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ATaka c ocnienneHmeM NaBUHHbLIX O4HOOTOHHBIX ETEKTOPOB SABJISETCS O4HUM U3 METOLOB KBaHTOBOIO XaKunH-
ra cucrtem kBaHToBoro pacnpegenenus kntodein (KPK). Ataka bbiia akcneprMeHTanbHO NPOLEMOHCTPUpPOBaHa
anst pasnudnbix cuctem KPK, ncnonb3sytownx kak ¢a3osoe, Tak 1 nonsipusaunornHoe koguposaHue. [pu Takoii
aTake NoAc/yLMBaTeNb 3HAET BECb KJIKOY, He nMpon3BoguT owunbok u He getektupyetcs. OgHako npu chaso-
BOM KOAMPOBAHMU HEKOTOPbLIE CYLLECTBEHHblE OCODEHHOCTM CTAaTUCTUKN (POTOOTCHETOB Ha MPUEMHON CTOPOHE
He Bbinn yuteHbl. B paboTe nokasaHo Ha ypoBHe byHAAMEHTaNbHbIX NMPUHLMMIOB, YTO B cUCTeMax C ha3oBbIM
KOAUPOBaHNEM [aHHasi aTaka NMPUBOAUT K N3MEHEHUIO CTaTUCTUKU (POTOOTCHETOB U AETEKTUPOBAHMIO NMOACY-
wusaTens. [MonyyeHbl BblpaXkeHnsl ANs ANMHBI CEKPETHOrO KJtoHa npu Takoit atake. [1pu atom He Tpebyetcs
HUKaKUX U3MEHEHUI B KOHCTPyKLUK U ynpasasitoweii anektporuke cuctembl KPK ¢ dasosbim kognposaHuem,
a JOCTAaTOYHO NULLb U3MEHEHUT Npu 0BpaboTKe pe3ynbTaTOB pPerncTpaumm KBaHTOBbIX COCTOsIHMIA. B To e Bpe-
Msl YSI3BUMOCTb 1 KOMMPOMETaLNs CEKPeTHbIX Ktodeli B cuctemax KPK ¢ nonsipusauymoHHbIM KognpoBaHuem
ABASIIOTCS CYLLUECTBYIOLWUM (PaKTOM, a He MOTEHLMAIBHON Yrpo30i.
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1. BBEAEHUE

CekpeTHOCTH KJIIOUEl B KBAHTOBOI KpuUITOrpadun
rapaHTApyeTcs (pyHIaMEHTAJIbHBIMY 3AIIPETAMU KBaH-
TOBOI MEXAHUKHU HA PA3IMINMOCTH KBAHTOBBIX COCTOsI-
HUOU, & He TEXHUIECKUMU UJIU BBIYUCIUTETbHBIME OI'Pa-
HUYEHUsIMA TOJCaymuBarensd. [losroMy 1gacto roso-
puTCsd, UTO KBAHTOBasi KpUNTorpadus oOecrevunBaeT
6€e3yCJIOBHYIO CEKPETHOCTD KJtioueit. OIHAKO HyKHO TI0-
HUMATh, 9TO JAHHOE YTBEPKIEHNE TOIPA3YMEBAET, ITO
[IO/ICJIYIITUBATESIb HE UMEET IIPSIMOTO UJIU J[a2Ke KOCBEH-
HOI'0 JOCTyIa K IepeJlalonieil 1 IPpUueMHON almnapary-
pe, rje MPOUCXOIUT IIPUTOTOBJIEHUE U IETEKTUPOBAHUE
KBaHTOBBIX cocrogHuil. Korma momciymmBarens nveer

* E-mail: sergei.molotkov@gmail.com
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JIOCTYI TOJIbKO K II€PE/IaBA€MbIM KBAHTOBBIM COCTOSI-
HUSIM B KaHaJje CBS3W, 0€3yC/JOBHAS CEKPETHOCTD JIeii-
CTBUTEJILHO UMEET MeCTO. ATaK/ Ha KBAHTOBLIE COCTOSI-
HUS B KQHAJIE CBA3U TOIPOOHO MCCIIETOBAIUCE, TIOITOMY
MOKHO CUUTATh, ITO B 9TOM CJydae Oe3yc/IOBHASA CEK-
PETHOCTH JIOKa3aHa Il Psijia IPOTOKOJOB KBAHTOBO-
ro pacrpejesenus Kirodeit. CucreMbl KBAHTOBOI'O Pac-
upegenenus Kinoueii (KPK) siBiistiorest OTKpbITHIME CH-
cremamu. [lomcirymuBaTe b MOXKET BHENTHUM W3JLyde-
HHEeM 30HIUPOBATH COCTOSHUE (PA30BBIX MOIYIATOPOB,
MOJTIYJIITOPOB MHTEHCUBHOCTH, JIABUHHBIX OTHO(DOTOH-
HBIX JIETEKTOPOB W IIP., KOTOPbIe HECYT WH(MOPMAIIIO
o nepegaBaeMoM Kiode. OIHUM U3 KPUTHIECKUX dJIe-
MEHTOB SIBJISIETCS OTHODOTOHHDIN JIABUHHBIN JETEKTOP
(APD). Bbuio 9KCIEpUMEHTAIBHO TPOJIEMOHCTPAPOBA-
Ho Ha paznuynbix cuctemax KPK, 4ro onn ys3BuMmb



HKITD, Ttom 155, BoII. 1, 2019

CoxpaHeHue 3Heprum npu pacnpegeneHHoii nHrepdepeHLun. . .

OTHOCHUTEILHO ATAKHU C OCJIEIJICHIEM JIABUHHBIX JI€TEK-
ropos [1-16]. ITpu Takoii arake EBa 3Haer Bech KJiod,
HE IPOU3BOJUT OIIMOOK Ha IPUEMHON CTOPOHE U He
JeTEKTUPYETCs, CUCTEMA HE TapAHTUPYeT CEKPETHOCTH
kuroueit. JlanHas ataka peaqu3yercsi Ha CErOIHSATHEM
TEXHOJIOTUYIECKOM YPOBHE, B OTJIMYHE OT APYTUX ITOTEH-
IUAaJbHBIX aTaK, KOTOPbIle TPEOYIOT, HAIIPUMED, JI0JIIO-
CPOYHON KBaHTOBOW ITaMSATH.

Wcxogno araka ¢ OCJEIIEHHEM JETEKTOPOB ObLIA
npuaymana mig KPK ¢ moggpuzammorabiM KoaupoBa-
HUEM, BIIOCJIEICTBUAU IO MHEPIMH ObLIa IIepeHeceHa U
Ha CHCTeMBI ¢ (ba30BBIM KOAMpoBaHuEM. B pesyibrare
OImbOIHO camTaeTcs, 9To Bee cucreMbl KPK ysa3BuMbI.

