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o$iqifiuoro orroHeHra Ha 4ucepraqifiuy po6ory Kysrruaxa AH4pix
PovauoBl4qa <<3ap:a,n rpo 6paxicroxpoHy B xracrrHifi i r<sauronifi
uexaniqi>, rroAaHy na s4o6yrrx HayKoBoro cry[eHr KaHAr4Aara $isurco-
MareMarrrqHr4x Hayr< si cueuiamnocri 01 .04.02 - reoperr4una $ieuxa

3 uacy BI4HI4KHeHu-f, gaAaqi npo 6paxicroxpony B KJracr4quifi nexaniqi nona

enomoqioHyBaJra fi po:eunarac-rr pa3oM is posnzmoM HayKr4 - nil HrroroHiecrroi

uexasir<z - Ao penarranicrcrroi, a raKolK - Ao nsaurosoi uexauixrz. lloH-f,TT-f,

KBaHToBo-ntexaui.rHoi 6paxicroxpoHl4 Bvr1.aerbcfl rrapaAoKcaJrbHr{M. AlNe Kracr4qHa

6paxicroxpoHa e orrrr4MilJrbHoro rpaercropieio cr4creMr4, rKy BoHa orrucye n upocropi

uil Aiero [pI4KJraAeHr4x Ao nei crzr i ge'-f,snis. V rsaHrosifi NaexaHiqi s-sa rprruurrry

fefiseu6epra rroHrrrr rpaexropii nigcyrHe fi rovry, Ha rrepturrft noux4, Bvr1aerbcfr

Ar{BHr4M frr4TaHHfl: trpo {Ky 6paxicroxpoHy Moxe firn Nrosa?!

llon-srrs xsaHrosoT 6paxicroxpoHr4 crae rlinrou rori.ruuNa i spo:ynainr{M, {Krrlo

fioro poaruflAarr4 3a aHaJroriero s KJracrrqHrru y 6imru mIapoKoMy posynriuui. Cnpangi,

saraqa rpo KracnrrHy 6paxicroxpouy e 3aAaqero rpo rromyK onrunalrnoi (sa

eiAuosiAHux ynaoe) guinrz 3 qacoM cmoHv Nrexalri.rnoi crzcreuz, xnvrfi. 3aAaerbct

cyxynuicuo ii y3araJrbHeHrrx KoopAr{Har ra iurnynrcir. Ocxinrr<z y Keariroeifi

nlexaniqi craH clroreMlr BIasHaqaerbeflxBr{JrboBoro SyHKrliero, flKa 3ilrrexfl4Tb rzrue eiA

KoopAHHar sa SirconaHoro qacy, ro qirr<ou roriquo BtrHtrKae rroHrrrf r<sanrosoi

6paxicroxponz .sK onrunaarnuoi (ga freBur4Mrr yvonanrra) slaiHu 3 qacoM craHy

KBaHToBo-MexaHi.rHoi cncreuu.

Epaxicroxponni :a4aui nocrifino 3a,'rrrrrrarcTbcr n qenrpi yBarur AocriAlrrzKie,

ocximrz ix arryamsicrr 3pocrae, oco6rnno y :n'xsry 3 pea,rrbuoro rrepcrreKTrrBoro

crBopeHH.fl KBaHToBr4x KoM['rorepin. Y 4racepraqii Kysrnaara Au4pix PoNaanonn.ra

<3aAa.ra rpo 6paxicroxpony B r<nacrz.ruifi i KsaHroeift uexaniqi> AeraJrrHo

B[IBrlalorbc.fl Hosi pi:nonaanirHi ac[eKTr4 penarunicrcbKrax ra KBaHToBr4x

6paxicroxpou, a roMy ux po6omu fiesvmoeno u .

Hegeaxarcqr4 Ha re, ruo B crriry aKTyaJrbHocri 6paxicroxpoHHr4x 3aAar{ Hvruvr

safiNralorrcs. 1arato AocriAsur<in y upoeiAurax HayKoBr4x rleHTpax, AracepraqifiHa

po6ora Kysrnrar<a Anapi-a PoNranoerqa eidsHaqaemocn HoausHoru mu

opuziruanoruicmrc eurconannn foroeHa yBara aBTopa po6orz KoHueHTpyerbc,rr Ha

ABox Harrp-rrMKax AocriAxenr.



