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1. BBEAEHUE

Teopusi KBAHTOBBIX BBITHCJIEHUI CTPEMUTEIHLHO
pa3BUBaeTCSd C KOHIA MPOILIOro Beka. K HacrosIie-
My MOMEHTY IOCTPOEH PsiJi (DOPMAJIBHBIX MO/IesIe
KBAHTOBBIX BBIUHUCJEHU, JIJIsI KOTOPBIX ITOKA3aHO,
9TO KBaHTOBas MPUPOJA OOBEKTOB, C WCIOJIb30Ba-
HUEM KOTOPBIX MPOBOISATCS BBIYUCJIEHUS, O3BOJISIET
3bdEeKTUBHO penaTh OINpee/IeHHbIe 3aa9h, HMe-
IOIe HEIOCPEJICTBEHHOE OTHONIEHHE K CTOMKOCTH
KpunTorpaduvdecKnx IpUMUTHBOB. K TakuMm 3agadam
OTHOCHUTCS 33JIa4a O CKPBITON MOATPYIIe, BO3ZHUKAIO-
mas P aHAJIN3e PA3IUYHBIX CXEM ACHMMETPUIHOTO
mudpoBaHus U udPoBOil mojanucu. JacTHBIM CIIy-
gaeM 9TOU 3aJ[adu sBJeTCsl (DAKTOPU3AIMS IEJIbIX
qucesi, 3HPEKTUBHOE peleHne KOTOPOH Ipeiaraer
asropurM lopa [1]. JpyruM BaKHBIM [PUIOKEHTEM
KBAHTOBBIX BBIYHACICHUN SIBJISETCS 3aJad9a  [OUC-
K& B HEYIOPSJIOYEeHHOM MACCHUBE JIAHHBIX, KOTOpas
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3 PEKTUBHO peIaeTcss ¢ UCIOJb30BAHUEM AJTOPUT-
ma I'poepa [2] m MOXKeT GBITH HCHONB30BAHA IIPU
KpUIITOAHAIM3e ajropurMoB mudposanus [3-5].

B nacrosmee Bpemst byHIaMEHTAIBLHBIE NCCIIET0BA-
HUST HATIPABJIEHBI HA CO3/IAHNE KBAHTOBBIX BBIYUCJIATE-
Jielt, B CBSI3M C U€M yKa3aHHBbIE KBAHTOBBIE AJITOPUTMbI
MOTYT PACCMATPUBATBLCA B KAYECTBE OJHON U3 BO3MOXK-
HBIX yTpO3 GE30MaCHOCTH COBPEMEHHBIX KpHAITOrpadu-
YECKUX AJTOPUTMOB U IIPOTOKOJIOB.

B nmammoit pabore HAa OCHOBE MOIXOA, MPEITOKEH-
HOTO B [3], OTy9eHBI OIEHKH PECYPCOB KBAHTOBOT'O BbI-
YUCJIUTENSA, HEOOXOAUMBIX JIJIsI TTOUCKA KJII0Ua OTIpeJIe-
JsieMbIx HaruoHaJbHbIM crapgaprom ['OCT P 34.12-
2015 [6] anropurmos Gaounoro mudposanusa «Kysme-
quk» u «Marmay ¢ momornbio ajaropurma ['posepa.

2. KBAHTOBBIII KOMIIbIOTEP

CoruacHo [5], peasm3anusi ajJropuT™Ma Ha KBAHTO-
BOM BBIUHCJIUTENIE MOYXKET OBITH MPEJCTABICHA B BUIE
4eTbIPEeXyPOBHEBOH nepapXudecKoil Moaenn:

— YyPOBEHb MAaTEMaTUYECKOI abCTpaKIuu, KO-
TOpBIHl (bopMaII3yeT MaTeMaTHYIECKOe OIMCAHUE pea-
JIM3yEeMOI'0 KBAaHTOBOI'O aJI'OPATMA,;
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— JIOTUYEeCKHUI yPOBEHb, KOTOPLIi [10/Ipa3yMeBa-
€T KOHKDETHYIO PEAJU3AINI0 AJITOPUTMA, C PACIETOM
TpedyeMOro KOJIMIECTBA JOTUIECKUX KyOUTOB;

— YPOBEHb KOPPEKIUN OMIMOOK, KOTOPHIH 110/1-
pa3yMeBaeT peasin3alii0 KBAHTOBBIX KOPPEKTHUPYIO-
IUX KOJOB, IIPEeTHA3HAYECHHBIX JIJIsI NCITPABJICHUS OIIIU-
OOK M3MEpeHuit U JIEKOTePEeHTH3ANNN (PU3MIECKUX K-
OUTOB;

— ¢dusudeckKuii ypoBeHb, 10[pa3yMeBaIONIil nc-

[TOJIb30BAHNE KOHKPETHON TEXHOJIOIUHU Pean3allii Ky-
OuTOB.
OrmeTuM, 9TO MOCJIETHIE JIBA YPOBHS HEIIOCPEICTBEH-
HO OIpPEIEeSIOTCs (DU3MIECKUMH IMTapaMeTPaMu UC-
[IOJIb3YEMOIl TEXHOJIOTUN peaju3alud KyOuToB U B
JTabHEHRIIeM U3JI0KEHUN PACCMATPUBATHCS HE OYJLYT.

Hac unrepecyer orieHKa MUHIMAJIBHOTO KOJIMIECTBA,
JIOTMIECKAX KyOUTOB, JIOCTATOYHOTO JJIsi PEAIH3aI[un
asroputMma ['poBepa B 3ajade IOWCKa KJIIOYa aJro-
puTMOB 6s109HOTO Mg poBanus, onpeaeasembx ['OCT
P 34.12-2015, o HeCKOJIBKUM HM3BECTHBIM IapaM OT-
KPBITOrO U 3aIn(POBAHHOIO TEKCTOB.

3. AJITOPUTM I'POBEPA

[Iycts mMeeTcst TPOMHIEKCHPOBAHHOE MHOXKECTBO
u3 N = 2" sjmementoB. Tpebyercs B 9TOM MHOYXKECTBE
HAWTH WHJEKC JIEMEHTA, YIOBJIETBOPSIONIEr0 HEKOTO-
POMY KPUTEPHIO TIOUCKA, IIPUYEM IPEIOIAraeTcsl, ITo
TaKOW 3JIEMEHT CYIIECTBYeT W eJuHCTBeHeH. Hbivmu
CJIOBAMU, MOYKHO CYUTATH, UTO 3aJIlaHa HeKoTopas Oy-
nesa ynkims f : V,, — Vi, npuuem f(z) = 1 rorma
U TOJIbKO TOTJIA, KOTJIA JIEMEHT MHOXKECTBA C WHJIEK-
COM & YJOBJIETBODSET Kpurepuio noucka (r = w). [Ipu
9TOM CUUTAETCs, 9TO yKasaHHas GyHKIus f peannso-
BaHA KaK YEPHBI sIUK WiIn opaky/. [Ipu permennn 3a-
Jlaud Ha KJIACCUYECKOM BBIUUCJIMTENE B ODIIEM CJIydae
HeoOX0IMMO TIepebpaTh BCe BO3MOXKHBIE 3HAUECHUS WH-
JIeKCa, YTO B UTOTe JIaeT TPYyA0eMKOoCTh opsiika O(N).

