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Pa3bop 3agaun «VlHTepecHasi xapakTepucTtunka»

[Tycts A > 0. Paccmorpum 6muToByT0 3amuch qnciaa A m 0003HATMM €0 CTapIil e IMHNIHBIH OUT Kak
x.

JlokaxkeM OT TPOTUBHOTO, YTO OTBETA He CyTecTByeT. IlycTh cymecTByer Takoe B, ato A B = A& B.
Torma, ecnu z-it 6ur B pasen 1, To z-it 6ur A & B pasen 0, a z-it 6ur A & B pasen 1. AHnajorudso,
ecau x-it our B pasen 0, To x-it bur A ® B pasen 1, B To BpeMmst Kak z-it outr A & B pasusiercst 0. 910
JIOKA3bIBAET, UTO TAKOTO B He CYIIEeCTBYET.

Pa36bop 3agayn «Owmnbka mmHucrepcrea»

Bocmonibayemcst Tem hakToM, ITO U PABHOI IO AN (PUTYD, IEPUMETP MEHbIIIE y TOM, I/ie CTOPOHBI
MaKCUMAJIbHO MOXOXKHU, TO €CTh (QUTYypa MPUOIIIMKEHHAST K KBAJIPATY.

Torma aydrmuMm oTBeToM OyeT KBaJIpaT, ¢ ILJIOMAIbI0 PABHBIM CyMMAPHON ILIOIIAIBIO JOMUHOIIEK.

HaBaiiTe HaiiéM MUHIMAJIBHBIN KBAJIPAT, B KOTOPHIH TapaHTHPOBAHHO TOMECTSTCS BCE JIOMIHOIIKH.
O6o3HAaINM €ro CTOPOHY 3a a, OyeM BBIKJIAJIBIBATH JOMUHOIIKA TUIA 2 B TOPU30HTAJIBHO JIPYT HA JIPY-
ra, 1moka He 3a0bEM BeChb CTOJOMK ¥ T.;1. O4YeBUIHO, YTO IPHU TAKON pacKIaJKe MOXKHO OyJIeT YMECTHUTD
a®? — 2 X m joMuHOIIeK TepBoro Tuma. OTCI0a MOXKHO YBUIETh, YTO KBaJ[PATa CO CTOPOHOM /1 + 2 X m
XBATUT JJI MOKPBITHST BCEX JOMHUHOIIEK, HO CTOUT OTMETUTDH, UTO HEOOXOIMMO TIeJI0€ UUCJIO, MOITOMY
HaJ10 OpaTh CTOPOHY C OKpYIJIEHHeM BBepx: |1/ (n +2 X m] + 1

Takum 06pazoM, MUHIMAJIBHBIHN (bUTYypa — 3TO KBaJIPAT CO CTOPOHOM /1 + 2 X M, a MaKCUMaJIbHAasT —
9TO KBaJIpaT co cTopoHoit |/ (n + 2 X m]| + 1. Mexy srumu dburypamu cyImecTByer BCEro ojiHa, KOTopast
MOYKeT GBITH TaKyKe PellieHueM — TPSMOYTOIBHIK cO CTOpoHaMu /i + 2 X m u |[\/(n +2 x m| + 1.

SHauuT HaJ0 MPOBEPUTH BCe 3 BapHaHTa, a 3aTeM BbIOpaTh Hawaydrwmii. [[poBepsaTsh onpeaeéHHyTo
burypy MoxKHO, HAIIPUMED, CPABHUBAs €€ IJIOMAIb C CyMMapHOH IJIOMAIbI0 JOMIHOIIEK.

Pa36op 3agaun «llorpbi3eHHbiii maccus»

Penitenne na 40 6aJs110B

[Tycrs dp(l, r) 03HATAaET, MOXKHO JI HEKOTOPOIi [IOC/IE0BATEILHOCTBIO YKYCOB OCTABUTH JIUIIb MOJI0TPE30K
[I..r]. Hecioxno Bugersb, aro dp(l,7) MOXKHO MOJIYYIUTH OJHUM M3 JBYX BUJIOB YKYCOB — JIMOO OTTPBI3TH
a cieBa u b crpasa, 6o Haobopor. To ecrs dp(l, ) MoxkHO nosyunTh Jubo depes dp(l — a,r + b), smbo
qepes dp(l — b,7 + a). Takoe pemmenue jerko peamuszosath 3a O(n?).

