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2 AHHOTAIIUA AMCHUITJINHBI

«MVYJBTUATEHTHBIE TEXHOJIOI'MA PELIEHUSA
OIITUMU3ALINOHHBIX
3AJTAY»

[lenpr0 MUCUUIUIMHBI SBISIETCS PACIIMPECHUE 3HAHUW U YMEHHUM MarucCTpaH-
TOB B 00JaCTH MPUMEHEHUSI COBPEMEHHBIX MHTEIJIEKTYaIbHBIX TEXHOJOTUN pellie-
HUS MPUKIAIHBIX ONTUMHU3ALMOHHBIX 3a]a4 U3 00JacTH UCCIEIOBAHMS OMEpPalHil.
KitoueBbIME 0COOCHHOCTSIMHU 3a/1a4 3TOTO KJIacca SBIISIOTCS UX OOJbIIasi BEIUMCITH-
TeJIbHAs CIIOKHOCTD U IMHAMUYECKHUM XapakTep, a Takke HEOOXOAUMOCTD y4eTa CIie-
U(UKH TPeIMETHON 00MacTu. AKTyalbHbIEe MOAXOAbI K MOCTPOCHUIO MHTEIUIEKTY-
aJbHBIX cUCTEM I Y()PEKTUBHOTO peleHrs MOAOOHBIX 3a/1a4, KaK IPaBUiIo, SBIIS-
I0TCSI MYJIETUAT€HTHBIMH XOTS ObI B O/THOM U3 JIBYX CMBICIIOB: OHH JIUOO PacCUUTAHbI
Ha pacrpeiesieHHYI0 paboTy B paMKax JICLIEHTPAIM30BaHHOM CETH BHIYUCIUTEIBHBIX
areHToB, JIMOO B MPOLIECCE CAaMOr0 PEIICHUs 3aJ1aul MOJEIUPYIOT HEKOTOPOE MHO-
KECTBO TAKMX areHTOB, B3aUMOJICHCTBYIOIINX MEXKy cO00i1. 3ajaua Kypca COCTOUT
B TOM, YTOOBI JaTh MarucTpaHTam HaOOp OOIIKUX 3HAHUN O MPUHIHUIIAX pabOTHI pa3-
JUYHBIX MYJIBTHAT€HTHBIX CUCTEM, a TAKXKe O0OYYUTh X HABBIKAM CAMOCTOATEIHLHOTO
BbIOOpa HanOoJIeE MOAXOIAIINX METO/IOB JIJIsl PEIICHUS] KOHKPETHBIX 3aj1a4, CO37[aHus
pOOJIEMHO-OPUEHTUPOBAHHBIX U THOPUAHBIX MOIUPHUKALNNA YKE CYIIECTBYIOIINX

MoAXO0J0B, UCITOJIB30BaAHUA JOIMOJHUTCIIBHBIX 9BPUCTUK U ITIOUCKOBLIX ITPOICAYP.

SUBJECT SUMMARY

«MULTI-AGENT BASED TECHNIQUES FOR SOLVING OPTIMIZATION
PROBLEMS»

The discipline aims to expand the knowledge and skills of graduate students
in the field of modern intelligent technologies for solving operations research op-
timization problems. Key features of these problems are their high computational
complexity, dynamic nature, and specific sets of problem constraints. Relevant ap-

proaches to building intelligent systems for effective solutions of such problems are
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usually multi-agent at least in one of two senses: they are either designed for the dis-
tributed solution within a decentralized network of computing agents, or they model
a set of agents interacting with each other. The practical aim of the course is to give
students general knowledge about the principles of various multi-agent systems by
teaching them to choose appropriate methods for solving specific problems, to de-
sign problem-oriented and hybrid modifications of existing approaches, and to use

additional improvement heuristics and search techniques.



3 OBLHIME IMOJTOKEHUA

3.1 Ieau u 3aga4y AUCHUILIHHBI

I. HGHB}O npenoaaBaHvsa JUCHUIIIMHBI ABJISICTCA OCBOCHUC COBPCMCHHBLIX HMHTCII-
JICKTHBIX MCTOJO0B OIITHUMH3AllMK M ITOJIYYCHHC MMM HABBIKOB CO3JaHMA Ha HUX Oa-
3€C MVYJIBTHArCHTHBIX CUCTEM IJIA PCHICHUSA CJIOKHBIX IMPUKIIAAHBIX KOM6I/IHaTOpHI>IX

3aJga4.

2. 3amaun QTUCIUILINHEL:

U3YUYUTh OCHOBHBIC TIOHSITUS U AKTyaJIbHbIE METO/bI PEIIEHUS CIOKHBIX ONTUMHU3A-
[IMOHHBIX 3aJ1a4;

MOHATHh MPHUHIUIBI TOCTPOCHUS MPUKIATHBIX MYJIbTHATCHTHBIX CUCTEM; MOJYYUTh
MOHMMAaHUE BO3MOXHOCTEH M I'paHUIl TPUMEHEHUSI M3yYEHHBIX METOIOB, a TaKKe
BO3MOKHOCTEH UX PACIIUPECHUS ITyTEM THOPUAN3AIMN U CO3aHUsI POOIEMHO-0pHU-
CHTUPOBAHHBIX MOIU(PUKAIIHIA,

OCBOUTH MPAKTUYECKUE HABBIKU PEATM3AIMU U3YUYCHHBIX MOJXOA0B U TEXHOJIOTUM

AJI1 pCHICHUSA ITPAKTUYCCKUX 3a/1ay.

