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BBEJAEHUE

CyuiecTByeT JBa BUJa CUMMETPUUYHBIX IIUQPPOB, UCHOJB3YEMbIX B
KpunTorpaguu — 3TO NOTOKOBbIE U OjouHbie mKGPHI. [lepBbie mudpyroT
MOTOK HMH(pOPMAIIUM MOCUMBOJIBHO, CKJIQJIbIBasi MOOAUTHO WX MOOUTOBO
MH()OPMALIMOHHBIN MOTOK € KIIOYEBOM MOCIEI0BATEIbHOCThIO. biouHble
mudpbl pa3dUBAOT TEKCT HA OJIOKU OMNpeNIeICHHOW JUIMHBI (00BIUHO, 64,
128 u Oojiee OMT) M UCTIOIBL3YIOT cxeMy DercTens Ui nog00HbIe IS T1e-
PECTAaHOBOK M CMEUIMBAHMS KIIFOUEH BHYTPH KaKJ0T0 OJI0Ka B XOJ€ MHOTO
pPayHI0BBIX IPOLIEAYD.

B cBoro ouepenp, s MOTOKOBBIX IIM(POB KitoueBasi MOCIEA0Ba-
TEABHOCTh CTPOUTCS JMOO, KaK OJHOPA30BBIM OJOKHOT, KOTJa MPH Kax-
oM MUEGPOBAHUU 3aHOBO MCIIOJIB3YETCS HOBBIM KJIHOYW (HAIpuUMeEp, IO-
CTPOCHHBIN Ha ()parMEeHTE KAKOTO-TO JIMTEPATYPHOTO MPOU3BEACHUS ), JTU-
00 UCIONB3yEeTCA FeHepaTop MCEeBAOCTYUYaHON MOCIEA0BATEILHOCTH, KO-
ra K1Y HEOOJBLION IJIMHBI MOKET T€HEPUPOBaTh ICEBIOCIYYalHYIO
MOCJIEIOBATENIBHOCTh 00JIbIIOr0 nepuonaa. KiroueBass mocienoBaTeNb-
HOCTb, MOJydyaemasi C MOMOIIBIO TAKUX T€HEPATOPOB, TOJKHA YOBJIETBO-
pATH psiAy TpeOOBaHUU, KOTOPHIE IMO3BOJSIOT YCIEIIHO MPOTHUBOCTOSITH
pPa3IMYHBIM BHUJIaM KpunTorpaguyeckux atak. TpeOoBaHMsS K TICEBAOCITY-
YalHBIM TOCJIEAOBATEIBHOCTIM HM3JI0KEHBI B TECTaX aMepuKaHCKoro MH-
ctutyta ctangaptoB NIST [1].

brounsie mdpsl KCOIB3YIOT, B OCHOBHOM, cxemy Deiictens, pas-
paborannyto emnie B 70-x rogax XX cronerus. B 1971 rogy Xopct Deii-
CTEJIb 3alIaTEHTOBAJI JIBa YCTPOMCTBA, PEATU3YIOMINX PA3IUYHbIE aJrOPUT-
Mbl IH(POBaHUA, MO3Ke MNoiyuuBiIne HazBanue «Jlrouudep». Torma
®eiicTenp paboTan HaJI CO3MaHUEM HOBBIX KPHUINTOCHCTEM B KOMITAHUHU
IBM Bmecte ¢ Jlonom Kommepcmutom. Ilpoekt «Jlromudep» Obu1 dKCIIE-
PUMEHTAIBHBIM, HO cTal ocHoBou st anroputmMa DES (anrn. Data
Encryption Standard).

JIroboi#t GnounHbll mMdp pazduBaer mudpyemsid (aitn Ha OIOKH
¢ukcupoBaHHON NIMHBI (HanpuMmep, ais DES on Obut paBen 64 6utam) u

BBIMIOJIHSIET MHOTOPAaYHJIOBbIE TIPeoOpa3oBaHusl, COCTOAIINE U3 OJHOTHII-
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HBIX NMPe0O0pa30BaHUM, BKIIOYAOIIMUX MOJACTAHOBKHU, IEPECTAHOBKU U TaM-
MupoBaHue. ['aMMupoBaHUE — 3TO CJIOKEHHUE OJIOKA JTAHHBIX C KIHOUYEBOUN
MOCJIEI0BATEIbHOCTHIO, TAKOE K€, KaK B MTOTOKOBBIX HIK(pax.

[IpeoOpazoBaHre Ha3bIBACTCS JUHEHHBIM, €CIIM OHO MOXET OBbITh
BBIPAKEHO € IOMOIIBIO HAOOpa JNUHEHHBIX QyHKUUA fj(X1, X3, ...y Xp),J =
1,2, ... k. JluneinpiMu Ha3bpiBatOTCS (GyHKIMUA BUAA [ (X1, X, .., Xpy) =
a|xq + ayx, + -+ ayx, +b.

[lepecTaHOBKM U TaMMUPOBAHUE — ATO JIMHEHHBIE MpeoOpa3oBaHus, a
TOJICTAHOBKY — HEJIMHEWHBIC. JIMHEMHBI KPUNTOAHATIA3 — 3TO BUJ| aTAKH,
MO3BOJISIFOIIMI HaXOJAUTh KIIIOY MU(POBAHUS MyTEM aHAIN3a BXOIHBIX U
BBIXOJ/IHBIX OJIOKOB JIaHHBIX.

On pabotaetr Tem 3 deKkTuBHEE, YeM OJIMKE K TUHEHHOMY SIBIISETCS
npeobOpazoBanue. [103TOMy MOICTAHOBKU WM S-OOKCHI B OJOYHBIX HIU(-
pax SBISIOTCS HEOOXOIUMBIM JIEMEHTOM. 3a/1adueil IepBOM JTabopaTOpHOI
paboThHI ABJISETCS MOCTPOCHUE HEIMHEWMHOTO MpeoOpa3oBaHus C BHICOKOMH
CTETIEHbIO HEJTMHEUHOCTH.



JABOPATOPHAS PABOTA 1. UCCJIEJOBAHHUE CBOMCTB
S-BOKCOB U TIOCTPOEHUE S-BOKCA HAUBOJIBIIEN
CTENEHU HEJIJUHEHMHOCTHU

1.1. Teoperudeckuii MmaTepua

O6o3naunm uepe3 F, muoxectso {0,1}, a yepe3 F,' MHOXECTBO
BEKTOPOB JUIMHBI N ¢ dIeMeHTaMu u3 F,.

[Ipou3BonbHBIN S-O0KC JIMHBI (1, M) MOpPENCTaBIsIeT coO0 0TOO-
paxenue u3 FJ' B FJ*. O0pa3oM OTOOpaKEHUS CIYKHT BCE MHOXECTBO
FJ*, To ecth S-hOX siBisteTcst otoOpakenueM xa. Ilpu n = m TaKkxe Tpe-
OYIOT OTCYTCTBHSI HETIOABIIKHBIX TOYEK, TO €CTh JJIS BCEX apryMEHTOB X,
s(x) # x (puc. 1):

Cxema S-0noka
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[MpuHUMNManbHaa cxema =
TpéxpaspagHoro (n = 3) s-brnioka

Puc.1. ITpumep s-6oxkca ipu (m,n) = (3,3)

Bxog x =5 =101, on mpeobpasyer B y =7 = 111,. Takxke S-
OOKC MOXHO 33/1aTh C MMOMOIIbI0 Tabymipl. [Iycth, Hapumep, n = 3, m =
2 (puc. 2).



Camplii

neBblit OUT : «— Cill\ihlc
> IPaBbIC OUTHI
BXx0Aa ¥ 00 01 10 11 s
0 00 10 01 11
[ 10 00 11 01

Puc. 2. S-6okc (3, 2)

Torma, S(100) =11 (mepBbeiii Out aprymenta 100 ompenenser
CTPOKY, a IOCJEAHUE JIBa OMTA — CTOJIOCI] TAOJIHIHI).

[TpousBosbHEIH (N, M) S-00KC mpeacTaBiseT codoii Habop U3 M Oy-
neBbIX (QYyHKIME pazmepHocTH N. HamoMHUM OCHOBHBIC ONpENCICHUS U
0003HaueHus U3 Teopuu OyneBsix QyHkmin. F, = {0,1}, FJ' — MHOXeCTBO
N-MEpHBIX BEKTOPOB ¢ KoopauHatamu u3 F,. Kaxayio OyneBy (GyHKIHIO

MOKHO 3aJaTb B BUJC ITIOJIMHOMA Kerankuna.

_ ki, k2 k
f=ap+ Yagx;'x,* ... x,",

rne k; € F, ={0,1}, u xlp =1, xl1 = X;. 3Ha4YuT, OyJieBy (DYHKIIUIO B BUJIC
nonuHoMa JKeraikuHa MOXKHO 3aJaTh Kak HaOOp BEKTOPOB W; =

(ki, k,, ...k,,) u cBOOOIHOTO WieHa ay € F,.
LY n 0 2

Ipumep. [lycts f =1+ x1x3 + X3x4. DTy QYHKIIUIO MOXHO 3a-

JaTh KaK CITUCOK:
F =11,(1010), (0101)].

