IMPOI'PAMMA BCTYIUTEJBHOI'O UCIIBITAHUA ITIO CHEHUAJIBHOCTHU JJIA
HOCTYHAIOIIUX B MATUCTPATYPY
IO KOHKYPCHBIM I'PYIIITAM ®IIMH

JlaHHas mporpaMmMa OTHOCHUTCS K KOHKYPCHBIM I'DYIIIIAM:

[Ipuknannas matemaTtuka U nHpopmanroHHblie TexHosoruu (IIM®)
Maremaruka, uHpopmaTuka 1 komibtorepHbie TexHosnoruu (MBT)
Texnonoruueckoe auaepctro (TJI)

Texnosornu uckyccrsensoro untemexkra (TUN)

JuckperHas MatemaThka U uHpopmaruka (IIMIN)
busnec-undopmaruka (bI1)

Texnonoruu nporpammupoBanus urp (MBT)

NookrwbdpE

PeraameHnT NMpOBECACHUSA

BerynurenbHoe HMCHBITAaHME COCTOMT M3 JBYX 4YacTel: MHCbMEHHOM YacTu (peuieHue
NPaKTHYSCKHUX 3a/IaHUI 110 IPOTPaMMHUPOBAHHUIO, IPOIOJDKUTEIBHOCTHIO 1,5 aCTPOHOMUYECKHUX Yaca),
U YCTHOW YacCTH.

IInceMeHHAs1 4aCTh BEINOJIHICTCS JUCTAHOUOHHO C IOMOMIBIO CHCTEMBI IIPOKTOPHHIA. ITo-
YMOJUaHHIO, BpeMsi Havasa npaktudeckoit wactu — 10:00. B ciryuae, ecnu B pacricaHU# K3aMEHOB
c/llaya dK3aMeHa IO CIEeUUaTbHOCTH pPAcTsIHyTa Ha HECKOJIbKO JHEW, MUChbMEHHAsl 4acTbh MPOXOIUT
TOJIBKO B nemeﬁ N3 YKa3aHHBIX HHGf/i. Pemenns HGO6XO)II/IMO OTHpPaBJIATE B CHUCTEMY
SAnnexc.Konrect. bonee noapo6Hast mHpopMalus o cucTeMe NMPOKTOPUHTAa M JOCTYNl K CHCTEME
Sunexkc.KoHTEeCT BBICBUIAETCSI HA 3JIEKTPOHHBIN a/Ipec, yKa3aHHbIM B 3asBJICHUM HE MO3JHEE, YEM 3a
yac J0 BPEMEHM Hauaja IMpOBEJIEHHUS IpaKTUUeCKOro 3afaHus. B mpomecce pemreHus 3aaay
paszpelaercsi moJb30BaThCs JOCTYNOM K cucreMe SAnaexc.KoHTecT ¢ 0lHOro KOMMbIOTepa, a TaKkkKe
CIpPaBOYHBIMU MaTepuajaMH 0 CTaHJAAPTHBIM OMOMMOTEKaM Uil  JIOMYCTUMBIX  SI3BIKOB
MIPOrpaMMHUPOBAHUS — HA TOM € YCTPONCTBE, HA KOTOPOM MPOXOIMUT BHINOJHEHUE MPAKTUYECKOTO
3agaHuda. [lomp30BaTbCcsi APYrUMU  AJIEKTPOHHBIMHU  YCTPOMCTBAMM  3ampenieHo. Paspemraercs
HCIIOJIb30BaTh PYKOIMUCHBIC OyMa)kHbIE MaTepHaIbl (HO HE pacredaTKy MIIH KCEPOKOTTMH) 00beMOM He
oosee 48 muctoB dopmara AS.

ITo okOHYAaHMIO MUCHPMEHHOW YacTH dK3aMeHa aOUTYpHEHTaM, sIBUBIIMMCS Ha HEE, pacCchlIaeTCs
nHpopMalus 0 BpEMEHHW M MECTE MPOBEACHHMS YCTHOW 4dacTu. B ciywae, eciim aOUTypueHT, He
SIBUBIIUNCS Ha TUCBMEHHYIO YacTh, KeJIaeT CAaTh YCTHYIO YacTh, MY HEOOXOJMMO CaMOCTOSITEIIbHO
CBS3aThCS C MPUEMHOM KoMuccHel GpusTex-1mkoubl 10 14:00 maTel sKx3amMeHa, €CJIi dK3aMeH ITPOXOIUT
B oauH JeHb win Ao 18:00 mepBoro mHs 3K3aMeHa, €clii dK3aMeH PAacTSIHYT Ha HECKOJIbKO THell. B
MIPOTUBHOM CJIydae CChUIKa Ha YCTHYIO YacTh HE BBICHUIACTCS U aOUTYPHUEHT, HE SIBUBIIMICS Ha
MUCBMEHHYIO YacTh, CYUTACTCA B 1I€JIOM HE SIBUBLIMMCS Ha SK3aMEH M0 CIEeNHUaIbHOCTH.

YeTrHas 4acTh 3K3aMeHa [0 CIELUAIbHOCTU IPOXOAUT B JUCTAHIMOHHOM ¢opmare u
npeanosaraeT 6ecely ¢ 3Kk3aMeHaTopaMu, B OOJIBIIMHCTBE CIy4aeB OTBEYAIOLIMMHU 32 MAaruCTEPCKYIO
nporpaMMy/mporpaMmbl, KOTOpbIE yKa3al aOUTypHeHT B CBOEM 3asBiieHMH. Ha ycTHO# dactu
IIPOUCXOJTUT:

1. OGcyxieHne UTOTOB BHITIOJHEHUS MPAKTHUECKOTO 3aJJaHNUs;
2. OTBeT Ha YCTHYIO YacTb U3 MIPOTPaMMbl SK3aMEHa.

Ecau a6I/ITypI/IeHT pu nmoJga4ye JOKYMCHTOB yKa3aJl OJHY MAruCTCpCKyr MnporpamMmy, Ha YCTHOﬁ
YaCTH MOT'yT OBITh 3aJ1aHbl BOIIPOCHI:

1. U3 6a30Bo# yacTu;
2. W3 yacTH, CBA3aHHOMU C 3TOM MarucTepcKoi mporpaMMoii.

B xaxnaom pasnene, 3a UCKIIOYEHHEM O0a30BOM YacTH, MEPEUMCIIEH CIHCOK MAarucTepCKuX
nporpamm, Ui KOTOPBIX OH NpUMEHHMM. Eciu aGuTypueHT mpHu mojaye JOKYMEHTOB yKa3zall
HECKOJIBKO MarCTEPCKUX MPOrpaMM, Ha YCTHON YaCTU MOTYT OBbITh 3aJIaHbl BOTIPOCHI:



1. U3 6a30Bo# yacTu;
2. V3 gacTeii, CBI3aHHBIX C KQX0W U3 MaruCTePCKUX MPOTPaMM, YKa3aHHBIX B 3asIBICHUH.

1.

Ecim B mpomecce caayn SK3aMeHa aOWTYpUEHT 3asBISIET O JKEJaHWU TOCTYNHTh Ha
AOIIOJIHUTCIIBHYIO MAaruCTCpCKyro IMporpamMmy, €My TaKiKEC MOIryT 6BITB JOIIOJIHUTCIIBHO 3aJdaHbl
BOIIPOCHI 10 YaCTH, CBA3aHHOW C 3TOM MporpaMmoii. B citydae, eciu 0TBET Ha BONPOC MOAPA3yMEBAET
paBBepHyTbIﬁ OTBCT, TO JOIIOJIHUTCIIbHO BBIACIIACTCA 10 30 MHHYT Ha MOATOTOBKY K OTBETY, IIPU 3TOM
aOUTYypUEHTY pa3pemacTcsl IOJIb30BAThCS JUTEPATYpOd M 3alHCSIMH, HO HE DIICKTPOHHBIMH
YCTPOMCTBaMHU.

ba3oBas yacTh aJ19 Bcex MaruCTepCKux nmporpamm

Oo0iacTh IPUMEHEHUSI

JlanHblil pasnen sBisieTcs o0sA3aTeNbHBIM VI BCeX MAruCTePCKHX NMPOrpaMM B paMKax Bcex
KOHKYPCHBIX I'PYIII.

1.1.

10.

11.

Aure0pa u reomMeTpus, JIMHelHas ajaredpa

I'pynnel, xosbma, mosst. Omnpenenenus u npumepbl. [luknumyeckme rpynnel. Teopema o
roMmoMophusme.

[ToacranoBku. OmpeneneHne MOJACTAHOBKHM, YETHOCTh MOJAcCTaHOBOK. [IpousBenenue
MOJICTAHOBOK, PAa3JI0KEHHE MOJCTAHOBOK B IMPOW3BEIECHUE TPAHCHO3UIIMA M HE3aBUCHMBIX
LIUKJIOB.

Kommexcubie quca. I'eomerpuueckoe n3o0paxeHue, anreOpanydeckas "
TPUTOHOMETpHUYEcKas (popma 3amucH, U3BJIeYeHHE KOPHEH, KOPHU U3 €TUHUIIBI.

CucreMbl TMHEHHBIX ypaBHeHH. [IpsimoyronbHble MaTpullbl. [IpuBeaeHre MaTpull U CUCTEM
JIMHEMHBIX YpaBHEHUH K cTylieHYaToMy BUy. Meton ["aycca.

Jluneiinas 3aBUCUMOCTD U paHr. JIMHEHas 3aBUCUMOCTD CTPOK (cT010110B). OCHOBHAS JiIeMMa
0 JIMHEWHOW 3aBUCHUMOCTH, 0a3WC M PaHT CHCTeMBbl CTPOK (cTosloB). Panr marpuiibl.
Kputepuii cOBMECTHOCTH M ONPENECTECHHOCTH CUCTEMbl JIMHEHHBIX YpaBHEHUW B TEPMHUHAX
panroB Marpul. ®yHIameHTanbHasi CHCTEMa PELICHUH OJHOPOJHOM CHUCTEMBI JIMHEWHBIX
YpaBHEHUH.

Onpenenurenu. OnpenenuTesb KBaJIpaTHOW MAaTpUIlbl, €r0 OCHOBHbIE cBoiicTBa. Kputepuit
paBeHCTBa omnpenenuTens Hyaw. OopMyna pa3iiokKeHUs: ONPeAeaUuTeNs] MAaTPULbI IO CTPOKE
(cToony).

Onepanuu Hag matpunamu. Onepanuy HaJl MaTpUIlaMU M MX CBOMcTBAa. Teopema o paHre
Mpou3BeAeHUs NBYX Marpull. OnpeaenuTenb IpOU3BEICHUS KBaapaTHRIX MaTpull. OOpaTHas
MaTpuia, ee SBHbIM BUA (Qopmyna), CrmOcOoO0 BBIPAKEHUS C TMOMOIIBI0 SJIEMEHTAPHBIX
peoOpa3oBaHMii CTPOK.

BektopHbie mpoctpaHncTBa; 0a3uc. BekTopHOE MpoCTpaHCTBO, €ro 0a3uc U pa3MEepHOCTb.
[IpeoOpa3oBanusi KOOPAWHAT B BEKTOPHOM MpocTpaHcTBe. [loampocTpancTBa Kak MHOKECTBA
pelIeHui CUCTEM OJJHOPOJHBIX JTUHEHHBIX YpaBHEHUN. CBA3b MEXKAY Pa3MEPHOCTIMU CYMMBI
U IIEpPECEUEHHUs JBYX MOANPOCTPAHCTB. JIMHElHasg He3aBUCUMOCTh NOANPOCTPAaHCTB. ba3uc u
pa3MepHOCTb IIPSIMON CYMMBI IO JIIPOCTPAHCTB.

JIuneltHble O0TOOpaXkeHUs M JMHEHHBbIE omnepaTopbl. JIMHelHble 0TOOpaXKeHHs, UX 3alucCh B
koopanHaTax. O0pa3 W AApo JTUHEWHOrO OTOOpaKEHMsl, CBSA3b MEXIY UX Pa3MEPHOCTAMH.
ComnpsikeHHOE MPOCTPAHCTBO M COMpsiKEeHHble Oa3zuchl. V3MeHeHHe MaTpHIlbl JIMHEHHOTO
oreparopa IpH Mepexojie K Ipyromy 0asucy.

bununeiinsie u kBagpaTuyHble QyHKIUU. bunuHelnble QyHKINHN, UX 3aITUCh B KOOPAWHATAX.
W3menenne wmaTpunbl OwiMHEHHONW (QYyHKIMM TpU Tepexoae K Jpyromy Oaswucy.
OproroHanbHO€ JIOMOJIHEHME K MOANPOCTPAHCTBY OTHOCHUTEIBHO CHMMETPUYECKON
ounuueitHoM QyHKIUU. CBA3b MEXKIYy CUMMETPUUECKUMU OMIMHEHHBIMU U KBaIPAaTUYHBIMU
¢ynkuusmu. CymiecTBOBaHHE OPTOTOHAIBHOTO 0aszuca Uil CUMMETPHUYECKOW OMIIMHEHHOM
¢dbysakun. HopMmanbsHBI BUJT BEIIECTBEHHOHN KBAAPAaTUIHON (QYHKIINHU. 3aKOH MHEPIIUH.
EBkmunoBsl npoctpanctBa. HepaBenctBo Komm—BbyHsikoBckoro. OpToroHaiabHble Oa3uCHI.
Oproronanusanus ['pama-IlImuara. OpToroHanabHbIE ONEPATOPHI.



12. CoGcTBeHHBIE BEKTOPHI U cOOCTBeHHBIE 3HaueHHUA. COOCTBEHHbIE BEKTOPHI U COOCTBEHHBIE

3HaueHHs JHHeiHoro oneparopa. CoOCTBEHHbIE MOIPOCTPAHCTBA IMHEHHOTO OIlepaTopa, ux
JUHEIHAas He3aBHCUMOCTb. YCIOBUE AUAroHalIu3upyeMocTH omneparopa. CamoconpsikEHHOE
JUHEHHOEe INpeoOpa3oBaHHEe KOHEYHOMEPHOTO €BKJIMJOBAa IIPOCTPAHCTBA, CBOMCTBA €ro
COOCTBEHHBIX 3HAUEHUI U COOCTBEHHBIX BEKTOPOB

Jluteparypa

1.

Bunbepr 2.b. Kypc anre6psr, 1999, 2001, ®akropuain, 2013,2017,2018, MITHMO.

