XXVIII MesxkperuonajbHasi OJTUMITNA/IA IKOJABHHKOB M. U. 51. Bepuenko mo matemaTnke u kpunrorpadun

9 KJIACC
VCJIOBUS 3AJIAY

1. Kaxmomy Habopy (xq, x5, X3, X4, X5) (rae x; € {0,1}) dyuxums f(xq, X5, X3, X4, X5) CTABUT B
cootBercTBUEe 100 0, mu60 1. YcnoBumcs 3HavueHuss 0 m 1 HaA3BIBaTh MPOMUBONOJONCHLIMU.
W3BecTHO, YTO €Clii B MPOM3BOJILHOM Habope (X1, Xy, X3, X4, X5) U3MEHUTH 3HAYEHUE X, WIH Xg Ha
IPOTHBOITIOJIOXHOE, TO M COOTBETCTBYIOIIEE 3HaYeHnE QYHKIUH [ (X1, X5, X3, X4, X5 ) U3MCHHUTCS Ha
npOTUBONONI0KHOE. [Tocme0BaTenbHOCTh X1, X5, ... HOTyYEHA 110 TIPABHITY:
X1 =X, =X3 =X4 =X5 =0,
Xi+s = [ (X Xer 1) Xieror Xerss Xera), k=12, ...

Haiinure x;4, ecnu u3BecTHBI mepBbie 13 uneHoB 3Toi mocienoBatenbHocTr: 0000010110011.
OTtBeT 000CHYHTE.

2. Jlns 3ammdpoBaHus cI0Ba M3 MATH OYyKB Kaxaas ero OyKBa 3aMEHSETCSl Ha YHCIO COTJIACHO

ABBII''AIEEPXK 3| U UKJMH|O|IT|P|C|T |V |® XY |IIIB|bI|b |3 IO/ A
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

tabnuie. Ilomydenusiii Habop umcen (Xxg,Xxq, Xz, X3,X,) 3aTeM mpeoOpasyercs B HaboOp
(Y0, Y1, Y2, Y3, Y4) TO crhexyiomeMy mpaBuiy. CHavana BBIYUCISIOT BCIOMOTATEIbHBIC YHCIIA

Vo =2%x0+ 2% x; + 23 x, + 2% x5+ 21 - x4,

Ve = (2F - xg + 2871 x; + oo+ 20 x) + (2% - xppq + 23 xpqp + o+ 281 xy), k=1,23.

Va=2%x0+2% x; +2% 2, + 2V x5+ 29 x,.

A 3aTeM TOJararoT Y PaBHBIM OCTAaTKy OT JIeJIEHUsl yucia Yy, Ha 32. Pacmmdpyiite ucxomHoe
cioBo, ecid (Yo, V1, V2, Y3, Va) = (11,27,2,16,0).

. B kaxnyro kietky nocku 4 X 4 AHs moJIoKHIIa TI0 HECKOJIbKY 3€peH M rnepenana qocky bope (cm.
puc.). Tpanceepcanvio 1OCKM Ha3bIBaeTcsi Habop u3 4 KIETOK, JOObIe JIBE€ M3 KOTOPBIX
PacToJOKEeHbl B Pa3HBIX CTPOKAX U pa3HBIX CTONOmax (cM. mpumepsl). bops 3a OAMH XOA MOXKET
CHSTh OJIMHAKOBOE KOJIMYECTBO 3€PEH C KAXKIOM KICTKHM KaKOW-TMOO OJHOM TpaHCBepcaiud. 3a
KaKoe€ MUHUMAaJIbHOE YHUCIIO X0J10B bopsi MOKeT CHSTH Bce 3epHa C TI0CKU?

Jlocka ¢ 3epHaMH IIpumep (cepble KIETKH 00pa3yIoT IIpumep (cepule KIETKU HE
TpaHCBEpPCalb 00pa3yIoT TpaHCBEPCATID)
11712|5
415|412
21157
81241

4. BaHs MOKpacus M TOYEK YHMCIOBOHM MpsiMOi ¢ koopauHatamu aq =1, a, =a; +2=3,..,a, =
a,_1+n B Oemblil UBET, a OCTANbHBIE TOYKU U3 OTpe3Ka [adq,dy| C HENBIMA KOOPAHHATAMU — B
cuHni. Kakoe MakCHMallbHOE KOJMYECTBO OTPE3KOB PA3HOM JUIMHBI, OJMH M3 KOHLIOB KOTOPOTO
OeIbIi, a IPyroil — CHHUM, OH CMOXKET MOCTPOUTH?

