MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apada A. AACKUe Kpyru

Wmsa BxopHOTO (hatina:
Nmsa BeixopHOTO (pamina:
OrpaHnYeHMEe TI0 BPEMEHU:
OrpaHuYeHMe TI0 TaMSATH:

cmaHOapmHEIl BBOO
cmaHOapMmHEIL BEBOO
0.5 cexyHABI

512 meOubauT

I'm on the highway to hell...

AC/DC

Korpa-To paBHO y AbsiBoaa B Apy ObIA k+1 kpyr. Ha Ka’kKAOM M3 HUX TOMUANCH
TPENIHUKY, NIPUYEM HEKOTOpPBIE B O4eHBb YAOOHBIX KOoTAax. He Tak apaBHO Hese-
posaTHO Bakuemi CoBeT AeMOHOB peNIUA, YTO IEPEABUTATBCSI MEKAY KpyraMu
O4YeHb HEeyAOOHO, ITO3TOMY OblAa MOCTPOEHA MArucTpaAb B BUAE IMPSAMOU, MPOXO-
ASIAsl yepes3 BCe KPYT'U (KOTOPBIE, HA CAMOM A€Ae, SIBASIOTCS OKPY’KHOCTSIMHU, HO
AEMOHBI He CUABHO Pa30MpaOTCs B TeOMeTPUH).

Ha oTKpeITHE MarucTparn COOPAAMCh BCe TPEUIHUKU (B AAYy He 9acTO IPOUC-
XOAUT 4TO-TO HOBOe). OHHU cpa3y ke pa3OpeArch IO HEW U CTAaAM U3ydaTh, KaK
ycTpoeHa Marucrpasb. OAMH U3 AO30PHBIX @HTEAOB CPa3y ’kKe 3aMeTHA, 4YTO B
aAy Kak-TO IIyCTO, U HEMEANEHHO AOAOXHA 00 3ToM bory. OH He pacTepsAcs u
TYT JK€ OTAAA IIPUKA3 YHUUYTOXKUTH ITyCThble KPYTru AAQ, KOTOPBIM TOTYAC ke OBIA
HCIIOAHEH.

ABSABOAYy 3TO KpaliHe He IIOHPAaBHUAOCh, OH DPEIIUA BCTAaTh B KAaKOe-TO MECTO
Ha MarucTparm M CO3AATh HOBBIE KPyru Apa, ¢ OAEKAKEKOM U AEMOHECCaMM.
AAs onTuMu3anuy paboT BCe TPEIIHUKH AOAJKHBI CPa3y OKa3aThbCs Ha KaKUX-TO
Kpyrax, 9ToObl MX IIOTOM He IIPUIIAOCH T'OHSATH TyAd-Ciopd. KoHewHO, co3panume
Ka>XAOT0 Kpyra TpeOyeT MHOTO CHA, MO3TOMY ABSBOA XOUET CO3AaTh MUHUMAaAb-
HOe YHUCAO KPYTrOB (MBI BCE eIllé IIOMHHUM, YTO OHM SBASIIOTCSI OKPY’KHOCTSIMU),
NPUYEM IIeHTPHI KPYTOB OYAYT POBHO B TOM TOYKE, KyAd BCTaHET ABABOA (OH XO-
4JeT BCerAa HaXOAUTHCS B IIEeHTPe BHMMaHUS). BaM, Kak TAaBHOMY IIPOTPaAMMUCTY
ApQa, IOPy4YeHO HANUTU MECTO, KyAd HY’KHO BCTATh ABSBOAY.

dopMaT BXOAHBIX AAQHHBIX

[TepBas cTpoKa COAEPKUT N — YUCAO rpelrHUKOB (1 < n < 200000).

Ha caepyromel cTpoke 3aAaHBI 7 IEABIX YHCEA — KOOPAWHATHI I'PENIHUKOB Ha
MarucTpaAHu, II0 MOAYAIO He mpeBocxopgaiiue 60 000.

®dopMaT BBIXOAHBIX AQ@HHBIX

B mepBO# CTPOKE BBEIBEAUTE BEIIECTBEHHYIO KOOPAMHATY — KyAa HAAO BCTATh
ApsBOAy. BOo BTOpPOM CTpPOKe BBIBEAUTE MHHUMAABHOE KOAUYECTBO KPYroB, HEOO-
XOAMIMOE AMSI BO3BPAlEHUSI BCEX I'DEIIHMKOB HA KPyIr'u CBOs. B TpeTbell cTpoke
BBIBEAUTE Pa3)AeA€HHBIe MPOOeAaMU BelleCTBEHHBIE PAAUYCHl KPYTOB. 3aMeTHM,
4TO KPYTU MOT'YT UMETh HYA€BOM PapUyC.

