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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: OCHOBBI MAILIMHHOTO O0YYEHHUs
110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(pOPMATHKA
npopuiIb NOArOTOBKHU: ®DOTOHMKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBOH ryMaHUTAPUCTHKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 90 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 180, Bcero 3au. en.: 4
[Iporpammy cocTaBuiu:

P.I'. Heiliues, crapmuii npenogaBareib
A.O. SluuHa, acCUCTEHT

[Iporpamma obcyxieHa Ha 3aceanni KadeIpbl MAITHHHOTO 00y4yeHus u udposoi rymanutapuctuku 08.03.2023



AHHOTANMA

Kypc npennaszHadeH JUid MarucTpoB MaTeMAaTHUKH, HHTEPECYIOIIUXCS COBPEMEHHBIMU METOAAMU IUCKPETHOU
MaTeMaTHKH U BEPOATHOCTHBIMM IMPUIOKEHUAMH B MH(popmaTtuke. Kypc Britouaer B cebs BCE OCHOBHBIC
OIIpEZEIICHUS U MOJIOKEHUS TEOPHH BEPOATHOCTEN: akcnoMatuky KonmMoroposa, pacnpenenenuns, ciry4aiiHble
BEJINYMHBI U BEKTOPBI, MATEMaTHYECKOE OKHAAHUE, BEPOSITHOCTHBIE HEPABEHCTBA, 3aKOHBI OOJIBIINX YUCEN U

[EHTPATBHYIO TIPEICTHHYIO TEOPEMY.
1. leau u 3apauu

Meap AUCUMNIMHBI

OBJIaACHUC OCHOBHBIMU COBPCMCHHBIMH MCTOJaMH TCOPUHN BepOHTHOCTGﬁ.

33]13‘[1/[ JAUCHUIIINHBI

¢ CTYACHTHI OBJIAZICBAIOT 0a30BEIMU 3HAHUSIMU (HOHHTI/IHMI/I, KOHOCIIIOUAMHA, MCTOAdaMHU H MO,Z[CJ'IHMI/I)

TEOPUU BEPOSTHOCTEM;

* IpUOOpPETeHNE TEOPETUUECKUX 3HAHUH U MPAKTHYECKUX HABBIKOB MO0 TEOPUH BEPOSITHOCTEH;

®* KOHCYJIBTHPOBAHUEC W IIOMOLIb CTyACHTAaM
I/ICCJ'IG,I[OBaHI/Iﬁ 1o TCOprun BepOSITHOCTCﬁ.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

B IHPOBCACHHU COOCTBEHHBIX TCOPCTUICCKUX

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMH

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpAa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1.3 PazpabarsiBaeT CTpaTEeruIo JOCTHKEHUS

[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpeaBUAS PE3YNbTaT KaKIOr0 M3 HUX U OLEHUBAas HX
BIMSIHUE  Ha  BHEIIHEE  OKPYKEHHE  IUIAHUPYEMOMU
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaTbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeT ©W  CcOOCOOCH — HUCIOJB30BaTh B
mpoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MareMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o06nactu (POTOHUKH U ONITOMH(OPMATUKN

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcClIeI0BaHUN

I[IK-1.2 CnocobeH BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
HKCTIEPUMEHTAIbHBIE METO[bl HCCIEIOBaHUH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUIo

[IK-2.1 CnocoGeH caMOCTOSATENEHO WJIA B COCTaBe
HAy4YHOTO KOJUIEKTHBA IIAHUPOBATH U MPOBOIUTH HAyYHBIC
HCCIIeIOBaHYsI B 001acT POTOHUKHU M ONTOMH(POpMATHKH

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




(byHAaMEHTANbHbIEC TOHATHUS, 3aKOHBI TEOPUU BEPOSITHOCTEIH;
COBpEMEHHbIE POOJIEMBI COOTBETCTBYIOIINX Pa3/IeiOB TEOPHH BEPOSATHOCTEH;
MOHATHUS, aKCHOMBI, METOMbI JOKa3aTeJbCTBA M JO0Ka3aTelIbCTBA OCHOBHBIX TEOpPEM B pazielnax,
BXOJISIIIX B OCHOBHYIO YacTh IHKJIA;
OCHOBHBIE CBOWMCTBA COOTBETCTBYIOIINX MAaTeMaTHUECKUX OOBEKTOB;
AQHAJMTUYECKNE M YUCIICHHBIE MOAXObl U METOJbI PEIICHHUs] TUIOBBIX MPHUKIATHBIX 33/1a4 TEOPUU
BEpPOATHOCTEM.
YMETh!