5. I[J'ISI SaI_HI/I(I)pOBaHI/I}I CJIOBa Kaxxjaasa ¢€ro 6y1<Ba 3aMCHACTCA Ha JABYX3HAYHOC YHUCIO COIJIACHO

A|B |B |l |O|EE|X|3 MUK [T |M|H|O |O|P |C|T |V |® |X|L|4U |W|LBI|bb|3 IO

01102({03]/04(05| 06 [07|08| 09 |10|11|12|13|14|15|16(17|18|19|20(21|22|23|24|25|26| 27 |28 |29

Tabnuie. 3areM BbIOMparoTcsi cekpeTHbie kimoun K;, K, —HarypanbHbie uncna oT 1 10 9. C ux
MOMOIIBIO KaJI0€ JIBy3HAUHOE YMCIIo mpeodpasyercs Tak. [lycte A — nepBast mudpa IBy3HaAYHOTO
ynuciaa, B —ero Bropas uudpa. JBysnaunoe umcio (4, B) mpeobpasyercs B uucio (Aq, B;) mno
dopmyinam A; = B, By =119(A+ K; - B). 3neck 119(x) —ocrarok ot mencHus ywcia x Ha 10.
3arem uncio (A4, B1) npeobpasyercs B uncino (A,, B,) no ananornyusiM GopmysiaM, HO TOIBKO
BMecTO Kiroua K; mcrmonb3yercst kimou K,. Jlamee kakmoe McxonHoe ABy3HauHOoe duciio (4, B)
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Ob110 3aMeneHo uncioM (A,, By). B pesynbrare mosyduiaocs BOT uto: 59 28 77 m
64 95 64 90 41 64. BoccTaHOBUTE MCXOIHOE CIIOBO.

. Ilpu BXome B JMuUHBIA KaOMHET Ha TepMHuHaie TpeOyercs BBecTH W W W W
YeTbIpEX3HAuHbIA naposb u3 0 u 1. st aTOoro Ha TepmuHane umerorcs 4
KHOTIKY U 4 okomka. [Ipn Ha)kaTHM Ha KHOIIKY B €l COOTBETCTBYIOIIEM OKOIIKE TEKYIIUl CHMBOI
3aMEHseTCS Ha MPOTHBOIOJIOXKHBINA (TO €CTh €CIM B OKOWIKe ceifuac roput mudpa 1, To mocie
HaxkaTusl Ha KHONKy TaM Oyner 0, u Haoboport). Celiuac Bo Bcex okomikax BeicTaBieHa 1. Kaxoe
HaMMEHbIIEe KOJMYECTBO HAKAaTH KHOMOK MOTpedyercsi, 4ToObl mepedpaTh BCE BO3MOXKHBIC
BapUaHTHI NapoIst?

PEIIIEHMA 3AJTIAY
3agaua 1
[lo ychoBuoo, x4 = f(1,0,0,1,1). U3meHum TepBblii W [ATBIA  apryMEHT Ha
MPOTUBOMNOJIOXKHBIE, B pe3yjibTare 3HAUeHHE (YHKIHMH OCTAHETCS MPEKHUM, T.€. Xi4 =
£(0,0,0,1,0). Ho B ycnoBuu mocse Habopa 00010 uaer 1. 3Hauut x4, = 1.
OrtBert: 1.
3amaua 2
3ametumM, uto st k = 0,1,2,3 cnpaBeyiuBo paBeHCTBO 2y — Vi1 = 31x;41. Kpome Toro
2y, — Yo = 31x¢. Yucna 31 u (-1) npu nenenuu Ha 32 [arOT OAMH U TOT K€ OCcTaTok 31, TO ecThb
31 =13,(31) = 13,(—1). (Bmech TPamUIMOHHO 7T3,(X) — OCTATOK OT JeNeHHs 4Yucia X Ha 32.)
BHAunT 135(31xp41) = T32(—Xgy41) ¥ 132(31xy) = 13,(—x(). B pesynbrare monydaem Gopmyibl,
HETIOCPE/ICTBEHHO BBIPAKAIONINE HCKOMBIC YHCIA X, X1, X, X3,X,; 4Yepe3 JaHHbIC B YCIOBUU
Yo, Y1, Y2, Y3, Ya:
32(2YVi = Vier1) = T32(31xk41) = T32(—Xkr1) = Xper1 = T32(Views — 2Vk) = 732 (Vi1 — 2Vi),
xo = 132(Vo — 2Ya) = 132(Yo — 2Ya).
Ortcrona HaxoauM (xg, X4, X5, X3, X4) = (11,5,12,12,0). 3amudposannoe cioso — JEMMA.
Otser: IEMMA.
3agaya 3
3a omuH xon bops MmoxkeT ocBoOoauTh He Oosee 4 kinetok. CienoBaTeNnbHO, eMy MPUIETCS
caenarb MuHumym 4 xoaa (Tak Kak U3HAYAIbHO cpeu 16 KIETOK HET HU OJTHOM IyCTOM). 3aMeTuM,
YTO €CTh KIIETKA C 8§ 3€pHAaMU, a B OCTAIbHBIX KJIETKAaX 3€pEH MEHbIIe. 3HAYUT C ITON KIETKU 3epHa
MPHUIETCS CHUMATh MUHUMYM JBaX bl [loaTOMY 3a 4 X011a bopst He cripaBUTCS.
[TokaxkeM Kak CHATHb BCE 3€pHA 3a 5 XOMOB (CephIM OTMEYEHBI TPAaHCBEpCAH, C KOTOPBIX
CHSJTU 3€pHA):

