MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apaua A. AACKue Kpyru

Nwmsa BxopHOrO (harira:
Vms BeIXopHOTO (haiina:
OrpaHunueHue II0 BpeMeHU:
OrpaHudeHne MO NaMATHU:

cmazHOapmHeIli BBOO
cmaHOapmHEIl BEIBOO
3 CeKyHABI

512 meOubauT

I'm on the highway to hell...

AC/DC

Koraa-To paBHO y AbsiBoaa B Apy ObIA k+1 kpyr. Ha Ka’kKAOM M3 HUX TOMUAUCH
IPELIHUKY, IPUYEM HEKOTOpPBle B O4eHb YAOOHBIX KOoTAax. He Tak paBHO Hese-
posaTHO Baskunili CoBeT AEMOHOB peINA, YTO IIEPEABUTraThCS MeXXKAYy KpyraMu
O4YeHb HeyAOOHO, II03TOMY ObIAd ITOCTPOEHA MArucTpaAb B BUAE IIPSIMOMU, IIPOXO-
ASIAs 4yepe3 BCe KPYT'U (KOTOPBIE, HA CAMOM AeAe, SIBASIOTCS OKPY’KHOCTSIMU, HO
AEMOHBI HE CUABHO pPa30UparoTCsi B TeOMETPHUN).

Ha oTKpbITHE MarucTpasu COOPAAMCH BCe I'PDELIHUKU (B AAYy He 4acTO IIPOUC-
XOAUT 4TO-TO HOBoe). OHU cpa3y Xe pa30peAuch 0 HeW U CTaAM U3ydaThb, KaK
ycTpoeHa Marucrpasb. OAMH U3 AO30DHBIX QHT'EAOB Cpa3y >ke 3aMeTHA, 4YTO B
aAy Kak-TO IIYCTO, M HEMEAAEHHO AOAOXKUA 00 3ToM bory. OH He pacTepsAcs U
TYT XK€ OTAAA IIPHUKA3 YHUYTOXKUTH ITyCThle KPYTU AAQ, KOTOPBIM TOTYAC >Ke OBIA
HUCIIOAHEH.

ABSIBOAy 3TO KpaliHe He IIOHPAaBHUAOCH, OH PEIIUA BCTaTh B KaKOe-TO MeCTO
Ha MarucTpaAau M CO3AATb HOBBle KPyrH AAQ, € OAEKAKEKOM U AeMOHeCCaMM.
AAS ONTUMU3AIUU PAabOT BCe TPENIHUKHN AOASKHBI CpPa3y OKa3aThbCs Ha KAaKUX-TO
Kpyrax, 4ToObl UX IIOTOM He IIPUIIAOCH I'OHATH Typa-Ciopa. KoHeuHO, co3paHue
Ka’kKAOI'0 Kpyra TpeOyeT MHOI'O CHA, IO3TOMY ABSBOA XOUET CO3AAThb MUHUMAAb-
HOE 4YUCAO KPYTOB (MBI BCE €II€ IIOMHHUM, YTO OHU SBASIOTCSA OKPY’KHOCTSIMH),
NIPUYEM I[eHTPhI KPYToB OYAYT POBHO B TOM TOUKe, KyAa BCTaHeT AbSIBOA (OH XO-
4yeT BCerAd HaXOAUTHCS B IIeHTPe BHUMaHUd). BaM, Kak TAaBHOMY IIPOrPaMMUCTY
Apa, IOPy4YeHO HaWTU MeCTO, KyAd HY’KHO BCTaThb ABLSIBOAY.

®dopmaT BXOAHBIX AQHHBIX

ITepBas cTpoOKa COAEPRUT N — YUCAO IpelHUKOB (1 < n < 200000).

Ha caepytolieli cTpoke 3apaHBI 7 IIEABIX UHCEeA — KOOPAWHATHI IPEIIHUKOB Ha
MarucTpaAy, 1o MOAYAO He IipeBocxopginue 60 000.

