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HpI/I IIPOBCACHHUHN TaKOI'0 OKCIICPHUMCHTA ACJAaCTCsA BBIBOJ, YTO IIPOLCHT BCPHO

BOCCTaHOBJIGHHOI'O CEKPETHOI'0 COOOIIEHUS 110CIIE TOBOPOTA HU(PPOBOIO CTErOCOOOITICHMS

OoJibllIe 3aBHCHUT OT YIJIa, Ha KOTOPBIA OBUI IPOM3BENEH I[OBOPOT, HYeM OT IOPsIKa

3HaUaIero OWra, B KOTOPBIM MPOMCXOAWIIO IOTPYXKEeHHE. DTUM OBUIO JOKa3aHO, YTO

LIEJIOCTHOCTh BA)KHOM HMH(POPMALIMM IPU KAKOM-JIMOO IIOBOPOTE CTEIOCOOOINCHMS OYeHb

CHUJIBHO 3aBHUCHUT.

Moaudukaius 4yBCTBUTEIIBHOCTH MeToda LSB Kk moBOpOTY CTErocoOoOIeHus IS

BO3MOXXHOCTH €TI0 HCIIOJIBb30BaHUA B PCAJIbHBIX YCIOBHMAX aHallku3a HI/I ABJIACTCA
JTaJIbHEHIeH paboToM aBTOpAa.
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Ko3uHa M. A.

CrteraHorpacpumnyecknn meton, OCHOBaHHbLIU Ha
HOPMUPOBaHHOM NpPeodpazoBaHNN XOTENNUHra.
HeAOCTaTKU NpakTU4YeCKoOU peanu3auum.

Hanexxnass 3amura mHGOpMAIMK OT HECAHKIIMOHUPOBAHHOIO JIOCTYIA SIBJISETCS
aKTyaJIbHOM, HO HE PEIICHHOW B IIOJIHOM oObeMme mpobiemoit. OJHO M3 NEPCIEKTUBHBIX
HAIPABJICHUH  3alIUThl  WHOOPMALHH chopMUPOBAIIH COBPEMEHHBIE  METOJIbI
creranorpaduu [1,2], XoTsi o0acTh €€ NMPUIOKEHUS HE OIPAHUYHMBACTCH 0€3011ACHOCTHIO

uHpopmanuu (Puc.1).

3awumTaor CkpblTas aHHOTauusA AyTeHTudmk aumsa CkpbITas cBA3b
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3J’ICKTpOHHa$[ MCI[I/IL[I/IHCKI/IC CHUMKU, BI/II[COH8.6J'HOI[CHI/I}I, Pa3BCAbIBATCIIbHBIC
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Puc.1 — IloreHnuanbHble 00JIACTH IPUMEHEHHSI CTeraHOrpaduu
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B pamkax creraHorpadgum CeKpeTHOE COOOIICHHWE, WIH OOHOJIHUINEIbHAS
ungpopmayus (JAN), BCcTpamBaeTcsi B HE IPHUBIICKAOIIMA BHUMAaHHE OOBEKT — OCHOBHOE
COOOILIEHHUE, WU KOHMelHep, PE3YNbTaTOM YEero SBIBICTCS CMe2aHocoobwenue, KOTopoe
JJIee OTKPBITO TEPeNaeTcs aapecaTry 10 KaHAIy CBSI3M JIMOO XPAHHUTCS B TAKOM BHJIE.
IIpouecc morpyxenus W B KoHTeHHEp Ha3bIBaCTCH cmezanonpeoopazosanuem. B
Ka4eCTBE OCHOBHOI'O COOOIIEHUsI HAM0O0JIee YacTO MCIOIb3YIOTCS IU(PPOBBIE M300PAKCHMS
(I11), nudpossie ayauo, Buaeo. Jlanee st OlpeieICHHOCTH B BUIE€ OCHOBHOI'O COOOILICHMS
paccmatpuaercs L.

K creraHonpeoOpa3oBaHWI0  HPEABSBISIOTCS JBA OCHOBHBIX  TPEOOBAaHMS:
HAJCKHOCTh BOCIHPUATHS (CTEraHOCOOOIIEHHWE 3PUTEIBHO HE JOJKHO OTJIMYAThCH OT
KOHTEUHEPa) U YCTOMUYMBOCTh K PA3JIMIHOr0 POJa UCKAKECHHSIM - aTaKaM.