Penitenne na 60 6aJsiioB

n—1
a+b
MOXKET HOJIYIUThCS i+ 1 PA3IMIHBIX TOJTOTPE3KOB (9TO CJIeLyeT U3 TOrO, YTO Hallla KOH(MUTYPAIHsl 3aBUCUHT

TOJILKO OT KOJIMYeCTBa JIHEH, B KOoTopble ['puilla OTKYChIBAJI 110 @ 3JeMeHTOB cjeBa). CiieoBaTesibHo,
MOXKHO HpocyMMupoBaTh 3T 3HadeHus: 3a O(n). Cieayer mOMHHUTB, 9TO ciaydait a = b HeEOOXOIUMO
pPaccMOTPeTh OTJIEIbHO.

CyMMmapHOe KOJIMUeCTBO YKyCcOB He IpeBocxoiutT d = |2 |. 3ameTum, 4ro HOCIEe POBHO i YKYCOB y HAC

Pentenune ua 100 0aJ1s10B

CBepHeM CyMMy U3 TpeBIymero nyukra. Y o i = (d 4 1) - (d + 2), 910 03HAMACT, 9TO OTBET MOXKHO
nostyants 3a O(1).

Pa360p 3a4a4nN K CKOpOCTHaﬂ ne4y4aTtTb>»

Paccmorpum Tpoiiky k, s, t gia kakoro-to 3ampoca. Ilycts nanbosbmuit obmmit npedukc s u t pas-
HseTcss x. Torma onTuMaIbHO BHAYAJE MOTPATUTH |S| — T MUJUIMCEKYHJ HA y/IAJCHHE HEMPABUIbHBIX
CHMBOJIOB, a 3aTeM |t| — & MILIHCEKYH/I Ha JI00aBIEHIE HY KHBIX.
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OtBer OyeT SIBJISITHCS TIOJIOXKUTENBHBIM TOTJIa U TOJIBKO TOrja, Korja |s| + |t| — 2 - x coBnagaer ¢ k
o moxyio 2. ITouemy 3To Tax? Heciao:KHO BUIETH, 9TO MBI BCEra MOYKEM IIPOBECTH JBE MIJLIACEKYH-
JIbI BITYCTYIO, JOOABUB U yJIAJUB [IPOU3BOJILHBIN CUMBOJI. B TO Ke BpeMsi 9eTHOCTH OTBETa ITOMEHSTDL He
MMOJIyIUTCs, TaK KaK CMEHa YeTHOCTH T0JPa3yMeBaeT CMeHY YeTHOCTHU KOJIUYECTBA CUMBOJIOB Ha dKPAHE.

Pa306op 3apgaun «nunHHasa popora»

Paccemorpum rpad Ha ropojax, riie Mbl IPOBOAUM pEOpPa TOJBKO TOTJA, KOIa MEXKIY MOpOJaMi eCTh
IyTh CTOMMOCTBIO B 1 pypuraHckuii mojuiap (HEBayKHO, B KaKyio CTOpoHYy). HerpyuHo Bujerb, uro Bce
TaKhe aBTOOYCHI y HAC €CTh. EC/IM MBI CMOXKEM HAWTH B TAKOM I'pade IMyTh MEXKJy IepBOil U ITOC/IeHel
BEPIIMHAMHE, TO €ro (TO €CTh, IyTh) MOXKHO BBIBECTH B Ka4eCTBE OTBETA.

VTBepKIAEHHUE CJIEIYIOIIee: eCJId 1 2> D, TO B CJIydae OTCYTCTBHUSI TAKOI'O IIYTH IPABUIBHBIM OTBETOM
oyaer —1. [elicTBUTE/IbHO, MPEIIOJIOKIM O0PATHOE: MYCTh €CTh IIYTh, 0 KOTOPOMY MbI TOYHO CMOXKEM
J106paThCst OT BEPIIUHBI 1 J10 BepimuHb N. Torna Ha HEM ecTh pebpo, He BXOJIsIIee B paHee TMOCTPOEHHBIIH
namu rpad. [lokaxkem, aro cymecrByer rpad 6e3 3roro pebpa, MOIXOJANMI 1O/ ycaoBue 3a1adn (a
UMEHHO: TI0KayKeM, 9TO B IOJIHOM rpade 6e3 9Toro pebpa MOKHO HOCTPOUTDH BCE TPEOYIOIIUeCs My TH).

