IMPOI'PAMMA BCTYIIUTEJBHOI'O UCIIBITAHUA 11O CIHIEHHUAJIBHOCTH
JJIA HOCTYHAIOHIUX B MATUCTPATYPY
ITO KOHKYPCHbIM I'PYIIITIAM ®IIMH

Jannas mporpaMma OTHOCHTCSI K KOHKYPCHBIM TPYIITIaM:

1. Unadopmarnka u BerauciutenbHas Texanka (MBT)
2. llpuknannas matematika u uHpopmaruka (IIMI)
3. busnec-ungpopmaruka (BN)

Peraament NMPOBECACHUSA

BCTYHI/ITCJ'ILHOC HUCIBITAHUE COCTOUT U3 IBYX qacTel: MICbMEHHOM YacTH (pCIHeHI/Ie MIPAKTUYECCKUX
3aJlaHuM 110 mporpaMMUpOBaHUIO, ITPOAOJLKUTCIIBHOCTHIO 1,5 ACTPOHOMHUYECCKUX qaca), n YCTHOﬁ qacTHu.

IIncbMeHHasi 4YacThb BBIIOJIHACTCA AWCTAHIMOHHO C IIOMOIIBIO CHCTeMbl HpokTopuHra. [lo-
YMOIIYaHUIO, BpeMsl Hauania npaktudeckoi yactu — 10:00. B cinyyae, eciau B pacnucaHuM S3K3aMEHOB cliaya
9K3aMEHa MO CIELMATbHOCTH PACTSIHYTa Ha HECKOJBKO OHEH, MUChMEHHAs 4acTh MPOXOAMT TOJNBKO B
MEPBBI U3 yKa3aHHBIX JHEH. PemreHns HeoOXoammo OTIpaBisATh B cuctemy SuHmekc.Konrecr. bomee
noapoOHas uHopMaIys 0 cucTeMe MPOKTOPUHTa U JOCTyN K cucteme Sunexc.KoHtecT BrichIIaeTcs: Ha
BHGKTpOHHI)Iﬁ aapec, yKa3aHHI)II\/'I B 3a4BJICHHUU HC ITO3JHCC, YEM 3a YaC 10 BPEMCHH Hadajla IPOBCACHHUA
IIPaKTUYECKOro 3afaHus. B mpolecce peleHus 3anad pa3pelaeTcs MoJIb30BaThCs JOCTYIIOM K CUCTEME
Sunexc.KoHTecT ¢ onHOrOo KOMIbIOTEpa, a TaKXKe CIPAaBOUYHBIMH MaTepHajlaMH IO CTaHIapTHBIM
Oubnuorexkam Uil JOMYCTHUMBIX SI3BIKOB HMPOTPaMMHPOBAaHUSI — Ha TOM XK€ YCTPOWCTBE, Ha KOTOPOM
MPOXOIUT BBIIOJIHEHUE MPAKTHYECKOTO 3aaaHusl. [1o1b30BaThCs APYTUMHU AIIEKTPOHHBIMU yCTPOMCTBAMU
3ampenieHo. Paspernaercs UCIob30BaTh PYKOIMCHBIE OyMa)KHbIE MaTepHaibl (HO HE pacleyaTKH WiIn
Kcepokomui) 00beMoM He Ooree 48 mucToB opmara AS.

[lo okOHYaHHMIO MUCHMEHHOM YacTH SK3aMEeHa aOUTYpUEHTaM, SBMBIIUMCS Ha He€, pacChuUiacTCs
uH(pOpMAIUI O BPEMEHU ¥ MECTE MPOBEICHUS YCTHOM YacT. B ciydae, eciii aOUTYpUEHT, HE SBUBIIUNCS
Ha THCBMEHHYIO YacTbh, XKENAeT CAaTh YCTHYIO YacTh, €My HEOOXOIUMO CaMOCTOSITENIFHO CBS3aThCS C
MpHeMHOM Komuccuer guarex-mkonsl 10 14:00 qaTel 3x3aMeHa, eCIIi K3aMeH IMPOXOUT B OJTUH JACHD WIIN
o 18:00 mepBoro oHS »K3aMeHa, €CIM 3K3aMEH PAacTSHYT Ha HECKOJIbKO OHEW. B mpoTuBHOM ciiydae
CCBIJIKA Ha YCTHYIO YacCTh HE BBICHIIACTCS M aDUTYpUEHT, HE SIBUBIIHMIICS HAa MTUCBMEHHYIO YacTh, CHUTAETCS
B IICJIOM HE SIBUBIIMMCS Ha K3aMEH 110 CIIEIUAIbHOCTH.

YcerHan yacTh dK3aMeHa I10 CIICUAJIBHOCTH MPOXOAUT B JUCTAHIIMOHHOM (bopMaTe " npeamnojaract
6CCC,Hy C JK3aMC€HaTOopaMu, B OOJIBIIIMHCTBE CJIydacB OTBCYHAKOLNIMMHU 3a KCJIACMYHO a6I/ITypI/IeHTOM
Clicnyan3aluro. Ha YCTHOﬁ YaCTHU MMPOUCXOUT:

1. OGcyxaeHne UTOTOB BHIITOJHEHUS PAKTHYECKOTO 3a/IaHHS;
2. OTBeT Ha YCTHYIO YacTh U3 MPOrpaMMbl SK3aMeHa.

Ecnmu abutypueHT ykasan oJHYy JKeNaeMylo CIIeIUalN3aIlnIo, Ha YCTHON 4acTH MOTYT OBITh 3aJIaHbl
BOTIPOCHI:

1. W3 6a30Boii yacTy;
2. U3 gacTy, CBI3aHHOM C OTOH CIIEIMAIM3aIME,

B KaKaA0M pasaciie, 3a UCKIITOYCHUCM 06a3oBoit JaCTH, NCPCUUCIICH CIIMCOK cneunanmaunﬁ, JUISL
KOTOpPBIX OH NPHUMCHHUM. Ecmn a6I/ITypI/I€HT YKa3ajl HECKOJIbKO KCJIaCMbIX cneunanmaunﬁ, Ha YCTHOﬁ
JaCTHu MOTYT OBITh 3aaHbl BOIIPOCHI:

1. U3 6a30Boii yacty;
2. U3 gacreii, CBI3aHHBIX C KaXKIOH U3 JKEJIAEMO CIeIInaIn3aliiii.



1.

Ecnu B mpouecce cnaum sKk3aMeHa aOUTYPHEHT 3asiBIISIET O JKEIaHUH MOCTYIUTh HA HE YKa3aHHYIO
paHee Crienuain3ainio, eMy TaKKe MOTYT ObITh JONOJTHUTEIHHO 331aHbl BOIIPOCHI 110 YACTH, CBSI3aHHOM C
3TOW crneunuanusanued. B ciaydae, ecnmu OTBET Ha BONPOC MOJAPa3syMEBAaeT pa3BEpPHYTHIH OTBET, TO
JOTIOJTHUTENBHO BhIAeNsieTcs 10 30 MUHYT Ha MOJTOTOBKY K OTBETY, PH 3TOM a0UTYypHEHTY pa3pelaeTcs
MOJIb30BAThCS JINTEPATYPON U 3aIMCSIMU, HO HE 3JIEKTPOHHBIMHU YCTPOICTBAMHU.

ba3oBas yacTh /151 BceX MarucTepcKuX NporpamMm

O061acTe IPUMEHEHHUS

I[aHHBIfI pasaci ABJIACTCA 00s13aTE€NBHBIM JUISl BCeX cIenraJIu3anuii pPaMKax BC€X KOHKYPCHBIX I'PYIIII.

1.1.

10.

11.

12.

Aure0pa u reomMeTpus, JIMHeiiHas ajaredpa

I'pynnel, kxonbua, mons. OnpeneneHuss ¥ npuMmepbl. llukiaumdeckue rpymmel. Teopema o
roMomMopdusMe.

IHoncranosku. OnpeneneHye MoACTaHOBKH, YeTHOCTh IOJCTaHOBOK. [Ipon3BeieHre moiCTaHOBOK,
pa3iIoXKeHHe MOJCTAHOBOK B POU3BEACHNE TPAHCIIO3ULUHN 1 HE3aBHCHMBIX IIUKJIOB.
Kommnekcuble uncina. ['eomerpuueckoe n3oOpaxenue, aaredpandeckas U TPUTOHOMETPHUECKAs
¢dopma 3amucu, U3BJeUEHIE KOPHEH, KOPHH U3 CTUHHIIBL.

Cucrempl nuHEHHBIX ypaBHeHMH. [IpsiMoyronbHble MaTpuibl. [IpuBeneHne MaTpull U CHCTEM
JIMHEHHBIX YpaBHEHUM K cTyneHuaTtoMy Buay. Meton ["aycca.

JluneiiHas 3aBUCUMOCTD M paHr. JIMHelHas 3aBUCUMOCTh CTPOK (cToJiO0B). OCHOBHAS JIeMMa O
JMHEHHON 3aBUCHMOCTH, 0a3MC W PaHT CUCTEMBI cTpoK (cTonouoB). Panr matpunpl. Kpurepwuit
COBMECTHOCTH M ONPEJEIEHHOCTH CUCTEMBI JINHENHBIX YPAaBHEHUM B TEPMHUHAX PAHIOB MaTpUILL.
DyHIaMEHTabHAs CUCTEMA PEIIEHUH OTHOPOAHONU CUCTEMBbI IMHEUHBIX YPaBHEHHM.
Ompenenurenn. Onpenenutens KBaJApaTHONW MaTpPUIBI, €r0 OCHOBHBIE CBOHCTBA. Kputepwmii
paBeHCTBa ompenenurens Hymo. DopMyna pasnoKeHHs ONPEAENNUTENss MaTpHULbl 10 CTPOKe
(cTonoy).

Oneparun Haj Martpuriamu. Onepanuu Haj MaTpUIlaMH M WX CBOMCTBa. TeopemMa o panre
npou3BelieHus JABYX MaTpull. OnpeaenuTeslb NPOHW3BENCHUs KBajJpaTHbIX marpull. OOpaTHas
MaTpuua, ee sABHBIA BuA (popmyna), cHOCOO BBIPAKEHUS C TOMOILBIO 3IEMEHTapHBIX
peoOpazoBaHM CTPOK.

BekropHbie mpocTpaHcTBa; 0aszuc. BekTopHOe mpocTpaHCTBO, €ro 0a3Mc W pa3MEepHOCTb.
IIpeoOpa3oBanus KOOpAMHAT B BEKTOPHOM IpocTpaHcTBe. lloampocTpaHcTBa Kak MHOXKECTBA
pELIEHUI CHCTEM OJHOPOJHBIX JIMHEHHBIX ypaBHEHUH. CBA3b MEXIy Pa3MEpPHOCTSIMHU CYMMBI U
MepeceueHusl JBYX MOANPOCTPAaHCTB. JIMHeHas HE3aBUCUMOCTh MOJANPOCTPAHCTB. ba3uc wu
pa3MepHOCTH MPSIMON CYMMBI ITOANIPOCTPAHCTB.

JluneitHble OTOOpakeHWsT W JIMHEWHBIE oreparopbl. JIWHeiiHble OTOOpaXkeHWs, WX 3alich B
koopauHatax. O0pa3 M sIpO JNHHEHHOTO OTOOpaKEHWUS, CBSI3b MEXIY HX Pa3MEPHOCTSIMHU.
ConpspkeHHOE TPOCTPAHCTBO W COMpPsDKEHHBIE 0a3uchl. V3MeHeHWe MaTpuIsl JTMHEHHOTO
oreparopa IpH Iepexoie K Apyromy Oasucy.

bununeiinple 1 kBagpaTHuHble QYHKUIUHM. bunnHeiHsle (QyHKUMH, MX 3alKMCh B KOOpPAMHATAX.
W3menenne MaTpullpl OMITMHEHHON QYHKIMK MIPH 1epexojie K apyromy 6azucy. OpToroHaabHOE
JIOTIOJTHEHUE K TOANPOCTPAHCTBY OTHOCUTENFHO CUMMETPUYECKOH OmnuHerHol ¢pyHkuun. CBs3b
MEXIY CHMMETPHUYECKUMH OWIMHEHHBIMH W KBaapaTHUHbIMH (yHKOMsAMU. CyllecTBOBaHHE
OpPTOTOHANILHOTO 0asuca sl cCUMMeTpHuYecKol OwnmHelHoW ¢yHkuuu. HopMmaibHbI BUj
BEIIECTBEHHOW KBaJIPATHYHON (DYHKIINU. 3aKOH WHEPIIUH.

EBkmunoBel mpoctpanctBa. HepasencrBo Komm—byHnsikoBckoro. OpToroHaibHble 0a3uCHI.
Oproronanuzanus I'pama-IlIMuara. OpTOroHamBHBIE ONIEPATOPHI.

CoOcTBeHHBIE BEKTOPBI M COOCTBEHHBIE 3HaueHHUs. COOCTBEHHbIE BEKTOPHI M COOCTBEHHBIE
3HAa4YeHUs! JMHEHHOro omnepaTopa. CoOCTBEHHBIE MOINPOCTPAHCTBA JIMHEWHOIO ONeEparopa, MX
JMUHEWHas HE3aBUCHUMOCTb. YCIIOBHE IHArOHAIU3UPYEMOCTH onepaTopa. CaMocompspkEHHOE
JUHEHHOE IpeoOpa3oBaHHE KOHEUHOMEPHOI'O €BKIMIOBA IIPOCTPAHCTBA, CBOICTBAa €ro
COOCTBEHHBIX 3HAYEHUH U COOCTBEHHBIX BEKTOPOB



Jlureparypa

1. Bunbepr 2.b. Kypc anreopsr, 1999, 2001, dakropuan, 2013,2017,2018, MIITHMO.

2. Koctpukun A.W. Beenenue B anreopy, 1977, Hayka.

3. Kocrpukun A.U. Beenenue B anredpy, u. I, I1, 2000, ®uzmatnur.

4. Kypom A.I'. Kypc Beicmeit anredpsr, 1975, Hayka.

5. CoOopnuk 3agau no anredpe mox penakuueit Koctpukuna AW, Y. B. Apxxanues, B.A. ApramMoHOB,
10.A. baxtypun u a1p. — MIITHMO Mocksa, 2009.

1.2. MaremaTuueckuii aHaau3

1. TIlpemensr mo Komm u I'eitne, HempepeiBHOCTE. [Ipemensl mocieqoBaTenbHOCTEH W (DYHKITHIA.
HenpepsiBable pyHKINN.

2. Omnementsl oOmel Tomnonorud. HempepoiBHBIE oTOOpakeHus. KoMIakTHOCTB, CBSI3HOCTB,
xayca0p(hOBOCTb.

3. Psamger. YucnoBele u ¢yHKmoOHANBbHBIE psanpl. [lpmsHaku cxoammoctn ([amambGepa, Komrw,
UHTETpalibHbIN, JIeliOHMIIa). AGCOIIOTHO M YCIIOBHO CXOISIIIUECS PSIbI.

