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AHAJII3 METOIIB ONTUMI3AIII I'TMBUHA KBAHTOBOI CXEMHA

YV yiit pobomi pozenadaromvcs memoou onmumizayii 2nUOUHU KEAHMOBUX CXeM, BKIIOUAIOYU MEOPemUudHi Memoou,
aneopummiuni [HHOGayii ma npaxmuyni 3acmocysanns. Hewjooaeui Oocsenenns OeMoHCmMpYlOmMb CYMMEGT NOKPAUJEHH 6
onmumizayii 2nubUHU cxemu, npome NUMAHHA MACUMAO08AHOCII 3alUmaembes HesupiweHum. Knouosi docniodxcenns, maxi ax
60ockonanenuti mounuil cunmes cxem Clifford+T, noxazanu 6bazamoobiysioui pesyromamu y 3smeHwenni Kinokocmi T-eenmenis,
wo nioguwye obuucniosanrvty egpexkmusnicmo. OOHAK NPAKMUYHA Peani3ayis Yux Memooie y pearbHux 3auyMIeHUX cepe0osuLyax
we He 6y1a NOGHICTIO OYiHEHd.

Hooanvwii  00cniodnceHHs: po3poOUU  ABMOMAMU308AHI MemoOU OnmuMizayii Ol GeIUKUX KEAHMOBUX CXeM 3
HenepepsHUMU NAPAMEMPaMU, 3HAYHO MIHIMIZYIOUU KIIbKICMb 8eHMU6 npu 30epesicenti cmpykmyproi yinicnocmi. Hessaoxcaiouu
Ha Yi OOCACHEHHS, 3aNUMAIOMbCS NPOOIeMU 3 OYIHKOIO NPOOYKMUBHOCHIL YUX ONMMUMI308AHUX CXeM HA PealbHOMY KEAHMOBOMY
o0bnadHanHi ma ix inmezpayiero 8 pizui kKeaHmosi areopummu. [Ipobrema mapwpymusayii Ky6imie maxKoxc nPpeocmagisne 3HaAuHi
nepewKoou, 0CobIUBO 8 CUCEMAX 3 0OMENCEHUM 38'A3KOM, WO BUMALAE eheKMUBHUX MeMOO00A02Il 01 ONMUMI3AYIT PO3MILeHHS
i nepemiwenna Kyoimis.

Komnnexcnuii nioxio nosHozco cmexy, wo GKIOYAE ONMUMI3AYIIO aAnaApamuo20, NPopAMHO20 3abe3neueHHs ma
KOMRINAMOpa, HAoae yiHHy iHghopmayito 018 NOPIHAHHA apXimexkmyp ma cmpameii npoekmysanus. Lleil nioxio niokpeciroe
BANCIUBICMb 3A6A00CMIUKOT KOMRINAYIT ma HeoOXIOHicmb onmumizayii nio MIKpoapximexmypy O1si ROKPAWEHHS YCHIUHOCMI
npoSpam Ha CyYaACHUX K8AHMOBUX NPUCTIPOSIX.

L cmamms niokpecnioe nompeby 6 Macuimabo8aHux, anapamuo-0iaecHOCMUYHUX Memooax OnmuMizayii ma wupoxit
excnepumenmanvhil nepegipyi. lnmeepayis epaghosux HeUpoOHHUX Mepedic 0Nk ONMUMI3ayii KBAHMOBUX CXeM € NePCHeKMUGHUM
HANPAMKOM MAtlOYMHIX 00CHIOHCeHb. AHANI3 NOKA3VE, WO, He36aMCaAloulU HA 3HAYHULL Npozpec, HeeUpIiuleHi NUMAHHS, MmaKi AK
004UCTII0BATILHA CKIAOHICIb, 0OMENHCEHA eKCNePUMEHMAlbHA NepesipKa i PISHOMAHIMHICMb K8AHMOBUX AN20PUMMIE, BUMAAI0OMb
nocmitiHux 00cniodcens Oid NOGHOI peanizayii nomeHyiany K6aHmogux 004UCIeHb.

Omorce, onmumizayis 2AUOUHU KEAHMOBUX CXeM € 0a2amozpanHo NPooIEMOI0, WO 8UMA2AE be3NEPEPEHUX DOCTIONCEHD
i po3pobok. Inmezspayis meopemuunux O00cCacHeHb 3 NPAKMUYHUMY Peani3ayisimMu MAe Supiulanbhe 3HAYeHHs OAs8 NOOONAHHSA
NOMOYHUX 0OMEIICEeHb | POSKPUMMS NOBHO20 NOMEHYIANY K8AHMOBUX obuucaens. [Tocmitini 3ycunns é yiil eay3i 6y0yme scummego
8ANCTUBUMU OTISI OOCACHEHHS MACUMABOOBAHUX | eheKMUBHUX KBAHMOBUX 0OYUCTEHD.

Kniouogi crnosa: keanmogi obuucienns, onmumizayis KBAHMOBUX CXeM, KOMRIIAYIS, KBAHMOBUX CXeM, CUHMEe3 6eHMUIS.
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ANALYSIS OF METHODS FOR OPTIMIZING THE DEPTH OF A QUANTUM CIRCUIT

This work reviews methods for optimizing quantum circuit depth, encompassing theoretical techniques, algorithmic innovations, and
practical applications. Recent advancements demonstrate substantial improvements in circuit depth optimization, yet the issue of scalability
remains unresolved. Key research contributions, such as the advanced exact synthesis of Clifford+T circuits, have shown promising results in
reducing the number of T-gates, thus enhancing computational efficiency. However, the practical implementation of these methods in real-world
noisy environments has yet to be fully evaluated.

Further studies have developed automated optimization techniques for large quantum circuits with continuous parameters, significantly
minimizing gate counts while maintaining structural integrity. Despite these advancements, challenges persist in assessing the performance of
these optimized circuits on actual quantum hardware and integrating them into various quantum algorithms. The qubit routing problem also
presents significant hurdles, particularly in systems with limited communication, necessitating effective methodologies to optimize qubit placement
and movement.

A comprehensive full-stack approach, incorporating hardware, software, and compiler optimizations, has provided valuable insights into
architectural comparisons and design strategies. This approach highlights the importance of noise-aware compilation and the need for
microarchitecture-specific optimizations to improve program success rates on current quantum devices.

This paper underscores the need for scalable, hardware-agnostic optimization methods and extensive experimental validation. Integrating
graph neural networks for quantum circuit optimization presents a promising future research direction. The analysis concludes that while
significant progress has been made, unresolved issues such as computational complexity, limited experimental validation, and the diversity of
quantum algorithms necessitate ongoing research to fully realize the potential of quantum computing.

