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. HOACHUTEJIBHAS 3AIIMCKA

DK3aMeH SBJSICTCS MEKTUCIUIUIMHAPHBIM, TIPOBOJMUTCS B COOTBETCTBHH C
rpadukom yaeOHoro mporiecca. Llenms sx3aMeHa — mpoBepKa OBIAJICHHS BBITYCKHUKOM
OCHOBHBIX KOMIICTEHITHH, TPEOYEMBIX B MPO(HECCHOHATBHOM ACATEIILHOCTH.

DK3aMeH BKITIOYACT 33JIaHUS 110 CJICIYIOIIHM JTUCITUILTHHAM:

Anre0pa 1 TeoMeTpusl.

MaremaTuaecKkuii aHaIus3.

Teopurs BEpOATHOCTEN U MATEMATUYECKasi CTATUCTUKA
MeTo1b1 MpOrpaMMUPOBAHUS.

MaremaTrueckast JJOTUKa U TEOPHSI aJITOPUTMOB.
MeTop! MaIMHHOTO O0YYEHHUS

SOk wnkE

DK3aMEeH NMPOBOJUTCS B MUCBMEHHOU (opMe.

[Tpu HEOOXOAMMOCTH AOITYCKAETCS TPOBEICHUE TOCYIapCTBEHHOTO DK3aMEeHa
¢ npumenenneM D0 u JIOT B coorBerctBumM ¢ «llosoxkeHnem O MpoBEIECHHUU
rOCyJIapCTBEHHOM HWTOrOBOM aTTeCTallM 10 OCHOBHBIM 00pa30BaTelIbHBIM
nporpaMmam OakajaaBpuaTa, MarucTpaTypsl, crienuanurera B TBI'Y».

DK3aMEHAlIMOHHBIE 3aJaHHsl COCTABICHBI B COOTBETCTBUU C IIEPEUHEM
HEOOXOMMMBIX KoMmeTeHInil. Ha dK3aMeH BBIHOCSTCS IO 2 3aJaHUs 10 KaXXKIOH
JTVCLIUIUIMHE, BKJIIFOUEHHOW B UTOTOBBIN SK3aMeH. Bpems npoBeneHust sx3ameHa — 4
yaca.

OueHka pe3yiabTaTOB UTOTOBOTO TOCYJAPCTBEHHOTO 3K3aMEHa MPOBOAUTCS
Ha ocHoBe [lookeHus, yTBEPKIEHHOTO JeKaHOM (DaKyJIbTeTa.

JIsisi OOBEKTUBHOW OIIEHKU YPOBHSI OCBOCHUS KOMIIETEHIIMI BBIMYCKHUKA
TEMAaTHUKa SK3aMEHALMOHHBIX BOIPOCOB W 3aJaHUM SABJISAETCS KOMIUICKCHOU H
COOTBETCTBYET pa3jienaM YIeOHBIX ITUKIIOB.

Komnerenuun, ypoBeHb  cGOPMHMPOBAHHOCTM  KOTOpPBLIX  Oyaer
OLICHMBATHCH HA IK3aMEHe:

Koan
HANMEHOBAaHHE

KOMIICTCHIIMHU
OIIK-1  Cmocoben | OIIK-1.1 Ob6nanaer 6a30BbIMU 3HAHUSIMHU, ITOTYYEHHBIMU B 00JaCTH
NPUMEHSATH MaTeMaTHYeCKUX U (MJIM) ECTECTBEHHBIX HAYK
(pynramenranbHbIe
3HAHHUSA,
NnoJIy4eHHbIe B
o0JacTu
MaTeMATHYECKHUX M
(nJIM) ecTeCTBEHHBIX
HAYK, U
HCIO0JIb30BATh HMX B

I/IHIII/IKaTOpLI HOCTH)KCHHU A KOMIICTCHIINU B
COOTBETCTBHH C y‘lGﬁHbIM IJIAHOM

OIIK-1.2 Ucnons3yer 6a30BbIe 3HAHUS B 00JIACTH MAaTEMATHYECKHUX
U €CTECTBEHHBIX HAyK B MPO(PECCHOHAIBHOMN NESATEIHHOCTH, BHOCHUT
HEKOTOpbIE  KOPPEKTHBBI ~ TPH WX  HCIOJB30BAaHUM B
npohecCHOHATBEHON NeSTELHOCTH.




npogeccuonanbnoii | OIIK-1.3 TIpumenser u agantupyer QpyHIaMEHTaIbHBIC MOHATHS U

AeATeJIbHOCTH pe3ynbTaThl B 00JacCTH MAaTeMaTHYECKHMX M €CTECTBEHHBIX HayK K
peLIeHHIO 3a/1a4 TPOPECCUOHATTLHON 1EATEIIbHOCTH.

OIIK-2 Cnocoben | OIIK-2.1 3Haer cylecTBylOImME MaTEMaTUYECKHE METOIAbl M

HCII0JIL30BATH H | CUCTEMbI IPOTPAMMHUPOBAHUS

aJanTupoBaTh

CylIeCTBYIOLIHE OIIK-2.2 Mcnonp3yeT CyIIECTBYIOIMIME MATEMATHUYECKUE METOAbI U

MaTeMATHYeCKHEe CHCTEMBI TPOTPAaMMHUPOBAHUA JUIS pa3pabOTKH M pean3aluu

METOXbI M CHCTeMbr | &ITOPUTMOB PEIICHNS NIPUKIAHBIX 37134

NPOrPaMMHUPOBAHMI | e ) 3 Pa3zpabarbiBaeT ¥ peanu3yeT ajarOpUTMBbI PEIICHHs 3a1a4

s paspaboTku u npoeCCUOHATBHON JIEATEIBbHOCTH Ha OCHOBE TEOPETUYECKUX

peanu3anuu SHAHMI

AJITOPUTMOB

peueHust

NPURKJIAAHBIX 3a/1a4

OIIK-5 Cnocoben
pa3padéaTbiBaTh
aAJITOPUTMBbI u
KOMINbIOTEPHbIE
MpPOrpaMmbl,
NPUTOIHBIE
MPaKTHYECKOT0
NpUMeHeHHUsI.

AJIA

OIIK-5.1 JlemoHCTpUpyeT 3HaHHUS OCHOBHBIX IIOJIOKEHUH U
KOHIICTIIIMKA B 001aCTH MPOTPaMMUPOBAHUS.

OIIK-5.2 3HaeT apXUTEKTYpy A3BIKOB IPOrPaMMUPOBAHHSIL.
OIIK-5.3 CocraBiser nporpaMMsl.

OIIK-5.4 Co3naer uHbOpMaIMOHHBIE PECYPCHI TTI00ATBHBIX CETEH,
00pa30BaTeIbHOTO KOHTEHTA, CPEACTB TECTUPOBAHUS CUCTEM.

IIK-1 Cnocoden
KJIaccupuuupoBarb
"
HACHTH(PUIUPOBATH
3ajaum
HCKYCCTBEHHOI0
HHTEJJIeKTA,
BbIOMPATH
aJeKBaTHbIE
MeTOoAbl
HHCTPYMEHTAJIbHbIC
CPeICTBA peleHust
3aja4
HCKYCCTBEHHOI0
HHTE/ICKTA

I1K-1.2 BeiOupaeT MeTo1bl 1 UHCTPYMEHTAJIbHBIE CPEACTBA
MCKYCCTBEHHOI'O MHTEJIJIEKTA JJIsl PELICHUS 3a7a4 B 3aBUCHMOCTH OT
0COOEHHOCTEHN TPOOIEMHOM U MPEMETHON 00IacTei.

IIK-2 Cnocoden
pa3padarTbiBaTh U
TeCTUPOBATh
nporpamMMHble
KOMIIOHEHTBI
peuleHus 3a1a4 B

[1K-2.1 HactpauBaet mporpaMMHoe oOecrieyeHne U y4acTBYET B
pa3paboTKe IPOrpaMMHBIX KOMIIOHEHTOB CHCTEM UCKYCCTBEHHOT'O
WHTEIJIEKTA.




CHCTEMaX
HCKYCCTBCHHOI'0
HHTEJJIEKTA

IIK-3 Cnocobden
OCYHIECTBJISATH
KOHIENTYaJIbHOE
MO/eJIMpOBaHHue
npooJieMHOI
00J1aCTH H
NPOBOIUTH
dopmanuzanuio
npeacTaBJeHus
3HAHMI B cUCTeMax
HCKYCCTBEHHOTO
HHTE/IEKTa

I1K-3.1 Pa3pabaTpiBaeT KOHIIENTYaJbHYIO MOJACIb MPOOJIEMHON
00J1aCTH CUCTEMBI UCKYCCTBEHHOT'O MHTEILIEKTA.

IIK-4 Cnocoden
pa3pabéaTbiBaTh U
NPUMEHSATH MEeTO/bI
MAIIMHHOIO
o0yueHus 1Ji
peleHusi 3a1a4

I1K-4.1 ITpoBoauT aHanu3 TpeOOBAaHUM U OIpENEseT HEOOX0IUMBbIE
KJIacChl 33]1a4 MAllIMHHOTO O0Yy4YeHHsI.