1(712]0 1({710|0 1{3(0|0
410142 4101410 00|40
211107 01|07 01|03
3 2|41 31041 310101
0300 0j0/0|0
0/{0|3|0 0/{0}0|0
0003 0{0|0f0
3/0/0[0 0/0/0]0
OtBet: 3a 5 x010B.
3anaua 4
[Iycts N — CKOMOE KOJIMYECTBO OTpe3KOB. BHauane Haitnem N st n = 2,3,4.
n | Llenbie yncna oTpeska OTpe3KH C pa3HOUBETHBIMU KOHIIAMU Hckomoe
[a, a,]. (Uucna ay Pa3IUIHON JUTHHBI KOJIMYECTBO
BBIJICITICHBI JKUPHBIM. ) otpeskoB N
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2 1123 [1,2] 1

31123456 [1,2], [3,5], [1.,4], [1,5]

4 112345678910 [1,2], [3,5], [1.4], [1,5]1,[3,8], [1,7], [1.8], 8
[1,9]

Cnenannble HAOMIONEHUS TO3BOJISIOT  MPEANoNokuTh, 4To N =a, —2. To ectb mnpu
(UKCUPOBAaHHOM 7 MMEIOTCSI OTPE3KU C Pa3HOIBETHBIMU KOHIIAMH JIO0OW AJIMHBEL OT 1 10 a, — 2
BKJIIOUUTENBbHO. JlokaxkeM 5To, mpennonaras n > 2. 3aMeTUM, 4YTO OTPE30K JUIMHBI a, — 1
MOCTPOUTh HEBO3MOXXHO, TaK KaK TOYKH aq U A, oaHOro usera. 3uauut N < a, — 2. Otpe3ku
UMHBL | ¥ @, — 2, O4eBUIHO, TIOCTPOUTH MOXHO — 3TO0 oTpe3ku [1,2] u [1, a,, — 1]. [Tokaxem, uTo
JUIst  JII000ro  HaTypalibHOro m Takoro, uro 1<m <a, — 2, CYIECTBYeT OTPE30K C
Pa3HOIBETHBIMUA KOHIIAMH JUIMHBI M. JIeHCTBUTENBHO, PAaCCMOTPUM OTPE3KH JJIMHBI M BHJA
[a;,a; + m] u [a,, a, + m]. Ux neBble KOHIIBI OKpamieHbl B Oenblid 1BeT. [Ipu 3TOM MX mpaBbie
KOHIIBI @ + M U A, + M HaXOAATCS IPYT OT JPYra Ha PACCTOSHHUH 2, a 3HAYUT 00a OKPAIICHHBIMU
B O€JbIid IIBET OHU OBITH HE MOTYT, TaK KakK, [0 YCJIOBUIO, PACCTOSTHHE MEX]Iy COCETHUMHU OCITbIMH
TOYKAMH YBEIIMYUBACTCS C POCTOM N, M HA PACCTOSHUU 2 JIPYT OT JAPYyTa JIekaT TOJIbKO JIBE Oembie
TOYKH a; = 1 u a, = 3. 3HauuT, X0Ta OBl OJMH U3 OTPE3KOB [aq,a; + m], [a,, a, + m] umeer
KOHIIBI pa3HbIX I[BeTOB. Takum obpaszom, dopmyna N = a,, — 2 nokazaHa. OcCTanoch MOTYYHUTh
SIBHYIO 3aBHCHMOCTH @, OT M. [[Jisi 3TOro JaHHBIE B YCIIOBHU paBEHCTBA a1 = 1, a, = a; + 2 =
3,..,p, =0an_q1+1n CIIOKHUM MEXIY co00Ii1. B pesynbrare nonyuyum
nn+1)

a,+-ap ta,=a;+a1+1l1++n s a,=1+--+n >

. n(n+1) _

OtBer 2.

