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)

10 JMCHMILIMHE: OCHOBBI BEpOSTHOCTHU U TeopHsi Mepbl. OCHOBHON MOTOK
110 HANIPABJICHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: AHanu3 TaHHBIX B DKOHOMHKE

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa TMCKPETHOM MaTeMaTHKH

Kypc: 2
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

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

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTPONBHBIX padoT, 3ananuil: 1

[Iporpammy cocrasuin: W.T". Dpnux, kaua. (pu3.-Mar. HayK, JOIECHT

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl AUCKpeTHO MaTtemaTiku 13.03.2023



AHHOTANMA

B kypce neknuii n3nararoTcsi OCHOBBI TEOPUH BepoATHOCTEN. Kypc BKIIFOUAaET OCHOBBI TEOPUH MEPHI, OCHOBBI
KOMOWHATOPUKH, JIEMEHTApHYI0 U aHAJIUTHUYECKYIO TEOPUIO BEPOSTHOCTEH, MpEAeibHbIE TEOPEMbl TEOPUH
BeposiTHOCTEe. PaccmarpuBaioTcsi OCHOBHBIE pa3fiefibl TEOPHHM BEPOSTHOCTEH: CIlydaliHbIe COOBITHS U HX
BEpOSITHOCTH, CiIy4aliHble BEJIMYMHBI, DPACHPEICIIEHUs] W YUCIOBbIE XapaKTEPUCTUKU paCIpelesICHUM,
OCHOBHBIE TIPEIENIBHBIE TEOPEMBI U1 CyMM HE3aBUCUMBIX CIIyYalHBIX BETUYMH.

1. leau u 3apauu

Meap AUCUMNIMHBI
- OCBOCHHE OCHOBHBIX COBPEMEHHBIX METOJIOB TEOPHH BEPOSITHOCTEH.

3agaum AUCUMIIHHBI
- OCBOCHHE CTyIEeHTaMH 0a30BbIX 3HAHUH (TOHATHHA, KOHIENLWH, METOAOB M MOZEIC) B TEOpUHU
BEPOSITHOCTEH;
- IpUOOpPETeHNE TEOPETUUECKUX 3HAHUH M NPAKTHYECKUX YMEHUI U HaBBIKOB B TEOPUH BEPOSITHOCTEI];

- OKa3aHHuC KOHCYHbTaI_II/Iﬁ u 1oMomu CTyd€HTaM B IPOBCACHUU COOCTBEHHBIX TCOPETUUCCKUX
I/ICCJ'IG,I[OBaHI/Iﬁ B TCOpHUHU BCpOHTHOCTeﬁ.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

Ko 1 HaumMeHOBaHKE KOMIIETEHINH WNnaukaTtopsl AOCTHKEHUS] KOMIIETCHIIUN
OIIK-1 CniocobeH npuMeHSTh OIIK-1.2 CpoocobeH cTpoUTh MaTeMaTHUYECKHE MOZEIH,
(byHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B MPOMU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK M UCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2 Cnocoben ucnonb3oBarh copemennsie |OITK-2.1 CriocobeH  NpPUMEHSTb  COBPEMEHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B
MpOrpaMMHBIE CPEJICTBA IIPH PEeLIeHUH 3a1ad  |obnactu (cdepe) npodeccHoHaNbHOMN AesITeTbHOCTH

poheCCUOHATBHOM JIeTENLHOCTH, COOTIOnas
TpeboBaHUg MH)OPMAIIMOHHOW OE30TTaCHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIATH OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX
Hay4HbIC U (WIN) TEXHUYECKUE MyOIMKaUi 1 HAYYHO-TEXHUYECKOM JOKyMEHTAILlUH, B TOM
(TexHONIOrNYECKUE, MTHHOBAL[MOHHBIC) OTYETHl  |YHCIIE C HCIIOIb30BAHUEM MPHUKIATHOTO IMPOrPAMMHOIO
(myOnuKanum, MpoeKThI) obecrnieueHust

[MK-1 Criocoben craButh, hopmanuzoBbiBath 1 |[IK-1.1 CrnocoGeH HaxomuTh, aHATH3UPOBATH U 0000IIATH
pemars 3a/1a4u, B TOM YUCIie pa3padaTeiBaTh U |MHPOPMAIHIO 00 aKTyaJbHBIX pe3yJbTarax HCCICIOBAHUI B
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN paMKax TEeMaTH4ecKoil 00JacTH CBOeW NMpogecCHOHATBHON
M3y4aeMbIX SBIICHUH U MPOIECCOB, CACTEMHO  |AEATEIBHOCTH

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IMK-2 CriocobeH caMOCTOsTENHHO WK B [IK-2.2 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
KadecTBe 4JieHa (PyKOBOAUTEIS) MaJIOTO HCCIICAOBAHMUS CaMOCTOSTEIbHO MM B KadeCTBE WICHA
KOJIJIEKTHBA OPraHU30BbIBATh U MPOBOIANTH (pPyKOBOIMTEJIS1) MAJIOTO HAYYHOTO KOJIIIEKTHUBA

HAaY4YHBbIC UCCJICAOBAHUA U UX anp06auI/Ho

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- (¢yHAaMEHTaIbHbIC TOHATHS, 3AKOHBI TEOPUU BEPOSITHOCTEIH;
- COBpEMEHHBIE TPOOIEMBI COOTBETCTBYIOIINX Pa3AeOB TEOPHH BEPOSITHOCTEH;
- TIOHATHS, aKCHOMBI, METOMbI JTOKA3aTeNIbCTB M JI0KA3aTelIbCTBA OCHOBHBIX TEOpEM B pasieiax,
BXOZSIINX B 0a30BYIO 4aCTh [IUKIIA;
- OCHOBHBIE CBOHCTBA COOTBETCTBYIOIUX MAaTEMaTHIeCKUX 00BEKTOB;
- aHAJIUTUYECKHE U YHUCJICHHBIC MOAXOAbl U METOHBI ISl PELICHUS TUMOBBIX NMPUKIANHBIX 33134
TEOPUU BEPOSITHOCTEN.