B sinreparype BO3HUKJIN AUCKYCCHM O TOM, KakK
[IPOTUBOJIEICTBOBATh ATaKe C OCJIEIIEHUEM JIeTEKTO-
poB. BbLIN TpeIoXKEeHbI TEXHUIEeCKNE N3MEHEHUsI CU-
CTEeMbI JIETEKTUPOBAHUS IIyT€M WM3MEHEHUs] HATrPY304-
HBIX COIIPOTHUBJIEHNUI, IIOPOTA JUCKPUMUHAIIAN, CITydaii-
HOTO U3MEHEHUsI KBAHTOBOU 3((OEKTUBHOCTH JIABUH-
HBIX J€TEKTOPOB 1 1p. [16-19].

[TombiTkn «pemnrenus» MPOOIEMBI YSI3BUMOCTHU IO
OTHOIIIEHUIO K aTaKe C OCJIeILIEHHEM Ha YPOBHE TeX-
HUYeCKNX u3MeHeHnit nepepojsT cucrembl KPK, ko-
TOpBIE JIOJIKHBI TapAHTAPOBATH 0€3yCJIOBHYIO CEKPET-
HOCTDb KJIIOUEll, B pa3psJ] CUCTEM, KOTOPbIe obecrievdn-
BAOT CEKPETHOCTD JIMIIb 38 CYET TEXHUIECKUX OI'DAHU-
qenuit moacaymuBaress. [loaTomy mpobaema ocere-
HUsl JIOJI2KHA OBITH PEIlieHa Ha YPOBHE (DyHIAMEHTAJIb-
HBIX 3aKOHOB IIPUPOJIBI, & HE HA YPOBHE TEXHUIECKUX
«3AILTATOK .

Hmxke Oymer mokazano, 9T0 aTaka C OCJEIJICHHEM
Bcerma merekTupyercs B cucreMax KPK, koropore uc-
[TOJIB3Y 10T (PA30BBIN IPUHIKMIT KOAUPOBaHus. ATaka jie-
TEKTUPYETCH 10 M3MEHEHUIO CTATUCTUKA (DOTOOTCIETOB
B OOKOBBIX BPEMEHHBIX OKHAX [IPU PACIIPE/IEIEHHON HH-
TepdEePEHITIH, YTO SIBJISIETCS CJIEJICTBHEM COXPAHEHUsI
SHEPIUU — SKBUBAJEHTHO HOPMUPOBKE KBAHTOBBIX CO-
crogiHuii (M. HUXKE) IPU PaCIpPEeeHHO B IPOCTPaH-
cTBe U BpeMeHU uHTepdepeHnuu. V3MeHneHnue craru-
CTHKM OTCYETOB yYHUTHIBAETCS 1PN 00PAbOTKe IEPBU-
HBIX Kjoueil. Ecin n3MeHenne craTuCTUKYM HE PEBbI-
IIaeT HEKOTOPOW KPUTUYECKON BEJMYUHBI, TO MOXKHO
[IOJIyYHUTh KJIIOY M TapaHTHUPOBATH €r0 CEKPETHOCTD.
IIpu npeBbieHNN U3MEHEHUI CTATUCTUKU (POTOOTCIE-
TOB BBIIIE KPUTUYIECKONU BEJIMIMHBI CEKPETHBINA KJIIOU
[IOJIy9UTh HeJIb3s. 10 ecTh HUKOTa He OYyIeT CUTyaIu,
[IpA KOTOPOI KJTFOY TOJIYI€H U CIUTACTCH CEKPETHBIM,
a Ha caMOM Jiejie TAKOBBIM He siBJjisieTcs. B To ke Bpe-
ms cuctembl KPK ¢ mostpuzalimonHbIM KOIMPOBAHUEM
He 00J1a/Tal0T TAKUM CBOWCTBOM U OCTAIOTCH YsI3BUMBbI-
MM IO OTHOIIIEHHIO K aTaKe C OCJIeIJIEHUEM JIABUHHBIX
JIETEKTOPOB.
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2. OBIIA A NAESA ATAKIM C OCJIEIIJTEHVEM
JIABMHHBIX JETEKTOPOB

OnuireM KpaTKO aTaky € OCJIEILIEHHEM JIETEKTOPOB
Ha npuMepe nporokona BB84. JInsa apyrux mpoToOKo-
508 [4] anamus ananornuen. B mporokone BB84 kBaH-
ToBBIe cocTosiHu Jst 0 wiam 1 B KaxkJ0M u3 JByX Oa-
3UCOB MTOCHLIAIOTCS CJIyYaliHbIM 00pa3omM. Ba3ucer Tak-
JKe BBIOMPAIOTCS paBHOBEpOsATHO. BHyTpu 6a3uca co-
CTOSTHUSI OPTOTOHAJIBHBI, T. €. JOCTOBEPHO PA3IMINUMBI.
Araka ¢ OoCJIerieHrneM JIETEKTOPOB SIBJISIETCS] BapUaH-
TOM araku npueM—uepenocki. [logcaymuBaresns pas-
pbIBaeT KBAHTOBBIN KaHAJI CBA3U U HCIOJIb3yeT Peru-
CTPUPYIOILYIO AlapaTypy, aHAJOIHIHYIO AIAPATYpe
Boba. EBa Beibupaer 6asuc ciaydaiino. BoamoxkHBI 1Be
CUTYyaIUu JJIs Te€X MOCHLIOK, rye 6asnuckl Anucel u Bo-
6a COBIIAJIAIOT, TAK KAK OCTAIOTCS TOJBKO T€ HOCHLIKH,
rue ux Gasucel coBuagau: 1) 6asuc Esbl coBnamaer ¢
6azucom Asmcei—bob6a; 2) 6asuc EBbl He coBnamaer ¢
6azucom Asncei—boba.

Bropast wacts annaparypst EBbI uctosibsyercst st
[IEPENoChIIKY oAMeHeHHbIX cocroguuii (fake states).
EBa ocnemnnser smaBunmbIe MeTEKTOPHI Boba mocTOSH-
HBIM HU3JIy9YeHHEM JIa3epa U IIEePeroChLIaeT TO COCTOs-
HUe, KOTOPOEe OHa IMOJIyYW/ia B pe3yjIbTare U3MepeHuil
B BBIOpAHHOM eif 6a3uce, HO ¢ IPYTUM IUCIOM (POTOHOB
(cM. HEKeE).