Peanusyemblii Ha KBAHTOBOM BBIYHCJIUTEIE AJIIO-
pur™ Tposepa (cu. [2]) mmeer Tpymoemxocts O(v/N).
IIpexx e Bcero, canTaercs, 9T0O CyIIeCTBYET KBAHTOBBII
OpaKyJ, TPOBEPSIONINII BBIMIOJHEHNE KPUTEPUS MTOUC-
Ka, KOTOPBIN IIPE/ICTaB/IsieT cOOON YHUTAPHBIN omepa-
Top U, JEHCTBYIOMUI C/IEIYIONUM 00Pa30M:

U |$> = |$> )
Uy |2) = |z)

ecm ¢ = w, T.e. f(z) =1,
o W

e ¢ # w, T.e. f(x)

Y1005 CBSI3aTH KBAHTOBBII OPAKYJI C KJIACCHIECKOiT Oy-
JieBoil (byHKIMel f, MCIIOJIBb3YIOT SKBUBAJIEHTHOE 32,13~
HE€ CO BCIOMOTATEIbHBIM KyOUTOM |y):

646

2|0n> <On| 7[71 H®n

Puc. 1. Anroputm [posepa

Us |z) [y) = |z) ly © 1),
Uo |z) [y) = |) ly)

ecin & = W,

(2)

eciu T # w,

wm kpatko Uy, |z) ly) = |x) |y @ f(x)). Jlerko y6eaurs-
Cs1, 9TO €CJIM BCIOMOIaTEIbHBI KyOUT IIPUBEJIEH B CO-
1
)=
V2
To selicrBue oneparopa U, B hbopme (2) IKBUBAJIECHTHO
zaganuio B dpopme (1):

CTOdAHUEe

(10) = 1)) = H|1),

—lz)@l-),
[z) @ ]-),

eci T = W,
Uallz) @ 1=)) = eci T # w

Hamee aaropuT™ JeficTBYET CIEAYIONUM O00Pa30M.
PopMuUpPyeTCS COCTOSIHUE, SIBJIAIONIEECT PABHOMEPHOIM
cynepriogunueir Bcex N = 2" 3HadYeHUNl apryMenTa T
(mst gero norpebyercst n KyOUTOB):

1 Nl
IS>=\/—N;|9C>~

K sromy cocrostHuo (Min K COCTOSIHUIO |$) ® |—), B
3aBUCUMOCTH OT CIIOCO0A 3a[aHKsl OIIEPATOPA OPAKYJIA)
IIpUMeHseTCs oneparop «ureparuu ['posepas, cocrto-
ANUN U3 I0CJIEIOBATEIBHOIO IIPUMEHEHHs OIIepaTopa
opakyna U, u omepartopa «paccemBanus ['poBepas Uk,
KOTOPBII 33/Ia€TCs CJIELYIOUM 00pa3oM:

Us=2]s)(s| — 1,

rae I — equHUYHBIA onepaTop (eJAMHMYHAS MATPHUIA
pasmepa 2" x 2™).

Ilocsie onpenenentoro KommdecTsa ureparuii I'po-
Bepa, mopsaka O(v/N), BEIIOIHSIETCS H3MEPEHHE BCEX
(uau 1epBBIX N) KyOUTOB, a pe3yJibTaT U3MEPEHHs C
OOJTBITION BEPOSTHOCTHIO OY/IeT /1aBATh UCKOMOE 3HAte-
HUe W. AJIPOPUTM MPOUJITIOCTPUPOBAH Ha pUC. 1.

AnropurMm 1. Asnropurm I'posepa

Bxoa. Muoxectso {a1,as,...,ay} u3 N = 2" aje-
meHTOB, f : V, — Vi, f(x) = 1 Torma u TonbKO TOT/A,
KOTJIA Gy YJIOBJIETBOPSIET HEKOTOPOMY KPUTEPUIO [TOUC-
Ka, IPU9IeM KOJMIECTBO TAKUX &, Ha KOTOpBIX f () = 1,
B obmeM ciydae paBuo M (B HamreM ciydae IojiaraeM
M = 1), x — HOMED 3JIeMEHTa a,; B JIBOUIHON CHCTEME
cUHCIIeHusd, T.e. * € V,.

Beixon. C BeposiTHOCTBIO p > 1/2 1pOU3BOJIBLHBLI

s fah) =1

(0
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OLI.EHKa CNIOXXHOCTWN peannsaunmm anropnTtmMa rposepa. ..

1. Unummanmusamus n + 1 KyOUTOB B COCTOsIHUE
lho) = 0)¥™ |1) (zomommuTenbHEble paboume KyOHTHI
WHUANAAJIU3UPYIOTCA B 3aBHCHUMOCTH OT BHJA (PYHK-
uun f).

2. ITpumenenne Benruiieit Aamapa H:

]E

=0

—_

0) = 1)

|1/)1> = \/5

i i) ®

=

3. Ilpumenenne «ureparun I'posepas (7/4)\/ N/ M
pas:

a) l3menenne 3HaKa y aMIUIATY/BI IEJEBOO COCTO-
stHust 71 Beex 4 € 0, N — 1 (B mepmuHax MoHOrpadun
[7] — npumenenue opaxyma O)

|2) (=1 i);

6) MuBepcusi OTHOCUTEJILHO CPEJHErO (B TEPMUHAX
MoHorpadun 7] — npumenenue oneparopa 2 |¢) (| —1,
rae I — euHWYHAsT MaTpUIa pasMepom 2" X 2™):

o

— TIpUMeHHTH omepaTop H®";

— nmpuMeHHTH oneparop 2 |0) (0| — I;

— TIpUMeHHTH omeparop H®”.