3. 3HaHUE OCHOBHBIX NOHATHUI U METOAOB COBPEMEHHOM MYJIBTHAr€HTHOM ONITUMU3a-
LMW, BKJII0Yasl ayKIUOHHBIE, MTOMYJIAIMOHHBIE U META3BPUCTUYECKUE MOAXO/BI; CIIe-
U uKK GyHKIMOHUPOBAHUS U3yUYEHHBIX METOJIOB M 00JIACTH UX IPUMEHEHUS; IPUH-
LAIIOB IOCTPOEHUS HHTEJUIEKTHBIX CUCTEM JUJIS LIEHTPAIU30BAHHOTO U ACLEHTPAJIN-
30BAHHOTO PELICHUS MTPUKIIAIHBIX ONTUMHU3ALMOHHBIX 3a1a4 (MHOTOMEpHasi U KOM-

OWHATOpHAs ONMTUMU3AIINS, UCCIICIOBAHNE ONIepaIui u ap.).

4. YMeHue npous3BOAUTH BHIOOD, pean3alliio U HaCTPONKY mapamMeTpoB MyJIbTHA-
TEHTHOTO MOAXO0/1a JIJI PEIICHUSI KOHKPETHBIX 3a]1a4; OCYIIECTBIATh CUHTE3 pPa3iny-
HBIX 3BPUCTUK U METOJIOB UCKYCCTBEHHOI'O MHTEJUJIEKTA C IENbI0 co3aanus rddek-
TUBHOTO MPOOJIEMHO-OPUEHTUPOBAHHOTO MOAX0/1a; HAXOAUTh U UCIOJIH30BATh aKTy-

aNbHYI0 HAy4YHO-TEXHUYECKYIO0 MH(OPMAILIMIO B UCCIEAYEeMOM O0JIaCTU U3 pas3ind-



HBIX PECYpPCOB.

5. OnpIT INPUMCHCHHA PA3JIMYHBIX MCTOJ0B U IIOAXOA0B MYJIBTI/IaFCHTHOﬁ OIITUMMU3Aa-
WK OJIA PCHICHHA IIPUKIIAJHBIX 3aaa4 OOJIBIIION CIIOXKHOCTH, HABBIKM CaAMOCTOATCIIb-
HOU HpOFpaMMHOﬁ pcain3dai OTACIbHBIX MCTOOOB UHTEJIJICKTHOM OIITUMM3AaIINU U

NOCTPOEHUSI THOPUAHBIX MPOOIEMHO-OPUEHTUPOBAHHBIX MYJIBTUAT€HTHBIX CUCTEM.

3.2 Mecrto nucuumiannabl B ctpykrype OITOII

JIMcMIUIiHA U3y4aeTcsi HA OCHOBE paHee OCBOCHHBIX AUCIUILINH Y4eOHOrO IIaHa:
1. «IHTENNEeKTyaIbHBIE CUCTEMBI»

1 00ecreurBaeT MOATOTOBKY BBIMTYCKHOM KBaTU(DUKAIITMOHHOMN paOOTHI.



3.3 IlepeueHb MIaAHMPYEMbIX pPe3yJIbTATOB 00y4YeHHMs MO JUCIHHUILINHE, COOT-
HECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMHM OCBOCHHMSI 00pa30BaTeIbLHOMI

MPOrpamMMbl

B pe3ynbrare ocBoeHus 00pa3oBaTeIbHON IPOrpaMMbl 00YHAIOIIHIACS TOKEH

JOCTUYD CIICTYIONINE PE3YJIbTaThl 00yUSHHUS MO TUCITUILIINHE:

Koa kxommerenun/ HanMeHoBaHMe KOMIETEHINMH/MHANKATOPA KOMIIETEHIIUN
HHIHKATOPA
KOMIIETEHIIHH

I1K-9 CrniocoOeH wuccnenoBarh U pa3pabaThiBaTh APXUTEKTYpPbl CHUCTEM HCKYC-

CTBCHHOI'O MHTCJIJICKTA JJIA Pas3IMYHBIX IIPCIAMETHBIX o0JIacTell Ha OCHOBE
KOMITJIIEKCOB METOJ0B U MHCTPYMCHTAJBHBIX CPEACTB CUCTEM HMCKYCCTBCH-
HOI'O MUHTCJJICKTA

IIK-9.2 Buibupaem komniexkcvl Memooos U UHCMPYMEHMAIbHbIX CPEOCME UCKYC-
CMBEHHO20 UHMeNLIeKma OJisl peuleHus 3a0ad 8 3a8UCUMOCTU O 0COOeH-
Hocmetl npedmMemuol obracmu

IIKO-3 CrniocobeH co3/1aBaTh ¥ IPUMEHITHh METOIbI PACTIPEIEIEHHOTO UCKYCCTBEH-
HOTO MHTEIJIEKTA /ISl CO3IaHMsI MHTEIUICKTYAIbHBIX CPEJl U CEMaHTHUYECKO-
ro Beba.

1IKO-3.1 Tpumensiem memoowvl pacnpedeneHH020 UCKYCCMBEHHO20 UHMELLEKMA OJis

CO30AHUSA MHO2OACEHMHBIX CUCTEM.




