Cucrembl mMppPoBaHUA € OTKPBITHIM KJIIOYO0M.
Pa3ziauuHblie 3a1a4u 10 KpUNTOrpaguu.
3ansTue 3 (Jiekuus)

§ 1. OcHoBHas1 YaCThH

Buowl cucmem wuhposanuis

Cucrembl mudpoBanusn

/N

€ CeKpemmbubiM KI0UOM C OMKPbIMbIM KIOYOM
CucteMbl mudpoBaHus, CYIIECTBYIOIIME HA JaHHBIK MOMEHT, MOXHO
pazienuTh Ha JBa Kjacca: cucmemvl ¢ CeKpemuviM KIouom (CUCTEMBI
CUMMETPUYHOTO IIU(PPOBAHUSA) U CUCHEMbl C OMKPbIMbIM KI0YOM (CUCTEMBbI

ACUMMETPUYHOTO MUGPOBAHUS).

Cucmemvl wugposanus ¢ ceKpemubiM Kio4om
Jlo 1978 rona ObLIM M3BECTHBI JHIIb WUPPLI C CeKpemHbiM Kuoyom. Tak

Ha3bIBAOTCS IIMQPBI, I KOTOPBIX pacuiugposanue ONPENEISIETCS TEM Ke
KIIFOUOM, YTO U 3auugposanue. [1o03TOMy K04 HY>KHO XPaHHTh B CEKpETE OT
MOCTOPOHHHUX. B CBA3M C CHUMMETPUYHOCTBIO CHUTyalldd NPH HCIOJIb30BaHUU

CCKPCTHOI'O KJIH04Ya MCIOJB3YIOT TCPMUH CUMMEMPUUHOE mud)poeaHue.

[Ipumepom mmdpa C CEKPETHBIM KIIOUOM SBISIETCS wudp npocmoi
3aMeHbl THMA IUBIIYIIAX YeJIOBeYKOB». Kirodom Takoro mmdpa CIyKHT
TaOJIMIIa 3aMEHbI 3HAKOB ajiaBuTa «duejaoBeukaMm». O003HaunM uepe3 Ex(u) = v
pe3yibTar 3ammdpoBanus coobmeHus U Ha kiroue K, a gepe3 Dy(V) pesymbrar
pacmmdpoBanuss V Ha kmode K. IIpeoOpa3zoBaHus, OCYIIECTBISIEMbIC IIPU
3amu(poBaHny U pactippPOBAHKUH, TOJDKHBI OBITH TAKUMH, YTOOBI JJIs JTFOOBIX U 1
k BeImosHsutock cooTHomenune D(Ey(u)) = u.

OtmeTum:
1. PacmudpoBanue onpeaensieTcss TeM e KII0U0oM, 4TO U 3arudpoBaHue.

2. Kitou K nepxutcst abOHEHTaMu cmpozo 6 cekpenie.




Cucmempwi WMGbDOGCZHM}Z C OMKpPbIMobIM KIIOYOM

B 1978 romy mnosiBUiICS TEpBBIA wugp ¢ OMKpbIMbIM KUOYOM TIOJ
HasBanueM RSA (oOpa3oBaHHBIM TIepBRIMH OykBamu pa3paboTumkoB). Jlms
sammdpoBanus U pacmmbpoBanus RSA wucnone3yer pasueie kumouu  (H,
COOTBETCTBEHHO, pa3Hbie NpeoOpasoBanusi). [Ipm sToM K04 3amm@poBaHUs
OOBSBIIAECTCS OTKPBHITHIM. bojiee TOro, Hy>kHO 4TOOBI ATOT KJIIOY 3alMCHIBAJICS B
OOIIEAOCTYITHOM CIIPAaBOYHUKE BMECT€ C HMEHEM II0Jb30BaTelsl U JAPYTHUMH
naHHbIMU. Cexkpemmbim SBISETCS KII0Y paciudpoBaHus, TpUIEM MPUHAICKAT
OH JOJKEH JHIIb OJHOMY IIOJIb30BaTeNi0. B CBSI3M ¢ acMMMETPUYHOCTHIO

curtyalniu I1IIpu  HCIOJb30BaAHUU KJIIOUEH TOSBHUJIICS TCPMUH dacummempudroe

wudposanue.