V nepruoMy HarIpflMKy Po3B'frsaHa

rr4ry rpo 6paxicroxpouy B rraerpuqi

OpaxtcroxpoHn rK 4rrfl crlocreptraqm,

siAAareHoro crocrepiraua.

V 4pyrouy HarrprMKy Br{KoHaHo BeJrrrKraft o6'eu Syu4atrenraJlbHl4x AocliAxenr

3a;1aq 11po KBaHToBo-Naexalli.rHi 6paxicroxpouu, .srci Mox{yrb MarI4 Ba)KJII4Be

npaKTr4rrHe 3acrocyBaHHf, upu peanisaqii KsauroBl4x KoM['rotepie. Anroponl po6orz

Brrepue posn'tsauo rilrxa BaxJrr{Br{x 3a1a-us reopii Ksaurosoi 6paxicroxpoHll.

Poge'sgau a 3apaqa[po KBaHToey 6paxicroxpoHy crrcreMlr 3 ABoMa criuaxrv f, / L

s aHi:orporrHr{M ratri;urouiauou fefieeu6epra npu ni4cyruocrr xy I yz KoMnoHeHr

sgaeNaorii.

3anponouoBaHo MeroA rrprrroryBauns AosirbHoro craHy cI4creMI4 ABox cninis

, r / ,  1 /  :
(tA), rlo Mox(e eKcrreprrMenT€urbHo peain3oByBawrofl. Ha aroMl 31 cIIlHoM flI,pa -/Z I

Ba,'reHTHIrM eJIeKTpoHov ig taxuu xe cniuol't.

Pogs'qgaHo 3aAaqy npo eBonroqiro cucreMlr ABox cniHis y varuimouy uoli ua

ocgoei isorpounoi troAeni fefisen6epra i noragaHo, Iqo enomoqix ei46ynaerbcr Ha

ropi xrc ABo[apaMerpI,IqHoMy nrHoronra4i.

B[qsreHo, rrlo MHoroBr4A, Hd .rrKoMy eig6ynaerrca enolroqir cLIcreMI4 3

rroBoporaMr4 BJracHoro craHy o[eparopa npoerqii cuiny Ha [eBHI4fi uanpxnaoK, e

cseporo, pa4iyc -f,noi garexrrrb siA eerra.rlaHl4 flpoeKllii cuiHy. lloKasauo, uo qac

eeorroqii e vrisirrlanrHr4M 3a yMoBr4, IrIo BeKTop Ha[ppKesocri uarsitroro rIoJIt ra

BeKTopn [orrarKoBoro ft r<isqeBoro craHin e esaei\aHo-[epneHAI4KyJI-lpHIrMI4.

Y neptuoary pos4ini 4racepraqii Ky:ruan A.P. npunin 4eralruufi. orttl i aHaris

3a1aq rrpo KJracr4uHi 6paxicroxponr,r ra MeroAI4 ix po:e'xsyBaHHs rlportroM ycboro

uacy ix icuynaHH-r si4 nepruoi ny6nircaqii (1697 p.) ao HaIrIrx Anie. Taroxt BI4KoHaHo

anaris rrocraHoBKr sa2Laq i uero4in ix posn'rsyBaHHt AJIx KBaHToBI4x 6paxicroxpon

eiA NaoN{eHry notBrr uepruoi po6orn (2006 P.) ao uboro rlacy.

f,pv?uil pos4in po6orr rpucBrqeHnft snn.reuuro 3aAaqi npo 6paxicroxpoHy B

garalrsifi reopii siAHocHocri e uerpuqi lllnapuuilrAa - y c$eprzllHo-cl4Merpl4rrHoMy

rpaniraqifiHoMy noli. llepunaft uaparpaS uicrurr roporr<uft orn.trA rIpaIIb, y {KI4x

B4Bqarr4cq 6paxicroxpoHr4 y cneqiamnifi (ueprua po6ora ouy6niroeana B 1986 p.) i
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3ap;aqa atcaAeN4i.Iuoro, Qyu4aMeHTaJIbHoro

lllnapqruilr:,'Ra, Ae orpvluaui pieuxuHx

po3TallroBanvrx y3AoBX uei, TaK i trtts
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Hacryrui rparli B 3aralrbHifi reopii ni4Hocuocri.

