degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)
10 JMCHMILIMHE: JuckpeTHas onTUMHU3anns
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH:
Oustex-mkona [Ipuknagnoit Maremaruku u Mapopmariku
kageapa TMCKPETHOM MaTeMaTHKH

KYpC: 3
KBAJH(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHnui) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 yac.
cemuHapsl: 30 gac.
naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 75 gac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

KomnuecTBo KOHTPONBHBIX pa0oT, 3a1aHuii: 1

[Iporpammy cocraBui: A.b. [laitasxk, kaug. ¢us.-Mart. HayK, JTOIEHT

[Iporpamma obcyxneHa Ha 3acefanuy Kadenpsl auckpetHoit matematuku 05.03.2020



AHHOTANMA

B G0sBIIMHCTBO KypCOB aJrOPUTMOB M CTPYKTYpP IAHHBIX BXOIST TaKue KJIACCHMYECKHE TEMBI, KaK IMOHCK
Kparyaimux myTed B rpadax, moCTpoeHHe KpaT4allIuX OCTOBHBIX J€PEBbEB, HAXOXKICHUE MaKCHUMaJbHBIX
MOTOKOB. Bc€ 3T0 — mpuMepsl 3ajad JAUCKPETHON ONTHUMM3AIMH, a OOIIas cxeMa BOIPOCOB JUCKPETHOM
ONITUMH3ALMH TAKOBA: MOCTPOUTH IUCKPETHBIH OOBEKT, HA KOTOPOM JOCTUTAETCS ONTHMAIbHOE 3HAYCHHE
HEKOTOPON «METPUKH KauecTBa». B peanbHOH KU3HU PEIKO MOYKHO BCTPETUTH U30JIMPOBAHHBIE IOCTAHOBKU
BpOZIC «HANTH MyTh MEXAY AByMsI BepllMHaMU rpada». BeepbE3 BaxkHbIE ISl IPAKTUKH 337a4d YacTO BEChMa
TPYIHBI A TOYHOIO PEIIEHUs, a JIMLIb CTAHAAPTHBIMM AJITOPUTMaMHU W3 BBOIHBIX KYpPCOB, M JaKe HX
KOMOHMHALUSMH, TYT HE OOOUTHCH. MBI pacCMOTPHUM B Kypce oOIIMe MOAXOAbl K PEHICHHUIO 3a/1au JUCKPETHON
ONTHUMU3AIMH, BCE ATAlbl — OT IOCTPOEHUs cOaJaHCHPOBAHHONW MaTeMaTH4ecKOW MOJENH 0 HarlUCaHUs
3¢ (HEeKTUBHBIX AITOPUTMOB €€ 00cuéra.

1. leau u 3apa4u

eap AUCUMNIMHBI

M3y4YeHHE KJIACCHUECKMX M COBPEMEHHBIX METOJOB ONTHMM3AalMH. PaccMOTpeHHE NPHUMEpPOB HX
UCTIONIb30BaHMsI B IPUKIIAIHBIX 3a/1a4ax (U3UKH, MaTeMaTUKU U MH)OPMATHKH.

3agaum AUCHUILUIMHBI
[l W3y4YeHHEe MaTeMaTH4eCKUX OCHOB COBPEMEHHON KOMOMHATOPHKH;

[J mpuoOpeTeHre CITyIaTeNs MU TEOPETHUECKUX 3HAHUH B 001aCTH KOMOWHATOPHOTO aHAJIN3a 3a/1ad,
BO3HHKAIOIINX HA MPAKTHKE;

[J 0OCBOEHHE aHAINTHYECKOTO M alreOpandyecKoro amnmnapara AUCKPETHON MareMaThKH U MOJy4YeHHe
HaBBIKOB pabOThI C OCHOBHBIMH JIUCKPETHBIMU CTPYKTYpPaMH.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIIHIO0, HEOOXOMUMYIO ISl PEICHHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITHIH,
MIPUMEHSITh CUCTEMHBIN TOAXO ISl peLIeHUs
IOCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PEUICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CnocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(yHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PE3YJIBTaTOB

OIIK-2.1 Cnocoben IIPUMEHSTh COBpPEMEHHbIE
BBIUMCIIUTENBHYIO TEXHHKY M CEpPBUCHI ceTH MHTepHeT B
OITK-2 CriocoGeH HCIIonb30BaTh COBpeMeHHbIe |0071acTh (cdepe) npodecCHOHANBHOM NEITENbHOCTH
MH()OPMALMOHHBIE TEXHOJIOTUHU U OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MPOrpaMMHBIE CPEJICTBA MIPH PEIICHUH 3aa4  |MaTeMaTHYeCKHe METOIbl W NPHUKIQJIHOE MPOrpaMMHOE
npodeccuoHaIbHON IeATeNbHOCTH, coOmoast  |o0ecrieueHre  Juisi  PElIeHWs  Hay4yHbIX  33ja4 B
TpeboBanusa HHPOPMALIMOHHOHN Oe30macHOCTH  (podeccHOHaLHON 00IacTH

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH




OIIK-3 CriocobeH cocTaBisITh U 0QOpMIIST
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI

OIIK-3.1 3Haer ocHOBHBIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAi U HAYYHO-TEXHUYECKON TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHWEM MPUKIAJHOTO IPOrPAMMHOTO
o0ecrnieyeHHs

OIIK-3.2 Brnageet Ha MpakTHUKE METOMOJIOTHEH COCTABICHUS
HAYYHO-TEXHUYECKHUX OTYETOB (IIPOCKTOB)

(ryOuKaLyy, IPOCKTHI) OIIK-3.3 Bnageer MeTofaMu BU3YyalbHOTO U Tpaduieckoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM
(Hay4YHO-TEXHUYECKON, NHHOBAIIMOHHONW TEXHOJIOTHYECKON)

ACATCIIBHOCTHU B BUJAC OTYCTOB, HAYYHBIX HYGJ'II/IKaL[I/Iﬁ

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCAaHMA H3ydaeMbIX
SIBICHUH M TPOLECCOB, OLCHUTh KaueCTBO pa3paboTaHHON

[IK-1 CnocoGen craBuTh, HopMann30BbIBaTh 1 |MOICIIH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIIEeI0BaTh MaTEMaTHYECKHE MOIETH
U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)

SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HaydyHOW 3ajjad€ W MHTEPIPETHPOBATh IOJIYYEHHBIC
pE3yNbTaThI