I1K-4.2 Onpenensier METPUKHU OLIEHKU PE3yJIbTaTOB MOAEIUPOBAHUS
U KPUTEPUU KAauecTBa MOCTPOECHHBIX MOJEIEH.

[1K-4.3 IlpuHuMaeT yyacTue B OIIEHKE, BBIOOpE U MPHU
HEO0OXOIUMOCTHU Pa3pabOTKe METOI0B MAIIMHHOTO O0y4YEHUSI.

ITIK-5 Cnocoben
HCI0JIb30BAaTh
HHCTPYMEHTAJIbHbIE
cpeacTBa AJs
peuleHus 3aaa4
MAIIMHHOIO
o0yueHust

[1K-5.1 OcymiecTBisieT OLIEHKY U BEIOOp MHCTPYMEHTAIbHBIX
CPEJIICTB JJIsl PELIEeHUs TIOCTAaBICHHOMN 3aJauu.

[TK-5.2 Pa3zpabareIBaeT MOJeNIM MAIIMHHOTO O0yUYeHUSs st
peleHus 3a1a4.

I1K-5.3 Coznaet, moaaepKUBaeT U UCIOIb3YET CUCTEMBI
HCKYCCTBEHHOT'O MHTEIJIEKTA, BKIIOYAIOIIUE pa3paboTaHHbIE
MOJIEJIN U METO/Ibl, C IPUMEHEHHEM BBIOPAaHHBIX MHCTPYMEHTOB
MAaIIMHHOTO O0y4YeHUsl.

ITIK-7 Cnocoden
OCYLIECTBJIATH cOOp
U NMOATOTOBKY
JAHHBbIX QJIF CUCTEM
HCKYCCTBCHHOTO
HHTeJIeKTa

ITK-7.1 OcymiecTBiseT NOUCK JaHHBIX B OTKPBITHIX HCTOYHUKAX,
CHEeUaIN3UPOBAHHBIX OMOJINOTEKAX U PETIO3UTOPUSIX.

I1K-7.2 BeINOAHAET NOATOTOBKY U Pa3METKY CTPYKTYPUPOBAHHBIX U
HECTPYKTYPUPOBAHHBIX JAHHBIX JJIsI MAIIUHHOTO OOY4YEHHUS.




IToka3zaTenn u KPHUTECPUH ONCHUBAHUA KOMHeTeHHI/Iﬁ, INKAJbI OLICHUBAHUA
B kauecTBe pCIHéHHBIX 3aaa4 I10 KCJIIaHUIO o6yqa}omeroc51 MOI'yT OBITH

3a4TeHBI Pe3yIbTaThl ydacTus B DenepaabHOM HHTEPHET-9K3aMeHe B cepe
npodeccuonansaoro oopazopanus (OII10) unu DegepanbHOM UHTEPHET-
HK3aMeHe BhIMYCKHUKOB OakanaBpuara (PMOB) cornacHo ciemyronmm
KPUTEPHUSIM:

® 30JI0TOM CEPTU(PUKAT — YETHIPE MOJTHOCTHIO PEHIEHHBIC 3a/1a4K;
e cepeOpsHbIN cepTH(PUKAT — TPU MOJHOCTHIO PEIIEHHBIC 331a4H;
® OpOH30BBIN CepTUHUKAT — JIBE MOTHOCTHIO PEIIEHHBIE 3a]1a4H;
e cepTu(UKaT yUacTHUKA — OJIHA TIOJTHOCTHIO PeIIEHHAs 3aa4a.

YToOBI 3a4eCTh pe3yabTaThl YYaCTHs, 10 Ha4Yaja IPOLEIypPhl CAaun
roCyJapCTBEHHOI'0 3K3aMeHa 00y4aroInics TOJKEH MOAaTh 3asBJICHUE B
NUCHbMEHHOMU (hopMe Ha UMsI pyKOBOJUTEIIS OCHOBHOM 00pa3oBaTeIbHON
MPOrpaMMBbI € MIPUIIOKEHUEM KOIIUU CEPTU(UKATA.

PesynpTaT pemeHus Kaxaou 3a1a4M OllCHUBAeTCs OajuiaMu B IMana3oHe OT
0 1o 1 ¢ nuckperuzarmeii B 0.1 6amia. MakcuMallbHO BO3MOXKHAs OIleHKa B 1 Oaia
BBICTABJISIETCS, €CJIM MPU PEIICHUU 3aJla4y MOJyYeH MPABUIBHBIN OTBET, pEIICHUE
M3JI0’KEHO MOJIHO U MPAaBUJILHO, B HEOOXOIUMOM JTIOTUUECKOM MOCIEI0BATEIIbHOCTH,
TOYHO MCHOJIb3yeTCsl MPodeCcCHOHAIbHAS TEPMUHOJIOTHUS. 3a KXY HETOYHOCTh
ouneHka cHuxkaercs Ha 0.1 Oamna. Ecnu pemieHwe OTCYTCTBYET WM MaTepHall
W3jaraeTcs  HEMOCJIEAOBATEIbHO,  M3JIOKEHUE  PEIICHUS  JIEMOHCTPUPYET
HEMOHUMAaHUe CYIIHOCTH 3aJlauu, TO BeIcTaBisieTcst 0 0asios.

bannel 3a pemieHue 3amad CyMMHPYIOTCS, M UTOTOBasi OIEHKA BBICTABIACTCS B
3aBUCUMOCTH OT CyMMbI HAOpaHHBIX OAJIIOB:

MeHee 3 0aJIoB — HEYIOBJICTBOPHTEIIBHO;
ot 3.0 10 5.0 6amIoB — YIOBIECTBOPUTEILHO;
ot 5.1 1o 8.0 6amIoB — X0poI11I0;

ot 8.1 1o 12.0 6amIoB — OTJIMYHO.

[Ipu ouienke ypoBHS cHOPMUPOBAHHOCTH KOMITETEHIIMA:

IToporoselii — COOTBETCTBYET OLIEHKE «YIOBJIETBOPUTEIBHO)
JlocTaTouHbI — COOTBETCTBYET OLIEHKE «XOPOIIO»
[IpoaBUHYTBIN — COOTBETCTBYET OLIEHKE «OTIIMYHO).

IlepeyeHb BONIPOCOB U 00pa3ubl 3aJaHUIA.



Ilepeyenn peKOMeH1yeMOil  JuMTepaTypbl  AJs NMOATOTOBKH K
rocy/1apcTBEHHOMY 3K3aMeHy

AJI'EGPA U TEOMETPHUA

1. Omnpenenenue aOCOJNIOTHOTO JIMHEMHOIO M-MEPHOTO MPOCTPAHCTBA,
MOJNPOCTPAHCTBA, UX OA3UCHI.

Apudmernueckoe  BEIIECTBEHHOE N-MEpHOE  JIMHEHHOE  IMPOCTPAHCTBO,
MOJIITPOCTPAHCTBO UX Oa3uckl. JInHelHbIe 0007104YKH, HX 0a3UCHI (Pa3MEPHOCTD).
N3omopdu3m N-MEepHBIX TMHEWHBIX TPOCTPAHCTB.

CBsi3p MEXKIy KOOpPAMHATAMHU OJHOTO M TOTO € BEKTOpa B Pa3IMYHBIX Oazucax
JMHENHOT0 MPOCTPAHCTBA (MOAIPOCTPAHCTBA).
3apaum: 1277 -1281.

2. Jlunelinpie mpeobOpaszoBaHus. Sapo u oOpa3 JIMHEHHOro MpeoOpa3oOBaHMUS.
ComnpsikeHHbIE, CAMOCOIPSKEHHbIE, OPTOTOHAJIBHBIE TPE00PA30BAHNUS, ONIEPATOPHI.
Martpuua nuHeitHoro npeoOpa3zoBaHus MPHU MEPEXO/IE OT OAHOIO Oa3uca K Ipyromy.
3anaum 1452 a), 6), 1454 - 1446.

3. Cymma, nepeceyeHre JMHEWHBIX MOJIPOCTPAaHCTB (0007104YeK) UX Oa3uchl
(pa3mMepHOCTH).
3apaum 1320 - 1322.

4. IIpocTpaHCTBO peLICHNI JINHEMHON OJTHOPOTHOW CHCTEMBI YPABHEHUMU.
3apaum 1312, 1313.

5. CoBMecTHOCTh (HECOBMECTHOCTh) JHMHEWHOM HEOJHOPOTHON CHUCTEMBI
ypaBHEHU#, ee pemeHne B apPUHHOM apuUPMETUYECKOM BEIIECTBEHHOM
IIPOCTPAHCTBE.
3agaum 689 - 703.

6. EBKIINJIOBO M METPUUYECKOE BEIIECTBEHHOE NMPOCTpaHCTBA. OPTOroHAIBHOE
JIOTIOJIHEHUE JIMHEMHBIX MNOANPOCTPaHCTB. OpTOroHajabHAas COCTABJISAIOMIAS U
IIPOEKIMUS BEKTOPA Ha MOIIIPOCTPAHCTBO.
3agauu: 1366, 1367, 1370 - 1374, 1377.