4 COAEP KAHUE JUCHUIIJIMHDBI

4.1 Conep:xkanue pa3aejoB IUCHUATIIAHbBI

4.1.1 HauMeHOBaHHE TeM M Yachl HA BCe BUAbI HATPY3KHU

Ne HanmenoBaHnue TeMbl JUCIHATINHBI Jek, | Jlao, | UKP, | CP,
n/n ay ay a4 a4
1 [Ipuknanueie 3a1a4u KOMOMHATOPHON ONITUMU3ALIAN 2 2 1
2 | MynpTHareHTHbIE CUCTEMBI U ayKIIMOHHBIE METO/IBI 2 4 8
3 | Mera’BpuCTUYECKUE AITOPUTMbI 2 4 8
4 | I'eHeTMYECKHUE U IBOJIIOLIMOHHBIE AJITOPUTMBbI 4 8 1 15
5 | PoeBple 1 MONYIAMOHHBIE METO/BI 4 8 16
6 | Merozb! T0KaJIbHOIO IIOKCKA 1 2 2
7 | T'uOpunHble MOIXObI U TUIIEPIBPUCTUKH 2 6 6
Uroro, au 17 34 1 56
N3 HUX a4 Ha KOHTPOJIb 0 0 0 0
OO6m1ast TpyI0€MKOCTh OCBOCHHSI, a4/3¢ 108/3
4.1.2 Copepxanue
Ne HaumeHoBaHHe TeMbI Conepxanue
n/n AUCIHUTIIMHBI
1 | Ilpuknagnsle 3a7auyud KoMOMHA- | BeluncnurenbHasl CIIOKHOCTb. 3aJadd MHOTOMEPHOM H
TOPHOM ONTHUMU3aLUN KoMOuHaTtopHOM ontumuzanuu. Knacc 3amau rpynmnoBoit
MapLIpyTH3aluu. 3a/1a4y COCTaBJICHUS PACIIUCAHUSI.
2 | MynprHareHTHblE CHCTEMbl U | MynbsTuareHTHble cucteMsl. Vepapxus U camoopranusa-
ayKLMOHHBIE METOJIbI st Koonepanus Ha 6a3e Topros. Busl ayKIiMoHOB.
3 | Mera’BpUCTUYECKHUE ANTOPUT- | DBPUCTUKH U METAIBPUCTUKU. THIBI KIaccuUKaluy Me-
MBI Ta3BPUCTUK. AJITOPUTM NIOKCKA ¢ 3anpeTamu. MeTtoa umu-
TalUU OTXKUTA.
4 | I'eneTnyeckue 1 3BONIIOLIMOHHBIE | [eHEeTHYECKNE U 3BOIIOLMOHHBIE anroputMsl. Koguposa-
aJTOPUTMBI Hue XxpoMocoM. DyHKIMs npucnocodbaeHHocTu. ['eneru-
YeCcKue oneparopbl. MexaHn3Mbl KOHTPOJIS MOMYISIIMUA U
camMoaJanTaluy aaropuTma.
5 | PoeBble u monymsuMoOHHBIE Me- | BHOMHCIIMPUpPOBAaHHBIE METOABl ONTHMM3aLMH. PoeBoit
TOJBI UHTEIIEKT. MypaBbuHBIE AITOPUTMBI. MeTox post 4acTull.
[TyenuHplii anropuT™. AITOPUTM CEPBIX BOJIKOB. | paBuTa-
LMOHHBIN MMOUCK.
6 | MeToapl TOKaJIBLHOIO ITOUCKA I'paguent. UTepaTUBHBIA U CTOXAaCTUYECKUHN JIOKAIBHBIN
nouck. [Iouck o okpecTHOCTAM.
7 | I'nbpunnsle monxoas! u Tunepd- | Mcnonp3oBaHue MpoOIEeMHO-OPUEHTHPOBAHHBIX  3BpH-
BPUCTHKHU cruk. ['mbpunuzanus. [locrpoenue runepIBpUCTHK.




4.2

Ilepeuenn 1a00paTOPHBIX PadoOT

HaunmenoBaHue j1abopaTopHOi padoThI KosmmuecTBo ayn. yacos
1. Peanuzanusi ayKMOHHOTO MOJXO/AA K 3a/lay€ MYJbTHAreHTHOT'O
IIJIAHUPOBAHUS 4
2. Pa3paboTka MEeTa’sBpUCTUYECCKOTO aJITOPUTMA JIJIs 3a/1a4 KOMOWHA-
TOPHOM ONTUMU3AIUU 4
3. Pa3paborka MoauduKanmii TeHETHYECKOTO AITOPUTMA IS 3a1a4
TPyIIIOBOM MapIIpyTHU3ALUN 8
4. Peanmmzarust Habopa poOEBHIX aITOPUTMOB MHOTOMEPHOM ONTUMU-
3aIUU 8
5. Mcnonbp30BaHre METOJIOB JIOKAJIBHOTO IMOUCKA B THOPHUIHBIX TIOA-
XoJax 2
6. Pa3paboTka MyJIbTHareHTHOTO METO/Ia ONTUMH3AIMHN Ha Oa3e T'u-
MEePIBPUCTUKU 8
Hroro 34
4.3 IlepeyeHb NPAKTHYECKUX 3aHATUH

4.4

4.5

4.6

4.7

[IpakTyeckue 3aHATHS HE IPETYCMOTPEHBI.