YMETb:

- IIOHATH MOCTABJICHHYIO 3a/1avy,

- HCHOJIb30BAaTh CBOU 3HAHUA JIA PCHICHUSA q)YH)_IaMGHTaIIBHBIX U IPUKJIAAHBIX 3a4a4;
- OLICHHMBATb KOPPEKTHOCTH MTOCTAHOBOK 3a/1a4,

- CTpOro JOKa3bIBaATh NI OIPOBCPraTb YTBCPIKIACHUC,

- CaMOCTOATCJIbHO HAaXOAUThb AJITOPUTMBbI PEIICHUA 3adad, B TOM YHCIC W HECTAHAAPTHLIX, U

MMPOBOAUTH UX aHAJIU3;

- CaMOCTOATCIBbHO BUACTD CJICACTBUA MOJTYUCHHBIX PE3YJIbTATOB,
- TOYHO MNPCACTABUTH MATCMATUUYCCKUC 3HAHUA B TCOPUHU BepOﬂTHOCTCﬁ B YCTHOﬁ U IUCHbMEHHOM

dopme.

BJIAJIETh:

- HaBBIKAMH OCBOCHHMS 0OJIBIIOrO 00beMa HH(OPMALK U pelIeHus 3a1a4 (B TOM YHUCIIe, CJI0XKHBIX);
- HaBBIKaMH CaMOCTOSTEIbHOM PabOTH U OCBOCHUS HOBBIX JHCLUILINH;
- KYJIBTYpOH NOCTaHOBKHM, aHAJN3a U PELICHUS MaTeMaTHYeCKUX W MPHUKIATHBIX 3a]a4, TPeOyIommx
IUIsL CBOETO PELICHHUS UCII0JIb30BaHUsI MaTEMaTHUECKUX ITOIX0JJ0B U METO/IOB;
- TPEIMETHBIM SI36IKOM TEOPHH BEPOSATHOCTEW M HABBIKAMU I'PaMOTHOTO ONMCAHMS PELICHUS 3aaad U
[IPECTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 BepositHOCTHOE TPOCTPaHCTBO 2 2 4
2 BepositHocTn 2 2 4
3 CrnyuaiiHble BETUYHHBI 4 4 4
4 CucrteMbl MHOKECTB 4 4 4
5 Mepbl Ha MOTYKOJBIIAX 4 4 5
6 [TonHOTA M HEMPEPHIBHOCTH MEP 4 4 6
7 Hewnsmepumbie MHOXKECTBa 2 2 6
8 CXoaMMOCTh 0 Mepe U MOYTH BCIOAY 4 4 6
9 Wurerpan Jlebera st KOHEYHO-TIPOCTHIX 4 4 6
(YHKUIUH U €ro CBOMCTBa
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeiam)

Cemectp: 3 (Ocennuii)

1. BepoATHOCTHOE MPOCTPAHCTBO

B CPOATHOCTHOC TPOCTPAHCTBO KaK

BeposiTHOCTh CyMMBI COOBITHIA.

MareMaTH4ecKass MOJeNb CIy4alHOrO JKCIEpUMEHTA.
Craructuyeckass ycTOWYMBOCTh. JIMCKpPETHOE BEPOSTHOCTHOE IPOCTPAHCTBO.
BEPOATHOCTh. [I0CTpOCHUE MPOCTEHINIX BEPOITHOCTHBIX MPOCTPAHCTB. JIEMEHTHI KOMOHMHATOPHUKH.

Knaccuueckast




2. BepositHOCTH

l'eomerpuueckue BeposiTHOCTH. 3amada “o BcTpede”. YciIoBHas BEpOSTHOCTb. POpMYNbl MOTHOU
BEpOSITHOCTH, yMHOXKeHUsI 1 baiieca. He3aBucuMocTh coOBITHH, BUIIBI U B3aUMOCBSI3b

3. CiryqaliHble BETMYUHBI

He3aBucumocts cinyuailinbix BennuuH. Pacrpenenenue. [Ipumepbl. Maremarnyeckoe OXuIaHUE,
ucriepcus, KoBapuanus, koppemsnus. CsoiictBa. Cxema ucneitanuil beprymm. Martemaruueckas
MOJIeNTb, IpefiebHbIe TeopeMbl: [lyaccona u Myaspa-Jlartaca (6\r).

4. CucteMbl MHOKECTB

[lonyxonbia, KoibLa, anreOppl, curma-anredpsl. Ilpumepsl. MUHMMaIbHOE KOJIBLO, COAEpIKalIee
noiykonsio. IToHsiTHE HaMMEHBIIEro KoJblla, anreOpbl, CUIMa-aareOpbl, CopepKamel cuctemy
MHOXECTB.

5. Mepsl Ha OMyKOJIbIAX

Knaccuueckas MCpa JlebOera Ha MOJIYKOJIBIIC IPOMCXKYTKOB U €€ CUI'MA-aAJIUTUBHOCTD.

[IponomxeHre Mepsl ¢ MOMYKOJIbIa HA MMHUMaJIbHOE Koubllo. HacnenoBanue curMa-aaIuTUBHOCTH
npu npoJobkeHnH Mepbl. Bremnme wmepwl Jlebera m JKopmana. Mepa JleGera. CsoiicTsa.
Curma-anreOpa M3MepuMbIX MHOXecTB. CurMa-anauTuBHOCTh Mepbl Jlebera Ha curma-anreOpe
HU3MEPHUMBIX MHOXKECTB.

6. IlonHoTa 1 HENPEPHIBHOCTL MEP

TeopeMbl 0 CBSI3W HEMPEPHIBHOCTH M CHUTMa-aIuTHBHOCTH. Mepa Bopens. Meps! Jlebera-Ctuntbeca
Ha NPSIMON U UX CUTMa-aJIMTUBHOCTh. CUTMa-KOHEYHBIE MEPHI.

7. HenaMepuMble MHOXKECTBA

TeopeMa 0 CTpYKType MU3MEPUMBIX MHOXECTB. M3mepumbie ¢yHkunu. Mx cpoiictBa. M3amepumsie
¢yHKUMM ¥ TpenenbHBId nepexon. MHoxectBo Kantopa u kpuBas Kanrtopa. Teopema o
CYIIECTBOBAaHMH KOMIIO3HIIUN U3MEPUMON OT HETIPEPHIBHOM, HE SBIISIONIEHCS n3MepuMoi pyHKIHen

8. CXomMMOoCTh TI0O MEpE U MOUTH BCIOAY

Ux cBoiictBa (kputepuii Komm cxomumoctu mo mepe, apudMeTHUECKHE, CBS3b CXOJUMOCTEH,
Teopema Pucca). Teopemsr Eroposa u Jlysuna.