O603HaunM uepes E (OTKpBITHIN) anropuT™ 3aimudpoBaHus MOJIb30BATEINS
A, a uepe3 Dy — ero (cekperHslit) anroput™ pacmudposanus. [Tycts V = Ex(U) —
pe3yabTar 3amupoBaHus coolmieHus U, a U = Da(v) — pesymnbrar
pacmdpoBanust coodmenus V. [IpeoOpa3zoBaHus TOMKHBI ObITh TAaKMMH, YTOOBI
JUTSL TF000T0 U BBITOJTHSIIOCH paBeHCTBO Da(Ea(U))=U.
OtmeTum:
1. PacumudppoBanue u 3amm@poBaHUE OMNPEICIIIOTCS PA3HBIMHU KIIOYaMU
TIOJTB30BATEIS;
2. Kurou 3ammdpoBaHust IBISIETCS 00ued0CmMynHuiM, a KITI0Y paciiudpoBaHus
oeparcumcsi 8 cexpeme.
MO>XHO MPUBECTU CIEAYIONIYIO aHAIOTHIO aCUMMETPUYHOTO IHMGPOBAHHUS.
Ecau oTnipaBuTENh KeaaeT nepenarh CEKPeTHOE Coo0IIeHne, OH HHPOpMHUPYET 00
ATOM ToJTyuaTess (Hampumep, TesieoOHHBIM 3BOHKOM). [loyuarens npuchliaeT mo
MOYTE TIOYTOBBIN SAIIUK C MPOPE3BIO C 3aKPHITHIM 3aMKOM. OTIpaBUTEIh OMyCKAET
B MPOpe3b CBOE COOOIEHHE (TeM caMbIM, “MU(PPYeT” €ro) U OTChIIACT SIIHUK MO
nmoure mosydaremto. IlomydaTenp  BBIHMMAeT — cooOmieHue  (MPOM3BOIUT
“pacmudpoBanre”), BOCHOJB30BABIIUCH CBOUM KIIOYOM. 3JIOYMBINIJICHHUKY,
KOTOPOMY OTIIPABJICHHBIN SIUK TOIMAIAET B PYKH, MPAKTHYCCKH HEBO3MOIKHO

U3bATh W3 HETO COOOIIeHHWE uepe3 mpopesb. B Takoil cucreme mmppoBaHUs



npsMoe B 00paTHOE MpeoOpa3oBaHusT MHGOPMAIIMN UMEIOT Pa3IMYHbBIN XapakTep.
“OTKpBITBIN K04~ — 3TO, MO CYyTH JENa, — MPOpPeE3b, “CEKPETHBIM KIHOY* — 3TO
KJII0Y OT 3aMKa IOYTOBOTrO SIIIMKA. 3HAHUE OTKPBITOrO KJ0Ya HE TO3BOJISET

OIIPpCACIINTD CCerTHLII\/'I KJIIOY.

Hemnozo 06 RSA

Ceifuac U3BECTHO JOCTATOYHO MHOIO Pa3UYHBIX ACUMMETPHUYHBIX
KpuntocucteM. CTOMKOCTh TaKWX CHCTEM OCHOBBIBACTCS OMHOW W3 CIIOXKHBIX
MaTeMaThyeckux mnpodseM. OmHOW H3 Takux MpoOJeM ABISETCS 3ajada
pasnoxkeHust yuciaa N Ha MpoCThle MHOXKWTENM, Takas 3a7aya HOCUT Ha3BaHUE
3adauu paxmopuszayuu (anra. factor - Mmaoxxutenp). B yacTHOCTH naHHas 3a1ava
npeacTaBisgeT uurepec, korna N sBIseTcs MPOU3BEIECHUEM JBYX MPOCTHIX YHCEIL.
[TonsarHo, uto eciu N HeOoJbIIIOE, TO PEHIUTH 3TY 3a7a4y HE Tak CI0XHO. MOXKHO
nepedupaTh MOCIEIOBATEIbHO BCE MPOCThIE 4ucCia, MeHbimue N, ¥ MbITaThCs
Hateso aenuth N Ha nepedupaemoe npoctoe uuciio. Ho ecnu sxe N 6ombiioe, To B
oO1IeM cityyae JaHHas 3a7a4a SBISIETCS] BECbMa CII0KHOM.

OpHoil W3 caMbIX M3BECTHBIX KPHUMNTOCUCTEM C OTKPBITHIM KIIOYOM B
OCHOBE TMOCTPOCHHSI KOTOPOM JIKUT 3a/ada pa3joKeHHs OOJBIIOro yucia Ha
OombIIe MHOXKUTENHU siBlisieTcsa cuctemMa RSA (0T uMeH cBOMX pa3pabOTUMKOB:
Rivest, Shamir, Adleman).