®dyukius f HaszpBaercs siuneinon (v apUHHON), €ClIM BCE Clla-
raeMmbie B ToJimHOME JKerajkuHa UMEIOT MEPBYIO CTENEHb, T.e. [ = ay +
Ya;x; =ayg+ AX, tne A = (a,a,,a3), X = (xq1, x5, Xx3).

Hpumep: f(xy,x5,x3) =1+x; +x3,a0=1, A= (1,0,1).

byneBy (yHKIHMIO MOXKHO TaKXke 3a/JaTh KaK BEKTOpP €€ 3HAUCHHI.
[Mycte, Hanpumep, f (X1, X2, X3) = X1X, + X3. [TocTpouM TabIUIly MCTHH-
HOCTH (Tabnuna 1) mua pynkuuu f:

MHO0KeCTBO BCeX JIMHEUHBIX (DYHKIIUN pa3sMEpHOCTH N 0003HAYAETCS

yepes LEF,.



Tabnuya 1
Tabauna UCTUHHOCTHU

(x1,%,,%3) | (0,00) ] (0,0,1) [ (0,1,0)] (0,1,2) | (1,0,0) [ (1,0,1) | (1,1,0) [ (1,1,2)

fxq,x5,x3) 0 1 0 1 0 1 1 0

F =(0,1,0,1,0,1,1,0).

Hopmoii Xommunza Bektopa a € F)' Ha3pIBaCTCS YMCIIO €r0 HEHY-
neBbIX Koopauuat. Hanpumep, H(101) = 2.

Paccmoanuem Xammunza MeXIy JIBYMsl BEKTOpaMU Ha3bIBAETCS
HOpPMa UX CYMMBI (TIpH CJIOKEHHH BEKTOPBI CKJIAIBIBAIOTCS MTOKOOPAUHAT-
HO). [To-apyromy, paccrossane X>MMHUHTa PaBHO YUCIY KOOPJWHAT, B KO-
TOPBIX OTH BekTopa oTaumyarorcs. Hanpumep, H(1010,1100) =
H(1010 @ 1100) = H(0110) = 2.

Paccrosnne Mexay AByMs N-MEPHBIMU QYHKIMUSIMU [ U g BBIYUCIS-
eTcs o ¢popmyJie:

p(f,g9) = |x:x € F3, f(x) # g(x)|

IIpumep. Hailinem paccrosiaue Mexay (QyHKIHSAMU IBYX IEPEMEH-

HBIX — JIOTUYECKUMHU «W» M «WIH». 3aJaJiuM WX TaOJUIBI UCTHHHOCTH

(Tabnuiia 2).
Tabnuya 2
Tabnuira ICTUHHOCTH JUIS «H» U «HJTH
(x1,%3) «H» CHIT «H» + T
(0, 0) 0 0 0
0,1) 0 1 1
(1, 0) 0 1 1
(1,1) 1 1 0

Paccrosinne MexXay «u» U «WAJIN» PaBHO YUCIY HEHYJIEBBIX apryMeEH-
TOB B MX CYMMe, T.€. paBHO 2: p(&, V) = 2.
Mepoit nuHeitHOCTH OyneBoi (GyHKIMU f Ha3bIBa€TCS HAaWMEHBIIIEE

BO3MO>KHOE PacCTOsIHUE OT [ 710 JIMHEWHOU PyHKIINUHU:
NL(f) = ming{p(f; 9),9 € LE,}.
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Ipumep. n = 2. BpinuiieM BCEBO3MOXHbBIC JHUHEHHBbIE (YHKIIHHU
Pa3MEPHOCTH 2:
fi(zy,z9) =0, folzy,22) =1,
fa(z1, T2) = 71, fa(z1,20) = 9,
fs(z1,29) =21+ 1, fo(z1,20) = 22 + 1,
fr(z1,20) = 21 + 29, fo(z1,72) =21 + 20+ L.

CocTtaBuM 111 HUX TaOJIHITBI HCTUHHOCTH (Tabnwmia 3):

Tabnuya 3
Tabnuia ncTHHHOCTH 711 PYHKIMH JBYX TIEPEMEHHBIX
X1 X2 fi f2 f3 fa fs fe f7 fs
0 0 0 1 0 0 1 1 0 1
0 1 0 1 0 1 1 0 1 0
1 0 0 1 1 0 0 1 1 0
1 1 0 1 1 1 0 0 0 1

Beero cymecTByer 22 " GbyHKIUMNA 0T n nepeMeHHbIX. st n = 2 310
yucao paBHO 16, 3HaUUT, CyliecTByeT 8 HenMHEWHbIX (QyHKuuid. Kaxmas
U3 HHUX SIBJISICTCS CyMMOM JIOTHYECKOTO «U» [ = XX, U KaKOW-TO JIMHEU-
HOM (DYHKIIHH.

OyHKIUA f = X1X, 3a7aeTCA BEKTOPOM:
0

1
O4eBUHO, HAMMEHBIIIEE PACCTOSIHUSA MEXAY [ U TUHEUHBIMU (DYHK-

uusiMu paBHo 1 (3T0 paccrosiHuEe 10 HYJNEBOM (YHKIMU, CTONOEI] 3HaUe-
HUI KOTOpOU cocTout u3 0).

Ecin n — yeTHo, To MakcuManbHoe 3HaueHue NL(f) pasno 271 —

n n

1 o - —1
227", @OynakuuM ¢ HenmuHEWHocThI0 271 — 227 maspBarorcs  bent-
¢yukmmsimu. s HeweTHbIX n bent-gynknuii He cymectByer. Ho MoxHO

HAWTH (PYHKIUIO C MAKCUMAJIbHOW HEJTMHEUHOCTBIO.



[Tpumepom bent-dhyakumm pu N = 6 aBusgercs f = x1X3 + X,Xx4. Ee
CTeTCHb HEJIMHEHHOCTH paBHa 4. 3HaUeHHUSI MaKCUMalbHOW HEJTMHEHHOCTH
YETHBIX N MPUBEJICHO B TabuIe 4.

Tabnuya 4

3Ha4YeHUS MaKCUMaJIbHOM HEJIMHEWMHOCTH YETHBIX N
n 2 4 6 8 10
maxNL 1 6 28 | 120 | 496

Takum oOpa3zom, Ipu YBEJIMUYEHUU N1 MAKCUMaIbHasi BO3MOXHasl CTe-

neHb ObIcTpo pactet. [TocTpoenue bent-pyHkmiA 1151 GONBIIKMX N ABIACT-
Cs OYCHb TPYIAHOU 3aJ1a4€eH.

1.2. CreneHb HeJIMHEHHOCTH S-00KCA

[Tpon3BobHBIA S-DOX mpencTaBiser coOol Habop 3 0a30BBIX
byHKIMN f7, f5, ..o [ CTEIIEHb HETMHEMHOCTH S-O0KCa OMpEACIsaeTcs KaK
HaWMEHBIIIEE PACCTOSTHUE MEXIY MHOKECTBOM BCEX JIMHEWHBIX KOMOMHA-
UM 3TUX 0a30BbIX (DYHKIUM U MHOXECTBOM BCEX JIMHEHHBIX (PYHKIIMU
JTAHHOW Pa3MEPHOCTH.

3HAYUT, ISl ONpENESICHUs] CTENeHb HEJIMHEWHOCTH S-00Kca Hazao
CTPOUTHh BCEBO3MOXKHBIE JIMHEHHbIE KOMOMHAMU (QYHKIUH f1, f7, ... fm ¥
HAaXOJUTh PACCTOSHUE OT ATUX JIMHEHHBIX KOMOHWHAIIMN N0 JIMHEHHBIX
GyHKIMIA.

IIpumep. Ilycts N = 3, u S-00KC 3a/1aH ITUKJIMYECKOU EPECTAHOBKON
CIBUTA BIIPABO Ha | MO3UIHUIO:

(xlr X2 X3) - (x2; X3, xl)

3agaauM 3TOT S-00KC C TOMONIBIO TAOJIUI] UICTUHHOCTH (Tabauua S).

Takoil S-O00KC MMEET HYJIEBYIO CTENEHb HEJIUHEHHOCTHU, MOCKOJBbKY
BCE ero 0a30BbIe (DYHKIIMHU MPOCTO MPOCKIIUU:

f1(x1, %2, %3) = X3, f2(x1, %2, %3) = X3, f3(x1, %3, X3) = x1.

