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AHHoTauus. KBaHToBble KOMMbIOTEPbI NPeACTaBsAlT COO0M PeBONOLMOHHOE HanpaBfieHne B BblYMCIIUTENBHOW TEXHOMOMN.
O630pHasi cTaTbsl KpaTKO paccMaTpyBaET OCHOBHbIE MPUHLMMBLI PaBGoThl TakMX KOMMbIOTEPOB, BKIIOYAsl KBAHTOBYID MeEXaHWKy W
KOHUenuuio KyGUTOB, a TakkKe OLeHMBAaeT Tekylyue AOCTWMKEHUS B 3TOW 06nactu M MX NMPUMEHEHWE B Hay4YHbIX WCCIeaoBaHUsX.
O6cyxaatTcs NepcneKkTUBbI PasBUTUA KBAHTOBbIX KOMIMbIOTEPOB, X BO3MOXHOE BIIUSIHWE Ha NOBCEAHEBHY0 XM3Hb 1 MPOMbILLNEHHOCTb,
a Takke BbI30Bbl M NpoGeMbl, CTosALME Nepes Ux pa3paboTkoil. B 3aknioyeHnn paccmaTpmBaeTcs BIUSHUE KBAHTOBbIX KOMMbIOTEPOB Ha
HayKy 1 TEXHONOrM, BKIoYas 06racTb MCKYCCTBEHHOTO UHTENMEKTa U MaLUMHHOTO OGYYeHus.

KnroueBble cnoBa. KBaHTOBbIE KOMMbIOTEPHI, 6UThI, KOrepeHTHOCTb, BblYUCIIEHUA, Napannenn3m, KBaHToBasa 3anyTaHHOCTb.

Pabota KBaHTOBbIX KOMMbLIOTEPOB OCHOBaHa Ha MpuHUMMNAX KBaAHTOBOM MexaHukn. OCHOBHble
NPUHUMMBI, CBA3aHHbIE C paboToN KBAHTOBbLIX KOMMbIOTEPOB:

— KBaHTOBble COCTOSHMA M KybuTbl [1]: BMECTO MCMONb30BaHUSA KNAacCU4ecKnx OUTOB, KBAHTOBbIE
KOMMbIOTEPbl UCMOMbL3YT KybuTbl (quantum bits) kak OCHOBHble eauHUUbl WHGOPMaUWK, KOTOpble
NpeBOCXOASAT, Kak MnokasaHo Ha pucyHke 1, oguH BWUT KnaccuyeckoW eAuHWUbl M3MEPEHUs KonmyecTsa
WHOPMaLMM NPaKTUYECKN HA MOPAAOK BENUYMHDI.

Classical register Quantum register

- 000 001 010 011
101 100 101 110 111

PucyHok 2 — 3 6uta o6bl4HOro pervctpa npotus 3 KybnTtoB KBAHTOBOIO

Kak nokaszaHO Ha pucyHke 2, KybuTbl MOryT HaxoauTbcs B coctosHum 0, cocTtostHum 1 wnu B
Cynepnosnuunm, Koraa OHM HaxoaaTCs B NMIMHENHON KOMBUHaUmmM coctoaHuii 0 m 1.

PucyHok 2 — Cxema kybuta

— lMpuHumMn cynepnosuuun [1]: KBAHTOBbIE CUCTEMBLI MOrYT CyLLEeCTBOBaTb OOHOBPEMEHHO BO BCEX
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BO3MOXHbIX COCTOSIHUSAX CynepnosuLmm 4o TexX nop, noka He NpousBOAUTCH U3MepeHne. ITO 03HaYaeT, yTo
KyOGuUT B Cyneprnosmnumm MOXeT ObiTb B COCTOSAHUNM O 1 1 OHOBPEMEHHO C onpefeneHHON BEPOATHOCTLIO.

— MpuHUMN kBaHTOBOrO Napannenuama [2]: KBaHTOBblIE KOMMNbIOTEPbLI MOTYT BbINOMHATL Onepauum Hag
BCEMM BO3MOXHbIMW KOMOWMHALMAMM COCTOSHWUMA KyOUTOB OAHOBPEMEHHO. OTO MO3BOMSET KBAHTOBbLIM
KomnbioTepam adhdhekTnBHO obpabaTbiBaTh OonblUMe 06 bEMbI aHHbLIX 3a CHET NapannensHon 0b6paboTku.

— KBaHTOBblEe B3anmopgencTBus: KyouTbl MOryT ObiTb CBSiI3aHbl APYr C APYrom, obpasys KBaHTOBblE
cuctembl ¢ Gonee 4yem ogHuUM kKyouTom. BsammopencTtBue mexay KyOMTamu MO3BOJSISIET OCYLLECTBMSTb
onepauun, Takme Kak KBaHTOBble BEHTUIMU [3] U KBAHTOBbIE U3MEPEHNSI.