2. Kocrpukun A.W. Beenenue B anredpy, 1977, Hayka.

3. Kocrpukun A.W. Beeaenue B anredpy, d. I, 11, 2000, duzmariwur.

4. Kypom A.I'. Kypc Bbicuueit anredpsl, 1975, Hayka.

5. CoOopuuk 3amau 1o anreOpe mox pemakuued Kocrpukuna AW, W. B. Apxanies,
B.A. Apramonos, I0.A. baxtypun u n1p. — MIITHMO Mocksa, 20009.

1.2. MaremaTnyeckuii anaau3

1. Tlpenenst no Kommu u I'eitne, HenpepsiBHOCTD. [Ipenensl nociaenoBaTebHOCTEN U QYHKIINM.
HenpepriBHbie QyHKINH.

2. DnemeHTHl o0meil Tomosornu. HempepwiBHBIE oTOOpaskeHHs. KOMITaKTHOCTB, CBSI3HOCTH,
xaycs1oppoBOCTb.

3. Psamer. Yncnossie n dynkunonanmpHble psinbl. [Ipmsnaku cxomumoctu (amambepa, Komm,
MHTErpaibHbIl, JIeltoHna). AGCOIIOTHO U YCIIOBHO CXOSIINECS PAIbL.

4. Jludpdepennupopanue. duddepenuupoanue ¢yHkuuid. IIpuMeHeHue NPOU3BOIHOM s
Hax0XAeHUs dKcTpeMyMoB ¢yHkuuit. @opmyna Teiinopa.

5. DyHKIMU MHOTHUX NEpeMeHHbIX. YacTHble MpOU3BOAHbIE. ['pa/lueHT U €ro reoMeTpUYeCKUid
cMbIci. Mertoa rpanumeHTHoro cmycka. [louck skcTpeMyMoB (YHKIUH OT MHOTHX
IIEPEMEHHBIX.

6. HWurerpupoBanue. OnpeneneHHbIN U HEONIPEACICHHBIN HHTETpaIbl. METOIbl HHTETPUPOBAHUS
¢dbynaknuii. [TepBooOpa3HbIe pa3IUYHBIX MIEMEHTAPHBIX (PYHKITHIA.

7. Kpatabie uHTErpaisl (ABOMHBIC, TPOWHBIE), 3aMEHA KOOPIUHAT, CBSI3b C IOBTOPHBIMH.

8. DnemeHThl (YHKUMOHAIBHOIO aHaIW3a: HOPMHUPOBAHHBIE, METPHUYECKUE IPOCTPAHCTBA,
HEIPEPBIBHOCTDH, OTPAHUYCHHOCTD.

9. Aure6pa u curma-anredpa. Mepa. M3amepumbie MHOKecTBa. M3mepumbie GpyHkiuu. MHTErpan
JleGera.

Jluteparypa

1. Apxunos I'. ., CagoBanunii B. A., UybapukoB B. H. Jlekiuu no mar. ananu3sy. M3a-Bo
YuuBepcurer, 1999.

2. 3opuu B. A. Maremarnueckuii ananu3. Yacts . M.: Hayka, 1981. 544 c. Yacts II. M.: Hayka,
1984. 640 c.

3. Kynpssues, JI.JI., Kypc marematudeckoro ananusa (B Tpex tomax). T. 1. luddepenmansuoe
Y MHTETpalibHOE UcUUCIeHHs] PyHKUUN oHOM niepemeHHoM. T. 2. Panel. AuddepenunansHoe
U MHTErpajbHOE UCUYUCICHUS PYHKIMHA MHOTUX nepeMeHHbIX. T. 3. ['apmMoHndeckuil aHamus.
Mocksa, U3a-Bo Bricmas mikona, 1981.

4. Jlemunosuy, b. I, CoopHuK 3a1a4 1 ynpakHEHUH 10 MaTeMaTH4eckoMy aHanu3y. 3n-Bo Acr,
2007.

1.3. Teopust BeposiTHOCTeli M cJIy4aiiHbIe NPOLECCHI

1. OcHOBHBbIE MOHATHSA TEOPHH BeposTHOocTed. OmpeneneHue BEpPOATHOCTHOTO MPOCTPAHCTBA,
IpOCTeHIINe AUCKPETHBIE ciaydyad (BBIOOPKHM C MOPSAKOM M 0O€3 HEero, ynopsio4deHHbIE W
HEYNOpAI0YECHHBIE), KJIacCHuYecKash BEpOATHOCTHAs MoJenb. CinydaiiHas BelW4MHa, (QyHKIUS
pacnpeneneHusl.

2. YcinoBHble BeposATHOCTH. OmnpezaereHWe YCIOBHOM BepOATHOCTH, (opMyna MOJTHON
BeposATHOCTH, hopmyna baiieca.

3. MaremaTnueckoe OXXUAaHUE, auUcrepcus, Koppemauus. OrmnpenereHHe MaTeMaTHYeCKOTo
O’KHMJaHMsl, JUCIIEPCUH, KOBapUalluu U KOPPEISLUH, UX CBOWCTBA.

4. HezaBucumocts coObITHIA. [lonapHas HE3aBUCUMOCTh M HE3aBUCUMOCTH B COBOKYITHOCTH.



5. OcHOBHEBIE TeOpEeMbI Teopuu BeposTHOcTel. HepaBeHcTBO UeObimieBa. 3akoH OOIBIINX YHCEI.
LlenTpanpHas npeaenbHas TeopeMa.

6. Pacnpenenenus. CrangapTHble JAWCKPETHBIE W HENPEPHIBHBIC pACHpeneNeHHs, HX
MaTeMaTU4YeCKUe OXHMJAHHs, JAUCHEPCHH W CBOMCTBAa: OMHOMMAJIbHOE, DPaBHOMEPHOE,
HOPMaJbHOE, IIyaCCOHOBCKOE, II0KAa3aTeIbHOE, FEOMETPUUECKOE.

Jluteparypa

1. T'menenko, b. B. Kypc teopuu BepositHocteit, YPCC. M.: 2001;

2. Tmepenko b. B., Xununn A. . DnemMeHTapHOE BBEACHHUE B TCOPHIO BeposiTHOCTEeH, 1970;

3. Iwupses, A. H. BepositHocTs, Hayka. M.: 1989;

4. CesactpsaHoB b. A., Kypc Teopun BeposiTHOCTEN 1 MaTeMaTudeckoi craructuky, U M.: Hayka,
1982;

5. CeBacTbsiHOB, b. A., Uncrsakos, B. I1, 3yokxos, A. M. COOpHUK 3aJ1a4 110 TEOPUU BEPOSTHOCTEH,
M.: Hayka, 1986.

14. Aaropurmsl

1. Ananmu3 anroputmoB. [IoHSATHE O CIIO)KHOCTH NO BPEMEHM M HO MaMsITH. AcUMITOTHKA, O-
CUMBOJIMKA. Jl0Ka3aTeNbCTBO KOPPEKTHOCTH aJlTOPUTMOB.

2. Crpokw ¥ omnepanu Hajx HUMU. [IpescTaBienue cTpok. BeraucineHne UIMHBI, KOHKaTEHAIINS.
AJTOPUTMBI TOUCKA MOJICTPOKH B CTPOKE.

3. CoptupoBku. HkHssS T€OpeTHKO-HHPOPMAIIMOHHAS OIlEHKA CJIOKHOCTH 33]]a9l COPTHPOBKH.
ANTOpUTMBI COPTUPOBKH BCTaBKAaMHM, IIy3bIpBKOM, OBICTpasi COpPTHUPOBKA, COPTHPOBKA
ciusHueM. OneHKa CI0KHOCTH.

4. llpencraBiieHne MaTpUll U BEKTOPOB. AJTOPUTMBI YMHOXKEHHUS MaTpull U 3¢ (eKTUBHbIE
crocoObl UX peanu3anuu. YucieHHble METO/IbI PEIICHHS CUCTEM JIMHEHHBIX YPaBHEHUH.

5. UYucnennoe nuddepeHpoBanne U HHTErpupoBaHue. YuCIeHHbIE METOMAbl JJSl peuIeHUs
cucteM quddepeHInanbHbIX YpaBHEHUH.

6. I'pad. OpuentupoBannsiii rpad. [Ipeacrasiaenus rpada. O6xoa rpada B riIyOHHY U B ITUPUHY.
Tonmonornueckas coptupoBka. [logcuer uncna myreit B oprpade.

7. ANTOpUTMBI MOMCKA KpaTdalmux myred B rpade. Anroputm Jleitkerpel. Anroputm Popra-
bennmvana. Anroputm ®@noiina. Anroputm A*,

8. HenerepMuHUpOBaHHBIE KOHEUHBIE aBTOMAThI, pa3jMYHbIE BAapUAHTBl OINpPEACTICHHUS.
JlerepMuHUpOBaHHBIE KOHEUHBIE aBTOMaThl. VX skBUBaneHTHOCTh. Mamuna Trropunra.

Jluteparypa

1. Iens A. IIporpammupoBanue: TeopeMsl u 3agaun. MITHMO, 2007,

2. Bupt H. Anroputmsl 1 cTpyKTYphI 1aHHbIX. M31-Bo HeBckmii nuanekt, 2005;

3. Kepuuran b., Putun /I. S3b1k nporpammupoBanus C. U3a-so Bumibsmc, 2008;

4. Kopwmen T., Jleiizepcon Y., Pusect P., Illtaitn K. AIrOpuTMBI: MOCTPOCHUE U aHAIH3, 2-¢
n3nanue. - M.: U3narensckuii jom Bumssamc, 2005.

2. IIMU, UBT, BU u IIM®. KomnbioTepHbie HAYKU

O061acTh IPUMEHEHUS

JlaHHBI pa3fen IpeiHa3sHayeH VI BCeX MArMCTEPCKUX NPOrpaMM KOHKYPCHBIX TIpymi
MaremaTuka, HHPOPMaTHKA U KOMNbIOTepHbIe TexHoJa0orun (UBT) u luckpernast MmareMaTnKa
n nnpopmatuka (IIMH), Texnonornu nporpammuposanusi urp (UBT), busnec-nndopmarnka
(BH) a Takke g CIHEAYIOIIMX MAarucTEpPCKUX MpOorpaMM B paMKaxX KOHKYPCHOM TIpyIIIbI
IIpuknagnass MaTemaTuka u nH(popmanuonusie Texnonornu (IIM®):

Ananu3 nanubix (kadeapa AHanusa JaHHBIX);

bankoBckue wuH(pOpMaIoHHbIe TexHoNoruu (kadenpa baHkoBCkUX HHPOPMAIMOHHBIX
TEXHOJIOTHH);

CoBpemenHast koMOuHaTOpHKa (Kadenpa JJuckpeTHON MaTeMaTHKH);

Matremaruueckue U HHGOPMAITMOHHBIE TEXHOJOTHH (Kadenpa KOrHUTUBHBIX TEXHOJIOTUH);
Texunonoruu uudposoii Tpanchopmanuu (kadenapa Texnonoruit nuppoBoit Tpanchopmarim);



e KoHIENTyalbHBIH aHAJN3 U MPOSKTUPOBAHUE CIIOKHBIX cucTeM (Kadeapa KoHuenTyaibHOTO
aHaJIM3a U IPOEKTUPOBAHMS);

e [lpuknamueie HMHPOPMALMOHHBIE TEXHOJOTMM B YIpaBIeHWH © OusHece (kadenpa
KopropaTuBHBIX HHPOPMALIMOHHBIX CHCTEM);

e (duHaHCOBBIE TEXHOJIOTUH B On3Hece (Kadenpa OUHAHCOBBIX TEXHOJIOTHIA);

e MerTo/1bI COBpeMEHHOM MaTeMaTuku (Kadenpa MeTo 0B COBPEMEHHOW MaTEeMaTHKH );

e lludopmannonnsie TexHonorud B aBuanuu (xadenpa MHGOpPMAIMOHHBIX TEXHOJOTHH B
aBUAIINH);

e [IpoMBINIICHHBIN aHATN3 JaHHBIX B puteiiie (kadenpa [IpompiieHHOTO aHANM3a TaHHBIN B
pureilie);

e Bce mporpammbl Kadenpsl HWHHOBAIIMOHHOW (apMaleBTUKH, MEAWIWHCKOW TEXHUKH H
OMOTEXHOJIOT HH.

2.1. Komo0unaropuka

1. OcHoBHBIE TpaBWIa KOMOMHATOPUKH: TIPaBWIO CJHOXKEHHS, YMHOXKeHUs. OCHOBHBIE
KOMOMHATOpHbIE OOBEKTHI: COUETAHUSI U Pa3MEILIEHHUS C MOBTOPEHUSMHU U 0€3 MOBTOPEHMI.
@opMyIIbl U KOJIMYECTBA coueTaHui U pasmemienui. [puamun Jupuxie. [Ipumepsl.

2. MmnuoxectBa. Kpyrm Oiinepa, omepanmn Ha MHOXecTBax. Dopmyna BKIIOYEHUH W
nckiroueHui. [Ipumepsr.

3. Coueranus. PasMemienusi, mepectaHoBKM W codeTanus. buHoM HprotoHa. TpeyroiapHHK
[Tackans. CodeTranus C MOBTOPEHUSIMH.

4. T'padpl: HEOPUEHTUPOBAHHBIE, OPUEHTHPOBAHHBIE, MPOCTbIE Trpadbl, MYIbTUTpaPbl U
nceBnorpader. Mzomopdusm rpados. Hekotopwie cTranmgapTHbie Kiacchl TpadoB: MOITHBIE,
JBYIOJIbHBIE, LIETH, [IUKIIbI, AepeBbs. Kpurepuii 1BynonbHOCTH rpada.

5. JlepeBbsi. CBsI3b MEXKTy KOJTMYECTBOM BEPIIMH U péOep. DKBUBAJICHTHBIC OMIPEICICHUS Klacca
nepesbeB. @opmyna Kanu i1 yncna nepeBbeB Ha GUKCUPOBAHHOM MHOKECTBE BEPILIUH.

6. KiukoBoe 4McIO, 4MCIO HE3aBUCHUMOCTH, XPOMAaTHUYECKOE YHCIIO; CBA3b MEXAY 3TUMHU
gyuciaaMiy. JKagHbli arOpUTM packpacku rpada, npuMep ero HeONTUMaJIBHOCTH.