9. Unrerpan JleGera anst KOHEUHO-NPOCTHIX (YHKIHN U €O CBOHCTBA

Omnpenenenne naTerpana Jlebera B odmem cirydae. OCHOBHBIE CBOMCTBA MHTerpaia Jlebera.
TeopeMbl 0 TpeAeTLHOM Tiepexofie Moy 3HakoM uHTerpana Jlebera (teopema b.JIeru, nemma dary,
teopema Jlebera). AGcoioTHas HEMTpepbIBHOCTH HHTETpasia Jlebera. Kputepuit mHTErpupyeMocCTH 110
Jlebery Ha MHOXeCTBe KOHeuHOW Mepbl. HepaBenctBo UeObimieBa. CBsi3b MEXIy HHTErpaiaMu
Pumana u JleGera Ha oTpe3ke.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMO¥ AJI5l OCYLIeCTBJIECHHNS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI



OcHoBHas nuTeparypa
1. BBenenue B Teopuio BEpOsTHOCTEH U ee mpuioxenus [ Teker] : B 2 T : yue0. mocobue st By308B. T. 1
/ B.®emnnep ; nep. ¢ nepecmotp. 3-ro anri. uzz. FO. B. [Ipoxopoga ; [mpunecn. A. H. Koamoroposa] .—
M. : Mup, 1984 .— 528 c.
2. BepostHocts [Teker]. B 2 1. T. 1. DnemenTapHas Teopus BeposiTHOCTe. Maremarnueckue
ocHoBanwsl. [IpenensHble TEOpeMsbl : yueOHUK Juist By30B / A. H. lllupsie .— 4-e uzn., nepepab. u 011
— M. : U3a-Bo MIITHMO, 2007, 2011 .— 552 c. - bubnuorp.: ¢. 527-533. - [IpenM. yka3s.: c. 534-547. -
ISBN 978-5-94057-752-2 (8 nep.) .— [Honusiii Teker (Joctyn uz cetn MOTU / Ynanennslit noctyi).

JomnonHurensHas aureparypa

1. Beenenue B anreopy [Tekcer] : B 3 4. Y. 3 : OCHOBHBIE CTPYKTYpHI alIreOpsl : ydeOHUK AJist BYy30B / A.
. Koctpukuna .— 2-e uzn., crepeotun. — M. : MITHMO, 2009, 2012 — 272 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://dm.fizteh.ru/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCUUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIIONB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpE3EHTALNN.

B npouecce camocTosATeNbHOM PabOThI 00YHaIOIMXCs BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, MATLAB, Maple u ap.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

PexomeHryeTcst yCHENIHO CAaBaTh KOHTPOJIBHBIE pPabOThI, TaK Kak »dTO VYIPOIIAET HWTOTOBYIO
aTTECTAIMIO 110 TIPEIMETY.

Jl1s TOATOTOBKM K WTOTOBOM aTTeCTalldd MO MPEAMETY JIydIlle BCETrO IMOJIb30BAaThCS MaTepHallaMu
JICKITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: AHanu3 TaHHBIX B DKOHOMHKE
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

Pa3paborunk: W.I'. Opnux, xkana. ¢pu3.-MaT. HayK, TOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHNUS, MOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCIIOIb30BaTh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MaTeMaTHYECKHE MOJEIH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 CrocobeH  TPUMEHSITH  COBPEMEHHBIC
BBIYHCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTh VIHTepHeT B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIIST
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.1 3HaeT oCHOBHBIC MpaBuiia OQOPMIICHHS HAYYHBIX
MyONMKAUi U HAy9HO-TEXHUYECKOH NTOKYMEHTALUH, B TOM
YHUCIE€ C MCHONb30BAaHWEM NPUKIAJHOTO IPOrPaMMHOIO
o0ecrnieyeHHs

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3YyJIbTaThI

[IK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHUeCKOW 00NacTH cBoell mpodeccrnoHambHON
EITELHOCTH

[IK-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBO/IUTH
HAyYHBIC UCCIICIOBAHMS U MX alpoOaIiuio

[IK-2.2 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYYHBIC
UCCJICZIOBAHUSI CaMOCTOSTENIbHO WM B KauecTBE WIEHA
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare usydeHust QUCHUILITHHBI « OCHOBBI
00yJarouics JTOIKEH:

3HAThb:

BXOJAIIUX B 63,30ByIO 4aCTh IIMKIJIA,

BEPOSTHOCTH H Teopusi Mepbl. OcHoBHOM MmoToK (DPIIMU)»

(byHIaMeHTaNbHbIE TIOHATHS, 3aKOHBI TEOPHH BEPOSATHOCTEH;
COBpPEMEHHBIE MTPOOJIEMBI COOTBETCTBYIOIINX Pa3AeiiOB TEOPHH BEPOSITHOCTEI;
HOHATHUS, AKCHOMBI, METOIbl JI0KAa3aTelIbCTB M J0KA3aTelIbCTBA OCHOBHBIX TEOPEM B paszeiax,

- OCHOBHBIEC CBOMCTBA COOTBETCTBYIOIIUX MATCMATHICCKUX OG’BGKTOB;

TEOPUU BEPOSITHOCTEN.
YMeThb:

- TOHSATH IIOCTABJICHHYIO 3a/1a4y;
MPOBOJIUTH UX aHAJIH3;
dopme.

BJIaJIeTh:

AHAJIMTUYCCKUC W YMUCIICHHBIC MOAXOAbI U MCTOAbI JIA PCHICHHA THUIIOBBIX MPUKIAIHBIX 3aaaq

HCTI0JIb30BAaTh CBOU 3HAHUA JIA pCHICHUSA (bYHILaMGHTaIIBHBIX U IPUKJIAAHBIX 3a4a4;
OLICHUBATb KOPPEKTHOCTH NOCTAHOBOK 3a/1a4;
CTPOro AOKa3bIBATh UJIN OIMPOBEPTATh YTBCPIKACHHUC,
CaMOCTOATCJIbHO HAaxXOAUThb aAJITOPUTMBbI PEIICHUA 3aaad, B TOM UYHCJIC W HECTAHAAPTHLIX, U

CaMOCTOATEIbHO BUACTD CIICACTBUA IOJTYUCHHBIX PE3YJIbTATOB,
TOYHO MNPCACTABUTH MATCMATUUCCKUC 3HAHUA B TCOPUU BepOﬁTHOCTef/'I B YCTHOﬁ U IUCHbMEHHOM

- HaBBIKAMH OCBOCHHMS OOJIBIIOr0 00bheMa I/IH(l)OpMaLII/II/I " pCHICHUSA 3a1a4 (B TOM YHCIIC, CJIO)KHBIX);
- HaBBIKAMM CaMOCTOSTEIbHOMN pa6OTBI 1 OCBOCHUA HOBBIX JUCIIUILIMH,

KYHBTypOﬁ MNOCTAaHOBKH, aHaJIn3a U PCHICHUA MATCMATHUYCCKUX WU IMPUKIAAHBIX 3a/4a4, Tpe6y}OH_II/IX

JJIA CBOCTO PCIICHU UCIIOJIBb30BAHUA MATEMATUICCKUX MTOAXO0A0B U MECTOAOB,

MNPpCAMCTHBIM A3bIKOM TCOPHUU BepOﬁTHOCTeﬁ 1 HaBbIKAMHU I'PAaMOTHOI'0 OIIMCAaHHA PCIICHUA 3a1a4 U

[IPECTABICHUS [IOJyYEHHBIX PE3YJIbTaTOB.