OagauM w3 BUIOB HamOosiee HS(P(EKTUBHBIX M Pa3pyLIMTEIbHBIX aTaKk Ha
CTEraHOCOOOIICHHUE SIBJISIFOTCS TEOMETPUUCCKUE aTaKH, KOTOPhIE CTPEMSTCS HE yIaJUTh
JU, a «ucropTUTh» €€ IyTeM BHECEHUSI IIPOCTPAHCTBEHHBIX MCKakeHu# [2,3]. [loaromy
CETO/HS UPE3BBIYAMHO GKMYAIbHbIM SIBISICTCS CO3J[aHUE CTEraHOrPAPUIECKUX METOJIOB,
YCTOMYMBBIX K TE€OMETPUYECKMM arakaM, OCHOBOW KOTOPBIX [IOJDKHO CIIYKHUTh
peodpa3oBaHKE UCXOIHOTO CUTHAJIA, MHBAPUAHTHOE K ahGUHHBIM IIPe0Opa30OBaAHHSIIM.

Pazpaborka creraHorpaMueCKUX METONOB, YCTOWYMBBIX K TI'€OMETPHYECKUM
aTakam, Ha CErOJHALIHUN JIeHb BejeTcs HedpdekTuBHO. OHUM 13 00BICHEHUI JaHHOTO
dakra SBISETCS CIO0XHOCTH OOOCHOBAaHHOI'O PEIICHHUS JaHHOrO Bompoca. OOmiero
MOAXO0/a JIJIsl CO3/IaHUSI TAKUX METOHOB HE CYIIECTBYET.

ILlenvio paHHOW pabOTHI  SBISIETCS TEOPETHYECKOe OOOCHOBAaHWME BBIOOpA
npeoOpa3oBaHMsl MCXOJHOTO  CHUTHAJA-KOHTEHHEpa — OCHOBBI IS CO3LaHMS
CTEraHorpaUuecKoro  MeETOJla, YCTOWYMBOIO K TEOMETPUYSCKMM  aTakam, C
NOCIISAYIOMIEH MPAaKTHYECKON peaym3aiued oaHoro u3 adpduHHBIX 1peoOpa3zoBaHUi -
MIOBOPOTA.

JIiIst TOCTHOKEHUS LIeIM padOoThl, HEOOXOAMMO PEIINTh CICAYIOIIUE 3a0aUlL:

1. ompenenuth M 000CHOBaTh BBIOOp IpeoOpa30BaHUsI MCXOJHOI'O CHIHaja-
KOHTEHHEpA;

2. MPOAHAIM3UPOBATH PE3YJILTAT BO3JNCHCTBHUS ITOBOPOTA HA PE3yJIbTaT BHIOPAHHOTO
peoOpa3oBaHMsl CUTHAIA-KOHTEHHEpa.

JItob6oii creranorpaduueckuii MeTO| JIOJDKEH ObITh YCTOHYMB K (TIpeJHAMEPEHHBIM )
atakaM. IlpakTuuecku I1t000# crocod 00pabOTKM HM300pPAKEHUH MOXKET IPUBECTH K
Pa3pyILISHUIO 3HAYNTEIIbHOM YaCTH BCTPOSHHOI'O COOOIICHHUSI.

Ilycte umeercs uHekoropoe I[M (nmbo ompejpesieHHBIM 00pa3oM  BbIICIICHHBIN
bparmMeHT H300pakeHHs), coiepkammii K nukcened. KaxaoMmy IHMKCENI0 CTaBUTCS B

T 2 .
x=(x,,x,)" €Z°, cocraBIeHHbI} U3 €r0 KOOPAMHAT,

COOTBETCTBHE BEKTOP [IMHBI 2

1) K)
rae Z — MHOXeCTBO 1eiibix uMcell. IlosryuenHble K BEKTOPOB x( ,U ,x(

paccMaTpuBarOTCS KakK COBOKYIIHOCTb peajid3alMi JIBYMEPHOI'O CIIy4alHOI'O BEKTOpPa,
UCIIOJIB3YIOTCI I IOCTPOEHUSA BEKTOpAa MAaTE€Maru4eCKOro  OXUJIAHUA M "

X

KOBapUaIlMoOHHOW MaTpuiibl C, paccMaTpuBaeMoro o0beKTa coriacHo [4]:
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1 &
— _ (k)
m,=Mx]=—> x* (1)
K3
r LS w(mY r
C,=M[(x=m)(x-m) 1=—DxO®) —mm,. @)
K=
rae M[e] — MaTe€eMaTHYECKOE OXXHUJIaHUE,
C. — JeucTBUTEIIbHAS CUMMETpPUYHAs 2x 2-Marpuila, i KOTOPOW CYILIECTBYET
CIIEKTPaIIbHOE pa3JioKeHHe [5]:
T
C, =UANU (3)
rae  A=diagh, ), U=[u,u,], AeR i=12, — jeiicTBuTe/IbHbIE
coocrBeHHbIe 3HaueHus (C3),
u,,i =12, — oproHopMupoBaHHbIE COOCTBEeHHbIE BEKTOPHI (CB).

