HAIIMOHAJILHBIN MCCJIELOBATE/IBCKUNU YHUBEPCUTET
— BBICIITAA MIKOJA SKOHOMHUKHA
PAKYJIBTET MATEMATHUKNA
PABOYAA ITPOTPAMMA IUCIIUIIJIVNHBI

“COMBINATORICS”
AJIsA COBMECTHOUM IIPOTPAMMBI HUY-BIIIO U HMY
“MATH IN MOSCOW”

1. OPrAHU3AIIMOHHO-METOAUYECKUNA PA3IEJ

1.1. ITenp xypca Nsyvuenne ocHOB KOMOMHATOPUKHU, & UMEHHO

® METOAOB PAGOTHL C MPOUBBOIANMIMEA (DYHKIIUAMEI

® METOAOB M PE3YJbTATOB, OCHOBAHHBIX HA SBHBIX B3AaWMHO OJHO3HAYHBIX
coorBeTCTBUAX (OOBEKTLI, IepeduciseMble duciaMu Karanama, quciamu
Bepuywm—Dunepa, gepeBbsaMu u T.1L.)
“pekypCUBHBIX” METONOB U OCHOBAHHBLIX HA HUX PE3YJILTATOB
“amamuTmaecknx” MeTonoB (QpyHkma obpamenus Mebuyca, OIEHKa CKOPO-
CTU POCTa MO PATUYCY CXOAUMOCTH, 3AMEHA TIEPEMEHHOU B (HOpMyJe Iisa
BLIUETA) U HOLYYEHHBIX C UX IOMOLIBIO PE3YALTATOB

e ocHOBHLIX npuioxenunn xkombunaropuxku (uuxiasr lyGepra, pewerounsie
MOJenu MaTQU3UKN).

1.2. 3agaum xkypca O6yvenme MeTOZaM peIIeHUS KOMOWHATOPHBIX 33034, KaK
MaTEeMaTUYeCKUX, TAK U MPUKIATHBIX. SHAKOMCTBO C OCHOBHBIMY PA3AeIaMU KOM-
6unaropuku (T.e. ¢ GONBIINMY KIACCAMY YK€ DEILeHHBIX 3a4a4). Boipaborka kom-
OMHATOPHOU MHTYULWY, HO3BOJISIOMIEN OLEHUTH TPUMEHUMOCTh T€X WM WHBIX Me-
TOMOB A AHAMN3A, CIOKHBIX cuTyaruu. [loATOTORKa CIymaTenen K OCBOSHUIO 00-
Jiee TPOJBUHYTHIX MATEMATHYECKUX KYPCOB, TAKUX KAK TEOPUA MPEICTABICHUMN,
MaTeMaTuieckas Gpusnka u a1p. BeipaboTka HABBHIKOB CAMOCTOATEJILHOIO AHAIN3A
HE3HAKOMBIX KOMOMHATOPHLIX CUTYAIUY; IOATOTOBKA K CAMOCTOATENLHOMY U3y 1e-
HHIO JUTEPATYPEL II0 KOMOMHATOPHUKE U CMEXKHBIM OOJACTAM MATEMATHKI.

1.3. Meroaudeckas HOBu3HA Kypca HecMoTps Ha BaxXHOCTE npenMeTa, B Poc-
CUU OTCYTCTBYET METOAUYIECKAA TPAAUIIUA ITPENOAABAHN KOMOUHATOPUKY. B 60Ib-
muHeTBe BY30B, B TOM 4mCIe MaTeMaTUYeCKUX CleualbHocTen, npeaver “Kom-
OGuHATOPUKA” OTCYTCTBYET, U CBEACHUS 10 KOMOMHATOPUKE PACIPEIETCHBI MEX Iy
PA3IMYIHBIMU KYPCAMU, TAKUMHU KAK MATEMATAIECKUN aHAIN3, (yHKINOHATILHBIN
aHamu3, aarebpa u auckpeTHaa maremaruka. (Mckmogenne — mporpamma “Math
in Moscow”, Tie Kypc KOMOMHATOPUKY CYIIECTBYET € CAMOI'O OCHOBaHUA.) Takum
06pa3oM, caMo BbljeJeHne KOMOUHATOPUKY B OTAEILHBIN KyPC MOXKET PAcCMaTpHU-
BATHCS KAK METONUYIECKAS WHHOBAIWS.