MOHSATH 337134y,
UCIIOJIb30BaTh CBOW 3HAHUS VIS pelieHus QYHIaMCHTAIbHBIX U MPUKIIAIHBIX 33124,
OIICHUTh MPABUIILHOCTH TOCTAHOBKH 3a/1a4H;
CTPOTO JIOKa3bIBATh WIIA OMPOBEPraTh 3asBICHHE;
CaMOCTOSTEIBPHO HAXOAUTh AJITOPUTMBI PEIICHHUS MPOOJieM, B TOM YHCIIC HECTaHIAPTHBIX, U
MPOBOJIUTH UX aHAJIM3,
CaMOCTOSTEIIBHO BUJICTh MOCICICTBYSI PE3YIILTATOB;
TOYHO TMPEJCTABIATh MAaTEMAaTUYCCKUE 3HAHMS [0 TCOPHH BEPOSTHOCTEH B YCTHOW M MUCHMEHHOM
dhopme.
BJIAJICTh:
HaBBIKM YCBOCHHS OOJIBIIIOTO KOJMUECTBAa HH(DOPMALIMK U PEIlIeHHs 3a/1a4 (B TOM YHCJIE CIIOKHBIX);
HABBIKM CAMOCTOSITEIILHON paObOThl M OCBOCHHUS HOBBIX JHUCIUILINH;
KyJIbTypa TOCTaHOBKH, aHajHM3a U PCIICHUS MaTeMaTH4eCKUX W MPHUKIAIHBIX 3a7a4, TPeOyIOIInX
HCTOJIb30BAHUST MATEMATHYECKHX TTOIX0/I0B U METOJIOB MX PEIICHUS;
NpPEJMETHBINA S3bIK TCOPUU BEPOSTHOCTEH M HABBIKM I'PAMOTHOTO OMHCAHUS PELICHUS 3a1ad U
MPECTABICHUSI PE3YJIBTATOB.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

Beenenne B mMammHHOE — OOyuyeHHE.
1 MeTpuueckie — ajJropuTMbI,  OILIEHKa 5 5 15
KadyecTBa Mojese

2 JIunelinple Monenu 5 5 15

3 HepeBbs 1 ancamOnu Mozeneit 5 5 15
PaGora ¢ mnpusHakamu. OrpaHu4eHUs

4 5 5 15
MAaIIMHHOTO 00y4YeHHUs

5 Beenenue B iryOokoe oOyueHue 5 5 15

6 OO0yuenne 0e3 yaurens 5 5 15

Hroro yacos 30 30 90

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. I[I/ICKPCTHLIC BCPOATHOCTHBIC MIPOCTPAHCTBA.



JluckpeTHbIe BEpOSITHOCTHBIE TPOCTpaHcTBa. Kiaccuueckoe onpenesieHne BeposTHOCTH. [Iprumepsl.
2. He3aBUCHUMOCTH OT IIPON3BOJILHOTO HA0Opa CIIy4ailHbIX BETHYHH.

HeszaBucuMocTh OT MPOM3BOJIBHOTO Habopa CilydaiHbIX BedW4nH. KpuTepwii HE3aBHCHUMOCTH,
TeopeMa O HE3aBUCHUMOCTH OOpeNeBCKUX (YHKIMHA OT HENEepeCeKaroUINXCs MHOKECTB HE3aBUCUMBIX
CITy4YaiiHBIX BEJINYHH.

3. CHy‘IaﬁHBIe OJICMCHTHI, CHy‘{afIHBIC BCJIMYHHBI 1 BCKTOPHI.

CrnyyaiiHble BJIEMEHTBI, CilydalHble BEJUYMHBl U BEKTOpHL. JlOoCTaroyHOE yCIIOBUE H3MEPUMOCTU
OTOOpaXXeHMs, CIEACTBUE [UIA CIIyY4alHBIX BEJIMYMH U BEKTOpOB. J[leiicTBuA cO cilydyallHBIMHU
BEJIMYUHAMH.

4. Teopema Kapareonopu o mpoAomKeHUH BEPOSTHOCTHON MEPHI (JI0Ka3aTeNbCTBO €IMHCTBEHHOCTH).

Teopema Kapareomopu o MponoKeHHH BEPOATHOCTHOM Mephl (IOKa3aTesbCTBO €ANHCTBEHHOCTH).
Teopema Jlebera o pyHKIMH pacnipeneneHus

5. YcIIoBHBEIE BEPOATHOCTH.
YcnosHeie BeposiTHOcTH. Dopmyia nonHoM BeposaTHocTH. Dopmyna baiieca. ITpumepst
6. Obyuenue 6e3 yunurens

Knacrepuzanus. Merpuueckuii moaxon, anroputM k-means. HMepapxuyeckas KiacTepU3aLusl.
Anroputm DBSCAN.