Jlureparypa

1. Bunenkun H. {. Kom6unatopuka. M., Hayka, 1969 u GoJsiee cBexxue u3aanus

2. M. Xomn. Kombunatopuka. — M.: Mup, 1970.

3. OmnnaitH-kypcbl HAa www.coursera.org “KomOunaTopuka ajist HaunHaromux’, “Teopus rpagos”
ot MOTU

2.2. KomnboTepHble HAYKH

1. Perynspusle BolpaxkeHus. Teopema KinHu 00 3KBUBaJIEHTHOCTU PETYJISPHBIX BBIPAXKEHUH U
KOHEYHBIX aBTOMATOB.

2. KoHTekcTHO-cBOOOAHBIE IpaMMAaTUKU. ABTOMATHI C Mara3uHHON MaMATbI0. DKBUBAJIEHTHOCTh
aBTOMATOB C Mara3uHHOM MaMAThIO U KOHTEKCTHO-CBOOOAHBIX T'PaMMaTHK.

3. Apxurekrypa @on-Heiimana. IlpuHuMIBI OJHOPOJHOCTH HaMSATH, aJPECHOCTH U
IIPOrPaMMHOTO ynpasiieHus. ['apBapickas apXWUTEKTypa, OTIIMYUSA OT apXUTEKTypsl PoH-
Heitmana. [Ipumepsl peanuzanuid.

4. AOGcTpakTHbIE CTPYKTYpPbI JaHHBIX: CIIUCKA, BEKTOPA, JIEPEBbs MOMCKA. MIX aCUMITOTUKH AJIS
orepanuil MoKMcKa IEMEHTa U BCTABKU HOBBIX DJIEMEHTOB B CEpENMHY WK KoHell. [Ipumepsl
peanu3anuii.

5. Uenouncnennas apudmeTrka B MpPEACTABICHUHM KOMIbIOTEpa. 3HAKOBbIE M 0OE33HAKOBbIE
3HAa4eHUs, CHocoObl MpPEACTaBIEHUS  OTpPHULATENbHBIX 3HaueHud. llemouncnenHoe
NEPENOoHEHNE U €r0 KOHTPOJIb. JITMHHAS [IeOYUCIeHHAs apu(pMeTHKa.

6. BemectBennas apudmeruka. IlpencraBienus ¢ (UKCUPOBAHHOM W IJIaBarOIIEH TOYKOM.
Crannapt IEEE754. CnenuanbHble BELIECTBEHHbIE 3HAYEHUs, ONpPEACIICHHbIE CTaHAapTOM
IEEE754 u onepauuu HajJ HUMU.

7. YcTpoicTBO BUPTYaJIbHOTO JPECHOTO MPOCTpaHCTBa npoiecca. CTek U Kyda. JuHamuueckast

3arpys3ka ouomoTexk. MexaHu3M TpaHCIEIOUU aApCCOB U3 BUPTYAJIIBHOTO B (I)I/ISI/I‘-ICCKOG
AApCCHOC MPOCTPAHCTBO.



OmnepalnoHHBIE CUCTEMBl M WX KOMIIOHEHTHI. SIpo omnepauuoHHBIX cucteM. CHCTeMHbIE
BBI30BBI M HMX OTIMYUS OT OOBIYHBIX OMOMMOTeuHBIX GyHKIUH. CrnocoObl peanu3anyu
CHCTEMHBIX BBI30BOB (TIpepbIBaHus, sysenter, syscall).

9. IIpoueccsl u notoku. CX0ACTBa U pa3iuyus MeXIy HUMH. Peanuzanusi MHOT03aJa4HOCTH U
QJITOPUTMBI IIJITAHUPOBAHUE 3a/1a4 B ONIEPALIMOHHBIX CUCTEMAX.

10. [Ipobnema MHOTOMOTOYHOM CHHXPOHH3AIMH. ATOMapHbIE TIEPEMEHHBIE U OOBEKTHI
6m0kHpoBKU. HeOMoKupyromye CTpyKTYphl IaHHBIX U UX pealn3alusl.

11. IHTepKOHHEKT B BBIYMCIUTENIBHOM KiacTepe. OTIndyMe HWHTEPKOHHEKTAa OT TIJI00aIbHBIX
KOMITBIOTEPHBIX ceTeil. OCHOBHBIE XapaKTEPUCTUKU MHTEPKOHHEKTA. TOI0JIOTHH COeTMHEHU
y3JI0B B BBIYUCIIUTEIBHOM KJIACTEPE, XapaKTEPUCTUKU TOTIOJIOTUM.

12. [lonsaTtue ycKOpeHUs W MacmTaOUPyeMOCTH TMapajUIeNbHBIX MpOTpamMM. 3akoH Ampana.
Onenka »5¢¢dexkTnBHOCTH mMapajuleNbHBIX Mporpamm. SpycHo-mapamiensHas — (Gopma
[IPOrpaMMBbl.

13. TTapannensHble W pachpeeiéHHbIe BBIYMCIUTENbHBIE cucTeMbl. [lapamurma Map-Reduce.
[Ipumepsl, otanuud. Pacnipenenennsie Qaiinossie cucteMbl. OCOOEHHOCTH XpaHeHUsl (aiiioB
B HuX. Pennukarus.

Jlureparypa

1. Kopwmen T., Jleitzepcon Y., Pusect P., Ulrtaitn K. Anroputrmsl: mocTpoeHue U aHaius, 2-€
n3ganue. - M.: U3narensckuii oM Buassmc, 2005;

2. K. JIx. Jleiit. BBenenue B cucreMbl 0a3 JaHHBIX (Y4eOHWK IS BY30B). — 8-¢ m31. — M.:
Bunesmc, 2008;

3. Chuck Lam. Hadoop in Action. New York: Manning Publications co., 2011;

4. PobGaueBckuii A.M., Hematorun C.A. Onepanmonnas cucrema UNIX. 2-e uznanwme. - CII0.:
bXB, 2014,

5. Tamenbaym 3., boc X. CoBpeMeHHBIE OTIepaIlliOHHbIC CUCTeMBI. 4-¢ n3nanue. - CI16.: [Tutep,
2018;

6. Maurice Herlihy, Nir Shavit. The Art of Multiprocessor Programming. Morgan Kaufman

3.

Publishers, 2012.

IIM®. MaremaTn4eckoe MO/1eJIMPOBAHUE, BHIYHCIUTEILHAS MAaTEMATUKA U PU3NKa

OO0acth IIPUMCHCHUA

JlaHnHbIN pa3zzien mpeAaHasHaueH i CIEIYIOIIMX MarucTepCKUX MporpaMM B paMKaX KOHKYpPCHOM
rpynmnsl [lpukiaagnas maremaTuka 1 uHGopmauuonHbie Texnosioruun (IIM®P):

[Mpuknagnas Matemaruka (kadeapa BBIUMCINMTENBHBIX TEXHOJOTHA M MOJCITHUPOBAHHS B
reousuKe 1 OMOMaTeMaTHKE);

MaremaTrueckas (U3MKa U MaTeMaTHUecKoe MojenupoBaHue (kadeapa MaTemMaTH4ecKoro
MOJICIIMPOBAHUS M TMPHKIAIHON MareMaTHKH, Kadeapa MaTeMaTH4ecKoro MOJCITUPOBAHHUSI
CJIO’KHBIX CHCTEM M OTITUMU3AIIHH);

VYropapienue TUHaAMHUYECKMMH cucteMaMu (kadenpa MaremMaTndeckoro MOJACIHPOBAHUS U
MIPUKIIATHON MaTeMaTUKHN),

MaremaTtnueckue M uHGOpMaLMOHHbIE TexHoJoruu (kadenpa IlpuknagHbix mnpobdIeM
TEOPETUYECKON M MaTeMaTH4ecKoil pusukm);

Science  Engineering:  MonenupoBaHue HeTEra3oBBIX  MECTOpOXIeHUH  (kadenpa
MoienmupoBaHus 1 TEXHOJIOTHIT pa3pabOoTKu HE(TIHBIX MECTOPOIKICHUIA);

CoBpemenHas pobotoTexHuka (kadeapa TeopeTndeckoil MEXaHHUKH);

Hayunoe nporpamMmmMHoe oGecriedenue (1eHTp HayduHnoro nporpaMMupoBaHus).

Cnmcok BONpocos

3.1.

Maremarudyeckuii aHaau3, aup@epeHnUAIbHbIE YPAaBHEHUs, Teopuss (QYHKUMH

KOMIIVICKCHOI'O IIEPEMEHHOI 0.

1.

HuddepeHunpyeMocTs (QYHKIIMM HECKOJIBKUX IepeMeHHbIX. HeoOXoaumble YCIOBUS H
JOCTaTOYHbIE YCIOBUS TP PEPeHIUPYEMOCTH.



Teopema o HesiBHOU (pYHKITUU, 3aJAHHON OJTHUM ypaBHEHUEM.

3. JloxanpHBI AKCTpeMyM (QYHKIMH HECKOJIBKHX TepeMeHHbIX. HeoOXxoawmblie YyCIOBHS U
JIOCTaTOYHBIE YCIOBUS JOKAJIBHOTO 3KCTPEMYMa.

4. YcnoBHBINA 3KCTpeMyM (DYHKIIMHM HECKOJBKUX MEepeMeHHbIX. MeToa MHOxuTenel Jlarpamka,
HEOO0XOAMMBIE U IOCTATOYHBIE YCIOBHSI YCIOBHOTO SKCTPEM yMa.

5. HecoOctBennbiii unTerpan. AOcomioTHas H yclioBHas cxomumocTts. Kpurepuit Komm,
MPU3HAKKA CPABHEHUS U MPU3HAK J{MpHXiie CX0IMMOCTH HECOOCTBEHHOTO MHTErpaa.

6. YwucnoBeie psagsl. AOconoTHas W ycioBHas cxomumocts. Kpurepmit Komm, npusHaku
CpaBHCHHSI, MHTETPAJIbHBIN MTPU3HAK, Tpu3HaKK JIeiiOHuIa 1 J{upuxite cXoIMMOCTH YHCIIOBBIX
PAIOB.

7. ®ynkuumoHanbHble psAabl. PaBHOMepHas cxomumocTb. Kpurtepuit Komm, npusHaku
Beiiepmtpacca u Jlupuxiie paBHOMEPHOU CXOJAUMOCTH.

8. Crenennble psajabl. Paguyc cxomumoctu, hopmyna Komu-Anamapa. Psg Teitnopa. Pasnosxenue
aJIeMeHTapHbIX PpyHKIMH B psia Telnopa.

9. Teopema Pumana 06 ocummisiun. Tpuronomerpudeckuii psag Oypbe. YCI0BHS CXOIUMOCTH
psna @ypee B TOUKE. Y CIOBHS paBHOMEPHOHN CXOAUMOCTH psajia Dypse.

10. IIpeoOpazoBanne @Dypbe aOCOMOTHO WMHTETPUPYEMON (QYHKIIMM ¥ €ro  CBOWCTBA.
[IpeoGpa3oBanne @ypbe NPOU3BOAHON U MPOU3BOIHAS TpeoOpa3oBanus Dypbe.

11. Teopema Beiiepmtpacca 0 npuOInKEHUN HENPEPHIBHOW (QYHKIIUK TPUTOHOMETPUUYECKUMU U
anredpanyeckuMH MHOrowieHamu. [loHble cCTeMbl B HOPMUPOBAHHBIX IPOCTPAHCTBAX.

12. O6bIkHOBEHHBIE MU PepeHIINATbHBIE YpaBHEHUS. MeTo 1 pa3aeieHus TepeMeHHbIX. MeTo bl
MOHIKEHUS MOPSAJIKA YpaBHEHUsI, METO BBE/ICHUS TapaMeTpa.

13. JIuneiinple OOBIKHOBeHHBIE auB(depeHInaNbHbIe YpaBHEHUS W CUCTEMBl YpaBHEHHWH C
MOCTOSIHHBIMU KO3 duineHTaMu. MeTo1bl UX penIeHus.

14. Jluneitnple 0ObIKHOBeHHbIE U depeHIranbHble YpPaBHEHHMsSI M CHCTEMbl YpaBHEHUH C
nepeMeHHbIMH  KodhduuuenTamu. PyHnaMeHTalnbHas cucTema pemeHuid. Onpezaenurenb
Bponckoro u ¢popmyna JlnyBmmis-Octporpaickoro. MeToa Bapualiu MoCTOSHHBIX.

15. Ilpocreiimas 3agadya BapHAIMOHHOTO WCYHCICHHs. YpaBHeHue Oinepa. Heobxomumoe
YCIIOBHE C1a00r0 JIOKAJIBHOTO SKCTpPEMyMa.

16. ITosioxxeHne paBHOBECHS AaBTOHOMHOW  cucTeMbl Ju(depeHITMATbHBIX  YpaBHCHHH.
Knaccugukanus noysokeHuil paBHOBECHUS JTMHEHHBIX aBTOHOMHBIX CHCTEM BTOPOTO MOPSIKA.
Y CTOMYNBOCTD U ACUMITOTUYECKAS] YCTOMYNBOCTD IOJI0KEHHSI PABHOBECHSL.

17. IlepBble uHTErpaIbl aBBTOHOMHOM cUCTEMBI JU(PepeHINaIbHbIX ypaBHEHUH. Teopema o uncie
HE3aBUCUMBIX NEPBBIX MHTErpanoB. JIluHelHble quddepeHnnanbHple ypaBHEHUS B YaCTHBIX
IIPOM3BO/IHBIX, OOLIee peuieHre u 3agada Komm.

18. PerynsipHble (QyHKIMM KOMILJIEKCHOIO IepeMeHHoro. HMHurerpanpHas ¢opmyna Komm.
OyHKIMY, peryisipHbie B kKoble. Psa Jlopana.

19. BeiueT B M30JIMpOBaHHOM 0co0Oi TOuke. BhluMcieHne MHTErpajioB IpU MOMOIIM BBIYETOB.
Jlemma XKoppaana.

20. PerynspHble BETBU MHOTO3HAYHBIX KOMILIEKCHBIX (GyHKIMI VZ 1 Ln(z) 1 uX npuMeHeHue ais
BBIYMCIICHUS UHTErPAJIOB.

21. Kondopmusie otobpakenus. JpoOHO-TuHEHOE oTOoOpaskeHHe U ero cBoncTBa. DyHKIUS
KykoBckoro u €€ CBOICTBA.

Jluteparypa

1. JI. A. Kynpsasues. Kpatkuii Kypc MareMaTHYeCKOro aHallu3a.

2. C. M. Hukonbckuii. Kypc MmaremaTiueckoro aHanmsa.

3. A. M. Tep-Kpukopos, M. 1. l1laGynun. Kypc maremaTiueckoro aHaiumsa.

4. T. H. fxoBnes. Jlekiuu no MaTeMaTHuECKOMY aHAIIU3Y.

5. T. E. VBanoB. Jlekuuu no MaTeMaTHUYECKOMY aHAIIH3Y.

6. O. B. becos. Jlekiuu no MaTeMaTH4eCKOMY aHAIIN3Y.

7. A. 1O. IlerpoBuu. Jlekuuu no MareMaTu4eckKoMy aHaIu3y.

8. JI. C. IlouTpsarun. O6bIkHOBEHHBIE AU depeHInanbHble ypaBHEHUS.

9. B. B. Crenanos. Kypc muddepeHanbHbIX ypaBHEHHUH.

10. M. B. ®enoprok. OObIKHOBEHHBIE MU (HepeHInaTbHbIe YPAaBHEHUS.

11. E. C. IlonoBunkuH. Kypc nekuuit mo Teopun GyHKIUNE KOMIUIEKCHOTO ITEPEMEHHOTO.

12. M. U. laGynuH, 0. B. Cugopos. Teopust pyHKIIHIT KOMIUIEKCHOTO IEPEMEHHOTO.



3.2.