CyTp cuCTEMBI 3aKkirO4aeTcss B cleAyrolleM. BsiOupatrorcs Oosbiive
MpOCThie 4YHMCiIa P W (, KOTOpbIe JnepkaThcsi B cekpere. [lyOmukyercs wux
npousBeneHue N=pQ, a Takke BBIPaOOTAHHBIN OMpEICICHHBIM 00Pa30M KITHOU
sammdpoBanus. Kimou pacmmdpoBaHust JEPKUTCS B CEKpPETe U BbIpabaThIBACTCSA
TaK ke OMpeJeTICHHBIM 00pa3oM, HCNOJb3Ysl 3HaAHUe gaxkmopuzayuu ducia N (To
ecThb 3HaHMe P W (). [aiee, mo0OH KeNAIOMUNA OTHPAaBUTh, CKaXEM HaM,
coobOmieHre 3amu@pyeT ero Ha HameM OTKPBITOM KIIoue 3amu@poBaHus H
OTNPABUT HaM Kpunrorpammy. [Ipu 3ToM 1m1000H, OTIUYHBINA OT HAC MOJIB30BATEIb,
KOTOPBIN TIEPEXBATUT KPUNITOTPAMMY HE CMOXKET €€ paciudpoBaTh, TaK Kak OH HE

CMOJKET BBIPA0OTaTh KIIOY paciiudpoBaHusi, TOCKOJIBKY HE 3HAET (haKTOPU3AINH

N.



P (/  ncpxaTcs B ceKpeTe

N ~

N=p-q myOIuKyeTes

3amaua (pakTOpU3AIINH

N ﬁj P

q

§ 2. Pemienne 3aga4

VYxe roBopwiock, utro ecid N HeOOJbpIIOEe, TO pEHIUTh 3agady
(dakTopuzanMd HE TaK CI0XHO. MOXHO mnepedupaTh IMOCIEIOBATEIBHO BCE
npocThie yKcia, MeHbiine N, U mbITaThesl Haieno aenutb N Ha mepeOupaemoe
npoctoe uncio. Takoii crnocod U3BECTEH KaK Memood npoOHbIX OelleHUl.

A eciu N comepXUT COTHM pa3psloB B cBoeil 3amucu? B 3tom ciydae
NPUMEHEHHE METOJa MPOOHBIX JENCHUN SBISETCS O4YeHb TpyaoeMmkuM. OmHako,
€clii U3BECTHO, 4TO0 N=p-q, Tie p U q - ONU3KHe MpOoCThle 4ucia (TO €CcTh UX
Pa3HOCTh - YHUCIIO HEOOJIBIIIOE), TO PA3T0XKUTHL 00JbiIoe N Ha TPOCTHIE MHOXKUTEIH
MO>KHO HCIIOIb30BaB Memoo Depma. B 0CHOBE 3TOro METo/Aa JIEKUT TOT (PaKT, 4TO

B OTOM CJIyda€ CyIICCTBYCT Z TAKOC, UTO:

p=z-—t,
q=z+t.
a z — HeOoJIbIIIOE.
3aoaua No 1

Uucno N = 99873791 sBnsgercss NMpou3BEIECHUEM JBYX IMPOCTHIX YHCEN P U (,
npudeM p —q < 500. Pa3moXuTh 3TO YHCIIO HA TPOCTHIC MHOKUTEIIH.
Peuienue:

Ilyctbp =z —t,aq =z + t. Torna



N=p-q=(z-t)(z+t)=2z%—-t?

z? =N + t?,
z= N+1t2,
zZ > N.

[IpuueM oTMETHM, B CHJIy TOTO, YTO P W ( - OJM3KHE NPOCTHIC YHWCIA, P —

q < 500, To 3HaueHue Z OIU3KO K 3Ha4eHHI0 N, HO HEMHOTO €ro MPEBOCXOIHUT.
byaem mnpoBoauTh moadoOp 3HAYEHHS I 3TOro 4Yucia. B gaHHOM chiyudae,
HETPYIHO MOJCYMTATh (HA KAIbKYIATOpE, HIH 3aMeTuB, uTo 9990< N<10000),
4TO menas 4acTh KopHa N - 310 9993. Torna mepBoe BO3MOXKHOE 3HAYEHHE JIA Z
- 9994,

1. Mycte z = 9994. Torna t? = z2 — N = 99880036 — 99873791 = 6245,

HO 3HaueHue 6245 - ducno He 1eoe.