— MpyHUMN n3MepeHus: 3MepPEHNE KBaHTOBOW CUCTEMbI NPUBOAUT K KOMMancy cyneprno3nuumn B ogHo
KOHKpPETHOEe COCTOsIHMe. PesynbTaT u3mMepeHus OyaeT OOHWM M3 BO3MOXHbLIX COCTOSIHUA KybuTa
BEPOSTHOCTbIO, ONnpeaeneHHON amMnnTy4on 3TOro COCTOSIHUSA.

OTK nNpuHUMNbI NO3BONAOT KBAHTOBLIM KOMMbLIOTEPAM BbLIMOMHATL OMNpeaeneHHble BbIYUCIEHUS U
pewaTtb 3a4ayun, KOTOpble KnacCU4eckMe KOMMbITEPbl MOTYT BbIMNOMHATE 3HAYMTENbHO MeAfleHHee unm
BooOLe He moryT pewntb. OaHako, KBAHTOBbIE KOMMbIOTEPB! TaKKe CTankMBalTCA C PSAOM CMOXHOCTEN,
Takux Kak LWyMbl, OeKorepeHums u ownbkn KBaAHTOBbIX Onepaunn, koTopble TpebytoT paspaboTku
cneuunanbHbIX anropuTMOB U METOA0B KOPPEKUMN OWMBOK ANst AOCTMXKEHNS HaaexHOW paboThl.

CyuiecTByt0T creaytowne KoHUenuum kyGuToB 1 KBAHTOBbLIX COCTOSTHUN:

1. Kybut moxeT ObiTb nNpeAacTaBneH Ha KBAaHTOBOM YPOBHE YacTuubl CO CBOWCTBaMM CMuMHa WUNn
nonspusaunn [4].

2. Pa3nuyHble onepaunv nepeBogaT KyOuT M3 OQHOrO KBaHTOBOrO COCTOSIHUSA B ApYroe, U3MeHss ero
BHYTpEeHHee COCTOsIHUE.

3. KBaHTOBOE COCTOSIHME OMUCBLIBAET CUCTEMY C TOYKU 3PEHUS] KBAHTOBOW MEXaHWMKU WU NO3BOMSET
CUCTEME HaAXOOUTBLCH BO BCEX BO3MOXHbBIX COCTOSIHUSIX.

4. KBaHTOBble COCTOSIHUSA XapaKTepusylTca cynepnosnumen n nHtepdepeHumnen [2], 4to npmBoauT K
YHUKanbHbIM CBOWCTBAM KBAHTOBbIX CUCTEM.

5. MNpumepamun KBaHTOBbLIX COCTOSIHUIA SABMAKOTCA COCTOSIHUSA nonsapu3anmnm oToHa, CNMH 3NEeKTpoHa 1
OpYyrne KBaHTOBbIE CUCTEMBI.

6. Kybut moxeT ObITb peanv3oBaH, Hanpumep, Kak aTtoM, MOH WM KBaHToBas Toyka [3], KoTopble
obnagatoT KBaHTOBbIMW CBOMNCTBAMM.

7. \amepeHue kybuTa npuBOAMT K KOMnancy B 04HO onpefeneHHoe KBaHTOBOE COCTOSHUE.

8. KBaHTOBbIE COCTOSHWSI 0BnNagalT BEpPOATHOCTHLIMWU XapakKTepUCTMKaAMW, YTO OTNM4YaeT uX oT
KNaccuyecKnx COCTOSAHWUNA.

9. Onepauun ¢ KybruTammn OCyLLECTBIAOTCA C NMOMOLLbIO KBAaHTOBbIX FEMTOB [5], KOTOpble MEHSIIOT UX
COCTOSIHME B 3aBUCMMOCTU OT BXOAHbIX AaHHbIX.

10. KBaHTOBbIE COCTOAHUSA MOTYT ObITb MCMOMb30BaHbI A4S KBAHTOBBLIX BbIYMCIEHWIA, KpunTorpadum,
CUMYNALMIA 1 Opyrux 3agau.

11. Cpean TMNOB KBAHTOBLIX COCTOSIHUA MOXHO BblOeNUTb 0asncHble COCTOSIHWS, Cynepno3uuum,
KBaHTOBOeE 3anyTbiBaHue [1] u gpyrue.

12. KBaHTOBas cynepno3nuus nNo3BoNsEeT CyLLEeCTBOBATb KYOGUTY BO BCEX BO3MOXHbLIX COCTOAHUAX, YTO
npuaaeT KBAHTOBbIM BblYNCIIEHUAM BblpPa3UTENbHOCTb.

13. KBaHTOBbIEe cucTeMbl cnocobHbl obpabaTeiBaTh Gomblive ob6bembl MHOPMaLMK NapaniensHo
Onarogaps cynepnosvumMm COCTOSHUIA.

14. B KBaHTOBbIX BbIYMCMNEHUSAX KyOUTbI MOTYT MPUMEHSITb KBAHTOBbIE aNTOPUTMbI, TAKUE Kak anroputm
LWopa nnu anropuTtm NpoBepa [4], ANst peLleHns CroXHbIX 3aaay ObiCTpee KNnacCn4eckmMx KOMMNbITEPOB.