In conclusion, optimizing the depth of quantum circuits is a multifaceted problem requiring continuous research and development. The
integration of theoretical advancements with practical implementations is crucial for overcoming current limitations and unlocking the full
potential of quantum computing. Continued efforts in this area will be vital for achieving scalable and efficient quantum computations.

Keywords: quantum computing, quantum circuit optimization, gate synthesis.

IMocranoBka npodJieMu
KBanToBi oO4mMCIeHHsT 3'IBUIKCS SK TpaHc(opMmaliiftHa TEXHOJIOTiA, IO O0Oilsie BUPINIyBaTH TEBHI
00YHCITIOBAIbHI MTPOOJIEMH €KCTIOHEHITIaIbHO MIBHUIIE, HiXK KIIACHYHI KOMITIOTepH. B OCHOBI KBAaHTOBUX O0YHCIICHD
JIe)KaTh KBAaHTOBI CXEMHU, SIKi BUKOPHCTOBYIOTh KyOiTH Ta KBAaHTOBI BEHTENI ISl BUKOHAHHS CKJIATHUX OOYHUCIICHb.
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OnHUM 3 HAMBOKITUBIIIMX MTUTAHD MMPAKTUYHOT peai3allii KBAHTOBUX aJTOPUTMIB € ONITHMI3allisl ITHOWHN KBAHTOBOL
CXEMH, sIKa BU3HAYAETHCS SIK KUIbKICTh IMOCIIIOBHUX KBAHTOBUX OMEpaIiil, HECOOXITHUX ISl 3aBEPIICHHS 00YUCIICHb.

I'mubuHa KBaHTOBOI cxeMH Oe3nmocepeqHbO BIUIMBAE Ha i MPOJAYKTHBHICTH Ta eeKTUBHICTh. HeramOoki
cxemu Oa)kaHi, OCKUIBKM BOHM MEHII CXHMJIBbHI 0 KBAHTOBOI JJEKOTE€PEHIIIT Ta IIyMY, SIKi MOXKYTh 3HAYHO ITOTipLIMTH
TOYHICTh OO4MciIeHb. ToMy onTuMmizauis INIMOMHM KBaHTOBHMX CXEM Ma€ BHpIlajbHE 3HAUYEHHS Ul peaizamil
MOBHOT'O MTOTEHIIAJTy KBAHTOBHX OOYHCIICHb.

KBanToBi OOuYMCIICHHS 34aTHI 3pOOMTH pEBOJIOIIID B pI3HUX Taly3sx - Big kpunrtorpadii mo
MaTepiallo3HaBCTBA - 3aBASKH BHKOHAHHIO OOYHCIICHb, HEJOCSDKHUX U1 KIACHYHHX KOMITIoTepiB. OmHak
MPaKTHYHIA peati3amii KBAHTOBHUX alTOPUTMIB IEPEIIKOKAIOTh 0OMEKEHHS CYy4acCHOTO KBaHTOBOTO OOJaTHAHHSA,
30KpeMa MpoOiieMa MATPUMKHA KBAaHTOBOI KOTEPEHTHOCTI TPOTATOM TPUBAIHMX OOYUCIIOBAJIbHHX IIEPIOIIB.
OnTuMizaris IIOMHN KBAHTOBUX CXEM - 3MEHIIEHHS KiTbKOCTI MOCTITOBHHUX OTIEpalliil - Ma€ BaYKJINBE 3HAYCHHS IS
T ABUIICHHS TPOAYKTUBHOCTI KBAHTOBUX O0OUYHCIICHB. Y Iili poOOTi pO3TIHYTI Cy4acHI METOIN ONITUMI3allil IITHONHH
KBaHTOBHX CXEM, BKIIIOYAKOUM TCOPETHYHI MiJXOIH, AITOPUTMIYHI IHHOBAII] Ta MPAaKTUYHI 3aCTOCYBaHHSI, a TAKOXK
PO3pOo0IIEHI MPOMO3UIIIT MO0 MOXKIUBUX IIUISIXIB TOKPAIICHHS TIHOMHU KBAHTOBOI CXEMH.

Meta pociigKeHHsI NOIIYK Ta OOIPYHTYBaHHS HOBUX UUISIXIB IOKpAllEHHS SKOCTI poOOTH METOnIB
3MEHILEHHS MIMOWHHU KBAaHTOBOT CXEMHU.

Oraspg BizoMux MeToAiB Ta pilleHb

B po6ori [1] mpencTaBneHo 3HAYHUI MPOTrpec Y TOYHOMY CHHTE31 KBaHTOBHX cxeM. Lle mae BupimambHe
3HAYCHHS I PO3POOKH €PEKTHUBHUX KBAHTOBHUX aITOPUTMIB, OCOOIHMBO THX, IO IMOKJIAAIOTHCS HAa HAOIp BEHTHIIIB
Clifford+T, skuii BimoMHii CBOIMH BIIMOBOCTIHKAMH BIACTUBOCTSAMH. ABTOPH OOTOBOPIOIOTH HOBI METOIH
OTITUMI3AIli] IIUX CXeM, 3MEHIIICHHS KUThKOCTI T-BEHTHIIIB Ta MiABUIICHHS 3aralbHOI 00YHCITIOBAIFHOT €()eKTHUBHOCTI.

CuHTe3 KBaHTOBHX cXeM 3 BuUKOpucTaHHsM Habopy Clifford+T mependavae mexomIosuiiiro 3amaHoi
yHITapHOI omepamnii Ha MOCITiJOBHICTh WX BEHTHJIIB, IO € BAXIIUBUM JUIA peallizallii KBAHTOBHX aJTOPUTMIB Ha
KBaHTOBOMY OOJIa{HAHHI 3 KOPEKI[I€l0 MOMHIOK. Takuil MiAXix 3HAYHO 3MEHINY€E KUTbKICTh HEOOXiMHUX BEHTHIIIB
MOPIBHSHO 3 TPAAMLIHHUMH METOJIaMU.

Hesupiuieni npobiaemu:

- MacmraboBaHiCTh METO/IB CUHTE3Y. ABTOPH JIEMOHCTPYIOTh MOKPALIEHHSI U MAJIMX Ta CEPEIHIX CXEM,
ajie 3aJHMIIAETHCSA HE3PO3yMIUTUM, SIK I[i METOIU MPAIFOIOTh MPU 3aCTOCYBAHHI IO BETMKOMACIITAOHUX KBAHTOBHX
CXEM.