EcAu mpaBUABHBIX OTBETOB HECKOABKO, BBl MOJKET€ BBIBECTU AIOOOM U3 HUX.
AAsT BCeX TOYEK MHHHMAABHOE PACCTOSTHUE AO HAUAEHHBIX OKPY’KHOCTEU He
AOAJKHO TIpeBbImars 1076,

IIpnmepsl
cmanOapmHE BBOO cmaHOapmHEi BHBOO
4 1.5
1122 1
0.5
5 3.0
12345 3
0.0 1.0 2.0
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apada B. Aysas

Vimsi BXOAHOrO (paiina: cmaHOapmHEIl BBOO
Uwms BeIxOAHOTO (patina: cmaHOapmMHEU BEIBOO
OrpaHudeHUe IO BPEMEHU: 0.5 cekyHABI
OrpaHudeHue MO NaMSATU: 512 meOubauT

ABO€ AY3ASIHTOB PEIINAW BBHIOPATh B KA4ECTBE MECTa IIPOBEACHUS IOEANHKA
TEMHYIO anrero. BAOAB 3TOM aanem pacTér n AepeBbeB U KyCTOB. PaccrosHue
MeXXAY COCEAHUMH OOBeKTaMU PAaBHO OAHOMY MeTpy. AyIAb pelIdAM IPOBOAUTH
IO CAEAYIOIIUM ITpaBuAaM. HekoTopoe AepeBo BEIOMPAETCS B KaUeCTBE CTapPTOBOMU
TOYKU. 3aTEM ABA AEPEBa, HAXOAAIIUXCS HAa OAMHAKOBOM PACCTOIHUU OT HCXOA-
HOT'O, OTMEYAIOTCsI KaK MeCTa A CTPEABOBL. AY3ASHTH HAYMHAIOT ABUJKEHUE OT
CTapTOBOY TOYKH B IIPOTUBOIIOAOSKHBIX HAIlPaBAEHHUAX. KOrpa COEepHUKU AOCTH-
raloT OTMEYEHHBIX A€PEBBEB, OHU PA3BOPAYMBAIOTCS W HAYWHAIOT CTPEASTH APYT
B ApyTa.

AaHa cxeMa pacIOAOKEHUS AEPEBBEB BAOAL arren. TpelOyeTcs ONpepAeAUuTh KO-
AMYECTBO CIIOCOOOB BBIOPATh CTAPTOBYIO TOUKY U MeCTa AAS CTPEABOBI COTAACHO
IIPaBUAAM AYDIAU.

dopMaT BXOAHBIX AaHHBIX

3apaHa OpHA CTPOKQ, COCTOSIas M3 CUMBOAOB «0» U «1» — cxeMa aareu. Ae-
PeBBbsI 0003HAYAIOTCS CUMBOAOM «1», @ KyCTBl — CUMBOAOM «0». AAMHA CTPOKU He
npesocxopauT 100000 cuMBOAOB.

d)opMaT BBIXOAHBIX AdHHBIX
BBIBeAI/ITe KOAWYECTBO CITOCOOOB BBI6paTI: CTAPTOBYIO TOYKY M MeCTa AAI
CTpeAB6bI COTAACHO IIPABUAAM AYOAHU.

ITpuMepsl
cmaHOapmHeIi BBOO CmaHOapmHEIL BEIBOO
101010101

101001

IToscHeHnq K npuMepamM

B mepBoM mpuMepe BO3MOJKHBI CAEAYIOIIHE KOH(MUTYPAIUU AYIAU (CTApPTO-
BO€ AEPEBO U AEPEBBLSI AASI CTPEABOBI BBIAeAEHBI XUPHBIM mpudTom): 101010101,
101010101, 101010101 u 101010101.
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apaua C. YpaBHeHue

Vimsi BXOAHOrO (paiina: cmaHOapmHEIl BBOO
Uwms BeIxOAHOTO (patina: cmaHOapmMHEU BEIBOO
OrpanudeHnue Mo BpeMeHU: 2 CeKyHABI
OrpaHudeHue MO NaMSATU: 512 meOubauT

Aano ypasrenne Bupa XV + YN = ZN (mod M).