7. Ksanmpatuunsle ¢opmbl, ux warpuiel. [lpuBenenue kB. ¢GopM K
KAaHOHUYECKOMY BHUY.
3apaum: 1175 -1178.

8. IlpuBenenne kBaApaTUYHBIX GOPM K KAHOHUYECKOMY BH]Y, OPTOTOHAJIbHBIM
npeoOpa3oBaHUSM.
3agauu: 1248 -1262.

Homepa 3amau cMm. IIpockypsikoB, .B. COopHuK 3amau 1o JUHEHHON anredpe.
[DnexTpoHHBIN pecypc] : yueb. mocooue — InektpoH. gaH. — CII6. : Jlans, 2010.
— 480 c. — Pexxum noctyna: http://e.lanbook.com/book/529.

Jlureparypa:



1. OrueBa D. H. Maremaruka: Pa3znen 1. Anrebpa u reometpusi: yueOHOE TTocoOue
/ 3. H. Ornesa. - Kemeposo: KemI'VKU, 2011. - 227 c. - [DnekTpoHHbIH pecypc]. -
Pexxum moctyna: http://biblioclub.ru/index.php?page=book&id=227759

2. Wyman, I'. . Anrebpa u reomerpus: yueoHnoe mocodue / I'. U. llyman, O. A.
Bousruna, H. YO. I'onmognas. - Mocksa: PUOP: UTHDPA-M, 2019. - 160 c. - (Beiciiee
oopazoBanue). - ISBN 978-5-369-01708-1. - Tekct: snextponusni. - URL:
https://znanium.com/catalog/product/1002027

3. Kupcanos, M. H. Anre6pa u reomerpus. COOpHUK 3a7a4 U pEHICHUU C
npuMeHeHueM cuctembl Maple: yueOnoe mocodue / M. H. Kupcanos, O. C.
Ky3nernoBa. — Mocksa: UTHO®PA-M, 2023. — 272 ¢. — (Bricmiee oOpazoBanue:
bakanaBpuar). — DOI 10.12737/20873. - ISBN 978-5-16-012325-7. - Tekcr:
anexkTpoHHBIN. - URL: https://znanium.com/catalog/product/1907684

MATEMATUYECKH AHAJIN3

1. Ilpenen dyukiuu, 0-cuMBOJIMKA.
[4] Ne650, Ne651, Ne1318-1370, Ne1398-1406.

2. luddepennmpoBanue.
[4] Ne1039-1046, Ne1111-1120, Ne3371-3381, Ne3383-3388, Ne3400-3419.

3. ®opmyia Telnopa.
[4] Ne1377-1387, Ne3593-3600.

4. HecoOGcTBEHHBIE MHTETPAIBI, 3aBUCSIIINE OT TapaMeTpa.
[4] Ne3717-3720.

5. NuterpupoBanue.
[4] Ne1628-1680, No2239-2250, Ne4107-4110, Ned258-4274, Ned298-4301,
Ned4367, No4368, Ne4376-4380.

6. CXOAMMOCTb YUCIIOBBIX PSIAOB.
[4] Ne2555-2565, Ne2573-2583.

7. ®yHKIIMOHAJIbHBIE psiibl. PABHOMEPHAs CXOIMMOCTb.
[4] No2646-2648, Ne2716-2723, Ne2774.

8. CTeneHHBbIE PSbIL.
[4] No2812-2830, Ne2906-2915.

Jluteparypa:


http://biblioclub.ru/index.php?page=book&id=227759
https://znanium.com/catalog/product/1002027
https://znanium.com/catalog/product/1907684

1. Kynpsisues JI.J{. KpaTkuii kypc MaTeMaTH4eCKOTO aHajau3a: yueOHUK: B 2-X T. /
JLJ. KynpsBues. - 3-¢ u3z., mepepad. - Mocksa: dmsmariur, 2009. - T. 1.
Huddepenunanbioe 1 MHTETpaIbHOE HUCUUCIEHUST QYHKIMN OHON MEPEMEHHOM.
Psner. - 400 c. - ISBN 978-5-9221-0184-4; [ DnekTpoHHBIHN pecypc]. - Pexxum nocty-
ma: http://biblioclub.ru/index.php?page=book&id=82814

2. Kynpsisues JI.J[. KpaTkuit kypc MaTeMaTH4ecKOro aHajau3a: yuyeOHUK: B 2-X T. /
JLJ. KynpsBues. - 3-¢ m3z., mepepad. - Mocksa: ®msmatimr, 2010. - T. 2.
HuddepennnanbHoe U HHTETPATILHOE UCUUCTEHUS (DYHKIIMI MHOTHX TTEPEMEHHBIX.
["apmonmyeckuii anamus. - 425 c. - ISBN 978-5-9221-0185-1; [DnexTpoHHBIN
pecypc]. - Pexxum noctyma: http://biblioclub.ru/index.php?page=book&id=82818

3. llepmnes, B. I'. Marematudeckuii aHanus: yueoHoe nocodue / B. I'. Illepmines.
— Mocksa: UHOPA-M, 2023. — 288 c. — (Bricuiee o6pa3oBanue: bakanaBpuar).
- ISBN  978-5-16-005488-9. -  Tekcr:  onekrponnsii. -  URL:
https://znanium.com/catalog/product/1911157

4 IlanTtenees, A. B. MaTematnueckuii aHanus: yueoHnoe nocodue / A.B. [lantenees,
H.N. CaBoctbsinoBa, H.M. ®enopoBa. — Mocksa: UHOPA-M, 2021. — 502 c. —
(Bricmiee obpazoBanue: bakanaspuar). — DOI 10.12737/1077332. - ISBN 978-5-
16-016008-5. - Tekcr: AIEKTPOHHBIM. - URL:
https://znanium.com/catalog/product/1219350

5.I'ypesnoBa, K. H. Marematnueckuii ananu3: ydyebHoe mnocodbue / K. H.
['ypesinoBa, Y. A. AnekceeBa, B. B. bospmmnos. — ExarepunOypr: Ypanbckuit
dbenepanbubiii yausepcuteT, 9bC ACB, 2014. — 332 ¢. — ISBN 978-5-7996-1340-
2. — Texkcrt: anextponnsbii // [ludposoit oOpazoBarensHblil pecypc IPR SMART :
[catit]. — URL.: https://www.iprbookshop.ru/66542.html

6. Illunaues, B. C. Marematuueckuii ananu3. Teopus U mNpakTUKa: yuyeOHOE
mocobue / B. C. IllunaueB. — 3-e¢ u3a. — Mocksa: MHDPA-M, 2019. — 351 ¢. —
(Beicmiee oOpazoBanue). - ISBN 978-5-16-010073-9. - Tekcrt: 31€KTPOHHBIN. -
URL: https://znanium.com/catalog/product/989800

3ameuanne. MOXXHO BOCHOJIL30BATHCS  JTIOOBIM CTCPCOTUIIHBIM  HM3JdHHUCM
y‘-Ie6HI/IKOB, YKa3aHHBIX aBTOPOB, HC3aBHUCUMO OT IroJa U3AaHH1d.

TEOPUSA BEPOATHOCTEN U MATEMATHYECKAS CTATUCTHKA

1.  JIuckpeTHOe BEpOATHOCTHOE MPOCTPAHCTBO. BEpOATHOCTH COOBITHSI.
CBolicTBa BEpPOSITHOCTU. Teopema CloKEHHUs.
2.  Knaccuueckoe onpezeneHue BEpOSTHOCTH.


http://biblioclub.ru/index.php?page=book&id=82814
http://biblioclub.ru/index.php?page=book&id=82818
https://znanium.com/catalog/product/1911157
https://znanium.com/catalog/product/1219350
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10.
11.

12.
13.
14.

15.
16.

17,

18.
19.
20.
21,
22,

23.
24,
25,

VYcioBHasg BEpOATHOCTh. TeopeMa ymHOkeHUs. He3aBuCcMMOCTh
COOBITHIA.

dopmyJiia noaHoU BepoaTHOCTH. Dopmylibl baiieca.
ITocnenoBarenbHOCTD UcnibITaHUN bepHyiuu. [lonuHoMuansHOE
pacrpeeneHue.

Teopema Ilyaccona. MnTerpansHas teopema MyaBpa-Jlamaca.
JuckpeTHas ciaydaiiHas BennuuHa. [I[puMepbl AUCKPETHBIX
pacnpenenennid. He3aBUCUMOCTD CiTydyailHBIX BEJIUYHH.

@yHKIMS pacCIpeNesIeHNs U IUIOTHOCTD PACIIPEIETICHUs CIIydYaiHON
BEJIMYUHEL. [[prMepbl HEMPEPHIBHBIX PACIIPEICIICHUI

O yHKIMOHAIIBHBIEC PEOOPa30BAHUS CITyYaHBIX BEJIMUKH.
CrnyyaliHble BEKTOpA.

O yHKIMOHAIIbHBIEC PE0O0Pa30BaHUS CIIy4allHBIX BEKTOPOB. CBEpTKa
pacupeneneHun

HucioBble XapaKTEPUCTUKU CIyYANHBIX BEJIMYMH U BEKTOPOB.
KoaddummenT xoppensiiuu u ero cBoicTBa.

I{enTpanpHas npeaenapHas TeopeMa isi OAMHAKOBO PACIIPEAEIICHHBIX
Cy4aliHbIX BeJlnunH. MHTerpanbHas teopema Myaspa -Jlamaca.
[Henmn Mapkosa.

