Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apadya A. Cymma Apo0eil ¢ OKpyrAeHueM

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 meOubauT

AaHo 1eaoe yucao n. HaliauTe 3HaueHUe CyMMBbI

V;J " V;ﬂ i V:aﬂ et hn—22>2J " L(n—ll)QJ'

3AeCB L.%'J — 3TO OKPYyTA€HHEe ' BHU3I! HambOoOAbIIIee meaoe YHMCAO, He ITPEeBOCXOAMAIIee .

dopMaT BXOAHBIX AAHHBIX

B IepBoif CTPOKe 3amucaHo meaoe 9nucro n (2 < n < 10'%).

@dopmaT BHIXOAHBIX AQHHBIX

B mepBoii CTpOKe BLIBEAUTE OAHO IIEAO€ YMCAO — 3HAUEeHUEe CYMMEL.

IIpuMepsl
cmaHOapmHE BBOO CmaHOapmMHE BHBOO
3 2
10 11

IlosicHeHusI K IpuMepamM

2 1
B nepsom npumepe LQJ + {?J =24+0=2.

Bo BTOpOM IpuMepe

2+ 1 Bl o]+ 31 41 [ 3] ] -oe0n- oo

CucreMa OIl€eHKH

B sTOM 3apaue ABa mpumepa u 50 OCHOBHBIX TeCTOB. Ka>XAbINI OCHOBHOM TECT OITEHUBAETCS B
2 6aana. Kak 1 B Apyrux 3ajpadax, pellleHne AOAKHO IIPABUABHO paboTaTh Ha NIpHMepax — MHade
IpoBepKa Ha OCHOBHBIX TeCTaxX He ITPOU3BOAUTCS.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apaua B. IToroBuHKHU

HNmsa BxopHOrO (hatira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEBOJ
OrpaHuyeHVe IO BPeMEeHMU: 2 CeKyHABI
OrpaHudeHue 110 MTaMATH: 512 mebubamuT

Jallla IIprHecAa CBOeN MAapllel cecTpe EBe MIPYIIKY: AETCKYIO KHUXKKY «IlonoBMHKH». B
3TOM KHUYKKE ABE TTOAOBUHBI: BEpXHISI U HUKHAA. CTpaHUIBl B TIOAOBUHAX MOKHO AMCTATh He3a-
BUCHMO. Bcero B KHUJXKKe U CBepXYy, U CHHU3Y IIO N Pa3BOPOTOB. Pa3zBOpPOTHI B Ka>KAOU IIOAOBHUHE
IIPOHYMEPOBAHHEI IIEABIMHU YUCAAMU OT 1 A0 m B MOPSAKE, B KOTOPOM OOBIYHO AUCTAIOT KHUTY.

CBepxXy Ha Ka’kAOM Pa3BOpOTe HapUCOBaHAa OaHKa C Kpackou. Bce n 11BeTOB KpacKu pasHble, U
AAS YAOOCTBA IIPOHYMEPOBAHEI IIEABIMU UMCAAMHU OT 1 A0 1 B TOM >Ke MOPSAKE, YTO W PA3BOPOTHL.

CHH3Yy Ha Ka>XAOM Pa3BOpPOTe HAPMCOBAH KaKOM-TO mpepMeT. KasKABIM U3 n IIpeAMeTOB UMeeT
OAUH U3 7 IIBETOB, U KA*KABIM IIBET BCTPEYaeTCs POBHO OAMH pas.

HcxopHO KHUKKa OTKPBITA Ha IIEPBOM Pa3BOPOTE CBEPXY M IIEPBOM Pa3BOPOTE CHUZY. 3a OAHY
cekyHAY EBa MOKeT IepeBepHYTh OAHY CTPAHUIY: AUOO CBEpPXYy, AMOO CHH3Y IIepeUTH AuU0O K
IPEeABIAYIIIEMY Pa3BOPOTY, AMOO K CAEAYIOIIEeMY (KOHEYHO, eCAM OH eCThb). LleAb Urphl ¢ KHUXK-
KON — AASL KaKAOTO LiBeTa k IOKasaTh OAHOBPEMEHHO M Pa3BOPOT C KPAcKoM IiBeTa k CBepXy, U
pPas3BOPOT C IIpepMeTOM IBeTa k CHU3Y. LIBeTa MOKHO IIOKA3bIBATH B AIOOOM TOPSAKE.

Aaira 3apyMasach: Kak AeMCTBOBATh, YTOOBI AOCTUYB IIeAM 3a MUHUMAaAbHO BO3MOJKHOE BpeMs?
ITomorure et npUAyMaTh KpPAaTUYaMUIIYIO IIOCAEAOBATEABHOCTE AEUCTBUM.

@dopmaTt BXOAHBIX AAHHBIX

B mepBo1 CTpOKe 3apAaHO IIeA0e YUCAO N — KOAMYECTBO Pa3BOPOTOB B KHUKKe (2 < n < 20). Bo
BTOPOMN CTPOKE 3aAaHBI 1 IEABIX YHCEeA ai,dasg,as,. .., a0, — Ha KAaKOM pa3BOpOTe CHU3y HApUCOBaH
OpeAMeT IIePBOro, BTOPOI'o, TPEeThero, ..., n-ro 1nseta (1 < a; < n, BCe YUCAA a; PA3AUYHBI).

@dopmaT BHIXOAHBIX AAHHBIX

BriBeanTe CTPOKY, 3aAAI0NTYIO0 KpaTUanlIyio IIOCAEAOBATEABHOCTh ACUCTBUMN, TPU KOTOPBIX AASL
Ka’kKAOI'O M3 M IIBETOB OyAeT MOMEHT, KOTAA CBePXy OTKpbITa OaHKa C KPACcKOM 3TOro IIBETa, a
CHU3Y — IIpeAMeT 3TOro 1BeTa. ECAM KpaTyalllinX OTBETOB HECKOABKO, BHIBEAUTE AIOOOM U3 HUX.

Kakpoe pelicTBHE 3alIMCHIBAETCSI OAHOM OyKBOU:

«L» — B BepXHel MOAOBUHE TepeBEpHYTh CTPAHUILy HA3ap,
«1» — B HUJKHEN ITOAOBHHE IIEPEBEPHYTH CTPAHUITY HA3aA,
e «R» — B BepxHel MOAOBUHE MepeBEPHYTh CTPAHUILY BIIEPEA,
® «r» — B HUJKHEMN IIOAOBHHE IIEPEBEPHYTH CTPAHUILY BIIEPEA,

Ilpumep
cmaHOapmHE BBOO CmaHOapmMHE BHBOO
5 RrrRRI1RrrLLr
13524

IlosicHeHUue K IpuMepy

AAH IIpuMepa 3allviieM B Ka>XKAYIO CeKYHAY, HadiWHasa C HYAeBOﬁ, IIapy: Ha KaKOM IIO C‘IéTy
pPa3BOPOTE OTKPBITHI BEPXHAS M HUXKHSAA IIOAOBUHKHU. JKUPHBIM IIPU(TOM BBIAEAEHBI Te IIapHI,
KOTOpPbIe 00s13aTEeABHO HY>XHO IIOAYYUTH XOTA OBl OAVH Pas.

(1,1)
B2, 52,25 (2,3)
2 3,3) 3 (4,3) 5 (4,2)
B (5,2) 5 (5,3) 5 (5,4)
54,45 (3,45 (3,5)

CucreMa OIleHKH

B aToit 3apaue opuH mpuMmep u 50 OCHOBHBIX TEeCTOB. Ka’kKALIME OCHOBHOM TECT OIleHUBAeTCs B
2 baanra. Kak u B Apyrux 3ajpadax, pelleHHe AOAKHO IIPAaBUABHO pPabOTaTh Ha IIpUMeEpe — MHade
IIPOBEPKA HAa OCHOBHBIX TECTaX He MPOU3BOAUTCA.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apaya C. MHoromepHsie dpep3u

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 meOubauT

Makc, 3aBoeBaB peUTHHI OA0 932 Ha NONYASIPHOM IIaXMAaTHOM CaWTe, IIOHSA, YTO KAacCHye-
CKHe IIaxMaThl Cce0sl W3KUAY, U MIPUHSIACS AyMaTh Hap WX aHaaoramMu. EMy B TOAOBY HpHIIEA
BOIIPOC: @ To4YeMy AOCKa AAS ITaxMaT Iaockasg? [ToueMy OB He MOUTPATh B KaKylo-TO OHOAee MHO-
TOMEPHYIO UTPY?

Pa3MbINIASSA, OH IPUAYMaA, YTO B HOBOM BepCHUM IITaXMaT AOCKa OyAeT uMeTh opMy d-MepHOro
KAETUYaTOr'o IaparieAellullepd PasMepoM Ny X Mg X ... X N4, TAe d HaTypPaAbHBIX YHCEA Ni,...,N4
Maxcy ellé IpeACTOUT BBIOpaTh. OH PEeIIuA CAEAATh UX TAaKUMU, YTOOBI CUABI PA3AUUYHBIX (QUTYP
OBIAM KaK MOJKHO OoAee cOAAQHCUPOBAHHBIMU. A KakKas caMas CUAbHada durypa? Koneuno, gep3ss!

Byaem cumTtaTh, 4TO pep3b Ha KAETKe (q1,q2,...,(Jq) OBET KAETKY (S1,82,...,84), €CAHU CyIIe-
CTBYeT TaKoe HAaTypPaAbHOE YHCAO 7', UYTO BAOAB KaykKAOM ocu i € {1,2,...,d} BBIIOAHSIETCS OAHA U3
ABYX BO3MO’KHOCTEM:

e A10O BAOABL 3TON OCH KOOPAWHATHI COBIIAAQIOT, TO €CThb ¢; = S;;
e AMGO BAOAB OTOM OCH KOOPAMHATBI OTAWYAIOTCS POBHO HA T, TO €CTh |¢; — S;| = 7.

[MTpu 5TOM BAOABL XOTSI OBI OAHOM OCHU AOAJKHA BBITIOAHSATHCS He TepBasi BO3MOJKHOCTH, a BTOpad,
APYTUMU CAOBaMH, KAETKH (q1,G2,...,qq) ¥ (S1,52,-..,54) AOAKHBI ObITb PA3AWMYHBI. DTO HYKHO
AASL TOTO, YTOOBI IO TIpaBUAaM (ep3b He OMA KAETKY, B KOTOPOM OH U TakK CTOUT.

AAst d = 2 BBIIIIe OTIUCAHBI CTAHAAPTHBIE TIPAaBUAA TepeMelleHus maxmMaTHoro dgepss. OpAHaKO
Ipu OOABIKUX d Pep3b, M0 MHeHNI0 Makca, CTAaHOBUTCSI Yepecyyp MOIITHBIM: KOAUYECTBO KAETOK,
KOTOpBIe MOKET MOOUTL (pep3b, PACTET SKCIOHEHITMAABHO OT d.

[MTomoruTe Makcy TOHSATb, XOPOIIN AU OYAYT T€ WUAU WHBIE pa3dMepbl AoCKU. OH BaM CKaXkeT d
¥ BCE 7;, @ TAKXKe CKa*kKeT KOOPAWHATHI KAETKH, Ha KOTOPYIO OH TIOCTaBUA (dep3si, a BbI OTBETHLTE,
CKOABKO KAETOK OBET 3TOT (pep3b. [IOCKOABKY 3TO YHCAO MOJKET OKAa3aThCS CAUIIKOM OOABIINM,
BBEIBEAUTE ero I10 MOAYAIO 998 244 353.

dopMaT BXOAHBIX AA@HHBIX

B mepBo# cTpoke HAaXOAMTCS OAHO IIeAOe YUCAO d — pa3MepHOCTh Aocku (1 < d < 100 000).

Bo BTOpO# cTpoke HAaXOAMTCS d IEABIX YHUCEA Ni,N3,...,Ny depe3 MpodeA — pa3Mepbl AOCKU
BAOAB KaXkpou ocu (1 < n; < 100 000).

B TpeThell cTpoKe HaXOAUTCS d IIEABIX YUCEA (1, (2, - - -, (4 Yepe3 Ipoben — KOOPAWHATHI (hep3s
(1 <q <ng).

@dopmaT BBIXOAHBIX AAHHBIX

BriBepuTE OAHO IIeAOE€ YUCAO — KOAMYECTBO IIOAEM Ha AOCKE Ny X Ng X ... X Ng, KOTOPble ObET
dep3b U3 KAeTKH (g1, g2, - - -, ¢q), IO MOAYAIO 998 244 353.

CucremMma ouneHKu

B 3TO#1 3apaue mATh IOATPYII TecTOB. B mepBoit nmoarpynie d = 1, n; < 1000, oHa cTout 4 Oaa-
Ad. YTOOBI UX IIOAYYUTH, HY’KHO IIPONTU IIEPBBIM TECT U3 YCAOBUSA M BCE TECTHI 3TOM MOATPYIIIIEL.

Bo BTOpo noarpymne d = 2, ny < ng < 30, o"Ha ctout 10 6aArroB. HTOOBI UX MOAYUYUTH, HYKHO
IIPOUTH IIepBBIE ABa TECTa U3 YCAOBUI U BCE TECTHI 3TOU IOATPYIIIIHI.

B Tperrest noarpynne d < 6, n; < 19, oHa crour 10 6asroB. UTOOB UX IIOAYYUTH, HY>KHO
IIPOUTH IIepBble TPU TECTA U3 YCAOBUSI U BCE TECTHI 3TON IOATPYIIIIHI.

B ueTBépToit noaprpynne d < 12, n; < 1000, oHa cTouT 38 6aAr0B. HTOOBI UX MOAYYUTH, HYKHO
IIPONTH BCe TECTHI U3 YCAOBUS, BCE TECTHI IIPEABIAYIIIUX IIOATPYIII U BCE TECTHl 3TON IOAIPYIIIIEL.

B mocaepHel MOATpyIIle HET HMKAKMX OrpaHUYeHUlN, He 0003HAYeHHBIX B YCAOBUU U B POp-
MaTe BXOAHBIX AQHHBIX, OHa CTOUT 38 O0arroB. UTOOBI UX IIOAYYUTH, HY’KHO IIPOUTH BOOOIIle BCe
TECTBI: BCE TECThI U3 YCAOBHS, BCE TECTHI IPEABIAYIIUX IIOATPYII U BCE TECTHI 3TOM MOATPYIIIIHL.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

ITpuMepsl
cmaHOapmHEU BBOO cmanHOapmHHU BHBOO
1 8
9
6
2 21
8 8
17
4 11
12 3 4
1111
10 59048
3333333333
2 2 22222222
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apaua D. CoOpaTh MHOTOyroAbHUK

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 meOubauT

Y Bac ecTb n IIaAOK LeAOM AAWHBIL. TpeOyeTcs BBIOpATh M3 HUX HaMMeHblllee BO3MOJKHOE KO-
AMUYECTBO IIAAOK TaK, YTOOBI M3 BBIOPAHHBIX ITAAOK MOJKHO OBIAO COCTABUTH CTPOTO BBIITYKABIN
MHOTOYTOABHUK, AUOO OTIPEAEAUTDH, YTO U3 UMEIOIIUXCS MTaAOK COCTaBUTh CTPOT'O BBIMTYKABIN MHO-
FOYT'OABHUK HEBO3MOXKHO.

dopmaT BXOAHBIX AAHHBIX

B mepBoif CTPOKEe AQHO IIeA0e YUCAO 1 — KOAMUYECTBO MaAoK (3 < n < 10°). Bo BTOpoIf cTpoke
AAHBI 1 [TEABIX YUCEA a1, a2, ..., 0y, PA3AeAEHHBIe TpoOeAaMU — AAMHBI TAAOK (1 < a; < 109).