B curyanun 1) Esa npu usMepeHun mosryudaer mpa-
BwiIbHOE cocrostare Ajmcnl. Ilepernochln cocrostamst He
MIPUBOIUT K OMHUOKaAM Ha cTOpoHe boba.

B curyanuu 2) EBa nosydaer paBHOBEPOSITHO pe-
gyabrar 0 min 1 B HempasmwibHOM Oasuce. U mepero-
CBLJIAET TO COCTOSIHHUE, KOTOPOE OHA MOJIyIUjIa B HEIPa-
BUJIBHOM 110 OTHOIIeHnIO K Ajnce—bBoby 6asuce. Eciu
HE OCJIEILISATD JIABUHHBIE JETEKTOPbI, TO IIEPEIIOCHLI CO-
crosgauit 0 mim 1 B HempaBUILHOM Ha3uCe ¢ BEPOSTHOC-
te10 50 % npueeser K ommbokam y Boba.

Ilens araku EBbI — crnenarh Tak, 9ToOObI IIepero-
CJIAHHBIE COCTOSIHUSI B HEIPABMJILHOM Oasmce BOOOIIE
He IPOM3BOAMIN OTCYeTOB y Boba, a B cirydae coBmaje-
HUsi 6Aa3MCOB JIETEKTOPBI IPOU3BOAMIN OTCcYeThl. JlaH-
Hasl [eJIb JIOCTUTAETCS OCJICILIEHUEM JIABUHHBIX JI€TEK-
TOPOB.

3. IPUHIINII OCJIEIIJIEHN A JIABUHHBIX
AETEKTOPOB

B cucremax KPK B KadecTBe 0aHOMOTOHHBIX I€-
TEKTOPOB OOBIYHO UCIOJB3YIOT JIABUHHBIE (DOTO/IETEK-
TOPBI C HU3KUMH TEMHOBBIMH IIyMaMH, padoTaroIye
B CcTpobUpyeMoM pexXume. B 3ToM pexkmme Ha J1€TEK-
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TOp 1HocTosHHO Tojaerca obparnoe cmerenue (Upiqs,
CM. puC. @) d4epe3 OajulacTHOE COIpPOTHBJeHHE Rp,
BEJIMYMHA KOTOPOTO HUKe HAmpsiKeHus npobos. [lpu
9TOM JIETEKTOP 3aIepPT U TOK Yepe3 HEero MPaKTUIECKH
He Teder (KpOMe TEMHOBOIO TOKa). B TOT MOMeHT, Ko-
IJIa OXKUJIaeTCs puyieT POTOHA, JOIOTHUTEIBHO K 0~
CTOSHHOMY CMEIEHUI0 Ha JIETEKTOD I0JIaeTCs KOPOT-
kuit crpobupyromuit uMiyabe ¢ aMmuTynoi (Ugate),
JOCTATOYHOM JIJIT BBIXO/A JETEKTOpa B MPOOOMHBIH pe-
JKUM.

Korma nma merekTop momajaer wW3TydeHUE, Uepes
HEr0 HAYMHAET MPOTEKATh TOK. TOK TedeT W depe3
baJutacTHOe compoTuByeHre Rp, HAa KOTOPOM Iaja-
er nanpsikenne Up = IRp. Ilonnoe nampsizkeHne Ha
JEeTEeKTOpe U 0AJUTACTHOM COIPOTHUBJICHUHU ITOCTOSIHHO
(Uapp + U = Upjas)- Ilporekanne toxa yepes APD
[IPUBOJIAT K IIAJIEHNIO HAIIPSIKEHUsT Ha HeM. HauunHas ¢
HEKOTOPOIl MHTEHCUBHOCTH, TOK 4Y€pe3 IETEKTOP IpU-
BOJUT K MAJEHUIO HAIPSIYKEHUs, JOCTATOYHOMY, UTO-
OBbI UMITYJILC CTPOOA HE MEPEBOINIT JETEKTOP B TIPOOOii-
HBIA pexkuM. D10 BeJeT K Tomy, uro APD mepexomur
B JIMHEIHbBI PEXKUM U CTAHOBUTCS HE 9YBCTBUTETHHBIM
K OIMHOYHBIM (oToHaM. B 3TOM pexume aMIInTyIa
BBIXO/IHOTO 3JIEKTPUIECKOIO CUTHAJIA ITPOIIOPIINOHAIIb-
Ha MOIITHOCTY BXOJIHOTO OITUYIECKOI'O CUTHAJIA.

Ocnemtenne J1eTeKTOpa MPEJICTABIAET COOON TOM-
CBETKY J€TEKTOPA IMOCTOSHHBIM U3JIyYeHHEeM MOIIHO-
CTBIO, JIOCTATOYHOM JIJIsi IIEPEBOA IETEKTOPA B JIMHEI-
il pexkuM. [lojcBeTKa UMITYIBCHBIM U3JIy9YeHUEM Ha
done 3acBeTKN TPUBOAUT K U3MEHEHHIO TOKA YePe3 Jie-
TEKTOP ¥ BBIJEJEHUIO HA HAIPY30YHOM COIIPOTHUBJIEHUN
CUTHAJIA, IPOIOPIIMOHAJIBHOIO MOITHOCTH B MMILYJIbCE.

3/1ech BayKHO OTMETHUTD CJIEJYIOIIEee: CUTHAJ PErd-
CTPUPYETCsI TOJIBKO TOT/IA, KOTIa aMILIATYIa UMITYJIbCa,
Ha Bxoze juckpumuHaTopa (Discr.) mpessimaer ycra-
nosjeHusit mopor, Uy > Ugiser. lopor obbrano ycra-
HABJIMBAETCS IyTh BBINIE ypoBHs IrymMoB. Curuan pe-
TUCTPAIIU BO3HUKAET, €CJIN YPOBEHb ONTUIECKOT'O CUT-
HaJja Ha (HOHE OCJIEIISIONIETO TOCTOSHHOTO U3JIy Y€HUST

MIPEBBLIMNAET HEKOTOPYIO Bemauny, P > Py, Ecau ypo-
BEHb CHTHAJA HIKe mopora, P < Py, TO CUTHAJI peru-
CTPAIUU OTCYTCTBYET — JETEKTOP OCJIEILJIEH.