[TosTOoMy 1711 TOCTPOCHUSI HETMHEHHOTO S-00KCa HEJb3s MCIOJIb30-
BaTh MEPECTAaHOBKM THUIIA CJBHUIa, a HaJI0 ONPEACIsATh S-O0KC MO0 uepe3
0a30BbIC HEJIMHEWHBIE (DYHKIMU, JIMOO TMEPECTAaHOBKH, HE SIBIISIOIIUECS

casuroM. MlHaye roBopsi, HAJ0 33/1aTh N HEIMHEMHBIX 0a30BbIX PYHKIMI U
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MPOBEPUTh, YTO MX JUHEWHBICE KOMOWHAIMU ».a;f; IS TPOU3BOIBHBIX

BekTOpoB A = (a4, a,, ... ;) TAKKE SBISIOTCS HETMHEHHBIMHU.

S-00KcC pazMepHOCTH 3
(x1,%2,%3) | S(x1,%2,%3) fi f f
(0,0,0) (0,0,0) 0 0 0
(0,0,1) (0,1,0) 0 1 0
(0,1,0) (1,0,0) 1 0 0
(0,1,1) (1,1,0) 1 1 0
(1,0,0) (0,0,1) 0 0 1
(1,0,1) (0,1,1) 0 1 1
(1,1,0) (1,0,1) 1 0 1
(1,1,1) (1,1,1) 1 1 1

Tabnuya 5

Jns n = 3 cymecTtByeT 7 HETPUBHAIBHBIX JIMHEHHbIE KOMOWMHAIIUU

TUX PYHKITUN:

fufafsfitfe itz it ith+f

U elle OJIMH TaKou ke Habop ¢ mobaBieHrMeM | K Kaxaou U3 3TUX PyHK-

1ui, Bcero 14. OgHako MOCKOJBKY CTENEeHbh HEIMHEHHOCTH QyHKUHHN [ U

f + 1 onunakoBas (HoKaxuTe 3TO!), TO JOCTATOYHO pacCMaTpPUBATH JIH-

HEWHBIE KOMOWHAIIUA CO CBOOOIHBIM YjieHOM (.

IIpumep. [lonpoOyiiTe NOCTPOUTH PYHKIHIO OT TPEX MEPEMEHHBIX,

UMEIOIIYIO0 CTENIEHb HETMHEWHOCTU OO0JIbIIIE WIIM PABHYIO 2.

1.3. 3apanue Ha JabopaTtopHyio padory 1

1)  PaspaboraTh mporpamMmy, KOTOpas HaXOJUT PACCTOSHUE XIM-

MHUHI'd MCKIY 6y.]'IeBBIMH q)YHKHI/IHMI/I H onpeacisicTt CTCIICHb HEJIMHEHWHO-

CTH 3aJlaHHOW OyJIeBOM (yHKIIMH pa3MEPHOCTH N KaK MUHHUMAJIbHOE pac-

CTOSIHUE JI0 IPOU3BOJIbHON JTMHEWHOU (apPpuHHON) DyHKIINH.

2)  Paszpaborath nmporpammy, crposinyio bent-¢pyHkium pazmepHo-

crein=4un==~6.

3) Paspaborarth mporpamMmy, T'C€HEPHPYIOUIYI0 HCJIMHCHHBIC S-

OOKChI U C TIOMOIIBID HEE IMOCTPOUTHh S-O0KC pasMepHOCTH n =5 ¢

HAUOOJIBIIEH CTEIEHBIO HEJIUMHEUHOCTHU.

11



JJABOPATOPHAS PABOTA 2. IOCTPOEHUE TABJIUIIBI
JUHENHOUN AIIIMTPOKCUMAIINHU S-BOKCA

2.1. Teopernueckuii MaTepua
Kak ObL10 ckazaHO paHee, MPOM3BOJLHBIM S-O0KC IPEJCTABISET CO-
00if oTOOpa’keHUe M3 MPOCTPAHCTBA BEKTOPOB PA3MEPHOCTH N C DJIEMEH-
Tamu U3 Z, = {0,1} B mpoCTpaHCTBO BEKTOPOB Pa3MEPHOCTH M C TaAKUMHU
K€ dJIEMEHTaMHU C OIPEeICICHHBIMM CBOMCTBaAMH. S-O00KC MOXKET OBITh 3a-
naH OO Kak MEepecTaHOBKA BEKTOPOB, JIMOO Kak HaboOp m OyJleBbIX
byHKIMI OT n-nepeMeHHbIX. Kaxapiii S-00KC XapaKTepu3yeTcs CBOECH
CHIeneHbl0 HeJIUHelHOCmu, KOTOpasi ONpeIesIIeTCsl KaK HAaMMEHBIIee pac-
CTOSTHUE TI0 XAMMHHTY MEXKIYy JIUHEHHBIMA KOMOWHAIUAMH OYJIEBBIX
byHKIHH, 00pa3yoNMx S-00KC, U KJIACCOM JIMHEWHBIX OYJIEBBIX (DYHKITHIA.
UeM BbIlIIE€ CTENIEHb HETMHEUHOCTH S-O0KCa, TEM YCIEIIHEE S-O0KC MPOTH-
BOCTOMT KPHUIITO aTaKaM C MUCTOJb30BAHUEM HEJIMHEHHOTO KPUIITOAHAIN3A.
B sToi1 maGopatopHOoil paboTe MBI U3YYUM MPOLEAYPY MOCTPOCHUS
TaOJUIIBI JIMHEHHO anmnpokcumaruu (linear approximation table LAT) ms
3aJIaHHOTO S-O00KCa, KOTOpask MCTOJb3yeTCs [JIsl BBIMIOJHEHUS aTaK HEJH-
HEWHOT0 KpuIToaHanu3a. byneM mzydaTs HEOOXOAUMBIC TIOHATHS Ha MPHU-
Mepe S-0okca pazmepHocty 3x3. [Ipeamnonoxum, 94To HaM 3aJaH CIETYIO-
Ui S-0okc (Tabnuia 6):
Tabauya 6
S-60Kkc
X 1(0,0,0){(0,0,1)((0,1,0)|(0,2,1) | (2,0,0){(1,0,)) 1 (1,2,0) | (1,1,0)

S(X)|(1,0,0)](1,0,1)|(2,1,0)|(0,0,2) | (1,1,1) | (1,0,0) | (1,0,0) | (0,0,1)

JlaHHBIN S-00KC MOXKHO TaKk»e IMpeICTaBUTh Kak Habop u3 3-x OyJie-
BbIX (YHKIHH, 3alaHHBIX TaOnuied nctuHHocTH. OHU Ha3bIBalOTCS Oa-
3UCHBIMU PYHKIUSIMU S-O0Kca (Tabnuia 7).

Kpatko 3amnuiieM 6a3ucHbie PYHKIIUH B BUJE CTPOK WX 3HAUYCHUM:

Yy, =1[1,110,1,0,1,0], Y, =[0,0,1,0,1,1,0,0], Y5 = [0,1,0,1,1,1,0,1].
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3ajaHue ¢ MOMOIIbIO 0a3UCHBIX (DYHKIIUMA

X1 | X2 | X3 | LX) | f2(5) | f5(X)
0 0 | 0 1 0 0
0 0 | 1 1 0 1
0 1 10 1 1 0
0 1 |1 0 0 1
1 0] 0 1 1 1
1 0 | 1 0 1 1
1 1 10 1 0 0
1 1 |1 0 0 1

Tabauya 7

JIuHeitHOM anmpokcuManuen S-00Kkca Ha3bIBAETCs MMPOU3BOIBHOE CO-

OTHOIICHHEC THUIIA.

xa;X;=YbY +c,

(1

rae X;,Y; — BexkTopa pasmepHoctd n, a + 910 onepauus XOR (cnoxenune

o moxayinto 2). Iloacrasnsist B (1) BCEeBO3MOXKHBIE KOMOMHALIMN apTyMEH-

TOB Xi MbI OIIPCACINM, KAK YaCTO BBIIIOJIHACTCA 3aJlaHHAsA JIMHEWHas arl-

npokcumanus. IloctpouMm, Hanpumep, TaOIUIy 3HAYEHUN TSI COOTHOIIE-

Hus X, = Y; + Y3 (Tabnuua 8).

Tabauya 8

Tabnuna 3HaueHuit 1 cootHomenus X, = Y; + Y3
X, | X, X | v, |V, | v, |[v+Yv] X,
0 0 0 1 0 0 0 0
0 0 1 1 0 1 1 0
0 1 0 1 1 0 1 1
0 1 1 0 0 1 1 1
1 0 0 1 1 1 0 0
1 0 1 0 1 1 0 0
1 1 0 1 1 0 1 1
1 1 1 1 0 1 1 1

Jlnst aTorO OyZIeM B ITMKIIE MIEpeOupaTh BCEBO3MOKHBIE TPOUKH 3Ha-

yeHni BekTopa (Xq, X5, X3), BBIUMCIATH ISl HUX 3HAYCHUS BEKTOpa Oa-
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sucHbIX (yHkui (Y3, Y, Ys) u npoBepsaTs cooTHomenune X, = Y; + Ys.
CpaBHuBasi JBa TMOCJEIHUX CTOJOLA, Mbl BHJUM, YTO COOTHOIICHHE
X, =Y, + Y3 BeimonHseTcs B 6 ciiyyasx U3 8, 4TO BBIIIE CPEIHETO 3HAYE-

HUS C., = 4 . O0603HauuM 3T0 3HadYeHue yepe3 ¢, 0 < ¢ < 8. OHO cBsA3aHO

cp
C paccTosiHMeM XAMMHHTa h MEXIy IBYMsS BEKTOpaMH COOTHOILICHHEM
¢ + h = 2" = 8, mockoisbky h XxapakTepu3yeT 4ncio KOMIIOHSHT, I7I¢ BEK-
TOpa Pa3InvyaroTCs.