2. Tlycts z = 9995. Torma t? = z% — N = 99900025 — 99873791 =

26234, Ho 3HaueHue 26234 - TOXKE HE IIEII0E.
3. Iycts z = 9996. Torma t? = z2 — N = 99920016 — 99873791 = 46225
ut= 46225=215
[ToxcTaBuB momydeHHBbIC 3HAYCHUS U1 Z U t, momydaem, uto p = 9996 — 215 =
9781, g = 9996 + 215 = 10211.
OtBet: 99873791=9781-10211.

3aoaua Ne 2
CKOJIbKO UMEETCS HaTypaJIbHBIX YUCE, MEHbIIHNX N = P - ¢ U B3aUMHO MPOCTHIX
¢ N, rae p u (| — pa3idyHbI€ MPOCThIEC YnUCIa?
Pelienue:

Cnauana 3ametum, uto ecnu N =Ppq, rme P u ( — OPOCTHIE YKCIA, TO

KOJIMYCCTBO HATypaJIbHBIX YHUCECJI, MCHBIINX N u B3auMHO IMPOCTBIX C N paBHO

(p-D(g-1) (o6o3nauum 310 umcio @(N)). JIeHCTBUTEIBLHO, BCErO HMEETCS
pg —1_HarypanbHbIX unces, MeHbiuX N. M3 Hux He B3amMHompoctel ¢ N Te
4KClIa, KOTOpPBIE OEIATCS MO0 Ha p, a MMEHHO P,2p,...,.(qd—-1)p (Bcero (q-1)

yrcen), Ju00 Ha (, 3T0 yncna (,2d,...,(p—1)q (Bcero (p —1) uncen). 3Hayur



e(N)=pg-1-(p-)-(q-)=pg-p-q+1=(p-1(q-1).
OtBer: (p — 1)(q — 1).

3aoaua Ne 3
N3BectHO, uTo unciao N = 203060593 sBnsercs npousBeACHUEM IBYX MPOCTHIX
YUCE P U (, a KOJIMYECTBO HATYPAIbHBIX YUCEI, MEHBIIINX W B3AMMHO IIPOCTHIX C
N, paBno 203030388. Haitgure uncna p u q.
Pemenmue:
Bocrnone3yemcs npeasiayiiei 3agadeii. I[ycts Tak ke @ (N) — KOIHIecTBO
HaTypaJIbHBIX uncen, MeHbuX N 1 B3auMHonpocTeix ¢ HUM. Torma @(N) = (p —

1)(q — 1). Ilony4ynm creayronryro CHCTEMY YPaBHEHHH ¢ JBYMsI HEU3BECTHBIMHU.

{ pg=N
(p-D(q-1)=¢(N)

PaCKpoeM CKOOKH BO BTOPOM YpPaBHCHHHU U ITIOACTABHM B HCI'O IICPBOC YPABHCHUC.

[Tomy4um cieyrouryro paBHOCHIBHYIO CUCTEMY.

{ pa=N |
P+a=N+1-9¢(N)
B cuny Teopembl oOpatHoi TeopemMe Buera, yucna P u ( SIBISIOTCS pelICHUEM
KBa/IpaTHOTO YPAaBHEHHSI.
x2 —(N+1-@(N)x+N =0
x* —30206x + 203060593 =0

Pemum Cro, JIid 9TOI'0 IMOCYUTACM JUCKPUMHWHAHT.

JD =+/100160064

UtoObl W3BJIEYh KOPEHb W3 JUCKPUMHUHAHTA MOXXHO TOAOUpaTh BO3MOXKHbBIC

3HAYCHHUC U BO3BOJUTH UX B KBaJpar.

10002, 10008, 10012, 10018...
100082 =100160064

Hrak:

X, = 30206 —10008 ~10099 = p
2




X, = 30206 +10008 20107 = q
2

OtBet: 10099, 20107.

3aoaua Ne 4
ITycts N = 713 sBigeTcsa NpOU3BEACHUEM JIBYX MPOCTBIX YUCEN P U ¢. Hailtu atn
qyucia.