15. CocTtosHue kybuTa onpegensietcsa C MOMOLLBI BEKTOpa COCTOSAHWS, KOTOPbIA yKasbliBaeT
BEPOATHOCTU HAXOXAEHUSA Kybuta B KaXk4OM U3 COCTOSIHUIA.

16. KBaHTOBbIE COCTOSIHUSA MrpaloT KIHOYEBYHD POSib B Pa3BUTUM KBAHTOBbLIX TEXHOMOIMMN U HayYHbIX
nccnenoBaHui B 06nactu KBaHTOBOM (OU3MKM.

17. TloHUMaHue KyOUTOB M KBAHTOBbLIX COCTOSIHUIA SIBNSIETCA BaXXHbIM 3M1EMEHTOM ANs pasBuUTUSA
KBaHTOBbIX KOMMbIOTEPOB N NPUMOXEHWI B ByayLiem.

MpuHUMNBI Cynepnosvuumm 1 KBaAHTOBOro MapannennsMa SBfsiTCH KMOYEBbIMU KOHLENUUAMA B
KBaHTOBOW MeXaHWKe 1 OCHOBOW A5 paboTbl KBAHTOBbIX KOMMbIOTEPOB.

MpuHLUMN Cynepnosnunmy rnacuT, YTo KBaHTOBasi CUCTEMa MOXET CyLLeCTBOBaTb OAHOBPEMEHHO BO BCEX
BO3MOXHbIX COCTOSIHUAX, NPEeAyCMOTPEHHbLIX ee KBaHTOBOW onucaTernbHOW dyHKUMeRn, 40 Tex nop, noka He
NPON3BOANTCH U3MepeHMEe. JTO O3HAYaET, YTO KyOUT MOXET HaxXoAMTbCS B NMMHENHON KOMOMHaLun 6a30Bbix
COCTOSIHMI, Hanpumep, coctosiHusa 0 n coctosaHus 1, ¢ onpedeneHHbIMUM amnnutygamu. B pesynbTarte
Ccynepnosuuum Kyout MOXeT OOHOBPEMEHHO MPEACTaBNSATb HECKOSIbKO BO3MOXHbIX COCTOSHWNA. [MpuHumn
KBaHTOBOro napanmnenMsaMa 3akroyaeTcs B BO3MOXHOCTU BbINOMHEHWUS MaparnnernbHbIX BbIMUCIIEHUN Hafg
BCEMW BO3MOXHbIMW KOMOMHAUMSIMUM COCTOSIHUMIA KyOUTOB. B oTnmnyme OT KnaccM4eckux KOMMbIOTEPOB,
KOTOpble MOryT obpabaTtbiBaTb TONLKO OA4HY KOMOMHALMIO COCTOSAHMI 3@ pas3, KBaHTOBbIE KOMMbIOTEPbI MOTYT
ogHoBpeMeHHO obpabaTbiBaTe BCE BO3MOXHble KOMOMHauuW COCTOsSiHUMA  Gnarogaps  npuHUMnY
cynepnosvunn. 3To NO3BONSET KBAHTOBLIM KOMMbLIOTEPAM BbINOMHATL OnpeAeneHHble 3a4a4m 3Ha4ymMTeNsHo
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ObicTpee, YeM Kaccudeckne KoOMnbITepbI.

MpuHUMN cynepno3vuun U MNpUHLMN  KBAHTOBOrO nNapannenuaMa BMecTe [alT KBaHTOBbIM
KOMMbOTEPAM BbIYUCIIUTENBHYIO MNPEUMYLLECTBO NPU peLleHuyM onpeaeneHHblX 3agadv. Hanpumep, npu
dakTopumsaumu 6onbLunx Yucen anroputm LLopa ncnone3yeT cynepnosnumio U KBaHTOBbIN Napannenusm ans
ahbpekTnBHOro noucka nepmoga PyHKUMU, YTO NPUBOLMT K Pa3NOXEHMIO YNCIa Ha NPOCTble MHOXMWTENM 3a
3KCMOHEHUManbHO MeHbLLEE BPEMS, YEM KINaCCUYECKME anropuTMbl.

OpaHako, BaXXHO OTMETUTb, YTO BbIXOAHbLIE [aHHble KBAHTOBOIO KOMMbKOTEPA MOCME W3MEPEHMS
OrpaHN4YMBaloTCA OLHMM KOHKPETHBIM COCTOSIHMEM, BbIOpaHHbIM C onpenerieHHON BEpPOATHOCTLIO. AHaNM3 u
WHTepnpeTauus pe3ynbTaToB KBAHTOBbIX BbIYMCIIEHU TpebyeT NCNONb30BaHNs] CTaTUCTUYECKUX METOLOB U
anropuTMOB 418 NONyYeHUst NONE3HOM MHGOPMAaLMN U3 BEPOSTHOCTHLIX Pe3yrbTaToB M3MEPEHUN.