[MK-2.1 3HaeT NOPUHIMUIBI TOCTPOSHUS HAyYHOHW PadOTHI,
MeTonbl cOopa M aHajgW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaIH

I1K-2 Crnoco0OeH caMOCTOITENBHO WU B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH

[IK-2.2 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC
UCCIICZIOBAHMsI CaMOCTOSATENIbHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

Hay4HBIE UCCIICIOBAHUS U UX arpoOaluio
[MK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB

Hay4YHO-UCCIIE0BATEIbCKON paboTsl MTOCPEICTBOM
MyOIMKaIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPeHINAX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATh:
[l ¢yHnameHTaIbHBIC HOHATHSA, 3AKOHBI, TEOPUH YaCTH JUCKPETHON MaTeMaTHKH;
[J coBpeMEHHBIE IPOOIEMBI COOTBETCTBYIOIINX Pa3/AeioB AUCKPETHON MaTeMaTHKY;
[J  MOHSTHA, aKCHOMBI, METO/bl JJOKA3aTEeJIbCTB U JJ0KA3aTeJIbCTBA OCHOBHBIX TEOPEM B paszzenax,
BXOIAIIMX B 0A30BYIO 4aCTh LIUKJIA;
[l OCHOBHBIE CBOWCTBA COOTBETCTBYIOIINX MaTeMaTHYECKUX 0OBEKTOB;
[J aHaJUTUYECKUE W YHUCICHHBIC MOIAXOABI MU METOABI JUIS PELICHUS! TUIIOBBIX NPUKIAIHBIX 3a1a4
JUCKPETHOW MaTeMaTUKHU.
YMETb:
[J TOHATH OCTABJICHHYIO 33Jauy;
[J HCIONIb30BaTh CBOM 3HAHUS JUIsl pelieHus (pyHIaMEHTaIbHbIX U IPUKIAJIHbIX 331a4;
[J oueHUBaTh KOPPEKTHOCTh IIOCTAHOBOK 3a7ay;
[J CcTpOro AOKa3bIBaTh MIIU ONPOBEPraTh YTBEPKACHUE;
[J  caMOCTOSITEIbHO HAXOIUTh aJIrOPUTMbI PEIIEHUs 3aJad, B TOM YHUCJIE U HECTaHIApTHBIX, U
MPOBOJUTH UX aHAIIN3;
[J caMOCTOATENIBHO BUJETh CIECTBUS [I0JYyUEHHBIX PE3YJIbTaTOB;
[J TOYHO MPEACTaBUTh MaTeMaTU4YEeCKHE 3HAHUS B 00JACTH B YCTHON M MUCBMEHHOHN Qopme.
BJIaJICTh:
[J HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHQOPMAIIMH U pelIeHus 3a1a4 (B TOM YHCIie, CJI0KHBIX);
[J HaBBIKAMH CAMOCTOSITEIILHON paOOThl M OCBOCHHS HOBBIX JUCLUIUINH;
[l KynbTypoil HOCTAaHOBKH, aHAJIN3a M PELICHNS MaTeMaTHYEeCKUX U MPUKIAJHbIX 33/1a4, TpeOyIOmux
JUISL CBOETO PELICHHUS UCTIOIb30BaHUs MaTeMaTHUECKUX MTOIX0J0B U METO/IOB;
[J  NpeIMETHBIM A3BIKOM IUCKPETHOM MareMaTWKU U HaBbIKAMM I'DaMOTHOIO OIMCAHUS pPELICHUs
3a[a4 M MPEICTaBICHHS MTOMYyYCHHBIX PE3YJIbTaTOB.




4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Anroputmbl [lpuma u  bopyBkum s 4 4 ]
pemenns 3agaun MST
2 JIBOMCTBEHHOCTD B JIMHEHHOM > 5 7
MIPOTPaMMHUPOBAHUHU
CKpeTHa eliHa 3agada O
3 [uckperHas JIMHENHAas nay 5 5 10

nogmuoxkectse (DLS problem)

3ajaya  TOCTPOEHUS  MApOCOYETAHUS
4 MaKCHUMaJIbLHOH MOIIHOCTH B 4 4 10
MTPOU3BOJILHOM Tpade

5 MerTox BeTBei U rpaHull 4 4 10

6 Monudukaruu anroputma JleKkcTps 6 6 16

7 OmnuuurensHble  0COOCHHOCTH — 3ajad 5 5 14
JVCKPETHON ONTUMH3ALNH

Hroro yacos 30 30 75

IToaroTroBka k sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 6 (Becennuii)
1. Anropurmsl [Ipuma u bopyBku ans pemenus 3agaun MST

HanmomuHanue OCHOBHBIX MOHSATHI U3 JMHEHHOTO MPOTpaMMHUpPOBaHUA. 3aladya B CTAaHAAPTHOW H
KaHOHHYeCcKoH (opmax. Ilepexog oT HepaBeHCTB K paBeHCTBaM U oOpaTHO. [eomerpusi 3amaun:
CUMILJIEKC-aJITOPUTM KaK JIOKaJIbHbII IOMCK 110 BEPIIMHAM MHOIOTPAHHUKA.

2. JIBOMICTBEHHOCTD B TUHEHHOM IIPOrpaMMHUPOBAHUU

IlocranoBku 3amaum TSP B  Ttepmumuax [UJIII. VYenoBus Munnepa—Takkepa—3eMinHa
(moNMHOMHUANBHOE KOJMYECTBO HepaBeHCTB B 3ajmade TSP). 3ameuanue «o HekaracTpouIHOCTH
SKCIIOHEHIIMAJILHOTO YKCIIa OrpaHudeHuil B 3anadax JIID».

3. luckperHas nuHeiHas 3a1a4da o nogMHoxectse (DLS problem)

3amaunn TSP u MST kak wactapie cirydan DLS-3amad MUHUMU3anum, mepexo] K MaKCHMU3AIHH.
HacnencrBennbie cucrembl. ba3bsl W UKIBIL. PaHr M HIKHUE paHT MHOXECTBA, PAHTOBBINA pa3dpoc.
Matpoupsl: SKBHBAJICHTHBIE ONpe/ieieHns, mpuMepbl. OIeHKa KadyecTBa padOTHI KaTHOTO aJTOpPUTMa
Ha HACIIEICTBEHHOHN cucTeMe udepe3 e paHroBblii pazopoc. CieicTBHEe O KOPPEKTHOCTH JKaJHOTO
aNropuT™Ma MOCTPOSHHUS KpaTdauiiero ocToBHOTO JepeBa. OIeHKa pPaHTOBOTO pa3dpoca uepes
OrpaHWYeHHEe Ha 4Yucio [UKIoB. CyOMOAynsipHOCTh paHToBoW (yHKmmMuM Marpowja. [lepeuecenue
MatpousoB. OIleHKa YHWClIa TWKJIOB JUIS HACIEACTBEHHONH CHCTEMBI Yepe3 YHCIO MaTpOHIOB B
TepeCceveHUN.