4. Juddepenuuposanue. [JuddepenunpoBanne ¢ynkuuid. [IpuMeHeHHEe TPOUZBOAHOW IS
HaX0XJeHus d3kcTpeMmyMoB Qynknuii. Dopmyna Teiinopa.

5. O®OyHKmMM MHOTHX TepeMeHHBIX. YacTHble TpOW3BOMHBIC. |'paieHT W €ro reoMeTpUYeCKUi
cMBbICI. MeToa rpagneHTHOro ciycka. [lonck skcTpeMyMOB QYHKIHIA OT MHOTHUX MEPEMEHHBIX.

6. Unrerpuposanne. OmpeneneHHBII 1 HEONPENeICHHBI MHTETpajbl. MeTOasl MHTETPUPOBAHUS
¢ynkmwmii. [lepBooOpa3Hble pa3TUIHBIX IEMEHTAPHBIX (PYHKITHI.

7. Kpatnble nHTErpansl (1BOHEIE, TPOWHBIE), 3aMEHA KOOPAMHAT, CBS3b C TOBTOPHBIMHU.

8. DOneMeHTH (YHKIMOHAILHOTO aHaNM3a: HOPMHUPOBAHHBIC, METPUYECKUE MPOCTPAHCTBA,
HETPEPHIBHOCTh, OTPAHUYEHHOCTb.

9. Anrebpa u curma-anredpa. Mepa. M3mepumeble MHOXecTBa. M3Mepumsbie ¢yHkimu. MuaTerpan
JleGera.

Jlutreparypa

1. ApxunoB I'. U., CanoBanunii B. A., UyGapuxkoB B. H. Jlekuun mo mar. aHanu3y. M3xa-Bo
Yuusepcurert, 1999.

2. 3opuu B. A. Matematnueckuii ananu3. Yacts I. M.: Hayka, 1981. 544 c. Yacts 1. M.: Hayka,
1984. 640 c.

3. Kynpssues, JI.J., Kypc maremarndeckoro ananusa (B Tpex tomax). T. 1. uddepennumansroe u
MHTErpaIbHOE McUHCIeHUsT QyHKImA oqHol nepemenHon. T. 2. Panwl. Juddepennnansnoe u
MHTErpaJIbHOE MCUMCIeHUs] (yHKUMH MHOrux mnepemeHHelx. T. 3. ['apmMoHmueckuii aHamms.
Mocksa, U3a-Bo Beicias mikona, 1981.

4. JemunoBuu, b. 1, COOpHUK 331249 1 yIIpaXHEHUH M0 MaTeMaTnieckoMy aHaiuzy. M3m-Bo Acr,
2007.

1.3. Teopus BeposiTHOCTEli U CiIy4yaiiHbIe MPOLECCHI

1. OcHoBHBIE TOHATHS TEOpUHM BeposiTHOCTEH. OmnpeneneHne BEPOATHOCTHOTO IPOCTPAHCTBA,
NpOCTEHININE JTUCKPETHBIE Ciy4ad (BBHIOOPKH C TOPSAKOM W 0e3 Hero, YIopsyIoueHHBIE H
HEYNOPSIIOUCHHBIE), KIIacCHUYecKas BepOATHOCTHas Mojenb. CiydaiiHas BenuuuHa, (QyHKIHS
pacrpeneneHus.

2. YcnoBHble BeposTHOCTH. OnpezeneHrne YCIOBHON BEPOSITHOCTH, popMyJia TIOIHONW BEPOSITHOCTH,
dopmyna Baiieca.

3. Maremaruueckoe OXHIaHHWE, JucHepcus, Koppemsigus. OmnpeneneHue MaTeMaTHYECKOTro
OKU/IaHUsl, AUCTIEPCUH, KOBapHALIUK U KOPPEJSALUH, UX CBOHCTBA.

4. HezaBucumocth coObrTnii. [lonapHas HE3aBUCUMOCTB M HE3aBHCHMOCTh B COBOKYITHOCTH.

5. OcHoBHbIE TeopeMbl Teopuu BeposTHocTel. HepaBerncTBo UeObimieBa. 3aKoH OOJBIIMX YHUCEI.
LentpansHas nmpeaenbHas Teopema.

6. Pacnpenenenus. CranmapTHble  JUCKPETHBIE W HENPEPBIBHBIE  paclpeleNieHHs, HX

MaTeMaTH4YeCKue OKUIaHNs, TUCTIEPCUH U CBOICTBA: OMHOMHAIBFHOE, pABHOMEPHOE, HOPMAJIFHOE,
ITyaCCOHOBCKOE, MMOKA3aTENbHOE, FEOMETPUUYECKOE.



Jlureparypa

1
2.
3.
4

5.

1.4.

I'menenxo, b. B. Kypc Teopun Bepostaocteit, YPCC. M.: 2001;

I'menenxo b. B., Xunuun A. f. DnemeHTapHoe BBEJCHUE B TEOPHUIO BeposiTHOCTEH, 1970;
[Hupsies, A. H. Bepostaocts, Hayka. M.: 1989;

CeBactpsnoB b. A., Kypc Teopun BeposTHOCTEH 1 MaTematnieckoi craructuku, Y M.: Hayxka,
1982;

CeBacTbsiHOB, b. A., Hucrtskos, B. I1, 3yokoB, A. M. COOpHHK 3a7a4 [0 TEOPUU BEPOSITHOCTEH,
M.: Hayxka, 1986.

AJITOPUTMBI

Anamuz anroputMoB. [loHATHE O CIIO)KHOCTH IO BPEMEHH W IO maMsATH. AcmMmnroTuka, O-
CUMBOJIMKA. J|0Ka3aTenbCTBO KOPPEKTHOCTH aNTOPUTMOB.

Crpoku u omepanuu Hag HuMU. llpencraBmeHue cTpok. BerdamcineHue MIMHBI, KOHKATEHAITHS.
AJNTOpPUTMBI IOMCKA MOACTPOKHU B CTPOKE.

CoptupoBku. HrmxHsS TeopeTHko-nH(GOPMALMOHHAS OILIEHKA CIOKHOCTH 3aJa4d COPTHUPOBKH.
ANTOPUTMBI COPTUPOBKH BCTaBKAMH, ITy3BIPEKOM, OBICTpasi COPTUPOBKA, COPTUPOBKA CIUSHHUEM.
OLeHKa CII0KHOCTH.

[IpencraBnenre MaTpUIl ¥ BEKTOPOB. AJTOPUTMBI YMHOKESHHUS MaTPHIL U 3P (EKTUBHBIE CIIOCOOBI
uXx peanuzanuu. YucieHHblE METOABI PEUIEHUS CUCTEM JIMHEHHBIX YPABHEHUH.

Uucnennoe auddepeHIpoBaHne U HHTETPUpOBaHKe. YNCICHHbIE METOIBI ISl PEIISHHS CHCTEM
nmud hepeHINaNbHBIX ypaBHEHHA.

I'pad. OpuentupoBannsiii rpad. [Ipencrasnenns rpada. O6xoxn rpada B riryOMHy U B LIMPHHY.
Tomnonoruyeckas coprupoBka. [Toncuer uncna myrei B oprpade.

ANTOpPUTMBI TIOWCKA KpaTdalmmx myteid B rpade. Anroput™m [eiikctpel. Anroputm ®Popna-
bennmana. Anroputm @noiina. Anroputm A*.

HepnerepmuHupoBaHHbIE  KOHEYHbIE  aBTOMAThl, pa3jMYHble BapHaHThl  ONpPEIEIICHUS.
JeTepMUHUpPOBaHHbBIE KOHEUHBIE aBTOMATHI. MIX SKBUBaneHTHOCTh. MaiirHa ThlopuHra.

Jlutreparypa

1
2.
3.
4

2.

Iens A. [IporpammupoBanue: TeopeMs! 1 3agaun. MITHMO, 2007;

Bupt H. Anroputrmsl u cTpykTyphbl nanHbix. M3a-so Hesckuit auanekr, 2005;

Kepnwuran b., Putun [I. S3b1k nporpammuposanus C. M3n-so Bunbesamc, 2008;

Kopwmen T., Jleiizepcon Y., Pusect P., llITaita K. AnropuT™Mbl: mOCTpOSHUE U aHAIN3, 2-€ U3JaHUE.
- M.: U3parennckuii oM Buibsmc, 2005.

Komnbrorepubie Haykn

O06sacTe IPUMEHEHUS

JaHHBIN pa3znen npegHa3HayeH JJIS CJIeIYIIINX CreluaTn3anmii:

Ananuz dannvix (kagedpa Ananuza oanHwix),

Buvicoxonazpyscennvie pacnpedenennvle cucmemvl (kageopa bBaHKOBCKUX UHDOPMAYUOHHBIX
mexHo02ull);

Humennexmyanvnas obpabomka odoxymenmos (kageopa Humennexmyanvroii obpabomxu
O00KYMEHMO8)

Hngppacmpyxmypa bonvuuux dannwix (kageopa Anaruza 0anHwix);

Hupopmayuonnwvie mexnonozuu 6 asuayuu (kagpeopa Unghopmayuonnvix mexnono2ui 6 aguayuu);
Hckycemeennvlii. unmeniekm u uHmepOUCYUnIUHapHvle UCcie0o8anus (Kapeopa MauuHHO2O
00yueHuss U yupposoil 2yManUmapucmuKu);

Koenumusnvie mexnonoeuu (kageopa Koenumuenvix mexnonocutl);

Kombunamopnwii ananus (kageopa JJuckpemnoii mamemamuxi,);

Konyenmyanvuwiii ananuz u npoexmuposanue Cioxchvix cucmem (kageopa Konyenmyanvrnoeo
AHATU3A U NPOEKMUPOBAHUSL),

Mawunnoe odyuenue u ananuz 0anuwix (kageopa bankoeckux uHGOPMAYUOHHBIX MEXHOA02ULL);



Mawunneiii unmeniekm 6 Qunancax (xagedpa Aneopummos u mexHoai02ull nPoPaAMMUPOBAHUL);

e Oobnaunvie mexuonocuu (kageopa Ancopummos u mexHoa02ul NPOSPAMMUPOBAHUSL);

o [Ipuxnaouwvie uHpopmayuoHHble MeXHOL02UlU 8 YIpasieHuu u busnece (kagedpa Kopnopamuesnwix
UHGOPMAYUOHHBIX CUCTEM),

e [Ipomvluinennas paspabomxa npocpamMmno2o  obecnewenus (kageopa Kopnopamusenwvix
UHOPMAYUOHHBIX cuceMm);

o Teopus npoepammuposanust uep (yenmp OOyueHuss npoexmuposanuio u paspadbomre uzp);

e Texnonozuu yugpposot mpanchopmayuu (kageopa Texnonoauti yugposoii mpancgopmayuir);

e Texnonozuueckoe 1udepcmeo (yenmp npaxkmuk u cmasxicupogox OIIMHU);

e Vnpasienue 8blCOKOMEXHOIOSUUHBIMU NPOSKMAMU (YEeHMP NPAKmux u cmaxcupoeox @IIMU);

e  Qunancogvie mexronocuu (kagpedpa PUHAHCOBBIX MEXHONOLULL);

e  Qunancosvie mexrono2uu 6 buztece (xagpeopa Ounancosvix mexnoio2uil);

e Bce mnporpammel Kadenpbl HMHHOBAMOHHOH (apMaleBTHKH, MEIUIMHCKOW TEXHUKH H
OHMOTEXHOJIOTHH,

e IlIporpamma «{nudpoBas Tpanchopmarms 6usHecay.

2.1. KomOuHaTopuka

1. OcHoBHBIE TmTpaBWiIa KOMOWHATOPHKHU: TIPABUIO CIOXKEHUSA, YyMHOXeHHs. (OCHOBHBIC
KOMOWHATOpHBIE OOBEKTHI: COYETAaHWsI M Pa3MEUICHUS] C TOBTOPEHUSIMH U 0€3 MOBTOPEHUI.
DopMyIbl 1)1 KoJM4ecTBa coueTaHuil v pasMerenuil. [lpuanun Jupuxie. IIpumMepsl.

2. MmnoxectBa. Kpyru Diinepa, omeparn Ha MHOXkecTBax. DopMyia BKITIOUSHHH W UCKITIOYCHUH.
IIpumepsl.

3. Coueranus. Pazmemenus, nepectaHoBKkU U coueTanusi. bunom Hetotona. Tpeyronpnuk Ilackans.
CoueraHus ¢ MOBTOPSHHUSIMHU.

4. T'padbpl: HEOpHEHTHPOBAaHHBIC, OPHEHTHUPOBAaHHBIE, NPOCTBIe Tpadbl, MyIbTHTPadBl U
ncesnorpadel. M3omopdusm rpadoB. HekoTopble cTaHmapTHhie Kiacchl rpadoB: TOJHBIE,
JIBYIOJbHBIC, IIETIH, IUKIEL, AepeBbs. Kpurepuit nBynonpHOCTH Tpada.

5. JepeBbsa. CBsizb MEXIy KOJUYECTBOM BEPIIMH U péOep. DKBUBAICHTHBIC OIMpPEECHUs Kiiacca
nepesbeB. @opmyna Kanu asist aucna epeBbeB Ha GUKCHPOBAHHOM MHOKECTBE BEPIIIHH.

6. KiukoBoe 4mcII0, YACIO HE3ABUCUMOCTH, XPOMAaTHYECKOE YUCIIO; CBSI3b MEXKIY STHMH YHCIAMU.
JKanHplit anroput™ packpacku rpada, mpuMep ero HeONTUMAIIEHOCTH.

Jlutreparypa

1. Bunenkun H. fI. Kombunartopuka. M., Hayka, 1969 u Gonee cBexxue uzganus

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

3. OwnnaiiH-Kypchl HAa www.coursera.org “KomOunaTopuka ajst HaunHaromux’, “Teopus rpados” ot
MOTU

2.2. KoMnbloTepHbIe HAYKH

1. Perynspusie BoIpakeHus. Teopema KiamHE 00 SKBHUBAJICHTHOCTH PETYJISIPHBIX BBIPAKCHUN H
KOHEYHBIX aBTOMATOB.

2. KonTexkcTHO-CBOOOAHBIE TpaMMaTHKH. ABTOMATBl C MarasMHHOW MaMSTbIO. DKBUBAJECHTHOCThH
aBTOMATOB C Mara3uHHOM MaMsAThIO U KOHTEKCTHO-CBOOOTHBIX TPAMMATHK.

3. Apxurekrypa ®on-Heiimana. [IpHHIMTIBI OTHOPOJHOCTH TTAMSITH, aJIPECHOCTH U MPOTPAMMHOTO
ynpasieHus. ['apBapackas apxUTEKTypa, OTIU4Yus OT apxuTekTypbl ®on-Heiimana. IIpumepst
peanuzanu.