(I)opmaT BBIXOAHBIX AAHHBIX

B mepBOil CTpPOKe BBEIBEAUTE BeI[eCTBEHHYIO KOOPAWHATY — KyAa HaAO BCTaTh
ApgaBoAy. Bo BTOpPOII CTpOKe BBIBEAUTE MUHHMAABHOE KOAWYECTBO KPYroB, HEOO-
XOAUMOE AASL BO3BPAIlleHUSA BCEX I'PEIIHMKOB HAa KPYTH CBOA. B TpeTbel CTpOKe
BBIBEAUTE pa3peA€HHble TpoOeAaMU BellleCTBeHHBbIE PAAMYCHl KPYTr'oB. 3aMeTuM,
4TO KPYTI'M MOT'YT UMeTh HYA€BOM papuyc.

EcArM IIpAaBUABHBIX OTBETOB HECKOABKO, BBl MO’KETE BBIBECTU AIOOOU U3 HUX.
AAs BCceX TOYeK MHHHMMAABHOE PACCTOSHHE AO HAUAEHHBIX OKPY’KHOCTEU He
AOAJKHO TIpeBbImaTh 1076,

ITpumeps1
cmaHOapmHE BBOO CmaHOapmHEII BEBOO
4 1.5
1122 1
0.5
5 3.0
12345 3
0.0 1.0 2.0
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apaua B. Aysab

HNmst BxopHOTO (hatira: cmaHdapmHEIl BBOJ
M4 BBIXOAHOTO (panaa: cmaHOapmHEI BEIBOO
OrpaHunueHue II0 BpeMeHU: 2 CEeKyHABI
OrpanuueHue 1Mo MaMsITHU: 512 meOubauT

ABOe AYIASHTOB PeNINAM BBHIOpPATh B KauyeCTBE MeCTa IIPOBEAEHUS ITOeAWHKAa
TEMHYIO aarero. BAOAB 3TOM aareu pacTET n AepeBbeB U KYyCTOB. PaccrosHue
MEeJKAY COCEAHVUMH OOBeKTaMH PaBHO OAHOMY MeETPY. AYdAb PEIIUAU IIPOBOAUTH
II0 CAEAYIOIIUM IIpaBuAaM. HeKkoTopoe pAepeBo BEIOMPAETCA B KaUeCTBe CTapTOBOU
TOYKM. 3aTeM ABa Ae€PeBa, HaXOAAIIUXCS Ha OAMHAKOBOM PACCTOSHUU OT MCXOA-
HOTO, OTMEYAIOTCS KaK MeCTa AAS CTPEABOBI. AYIAIHTHI HAUUHAIOT ABUJKEHHE OT
CTapTOBOM TOYKU B IIPOTHBOIIOAOSKHBIX HAIlpaBAeHUAX. Korpa cOmepHUKU AOCTHU-
raloT OTMEYEHHBIX A€PEBBEB, OHU Pa3BOPAUYMBAIOTCS U HAYWHAIOT CTPEASTH APYT
B ApyTa.

JaHa cxeMa pPacIllOAOKeHUsI AepPeBbeB BAOABL aAAed. TpeOyeTcs OlIpeAeAUuTh KO-
AMYECTBO CIIOCOOOB BBIOPATh CTAPTOBYIO TOUKY U MeCTa AASL CTPEABOBI COTAACHO
IIPaBUAAM AYIAH.

®dopmaT BXOAHBIX AQHHBIX

3aAaHa OpHA CTPOKA, COCTOAIIAasd M3 CUMBOAOB «0» m «1» —cxeMa aanreud. Ae-
peBbs 0003HAYAIOTCSI CUMBOAOM «1», @ KYCTBI — CUMBOAOM «0». AAMHA CTPOKU He
npesocxopuT 100000 cuMBOAOB.

dopMaT BBIXOAHBIX AA@HHBIX
BeIBepuTE KOAMYECTBO CIIOCOOOB BBIOPATh CTApPTOBYIKO TOYKY M MeCTa AASL
CTPeABOBI COI'AACHO IIPaBUAAM AYIAHU.