4. 3agada MOCTPOEHUS MAPOCOYETAHUS MAKCHMAJIbHOW MOIIHOCTH B IIPOM3BOJILHOM rpade

VYBenmunuuBarome mytd (YTBEp)KACHHE O TOM, YTO HapOCOYETaHHME HEMAaKCHUMajbHO < eCTh
yBeIMUUBAOUIMKA IyTh). I[IpobremMa ¢ TOHMCKOM YBEIMYHMBAIOMIMX IyTe€il MNpH OTCYTCTBUHU
JBYIOJIbHOCTH: LIBETKU. Y TBEPXKICHHS O CKATUHU LIBETKOB. ANTOpUTM DIMOH/ICA.

5. Meron BeTBel U IpaHull

3amaun  MCYEpHBIBAIOLICTO Iepebopa  CIIOKHBIX  JTUCKpEeTHBIX 00bekToB. llomxonm Puna:
yHopsioueHHOE Nepeuncienrne. Meroa oOparieHust J0KaJIbHOTO moucka Apnca—®yKyabl.

6. Monudukanuu anropurma J{elkcTpbl

I{Ba ajropyurMa: IMOCTCIICHHAd MUWHUMMU3ALUA CTOMMOCTH IIOTOKa IIpH HEHU3MEHHOU BCIIMYHHC;
NpUpamcHuC BSIINIUHLBI 3a CYE€T MUHUMAJIbBHO BO3MOXKHOI'O npupamcHud CTOUMOCTH.

7. OTnu4uTeabHbIE 0COOEHHOCTH 3aaady ,E[HCerTHOfI OIITUMH3ALIH

O030p MOCTaHOBOK KJIACCHYECKMX 3a7ad IUCKPETHOHW ONTHMHU3ALMHU: TMOKPBITHE MHOXECTBAMH,
BEpILIMHHOE IIOKPbITHE, Kpardaliuuil IyTh, MHHMMAJIbHOE OCTOBHOE JI€PEBO, 3aJaid O
MapoCcOYEeTaHuy, 3a/1a4a O Ha3HAUCHUSIX, 33/1a41 TEOPHH paclMCaHui, 3agaun ynakoBku (bin packing,
PIOK3aK), 3aJaud O MHOTOKax (IOTOK HamOONbIIEHl BEJWYMHBI, MOTOK HAWMEHBLIEH CTOMMOCTH,
MYJIBTUIPOLYKTOBBIE TIOTOKH ), TPAHCIIOPTHAS 3aa4a (3agada XWIKoKa), 3a7ja4a KOMMHUBOSIKEDA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VuebHas ayquTopHsl, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIUHHBIM 000py10BaHUEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. 3agaun no puckperHoii ontumuzanuu /M-Bo oOpazoBanus U Hayku PO, Mock. ¢pu3.-TexH. uH-T
(roc. yH-T), Kad. muckperHoii maremaruku ; coct. A. b. Jlaitusxk , M., MOTH, 2017

2. KomOunaropuas ontumusanus. Teopus u anroputmel [ Teker] = Combinatorial Optimization. Th / b.
Kopre, W. ®uresn ; niep. ¢ annt. M. A. babenko - M.MITHMO,2015

JomnonHurensHas auTeparypa

1. BBeneHnure B TEOpHUIO aNTOPUTMOB H CTPYKTYp AaHHbIX [ Tekcr] : [yueb. mocodue ans By3oB] / M. A.
Bba6enko, M. B. Jlesun .— M. : MITHMO ; ®MOII, 2012 .— 144 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHBIC TEXHOIOTUH, BKIIIOYAsk IEMOHCTPAIIHIO
Npe3eHTALUN.

B nporiecce camocTosSTENbHOM PabOThl 00YYarONIHXCsl BO3MOXKHO UCIIOJIB30BAHUE TAaKUX IPOTPAMMHBIX
cpenacts, kak Mathcad, MATLAB, Maple u np.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_Iy.Tlﬂ)

1. PexoMeHzmyeTcsi YCHEUIHO COaBaTh KOHTPOJIbHBIE pabOThl, TaKk Kak 3TO YIMPOIIAeT HTOTOBYIO

aTTCCTAIUIO IO MPCAMCTY.
2. I[J'ISI IIOATOTOBKH K HTOTOBOM arTeCTallvu IO MPCAMCTY JIy4dlIC BCCTO IOJb30BATHCA MAaTCpHaJIaMU

JIEKINH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH:
Oustex-mkona [Ipuknagnoit Maremartuku u Magopmaruku
kadeapa TMCKPETHOM MaTeMaTHKH

Kypc: 3

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHHui) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.b. [laitasxk, kaug. ¢us.-mMat. HayK, TOIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucnonb30BaTh COBPEMEHHbBIE
MH()OPMAIMOHHBIE TEXHOJIOTUHU U
NpOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENLHOCTH, COOTIOnas
TpeboBaHUg NHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYeCcKue METOAbl U IPUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHHs  HAyYHBIX  3aJad B

npodeccuoHaIbHON 00nacTu

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIAT
Hay4YHbIC U (MJIM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(TmyOnuKanum, mMpoeKThI)

OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
MyOJIMKaUi 1 HAyYHO-TEXHUUYECKOH TOKyMEHTAaluH, B TOM
YHUcie C KCIONB30BAaHUEM MNPHUKIATHOIO TMPOrPaMMHOIO
obecrieueHus

OIIK-3.2 Brnageet Ha MpakTHUKE METOAOJIOTHEN COCTaBICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

OIIK-3.3 Bnageer meTogamMu BU3yaJbHOTO U TpadudecKoro
MIpeICTaBICHUS pe3yabTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHOW TEXHOJOTHYECKOH )
JeSITETLHOCTH B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINH

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUIA M TIPOIECCOB, OICHUTh KauecTBO pa3paboTaHHON
MOJENN

[IK-1.1 CriocoGeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITENLHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[1K-2 Crioco0OeH caMoCTOIATENLHO N B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BBIBATH M MIPOBOIUTH