@dopmaT BBIXOAHBIX AQHHBIX

BriBepuTe HauMMeHBIIEe KOAMYECTBO CTOPOH B CTPOTO BBIIIYKAOM MHOI'OYI'OABHHKE, KOTOPBIN
MOJXHO COCTaBUTh M3 HUMEIOIUXCA IIaAOK. ECAM COCTaBUTBH CTPOrO BBIIIYKABIM MHOTOYI'OABHUK
HEBO3MOJKHO, BhIBEAUTE «—1» (6e3 KaBhIUEK).

CucreMa OIleHKH

TecThI K 3TOM 3apaue COCTOAT M3 TPEX IPyNN. baaABl 3a KaKAYIO IT'PYIITy CTaBSATCS TOABKO IIPU
IIPOXO’KAEHUU BCEX TECTOB, IIOAXOASAIINX [10A OIPAHUYEHUSI 3TOU I'PYIIIHL.

Bo Bcex TecTtax nmepBoM rpynnsl 3 < 1 < 4. 3a IPOXOKAEHUE IIEPBON I'PYIIIIBI MOKHO IIOAYYUTH
12 6aanos.

B Tecrax BrOopo# rpynnsl 3 < n < 15. 3a BTOPYIO I'DYHIIy MOJKHO IIOAYYUTH elé 36 6aanos.

Ha TecTbl TpeThbell TpyNIbl He HAKAAABIBAETCS HUKAKMX AOINOAHUTEABHBIX OIPaHUYEHUM, TO
ecTb B Hell 3 < n < 10°. 3a HEé MOKHO IIOAYYUTH OCTaBIIKecCa 52 Oaana.

IIpuMepsl
cmaHOapmHEU BBOO cmanHOapmHHU BHBOO

4 4
1246
4 -1
741 2
4 3
4 251
3 -1
121
4 3
111 100

IlosicHeHus K npuMepaM

B mepBOM mnpuMepe CTPOrO BBIIYKABIM MHOTOYI'OABHUK MOJKHO COCTaBUTBH, TOABKO €CAU HC-
IIOAB30BAaTh BCE MMEIOLIUEeCs ITAaAKH.

Bo BTOpOM npuMepe CTPOro BBIIIYKABIM MHOI'OYT'OABHUK COCTABUTH HEBO3MOJKHO.

B TpeTpeM mpuMepe MOKHO COCTABUTBH CTPOI'O BBIIIYKABI MHOTOYTOABHUK M3 BCEX YETBIPEX
IIAAOK, HO OH He HAWMEHBIIWY, TaK KaK U3 IIAAOK C AAWMHAMU 4, 2 U1 5 MOKHO COCTaBUTH HEBBI-
POXAEHHBIN TPEYTOABHUK. [T03TOMY OTBET AASL TPEThErO IpUMepa paBeH 3.

B ueTBEpTOM IIpHUMeEpe BCETo TPHU IIAAKH, M OHU He OOpa3yIOT HEBBIPOKAEHHBIU TPEYT'OABHUK,
IIO3TOMY OTBeT paBeH -1.

B maToM mpuMepe HeABb3sT IOCTPOUTH CTPOTO BBIIIYKABIM MHOI'OYI'OABHMK M3 BCEX YETBIPEX
IIaAOK, HO MOJKHO M3 TPEX IMAAOK AAMHEL 1, IIO3TOMY OTBET paBeH 3.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apavya E. MuHnMuzanus napocoyeTaHus

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 4 ceKyHABI
OrpaHudeHue Mo MaMATU: 1024 mebubariTa

Bara 3apaya — 110 TPEM IIeABIM YuCAaM 1, A U § MOCTPOUTH I'pad Ha n BEPUIMHAX, B KOTOPOM
HauOOABINIas W HaWMMeHbIas CTENeHW BepIIUH paBHBI A M J, COOTBETCTBEHHO, YTOOBI pa3Mep
MaKCHMAaABHOTO ITapOCOYETaHUsI B HEM OBIA KaK MOJKHO MeHbIIe. DTO KpaTKOe OIHMCAHMe 3aAavH,
HIDKEe IIPUBEAEHO MTOAHOe (DOpMaAbHOE YCAOBHE.

[Tycte G — rpad 6e3 neteab M KpaTHBIX pébep. O603HaunM uepe3s §((G) HAaMMEHBITYIO CTEIIeHb
BepmnHBL B HEM, A(G) — HauOOABIIYIO CTeleHb BepUIMHBI B HEM, v((G) — KOAMYECTBO BEpIINH,
o/(G) — pasmep MakCHMaABHOTO IMapocodeTaHusi B (7, TO eCTh MaKCUMaAbHOE KOAMYECTBO pEGep
(G, HUKaKue ABa M3 KOTOPBLIX HE UMEIOT OOIIMM KOHEeII.

[Mycts n > A > 0 > 0— Tpu 1eabix uymucAaa. O6GoszHauuM yepes G(n,A,J) MHOKECTBO BCEX
rpacdoB, B KOTophiX v(G) = n, A(G) = A, §(G) = §. Ha30BéM TaKyI0 TPOUKY IIEABIX YHCEA XOpO-
wet, ecau G(n, A, ) # g. ObpaTuTe BHUMaHUE, YTO HEKOTOPbIE TPOUKU He SIBASIFOTCSI XOPOIIUMH,
Hanpumep, (2,1,0) uam (3,1,1).

Bam pama xopoiriast Tpoika (n, A, ), Hatiaute rpad G € G(n, A,d), B koTopoM o/ (G) KaK MOKHO
MEHBIIIE.

dopmaTt BXOAHBIX AAHHBIX

B eAMHCTBEHHOU CTPOKE HaXOAWUTCS TPH IIEABIX 4HCAd n, A, §, 06pa3yIoIX XOPOIIYI0 TPOUKY
(0<d <A < n<400).

(I)opMaT BBIXOAHBIX AAdHHBIX

BeiBepuTe 1eaoe UMCAO m — YUCAO peldep rpada. B caepyrommx m CTPOKaX BBIBEAUTE IO ABA
Pa3AUYHBIX IIEABIX YUCAQ €;, f; Yepe3 Ipobden — KOHIIEI ouepeaHoro pedpa (1 < e;, f; < n). Hukakas
Tapa 4YMceA He AOAJKHA TTOBTOPSITHCS ABa’KALI, Aa’Xe B 0OpaTHOM IOPSAKE.

CucremMma oneHKu

B 5TOI1 3apaue KasKABIN TeCT, KpoMe ABYX IIPUMEPOB, OlleHUBaeTCs He3aBUCUMO BellleCTBEHHbBIM
uyncaoM oT 0 Ao t; OAAAOB, TAe t; — CTOMMOCTD 3TOro TecTa. OIleHKa Balllero PellleHUd PaBHAETCH
CyMMe OII€HOK 3a Ka>kKAbIM TecT. [Ipumepsl oneHuBaroTca B 0 OAAAOB, HO Ha Ka’KABIM U3 HUX AOA-
KeH OBITh BBIAGH I'pad C IPABUABHBIM UYMCAOM BEPIIMH, MAKCUMAAbHOU M MHHUMAABHOM CTelle-
HBIO, UTOOBI pellleHre ObIAO IPUHATO Ha IIPOBEPKY. TecThl M36paHbl JKIOPU TaK, YTOOBI TOKPHIBATH
KaK MOXXHO OOABIIIe Pa3HOOOpPa3HBIX BAPHMAHTOB IIapaMeTpPOB U COOTBETCTBYIOIIUX I'padosB. Bce-
ro TIOATOTOBA€HO 102 TecTa. 'apaHTHUpyeTcs, UTO TeCThl 1-2 — 3TO mpuMephl, TecThl 3—14 nMeloT
2 <n <8, Tectol 15-27 umeroT 9 < n < 16, Tecthl 28-40 numeroT 17 < n < 50. CTOMMOCTL Ka’kKAOT'O
u3 TectoB 3—40 paBHa % ~ 0.44643, a cTONMOCTb Ka>kKAoro u3 TecTtoB 41-102 paBHa % ~ 1.33929.
OTU umcAa MOAOOpaHbI TaK, YTOOBI Ka>XAbIM M3 TeCcTOB 3—40 CTOUA BTpPOE MeHbIlle, YeM Ka>XKAbIN
u3 TecTtoB 41-102, a cyMMapHasi CTOUMOCTBL BCeX TeCTOB Oblra paBHa 100 Gaaram.

Ecam Bal BBIBOA He ommchiBaeT rpad us G(n,A,J), BBl IIOAYUUTE BEPAUKT «Wrong Answer»
uAu «Presentation Error» m 0 GaaroB 3a 3TOT TecT. MHaue mycTh o — pa3zMep MaKCUMaAbHOTO
rmapocoyeTaHusi B BalieM oTBeTe, A’ — HaMMEHBIIHM BO3MOKHBIM pasMep MaKCUMAAbBHOT'O ITapoco-
JeTaHUud. 3@ MPOXOKAEHUE TeCTa ¢ Bbl IIOAYUUTE m - t; 0AANOB, TAe t; — MAKCUMaAbHOE
KOAMYECTBO OAAAOB 3a 3TOT TecT, a log, — ABOUYHBIN AOTapudM.

IIpuMmepsl
cmaHOapmHE BBOO CmaHOapmMHE BHBOO
100 0
4 31 3
12
13
14
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

ITosicHeHHs K nIpuMepam

B mepBOM mprMepe CYIIeCTBYeT TOABKO OAMH rpad us G(1,0,0) —rpad Ge3 pébep. Ecau Obr
TECT CTOUA OAVH OaAA, TO 3a 3TOT rpad BBI OBl U IIOAYUUAN OAMH OaAA.

Bo BTOpOM mIpHMepe CylLIecTByeT ABa Hem3oMopdHBIX rpada B G(4,3,1). OAMH U3 HUX — IIOA-
HBIM ABYAOABHBIN rpad Kj3, KOTODBIM M NPUBEAEH B BbIBOAe. B HEM pasMep MaKCUMAABHOI'O
IIapoCOYeTaHUsd PaBeH eAMHUIle, U 3TO U €CTh OIITUMAABHBIU OTBET. [Ipr eAMHWYHONM CTOMMOCTU
TecTa Bbl Obl TIOAYUMAM OAMH OaAA 3a AaHHBIN rpad. Bropoit rpad B G(4,3,1) — 3TO TPeyroAbHUK,
U3 KOTOpPOr'o TOpuuT pebpo. B 3ToM rpade ectb mapocodeTaHue pasMepa 2, HO3TOMY U3 OAHOI'O
OaaAa 3a TeCT 3TOT rpad AaA Obl m = % Oanna.

Ho na camoM aene oGa mpuMepa patoT 0 OAAAOB BHe 3aBUCHMMOCTU OT TOT'O, KaKoM rpad u3
G(n,A,J) BEIBeAeT Ballla IpOrpaMMa.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apada F. 3pech ObIA Bacs

HNmsa BxopHOrO (hatira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEBOJ
OrpaHuyeHVe IO BPeMEeHMU: 2 CeKyHABI
OrpaHudeHue 110 MTaMATH: 512 mebubamuT

Bacs — yaAnuHBIM XyAOKHUK. HOUBIO OH I'yAsIeT 110 TOPOAY C PIOK3aKOM, HAOUTBHIM OaAAOHYUKA-
MM C KPacKOH. B YKPOMHBIX MeCTaX, YBUAEB OAHOTOHHYIO MAU IIPOCTO HEKPACUBO PACKPAIIEHHYIO
cTeHy, Bacga ocTaHaBAMWBaeTCS, AOCTAET KPACKM U PUCYeT Ha CTeHe 4uTO HpupeTcd. K OOoAbIIO-
My cokanreHHUIO Bacu, He Bce OAOODPSIIOT TakKOe TBOPYECTBO, IIO3TOMY AEMCTBOBATH IIPUXOAUTCS
OBICTpO.

Cerntuac Bacs HalIEA ouepepHYIO TaKylo CTeHy. Ha yaule ropuT TOABKO OAUH (DOHAPB, IIO3TOMY
BUAHA TOABKO YacCThb CTeHBI. Halll repoil 3apAyMaAncs: HET AU Ha CTEHe CAEAOB ero IIPeABIAYIIETro PU-
cyHKa? Ecam ecTh, pucoOBaTh Ha HEW BO BTOPOM pa3 He CTOUT — HO €CAM HeT, HY’KHO 00S3aTEABHO
OCTABUTH elll€é OAMH YHUKAABHBIM CAeA Ha CTeHax ropoaal

IIpOTOKOA B3amMOAENCTBUS

B 3TO11 3apaue Ballle pellleHre OyAET 3allyLIEHO Ha Ka’KAOM TecTe ABa pasa.

Ilpu mepBOM 3amycKe pelleHHe MOAYYUT CXeMaTH4YHOe M300pa’keHHe BUAMMOM YaCTHU CTEHHIL.
CTeHa yCAOBHO pa30buTa Ha KAETKM: HATH KAETOK B BhICOTY U 40 KAeTOK B muMpuHy. [Ipu 3ToMm
doHaAph OCBeIlaeT TOABKO 4acThb CTeHbl MIMPUHOM B 30 KaeTOK. Ka)kpas KAeTKa ITOKpalleHa B
KaKOM-TO OAVH IIBeT. lIBeTa 000O3HAUAIOTCS OOABIIMMM QHTAMUCKUMM OyKBaMM, pPa3Hble OyKBBI
0003HaualoT pas3Hbie IIBeTa.

HTak, pellleHNe MOAYYUT IATh CTPOK, IO 30 OOABIIUX aHTAUNCKUX OYKB B Kakpou. OHa yike
packpallleHa B Kakue-TO I[BeTa, B Pa3HBIX TecTax I10-pa3HoMy. Bacs elé He Kacaacs 3TOM CTEHBHL.
Hy>kHO packpacuTrh e€ — KaK yroAHO, HO UTOOBI IIOTOM MOKHO OBIAO Y3HATh CBOE TBOPYECTBO. Y
Bacu ecTp Tpu OaAAOHUMKA C KPACKOW: KPACHOU, 3eA€HOU U CHHeU (0003HadaroTcsa OyKBaMu «R»,
«G», «B»). Kpacku Ka>KAOTO IIBETa XBATUT, UTOOBLI 3aKPaCUTh 3TUM IIBeTOM He OoAee 20 KAETOK Ha
BHUAVMOM YaCTHU CTeHbl — HE3aBUCHUMO OT TOT'O, KAKOT'O IIBeTa OHU OBLIAU AO 3TOTO.