Hwmxke Oymer mokasamo, uro st cucrem KPK ¢
$a30BBIM KOJIUPOBAHUEM J[IJIsT TOTO, UTOOBI aTaka C
OCJIEIIEHNEM HE JIETEKTUPOBAJIACH, HEOOXOINMO OIHO-
BPEMEHHO YJIOBJIETBOPUTH JABYM B3aUMOUCKJTFOIAIOITIM
yeaoBusM: Py > Py, u Py/2 < Py, (P; — wumren-
CHBHOCTB TOjIMeHeHHOTO coctosinus (fake state)), aro
SIBJISIETCS CJIJICTBAEM COXPAHEHUsI SHEPIUU — IKBUBA-
JIEHTHO HOPMUPOBKE KBAHTOBOT'O COCTOSIHUS IIPU Pac-
TIpe/ieIeHHOM UHTEePMEPEHITNN.

4. PABOBOE KOJAVUPOBAHUE B CUCTEMAX
KBAHTOBOI'O PACIIPEIEJIEHNSI KJIFOUYEN

s nemoncTparmu 3Toro akrTa HEOOXOAMMO Ha-
[IOMHUTh, KAK YCTPOEHO (ha30BOE KOAUPOBAHUE B CUCTE-
max KPK wma mpumepe nporokosra BB84. B peanbabix
cucremax KPK ucmonb3yercst cuibHO octabaeHHoe Ko-
repeHTHOe cocTosiHre. B Kanas nocrynaior nadopma-
IUOHHbBIE COCTOSHUS )1 ® [e'P4a)q, Tyie oTHOCUTE b-
Hasg (a3a KOIepPEeHTHBIX COCTOSHUI, JIOKAJIM30BaHHBIX
BO BpEMeHHBIX OkHax 1 u 2 (puc. 6,6) paBHa

OX—>Q0A=

)

vl 3

O+_>SDA207

1+—>QDA=7T, 1X_><PA:

ol

Ha mpuemnoit cropome 6a3uc BBIOUpAETCS CIyYIaiiHO:
gubo +, qubo X. B bGazuce + orHOCHTEeBHAS daza
vp = 0, B 6asuce x orHocuTesbHas dhaza pp = 7/2.

[Tepes AeTEeKTUPOBAHUEM COCTOSIHUS TIOJIBEPraIOTCSI
npeobpasoBanuio Ha nanrepdepomerpe Maxa — [lanmepa
(MII, puc. 6,6), KOTODBbIil SIBJISIETCH YHUTAPHBIM IIPE-
obpaszoBaresieM. IIpu conaaromux 6a3ucax AJjmchl u
Boba na Bxo/ie B JIETEKTOPHI COCTOSIHUAST UMEIOT CJIeJTy-
tonuit Buj, ecau Ajmca mocbltana 07

a a o 1 o 1
‘_> ® |05>2 ® ’_> — D17 ’_> — _Prdetecta |05>2 — Prdetccta ‘_> — _Prdetect : Dl
2/1 2/3 2/1 4 273 4 (1)
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—) ®|vac ®’—> — Do, ’_> Z ’_> Z .
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Amnanoru4no, ecim Aumca nocobliaga cocrogame 17
1
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2/1 2/3 2/1 4 2/3 4

56



HKITD, Ttom 155, BoII. 1, 2019

CoxpaHeHue 3Heprum npu pacnpegeneHHoii nHrepdepeHLun. . .

Amnajiornyunnle BeIpazKeHMsI UMEIOT MECTO IIpU CoBIadarommux Oaszucax X. Ilpu He coBuamaromux 6asncax HAXOIUM

9 Y o) S ([2) e
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’2>1®\/§>2 2/5 77 9/, g ldetect

BepositHocts jerektuposanus (1), (2) BO BpeMeHHBIX
oknax 1, 2 u 3 ipu cosnatatonux 6asucax (|a|? — cpes-
Hee 9ncsio (POTOHOB B COCTOSIHUM, CM. PUCYHOK ): B GOKO-
BBIX OKHAX 1 11 3 Pryctect o< |a|?/4, B nndopmarmonnom
OKHEe 2 Ha JEeTEKTOpe, e UMEET MECTO KOHCTPYKTUB-
Hag uaTepdepeHIus, P ierect o |a|?, Ha BTOpOM neTek-
TOpE, IJIe BOBHUKAET JECTPYKTUBHASA MHTEp(EpeHIus,
Prdetact =0.

HezaBucuMo oT TOro, COBHAIAIOT WX HET Oa3uc
BXOJIHBIX COCTOSIHU 1 0A3WC HA MPUEMHO CTOpOHE, Be-
POATHOCTH JieTeKTupoBanus (3) B GOKOBBIX OKHAX 1 1
3 paBHBI, Pryerect X |a|?/4, Tax Kak aTH OKHA He MOJI-
Bep2KeHbl nuTepdepenrun va narepdepomerpe MIIL. B
nHGOPMAIMOHHOM OKHE 2 CyMMa BepOsITHOCTEI JTeTeK-
THPOBaHNA Ha ODOWX JIETEKTOPAX, Plyetect X |a|?/2,
€CTb KOHCTAHTA.

Nurepdepomerp MII saBisiercss yHUTAPHBIM TTPE0O-
pazosaresieM. OTCIofa CJIEIYeT, 9TO OTHOIIEHUE CyM-
MBI BEPOSITHOCTEH (POTOOTCIETOB B TEHTPATBHOM Bpe-
MEHHOM OKHe 2 B JIBYyX JETEKTOPaxX K BEPOSTHOCTU OT-
cueToB B JIIOOOM OOKOBOM OKHE W Ha JIIODOM JIeTeK-
TOpe JIOJZKHO ObITh paBHO 1/4 (4TOOBI HE 3arPOMOXK-
JIaTh BBIKJIAJIKA, CANTAaEM, YTO KBAHTOBBIE (D DEKTUB-
HOCTH JIETEKTOPOB OJIMHAKOBBI, BCE JajbHeiiree 0000-
IAeTCs Ha, CJIydYail JeTeKTOpPOB ¢ pa3Hoil 3dderTus-
HocTbio). Dakruuecku, 510 GyHIAMEHTAIBHOE CJIEI-
CTBHE YHHTApPHOCTH, & B JAHHOM KOHTEKCTE 3TO CO-
XpaHeHHe TOJIHOW SHEPIMH HAa BXOJE U BBIXOJE WH-
Tepdepomerpa MII, man, 9T0 SKBUBAJIEHTHO, COXpa-
HEHHEe HOPMHUPOBKM KBaHTOBBIX cocrosHuit. Ha Bxo-
ne uarepdepomerpa MII sHeprust cocrosauss B JIBYX
BpeMeHHBIX OkHax ectb |a|? + |a?. Ha oboux BbI-
Xo/1aX WHTepdEepoOMeTpa CyMMa SHEPIUi COCTOSHUIT
[0 BCEM BPEMEHHBIM OKHAM paBHA: (OOKOBbIE OKHA)
4(Ja|?/4) + (menTpambuble okHa) |y |? + |agl? = |af?.
Brech |ay|? = |a|? cos?(p/2) — cpemmee umcio dboto-
HOB Ha BepxHeM jeTekTope, |agl? = |a|?sin®(p/2) —
Ha HUXKHEM, ( — PA3HOCTb (a3, HabupaeMas COCTOs-