TTAVIITIT 1A AATTATTADATIING 11 IV armnnAaTioarn

[IK-2.1 3HaeT OpUHLMIBI MOCTPOEHUS HAYYHOW pPadOTHI,
MeToasl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CHoco0bl apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA




nu_y T1MADIV YIVWJIV/AUDAIYLIZL Y1 Y1 auyuuau,yuu

[MIK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA
B pesynbrare uzydeHus JUCIUILIMHB «JIHCKpETHAS ONTHMU3AIUSD) 00yIAFOIIUNACS JJODKEH:

3HATh:
[l ¢yHnameHTaIbHBIC HOHATHSA, 3AKOHBI, TEOPUH YaCTH JUCKPETHOW MaTeMaTHKH;
[l coBpeMEHHbIE TPOOIEMBI COOTBETCTBYIOIINX PA3/eiOB AUCKPETHON MaTeMaTHKH;
[l TOHATHA, aKCHOMBI, METOABI JIOKA3aTeIbCTB U JI0KAa3aTeIbCTBA OCHOBHBIX TEOPEM B pasjielnax,
BXOJISIIIMX B 0a30BYIO 4acCTh IIMKJIA;
[l OCHOBHBIE CBOWCTBA COOTBETCTBYIOIINX MaTeMaTHYECKUX OOBEKTOB;
[l aHaNUTHYECKHE W YHCICHHBIC TOAXOIbl U METOIBI Ul PELICHUS THUIIOBBIX NMPHKIAJHBIX 33/1a4d
JUCKPETHOW MaTeMaTUKHU.
yMeThb:
[l MOHATH MOCTABJIECHHYIO 33/1a4y;
[l MCHOJIb30BaTh CBOM 3HAHUS JUIS pelieHus QyHIaMEeHTaIbHBIX U NPUKIAIHbIX 3a/1a4;
[l oIleHMBATh KOPPEKTHOCTh NOCTAHOBOK 3a71a4;
[l cTpOro J0Ka3bIBaTh HJIHM ONPOBEPTaTh yTBEPIKIACHHE;
[l caMOCTOATENIbHO HAaXOAWTh AJITOPUTMBI PELICHUS 3aJad, B TOM YHCJIE€ M HECTAaHAAPTHBIX, U
MPOBOJIUTH UX aHAJIH3;
[l caMOCTOSITEIbHO BUIETH CIEACTBUS IOJIyYCHHBIX PE3YJIbTaTOB;
[] TOYHO MpPEACTaBUTh MaTeMaTHYECKHE 3HAHUS B OOJIACTH B YCTHOW U MMCHbMEHHOH (opme.
BJIA/IETh:
[J HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHQOPMAIIMH U pelIeHus 3a1a4 (B TOM YHCIie, CJI0KHBIX);
] HaBBIKAMH CaMOCTOSTEIBHOW paOOTHI U OCBOCHUS HOBBIX JUCIHIUINH;
[l KynbTypoi OCTAaHOBKH, aHAJIN3a M PELICHNS MaTeMaTHYEeCKUX U MPUKIAJHbIX 33/1a4, TPpeOyIOmux
ISl CBOETO PEIICHHS UCTIONB30BAaHHUS MAaTEMAaTHYECKHX ITOXO0/I0B X METO/IOB;
[]  TIpenMEeTHBIM SI3BIKOM IHCKPETHOW MaTeMaTUKU M HAaBBIKAMU I'PAMOTHOTO OMHMCAHUS PELICHUS
3aj1a4 ¥ MMPECTaBICHHS MOTYIECHHBIX PE3yIIbTaTOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Texylui KOHTPOIb

Hansr: crucok umcen [w_1, \dots , w k], w i \in [0, 1][w 1 ,....w k ],w i€[0,1] — 00BEMBI
MpeaMeToB, HaTtypaibHoe uncino n_{\text{bins} }n bins — konruecTBO KOHTElHEpOB. BMecTuMOCTH
KaXJIOr0 KOHTEHHepa  ToiaraeTcs paBHOW  eamHume. [Ipeamonaraercs, dYro  (QYHKIHS
solve bp_decision(weights, n_bins) pemaer «pacmno3zHaBarenbHbIN» (decision) BapuaHT 3aaa4d bin
packing. Ha Bxonm eii momaércsi CHHCOK NpPEAMETOB W YHUCIO KOHTeiHHepoB. DyHKIMS BO3BpamiaeT
OyJIeBCKHIA OTBET Ha BONPOC «MOXKHO JIM 3aJlaHHbIE BEca paclpeleinuTh 1Mo He Oonee uyeM n_bins
koHTeiiHepam? Hanumure comepxumoe ¢ynknouu solve bp evaluation, koropass Bo3Bpamaer
ONTUMAIILHOE YHWCIIO KOHTEHHepoB (pemaer evaluation-BapuaHT 3aaauu bin packing). DyHKIus
solve bp evaluation mommkHa pemars CBOK 33j1ady HE HAaNpsSMYHO, a IMOCPEICTBOM BBI30BA (DYHKIIHU
solve bp decision He Ooinee dYeM MOTMHOMHAILHOE IO pa3Mepy 3aJa4yd KOJM4YecTBO pa3. He
JOIYCKaeTCsl WMCIOJb30BaHHE PEKYPCHBHBIX BBI30BOB (yHKuuum solve bp evaluation BHyTpm Heé
camoi. 3areM HanumuTe conuepkumoe ¢(yHkimm solve bp search, koTopas BO3BpaliaeT CIIHCOK
HOMEpPOB KOHTCWHEPOB, KOTOpPhIC NMPU KAKOM-HUOY/Ib ONTHMAJIBHOM PACIPEICIICHUN TPHCBAUBAIOTCS
BecaM U3 criicka weights (koHTeiHepsl HyMepyloTcs ¢ enuauibl!). @ynknus solve bp search gomkHa
pelaTh CBOIO 3a7avyy He HalmpsAMYIO, a MOCPEACTBOM BbI3oBa (hyHKuMHU solve bp_ evaluation He Gonee
YeM MOJIMHOMHMAJIbHOE [0 pasMepy 3aJaud KOJM4YecTBO pa3. He pomyckaercss wucnosib30BaHHE
PEKYpPCHBHBIX BbI30BOB (yHKLMH solve bp search BHyTpu He€ caMOH.

Peanu3yiiTe npuOImKEHHBIN aaTOPUTM VIS 33/1a4 O TIOKPHITHH, OCHOBAHHBIH Ha CIEIYIOIICH cXxeMe:
1) Komupyem 3amady 0 MOKPBITHH KakK 3a7aqy JMHEHHOTO NMPOrpaMMHUPOBAHUS, CHUMAsi OTpPaHUYCHUS
Ha eJI0YMCICHHOCTh IEPEMEHHBIX.