ITocae 3TOro MOTYT CAYYUTBCS MO MOPSAKY TPU COOBITHA:

o IIpupér IleTss — ADYTrOM YyAMYHBIN XYAOKHUK — M HAPUCYET Ha 3TOU K€ CTeHe CBOI KapTH-
HY — BO3MOJXHO, IToBepX Bacuuoit. ¥ IleTu Tpu OaAAOHUMKA C KPACKAMU TEX JKe TPEX I[BETOB,
uTO U y Bacu, HO OHU MeHblIIe: Ka’KAOI'0 XBaTUT He Ooaee 4yeM Ha 10 KAETOK CTeHBHI.

o [IpUAET ABODHUK U 3aKPACHUT KaKyIO-TO YaCTh CTeHBI HIUPUHOMN B 10 KAETOK OEABIM IIBETOM
(obo3HauaeTcsa OyKBOM «W»).

o [IpUAET BAEKTPUK M NepeBecuT (poHaphb, B pe3yAbTaTe 4Uero HOYbI0 OYAeT BHAHA Apyrasd
4acThb CTeHbI IUPUHOMN B 30 KAETOK (HAIlTOMHUM, YTO OOIlas IupuHa CTeHbl — 40 KAETOK).

B ka>kpOM TecTe Bce 3TH A€UCTBHUSA, KaK U caM (PAKT UX HaAWuMd, 3aUKCUPOBAHBI 3apaHee U
He 3aBHUCAT OT AelicTBUM Bacu. I'leTsa u ABOPHUK MOr'yT paboTaThk C AIOOOM YaCThIO CTEHBI — AdKe
C TOM, KOTOpas He BUAHA HOYLIO.

ITocae Bcero 3TOTo pellleHNe YYacTHUKA OYAET 3amyIeHo BTOPOU pa3. PellleHne ONSTh ITIOAYYUT
IATh CTPOK, IT0 30 OOABIINX AHTAUNCKUX OYKB B Ka’KAOU — COCTOSTHUE CTEHBI IIOCAE BCEX ACMCTBUM.
B sTOM 3amycke HY’>KHO MHOHSATH, YTO Bacs y>ke pucoBaA Ha 3TON CTeHe, W OOAbIIe HUYEro He
AEAATh.

3apadya COCTOUT B TOM, UTOOBI IO 3aA@HHOMY HM300pa’kKeHUI0 Pacllo3HaTh, IIEPBLIM 3TO 3aIlyCK
Ha TecTe UAU BTOPOU.

@dopmaT BXOAHBIX AAHHBIX

[pm Ka’kKAOM 3aIlyCKe pellleHue MOAydYaeT n300pa’keHue BUAUMOM YaCTU CTEHBI — ISTh CTPOK,
KaXkAasi U3 KOTOPBIX COCTOUT POBHO M3 30 3arAaBHBIX aHTAMUCKUX OYKB.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

@dopmaT BHIXOAHBIX AAHHBIX

Ecau pemenue cuuTaer, uTo Bacs ellé He pucoBaa Ha 3TOU CTeHE — TO €CTh 3TO II€PBBIU
3aIlyCK Ha TecTe, — BLIBEAUTE B IIePBOM CTPoKe «No». B CAeAYIONMIHX ISITH CTPOKAX BHIBEAUTE TIO
30 CUMBOAOB, 33AQIOIIUX PUCYHOK Bacu Ha BUAMMOM 4YaCTU CTeHBI. Ka>XKABIM CUMBOA MOJKET OBITh
TOYKON («.») UAU OAHOU U3 TPEX OYKB «R», «G», «B». TOUKM 03HAYAIOT, UTO KAETKA OCTAHETCH
HEeTPOHYTOM, a OyKBBI I'OBOPSAT O TOM, YTO HY’KHO IIOKPACUTh KAETKY B COOTBETCTBYIOIIUM IIBET:
KpacHBIN, 3eAEHBIN AU cuHUN. Ka>kpad OyKBa AOAKHA BCTpeuaThCsl B pUCYHKe He Ooaee 20 pas.

Ecau ke pemieHure cuuTtaet, 4TO Bacd y>Ke pucoBaa Ha 3TOU CTeHE — TO €CTh 3TO BTOPOU 3alyCK
Ha TecTe, — IPOCTO BLEIBEAUTE B IIEPBOM CTPOKE «Yes».

IIpumep

Ha Ka>kAOM TecTe BXOAHBIE AQHHBIE TIPU BTOPOM 3aITyCKe 3aBUCSIT OT TOT'O, UTO BBIBEAO pellle-
HHe IIPU IIepBOM 3amnycke. Aaaee IMOKa3aHbI ABa 3aIlyCKa KAaKOTO-TO PEeIeHMs Ha IIePBOM TecCTe.

CmaHOapmHHU BBOO cmarOapmHHU BHBOO
WWWWWWEBRHMVEGNO I JTMKWWWWWWIWWW No
WWWWPLOAALVBZLAMDNCBXKWWWWWWNWW ....RRR....... GG...... BBB.....
WWWWIWQZASXDCFGVKBGINLMXWWWWWWW ....R..R..... G..G..... B..B....
WWWWWWIWUERPTVEIQLWWWWWWWWWWNWW ....RRR...... G.oovon.. BBB.....
WWWWWWWIWWWWWIWWWWWWWWWWWWWWWWWW ....R.R...... G.GG..... B..B....

R..R...... GGG..... BBB.....
WWWWRRRBRHMVEGGGIJTMKWBBBWWWWW Yes
WWWWRLORALVBZGAMGNCBXKBWWBWWWW
WWWWRRRASXDCFGVKBGJIJNLMBBBWWWWW
WWWWRWRWUERPTGEGGLWWWWBWWBWWNWW
WWWWRWWRWWWWIWWGGGWWWIWWBBBWWWWW

Cucrema oI1eHKHU

TecTsl cOCTOAT M3 IpUMepPa U BOCBMU I'PYHII, Ka*XAasd U3 KOTOPHIX AAET 12.5 6AAAOB.

B rpynnax 2, 4, 6 u 8 Ha cTreHe pucyer Ilers.

B rpynnax 3, 4, 7 1 8 IpUXOAUT ABOPHUK.

B rpynnax 5, 6, 7 1 8 IpUXOAUT 3AEKTPUK.

YTOOBl HOAYYHUTL OAAABl 3a TPYIIY, B KOTOPOW IIPOHMCXOAUT MHOXKECTBO AEUCTBUM S, HYKHO
IIPOMUTHU BCE TECThI, TA€ MHOKECTBO AENCTBUM SIBASIETCS MOAMHOXKecTBoM S. Hampumep, 6aAAbl 3a
Tpynny 7 MOXKHO IOAYYMTB, TOABKO ITPOUAS BCe TeCThl U3 rpynn 1, 3, 5 u 7, a TakyXe IpuUMep U3
ycaoBusd. MIToropoe KOAMUeCTBO ODAAAOB OKPYIASIETCS K OAVMJKAUIIEMY ILIEAOMY YHCAY (K YETHOMY,
ecamn ApoOHag JacTb paBHa 0.5).
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apava G. Cesg3Has urypa

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 meOubauT

BeckoHeuHBIN AMCT KAETUATOM OyMaru packpallleH B IIaXMaTHOM HopsaAKe. Kakoe HamMeHbIllee
KOAMYECTBO OEABIX KAETOK MOJKeT OBITh B CBSI3HOU IO CTOPOHE KAETUYATOM (PUTYpe, B KOTOPOU
POBHO 7N UEPHBIX KAETOK?

QopmarbHO, KAeTUyaTask (purypa — 3To IPOU3BOABHOE KOHEYHOe MHOKECTBO KAETOK AncTa. Du-
Typa Ha3bIBAETCS CBS3HOU, €CAU OT AIOOOM KAETKM (QUTYPhl MOKHO AOUTH AO AIOOOM APYTOH,
IlepeMelasicb TOABKO B COCEAHHE II0 CTOPOHE KAeTKU (PUT'YyPHl (BBIXOAUTBH 3@ IIPEeAEABbl (PUI'yPEHI
HEeAb34).

[MpuMephbl HUKE UAAIOCTPUPYIOT, Kakue (pUrypbl — CBA3HbIE, a KaKue — HeT. B Ka>kAOM 13 HUX
AAS HaTAGAHOCTY KapPTHHKU 3aKpallleHbl TOABKO KAEeTKH, IPUHaAAesKallme PUrype, NpudéM Oeable
KAeTKH (DUI'YyPBL 3aKpallleHbl CAAATOBBIM LIBETOM, YTOOBI OTAMYATHCSA OT Oenroro ¢poHa.

CBs3Hag purypa u3 OpAHOU YEPHOU U
OAHOM GEAOM KAETKH. CasizHas purypa c «Abpkoi». OHa
COCTOUT U3 4 OeAbIX U 4 4YEPHBIX

KAeTOK. LleHTpasrbHasg KAeTKa — TOXKe
OeAas, HO He IBASeTCS YaCThbIO

pUrypHL.

Bcé emé HecBsA3HasA (purypa, Tak Kak
XOAUTH MOJKHO TOABKO MEKAY
COCEAHUMM II0 CTOPOHE KAETKaMU
(KacaHmM4 IO YIAy HEAOCTATOYHO).

Hecsa3Has durypa — or eé reBou
TTOAOBUHBI HEAB3SI AOUTHU AO ITPaBOH,
OCTaBasCh BHYTPU (DUI'YPHI.

dopMaT BXOAHBIX AAHHBIX

B eAMHCTBEHHOU CTpPOKe AQHO IleAOe UYHCAO 71— KOAWYECTBO UYEPHBIX KAETOK B (Qurype
(1 <n <109,
dopMaT BBIXOAHBIX AQHHBIX

BriBeAnTE OAHO UMCAO — HauMeHbIIIee BO3MOKHOE KOAMYECTBO OEABIX KAETOK B CBSI3HOM KAET-
4aTou (PUrype C n YEPHBIMU KAETKAMU.
CucreMa OIleHKH

TecTel K 3TOI 3apaue COCTOAT M3 TPEX I'PYII. BaAAbl 3a KaXKAYIO IPYHITY CTAaBATCS TOABKO IIPH
IIPOXOKAEHUU BCEX TECTOB, ITOAXOAAIINX [10A OrPAHUUYEHUS 3TOU IPYIIIHL.

Crpanunia 11 u3 17



Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

Bo Bcex TecTtax mepBol rpynnbl 1 < n < 5. 3a DpPOXOXAeHHE BCeX TeCTOB IIEPBOM TI'PYIIIBI
MO>KHO HOAYYUTH 21 OarA.

B Tecrax Bropoii rpynmel 1 < n < 10°. 3a BTOPYIO IPYIITY MOXKHO MOAYYHUTD emié 42 GaaAa.

Ha TecTbl TpeThbel TpyNIbl He HAKAAABIBAETCS HUKAKUX AOINOAHUTEALHBIX OrpPaHUYEHUM, TO
ectsb B Heit 1 < n < 10'8. 3a Heé MOXXHO HMOAYUUTH ocTaBecs 37 GaANOB.

IIpuMepsl
cmaHOapmHEU BBOO cmanHOapmHHU BHBOO
1 0
5 2

ITosicHeHus K mpuMepam

B nepBoM mpumepe MO’KHO B3SITh (PUI'YPY, COCTOSIIVIO M3 OAHOU YEPHOU KAETKHU, IIOITOMY
oTBeT Ha Hero paseH 0.

Mo>XHO AOKa3aTh, YTO B CBSI3HOM KAETUATOM (Urype C 5 UEPHBIMU KAETKAMHU BCerpa OyAer
XOTs Obl 2 6eAbIX KAeTKH. [TpuMep ¢ 2 OeABIMH KA€TKaMU MOJKHO YBUAETH HUKE.

Bo3MOXHEBIN nIpuMep AAG 1 = 5.
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apaua H. Tponnuecknint MUHUMYM

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 meOubauT

Muiia IIoAy4YHMA 3arapO4YHYIO IIOCBIAKY M3 AAQAEKOU cTpaHbl. OTKPHIB €€, OH OOHAPy KUA BHYT-
PY TPOIIMUYECKUMN KAABKYASATOD, @ TAaK)Ke MACCHUB IIeABIX unceA. Ilpu OAm’KalieM pacCMOTPEHUM
Muiiia HOHSA, UTO KAABKYASITOP yMeeT BBIUMCASATH PE3YAbBTAT AOBOABHO AAWHHBIX BBIPpa>KeHUU C
oIepanusMU CAOKEHUS U YMHOJKEHHUS, OAHAKO He yMeeT oOpadaThiBaTb CKOOKU. [lpm emé Oo-
Aee AeTaAbHOM pPacCMOTPEHMU OH OOHApy’>KHMA, UTO B KaUeCTBE Pe3yAbTaTa CAOKEHHUS ABYX UHCEA
KaABKYASITOP BO3BpalllaeT MUHUMAABHOE K3 YMCEA BMEeCTO MX CyMMbI, @& B KaueCTBe pe3yAbTaTa
YMHOJKEHUSI — CYMMY MHOXXUTEAeN BMECTO IIpOM3BeAeHUd. Mullle cpa3y ke CTaA0 MHTEPECHO, Ka-
KOe MHUHHMAaABHOE ULUCAO MOXKET IIOAYUYUTHCS, €CAM OH PACCTaBUT MEKAY YHMCAAMU B IIPHUCAAHHOM
€My MacCHUBe OIlepalliuM CAOKEHUS U YMHOXXEHUS, II0OCAE YeTrO BEIUMCAUT Ha KAaABKYASITOPE PE3YAb-
TaT IIOAYyYEeHHOIO BblpakeHUsA. OOpaTuTe BHUMaHMe, UTO YHUCAA B MAacCCHUBe I1€PeCTaBAAThH HEAb3d,
a NIPHUOPHUTET YMHOKEHUSA y KAABKYASTOpA BBIIIE, YeM YV CAOKEHUS, HECMOTPSA Ha TO, YTO CaMM
olepalnuy HeOObIUHHI.

dopmaTt BXOAHBIX AAHHBIX

B niepBo1i cTpoKe 3aAaHO OAHO YUCAO T — KOAMYECTBO HAaOOPOB BXOAHBIX AQHHBIX, AAST KOTOPBIX
HY>XKHO pelnTh 3apauy (1 <71 < 105).

