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Peecrpaqifinuft HoMep Ilpoercry: 2020.0210196

IliAcrasa gln pealisarrii llpoenry 3 BrrKoHaHHfl HayKoBrrx AocJliAxenr i porpo6or
(peecrpaqifiuufr HoMep ra HEL3Ba llpoerry) 2020.0210196 Aocdlxennr SisuuHux cI,IcreM ra
e(f errin rsaHrosaHocti
npocropy Ha KBaHToBux KoMfiolorepil.

Piruenns uayronoi pa1u Haqiosamnoro (ponly AocniAxeur Ynpainu uloAo BH3HatIeHHt
flepeMoxrlr KoHKypcy "fli4rpurura Aocd,qNeur nponi4n]rx ra MonoAI4x yeeHI,Ix" [poroKon eia 16-
17 nepecur 2020 pory Ng 21.

1. 3AIAJIbHA IHOOPMAUIfl IIPO IPO€KT

Tpunanicru BzKoHaHHs flpoerry
Ilo.rarox - 28. | 0 .2020 ;
3axiHqesss - 2022 pir.

3aramna napricrr llpoemy, rpn. 6133906,00 rpu.
Bapricrr llpoexry ilo poKax, fpH.:
1-ft pir 654382,00 rpu.
2-trr pix 27 397 62,00 rpn.
3-fi pir 2739762,00 rpu.

2. THOOPMAIIIfl IIPO BHKOHABUIB IIPO€KTy

Ao Br{KoHarrur flpoexry 6y.ue 3anfieHo 5 suroHanuin, a Hl'tx:
AOKTOpr,r HayK 2;
KaHALrAarr4 HayK 3;
inuri npauiBHLIKH 0.

3. IHOOPMAUIfl TIPO TPAHTOOTPHMYBATIA TA OPTAHI3AUIIO
CyBBITKOHABIIq [PO€KT]'
- insopvauir npo noBH)' Ha3B) nEnpH€\tcrBalcraHoBH/ opraHirauii, KoA 3a eAPnOy, KBEA,
ri,4ola.ry nignopr1rriosaHicrb. rernrqHe NHarleHHfl. nepcoHar. uro 61:e 3aryqeHo Ao BHKoHaHu.a flpoerry.



Haqionanrnnft yninepcr.rrer <JlreiBcbKa nodrexnira>, Ko,q e[PilOY: 02071010, Koa KBEA:
72.19, ni4nopr4xosaHicrr ycraHoBx: Minicrepcrno ocsiru i nayrrn Vrparnz
Texni.rHe ocHarrIeHHJr: rrepcoHaJrrni xorrrn'rorepr,r 3 AocryrroM Ao ruepexi iurepner ra(fe4pu
rpHKJraAHoi (f isuru ra HaHoMarepiarosuaacrna
flepcoHan: I npaqinnux ralpe4pr,r rprrKJraAHoi Qisuxr,r ra HaHoMarepiarosnancrBa, a caMe, JIa6a f.
fI, AoqeHr xatpe4pu raQe4pz rprrKJraAHoi (piszru i nanouarepiaroeuancrna (cy6nuKoHaBerrb).

4. OIIIC IIPO€KTY

4.1. Mera llpoercry
Merorc [poeKTy e MoAeJrroBaHHff KBarrroBr{x cr{creu AocriAxeHHs ik BJracrr.rBocrefi na KBaHToBT{x
xoiun'rcrepax. A caMe: 3HaxoA)KeHHs ABoqacrrauuoi reoMerpuqnoi nripu 3arrJryrauocri guiruasux

