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IIpuBeTrcTBHE IVIABHOTO YYEHOIO CeKpeTapsi AKaJieMuH
kpunrorpaguu Poccuiickoit @enepanun
Baagumupa Huxkonaesnua CaukoBa
yuactHukaMm XXIX MexperuoHajabHOW 0JMMINAAbI
IIKOJbHUKOB nMeHu U.51. Bepuenko
10 MaTeMaTHKe U Kpunrorpaguun

Hoporue npy3bsi!
IIpuBerctByro yudacTHukOB XXIX MexpernoHaibHOU
OJIMMIIUAABI  MIKOJbHUKOB uMmeHu WM.SI. Bepuenko 1o
MaTeMaTHKe U Kpunrorpaduu!

Maremaruka Ha NPOTSHKCHUU BCEH MCTOPUU YEJIOBEUECTBA
IpUBJIEKAaeT K cede Jydiline yMbl U B 3HAYMTEIbHON CTENEHU
BIMSET HAa pPa3BUTHE HAyK O INPUPOJE M TEXHUYECKHX HayK.
Kpunrorpadusi, Bo3HUKIIAs B TITyOOKOH IPEBHOCTH BMECTE C
NUCHbMEHHOCTBIO KaK MCKYCCTBO 3alllUTHl COOOLICHHH OT
HEMOCBSAIIEHHBIX, MPOLUIA OOJIBIION MyTh PAa3BUTUS U CErOAHS
npeicTaBisier  co0oi  OOMIMPHYI0 — HAyYHO-TEXHHYECKYIO
001acTh, KOTOpas ONMpPAETCs Ha JOCTHKEHHMS MaTeMaTHKH,
¢u3uku, UHGOPMATHKH, TEOPUU CBSI3U M MHOTUX JAPYTHX HaYK.

OteyecTBeHHast KpunTorpadusi pa3BUBAETCSI BMECTE C Hallei
CTpAaHOM M  SBIAETCS  CYIIECTBEHHOM 4YacThI0 CHCTEMBI
oOecrieueHUsT  HAIMOHAIBHOM 0e30MmacHOCTH, 3aIUThI
WH()OPMAITMOHHBIX PECYPCOB KAXKIOTO Tpa)KIaHWHA, OOIIECTBA
u rocynapcta. B 2019 roay mber ormeTnnu 70-1€Tue BasKHBIX
TOCYAapCTBCHHBIX pemeHHﬁ, UX BBIIIOJIHCHUEC O6€CHG‘II/IHO
HACTOSALLYIO HAyYHO-TEXHUYECKYIO PEBOJTIOLIHIO B
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OTEYECTBEHHOU Kpunrorpaduu, MO-TIPEKHEMY
obecrieynBaromieil B 3TOH 00JACTH CTPATETHUECKUN MAPHUTET C
npyrumu nepxkaBamu. B 1949 rony Obuiu 3a105Ke€HBI OCHOBBI U
COBPEMEHHOM  CHCTEMBl TMOJATOTOBKH  CIELUAIUCTOB IO
kpunrorpadguu, oOpa3oBaHbl 3aKPHITOC OTICICHHE MEXaHHKO-
MaTEMaTH4ECKOI0 ¢dakynbpTeTa MocCKOBCKOT0
rocyJlapcTBeHHOro yHuBepcutera uMm. M.B. JlomoHOcoBa u
Beicmas mkona kpuntorpadoB — poJoHavYaIbHUKH MHCTUTYTa
Kpunrorpaduu, CBI3M ¥ UHPOPMATHUKH.

Jns  pemeHuss  akTyalbHBIX  3a7a4  COBPEMEHHOMU
KpUnrorpaguu HYXHbI B TEPBYIO OuY€peIb CHEIHMAIHCTHI C
BBICOKHM YpOBHEM MaTeMaTH4eCKOTo o0Opa3oBaHMUsl.
OJII/IMHI/IaI[BI IOKOJIbBHUKOB HUTPAIOT BaKHYHKO POJIb B IIOUCKC H
MPUBJICYEHUH TAJAHTIMBBIX MOJIOJBIX JIOJEH, KOTOphIE CMOTYT
MNpOABUTH CBOU JIYHIIHMC KauCCTBA B TPYAHOM, HO YAUBUTCIILHO
KpacMBOM MHpE MaTeMaTUKHU U KpUMITOrpauu.

Bam, 1OoHBIM ydYacTHUKaM W OyaymIMM TOOCIUTENSIM |
npuzépaM  MeEXpEernoHaIbHOW — OJIMMIIMAJBI,  ITPUHAJUICKUT
Oynymee. JKemaro BceM ydacTHMKaM OJIMMIMAIbl yoaud MU
TBOPUYECKUX YCIEXOB!

I'maBHBI  yu€HBIH cekpeTapb AKaJeMuu KpunTorpapuu
Poccuiickoit deneparuu,
JTOKTOp (PU3UKO-MAaTEeMAaTHYECKUX HAYK,
npodeccop, 3acyKeHHbIN A TNy Hayku PD
B.H. CaukoB



5
Nudpopmanus 0 npoBeieHMH OJTUMITAAbI

XXIX MexpernoHanbHas OJMMIIMAAA I[IKOJBHUKOB WM.
N.51. BepueHko 1Mo mMaTeMaTuke M Kpunrorpaduu mpoBOIHIACH
B JIBa Typa.

[lepBbIii Typ TpOBOAWMJICS B JMCTAHIIMOHHOW (opme Ha
WHTEpHET-caiiTe www.cryptolymp.ru.

Bropoii Typ mpoBoamiicsi B ouHO# (hopme Ha 6aze AkaneMuu
®Cb Poccum m BO MHOrumx ropoaax M By3ax Poccuu:
Apxanrensck — CADY, Actpaxanp — AI'Y, AcrpaxaHp —
AI'TY, baprayn - Anrl'TY, benropon - BITY
uMm. B.I'. lllyxoBa, Bnagusoctrok — JIBOY, Bnagumup — Bal'V,
Boarorpan — Bonl'V, Ixesck — Yal'V, Hpkyrck — UI'Y,
Nomkap-Ona — [II'TY, Kazans — KHUTY-KAU, Kanununrpazg
— b®Y wum. U. Kanra, Koctpoma — KI'Y, KpacHomap —
KyoI'TY, Kpacnosipck — Cubl'Y um. M.®. PemerneBa, Kypck
— 03Iy, Jlumeux - JII'TIY wumenu ILII. Cemenosa-TsaH-
[[Tanckoro, MockBa — Akagemus @Cbh Poccun, Hedrexamck —
Hdbaml'V, Hwxnauit Hosropong - HHIY wum. H.N.
JloGaueBckoro, HoBocubupck — HI'VDY, HI'TY, Osepck —
OTU HUAY MUDU, Owmck — OMI'Y, Openbypr — OI'Y,
ITepmp — ITHUITY, IIsturopck — III'Y, Pocros-na-/lony —
HAI'TY, Camapa — Camapckuit yausepcutet, Cankt-IletepOypr
— CII6 HUY UTMO, CII6ITY, CapatoB — CI'TY um. 'arapuna
10.A., CeBactonnons — CeBl'Y, CraBpononr — CKOYVY,
CoixtbiBKap — CI'Y umenu [lutupuma Copoxuna, Taranpor —
IO®Y, Tamb6os — TI'TY, Tomck — TYCVYP, Tromenr —
TiomI['Y, Xab6apock — JIBI'VIIC, UYensabunck — YenlV,
UYepenosen — UI'Y, Apocnasns — Apl'Y.

MexpernonanbHas OJINMITHA/IA IIKOJIbHUKOB
uM. U. Sl. Bepuenko 1o wmaremaTuke U KpunrTorpapuu
BKitoueHa B Ilepedens onumnuan mkoiabHUKOB Ha 2019/2020
yueOHbIii Tox (2 ypoBEHb), YTO JAaeT MPaBO NPEIOCTABIATH
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JBTOTHl TMOOENUTENSIM ¥ TpU3epaM TpH TMOCTYIJICHHH B
TOCY/IapCTBEHHBICE W MYHHIIUIATIBHBIC YUPEKICHHUS BBICIIETO
obpazoBanus (IIpukaz MwunoOpHayku Poccum ot 04.04.2014
Ne 267). Pemenus o Jprorax MNPUHUMAIOTCS  By3aMu
CaMOCTOSITEIIBHO U JIOJDKHBI OBITh 00BsABICHBI K 1 utons 2020
roja.