B mepBoif CTpPOKe KakKAOro Habopa 3apaHO YHMCAO n — pasMep MaccuBa (1 < n < 109). B
CAEAVIOUIEN CTPOKe 3apaHBl 4yepe3 IIpobeA n IIeABIX UYHCEeA a1,a2,...,0, — DAEMEHTBl MacCHUBa
(—231 < a; < 23,

lapaaTHpYyeTCd, YTO CyMMa n II0 BCeEM HAaOOpaM BXOAHBIX AQHHBIX HE ITPEBOCXOAUT 106.

dopmaT BBIXOAHBIX AAHHBIX

AAS Kaykpaoro Habopa BXOAHBIX AQHHBIX BBLIBEAUTE B OTAEALHOM CTPOKE OAHO UMCAO — OTBET Ha
3apa4y.

CucreMa OIleHKH

3apada COAEP’KUT BOCEMBb IOA3aAa4Y. AAS TOrO, YTOOBI pelleHHe OBIAO MPUHATO Ha IIPOBEPKY,
HeoOXOAMMO, UTOOBI OHO ITPOXOAVAO TECT M3 YCAOBUSA. BaAAbl 3a KaXkKAYIO TTOA3aAAYy OYAYT HadMC-
A€HBI, €CAM IIPOUAEHBI BCE TECThI 3TOM M BCEX IIPEABIAYIIUX MOA3aAa4. VICKAIOUEHUS COCTABASIOT
TPeThd TI0A33Aa4a, AAS IPOXOXKAEHUS KOTOPON He TpeOyeTcs IPOXO’KAeHUe BCeX TeCTOB BTOPOU
1I0A38Aa4U (HO HYJ)KHO IIPDOMTH BCE TECTHI IIEPBOM MOA3aAAQYH), & TAKKe IIOCAEAHST II0A33AQYa,
cocrogamas u3 40 TeCTOB, Ka*KABIY M3 KOTOPBIX OIIEHUBAETCS MHAUBUAYAABHO B 1 GaAA.

Ilop3apaua | Baaasr Orpamrierus
T n a;
1 10 T=1 | n<10 la;| < 100
2 5 T<10° | n<10 la;| < 100
3 5 T<10 | n<20 la;| < 100
4 5 T <10 | n<100 la;| < 100
5 5 T<10 | n<100 | =231 < a; < 231
6 10 T <10 | n <1000 | —23! < a; < 231
7 20 T=1 | n<10* | =231 <q; <23
8 40 T<10° | n<108 | =230 < a; < 23
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IIpumep
cmaHOapmHEU BBOO cmanHOapmHHU BHBOO
4 -4
7 3
-1 -1 -12 -1 -1 -1 -130
3 -100
7 3 6
5
10 -50 20 -100 30
3
-100 100 100
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Oaumnimapa CIIOIY no mHGOpMaTHUKE CPeAU IITKOABHUKOB
3aouHbIM TYyp, ce3oH 2021-2022

3apaua I. Tponnueckuin MakKCUMyM

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 meOubauT

Muiia IIoAy4YHMA 3arapO4YHYIO IIOCBIAKY M3 AAQAEKOU cTpaHbl. OTKPHIB €€, OH OOHAPy KUA BHYT-
PY TPOIIMUYECKUMN KAABKYASATOD, @ TAaK)Ke MACCHUB IIeABIX unceA. Ilpu OAm’KalieM pacCMOTPEHUM
Muiiia HOHSA, UTO KAABKYASITOP yMeeT BBIUMCASATH PE3YAbBTAT AOBOABHO AAWHHBIX BBIPpa>KeHUU C
oIepanusMU CAOKEHUS U YMHOJKEHHUS, OAHAKO He yMeeT oOpadaThiBaTb CKOOKU. [lpm emé Oo-
Aee AeTaAbHOM pPacCMOTPEHMU OH OOHApy’>KHMA, UTO B KaUeCTBE Pe3yAbTaTa CAOKEHHUS ABYX UHCEA
KaABKYASITOP BO3BpalllaeT MUHUMAABHOE K3 YMCEA BMEeCTO MX CyMMbI, @& B KaueCTBe pe3yAbTaTa
YMHOJKEHUSI — CYMMY MHOXXUTEAeN BMECTO IIpOM3BeAeHUd. Mullle cpa3y ke CTaA0 MHTEPECHO, Ka-
KOe MaKCHMaAbHOE UMCAO MOJKET IIOAYUUTHCS, €CAM OH PACCTaBUT MEKAY UMCAAMU B IIPUCAAHHOM
€My MacCHUBe OIlepalliuM CAOKEHUS U YMHOXXEHUS, II0OCAE YeTrO BEIUMCAUT Ha KAaABKYASITOPE PE3YAb-
TaT IIOAYyYEeHHOIO BblpakeHUsA. OOpaTuTe BHUMaHMe, UTO YHUCAA B MAacCCHUBe I1€PeCTaBAAThH HEAb3d,
a NIPHUOPHUTET YMHOKEHUSA y KAABKYASTOpA BBIIIE, YeM YV CAOKEHUS, HECMOTPSA Ha TO, YTO CaMM
olepalnuy HeOObIUHHI.

dopmaTt BXOAHBIX AAHHBIX

B niepBo1i cTpoKe 3aAaHO OAHO YUCAO T — KOAMYECTBO HAaOOPOB BXOAHBIX AQHHBIX, AAST KOTOPBIX
HY>XKHO pelnTh 3apauy (1 <71 < 105).

B mepBoif CTpPOKe KakKAOro Habopa 3apaHO YHMCAO n — pasMep MaccuBa (1 < n < 109). B
CAEAVIOUIEN CTPOKe 3apaHBl 4yepe3 IIpobeA n IIeABIX UYHCEeA a1,a2,...,0, — DAEMEHTBl MacCHUBa
(—231 < a; < 23,

lapaaTHpYyeTCd, YTO CyMMa n II0 BCeEM HAaOOpaM BXOAHBIX AQHHBIX HE ITPEBOCXOAUT 106.

dopmaT BBIXOAHBIX AAHHBIX

AAS Kaykpaoro Habopa BXOAHBIX AQHHBIX BBLIBEAUTE B OTAEALHOM CTPOKE OAHO UMCAO — OTBET Ha
3apa4y.

CucreMa OIleHKH

3apada COAEP’KUT BOCEMBb IOA3aAa4Y. AAS TOrO, YTOOBI pelleHHe OBIAO MPUHATO Ha IIPOBEPKY,
HeoOXOAMMO, UTOOBI OHO ITPOXOAVAO TECT M3 YCAOBUSA. BaAAbl 3a KaXkKAYIO TTOA3aAAYy OYAYT HadMC-
A€HBI, €CAM IIPOUAEHBI BCE TECThI 3TOM M BCEX IIPEABIAYIIUX MOA3aAa4. VICKAIOUEHUS COCTABASIOT
TPeThd TI0A33Aa4a, AAS IPOXOXKAEHUS KOTOPON He TpeOyeTcs IPOXO’KAeHUe BCeX TeCTOB BTOPOU
1I0A38Aa4U (HO HYJ)KHO IIPDOMTH BCE TECTHI IIEPBOM MOA3aAAQYH), & TAKKe IIOCAEAHST II0A33AQYa,
cocrogamas u3 40 TeCTOB, Ka*KABIY M3 KOTOPBIX OIIEHUBAETCS MHAUBUAYAABHO B 1 GaAA.

Ilop3apaua | Baaasr Orpamrierus
T n a;
1 10 T=1 | n<10 la;| < 100
2 5 T<10° | n<10 la;| < 100
3 5 T<10 | n<20 la;| < 100
4 5 T <10 | n<100 la;| < 100
5 5 T<10 | n<100 | =231 < a; < 231
6 10 T <10 | n <1000 | —23! < a; < 231
7 20 T=1 | n<10* | =231 <q; <23
8 40 T<10° | n<108 | =230 < a; < 23
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IIpumep
cmaHOapmHEU BBOO cmanHOapmHHU BHBOO

4 -1
7 16
-1 -1 -12 -1 -1 -1 -50
3 100
7 3 6
5
10 -50 20 -100 30
3
-100 100 100
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3apaua J. Pazpaya nopapkos

Vimga BxopHOTO (harira: cmaHOapmHEIll BBOO
ViMst BEIXOAHOTO (paiina: cmaHOapmHEIU BEIBOO
OrpaHuueHue 110 BpeMeHU: 2 CeKyHABI
OrpaHuyeHue Mo MaMsITU: 512 merabauiT

Ckopo Hosriit 'op! 3atiuata momoram Aepy Mopo3y yIakoBaTh BCe IOAAPKU AAS AeTeil. Te-
IIepb HaCTaAO BpeMsI UM CaMHUM IIOAYYUTH IIOAAPKH!

Bcero Aepy Mopo3sy momoraau n 3amdar, [IPOHYMEPOBAHHBIX IIEABIMU YUCAAMU OT 1 A0 n.
Aep Mopos cobupaeTcsa pa3aoXUTh BAOAb BOAIIEOHOI'O KOPHUAOPA 1 IIOAAPKOB, TAK’Ke IIPOHyMe-
POBAHHBIX IO HOPSAKY LEABIMH YHCAAMHU OT 1 A0 n. UTOOBI MOAYUYUTH ITOAAPKH, 3aliyaTa OyAyT IO
ouepeApU 3aXOAUTH B KOpPUAOP. [Ipo Ka’kpaoro 3aliuoHKa M3BECTHO, KaKue M3 n IIOAAPKOB eMy Hpa-
BATCS, @ KakKue HeT. 3alUYOHOK IIphIraeT BIEPEA AO IEPBOr0 M3 OCTABIINXCH ITOAAPKOB, KOTOPHIHN
eMy HpaBUTCS, 3a0upaeT ero cebe M UAET OTABIXATh. I[locAae 3TOr0 B KOPUAOP 3aXOAUT CAEAYIOIINHN
3aMYOHOK.

Hanpumep, nycte n = 3, IepBOMY 3aW4YOHKY HPABATCS BCe TPU IIOAAPKA, BTOPOMY — TOABKO
IIOAAPOK HOMeD 3, a TpeThbeMy — IOAAPKU ¢ HoMepaMmu 1 u 2. CHavaAa MIepBBIM 3aTYOHOK BO3BMET
ce0Oe mopapok HoMmep 1. 3aTeM BTOPOM 3aUMUYOHOK IIPOITYCTUT IIOAAPOK HOMED 2 U BO3BMET IIOAAPOK
HOMep 3. HakoHell, TpeTUM 3aUYOHOK BO3BMET IIOAAPOK HOMEDP 2 — eMy ObI IIOHPABUACSI M IIOAQPOK
HOMep 1, HO 3TOro MopapKa B KOPHUAOpPE yiKe HeT.

YBBI, MOKET TaK CAYUYMTBHCH, YTO OUEPEAHOM 3aMYOHOK 3aUAET B KOPHUAOP, HO HU OAUH U3
OCTaBIINXCS IOAAPKOB eMy He mnoHpaButcsa. Ho Aep Mopos3 Ha TO U BOAIIEOHUK, YTOOBI 3TOTO He
AONYCTUTH!

B sTom ropy Aea Mopo3 yBAEKcS aareOpoii. Tenepb, CTOUT AU €My OAYMAaTh IIPO KaKyIo-TO
KBaAPaTHYIO MaTPUILy pasMepa n X n U3 HyAel U eAMHUI — K [I0OAAPKU OKa’KyTCs TaKUMU, YTO:

e EcAu B -1 CTPOKE U j-M CTOAOIle CTOUT 1, TO 7-MYy 3aWYOHKY HPABUTCH j-U IIOAAPOK.

e EcAu B -1 CTPOKE U j-M CTOAOIle cTouT 0, TO 7-My 3aM4YOHKY He HPABUTCA j-U IIOAAPOK.

KBappaTHasg maTpunia pasMepa n X n U3 HyAeM U eAVHUI] Ha3bIBAE€TCSI CUACMAUBOU, €CAU B
caydae, korpa Aep Mopos mopyMaeT IIpo 3Ty MATpPHUIly, BCe 3alyaTa IIOAydaT IIOAApKUA. CKOABKO
CYIIECTBYET PA3AMUYHBIX CYACTAUBBIX MATpUIl? [IOCKOABKY MX KOAMYECTBO MOXKET OBITH OYeHb
GOABIIINM, BBIBEAUTE €ro OCTaTOK OT AeAeHus Ha 109 + 7.

q)OpMaT BXOAHBIX AAdHHBIX
B eAMHCTBEHHOM CTPOKe AQHO Ijeaoe umcro n (1 < n < 10°).
@dopmaT BHIXOAHBIX AAHHBIX
BriBepnTE OAHO UUCAO — KOAMYECTBO CUYACTAMBBIX MATPUIL 10 MOAYAIO 10° 4+ 7.

CucremMma o1neHKHu

B aToi 3apaue 22 TecTa: ABa npuMepa M 20 CKpPBITHIX TeCTOB. ECAU Ballle pellleHNe IPOXOAUT
o0a mpuMepa, TO 3a Ka’KABIM U3 IIPOMAEHHBIX CKPBITBIX TECTOB BBl IIOAYYHUTE IIO 5 OAANOB.
I'apauTupyetcd, uTo nepBble 10 CKPBITBIX TECTOB — 3TO BCe I[eABle YUCAa OT 3 A0 12.

IIpuMepsl
CmaHOapmHHU BBOO cmanOapmHHT BHBOO
1 1
2 6

ITosicHeHus K IpHMepam
B mepBOM mprMepe TTOAXOAUT TOABKO MaTpuiia (1).

1 0 1 0 1 1 1 1 0 1 0 1
Bo BTOpOM npuMepe 6 c4aCTAUBBIX MaTPUIL: <O 1>, <1 1), (0 1), <1 1), (1 0> " (1 1>.

11 . . . .. N
ManI/IHa <1 0 He ABAFEeTCSA CHACTAMBOM: CHA4YdAd IMEPBBIM 3dWMYOHOK BO3bLMET cebe IIepPBbIU

IIOAAPOK, 3aTeM B KOPUAOP 3aWAET BTOPOM 3aMYOHOK — HO OCTABIIHUMNCS IIOAAPOK €My He IIOHpa-
BUTCS. TakKe He ABASETCI CUACTAMBOM, HaAllpuMep, MaTpHUIla, IIEANKOM COCTOSAIas U3 HYAeH.
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Pa300p 3apaun «CyMma ApoOeil C OKpyrAeHueM»

ABTOp 3apauu: VBan KazMeHKO
IToaroToBKa TecToB u pelieHnii: lBaH KazMeHKO
ABTOp pasbopa: VBan KazMeHKO

HawuBHoe pelieHmne — BEIYUCASITL U CKAAABIBATH APOOM A0 TeX IIOp, ITOKa OouepeAHas M3 HUX
He OypeT MMeTh IeAyio JacTh (. Takoe pellleHMe pearusyeTcsi Aerko, paGotaer 3a O(y/n), u Ha
KOMIIMAUPYEMBIX SI3bIKaxX y>Ke IoaydaeT 90 ¢ yeMm-TO OannroB! Bo3HMKaeT 3aKOHOMEPHBIU BOIIPOC:
CTOSAT AWM HECKOABKO OCTaBIINXCS OAAAOB AOIIOAHUTEABHBIX YCUAUN?