- IlpaktudHa peamizamis Ta KiTBKICTh MOMHIOK. CTaTTs 30CepeXeHAa Ha TECOPSTUYHHUX ONTHUMI3aIlisX,
OJTHAK HE PO3TIIAIAE, SIK I[i CXEMH MOBOJATHCS B PeaJbHUX YMOBAaX, J€ IIYM i 9acTOTa MOMHJIOK MOXYTH CYTTEBO
BIUTMBATH Ha TIPOTYKTHBHICTb.

- IHrerpamist 3 iCHyFOUMMH KBaHTOBHMH anroputMamiu. [HTerparmis onrtmmizoBanmx cxem Clifford+T 3
ICHYIOUMMH KBaHTOBHMH AJITOPUTMAMH TaAKOXK 3ATHIIA€THCS BIAKPUTHM IMUTAHHSAM. X04a aBTOPU HABOSATH IPHKIIAH
onTHMIi3alii cxeMm, Ta BOHH He 0OrOBOPIOIOTH JIETANIBHO, SIK 1l ONTHMI30BaHI CXeMH MOXKYTh OYTH JIETKO IHTETpOBaHi
B OLIBIII KBAaHTOBI aJITOPUTMH, OCOOJIMBO Ti, II0 BUKOPUCTOBYIOTHCS B MPAKTUYHHUX JIOAATKaX, TAKUX SIK KBAHTOBA
kpunTorpadis abo KBAaHTOBA CUMYJISLLIS.

[TpuunHM HEBUPIIIEHUX MTUTAHb:

1) OOumcnroBanbHa CKJIAAHICTE Ta OOMEKeHICTh pecypciB. IIpobiaemMa MacimTaOOBaHOCTI Mepeaycim
MOB'sI3aHa 3 OOYMCIIIOBAJIBHOIO CKJIAMHICTIO Ta pecypcHUMH oOMmexeHHsMu. Tounuit cunre3 cxem Clifford+T e
CKJIaTHUM 3aBJIaHHAM, i CyJacHi aJrOpUTMH OYIyTh HE €(PEKTHBHUMH JUIS POOOTH 3 BEITHKHUMH CXeMaMH. ABTOpH
BU3HAIOTh, 1[0 HEOOXiJHI MOMAMbBIII TOCTIHKCHHS [UIS PO3POOKH OUThII €()EeKTHBHUX aNrOPUTMIB, SIKi MOXYTh
MacmTaOyBaTucs 31 30UIbIIEHHSIM PO3MIPY KBAHTOBUX CXEM.

2) [MuraHHS TpakTUYHOI peamizamii Ta TOXHUOKH 3alUIIAIOTHCS HEPO3B’sI3aHMMH depe3 Opak
EKCIICpUMCHTAIBHUX NaHUX. TeopeTHuH Xapakrep poOoTH mependadae s MepeBipKy 3alpOIOHOBAHUX METOIIB
HEOOXIJIHICTh PEaNbHOI0 TECTYBAaHHS HAa KBAaHTOBOMY OOJaJHaHHI. ABTOPH NPHITyCKalOTh, MO MaiiOyTHs pobora
NmoBHHHA OyTH 30CepelKeHa Ha eKCIepUMEHTANbHIH NepeBipui i pO3yMiHHS NPaKTHYHUX HACHiAKIB IX
ONTUMI3aIliil.

Jlane mocmimpkeHHST poOWTh 3HAYHUM BHECOK Yy cepy KBAHTOBHX OOYMCIICHD, MPEICTABIISIIOYH TEPEIOBi
MeTonu onTtumizamii cxem. OJHAK 3aIHUIIAIOTBCSA PSJI MHUTAaHb, 110 BUMAraroTh PO3B’sS3aHHS, 30KpeMa, I0J0
MacmTabOBaHOCTI X METOJIB, iX MPAaKTUIHOI peai3alii Ta iHTerparii 3 iCHyIoUnMHI KBaHTOBUMH anroputMami. Li
npo6eMu 30epiral0Th CBOKO aKTyalbHICTh 4Yepe3 OOYHCIIOBANHY CKIAIHICTh, BIICYTHICTh CKCHEPHMEHTAIIBHOL
TNepeBipku Ta CKIAAHICTh iHTErpallii ONTMMi30BaHMX CXeM. IX pO3B’A3aHHA MaTHMe KIIOYOBE 3HAYEHHS s
MOAJBLIOTO PO3BUTKY KBAHTOBUX OOUYHUCIICHB.

Crart4 [2] mocimimKye METOTU ONITUMI3aIlil BEHTHIIIB, SKi 3MEHIIYIOTh KUTBKIiCTh T-3B'S3KiB, IO € BaXKIIUBOIO
METPHUKOIO JUIsl BiZIMOBOCTIMKMX KBaHTOBHMX cxeM. CTarTs NpHCBSUYEHAa pPO3poOIi aBTOMATH30BAHMX METOJIB
ONTHMIi3ali] BEIMKMX KBAHTOBHX CXEM, 30KpEMa, 3 HETIEPEPBHUMH ITapaMeTpaMu. 3aporoHOBaHi alrOPUTMH 3HAYHO
3MEHIIYIOTh KiJIbKICTh BEHTHIIB MPH 30€pe eHHI CTPYKTYpPHOI IUTICHOCTI BUXITHHX cXeM. MeTOAM MPOIOHYIOThH
MOKpaIeHy MIBUAKICTH ONTUMI3aIlii Ta Kpally MaciTaboBaHiCTh IOPIBHSHO 3 TIOTIEPEIHIMH TTiIX0aMH.

ABTOPY BUKOPHCTOBYIOThH Ha01p MIBUIKHUX aJTOPUTMIB JJII pOOOTH 3 HETIEpEPBHUMH MTapaMeTpaMH BEHTETIIB
Ta ONTHUMI3aIlil BEJIMKOMACIITAOHUX KBAHTOBHX CXEM. AJITOPUTMH CIPSMOBaHiI Ha MiHIMi3aIlit0 KiITBKOCTI BEHTHITIB 1
30epekeHHs 0a30BOi CTPYKTYypH CXeM, 3apagd 3a0e3ledeHHs iX MPaKTUIHOCTI IJIi PEaJbHOTO KBaHTOBOTO
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oOJraTHAHHS.

[TpoGnemu gaHoTO MiAXOMY:

- peajbHa MPOAYKTHUBHICTH Ha KBAHTOBOMY 00JagHaHHi. OTHUM 3 TaKHUX MUTaHb € Te, K Ii ONTUMi30BaHi
CXEMH IMPaIIOI0Th Ha peajlbHOMY KBAaHTOBOMY 00JIaJJHaHHI. X04 aJTOPUTMH AEMOHCTPYIOTh TEOPETHYHI ITOKPAIEHHS,
ane iX MPaKTUYHHH BIUIMB Ha 3alIyMJICHI KBAaHTOBI IPUCTPO] 1€ BUMArae OLHKH.