Kypc menmurcsa na pasiessl B 3aBUCUMOCTH OT TTPUMEHAEMON TEXHUKY: ABHLIE B3a-
HUMHO OJIHO3HAYHBIE COOTBETCTBUA, PEKYPCHUA, “3HAKOMEPEMEHHBIE” METOIH (THUna
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dopmyast Mebuyca), anamuruyeckas TexHuka. Ocofy0 POlb UIPAIOT NEPBHIA Pa3-
JieJ1, TIe BBOJUTCSA KIHYEBOE IIA KOMOUHATOPUKHA TIOHATUE MPOU3IBOAAIIEN (HPYHK-
[UN, ¥ TOCACTHUN Pa3gel, COAepKaHue KOTOPOro — KPATKUN 0030p MIPUIOKEHUN.

1.4. MecTto Kypca B cucteMme (POPMHUPYEMbIX HHHOBAIIMOHHBIX KBaJIH-
dukanmmy Komburaropuka — cBoeobpasHag “Toduka COOPKHW® BCETO Kypca Ma-
TeMaTuku. C OJHOU CTOPOHEI, IPY PEIIEHNN KOMOUHATOPHBIX 3aaY MPUMEHACTCA
BECh apCeHAJ IPUEMOB, HAKOTUIEHHBIX DA3HBIMU PA3/16€IaMU MATEMATUAKY (U B 3TOM
CMBICTE, 9eM 00Jee 3PYAUPOBAH CTYAEHT, TEM JYUIIe OH MOATOTOBIEH K OCBOESHUIO
upegaaraeMoro kypca). C apyrou CTOPOHEL, CBEAEHUS U3 KOMOMHATODUKYA U KOM-
OMHATOPHAA UHTYUIMA HE3AMEHUMEL IIPU OCBOeHur 60jee “NPOABUHYTHIX YacTen
MaTeMaTUKN, TAKAX KaK aIre0pandeckas reOMeTpusa, TeOPUs TIPeCTaBICHUN, Ma-
TeMaTuveckasa pusmka. Takum 06paszoM, enpa Ju OyIeT NpeyBeInvYeHeM CKa3aTh,
9TO KaXKIBIU CTYIEHT-MATEMATUK Ha ONPEAEJCHHOM dTamne o0yueHus (Ha nepexose
OT BJIEMEHTAPHBIX KYyPCOB K 60see IPO(ECCUOHAIBHBIM) JOMLKEH IPOUTH B TOU WK
uHOU (hPOpME KypC KOMOUHATOPUKH.

2. CONEPKAHUE KYPCA

2.1. HoBuaua kypca Kak yxe 0TMeYAIOCH, caMa UAea OTIeJbHONO KypCa KOM-
OMHATOPUKHA ABIAETCA HOBOU B POCCUUCKONM 00pa3oOBAaTEJLHOU IIpaKTUKe. Takoun
kypc 6ewt ocymecrsiaed C.K.Jlango (ueme gexanom dpaxyasrera maremaruxu BITD)
B paMkax nporpammel “Math in Moscow” B camom komie 1990-x rogos. 3aTem He-
CKOJBKO pa3 2ToT kypce umranca H).M.Bypmasom na ocuoBe xuumru C.K.Jlammo
“Lectures on Generating Functions”; Kypc mOCTENEHHO AOMOIHAICA HOBBIMU Pa3-
IeJaMu.

Hacrosmas 3asBka npegcrasiaser coO0H OCHOBATEILHO MEPEePabOTAHHBIN Bapu-
aHT DTOTO KypPCa.