IMpeanionoKUM, YTO 6OA€e TPOCThIE CITOCOOBI TTOAYYUTHL OAAABI KOHUMANMCH, U OTBET Ha yKa3aH-
HBIU BOIIPOC ITIOAOKUTEABHBIN. [TOCMOTPUM, KaK BEAYT Cce0s craraeMble Ha KaKOM-HUOYAB IIpEMepe
moOoAbIlle, Hampumep, mpu n = 1000:

099 | 998 | 997|996 | [995| 994 |993| |90 [991| 990 |989| |08,
1 4 9 16 25 36 49 64 81 100 121 144 |
=999 +249+110+62+394274+20+15+1249+8+6+...

BuaHO, 4TO umcAa BHa4aAe O4eHb OBICTPO YOBIBAIOT. C APYI'OM CTOPOHBI, BCE CAEAYIOIIHNE YHUCAA
OyAyT He OOABIIIe HIECTU — HO eIlé BCTPETUTCS IMOUTHU ABa AeCSATKa HEHYAEBBIX CAAraeMbIX.

OTO MOXXeT HATOAKHYTbH Ha CAEAYIOUIYIO HMAEIO: AaBaliTe OTAEABHO PEeIINM 3apady AASL OOAb-
IIIUX CAAraeMbIX U OTAEABHO — AASI MaAeHBKUX. [Toka ouepepHoe caaraemMoe He MeHbIle KaKOTro-TO
npepera k, O0ypeM npubaBALTH €ro K OTBETY M BBIUUCALTH CAeAYIOIlee, KaK B HaWBHOM pellle-
HUU. A cAraraemble, KOTOpble MeHbIe k, TOCUUTAaeM TaK: AAS Ka*kKAOro ¢t < k HaWpAEéM KOAUYECTBO
cAaraeMbIX, PaBHBIX ¢ — IIYCTh 3TO ¢(t) — 1 IPUOABUM K OTBETY BEAMUHHY t - c(t).

Kak moHsTh, ueMy paBHO ¢(t)? CHayaAra HAOUIEM, KOTAQ CAaraeMoe PaBHO t: 3TO O3HAYaerT,
arTo t = |%5%], To ecth "5 <t < "5 4 1. MOKHO 9eCTHO IIOpeIIaTh ABOMHOe HEpPaBEHCTBO, a
MO>KHO AASI KQKAOT'0O ¢ HAUTHU T'PAHUIILI & ABOUYHBIM IIOMCKOM. B BEIUMCAGHUSX CAeAyeT M30esKaTh
04-OUTHBIX BellleCTBEHHBIX unceA (double), Tak Kak C HUMH, CKOpPee BCEro, AN BBIYUCAEHUMN He
XBATUT TOUHOCTU. MOKHO CUHUTATh B ITEABIX YMCAAX UAU B 80-OMTHBIX BellleCTBEHHBIX.

Kak BLIGpaTh Tipepen k? Tlepsas yacTh pemenwust pabotaet 3a O(n/k?), a Bropas — 3a O(k) uau
O(klogn). TloaToMy AAsE pelieHusi ¢ POPMYAOM IOAXOAUT rpaHuna k = /n. YYuTbIBas orpaHude-
HUS Ha 1, MOJKHO MCIIOAB30BaTh KOHCTAHTy k = 10°. AAst pelleHusi ¢ ABOMUHBLIM TIOMCKOM TPAHUILY
k MO>KHO B3SIThb UyTb MeHbIIIE.

Pa300p 3apauu «IToAOBHHKN»

ABTOp 3apauu: MBan KazmeHKO
IToaroToBKa TecToB U pemeHuli: lBan KasmeHko
ABTOp pasbopa: HBan KazMeHKO

Pemenne 3Toi 3apauu — pAMHAMHUYECKOe IIPOIPAMMUPOBAHUE II0 TIOAMHOKECTBAM.

CHauanra mocTpouM rpad AAd YAOOHOI'O pellleHHs 3apauu. B rpade OypeT n BepiiuH, i-1—
COCTOSIHHE KHUT'H, B KOTOPOM OTKPBITHL PA3BOPOTEHI C i-M IJBETOM KPACKU U -M IIpepMeToM. PEOGpa —
IIepeXoAbl MeKAY 3THMH COCTOSHUSIMHU. AAMHA KaXKAOIO pedpa — KOAMYECTBO NEPEAUCTBIBAHUM,
CYMMapHO CBEPXYy U CHHU3Y.

Teneps nepedopmMyrupyeM HaIly 3apady. AaH rpad, Hy>KHO HA HEM HAWUTU KPATYAUIIUU [IYTh,
KOTOPBIN ITIOCEIIaeT Ka’KAYIO BEPIIUHY POBHO OAWH Pa3. OTO KAACCHUYEeCKas 3apa4a, U3BeCTHAd KakK
«33Aa49a KOMMUBOSIIKEPA».

Pemenue, paGoratomee 3a O(2" - n?) Bpemenu u O(2" - n) mamMaTH, BKpaTlle YCTPOEHO TaK.
PaccmoTpuM Bce BO3MOJKHBIE COCTOSTHUS (S,u) BHAQ «IIOCEIIEHO MOAMHOXXECTBO S, a ITOCAeAHSIS
moceléHHas BepiirHa u». basza: B HadyaAbHBIE COCTOSIHUS BUAA ({u}, u) MBI MOKeM IOIacThb 3a Bpe-
Mf, TpeOyeMoe, 4TOOBI IIEPEANCTATh KHUT'Y OT IE€PBBIX Pa3BOPOTOB AO PA3BOPOTOB C u-M IIBETOM
KPacKu U u-M IIpepMeToM. [Tepexopbl: B cocTosiue (S, u) MBI MOTAU IIOTIACTb U30 BCEX COCTOSTHUMN
Bupa (S\{u},v), rae Bepmunua v € S\{u}, AoGaBUB BpeMs IIpOXOAA IO PeOpy M3 BEPIIMHLI U B
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BepIINHY u. V30 BceX 3THX CHOCOOOB HY’KHO BBIOPATH TOT, B KOTOPOM CYMMAapHOe BpeMs KakK
MO>XHO MeHbIle. OTBET: MUHUMaAbHOE M3 3HAYEHHUH B COCTOSTHUAX BUAA (7, u), rae MHOXecTBO T’
COAEP’KUT BCe 1 BEPIIWH HAIlero rpada.

Kak oOBIUHO B AMHaMUKe II0 ITOAMHOXXeCTBaM, OyAeM KOAUPOBAThH BCe BO3MOKHBIE MHOKECTBA
S aBomuHbIMU uyrcAaMu OT 0 A0 2" — 1. UTOOBI BOCCTAHOBUTEL CaMU MEPEAUCTHIBaHUSA, KPOME MUHU-
MaABHOI'O BpeMeHM B Ka’KAOM COCTOIHUM OyAeM XpaHUTh, M3 KaKOW BepPIIMHBLI ¥ MBI COBEPIINAU
OIITUMAABbHBIU IEPEXOA,

Pa30o0p 3apauu «MHoOroMmepHsbie (ep3u»

ABTOp 3apauu: Muxaua VMiBaHOB
IToproroBka TecToB U pellieHnu: Mwnuxaua VBaHOB
ABTOp pasbopa: Muxaua VMiBaHOB
HazoséM paccmosinuem Hebbuuépa Mexpy AByMs KaeTkamu @ = (qi,...,94) ¥ S = (s1,...,54)

BeAndnHy (o (Q,S) = maX;eqy,. 4} [¢i — Si|, TO €CTb 4MCAO XOAOB MHOTOMEPHOTO KOPOASi, HEo6Xo-
AUMOEe AASL TOTO, UTOOBI AOOPAThCS OT OAHOM KAETKH AO APYyroi. 3aech U Aasee depe3d d MBI
o003HavaeM pa3zMepHOCThb IMIaxXMaTHOU AOCKU.

[TycTs depss cTouT B KAeTKe (). [TocunTaem umcao Ay — 3TO CKOABKO KAETOK S, HaXOAAIINXCS
Ha paccrosaun Yeobwméra £ > 0 oT (), 6bET 3TOT (pep3b. [To oTpepeAreHUI0 BAOAL Ka*KAOU OCH i
KOOpAMHATA S; AUOO COBIIAA@eT C ¢;, AMOO OTAMYaeTcs PoBHO Ha ¢, To ecThb s; € {q; — {,qi,q; + (}.
HekoTopsle 3 3TUX BapUaHTOB gonycmumble, TO €CTh HAXOAATCA B IpepeAax oT 1 Ao n; (Tae n; —
HIMPUHA AOCKU BAOAB ¢-M ocH). Tak Kak ¢; — £ MOXKET oKa3aThCsl He OOAbIe HYAS, a ¢; + n; MOXKET
0OKa3aThCsa OOABIIE 1, AOIIYCTUMBIX 3HAUEHUN KOOPAWHATEI — OT OAHOU A0 TPéX. ODO3HAUYUM Uepes
a; UX KOAUYECTBO.

BayxHO 3aMeTuTh, 4YTO, HaXOAS OAHY M3 IIOAXOASIINX KAETOK S, MOXHO BBIOMPATh Ka’KAYIO
KOOPAMHATY M3 AOIIYCTHMMOI'O MHOXXKECTBa He3aBUCUMO OT BbIOOpA BAOABL APYTUX OCel; eAUHCTBEH-
HOe HaKAaAbIBaeMOe Ha HaC OrpaHWYeHMe 3aKAI0YaeTCs B TOM, UYTO HEAB3ST BAOAL BCeX OCel B3ATh
S; = @;, XOT4 OBl pa3 HEOOXOAMMO BBIOPATH APYTr'O€ UMCAO. DTO KOMOMHATOPHOE PacCy’>XKAeHUe IIpU-
BOAUT Hac K opmyae Ay = H?Zl a; — 1. Arsg ypoOCTBa AaAabHeUIIeNM pabOThl C 3TUM BBIPA’KeHUEM
obosuauum P, = Hle a;, Torpd Ap = Py — 1.

IToka 4TO BBIIIIECKa3aHHOE IIPUBOAUT HAaC K aAropuTMy, paboraromemy 3a O(Nd), rae N — Mak-
CUMaAbHas IMIUPUHA AOCKU BAOAB OAHOM M3 Oced. A mMeHHO, repebGepém ¢ oT 1 po N, mocunTaem
BCe a; AAS Kakporo Takoro ¢ u 3a O(d) Haipém Ay. B KOHIle Bce 3TH YMCAA CAOKUM.

Teneps mormpoOyeM 3TOT aATOPUTM CONITUMM3UPOBATh. 3aMeTUM, YTO, KOTAA MBI lepebupaeM B
TIOPsIAKE BO3pacTaHUsA BCe BO3MOXKHBIE ¢, KayKAO€ a; C KaXKABIM IIaroM AMOO He M3MeHsAeTCs, An0Oo
yMeHbIIaeTcsi. boaee TOro, MOMEHTHI, KOTAQ OHO YMEHBIIAETCs, AeTKO IIOCYNTATh: HanuMeHbllee £,
IIpU KOTOPOM a; CTAHOBUTCS ABOWKOM, paBHO min{¢;,n; — ¢; + 1}, a HauMeHsbItee ¢, TP KOTOPOM
a; CTAQHOBUTCSI €AMHHUIIEN, paBHO max {q;,n; — ¢; + 1} (ecAMm 3THM ABa YMCAA PaBHBI, TO a; CPasy
CTaHET eAUHMIeN 6e3 MPOMeKyTOUHOM (ha3bl, B KOTOPOM OHO PaBHO ABYM). AaBaliTe cAeAaeM
MacCuB AAUHBL [N M3 CIHCKOB, B /-M cIICKe OyAaeM XpaHUThb HOMepa Ocel, BAOAbL KOTOPBIX UKUCAO
@; YMEHBITIaeTCsI UMEeHHO TIpU AAaHHOM ¢ (1 OyAeM XPaHUTb ABa’kKAbI, €CAM a; B 3TOT MOMEHT ITaAaeT
C TPOWKHU Cpa3y A0 €AMHWUIIBI). DTOT CIMCOK AerKo 3amoAHUTH 3a O(d). 3aTeM GyaeM mepebUpaTh
BCe BO3MOJKHBIE { M AASL HUX CUMTATL Py, B Ka’KABIML MOMEHT XpaHs TeKyInue a;. AAs yAoOCTBa
OypaeM cuuTaTh, 4To Py = 3% To ecTb Bce a; = 3, HO Ay He OyAeM YUUTBHIBATHL B OTBeTe. AAd
Ka’>kA0To ¢ HapO MTPOCTO BBIYUCAUTE P, 3Has Py 1 U CIIMCOK TeX OCel, BAOAL KOTOPHIX ITPOU3OIIAU
u3MeHeHUs IIpU AaHHOM ¢. BO3bMEM B KauecTBe IPEeABapPUTEABHOTI'O 3HaUeHUsI Iy y>Ke mocuuTaHHOe
P,_, u nepebepéM HOMepa B CIHUCKe HOMEPOB OCeEU, MOCTeNeHHO MeHdd c¢ 3TuM Fy. Ecam Tam
eCThb i-1 OChb W a; = 3, TO 3alMIIeM HOBOe 3HaueHUe a; = 2 WM 3aMeHuM P Ha %P. 3Aech Ba’>kKHO
3HATH, YTO B KOABIIE OCTATKOB II0 MOAYAIO HATYPAABHOTO 4ncAa M MOKHO He TOABKO CKAQABIBATD,
BBIUUTATHL U YMHOKaTh, HO TakK’Ke U AEAUTh Ha YHUCAO, B3aUMHO IipocToe ¢ M. B wacTtHOCTH, TIO
MOAYAIO 998 244 353 BMeCTO AOMHOKEHMS Ha % MO>XHO AOMHOYKaThb Ha % = 665496 236.
AHaAAOTUYHO, €CAM B CIIMCKe HAIIAACh OCh %, AASI KOTOPOM a; = 2, TO HAAO 3aMEHUTH a; Ha eAUHUITY
U AOMHOXKHUTL P, Ha %, VAU >Ke Ha wgszﬂ = 499122177. (B wacTHOCTH, €CAU ¢ XPAaHUTCSI B

OAHOM M TOM JXe CIIMCKe ABAXABI, TO 1 AOMHO>XHMM MBI Pg IIOCAEAOBATEABHO Ha 1 Ha %; IIpu

win
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KEAQHUU MOKHO OBIAO XPAHUTH B OTAEABHOM MAaCCHUBE CIIUCKOB T€ OCH, AAS KOTOPBIX IIPU AQHHOM
{ 3HaueHUWe a; TTapaeT C TPEX A0 OAHOTO, U 3a Ka’KAYIO M3 TaKUX OCel AOMHOXaTh Pp cpasy Ha
2.1 =1 = 11998244353 _ 339748118 (mod 998244 353).) Hakorern, nocuutas P, Aerko HaaAéM Ay,
KOTOpOe Ha eAWHWITYy MeHbIlle, M IIpuOaBUM ero K OTBeTy. Tak’Ke eCTb aAbTepHATHUBa: HAXOAUTH
cyMMy Bcex Py, a B KOHIle BblueCcTb N — [0 epAUHUYKe 3a Kaxpoe {. ACUMIITOTHKA 3TOro criocoba
O(N +d): N 3a niepebop Bcex ¢, a d 3a mepeGop Bcex Ocel M COXpaHeHHe B CIIMCKaX AAHHBIX 00
3TUX OCHX.