Mertonpl CHWXKEHUS pasMepHOCTH. MHoromepHoe mikanupoBanue. Isomap. Locally Linear
Embedding. SNE, t-SNE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

CrannapTHas ydeOHas ayTUTOpHs
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1. Maremaruueckast craructuka [Teker] : [yueOnuk anst By30B] / A. A. bopoBkoB .— [3-¢ u31., ucnp. ]
— M. : dumamimut, 2007 .— 704 c.

2. Maremarnyeckasi craTucTuka [ TeKCT] : OIleHKa mapaMeTpoB,IpoOBEepKa IHITOTe3:y4e0.10co0une A
By30B:1011.M-Bom o6pazoBanust CCCP / A. A. bopoBkoB .— M. : Hayka, 1984 .— 472 c.

JomnonHurensHas aureparypa
1. Maremarudeckast craructuka [Teker] : yued. mocodue ais By30B / A. A. Haran, O. I. Top6aues, C.
A. T'y3 ; Mock. ¢pusuko-TexH. uH-T (roc.yH-T .— Kcepokonus .— M : MOTH, 2005 .— 225 c.
2. JlocTOBepHBI 1 NPaBIOTIOA00HBIN BEIBOJ] B MHTEIUICKTYaIbHBIX cucTeMax [Texct] / B. H. Barusn [u
ap.] - M.@uzmariut,2004

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

http://dm.fizteh.ru/

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)



MyJILTI/IMeZ[I/II\/'IHBIe TCXHOJIOI'MU MOKHO MCITIOJIb30BATh HA JICKIHUAX U NPAKTUYCCKUX 3aHATUAX, B TOM

YyHUCJe HA NPE3CHTALMSIX.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

1. PeKOMeHI[yeTCH YCIICHIHO CHAaTb KOHTPOJILHBIC paGOTBI, TaK KaK 3TO YINpPOUIaCT HUTOTOBYIO

aTTECTAIMIO 110 TIPEIMETY.
2. JInd mOATOTOBKM K MTOTOBOM aTTeCTallMH IO MpeIMeTy JIydllle BCEro HCIOJIb30BaTh JIEKIIMOHHBIC

MaTcpualibl.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH
PaspaGorunkm:

P.I'. Heiliues, crapuuii npenogaBareib
A.O. SluuHa, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
nmpo)eCCUOHANFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuk M (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHun 3a1a4 B 00nactu POTOHUKH U ONTOMH(OPMATUKU

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKNUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAyYHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

IMK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHHN

[IK-1.2 CnocoGeH  BbABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIbl HCCIENOBaHUH B 00IacTu
($hoTOHHKH W ONTOMH(POPMATUKKA K KOHKPETHOW HAy4HOM
3aj71a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3YIbTaThI

[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICJIOBAHMS U MX alpoOaIiyio

[IK-2.1 Cnoco0eH caMOCTOSTEILHO WIA B COCTaBE
Hay4YHOTO KOJJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HccieoBaHus B 00acT (POTOHUKU U OTITOMH(OPMATUKH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare n3yueHus AUCHMIUIMHBI «OCHOBBI MAIIMHHOTO 00Y4EHHs» 00yUarOIMiCs TOIDKEH:

3HATb:

(dbyHIaMeHTaNbHbIEC TOHATHUS, 3aKOHBI TEOPUU BEPOSITHOCTEIH;
COBpEMEHHbIE POOJIEMBI COOTBETCTBYIOIINX Pa3/IeiOB TEOPHH BEPOSATHOCTEH;
MIOHATHS, aKCHOMBI, METOABI JOKA3aTeIbCTBA M JIOKA3aTEIbCTBA OCHOBHBIX TEOPEM B pa3feiax,

BXOZSIINUX B OCHOBHYIO YacTh LIUKIIA;

OCHOBHBIC CBOICTBA COOTBCTCTBYIOIIUX MATCMATUYCCKUX O6L6KTOB;
AHAJIUTUYCCKHUE W YHUCJICHHBIC IMOAXOAbI U MCTOAbI PCHICHUA TUIIOBBIX NMPHUKIAJAHBIX 3aa4 TCOPUHU