4. AOcTpakTHBIE CTPYKTYpBI JAHHBIX: CIIHCKa, BEKTOPA, JCPEBbS MOWCKA. X acHMNTOTHKH JUIs
orepauuii MoMcKa 3JeMEHTa M BCTABKU HOBBIX JJIEMEHTOB B CepeAMHY WM KoHel. lIpumeps
peanu3anui.

5. llemoumcnennas apudMeTHKa B TMPEACTABIEHWH KOMIBIOTEpA. 3HAKOBBHIE M 0€33HAKOBEHIC
3Ha4YEHUSs], CIIOCOOBI IPECTABICHUS OTPULIATENLHBIX 3HaUeHUH. LleounciaenHoe nepenojHeHue u
€ro KOHTpoJb. JITMHHAS 1enovrciIeHHas apuMeTrKa.

6. BemectBenHas apudmerrka. [IpeacrasieHus ¢ GUKCUPOBAHHOM U IJIaBaroliel Toukoi. CTaHaapT

IEEE754. CneunansHble BEIICCTBEHHBIC 3HAYCHHS, ompenencHHbIe craHgaptoM IEEE754 u
oTiepaIy HaJl HUMU.



YCeTpoicTBO BHPTYabHOTO aApeCHOTO IMpocTpaHCcTBa mporiecca. Ctek m Kyda. JlmHammdaeckas
3arpy3ka onbimorek. MexaHn3M TPaHCISAIUH aJIpecOB U3 BUPTYAIBHOTO B (PM3NIECKOE afpecHOe
MIPOCTPAHCTBO.

8. OmnepanMoOHHBIC CUCTEMbI 1 KX KOMIIOHEHTBL. S1Ipo omneparimoHHbIx cucteM. CHCTEMHBIE BEI30BBI
Y UIX OTJIMYUS OT OOBIYHBIX OnOmmoTeuHbIX (pyHKINI. CrIocOOBI peaan3aliii CHCTEMHBIX BEI30BOB
(npepsiBanms, sysenter, syscall).

9. IIpomeccol u motoku. CXOACTBA W pa3uuMs MKy HUMH. Peanuzanus MHOT03aJaqyHOCTH U
NTOPUTMBI TUTAHUPOBAHUE 33124 B OTIEPAI[HOHHBIX CHCTEMAX.

10. IIpoGaemMa MHOTOIIOTOYHON CHHXPOHHU3AIIMH. ATOMApHbIC IEPEMEHHBIC B O0BEKTHI OJIOKUPOBKH.
Hebnokupyrolye CTpyKTypbl JaHHBIX U UX PeaTr3aliysl.

11. IHTepKOHHEKT B BBIYHCIUTEIBLHOM KiacTepe. OTIMYME WMHTEPKOHHEKTA OT TJI00AIBHBIX
KOMITBIOTEPHBIX ceTeid. OCHOBHBIE XapaKTePUCTUKH HHTEPKOHHEKTA. TOMOJOTHH COETMHEHUN
Y3JI0B B BBIUUCIIUTEIIBHOM KJIaCTEPE, XaPAKTEPUCTHKHU TOTIOJIOTHIA.

12. TloHsATHE YCKOpEHHUsI 1 MacIuTabupyeMoCTH NapajuledbHbIX HporpamM. 3akoH Amaana. OueHka
3¢ (eKTHBHOCTH apalIeNbHBIX IporpamMM. SIpycHo-TlapaiiensHas popMa MporpaMMBlL.

13. TlapasnenbHble W paclpeieiéHHbIe BBIYMCINTEIbHBIE CHCTeMbl. Ilapaaurma Map-Reduce.
[Mpumepsl, otnnuus. Pacnpenenennsie ¢aitnopbie cucteMbl. OCOOCHHOCTH XpaHeHUs (aiiioB B
HuX. Perumukanms.

Jlureparypa

1. Kopwmen T., Jletizepcon U., Pusecr P., IlItaiin K. AnropuT™mel: MOCTpOCHUE U aHAJIN3, 2-€ U3/IaHUE.
- M.: U3parennckuii 1oMm Buibsmc, 2005;

2. K. Ix. lleiir. Beenenue B cucteMsl 0a3 JaHHBIX (y4eOHUK 1715 By30B). — 8-€ m31. — M.: Bunbsmc,
2008;

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

4. PobGauesckuii A.M., Hemuroruu C.A. Onepannonnas cuctema UNIX. 2-e uzganue. - CI16.: BXB,
2014,

5. Tanenbaym 3., Boc X. CoBpemeHHBIE OmnepalMoHHble cucTeMbl. 4-¢ m3nanue. - CII6.: Ilurep,
2018;

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

3.

Publishers, 2012.

MaTeMaTmca, MaTEMAaTHY€CKOEC MOJIC/IMPOBAHUE, BLIYUC/IUTEIbHA MAaTEMATHKA.

O06acTe IPUMEHEHUS

JaHHbIl pazaen npeHa3HaueH A CJAeTYIONHX CHelHaTu3auii:

Mamemamuueckue memoobl KeAHMOBbIX mexHono2ull (kagedpa Memoooe cospemenHol
MAMeMaumuxu);

Mamemamuueckasn ¢puzuxa u mamemamuyeckoe mooerupoganue (kageopa Mamemamuuecko2o
MOOeUpOBaAHUs U NPUKAAOHOU MAMEMAMUKYL),

Memooul cospemennoil mamemamuru (Kageopa Memooos co8PEeMeHHOU MAMeMamuKu);
Hayunoe npoepammnoe obecneuenue (kapedpa Aneopummos u mexnono2uti RPoSpammuposanusl);
Ipuxnaonas mamemamuxa (kageopa Buvluuciumenvuvix mexnono2uii. U MOOCIUPOBAHUS 6
eeoghuzuxe u buomamemamuxe),

Cospemennasn pobomomexuuxa (kagedpa Teopemuyeckou Mexanuxu),

Ynpasnenue ounamuueckumu cucmemamu (xageopa Mamemamuueckoeo mooeruposanusi u
NPUKTAOHOU MAMEMAMUKUL),

Science  Engineering:  moldenuposanue  He@h)mezazogulx  MecmopodicoeHul  (kageopa
Mooenuposanus u mexHono2ull pazpadomru HeQhmsHbIX MECMOPONCOCHUIL).



Cnncok BONpocos

3.1.

Maremarudyeckuii aHaau3, au¢epeHIHAIbHbICe YPABHEHUs, TeopuUsa (YHKIUI

KOMILIEKCHOI'O IEPEMEHHOT0.

1. duddepenuupyemMocts (YHKIUM HECKOJIBKUX TMEpEeMEHHbIX. HeoOXoauMble YCIOBHA H
JIOCTaTOYHBIE YCIOBHA AU PEPEHITNPYEMOCTH.

2. Teopema o HesIBHOH (DYHKIIMH, 33 JAHHOW OJTHM ypaBHEHUEM.

3. JlokanmpHbI 3KcTpeMyM (YHKIMM HECKOJNBKHX TepeMeHHbIX. HeoOxoaumeie ycinoBus U
JOCTaTOYHBIE YCIIOBHS JIOKAIBHOTO 3KCTPEMYMaA.

4. YcnoBHBIM 3KcTpeMyM (YHKIIMH HECKONBKHX TMepeMeHHBIX. Merton mHOxuTeneil Jlarpamka,
HEOOXOIUMBIE U TOCTATOYHBIC YCIOBHSI YCIOBHOTO AKCTPEMYMA.

5. HecoOcTBeHHBII HHTETpal. AOCOMIOTHAA U ycloBHas cxogumoctb. Kputepuit Komu, npusnaku
CpaBHEHMS U NpU3HAK JHpuxiie CXOOUMOCTH HECOOCTBEHHOT'O HHTETpaja.

6. UYwucrnossie psapl. AGCOMOTHAS M YCIIOBHAsI cX0quMocTb. Kpurepuit Ko, npusHaku cpaBHEHHS,
WHTETpAIbHBIN MPU3HAK, Npu3HaKky JleiioHuna u J{upuxiie cXoAuMOCTH YUCIOBBIX PSAOB.

7. OyuKuMOHANBHBIC pAEL. PaBHOMepHas cxomumocTs. Kpurepnii Komm, npusnaku Beiepmtpacca
u Jlupuxie paBHOMEPHOU CXOIUMOCTH.

8. Crenennsle psaabl. Paguyc cxomumoctu, popmyna Komm-Anamapa. Psag Teiinopa. Pasnoxenue
JJeMeHTapHbIX QyHKIMA B psia Teiinopa.

9. Teopema Pumana 06 ocummsiiuu. Tpuronomerpudeckuit psag Oypoe. Y caoBHusS CXOAUMOCTH psizia
@Dypbe B TOUKE. Y CIOBUSA PABHOMEPHOHM cX0AUMOCTH psina Dypee.

10. IIpeoOpa3zopanue @ypbe aOCOIIOTHO HHTETPUPYEMOH (PYHKIIMU 1 ero cBoiicTBa. [IpeoOpazoBaHue
®Dyphe MPOU3BOTHON U IPOU3BOIHAS MTpeoOpa3oBaHus Dypbe.

11. Teopema BeiiepmTpacca 0 HpUONMKEHHH HENMPEPHIBHOW (PYHKIIMU TPUTOHOMETPHUYECKUMH H
anreOpanyeckuMi MHOro4wIeHaMu. [oJHbIe cUCTEMBI B HOPMHUPOBAHHBIX ITPOCTPAHCTBAX.

12. OObikHOBEeHHBIE U epeHITnaIbHbIE YpaBHEHUSI. MeTon pa3/ieieHus MepeMeHHBIX. MeTobl
MOHM)KEHUSI TTOPSIKA YPaBHEHUS], METOA BBEJCHUS IapaMeTpa.

13. Jluneitnple oObIKHOBeHHbIE AH(deEepeHIMaNbHbIE YpaBHEHHS W CHCTEMBl YpaBHEHHH C
MOCTOSIHHBIME KO3 puiimenTaMu. MeToJIbl X pelieHHsI.

14. JluneitHple OOBIKHOBEHHBIE IU(QEpeHIIHaNbHbIE YpaBHEHHS M CUCTEMBl YpaBHEHUH C
nepeMeHHbIMH  K0d(hdunuentamu. @OyHIameHTanbHas cucTeMa pelieHui. OnpenenuTenb
Bponckoro u popmyna Jinysumis-Octporpanckoro. MeTos BapHaiiy NOCTOSTHHBIX.

15. Ipocreiimas 3axa4a BapualiOHHOTO MCUYMCIECHUs. YpaBHeHHe Diniepa. HeoOxoanmoe ycnoBue
€11a00ro JIOKaJIbHOTO SKCTPEMyMa.

16. [lonoxenne  paBHOBECHsT  aBTOHOMHOH  cucteMbl  au(depeHIHanbHbIX  ypaBHEHHH.
Knaccudpukanus monoxeHUH paBHOBECHS JIMHEMHBIX ABTOHOMHBIX CHCTEM BTOPOIO IOPSAKA.
Y CTONUMBOCTE M ACUMIITOTHYECKAs] YCTOMYMBOCTD MOJIOKEHUS] pABHOBECHSL.

17. TlepBble WHTETpaIbl ABTOHOMHOW CHUCTEMBI TU(QepeHInanbHbIX ypaBHeHHI. Teopema o yucie
HE3aBUCHUMBIX TMEPBBIX HHTerpajioB. Jluneiinble nuddepeHianbaple ypaBHEHUS] B YacCTHBIX
NPOM3BOHBIX, 001Iee pelieHue u 3aaavya Komm.

18. Perynsipable GyHKIIUM KOMITIEKCHOTO TiepeMeHHoro. MaterpansHas ¢popmyna Komm. OyHkium,
peryinspHsle B kKoible. Psaa Jlopana.

19. Beruer B u301MpoBaHHOI 0c000i TOUKe. Bruncienne HHTErpanoB Mpy MOMOIIH BEYETOB. Jlemma
Kopnana.

20. PeryssipHble BETBH MHOTO3HAYHBIX KOMIUIEKCHBIX QYHKUHM VZ u Ln(z) u UX npuMeHeHue s
BBIUMCIICHHUS WHTETPAJIOB.

21. Kongopmusie oroOpaxenus. poOHo-TuHEHHOE OTOOpakeHMEe W ero cBoicTBa. DyHKUUS
KyxoBckoro u e€ cBoMCTBa.

Jlutreparypa

1. JI. . Kynpssues. KpaTkuit Kypc MaTeMaTH4eCKOTO aHaJIH3a.

2. C. M. Huxonbckwii. Kypc Mmaremarnieckoro aHammsa.

3. A. M. Tep-Kpuxopos, M. 1. l1abynun. Kypc MaTemMaTiHuecKoro ananmsa.

4. T. H. flxoBnes. JIeKIINK 10 MaTeMaTHIECKOMY aHAIIN3Y.

5. T. E. UBanoB. JIeKInu 110 MaTeMaTHIECKOMY aHAJTH3Y.

6. O. B. becos. Jlekuun o MaTeMaTHYECKOMY aHATH3Y.



3.2

A. 1O. ITerpoBud. JIEKITMH 110 MAaTEMAaTHYECKOMY aHAITH3Y.

JI. C. llorTtpsiruH. OObIKHOBEHHBIE TU( GEpEHITNANbHBIE YPAaBHEHUS.

B. B. Crenanos. Kypc nud¢epeHnmanibHbIX ypaBHEHAH.

M. B. ®enoprok. OObIKHOBEHHBIE TU(QepeHInaTbHbIE YPABHEHNSI.

E. C. [lomoBunakuH. Kypc nexmuii mo Teoprun GyHKIHNA KOMIUIEKCHOTO TIEPEMEHHOTO.
M. U. lllabynuH, 0. B. Cunopos. Teopust GpyHKITHIT KOMITTIEKCHOTO IEPEMEHHOTO.

YpaBHeHusi MareMaTu4eckoil  (pu3MKM, BBIYMCJIMTEIbHAs  MaTeMaTHKA,

(pyHKUMOHANBHBIN AHAJIU3.

1.

2.

SR o

10.

11.

12.

13.

14.

Knaccupukanust JMHEHHBIX ypaBHEHHH B 4YaCTHBIX IPOM3BOAHBIX BTOPOrO  IOPSIKA.
Kanonmueckue GopMsl.

3agaua Komm ans rumepOOIMUYECKUX YpaBHEHH B YaCTHBIX MPOW3BOJIHBIX BTOPOTO MOPSIKA.
Merton xapakrepuctuk. @opmynst Hamambepa, [lyaccona, Komm.

HaganpHo-kpaeBas 3amaya JUIsl TUHEWHBIX ypaBHeHHH mapabonudeckoro tuma. Meron dypee.
IIpuHMn MakcuMyMa.