- iHTerparis 3 pi3HUMH KBaHTOBUMH alrOpUTMaMu. /IpyriuM HEBUPIILIECHUM UTaHHSM, 10 ITOTPeOy€e yBaru
€ IHTerpamis IUX METOMAIB ONTHMIi3allii 3 MIMPOKHM CIIEKTPOM KBAaHTOBHMX JTOPUTMIB. Y CTaTTi OCHOBHA yBara
MIPUIUIAETHCA 3aralbHAM CXeMaM, 3aTUIIAI09H THTaHHS PO 3aCTOCOBHICTH Ta €(DEKTUBHICTH ITUX METOIB JJIS Pi3HUX
KOHKPETHHX KBAHTOBUX aJITOPUTMIB.

[IpuunHaN HEBHUPIIEHUX POOIEM:

1) ExcrnepuMeHTanpHa TepeBipka. BinCyTHICTh MIMPOKOI €KCIEPHMMEHTANBHOI NMEepEeBipKH Ha pealbHUX
KBAaHTOBHX IPUCTPOSIX € OCHOBHOIO NMPUYMHOIO TOTO, IIO IIi MUTAaHHA 3aJIMIIAIOTHCS BIIKPUTHMHU. TeopeTmdHi
onTuMizalii NoTpeOyroTh NMPAaKTUYHOIO TECTYBAHHS, 100 BpaxyBaTH HEAOCKOHAJICTh OOJNagHAHHS Ta LIYMH, SKi
MOXYTbh BIUTUBATH HA MPOJYKTHBHICTS.

2) CknamHICTh 1 BapiaTUBHICTH KBAaHTOBHX aJTOPUTMIB. Pi3HOMaHITHICTH 1 CKJIQIHICTh KBaHTOBHX
ITOPUTMIB CTBOPIOE MPOOJIEMH JUIsl yHIBEpCAILHUX METOJIB onTuMiszanii. KojkeH anropuTM Moke MaTH yHIKaJbHi
BUMOTU Ta OOMEXKEHHs, IO YCKIaTHIOE PO3pOOKY YHIBEpCAlbHOTO pillleHHs. ABTOPH BH3HAIOTh, IO HEOOXINHI
MOTAJTBIII TOCTIKSHHS IJIsl ONITUMI3aIil Ta aamnTailii 0 KOHKPETHUX aJrOPUTMIB i anapaTHUX KOHQIryparii.

JocmimkeHHs IeMOHCTPYE, IO HOBI METOIM ONTHUMI3allii MOKYTh CYTTE€BO 3MEHIIIUTH KiJIbKICTh BEHTHIIIB 3a
MEHIIMK Yac, J0Jal0Yl PO3PHB MK HOTOYHHMH MOIJIMBOCTSIMH KBAaHTOBOTO OOJagHAHHS Ta OOYMCIIIOBAILHUMH
NoTpedaMy KBAaHTOBHX JIITOPUTMIB, sIKi, IK OYIKYETBCS, IEpEBEPIIAaTh KIACHIHI KOMII'FOTEPH.

V crarri [3] mocmimkeHo MpoOIeMu Ta pilieHHS A1 MapIIpyTH3amii KyOiTiB y KBAHTOBHX CXEeMaX, 30KpeMa,
Ha TIPUCTPOSX 3 OOMEXEHHM 3B'SI3KOM. ABTOPH MPEACTAaBISIOTH HOBY METOMAOJIOTIIO, fKa € apXiTeKTypHO-
JIIarHOCTUYHOI0, TOOTO MOJKE 3aCTOCOBYBATHCS JO PI3HHX IUTaTGOPM KBAaHTOBUX obOumcieHb. Ll meromonmoris
peainizoBana 3a gomnomororo kommimsatopa TKET [4], pospobiieHoro Cambridge Quantum Computing. Emmipudsi
pe3yJIbTaTH MOKA3yHTh, IO IEH MiAXiA ePESKTUBHO 3MCHIIYE MIMOMHY Ta KUIBKICTh JBOKYOITOBHX BEHTHIIIB, SKi €
KPUTUYHUMH NOKA3HUKAMU JJIsl IPOAYKTHBHOCTI KBAHTOBHUX CXeM. ABTOPH MPEJICTABIISIIOTH MIIX1/, SKUH BigoOpaxae
a0CTpaKTHI KBAHTOBI CXeMH Ha (hI3UUHUX KBAHTOBUX IPHUCTPOSX 3 00MEKESHHSIMH Ha 3B's130K. MeTouka hoKyCyeThes
Ha ONTHMI3alil pO3MillleHHs Ta IepeMillleHHs KyOiTiB, 00 MiHIMI3yBaTH KiJbKICTbh JJOAaTKOBUX OIEpAlliif, TAKUX SIK
SWAP-BenTeni. Metonosoris nepeBipeHa 3a JOIMOMOTOK EMITIPUYHUX TECTIB, sIKi MoKa3ainu ii e(eKTUBHICTH Y
ITiIBUIIEHH] ITPOIYKTUBHOCTI KBAHTOBUX CXEM Ha arlapaTHOMY 3a0e3IeUeHH] 3 00MEXEHUMH MOXKITHBOCTSIMH 3B'SI3KY.

€ TpyIa HeBUPIMICHUX IPOOIIEM:

- MacmraboBaHICTb i IPOIXYKTHBHICTE Ha OUTBIINX cXeMaX. OIHe 3 HeBHPIIICHHUX [TUTAHb ITOJATA€ B TOMY,
HACKUTBKH TOOpE 111 METOIOJIOTISI MacTaby€eThCsl IO Bce OUTBIIMX 1 CKIAIHIOTNX KBaHTOBHX cxeM. CTaTTs IoKaszye
pe3ysbTaTh Ha CepeAHiX TeCTax, Ta MPOIYKTHBHICTD Ha 3HAYHO OUTBIINX CXEMaX, SIKi € BAXIIMBUMH IS TPAKTHIHUX
KBAHTOBHX OOYHCIICHb.

- PeanmpHa peanmizaris Ta ympasiaiHHs mrymom. llle OmHIEI0 HEBHPIIICHOK MPOOJIEMOI0 € MpPaKTHYHA
peasizallisi IMX ONTUMI30BaHUX CXEM Ha peajbHOMY KBAaHTOBOMY 00JajHaHHi. KBaHTOBI MpHCTPOT CXUITBHI A0 LIyMYy
1 IOMUJIOK, 1 B CTAaTTI HE PO3IIISTHYTO, SIK 3aIIPOIIOHOBAHHI METOJI MapIIPyTH3aLlii CIPABIISETHCS 3 UMY TPAKTHYHUMHU
npoGieMaMu, 0coOJIMBO 31 301BLICHHSIM PO3MIPY 1 CKJIaJHOCTI CXEMH.