KypcoBoe npoexktupoBanue

Kypcosas pabora (IpoeKT) He NpeyCMOTPEHBDI.
Pedepar

Pedepar He nmpexycMoTpeH.

I/IHIII/IBI/IIIyaJIbHOE AOMaIIHEE 3aJaHHUE

NunuBryansHOE TOMAIIHEE 3aJaHUE HE TPEAYCMOTPEHO.

Joxian

Jloxiiaa HE MPEeyCMOTPEH.




4.8 Keiic

Keiic He mpegycMOTpeH.

4.9 Opranusanus u y4eOHO-MeTOANYeCKoe odecnevyeHne CaMoCTOATeIbHOM pa-

00THhI

N3yuyeHne TUCIUIUIMHBI COMPOBOXKIAETCS CAMOCTOATENIbHON pabOTON CTY/IECH-
TOB C INPE3CHALMUSAMU U KOHCIIEKTAMH JIEKIIMH, PEKOMEHIOBAHHBIMU IIPENOAABaTE-
JeM MH(OPMALIMOHHBIMU UCTOYHUKAMU U pecypcamu cetu MuTtepuer. [lnanupona-
HUE BPEMEHU I U3yUEHUS! TUCIUILUIMHBI OCYIECTBISETCS Ha BECh EPHOA 00yye-

HUS, IPEAYCMATPUBAs IPU ITOM PETYISIPHOE NOBTOPEHUE MPOKIEHHOTO MaTepraa.

Ocoboe MecTo ynemnsieTcsi KOHCYJIBTUPOBAHUIO, KaK OJTHOM U3 opM 00ydeHus
U KOHTPOJISI CAMOCTOATENbHOU paboThl. KOHCYyIbTHpOBaHUE MpeanoiaraeT 0CoobIM

00pa3oM OpraHu30BaHHOE B3aUMOJICHCTBHE MEXKTy ITPENOIaBaTeNIeM U CTYIEHTaMHU.

Texymas CPC IIpumepHas
TPYA0EMKOCTb, a4

Pabota ¢ neKnMoHHBIM MaTepuaaoM, ¢ y4eOHOM JTuTeparypon 5
Omnepexaroniasi caMOCTOsITeNbHAsA paboTa (M3yueHUue HOBOTO MaTe-

pHaJia 0 €ro U3JI0KEHUS Ha 3aHATUAX ) 0
CaMocTosTEeNbHOE N3YUYEHHUE Pa3/IeIOB JUCIMUILIAHBI 0
BrinonHeHne JOMaNIHUX 3aJaHUM, JOMAIIHUX KOHTPOJIBHBIX padoT 10
[ToaroroBka k 1a0OpaToOpHBIM padOTaM, K MPAKTHUYECKHUM M CEMH-

HapCKUM 3aHATHIM 7
IToaroroBka Kk KOHTPOJIBHBIM Pa0OTaM, KOJUIOKBUYMaM 14
Brinonnenue pacueTHo-rpapuueckux padot 0
BrinonHeHne KypcoBoro mpoekTa Win KypcoBoil paboTsl 0
[Touck, nzydyenue u npe3eHTauss HHOOPMAIMH 110 33aJIaHHON TIPO-

OnemMe, aHAIM3 HAYYHBIX MyOJIMKAIMI 110 3aIaHHON TeMe 5
Pabora Hax MeXIUCHUTUITMHAPHBIM IPOEKTOM 0
AHanu3 JaHHBIX 0 33JJaHHOU TeMe, BBIIIOJIHEHHE PacueTOB, COCTAB-

JICHHE CXeM U MOjielieii, Ha OCHOBE COOPAaHHBIX JaHHBIX 0
[ToaroroBka k 3a4ery, Au¢GepeHIINPOBAHHOMY 3aUeTy, SK3aMEHY 15
UTOI'O CPC 56
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5 YueOHO-MeTOOMUECKOE 00ecIIeYeHHue TUCIUTLINHBI

5.1 IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON JIUTEPATYPbI, HEOOXOAMMOM IJIs1

0CBOCHHUA JUCHHUIIIINHBI

Ne i/m Ha3Banmne, Oudnnorpaguyeckoe onucanme K-Bo
3K3. B
onoJ1.

OcHoBHas auTeparypa
1 Pxesckuii C. B. MccnenoBanue onepanuii [ nexTponnsiit pecypce], 2013. -480 | weorp.
c.
2 PytkoBckas /1. HeiipoHHBIE CETH, TEHETUYECKHUE AITOPUTMBI U HEUETKUE CUCTE- | HEOTD.
MBI [ OnekTpoHHbIi pecypce] / [. PytkoBckas, M. [Tununbckuit, JI. PyTkoBCKkwid,
2013. -384 c.
3 Marsuenko, Haranus Uropesna. Pa3zpaboTka NpUHIIMIIOB IOCTPOCHUS TEHETH- | HEOTD.

YECKUX AJITOPUTMOB U BBIYMCIIUTENBHBIX CUCTEM Ul UX peanu3anu [ Tekcr]
: Jluc. Ha coMcK. y4eH. crem. kKaHa. TexH. Hayk: 05.13.15 / H.M. MarBueHko;
Hayu. pyk. npod. M.C.Kynpusiaos, 2001. -200 c.

