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AHHOTAUA
Y4eO0HO-METOANIECKOI0 KOMILIEKCA JUCIMIIINHDI
«MaTeMaTnKa»

(HauMEeHOBaHUE TUCHIHUILTUHBI (MOIYIIs)

Y4eOHO-MeTOANYECKUN KOMIUIEKC AUCUUIUIMHBI «MaTemaTuka) cocTaBlieH Ha OCHOBAHMUU
I'OC BIIO KP 3-ro nokosnenus, yreepxkaeanoro MOuH KP npukazom Ne 1179/1 ot «15» centsiOps
2015r. 1 yueOHBIM IJTAHOM T10 HarpaBieHuIO moaAroToBku 531100 «JIMHrBUCTHKAY.

Martepuanst YMK mnpennazHadeHsl it 094HOM (OpMBI 0OydeHUs OakaiaBpoB. YueOHas
mucuumimHa «MaTtemaTikay aBiisgercs 6a30Boil YacThi0 MAaTEMATUYECKOTO M €CTECTBEHHOHAYYHOTO
IIUKJIa OCHOBHOM 00pa30BaTeIbHON MPOTpaMMBbl MMOATOTOBKH 0aKajlaBpoB, peanusyercs Ha 1 Kypce
(1 cemectp).

Henab AucuMmIMHbBI COCTOUT B GOPMUPOBAHNN 0a30BBIX 3HAHUM B 00JIaCTH MaTEMAaTHUKH; B
(hopMUPOBaHUH TTOHATUH 00 AIEMEHTaX MAaTEMATHYECKOTO anmnapara, He00X0IUMOTO JIJIsl pelIeHuUs
TEOPETUYECKUX W TMPAKTUYECKHX 3a]a4 Npo(EeCCHOHATIbHONW NEeATeNIbHOCTH; B (OPMHUPOBAHUU
MIpe/ICTaBICHUH O pa3padOTKe MaTeMAaTUYECKUX MOJIENEN /ISl pellieHus IMHIBUCTUYECKUX 3a/ay; B
(bopMHUpPOBaHUM MPAKTUYECKUX 3HAHUN M HABBIKOB MaTEMaTHYECKOIO HCCJIEIOBAHUS SBJICHUN U
MIPOLIECCOB, CBA3AHHBIX C JMHTBUCTUYECKUMH HCCIIEIOBAHUSIMH; KOMIETEHIMH 00eCreunBarOmnX
npodeccuoHalIbHOE PEIllIeHUE 3a]ad, CBSI3aHHBIX C HCIOJIb30BAaHUEM METOJIOB MaTEMaTHYECKOTO
UCCIIEIOBAHUS MPUKIIAJHBIX BOIIPOCOB.

3agaun AUCHMILVIMHBI - cOpMUPOBATH MPEJCTABICHUS O MECTe M POJIM MAaTeMaTHUKU B

COBPEMEHHOM MHpe; CHOPMUPOBATH TPEJICTABICHUS O CHCTEMax OCHOBHBIX ITOHSATHH,
WCIIOJIb3YEMBIX JIJISl OIMMCAHUS BAKHEHITNX MaTEMaTHICCKUX MOJICIICH U MaTEeMaTHYECKUX METO/IOB,
pacKphITHE B3aUMOCBS3H JTHUX MOHITUH; CcHOPMHUPOBATH HABBIKM CaMOCTOSITEIBHON pabOTHI,
OpraHu3allui HCCIIEOBATEIBCKON pabOThl; M3YUUTh PA3/ebl MaTeMaTHKH, KOTOpPBIE MOMOTYT B
OCBOEHHH CIICIIUATBHBIX JUCIUIUIAH U B TPO(HECCHOHATFHOMN NIESTETbHOCTH; HAYYUTh HCIIOJIb30BaTh
MaTeMaTU4YEeCKUE METOJIBI UTSl YCTIICITHOTO OBJIAICHHS CIIEIMaIbHOCThIO; COPMHUPOBATH OCHOBHBIC
HaBBIKM B HM3y4€HHUU CIOCOOOB cOoOpa pe3yinbTaTOB HAOMIOACHUN W HMX 00paboTKu s Ooiiee
rIIyOOKOTO U3YYSHHS CYITHOCTH IPOIECCOB U SBJICHHUI B IPO(PECCHOHATBHON NIESITETHHOCTH.
OObem y4eOHOM HArpy3Kd MPH U3YYCHHH JTaHHOW TUCHUIUIAHBI IS CTYJCHTOB COCTABIISCT
60 gacoB, B TOM 4HcCIIe: 00s3aTEIHPHON ayTUTOPHON y4eOHOM Harpy3ku — 43 4acoB; CAaMOCTOSATEILHOM

pabotel — 17 4acos.

OCHOBHBIE pa3iesbl JUCIUIUIAHDI:
Paznen 1. JIuneitnas anreOpa
Pazzen 2. MareMaTHueCcKUN aHaIN3
Paznien 3. Teopust BeposiTHOCTEHM M MaTeMaTHYeCKasi CTATUCTUKA
[IpoBoauTCs 2 MOY/sl U UTOTOBBIN KOHTPOJIb JJIs1 KOHTPOJISI 3HAHUM CTYJEHTOB.

YYEBHO-METOINYECKHWII KOMIIJIEKC JUCHUILIMHBI (MOAYJIEN)



1. IlosicHuTeILHAS 32ATIMCKA
1.1. Mmuccus u crparerust

Muccueit HOY VYHIIK «MYK»- noaroroBka MeKIyHapOJHO-IIPU3HAHHBIX, CBOOOJIHO
MBICIISAIIUX CIEIUAINCTOB, OTKPBITHIX JJIsi TIEPEMEH U CHOCOOHBIX TpaHCc(HOpMHUpPOBATH 3HAHUS B
LIEHHOCTH Ha 0JIaro pa3BUTHUs 00IECTBA.

Crparernueckoii pazsutuss HOY YHIIK «MYK»-co3nanue quHaMUYHOTO M KPEATHBHOTO
YHHUBEpPCUTETA ¢ MHHOBALIMOHHBIMU Hay4HO-00pa30BaTENIbHBIMHM IIPOrpaMMaMU U C COBPEMEHHOM
UHQPACTPYKTYPOM, CHOCOOCTBYIOIINE TOCTHKEHUIO aKaJeMUUYECKUX U MPOPECCUOHAIBHBIX LEIEH.

Heab u 3axaun TUCHHILTMHBI (MoayJIeii) (BpITEKalOT M3 MUCCHU M CTPATETHH )

Lenv oucyununvl: hopmuposanue y cmyoeHmos npedcmasieHus 0 Mmecme Mamemamuxky 8
€OUHOUl KyTbmype, 0 Memooax U 803MONACHOCMAX COBPEMEHHOU MamemMamuky, cnocoocmeosams
PA3BUMUIO  102UHYECKO20 MbIULIEeHUS U YMEHUs ONnepuposams ¢ aOCMPpaAKmubiMu 00bekmamu,
NO3HAKOMUMb C OCHOBAMU MAMEMAMULECKO20 MOOEIUPOBAHUSL.

3aoauu oucyuniumol:

®oamb obujee npedcmasieHue o poau U mecne MamemamuKky 8 COBPEMEHHOU KYlbmype;

®DA36UMb MAMEMAMUYECKOE MblULIeHUe U MamemMamudeckylo Kyaibmypy, HO3ZHAKOMUNb
CMYO0eHmo8 ¢ MamemMamu4yecKumMu Memooamu U OCHO8AMU MAMEMAMUYECK020 MOOEIUPOBAHU,

® NO3HAKOMUMb CHYOEHMO8 C OCHOBAMU MEOpUU 8epoOssMHOCMeEU U Mamemamuieckou
CMAamucmuKu;

echopmuposams y CMyOeHmMo8 HeoOX00uMble NPAKMUYECKUE HABLIKU (HOPMUPOBAHU
KOJIUYECB8EHHbIX OYEHOK NPU NPOBEOeHUU UCCTe008aAHUIL.

1.2. ®opmupyemble KOMIIETEHIINH, 2 TAKKe NepeYeHb IVIAHNPYeMbIX pPe3yJIbTATOB 00yUeHHsI
Mo JAucuMIinHe (MOAYJl0) (3HAHMS, YMEHUS BJajJeHHsi), CPOPMYJIUPOBAHHbIE B
KOMIIETEHTHOCTHOM ¢opmare.

CtymeHT B pe3yiabTare OCBOCHHS JTUCHHUIUIMHBI JIOJDKCH 007alaTh  CICAYIONIMMHU
KOMIICTCHITUSIMHU:
- oowenayunvimu (OK)
® JICIIOJIb3YyeT 0a30BbIC MOJIOKEHHSI MATEMATHYECKUX HAYK MPH PEIICHUU TPO(PEeCCHOHATBHBIX
3agau (OK-2);
B pezynemame oceoenus Oucyuniunvl 00YUAOWUICA  OO0NCEH  OeMOHCMPUPOBAMDb
cnedyrouue pe3yibmanmvl 00pA308aHUs.
1. 3namvb: 06 OCHOBHBIX MamMeMaAMUYeCcKux CMpyKmypax u mMemoodax, 0 Mamemamuyeckom
MOOeNUPOBAHUU, BEPOSIMHOCIMU U CIMAMUCTIUKE, MAMEMAMUYECKUX MOOesIX.
2. VYmemuv: opuenmuposamuvcs 6 nomoxe ungopmayuu, cooepicawjeii. MamemamuiecKue
BbIUUCTICHUS], NOJIL308AMbCS CNPABOUHOLU TUMEPamypol.
3. Braoems. 0CHO8HBIMU MEMOOAMU MAMEMAMULECKO20 AHAIU3A.

Pe3ynpTaThl 00y4eHust MOTYT OBITh MPEACTABICHBI B BUJIE TAOIHUIIBI

Koowt Cooeporcanue KomnemeHnyuil Ilepeuens naaUupyemvlx  pe3ynvmamoes

Komn. 00yuenusn no oucyuniune




ucnojbzyem Oaz06bie NON0IHCEHUS. 3namv. 00 OCHOBHEIX MAaTEMAaTHYCCKUX

OK-2 | mamemamuueckux Hayxk npu CTPYKTYpax U METOJIaX, 0 MaTEMaTHYECKOM

peulenuu npoghecCUOHAIbHBIX 3a0ay | MOJISIIMPOBAHUH, BEPOSITHOCTH M CTATUCTHUKE,
MaTEMaTUYCCKUX MOICIIAX

Vmemps: pemath CTaHAAPTHBIC 33 a49H
poecCHOHATBHOM AEATEILHOCTA Ha OCHOBE
MAaTeMaTUdCCKUX MCTOJ0B U MOACITIMPOBAHUN

Braoems: OCHOBHBIMUA METOIaMU

MaTeMaTHU4CCKOIo aHajin3a

1.3. Mecto qnucuuminHbl (MoayJei) B crpykrype OOII BITIO
Jucyuniuna  (Mooynv)
eCmecmeeHHOHAYYH020 YUukia (010Ka) oucyuniuHn y4ebHo2o NIaHa NO HANPABIeHUl0 N0020MOBKU

(cneyuanvrnocmu) 531100 «/lunesucmuxe».
s oceoenus oucyuniunsl (Mooyeti) HeobXo0uMbl KOMNEemeHYUU, CHOPMUPOBAHHbBIE 8 X00e

U3yyeHus CreoyIouux OUCYUNIUH U NPOXOHCOeHUs NPAKmMuUK: 3HaHUS Kypca MaTeMaTUKU B 0ObeMe

«Mamemamuxay ABAAEMCL  HACMbIO  MAMEMAMUYECKO20 U

0011e00pa30BaTeNbHON CpeTHEeH IIKOJIBI, YMEHHsI HCIIOJb30BaTh OCHOBHBIE MAaTEMAaTHYECKHE
TTOHATHS ¥ METOJIbI PU U3yUCHHUH MPUKJIAJHBIX 33]1a4.

B pezynbmame oceoenuss Oucyuniunvl  (mMooynei) opmupyomcs
HeoOx00uMble O U3YUeHUsT CeOYIOUUX OUCYUNTUH U NPOXONCOEHUs. NPAKMUK: MaTEMaTUIeCKHe
METOJIbI ¥ MOJICTTMPOBAHUE, METO bl OTITUMHU3AIIMOHHBIX PEIICHUH.

KomnemeHyuu,

2. Cmpykmypa oucyuniiunot (Mooy’eii)
Cmpykmypa oucyuniaunot (mooyneit) 0711 04HOU hopmol 00yuenus
Obwas mpyooemxocms Oucyuniunvl cocmasisiem 2 kpeouma, 60 u., 6 mom wuucne
ayoumopnas paboma obdyuarowuxcsa ¢ npenooasamenem_43 u., camocmosmenvHas paboma
ooyuarowuxcsa 11 wu.

Buower  yueonou paovomut, | Dopmot
Pazoen, Temwi eKI0Yan meKyuye2o
No Jucyunaunot CaMoOCmoamesibHyl0 paoomy | KOHmpoJa
n/n 2. | cmyoenmos u | ycnesaemocmu
§ mpyooemKkocmp (no Heoenam
% (6 uacax) cemecmpa)
§~ : Jex | Cem. | CPC | CPCu | @opma
S| 5 |uuu | 3ans/ I7 HPOMEIHCYMOUHO
§ 3 nab. i ammecmayuu
O | 3an (no cemecmpam)
1. | Matpuubl u 1eicTBUS HAl 1|1 1 1 1 Pewenue 3a0au
HUMU
2. | Beruucnenue onpenenureneit | 1 | 2 1 1 1 Hnousuoyanvhvie
MaTpul. O6paTHas MaTpula 3a0aHus
3. | Pemenue cucrem nunHeHbix |1 | 3 1 1 1 Pewenue 3a0au
anredpanvecKknx ypaBHEHUH
4. | OcHoBHbIE MOHATUS Teopun | 1 | 4 1 1 1 Ilpoexmupoeanue
MHOecTB. Onepamnuu Haj 3a0au
MHOKecTBaMU. OTHOIIIEHUS
Ha MHOXKECTBaX.




5. | YucnoBble nociaeaoBaTelib- 115 1 1 1 Yemmuwiii onpoc
HOCTHU M UX MPEJIIIBI

6. | [lonsarue QpyHKIMH. 1|6 1 1 1 Pewenue 3a0au
[Ipenens! GyHKIMI.

7. | IlpousBoaHas u 1|7 1 1 2 Hnousuoyanvhvle
maddepennman GyHKIHH. 3a0anus

8. | DieMeHTh KOMOMHATOPHKHU 118 1 1 2 IIpoexmuposanue

3a0ay

9. | OcHoBHble oHsATHS Teopuu | 1 | 9 1 1 1 Yemuwnii onpoc
BEPOSATHOCTEH, ONIPEICIICHHE
Y CBOMCTBA BEPOSITHOCTEH.
.Henocpencreennoe
BBIUHCIICHUE BEPOSITHOCTEN

10. | HdeiictBus Hax 1110 |1 1 1 Hnousuoyanvrule
BEPOSITHOCTSIMU 3a0anus

11. | YcnoBHast BEpOSITHOCTb. 111 |1 1 1
dopMyia MoJIHOM IIpoexmuposanue
BEPOSITHOCTH. 3a0ay

12. | ®opmyna baiieca. 1 (12 |1 1 2
[ToBTOpHBIEC UCTIBITAHNSI. Pewenue 3a0au
®opmyna bepuymnu

13. | AuckperHas ciy4aifHas 1 (13 |1 1 2 Yemmuwiil onpoc
BEJTMYMHA U QYHKIUS €€
pacnpeneneHus

14. | HenpepbiBHas ciydaiiHas 114 |1 1 1 Pewenue 3a0au
BeJIMYWHA, QYHKITUS
pacnpezeneHus ¥ INIOTHOCTh
BEPOSITHOCTH

15. | Xapakrepuctuku BeiOopkuu |1 [ 15 |1 1 1 Yemmuwiii onpoc
reHepalbHONH COBOKYIMHOCTHU

16. | JloBepuTenbHbIN HHTEPBAI 11]16 |1 1 2 Hnousuoyanvrule
JUI MaTeMaTH4eCKOTo 3a0anus
OKUJJAaHUSI

17. | IlpoBepka CTaTUCTHYECKHUX 117 |1 1 1 Yemmuwiii onpoc
TUNOTE3

3. Cooeprcanue oucyunaunvt (MoOyneii)

Ne | Haumenoeanue  pazoena, memwt | Kpamkoe cooepicanue
OUCUUNTUHDL
1. | Jlunetinas ancebpa: Matpuusl u Bunet  marpun.  CriokeHue, — BbIYHUTaHHUE,
NEVCTBYS HAJl HUMH. YMHOKEHHE Ha YHUCIO, TPaHCIOHMPOBAHMUE,
BO3BEJICHUE B CTENIEHb MaTPHULl, YMHOKEHHUE JBYX
MaTpHIL
2. | Jluneiinas ancebpa: Beruucnenue Beluucnenue omnpenenuTeneii MaTpul, BTOPOIO
onpenenureneit marpui. ObparHas NOpsAJIKa, TPETBETO  IMOPSJIKA,  PA3JIOKEHUE
Marpuia ONPENENUTENsT 10 DJIEMEHTaM CTPOKH WU
crosnbua. O6paTHas MaTpuna. Panr maTpuiipl.




3. | Jluneiinas ancebpa: Cuctembl Matpuunslii Meton, meron Kpamepa, merton
JTMHEHHBIX aNreOpanyecKux l'aycca peleHus CUCTEM JIMHEUHBIX
ypaBHEHHUH. MeTOIbl pelieHust CUCTEM | anredpanyecKuX ypaBHEHUH.

JTUHEHHBIX aJIreOpandecKux ypaBHEeHUN

4. | Mamemamuueckuu ananuz: OcHoBHble | MHOXecTBO. Ilonsatue wmHoxkectBa. CriocoObl
MOHATUS TEOPUU MHOKeCTB. Ornepanuu | 3aaaHus MHOECTBA. O6benunenue,
HaJ MHOXecTBamMu. OTHOIIEGHUS Ha | MepecedeHue, CpaBHEHHE, Pa3HOCTb MHOXKECTB.
MHOYECTBAX. JexaproBoe IIPOU3BEJICHUE MHO>KECTB.

MoiHoCTh MHOXECTBA. BUHApHOE OTHOIIEHUE HA
MHOecTBax. KoMNo3uIKs OTHOLLICHUH.

5. | Mamemamuueckuit ananuz: YucmoBbie | HUCIOBBIE MOCIEOBATEIBHOCTH U ONEPALIUU HA
MIOCJIEOBATEILHOCTH U X IIPEJIEIbI. Humu. [Ipenen nocnenoBaTenbHOCTH.

6. | Mamemamuueckuii ananus: Ilonsitue | Ilonartue QyHKIUYU U ciocoObl 3aaHUsT (PYHKITUH.
¢byukuun. [Ipenen pyHkuui. Ob6nactes  onpenenenus  ¢ynkuuu. Ilpenen

¢bynkuun. TeopeMsbl 0 ipeaenax pyHKIUN.

1. | Mamemamuueckuii ananuz: | Onpenenenne mnpousBogHoi. Juddepennuan
[IpounsBoHas u mudpdepenunan | pynkuuu. I[IpousBoaHas CIOXKHBIX (YHKIIHI.
GyHKIHH. OcHoBHbIe TpaBuiIa auddepeHuana.

8. | Teopuss eeposmnocmeti: DnemeHTh | OOBEKTHI KOMOWHATOPHKH, 3aJa4u
KOMOHMHATOPHUKH. KOMOWHATOPUKH, COYETAHMs, TMEPECTAaHOBKH,

pa3MenieHue.

9. | Teopus eeposmuocmeu. OCHOBHbBIE OCHOBHBIE TIOHSTUS TEOPUH BEPOATHOCTEM.
noHsATus Teopun. Hemocpencrsennoe Kiaccuueckoe M CTaTHUCTHYECKOE ONpeNeTeHue
BBIYMCIICHUE BEPOATHOCTEN BeposiTHOCTEN. CBOMCTBA BEPOSITHOCTEI.

10. | Teopusa eeposimnocmeii: [leiictBust Hax | CrioxeHue BEPOSITHOCTEN HECOBMECTHBIX
BEPOATHOCTAMHU coOpiTuil.  CloKeHUE BEPOSTHOCTEH B3aMMHO

COBMECTHBIX COOBITHIA. YMHOXkeHuE
BEPOSITHOCTEM.

11. | Teopusa eeposmnocmeri:  YcinoBHas | Popmyna MOJHONM BEPOSATHOCTH M YCIOBHBIE
BEPOSITHOCTb. dopmyna [OJIHO} | BEPOSTHOCTH COOBITUH U MPUMEPHI pPELICHUS
BEPOSATHOCTH. 3anad.

12. | Teopus  eeposmnocmeii:  ®opmyna | Popmyna  baileca.  Popmyna  bepnymiu.
Baiieca. HOBTOprIC UCIIBbITAHUSL. HpI/IMepBI HC3aBUCHUMBIX ITOBTOPHBIX HUCIBITAaHUH.
®opmyna bepnyiu

13. | Teopus eepossimnocmeii: Jluckpernas OrnpeneneHne JUCKPETHOM ClTydyallHOW BETUYUHBI
ciydaiiHasi BeTMYKMHA U QyHKIUS €€ " pan eé pacupeeneHusl. DOyHKUMA
pacrnpeneneHus pacnpeneneHus JUCKPETHOM ClIy4aitHO

BEJIMYUHBI: IOCTPOCHUE, BBIYNCIICHUE.

14. | Teopua eepoamuocmeri: HenpepsiBHasg | OnpeneneHue HEIPEPBIBHON Clly4aitHON
ciydaifHasi BeTMYKUHA, (YyHKIHS BEJIMYUHBI U €€ CBSA3b C BEPOSITHOCTHIO. DYyHKIIMSA
pacrpeieneHus U mIOTHOCTb pacupeneneHuss ~ HENpepbIBHOM  CIIydailHOM
BEPOSATHOCTH BEJIMYUHBI U IJIOTHOCTh BEPOSTHOCTH.

15. | Mamemamuueckasa cmamucmuxa: OcHOBHbIE TIOHATHS MaTeMaTUYECKON
XapakTepucTUKU BEIOOPKU U cratuctuku. CpenHue 3HAYEHHUS BBIOOPKHU.

FCHepaHLHOﬁ COBOKYITHOCTU

Jucnepcus BeiOopku. CTaHJapTHOE OTKIOHEHHE.




16. | Mamemamuueckas cmamucmuka: TouyeyHass W HHTEpBaJbHAs OLEHKU CPEIHETrO
3HaueHus. ToueyHass W WHTEpBaJbHAs OLECHKU

YIEIBHOTO BeEca.

JloBepHUTEIIbHBIN UHTEPBAI IS
MAaTEMaTU4YECKOI'0 OKUIAaHUS

CraTucTyeckue runoTe3bl: OCHOBHBIE TOHATHS.
[Haru nposepku rumnote3. CraTUcTUYECKUE
KPUTEPUU I IPOBEPKU TMIIOTES.

17. | Mamemamuueckas cmamucmuxa:
[IpoBepka cTaTUCTUYECKUX TUIIOTE3

4. Koncnexm nexuyuii

Tema 1. MaTpuubl U 1elCTBUS HAJl HUMH.
Onpeodenenue mampuywl. Matpuiieil Ha3pIBa€TCs MPSAMOYTOJIbHAS TaOIHIA U3 YHCEIl, COAepIKaIas
HEKOTOPOE KOJMYECTBO M CTPOK M HEKOTOPOE KOJMUYECTBO N CTOJIOIIOB.
OcHosnbie nonamusi mampuysl: Yuciia m U n Ha3BIBAIOTCS MOPSAKaMU MaTpullbl. B ciydae, eciu
m=n, MaTpUIla Ha3bIBACTCSI KBAJAPATHOM, a YKCIO M=N — €€ NOPAIKOM.

JajabHERIIEM ISt THCH MaTPHIIbI gl PUMEHSTHCS
B aNbHENIIIe 3ammuc a OoynyT e c
A1 Hy e Gin
ay, ay e Gy,
Ay A Ao
0003HaUYCHHE: Xots HWHOT/Ia B JUTEpaType BCTpeYaeTcs
4 % a,
A a4n Ay
2 a
0003HaUYCHHE: R < ™! BmpodyeM, I KpaTKoro 0OO3HAYCHHS MATPHIBI YacTo

HCIIOJIb3YeTCsl 0jiHa OosbIas OykBa JIATUHCKOTO ajidaButa, (Hampumep, A), 1160 cumBoI |[aij||, a
WHOT/Ia U ¢ pa3zbsicHenueM: A=||aij|[=(aij) (i=1,2,...,m; j=1,2,...n)
Uwucna aij, BXOSIME B COCTaB JAHHOM MaTPUIIbI, HA3BIBAIOTCS €€ dJIeMEeHTaMHu. B 3amucu aij mepBbIit
WHJIEKC 1 03Ha4YaeT HOMEP CTPOKHU, a BTOPOH MHIEKC ] — HOMEpP CTOJIONA.

g

A=

Hanpuwmep, marpuna
a2l1=-2y, ...
Wrak, Mbl BBEJIH ONpEICTICHHE MaTPUIIbl. PACCMOTPUM BUIBI MATPHIL U JaJUM COOTBETCTBYIOIINE K
HUM ONpPEICIICHHUS.

N\
\

1 2
-2y -5

O W

/3T0 MaTtpuIla nopsaka 2x3, ee anementsl al 1=1, al2=x, al3=3,

Buabr maTpun
BBenem nonstue MaTpHuil: KBaIpaTHBIX, AMArOHAIbHBIX, €AMHUYHBIX U HYJIEBBIX.
Onpeoenenue mampuysi kéadpamuot: KBagpaTHoi MaTpuueil N-ro nopsaka Ha3pIBaeTCsA MaTpUIla

Gy Gy ... a
Gy Hp w=xs Gy
Gy dy e G

pa3mepa nxn. -
B cnydae kBaapaTHOI MaTpHUIBIBBOASTCS MOHSATHE TTIaBHOW U TOOOYHOM AMaroHanei.

I'naBHO# OMAaroHaJ b0 MATPHUIbI Ha3bIBACTCS AUAroHaldb, MAYyIIas W3 JIEBOIO BEPXHErO yria
MaTpULbI B IIPABbIM HUKHUN €€ YroJl.

ITo004HOIi 1MaroHa b0 TOM K€ MaTpHILbl Ha3bIBAETCS IUAroHaib, MAYILAs U3 JIEBOIO HMKHETrO
yrila B IIpaBbIi BEPXHUU YrOJl.


https://spiruk.files.wordpress.com/2011/12/matrica.jpg
https://spiruk.files.wordpress.com/2011/12/matrica-oboznachenie.jpg
https://spiruk.files.wordpress.com/2011/12/prjamougolnaja-matrica.jpg
https://spiruk.files.wordpress.com/2011/12/kvadratnaja-matrica.jpg
https://spiruk.files.wordpress.com/2011/12/glavnaja-diagonal.jpg

L, nn
Ionamue ouazonanvHou mampuysl: JMaroHaabLHON HA3bIBAECTCS KBAJpaTHAas MaTPULA, Y KOTOPOi
BCE DJIEMEHTHI BHE [VIaBHOH /IMarOHajId paBHBI HYJIIO.

(3x 0 0)
10 -1 0]
Lo o 2

Ilouamue eounuunou mampuysi: Enmununoii (o6o3navaercss E wnorma 1) HasweiBaeTcs
AvaroHaljibHasA MaTpuia ¢ CIMHUIIaMU Ha TJIaBHOU AuaroHaJin.

(1 0 0)
10 1 0]
(0 0 1)
Tlonamue nyneeou mampuywvi: HysaeBoit Ha3I>_I_iaaeTCﬂ M;lTpHHa, BCE 3JIEMEHTBI KOTOPOU PaBHBI HYJTIO.
(0 0 0)
0 0 0
0 0 0)

Tema 2. Boiuuciienue onpenenurened marpun. O0paTtHas marpuua
IMousiTHSA onpeaeUTe I

OmnpenenureneM KBaApaTHOM MaTpUIbl WM MPOCTO ONpeAenuTeseM (IeTepMUHAHT) HA3bIBAETCS
YHCII0, KOTOPOE CTABUTCS B COOTBETCTBUE MATPHUIIE U MOXKET OBITh BBIUHCIICHO TIO €€ JIEMEHTaM.

Ay gy o i
. i
21 g 1
A=det A=
@y @y . g

o KBaI[paTHaH ManI/II_[a HepBOFO HOpH,I[Ka COCTOHUT U3 OJHOI'O 2JIEMCHTA HOSTOMY eé OHpe,I[eJ'H/ITeJ'IB
b= |ﬂ11 | = dy
paBeH CaMOMy BHeMeHTy
o OHpeI[eJ'H/ITCJ'IB BTOpOFO HOpH,I[Ka BBIYNCIISICTCA T10 Q)OpMYHCZ
A= ) _
= =gy Ay
iy dy
o OHpe,[[eJ'H/ITeJ'IL TpeTBeFO HOpHI[Ka BBIYHUCIIACTCS 110 HpaBI/IHy TpeerJ'ILHI/IKaZ

it it it

1 12 13

A=lay ap  ap|=aytydy +apana) + 888, — dy@d); — npdy — dyd)ds

@3] gy ag

Onpenenenue MuHOpa

I[OHOJIHI/ITCJILHBIM MHUHOPOM M ij K OJJIIEMEHTY Q; j KBaﬂpaTHOﬁ MaTpuUuIbl A Ha3bIBaeTCs
ONpCACIINTECIIb (n-l) -ro nopsaka HOHy‘ICHHLIﬁ N3 UCXOJHOTO BBIUCPKUBAHUEM I-oit CTPOKHU U j-

oro CTOJ'I6I_[8. Ha NCPECCUCHUN KOTOPBIX JIaHHBIN 3JIEMEHT HaXOdUTCH.


https://spiruk.files.wordpress.com/2011/12/pobochnaja-diagonal.jpg
https://spiruk.files.wordpress.com/2011/12/diagonalnaja-matrica.jpg
https://spiruk.files.wordpress.com/2011/12/edinichnaja-matrica.jpg
https://spiruk.files.wordpress.com/2011/12/nulevaja-matrica.jpg

Auiredpanyeckoe 10N0JHeHHe (AABIOHKT)

Bbruuciienune onpenesureeit
Teopema (6€3 nOKa3aTENBCTB) O PA3JIOKEHUU OMPEICTUTEINS 110 dJIEMEHTaM CTPOKH (cTondua). Jms
K701 KBagpaTHOH MaTpuiel A mopsmka # uMeeT MecTo hopmyna

A=det A=Y ayrd, =apd) +a, A+ a4, e i=1n,
k=1

X _
A=det A= aged =ayd Hug A+ tag A, 1hEE j=1n
#-1

[Ipumep:
|‘311|:‘311=
_ % e _ _ : _ —
b= =ay Ay tapgd, = <4'5111 = {"‘}ﬂz:rﬂu = [_}':121> =dp gy T Ay
31 dp

A=lay dn ag|=apdy tapds tapds=anMy —ap My e =
) dyp  dag

_ o | Hm| [@Fm dam| 0 dm dm|
=dn & 21z =
31 a

12
tzy G tz)] Gy

= Ayl + dypantng b Oy ey — Gy gy — Gaatyndy) — @i

CaoiicTBa onpenenauTesei

¢ [Ipu TpaHCIOHUPOBAHUU BEIUYUHA OMPENICIUTENS HE MEHSAETCS.
e CTpOKH U CTOJIOLBI ONIPEACTUTENSI SKBUBAJICHTHI.

e Ecmu B OIpEeaACIUTEIIN IMOMCHATh MECTaMU Kakue-110o ABE€ CTPOKH (CTOJ'I6I_[a) MECTaMH, TO
OIIPCACIINTCIIb MCHACT 3HAK.

e Omnpenenurenb ¢ IByMs OJJMHAKOBBIMU CTONIOIaMHu (CTpokaMu) paseH 0.

e [lpu yMHOXEHHH D3JIEMEHTOB Kakoro-jaubo croybia (CTPOKH) Ha YHUCIO a, OMpPEleIUTEh
YMHOKaeTCs Ha 3TO YHUCIIO.

e FEcnu Bce aneMeHThl Kakoro-iaubo cronodua (crpoku) pasHsl 0 , To onpeaenutens paseH 0.
e FEcnu srneMeHTsI IBYX CTPOK (CTOIOOB) MPOMOPLIMOHAIBHEL, TO ONpeaenuTessb paseH (.

e [lycTh KaxkabIil 3JEMEHT Kakoro-iau0o cToyidna (CTPOKH) OINpEAeTUTeNss PaBeH CyMME IBYX
CllaraeMbIX, TOTa ATOT ONPEICIUTEIh PABEH CyMME JIBYX OTPEeNIUTENeH, MPUYEM B TIEPBOM UX HUX
COOTBETCTBYIOIIUK cTONOCI (CTPOKA) COCTOUT U3 MEPBBIX CIATA€MBIX, & BO BTOPOM - M3 BTOPBIX
CllaraeMbIX.

L4 OHpeI[eJ'II/ITeJ'IL HC U3MCHUTCs, €CJIIN K 3JICMCHTaM KaKoro-au0o CTOJ'I6I_I8. (CTpOKI/I) HpI/I6aBI/ITB
COOTBETCTBYIOIIHEC 3JIEMCHTBI APYIroTo CTOJ'I6I_Ia YMHOKC€HHOI'O Ha OAHO U TOXKE YHCJIO.

L4 CYMMa HpOH3BCI[CHPII>i 3JIEMEHTOB KaKOIro-JIH00 CTOJ'I6LIa ONPpCACIIUTECIIA Ha anre6panqecxoro
AOIIOJIHCHUSA K BJIEMCHTAM APYTroro CTOJ'I6I_Ia paBHa 0.

Tema 3. CucreMbl JIMHEHHBIX ajire0panyecKux ypaBHeHnid. MeTobl pelieHUs1 CHCTeMbI
JIMHEHHBIX ajiredpanveckux ypapuenuil. ®opmyast Kpamepa. Meron I'aycca.
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Bamanma cuctema N nuueitnpix anre6pamdeckux ypaBuenmii (CJIAY) c¢ & HemssecTHbIMH,

}l(a..)

K03()(pULIMEHTaMU [IPU KOTOPBIX SBISIOTCS JIEMEHTHI MaTPULIbI ¥/, a cBOOOJHBIMU YJICHAMH -
artena P12 Bar

QR+ AT+ Ay =i

)2+ g Xy + o+ Xy = B

@+ daada + o+ dagefar = B

~ 5 a..
[lepBerit wHAEKC ! BoO3/Ie KOXPPHUIMEHTOB ¥ yKa3blBaeT B KaKOM YyPaBHEHWH HAXOIMUTCS
K03 PUIMENT, a BTOPOH + - TIPH KOTOPOM M3 HEM3BECTHBIM OH HAXOUTCSL.
Ecnu onpenenurens Matpuibl A He paBeH HysTo

i @ . i
) & L
a1 2 17
|4|= =10

TO CHCTE€Ma JIMHEWHBIX alreOpandeckux ypaBHEHUN UMEET eMHCTBEHHOE PELICHHE.
Pemenuem cuctembl JUHEMHBIX anreOpanyecKux ypaBHEHUN Ha3bIBAaeTCsl Takas YHOpSAIOYECHHas

coBoKymHOCTH ' umcen L , KOoTopast mpu "1~ Ay Xy = b, Xgp = P

nu3 ypaBHeHI/Iﬁ CHUCTCMBEI B HpaBI/IJ'H)HYIO paBeHCTBO.

Ecnu npaBele 9acTh BCeX ypaBHEHMI CHCTEMBI PABHBI HYJIIO, TO CUCTEMY YPAaBHEHHH Ha3bIBAIOT
OJHOPOHOM. B citydae, korja HEKOTOPBIE U3 HUX OTIWYHBI OT HYJISl — HEOTHOPOIHOM

by 0,(i=12..k).

MPEBpAIIACT KaKI0e

TEOPEMA KPAMEPA. Eciu  onpenenmurens & cucteMsl ¥ JHHEHHBIX anreOpamdecKnmx
ypaBHenuii ¢ ¥ HemsBecTHBIMM oTimueH oT Hyms £ * U 1o a1a cuctema mMeeT eamHCTBEHHOE
pelienue, kKoTopoe Haxoautces mo ¢popmyaam Kpamepa:

By A, Ay
M =—Ka=—2,  Ky=—.
P At
Molj=12 N o i
J'[“r e )- ompeenuTeNIn, 00pa3oBaHHBIE C & 3amenolt ¢ -To cToJI0Ia, CTOJIOLOM U3

CBO6OI[HI)IX YJIICHOB.

ﬁ.l_,.l'i'l.j_,..

Ecrm £=0 a xoTs 661 0t 13 A8 ormrden ot Hyis, To CJIAY pemienuit He umeert. Eciin

Ap=0 (j=12,. 4

xKe 4 To CJIAY wumeer MHOXecTBO pemieHui. PaccmMoTpum mpumepsl ¢
npuMeHenneMm Metona Kpamepa.
Meton I'aycca 3akmtouaercs B M0OCJIeA0BATEILHOM HCKJIIOYeHUH nepeMeHHBbIX U

peoOpa30BaHUU CUCTEMBI JTMHEWHBIX alreOpandyecKuX ypaBHEHUN
Mt A X AR, = 5y,

) Gy M+l Ty + g X, =

,_axlxl"'axﬂxz +"'+a:'mxx = E:l?d
K TPEYroJbHOMY BUIlY
X+ Oy ooy X, = )

Caay+ .. H TRy =dy)

Coloy =y, O =1,[k=1 2, ).
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I[Ipeanonokum, uto B cucteMe Koddduuuent “u * U Ecnm s1o YCIIOBUE HE BBIIIOJHACTCS, TO Ha
IIEPBOE MECTO IIEPEHOCUM ypaBHEHUE, KOTOPOE €€ yA0oBIeTBOPsieT. C MOMOILBIO IEPBOTO YPABHEHHUS

MCKIIIOUMM 1 U3 OCTaJIbHBIX YPABHEHUIA.