[Tycts Tpebyemblil IyTh MeXKIy BepImHAME § U j uMmeeT jymHy a > 0 (HeCJI0KHO BHJIETH, 9TO €CJIN
i # j,m0 a < n,uHade a > 2 u a < n), a Mbl yaajauan pedbpo mex ity sepmuaamu [ u m (I # m). Pazbepém
HECKOJIBKO CJIYIaeB:

1. Hu onno u3 uucen ¢, j He COBIAJIAET C YUCTAMHU [ U M.

B Takom ciyuae, ecoim a = 1, npoiiaém o pedbpy Mexay ¢ u j. Eciim a = 2, TO npoiaém 1o myTu i —
I —j. Ecmu a = 3, To u3 ¢ nepeityiem B [, OTTyIa — B KAKyI0-JIU00 U3 OTJUIHBIX OT y?Ke HA3BAHHBIX
BepIMHy (Tak KaK n > 5, TO Takas BEPIIMHA CYNIECTBYeT), a orryia B j. Ecim xe a > 3, 1o u3
i nepeiiyiem B [, OTTyia — B KaKy[0-JInOO M3 OTJIMYHBIX OT YK€ HA3BAHHBIX BEPIIUHY, OTTYIA B M,
IIOCJIe Uero BBINIEM B OCTaBIIMHUCS MOJHBIA Ipad M MOXOAMM TaM CTOJBKO, CKOJIBKO TpedyeTcst JJIs
[OJIYY€HUs] IIyTU TPeOyeMOil JIJTHHBI.

2. Kakoe-ymbo u3 uwuces [, m He cOBIaIaeT HU C i, HA C

Bynem cunrarh, uTo ¢ coBnasaer ¢ keM-to u3 uuces l, m. Oudarh ke, ecin ¢ = 1, TO MbI MOXKEM
MIPOCTO COETUHUTD ¢ U j. Kcam a = 2, To mpoBenéM pebpo u3 ¢ B JII0OYIO U3 BEPIIUH, OTJIMIHBLIX OT %,
j, k, I (takue ectb, Tak Kak n > 5), orryga—B j. Ecim ke a > 2, To nepBoe pebpo MpoBeIEM Tak
2Ke, KaK U B ciy4dae a = 2, JjaJjee — B Ty U3 BEPIIUH ¢, j, KOTOpas He COBIAJAET HU C ¢, HU C j, I10CJIE
9€ero BBIIIEM B OCTABIIUNCS TOJIHBIN rpad n CHOBa HabepéM TaM IIyTh TPeOyeMOil JJINHBI.

3. i=1, 7 = m (um HAOGOpOT)

Bynewm caurars, uto i = [, a j = m. Samerum, 4o ciydail a = 1 HeBo3MOXKeH (uHade ObI MKy [ 1 m
66110 pebpo B rpade, KOTOPHIi Mbl CTPOMJIN IEPBOHAYATIBLHO, OJJHAKO €ro TaM HeT). B ocrajibHbIX Ke
CJIydasgX JOCTATOYHO HOXOIUTH 0 TOJHOMY rpady, KOTOPLIH OCTAJICS Ha OTJIUYIHLIX OT HAYAJILHOM
4 KOHEYHOI BepUINHAX.

Herpym#ao BumeTh, 910 pazobpaHbl BCe CIyUam.
OHAKO OCTAIOTCS €Ié TPU BAPUAHTA JJIA PA3IUIHBIX 7:

1. n=2

Camblil mpocToil ciaydaii: myTh 1 — 2 Beerga MOAXOIUT M3-3a TOIO, YTO HAM IapaHTHPOBAJIM CBS3-
HOCTb. KpOMe TOr'o, HETPYAHO 3aME€TUTDL, 9YTO B HEM MBI HUKOI'Ta HE OKazKeMCd B CUTYyalluu, KOrJda
B IIEPBOHAYAILHOM I'pade U3 MepBoil B MOCJIENHIO BEPIIMHY ITOIACTb HEJIb3sI, IIOITOMY €r0 MOXKHO
IIPOCTO He pas3bupaTh.

2. n=3

Ecnu paccrostaue mex iy BeprinnamMu 1 u 3 He paBHO 1, TO TOrJIa OHO PABHO 2, OJIHAKO CYIIECTBYET
eJIMHCTBEHHBII Takoil mpocToii myTh: 1 — 2 — 3. Ero u BeIBemeM.
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3. n=4

BaMeTnM, 9TO eCc/Ii MEXKY KAaKUMU-TO ABYMs PA3IMIHBIMEI BEPITUHAME CYIIECTBYET IIyTh JJINHBI 3,
TO MEXKJy JBYMsl JIPYTHMHU BEPINUHAMU OOSI3aTEIbHO €CTh Pebpo-aBToOYyC (ec/iu BEpIIUHBL 3aHyMe-
POBaHBI YUC/IAMA A1, G2, G3 U G4, TO MEXKJY 4] U G4 CYIIECTBYIOT TOJBLKO JIBa IIyTU JJIUHBL 3: 4] —
as — az — a4 U ay — ag — az — a4, 06a OHU UCHOJIB3YIOT Pebpo ag — ag). JobaBuM Bee Takme pébpa B
uart rpad. Eciau Terneps nHaméicsa myTh Mexk Ty BepiinnaMu 1 u 4, TO BBIBEJIEM €ro.