BEpPOATHOCTEM.
yMeThb:
MOHATH 3a7a4Yy;

HCII0JIB30BAaTh CBOU 3HAHUS AJI pCUICHUSA qJYHI[aMeHTaHLHLIX U MIPUKIIAJHBIX 3a1a4,
OIICHUTH IMMPABUJIIBHOCTD ITOCTAHOBKHU 3a1a4U,
CTPOT'0 A0Ka3bIBaTh UJIK OIIPOBEPraThb 3asABJICHUC,
CaMOCTOATCIIbHO HAaXOAWUTh AJTOPHUTMbI PCHICHUA r[po6neM, B TOM YHCJIC HCCTAHAAPTHBIX, H

MPOBOAUTDH UX aHAJIU3,

CaMOCTOSATEIBHO BUJIETh MOCIEACTBYS PE3yIbTaTOB;
TOYHO IIPEJCTABIATh MaTeMaTU4eCKUe 3HaHMS 110 TEOPUU BEPOATHOCTEH B YCTHOH M IMCbMEHHOH

dhopme.
BJIAJIETh:




HaBBIKH YCBOEHUS OOJIBIIOTO KOJIMYECTBa MH()OPMAIMK U PEICHUS 33134 (B TOM YHCIIEe CJIOXKHBIX);
HaBBIKM CAMOCTOSTEIILHOM pabOThl M OCBOCHHUS HOBBIX JHCLIUILINH;

KyJbTypa MOCTAaHOBKH, aHaln3a M PEIICHUS MaTeMaTHUYECKUX M MPUKIAJHBIX 3a7a4, TPEeOyIOMMX
UCIIOJIb30BaHUSI MATEMATUUECKUX I10IX0/I0B U METOJIOB UX PELICHUS;

MPEIMETHBIM SI3BIK TEOPHUH BEPOSTHOCTEW W HABBIKM TI'PaMOTHOTO OINMCAHMS PEIICHMS 3344 H
IIPEICTABICHUSI PE3YJIBTATOB.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

[IprmMepbl nOMaHUX 3aJaHAN

1. Touka X BBIOWpaeTCsl CIydalHBIM OOpa30M M3 MPSMOYTOJILHUKA CO CTOpOHaMH JMuHOW 1 u 2.
HatimuTe BepoOsSTHOCTH TOTO, UTO ONFDKalIIas K X CTOpOHA UMEET JUTHHY 1.

2.2l (x+y <1, x>0, y>0) - morHocTs ciayyaitHoro Bekropa (&, ). Ilycts p&, pn, p§ + 1 - miotHoCTH
(aeripepriBabIe Ha (0,1)) &, 1, & + 1 cootBeTcTBeHHO. Haitnute pE (1/2) pn (1/2) p& +n (1/2).

3. Ilycts & ~Bern (p) u F - ero dynkuus pacnpenenenus. Kakoe pacnipenenenue nmeet F (£)?

4. Ilyctb Sn, n € Z + - cuMMeTpuyHOE citydaiiHoe Onmyxkaanue Ha Z. [Iycts X - uncno k€ {1, ..., 10}
Takux, uro Sk = 0. Haiigure VarX.

5. lyers (En =€) 2 P — 0. Bepro mu, uto a) En P — £70) E2n P — E27B) E3 n P — £37?

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB K 3K3aMEHY:

1. BepositHocTHOE npocTpaHcTBO. AkcuoMbl KonmoropoBa. Teopema O HENPEPHIBHOCTH B «HYJIE»
BEPOSITHOCTHON MEpBHI.

2. JlucKpeTHBIE BEpOATHOCTHBIE TpocTpaHcTBa. Knaccuueckoe omnpenenenue BepositHocTH. [Ipumepsr.
3. 'eomeTpuueckue BeposTHOCTH. [IpumMepsl.

4. Ycnosuble BepositHOocTH. Popmyia nonHoi BepositHocTu. [Ipumeps! dopmyn baiieca.

5. Teopema 0 MOHOTOHHBIX Kjlaccax.

6. HesaBucumoctb coObiTHii u cucteM coObituid. [Ipumep bepnmreiina. Jlemma o moctarodnom
YCIIOBUHM HE3aBUCHMOCTH CUI'Ma-areop.