2. TeMaTUYeCKUN ILIAH

Ha3BaHUe KOJINYeCTBO 9aCOB
TeMBbIL JIEK YIip caM

Brenenue: 6uHOMMATBHBIE KODDOUITHEHTHI
IIpoussoasaiue GpyHKIIN
Jlunennas pexkypcus
Yucna Karanana
Hucra Bepuymm—imepa
IlepecranoBku u pasbueHust
[lepeBbs 1 6€CKOHPIMKTHEIE OYEDEIN
I'paMMaTUKK ¢ OMHO3HAYHBIM BBIBOIOM
Dopmyaa obparnenus Mebuyca
Muorouien TaTTa m MaTpuIHAsA TEOpeMa O Iepe-
BBAX
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TenTaronankHas  TeopeMa  u TOXAECTRBO | 2 2 2

Pomxepca—Pamany:xana

Kinerku Illy6epTa 2 2 2
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BBE/IEHUE: BUHOMUAJIbHBIE KOD®PUIMEHTDIL.: CBOUCTBA OMHOMUAIBHBIX KO3(]-
QUIMEHTOB, MOKA3BIBAEMBIE HECKOJIBKUMU CIOCOOAMU: TPAMAS WHIYKIUA,
sBHASA GOpMyIa, ONHOMUATBHAA TTPOU3BOAAIMIAA OYHKITUA.

I[TPOM3BOAAMMUE ®YHKINK.: “IlepeBoant” ¢ A3BIKA KOMOMHATOPHBIX TOXKIECTB
Ha A3BIK TPOoU3BOAAIIMX GyHKIME. KOMOGUHATOPHBIE TOKA3ATEALCTBA HEKO-
TOPBIX TOXAECTB AHAIU3A.

JIMHEHHAS PEKYPCHA.: [10CTIen0BaATEILHOCTH, VAOBICTBOPAIOIINE TUHENHOMY Pe-
KYPPEHTHOMY COOTHOIIIEHNIO C TOCTOAHHBIME KOdhdurmenTamu. [Ipumepsr:
qncaa PrOOHAYTIN, CIyIauHble OIyKJAHUA TI0 TPAMON.

Yucaa Katanana: O6bexThl, nepeduciseMsre duciamu KaTasana: CKOGOIHBIE
CTPYKTYPHI, TPUAHTYJIANMA MHODOYTOJIBHUKOB, myTu [uka.

Yucaa Bepuyin-2iierA.: Tpeyronbauk Beprymmm—Ouiepa; nepevducaenue Tu-
TIOB MOPCOBCKUX (PDYHKITAN HA TPAMON.

ITEPECTAHOBKY U PA3BUEHUA.: [IpomsBoaamme GpyHKINN 1A IUCTA PA3OUCHUAN,
YUCAA OTPAHUYEHHBIX pas3buenu. IlepecTaHOBKY € JAHHBIM YUCJIOM UHBEP-
CUH Y MEUIKOP-UH IEKCOM.

[JEPEBbSI U BECKOH®JIUKTHBIE OYEPE/IM.: Bueknum Mexay MHOXEeCTBAMEI [e-
PEBBEB U OECKOHMAUKTHLIX ouepener. OTpaHUYIEHNA HA TOTKIACCHI MOHO-
TOHHBIX J€PEBhLEB U JUHEUHBIX [E€PEBbEB.

TPAMMATHUKHU C OJHO3HAYHBIM BBIBOAOM.: [loHATHE rpaMMATUKU ¢ OJHO3HAY-
HBIM BBIBOJIOM U IIPOU3BOAAIAS (PYHKIUA IS GACAA CJIOB B TAKOU I'PAMMA-
TUKe. 3aJaHre U3BECTHBIX KOMOMHATOPHBIX OOBEKTOB IPAMMATHAKAMUA.

DOPMYJIA OBPAMEHUA MEBUYCA.: JaCcTUYHO yHOPSAIOUYEHHBIE MHOXKECTBA. Dop-
MyJaa obpareHus Mebuyca.

MHOTOUJEH TATTA ¥ MATPUYHASA TEOPEMA O IEPEBbAX.: Muorouren Tarra. Cre-
OUATH3ANINY MHOTOWIeHa TaTTa. MaTpudHas TeopeMa O IepeBbix.

q-BUHOMUAJIbHBIE KOD®OUIUEHTHL.: ¢-GUHOMUAIBHBIE KO3(DPUIUEHTEL, UX IIPO-
U3BOAINAA (PYHKIMSA U OCHOBHEIE cBoUCTBa. Popmy.aa Komu. g-gucaa Pu-
OOHATYN.

[IEHTATOHAJIBHASI TEOPEMA W TOXKJIECTBO POMKEPCA-PAMAHYXAHA.: [lenraronansuas
TeopeMa Duaepa U peKkyppeHTHas GopMyaa Iia ducaa paszbuenuu. Toxge-
ctBo flkobu. Toxknecreo Pomxepca-Pamanyxana.