YPaBHeHI/IH MaTeMaTH4eCKOii (l)I/I3I/IKI/I, BbBIYUC/IUTECJIbHASA MaTeMaTHukKa,

(pyHKIMOHAIBLHBIH aHAJIN3.

1.

2.

o

10.

11.

12.

13.

14.

15.

Knaccugpukanust JTUHEHHBIX ypaBHEHHMH B YAaCTHBIX NPOM3BOJIHBIX BTOPOTO MOPSIKA.
Kanonudeckue Gopmbl.

3anava Kowmn u1st runepOoJIMYecKuX YpaBHEHUH B YaCTHBIX IIPOU3BOAHBIX BTOPOIO MOPSIIKA.
Merton xapaktepuctuk. @opmynsl Janambepa, [Tyaccona, Komm.

HavaneHo-KkpaeBas 3a1a4a Juisl IMHEHHBIX ypaBHeHU napabdonndeckoro tuna. Meton ®ypee.
[IpuHIun MakcumymMma.

Kpaesslie 3anaun {upuxine u Helimana juis ypaBaenus Jlamnaca. [Ipuaimn makcumyma.
Juckpernsanusi, oOyCIOBIEHHOCTb 33Jaul, YCTOMYMBOCTb BBIYMCIUTEIBHOTO METO]d, €ro
SKOHOMMYHOCTb, YCTPAHUMbIE U HEYCTPAaHUMBbIE MOIPELUIHOCTU BBIUMCICHUN. DiieMeHTapHas
TEOPHUsI MOTPEIIHOCTH.

UucneHHOe pellleHne CUCTeM JIMHEHHBIX anreOpanyeckux ypaBHeHHi. Kanonuueckass u
oneparopHas popma 3anucu. Coaep>kaTeIbHbIN IPUMEP — Pa3HOCTHAS CXeMa ISl YpaBHEHUS
Jlanmaca. CorjacoBaHHblE HOPMbBI BEKTOPOB M MAaTpUIl B JIMHEWHBIX HOPMHUPOBAHHBIX
npoctpaHcTBax. OOYCIOBIEHHOCTh CUCTEM JIMHEMHBIX alredpandeckux ypaBHeHUi. [Ipsimbie
MeTobl (Merox ['aycca, Meron 'aycca ¢ BBIOOPOM IJIaBHOTO 3J€MEHTA, METOJ1 IPOTOHKY ISt
CUCTEM clienuaibHOro Buja). MrepannonHbsle MeTo/bl (METOJI MPOCTONW UTEpaluu, uaes u
(bopMyIibl 4EOBIIIIEBCKUX UTEPALIMOHHBIX METOJIOB, IPYTrUe UTEPALIMOHHBIE METO/IbI).
[lepeomnpeneneHHble CUCTEMBI JIMHEWHBIX aNreOpanyeckux ypaBHEHUH. 3a1adyu, IpUBOIAIINE
K TepeomnpeeIeHHbIM CHUCTEMaM JIMHEHHBIX anredpandeckux ypaBHeHHH. OO0001ieHHOE
pelIeHrne CUCTEMBI, METOJ] HAUMEHBIINX KBaIpaToB.

UucneHHoe pelieHne CUCTEM HEIMHEWHBIX anreOpandeckux ypaBHeHUU. (Cxumaroriee
OoTOOpa)keHHe, METOJ IPOCTOW HTepalH, €ro TeoMeTpUyecKass HHTEpHpeTanus, MeTO]
penakcanuu. Metoa Herotona. [lopsimok cxoauMocTi UTEPAIIMOHHOTO METOIA.
WNutepnionsimust  ¢pyaknuii. KoHeunble uw pasnencHHble pasHocTU. [locTaHoBKka 3amaym
unTepnosiuu. O6001eHHbIi noauHoM. [lonnHoOMuanbHasi HHTEPHOJIALMS; CYIIECTBOBAHNE
U €JUHCTBEHHOCTh MHTEPIOJIALMOHHOTO IMOJMHOMA, OCTAaTOYHBIA WIEH MOJMHOMA, (POpPMBI
3anucu Jlarpanxa n HetoroHna. O0yCI0BICHHOCTh HHTEPIIOISAIIMOHHOTO TIpotiecca. KoHcTaHThI
JleGera. UeObleBCKHUE Y3716l HHTEPTIOIAIMA. TpUroHoMeTprudeckas naTeprnosaiusi. KycouHo-
MHOTO4JIEHHas: HHTepnoanus. CrutaitH-uHTEPIOSALUS.

Yucnennoe WHTETPUPOBAHHUE. KBagpatypubie dhopmybl Hprorona—Koreca
(IpAMOYTOJILHUKOB, CpeHUX, Tparenuii, CuMIcoHa), ux norpenrHocts. @opmynsl ['aycca.
Uucnennsle MeTobl pemieHus 3aaayd Komwm s 0OBIKHOBEHHBIX AU(depeHInanbHbIX
ypaBHenuii (O/1Y). Meton cerok. [IpocTeiinme pa3HOCTHBIC CXEMBI: SIBHAS U HESIBHASI CXEMBI
Oiiniepa, cxeMa ¢ LEHTPaJIbHOW Pa3HOCThIO. OnpeneneHus CXOAWMOCTH, anlpOKCUMAalWH,
ycToitunBocTH. Teopema PsoeHbkoro—®@uiumnoBa o cxoauMocTu. Metosl Pyare—KyTThI, ux
YCTOMYUBOCTb.

UucneHHOe pelieHre KpaeBbIX 3a7ay s OOBIKHOBEHHBIX Au(depeHIInalbHbIX YPaBHEHH.
JluneiiHast kpaeBas 3ajaya. MeTOJ 4YHMCIEHHOTO MOCTPOEHUs oOiero pemeHus. Meton
nporoHku. Meton ctpenbObl. MeToa kBazuinnHeapusauuu (Meto HploToHA) U1 YMCIIEHHOTO
pelIeHns HeJTMHEWHBIX KpaeBbIX 3a1ad. KpaeBas 3aaua Ha cOOCTBEHHbIC 3HAYCHHUSL.
Pa3HOoCTHBIE METO/IBI pEIICHHUs 3a7a4, OMUChIBAEMbIX MU depeHIINaTbHBIMI YPAaBHEHUSIMU B
YAaCTHBIX NMPOM3BOJHBIX. ANNPOKCUMAIUS U YCTOMYMBOCTH Pa3HOCTHBIX CXeM. Teopema o
CXOJIMMOCTHU PELIeHUs] Pa3sHOCTHOH 3a7auM K pemieHuto auddepenunansaoil. Heodxoanmoe
ycanoBue cxomumoctu Kypanta—®punpuxca—Jlesu. Ilpuemsl ucciaenoBaHus pa3HOCTHBIX
3aa4 Ha YCTOWYMBOCTH. lIpMHIMI MakcMMyma, CHEKTPaJbHBI NPHU3HAK YCTOWYMBOCTH,
IOPUHLIMI  3aMOpOXKEHHbIX  Ko3(ddunumenroB. Jlpyrue moaxoasl K  HCCIEAOBAaHUIO
YCTOMYUBOCTH.

YucneHHbple METOBI PELIEHMS 3a]1a4, ONUChIBAEMbIX YPABHEHUSAMH B YaCTHBIX IPOU3BOAHBIX
rUnepOoIMYecKOro TUMA. Y paBHEHHE MEPEHOCa, BOJHOBOE YPaBHEHUE, CUCTEMbI YpaBHEHHM
rUnepOoJIM4ecKoro TUMA.

YucneHHble METObI PELICHNS] TMHEWHBIX U HEJIMHENHBIX YPABHEHUI B YaCTHBIX IIPOU3BOHBIX
napaboaMyeckoro TUma. SIBHbIE W HEABHbIE pPAa3HOCTHBIE CXEMbl JJIsI YpaBHEHHS
TEIJIONPOBOAHOCTH. MHOrOMEpHbIE MO MPOCTPAHCTBY Mapalosinyeckue ypaBHeHHs. Meroa
pacuieruieHus. MeTo1 nepeMeHHBIX HallpaBICHUM.



16.

17.

18.
19.

20.
21.
22.
23.

24,

YucneHHsle METOABI PELICHUs YPABHEHUH SJUIMITUYECKOTO THUIA. Pa3HOCTHAS cXeMa «KpecTy.
AnmpokcuManuss M yCTOMYMBOCTb PA3HOCTHBIX CXEeM. MeETOIbl pelleHus BO3HUKAIOIIMX
JUHEWHBIX CHUCTEM YypaBHEHMH OOJNBLIONW pa3sMEpPHOCTH. MeTOoJ MpOCTOW HTEpaluy.
YeObIIeBCKIE UTEPALIOHHBIEC METO/IBL.

Mertpuueckue u Tomosiorndeckue mpoctpanctsa. Ilpumepsr: Ip, Cp [a,b] (), Cn[ab].
Hepasencrtsa I'enpnepa 1 MHUHKOBCKOTO.

Teopema o BioxeHHbIX mapax. Teopema bapa. [IpuHuun cxumarommux oToopaxeHuH.
KoMmakTHOCT, M IIEHTPpUPOBAaHHBIE CUCTEMBl 3aMKHYTBIX MHOXECTB. Teopema
ApnemnaAckonu.

Hopwma oneparopa. [lonnora HopmupoBanHoro npoctpanctsa L(E 1,E 2). Teopema banaxa -
[IreitHraysa.

Teopema Xana-banaxa.

Cnabas cxomumoctb. Teopema banaxa - Anmoory.

Wurerpan Jlebera (ompenenenne u ocHOBHbIE cBoiicTBa). Teopems! JleGera o mpeneabHOM
repexoJe o 3HakoM unrerpana, ®ary, benmo Jleu.

XapaKTepuCTUYECKOE CBOWCTBO E€BKJIMJOBBIX MPOCTpPaHCTB. baHaxoBbl M THIBLOEPTOBBI
MIPOCTPaHCTBA. DKBUBAJIEHTHOCTh HOPM B KOHEUHOMEPHOM IpocTpaHcTBe. Teopema Pucca o
JUHENHBIX QYHKIHOHANAX B THIHOEPTOBOM IPOCTPAHCTBE.

Jlureparypa

1.

2.
3.
4

o

10.

11.
12.
13.

4.

Brnagumupos B.C. YpaBHeHUs1 MaTeMaTHYECKON (UK.

Tuxonos A.H., Camapckuii A.A. YpaBHeHUSI MaTeMaTU4YeCKON (PU3UKH.

lyoun M.A. Jlekuuu 00 ypaBHeHHsIX MaTeMaTuueckoi ¢uzuku. M.: MITHMO, 2001, 302c.
PsGenpkuii B.C. BBenenue B BhIUMCIUTENbHYIO MareMaTtuky. — M.: Hayka—®uszmarnur,
1994. — 335 ¢. 2-e m3a. M.: ®usmariut, 2000. — 296 c.

®enopenko P.I1. BBenenue B Berunciurenbuyio ¢puzuky. — M.: U3g-Bo MOTU, 1994. — 526
c.

Kanutkun H.H. Yucnennesie meroasl. — M.: Hayka, 1978. — 512 c.

Jlo6anoB A.U., IlerpoB W.b. BeruuciaurenpHple METOABI IS aHAIW3a MOJECIICH CIIOMKHBIX
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IIM®. KoMnbOTepHbIe TEXHOJIOTHH M HHTEJLIEKTYAJIbHbIA AHAJIN3 JAHHBIX, 0JIOKYEHH.

OO0acth IPUMCHCHUA

JlaHHBIN pa3ien IpeaHasHayeH AU CISAYIOIUX MAaruCTepCKUX MPOrpaMM B paMKaX KOHKYPCHOM
rpynns! Ilpukinagnas maTtemarnka 1 MH(popMannoHHbie TexHogoruu (IIM®):

WHTennekTyanbHbI  aHamu3 JaHHBIX (Kadenpa HHTennekTyalbHBIX cHCTeM, Kadenpa
[IpoGnem nepenaun nHGOpPMALIMK U aHATHU3A JAHHBIX);

[Tpuknannas naopmaruka (kadeapa MHTEIEKTyalbHBIX CUCTEM);

MaremaTtnueckiue U MHPOPMALMOHHBIE TeXHOJOTUU (Kadenpa MHTENTEKTyalbHBIX CHCTEM,
kadenpa MHopMaTuku U BBIYMCIMTENIBHON MaTemaTuku, Kadeapa TeopeTnueckod u
npukiIaaHoi nHpopmaTuky, kapeapa TeopeTnueckoit KHOEPHETUKH U METOJIOB ONITUMAJIBHOTO
yIIpaBIICHUS);

[Ipuknaanele  BBIYMCIUTEIbHBIE MOJEIM W HIpOTpaMMHBIE  KOMIUIEKCHI  (Kadenpa
WudpopmaTUKH U BBIYUCIUTEIHHON MaTEMaTUKH);

CucremHoe nporpammupoBanue (kadeapa CHCTEMHOTO TPOTPaMMUPOBAHMUS);



VYnpassromue u nHGOpMaIMOHHBIE CUCTeMbI (Kadeapa YpaBIstonux ¥ HHHOPMAITHOHHBIX
CUCTEM);
bnokueiin (kadenpa biokyeiin).

Cnncok BONpocoB

4.1.

Maremarudyeckuii  aHaau3, Jup@epeHUUATbLHbIE YpaBHEHHs, Teopus (QYHKIUH

KOMIIVIEKCHOI'O IEPEMEHHOI0.