Pemenue:

[Tockonbky N dBISIETCS CPaBHUTENBHO MaJbIM YHUCIOM, TO JUISI €ro
(akTopU3aLUKA MOKHO BOCIIOJIB30BAThCSI METO/IOM MPOOHBIX JEJICHUH.

Bbynem nocnenoBaTenbHO paccMaTpUBaTh BCE MPOCThIE YKciia, MeHbe N
u aeauthb yncao N Ha 3tu ymncia. Eciin mocie AeseHus Yuceiio Mory4aeTcs LebIM -
TO 3aJaya pemieHa. MHade mepexoauM K JIpyromy mnpoctomy uuciy. IIpoBepky

Ha4yHEM C npocToro uncia p=3. [lomyvaroniuecs: JaHHbIE 3aHECEM B TaOJIUILY.

p= 3 5 7 11 13 17 19 23
N/p=|237,6...(142,6(101,8...|64,8...|54,8...]41,9...|37,5...|31

N3 npuBenaeHHO#N TaOIUIBI BUAHO, YTO MPU p=23 MPOUCXOIUT JICJICHHUE

Hareno yucna N: N = 713 = 23 - 31 u gq=31.
OTtser: 23, 31.

3aoaua Ne 5
JIJIs. OTKPBITHS TOJI3eMENTbsl B BOJIIIICOHOW CTpaHe HaJI0 MPAaBHJILHO Ha3BaTh

TPH LENbIX 4Kcia a,b,C, cimyxamux kodhdUIMeHTaMU KBaJAPATUYHON (PYHKIIMH
f (x) = ax® + bx +c . [IpexcTaBuTensM 4eThIPEX pac OBUTH MEpeIaHbl CIEIyOLIIe
3HaueHUs1 (QyHKIMH: TpojusiM — 3Hadyenue f(21), smepam — f(24), rHomam —
f(25), opkam — f(28). Korma mnpeacraBuTelii pac BCTPETHIUCH, YTOOBI

COBMECTHO HaiTH a,0,C ¥ OTKPBITH MOA3EMENbE, OJAMH U3 IPEACTaBUTENICH, YTOObI



COpBaTh MEPONPUATHE, PEIBIBUI HEBEpHOE 3HaUEHUE. BhIsicHUTE, KTO 3TO OBLI,
€CJI U3BECTHO, YTO TPOJUIH MPEeabIBUIN Yucio 273, anbdsl — 357, rHOMbI — 391,
opku — 497,

Pemenne:
JloxaxkeMm TOT (paKT, YTO pa3HOCTh 3HAUCHHUM KBaJAPATUYHONU (PYHKIIMM JTOTHKHA

JIEUTHCS Ha Pa3HOCTh 3HAYCHHUA apTyMEHTOB.
[ycts u # v u f(x) = ax* + bx + ¢. PaccMoTpuM pasHOCT:
fw)—f(w) =au®*+bu+c—(av’*+bv+c) =a(u?—v?) +b(u—")
=u-v)alu+v)+b.
W3 nannoro paBeHcTBa BUAHO, 4TO f(U) — f (V) nenutcs Ha u — V.
[TpoBeprM BBITOTHEHUE ITOTO (PaKTa AJIA Pa3TUIHBIX Tap 3HAYCHHIA:
e It IepBOro u Broporo: 357-273=84 nenutcs Ha 3;
e g Tperbero u yerBeproro: 497-391=106 wnHe npenurca Ha @ 3;
CJIeTOBATEILHO, 3HAYCHUE UCKA3HUIIN WJIH THOMBI, UM OPKU;
e s EpBOro M Tperbero: 391-273=118 He penutcs Ha 4, CIEeIOBATEIBHO,
3HAUYEHHUE UCKA3UITU TPOJUIA U THOMBI.
e I BTOPOTo U uetBepToro: 497-357=140 nenurcs Ha 4.
Taxkum 00pa3oM, HCKa3UTh 3HAYCHUE MOTJIH TOJIHKO THOMBI.

OTBeT: THOMBI COOOIIMIIM HEBEPHOE 3HAUCHHE.