MBI MOXEM TakKe IMOUCKATh U JAPYTrUe MOAXOASAIINAE aIllpOKCHMAa-
uu. {1 3Toro coctaBuM TaOIMIy JIUHEHHON almpoKCUMAaIU. 3aluIlIeM
MIPOU3BOJILHOE JIMHEWHOE COOTHOIIICHUE B BEKTOPHOM (popme:

AX = BY,
rae X = (X1,X2,X3), Y = (Y1,Y2,Y3), A = (41,42, 43), B = (By, By, B3).

Tabnuua NTMHEWHOW aNnMmpOKCUMAIMU MPEACTaBISIET cOO0M TadIuIly
pasmepHocTH 2™ X 2™, rne 3arosioBKaMH CTOJIOLIOB CIy)KaT KOMOWHAIMH
BeKTOpOoB A = (A4, A4,,A43), a 3arojJoBKaMu CTPOK — KOMOHWHAIIUU BEKTO-
poB B = (B;,B,, B3). Ha nepecedennu momeniaeTcs 4uciio apryMEHTOB
X = (X;,X5,X3), Ha KOTOPBIX BHITIONHAETCS cooTHomeHne AX = BY mu-

HYC Ccp. [lapamerp c., = 4 = 2" /2 o6o3HauaeT cpeHee 3HaueHuE C. UeM

OOJIbIlIE OTJIMYAETCA 3HAYEHUE C OT CPeAHEro (B OOJIBIIYIO MM MEHBIIYIO
CTOPOHBI), TEM JIy4llle JaHHas JIMHEWHas KOMOWHAIUS XapaKTEepU3yeT S-

ookc. Ecou xe ¢ — c., = £4, TO JaHHBIA S-OOKC MMEET HAUMEHBIIYIO

p
CTEIICHb HEIMHEHMHOCTHU O, TO €CTh SBJISCTCS IOJHOCTBHIO JIMHEHHBIM. Ilo-

ATOMY C TOYKH 3pEHUSI KpUNTOTpaduu, UacaabHbIM SIBISETCS S-O0KC, y KO-
TOPOTO BCE 3HAUCHUS B TaOJIUIIC anlIpOKCUMaInii 0J1n3ku K 0.

2.2. TlocTpoeHue TaGJUIbI JIMHEIHHON aNNMPOKCUMAUH

1) PazMecTuM BCEBO3MOKHBIC KOMOMHAIMK KO3(PPHUIIMESHTOB JICBOM
4acTH JIMHEHHON KOMOWHAITMY 110 TOPU30HTANH, a PABOM 4acTH — O Bep-
TUKAJIH.

2) Ha mepeceuenun cronona (a,,a,,as) u crpoku (bq, b,, b3) no-
MECTUM 3HAYEHUE YHCJIAa COBNAJACHUNW COOTHOLICHUA X1 + a,X, +

as;X; = byY; + byY, + b3Y; munyc 4. Hanmpumep, Ha miepecedeHnu CToJio-
14



na (0,1,0) u crpoku (1,0,1) momectum 3HaucHue 6—4=2, rae 6 — 3Hade-
HUE, BRIYMCIICHHOE B MPEABITYIICH TaOIHIIe.

3) Pa3mep nmosyueHHo# TabMIb! paBeH 2 x2™, riae n, m — pa3mepsl
BXOJIa U BbIX0/a S-O0kca. B HameM nmpumepe noyrydutcs Tadmauia 8x8.

Bpy4Hyro 3amoiaHsATh TaKyro TaOJIUIly CIHMIIKOM JOJT0, TO3TOMY pe-
aNMM3yeM ATy MPOIEAyPy Ha KOMITbIOTEpE.

1) BamaguM Tpu Oa3ucHBIC (PYHKIUK S-O0KCa CTOJOIIOM BEKTOPOB,
KaK CJIJIaHO BBIIIE B TAOJIWIIC UCTUHHOCTH.

2) B nBoitHOM mnuKIe ImepedupaeM BEKTOPHI Bxona (aq,d,,dsz) U
BEKTOpHI Bbixoja (by, b, b3), kaxnerii ot (0,0,0) no (1,1,1).

3) Jns kaxaoi KOMOWHAIMW 3HAYCHHME (aq,dy,az) U (by, by, b3)
OTKpBIBAaEM HOBBIA IIMKJ 110 BCEBO3MOXHBIM 3HAUCHHUSIM BEKTOPOB
X, X, X35 mu a1 X1+ a X, +azX3; =
b.Y; + b,Y, + b3Y;. He 3a0yneM, 4To CyMMHpPOBAaHHE BBIMIOJHACTCS TIO

IpPOBEPSAEM  COOTHOIIEHUE
MOJTYJIIO 2.

4) BpIYHCIIIEM YHUCIIO apryMEHTOB, Ha KOTOPBIX 3TO COOTHOIICHHUE
BbITIONTHSAETCS. OT MOJIYyYEHHOTO 3HAUYCHUSI OTHUMAEeM 4 U TTOMEIaeM B CO-
OTBETCTBYIOIYIO KJIETKY TaOnuipbl. [lomyuutcss crnenyromas Tabauia

(Tabnuia 9):
Tabauya 9
Tabnuia TuHeHOM annmpoKkcuMaIu S-0okca
000 | 001 | 01,0 [ (0,1,1) [ 1,00 [ (10,1 | (1,100 | (1,1,0)

(0,0,0) 4 0 0 0 0 0 0 0
(0,0,1) -1 3 -1 -1 1 1 1 1
(0,1,0) 0 -2 0 2 2 0 2 0
(0,1,1) -1 1 3 1 -1 1 -1 1
(1,0,0) -2 -2 0 0 0 0 -2 2
(1,0,1) -1 -1 1 1 -1 1 0 -3
(1,1,0) 0 2 -2 0 0 -2 -2 0
1,1,1) 1 -1 -1 -3 -1 1 1 -1

MEI BUaUM, 94TO HaIl S-00KC, XOTSA U HE SABISCTCS JUHCHHBIM, UMEEM
CTEIEHb HEJIMHEHHOCTH 1, Tak B TaOJUIlE €CTh HECKOJILKO 3HAYEHUH -3 U
3, Onu3kue K JUHEWHBbIM T4 (3HaueHus |-l CTPOKM HE YUYUTHIBAIOTCH).

Bo3bmeM, HanmpuMmep, 3Hau€HUE — 3, pacmoiokeHHoe B 3 cronbue u 4
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CTpOKE (BBIJEICHO >XUPHBIM HIpUPTOM). OHO COOTBETCTBYET JUHEUHOMN
koMOuHauuu Y, + Y; = X,. IlonyueHHass anmpokcUMaius HUMEET YUCIIO
coBnageHuit ¢ = 3 + ¢, = 7 €O 3HAUYCHUSIMU S-OOKCA ¥ HE BBINOJIHIETCS

TOJIbKO Ha OJTHOM apryMeHTe. Beimuiiem u3 Tabaullbl eile 1Ba COOTHOIIE-
Hug (cTpoka 2, cronben 2) u (ctpoka 6, cronbder 8). [locnennee 3HaueHue
COJIEPKUT OTPHUIATEIBLHOE 3HAYCHHUE, TOITOMY B ypaBHEHUU J100aBwin |1 B
IIPaBOM YaCTH:

o +Y; =X,

Y3 = X3

Vi+Ys =X, + X, + X3+ 1,
W

Y, +Y;+X,=0
Y; +X; =0 *)
i4Ys+ X, + X, + X3 +1=0.
Berancnnm 3HaveHusd HOJIY‘IGHHOfI AllIIpOKCUMalM1 Ha MHOKXCCTBC
BCEX apryMEHTOB U CPAaBHUM C COOTBETCTBYIOIIMMHU 3HAYEHUSIMU Oa3uC-

HbIX QyHKIMN S-O0kca (Tabnuia 10).
Tabnuya 10

3HavyeHUs TUHEHHBIX KOMOMHAIMN 0a3UCHBIX (DYHKIIUN

X% [ XG0 b s ntntX | B4X 4+YG+X +X, + X +1
O] o0(0|212]|]0/0 0 0 0
oOo(0|1,1]01|1 1 0 0
o,1,01|1]0 0 0 1
O,1,1,0|0]1 0 0 0
1100|111 0 1 0
1101|011 0 0 0
1110|110 0 0 0
1111|101 0 0 0