ITpumepsl
cmaHOapmHEU BBOO CcmaHOapmHE BEIBOO
101010101

101001

IMosicHeHus K mpuMepam

B mepBoM mpuMepe BO3MOXKHBI CAeAYIOIIHe KOHMUIYPALUU AYIAU (CTApTO-
BOEe AEPEBO U AEPEBBI AASG CTPEABOBI BBIAEAEHHBI JKUPHBIM IpudgToM): 101010101,
101010101, 101010101 u 101010101.
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apava C. YpaBHeHUe

HNmst BxopHOTO (hatira: cmaHdapmHEIl BBOJ
M4 BBIXOAHOTO (panaa: cmaHOapmHEI BEIBOO
OrpaHunueHue II0 BpeMeHU: 10 cekyHp
OrpanuueHue 1Mo MaMsITHU: 512 meOubauT

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

Tpebyetca arsad GUKCUPOBAaHHBIX N U M HaWTHU KOAWYECTBO PA3AWYHBIX pellle-
HHUI 3TOTO ypaBHeHHs. PellleHmeM Ha30BEM TAKyIO TPOUKY HATyPAABHBIX YHCEA
(X,Y, Z), 9TO BLITIOAHSIETCS:

e 1 <XLKY<M
e 1< Z< M
o XN 4+ YN =27N (mod M)
dopmaT BXOAHBIX AQHHBIX
B eAMHCTBEHHOM cTpoKe 3amucadbl uncaa N u M (1< N <77, 1< M < 77).

q)OpMaT BBIXOAHBIX AAHHBIX
BriBepAUTE OAHO YMCAO — OTBET Ha 3aAayvy.

ITpnMmepsl
cmaHdapmHeri BBOO cmaHOapmHEI BHBOO
13
4
35 8
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apaua D. IIpeo6pa3zoBanue ®ypbe

Nwmsa BxopHOrO (harira:
Vms BeIXopHOTO (haiina:
OrpaHunueHue II0 BpeMeHU:
OrpaHudeHne MO NaMATHU:

cmazHOapmHeIli BBOO
cmaHOapmHEIl BEIBOO
2 CEeKyHABI

512 meOubauT

[TeTs HepaBHO HAIIEA B KHUJKKE OIPeAEA€HHEe YaCMmUYHOro npeobpa3oBaHUA
QDypbe HaOOpa KOMIAEKCHBIX YHceA. Tellepb OH XoueT, YTOObI BBl HAIIUCAAU €My
IIporpaMMy AAS BBIYMCAEHUS YaCTUYHBIX IIpeobpasoBaHuil Oypbe, AASL TOTO, UTO-
OBl ITOAyUYIlle U3YUYUTh UX CBOUCTBA.

BoT omnpepeAeHNe 4aCTUUYHOTO AUCKpPeTHOro Ipeodbpa3oBaHus Dypbe, HaAeH-
Hoe [leTeli B KHUJKKe:

IMycte n = 2°, rae s > 0 —1enoe uncnao. OnpepernM cCHadanra HWHBO-
AIOIIUIO TeVg Ha MHOXKECTBE IIeAbIX umcen oT 0 po 2° — 1 caepyromum
obpaszoM: rev(0) = 0, revyy(2x) = revs(z), rever1(2z + 1) = 2° + revy(x)
npu 0 < z < 25,

3aduKcUpyeM Telepb IIEPBOOOPA3HBIY KOPEHb U3 €AUHUIIBI n-U CTelle-
HE ( = e2™/n 2T [IOCAe Yero OIPEAEAUM AAS AIOGOTO

— 27 i qip 2T
= cos + 281n ol

t or 0 pO s t-e wacmuuHoe npeobpa3oBanue Dypre Fourgt)(a) Habopa

a = (ag,a1,...,ap—1) U3 N KOMIIAEKCHBIX YMCEA CAEAYIOIIUM 00pPa3oM:
Four® (a) = b®) = (bét), bgt), ey bgf)_l), TAe
2t—1
I S S e
5'=0

mpu 0 < j<2tm 0 <k <2578,
TakuM o6pa3om, Fourgs) = Foury; — o6wruHOE 1peobpa3oBanmne Oypoe:

n—1

bg»‘“’) - Z ¢ ay,
3'=0

a FOUI'gO) BCero AUWIIb IIepeCTaBAdeT 4YKWCAd B HMCXOAHOM Ha6ope:

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

VY I'leTu ecTh IOAO3pEHUE, UTO HAUTU Fourgt) OY€eHBb IIPOCTO, €CAM YK€ U3BECTHO

Fourgt_l), OAHAKO CaM OH BBIBECTU HYJKHYIO (DOPMYAY IIOKa He CYMeA.

Barira 3apada COCTOUT B TOM, YTOOBI BBIYMCAUTDH t-€ YaCTHUYHOE npeo6pa3OBa-
HHe CDpre AAHHOTI'O Ha60pa 13 2° KOMIIAEKCHBIX YHCEA.