JI1s1 3TOrO IeNnAT NEPBYIO CTPOYKY HA “11, 0603HAUNM

ah =2 (k=0,1,2,..n)
911

Jlanbie BTOPOil CTPOKM BBIYUTAEM MEPBYIO CTPOKY, YMHOKEHHYIO Ha 21 ;0T TpeThero mepBylo

CTPOUKYy, YMHOXEHHBIH Ha “31 ; M Tak Jajgee 10 MHOCTeAHEH CTpPOkH. Ilomydum TaGmuiry
KOA(QPHUIINEHTOB:

nox o .oo0x 1
11 1 1
an dy - A B
1 1 1
0 ap . ay B
1 1 1
L L LR ‘E’-"x
Jlns HewsBecTHBIX 2+ -+ '» pMmeeM cucTemy -1 ypaBHEHUH. BBINIONHAS, Kak M paHbLIE,

VCKITIOUAM 2 M3 BCEX YpaBHEHHil, HAuMHAs C TpeThero. JIIs 9TOro CHAYama paszielliM BTOPYIO
1
CTpouKy Ha “22.
1 1
Ecmn koopduuuent 2 =, 1o nepecrasnm yparenus Tax, 9To6bI BBIIONHIOCH yenoBue %2 = U

O0603HaYNB

1 1

c
G- G (k=2 ), =L
dn o

1.
OT TPETHENU CTPOKU BEIUTEM BTO CTPOYK HO>KCHHBIH Ha %37
2

HpOI[OJ'I}KaSI MpoHeCC NCKIYCHUA HCU3BCCTHLIX IMOJTYYUM Ta6J'II/II_[y1

T T . 4, 1
Ay @ dy - G By
0 @ @ . @y @, B
0 0 ﬂ'33_3 --- ﬂ'33,;r¢—1 a33?e EJ33
000 g ad. H
o0 0 .. 0 &, &

Tabmuua xod(hQGUIMEHTOB NMPH HEW3BECTHBIX CBOJHUTCS K TPEYrOJIbHOMY BHIYy. Bce TiiaBHOM
IAaroHaad dJIEMEHTHI =1 . 3anuiieM COOTBETCTBYIOLIYIO CUCTEMY YpaBHEHHIA:
’alllxl + Tyt 3% +---+a11_x—13}u—1 + all_x =8
‘1’:?:4 At “'2?3-"3 ot ai:u—lx:u—l + ‘1’2?,» w = ’52?
.::333 S+t Iﬂ'33,;»¢-1xa¢-1 + a33,?¢x?¢ = 5%3

n-1 n-1 -1
Gy a-1tp-1t 10l = ‘E:'?e—l

» »-1 n-1
Hyplp-1 Ty ply =y
E] b

Dy aly = ‘bx
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Tema 4. OcHOBHbIE TIOHSATHSI TEOPUH MHOKECTB

[TonaTre MHOXECTBA ABJISIETCS] OJJHUM W3 OCHOBHBIX MOHATUN MaTeMaTuku. OHO HE UMEET
TOYHOTO OIPENIEICHUS U, KaK MPaBUII0, OOBSICHICTCS C TIOMOIIBIO TIPUMEPOB.

[ToHsiTHE MHOXKECTBA — SIBJIIETCS OJTHUM U3 TeX (QyHIaMEHTAIbHBIX TOHATHIA MaTeMaTHKH,

KOTOPBIM TPYJHO AAaTh TOYHOE OMpEAeNiCHNE, UCTIONIb3Yys dJIeMEeHTapHble NOHATHS. [loaTomMy

OTPAHUYUMCS OTTUCATEIHLHBIM OOBSICHEHUEM TTOHSITHS MHOKECTBA.

MHO0KeCTBOM HA3bIBAETCS COBOKYITHOCTH OIPEICICHHBIX BIIOJIHE pa3INdyaeMbIX OOBEKTOB,

paccMaTpuBaeMbIX Kak enuHoe 1esnoe. Coszmarens Teopun MHOkecTB ['eopr KanTop naBan

cienyrolee onpeneIeHne MHOXKECTBA — «MHOKECTBO €CTh MHOTO€, MBICJIMIMOE HaMU KakK LEJI0e».
OOBEKTHI, U3 KOTOPBIX COCTOUT MHOXECTBO, HA3bIBAIOTCS 2/1€MEHMAMU MHOMCECM 6d.

NPUMEP

MHO0XeCTBO JOMOB Ha JJAHHOU YJIHUIIE, MHOXKECTBO HATYpaJIbHBIX YHCEII, MHOKECTBO
CTYJIEHTOB T'PYIIIIHI U T. [I.

MHoxecTBa 00bIYHO 0003HAYAIOT 3arIaBHBIMU JIaTUHCKUMU OykBamu A, B, C, D, X, Y...,
AJIEMEHTHI MHOKECTBA CTPOYHBIMU JJATHHCKHUMH OykBamu — @, b, C, d, X, y...

Jli1a 0603HaYEeHMSI TOTO, UTO OOBEKT X SBJISETCS HIEMEHTOM MHOKECTBA A, HCTIOIb3YIOT
CUMBOJIUKY: XEA (UuTaeTrcsi: X IpUHAUIeKUT A ), 3anUCh X ZA 0003HavaeT, 4TO 0OBEKT X HE
SIBJISIETCS] DJIEMEHTOM MHOXECTBa A (YMTaeTCs: X HE MPUHAISKUT A).

[IpuHATO MCTIOIB30BATH CIENYIONINE 0003HAUCHUS:
e a € X — «IJEMEHT a MPUHAIIICKUT MHOKECTBY X»;
e a¢& X — «NEMEHT a He IPUHAIICKUT MHOKECTBY X»;
e YV — KBaHTOP MPOHU3BOJIBHOCTH, OOIIHOCTH, 0003HAYAIONTUHN «TH000», «KaKOW OBl HE OBLITY,

«UTSL BCEX»;

e 3 — xBaHTOp cymiecTBOBaHMs: Y € B — «cymecTByeT (HalIeTCs) DIIEMEHT Y U3

MHOKecTBa B»;

e 3J! — xBaHTOp CcymiecTBOBaHUs U eauHcTBeHHOCTH: J!b € C — «cymecTByer
€IMHCTBEHHBIN 3JIEMEHT b 13 MHOKecTBa Cy;
e | — «TaKoOM, 4TO; 00JIANAIOIIMII CBOHCTBOMY;

e — — CHMBOJI CJICJICTBHS, O3HAYAET «BJICUET 32 COO0I»;

e & — KBAaHTOP 3KBHUBAJIECHTHOCTH, PABHOCUIIBHOCTH — «TOT/Ia ¥ TOJILKO TOTJIa».
MHoecTBa ObIBAIOT KOHEYHbIE U 0eCKOHeUHble. MHOKECTBA HAa3bIBAIOTCS KOHEYHBIM, €CITU
YHCJIO €ro 3JIEMEHTOB KOHEUHO, T.€. €CIIH CYIIECTBYET HATYPaIbHOE YHCIIO N, SIBIISIONICECS YHCIOM
3JIEMEHTOB MHOXKECTBA. A={a1, 82,8 3, ..., n}. MHOXECTBO HA3bIBACTCSI OECKOHEYHBIM, €CITH OHO
COJICPXKHUT OECKOHEUHOE YHCII0 3JeMeHTOB. B={b1,b2,bs, ...}. Hanpumep, MHoxecTBO OYKB
pyccKoro andpaBUTa — KOHEYHOE MHOYKECTBO. MHOKECTBO HATYPAJIbHBIX YUCENl — OECKOHEUHOE
MHOJKECTBO.

MHo3k€ecTBO He cojieprKalllee HU OJHOTO dJIEMEHTa Ha3bIBaeTcs nycmuim (00o3Hauaercs: O).

MHOXeCTBa U3 3JIEMEHTOB KOTOPOT'O COCTABJISIEM KOHKPETHOE MHOYKECTBO
Ha3bIBACTCS YHUBepcaivhovim (06o3navaercs: U).

[PUMEP

U — MHO’KECTBO JIIOJIeH Ha 3emiie, A — CTyneHTHI Tpynnsl On-305.

MHoecTBa MOXHO M300paxarh ¢ OMOIIbIO KPYTOB, KOTOPbIE HAa3bIBAIOTCS Kpy2amu
Ditnepa vnv ouazpammamu Benna, yauBepcaibHOE MHOXKECTBO MPHUHITO 0003HAYATH
MPSIMOYTOJIbHUKOM.

[PUMEP
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Onepauuun HaJ MHOKeCTBAMHM

1) Cpasnenue muoxncecme

MHo3xecTBO A Ha3bIBAETCS HOOMHOICECHE0M MHOXKECTBA B, eciu Bce 21eMeHThI
MHO>€eCTBa A coJiepKaTcsi BO MHOKecTBe B.

Ac B ©xeA>Dxe B

JlBa MHOKECTBA Ha3BIBAIOTCS PAGHLIMHU, ECIIM OHH COIEPKAT OJJMHAKOBBIE HAOOPBI
snementoB. A=B & Ac BAnBcA

TEOPEMA
# Ilyctoe MHOKECTBO O SIBIISIETCS TTOIMHOXKECTBOM BCEX MHOKECTB.
# YuauBepcanpbHOoe MHOXECTBO U COMEPKUT BCE MHOXKECTBA.

# Ecmm ACB , To B HagMHOXKecTBO A.
OPUMEP: A={0, 1,2,3}, B={0,1}, 8 € A .

2) O6veounenuem 08yX MHOMCECME HA3BIBACTCS MHOXKECTBO, COCPIKAIIEE BCE ITTEMEHTBI
000MX MHOKECTB.

AuB=§x|xe Av x € B}
[IPUMEP: A={K, A, T, ST}, B={K,O,C,T,s}, AVB={KAT.L0C}

§

Au B

3) HepeceuenueM Oeyx MHOdcecmeé Ha3bIBACTCs MHOXXCCTBO, COCTOAIICC U3 O6IHI/IX
3JIEMEHTOB 000MX MHOJKECTB.

AmnB={x|xeAdnrnxe B}
IOPUMEP: A={K, A, T, l}, B={K,0,C,T,s1}, ANB— T .
ANB

4) Paznocmuio muosycecme A u B nazpiBaercs MHOXKECCTBO, COCTOANICC N3 BCEX DJICMCHTOB
MHOeCTBa A He COZICPIKAIINXCA B B.
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AVB={x|xe Anx¢g B}
[IPUMEP: A={K,A,T, s}, B={K,0,C,T, 5}, A\B={A}, B\A={O,C}.

' $

A\B B\A

5) Cummempuueckoii paznocmoio muoxcecme A u B Ha3bIBaeTCs MHOKECTBO, COCTOSIIIEE

13 BCEX JIEMEHTOB MHOKECTBA A He cojziepkamuxcsi B B u Bcex aneMeHToB MHOXecTBa B He
cojiepxantuxcs B A.

AAB={x|{xe AnxeB)vi{xg Arnxe B}
[IPUMEP: A={K,A, T, S}, B={K,O,C,T, 5}, AAB={A0,C}.

AAB

6) /lonoanenuem (Oononmnenuem 00 YHUBEPCATbHO20 MHOMCECHEA) MHOKECTBA A

Ha3bIBAETCSl MHOYKECTBO, COCTOSIIIEE U3 BCEX AJIEMEHTOB YHHBEPCAIIBHOTO MHOYKECTBA HE
cozepKaimxcs B A.

A={x|x¢g A}

@

7) Ipsambim unu dekapmoevim npouseedenuem muoxcecme A u B, HazpiBaeTcs

MHOECTBO BCEX YIMOPAA0YEHHBIX map (&, b), rae neprulii a71eMeHT & U3 MHOXKeCTBa A, a BTOpOi
anemeHT b 13 MHOXecTBa B.

AxB={(a,b)|lae Anbe B}
[IPUMEP; 4 = {433} B ={815,1,7}
Ax B = §(4,8),(4,15),(4,1),(4,7),§{5,8% (5,15),(5,1),(5,7), (3,8), (3,15), (3,1), (3,7)}

Cmenenvio MHOYcecmea Ha3bIBACTCS IEKapTOBOE MPOU3BEICHIE MHOKeCTBa A caMo Ha
ce0st N pas.

A" =AxAxAx..x 4
S

[NPUMEP

A =1{3,1} 4 2= §(3,3), (3,1), (1,3), (1,1
CBoiicTBa onepanuii HaJ MHOKECTBAMH

1) KoMMyTaTHBHOCTE.
AnB=BMmA AuB=8BuA
2) ACCOIIMAaTUBHOCTb.

(ANBYNC=An(BC)
(AuBYyuC=Au(BuC)
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3) JucTprOyTHBHOCTS.
AUBC)=(AUB)~AUC)
An(BUC)=(AnB)(AC)
MOUIHOCTH MHOKECTBA

Momnocmbio KOHCYHOI'O MHOJKECCTBA HA3bIBACTCsA YHCJIO €ro 3JICMCHTOB.

MorHocTs MHOXeEcTBa X 0003Hauaercs: | X |
[IPUMEP: X ={1,3,6}, | X|=3

OTHoOlIEeHNS HA MHOKeCTBAX

Korpma roBopsiT o poactee nByx uenoBek, Mama u Cara, TO oipa3yMeBaroT, YTO €CTh
HEeKasi CEMbs, K UJieHaM KOTOPOH OHHM OTHOCSTCS. YnopsaaodeHHas napa (Marma, Cama) oTiindaercs
OT JPYTUX YHOPSAJOUEHHBIX Hap JroAeH TeM, uTo Mexay Mareit u Caiiell eCTh HEKOE POJCTBO
(ky3uHa, OoTell, u T. 1.). B MaTemaTuke cpein BCeX yrmopsiI0YEHHBIX Map JAEKapTOBOTO
npousBenieHns A B IByX MHOXKECTB A U B TOX€ BBIIEISIOTCS HEKOTOPBIE TIAPHI B CBA3U C TEM, UTO
MEX/Ty UX KOMIIOHEHTaMU €CTh HEKOTOPHIEC «POJICTBEHHBIEY» OTHOIICHUSI, KOTOPBIX HET Y APYTHX.

B kauecTBe mpuMepa pacCMOTPUM MHOXKECTBO S CTYICHTOB KaKOTO-HUOY/Ib TEXHUKYMa U
MHOeCTBO D M3ydaembIx TaM TUCHMILIHH. B 1ekapToBom mpousBeacHrn S DMOKHO BBIIEIHUTH
00JIBIII0€E TIOJJMHOKECTBO YITOPSA0UYCHHBIX map (S, d), 001aaaroux CBOWCTBOM: CTYAECHT S H3yJaeT
muctutuinay d. [TocTpoeHHOe MOAMHOKECTBO OTPaXkaeT OTHOMICHHE «H3YYaeT», €CTECTBEHHO
BO3HUKAIOIIIEE MKy MHOKECTBAMU CTYJICHTOB U JIUCIIUTILINH.

JI71st cTpOTrOro MaTeMaTHIECKOTO OMMCAHUS JIFOOBIX CBS3€H MEXTY dJIEMEHTAMU JIBYX
MHOYXECTB BBOJIUTCS IMOHATHE OMHAPHOTO OTHOIICHHS, KOTOPOE YacTO MOSIBIISETCS KaK B Ma-
TeMaTuKe, Tak U B HHPpopMmaTuke. OTHOIIEHUS MEXKTY SJIEMEHTaMU HECKOJIbKUX MHOKeCTB (N-
apHbIE OTHOIIEHUS ) MPUMEHSIOTCS JJISl OTIMCAHUS IPOCTOM CUCTEMBI YIIpaBJIeHUs 0a3aMu JaHHBIX.

Omnowenuem (OuHapHvlM OMHOUIEHUEM, 08YMECHHBIM OMHOUWIEHUEM) U3
MHOoMcecmea A 6 mnoxcecmeo B Ha3pIBaeTCS HEKOTOPOE MOJIMHOKECTBO I€KAPTOBOTO

npousseneHus Ax B

OTtHomIeHUs B JalibHEHIIeM OyieM 00o3HavYaTh pPpc AxB (untaercs £ OTHOIICHHE
u3 ABB)

Ecm 4€ A, beB , PE (‘I’b), TO TOBOPSAT, YTO @ HAXOAMTCS B OTHOIIEHHUH C b.

HWcnons3yercs Taxxke 3anucy 2P b

2
[IPUMEP: Ecin # ornowenue uz A B A (PS4, 1o rosopsit P Gunapnoe
OomHouweHue Ha mHoMcecmee A.

[NPUMEP:

A= {31}

AT = §(3,3), (3.1 (1,3) (LD,

£ = i(3,3) (LD

N-apHbim omuouwienuem Ha Mo cecmee A, Ha3bIBACTCSI HEKOTOPOE MOIMHOXKECTBO N-0M
CTeNeH! MHOXKecTBa A.

n
[IPUMEP P< 4" o5 — N-apHOE OTHOIICHNE HA MHOYECTBE A.
Buibl OMHApHBIX OTHOIIEHUI HA MHOXKECTBE A

1) OGpaTHOE OTHOLIEHHE p~' ={(a,b)|(b,a) e p} .
2) JlononHeHue p=1{(a,b)|(a,b)e p} .
I'={{a,a)|ae A}.
U={(a,b)laec Anbe A}

3) ToxmecTBeHHBIC

4) YHuBepcaibHbIC

KoMno3unus oTHOLICHMIA
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Hycts P - otromenne w3 A C, A CAXC 4 £ - orHOmEHME W3 C B B, A2 CCx5
, TOr1a Komno3uyuei otHomeHuil # °£: gaspiBaercs

omomerne A P =i@b)|lacAnbe Bn(IceC (a,6)e p n(c,b)e p)}
IIPUMEP
A={123} B={01} cC-{3

pC AXC, p = {(1,2),(1,3),(2,2), (3,2}
2 C CxB8B, 2= {(2,0),(2,1), (3:0)}
£ o oy =1(1,0),(2,0),(2,1),(3,0)}

Mycts # €4%E (£ ormomenne u3 A B B). A0pom omnowenus P maspizaercs

- -1
KOMITIO3HUIIUS OTHOIIICHU A P I/IO6paTHOF0 JIsI HETO OTHOUICHUSA P I,T.e. (pcp )
[IPYMEP
Hycrs A={0,1}, B={K,JI, 0}, P=4*8 »=1(0,K),(0,]1),(1,K),(1,0)}. Haitti s1po
-1
ortaourenuss P, r.e. PP |

-1
Pemenne: Haiinem o6parHoe otHomerne ©  ={(K,0),(J,0),(K,1),(0,1)}.
3aTeM HaiiieM KOMIIO3HIIMIO OTHOMICHHST © 1 0GPATHOTO [T HEro OTHOLICHHS

o7 2007 2 £(0,0),0,1),(LO)(L, 1)}

Tema 5. YucjaoBbIe NOCJIeA0BATEILHOCTH

OcHOBHbIE TOHATHS U ONpe/iesIeHus

Omnpenenenue: [locmenoBaTeIbHOCThIO HA3bIBACTCS (PYHKITUS, KOTOPAS IIEPEBOIUT
MHOJKECTBO HATypaibHbIX yncea [N B HEKOTOPOE MHOXKECTBO

x Az} ={zn},_ ={z1;22;. 520} 2 €N

DJIeMEHT -I'l Ha3bIBAETCS MEPBBIM YICHOM MOCIEA0OBATEIBHOCTH, L2 - BTOPBIM, ... , Ln - 1=
BIM WJIA OOIIUM YWICHOM IOCJIEI0BATEIbHOCTH.

IIpumep

PO N [P T S o T
3amanue. J{jst mocieaoBaTenbHOCTH L = {=1;2:5;8,=3;0; ...} OTIpEeIeNTUTh, YeMY PaBeH
TpETUl wieH L'

Pemenue. TpeTbuM 37€MEHTOM HOCIEIOBATEIBHOCTH OYJIET 3IEMEHT, UAYILUN TPEeTHUM IO
CueTy, TO €CTh ISl 33JaHHOM MOC/IeI0BATEILHOCTH UMEEM, UTo L3 = O

Otger. L3 = 3

3agaHue MocJaeA0BATEIBLHOCTH (pOopMyI10ii ee 001ero YieHa

O6LI‘IHO IIOCJICI0BATCIBbHOCTD uenecoo6pa3Hee 3a4aBaThb (I)opMynoﬁ cec O6H.[6FO YJICHA,
KOTOpas 1no3BOJISICT HalTH J'IIO6OI71 YJICH MOCJICA0BATCIbHOCTHU, 3HAA €ro HOMEP.

IIpumep

3amanue. Haiitu opmyny o01iero uieHa mocineaoBaTeIbHOCTH

e = {6;20; 56; 144; 352; ...}

Pemenue. 3aHI/IIJ_IeM Ka)K,Z[LIfI WICH MOCJICAOBATCIIBHOCTHU B CICAYIOUICM BUIC!

n=1:1=6=2-3=2".3=2".(2-1+4+1)

n=2:11=20=4-5=2"-5=2".(2-2+1)

n=3:13=56=8-T= “.(2-34+1)
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Kak Buaum, 4iieHbI OCIIEA0BATEIBHOCTH MPEICTABIISAIOT COOON MPOU3BEICHHE CTETIEHU
HBOﬁKH, yMHO)KCHHOfI Ha MOCJICAOBATCIIbHBIC HCYCTHBLIC YHCJIa, [IPUYCM JIBA BO3BOJAUTCA B CTCIICHD,
KOTOpasi paBHa HOMEPY pacCMaTPUBAEMOTO 3JIEMEHTA.

Taxum 06pa3omM, enaemM BBIBOJ, YTO

T =2"-(2n + 1)

Oteer. dopmyia obmero wiena: L£n = 2" - (2n + 1)

IIpumep

3ananue. Haiitu 15 wieH nocinenoBaTenbHOCTH, 3aJaHHON (pOpMyIIOi 71-To

{_1 lrll T
Ty = —} ne N

YJIeHa! n
Pemenne. st Toro uToOb! HalTH 15 , MOJACTaBUM B (popMyITy OOIIIero ujaeHa

3Havenue 1 = 15 . TTomyunm:
-n® "~ 1

-1
15 15

OtBer.
IIpumep
3ananue. [IpoBeputs, sBusrorcs mu uucia @ = 6 u b = 1 unenamu nocnenosarensHOCTH

(2,) n?+ 11
R R

Pemenne. Yucno @ = € gBIsieTCs WIEHOM MOCIENOBATEIBHOCTH {xn}.neEN , €CJIH
cyuectByer Takoil Homep 0 € N | ypo Tng = =6
. ng+11  ni+11
b=, = =
ng+ 1 np +1
nop=1

=0 =

2 , -
= ny —bng +5=0==

gy = o
Takum 06pa30M, YUCJIO @ = i} ABJSICTCA IIEPBBIM U IIATBIM YJICHAMUA 3a,HaHHOI‘/'I

MOCJIEIOBATENLHOCTH.
[IpoBepuM Teneph, ABIAETCA U 9ucio b = 1 unenom ykazanHoM

(2 }_{nz—l— 11}
II0CJIEA0BATCIIbHOCTHU n+ 1 . Paccymz[aﬂ AQHAJIOTUYHO, KaK U JJId i = i ,
ImoJrydyacm:
2
ni + 11
%: l=nl—n;+10=0=D=1-40= -39 <0
20

2 _
Taxum oGpasom, ypasrenue o — Mo+ 10 =0 e MMEET PElICHUE B HATYPAIbHBIX YHCIAX,

a 3Ha4uT, b = 1 He sIBNIETCA WIEHOM MOCIIEI0BATEILHOCTU {xn}
Ortser. Uncno @ = 6 gBiIgeTCs MEPBBIM U MIATHIM YIEHAMH 3aJaHHOM I0CIIe10BATENLHOCTH,
a
n-+ 11 }

{r,} = { —
a b = 1 He sBNISETCS WIEHOM MOCIIEI0BATEIBHOCTH :

IIpenena mocieno0BaTeJJbHOCTH
OKpeCTHOCTBIO TOYKH Xo HA3bIBACTCS JIFOOOW MHTEPBAJI, COACPIKAIIHNN ATy TOUKY. & —
OKpeCcTHOCTBIO TOUKH Xo Us (Xo) Ha3bIBaeTCs HHTEPBAI JTHHOM 20 € IIEHTPOM B 3TOM TOUKE.
Onpenenenue npeaena nocjaeaoBaTeIbHOCTH: UKcio a Ha3pIBaeTCS MPEIEIIOM
MOCIIeIOBATEILHOCTH {Xn}, €Cliu s Jitoboro € > 0 HaiteTcst Homep no = No(€) € N Takoit, 4To st
BCEX HOMEPOB N > Ng BBIMOJIHAETCS HEPABEHCTBO [Xn— a| <g

Yucio b Ha3bIBaeTCS MPENEIIOM MOCIEAOBATEIBHOCTH {Xn}=X1, X2,..., Xn (liM {Xn} = b;
n—o0)
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[TocnenoBarenbHOCTD {Xn}, UMEIOIIAsi KOHEUHBIN TIPEIes a, HA3bIBACTCS CXOISIICHCS.
[TocnenoBaTeabHOCTH, UMEIONIAs OECKOHEYHBIH Mpeiel WM BOOOIe He UMEIOIIas peiena,

Ha3bIBACTCA pacxownueﬁca. Ecau Yy DOCJICA0BATCIIBHOCTU CymieCTByerT KOHEYHbIH

npeges , TO OHAa Ha3bIBAETCs CXOAsilIeiics (B YaCTHOCTH, 0€CKOHeYHO MaJIoi pu ).B
IIPOTHBHOM Clly4ae — pacxoAsiuerics, Ipyu 3TOM BO3MOJKHBI IBa BapUaHTa: 1100 Ipejiesia BOBCe
HE CYILECTBYET, 1100 OH OeCKOHedeH. B nocieanem cirydae nociae10BaTeabHOCTb

Ha3bIBAlOT 0€CKOHEYHO 00JIbIION.

ITpumep: IlocnenosarensHOCTH ABIISIIOTCSL O€CKOHEUHO OOTbUUMU,
[TOCKOJIBKY MX WIEHBI YBEPEHHBIM X0/10M IPOABUTAIOTCS K (ILTIOC OECKOHEUHOCTHY:

[Tpumep 2.
Hanwmcatp nepBbie 4eThIpe YiieHa MoCeI0BaTeIbHOCTH U HAUTH €€ TIpeen

OTO mpuMep UIsl CaMOCTOSITENIBHOTO pemeHusd. Ui yCTpaHEeHHMs HEONpeNeNEHHOCTH B
YHUCIUTENE MOTpedyeTcss MPUMEHUTh (OPMYNTy CYMMBI NEPBBIX UWIEHOB apU(PMETHUUECKOI
MIPOTPECCUU:

,TI€ ~ —TEepBblid,a  — DHHBIN WIEH MPOTPECCUH.
[TockonbKy B mpeienax mocae10BaTeIbHOCTEN «3H» BCETla CTPEMUTCS K «ILITIOC

0ECKOHEYHOCTUY», TO HEYIUBUTEIHHO, YTO HEONPEAEAEHHOCTh  — OJHA U3 CaMBbIX
MOMYJISIPHBIX.

Tema 6. ®ynkuusi u ee npeaes. llouarue pyakuun. Crnoco0bl 3a7aHus PyHKIIUU
DyHKIIMEH Ha3bIBACTCS 3aKOH, 10 KOTOPOMY YHCITY X M3 33JJaHHOTO MHOYKECTBA X, IMOCTaBIIC

HO B COOTBETCTBHE TOJBKO OJIHO YHCJIO Y, IMHIIYT , IPH 3TOM X Ha3bIBAIOT apryMEHTOM
VHKIIUH, Y Ha3bIBAIOT 3HAYCHHEM (DYHKIUH.

CyIecTBYIOT pa3Hble CIOCOOBI 3aaHusl (PYHKITUH.

1. AHaauTHYECKHIi cnocoo.

AHaTUTHYECKHI crIOco0 - 3TO HanboJiee YacTo BCTPEUAIOIIHMICS CITOCO0 3a1aHust (PyHKINU.
3akiiroyaeTcsi OH B TOM, uTo (GyHKUMs 3amaercsa GopMylnoll, yCTaHABIMBAIOIIEH, KaKue Omeparuu

HY)KHO TMpOU3BECTH HaJa X, 4ToObl HaiTu y. Hampumep

PaccmotpuM nepBbii ipuMep - . 31ech 3HAYEHHIO X = 1 COOTBETCTBYET :
3HAUEHUIO X = 3 COOTBETCTBYET u T. 1. OyHKIUA MOKET OBbITh 3a/laHa Ha pa3HbIX
YacTAX MHOKECTBA X Pa3HbIMH (DYHKLUSAMHU.

Hamnpumep:

Bo Bcex paHee NPUBCACHHBIX IPUMEpPAX AHAIIUTHYCCKOTO crocoba 3aJaHusd, (bYHKHHH ObLIa
3ajaHa sBHO. To CCTb, CIIpaBa CTOsAJIa IEPEMECHHAA Y, a CJICBA (bopMlea oT HCpCMCHHOﬁ X. O)IHaKO,
IIpHU aHAJIMTUYICCKOM crocooe 3aJaHusd, (I)YHKI_II/ISI MOJKET OBITh 3aJlaHa 1 HCABHO.

Hanpumep . 3aech, ecnu Mbl 3a7JaeM IEPEMEHHOM X
3Ha4YeHHue, TO, YTOObl HAMTH 3HAUEeHUE NMEePEeMEHHON y (3HaueHue (YHKIUH), Mbl JOJDKHBI PEIIUTh
ypaBHeHue. Hanpumep, i nepBoii 3aqaHHON QyHKIMH ITpU X = 3, Oy/ieM periath ypaBHEHUE:
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. To ecTb, 3HaYeHnEe GYHKIUU IPU X = 3 paBHO -
4/3.
[Tpu ananuTuveckoM criocoOe 3aaanus, (GyHKIUS MOKET ObITh 331aHa MAPAMETPUIECKH - 3TO,
KOTJla X U y BBIP@XKEHBI Uepe3 HEeKOTopbIi napamerp t. Hanmpumep,

3nech mpu t =2, x =2,y =4. To ectp, 3HaueHHE HYHKIUHU MPU X = 2 paBHO 4.
2. I'padnueckuii cnocoo.
[Tpu rpaduueckoM criocode BBOIUTCS MPSMOYTOJIbHAs CUCTEMa KOOPMHAT U B 3TOH CHCTEME

KOOPJIMHAT M300paXkaeTcsi MHOXKECTBO TOYEK C KOOpauHaTaMu (X,y). [Ipu atom » = Jx), [Tpumep:

3. CjioBecHBIi €rocoo.

OyHKIMS 3a7aeTcsl ¢ MOMOINBIO ClIoBecHO# (opmymmpoBku. Kiaccnmyeckuit mpumep —
bynkuus Jupuxie. «OyHkuus paBHa 1, ecnu X — panoHanbHOe Yncio; GyHKIus paBHa 0, ecnu X —
HPPAIMOHAIEHOE YUCIIO.

4, TaOmu4HEIH cI0CO0.

Tabmuunerii cioco6 Hanbosiee yno0OeH, Korja MHOXECTBO X KoHeuHo. [Ipu 3ToMm cmocobe
COCTaBJIsIeTCsl TAOIUIA, B KOTOPOH KaKJIOMY DJIEMEHTY U3 MHOXKECTBA X, CTABUTCS B COOTBETCTBUE
quciao Y.

[Tpumep:

Tabnuuneiii cnoco0 3amaHus (QYHKIMM OYEHb yHoOeH IIpu o00pabOTKe pe3yiIbTaToB
uccnenoBanuii. Hampumep, mnpu  BBIIBJICHHHM 3aBUCUMOCTH MEXAY YPOBHEM 3arpsi3HEHUS
OKPY)KAIOIEH Cpe/ibl U KOJIMUYSCTBY JIFOJICH, 3a00JICBIIUX PAKOM.

ObaacThb onpeneseHust

OGnacteio onpezeneHus GyHkun ¥ = J (%) HasbiBaeTcs MHOXKECTBO Tex 3HAUEHHIA X, TIpH
KOTOpBbIX (PYHKIHUS ompeneneHa. MHBIMU ClIOBaMH, 3TO T€ 3HAYEHUS X, MPH KOTOPBIX (PYHKIUS
«ObiBaeT». Horga o6macTh onpeaeneHus 3a1aeTcsl HEMOCPEACTBEHHO YK€ MPU 3a/IaHuu (PYHKITUH.

Hanpuwmep: npu . 3necy obmnacteio onpeaeneHus (O/13) sBisercs mpoMEXyTOK
[1;5]. Ilpu mpyrux 3HadeHusx X ¢yHkuus He ompeneneHa. Omnako, He Bcerga OJI3 3amana Tak
HETIOCPEACTBEHHO.

Yame Bcero (ans (yHKIM 3agaHHbIX aHanutudecku), O3 HaxoasaT HCXOAs W3 TOTO,
BO3MOJKHO JIM MPHU TE€X WIM UHBIX 3HAYEHHSIX X MPOM3BECTH BCE ONEPAIMH, KOTOPbIE YKa3aHbI B

dbopmyre.
ITpumep: O/13 ¢ynkuum - npomexyrok [0;?). Ilpum Bcex Apyrux 3HaYCHMSIX X
¢byHkuus He ompeneneHa (pyHKIUM «He ObIBaeT»). Hampumep, He cyliecTByeT AEHCTBUTEIBHOIO

3HAUEHUS BBIPAKECHUS . IIpu rpaduyeckom uzobpaxkeHuu 310l QyHKIMM rpaduk Oyaer
HaXOJUTHCS TOJIBKO B 00JIaCTH AOMYCTUMBIX 3HAUEHUH, M HU Ha TOUKY HE BBIMJIET 3a 9TH MPEJIEIbl.
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[Ipn TabnuuyHoM cnocoOe 3aiaHus GYyHKUUU OOJACTHIO AOMYCTUMBIX 3HAUEHUU SBIISAIOTCS
TOJIBKO T€ 3HAYEHHUS X, KOTOPbIE 33/1aHbl B TAOIHLIE.
Hanpumep: O6nactbio onpeaeneHus GyHKIUH, 33JaHHON TaOIMYHBIM CIIOCOOOM

sBisieTcss MuoxkectBo OJI3 = {3;5.1;10;12.5;13;20}

Tema 7. IlpousBognas u nudpdepenuuan GyHKUuM.

OnpenesieHne Mpou3BOAHOIM
[lycte 3anana ¢yukius f(x) Ha uHTEpBate (a,b). 3adukcupyeM TOUKy X BHYTpH (a,b) u npuaagum x
npuparienue Ax, MP cekyas, npupamenne ynknuu Ay = f(x+Ax)-f(X). Paccmorpum
OTHOIIIEHHE

0] ; X
X X +Ax

M(x, f(x))
P(x 1 Ax, f(x + Ax))

Ay _ fxtAg—f(n)
Ax Ax 9TO TAHT'€HC yrila HaKJIoHa cekyuied MP, oH 3aBucUT OT AX.
Omnpenenenue. [Ipon3BogHOM Ha3bIBAaETCs Mpeesl OTHOIICHUS TpUpaIlleHus QyHKIINN K
MPUPALLECHUIO apTyMEHTAa , KOTrJJa IPUPALEHUE apryMEHTa CTPEMUTCS K HYJIIO:
x+ — Jix]
Emn g=E|1 fct &g - 79 )=f'(x)
a0 fyy  arsd Ax
Cy1iecTByeT HECKOJIBKO cIoco00B 0003HAYEHUS MTPOU3BOTHOM, CaMble BaXKHBIE ITO ) w

HpHMep HaxXO0XIACHUA f‘ (x)’ HCIIOJIB3Yys OIIPCACIICHUC:
FO =22 Av=flxt A)- f)=(x+Axf — 2% = 2 +2x-Axt A — 22 =2x- Ac+ Ax?
Ay _2x-Act A

& T
- L =2xtAc B Y= B (204 &) =20 F()=(F) =2

Ax

I'eomerpuyeckunit CMbIC NIPOU3BOAHOM
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x X +Ax
M(x, f(x)) Plx+ Ax, f(x + Ax))

£(x)=Em

Y
[To onpenenenuro ®Ax yctpemMuM TOUKY M Kk Touke P , 3T0 SKBHBaJI€HTHO

crpemnennio Ax—>0
[IpenensHOE nonoxeHne cekymeir MP 310 kacatenbHas K KpUBOW B Touke M , ee yriioBon
Ay
k=tgp=1Tm tga=:m = = f(x)
K03 (UIIMEHT paBeH AT—+0 a0 Ax
CnenoBarenbHO, IPOU3BOJAHAS B TOUKE X paBHA TAHT'€HCY Yrjla HaKJIOHA KacaTelbHOMN B 3TOM TOUKE.

VpaBHEHHE KacaTeIbHOM B TOUKE ¥ mMmeeT BUj * 0 = kx—x), o = f(lq’), T.X.
k=2 1o ypaBHEHHE KacaTeabHOU mpumet Bug ¥ ¥o = Flrx—x) Haiinem ypaBHeHHE

HOPMaJIH, IEPIEHIUKYIIIPHON JaHHOM KacaTeIbHOW U MPOXOIAIIEH Yepe3 TOUKY *o 13 YCIIOBHUS
1

TIePIeHANKYIAPHOCTH TpsMbIX %~ & =~1 yriopoit kosddurmenT HopMany pasen  76), a

ypaBHEHHME HOPMAJIM B TOUKE *® IPHMET BUJL
1

_m{x_%)

¥ ¥ =

Tema 8. JjieMeHTHI KOMOMHATOPUKHU

KomOunaTtopuka — pas3zien MaTeMaTuKy, KOTOPBIM U3ydaeT 3a/1a4 BbIOOpA U pacioioKeHus
AJIEMEHTOB W3 HEKOTOPOTO OCHOBHOTO MHOXECTBA B COOTBETCTBUHU C 3aJaHHBIMU IIPABHJIAMHU.
DopmyIbl NPUHLUINBI  KOMOWHATOPUKHU HWCIHOJB3YIOTCS B  TEOPUU  BEPOATHOCTEH IS
MojicyeTa BEPOSITHOCTU  CIIyYaWHBIX COOBITMH M, COOTBETCTBEHHO, IOJy4EHHUS 3aKOHOB
pacnpesiesieHus CIIy4aifHbIX BETUYHH.

DT0, B CBOIO OYepeIb, MO3BOJISIET HCCIEA0BATH 3aKOHOMEPHOCTH MAaCCOBBIX CIy4alHBIX
SIBJIICHUH, 4TO SBJIETCS BECbMa BAYKHBIM JUIs MIPaBUJILHOTO
MOHUMAaHMS CTATUCTHUYECKUX 3aKOHOMEPHOCTEH, MPOSIBIIAIONINXCS B IPUPOE U TEXHUKE.