Kpaessie 3agaun [{upuxie u Heiimana ans ypasuenus Jlannaca. [punnun makcumyma.
Juckpernzanusi, 0OyCIOBICHHOCTh 33/a4M, YCTOWYHMBOCTH BBIYMCIHMTEIBHOTO METOAA, €ro
9KOHOMHUYHOCTb, YCTPaHMMBIE W HEYCTPAaHWUMBIE MOTPENTHOCTH BBIYHCICHHHA. OJIEMEHTapHas
TEOpHs TOTPEIIHOCTH.

UncneHHOE peIIeHre CHCTEM JHHEHHBIX anreOpamdeckuX ypaBHeHnd. KaHoHWueckas u
oneparopHas ¢opma 3anucu. ConepxaTenbHbI IPUMEP — Pa3HOCTHAsl CXeMa JAJsl ypaBHEHHS
Jlanmaca. CornacoBaHHblE HOPMBI BEKTOPOB M MAaTpUIl B JIMHEHHBIX HOPMHPOBAHHBIX
npoctpancTBax. OOYCIOBIEHHOCTh CHCTEM JHHEWHBIX anreOpandeckux ypaBHeHuH. [IpsiMble
meroanl (Meron ['aycca, meton ['aycca ¢ BBIOOpPOM ITIaBHOTO 3JIEMEHTA, METOJ NMPOTOHKH UIS
CHCTEM CIEeIHaIbHOTO BHIA). MTepanuoHHBIE METOABl (METOJ MPOCTOM WTepauuu, uues u
(bopMyIbl 4eOBIIIIEBCKUX UTEPAIIMOHHBIX METOIOB, IPYTUE HTEPAIHOHHBIE METOABI).
[lepeonpeneneHHple cUCTEMBI JTMHEHHBIX aNreOpanmdecKuX ypaBHEHHWH. 3afadd, MPHUBOISIINE K
nepeoIpeie/IeHHbIM CUCTEMaM JIMHEHHBIX anreOpandeckux ypaBHeHHHA. O00OIIEHHOE peleHne
CUCTEMBI, METOJT HANMEHBIIINX KBaJPaTOB.

YucneHHOe pelleHHe CHCTEM HEIMHEHHBIX —airedpanyeckux ypaBHeHHH. Cxumaroliee
oTOOpaXeHHe, METOJ MPOCTOM HUTepalHy, €ro TIeoMeTpHYecKas HHTepIpeTanns, MeETOX
penakcanuu. Meroa HetoToHa. ITops10k cXOAMMOCTH UTEPALITMOHHOTO METO/IA.

Wnrepnonsiimst  pyaknuid.  KoHeuHble u  pasfeneHHble  pa3HocTd. [loctaHoBka 3amaun
uHTepnoysinuu. O0001eHHbIH nosiHOM. [lonmMHOMMANbHAS MHTEPIONSALMS; CYLIECTBOBAaHHE H
€IMHCTBEHHOCTh WHTEPIOJSIIIUOHHOTO MMOJIMHOMA, OCTATOYHBIN WIEH MOJMHOMA, (POPMBI 3aITUCH
Jlarpanmxa u Hetorona. O0yCIIOBIEHHOCTh HHTEPHOISIIMOHHOTO Tiporiecca. Koncranter JleGera.
YeObllIeBCKUE  y3/IbI  MHTEPHOJSALMH. [pUroHomerpudeckas wuHTepnoisuusa. Kycouno-
MHOTOUWIeHHas: HHTepnossuys. CraiH-UHTEPIOIALMSL.

YucnenHoe unterpupoBanue. Kpagpatypusie ¢opmynsl Heiotona—Koreca (mpsMoyroibHHKOB,
cpenHux, Tpaneuuii, Cumicona), ux norpemnocts. @opmyisl ['aycca.

YucneHnHble MeTO Il perenus 3aaaun Ko 111 0ObIKHOBEHHBIX Au( pepeHInaabHbIX ypaBHEHUI
(OAY). Meton cetok. [Ipocrefitue pa3HOCTHBIE CXEMBI: SIBHAS M HESIBHAS CXEMBI DHiepa, cxema
C IeHTpaJbHOW pa3HOCThIO. OmpeneneHus CXOANMOCTH, ANMPOKCHUMAINH, YCTOWYHBOCTH.
Teopema Psi6enpkoro—®ummumnosa o cxoqumMocT. Metoas! Pyare—KyTThl, X ycTOHYNBOCTS.
YucneHHOe pelleHre KpaeBbIX 3a1ad sl OOBIKHOBEHHBIX AM((epeHIHaIbHBIX YpaBHEHHH.
Jluneiinas kpaeBas 3a1a4a. MeTo 1 YUCIIEHHOTO MMOCTPOSHNUS 00IIero penieHus. MeTo 1 MporoHKH.
Meton crpensObl. MeTton kBasuinnHeapuszauuu (Meron HploTOHA) AN YHCIEHHOTO pEILICHUS
HEeJIMHEWHBIX KpaeBbIX 3aaa4. KpaeBas 3aadya Ha COOCTBEHHBIE 3HAYCHUSI.

PasHOoCTHBIE METOABI pemieHus 3aJad, OMUCHIBAEMBIX AN(QepeHIINaTbHPIMA yPAaBHEHUSIMHI B
YaCTHBIX NPOW3BOJHBIX. ANMPOKCHUMAIMS M YCTOMYMBOCTH PAa3HOCTHBIX cxeM. Teopema o
CXOIMMOCTH pelIeHUs] Pa3HOCTHOM 3ajauM K peuieHuio guddepenunansHoi. Heobxomumoe
ycaoBue cxoaumoct Kypanra—®punpuxca—Jlesu. [Ipuemsbl ncciienoBaHust pa3HOCTHBIX 3a/1a4 Ha
yCTOMUMBOCTh. [IpMHIMII MakCHMMyMa, CIEKTPAJbHbIM IPU3HAK YCTOWYMBOCTH, HNPUHLMUI
3aMOPOKEHHBIX KO PHUINEHTOB. pyrie Noaxos! K HCCIEJOBAHUIO YCTOMYMBOCTH.
UncneHHble METOJBI PELIEHHs 33Jad, ONHMCHIBAEMBIX YPaBHEHMSIMM B YAacCTHBIX MPOM3BOJHBIX
rUNnepOOIMUYECKOro THIA. YpPaBHEHHE IIEPEHOCA, BOJIHOBOE ypaBHEHHE, CHUCTEMBbl ypaBHEHUI
rUepOOIMYECKOTO THIIA.



15.

YuCneHHBIE METOIBI peuICHuA JIMHEWHBIX U HEJTUHEHHBIX ypaBHeHI/Iﬁ B YaCTHBIX ITPONU3BOJHBIX
r[apa6onnqec1<oro Thna. SIBHBIE W HESIBHBIC Pa3sHOCTHBIE CXEMbl UIsI  YPaBHCHUA
TCIUIONPOBOAHOCTH. MHOFOMepHLIe o MnpoOCTPaHCTBY napa6onnq601<ne YpaBHCHUHL. Merton
pacuiCrijiCcHus. Meton MEPEMCHHBIX HaHpaBJ’ICHHﬁ.

16. YucneHnHble METOABI PEIICHUS YPaBHEHHWH SIUIMNTHYECKOTO THUIA. PasHOCTHas cxema «KpecT.
ANIpoKCHMAaIus U yCTOMYMBOCTE Pa3HOCTHBIX CXeM. MeTOIbI pEIIeHNs BOZHUKAIOIINX TMHEHHBIX
CUCTEM YypaBHEHHWU Oomblnoil pa3MepHOcTH. Meron mnpocToli wurepanuu. YeOblmeBcKue
UTEPALMOHHBIE METOIBI.

17. Metpuueckie M Tomojorndeckre mpocrpanctea. Ilpumeps:: Ip, Cp [ab] ( ), CnJab].
Hepagenctsa I'enbnepa 1 MHUHKOBCKOTO.

18. Teopema o BokeHHBIX mapax. Teopema bapa. [IpuHimn cxxumaromux 0ToOpakeHui.

19. KoMnakTHOCTH ¥ ICHTPUPOBAHHBEIE CHCTEMBI 3aMKHYTHIX MHOKeCTB. Teopema AprenaAcKoiu.

20. Hopma omeparopa. Ilomnora nopmupoBanHoro mpocrpanctBa L(E 1,E 2). Teopema banaxa -
[Teiinraysa.

21. Teopema XaHa-banaxa.

22. Cnabas cxogumocTtb. Teopema banaxa - Amooriy.

23. Nnrerpan Jlebera (ompezaereHWe W OCHOBHBIE CBOHCTBa). Teopembl Jlebera o mpenenbHOM
nepexoje noj 3HakoM unrerpana, dary, benno Jlesu.

24. XapaKTepuCTHYECKOE CBOICTBO €BKIMAOBBIX MNPOCTpPaHCTB. baHaxoBel H  THIBOEPTOBBHI
MPOCTPAHCTBA. DKBUBAJICHTHOCTh HOPM B KOHEYHOMEPHOM MpocTpaHcTBe. Teopema Pucca o
JIMHEHHBIX ()YHKIIMOHAIAX B THIHOSPTOBOM MIPOCTPAHCTBE.

Jlureparypa

1. Brnamumupos B.C. YpaBHeHUsI MaTeMaTHYECKOH (PH3HUKH.

2. TuxonoB A.H., Camapckuii A.A. YpaBHEHUS] MaTEMaTHUECKOW (PU3UKH.

3. Ilybwn M.A. Jlekunu 00 ypaBHeHHAX MateMaTudeckoit gpusuku. M.: MITHMO, 2001, 302c.

4. Psbenrskuii B.C. BBenenue B BBIUHCIUTENBHYO MaTeMaTuky. — M.: Hayka—®usmatiur, 1994, —
335 ¢. 2-e uzn. M.: @usmatimt, 2000. — 296 c.

5. ®enopenko P.I1. Beenenue B BerauciaurenbHyto Gu3uky. — M.: U3n-so MOTU, 1994. — 526 c.

6. Kamurkua H.H. Yncnennsie metonsl. — M.: Hayka, 1978. — 512 c.

7. JlobanoB A.U., Iletpor N.b. BeruuciauTenbHple METOABI IS aHAIW3a MOJEIEH CIIOKHBIX
auHaMmudeckux cucteM. Yacte 1. — M.: MOTH, 2000. — 168 c.

8. Kocapes B.U. 12 nexmuii 1o BEIYHCIUTENHHOM MaTeMaTHKe. 2-¢ u3f. — M.: Uzn-8o MOTU, 2000.
—224c.

9. COopHuk 3ama4 Juis yrnpaxxHeHUH mo Kypcy OCHOBBI BEIUMCIUTENHHON MaTemaTuku / [lox pen.
Psa6enbkoro B.C. — M.: MOTH, 1988.

10. baxsamnos H.C., XXunkos H.I1., Kobenskos I'.I'. Uucnennsie meronsl. 8- uzg. —M.: JlabopaTopus
Bbazoseix 3uanmii, 2000. — 624 c.

11. Camapckuii A A., I'ynmun A B. Uncnennsie metonel. — M.: Hayka, 1989.

12. A.H. Konmoropos, C.B. ®omun. DnemMeHTs! Teopuu QyHKIMH 1 (yHKINOHAIBHOTO aHATU3A.

13. Hocuna K. ®yHKIHOHAIBHBINA aHATIU3.

4.

KoMmnbroTepHbie TEXHOJIOTHU, MHTEJJIEKTYAJbHbIN AHAJIU3 TaHHBIX, 0JIOKYEiiH.

O0acTe IPUMEHEHNS

JlaHHbII pazjien npeaHasHadyeH AJs cJIeIyOIuX crenuaan3amuin:

Aneopummvl U MEXHOAOSUU NPOSPAMMUPOSAHUSL  (Kagedpa Aneopummos u mMexHoaA02Ull
nPOSPAMMUPOBAHUSL);

Bnoxuetin (kagpeopa bBroxuetin),

Humennexmyanvuwiii anaiusz oannvix (xagpedpa Unmennexmyanonolx cucmem, kageopa I[Ipobrem
nepeoaqu UHGOpMayuy U AHAIU3A OAHHDBIX),

Mamemamuueckue u ungopmayuonnvie mexnoroeuu (kagpeopa UnmeniekmyanvbHuix cucmem);
Tpuxnaouvie gvluuciumenvhvie MOOeaU U NPOSPAMMHbBLE KOMIIEKcyl (Kageopa Hndopmamuku u
BLIYUCTUMENLHOU MAMEMAMUKUL);



Cucmemnoe npozpammuposanue (kageopa Cucmemnozo npocpamMmuposanis);

Teopemuueckas u npuxnaonas ungopmamura (xageopa Teopemuueckoli u NPUKIAOHOU
ungopmamuxu);

Ynpasnaowue u ungopmayuonnsvie cucmemvl (xagpeopa Ynpasasiowux u uH@OpMAYUOHHBIX
cucmem).

Cnncok BONpocos

4.1.

Maremarudeckuii aHanu3, auddepeHnuabHble ypaBHeHUsl, Teopusi (PyHKUHUH

KOMIIVIEKCHOI'O IEPEMECHHOT0.

1. Juddepermupyemocts (GYHKIHA HECKOIBKHAX TMEpeMeHHBIX. HeoOxoawmble yCcIoBHS U
JIOCTaTOYHBIE YCIOBHA AU PEPEHITNPYEMOCTH.

2. Teopema o HeslBHOH (DYHKINU, 3aJaAHHOW OJTHUM ypaBHEHUEM.

3. JlokampHBIH 3KCTpeMyM (YHKIMM HECKOJBKMX NepeMeHHBIX. HeoOXxomuMele yCIOBHS W
JOCTaTOYHBIE YCIIOBHS JIOKAIBHOTO 3KCTPEMYMaA.

4. VYcnoBHBIA PKCTpeMyM (PYHKIIMHM HECKOJNBKHUX IMEpeMeHHbIX. MeTtox MHoxwuteneidl Jlarpamxka,
HEOOXOUMEBIE U IOCTATOYHBIC YCIOBHSI YCIOBHOTO YKCTPEMYMA.

5. HecoOcTBeHHsIit nHTErpain. AGCONIOTHAA U yCiIOBHas cxoauMocTh. Kputepuit Komm, npusnaku
CpaBHEHHMS U MpHU3HAK J{MpHXJie CXOJMMOCTH HECOOCTBEHHOT'O HHTETpaIa.

6. Uwmcrnossie psapl. AGCONMIOTHAS U YCIIOBHAsI cX0MuMocTh. Kpurepuit Komm, npusHaku cpaBHEHHS,
WHTETpabHBIA IPU3HAK, Ipu3HaKy Jleiioanna u Jluprxite cXonuMOCTH YHCIOBBIX PSIIOB.