7. Teopema Kapareonopu o NpoaoJKeHUH BEPOSITHOCTHON Meph! (J10Ka3aTelbCTBO €JMHCTBEHHOCTH).
8. ChyuvaiiHple BENMYMHBI B JUCKPETHBIX BEPOSTHOCTHBIX IpocTpaHcTBax. HesaBucumocts OT
CIIy4YalHBIX BEJIMYMH. MaTeMaTU4eCKOE OXUAAHUE CIIy4allHOM BEJIIMYMHBI, €€ OCHOBHBIE CBOMCTBA.
JHucnepcus, KOBApUaHTHOCTh M UX CBOMCTBA.

9. CnyuaiiHble 3J€MEHTHI, ClIy4aiHble BEJIMYUHBI U BEKTOpHl. JlOCTAaTOUHOE YCIIOBHE U3MEPUMOCTHU
OTOOpaXKeHUs, CIIENCTBUE Ui CIy4allHBIX BEJIWYMH M BEKTOpOB. JleHCTBUS €O Cily4allHBIMU
BEJIMYUHAMH.

10. HezaBUCHMMOCTH OT MPOM3BOJIBHOTO Habopa ciy4alHbIX BenW4yuH. KpuTepuil He3aBHCHMOCTH,
TeopeMa O HE3aBUCHUMOCTH OOpeneBCKHX (YHKIMH OT HENepeceKarolMXcsi MHOXKECTB HE3aBUCHMBIX
CIIy4ailHBIX BEJIMYUH.

11. Maremarndeckoe OXUJaHWE CIlydallHOW Benn4uHbI (MHTerpai Jlebera B BEpOSTHOCTHON Mepe):
OTIpeJleICHUEe TPOCTHIX, HEOTPULATENbHBIX M IPOU3BOJIBHBIX CIydyallHbIX BenuuuH. IIpoBepka
OIIPEIEIICHUN.

12. OcHOBHBIE CBOMCTBa MaTeMarH4yecKoro okuaaHus. Teopema O MaTeMaTHU4eCKOM OXKUIAHUH IS
MPOU3BEACHUS HE3aBUCHMBIX CITy4allHBIX BEJTUYMH.

13. [ucnepcus, KOBapHMaHTHOCTh W uX cBoicTBa. HepasenctBo Komm-bynsikoBckoro. Jlucnepcus
CyMMBbl HE3aBUCHMBIX CIIydaiHBIX BeauuuH. KoBapualnmoHHAas Marpula CiIydyailHOro BEKTOpa, ee
HEOoTpULIaTeNbHAas OIPEACICHHOCTD.

14. HepaBenctBo MapkoBa, HepaBeHCTBO UeObleBa. 3akoH Oonbpimx uucen B ¢opme UeObimera.
HepasencTBo J[>xeHceHa.

15. Tumel cXOIMMOCTH CIydallHBIX BEIWYMH, MX B3auMocBA3b. Kpurepuit Komm cxomumocTtn ¢
BEpPOATHOCTHIO 1.

16. HepaBenctBo KommoropoBa. Teopema cxoguMOCTH [Jisi TOYTH HaBEpPHSAKA CEPUM CIIyHaHHBIX
BEJIMYUH.

17. YcuiieHHBIH 3aKOH OOJIBLIMX YHCEN IS HE3aBHCHUMBIX CIyYalHBIX BEJIMYUH C OTPaHUYCHHBIMH
JHUCTIEPCUSMU.



18. TlpenmenbHbIil mepexon moja 3HakoM uHTerpana Jlebera. Teopema 0 MOHOTOHHOW CXOAMMOCTH,
nemma Dary, Teopema Jlebera 0 MaxopupOBaHHON CXOIUMOCTH.

19. Jlemma bopens Kantemnu. YCWICHHBIH 3aKOH OONBINMX YHCEN ISl HE3aBUCHMBIX OIMHAKOBO
pacmpeeNeHHbIX CITyYaiHbIX BEJIMYMH C OTPaHUYEHHBIM MaTeMaTUYECKUM OKHUJaHUEM.

20. ®opmyna mepecyera MaTeMaTHYECKUX OXKHUIaHUM. Teopema o0 3aMeHe MEpPEeMEHHOI B MHTETpaie
JleGera.

21. Ilpsimoe mpowusBeneHHE BEPOSTHOCTHBIX mpocTpaHcTB. Teopema @ybunu (b / d). CoBmectHOE
pacrpe/encHIe KOHEYHOro Habopa cirydaiHbIX BeanduH. CBEpTKa pacipe/iesieHU.

