepanui ¢ pu-
aTHBIMU BallfoTamu (py6Jib, JOJIAap, €BPO) U JIeKTpOHHbIMU ieHbramu (QIWI,
Yandex.[lensru, PayPal). 1715 mosp30BaTens CylecTBYIOT CUeTa, CyMMbI Ha 9THX
cyeTax, cdeTa JpYrux I0oJb30BaTeNel, BO3MOXKHOCTD JJIsl nepeBoyia u T.1. ITosb-
30BaTeJIb MOXET IIEPEBECTHU JIEHbI'M CO CBOETO CYETa Ha CUEeT Ipyroro aboHeHTa
NI, COOTBETCTBEHHO, MTOIYYUTh IOCTYIIEHUSI CO CYETa APYyroro abOHEHTa Ha
CBOI1 CUET.

OpjHaKo ¢ TEXHOJOTMYECKON TOYKM 3PEHUS] TPAH3aKIUU U CYETA B CHCTEME
BuUTKOMH UMEIOT UHYIO IPUPOAY, HEXKEIIN UX TPaJUIIMOHHbIE BONHUKH. [TepBoe
OTJIMYME 3aKJII0YAETCS B TOM, YTO OUTKOUH-CUET HE IPOCTO YKa3bIBA€T HA TO, Y
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KaKOr'o KJIMEHTA CKOJIBKO JIEHET Ha CYETY, HO M OTJIMYAeT CyMMbI, HOCTYIUBIIINE
13 pa3HbIX UCTOYHUKOB. [Ipyrumu ciioBamMu, IpU TPaJUIIMOHHBIX pacuyeTax e/[uH-
CTBEHHOU pPEJIEBaHTHOW HMH(MOpMaLUen SIBISETCI O0BEM JIEHEXKHBIX CPEJICTB
Ha cyeTe. BaxxHa nuiibs cymma. PaBHO Kak M B cilyyae HaJUYHbIX JIEHET, IJie HET
pa3HuUIlbl, OTKY/la MOCTYNWIAa Ta WU MHas KyIIopa: IpojiaBell nepey TeM, Kak
OTIyCTUTbH TOBap, IPOBEpsIET JUILb MOJyyaeMyto cyMMy. B cucreme burkonn
CYET COIEP>KUT MH(MOPMALIUIO O CyMMAX IOCTYIJIEHUsI U 00 UCTOYHHUKAX IOCTY-
IUICHUST; IPUYEM Kaxk/jasl CyMMa IIPUBsI3aHa K MICTOYHUKY M JIJIs1 OCYILLECTBIICHUS
I1aTexa Ha TpeOyeMylo CyMMYy HEOOXOIUMO B35Th NOCTYIUIEHUS] HA CyMMY, IIpe-
BBIIIAOINYIO (MM PaBHYIO) CYMMY MOKYIIKH, a 3aT€M BEPHYTh OCTAaTOK Ha CBOW
cueT. EcTecTBEHHO, 3TN onepanyy OCylIeCTBIISIIOTCS IPOTPAMMHO, HO alITOPUTM
UMEHHO TaKOB. B 4acTHOCTH, HEBO3MOKHO NEPErpyNnnupoBaTh CBOU (PMHAHCHI
NO-IPYyromy, He npuberasi K (pOpMUPOBAHUIO TPaH3aKIINHU, HA BXOJl KOTOPOW MO-
[aTh MOCTYIICHUS, @ Ha BBIXOJIE YKa3aTh, KaK UX IlepepaclnpeieuTh 1 BEPHYTh
Ha CBOH CYET.

» Cymmal, Anpecl Cymmal, Anpecl >

» Cymma2, Anpec2 Cymma2, Anpec2 >

» Cymmay, Anpecy Cymmay,, Anpecy, >
Ludposas noanuck BaaeIbLa

Puc. 1. Cxema Tpan3akuuu B cucreMe butkonx

CxemMaTUYHO CTPYKTypa TpaH3akiuu n3oOpaxkeHa Ha puc. 1. Bxonsl yka-
3bIBAIOT HA TO, KaKWe MOCTYIJIEHUsSI HEOOXOUMO TIOMECTUTh B TPaH3aKIUIO, a
BBIXOJIbI — Ha KaKWe cueTa M B KaKOM 00'beMe OTIpPaBUTh. BakHO OTMETHTH,
YTO CYMMBbI BXOJIOB IJIATEJIBIIUK HE MOXKET YKa3bIBaTh CaM; BCE, YTO OH MOKET
clieaTh, — 9TO BEIOPATh MOCTYIJICHNUS, CyMMapHBIN 00 bEM KOTOPBIX HE MEHBIIIE,
YyeM pa3Mep KellaeMoro Iiarexa. B To e Bpemsi CyMMbI B BBIXOJJaX IJIaTeIb-
LMK BBIOMPAET caMOCTOSTENIbHO. Hanpumep, i1 OI1aThl NOKYNKUA CTOUMOCTBIO
100 BTC nnarensimk MOKeT BbIOpaTh noctyruienus Ha cymmy 120 BTC, nepe-
Bectu 90 BTC npopasiy, a 30 BepHyTh Ha cBOM cueT. [loiIMHHOCT TpaH3aKIuu
nofkpemusiercs: udpooit noamuckio ECDSA.