3apavya 5
Ecnu pemars 3amauy nmepebopom, To mpuaercs nmposeputsb 81 mapy kiroueit (Kq, K,). YToOst
nepe0op YMEHBIIUTD, BOCIIONB3YeMCS TeM, 4TO Iudpa A MOKeT MPUHUMATH TOJIbKO 3HaueHus 0, 1,
2, 3. Jus osrtoro BeipazuM A (a 3aomHo u B) uyepe3 Ay, B, Ki,K,. Ilo ycnoBuio
A, =B A, =B
{31=2+K1-B u {BZ=/121+K12-31. D
(Bmech m nmaymee YCIIOBHMCS ISl KPaTKOCTH BMECTO T70(X) = y mmcaTh MPOCTO X =Y, TO €CTh

paBHBIMU JJI1 Hac OyAyT 4uCIa, JAloLIUe OJAWHAKOBBIN OCTaTOK mpu JeneHuu Ha 10; Hanmpumep,
8 = —2). Orcrona

A = Az ) (1 + Kle) - Kl'BZF (2)
B =B, —-K; A 3)
3ameruM cpasy, uto A # 3. Tak kak, ecniu A = 3, to B = 0 (¢ uudpst 3 HaunHaeTCs: TOIBKO OyKBa
s1). Torna, cornacuo (1), A, = B; = A = 3, Ho cpeau 1udp A, TPOEK HeT.
Urak, A € {0,1,2}. CrenoBarensHo, nudpsl Kaxmoro u3 urcen 59 28 77 64 95 64 90 41 64
YIOBIIETBOPSIOT (COTJIacHO (2)) OTHOMY U3 CJIEAYIOUIMX PaBEHCTB:
O = AZ ' (1 + Kle) - Kl'BZI
1 = AZ ' (1 + Kle) - Kl'BZI (4‘)
2= AZ - (1 + Kle) - Kl'BZ'
IMoxcrasum B 5TH paBeHcTBa Udps! grciaa 90 us mmdprekcra: A, =9,B, =0 = 9(1 + K1K,) €
{0,1,2}. PaBencrBo 9(1+ K;K,) = 0 HeBO3MOXHO, Tak Kak B 3Tom ciydae 1+ K;K, = 0.
CrnenmoBarenpHO, K; HedeTHO, HO Torma it B, = 5 (uucmo 95 u3 mmdprexcra) mpousBelcHHE
Ki.B, =5, a B yieBbIX yacTsx (4) msarepku HeT. [109TOMY BO3MOKHBI TOJIBKO jBa ciydast 1) 9(1 +
KiK,) =1 wm 2) 9(1 + K;K,) = 1. PaccmoTpum ux moapoGHee:
1 cayuaid) 9(1 + K1K,) =1 =1+ KK, =9 = KK, = 8. CoorHortuienust (4) mpUHUMAIOT
BH[I:
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0 == 9A2 - Kl'BZF

1 =94, - K.B,, (5)
2 =94, — K.B,.
IToncraBus B 9TH COOTHOULICHUS UG poI 4yucia 64, IIOJIY4HM, 4TO
4—4K, =0 su6o 4—4K, =2 (6)