2) 3amyckaeM OWONMOTEYHBIM coiBep s TouHoro (!) pemieHuss 3ajadd  JIMHEHHOTO
POrpaMMHPOBAHHS.



3) Ucnonedyem pemenue 3amaun JIII, BeiaHHOE conBepoM, aiisi (OPMHPOBAHUS «HACTOSIINX
WHIUKAaTOPHBIX» 3HAUCHUIN MEPEMEHHBIX C MIOMOIIBIO BEPOATHOCTHOIO OKpymieHHs. IIpuBercTByercs
n300peTeHne COOCTBEHHBIX IBPUCTHUK-HAJICTPOEK HAJ CXEMOM BEpOSTHOCTHOIO OKpPYIJICHHS.
Hanpumep, kak TOJIBKO yKe OKPYIIEHHBIX K €AMHUIE IIEPEMEHHBIX XBATaeT, YTOObI OKPHITH MaTpHILY,
MOXKHO OCTAaHOBMTBHCS, HE JIOKHMJAsACh KOHLA payHAa okpymieHus. Ilomoraer i B 3TOM ciydae
YHOpsIIOUEHHE MTEPEMEHHBIX (eI1€ He OKPYIIEHHBIX) 110 YOBIBAaHMIO WM 110 Bo3pacTtanuio? Kpome toro,
MOKHO TIPOBECTH HECKOJIBKO JIECATKOB PayH0OB BEPOSTHOCTHOTO OKPYIICHHUS, a 3aTeM BbIOpaTh U3 HUX
HauMEHbLIEe [0 BeCy IMOJlyuuBlIeecs TMOKpbITHE. OTAEIBHO ONMIIMTE HCHOIb3yeMylo Bamwu
CTpaTeruo.

Bam mpemiaraercs peanu3oBaTh NepeOOpPHBIA aaroOpuTM, KOTOPBIA HAXOAUT TapaHTUPOBAHHO TOYHO
MaKCHMAaJIbHYI0 CTOMMOCTBh pIOK3aka. B Xozme mepeOopa ciemyeT BBINIOIHATH OTCEYEHUE, HCIONIB3Ys
BEPXHIOIO M HWXHIOIO OLCHKY CTOMMOCTH pPIOK3aKa. BepxHssi oleHKa — Ha OCHOBE (TOYHOTO)
peleHus HeueloduciieHHOW 3axauu JIII, a HWKHSAS — Ha OCHOBE JKaJHOIO aJIrOpUTMa PELICHHS
3a/1a4u o prok3ake. [Iporpamma nomkHa nedarars B CTaHJAPTHBIN OTOK BBIBOJA €IMHCTBEHHOE YHCIIO:
CTOMMOCTb OIITUMAJIBHOTO PIOK3aKa.

3anporpammupyiite anroputMm 2-anmnpokcumaiuu jaepesa lllteiiHepa (KoTopblii MBI pa3Oupany Ha
3aHATUH), PaOOTAIOIINI AJISl IPOU3BOIBHOTO, BO3MOXXHO, HE METPUUECKOTO, rpada:

1) Ctpoum MeTpuueckoe 3aMbIKaHue rpada.

2) CTpouM MUHHUMAaJIbHOE OCTOBHOE JIEPEBO TOJBKO Ha 00s3aTeNbHBIX BEPIINHAX.

3) Boszpamaemcs k ucxogHomy rpady, moiaydasi, BO3MOXKHO, HEIPEBECHOE MOAMHOKECTBO pédep. 4)
VYnanseMm (Hanpumep, KaJHO), JTulIHUE pEOpa, YTOOBI MONYYWThH MoNHOUEHHOe nepeBo lllTeiinepa.
Hannbie npenoctasisitorcs B popmare STP. Beixox mporpaMMel 10MKeH coepKaTh HECKOIBKO CTPOK,
B Ka)JI0¥ U3 KOTOPBIX uepe3 mpoden 3anucans id BepiinH, oopasyoomux pedpo B nepese LlTeitnepa.
3anporpaMMUpyHTe TeHETUYECKUI alropuT™ JUisi oOIIel 3aJadu O MOKPBITHH, CPOMYINPOBAHHON B
tepmuHonorun Set Cover. B sToif 3amaue mpeamonaraercs, 4To e€CTh HAaOOp 3JIEMEHTOB M HabOp
MHOXeCTB. TpeOyeTcsi MOKpBITh BCE JJIEMEHTBI, B3AB HECKOJIBKO MHOMXECTB, TaK, YTOOBI
MUHUMM3UPOBATH CYMMY BECOB B3SITBIX MHOXKECTB. J[j1sl 3aaHus [yacTu]| nepBoHayaIbHON MOMYJIALUH
WCIOJNB3YHTE, HAPUMED KAIHBIN MMOAX0. AJNTOPUTM JOJDKEH padoTaTh Tak, YTOOBI OCTaHABINUBATHCA
7100 MO TOCTHKEHHUH JIOKAJIBHOTO ONTUMYMa, JTH0O0 MO MPUOIMKEHHH JINMHUTA TI0 BPEMEHHU.

KopoTtkue Bompocst:

CKOIIBKO TaMHJIETOHOBBIX OHUKJIOB JIC)KUT B 2-0erCTHOCTI/I (I)I/IKCI/IPOBaHHOFO raMHJIbTOHOBA IIHMKJIa B
eBKHH,E[OBOﬁ 3aaa4ec KOMMI/IBOSDKépa JUIA N TOYEK? YKaKHUTE BepHLIﬁ nopsAa0K 9TOM BEIIMYHUHEL.

CunTast, 94T0 (PyHKIMU MyTalUH U CKPEUIMBAHHS BBIUUCISAIOTCA 32 OJWH TaKT BPEMEHH, CKOJIBKO (110
MOpSAAKY) BpeMeHH yHIET Ha N IIaroB reHETHYECKOTO ajropuTMa, padoTaloulero ¢ MOMyJsuei
pazmepa m?

Cumtas, 4To B aNropuTMe JoKanbHOro moucka Kepuurana—JIuna B kadecTtBe “KOpOTKOro Imara”
WCIIONIE3YIOTCS OOBIYHBIC /ISt 3a1a4n TSP 2-0KpecTHOCTH, W 9TO alNrOPUTM JENaeT 3a ONWH “‘ITMHHBIN
mar’ MakCUMyM 5 KOpOTKuX I1aroB. CKOJIBKO TIO MOPSAKY BpeMeHH YUIAET Ha N IIaroB Takoro Mmomucka
Kepuurana—1JInHa B eBKIMI0BOH 3a/1au€ KOMMHUBOSDKEPA IS M TOYEK?

