BeckoHeuHas 3nma B Kapennn

Ilonzamaum 1-2.

B s1ux nojzagadax jeiicreosasio orpanudenue k = 2. [onpobyem Jyist KazK10ro 3aipoca & BbIYUCIUT
HanMeHbIIee KOJIMIeCTBO MOHET ag, KOTOPbIE MO2KHO HCIIOJIb30BAaTh, qTO6bI Ha6paTb JaHHYIO CyMMY.

3ameTuM, 94TO ITO KOJIUIECTBO 3aBUCUT TOJIBKO OT & Mod a1. A MMEHHO MBI 3HAEM, 4TO ecu T = k- ag
(mod aq), TO MOXKHO HCIIOJIb30BATh B CyMMe k MOHET HOMUHAJIOM G2, & BCIO OCTABIILYIOCS CyMMY JOOUTH
MOHETaMH HOMUHAJIOM a1. PaccMarpuBaTh 3HaUeHUs k > @1 GECCMBICJICHHO, IOITOMY MBI MOXKEM IIPOCTO
nepebparb k or 0 1o a1 — 1 u JIst KaxKJI0ro ocrarka IPU JIEJIEHUH HA (] BBIYUCJIUTH MUHHMAJBLHOE
KOJIMYIE€CTBO MOHET HOMHHAJIOM (2, KOTOPOE HaI0 HabpaTb B CYMMY, IIyCTh 9TO KOJIHYECTBO PABHO min2[r]
st x = r (mod ay). Dra gacTs pernennst paboraer 3a Bpems O(d).

C mOMOIIBIO 3TOrO0 MACCUBA JIETKO MOXKHO IIPOBEPHTH, BO3MOYKHO JIM PEIIEHHE B IPUHIIAIE, & TaKKe
HaWTH peleHne, KOTOpble HCIOIb3YeT MUHUMAIBHOE KOJIMYIECTBO MOHET HOMHUHAJIOM ag. Pasbepemcs ¢
TeM, KaK BBITJISIIST Ipyrue perrennsi. OUeBUIHO, ITO JJIs Oy YeHHsT IPYTUX PEIeHnil HaM TOHA 00U TCsT
YMEHBIIATH KOJINIECTBO MOHET HOMUHAJIOM (] M YBEJMIMBATH KOJIMYECTBO MOHET HOMHUHAJIOM ag. ITycThb
g — HamOOJIBIUiI OOIMUN HeIUTeNb a1 U G2, TOTJA MbI MOYXKEM YMEHBINATH KOJUIECTBO MOHET II€PBOIO
HOMUHaJIA Ha ¢, & KOJIMYeCTBO MOHET BTOPOro HOMHHaJIa yBeuiusarh Ha . Taknum obpasom juist nojt-
cdeTa KOoJIm4deCTBa pelleHruur JOCTaTOYHO BbIYUCJ/IUTDL, CKOJIBKO Da3 Mbl MO2KEM YMeHbIIaTb KOJIUYIECTBO
MOHET HOMHHAJIA 1.

ITonzamaun 3—4.

Bocnosb3yemesi MeTOIOM JIMHAMIYECKOro iporpamMupoBanus. [lycrs dpll][x] — kosmaectBo crioco6os
HabpaTh x pyOuieil, UCHOJb3Ysl TOJIBKO MOHETbl HOMUHAJIOM d1,...,a;. OdeBugHo, uro st | = 0 ectb
TOJILKO OJIHO HemyJieBoe cocrosinne aunamukyu — dp[0][0] = 1. Pasbepem Kak BBIIVISAT HEPEXO/T, €CJIH MbI
XOTHUM BBIYUCJIATH [-# CJIOI JIMHAMUKHN:

e KosmuecTBo crioco6oB HabpaTh CyMMy &, KOTOpbIE He UCIOJIb3YIOT MOHeTY a; paBHO dp[l — 1][z];

e KosmaecTBo criocoboB HAOpaTh CyMMy , KOTOPbIE HCIIOIB3YIOT MOHeTy a; pasuo dp|l][x — a;], Tak
KaK B .HIO6OM N3 9TUX CHOCO6OB MO2KHO BbIYECTHb O/ITHY MOHETY HOMHHAJIOM Q4.

Taxmm obpazom dp(l][z] = dp[l — 1][z] +dp[l][x — a;] (ecim = < a;, TO BrOpOe ciraraeMoe OTCYTCTBYET).
9Ty AMHAMEKY JIerKO BbraucauThb 3a BpeMst O(k - max{z;}), a 3arem 3a O(1) oTBeTUTL Ha KaxKIblil U3
3aIIPOCOB.

ITonzamaya 5.