4. Namepenue KyOuUTOB, ¢ BEPOATHOCTBIO p > 1/2
HOJIyYUM IPOU3BOJIBHBIH a @ f(z') = 1.

Paccvorpum 1Ipou3BOILHBIN AJTOPUTM  OJIOYHOTO
mrpoBaHUs C JINHON KITIOUa 12 OUTOB U JIJIMHOMH 6J10-
ka m ouroB E : V, x V,, — V,,. Ilycts uzBecTHO
HEKOTOPOE KOJUYIECTBO MAp OTKPBITHIX U IMHU(MPOBAH-
HBIX TEKCTOB, IIOJYYE€HHBIX IPH MU(GPOBAHUU HA OJI-
HoM 1 Tom e Kmoue K € V,,, C; = E(P;, K), i € 1,1,
U peIaeTcsl CTAHIAPTHAS 33/1a9a 10 BOCCTAHOBJICHUIO
kova. s mpumenenusi asroputMma ['poBepa mepen
HaMH CTOUT 33/1a4a rnmoctpoenus oneparopa U,. [Ipex-
Jie BCErO 3aMETUM, YTO MBI TPEDOBAJIU, YTOOBI PEIIeHUE
3812491 OBLIO €IMHCTBEHHBIM, T. €. KJII0Y MG poBaHus
110 3aJ]AHHOMY HabOPY BXOJIOB U BBIXOJIOB OIIPE/IEISIICS
OHO3HAYHBIM 00pa3oM. C yueToM pacCTOSHUS € IUH-
cTBeHHOCTH THdPa [8] KOIMIECTBO AP TEKCTOB JIOJK-
HO OBITH He MeHee t = [n/m/].

B stom caygae ¢ 60611101 BEPOSITHOCTHIO K04 OY-
JIeT €JIMHCTBEHHBIM, & COOTBETCTBYIOIIas Oysiea OyHK-
nust opakyna f @V, — Vi onpeznesnsercs ciieLy oM
obpazom:

f(x) = /\Z(E(Plvx) ®Ci))7
=1

rue z : Vi, — Vi, upuuem z(z) = 1, eciw © = 0™, u
z(xz) = 0 B IPOTUBHOM CJIydae.
OrmeTuM, 9T0 B padore 3] ucrosnb3yercs: 3aBbIleH-

Has OleHKa s Tpebyemoro uucia nap (P, Cy), i €
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€ 1,t, 9To IPUBOIUT K HEKOPPEKTHOH pPe3yILTHPYIO-
meil oreHKe TpeOyeMbIX [JIsi Peaju3allui aJrOpUTMa
I'poBepa pecypcos.

Takum o6paszom, TpedyeMble I PeATUIAIUN A0~
purma ['poBepa pecypcebl (KOm4aecTBO KyOUTOB U KBAH-
TOBBIX BEHTHJICH) MOIYT ObITH OINEHEHbI KAK IIPOU3Be-
JIEHUE COOTBETCTBYIOIINX OIEHOK JIJISI PECYPCOB OTHOI
ATEPAIUU Ha CPeJIHee YUCIJIO uTeparuit aaropurma ['po-
Bepa (3TanoM u3MepeHust Mbl B JAHHOM CJIydae IIPeHe-
6peraem). Ipu 9TOM KazK1asi nTEpanus, KAk y2Ke OTMe-
9aJI0Ch, MIPEJICTABJISIET COOOI IOC/IEI0OBATEILHOE IPU-
MeHeHne oreparopa opakymia U, u omeparopa «pacce-
uBanusa ['posepa» Ug. s omepaTopa <«pacCenBaHUS
I'poBepa» Ko/IMYeCTBO KBAaHTOBBIX OIIEPATOPOB i1, OY-
JIeM OIEHWBATh B COOTBETCTBHHU ¢ paboramu [3,4], a
OIleHKe KOJIMYeCTBa KBAHTOBBIX OIIEPATOPOB lr,, Tpe-
OyeMBbIX Jjis peanu3aruu opakysia U, TOCBSIIEHBI CJie-
JyIoNne pa3/esibl HACTOLIIEH CTaThbU.

Nrorosas orerka TpebyeMOTro KOJIUIECTBA KBAHTO-
BBIX OIIEPATOPOB It ajroputMa I'posepa cocrasiiser

TVN(tu, + o). 3)

4. PEAJIN3AIIS OOHOUN UTEPAIINU
AJITOPUTMOB IITN®POBAHUSI
«KY3HEUYUK» U «MATMA »

st Toro 9TobBI peasim30BaTh YHUTAPHBIN Olepa-
Top U, , COOTBETCTBYIONMNI TPOU3BOJILHOMY OJIOTHOMY
mudpy F : V, x Vi, = V,,, HeoOX0AUMO IpeicTaBUTh
ero GYHKINIO 3a@pPOBBIBAHUS B BUJE KBAHTOBOI
cxembl. Orobpaxkenue E : V,, x V,,, — V,,, cocrour u3
m OyJIEBBIX KOOPAUHATHBIX DyHKIMA f; (21, ..., Tntm),
i € 1, m. Peajuzanus 6ysesoit dynxuuu f(z1,...,2,)
B BHUJe KBAHTOBOW CXeMbI B ODINEM CJiydae IPHUBEIeHa
Ha puc. 2.
TTosrmHOM Keragkuna  OyseBoit byuKIMn
fi(x1, ..., Tm+n) MOXKHO peaJn30BaThb C [OMOIIBIO
0606mennbix Bentmwieit CNOT(Ct) (em. [7, 9, 10]),
B KOTOPBIX YUpaBJIsAEMbIfi KyOUT ¢ KOHTPOJIUPY-
ercss HEeKOTOpPhIM MHOXKecTBoM Kybuto C. Jlnga
peammuzanuu  o6obmenubx Berruieii CNOT(C|t) He
TpeOyeTCsT MCIOJIb30BAHUE JOMOJHUTEIbHBIX KyOUTOB

|2") — —— |a")

Uy

|0) — 06 fle)

Puc. 2. O6bwnii BUA KBaHTOBOI CXeMbl, peannsytoLueii bynesy
dyHkuuo f(x1,...,Tn)



. B. Aenucenko, I b. Mapianko, M. B. Hukuternkosa n ap.

MHITD, Tom 155, BRII. 4, 2019

(em. [7], c. 184). CuemoBaresbHO, IS pean3alin
fi(x1, ..., Zpntm) TPEOYeTCs n + m + 1 xyburos, a
kosmuectBo 0606menubix BenTmwiaeit CNOT(C|t) we
[IPEBOCXO/IAT KOJIMYECTBA CJIATAEMBIX B  IIOJIMHOME
2Keragkuna paccMaTpuBaeMoii OysieBoit Oy HKITIH.

Takum ob6bpa3om, ecanm KOOpAWHATHBIE (DYHKIMH
mudpa F : V,, x V,, = V,,, Jerko npeiacraBuMbl B BUJIE
nosimaoma 2Kerajkuna, TO JIsi peasu3ali COOTBET-
CTBYIOIIEH KBAHTOBOU CXEMbI aJrOpUTMa MudpoBaHus
JIOCTATOYHO N + M + M KyOHTOB.