7. OyuKunoHaNBHBIC pAIEL. PaBHOMEpHas cxoqumocTs. Kpurepnii Komm, npusnaku Beiepmtpacca
u Jlupuxie paBHOMEPHON CXOAUMOCTH.

8. Crenennsle psagpl. Pagnyc cxomumoctu, hopmyna Komm-Angamapa. Psag Teiinopa. Pasznoxenne
aIIeMeHTapHBIX QyHKIMH B pan Teiinopa.

9. Teopema Pumana 06 ocupuisinun. Tpuronomerpudeckuit psig @ypbe. Y CnoBus CX0JUMOCTH psaa
@Dypbe B TOUKE. Y CIOBUSA PABHOMEPHOU cXOAUMOCTH psina Dypee.

10. IIpeobpa3zosanne Oypbe abCOMOTHO HHTETPHpPYEMOl (pyHKIIMHU 1 ero cBoicTBa. [IpeodpazoBanue
®Dypbe NpoU3BOAHON U MPOM3BOIHAS ITpeoOpa3oBaHust Dypbe.

11. Teopema BeiiepmTpacca 0 TpUOMIKEHHH HEMPEPBIBHOW (YHKIUM TPUTOHOMETPHUUECKUMH U
anreOpanyeckuMu MHorowieHaMmu. [loHbIe cucTeMbl B HOPMHUPOBAHHBIX [IPOCTPAHCTBAX.

12. O6bikHOBeHHBIE OU(QepeHInalbHble YpaBHEHHA. MeToJ pa3fesieHus] NMepeMeHHbIX. MeToabl
TIOHIKEHUS TIOPSIKa ypaBHEHHsI, METO/I BBEACHUS MTapaMeTpa.

13. Jluneitnple oObIKHOBeHHbIE auddepeHanbHbIe YpaBHEHHS M CHCTEMbBl YpaBHEHHH ¢
NOCTOSIHHBIMH KO3 purimenTamu. MeTo bl MX peIIeHHS.

14. Jluneiitnple oObIKHOBeHHbIE AHBdepeHIMaNbHbIE YpaBHEHHS W CHCTEMBl YpaBHEHHH C
nepeMeHHbIMH  kK03hdunuentamu. DyHnameHTanbHas cucTeMa pemieHuil. OnpepenuTenb
Bponckoro u ¢popmyna Jlnysumnsa-Octporpaackoro. Mero Baprualuy MOCTOSIHHBIX.

15. Ipocreiimas 3axa4a BapualiOHHOTO MCUYMCICHUs. YpaBHeHHe Diniepa. HeoOxoanmoe ycnoBue
€J1a00ro JIOKaJIbHOI'0 SKCTpEMyMa.

16. [lonoxenne  paBHOBECHS  aBTOHOMHOM  cucTeMbl  AnddepeHIHaIbHbIX  YpaBHEHHH.
Knaccugukanust nonokeHHi paBHOBECHS! JMHEHHBIX aBTOHOMHBIX CHUCTEM BTOPOTO HOPSIKA.
Y CTOHYMBOCTh U ACUMIITOTHYECKAs] YCTOMYHUBOCTD ITOJIOKEHUS! PABHOBECHSI.

17. TlepBble WHTETpa bl ABTOHOMHOW CHUCTEMBI TU(QepeHIuaNbHbIX ypaBHeHHIA. Teopema o yucie
HE3aBUCHUMBIX MEpPBbIX HMHTerpajioB. Jluneiinole auddepeHunanbHple ypaBHEHUS B YacCTHBIX
MPOU3BOJIHEIX, 00IIee pelieHue u 3aaa4a Koy,

18. Perynsipable GyHKIUM KOMITIEKCHOTO TiepeMeHHoro. MaterpansHas ¢hopmyna Komm. OyHkium,
peryisipHbsle B Koible. Psaa Jlopana.

19. Beruet B u301MpoBaHHOI 0c000ii TOUKe. Brunciienne HHTErpanoB Npy MOMOILH BEIYETOB. JleMma
Kopnana.

20. PerynsipHble BETBH MHOTO3HAYHBIX KOMIUIEKCHBIX QYHKIHE Z M Ln(z) ¥ UX NpUMEHeHHe i
BBIUMCIIEHUS UHTETPAJIOB.

21. Kondopmusie oroOpaxenus. JpoOHo-TuHEHHOE OTOOpakeHMEe W ero cBoMcTBa. DyHKUUS
JKyKoBCKOro u e€ CBOMCTBA.

Jlureparypa
1. JI. A. KynpsBues. Kpatkuii Kypc MaTeMaTHUECKOTO aHAIN3A.



4.2.

RBPBOoo~NoOOMLN

0.
1.
12.

. M. Hukonbsckuit. Kypc MaTeMaTu4eckoro aHaausa.

. M. Tep-Kpukopos, M. U. [llabynnn. Kypc MaTemaTrdeckoro aHanmsa.
. H. SIkoBnes. JIekuuu no MaTeMaTU4ECKOMY aHAIIU3Y.
. E. BaHoB. JIek1iuu no MaTeMaTH4eCKOMY aHAJIU3Y.

. B. becos. Jlekunu no MmaTeMaTU4€CKOMY aHAJIH3Y.

. 1O. [leTpoBuu. Jleknny Mo MaTeMaTHIECKOMY aHAJIH3Y.

. C. Ilontpsirun. O0bIkHOBeHHBIE Au(DepeHansHbIe ypaBHEHUS.

. B. Crenanos. Kypc nuddepennmanbHpIx ypaBHEHHUH.

. B. ®enoprox. O6sikHOBeHHBIE MU PepeHITHaTbHbIE YPAaBHEHHMS.

. C. IlonoBunkuH. Kypc nexuuii mo Teopun GyHKIUH KOMITIEKCHOTO [IEPEMEHHOTO.
M. U. lllabynun, FO. B. Cunopos. Teopust pyHKIHNA KOMIUIEKCHOTO IEPEMEHHOTO.

EE>O0T TR0

™=

I[HCerTHLIﬁ aHaJIn3, TCOpeTUIECCKasA nml)opMaTmca.

OyHknun anreOpsl JOTUKW. TabmudHoe 3amaHue (GYHKIWA. OIeMeHTapHble (YHKIUH, HX
CBOWCTBa, TabnHMuIa oOmepaluuii, KOMMYTaTUBHOCTb, aCCOLUUATUBHOCTb, JUCTPUOYTHUBHOCTDH
aneMeHTapHbIX (QyHKOuA. PopMmynbl U QyHKIMH anreOpsl JOTUKU. TeopeMbl O pas3ioKEeHUH
GyHKIUI 10 OJHOM W HECKONBKUM TepeMeHHBIM. CoBeplieHHast AU3bIOHKTUBHAsE HOpMajbHas
¢dopma.

OyHKIMOHATBHAS TOJHOTA CUCTeM (YHKIMH anreOpsl JOTMKH. 3aMKHYThIe Kiacchl. IIsTh
npeArnonHsix 3aMKHYTHIX kinaccoB T 0, T 1, L, S, M. Teopema o ¢yHKIMH, TBOWCTBEHHOW K
cyneprnosunuu. Kpurtepuit (QyHKIHOHATFHOW TOTHOTHI CHCTEM (YHKIWN anreOpbl JIOTHKH
(teopema Ilocta). OcHoBHas nemma. JleMma o HecamMOABOWCTBeHHOH GyHKImH. Jlemma o
HEMOHOTOHHOH QyHKIMH. Jlemma o HenuHeliHol GpyHKiuu. CleacTBUS U3 KPUTEPHS TOTHOTHIL.
[Ipenmer xomOmHaTtopruku. KomOwWHaTOpHBIE 3amadn O 4ucle (QYHKOHNA, cOB B andaButre U
pasMernieHnii 00BEKTOB M0 AYeiiKaM MPH Pa3IUYHBIX OrpaHudeHusx (mn, [m] n, [m] n, [m] n /n!,
Pn). Yucna CtupnuHra nepBoro poja, peKyppeHTHOE COOTHOIIEHHE AJIs HUX. buHOMMHaIbHBIE
ko3 umeHTr!, mpou3BoAsmAas (YHKIUS A HUX, OCHOBHBIE KOMOHMHATOPHBIC TOXKIECTBA.
[lonuHomuanbHele  KOXQQUUMEHTH, mpou3BoisAmas (QyHKUMS 1 HUX, OCHOBHBIC
KOMOWHATOpHBIE ToXaecTBa. Yncino pa3dueHnii n o0beKTOB Ha m kiaccoB. Yucna CTupimHra
BTOpOTro pojaa. PekyppeHtHoe cooTHorienue it S (n, k) Pasnoxenue crenenu x n B 6asuce {[x]
k}. Yucna benna paz0oueHunii MHOXKECTBA Ha HETIEPECEKAIOLINECS TTOJAMHOXKECTBA, PEKYPPEHTHOE
cooTHoIeHue ais yncen bemnna.

Jlornueckue MeTOBI KOMOMHATOPHOTO aHayim3a. [IpuHIMN BKIIOUEHUNH-UCKITIOUeHUN. 3aada o
yrcae OEecropsAKOB, 3ajJada O YHCIE CIOPHEKTHBHBIX OTOOpPa)KEHMH KOHEYHBIX MHOKECTB.
Cuctembl mpencraButTenel MHoxecTB. CHCTEMBI pPa3MUHBIX —MpencTaButTeneil  (c.p.on.).
Heo0xomumoe U 10CTaTOYHOE YCIIOBUE CYIIECTBOBAHHS C.p.I1. AJITOPUTM MOCTPOCHUS C.p.I1. JUIs
3aJJaHHON CHUCTeMbI MHOKeCTB. CHCTEMbI OZJTHOBPEMEHHBIX MPEICTaBUTENEH.

Omnpenenenue rpada. HeopuentupoBanusle u opueHTUpoBaHHbIe rpadsl. M3oMopdHbIe Tpadsbl.
ITonHbIe OpUEHTUPOBaHHBIE U HEOPUEHTHPOBaHHbIE rpadbl. JIokanbHbIe cTernenu BepmuH. Yucio
BEpIINH HEYETHON CTElleHH B KOHEYHOM rpade. MammHHoe npezacraBieHue rpados. Matpuia
uHOuAeHuMi. Martpuna cMmexHocTr (BepimiuH). CHMCOK map, COMCOK HHUOMACHTHOCTU. IlyTH
(mapupyTsl, nenu) B rpade, mpocteie myTH, HUKIBL CBA3HOCTh. Teopema O CBA3HOCTH JBYX
BEPIITNH, UMEIONTNX HEYCTHYIO JIOKATHHYIO CTeNeHb. MaKcUMallbHOE YuCiIo pedbep B Tpade ¢ n
BEpILIMHAMH U K-CBS3HBIMU KOMIIOHEHTaMU. JlepeBbsi. CBA3aHHOCTD JIFOOBIX JIBYX BEPIIHH JiepeBa
€AMHCTBEHHBIM TNPOCTBIM myTeM. W3o0paxkenue nepeBa. KoHneBble (BHCAYME) BEPILMHBI H
KOHIIeBBIE (BHUCsUne) pedpa nepesa. [lonck B riryObuny u B mmpuHy. TeopeMa o gucie pa3aTuaHbIX
JIEPEBHEB C JAHHBIMH N BEPIIMHAMHU.

OHnepoBbl MYTH W LMKIBL, TEOpEMa O CYLIECTBOBAHWHU SHIICPOBBIX IyTE€H M LUKIOB B rpade.
AJNTOPUTM NOCTPOEHUSI SIIEPOBBIX UUKIOB. [ aMUIBTOHOBBI MyTH 1 IMKIBL. [lyTH, MMeromue Tin
nukia. JloctaTouHoe YCIOBHE JUIsl TOTO, YTOOBI MOJIHBIN MPOCTON IMyTh UMeEN THM mukia. CBs3b
MEXIY HAJIMYMEM B CBSI3HOM Ipade raMUIbTOHOBBIX IIMKIIOB U JUIMHONW MaKCHMAJbHBIX MPOCTHIX
IyTel B HEM.

Haxoxnaenne kparyailux MmyTed B OpPHMEHTHPOBAHHOM Tpade OT (UKCHPOBAHHON BEPIIUHBI
(cimygait HeOTpHUITATEIILHBIX BECOB pedep).

Anrebpandeckue CTpyKTypbl. buHapuble omepauun. I[lomyrpynmel w1 MoHougsl. ['pymmbl
IIpumepsr rTpymm. ['pymma mepectaHOBOK —(cuMMeTpudeckas rpymma). Teopema Kemnm.
[onrpynnsl. [Toposkaaroiiye iy 00pasyroue 3J€MEHTbI TPYIIIIbL.
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JleBple W TIpaBBIE CMEXKHBIE KIIACCHI TPYIIBI IO HoArpymme. MHIekc MOArpynnsl B TPYyIIIE.
Ilopsmox »smementa rpymmbl. [luknmdaeckune rpynmbel. Teopema Jlarpamka. CormpspKeHHBIC
3JIEMEHTHI U conpsbKeHHbIe ToArpynnbl. Hopmanbueie nenurenu. @akroprpymnmna. M3omoppusmel,
aBTOMOPQHU3MBI 1 TOMOMOP(GU3MBI Tpymi. SAnpo romomMopdusma. BHyTpeHHHE aBTOMOP(QHU3MEIL.
Teopema 0 romomMophu3Me rpymi.

Kompma. ITpumepsr koier. Kombro 1ensix gancesn. KoiabIo MHOTOYICHOB HAJl KOJBIIOM (TTOJIEM).
Konpua xmaccoB BbIUETOB B KOJBIE LENBIX YUCET M KOJbLE MHOrowieHoB. Ilonkonsio.
OOpatuMble IEMEHTHI KOJIbIIa, IPyIa 00paTUMbIX JIEMEHTOB KOJIbLIA, 1eIUTenn Hymns. JleBble,
IIpaBbIe U JBYCTOPOHHHKE Heansl. [ TaBHbIe naeansl. MakcuManbHbIE U IPOCThIe naeansl. Konbna
KJIaccoB BbIUETOB. M eansl B konblax MHOrowieHoB. Gaktopkonbuo. Teopema o romomopduszme
KOJIeLl.

JeneHne ¢ OCTaTKOM B KONBLAX LENBIX YHACE] M MHOTOWICHOB HaJ KOJIBLIOM LENBIX YHCEIL
EBxknmunoBel  kombuma. Mpeanmsl B eBKIMAOBBIX Komblax. Komblia T7aBHBIX — HMJI€alioB.
@®aKkTOpHAIBHOCTD KOJIEIl TTIaBHBIX HJICAJIOB.