22. Cnabast CXOOMMOCTh M CXOAUMOCTh B OCHOBHOM BEpOSITHOCTHBIX Mep. Teopema Anekcanaposa (0 /
r). Teopema 00 SKBHBAJIEHTHOCTH CXOAMMOCTH IO PacTIpPEeNICHNIO CIy4alHbIX BEINYUH U CXOIUMOCTH
(GYHKUMH pacnpeneseHus BO BCEX TOUKaX HEMPEPHIBHOCTHU NPEACTbHON (QyHKIIUH.

23. Ilnan tectoB bepHymm u noaMHOMUaNbHBIN IU1aH. IIpenensHble TeopeMsbl a1 cxemsl bepHymim:
teopema [lyaccona u reopema Myaspa-Jlamaca (b / d).

24. XapakrepucTuueckue (yHKIMH BEPOSTHOCTHBIX Mep. (YHKLUWHU pachpelesieHus, cly4aiHble
BEJIMYUHBI U BeKTOpHL. [Ipumepbl. OCHOBHBIE CBOWMCTBA XapaKTEPUCTUYECKUX (DYHKIMH CIy4JaiHbIX
BEJINYMH.

25. Teopema €IWHCTBEHHOCTH MAJISl XapakTEPUCTUYECKUX (QYHKIUH BeposTHOCTH. He3aBucHMOCTB
KOMITOHEHT CIy4aifHOro BEKTOpa B TEPMHUHAX XapAKTEPUCTUIECKUX (DyHKIHIL.

26. Teopema HempepbIBHOCTH AJisi XapakTepuctudeckux QyHkimil (b / d). LlenTpanbaas npenenbHas
TeopeMa Ui He3aBUCUMBIX OJMHAKOBO PACTIPEICIICHHBIX CITy4YaiHbIX BETUYUH.

27. Teopema beppu DcceeHa 0 CKOPOCTH CXOAMMOCTH B IEHTPAIBHON TipenenbHou Teopeme (b / d).
Onenku KOHCTaHTHI B Teopeme beppu Occeena.

buner 1

1. JuzaitH TectoB bepHymnu u mnonuHOMHANbHBIN nu3aiH. [lpenenbHble TEOpeMbl IS CXEMBI
Bepnymnu: Teopema I[lyaccona u reopema Myaspa-Jlamaca (b / d)

2. HepaBenctBo MapkoBa, HepaBeHCTBO YeObimieBa. 3akoH Oompmmx uucen B ¢gopme YeOblmena.
Hepagenctso [[xeHceHa

Kpurepun onennBanus

Onenka «ommmyHO (10)» BBICTAaBISETCS CTYJCHTY, MPOSBUBIIEMY BCECTOPOHHEE, CHCTEMATHYECKOE U
DIyOOKOe 3HaHWE MaTephalia 00pa30BaTelIbHON MPOrpPaMMBI, CAMOCTOSTENBHO BBIIIOJIHMUBIIEMY BCE
3a7laHus], MPEAYCMOTPEHHBIE NPOrpaMMON, IIyOOKO H3yYMBIIEMY OCHOBHYIO U JIOTIOJHHUTEJIBHYIO
JUTEPaTypy, PEKOMEHIOBAHHYIO MIPOrpaMMOM. , aKTUBHO pa0oTaeT B Kjacce M MOHHMAET OCHOBHBIC
Hay4yHbIe KOHIICTIIMH 110 U3y4yaeMOW ANCIMIUIMHE, TPOSBUII TBOPUECKUI MOAXO U HAYUHBIH MMOIXOA B
MOHMMAaHUM W NPEACTABICHUM Marepuaja oOpa30oBaTENbHOM MPOrpaMMbl, OTBET Ha KOTOPBIN
XapaKTepu3yeTcs UCIOIb30BAaHUEM OOTaThIX M a/IeKBAaTHBIX TEPMHHOB, a TAK)Ke MOCIIEI0BATEIbHBIM H
JIOTUYHBIM M3JIOKEHUE MaTepuana;