1. JuddepenuupyeMocTs (QYHKIHH HECKOJBKHX IepeMeHHbIX. HeoOXomumple YCIOBUS H
JOCTaTOYHBIEC YCIOBUS AU HEepEeHIINPYEMOCTH.

2. Teopema o HesIBHOUW (YHKIWH, 33JaHHON OJJTHUM yPaBHEHUEM.

3. JlokanmbHBIH SKCTpeMyM (YHKIMM HECKOJIBKHX IepeMeHHbIX. HeoOxoaumbie ycinoBus u
JIOCTaTOYHBIE YCIOBUS JOKAJIBHOTO 3KCTPEMYMa.

4. VYcnoBHBIA SKCTpeMyM (YHKIIMM HECKOJIBbKUX MEpeMeHHbIX. Metoa MHoxuTenel Jlarpanxka,
HE0OXO0IMMBIE U JOCTATOYHBIE YCIOBHS YCIIOBHOTO 3KCTPEMYyMa.

5. HecoOctBennsiii uHTerpan. AOcostoTHas W yciaoBHas cxoaumocTb. Kpurepuit Komm,
MIPU3HAKU CPaBHEHMSI U NIpU3HAK J{MpUXiie cX0IMMOCTH HECOOCTBEHHOTO UHTErpaJa.

6. YwucnoBbie psamsl. AOconoTHas W ycloBHas cxomumocTts. Kpurepmit Komm, mnpusHaku
CpaBHEHUS, MHTETPAJIbHBIN MpU3HaK, Tpu3Haku Jleitouuia u Jupuxie cXoMMOCTH YUCIOBBIX
PAIOB.

7. ®dyHkuumoHanbHble psAnabl. PaBHOMepHas cxomuMmocTh. Kpurtepuit Komm, npusHaku
Beiiepmtpacca u J[upuxiie paBHOMEPHOU CXOJAUMOCTH.

8. Crenennsle psajabl. Paguyc cxoqumoctu, hpopmyna Komu-Anamapa. Psp Teiinopa. Pasnoxxenune
arieMeHTapHbIX pyHKIUH B psia Teinopa.

9. Teopema Pumana 06 ocummsiiun. Tpuronomerpraeckuii psan Oypbe. YCIOBHS CXOIUMOCTH
psana @ypwe B TOUKE. Y CI0BUS paBHOMEPHOU cxoauMocTH psiaa Dypre.

10. IIpeoOpazoBanue Dypbe aOCONIOTHO HMHTETPUPYEMON (YHKIIMM M €ro CBOWCTBA.
[IpeobpazoBanue Oypbe MpoU3BOAHON U TPOU3BOIHAS MpeoOpazoBanus Dypre.

11. Teopema Beitepmtpacca 0 mpuOIMKeHUH HETIPEPHIBHOW (DYHKIIUA TPUTOHOMETPHYECCKUMHU U
anredpanvyeckuMu MHOrouwieHamu. [loHbIe cCTeMbl B HOPMUPOBAHHBIX MPOCTPAHCTBAX.

12. O6pikHOBeHHBIE AuddepeHInaTbHbIC YpaBHEHUS. MeTo 1 pa3iejieHus IepeMEHHBIX. MeTo b
ITOHMKEHUS MOPSIAKA YPaBHEHHUSI, METO/I BBEICHUS apaMeTpa.

13. JIuneitapie OObIKHOBEHHBIE nU(QEepeHINATbHBIE YpPaBHEHUS M CHCTEMBl YpaBHEHUH C
MOCTOSIHHBIMU KO3 duineHTaMu. MeTo1bl UX pelIeHHUs.

14. JIuneiinpie OOBIKHOBEHHBIE nU(QepeHINaTbHBIE YpPaBHEHUS M CHCTEMBl YpaBHEHUH C
NepeMeHHbIMU  Kodpduientamu. DyHIaMeHTallbHas cucTeMa pemieHud. Onpenenurenb
Bponckoro u popmyna JInysumisa-Octporpaackoro. Meroa Bapuaiuu MoCTOSIHHBIX.

15. [Ipocreiimas 3amadya BapUAMOHHOTO HWCYMCICHHs. YpaBHeHue Oinepa. HeoOxomumoe
yCIOBUE CIIa00T0 JOKAIBHOTO 3KCTPEMYMA.

16. [Tonoxenre paBHOBECHs aBTOHOMHON cucTeMbl auddepeHInaNbHbIX  ypaBHEHUH.
Knaccudukanus nojgoxxeHuii paBHOBeCHs JIMHEHHBIX aBTOHOMHBIX CHUCTEM BTOPOTO MOPSIIKA.
VY CTONYMBOCTh M ACUMITOTUYECKAS] YCTOMYMBOCTD MOJIOKEHHUSI PABHOBECHSL.

17. TlepBbie UHTETpalibl aBTOHOMHOM cucTeMbl Au(QepeHnanbHbIX ypaBHeHH. Teopema o uucie
HE3aBUCHMBIX MEpPBbIX MHTErpasioB. JIuHeiHbie nuddepeHnnaibHble ypaBHEHUS B YaCTHBIX
IIPOM3BO/IHBIX, OOLIee petieHne 1 3agada Komm.

18. Perynsipable (QyHKIMM KOMILJIEKCHOrO nepemeHHoro. WHterpambHas Qopmyna Komm.
OyHKIMH, peryispHbie B Kouble. Pan Jlopana.

19. BeiueT B M30JIMpOBaHHOM 0c000i Touke. BrluncneHne MHTErpanoB MpHU MOMOIIN BBIYETOB.
Jlemma ’Kopnana.

20. PerynsipHble BETBM MHOTO3HAYHBIX KOMIUIEKCHBIX GyHKIMI \/Z 1 Ln(z) 1 X npuMeHeHue s
BBIYMCIIEHUS] UHTETPAJIOB.

21. Kongopmusie otobpakeHus. J[poOHO-nnHeHOe oToOpakeHHe M ero cBoiicTBa. DyHKIMS
XykoBckoro u €€ cBoiiCcTBa.

Jluteparypa

1. JI. A. Kynpsasues. Kpatkuii Kypc MareMaTHYeCKOro aHallu3a.

2. C. M. Hukonbckuii. Kypc MmaremaTiueckoro aHanmmsa.

3. A. M. Tep-Kpuxopos, M. U. [llabynun. Kypc MmaTemaTHueckoro aHaimsa.
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. SIkoBnes. JIekuuu 1o MaTeMaTUYECKOMY aHAIIU3Y.
. IBaHOB. Jlekuuu 1o MareMaTuyecKomMy aHaIINU3y.

. becos. Jlekiuu 1o MareMaTU4eCKOMY aHAIIA3Y.

. IlerpoBuy. JIekunu o MaTEMAaTHYECKOMY aHAJIU3Y.

. IonTpsarun. OObIkHOBEHHBIE MU (DEepeHINaTbHbIC YPAaBHEHHS.

. CrenanoB. Kypc muddepeHnnanbHbIX ypaBHEHUH.

. ®enoprok. OObIKHOBEHHBIE MU PepeHIaTbHbIC YPaBHEHHS.

[TonoBunkuH. Kypc nekuuit mo Teopun GyHKINH KOMIUIEKCHOTO ITEPEMEHHOTO.

M. I/I. [abynun, FO. B. Cunopos. Teopust GyHKIINI KOMIUIEKCHOTO MTEPEMEHHOTO.

w T T

waog

I[I/ICerTHI)Iﬁ aHaAJIn3, TCOpETUYECCKAasA I/IH(l)OpMaTHKa.

Oynknmuu anreOpsl JOrukd. TabmuvHOoe 3amaHue (QYHKIHNA. DJIeMEHTapHbIC (QYHKIIUU, WX
CBOMCTBA, Ta0NMIA OMEpalHii, KOMMYTaTUBHOCTb, ACCOIIMATUBHOCTH, IUCTPUOYTHBHOCTH
aneMeHTapHbIX GyHKUIUA. Dopmysbl U GYHKIIUK anreOphl JIOTHKUA. TeopeMbl 0 pa3sioKeHUun
(yHKIIMI 110 OJTHOM M HECKOJIbKUM TiepeMeHHbIM. CoBepIlieHHast JU3bIOHKTUBHAS HOpMaIbHas
dbopma.

OyHKIIMOHATBHAS TOJTHOTAa CHUCTeM (YHKIIMWA anreOpbl JOTUKH. 3aMKHYThIE Kiacchl. [ISTh
npeAnoyHeiXx 3aMKHYTHIX KiaaccoB T 0, T 1, L, S, M. Teopema o ¢hyHKIMHU, TBONCTBEHHOHN K
cyneprio3uriuu. Kpurepuit QpyHKIMOHATIBHOW TMOJHOTHI CHCTEM (DYHKIMMA anreOphl JIOTHKU
(teopema Ilocta). OcHoBHast jmemMMma. JleMma o HecamojaBowcTBeHHOUW (yHKIMH. Jlemma o
HEMOHOTOHHOM PyHKIMU. Jlemma o HenuHenHoN GyHKIMUU. CIeICTBUS U3 KPUTEPUS MTOTHOTHI.
[Ipenmer komOuHatopuku. KomOuHatopHelie 3a1a4u 0 yucie (yHKIHMA, CIOB B ajdaBuTe U
pa3MeneHnii 00bEKTOB M0 STUeHKaM MPHU Pa3IUYHBIX OrpaHudeHusX (mn, [m] n, [m] n, [m] n
/n!, Pn). Yucna CrupiauHra NEPBOTO pPOJIA, PEKYPPEHTHOE COOTHOIICHUE ISl HUX.
buHOMUHANBHBIE  KOI(PQPHUIIUCHTHI, TNPOW3BOJAAMAsS (DYHKIUS JUII HHX, OCHOBHBIC
KOMOMHATOpHBIE TOXKJecTBa. [lommHOMMaNbHBIE KOY(PPHUITMEHTHI, MPOU3BOAIIAS (YHKITHS
JUTsl HUX, OCHOBHBIE KOMOMHATOPHBIE TOXKACCTBA. YN0 pa3dueHnii n 00bEKTOB Ha M KJIACCOB.
Uucna Crupnuara BToporo pona. PexyppentHoe cootnHomenue mis S (n, k) Pasnoxxenue
crenenu x n B 6asuce {[x] k}. Unucna bemna pa3ObueHnii MHOYKECTBAa Ha HETEPECEKAIOIINECS
MOJIMHOKECTBA, PEKYPPEHTHOE COOTHOIIEHUE AJis uncen bemna.

Jlornueckue MeTo1bl KOMOMHATOPHOTO aHan3a. [[pUHIMT BKIIOUEHUH-UCKITIOUEeHUH. 3a1ada
0 yucie OecnopsAKOB, 3a/la4a O YHCIE CIOPbEKTHBHBIX OTOOPAXKEHUN KOHEYHBIX MHOXECTB.
Cucrempl mpencraBuTeneid MHOXeCTB. CHCTEMBl pa3IMYHBIX MpeacTaButenei (c.p.o.).
Heobxomumoe u 10cTaTOYHOE YCIOBHUE CYIIECTBOBAHUS C.p.I. AJTOPUTM MOCTPOCHHUS C.p.II.
JUIS 3aJIaHHOM cucTeMbl MHOKECTB. CHCTEMBI OJTHOBPEMEHHBIX MIPEICTABUTENCH.
Omnpenenenue rpada. HeopueHTupoBaHHble W OpUEHTHpOBaHHbIE rpadbl. M3omopdHbIe
rpadsel. TlomHble OpUEHTHUPOBAaHHBIE W HEOPUEHTHpPOBaHHBbIE Tpadbl. JlokanbHbIE CTEeneHU
BepIIMH. YUCIIO BEpIIMH HEYETHOH CTENEeHH B KOHEUHOM rpade. MammHHOe peacTaBlIeHNe
rpadoB. Marpuna unnuaeHuuit. Matpuna cmexxHocTd (BepiiuH). CHOHCOK Map, CHUCOK
uHiuaeHTHocTH. [lytu (Mapuipytel, nenu) B rpade, NpocTble MyTH, UKL CBSI3HOCTS.
Teopema O CBA3HOCTM JBYX BEpIIMH, HMEIOIIUX HEYETHYIO JIOKAJIbHYIO CTEIEHb.
MaxkcumanbHoe uucio pedep B rpade ¢ n BepirnHaMu U K-CBSI3HBIMH KOMIIOHEHTaMHU. J{epeBbsi.
CBsi3aHHOCTD JIFOOBIX JBYX BEPIIMH JIepeBa €AMHCTBEHHBIM MPOCTHIM myTeM. M3o0pakeHue
nepeBa. KonieBsle (BucCsSYKe) BEpIIMHBI W KOHIIEBBIe (BHCsSune) peOpa aepesa. llouck B
ryOMHY U B IIUPUHY. TeopeMa o Yuciie pa3InyHbIX JEPEBhEB C TAHHBIMH N BEPITUHAMH.
DUNepoBbI MYTH U LUKIIBI, TEOPEMa O CYIIECTBOBAaHUH SHIEPOBBIX MyTel M LIUKIOB B rpade.
ANTOPUTM MOCTPOCHHUSI DUIEPOBBIX IUKIOB. [ aMUIIBTOHOBBI ITyTH U HUKIBL [lyTH, nMeromue
Tun nukia. JlocratouHoe ycnoBue JUIsl TOTO, YTOOBI TIOJMHBINA MPOCTOM MyTh UMEN TUIM ITUKJIA.
CBsi3b M@Ky HATUYMEM B CBSI3HOM I'pade TaMHIbTOHOBBIX ITUKIIOB U JUIMHOM MaKCHMAallbHBIX
MPOCTHIX MyTEH B HEM.

HaxoxaeHue kpaT4allliux myTeid B OPUEHTUPOBAHHOM rpade OT GUKCHPOBAHHON BEPITUHBI
(cmyuait HEOTpHUIIATENILHBIX BECOB pedep).

Anrebpandeckue CTpyKTypbl. bunapubie omepaiuu. [lomyrpynmbl U MOHOWABI. ['pymnmsl.
[Ipumepsr rpynn. ['pynna mnepecTaHoBOK (cummerpudeckas rpymma). Teopema Kemmm.
[Moarpynmsl. [Toposxnaromiue umu 0Opas3yroiue 3IeMEHThI TPYIIIHL.