Texunonoz2us noomeepiucoenus mpandaxyuil. PaccMoTpum Tenepb TEXHOJO-
TUIO OATBEPKAEHUS TPAH3aKIINI, COTJIACHO KOTOPO BhIpabaThIBAETCS LEMOY-
Ka 61s10k0B. Eciiu Ob1 cucreMa BuTkouH Oblja upeanabHON B TOM CMbICIIE, UTO
BCE TOJI30BATEIU CYHIECTBOBAIU ObI B CHCTEME TOCTOSIHHO, 6e3 J0OaBIeHuUs
HOBBIX, TO JOBEpUE K KypHAIly TpaH3aKIuil (h)OPMUPOBATIOCH ObI THKPEMEHTHO,
TpaH3akIys 3a TpaH3akuuei. OMHaKo Ha MPaKTUKE, ECTECTBEHHO, K cucTeme Oy-
AYT MOJKJIIOYATHCS HOBbIE MOJIB30BATEIN, KOTOPHIM HEOOXOAMMbI HHCTPYMEH-
ThI, KOTOPbIE ObI MO3BOJIMIIN UM YOEIUTHCS B MPAaBUIILHOCTH BCEX TPaH3aKIMI U
chopMHPOBATH TOBEPHE K CHCTEME.
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C 1enpio0 TEXHOJIOTUYECKON 1eJIeCOOOPa3HOCTH TPaH3aKIMK MOTBEPXK/a-
I0TCcsl OJIOKaMM, a He TIO OffHOU. B Hacrosiee BpeMst KaxKibiil 00K, BbIpaba-
ThIBa€MbIU MPUOJIU3UTEIBHO OiMH pa3 B 10 MUH, COCTOUT NPUOIU3UTEIBHO U3
1000-2000 Tpan3zakiuii [21]. [TogTBepKaeHnEM 6JIOKOB 3aHUMAKOTCS TaK Ha3bl-
BaeMble MailHephbI (miners), 3a KOTOPbIMU MOTYT CTOSITh KaK OT/IeJIbHbIC JIFO/IH,
Tak ¥ rpynnsl Jofei. Cucrema BUTKOUH cipoekTupoBaHa TakuM 00pa3oMm, 4TO
NOATBEPXK/JECHUE OYEPEHOro OJIOKa SIBIISIETCSl BBIUUCIUTENIBHO CIOXHOU IPO-
6emMont n umeeT popMy CBOCOOPa3HOTO COPEBHOBAHMS, TTOOEUTEh KOTOPO-
ro NpUCOeUHseT OJIOK K CYHIECTBYIOLIEN IIeN0YKe U MoIyyaeT Harpajay B BUje
3MUTHUPOBAHHBIX OMTKOMHOB. 37IeCh ClieAyeT 0co00 MOAYEPKHYTh, UYTO TaKas
cxeMa IMOATBEPXKJAEHUsl TpaH3aKIUi MOJUMHEHA JOCTIKEHUIO OJIHOBPEMEHHO
IBYX (B OOIIeM ciiydae He CBSI3aHHBIX ME3KJIy cO0OM) mesiei: 00eceYeHuo pa-
0OTOCIIOCOOHOCTH CUCTEMbBI U MOMIEPKAHUIO TEXHOJIOTUU IMUCCUU.

YnomsiHyTasi BBIYMCIUTEIbHO-CIIOXKHAsI PpoOJeMa 3aKIII0UaeTcsl B YaCTUd-
HOM OOpallleHn# JBOMHOTO MPUMEHEHHs] KPUNTOTPauIecKon Xeml-(pyHKIuu
SHA-256 meTopiom nepe6opa. Heo6xoaumo Hail'Tu yacTh MpooOpasza 3Toi PyHK-
UM, oOecrneYnBarollell onpefeJeHHOe YUCIIO HyJIell B Ka4eCcTBE CTapIIuX pas-
psiioB ee 3HaYeHMs. B MOMeHT 3anycKka cucteMbl BUTKonH TpeboBanock HauTu
32 HyIs1, OTHAKO B HACTOSIIIIEE BpeMsI 9TO YHCIIO cocTaBisieT 69-70 Hynei u3-3a
MOJK/IIOYEHHUS] K JaHHOMY COPEBHOBAHUIO OOJIBIIOrO YKciIa MalHEPOB U CO3/1a-
HUIO CIENHUAIN3UPOBAHHBIX alNMapaTHBIX APXUTEKTYpP, CHPOCKTUPOBAHHBIX U
ONTUMHU3UPOBAHHBIX VIS PEIICHNSI UMEHHO 3TOM 3a/layuu.