OCHOBHbIMU KBaHTOBbLIMUW KOMMbOTEPaMK, pa3paboTaHHbIMU B nabopaTopusix, ABMASOTCS:

1. IBM Q System One: IBM co3gan kBaHTOBbI KOMNbloTEp noA Ha3saHueM IBM Q System One. 3t1oT
KBaHTOBbIN KOMMbIOTEP MMEET KybuThbl, MCNoNb3ytoLLmMe KBaHTOBbIEe adhpekTbl Ans BbINONHeHUa onepauuii (20
Kybutos, 2019).

2. Google Quantum Al: Komanpa Google kBaHTOBbIX MHXEHEPOB Takke paboTaeT Hag pa3paboTkon
KBaHTOBbIX koMnbloTepoB. OHU npeacTaBunu Bristlecone — 72-kyOuTHBIN KBAHTOBLIN NPOLIECCOP.

3. lonQ: KomnaHnumsi lonQ pasBuBaeT KBaHTOBble KOMMbIOTEPbLI, WCMOMb3ys WOHbI Afs XpaHeHWUs
uHdopmaumm. OHm co3ganu 11-KyOUTHBLIN KBaAHTOBBLINM MpoLieccop M paboTalT Hag yBENWYeHueMm yucna
KyOuMTOB.

Bbigensior cnegywuwimne npeunmMywlecteBa M HeaoCTaTkM  CyWeCcTBYHOLWUX MoAenen KBaHTOBbIX
KOMMNbKOTEPOB:

— NpeMMyLLecTBa:

1. Bbicokas BbluMCNUTENbHAA MOLLHOCTb. KBaHTOBbIE KOMMbIOTEPLI MOryT obpabatbiBath GonbLune
0bbembl AaHHbIX MapannenbHo Gnarogapst NpUHLMNY Cynepnosvumm 1M KBAaHTOBOMY Napannenuamy, 4to
3HAYNUTENbHO YBENNYMBAET CKOPOCTb BbINOIHEHWST BbIYUCIEHWA.

2. PeweHne cnoxHelx 3agady. KBaHTOBble KOMMbHOTEPLI MMEKT MOTEHUMan nns pelweHus 3agad,
KOTOpble HEeMnoCWIbHbl A5 KNacCUYeCKMX KOMMbIOTEPOB, TaKMX Kak dhaktopm3auusa GonbLuMx 4ucen unm
ONTMMM3aUNSs CITOXHbBIX CUCTEM.

3. OddpekTuBHOCTL anroputmoB. [ns HEKOTOpbIX 3ada4vy KBAHTOBblE anropuTMbl MOTyT ObiTb
3HauuTeNbHO Gonee adPEKTUBHBIMK, YEM KIACCUYECKME anropuTMbl, YTO MO3BONISET COKPaTUTb BPEMS
00paboTKM AaHHbIX.

4. MoTeHuman ans passuTus. VIcnonb3oBaHWe KBAHTOBbIX BbIMUCIIEHWIA MOXET NPUBECTM K CO34aHUI0
HOBbIX TEXHOJIOMMN W Hay4HbIX OTKPbITUA, KOTOPblE HEAOCTYMHbl C WCMOMb30BAHMEM KITACCUYECKUX
KOMMbIOTEPOB.

— HepgocTaTku:

1. TexHu4eckne CroxXHOCTU. Peannsaums KBaHTOBbIX KOMMbIOTEPOB TPeBYeT BbICOKOTOUHbIX KBAHTOBbIX
CMCTEM 1 TEXHOMOIUNIA, YTO MOXET BbITb TEXHUYECKUN CMOXHbLIM 1 JOPOrOCTOSALLIMM MPOLIECCOM.

2. BO3MOXHOCTb OLINGOK. /3-3a 4yBCTBMTENbHOCT KBAHTOBBLIX CUCTEM K BHELUHWUM BO3AEWCTBUSAM
CYLLeCTByeT PWUCK BO3HWKHOBEHMs OWWGOK B MpPOLECCe BbIMUCMEHUA, YTO TpebyeT WCrnonb3oBaHUs
KOPPEKTUPYIOLLMX KOJOB.

3. OrpaHnyeHVsi Ha pasmep KBaHTOBbIX cucTeM. B HacTosilee Bpemsi pa3Mep KBaHTOBbLIX CUCTEM
orpaHuyeH, YTo orpaHMYMBaeT MacLLTabnpyeMoCTb Y BO3MOXHOCTM KBAHTOBbLIX KOMMbIOTEPOB.

4. CnoxHocTb nporpamMmmupoBaHusl. HanucaHue 3deKTUBHBLIX KBaHTOBbLIX anropuTMoB TpebyeT
cneumanbHbIX 3HaHWA 1 HABLIKOB, M MO CPaBHEHUIO C KNacCMYeCKUM NporpamMmmmnpoBaHnem MoxeT 6biTb Gonee
CMOXHbIM U TPYAOEMKMM MPOLECCOM.