MBbI BUIUM, YTO BCE TPHU JMHEHHBIC KOMOHMHAIIMH TOJIBKO HA OJHOM
M3 apryMEHTOB JIalOT OTJIMYHOE OT HYJSA 3HAUCHHE, TO €CTh MCXOIHAs CH-
crema Oasucueix ¢ymxmmii Y, =[1,1,1,0,1,0,1,0], ¥, =[0,0,1,0,1,1,0,0],
Y; =10,1,0,1,1,1,0,1] umeer creneHp HeaTuHEHHOCTH 1, TO S-O0KC IMOYTH

JIMHEEH.
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2.3. 3ananue Ha jabopaTopHyIo padoTy 2

[TocTpouTh TaONMUIy JTUHEHMHBIX ANMPOKCUMAIIUM COTJIACHO HOMEPY
cBoero BapuaHTa. Cruenath otueT B ¢popmare Word, B KOTOPOM NMPUBECTH
TaOJUIly JIMHEHHBIX alMpOKCUMAIIMN, KOJ MPOIEAypbl MOCTPOCHUS Tad-
JIUIBI U CUCTEMY JIMHEHWHBIX YPaBHEHUH, allPOKCUMUPYIOIINX S-00KC.

Bapuanrt 1
F1=(0,1,0,1,0,1,0,1,1,0,0,0,1,0,1,0)
F2=(0,1,1,1,1,0,1,0,0,1,0,1,1,0,1,0)
F3=(1,1,0,0,0,0,1,1,0,0,1,0,1,1,0,0)
F4=(0,1,0,1,1,0,1,0,1,0,1,0,0,1,0,0)

Bapuant 2
F1=(0,1,0,1,1,0,1,0,1,0,1,0,0,1,0,0)
F2=(0,0,1,1,0,1,1,1,1,1,0,0,1,1,0,0)
F3=(0,1,0,1,1,0,0,0,0,1,0,1,1,0,1,0)
F4=(1,1,0,0,1,0,1,1,1,1,0,0,0,0,1,1)

BapuanT 3
F1=(1,1,1,0,0,0,1,1,0,0,1,1,1,1,0,0)
F2=(0,0,0,0,1,1,1,1,1,1,1,1,0,0,0,1)
F3=(0,1,0,0,1,0,1,0,0,1,0,1,1,0,1,0)
F4=(0,1,0,1,1,0,0,0,1,0,1,0,0,1,0,1)

Bapuant 4
F1=(0,0,1,1,1,1,0,0,1,1,0,0,0,0,1,0)
F2=(0,1,1,0,0,0,1,0,1,0,0,1,1,0,0,1)
F3=(1,1,1,1,0,0,0,0,0,0,0,0,0,1,1,1)
F4=(0,1,1,0,0,1,1,0,1,1,1,0,0,1,1,0)

Bapwuant 5
F1=(0,1,0,1,1,0,1,0,0,1,0,1,1,0,1,1)
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F2=(0,1,1,0,1,0,0,1,0,1,1,1,1,0,0,1)
F3=(1,1,1,0,1,1,0,0,0,0,1,1,0,0,1,1)
F4=(0,0,0,0,1,1,1,1,0,1,1,1,0,0,0,0)

Bapuant 6
F1=(0,1,0,1,1,0,1,0,0,0,1,0,0,1,0,1)
F2=(0,0,0,0,1,1,1,1,1,1,1,1,0,0,0,1)
F3=(1,1,0,0,0,0,1,1,1,1,0,0,0,1,1,1)
F4=(0,0,0,1,1,1,0,0,1,1,0,0,0,0,1,1)

Bapuanrt 7
F1=(0,1,1,0,1,0,0,1,0,1,1,0,1,0,0,0)
F2=(0,0,1,1,0,0,1,1,1,1,0,0,1,0,0,0)
F3=(1,0,1,0,0,1,0,1,1,1,1,0,0,1,0,1)
F4=(0,1,1,0,0,1,0,0,1,0,0,1,1,0,0,1)

Bapuant 8
F1=(0,1,0,1,1,0,1,0,1,0,1,0,0,1,0,0)
F2=(0,1,1,0,0,1,1,0,1,1,1,0,0,1,1,0)
F3=(0,1,1,1,1,0,0,1,0,1,1,0,1,0,0,1)
F4=(1,0,0,0,0,1,0,1,1,0,1,0,0,1,0,1)

Bapwuant 9
F1=(0,1,1,0,0,1,1,0,1,0,0,1,1,0,0,0)
F2=(1,1,0,0,0,0,1,0,0,0,1,1,1,1,0,0)
F3=(0,1,1,0,0,1,0,0,0,1,1,0,0,1,1,0)
F4=(0,0,0,0,1,1,1,1,1,1,1,1,0,1,0,0)

Bapwuant 10
F1=(1,0,1,0,0,0,0,1,1,0,1,0,0,1,0,1)
F2=(0,1,0,1,0,1,0,1,1,0,1,0,1,0,1,1)
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F3=(0,1,0,1,1,0,1,0,1,0,0,0,0,1,0,1)
F4=(0,1,1,0,0,1,1,0,1,0,0,0,1,0,0,1)

Bapuant 11
F1=(1,1,0,1,0,1,1,0,1,0,0,1,0,1,1,0)
F2=(0,1,0,1,0,1,0,1,0,0,1,0,1,0,1,0)
F3=(0,1,1,0,0,1,1,0,1,0,0,0,1,0,0,1)
F4=(0,0,1,1,1,1,0,0,0,0,1,1,1,1,0,1)

BapuanTt 12
F1=(0,0,1,1,1,1,0,0,1,1,0,0,0,0,1,0)
F2=(0,1,0,1,0,1,0,1,1,0,1,0,0,0,1,0)
F3=(0,0,1,1,1,1,0,0,0,0,1,1,1,0,0,0)
F4=(1,0,0,0,0,1,0,1,1,0,1,0,0,1,0,1)

Bapuant 13
F1=(0,0,1,1,1,1,0,0,0,0,1,1,1,1,0,1)
F2=(0,1,0,1,0,1,0,1,1,0,1,0,1,0,0,0)
F3=(1,1,0,1,0,0,0,0,0,0,0,0,1,1,1,1)
F4=(0,0,1,1,1,0,0,0,1,1,0,0,0,0,1,1)

Bapuant 14
F1=(1,0,1,0,0,1,0,1,0,1,0,1,0,0,1,0)
F2=(0,1,0,1,0,1,0,0,1,0,1,0,1,0,1,0)
F3=(0,1,1,0,1,0,0,1,0,1,1,0,1,0,0,0)
F4=(0,1,0,1,1,0,1,0,0,1,0,1,1,1,1,0)

Bapwuanr 15
F1=(0,0,1,1,0,0,1,1,1,0,0,0,1,1,0,0)
F2=(0,1,1,0,0,1,1,0,1,0,0,1,1,0,0,0)
F3=(1,1,0,0,0,0,1,1,0,0,1,1,1,0,0,0)
F4=(0,1,1,1,0,1,1,0,0,1,1,0,0,1,1,0)
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Bapuant 16
F1=(0,0,0,0,1,1,1,1,1,1,1,1,1,0,0,0)
F2=(1,0,1,0,0,1,0,1,0,1,0,1,1,0,0,0)
F3=(0,1,1,0,0,1,1,0,1,1,1,0,0,1,1,0)
F4=(0,1,1,0,1,0,0,1,0,1,1,0,1,0,0,0)

Bapuant 17
F1=(0,0,0,0,1,1,1,1,1,1,1,1,0,0,0,1)
F2=(0,1,0,1,0,0,1,0,1,0,1,0,0,1,0,1)
F3=(0,1,0,1,0,1,0,1,1,0,1,0,1,0,0,0)
F4=(1,0,0,2,1,1,0,1,1,0,0,1,1,0,0,1)

Bapuant 18
F1=(0,1,0,1,1,0,1,0,1,0,1,0,0,0,0,1)
F2=(0,0,0,0,1,1,1,1,1,1,1,1,0,0,0,1)
F3=(0,1,0,1,0,1,0,1,1,0,1,0,1,0,0,0)
F4=(1,1,0,0,0,0,1,1,0,1,1,1,1,1,0,0)

Bapwuant 19

F1=(1,0,0,1,1,0,0,1,0,0,0,1,1,0,0,1)
F2=(0,0,0,1,0,1,0,1,1,0,1,0,1,0,1,0)
F3=(0,1,0,1,1,0,1,0,1,1,1,0,0,1,0,1)
F4=(0,1,1,0,0,1,1,0,1,0,0,1,1,0,0,0)

Bapuant 20
F1=(0,1,0,1,0,1,0,1,1,0,1,0,1,0,1,1)
F2=(0,0,0,0,1,1,1,1,1,1,1,1,1,0,0,0)
F3=(1,1,0,0,1,1,0,0,0,0,1,1,0,0,0,1)
F4=(0,1,1,0,0,1,1,0,1,1,0,1,1,0,0,1)
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JABOPATOPHAS PABOTA 3. B3JIOM 3-X PAYHJIOBOI
CUMMETPUYHON CUCTEMBI IU®POBAHUS TUIIA DES

PaccmoTrpuM cuctemy mudppoBaHus, TOCTPOCHHYIO 1O cxeme Deil-
CTEJsl, KOTOpas UCHOJb3YyeT cladblil S-00Kc mpeablayniero 3aaanus. [Ipo-
JEMOHCTPUPYEM, KaK MOKHO B3JIOMATh 3Ty CUCTEMY U HAUTU CEKPETHBIN
KJIF0Y, UCTOJIb3Ysl YaCTUYHbIC 3aM(POBAHHBIC JaHHBIC (BXOJbI U BBIXO-
bl ), TIOJTYYEHHBIE MTOCTIE TPETHETO payHaa Mpoleaypbl Hu(poBaHUs.