IIpaBuia ci10keHUs1 1 YMHOKEHHSI B KOMOMHATOPHKE

Ilpasuno cymmer. Ecnu nBa neiictBuss A U B B3auMHO HCKIIOYAIOT APYr Opyra, Mpudyem
JeiicTBre A MOKHO BBIIOJHUTH M criocobamu, a B — n cmoco6amu, To BBIIOIHUTH OJHO JII000€ U3
ATUX JelicTBHM (Inb6o A, mn6o B) MokHO n + m crocobamu.

IIpumep 1. B xnacce yuutcs 16 manpunkoB u 10 neBouek. CKOJBKUMH CTIOCOOAMHU MOYKHO
HA3HAYUTH OJTHOTO JEKYPHOTO?

Pewenue

JIe)KypHBIM MOKHO Ha3HA4YHMTh MO0 MajbuuKa, THOO JEBOYKY, T.€. JEKYPHBIM MOXKET OBITh
m000# n3 16 MaapuuKoB, JIHOO0 dr00as u3 10 neBouexk.

[lo mpaBwily CyMMBI MOJIyda€M, YTO OJHOTO JAEXKYPHOTO MOXHO HaszHauuTh 16+10=26
crioco0amH.

Ilpasuno npouszeedenus. Ilyctb TpeOyeTcsi BBINOJHUTH IOCIEA0BATENbHO K neWcTBUiL.
Ecnu nepBoe neiicTBHE MOKHO BBITIOJHHUTH N1 CIIOCOOaMH, BTOPOE ACUCTBUE Ny CIIOCOOAMHU, TPEThE
— N3 cmoco6aMu U Tak A0 k-ro melcTBHS, KOTOPO€ MOXHO BBIMOJTHHUTH Nk crocobamu, To Bce k
JEVCTBHUI BMECTE€ MOTYT OBITh BBITIOJTHEHBI:

N=mn-n,-..-n; crnoco6amu.

IIpumep 2. B knacce yuutcs 16 manpunkoB 1 10 neBoyek. CKOJIBKUMHU cIOCOOAMH MOYKHO
HA3HAYUTh JBYX JEKYPHBIX?
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Pewenue

[lepBBIM IeKypPHBIM MOKHO HAa3HAYUTH MO0 MaJIb4yMKa, TM00 eBouKy. T.K. B KJlacce yIuTcst
16 manbunkoB u 10 1eBoYeK, TO HA3HAYUTH NIEPBOTO AEKYPHOTO MOXkHO 16+10=26 cnocobamu.

[locne TOrO, Kak Mbl BBIOpAIM IEPBOTO AECKYPHOTO, BTOPOTO MBI MOXEM BBIOpaTh U3
OCTaBIIIHUXCS 25 YeNOBEK, T.€. 25-10 CII0co0aMu.

ITo Teopeme yMHOKEHUS IBOE JEKYPHBIX MOTYT OBITh BEIOpaHbI 26*25=650 criocobamu.

Coueranus 0e3 noBropenuii. CoueTaHus ¢ NOBTOPEHUSIMH

Knaccuueckoir 3amayeii KOMOMHATOPUKH SBJISIETCS 3a/ada O YHCIE COuYeTaHui Oe3
IIOBTOPEHMUI, coZiepKaHue KOTOPOU MOXHO BBIPA3UTh
BOIIPOCOM: CKOﬂbKuM? CnoCcobamu MOXCHO 8blOpams M u3 N pasIuyHbLX NPEOMemos?

n!

m —_— e
m!(n—m)!
Ipumep 3. Heo6xommmo BeIOpaTh B momapok 4 m3 10 UMErOmUXCS pa3TUYHBIX KHHT.
CKOJIBKUMH crIOocO0aM1 MOKHO 3TO CAeIaTh?
Pewenue
Hawm u3 10 kaur Hy)xHO BbIOpaTh 4, mpUueM HOPSAOK BbIOOpA HE UMEET 3HaYeHHs. Takum

00pazoM, Hy>)KHO HalTH YUCJIO coueTanuit u3 10 31eMeHToB 110 4:
!
4 10! -91
R ¥
PaccmoTpuMm 3amavy o ymcie codeTaHW C MOBTOPEHUSMHU: UMEETCS MO ' OJIMHAKOBBIX

<
MNpEeAMETOB KAXA0T0 M3 N PA3JIMUYHBIX THUIIOB; CKOJIbKUMU CI’lOCOédMM MONCHO 6bl5pal’l’Ib m ( el

u3 smux (N*r) npeomemog?
e 1\
i (n+m-1)!
m(n—-1)!

nem=1 7
Pa3memenusi 6e3 mopropennii. Pazmeenusi ¢ noBTopeHusiMmu
Knaccuueckoii 3amadyeit KOMOWHATOPHWKHM SIBJSIETCS 3a7ada O YHCIE pa3MelIeHuid O0e3
MMOBTOPEHUH, CoJIep>KaHue KOTOpOH MOXHO BBIPA3UTh
BOIIPOCOM:_CKOIbKUMU CHOCOOAMU MONCHO 8bIOPAMb U pASMECUmMb N0 M _paAsIuyHbIM _Mecmam M
u3 N pasnuyHbix npea'memoe?
- n!

N (n—m)!

IIpumep 5. B HekoTopoit razere 12 crpanun. HeoOxoaummo Ha cTpaHHMIIAX 3TOW Tra3eThl
nomMectuth 4erbipe Qororpaduu. CKOJIBKHUMH CIIOCOOAMH MOXHO 3TO CJeNaTh, €CIM HU OJlHA
CTpaHUIIa Ta3eThl HE OJDKHA coAepkaTh Ooliee oHoM hoTorpadun?

Pewenue.

B nmanHO#l 3amadye MBI He TPOCTO BbIOMpaeM Qortorpaduu, a pa3MmellaeM HX Ha
OTIpeJIeNIEHHBIX CTPAaHUIIAX ra3€Thl, MPUYEM KaxJas CTpaHHIlA ra3eThl JODKHA COJIepKaTh He OoJiee
onHoit potorpaduu. Takum o00pazom, 3amava CBOAMTCA K KIACCHMUECKOH 3aaaye 00 ompeaeneHuu
quclia pa3MelleHuil 6e3 moBTopeHuit u3 12 3neMeHToB 1o 4 3IeMeHTa:

4 121 12!
Ay=——=—=9-10-11-12=11880.
12-41 8!
Taxum o6paszom, 4 pororpaduu Ha 12 cTpaHuniax MoKHO pacnoioxuTh 11880 cnocobamu.

Taxxe KiIacCHUYeCKOM 3adadei KOM6I/IH8.TOpI/IKI/I ABIACTCA 3aJada O 4YHCIIC pa3MeH.[eHPII>i C
IOBTOPCHUAMHU, COJACPpIKaHUC KOTOpOfI MOXXHO BBIPA3UTH
BOIIPOCOM: CKOJIbKUMU cnocobamu MOIHCHO 6bl6pamb u pasmecmumaos no m
pasiudnbim mecmam M u3z N npedmemoe, cpedu KOomopblx eCmb 00uHaKoswle?

m

-_—m
Az =n

IlepecranoBku 0e3 nosropennii. IlepectaHoOBKY ¢ MOBTOPEHUAMHU
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Knaccnueckoil 3amaueid KOMOMHATOPHKH SIBIISCTCS 33jada O 4YHCJIE IIEPECTaHOBOK 0e3
HOBTOPEHHS, Co/IepIKaHHE KOTOPOi MOYKHO BBIPA3HUTh
BOIIPOCOM: CKOJIbKUMU CROCODAMU MOICHO pazmecmunms N pasiuiHbIX npeomenos Ha N
Pa3uYHbLX Mecmax?

— !
P =n

Ipumep 7. CKOIBKO MOYXKHO COCTaBHUTh YETHIPEXOYKBEHHBIX «CIIOBY» U3 OYKB CIIOBa«OpaK»?

Pewenue

I'enepanbHON COBOKYINHOCTBIO SIBISIOTCS 4 OyKBBI c10Ba «Opak» (0, p, a, K). Yucno «cios»
ONpEJEIAETCS NEPECTAHOBKAMU 3TUX 4 OYKB, T. €.

P,=4=1-2-3-4=24
Jliga ciydasi, Korja cpeiad BbIOMpPaeMbIX N AJIEMEHTOB €CThb OJMHAaKoBble (BbIOOpKa ¢
BO3BpalllcHMEM), 3aJady O YHCJIe [EPeCTAaHOBOK C IOBTOPEHHUSIMH MOXHO BBIPA3HTh
BOIIPOCOM: CKOJbKUMH CIIOCOOAMHU MOKHO TIE€PECTABHTH N MPEIMETOB, PACIOJI0KEHHBIX Ha N
pa3IMYHBIX MECTax, €CIU Cpear N mpeamMeToB umerorcs K pasmmunbeix trmoB (K < n), T. e. ecthb
OJIMHAKOBEIE TIPEJIMETEI.
— n!

m!n!.n!

Tema 9. OcHOBHbIE IOHATHSI TEOPUH BEPOATHOCTEI, onpeiejieHHe H CBOICTBA BEPOSITHOCTEI.
HenocpeacrBeHHOe BEIYHCIEHHE BEPOATHOCTEH

OcHOBHBIC IOHATHS TEOPUH BEPOATHOCTEH

Teopust BeposTHOCTEH OOBSCHSIET M HCCIEAYET pazIUYHble 3aKOHOMEPHOCTH, KOTOPHIM
MMOYMHECHBI CIIYYaliHbIe COOBITHUSA W cCllydaliHble BennuuHbI. COOBITHEM SBIISIETCS JI000H (axT,
KOTOPBI MOXHO KOHCTaTHUpPOBaTh B pe3ylbTaTe HaONoJeHus wiu ombiTa. Habmonenwem wim
OTIBITOM Ha3bIBAIOT PEATTU3ALIMIO ONPECIEHHBIX YCIOBHM, B KOTOPBIX COOBITHE MOYKET COCTOSITHCSL.

OnbIT 03HAYAET, YTO YIMOMSHYTBIM KOMIUJIEKC OOCTOSTENbCTB CO37aH CO3HATeIbHO. B xome
HaOMoIeHNsT caM HaOIIOAAIOMIMI KOMILIEKC 3THX YCJIOBUHM HE CO3[aeT M He BiuseT Ha Hero. Ero
CO3JA0T WJIM CUJIBI IPUPOJIbI WU APYTHUE JIFOIN.

Bce cobbITHs, 32 KOTOPBIMU JIF01U HAOIIOAAIOT UM CaMH CO3JAI0T UX, AEJSATCS Ha:

® JIOCTOBEpHbBIE COOBITHUS;
® HEBO3MOXHbIE COOBITHS;
e ciydYaifHble COOBITHS.

JloctoBepHble COOBITHS HACTYMAIOT BCErJa, KOTJa CO3/aH ONPEICNICHHBIM KOMILIEKC
obcrositenscTB. Hanpumep, ecnu pabotaem, TO MOTy4aeM 3a 3TO BO3HATPAXKICHHE, €CIH CIAIH
9K3aMEHbI U BBLAECPKAIU KOHKYPC, TO JOCTOBEPHO MOKEM pacCUMTHIBATh HA TO, YTO BKIIFOUYEHBI B
YHUCJIO CTYJIEHTOB.

HeBo3MoxkHbBIE COOBITHS OMPENEICHHO HE HACTYHAaloT, €CJIHU CO3Jajics OmpeAeleHHBIN
KOMIUIEKC ycnoBuil. Hampumep, Boja He 3amep3aeT, €ciu TeMIlepaTypa COCTaBiseT IUIoc 15
rpaaycoB 1o Llenbcuto, mpou3BoACTBO HE BeAETCs 0€3 AIEKTPOIHEPT UH.

CnyyaitHple COOBITHS IPU  peau3allid  OMPEAETICHHOTO KOMILIEKCAa YCIOBHH MOTYT
HACTYMUTh U MOTYT HE HACTynmuTh. Hampumep, eciau Mbl OJUH pa3 Moa0packiBaeM MOHETY, TepO
MOXKET BBINACTh, & MOXKET HE BBIMACTb, 10 JOTEPEHHOMY OWJIETY MOXKHO BBIMTPATh, @ MOXKHO HE
BBIUTPATh, IPOU3BEIEHHOE U3/IENINE MOXKET OBITh TOIHBIM, 2 MOKET ObITh OpakoBaHHBIM. [losiBeHNE
OpaKOBAaHHOTO M3JIENUS SBJSETCS CIIy4alHBIM COOBITHEM, 0OJIee PEIKUM, UM MTPOU3BOJICTBO TOJHBIX
U3IEIN.

OxumaeMasi 4acTOTa HACTYIUICHUS CIIy4alHBIX COOBITHII TECHO CBSi3aHA C TOHSTHEM
BEPOSITHOCTH. 3aKOHOMEPHOCTH HACTYIUICHHUS] U HEHACTYIUICHUS CIy4allHBIX COOBITUH HCCIEyeT
TEOPUs BEPOATHOCTEH.

Ecnu koMIieke Hy>KHBIX YCIIOBUI peali30BaH JIMILb OJUH pa3, TO MOJy4yaeM HEJIOCTATOUYHO
nH(OPMALIUU O CITyJaifHOM COOBITHH, MOCKOJIBKY OHO MOKET HACTYNHTh, 2 MOXKET HE HACTYIUTh.
Ecnu xoMmmiiekc ycinoBUH pealin30BaH MHOTO Pa3, TO TOSBISIOTCS HW3BECTHBIE 3aKOHOMEPHOCTH.
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Hanpumep, HuKOrJa HEBO3MOXKHO y3HATh, KaKOW KOQEHHbIH ammapar B Mara3uHe HOTpeOyeT
OUEepeIHON TMOKyINaTelb, HO €CIM H3BECTHBI Mapku Haunbosiee BOCTPEOOBAHHBIX B TEUCHHE
JUTUTENTFHOTO BPEMEHU KO(EHHBIX anmaparoB, TO HA OCHOBE 3TUX JaHHBIX BO3MOKHO OPTraHH30BaTh
MIPOU3BO/ICTBO WJIM MOCTaBKHU, YTOOBI YAOBIETBOPHUTH CIIPOC.

3HaHue 3aKOHOMEPHOCTEN, KOTOPBIM IO JUMHEHBI MACCOBBIE CITy4aifHbIe COOBITHSL, TO3BOJISIET
MIPOTHO3UPOBATh, KOTJa 3TH CcOObITHA HacTymaT. Hampumep, kak yxke paHee OTMEYEHO, 3apaHee
HeNb3s MPEeLyCMOTPETh pe3yiabTaT OpOCaHUsi MOHETBHI, HO €CJIM MOHETa OpollleHa MHOIO pa3, TO
MOJKHO TIPEYCMOTPETH BhIMajieHne repoa. Ommoka MOKeT ObITh HeOOIBIION.

Metoapl TEOpPUM BEPOSITHOCTEH IIMPOKO WCIOJNB3YIOTCS B  PA3IMYHBIX  OTPACIIX
€CTEeCTBO3HAHUS, TEOPETUIECKON (hM3HKE, TeOAe3UH, aCTPOHOMHUH, TEOPUH aBTOMATH3UPOBAHHOTO
yIpaBJlIeHUs, TCOPUN HAOIIOJACHUS OMUOOK, 1 BO MHOTHX JIPYTHX TEOPETUYCCKUX M MPAKTUICCKHIX
Haykax. Teopus BEpOSITHOCTEH WIMPOKO WCHOJB3yeTCs] B IUIAHUPOBAHWU W OpPTaHU3ALUHU
MIPOU3BO/ICTBA, aHAIM3€E KauecTBa MPOTYKINH, aHAIN3€ TEXHOJIOTMUECKUX IPOLIECCOB, CTPAXOBaHUH,
CTaTUCTHKE HACeJICHHsI, OMOJIOTHH, OAITUCTUKE U JIPYTUX OTPACIISX.

CrnyyaitHbie coObITHS 00BIYHO 0003HAYAIOT OOJIBIIMMHU OYKBaMU JIATUHCKOTO andaButa A, B,
Cur.n.

CrnyyaitHble cOOBITHSI MOTYT OBITh:

® HECOBMECTHBIMH,
® COBMECTHBIMH.

CoOpitus A, B, C ... Ha3bIBAalOT HECOBMECTHBIMH, €CIIM B PE3YJbTATe OJHOTO HCIBITAHHS
MOJKET HACTYIHTh OJTHO U3 ITUX COOBITHH, HO HEBO3MOKHO HACTYIUICHHUE JIBYX HIIU 00Jiee COOBITHH.

Ecnu HacTymieHne OJHOTrO CiIyd4ailHOTO COOBITHS HE HUCKIIOYAaeT HACTYIUICHHE JIPYroro
COOBITHSI, TO TakWe COOBITHS HAa3BIBAIOT COBMECTHBIMH. Hampumep, ecim ¢ JIGHTHI KOHBeiepa
CHUMAIOT OYEPEIHYIO JeTab U COOBbITHE A 03HAYAET «IETajb COOTBETCTBYET CTAHJAPTY», & COOBITHE
B o3nauvaer «ieranh HE COOTBETCTBYET CTaHIApTy», TO A m B — HecoBMecTHbie coObiTHs. Ecim
coopiTe C o3Havaer «B3sita Aetanb [l copra», TO 3TO COOBITHE COBMECTHO C COOBITHEM A, HO
HECOBMECTHO C coObITHEM B.

Ecnu B kaxxnoM HaOmoaeHUH (MCHBITAHUHU) JOJDKHO MPOU30MTH OJHO M TOJBKO OJHO U3
HECOBMECTHBIX CIIYYalHBIX COOBITHUH, TO 3TU COOBITHS COCTABJISIOT MOJJHOE MHOXKECTBO (CHCTEMY)
COOBITHIA.

JlocToBEpHBIM COOBITHEM SIBIISIETCS HACTYIUIEHHWE XOTSI Obl OJHOTO COOBITHSI M3 TOJHOTO
MHO>KECTBA COOBITHIA.

Ecnu cobbrtusi, oOpa3yromue MoJiHoe MHOXKECTBO COOBITUM, OMAapHO HECOBMECTHBI, TO B
pe3ynbTaTe HaOJIOJIEHUS! MOXKET HAaCTYNUTh TOJIBKO OJHO M3 3THX coObiTuil. Hampumep, cTyneHT
JOJIKEH PEIINUTh ABE 33/1a4l KOHTPOJIbHOM paboThl. OnpeesieHHO MPOU30MIET OAHO U TOJIBKO OJTHO
U3 CIEAYIOIINX COOBITHIA:

e OyJeT pelleHa nepBas 3ajgava u He OyJIeT pelieHa BTopas 3aaya;
e OyJerT peuieHa BTOpas 3a7aya U He OyJeT pelieHa rnepnas 3ajaaua;
e OyIyT peuieHsl 00e 3a1a4u;

e He Oyzer pellieHa HU OJHA U3 3a7a4.

DT coObITHUS 00pPa3yIOT MOTHOE MHOKECTBO HECOBMECTHBIX COOBITHH.

Ecnu monHoe MHOKECTBO COOBITHII COCTOUT TOJIBKO M3 IBYX HECOBMECTHBIX COOBITHH, TO MX
Ha3bIBAIOT B3aMMHO MTPOTHUBOTIOJIOKHBIMU WM aJIbTE€PHATUBHBIMU COOBITHIMMU.

CoObITHE, MPOTUBOIIONOKHOE COOBITHIO A, 0603HauaroT A. Hampumep, B ciiydae OJHOTO
1010pachIBAHMS MOHETBI MOJKET BHINACTh HOMUHAN (A) win repo (A).

CoObITuSI Ha3bIBAIOT PABHOBO3MOXKHBIMH, €CITM HH Y OJHOTO M3 HHX HET OOBEKTHBHBIX
npeumyiecTB. Takue cCOOBITHS TAKXKE COCTABIIAIOT IOJTHOE MHOKECTBO COOBITHIL. DTO 3HAUUT, YTO B
pe3ynbTaTe HaOMIOICHUS WM UCTIBITAHUS OMIPEICTICHHO IOJDKHO HACTYIHUThH 110 MEHBIIIEH Mepe OHO
13 PAaBHOBO3MOKHBIX COOBITHH.

Hanpumep, monnyto rpymimy coObITHII 00pa3yroT BbINaeHHEe HOMUHATA U Tep0a MpH OJHOM
moA0packIBaHUM MOHETHI, HaTU4Me Ha OJHOM mewyaTHOW crpanuie Tekcra 0, 1, 2, 3 u Gonee 3
OLINOOK.

25



Knaccuueckoe omnpezneneHrne BepOATHOCTH. BO3MOXXHOCTBIO MM OJIarOMPUSTHBIM CIIydaem
HA3bIBAIOT CIy4aid, KOrjJa IMpH pealu3alul ONpeaeNéHHOTO KOMIUIEKCa OOCTOSTEIIBCTB
coObiTust A mpoucxoniar. Kitaccmueckoe ompesenieHHe BEPOATHOCTH IPEAINoaraeT HanpsMyro
BBIYMCIIUTH YUCJIO OJArONPUSITHBIX CIIYy4aeB MM BO3MOKHOCTEM.

Kitaccnueckas u cratuctudeckas BepOATHOCTUH. DOpMyIibl BEPOSATHOCTEM: KIACCUYECKON U
CTaTUCTUYECKOMN

BeposaTHOCTBIO COOBITHSI A HA3bIBAIOT OTHOILIEHHE YHCIA ONAaroNpHATHBIX 3TOMY COOBITHIO
BO3MOXHOCTEH K 4YMCIy BCEX PaBHOBO3MOXXHBIX HECOBMECTHBIX COOBITUH N, KOTOpbIE MOTYT

IIPOU30MTH B pe3yabTaTe OAHOI0 UCIBITAHUS UM HaOmoneHus. PopMysia BEpOSTHOCTU COObITUS A:

M
P4 =—

Tema 10. leiicTBusA HaJ BepOSATHOCTSIMU

CJ0’keHue BepPOSITHOCTEH HECOBMECTHBIX COOBITHI

HeobOxomumMocTh B JEMCTBUSX HaJ BEPOSTHOCTSIMHM HACTyMaeT TOI/AA, KOTJAa HM3BECTHBI
BEPOSITHOCTH HEKOTOPBIX COOBITUMH, a BBIYUCIUTH HY)KHO BEPOSITHOCTH JPYTUX COOBITUH, KOTOpPbIE
CBSI3aHbI C IAaHHBIMU COOBITUSIMHU.

CrnoxxeHre BEpOSITHOCTEH HCIOJB3YETCsl TOT/A, KOTAa HYXHO BBIYMCIUTH BEPOSITHOCTH
00BbeAMHEHNS WM JIOTUYECKONH CYMMBI CITy4allHbIX COOBITHH.

Cymmy cobbrtuii A u B o603nauator A + B min A U B. Cymmoit 1Byx coObITHII Ha3bIBaeTCs
coObITHE, KOTOPOE HACTYIAEeT TOT/Ia U TOJbKO TOTJa, KOI/la HACTYMaeT XOTs Obl OJTHO U3 COOBITHH.
Oto o3HaudaeT, 4yTto A + B — coObITHE, KOTOpO€ HACTymaeT TOrjJa U TOJBKO TOI/Aa, KOrja IMpu
HaOIMIOACHUH TTPOHU301IIIo coObiTHe A min coObiTue B, nimm omnoBpemento A u B.

Ecnu coObrTust A u B B3aMHO HECOBMECTHBI M X BEPOSITHOCTHU JIaHBbl, TO BEPOSATHOCTh TOTO,
4YTO B pe3yibTaTe€ OJHOIO HCHBITaHUSA TNPOU30MAET OJHO M3 ITHUX COOBITHH, PAaCCUUTHIBAIOT,
UCIOJIb3Ys CII0KEHUE BEPOSITHOCTEH.

TeopeMa cji0:KeHMsI BepOSITHOCTeH. BeposSTHOCTH TOTO, 4TO MPOU30MAET OJHO W3 JBYX

B3aMMHO HECOBMECTHBIX COOBITHI, paBHA CyMME BEPOSITHOCTEH ITUX COOBITHIA:
FlALR =P+ FP(E) 3)

Hampumep, Ha oxoTe mpomsBeneHbl aBa BbicTpena. CoOwbiTHe A — momagaHue B YTKY C
MIepBOTO BHICTpENa, coobiTue B — monaganue co BToporo BeICcTpenia, coobiTre (A + B) — monaganue
C TIEPBOTO WM BTOPOTO BBICTpENia WJIM C JBYX BBICTpesioB. MTak, ecnu nBa coOwiths A u B —
HECOBMECTHBIC COOBITHS, TO A + B — HacTymieHue XoTs Obl OJHOTO M3 ITHX COOBITHH WM JBYX
COOBITHIA.

[Tpumep 1. B smuke 30 MSYUKOB OJIMHAKOBBIX pa3MepoB: 10 KpacHbIX, 5 cuHUX 1 15 OembiX.
BoeruncnuTh BEpOATHOCTD TOTO, YTO HE TS OyIeT B3ST LBETHOH (HE OeNblil) MSYHK.

Pemenne. I1pumem, uTo coObITHE A — «B3ST KPACHBIA MSYHK», & COObITHE B — «B3ST cCHHMIA
msunky». Torma coObitwe A & - «B3ar userHOl (me Oenplil) Msuuk». Halaém BeposSTHOCTH
COOBITHS A:

10 1
PlAi=—=—
4) 0 =
u coOnITHs B:
5 1
PlBi=—=_
() 0 6

CoObiTust A 1 B — B3aMHO HECOBMECTHBIE, TaK KaK €CIIM B3ST OJUH MUMK, TO HEIb3s B3STh
MSIYMKH pa3HbIX LBETOB. [I03TOMY UCIIOIB3yeM CIIOKEHUE BEPOATHOCTEM:
1 1 1
FlAUR =P+ P8 =-+—=—.
306 2
Teopema ci0:keHMs] BEpPOSITHOCTEH 1/l HECKOJBKHX HECOBMECTHBIX cOObITHMH. Ecnu

COOBITHS Al’A?"""A'-“COCTaBHHIOT IIOJIHOC MHOXXCCTBO C06BITHf/'I, TO CyMMa ux BCPOHTHOCTCﬁ paBHa 1:
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PUAY+ LAY+ + P4 =1.

CyMMa BeposATHOCTEH MPOTUBOMOJIOKHBIX COOBITHI Takxke paBHa 1:

Pl +F(A1=1

[IpoTuBOIOIOKHBIE COOBITHS 00pa3ylOT MOJHOE MHOXECTBO COOBITHH, a BEPOSTHOCTh
IIOJIHOTO MHOXECTBA COOBITUH paBHa 1.

BeposTHOCTH IPOTHUBOIIOIOKHBIX COOBITHH OOBIYHO 0003HAYAIOT MAIBIMK OyKBamu P 1 . B
YaCTHOCTH,

ptg=1

U3 YEro CIEAYIOT cleytolne (popMybl BEPOSITHOCTH TPOTUBOTIOIOXKHBIX COOBITUI:

p=l-g,9=1-p

[Ipumep 2. Llens B Tupe paszgeneHa Ha 3 30HbL. BepoATHOCTH TOrO YTO HEKUH CTPENIOK
BBICTPEJIHT B I1€JIb B iepBoi 30He paBHa (0,15, Bo BTopoii 30He — 0,23, B TpeTheit 30He — 0,17. Halitu
BEPOSITHOCTh TOTO, YTO CTPEJIOK MOMAJAET B LI€Jb U BEPOATHOCTh TOTO, YTO CTPEJIOK MOMAIET MUMO
LEJIH.

Pemenune: HalinéM BEpOSATHOCTB TOTO, YTO CTPEJIOK MOMAAET B LUETb:

p=01540,25+017=10,55

Haitném BeposSITHOCTH TOTO, YTO CTPEIIOK MONAAET MUMO LETIHU:
g=1-055=0_45

Ci10:xeHne BePOSITHOCTEH B3aMMHO COBMECTHBIX COOBITHH

HBa CJ'[y‘-I&ﬁHBIX CcOOBITHS HA3LIBAIOTCS COBMCCTHBIMH, €CJIM HACTYILICHUEC OJHOT'O CcOOBITHS
HE HMCKJII0YAeT HACTYIUJICHUS BTOPOTO COOBITHS B TOM JXK€ camMoM HaOmiojeHuu. Hampumep, npu
OpocaHWMd WrpaJibHOM KOCTH COOBITHEM A cUMTaeTCsl BbIMageHue uucia 4, a coOwsiTHem B —
BbINaieHue 4érHoro uucina. [lockonbky umcio 4 sBiusercsd YETHBIM YMCIIOM, 3TH JIBa COOBITHSA
COBMECTUMBI. B mpakTHKe BCTpeyaroTcs 3a/1auM M0 pacuéTy BEepOSITHOCTEH HACTYIUICHUS OJHOTO U3
B3aMHO COBMECTHBIX COOBITHIA.

Teopema cloXEeHHS BEPOSATHOCTEH JUIsI COBMECTHBIX COOBITHH. BeposiTHOCTH TOrO, 4TO
HaCTYIHUT OJTHO U3 COBMECTHBIX COOBITHI, paBHA CYMME BEPOSITHOCTEH ITHX COOBITHH, U3 KOTOPOU
BBIYTEHA BEPOSTHOCTD OOIIEr0 HACTYIUIEHUS 000MX COOBITUM, TO €CTh MPOU3BEACHNUE BEPOSATHOCTEH.

dopmyiia BEpOATHOCTEH COBMECTHBIX COOBITHI MMEET CIICTYFOIINI BU/I;
FlA+ By = PLAV+ P(B)— P(AB).

[Tockonbky coObiTHst A 1 B coBMecTuMbl, coObiTHE A + B HacTymaer, eciiy HacTymaeT OJHO

n3 TpéX BO3MOYKHBIX COOBITHIA: AB’JHB i AB. CoriacHo TECOPEME CIIOKCHHUA HCCOBMECTHBIX
CO6BITI/II71, BbBIYUCIIACM TaK:
P{A+BY= P{AB)+ P(AB)— P(AB). (5)

Co6bITHE A HACTYIINT, €CJIM HACTYHHUT OJIHO M3 IBYX HECOBMECTHBIX coObITHit: A5 mmu AB.
OnHaKo BEPOATHOCTh HACTYIICHHSI OJTHOTO COOBITHS U3 HECKOJIBKMX HECOBMECTHBIX COOBITUH paBHA
CyMMe BEpPOSITHOCTEH BCEX 3TUX COOBITHII:

P(Ay= P{AF) + P(AB)

ITosTomy

P(AB) = P(A1- P(AB) (6)
AHanoru4uHo:

F(BY= P(ABY+ P{AR)

ITosTomy

P(AB)= P(BY— P(AR). 7)

[oncrasnss Beipaxkenus (6) u (7) B Belpakenue (5), nomydaem GopMyay BEpOSTHOCTH IS
COBMECTHBIX COOBITHI:
FlA+ By = PlA)+ P(B)— F(AE). 8)

27



[Tpu ucnonp3oBanuu Gopmyssl (8) cieayeT yIUThIBaTh, YTO COObITHS A U B MOTyT OBITH:
B3aMMHO HE3aBUCHMBIMU;
B3aMMHO 3aBHCHMBIMH.
dopmyrna BEpOSTHOCTH IJIsl B3aUMHO HE3aBUCHMBIX COOBITHIA:
FlA+EB)= P(A)+ P(BY - F{A)FP(E).
®dopmyna BEpOATHOCTHU JJIs1 B3aUMHO 3aBUCUMBIX COOBITHIA:
FlA+B)= P+ P(BY- P{A)F B
Ecnu coOpiTHst A 1 B HECOBMECTHBI, TO MIX COBIA/ICHHUE SBIISICTCSI HEBO3MOKHBIM CITy4aeM H,
takuM obpazom, P(AB) = 0. UerBEpTas popMysa BEpoSATHOCTH I HECOBMECTHBIX COOBITHI TaKOBa:
FlA+EB)=FP(A+F(5)
I[Ipumep 3.Ha aBToronkax mpu 3ae3le Ha TMEpPBOM aBTOMAIMHE BEPOSTHOCTH

nooeuTh =086 , IpX 3ae37i¢ Ha BTOPOMl aBTOMAILINHE £=03

BEPOSITHOCTh TOTO, UTO NMOOEIAT 00€ aBTOMAILIUHBL;

BEPOSITHOCTh TOTO, UTO NMOOEIUT XOTs Obl OJJHA aBTOMAIIINHA,

Pemrenne.

1) BeposiTHOCTB TOTO, YTO MOOEIUT NEpBasi aBTOMAIIMHA, HE 3aBUCUT OT pe3yJIbTaTa BTOPOI
aBTOMAILIMHBI, TMO3TOMY coObITHS A (moOequT mepBas aBToMmamivHa) u B (moGegut BTOpas
aBTOMAIIIMHA) — He3aBUCHUMBIE COObITHS. Haiiném BEpOSITHOCTH TOTO, YTO OOEIAT 00€ MAIIUHBI:

FlAEY=0,6x0,9=0, 54

2) Haiiném BeposTHOCTB TOTO, YTO MOOEIUT OJIHA U3 ABYX aBTOMAIIIHH:

P{A+B)=P(A)+ P(B)-P(AB) =

=06+0,9-054 =036

. Havitu:

Tema 11. Ycji0BHasi BeposITHOCTh. @opMyJia MOJIHON BepPOSITHOCTH.
®opmy.Jia MOJHON BEPOSITHOCTH U YCJIOBHbIE BEPOSITHOCTH COOBLITHI
dopmyIa MOJHON BEPOSTHOCTH TO3BOJISIET HAUTH BEPOSTHOCTH COOBITUS A, KOTOPOE MOKET
HAaCTYMHUTh TOJIBKO C KaXIbIM W3 N UCKIIOYAONINX JpYyr JApyra COOBITHI B, By o By ,
5 P(B), P(B). .- P(B,)
00pa3yoIux MOJIHYI0 CHUCTEMY, €CIM HM3BECTHbl HX BEPOSTHOCTU ,
a YCIIOBHBIE ~ BEPOSITHOCTU COOBITHUSI A OTHOCUTENIBHO ~ KaXJIOr0 M3 COOBITUH  CHCTEMBI

capis PRI 4), P(By14), . P(B,]4)

B, 8, .., 8
CoObiTusa ~1* 727 7 T* TakKe Ha3bIBAKOTCS MIIOTE3aMM, OHU SIBJISIOTCS MCKIIOYAIOLIUMHU

npyr apyra. [loatomy B JuTepaType MOXHO Takke BCTPETUTh MX oOo3HaueHue He OykBoi B, a
oyksoii H (hypothesis).

[[J'I}I peuieHus 3aa4 ¢ TaKUMU YCIOBUAMU H606X0,Z[I/IMO PaCCMOTPETH 3, 4, 5 nau B O6H_ICM
B, B, ., B

ciay4dae n BO3MOXKHOCTEH HAaCTYIIJICHU coObITHs A - C KaXXAbIM COOBITUH ®,

IIo TCOpEMaM CJIIOKCHUA U YMHOXKXCHUSA BGPOHTHOCTeﬁ nojrygaacM Cymmy HpOI/I3Be,I[eHI/II71
BCPOATHOCTH KaXKIAOIo MH3 COOBITMH CHCTEMBI Ha YCJIOBHYIO BCEPOATHOCTDH cobOpiTug A
OTHOCUTCIBHO KaXXIJ0Tr'o0 Hu3 coObITHI cucTteMbl. To €CTb, BCPOATHOCTH coObITHS A MOXKET OBITH

BBIYHCIIEHA 110 hopMmyIIe
Pl4)=
:P[BI)XP[BI|ﬂj+
+P(B )= P[5 | A1+ .. +
+PI:BM)><P[BH|H)

WY B O0IIEM BUE

28



H

P[ﬂ:‘ =ZP[35)P|:35 |ﬂ)
i=1 ,

KOTOpasi U Ha3bIBacTCs (POPMYIION TOTHOM BEPOSITHOCTH.

®opMyJia OJHO BEPOATHOCTH: IIPMMePhI PeLIeHUs 32124

[Tpumep 1. imMeroTcst Tpu OJMHAKOBBIX HAa BUJ YPHBI: B TIEPBOX 2 OembIX mapa u 3 4€pHBIX,
BO BTOPOH - 4 OebIX U OJJUH YEPHBII, B TpeThel - TpH Oenbix mapa. Hekro noaxoauT Hayraa K O JHOH
U3 ypH U BbIHUMaeT u3 He€ oauH wmap. [losb3ysace popmynoli NOJHOM BEpPOATHOCTH, HAUTU
BEPOSITHOCTb TOT'0, YTO 3TOT LIap OyAeT OebIM.

Pemenne. CoGpiTre A - mosiBieHHe Oenoro mapa. BeiiBuraeM Tpu TMIIOTE3b:
B .
- BBIOpaHa niepBas ypHa;
B, )
- BeIOpaHa BTOpast YpHa;

& BbIOpaHa TPeThs ypHa.
BepostHOoCTH 3THX THTIOTE3 (COOBITHIA):

P(B)=F(B;)=F(B)=1/3
VcnoBHBIE BEPOATHOCTH COOBITHS A OTHOCUTEIIBHO KaXKI0H U3 THIIOTE3:
P(B | A)=2/5 P(B,|A)=4/5 P[5 A)=1

[Tpumensiem GopMyiy NOJHON BEPOSTHOCTH, B pe3yJIbTaTe - TpeOyeMasi BEpOSTHOCTb:
plg)=l2y LA, 1, 1
35 35 3 15,

Tema 12. ®@opmy.a baiieca. [loBTopHble ucnbiTanus. ®opmyia bepuyaan

®opmyJa baiieca: Teopus

CnenctBueM IpaBWiia YMHOXKEHUS M (OPMYIBI NOJHOW BEPOSITHOCTH sBisieTcs (opmyia
Baiieca, Ha3pIBaeMas Taxke GOPMYIION THIIOTES.

[IpencraBum cebe crienyromyro cutyanuio. /o omnbiTa o €ro ycaoBUX MOKHO ObLIO cIenaTh

B.,B, ., B .
psg runotes ~i T2 7 T (B uTepaType MOXKHO TaK)Ke BCTPETUTh UX 0003HaueHue He OykBoi B,

a OykBoit H), HecoBMeCTHBIX U 00pa3yoLUX MOJHYIO IPYIITY.