TpeGyemoe 4mMcIO HyJEWd aJanTUPYETCS CHCTEMOW aBTOMATUYECKH C Iie-
JIBIO TOAJIep3KaHusl MPUOIU3UTEIHHO MTOCTOSIHHONM CKOPOCTU MalHUHTA — BPEeMst
MEXY HNOATBEPKACHUSIMH JIBYX COCEJHUX OJIOKOB JIOJI?)KHO COCTABIISITh OKOJIO
10 mun. [1pu mopTBep>kIeHnn 610Ka GepeTcs ciy>keOHast uHgopmaius (nanee —
Value) n nepebupaemoe 3naueHue (Nonce). Llenbio siBasieTcs nogdbop Takoro
Nonce, 4TOOBI pe3yabTaT BHIUACICHNS XeI-(PYHKINH NMEJT 3aJaHHOE CHCTEMON
YHCJIO HYJIeH BHavale:

SHA256( SHA256( Value || Nonce, ) ) = 1001011101010011..11
SHA256( SHA256( Value || Nonce, ) ) = 1001011101011001..10
SHA256( SHA256( Value || Nonce, ) ) = 1001011101011001..11
SHA256( SHA256( Value || Nonce, ) ) = 1001011101010101..00
SHA256( SHA256( Value || Nonce; ) ) = 1001011101010101..01

SHA256( SHA256( Value || Noncey, ) ) =0000000000000001..01

Imuccus 6 bumxoun. IMuccus B cucreme bUTKONH peanusyeTrcs B BUJE Ha-
rpajbl MallHEpaM 3a 3aKpbITHE OYepeHOro OJI0KA U SIBISIETCS. OCHOBHBIM (pak-
TOPOM, MOTHBUPYIOIIUM MAaHEPOB BBINOJIHATH CBOIO PaboTy, o0ecnednBas TeM
caMmbIM paboTy Bcell cucTeMbl. Takas cxeMa aMHUCCHU ITPU3BaHa AELEHTPATN30-
BaTh KPUNTOBAIIIOTY, IOCKOJIBKY KpOMe OA00pa MOAXOAILEro 3HaueHus Nonce
APYroii cioco6 3MHUCCUU OTCYTCTBYET. MOXKHO cKa3aTh, YTO «IeYaTHBIN CTAHOK»
HE KOHTPOJUPYETCS KAaKON-TO OHON opraHm3anuen Hanopobue LleHTpanbHO-
ro banka nnu ®PC. HannpoTus, cucrema npegocTaBisieT BO3MOXKHOCTD JIIOOOMY
KeJlalolleMy «HalevyaTaTh» HOBbIE KYIIOPBI, HO IIPU 3TOM IO0OHbIN JOXO/ MO-
SKeT OBITh JIMIIb YCPEIHEHHBIM, TOCKOIIbKY HaJ BBIPAOOTKON GJIOKa OHOBpE-
MEHHO paboTaeT O0JIBIIOE YUCIIO Y3II0B, U Harpaja f0CTaeTcsl TOMY, KTO 3aKphLl
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050K nepBbIM. [IprueM, CTporo roBopsi, yBeJIM4€HNE KOMIIBIOTEPHBIX MOIIHO-
CTeNl He TapaHTUPYET MOBBIIIEHUE JJOXO/1a, 4 TOIBKO MOBBIIIAET BEPOSITHOCTh
3aKpbITh 070K NepBbIM. OJHAKO, COIIACHO 3aKOHAM TEOPUH BEPOSITHOCTEN, IPU
paboTte B TeUeHHE JITIUTEITHLHOTO BpeMEHH, IENCTBUTEIHLHO, YCPETHEHHBIHN TOXOT
MalHEpOB NIPONOPLUUOHAIEH BBIUYUCIUTEIBHBIM MOIIIHOCTSIM, UMEIOIIUMCSL B UX
PacCHOpsKEHUMN.