3aoaua Ne 6
Jns  3ammdpoBaHusT HATYpaJIbHOTO 4Mclia M ucmosib3dyercs Trpad,

MPEACTABIIAIONINI COO0I MHOKECTBO BEPIINH, HEKOTOPBIE U3 KOTOPBIX COETUHEHbI
JpYT C Ipyrom mpsiMoil uHued. Bepmmnsl rpada, coeqMHEHHBIE IPYT C APYToM,
Ha3bIBAIOT coceOHumy. 3amndpoBaHUE COCTOUT B BBHINOJHEHUM CIEAYIOUINX
nerictBuil. B BepimHbl rpada 3anuchIBalOTCS HaTypalbHbIE YKMCIIa TaK, YTOOBI MX
cyMMa Oblj1a paBHa M. 3aTeM K YHUCTYy B KOKI0H BEpIIMHE MPUOABIISIOTCS YKCIIA B
COCeHHUX BeplInHax. B pesynbrare momyuyaercs rpad, B KOTOPOM «3alIH(PpPOBAHO»
guciao M. Ilpumep: nns 3ammdpoBanus yucia 8§ OyJaeM HCIOIb30BaTh Ipad Ha
puc. 1. B ero BepummHbl TOMECTUM YHKCIIa, CYMMa KOTOPBIX paBHa § (puc. 2). 3atem

K KaXJIOMy 4YHCITY HpI/I6aBI/IM qucjia B COCCAHHMX BCPIIMHAX. Pe3yanaT



3amugpoBaHus ykazaH Ha puc. 3. Ha puc. 4 npuBeneH pesynbrar 3ammppoBaHus

HEKOTOpOro yucna. Hannure ero.

Puc. 1 Puc. 2 Puc. 3 Puc.4 #8—— 86

Peuienue:

I'pad, ucnons3yembrii B 3amave, oOiamaet ;
CJICTYIONTUM CBOMCTBOM: M3 MHOYKECTBA BCEX €TO gg
BEPIIMH MOYXHO BBIJICIMTH TaKOE MOJAMHOKECTBO
V (oTMedYeHHOE Ha pPHUC. S5 KpY)KOYKaMH), YTO

mo0asi BepilMHA Tpada JIeKUT B OKPECTHOCTH

poBHO OfHOW BepmuHB U3 V. OKpPECTHOCTHIO

BepImIMHBI  rpada  HA3BIBAIOT  MHOXECTBO

COCEHUX C HEW BeplIMH, BKIOYas €€ camy.

O4eBUHO, YTO HMCKOMOE YHUCJIO PABHO CyMMe Puc. 5
qHCel, PaCIOIOKEHHBIX B BEpIIIMHAX u3 MHOKECTBa V:
112+104+96+144+136+128+120=840.
OTtBer: 840.
3aoaua Ne 7

W3BecTHO, 4TO TpU umcha &,a,,8; ObUIM MOIYYEHBI CIEAYIOIUM 00pa3oM.
Cnavama  BeIOpann  HaTypalibHOe  uuciao A W Hanum  YuCia

A= A16,A2= A/216,A3: A/416, rme X s~ OCTaToK OT JIeJIeHUs Lenoi



gact uncna X Ha 16 (mampumep, [53/2],=10). 3atem GbutO BBIOpPaHO IETOC
gucino B rakoe, yro 0<B<15. Yncna A,A,,A; u B 3anuceBaroT B JBOMYHOU

CUCTEME CYHCIICHUS, T.€. MPEICTABIIOT KAXKA0€ U3 HUX B BHJE 1enouku u3 0 u 1
JUIMHBI 4, TpUIUChIBas CjeBa HEOOXOAMMOE 4YHUCIO Hyled. Takue Lenoyku
YCIIOBUMCSI CKJIQJbIBaTh TOCUMBOJIBHO «B CTOJIOMK)» 0€3 MEepEeHOCOB B CIEAYIOMIUN
paspsna_cornacHo npaBuiy: 1+1=0+0=0 u 0+1=1+0=1, a camy omnepanuto
MOCUMBOJIBHOTO ~ CJIOKEHHUS  OOO3HaYuM  CHUMBOJIOM ®©.  Hanpumep,
3®14=(0011) ©(1110) =(1101) =13. TIlomoxum &a=A®B, a,=A ®B,
a; = A; ® B. Halinure Bce BO3MOXKHBIE 3HAYEHHS YHCIA 8y, €CIM M3BECTHO, YTO
a; =10,a, = 4.