JleBbIe W TpaBble CMEXKHBIE KIACCHI TPYNIBI MO moArpymnme. MHAeKe MoArpymnmsl B TPYIIIeE.
ITopsinox snementa rpynmnbl. [uknundeckue rpymnmel. Teopema Jlarpanka. ConpspkeHHBIE
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3JIEeMEHThl W compsbKeHHble mnonarpynnbsl. Hopmanenele penutenu. ®axrtoprpynna.
W3omopdusmbl, aBTOMOpPU3MBI M TOMOMOpGH3MBI Tpynn. Snpo romomopdusma.
Buyrpennue aBTomop¢usmsl. Teopema o romoMopQu3Me TpyIiIL.

Konsna. IIpumepst konen. Kosnplo nensix urcesn. Kosblio MHOTOUJIEHOB HaJl KOJIBLIOM (IIOJIEM).
Kosblia KJ1accoB BBIYETOB B KOJIBLE LEJIBIX YUCET M KOJIBbLE MHOTOWICHOB. IloaxoubLo.
OOpatuMble 3JIEMEHTHI KOJbIIA, TPyNNa OOpaTHMMBIX 3JEMEHTOB KOJbLA, ACITUTEIH HYIIA.
JleBble, mpaBble U JBYCTOpPOHHUE Hjeanbl. ['71aBHble uaeanbl. MakcuMalbHbIE M IIPOCThIE
naeansl. Kospna kiaccoB BbIYeTOB. Maeanbl B KOJbLAX MHOTOWIEHOB. PaKTOPKOJIBLO.
Teopema o romomMopdpu3Me KoJel.

JleneHne ¢ OCTaTKOM B KOJIBLAX LIEJIBIX YHCE] U MHOTOYWICHOB HaJ KOJBLOM LIEJIBIX YHCEIL
EBxinnoBsl kosblia. Mpeanslt B eBKIMIOBBIX Kojblax. Kousiblla TJIaBHBIX U€AJIOB.
@akTOpUaAIBHOCTD KOJIEL IVIABHBIX UCATIOB.

[Tosa. I[Tpumepst onei. Ilosne knaccoB BerueToB. Xapakrepuctuka mnoiist. [Ipocroe noamnole.
Koneunsle u anredpanueckue pacumpenus nosei. [lone paznoxxenus. Koneunsie moms.
Metona popmanbHbIX Teopuii. OCHOBHBIE MOHATHSI UCYUCIICHUS BhICKa3bIBaHUU. BriparkeHus,
¢opmynel U akcuombl. CXxeMbl aKCHMOM M IpaBWJIO BbIBOJA. BbIBOA B HCUMCIEHUU
BbICKa3bIBaHUU. Teopema nenykuuu. Teopema o nonHote. HempoTHBOpEUYNBOCTh HCUUCIEHUS
BBICKa3bIBAHUIN U HE3aBUCUMOCTD €r0 CXEM aKCHOM.

OcCHOBHBIE MOHATHS TEOPUM MEPBOTO MOPSIKA: KBAHTOPHI, TEPMBI, POPMYIbI, CBOOOJHBIE U
CBSI3aHHbIE BXOXICHUS IEepeMEeHHbIX B Qopmyibl. WHTepnperanuu. BemomHumocts u
ucTUHHOCTh. Mogenu. Jlormuecku ooOmiezHaunMbie Gopmynbl. CxeMbl akCMOM M IpaBuUIIa
BBIBOJIa MCUMCIICHUS MpeauKaToB. HenmpoTuBopeunBoCTh UCUUCIIEHUS MTpenukaToB. Teopema
nenyknuu. Teopema ['enenst o momHOTE (6€3 TOKA3AaTENBCTBA).

HeobOxomuMoCTh yTOUHEHHUS TMOHSTHUS anropurMa. I[lpumepbl anropuTMoB. MamuHbl
Trropunra (MT) u ux ocHoBHble cBoicTBa. [Ipumepsr MT. Hymepanus MT. Onepanuu Hajg
MT. Ilonstue HOpMalibHOTO ainroputma Mapkosa. [Ipumepbl. MapKOBCKHE BBIYMCICHUS.
DKBUBAJICHTHOCTh ONPEACICHUI anroput™a no TelopuHTY U MapkoBy.

[Tonsarue Beruncnumoctu. [I[puMuTHBHO-pekypcuBHBIe GyHKIMH. Te3nc Yépua.
ANTOpUTMHUYECKH  Hepaspelumble  MpoOJIeMbl: pacrno3HaBaHUE  IPUMEHUMOCTH,
CaMOIIPUMEHUMOCTH ¥ EPEBOIUMOCTH.

[Ipobmema TOXAecTBa CIOB B  moJsyrpymnmax. Paspemumbie cinydau.  [Ipumepsl.
Hepaspemumocts mpoGieMbl TOXKAECTBA CJIOB B MOJYrpyIax.

A3biku 1 ux npeacraiaeHue. ['pammartuku. Tunbel rpaMmmaTuk Mo XOMCKOMY U UX CBOMCTBA.
CBs3p MaivH TrropuHra u rpaMmaTtuk tuna 0.

Koneunble aBTOoMarbl. PerynspHble MHOXECTBAa M BbIpakeHUs. JleTepMUHUpOBaHHBIE U
HEJIETEPMUHUPOBAHHBIE KOHEUHBIE ABTOMATBHI.

OKBHUBAJIEHTHOCTbh KJIACCOB SI3bIKOB, OIIPENEISAEMbIX KOHEUHBIMU aBTOMAaTaMH, PEryIsipHbIMU
BBIPAXKEHUSIMU U MTPABOJIMHEHHBIMUA I'PAMMATUKAMH.

JlerepmuHupoBaHHble MalivHbl ThlopuHra u kjacc P. PekypcuBHBIE M pEeKypCHUBHO
MEPEUYHCIIUMbIE SI3BIKU.

Henerepmunuposanusie Beruncienus u kinacc NP.

[HonunomuanbHas cBoaumocth U NP-nonnsie 3agaun. Teopema Kyka. Cemb ocHOBHBIX NP-
MOJIHBIX 3a/1a4 (BBIMOJIHUMOCTH, 3-BBITIOJIHUMOCTh, TPEXMEPHOE COYETaHUE, BEPIINHHOE
MOKPBITUE, KIIMKA, TAMIIIBTOHOB IIUKJI, pa3oueHue). Metos! qokazaTenbcTBa NP-1oHOTHL.
3ajaun ¢ 4McIOBBIMU mMapamerpamu. llceBnononnHomuanbHas cBoAMMOCTb. CuibHas NP-
MOJIHOTA (3a/auu: yHopsio4YeHue paboT BHYTPUM HHTEPBAJIOB, MHOTOINPOLIECCOPHOE
pacnucanue 6e3 mpephIBaHHi, KOMMUBOSIKED, YIIAKOBKA B KOHTEHHEPHI).
[IceBnonoaMHOMHATIBHBIE ANTOPUTMBI (3a1auu: pa30MeHue, PrOK3aK, MHOTOINPOLECCOPHOE
pacriucanue 0Oe3 mpepblBaHUN NpH (PUKCHPOBAHHOM YHCIE MPOLECCOPOB, YMAKOBKa B
KOHTEHHEepbI pH (PUKCHPOBAHHOM YHCIIE KOHTEHHEPOB).

Ceomumocts 1o Teropunry u NP-tpynnsie 3amaun (3agada K-e no nopsiaky MHoxecTBo). NP-
SKBHUBAJICHTHBIC 3a7aui (ONTHMH3AIIMOHHBIE BAPHAHTHI CEMU OCHOBHBIX NP-TIONHBIX 3a/a4,
ONTUMU3ALMOHHAS 337]aua KOMMHUBOSHKEPA).

AJTOPUTMBI COPTUPOBKHU U UX CIOKHOCTb.

Marasunnsie aBTOMaThl. KOHTEKCTHO-CBOOOHBIE TPAMMAaTUKA M aBTOMAaThl ¢ Mara3uHHOM
namsThio. JleTepMUHUPOBAHHbBIE U HEJIETEPMUHUPOBAHHBIE Mara3uHHbIEC AaBTOMATHI.
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14. Mennenscon O. Beenenue B Maremarnueckyto Jjoruky. M.: Hayka, 1984.

15. Tpaxtenbepr b.A. Anroputmsl u Berurcinutenbuble aBTomatel. M.: Cos. Pagno, 1974.

16. Pomxepc X. Teopust pekypcuBHBIX QyHKINH ¥ d((HEeKTHBHAS BBIYACIUMOCTE. M.: Mup, 1972.

17. Managumutpuy X., Craiirmun K. KomOunaTopHas onTumu3anus. AJIrOPUTMBI U CIIOKHOCTbD.
M.: Mup, 1985.

18. JI. JloBac, M. Ilmammep. Ilpuknamasie 3amaun Teopuu rpadoB. Teopus mapocodeTaHuil B
MareMmaruke, ¢pusnke, Xumun. M.: Mup, 1998.

19. Kopmen T., Jleitzepcon Y., Pusect P. Anropurmsr. [Toctpoenue u ananus. M.: MITHMO, 1999.

4.3.  OcCHOBBI IPOrPAMMHPOBAHUSL.

1. CTpykTyphl JaHHBIX: CTEK, OYEpElb, OUEepPEeab C MPUOPUTETAMH, JIEKU, OJHOCBS3HBIE CIHCKH,
NIBYCBSI3HBIE CIIMCKU, Ky4ya, OMHApHOE [epeBO, JIEKapTOBO AEPEBO, XAUI-TAOMUIbL, JABOUYHBIN
koHTeiHep (Range Minimum Query, RMQ, onmcanue u nmpumepbl TpUMEHEHUs), CyPOUKCHBIN
MaccuB, cy(h(PpUKCHBIN aBTOMAT, JepPEBO OTPE3KOB, epeBo DeHBUKA, KPACHO-YEPHOE IEPEBO.

2. S3pik mporpammupoBaHusi C++: mpenpouneccop, BETBJICHUS, IUKIbI, (YHKUHUH, MACCHUBBI,
apudMeTHKa yKazatelen, peKypcus, CTpYKTYpbl, 00beuHeHus (union), craHaapTHas OuOIroTeka
C, oubmuoreka STL, boost.

3. S3bIk mporpaMMupoBaHus Java: BUpTyalibHas MallldHa Java, yrmpaBieHHe MaMsThio, Tepeaada
MPUMHUTHUBHBIX TUIIOB B (PYHKIIUH, MIepe/iada CCbUIOYHBIX TUIOB B (YHKIIUU, TPOOIeMa U3MEHEHHS
CCBUIKA BHYTPH MOANPOTPaMMbI, CTaTUYECKUE WHUILIUAIU3ATOPHI, YIAJEHUE HEUCIIOIb3yeMbIX
00wvekToB U MeTo/ finalize, mpobiaema OECTPYKTOPOB ISl CIOKHO YCTPOEHHBIX 0OBEKTOB, cOOpKa
Mycopa

4. Apxurekrypa OBM: Buabsl apxurekrypa OBM (I'apBapickas, ¢on HelimanoBckasi), HaOop
komann npoueccopa (CISC, RISC, VLIW), k3 u yckopeHue paboThl ¢ €ro HCHOJIb30BAHUEM,
COTJIAIIEHUs O BBI30BE, IPEJICTABICHHE LIEIbIX YHUCEN, JONOTHUTENbHBIA KOJI, IPEJCTAaBICHNE YUCET
C TMJaBalollell TOYKOHM, s3bIK acceMOiepa, peBepC-MHKUHUPHUHT, CpEJICTBA OTIAAKH U
uHcTpyMeHTHpoBaHus (valgrind, AddressSanitizer, strace, gdb), craTuueckue M AMHAMUYECKUE
OMOTHOTEKH.

5. OmepalMoHHbIE CUCTEMBI: KIacCU(pHUKAIMs ONEPAllMOHHBIX CHCTEM, ONEPAllMOHHBIE CHCTEMBI
pearbHOro BpeMeHH, MOHATHE Tpoliecca, BUAbI MPOILeccoB, (ailiibl, CTpyKTypa (haitiioBoi CUCTEMBI,
yIpaBJieHHE TMaMAThIO (OJAMHOYHOE pacHpeiesieHne, CTPaHWUYHOE, CErMEHTHOE, CErMEHTHO-
CTpaHMYHOE, CBOIIMHT), B3auMoAelcTBUEe npoueccoB, [PC (maiinbl, curaassl, ouepenu cooOIIeHni,
COKeThI, cemadopsl, pazaeisemMas NamsTh), MOJIb30BATENM W TPYIIbI, MAaHIATHOE YIpaBJICHUE
JOCTYTIOM, BUBI BUPTYaAJTU3AIIUH.

6. OOBEKTHO-OPUEHTUPOBAHHOE NPOTrPaMMHUpPOBAHME: IMOHATHE OO0BEKTAa M Kiacca OOBEKTOB,
MHKAICYIALUS, HACIEeJOBaHUE, TOTUMOP(U3M, KOHCTPYKTOP, AECTPYKTOP, IIA0JIOHBI, UCKIIIOUCHUS
1 X 00paboTKa.



7. BbluncnuTenbHas MaTeMaTHKa: MOTPEIIHOCTh BBIYMCIICHUS, M3MEHEHHE MOTPEIIHOCTU MpU
apu(METHYECKUX OIEpalHiX, METOJ]bl YMEHBIICHUS IMOTPEUIHOCTH IMPH BBIYHCICHUSIX, METOJ
Heprorona, mnonsitue o0 pacy€THOM CETKE, TEpPHApPHBIM IOUCK, Meron [aycca, nmHEHHOE
IpOrpaMMHUpOBaHUE, ObICTpOE BO3BEJCHHWE B CTENECHb, JJIMHHAsS M MOAYJSpHAas apu(MeTHka,
OBICTPOE YMHOXKEHHUE IOJIMHOMOB, Pa3peXEHHOE IMPEJICTaBICHHE MAaTpUll, ObICTpOE YMHOXECHHE
MaTpHll, METOJI TPAIIELUH, [IOHATHE BBIYUCINUTEIBHOIO AKCIIEPUMEHTA.

8. INapamnenbHOE MPOrpaMMHUPOBAHUE: CyIIEPCKATSIPHAs apXUTEKTypa, apxutekrypsl SISD, SIMD,
MIMD, niepenaua cooOmenuii (mpi), padoTa ¢ obmieit namsaTeio (openMP), paciaparieniBanue Ha
rpapuueckux yckopurensix (CUDA, OpenMP), nonsitue B3aumHoit 01okupoBku (deadlock).