craHis cucreM s AonimHorc rimricto cuinis anarirn.rHo ra 3a AorroMororc KBaHToBlrx
rcorrrn'rorepin rfipruu IBM. Hauucannr KBaHToBoro nporoKony Arrfl yrBopeHHs rpatponux cranin, axi
reHepyrorbcr oneparopaMu eeorroqii s pisnuuu cninonrauu rauimronia*arru (rarvrinrrouian Iginra
ra faftseu6epra). O6.rncuenH.fl iuipu raunyrauocri TaKr,rx rpalponux cninosux craHis ra
BcrauoBJreHns ii sa'rsry 3 xapaKTeplrcruKaMr,r siAnosiAHux rpatfir. Han?rcanns KBaHToBr.rx
npororonin AJrr oneparopin enomoqii cuinonux clrcreM s pisuuvn rr,rflaMr.r sgael{oAii. BngnaqeuHg
reoMerpfirrHr.rx xapaKTep]rcrr{K, T€IKr,rx rK Kpr,rBr{3Ha ra KpfreHHs Ar.s craHin enonroqii cuinonux
cr;rcreM, rxi onncyrorbcfl MoAeJrrruu Iginra ra faftsen6epra, 3a AonoMoforc KBarrroBr.rx roun'rorepin.
Bcranoereuur sn'rsry Kpr{Br,r3Hrr ra KpfIeHHt 3 3arrJryranicrro KBaHToBr4x cranis. MoAemosaHHs
cuiuonrax (fisra.nrzx cllcreM, ari onucyrorrcs raMimonianaur,r 3 KoMrrJreKcHr4Mr{ rrapaMerpaMl4.
3uaxoAxesux uyrin qacoBrrx ropemqifiuux Qynrqift cninonrax cr{creM ra uyrin crarr.rcrr{qnoi cyrvrra
3a Ao[oMororo KBaHTosux o6q[cJreHb. MoAemonasns cniHosoi uepexi, rKa onucye rnanroranuf
upocrip, Ha KBaHToBlrx KoMl'rcrepax ra BcraHoBrreHH.fl elperrin KBanToBarrocri npocropy y
BJlacrl4Bocrgx cninosux crlcreM 3a AorloMororo KBaHTonux o6.McJreHb.
4.2. OcuonHi 3aBAaHHn llpoenry (ao 400 suarcin)
,{rr 4ocrrueHHfi Merv AocriAxenb rrocraBJreno raxi 3aBAaHHr: orpr.rMarr.r Br,rpa3 Ar.s ABoqacrunnoi
reoMerpurrnoi uipz 3anJryraHocri 4r.r qprcrrrx ra guiruasrax cranis crrcreM s AonimHoro rimricuo
cuinin; Hafiucarvr rsaHrosuft uporoKoJr .qJrr 3HaxoAXeHHr ABotracrr.rnnoi reouerpuunoi rr,ripr,r
3anJryraHocri qucrux ra grrriuaHr,rx craHin cucreM 6araruox cninis ra peanisysar[ fioro Ha
KBaHroBHx rouu'rctepax ([iprr,ra IBM (aocryr Ao rorvrn'mepir uepes iHrepuer); crBopr,rrlr xsaHrosi
rlporoKonr{, xri ni4noni4aroru ofieparopaM enouroqii s pisurrrvrur cuinosurvrr..r rauimoHiaHaMr,r
(rarvrinmonian fafiseH6epra, Ieiura); yrBopr,rrr,r rpaifoei cralur, mi renepyrorbcs oneparopaMr.r
esorloqii s raMinrrouianauu cninosnx clrcreM s pislu.rvu rH[aMH ssaeN,roAii Ha KBaHToBT{x
roun'rctepax; o6.u,rcJlt4rr,r feoMerpr,rquy rraipy sannyrauocri niAnoniAnzx rpa(fonux cranin ra
guarlrpr iT ge'sgor 3 rrapaMerpauu rpaSin raKuMr.r m cryniur By3na (degree of a node) ra crynins
nocepeguocri (betweenness centrality); suafiru cepegni rna.4parr.r.uri, ry6ivni ra uernepui

Snyrryaqii eneprii cninosux cr.rcreM, sxi onucyrorrcs cniHoBlrMlr MoAenrMr{ s pisuurrau rurraMr.r
nraerrro4ii; na ocnosi 3n'x3ry qzx (pnyrryauift eHeprii 3 reoMerpr,rrrHr4Mr4 xapaKTepr{crr,rKaMr4
enomoqifiur{x KBaHToBrax craHis o6.rucrurH Kpr.rBH3Hy ra
KpyqeHHfi cranie cniHosux crlcreM ni4 uac enoruoqii; Hailucar:a rsaFrrosi nporoKonr{ AJrt
MoAenIoBaHns cniHonllx cl{creM, rxi onucyrotcs raMimroniasaur{ 3 KoMrrJreKcHr.rMn rrapaMerpaMr.r;
pearisynaru tari nporoKonx Ha KBaHroBr,rx KoMrr'roreprx, o6qrcrr.rrr nyni ropemqifiuux Qynrcuifi
ra gnafirr,r uyri crarucrnquoi cyuu cniuoBr,rx crrcreM; TaKox Ha KBaHToBHX KoM['roreprx, fipoBecrr,r
MoAenroBaHHs cuinosnx Mepex, rri ouucyrorb KBaHToBanufi npocrip, ra KBarrroBlrx cucreM y
KBaHroBaHoMy npocropi; aocniauru BnJTHB oco6ffrsocrefi crpyrrypn KBaHToBaHoro flpocropy Ha
BJlacrllBocri Qisuunux cHcreM aHarirrrHo ra 3a AorroMororc KBaHToBHX o6qucleur.