3.1. Onucanue cucrembl mudpoBaHus

Ha Bxone momaetcs 2N-0UTOBBIN BEKTOp X, KOTOPHIN pa3OouBaeTcs Ha
JIEBYIO U MpaBbI€ MOJOBUHBI, 0003Hauaemblie L U R. JleBas monoBuHA MOJ-
Bepraercsi MNpeoOpa3oBaHUIO C TIOMOINBIO HEKOTOpPOoW ¢yHKIMU f =
f (K, L) (bynkuuu deiicrens), rae K — cekpeTHBIN KITIOU.

Pe3ynbTrar moOMTHO CKJIaAbIBA€TCS C MpaBoi MOJOBMHOM R m oT-
MPABJISICTCS HA JIEBYIO MOJIOBHHY CIEIYIOLIEro payHaa. Takxke JieBas Io-
JoBuHa l-payHna 06e3 M3MEHEHHMs MEpenaeTcs B MPaBylO IMOJOBUHY Clie-

ayrotiero paysaa (puc. 3).

‘ Cxema 0JTHOTO IIpoX0/a : |

L; E;

" : Ri=L;
A L =R, (D fiLK)

Puc. 3. Ogun npoxoa cuctemsl DencTens



B kaxaoMm mocieayromeM payHie BCe OIepaiiuyd MoBTOpsitoTcs. B
opuruHajibHON cucteme derictens kimod K MeHseTcs oT payHaa K payHy
U TIPEJICTaBIISIET CO00M BBIOOPKY U3 UCXOJIHOTO 64-OUTOBOTO KIIHOYA.

Onwumiem Tenepb (ynpoIlieHHbIN) mexanusm ¢ynxuyuu f. Ha ee Bxon
nojaercs N-O0uToBkIN BekTop L 1 N-6utoBkiil kirou K (puc. 4).

L | B N
. s .
- S-box —» | Kirou " HoBbiii
> — K | v payHa

Puc. 4. Cxema ynpouennot pyukiuu derictens f A1 HAIIEH CUCTEMBI

CHauana UCXOJHBIN BeKTOp L moaBepraeTcsi mpeoOpa3oBaHUIO C TO-
MOIIBI0 N-MEepHOTO S-00Kca. [loToM pe3ynbTaT MOOUTHO CKIIABIBACTCS C
kioyoMm K u mopsepraercs nepectaHoBke P. PesynbraTom Oyaem Takoi
&€ N-MEPHBI BEKTOP, KOTOPBIM BCTpamBAECTCS AJIsSI JalbHEHIIEro Mpeoo-
pa3oBaHus B cxemy Dencrens.

OTMeTuM, 4TO MOJHBIN nepedop cuctembl mMKUdpoBaHUs TpeOyeT me-
pebopa Bcex 2N-OMTOBBIX BXOJIOB M N-OMTOBBIX KIIIOUEH, IMOITOMY IIPO-

CTPAaHCTBO Ilepebopa COCTaBisgeT BeauunHy 23"

, 4TO JIOCTATOYHO TPYJ0-
eMKo i 6onpmux n (n = 32).

[TokaskeM, KaKk MOKHO B3JIOMaTh JaHHYIO CHCTEMY, MCIIONB3Ys Clia-
OyI0 HEJIMHEHHOCTh S-O0Kca. Byaem mpenmonararh, 4To B HAIleM PacIio-
PSUKEHHH MMEETCSl caMa CUcTeMa Imu(pOBaHMs, IMO3BOJISIONIAS CHHUMATh
BBIXOJHBIE JaHHBIE (Uq,Usy,... U,) IPU MOJAYE HA BXOJI IMPOU3BOIHHOIO
BxoAa (Xq1,Xy, ..., Xp)-

ByneMm paccMmarpuBaTh npumep pasmepHocTd N=4. Ilycth S-00kc 3a-
JIaH CIETYIOMMUMU 0a3UCHBIMUA (DYHKITUSIMMU:

F1=(1,1,1,1,0,1,0,0,1,1,1,1,0,0,0,0)

F2=(0,0,0,1,0,1,0,1,0,1,0,1,0,1,0,1)

F3=(0,1,1,0,1,0,0,1,0,1,1,0,1,0,0,0)
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F4=(0,1,0,1,0,1,0,1,1,0,0,0,1,0,1,0)

Ilycte mepectaHoBka P mpeacraBiser coOOM IMUKIWYECKHI CIBUT
Bupaso (0,1,2,3,) — (1,2,3,0). Kmou K = (kg, kq, ko, k3) sBIseTCS Hens-
BECTHBIM.

Pemenue.

CocrtaBuM cHavaja TaOIUIly JIMHEHHOW anmpokcumanuu T:
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CooTBeTCTBYIOIIAS CUCTEMA JIMHENHBIX YPABHEHUN UMEET BUJL;
Yo=X;+1
Y, = X3
Y, =X; + X, +X;5
Y; =X, +X5.

3.1)

Kitou mmdpoBanus HaM HEM3BECTEH, HO U3BECTHA MepecTaHoBKa P,
KOTOpasi B HaIIEM MpPUMEpPE NPEACTABISET COOO0M LMKIMYECKUNM CHBUT
BJeBO Ha | mo3unmio. Takyro mepecTaHOBKY MOXHO 3amucaThb B BHJE

(rabmuna 11), nou B cokpamennoMm Buae P = 3,0, 1, 2].
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Tabnuya 11

ITepecranoBka
0 1 2 3
3 0 1 2

3Has 3TU JaHHbIE, Mbl MOXKEM CO3/1aTh TECTOBYK) CHCTEMY, 3aMEHSS
S-00KC CUCTEMOM JTMHEHHBIX YPaBHEHHMI U MOJCTABIISAS B KAYECTBE KIIHOYA
K npousBosibHble KOMOMHAIMU OuTOB. Harna 3agaya — onpeaenuTs Kio4
K, cpaBHUBasi BBIXOJbl OPUTHMHAIBHOM CHUCTEMbl MIU(PPOBAHUS U HaIIEH
TECTOBOU CUCTEMBI.

3.2. Tlouck 4-0MTHOTO KJIIO4Ya 3-payHa0Boii cucteMbl DeiicTenst

BbInosHuM OTCIEKMBAaHUE U3MEHEHUM 8-MEPHOTO BXOJHOTO KOpTe-
xa (N=4): X = (xg, X1, X3, X3, X4, X5, Xg, X7) B Ipolecce mMuppoBaHUS IO
cxeme Deiictens. O003HauuM yepe3 W BBIXOJHON BEKTOP, MOJTYUYEHHBIN
Ha TpeThbeM payHje. Hac Oyner mHTepecoBaTh TOJNBKO mIpaBas yacte W,
KOTOpasi corjacHo cxeMe delcrens COBIMANAET C BBIXOJOM JIEBOW YacTH
npeablayiero paynaa. [loatomy HaMm AOCTaTOYHO OTCIIEAUTH MPeodOpa3o-
BaHUS JIByX PayHIOB U MOJIYYUThH JIEBYIO MOJIOBHHY BBIXOJHOTI'O BEKTOpa
BTOPOTO payH/a.

B cootBercTBUM co cxemoil DeiicTenst UCXOAHbINM BEKTOp X pa3OuBa-
€TCs Ha JIEBYIO U npaByto yactu L u R,

1. Jleas wacth L = (x(,x1,X2,X3) TOABEpraeTcs mpeoOpaszoBa-
HUIO C TIOMOIIBIO S-00Kca, KOTOPHI naet Boixoa S(L) = (Yo, V1, Y2, V3)-

2.  Bexktop S(L) = (yg,V1,Y2,Y3) CKIaabIBa€TCs MOOUTHO C KIIIO-
yoMm K:

Z= o+ koyr+ki,y2+ksys+ks).
3.  Bekrop Z monBepraercs nmepecTaHoBKe P
U(ug, Uy, Uy, u3) = P(2).