Ouenka «omn4HO (9)» BBICTABISAETCA CTYACHTY, KOTOPBIH IPOIEMOHCTPHPOBAI BCECTOPOHHEE
cUCTeMaTh4yecKoe 3HaHUe Marepuana oOpa3oBaTeNbHOW MPOrpaMMbl, CAMOCTOSATEILHO BBITIOJIHHUI BCE
3a7a4d, MPEAyCMOTPEHHBIE IPOrpaMMO, IITyOOKO YCBOMJ OCHOBHYIO JIUTEPAaTypy M 3HAKOM C
PEKOMEHTyeMOH JOMOIHUTEIBHON JIUTEPaTypoil. IO mporpaMme, akTUBHO MpopadoTan Ha 3aHATHUSX,
[OKa3aJl CUCTEMHOCTb 3HAHUM 1O JUCLUIUIMHE, AOCTAaTOYHYIO JUIsl JajbHEHIIEro U3ydeHUs, a Takxke
YMEHHE CaMOCTOSITENIBHO PACIIUPIATH €€, OTBET KOTOPOW OTIMYAETCS TOYHOCTBIO HCIOJIB3YEMBIX
TEPMUHOB, a U3JIOKEHNE MaTepyalla B HEM I0CIIeI0BATEIIbHOE U JIOTUYHOE;

OueHka «oTaUYHO (8)» BBICTABISIETCS CTYIEHTY, KOTOPBIA MPOSBWII TOJHOE 3HAHHE Marepuala
00pa3oBaTeIbHOM MPOTrpaMMBbl, HE JIOMYCKAET CYNIECTBEHHBIX HETOYHOCTEH B CBOEM OTBETE,
CaMOCTOATENBHO BBIMOJIHWI BCE 3aJaHMsl, NPEAyCMOTPEHHBIE MPOrPaMMON, H3yYWI OCHOBHYIO
JUTEpaTypy, PEKOMEHIOBAHHYIO Y4eOHOH mMporpaMMmoi. Hmporpamma, akTHBHO NpopadOTaHHAas Ha
3aHATHAX, IMOKa3aja CHCTEMHOCTh €r0 3HAHWH 110 JWCIMIUIMHE, NOCTAaTOYHBIX IS JajbHEHIIEero
U3Y4EHUs, a TAKXKE CIIOCOOHOCTh CAMOCTOSTEIBHO UX PACIINPATH;

Onenka «xopomo (7)» BBICTABIAETCS CTYHOCHTY, KOTOPBI MPOSBUI JOCTAaTOYHO IIOJHOE 3HAHHUE
Marepuaia o0pa3oBaTeNbHON MPOTrpaMMbl, HE JAOMYCKAaeT CYIIECTBEHHBIX HETOYHOCTEH B OTBETE,
CaMOCTOSITENBHO BBIMOJHUI BCE 3aJaHHA, NPEAYCMOTPEHHBIE MPOTrPaMMON, H3YYWJI OCHOBHYIO
PEKOMEH/IOBaHHYIO JIUTEPaTypy IO MporpaMme, aKTUBHO padoTasl Ha 3aHATHSX, OKa3aJl CUCTEMHOCTh
CBOMX 3HAHMH IO [OWCLUUIUIMHE, INOCTATOYHBIX MJIs JAJIBHEHWINEr0o W3Y4YEHHUs, a TaKkKe yMEHHE
CaMOCTOATENBHO UX YCUIINBATb;



Ouenka «xopowio (6)» BBICTaBISIETCS CTYICHTY, KOTOPBI NPOSBHJI JOCTaTOYHO IIOJHOE 3HAHUE
Marepualia 00pa3oBaTeIbHON IPOrPaMMBI, HE JOIYCKAeT CYIIECTBEHHBIX HETOYHOCTEH B CBOEM OTBETE,
CaMOCTOSITEJIHO BBINOJIHWI OCHOBHBIC 33/1a4M, NPELyCMOTPEHHBIC MMPOTrPAaMMON, M3y4YHJI OCHOBHYIO
JUTEPaTypy. PEKOMEH/IOBAaH MPOTPAMMOM, TIOKa3aJl CHCTEMAaTHYHOCTh CBOMX 3HAHHU 110 TUCHUILIMHE,
JAOCTaTOYHYIO ISl AabHEHIIEro U3y4eHHUs;

Ouenka «xopomo (5)» maercs CTyAEHTY, IPOJACMOHCTPUPOBABIIEMY 3HAaHHE Marepualia OCHOBHOM
oOpa3zoBarenbHONH MporpaMMbl B 00beMe, HEOOXOAMMOM JUIsl JajbHeWiero oOydeHust U Oymyiiei
paboThl 1O Tpodeccruu, KOTOPBIi, He MPOSBIAS JOCTATOYHON aKTUBHOCTH Ha ypOKaX, TEM HE MEHee
CaMOCTOSITEJIFHO BBITIOJHSI OBJIAJeNl OCHOBHBIMH 3aJlad4aMH, HPEIYyCMOTPEHHBIMU IIPOrPaMMOIA,
OCBOHMJI OCHOBHYIO JIUTEPaTypy, PEKOMEHIOBAaHHYIO IPOTPaMMOM, JOIYCTWJI OIHMOKM B UX
BBINIOJIHEHUH M OTBETEC BO BPEMsI TECTHPOBAHUS, HO MMEET HEOOXOIMMBIC 3HAHHMS JUISl UCIIPABICHUS
3THUX OMHMOOK CaMOCTOSTEIIBHO;