JloX0o/ 0HOTO KOHKPETHO B34TOTO y3J1a 3aBUCUT OT IBYX (PAKTOPOB: MOIIIHO-
CTH 3TOTO y3J1a U OOILIEro KOJIMYECTBA y3JI0B, 3aHAThIX B MailHuHTe. 7151 6071ee
HaIJISIIHON IEMOHCTpALUN CBSI3U TPAH3aKIUl, SMUCCUU U MAllHUHTA B CUCTEME
buTKOMH NpoBeEM aHAIOTUIO C TPAAUIUOHHBIMIA O€3HAINYHBIMY TPAH3aKIM-
SIMH 1 aMHccuenl (puaTHbIX ieHer. PakTuyecku BUTKOUH aMUTHPYET IeHbIU 32
OCYILIECTBIICHHE TPAH3aKIMK WIN 32 NepeBof AeHer. OueBUAHO, YTO ISl Cylle-
CTBYIOIIEN 0AHKOBCKOY CHCTEMbI TaKasi CUTYyallusl HeIlpueMiieMa B CUiIy pocCTo-
ThbI IIEPEBOJIA JICHET cO cyeTa Ha cueT. Torpa g 3apaboTka 6aHK MOT ObI IPOCTO
(pUKTUBHO NEPEBOAUTH EHBIU CO CYETA HA CYET M NOJYYaTh HOBBIE KYIIOPBI
oT LlenTpobanka. IIpuHnunuansHoe otnnuue BUTKOMH OT (puaTHBIX EHET B
TOM, 4TO IIEPEBECTH M HANleyaTaTb OyMa>KHbIE IEHBIU TEXHOJIOTNYECKH JIETKO,
a «HareyaTaTb» U IepeBeCT OUTKOMHbBI TEXHOJIOTMUYECKH CIOXKHO. TakuM oOpa-
30M, proof-of-work mpeictaBisieT co60i OrpaHIYEHHE B CKOPOCTH «TIeYaTaHUsI»
OUTKOMHOB.

OB30P PUCKOB Y AKTYAJIbHBIX HAITPABJIEHUN
UCCJIETOBAHUV BUTKOUH

IIpob6.aemvt Oeuenmpanuzosanrocmu bumrxoun. Xots B cratbe C. Hakamo-
TO [13], B KOTOpO# BUTKOMH OBII MpefcTaBiIeH, CUCTEMA 3asBJIeHA KaK JIeIeH-
Tpanm30BaHHAasl (B TEOpUH) HE MOAKOHTPOJIbHAS HUKAKNM KOHKPETHBIM Opra-
HU3AIMSIM, CYLIIECTBYIOT IPU3HAKHU TOTO, UTO C MPAKTUYECKON TOUKU 3PEHHUS B
MIOJTHOW Mepe ee Hellb3sl CUNTaTh TaKoBOM. B paGore [10] yka3biBaeTcst Ha psif
CBOWCTB, KOTOPbIE MO3BOJIAIOT CIEJIATh BbIBOJ O TOM, UTO B HACTOSIIEE BpPEMs
PSIJL >KM3HEHHO BaXKHBIX PELICHUI OTHOCUTEJIBHO (DYHKIIMOHUPOBAHUS CUCTEMBI
buTKOMH pUHUMAIOTCS OrpaHUYEeHHbIM Kpyrom jul. Kpome toro, cymecrBy-
IOT YYACTHUKM CUCTEMbI, UMEIOIIUE BO3MOXHOCTh B OJHOCTOPOHHEM IOPSIAKE
OOECIIEHNTh [ICHEXXHbIE CPEJCTBA, HAXOMSIIUECS B ONPEJEICHHBIX BUTKOMH-
KOIIEJIbKAX.

Hanauuue kpynubLx matiHuH2086b1x ny.a06. PAG0TOCIOCOOGHOCTD BCEH CUCTEMBI
ButkouH 3uKpeTcst Ha npoueaype 3aKpbIThs O10KOB, Wik MailHuHre. [1pu aTom
BEPOATHOCTb OJJHOTO KOHKPETHO B3SITOTO Y3J1a 3aKPbITh OJIOK, IOJ00paB MOAXO-
pamui Nonce, 3aBUCUT OT BBIYUCIUTEIBHBIX MOIIHOCTEH B €0 PaCHOPSIKEHUH.
IToaToMmy ¢ 1esbIo 6oJlee YacTOro MOJy4eHNUsl Harpajibl y3i1bl 3aMHTEPECOBAHbI B
YBEJIMYEHNU CBOUX PECYPCOB, M 3TO MOXKHO CIENIATh IIOCPEJCTBOM OO bEAMHEHNUS
HECKOJIbKUX WJIM MHOTHX y3JI0B B OJIMH, a 3aTEM PACIPEJEIIATh Harpagy MEXAy
y4aCTHHKaMU IIPONOPLUHAOHATIBHO X MOIIHOCTSAM. B TakoM cityyae oHM nosry4da-
IOT Harpajy B MEHBIIEM pa3Mepe, HO Oosiee peryiisspHo. OCOOEHHO 3TO MOXKET
OBITb BBIFOJJHO TE€M, KTO B OJIMHOYKY, COTJIACHO 3aKOHAM T€OpUU BEPOSITHOCTEN,
HE UMeeT BO3MOXKHOCTH MOJYYUTh HAarpajy 3a MpUeMJIEeMbIN CPOK.