9. Ceru: monens ISO/OSI, npotokon IPv4 (moustue [P-anpeca, Mmacku mojcern), mpotokod IPvo,
cucTeMHbIe BBI30BHI i nojaepxku cetu B OC (socket, bind, listen, access, connect, read, write,
send, recv...), mporokoasl TCP u UDP, cepuanusanus / aecepuanusanus, OCHOBbI si3bika HTML,
OCHOBHBI€ T€TH, CUCTEMA JIOMEHHBIX UMEH, MOHATUE JAaTeHTHOCTH ceTH, RTT, ynanéHHblil BbI30B
MPOLIEAYD.

10. KommbrotepHas rpaduka: nmpeacrasienne nsera B 9BM, rpadudeckne popmartsl, BEKTOPHBIE U
pacTpoBble (OpMaThl, MPOEKIMH, METOJ MapLIMPYIOIIMX KyOHMKOB, ObICTpoe mpeoOpazoBaHuE
®dypbe, cxaTHE JaHHBIX C MOTEpel KayecTBa.

11. HckyccTBeHHBIH HHTEIJIEKT: MallMHHOE OOydeHue, MOHATHE OO0ydaromeld U KOHTPOJbHOU
BBIOOPOK, HelpoceTH, 3 3akoHa pOOOTOTEXHUKH.

12. Metonpl aHaM3a U pacrio3HaBaHMS JTAHHBIX: 33/1a4a PAaclo3HaBaHMs, 3aada KIacCUPUKAIIIH,
MOHSTHE OIHUOOK MEPBOTO U BTOPOIO poJa.

13. Teopus rpadoB: BepmuHbI, péOpa, MaTpUIla CMEKHOCTH, MaTpUIla MHIUIACHTHOCTH, JIEPEBO,
¢dopmyna Kanu (41cio OCTOBHBIX IEpPEBbEB B MOJHOM rpade), 00Xo] B IIIyOuHY, 00X0/ B IIUPUHY,
MOTOK B rpade, MapLIpyThl, LIETIH, [IUKIIbI, DUIEPOB MyTh, | aMUIBTOHOB MyTh, airopuTMbl Droiina,
Heiikerpel, Kpyckana, Jluauna, 1By10J1pHBIC TPpadbl, TApOCOYETAHUS, TUIAHAPHOCTH Tpada.

14. ba3pl panubIX: Kinaccudukamus bl mo Momenu maHHBIX, pEISIMOHHAS TEOPHSs, aTPUOYTHI,
KOPTEKH, JOMEHBI, OTHOIIEHHUS, NEPBUYHBIE W BHEIIHME KIIOYM, HOPMajbHbIE (HOPMBI,
pENALMOHHBIE ONEpalliy, arperarbl, TPYNIUPOBKH, aHAIUTHYECKHe (QYHKUUHU, (u3ndeckoe
ycTpoiictBo b/ (cTpanuis! qanHbIx), ocHOBHI si3bika SQL (3ampocst SELECT, INSERT, UPDATE).
15. Pazpabotka [1O u ynpaBieHre mpoeKTamMu: aBToMaTu3aius cOopku nporpamm (yrunuta Make),
MOHATHE TEXHUYECKOrO 3a/laHusl, NPUHLMUIBI TECTUPOBAaHMS, Kiaccupukanus [edeKToB,
pa3paboTka, opucHTHpoBaHHas Ha TecThl (Test-driven-development), cucTeMbl KOHTPOJIS BEPCHIA
(cvs, svn, mercurial, git), cHCTEMBI yIpaBiICHHS KA4eCTBOM, METOJAbI CTPYKTYPHOIO
MPOEKTUPOBAHMS (BUABI METOJOB: CBEPXY-BHHM3, CHU3Y-BBEpX, HTEpaTUBHbIC, MOIYIbHOCTb,
MPUHIIMIBI pa3fesieHus] CUCTEMbl Ha MOJYJIH, METPUKH KayecTBa MOJYJIBHOUN CTPYKTYPBI, METOJ
MTOCTEIEHHOTO YTOYHEHUs, CTPYKTypHBIe AuarpaMmmbl (STD), muarpammsel motokos nanHbeix (DFD),
METO/1 CTPYKTypHOTO mporpammupoBanus Jxexkcona (JSP)).

16. UudopmannonHas 6e30MacHOCTh: MOHATHS YSI3BUMOCTH U 3KcIiouta, "dépHbie” u "Genbie"
XaKepbl, 3aKOHOJATEIbCTBO B 00NacTH HMHPOPMAIMOHHOW 0E30MacHOCTH, CHMMETPUYHAsS
KpUnrorpadus, aCUMMETpHYHasi KpUnTorpadusi, KPUTEPUH MPOCTOTHI, CBSA3b MPOCTHIX YHCET H
Kpunrorpapuu, TeHepalus CIyd4allHbIX YHWCell, CiydailHble W TICEBJOCIyYaiHbIC YHUCIIA,
BOCIIPOM3BOIUMOCTD, IEPEIOIHEHUE Oydepa, epernoTHEHUE CTEKa, BBIMOJIHEHHE MPOU3BOJILHOTO
KoJla Ha cTopoHe cepBepa, SQL-uHbekun, aTaku Ha 0eCIIPOBOIHBIE CETH.

17. BpluncnuTenbHass T€OMETpHs: HOHATHE TOYKHM U BEKTOPA, COOTBETCTBYIOIIME CTPYKTYPbI
JAHHBIX, CKAJISIPHOE IIPOU3BEJIEHUE BEKTOPOB, BEKTOPHOE IIPOMU3BEACHHUE, OPUEHTHPOBAHHAs
IUIOUIab TPEYTrOJbHUKA. IJIOWIA[b MPOU3BOJBHOIO IPOCTOTO MHOTOYIOJIBHMKA, MpPEIUKar 'TIo
4acoBOM cCTpenike", TecT OTPe3KOB Ha IMepeceyeHHe Oe3 BBIUMCICHUS TOYKU IepecedyeHus,
paccTossHUSA OT TOYKU 1O NMPSIMOM, OT TOUKU O OTPE3Ka, HAXOXKJIEHUE TOUKH IEPECEUEHUS IBYX
MPSIMBIX, HOPMAJIBHOE YPABHEHME NPAMOMN, NEPECEUEHUE OKPYKHOCTH M INPSAMOI, NepeceueHue
JIBYX OKPY’KHOCTEH.



5.

IIM®. CucTreMHBbIii aHAIN3 B JKOHOMHKE U YIIPABJIeHUH

0061acTh IPUMEHEHHUS

JlaHHBIM pa3fen npeIHa3HAdYeH Ui CIEAYIOIIMX MaruCTEPCKUX MPOrpaMM B paMKax KOHKYPCHOM
rpynns! IIpukinagnas matematuka u mHpopmanuonnsie Texnonornu (IIM®):

[Mpuknanuas skoHOMUKA (Kadenpa AHaM3a U MPOTHO3WPOBAHUS HAIIMOHAIBHON SKOHOMHUKH)
Cucremnsie uccnenoanus (kadeapa CuCTEeMHBIX UCCIICIOBAHUMN);

Teopus ynpasneHusi, KuOepHeTHKa U UCCIE0BaHUs onepauuil (kagenpa AHaiau3a CUCTEM U
peuieHui, kadenpa MaTeMaTHYECKOTO MOJICIIMPOBAHUS CJI0KHBIX CUCTEM M ONITHMHU3AIINH ).

Cnncok BONpocoB

5.1.

MaremaTtudyeckuidi aHaau3, aup@epeHUHAIbLHbIe YypaBHeHHUsl, Teopusi (yHKUMA

KOMIIVIEKCHOI'O MEPEMEHHOI0.

1.

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

JudpdepeHunpyeMocTb (YHKIMM HECKOJbKUX IepeMeHHbIX. HeoOxoaumele ycnoBus u
JOCTAaTOYHBIE YCIOBUS AUPPEPEHIUPYEMOCTH.

Teopema o HesiBHOU (DyHKIIMH, 3aJJaHHOW OJHUM YPaBHEHHUEM.

JlokalbHBIM 3KCTpeMyM (YHKIUH HECKOJIbKUX IepeMeHHbIX. HeoOxoaumele ycinoBus u
JIOCTaTOYHBIE YCIOBUS JOKAJIBHOTO 3KCTPEMYMa.

VYcnoBHBIN 3KCTpeMyM (YHKIIMA HECKOJIBKUX TEepeMEHHBIX. Meton MHoxuTtenei Jlarpamka,
HE0OXO0IMMBIE U JOCTATOYHBIE YCIOBHS YCIIOBHOTO 3KCTPEMYyMa.

HecoOcTBeHHbIil uHTErpasn. AOCOIIOTHas U YycioBHas cxoauMocTb. Kputepuit Komw,
MIPU3HAKU CPaBHEHMSI U MTpU3HAK J{Mpuxie cX0IMMOCTH HECOOCTBEHHOTO UHTETpaJa.
UucnoBele psiapl. AOconroTHass U ycioBHas cxoaumocTb. Kpurepuit Kommwm, npuznaku
CpaBHEHUS, MHTETPAJIbHBIN MPU3HAK, Tpu3Haku Jleionuma u Jlupuxie cXoAuMOCTH YUCIOBBIX
PAIOB.

OyHKIMOHANBHBIE pAnbl. PaBHOMepHas cxomumocTh. Kputepuit  Komm, npusHaku
BeiiepmTpacca u upuxie paBHOMEpHOW CXOJUMOCTH.

Crenennsie psanbl. Pagunyc cxoqumocth, hopmyna Komu-Anamapa. Psin Telinopa. Pa3znoxxenue
aneMeHTapHbIX QyHKIUH B psan Teitnopa.

Teopema Pumana 06 ocrmsuisiinu. TpuroHomerpudeckuid psag Oypbe. YCIOBUS CXOTUMOCTH
psana @ypre B TOUKE. Y CIOBUSI paBHOMEPHOU CXOIUMOCTH psifa Dypebe.

[IpeoOpazoBanne Dypbe aOCOTIOTHO HWHTErpUPyeMOW (YHKIMM UM €ro CBOMCTBA.
[IpeobOpazoBanue @ypbe NpoOU3BOAHON U IPOU3BOIHAS MpeoOpa3oBanus Dypre.

Teopema Beiiepiirpacca o npubamkeHnd HENPEepbIBHON (PYHKIIUU TPUTOHOMETPUUECKUMHU U
anredpanyeckuMu MHOrowieHaMmu. [lofHbpIe cUCTEMbl B HOPMUPOBAHHBIX MPOCTPAHCTBAX.
OO6bikHOBeHHBIE nUddepeHIanbable ypaBHeHHs. MeTo A pa3/ielieHus nepeMeHHbIX. MeTo bl
MIOHMKEHUS MOPSIIKA YPaBHEHUSI, METO/I BBEJICHHUS [TapaMeTpa.

Jluneiinple OObIKHOBEHHBbIE UG (dEepeHlnaTbHble YpPaBHEHHS M CHCTEMbl YpaBHEHUH C
MOCTOSIHHBIMH KO3 dunineHTaMu. MeToibl NX pelIeHHs..

Jluneiinple OObIKHOBeHHBbIE UG (dEepeHlnaTbHble YpPaBHEHHS M CHCTEMbl YpaBHEHUH C
nepeMeHHbIMI  Kodpdurrentramu. DyHIaMeHTalbHas cucTeMa pemeHuil. OmnpeaenuTens
Bponckoro u ¢opmyna JInyBminis-Octporpaackoro. Metoa Bapraluy MOCTOSHHBIX.
[Ipocteiimas 3amaya BapHALlMOHHOTO HCYMCIEeHUs. YpaBHeHue Oinepa. HeoOxoanmoe
yCJIOBHE CJIa0b0ro JIOKAIBHOTO SKCTpEMyMa.

[lonoxeHne paBHOBECHUsT ABTOHOMHOW  cHUCTeMbl JTU(QepeHIHaTbHbBIX  yYpaBHEHUI.
Knaccugukarus nosoxeHuil paBHOBECHUS JTMHEHHBIX aBTOHOMHBIX CHCTEM BTOPOTO MOPSIKA.
Y CTOMUMBOCTD U ACUMITOTUYECKAS] YCTOMUMBOCTD IOJIOKEHHSI PABHOBECHS.

[lepBble UHTErpaIbl aBTOHOMHOM cUCTEMBI JU(QepeHIInanbHbIX ypaBHEeHUN. Teopema o uncie
HE3aBHCHMBIX TEepPBBIX MHTErpanoB. JIluHeiHble nuddepeHnnaibable YpaBHEHHSI B YaCTHBIX
MIPOU3BO/IHBIX, 00IIIee penieHne 1 3a1ada Komu.

Perynspuble (QyHKIMM KOMIUIEKCHOrO niepeMeHHoro. WuterpambHas ¢opmyna Komrm.
OyHK1MH, peryisipHblie B Koable. Psan Jlopana.

Bbruer B u30iaMpoBaHHOM 0c000i TOuke. BhluncieHne MHTErpajioB MpU MOMOIIHM BBIYETOB.
Jlemma ’Kopnana.



20.

21.

Perynsipabie BeTBU MHOTO3HAYHBIX KOMIUIEKCHBIX (DYHKIUN Vz u Ln(z) u ux HNPUMEHEHUE 1JIs1
BBIYUCJICHUA UHTCTPAJIOB.

Koudopmasie otoOpaxkenus. [IpoOHO-mHHENHHOE O0TOOpa)keHWEe W ero cBoiicTBa. DyHKIUs
KykoBCKOTO M €€ CBOMCTBA.

Jluteparypa

5.2.

RBRoOoo~Nooa~wME

&zwm>0ﬂﬂ

12.

©ONDOAWN

10.
11.

12.

13.

14.

15.

16.
17.

18.
19.
20.

21.
22.

23.

24,

0.

JI. 1. Kyapsasues. KpaTkuii Kypc MareMaTn4ecKoro aHajnsa.
C. M. Hukonbsckuii. Kypc Maremarnueckoro aHajimsa.
A. M. Tep-Kpukopos, M. 1. [llabynun. Kypc maremarnyeckoro aHaausa.
. H. SIkoBneB. JIekiuu mo MareMaTUu4eCKOMY aHaJIU3y.
. E. UBaHOB. JIekuuu 1o MareMaTu4eCcKOMy aHAIIU3Y.

. B. becos. JIekunu no MaTeMaTu4ecKOMy aHaIu3y.

. 0. IlerpoBuu. Jlekuuu mo MaTeMaTHYECKOMY aHAIIU3Y.

. C. Ilontpsarun. O6bIKHOBEHHBIE MU depeHInaTbHbIE YpaBHEHUS.

. B. Crenanos. Kypc nuddepeHunanbHbIX ypaBHEHUH.