4 XKannapos, Bnagumup BrnagumupoBud. MynbsTuareHTHblE cCUCTEMBI [Dnek- | Heorp.
TPOHHBIN pecypc] : yueb.-metoz. nocodue / B. B. Kannapos, M. I. [lanTenees,
2016. -1 o71. ont. auck (CD-ROM)

5 Jlunenkas, Haranes JlaBeimoBHa. MccnenoBanue u pa3paboTka MHTEIUIEKTY- | HEOTD.
aJIbHBIX CEPBUCHBIX MOJCUCTEM BBICOKOIIPOU3BOAUTEIBHBIX BEIUUCIUTEIbHBIX
cucteM [Tekcr] : muc. ... kana. TexH. Hayk : 05.13.13 / H.JI. JIunenikas ; Hayd.
PYK. I-p TexH. Hayk, pod. /I.B. [Ty3anxos, 1991. -247, [2] c.

6 WBanoB, Bnagumup Muxaiinosuu. HTeNIEKTyaabHble CUCTEMBI [ DJIEKTPOH- | HEOTD.
HbII pecypce] : Yuebnoe nocobue ns CITIO / BanoB B. M. ; nox Hayd. pen.
Cecexuna A.H., 2020.-93 ¢

7 [NacanoB, Dnbsap DnpaapoBud. MHTENIEKTyaabHble CUCTEMBI. TeOpHsl XpaHe- | HEeorp.
HUS U TIOMCKa HHQpOpMAIUU [DIEKTPOHHBIN pecypc]| : Y4eOHuK 1 By30B /
l'acanos 2. 3., Kynpsasues B. b., 2021. -271 ¢

8 [ronsakos, Banepuit IBanoBuy. HTEIEKTYambHass COOCTBEHHOCTh: IPUHT- | HEOTD.
Menua v nH()OPMAIIMOHHBIE TEXHOJIOTHH KaK 00BEKThl UHTEIUIEKTYa IbHON CO0-
CTBEHHOCTH [DNEeKTpOHHBIN pecypc] : YueOHnoe nocobue mist By3oB / Llltons-
kxoB B. U., flranosa M. B., 2020. -252 ¢

9 Crankesny, JIeB AnekcanapoBud. IHTeIEKTyalIbHbIE CUCTEMBI M TEXHOJIOTUU | HEOTP.
[Onexrponnsiii pecypce] : Yueonuk u npaktuxym st CITIO / CrankeBuu JI. A.,
2021.-397 ¢

10 KnanoB A.A. ABTOHOMHBIA MCKYCCTBEHHBIM MHTEIIEKT — S5-€ u3A. [Diek- | Heorp.

TpoHHBIH pecypc] / A.A. Knanos, 2020. -362 c.

11 Jxonc M. T. IIporpammupoBaHne HCKYCCTBEHHOIO MHTEIUIEKTA B MPUJIOKE- | HEOTp.
HUSX [DneKTpoHHbIN pecypce], 2011. -312 c.

12 [TanteneeB, Muxaun I'eopruesnd. HTEIEKTyaIbHbIE aT€HTHI 1 MHOTOAr€HT- | HEOTD.
HbIE CUCTEMBI [ DNeKTpOHHBIH pecypce] : yueb. mocodue / M.I'. [TanTtenees, B.B.
XKannapos, 2009. -1 >71. ont. guck (CD-ROM)
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Ne i/m Ha3Banmne, Oudnanorpaguyeckoe onucanme K-Bo
3K3. B
onoJ1.

13 HHuTtennexTyanbHble CUCTEMBI YIIPABICHHUS [ DNEKTPOHHBIN pecypc] : aIEKTPOH. | HEorp.
yue0. uzn. / H. J1. Tlonsxos [u ap.], 2013. -1 s71. ont. auck (CD-ROM)

14 Acuuuxwuii JI. H. HTEN1eKTyanbHble CUCTEMBI | YYEOHUK. — 2-€ U3J., 2JIeK- | Heorp.
TpoH. — (Y4eOHUK I BICIIEH MIKOJIBI) [DnekTpoHHslid pecype] / JI. H. fc-
aunkni, 2020. -224 c.

JlonoiHUTENbHAS TUTEeparypa

1 Amnppees, Anexcanp Eroposuu. JluckperHas MaTeMaTHKa: IPUKIAIHbIC 331a- | HEOTD.
YU U CIIOKHOCTh AJITOPUTMOB [ DNEKTPOHHBIN pecypc] : YueOHUK U PaKTHKYM
st By30B / AuzpeeB A. E., bororos A. A., Konsina K. B., @ponos A. b., 2021.
-317c¢

2 Kpyncknii, Bnanumup Hukonaesnu. Teopus anropurmoB. BeeneHue B C0xk- | HEOrp.
HOCTb BBIYHMCIICHUN [DNEKTPOHHBIN pecypc] : YaeOHoe mocobue st By30B /
Kpyncknii B. H., 2020. -117 ¢

5.2 TIlepeyennb pecypcoB HHGOPMAIMOHHO-TEJIEKOMMYHUKAIIUOHHOM ceTH «H-

TEPHET», UCIIOJIb3YCMbBIX IIPH OCBOCHHH NTUCHUIIJTUHBI

Ne ni/nt DJIeKTPOHHBII ajpec

1 Hayunas snexrponnast 6ubnamnoreka eLIBRARY, Habop akTyanbHBIX cTaTel 10 KOJJOBOMY
cioBy “MertasBpuctuka’: https://www.elibrary.ru/keyword_items.asp?id=2570699