YCJIOBUA U PEHIEHUSA 3ATAY

3amaua 1 (8-9, 10 kaacchbl)

Ha 6unerax B kuHoTeaTpsl Kpunronanauu mpocTaBiseTcs
miectusHaunbiii Homep ot (0,0,0,0,0,0) mo (8,8,8,8,8,8). Ilpu
TOM HCHOIB3YIOTCs Toibko 1wdpse 0,1,2,3,4,5,6,7,8. buner
CUHTAETCH «CYACTIUBBIM», €CJIIM OCTAaTKH OT JeJICHUs Ha 9
CyMMBI TIEPBBIX TpeX IUGP U CyMMBI TOCIECIHUX TpexX Hudp
OTJIMYalOTCsl Ha (QuKcHpoBaHHOe uyuciao k = 2. Hampuwmep,
omnersl ¢ HOMepamu 123026 u 123661 — cuyacTiuBbIe, a C
Homepamu 123000 u 876111 — Het. Haiinure ynciao cuacTIMBBIX
OUJICTOB.

Pemenue

KonudecTtBo TpEX3HAYHBIX YHCEN X{X;X3, Y KOTOPBIX
OCTaTOK OT JieJieHUsI Ha 9 cymMmMbl TGP paBeH GUKCUPOBAHHOMY
sHauenunto t € {0,1,...,8}, paBHo 9% = 81, MOCKONBKY IIFOOEIE
IBe MUGPHI OJHO3HAYHO OIMPENCISIOT TPETHI0 U3 COOTHOIICHUS
r9(x; + x5 + x3) = t. TlpuBenéM BO3MOXKHBIE BapHAHTBI JUIS
3HAUEHUH OCTATKOB /ISl IEPBOM U MOCIEIHEH TPOUKHU ITUPD:

(0,2),(1,3), ...,(6,8),
(2,0),(3,1),...,(8,6)
UX YUCIIO paBHO 2 X 7 = 14, u Toraa o01iee 9nuciao CYacTIUBBIX
OuneToB paBHO 2 X 7 X 92 X 92 = 2 x 7 x 9% = 91854,
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OTtser: 91854.
KomMmenTapmnii

IIpu mnepemaye wuHpOpMaLIMM 1O KaHajJaM CBSI3U
Ba>XHbIMU ACIICKTaMH ABJIAKOTCSA OGGCHG‘-IGHI/IG €C

KOH@puoenyuanrpbnocmu u yerocmuocmu. KoHpuaeHIMAIBHOCT
(T.e.  CEKPETHOCTb)  JOCTUraeTcs  KpUNTOrpapuuecKuMu
MeToaaMH, Tyrem mmudpoBanus uHbopmaruu. LlerocTHOCT
uHpOpMallMM  O3HA4YaeT  OTCYTCTBUE  HM3MEHEHUH B
nepeaaBaeMoi/XpaHuMoil MHGOPMAIIMK 110 CPaBHEHUIO C €e
NepBOHAYAILHON 3amMChi0. ['0BOPS O LIEIOCTHOCTH COOOIEHUS,
MO-APYTOMY TOBOPSAT O €T0 dyMeHMUUHOCIU.

CymectByeT MHOECTBO METO/I0B POBEPKH
IIEIOCTHOCTH TIepeaaBaeMoro cooOIieHus. B dwacTHOCTH, Is
TOr0  LIMPOKO  HCIOJIB3YeTCS  TEOpUs  KOJUPOBAHMSA
nHpopmaruu. C TOYKH 3pEHUS dTOM TEOPHUU MHOKECTBO BCEX
HaOopoB 1mudp (xq1,Xy,X3), UL KOTOPBIX  BBITOJIHEHO
COOTHOMIECHUE Ty, (X1 + X, + X3) =t, SABIACTCS KOJOM C
pacctossHueM JBa 1O XOMMHUHTY. OTOT KOJ CIIOCOOCH
OOHapy>KUBaTh OJHY OIIMOKY, KOTOpas MOXXET MPOU30MTH MpH
nepenaye Habopa (x4, X, X3) MO KaHaly cBsa3u. Hanpumep, eciu
omnOKa MpOW30IIa B TEPBOM CHUMBOJE, W OBLIO MPHHATO
coobmienue (x';, Xz, X3), B KOTOPOM X' # X1, TO T (X' + x5 +
X3) #t u 10T (hakT Oymer oOHapykeH. 3ajada HaleJeHa Ha
HaXOXXJCHHE MOIIHOCTH TAaKOro Koja, T.6. 4HCIa BCeX
KoMOMHaMi PP (X1, X5, X3), YAOBICTBOPSIONIUX YCIOBHIO
T (X1 + x5 + x3) = t. DTa MOWHOCTL paBHA M?, TOCKOILKY
IpY 337]aHUU JIIOOBIX BYX IU(p B KOMOMHAIMK TpeThs nudpa
OTIpeNeNsieTCsl OJHO3HAYHO.
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3amaua 2 (8-11 xiaacchl)

W3BecTHO, 4TO P, P1, P2, P3 — PA3IUUHBIE MPOCTHIE YUCIIA,
u p3—2p?—16p =p, - p, p3; —32. Haiigure Bce Takue
4yucnia p, Py, P2, P3. OTBET 000CHYHTE.
Pemenne

IMycts p; < p, < p3. Mo ycnosuio p3 —2p? — 16p +
32 = p, - py * p3. PaznoxuM neByro yacTb Ha MHOKUTEIH:

P-2)p—-DP+4) =p; D2 Ps (D
HenocpencrBennoii mpoBepkoit yOexmaemcs, 4to p # 2,3,5.
3naunt p > 5. CnemoBarenbHO, uucia B JjeBor yactu (1)
pa3nu4Hbl U OTAUYHBI OT 1. [losToMy p —4 =p4, p — 2 = p,,
p + 4 = p3. [lockonbKy p Ha 3 HE AETUTCS, BO3MOXHBI CITy4au:

® yucio p npu AeiaeHuM Ha 3 gaet ocratok 1. Torga Ha 3
nenutes ynucio p — 4. Takoe BO3MOKHO TOJIBKO, KOTJa
p—4 =3, tTak Kak uucio p —4 mnpocroe. Orcrona
p=7p1=3,p;=5p; =1L

® YuCIIO p NpH AesieHnu Ha 3 maet octaTok 2. Torga Ha 3
nenutcs p + 4. 3Hauut p + 4 = 3, 4TO HEBO3MOXKHO.

OtBer: p=7,p1=3,p, =5p3 =11 (upu ycnoBuu p; <
P2 <DP3).

3anaya 3 (8-9, 10 kaacch)

CooOmienne nepegaercs B Bue Tabauinbl 7 X 7 kieTok. B
KOKIOW KIIeTKe 3amucaHa nubo OykBa, nnubo mudpa. UToObr
MPOYUTATh COOOIIEHNe, HEOOXOAMMO 3a4epKHYTh OTpE3KaMHu
JTUIIHAE CUMBOJBL.  OTpe3kH TPOBOAST TIO  CIEAYIOIUM
npaBwiIaM (CM. mpuMephl): 1) KOHIBI OTPE3KOB JIEKAT TOJIBKO B
KJIeTKax ¢ Iudpamu, npuyeM IUdpa IMOKa3bIBACT CKOJIBKO
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KOHIIOB B 3TOH KIIETKE JIEKHUT, 2) OTPE3KHM MOTYT IPOXOIUTH
TOJIKO TOPU30HTAJIBHO UJIM BEPTUKAIBHO, 3) 1B LU(PPHI MOT'YT
OBITH cOeIMHEHBI He OoJiee, ueM AByMs oTpe3kamu. [Ipounraiite
CcOOOlIeHNEe, KOTOPOE TIOJIY4aeTcsl BBIIHMCBIBAHUEM KaxJOH
TpeTheil He3auepKHYTOI OyKBBI.

3 |c|3|4]e|M|3
wlcle|lplanlely
2 [ 2 m|B |B|H|2|b |5
olr|alp|l6lo|d
S35 (2 13 ala|o|k|a|x|n
g |k |H|T|n|HU|Yy
1 |a|xk|2|T]e |2
Pemenue
Hns pelieHus 3aga4u
3|=|=]4|—|— CIEAyeT IS KaKAOro  4HCla
cle A€ " paccMaTpuBaTh KOJIMYECTBO
B|B 2 |= cocesieit — 4mce, ¢ KOTOPHIMU OHO
r . a 0|o MOKET COEUHATHCS OTPE3KAMHU.
alo alx Ecnu YUCIIO paBHO
X | H o u YIBOCHHOMY KOJHMYECTBY CBOHX
1|a|k|[2|—]|—]2 coceneil, TO ¢ KaKIBIM U3 HUX OHO

COEIMHSETCS KaKk MUHUMYM OJHHUM OTPE3KOM.