JIns uucna 59 us (5) maiinem, uro K; € {5,6,7}. 3Hauenust 5 u 7 He roaATCs, TaK Kak OHU HE
YIIOBJIETBOPSIIOT HU OJHOMY M3 paBeHCTB (6). Takum obpasom, K; = 6 u, tak xak K;K, = 8, 10
K, = 3 niu 8.
2 cayuail) 9(1+ K1K,) =2 =1+ K;K, =8 = K K, = 7. CoorHouienus (4) NpMHAMAIOT
BH/I:
0 =84, — K;.B,,
1 =84, — K;.B,,
2 =84, — K;.B,.
Jlnst rcna 59 nmoydaem, uro 9K; € {0,8,9}. 3naunt K; € {1,2}. Bapuanr K; = 2 He romurcs, TaK
Kak K; HedyeTHO (u3-3a TOro, uto K; K, = 7). Oxonuarensuo K; = 1, K; = 7.
Jlnst kaxmoit u3 Haiaenubix map kmoueit (Kq, Ky) € {(1,7),(6,3), (6,8)} mo dopmynam (2),
(3) BoccranoBum ucxonaublit Tekct. Ocmbiciaennoe ciioBo OBPETEHUE nonyuutcs ans napet (6,3).
OtBer: OBPETEHHUE.
3agaua 6
Beero umeercst 16 = 2* yerbipexsnaunbix naponeif us 0 u 1. Oaun takoit mapons 1111 yxe
HaOpaH, 3HAYUT HAM OCTaeTCs mepedpaTh OcTaBIIMecs 15 BapHaHTOB, JUISI 9ero MOTPEOYeTCs IO
KpaiiHeil mepe 15 Haxatuil kHonok. [Tokaxem, uto 15 HaxkaTuil AelicTBUTENBHO XBAaTHUT. [i1st 3TOTO
BCE UYETBhIPEX3HAUYHbIE HAOOPHI YHOPSAIOYUM TaK, 4TOOBI cocelHHE HAOOpHhl OTIUYAIUCH TOJBKO B
OJIHOM CUMBOJIE (KJ1accudeckuil koo [ pes). Toraa nepexosl OT OAHOTO Habopa K cocenHeMy OyneT
OCYILIECTBIIATHCS HA)KaTUEM OJJHOM KHOIIKU, U BCETo NMOoTpeldyeTrcs Kak pa3 15 HaxaTuil.
YropsaounTe Tak HaO0OpPbl MOXHO MHOTUMH crnocobamu. OaHY U3 BO3MOXHBIX HIEH
MIPOUJUTIOCTPUPYEM Ha MPHUMEpPE TPEX3HAUHBIX MapoJieid, KOTOopble OyAeM HWHTEPIPETHPOBATh Kak
KOOpJWHATHl BEPIIUH TpPEeXMEepHOro kyda co ctopoHoil 1. KoopauwHaTel BepiiuH, JIexamudx Ha
OJIHOM peOpe, Kak pa3 OTIUYAIOTCS TOJIBKO B OJTHOM CHMBOJIC. 3HAYUT, €CIH, JBUTAsCh BIOJb
pedep, Mbl 000i7eM Bce BEpLIMHBI KyOa, TO TEM CaMbIM MOJY4YHUM TpedyeMoe YHOopsAo4YCHHE.
OtmeTHM, 4TO BCE BEPIIMHBI JeKaT WM Ha BepxHed A, miu Ha HikHel rpanu B. To ects, MoXxHO
CKa3aTh, YTO HAIll TPEXMEPHBI KyO MpeacTaBiseT coO0i cymMMy ABYX TpaHed (UM 08yXMepHbIX
ky6os) A u B. Haunem o00xox, mampumep, ¢ Bepimubl 111. CHauyama 000#1eM BepIIUHBI
aByMepHoro kyba B (mpu stom mocnemnsst mmdpa mapons (koopauwHarta Z) paBHa 1), 3aTeMm
nepemecTuMcsi Ha Ky0 A u oboiimem ero BepmuHBL. [lolyduM HCKOMYIO TMOCIEAOBATEIHHOCTH
naposei: 111 011 001 101 100 110 010 000.

011 < 111

010 110 011 111
001 > 101 ) )

F 3

010 110

000 100 000 100 001 101
HecnoxxHo Temepp Tmpojaenarb TOXe camMOe€ H U YeTHIPEX3HAUHBIX  IMaposiel
(ueTbIpexMepHBIN KyO paBeH cyMMe JIBYX TpeXMEpHBIX): 1) cHauasa 00XOJUM JIBYXMEpPHBIH KYO,
T.€. MEHSIOTCS TIepBble JBEe IHUQpbHI, a JABEe TMOCIEAHHE TaK M OCTalOTCSI paBHbIMU 1:
1111 0111 0011 1011. [Mepexoaum Ha BTOPYIO TpaHb: Temepb TpeThs Iudpa 0, a mociuenHss 1mo-
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npexxHemy 1: 1001 1101 0101 0001. O6xox ogHOTO TpexMepHoro Kyba 3akonuniu. [lepexoaum Ha
BTOpOii Tpexmepusii kyo: 0000 0100 1100 1000 1010 0010 0110 1110.

OrtBer: 15 naxaruii. [laposn MoxHO iepedupare, HAIPUMEp, B TAKOM MOPSIJIKE:

11110111 0011 1011 1001 1101 0101 0001 0000 0100 1100 1000 1010 0010 0110 1110.