Kakoii u3 mepedncieHHBIX Ha JIEKOUH aJIroputMoB ais 3amadu Bin Packing oGnamaer mywmmm
TEOpPETUYECKH 0O0CHOBAHHBIM TTOKAa3aTesIeM alpPOKCUMALUH?

Kpumepsr kypcoBbix pabor:

Kanusrit anroputm;

Anropurmsl [Ipuma u bopyBku;

3aznauu 0 pacupeaeaeHUH JUCKPETHOIO OHOPOJHOIO pecypca;
IlonsTue 0 crila)KEHHOM aHaJIU3€ aJITOPUTMOB;
KomOuHaTOpHBIH alropuT™ A71s 3a1a4;

3aia4n 0 MOKPBITHH;

«buonornyeckue» METa3BPUCTUKH.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst



1. OrmmuuTenbHbIE 0COOCHHOCTH 33184 AUCKPETHOH onTuMu3anuu. O030p MOCTAaHOBOK KIIACCHYECKUX
3a7a4 JUCKPETHOW ONTHUMH3ALMU: TOKPHITHE MHOKECTBAMH, BEPIIMHHOE IOKPBITHE, KpaT4aniimnii
MyTh, MUHAMAJIFHOE OCTOBHOE [EpPEBO, 33aJa4d O IapOCOYETAaHHH, 33aJa4a O HAa3HAUCHHSAX, 3a/1a4u
TEOpUH pacliucaHuii, 3a/1aun ynakoBku (bin packing, prok3ak), 3aja4u 0 MOTOKaxX (MIOTOK HaWOOJbIIEH
BEJIMYMHBI, TIOTOK HAMMEHBINEH CTOMMOCTH, MYJBTHUIIPOAYKTOBBIE MOTOKH), TPAHCIIOPTHAs 3ajaada
(3amaya Xu4KoKa), 3a/1a4a KOMMHUBOSIKEPA.

2. JlokanbHBIM MOWCK KaK IMUPOKWH OOLIMIA TOAXOM K PEIICHUIO 3a/1ad JIMCKPETHOW ONTHUMU3AIIHH.
Cucremsl okpectHocteil. [Ipumep cuctemsl okpecTHOCTeH B 3amaue TSP: komnpomuce MeXIy CHIION
OKpECTHOCTH U pa3MepoM. [Ipumep, B KOTOpPOM 2-OKPECTHOCTh HE MO3BOJISET JOCTHYbL INIOOATBHOTO
ontumyMa. JBpuctuka Kepuurana—IJIuna: nokanbHbIM MOMCK mepeMeHHOW miryOuHbl. Haxctpoliku
Ha/Jl JIOKAJIbHBIM MOMCKOM: UMHTAIUS OTXKUTa U Ta0y-TIOUCK.

3. HecymecTBoBaHue NOJIMHOMHAIBLHO 0003pUMON TOYHOH cHUCTeMBbl OKpecTHOcTell B 3anaue TSP (B
npennonoxennu PZNP). JlokanbHbIe jxaHbIE IBPUCTUKHU B 3ajade TSP, He yknagpiBaronmecs sSBHO B
napagurMy JIOKaJbHOTO IMOMCKa (HE MEepexoslliue OT LUKIA K LUKy, a CTPOSIIME LUKI C HyIs).
[Nokazarenu kauecTBa pabOTHI IBPUCTUUECKUX (MPHONMKEHHBIX) aITOPUTMOB: appproximation ratio u
domination number. Anroputm Omkaiiniero cocena (nearest neighbor): umes, TeopemMa 0 ToM, 4TO
approximation ratio ornieanBaetcs ceepxy O (log #Bepiun).

4. JuckpetHas nuHeiHas 3aaa4a o mogMHoxectBe (DLS problem). 3amaun TSP u MST kak dacTHbIe
ciydan DLS-3amau MuHMMH3anmuy; mepexon K Mmakcumuzauuu. HacnenctBennble cuctemsl. basel u
MUKIBl. PaHr W HWKHUH paHT MHOXECTBA, PaHTOBBI pa30poc. Marpoupl: 3KBUBAJICHTHBIE
ompeseneHusi, mpuMepsl. OLeHKa KauecTBa pabOThl JKaJHOTO AITOPUTMa Ha HACJIEICTBEHHON CUCTEMeE
yepe3 e€ paHroBblii pa3Opoc. CieactBue O KOPPEKTHOCTH JKaJHOTO aJropuTMa HOCTPOCHHUS
Kparyaiiero ocToBHOro jiepera. OLeHKa paHroBoro pa3dpoca depe3 orpaHHYCHHE Ha YHCIIO LIUKJIOB.
CybMonynspHocTh paHroBoil (yHkuuu marpouna. Ilepedecenne marpomnoB. OLeHKa Yuciia IUKIOB
JUI  HAcJIEJACTBEHHOM CHUCTEMBI dYepe3 YHCII0O MarpouAoB B IepeceueHUH. BeposTHOCTb
eIMHCTBEHHOCTH pereHus 3aaadu DLS npu ciryyaiinoM BeIOOpe BECOB: JieMMa 00 N30JIMPOBaHUU.

5. Auropurmer Ilpuma u BopyBkum mist pemenus 3agaun MST: mpumepsl, peanuszarus (0e3
UCIONBb30BaHus Ky4). Anroputm [Ipuma ¢ ucronb3oBanueM (puOOHAYUHEBBIX KyY.

6. 3amaum O pacrpeneleHUH JUCKPETHOTO OIHOPOJHOTO pecypca: 3ajada AUCKPETHOrO MaKCHMUHA,
MaKCHUMH3aIHg CyMMbI BOTHYTHIX (yHKumid. Kputepunm ontuMmanbHOCTH (IPUHIUI YPaBHUBAHUS
I'epmetiepa, xkputepuii Ipocca). ANTOPUTM «IBOWHOTO OWHAPHOTO TMOUCKa». OnTUMH3aIML
MPOU3BECHUS TIPU (PUKCUPOBAHHOU CYMME.