HUSIMHA TIPH IIPOXOJIE 110 BEPXHEMY M HHKHEMY ILIedaM
unarepdepomerpa (em. (1)—(3)). Ilpu naeanbHolt nHTED-
depenrun ¢ = 0 — MAKCHMyM Ha HUKHEM JIETEKTODE,
WM ¢ = 7T — MAKCUMYM Ha BepxHeM sierekTope. Cymma
MHTEHCUBHOCTEI! 110 JIBYM JIET€KTOPAM B IEHTPAJIBHOM
BPEMEHHOM OKHe BCerjla ecTh KOHCTaHTa ||?.
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o 1 o 1
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\/§>2 2 detect 2/3 4 detect 1
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1
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= Tdetect, o
V2 /), 2 et g/,

Takum 06pa3oM, SHEPrusi COCTOSTHUI HA BXOJE WH-
TepdepoMerpa B IBYX BPEMEHHBIX OKHAX paclpeje-
JIsleTCsl TI0 TPEeM BPEMEHHBIM OKHAM Ha JIBYX BBIXO-
nax maTepdepomerpa. CyMMapHasi SHEPIUs IO BCEM
BPEMEHHBIM OKHAM Ha JIBYX BBIXOJIaX HHTEpdEPOMeTpa
BCerjia PaBHA dHEPIMU HA BXOJIE, UTO SIBJISETCS [IPOSIB-
JIEHHEM 3aKOHA COXPAHEHUsT SHEPIUH [IPU PACIIPEIeJIeH-
HoOil muHTepdepennuu. B kBanTOBOI (busnke maTEpdE-
pomerp MII sgBisieTcst yHUTApHBIM ITPe0OPA30BATENIEM,
9TO TapaHTUPYET COXPAHEHUE CyMMAaPHONH HOPMUPOBKH
KBAHTOBBIX COCTOSIHUII HA BBIXOJAaX HMHTEepdEepoMerpa
[IpU pacIpeiesIeHHON MHTeP(hEPEHITINN.

5. COXPAHEHUME SHEPT'UN IIPU
PACIIPEIEJIEHHO MHTEP®EPEHIIUU 1
JAETEKTUNPOBAHUE ATAKN

EBa Bcerjia mepenocobuiaeT Te COCTOSIHUS, KOTOPbIE
OHA MOJTyMJIa, T. €. COCTOSHUS BUIa | g )1 @ [ePFag)s,
dasa pp Boibupaercss B coorserctsuu ¢ (1), (2) u
¢ TeM, Kakoit mcxop monydeH. Cpemree umciao HoTo-
HoB |ag|? B cocTosHUM BBHIGUpaeTCs TaKUM, YTOOBI B
cIydae COBIAJIeHHsT OA3MCOB MOJIC/IYIIUBATENST U JIe-
PUTUMHBIX [OJIB30BATENEH B IEHTPAJIHHOM BPEMEHHOM
okHe 2 (cM. pHUCYHOK) mMes Mecto doroorcuer. st
9TOr0 MHTEHCUBHOCTH JIOJIZKHA OBITH | E|2 > Py,. Ecim
6a3mChl He COBIAJIAJIN, TO B 9TOM CJIydae B IEHTPAIIb-
HOM BpeMeHHOM OkHe (cM. (3)) He Oymer mueasbHOI
KOHCTPYKTUBHON U UJACAJIbHON JIECTPYKTUBHOII MHTEP-
depennun Ha obomx gerektopax. Ha oba merexkTopa
MIPUXOIAT COCTOSIHUS C OJIMHAKOBBIM CPEHUM THCJIOM
doronos (1/2)|ag|?. Eciu uHTEHCUBHOCTL COCTOAHMIL
takoBa, uto (1/2)|ag|?> < P, To orcueros ne Gyjer.
CoOoTBeTCTBEHHO, ITPU HECOBIaJAeHNN H6A3UCOB He OyIeT
7 OImuOOK Ha MPUEMHOM cTopoHe. TakuMm obpasoM, ec-
JIN JIABUHHBIH JIETEKTOD OCJIEIJIEH, TO IPU PETUCTPAIIH
TOJIBKO B NEHTPAJIHHOM BPEMEHHOM OKHE IIPU TEPETo-
coiie cocrosiauil ¢ naTencusHocTbio (1/2)|ap|? < Py,
u |ag|? > Py, ommubounbix orcyeros He Gymer. Orcde-
TBI OYJIyT TOJIBKO B Te€X IMOCBLIKAX, B KOTOPBIX OA3UCHI
Aymmcor-Bo6a u Espl coBmaganu. B sTux mocbLikax
[IOJICIIYIIIUBATE/Ib 3HAET BCE IE€Pe/IaBAeMble COCTOsI-
HUsI, HE MPOU3BOJUT OIMUOOK HA HPHEMHOI CTOPOHE
n ue gerekrupyercsa. Cucrema KPK okasbiBaercst ne
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cekpeTHoit. OIHAKO, €CIN JONOJHATH TPOTOKOJ H3Me-
peHmsIME B GOKOBBIX OKHax 1 1 3 Ha JII060OM JJABUHHOM
JIETEKTOPE, TO aTaKa C OCJEIJIeHHEM BCerja JeTeKTHU-
pyercs. Eciin MHTEHCUBHOCTD MOJIMEHEHHBIX COCTOSTHUI
(fake states) BoiGpana Tax, uto Py, < |ap|? < 2Py, To
OTCYETOB B GOKOBBIX BDEMEHHBIX OKHAX (TJe MHTEHCUB-
nocts pasua (1/4)|ag|? < P, Hesasucumo oT TOTO,
COBIAJAIOT MK Her Gasuchl Asmcbi-Boba n EBbl) He
OyIeT, TIOCKOJILKY MHTEHCUBHOCTD HA JIETEKTOPAX PaB-
na (1/4)|agl? < P, 9TO 3aBeJOMO MeHbIE HOPOTo-
Boii BestmauHBL (M. (1)—(3)), HaurHast ¢ KOTOPOit BO3HU-
KatoT (pOTOOTCUETHI. [IpH OCIENIeHnr JeTEKTOPOB UH-
TEHCUBHOCTD IOJIMEHEHHBIX COCTOSIHUI yJIOBJIETBOPSIET
yenosuto Py, < |ag|? < 2Py, ipu 9TOM 0TCUeTh B 60-
KOBBIX OKHaX 1 U 3 TOJHOCTBIO UCYE3AI0T, T. €. COOTHO-
IIIeHNe BEPOSITHOCTEH OTCIETOB B IEHTPAJIBHOM UHMOP-
MAIIMOHHOM BPEMEHHOM OKHE U GOKOBBIX OKHAX M3Me-
usiercsi. Takum oOpasoMm, pu (Ha30BOM KOIUPOBAHUU
MIOJIC/TY IIUBATE/b He MOYKET He TIPOU3BOIUTH ONIMOOK 1
HE M3MEHSITh CTATUCTUKY (POTOOTCUETOB C yUETOM OT-
C49eTOB B GOKOBBIX BPEMEHHBIX OKHAX.