Haunnate MOXHO C paccMOTpEHHUs YIVIOBBIX KIIETOK
TaOJIMLBI, TO TO3BOJISIET MPOBECTH NEPBBIE OTPE3KU. 3aTeM
BO3MOXKHO PAacCMOTPETh KIJIETKH MO KpasM Tabmuiel. [lo mepe
IPOBEJCHUS  OTPE3KOB  MEXAY  4YHMCIaMH,  HauMHaeT
YMEHBILATHCS KOJIMYECTBO BO3MOKHBIX BAPUAHTOB MOCTPOEHUS
HOBBIX OTpe3koB. Eciu K uMciay NOpuUXoIuT HEoOXoaumoe
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KOJIMYECTBO OTPE3KOB, 3HAUYUT, OHO YK€ HE MOXKET COCIUHATBCS
C APYTHMMH CBOMMHU COCENISIMHU.

B ycnoBuu HammcaHo, 4TO COOOIIEHUE COCTABIIAET Kax/1as
TpeThst OyKBa, HO HE YKa3aHO, C KaKoi OyKBBI CIeAyeT HAauMHATh
4yTeHHEe. BbInuchIBasi Tp BO3MOXKHBIX BapUaHTa, MOIYy4aeM, 4To
YUTAEMbIN TEKCT OYJET JIMIIb B CIydyae YTEHUS KaxXI0H TpeTbei
He3auEpPKHYTON OYKBbI, HAUWHAS C IEPBOA.

OtBer: ceroaHs.

3anauya 4 (8-9, 10 kaacch)

Jnst 3ammdpoBaHus CcOOOIMIEHUH Kaxkaas ero OykKBa
3aMeHsieTcs YuciaoM To Tabmure. B pesynbTare momyuaercs
YHCIIOBAs IOCTIEIOBATEHHOCTD X1, ..., X, 3ATEM BBIPAOATHIBAIOT
MOCIIEA0BATEIBHOCTD V4,2, ... 10 CIEIYIOIMIEMY MpaBUIY: Y —
HEKOTOPOE HATypaJbHOE YUCIIO, ¥, — cyMMa Iudp KBajapara yq,
yBenudeHHas Ha 1, u T.1. Hanpumep, ecnu y; = 7, T0 ¥, = 14,
y3 =17 wu T1.n. Ilocae »Toro BBIOMpAETCS HEKOTOPOE
HaTypaibHOe t U popMupyeTcs 3amndpoBaHHOE COOOIICHHE 10
npaBuiy:  733(X; +¥e), o, a2 (X + Vegn-1), e 132(@)  —
OCTaTOK OT JAejieHus uncia a Ha 32. M3BecTtHO, 4YTO IiId
Y1 = 2019 wu HekoTroporo t TOJYYWICS CJEAYIOIIUN
nmdprekcr: 10, 6, 26, 22, 15, 13, 20, 13, 29, 13, 28, 23, 4.
BoccranoBute ucxoaHoe coooiieHue.

ABBTOEE K3 UK IMHOIP|C|\T|V ®X|IY OIS BI|b| 304
0[1(2|3(4] 5 [6]7]8|9|10/11(12]13|14/15/16|17|18(19(20(21|22(23|24|25]26|27|28|29(30|31
Pemenmne:

Bynem mepeOupaTh BO3MOXXKHBIE 3HA4YeHHS t, a 3aTeM,
«PaCKpPYTUB» TIOCIENOBATEINBHOCTh V¢, ..., Vitn—_1, MOMPOOyEM
pacmdpoBaTh Ha HEH TEKCT. 3aHeceM B Ta0uHIly
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MOCIE0BATENbHOCTD Yq,Y 2, ... U COOTBETCTBYIOIIUN OTKPBITHII
tekcT (OT), KoTopblii mody4daeTcs eciu pacmudpoBaTh

IMA@PTEKCT C MOMOIIBIO NOCIIENOBATEIbHOCTH V¢, «oo), Vitn—1-

t Yi OT OT OT OT OT

1 [ 2019 | 7|3

2 28 |10/ K |14]| O

3 20 6| XK [ 18| T | 22| IO

4 5 17/ C |21 X ]| 1| B 5|E

5 713 (14,0 |18 T | 30|10 2|B
6 11 20B | 4| | 11| J | 15|10 | 27 |BI
7 15/ | 8§/ |10 K| 17|C | 21|X
8 5| E |[12|M| 5| E 713 140
9 11 (18| T | 2|B| 9| H 2B 41
10 | M [24 |10 | 8| U | 15|11 8| U
11 8 |20/® | 5|E |21|X 5|E 12| M
12| 11 |[12|M|17|C| 2| B | 18]|T 2|B
13 5 31 |18 T | 23| U 8|1 | 24|11
14| 8 2260b [ 15| T | 20| @ 5|E
15| 11 250 | 12|M | 17|C
6| 5 31| 18T
17 8 28| b

HetpynHo 13 TaOIUIBI 3aMETHTh, YTO TOCIIEIOBATEIBHOCTD {Y; }
nepuoanueckas ¢ nepuoaoM (5, 8, 11) u moaxoxom (2019, 28,
20), moaToMy s pacmu@poBaHUs COOOIICHHS JOCTATOYHO
HayuMHATh pacmudpoBsBaTh Tpu t = 1,...,6. . OCMBICICHHBIN
TEKCT moJtyyaercs npu t = 5.

OTBeT: BLIXOJAVM B IIECTh.

www.cryptolymp.ru
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KommenTapmnii

31ech B KadecTBe criocoba mpeoOpa3oBaHUsS OTKPHITOTO
COOOIICHUS UCTIOTB30BAJICS WUPDDP MOOYILHO20 AMMUPOBAHUS,
YCTpPOEHHBIN  cienyromuM  obOpazoM. Ilycth  OTKphITOE
COOOIIEHUEe Xq,...,X; COCTOMT U3 CHMBOJIOB aydaBuTa
X ={0,...,n— 1}. BoibepeM HEKOTOPYIO MOCICIOBATEILHOCTh
(eammy) ¥4, ---, ¥Vt € X ¥ BBIYUCITUM

vi =10 +y)i=1,..,t

CdopmupoBanHast MOCIENOBATEABHOCTh Yy, ...,Yy U OyHer
mudpTeKCTOM.

OO6mwmit mpuHIMI paboThI mKU(pa raMMUPOBAHUS TTOSCHEH
Ha pUC. HUXKE:

YcTpoicTBo BeipaboTkm
KAKOYEBOH
nocneaoBaTensHOCTHM (raMmei)

OTKpBITHIA

s m .
TeKcT r(x; +v0) ndposaHHbIia

TeKCT

CroiikocTh Takoro Immmdpa CyIEeCTBEHHBIM 00pa3oM
OTIpE/ICNIICTCS. BBIOOPOM TIOCTEIOBATENBHOCTH V7, ..., V. ITa
MOCIIE0BATEHHOCTh JIOJDKHA OBITh, KaK TOBOPSAT, CAYYAUHOU W
pasnogeposamuou. JIns ee BBIPaOOTKM HCIOJNB3YIOT Tak
HA3BIBAEMBIC 2eHEepamopbl NCe8OOCAYUAUHBIX NOCIe008amenb-
nocmeii (I'TICH). B mHacrosmieill 3ajmadye raMma HE SBIISUIAch
CIIy4yalHOH M paBHOBEPOSATHOM, U, B YaCTHOCTH, IO 3TOH
NPUYMHE YAAIOCh BOCCTAHOBHUTH IO MIM(POBAHHOMY TEKCTY
HUCXOIHOE COOOIICHHE.

www.cryptolymp.ru
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3amaua 5 (8-11 xiaaccnl)

Jnst 3amm@poBaHus OCMBICIICHHOTO CJIOBA €r0 OYKBBI
MIEPEBOISIT B YHCIA X1, X3, ..., Xy, 110 TAONHIE. 3aTEM BHIOMPAIOT
HaTypalbHbIe Yuclia Xy U k. Jlanee unucio X, MpUIUCHIBAIOT B
HAYaJ0 TOCICIOBATEIIBHOCTH Xq, Xy, ..., Xp, & YHCIHO Xpipq =
Xo+19™**  (rne m - goMHA cloBa) — B €€ KOHEI.
[TomyuuBmasics B pe3ynbTare MOCJIEI0BATEILHOCTh
X0, X1, ey Xy Xp 41 32TEM MPEOOPA3YETCS B MOCIICIOBATEIIBHOCTh
Yo Vi Yo Yne1 1O bopmyne  y; = 13,(x; + 6x; - k7 +
k), i=0,1,..,n+ 1,tae r3,(a) — ocTarok OT AeJNEHHs YKCiIa
a Ha 32. 3arem uwmcna Vg, Vi, -, Vne1 3AMEHSIOT OyKBaMH

cornacHo Tabmuie. B pe3ympTare momyywsid  BOT  UTO:
KUBIIHBHIJI. Kakoe cnoBo 6p110 3ammdpoBaHo?