Tpebyetcsa ara dukcupoBadHbIX N n M HaWTH KOAMYECTBO PA3AWYHBIX pele-
HUH 3TOro ypaBHeHH:A. PellleHMeM HA30BEM TAKyIO0 TPOUKY HATyPAABHBIX YUCEA
(X,Y,Z), 9TO BBITIOAHSIETCS:

e 1<X<KY<M
e 1< Z< M
e XN+ YN =2V (mod M)
d)opMaT BXOAHBIX AAHHBIX
B eamHCTBeHHOU cTpoKe 3amucadbl unicaa N u M (1 < N < T 1< M<K 77).

dopMaT BBIXOAHBIX AQHHBIX
BriBepuTE OAHO YHCAO — OTBET HA 3aAady.

ITpuMepsl
cmaHOapmHeIi BBOO CmaHOapmHEIl BEBOO
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apaua D. IIpeoOopazoBanue ®dypobe

Wmsa BxopHOTO (hatina:
Nmsa BeixopHOTO (pamina:
OrpaHnYeHMEe TI0 BPEMEHU:
OrpaHuYeHMe TI0 TaMSATH:

cmaHOapmHEIl BBOO
cmaHOapMmHEIL BEBOO
0.5 cexyHABI

512 meOubauT

[Tets HepaBHO HALIEA B KHUJKKE OINpPeAEAeHHEe HYaCMUYHOIo npeobpa3oBaHUA
ODypre HaOOpPa KOMIIAEKCHBIX YHCEeA. Ternepb OH XO4YeT, YTOOBI Bbl HAIIUCAAU €MY
IIPOTrPaMMy AASL BBIYMCAEHHS YaCTUYHBIX ITpeoOpa3oBaHuil Oypee, AASL TOTO, ITO-
OBl TIOAyYIIle U3YUUTh UX CBOMCTBA.

BoT ompeaeneHMe 4acTUYHOTO AMCKpeTHOro mpeoOpa3oBanmus Dypre, HAUAEH-
Hoe [leTell B KHUJKKe:

[MTycte n = 2%, rae s > 0 —nenaoe uncro. OnpeperuM CHadaAd HWHBO-
AIOIIUIO Tevg Ha MHOXKeCTBe IIeAbIXx umcen OoT 0 po 2° — 1 caepyronum
obpaszom: rev(0) = 0, revyy(2x) = revs(z), revsr1(2z + 1) = 2° + revy(x)
npu 0 < z < 2%,

3aduKkcupyeM Ternepb IIepBOOOPA3HBIM KOPEHb U3 €AUHMUIIBI N1-1 CTelle-

au ( = /" = cos ZZ + jsin 2¥, moCAe YEro ONMpeAeAMM AAS AIOGOTO

t or 0 A0 s t-e wacmuunoe npeo6pazosanue ®ypne Fourl” (a) maGopa

a = (ag,a1,...,0ap—1) U3 N KOMIIAEKCHBIX YHCEA CAEAYIOLIUM 0GpPa3oM:
Fourl” (a) = b® = (", 6", ... 5" ), rae
2t—1
b(t) _ 2s—tjj/
2s—tith Z C a25*tj’+revs_t(k)
§'=0

mpu 0<j <2t m 0 <k <2570,
TakuM oGpasom, Fourgs) = Four; — o6pran0€ mmpeoOpa3oBanne Oypre:

n—1

b§s) _ Z ¢ ay,
=0

a FOUI‘gO) BCEro AUWIb IIepeCTdaBAAEeT 4YHUCAd B HNCXOAHOM Ha60pe:

b](GO) = Qrev,(k)-

VY I'leTn ecTh IOAO3PEHHE, UTO HANTH Fourgt) OYeHb IIPOCTO, €CAM Y>Ke U3BEeCTHO

Fourgt_l), OAHAKO CaM OH BBIBECTU HY’KHYIO (DOPMYAy IIOKA HE CyMeEA.

Bama 3apada cOCTOUT B TOM, YTOOBI BHIYUCAUTE t-€ YaCTUYHOE ITpeodpa3oBa-
Hue Oypbe AaHHOrO Habopa u3 2° KOMIIAEKCHBIX YHCEA.