[Tons. Ilpumepsr nmoneil. Ilone knaccoB BbrYeTOB. XapakrTepuctuka nons. IIpocroe mommnore.
Koneunsie n anrebpanueckue pacmmpenus monei. [lone pasnoxenus. Koneunsie mosst.

Meton dopmanbHbix Teopuii. OCHOBHBIC TMOHSATHS WCYMCICHHS BBICKa3bIBaHWHA. BbipakeHws,
¢dbopmyibl 1 akcoMbl. CXeMbl aKCHOM U IPaBHJIO BBIBO/A. BBIBOI B MCUMCIEHUH BBICKa3bIBAHH.
Teopema nenykuuu. Teopema o noiaHote. HempoTUBOPEUUBOCTh MCUUCICHUS BBICKA3bIBAHUNA U
HE3aBHCHUMOCTb €r0 CXEM aKCHOM.

OCHOBHBIE TIOHITHSI TEOPUI TMEPBOTO MOPSAAKA: KBAHTOPHI, TEPMBI, (OPMYJBI, CBOOOIHBIE H
CBSI3aHHBIC BXOXKACHUS MepeMeHHbIX B (opmynbl. HMuTepnperauuu. BrimonHumocts u
ucTuHHOCTH. Mogenu. Jlorndecku obme3Haunmbie GopMyibl. CXeMbl aKCHOM U IIPaBUiIa BEIBOAA
WCYHCIICHUs TpeAuKaToB. HempoTHBOpeurBOCTh MCUMCIIEHUS NMPEeAUKaToB. Teopema IeayKIHH.
Teopema ['enenst o momHOTE (6€3 TOKA3ATENBECTBA).

HeobxomumocTs yTouHEeHUs MOHATHS anroputMa. [IpuMepsr anroputMoB. Mammab! TriopuHra
(MT) u ux ocHoBusle cBoiicta. [Ipumepst MT. Hymepanus MT. Onepanyu vHang MT. [ousitae
HOpMaNbHOTO anroputMa MapkoBa. [Ipumepbl. MapkoBckue BBIYHMCIEHHS. DKBHBAJICHTHOCTH
onpenenaeHuil anroputMa no TeropuHry u Mapkosy.

[Mousitrie BerarcauMoct. [IpuMuTHBHO-pekypcuBHbIe QyHKIMK. Teznc Uépua.
ANTOpUTMUYECKH Hepa3permMble npoOIeMBbI: pacrno3HaBaHue MIPUMEHUMOCTH,
CaMONIPUMEHUMOCTH U TIEPEBOIUMOCTH.

ITpoGnema ToxaecTBa cloB B noiyrpynnax. Paszpemmmele ciaydau. [Ipumepsl. Hepaszpemmmocts
poOJIEeMbI TOXKIECTBA CJIOB B MOTYTPYIIIaXx.

S3biku n ux npeacrasieHue. I'pammartuku. Tunsl rpaMmmaTHK 10 XOMCKOMY U UX cBOKcTBA. CBSI3b
MamvH TeropuHTra ¥ rpamMmaruk tuna 0.

Koneunbsie aBTOMaThl. PerymspHeile MHOXecTBa U BbIpakeHUS. JleTepMHUHHMpPOBAaHHBIE U
HEeJIeTEPMUHUPOBAHHbBIE KOHEUHBIE aBTOMATHI.

OKBUBAJIEHTHOCTb KJIACCOB SI3BIKOB, OINPENEISAEMBIX KOHEUHBIMHA ABTOMAaTaMH, PETYJISPHBIMHU
BBIPQXEHUSIMU U TIPABOJIMHEIHBIMU T'PaMMaTHKAMHU.

JerepMuHUpoBaHHbIE MalllMHbl ThlOpUHTa U kiacc P. PekypcrBHBIE U pEKYPCUBHO MEPEUUCIUMbBIE
A3BIKH.

HenerepmunnpoBanHslie Berunciaenus u kiaace NP.

[lonmnnomuansHast cBoguMocTh u NP-monmble 3amaun. Teopema Kyka. Cemb ocHoBHBIX NP-
NOJHBIX 33734  (BBIIOJHUMOCTB, 3-BBIMOJIHUMOCTB, TPEXMEPHOE COYETaHHEe, BEPIINHHOE
MOKPBITHE, KJIMKA, TAMUJIBTOHOB IIMKJI, pazoueHue). Metonsl qokazaTenbcTBa NP-omTHOTEL
3amaun ¢ YHCIOBBIMH Tapamerpamu. [lceBmomonmHoMuanbpHass cBoaMMOCTh. CuimpHas NP-
MoJTHOTA (3a7]auu: yIopsioueHrue paboT BHYTPH MHTEPBAJIOB, MHOTOIPOIIECCOPHOE PACTIFICAHUE
0e3 npepbIBaHMi, KOMMHUBOSIKED, YIIAKOBKA B KOHTEHHEPHI).

IIceBnomonnHOMHaNbHBIE aNTOPUTMBI  (3a7adn: pa3OueHue, pPIOK3aK, MHOTOIMPOIIECCOPHOE
pacrincanue 6e3 mpepbIBaHU NP GUKCHPOBAHHOM YHCIIE IPOIIECCOPOB, YIIAKOBKA B KOHTEHHEPHI
npu GUKCUPOBAHHOM YHCIIE KOHTEHHEPOB).

CBoaumocts 1o Trropuary u NP-tpynusie 3amaun (3agava K-e mo mopsiaky MHoOxkecTBO). NP-
SKBUBAJICHTHbIE 3a7aul (ONTUMHU3AILIMOHHbIE BapuUaHTbl CEMHM OCHOBHBIX NP-TONHBIX 3anad,
ONTUMM3ALUOHHA 3a/]aua KOMMUBOSIKEPA).

ANTOPUTMBI COPTUPOBKH U HX CIIOKHOCT.



29. Mara3suHHble aBTOMaThl. KOHTEKCTHO-CBOOOIHBIE TPaMMAaTHKM M aABTOMAThl C Mara3MHHOMN
aMATHIO. JleTepMUHUPOBAaHHbIE M HEIETEPMUHUPOBAHHBIEC Mara3uHHBIC aBTOMATHI.

Jlureparypa

1. XKypasnes F0.U., ®nepos 10.A. duckpernsrii ananmuz. Y. 1: Yuebnoe nmocodbue. — M.: MOTH,
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O.B. JlymanoBa. — T. 1. — M.: Hayka, 1974.

3. Slononckuit C.B. Beenenue B iuckpetHyto mareMaTuky. — M.: Hayka, 1979.

4. Crenmu P. IlepeuncnurensHas koMOnHaTOpuka. — M.: Mup, 1990.

5. I'paxem P., Kuyt M., [Tatamank O. Konkpernas matrematuka. OcHoBaHUEe WHPOPMATHKH. — M.
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8. Ywicon P. [Ixx. Beenenue B Teopuro rpados. — M.: Mup, 1977.
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12. Kocrpukun A.U. Beenenne B anredpy. M.: Hayka, 1977.

13. Ban-nep-Bapnen b.JI. Anre6pa. M.: Hayxka, 1976.

14. Mennenbcon O. Beenenue B MaTeMaTHyecKyro jJoruky. M.: Hayka, 1984.

15. Tpaxtenbepr B.A. Anroput™mel 1 BeIYHCIHTENbHBIE aBTOMaThl. M.: CoB. Paano, 1974.

16. Pomxepc X. Teopust pekypcuBHBIX QpyHKINH 1 3 (heKTHBHAS BEIIUCIUMOCTE. M.: Mup, 1972.

17. Hanamumutpuy X., Craiirmun K. KomOunatopHast ontumMu3anys. AITOPUTMBI U CIIOKHOCTh. M.:
Mup, 1985.

18. JI. JloBac, M. Ilmammep. llpuknagnapie 3amaum Teopuu rpacdoB. Teopus mapocodeTaHWii B
MaTtemaruke, ¢pusuke, xumuu. M.: Mup, 1998.

19. Kopwmen T., Jle#izepcon Y., Puect P. Anroputmsl. [Toctpoenne u ananu3. M.: MITHMO, 1999.

4.3. OcHOBBI NPOrPAMMHPOBAHUSI.

1. CrpykTypbl HaHHBIX: CTEK, OdYepeilb, O4Yepelb C IPUOPUTETAMH, JIEKH, OJHOCBS3HBIE CITUCKH,
JIBYCBSI3HBIE CITUCKH, Ky4a, OWHApHOE JIEPEeBO, IEKAPTOBO JAEPEBO, XOUI-TA0IHUIIbI, TBOWYHBIN KOHTEHHED
(Range Minimum Query, RMQ, onmcanue W TpuMepbl TNpPUMEHEHHS), CYQQHUKCHBIH MAaccus,
cyhduKCHBIN aBTOMAT, IEPEBO OTPE3KOB, JiepeBo DeHBHKa, KpACHO-UYEPHOE IEPEBO.

2. SI3pik mporpammupoBanuss C++: Openporeccop, BETBICHHsS, IHKIBI, (YHKIWH, MAacCHBBI,
apuMeTrKa ykaszaTeneHd, peKypcus, CTpYKTypbl, 00beanHeHHs (union), crannaptHas 6ubnmnorexa C,
oubmmorexa STL, boost.

3. S3bIK TIporpaMMHUpOBaHMs Java: BHpPTyalbHas MalldHa Java, yhnpabjeHHEe NaMsThio, Nepeaada
MPUMUTHBHBIX TUTIOB B (YHKIIUH, Tlepe/iada CChUIOYHBIX THUIOB B (DYHKIMH, TpoOJieMa M3MEHEHHUs
CCBUIKH BHYTPH ITOJAMTPOTPAMMBI, CTATHYECKHE HHHIIMAIN3ATOPEI, YIaJCeHUE HEUCIIOIh3YEMbIX 00hEKTOB
u Metoj finalize, npobiemMa 1eCTPyKTOPOB IS CIIOKHO YCTPOCHHBIX 00BEKTOB, COOpKa Mycopa

4. Apxurekrypa DBM: Bumsl apxurextypa IBM (I"apBapckast, pon HelimaHoBckast), Habop KOMaH/I
mporeccopa (CISC, RISC, VLIW), kam1 u yckopeHue paboThl ¢ €ro UCIOJIb30BAHUEM, COTJIAIICHUS O
BBI30BE, IPEJCTABICHUE IENIBIX YKMCEIN, JOTMONHUTENBHBIA KOJI, TIPE/ICTABICHIE YUCEN C TUIABAOIICH
TOYKOI, SI3BIK acceMOIiepa, peBepc-HHKUHUPHHT, CPEJICTBA OTIAJIKKA U UHCTPYMEHTHpoBaHus (valgrind,
AddressSanitizer, strace, gdb), crarnuyeckue U fMHAMUYECKHE OMOIMOTEKH.

5. OrmepanuoHHBIE CHCTEMBI: KITaCCH(UKAIHUS OIEPAIMOHHBIX CHCTEM, OIEPAIIMOHHBIC CHCTEMBI
peabHOr0 BpeMEHH, TOHSTHE Ipoliecca, BUJIbI NMPOIEccoB, (aibl, cTpyKTypa (aiaoBOi CHCTEMBI,
yIpaBJieHHE MaMAThIO (OIMHOYHOE pactpe/ielieHre, CTPaHHYHOE, CETMEHTHOE, CETMEHTHO- CTPAaHHYHOE,
CBOIIMHT), B3amMmojelcTBue mnporeccoB, IPC (mmalrbl, CUTHAIBI, OYEPEOU COOOIICHHH, COKETHI,
cema(opsl, pazzensemMas NaMsTh), I0Ib30BAaTEIN U IPYIIIbl, MAaHIATHOE YIPABICHUE TOCTYIIOM, BUIbI
BUPTYyaJIU3aLUU.

6. OObBEKTHO-OPUEHTUPOBAHHOE TPOrPAMMHUPOBAHKE: MOHATHE OOBEKTA W Kiacca OOBEKTOB,



MHKAICYJISLM, Haclel0BaHue, MOJUMOP(U3M, KOHCTPYKTOP, NECTPYKTOP, LI1a0JIOHbI, UCKITIOUEHUS U
ux oOpaboTKa.

7. BoblumcnHTENbHAS MAaTEMaTHKa: IOTPEIIHOCTh BBIYMCICHHUS, W3MCHCHHE MOTPEIIHOCTH IIPU
apu(METHYECKUX OINEpalysIX, METOAbl YMEHBIICHHsS MOIPEIIHOCTH IPHU BBIYMCICHUAX, METOX
HeroToHa, moOHATHE O pacuy€THOM CeTKe, TEpHAapHBIA MOUCK, MeTon I'aycca, nuHelHOe
IIPOTpaMMUpPOBaHKE, ObICTPOE BO3BEIEHHUE B CTENEHb, JIMHHAS U MOIYJIsIpHast apudMeTnka, ObIcTpoe
YMHO)XEHHE TIOJINHOMOB, Pa3peXeHHOE MIPEICTaBICHNE MaTpHLl, OBICTPOE YMHOKEHHE MaTPUL], METO.
Tpamnenuii, IOHITHE BBIYNCIUTEILHOIO SKCIICPUMEHTA.

8. IlaparenbHOE NMPOrpaMMHUPOBAHUE: CYyNEpPCKAApHAs apXUTeKTypa, apxutektypsl SISD, SIMD,
MIMD, nepenaua coobmenuii (mpi), pabora ¢ obmel namsaTeio (openMP), pacnapannenuBanue Ha
rpadpuueckux yckopureisix (CUDA, OpenMP), nonsitie B3aumuoit 6oxuposku (deadlock).

9. Ceru: mozens ISO/OSI, nporokon IPv4 (moustue IP-ampeca, Macku mojaceT), MpoTokoi IPv6,
crcTeMHBIC BBI30BHI [yt nozepxkku cetd B OC (socket, bind, listen, access, connect, read, write, send,
recv...), mpotokoisl TCP u UDP, cepuanuzanus / necepuanusaius, ocCHOBBI sizbika HTML, ocHOBHBIC
TETH, CUCTEMA JOMEHHBIX UMEH, NOHATHE JaTEHTHOCTU ceTh, RTT, yaan€HHpIil BEI30B IPOUEAYD.

10. KommbrotepHas rpaduka: npejacraBieHne nseta B 9BM, rpadudeckue (popmathl, BEKTOPHbIE U
pacTpoBsie GopMaThl, MPOEKIMH, METO MapIIUPYIONINX KyOWKoB, ObicTpoe TipeoOpa3oBanmne Dyphbe,
C)KaTHe AaHHBIX C IOTEpPEH KauecTna.

11. WckyccTBeHHBI WHTEIUICKT: MAIIMHHOE OOy4YeHHe, MOHATHE O0ydaromied U KOHTPOJIBHOM
BEIOOPOK, HEHpoceTH, 3 3aK0HA POOOTOTEXHUKH.