B TepMmHaxX BBIYUCAUTEABHOW CAOKHOCTM HAIlle pellleHre BCE elllé HeCOBEPIIEeHHO, TaK Kak
OHO He paboTaeT 3a MOAMHOMHAABHOE BpeMSI OT BXOAHBIX A@HHBIX. B caMoM AeAe, B aCUMIITOTHKE
y4acTByeT caaraeMoe N, HO YHCAA BO BXOAHBIX AQHHBIX UMeIOT AAMHY He N, a log N. Hampu-
Mep, eCAM OBI pa3Mepsl AOCKH ObiAM He A0 10°, a po 101, To BxopHBIe AaHHBIE OGBIAM OBI BCE
eIé CpaBHUTEABHO HeOOABINNE, MOJKET ObIThb, MeHbINle MerabaunTa, B TO BpeMsl KaK pelleHue He
0TpaboTaro 3a BpeMs XU3HU BCeAeHHOU. [ToaTomMy mokakeM, KaK M30aBUTHCS OT cAaraeMoro N
3a CYET HEeOOABIIOI0 YBEAMUYEHUSI cAaraeMoro d. A UMeHHO, AaBaliTe IIPUBSIKEM K Ilepebopy Bcex
BO3MOYKHBIX ¢ TeueHHe BpeMeHU: B t-i1 MOMeHT BpeMeHu ¢ = t. To, YTO a; UBMEHUAOCH ITPU HEKO-
TOpPOM 3HaueHHU ¢, OYAeT COOBITHEM, IIPOM3OIIEAIIMM B MOMEHT {. AAS Ka>XKAOI'O ¢ Y HacC eCThb
ABa COOBITHS: 3HAUYEHWE CTAaAO ABOMKON U 3HaUEHME CTAAO eAuMHuIlel (An60 OAHO, €CAU pPeasu-
3alus IPEAIIOUNTaeT CKAEUBATh ABa OAHOBPEMEHHBIX COOBITUS BAOAB OAHOM OCH). 3alullleM BcCe
9T COOBITUSI B MAacCHUB W OTCOPTUpPyeM ero 1o ¢. Aaree OGyaeM IiepebupaTh 3TH COOBLITUS OAHO
3a APyTruMM K 00pabaThlBaTh, KakK U MPeKAe — HU3MeHATh a; U AOMHOXXaTh TeKylllee 3HaueHue Py
Ha % UAU % Ecau y ouepeAHOro coObITHs MOMEHT ¢ GOABIINE, YeM MOMEHT { TPEABIAYIIEro CO-
OBITHSI, 3HAUUT, MbI MOXXe€M MHPHUOABUTH K OTBeTy Tekyilee A,. Boaee Toro, ecam ¢ # ¢ + 1, To
torpa Ay = Agyy = ... = Ap_1, ¥ MOXXHO pa3oM MpUOABUTL K OTBeTy ux cymmy Ay - (¢ — /(). B
TaKOM CAy4ae 3Ta ¢asza arropurMma oTpabotaet 3a O(d), M caMOM «TS>KEAOBECHOM» YaCThiO OYAET
HauaAbHAsi COPTUPOBKa COObITHH, paboTaroiias 3a Bpemsi O(dlogd). ITo u ecTb BpeMs pabOThI
BCEro aATOpHUTMA.

IMpumeuanue. B acumnroruke O(dlogd) MBI He yuuTbIBaeM pabOTy C AAWHHBIMU YHCAAMH.
Ha camom aene, koneuHo, Bpemenu O(dlogd) He XBaTUT Aake Ha TO, YTOOBI CYUTATH BXOAHBIE
paHHble. Ecam cuntath MOAYyAL M = 998 244 353 KOHCTAHTHBIM, TO IIepep 3allyCKOM HOPMAAbHOTI'O
pemtenus norpedyercs emé O(dlog N), uau, tounee, O(len(Input)) BpeMeHHU Ha TO, YTOOBI CBECTH
pelleHre K paboTe C YWCAAMU KOHCTAHTHOM AAMHBIL, U TOrAd pelleHre OyAeT C aCUMIITOTHUKOU
O(dlogd + len(Input)) = O(dlog Nd). Ho B Teopuu CAOKHOCTH BBIUMCAEHUM MTPUHITO MEHbIIIe
BHUMaHMS 00palljaTh Ha CAOKHOCTH apU(pMeTHUeCKUX ollepaliuii ¥ OOAblIle — Ha CYyTh aATOPUTMA.

Pa300p 3apaun «CoOpaTh MHOTOYTOABHUKY

ABTOD 3apauu: Muxana VBaHOB
IToaroTOBKa TecToB U pelieHnii: BaaaucaaB MakapoB
ABTOp pasbopa: Baapucnaas Makapos

MgI 6yaeM MTOAB30BaATHCS CAEAYIOIINM reoMeTpUudecKUM (PaKTOM: €CAU ¥ Bac eCTh k MaAOK (Tae
k > 3) IOAOKHUTEABHBIX AAMH ¢ < fo < ... < {f, TO U3 HUX MOKHO COCTABUTDH CTPOTO BBIITYKABIN
MHOTOYT'OABHUK TOT'A@ U TOABKO TOTAQ, KOrpd (i < {1+/¥2+...+/;_1 (TO eCTb KOrpa caMasi AAMHHas
IIaAKa KOpO4Ye CYMMBI BCEX OCTABIIMXCH).

U3 sToro ¢akra yke caepyeT pemnienue 3a Bpems O(n?). He ymaasis oGmIHOCTH, GyAeM CUM-
TaTh, YTO a1 < A2 X ... < Qp, TO €CTh IIAAKU IIPOHYMEPOBAHLI B IOPSIAKE BO3PACTAHUS UX AAUH.
[Tepebepém B mopsiake BO3pacTaHUs k — YHUCAO CTOPOH B MCKOMOM BBIITYKAOM MHOI'OYTOABHUKE.

Aanee mepebepéM 7 — CcaMblil OOABIIOM HOMEP B34TOM B MHOTOYTOABHUK ITaAKM. OUeBHAHO,
1 > k, nHaye B34Th k IIAAOK C HOMepaMu He OOABIIe ¢ He IOAyYUTCd. boaee TOro, Mo BBHIIIEYIIO-
MSAHYTOMY (DAKTy, €CAM MBI MOKEM COCTABUTH CTPOI'O BBIINYKABIM MHOI'OYT'OABHUK W3 -U ITAAKU U
emé kakux-mo k — 1 manoK ¢ HOMepaMM, MEeHBIINMHU ¢, TO COCTABUTH CTPOTO BBIITYKABIM MHOI'O-
YTOABHUK U3 ¢ —k+ 1-1, ¢ — k4 2-11, ..., -1 IIaAOK IIOAYUYHUTCS U IIOAABHO: Mbl He IIOMEHIAU AAUHY
CaMOl AAMHHOM IAaAK{, HO He YMEHBIIUAU AAMHBI BCEX OCTAABHBIX ITAAOK.
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TakuM o6pazoM, AASI Kakporo ¢ > k HY’XHO IIPOBEpUTH, IIpaBAa AW, UYTO BEpPHO
Qi—k+1 + Qi—gy2 + ...+ a;j—1 > a;. EcAm 3TO Tak, TO MOKHO COCTaBUTb CTPOT'O BBIITYKABIH MHOT'O-
YTOABHHUK M3 k IIaAOK, AASI KOTOPOT'O § — CaMBIM OOABIION HOMEp B3SITOM IlaaKu. VHade — HEAB3S.
[TpoBepuTh 3TO HepaBeHCTBO MOXKHO 3a O(1), ecAu 3apaHee MMOCUUTATH MPEMPUKCHBIE CYMMBI AAST
MaccuBa a. Mtorosas acumnToTnka — O(n?), Tak Kak HY’KHO repe6paTh k H 1.

Ho oxkaseiBaeTcs, 4TO 3TO pellleHHe Ha caMOM AeAe paboTraeT ObicTpee! A MMeHHO, OHO pPabo-
taeT 3a O(n - ans), TAe ans — OTBET Ha 3aAauvy, €CAM CTPOTO BBIITYKABIH MHOT'OYT'OABHUK COCTaBUTh
MOXXKHO, U N, €CAU HeAb3st. AokaxkeM, uto ans = O(log C'), rae C' — BepxHee orpaHUYeHre Ha AAWHBI
narok (B 3apaue C = 10%).

Hauuém c uyTh OOAee MPOCTOTO yTBepKaeHUs: ecau oTBeta HeT, To n = O(log C). AericTBu-
TEeABHO, ITyCTh HU M3 KaKOT'0 TIOAMHOJKECTBA MaAOK C AAMHAMU a1 < a2 < ... < @y HeAB3S COCTaBUTH
CTPOTO BBIITYKABIM MHOTOYTOABHUK. Toraa 1 < a; < ag (Tak Kak BCe AAMHBI IIeABble M TOAOKUTEAD-
HbIE), a3 = a1+az > 1+1 = 2 (MHaUe U3 TEPBOU, BTOPOM U TPEThEM MTaAOK MOKHO COCTAaBUTH CTPOTO
BBIITYKABIM MHOTOYTOABHUK), a4 = a3+as+a1 2 2+1+1=4, a5 2 as+az+ax+a; =44+2+14+1=8
U Tak Aanee. [lo MHAYKIIMM IIOAy4YaeTCsd, 4TO Gg > 20-2  Takum obpasom, ecau n > log, C + 2, TO
a, > C, 94TO HEeBO3MO>KHO.

CAepOBaTeABHO, AAST AFOOBIX [logy C'| + 2 manok kakoli-mo oTBeT cyiiecTByeT. CAeAOBATEABHO,
ecAu Iarok Ooabwe, yeM [log, C'| + 2, TO TOYHO CyILIECTBYeT KaKOW-TO OTBET, COCTOSIIMM U3 He
6oree yem [log, C'| + 2 marok: BO3BMEM TOABKO IepBbie [log, C'| + 2 marOK U HAUAEM KaKOH-TO
OTBeT Ccpepu HHX. TakuM ob6pasoM, ans < [log, C'] + 2, a Haile penieHume paboraeT 3a BpeMs
O(nlogC 4+ nlogn), rae O(nlogn) HY>KHO Ha COPTUPOBKY AAUWH.

Pa30op 3apaun «MuHUMHU3AIMSA IIapPOCOYETaHUSI»

Avutpuii Kapros
ABTOPBI 3apa4uu:

Muxana VIBaHOB
I[ToaroTOBKa TecToB U pelieHnii: Mwuxaua VMIBaHOB

ABTOp pasbopa: Muxaun ViBaHOB

B cucreme AAd TIOATOTOBKM 3apay 3Ta 3ajada pa3pabaThiBaAach IOA KOAOBBIM Ha3BaHUEM
«appalling-matchings» — yxacarwouwue napocouemanus. OTO HeCcIpocTa!

YToObI HaOpaTh YacCTUYHBLIE OAAAbl, YUYAaCTHUKM B OCHOBHOM IIMCAAU pellleHUs, OCHOBaHHbIe
Ha >KAaAHOCTU WAW Ha APYTHX 3BPHUCTHKAX, U 3Ta 3apadya ObIAA CBOEOOPA3HBIM «IIOAEM OUTBBI»
9BPUCTUK — UbSd CMOJKET «PAaCKyCUTh» OOABINEe Pa3HbIX TUIIOB MapaMeTpoB. JKIOpPHU IBITAAOCH
CAEeAaThb TaK, YTOOBI OLIEHKH OT HYAS AO CT@ PACIPEAEASIAUCH IIPUMEPHO PaBHOMEPHO MEXKAY
AIOABMM, IIBITABUIMMMUCS PEHIUTh 3Ty 3aAady, HO Ha AeA€ IIOAYYHUAOCH HO-APYTOMY: IIpPaKTHUUYeCKU
AIOOOM, KTO IHCAA IIPUANYHBIN JKAAHBIM aATOPUTM, IOAydaa oT 40 po 60 GarnOB, U AWIIL OAUH
y4acTHUK Habpaa OOAbIlle — OH Habpaa 86 6aanoB. 3AeCh >Ke MBI pacCKakeM, KaK ITOAYYUTH
IIOAHBIM OaAA 3a 3apavy.

CAOKHOCTB 3aAa@u¥ B TOM, UTO B IIPOCTPAHCTBE IapameTpoB 71, A, J eCTb AOBOABHO MHOTO CY-
LIECTBEHHO pAa3HbIX OOAACTel, U B 3TOM Kyde CAydaeB OUeHb HeIIpOoCTO pasoOparbcda. C 3Tou
KPOIOTAUBOM paboToM B cepum craTed crpaBuAuch [1. Opaémr, A. Tloca, b. Boarobari, C. Da-
ApUAK B 1962-1976 ropax. AoOKTOp (pusmMKo-MaTeMaTUdeCKuX HaykK Amutpuul Kapros, cocTaBass
CBOM KypC IIO IIapOCOYeTaHUAM M (PaKTOpaMm rpados, HALIEA BCE 3TH CTATbU M COCTABUA U3 UX
Pe3yAbTaTOB OOIIYIO KapTHUHY, OAaropaps 4eMy 5Ta 3ajada U MOsIBUAACh Ha cBeT. YTOObI He IIpe-
BpalaTh 3TOT pPa3bop B AeKIIUI0 Ha HECKOABKO YacOB, MBI OIIYCTUM BCe AOKa3aTeAbCTBa U AUIIb
IpuBeAEM (POPMYABI U COOTBETCTBYIOIINE I'padbl B PA3HBIX CAyUYadX.