[Ipenmer u 3a7a4n MAaTEMAaTUYECKOW CTATUCTUKU. [IpOoCTOM cirydallHbIN
BBIOOD.

ToueuHoe onenuBanue. HecMemeHHOCTh, COCTOSATEIIBHOCTD,

3 PEKTUBHOCTE.

Br16opouHOe cpenHee U BBIOOPOYHAs TUCTIEPCHSL.

Omnupudeckas QyHKIUS pacrpeiecHusl.

JlocTaTouHbI€ YCIIOBUSI COCTOATEIBHOCTH OLIEHOK.

MeTon MOMEHTOB U METOJT MAKCUMAIHLHOTO MPABIONO100US.
HNuTepBaibHOE OlleHUBaHKE. JlOBEPUTEIIBHBIN UHTEPBAI JJIs
MAaTEMATUYECKOTO OKUJIAHUS CIyYalHOW BEJIUYMHBI C U3BECTHOU
nucrniepcueil. JJoBepuTenbHbIN HHTEPBA JJIs1 BEPOSITHOCTH COOBITHSI.
JloBepuTenpHbIE OLIEHKH [IapaMETPOB HOPMAJIbHOTO PaCIpeICIICHUS.
Kpurepuii cornacus xu-kBaapar [Iupcona.

Xu-KBagpaT KPUTEPUN HE3ABUCUMOCTH U OJJHOPOJHOCTH.

Bo160p u3 nByx npoctsix runotes. Kpurepuit Helimana-ITupcona.
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IIpuMepsl 32124 K KBATUPUKATNMOHHOMY IK3aMEHY
DopmyJia MOJHON BeposATHOCTH U opmyia baieca
EcTp nBa Tuma CHUrHajioB, KOTOpBIE NEPEAAIOTCS C MOMOIIBIO CBETOBOIO
nepeaaryrka. O0a TUIa CUTHAJIOB MEePeIaloTCsl OJJUHAKOBO YacTo. CUTHA MEPBOTO
tuna ¢ukcupyercs ¢ BepoaTHOCThIO 0.9, BTOporo tuma — ¢ BeposTHOCTHIO 0.8.
3adukcupoBaHa nepenaya HEKOTOporo curHana. Kakosa BeposiITHOCTB TOTO, UTO 3TO
CUTHAJI IEPBOTO THUHA?

@OyHKIHOHAJbHBIE IPe0Opa3oBaHus

1) U3BecTHO, YTO BO3pacT JMACAYUIKM paBEeH KBaJapaTy BO3pacTa BHYKa,
nenéHHomy Ha 8. HaliTu pacnpenenenue Bo3pacTa JEAyUIKH, €CJIM BO3pacT
BHYKa paBHOMEPHO pacripesiesieH Ha oTpeske [25,30].

2) HekoTophlii 4eIoBEeK TECTUPYETCS HAa BPeMs PEaKIUU 71 U T2 Ha JIBa Pa3HBIX
Bo3/elicTBHUsl. B kadecTBe 000OIIEHHOrO MOKa3aTensl OepeTcs BelnyuHa
n=11/7o . HaliTu TIOTHOCTH pacHpencieHUs C.B. 7, €CIU 7] U T2
HE3aBHCHMBbI U UMEIOT paBHOMEpHBIE pacnpeaeneHus Ha otpeskax [0,0.5] u
[0,1] cCOOTBETCTBEHHO.

Koa¢duuuenr koppeasumnu
3aKOH pacIpeIesIeHUs] TUCKPETHOTO CIIYYalHOTo BeKTopa & = (&, £y)3a1aH B

TaOJINLIE HIKE:

&2 -1 0 1
1

1 0.1 0.3 0.3

2 0.2 0.1 0.0

Boruncnutb K03QpUUIUEHT KOPPEIILUU CIy4YalHbIX BEJIMYUH & U &) .

OIT
Ha 3 kypce HekoToporo dakynsrera oOydaercss 500 cryaenToB. [1o ombiTy
MPOLUIBIX JIET ObLIO 3aMeUYEHO, UTO 25% CTYEHTOB 3TOr0 (haKyJIbTeTa HECIIOCOOHBI
claTh 3K3aMEHbI C epBoro pasza. Kakoe MUHMMalIbHOE YUCIIO CTYIEHTOB, CAABIINX
HK3aMEHBI C MEPBOM MOMBITKH, MOKHO FapaHTUPOBATh C BEpOATHOCTHIO 0.99 B 3THX
YCIIOBUSIX.

Henu MapkoBa
Cemen CeMeHOBMY NpUHUMAET JBa peuieHus «Pa3zpemnts» u «OTKa3aThy.
Ecnu mpenpinymum perienueM 0bi10 «PaspemmTtb», TO ClEIyOlUM pelieHreM
oyner «Pazpemmts» ¢ BeposTHOCcThIO 0.6. Ecnu mpenpiayumm pelieHueM OblIo
«OTKa3zaTh». TO CIAEAYIONIUM peleHueM o0ynet «Pa3pemuts» ¢ BeposTHOCTHIO (0.2.



[TepBonayansao Cemen CemeHnoBuu cooupaincs «Pazpemutsy. Halitn BeposiTHOCTD
TOr0, YTO TpU pa3a OyaeT npuHsITO pemeHue «Paspemmrts». Haiitu BeposTHOCTH
HOJIOKUTEIBHOTO PELIEHUS TI0CIE JIIUTEIBHOTO NEPHOoJa OOpaleHU.

OuneHkn U UX CBOMCTBA
1) Umeetcst BBIOOpKA X =(X1,..., X ) U3 TEHEPAIBHOU COBOKYITHOCTH C INIOTHOCTHIO

pacrupeneneHus
1 -(x-6)0
p(x)= o"-e r XE [@’ OO), rae 6 >0— HEU3BECTHBIN ITapaMeETp.
0, B IIp. CJL

[locTpouTs OLIEHKY I apamerpa ¢ Mo METOAY MOMEHTOB U IIPOBEPUTH €€ HA
HECMELIEHHOCTb U COCTOSITEIIBHOCTb.

2) Umeercst BbIOOpKAa X =(Xy,...,Xy) H3 TEHEPATbHON COBOKYIHOCTH C

IIJIOTHOCTBIO pacrpeeneHus
-0
p(x)= (0-1-x% yelt OO), rae 6 >0— HEM3BECTHBIN apaMeTp.
0, B IIp. CJL
[TocTpouts o1IeHKY JUId TapameTpa 6 Mo METOAY HauOOoJbILIEro
paBIoMno00us.

JloBepuTeibHbIE HHTEPBAJIbI
HNmerorcst maHHBIE O YHCIE TPaKJIaH M3 CTpaH OTAAIEHHOTO 3apyOeKbs,
BbEXaBIINX Ha TeppuToputo PD, 3a HeckosbKo seT: 42, 21, 55, 48, 37, 48, 16, 25,
34, 87. Ilpennoisaras, 4To HCCIEAYEMBbIC JaHHBIC IMOJYYEHBI U3 HOPMAIBHOTO
pacnpenesieHuss IMOCTPOUTh JOBEPUTEIIBHBIE WHTEPBAIBI YPOBHSA 5 =0.95 UL

napaMeTpoB a H 2.

I'mnore3a o Buae pacnpenesaeHus
NMmerorcst gaHHbIE O YUCIE COAHHBIX CTYyAEHTAaMH 3K3aMEHOB. MOHO Jn
CUMTAaTh HA YPOBHE 3HAYUMOCTH « =0.05, YTO 4YHCIO CHAHHBIX DSK3aMEHOB
pacIpeseneHo o GUHOMHATBLHOMY 3aKOHY. JIJI IIPOBEPKH BOCIIONIB30BAThCA y 2 -
KPUTEPUEM COTJIACHS.

Yucio 3K3aMEHOB X 0 1 2 3
Yucno cTyIeHTOB I 5 10 15 10 | D nj=40

I'mnore3a He3aBUCUMOCTH
B Tabmmiie Huxe npuBenens! 818 ciydaes, ki1acCUGUIIMPOBAHHBIX MO ABYM
MPU3HAKaM: HAJIMYWIO IPUBUBKU MMPOTHUB XOJIEPHI M OTCYTCTBUIO 3a00JI€BAHU.

3aboneBanne | Her | Ectp
[IpuBuBKa




Ectb 260 | 19
Her 473 | 66

[TpoBepuTh runote3y 00 3pHEeKTUBHOCTH BaKIIMHAIMY (HE3aBUCUMOCTh ITPU3HAKOB)
Ha ypOBHE 3Ha4UUMOCTH o =0.01.
I'mnore3a ogHOpOAHOCTH
B taGnuie npuBeaeHp! JaHHBIC O pACTIPEACIICHUH JOXOA0B (B THIC. KPOH)
3aBosickux MactepoB [lIBermu B 1930 1. my1st Bo3pacTHbIX Tpynm 40-50 et u 50-60
JIeT:

Bo3spacTthas Jloxomel
40-50 net 501 2681 1334
50-60 net 378 2096 1015

MokHO JI1 cUATaTh HA YPOBHE 3HAYUMOCTH « = 0,05, 4TO IMOTOKH SIBJISFOTCS
OTHOPOJHBIMH IO YPOBHIO 10XOJ0B?