Permmenne s10it 110/33/1a41 He BeJET K IIOJTHOMY PEIIEHNIO, HO HCIIOJIb3YeT MOIYJISIPHBII B IPyTUX 38,1~
Jax 1oxo/1. Jleso B ToM, 9TO IMHAMUKY MOXKHO BBIYHCJISITH C IIOMOIIBIO BO3BEICHUS MATPHIIB B CTEIICHb.
CrocobOB 9TO CIeIaTh MHOTO, HO MbI IIPUBEJIEM CAMBIN [IPOCTOM, €CJIM Bbl HE 3HAKOMBI C 9TO TEXHUKOIA.

dple] = > (=)Pdp 2=y

0#BC{a1,....ar} yeB

Tyt dp[z] — HenocpeICTBEHHO OTBET Ha 3311y, KOJMYECTBO CIIOCO60B HAGpaTh CyMMY & C IIOMOIILIO
MOHET HOMUHAJIOM a1, ..., ak (dp[z] =0 mus x < 0). O6bsicaum nodeMy 3ta HhopMy/ia BepHa:

e Kaxplii HabOp y4TeH He MeHee OJHOIO pasza B cymme dp[z — a1] + ... + dp[z —, k|, MBI npocTo
nepebupaeM MOHETY, KOTOpas eCTh B HabOpe U BLIYUTAEM ee.

e Ho eciim nabop comepKuT cpasy JBe pasaddHble MOHETHI, TO OH YUTE€H B 9TO{ CyMMe JIBAXKJIBL,
IO9TOMY BCe Takne HabOPBI MBI OIATE Taku BbruraeM — » ;. dplz — a; — aj].

e Ho Tenepnr HAOOpBI, KOTOPBIE COMEPKAT TPU PA3JIMIHBIE MOHETBI, BOODIIE HE YUTEHBI B CyMMe, I10-
9TOMY UX HAJIO IPUOABUTH, U TaK JIaJjee.

To, 7T0 IPOUZOIILIO BBIIIE, ABISETCH KIACCUIECKUM 00bsicHEeHIEM (DOPMYJIbI BKIIIOYEHHU-UCKITIOUEHUA.
Temneph BepHEMCS K PEKYPPEHTHOMY BBIPpayKEHUIO. EC/IM CrpyIIUPOBATDL OJUHAKOBBIE CJIAaraeMble, TO MbI
3aMeTuM, 4T0 HPOpPMyJIa MOXKET UMETb BH/I:
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dk
dp = E Aj - dplz — j]
J=1
Lne A1, ..., Agx — Kaxue-To KoapdurmernTol. B 910t 110/13a/1a€ MOXKHO OBLIO HAUBHO TIepeOpaTh Bce
TIOJIMHOYKECTBA JIeJIuTeIeil 1 HAMBHO BBIYUCIUTH 5TH Koddbdumuents 3a spema O(2F). Ho reneps mociie
BCEX 9TUX JEHCTBUI MBI, HAKOHEIl, MOYKEM OIPEE/UTh MEPEXO] JJUHAMUKN C MTOMOIIBIO MATPHIIL;:

0 1 0 e 0 dp[n — dk + 1] dp[n — dk + 2]
0 0 1 o 0 dp[n — dk + 2] dp[n — dk + 3]
0 0 0 e 1 dp[n — 1] dp[n]
Adk Adk—1 AMdkE—2 - X dp|n] dp[n + 1]

Tak Kak Ipou3BeJIeHNE MATPHUIl ACCOIMATUBHO, TO MOYXKHO U BBIPA3UThb HY?KHOE COCTOSTHUAE JTUHAMHUKU
C TIOMOIIIBIO OIEPAIN BO3BEICHNSI MATPHIIBI B CTEIICHD (CHMBOJIOM * 0DOO3HAYMECHDBI YHCJIA, KOTOPBIE HAC HE

UHTEPECYIOT):
0 1 0 0\ /0
0 0 1 0 0
0 0 0 -1 0 *
>\dk )\dkfl k-2 --- )\1 1 dp[N]

B mrore noayunmu pemenue ¢ acumnrorukoit O(q - (dk)3 - log x), 370 ke pemenne MOXKHO ONTHMI3H-
posath 110 Bpemern O((dk)3log C + q - (dk)? - log z).

ITonzamaum 69

[Toxzanatun 67 ObLIM HY2KHBI, 9TOOBI CTUMYJINPOBATH YYACTHUKOB HA HAIMCAHUE IIOJHOTO PEIeHuUs .
B s1ux 3amagax sicao, uro k < 10 u ectb MoTHBaIUS pa3dUBATL MOHETKM Ha rpymmbl. [Ipu orpanniennsix
9TOit 38149 SICHO, 9TO k < 72 (B 9TOM MOXKHO YOEUTHCSI, €CJIU HEIIOCPEICTBEHHO BBIYUCIUTD KOJIUIECTBO
nesnresteii y Beex uuces or 1 o 15000).