[TpeaBapUTEABHO BBEAEM M HAIIOMHUM IIOAe3HbIe 0003HaueHus1. Yepes §(G) o6o3HauaeTcs Hau-
MeHbIIIasi CTelleHb BepIIuHEI B rpade G, yepe3 A(G) — HaubOOAbIIasi CTEIIeHb BEPIIMHBLI B HEM,
v(G) — KoAmyecTBO BepuinH, o/ (G) — pasMep MakKCHMaAbLHOTO IapocoueTaHust B (G, TO eCTb Mak-
CUMaAbHOE KOAMYeCTBO pébep (7, HUKaKue ABa M3 KOTOPHIX He UMEIOT obmuil Kouer,. G(n, A, ) —
MHO>XeCTBO BceX rpadosB, B KOTOpreX v(G) = n, A(G) = A, 6(G) = 6. Yepes K,, o6o3HauaeTCs
TIOAHBIN I'pad Ha n BeplINHAX, TO €CTh TaKoM rpad, B KOTOPOM IIPOBEAEHBI BCe BO3MOSKHbBIE @
pébep MeXXAy ero BeplIMHaMu. K, , — IIOAHBIA ABYAOABHBIM I'pad Ha m + n BePIIMHAX C AOASIMU
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pasmMepamMu m U n (BHYTPU AOAEU pEOep He MPOBOAUTCH, & MEKAY AOASIMU IIPOBOASATCS BCE MmN BO3-
MO>KHBIX PE6ep). || — 3TO HUIKHSS IleAasi YaCTh BEI[eCTBEHHOTO YMCAA «, TO eCTb HauOOAbIIee
IIeAO€e YHCAO, He IIPEBOCXOASIIee . [«| — 3TO BepXHss IjeAast 4acThb BeIeCTBEHHOT'O YKMCAA «, TO
ecThb HaMMeHbIIlee TleA0e YHCAO, He MeHbIlee . Takyke 0603HauuM uepes RY d-peryaspHblit rpad
Ha 1 BepIIWHAaX (TO eCTh TaKOU rpad Ha n BepUIMHAX, B KOTOPOM CTEIIeHU BCeX BEPIINH PaBHHI d).
Takoit rpac mouTu Bcerpa He eAMHCTBEHHBIM, HO HaC YCTPOUT AIOOOM U3 HUX. Takou rpad cylie-
CTBYeT, eCAU XOTs Obl 0OAHO u3 umceA n U d 4éTHO U 0 < d < n. Hanpumep, MOXKHO paccTaBUTh n

BEPIIINH I10 KPYT'y B BEPIIWHBI IIPDABUABHOI'O N-YT'OABHHUKA U Ka>XKAYIO COEAUHUTH C Ldj cocepdaMu C

2
OAHOM CTOPOHEI M C L%J COCEASIMU C APYI'OM CTOPOHBI. Tak MBI IIOAYyYUM 2 L%J—peI‘YAﬂprIﬁ rpad,
U TIpYU YETHBIX d OH HaM HOAXOAUT. IIpy HeUETHBIX d 3TOT rpad siBAsieTcs (d — 1)-peryasipHbIM, H,
4TOOBI IOAYUUTH d-PETYASIPHBIM, HAAO AOIIOAHUTH 3TOT Ipad COBEpIIEHHBIM NapoCOYeTaHUEM; U
3TO AETKO CAEAaTh, BeAb, pa3 d HEeUETHO, n YETHO, U MOKHO B KadeCTBe COBEPIIEHHOr0 Mapocoye-
TaHWs B3STh BCe 5 TAABHBIX AMArOHAAeH HAIIero n-yroabHuKa. CaMblii MAACHBKHN d-peryAspHBIN
rpac — aT0o K41, U, pa3yMeeTcsl, 3TO eAMHCTBEHHBIN d-peryAapHBIN rpad Ha d + 1 BeplInHax.

IMepeiipéMm K 3apaue. Camass OoueBUAHAS OIleHKA Ha MaKCHUMaAbHOEe MapocodyeTaHue B AIOOOM
rpade 0 < /(G) < L%J TIOCAeAHee HEepaBeHCTBO CAEAYeT U3 TOTO, UTO OOABIIEMY YHCAY pé-
Oep B mapocoyeTaHUU He XBaAaTUAO Obl Bcex BepHIUH T'pada. boree XUTpoM SBASIeTCS OlleHKa
Opaéuta-Tlocsr: o (G) > min{|%|,d}. Takum obpasom, mpole BCero caydai, koraa d > |%],
BeAb B 3TOM CAydYae y Aro6oro rpada m3 G(n,A,d) MakCHMaAbHOEe ITapocodyeTaHue OyAeT pasMe-
pa POBHO L%J UToObI CAEAAQTh KaKoOM-TO rpad u3 G(n,A,d), MOKHO CAEAATDH J-PEryASIPHBIN HAU
(6 — 1)-peryasipHbléi rpad Ha n BepIIMHAX, IIOCAE Yero €CAM OH § — l-peryasipHblii, AOOaBUTH B
Hero IapocodeTaHue, He IOKpPHIBalolllee MaKCHMyM OAHY BepIIuHy. Teleph HapO BBIOpATH 3Ty
BEPIIMHY (a ecAU rpad yiKe J-peryAsipHbIA, TO TTPOU3BOABHYIO BEPIIUHY) U AOOABUTH MCXOAAIIUX
13 Heé péGep, YTOOHI eé cTemneHb crara A.

3AeCh U AaAblie MBI OyAeM cuuTaTh, 4To § < |2]. B TakoMm caydae min{|%2],d} =6, u oneHka
Opaéma-ITockl To)ke ObIBaeT TOYHaA — @ MMEHHO, pu n < A + §. B TakoM cAayyae MUHUMaAABHBIN
BO3MOXKHBIN pa3mep o (G) paBeH §, U OH pocTuraercs: Ha rpade Kj,_s, B KOTOPBIN K BEpIIUHE U3
AOAM pasMepa 0 A06aBuAU pEOpa B €€ COOCTBEHHYIO AOAIO, YTOOBI OHA CTaAd CTerneHu A (HETPyAHO
IIOCYUTATh, 9YTO oTpebyeTcs: A+J—n pédep, 1 UMEHHO 3AeCh MBI TIOAB3yeMCs TeM, 4To n < A+4).

3a OCTAABHYIO U CYILIECTBEHHO OOAee CAOKHYIO 4aCThb OTBETCTBEHHBI boanoball u DAADPUAIK,
BeAb TaM O4YeBUAHAA OlleHKa Opafmia-ITockl HEAOCTATOUHO TOYHA, OHA MOJKET OBITh YAyUIlleHa.
3AeCh U AaAee MBI CUYUTaeM, 4TO B IIPHAQUY K § < L%J BepHO emfé u n > A+ 0. Hauaém co cayuas,

Korpa A m § cuAbHO pasandatorcs. Ecanm A — 4§ > 2, To OTBeT Ha 3apady paBeH M%s] O06o3HaYUM

3TO YUCAO uepe3 s, TOTAa IpUMep MOXXHO IIOAYUYUTHL TaK: BO3bMEM ABe AOAM X pasMepoM S U
Y pasMepoM n — § ¥ COEAMHUM Ka’kKAYIO BEPIIMHY AOAU Y C § BepIInHaM#U AOAU X, UTOOBI B
poAe X CTelleHU BCeX BEPIIWH OTAWYAAUCH He OOABIIE YeM Ha €AWHHUILY (3TOI'0 MOKHO AOOHUTBCH,
HaIpuMep, PacCTaBUB BEPIIMHBI AOAW X IO KPYTy M, llepebupas BepPIINHBI U3 AOAU Y, Ka>KAOU
U3 HUX OTCUYUTHIBATHL 0 BEpPITUH X, WAL TIO 3TOMY KPYTY, TPUYEM He OCTaHABAWBASACH Ha TEPBOM
IIPOXOAE IO KPYTY, @ UAS AAABIIE, U OCTAHABAMBASCH, AUIIL KOTAA BCE BEPIIMHBI M3 Y IIOAyYaT
mo § pébep), a TTOTOM M3 OAHOU M3 BepiiuH z € X A0OaBUM ellé pébep B BepIIUHLI Y, MOKa OHA
He cTaHeT crerneHu A.
Aanblile UAYT TPU MOXOXKUX CAyUad.

1. § uétHo u paBHO A. Torpa oTBeTr [Q(glijil)] ITyctb n = b(d + 1) + ¢, rae b U ¢ HaTypaAbHEIE,

0+1<ec<2(6+1) (Takoe IPEACTABACHUE AETKO IIOAYYHUTDH C IIOMOIIBIO AEAEHUS C OCTATKOM).
Torpa sKcTpeMaAbHBIN I'pad moAydaeTcda o0bepAnHeHueM b konuii rpada K1 1 OAHOU KOIINU
Rg (HammOMHMM, YTO 3TO J-PEryASIPHBIM rpad Ha § BepIIMHAaX, KOTOPBIH CYIIECTBYeT, TaK KaK
c> 6§ m § 4ETHO).

2. 0 meuétHo u paBHO A — 1. Torpa oTBer {2(27_%1)}. IMpeactaBum n = b(A+ 1) 4+ ¢, tae b u ¢
HaTypaAabHble, A+1 < ¢ < 2(A+1), TorAa 9KCTpEeMaAbHBIN rpad IMOAydaeTcss 00 beAUHEHUEM b
Kommii Ka41 U OpAHOTO Tpada RCA, 13 KOTOPOTO YAAAUAU pebpo (Kak pa3s 3a CUET YAAAEHHOTO
pebpa 1 00pa3yeTcs ABe BepPUIMHLI CTeIleHU J, KOTOPHIX Obl MHaue He OBIAO).
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no+1
2(6+1)

HaTypaAbHbIE, 0+ 1 < ¢ < 2(6+ 1), TOrpAa 9KCTpeMaAbHBINM I'pad MOAydaeTcss oOObepAnHeHueM b
kot K541 1 opHOTO rpada Rg, K KOTOPOMY A00aBUAU peOpo (Kak pas 3a C4ET A0OOABAECHHOTO
pebpa 1 00pa3yeTcsl ABe BepIIMHLI cTelleHru A, KOTOPBIX Obl MHade He OBIAO).

3. 6 uétno u paBHo A — 1. Torpa orBeT -‘ IMpeactaBum n = b(A + 1) + ¢, rae b u c

BHUMAaTEeABHBIM YATATEAb 3aMETUT, KAKOM CAydYal MBI AO CHX IIOP HE PAaCCMOTPEAU — HEUEeT-

Hoe 0 = A < L%J ApPyruMm CAOBaMM, 3TO HEUETHO-PEryASPHBIY rpad MpHU YETHOM KOAMUYECTBE

BepmuH n. [Tpyr § = 1 HapO IPOCTO B3SITH COBEPIINEHHOE IIapocodYeTaHHe, M HUKYAa He ACThCSI —
OTBeT 5. Ho mpu Hewé€THOM 0 > 3 3Ta 3apava OKa3bIBAETCS WOKUPYHOUle CAOJKHOM, ropaspo Goaee
HaBOPOYEHHOM, YeM BCE, UTO MBI PACCMOTPEAM pPaHee.

Hauném c orsera. IlpeactaBum n B Bupae u(d + 1)% + (2k + 1)(5 + 2) + 7, rae u, k, 7 — TeAble
HeoTpullaTeAbHbIe YMCA], 2k < §, 7 < 2§ + 3. Toraa OTBETOM SBASIETCS % — k. HecmoTps
Ha TO, YTO TpoWKa (u,k,r) OIpepereHAa He OAHO3HAUHO, AAS BCEX KOPPEKTHBLIX TPOEK BEeAWYHHA
%‘S_l) — k paBHa opHOMY U TOMY Ke!

ITonmpoOyeM MOCTPOUTE HY KHBIM I'pad. AAd HadaAa OIIPEAEAUM I'pad Lg 4 Ha p+d BepmnHAax, B
KOTOPOM d BepIITHUH cTeleHn § — 1 U p — d BEepITUH CTeIleHn J (3AeCh p,d — HeUETHRIe HaTypaAbHBIE
4uCcAa, p > d). DTOT rpad MOXKHO IIOAYUUTH U3 Halllel KOHCTPYKLUU Rg_l, €CAU AOIIOAHUTEABHO
IIPOBECTH % «IIOYTH T'AAGBHBIX» AMArOHAAElN, KOTOPble COEAUHSIOT BEPIINHY ¢ C BEPIINHOMN i—i—p%l.

I'pad M cocTouT U3 § KOIIUH Lg 421 M OAHOM BepIIMHBI . B Ka>kA0M 13 KON POBHO IO OAHOM
BepmmHe cternedn § — 1. COeAVHUM UX BCEX C &, IOAYUUTCS J-PEeryAsipHBIA rpad — 3TO U ecTb M.

Emé crpaiinee rpadp N — OH COCTOUT U3 Lg S 14r0—2k (HeTPyAHO AOKA3aTh, UTO 7" HEUETHO), elle
2k xomm# rpada Lg 42,1 ¥, HAKOHEIl, BEPIIMHEI ¥. Kak u B mporiiiaoM ab3alie, 3AeCh BCe BEPIIUHBI

HMEIOT CTelleHb §, KPpOMe HM30AMPOBAHHON BEPUIMHLI y M 0 BEpPIIMH cTelleHH § — 1 B rpadax LI .
EcAu coepMHUM y ¢ TaKUMM BEPIITMHAMHU, TOAYUUTCS )-PETYASIPHBIN rpad N.
Haxkownern, Hatr rpag G Ha 3apaqy cocTOuT u3 rpada N u v Konuil rpada M. [ToraTHoe Aeno,

OH J-peryaspeH, Tak Kak M u N §-peryasipHbl. HeMHOro cAOKHee MOHSITh, YTO B HEM 1 BEpIIHH,
.. / n—u(é—1)
U elé CAOXKHee IOHATh, uTo o (G) = ——5—

3TO 3aMHTEePECOBAHHBIM UUTATEAAM.

— k. Ho u 3TO BO3MOXXHO CAeAaTb! HpeAOCTaBAﬂeM

Pa30o0p 3apauu «3Aech ObIA Bacs»

ABTOp 3apaum: MBan KazmeHKO
IToproroBka TecToB U pemeHui: VBaH Ka3zMeHKO
ABTOp pasbopa: MBan KazMmeHKO

OTa 3ajpada COAEP’KUT HEKOTOPBIM IIPOCTOP KakK AAS TBOPUECTBQ, TaK U AAS UaCTUUHBIX pelle-
HUM. PacckakeM cXeMaTUYHO OAHO M3 pPeIleHNM, KOTOPOe AOAKHO HAaOWpPAaTh MOAHBIM OaAA.

I'Ipexae BCcero HYKHO PUCOBATH IITUPOKO: BEAB AIOOYIO OAOCY M3 10 COCEAHUX CTOAOIIOB MOJKET
3aKpacuThb ABOPHUK, U €CAM BeCh Halll pUCYHOK OBbIA Ha Hel, TOrAa BO BTOPOM 3aIllyCcKe MbI BOOOIIe
HU4YEero He yBHUAUM. Aaree — HY>KHO yMeTb HCIOAB30BATh XOTS OBI ABa IIBETAa: €CAU MBI OypeM
UCTIOAB30BATh TOABKO OAUH IIBET, 3TO HMKAK HaM He IMTOMOYKeT OCTaBUTL CBOM CAeA Ha CTeHe TaKoro
Ke 1BeTa. HakoHell, Hy>KHO HCIIOAB30BaTb CBOM KpAcCKM II0 MAKCHUMyMYV: €CAHW MBI IIOMeHsIeM
BCEro HECKOABKO KAETOK, TO IIPU HEKOTOPOM HeBe3eHUM MOXKET TaK MOAYYUThCH, YTo Baca mpocto
3aKpacuT UX BCe.