ITpuunnu:

1) ObuucmoBanpHa cKiIagHicTh. [Ipo0dieMa MacmTabOBaHOCTI BUHUKAE Yepe3 BIACTHUBY OOUHCIIOBAIBHY
CKJIQIHICTh ONTHMI3alil BEJIMKNX KBAaHTOBHX CXEM. ABTOPH 3a3HA4yaroTh, IO X04a IXHA METOHOJIOTISI IEMOHCTPYE
MTOKpAIIeHHs, HEOOXiTHI IMOJANBII TOCIIHKSHHS IS pO3POOKH alTOPUTMIB, SIKi MOXKYTh €(DEKTHBHO BIIOPATHCS 3
3POCTAI0YOI0 CKIAIHICTIO CXEM I10 €KCIIOHEHTI.

2) OOMeXCHICTh CKCIePHUMEHTAIFHUX TaHWUX. BiNCyTHICTH MIMPOKOI EKCIEPHUMEHTANIBHOI MEPEeBIpKU Ha
Cy4acHOMY KBaHTOBOMY 00Ja/IHAHHI € OCHOBHOIO IPUYHMHOIO TOTO, IO MIPAaKTHYHA peaji3alis Ta yrnpaBiiHHS IIyMOM
3aJMIIAIOThCA HEBHUPIMIEHNMH. TeOopeTHdHi MOJeli 4acTo He BPAaXOBYIOTh BCiX HIOAHCIB pEaJIbHOTO O0JIaJHAaHHS,
BKITIOYAIOYH JEKOTEPEHIIII0 1 HOMMIKH BEHTENIB, SIKi MOXYTh CYTTEBO BIUIMHYTH Ha MPOIYKTUBHICTh ONITUMi30BaHUX
cXeMm.

[IpoBenene HOCHiKEHHS MPOIOHYE 3HAYHUN Mporpec B 007acTi KOMITUIAII] KBAHTOBHX CXEeM, HAJal0ul
HaliiiHe pimeHHs MpooIeMn MapiIpyTH3allii KyOiTiB. 3anMpomoOHOBaHHUA METO/I HE TiIBKU 3MEHIITY€ TTHONHY BEHTHIIIB
Ta IX KUIbKiCTh, aje W 30epirae CTPyKTypHY IUIICHICTb OpPUTIHAJIBHHUX CXEM, IO POOUTH HOro MpPaKTHYHUM
IHCTPYMEHTOM [UIsl peajlbHUX 3aCTOCYBaHb KBAHTOBUX OOYHCIICHb.

VY crarti [5] OOroBOpIOETHCS KOMIUIEKCHE JIOCITIPKEHHS KBAHTOBHUX OOYHMCIIIOBAIBHHX CHCTEM 3
BUKOPHCTaHHIM KOMIUICKCHOTO MiJXOJY, KU BKIIIOYAE ONTHMI3aIlI0 arnapaTHOro, MporpaMHOro 3a0e3NeueHHs Ta
KomriisaTopa. JlociijpkeHHs! OLIHIOE Pi3HI apXiTEeKTypH Ta TEXHOJIOT] KBAHTOBHX OOYHCIIEHB, 30CEPEIKYIOUNCh Ha
3alllyMJICHUX KBAaHTOBMX cucTeMax cepeaHboro wmacmraby (NISQ). ABTOpM BHKOPHCTOBYIOTH BIIACHHH
iHcTpyMeHTapiit TriQ mIs mpoBeneHHS BUMIPIOBaHb pealbHUX CHCTeM Ha mpoToTmmax Big IBM, Rigetti Ta
VYuiBepcutery MepineHna, ASMOHCTPYIOYM 3HAYHE IMOKPAIICHHS MOKA3HUKIB YCIINTHOCTI MPOTrpaM 3aBIsSKH
BHKOPHUCTAHHIO JIETATHHOTO PO3YMIHHS MiKPOAPXITEKTYPH.

ABTOpH 3aCTOCYB&JIM aHali3 MOBHOTO CTEKy Ta KepoBaHi OCHUMApKH, MOCIIIKYIOUM B3aEMOIII0 MIiX
arapaTHAM Ta MPOTPAMHHUM piBHAMHU. BoHM 30cepemwnncs Ha BUOOpI HaOOpy BEHTHIIIB, TOMOJIOTIi 3B'S3KYy Ta
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onTuMizalii kommimsATopa. IIpoBeneHO BUMIPIOBaHHS pEATBHUX CHCTEM, MO0 3pO3YMITH BIUIMB Pi3HHUX
apXITEKTYPHUX pillICHb Ha IPOJYKTUBHICTb Ta HaIHHICTb.

Binkputi muTaHHs:

- MacmraboBaHicTh METOJIB ONTUMI3allil. BakIMBUM HEBHPILICHUM MHUTAHHAM € Te, SIK 3allpPOIIOHOBaHI
METOJY ONTUMI3alii MaciITabyroThCs 31 30UIBIICHHSM PO3MIPY Ta CKJIaIHOCTI KBAHTOBHX CXeM. Xo04a JOCIHiIKEHHS
TMIOKa3ye MOKpaIleHHs I cydacHuX npuctposix NISQ, macmraboBaHicTh IMX METOJIB Il MaOyTHIX MacIITaOHUX
KBaHTOBHX CHUCTEM 3aJIMIIAETHCS HEBU3HAUYEHOIO.

- BmumB anapaTHO-crienudiuHIX XapaKTepUCTUK HA ONTHMI3amio. Sk BOHH BIDIMBAIOTH Ha €(PEKTUBHICTD
3aMpoOIIOHOBAHMX ONITUMI3amiii. JlociKeHHs 30cepekeHe Ha IPOTOTHITAX KOHKPETHUX BUPOOHUKIB, 1 HE3PO3yMLJIO,
HACKITBKH YCIIITHO IIi ONTHMI3alii MpamioroTh Ha IHMHKX IUaTGopMax KBAHTOBHUX OOYHCICHB 3i CIEU(idHOO
pealtizalii€ro Ta IyMOBIUMH XapaKTePUCTHKAMHU.

IIpuunnu:

1) OGuucnroBanbHa CKIAOHICTH 1 pecypcHi oOMexeHHs. [IpoOiema MacmITaboOBaHOCTI 3aJIMIIAETHCS
HEBHPILICHOIO Yepe3 BIACTHBY OOUMCIIIOBAIILHY CKIIAJHICTD, MOB'I3aHy 3 ONTHMI3AI€I0 BEMKUX KBAHTOBHX CXEM.
ABTOpH BH3HAIOTH, [0 X0Ya IXHI METOJM € 0araToOOIIII0YNMU, HEOOXITHI MOJANBIII JOCTIKSHHS ISl PO3POOKU
ITOPUTMIB, SIKI MOXKYTb €()EKTUBHO BIIOPATHUCS 3 EKCIIOHEHIIAIEHO 3POCTAI0UOI0 CKJIA/IHICTIO KBAHTOBUX CXEM.