2 ba30BbIil 0030p KIACCHYECKUX METAIBPUCTHYECKUX MOAXOJO0B K 3a7a4aM KOMOMHATOP-
HOM onrtumm3anuu https://tvim.info/files/56 72 Shcherbina.pdf

3 ba3oBbIii 0030p MOMYNISIMOHHBIX TOAXOIOB K 3a7a4aM KOMOMHATOPHOW ONTUMU3AIHH
https://swsu.ru/sveden/files/MU_Osnovy kombinatornoy optimizacii LZ.pdf

5.3 Anpec caiita kypca

Anpec caiita Kypca: https://vec.etu.ru/moodle/course/view.php?1d=7580
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6 Kputepun oileHUBAHUA U OLICHOYHbIE MATEPHAJIbI

6.1 Kpurepuu oueHuBaHus

ﬂﬂ}l JAUCTHUITIIMHBI ((MYHI)TI/IaFCHTHI)IC TCXHOJIOTHMH PCIICHUA OIITHUMHU3AINOH-

HBIX 3a/1a4» POpPMOI TPOMEKYTOUHOM aTTeCTalluu SBISETCS 3a4€T C OLEHKOM.

3ader ¢ OLleHKOH

Ouenka Onucanue

HeynosneTrBopurenbHo CTyaeHT NeMOHCTPUPYET CYIIECTBEHHBIE TTPOOEIBI B 3HAHMSIX
OCHOBHOTO Y4€OHOTO MaTepHasa, T0ImyCcKaeT NPUHIUITHATbHBIC
OIMOKH B BBITIOJIHEHUH TIPETYCMOTPEHHBIX MTPOTrpaMMOii 3a/1a-
HUMH.

VYI0BIIETBOPUTEIBHO CTyneHT IeMOHCTPUPYET 3HaHHE OCHOBHOTO y4eOHOTO MaTepu-
asa B o0beMe, HeoOXOIMMOM /IS AajibHeHIIel yueObl U Ipe-
cTosimiei paboTsl 1o npodeccuu. CTyIEHT CIPaBISETCSI BBIIOJ-
HEHUEM 3aJaHUH, IPEyCMOTPEHHBIX IPOrPaMMO, a TaKxke 00-
JanaeT HeoOXOOUMBIMU 3HAHUSIMH, HO JTOIYCKaeT HETOYHOCTHU
B OTBETAaxX Ha aTTE€CTAlMOHHOM MCIBITAHUU U IIPU BHIMIOJIHEHUU
y4eOHBIX 3a/TaHHM.

Xoporio CryneHT 1eMOHCTpUPYET MOJIHOE 3HaHHE yueOHOro Marepuaa
Y YCHEIIHO BBIMOJIHAET MPEAYCMOTPEHHbBIE IPOTPaMMOH 3a/1a-
yu. CTyJeHT OCBOMJI OCHOBHYIO PEKOMEH]IOBAaHHYIO JIUTEpary-
pY U AEMOHCTPUPYET CHUCTEMAaTUYECKUM XapakTep 3HAHWUM 110
JMCLUUIUINHE, 001aast ClIOCOOHOCTBIO K MX CaMOCTOSTENILHO-
My TIOTIOJTHEHUIO U OOHOBJICHHIO B XOJI€ AaJIbHEHIIEeH y4eObl U
npoQeCcCuoHaTBHON NeATETLHOCTH.

OT1n4HO CTyeHT AEMOHCTPUPYET BCECTOPOHHEE CUCTEMATUYECKOE 3HA-
HUE Y4eOHOro marepuaja W yMEHHE CBOOOIHO BBITIOJHATH
npakTuieckue 3aganus. CTyIeHT OCBOWI OCHOBHYIO JIUTEPATY-
Py U O3HAKOMUJICS C IONOJHUTEIBHOU JTUTEPATYPOH, pEKOMEH-
JIOBaHHO paboueil mporpaMMoil AUCHUILINHBI, & TAKKE YCBO-
HJI B3aUMOCBSI3b OCHOBHBIX TTOHSTHI JUCHUIIIIMHBI B UX 3HA4YC-
HUM Ui npuoOperaemoii mpodeccuu. CTyneHT crocodeH mpo-
SABJIATH TBOPUCCKUC CHOCOOHOCTH B IIOHUMAaHHWU, U3JI0KCHUU U
HCIIOJIb30BaHUM y4eOHOTO Marepuaia.
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OcobGeHHoCTH 1O0MyCKA

JlomyCK K 3a4€Ty ¢ OIIEHKOM BKJII0YaeT B ce0s nocenieHrue He meHee 80% Jiek-
IIMOHHBIX 3aHATHH, BBITIOJIHCHHE U 3amuTa He MeHee 80% maboparopHbiX padoT (5

u3 6) B yCTAaHOBJICHHBIE CPOKHU.