Penrra naparpa@iB rlboro pos4iny € Br4KJraAou oprzriua,rbHr,rx po6ir aBropa, B

-rlrr4x posn'.asyerrcx 3aqaqa [po orrrr4MturbHy rpaemopiro qacrr4HKrr B nrerpuqi

l[rapuurinrAa B 3araJrbuoMy BVrraAKy. llocni4onuo orpuuaui pinrunnx

6paxicroxpoun - rK AJrfl (pyxoMoro> pa3oM is uarepialruoro rorrKoro, TaK i

(HepyxoMoro) y riAAareuifi ro.rui - c[ocrepira.rie. 3uaftAeno posn'-asru qzx pinuxur

[rrfl o6ox cuocrepirauin, ro6ro orpr4MaHo .f,K rpaerropiro pyxy, TaK i ftoro

Tpr4BzuncTb. Ilprr rlboMy aBTop aKypaTHo BnopaBc.rr 3 po3paxyHKoM cr{HfynrpHr4x

iurerpanie, Iqo AiLJro MoxJrraeicm orpr4Marrr nopexrui BrrcHoBKr4 rrpo xapar<repui

BJracrrrBocri 6paxicroxpour4 y 3TB ft noKasaru ix xoperrqiro s BJracrr4BocrflMr4

xracuquoi 6paxicroxpouu.

flo.ruHaroqrr 3 mpembozo poe4iny B Ar4cepraqii po:rn.f,rarorbc-f, sa4aui npo

KsaHrosi 6paxicroxponz. Tar<, y mpemboMv poe4ini Br{Bqaerbc.fi 6paxicroxpona

4nocniuonoi cucreuu s N,rarHiTHoMy uori, qo orrr{cyerbcfl ni4orrauu rauimrouialrou

is po6oru [87] posruupeHr{M ypaxyBaHH-{M J *, Ta J u* n:aenro4ifi. I-{r nocraHosKa fi

posn'xsox saqa'ri Br4flBkrJrvrcfl Balr{Jrr{BrrM KpoKoM yrrepeA, ocxi.nrr<z ua siANaiHy eia

ur4ToBauoi po6oru, Ae reHepyBaHH.f, rori.rHoro errewte:nra U u*, He ni46yeaJrocfl. sa

utininr amu wit. uac, Ha 3 arrp oloHoBaHoMy aBTop oM p 03 rrr[p eHouy rauimroui aui r arcufi.

nriuinannuufi qac r"eHepyBaHHr .ilori.ruoro eJreMeHTa icHye, i e Aucepraqii siH

sr4sna.reHzft. Buqsznoc{, ilIo sa o6ox ni4npocropax, uo 3aAarorbcr BeKTopaMr{

{tt), lJ+)) i (10), lJt)), 3a rreBHr4x 3ara'krxyMoB qacr4 rrepexoAy 3 roqarKoB'X y

riHqeei cranvr e nriuinaarbHr{Mr{ fi oAHar<osuuu. Orxe, icuye ruoxrueicrb crBopeHHt

KBar{ToBr4x rori.ru[x erenreuriB, rqo sarrJryryrorb Asa cninra s o6ox ui4upocropax, a

raKox rori.rHi eJreMeHTr4, u1o naiu*orr vicq-rur cra:cIr ABox cniHie - (SWAP) ra

(iSWAP). OrpuuaHrafi pesynrrar e BaiKJrr{BrzM 4nx peanieaqii pisHr4x arrropnrnria y

KeaHroeifi in$opvraqii.

Vemaepmuit poslir Arzceprauii npncnx.reurfi 4ocri4rreHHro rliKaeoi fi"

na4raxrznoi zayaui, rqo crocyerbc{ rrofiryKy rr.reroAie crBopeHH-rr AonirnHoro

KBaHToBoro craHy na gnory6iros[x cr4creMax, KepoBaHr4x naruirunu froJreM. Xoqa

lpaKTr4qHe KepyBaHHr oKpeMr4ura cninavz varnirsr4M rroJreM froKr4 rrlo HeMoxtJII4Be,

ruu 6imu qircaoo: -rrK rle Mo)KHa 6yno 6 peanisonyBarv 3 Teoperr4rrHoi ro.rKu 3opy.