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO
[Tpumep KOHTPOJIBHOM pabOThI ¥ KOJUIOKBHYMA IPUBE/EH] B IPUIIOKEHNH, OTAETBHBIM (haiaoMm.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1.  Omnpenenenue BepOSTHOCTHOIO MPOCTpaHCTBA. JHCKPETHOE BEPOSTHOCTHOE MPOCTPAHCTBO.
Krnaccuyeckast BeposSTHOCTB.

I'eomeTpuueckuie BEpOSITHOCTH.

YcnoBHast BEpOSITHOCT.

@OpMyJIBI IOJIHON BEPOSITHOCTH.

HezaBucumocTs COOBITHIA, BUIBI U B3aMMOCBSI3b.

He3aBucumocTs cinydaiiHbIX BeIM4UH. Pacnipenenenue.

Maremarnyeckoe oxuJaHue, AUCIepcus, koBapuanusl, koppemsiuusa. CBoiicTsa.

NI AP

Cxema ucnbiTannii bepnaymmm.
9. Maremaruueckasi MOJIelNb, TIpeienbHbIe TeopeMbl: [IyaccoHa.
10. MaremaTuueckasi MOZIeIb, IpeeNbHbIe TeopeMbl: MyaBpa-Jlammaca.

11. Cucremsl MHOXecTB: Ilomykonblia, Komblia, anreOpbl, curma-anreOpsl. [loHsTHE HaUMEHBIIEro
KOJIbIIa, anreOpbl, CUrMa-aIreOpsl, CoaepKallel CUCTEMY MHOXKECTB.

12. Knaccuueckas mepa Jlebera Ha TOTYKOJIBIIE TPOMEXKYTKOB U €€ CHTMa-aJJIUTHBHOCTD.
13. Buewrnue mepsl Jlebera u XKopnana. Mepa JleGera.

14. CgoiictBa. Curma-anrebpa Hu3MepuUMBbIX MHOXecTB. Curma-agauTuBHOCTH Mepbl JleOera Ha
curma-anreope n3MepuMbIX MHOXKECTB.

15. Teopembl ©O CBS3M HENpPEepPHIBHOCTH W CUTMa-aAAuTUBHOCTH. Mepa bopens. Mepsr
JleGera-Ctunteeca Ha IPSIMOI U UX CUTMa-aJAUTUBHOCTh. CUIMa-KOHEUHBIE MEPHI.

16. Hemzmepumsle MHOXeECTBA. TeopeMa 0 CTPYKType N3MEPUMBIX MHOXKECTB.
17. 3mepumble Qpynkuun. Mx cBoiictBa. U3Mepumble pyHKIMM U IpEAEIbHBIIN IEPEXOI.

18. MuoxectBo Kanropa u kpuBag Kantopa. Teopema o CyniecTBOBaHMM KOMITO3ULIUN U3MEPUMOM OT
HENPEPBIBHOM, HE SBISIONICHCS N3MepUMOn (QyHKIIEH.

19. CxonuMoCTh IO MEpe U MOUYTH BCIOMY.

20. Kpurepuii Ko cxoguMocTs 1o Mepe, apudpmMeTrieckre, cBsa3b cxoqumoctel, Teopema Pucca.
21. Teopems! Eroposa u Jly3una.

22. Wnrerpan Jlebera ajsi KOHEYHO-TIPOCTHIX (DYHKIIMH M €r0 CBOMCTBA.

23. Onpenenenue uaTerpana Jlebera B oomem ciaydae. OCHOBHBIC CBOWCTBa HHTeTpaa Jlebera.

24. TeopeMsl O MpeNeNbHOM Tepexojie Mo 3HakoM uHTerpana Jlebera (teopema b.JleBu, nemma darty,
teopema Jlebera).

25. AbcomoTHasi HenpepblBHOCTh MHTerpana Jlebera. Kpurepuit materpupyemoctu no JleGery Ha
MHOXECTBE KOHEUHOU MEPHI.

26. HepaBenctBo UeOnbiena.
27. Ces3p Mexxy uaTerpanamu Pumana u JleGera Ha otpeske.

buner 1:
1. ®opMyBl TOTHOM BEPOATHOCTH.
2. CXoauMoCTh 110 Mepe U TIOYTH BCIOAY.

buner 2:

1. OrmpeneneHue BEPOSTHOCTHOTO TPOCTpaHCTBA. JIMCKpeTHOE BEPOATHOCTHOE MPOCTPAHCTRO.
Knaccuueckas BEpOsSTHOCTb..

2. Maremarnueckas Moziesb, IpeAenbHble TeopeMbl: Myaspa-Jlamnaca.

Kputepun oniennBanus



- omenka «ommuuHo  (10)»  BeIcTaBnsieTCSs ~ CTYACGHTY,  IIOKa3aBIIEMYy  BCECTOpPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOMH NMPOrpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha TpaKTHKE MPHU PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE MPHHATHIX
peLIEHN;

- oueHka  «omm4HO  (8)»  BBICTaBIsieTCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOH MPOrpaMMbl AUCHUIIIMHBL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEILICHNH KOHKPETHBIX 3ajiad, U IPAaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN;

- OLIeHKa «xopouio (7)» BBICTAaBISETCSA CTYIEHTY, €CIM OH TBEPJAO 3HAET MaTrepual, rpaMOTHO U II0
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH;

- OCHKa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUuall, IpaMOTHO U MO CYIICCTBY
n3jaracTt €ro, yMeCT NpPHUMCHATH IMOJYUYCHHBIC 3HAHUA Ha IMPAKTUKE, HO JOMYCKACT B OTBCTC HJIN B
peIICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH;,