BeposiTHOCTH runoTes 70 omnbITa (Ha3bIBaeéMble TAK)KE allPUOPHBIMU BEPOSITHOCTSIMU) 3a/IaHbI
U PaBHbI

P(A|B), P(A|B,), .., P(A]B,)

Tenepr MpennonokKuM, 4TO OTIBIT ITIPOU3BEAEH U B €T0 PE3yJbTaTe MOSIBIIOCH COOBITHE A.

Kak Hy)XHO IepecMOTpeTh BEPOATHOCTH TUIIOTE3 € YIETOM 3TOTO (hakra?

®opmyna baiieca mo3BossieT HAWTH BEPOSITHOCTh KaXIOW U3 TUIIOTE3 O TOM, B pe3ylIbTaTe
KaKoro u3 cOOBITHI, OOpa3yloHIMX MOJHYI CHUCTEMY, HACTYMHJIO COObITHE A (MM Kak 4acTo
TOBOPST, HAUTH AlIOCTEPHOPHBIE BEPOSITHOCTH).

[TosTomy popmyna Baifeca npeacraBiseT co00il OTHOIIEHHE MPOU3BEICHHS BEPOSTHOCTU
OJTHOTO M3 COOBITUH CHUCTEMBI Ha YCJIOBHYK BEpPOSITHOCTb 3TOTO COOBITUS OTHOCHTEIBHO
COOTBETCTBYIOLIETO COOBITHS CUCTEMBI K MOJHON BEPOSITHOCTU HACTYIUIEHUS COOBITHS A ¢ yu€ToM
BCEX COOBITUI CUCTEMBI.

To ectb, mo Gopmyne baiieca BepoITHOCTB, KaK U B CaMbIX NMPOCTBIX CIYy4asiX, BBIYUCISAETCS
KaK OTHOILIEHHE "0HOTO KO BCEM':

P(A|B)% P(B))
»

> P(A|B) %P8

J=1

P(B; |4) =

BI/I,Z[I/IM, YTO 3HAMEHaTellb B JTOH (bopMyne - HHUYTO HHOC, KaK IIOJIHad BCPOATHOCTb
COOBITHS A, a YUCIUTCIIN I KaXXI0T0 OTACIBHOTO ClIy4dast paBHbI ICPBOMY, BTOPOMY, U TAK JAJICC
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70 N-TO cllaraéMoMy CyMMBI, Haxojsiieiics B 3HameHatene. @opmyna baiieca MoxeT ObITh Takxke

P(B_;' |A)=M.

iP(AﬁBJ.)
3aIMcaHa B BUJIE -1 .

®opmyJa bepryian: Teopus

Ha stoM ypoke OymeM HaxoIUTh BEPOATHOCTh HACTYIUICHUS COOBITHS B HE3aBHCHMBIX
HUCIIBITAHUAX HpI/I HOBTOpeHI/II/I I/ICHI)ITaHI/If/'I. I/ICHI)ITaHI/Iﬂ Ha3bIBAKOTCA HE3aBUCHUMbIMH, CCJIIN
BepOHTHOCTB TOI'O MJIM KHOI'O UCXO0Ja KaKA0I'0 UCIIbITAaHUA HE 3aBUCUT OT TOI'O, KAKHME NCXOAbl UMCIIN
)lpyrI/Ie HUCIIBITAHHA. HeBaBI/ICI/IMBIe HCIIBITAHUA MOFyT HpOBOI{I/ITI)CH KaK B OAMHAKOBBIX yCJIOBI/IﬂX,
TaK U B paanqux. B HepBOM cnyqae BepOSITHOCTI) IIOSIBJICHUA HGKOTOpOFO CO6I)ITI/I$I BO BCEX
HUCIIBITAHUAX OJHA U Ta KC, BO BTOpOM cnyqae OHAa MCHJECTCA OT UCIIBITAHUS K UCITBITAHUIO.

IIpuMepbl HE3aBHCUMBIX MOBTOPHBIX HCIIBITAHUM:

BBIMET M3 CTPOs OJMH U3 Y3JIOB MpHOOpa WiIM JBa, TPU y3Jia, IPUUYEM BBIXOJ U3 CTPOS
KaXXJIOTO y3Jia HE 3aBUCUT OT JPYrOro y3Jia, a BEPOSTHOCTh BHIX0/Ia U3 CTPOS OJTHOTO y3J1a IIOCTOSIHHA
BO BCEX UCIIBITAHUAX,

HpOI/ISBeI[éHHaﬂ B HCKOTOpI)IX ITIOCTOSAHHBIX TCXHOJIOTHUYCCKUX yCJ'IOBI/IﬂX JcTajlb, WU TpI/I,
quHpe, IIATH HeTaﬂeﬁ, OKa)KYTCﬂ HCCTaH}IapTHI)IMI/I, HpI/ILIéM OJHa JC€TaJIb MOXET OKa3aTbCs
HECTaHJAPTHOW HE3aBHUCHUMO OT JIF0OOW JPYrou JIeTaau u BEPOSTHOCTh TOTO, UYTO JETATh OKAKETCS
HeCTaHHaTHOfI, IIOCTOsIHHA BO BCEX UCIIBITAHUAX,

N3 HECKOJIBKUX BI)ICTpeJ'IOB 10 MUIICHHU OAWH, TpI/I niin quLIpe BI)ICTpeJ'Ia Imomagar0T B LICJIb
HE3aBUCHUMO OT UCXOI0B JIPYFI/IX BI)ICTpeJ'IOB 158 BepOSITHOCTI) ImomagaHusd B IISJIb ITIOCTOSIHHA BO BCEX
HUCIIBITAHUAX

MIPU OTMYCKAaHWU MOHETHI aBTOMAT CpabOTaeT MPaBWJIHHO OJHH, JBA WJIM JPYroe YHCIO Pa3
HE3aBUCUMO OT TOT0, KaKOU pe3yJbTaT UMEIU JIPYTHE OIMMYCKaHUS MOHETHI, U BEPOSITHOCTh TOTO, YTO
aBTOMat cpaboTaeT MpaBUIILHO, MOCTOSTHHA BO BCEX MCITBITAHUSX.

OTH COOBITUSI MOXHO OMUcaTh OAHOW cxemoi. Kaxkmoe coObITHE HACTyrmaeT B KaXKJIOM
WCTIBITAHUM C OJIHOM M TOW K€ BEPOSTHOCTHIO, KOTOpash HE H3MEHSETCA, €CIU CTaHOBSTCS
W3BECTHBIMU  PE3YJIbTaThl  OPEABIAYIIMX  HMCObITAaHUM. Takue UCHBITAHWS  HA3bIBAIOTCS
HE3aBUCUMBIMH, a CXeMa HasbIiBaeTCs cxeMoil bepuymu. [Ipenmnonaraercs, 4To Takue UCHBITAHUSA
MOT'YT OBITh IIOBTOPEHBI KaK YroJAHO 0OJIBIIIOE KOJIMYECTBO Pas.

Ecnu  BeposSsTHOCTH P HACTYIUIGHHUST COOBITHS A B KaXJOM HCIBITAHUM IIOCTOSHHA, TO

E
BEPOSITHOCTh ~ ™* TOr0, 4TO B N HE3aBUCUMBIX UCTIBITAHUSIX COOBITHE A HACTYIHUT M pa3, HaXOAUTCSA
o ¢opmyne bepuymnu:

P — C.-m WM
oA » P d (rme q = 1 — p - BEpOSTHOCTH TOTO, YTO COOBITHE HE HACTYITUT)
W
# l Mmoo N-M
= £ d
milin—m)l

ITocTaBuM 3aaavdy — HaWuTH BCPOATHOCTH TOT'O, YTO COOBITHE TAKOI'0 THUIIA B N HE3aBHCHUMBIX
MCHBITaHUAX HACTYIIMT M pas.

Tema 13. luckpeTHasi ciry4yaiiHasi BeJJMYMHA M PYyHKIUSA e€é pacnpeeseHUs

Onpenenenue TUCKPETHON CJIY4YaiiHOH BeJIMYMHBI M Psi €€ pacnpenesieHust

Chyuaiinon eenuuunoll Ha3bIBAETCS IEPEMEHHAs!, KOTOpask MOYKET MPUHUMAThH T€ WU UHbIE
3HA4YEHHUs B 3aBUCUMOCTHU OT Pa3IMYHbIX 0OCTOSTENbCTB, U B CBOIO OYepe/ib, CaydyaiiHas BeTMYMHA
Ha3bIBAETCSl OUCKPEMHOIL, €CII MHOXECTBO €€ 3HaYEHUH KOHEYHO WJIN CYETHO.

Kpome AMCKpeTHBIX CiydalHbBIX BEJIMYMH CYIIECTBYIOT TAaK)K€ HEIPEPBIBHBIE ClIydailHbIE
BEJINYUHBI.

Paccmotpum Gonee mojapoOHO TOHATHE CiydyailHOW BenuuuHbl. Ha mpakTuke dYacrto
BCTPEYAIOTCs BEJIMYHUHBI, KOTOPbIE MOTYT IIPUHUMATh HEKOTOPBIE 3HAYEHUSI, HO HENb3s TOCTOBEPHO
IIPEACKa3aTh, KAKOE UMEHHO 3HAYCHUE Ka)K1asl U3 HUX IIPUMET B pACCMATPUBAEMOM OIIBITE, SIBJICHUH,
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Habmronenun. Hampumep, 4ucio ManbYMKOB, KOTOpBIE pojsiTcss B MOCKBe B ONMWKalIIMii JEHB,
MOXET OBITh pa3nu4HbIM. OHO MOXET OBITh PaBHBIM HYIIO (HE POAUTCS HHU OJHOTO MabyUKa:
pPOISATCS BCE JAEBOYKHM WIJIM BOOOIIE HE OyIeT HOBOPOXKAEHHBIX), OJHOMY, IBYM U TaK Jajiee JI0
HEKOTOPOTO KOHeUHOTo yncia N. K mogo0HbIM BeIMYMHAM OTHOCSATCS: Macca KOPHEIUIO1a CaxapHOou
CBEKJIbI Ha y4acTKe, AaJbHOCTh TMOJIETAa apTHIUIEPUHCKOTO CHAapsIa, KOJIMYECTBO OpaKOBAHHBIX
JeTtaneid B MapTUM M Tak janee. Takwe BenuMuuHBI OyaeM Has3pBaTh ciaydailHbIMUA. OHHU
XapaKTEepU3YIOT BCE BO3MOKHBIE PE3YJIbTaThl ONbITa UM HAOIIOACHUS C KOJIMYECTBEHHOU CTOPOHBI.

Ilpumepamu Ouckpemuvix CaAy4aiiHblX 6€1uYUH C KOHEYHBIM YHCIOM 3HAYEHUM MOTYT
CIIY’KUTb YHUCJIO POIAUBLIMXCS AECTEH B TEUEHUE JIHA B HACEIEHHOM ITyHKTE, YUCIIO MACCa)KUPOB
aBTOOYCa, YHCIIO MACCAKUPOB, MEPEBE3EHHBIX MOCKOBCKMM METPO 32 CYyTKHU U T. II.

Uwncno 3HAYEHUH TUCKPETHOW CIydailHON BETMYMHBI MOXET OBITh M OECKOHEUHBIM, HO
C4€THBIM MHOXecTBOM. Ho B /1t000M cilyyae MX MOKHO B KaKOM-TO MOPSAJIKE POHYMEPOBATh, WIIH,
0oJiee TOYHO - YCTAaHOBHUTH B3aMMHO-OJJHO3HAUYHOE COOTBETCTBUE MEX]Y 3HAYEHUSIMH CIIydallHOMN
BEJIMYMHBI U HATYpaJbHBIMU yuciamu 1, 2, 3, ..., Nn.

BaumaHnue: HOBO€, O4EHb BAJKHOE MOHITHE TEOPUH BEPOSITHOCTEN - 3AKOH pacnpeoeieHus.

[lycth nuckpeTHas ciydaiiHas BelMUMHA X MOKET MPUHUMATh N 3HAUEHUIL: M g B bynem

CUYHMTaTh, YTO OHU BCE PA3JIMYHBI (B TPOTUBHOM CJIy4ae OJIMHAKOBBIC IOJDKHBI OBITh OOBEMHEHBI) U
pacIoyIoKeHbl B BO3pacTaromeM nopsake. s mojgHOM XapaKTEepUCTHKU JUCKPETHOW CIIy4alHOU
BEJIMYNHBI JOJIKHBI ObLITh  3aJaHBI He TOJILKO Bce €& 3HaYeHHs, HO H

pi[izl, 2, .., m)
3HAYEHUH, T. €. Fi= P[‘}f: x").

3akonom pacnpedenenus OUCKPEeMHOU CAYYANIHOU 6e1UYUHbl HA3bIBACTCS JII000€ MPaBUIIO
(pyukrus, Tabmui@a) P(X), MO3BOJIAIONICE HAXOAUTh BEPOATHOCTH BCEBO3MOKHBIX COOBITHH,
CBSI3aHHBIX CO CIy4alHOW BENMYMHOW (HAMpPUMEP, BEPOATHOCTh TOT'O, YTO OHA MPUMEP KaKOE-TO
3HAYEHHUE WK NOMaJET B KAKOW-TO UHTEpBa).

Hawnbonee mpocto m ymoOHO 3aKOH paclpeneiieHUus AUCKPETHOM CIIydallHOW BEJTMYHUHBI
3a/1aBaTh B BUJE CIEAYIOIICH TaOINLIbI:

BEPOAHOCTH , C KOTOpPBIMH cnyqaﬁHas[ BCIIMYMHA NOPUHUMACT KaXJ0€ U3

3HaueHHUE A &y v X,

BepositHocTh » 7y v 7,

Takas TaOGnuIia Ha3bIBACTCS PSAIOM pacnpeaeseHus JUCKPETHON cJyYaiHOil BeJIMYHHBI.
B BepxHell cTpoke psiia pacipeneieHus MMepeurciIeHbl B MOPsAKE BO3PACTaHHs BCE BO3MOYKHbBIC
3HAYCHHS TUCKPETHOM CITy4aiiHON BEJIMYIMHBI (MKChI), @ B HIDKHEH - BEPOATHOCTH ITHUX 3HAYCHUH ().

X:z;[.izl, 2, nj

CoObITHS SBIISAIOTCSI  HECOBMECTMMBIMHM M €QUHCTBEHHO
BO3MO>KHBIMHU: OHU 00pa3yoT MOJIHYIO CHCTeMY coObITHH. [103TOMY CyMMa UX BEpOSITHOCTEH paBHA
EIIMHULIE:

o
mntp,t+..tr, :ZF‘:‘ =1
iml )

IIpumep 1. B cryaeHueckoi rpymnmne opraHu3oBaHa joTepes. PasbIrpbIBaeTcs 1BE BEIU
croumocthio o 1000 py0. u ogua croumoctbio Mo 3000 py6. CocTaBUTh 3aKOH pacHpeaeieHus
CYMMBI YHMCTOTO BBIMIpBIIIA JJISI CTYJEHTa, KOTOpPbI mpuoOpén onun Omner 3a 100 py0. Bcero
npoaano 50 6uneros.

Pemenune. MnTepecytomas Hac ciaydaifHas BeIUYMHA X MOXKET NMPUHUMATh TPU 3HAUYEHUS:
- 100 py6. (ecnu cTyneHT He BbIMIpaeT, a (akruuecku npourpaer 100 pyd., ymiaueHHbIE UM 3a
ouner), 900 py6. u 2900 py6. (dhakTuueckuit BeIMTphII yMeHbInaeTcs Ha 100 py0. - Ha cTOUMOCTh
6unera). [leppoMy pe3ynbTary OmaronpusTcTByoT 47 ciaydaeB u3 50, BTopoMy - 2, a TpeTbeMy -
OJIUH. IToaTomy ux BEPOATHOCTH TakoBbl: P(X=-
100)=47/50=0,94, P(X=900)=2/50=0,04, P(X=2900)=1/50=0,02.

3aKoH pacnpeaenaeHus JUCKPETHOM ciydaifHOW BeTMYMHBI X UMEET BUJ]
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CyMMa BBIMTpBIIIA -100 900 2900
BepositHOCTB 0,94 0,04 0,02

DyHKIUA pacnpeneIeHus] JUCKPETHOM CIy4ailHOH BeJIUYHUHbI: IOCTPOCHHE

Psn pactipeneneHust MOXKET OBITh IOCTPOEH TOJIBKO JUIS AUCKPETHOM CITy4aiiHON BETMYUHBI
(IU1sT HEMUCKPETHON OH HE MOXKET OBITh MOCTPOEH XOTS ObI MIOTOMY, YTO MHOKECTBO BO3MOKHBIX
3HAYEHUW TAaKOM CIy4alHOM BEJIIMYMHBI HECUETHO, UX HEJb3S IMEPEUUCIUTh B BEPXHEU CTPOKE
TaOJINIIB).

HauGonee oOmieit ¢opmoil 3akoHa pacmpeiesieHus, MPHUTOJHOW s BCEX CIyYalHBIX
BEIMYHUH (KaK JUCKPETHBIX, TaK U HETUCKPETHBIX), SBISECTCS (DYHKIIHS pacrpeieeHusl.

Tema 14. HenpepbiBHas ciiy4aiiHasi BeJINUMHA, PYHKIMSA pacnpe/iesieHUs! U IVIOTHOCTH
BEPOSITHOCTH

Onpenenenue HenpepbIBHOM CJIY4YaiiHOW BeJIMYHHBI M €€ CBSI3b C BEPOATHOCTBIO

CnyyaiiHast BeNMYMHA HA3bIBAETCS HENPEPHIBHOM, €CIIM OHA MOXKET IMPUHUMATh J1000e
3HAYEHUE W3 KaKOTro-JIM0O OrpaHUYEHHOI0 WJIM HEOTPAaHHMYEHHOTo MHTepBaja. [l HempepbIBHOM
ClIydailHOM BEJIMYMHBI HEBO3MOXKHO yKa3aThb BCE BO3MOXKHBIE 3HAUYEHUs, MOITOMY 00O03HAYaroT
MHTEPBAJIbI 3TUX 3HAUYEHUH, KOTOPBIE CBSI3aHBI C ONPEAEIEHHBIMU BEPOSATHOCTSIMH.

[IpumepaMy HeNpepbIBHBIX CIy4ailHBIX BEJIMYMH MOTYT CIY)KHUTb: JUaMeTp JleTallu,
oOTaurBaeMoi J0 3aJaHHOTO pa3Mepa, POCT YeJIOBeKa, JAIbHOCTh MOJIETa CHapsia U JIp.

Tak kak JyIs1 HEPEPBIBHBIX CIIydalHbIX BenuuuH QyHkmus F(X), B oTIMuue OT IUCKPETHBIX
CllydallHbIX BEJIMYMH, HUTJIE€ HE MMEET CKAayKOB, TO BEPOATHOCTH JIOOOrO OTAEIBHOTO 3HAuYEHUs
HEIPEPBIBHOM CITy4allHON BEJIMYMHBI PaBHA HYIIIO.

DTO 3HAYMT, YTO I HEMPEPBIBHOW CIy4alHOW BEJIIMYMHBI OECCMBICIEHHO TOBOPHUTH O
pacnpeneneHny BEPOSITHOCTEN MEXK Ty €€ 3HAUCHHUSIMU: KX 10€ U3 HUX UMEET HYJIEBYIO BEPOSITHOCTb.
OnHako B HEKOTOPOM CMBICIIE€ CPEIU 3HAUYCHUH HETPEPHIBHOW CIIy4aiiHON BETMYMHBI €CTh "00Jiee U
MeHee BeposTHele". Hampumep, Bpsim 1M y KOro-IMOO BO3HMKHET COMHEHHE, YTO 3HAYCHHE
CITy4JaitHOM BEJTMYHMHBI - POCTA HAayraJ BCTPEYCHHOTO YesoBeka - 170 cm - 6osee BeposATHO, uem 220
CM, XOTS U OJIHO, U IPYrO€ 3HAYEHNE MOTYT BCTPETUTHCS HA MTPAKTHKE.

DyHKUUS pacnpeje/ieHdsi HeENPepPbIBHOH CJIYy4YailHOH BeJUYHUHbI M IJIOTHOCTH
BEPOSITHOCTH

B kadectBe 3aKOHa pacHpeieseHHs, HMEIOIIEr0 CMbICI TOJBKO Ul HENPEPbIBHBIX
CIIy4ailHbIX BEJIMYMH, BBOJUTCS MOHATUE IJIOTHOCTU PACIPEACIICHNUS WIHM IUIOTHOCTH BEPOSITHOCTH.
[lopoiiaém k Hemy mHyTéM CpaBHEHHUs cMbIciaa (YHKIMHM paclpelneieHus s HenpepbIBHOMN
CIIy4aiHOUM BEJIMYUHBI U JISl JUCKPETHOM CIIy4allHOW BEJIMYUHBI.

Wrtak, ¢ynkumelr pacrpeneneHuss Cciay4alHOW BeNMMYUHBI (KaK [AUCKPETHOW, Tak U

. . . Flx)=FP(X=x)
HENpPEepbIBHON) WM MHTErpaibHOM (yHKUUEH Ha3bIBaeTCs (yHKLUA , KoTopas
oIpeieNsIeT BEpOATHOCTh, YTO 3HAUEHHE CIy4ailHOI BeJMYMHBI X MEHbILIE WIM PAaBHO IPAHUYHOMY
3HAYEHUIO X.

Jliist JIACKPETHOU CIIy4alHOU BEJINYNHBI B TOYKax eé
3HAUEHUN X1, X2, ..., Xi,...COCPEAOTOUYEHBI MACCHI BEPOSITHOCTEH P1, P2, ..., Pi-.., IPUUEM CyMMa BCEX
Macc paBHa 1. IlepeHecéM 3Ty MHTEpIPETALNIO HA CIIy4aidl HENPEPHIBHOM CIy4alHON BEJINYMHBI.
IIpencraBum cebe, uTo Macca, paBHast 1, He cocpeJoOTOUEHa B OTAEIbHBIX TOUKAX, @ HEMPEPHIBHO
"pa3mazana" o ocu abcuuce OX ¢ Kakoi-To HEpaBHOMEPHOM MJIOTHOCTHIO. BEposTHOCTH ONagaHus
CllyyaifHOM BEJIMUYUHBI Ha JIF00OH yyacTok AX OyJIeT HHTEepIPETHPOBATHCS KaK Macca, MPUXOIAIIascs
Ha OTOT y4aCTOK, a CPEAHss IJIOTHOCTh HA OTOM Y4YaCTKE - KaK OTHOILLIEHHUE MAcChl K JJIMHE. TOJIBKO
YTO MBI BBEJIM BAXKHOE MIOHATUE TEOPUU BEPOSITHOCTEN: INIOTHOCTD PACIpPEEICHU.

[InoTHOCTBIO  BeposiTHOCTH f(X) HENmpepbhIBHOM  CilydyailHOW  BEJMYMHBI  HA3bIBAETCS
pOou3BOIHAs €€ (DYHKLUHU pacipeeIeHus:

£ (2)= F'(x) = lim - (FH0) ~ F 7)

hx—0 ﬁx
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3Has QYHKUUIO TUIOTHOCTH, MOXXHO HAWTH BEPOATHOCTH TOTO, YTO 3HAYCHHE HETPEPHIBHON
CIy4ailHOW BEJIMYMHBI IPUHAUICKHUT 3aKPBITOMY HHTEpBaiy [a; b]:
F(b)—F(a)=PX<b)—PX<a)=P(a<X<bh)
BEPOATHOCTH TOTO, YTO HEMPEPhIBHAS CydaiiHas BeIMunHa X MPUMET Kakoe-1r00 3HaYeHne
U3 uHTEpBaia [a; b], paBHa onpeaeaéHHOMY MHTErpaly OT €€ IUIOTHOCTH BEPOSTHOCTH B IPEEIax
orao b:

@
PlazX =b)=|[7(x)dx Fla)=P(X =a)= | f(x)dx
2 WITH o :
[Tpu stom obmas dopmyna ¢yskimu F(X) pactipeneneHus BEpOSTHOCTEH HENPEPBIBHOM
CIIyJaifHOW BEJTMYHMHBI, KOTOPOI MOXKHO TI0JIB30BAThCS, €CH M3BecTHA (GyHKIMs mioTHOoCcTH f(X):

F(x)= | £ (x)ax

I'paduk MIOTHOCTH BEPOSTHOCTU HEMPEPHIBHOM CIydyailHOM BENWYMHBI Ha3bIBaeTcs €€

KpUBOMH pacrpeienenus (puc. HIxKe).
109 Pla< X <b)

[Inomans ¢urypsl (Ha pUCYHKE 3alITPUXOBAHA), OTPAHMUEHHOW KPHUBOH, MPSMBIMH,
MPOBEACHHBIMA M3 TOYCK a M D mepreHaukymapHo ocu  abcuuce, W ochbio OX, rpadudecku
0TOOpa)kaeT BEpOSTHOCTh TOTO, YTO 3HAYCHUE HETPEPHIBHOW CITyYailHON BEJIMUYMHBI XHAXOJAUTCS B
npeaenax ot a o b.

Tema 15. XapakTepucTHKH BHIOOPKH U reHePaibHOI COBOKYITHOCTH

OcHoBHbIE MOHSATHSI MaTEeMATHUYECKOM CTATUCTHUKH

Mamemamuueckas cmamucmuka — pa3aell MaTEMaTHKH, MOCBSIICHHBIH MaTeMaTHYCCKUM
METOJIaM CHCTEMaTH3aI[uK, 00pa0OTKH M MCIIOJIb30BAHUIO CTATUCTUYCCKUX JAHHBIX JUISI HAYYHBIX U
MPAKTUYECKUX BBIBOJOB. [IpH 3TOM CTaTHCTHYECKUMH JIAHHBIMH HA3bIBAIOTCS CBEJICHHUS O YHCIIE
00BEKTOB B KakoW-nmubO0 Oojiee MM MeHee OOIMPHON COBOKYITHOCTH, OOJIANAIOMIUX TEMH WIIN
WHBIMH ITPU3HAKAMH.

CraTucThdeckass  COBOKYIIHOCTb, W3  KOTOPOM  OTOMpAarOT  4acTh  OOBEKTOB,
HA3BIBACTCS 2CHEPANILHOU COBOKYNHOCMbIO. MHOXKECTBO OOBEKTOB, CIIydallHO OTOOpAaHHBIX U3
TCHEePAJIbHOM  COBOKYITHOCTH, Ha3bIBaeTCs vlbopkoti. Yucno o0bekToB N M3 reHepalbHOU
COBOKYITHOCTM ¥ W3 BBIOODKHM N Ha3bIBAIOTCS  COOTBETCTBEHHO O0OBEMOM  T'€HEpaTbHOU
coBokynHocTd N 1 06beMOM BBIOOPKH N.

CTaTuCTHYECKOE OIMCAaHWE W BEPOSITHOCTHBIC MOJICTU NPHMEHSIOTCS K (U3HYECKHM,
SKOHOMMYECKUM, COIMOJOTHYCCKUM, OMOJOTHYECKHM IIpolieccaM, O0JadaroIuM TeM CBONCTBOM,
YTO XOTS PE3YJIbTAT OTICIBLHOTO M3MEpeHUs (pru3rdeckoil BeTMUruHbl X HE MOXKET OBITh Mpe/ICKa3aH

v v R YR
C AOCTAaTOYHOU TOYHOCTBIO, HO 3HAYCHUC HCKOTOPOU (I)YHKI_[I/II/I f( Ly ees ”:I OT MHOXECTBaA

PE3YyIbTATOB X1e Ao n B IMOBTOPHBIX H3MepeHHI>i MOXKET OBITh npeacka3an ¢ CymeCTBCHHO nqueﬁ
TOYHOCThIO. Takas (I)YHKI_II/IH Ha3bIBACTCS CTAaTUCTHUKOM. HacTO TOYHOCTh MMpEaACKa3aHnA HGKOTOpOﬁ
CTATUCTHUKU BO3PACTACT C BO3PACTAHUCM o0beMa BH60pKI/I.

HaunbGonee u3BeCTHBIC CTATHCTUKH — OTHOCHTEIIBbHAs qacToTa, BLIGOpO‘-IHBIe cpeaHuce,
AUCTICpCHUS. KOFI[a BO3pacTacT 00BeM BBI60pKI/I N, MHOTUEC BLI60pO‘IHLIC CTaTUCTUKHU CXOIATCA I10
BCPOATHOCTU K COOTBCTCTBYIOIIUM IMapaMeTpaM TCOPCTUUCCKOTO PACHPCACIICHUA BCINYHUHBI X.
HOZ—)TOMy KaKIaYyro BBI60pI(y pacCMaTpuBaOT Kak BLI60pKy U3 TCOPCTUUCCKU OECKOHEUHOI
reHepanLHoﬁ COBOKYITHOCTH, paclpCACIICHUC IIPU3HAKA B KOTOpOf/'I COBITIaaCT € TCOPCTHYCCKUM
pacnpeaciicCHuCM BCPOATHOCTU CHy‘I&ﬁHOﬁ BeIWYMHBEL Bo MHOrux ClIydasax TCOPCTUUCCKAA
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reHepajbHasi COBOKYNHOCTb €CTh HJACANM3AlMUs JEHCTBUTEIBHONW COBOKYIHOCTH, W3 KOTOpPOH
noJry4eHa BbIOOpKa.

Paznuunble 3HaueHHs HAONIOAeMOr0 MPU3HAKA, BCTPEYAIOMIETOCS B COBOKYITHOCTH,
Ha3bIBAIOTCA BapuaHTaMu. YacTOThl BapMaHTOB BbIpaXaroT A0JH (yIEIbHBIE BECa) 3JIEMEHTOB
COBOKYITHOCTH C OJMHAKOBBIMU 3HAUYCHUSIMU TMpU3HAKA. Bapuayuonuvim padom Ha3biBaeTcs
pPaHXUPOBAHHBIN B MOPSAKE BO3pACTAHUS WM YOBIBAHUS PsiJi BAPUAHTOB C COOTBETCTBYIOIIUM UM
JacTOTaMH.

Cpennne 3HaueHNsi BLIOOPKH

3HavYeHMs, HAXOSIIUECS B CEPEAMHE BaPUAIIMOHHOTO Psijia, IPUHSATO JETUTH HA COOCTBEHHO
cpemHue W CTpyKTypHble cpenaue. COOCTBEHHO cpemHee - 3TO apuMeTHdeckoe CpeaHee.
CTpyKTypHBIE CpelnHUE - MoJa U MeauaHa. Kpome Toro, 4roObl 0XapakTepu3OBaTh CTPYKTYPY
BApUAIIMOHHOTO Psi/a, UCTIOJIB3YIOT KBAPTUIIN, KBUHTHIIN, JIEIUIN U IPOLIEHTUIIH. Terneps 000 BCEM
10 MOPAKY.

Cpeonee apughmemuueckoe 3HaueHre TEHEPATLHON COBOKYITHOCTH H HaXOJIAT T10

dbopmyme:
o
=
w 1
rie

N~ gqueno €JIMHUL T€HEePaJTbHOW COBOKYITHOCTH,

x. .
- 3HaueHue |-T0 HAOIOICHHS.

XXX

Ecnu BenmuunHa BEIOOPKH X MOKET IPUHUMATh 3HAYCHUS *™* ¢ BEpOATHOCTSIMU

cootserctBenHo £ 17F 1 Fx g CpPEeIHUM 3HAYCHUEM * BETMUYUHBI X JIJ1s1 BEIOOPKH (€€
MaTeMaTH4ecKuM oxumanueM E(X) ,0yaer

- ntrnt+.+zx - 3
=t 2 ® E(x) =72 pix; x=21
2 17001 i WK 5KE 2 (2
3
2
= =l
ISl HErpYIIUPOBAHHBIX BHIOOPOK U 2 3)

JUIS TPYNIIMPOBAHHBIX BBIOOPOK, TIe
% - yuCio eAuHUI] BEIOOPKH,

k- YHCJIO KJIaCCOB,
X .
! - 3HaYEeHue I-Tro Kiiacca,

"i _ yacrora i-ro Kiacca.

Mo0oit Ha3pIBAIOT 3HAYEHUE, KOTOPOE B BApPHALMOHHOM pPsAy BCTpEYaeTcs yalle APYTrux.
Mony MOKHO HalTH Ha TUCTOTpaMMe KaK caMblil BRICOKHI cTo0elr.

Hampumep, B BeIOOpKe, 3HaueHus: kotopoii 20, 50, 60, 70, 80, 20, 20, 75, 70, 20, 80, 20, 50,
60, monoii seisiercs 20.

Meouanoit Ha3pIBAIOT 3HAYECHHE, KOTOPOE HAXOJUTCA B CEpPEAMHE BapHAIMOHHOTO psja.
[TepBas MOTOBUHA I€MEHTOB BEIOOPKH MEHBIIIE 3TOTO 3HAUYEHHUS, a BTOpasl MOJOBHUHA - OOJIbIIIE.

Ecnu B BeIOOpKE HEYETHOE YHUCIO 3JIEMEHTOB, TO 3a MEIUaHy MPUHUMAIOT COOCTBEHHO
cepennHHOe 3HavueHue. Hampumep, B BeIOOpKe, 3HaueHus kotopoit 14, 15, 18, 21, 27, meauanoit
siBisieTces 18.

Ecnu B BeIOOpKE YETHOE YMCIIO DIIEMEHTOB, TO MEIUAHy HAXOMST, BHIOMpAs IBA 3HAYCHHUS,
KOTOpbIE HAXOMATCS B CEpeAMHE M BBIYHCIAA UX cpeaHee apudmerndeckoe. Hampumep, ecthb
BeIOOpKa 11, 14, 15, 18, 21, 27. Menuany HaxonaT Tak: (15+18)/2 = 16,5.
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Jucnepcust Bb10opku. CTaHIapTHOE OTKJIOHEHHE
Jucnepcueil BeIMUMHBI Ha3bIBAETCS CPEIHEE 3HAUEHUE KBApaTa OTKIOHEHUS BEIUYUHBI OT
e€ cpeHero 3HayeHus. J{ucnepcuto reHepajbHON COBOKYITHOCTH PACCUUTBIBAIOT

< 2
Z (xj - .L‘{:I
F=E
o gopmyie: N
X f—
Z (x; — x) :
.5'2 — iml
Jlucriepcuio BEIOOPKHU PACCYUTHIBAIOT IO (hopmyIie: 2 TUTSt
3
> neix - x)?
ot = =l
HETrpYyIMITAPOBAHHBIX BHIOOPOK H n—1 JUTSL TPYTIITUPOBAHHBIX BEIOOPOK.

Tema 16. /loBepuTeIbHBIH HHTEPBAJ AJI51 MATEMATHYECKOT0 0:KHIAHHSA

Jloseepumenvuvlit.  unmepean 011 MAMEMAMUYECKO20  OHCUOAHUA - DTO  TAKOU
BBIYMCIICHHBIA 110 JAHHBIM HHTEpPBAJ, KOTOPBIM C M3BECTHOW BEPOSITHOCTBIO COJEPIKHT
MAaTE€MaTHYECKOE OXHUJAHUE TEHEPAIbHONW COBOKYNMHOCTH. ECTECTBEHHOW OLEHKOW ISt
MaTeMaTHYEeCKOTO OXKUIAHUS SBISIETCS CpeaHee apudMeTndeckoe e€ HaONIOJACHHBIX 3HAYCHUM.
[ToaTroMy nanee B TedeHHE ypoka Mbl OyJeM IMOJIb30BaThcs TepMUHAMH 'cpenHee", '"cpenHee
3HaueHue". B 3agauax paccuéra NOBEpPUTEIHLHOTO MHTEpBala 4Yallle BCEro TpedyeTcs OTBET THIIa
"NoBeputenbHbIA UHTEPBAT [95%); 90%; 99%] cpenHero uucna [BennurHa B KOHKPETHOU 3ajaue]
HaxOJUTCA OT [MeHbIee 3HaueHue| 10 [Oonbiiee 3HaveHwe]". C MOMOIIBIO JOBEPHUTEIHHOTO
HWHTEpPBaja MOKHO OLICHUBATH HE TOJIBKO CPEIHHME 3HAYECHUS, HO U YJIETbHBIM BEC TOTO MU UHOTO
MpU3HaKa TeHEepPaIbHON COBOKYITHOCTH.

To4yeuHasi U UHTEPBAJIbHASI OLEHKH CPEIHEr0 3HAYeHUA

Ecnu cpennee 3HavueHHE TeHEPATTbHONW COBOKYITHOCTH OIIEHUBAETCS YMCIOM (TOUYKOM), TO 3a
OIICHKY HEU3BECTHOM Cpe/IHEW BEJIMYMHBI T€HEPATHHON COBOKYIMHOCTH NMPUHUMAETCSI KOHKPETHOE
CpelnHee, KOTOPOE PacCUUTAaHO IO BBIOOpKE HaOmroaeHHMi. B Takom ciydae 3HaA4YeHHE CPEIHETO

BH60pKI/I - CHy‘lﬂﬁHOﬁ BCIINYHHBI A - HE COBIAAAacT CO CPECAHHMM 3HAYCHHUEM reHepanLHoﬁ
COBOKYITHOCTH. HOBTOMy, YKa3bIlBast CpCAHEEC 3HAYCHUEC BBI60pKI/I, OJJHOBPEMEHHO HYXHO YKa3bIBaTh

s
1 oIKOKy BEIOOPKH. B KauecTBe Mephl OMIMOKK BRIOOPKH HCIIOJIB3YETCS CTAHIAPTHAS OIIHOKa =,
KOTOpasi BRIpOKEHA B TEX )K€ CAMHUIIAX U3MEPEHHs, UYTO U cpenHee. [103ToMy 4acTo UCToNb3yeTcs

g ol
CJIeyIOIIas 3aMUCh: ¥,

Ecmu OLCHKY CpCIHCETO Tpe6yeTc;1 CBiA3aTb C onpenenéHHoﬁ BCPOATHOCTBIO, TO
I/IHTepeCYIOH_II/Iﬁ mapamMeTp reHepanLHoﬁ COBOKYITHOCTHU HYKHO OLIICHMBATbL HC OJHUM 4YHCIIOM, a
HHTCPBAJIOM. I[OBCPI/ITGJ'IBHHM HHTCPBAJIOM HA3bIBAKOT HHTCPBAJI, B KOTOPOM C onpez[enéHHoﬁ
BCPOATHOCTBIO PHaXOI[I/ITCSI 3HAYCHHUC OLCHHBACMOI'0 IIOKA3aTC/IA reHepanLHoﬁ COBOKYITHOCTH.
ZIOBepI/ITeJ'ILHHﬁ HHTCpBAJl, B KOTOpOM C BepOHTHOCTLIOP =1-a HaxoauTcCsAa cnyqaﬁHaﬂ

BCIIMYHHA 4 , PaCCYUTHIBACTCA CICAYOIIUM 06p3.30MZ

& iy &
Mz 8—Z X =tz o—

£
rage % - KpUTHYECKOC 3HAYCHHEC CTaHOAPTHOI'O HOPMAJIBbHOIO PACHPEACICHUA I YPOBHA
3HAYUMOCTH o, = 1 - P, KOTOPOC MOKHO HalTH B MNPUIIOKCHUN K MPAKTUYCCKU JII000H KHHI€ IIO
CTaTUCTHUKC.