Tar<a sap.aqa B[epme Sopuynroerbc.rr ft nuuaxi4Jrr4Bo po:n'asyerbcr aBTopoM y ABox



nigxo4ax. llepruzfi - ue IIIJIxx ABoKpoKoBoro rpr4roryBaHHr AoeimHoro KBaHToBofo

craHy ABox cniuis /r. V"a*aerbc-rr, rr1o rrporflroM qacy l, nsaeuoAi-fl Naix cnisauu

6es uorg orurcyerbcr i:orpouuzu rauimroHiasorr,r fefiseu6epra, a npv t > t, o6vrgna

cniuu nepe6ynarorn y pieuvlx iunynbcHr4x naaruiruux rroJr.f,x. V 4pyronay ni4xo4i

uaruirne nore BBarKaerbc.g oAHaKoBr{M AJr-rr o6ox cninie i s-sa uboro Mixcninosa

esaenao4ix He MolKe 6yru :uexrysana ir. ToMy naicrlzrrc-f, e ralaimrouiani cr4creMr4

(4.22).

llepenara [epuroro ni4xo4y rroJrrrae B ToMy, rqo siu Aae ruoxrusicrr is

nrzxi4uoro craHy crrcreMrr nepefiru Ao 4onilruoro craHy, aJre ue4olix y

neo6xigHocri nprarna[aHur crzJrbHrrx i roxanisoBaHr4x y [pocropi it qaci uanrirunx

uorie. lByrvrir niaxia He Aae MoxtJllrBocri 4ocrruyrn 4oninrHofo craHy na cucreui

ABox cuinin, oAHaK {Krqo rroqarKoBr{ft cran c[poeKToBaHo Ha yics Oz, To MoxHa

orpr4Marr4 4oninrnnfi craH Ha nisnpocropi eerropie ltJ), 1+t)

BaNruBoro BrrAaerbcfl pearicrzuua orliHra BeJrr.rrrr4Hrr naaruiruoro rroJlfl i.t uacy

nepexoAy uixt cuisoBrrMrr craHaMrr aroMa Soc$opy, oroqeHoro aroMaMr4 xpeuuiro.

A4xe raKa cl4creMa Mae BeJrr4Ky rpraezuricrb KorepeHqii cniua Ba,TeHTHoro erreKTpoHa

i, .nr nzxeJreHo, Mox{e 3 BeJII4KoIo ro.rHicirrc Ta 3a roporxxfi qac orplzMarr4 KBaHToeuir

W, sxwir si craHy lfJ) nepeBoAr4rb fi y craHIOflqHI4N CJIEMEHT

tq)=f(t+l. lm))Y pe:ynrrari aerop po6urr reperoHJrrzerafi eHcHoBoK rpo re,

IrIo aroM Soc@opy, oro.reHzft aroMaMrr npevriiro, Moxe cJryryBarn <6ylinenrHuM))

6roxou KBaHToBoFo KoMl'rorepa.

fl'amurt i wocmufi po:4inu 4ucepraqii npzcuueui Bi4BqeHHro eeorroqii

cniHosux cr4creM Ha MHoroBlrAax. BuroHaHo asanig MerprrKrr MHoroBr{.qie Aeox

clrcreM: 4nocninorol V) " 
uarnirnouy noni, Iqo rrapilJreJrbHe oci z, ra orHo-

cniuosoi - y naruiTHoMy uoni. ,.{nx uepruoi cncreuz, rqo orrcy€Tbcx ieorporHnvr

ranimroHianon fefiseH6epra, BcraHoBJrgHo, rrlo MHoroBraA e ropoM. lnr 4pyroi - s

rauimrouiaHou 4onimuoro cniuy s NaarHirHonry noni - MHoroBrrg e c$eporo, pa4iyc

qxoi garexrnm ni4 BeJrr4qr4Hr{ cuiua i ni4 fioro npoerqii Ha eraAireuy nicn. flone4eno,

nlo vriuinaatrc:uwft qac eBoJnoqii s uovarKoBoro 4o riHqeeoro crauy cr4creMr4 6y4e sa

yMoBIr, rrlo Harrpyxenicm uarsirHoro noJr-fl rreprrenAlrKyJrrpHa Ao [Jrorrlr4Hu, n -arift
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IlepeoyBarorb o6r4ABa craHr4.