Jroboe adhpurHOE TPe0Opa3oBaHKe IBYMEPHOI0 00bEKTA IPEACTABISIETCS B BUJIEC:

rae P — BewecrBeHHas 2x 2 -marpuua,
2 T . N\T
deR™; x=(x,,x,) , x=(X1,X2)" — BEKTOPBI CTAPHIX U HOBBIX KOOPIHHAT

COOTBETCTBCHHO.

ITycth 00BekT nojBepres adphuHHOMY IIpeoOpazoBanuio. B olmiem cirydae Bce
€10 NMKCEIM W3MEHMIIM KOOPIMHATHL. BeKTop MareMaTHiecKoro OMIaHWs /7. M MaTpuia

koBapuanuu C. «M3MEHEHHOro» 00beKTa B COOTBETCTBHHU € (1) 1 (2) OyayT paBHbI
m =Pm —d, 4)

C.=PC.P". (5)

T
IIpeanonoxum Jyisi  ONPEIASICHHOCTH, YTO ﬂq 2/‘L2. Mycte A=U".
JloronauM u3BeCTHOE Ipeodpa3zoBaHre XoTeJuIrHra [4]
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Y=,y =A(x—m,)

HOPMHUPOBaHMEM OObEKTa 110 pa3Mmepam, yuuTbhiBas, u4To C3 KOBapHaIlMOHHOMN
matpurbl  C, paBHBI JIUCHEPCHSIM  BJIIOJIb COOCTBEHHBIX OCEH, W HA30BEM €I0

HopMuposanuvim npeoopazosanuem Xomenrunea (HITX) [3]:

1

= A_EA(x -m,) (6)

(21722) _(
f \/7

pH ATOM Jt000H BEKTOp X MOXKET ObITh BOCCTAHOBJIIEH II0 COOTBETCTBYIOIIEMY
BEKTOPY z, C yUETOM OPTOTOHAIBHOCTH MATPHUIIBl A , CICIYIOITUM 00pa3oM:

1
x=NA"z+m_, (7)

MoXHO MoOKa3zaTh, 4YTO I BEKTOPOB Z = (Z 1,22)T m, ZO, a JucCIepcuu
KOMIIOHEHT z PaBHbBI €IIMHUIIE.
B cuny orpanndeHHOCTH 00beMa CTAaTbU Cpear Bcex ap@UHHBIX IPEoOpa3OBaHMA
BBIJICIIUM ¥ PaCCMOTPUM ITOAPOOHO n0o8opom.
[Tokaxxem, uro HIIX (6) siBiisieTcst MHBApUaHTHBIM OTHOCHUTEIILHO 1TI0BOPOTA.

Marpuua P B ciydae noBopora o0bekra Ha yron @ umeer Bup [5]:

cosQ sinQ

—sing cosQ
u sBjsiercs oproroHainbaoi. U3 (5) u (3):
C-=pPC P" = PUNU"P" =(PU)A(PU)". (8)

Marpunia PU — oproroHaibHas [6], Kpome Toro, mnpousBereHue PU nulb
pasBepHeT Bce CB C. Ha yroi ¢, OCTaBUB UX OPTOHOPMHUpPOBaHHBIMU. Paznoxenue (8)

€CTh CIEKTpaibHOE pasioxenue maTpunsl C , CB koropo ecth cTonbupl PU , a C3 paBHbI

C3 C.. Torma B mnpeoOpasoBanuu (6) marpuia OOBEKTa, IPETEPIIEBIIEIO ITOBOPOT,

OIIPCALCIACTCA KaK

A=(PU) =U"P" = 4P",
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a camo peoOpa3oBaHUE UMEET BHUI:

1 1 1

o oo B
z=A2Ax—m )=A2AP"(Px—d —Pm, +d)=A>A(x—m,) =z,
T.C. ABJLACTCA MHBAPHUAHTHBIM OTHOCUTCIIBHO II0OBOpOTA.
PaCCMOTpI/IM pe3yiibTaThl, IIOJNYYCHHBIC aBTOPOM B XOJ€ BBIYHUCINTCIBHOI'O

AKcIiepuMeHTa. I 1pOoCTOThl M HAIJISIAHOCTH M3JIOKEHHUSI B KauecTBe ucxojHoro 11
UCIIOJIb3YETCS U300paKEHUE pa3MePOM 8X8 MUKCEIICH.