ABBT|OEE K3 MHU|K/IMHOIIP|C|T|V|® X I[|YMITD |bI|b| 3|0 1
0[1/2]3]4] 5 |6]7| 8]9]10/11]12]|13]14|15/16]/17]18[19|20|21|22|23|24|25|26|27|28|29|30|31

Pemenne
HerpynHo mnoHsTh, 4TO MIMHA ciI0Ba N = 7, a TaKxke
HECJI0KHO HalTh ocTaTok 73,(1911) = 11.
[Ipeobpazyem 3amuppoBaHHBII TEKCT B
MIOCJIEI0BATEIbHOCTh YHCEIT:
Yo = 10,_’)11 = 91y2 = 271y3 = 22!)’4— = 13!)}5 = 11
Ve = 13,y;, = 22,y = 11.
N3 ycnoBusa cnemgyer, uto Xxg — Xy = 11. Paccmorpum
Pa3HOCTh
732(¥g = ¥o) = T32(xg + 6xg - k> + k —xg — 6x¢ - k° — k) =
= 155((1 + 6k3) - (xg — x9)) = 13(11 - (1 + 6K?)).
Nmeem:
r3o(11- (14 6k%)) = 1.

www.cryptolymp.ru



14
3amerum, uro 13,(3-11) =1. Orkyga Haxoaum
132(1 4+ 6k3) = 3. 3nauwr,
1+6k¥=3+32t=3k3=1+16t =
& 33k3=11+11-16t
3uaunt, 14(33k3) = r14(k3) = 11. B utore
k3 =11+ 16p.

Ipu p = 1 nonyuum k3 = 27. Orcrona k = 3. Onpobyem
nosrydeHHoe 3HaueHue. CorjacHO MpaBwiTy 3amupoBaHUs

y1 =9 =13,(x1 + 6x1 - 27+ 3) =13,(x; - 3+ 3),

< 3x; +3=9+32t © 3x; =6+ 32t

T.e. 13,(3x;) = 6 = 13,(x;) = 2. Ilpogomkas ganbiie
MOJTYIUM:

Yo =27 =135(x5 + 6x5 - 27 + 3) = 13,(x5 - 3+ 3),

& 3x, +3 =27+ 32t © 3x, =24 + 32t
T.e. r3,(3x,) = 24 = 13,(x,) = 8. B urore nmonyunm
OtBer: BUCOKOC.
KomMmenTapmuii

Ecnun kaxnomy sneMeHTy MHOkecTBa X TIOCTaBJIEH B
COOTBETCTBUE POBHO OJIMH JIEMEHT MHOXKECTBa Y Tak, 4TO MPHU
JOTOM JIIOOOH 3JIEMEHT MHOXKECTBA Y OKaKETCA COIOCTaBJIEH
POBHO OJTHOMY JIEMEHTY MHOKECTBA X, TO TOBOPSIT, UYTO MEXKIY
JAHHBIMH MHOKECTBAMH YCTaHOBJICHO 83AUMHO-00OHO3HAUHOE,
unu buekmugHoe, coomsemcemsue (omoopasicerue). BUEKTUBHOE
oToOpaxxeHne MHOXKecTBa X B ce0sl Ha3bIBACTCS HOOCHAHOBKOLL
aniemenmos muodicecmea X.

Nnes npenyioxkeHHOW 3aa4u 3aKII0YaeTCs B CIEAYIOLIEM
HaOmroneaun. Eciu nensle unciia a, b — He4eTHble, ¢ — YETHOE,
m,k,l € N,m > 1, o pynkius

f,y)=rma-x+c-x*-y' +b-y)
www.cryptolymp.ru
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Oyzer 3agaBaTh MOJCTAHOBKY IO KaXIOW MEpEeMEHHOH Ha
muoxecrse {0,1,...,2™m — 1} — ocraTkoB or aeieHus Ha 2™,
CkazaHHOEe O3HA4aeT, 4YTO s JH000ro (UKCHPOBAHHOTO
x€{01,..,2m -1} o¢yakuus g(y) = f(x,y) 3amaer
HOJCTAaHOBKY  »lieMeHTOoB  MHOxectBa  {0,1,..,2™ — 1}.
AHaJIOTUYHOE CHpPaBEMJIMBO TIpH  JIOOOM  (UKCUPOBAHHOM
y€{0,1,..,2m—-1}.

JaHHblii (akT UMeeT HarisAHYI0 HHTeprperanuio. Ecnu
3anmcarh TabaMIly 3HaYeHH yKa3aHHOU dynkiwn f(x,y),

x\y 0 1 2m —1

j
0 £00,0) | f(0,1D) | ... | f(0,)) ] ..| f(0,2™—=1)

1 fAoO) | fAD | .. | f@4, )| .| f@azzm-1

i GO fGD | e | FGD || fG2 =)

2m -1

TO MOKHO 3aMETHUTbh, YTO B KOXJOU €€ CTpOKe (M B KaXKIOM ee
cronbie) mpucyrcTByOT Bee snementsl {0,1,...,2™ — 1} mpu
3TOM B TOYHOCTH IO OJHOMY pa3y. Tabmuumpl, obiamaromiuie
yKa3aHHbIM  CBOMCTBOM,  Ha3bIBAalOTCS B MaTeMaTHKe
JNAMUHCKUMU K8aopamamu (AamuHCKUMU NPAMOY20TbHUKAMU).
BnepBele nmaTtuHCKMe KBaapathl (4-ro0  TopsiaKa)  OBLIH
onybOnukoBanel B KHure «lllamc amp Maapug» («Kuura o
Counnie ['Ho3uca»), HanucanHo Axmanom anb-byHu B Erunte
npubmmsutensio B 1200 r. CBoe Ha3BaHHE JIATUHCKHE
KBaJpaTel MOJydwId Onaromaps MmaremaTuky JleoHapay
Dlinepy, KOTOpPBI BMECTO 4HCET B TOJOOHBIC TaOJIUIIBI
3anuchIBai OYKBBI JIATHHCKOTO ali(haBUTA.

www.cryptolymp.ru
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JlatuHCKME KBaApaThl HAXOAAT CBOE€ NPUMEHEHUE B
kpunrorpadguu. B yacTHOCTH TIpeayTOKEHHBIA B 3a/1ade Crocod
3amu@poBaHusi COOOIIEHUST OCHOBAaH HAa WUCIOJIb30BAaHUU Kak
pa3 JmaTmHCKOTO KBagpara. JlaHHBIA CrmOcoO  HA3BIBAIOT
MAOTUYHBIM 2AMMUPOBAHUEM.

3amaua 6 (8-11 xiaccel)

Kaxmomy wu3 derbipex aboHeHTOB Aq,A,, Az, A, HamO
BBIIaTh IO JBa ypaBHEHUs BuAa aw + bx +cy + +dz =t,
roe a,b,c,d, t,w,x,y,z € {0,1}. 3HaucHus CEKPETHBIX OHUTOB
W,X,Y,Z OAWHAKOBBI [UIsi BceX aOOHEHTOB M MM 3apaHee
HeusBecTHbI. [IpuBeaute xoTs Obl OAMH MpUMEpP YpaBHEHUH,
KOTOpBIE HAJI0 BBIIATh OSTUM YeThipeM aOOHEHTaM, YTOOBI
kaxmas mapa {A;, A3}, {41, A4}, {4;, A3} ™Morma mocToBepHO
BBIUUCIIUTD W, X, Y, Z, HO 4TOObI TIpu 3TOM: 1) HU OnHA Jpyras
napa a0OHEHTOB HE Morja Obl JIOCTOBEPHO BBIYHCIUTH OoJiee
OJTHOTO CEKPETHOro OuTa; 2) HU OJUH aOOHEHT B OJMHOYKY He
ObLI B COCTOSIHUM JIOCTOBEPHO BBIUMCIUTH JlaXe OIUH
cekpeTHbli OuT. Hampumep, ecnm aboHeHT A; TMOJIYy4YUT
ypaBueHust {(W+x+y+z=1, w+x+0-y+0-z=1}, a
4, - w+0x+y+0:z=0w+x+0-y++z=0}.
Torma, oObEeAMHHUBIINCH, U3 UMEIONIUXCS B UX PACHOPSIKECHUN
YETBIPEX YPaBHEHUI OHM OJHO3HAYHO HAWAYT, uTo W = 1,x =
0,y=1,z=1. Ilpu »sTtom OymemM TOBOpHUTH, YTO Iapa
a00HEeHTOB {A1, A2} MOXET 00CmMOBepHO 8bIMUCTUMb CEKPETHBIC
OUTHI W, X, Y, Z. 31eCh TPAIUIIMOHHO TIoJaraercs, yto 1+1=0.
Pemienne

IMycte Wy, Xg, Yo, Zg — 3HAUCHUSI  CEKPETHBIX  OUTOB
w,x,y,z. PemuMm mnpexne 3amady, Mpeanonaras, 4To Bce
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CEKpEeTHBIE OWTHI PaBHBI HYJIO: Wy = Xy = Yo = Zo = 0. 3aTem
B ypaBHEHUSX MOXHO OyAeT cjenath 3aMeHy W — w +
Wy, ...,Z = Z + Zy ¥ TE€M CaMbIM MOJY4YUTh PELICHUE 3aJaud B
obmeM ciydae.