AnroputMbl 6J109HOTO MIUMPOBAHUS CTPOAT TAKUM
0o0pa3oM, YTO TOJYIUTh AHAJIUTUIECKHUE BBIPAYKEHUSI
it KoopAaumHATHBIX dyHkmuit F : V, x V,, — V,, B
BUJie TOJUHOMOB 2Kerajikua ¢ mpakTUYeCKOW TOUKH
3peHns HEBO3MOXKHO. B ¢Bs3U ¢ 3THM, JIJIs TOTO YTOOBI
npeactasuth F : V, xV,, — V,,, B Buse KBaHTOBOI cxe-
MBI, HEOOXOIMMO TIPEICTAaBUTD OJIOYHBIN mudp B BUIE
KOMITO3UIMK 6a30BBIX TpeoOpa30BaHUil, a 3aTeM KarK-
Jnoe 6a30Boe Tpeobpa3oBanme OJIOUHOTO TUdpPa Tpe-
CTaBUTH B BUJE KBAHTOBOW CXEMBbI.

Tabnuua 1. Konnyectso AononHuTenbHbix KybuToB n KBaH-
TOBbIX BEHTUJIE Npy BbINOAHeHNM 6a30BbIX Npeobpa3sosaHuii
anroputMoB 6io4Horo wudposaHus

Kos-Bo
Kos-Bo
Onepanus JOII. Ky- .
BEeHTUJIei
OuTOB
P @ Key 0 n
Zn3 4 2p2
P B Key mod 2" 1 3 252
- — 8
6"t
IToncranoska m Ny
JIuneitnoe
m < m(m-—1)
peodp.
Iukna. casur 0 0

Tpamummonuo 6109HbIe UM PHI CTPOATCS HA OCHO-
Be KOMITO3UIINH 3JIEMEHTAPHBIX [IPe00Pa30BaHmil, K KO-
TOPBIM OTHOCSITCSI CJIOYKEHHE BEKTOPA BHYTPEHHEIO CO-
crosiansg P ¢ kmouom K (MOJysnbHOE Wi MOGUTOBBIIL
XOR), nesuneitnoe npeobpa3oBaHie — HOJCTAHOBKA S,
JINHENHbIE TPE0OPA30BAHNS — YMHOXKEHUS Ha MATPHUILY
L, cnpuru. B Tabj. 1 nmpeacraBieHbl OIEHKHT JTOCTATOY-
HOro KosimdecTBa pecypcos (em. [7,11,12]) aysa peasn-
3aliy TAKUX JJIEMEHTAPHBIX IPeodpa30BaHuUil.

Ormerum, 910 Ny — KOJIMIECTBO BEHTHIIEH JIJIST Pe-
ajm3auu S-00KCOB, KaK OBLIO MOKA3aHO BBIIIE, MOXK-
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Puc. 3. KeaHToBasi cxema ogHoit utepauyuu anroputma «Kys-
HEYNK >

HO OIEHUTH MO KOJIMYECTBY CJATA€MBIX B MOJHUHOMAX
2Kerankuna KoopnHATHBIX yHKINN S-00KCcoB. CyTie-
CTBYIOT JIpyTHe CIOCOOBI peasiM3allii TOJCTAHOBOK B
BUJIe KBAHTOBBIX cxeM. Hampumep, B pabote (3] yaa-
JIOCh HafiTH KBAHTOBYIO CXEMY, 33JIaIONLyI0 OAlTOBBI
S-6okc anropurma AES ¢ nmomompio 9 kyouros. OmgHa-
KO B JIAHHOM paboTe OyIeM CINTATH, ITO MOJACTAHOBKU
s € S(V,;,) peasusyiorcs myTeM [peJCTABICHUsT KOOD-

nuHATHBIX QyHKUWi fi(r1,...,Tm),¢ € 1,m, B Buge

nojauHoMoB 2Kerajkuma.

4.1. Peanuzarusi o4HOI UTEpaIU AJITOPUTMA
«Ky3ueunk»

Hnsa peanuzariuu ofHON wuTeparuu QyHKIUH 3a-
mudpposbiBanusg FE @ Visg X Visg — Vigg amroput-
ma ['OCT P 34.12-2015 «Ky3sueuwmk», KoTOpas co-
CTOUT W3 CJIOXKEHUsI BHYTPEHHErO0 BEKTOPa BHYTPEH-
HEro cocTosiuus co 128-0uTHBIM KjotuoM K, mapaJ-
JIEJILHOTO TIPUMEHEHUsI MIEeCTHAAIATH S-OUTHBIX IIO/I-
CTaHOBOK U IIPUMEHEHUs JINHEHHOrO Ipeobpa3oBaHUsd
L : Viog — Visg, B BUJie KBAaHTOBOM CXeMbI TpeOyeTcs
128 + 128 + 128 + 128 = 512 kyGuros (puc. 3).

IIpu mobuTOBOM HATOXKEHUH UTEPAITMOHHOTO KJTI0Ya,
B anroputMme «Kysneunk» morpebyercst 128 BenTuei
CNOT.

KonuyecTBo ciaraembix B mosmmHoMax 2KerasiknHa
KOOP/IMHATHBIX (DYHKITUHN TTOJACTAHOBKU T : Zigs —> Zios
aaroput™ma «Kysneunks pasno 133, 130, 103, 125,
108, 123, 132, 123 coOTBETCTBEHHO MOPSIKOBBIM HO-
MepaM KOOPJMHATHBIX (DYHKIWH, T.e. JJId peasu3a-
uun 7 : Zos — Zgs Tpebyercs 977 0DOOITEHHBIX BEH-
rusteit CNOT(C|t). CioeroBaTesibHO, JIJIst peaIn3alim
S : Visg — Viog Tpebyercs 16 - 977 = 15632 BeHTUIIS
CNOT(C|t).

st peanmu3anuu JUHEHHOTO TPeoOpa30BAHUS AJI-
roputMma «Ky3neunk» B Buje ymMHOXKeHUs 128-6UTHOTO
BEKTOpa Ha Marpuily pasmepoMm 128 x 128 6ut morpe-
oyercst 7879 Bentmieit CNOT. Ognako mannoe JinHel-
Hoe TTpeoOpa30BaHUe MOXKET TaKKe ObITh Pean30BaHO
¢ moMoIbio 16 ureparnuit JHHEHHOTO PErucTpa CJIBU-
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ra. B srom ciydae jyist peasm3anuu OHOM mTeparuu
norpedbyercs 415 BeHTHIIEH, & 1T BCEro mpeobpa3oBa-
Hust — 6640. OneHKa KOJIMYecTBa PECypCcoB s peasiu-
3aIy OJHOTO payHa ajroputMa «Ky3sHednks B Buie
KBAHTOBOI CXeMBI TIPUBEJIEHA B Ta0JI. 2.