®dopMaT BXOAHBIX AAHHBIX

IlepBasg cTpoka COAEPIKUT YUCAA s U t, paspeAréHHsble npobeaoMm (0 < ¢ < s < 16).
[Mocaepytomiye 2° CTPOK copepkaT IIO ABa BellleCTBEHHBIX UMCAA KaykKAas — Bellle-
CTBEHHYIO ¥ MHUMYIO 4aCTh COOTBETCTBYIOIIEIO0 KOMIIA@KCHOI'O YMCAQ ;. 3aAAH-
Hble YHCAd@ He IPeBocXOAAT 100 1o aDCOAIOTHOM BEAMUMHE U COAEpIKaT He Ooaee
25 3HAKOB B ACCSITUYHOMN 3aIlHCH.

dopMaT BBIXOAHBIX A@HHBIX
B Ka}KAOI‘/’I us 2° CTPOK CAeAYyeT BBIBECTH ABA BEIIECTBEHHBLIX YMCAA C HIeCTbIO
TOUYHBIMU 3HAKAMU IIOCAE AeCHTH‘IHOfI TOYKU — BellIeCTBEHHYIO U MHUMYIO 4YaCThb

qrcAa b;t).
IMpumep
cmaHOapmHEU BBOO CmaHOapmHEII BEHBOO
21 5.00000000 0.0000000O0
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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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apava E. IIpoun3BepeHune

HNmst BxopHOTO (hatira: cmaHdapmHEIl BBOJ
M4 BBIXOAHOTO (panaa: cmaHOapmHEI BEIBOO
OrpaHunueHue II0 BpeMeHU: 4 CeKyHABI
OrpanuueHue 1Mo MaMsITHU: 512 meOubauT

TpeGyeTC;{ HaAUTU IIpon3BeAeHNe ABYX ITE€ABIX UHCEA.

dopmaT BXOAHBIX AQHHBIX
B Ka>kp0i U3 ABYX CTPOK BXOAHBIX A@HHBIX 3aIIMCAHO IIeAOe UUCAO, COCTOsIlee
He Oonee ueM u3 239000 mudp.

®dopMaT BBIXOAHBIX AAHHBIX
BI)IBQAI/ITQ OAHO ITeAOe UHUCAO — IIPOU3BEeACHHEe 9TUX YHCEeA.

ITpumepsl
cmaHOapmHeIi BBOO CmaHOapmMHEIL BEIBOO
2 4
2
-1 -1
1
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apaua F. YK

Vmsa BxopHOrO harira:
Nmsa BeixopHOTO harina:
OrpaHuuyeHUe II0 BpeMeHU:
OrpaHuuYeHUe II0 NaMATH:

cmaHOapmHEIl BBOO
cmaHOapmHEIL BEIBOO
2 CeKyHABI
512 meOubanT

Y 6ubanoTeKapsl eCTb TAaAOH, Ha KOTOPOM HalledaTaHa CTPOKA, COCTOAIIlas U3
OyKB «o» 1 «k». A TakKe BBIAQHHBIU BO (DPYKTOBOU AaBKe 1abAoH. Ha mabaone
HalleyaTaHa CTPOKA, COCTOAIIAs U3 CUMBOAOB «O», «k» K «?».

BubanoTekapb MOXXET BBIIIOAHSTE CAEAYIOUINE OIepalluu AI000e KOAUYEeCTBO
pa3 B AIOOOM IIOPSAKE:

1. I'TpuaoXuTk MAOAOH K TAaAOHY U BBIPE3aTh COOTBETCTBYIOIIUN KYCOK TaAO-
Ha: KOAWYECTBO OYKB B KyCKe AOAJKHO OBITH PABHO KOAMYECTBY CHMBOAOB
B IIabAoOHe. HacTH TaAOHA, OCTaBIIMECS IIOCAE BBIPE3aHUs, MOKHO HCIIOAB-
30BaTh AAS AAABHEMINETO BBIPE3aHUSA, HO TOABKO IIO OTAEABHOCTH (YacTHU
He ckAemBaroTcs). OpHA MAU paKe 00e OCTABIINECS 4aCTH MOT'YT He COAED-
XaThb OOABIIe OyKB (B TAKOM CAy4Yae IPUAOKHUTBH K HUM ITAOAOH, KOHEYHO,
He YAAQCTCH).