3anuimiemM Teneph Kakylo-HUOYAb CHCTEMY M3 YETBhIPEX
YpaBHEHUN, KOTOpPOW  YIOBJIETBOPSIOT  /MOJbKO  HYIEBBIE
3HauyeHus. Hanmpumep,

w+x=0 (1) y+z=0 3)
x+y=0 2 w+x+y=0 (4)
3anuiemM eme OJHO ypaBHEHHUE, CIOXKHUB O3TH YeTbIpe:
x+y+z=0 (5)

Cuctema u3 100blx 4YeTHIpeX ypaBHeHHH u3 Habopa (1) —(5)

UMEET TOJIBKO HYIIEBOE PEIICHHE.

Hanee wunes B cuenytomeM. Eciam mapa aOOHEHTOB
JOJKHA YMETh HAaXOJIUTh BCE OWTHI, TO STOW Mape BBLIATUM
YeThIpe paziuyHvle ypaBHeHUs u3 Habopa (1)—(5), ecim xe
HET, TO XOTh OJHO YpaBHEHHE Y OSTOW Mapbl JOIKHO OBITH
00muM.
3ameuaHnue. 30ecb Hem YemMKUX aneopummos8 U ycnex zapauee
He 2apaHmuposan. Bo3mooicHo, credosano evlopams Kaxue-mo
opyeue ypaeuenus (1)—(4). 3amemum, wnanpumep, umo
abonenmam, Komopwvie He OONNCHbI YMemb HAXO00UMb CeKpem,
Henv3s evloamsv ypasHenus (1), (2) u (4), mak xax 3uaveHue
buma z oHu He Handym, Ho onpederam, yumo w =x =y =0, a
9mo no ycnoguro nHedonycmumo. Huxaxomy abonenmy Henv3s
evidamyv ypaguenus (2) u (5), max kax u3 HUX ciedyem, ymo
z = 0.

AOoHeHTaM pas3garh ypaBHeHHs MOkHO Tak: Aq: (1),
(2); A2: (1), (5); A3:(3),(4);44: (), (5).
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BrInonHuB 3aMeHy, 3amuiineM OTBET B 00IIEM cliydae.
OtBet: Hanpumep,
Airw+x=wy+x9, X+y=x9+Yo; A: W+
X=Wog+X9, X+Y+2z=xy+Yyy+ 2Zp;
As:y+z=yo+2z5, w+x+y=wy+x9+ Vo3
AywH+x+y=wog+xy+yy, X+y+z
= Xo + Yo + 2.
KommenTapuii

B nanHo#i 3amadye omuchiBaeTcs Oosiee OOmMMMA cirydaid
pa3feneHus CeKpera IO CPAaBHEHHUIO C IIOPOrOBOM CXEMOU
[[lamupa, mpu KOTOPOM JOCTYH K CEKpEeTy MOJy4aroT
OTpesicNieHHbIC TPYIIbl  aO0OHEHTOB, KOTOPHIX HA3bIBAIOT
VHOTHOMOYEHHbIMU. 31€Ch B TOYHOCTU 33/al0TCSI KOHKPETHBIE
aOOHEHTHI, KOTOPble MOTYT MOJYYHUTh CEKpeT (BOOOILE roBOPS
COOTBETCTBYIOILIME TPYIIbl MOTYT pa3Iu4arbCsi IO YHUCIY
y4acTHUKOB). Takue CXeMbl pa3felieHusi CeKpeTa Ha3bIBAIOT
CMpPYKmMypamu 00Cmyna.

CymectByeT  OOmMiA  HE3aMBICIOBATHIA  aNTOPHUTM
MOCTPOCHHUS CTPYKTYPBI JOCTYMA JUIsl pa3/ieieHusi oJHoro Outa
CEKpeTa MEXIy 3aJaHHBIMU TpynmnamMu aOOHEHTOB C TOMOIIBIO
JIOTIOTHUTEILHBIX OUTOB 3abenusanusi, KOTOPbIE CKJIaJIbIBAIOTCS
C CEKpeTHbIM OUTOM, TpU OTOM I KaXIOH TPYIIIBI
WCIIONIB3YIOTCSL pa3Hble 3a0enuBaromue OuThl. OmHAKO 3TOT
NOJAXO/A HE TO3BOJSIET NOJy4aTh A(PQPEKTUBHBIE CTPYKTYPHI
noctrymna. [lox monsTtuem uugopmayuonnas sgpgexmusrocmo
CTPYKTYphl ~ JIOCTyIa  TIOHMMAaeTCs  OTHOIICHHWE  4HcTa
pachpeeNieHHbIX CEKPETHbIX OUTOB B CTPYKType AOCTyMa K
JUTMHE CaMOU JUTMHHOMW JONU (YHCITy BBIJTAHHBIX OUT aOOHEHTY).
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MoxHO 10Ka3aTh, 4TO 3(P(EKTUBHOCTH HE MPEBOCXOIUT 1.
3amaya MOCTPOEHHS] TaKMX CTPYKTYp AOCTyNa 0 CHUX TOp B
o0111eM ciryyae He pelieHa.

Cama 1oCTaHOBKA B MPEJIOKEHHOM JJIsl PEIICHUS 3a1a4e
HECKOJIBKO ~ YCIIOKHSIETCS: HEOOXOAMMO  paclpeneiuTh 3
cekpeTHbix Omta (mis 8-10 kimaccoB) miaM 4 CEKpPETHBIX OuTa
(ms 11 xmacca) mexnay 4-msi aDOHEHTaMH U BBIAATH MPU STOM
KaXJI0My a00HEHTY He Oonee 2-yx OuT. To ecTh 2 heKTHBHOCTH
TaKOMW CTPYKTYpHI gocTyma Oyaer 6osbimie 1 (3/2 B 3amaue s
8-10 kmaccoB u 4/2 B 3amayax mus 11 xmacca)! 3mech Her
oOMaHa — TPOCTO B MPEIJIOKEHHOW 3adade pa3pemeHo He
YIIOJHOMOYEHHBIM TpynnaM a0OHEHTOB TMOJIy4aTb CyMMBbI
CEKpeTHBIX OWT, a B 3amade st 11 kimacca — eme W OauH
CEeKpeTHBIi OUT TIpPH YCIOBHUM, UYTO OCTaJbHBIE 3 OWTa TO-
IPEKHEMY JOJIKHBI JJI1 HUX OCTaBaThCs B CEKpPETE.

3amaua 7 (11 kaacc)

Cama pemmn ortnpaBuTh Mame 3amucky. [ns 3toro
KaX/1yro OyKBY cOOOIIEHUsS OH 3aMeHMI KomOuHaruen u3 0 u 1
cornacHo Tabmune (A — 00000, b — 00001, ..., 1 —11111). B3as
nenb "/I" m HOMep Mmecsma "M" cBoero poxaeHus Camia
Bpraucun Uy = 12+ M%,uy, = 1-M,u; = J1— M.  Jlanee
Cama BBIYHMCIHI YETBEPTOE Uy = T35(U; + UyU3), TIATOE
us = r3,(uy + usuy), ..., n-oe UUCIO U, = T3 (Up_3 +
+Uy_pUp_1), TIE T35(@) — OCTATOK OT JIEJICHUS Yncia a Ha 32.
K i-my Outy cumBony mcxomHoro coodbmenus (0 wm 1) oH
npuOaBMJI YHCIO U; W B3sUT OCTaTOK OT JEJICHUsT Ha 2.
[Tonydyennyto mnocnenoBareqbHocTh W3 0 W 1 OH BHOBB
npeoOpa3oBan B OyKBBI 1O TaOJIMIE M TOJYYWJ CIETyIoLIee
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coobmenue: KAYJIINBIIJITBIIIY. Ilomorute Mare

IIPOYHTATh €ro.
NEE
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z
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Z

clo|r k|~
Q

[o]
[o]
[o]
1

clo|olo|o
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rrlolo|o|™
clo|r|o|oH

o]

Pemienne
[lo ycmoBuio wumcma u;, n0puOABISIOTCI K OUTam

OTKpPBITOTO TEKCTa, a pe3yJbTaT 3aMEHSIeTCd OCTAaTKOM OT
nenenus Ha 2 (To ectb Ha O wim 1). [ToaTomy cpa3y 3aMeHuM Uy
€ro OCTaTKOM OT JieJieHusi Ha 2: cuurtaem, urto U, = 0 (ecnu
W3HAYAIBHO Uj OBUIO YETHBIM) WM Ui = 1 (ecim oHO OBLIO
HEUYETHBbIM). BplunclieHMe ocTaTka OT JeJieHHs Ha 32 1npu
MOCTPOCHUHU TIOCIEN0BATENIbHOCTH Uq, Uy, ... HUKAKOH POJM HE
urpaeT (YeTHbIe YUCNIA JAl0T YETHBIH OCTATOK, a HEYETHbIE —
HEUYCTHBIN).