VTBepKJIeHNe: eC/IN MyTh He HAIEcA, To oTBeToM OyseT -1. JlokazareabcTBO Hosiee-MeHee aHaJIO-
TUYHO JOKa3aTeIbCTBY YTBEPXKIEHNS P N = b.

AcuvmroTHaeckas cioxkuOCTD pernennst: O(n?).

Pa36op 3apgaun «KoHdeTbl 3a oTBeTbI»

Kurou k permennto 3ama4un Ha 100 6as10B KpoeTcs B HAOJ/IIOIEHUN, YTO MAKCUMAJIbHOE KOJIMIECTBO
JesuTesiel y 4duces 10 m = 10% He mpesocxouT dmaz(m) = 240, npudeM pPaBEHCTBO JOCTUTAETCS HA
qncye 720720.

[Iycrb dp(n, x) — MUHEMAJIBHO BO3MOXKHOE KOJIMYECTBO JIeJIUTeNell y Ynciia, B KOTOpoe HPEeBPAIaeTCsl
N IMyTeM JeJIeHUsE €ro Ha T MPOCThIX (K mpuMepy, dp(6,2) = 1, Tak Kak MOYKHO HOCJIEIOBATEIBHO TTOJIC/IUTh
6 Ha 2 U Ha 3, TOC/Ie Yero HOJIyIUTCs Yucjo 1, y Koroporo 1 jmesuress).

Beezem cirenyrorme 0603HAYMEHUS: CKayKeM, 9TO ¢(T) — KOJIMYIECTBO MPOCTHIX B Pa3J/IoKeHUU = (C
noBropamu), a d(x) — xoiamdecTso jenureseii . Torma

dp(n,x) = min d(ﬁ
in,g(i)=x 1

Dto Jsierko nocunrars 3a O(mlogm).

Tenepsb mofiMeM, Kak 5TO 3HAHWE HAM TPUTOAUTC. ByjnieMm obpabaThiBaTh 3ampockl B oddaiite B
nopsijike yobieanust k (or 240 no 1, rak Kak orseT Ha Jr060it 3anpoc ¢ k > 240 sro 0). st Kaxk0oro uH-
JIeKca HaIllero Maccusa 6yieM HOJJIEPXKUBATD POs; — MUHUMAJbHOE 3HaYeHne Takoe, 9to dp(a;, pos;) < k.
HeCJ’[O}KHO BUJIETb, 9TO POS; MO2KET TOJIbKO yBEJINYINBATHCH. Bl\/IeCTe C TeM, eCJI1 Mbl 3HaeM pPos; IJid Te-
KyIIero k, To Jiioboii 3ampoc ¢ TakuM k 3T0 IPOCTO CyMMa pos; Ha orpeske [l..r]. DTy moj3amady mporie
BCero periarh NpeUKCHBIMUA CyMMaMU.

OrmeHnM  CJTOKHOCTH BTOPOit dactru. CyMMapHOe KOJHMIECTBO MPOCTBIX B PA3JIOKEHUU JTIOOOTO |nc-
Ja 70 M He UPeBOCXOJUT logm, ciieoBaTenbHo, obIiee KOJTMIECTBO YBETHUIEHUN pos OyIeT HOpsIiKa
O(nlogm). KommaecTBo e oneparyii, CBSI3aHHBIX ¢ BBIYUCICHTEM MPE(UKCHBIX CyMM, Oy/IeT PABHATHCS
O(dmaz(m) - n). Kaxapiii 3ampoc 6ymer obpaboran 3a O(1) yepe3 npeduKCHbIE CyMMBI.

Taxum obpasom, urorosoe Bpemsi paborer cocraBut O((m + n)logm + ¢+ dpez(m) - n). Crour orme-
TUTH, 9YTO MOYKHO OBIJIO TTPOITYCKATH 3HAYEHUS K, KOTOPbIE HE COOTBETCTBOBAJIN KOJIMYECTBAM JIe/IUTE el
HUKAKAX YUCEJT JIO MIJUIMOHA, HO JIJIsl TIOJIHOTO PEIIEHHsI 9TOr0 He TPebOBAJIOCH.

Pa36op 3apgaun «[llywka v ropa»

st Havasia permmM 3aja4y 6e3 ydera ropbl. Kak Mbl 3HaeM u3 Kypca (DU3UKH, TPAeKTOPHUsl [0JIeTa
CHapsijla C 33J]aHHOIl HavasIbHOIT ckopocThio u3 Touku (0,0) numeer BuI:

z(t) = (vsina)t,y(t) = (vcosa)t — (gt?)/2.