2. OOMEeHATH B A@BKe OTPe3aHHBIM IIepBOM ollepalueil KyCOK TairoHa Ha OaHa-
HBI.

[Tpu oOMeHe KyCKa TaAOHa Ha OaHaHBI IIPOAABEI] B A@BKE AEHCTBYET CAEAYIO-
muM obpa3oM. CHavanra OH coOupaeT B Ky4dy OaHaHBI. [I3HavyaAbHO Kyua IIyCTa.
ITpoaaser; mpocMaTpHUBaeT KyCOK TaAOHa CAeBa HAIIpaBO, U 3a KakKAyIO Haleua-
TAHHYIO Ha HEM OYKBYy «o» A00aBAseT B Kydy o OAHAHOB, a 3a KaXKAYIO OYKBY
«k» — k 6aHaHOB.

[ToToM mpoaaBel] MOCUMBOABHO CA€Ba HAIPaBO CPaBHUBAET CTPOKH, Halleya-
TaHHBle Ha KyCKe TaAOHa M mabaoHe. [Ipw cpaBHEHUU CHUMBOA «?» K3 IIaOAO-
Ha CYUTAeTCd PaBHBIM AIOOOM OykBe. EcAM IpopaBell HAXOAUT HECOBIIAACHUE B
KakKOM-TO IIO3UIUH, TO OH HauMHAEeT OUeHb CEePAUTHCS, U OT 3TOTO V HEro yCHUAU-
BAeTCsd UyBCTBO I'oAOAd. B pe3yabTaTe OH AGAUT Ky4y Ha ABe YaCTH TakK, YTOOBI
pa3HuIla B KOAMYeCcTBe OaHAHOB B ABYX HOBBLIX Ky4aX OblAa He GOABIIIE OAHOTO, a
IIOTOM ChepaeT Bce OaHAHBI U3 TOW YaCTH, KOTOpas He MEeHbIIE APYTOd. YTOAWB
TOAOA, TIPOAABEI] IIPOAOAJKAET IIPOIleCC CPaBHEHWS, MOKAa AMOO OH He CPaBHUT
ITIOCAEAHIOIO ITapy CHMBOAOB, AMOO B Kyde He 3aKOHYATCsl OaHaHBI.

Bce GaHaHBI, KOTOpPBIE OCTAAUChH B Kyde IIOCAE€ CPaBHEHUS, BBIAQIOTCS OMOANO-
TeKapio B OOMeH Ha KYCOK TaAOHa.

HaripuTe MakcMMaAbBHOE YHCAO OAHAHOB, KOTOPOE MOYKET MOAYYUTH OMOAUOTeE-
Kapb.

(I)OpMaT BXOAHBIX AAHHBIX

B mepBoil cTpoKe 3apaHbI ABa 1eAbix uncAa o U k (0 < o,k < 5000). Bo BTOpOI
CTPOKe 3apaHa CTpoKa S u3 OYKB «o» M «k», HalledaTaHHas Ha TaAoHe. B Tpe-
Thell CTPOKe 3apaHa CTPoKa P M3 CUMBOAOB «O», «k» U «?», HalledyaTaHHas Ha
mabaone. 'apanTtupyetcs, uro 1 < |P| < |S] < 250 000.

q)OpMaT BBIXOAHBIX AAHHBIX
BriBepuTe MaKCMMaAbHOE YHCAO OaHAHOB, KOTOPOE MOJKET IOAYUYUTH OMOAMO-
TeKaphb.

ITpumeps1

cmaHOapmHEIL BBOO
21 10
ookookook
koo

13 13

koooooook
?

CmaHOapmHEII BEHBOO

1000 O
kookoo
ook

211 7
000
kkk

2000
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apaua G. ITpousBepeHEe MHOTOYAEHOB

HNmst BxopHOTO (hatira: cmaHdapmHEIl BBOJ
M4 BBIXOAHOTO (panaa: cmaHOapmHEI BEIBOO
OrpaHunueHue II0 BpeMeHU: 2 CEeKyHABI
OrpanuueHue 1Mo MaMsITHU: 512 meOubauT

3aAaHbl ABa MHOT'OYAEHA OT mepeMeHHOU x. HaliauTe X mpousBepeHUe.

dopmaT BXOAHBIX AQHHBIX

B mepBoii cTpoke 3amnmcaH MHOTOYAEH P, a Bo BTopol — MHOrouAeH (). CTernepb
Ka’>XAOT'O U3 HUX CTPOro MeHsblie 65536. KoadduireHTsl MHOTOUAEHOB LleAble U
He mipeBocxopaT 100000 110 abCOAIOTHOM BeAWUYMHE.