Oka3pIBacTCd, B 3aBHCUMOCTH OT dYeTHOcTH umcen /I, M
MOTYT OBIThH MOJTyYEHBI BCET0 TpH pa3Iu4HbIe
MOCNIEA0BATENbHOCTU Uq, Uy, ..., & UMEHHO:

—
- ook |o =

ROk oo

olr|r|olo|®

Rlk|rlolo|w

olr|lo|r|o|R

I EE

rlo|r|k|o|H
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alr|rlo|r|E

NEEIENEE]

olr(o|r|r|F

rlofkkrklu

FINENNE

IR

clo|o|r|o
clo|r|r|o
Rk lo|-
IR

1. Yucna [I, M neuernsie. Torna u; = 0,u, = 1,u3 =0, ...

2. Yucma [[,M wumeroT pa3Hyl YETHOCTh. Torma u; =
Lu,=0u;=1,..

3. Yucna [, M uernwie. Torma u; =u, =+ =u3, =0. B
ATOM CiTy4dae TeKCT MaImHOM 3amucKu ocTayics Obl 0e3
M3MEHEHUS, YTO, OYEBHUIHO, HE TaK.

Jlanee HEoOXOMUMO B TEPBBIX JBYX CIydasX BBIYUCIUTH
MOCIIE0BATENbHOCT {U,} TOJHOCTBIO, BBIYECTH €€ U3
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samuppoBanHoro tekcta (3T) m ybdemuTbes, 4TO YUTAEMBIN
BapUaHT MOJIYYaeTCsl BO BTOPOM Cirydae (CM. TaOIuIry).

K| A |V | |mW| s |W|an|y|B|W|1] 4

0011|0010{1001{0101{1100|0000{1100{0101|1001|0001|1100{1011{1011
0 0 1 1 1 1 0 1 1 0 0 0 1

[, M He4yeTHBIE

0100|0010{1001{0100{0010|1001{0100{0010{1000{0100/0010{1001{0100
| 0 0 1 0 0 1 0 0 1 0 0 1

3T|0111/0000{0000{0001|1110|1001{1000{0111{0001|0101|1110{0010{1111
Fu, 1 0 1 0 1 1 1 1 1 1 0 0 0

nJA|B | B |2 ]|V |C| T | T |JO|b | ]I

/1, M pa3Hoii yeTHOCTH

1011{0111(1110|1101|1011{0111{1110(1101|1011{0111{1110(1101|1011
1 0 1 1 1 0 1 1 0 0 1 1 1

3T|1000/0101{0111{1000{0111|0111{0010{1000{0010{0110{0010{0110{0000
Fu,| 1 0 0 0 0 1 1 0 1 0 1 1 0

C|K|]O|P|]O]|II]|E P I E/ M|E]|H]|A

OtBer: CKOPOIIEPEMEHA
KomMmenTapmuii

[IpencraBnennas 3ajgada Takke OTHOCUTCS K mudpam
raMMUpOBaHUs, IPEICTABICHHBIM paHee B 3aja4e 4.
3agaua 8 (11 kaacc)

3BYyK 3aluCBhIBAETCSl HA MAarHUTHBIA cioi OapabaHa (cM.
pucC.), KOTOpPbIM Bpalae€TCs C TOCTOSHHOW CKOPOCTHIO,
coBepias ofuH 000poT 3a 4 cexyHIbl. Psgom ¢ Gapabanom 1o
OKPYXXKHOCTHM  4e€pe3  paBHbIE  pACCTOSHHUS  pa3MEIICHbI
3anuchiBatomas (1) u tpu yurtaronme rojgosku (2), (3), (4). B
KKl MOMEHT BpEeMEHHU B Telle(OHHYIO JTUHHUIO TMeperaeTcs
CHTHAJl C OJHOW W3 YWTAIOMMX TOJIOBOK. YCTPOMCTBO
CIPOEKTHPOBAHO TaK, YTO KaXJblil y4acTOK CHUTHaia OyJeT
nepeaH B JMHUIO OJUH pa3, a caMa Iepejadya CTapTyeT, Kak
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BAPABAH

O MWKPOOOH

.
TOJBKO HAYaJl0 3allCcu OKaxercda y 3-ii  yuTamouen
roJoBKU.CKOJIBKO pa3JIMYHbIX BapHUaHTOB 3BYyKa, MEPEIAHHOTO B
JUHUIO, MOXET TMONYYUThCS, €CIH CooOImeHue mioch 20
cexkyHna?
Pemenue

Pemmm 3a1ady B o0miem cirydae, Korjaa repenaya JIuiaach
n cekyHA. Tak Kak MEepeKIIoYeHUEe MEXAY YHUTAIOUUMU
rOJIOBKAMHU MPOUCXOJUT pa3 B CEKYHIY, BeCb 3BYK MOXHO
pa3dbutp Ha M (¢parMeHTOB Mo 1 cekyHIe M TOraa 3BYK,
MepeaHHblii B JMHUIO, OyAeT TEepPecTaHOBKOW  JTHX
(bparMeHToB. O6o03Haunc KOJIMYECTBO BO3MO>KHBIX
nepectaHoBok T (n).

[IpencraBuM Bech mporecc B BUAE TaOIUIIBI, SIEMEHTAMH
KOTOPOH SABJSIOTCS HOMepa ¢parMeHToB. Hanpumep, Ha BTOpoi
CEeKyHJE, C KOTOpPOM HAuyMHACTCSA Iepejadya, Ha IUIIyIen
rojioBke Oyner 3-uii ¢pparMeHT 3ByKa, 2-oi (pparmMeHT OyAeT Ha
(2)-0oif uwuraromel royoBKe, a 1-blif Qparment Ha (3)-ei
yyTaroiei ronoske. [lepegaua 3akonuntcs Ha n + 1 cekyHe.
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Cexk. TTamrymas UnTaromas roIoBKa B 1HHHIO
rOJI0BKA 2) 3) 4) mepenas
0 1 — — — —
1 2 1 - - —
2 3 2 1 - 2unul
3 4 3 2 1 3,2unu 1
4 5 4 3 2 4,3 wnu 2
n—1 n n—1 n—2 n—3
n - n n—1 n—2
n+1 — — n n—1 nuiun—1

Ha n+1 cexkyHae B JNHHUIO MOXET OBITH TNEpenaH
numin — 1 ¢parment 3Byka. [lo odepenu paccmoTpum o00a
CIIy4as.

1. Tlyctb Ha n+ 1 cexkyHae B JHHUIO ObUI TeEpenaH -blid
dbparmeHT (cMm. tabmuity). Torma -biii ()parMeHT HE MOT OBITh
nepejaH Ha npenbiaymen cekynuae. Ecimu mocMmorpers Ha
TabJIMIly TO BUAHO, YTO KOJMYECTBO MEPECTAaHOBOK (hparMeHTOB
B 3TOM ciy4ae coBmajgaeT ¢ T(n — 1), To eCcTh KOJIMYECTBOM

CIOCO0OB MEPECTaBUTh 3BYK JJIMHBI 1 — 1.
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Yuraromias rojoBKa B nunuro
@103 “)
2 1 — 2unu 1
3 2 1 3,2wn 1
4 3 2 4,3 unu 2
n—1 -2 |n— 3

///////% n—1 n—1lwmn-—2
%/// n

2. Ilycth Ha n + 1 cekyHzae B TuHUIO ObUT Tiepenan (n — 1)-brit
¢parmenT (cM. Tabnuny). Torma (n — 1)-b1it pparMeHT HE MOT
OBITH TepeqaH Ha NPENbIAYNIMX CEeKyHAaX. Tak Kak n-bld
(dparMeHT JODKEH YHTH B JIMHUIO, TO OH JIOJDKECH OBITH MepeIaH

Yuraromas rojJoBKa B nunuro

(2 3) “)

2 1 — 2w 1

3 2 1 3,2unul

4 3 2 4,3 uau 2
7 n:3 n—2umn—3
//////

n n

n—1

B MOMEHT BpeMeHu n. Torma g0 (n — 1)-off J0MKHO OBITH
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nepegano (n — 2) mocaeI0BaTeIbHBIX (DPAarMEHTOB, YTO MOXKET
ObITh cenano T'(n — 2) cnocobamu.
Takum o6pazom T(n) = T(n— 1) + T(n — 2). Toraa s
HAXO0XJICHUS KOJIMYeCTBa MepecTaHoBOK T (n) mis mrodoro n,
nocrarouno Haitu T (1), T(2).