- OLIEHKa «XOpowIo (5)» BBICTABIAETCS CTYAEHTY, €CJIM OH 3HAET Marepuas, U IO CYLIECTBY U3Jaraer
€ro, yMEeT NMPUMEHATh NOITYYEHHBIE 3HAHUS Ha NPAKTHKE, HO JOMYCKAaeT B OTBETE WM B PEIICHUU
3a]1a4 HEKOTOpbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU IIPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BJQJCET OCHOBHBIMU pa3lelaMyd Yy4eOHOHM NporpamMMbl, HEOOXOOMMBIMH JJisl AalbHEHIIETo
00yueHHs 1 MOXET NPUMEHSTh NOJIy4YeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOM CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHHH ITPOrPaMMHOIO MaTepHasa, HO MPU 3TOM
OH BJajeeT (parMeHTapHO OCHOBHBIMH pa3[elaMH Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH UL
nanpHeimero o0y4eHHs M MOXET IPUMEHSTh MOJy4YeHHbIE 3HAaHUS MO o0pas3ly B CTaHAAapTHOU
CUTYyalluy;

- OILIEHKAa «HEYIOBJIETBOPUTEIHHO (2)» BBICTABISETCS CTYAEHTY, KOTOPBIH HE 3HaeT Oouiblleill yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYECHHBIC 3HAHUS MIPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7aY;

- OLICHKA «HEYHOBJIETBOPUTENHHO (1)» BBICTABISICTCS CTYACHTY, KOTOPBIM HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX NOHATHN AUCLUIUINHBL.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUI, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo BpCEMs IMPOBCACHUSA 3K3aMCHaA o6y%uomneca MOTYT ITOJIb30BATbHC nporpaMMoﬁ JAUCIMITIIMHBI.



OcHosvl EPOATMHOCTU U MEOPUSA MEPDL 2019/2020 ywu.e.

3aa4un KOJJIOKBIYMA
CucreMbl MHOXKECTB

Bepxuum npejiesioM mociegoBarebHocT MHOKeCTB A1, As, ... Ha3bIBaeTCSI MHOXKE-
CTBO BCEX 3JIEMEHTOB, KOTOPbIe IPUHAJIJIe;KAT OECKOHEUYHOMY Habopy MHOXKECTB A, a
HUZKHIM IIPEJIEIOM — MHOXKECTBO BCEX 9JIEMEHTOB, KOTOPbIE IPUHAIIEXKAT BCEM MHOXKE-
crBaM A,,, HaUnMHas ¢ HEKTOPOro HOMepa, (CBOEro JIjIsi KaJIOro J1eMeHTa). BepHux mpe-
et obonadalor lim, A, HIKHI{T Ipe/es 0603HAUAI0T lim, A,,. Ecin mnAn:Ii_mnAn,

TO 9TO MHOKECTBO HA3BLIBAIOT IIPEJIEIOM IocjenoBaTeabnocTu Ay, Ao, ... 1 obo3HaYA-
ot lim,, A,
[TocnenoBarenbrocTs MHOXKeCTB A1, Ao, ... Ha3bIBaeTCs Bo3pacTarolieil, ecin A, C

A1 st Becex n, n yobiBaroreit ecin A, C A, JUIsT BeexX n.

1. (a) Hokazarh, 9ro

m, A, = () (U A lim,dw={J | ) A

n  \k=n n \k=n
(b) Hokazarb, 4To ecyin MOCIEI0BATEIHCTh MHOKECTB { A, } MOHOTOHHA, TO
lim, A, = lim, A,.

I[Ipu stom lim,, A, = {J,, An, ecin A,, Bospacrator, u lim,, A, = (), An, ecimn
A,, yObIBaIOT.

(c) Ipusectu npumep nocsepoBaresbioctn Ay, As, ..., aro lim, A, # lim, A,
Jokazarb, 9TO

2. Ilycts f: A — B — orobparkeHne MHOXKeCTB, 21 — cucreMa MOJIMOXKECTB MHO-
kectBa A, B —cucrema nmoamMHozKecTB MHOXKecTBa, B. [lomoxknm

fR)={f(X)CB: X e}
B ={f'Y)CA:Y €B}.

(a) TTokazatk, ato f(2A), BooOIIE TOBOPS, He 0OS3AHO OBITH KOJIBIIOM, ecju A —
KOJTBIIO.

(b) Hokazarnb, uto eciu B - kombuo (o-aarebpa), To f1(B) — konbuo (o-
asrebpa).



3. dBisttores Jiu cyielyIonine CUCTeMbl MOJIYKOJIBIOM, KOJbIIOM, aJIreGpoit:
(a) Homayunrepsais:: S = {|«o; )| a, B € R} ;
(

b)
(c) Bee mamepumbie o 2Kopmany nogmuozxkectsa orpeska [0, 1];
d)

(

4. JlokazaTh, 9TO HAOOP MHOXKECTB, 3aMKHYTbHIIi OTHOCUTEIBLHO OIlepallnii

Bce konedrnnbre IIOAMHOZKECTBa HaTyPaJIbHBIX YUCEJI;

Bce OTKPBITBIE MHOZKECTBaA Ha HpﬂMOfI.

a) Nu U; b) Nu \ MoxkeT HE OBITH KOJIBIIOM.

5. Hoxaxkure, uro S sBjsieTcs aaredpoit ¢ egennieii ) Toraa u TOJILKO TOI/A, KOTIA
Qe S n s aodbix A, B € Ssepapo Ae SuAUBES.

6. IIycts B1 u By — e g-aaredpnl ¢ epuauieil (). fApisiorcsa i o-ajgredpamu
KJIACCBI MHOZKECTB: 1) B1 N By; 2) By U By; 3) By \ Bo; 4) By A Bo,.

7. JlokazaTh, 4TO BCsAKasd KOHEUHas o-ajredpa MOJMHOXKECTB MpocTpancTsa ) 1mo-
POKIaeTCsl HEKOTOPBIM KOHEeUHbIM paszouenueM ). JlokazaTh, 9T0 MOITHOCTH BCsi-
KOl KOHEUHOI CUI'Ma-ajreOpbl SIBJIAETCS CTEIEeHbIO JIBOMKI.

8. Ecte morok curma-anaredp Iy C Fy C ... fBisiercs n o-aaredbpoii 00bemHeHne
BCEX 3TUX CUCTEM !

Mepa

1. Tocrpouts mpumep mosykosbiia S u Takoit dyukmuu ¢ : S — [0;400), 910
mst io0bbix A, B € Sc ANB =0 uC = AL B € S BbIIOJIHEHO PABEHCTBO
©(C) = p(A) + ¢(B), Ho © — He Mepa Ha S.