Aanee onucaH GopMaT 3alIMCHU MHOTOYAEHA.

OAHOUYAEHBI, U3 KOTOPBIX COCTOUT MHOTI'OYAEH, OTAEAEHBI APYT OT Apyra 3Ha-
KOM aprA(MeTUYeCKOU OIlepalluh «+» HUAM «—», BOKPYT KOTOPOI'O CTOAT OAWHOY-
Hble NIpPoOeAbl. OAHOUYAEHEI IIePeUYHCAEHBl B IOPSIAKE OT CTapIINX K MAAAIINM.
MHOrouAeH He MOJKeT COAepPKaTh ABYX OAHOYAEHOB, COOTBETCTBYIOIINX OAHOU U
TOU Xe cTeneHU x. CTelleHN X C HYA€BBIM KO3((PUIIMEHTOM OITyCKaIOTCH.

OAHOUYAEH 3alUCHIBAeTCAd B OOIeM CAydae B BUAe «cx”p». Ho, ecam p =1, 3a-
[IUCh UMEEeT BUA «CX», a eCAu p = 0, 3alKUCh UMeeT BUA «c». Ecau |¢| =1, a p #0,
cuMBOA «1» omyckaercsa. KoadduineHT ¢ 3alnCchIBaeTCsd KaK CTPOro IIOAOXKHU-
TeABHBIY, KpOMe, BO3MOXKHO, KO3(P(PUIIMEeHTa ¥ CaMOTr'0 CTapllero OAHOYAEHA: Y
BCeX OCTAABHBIX 3HaK YYUTHIBAETCS B apuMeTHUYeCcKOU oIlepalluy IIepep HUMU.

Ecam MHOTOYAEH TOKAECTBEHHO paBeH HYAIO, OH 3aIllUChIBAeTCd Kak «0».

AAS Aydlllero IMOHUMaHUA (popMaTa IIOCMOTPUTE Ha IIPUMEPHI.

d)opMaT BBIXOAHBIX AAHHBIX

BriBepnTe MHOrouAeH P - () B TOM JXe popMaTe, YTO M 3aAaHHBIE MHOT'OYAEHEL.
CoOatropaniTe opMaT Kak MOKHO Ooaee TouHO! [TpoBepKa MPOU3BOAUTCS IIOCUM-
BOABHO.

IIpnMmepsl
cmaHOapmHeIli BBOO CcmaHOapmHEIl BEIBOO

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

-5x"3 - x

9999 99980001
9999
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024
AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apauya H. PazpBoeHne

Vmsa BxopHOrO harira:
Nmsa BeixopHOTO harina:
OrpaHuuyeHUe II0 BpeMeHU:
OrpaHuuYeHUe II0 NaMATH:

cmaHOapmHEIl BBOO
cmaHOapmHEIL BEIBOO
2 CeKyHABI

512 meOubauT

OGoO3HAYMUM ABE IMOCAEAOBATEABHOCTH AeMCTBUTEABHBIX uncer z(k) u y(k).
OrnpepeArM ITOCAEAOBATEABHOCTb KOMIIAEKCHBIX uncen z(k): z(k) = z(k) + iy(k).

N-1 _
Mycts FFTn(k,2) = 3 2,€2™*/N_ AnarormaHbiM 06pa3soM OMPeAeASIOTCS

n=0
FFTx(k,z) u FFT N (k,y).
Tpebyetrcst o BeruncAeHHbIM 3HaueHusM FFTy(k,z) BOCCTAaHOBUTH 3HAYEHUS
FFTx(k,z) u FFT N (k,y).