Ham HeobX0oauMo HOHSATD: CyIIECTBYET JIM TaKoe (v, 4To 1pu KakoM-1o ¢t > 0 x(t) = x9, a y(t) = 0.

Tak xak g = 10, momyuaem ypasuenne (v cos a)t = (gt?)/2 = 5t?, cokparus Ha t > 0

v cos o = 5t, Bosseasa B kajpar v cos? o = 25t%(1)

zo = x(t) = vsinat, a sHAIAT 20/t = vsin o, Bossena B KBaapaT 23/t? = v?sin? a(2)

Cxnampag (1) u (2) n moMuOXKas Ha t2, HOTydYaeM KBaJpaTHOE ypaBHEHHE Ha t2:

vt = x% + 5t*, Pemast ero, BoIpazkaeM t u u3 (1) u (2) serko HaxoxuM sin «, cos o. Bee HensBecTHbIE
B yPaBHEHUHU 10JIeTa Mbl 3HaeM. TyT Ba)KHO HOHSITH, YTO MOXKET CYIIECTBOBATH ABE TPACKTOPUU.

3aMeTuM, 9TO ecJi KOPHEW HET, 3HAYUT IOMacTh B TOYKY HEBO3MOXKHO.

A 3nauuT B nepBoit nox3amaue ObLIO JOCTATOYHO CPABHUTDH JUCKPUMUHAHT C HYJIEM.

Takzke OyjeT HOJIE3HBIM BBIPA3UTH TPACKTOPHIO B BUJE ()

y(x) = (ctga)z — 5%/ sin?
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Tenepb pemmM BTOPYIO U TPeThIo Hoazanady. g Hagasaa 3aMeTHM, 9TO €CIH T( JeBee JIEBOTO IIOIHO-
JKbsl TOPBI, TO TOPA HE BJIUSIET Ha PEIlleHne, U BCe CBOJUTCS K To/3aa4e Bbiie. MHade, 3amernm, 9to y(x)
9TO mapaboJia ¢ BETBAMU BHU3, TO €CThb BOrHyTas (DyHKIUSA, a TaK KaK ropa IMeeT BUJ, TPEYTOJIbLHUKA, TO
CHaps1JI NOMAJaeT B TOPY TOTJa U TOJBKO Toria, Korjaa y(xy) < Yy, rjae (T, Yy) KOOPAMHATHI BEPIIUHBI
rophbl.

Bo sropoit nonzagade (xy,yy) = (T2,Yy2)

Tperbsi Ke 1oj3a/a4a CBOJUTCS K HAXOXKJEHUIO (Zy,Yy), & 9TO CTaHJApPTHAs 3a/ada IepecevdeHusl
NIBYX IPSIMBIX, KasKJas U3 KOTOPBIX 3aJaHa IIapoil ToueK. Ké jlerko pemmnTs, HapuMep IIpoCTo BCIIOMHUB

dbopmyy:

_ (@12 — yiwo) (w3 — wa) — (21 — 22)(23y4 — Y374)
! (21 — 22)(y3 — va) — (Y1 — y2) (23 — 24)

(96192 - y1m2)(y3 - y4) - (y1 —y2)(23ys — y3x4))
(1 — 22)(ys — ya) — (y1 — y2) (w3 — 24)

Yo =

Pa36op 3agaun «3Hakn»

Penienne na 20 6aJj1jioB

[lepebepem Bee BO3MOYKHBIE DACCTAHOBKE 3HAKOB (WX 2"~ 1) M [T Kask/I0it U3 HUX IPOBEPUM, UeMy DaBeH
ocrarok 1o Moxyso 10. 9to paboraer 3a O(n - 2™).

Pemienue na 70 6aJ1y10B

[Iycrs dp(i,x) — amcsio cmocobGOB PACCTABUTH 3HAKH MEXK/Y HEPBBIMU § THCIAMH, ITOOBI BBIPAYKEHIE
JaBajio octarok x 1mo momayno p = 10. Tlepebepem mosunuro mMOCIEHETO ILJIIOCA, TOTJA BCE, UTO IIpaBee,
IpeBpaTUTCs B IpousBeienne. VHbMu cioBaMu (371€Ch U Jjajiee BHYTPU WHIEKCOB OIEPAIAN ITPOBOISATCS
o mozysmo 10):

i—1 u=i
dp(i,z) = de(j,x - H a;)
=0 u=j+1

Heobxonumo moMHUTE, 9TO IPOU3BEJCHUE B PABOil YacTu HEOOX0IUMO OpaTh 110 MOy 0 10, a TakxKe
VUINTBIBATE IIEpEIIOHEHne OTBeTa n Oparh ero mo moiaymo 107 4+ 7. Takoe pemrenue yske paGoTaer 3a

O(p - n?).