2. Ilycts m — mepa na noJiykosibiie S. Jlokaxkure, 4ro

(a) ecn muoxectBa A u B npunajgiexxar S u B C A, o m(B) < m(A).
(b) m(@) = 0.

(c) ecm muoxectBa A, B u AU B npunajiexar S, to m(AU B) = m(A) +
m(B) —m(AN B). Beisectn anasor GopMysibl BKIIOIEHNA-NCKTIOUCHHUS.

(d) ecm muO)KRecTBA A, B u AA B npunajiexar S um(AA B) = 0. Jlokazats,
aro m(A) = m(B).

3. (a) Ilycrs S — mosykossrio ¢ mepoit m, a Sy = {A € S: m(A) = 0}. lokazarn,
4T0 S7 — HOJIYKOJIBIIO.



(b) Ilycrs R — kousbIio ¢ Mepoit m, a Ry = {A € S : m(A) = 0}. lokazars, aro

R; — KoubI10.

(c) Ilycrn A — anrebpa ¢ mepoit m, a Ay = {A€S: m(A) =0}. Bepro i,

gyro Ay — asrebpa.

. Ilycrs m — o-apauTuBHast Mepa Ha 1oJiyKoJbie S , MHoxkecTBa A, Aq, . ..

npuHaieskar S, npudeMm A1 D Ay D ... 1
(0.8}

A=A
i=1

lokazaThb, 910

m(A) = lim m(A;).

1—00

DTO CBONCTBO MEPhI HA3BIBACTCS HENPEPDLIEHOCTNBIO.

. ITycrs m — mepa Ha KoJblie R u Ji1st Ji00BbIX Takux MHOXKecTB A, Aq, ...

3 R, aro Ay D Ay D ... 1

BBITIOJIHEHO Pa3BE€HCTBO

m(A) = lim m(A4;).

1—00

JlokazaThb, 9T0 m — o-aJIIUTHBHAsI Mepa.

A

I_IOKHBaTb7 9TO 9TO YTBECPKIACHUEC MOXKET HE OBbITD CIIpaBe€JINBbIM JIJIZ1 MEPBLI Ha

IIOJIYKOJIbIIE.

. [TocTponTs mpumep Mephl Ha MOJYKOJIbIIE, KOTOpas He dBJIAeTCS 0-aInTUBHOII.

. Ilyctb m — o-ajauTuBHasE Mepa Ha IOJIYKOJIbIle S , MHOKecTBa A, A1, . ..

npuHaieskar S, npudem Ay C Ay C ... &

oxazarb, 9TO

m(A) = lim m(A4;).

1—00

. Ilycts m — mepa Ha Kosble R u ajs J100bIX TaKnxX MHOXKeCTB A, Aq, ...

I/ISR,‘ITOAlgAQQ...I/I

A



BBITIOJIHEHO Pa3BE€HCTBO

m(A) = lim m(A4;).

1—00
Iokaszarhb, 9T0 M — o-aJIUTUBHAs Mepa.

HOK&S&TI), 9TO I3TO YTBEP2KACHUE MOXKET HE OBbITD ClIpaBeJINBbIM JIJIZ MEPbI Ha
ITOJIYKOJIbIIE.

9. I_IOK&SEin7 4TO B CJIy4ae O-KOHEYHOI1 MEPLI IIOHATHA HEIIPEPBLIBHOCTU U 0-aJAUTUBHOCTHU
HE€ PaBHOCUJILHDI.

Bremnsgsa mepa. Mepa Jlebera.

Oboznauenust. [Iycrsb S — MoJIyKOJIBIIO ¢ eJiuHuIe X, a m — KoHeYHasd 0-a | InTUBHAsI
mepa Ha S. Ilycth v — mpojo/Kenne Mepbl m Ha MUHEMaJIbHOEe Kosibio R(S). s
npousBobioro A C X omnpenenum geprhioto mepy 2Kopdana, nopootcdennyro mepot
m, popmyJoit

u eeprnyto mepy Jlebeza, nopootcdennyro mepoti m, HopmyIoit

pt = inf Zm(AZ)
ACU 4; i=1

=1

CkazxeMm, aro MHOKecTBO A C X wamepumo no Jlebeey (no 2opdany), ecnn s
moboro € > 0 maiigerca Toke MHokecTBo A, uro p* (A A A.) < € (coOoTBETCBEHHO
(AN AL < ¢g). Oboznaunm M - MHOKECTBO U3MEPHMBIX 110 Jlebery MHOXKeCTB Ha
X. 9Ny - MHOKECTBO M3MEPUMBIX 110 zKopjiany MHOXKeCTB Ha X .

st muoxectBa A € 9 ero mepoti Jlebeea nasviBaercs p(A) = p*(A). dug mepsr
Kopana aHAJIOTTIHO.

B ciyuae, korja S — MOJIYKOJIBIIO TIPOMEKYTKOB I3 3aMKHYTOI'O MapaJiie/Ieiieia
[a,b] C R", a mepa m — kjaccuueckasi (00bem), Mbl OyJleM U COOTBECTBYIOIIE Mepbl
11 BEPXHIE MEPbI HA3BIBATD KAACCUYECKUMU.

1. JlokazaTh, ITO €CJII BOIPEKN OIPEICJICHITIO BEPXHE MEphI, Mepa m He 0-aINTHBHA,
TO Hafijercs MHokectso A € S, s koroporo p*(A) < m(A).

2. Ilycrb A C X u B C X. Jlokazats, uro p* (AU B) < p* (A) + u* (B).
3. Ilyctb A C X u B C X. /lokaxure, 410

p(AUB) 4+ p (AN B) < p'(A) + 1 (B).



4. Hokaxkure, uato ecin mHO)KecTBO E C R usmepumo, to ms jroboro A C R
BBIIIOJIHEHO

pr(A) = (ANE)+pu (A\E)

5. JlokazaTb, 4TO B ciydae Kjiaccrudeckoii Mmepbl zKopjiana cucrema Iy He siBjisieTcst
o-ayreopoii. IIpuBecTn npumep Mepwl m, KOIrjga OHA SIBJISIeTCA 0-aJareOpoi.

6. ITocTponTh Takme Hem3MepUMbBbIE OTHOCHTEJBHO Kiaccumdeckoil Mmepnl Jlebera na
|0;1] mHO)KECTBA A1 11 A9, aTO A1 U Ag M3MEPUMO.