2) OOMexeHa pI3ZHOMaHITHICTh EKCIIEPUMEHTAJIbHUX JaHUX. BIUIMB anmapaTHUX XapakTepHCTHK Ha
ONTHMI3aII0 3aJHMIIAETHCS KIIOYOBHUMHU TOMY, IO €KCIEPHUMEHTANbHI JIaHi JOCIIKEHHsI 00MeXeHI KOHKPETHUMHU
MPOTOTHIIAMH KBAHTOBHX OOYHCIICHB. JIJI1 MOBHOTO PO3YMIHHS TOTO, SIK IIi ONTHMI3aIlil MpaIIOTh HA PI3HUX
mratpopMax, MoTpiOHI OLTBII MMPOKI Ta Pi3HOMAHITHI EKCIIEPUMEHTANbHI JaHi. ABTOPU IMPHITYCKAIOTh, IO B
MaiOyTHI# poOOTIi CITiA BUBUMTH IMUPIIHHA CIICKTP KBAHTOBHUX MPUCTPOIB, MO0 MEPEBIPUTH 1 BIOCKOHAIHUTH METOAN
IXHBOI OIITAMI3aLii.

JocmimkeHHs Halae MiHAY 1HPOPMAIIiFo MOA0 MPOCSKTYBAHHS Ta OTITUMI3AIlil CHCTeM KBaHTOBUX OOUUCIICHb.
BucHOBKH cBiguaTh Ipo Te, IO BUKOPHUCTAHHS OCOOIMBOCTEH MIKPOApXITEKTYpH B KOMIIISATOpPI MOXKE CYTTEBO
MOKPALIMTH TOKa3HUKH YCIIIIHOCTI KBaHTOBUX MporpaM. JlOCHi/UKEHHs MiIKPECHOe BaXKIMBICTh KOMIUIALIT 3
ypaxyBaHHsM IIIyMiB Ta MPOMOHYE PEKOMEHIAIIIT I1[0I0 ONTUMI3allii HATUBHUX Ta MPOrPAaMHO BEHTUIIIB JJIS PI3HUX
KBaHTOBHX TEXHOJIOTIH.

VY crarri [6] npeAcTaBIeHO HOBHIA MiAXi A0 MiABUIIEHHS €()EKTHBHOCTI KBAHTOBUX CXEM 3 BUKOPHCTaHHIM
(dpeiiMmBopky MammuHHOTO HaBuaHHs AlphaTensor. Ileii MeTon crpsMOBaHMN Ha 3MEHIICHHS TJIHOWHU KBaHTOBUX
CXEM, IUITXOM BHKOPHUCTAHHS METOJIB HAaBYaHHS 3 MiJKPIMJICHHSM. ABTOPH JCTAJbHO OMHCYIOTh apXiTEKTypy
AlphaTensor, mporec HaBYaHHS Ta 3HAYHI MOKPAIICHHS B ONTUMIi3aIlil KBAHTOBUX CXEM MOPIBHIHO 3 TPAAULIi HHIMUA
METOJIaMH.

Binkpuri muTaHHS:

- MacmraboBanicte AlphaTensor mo Oimpmmx kBaHTOBUX cxeM. CTarTs JeMOHCTpye e(eKTHBHICTBH
AlphaTensor Ha BiJTHOCHO HEBEJIMKMX KBAHTOBHX CXEMax, ajleé BOHA HE Ha/Ia€ BUUCPIHMX AaHUX abo0 aHamizy Horo
poboTH 3 OINBIIMMH 1 CKIagHUMHU cxeMamH. Taka MaciiTabOBaHICTh Ma€ BHpIlllajibHE 3HAYECHHS JUIS PealbHUX
3aCTOCYBaHb KBAHTOBHX OOYHCIIEHb.

- Y3arajpHeHHsT Ha pi3HI KBaHTOBI anroputMu. JlocmiypkeHHs (OKyCyeTbCs Ha KOHKPETHUX THIAaX
KBaHTOBHX CXEM 1 aJrOPUTMIB. 3aJIMIIAETHCS HE3PO3YyMUIMM, HacKuIbku J00pe AlphaTensor y3aranbHIOeThCsl Ha
HIMPUIMH CHIEKTP KBAHTOBUX aJTOPUTMIB, OCOOJIMBO THX, 1[0 MAIOTh MPHUHIIUIIOBO iHIII CTPYKTYPHU T4 BUMOTH.

- TlopiBHsUTbHI MOKAa3HUKH MPOMYKTHBHOCTI. Xodua B CTarTi mokaszaHo, mo AlphaTensor mepesepinye
TPaIUIliifHI METOIU ONITHMi3allii, BHKOPUCTaHI OeHIMapKu 0OMeKeHi.

- PecypcHi noTpeOu 11 HABYAHHS.

IIpuunnu:

1) MacmraboBanicte AlphaTensor go Oimpmmx KBaHTOBUX cxeM. CKIagHICTH KBAaHTOBHX CXEM 3pPOCTA€E
EKCIOHCHITIaThbHO 3 KUTBKICTIO KYOiTiB, [0 YCKJIQJHIOE TECTYBaHHs Ta BajJiJaIlifo METOMIB ONTHMI3allii Ha Jyke
BEJIMKUX CXEMaX B paMKax OJHOTO JJOCIIIIPKEHHS.

2) V3aranpHEHHS Ha pi3HI KBaHTOBI aNTOpPUTMH. Pi3HI KBaHTOBI aNrOpPUTMH MAalOTh YHIKaJbHI
XapaKTepUCTHKH, i CTBOPEHHS YHIBEpCAIbHOTO METOY ONTHUMI3alii € CKIaIHUM 3aBJaHHAM. Lle BuMarae mmpoxoro
TECTYBaHHS Ta aJanTarlii MOAEi 10 Pi3HIX KOHTEKCTIB.

3) IlopiBHAIBHI TOKAa3HUKM NPOAYKTUBHOCTI. Po3poOka KOMIUIEKCHHX TECTIB BHMArae CIiBIpaIi Ta
KOHCEHCYCY B CIIJIbHOTI KBAaHTOBHX OOYHCIICHB, IO MOXE 3alHATH Oarato dacy Ta OyTH JIOTICTHYHO CKJIQIHUM
3aBIaHHSM.