B Hacrosimee BpeMs 3a 3akpbITHE OJIOKAa MalHEPbI MOJIy4alOT Harpajay B
BUJI€ SMUTHPOBAHHBIX OUTKOMHOB U B BUJIE CYMMapHOI KOMUCCUY, OCTABJIEHHOM
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UHULUATOPAMHU TPaH3aKILUIL, 4YTO B IIEJIOM SIBIISIETCS JOCTaTOYHO NMPUOBIIBHBIM
JIEJIOM U MOTHUBHUPYET IOJb30BaTEEil CTAHOBUTHCS «IIPO(ECCUOHATBHBIMU»
MalHEpaMH, KOTOPbIE CO3[Ial0T MAWHUHIOBbIE «(EpMbl» M IYJIbl, HACTONb-
KO TPEBOCXOJSIINE 10 MOUTHOCTH OTAEIbHBIX MAalHEPOB, YTO MOJABISIOIYIO
4acTh OJIOKOB 3aKPbIBAIOT MMEHHO OHH. Tak, o nanubiM Ha 2017 . [18], 10 kpyn-
Henmmx B Mupe myna (cpenu Hux F2Pool, AntPool, BitFury) konTponmpoBanu
nopsiaka 80 % mougHocTu Beeit butkoun-cetu. Takue pakTbl roBopsT 06 yrpose
CrOBOPA afIMUHUCTPATOPOB MEPEUUCIEHHBIX MTYJIOB, YTO MOXKET IO3BOJIUTH UM
HE TOJILKO IOJIy4aTh 3HAUUTEJIBHYIO O0JII0 9MUCCHOHHBIX JIEHET, HO U BbIpaba-
THIBATh 00OJIE€ OHOM LIEOYKH GIIOKOB OJHOBPEMEHHO, IMEsI BO3MOKHOCTD pac-
IUTAYMBATHCS IO HECKOJIBKO pa3 OHMMHU M TEMH K€ IeHbraMu (TpaBia JIUMIIb
B KPAaTKOCPOYHOII NEPCHEKTUBE, HOCKOJIBKY KaK TOJIBKO 3TO CTaHET U3BECTHO,
Kypc OUTKOMHA pe3Ko ymageT). KpoMe Toro, oHu cMOryT 6JI0KHpPOBATh WA 3a-
MEIISITh UCIOJIHEHIE HEBBITOIHBIX /ISl HUX TpaH3aKIuil. PakTHUeCKH BIIajielb-
1bI MJIX MEHEJPKEPBI TAKUX KPYIHBIX YJI0OB MOTYT C(DOPMUPOBATH HEUTO OA00-
HOE COBETY AMPEKTOPOB U IPUHUMATH BBITOJIHbIE UM CTPATETMUYECKH BaXKHbIE
peleHusi, Kacarolmecss (PyHKIMOHUPOBaHMsI cucTteMbl. B paGote [14] moka3sa-
HO, YTO HapylleHHe CTaOMIbHOCTU MOXeT HaOJIofaThcs fAaxe IpU KOHTPOJe
3JIOYMBILIJIEHHUKOM BCEro JHIb 38,2 % MOUIHOCTH BUTKOMH-CETH.

Web-cepsucvt u ynpouwsernnas éepuguxayus. Pazmep nenouxku 6J0K0B LieJU-
KOM JIOCTATOYHO BenuK (Ha HOsI0ph 2017 ©n oH cocraBisut yxke Gomee 140 Gb
[21]), uTO HEmpuEeMIIEMO JIJIs MHOTHX KJIITMEHTOB, 00JIaaloONIiX OrPAaHNICHHBIMI
pecypcamu. YKe TOJIBKO I €€ CKauuBaHUs HEOOXOAMMO 3aTPaTUTh HECKOIIb-
KO 4YacoB. HeKOTOpbIM KiIMEHTaM, HallpuUMeEp, MOJb3YIOUMCS MOOUIBHBIMU
YCTPONMCTBAaMU, 3TO MOXKET OKa3aThCsl HE IIPOCTO HEYAOOHBIM, HO U HEIPHEM-
JeMbIM. 17151 pelieHust Takoil MpoOJeMbl, BO-IIEPBbIX, CO3Aa0Tcsl web-cepBuchl,
IIPEeIOCTaBIIAIONINE PA3IMUHYI0 (PYHKIMOHAIBHOCTh 1O paboTe ¢ butkous, a,
BO-BTOPBIX, CYILIECTBYET MEXaHU3M YIIPOILEHHO! Bepr(UKALIH, HO3BOJISIOLINI
IIPOBEPSITh KOPPEKTHOCTH TPaH3aKIMi 0€3 CKauuBaHUs BCEl LIETTOYKH OJIOKOB.
B o6oux ciy4asix KIUEHTbI AOJKHBI MOJAraThCsl HA JPYrue y3ibl, KOTOPbIX,
OYEBHJIHO, MEHBIIIE, YEM BCEX KIIMEHTOB. B UTOre Takue KIUEHTHI CTaBAT ceOs
B 3aBUCHMOCTb OT T€X y3JI0B, KOTOPbIE UIMEIOT B CBOEM PACIOPSKEHUH OJIHYIO
1eno4ky 0sokoB. Takum oOpa3oMm, pealbHO (PYHKIHMOHATbHbIE BO3MOXHOCTH
KOHTPOJIUPYIOTCSI HEKMM MEHBIINHCTBOM, peallbHasi CTPYKTypa U IOJUNHEHNE
KOTOPOT'O MOXKET ObITh CKPBITA.