7. llyctrb A € M, u(A) = 0u B C A. Hokazars, uro B € M u pu(B) = 0. (Te.
JIOKaKUTe TOJTHOTY Mephbl Jlebera).

8. Ilycrs 1 — wiaccuueckast Mepa Jlebera na [0,1]. Tloctpouts Takyto mocsienoba-
TesabHocTh {A;} Muoxects uz 9, 4ro

p(liminf A,,) < lim p(A4;).

zmepumblie byHKIINN

O06o3HaueH.

() 1, ecmun x € A,
€Tr) =
4 0, ecmmx ¢ A;

1. JlokazaTh (He onmpacsich Ha KpUTEpHil U3MepuMocT), 4to ecju byHximn f(x)
1 g(x) mamepumsl, To n muokectBo {x : f(z) < g(x)} m3mepumo. IoayanTs or-
ciona, uto f(x) + g(x) - usmepnmvast QyHKITHS.

2. [ycrs (X, M, 1) — msmepunmoe ipoctpanctso, A € X u f(x) = [4(z). Hokazars,
aro f(x) usmepuma na X Torja u TOJBKO TOra, Korga A € M.

3. Ilycrb p — wimaccuaeckast Mepa Jlebera wa [0;1]. [TocTponTs Takyo HensMepumyto
byukumio f: [0;1] — R, uro jis moboro ¢ € R muozxkecrso f1({c}) uzmepumo.

4. Myers (X, M, ) — usmepumoe npocTpascTBo, {ay, },o | — HEKOTOpOe BCIOJLy ILJI0T-
Hoe MHO)KecTBO B R, a dynkius f : X — R TakoBa, 9T0 J/Is1 KayKJI0r0 1. MHOZKe-
CTBO

1 ((an, +00)) € M.

Hokazarb, uro f(x) usmepuma na X.

5. Hocrpouts dyuknuio f(x) wa [0;1|, m3mepumyto Ha |0;1] orHOCHTETHHO KiIACCH-
Jeckoit Mepbl Jlebera, HO Pa3spbIBHYIO B KaxKJI0i TOUKE.



10.

11.

12.

[Tycrs (X, M, j1) — mostHOE B3MEPUMOE TIPOCTPAHCTBO (T.€. Mepa u moJiHa), a f(x)
— usmepumas byukiust Ha A. Ilyers g(z) — dbynkuus, sksuBanentHas f(x).
JHokazaTh. aro g(x) — m3mepuMast HyKHIHSI.

. ycrs [a;b]) € R u dyskuna f(x) monoronna na [a;b]. dokasars, aro f(x)

M3MepUMa, OTHOCUTEJILHO KJiaccmaeckoit Meper Jlebera Ha |a;b].

[Toctpouts Takyio dyuximo f(x) € C[0;1], aTo 1yisi HEKOTOPOro U3MEPUMOro
A C [0;1] mepsr myab muoxectso f(A) — m3mepnmo n u(f(A)) > 0, tae p —
KJlaccuueckast mepa Jlebera.

[Toctpouts Takyto crporo Bosparcatwrryio dyuakinno f(x) € C([0;1]), uro mia
HEKOTOPOro usmepumoro muoxkecrsa A C [0; 1] mepbl wyab MuoxkecTBo f(A) ns-
mepumo 1 i f(A)) > 0, rae p — kiaccudeckas Mepa Jlebera.

[Tocrponts dbyuknuio f(z) € C([0;1]) u nsmepumoe muo)kectBo A C R, 1u1st KO-
TOPLIX MHOKECTBO f~1(A) HEeM3MEepHMMO OTHOCHUTEIHLHO KJIACCHUECKOH Mepbl Jle-
Oera.

[Tocrpouts Takyto g(z) € C([0;1]), aro masa mekoroporo m3mepumoro A C [0; 1]c
p(A) = 0 mHOXKeCTBO g(A) HEM3MEPHMO OTHOCHTEILHO KJIACCHICCKON Mephr Jle-
oera.

[Tocrpouts muO)kecTBO A C [0; 1], KOTOPOE M3MEPUMO OTHOCHTEIHLHO KJIACCHIe-
ckoit Mepnl Jlebera, HO He dABJIsIeTCS OOPETEBCKUM.

CX0oauMOCTh
. Ompegennm dbyuknuio f(z) wa orpeske [0; 1] cienyrormum obpazom. Ecin x =
0,n1n9n3 ... — JleCATHYHAS 3allich dncia r, 1o f(r) = max;n,;. Jlokaszarb, aro

f(x) n3meprMa u MOYTH BCIOY MOCTOSTHHA.

[Tokazarh, 4T0 BOOOIIE INOBOPS U3 CXOAUMOCTH II.B. HE CJIEIYET CXOIMMOCTDH IIO
Mepe B cliydae, Korjla Mepa o-KOHEeUHA.

ITycTb nociieioBaTe bHOCTb HeoTpunaTeabubix dyukimit { f,(x)} " cxomures 1o
mepe K f(z) ma A. Jokazars, ato f(x) > 0 m.B. na A.

Iycrs Qpo,1) = {70}, HoKasars, 4T0 M0C/I€0BATETBHOCTD

0, ecaIm T = Ty,

falw) = m, ecm x € [0; 1]\ {r,}

riae n € N, cxoaurest o Kiaaccndeckoit mepe Jlebera ma [0;1].



0
. yers Qo) = {rn = g—"} , Tl P, U ¢, — B3aUMHO IPOCTBIE HaTypaJbHbIE
’ nJ)n=1

ancaa, n € N. JJokazarsk, aro nociefosarensroctsb { fo(x)}~ , tie fu(zx) =

(e —a 1) .
e~ (Pr=0n)” exonures o Kiaccuueckoit Mepe JleGera ma [0,1], HO He cxopUTCs HI
B OJIHOII TOYKE.

. I[lokazaTh, 4TO yTpBEXkKJIcHNE TeopeMbl EropoBa He BBINIOJIHSIETCS JIIsT KJIacCuye-
ckoii mepnl JIebera na R.

Wurerpast Jlebera

. Hoitmure, aro dynknus f(x) = [(x € Q) unrerpupyema na R, waiiure Beaman-
HYy MHTerpaJa.

. Hycrs f(z) =1 u p — knaccnueckas mepa JleGera na (0;1). dokasars, uto

/Olf(w)du = 00,

HCIIOJIB3Ys1 TOJIBKO OIIpedeJICHUE NHTErpaJla Jlebera.

. Bepno s, uro dbyuknus f(x) = % nHTerprpyeMa 1o Jlebery Ha mpsimoit?