(I)opmaT BXOAHBIX AAHHBIX

ITepBas cTpoKa COAEP>KUT YUCAA S U t, padpeAéHHble ipobeaoM (0 <t < s < 16).
IMocaepyroniue 2° CTPOK COAEPIKAT IIO ABA BeIJeCTBEHHBIX YHUCAA Ka’kKAas — Bellle-
CTBEHHYIO ¥ MHHAMYIO 9aCTh COOTBETCTBYIOLIEIO0 KOMIIACKCHOT'O YMCAQ ;. 3aAaH-
Hble yncAa He mmpeBocxopdaT 100 mo abCOAIOTHOM BEAMYUHE U COAEPIKAT He Oonee
25 3HAKOB B ACCSITUYHOHN 3aIlMCH.

dopMaT BBIXOAHBIX AAHHBIX
B kakpol u3 2° CTPOK CA€AYEeT BBIBECTH ABA BEIIECTBEHHBIX UUCAQ C IIECTHIO
TOYHBIMH 3HAKaMU I[IOCAE AECSTUYHOM TOYKH — BELIECTBEHHYIO U MHUMYIO YaCTh

YucAa b;t).
IIpnmep
cmaHOapmHE BBOO cmaHOapmHEIi BHBOO
21 5.00000000 0.00000000
2.00 0.00 4.00000000 0.00000000
7.00 0.00 -1.00000000 0.00000000
3.00 0.00 10.00000000 0.00000000
-3.00 0.00
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apaua E. IlponssepeHue

Vimsi BXOAHOrO (paiina: cmaHOapmHEIl BBOO
Uwms BeIxOAHOTO (patina: cmaHOapmMHEU BEIBOO
OrpaHudeHUe IO BPEMEHU: 0.5 cekyHABI
OrpaHudeHue MO NaMSATU: 512 meOubauT

TpebyeTca HaUTH NPOU3BEACHUE ABYX LIEABIX YHCEA.

q)OpMElT BXOAHBIX AdHHBIX
B Ka)kpAOM U3 ABYX CTPOK BXOAHBIX AQHHBIX 3aIIMCAHO IIEAOE YHCAO, COCTOSIIee
He O6oaee ueM u3 239 000 nudp.

d)opMaT BBIXOAHBIX AAHHBIX
BeIBEAWTE OAHO IIEAOE YHCAO — IIPOU3BEACHUE 3TUX YHUCEA.

ITIpumepsl
cmaHOapmHeIi BBOO cmaHOapmHEIl BEBOO
2 4
2
-1 -1
1
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apaua F. YK

Nwmsa BxopHoro (haiina:
Wwmsa BeixopHOTO (hamira:
OrpaHu4YeHne IO BPEMEHU:
OrpaHuYeHUEe O MaMITHU:

cmasOapmHei BBOO
cmaHOapmHEILl BEIBOO
0.5 cexyHABI

512 meOubauT

Y 6ubanoTekapsl eCTb TAaAOH, Ha KOTOPOM HalleuaTaHa CTPOKa, COCTOSAIIas U3
OyKB «o» 1 «k», A TakK)Ke BBIAQHHBIN BO (DPYKTOBOU AaBKe mabAoH. Ha mabaone
HareyaTaHa CTPOKA, COCTOSIAs U3 CUMBOAOB «O», «k» B «?»,

BbubanoTekape MOXKET BBIIIOAHATH CAEAYIOIIHE OIepanuu A000e KOAUYECTBO
pa3 B AIOOOM IIOPSAKE:

1. I'TpuroxuTe mabAOH K TAAOHY WU BBIPE3aTh COOTBETCTBYIOLIUN KYCOK TaAO-
Ha: KOAUYECTBO OYKB B KyCKe AOAJKHO OBITH PABHO KOAMUYECTBY CUMBOAOB
B mabaoHe. HacTu TaaoOHa, OCTABIINECS ITOCAE BBIPE3aHUs, MOKHO HUCIIOAb-
30BaTh AASL AQABHEHIIero BBIPE3aHWs, HO TOABKO IO OTAEABHOCTU (YacTH
He ckAaemBaroTcs). OpAHA UAU pake 00e OCTaBIIMEeCS 4aCTH MOTYT He COAEp-
XaTh OoabIle OYKB (B TAKOM CAydYae IIPUAOKHUTH K HUM IIAOAOH, KOHEUHO,
He YAAQCTCH).