ObnosaeHue cucmemvbl A0POM pA3PAOOMUUKOS U MEXAHUSM ONOBEULeHULL.
ITockonbKy cucreMa BUTKOMH cylecTBEHHbIM 00pa3oM Oa3upyeTcsl Ha INpo-
rpaMMHOM O0ecrneYeHNnt, TO BO3HUKAEeT HEOOXOAUMOCTD €ro Nepuoiuiecku 00-
HOBIIATSH. [ToTHOMOUMAMH [I71s1 9TOTO 00IafaeT SApO pa3paboTINKOB, KOTOPOE,
HaIpUMeEp, MOKET U3MEHATh KOMICCHOHHYIO IIOJUTHUKY, pa3pelaTh KOH(IUKT-
Hble «KecTkue BUIKu» (hard forks), yBeoMiIsITh KIMEHTOB 00 OOHOBJICHUSX U
T.J. Bce 2T MexaHU3MBI JAIOT 9TUM pa3pabOTUYUKaM LEJIbII Psii KHCTPYMEHTOB
BIIUSIHUS Ha BCIO 9KocucteMy buTkous.

Jnst npuMepa paccMOTPHM SIPKYIO CUTyanuo, uMesinyio mecto 11.03.2013 &
U CBS3aHHYIO C TaK Ha3bIBAEMOU «XKEeCTKOM BUIKOW». CyTh IpOOJIEeMBI 3aKiIt04a-
Jach B TOM, YTO MIOCIIE OYEPEJHOTO OOHOBJIEHUSI CUCTEMbI IPOU3OIIIIIO Pa3/iBO-
€HHe [eNOYKM OJIOKOB TakK, YTO YacTh Y3JIOB [0 TEXHUYECKUM IPUYMHAM CTaja
IPUCOENHATH HOBbIE OJIOKH K OJJHOM BETKE, a 4acTh — K ipyrout. M Bcieacraue
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Puc. 2. AHHynIupOBaHie TpaH3aKIUil BCIEICTBIHE BOZHUKHOBEHUSI
«KECTKOW BUJIKM», UMeBIen mecro 11.03.2013 .

9TOr0 TEXHUYECKOTO cOOsl BETKH CTaJIM PacTH MapasuleIbHO BOIPEKM 3aKOHAM
Butkonn. CxemMaTU4IHO 3Ta cUTyanus n3o0paskeHa Ha puc. 2.

Takasi cutyanust npoposkanachk nopsijika 90 MuH, nocie 4ero sjpo paspa-
GOTYMKOB, 3apyYMBIIUCH TOAEPKKON OJHOTO M3 KPYMHEHIINX MANWHUHTOBBIX
MyJIOB, BHECTIO U3MEHEHHE B MPOTrpaMMHOE OOecrnedyeHne M B OfHOCTOPOHHEM
NOPsifIKe MPU3HAJIO HEJIEMCTBUTEIBHON O0Jiee MIMHHYIO U3 3TUX BETOK, o0ecIie-
HUB TeM cambIM Tnopsiaka 1700 TpaHzakiuil. 3TOT MHIUECHT CTaJl MPUMEPOM,
KOTJla IpyIIa U3 HECKOJbKUX YeJIOBEK OKa3asa Ooulblllee BIMSHUE, 4YeM Ooliee
MOJIOBUHBI MOIIIHOCTH Bcelr butkoun-cetn [10].