12. Merons! ananm3a W pacrio3HaBaHWS JAHHBIX: 3a/ada PAclO3HABAHMS, 3a[a4a KIaCCU(PUKAIWH,
MOHATHE OLIMOOK IIEPBOTO U BTOPOTO POAA.

13. Teopust rpadoB: BepmmHbL, péOpa, MaTpulia CMEKHOCTH, MATpPHIA HHIMACHTHOCTH, JICPEBO,
¢dhopmyna Kamm (4uciio oCTOBHBIX NIepeBbEB B MOMHOM rpade), 00xox B rimyOuHy, 00X01 B HINPUHY,
MOTOK B rpade, MapIIpyThl, [EMH, [MUKIBL, DWIEpPoB MyTh, | aMUIBTOHOB IyTh, anroputMbl droiina,
Heiixctper, Kpyckana, luanna, 1ByaoiabpHbIe Tpadbl, MTapocodeTaHusl, IUIAHAPHOCTH rpada.

14. baser nmanHbIX: Kiaccudukanus bJ[ MO MOmeNM JaHHBIX, PENALMOHHAS TEOPHs, ATPHOYTHI,
KOPTEXH, TOMEHbI, OTHOILICHNUSI, IEPBUYHBIE W BHEUIHUE KJIIOYH, HOPMAaIbHBIE ()OPMBI, PEIISIIIMOHHBIC
OTIepalluy, arperaTsl, IPYNIHPOBKH, aHAIUTHYeCKHe PyHKIMH, pruzndeckoe ycTpoicTBo BJI (cTpanuiist
naHHbIX ), ocHOBHI si3bika SQL (3anpocst SELECT, INSERT, UPDATE).

15. Paspabotka 10 u ympaBieHue MpoeKTaMu: aBToMaTtu3anus cOopku mporpamm (yrunura Make),
MOHATHE TEXHUYECKOTO 3a/aHMsl, IPUHLUIIBI TECTUPOBAaHUS, Kiaccuukauus aedexros, pazpadboTka,
opueHtupoBanHass Ha Tecthl (Test-driven-development), cucrembl KOHTpOJst Bepcuii (Cvs, svn,
mercurial, git), cucTeMbl yNpaBJICHUS Kaue€CTBOM, METOABI CTPYKTYPHOTO HMPOECKTUPOBaHHS (BHIbI
METOOB: CBEPXY-BHM3, CHU3Y-BBEPX, UTEPATUBHBIE, MOLYIbHOCTh, IPUHIIMIIBI PA3eIeHNs] CHCTEMBI Ha
MOJYJIM, METPHKH KauyecTBa MOIYJIBHOW CTPYKTYPBI, METO/ MOCTENEHHOI'O YTOYHEHUS, CTPYKTYPHBIE
nuarpammel (STD), nuarpammsl nmorokoB nanabix (DFD), MeTon cTpyKTypHOTO mporpaMMHpOBaHMS
Jlxekcona (JSP)).

16. UudopmanmonHas 6e30MACHOCTh: MOHATHS YS3BUMOCTH W 3KCIuiouTa, "dépHbie" u "Gebie"
XaKepbl, 3aKOHOJNATENCTBO B 00NacTh HMHQOPMAIIMOHHOW  OE30MacHOCTH, CHMMETpPHYHAS
Kpunrorpadusi, acMMMETpHYHas Kpuntorpadus, KpPUTEPUU TPOCTOTHI, CBS3b IMPOCTHIX YHCENT U
Kpunrorpaduu, TeHepanus CIyYyailHbIX YHWCel, ClydyailHble W IICeBJOCTyYallHble YHCIa,
BOCIPON3BOIMMOCTb, TIEpEHoNHeHNE Oydepa, epernoIHeHNe CTeKa, BHIITOIHEHHE TPOM3BOJIEHOTO KOJa
Ha cTOpoHe cepsepa, SQL-UHBEKIUH, aTaku Ha OECIIPOBOIHBIC CETH.

17. BobrumciurenbHasi TEOMETPHUS: MOHSTHE TOYKU U BEKTOPa, COOTBETCTBYIOIINE CTPYKTYPhI JaHHBIX,
CKaISIPHOE TIPOM3BEJICHUE BEKTOPOB, BEKTOPHOE IPOU3BEJICHUE, OPUEHTUPOBAHHAS IUIOMIAb
TPEYTroJIbHUKA. TUTOMIAAb IPOU3BOIEHOTO IPOCTOTO MHOTOYTOJIPHHKA, PEANKAT ''TI0 9acoOBOM cTpemnke",
TECT OTPE3KOB Ha repeceueHne 0e3 BEIYUCIICHHS TOUKH ITePeCceUeHUs], PACCTOSIHUS OT TOUKH JIO TIPSIMOH,
OT TOYKH JI0 OTPE3Ka, HAXOXKJICHHE TOYKH TIepecedeHus ABYX MPSMBIX, HOPMaJIbHOE YpaBHEHHE MPSIMOH,
nepecedeHne OKPYKHOCTH M MIPSIMOM, TIepecedeHre IBYX OKPYKHOCTEH.



5.

CucTeMHBII aHAJIN3 B JKOHOMHKE U YIIPABJICHUH

O061acTs IPUMEHEHUS

JaHHBIN pa3zen npegHa3HayeH IS CIeIYHIIHUX CleluaTu3aAnmii:

Ipuknaonas sxonomuxa (kagedpa Ananuza u npoecHoO3UPOBAHUL HAYUOHATILHOU IKOHOMUKU),
Cucmemmnvie ucciedosanus (kagpeopa CucmemHvix UCcie008aHUlL);

Teopus ynpasenenus, KubepHemuxa u UCCIe008aHUsl onepayuil (kageopa Aumarusa cucmem u
pewenuti, kagedpa Mamemamuuecko2o MOOCTUPOBAHUSL CLONCHBIX CUCTEM U ONMUMUZAYUL).

Cnncok BONpocos

5.1.

Maremarudyeckuii aHaau3, au¢@epeHIHAIbHbICe YPABHEHUsA, TeOpUsa (YHKIUI

KOMILIEKCHOI'O IEPEMEHHOT0.

1.

n

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Huddepennupyemocts (QyHKIMM HECKOJIBKUX TEpPEeMEHHBIX. HeoOXoAuMble YCIOBHA H
JOCTaTOYHBIE YCIIoBHS AuddepeHnupyeMocTy.

Teopema o HeIBHOHN (YHKINH, 33/IaHHON OJTHAIM ypaBHEHHEM.

JlokanbHBIA SKCTpeMyM (YHKIUHM HECKOJIbKMX IepeMeHHbIX. HeoOxomnmble ycnoBus Hu
JIOCTaTOYHBIE YCIOBUA JOKAJIBHOTO IKCTPEMYyMa.

VYcnoBHBI 3KcTpeMyM (YHKIMH HECKOJNBKHX TMepeMeHHBIX. Meron MHOxuTeneil Jlarpamka,
HEOOXOIUMBIE U JOCTATOYHBIE YCIOBHSI YCIOBHOTO IKCTPEMYMA.

HecobGcTBennsblii nHTErpan. AGComoTHas U YCIOBHas cxonuMocTb. Kpurepuit Komm, npusnaku
CpaBHEHHMS U MpHU3HAK J{MpHXJie CXOJMMOCTH HECOOCTBEHHOT'O HHTETpaIa.

Uwucnosble psaasl. AOCOMOTHAS U yCIIOBHAs cxonuMocTh. Kpurepuit Ko, npusHaku cpaBHEHS,
WHTETpAbHBIN MPU3HAK, Npu3Haky JleiioHunna u J{upuxiie cXoAuMOCTH YUCIOBBIX PSAOB.
®yHKUMOHANBHBIE psibl. PaBHOMepHas cxonumocts. Kpurepuii Komu, npusnaku Beliepmtpacca
u Jlupuxie paBHOMEPHON CXOJUMOCTH.

Crenennsle psiapl. Pannyc cxomumocty, popmyna Komm-Anamapa. Psn Teiinopa. Paznoxenue
aJIeMEeHTapHbBIX QYHKIMA B psia Teiinopa.

Teopema Pumana 06 ocunmisituu. Tpuronomerpudeckuit pag @ypoe. Y caoBUsS CXOAUMOCTH psijia
®yphe B TOUKE. Y CIIOBUS pABHOMEPHOU CXOAUMOCTH psiia Dypbe.

[IpeoOpazosanue Oypre aOCOTIOTHO HHTErPUPYEMOit (YHKIMH U ero cBoiicTBa. [IpeoOpa3oBanue
®Oypbe IpOU3BOAHOM U MPOM3BOIHAS ITpeobpa3oBaHust Oypbe.

Teopema Beliepmrpacca 0 NpUOIMKEHUH HENPEPHIBHOM (QYHKIMHM TPUTOHOMETPHUYECKHMU H
anreOpanyeckuMu MHorowieHaMu. [1onHbIe cucTeMbl B HOPMHUPOBAHHBIX IIPOCTPAHCTBAX.
OObikHOBeHHBIE A depeHnanbiple ypaBHeHUs. MeToa pasziesieHus] MepeMeHHBIX. MeToIbl
MOHIKEHUS TIOPSAJIKa ypaBHEHM I, METOJ] BBEACHH ITapaMeTpa.

Jluneiinple OOBIKHOBEHHBbIE AM(BdepeHIHaNbHbIE YPaBHEHHS M CHCTEMbl YpaBHEHHH ¢
MOCTOSIHHBIMH KO3 puiimenTaMu. MeToJIbl X pelieHHsI.

Jluneiinple OOBIKHOBEeHHbIE AuddepeHanbHbIe YpaBHEHHS W CHCTEMbBl YpaBHEHHH ¢
nepeMeHHbBIMU  KO3(pdunuentamu. @DyHnameHTanbHas cucTeMa petieHui. OnpeaenuTenb
Bponckoro u gpopmyna Jinysuuis-Octporpajackoro. MeToJ| Bapraliy MOCTOSIHHBIX.
IIpocTeiimmas 3agada BapyuarlmOHHOTO MCUMCICHUS. YpaBHEeHHE Dittepa. Heobxomumoe ycimoBue
€11a00ro JIOKaJIbHOTO SKCTpEMyMa.

[lonoxenne  paBHOBECHsS  aBTOHOMHOH  cucteMbl  Au(¢epeHIHanbHBIX  ypaBHEHHUH.
Krnaccugukanusi monokeHuid paBHOBECHUS JIHMHEHHBIX aBTOHOMHBIX CHCTEM BTOPOTO TOPSIKA.
Y CTONYMBOCTE 1 aCHMITOTHYECKAS YCTOMYNBOCTD MOJIOKEHUS PAaBHOBECHSL.

[lepBble uHTErpagsl ABTOHOMHON cHUCTEMBI TU(QepeHIranbHbIX ypaBHeHHHA. Teopema o yucie
HE3aBHCUMBIX TIEpPBbIX HHTErpajioB. JluueitHple nuddepeHnManbHble YpaBHEHHS B YaCTHBIX
MPOU3BOJIHEIX, 00IIee pereHue u 3a1a4a Komm.

Perynsapuble GyHKIMN KOMILIEKCHOTO nepeMenHoro. Materpanshas gopmyna Kommu. ®dyHkuunwy,
peryssipHbsle B Koible. Psaa Jlopana.

Brruet B m3ommupoBaHHON 0c000# TOUKe. BEIarcieHre HHTErpaioB P IIOMOIIN BEIYETOB. JleMMa
Kopnana.

PerynspHele BETBH MHOTO3HAYHBIX KOMIUIEKCHBIX (GYHKIWMI VZ 1 Ln(z) ¥ UX NpUMeHEHHe st
BBIUMCIIEHUS UHTETPAJIOB.



21.

Koudopmubie oToOpaxenus. JpoOHo-nmuHEHHOE OTOOpakeHWE U €ro cBoiicTBa. DyHKIHUA
’KykoBckoro u €€ cBoMCTBa.

Jlureparypa

1. JL J. Kynpssres. KpaTkuit Kypc MaTeMaTH4eCKOTO aHaJIH3a.

2. C. M. Huxonbckuii. Kypc MmaremaTnieckoro aHamumsa.

3. A. M. Tep-Kpuxopos, M. 1. llIabynun. Kypc MaTemMaTHuecKoro ananmsa.

4. T.H. fIxosnes. JIekiuu Mo MaTeMaTHYECKOMY aHAU3Y.

5. T.E. UBanos. Jlexiun mo MareMaTHYECKOMY aHAIU3Y.

6. O. B. becos. Jlekiuu nmo MmareMaTH4eCKOMY aHAIIU3Y.

7. A.1O. [lerpoBuy. JIekuuu 1o MaTeMaTHUECKOMY aHAJIH3Y.

8. JI. C. ITouTpsrun. OObIKHOBEHHbBIE TU(PepeHINATLHBIE YPABHCHHUSI.

9. B.B. Crenanos. Kypc nuddepennuanbHbIx ypaBHSHHH.

10. M. B. ®enoprok. OObIKHOBEHHBIE TU(epeHInaTbHbIE YPABHEHNUS.

11. E. C. llonoBunkuH. Kypc neknuii o Teopunt pyHKITNH KOMITIEKCHOTO TIEPEMEHHOTO.

12. M. W. llla6ynuH, FO. B. Cumopos. Teopust pyHKIHNH KOMILIEKCHOTO TEPEMEHHOTO.

5.2.  BbinykJblii aHAIU3, MATEMAaTH4YeCKHE MOJeIU B IKOHOMHUKe.

1. Omnpenenenve W TONOJOIMYECKHE CBOMCTBA BBIMYKIBIX MHOXeCTB. Omnepamnusi ¢ BBIIYKIBIMH
MHOECTBaMH.

2. Bemykisie komOuHamn. Teopemsl Kapareomopu, Pamona, Xemmm.

3. Teopemsl OTAETUMOCTH.

4. OmnopHble GYHKIUH U UX CBOICTBA.

5. Bremykisle GyHKIUH U BX cBoiicTBa. Kputepuii BeimykiocT quddepeHuupyeMoi GyHKINH.

6. IlpeobpazoBanme Jlexxanapa — FOura — @enxens. Teopema Oenxenst — Mopo.

7. CyOmuddepeHnnan BoITyKIOW GYHKIUHN U €0 CBA3b C IPOU3BOJHON 10 HATPABICHHIO.

8. Teopema Mopo-Pokademiapa. Teopema J[lyOomuiikoro —MwiuTioHa o cyOaudepeHiaie
MaKCHUMYyMa.

9. Teopema Kyna-Takkepa [uis 33124 BBITYKJIOTO IIPOTPAMMHUPOBAHUSI.

10. Teopema IBOWCTBEHHOCTH LIS 3aja4d TMHEHHOT'O IPOTPaMMHUPOBAHHSL.

11. 3amaun BapUAIMOHHOTO MCYMCICHHUS. YpaBHeHHe Oiinepa. IlepBble MHTerpanbl ypaBHEHHS
Oiinepa. VYcnoBusi Beilepmirpacca, Jlexanapa u  Skobu. VYpaBHenue Skobu. VYciosus
Beliepmtpacca—Opamana.