METO/JbI IPOI'PAMMMHWPOBAHUA

1. O01mme BONpoCHI NPOrpaMMHUPOBAHUS
- CTUJIU Pa3paboTKu
- ONITUMU3ALMS TTPOTrPaMM
- OCHOBBI MTAPAJIETBHOTO MTPOTPAMMHUPOBAHUS: UCTIOb30BaHuEe OpenMP

2. Paborta ¢ TekcTOM
- MmeTosl KogupoBanust cuMBojioB. Komuporku ASCII, ANSI, OEM, UTF,
Unicode
- yKa3zaTenu, IeHCTBUS ¢ yKazaTelsaMu. PaboTa ¢ MaccuBaMu Mpu TOMOIITH
yKazareneu
- MPOCTEUIIINE aJITOPUTMBI: ONIpeJIeICHNE JUTNHBI, KOTUPOBaHNE, KOHKATCHAIIHS
- IOUCK W 3aMeHa TeKcTa. PaboTa ¢ pa3TuyHbIMU dJIEMEHTAMH TEKCTa:
CHMBOJIaMH, CIIOBaMH, CTPOKaMH

3. CopTUpOBKA U OUCK
- 3a71a4a XpaHeHus1 uHpopmaru. JIMHEHHbBIN TOMCK. MAaKCUMaJIbHBIE U
CpEIHUE OLICHKU BPEMEHU ISl IMHEMHOTO TIOUCKA
- IBOMYHBIN MMOUCK U €T0 PA3HOBUAHOCTU. OLIEHKU BPEMEHHU JIJI1 IBOMYHOIO



norcka. ITorck metonom ®rboHAYYH, 307I0TOI0 CEUECHUS.

- UHTEPIOJISILIMOHHBIN TTOUCK U €ro 000011IeHH s .

- 3a1a4a copTUpoBKU. COPTUPOBKA MMy3bIpbKOM. BpeMeHHbIE OlIEHKH
My3bIPbKOBOM COPTUPOBKH.

- COPTUPOBKA MPHU MOMOIIY TOMCKAa MAaKCUMAIBHOTO 3JIeMeHTa. BpeMeHHbIe
OLICHKH.

- copTUpoOBKa BcTaBKamMu. OIIeHKHA BPEMEHHU.

- COPTHPOBKA MOYTH YIIOPSAOUYECHHBIX MaCCUBOB. Moar(pUKaINA METOOB.
- coptupoBkH [lenna. 3amaua BIOOpa MOCIEIOBATEIBHOCTH 1IaroB. OLeHKH
JUJISL Pa3JIMYHBIX MOCIE0BATEIHOCTEMH.

- CITUSTHUAC YIOPSIOYCHHBIX MAaCCHBOB. MouUKaAIIUN anropuT™Ma JjIs
HaXO0XXJICHUS MepeceyueHusi, 00bEIUHEHUS U Pa3HOCTH MHOKECTB.

- COPTUPOBKA CHUsiHUEM. BpeMeHHbIE OIIEHKHU.

- ObIcTpas copTupoBka Xoapa. OIleHKU BPEMEHHU.

4. IluHAaMHYeCKUEe CTPYKTYPhI JaAHHBIX
- oIepaIyy JMHAMUYECKOTO paclpeiesieHusl MaMsITH. BpeMeHHbIe OlleHKH
OTIepaIvu.
- TMHAMUYECKHE CTPYKTYPhI JaHHBIX.
- nuHelHble cnucku. OHOCBSI3HBIC U JABYCBSI3HBIC CITUCKH.
- OCHOBHBIE OTEPAINU CO CIIMCKaMU: JOOABJICHHE U yIaJICHUE AIEMEHTA.
- CLICTUICHHE U PaCIEIUICHUE CITUCKOB.
- KOJIBIICBBIC CITUCKH.
- IByMepHBIe cTUCKU. [IpencraBienne MaTpuIl AByMEPHBIMU CITUCKAMH
- IpeAcTaBiIeHue rpados.
- epeBbs. JIBOMYHbBIE TepEeBhs TTOUCKA.
- oreparuy HaJl TBOMYHBIMU JIEPEBbSIMHU MMOMCKA: BCTABKA U yAAJICHUE
AJIEMEHTA, TIOUCK.
- cOamaHcupoBaHHbBIC AEPEBbs. MeTO bl OaTaHCUPOBKHU.
- xenI-tabauiel. OCHOBHASI KOHIICTIIHS, BRIOOP Xell-(yHKIIUU.
- METOIbI pa3peieHus] KOJUIU3HMI: METOT IIEMOYEK, JIMHEMHOTO OPOOOBaHUS,
JIBOMHOTO XEIINPOBAHUS.
- 00m1ast 3a1a4a XpaHeHus ¥ novcka uHpopmanmu. CpaBHEHUE Pa3THUHbIX
THUTIOB KOHTEHHEPOB, BBIOOP ONTUMAIBLHOTO PEIICHUS.
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METO/JIbI MAIIIMHHOI'O OBYYEHUA

. Tepmunonorusi: Hayka o nmanneix (Data Sciense), Cratuctuka (Statistics),
UckyccrBennsiii untemiekT (Artificial Intelligence), Anamu3 nannbix (Data
Mining), Mammnanoe o0ydyenue (Machine learning), bonsmue nannsie (Big Data)

. OOyueHnue c¢ yuurteneM (C pa3MEUEHHBIMH JIaHHBIMU / METKAMH): LieJieBast
dyHKUMSA, 00BEKT, METKA, KIacCU(pUKALKs, TPOTHO3UPOBAHUE

. IIpocTpaHcTBO OOBEKTOB, MPU3HAKOBOE MPOCTPAHCTBO, MU3BJICUEHHUE MPU3HAKOB,
BU3yalIHM3aIus 3a7a4

. OYHKIIMK OWIMOKH, OSMIMPUYECKUH pHUCK, oOyuaromias BbIOOpKa, 3aJauyu
ONTUMU3ALIMU B 00y4eHHH, 000011ar01as CiocCOOHOCTh
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5. Mogenb anropuTMOB, aITOPUTM, 00yUEHHUE, CXeMa PEIIeHUs 3aa9d MAITHHHOTO
00yueHus

6. OOyuenue Oe3 yuutens / ¢ Hepa3MEUECHHBIMU JAaHHBIMH, OOy4YE€HHUE C YACTUYHO
pa3MEUCHHBIMU JaHHBIMH, TPAHCAYKTHBHOE O0yUeHUE

7. Ob0ydeHwue ¢ MOAKPEITICHUEM, CTPYKTYPHBIH BBIBOJI, aKTUBHOE O0yUYCHHUE, OHJIAH-
oOyuenue, Transfer Learning, Multitask Learning, Feature Learning

8. Maremarnka B MamuHHOM 00ydeHuu: OputBa OKkkama, TeopeMa O OecIUIaTHOM
ceipe, GyTOONBHBIA OpaKyl, Teopus WHMOpPMAIUHU, MPOKIATHE PA3MEPHOCTH,
CUHTYJISIpHOE paznokenue Matpuiisl (SVD), Matpuunoe nuddepenurpoBanue

9. Ceenenuss u3 TBuMC: 3aganHue pacnpenesieHHil, cpeaHue W OTKJIOHCHWS,
yCIIOBHAs IJIOTHOCTh, MapruHaiu3ainus U  oO0yclaBiIMBaHWE, TOYEHYHOE
OIICHMBaHUE, OIIEHKAa MaKCUMAaJLHOIO MpaBaonoaoous, auseprenuus Kynnoaka-
Jleiibnepa, KoBapuanus W  KOppeslus, HOPMaJIbHOE paclpeesieHue,
LEHTpaJIbHAs MpeaeIbHas TeopeMa

10.01meHKa TUIOTHOCTH: TUCTOTPAMMHBIHN TI01x01, [Tap3eHOBCKMiT TOIX 0T

11.0OnTuMu3anus: MeToIbl O€3yCIOBHONM ONTUMU3AIIMH, HYJIEBOTO MOPSIJIKa, IIEPBOTO
NopsJiKa, BTOPOTo MOPsIKa, METOJI TPAJUEHTHOTO CITyCKa B MAIIMHHOM OOyUY€HUH,
CTallMOHApPHBIE TOYKH, MeToA HbIOTOHA, KBa3U-HBIOTOHOBCKHE METOJBI,
ONTUMU3AIHUSA C OTPAHUYCHUSIMU

12.I'panvieHTHBINA CHYCK, HAWCKOPEHIIMIA TPAJAMEHTHBIM CIYCK, CTOXaCTHYECKHUU
IpaJluEeHTHBIN cycK, oOyuenue: [lakeTHOE, OHTAlH, T0 MUHUOATYaM

13.Metpuueckue anroput™mbl (distance-based), Ommwkaimmii neHTpoun (Nearest
centroid algorithm), moxxon, ocHoBaHHBIM Ha Omuszoctr, kNN B 3amaue
knaccudukanuu  /  perpeccun, ob6ocHoBanue INN, nenuBbie (Lazy) wu
Heteprenubie (Eager) anroputMel