Permmenune na 100 0aJitioB

Mopuduiupyem perenne u3 npejpyiynero nyHkra. Ilycrs remnepb dp(i, x,y) — KOJMYECTBO CHOCOGOB
pacCcTaBUTh 3HAKU CPEIU MEPBBIX ¢ YUCEJ TaK, YTOOBI BhIPAXKEHHUE BILJIOTH JO IMOCJIEIHErO 3HAKA ILIIOC
JlaBaJjIo oCcTaToK & 1o Moaysio 10, a npousBejieHre OT IOCJIEHEr0 3HAKAa IIJIIOC JI0 ¢ JIABAJIO OCTATOK Y 110
Motyiio 10. DTo m3MeHeHre U3MebIaeT HaM Iepexo/l, Belb Telepb HaM He Tpebyercs repedbuparhb Bce
BO3MOYKHBIE TTO3UIUN HaYaJIa IPOU3BEICHISI. BMECTO 9TOr0 IOCTATOYHO PACCMOTPETH BCErO B IIEPEXOIA:

e Eciu Mbl craBum 3HaK + nepes i + 1 3J1eMeHTOM, TO IPOU3BeIeHIe MPUOABIISIETCsT K CyMMe U 3aMe-
HSETCsI HA G;41, TO ecTb dp(i,z,y) — dp(i + 1,z + y, aj+1).

e Ecim ke MbI cTaBUM 3HAK * Hepel i + 1 9J1eMEeHTOM, TO a; 41 BHOCHT CBOI BKJIAJ, B IIPOU3BEJICHUE,
1o ectb dp(i,x,y) — dp(i + 1,2,y - ajt1).
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OTBer MoJTyJaeTcs 4epes BCeBO3MOXKHBIE Taphl dp(n, x,%y). Takas muramuka pabortaer 3a O(p? - n).

Pa36op 3apgaun «lloackaska k 3amKky>»

Permienne 1.

SamuireM Kojx B Buie BocbMu Iudp: dids...dg. 3anoMHUM CJIEIYIONIAE IIMECTh 3HAYEHUIL:
(d1 + da + d3) mod 10, (d2 + d3 + d4) mod 10, ..., (d¢ + d7 + dg) mod 10. To ecTb mas KaKabIX TPEX
MTOBUIHUI TTOAPSIT 3aIIOMHUM, Y€MYy pPaBHa cyMMa Iudp Ha 3TUX MMO3UIUIX 110 MOy 0 10.

BoccranasimBaTrh OymeM Tak: €/ U3 KAaKUX-TO TPEX MOAPS U(MP ABE U3BECTHBI, TO TPETHIO MOYKHO
BOCCTaHOBUTDL OJHO3HAYHO. MOXKHO IIPOBEPHUTDH, UTO, Kakue Obl deThipe IU@Phl U3 BOCBMH HU ObLIN H3-
BECTHBI, TaKasl TPOiiKa Beerma Haiigércs. 3areM HaliiéM eIné TPOiKy, B KOTOPOI U3BECTHBI 1Be MUMPHI, 1
BOCCTaHOBUM ocTaBInyiocs mudpy. U Tak majee, moka Bce nudpbl He OyayT BOCCTAHOBJIEHBI.

Peinenue 2.

O6mumit ciydail TPEJbIIYINEro PEeIIeHns — 3alOMHATD IIeCTh KAKUX-HUOY/Ib JIMTHEHHBIX KOMOWHAIUI
BOCHMU 33IaHHBIX TUPP. PopMabHO MBI YMHOXKUM BEKTOD U3 BOCHBMHU JECATUIHBIX UM CIeBa Ha MaT-
puiy 6 X 8, y BCeX UHCeJ pe3yabTaTa BO3bMEM OCTATOK OT JejieHnsl Ha 10, M MOIyYINM BEKTOpP U3 IIECTH
gecaTnaHbIx 1udp. Marpuia 6 X 8 10/2KHA OBITH TaKOM, I9TOOBI UCXOIHBIE THCJIa MOYKHO OBLIO BOCCTAHO-
BUTH ojiHo3Ha4HO. Hampumep, s pertenns 1 marpunia OyaeT uMeTb TaKOi BUJI:

0

OO OO = =
O = = = O O O

OO OO R R, R, O
O OO R M= = O

O == =0 00O
e i e el e B e B e B an)

0 0

Cy1iecTBy0T, OJHAKO, U JIDYTHE IMOIXO/ISIINE MATPUITLI. FKc/im Bce OCTaJIbHBbIE YACTH DPENICHUS Y2Ke
HAINUCAHBI, XOPOIITYI0 MaTPHUILy MOYXKHO IIPOCTO MOI00PATH.