Peuienue:

Ilycte B  pgBomuHOM cucreme cuucineHus  A=(X,,..,X%,). Torzma
A = (Xgy X0, X, X0) + Ay = (%40 X3, %0, %) s Ag = (X5, %4, X3, X, ) . CrieioBaTensHo,
aPa,= A®B @ A®B =ADPA =(XDX, X, DX, X, DX, % D X,),
aPa,= APB ® ADPB =ADA =(X DX, X, DX, X3 DXy, X, DX).
Wraxk, ecnu BEIMUCIHTL & @ a,, TO TpU Milaamux Oura a; @ a, OynyT HaiieHsl, a

cTapiuii OUT OyAeT MPOU3BOJIHHBIM.

BeruncnuM 3nadenune a; @ a,:

0100

1 010

1110
Torma BO3MOXXHBIE 3HAuYCHUS a, Da, HUMCIOT  BH]I *111, wu
a=a,d(a;Da,):

01 00O

* 1 1 1

* 01 1

Utak, a; = 11, nubo a; = 3. MoxHo yOenuTbcs B TOM, 4yTO 00a BapHaHTHI
BEPHBI, €CIIM PAacCMOTPETh IOCIIeA0BAaTeIbHOCTH ¢ mapamerpamu  A=11, mubo

A=43 u B=1.



OtBer: 11 u 3.

3aoaua Ne 8
Jlns mpoxoda B yUpexkJeHHE HEOOXOAUMO TMPEABSBUTh MATH3HAYHYIO
KOMOMHAITMIO, COCTOAIIYI0 W3 HYJeW M eIUHHUII. YCTPOWCTBO pacmo3HaBaHUs
MPEACTABIAECT COOOM YNPOIIEHHYIO MOJEIh HEMPOHA — KJIETKHA TOJIOBHOI'O MO3ra

(cMm. puc. 6).

[IaTu3HayHas KOMOMHAIMS X, X,, X3, X4, Xs O ISTH KaHajlaM IOCTYHAaeT B
KJIETKY, TJ¢ €€ KOMIIOHEHThl YMHOXKAIOTCSI Ha (PUKCHUPOBAHHBIC IIENIbIe YHCIa
&y,8,,83,8,,8s, U BBIYUCIACTCA CyMMa S = X, + 8,X, + 3X5 +a,X, + & X . [Ipoxon
B YUpEXJIECHUE OTKpbIBAe€TCsA, TOJBKO €clIM S2>c, TIne C— HEKOTopoe
¢ukcupoBaHHoe 1enoe yuciao. B Tabn. 1 mpencraBieHsl Teé KOMOWHALMH, MPHU

MPEABIBICHUHA KOTOPBIX MPOXOJ] OTKPBIBACTCS, a B Ta0J. 2 — JIJIsi KOTOPBIX MTPOXO]T

3aKpBIT.

Tabnuya 1 Tabnuya 2

’ 1,0,1,1,0 ’ 1,1,0,1,0 ‘ 1,1,1,1,1 ‘ ‘ 1,0,1,0,0 | 0,0,1,1,0 ‘ 1,1,0,1,1 ‘ 1,0,1,1,1

Haitnute emé€ oHy KOMOUHAINIO, OTKPBIBAIOIIYIO ITPOXOJ] B YUPEKICHHE.
Pemenue:
Jns komOmnaamuu 1,0,1,1,0 — mpoxox otkpeit, a mas 0,0,1,1,0 — npoxon
3aKkpeIT. TO €CTh TpU W3MEHEHMHM 3HAYCHHS TepBOM KoopauHatel ¢ 1 Ha 0

S3HAYCHUC CYMMBI CTAaHOBHUTCSI MCHbIIC C, IIO3TOMY OYCBHUIHO, YTO a1>0

AHAJIIOTUYHO:



1,1,1,1,1 - otkpsITO
= a, >0;
1,0,1,1,1 - 3akpsiTO
1,1,1,1,1 -
OTKPBITO — 8,>0;
1,1,0,1,1 - 3akpbITO
1,0,1,1,0 - oTkpBITO 8,0
1,0,1,0,0 - 3akpsiTO
1,0,1,1,0 - oTkpeITO
= a5 <0.
1,0,1,1,1 - 3akpmITO

[ToaTOMy 3aBegOMO NHpOWJIET KOMOMHALMsA, MaKCUMHU3HMPYIOLIas 3HA4YCHHE
cymmbl S, a umenno 1,1,1,1,0. OrmeTuM, 4TO 3a7a4a COCTaBJICHa TAKKUM 00pa3oM,
YTO APYTUX PELICHUN HET.

Otser: 1,1,1,1,0.