Ha MPAaKTUKE CPCAHCC 3HAUCHUC FCHCpaHBHOﬁ COBOKYITHOCTH H U JUCHICPCUAd C,_'E HC

- o 2
HU3BCCTHBLI, [TO3TOMY JUCHICPCHUA T'CHEPAIbHOU COBOKYITHOCTHU 3aMCHACTCA AUCIICPCUCU BBIGOpKI/I g,
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a CcpelJHee TeHepaTbHOW COBOKYITHOCTH - CPEOHHM 3HadeHWeM BbIOOpKHM & . Takum oOpaszom,
JIOBEPUTENIbHBIA HHTEPBAJ B OOJBITUHCTBE CIy4aeB PACCUUTHIBACTCS TAK:

- g - g
iz 8 =SStz e

N Jn |

@opmylly JOBEPUTEIBHOIO HMHTEpPBAJIIA MOYKHO HCMOJb30BaTh I OLEHKUA CPEIHEro
rE€HEepaJbHOW COBOKYITHOCTH, €CIIU

W3BECTHO CTAHJAPTHOE OTKJIOHEHHUE F'€HEPATIbHON COBOKYITHOCTH;

WJIM CTaHIaPTHOE OTKJIOHCHHE T'eHEPATbHOW COBOKYITHOCTH HE M3BECTHO, HO 00BEM BBIOOPKH
- 6ousbme 30.

Cpennee 3HaueHHE BBIOOPKU * SBIISIETCS HECMEIIEHHOM OIIEHKOM Cpe/IHero reHepaibHON

E _Z(x_x)z

COBOKYITHOCTH H . B cBoto ouepe/ib, AUCTIEPCHs BBIOOPKU # HE SBIISIECTCSA

HECMENIEHHOW OLIEHKOM JUCIIEPCUH T'€HEPATTbHOW COBOKYITHOCTH a’ . g momyuenus
HECMEIIEHHON OLIEHKU JUCIEPCUU IT'eHEePaIbHOM COBOKYITHOCTH B (POpPMYIIe JUCTIEPCUU BBIOOPKHU
00BEM BBIOOpPKH N clieyeT 3aMeHUTh Ha N-1.

ToueuHnasi ¥ MHTepPBaJIbHAsI OLIEHKH y/1eJbHOI0 Beca

VnenbHbI Bec ¥ HEKOTOPOTO MPH3HAKA BEIGOPKH MOKHO HHTEPIPETHPOBATH KAK TOUCUHYFO
OIICHKY Y/IEJIbHOTO Beca ) 3TOro ke MpU3HaKa B reHepaibHOU COBOKYITHOCTH. Eciu e 3Ty BeIMUnuHy
HY)KHO CBSI3aTh C BEpPOSITHOCTBIO, TO CJIEAYEeT PacCUUTaTh JOBEPUTENbHBIN HMHTEpPBal YAECIbHOTO
Beca P Mpu3HaKa B reHepaibHONW COBOKYMHOCTHU € BEpPOATHOCThIO P =1 - a:

Tema 17. IIpoBepka cTaTHCTHYECKUX I'MIIOTE3: OCHOBHbIE MOHSATHSI U IPUMeEPHI
CraTucTyeckHe runore3bl: OCHOBHbIE NOHATHSA. Illaru npoBepku runores
Cmamucmuueckan zunome3a - 3T0 HEKOTOPOE MPEIOJI0KEHHE O CBOWCTBAaX TeHEPaIbHOMN

COBOKYITHOCTH, KOTOpO€ HEOOX0AUMO POBEpUTh. CTaTUCTUYECKHE TUIIOTE3bl BBIIBUTAIOTCS, KOTIa

HEOOXOIMMO TPOBEPUTH, SIBISETCS JIM HAONIOaEMOE SIBJICHHUE SJIEMEHTOM CIy4yailHOCTH WU

PE3yJIbTaTOM BO3AEHCTBUSA HEKOTOPBIX MEPOTIPUATHH.

Hanpumep, HeoOX0AMMO BBISCHUTh, 3HAUUTEIBHO JIM OTIUYAETCs CpelHUuN 00BEM mpoaaxk
1ocJie TMPOBEJCHUS PEKIAMHONW KaMIlaHWKW OT CpeAHero o0bEMa Mpojaaxk Mocie MPOBEICHUS
peKIaMHOM KaMmaHuu. Eciiu 0TBET Ha 3TOT BOIPOC MOJIOKUTENEH, TO MOYKHO CJENIaTh BBIBOJI O TOM,
YTO U3MEHEHUS SABISIOTCS PE3yIbTATOM PEKIAMHOM KaMIIaHUU.

BriBoIbI, MONTyueHHBIE TYTEM MPOBEPKH CTATUCTUYECKUX TUIIOTE3, HOCSAT BEPOSITHOCTHBIN
XapakTep: OHU MPUHUMAIOTCS C HEKOTOPOM BEepOsITHOCTHIO. CTaTUCTHYECKAs TUIIOTE3a MOXKET ObITh
TaKKe MPEeJINoI0KEHUEM O CBOMCTBAaX ABYX COBOKYITHOCTEM, €CIIM, HAIIPUMED, B XOJI€ MEPOIIPUSATHIA
HMMEJIO0 MECTO BO3JCUCTBHE TOJIBKO HA OJHY COBOKYIMHOCTh M HEOOXOAMMO CAENATh BHIBOJ O TOM,
OBLIIO JTH 9TO BO3/ICHCTBUE PE3yIbTaTUBHBIM.

Illazu nposepku cmamucmuyeckux 2unome3 Cienyrlue:

. dhopmynupyercsi ocHoBHas runote3a HO u anpbTrepHaTuBHas runote3a H1;

. BBIOMpAETCS] CTATHCTUYECKUN KpPUTEPHi, C TOMOIIbIO KOTOPOTO OydeT
MIPOBEPATHCS TUIIOTE3A;

. 3aa€Tcsl 3HAaUeHNUEe YPOBHS 3HAYMMOCTH a;

. HaXOJATCs TPAHUIIBI 00IACTH IPUHATUS THIIOTESHI,

. JIeNIaeTCs BBIBOJI O MIPUHITHH UM OTBEP>KEHUU 0CHOBHOM rumote3bl HO.

PaCCMOTpI/IM OTH IIarv U1 CBA3aHHBIC C HUMU IIOHATHA HOHpOGHCC.
CrarucTHyecKne rumnore3bl: OCHOBHAS U aAllbTEPpHATUBHAA
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Ocnosnaa ecunomesa HO - mpennonoxeHue O CBOWCTBaX T'€HEPATbHOW COBOKYITHOCTH,
KOTOpOE SIBIISICTCSA JIOTUYHBIM M TIPaBAONOJO0HBIM, HO TpeOyeT mpoBepkd. OCHOBHasi THIIOTE3a
oOmagaer "mpe3yMIiueil HEeBUHOBHOCTH'", MITM TOUHEe "Mpe3yMIIHen CIpaBeIMBOCTU': TTOKa He
JI0Ka3aHo, YTO €€ YTBEP)KICHHE JIOKHO, OHA CUUTAECTCS UCTUHHOM.

Anvmepnamuenasn cunomesa H1 - yrBepxiieHHE O CBOWCTBAX reHEPATIbHONW COBOKYITHOCTH,
KOTOpO€ MPUHUMAETCA B CIydae, KOrAa HET BO3MOXKHOCTH IPUHSTh OCHOBHYIO TUIIOTE3Y.

[IpuBeném npumepsl TOro, Kak GOpMYIHUPYIOTCSI OCHOBHAS M aIbTEPHATUBHAS TUITOTE3HI.

Ipumep 1. lo u mocie mpoBeneHHs] PEKIAMHONW KaMIaHWHM ObUIM COOpaHBI JaHHBIE O
cpemHeM 00BEM MpoIax.

OcHoBnas rumnote3a HO: cpeanuii 00b€M mpojax 10 NMPOBEIEHUS PEKIAMHON KaMIIaHUU
HE3HAYUTENIbHO OTIMYAETCS OT CpeAHEro 00bEMa NpoJaxK MOCie IPOBEACHHS PEKIAMHOM KaMITaHUU.

AnbrepHaTuBHas runote3a H1: cpeanuii 00bEM Hpoda)k W3MEHMJIICS TOCJE MPOBEICHUS
pPEKJIaMHON KaMITaHUU.

IIpumep 2.Ilocne wu3MeHeHHs KOHQUIYpaluu KOMIBIOTEPHOM ceTH OblIM coOpaHbl
cirydaitHeiM oOpa3zoM 200 3aMepoB CKOPOCTH Tepeaadn COOOIEHUN.

OcnoBHas runote3a HO: n3menenue koundurypamuu He umeno 3pdexra.

AnbrepHaTuBHas runote3a H1: a3 ekt oT u3MEeHeHHs CTaTUCTUYECKU 3HAYUM.

CraTucTHyecKHe KPUTEPHUH UIsl IPOBEPKH T'UIOTE3

Cmamucmuueckuil Kpumepuii - CTaTUCTUYECKas] XapaKTePUCTUKa BHIOOPKH, BbIYMCIIsIEMast
[0 HEKOTOPOMY MaTeMaTH4YeCKOMY COOTHOIIEHHIO ((popmyre) Ha OCHOBE JAaHHBIX, UMEIOLIUXCS B
BBIOODKE.

[lo 3HaYeHHIO HSTOM XapaKTEPUCTHKH TNPUHUMACTCS pEIICHHe, TNPUHUMATh OCHOBHYIO
TUIoTe3y Wik HeT. CTaTUCTHYECKUE KPUTEPUH OBIBAIOT JBYX BUJIOB:

e 00HOCMOPOHHUIL Kpumepuil - KpUTepui, 3HaUEHUS KOTOPOTO NMPUHAAIE)KAT
o6mactu (0; +00);

e 08YCMOPOHHUI Kpumepuii - KPUTEPUl, 3HAYCHUS KOTOPOTO MPHHAIISKAT oOiacTH (-
00; +00).

Ceoiicmea cmamucmuyuecko2o Kpumepusi.

e CTATUCTUYECKU KPUTEPHUM SABJISIETCA CIIy4YalHOW BEJIIMYMHOW, 3aKOH paclpeeseHust
KOTOpO#l M3BecTeH. 3auacTyl0 B Ha3BaHUM CTAaTHUCTUYECKOTO KPUTEpPHUs YIIOMUHAETCS €ro 3aKOH
pacnpenenenusi. Hanpumep, kpurepuit xu-kBaapar-Ilupcona nmogunHsercs 3aKOHy pacipeieieHUs
XHU-KBaJIpar;

eyeM OJIDKE 3HAUEHUE CTATUCTHUECKOTO KPUTEpHUs K HY/IIO, TeM OoJiee BEpOSATHO, 4YTO
OCHOBHAsl TUIIOTE3a SIBJISIETCS] BEPHOIA.

YpoBeHb 3HAUYMMOCTH 0, OIIMOKYU MEePBOr0 U BTOPOro pojaa

VYpoBeHb 3HAYMMOCTH O - 3TO BEPOSITHOCTh OLIMOKM IMEPBOrOo poja. 3HAuE€HUE YPOBHS
3HAYUMOCTH OOBIYHO JOCTATOYHO MaJIO€ U 3aa€TCs aHAIMTUKOM, MTPOBEPSIONIUM TUnoresy. Yaiie
Bcero npuaumaet 3HadeHus 0,01 (1%), 0,05 (5%) u 0,1 (10%).

[Ipn mpoBepke rumote3sl BCerjaa CYIIECTBYET BEPOSTHOCTh TOTO, YTO OYyJeT CIelIaHo
omnboyvHoe 3akaouyeHne. CylecTByOT JjBa po/ia OIMIMOKY.

Owiuoxa nepgozo pooa - OTBEp>KEHNE OCHOBHON TMIIOTE3bI ITPU TOM, YTO OHA BEpHA.

Ouiuodka 6mopozo pooa - NIPUHATHE OCHOBHOM TMIIOTE3bI IIPY TOM, YTO OHA JIOKHA.

Co 3HaueHHEM ypOBHS 3HAUMMOCTH CBSI3aHO 3HAUEHUE YPOBHS JIOBEpUs P.

VYpoBeHb J10BEpHs P - BEPOSATHOCTh MNPHUHATUSA BepHOW rumoTe3bl. [loMHMM: moka He
JI0Ka3aHo, 4To ocHOBHasA runore3a HO siBisiercst 10:KHOM, MbI cunTaeM e€ BepHol. [ToaToMy ypoBeHb
3HaYMMOCTH OyJeT ONpeAesATh BEPOSITHOCTh MNPUHATHS OCHOBHOM rumote3bl. Eciu ypoBeHb
3HaYMMOCTH 0 - BEPOSITHOCTb OTBEP)KEHUSI BEPHOI I'MIIOTE3bl, TO BEPOSATHOCTh MPHUHATUS BEpHOU
runotessl: p=1 - a.

AHaTUTHK caM yOpaBisieT OIMOKON MepBOro poja - 3a1aéT BEPOSATHOCTh €€ HACTYIUICHUS.
OmunbKoi BTOPOrO pojia OH YHPABJIATh HE MOXKET - BCEr/la CYIIECTBYET BEPOSITHOCTH TOTO, YTO
MOXET OBITh MpHUHATa HeBepHass rumnoTe3a. I[losTomMy, YTOOBI H30€XaTh HEKENIATEIbHBIX
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MOCITIEICTBUI OT MNPHHATUS HEBEPHOM THUIOTE3bl, OCHOBHAs THIOTE3a (POPMYIHPYETCsS TaKHM
00pa3oM, YTOOBI PUCK OT MOCJIEACTBUN MPUHATHS HEBEPHOU THIIOTE3bI ObLIT MUHUMAJIBHBIM.

Haxo:xnenue rpanun 06J1acTH NPUHATHS THIIOTE3bI

Oobnacmey npunamusa cunome3svl (OIIT) - TOIMHOXKECTBO TAaKUX 3HAUEHUN KpUTEpHs, NIPU
KOTOPBIX OCHOBHAs THUIIOTE3a HE MOXET ObITh OTBeprayra. O01acTh MPUHATHUSA TUIOTE3bl BCETIa
BKJTIIOYAeT B ceOs 3HaueHue 0.

Kpumuueckasa o6aacmp - TOIMHOXXECTBO TaKUX 3HAYEHUHW KpUTEpHs, IPU KOTOPBIX
OCHOBHAsl TUIIOTE3a HE MOXKET OBbITh IIPUHSTA.

B cinydae, ecim wucnosedyercss omHOCTOpoHHWE kputepwis, OIIlT Brirouaer B cebs
MIOJIMHOXKECTBO MOJIOKHUTENIbHBIX 3HAUEHUN KpuTepus. B Takom ciydae y KpuUTepusi €CTb TOJBKO
OJIHA KpUTHYECKasi 00JIacTh.

B cnygae, ecnm ucnosib3yercs ABYCTOPOHHMM KPUTEPHUI, KOTOPBIA MOKET MPUHUMATh KaK
MOJIOKUTEIIbHBIE, TAK U OTPULATENIbHbIE 3HAYEHUs], Y HETO MMEIOTCS JBE KPUTHUYECKHE 00JIacTH:
MOJMHO’KECTBO OTPHUIATENbHBIX M TOJAMHOXECTBO MOJIOKUTENbHBIX 3HAYEHUN KpUTEpHs, INpHU
KOTOPBIX TMIIOTE3a HE MOXKET OBITh NPUHSTA.

Ha stom miare tpeOyercs HallTH Takoe MOJMHOXECTBO 3HAUEHUM KpUTEPHs, K KOTOPOMY
3HaYEHUE BHIOPAHHOTO KpUTepusi OydeT MPHUHAJJIEKATh C BEPOSTHOCTHIO P. TouHee, HEOOX0IUMO
HaWTH KpailHHe 3HaYeHUS! KPUTEPHUS B 3TOM IOIMHOKECTBE.

[ToaTroMy mnpoueaypa HaxokJIeHUs TpaHHUI] OOJACTH NPUHATUS TUIOTE3bl CBOJUTCS K
PELICHHIO CIEAYIONIEN 3a0auH:

P{R'<R<R"}=1-q,

rjae

P{R'<R<R"} -

BEPOATHOCTh TOT0, YTO 3HAUCHMSI KPUTEPHsI IPUHAAJIEKAT 00JIaCTH IPUHATHUS TUIOTE3BI,

R'uR"-

JIEBOE M NIPaBO€ KPUTUYECKUE 3HAUCHHsI 00IACTH IPUHATHUS TUIOTE3bl (KPUTUYECKUE TOUKH).

N3 sToro nonyyaem:

A T IR ISP Ay

To ectb 3amaua pemaercs myTéM B3ATHA OOpaTHON (YHKIMM OT NPsAMOM (GYHKIHH
pacnpeeneHusl.

=1 E:l
=a
OOpaTHbIM 3HaYCHHEM (YHKIUH paclpeieieHus ¢ aprymeHTom b () SBJIAETCS
TakKoe 3HaYeHHUEe CIy4alHOW BEJIMYMHBI @, IPU KOTOPOM BBITIOJHSETCS CIEAYIOLIEe YCIOBUE:

F[a):P{x -:ic:t}:f:'.

B takom ciydae a Ha3bIBaeTCsl KBAaHTUIIBIO (DYHKIIMHU pacrpeneneHus yposus b. Ecnu neBas
Y TIpaBble TpaHullbl obmactu - 1/4 u 3/4, To KBaHTUJIL Ha3bIBACTCSI KBAPTUJIBIO, €CIIU JIeBasl U MpaBas
IpaHulbl 00JaCTH MPEACTaBISAIOT co0oi ApoOu co 3HamenareneMm 10, TO KBaHTWUIIM HAa3bIBAIOTCS
JEIUIISIMU.

B cnyuae ¢ 0IHOCTOPOHHUM KPUTEPHUEM IOJIy4aeM CIEAYIOIYI0 GopMyiny ISl HAXOKIACHUS

y . R'=Fa)
KPUTHYECKOW TOUKH: .

BHe 3aBUCHMMOCTM OT THUNa KpUTepUs MAJs TOro, 4roObl HAWTH KBaHTWIM (QyHKIMU
pacripeiesieHus, KOTOpOMY MOJUMHSAETCS KpUTEpHU, HEOOXOIMMO 3HATh MapaMeTpsl 3TOW QyHKIUU
(HampuMep, eciau KpUTEpUl MOJYMHSIETCS HOPMaJIbHOMY 3aKOHY, TO €ro MapaMeTpaMu SBISIOTCS
MaTeMaTH4eCKOe 0)KMJaHHE U CTaHAAPTHOE OTKJIOHEHHE). 3HaUeHHEe NMapaMeTpoB OLICHHWBAETCs Ha
BBIOOpKAX.

5. Hugpopmayuonnsie u odpazosamenvnvie mexnonocuu

38



Dopmupyemule

Ne |  Haumenosanue Buowt yueonoi KoMnemenuuu Hugpopmayuonnvie u
w/n pazoena pabomy: (yka3zvieaemcs obpazoeamenvHble
K00 mexHono2uu
KomnemeHnuuu)
1 |2 3 4 5
1. |Jluneiinas anceopa |Jlexyus I1-3. OK-2. Beoounas JeKyus c
UCNONIL30BAHUEM NPE3eHMAYU.
Pewenue 3aoau 6 on-line
Cemunap 1-3. OK-2 pedxcume  HA  UHMepHem-
pecypcax.
Camocmosmenvuas |OK-2 Iloocomoska Kk 3awamuio ¢
paboma UCNONb308AHUEM  DJIEKINPOHHO
20 Kypca 1eKyuu
2. |Mamemamuueckuii |Jlexyus 4-7. OK-2. Besoounas JneKyus c
amanuz UCNONIL30BAHUEM NPE3CHMAYUL.
Pewenue 3aoau 6 on-line
Cemunap 1-6. OK-2 pexcume  HA  UHMepHem-
pecypcax.
Camocmosmenvuas |OK-2 Iloocomoska Kk 3awamuio ¢
paboma UCNONb308AHUEM  DJIEKINPOHHO
20 Kypca 1eKkyuu
3. |Teopus Jlexyus 8-17. OK-2. Jlexyus-eusyanuzayus c
geposimHocmell u npUMeHeHueM C1aud-npoexkmo
MamemamuyecKast pa
cmamucmuxa Cemunap 8-14. OK-2 Hnousuoyanvrnoe peueHue
3a0au 6 on-line peswcume na
Camocmosmenvrasn |OK-2 UHmMeEepHem-pecypcax .
paboma Koucynomuposanue u

nposepKra OOMAUWHUX 3A0AHUIL.

6.D0oHO oueHoUHbIX CpeOCmE 011 MeKyuiezo, pyoescHoz0 u umozo6020 KOHmpoJieil no umozam

0C60eHUA OUCUUNIUHBL (MOOYJIell)

6.1. [lepeyeHb KOMMNeETEHIMI ¢ YKa3aHHEM ITanoB UX (OPMHUPOBAHUS B Npoilecce 0CBOCHUS

AUCHUTLTAHBI
No Konmponupyemoie pazoenvt | Koo konmponupyemoit Haumenoeanue
n/n OUCUUNIUHBL Komnemenyuu OUEHOUHO20 CpedCcmea
(mooynen) (Komnemenyuii)
1. Jlunevinas ancebpa OK-2 Yemmuwuii onpoc
Konmponvnas paboma
Hnousuoyanvhvie 3a0anust.
2. Mamemamuueckuii ananus OK-2 Yemmuwiii onpoc
Konmponvnas paboma
Hnousuoyanvrvie 3a0anus.
3. Teopusa eeposmnocmeu u | OK-2 Yemmuwiii onpoc
Mamemamuyeckas Konmponvnas paboma
cmamucmuxa Hnousuoyanvhvle 3a0anus
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Peghepam, scce.

6.2. MeToauuecKkue MaTepualibl, ONpeaACIAINUE MPOUCAYPLI ONCHUBAHUA 3HaHHﬁ, yMeHHﬁ,
HaBBbIKOB U (I/I.TII/I) OonbITa J€ATCJIBbHOCTHA

Texyuquit KOHmMPOJIb OCYUECMBISEeMCs 8 8UOe ONPOCd, YHACmUe 8 OUCKYCCUL HA ceMuHape,
BbLINOJIHEHUE CAMOCMOSMENbHOU pabomuvl u Opyeux eudos pabom, ykasaunvix 6 YMK, a maxoice
nocewaemocmu CmyoeHmos 3anamuii - oyeHusaemcsi 0o 80 6annos.

Pybesxcuvtit kKonmpons (coaua mooynel) npogooumcs npenooagamenem u npeocmasisiem
€0001l NUCbMEHHBLL KOHMPOIb NO MEOPEeMU4ecKoMy U npakmuyeckomy mamepuany. Konmponvhoie
BONPOCHL  PYOEHCHO2O0 KOHMPOSA BKIOUAIOM NONHbIL 00bEM Mamepuana 4acmu OUCYUNTUHBI

(mooynen),

I’lOBGOJZﬂlOWMﬁ OYeHunb 3HAHUA,

00yuarowWuxcs no  U3VYeHHOMY Mamepuany u

coomeemcmeaosamv YMK oucyuniunvt, komopoe oyenusaemcsi 0o 20 6annos.

Hmozoewlii Konmponw (3K3amen) 3HAHUL NPUHUMAEMCS NO IK3AMEHAYUOHHBIM OULemam,
BKIIOUAOWUL MeopemudecKiue 60npocyl U npakmuyeckoe 3adanue, u oyenusaemcs 0o 20 6anios.

Dopma koumpons

CpOK omyemHocmu

Makc. koauuecmeo 6aiios

3a oony pabomy |Bcezo
Texywut KoHmponw.
- onpoc 1, 2, 3, 4 neoenu 10 6annoe o 40 bannos
- peuenue 3a0ayu no 3,4,5,6, 7 ueoenu 6 bannos o 30 b6annos
NPOUOEHHBIM MeMaM
- nocewaemocms 1,2,3,4,5,6,7,8 neoenn (0,2 10 6annos

Pyb6esrcnuiii konmpons.
(coaua mooyns)

8 neoens

100%x0,2=20 6anr08

HUmoeo 3a | mooyns

o 100 bannos

Dopma kKoHmpons

CpOK omyemHocmu

Makxc. konuwecmeo baniios

3a oony pabomy |Bceco

Texywjuti KOHMpPOL.
- onpoc
- peuienue 3a0ay no
NPOUOEHHbIM MeMam

- nocewiaemocntob

9, 10, 11, 12 neoenu
13, 14, 15, 16, 17
Heoeu
9,10,11,12,13,14,15,16,

17 neoenu

10 6annos Ilo 40 6annos
6 bannos o 30 6annos
0,2 10 6annos

Py6esicnviti koumpons: 16 neodens 100%x0,2=20 6an108
(coaua mooyns)

Hmoeo 3a |l mooyns Ho 100 6annos
Hmozoewtii Konmpons (3K3amen) Ceccus UK = Bbcp % 0,8+b23 % 0,2

BricTaBisroTcs Oalibl 10 pe3yiibTaTaM OaJNIBHOI CHUCTEMBI B CCMECTPEC IK3aMCHAIIMOHHYIO
OLICHKY 0e3 caadyn SK3aMcEHa, Ha6paBH_II/IM CYMMAapHO€ KOJHUYCCTBO 68.J'IJ'IOB, JO0CTATOYHOC JJIA
BBICTABJICHMS OLICHKU OT 55 U BEIIIE 0aJJIoB — aBTOMAaTHYECKHU (HpI/I CorjiaCum CTy,[ICHTa).
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Honyuennvui  cosoxynuuiil pezyiomam (maxcumym 100 6annos) rongepmupyemcs 6
MPAOUYUOHHYIO WIKATLY:

PeliTuHronsas oneHka

OreHka PK3aMeHa
(6amioB)

Ot 0 - mo 54 HEYZIOBJIETBOPUTEIHHO

oT 55 - 110 69 BKJIIOUUTENBHO | YAOBIETBOPUTEIHHO

oT 70 — 10 84 BKIIIOYUTEIBHO | XOPOIIO

ot 85 — 110 100 OTJIMYHO

6.3. Onucanune moka3areJieii 1 KPUTepPUEeB OLIEHNBAHUSI KOMIIETEHIIHH HA Pa3IUYHBIX ITamax
ux (OpMHUPOBAHUSL, ONMUCAHUE IIKAJ OLEHUBAHUS
Texywuui koumpoas (0 - 80 6annos)

IIpu oyenusanuu nocewaemocmu, ONPoOca u peuenue 3a0ay Ha NPAKmuKe yYumol8aromcs.
- nocewjaemocmy (10 6annos)
- cmenenb packpvimust cooepacanusi mamepuana (20 6annos);
- U3NOJCEHUe MAamepuana (epamomuHoCmeb pedu, MOYHOCHb UCHOIb308AHUS MEPMUHOIOUU U
CUMBOIUKU, I02UYECKAsL NOCIe008AMENbHOCIb U3NodceHuss mamepuana (20 6annos);
- 3HAHUe Meopuu U3YYEHHbIX BONPOCO8, CHOPMUPOBAHHOCIIL U YCMOUYUBOCTL UCNONb3YEMbIX NPU
pewenuu 3a0ay ymeHutl u Hasvikos (30 6anos).
Pyb6eowcnviii konmponw (0 — 20 6annos)
Pybeoichvlil KOHMPOIL — NPOBEPKA NOTHOMbL 3HAHUL, YMEHUL U HABLIKOG NO MAMEPUALy MOOYIs 8
yenom. Pybedxcuviti konmpons ocywecmensemcs 08a pasa 6 cemecmp Ha Y4eOHbIX 3aHAMUSX
CO2NACHO YMBEPAHCOCHHOMY epaghuKy nposedenusi pyoesichoco KOHmpousa. PybesicHvili KoHmpo.b
npoBoOUMCs 8 8uoe NUCbMEHHOU pabomul u oyeHusaemcs 00 20 6annos.

Ipu oyenusanuu KOHMPOIBLHOU PAOOMBL YHUMBIBACTICAL:
— cmyoenm 6e30uUb0YHO OMEemull Ha 8ce 8ONPOCHI, NPeOCmasieHHble & Ouleme, a Maxdce Hamu
Memoo peuleHust NOCMABIeHHOU 3a0a4u U peuums 3aoady oezouubouno — 18-20 6annos.
— cmyoeHm 00.19ceH 6e30UUbOYHO OMmeemums HA BONPOCHI, NPeOCmAasieHHble 8 Ouleme, HO Npu
peuteHuu 3a0a4u 0onyujeHvl He3Hadumenvuvle ouwuoku — 15-17 dbannos.
— cmyoeHm ¢ owubKamu omeemuil Ha 80ONPOCHI, NPEeOCMABIeHHble 8 Ouleme, Npu peueHun 3a0aqu
oonyujenvl He3nauumenvuvle ouuoku — 10-14 dbannos.
— cmyoeHm ¢ owubKamu omeemuil Ha 8ONPOCHL, NPeOCmAasieHHble 8 buieme, NPU peuleHuu 3a0a4u
oonyujenvl sHavumenbHole omudoxku — 5-9 obannos.
— cmyOeHm nPoOeMOHCMPUPOBAL Clabble 3HAHUSL NPU OMmeeme Ha 80NPOCHl, CHOPMYIUPOBAHHbIE 6
buneme, HeNPABUILHO peull NOCMasieHHyo 3adady - 1-4 oannos.
— cmyoOeHm He Omeemul Hi Ha 0OUH 80NPOC U3 buiema u He pewiun 0aunyio 3aoady () 6annos.
- NOJIHOMA 8bINOJIHEHHOU pabombl (3a0anue 8bINOJIHEHO He NOIHOCbIO U/UlU OONYyujeHsl 08e u bolee
owubxu unu mpu u 6onee nemounocmu) — 1-10 6annos;
- 000CHOBAHHOCMb COOEPIHCAHUSL U BbIBOOOE PAOOMbL (3A0aHUE BLINOIHEHO HNOIHOCMbIO, HO
000CHOBAHUE COOEPHCAHUSL U 8bIBOO0E HEOOCMAMOUHbL, HO paccyicoenus eepHul) — 1-15 bannos;
- paboma 6bINOIHEHA NOIHOCMbIO, 8 PACCYIHCOCHUSIX U 0OOCHOBAHUU Hem NpobOenos Ul OuwuboK,
803MOXNCHA 0OHA HemoyHocmb — 1-20 bannos.

Hmozoswiii konmpons (3x3amenayuonnas ceccust) - UK = bep x 0,8+bsk3 % 0,2

Ilpu npogedenuu umo208020 KOHMpPO.IA 0byuawWuULics 0oaxceH omeemums Ha 3 gonpoca (1
BONPOC MEOPEMUUECKO20 XapaKkmepa u 08a 60NPoOca NPAKMUYECcKo20 Xapakmepa,).

IIpu oyenusanuu omeema Ha 6ONPOC MEOPEMUUECKO20 XAPAKMeEPA YYUmuleaemcs:
- meopemuyecKkoe co0epHcanue He 0C80EHO, 3HAHUE MAMeEPUaNa HOCUM pazmeHmapHblil Xapakmep,
Hanuyue 2pyowix owubox ¢ omgeme (1-2 banna),
- meopemuueckoe co0epAHcaHue 0C80eHO YaCmMU4YHO, OONYUeHo He bolee 08yx-mpex Hedouemos (3-6
bannos),
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- meopemuyeckoe COOepHCaHue 0C80eHO NOYMU NOJIHOCMbIO, OONYUEHO He 0oiee 00HO20-08YX
Heoouemos, Ho 00YUaWUIIC CMO2 Dbl UX UCnpasums camocmosmenvro (6-8 6annos);
- meopemuyecKkoe Co0epHCanue 0C80eHO NOTHOCMbIO, OMEem NOCMPOeH N0 cOOCMEEHHOMY NAaHy (9-
10 6annos).
1Ipu oyenusanuu omeema Ha 60NPOC NPAKMULECKO20 XAPAKMEPA YUUMbIBACMC A
- omeem codepacum mernee 20% npasunvrhoco pewenus (1-6 6aina);
- omgem codepacum 21-89 % npasunvroco pewenus (6-15 6annos);
- omgem cooepacum 90% u bonee npasunvroeo pewenus (15-20 6annos).
6.4. KoHTpoJibHBIE 3aJaHUsl WJIM HHbIe MATepHAJIbl, HEOOXOAUMBbIE /Jsl OLEHKH 3HAHMIA,
YMEHH, HABBIKOB U (MJIM) ONbITA AeSTEJIbHOCTH
Paznen YMK Bxirouaer o0paslibl OLICHOYHBIX CPEACTB, MPUMEPHbIE MEPEYHU BOIPOCOB U
3a/IaHUN B COOTBETCTBUM CO CTPYKTYPOU JUCHMILIMHBI U CUCTEMOW KOHTPOJISL.
Ilepeyenb BONpPOCOB:

1 moayJb.
UTO MOHUMAIOT MOJT MHOKECTBOM?
Kak Ha3pIBatoT 00BEKTHI, 3 KOTOPBIX 00Pa30BaHO MHOXKECTBO?
Kakoe MHOkeCTBO Ha3bIBAIOT IYCTHIM ?
Kakne MHOXeCTBa Ha3bIBAIOT KOHEYHBIMU U OECKOHCUHBIMU?
B kakoMm cirydae CYUTArOT, 9TO MHOXECTBO 337]aHO?
Vxkaxure criocoObl 3aaHusI MHOKECTB.
B xakoM cirydyae MHOKECTBO A SIBIIIETCS TOJMHOXKECTBOM MHOkecTBa B?
Kakwue moqMHOXeCTBa Ha3bIBAIOT COOCTBEHHBIMHU W HECOOCTBEHHBIMHU?
Kakne MHOXeCTBa Ha3bIBalOT PABHBIMU?
0. ChopmynupyiiTe CBOWCTBO paBEHCTBA MHOKECTB.
1. Kakoe MHOXECTBO HAa3bIBAIOT IMEpeceYeHHEeM, OObEINHEHUEM, pPa3HOCTbIO MHOYXECTB,

JIOTIOJTHEHUEM OJIHOTO MHOKECTBa JI0 JPYToro, AOMOJHEHHEM MHOXKECTBA IO YHUBEPCAIBHOTO?
12. JlaiiTe onpenenieHre qeKapTOBa IPOU3BEICHUS MHOKECTB.
13. Ilepeuncaute ciocoObl 3aaHuUs JEKapTOBA IPOU3BEACHHS MHOXKECT
14. JTaiiTe onpeneneHne OMHAPHOTO OTHOIIICHHS HA MHOXKECTBE X.
15. Kak 3anucaTh yTBEp>KIEHHE O TOM, YTO 3JIEMEHTHI X U Y HAXOIATCS B OTHOIIEHUH R?
16. IlepeuncauTe cnocoObl 3aaHUs OTHOIIICHUH.
17. JlaiiTe onpeneneHrne YUCIOBOU MOCIIEI0BATEILHOCTH.
18. IlepeuncauTte crocoObl 3a1aHUs OCIEA0BATEIHLHOCTEH.
19. Kakue nocnenoBaTeIbHOCTH Ha3bIBAIOT OTPAHUYCHHBIMU?
20. Chopmynupyiite omnpeneneHus rmnpeaena (yHKOMM B TOYKe, mpenena (QyHKIHH B

0ECKOHEYHOCTH, Mpeernia MoCIe0BaTEIbHOCTH.

21. Kakas ¢yHKIus Ha3bIBaeTCsl OECKOHEYHO MaJION M KaKOBBI €€ OCHOBHBIE CBOICTBA?
22. Kaxkas (hyHKIUSI Ha3bIBaeTCsl 0ECKOHEYHO OO0JIBIION U KaKOBa €€ CBS3b C OECKOHEYHO MaJloit?
23. ChopmynupyiTe OCHOBHBIE TEOPEMBI O Tpeaenax yHKINH.

[

RPRoOoo~NokwNE

24. Kax pacKpbIBalOTCsl HEOPEIEIEHHOCTH BUIOB LO

25. Copmynupyiite nepBblil 3aMeyaTeIbHbIN Mpeies U ero CIEACTBHUS.
26. Chopmynupyiite BTOpoi 3aMedaTesIbHbINA Ipeaes.

27. Chopmynupyiite onpeaereHne NpOU3BOJHOM.

28. KakoB ee reoMeTpu4ecKuil CMbICT?

29. Copmynupyiite ocHOBHBIE TpaBuiia AuddepeHupoBaHust PyHKIIUHA.

2 moayab
1. Cayuaiinble cOObITHS, OTIpe/ieNeHue, KIacCu(pUKalKs, BEIYUCIEHIE BEPOSITHOCTH HACTYIUICHHUS
COOBITHSL.

2. CoBMecTHbIE COOBITHSA
3. Kiaccuyeckoe u CTaTUCTHYECKOE OIPEIeTICHHE BEPOSITHOCTH
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Brrunciienue BEpoATHOCTH.

3aBHCHUMBIEC U HE3aBUCUMBIE COOBITH.

[Tonnas rpynna coObITHI.

Omnepanuu HaJ CITy4YaiHBIMU COOBITUSMHU.

@opMyi1a IOJIHON BEPOATHOCTH.

®opmyia baneca.