4. Bekrop U cknagpiBaeTcsi ¢ mpaBOd MOJIOBUHOM BEKTOpa X U

MOJIae€TCs Ha JIEBYIO MOJIOBUHY BXOJIa BTOPOTO payH/a:
L, =U+R = (ug + x4,uy +x5,uUy + X6, U3 + X7).
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5.  TlonHblil BXOJI BTOPOTO payH/ia UMEET BU:

X'= (ug + x4,uq + x5, Uy + X¢, Uz + X7, X0, X1, X2, X3).

6. Bektop L, moaBepraercs T€M K€ IMPEOoOpa30BaHUSAM C MTOMO-
I[pI0 ONEpalUid MYHKTOB 2—5 W BBLAAETCA HA BBIXOJ CUCTEMbI B BUJIE JIE-
BOW MOJIOBUHBI 2N-MEPHOTO BBIXOJHOTO BEKTOPA.

[Tocnenquuii BEKTOpP COBIIAAACT C NPABOM IOJIOBUHOM BBIXOJHOI'O
BekTOopa W monHo#t 3-payH10BOM cHCTeMBbI (P POBaHUS, YaCTUYHbBIC 3HA-
YeHUs1 KOTOPOM HaMm u3BECTHHI. [10b3ysich cnaboCThIO S-OOKCa, MBI MO-
’KEM TIOCTPOUTH TECTOBYIO CUCTEMY IIU(POBaHMS, 3aMEHSIST S-00KC CHUCTe-
MOW JTMHEHHBIX ypaBHEeHUH (3.1).

3.3. TectoBasi cucrema mmndpoBaHus

TecroBasi cucremMa uMeeT Te ke IMpeoOpa3zoBaHUs, UTO U OCHOBHAs
CHUCTEMa 3a MCKJIIOUYEHHEM TOro, 4TO S-OOKC 3aMeHsieTcsi cuctemoit (3.1),
TO €CTh, BBINOJHAIOTCA ypaBHeHUs (3.1), cioxenne ¢ kiaouoM K, mepe-
cranoBka P = [3,0,1, 2] (uukiaudeckuil cABUT BJi€BO Ha | MO3UIMIO) U
nob6asnenue npasoi yactu R. [lepenumem cucremy (3.1):

Yo=X,+1
Yi=X3

Y, =X1+X;, +X;
Y; =X, +X3.

X (X0, %1, %2, %3) = Y (Y0, Y1, Y2, V3),

Y = ((x1 + 1), (x3), (x1 + X2 + x3), (X0 + x3))
Y+K=((x;+1+ky),(x3+ k), (x1 +x3 +x3+ky),(xg+x3+k3)),
P(Y+K)=((xg+x3+k3),(x;+1+ky),(x3+ky), (%1 +x, +x3+k3)),
Wi = ((xg+x3+x,+ks),(x;+x5+1+ k), (x5 + x4+ ky),

(X, + x5 + x5+ x5, + ky)).

[Tocnenuuit BekTtop W;(Wq, Wi, Wy, W3) OBLT TIOJIYYEH CIIOKEHHEM

BbIXO/a l-payHna c mpaBoi moOBUHOM R (X4, X5, X6, X7) UCXOIHOTO BEK-
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topa X. Jlasiee OH moJaeTcs Ha MECTO JIEBOM MOJIOBUHBI BXOJHOTO BEKTOPA
BTOPOr0 payHjaa, IJ¢ IpaBas IOJOBHHA — 3TO HUCXOAHBIA BEKTOD
X0, X1, X, X3 U BBIYUCICHUS TMOBTOPSIOTCS. MTak, BXOJHOM BEKTOP BTOPO-
r'o payHjaa UMeeT BHUI:

X' = (Wy, Wy, Wy, W3, Xg, X1, X2, X3).

Hanee, npumensietr k Bekropy W, dyukiuio ®eiicrens. [locne npu-
MeHeHust cucteMbl ypaBaenus (3.1) momyuum Bextop Y ' (vo , v1', 2, vs')
CO CJICIYIOIIMMH KOOPIUHATAMH:

Yo=wi+1=x; +x5+kg
Y1 =Wg =Xx; +x, +x3+x;+ky
V=W, AWy Wy =X, Fxs +xg+x, ko kg +k, +1
Y3 =Wo+ W3 =xo+x; +x2 +x4 +x7+ky + k3.
[Tpubasnsiem kiroy K
(z(’)=W1+1=x1+x5
Zi=W3=X1 +Xx, +x3+x;,+k, + k4
Zy =Wy +Wo + Wy =x, +xs+xg+x7,+ko+ky+1
Zs =W+ W3 =Xg+x1 +Xx, + x4 +x; +ky.

[Tocne BBIOJHEHHUS MEPECTAHOBKM IMoayunM Bektop W, co crmedy-

IOITUMH KOOPJINHATAMM:

(Wo = Xo+ X1 +Xx3 + X4 +x7+ky

wy = x; + Xs

Wy =Xx1 +x, +x3+x;+ky + ks

w3 =X, + x5+ X6+ x5+ ko +ky + 1.

A

[Tocnennuy mar — 310 cioXkeHue Bekropa W, C mpaBol mOI0OBUHON
BXOJIHOT'O BEKTOpa BTOPOT'0 payHJia, TO €CTh C BEKTOpoM (Xg, X1, X2, X3). B
pesyabTate, moxyanm Bektop U(ugy, Uy, Uy, Us)

Uy = Xq +X2+X4+X7+k2

Uy = Xg

U, = x1+x3 +x7 + kl + kz

Uz =x2+x5 +X6+X7+k0+k1+1
OTMeTHM, YTO H3-3a IUIOXOH KOHCTPYKIMH S-00KCa MBI IOJYYHIIH

(3.2)

JOCTAaTOYHO MPOCTYIO aNMPOKCUMHUPYIOIIYI0 CUCTEMY, a BTOPOE ypaBHE-

HHUEC CUCTCEMBI BOO6H_I€ HE 3aBUCUT OT KJIO4Ya.
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3.4. Tlouck kiwya

CHauana MBI HaljeM 3HaAYeHUS apryMEHTOB X, Ha KOTOPBIX 3Ha4Ye-
HUs cucTeMbl (3.1) oTiuyaroTcst OT 3HaYeHus S-0okca. st 3Toro B LUKIIE
o Bcem aprymentam X ot (0,0,0,0) mo (1,1,1,1) BeIuMCIMM 3HAYEHUS S-
Ookca u cuctemsl (3.1) 1 BeIICTIUM 3HAYEHHUS, HA KOTOPBIX OHU OTJINYAKOT-
cs. ITonmyuum HekoTOpbId HAOOP U3 4-X 3HaueHui. B necstuunom dopma-
Te 3ToT Habop mmeet Bua Err = {5,1,15,10}. B HeMm i-ypaBHEHUE CUCTEMBI
(3.1) maer oaHy ommOKy Ha i-aprymeHTe MHOXkectBa Err. Hampumep,
Yo (x) # Fy(x) Ha aprymente x = 5 = 0101,.

Jlanee, mojaauM Ha BXOJl Hallled CHUCTEMBbI MIU(PPOBAHUS HECKOJIBKO
apryMEHTOB, OTJIMYHBIX OT apryMEHTOB W3 Habopa EIT U BeITIUIIIEM TOTY-
YeHHBIC PE3yNbTaThl MU(ppoBaHUS B Tabmuily. byaem Oparh 3HadYeHHS
MpaBOM MOJIOBUHBI BXOHBIX BEKTOPOB R(X) = (x4, X5, X¢, X7) paBHBIMH 0.
3HavyeHus JIEBOM MOJIOBUHBI Oynem Opath mocieaoBatenbHo oT 0000 mo
1000, uckmrouas 3HaueHust u3 MHoxectBa Err. I[lonyuennsle 7 3HaUeHH
BBINTUIIIEM B TaOJUIly (JIIA HAIIETO TIpUMEpPa MbI B3sUTH KJTHOU ITUGPOBAHUS
K = 0111, = 7) (tabiuma 12).

Tabauya 12
Tabnuia 3HaueHns Ha aprymeHTax X ¢ mpaBoi 4acTpio ) ¥ KIIr0uomM
K=0111,=7

L(X) |0000|0010|0011 |0100 |0110 |0111 |1000

C(X) |1001 /0001|0110 1010 |1011 1000 |1000

CrnenyronuM 3TanoM SBIISIETCS BHIYUCICHUE 3HAYEHUN TECTOBOM CH-
cteMbl (3.2) Ha apryMeHTax U3 Tadnuubl 12. Yaanum u3 cucteMbl Oecro-
JIE3HOE BTOpOE ypaBHEHHE U MoAcTaBUM () BMECTO MEPEMEHHBIX X4 — X7.
Cucrema (3.2) NOJIy4YHUT YIPOIIECHHBIN BUI:

Ug =X1 +x, + ky
U, =x1, +x3+ky+ky (3.3)
Uz =x + ko + kq + 1.