7. HamomuHaHuWe OCHOBHBIX NOHSTHH W3 JHHEHHOTO MPOTPaMMHUpPOBaHU. 3anada B CTaHAApPTHOW U
KaHOHMYeCKoi ¢opmax. [lepexom OT HepaBeHCTB K paBeHCTBaM M oOparHo. [eomerpus 3amauu:
CHMIUICKC-aJITOPUTM KaK JIOKQJIbHBII MTOUCK 110 BEPIIMHAM MHOTOTDaHHUKA.

8. Ilpumep MHOTOrpaHHHKA, Ha KOTOPOM IIPH HEKOTOPBIX YCIOBHUSX CHUMIUIEKC-aJITOPUTMY MOMKET
NOTPeOOBAThCS SKCIOHEHIINAIBLHO MHOTO IaroB: Teopema Kinn—MunTti. BepxHsis oneHka Ha 4uciIo
IaroB  «BE3y4yero CHUMIUIEKC-MeTofa»: Teopema Kamam—Knelitmana o aumamerpe rpada
MHOTOI'DaHHHKA.

9. TloHsATHE O CIIaXEHHOM aHanu3e aaroputMoB (smoothed analysis): cpeaHee MeXIy aHAIU30M Ha
CITy4aiHBIX BXOJaX M aHAJIM30M Xyamero ciaydas. Teopema Crimuimana—TeHra o CHMILIEKC-METOJIE.

10. JIBOWCTBEHHOCThP B JHMHEMHOM NPOrpPaMMHPOBAHHMH: pEIICHHE [BONCTBEHHOW 3alayd Kak
cepTUUKAT ONTUMAILHOCTH pelieHus npsmoit 3ajgaun. Hckmouenne @dypbe—Monkunna. Jlemma
Qapkaia: CylmecTBOBaHHE cepTH(UKaTa HEpa3pelIMMOCTH CHCTEMBbl JIMHEHHBIX HEpaBeHCTB. BrIBO
TEOPEMBI O CUJIBHOM ABOMCTBEHHOCTH U3 JieMMbl Dapkaiia.

11. IlocranoBku 3amaun TSP B Ttepmmuax IUJIII. VYenoBus Munnepa—Takkepa—3emnnHa
(monMHOMHUANBHOE KOJIMYECTBO HepaBeHCTB B 3ajade TSP). 3ameuanwe «o HekaTacTpo@uIHOCTH
SKCIIOHEHIIMAJILHOTO YKCIIa OrpaHudeHuil B 3anadax JIID».

12. TIpocToii «kKoMOWHATOPHBINY aqTOPUTM IS 33]a49K O BepliMHHOM NokphiTuu (BIT) ¢ approximation
ratio = 2. [locTaHoBka 3amadd O B3BEHICHHOM BepmMHHOM THOKpeiTuH (BBII) B TepmuHax
LEJOYHCIEHHOTO JUHEHHOro mporpaMMupoBanud. AnroputMm peuieHus 3agadn BBII Buma «pemaem
3agauy JIII — okpymisem», yTBEep:KIEHHE O TOM, 4YTO AOCTHraeTcsl approximation ratio = 2.
dopmynrpoBKa JIBOMCTBEHHON 3anaum K 3ajgade BBII: morennmansl Ha péOpax. «KoMOMHATOPHBIM
(6e3 wucrnonb3oBanust JIII) anroputm pemenuss 3amaun BBII Ha ocHOBe JBOWCTBEHHOCTH;
JI0Ka3aTeJIbCTBO TOTO, YTO JIJISl 3TOTO aJlfTOpUTMa approximation ratio = 2.



13. O6mas 3amada O MOKPHITHH (IKBUBAJECHTHAs 33Jadye O MOKPBITUM MHOXeCTB). DOpMyIMpoBKa B
tepmuHax marpuil. [ToctanoBka B Bune LIJIIT, popmynupoBka qBoiicTBeHHOH 3amaun. Teopema o ToM,
YTO pa3Mep/Bec KaIHOTO MOKPHITH HE Oomblie yeM B In k pa3 npeBsilnaer pazmep/Bec ONTHMAILHOTO

(rme k — MakcuMallbHOE YHCIIO €IWHUI] B CTpoke). JoCTKUMOCTh (10 MOPSIKY) 3TOM OICHKH.
Onenka Beca KaJHOTO TOKPBITUS 4Yepe3 BEC ONTHMAJIbHOTO MPU OTPAHUYCHHBIX BECaxX OTICIIBHBIX
CTPOK.

14. 3agaya mMOCTpOCHHS MAPOCOYECTAHUS MAaKCHMaJbHOH MOIIHOCTH B TIPOM3BOJIBHOM rpade.
VBenunuuBarome mytd (YTBEpKIACHHE O TOM, YTO MApOCOYETaHHE HEMAKCUMalbHO < ecCTh
yBenMuuBaoOUMid myTh). IlpoGmema ¢ MOMCKOM YBeNIMYMBAIOIIMX MyTeH IIpU OTCYTCTBHUHU
JBYIOJIbHOCTH: LIBETKU. Y TBEPXKICHHS O CKATUHU LIBETKOB. ANTOpUTM DIMOH/ICA.

15. Momudukanuu anropurma JIeWKCTpbl Ui OBICTPOTO TMPAKTHYECKOTO pEIICHUS 3aladd o
KparyaiieMm MyTH: «IByXCTOPOHHHUI» anroputm JledkcTpsl, ucrnons3oBanue landmarks (B ciyuae
HEpaBEHCTBA TPEYTOIbHUKA).

16. Anroputm ®noiiga—VYopienia moucka KpaT4aliiiux myTeil 1 HUKIOB OTPUIIATEIFHOTO Beca.

17. 3amaua O NOTOKE MHHHMMAJIbHOH CTOMMOCTH (M 3aJaHHOW BeJWYMHBI). JlBa airopurtma:
[IOCTENIEHHasi MUHUMM3alUsg CTOUMOCTH I10TOKA IPU HEU3MEHHOH BEJIMYUHE; IPUPAIIEHUE BEITUYNHBI
3a C4€T MUHUMAJBHO BO3MOXKHOTO MPUPAIIECHUS CTOMMOCTH.

18. «buonornyeckue» METaIBPUCTUKHU: TEHETHUECKHE aJrOPUTMBI, aITOPUTMbI MyPaBbUHBIX KOJOHHI.
Nnmoctpanus Ha 3agauax shortest path u TSP.

19. Meton BeTBeH U rpaHMIL.

20. 3amaunm wcYepnbIBAIONIETO Tepebopa CIOXKHBIX JUCKPETHBIX 00bekToB. Ilogxom Pwuna:
yHopsiioueHHOe nepeunciienue. Meron oOpalieHust JIOKaJIbHOTO oucka ABruca—®@OyKyIbl.