14.Becosbie 0606menust kNN, perpeccust Hanapas-Barcona

15.Paznmuunbie METPHUKH: MUHKOBCKOTO, EBknunona, MaHX?3TTEHCKas,
Maxanono6buca, Canberra distance, X3MMHHIa, KOCHHYCHOE, PACCTOSHHUE
Jxakkapna, DTW, JleBeHuuTeliHa, MNPUIOKEHUS METPUYECKOTO TNOAXO0MA:
Heu€Tkuil MaruyuHr T1abmum, Jlemkop, B DL, knmaccudukamus TEKCTOB,
3¢ PeKTUBHBIE METOIbI IIOUCKA OIMKANIIINX coceneH

16.JIunHeitHpie METOMABI: JIMHEHHAs perpeccusi, 0000IEHHAs JIMHEWHAsI perpeccus,
mpoOjieMa BBIPOXKACHHOCTH MATPHUIIBI, PEryJIspU3alus, OCHOBHBIC BUJIBI
perynspusauuu, rpedHeBas perpeccusi (Ridge Regression), LASSO (Least
Absolute Selection and Shrinkage Operator), Elastic Net

17.Cenexuusi mpu3HAKOB, OIIMOKAa C Becamu, ycrodWuuBas perpeccusi (Robust
Regression)



18.JIuHelinple CKOPHHTOBBIE MOJENM B 3aJade OWHApHON KiaccuuUKalnH,
JIOTUCTHYECKast perpeccusi, Probit-perpeccus, MHOTOKIAcCOBast JIOTUCTHYECKAs
perpeccust

19.JIuHeiiHBIN  KITacCU(pUKATOP, TEPCENTPOH, OIEHKAa (PYHKIHMH OIIMOOK dYepes
TJIAJIKYI0 (PYHKITHIO

Jlurepartypa:

1. Pakutckuii, A. A. MeToapl MallTuHHOTO OOYYCHHSI: y4eOHO-METOINICCKOE
noco6ue / A. A. Pakurckuii. — HoBocubupck: Cubupckuii rocy1apcTBEHHBIN
YHUBEPCHUTET TEICKOMMYHUKaIMKU U nuHpopmaTuku, 2018. — 32 ¢. — Tekcr:
anekTpoHHbIl // Lludposoit o6pazoBaTenbHbiil pecypc IPR SMART: [caiit]. —
URL: https://www.iprbookshop.ru/90591.html

2. Teopus 1 MpakTUKa MAIIMHHOTO O0y4YeHus: yuebHoe nocodue / B. B.
Boponuna, A. B. Muxees, H. I'. fIpymkuna, K. B. CBaT0B. — YIIBSIHOBCK:

VY IBSHOBCKHI rOCYTapCTBEHHBIN TeXHUYECKUM yHuBepcuteT, 2017. — 291 ¢. —
ISBN 978-5-9795-1712-4. — Texcr: anextponHsbiit // [ludposoii
oOpazoBarenbHbIi pecype IPR SMART: [caiiT]. — URL:
https://www.iprbookshop.ru/106120.html

3. Capaes, I1. B. MeToapl MallIMHHOTO O0yUYEHUS: METOJUYECKUE YKA3aHUS U
3aanus K 1abopatopHbiM padotam 1o kypey / I1. B. CapaeB. — Jlunenk:
Jlunenkuii rocyjapcTBeHHBIN Texunyeckuii yausepcutet, ObC ACB, 2017. — 48
c. — Texct: anexrpounsiii // [ludposoit o6pazoBatenbubiii pecypc IPR SMART:
[cariT]. — URL.: https://www.iprbookshop.ru/83183.html

MATEMATHYECKASA JIOTUKA U TEOPUSA AJITOPUTMOB

1. CueTynKoBbIE MAIIHHBI
* Onpenenenue, koHpuryparuu. [Ipumepsl. Beraucnumocts QyHKIUi Ha
CYETYMKOBBIX MAIIMHAX. BIIOK-CXEMBI.
e OKBHUBAJIECHTHOCTh CYETYMKOBBIX MAalIMH W MPOrpaMM C METKaMH.
KanTopoBa Hymepanus rmap, KOAMpOBaHUE KOHEYHBIX MOCIIEIOBATEIIBHOCTEM.
2. Mammns! Teropunra
* Onpenenenne, koHpurypauuu. [Ipumepsl. BzannmMHoe kKoaupoBaHue yncen
Y CJIOB.
* MopgenupoBanue MamuHbl THIOPMHra Ha CYETYMKOBOW MalIWHE.
OpHocTopoHHME MaiuHbl ThtopuHra. MojenupoBaHUE CUETUYUKOBOM
MAaIlIMHbI HAa MaluHe ThrOpUHTA.
* Teopema 0 KOJIMYECTBE COCTOSTHUU.
3. YacTruHO peKypCcUBHBIC (YYHKIINH



https://www.iprbookshop.ru/90591.html
https://www.iprbookshop.ru/106120.html
https://www.iprbookshop.ru/83183.html

* [IpuMUTHBHO peKypCUBHbIE (DYHKLIMU: OMPEICICHUE, MPUMEPBHI.
[IpumMuTHBHAS PEKypCUBHOCTh apupMeThdeckux (yHKuuid. OrpaHudeHHas
MUHUMU3AIUSL.

 QOyHKIMM AKKEpMaHa, HEBO3MOXHOCTb MPHUMHUTUBHO PEKYPCHUBHOIO
MIPEACTABIICHHUS.

* Munumu3zanus. YacTHUHO peKypCHUBHBIE U OOIIEPEKYPCUBHBIE (QYHKIIUU.
Boruncinumocts 4.p.(p. Ha CYETYUKOBOM MaIlIMHE.

* [TocTpoenne yHuBepcaabHOU 4.p.J.: KOJUPOBAHUE CUCTYMKOBBIX MAILIUH U
uX KOH(puUrypammii.

* OddexTuBHOE MOCTPOECHUE KOMMO3UIIMM CUYETYMKOBBIX MAIIMH. SNm-
TEOpeEMa JUIsl CYETYMKOBBIX MAIIUH.

* Hywmepammun u.p.¢p. IemeneBbl Hymepanmuu. snMm-TeopeMa IS

IIPOU3BOJIBHBIX HymMepauui. Teopema 0 HEMOABUKHOM TOUKE.

4. PexypcHUBHBIE U PEKYPCUBHO NEPEUNCIUMBIE MHOXKECTBA

* PexypcuBHbie MHOxecTBa. CBolicTBa. Hepa3pemmmocTb MHOKECTB
CaMOIIPUMEHUMOCTH ¥ OCTAaHOBKHU

* OmnpeneneHue M OCHOBHBIE CBOMCTBAa. PekypcHBHas nepednciIuMOCThb
npo6JieM CaMOTIPUMEHUMOCTH ¥ OCTAHOBKH.

* [lepeuncnumocTs 0€3 MOBTOpEHUI U 1O Bo3pacTaHuio. CocoObl 3a1aHus
PEKYPCHUBHO IIEPEUUCIUMBIX MHOKECTB.

. m-CBOAUMOCTb, TeopeMa Paiica-Y crieHckoro. MHoxecTBa

OOLIENPUMEHUMBIX U MUHUMAJIBHBIX TPOTPAMM.

* [IpOyKTUBHOCTE M M-TIOJIHOTA.

5. Ucuncnenus

* O0uiee MOHATHE MCUMCIEHUA. AKCHOMBI M IpaBuia BbIBOJA. JIMHEHHBIM
BBIBOJI M BBIBOJX B BHJAE JAepeBa. JlomycThmele akCHOMBI. PexypcuBHas
IIEPEYUCIUMOCTD BBIBOJIUMBIX CJIOB.

* Ucuucnenue Tys. [loctpoenune ucuucienus Tys no cCUeTYMKOBOU MAIIMHE.
AcconmaruBHble Hcuucienus. Hepaspemmmocts mpo6iieMbl BBIBOAUMOCTH B
aCCOLMaTUBHOM HCYHUCIICHUMU.

* A-ucuucnenue. [Ipencrasnenue 4.p.d. B A-MCUUCTICHUN.

6. Jlorvka BrICKa3bIBaHUN

 Cunrakcuc u cemantuka ¢opmyn JIB. Hopwmanbhubie Gopmbr:
KOHBIOHKTUBHAS U ITU3BbIOHKTHBHAA. IHTEpomsauronHas Teopema s JIB.

* Mcuncienue BbICKa3bIBaHUI, AKCMOMBI U MpaBUJa BbIBOAA. JlomycTUMBbIE
aKCUOMBI MCUMCIICHUS BBICKa3bIBaHUM. [IpuMepbl BBIBOOUMBIX CEKBEHLIHM.
CemaHTHKa CeKBEHIMH. TeopemMa O HENPOTUBOPEYMBOCTH HNCUYUCIEHUS
BBICKA3bIBAHUU.

* TeopeMa O TOJTHOTE HCYMUCIECHUS BBICKa3bIBaHUW. BBIBOA W3 TUIIOTES.
Teopema o 1enyKUuH.

7. CemaHTHKa JIOTUKH NPEJUKATOB

» CurHatypsl, TepMbl, (POPMYJIbI JIOTUKH BbICKa3bIBaHUU. Airedpanyeckue
cucrembl. VcTuHHOCTh. 3ameHa MepeMEeHHBIX B TepMax M (popmyrax.
CBoiicTBa 3aMEHBI.