. Ilycrs f(x) unrerpupyema no JleGery na muoxecrse A (re. [, |f(x)|dp < oo,
oynem mucats f € L1(A)). dokazats, ato pu({x € A: f(x) = +oo}) =0.

. Hocrpouts Takyio nociepoBarensrocts { fi ()}~ HeorpuiaTe bHbIX dyHKIHT
u3z Ly1([0; 1]), rakux uro f,(z) — 0 upu n — 0o mig kagoro x € [0; 1], no

1
/ fn(x)dp -+ 0, — oo.
0



OchosbL 8EPOAMHOCU U MEOPUA MEPDL 22 oxmabpsa 2019 e.

KonTposbnas pabora 1

1. B oxnoit ypue copepxkutTcs 1 6eJiblit 1 3 YepHBIX HIapa, a B JIPYroil
ypHe — 3 6eJIbIX U 3 UepHBIX Iapa. B TpeTbio ypHy KA yT JaBa Ma-
pa, caydaiiHo BhIOpaHHBIX U3 MEPBOH YPHBI, U JBa Iapa, CIydaiiHo
BBIOpAHHDBIX U3 BTOPOil. a) KakoBa BeposSITHOCTH TOTO, UTO MIAp, U3-
BJIEUEHHBIIT 13 TpeTheii ypHbI, Oyjer besbiM? 6) KakoBa BeposTHOCTD
TOIO, YTO B TPETbHIO YPHY U3 IEPBOil MepesIoyKUIN 2 YepHbIX I1apa,
ecJIM 11ap, U3BJICYCHHBIN U3 TPeTbeil YPHbI, OKa3aJ/ICsl YePHBIM?

2. Ciyyaiinble BeJIMUMHBL £ 1 1) HE3aBUCHUMbBI U UMEIOT IeOMeTPUIECKOe
pacIpe/ie/ieHie ¢ oMHaKoBLIM HapamerpoM p. (P {& = k} = ¢"p, p+
qgq=1,k=0,1,2,...)

lokazaTrh, 4TO

1

— k=0,1,...,n.
n—+1

P{§{=k[§+n=n}=
3. Crapocta 694 rpynmbl 3aMeTH/Ia, 9TO CEMUHAPUCT TPUXOJNT Ha 3a-
HATHs CO CJIyYallHbIM OllO3/laHieM B IIpejesiax 15 MUH., IIp1 9TOM OH
paspeliaer IpoXoJUTh B ayJIUTOPUIO TOJIBKO T€M CTYJleHTaM, KOTO-
phle NPUIILIN Tocie Hero He moszjaHee 5 MuH. CrapocTa Ke pemninia
OI103JIaTh Ha CeMUHAp, HO BbIOpaJia cebe IpaHuIly CIyJailHOro OI03-
Janug Bcero B 10 MuH. M BpeMs OxKMJlaHusg ceMuHapucta Toxke 10
MIH. KakoBa BEpOATHOCTH TOI'O, YTO OHA BCe YKe MOCETUT CeMUuHap.

4. Cuyuajinple BemIuibl € 1 1) HE3ABUCUMBI U ITyaCCOHOBCKH pacIpe-
nestennl ¢ mapamerpom A > 0. Haittu P (| —n| > 1).

5. Cuyuafinasg BesmauHa £ UMeeT IIyacCOHOBCKOE paclipe/ie/ieHre ¢ Ia-
pamerpamMu A. Haittu maremarndeckoe oxKujgaHue U JUCIEPCHUIO Be-
JINUUHEL €f.

erlikh-ivan@yandex.ru



OcHoBvl EPOATMHOCTU U MEOPUA MEPDL 13 anesapsa 2020 e.

KonTposbnas pabora 1

1. B oxnoit ypue copepxkutTcs 1 6eJiblit 1 3 YepHBIX HIapa, a B JIPYroil
ypHe — 3 6eJIbIX U 3 UepHBIX Iapa. B TpeTbio ypHy KA yT JaBa Ma-
pa, caydaiiHo BhIOpaHHBIX U3 MEPBOH YPHBI, U JBa Iapa, CIydaiiHo
BBIOpAHHDBIX U3 BTOPOil. a) KakoBa BeposSITHOCTH TOTO, UTO MIAp, U3-
BJIEUEHHBIIT 13 TpeTheii ypHbI, Oyjer besbiM? 6) KakoBa BeposTHOCTD
TOIO, YTO B TPETbHIO YPHY U3 IEPBOil MepesIoyKUIN 2 YepHbIX I1apa,
ecJIM 11ap, U3BJICYCHHBIN U3 TPeTbeil YPHbI, OKa3aJ/ICsl YePHBIM?

2. Ciyyaiinble BeJIMUMHBL £ 1 1) HE3aBUCHUMbBI U UMEIOT IeOMeTPUIECKOe
pacIpe/ie/ieHie ¢ oMHaKoBLIM HapamerpoM p. (P {& = k} = ¢"p, p+
qgq=1,k=0,1,2,...)

lokazaTrh, 4TO

1

— k=0,1,...,n.
n—+1

P{§{=k[§+n=n}=
3. Crapocta 694 rpynmbl 3aMeTH/Ia, 9TO CEMUHAPUCT TPUXOJNT Ha 3a-
HATHs CO CJIyYallHbIM OllO3/laHieM B IIpejesiax 15 MUH., IIp1 9TOM OH
paspeliaer IpoXoJUTh B ayJIUTOPUIO TOJIBKO T€M CTYJleHTaM, KOTO-
phle NPUIILIN Tocie Hero He moszjaHee 5 MuH. CrapocTa Ke pemninia
OI103JIaTh Ha CeMUHAp, HO BbIOpaJia cebe IpaHuIly CIyJailHOro OI03-
Janug Bcero B 10 MuH. M BpeMs OxKMJlaHusg ceMuHapucta Toxke 10
MIH. KakoBa BEpOATHOCTH TOI'O, YTO OHA BCe YKe MOCETUT CeMUuHap.

4. Cuyuajinple BemIuibl € 1 1) HE3ABUCUMBI U ITyaCCOHOBCKH pacIpe-
nestennl ¢ mapamerpom A > 0. Haittu P (| —n| > 1).

5. Cuyuafinasg BesmauHa £ UMeeT IIyacCOHOBCKOE paclipe/ie/ieHre ¢ Ia-
pamerpamMu A. Haittu maremarndeckoe oxKujgaHue U JUCIEPCHUIO Be-
JINUUHEL €f.

erlikh-ivan@yandex.ru