KBaHTOBbIE KOMMNbKTEPBLI B HAY4YHbIX UCCNeaOoBaHUAX UMEIOT LLUMPOKME NpuMeHeHuda, B TOM 4ucne un
TexHosnorn4yeckue, cpeam KotTopbiXx OAHUMU N3 OCHOBHbIMU ABINAKOTCA crieayrowine:

1. cnonb3oBaHne aona moaennpoBaHMA CINOXHbIX KBAHTOBbIX CUCTEM, MOJEeKyn n matepuanos, 4YTo
no3BosnsieT uccrnenoBaTensaM NOHATbL UX CBOMCTBA U B3anMoaencTBns Ha 6onee riny6okoM ypoBHe. 3TO MOXeET
NpUBECTU K pa3paboTke HOBLIX MaTEPUANoB C YHUKaNbHbIMU CBOMCTBAMM, KOTOPbIE MOTYT HAUTU MPUMEHEHMWE
B pasfMyHbIX OTpacnsiX, OT 3MEeKTPOHUKN 40 MeaULIMHbI.

2. Xumundeckne pacyeTbl. KBaHTOBble KOMMbIOTEPLI MOFYT WCMOSb30BaTbCA AN MOAENMpoBaHUSA
XUMUYECKUX CTPYKTYP U peakumit, BUOXMMMYECKUX MPOLIECCOB M B3aMMOAEWCTBUIA MeXay Morekynamu c
BbICOKOW TOYHOCTbIO M CKOPOCTbIO, YTO MO3BOSSIET UCCreaoBaTensM paspabaTtbiBaTb HOBble MaTepuarbl U
nekapcTtea. JTO NO3BONWUT uWccrnepoBaTensam U dapmaueBTam ObiICTpee M TOYHEEe NPOrHo3upoBaThb
SCD(*)GKTI/IBHOCTI: noTeHuuarnbHbIX NEeKapCTBEHHbIX MnpenapaTtoB W CoKpawatTb BpeMda U CTOUMMOCTb WX
pa3paboTku.

3. OI'ITI/IMI/I3aLI.I/IF| CNOXHbIX cuctemM. KBaHTOBbIE KOMMbIOTEPbI MOTYT NPUMEHATLCA ANA pelleHnd 3agad
onTuMmnsaunm B pasrinyHbIX oGnacmx, TAaKMUX KaK JIOrCTUKa, CbI/IHaHCI:I N TPAHCNOPT, YTO MOXET NPUBECTU K
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yny4LleHno 3PdEKTUBHOCTN 1 IKOHOMUN PECYPCOB.

4. PaspaboTka HoBbix MartepumanoB. C NOMOLLbI KBAHTOBbLIX KOMMbIOTEPOB MOXHO MPOBOAUTL
MOAENMPOBaHME M aHanM3 CBOWCTB pasfiMYHbIX MaTepuarnoB, YTO MOXET MNPMBECTUM K CO34aHUI0 HOBbIX
MaTepuanoB C YHUKanbHbIMU CBONCTBAMU U MPUNOXEHUAMMU.

5. KeaHToBaga kpuntorpacdua [1]. KBaHTOBbIE KOMMbIOTEPLI MOrYT MCMOMbL30BaTbCa AN pa3paboTku
KBaHTOBO-CTOMKUX KpunTorpadgmyecknx MeTodoB, KOTopble obecneumBaloT 0Oornee BbICOKUA YPOBEHb
Oe3onacHoCTU nepenavn MHpopMaumm, a Takke okasaTb CYLLECTBEHHYHO MOMOLLb B pa3paboTke KBaHTOBbIX
wndpoB U MNPOTOKOSIOB, KOTOpble obecneynBaloT 0Goree BbLICOKMA YpoBeHb 6e3onacHocTu, Yem
CyLLECTBYIOLLME KNnaccudeckne Metoabl Kpuntorpadun. 3T MeToabl MOryT WCMONb30BaTb MPUHLMMbI
KBaHTOBOW MEXaHWKN, TaKne Kak HenpepbiBHOE M3MEHEHNE KBAHTOBbLIX COCTOSIHUI, AN obecneveHms 3auThl
OaHHbIX.

6. NccnepoBaHne kBaHTOBOW (bM3nkn. KBaHTOBbIE KOMMbIOTEPLI MOrYT NMOMOYb MCCregoBaTensam B
N3y4YeHUM OCHOBHbIX MPUHLINMOB KBAHTOBOW OU3NKM U NPOBESEHUN SKCNEPMMEHTOB AN NPOBEPKN KBAHTOBbIX
TEOPUN.

7. KBaHTOBbIE KOMMNBIOTEPLI MOTYT BbITh MCMOMNL30BaHbI ANs pa3paboTkn HOBbIX METOL40B XPaHEHUSA U
nepegayn aHeprum, Taknx Kak KBaHTOBbIE CETU M KBAHTOBbIE aKKyMynsaTOpbl, KOTOpble obecneunsatoT bonee
3(PPEKTUBHOE 1 IKOSTOTMHYECKM YNCTOE UCMOSTb30BAHNE SHEPIUN.