. B. ®enoprok. OObIKHOBEHHBIE U PepeHInaTbHbIE YPaBHEHUS.

. C. IlonoBunkuH. Kypc nexuuii no reopun GyHKIUN KOMIUIEKCHOTO TEPEMEHHOTO.
M. U. lllaGynun, FO. B. Cunopos. Teopust GpyHKIIMI KOMIIEKCHOTO EPEMEHHOTO.

BbinykJIblii aHAJIN3, MaTeMaTHYeCKHe MO/IeJId B IKOHOMMKE.

Omnpenenenre U TOMOJOTMYECKUE CBOMCTBA BBIMYKIIBIX MHOeCTB. Onepanus ¢ BBITYKIBIMU
MHO>KE€CTBAMHU.

Brinykiibie kombunanuu. Teopembl Kapareonopu, Pagona, Xenmm.

TeopeMbl OTAETUMOCTH.

OmnopHble PyHKIIUM U UX CBOKCTBA.

Breimykisie pyHKIIMU 1 UX cBoicTBa. Kputepwuii BeimykiocTu auddepeHupyeMon GpyHKInH.
[IpeobpazoBanue Jlexxanapa — FOura — @enxens. Teopema denxenst — Mopo.
Cyomuddepeniman BEIMYKIONH (GYHKIIMH B €TO CBS3b C MPOU3BOIHOM MO HAMPABIICHUIO.
Teopema Mopo-Pokadennapa. Teopema JlyboBuiikoro —MmunuTtioHa o cyOaudepeHnnane
MaKCUMyMa.

Teopema Kyna-Takkepa aiis1 3a1a4 BBITYKJIOTO IPOrPaMMHUPOBAHMSL.

Teopema 1BONMCTBEHHOCTH JUIs 3a7a4 JIMHEWHOTO MPOTrPaMMUPOBAHUS.

3agayu BapUAIMOHHOTO MCYMCIEHUS. YpaBHeHHe Ouiepa. [lepBbie mHTErpaibl ypaBHEHUS
Oiinepa. YcnoBus Beiliepmirpacca, Jlexxanapa u Sko6u. YpaBHeHue Sxobu. YcmoBus
Beiiepmtpacca—Opamana.

3agauu onTuManbHOro ynpasiaeHus. [Ipunnun makcumyma [loHTpsruna.

Mopnens MexoTrpacneBoro Oanmanca B.B. JleontseBa. [IponyktuBHble Marpuipl. Kputepuu
MPOAYKTUBHOCTH.

HeoTpunarensnas oOpatumMocTts MaTpuilsl (XE-A) u ee cBA3b ¢ MPOaYKTUBHOCTHIO. Teopema o
Pa3IoKEHUU PE30JIbBEHTHI.

Teopema ®pobennyca-lIleppona. OreHka TeMIoB cOaJaHCHPOBAHHOTO 3IKOHOMUYECKOTO
pocra. CoiictBa uncia @pobennyca-Ileppona.

Hepaznoxumsie matpuiibl. CBolicTBa uncna @pobdennyca-Ileppona HepaznoKUMoil MaTPHIIBL.
Teopema 00 ycToiuuBBIX MaTpuiax. Teopema MOpPHUIIMMBI MarucTpaid. DKOHOMUYECKas
uHTepnpetanus Bekropa @podennyca - [leppona.

Monens Kokca-Pocca-Pyounmreiina. O1ieHKa CTOMMOCTH OTMIIHOHA.

Teopema bpayspa.

ToueyHo-MHOXKECTBEHHBIE OTOOPAYKEHUSI U MX CBOWCTBA (3aMKHYTOCTbh, IOMYHENPEPHIBHOCTH
cBepxy u cHu3y). Teopema Kakyranu.

Jlemma I'eitna-Hukaiino-/lebpe.

Urpel B HopMasbHO# popme. Tlonarus paBHoBecus no Homy u ontumansHocTu 1o Ilapero.
[IpuMepsl Urp: «IuIeMma 3aKII0YeHHOT0», «CEMEHHBIN CIOP», «U€T-HEUET».

PaBnoBecue mo IlltakkensOepry. Cwmemannble crpareruud. Teopema ¢on Heiimana o
PAaBHOBECHH B CMEIIAHHBIX CTPATETUsAX B MATPUUHOMN UTPE.

Teopema Hama. Moaens omuronoauu KypHo.



25.

Mopnens Dppoy-edpe. KoHnkypeHTHOe paBHOBecMe u 3akoH Bambpaca. Moaudukarus
dbyHKIMA cnpoca U npemiokeHus. CBeACHHE BOMPOCAa O CYIIECTBOBAHUM KOHKYPEHTHOTO
paBHOBECHS K BapHAIMOHHOMY HEPAaBEHCTBY. 3aMKHYTOCTh OTOOpaK€HWH cmpoca U
npemioxenus. Teopema Dppoy-Ledpe.

26. [lepBas u BTOpast TEOPEMbI TEOPUH OJIATOCOCTOSHUSI.
Jluteparypa

1. Marapun-Uneses I'.I'., Tuxomupo B.M. Bpinmyknblii aHanu3 u ero mnpujoxkeHus. M.:
Enmuropuan YPCC, 2003, 174 c.

2. ApytionoB A.B., Marapun-Unssies I'.I"., Tuxomupos B.M. Ilpunnunvakcumyma [lonTpsaruna.
JoxazarenbcTBo U nipuiioxkenus. M.: @akropuain [Ipecc, 2006, 144 c.

3. Huxaiino X. Beimykibie cTpyKTypbl M MaTemMaTudeckas 3koHomuka. M.: Mup, 1972, 518c.

4. AmmanoB C.A. Beenenue B Marematnueckyto s5koHOMHKY. M.: Hayka, 1984, 294c.

5. Oxmanna U. DnemeHTh MaTeMaTuyeckoi skoHoMuku. M.: Mup, 1983, 248c.
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7. O6en XK.-I1. HenuneiHpli aHaIN3 U €ro SKOHOMUYECKue npmioxenus. M.: Mup, 1988, 264c.

8. Mapmamn A., Onkun W. HepaBeHcTBa, Teopust MaXOpU3alluu M ee mpuiiokeHus. M.: Mup,
1983, 574c.

9. MenbuukoB A.B. CroxacTHuecKuii aHaIM3 M pacueT MPOU3BOJAHBIX IeHHBIX Oymar. M.: TBII,
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1997, 125c.

IIM®. TexHO0JIOI'MH HCKYCCTBEHHOI'0 MHTEJLJIEKTA

Oo0acTh IPUMEHEHUA

JlaHHBIN pa3fen mpeaHa3HadeH JUisl BCEX MAaruCTEPCKUX MPOTPaMM B paMKaxX KOHKYPCHOM TPYIIITBI
TexHos0rnu ucKyccTBeHHoOro uuresuiekra (TUN):

Cnucoxk BONPOCOB:

6.1. OcHOBBI aHAJIHN3a JAHHBIX

1. OcHoBHBIE MOHATUS MAaIIMHHOTO O0OyueHusi. OCHOBHBIE IOCTaHOBKHM 3adad. Ilpumepsl
MPUKIIAHBIX 33/1a4.

2. Jluneitnpie mpocTpaHcTBa. Bekropsl m matpumbl. JluHeiHas He3aBucuMmocTh. OOpaTHas
MaTpuLa.

3. ITlpousBoaHas u rpagueHT GyHKIUHU. [ pagueHTHBIN cycK. Beimykibie GyHKITUN.

4. CnyuvaiiHble Bean4uHbl. JIMCKpeTHbIE U HENpepbIBHBIE paciipenenenus. [Ipumepsl.

5. OuleHuBaHHe TApaMeTPOB paclpeiesieHuil, MEeTOJ MaKCUMaIbHOTO MpPaBAONOI00US.
byrcrpannuHr.

6. Jluneilinpie MeTOnbl KiIaccH(UKALUU U perpeccuu: (YHKIIMOHANBl KayecTBa, METOJbI
HACTPONKH, 0COOCHHOCTH MMPUMEHEHHS.

7. MeTpuKu KayecTBa aJTOPUTM PETPECCUH U KIIAaCCU(DUKAIIIH.

8. OuenuBanue kauecTBa aropuTMoB. OTi0xKeHHas BBIOOpKa, ee HenocTaTku. OleHKa MOJTHOTO
cKoJb3sero kouTpois. Kpocc-sanunanus. Leave-one-out.

9. [epeBss pemieHnit. MeTo bl MOCTpOEHUs iepeBbeB. VX perynspuszarus.

10. Kommnozumiuu anroputmoB. Pa3znoskenne ook Ha cMeIeHne U pa3opoc.

11. Cayuaiinplii jec, ero OcCoOOEHHOCTH. MeToJabl TOUCKAa BBIOPOCOB B JAHHBIX. MeTomabl
BOCCTaHOBJICHUS MPOMYCKOB B JaHHBIX. PaboTa ¢ HecOaiaHCHPOBAaHHBIMU BHIOOPKAMH.

12. HelipoHHble  ceTH: TMEPIENTPOH, MHOTOCIOWHBIM TEPUENTPOH. ABTORHKOAEPHl H
PEKYPPEHTHBIE HEMPOHHBIE CETH.

13. 3amaua knacrepuzanuu. Anroputm K-Means. OlieHKkH KauecTBa KJIacTepU3alliu.

Jluteparypa

1. K.B. BoponmoB. MamuHHoe o00ydeHue, KypC JIEKUHUM.

http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B0%D1%88%D0%B


http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B0%D1%88%D0%25B

8%D0%BD%D0%BD%D0%BE%D0%BS_%D0%BE%D0%B1%D1%83%D1%87%D0%
B5%D0%BD%D0%B8%D0%BS_%28%D0%BA%D1%83%D1%80%D1%81_%D0%BB
%D0%B5%D0%BA%D1%86%D0%B8%D0%B9%2C%D0%9A.%D0%92.%D0%92%D0
%BE%D1%80%D0%BE%D0%BD%D1%86%D0%BE%D0%B2%?29;

2. Mohammed J. Zaki, Wagner Meira Jr. Data Mining and Analysis. Fundamental Concepts and
Algorithms. Cambridge  University  Press, 2014
(http://www.dataminingbook.info/pmwiki.php/Main/BookDownload);

3. Boris Mirkin. Core Concepts in Data Analysis: Summarization,
Correlation, Visualization. 2010
(http://www.hse.ru/data/2010/10/14/1223126254/Mirkin_All.pdf);

4. Boyd, Vandenberghe. Convex Optimization (http://stanford.edu/~boyd/cvxbook/);

5. Dekking, F.M., Kraaikamp, C., Lopuhad, H.P., Meester, L.E., A Modern Introduction to
Probability and Statistics (http://www.ewi.tudelft.nl/index.php?id=50508 u
http://lwww.springer.com/gp/book/9781852338961).

6.2. Teopus ynpaBJieHUsI U IKCIIEPTHBIE CUCTEMBbI

1. CoOcTBeHHbIE UYnciia U COOCTBEHHBIE BEKTOPHI MATPHII.

2. Ksamparuunbeie ¢Gopmbl. CBONCTBA TOJIOKUTEIHFHO TOYONPEICTEHHBIX M TIOJO0XHUTEIHHO
OTIpe/IeNIEHHBIX MaTpHII.

3. Teopema 0 CyIIECTBOBaHWM W EIUHCTBEHHOCTH peIICHWs 3amadd Komm st CHCTeMBI
0OBIKHOBEHHBIX U (EepeHIINATbHBIX YPABHEHHH.

4. VYcroitunBocTh 1o JISMyHOBY JMHAMHYECKUX CUCTEM.

5. Jloruka ucuucieHus MpenuKaToB IepBoro nopsjaka. Jlaiite ompeneneHus MOHATHIM TEpM,
npenukar, ¢opmyna. IlepeunciuTe OCHOBHBIE OTIMYMS JIOTHMKU MPEIUKATOB OT JIOTUKU
BbICKa3bIBaHU. CHHTaKCHUC M CEMAHTHKA A3bIKa MepBoro nopsaka. [Ipumepsi.

6. IlpeobpazoBanne Dypre. [lonsaTue o mpsmMoM u oOpatHOM TipeoOpa3zoBannn Dypre. CBoOMCTBa
npeobpazoBanus Oypobe.

7. BeiiBner-npeoOpa3oBaHue W aHaJIM3 BPEMEHHBIX psAnOB. HempepwiBHOE, IHUCKpeTHOE U
ObICcTpoe BeiiBieT-peodpazoBanusi. OCHOBHbBIE MOHATHS TEOPUU MPHUHITHS pEeLICHUI, 3aaua
MPUHATHS pelIeHus], Ipolecc NpuHATUs pemeHus. CrocoObl OLIEHKH, CpaBHEHHUS U BbIOOpA
BapuaHTa. OnucaHue MoAxo10B K PElIEHUIO 3a]1a4 KOJUIEKTUBHOTO BbIOOpA.

8. MaremaTnueckre METOJbl B IKCHEPTHHIX cucTeMaX. OCHOBHbIE KOMIOHEHTBI JKCIIEPTHBIX
cucteM. Drarbl pazpaboTku. MHCTpyMeHTHI pa3paboTku. HKeHepus: 3HaHU.

Jluteparypa:

1. Ocwunos I'.C. MeToapl UCKYCCTBEHHOT'O MHTEIUIEKTa. — 2-¢ u3ganue. — M.: ®U3MATIJIUT,
2015. -296 c.;

2. bennman P. Beenenue B Teoputo Matpuil. — M.: Hayka, 1969. — 368 c.;

3. Kum JI.I. Teopuss aBromaTtmueckoro ympasieHus. T.1. JluneiliHele cuctembl. — M.:
OU3SMATIINUT, 2003. — 288 c¢. ISBN 5-9221-0379-2. [T. 2. MHoromepHbie, HEIIMHCHHBIC,
ONTHMAJIbHBIE K aJalITUBHLIE CUCTEMBI: Yuel. mocooue. - M.: dusmatiaur, 2004. — 464 ¢. ISBN
5-9221-0534-5];

4. Bepemarus H. K., llens A. Jlekiuu no MmareMaTHUeCKON JIOTMKE U TEOPUH aIrTOpUTMOB. YacTh
2. S3bIku ¥ ucuncnenus. — 4-e u3f., ucnp. — M.: MITHMO, 2012;

5. Ilerposckuit A. b. Teopust npunsatus pemenuit /M.: M3narenbckuil HeHTp «AKaaemMus. —

2009. —T. 209. — C. 400.
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http://www.springer.com/gp/book/9781852338961)
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