6.2 OueHouYHbIC MaTepPHUAJIbI VISl IPOBEICHUS TEKYILero KOHTPOJsi U MpoMe-

JKYTOYHOM aTTecTAlMH 00y4AOIIUXCH 110 AMCHUIJINHE

IIpumepHbie Bonpockl K au¢gd.3auery

Ne ni/m Onucanue
1 Crenunguka 3a1ay KOMOMHATOPHON ONTUMHU3ALIUN
2 JlokasbHBIN U TIIO0ATBHBINA TOUCK
3 OTnuuust 3BPUCTUKHN OT METa3BPUCTUKH U THIIEPIBPUCTUKU
4 JlonmycTrMble 1 HETOITYCTUMBIE PELLICHUS
5 OCc00EHHOCTH Pa3TUYHBIX UEPAPXUI MHOTOATEHTHBIX CUCTEM
6 CunbHble U cnabble CTOPOHBI AyKIIMOHHBIX MOAXO0/I0B
7 ITouck c 3anpetamu
8 MeTton uMuTanuK OTKATA
9 I'eneTnueckne anropuTMbl
10 MexaHu3Mbl HACTPOMKU F'€HETUUECKUX AJITOPUTMOB
11 PoeBpie anropuTmsl A1 MHOTOMEPHOHN ONTUMHU3ALUN
12 MypaBbuHBIE aITOPUTMBI
13 MexaHu3MBl JJOKaJIbHOTO ITOUCKA
14 [TocTpoenue rubpuHBIX MOIX0I0B

Bech KOMIUIEKT KOHTPOJIHbHO-U3MEPHUTENBHBIX MAaTEPUAIIOB JIJIsl IPOBEPKU cPop-
MHUPOBAaHHOCTH KOMITETCHIIMH (MHIMKATOpa KOMIIETCHIIMHM) Pa3MeIIeH B 3aKPBhITON

YacCTH I10 aJIpecy, yKa3aHHOMY B II. 5.3
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6.3 I'paduk Tekyuero KOHTPOJIA yCIeBaAeMOCTH

Heneas Tembl 3aHATHH Buja konTpoOsst

3 MynbTHareHTHBIC CUCTEMBI M AyKITMOHHBIE METOIbI

4 Otuer o 1ab. pabote
5 MeTa’BpUCTUYECKHUE aJITOPUTMBI

6 Ortuer o 71a0. pabote
7 ['eneTnueckue u HBOIIOIIMOHHBIE AITOPUTMBI

8

9

10 Oruer o 1a0. pabore
11 PoeBbie 1 mOMynsIMOHHBIE METOIBI

12

13

14 Otuet no 1a6. pabote
15 MeTob! JIOKaJIbHOTrO IIONCKa Otuer o 1ad. padote
16 ['mOGpuIHBIE TIOAXOBI U TUTIEPIBPUCTHKI

17 Otuer 1o y1ab. pabote

6.4 Mertonnka TeKymero KOHTpoJs

Ha JICKIIMOHHBbIX 3aHATHUAX

Tekymuii KOHTPOJIb BKIIOYAET B c€0s1 KOHTPOIIb NocemiaeMocTu (He meHee 80

% 3aHATHI)
Ha JIA00PATOPHBIX 3AHATHAX

HOpHI[OK BBITTOJIHEHUA J'Ia60paTOpHBIX pa60T, IIOATOTOBKH OTUYCTOB U HUX 3alllH-

ThbI

B npouecce o0ydyenus no aucuumivie «MyJIbTHATeHTHbIE TEXHOJIOTHH pe-
IIeHNS ONTHMH3ALMMOHHBIX 32/1a4» CTYACHT 0053aH BBINOIHUTH 6 1a00PaTOPHBIX
pab6ort. [lox BbIMONHEHUEM JIAOOPATOPHBIX pabOT MOAPA3yMEBAETCS MOJATOTOBKA K
paboTe, MPoBEACHHE YKCIIEPUMEHTATBHBIX UCCIICIOBAHMM, TOATOTOBKA OTYETA U 3a-
mura ero. [locne npoxoxaeHus Kaxaou u3 6 OCHOBHBIX TEM JUCIUIUIAHBI HA 4, 6,
10, 14, 15, 17 Hegenax npegycMaTpuBaeTcs MOATOTOBKA OTYETa U 3auiuTa Jadbopa-
TOPHBIX paboT. BrinonHenue n1abopaTopHbIX pabOT CTYAEHTAMH OCYILIECTBIISIETCS B