Yyraromias ToJioBka | B THHHIO T =1
2) 3) 4)
- 1 — 1
Yuraromas rojoska | B nuHuro T(2) = 2
2) 3) 14D
2 1| — | 2wl
2 1| 2umml

Ocrarercs ¢ ucnoab3oBanueM Gpopmyiasl T(n) =T(n— 1) +

T'(n — 2) BBIYUCITUTH HY)KHOE 3HAUCHUE.
112|3|4|5|6|7|8|9/|10|11|12| 13|14 | 15| 16 | 17 | 18 | 19 20
1|2 |3|5|8|13|21|34|55|89|144|233|377|610|987|1597|2584|4181|6765|10946

Otset: 10946
KomMmenTapmuii

Passutne  cpenctB  cBsA3M K Hadainy — Benukon
OreyecTBEHHON BOWHBI 00YCIOBHIIO HEOOXOIUMOCTH IEepexo/ia
OT MEJUICHHBIX CHCTEM IPEABAPUTEIBHOTO IIHU(PPOBAHUS
TEKCTOBOM  WHGOpPMAIIMM K  CHHXPOHHOMY  JIMHEHHOMY
3aCEeKPEUMBAHUIO TEIE(POHHBIX MEPErOBOPOB HEMOCPEICTBEHHO
B Ipolecce CBs3U. B 3TUX yCIOBUSX CTalo aKTyaJlbHBIM
co3zianue oco0oi cekpeTHo! TenedoHnH, KoTopas obecrednsa
Obl HaA&KHYIO  3alUTy  COJEp)KaHUs  IepeXBauye€HHOTO
IPOTUBHUKOM TeJIe(OHHOTO pa3roBopa.
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3ajaua Obula pellIeHa KOJUIEKTHBOM CIIELUAIUCTOB MOJ
PYKOBOJICTBOM HadalbHHUKA Ja0OPATOPUU U TJIaBHOT'O MH)KEHEpa
no paguo B lleHTpanbHOM  HAay4YHO-MCCIENOBATEIBCKOM
UHCTUTYTE CcBsi3u HaposnHoro koMuccapuara nout u tesnerpagos
(HUNC HKIIuT) Baagummupa AllekcaHapoBHYA
KoreabnnkoBa. B cioHelmMxX yciao0BHUSIX BOEHHOTO BPEMEHHU
B jabopaTtopun ObUT pa3paboTaH M MOCTPOCH NPUHIMIIAAIBHO
HOBBIN TeneOoHHBIN mudpaTop «MozangHoro» Tumna «CoOoib-
II», He nMeBIINIA AaHAJIOTOB B MUDE.

HIudparop OCYILIECTBIISI 4aCTOTHO-BPEMCHHBIE
(«MO3amuHBIE») TMpPeoOpa3oBaHUs  PEUYEBOTO  CHUTHAjIa C
MOCJEAYIOUIEH TePECTAHOBKOM OTPE3KOB MOJTYYEHHOTO CUTHaIa
no BpeMeHH. YacToTHble MpPeoOpa3oBaHUs 3aKIIOYAINCh B
JICJICHUN CUTHAaja Ha TPHU-YETHIPE YACTOTHBIX IOJJHAINIa30Ha
MOCPEJICTBOM CHUCTEMBI MOJOCOBBIX (PpuibTpoB. K HEKOTOPHIM 13
YaCTOTHBIX  NOJJMANa30HOB  IPUMEHSUIUCh  YaCTOTHbBIE
uHBepcuu. Jlanee mojaaManazoHbl  CIy4ailHBIM  00pa3oM
NEPEMELINBAIINCH.

Curnan, mOJy4YeHHBIH MOCNIe YaCTOTHBIX MpPeoOpa3oBaHUM,
nenuics Ha otpe3ku o 100 MUUIMCEKYHT M 3a7€p>KUBAIICS JJIsI
OCYILIECTBIICHUSI NIEPEMEIIMBAHMUS  OTPE3KOB BO  BPEMEHH
MOCPEICTBOM 3aIlMCH Ha MarHUTHBIA OapabaH. [lepememmBanue
4aCTOTHO-BPEMEHHBIX OTPE3KOB OCYILECTBIAIOCH C IOMOIIBIO
CIEIIUAIBHOTO y3ia, YIIPaBJISABUIETOCS IIOCPEICTBOM
nepdoyieHTHl,  OTBEPCTHUS B KOTOPOH  MPOJENBIBATINCH
cilydaiiHbIM (HempeacKa3yeMbIM) 00pa3oM.
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Onucannsie mpeoOpa3zoBaHus HAAEKHO 3aIIUIIAIN COACPKAHIE
MOJUICXKAIIETO 3aCEKPCUMBAHUIO  PEYEBOTO COOOIICHHS HE
TOJIBKO OT HCHOCPCACTBCHHOI'O0 MNOACIYIIHMBAHUA CHUIHAJIa B
KaHaJie CBSI3U, HO ¥ OT TOIMBITOK BOCCTAHOBUTH UCXOJHYIO PEYb
AOCTYIIHBIMHU Ha TOT MOMCHT TCXHUYCCKUMH CPCACTBAMHU U
METO/IaMHU.

VYpoBenbr  Oe3omacHOCTH  TelIehOHHBIX  TEPETOBOPOB,
obecrieunBaemblii  ammaparypoid  «CobGomb-I1», nmms  cBoero
BpPEMEHU SIBISICS OecrpenieqeHTHBIM. [lo kaHamam  CBsi3H,
obopynoBanHbIM ammaparypoir  «Cobonb-I1», pazpemranacek
nepeaya COBEpPIICHHO CEKPETHBIX JJOHECEHUH U IPUKA30B.

3amaua 9 (11 kaacc)

PaccmorpuMm neBsts umcen kq, .., kg, Tme k; € {0,1,2}.
IIpu sTom x0T Obl omHO yHCIO k; oOTAMYHO OT Hyms. C
MOMOIIBIO 3TUX YHCENl BBIPAOATHIBAIOT IOCIIEIOBATEILHOCTD
Uy, Uy, ..., Ugg1o IO opMynaM: Uy = ky, Uy = ky, ..., Ug = Ko,
Uipo = 13(u; + ujq), i =1,2,...,2010, tae r3(a) — ocratok ot
nedeHus uynciaa a Ha 3. Halinure Takoe HauMEHBIIIEE
HaTypaJbHOE YUCIIO [, 9TO Kakue Obl UCXOHBIE uucia Ky, ..., Kq
MBI HU B3sUTH, B IMOCJIEOBATEIBLHOCTU Uq, Uy, ..., U; KAKIOE U3
gucen 0, 1 1 2 rapaHTUPOBAHHO BCTPETHUTCS XOTS OBl OJIMH pa3.
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Penrenne

Hns kaxmoro natopa k = (kq,..,kg) ykakem Takoe

MHUHHMAJIbHOE /, YTO B COOTBETCTBYIOIIECH MOCIEI0BATEILHOCTH
Uy, Uy, ..., U; IPUCYTCTBYET Kaxkaoe u3 uucen 0, 1 u 2. 3arem
cpeau BcexX Takux [ ocraHercss BbIOpaTh HaWOOJbIIEE — 3TO H
OyzeT OTBETOM B 3ajaye.

1.

2.

B Habope k Bctpevaercs kaxaoe u3 uncen 0, 1 u 2. Torma
uckomoe [ He mpeBocxoaurt 9;

Ha6op k coctout tonbko u3 1. Torma uqyg =+ = uq; = 2
U Uug = 0. 3naunr [ = 18;

B nabope k npucyrctByror u 1, u 2, Ho Her 0. 3HauuT
Cpeau 4ucemn Uq, Uy, ..., Ug €CTh JBA COCEAHUX (Ug U Ugyq),
OJHO M3 KOTOPBIX paBHO 1, a apyroe 2. Torna ug g = 0 1
[ <17;

Ha6op k coctout u3 0 u 1. Urcio 2 BIOCIEACTBHH JTaTyT
TOJIBKO nBe psiaoMm crosimme 1. Iloatomy paccmorpum
BapHAHTHI:

a) B k ectb psgom crosmue 1. Torma [ < 19;

b) B k wHer psagom crosmmx 1. 3mech BO3MOXKHBI

CIIETYIOIIINE CITy9au:

e Ecth x0Th OJ1Ha 1 «He ¢ kpawo». To ecTb HalmeTcs
HOMEp S Takol, 4to 2 <s <8 u k;=1. Psagom
crosmux 1 HeT, modatomy kg 1 = kg1 = 0. Torma
Ugyg = Ugrg = 1. CrnemoBarenbHO, Ugyq7 =2 H
[ <25;

e | ecth TOJBKO «C Kpato». Ilycts k = (1,0,...,0). B
ATOM CJIy4ae HA4aJio MOCJIEJOBATEILHOCTU Uq, Uy, ...
MOYKHO  BBIYMCJIMTH HEMOCPEACTBEHHO: {u,} = {1,
0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0, 1, 1, 0, 0, 0,
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0,0, 0,1, 2, 1, 0,...} u ybenutrbcst, uto [ = 27.
Iycts k = (1,0, ...0,1). Torma {u,} ={1, 0, 0, 0, 0,
0,0,0,1,1,0,0,0,0,0,0,1,2,1,0...} ul = 18. U,
naxonet, 111 k = (0, ...0,1) maxomum {u,} ={0, 0,
0,0,0,0,0,0,1,0,0,0,0,0,0,0,1,1,0,0,0, 0, 0,
0,1,2,1,0, ...}, = 26.