(I)opmaT BXOAHBIX AAHHBIX

B mepBoit cTpoke 3amnucano 1eaoe gyucao N (1 < N < 230 N gBasieTcst cTerne-
HBIO ABOWKM). Aanee CAeAYIOT IeAble HeoTpullaTeAbHble unucraa A, B, C, D, E,
F', e npeBocxopsmue 1000. Anrst skoHOMHUN BpeMeHHU BBopa 3Hauenust FFT v (k, z)
HY’KHO OYAET BBIYHCASITDH 110 CAEAYIOIINM (POPMYAAM:

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

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

rae FET y(k, z).real u FFT y(k, z).imag — AelicTBUTEABHAsT M1 MHUMasi YaCTU CO-
OTBETCTBEHHO.

3aTeM AaHO yucA0 M — koamdecTBo 3arpocos (1 < M < 10%). Aaree caepayroT
M peawix yncea g; (0 < g; < N).

d)opMaT BBIXOAHBIX AAHHBIX
BeisepnTe M cTpok. B j-it crpoke — 3Hauenust FFT y(q;, ) m FFT N (q;,y). 3Ha-
YeHUsI AOAKHBEI OTAMYATLCS OT IIPABUABHBIX He GoAee ueM Ha 1074,

17 239239 2011

IMpuMeps1
cmaHOapmHHU BBOO cmaHOapmMHE 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

Crpanuna 8 us 10




MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024

AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apava I. AHK po6oToB
HNmst BxopHOTO (hatira: cmaHdapmHEIl BBOJ
M4 BBIXOAHOTO (panaa: cmaHOapmHEI BEIBOO
OrpaHunueHue II0 BpeMeHU: 2 CEeKyHABI
OrpanuueHue 1Mo MaMsITHU: 512 meOubauT

HoBbie TexHoaorum nocrtpoenuns AHK 1o3BoAuMAU TIpoOBeCTH OOABIIION 3KCIIe-
PUMEHT IIO0 IIOCTPOEHUI0 OMOPOOOTOB. OKCIEPHUMEHTOM 3aHMMAAUCh YUEHBIE U3
HUUM Aannbix Ctpok (HUMAC).

AHK mocTpoeHHBIX poOOTOB 3alIMCHIBAIOTCS B BUAE CTPOK u3 M = 2" cuMBO-
AOB, TA€ N > 2 — TaK NpPOolle BCero OBIAO UX MOAEAMpOBaTh. KpoMe TOro, o Tex-
HudeckuM npuunHaM AHK poboTa — 3To He 0OBIYHAA CTPOKA, a ITUKAWYEeCcKas, TO
€CTh €€ MO’KHO HauMHATh YUTATh C AIOOOI'0 MeCTa.

Uepe3 HEKOTOpPOe BpeMs IIOCAE HadaAd IKCIIEPUMEHTa y4E€Hble OOHAPY KUAU
HECKOABKO TUIIOB POOOTOB, M 3aUHTEPECOBAANCH, KaKHWe MyTalluu K 3TOMY IIpU-
BeAd. UTOOBI BOCCTAHOBUTHL AePEBO MYyTallui, HY’KHO HAYUUTHCS PeIlaThb CAEAY-
IOIIYIO 3aAa4uy: CUUTATh Koagpguyuenm cxogecmsa Arg AHK AByx po6oToB. Koad-
(UMUEHT CXOACTBA — 3TO KOAMYECTBO COBIAAAIOIIUX OYKB IIPU HAWUAYUIIEM COB-
MellleHuH ABYX 3apaHHBIX AHK: gem Goabllle cOBIApeHMM, TeM OOABIIIE CXOACTBO.

Hamumure nporpamMmy, KOToOpass OyAE€T BBIYUCAATE KOIPMUIIUEHT CXOACTBA
AByX 3apaHHBIX AHK po60TOB, a Tak’Ke HaXOAUTh UX HauAyulllee COBMellleHue.

dopMaT BXOAHBIX AQHHBIX

ITepBag cTpoka copep>XUT Heaoe uucao M (4 < M < 131072, rapaHTHpYeTCH,
uTo M — cTeneHb ABOMKH). B caepyromux AByx crTpokax 3anmcaHel AHK AByx
pob6oToB. Kakpasi M3 HUX COAEP’KUT POBHO M CHUMBOAOB U COCTOUT TOABKO W3
«A», «C», «G» ! «T».