* 3anuch MaTeMaTHMYECKUX YTBEPXKACHUN C MOMOIIBI0 (HOpPMYN MEpBOTrO
nopsiaAKa
8. Mcunciienre npe1nKaToB
» Akcromsl 1 nipaBuia BeiBosia UI1. HenpotuBopeunBocts UII. Jlomyctumeble
aKCuOMBI U npasuia Beisoaa UII.
* HenpornBopeunBbie, COBMECTHBIE M TIOJIHBIE MHOXECTBA, UX CBOMCTBA.
Teopema Jlunaen6ayma. MHuoxkecTBa co cBuaetessiMu. Jlemma ['enkuna.

* [lomuora MII, TeopemMa KOMIAKTHOCTH M CMEXHBIE BOIIPOCHI:
HEAaKCHOMATU3UPYEMOCTh KOHEUYHOCTH, TeopeMbl JIeBeHreiima-Ckysema.

9. PazpemmmMocTs Teopun
* M-TIOJTHOTa MHOECTBA TOXJAECTBEHHO UCTUHHBIX (hOpMyIl. 3aBUCUMOCTD
Pa3peInMOCTH OT CUTHATYPHI.

* Teopema TpaxTeHOpoTa.

* Teopuu, dopmanuzanuu Teopuil. PekypcuBHas akCHOMaTHU3HPYEMOCTh,
IIOJIHOTA U Pa3pelIMMOCTb.

* PazpemnMocTh Te€OpuM IJIOTHOTO JIMHEHHOrO MOpsiaka 0e3 MepBOro u
IIOCJIEAHETO 3JIEMEHTOB.

* Hepa3pemmMocTb TeOpui MOIYTPYIIT U MOHOUJIOB.

10. ®opmansHas apudmMeTruka

» Axkcuomsl apupmetuxu Ileano.

* BeIBOIMMOCTB apr(pMETUUECKUX YTBEPKICHUM.

* [Topsimok u €ro cBOMCTBA.

» KogupoBanue nocienoBateabHocTel. [IpeactaBumMocTs 0.p.¢.

. Henonnora 17§ HEPa3pEUINMOCTb apu(pMeTUKH [Ieano.
HeakcrnomaTtusupyecoTh 3JIEMEHTApHON apu(PMETHKU.

* [Ipenukatel BBIBOAMMOCTH. HEBBIBOAMMOCTHh HEMTPOTUBOPEUNBOCTH.

* JIpyrue npumepsl HEBBIBOAUMBIX YTBEPKICHUMU.

11. C10)HOCTb BBIYMCIICHU

* Mepsl C10KHOCTH, aKCUOMBI biiroma, IpocTenime cBoMCTBa.

* lnaronans lleiituna. Jlmaronans Pabuna.

* Jluaronans baroma

12. ITonuHOMUANIbHBIE BBIYUCIICHHS

* Bpewmss Bbruncnenus. Mamunbl ThlopuHra W MOAU(DHUIIMPOBAHHBIE
CYETYMKOBBIC MAIIIMHBI.

* Moaenu napauiesbHbIX BBIYMCIUTENBHBIX YCTPOUCTB. MHOTOJIEHTOUHBIE U
MHOT'OTOJIOBOYHbIE MaIlMHbI. B3auMHOE MOJEIMPOBAHUE MHOTOJIEHTOYHBIX
¥ MHOTOTOJIOBOYHBIX MAIlIMH, & TAKXKE HA IPOCTON MaIlIUHE.

* Knerounslie aBTomMaTel. MoenupoBaHre KIIETOYHOTO aBTOMAaTa Ha MaIlIHE
TeropuHra. MozenupoBaHu€ MHOI'OJICHTOYHOM MAIWHBlI Ha KIETOYHOM
aBTOMarTe.

* Tesuc 00 wmuBapuantHoctu kiacca PTIME. Vckopenwe um cxarue B
koHcTaHTy pa3 13. Knaccst NP u PSPACE

* HenerepMuHUPOBAHHBIE BEIYUCIICHHUS.

» Kimacc NP. Teopema Kyka-JleBuna, npyrue npumepsl NP-nosHbIX 3a1a4.



e Briunciienns ¢ nmojmHoMuanbHOM namaTtbio, kinacc PSPACE. PSPACE-
nojiHota MHOkecTBa QBF
Jlutepartypa:
1. Makoxa, A. H. MaTemaTudeckas JOTMKa U TEOPHs AJITOPUTMOB [ DIEKTPOHHBIN
pecypc]: yue6Hoe nmocodue / A. H. Makoxa, A. B. [llanomnukos, B. B. bepexxHoid.
— DIEeKTpOoH. TeKCTOBbIE AaHHbIe. — CtaBponoib: CeBepo-KaBka3zckuii
dbenepanpubiii yauBepcuret, 2017. — 418 ¢. — 2227-8397. — Pexum noctymna:
http://www.iprbookshop.ru/69397.html

2. Teopus anroputmoB: YyebHnoe nocobue / B.1. Uromwun. - M.: UHOPA-M,
2012. - 318 c.: 60x90 1/16. - (Bsicuiee oOpa3zoBanue). (nepermier) ISBN 978-5-16-
005205-2 - Pesxum poctyma: http://znanium.com/catalog/product/241722

3. Marematuueckas joruka: yuaeo. mocooue / B.1. Urommn. — M.: UTHOPA-M,
2019. — 398 c. + Jlon. maTepuaisl [DIEKTPOHHBIN pecypc; Pexxum gocryrma:
http://znanium.com/catalog/product/987006

4. llImeipun, A. M. Jlekuuu no AUCKPETHOM MaTeMaTHKE U MaTEMaTHYECKON
JoTHKe [DIeKTpOoHHBIN pecypc]: yueOHoe nocooue / A. M. [lmbipun, U. A.
CenpiX. — DJIEKTPOH. TEKCTOBBIC AaHHbIe. — JIunenk: JIunenkui
rocyaapcTBeHHbI Texuuueckuit yausepcuret, 9bC ACB, 2014. — 160 c. — 978-
5-88247-714-0. — Pexxum nmoctyma: http://www.iprbookshop.ru/55636.html

5. IMonsxos, B. . OcHOBBI T€OpHHU aIrOPUTMOB [ DIEKTPOHHBIN pecypc]: yaeOHoe
mocodwue mo IuCHUIUINHE «MaTeMaThuuecKas JOTUKa U TeOpHs aIropuTMoBy / B.
W. Tonsxos, B. 1. CkopyOckuii. — D1ekTpoH. TekcToBbie ganHble. — CII6.:
Yuusepcurer U'TMO, 2012. — 50 ¢. — 2227-8397. — Pexxum nocryna:
http://www.iprbookshop.ru/67504.html

IIpumep Ooustera k I'ocynapcTBeHHOMY IK3aMeHY

3ananue 1 (anredpa u reomerpust)

Pemmre cucrteMy TuHENHBIX ypaBHeHUN MeTo1oM Kpamepa:
X2+ X3 = -3,
X1+ X2 + X3 = -6;

X1 + Xo = -5,

3ananue 2 (anredpa u reomerpus)

Hcnonb3ys 0IMH U3 U3BECTHBIX BaM KpuTepUEB, BBISICHUTE, SIBISETCS JIU
cienyromnas KBaaparnyHas (opma moJ0KUTEITHLHO ONPEASTIEHHOM:


http://www.iprbookshop.ru/69397.html
http://znanium.com/catalog/product/241722
http://znanium.com/catalog/product/987006
http://www.iprbookshop.ru/55636.html
http://www.iprbookshop.ru/67504.html

X12 + 8X1Xy + 12X22 - BXoX3 - 5X32.
3aganme 3 (MaTreMaTHYECKMH aHAJIN3)

. 0z o0z
Haiitn yacTHbIE MPOM3BOAHBIE MIEPBOTO NOPSIIKA 6_ U — (pyHkuuu Z = Z(X, y) :
X y

0

3aIaHHOM HESIBHO YPaBHEHUEM
_ 2,.3
e (x+y“+z )—X—y2—23=0.

3ananue 4 (MaTreMaTHYeCKHH aHAJIU3)

dx
X*+3x°+2
1 pepeHInpOBaHUEM.

Haiitu unTerpan I Y TIPOBEPUTH MOTYUYEHHBIN pe3ynbTaT

3aganue S (Teopusi BePOSATHOCTE M MaTeMaTHYeCKasi CTATUCTUKA)

JIBe (abpuKu BBITYCKAIOT MPOAYKIMIO ABYX THNOB — A U B. Ha nepBoit
dbabpuke npoaykiusa tumna A cocrasisier 40%, Ha BTopoit — 50%. [lepBoHavaibHO
BbI IIpeIoyaraere, 4ro 006e GadbpuKu OAMHAKOBO MPEICTABICHBl HAa PhIHKE. 3aTEM
ciiydaiiHO oTOupaere Tpu uznenus. Cpenyu HUX OKa3ajloch JBa U3JENUs TUIA B U
onHo m3aenve tuna A. KakoBa Tenepp Balla OLIEHKA O J10JI€ MPOLYKINUN KaX0ro
TUna?