4) Ilotpeba B pecypcax /il HaBuaHHsS. TodHa KiNbKiCHa OLIHKa BUMAarae JOBIOTPHBAJIMX EKCIIEPUMEHTIB
Ta JOCTYIy IO Pi3HOMaHITHUX OOYHCIIIOBAIBHUX CEPEIOBHIIL.

IopiBHSIHHSA MeTOAIB
Meroau onTuMmisanii KBAHTOBHX CXEM BiJJPi3HSIOTHCS 32 CBOIMH ITiIX0AaMH J10 e(eKTHBHOCTI Ta BapTOCTI.
Niemann Ta iH. [1] po3mmpioroTs MeToan TouHoro cuHTedy A cxem Clifford+T, 30cepemxyrouncy Ha 3MEHIICHH]
KimbKkocTi T-BeHTeNB, 0 3HIKYE BUTPATH HA BiIMOBOCTIHKI KBaHTOBI o0unciaeHHs. Nam Ta iH. [2] 3aCTOCOBYIOTh
aBTOMATH30BaHy OINTHUMI3aIlii0 32 TOTIOMOTOIO TPAJAIEHTHUX METOJIB, MO0 3HAYHO 3MEHIIUTH KiJbKICTh BEHTHIIIB i
rMOWHY CXEeMH, XOoda Iled mporec € obumcimoBanbHO ckiuagauM. Cowtan Ta iH. [3] BUpImyIOTH mpobiemy
MapIuIpyTu3aii KyOiTiB, M IBHIYI04YH €EKTUBHICTh 32 paXyHOK MiHiMi3allii BUTpaT Ha BeHTHI SWAP, 110 3mMeHmye
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gac 1 gactory moMmiok. Murali Ta iH. [5] HagalOTh MPAKTHYHI MMOPagd IIOAO ONTHMI3allii KBAHTOBHX CXEM Ha
peajbHOMY O0OJIaHaHHI, 30CEPEKYIOUUCh Ha E€KOHOMIYHO €(EKTHBHHX CTpATerisiX A MOTOYHHX apXiTeKTyp.
Hapemrri, AlphaTensor [6] BUKOpHCTOBY€E MallMHHE HABYAHHSI /IS aBTOMATH3ALlii IPOEKTYBaHHS CXEM, JOCSITar0uu
3HAYHOI ONTUMI3allii, He3BaKaloud Ha BUCOKI IMOYAaTKOB1 004nCIItOBaNIbHI BUTpaTu. KoxkeH MeTo Mae cBOi iepeBardy,
0 pOOUTH X MPUAATHUMH JJIS PI3HUX NOTPeO onTHMIi3alii KBaHTOBHX 00YHCIICHb.

Pesynbrartu ananizy po3risaytux Metoais[ 1][2][3][5][6] y3araisHUMO B TaONIUIO | 32 TAKUMHU KPUTEPISIMHU:

X1 - 3MCHIIEHHS INIMOWHM Ta KUTbKOCTI T BEHTHIIB - HaCKUIBKM €()EKTUBHO 3MEHIIYETHCS KIJIBKICTh Ta
rmmbnHa T-BeHTETIB y KBAaHTOBIH cxeMi;

X, - 3MEHIICHHS KUIPKOCTI BEHTWIIB Ta INIMOMHM - 3/aTHICTh METOJY MiHIMi3yBaTu 3arajbHy KUIBKICTbh
BEHTIJIIB Ta TTTHONHY CXEMU;

X3 - e(eKTHBHICTh MapmIpyTH3alii KyOiTiB - HACKITBKH IOOpe METOA CIPABISETHCA 3 PO3MIMICHHIM i
MepEeMIIIeHHsIM Ky0iTiB, 0COOJIHMBO B 00JaIHAHHI 3 00MEKEHUMH MOKITMBOCTSIMH i IKITFOUCHHS;

X4 - QIaNTHBHICTB JIO arapaTHOro 3a0e3MedeHHs - THYYKICTh 1 MPOAYKTUBHICTh METOAY MPHU 3aCTOCYBaHHI
JI0 PI3HUX apXiTEKTyp KBAHTOBUX OOYMCIICHB 1 allapaTHOTO 3a0e3MeUeHHS;

X5 - 3arajbHa 3JaTHICTH A0 ONTUMi3amlii - MOKa3HUK e(EeKTHBHOCTI B ONTHMI3allil KBAHTOBUX CXEM 3a
KUTPKOMA KPUTEPisIMH.

Ockinbku B poboTax[1][2][3][5][6] BUKOpPHCTOBYIOThCS pi3HI TecTH (OEHUMApKH) Ha Pi3HUX apXiTEKTypax,
TO JUTS OLIHKH SKICHOI €(pEKTHBHOCTI KO)KHOTO METOY BBEIEMO BIIACHY IIKATy OILIHIOBAHHS 33 PIBHIMU:

1) Huzpkuii (30 6aniB). Meton Mae MiHiManbHUH BIUMB. BiH Moke OyTH MeHIT €(peKTHBHAM a00 MEHII
MIPUIATHAM [UTS OIITUMI3aIlil BKa3aHOTO KOHKPETHOTO aCIeKTy KBAHTOBHUX CXEM.

2) Cepenniii (60 06aniB). Metox mokasye JOCTaTHIMl piBeHb €(EKTHBHOCTI 3a JaHUM KpuTepieM. Bin
NpaLioe aJeKBaTHO, ajle MOXKe OyTH He HaMKpaliM 3 JOCTYITHHX BapiaHTiB.

3) Bucokuii (90 6aniB). Merox Mae BUCOKY e(eKTHBHICTh 3a IIMM KpuTepieM. Ile omamH 3 HaWkpaiux
BapiaHTIB JJIsl ONTHMI3allil BKa3aHOTO aCHEeKTy KBaHTOBHX CXEM.