0. Beruncnenre HauBEpOSITHEHIIIETO YMCIIa HACTYIIJICHHUS COOBITUI

11. TToBTOpEHue ucnbITaHuM, Gopmyina bepHymim.

12. Cnyuaiinas BenuuuHa, onpenencHue. O6aacTu onpeaeaeHnus U 3HAYCHUH.

13. Knaccugukanus ciy4aifHbIX BEJINYHH.

14. HenpepbiBHast ciydaiiHas BeJIWYMHA, 3aKOH pacHpeesieHUuss BEPOSITHOCTEH, UHCIIOBbIE
XapaKTEPUCTHUKH.

15. TuckpetHas ciaydaiiHasi BeIMYMHA, €€ XapaKTEPUCTUKH.

16. PaBHOMepHOE pacnpeaesicHue CITyIaiiHOW BETUIUHBI.

17. HopmainbHoe pacnpesiesieHue cllydaiiHOM BeTUYHHBI.

18. IMokazarensHOE pacmpeesieHue CIIy4aitHOW BETMIHHEI.

19. BuHoMmanpHOE pacrpeaeseHUe CITy4aitHOW BETUIUHBI

20. YucnoBble XapaKTePUCTUKA 3aKOHA PACTIPE/ICTICHUS CITyJaifHON BEIINIHHBI

21. Yro m3ydaeT MaTeMaTuyecKasi CTAaTUCTHKA?

22. Yto Takoe BEIOOpKA?

23. [laTh TIOHSTHE CTATHCTUYECKOTO psijia, THCTOTPAMMBI YacTOT, CTATUCTHUYECKOW (QYHKIIHH
pacnpeneneHusl.

24. CraTucTHYeCKHE OIICHKH MapaMeTpOB 3aKOHA pacHpeieiieHus IUCKPETHBIX CITydailHBIX
BEJTUYMH.

25. JloBepurtenbHbIN HHTEPBaI. [JoBepUTEIbHAS BEPOSITHOCTD

26. I'enepanbHas COBOKYITHOCTb U BEIOOpKA (OCHOBHBIE MOHATHS ). CIToCOOBI OpraHu3aiiy BEIOOPOK.
Bapuanuonsslii psi.

27. Dvmmupudeckast GyHKITUS pactpeesieHus u ee cBoicTpa. ['uctorpamma. [lomuron yactor

28. JloBepHUTENbHBIN HHTEPBAI JIJIS1 BEPOSTHOCTH.

29. O6mras 3amava npoBepku runote3. Kputnueckas 061acTh U 00J1aCTh MPUHATHS PEIICHUH.

i R

7. YueOHO-MeTOAMYECKOE M HH(POPMALIMOHHOE 00ecneyeHue JUCITUIIMHBI
7.1.CricoK MCTOYHUKOB M JIMTEPATYPHI
- UCTMOYHUKU (OCHOBHbLE, OONOJHUMENbHbLE),
- umepamypa (0CHO8HAs1, OONOJIHUMENbHAS),

OcHoBHas nuTeparypa:
1. ITucemennsiii KoncnekT nekuuii o Beiciiel matemaruke (IlonHslit kype), 4-e u3ganue —
Mockaa., Aiipuc npecc, 2006 1.
2. Munopckuii B.I1. CoopHuk 3anau no Boiciieit Matematuke.-M.: Hayka, 1997
3. 'mypman B.E. Teopusi BepoATHOCTEl M MaTeMaTH4ecKas CTaTUCTUKa: YdyeO.mocoOue st
By30B/B.E.I'mypmaH. -9-e uzn. Ctep. — M: Bricmas mkona. —2003, -479c.
4. I'mypman B.E. PykoBoACTBO K pelICHHUIO 33/a4 MO TEOPUU BEPOSATHOCTEH W MaTeMaTH4ecKOH
craructuke. M: «Bricimas mkomnay», 2004, 404 c.
5. bponckuii S1.C. Cratuctuka. BepositHocts. Kombunatoprka — Mocksa, OHUKC, 2008 r.
6. Benruens E.C., OBuapoB JILA. 3amaum ymnpakHEHUs TO TEOpHHM BeposTHocTell — Mocksa,
KHOPYC, 2010 r.

JlononHUTENBHAS TUTEPATYPA:
1. Makcumenko B. H., Merpa6os A. I'., [TaBmok JI. B. Kypc maremaTnueckoro ananusa: yuyeOHoe
nocobue, U.1, HI'TY 2009 r. 345 c.
2. llunayes, B. C. OcHOBBI BhICIIEH MaTeMaTHKH: yueOHoe nocodue s By30B / B. C. llunayes. —
Mockaa: FOpaiit, 2009. — 478 c.
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3. Bricmras maremaruka: yueonuk / K. B. bangun, B. H. bammeikos, A. B. PykocyeB. — Mockaa:
®ymnara: MIICH, 2010. — 359 c.

- cnpasoyHvle U UHHOPMAYUOHHBLE UZOAHUSL

1. Beiroackuii, M. f1. CripaBounuk 1o Beiciield marematuke / M. S. Beironckuit. — Mocksa: ACT:
Actpens, 2010. — 703 c.

7.2. Tlepeuenb pecypcoB HH(POPMAIMOHHO-TEIEKOMMYHUKAIMOHHOH ceTH «UHTepHETY,
He00XO0MMBblIii 1151 0CBOEHHSI IMCIUILIHHBI (MOTYJIei)

HNHuTepHeT — pecypcebl:

Kyrlibnet.kg

Biblioteka.kg

Ipr books.ru

www.math.by - oOpa3oBareNbHBIIl CaliT MO MaTeMaTUKEe MPEICTaBIsIeT cO00W COOPHHUK YacTo

BCTpPEYACMBbIX 3aJa4 10 MaTeMaTuke (anredpe, FreOMEeTpUH, MaTeMaTHUYECKOMY aHAIN3Y, TCOPUH

BEPOSITHOCTEH U T.J1.) U pelIeHni 3TUX 3a4a4.

www.webmath.ru - caifT perreHus pakTHYSCKHUX 33/1a4 110 MaTeMaTHKe.

www.mathelp.spb.ru - nexiuu no Beiciiei MaTemMaTuke, yaeOHUKH on-line, MaTeMaTUYEeCKUE

web-cepBuCHI, pelieHre KOHTPOJIbHBIX padoT MO BBICIICH MaTeMaTHKE M OTBETHI Ha BOIIPOCHI IO

PEILICHHBIM 3a/1a4aM.

WWW.ph4S.ru — cailT 3JIeKTPOHHBIX KHHUT IO pa3jiejiaM MaTeMaTuKu

8. www.math24.biz — caiit pemenus 3amau on-line pexume

PoNE

oo

~

8. IlepeyeHb Y4eOHO-METOAUYECKOr0 oOecrmedyeHusl IJsi CAMOCTOSITEILHOW pPadoThI
00y4aroImuxcs.

8.1. [lnanbl NMpakTHYeCKUX (CEMHHAPCKHUX) M Ja0OpPaTOPHBIX 3aHATHHA. MeToanueckue
YKa3aHHUS 10 OPraHu3aliu U NPOBeIeHHI0

Tema 1. Marpunbl u aeiicTBUS HAJA HUMU. (2 4.)

Ilenv: ®opMHUpPOBAaTh HABBHIKM BBHINIOJIHEHUS OINEpallMid HaAJ MAaTPUIIAMH: CJIOXKEHUE,
BBIYMTAHWE, YMHOXXCHHE MAaTpPHIIBI HAa YHCIO, TPOU3BEIACHUE MATpHIl; (OpMHUpPOBATH YMEHUS
HaxOJIUTh OIPEACITUTEIN MaTPHII.

Dopma nposedenuss — KOLIeKmMUeHoe peuleHue 3a0a.

Teopemuueckue 60npocwi:

1. OnpeneneHue U BUIBI MaTPHII.
2. OCHOBHBIC JICHCTBHUS HAJl MATPHUIIAMHU.
3. [IpuMeHeHne MaTpHuIL.

Konmponvhvie 6onpocnwi:
1. Yro Ha3pIBaeTcs MaTpuiiei?. UTo Ha3pIBaeTCS MaTPUIICH-CTPOKOH, MaTpHIICH- cTOI0IIOM?
2. Kakue MaTpHIlbl HA3bIBAIOTCS IPSIMOYTOJIbHBIMU, KBaIPATHBIMU. ?
3. Kakast maTpuIia Ha3pIBae€TCsl JUAroOHAIbHOM, €IUHUYHOM, TPEYTOJIbHON?
4. Yro HazpiBaeTcs cyMMon MaTpuil? UTo Ha3bIBae€TCS MPOU3BEICHIUEM MATPHUIIbI HA YHUCIIO0?
5. Kak HaiiTu mpousBe/ieHUE IBYX MaTpHil?

IIpuMepsI BHINOJTHEHHUS 32IAHUS:

Ilpumep 1. lanbl MaTpHULbI:

1 3 L 1 2) -2 0 3 1
=] -1 2*3:[ J C=| 5 6[,D=[-7 0]
3 45 -
0 4 \=3 7 25
MO3KHO JI1 CIIOKUTH MaTpuLly A: ¢ Marpuueit B; ¢ marpuueit C; ¢ marpuneit D?
Pewenue:
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Marpuity A Heb3s CJIOXKHUTH C MATPHIEH B, Tak Kak MaTpuna A uMeeT pasmepsl 3% 2 | Marpuna B -
pasmMepbl  2%3 | a cKIaplBaTh MOXHO TOJNBKO MAaTPHIbI  OJMHAKOBBIX  Pa3MEpOB.

Martpuubt 4 u C IMEIOT OJIMHAKOBBIE pa3Mepbl, IOATOMY X MOKHO CKJIaJbIBaTh.
Martpuupsl 4 u D uMeroT oquHaKoBbI€ pa3MepBbl, CIE10BATENbHO, UX MOYKHO CKJIJbIBATh.

Ilpumep 2. Haittn A+B , ecan

-1 0 -2 1 7 2
A= , B= .
-5 6 -3 3 45

Pewenue:
0O 7 0
A+ B= ]
-2 10 2

Tak xak MaTpulbl UMCIOT OI[HHaKOBLIﬁ pasMEp, TO UX MOKHO CKJIaAbIBATh. HpI/I CJIOKCHUU MaTpHIL
Haao CIOXXHUTDH 5JICMCHTBI, CTOAIINEC HA OJJMHAKOBBIX MECTaX, T.C.

-1 0 -2 1 7 2 —1+1 0+7 —-2+42 0O 7 0
A+B: =+ = = .
(—5 6 —3] [3 4 5] (—5+3 6+4 —3+5J [—2 10 2]

Ilpumep 3. 1ano:

2 5 4 -1
A={6 3 0 11|
7 8 1 -3
Haiitu: -3A.
Pewenue:

-6 -15 -12 3
-34=|-18 -9 0 -33|
-21 -24 -3 9

Jl51s Tor0, 4TOOBI -3 YMHOXKUThH Ha MaTPUILy A HY)KHO Ka)XIbIH JIEMEHT MaTpHUIlbl A YMHOKUTD Ha -
3.

~3.2 -3.5 -3.4 -3.(-1)] [-6 ~-15 —-12 3

-34=|-3-6 -3-3 -3-0 -3-11 |=|-18 -9 0 -33|
~3.7 -3-8 —-3-1 -3-(3)| |-21 -24 -3 9
Ilpumep 4. lanbl MaTPpULbI:

1 3 10 -1 1 3 1 -5 2
A=|14 2 -2, B=|13 1 4|,C=(3 -2 3|
2 7 13 -5 2 5 0 -1 6
Haititu: 24+B-3C.
Pewenue:
-2 22 17
2A+B-3C=|12 11 -9].
-1 19 13

2 6 20 -1 1 3) (3 -15 6
2A+B-3C=|8 4 —-4|+|13 1 4|-]|9 -6 9 |=
4 14 26 -5 2 5) {0 -3 18

2-1-3 6+1-(-15) 20+3-6 -2 22 17
=[8+13-9 4+1-(-6) —-4+4-9|=[12 11 -9].
4-5-0 14+2-(-3) 26+5-18 -1 19 13
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3aI[aH]/I$l K BBINIOJIHCHHIO:

301
1. TpancmoHUpyiTEe MaTPUILy -127
01-3
1 01 6 2-1
2. Cnoxwure matpunbl A=| -2 0 1 | uw B=[2 0 2
3 5 2 1-1-3
3. Haiitu npousBeneHne MaTpuil:
301 2
a)l -2 0 5| |3 6) (2_1j (‘3 5}
11 2 L 4 6 21
4. Haiigute cymmy:
3 57 1 2 4
A=|2-1 0| B=| 2 3-2
4 3 2 -1 01

5. Haiinute matpuiy 2A+5B

o) olid

6. Haiinure mpoussenenus AB u BA:

131 210
A=|2 0 4| B=|1-1 2
1 2 3 3 21
5 8 4
7. Nana matpuia A=|3 2 5} .. Kakyro matpuity B Hajo npuOaBuTh, YTOOBI MOTYIUTh
7 6 0
EAMHUYHYIO MaTPUILY
2 11
8. Jano A=|1 2 1/|. Haiimure cymmy A* + A+E
112

Cnucok ucmouHuKo8 u iumepamypbl.:
- Iumepamypa (0CHO8HAs1, OONOJHUMENbHAS),

OcHoBHas nuTeparypa:
1. ITucemennsiii KoncnekT nekuuii o Beiciiel matemaruke (IlonHslii kype), 4-e u3ganue —
Mocksa., Alipuc npecc, 2006 r.
2. Munopckuit B.I1. CoopHuK 3a/1a4 1o Beicieit Matematuke.-M.: Hayka, 1997

JlononHuTENBHAS IUTEPATYpA:
1. Makcumenko B. H., Merpa6os A. I'., [TaBmok JI. B. Kypc maremaTnueckoro ananusa: yueOHoe
noco6ue, U.1, HI'TY 2009 r. 345 c.
- CNpagouHvle U UHPOPMAYUOHHBIE UZOAHUA.
1. Beiroackuii, M. . CnpaBounuk 1o Beiciieit matematuke / M. 5. Beiroackuii. — Mocksa: ACT:
Actpens, 2010. — 703 c.
Ilepeuens pecypcos ungopmayuoHHo-menreKoMMyHUKAyuoHHou cemu « Mnmeprnemny.
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1. www.math.by - oOpa3oBarelbHBIN CaliT MO MaTeMaTUKE MPEICTaBiIseT co00W COOPHHUK YacTo
BCTpPEYACMBbIX 3ajiau 10 MaTeMaTuke (anredpe, reoMeTpU, MaTeMaTHUYECKOMY aHAIU3Y, TCOPUH

BEPOSITHOCTEN U T.J1.) U pEelICHUI 3TUX 3a4a4.
2. www.webmath.ru - caiiT pereHus mpakTHUECKHUX 3aa4 110 MaTeMaTHKe.
Mamepuanvno-mexnuueckoe obecnevenue 3anamus
VY4eOHble ayIUTOPUU OCHAILEHBI HEOOX0JUMON MEOEbIO, JOCKOH, COOTBETCTBYIOT
IpaBWIaM IIPOTUBOMNOKAPHOH Oe3omacHoCTH. [l caMOCTOATEIbHOM Pa0OTHI CTYAEHTOB NUMEETCS
KOMIBIOTEPHBIE KIIACCHI C IOCTYIIOM K ceTH MHTepHeT

Tema 2. Boruucienue onpeaeanteneid marpun. O6parnasi marpuna
L]ens: TIoBTOPUTH OTpeIeTICHUE OMPEICTUTEINS BTOPOTO U TPETHETO MOPSIKA, MPABUIIO UX

BBIYUCIICHUS. 3aKPENUTh HAa MMPAKTUKE BHIYUCIICHUE OTIPEICTUTEICH.
Dopma nposedenusi — KOJLIeKmMUgHoe peuleHue 3a0ad.
Teopemuueckue gonpocnwi:

1. Onpenenurens N-ro nopsiaka. CBoicTBa ONpeeTUTENEH.

2. BpramcneHue onpeneuTens BTOPOro U TPETHETO MOPSIIKA.

3. MuHOpHI 1 anredpanvecKue TOTIOTHEHHSI JICMECHTOB MATPHIIBI.

4. ObpaTHasi MaTpuUIla U CIOCOOBI €€ HaXO0XKICHHUS.

Konmponvnsie sonpocwi:

Uto Ha3bIBaeTCA OnpeaenuTeaeM 2 u 3 mopsiaAKoB?

MeTo1bl BBIYMCIIEHHS ONpeeNuTeNIe 2 U 3 TOPSIKOB.

Uto Ha3bpIBaeTCS anredOpandecKuM JAOTOTHEHuEM ?

Yto Takoe MUHOP?

Kaknmu criocobamu HYyKHO HATH 0OpPaTHYIO MAaTPHUILY ?

IIpuMepsI BHINOJTHEHHS 32/IaHUSA:

Ilpumep 1. HaliTu onipenenuTenn MaTpuil

2 =3 COSE N

{5 ) ]u{_ Sn& cos ::EJ

oo E

Pewenue:.

COsdY SN . .
=cos” Z+sn a=1

D -3
‘5 6‘:2-6—5-(—3}:12—(—15):2?;

—sin &Y cosdy

Ilpumep 2.

4o (1 2]_ _ (5 2]
JlaHbl MaTpUIIBI 3 4 13 . Hanitu det(A5) .
Pewenue:.

Lot cocog: detA=4—6=-2 detB=15-2=13, det(AB)=detd detB=-26

15421 1.242.3 7ooB
[ J—[ J det(A5) =7 18-8.-19=126-152=-26

. _ 3.5+4.1 3.2+4.3) 119 18
2- ¥ crioco0:

Ilpumep 3.

-] = =
[ S N R
MO L)

BrruncanTs onpenenuTens o NpaBuily TPEYroJbHUKA
Pewenue:.

2 3
5 6=1559+267+34.65-3.57-2.4.9-1.6.5=45+u4 + 36 -105-72-45=10
o 9

-] = =
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3anaHus K BbINOJHEHHIO:
1. Pemuth ypaBHEHUS, BBIUNUCIIMB OIPEACIUTENN 2 TIOPSAKA:

2x-3 4 X+3 x+1
a) =0 0) =0
—X -3 Xx-1 x-=2

2. BBIUMCITUTH ONPEACTUTENN MPABUIOM «TPEYrOJIbHIUKOBY!

111 -2 3 5
A2 3 3 0) 4 1-2
4 6 7 1-3 2
3. BBIHCIUTE ONpeIeTuTeN, pa3ioKEHUEM 110 CTPOKE WIIH CTOJIOITY:
7 3 2 6 0520
8-9 4 9 8 3 5 4
A) 0)
7 -2 7 3 7 2 41
5-3 3 4 0 410
4. HaiimuTe X U3 ypaBHEHUS:
3 X - X x?> 4 9 x? 3 2
2 -1 3 =0 x 2 3 =0 x -1 1 =0
1) x +10 1 1 . 2) 1 1 1 . 3) 0 1 4
5. Haiitu 06patHyt0 MaTpuILy:
3 2 2
A=|1 3 1
5 3 4

Cnucok ucmouHuKo8 u 1umepamypbi.:

- 1umepamypa (0CHO8HAs, OONOJIHUMENbHAS);
OcHOBHas JUTEparTypa:

1. ITucemennsiii Korcnekr neknuii mo Beicuieir Marematuke (IlomHbiil kypce), 4-¢ u3ganue —
Mockaa., Aiipuc npecc, 2006 T.

2. Munopckuii B.I1. CoopHuk 3ama4 1o Beiciie maremaruke.-M.: Hayka, 1997

JlonosHUTENBHAS TUTEPATYPA:

1. Makcumenko B. H., Merpa6os A. I'., [laBmok JI. B. Kypc marematudeckoro ananuza: yaeOHoe
nocodue, U.1, HI'TY 2009 r. 345 c.

- cnpasoyHvle U UHGPOPMAYUOHHBLIE U3OAHUSL

2. Beiroackuii, M. SI. CnpaBounuk 1o Bbeiciieit marematuke / M. 5. Beiroackuii. — Mocksa: ACT:

Actpensb, 2010. — 703 c.

Ilepeuens pecypcos ungopmayuoHHo-meneKoMMyHUKAYuoHHot cemu « Mumepnemy.

1. www.math.by - obpa3oBare/bHBIN CaliT MO MaTeMaTHKE MPEACTaBIsIeT cO00W COOPHHUK YacTo
BCTpEUaeMbIX 3ajjad 10 MaTeMaTHKe (aiaredpe, reoMeTpur, MaTeMaTHYeCKOMY aHaIHU3y, TEOPUU
BEPOSITHOCTEH U T.J.) M pElIeHU ITUX 3a7a4.

2. www.webmath.ru - caiiT pereHust mpakTHUECKKMX 3a1a4 110 MaTeMaTHKe.

Mamepuanbro-mexHuueckoe obecneyerue 3aHAMuUs
Y4eOHbIe ayIUTOPUH OCHAIIEHBI HE0OX0IMMOM MeOeTbIo, JOCKOH, COOTBETCTBYIOT MIpaBUIaM

MIPOTUBOTIOKAPHOH O6e30macHoCTU. J[J1s1 caMOCTOSTeN HOM pabOThI CTYJICHTOB UMEETCS

KOMIIBIOTEPHBIE KJIACCHI C AOCTYNOM K ceTu HTepHeT

Tema 3. CucreMbl JIMHEHHBIX AJIre0pandecKux ypapHeHnid. MeToabl pemieHusi CHCTEeMbI
JIMHEHHBIX ajiredpandeckux ypapuenui. ®opmyasl Kpamepa. Meron I'aycca.

L]ens: GhopMHpOBaTh HABBIKM pEIICHUS CHCTEM ypaBHeHMH MeTojoM Kpamepa u meTtomom
I'aycca.
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Dopma nposedenus — KONIEKMUSHOe peuleHue 3a0ad.

Teopemuueckue 60npocwi:

Cucrema m JIMHEMHBIX YPaBHEHUH C N HEU3BECTHBIMU.

Matpu4HbIid METOJ| PELIEHUSI CUCTEMBI YPAaBHEHUIA.

Pemenue cucremel IMHENHBIX YpaBHEHUN MeTo10M Kpamepa.

ANTOpUTM PELIEHUS CUCTEMBI JIMHEHHBIX ypaBHEHUN MeToAoM ["aycca.
Koumponvnvie sonpocwi:

Kak pemuts cucreMy ypaBHEHUS MaTPUUHBIM METOA0M?

Kak nmpeobpa3oBaTh pacimpeHHy0 MaTpHUILy?

B uem 3akirouaeTcst pelnieHrue CUCTEM JIMHEHHBIX YpaBHeHH MeToioM Kpamepa?
Kakoii anroput™ pemieHusi CUCTeM JIMHEMHBIX ypaBHeHUH MeTooM ["aycca?

el S =

PoNbE

IIpuMepbI BHINOJIHEHUS 32IAHUS:
Ilpumep:
Sx—y—z=10
x+2y+Ez=14

N L | dx+3E3y+2z=16
Haiitu permenue cuctemMbl ypaBHEHUM:

1. Memoo Kpamepa
1. CocraBum Matpuily A JTaHHOM CHCTEMBI:

5 -1 -1
A=|1 2 3
4 5 2

1. Haiinem onpenenuTeNb TaHHONH MaTPHIIBI
5 -1 -1
A=1 2 3|=5d-9+(2-12)-(3-8)=-25-10+5=-30
4 3z ]
Onpenenurenb |ﬁ1| TIOJIYYCH U3 OTIPEICITUTEIIS |ﬁ| MyTeM 3aMEHBI TIEPBOTO CTOJIOIA CTOIOIIOM
CBOOOIHEIX YIECHOB;

0 -1 -1
Aj=[14 2 3|=(28-48)-(42-32)=-20-10=—30
16 3 2

Fit pit
OHpeI[eJ'II/ITCJ'IB | 2| INOJIYYCH U3 OIIPCACITATCIIA | | IIyTEM 3aMCHbBI BTOPOT'O CTOJ'I6I_[a CTOJ'I6I_IOM
CBO6OI[HBIX YJICHOB

5 0 -1
Ay=|1 14 3|=5(28-48)—(16—-56) = —100+40 = —60
4 16 2

Py fat
OHpeI[eJ'II/ITeJ'IL | 3| INOJIYYCH U3 OIIPECACTIUTCIIA | | IMyTEM 3aMCHBI TPETHET'O CTOJ'I6I_[8. CTOJ'I6I_IOM
CBO6OI[HBIX YJIICHOB

5 -1 0
Ay={1 2 14]|=5(32-42) +(16 - 56) = =50—- 40 = —§0
4 3 16

1. Haiigem perenne cucTeMbl
n=dfh=1 =4 00=2 ,=00=3
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2. Mampuunwiii memoo.
1. JInst tTaHHOM CUCTEMBI COCTaBUM MaTPUYHOE

5 -1 -1 x 0
A¥ =B meb=|1 2 3|, X=|y|.8=|14

ypaBHEHUE 4.3 z 46.

3naupr X = A8

2. Haiiem oGpaTHyto MaTpuiry At
r
i Ay Ay Ap N
ﬂ_lzﬁ Ay Ag Ay | A =DM

Ay Ay A

5 -1 -1

l4|=det A=1 2 3 |=5(4-9)+1(2-12)-1(3-8) =-25-10+5=—30
4 3 2

-1 -1

A= 3 2|7

2 3|_
I

1 3

‘q‘f‘z_‘at 2

= ,,422_4

1_h
I
—

1 2 5 19 B
Ay=|, S|=75 A= L |=-19% A=

RN EEERUNES T 51 32 380
At=—|-1 14 18| =|-= -—= —
30| 1 e 1 315 15

3. HaXOI[I/IM MaTpuny A .
1 1 1 1 14 14
- S0 —
. 6 30 30 | g 6 30 30
1 7 H 1 98 128
&= » =ﬂ_13= - - — [ l=-=0-—4—|=
3 15 15 3 15 15

1 1% 11 1[] 266 176

|
) o

& 30 30 & 20 30
4. ITOTO pelleHus CHCTeMBL: * Ly=22z=3
3. Memoo [aycca.
1. CocTaBuM pacIIMPEHHYIO MATPHUILY CHCTEMBIL:

5 -1 -1]0

A= <1 2 3 14)
4 3 2 116
2. Tloib3ysch 2IEMEHTAPHBIME TPE0OPA30BAHUSIMU PHBOIMM JTAHHYIO MAaTPUILy K
TPEYTONBLHOMY BUILY:
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5 -1 -1]0 1 2 3 14
A= (1 2 3 14) - (5 -1 -1 —70) -
4 3 2 116 4 3 2 116 0 -5 -—101-40
1 2 3
- (O -11 -16

14 1 2 3 |14 1 2 3|14
=70 |—>({0 1 218 |—-{0 1 28
0 1 218 0 —-11 -16l-70 0 0 618

3. W3 mosryueHHO# pactmpeHHONW MaTPHIIBI 00OpaTHO COCTABIISIEM YpaBHEHUSI HAUWHASI CHU3Y U
HaxO0JIUM 3HAYEHUSI HEU3BECTHBIX:
6z=18;z=3
y+2z=8y+2:3=8y=2
XxX+2y+3z=14;x+2-2+4+3-3=14;,x =1
x=ly=2,2z=3

14 1 2 3
0 [—-({0 —-11 -16

4. Vtoro perieHust CHCTEMBI:

3agaHus K BbINOJHEHHIO:
1. Pewuts cucremy ypaBHeHuit metogoM Kpamepa:

2x—y+2z==3 10x+y+4z=1;
a) qx+2y—z=4 0) sx-2y-Tz=-3
3x+y-3z=-3; 2x+y+5z=0.

2. Pemmwmtb cucteMy ypaBHEHUSI MAaTPUIHBIM METOIOM:
SX, +8X, +X; =2 2%, —3X, + X3 =—7
a) 13X, —2X, +6X; =—7  6) 1% +4X, +2X; =-1

2X; + X, = X3 =—5 X, —4X, =-5
3. Pemuth cucreMy ypaBHeHHs MmeToioM ["aycca:
dx+y—2z =10 Sx+y-2z=75;
a) —x+3y-—z=-L ) 10x+y+z=
Ix—y+iz=l x—y+z=-1L

Cnucok ucmouHuKo8 u iumepamypbi.:

- 1umepamypa (0CHO8HAs1, OONOIHUMENbHAS);
OcHoBHas nuTeparypa:

3. IIucemennsbrit Koncnekr nexuwmii mo Beiciieit maremaruke (IlosHblil Kypce), 4-¢ u3ganue —
Mockga., Aiipuc npecc, 2006 1.

4. Munopckuii B.I1. CoopHuk 3a1a4 1o Beiciiei matemaTtuke.-M.: Hayka, 1997

JlonosiHUTENBHAS TUTEPATYPA:

2. Makcumenko B. H., Merpa6os A. I'., [TaBmok JI. B. Kypc MmatemaTndeckoro ananu3za: yueOHoe
noco6ue, U.1, HI'TY 2009 r. 345 c.

- cnpasoyHvle U UHGPOPMAYUOHHBLIE U3OAHUSL

3. Beiroackuii, M. 1. CnpaBounuk 1o Bbeiciieit marematuke / M. 5. Beiroackuii. — Mocksa: ACT:

Actpensb, 2010. — 703 c.

Ilepeuenv pecypcos ungopmayuoHHo-meneKoMMyHUKAyuoHHot cemu « Mumepnemny.

3. www.math.by - obGpa3oBarenbHBIN CaliT MO MaTeMaTHKE MPEACTaBIsIeT cO00W COOPHHUK YacTo
BCTpeUaeMbIX 3aj7ad M0 MaTeMaTHKe (ainredpe, TeoMeTprur, MaTeMaTHYeCKOMY aHaIHU3y, TEOPUU
BEPOSITHOCTEH U T.[.) M pelIeHUi ITUX 3a/a4.

4. www.webmath.ru - caiiT pereHus: mpakTHYECKHMX 3a/1a4 110 MaTEeMaTHKe.

Mamepuanbro-mexnuueckoe obecneyerue 3aHAMuUs
Y4eOHbIe ayIUTOPUH OCHAIIEHBI HE0OX0MMOM MeOETbI0, JOCKOH, COOTBETCTBYIOT MIpaBUIaM

MIPOTUBOTIOKAPHOH Oe30macHoCTU. J[J1s1 caMOCTOSTET HOM pabOThI CTYJICHTOB HMEETCS

KOMIIBIOTEPHBIE KJIACCHI C AOCTYNOM K ceTu HTepHeT
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Tema 4. OcHOBHbIE NOHSITUSI TEOPUHM MHOKeCTB. Onepanun HaJg MHOKecTBAMU. OTHOLLIEHHUS
HAa MHOecTBax (24.)

Llenv: YCBOUTH MOHATHE «MHOKECTBO» M (OPMHUPOBAHUE YMEHHMH 3a7aBaTh MHOKECTBO
paznuuHbIMU crioco0amu. PopMHUpPOBAHHE YMEHUN MPOU3BOIUTH ONEPALMUA HAJl MHOXKECTBAMHU.
YCBOUTH MOHATHS «YIMOPSIOYCHHBIC MAaphl, JACKAPTOBO IMPOU3BEICHUE, OWHAPHBIE OTHOIICHUS.
Hayuutbcst ctpouth OMHapHBIE OTHOIICHHS BHYTPYU MHOKECTBA UIIM MEX/TY IByMsI MHOKECTBAaMHU

dopma nposedeHusi — KONIeKMUBHOe peuleHue 3a0au.
Teopemuueckue 6onpochwi:
O6o3HaueHne MHOKECTB. [IpuHAIIEKHOCTD 37IeMEeHTa MHOXKECTBY. [lycTOe MHOKECTBO.
O0benuHeHne, nepeceyeHne, CpaBHEHNE, PA3HOCTh MHOXKECTB.
JlexapToBOE IPOM3BEACHIUE MHOXKECTB.
MomHoCcTh MHOKECTBA. BUHapHOE OTHOIIEHNE Ha MHOKeCTBaX. KOMITO3UIMS OTHOIIEHUIA
Koumponvnvie sonpochwi:
Kakoe MHOkeCTBO Ha3bIBaeTCs YHUBEPCAIbHBIM?
JaiiTe onpenenenne 00beAMHEHUS, TIEPECEUEHNUS, PA3HOCTH MHOYKECTB.
N3obpasute onepariuu HaJ MHOXKECTBAMH C TIOMOIIBIO KPyroB Ditiepa.
JlaiiTe onpeneneHue neKkapToBa MPoU3BeACHMs, OMHAPHOTO OTHOIIEHHUSI HA MHOXKECTBE X.
[Tepeunciure cmocoObl 3a1aHUsI OTHOIIICHU I
IIpuMepbI BHINOJIHEHUS 32 IAHUS:
Ipumep 1. 3anates Tpu MHOXecTBa A, B, C u3 cTpounbix OykB pycckoro andasuta. CpaBHUTH
UX MEXTY COOOH.

Pewenue. 3anaem tpu mHOXKecTBa A, B, C. MHOXecTBO A={a, 0, ¢, n}; B={a, 0, ¢, 1, x, M};
C={a, 0, c, 1,c, M, 0, a, K}. MHOKECTBO A SIBJIIETCS MIOAMHOXECTBOM MHOXecTB B 1 C. MHOkecTBO
C paBHO MHOX€CTBY B, Tak Kak COCTOUT U3 OJHUX DJIEMEHTOB.

Ilpumep 2. 3anansl Tpu MHOXKecTBa X,Y, Z. MHOXecTBa paBHbl: X{9,1,5}; Y={2,5,1,7,
9}, Z2={1,2,9,1,5,2,7,5, 7}. CpaBHUTb UX MEKIY COOOI.

Pewenue. MuOXecTBO X sIBISETCS MMOJAMHOKECTBOM MHOXKECTB Y U Z, TaK KaK BCE DJIEMEHTHI
MHO@eCTBa X BXOJAT Kak B MHOXECTBO Y, Tak U B Z. MHOKECTBO Z paBHO MHOXKECTBY Y, TaK Kak
OHH COCTOSIT U3 OJIHUX U TEX XKE DJIEMEHTOB.

Ipumep 3. 3anmcats MHOKeCTBO A={X|XEZAX2<10} nepeuncicHHEM 3JIEMEHTOB.

Pewenue.  MuoxecTBo A3alaHO €  TIOMOIIBIO  XapaKTEPUCTHUYECKOTO  YCIOBHSL.
XapakTepucTHYECKOE YCIOBHE B JaHHOM CIydae BBIPAXKEHO 3alUchio "XEZAX?<10" (3mak "A"
o3HauaeT "n"). PacmmgpoBkiBaeTCs Ta 3amUch Tak: "X — 1enoe yucio, 1 X°<10". MHpIMK cloBamy,
B MHOECTBO A JOJDKHBI BXOJUTh JIMIIb IIeJIbIe Yncia, KBaapaT KoTopbix MeHbIle 10. Takux yncen
Bcero 7, t.e. A={0,-1,1,-2,2,—3,3}. MHoxecTBO A Teriepb 3a/J]aH0 C TOMOIIBIO MEPEUUCICHUS
AJIEMEHTOB.

Omeem:. A={0,-1,1,-2,2,-3,3}.

3amaHus K BBIIOJTHEHHIO:

1. 3apaiiTe MHOKeCTBO JAPYTUM CNOCO00M (€CIIH 3TO BO3MOKHO):

a) A={x| xéN,x<9}; 6)A={4-3-2-10,1,2,3,4}; B)A={xxER,x*-3=0}.
OtBeTbI: a) DIeMEHTaMH MHOXKECTBA A SIBIISIIOTCS HATYypajbHbIC YHCIIA,

KOTOpbIe MeHbIIe 9 u camo uncio 9, 3Hauut, A ={1,2,3,4,5,6,7, 8, 9};

0) A= {x|x € Z, |x| <4} — MHO>ECTBO LIETBIX YHCE], MOAYJIb KOTOPBIX HE

00JIbIIIE YETHIPEX;

B) DJleMeHTaMH MHOKECTBA A SIBJIAIOTCS KOPHHU ypaBHeHHs X2 — 3 = 0,

3HaunT, A={-3, 3}

2. 3ajaiiTe YUCI0BOE MHOKECTBO ONMCAHUEM XAPAKTEPUCTHYECKOI0 CBOMCTBA 3J1IEMEHTOB:
a) (0; 11); 6) [-12,3; 1,1); B) [-5; 3]; 1) (- o0; -102,354].

OtBetpl: a) A= {Xx| X ER, 0<x<11};6) C={x|x €R,-12,3<x<1,1};
B)A={x|xER,-5<x<3}; r)P={x|x €R, x<-102,354}.

3. 3amaiiTe mepeunciacHrueM MHOXecTBO B = {X: X2—2x+1= 0}. Oro cranmapTHas 3aMuch s
3aJaHKs] MHOKECTBA, YATAETCSA OHA TAaK: MHOKECTBO 2IEMEHTOB X TaKHX, 4To X2 — 2X + 1 =0.

el N =

agrwNpE
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Ortger. B = {1}.

4. Onpenenute MHOXKECTBO A HaTypaJIbHBIX YuCell, MeHbIINX  1/2.

OtBer. A=0

5. Ompenenute MHOKECTBO 3HAUCHHN X, YAOBJIETBOPAIOIINX CIACAYIOIIUM YCIOBUSIM:

a) x2 <9 Orser: [-3;3] 0) (x*+1) <17 Otser: [-4;4] B)x?*—2x+5<0 Ortser: 0

6. 3ammcarh Bce JIIEMEHTBI MHOKECTBA YHCEII, KOTOPBIE emstcst Ha 10

Otger: {x| x — nemsres Ha 10} .

7. PemuB HEpaBEHCTBO, 3aITMCATh €r0 PEIICHUS B BUJE YUCIOBOTO MMPOMEKYTKA!

a) {X2|x2+1>0}{x2|x2+1>0} otBert: (—00;+00)(—00;+00)

0) {X|1/x<0}{x|1/x<0} otBeT: (—0;0)(—0;0).

B) {X|X2+7x+12<0}{x|x2+7x+12<0} otBer: (-4; -3).

8. CKOJIbKO CYIIECTBYET TOJIMHOKECTB MHOKecTBa A={1, 2, 3}.

Otsetsl: {1}, {2}, {3}, {1, 2}, {1, 3}, {2, 3}, {1, 2, 3}.

9. Jlanbl MHOXKECTBA:

a)K={yly=1,ecimyeN, Toy+ 1eN}, V = {y|yeZ, y>0};

0)K=0,V ={0};

B) K= {c, o, p}, Y = {{c, n}, p }. PaBubl 111 MHO)ecTBa K 1 ¥?