3aganue 6 (Teopusi BEPOSATHOCTEN M MaTeMaTHYeCKasi CTATUCTUKA)

Nmeercst BoIOOpKa X =(X1,..., X ) B3 TCHEPAIBHOM COBOKYITHOCTH C MIIOTHOCTBIO

pacnpeeneHus
3 e +e‘3x/9] x>0

p(x)=140 ,
0, B IIp. CJIL.

rae >0 ecTb HEU3BECTHBIM Mmapamerp. Ilo MeToqy MOMEHTOB HaWTH OLIEHKY
rnapamMeTpa € NnpoBEpUTH €€ HA HECMEIEHHOCTb.

3aganne 7 (MaTeMaTH4yecKas JIOTHKA U TeOPHs aJrOPUTMOB)

Hamnucarh c4eTUYMKOBYIO MallMHy, BBIYHMCISIONIYIO MPOU3BEACHUE HEHYJEBBIX IHUGP
yycia X B IIECTEPUYHON 3amucH (MOXXHO CTPOUTH BCIIOMOTaTeNIbHbIE MAIlUHBI U
MCIIOJIb30BaTh MAUINHbBI, TOCTPOEHHBIE HA JIEKIIMSIX)



3aganue 8 (MaTeMaTHYeCKas JIOTHKA M TEOPHs AJITOPUTMOB)

ITocTpouTh MCYUCIEHUE C KOHEYHBIM YMCIOM AKCHOM W IIPaBHJI BBIBOJA, B KOTOPOM
CJIOBa BHJA a N b m BRIBOJWJINUCH OBl TOTJIa M TOJIBKO TOTJA, KOT/Aa Y N M M €CTh 00IIui
nenuTens Kpome 1.

3aganue 9 (MeTOAbI MAIIMHHOTO O0yYEeHHS)

AHcaM05ii alTOPUTMOB: TPUMEPHl U O0OOCHOBaHHE, KOMHUTETHI (rOJOCOBaHUE) /
yCpeaHeHue, O3TuHT, KOAUPOBKHU / IepekoaupoBku 0TBeToB, ECOC

3aganue 10 (MeTOABI MAIIIMHHOIO O0OYYEHHS)

[Iycth nana BbIOOpKa LieNeBbIX 3HaueHWil: 1, 2, 3 (ymopsmo4eHo MO BpEMEHU
NoJIydeHus: MeTok). Mcmonp3yercs MoJeinb KOHCTAaHTHBIX aJrOPUTMOB (OTBET
pPaBEH CpeIHEMY 1O BceM MeTKaM oOydeHust). Oynkuus omuodku — MAE (cpennuii
MOJyJib OTKJIOHEHMs). Uemy paBHa cpenHsisi ommbOka npu koHTposne LOOCV
(KOHTPOJISI IO OTHOMY )?

0.5 2/3 1 3/2

3aganme 11 (MeToabl IPOrpaMMHUPOBAHMSA)

Hanwmure mporpammy, KOTOpas HaXOAWT CyMMY BCEX YETHBIX YHCEI Ha
oTpeske [X, y). J1s kax10ro MUKIa YKaKUTE MHHBAPUAHT U OTPAHUYUTENb IIPH 3TOM
uHBapuaHTe. J{OKaXXHTe MPaBHIILHOCTh WHBAPHAHTOB M IOKAXHTE, YTO M3 HHUX
ClIeyeT KOPPEKTHOCTh IIPOrpaMMbI. Pa3pelaercst HCIob30BaTh S — MPUOABIICHNE
eqUHANEL, <, =, +, —, *, [, %.

3aganue 12 (MeToABI MPOrPAMMHUPOBAHMA)

Bxonnoit ¢aiin cogepxut HeckoJbKo ¢iioB. Hamummure nporpammy Ha C++,
KOTOpasi B KaXJOM CJIOBE HAXOJIUT CaMblii KOPOTKHH MpedKc, coaepkaiimii ooee
OJIHOM OYKBBI U SBJISIONIMICS TAJIMHIPOMOM, U COXPAHSET Pe3yJbTaT B JIPYrou
daitn. Hampumep, as ciosa «abbabbaby takum peduxcom sieisercs «abbay. Ecnu
HY)XHOTO Tpedukca HET, TO PEe3yJbTaTOM SBISETCS MycTas CTPOKA. 3amperieHo
WCITIOJI30BATh CTAaHAAPTHBIE OUOIMOTEKH KpoMe OMOIMOTEK BBOIA/BBIBOIA.



Caenenusi 00 00HOBJIEHUH MPOTPAMMBbI FOCYIAPCTBEHHOI'0 IK3aMEHA

Jdara m mporToxKoJ
3aceaHusl YYEHOI 0

Ne | OOHOBJIEHHBII .
ILI. | pasaes mporpamMmb Onucanue BHeCEeHHX H3MEeHEHHH coBerTa,
yTBepAHUBILIEro
HU3MECHCHUA
1 Pexomenayemast OO0HoBJIIEHHE CCBUIOK Ha | Or 24.08.2023
auTeparypa JIUTEpaTypy roia, MPOTOKOJI
Ne 1 yuenoro
COBETa
dakynpTeTa
2 | Ilokazarenu N3MeneHue kputepueB | Ot 26.10.2023
KpUTEPUU OLICHUBAHUS pe3ynbTaToB ['D npoTokosn  Ne3
OLICHUBAHUS Y4YEHOTO COBETa
KOMIIETEHIINH, dakynbTeTa
IITKAJIbI

OIICHUBAHUS




OueHoOYHbIN JIUCT

[Tpunoxenue A

YPOBHSI CPOPMUPOBAHHOCTH KOMIETEHITUH, MPOAEMOHCTPUPOBAHHBIX
crynentom(oit) ©.0.1.
Ha TOCYIapCTBEHHOM JK3aMEHe
no Hampasiienuro 01.03.02 - [TpuknagHas MmaTeMaTuka U ”HQopMaTHkKa,
PO ITh — UCKYCCTBCHHBIN MHTEIUICKT W aHATIN3 JTAHHBIX

Kon

YpoBeHs chop-

[IepedeHb IPOBEPAEMBIX KOMIIETEHIIUN

MOPOTOBbIN

JOCTAaTOYH

NPOJBUHYT

YAOBJICTBO
ia}

XOpOIIO

OTJIMYHO

OIIK-1

CnocobeH mnpuMeHTb (QyHIAMEHTAJbHbIE 3HAHUSA,
MoJiyueHHble B 00J1aCTH MaTeMaTHYeCKUX u (Wjn)
eCTeCTBEHHBbIX HAayK, M  HCHOJb30BaTb HX B
npodeccuoHAILHOM 1esITeJIbHOCTH.

OIIK-2

Cnoco0eHn HCII0JIb30BATh ) aJ1anTupoBaTh
CylLIeCTBYIOIIME MAaTeMATH4YeCKHe MeTOAbl U CHUCTEMbI
MPOrpaMMHUPOBAHNsI JIsl Pa3padoTKU W Ppeaju3anuu
QJITOPUTMOB PellieHUs] MPUKJIATHBIX 3a/1a4.

OIIK-5

Crnoco0en paspadarTbpIiBaTh
KOMINBIOTEPHbIE  MPOrpaMMbl,
MPAKTHYeCKOro NpUMeHeHH .

AJITrOPUTMbI
NMPpUTOAHbIC

H
AJIsA

I1K-1

Cnoco0en kiaccupuuupoBaTth M HACHTH(PHMIHPOBATH
3a1a4Yd  MCKYCCTBEHHOI0 HWHTE/IeKTa, BbBIOMpATH
ajeKBaTHble MeTOAbl U MHCTPYMEHTAJIbHbIEC CPeICTBa
peleHHs 32/1a4 UCKYCCTBEHHOT0 HHTEJVIEKTA

IMK-2

Cnocoden pa3padaTbiBaTh u
NporpaMMHbIe KOMIIOHEHTBHI  pelleHHs
CHCTEMAX HCKYCCTBEHHOT0 HHTEJLIeKTa

TECTHPOBATD,
3agav B




I1K-3

Cnoco0en OCYLIECTBJIATH KOHLIeNTYalIbHOE
MoO/JleJIMPOBaHMe TPO0OJeMHOH 00/ acTH M NPOBOAMTH
(opmasimzanmi0 npeacTaBleHUs] 3HAHMI B CcHCTeMax
HCKYCCTBEHHOT0 HHTE/LIEKTA

K-4 Cnoco0en paspadaTbiBaTb W NPUMEHSATb MeTO/bI
MAILIMHHOTO 00y4YeHUsl VISl pellieHus 3a1a4

I1K-5 Crnoco0eH MCNOb30BaTh HHCTPYMEHTAJIBHBIE CpPeCcTBa
NJ1s1 pellleHus 32124 MallMHHOI0 00y4eHHs

K-/ Cnoco0eH ocymecTBJIATH cOOpP M NMOATOTOBKY JAaHHBIX

IJISA CUCTEM HCKYCCTBEHHOI'0 HHTEJJIEKTA

NTorosasi oneHka: YpoBeHb C()OPMUPOBAHHOCTH KOMIICTCHIMH:

[Ipencenarens ['OK:
@®.1.0. (yueHoe 3BaHUE, CTETICHB)

(moamucek)
Unens! ['OK:
®.1.0. (yueHoe 3BaHUE, CTCTICHB)

(moamucek)
« » 202 .