4.3. ,{eramHnfi snrigr flpoerry:
- Cyracuuir craH npo6nerr,rn (,uo 400 sxaxin)
V ocranui poKr.r cnocrepinae"rscr sHa.rHr,rft rrporpec y po3Br{TKy KBaHToBux Koun'rorepin ra
KBaHToBHX o6.uc.-ress [F. Arute et al, Nature 574,505 (2019); A. Bouland et al, Nature Physics, 15,
159 (2019); Yunseong \am et al, npj Quantum Information 6,33 (2020)1. Y NoerHi 2019 pory y



Google 6ylo sarueHo rrpo AocrrHeHufi KBaHToBoi uepenaru (auronannx gaAaqi Ha KBarIToBoMy

*o"i'or.pi :a vrenruufi.rac ra 3 MeHrrruMr,r 3arparaMll pecypcin y nopinnsuHi s uacuuuuur) [F'

Arute et al Nature 574,505 (2019)1.
- Hosusna llpoerry (ao 400 enarin)
Ha croroAni sarprilaerics niarpr,rroro npo6leua 3HaxoAXeHHs 3arlJlytanocri sMilraHl'Ix cranis

6ararocninoBgx cr{creM, B ocHoBHoMy rari aocnipreHHr o6naeNyrorrcs AsocniHoBI'IMH gruiruanuvu

cragaMr4 (Aus., AruI rplrKrlaAy, [F.Nosrati et al, npj Quant. Inf. 6, 39 (2020)]' Y npoenri nnepure

gnariAeno ABoqacrr,rHgy reoMerpuuny rrripy 3arrJryrarrocri guiruaurrx cranis cninosux cLIcreM 3

Aoninrnoro ringiclo cninis. Bneprue 3arrponoHoBano IrporoKoJl AJrfl 3HtxoAxeHHfl ABotlacrunnoi

reoMerpr,rqnoi rrripr,r 3arrJryTaHocd iarux gruiuranux KBaHToBHx cranin Ha KBaHToB[x KoM['Iorepax

$iprrau IBM.
: 

- 
Meroaonoris AocriAxeuns (Ao 400 snaria)

y npoerri Br,rKopr,rcraHo KBaHToBorrrexani.rri uetoAl,t AocliAxeub, a raKox MeroAI{ KBaHToBoro

nporp*y"agHr. ,{ux 4ocliAxeHnfl ABoqacruHnoi reouerpuqsoi rrtipu saunyranocri guiuanux

*"u"ro"r* craHis clrcreM e AonimHorc rinmicuo cninis po3ultuyro MeroA matpuqi rycrllHl{.

3auponouoBaHo MeroA [pnroryBanHr rlux crasin Ha KBaHToBotrty rouu'rorepi. B octtosi MeroAy

na*utu reaHrosi aJrroplrrMr4 AJUI yrBopeHHt tlllcrux ctaHie ra rloAaJrblrroro ix sviruynaunr.

5. OTPLIMAHI HAYKOBI AEO HAYKOBO.TEXHIIIHI PE3YJIbTATI'I (AO 2

cropiuorc) B rroTotlHonry poUil B paMKax pealiraqiiilpoexry' 3oKpeMa:

S.1. Onuc HayKoBrrx a6o HayKoBo-Texniqnux pe3yJrbrarin, orpnuaHux B paMKax

BrrKoHaHHn Ilpoercry (is sasna.re"""* ix sricHfix ra xilrxicsr'rx (rexni'mux) xaparrepucnar)

fli,q.rac Br,rKoHaHHs rrpoa*ty guafiAeso Br,rpa3 Art ABorracrunnoi reoMerpltquoi uipu sanlytauocri

Arr rrr,rcrkrx ra gMiilagux cranis cucrer,r s AosimHon rimricto cninin. Hanucauo rsaHtonzft

[poroKoJr AJrfl 3HaxoAXeHHr ABoqacrr,runoi reouerpu.ruoi rraipu sannyrauo.cri qficrux ta guiurasux

cianis crrcreM 6ararrox cuiHis. flopaxonano ABoqacrr,rHHy reoMerpflqHy Mlpy 3anJlyraHocrl qI'IcrI'IX

ra guiuranux cragin 6aratocninoBl,rx cl{creM 3a AonoMororo o6'IIacileHb Ha KBaHTOBI'IX KoMfl'Iorepd

friprr,rra IBM (Aocryr Ao rorrlu'rorepin .repes inrepner).3naftAeno reoMerputlny rvripy aanlyrauocri

.pu6our* cranin cucreM 6araruox cninis s nsaerrlogiero IsiHra anarirr'I'rHo ra Ha KBarIToBoMy

*o*n'1gr.pi IBM Q Valencia. flopaxonauo ABoqacrr,rHHy reoMerpl,IqHy rvripy saunyranocri qllcrllx

ra gr'riuaH"* at*i" oararocninoBr,rx 3a AonoMoforc o6quclenr Ha KBaHToBoMy KoMn'rorepi

xounasii IBM, IBM Q Santiago. Buxopucrano 2 cnoco6fi reaHroszx o6qHcJIeHb, a caMe

o6qucrengr KBaHToBr,r* *opa*topis Ha.rucrzx craHax 3 HacryllHktIr,t suiurynauHsM Koper-firopin ra