Tabnuua 2. KonnyectBo KybuTtoB n BeHTWNEl npu peanusa-
Lun OAHOrO payHaa anroputma «KysHeumk»

Kou-Bo BenTneit

128 + 15632 + 6640 = 22400

Komn-Bo xkybuTOB

512

4.2. Peasimzanust oJHOM UTEepanuy ajropurMa
«Marma»

Kaxmas wurepanus dyuknun 3anudpoBbIBaHA
E : Vi x Vga — Vga amropurma [OCT P 34.12-2015
«Marmay, gBasomerocs Tak Ha3biBaeMoil ceTbio Deit-
crenis, npeobpasyer 32-OuTHBIN 1oBeKTOp 64-OMTHO-
o BEKTOPa BHYTPeHHEro cocrosuus. s peasmsanun
9TOTO NpPeoOpPaA30BaHMs, KOTOPOE COCTOUT M3 HAJIOXKe-
HES KJTI0Ya 110 MOIyITio 232, mprMeHeHns BochbMH 4-61T-
HBIX II0JICTAHOBOK, ITUKJINYIECKOro caBura Ha 11 um 1o-
OGUTOBOTO CJIOYKEHHSI CO BTOPBIM TIOJBEKTOPOM, B BUIE
KBaHTOBON cxeMbl morpedyercst 32 + 32 + 32 + 32 +
+ 32+ 1 =161 kybur (cMm. puc. 4).

Onennm
CNOT(C|t).

IIpu HajoXeHUM PayHIOBOrO KJIIOYA B aJrOPUTME
«Marma» norpebyercst (cm. [11])

KOJIMYECTBO  OOOOIIEHHLIX  BEHTUJIEH

2 3 25

5323 + 5322 — 7532+ 8 = 23256 semrueit CNOT,
Kosmaecrso ciaraempix B mosmuomax 2Kerajakuma,

KOODJIMHATHBIX (DYHKIIAH TOJACTAHOBOK T : Ziga —> Zina,

) 0,1,...,7, amropurma «Marma» paBHO 7,5,7,4;

4,10,6,8; 7,9,7,11; 6,9,8,10; 2.8,7,9; 7,7.5,5; 7,8,6,8;

B2 —— R
|b) /;32 1 . b BB k)

la) ®- |a)
|1>7L—( ancilla) |1)

j0) 32 S(bE3 k) S| @ LSX(kb))
0) /32 1b)

Puc. 4. KsanToBas cxema ogHoii ntepauun anropntma «Mar-
Ma>»

649

5,7,6,11 cOOTBETCTBEHHO MOPSIJIKOBBIM HOMEpPAM KOOD-
JWHATHBIX (DYHKIHUH, T.e. i peajm3aruu S-O0KCOB
ajaroputma «Marmay moTpebyercs Bcero 226 0600IeH-
ubix Bentuieit CNOT(C|t).

HMukimaeckuii casur BaeBo Ha 11 6ur (MuHelHOrO
npeobpasoBanus anropurma «Marmas) MoxkeT OBITH
pPeaim30BaH € TOMOIIIBIO TPOTPAMMHOIT ITEPEHy MePaTiH
Ky6uros (cMm. Tabu. 1).

[Toburoseiit XOR nByx 32-OmTHBIX 10J1yOJIOKOB
tpedyer 32 Bentmwiist CNOT. Crosibko ke BeHTHIIEH TT0-
HaJI00UTCS JJIs TIepe3alicy 1MoJIy0/I0Ka, 3HaYeHue KO-
TOPOro OBLIO U3MEHEHO IIPU HAJOXKEHUHU PayH/I0BOrO
kiovua. Heobxoanmoe KOMIeCTBO PECYPCOB I pea-
JIN3AIAU OJTHOTO payHja ajropurma «Marmay mpuse-
JeHo B TabJI. 3.

Tabnuua 3. Konnyectso kKybutos 1 BeHTWNEH npu peanunsa-
UMK ofHOro payHaa anroputma «Marma»

Koa-Bo BenTuieit

32 4 23256 + 226 + 32 = 23546

Komn-Bo kyburon
161

5. OHEHKA KOJIMYECTBA PECYPCOB OJIfA
PEAJIN3AIINN AJITOPUTMOB
«KY3HEYUNK» 1 «<MAT'MA »

B npenpiiymem pasjiesie moJydeHbl ONEHKH JI0CTa-
TOYHOTO KOJUIECTBA KyOMTOB W OOOOIIEHHBIX BEHTHU-
geit CNOT(C|t) nyia peam3anuu OfHON UTepanyuu aj-
roputma «Ky3HeUnK» ¥ OIHOI WTEepanuu ajJropuTMa
«Marmay. B nanrom pa3zjesie pacCMOTPUM JIBa TTOIXO-
Ja K peagu3anuu ajaroputMmon «Kysmeunks m «Mar-
may. OcHOBHAs TPOO/IEMa, BOSHUKAIOIIAS [IPU PeasIn3a-
[N CXEM PACCMaTPUBAEMOI'0 TUIIA, — POCT YUCja Kyou-
TOB BCJIEJICTBUE HEOOXOIMMOCTH IIPUBEIEHIS UCIIOJIb3Y-
eMBbIX 1peoOpa30BaHuili K yHUTapHOMY Buiy. B cBsizu ¢
9TUM BO3HHUKAET JBa MOIX0a K peasu3allii.

ITepBbiit MOAX0OA K peau3aldd aJrOPUTMOB —
6e3 IMOBTOPHOTO WCMOJIb30Banus Kyburos. Obmast cxe-

1 el
— o —
=
0} 7] E(E(...E(k.2)))

Puc. 5. Komnosuuus payHaoBbix npeobpasosaHuii 6e3 skoHo-
MU Kybutos
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Ma BBIYUC/IEHUST KOMIIO3UIMKA HECKOJbKUX HUTEPaIyii
ycaoBuoro anroputvma E : V, x V,, — V,,, mpusene-
Ha Ha puc. H.

IIpu Takoit peasm3anuu KOJUIECTBO BEHTUIEH U KY-
OUTOB MOXKHO OIIEHUTH IIyTEM HEPEMHOYKEHUs KOJIIYe-
CTBa WTEpaInii Ha COOTBETCTBYIOIIEE KOJUIECTBO Pe-
CypCOB, HEOOXOMMOe Ha OIWH payHJ OJ0YHOTO M-
pa. OTMernM, YTO KOJMIECTBO BEHTHUJIEH HEOOXOIMMO
ere yMHOXKUTH Ha 2, ITOOBI y9ecTbh MpUMeHeHue 00-
paTHbIX IpeobpasoBanuit £ |, He06XOIUMBIX I TOTO,
9TOOBI [TOCJIE U3MEPEHNUSI IOy IUTh HE TOJIBKO KAKOW-TO
samudposannbii rekcr E(E(...E(k,x))), HO u napy
(k, z), Ha KOTOPOIi 3T0T 3amubpPOBAHHBIN TEKCT MOJIY-
9€H, a TaKKe JJIsi TOr0, YTOOBI M30aBUTHCHA OT <«3aILy-
TaHHBIX» (CM. [7]) cocrosiHMIt cucTeMBbl.