Paccmorpum mpousBosibHBIE HAOOP MOHET ¢ cymmoit x. HekoTopble MOHETHI OIMHAKOBOTO HOMUHA-
JIa, MOXKHO CJIOKHTb B «NA4KU» CTOUMOCTbIO d (ecim paccMaTpuBaercs i-ii HOMHHAJ, TO B IaYKe OyjmerT
COJIep2KaATHCS a% momet). Takum o6pa3oM, Kaxkipblii HAGOP MOHET OJIHO3HAYHO Pa3OUBAECTCS HA J[BE YaCTH:

[ MOHGTI)I, KOTOpPLbIE O6pa3yIOT IIa9KHM. CYMMapHaH CTOUMOCTBH TAKUX MOHET 00dA3aTeJILHO JCJINTCA Ha

d;
o MomneTsbl, KOTOpBIE HE MONAJJIN B HAaYKU. 10 eCTb MOHETa a; B3sdTa He DoJiee ueM g — 1 pas.
1

PaccmorpuM mosipobHee MOHETBI, KoTopble He monaau B nadku. [Iycrs dply] — kommdecrso croco6os
CyYMMY Y Tak, LITO6bI HUKaKne HCIIOJIb3OBaHHbIE MOHETBHBI HE MOIJIN O6p3,30BaTb IIa4vKy. 9TO KOJIN4IEeCTBO
JIEKO BBIYUCIUTD € HOMOIIBIO JIMHAMIYECKOro Iporpamyuposanust. [lycrs dp(l][y] — kosmvecrso crioco6os
HabpaTh CYMMY Y MCIIOJIb3Ysl MOHETHI A1, . . . , 4] TaK, YTOObI HUKAKOH HABOP MOHET OJIMHAKOBOIO HOMUHAJIA
He 00pa30BBIBAJ IAUKY.

[Tepexo umeer cyieyonmii Bi1;:

dp[l][y] = dp[l — 1[y] + dp[l = ][y — &) + ... +dp[l = 1][y — d + a/]

Ho BBIUuc/IsiTh IUHAMUKY UMEHHO 0 TAKOW (DOPMYJIe JIOJITO, TO3TOMY MOYKHO COKPATUTDH BBITUC/ICHUS
HCIIOJIB3Yd CJICIYIOIIUI TPIOK:

[TousaTHO, UTO TaKyiO JAUHAMHUKY UMEET CMBICJ cIUTaTh TobKO it 0 < y < k - d. Takum obpazom
TpebyeMoe 3HAYEeHNe MOYKHO BBHIMUCIATE 3a Bpems O(k? - d).

Teneps 1t oTBeTa Ha 3AIPOC T MBI MOYXKEM IepedpaTh CyMMapHYIO CTOMMOCTH MOHET, KOTOpbIE He
obpasyloT nauky rg (x — xg geaurcs Ha d u xg < k- d, T.e. ecTb < k BapuaHTOB 3HAUEHUsI X(). 110/102KUM

n = =5 — 370 KOJIMYECTBO MaveK, KOTOPbIe HaJl0 HAbOpaTh, YTOOBI MOJIYIUTh CYMMY .
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[lo cyTn Hajo BBIMHCIUTH KOJMYECTBO MAcCCHBOB {y1 + ...+ Yy = N}, COCTOANMX U3 HEJIBIX HEOT-
PUIIATEIbHBIX YUCEI. DTO TaK, HOTOMY YTO MOXKHO CUMTATbh, YTO ¥; — 3TO KOJHMYECTBO IAYEK M3 MOHET
HOMHUHAJIOM ;. HafiTi 9T0 KOJINIECTBO JIETKO € ITOMOIIBIO0 METOa ITapOB U IMEPEropoioK, OHO PABHO:

m+1)-n+2)-...-(n+k—-1)
(k—1)
Yucsmuresb MOKHO BBIMUCINTD HauBHO 3a BpeMst O(k), mpo6ieMoii ocTaeTcst TOIBKO TO, KaK IIOJEINTh

Ha (k—1)! o momysto 10° 4+ 7. Tak xak 10 + 7 — mpocroe 9uCiI0, TO 00s3aTEIbHO HANIETCS TAKOE THCJIO
f,aro f-72! =1 (mod 10° + 7), Takoe 4ncj0 f MOYKHO HafiTH MepeGOPOM W BIIICATH 9TO 3HAYCHHE KaK

[PEIIIOCYNTAHHOE B KO IIPOrPaAMMbI.
Temeps mpocToO 3aMETUM, UTO:

(k=1 (f-k-(k+1)-...-72)=1 (mod 10° +7)

ITosromy npocro BeraucinMm g = f-k(k+1)(k+2)...72 u Bmecro nesennst na (k—1)! 6ynem goMHOKATE
BhIpaxkenue Ha ¢. Takum oOpa30oM OTBET Ha 3aJady PABEH:

;dp[k][%]'g'(n+1)(n+2)...(n+k—1), n:%

[Monygennoe perrerne nmeer Bpemsi paborst O((d + q) - k2) 7 YKJIa/IbIBAETCSI B OTPAHUIEHNS 3a/1atH.
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