IMpu wmecoBmazaomux 6a3ucax OTCYETOB IIPU
marencusroctn  (1/2)|ag|? He M0MKHO OBITH, T.e.
(1/2)|ag|*> < Pu. Hpu cosnajaromux 6Gasucax u-
TEHCHBHOCTh Ha JeTeKTope pabHa |ag|?, mpm stom
JIOJKHBI OBITH OTCUeTHI, Tak Kak |agp|? > Py,. Un-
TEHCUBHOCTH B OOKOBBIX BPEMEHHBIX OKHaX paBHA
(1/4)|ag|® u ne 3aBucur or unrepdepenuuu, T.e. OT
COBIIAJICHNUS WM HecoBHauenus Oasucos Anucwi-bBoba
u EBbI, 103TOMY OCJIEILIEHHME JIETEKTOPOB MIPUBEJET K
[TOJTHOMY OTCYTCTBHIO (POTOOTCUETOB, €CJIU TPEOOBATH
OTCYTCTBHsI OIMMOOK TPH HECOBHAJAIOINX Oa3ncax,
T. e. cobtosierns yenopus Py, < |ag|? < 2Py,.

TakumM 06pasoM, JBa yCJoBHs: 1) OTCyTCTBUE OIIN-
GOK B IIEHTPAJLHOM BpeMeHHOM okHe — Py < | E|2 <
< 2P; 2) coxpaHeHHE OTHOINEHUS BEPOSTHOCTEH B
GOKOBBIX OKHAX W IEHTPAJIbHOM BPEMEHHOM OKHE —
lag|? > 4Py, OKa3BIBAIOTCA OYEBHIHO HECOBMECTHMBI-
mu. OTKyza CJIeyeT, 9TO NOACTY ITUBATEh TPUHITATIY-
AJIbHO HE MOYKeT 3HATh BECh KJIIOU M He U3MEHSITh CTa-
TuCTUKYE (POTOOTCUETOB, T. €. OCTABATHCS HEJIETEKTHUDY-
embiM. [Ipu stom B cucremax KPK ¢ ¢dasoBeim komm-
pOBaHMEM 3TO TApAHTUPYETCs Ha ypPOBHE (DyHJIAMEH-
TAJIbHBIX IPUHIUIOB, & HE TEXHUYECKUX «3aILJIATOK» B
cucreMe.

6. JJIMHA CEKPETHOI'O KJIFOYA B
ACUMIITOTNYECKOM ITPEAEJIE
OJIMHHBIX IIOCJIEAOBATEJIBHOCTEN IIPU
ATAKE C OCJIEIIVIEHUEM AETEKTOPOB

He cymecTByeT yHUBEPCAJIHLHOIO METOJIA BBIUUCIIE-
HHUS JJIMHBI CEKPETHOI'O KJII0Ya JJId BCEX BUJIOB aTaK.
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TTosToMy HY>KHO TPOBEPSITH BCEBO3MOXKHBIE ATAKH, BbI-
9UCATh JJId HUX JUINHY KJII0Ya W BBIOMPATH MUHU-
MaJIbHYIO 110 Pa3HbIM arakaM. Ilocjie jleTeKTupoBaHust
aTaKy BOZHUKAET BOIIPOC: MOXKHO JIU MIOJIYYUTh CEKPET-
HBII KJTI0Y 1 Kakoit jymmabl! Ob6rmiast hopmyia mist 1i-
HBI CEKPETHOI'O KJIH04a 0E30THOCUTEIBHO K THUILY ATaKU
umeet Bug [20]

l = 1 (H,, (X|E) — leak,) (4)

rJe M — YUCJIO 3apPErMCTPUPOBAHHBIX MOCHIJIOK B COB-
magarommux 6asucax, leak, — duciio OUTOB, W3PaCXO-
JIOBAHHBIX HA KOPPEKIUIO OIMUOOK B MEPBUYHBIX KJTIO-
4gax, € — [apaMeTp CeKPeTHOCTH, KOTODPbIN HasHada-
eTCsl JIETHTUMHBIMU TI0Jib30Baressmu, HS . (X|E) —
CrJIaYKeHHAs MUHUMAJIbHASI SHTPOIUs (CM. JEeTaju B
[20]), comepxkamast Bcro mHbOpManuio 06 atake EBBI.
Hedopwmansuo HE,, (X|E) naer mexsarky undopma-
nuun EBbl B 6uTax B IlepecteTe Ha IIOCBUIKY O OHTO-
BOIl CTPOKe JIMHBI 1. ATaka C OCJIEIIEHUEM sIBJISIeTCS
aTakoil mpuemM—Iepernocbll. EBa caydaiftHbIM oOpasoM
B KaXKJIO¥l M3 3aperncTPUPOBAHHBIX ITOCBIJIOK C BEPO-
SITHOCTBIO (¢ PEIaeT, OCJEIIATh JETeKTOPbI WJIM HET.
ITapamerp ¢ uzBecten Tonbko EBe. IlposiBiiennem ara-
KU CJIy?>KUT U3MeHeHue J10J11 (HOTOOTCIETOB B DOKOBBIX
BPEMEHHEIX OKHAX 10 OTHOIIEHUIO K JI0JI€ B IEHTPAIb-
HOM BpeMeHHOM OKHe. be3 ocsierienust oTHOIIeHNE Be-
POSITHOCTH OTCUYeTa B HOKOBOM OKHE K BEPOSITHOCTU B
[EHTPAJIBHOM OKHE JIOJI?)KHO OBbITH 1/4.