Bropoii moxo — 3T0 UCnoNb30BaHHas B pabore (3]
peaJim3alysi ¢ MOBTOPHBIM HCIIOJIH30BAHUEM KyOHTOB.
Wnest maHHOrO MOAXO/Ma 3aKJIIOYAETCS B TOM, UTO, BbI-
[TOJTHUB TIePBOHAYAJIBHO HECKOJBKO IPeodpa30BaHUiA,
MBI MOYKEM BEPHYTH B HAYAJbHOE COCTOSIHUE YaCTh 3a-
JIeiCTBOBAHHBIX KyOUTOB, IPUMEHUB OOpaTHBIE TTPE0D-
pa3oBaHUs, C TeM 4TOOBI UCIOJIL30BAThH JaHHbIE KyOu-
THI B HOCJIEAYIOMUX BbluucieHusgx (cm. puc. 6). Ilpu
9TOM JIOJKHBI OBITH BBITTOJIHEHBI CJIE/TYIOIINE YCIOBUS:

— obpaTHbIe TPEoOPA3OBAHNS TOTPKHBI TPUMEHITH-
cs1 B OOPATHOM IOPSIJIKE TI0 OTHOIIEHUIO K IIPSIMBIM ITPe-
00pa30BaHUsIM C T€M, YTOOBI UMETh BO3MOXKHOCTH IIPO-
BECTU MPeoOPaA30BAHMS HAJT KyOUTAMY, HAXOISIIIIMMUCS
B COOTBETCTBYIOIEM COCTOSTHUM;

— obpaTHOe Tpeobpa30BaHUe JTOKHO TPUMEHATHCS
10 KpaiiHeil Mepe Mmocje OHOTO IPSIMOTO IIpeodbpa3oBa-
HUsI C T€M, YTOOBI COXPAHUTb COCTOSIHHE, II0JIyYeHHOE
MIPUMEHEHUEM COOTBETCTBYIOIIErO MPSIMOTO Ipeodpa3o-
BaHUS.

5.1. Agroputm «Ky3Heduk»

B amropurme I'OCT P 34.12-2015 «Kyzueunk»
npuMeHsieTcss 9 moaHBIX WTepanwmii, a B 10-if mrepa-
A TPUMEHSETCA TOJBKO HAJIOXKEHHe KJIova. KBan-
TOBas cxema, peasusyiomast 10 payHIOB aJropurMma
«Kysneank» (cMm. ommcanue anaropurma [6]) ¢ mosrop-
HBIM HCIIOJIb30BAHNEM KyOHTOB, IIPOJIEMOHCTPUPOBAHA
Ha puc. 6.

st peanu3anuyu KBaHTOBOW CXEMBI, [IPUBEIEHHON
na puc. 6, Tpebyerca 8 - 128 = 1024 kyOura, mputieMm
AJITOPUTM PA3BEPTHIBAHUS PAYHJIOBBIX KJIIOUEH yIKe
yurer. Jljs mpocToTh! OyaeM CIUTaTh, 9TO JIJIsi BBIYHC-
nernss S u ST, a Taxoke maa Beraucienns L u LT Tpe-
OyeTcsl oJMHAKOBOe KosmmdecTBO Bentmieit. Ha puc. 6
mobuToBerit XOR 128-6urHbIX 6/10KOB BbITOIHSIETCS 16
pa3, 16 pa3 npumensierca S u 14 pa3 Buraucisiercsa L,
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rocJie 0OpaIleHnsi IIepBOTro payH/a ¢ HOMOIIHIO BEHTHU-
seit Ilaynu npouncxogur obuynenne 128 KyOHUTOB, B KO-
Topble 3amucaH 6JO0K OTKPBHITOro Tekcra P (Mbl BOC-
CTaHABJIMBAEM KJIIOY 110 U3BECTHBIM I1apaM OTKPBITOI'O
u mudposanHOro Tekcron). CienoBaTesnbHo, sl pe-
aIM3aIy cxeMbl 0e3 ydera aJropuTMa pPa3BePTHIBA-
HUA KJII04a Tpedyercs ue 6osee 16 - 128 4+ 16 - 15632 +
+ 14 - 6640 4 128 = 345248 06061IEHHBIX BEHTHJIECI.

AnropuT™ pasBepTHIBAHUS KJIFOUA IIPEJCTABIISIET
coboit 32-payunoByio ceTb Peiicress, PyHKIUS YCIOXK-
HEHUsI KOTODPOl COBIIAJAET C HUTEPAIMOHHBIM IIPeod-
pa3oBanueMm ajiropurMma «KysHeunk», e BMeCTO I0-
GaBJieHHsT KJII0Ya MCIOJIb3yeTcs nobaBienne hUKCHPO-
BAHHBIX KOHCTAHT. KBaHTOBas cxema OIHOW HTepaIruu
pejcTaBieHa Ha PUC. 7, I ee peajn3anuu Tpedy-
ercg 128 4+ 128 = 256 BcroMOraTesIbHBIX KyOUTOB H
2 - (128 + 15632 + 6640) + 128 4 (128 - 3) = 45312
00600mmenuprx Benruseit. na 32 urepanuit Tpebyercs
32 - 45312 = 1449984 BenTueii.

Ha puc. 6 B 6nokax Ki (i = 1,2,3,4) dopmupyror-
Cs1 payHIOBBIe KJTIOUN ajaropurma mmudpopanus «Kys-
He4IrK» (cM. ommcanue ajgropurMa [6]). Kaxaprii Takoit
6JI0K BKJIFOYaeT 8 mTepalyii KBAaHTOBOI cxeMbl, n300-
pakeHHO# Ha puc. 7.

KsanroBas cxema oHoit nreparun 6€3 TOBTOPHOTO
WCITO/Ib30BAHNs KyOUTOB IIPEICTaB/IeHa HA PUC. 8, JJIs
ee peaym3anuu Tpedbyercsa 128 - 3 = 384 BcroMoraTeb-
HBIX KyOuTa n 128 4 128 + 15632 + 6640 + 128 = 22656
00600mmennbx Bentuieit. na 32 urepanumii Tpebyercs
256 + 32 - 384 = 12544 xybura u 32 - 22656 = 724992
BEHTUJISI.

OneHkr KOJIMIeCTBA KyOUTOB M BEHTUJIEH, HEOOXO-
JUMBIX JIJIsI PeaJIM3allii B BUJE KBAHTOBOM CXEMBI IIPO-
HeJyphl 3aIuMPOBBIBAHUS OJHOTO OJIOKA OTKPBITOTO
TekcTa OsouHbIM mudpom «Ky3sHednks, nmpuBeseHb! B
Tabs. 4 u 5.