OTBETHI:

a) Jlanaeie MHOXecTBa paBHbl (K=VY), T.k. 11000# 3memMeHT y U3 MHOXecTBa K mpuHamiexuT u

MHOXECTBY Y, U, HA000pOT, JTI000H 3JIEMEHT y U3 MHOKECTBA Y MPUHAJIC)KUT MHOXKECTBY K;

6) Het He paBHbI, T.K. MHOXeCTBO K mycToe, a MHOXKECTBO Y COCTOUT U3 OJTHOTO AJIeMEHTa (ITyCTOTO

MHOXECTBA);

B) Her He paBHbI, T.K. MHOecTBO K cOCTOUT U3 TpeX 371eMEHTOB, a MHOKECTBO Y — 13 ABYyX. [Ipruem

IBa ’yieMeHTa u3 MHokecTBa K (¢ u M) He mpHuHa Ie)KaT MHOKECTBY Y, a SJIEeMEHT U3 MHOKeCcTBa Y

(MHOECTBO {C, I1}) HE MPUHAJICKUT MHOKECTBY K.

10. X — MHOX€CTBO MJEKOTIUTAOIMKX, H = {JIbBBI, TUTPBI, BOJIKHU, JUCHI}, M = {MeaABEaM, BOJIKH,

OpJbl, cTpaychl, 00e3bsiHbl, KUTHI}. Kakue M3 NaHHBIX MHOXECTB SBIAIOTCS IOJMHOKECTBOM

MHOXecTBa X?

OtBeT: MHOkeCTBO M He SIBJIETCS MOJIMHOKECTBOM MHOKECTBA X, T.K. OPJIbI U CTPAYChI — ITHIIBI,

a HE MJIEKOIIUTAIOILHE.

Cnucok ucmouHuKo8 u iumepamypbi.:

- 1umepamypa (0CHO8HAs, OONOIHUMENbHAS);
OcHoBHas nuTeparypa:

5. IIucemennsrit Koncnekr nexuwmii mo Beiciieit maremaruke (IlosHeril Kypce), 4-¢ u3ganue —

Mockga., Aiipuc npecc, 2006 T.

6. Munopckuii B.I1. CoopHuk 3anau no Boiciieit Matematuke.-M.: Hayka,1997

JlonosHUTENBHAS TUTEPATYPA:

3. Makcumenko B. H., Merpa6os A. I'., [Tamok JI. B. Kypc MmatemaTnueckoro ananu3za: yueOHoe

noco6ue, U.1, HI'TY 2009 r. 345 c.

- cnpasoyHvle U UHGPOPMAYUOHHBLE U3OAHUSL

4. Beiroackuii, M. f. CrnpaBouHuK 110 BbIciieii Mmaremaruke / M. SI. Beiroackuii. — Mocksa: ACT:

Actpens, 2010. — 703 c.

Ilepeuens pecypcos ungopmayuoHHo-meneKoMMyHUKAYuoHHot cemu « Mumepnemny.

5. www.math.by - obGpa3zoBarenbHBIN CaiiT MO MaTeMaTHKE MPEACTaBIsIeT cO00W COOPHHUK YacTo
BCTpeUaeMbIX 3ajad M0 MaTeMaTHKe (aiaredpe, TeoMeTprur, MaTeMaTHYeCKOMY aHaIHU3y, TEOPUU
BEPOSITHOCTEH U T.J.) M pelIeHUi ITUX 3a/a4.

6. www.webmath.ru - caiiT perreHust mpakTHUECKHUX 3a1a4 110 MaTEeMaTHKe.

Mamepuanbro-mexnuueckoe obecneverue 3aHAMuUs

Y4eOHbIE ayAUTOPUHM OCHAIIEHBl HEOOXOIUMOW MeOeNnblo, OCKOW, COOTBETCTBYIOT

MpaBWJIaM MPOTHBOIOKAPHOU Oe3omacHocTU. st camocTosTeNnbHOM paboThl CTY/IEHTOB UMEETCS

KOMIIBIOTEPHBIE KJIACCHI C AOCTYNOM K ceTu HTepHeT
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IIpumepbl BHINOJIHEHHS 32 JAHHUS:

Ilpumep 1. Haiinem nepecedenue MmHOxkecTB A = {a, b, c,d, e} uB={b,d, e, g, k}.

Pewenue: O60uM MHOXKECTBaM MPUHAISKAT AIeMEHTHI b, d, e. [Toatomy A NB = {b, d, e}.

Ilpumep 2. Haiinem o0beJMHEHNE U pa3HOCTh MHOXeCTB A U B, ectn A = { x| -2/5 <x<7/3},
B={x-1/4<x<3}.

Pewenue. Eciiu n300pa3uth JaHHbIE MHOXKECTBA Ha YUCIIOBOM NpsAMON, TO 00beIMHEHUE
AUB ecTb yacTh 0CH, TJIc UMEETCsI XOTsI ObI 0JIHA IITPUXOBKA, T.€. 0Tpe30K [-2/5; 3]. MHaue rosops,
AUB = { x| -2/5 < x < 3}. Paznocth A\B ecTh 4acTh OTpe3ka, U300paKaIOIIEro MHOXKECTBO A,
OTMEUCHHAs JIMIIb OJTHOM ITPUXOBKO, T.€. HOIyuHTepBal [-2/5; -1/4), Touka -1/4 npuHauiexuT B u
nostomy He npuHaeKkuT A\B. [Ipyrumu cioBamu, A\B = { x| -2/5 <x < -1/4}.

Ilpumep 3. W3BecTHO, 4TO A — MHOXKECTBO Y4alllUXCs, YBJEKaIOLIUXCS UcTopuel, B —
MHOYECTBO yUalIuxcs, HHTepecyromuxcs: ononorueit. ChopMynupyiTe ycoBus, IpU KOTOPHIX: a)
AUB=B;06) AnB=0.

Pewenue: a) BeIsICHUM, B KAKOM OTHOIIEHUU HaxXoAsTcs MHOKecTBa A u B. M3BecTHo, 4TO

AUB= B, B TOM ciyuae, korma AcB, T.e. Bce 2JIEMEHTBHI MHOXECTBAa A SBIISIIOTCS TaKXkKe M
aneMeHTaMu MHOkectBa B. Taxum oOpazom, AUB= B, ecnu Bce yuaiuecs, yBIeKarolIUecs
HCTOPHEH, YBICKAIOTCS U OMOJIOTHUEH;
0) Ucxons u3 paBenctBa ANB = ) MHOkecTBa A 1 B He miepecekaroTcs, T.€. OHU HE UMEIOT OOIITHX
aneMeHToB. [Toatomy ANB = @, ecnu Bce yuamuecs, yBieKarollecs UCTOPUEH, He HHTEPECYIOTCs
OUOJIOTHEMH.

3aiaHus K BbINOJHEHHIO:

1. Oyers U=1{0,1,2,3,7,9}, A ={x|x3 —4x*> +3x =0}, B={1,7},C={2, 7).

Haiigure: ANB, AUC,C,A\C, AAC,BNnCUANBuUBANC.

OTtBet. MHOXKECTBO A 3aJ1aHO XapaKTePUCTUUECKUM CBOMCTBOM. UTOOBI OTBETUTH HA TTOCTABJICHHBIC
BOIPOCHI 33J]a4l, HEOOXOIMMO MHOKECTBO A 3a7aTh cUCKOM. KopHAMU KyOHM4ecKOro ypaBHEHHs
x3 — 4x? 4+ 3x = 0 sBwsrorest wpncna 0, 1, 3, nodtomy A = {0,1, 3}. BeimonauM yka3zaHHbBIC B
YCJIIOBHHM 3aJ]a4 ONepaluu HajJ MHOKecTBaMu A, B , C corsiacHO onpeaeneHusam 3TUX OTeparuii:
ANB={0,1,3In{1,7}={1} ;ALC={0,1,3}u{2,7}={0,1,2,3,7} ;C=U\C={0,1,2,3,7,
91\ {2,7}=1{0,1,3,9} ; A\C={0,1,3}\{2,7}=1{0,1,3} ; C\A={2,7}\ {0, 1,3}={2, 7} ; AAC
=A\CUC\A={0,1,3}u{2,7}={0,1,2,3,7} ;BN C={1,71n{0,1,3,9}={1} ; BNAN = {1,
{2, 7} ={7} ; AnB=U\(AnB)={0,1,2,3,7,9}\ {1}={0, 2,3, 7,9} ; BhC U An Bu BNC
={1}U{0,2,3,7,9}u{7}={0,1, 2,3, 7,9}=U

2. TToctpouts auarpammy BenHa, minmroctpupyromyo MHoxkectso M = (A N B)u (C \ B). Ortser.
[TocTpoenue quarpaMmmbl IPOBEJEM ITOATAITHO:

1) Ha pucyHke 1 3amTpuxoBaHO MHOXkeECTBO A N B ;

2) Ha pucyHke 2 3amTpuxoBaHo MHOKecTBO C \ B ;

3) Ha pucyske 3 3amrpuxoBaHo MHOXecTBO M = (A N B)u (C\ B).

U U U

N 2

Puc. 1 Puc. 2 Puc. 3
3. CocTtaBuTh MHOKECTBO A U3 OYKB haMuInu, MHOXKECTBO B — 13 OykB MMeHH, MHOKecTBO C — U3
OykB oTuecTBa (TIOBTOPSIOIINECS AJIEMEHTHI yAanuTh). Haiitu: oO6beaunenne Muoxects A, B u C,
nepeceueHrue MHoxecTB A, Bu C, pa3Hoctb A\B, pa3HOoCTh B\A, cHMMETpHYECKYI0 pa3HOCTb
MHOXecTB A u B.
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4. Kakue U3 HIDKECIEAYIOINX MHOKECTB I'€OMETPUYECKUX (DUTYp Ha IIIOCKOCTH PaBHBI MEXIY
coOoM, ecnu: A — MHOXECTBO BCEX KBaJpaToB, B — MHOXXECTBO BCeX MPSIMOYTOJbHUKOB, C —
MHO>KECTBO BCEX YETHIPEXYTOJIBHUKOB C MPSMBIMH YTriiaM#, D — MHOKECTBO BCeX MPSIMOYTOJIbHUKOB
C paBHBIMHU CTOpPOHaMH, F — MHO>KeCTBO BceX pOMOOB C MPSIMBIMH YIJIaMU.
Ortser: A=D=F; B=C.
5. JIns KaXKAOro M3 CJIOB: «COCHAa», «OCKOJOK», «HACOC», «KOJIOCY» COCTaBbTE MHOXKECTBO €r0
pa3nuuHbIX OykB. MIMeIOTCs U cpeiy HUX paBHbIE?
Otser: A={c, o, H, a}, B={o, c, k, 1}, C={H, a, ¢, o}, D={k, o, n,c}, A=C, B=D.
6. Jlansr mHOXecTBa: A ={1, 2, 3, 4, 5, 6}, B ={3, 6, 9}. Haiitu: AU B, AN B, A\B,B\ A, AAB.
(cm. mpumep I1.1)
7. Namsr muoxectBa: A ={x | 0 < x < 7}, B = {x|(x — 6)(x* + 6x + 9) = 0} . Haiitu: AU B,
AN B,A\B,B\A, AAB.
8. Jlamsr muoxectsa: A={1, 2,3}, B = {x|(x* — 6x + 8) = 0 . Haiitu: AUB, AN B, A\B, B
\ A, AAB.
9. Jloxkasare crnipaBeiuBocTh paBeHCTB (ANB)'=A'UB'(ANB)=A'UB’
Hoxazamenvcmeo.XE(ANB)' ©x&(ANB)=XxgAvxEBoxe(ANB)' ©xg(ANB)oXxEAVXEB& xe
A'VXeB'&xeA'VxeB'& xe(A'UB) & (ANB)'=A'UB".

Cnucox ucmouHuKo8 u 1umepamypul.
- 1umepamypa (0CHO8HAs, OONOIHUMENbHAS);

OcHOBHas UTeparypa:
1. IMucemennsiii Korcnekr aeknuii mo Beiciiei marematuke (IlomHbril kypce), 4-¢ uznanue —
Mocksa., Alipuc nipecc, 2006 T.
2. Munopckuii B.I1. CoopHuk 3ama4 1o Beiciiei maremaruke.-M.: Hayka, 1997

JlononHUTENBHAS TUTEPATYpA:
1. Makcumenko B. H., Merpa6os A. I'., [TaBmok JI. B. Kypc marematundeckoro ananmmsa: yaeOHOe
nocobue, Y.1, HI'TY 2009 r. 345 c.
- cnpasoyHvle U UHGPOPMAYUOHHbIE U3OAHUSL

1. Beiroackuii, M. 5. CnpaBounwuk 1o Beiciieii matematuke / M. SI. Beiroackuii. — Mocksa: ACT:
Actpensb, 2010. — 703 c.

Ilepeuenv pecypcos ungopmayuoHHo-meneKoOMMYHUKAYuoHHot cemu «Mumepnemy.

1. www.math.by - oOpa3oBare/ibHbBII CaiiT MO MaTeMaTHUKE MPEACTaBisieT co00W COOPHUK YacTo
BCTpeUaeMbIX 3a/ad M0 MaTeMmaTHke (ajredpe, reoMeTpuu, MaTeMaTHYeCKOMY aHalu3y, TEOPHH
BEPOSITHOCTEH U T.J.) U pelIeHUH 3TUX 3a]a4.

2. www.webmath.ru - caiiT pereHus mpakTHUECKHX 33124 110 MaTeMaTHKe.
Mamepuanbro-mexnuueckoe obecneyerue 3aHAMUL.

Y4eOHbIE ayAUTOPUHM OCHAIEHB HEO0OXoJuMOil Mebenbio, JOCKOH, COOTBETCTBYIOT
MpaBWJIaM MPOTHBOIOXKAPHOU Oe3omacHocTu. st camocTosTenbHOM paboThl CTY/IEHTOB UMEETCS
KOMIIBIOTEPHBIE KJIACCHI C AOCTYNOM K ceTu HTepHeT

IIpuMepsI BBINOJTHEHHUS 32/IAHUS:

Ipumep 1. OTHOLIEHUE 3a1aHO HepaBeHCTBOM: 5X- 7y < (. Iloctpouts 11000€ MHOKECTBO Z
U3 YHOpSAMOUYEHHBIX Tmap. BriOparh W3 MHOXXecTBa Z yIOpSAOYEHHBbIE Mapbl ¢ OWHAPHBIM
OTHOILIEHHUEM MEXIY JIEMEHTAMHU, YIOBIETBOPSIOLINM 3a/IlaHHOMY HEPAaBEHCTBY, U MEPENUCATh UX B
JIPYroe MHOKECTBO.

Pewenue. HoBoe MHOXKECTBO Z U3 YIOPSAOUYEHHBIX Map ¢ OMHAPHBIM OTHOIIEHUEM MEXIY
3JIEMEHTaMU MOXeET OBbITh JIF0OBIM, HO 0043aTeIbHO JIOJHKHO COJIEPHKATh HECKOIBKO YIOPAI0YEHHBIX
nap ¢ OMHAPHBIM OTHOILIEHHUEM MEXAY JIEeMEHTaMH, YAOBIETBOPSIONIUM 33JJaHHOMY HEPaBEHCTBY.
Hanpuwmep. Z={(0,0),(1,0),(-1,1),(1,1),(1,-1),(0,1)}.

Bribupator u3 MHOKecTBa Z maphl Tak, YTOOBI IPU TIOJICTAHOBKE B 33JJaHHOE HEPABEHCTBO
OHO BBINONHIOCh. HOBOE MHOYKECTBO MOIYYHIIOCH B BUAE:

R={{-1,1},{1,1},{0,1}}. Bce ymopsoueHHbIe apbl BO MHOKECTBE R yIOBIECTBOPSIOT 3alaHHOMY
OTHOILIEHHUIO.
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Bwvi600. bunapHoe oTHOIIIEHHE P PaBHO MHOXKECTBY R 1 BKJIFOUEHO BO MHOXecTBO Z: p =RcC
Z.

Ilpumep 2. ( JexapToBo npousBeneHue Ha ogHoM MHOXKecTBe X x X.) [lycTh Ha MHOXKECTBE
X={3, 5,7} 3a1aHO OTHOIIEHUE «MEHBLIE (T.€. IEPBBIH AIEMEHT MEHbBILIE BTOPOTO, BTOPOI MEHBIIIE
TpeThero). 3amucarb JAekapToBo mnpousBeneHne XxX. M3 3Toro mMHokecTBa ciemyeT BbIOpATh
AJIEMEHTBI, KOTOPBIE JOJIKHBI YIOBJIETBOPSITh OTHOILIEHUIO «MEHBIIIEY.

Pewenue. JlekapToBo mpousBeneHrne X X X MOXKET ObITh 3aIIMCAHO B BHJIE MHOXKECTBA M3
ynopsinoueHHbIX map: X x X= {(3;3),(3;5),(3;7),(5;3),(5;5),(5:7),(7;3),(7;5),(7;7) }.

W3 3T0T0 MHOKECTBA BBIOMPAIOTCSI 3JIEMEHTBI, KOTOPBIE YIOBJIETBOPSAIOT OTHOIIEHUIO «MEHbIIE». B
pe3ysbTaTe MOJYyYUTCSI HOBOE MHOXKECTBO U3 YIIOPSIOUEHHBIX Map:
W={(3;5),3:71).(57)}.

B HOBOM MHO’KECTBE BCe Mapbl SBISAIOTCA 3JIEMEHTAMM JeKapToBa NMpou3BeleHHsT XxX.
OTHOIIIEHNE KMEHBIIIE) Ha MHOXKECTBE X SIBJISETCS [TOAMHOKECTBOM JIEKAPTOBA IPOU3BEACHUS X X X.
bunapHoe oTHOIIEHNE Ha MHOKECTBE X €CTh IIOJIMHOKECTBO JiekapToBa rpousseaeHns W XxX.

Ipumep 3. (JlexapToBO IPOU3BEACHUE IBYX MHOKECTB X X Y.)

[Tycte 3amansl a1Ba MHOKecTBa: X= {2, 6, 1}, Y= {7, 4, 8}. 3amucath JekapTOBO Mpou3BeaeHne X X
Y.
Pewenue. JlexapToBO MpOU3BEICHHUE IBYX MHOKECTB PaBHO:
XxY={(2,7),(2,4),(2,8),(6,7),(6,4),(6,8),(1,7),(1,4), (1, 8)}
Ilpumep 4. Onpenenure CBOMCTBA CIECIYIOIINX OTHOIIECHHIA:
1. «psMas X mepeceKkaeT NpsAMyo y» (Ha MHOKECTBE TPSIMBbIX)
2. «gucio X 6obIIe ynciaa y Ha 2» (Ha MHOYKECTBE HATYPAJIbHBIX YHCEN)
3. «IHCIIO X JIETUTCS HA YUCIIO Y O3 OCTaTKa» (Ha MHOXKECTBE HATYPAJIbHBIX YHCEN)
4. «X — cecTpa y» (Ha MHOKECTBE JIFOIeH ).

Pewenue: 1. xRy=«mpsimasi X TepecekaeT MNpsIMyl y» (Ha MHOXKECTBE MPSAMBIX). ITO
oTHolIeHue: PediekcuBHOE, TaK KaK «IIpsAMas X IMepeceKaeT MPSMYIO X» BBIIOJIHSAETCS s J1I000H
npsiMoii (OHa mepecekaeT ce0s B Kax a0l Touke); CHUMMETpUUYECKOe, TaK Kak U3 TOT0, YTO «IIpsiMast X
MepeceKaeT NpAMYIO y» CIEIyeT, UTO «IpsMas Y MEePeceKaeT MpsAMYI0 X» JUIsl JHOOBIX MPSIMBIX X,Y;
Takxke MOXKHO 3aMETUTh, YTO 3TO OTHOILIEHUE HE SBJIAETCSA TOXKIECTBEHHBIM, TPAH3UTUBHBIM U
TIOJIHBIM.

2. xRy=«uucno x Oosblie yncna y Ha 2» (Ha MHOXECTBE HATYypPaJIbHBIX YUCEN). ITO OTHOILECHUE!
AnTtupednaexkcuBHOe, TaK KaK HU JUIsl OJTHOTO 3JIEMEHTa M3 MHOYKECTBA HATYpAlbHBIX YHCET HE
BBITIOJIHSAETCS «YHCIO X OoJbllie Yuciaa X Ha 2»; AHTUCUMMETPUYECKOe, TaK Kak Ui JHOBIX
AJIEMEHTOB X,y U3 MHO’KECTBA HaTypaJIbHbIX YHCEN U3 TOrO, YTO «YHUCIIO X OOJIbIIEC YUCIA y Ha 2»
ClIeIyeT HEeBBINOJIHEHHUE TOTO, YTO «YHCIO y OOJbIle yncaa X Ha 2»; Takke MOKHO 3aMETUTb, UTO
3TO OTHOIICHHE HE SBJISETCS TOXKIECTBEHHBIM, TPAH3UTUBHBIM U MOJTHBIM.

3. xRy=«uncno x nmenurcs Ha 4yucio y 6e3 ocraTka» (Ha MHOKECTBE HATypalIbHBIX YHCEN). DTO
oTHolIeHue: PediekcuBHO, Tak Kak Uit JIFOOOTO 3JIeMEHTa X M3 MHOKECTBA HATypallbHBIX YUCEIN
BBITIOJTHSACTCS «UUCIIO X JIENUTCA Ha 4ucio X 0e3 ocraTka»; TOXIECTBEHHO, TaK Kak AJs JIFOOBIX
AJIEMEHTOB X,y U3 MHOKECTBA HATYypPAJIbHBIX YHCEI U3 TOTO, YTO «YHUCIO X JACTUTCS Ha YUCIIO y Oe3
OCTaTKa» U «YHCIIO Y JIJIUTCS Ha YUCIIO X O€3 OCTaTKay, CIelyeT, 4To X=y; TpaH3UTUBHOE, TaK KaK
JUIs1 TFOOBIX 3JIEMEHTOB X,Y,Z U3 MHOYKECTBA HATYpPaJIbHBIX YHCEJ U3 TOTO, YTO «YUCIIO X JETUTCS Ha
qHCI0 y 0e3 0CTaTKa» U «4IHCII0 Y JISIUTCS Ha YUCIIO Z 0€3 OCTaTKay, CIEAYET, UTO «IHUCIIO X ACTUTCS
Ha uyHuciao z 0e3 ocraTka»; Takke MOXHO 3aMETUTh, 4YTO 3TO OTHOIIEHHE He SBISIETCS
CUMMETPUYECKUM, AHTUCUMMETPUYECKUM M TIOJHBIM. OTO OTHOILIEHUE SIBJIAETCS OTHOLIEHUEM
MOPSIKA.

4. XRy=«X — cecTpa y» (Ha MHOXeCTBe JIfoJiel) DTO OTHOIIEHUE: AHTHPE(IIEKCUBHO, TaK KakK s
M000T0 YeIoBeKa X HEBEPHO, YTO «X — CecTpa X»; TpaH3UTHUBHO, TaK Kak Ui JIOOBIX JIIOJEH X, Y, Z
TaKHX YTO «X — CECTPA Y» M «y — CECTpa Z» CIENYET, UTO «X — CECTpa z» . Takke MOXKHO 3aMETUTB,
YTO 3TO OTHOIICHHE HE SBISAETCS CUMMETPUYECKMM, aHTUCUMMETPHUYECKHM, TOXIAECTBEHHBIM U
IIOJIHBIM.

3anaHus K BbINOJHEHHIO:
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1. Ilo npumepy 1 ka1l CTYAEHT CaMOCTOSITENBHO 3aJa€T OTHOLLEHUS MEX /1y ABYMsI MHOKECTBAMU
X,Y B Bujie IPOU3BOJILHOTO HEpAaBEHCTBA. [10cTpOUTh HOBOE MHOKECTBO W3 YHOPSAJOUEHHBIX Map ¢
OWHAPHBIM OTHOIICHUEM MKy JIEMEHTaMHU TaK, YTOOBI IIPH MOJACTAaHOBKE B 33JJAHHOE HEPABEHCTBO
OHO BBINOJIHUIOCH. 3anucaTh 1Ba HEPABEHCTBA.
2. Ilo mpumepy 2 KaXablil CTYAEHT CaMOCTOSITEIBHO 3allMCHIBAET MHOXECTBO X M JEKapTOBO
IIPOU3BEICHHE HA OJHOM MHO)KecTBe X X X.
3. Ilo npumepy 3 Kax/ablil CTYJEHT CaMOCTOSTENbHO 3alMChIBAET ABa MHOecTBa: X U Y. Cienyer
HaWTH JIEKAPTOBO MPOU3BEACHHUE JBYX MHOXKECTB X X Y.

Cnucox ucmouHuKo8 u 1umepamypul.
- 1umepamypa (0CHO8HAs1, OONOIHUMENbHASL)

OcHoBHas nuTeparypa:
1. IMucemennsiii Koncnekr neknuii mo Beiciiein maremaruke (Ilomusiil kypce), 4-e uznanue —
Mockga., Alipuc npecc, 2006 r.
2. Munopckuit B.I1. CoopHEK 3a1a4 1o BeIcmeil Matematuke.-M.: Hayka, 1997

JlomonHuTenpHAS IUTEPATYpa:
4. Makcumenko B. H., Merpa6os A. T'., [1laBmoxk JI. B. Kypc maTtematnyeckoro ananuza: ydeOHOe
mocobue, U.1, HI'TY 2009 r. 345 c.
- cnpasoyHvle U UHGPOPMAYUOHHbLIE U3OAHUSL

1. Beiroackwuii, M. SI. CipaBounuk 1o Beicmieii matematuke / M. SI. Beiroackuii. — Mocksa: ACT:
Actpens, 2010. — 703 c.
Ilepeuenv pecypcoé ungopmayuoHHO-meaeKOMMYHUKAYUOHHOU cemu « MumepHemy.
1. www.math.by - oOpa3oBarenbHBII CalT MO0 MaTeMaTHKE MPEACTABIAET COOOW COOPHHUK YacToO
BCTpEUYAEMBIX 3a7a4 MO MareMmaruke (anredpe, reoMeTpuu, MaTeMaTHYECKOMY aHAIHU3y, TCOPUH
BEPOSTHOCTEH | T.JI.) U PEIICHUH 3TUX 3a/1a4.
2. www.webmath.ru - caiit pemerust mpakTHYECKHUX 3a/1a4 [0 MaTEMaTHKE.
Mamepuanvro-mexunuueckoe obecneuenue 3aHAMUsL.

Y4eOHbIC ayaUTOPUM OCHAIEHBI HEOOXOIWMOW MeOenblo, JTOCKOH, COOTBETCTBYIOT
MpaBUjiaM TPOTHUBOIOKAPHON Oe30macHOCTH. [[1s1 caMoCTOoATeIbHOM paboOThl CTY/ICHTOB MMEETCS
KOMIIBIOTEPHBIC KJIACCHI C JOCTYNOM K ceTu HTepHeT

Tema 5. YUncioBble nmocjeaoBaTeJbHOCTH (24.)
Lenv: dopmupoBaHUEe 3HAHUK O croco0ax 3aJaHHs YHUCIOBBIX IMOCIIEIOBATEIBLHOCTEH WU
3aKPENUTh YMEHHS BBIYHCIIATH MPECIIbl YMCIOBOH MOCIEI0BATEIBHOCTH.
Dopma nposedenusi — KOJLIeKMUsHoe peuleHue 3a0ad.
Teopemuueckue 60npocwi:
YucnoBbie MOCIIEIOBATEILHOCTH M ONIEpaIliy Hal HUMH.
[TonsaTHE cxonsIIelcs MOCIeA0BATEILHOCTH.
3. OCHOBHBIC CBOMCTBA CXOJISIINUXCS MOCIIEIOBATEILHOCTEH.
KOHmpOJZbele 680Npocsl.
Kakoe MHOkeCTBO Ha3bIBa€TCS YHUBEPCATbHBIM?
UTto Takoe IOMOIHEHHE MHOKECTBA JI0 YHUBEPCABHOTO?
3. [IpuBeaute mpumep J1r0OOTO MHOKECTBA M HAWIWUTE €ro JOTOJHEHNE A0 YHUBEPCAIBHOTO.
IIpuMepsI BHINOJIHEHHS 32IAHUSA:

Ilpumep 1. Beraucnute npeesbl YACIOBBIX MOCIEA0BATEIbHOCTEN:
n—1

m o

li 5
a) n—oo -

N =

N =

Pewenue: HpI/I n — o0 YHUCIUTCIb W 3HAMCHATCIIb ,Z[pO6I/I HCOTPpAaHNYCHHO BO3pPaCTaroT,
CJICAOBATCIIbHO, HCJIB3S IPUMCHUTD TCOPEMY O IMPEACIIC YaCTHOTO ABYX MOCJIeI0BAaTEIbHOCTEM.
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Pa3jenuB 4uCiIuTeNb M 3HAMCHATENb U 3HAMCHATENb Ha CTAPILYIO CTEIeHb N, T.e. Ha n? # 0

3 1 32
T — e
lim —— = lim =—3
n—om 11 + :vz—lh:u:_l_'_F

HpI/I n — oo HOHyLH/IM:
3 1
yLITI/ITI)IBaﬂ, YTO IMOCICO0BATCIIBHOCTU — U - SABJIAKOTCA 6eCKOHe‘{H0 MaJlbIMHU, U I/ICHOJII):‘ny[
n n
CBOIicTBA OECKOHEYHO MAJIBIX HOCHeI[OBaTeHBHOCTef/'I, OKOHYATCJIBHO 6YZICM UMCTh.
lim (3 L )
_-— —
n—1 _ n—tes T ne 0

1M —
n—roz 1< + 1 1 lim ———
lim |1+ ﬂ) Virax poen+ 1

Bn—roo
oon*-1
lim ——
6) nse=ns + 1
Pewenue: Pa3nenns YucIUTENb U 3HAMEHATENb U 3HAMEHATEIh HA CTAPINYIO CTENEHb N, T.€.
Han? # 0Ipu N — 00 MONYUHM:

n3—1_ lim (1—%)

lim ===
nooon? + 1 . 1 i
111_{?0 (n + 3)

1 . .
[Ipu n — oo mocnenoBaTeIbHOCTh (1 — F) SBJISIETCS CXOIAILIECHCS U UMEET Mpeell, paBHbIN 1, a

1, 1 . .
MOCIIEI0BATEIbHOCTD (; + —) ABIIsIeTCS OECKOHEYHO Majloil M UMeeT Ipefel, paBHbIH 0,

n3
1
"
im-———=+wm n?—1
rz—wxl_'__-lg 1im2—1: +coa
CIIEI0BATENBHO, non Urag, "7=n"+
lim {f'nﬂ +3n —n)
B) Fp=—+00
Pewenue:

(vVr?+3n—n)(W'nT+ 3n+n) _ lim n?+3n—nt

lim (ﬁfnz +3n-n)= lim

o Vvri+3ntn 1’—3*5‘*«»."1*13+ Im+n
. In ] 3 3
= lim lim = lim =15

—}:c',..' 2 300 e 3
S OE T (f1+%+1) " (J1+%+1)

3,[[6CL IICPBOHAYAJIBbHO YHUCIIHUTCIIb W 3HAMCHATCJIb )IpO6I/I YMHOXXHWJIK Ha HCHYIICBOC

COIIPSDKEHHOEC BhIPaKeHUE (V n?+3n+ n).
3amaHus K BBIIOJTHEHHIO:
1. Haiitu npenen nocieaoBaTenbHOCTEH:

n+1 nt+5n+1 - nP+10n—>5  2n*f+n-3
lim ——— im ————— lim ————— lim ————
a) nsw3n — 1 6) " in+1 B) n=e= 3n° + 3n r) n—e R — pt
4n’ —3n+1 n® 4+ 2n” + 2
lim 2 lim —————— lim (Vn+ 3 —n)
,[[) n—e 20 — 3n e) noe 3N 4 4n )K) et W
(V3n+2—+n)
n—vos Jn

Cnucox ucmo4HuKos8 u 1umepamypoi.
- Iumepamypa (0CHO8HAs1, OONOIHUMENbHAS)
OcHoOBHas JIuTepaTypa:
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1. IMucemennsiit Koncnekr nekuuii o Beicuiein marematuke (Ilomusiil kypce), 4-e uznanue —
Mockga., Alipuc npecc, 2006 r.
2. Munopckuit B.I1. CoopHuK 3a1a4 1o BeIcieil matematuke.-M.: Hayka, 1997
JlononHauTenpHas MTeparypa:
1. Makcumenko B. H., Merpa6os A. I'., [laBmoxk JI. B. Kypc MmatemaTndeckoro ananu3za: ydeOHoe
moco6ue, U.1, HI'TY 2009 r. 345 c.
- CNPagouHbvle U UHPOPMAYUOHHBIE UZOAHUA.

1. Beiroackwuii, M. S. CnpaBounuk 1o Bbiciieii matematuke / M. SI. Beiroackuii. — Mocksa: ACT:
Actpens, 2010. — 703 c.
Ilepeuensv pecypcos ungopmayuonHo-meneKkoOMMyHUKaAYuoHHou cemu « Mumepnempy.
1. www.math.by - oOpa3oBaTebHBII CalT MO0 MaTeMaTHKE MPEACTABIAET COOOW COOPHHUK YacTO
BCTpEUaeMbIX 3a/ad N0 MaTemaTuke (anredpe, reoMeTpur, MaTeMaTHUYECKOMY aHAJIU3y, TEOpUHU
BEPOSTHOCTEH U T.]I.) M PEUICHUMN ITHX 3a/1a4.
2. www.webmath.ru - caiiT pereHus mpakTHUECKHX 3aa4 110 MaTeMaTHKe.
Mamepuanvno-mexnuueckoe obecneyenue 3aHAMUAL.

Y4eOHblE ayAUTOPUM OCHAIEHbl HEO0OXOIUMON MeOenbio, JOCKOW, COOTBETCTBYIOT
MpaBWJIaM MPOTHBOIIOKAPHOU Oe30macHOCTH. [ caMocToATeNbHON pabOThl CTYAEHTOB HUMEETCS
KOMITbIOTEPHBIE KIIACChI C IOCTYNOM K cetu HTepHeT

Tema 6. @yHkusa 1 ee npenes (24.)
Llenv: ®dopmupoBaHHMe 3HAHUH O crnoco0ax 3aJaHus (QYHKUMA M 3aKpenuTbh yMEHUs
BBIYHCIISATE TIPECITbl PYHKITUH.
dopma nposedeHuss — KONIEKMUBHOE peuleHue 3a0adu.
Teopemuueckue 8onpocawi:
[Tonstre GpyHKIMHM ¥ cIOCOOBI 3a1aHUsT PYHKITUH.
O6uactb onpeneneHus: GyHKIUH.
3. Ilpenen pynkmuu. TeopeMsl o ipeaenax GyHKIUH.
Koumponvnvie sonpocwi:
ChopmynupyiiTe onpeneneHus npeaena GyHKIIMA B TOUYKe, Tpeaena GYHKIIMA B OECKOHEYHOCTH.
Kakas ¢pynkuus Ha3piBaeTcsa O€CKOHEUHO Majiol U KaKOBbI €€ OCHOBHBIE CBOMCTBA?
3. ChopmynupyiTe epBbIil 3aMeUaTeIbHbIN PSS U €T0 CIASACTBUS.
IIpumepbl BHINOJIHEHHS 32 JaAHUS:
Ilpumep 1. Beraucnure mpenessl CIeayomux GyHKITHH.
9 — x?
lim

a) x—+2 .’3{'—1

N

N

Pewenue. Tonb3ysack HenpepbiBHOCTHIO (hyHKIHH f(X), TpoOyeM MoACTaBUTh 3HAUCHHE X = 2

2
B Gynkiwo f(X): |im 9-X =u=5
x»2 X-1  2-1
x¥-2x+1

lim 3 —
6) xom dx® —x-+ 3x—7

0

Pewenue. Ecnu BeIYHCIAETCS IIpeaci Ipu X—>00 U UMECTCA HECOIIPECACICHHOCTh THUIIA [S] , TO

HpO6yCM B YHCJIUTEIIC M 3HAMEHATEJIe BBIHECTH 32 CKOOKHU IMEPEMCHHYIO B HaWBBICIICH CTEIICHU (I/IJ'II/I
YUCJIUTCIIb U 3HAMCHATCIIb ACJIUM Ha ICPEMCHHYIO B HaWBBICIIEH CTeHeHI/I)Z

G2,
X2 —2x+1 . x x3 x*  _ 0-0+0
soogxt _x2 13x_7 x—>aoX4(4_i+i_i] 4-0+0-0
2 3 4
X X X
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: 14+2x
IIpumep 2. Haiitu |im(Sln BXJ ]

X—0 X
. sin3x .. 3-sin3x )
Pewenue. 3necn |im = lim———=3u lim(1+ 2x)=1,
x—0 X x—0 3x x—0
- 1+2x
. INn oX
cienoBaTesbHo,  |[im sin3 :31 =3.
x—0 X
2 x?
Ilpumep 3. Haitru |, [ X +2) .
x—o| 3x2 41
2
2 1+—
Pewenue. Umeem . X°+2 . x 2 .2
lim = lim ==u limx° =+
x—0 3x“ +1 x—>003 i 3 xowx
x2
2
2 X +00
[ToaToMy |im X“+2 — (lj -0
x| 3x? +1 3
3aaHuA K BHINOJHEHUIO:
1. Haitnure npene cjaeayromux pyHKIMIA:
a)
1. o 2x3—2x? 9. . 1-2x —x3
x—>05x° —4x X— 3x — 2X“ + X
21 3x2_8x+4 0.1 ox34x2_5
lim 5 lim 3
X—>25x° —14X + 8 X>0 X +X-2
3. _ 2x%24x-15 11. _ 2x% +6x-5
lim — lim 5
X—>-33X“ +7X—6 X—>0 5x® —x-1
4.  x2_2x+1 12 X —2x% +5x*
lim — lim 5 n
x->1 X°-X X200 243X° +X
5. . x3+x—2 13. o xt—ox® 42
lim T lim 2
X-1x” —x°—-x+1 X—© X" +3
6. i X3_X 14, i X5 JrX6
x—>-1x% 4+ 2x% 3 x—0 x3 £ x* £ x°
T fim X8 15 x4 —2x3 +3
lim
X—64/X+3—-3 X—>00 3)(3_5
8. I|m 3_\/; 16. Ilm 3X2 —5X +l

Cnucox ucmo4HuKos u 1umepamypbi.
- Iumepamypa (0CHO8HAs1, OONOIHUMENbHAS)
OcHOBHas JIuTepaTypa:

1. Iucemennsiii KoncnekT nekuuii o Beiciiel matemaruke (IlomHslii kype), 4-e u3ganue —

Mockga., Alipuc npecc, 2006 r.