Boamoxcnocmu ucnoavzosanus «meuenvix oenez». [10CKOIIbKY TpaH3aKIUK
M0 CBOEMY CYIIIECTBY 00pa3yloT HENOYKY HU(PPOBLIX NOANUCEN, JIFOObIE TPAaThI
MOXHO OTCJIEIUTH C MOMEeHTa amuccun. M XoTsi 6e3 UCroab30BaHus JOTOTHH-
TENbHBIX MHCTPYMEHTOB BBISIBUTH PEANBbHBIX CTOSIIUX 32 HUMU JIIOfIell MOKET
OBITH HEBO3MOXHO, HO TMPUBS3aTh IIATEKN K KOHKPETHBIM aJ[pecaM I0BOJIBHO
npocTo. B cBsi3u ¢ aTuM ecnu agpec BefeT ceOs HeMpaBUIBHO (B KAaKOM-JIHGO
CMBICIIE ), TFO00I 3aNHTePECOBAHHbIN YIACTHHUK CHCTeMbl BUTKOWH MOKeT orpa-
HUYMBATh B3aMMOJIEICTBHE C MOJOOHBIMU aJpecamMy WU e MOJHOCThIO OJI0-
KMPOBAaTh NIOCTYNAIONIME OT HUX IUTaTeXKu. Tak, U3BECTeH ciydau, KOorja 1nocie
Kpaxku OOJIBIIION CYMMbI ¢ TOProOBOM ioIiajku Bitcoinica [16], kpymnHast Gupxka
upoBbIxX feHer cepsuc MtGox [19] oTcnenun, Kyfa yluuln 3TH AeHbIU U BHEC
COOTBETCTBYIOIINN ajipec B CBOM YepHbIN cnucok [17]. [IpuHrMasi BO BHUIMaHUe
TaK#ue BO3MOXKHOCTH UCIOJIb30BAHUST «MEUCHBIX JICHET», MOSKHO MOHSITh, YTO MO-
noGHBIE GJIOKUPOBKU MOTYT OBITH OCYIIECTBIICHBI CIIEIUATIBHO, HO HE TOJIBKO C
LeJIbI0 00ECeYnTh YeCTHOE (PYHKIIMOHUPOBAHUE CHCTEMbI, HO U C LIE€JIbI0 KOH-
TpoJst yacTu o6opora [10]. CymiecTBYIOT 1 HAy9HO OOOCHOBAHHbBIE AJITOPUTMBI,
MO3BOJISIIOIE HAPYIIIATh AHOHMMHOCTH B HEKOTOPBIX CITydasix [5, 7].

AavmepHamusvl 0asa proof-of-work. TexHonorusi Joka3aTeabCcTBa BbINOJ-
HeHHOW paboThl (proof-of-work), Jexkaniasi B ocHOBe (DYHKIIMOHUPOBAHUS BCEH
cucreMbl BUTKONMH UMeeT psiji CBOICTB, IONYCKAIOIINX KaK HEpalMOHAIBHOE UC-
MOJTb30BaHKE PECYPCOB, TAK ¥ BOBCE 3JI0YNOTPEOIICHHUST, PUBOJISIIIINE JJasKe K Ha-
PYLIEHUIO NCXOIHO 3asIBIICHHBIX XapaKTePUCTUK. B CBsI31 ¢ 9TMM HEKOTOpbIE Ha-
yUYHBIE MCCIIE/JOBAHNUS HAIPABIIEHBI HA TO, YTOOBI IPEJIOXKUTh AIbTEPHATUBHBIE
«3arajiki», KOTOpble MOKHO pa3rajiblIBaTh C MOJIB30M Il Yero-inbo, a TakKe
npeceys 3JI0yNOTpeOIeHNs ! HapyLIeH!s 3asiBIC€HHbIX CBONCTB.
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PaccmoTpuMm BHauaiie Tak Ha3bIBaeMblIe «IOJIe3HbIe» 3ajjaun. CylIecTByIO-
1jasl CUCTeMa MallHUHTA MOATAJIKMBAET JIIOed K HepalluOHAJIbHOMY UCIOJIb30-
BAHMIO PECYPCOB, B YaCTHOCTH, SHEPTUY, 3aTPAYMBAEMON HA ITO0OP apryMeHTa
11 TpeOyeMoro Xell-3HaueHusl, 1 3aTpaT Ha IPOU3BOJCTBO CIEIMAIN3UPOBaH-
HOTO 000pyAOBaHus JJIsl peajiu3aly 3Toro npouecca. B macmra6ax sceir but-
KOMH-CETH 3TO MOXET BBUINBATBHCA B KOJIOCCAIbHbIE OOBEMBI, COIIOCTABIUMbIE
C 3aTpaTaMU Ha 3JIEKTPO3HEPTUIO 1IENIbIX EBPONEUCKUX cTpaH. TakuM oOpas3om,
€CII YJacTCsl COXPAHUTh 3asiBJICHHbIN YPOBEHb O0€30I1aCHOCTU U CTaOMIBHOCTH
IpH TpaHcopManyy 3aTpayeHHbIX PECYpCOB B KaKUe-JIN0O0 MOoJe3Hble LEHHO-
CTH, TO «OTXOfIbl» yMeHbIIaTca. OfjHa U3 ujei A peaan3ali Takoro Moxxona
MOXKET COCTOSITh B MCHOJIb30BAHMU (PYHKIMH, HAIIPABIICHHOU Ha pelleHHe Ka-
KOW-JIN00 aKTyallbHOI HayyHOU po6emsl [11]. ITo aTomy myTu mouwmm co3pa-
Tenu cucrembl Primecoin (prime — mpocroe), TOG0YHBIM 3(P(HEKTOM KOTOPOH
OKa3bIBaIOTCSl Cr€HEPUPOBAHHbIE MIPOCTbIE UYUCIIA, HEOOXOUMBIE I MHOTHUX
Kpunrorpaguieckix IpoTOKoJ0B. [Ipyrast cucteMa BMECTO MallHUHIA UCIIOJIb-
3yeT JOKa3aTeJbCTBO AOCTYIIHOCTH, OCHOBAaHHOE Ha TOM, YTO MalHEpbI HE BbI-
pabaThIBalOT Kakoi-To Nonce, a IpeloCTaBISIIOT Pecypchbl MaMsITH B KOJJIEK-
THUBHOE II0JIe3HOE UCNOoJIb30BaHue. PazpaboTka apyrux appeKTUBHBIX CPEJICTB
HOAJEP>KKM paboThl BUTKOMH — 9TO aKTyaJbHOE HAIPaBIIEHUE UCCIIEOBAHUIL.