2. OOMeHATH B AaBKe OTPE3aHHBIN NEePBOU OoIepaliuell KyCOK TaAOHa Ha OaHa-
HBL.

ITpu oOMeHe KycCKa TanOHA Ha OaHAHBI IIPOAABEI, B AABKE ACUCTBYET CAEAYIO-
mwuM obpasoM. CHavanra OH cobupaeT B Ky4dy OaHaHbL. VI3HavyaabHO Kyda IIyCTa.
ITpopasel mpocMaTpUBaeT KyCOK TaAOHA CAeBa HAIpaBoO, U 3a Ka’kKAYIO Hareda-
TaHHYIO Ha HEM OYKBYy «O» AOOaBASIeT B Ky4dy o OQHAHOB, a 3a KakXAyl0 OYKBY
«k» — k 6aHaHOB.

[ToToM mpoaaBel] MOCUMBOABHO CA€Ba HAIpaBO CPaBHUBAET CTPOKH, Hareda-
TaHHBIE Ha KyCKe TaaOHa u 1mabaoHe. [Ipu CpaBHEHHU CHUMBOA «?» K3 LIAOAO-
Ha CUUTaeTCd PaBHBIM Al0OOM OykBe. EcAM mpopaBell HAXOAUT HECOBHAAEHUE B
KaKOM-TO IMO3UIINH, TO OH HaUMHAET O4eHb CEPAUTHCS, U OT 3TOTO Yy HEro yCUAU-
BAeTCs YYBCTBO TOAOAA. B pe3yabTaTe OH AGAUT Kydy Ha ABe YaCTH TaK, YTOOBI
pasHUIla B KOAU4YecTBe OAHAHOB B ABYX HOBBIX Ky4dax ObIAd He OOABIIE OAHOTO, a
IIOTOM CBheAAdeT BCe OAHAHBI U3 TOU YACTH, KOTOPas He MEHbIIe APYION. YTOAUB
TOAOA, IIPOAABEI] IIPOAOAKAET MPOIECC CPaBHEHUS, ITOKa AMOO OH HE CPaBHUT
IIOCAEAHIOIO NTapy CUMBOAOB, AUOO B Kyde He 3aKOHYATCS OaHAHBI.

Bce GaHaHBI, KOTOPBIE OCTAAUCh B Kyde IIOCAE€ CPABHEHUS, BBIAQIOTCS OMOAUO-
TeKapio B OOMEH Ha KyCOK TaAOHA.

HaripuTe MakcUMaAbBHOE YHUCAO OAHAHOB, KOTOPOE MOXKET IMOAYYUTh OMOAUOTE-
Kaphb.

®opMaT BXOAHBIX A@HHBIX

B mepBo# cTpoke 3apaHbBI ABa IeAbix yucaa o u k (0 < o,k < 5000). Bo BTOpO#
CTPOKe 33apaHa CTpoka S u3 OykB «o» m «k», HalleyaTaHHas Ha TaaoHe. B Tpe-
Thel CTpPOKe 3ajaHa CTpoKa P M3 CUMBOAOB «O», «k» M «?», HaledaTaHHas Ha
mabaoue. apautupyercs, uto 1 < |P| < |S] < 250000.

®dopMaT BBIXOAHBIX AQ@HHBIX
BreiBepnTeE MaKCHMaAbHOE YHUCAO OAQHAHOB, KOTOPOE MOJKET IMOAYUYHTH OMOAHO-
TeKaphb.

IIpnmepsl

cmandapmHE BBOO
21 10
ookookook
koo

13 13

koooooook
?

cmaHOapmHENi BHBOO

1000 O
kookoo
ook

2000

21 1 7
0oo
kkk
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apada G. IIpounsBepeHre MHOTOYAEHOB

Vimsi BXOAHOrO (paiina: cmaHOapmHEIl BBOO
Uwms BeIxOAHOTO (patina: cmaHOapmMHEU BEIBOO
OrpaHudeHUe IO BPEMEHU: 0.5 cekyHABI
OrpaHudeHue MO NaMSATU: 512 meOubauT

3apaHbl ABa MHOT'OYAEHA OT IlepeMeHHOM x. HaliauTe ux npousBepeHUeE.

d)opMaT BXOAHBIX AdHHBIX

B mepBo# cTpoke 3anucaH MHOTOYAEH P, a BO BTOpoi — MHOTro4A€eH (). Crernepb
Ka’kKAOTO U3 HUX CTpPOro MeHsbile 65 536. KoadduieHTEI MHOTOYAEHOB IeAble U
He npeBocxopaT 100000 mo abCoOAIOTHOM BEAUYUHE.