21. Ontumuszanyst BO BPEMEHH: OHJIAWH-ONTHMM3ALMA. 3ajadya «IOKyNaTh/apeHAoBaThy». «3amada
cekperapsi». Ananu3 anroputma kemposanusi LRU (Least Recently Used).

22. O TOHATHM peoNTHMHU3aLMU. PeonTummzanuss B METPHUUECKOM 3afjade KOMMHBOSDKEpA IPH
YBEJIIMYCHUN Beca OfHOro pebpa: NP-TpymHOCTH TOYHOTO pelIeHHs, MPHOIMKEHHBIH alTOPUTM C
MoKasareseM anmnpokcuManuu 7/5 (4o iydie, yem anroputm Kpucroduneca).

buier 1:

1. JlokanmbHBIA MOWUCK KaK MIMPOKWN OOIIMI TOAXOZ K PEIISHUIO 3a/1ad JUCKPETHOW ONTHMU3AIUU.
Cucremsl okpectHocTeil. [Ipumep cuctembl okpectHOCTEH B 3afa4ue TSP: komMmpomuce Mexay cuioi
OKpECTHOCTH M pa3MepoM. IIpumep, B KOTOPOM 2-OKPECTHOCTh HE IMO3BOJSIET AOCTHYD INIOOAIBHOTO
ontumyMa. IBpuctuka KepHurana—IJIuHa: JOKaNbHBIM TOUCK MepeMeHHoW TiyOuHbl. Hamctpoliku
HaJI JOKaJbHBIM MOMCKOM: UMUTAIMS OTKUTa U Taly-TIOUCK.

2. Meton BeTBEl U IpaHMUll.

buier 2:

1. duckperHas nuHeiiHas 3agada o noamHoxectBe (DLS problem). 3amaun TSP u MST kak gactHble
ciygan DLS-3amay MuHMMU3anuu; mepexol kK Makcumuzanud. HacnenctBeHHble cuctembl. basel u
OUKIBl. PaHr W HWKHUH paHr MHOXKECTBA, PAHroBBI pa3dpoc. Marpouasl: 3KBUBAJICHTHBIE
omnpezaeneHus, npumepsl. OIeHKa KauecTBa pabOThI ’KaJHOTO aJrOpUTMa Ha HACIEICTBEHHOH cCHUCTEMe
yepe3 e€ paHroBblii pa3Opoc. CnencTBue O KOPPEKTHOCTH JKAJHOTO AITrOPUTMa IOCTPOCHUS
KpaTr4Jaiiero octoBHoro gepesa. OleHKa paHroBOro pa3dpoca yepe3 OrpaHuueHHe Ha YUCIIO IMKIIOB.
CyOGmonynspHOCTb paHroBoil ¢yHkuuu marpouna. Ilepedecenne marpoumoB. OLeHKa 4yucia LUKIOB
JUId  HacleJICTBEHHOM CHUCTEMBbl 4Yepe3 UHuCJI0 MarpouioB B IepeceueHud. BeposrHocTh
€IMHCTBEHHOCTH pemeHus 3a1adu DLS npu ciryuaiiHoM BEIOOpE BECOB: JieMMa 00 N30JIMPOBAHHH.

2. TlocranoBku 3amaun TSP B Ttepmumuax LJIII. VYemoBuss Munnepa—Takkepa—3emianHa
(monMHOMHUANBbHOE KOJMYECTBO HepaBeHCTB B 3agade TSP). 3ameuanue «o HekaracTpopUIHOCTH
SKCIIOHEHIIMAJIIBHOTO YKCila OrpaHuyeHui B 3aaadax JIID».

Kpurepun onennBanus

- omenka «omm4yHO  (10)»  BBICTaBNSiETCSl  CTYAGHTY,  IIOKa3aBIIEeMy  BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

- omeHka  «oraumuHOo  (9)»  BBICTaBUseTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yuyeOHON MporpaMMbl JUCLHUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPH PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBUIbBHOE OOOCHOBAHUE MPUHSATHIX
peLIEHN;



- oueHKa  «ommM4yHO  (8)»  BBICTABISAETCS  CTYOCHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yuyeOHON MpOrpaMMbl JUCLHUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPH PEILICHUH KOHKPETHBIX 3aJiad, U IPaBUIbHOE 000CHOBAHUE MPUHSTHIX PELICHUN;

- OlLleHKa «xopouio (7)» BBICTaBISAETCSA CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepuai, 'PaMOTHO M IO
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WIM B PELIEHUHU 3aJjad HEKOTOPbIE HETOYHOCTH;

- OCHKAa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUuall, I paMOTHO U IO CYIICCTBY
n3jaract €ro, yMeCT IPUMCHATL IMOJTYUYCHHBIC 3HAHHUS HaA MNPAKTHUKE, HO AOITYCKACcT B OTBETC WJIM B
pelICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

- OIIEHKa «XOpoImIo (5)» BBICTABIAETCS CTYJACHTY, €CIIM OH 3HAET MaTepHaj, U MO CYIIECTBY M3JIaraet
€ro, yMEeT NMPUMEHATh NOIYYEHHBIC 3HAHUS Ha NMPAKTHKE, HO JOIYCKAET B OTBETE WJIHM B PELICHUU
3a]1a4 HEKOTOpbIE HETOUHOCTH;

- OIIEHKa «YJIOBJIETBOPUTENbHO (4)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUH IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH BIAJEET OCHOBHBIMH pa3ieiiaMu Y4yeOHOW mporpaMMbl, HEOOXOAMMBIMH JJisl AajibHEHIIero
00yueHHs M MOXET IPUMEHSThH NOJIy4YeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOM CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKOW MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOH NporpaMmbl, HEOOXOAUMBIMH IS
JaybHedmero o0y4eHuss U MOXKET MPHUMEHSTH IOJIydYeHHbIE 3HaHWA 1O 00paslly B CTaHAAPTHOM
CUTYyalluy;

- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABISETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblueil yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMUOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI TUCHUIUINHBI U HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAaHUS [IPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

- OLIEHKa «HEyHOBJIETBOPUTENIBHO (1)» BBICTaBIISETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTtonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems mnposeaecHms muddepeHIIMpPOBAaHHOTO 3adeTa OOyYaroIHecs MOTYT IOJb30BaThCs
MPOTPaMMON JUCIIUILTAHBI.