dopMaT BBIXOAHBIX AQHHBIX

BriBepuTe ABa umcAa: KOOP@UITMEHT CXOACTBA U ONTUMAAbHBIN CABUT. Koad-
(DULUEHT — 3TO KOAMYECTBO COBIAAAIOMINX OYKB IIpu coBMeleHum AByx AHK
nocae capura. CABUT JKe — KOAMUYECTBO OYKB B KOHIIE BTOPOU CTPOKU (YHUCAO OT
0 A0 M BKAIOUHTEABHO), KOTOPble HY’KHO IIepeHeCTU B eé Hadano. [lpu coBMe-
IIIeHUU ITIePBOM CTPOKU CO CABHUHYTOM BTOPOM KOAWYECTBO COBIIAAAIOIINX OYKB
AOASKHO OBITb MAKCUMAAbHO BO3MOXKHBLIM. ECAM ONITUMaABHBIX OTBETOB HECKOAb-
KO, BEIBEAUTE AIOOOM M3 HUX.

IMpumep

cmanodapmHEl BBOO

cmaHOapmHE BEIBOO
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MaTteMmaTnueckre OCHOBBI AATOPUTMOB, IIePBBIN Kypc, 2023-2024

AnckpeTHoe nnpeoOpa3oBanmne Oypbe, BTOPHUK, 27 peBpara 2024 ropa, MKH CIIol'Y

3apava J. IIpon3BepeHne KOpHeH

HNmst BxopHOTO (hatira: cmaHdapmHEIl BBOJ
M4 BBIXOAHOTO (panaa: cmaHOapmHEI BEIBOO
OrpaHunueHue II0 BpeMeHU: 10 cexyHA
OrpanuueHue 1Mo MaMsITHU: 512 meOubauT

Bo6 ArpOUT uUrpaTb C MHOTOYAeHaMU. Buepa OH OpHAyMaA ABe IOCAe-
AOBATEABHOCTH HEOTPUIATEABHBIX IIEABIX YHCEA: a1,...,G, YA bi,...,b,, TAe
1 < n,m < 100000.

[Tocae 3TOTO OH MOCTPOUA MHOTOYAEHBI

n

fl@) =[]+ a),

i=1

ﬁ 1+bjx),
x):ﬁH 1+ abjz).

Y wMHOrouaeHa h(xr) OH IIOCYMUTAA TOABKO IepBble k KO3(DDUIUEHTOB
(1 < & < min(100000, nm +1)). [Tockoabky BOG AIOOUT HE TOABKO MHOT'OYAEHBI, HO
u nipeo6pazoBanue Oypbe, OH TOcUYUTaA KOIPDUIIUEHTEI BCEX TPEX MHOI'OYAEHOB
10 MOAYARO 998 244 353.

OpHaro ceropHss BoO MOTepsiA U MOCAEAOBATEABHOCTU a; U b;, ¥ MHOTOYAEH
h(xz). Ocraauch TOABKO MHOTrouYAeHBI f(z) u g(x). Bo6 paccTpouwAcs U Temephb
IIPOCUT AAUCY IIOMOYb €My BOCCTAHOBUTH MHOTOYAEH h(z), 3Has TOABKO MHOTO-
unensl f(z) u g(x). Y AAUCBEI HET BpEMEHHU 3TO AEAATh, IOITOMY OHA ITOIIPOCHUAA
Bac IIOMOYb €u.

dopMaT BXOAHBIX AQHHBIX
B mepBoil cTpoke AaHbI IeAable umcaa n, m u k (1 < n,m,k < 100000,
kE<nm+1).
Bo BTOpPOI CTPOKE AQHBI I[EABIE YUCAQA fo, ..., [n, TAE f(T) = fo+ fiz+...+ fuz"
B TpeTbell CTPOKe AQHBI IIEABIe YUCA] g, - - - , m, TAE g(Z) = go+gr1z+. . .+ gma™
KoaddunueHTs MHOIOYAEHOB AQHBI 110 MOAYAO 998 244 353.

dopmaT BBIXOAHBIX AAHHBIX
BriBepuTE POBHO k LIEABIX YHCEA hg, ..., hgp_1, TA€ h(z) = ho+hiz+. . .+ hpma™™
BBIBOAUTE KO3(D(UITUEHTEI TOJKE HY>KHO IO MOAYAIO 998 244 353.

cmanodapmHEl BBOO

cmaHOapmHE BEIBOO
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