Aanee onucan (popMaT 3aUCH MHOTOYAEHA.

OpHOYAEHBI, U3 KOTOPBIX COCTOUT MHOI'OYAEH, OTAEAEHBI APYT OT ApyTra 3Ha-
KOM apHU(MeTUUeCKOM Oomepaluu «+» UAM «—», BOKPYT KOTOPOTO CTOAT OAMHOY-
Hble NPOOeAbl. OAHOYAEHBI IIEPEYUCAEHBI B IIOPIAKE OT CTapLINX K MAQAIINM.
MHOrouaeH He MOJKET COAEPKATh ABYX OAHOYAEHOB, COOTBETCTBYIOIINX OAHOU U
TOU ke cTeneHu X. CTEeIIeHN X C HyAeBbIM KO3(M(UIIMEHTOM OITyCKAIOTCH.

OpHOYAEH 3aIIMCHIBAETCS B OOIIEM CAydae B BHAe «cx”p». Ho, ecam p =1, 3a-
MACh UMEET BUA «CX», a eCAu p = 0, 3alKCh UMeeT BUA «c». Ecau |¢| =1, a p # 0,
cuMBOA «1» omyckaercsa. KoadduiiueHT ¢ 3anUCHIBAETCSI KaK CTPOTO IOAOXKHU-
TeABHBIM, KPOMe, BO3MOKHO, KOd((PUIIMEHTa Yy CaMOro CTapllero OAHOYAEHA: y
BCEX OCTAABHBIX 3HAK YUYHTHIBAETCS B apU(PMETHIECKON OIepanuu Iepep HUMU.

Ecan MHOTOYAEH TOKAECTBEHHO PaBeH HYAIO, OH 3aITMCHIBAETCS Kak «0».

AAs AydlIero NOHMMaHusS popMaTa IIOCMOTPUTE Ha IIPUMEPBL.

dopMaT BBIXOAHBIX AAHHBIX

BriBepuTe MHOTOUYAEH P - () B TOM Xe popMaTe, YTO U 3aAaHHBIE MHOTOYAEHBI,
CobaropariTe popMaT Kak MOKHO 6oaee TOUHO! TIpoBepKa IpOM3BOAUTCS ITOCUM-
BOABHO.

ITpumepsl
cmaHOapmHei BBOO cmaHOapmHEIi BHBOO

x"2 - 2x + 1 -5x7*5 + 10x"4 - 6x"3 + 2x"2 - x

-5x"3 - x

9999 99980001
9999
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026
AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apaua H. Pa3pBoeHue

Nwmsa BxopHoro (haiina:
Wwmsa BeixopHOTO (hamira:
OrpaHu4YeHne IO BPEMEHU:
OrpaHuYeHUEe O MaMITHU:

cmasOapmHei BBOO
cmaHOapmHEILl BEIBOO
0.5 cexyHABI

512 meOubauT

OGO3HAYMM ABE I[OCAEAOBATEABHOCTH AeMCTBUTEAbHBIX uncer z(k) u y(k).
OnpeaeArrM MOCAEAOBATEABHOCTb KOMIIAGKCHBIX uncea z(k): z(k) = x(k) + iy(k).

N-1 _
[ycte FFTn(k,2) = 3 2,€2™*"/N  AnarormdsbiM 06pa3soM OMPEAEASIOTCS

n=0
FFTn(k,z) u FFT N (k,y).
Tpebyetrcs 1o BeiuncAeHHbiM 3HauenusM FFTy(k, z) BOCCTaHOBUTH 3HAYEHUs
FFTx(k,z) u FFT N (k,y).

dopMaT BXOAHBIX AAQHHBIX

B mepBoit cTpoke samucaHo neaoe uncao N (1 < N < 230, N geasercsa crere-
HBIO ABOWKH). Aaree CAGAYIOT LieAble HeoTpuilaTeAbHble unucaa A, B, C, D, E,
F, e npesocxopsimue 1000. Ansi skoHOMUU BpeMeHU BBoAA 3Hauenus FET v (k, z)
HY>KHO OYAET BBIUYUCASTH II0 CACAYIOIINM (pOpMyAaM:

FFTyN(k, z).real = (A+ B - k) xor (C - k))- 1073,

FFTy (k, z).imag = (D + E - k) xor (F - k))-1073,

rae FFT n(k, z).real u FFT y(k, z).imag — peficTBUTEABHAsI ¥ MHUMAast 9aCTH CO-
OTBETCTBEHHO.