CrHayaJjia pacCMOTPUM ACUMIITOTHYECKUN IIPeJIel
JJIMHHBIX TOCJIEJ0BATEIBHOCTEMN, 1 — 00, B 9TOM IIpe-
JieJie TapaMeTp ¢ — BEPOsITHOCTH OTCYETOB B IIEHTPAJIb-
HOM OKHE — U3BECTEH TOYHO, IMOCKOJIbKY HeT (PIYKTY-
aruit, CBA3aHHBIX ¢ KOHewyHO# jymHol. [lo cytn, nme-
erT MecTO OepHYJIJIMEeBCKasl CXeMa UCHbITaHuit. B mose
3apEruCTPUPOBAHHBIX MOCHLIOK ¢ JIETEKTOPBI OCJIETLIs-
JINCh, a B joje 1—g — Her. To ecTh B ng moChLIKAX OUTHI
KJIIOUa U3BeCTHBI, B N1 — ¢) IIOCHIIIKAX — HEU3BECTHBI.
OTHolIeHne YKCJIa OTCYTCTBYIOIIMX OTCUYETOB B OOKO-
BBIX OKHAX NMgijde K CYMMapHOMY YHCJTY 3aPETHCTPUPO-
BaAHHBIX OTCYETOB B IEHTPAJIbHBIX BPEMEHHBIX OKHAX B
obonx meTekTopax (IpU TOM HETOUYHOCTH GATAHCUPOB-
Ku mHrepdepoMeTpa He BakKHa, TaK KaK CyMMapHOe
9UCJI0 OTCYETOB B 0DOMX JETEKTOPAX €CTh KOHCTAHTA,
9TO JIAeT

CoO0TBeTCTBEHHO JIjIsi MaTpHUIlbl II0THOCTH Ajtnca—EBa
nMeeM
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a jLUW 6 19293 1923 o 123 123
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BasucerAmucsi—Boba A /A BasucerA mcsi-bBoba
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a) PyHKuMOHaNbHAs CxeMa BKAtoYeHUs nasButHoro getektopa (APD), R, — HarpysoudHoe conpoTusnieHne (TUNNYHbIE 3HaYeHns
50-100 Om), ¢ KOTOpOro CHUMaeTCsi HanpskeHne — curian getektuposatusi Uy; Discr. — guckpumunHaTop, 3HaveHne noporoso-
ro HanpsbkeHust guckpumuHauum 10-100 mMB; Ugqte — nmnynbe cTpobupytowero Hanpsixerus. 6) Potootcyetsl npu hasosom
KOLVPOBAaHUN B Pa3fNYHbIX BPEMEHHBEIX OKHax Ha JIABUHHOM AeTeKTope npw coBnagatowmx basucax Anucbi-Boba un Esbl 6e3
OCJIENJIEHNS U C OCNENJIEHNEM AeTEKTOPOB. BpemerHoe okHO 2 sBnsieTcs mHopMaunoHHbIM okHOM. BeposiTHocTb dhoTooTcHeTa
3aBUCUT OT NHTePdEPEHLMN COCTOSIHMIA, MPOLLEALINX MO BEPXHEMY U HIKHEMY NyTsiM uHTepcepometpa Maxa —Llangepa (MZ);
D1 v Dy — naBuHHble geTekTopbl. POTOOTCHETHI BO BPEMEHHBIX OKHax 1 1 3 He 3aBucaT oT Bbibopa basuca. 6) PoTooTcHeThI
B Pa3s/InyHbIX BPEMEHHEIX OKHax be3 ocrnenseHus n C oc/ensieHneM LeTEKTOPOB, Npu He cosnagatowux basucax Anucsi—Boba
n EBbl

2%
x {10)x x (0| @ [0) g (0] + 1) x x (1| ® [1) p (1]} +

+ %(1 —q) {|O>Xx<0| o el T Dk

PXE(Q) =

1|+
b6

rue |0,1)x — cocrosimus Amucst g 0 u 1, [0, 1) g —
cocrognusa EBol. B mepBoM ciaraemom, KOTOpoe OTBe-

2

0)eE (0] + 1) pr(l]

+ Dxx(1]® 5

YaeT CUTYAIUH C OCJEIJIEHHEeM JIeTEeKTOPOB, COOTBET-
crBre Mexty 6urtamu Asucel u EBbl ofHo3HauHOE. Bo
BTOPOM CJIATA€MOM, KOTOPOE OTBEUAET 3a CUTyAInio 6e3
OCJIEIJIEHUsI JIETEKTOPOB, KaxKjaoMy 6uTy Asmcel pas-
moeeposaTHO oTBevaer 0 mwim 1 y EBbl. 910 03Hauaer,
9TO B 9TUX NOCHUIKaX EBa MOXKeT TOJTBKO yraJIbIBaTh
repeaBaeMblii 6uT AJHCHI.

Corytacuo [20], ayiuHa K098 B aCUMITOTHYECKOM
npejiesie GECKOHEYHO JJIMHHBIX OCJIEI0BATEIHbHOCTEN
UMeeT BH/

nR n

1
— (H(pXppE") — leaky,) =

n—oo

=1— g — leak,

(6)

rae leak — madOpMAaIMS HA TOCBIIKY, 3aTpadeHHAs HA
WCIIPABJIEHUE OMTNOOK, KOTOPhIE MOTYT BO3HUKATH, Ha-
IpUMeEp, 3a CIET HETOUHON OaaHCUPOBKU HHTEPdhEpo-
MeTpa U JIPYTUX HEUJIEAJTHHOCTEH almapaTyphl.
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7. JJIMHA CEKPETHOTI'O KJIIOYA IIP1
KOHEYHOM AJINHE
IIOCJIEAOBATEJIbLHOCTN

[Ipu xoHedHOM dmCIIE T 3aPETUCTPUPOBAHHBIX OT-
CYETOB TOYHOE 3HaveHMe mapamerpa q Ajuce u Boby
HEU3BECTHO. B 9TOM cirydae criia’keHHast yCJIOBHAsT MU-
HUMaJIbHAS SHTPOIUS OMPEIEISTeTCs KaK