[Tepenumem cuctemy (3.3) B CIIEIYIOIIEM BHUJE:
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k, =uy +x1 + x5

ki +ky, =u, +x; + x5 (3.4)

ko + ki =uz; +x, +1.

Breruuciaum 3Ha4eHUS BEKTOpA:
Z=y+x1+x Uy +X1+Xx3, U3 +x, + 1)
Ha aprymeHTtax X wu3 Tabmuubl 12, rae BMecTo nepeMeHHbIXx U =
Ug, Uq, Uy, Uz Oynmem mojacTaBisaTh 3HadueHUs C(X) w3 TOH XK€ TaOJHIIBI.
[Tonyuum (Tabnuma 13):
Tabnuya 13
Tabnuiia mepexBaueHHBIX 3HAUCHHM

L(X) |0000|0010| 0010 | 0100 | 0110

Z(X,C)| 101 | 101 | 101 | 101 | 101

Hawm noBesio, u cucrema (3.4) umeet oaHo3Haunoe pemienue (1,0,1).
Ecnu Obl HE Bce 3HaUCHUS ObUIM OJMHAKOBBIMU, TO MbI ObI BRIOMpAIIH IS
Ka)XJ0M KOOPJIMHATHI TO 3HAYEHUE, KOTOPOE MOSIBIsCTCS vaile. Beinuiiem
penienue cucteMsl (3.4) 1 HaiijieM 3HaYeHUsI OUT KITr04a

k2=1 k0=0
k1+k2=0 - k1=1
k0+k1=1 k2=1

HOCJ’IGI{HI/Iﬁ OHT KIIIOYa k3 HaM HC HYXXCH, ITIOCKOJIbKY OH HC HCIIOJIb-

3yeTcs B cucteMe. B3jiom kiiroua BeIMOIHEH!

3.5. 3aganue Ha JaboparopHylo padorty 3
JInst cBoero BapuaHTa B3SITh JaHHbIE S-OOKca U3 J1abOpaTopHOM pa-
OOTHI 2 ¥ BBITIOJIHUTH CICAYIOIICE:
1. ITocTpouTh CUCTEMY JIMHEWHBIX ypaBHEHUH (3.2).
2. BBITIOJTHUTH TOMCK HEU3BECTHOTO KITFOYA, MMOCTPOUB cructeMy (3.4).
3. 3Has K04, pacimmgpoBaTh nepexsaucHHoe coodmienue ¢(m).
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BapuanTsl 3a1aHui

Bapuanr 1
Yactuunas mumdpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:
C=(6,6,1,15,13,15,6,6,11,2).
[Tepecranoska P=[2,1,3,0].
3ammdpoBanHoe coodmenue ¢(m)=8.

Bapuanrt 2
Yactuunas mumdpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:
C=(7,14,8,0,11,15,6,10,8,8).
[Tepecranoska P=[3,0,1,2].
3ammdpoBanHoe coobiienue ¢(m)=5, 9<=m<16.

Bapwuanr 3
YactuuHas mudpoBanbHas Tabnuia 3-payHaoBoro mmdppa dDeiicrens oT
X=0 mo X=8:
C=(15,4,13,0,13,14,2,6,4,3).
[TepecranoBka P=[1,3,0,2].
3ammdpoBanHoe coodmenue ¢(mM)=3, 9<=m<16.

Bapuant 4
YactuuHas mudpoBanabHas Tabnuia 3-payHaoBoro mmdppa dDeiictens oT
X=0 no X=8:
C=(10,13,2,7,12,11,7,2,5,12).
[Tepecranoska P=[3,1,2,0].
3ammdpoBanHoe coodmenne ¢(m)=13, 9<=m<16.

Bapuanr 5
Yactuunas mudpoBaabHas Tabnuma 3-payHaoBoro mmdppa dDeiictens oT
X=0 no X=8:
C=(0,9,15,0,6,11,7,6,14,7).
[Tepecranoska P=[3,1,2,0].
3ammdpoBanHoe coodmeHue ¢(m)=9, 9<=m<16.
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Bapuant 6
Yactuunas mumdpoBaibHas Tabnauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:
C=(12,8,5,3,13,15,4,4,13,11).
[Tepecranoska P=[1,2,3,0].
3ammdpoBanHoe coobiienue ¢(m)=7, 9<=m<16.

Bapuant 7
Yactuunas mudpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:
C=(13,5,13,4,10,11,1,2,0,1).
[Tepecranoska P=[2,3,0,1].
3ammdposannoe coobmienue ¢(m)=0, 9<=m<16.

Bapuasnt 8
YactuuHas mudpoBanbHas tabnuia 3-payHaoBoro mmdppa dDeiicrens oT
X=0 no X=8:
C=(6,10,6,4,3,3,10,14,13,6).
[TepecranoBka P=[1,0,3,2].
3ammdposanHoe coobmieHue ¢(m)=8, 9<=m<16.

Bapuant 9
YactuuHas mudpoBanabHas Tabnuia 3-payHaoBoro mmdppa dDeiictens oT
X=0 no X=8:
C=(7,14,0,9,2,9,14,1,13)5).
[Tepecranoska P=[1,3,2,0].
3ammdpoBanHoe coodmenne ¢(m)=5, 9<=m<16.

Bapwuant 10
YactuuHas mudpoBanabHas Tabauia 3-payHaoBoro mmdppa dDeiictens oT
X=0 mo X=8:
C=(12,4,1,12,2,15,11,1,8,15).
[Tepecranoska P=[3,0,1,2].
3ammppoBanHoe coodmenne ¢(m)=12, 9<=m<16.
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Bapuant 11

Yactuunas mumdpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:

C=(4,8,7,5,11,9,8,10,6,10).

[Tepecranoska P=[3,2,0,1].

3ammdpoBanHoe coodmenue ¢(m)=4, 9<=m<16.

Bapuant 12
Yactuunas mudpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:
C=(10,7,0,8,6,11,9,4,1,5).
[Tepecranoska P=[1,2,3,0].
3ammdpoBanHoe coobmieHue ¢(m)=12, 9<=m<16.

Bapwuant 13
YactuuHas mudpoBanbHas Tabnuia 3-payHjaoBoro mmdppa dDeiicrens oT
X=0 no X=8:
C=(9,2,9,7,15,0,10,0,0,0).
[TepecranoBka P=[3,1,0,2].
3ammdposanHoe coobmieHue ¢(m)=8, 9<=m<16.

Bapuant 14
YactuuHas mudpoBanabHas Tabnuia 3-payHaoBoro mmdppa dDeiictens oT
X=0 no X=8:
C=(13,9,0,4,15,9,0,5,13,15).
[Tepecranoska P=[3,0,1,2].
3ammdpoBanHoe coodmenue ¢(m)=4, 9<=m<16.

Bapwuanr 15
YactuuHas mudpoBanabHas Tabauia 3-payHaoBoro mmdppa dDeiictens oT
X=0 no X=8:
C=(4,0,8,2,11,1,3,11,0,0).
[Tepecranoska P=[1,3,2,0].
3ammdposanHoe coodmenue ¢(m)=0, 9<=m<16.
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Bapuant 16

Yactuunas mumdpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:

C=(0,8,1,8,13,13,4,12,10,4).

[Tepecranoska P=[1,3,0,2].

3ammdpoBanHoe coobienue ¢(m)=2, 9<=m<16.

Bapuant 17
Yactuunas mudpoBaibHas Tabauna 3-payHaoBoro mudpa deiictens ot
X=0 no X=8:
C=(3,5,12,0,6,9,14,11,2,15).
[Tepecranoska P=[2,1,0,3].
3ammdposanHoe coodmienue ¢(m)=1, 9<=m<16.

Bapuant 18
YactuuHas mudpoBanbHas tabnuia 3-payHaoBoro mmdppa dDeiicrens oT
X=0 no X=8:
C=(1,11,12,14,14,6,13,3,15,5).
[TepecranoBka P=[2,3,0,1].
3ammdpoBanHoe coobieHue ¢(m)=2, 9<=m<16.

Bapwuant 19
YactuuHas mudpoBanabHas Tabnuia 3-payHaoBoro mmdppa dDeiictens oT
X=0 no X=8:
C=(7,14,6,14,12,5,9,1,2,7).
[Tepecranoska P=[2,0,1,3].
3ammdpoBanHoe coodmenue ¢(m)=7, 9<=m<16.

Bapwuant 20
YactuuHas mudpoBanabHas Tabnuia 3-payHaoBoro mmdppa dDeiicrens oT
X=0 mo X=8:
C=(2,9,12,7,2,9,8,5,3,7).
[Tepecranoska P=[2,1,0,3].
3ammppoBanHoe coobdmenne ¢(m)=7, 9<=m<16.
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