Pa3BuTue KBaHTOBBLIX KOMMbLIOTEPOB UMEIOT OFPOMHbIE MEPCMEKTUBLI: YBENUYEHME Yncna KyouTos u
yrny4lleHne KayecTBa KBAHTOBbIX COCTOSIHUIA, YTO NO3BONSIET YBEMUYUTL KOMMYECTBO KYOUTOB Ha KBAHTOBbIX
ymnax, NPMBOASILLEE K YBENNYEHNIO MOLLHOCTM U CKOPOCTU KBAHTOBbLIX KOMMbIOTEPOB; pa3BUTNE anropuTMoB
W NporpaMMHoOro obecneyeHns Ans KBaHTOBbIX KOMMbIOTEPOB MO3BONUT co3aBaTb 6onee addeKkTUBHbIE U
ONTUMM3NPOBAHHbIE BbIYUCIUTENbHbIE 3aayvM ANS KBAHTOBbIX KOMMbIOTEPOB; pa3paboTka HOBbIX METOAOB
NporpaMmmMnpPOBaHNsA ANs1 KBAHTOBbIX KOMMbIOTEPOB 3HAYMTENBHO YNPOCTUT MPOLIECC CO34aHUsi MporpamMmm u
MOBbLICUT MPOM3BOAUTENBHOCTb BbIYMCIIEHUIA; CO3aaHME Creumnanu3MpoBaHHbIX MHCTPYMEHTOB pa3paboTku u
OoTNagkM nporpamMmm Ans KBAHTOBbIX KOMMbIOTEPOB YIYYLIWT KAYyeCTBO W HAAEXHOCTb MPOrpammHOro
obecneyeHunst; pa3BuTHE KBAHTOBbLIX 6UBNMOTEK U PPENMBOPKOB cAenaeT AOCTYN K KBAHTOBbIM BbIYUCIEHUAM
bornee yaobHbIM 1 apeKTMBHBIM.

Pa3paboTka kBaHTOBbIX KOMMbIOTEPOB CBA3aHa C TEXHUYECKMMM Npobnemamu, 13 KOTOpbIX OQHUMU K3
OCHOBHbIX SIBMSIETCA CO34aHue CTabunbHbIX KBAHTOBbIX COCTOSHUIA. KBaHTOBble COCTOSIHUA KpawHe
YyBCTBUTEMbHbI K BHELHWM BO3QEWCTBMAM, TakMM Kak TemnepaTypHble (yKTyauuu, paavaunoHHoe
n3ryyeHne W INEeKTPOMarHUTHble nons. OTO MOXeT NPMBECTW K dekorepeHuuun [5] — noTepe KBaHTOBOW
KorepeHTHocTu. B pesynbraTe KybuTbl nepectaloT ObiTb B COCTOSHUM CyneprnosvumM M BMECTO 3TOro
NPUMHUMAIOT KNaccuyeckne 3HayeHus, YTo denaeT HEeBO3MOXHbIM NPOBedEeHWEe KBAHTOBbIX BbIYUCIEHUN.
PelweHune aton npobnembl BKMOYaET CO30aHNE OKPYXXEHUI C HA3KUM YPOBHEM LLyMa M pa3paboTKky MeTonoB
KoppeKkumn owmnbok. Kpome TOro, KBaHTOBble CUCTEMbI NOABEPXeHbl OWnbKaMm n3-3a B3aMMOLEWNCTBUSA C
oKpyXatoLlen cpegomn. 3T ownbkn MOryT ObiTb Bbl3BaHbl MHOXECTBOM (hakTOpOB, Takmx Kak nykTyaumu
TemnepaTtypbl U anekTpomMarHutHoro nons. Camu KBaHTOBblEe onepauun Takke MOryT ObiTb UCTOYHWUKOM
owwnbok. Paspabotka MeToOooOB wUcCnpaBreHust OWKUOOK CTaHOBMTCA KpuTudeckonm AaAnst obecneyeHus
HaZeXHOCTN KBaHTOBbIX BbluncneHun. CosgaHwe u noggepxaHue CTabunbHbIX KBAHTOBbLIX COCTOSHWUWA
TpebyeT BbICOKOTOYHbIX U CIIOXHbIX TexHonorun. Hanpumep, Ons KBaHTOBbIX TOYeK, KOTOpble MOryT ObITb
MCMNonb30BaHbl B kKavyecTBe KybuToB, Heobxoanmo obecneuntb TOYHOE yrnpaBneHne Haf UX MoSIoXeHnem u
SHeprmen. 3TO MOXeT BKMYaTb B cebS uCnonb3oBaHWE creuuanbHbiX MaTepuanoB W TEXHWK
HaHodabpukauun.