€
main

(P¥%1pHe) =

= max Hpin (0"2.(@)p™2(q)), (7
{q:Pr{Iq—§\§5}>l—€(n,6)} (pXE(q)|pE (q)) ( )

rJe MAKCUMYM OIPEJIEISIeTCS [0 TeM MATPHUIAM ILIOT-
HOCTH, y KOTOPBIX IapaMeTp § OTCTOUT OT UCTUHHOIO
3HAYEHUs] HA BeJIMYUHY He OoJsiee § U ¢ BEPOSITHOCTHIO
e meree 1 — £(n,d). Beauauna § onpemensiercs moJ-
HBIM YHCJIOM OTCYTCTBYIOIIUX OTCYETOB B OOKOBBIX OK-
Hax ((1/4)nq) B mocnenoBarenbHocTH JMHBL n. [TycTh
UCTUHHOE 3HAYEHWE BEPOSITHOCTH PABHO ¢. B OepmHyJI-
JIMEBCKOM CXeMe IIpU YHCJe UCHBITAHUNA 71 YHUCJIO OT-
CYTCTBYIOIIUX OTCYETOB B OOKOBBIX OKHaX MOYKET OBITH
Ji06bM o1 0 110 /4, HO ¢ pa3Hoii BepoaTHOCTHIO. Bepo-
SITHOCTH TOT'O, 9TO IIPU UCTUHHOM 3HAYEHUN ITapaMerpa
GEepHYJUIIEBCKON CXeMBI ¢ IPOM30iiieT He Gosee k oT-
CYEeTOB, PABHA

E
Pr{kln} = Y Crg™(1—q)" ™,
m=0 (8)
n!
O = i — )

CoOTBETCTBEHHO, BEPOSITHOCTD TOTO, UTO IHUCJIO OCIIETI-
JIEHHBIX TIOCBIIOK Oy/IeT JiexkaTh B uHTepBate |k—k| < ¢
ecTb
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Pr{lq— 7| < 5} :Pr{)%_%‘ < 6} > 1—¢(n,d), o

k

8(”7 5) = 26_262”7 q = q=
n

k
o
IlockoJibKy MaTpPHIIEI IJIOTHOCTU U3 STOI'O MHOXKECTBA
UMEIOT CTPYKTYPY TEH30PHOI'O IIPOU3BEICHUA, B 3TOM
ciydae JjId CIVIaXKeHHOH MUHUMAJIbHOI SHTPOIINHI NMe-

er Mecto [20] cooTHOIIEHNE

Hs(&,n)

min

(PS5 (@IPE" (@) = n | H(pxr(q)lpe(q) —

B urore JJId JIJIAHBI CEKPETHOT'O KJII0Ya IMOJIyYaeM

1
log, (E)

n

by =n|1——

— (e, n)—const - , (11)

rie 0(g,n) BbIpaxkaercs depe3 lapamerp €, KOTODBbIii
3a/18€TCs JIETUTUMHBIMU TI0JIb30BATE/ISMHU.

8. SAKJIFOYEHUNE

Takum obpazom, mokazano, uro cuctembl KPK ¢
Gbaz0BBIM  KOJIMPOBAHMEM CTPYKTYPHO YCTOWYMBBI K
aTake ¢ OCJIeIJIEHNEeM JIABUHHBIX JIETEKTOPOB HA yPOBHE
byHIaMEHTAILHBIX IPUHITAIIOB, 8 HE TEXHUIECKUX pe-
mernii. [Ipu 3TOM KaKuUX-TO JOMOJHUTETLHBIX TEXHU-
qeckux m3menennit B cucreme KPK ne Tpebyercs, mo-
CTATOYHO JIWIITh U3MEHEHN Ha dTare 00pabOTKN ChIPO-
ro kjoua. [loydensl Tak:Ke BbIpAXKEHUs JJIsT JJIHNHBI
CEKPETHOTO KJII0Ya B CJIydae, KOrja OOHADYKEHA aTa-
Ka ¢ ocJjenjieHneM JerekTopoB. OTmeTuM, 4TO CUCTe-
mbl KPK ¢ nosisipusalimoHHBIM KOAUPOBAHUEM OCTAIOT-
Csl YSI3BUMBIMU TI0 OTHOITIEHWIO K aTaKe C OCJIEIIEHUEM
JIABUHHBIX JETEKTOPOB, IMOCKOJBKY B TAKUX CHCTEMAaX
He TMPOBONUTCS MPeoOpasoBaHme COCTOSHUI, KOTOpPOe
MIPUBOJUT K PACIpPEIEJeHHON MHTepMEPEHITNN — BCsI
nHdOpMaII O TepeaBaeMoOM KJII0Ue COCPEIOTOTEHa
B MOJISIPU3AIIN KBAHTOBOT'O COCTOSTHUS, JIOKATN30BaH-
HOT'O B OJIHOM BpeMeHHOM OkHe. [lo 9Toit npuunne wnc-
nosib3oBaHue cucreM KPK ¢ nossspuzanimoHabiM KO-
poBanueM, Haupumep, B 6aHKOBCKOii cdepe [21], moxker
[IPUBECTU K HEIPEICKA3YEeMbIM IIOCJIEICTBUSM.
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OrMmeruM, 9TO HUCXOAHASI aTaka C OCJICIICHUEM,
upeioxkeHHast B paborax [1-15], npusogur K ncues-
HOBEHHIO OTCIETOB B DOKOBBIX BPEMEHHBIX OKHaX. B03-
MOKHA MOIUUKAINS ATAKH C MOIBITKONH BOCCTAHOBJIE-
HUsI OTCYETOB B 3TUX OKHax. [Ipu mMomudunmupoBasHoi
aTake IOJICJIYIINBATE]b MOXKET MOCHLIATH IO/IMEHEH-
uble cocrosuus (fake states) B Gosee panHuMii MOMEHT
(BpeMeHHOGe OKHO Ha BXOJIE [ePeJ] IIEPBBIM MMILYJIbCOM ),
a TakXke B GoJiee TIO3/IHUHA MOMEHT (II0CJIe BTOPOro HC-
TUHHOrO UMITyJbca). OJHAKO Takas araka TakiXKe Jie-
TEKTHPYETCsl, TIOCKOJIBKY IIPUBOJIUT K BO3HUKHOBEHHIO
OTCYETOB B T€ MOMEHTBHI BPEMEHHU, IJI€ UX HE JIOJZKHO
OBITH, YTO OOHADPYXKHUBAETCsI MO KOHTPOJIIO BXOIHBIX
COCTOSIHUI, IIyTeM OTBOJIa YACTH U3JIYyIeHUs HA OIHO-
GbOTOHHBIH JIETEKTOP.

Bripazkato 6/1arolapHOCTh KoJuteraM o AkajieMun
kpunrtorpadpun Poccuiickoit ®enepanum 3a MOCTOSH-
HYTO TOJJIEPKKY 1 0bcyX)aenust, a Takxke K. A. BaJbr-
runay, A. H. Ksimmosy, C. II. Kymuky, K. C. Kpasrosy
3a MHOTOYUCJIEHHBIE U WHTEHCUBHBIE OOCYKI€HUSI.

Pabora momnep:xana npoekrom PH® 16-12-00015
(npomoJrkenue).
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