OueHka «yZOBIETBOPUTEILHO (4)» HAaeTCsl CTyAEHTY, OOHApyXHMBIIEMYy 3HaHHE Marepualia OCHOBHOM
o0Opa3oBareIbHOM HporpaMMbl B 00beMe, HEOOXOAMMOM JUIsl JajbHeWmiero oOyueHuss u Oymymiei
paboThl 1O mpodeccruu, KOTOPbIi, He MPOSBIAS JOCTaTOYHOM aKTUBHOCTH HA ypOKaX, TEM HE MEHee
CaMOCTOSITEJIbHO BBIMIOJHSUI BBIMIOJIHWI OCHOBHBIEC 33/1a4, MPEAyCMOTPEHHBIC MPOTPaMMOM, H3Yy4HJII
OCHOBHYIO JIUTEPATypy, HO IOMYCTHJI OUIMOKH B UX BBINOJHEHUH U B CBOEM OTBETE BO BpEMsI TECTa, HO
UMeeT HeoOXOAUMBIE 3HAHUS JUIsl HCIIPABJICHUS ATHX OMIMOOK MO/ pPyKOBOACTBOM IPEIIOJaBaTels;
OueHka «ymoBIETBOPUTEIHHO (3)» BBICTABISIETCS 00ydaroIeMycsi, IPOsIBUBILIEMY 3HAaHHE MaTepHhaia
OCHOBHOW 00pa3oBaTeibHON MporpaMMmbl B 00beMe, HEOOXOOMMOM Ui AajJbHEHIIero oOy4eHUs H
Oynymieir paboTsl mo mpodeccuy, He NPOSBUBIIEI0 AKTUBHOCTH Ha 3aHATHIX, CaMOCTOSTEIIHLHO
BBITNIOJIHUBLIETO OCHOBHBIC 33Ja4M, MPEAyCMOTPEHHBIE IMPOrpaMMa, HO JOIYCKalolas OMMUOKH B UX
BBIIIOJTHEHUM W B OTBETE€ IIPU TECTUPOBAHUM, HO 0OJajaromias HEOOXOAMMBIMHU 3HAHUSAMH JUIS
YCTpaHEeHHS 0J] PYKOBOACTBOM IperojaBaresis Hanbosee CylecTBEHHBIX OIUO0K;

OueHka «HEYIOBICTBOPUTEIHHO (2)» HaeTCsl CTYACHTY, KOTOPBII MOKa3al MpoOeibl B 3HAHHUAX WIIH
HEIOCTaTOK 3HAHWW 10 3HAYUTEIHHON YacTH MaTepHrajia OCHOBHOM 00pa30oBaTeIbHOM MPOrpamMmbl, HE
BBINTOJTHUJI CAMOCTOSATENIFHO OCHOBHBIE 33/1a4H, TpeOyeMble MPOrpaMMOM, JOMYCTHI MIPUHIUITHATbHbIE
OIMOKK B BBINIOJIHEHUE NPEAYCMOTPEHHBIX NPOTPaMMOM 3azad, KOTOPHI HE MOXET MPOAOJIKHUTH
yueOy wuiIM Ha4yaThb NPOQPECCHOHANBHYIO NESITENbHOCTh ©0€3 JOMOJIHUTEIbHOM IOATOTOBKU IIO
paccMaTrprBaeMoOl AUCLUILIMHE;

OneHka «HEYJOBIETBOPUTENBHO (1)» CTaBUTCS CTYJAEHTY NpPU OTCYTCTBUU OTBETa (OTKa3 OT OTBETA),
b0 KOrja MpeACTaBJICHHBI OTBET COBCEM HE COOTBETCTBYET CYTH BOIPOCOB, COACPXAIIUXCS B
3a7laHuM.

5. MeTonuyeckne MaTepuaJbl, onpeaesioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHUH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo BpCMs 5K3aMCHA CTYACHTY pa3pCiacTCs UCIIOJIb30BaTh NPOrpaMmMy JUCHUIIINHBI.