CaMoe mpocToe, 4YTO MOKHO CAEAATh — 3aBECTH MACCHUB CTPOKOBBIX KOHCTAHT, KOTOPBIN OyAeT
copepsKaTh HAIl 3HaK, BCerAa OAMH M TOT ’Ke. B 3HaKe CAeAyeT UCIOAB30BaTh MaKCHUMaAbHOE
KOAMYECTBO KAETOK Ka>XAOT'O U3 TPEX AOCTYMIHBIX IIBETOB. UTOOBI OOABINIAd YacTh HAIlero 3HakKa
He COBIIaAa C TeM, YTO OBLIAO Ha CTeHe A0 HacC, paCKUAAeM 3aKpallliBaeMble KAETKU Oonee-MeHee
CAYYaUHO.

Kak mpoBepsATh, UTO HAIll 3HaK IIPUCYTCTBYyeT Ha cTeHe? [lonpoOyeM HAAOKUTHL €ro Ha CTEeHY
BCeMHU CIIocOo0aMu — CO BCEMM BO3MOXKHBIMU CABUTaMHU K3-3a IepeBelluBaHusA AaMIlbl. [Tocuura-
eM KOAUYECTBO COBHAAEHUM (KaKue KAETKHM COAEep’KaT TO ’Ke, YTO M Halll 3HaK) U KOAUYECTBO
HECOBIIAACHUM (KaKHe KAETKU B HAllleM 3HaKe eCThb, & Ha CTeHe UMeIOT Apyrue 1seTa). OTAeABHO
TIOCMOTPUM, TA€ B HECOBIIAAEHUSAX OeAble KAETKU, U OIIeHUM, MOT'YT AW OHU BCE OBITH PE3YABTATOM
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MEUCTBUN ABOPHHUKA (TO €CTh OOpa3yIOT AWM OHM HENPEPHIBHYIO ITOAOCY, KOTOPasg UMeEeT HMINPUHY
poBHO B 10 KAETOK — MAM MEHbIIe, eCAM OHA PacCHoOAOXKeHa y rpaHullbl). Ecau Oeable KATKU MOT
CAEAaTh ABOPHUK, COBIAAEHUMU MHOIO, @ HeCOBIIaAeHUM (u3-3a Bacm) mMaao — coraacumcs, 4To Ha
9TON CTeHe MBI y’Ke PHCOBaAM. ECAM HeT — HapucyeM CBOM 3HAaK B TOYHOCTHU TaK, KaK OH 3aAaH B
HallleM MacCHBe.

Pa300p 3apaun «CBsizHas purypa»

ABTOp 3apauu: BaapucraB MakapoB
[ToaroTOBKa TecTOB U pelleHuu: Baaaucaas Makapos
ABTOp pasbopa: BaapuchraB MakapoB

JaBaliTe IIOKa MOIBITAEMCS PEIIUTh HEMHOTO APYTYIO 3aAa4y: KakKoe HauboAbulee KOANYECTBO
4EpHBIX KAETOK MOJKET OBITh B CBSI3HOU purype c k O6eabiMu KAeTKaMu?

OtBeT — 3k + 1. [IpuMep nDpuAyMaTh HECAOKHO — AAS k = 0 Hy’>KHO IIPOCTO B34Th OAHY YE€p-
HYIO KAETKY, a AASI OOABIINX k HY>XKHO B3ITh AAUHHYIO IIOAOCKY C UYEpPHBIMHU «IIumamMu». [Tpumep
A k= 2 mOKa3aH HIJKe Ha PUCYHKe (AASI HATASIAHOCTU KapTHMHKU 3aKpallleHbl TOABKO KAETKY,
IIpUHaAAeKalIye urype, IpudyéM Oeable KAeTKH (PUI'YPBI 3aKpallleHbl KEATBIM IIBETOM, YTOOBI
OTAWYATHCA OT O6eaoro poHa):

BosmoskubIl ipuMep aAAs k = 2

YToOBI MOHATH, UTO OOABIIE 3k + 1 YEPHBIX KAETOK OBITH HE MOJXKET, AOCTATOUYHO ITPOCTO MOPH-
CcoBaTh KapTUHKMU. HedopMarbHO, TOABKO Y IIEepBOM OeAOU KAETKU MOJKEeT OBITh YeThbIpe «YHUKAAb-
HBIX» YEPHBIX COCEAQ, BCE OCTAABHBIE JKe OeAble KAETKHM «IIPUKAEHBAIOTCA» K y’Ke MMeloleicsd
KapTHUHKE C IIOMOIIbI0O OAHON y>Ke YUYTEHHOU UYEPHOU KAETKH.

Teneps BCIIOMHHUM, UTO HaM HY>KHO PEIINUTb APYI'VIO 3apauy. [1ycTh £ — oTBeT Ha 3apauy. Toraa,
KaK MBI IOHSIAM BhIIIe, N < 3k+1 (MHaue OeABIX KAETOK CAMIIKOM MHOTro). C ApyTrol CTOPOHBI, Haul-
MeHblilee Takoe k, 94To 3k + 1 > n, TOYHO IOAOUAET: HY’KHO IIPOCTO B3SITh KAPTUHKY C k OEABIMU U
3k+1 4épHBIMU KAETKAaMU U «OOIIUIIATh» y Heé 4acTh IIUIIOB. TakuM oOpa3oM, OTBET Ha 3apady —

_ )42
HauMeHbIlee Takoe k, 4to 3k + 1 > n. Apyrumu caoBamy, sto [231] = L%J = |2 |. Otser
CAGAYeT CUMTATh C TIOMOMIBIO IIeAOUHCAEHHOTO AeAHHS; NCTIOAB30BATh BellleCTBeHHOe OKPYTAeHHUe
He PeKOMEeHAYeTCs, TaK KaK B IIOCAEAHEH IMOATPYIIe CTaHAAPTHOTO 64-GMTHOTO BeIeCTBEHHOTO

THIIA HEe XBATAET, YTOOBI TOYHO COXpPAHUTH 3HAUYEHUA OTBETA.

Pa300p 3apauu «TponmnyeCKUii MUHUMYM»

ABTOD 3apauu: Hukura 'aeBon
IToaroToBKa TecToB U pelleHnii: HwukuTta 'aeBon
ABTOp pasbopa: Hukura 'aeBont

PaccMoTpuM OAOTPE30K MacChBa C MUHUMAABHOU CyMMoOM. IToka>keM, 4To ero cymMma U 4B-
AsIleTCd OTBETOM Ha 3ajpady. AEUCTBUTEABHO, PE3yAbTAT AIOOOM PACCTAHOBKU apU(PMETHUYECKUX
oIepanui — cyMMa HEKOTOPOTO OTpe3Ka, CAEAOBATEABHO, AIOOAs pacCTAaHOBKA 3HAKOB AA€T pe-
3yAbTAQT He MeHbllle HauMeHbIel CyMMBbI IIOAOTPE3Ka, C APYI'OM CTOPOHBI, TaKylO0 CYMMY A€rkKo
TIOAYYHNTH, TPOINYECKU IIEPEMHOKUB 3AEMEHTHI Ha OTPEe3Ke M CAOXKHMB UX CO BCEM OCTAABHBIM.
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Kak HaliTH OTpe30K C MUHUMAABHOMN cyMMoli? [TocunTaemM npedUKC-CyMMBI AASL HAIIETO Mac-
cuBa. CyMMa AIOOOrO OTpe3Ka IIPEACTABASETCS KaK PA3HOCTb ABYX IIPe(UKC-CYMM, COOTBETCTBY-
IOIIWX KOHITY U HadaAy oTpe3Ka. [lepebGepeM KOHeIl OTpe3Ka U AAS Ka’KAOI'O KOHIIA HaAeM Hadaao
C MaKCUMaABbHBIM 3HaYeHUEeM IIpeUuKC-CyMMbl. DTO MOKHO CAEAATh 3@ KOHCTAHTHOE BpeMsd, eCAU
IIPEABAPUTEABHO BBIYUCAUTH NPEPUKC-MAKCUMYMBI AASI TPEPUKC-CYMM.

WtoroBoe BpeMs paboTsl O(n).

Pa300p 3apaun «TponnuyecKuim MaKCUMYyM»

ABTOp 3apauu: HwukuTa I'aeBoit
IToproroBka TecToB U pemeHur: Hwukura 'aeBon
ABTOp pasbopa: Hwukura I'aeBoit

CaenaeM ABOWMYHBLIY IIOMCK II0 BEAMYWHE OTBETa. Tellepb Hallla 3ajAada CBOAUTCS K IIPOBEPKe
TOTO, MOKHO AM PaCcCTaBUTh apudMeTUYecKHe ollepaliuu Tak, YTOOBI OTBET ObIA He MeHbllle HEeKO-
TOPOr'O 4uCAd t. JTa 3apa4a SKBUBAACHTHA 3apaue pas3sOMeHMHs MacCUBa Ha IIOAOTPE3KU C CYMMOU
He Ooablile t. Tenmepb penIuM 3Ty 3aAa4y.

Brruncaum npedHKC-CyMMBL AAS Halller'o MaccuBa. byaeM peliaTh 3apady MeTOAOM AMHAMU-
YecKoro mporpamMmupoBaHus. ITycTh dp[i] — oTBeT Ha 3apavy AAs NpedHuKca AAMHEL i. [TyCTh MBI
BBIYUCAUAM dp[i] AAst Bcex ¢ < r, Toraa dp[r] = true Toraa u TOABKO TOTAQ, KOTAA CYIIECTBYeT
takoe [ < r, uTo dp[l] = true u cymMMa 4ymceA Ha OTpe3Ke C [ 10 r He IIPEBOCXOAUT t. 3aMeTUM, YTO
CpeAr BCeX BO3MOJXKHBIX | HAC MHTEPECYIOT TOABKO Te, AAsT KOTOpbIX dp[l] = true, a cpepu Takux
Hac uHTepecyeT [ ¢ HauboAbIIelr ImpeduKc-cyMMoM. Takoe [ u OyAeM IOAAEP’KMBATh. TakuMm 00-
pasoM, BeIYUCAUTD dp[r| MokHO 3a O(1) Ipu IOMOINYM CpPaBHEHUSI PA3HOCTU NPEUKC-CYMM AAS T
u | u ynucaa t. CAepAOBaTEABHO, PEIIUTDb 3aAaYy AAS 3aAQHHOTO ¢ MOXKHO 3a O(n).

Wtorosoe Bpems pabotst O(nlogn).

Pa300p 3apauu «Pa3pada MMOAAPKOB»

ABTOp 3apauu: BaapuchraB MakapoB
[ToaroToBKa TecTOB U peuleHuu: Baaaucaas Makapos
ABTOp pasbopa: BaapucraB MakapoB

ITycTh ¢, — KOAMYECTBO CYACTAUBBIX 1 X n MaTpull. AAd n = 1 CYaCTAUBOM ABASETCSI TOABKO
MaTpula (1), HO3TOMY c; = 1. AaBaliTe HAy4YUMCS BBIPAKATh ¢, Yepe3 Cp_1 AAI 1 > 2.

EcAu KpaTKoO, TO UAEs TakKasi: ecThb 2" — 1 c11oco60B BEIGPATh MEepBYI0 CTPOKY, 2"~ ! A03aIIOAHUTE
cTOAGell, COOTBETCTBYIOUINM B34TOMY IIE€PBBIM 3aMUOHKOM IIPEAMETY, a IOCAe YAAAEHUd IepBOU
CTPOYKHU U BBIIIEYIIOMSIHYTOI'O CTOAOIIA MAaTPHUIA AOAKHA BCE €Ill€ OCTAThCSA CYACTAWBOM, HO yiKe
(n —1) x (n —1). CrepoBaTeABHO, ¢, = (27 — 1) - 2" 1. ¢, ;.

AaBaiiTe OOBACHUM IIPEABIAYIINM ab3a1] 0oaee HOAPOOHO.

Kaxko#t MoykeT OBITHL TepBas CTPOKA CUACTAUBON MaTpuilbi? [TouTu AI000M — rAaBHOE, UTOOBI
OHa He COCTOsIA@ TIOAHOCTBIO M3 HyAer. CAaepoBaTeAbHO, ecTh 2" — 1 crioco60B BbIOpAThH IIEPBYIO
CTPOKY CYAaCTAUBOU MaTPUIIBL.

Aanee, IyCThb IEepBLIN 3aMYOHOK 3a0pai k- IIOAAPOK (TO eCTb IEepBBIHA, BTOPOH, ..., (k—1)-i
IIOAQPKU eMy He HpaBsaTcs, a k- — HpaBuTcs). Toraa k- IOAQPOK He Y4acTBYeT B AdAbHEHIIeM
XOAE aATOPUTMA, M AEMCTBUS BTOPOTO, TPETLETO, ..., N-TO 3alUuaT He 3aBUCSAT OT TOTO, HPaBUTCS
A uM k-7 mopapok uam HeT. CAeAOBaTEABHO, €CTh ellé 21 croco6 BbIOpATh TO, KaK BTOPOW,
TpeTuy, ..., n-" 3aHi4aTa OTHOCATCI K k-My IIOAApPKY.

YTo >Ke MPOUCXOAUT AaAbliie? BTopol TpeTuy, ..., n-i 3alidyaTa pacCMaTPUBAIOT BCe ITOAAP-
KM, KpoMe k-TO, B TOPSIAKE Bo3pacTaHus HOMepoB. Ka>kABIM M3 HUX 3a0upaeT IepBbIA, KOTOPLIM
€My IIOHPABUACS U He OBIA B34T paHblle. Tak KaK MCXOAHAad MaTpulla — CUACTAWBAYd, TO OHU BCe
AOASKHBI TIOAYYUTH IIO HPABAIIEMYCS UM NHOAAPKY. APYTMMH CAOBAMM, MATpHIA, IIOAYYeHHAs U3
UCXOAHOM yAAAeHUEeM IepBOM CTPOKHU U k-TOo CTOAOIa, TOXKe AOAKHA OBITH cyacTAuBoOM! CaepoBa-
TEABHO, €CTh POBHO C,_] CIOCOOOB BHIOpPATh BCE OCTABIIUECS HAEMEHThI MaTPUIILL.
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HecAOKHO 3aMeTHUTB, UTO BCe PACCY’KAEHUS BHIIIE IIPDOXOAAT U B OOPATHYIO CTOPOHY. To ecThb
AAST ATOOOTO CII0CO6a BBIOPATH MIEPBYIO CTPOKY, k-i CTOAGEI] U C4acTAUBYIO (n—1) X (n—1) maTpuiry
COOTBETCTBYIOIIas UM 1 X N MaTPHUIla TOXXe OYAEeT CYaCTAMBOU.

CaepoBaTeABHO, ¢, = (2% — 1) - 2" 1. ¢, 1. V3 oTol (OpMyABI y’Ke TIOAy4YaeTCsl pelleHHe,

paboTatoniee 3a Bpems O(n), eCAM 3apaHee IIOCYUTATH 3HAUEHUS CTEIeHeH ABONKU IIO MOAYAIO
107 + 7.
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