Kaerku MIysepTA.: Onpegenenue kiaetok IllyGepra m KOOpAMHATHL HA HUX.
Kaerxku [lly6epTa B rpaccMannane HAJQ KOHEYHBIM TOJEM.

2.2. PekoMeHAyeMble yueOGHUKHA

1) S.K.Lando, Lectures on Generating Functions, AMS Student Mathematical
Library, V.23, 2003.

2) G.E.Andrews, The Theory of Partitions, Cambridge Mathematical Library,
Cambridge University Press 1984 (reprinted in 2003).

Ha xaxxnoM 3aHATMM CTYAEHTAM Pa3JalOTCA JUCTKH ¢ KPATKUAM COAEPKAHIEM
TEKYIIEH JEKITAH.

2.3. ®opmbl KOHTpOJaA Kypc paccuuran ma 2 mogysaa. Texymmu KOHTPOJIL 1,
OIHOBPEMEHHO, BAXKHEUIIAs COCTABMAINIAS KypPCa — CAMOCTOATENIBHOE DEIIeHUe
cTygeHTaMu 3a1ad. Kaxayio Hememo CTYIEHT HOIydaeT TOMAIlHee 3ajaHue, KO-
TOpPOE OH MOJXKEH DelINTh TOMa, & 3aTeM OOCYIUTh CBOW BAMUCAHHBIE DEIICHUI C



[IPENoAABATENEM BO BPeMs NPAKTUIECKUX 3aHATUN. Pe3yabTaTsl peeHus foMall-
HUX 33IAHUU OIEHUBAIOTCA B GalIax (PA3HOE YUCIO GANLIOB 33 DA3HBIE 3aJa4U);
CyMMa, 0AJJIOB 3ATE€M YIUTHIBACTCS TIPU BHICTABICHUNM UTOTOBOU OIEHKMU.

B kon11e nepBoro MoAyIs CTYJEHTH CAAI0T 3a49€T, TPEICTABIAIONMET COOOU TTNCh-
MeHHYI0 paboTy u3 5—6 3a1ad, IPOLOLKUATEILHOCTHIO 4 ACTPOHOMUYECKHIX JACA.

B xoH1e BTOPOro MOy CTYOEHTHI CAAIOT DK3aMEH, TAKXKe IPEeACTABIAIONINAN
€O6OU MUCHMEHHYI0 PAbOTy TTPOMOIKUTEILHOCTLIO 4 ACTPOHOMUIECKUX IACA, B XO-
Jle KOTOPOHU HaJI0 MUCBMEHHO PEIuTh 5—6 3a7ad Mo BCEMY KYPCY.

Nrorosas omeHKa BHYUACIACTCI IO POPMYJIE

F= %max(S, E)+ %min(S, E),

rge B — ouenka 3a sk3aMeH (B [IePBOM MOAyJle — 3a4er), a S — OLeHKa 3a pabory
B CEMECTPE, BEIYUCIAEMAs, B CBOIO O4Yepens, 0 (hopMyIe

S =10%1.6 * B/Bqz,

rae B — cymMa 6asIoB, HaOpaHHBIX CTYI€HTOM 33 PEIIeHNE BCEX 3304 U3 JOMAII-
HUX 331aHUU (B IEPBOM MOJAYJ/Ie — 33 NEePBLII MOLYIb, BO BTOPOM MOZYyJe — 3a 06a
MOayas), & By, — HanboabHAS BO3MOKHAL CyMMa 0aJUIOB 33 PELIeHUe TOMALIHUX
3aJaHNAN.

Taxum 0GpaszoM, I TOIYIEHUA MAKCUMATLHON OMeHKY 10 6alIoB JOCTATOTHO
OTIMYHO HANUCATEL DK3AMCH M penmTh npuMepHo 60% Bcex 3agad M3 JOMAIIHUX
3aJaHUT.

2.4. Y4eb6Ho-MeTOoAnIecKHe MaTepuaabl OOpa3ibl [OMAIIHUX 38 aHUH U DK3a-
MEHAIIMOHHLIX pabOT MPUBOLATCA B JOMOJHEHUN K DTOU IPOrPAMME.