Mpobnembl ynpasneHns n NogaepXKKU KBAHTOBbLIX CUCTEM Takke SBMSITCSA KIOYeBbIMU Bbi30BamMu B
pa3paboTke KBaHTOBbIX KOMMbIOTEPOB. KBaAHTOBAas KOHTPONbHAA WHXEHepusi — ynpasrieHWe KBaHTOBbIMU
cuctemammn TpebyeT pa3paboTkM CMOXHBLIX anropuTMOB UM METOAOB, KOTopble obecnednBaloT TOYHOE
yrnpaBrneHne n MmaHunynmpoBaHne Kybutamu. 370 BKoYaeT B cebs MHMUManm3aumio KBaHTOBbIX COCTOSIHUN,
BbINOMHEHNE KBAHTOBbLIX Onepauun N CYUTbIBaHWE pe3ynbTaToB BbluMcieHun. OTcyTcTBUEe apEKTUBHbIX
METOAOB YMNpPaBIieHNs MOXET MpMBECTM K OWMbKam M noTepe KBaHTOBOW WHcopmaumn. Ontummnsaums
KBaHTOBbIX anroputMoB — 3adpdeKTMBHOE ynpaBreHne KBaHTOBbIMU cucTeMaMu Takke TpebyeT pa3paboTtku
ONTUMM3NPOBAHHBLIX KBAHTOBbLIX anroputMoB. 3TO BKMYaeT B cebs nouck 3deKTUBHbIX cnocoboB
peanusauny KBaHTOBbIX OMepaLuii 1 ynyyllieHne Npou3BoAMTENbHOCTY KBAHTOBbIX anropuTMOoB 4SS peLleHns
KOHKPETHbIX 3aaau.

NHTerpauusi ¢ knaccm4yecknMm cucteMamm — KBaHTOBblE KOMMNbloTepbl OyayT pabotaTth B cpede, rae
NPUCYTCTBYIOT M KIacCcu4eckme BblYMCIIUTENbHbIE CUCTEMbI. OTO TpebyeT pa3paboTkn MeToaoB MHTerpauum
N COBMECTHOMN paboTbl KBAHTOBLIX U KNACCUYECKMX CUCTEM, YTOObI obecneunTb aPdEeKTUBHYIO N HAAEXKHYIO
06paboTKy AaHHbIX.

OGecneyeHne CTabuUNbHOCTU U HaOEeXHOCTU paboTbl, YTO BkMNYaeT B cebs pa3paboTky meTodoB
AVNarHoCTUKM 1 OBHapyXeHus OWMBOK, a Takke CO3fgaHWe CUCTEM aBTOMAaTWYECKOro BOCCTAHOBMEHMS U
pesepBrpoBaHus ans obecnedyeHns HenpepbIBHOW paboTbl.

BOI'IpOCbI OesonacHocTn MU KOH(bI/ILI,eHLI,VIaﬂbHOCTI/I OaHHbIX, O6pa6aTbIBaeMbIX KBaHTOBbIMU
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KOMMblOTEPaAMU ABNAOTCA OOHUMU U3 KMOYEBBLIX NpU paboTe KOMMbTEPOB. OTO yrpo3bl KpunTorpacdpum —
KBaHTOBbIE KOMMNbIOTEPLI 061a4at0T NOTEHLMANOM s B3floMa MHOIMX CYLLECTBYIOLLUX KPUNTOrpacnieckmx
METOL0B, OCHOBaHHbIX Ha CMOXHOCTM MaTtematmyeckux 3agad. Hanpumep, anroputm Lopa nossonsiet
ahbpexkTnBHO hakTopmsoBaTb GonbLUMe Lienble YNCna, YTO NPUBOAUT K yrpo3e Anst anropuTMOB LLMGPOBaHUS,
Takux kak RSA. Anroputm NpoBepa MOXET 3HaUUTENBHO YCKOPUTL MNOMCK NO 6a3e AaHHbIX UNN HaxXOoXAeHne
AVCKPETHOro fnorapndma, 4To MOXeT nogopsaTtb 6€30NacHOCTb MHOTUX CUMMETPUYHBIX KpUnTorpadguyeckmx
anropuTMOB.

B KOHTeKCTe KBaHTOBbIX KOMMNBIOTEPOB TaKKe BO3HWKAIOT HOBbIE BOMPOCHI O 3aLuuTe OT atak. Hanpumep,
CyLLIeCTBYeT yrpo3a Kpuntorpacu4eckon atakm Ha KBaAHTOBblE MPOTOKOMbI CBSI3W, €CIU 3IT0YMbILLIIEHHMK
MOXeT MepexBaTuTb Unun nogaenatb KBAaHTOBbIE COCTOSIHMS B kaHane cBsA3n. Heobxogumo paspaboTtatb
HOBble MeTOAbl KBAHTOBOW KpunTorpaduu, KoTopble ByayT yCTONYMBBI K TaKMM BUgam aTtak.

BmecTe ¢ yrposamu nosBnsoTCA U HOBblE BO3MOXHOCTM Ansi obecneveHns 6e3onacHocTn. KBaHToBbIE
CUCTEMbI MOryT OblTb UCNOMb30BaHbl AN pa3paboTkM HOBbIX KpunTorpaduyecknx MeTonoB, Hanpumep,
KBaHTOBbIX KIOYEN UM KBAHTOBbLIX MPOTOKONOB pacnpefeneHus Krwoyen, kotopble obecneyvmsaioT Gonee
BbICOKMI YpOBEHb 6GE30MacHOCTH U 3aLlnThl OT KBAHTOBbIX aTak.