KoopauHarel kaxxgoro wus K nwmkceneit mcxomHoro U300pakKeHU-KOHTCHHEPA,

OTBCYAIOMICTO 3HAYCHHUIO APKOCTHU fz_'/' , IIOJIOKKUM pPaBHbIMU

(xlaxz)T = (iaj)T

BCKTOp MaTCMaTUYCCKOIo OXHUIAaHHA H MaTpula KoBapualuM COOTBETCTBCHHO

UMEIOT BUII;
(99 '
Y )
525 0
C, = : (10)
0 5,25

OnpeziensieM cOOCTBEHHbIE 3HAUEHHMS Ul MATPHIIBl KOBapHAllUM, a B KauecTBe A
OyZer BBICTYNATh €AMHMYHAS 2x2-Marpuiia. [Ipu IonydeHUH KOOpAMHAT HOBOI'O
n300paxkeHus ucnoibzyeM dhopmyiy (6) u HITX npumer Bu:

1
(zl,zz)T=A‘2(x—mx)=[°’4364 0 J[j .

0 04364) (x,

OO o

3aMeTUM, UYTO 3HAYUTEIbHO YMEHBIIMTCS BBIUMCIUTEIIbHAS CJIOXKHOCTh B CHILY
(haKTUYECKOTO OTCYTCTBHS B KQU€CTBE MHOXKHUTES B (6) MaTpHIbl A .

OCHOBHBIE CIIO)KHOCTU IPAKTUUECKON pean3alii IIPEII0OKEHHOTO aJIrOpUT™Ma B

coorBerctBur ¢ (opmynamu (9) (10), (11) oueBHIHO CBsSI3aHBI C TOYHBIM WJIU

T 2
npubIMKeHHBIM obecrieuenueM ycious (Z,,2,) € Z° (xors B obLIeM ciiydae 3T0 U

He 00s3aTeiibHO).YKe Ha JTare HOPMUPOBAHMS IIpeoOpazoBaHre XOTCIUIMHIA, IPU
MPaKTUUECKOM peaju3aluy METO0/a, BUAMM, YTO IIPU IIOJIYYEHUH KOOPIMHAT HOBOTO
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1/1306pa>1<eH1/1;1 HCO6XOI[I/IMO IIPOU3BCCTU YMHOXCHHUC MW OKPYIJICHHEC 10 [IEJION 4YacTH
yuciia. 13-3a TOI'0, 4YTO UCXOOTHOMY H306p3)KCHPIIO-KOHTCI71Hpr CTaBUM B COOTBETCTBHE
1/1306pa>1<eHHe (¢ ManHHeﬁ H 1o CICAYIOIICMY IIpaBUIly. KaXIOMY IIMKCCIIO CO

. T . T T
3HaYeHHeM sApKoctu f,,i=1,n, j=1,m ¢ xoopauHaTramu (x,,X,)" craBurcs B

COOTBETCTBHE IIMKCEJIb HOBOTO M300paskeHusl ¢ KoopauHartamu (Z,,Z, )T , TOJIyYEHHBIMU
npu omoiu HITX (6), ¢ TeM ke 3HaUeHHEM SPKOCTH, 110JIyJaeM YBEIMUECHUE MaTPHUIIbI
nuzoopakeHus. K romy ke, marpuiia n3o0pakeHrst OyIeT HE II0JHOCTHIO 3aIl0IHEHA, B
CBSI3U C IIOJIyY€HHBIMU COBIIQJIEHUAMH KoopauHAT. HekoTophle ke KOOpJIMHATHI U BOBCE
OyAyT HE BOBJICUEHBI B IIPOLIECC, TAK KaK MM HE OyJeT COOTBETCTBOBATH HU OJHO
3HAUEHUE SPKOCTH M3 UCXOJIHOTO N300PAKEHUSL.

Hrak, B kauecTBe BO3MOXKHOI'O BapHaHTAa PEIICHWS BO3HUKAMOIIECH IPOOJIEMBI
[peAIaraeTcs pacIupeHrue MaTPHUIIbI.

B pabore Teopernueckn 000CHOBaHA MHBAPHAHTHOCTH mpeioskenHoro HITX k
MOBOPOTY. 3/1€Ch PACCMOTPEHBI OCHOBHBIC IPOOJIEMbI, BO3HUKAIOIIKE IPU PeaTU3aIluu
ATOr0 MeToza. B JJaHHBII MOMEHT aBTOPOM pPaccMaTPUBAETCS BO3MOXKHBIE BapHUAHTHI
PEIICHMs] BO3HUKAIOIINX IIPOOIIEM.
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Kynuw C.C.

NMouck obLWKnX CyWHOCTEU B Pa3NNYHbIX NpeaMeTHbIX
obnacTax

B Hacrosiee Bpemsi CI0KHO IPEICTaBUTh, XOTh OAHY 00JIACTh KM3HU YEIIOBEKa, B
KOTOpPYIO ObI HE BOPBAIMCH MH(POPMAIMOHHBIC TEXHOJOTMH. B TOM 4MCIIe 3TO KOHEYHO
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