KlacntrHe snaiuynanns crauie rrrJurxoM ua6opy rinrrocri nuuipronanr siAnoei,4Ho Ao rlapaMerpy

suiruynanus. Aoc;riaxeuo eBoJrroqiro cepeAnix gnaqenr ([isu.urux BoJIHTIT,IH Ta BcraHoBneIro ii

3B'fl3oK 3 nepexoAurMu uix eHeprerr.rqHlrMn pinnnru (lisuunux cllcreM. 3naft,4eno, III0 BI'I3HatIeHHt

MaKcuMurJrbHHx 3garrenr Oyp'e soopaxeuufi rlr,rx qacoBr.rx 3aJlexHocreft Aogsorte sHafirII eneprii

nepexo4in. floralauo, ilIo Ans cninos[x c]IcreM eueprii nepexo4in nos'sgaHi 3 reoMerpl'IqHolo

rraiporo saunyrano cri.
5.2. 3a naqsHocri nayrono-rexniqnoi npoqyrqii o6rpyuryBaHlrfl fi nepenar y nopinunnui r

icnyrounrrrr aHaJroraMu
Ilpl,r nurosausi 3aBAaHb npoeKTy crBopeHo xnantosi ilporoKoill{ AiIt peaJll3aull tll'Icrvx ra

guiuranzx cranis 6ararocniHosr.rx czcreM m nuuiproBagus ix saurryrauocri Ha KBaHTOBI'IX

roun'rcrepax. 3a pe3)-.rbraraMr{ HayKoBHX AocliAxenr niAroroBJleuo uayroruft 3nit,

ony6nirorauo 2 npenpuHru [A. R. Kuzmak, V. M. Tkachuk, Measuring entanglement of a nnk-2

mixed state prepared on a quantum computer ll arXiv:20l0.06242v3, quant-ph 2020, Kh' P'

Gnatenko, V. M. Tkachuk Entanglement of graph states of spin system with Ising interaction and its

quantiffing on IBM's qwmtum computer arXiv:2012.05986, quant-ph 20201 ta niAroroBrleHo

crarrro Kh. p. Gnatenko. H. p. Laba" v. M. Tkachuk, Transition energy estimation on quantum

computer and is relarion $irh entanglement. flepenaroro crBopeHl'Ix KBaHToBI'tx npotoronin uag

icHyro.rgvg e re. ruo BoHlr .talorb rro;*i--ursicm nuuiprcnarll ABoqacrI'IHHy sannyrauictl slvtilllaHl'Ix

KBaHToBLTx craH ie lrc :o sl'Ibno I rlrrxocri c n in is.



5.3. Ilpanrnvna qinnictr orpuMaHnx p$yJrbrarin peariraqii Ilpoercry AJrff erconoprircn ra
cycnimcrna (crocyerrcn npdercrin, ruo nepeq6auarorb rrpoBeAeHHr rrpHKJraAHHx rrayKoBux
Aoc.niAxenr i naynono-rexni.runx porpo6orc)

[ocnigxenHr Marorb (pyu4anaeur atrcsuit xdpamep.
5.4. Onuc m.rrsxin ra cnoco6is rroAaJrbrrroro BrrKoprrcranHs peryrurarin BrrKoHaHHff
Ilpoercry n cycni.rrrnifr npanruqi.
Orpurr,raui pe3yJrbrarr.r Moxyrb 6yru nuxopucmni n cycninrnifi nparruqi, sorpeua B HayKoBo-
eKcrlepl{Menranrsifi cropoHi xuTlr cycninrcrna. Ilo6yaonaui xnanrosi nporoxoma, sri
Ao3BoJrrrorr nrarrriprru ABoqacrr4HHy reoMerpr,r.ruy rraipy 3anJryraHocri .rucrlax ra guiuranux cranin
6ararocninosux crlcreM, ni4rpzrarorrt nosi Moxrusocri Anr o6qacrennfl 3a[iryrasocri Ha
KBaHToBIIX roun'rotepax. t{e o6rpynronye floArrJrbrrre BuKoplrcrauHs rlr4x uporoxolin y
AocriAxeHrlsx naipn sauryranocri KBrurroBr.rx craHis. Baxwrso siAsHaqaru, rrlo KBaHToBa
sanryrauicrb e BDKJTT{Br{M pecypcoM y rnanrosift KpurrorpaQii, rnaHrosift rcreuopmuii.

Hayronuft nepinHnrc llpoenry
3asi4vsa.{ ra6eapn reoperuqHoi Sisurn. upo6.
(nocaaa)

(ni4nrac)