3aTteM AaHO 4HUCAO M — KoamdecTBO 3amrpocoB (1 < M < 105). Aanee crepyroT
M pearix uncea g; (0 < g; < N).

dopmaT BBIXOAHBIX AAHHBIX
BriBepure M cTpok. B j-it crpoke — 3Havenus FFT y (g, «) u FFT N (g;,y). 3Ha-
YeHUs1 AOAKHBI OTAMYATLCA OT MTPABUABHBIX He Gonee yem Ha 1074,

IIpumepsr
cmaHOapmHE BBOO CmaHOapmHEIL BEIBOO
2 1.0 0.0 0.0 0.0
1000 0 0 0 0O O 1.0 0.0 0.0 0.0
2
01
4 0.000 0.000 0.500 0.000
0 100 300 500 100 200 0.504 0.140 0.516 0.176
4 0.656 0.000 0.812 0.000
0123 0.504 -0.140 0.516 -0.176
1048576 540.737 -1587.741 1589.778 539.689
999 998 997 996 995 994 | 2404.809 531.421 1359.578 1569.751
3 3678.277 -523.243 526.382 3664.887
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026

AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apava I. AHK poGoToB
Vimsi BXOAHOrO (paiina: cmaHOapmHEIl BBOO
Uwms BeIxOAHOTO (patina: cmaHOapmMHEU BEIBOO
OrpaHudeHUe IO BPEMEHU: 0.5 cekyHABI
OrpaHudeHue MO NaMSATU: 512 meOubauT

Hosrie Texnonrorum moctrpoenuss AHK mo3BoamAm mpoBecTr OOABIION 3KCIIe-
PUMEHT IO IIOCTPOEHUI0 OMOPOOOTOB. OKCIEPUMEHTOM 3aHHMMAAMCh YYEHBIE U3
HUU Aannbix Ctpok (HUMAC).

AHK mocTpoeHHBIX pOOOTOB 3aIUCHIBAIOTCS B BUAE CTPOK u3 M = 2" cuMBO-
AOB, TA€ N 2> 2 — TaK MOpoIlle Bcero OBIAO UX MOAEAUPOBaTh. Kpome Toro, mo Tex-
HudeckuMm nmpuumnHam AHK pobGoTa — 3TO He OOBIYHAS CTPOKA, @ MUKAUYECKas, TO
€CThb €€ MOXKHO HauYMHATh YUTATh C AFOOOTO MeCTa.

Yepe3 HeKOTOpPOE BpeMs IIOCAE HA4aAd IKCIIEPUMEHTa y4d€Hble OOHAPY KUAU
HECKOABKO THUIIOB POOOTOB, U 3aUHTEPECOBAAUCH, KaKUe MYTallud K 3TOMY IIpU-
BeAn. UTOOBI BOCCTAHOBUTE A€PEBO MYTAllWi, Hy>KHO HAY4YUThCS PelIaTbh CAEAY-
IOIIYIO 3aAa4y: CUUTATh Koagguyuenm cxogemsa pass AHK pAByx po6oTtos. Koad-
(PUIIHEHT CXOACTBA — 3TO KOAMYECTBO COBIAAQIOMINX OYKB IIPU HAUAYUIIEM COB-
MelleHnU AByX 3apaHHbIX AHK: gyem Goablle coBnapeHU, TeM OOABLIE CXOACTBO.

Hamumnure mporpamMmy, KoTopas OyAET BBIUYHUCAATE KO3(P(MUIIMEHT CXOACTBA
AByx 3apaHHBIX AHK po60TOB, a Tak)Ke HaXOAUTh UX HAUAydUlllee COBMeEIEeHUE.