Tabnuua 4. Peanusayus anroputma «KysHeunk» c nostop-
HbIM UCMOJIb30BaHUEM KybUTOB

Kon-Bo CNOT(C|t)
1795232

Komn-Bo kyburon
1024

Tabnuua 5. Peanuzauyus anroputma «KysHeuunk» 6e3 no-
BTOPHOrO MCMOJb30BaHUsi KybnTos

Kom-Bo xkyObuTOB

128 4256 -9 412544 =
= 14976

Kon-Bo CNOT(C|t)

9-22400+4-128+724992 =
= 926720




MIOT®, Tom 155, BoIm. 4, 2019

OLI.EHKa CNIOXXHOCTWN peannsaunmm anropnTtmMa rposepa. ..

Puc. 6. KeantoBas cxema 10 payHpoB anroputma «KysHeuqnk» ¢ NOBTOPHbIM Mcnonb3oBaHuem KybuTos (@ — nepsble HeTbipe

UTepaLum anroputma, 6 — OCTaBLUMECS NSATb MNOMHBLIX UTEPALMi U O4HA HENosIHas)

| Ky; 1) 25X Cy (1) X Cyiiy ) | LSX[Cy 1y | (Ko q) @ Koy
|Kyy) /128 1Ky 1)
) 1128 g 10)
|0y 128 I-e{L |0)

Puc. 7. KeantoBasi cxema ansa O,D,HOW NTepaUnn anropnTMa pasBepTbiBaHNA KNkO4Ha aaroputma umcprBava <<Ky3He‘-II/|K>) C

NOBTOPHbLIM MCMOJSib30BaHnem kybutos, i =1,2,3,4, 7 =1,2,...,8

128
|Ky; 1) X[Cyiq +j]

/128

[ X1Cs(i1) 1 (K1)

| Ky) 1

—| Ky,

198
10) £ S

128
10) #

1SX[Cyi 1yl (K 1))

D—LSX[Cy(; 1)+ ) (Ko 1) @ Kyy)

‘O> //128(

N

|Ky; 1)

Puc. 8. KeaHToBasi cxema a1t ofHOl MTepaLy anropuTMa pasBepTbiBaHMS KO4a anroputMma wudposaHus «KysHneunk» 6es
NOBTOPHOIO MCNOAb30BaHus Kybutos, ¢ = 1,2,3,4, j =1,2,...,8

5.2. AaroputMm «Marma»

KBanToBas cxema, peasn3yromiasi IMpPOIEAypY 3a-
1 POBBIBAHUST OJHOTO OJIOKA OTKPBITOI'O TEKCTA C TI0-
Mompio ajaroputMma «Marma» ¢ TOBTOPHBIM HCHOJIb-
30BaHMEeM KyOUTOB, COCTOUT U3 32 MOCJIEI0BATEIHHBIX
MIpUMEHEHNH KBAHTOBON CxeMbI Ha puc. 9.

651

B cuny npocroThr anropurma hopMupOBaHUS WTE-
PAIMOHHBIX KJToveit ajropurma «Marmay, [ist 3amnucu
BCeX payHJIOBBIX KJtoueil Tpebyercst 256 kyouros. s
zarmcu 6JI0Ka OTKPBITOro TekcTa Tpedyercs 64 kyou-
Ta, a JIJIsl XPAHEHUsI ITPOMEXKYTOIHBIX 3HAYEHUN — eIre
33 MOMOMHUTETbHBIX KyOuTa, T.e. O0Iee KOJTHIECTBO
KyouToB paBHO 256 + 64 + 32 4+ 1 = 353. Jlnsa onenku



. B. Aenucenko, I b. Mapianko, M. B. Hukuternkosa n ap.

MHITD, Tom 155, BRII. 4, 2019

32
k) . IK)
1y A22—fh . . as la & LSX(, b))
oy #22 & %)
0) £32 10)
1) 7 —ancill) (ancillD) )

Puc. 9. KeanToBas cxema OAHOM nTepaunmn anropnTtma «Marma» ¢ NOBTOPHbLIM NCNOJIb30OBAHNEM Ky6I/ITOB

KOJINYIeCTBa O0OOIEHHBIX BEHTU/IEH BOCIIOIL3YEMCs pe-
3y/IbTaTaMU, MOJyIeHHBIME B pa3m. 4.2. JIaa masoxe-
HUsT PAYHIOBOIO KJI0Ya Heobxoanmo 23256 BeHTHIIE,
Uit peasu3anuu S-O60KCOB moTpedyercst 226 06001eH-
HbIX BeHTHUJIelH, mobutoesiit XOR aByx 32-OUTHBIX 1IO-
J1y6s10KOB Tpebyer 32 BenTuieit. C ydueToMm mporerypbl
obparenusi KyOUTOB, MMOKA3aHHON Ha puc. 9, Koymde-
CTBO ODOOIIEHHBIX BEHTHIEH paBHO 23256 + 226 + 32 +
+ 226 + 23256 4+ 32 - 3 = 47092.

Ornenkn KoJimvgecTBa KyOUTOB M BEHTHUJIEH, HEOOXO-
JUMBIX JjIs peajm3anuu Oji09HOro mudpa «Marmas
B BUJIe KBAHTOBOH CXeMbl (IPUMEHUTEJHHO K OJHOMY
6JIOKY OTKDBITOIO TEKCTA), IPUBE/IeHbI B TabuL. 6 u 7.

Tabnuua 6. Peanusaumns anroputma «Marma» ¢ noBTOpHbIM
ucnonb3oBaHmeM Kybutos

Kon-so CNOT(C|t)
47092-32=1506944

Kom-Bo xkyObuTOB

353

Tabnuua 7. Peanusauus anroputma «Marma» 6e3 noetop-
HOrO MCMONbL30BaHMsl KybnToB

Kom-Bo CNOT(C|t)
23546 - 32 = 753472

Ko-Bo xkyObuTOB
256+4-64-32+1+64 = 2369

5.3. OOmiast oreHKa KOJIMYIeCTBA KBAHTOBBIX
pecypcCoB JiJisi MPUMEHEHUs aJIrOPUTMa
I'poBepa B 3a71aue MOUCKA KJIIOUYEH aJIrOPUTMOB
6mounoro nmdpoBauusa 'OCT P 34.12-2015

Hnsa mouncka Kiroda anroputMa «Kysnednmks Tpe-
Oyercs (%1 = 2 mapbl 6JIOKOB OTKPBLITOrO 1 M po-
BAHHOI'O TE€KCTOB, TIO3TOMY JIJIsl IPUMEHEHUsI aJrOPUT-
ma I'poBepa k anropurmy «Kysneunks Tpebyercs

— 1024 + (1024 — 256) + 1 = 1793 kybura;

— e menee § - 2178 (ty, 4 ty,) BemTmICiL.
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s moucka xkiova ajaroputma «Marmas Tpebyer-
cst (265—461 = 4 napbl 6JIOKOB OTKPBITOIO U MHQPOBAHHO-
IO TEKCTOB, II03TOMY JJIsl IPUMEHCHH aJIfOPUTMa, I'po-
Bepa K aaropurmy «Marmas Tpebyercs
— 256 +64-4+32+1+ 1= 546 KyOuTOB;
2. 21%8(ty, + ty,) Bemrueii.
BHaueHwue ty,, ONEHNBAEM KOJMIECTBOM OIEPATOPOB
CNOT(C|t) mo Tabu. 4 u 6. [Tpu 3TOM KOJIUIECTBO BEH-
THIell B JAHHBIX TabIMIAX HEOOXOIMMO YMHOMKHUTH Ha,

2 11 OOpAIEHNsT CXEM.