[Ipu BoccranoBiennn mMoxkHO 1pocTo nepedbparb 10000 BO3MOXKHBIX [ncesi. Takoe BOCCTAHOBJIEHHE
CJIeJIyeT MPOU3BOIUTH AKKYPATHO, UTOOBI YJIOKUTHCS B OTPAHUYCHUS 110 BPEMEHU.

Permienne 3.

BribepeM Kakoe-HUOYIb 4ncio m, oiuskoe K 108, Ho He mpeBocxomsiee ero. PaccMOTpHM KOJ, Kak
JECATUIHOEe YUCI0 T W 3amoMHUM ocTtaTok x mod m. Cieayer MOMHUATH, YTO HY?KHO BBIBOJUTH POBHO
IeCThb MUdP, AaKe eCId IPU 3TOM B YUCJIe OYAyT BeAyIIde HYJIH.

YT06bI BOCCTAHOBUTH MCXOIHOE YHCIIO0, MOYKHO IepebpaThb Bee 2/ ¢ 3allOMHEHHBIM OCTATKOM — UX OyIeT
9yTh OOJIbINE CTa — U I KaxKI0r0 IIPOBEPUTH, COBIAIAIOT JIU YEThIPE U3BECTHBIE ITUQPHI.

Ecin ynauno BbIOpaTh 4YUCIO M, TO Jjis JIIOOOIO OCTATKa z BCEe Pa3/JUYHbIe T, yIOBJIETBODPSIONIIE
pasenctBy ' mod m = z, GyayT UMeTh OTJIMYHA XOTA ObI B IATH Hudpax, IO3TOMY T BCErJa yIaCTCs
BOCCTAHOBUTHL OjiHO3HAYHO. Hambosbitiee Takoe ymadnoe umcjao —31o m = 998 437. Moxuo BbiOpaTh u
KaKoe-HuOYIb APyroe Yucio.

Pa3bop 3agayun «YHuncnosas nupamunga>

YacruuHoe pelenne Jyis nepBoil noxzagadn (n = 2): ecim B TPEYroJIbHUKE U3 COCEJIHUX IHNCesT Hen3-
BE€CTHO OJHO YHMCJIO, €I'0 JIE'KO BOCCTaHOBUTDL.

K coxanenuio, Takoi 1mo/1xo/1 He MO3BOJISIET PEIIUTH JaXKe BTOPYIO MOI3a/1a9y, HAIpUMED, IIPU CJIe/Iy-
IOIIX BXOJHBIX M BBIXOJIHBIX JaHHBIX:

0 0 — 4 )
8 0 9 8 —4 9

MoO2KHO paccMOTPeTh 9TOT €IMHCTBEHHBIN OCOOLIN cirydail mjist n = 3 OTHEeJIbHO — a eIlé He 3a0bITh,
YTO HEU3BECTHbIC YUCJIa MOI'YT OKa3aTbCsda OTPpHUIaTE/JIbHBIMU WJIN JaKe HYJIFAMU — U IIOJIYINUTH pPEHIeHue
BTOPOH IIOA33a1a4U.
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Yrobb! pemuTh 3a1ady IEJIUKOM, IIOCMOTPUM Ha PA300paHHBIN BbIle IpuMep 0Oojiee BHUMATEILHO.
Kaxk MbI y3naau dmcia B HéM? Hampumep, MbI MOIJIM Ha3BaTh CpegHEe YUCI0 HYMXKHEH cTpoKu OYKBOI X
n HOquI/ITb CHeﬂyIOIleIO HI/IpaMI/II_LyI

9
T+ 8 z4+9
8 T 9
ITonyuaercsi, uto 2x + 8 +9 = 9, orkyna x = —4, u Jiajiee BCE BOCCTAHABINBACTCS.

OkasbIBaeTCst, 9TO YKe MOXKHO CIesiaTh U B 00IIeM ciiydae. Hampumep, BeIpa3uM Bce YHC/Ia MHPAMUIBI
pa3Mepa n = 5 4yepe3 4umcja B HUXKHEN CTPOKe:

a+4b+6c+4d+e
a+3b+3c+d b+3c+3d+e
a+2b+c b+2c+d c+2d+e
a+b b+c c+d d+e
a b c d e

[Tonyuaercsi, 9TO 3aJlaHHBIC YHCJIa 33JIal0T JUHEHHbIE ypaBHEHUS W3 JIEMEHTOB HUXKHEH CcTpoku. B
KadecTBe IpUMepa CjIeBa MOKa3aHa IMIPaMUJa, a CIIpaBa — CUCTEMAa JIMHEMHBIX ypaBHEHU, KOTOPYIO OHa
3a]19€T.