12. 3apmaum ontuManbHoro yrpasieHus. [Ipuniun makcumyma [loHTpsiTHHA.

13. Mogens mexotpacneBoro Oamanca B.B. JleonteeBa. IlpomykrtmBrBIE Matpuiel. Kpurepun
MPOJTYKTHBHOCTH.

14. HeorpunatenbHasi oOpatumocth MaTpuiipl (XE-A) U ee cBs3b ¢ MPOAYKTUBHOCTBIO. Teopema o
PAasJIoKEHUH PE30JIbBEHTEI.

15. Teopema @pobennyca-Ileppona. OneHka TeMIoOB cOaTaHCUPOBAHHOTO SKOHOMHYECKOTO POCTA.
CeoiicTra unciia @podenunyca-Ileppona.

16. Hepaznoxumslie matpuibl. CBoiicTBa yncia @podennyca-lIleppona Hepa3noKMMON MaTPHULIBL.

17. Teopema 00 ycToW4MBBIX MaTpuiax. Teopema MOpPHIIMMBI MarucTpajd. OKOHOMHYECKas
uHTepIperaius Bekropa Opodenuyca - [leppona.

18. Mogens Kokca-Pocca-Pyounmreiina. OnieHka CTOMMOCTH OIIIHOHA.

19. Teopema bpayapa.

20. ToueuHO-MHOXKECTBEHHBIE OTOOpaXEHUS! M HMX CBOICTBA (3aMKHYTOCTb, MOJYHETPEPHIBHOCTH
cBepxy u cHu3y). Teopema Kakyrann.

21. Jlemma I'etina-Huxkaiino-JleOpe.

22. Urpel B HopMmanibHOM ¢opme. Tlonstus paBHoBecuss nmo Hamy m ontumansHoctu no [lapero.
[Ipumeps! urp: «auIeMMa 3aKIIF0YSHHOT0Y», «CEMEHHBIN CIIOpY», «9eT-HeueT».

23. Pasnosecue o Illtakkens0epry. Cmemannbie ctparerud. Teopema pon Heiimana o paBHOBecHH
B CMELIAHHBIX CTPATETHSIX B MAaTPUIHOM UTPeE.

24. Teopema Hoaima. Moaens onurononuu KypHo.

25. Mogenb Dppoy-Iedpe. KoHKypeHTHOE paBHOBECHE U 3aKOH Banmbpaca. Mogudukaius ¢yHKIHA

Ccrpoca u MpPCHJIOKCHUSA. CBe,Z[eHI/IC BOIIpOCa O CYHICCTBOBAHUH KOHKYPCHTHOI'O PABHOBECHUSA K



BapUaIlIOHHOMY HEpPaBEHCTBY. 3aMKHYTOCTh OTOOpa)XCHWU cripoca W mpeiokeHus. Teopema
Oppoy-Lebpe.

26. IlepBas u BTOpasi TEOPEMBI TEOPHH OJIArOCOCTOSIHUSI.
Jlutreparypa

1. Marapun-Uneses I'.I"., Tuxomupos B.M. Beimmykuerit ananus u ero npmiokenus. M.: Equropuan
VYPCC, 2003, 174 c.

2. ApytionoB A.B., Marapun-Unesies ['.I'., TuxomupoB B.M. Ilpunuunmakcumyma [loHTpsaruHa.
JoxazarenscTBo U npuioxkenus. M.: ®akropuan [Ipecc, 2006, 144 c.

3. Huxkaiino X. Beimykiible CTPYKTYpBI 1 MaTeMaTHdeckas 3koHomuka. M.: Mup, 1972, 518c.

4. Ammanos C.A. BeejeHue B MaTeMaTH4eCKYI0 SKOHOMUKY. M.: Hayka, 1984, 294c.

5. Oxmang M. DimeMeHTH MaTeMaTHIecKol SKOHOMHUKH. M.: Mup, 1983, 248c.

6. Mynen D. Teopus urp ¢ mpuMepamMmu U3 MaTeMaTnIeckoi skoHoMuKH. M.: Mup, 1985, 200c.

7. O06en X.-I1. HenuHeiHbIi aHaIM3 ¥ €0 SKOHOMHUYECKUE npuiioxerus. M.: Mup, 1988, 264c.

8. Mapmann A., Onkun U. HepaBeHCTBa, TeOpHsi MaKOpH3aKU U ee mpuwiokeHus. M.: Mup, 1983,
574c.

9. MenpaukoB A.B. CroxacTudecknil aHau3 M pacudeT MPOWU3BOAHBIX IeHHBIX Oymar. M.: TBII,

6.

1997, 125c.

TexH0J0rnMU HCKYCCTBEHHOI'0 HHTEJJIEKTA

O06iacTe IPUMEHEHUS

JlaHHBIA pa3nen mpepHa3sHavyeH crnenuaan3anuu «MeToasl 1 TEXHOJIOTHH MCKYCCTBEHHOTO MHTEIUICKTa
(Hay4HO 00pa30BaTENbHBIN IEHTP KOTHUTHBHOTO MOJICITHPOBAHHS).

Cnmcok BOIIPOCOB:

6.1. OcHOBBI aHAJHN3a TAHHBIX

1. OcHoBHBIE TOHATHS MamKHHOTO OOy4YeHus. OCHOBHBIE TIOCTAaHOBKH 3amad. [Ipumepsl
MIPUKJIATHBIX 3a/1a4.

2. Jluneitnble npocTpancTBa. Bektopsl u MaTpuisl. JIlnneitnas HezapucuMocTh. OOpaTHast MaTpUIIA.

3. IlpowsBoanas u rpaaueHT QyHKIUU. ['pagueHTHEIH ciiyck. Beimykibie GyHKITHN.

4. Cryuaiinble BeTHYuHbL. J{UCKpEeTHBIE U HENpePhIBHBIC pacipeneneHus. [Ipumepsr.

5. OueHuBaHue mapaMeTpOB  paCHpeAeieHUil, MeToJ] MaKCUMaIbHOTO  MPaBIOMOIO0MS.
ByrcTpannuHr.

6. JluneitHple MeTONBI KIacCU(UKALINN U perpeccui: (pyHKIIMOHAIBI KaueCTBa, METO/IBI HACTPOUKH,
0CcOOEHHOCTH IPUMECHEHHUSI.

7. MeTtpuku KauecTBa alTOPUTM PErPECCHU U KIacCU(PHUKAIINH.

8. OuenuBanue kxauectBa anropuTMoB. OTiokeHHass BbIOOpKa, ee HedocTaTku. OLEHKa MOJTHOTO
cKoJp3siero koutpods. Kpocc-panuaamnus. Leave-one-out.

9. JlepeBbs penieHuii. MeToJIpl MOCTPOEHHUS AepeBbeB. VX perynspusanusi.

10. Kommoszuiun anroputMoB. Paznoskenue omuOku Ha cMEIeHne U pa3opoc.

11. CnyyaiiHelid jec, ero OCOOCHHOCTH. MeToabl TOMCKa BBIOPOCOB B JIaHHBIX. MeETOBI
BOCCTaHOBJICHUS ITPOITYCKOB B JIaHHBIX. PaboTa ¢ HecOalaHCHPOBaHHBIMH BLIOOPKAMH.

12. HeiipoHHbIe ceTH: MeprenTpOH, MHOTOCIOWHBINA MEPUENTPOH. ABTO3HKOAEPH U PEKYPPECHTHBIE
HEHpPOHHBIE CETH.

13. 3amaua xknactepusaruu. AnroputM K-Means. OIeHKH KadecTBa KIaCTEPU3AIIHH.

Jlutepatypa

1. K.B. Boposmos. MamrHaHaoe oOy4eHue, KypC  JEKIIMH.

http://www.machinelearning.ru/wiki/index.php?title=%D0%9C%D0%B0%D1%88%D0%B
8%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%
B5%D0%BD%D0%B8%D0%B5_%28%D0%BA%D1%83%D1%80%D1%81_%D0%BB


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

%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;

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);

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

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

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://www.springer.com/gp/book/9781852338961).

6.2. Teopusi ynpaBjeHusl M IKCIIEPTHbIE CUCTEMbI

1. CoOcTBeHHBIE YKCITa U COOCTBEHHBIE BEKTOPHI MATPHII.

2. Ksamparuunsie ¢opmbel. CBoiicTBa TOJOKHUTENBFHO TOJIYOINPENEeNCHHBIX M TOJIOKUTEIHHO
oTpezieIeHHBIX MaTpPHII.

3. Teopema o cymecTBOBaHMM W EOUHCTBEHHOCTH pelleHus 3agaun Komwm Ui cucTembl
OOBIKHOBEHHBIX TU(PPepEeHINATLHBIX YPAaBHEHUH.

4. YcroiunBOCTh 10 JIAMyHOBY TUHAMUYECKUX CUCTEM.

5. Jloruka wucuMcieHUs NPEeIUKaTOB IEpBOro mnopsaka. [aiTe ompemereHus MHOHATUSAM TEPM,
npeaukar, ¢opmyna. llepeuncinure OCHOBHBIE OTIAMYHUS JIOTMKM INPEIUKATOB OT JIOTMKH
BbICKa3bIBaHUH. CHHTaKCUC U CEMaHTHKa A3bIKa epBoro nopsaka. [Ipumepsr.

6. IlpeobpazoBanmne Dypoe. [lonsTre o mpsmMoMm u obpaTHOM mpeoOpazoBannu Dypre. CBoICTBa
npeoOpazoBanus Oypre.

7. BeiiBner-npeoOpa3oBaHne M aHANW3 BPEMEHHBIX psioB. HenpepbIBHOE, TUCKPETHOE U OBICTpOE
BelBieT-ipeoOpa3zoBanus. OCHOBHBIE TIOHATUS TEOPHM MPHUHATHS PELIEHHUH, 3a7ada MPUHATUSA
pewieHus1, npouecc npuHsATHsA pemieHus. CrocoObl OLIEHKH, CpaBHEHHMS M BBIOOpa BapuaHTa.
OnwcaHue MoX0/I0B K PEUICHHUIO 33,124 KOJUIEKTUBHOT'O BBIOODA.

8. Maremaruieckue MeTOJIbI B KCIIEPTHBIX cucTeMaX. OCHOBHBIE KOMITOHEHTHI OKCIIEPTHBIX CHCTEM.
Oransl pazpadotku. MHCTpyMeHTH! pa3paboTku. MHxeHnepus 3HaHUH.

Jluteparypa:

1. Ocwumos I'.C. MeTo/1I HCKYCCTBEHHOTO UHTEIUIEKTA. — 2-¢ u3nanue. — M.: DU3SMATIINUT, 2015.
—-296c.;

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

3. Kum JI.II. Teopus aBromarmuyeckoro ympaeneHus. T.1. Jluneitnple cucrembl. — M.:
OUBMATIINUT, 2003. — 288 c. ISBN 5-9221-0379-2. [T. 2. MHOromepHsle, HEIUHCHHBIC,
OIITMMAJIbHBIE U aJalITUBHEIE CUCTEMBI: YueO. rmocoodue. - M.: ®usmatiut, 2004. — 464 c. ISBN 5-
9221-0534-5];

4. Bepemarun H. K., [llens A. JIekuu mo MaTeMaTHIeCKON JIOTUKE ¥ TEOPUH aITOpUTMOB. YacTh 2.
S3biku 1 ucunciaeHus. — 4-e usn., ucrp. — M.: MITHMO, 2012;

5. Tlerposckuii A. b. Teopus npunsaTus pemwennii //M.: M3natensckuii nentp «Axagemus. — 2009. —

T. 209. - C. 400.


http://www.dataminingbook.info/pmwiki.php/Main/BookDownload)%3B
http://www.hse.ru/data/2010/10/14/1223126254/Mirkin_All.pdf)%3B
http://stanford.edu/~boyd/cvxbook/)%3B
http://www.ewi.tudelft.nl/index.php?id=50508
http://www.springer.com/gp/book/9781852338961)

7.

Teiimau3aiin

O06iacTe IPUMEHEHUS

Hannapiii pazmen mpenHasHadeH cmeuuaim3anuu «CoBpeMeHHBIH TeWMau3aitH» (meHTp oOydeHus
MIPOEKTUPOBAHMIO B pa3pabOTKE UTP).

Cnucok BONPOCOB:

7.1.

OcCHOBBI aHAJIN32 JAHHBIX

1. Kakwue BBl 3HaeTE )XaHPHI Urp? UTO paznudaet ux?

2. Kaxwue BbI 3HaeTe watdopmel urp? Kakue ocoOeHHOCTH CBOHCTBEHHBI HTPaM, CICTAaHHBIM
Ha pa3HbIX ardopmax?

3. Kakwue crienmansHOCTH y JIFOEH B KOMaHe, pa3padaTeiBatomieit urpbl? Onummre chepbl
OTBETCTBEHHOCTH, POJIH, U HABBIKH, HEOOXOUMBbIE B pa3pabOTKe UIp.

4. Yro takoe MoHeTn3anus? Kakue Bl 3HaeTe MOJEIN MOHETH3ALUN?

5. Yro Ttakoe kKoHIENT (KOHIENT-T10KyMeHT)? UTo B HEM ONUCHIBACTCS U KaK?

6. Uro Takoe muzaiH-mOoKyMeHT? UTo B HEM OmHCHIBaeTCA U Kak?

7. Uro takoe urposoii 6ananc? B yem ero 3amaun? [IpuBenure npumep U3 urp, B KOTOpbIC BB
UTpaH.

8. Uro Takoe certuHr? Kak oH onmchIBaeTCs? MPUBEIUTE IPUMEPHI N3BECTHBIX BAM CETTHHTOB
Y ONMILINTE OJUH U3 HUX.

9. Uro takoe urpoBas Mmexanuka? ONUIIKNTE MPUMEP U3 XOPOIIO 3HAKOMOW BaM UTPBHI.

10. KakuMu pa3HBIMH 3aladyaMy 3aHUMaeTCs reiiM-nu3aiinep? [IpuBeauTe npuMeps ¢
OIMCaHHEM HEOOXOANMBIX HaBBIKOB M 0053aHHOCTEH.

Jluteparypa

1. Scott Rogers. Level Up!: The Guide to Great Video Game Design, 2nd edition — Wiley,
2014.

2. Cxort Pomxep. HoBblit Yposens! PykoBoacto no refimaunzaiiny. — M.: BOMBOPA.

3. ¥Yroukun B., Caxuos K.. Xouy B retiMaes! OCHOBBI UTPOBOM pa3pabOTKH JIJIs

HaunHaonumx. — M.: BOMBOPA, 2021.