Tabmuus 1
IopiBHAILHMI aHATI3 MeTOIIB

Metoan X1 Xy X3 Xy X5 PesyibTyroua
OLiHKa
MeToay IpHu
piBHiii /
Ppi3Hiit

BAJKJIMBOCTSX

METOAIB

Barosi Koe]ilieHTH 0,2 0,2 0,2 0,2 0,2

KpuUTepiiB Tpu  piBHOT

BaKJIMBOCTI METO/IB

Barosi Koe]ilieHTH 0,1 0,2 0,3 0,3 0,1

KpUTEepiiB TIpU  pi3Hii

BaXJIMBOCTI METOLIB

Extended Exact Synthesis 90 60 30 60 60 60/54

of Clifford+T Circuits[1]

Automated Optimization 60 90 30 90 90 72/69

of  Large Quantum

Circuits[2]

On the Qubit Routing 30 30 90 60 60 54/60

Problem[3]

Exploring a Fully 30 60 60 90 60 60/66

Functional Quantum

Computer[5]

Optimizing Quantum 60 90 60 90 90 78/78

Circuits using

AlphaTensor[6]

3anponoHOBaHUN MeETOJ 70 80 90 90 90 84/86

Ha OCHOBI  TrpadoBHX

HEHPOHUX MEPEX

Takox U1 KOXKHOTO 13 n KpuTepiiB X; B poOoTi OyB BBeaeHHH KoedilieHT [5;, sKiii BU3HaYa€e BaXKIIMBICTh
KpPHUTEpil0 y NOpIBHSAHHI 3 iHMMMH. Bci 3HaueHHs BaroBuxX KoQiui€eHTIB OyJIM HOPMOBaHI TakMM YHHOM, IIO

BUKOHYBAJIaCs yMOBa
n
i=1
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SIKio nepBrHHO Barosi koediuientu B'; He GyaM HOPMOBaHIi, TO HOPMYBaHHs 0YJIO BUKOHAHO TAKMM
YHHOM
!
8 = B's
ST
i=1 ﬁ i
3Ha4YeHHs 3arajJbHOI CKAIAPHOI OLIHKHU [; KOXKHOTrO 3 METO/IIB 3HAXOMIIM IIIAXOM aJUTHBHOTO 3rOPTaHH
OKpEeMHUX KPHUTEPiiB 32 BATOBUMH Koe(illieHTaMI
n
Iy = Z Bi x;.
i=1

KoskeH 3 po3risiHyTHX METOJIB NMPOIOHYE YHIKAJIbHI MEpeBar 1 CTOCYETHCS PI3HUX acIeKTiB ONTHMIi3allii
KBaHTOBHX cXeM. /[ IONaTKiB, OpiEHTOBaHMX HAa BiIMOBOCTIHKI KBaHTOBI oOumcieHHs, pobota[l] 3abe3meuye
YyI0BE 3MCHIIICHHS TTTHONHY Ta KinbKocTi T-nepexomiB. [ BEIUKIX KBAHTOBHUX CXeM (hpeiMBOPK aBTOMAaTH30BaHOT
ONITUMI3AaIlil IPOIIOHY€E 3HAYHE 3MEHIIEHHS KUTPKOCTI BEHTHIIB Ta TiuOnHN. Meton[3] mMae BHpimansHe 3HAYCHHS
JUIA ONTHMI3alii PO3MIIeHHS Ta MapmipyTu3amii KyOiTiB Ha mpuctposx NISQ. dms BcebidHOTO pO3yMiHHS
apxiTekTypu po0OoTa Haj MOBHOQYHKIIOHATPHUMH KBAHTOBHMH KOMITIOTEPAMH BIJKPWBA€E I[iHHI MEPCHCKTHBH.
Haperuri, ontumizanisi[6] Ha OCHOBI MalIMHHOTO HAaBYAaHHs € 0ararooOILIIOUO0 JUIl MPOCYHYTUX aBTOMAaTHYHHX
ONTHMI3alii.

AHanis meTopis

80
70
60
50
40
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0

PeaynbTytoua ouiHKaPeaynbTyoua oUiHKa
MEeTo Y NpM PIBHIA - MeToY NpM pizHii
BaMKMMBOCTAX BaMKMBOCTAX

meTopis meTopis
® Extended Exact Synthesis of Clifford+T Circuits[1] m Automated Optimization of Large Quantum Circuits[2]
® On the Qubit Routing Problem[3] Exploring a Fully Functional Quantum Computer([5]
W Optimizing Quantum Circuits using AlphaTensor[6] M 3anponoHOBaHWIA MeTOA Ha OCHOBI rpadOBUX HEMPOHKUX MepeK

Puc. 1. I'padiune npeacrasienns radi.1

ABTOpH TIpOBENM aHANi3 Cy4YacHHX JOCHIPKCHb B cdepi onTmmizamii KBAaHTOBHX CXEM 3a KpHUTEpieEM
MiHIMaJTbHOT MIHOWHU. SIK 3a3HaYeHo B TaOJ. 1, BUCOKMI IMOTEHINa]l MAarOTh METOAM MAITMHHOTO HaBYaHHS [6].
Buxonsun 3 1mporo, aBTOpM NPONOHYIOTH BHKOPHCTaTH HEHpOHI Mepexi Ta (opMmymooThs rinoresy «Meroan
HEWPOHHUX Mepex € e)eKTHBHUMU JJIsl 3MEHIICHHs MIMOWHM KBaHTOBOI cxemu». IIpu moOynoBi rimore3n aBTOpU
BUKOPHCTOBYBAJIM JIOCHIJPKEHHS 13 CYCIIHIX cdep, Taki sk rpadosi HelipoHi Mepexi[7][8]. ABTopu BBakaroTh, 110
rpadoBi HEHpOHI Mepexi MalOTh NEPCIEKTHBU JUIS TOKpAIIEHHS pe3yJbTaTiB PO3MNISHYTUX MeToAiB. bo Meronn
rpadoBUX HEHPOHMX Mepek (OKYCYIOTHCS Ha aJaNnTHBHICTh MPU 3MiHI BepuinH rpady Ta eheKTHBHOMY IMOUIYKY.
Buxonsuu 3 1IbOT0 aBTOPH MPOHOHYIOTH OIIHKY «84/86» IUisl 3aIpOIOHOBAHOTO MeTOMy. BrukopucTaHHs rpaoBUX
HEeHpPOHHUX MEpPEeX Ul 3MEHIIEHHS ININOMHU KBAaHTOBOI CXEMH € IIePCIeKTHBHIM HANPSIMKOM JOCIIIJDKCHb.

BucHoBknu
VY wmiif poOOTi MpOaHANI30BaHO CyYacHi JOCIIKCHHS Ta 3alpONOHOBAHO HOBHU METOJ U ONTHMi3amii
KBAaHTOBOi CXEMH Ha OCHOBI rpad)oBux HeHpoHMX Mepex. MaiOyTHI IOCHIPKEHHS MOXYTh OyTH CHpSIMOBaHi Ha
BUPIIIEHHS TUTaHb, TAaKWX SK MacIITabOBaHICTh, EKCIIEPUMEHTaJbHA MepeBipKa, IHTETpallisi aJroOpUTMIB Ta
ONTHMI3allisl pecypciB 3a JONOMOT0l0 rpa)OBUX HEHPOHHHX MEPEX JUIsl MOJAIBIIOr0 3MEHIICHHS INIMOMHM CXeM 1
iBHIIEHHS IPOJYKTHBHOCTI.
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