OtmeTuMm, 4TO ciydau, «K COCTOMT TONMBKO U3 2» u «k
COCTOUT TOJIbKO M3 0 M 2» SKBUBAJEHTHBI ciydasMm 2 u 4
COOTBETCTBEHHO. JleCTBUTENHHO, €CIHM B MOCIEI0BATEIBHOCTH
{u,,}, orBeuaromieii Habopy 2 - k, 3amenuth Bce 2 Ha 1, a 1 Ha 2,
TO TMOJIYYUTCS MOCIEA0BATEIbHOCTh, COOTBETCTBYIOLIAs HA0Opy
k.

OtBer: [ = 27.
KomMmenTapmnii

[TocneoBaTeIbHOCTD YKCEN {Uy, }, YAOBIETBOPSIONIAS [IPH
HEKOTOpbIX unciaax m € N, ag, ...,a,,—1 € R pekyppeHTHOMY
COOTHOIIIEHUIO MpH Bcex N € N

Un+m = %m—lun+m—1 + - +va1un+1 + apuy,
HA3bIBACTCSl JIMHEHHON pEeKyppeHTHOU IMOCIIe0BATEIbHOCTHIO
(JIPII) mopsimka m, a MHOTOWIEH

f(xX)=x™—au_x™ = —a;x—ag
— ee xapakrepuctudeckum MHorowieHom. JIPII — »To Takas
pPEKyppEeHTHAsl TOCIEA0BATENHHOCTh, B KOTOPOH OYepeaHON
YleH eCcThb (UKCHpOBaHHAs JWHEHHas KOMOWHAIMS €€
NpEeAbIAYIINX YJICHOB. [Ipumepamu JIPII CIIy>Kat
nociredogamenviocmu — Qubonauuu,  apugpmemuueckue u
eeomempuieckue npocpeccuu.

JIPIT npumeHsroTcss [J11  TOCTPOCHUS T'€HEPaTOpPOB
MICEBAOCIYYalHbIX TOCIJIEIOBATEILHOCTEN, KOTOPBIE B CBOIO
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ouepenb UCHOIB3YIOTCA B WUppax camMMupo8aHus B KauecTBe
WCTOYHUKA CIIy4alHOM M PaBHOBEPOSATHOU eammbl. CTOUT
OTMETUTH, 4YTO It Toro, uroObl JIPII Morma ObITH
UCIONIb30BaHA B TaKuUX  TeHeparopax, OHa  JIOJDKHA
YIIOBJIETBOPSTH JIOCTaTO4YHO OosbIIOMY Habopy
KpUNTOrpapUUecKux XapaKTepUCTUK, B TPOTHUBHOM CiIydae
raMMa MOJXET OKa3aThCsl <«IUIOXOM» M COOTBETCTBYIOIIAS
mudpcucrema okaxkercss Hecroiikod. Ilapamerp | MOXHO
paccMaTpuBaTh Kak OAHY M3 TaKuX XapakTepucTuk. OH
MOKAa3bIBAET HAaUMEHBIIIYIO JUTAHY oTpe3Ka
MOCJIEIOBATEIbHOCTH, Ha KOTOpOM Kaxkaoe u3 uucen 0, 1, 2
BCTPETUTHCA XOTA ObI 0UH pa3. OTcyTcTBHE XOTsI ObI OJHOTO U3
ATHUX YHCEIl B OTPE3KE MOCIIEI0BATEIBHOCTH 3aBEIOMO O3HAYAIIO
ObI HEPaBHOBEPOSATHOCTH paccMarpuBaemoit JIPTI {u,, }.
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MNPUJIIOKEHHUE
(ocHOBHBIE 0003HAYEHHUSA U CBOMCTBA OCTATKOB)

O6o3HaueHus:

- 3amucb A & B o03Hauaer, 4TO YyTBepxkieHue A
BBITIOJIHSICTCSI TOTJIa M TOJIBKO TOTZIAa, KOTJA BBIMTOTHSIETCS
yTBepxkaeHue B, a A = B o3Hauaert, uto u3 A cienyer B;

- 3amuch a € M o3HayaeT MPUHAIICKHOCTh AJIEMEHTa a
MHOXECTBY M ;

- HOJZi(a, b) — HauGonpuiuii OOIIMii JETUTENL YUCET A U b;

-k=1,23.. — uHIEKC k npobGeraer (mpuHHMaeT
MOCeI0BaTeNbHO) 3HaueHus 1,2,3 ...;

- N — MHOXXECTBO HaTypaJIbHBIX YHCEIT;

- 1,(x) — ocTarok OT HeNeHHs HATYpaJbHOI'O YMCIIA X Ha
HEHYJIEBOE 11EJI0€ YHCIIO M.

Omnpenenenne. Pazderumv yenoe uuciod Ha HeHYl1e80€
yenoe yucio N ¢ OCMAmMKOM O3HAYAem HAUmu maxue yeinvie
yucna q,r makue, 4mo BbINOJHEHO PAGEHCMBO A =( -N+r, U

npu smom 0<r<lnl — ocmamok om denenus yucia a Ha n,
Komopblil 0003Hauarwom Kak r,(a), a YUCIO ¢ HA3bLIEAIOM
HENOJIHbIM YACTHBIM.

IIpumep. Ocratok ot aeneHuss 7 Ha 3 paBeH 1 (TO ecTh
ry(7)=1), nockonbky7=3-2+1. B 1O ke BpemMs OCTaTOK OT
nenenus —2 Ha 3 tak ke paBeH 1 (ry(-2)=1): =2=3-(=1)+1.
Teopema. Jlwoboe wyenoe uucio a ModxicHO pazoerums c
0CMamKoOM HA HeH)eoe yeaoe YUCIo N, Npu 3MOM OCMamox u
HeNnoHoe YacmHuoe onpeoenenvl 0OHO3HAUHO.

YrBep:xnenue. Cnpaseoiusvl ciedyoujue ceouUcmaa:
1. r,(a+c)=r,(r,(a)+r,(c));
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2. r(a-c)=r,(r,(a) r,(c));
3. r,(a)=r,(c) & a—c denumca Ha n.

[IpoBepka paboT mpoBOAMJIACH IEHTPAIM30BAHO IO
enuubiM  kputepusMm. Bcero aumiomamu I, II, I crenenun
HarpaxaeHbl Oonee 150 ywyacTHUKOB. 3agaHusl OJUMITHAIBI
OBLTM TIOJATOTOBIICHBI ISl KaXI0H BO3pacTHOU kateropuu (8-9,
10 u 11 xyaccel) B HECKOJBKUX DPABHOLIEHHBIX BapuaHTax. B
cOOpHHMKE TPUBOIMINCH YCIOBHS M pEIICHUs] OAHOW U3 3a/1ad
Ka)KJIOTO THUIIA.

C 3agayaMu npomeamIUX OJMMIIHAN MO0 MAaTeMaTHKe U
KpUNTOrpagum U uX perieHusIMA MOKHO 03HAKOMHUTBCS

® Ha calite www.cryptolymp.ru B paznene «Ilogroroska k
OJINMITNA/IC» U «APXUB 3a/1au»;

e Ha caifite Axkamemun OCB Poccunm mno azapecy
www.academy.fsb.ru (pa3gen 11t abUTYpUEHTOB);

¢ B y4eOHO-METOAMYECKOM >KypHaie «Maremaruka»,
Wznatensckuit nom «IlepBoe ceHTAOps» (€KEroJHO B OJTHOM U3
arpenbCKUX BBIITYCKOB, WWW. 1 september.ru);

e B kHure «BBegenue B kpunrorpaduio» (M.:.MIIHMO,
2012);

e B kHUTe «ONUMIIKAIBI IO KPUTITOTPAPUN U MAaTEMATHKE
I IKOJIRHUKOB» (M.: MITHMO, 2013);

® TaKKe MOXHO TMOJYYUTh JIOCTYH K  CHCTEME
JTUCTAHIIMOHHOTO OOYYeHHMsI ISl MOATOTOBKH K OJMMIIMAJAE Ha
caiire: http://www.v-olymp.ru.
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