b =1

0 c =1

0 8 e = 1

0 4 0 — a + b = 2

2 0 0 2 d + e = 2

0 1 1 0 1 b + 2¢ + d = 4
b + 3¢ + 3d + e = 8

Kax msBecTHO, cucTeMy JUHEHHBIX yYpaBHEHHUiT MOXKHO peraTbh meTojioM [aycca. B 3amade rapanTu-
pyeTcs, 9TO pellleHre CYIIeCTBYeT, €IUHCTBEHHO U COCTOUT M3 HEJIbIX YHCeJ. 3HAYUT, PEIIUM CHCTEMY
merozoM [aycca B BeliecTBeHHBIX Ynciax (IIPU 9TOM MOXKET MOSIBUThCs HEGOJIbINAsI TIOTPENTHOCTD ), MOCJIe
9ero OKPYTJINM KaXKIbIil OTBET JI0 OJIMKANIIero 1Mejioro yncia. HakoHel, BOCCTaHOBUM 10 HUYKHEH CTPOKe
BCIO YHMCJOBYIO IIMPAMUJLY.

Pa36op 3apgaun «[llpocTtas 3agava>»
UsBectHO, 9TO k-€ mpocToe uucio npumepHo pasHsiercs klogk, e logk o3madaer Hamypasvrvil
sorapudm uuncaa k.

Pemmenue na 7 6aJ1y10B

31ech OBLIO TOCTATOYHO IIOCJIEI0BATENIbHO IIPOBEPATH UHCIa Ha IpocToTy. lIpumMmepHOe BpeMst pabGOThI

MoxkHO oneHnTh Kak O(klog kv/klogk).

Penitenne na 16 6aJj11oB

Jliist pelrenust BTOpOil 1oj3a a4 ObLI0 HEOOXOANMO UCIIOJIB30BaTh pewemo Idpamocgena. Eciu rpamoTHo
OICHUTH BEPXHIOIO IPAHUILy OTpe3Ka s permera Kak C - klog k, To Bpemst paborer coctasutr O(k log? k).

Pentenne ua 27-54 6ajjioB

Bamenum pertero dparocdena Ha aunetinoe pewemo. Bpemst paborsr ynazger no O(klog k). B 3aBucumo-
CTH OT TOT'O, HACKOJBKO 3(P(PEKTUBHA UCIOJBb3yeMas pean3aliisi, KOJTHIECTBO DAJIJIOB MOXKET BapbUPO-
BaThCs oT 27 110 54.
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Pentenne na 69 6aJsiion

ITpu HEKOTOPOIL [OJIE€ BE3EHUsI, XOPOIIEM KOJE U UCIOIb30BAHUU O40%H020 Peulema MOXKHO ObLIO TIOCTUIb
orMmeTkn B 69 6asutoB. Bripouem, 570 ObLI MAKCUMYM It PENIEHUI, UCIOJIL3YIOIIUX PEIIeTo.

Pemnenne na 100 0aJsiiioB

IIpeacraBum Ha CEKYHIY, YTO MBI TOYHO 3HAEM, YTO HEKOTOPOE IIPOCTOE YUCJIO P SBJIAETCA T-M IO CUETY
npocthiM dncioMm. Toraa, eciin ¢ < k, pa3yMHO UCKJIIOYUTDH U3 PACCMOTPEHUS YHCJIa, MEHBIINE P, TAK KaK
Cpe/li HUX TOYHO HET OTBEeTA.

[IpemoacanTaeM JOKAIBHO Bee TpocThie anca 1o 2-10%, i samoMamM n3 HIX Kazkoe m-e (Hampumep,
npu m = 3 - 10* 3anomuennbIX unces Gyner BCero 3300). Torpa JymmHA TPOMEXKYTKA MEXKJLY JIBYMsl TIO-
CJIeJIOBATEIbHBIMU 3allOMHEHHBIME YHCIaMU OyeT npubausuTebHo paBHATHCA 20 - m. CoOTBETCTBEHHO,
AJITOPUTM TIOUCKa k-TO IMPOCTOrO YUCJIA BBITVISIUT TAK: CHAYAJa Mbl HAXOJAUM MPUOJINKEeHNE 110 hopMyJie
P = memo(| £
Cra/ist TpoBepKU MOXKeT ObITH peain30BaH U 6oJiee OBICTPBIM CIIOCOOOM (HApPUMED, OJIOYHBIM PEIIETOM

|), mocJie 4ero mocJie0BATEILHO IPOBEPsieM YNCJIa Ha IPOCTOTY, II0Ka He Haii/leM HCKOMOe.

U3 [PEJIBLLYIIEro MyHKTA).
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