Opuranax no 2 yenosek. OopmiieHrne oTyeTa CTYJIEHTaMU OCYLIECTBISETCS B KO-
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JUYECTBE OJHOTO OTYeTa Ha Opuraay B COOTBETCTBUM C MpUHATHIMU B CIIOI'DTY
npaBwiaMu opopMIleHHs CTyleHUYeCKUX paboT. OT4eT 0hopMIIsSeTCs MOCIIE BHITIOIN-
HEHUS DKCIEPUMEHTAIBHBIX HCCICAOBAHUN U MPEACTABISECTCS MPENOAABATEIIO HA
npoBepky. [locie nmpoBepku oTdeT MO0 Bo3BpamaeTcs (MpU HATMYUHA 3aMEUYAHH )
Ha T0paboTKy, MO0 MOAMUCHIBAETCA K 3amuTe. JlabopatopHbie paOOThI 3aIUIIAIOT-
Cs CTYAE€HTaMHU MHAUBUIYaJIbHO. KaKIbli CTYIEHT MOJYy4YaeT OAUH BOMPOC IO TEO-
PETUYECKOI YaCTH U OJIMH BOMPOC MO MPOLEIYyPE NPOBEACHUSA SKCIEPUMEHTATIbHBIX
uccnenoBanuii. [Ipu o0CyXIeHUN OTBETa IperoaaBaTeIb MOXKET 3a7aBaTh yTOYHS-
IOIME BOMPOCHL. B citydae, eciiv CTyJIeHT JIEMOHCTPUPYET JOCTATOYHOE 3HAHUE BO-
npoca (T.e. TOHUMAET B yMeeT OOBSICHATh 0COOCHHOCTH MPUMEHSIEMBIX METOIOB U
BO3MOKHBIE 00JIAaCTH MX MPUMEHEHHS, YMEeT JaBaTh KaueCTBEHHYIO OIICHKY TOJY-
YEHHBIX SKCIIEPUMEHTATBHBIX PE3YIBTATOB), JabopaTopHas paboTa JjIsl HEro CUnTa-
eTCsl 3a4TeHHOU. TeKyInii KOHTPOJIb BKIIOYAET B c€0s1 BHIMIOJHEHUE, CAAYy B CPOK
OTYETOB M MX 3aIUTy MO BCEM JIa0OpaTOpHbIM paboTaM, IO pe3yJbTaTaM KOTOPOM

CTY/ICHT MOJy4YaeT JomycK Ha AuddepeHInpOBaHHbBIN 3a4eT.
CaMOCTOSATeIbHOI padoThI CTY1EHTOB

Kontponb camocToaTensHOM paboThl CTYIEHTOB OCYIIECTBISIETCS] HA JIEKIHU-

OHHBIX U J'Ia60paTOpHI)IX 3aHATHUAX CTYACHTOB I10 MCTOJUKAM, OITMCAHHBIM BBIIIC.
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7 Onncanue MHPOPMANMOHHBIX TEXHOJIOTHI M MATEPHUATILHO-TEXHUYECKOH 0a3bl

Tun 3angaTui

Tun nomenieHust

TpeOoBanus K
MOMeLeHHN IO

TpeGoBanus k
IMPOrpaMMHOMY
o0ecrneYeHuIo

Jlexuus

JlexunoHHas aymauTo-
pust

KonmdaecTBo  mocagouHbIX
MECT — B COOTBETCTBHH C
KOHTUHTEHTOM,  pabouee
MECTO npernoaBare’s,
KOMIIBIOTEp WJIH  HOYT-
OyK, IpOEKTOp, 3KpaH,
MapKepHasi I0CKa.

1) Windows XP
U BBIIIIC;

2) Microsoft
Office 2007 wu

BBIIIC

JlaGopatopHbie pabo-
THI

KomnbroTepHsIi Ki1ace

KonmuecTtBo 1mocamgodHBIX
MECT — B COOTBETCTBUU
C  KOHTHHIEHTOM, KOM-
NBIOTEPHl WU  HOYTOYKH,
pabouee MmecTo mpemnoaa-
BaTells, KOMIBIOTEp WU
HOYTOYK, MTPOEKTOP, IKpPaH,
MapKepHasi I0CKa.

1) Windows XP
u Beime; 2) JDK
15+, Intellijldea

CamocrosiTenpHas pa-
6ora

ITomemenne s ca-
MOCTOSATENLHON pabo-
Ta

OcHaIlIeHO KOMIBIOTEPHOU
TEXHUKOW C BO3MOKHOCTBIO
NoJKJItoueHus Kk cetu «MH-
TEpHET» U obecrneueHueM
JOCTYyIa B DJEKTPOH-
HYIO UH(POPMALIMOHHO-
0o0pa3zoBarenbHyl0  Cpeay
YHUBEPCUTETA.

1) Windows XP
Y BBIIIIE;

2) Microsoft
Office 2007 wu
BBIIIIE

3) JDK 15+,
IntellijIdea
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8 AnanTanus pado4yei nporpammsl A Jul ¢ OB3

AnantupoBaHHas MporpaMma pa3padarbiBaeTcsl MPH HATMYUU 3asSBICHUS CO
CTOpPOHBI 00yUarOIIeTrocs (PoaUTENCH, 3aKOHHBIX MPEICTABUTENICH ) U MEAUITTHCKIX
MOKa3aHUK (PEKOMEHIAIIUSIMHU TICUX0JI0TO-MEIUKO-TIEAarOrnueCKOM KoMuccum ). J{is
WHBAJIMOB aJalTUpOBaHHAsl 00pa3oBaTeibHAs MporpamMMa pa3padarbiBacTCs B COOT-

BETCTBUU C MHAUBUYyIbHONU MPOTpaMMON peabuInuTaIUH.
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JUCT PETUCTPAIIMM U3MEHEHUI

Ne
n/n

Jlara

N3menenue

Jdara u HOMep MPOTOKOJIA
3acenanusa YMK

ABTOp

HavyaabHuk
OMOJIA

23.12.2021

BHecensl
H3MEHe-

HHUS B
KOMIICTEHT-
HOCTHYIO
MOJCIb
o0OpazoBa-
TEIbHOH
porpam-
MBI, Ha
OCHOBaHHH
nmucbMa Mu-
HOOpHAyKH
Poccun ot
21.12.2021
Ne MH-
5/22720

23.12.2021 Ne9
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