PelueHune aTnx BonpocoB TpebyeT LIMPOKOro MEXAMCUUNIMHAPHOIO NOoAX04a, KOTOPbIA BKMOYaeT B
cebs paboTy cneumanucToB No kpuntorpadumn, GUsnkn, UHXEHEPOB U MHPOPMALIMOHHBIX TEXHONOMN.

BrnvsHne KBaHTOBbLIX KOMMbIOTEPOB Ha pa3BuTve cdpepbl MCKyccTBEeHHOro wHTennekta (M) wn
MaLumHHOro obyyeHus (MO) moxeT GbiTb 3HAYUTENBHBIM Y MPUBECTM K HOBbIM BO3MOXHOCTSIM U YNYyYLIEHNIO
3hpeKkTMBHOCTU CyLLEeCTBYOWNX MeToAoB. BOT Heckonbko cnocoboB, Kak KBAHTOBble KOMMbHOTEPLI MOMyT
noBNuATb Ha 3Ty obnacTb. PaspaboTka HOBbIX anroputMOB MalUMHHOrO 0OyyeHws, KoTopble MOryT
MCMNomnb30BaTh KBAHTOBbIE MPUHLUMMBLI ANS PELUeHns 3adad — anroputMbl Krnactepusauny, knaccudukaumm um
perpeccum mMoryT 6bITb ONTUMU3MPOBAaHbLI C UCTMOMNb30BaHNEM KBAHTOBbLIX anroOpuTMOB, YTO MOXET MPUBECTU K
YMy4llEeHnio TOYHOCTU W CKOpOoCTU O0bydeHusa mogenen. Ontumusaums yHKUMA NOTEPb MM MOMCK
OonTMMarnbHbIX NapameTpoB Mogenu MoryT obpabaTtbiBaTb 6onbLune 06beMbl AaHHbIX U BbINOMHATE CIOXHbIE
onepauun napannenbHO, YTO MOXET 3HAaYNTENbHO YCKOpUTb npouecc obyyeHns. Kpome Toro, Ans peLueHns
3agay onTMMM3aunm, KOTOpble YacTO BO3HMKAIOT B KOHTEKCTE MaLUWMHHOIO oby4eHusi, Hanpumep, B 06y4YeHum
MoZernen MalWHHOro O00y4YeHVWs WnM B HACTPOMKe runepnapameTpoB, KBAHTOBbIE KOMbKOTEpPbl MOryT
3hpeKkTMBHO uMCKaTb OMTUManbHble pelleHns B OonbluMX MNPOCTPaHCTBaxX MapamMeTpoB W ynyywaTb
NPON3BOAUTENBHOCTbL MOAENEN.

KBaHTOBble KOMMbIOTEPbI MOryT ynyywuTb 0OpaboTKy ecTecTBeHHOro ssbika (Natural Language
Processing, NLP), nossonasa anroputMam 6Gornee 3deKTMBHO aHanM3upoBaTb U MOHUMaTb TEKCTOBbIE
AaHHble. TO MOXeT NpMBeCTM k pa3paboTke 6onee TOUHbIX 1 AP EKTUBHBIX MOAeNen Ans 3agay o6paboTku
TeKCTa, TakMX Kak aHanv3 TOHaNbHOCTU, MALUWHHBIA NepeBo 1 aBTOMaTu4eckoe pacnos3HaBaHue peyw.

KBaHTOBblE KOMMbIOTEPLI MOMYT ObITb WCMOMb30BaHbl AMs pa3paboTkM M oby4vyeHus KBaHTOBbIX
HENpPOHHbIX ceTeur, KoTopble MOryT 6bITb Gonee MOLHBIMU 1 3PAEKTUBHBIMU, YEM KINACCUYECKNE HEVPOHHbIE
cetn. KBaHTOBble HeWpoOHHble ceTu MoryT obpabaTtbiBaTb Gonbline 06beMbl OaHHbIX U pewaTtb Gonee
CMNOXHble 3afa4u C BbICOKOM TOYHOCTbIO. OgHako, HeobXxoauUMO OTMETUTb, YTO MHOTMME U3 NEePCNeKTUBHbIX
NPMMEHEHWIN KBAHTOBBLIX KOMMbIOTEPOB B 3TOM 06NacTu BCe elle HaxoAasaTCd Ha CTaguu UCCneaoBaHun u
pa3paboTok, n TpebytoT farnbHENLWNX NCCeA0BaHNIN 1 SKCNIEPUMEHTOB ANS UX NOSIHOW peanu3auum.
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Annotation. Quantum computers represent a revolutionary trend in computing technology. The article briefly examines the basic
principles of operation of such computers, including quantum mechanics and the concept of qubits, as well as evaluates current
achievements in this field and their application in scientific research. The prospects for the development of quantum computers, their
possible impact on everyday life and industry, as well as the challenges and problems facing their development are discussed. In

conclusion, the impact of quantum computers on science and technology, including the field of artificial intelligence and machine learning,
is considered.
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