d)opMaT BXOAHBIX AAHHBIX

[TepBas cTrpoka copepkut menroe gucro M (4 < M < 131072, rapanTupyeTCH,
uro M — creneHb ABOUWKM). B caepylommx AByX cTpokax 3amucaHel AHK aByx
poboToB. Kakpasi M3 HUX COAEPRKUT POBHO M CHUMBOAOB W COCTOUT TOABKO U3
«A», «C», «G» 1 «T»,

d)opMaT BBIXOAHBIX AAHHBIX

BriBepuTe aBa umcaa: KO3(EOUIUEHT CXOACTBA U ONTHUMAABHBIU cABuUr. Koad-
(PULUEHT — 3TO KOAMYECTBO COBIAAamomux Oyks npu coBMmewmenun AByx AHK
nocae cpBura. CABUT JKe — KOAMUECTBO OyKB B KOHIIE BTOPOM CTPOKU (YHUCAO OT
0 A0 M BRAIOYHUTEABHO), KOTOPBIE HY’KHO IIepEHECTV B e€ Hadanro. [lpu coBme-
LIEHNU [EePBOM CTPOKU CO CABHUHYTOM BTOPOM KOAWYECTBO COBMNAAAIOMINX OYKB
AOAJKHO OBITH MAKCHMAALHO BO3MO’KHBIM. ECAM ONTHMMAABHBIX OTBETOB HECKOAB-
KO, BBIBeAUTE AIOOOM M3 HUX.

I

prMep

cmaHOapmHEU BBOO

CmaHOapmHEI BHBOO
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MareMmaTnueckre OCHOBBI AATOPUTMOB, I1€pBeIU Kypc, 2025-2026

AuckpeTrHoe npeobpasoBaHue Oypbe, cpepa, 25 debpars 2026 ropa, MKH CIIol'Y

3apaua J. IIponssepeHne KOpHen

Vimsi BXOAHOrO (paiina: cmaHOapmHEIl BBOO
Uwms BeIxOAHOTO (patina: cmaHOapmMHEU BEIBOO
OrpanudeHnue Mo BpeMeHU: 1 cekyHpAa
OrpaHudeHue MO NaMSATU: 512 meOubauT

Bo6 Amw0OUT uUrpaTe C MHOTOYA€HAMU. Buepa OH OpHUAyMan ABe IOCAe-

AOBATEABLHOCTH HEOTPHUIATEABHBIX IIEABIX YHCEA: G1,...,0n HU b1,...,b,, TAE

1 < n,m < 100000.
[Tocae aToro on IIOCTPOUA MHOTOYAEHBI

n

f@) =T +aw),

i=1

ﬁ 1+ bjx),
x):HH (14 a;bjz).

Y MHOrounesa h(r) OH [OCYHUTAA TOABKO IepBble k KO3(MDUIMEHTOB
(1 < k < min(100000,nm+1)). [Tockoabky Bo6 AIOOUT HE TOABKO MHOTIOYAEHBI, HO
u nipeo6pazoBanue Oypbe, OH TOCUYUTAA KOIPPUIUEHTHI BCEX TPEX MHOTOYAEHOB
IO MOAYAIO 998 244 353.

OpHako ceropHsi oG moOTepsiA U MOCAEAOBATEABHOCTU a; U bj, ¥ MHOTOYAEH
h(z). Ocraauch TOAbKO MHOTrouYAeHbl f(z) u g(x). BO6 paccTpoOUWACs U Temepb
pOCUT AAUCY IIOMOYb €My BOCCTAHOBUTH MHOTOYAEH h(r), 3Has TOABKO MHOIO-
unessl f(z) u g(z). Y AAUCHI HET BpEeMEeHHU 3TO AEAATh, TIOTOMY OHAa IOMPOCHAA
Bac IOMOYbL €.

dopMaT BXOAHBIX AQHHBIX
B mepBo# cTpoke paHBI meawrie umcaa n, m u k (1 < n,m,k < 100000,
kE<nm-+1).
Bo BTOpOI CTPOKE AGHBI LIEABIE YUCAQ [o, - - -, fn, Tae f(z) = fo+ fiz+.. .+ fra™
B TpeThel cTpoKe AQHBI IIEABIE YUCAQ g, - - - , §m, TAE g(x) =got+gi1z+.. . +gma™
KoaddunyeHTs MHOIOYAEHOB A@HBI TT0 MOAYATO 998 244 353.

(I)OpMaT BBIXOAHBIX AAHHBIX
BreiBepuTE POBHO k LEABIX YUCEA hg, ..., hip_1, TAe h(z) = ho+hiz+. . .+ hpma™™
BriBopuTh KO3(DOUIMEHTEI TOXKE HY’KHO 110 MOAyARO 998 244 353.

prMep

cmaHOapmHEU BBOO

CmaHOapmHEI BHBOO
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