Cnenyromumil TAI 3ajja4y — 3a/la4d, HE IONYCKAIOIe ayTCOPCUHT, — BO3HUK
BCJIE[ICTBHE TOTO, YTO, KaK y>K€ OTMEYaJIOCh BbIIIE, KPYIHEUIINE MAaTHUHTOBbIE
MyJIbl KOHTPOJUPYIOT HACTOJIBHO OOJIBIINE PECYPChI, YTO BOZHUKAET YyIpo3a UxX
CrOBOpa M MOHOIIOJIM3AIUY SMHUCCUM U TIOATBEpXKAcHUS TpaH3akuuii [8]. Takue
3aJja4M IPU3BaHbI UCKIIOYUTh BO3MOXKHOCTh OO'bEINHEHNS YCUIIUI MHOKECTBA
y3JI0B JJIs1 KOHIEHTpAlUi MOUIHOCTH 1of ¢iiaroM ofgHoro. Tem caMbIM coxpa-
HSIETCs M3HAYaJIbHOE TPABMIIO BUTKOMH «OIMH Tpolieccop — OiuH rojioc». [Ipe-
CIIEYIOT 3ajla4y COXpPaHEHHs «4€CTHOUN UTPbl» U 3arajKu, yCTONYMBbIE IPOTUB
MHTETPalIbHBIX CXeM cnenmaibHoro HasHaueHmst (ASIC), KoTopele Ha ceron-
HSILIHUH JIeHb Jal0T MaKCUMalbHO BO3MOKHbIE PECYpPChI JIsl MAalHUHTA, OCTaB-
751 AAJeKO MO3afM TPAAULIMOHHbBIE, B TOM YHCJIE U MalHUHI Ha BHJIEOKapTax
[6,8]. Co3patoTcst TakKe aIbTepPHATUBBI, KOTOPbIE AOJKHBI ObITh YCTONYUBBIMU
IIPOTUB KBAHTOBOI'O KOMIIBIOTEPA, CO3[JaHUE KOTOPOTO IPOTHO3UPYETCs B OJIu-
Kanmme gecstuieTus [1].

SAKIIIOYEHUE

B nacrosiiem 0630pe 3aTpOHYTO (PYHKIIMOHUPOBAHNE KPUITOBATIOTHI but-
KOWH, OCHOBaHHOE Ha paclpefieJIeHHOM peecTpe «Oinokueitn». Ho pacnpenenen-
HBIII PEeCTp MOXKET OBbITh UCIOIB30BaH TOPA3/0 MINPE, YeM TOIBKO ISl 3aMEHBI
6anka. biiokyeilH MOKET BBICTYIIATh B KAUECTBE TPEThEN JIOBEPEHHON CTOPOHBI
ISl peanu3anuy IejIoro psifia APYrux MpoTOKOIOB [4], cpein KOTOPBIX, HAIPH-
Mep, 3alUIeHHOe paclpefieIeHne CeKpeTHBIX Kirtodel [12] n aeKTpoHHOE ro-
nocoBanue [15]. Bech 9TOT ClieKTp BO3MOXKHOCTEN OTKPbIBAET OOLIMPHOE MOJIe
JUUIS1 HAYYHBIX MCCIIEIOBAHNUM U JIIISI MH3KEHEPHBIX pa3paboToK.
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