— He MeHee

st Toro 9T00OBI TMOHATH, KAK TOYHO IMOCYUTATH
KOJIMYECTBO BEHTUJIEH {y,, BOCIIOJBL3YEMCd PE3yJIbTa-
ramu paborer [4]. us oboux anropurmos ['OCT
P 34.12-2015 B mpomneaype «paccenBanus ['posepay K
KJIIO9Y TI0CJIEI0BATEIbHO IIPUMEHSIOTCSA 256 BeHTHMIIEN
Anamapa H, 256 senruneit Ilaymm X, onuH BeHTHIIL
Anamapa H, omun o606menusii CCNOT, omun Ben-
b Anamapa H, 256 Bentuseit [Taynmu X u eme 256
BenTwieit Ajnamapa H, 1. e. Bcero 1027 KBaHTOBBIX BEH-
tusneit. Kpome toro, npu mamenennn ¢aaroBoro Kyou-
Ta IIPOUCXO/IUT IIPOBEPKA HA COBIIAJIEHHE C M3BECTHBIMU
610KaMu MU POBAHHOTO TEKCTA, JJIT KOTOPOI JTOIIOJI-
HUTEHHO Tpebyercst He Gostee 256 BenTmiteit [laymm X,
onun 0006mmenupiiit CCNOT u eme me 6osee 256 BenTu-
seit [Taymm X 17151 BO3BpaTa COOTBETCTBYIONINX KYOUTOB
B MCXOJ/HOE COCTOsIHUE Tepe]] IPOBEPKOIA, T. €.

1027+ 1 < ty, < 10274512+ 1.

ITepes npomnemypoii H3MEpEeHHst EPEBOIUTD BIaro-
BBIll KyOUT B IepBOHAYaNbHOE cocrosiame |1) = H |—)
He 00sI3aTeJIbHO, [OITOMY OCTAJIOCH YUeCThb elle OJUH
BEHTHJIb AlamMapa, NpUMeHseMblil mpu (bOPMUPOBAHUI
cocrosinust |—) = H |1) Ha daarosom KyGure.

6. SAKJIFOYEHUNE

[lorygennbie pe3yabTaTh HO3BOJISIOT OIEHUTD IUC-
JIO JIOTHYECKUX KYOHTOB, HEOOXOJMMBIX JIJIsI Peasin3a-
MM PACCMOTPEHHBIX AJTrOpUTMOB. /[Ing peamm3anmm
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JIOTMYIECKAX KyOWTOB BCJIEJCTBHUE IIPOIECCOB JIEKOTe-
peHTH3aIu MoTPedyeTCs MCIOJb30BaHUE KOIOB KO-
PeKIINY KBAaHTOBBIX OIMUOOK, UTO, B CBOIO OYEPEb, 10/
pa3yMeBaeT MPUMEPHO Ha MOPSII0K DOoJIbIee TUCI0 Hu-
suueckux kybouroB. Hampuwmep, xkox [Ilopa mozBosser
KOJINPOBATh OJINH JIOTUYECKUIl KyOUT IeBATHIO pusn-
gecknmn Kyburamu. Koger Cruna (CSS-kobr) m03BO-
JISTIOT KOJIMPOBATH OJIWH JIOTUIECKUT KyOuT IaThio bu-
3UYECKUMU KyOUTaMu — 9T0 MUHUMAJIBHOE KOJUIECTBO
buznIecknx KyOUTOB JJIsT UCIIPABJICHUS OTHOM OMIMOKM
(em. [7]).

Pa6otrst [13,14] mocBsimeHsl TeOPETUIECKUM OIEH-
KaM MHHUMAJILHOTO BPEMEHHU BBIIIOJHEHUS OJHOI'O
KBAHTOBOT'O BEHTWJIA Ha OMTHOM Kybmre. B ciywuae
peanmsanuy KybuTa ¢ momomsio nona Cat B joBymke
5TO BpeMsl COCTaBJseT mopsaka 6.62 - 10716 ¢, uro
3HAYUTEIHHO MEHbBIIE, YeM BPEMsI BBIIIOJHEHUS OJIHOI'O
BeHTHIA Ha mpaxTuke: 1079 c.

I'pyOble olleHKM BpeMeHU TOTEPU KOTE€PEHTHOCTHU
(I1lexorepeHTH3AINN ), BDEMEHH BBIIIOJIHEHNUS OIHOIT OI1e-
paruu HaJ KyOMTOM M MaKCHMAJIBHOIO YHUCJA OIle-
paruii, moC/IeI0BATEILHO BBIMOJHIEMbIX HAJ KyOUTOM
(MaKCHMAaJILHOM JIJIMHBI KBAHTOBOI CXEMBI ), IPUBE/ICHBI
B pabore [7], Taba. 7.1, c. 278.

B mapre 2018 r. kommanus Google npeacrasuia 72-
KyOUTHBIN KBAHTOBBIH mporteccop Bristlecone na 6a3ze
cepxupoBoauukos (cM. [15]). Cormacuo [16,17], Bpe-
Msl KOT€PEHTHOCTH CUCTEM Ha 0a3e CBEPXIIPOBOIHUKOB
cocTaBJisgeT 0koJ10 100 MKC, & MUHUMAaJIbHOE BPeMsI IIPU-
MEHEHUs! OJJHOKYOUTOBOIO BEHTUIIA, coryacHo [18] (cm.
Tabs. 2 Ha c. 20), cocraBusier 5 He. Takum oGpaszom,
K KybuTaMm Ha 06a3e CBEPXIIPOBOIHUKOB MOXKHO yCIIETh
MIPUMEHUTH He DoJiee % = 20000 01HOKyOUTOBBIX
BEHTHJIEH, IIOCjIe 4ero CUCTeMa IiepeiijieT B HEKOTOPOe
OCHOBHOE COCTOSIHWE, U COCTOSIHHE CYIIE€PIIO3UIIAN KY-
6utos Gyzer paspymeno. Tem He MeHee, cormacHo [18§]
KOJITYEeCTBO BEHTHJIEHl, KOTOPbIE Ha COBPEMEHHOM 3Talle
pa3BUTHS KBAHTOBBIX TEXHOJIOTHI MOTYT OBITH IIpUMe-
HEHBbI K KyOuTaM Ha 6a3e CBEPXIIPOBOJTHUKOB, COCTAB-
nser nopgaxa 103,
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