Pesymrau4 HayKoBr4x AocniANeur Kysrnrara An4piq Por\aauoBr4qa Br4KJIaAeHi e

gucepraqii y nori.rHifi nocri4onuocri. Bosu 4o6pe o6rpyuronaHi, ocri:nru

6asyrouc-r Ha aAeKBarHr4x MoAer-rx locnilNyBaHrrx cracreM, Ao aHanisy .f,Krrx

3 aorocoByerrcr uarexuufi MareMarr4-ruufi anap ar . B ncnosxr4 p o6orr,r [ep eKoHJr wr'i ir

6y4ytr KopI{cHrIMLr flK Teoperl4KaM, TaK, Mo}KJrr4Bo, ir eKcrreprrMeHTaropaM, xri

HaBax{arbcr np aKTr4rrH o KoHcrpyloBarr{ Kn aHrosi Ko Mrr' rorep ta . . .

Pe:ymraru po6oru ony6nir<onaui y fi'flTr4 )r(ypHaJrbHzrx crarrflx ra y 18 resax

AouoeiAefi Ha uixHapo4Hrax ra yr<paiHcrxrax xonSepeHrlixx i cevinapax, .sri

ArrcepraHT rrpeAcraBJr.{s oco6ucro.

Xo.ra nncorufi pineur 4racepraqii Kysrnaar<a Au4pix PoManoeuqa He Br4Knr4Kae

ixoAHoro cyuniny, oAHaK 3aJrrr[raerucs AerimKa 3arrr4TaHr i sayna]KeHb.

1. llprz pmpaxyHKy Sopvru rpaer<ropii ft qacy pyxy naarepialrHoi ro.rKr

s:AoBX 6paxicroxpoHl4 B noni L[napqmiruga, goBoArrrbc-fl po3paxoByBurr4

cr4HryJr.rrpui iHrerpanu (: o4uieio ft 4noua cr{HryJr-{pHocrrMr4, nignoni4uo).

Cnoci6 ix pospaxyHKy 3po3ynainrzfi i enrur4ae ua1lift:euM, oAHaK Bkrlprnae,

3arII,ITaHHfl: uu nra6ip po:vipy iHrepna,ry ry, B MelKax rKoro sx{iuroerrcr d,

rIpI4 Bl4xogi uryranoro inrerpury Ha Hacr4qeHHr, He [pr4BoArrm Ao raroi

BeJrr4qr4Hr4 6, rplt .srifi r<prarepifi R" - 4>>d nopyruyemcr? Eyno 6

rrep eKoHJrrae irue, st<6u 6y ttw uaseAeHi qzcr osi oqisr<ra.

2. Eyno 6 4o6pe, sx6w 6yno cra":aHo: -rrKr4M rrr4croBr4M MeroAoM i s qKoro

'ro.rHicrro po3paxoByBurrrcfl uepos6ixni iurerpanu B saAaqi rpo

6paxicroxpoHy B 3TB.

3. To.rHicrr orplrMaunt roriqnoro eJreMeHTa W aBTop ouiHroe rreBHoro

Synxqieio F(U(t)) 3 rrocr4rraHH.flM Ha po6ory ll73l, He KoMeHryroqr4, qoMy

raK MoxrHa Aixru - qe rlo-[epme; a ro-Apyre, HercHo: qoMy e $opuyni

(4.44) $irypye W* , a B Ar.rcepraryii- W.I{e onzcxa,wr W* repexoAr4rny W

3a yMoB, HaKJraAeHr4x Ha oileparop enolroqii, KoJrr{ B,=Al(f"+T,) i

t = nl^l2A? Tar<on< HercHo, sni4r<ra Br{Hr4KJrr4 (s qKrax uipnyeaur) caue rari

ynaonu?

4. V po6ori TparrJrrromc.s rdmxa orrr4coK, a isrorz - oprarinaJrbHa crrrJricrura.
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AnropeSepar Aracepraqii rroBHoro rraiporo ei4o6paNae guicr if ocHoBHI4x

[oJroxeHb ra i.uefi.

3aynaxeHHr Ao Araceprauii ne nocsrb npuHUl{rroBoro xapaloepy fi ne gnzxytorb

3araJrbHoro BprcoKoro pinnr po6orz, fKa noBHicrro siAnoei4ae BI4MoraM qI4HHI4x

HopMarr4BHHX AoKyMenris Ao Alrceprarlifi na e4o6yrrr HayKoBoro cryrleHfl KaH/.r4I.uta

Sisuro-uareMaruqHlrx HayK gi cneqia;rrnocri 0t.04.02 - Teoperl,Iqna Qirrara, a caM

Ar{cepragT, Kysriuar An4pifi PorrlanosIau, 6esyuoBHo 3acJlyroBye Ha rrpucyA)KeHH-fl

fionry uboro cryfleHt.
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