60



2. Munopckuit B.I1. CoopHuK 3a1a4 1o BeIcieil matematuke.-M.: Hayka, 1997

JlononHauTenpHas MTeparypa:
1. Makcumenko B. H., Merpa6os A. I'., [laBmok JI. B. Kypc MmatemaTndeckoro ananu3za: yaeOHOe
nocobue, U.1, HI'TY 2009 r. 345 c.

- Cnpasounble U UHGOPMAYUOHHbIE UOAHUSL.

1. Beiroackwuii, M. . CipaBounuk 1o Beiciieit matemaruke / M. 5. Beronckuii. — Mocksa: ACT:
Actpens, 2010. — 703 c.
Ilepeuensv pecypcos un@opmayuonHo-meneKkoOMMYHUKaAYuoHHoU cemu « Mumepuempy.
1. www.math.by - oOpa3oBarelibHBII CaliT MO MaTeMaTUKE MPEICTaBiIseT co00W COOPHHUK YacTo
BCTpPEUaEMbIX 3a/lad 10 MaTemaTHhke (ajaredpe, reoMeTpur, MaTeMaTHYECKOMY aHaJIU3y, TEOPUU
BEPOSITHOCTEN U T.J1.) U pelIeHUi 3TUX 3a1a4.
www.webmath.ru - caift pereHus IpakTHYECKUX 3aa4 [0 MaTeMaTHKe.
Mamepuanvno-mexnuueckoe obecneyenue 3aHAMUAL.

Y4eOHble ayAUTOPUM OCHAIlEHbl HEO0OXOIUMOHN MeOenblo, JOCKOW, COOTBETCTBYIOT
IpaBWJIaM MPOTHBOIIOKAPHOU Oe3omacHOCTH. {151 caMocTosATeNbHON pabOThl CTYAEHTOB MMEETCS
KOMITBIOTEPHBIE KIIACChI € IOCTYNOM K cetu HTepHeT

Tema 7. IIpouszBoanas u nuddepennuan pynkuuu (24.)
Ienv: HayuuTh BBIUHUCIATH MPOU3BOJHBIC CIIOKHBIX (DYHKIMH, TMOJB3YSICh IpaBUIaMU
g depeHunpoBaHus U TabIUIE TPOU3BOIHBIX.
dopma nposedeHuss — KONIEKMUBHOE peuleHue 3a0adu.
Teopemuueckue 6onpocswi:
Onpenenenre Nporu3BOTHOM.
. Mudbdepennman pyHKnn.
. I[IpousBoiHasT CTIOKHBIX (PYHKITHIA.
Koumponvnvie sonpochwi:
. ChopmynupyiiTe onpeesieHue IPOU3BOTHOM.
. KakoB ee reomerpuueckuii cMbICT?
. ChopmynupyiiTe oCHOBHBIC paBuiia quddepeHnpoBaHus (yHKIIHA.
IIpumepbl BHINOJIHEHHS 32 JaAHHUS:

wN P

WN -

IIpumep 1. Haiitn mpon3BoHyI0 OT QyHKIMH Y = In®x.

Pewenue. Ilomaraem Z = Inx, TOrAa y:zs. Orcrona y' :322 :3-|n2 X, 7' =
z X
1

2
Clie10BaTeNbHO, Y'X =3In X-;_

X

HpI/I JA0CTAaTOYHOM HAaBBIKC MNPOMEKYTOUYHYHO IEPEMECHHYH) Z HC NUINYT, BBOAS €€ JIHUIIb
MBICJICHHO.

IIpumep 2. HaiiTn IpOM3BOAHYIO OT QYHKIUH Y = sin(x3 —3x% + 5).
Pewenue.
v'=cos(x” —3x" +5)-(x" -3x"+5) = (3x? —6x)cos(x’ —3x% +5)=

=3x(x-2) cos(x3 —3x% 4 5).

\/x2+x—1

IIpumep 3. Haiitn mpon3BoiHyI0 OT QyHKIMK Y = €

Pewenue.
' Vrlax-1 VEl+x-1
T N ) ' e 2 , 2x+1)-e
I"r :EX"'X].-L X +X_1.|: _(K +X_1:] — :I

T T
24T +x -1 24x" +x-1
3agaHus K BLINOJHEHHUIO:

1. Haiitu mpou3BOHBIC CIEAYIOMNX (YHKIIHIA:
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1 y=x+lnx—_1 9. Vx2 =3(2x?% +3)
X+1 y= 3
X
2. | y=x3Ihx-x2 10. X

y=h———
1+x2 +1
3 y:x2\/1+x2 —2\/(1+x2)3 1L Vx® +3x

2
bl o) 121y 5% In2x
V1-x?
5. X — /1—x2 13. _xXInx+1

y= > “xIhx-1
X
6. _ax—x* 14. 1y _5® 2y
1-3x°
— X —X
7 y=arctg(x—1)+2)(71 15 _2*+2™
X5 —2X+2 22X —27%
8. y_31_e4X 16 y_ X3 -1 2
p4X x3 +1

Cnucox ucmouHuKo8 u 1umepamypul.
- 1umepamypa (0CHO8HAs1, OONOHUMENbHASL)

OcHOBHas UTeparypa:
1. IMucemennsiii Korcnekr aeknuii mo Beiciiei marematuke (IlomHbril Kypce), 4-¢ u3ganue —
Mockaa., Aiipuc npecc, 2006 T.
2. Munopckuii B.I1. CoopHuk 3ama4 1o Beiciiei maremaruke.-M.: Hayka, 1997

JlononHUTENBHAS TUTEPATYpA:
1. Makcumenko B. H., Merpa6os A. I'., ITasmok JI. B. Kypc marematudeckoro ananuza: yaeOHoe
nocobue, U.1, HI'TY 2009 r. 345 c.

- cnpasoyHvle U UHPOPMAYUOHHbLIE U3OAHUSL

6. Beiroackuii, M. . CnpaBounuk 1o Bbeiciieit marematuke / M. 5. Beiroackuii. — Mocksa: ACT:
Actpensb, 2010. — 703 c.
Ilepeuenv pecypcos ungopmayuoHHo-meneKkoMMyHUKAyuoHHot cemu «Mumepnemy.
1. www.math.by - oOpa3oBare/ibHbBII CaliT MO MaTeMaTHUKE MPEACTaBJsieT OO0 COOPHUK YacTo
BCTpeUaeMbIX 3a/lad Mo MaTemaTHke (anredpe, reoMeTpud, MaTeMaTHYEeCKOMY aHaIu3y, TEOpUHU
BEPOSITHOCTEH U T.[.) M pEIIeHU ITUX 3a/a4.
2. www.webmath.ru - caiiT perreHus MpakTHUECKHUX 3a1a4 110 MaTeMaTHKe.
Mamepuanbro-mexnuueckoe obecneyerue 3aHAMUs.

Y4eOHblE ayAUTOPUHM OCHAIIEHB HEO0OX0IWMOil Mebenblo, JIOCKOHM, COOTBETCTBYIOT
MpaBWJIaM MPOTHBOIOXKAPHOU Oe3omacHocTU. st camocTosTenbHOM paboThl CTY/IEHTOB UMEETCS
KOMITBIOTEPHBIE KIIACCHI C IOCTYNOM K cetu HTepHeT

Tema 8. DsieMeHTHI KOMOUHATOPUKH (24.)

Llenv: 03HAKOMUTBHCS C MOHATHUAMHM M HAay4UThCS PEIIaTh 3a/a4yd Ha BBIYMCIICEHHE 4uCIa
IIEPECTAHOBOK, Pa3MELIEHUM C U COUETAaHUH

Dopma npogedeHUss — KOIEKMUBHOE peuleHUe 3a0au.

Teopemuueckue 6onpocwi:
1. OObeKTb KOMOMHATOPUKH.
2. 3amaun KOMOWHATOPUKH.
3. coueTaHus, MEPECTAHOBKH, pa3MeIIeHUE.

Koumponvhvie sonpochwi:
1. Yto Ha3piBaeTcs pazmenieHrneM? Kak BEIUUCISIOTCS pa3MerieHus??
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2. Yto Ha3bIiBaeTCs nepectaHoBKaMu? Kak BBIYMCISIOTCS MEPECTAHOBKH ?
3. YUto Ha3biBaeTcs couetanneM? Kak BBIYUCIISAIOTCS cOUeTaHHS?

IIpuMepbI BHINOJIHEHUS 32IAHUS:

Ilpumepl. CkONbKMMHU cIIOCOOAMHM  MOXHO COCTaBUTH  (pylar, COCTOSIIMHA M3 Tpex
TOPU30HTAJIBHBIX TI0JIOC Pa3IMYHBIX IIBETOB, ECIIM UMEETCSI MaTepuall IISATU LIBETOB?

Pewenue. VickoMoe 4UCIIO TPEXIIOJIOCHBIX (hriaros:

2—5.4.3=60.

IIpumep?2. CxonbKuMHU crioco0aMu MOKHO PAacCTaBHTh § JIafield Ha MIaXMAaTHOM JIOCKE Tak,
9TOOBI OHHM HE OWIIK JAPYT Apyra?

Pewenue. Ickomoe 4ncio paccTaHOBKH & jtajien

Pg = 81 = 40320.

Ilpumep3. Ckonpko MaTueid OyAeT chirpaHo B (PyTOOJHHOM 4YEMITHMOHATE C ydactuem 16
KOMaH/I, €CJTM Ka)X/[ble IB€ KOMaH Ibl BCTPEYAIOTCS MEXIy COO0M OJuH pa3?

Pewenue. Matyei  COCTOHUTCS  CTOJBKO, CKOJIBKO  CYHIECTBYET  JABYXJIEMEHTHBIX
MIOJAMHOXKECTB Yy MHOJXKECTBAa, COCTOsAImero u3 16 2leMeHTOB, T.€. HUX YHCIO PaBHO
> 160 _141*15%16 _15*16 _

C T 2116- 2) 2kl 2
3agaHus K BLINOJHEHHUIO:
1. Howmepa mamun coctoar u3 3 OykB pycckoro andasuta (33 OykBbl) U 4 nudp. CkosbKo
CYIIECTBYET Pa3IMYHBIX HOMEPOB aBTOMAIINH?
2. Ha posute 88 xiaBumr. CKOJBKHMH CTIOCOOaMH MOYKHO W3BJIEUb TTOCIIE0BATEIEHO 3BYKOB?
3. CKOJIBKO eCTh MIECTH3HAYHBIX YKHCEN, AeImuxcs Ha 57
4. CKOJBKMMHU CIOCOOAMH MOXKHO Pa3JIOKUTh 7 pa3HbIX MOHET B TPU KapMaHa?
5. CKOJBKO MOKHO COCTaBUTh MATU3HAYHBIX YHCEI, B IECATUYHOMN 3aIIMCH KOTOPBIX XOTs OBl OJTUH
pa3 BcTpeuaercs nudpa 5?
6. CkonpkuMu criocobaMu MOKHO ycaauTh 20 YeloBeK 3a KPYIJIBIM CTOJOM, CUMUTas CHOCOObI
OJIMHAKOBBIMH, €CJIM UX MOKHO NOJY4UTh OJUH U3 APYTOro JIBM>KEHHEM IO Kpyry?
7. CKOJBKO €CTh MIATU3HAYHBIX YHCEN, JAESAIIMXCS Ha 5, B 3alHUCH KOTOPBIX HET OJUHAKOBBIX
ugp?
8. Ha xieruaroit Gymare co cTOpoHO# KJIeTKH 1 cM HapHucOBaHa OKPY)XHOCTh paauyca 100 cm, He
MPOXOJsIIas 4Yepe3 BEPUIMHBI KJIETOK M HE Kacarollascs CTOPOH KIETOK. CKOJIbKO KJIETOK MOKET
[epeceKaTh 3Ta OKPYKHOCTH?
9. CkonpKkuMHU coco0amMHu MOXKHO PacCTaBUTh B Psijl YMCNIa TakK, YTOOBI YKCIA CTOSJIM PAIOM U
MIPUTOM IILJIM B MOPSIIKE BO3pacTaHus?
10. CkoJIbKO MATHU3HAYHBIX YHUCETT MOXKHO cocTaBuTh U3 mudp 1, 2, 3, 5, 7, 8, ecinu kaxayro nudpy
MOXHO HUCIOJIb30BATh TOJBKO OJIUH pa3?
11. U3 cnosa POT nepecranoBko# OyKB MO>KHO MOTyuuTsh eie Takue ciosa: TOP, OPT, OTP, TPO,
PTO. Ux na3biBatoT aHarpaMMmamu. CKOJIBKO aHarpaMM MOXHO COCTaBUThH U3 ciioBa JIO'TAPUDOM?

Chnucok ucmoyHuKkos u 1umepamypbol:
- Iumepamypa (0CHO8Has1, OONOIHUMENbHAS)
1. I'mypman B.E. Teopus BeposiTHOCTEN 1 MaTeMaTHuecKasi cTatuctuka. M.: Beicias mikoina, 2003,
480 c.I'n. 1, c. 17-24.
2. I'mypman B.E. PykoBoACTBO K pellIeHUIO 3a/1ad 10 TEOPUH BEPOSATHOCTEM M MaTeMaTHYeCKOM
cratuctuke. M: «Bricmias mkomna», 2004, 404 c. I'n. 1, c. 8-12.
3. Benruens E.C. Teopus BeposrHocteil. M.: Hayka. 1969, 576 c. I'n. 2, c. 23-36.
- cnpasoyHvle U UHGHOPMAYUOHHBLE U3OAHUSL.
Ilepeuens pecypcos ungopmayuoHHo-meneKoMMyHUKayuoHHot cemu « Mumepnemny.
1. https://studfiles.net
2. http://docplayer.ru
Mamepuanbro-mexnuueckoe obecneyenue 3aHAMUAL.
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VueOHBIE ayIUTOPUU OCHAIEHbl HEOOXOOUMOW MeOenblo, JOCKOH, COOTBETCTBYIOT
IpaBWIaM IPOTUBONOXKAPHOI Oe3zonacHocTU. [ caMOoCTOSATENbHOM pabOThl CTYJIEHTOB HMEETCS
KOMIIBIOTEPHBIE KJIACChI € IOCTYNIOM K ceTh HTepHeT

Tema 9. OcHOBHbIE IOHATHSI TEOPHUH BEPOSITHOCTEH, ONpe/eieHHe U CBOICTBA BepPOSATHOCTEH
(24.)

Llenv: JloOWTBCS yCBOGHHWS TIOHSATHS CIYY4allHOTO COOBITHS, CYMMBI, pa3HOCTH U
MIPOU3BEICHUSI COOBITHIA, YMEHUS BBIYHCISATH BEPOSTHOCTD COOBITHS HEMOCPEICTBEHHO, HCIIOIB3YS
KJIACCUYECKYIO (POPMYITY M SJIEMEHTHl KOMOMHATOPUKH.

dopma nposedeHusi — KONIeKMUGHOe peuleHue 3a0au.
Teopemuueckue 6onpochwi:
OCHOBHBIE TIOHSITHS TEOPHH BEPOSTHOCTEH.,
Knaccuueckoe u cratuctudyeckoe onpeesieHue BeposSITHOCTEN.
3. CBoiicTBa BEpOSITHOCTECH.
Koumponvnvie sonpochwi:
JlaTb onpeienieHre MpoCTPAHCTBA AIEMEHTAapHBIX cOObITHH. [IpuBecTH npumepsl.
CdopmynupoBaTh NOHATHE NOJTHON TpymIibl cOObITUH. [IpuBEecTH pUMEpBHI.
3. ChopmynupoBaTh KIaCCHUECKOE OINPEICICHIE BEPOSTHOCTH CITyJaitHOTO COOBITHSI.

IIpumepsl BHINOTHEHHUS 321aHHUA:

Ilpumep 1. Habupass HOMep TenedoHa, abOHEHT 3a0bln ABe mocheanue 1udpsl. Kakora
BEPOSITHOCTh TOTO, YTO OH C MEPBOTO pa3a HaGepE€T 3T U PBI TPABUIBLHO, €CJIM OH MOMHHUT, YTO
OHU Pa3JINYHbI?

Pewenue. O6030aunm A — coObITHE, COCTOSIIEE B TOM, YTO AOOHEHT, HAOpaB MPOU3BOJIHHO
nBe 1udpsel, yragan ux TpaBUIbHO. M — YHCIIO MPaBWIBHBIX BApUAHTOB, OYEBUIHO, YTO M=1; N—

> _100 _8*9*10
N=A, =g =g =9*10=90

N

N

YUCJIO PA3TUYHBIX UG, . Takum o6pazom, P(A)=M/N=1/90.

Ilpumep 2. 1llecThb MIapUKOB CIIy4alilHBIM 00pa30M PacroJIaraloTcs B MIECTH SIUKaX TaK, YTO
JUIA KaXJIOTO IIapuKa pPaBHOBEPOSTHO IONaJaHWE B JIIOOOM SIIMK M B OJHOM SIIMKE MOKET
HaXOJUThCSI HECKOJIbKO MIapuKoB. KakoBa BEpOSTHOCTH TOTO, YTO B KaXJOM SLIUKE OKa)XeTcs 10
OJHOMY IIAPUKY?

Pewenue. CoObiTie A — B KaXIOM SIIUKE MO OJAHOMY IIApUKy. M — 4YHMCIO BapUaHTOB
pacnpe/iefieHusl MIapUKOB, MPU KOTOPBIX B KAXKIbIA SAIIUK IOMAJAeT MO OJHOMY HIapuky, M=6!
(4HCII0 CIOCOGOB MEPECTaBUTh MEXTy co00it 6 amemenToB).N— obmiee unciao BapuanToB N=6° (Tak
KaK KaXJbli I[apuK MOXET IOoNacTh B KaXAbld U3 sAUMKOB). B pesynprate mnoaydaem

6! 56 5!

P(A) =— = =
(A= ==s T

Ilpumep 3. B ypue 3 Genbix u 4 u€pHbIX mapa. VM3 ypHbl BRIHUMAIOTCS JBa Inapa. Haiitu
BEPOSITHOCTH TOTO, 4TO 00a mapa OyayT OeTbIMH.
Pewenue. O603naunM: A — coOBITHE, COCTOSIIEE B MOSABICHUU O€NbIX MIAapoB; N— 4uCIO

2
N= .
croco0OB BBITAIUThL 2 MmIapa u3 7; C?, M- 4mucno crmocoO0B BBITAIUTH 2 OCNBIX IIapa U3
2

HMCROLIIUXCA 3 6CJ'IBIX 1apoB; M :C3 .
2
M _C, 2%5%3 3 1
TN 1%1%11 Toxp 7
N C'7 7IRA*U T7*6 7

P(A) =

Ilpumep 4. B smuke 16 crangapTHbIX M 7 OpakoBaHHBIX Jetaneid. Haynauy usBnedensl 6
neraneil. HaiiTu BEpOATHOCTB TOTO, UTO CPEN M3BIEUYEHHBIX POBHO 4 CTaHAAPTHBIX JETAIIN.

Pewenue: TloncraBnsem B ¢GopMyly BepOSTHOCTH 3HaueHUs: K=16 ctanmapTHBIX
neraneii, N—K=7 OpakoBaHHbIX aeraneid, utoro N=16+7=23 Bcero nmeraneii B smuke. U3 smmka
U3BJICKAIOT N=6 neranei, u3 HUX TOJDKHO ObITh K=4 cTaHIapTHHIX U COOTBETCTBEHHO, N—k=6—4=2
OpaxoBaHHble. [lonmyuaem HY)XKHYIO BEPOSITHOCTb:
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Ct .2 .
p_ w1 180-21 ..,
ct, 100947

Ilpumep 5. B naptun u3 12 uznenuii 8§ crannapTHeix. HaliTu BEpOATHOCTH TOTO, YTO CpEIU
3 Hayraj B3ATBIX €CTh XOTsI OBl OJTHO HECTAHIAPTHOE.

Pewenue: Jta 3a1a4a caMyro MaJIOCTh CJIOJKHEE IPEAbIAYLIINX. B Hell TOMUMO HCXOAHOTO
coobitust A= (Cpenu 3 Hayraj B3sITHIX U3JICNIUH €CTh XOTsI OBl OJJTHO HECTAHIAPTHOE),

BBEJIEM €I1I€ TPOTUBOIIOJIOKHOE EMY COOBITHE, KOTOPOE MOYHO 3alliCcaTh Kak
A= (Bce Tpu BHIOpaHHBIE U3/ CTAHIAPTHEIE).

ByzeM uCKaTh BEpOSTHOCTh COOBITMS A . Bpimmmem 3HaueHus mapameTpoB: K=8
cranfgapTHBIX u3nenus, N—K=12—8=4 necranmaptHbIX u3aenus, Bcero N=12 nznenuii B maptuu.
W3 maptum wu3BNeKaroT N=3 W3/enus, W BCE OHU JOJDKHBI OKa3aThCs CTAaHAAPTHBIMH, TO
ectb k=3 u n—k=0.

— C§-C] 561 14
By
P(4) = = = — = 0.255.
(4) s 220 55 Y
Toraa BeposITHOCTh UCKOMOTO COOBITHS (4TO OYJET XOTSI ObI OJTHO HECTAHAAPTHOE U3JIEIHE

u3 3), paBHa:

P(A)=1—P(A)=1-0.255 = 0.745.

Ilpumep 6. Mactep nns 3aMeHbl TOJNYYWJI 8 OJHOTUIIHBIX JETAeW, W3 KOTOPBHIX 3
OpakoBanHble. OH 3ameHUN 2 netanu. HaillTh BEepOSTHOCTH TOTO, YTO 3aMEHEHHBIMH OKa3aJIHCh
TOJTHBIE JICTAJIH.

Pewenue: TloncraBnsem B ¢opMyiny BeposTHOCTH 3HadeHWs: K=8—-3=5 romapix
nertaneir, N-K=3  OpakoBanubix, N=8 Bcero gerameii y w™macrtepa. BrwiOupaem  mist
3aMeHbl N=2 getand, u 00e OHU JOJDKHBI OKa3aThCs TOAHBIMHU, TO ecTh: K=2, n—k=0. ITpuxoaum K
OTBETY:

C:-CY 101 5
p——= 3 _ — = —0.357.
c? 28 14

3agaHus K BLINOJTHEHHUIO:
1. Onun pa3 noadOpackIBaeTCs UrpasibHast KOCTh. [IoCTpOUTh MPOCTPAHCTBO AIEMEHTAPHBIX UCXOIOB.
Omnucath cOOBITHS:

A, - nosiBneHue He 0ojee 2-X OYKOB; A, - MOSIBIIEHUE 3-X UM 4-X OUKOB;

A3 - TIOSIBJICHHE HE MeHee 5 OYKOB, A4 -IIOSABJICHUEC YETHOI'O KOJIMYECTBA OYKOB.

Ectb 51n cpeau 3TuX cOOBITUH paBHOBO3MOXKHBIE? YKa3aTh, KAKHE U3 ITUX COOBITHIl HECOBMECTHBHI,

KaKHle COBMECTHBI, Kakie 00pa3yroT MOJIHYIO Ipymiy?

2. Ilpu HabGope TenedoHHOrOo HOMEpa aOOHEHT 3a0bL JIBe ocaeaHue UG Pbl 1 Habpal UX HayAady,

IIOMHS TOJIBKO, YTO 3TH LU(pPbI HeueTHble U pa3Hble. KakoBa BEpOSITHOCTh NPaBUIBHO HaOpaTh

HoMmep?

3. U3 Ttpex OyxraatepoB, BOCBMHM MEHEIKEPOB LIECTH HAy4YHbIX COTPYAHHUKOB HEOOXOIMMO

Clly4aiiHbIM 0TOOPOM c(hopMUPOBATH KOMUTET U3 J€CATH YeraoBeK. KakoBa BEpOSITHOCTB TOTO, YTO B

KOMHUTETE OKaXYTCs: OJUH OyXranTep, MsITh MEHEDKEPOB U YETBEPO HAYUHBIX COTPYAHUKOB?
Cnucox ucmouHuKo8 u iumepamypuol.

- Iumepamypa (0CHO8HAs1, OONOJHUMENbHAS),

4. I'mypman B.E. Teopust BeposiTHOCTEH 1 MaTeMaTHueckas cratuctuka. M.: Beicias mkoua, 2003,

480 c.I'n. 1, c. 17-24.

5. I'mypman B.E. PykoBoACTBO K pellIeHUIO 3a/1ad 10 TEOPUH BEPOSATHOCTEM M MaTeMaTHYeCKOM

cratuctuke. M: «Bricmias mkona», 2004, 404 c. I'n. 1, c. 8-12.

6. Benruens E.C. Teopus BepoarHocteil. M.: Hayka. 1969, 576 c. I'n. 2, c. 23-36.

- CNpasouHbvle U UHPOPMAYUOHHbIE USOAHUSL.

Ilepeuens pecypcos ungopmayuoHHo-menreKoMMyHUKAyuoHHou cemu « Mnmeprnemny.

3. https://studfiles.net
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VYdeOHble ayIUTOPUHM OCHAIICHBI HEOOXOAMMOW MeOenblo, IOCKOH, COOTBETCTBYIOT
MpaBHUIaM TPOTHUBONOXKAPHOK Oe3omacHOCTH. s caMoCTOosATENbHONH paboThI CTYAEHTOB MMEETCS
KOMIIBIOTCPHBIC KJIIACChI C JOCTYIIOM K CCTH I/IHTepHeT

Tema 10. [leiicTBus HAJT BEePOATHOCTAMU (24.)

Llenv: HayuuTh BBIYHUCIATH BEPOSTHOCTH COOBITUNM C TIOMOIIBIO TEOPEM CIIOKECHHS U
YMHOXEHUS BEPOATHOCTEHN. JaTh HABBIKKA MPUMEHEHHS TEOPEM CIIOKEHUS U YMHOXKEHUS K PEIICHUIO
MPOQIIEHBIX 33/1a4.

dopma nposedeHusi — KONIeKMUBHOe peuleHue 3a0au.

Teopemuueckue 6onpochwi:
CrnoxeHue BepOsSITHOCTE HECOBMECTHBIX COOBITHIA.
CrnoxxeHue BepOSITHOCTEH B3aUMHO COBMECTHBIX COOBITHHA.
3. YMHOXEHHE BEpOSTHOCTEH.

Koumponvnvie sonpochwi:
Teopema ClioKeHHsI BEPOSATHOCTEH i COBMECTHBIX M JUISI HECOBMECTHBIX COOBITHII \b
Teopema yMHOKEHUST BEPOSITHOCTEH JTsl 3aBUCUMBIX | JIJISl HE3aBUCUMBIX COOBITH.
3. BeposTHOCTE MOSIBIIEHUS XOTS ObI OJJHOTO COOBITHS.

IIpuMepbI BHINOJTHEHUS 32 IAHUSL:

Ilpumep 1: JIns curHanu3anuu 00 aBapuy YCTAHOBJICHBI JIBA HE3aBHCHMO PabOTAFOIINX
curHanm3atopa. BeposTHOCTh TOTO, YTO MPU aBapuu CUTHAIU3aTOp cpaboraet, paBHa 0,95 mis
niepBoro curHanmsatopa u 0,9 mis BToporo. HaitTu BEpoSATHOCTH TOTO, YTO TIPH aBapuH CpadOTaeT
TOJIBKO OJIMH CUTHAJIU3ATOP.

Pewenue: Beenem HezaBucumbie coObiTHsA: Al = (npu aBapuu cpaboTaeT TNeEpBBIN
curHanmm3atop); A2= (mpu aBapuum cpaboTaeT BTOPOM CHUTHAIM3ATOP); IO YCJIOBHIO
3agaun P(A1)=0,95, P(A2)=0,9.

Brenem coOwiTie X = (mpu aBapuu cpabOTaeT TOJIBKO OJUH CUTHAIU3ATOP). DTO COOBITHE
MPOM30MICT, €CIIM TIPU aBapUu CpabOTaeT MEPBBIA CUTHATU3ATOP U HE CpabOTaeT BTOPOM, WU
€CJIM TP aBapuu CpabOTaeT BTOPOU CUTHATIU3ATOP U HE CpabOTaET NEPBbIH, TO €CTh

N

N

Torz[a BCPOATHOCTD coObITH X 110 TEoOpEMAM CJIOKCHHUS U YMHOKCHUS BGDOHTHOCTGI;'I paBHa
P(X) = P(A1)- P(A2) + P(A1)- P(A2) =0,95-0,1+0,05-0,9 =0, 14.

Omeem: 0,14,

Ilpumep 2: BeposaTHOCTB XOTs OBl OJIHOTO MOTIA/IaHUS B LIEIb IIPH YETHIPEX BBICTPEIaX paBHa
0,9984. HaiiTu BEpOSITHOCTD MOTAJIaHUs B 11€JIb MIPU OJTHOM BBICTpEJIE.

Pewenue: Tlyctb p - BEpOSTHOCTh MOMAJaHUS B LEdb NPU OJHOM BHICTpene. Bpenem
coObiTHe X = {IIpH YETHIPEX BBICTPENAX €CTh XOTs ObI OJTHO MOMalaHUe} U MPOTUBOIOJIOKHOE EMY
coObITHE X = {IIpU YeTIpeX BHICTpEIaX HET HU OJHOTO MOMAIaHus }.

BeposTHOCTh coObITHs X paBHA P(X)=(1-p)* , TOI'JIa BEPOSATHOCTb COOBITHA X paBHA
PX)=1-P(X)=1—(1-p)*
1o ycnoButo sta BeposTHOCTB paBHa 0,9984, oTkya nostydaeM ypaBHEHHE OTHOCUTENBHO P!
1—({1—p)*=0,9984, (1—-p)*=0,0016, (1—-p)=0,2, p=0,8

Takum 0Opa3om, BEpOSITHOCTh NMOTIAIaHus B 1IeJIb IIPH OJJHOM BhICTpere paBHa 0,8.
Omeem: 0,8.
Ilpumep 3. B nepBoii ypHe HaxoaaTcs 10 OenbIx u 4 4epHBIX MIAPOB, & BO BTOPOU 5 OebIX
9 uepHbIX mapoB. U3 kaxmo#l ypHBI BeIHYIH 10 Imapy. KakoBa BeposSTHOCTH TOTO, 4TO 00a mapa
OKaXXyTCsl YepHBIMU?
Pewenue. Benem cobObitie X = (O0a W3BJICYEHHBIX Iapa YepHOTo IBeTa). Bmeaem
BCIIOMOTaTeNnbHbIe He3aBucuMble coObITHs: H1 = (M3 mepBoii ypHBI u3BIeUeH YepHbIi map), H2 =
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(M3 BTOpO#1 YpHBI U3BJIECUEH YepHBIN 1ap). Haliiem BEposSTHOCTH 3TUX COOBITUH MO KIIACCUUECKOMY
OIIPENIEIICHUIO BEPOSITHOCTH:

4 4 2 9 9
I T i v S ST A
Torma
P(X)=P(H, -H, )=PH, }-P(HZK)zg—iziz(],lﬁdl.
T 14 49
Omeem: 0,184

Ilpumep 4. Tpoe ydammxcsi Ha SK3aMEHEe HE3aBUCUMO JAPYT OT Jpyra pelarT OJHY U Ty XKe
3amauy. BepostHoctu ee pemienust >3tumu ydamumucs paBuel 0,8, 0,7 u 0,6 COOTBETCTBEHHO.
Haiinure BeposSTHOCTH TOTO, YTO XOTSI OBl OJIMH YYAIIUNUCS PEUIUT 3a1a4y.

Pewenue. Begem coOpitue X = (XoTs Obl OAMH ydalIuiics peWIUT 3agady) U
npoTuBomnonoxksoe emy X = (Hu oaun ydamuiics He pemmuT 3aqady). BBeaem BCoMoraTesbHbIE
coObiTusi: Al = (IlepBbiii yuamuiics pemni 3agauy), A2 = (Bropoil yuamuiics pemmn 3agauy), A3
= (Tperuit yyamuiics pemni 3a1a4y), BEpOSATHOCTU

P(4)=08, P(4,)=0,7, P(4,)=0,6.

Bepasum  cobeitme X = A1+ A2 * A3 . CunraeM BepOSTHOCTh KaK BEPOSTHOCTD
MIPOM3BEICHUS HE3aBUCUMBIX COOBITHIA:
P(X)=P(4-4-4,)=P(4)-P(4,) P(4,)=(1-0,8)(1-0,7)(1-0,6)=0,2-0,3-0,4 =0,024.

3agaHus K BLINOJTHEHHUIO:
1. Ilpu mpoBepke NOKYMEHTa MOXHO OOHApYXUTh YETbIpe HapyUIeHUS B €ro OoQOpMIICHHH.
PaccmatpuBatoTcst coObiTUsA: A - 00HApYKEHO POBHO OJHO HapyllleHue; B - 0OHapy»KeHO XOTsI Obl
onHo Hapymenue; C - oOHapykeHO He MeHee 2-x HapymieHuid; D - oOHapyxeHO pOBHO [Ba
HapymeHus, E - oOHapykeHo poBHO 3 HapymieHus; F - 00HapyXeHBI Bce HapyIICHHS. YKa3aTh B 4YeM
COCTOSIT COOBITHS:
2. Ha crennaxe OMOIHOTEKH B CIIydallHOM TOPSIKE pacCTaBICHBI 15 yaeOHUKOB, MpUYeM 5 U3 HUX
B neperieTe. bubmmorekapp 6epet Haynady 2 yueOHHKa. HailT BEpOSATHOCTB TOTO, YTO: a) TIEPBBIN
y4ueOHHK OyneT B meperiere (coobitue A); 60) BTopoi yueOHUK OyaeT B neperiete (cooviTre B); B)
nBa yueOHuKa OynyT B meperuiere (coopitue C); T) XOTsa Obl OJMH Y4eOHHMK OyneT B IeperuieTe
(coobrTHE D).
3. B smuke umeercs 10 oquHAKOBBIX eTajei, Cpeld KOTOPBIX 6 okpamieHHbIX. COOPIIMK Haymady
U3BJIEKAET JIeTalb, 3allMChIBACT I[BET U BO3BpAIIACT AeTajb B AMMK. HaliTh BEpOSTHOCTH TOTO, YTO
TPH U3BJICUCHHBIC JIETATTN OKAKYTCS OKPAIIEHHBIMH.
4. U3 konoasl B 52 KapThl HayAauyy u3BiekaeTcss 3 kapThl. KakoBa BEpOSITHOCTb, UTO TPU KapThl
KpacHOM MacTH, €CIM Cpeal HUX JIBa Ty3a.
5. CryzmeHT, pa3bICKHBas HYXHYIO €My KHHUTY, pemusi oOoitu Tpu Oubnuoreku. g kaxmaon
OMOIMOTEKH OJJMTHAKOBO BEPOSITHO, €CTh B €€ POHJaX KHUTA WK HEeT. Eciu KHura ecthb, TO 0IMHAKOBO
BEPOSITHO BbIJIaHA OHA YUTATENIO WM CBOOOAHA. HailTu BEpOSTHOCTH TOTO, YTO CTYAEHT MOJYYUT
KHUTY.

Cnucox ucmouHuKo8 u 1umepamypul.
- UCTMOYHUKU (OCHOBHbLE, OONOTHUMENbHBLE),
- umepamypa (0CHO8HAs1, OONOTHUMENbHAS),
1. I'mypman B.E. Teopus BeposiTHOCTel 1 MaTemMaTHyeckas ctatucTuka. M.: Beicias mkona, 2003,
480 c. I'n. 1, c. 47-50.
2. I'mypman B.E. PykoBoACTBO K pelIEHHUIO 3a/1a4 MO TEOPUH BEPOATHOCTEH M MaTeMaTH4eCKOu
cratuctuke. M: «Bricmas mkoinay, 2004, 404 ¢. I'n. 1, c. 18-31.
3. Bentuens E.C. Teopus BepositHocTeit. M.: Hayka. 1969, 576 c. I'n. 2, c. 37-53.
- CNpagouHvle U UHPOPMAYUOHHBIE UOAHUA.
Ilepeuens pecypcos ungopmayuoHHo-menreKoMMyHUKAyuoHHou cemu « Mnmepremny.
1. https://studfiles.net
2. http://docplayer.ru
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Mamepuanvno-mexnuueckoe obecneuenue 3aHAMusL.

VYdeOHble ayIUTOPUM OCHAIICHBI HEOOXOAMMOW MeOenblo, IOCKOH, COOTBETCTBYIOT
MpaBUIaM TMPOTHUBONOKAPHOU Oe3omacHOCTH. sl caMOCTOATENbHOM paboOThl CTYJICHTOB UMEETCs
KOMIIBIOTEPHBIE KJIACChI € IOCTYNOM K ceTu HTepHeT

Tema 11. YcioBHas BeposiTHOCTb. PopMyJia MOJIHOI BEPOSATHOCTH (24.)

L]eny: BbIUMCICHHE BEPOSITHOCTEM CIOXKHBIX COOBITUH € HCHOJIb30BaHUEM (POPMYIIbI
IIOJTHOW BEPOSTHOCTH.

Dopma npogedenus — KOIIeKMUBHoe peuleHue 3a0ay.

Teopemuueckue 6onpocnwi:
1. ®opmyna noaHON BEPOATHOCTH.
2. YCIIOBHBIC BEPOSITHOCTH COOBITHIA.
3. Ilpumeps pemenns 3aaay.

Konmponvnvie éonpocui:
1. IlocTtanoBka 3ama4v, B KOTOPOW BEPOSITHOCTh COOBITHS BBIUUCISIETCS MO (PopMysie MOJTHOM
BEPOSITHOCTH
2. 3amucath (HOPMYITy ITOJTHON BEPOSATHOCTH H JaTh HHTEPIPETALNIO BXOSIINX B HEE CIIaraeéMbIX

I[Ipumepbl BHINOJIHEHHUS 32 JaAHHUS:

Ilpumep 1. B ypHe 3 Oenbix u 3 yepHbIX mapa. M3 ypHbI ABaKJbl BBIHUMAIOT MO OJHOMY
mapy, He Bo3Bpamias ux oOpatHo. HaliTu BeposTHOCTH MOsiBI€HMs] Oenoro miapa mpud BTOPOM
ucnelTanuu (coobiTue B), eciu npu nepBoM UCTIBITAHUM OBLIT U3BJI€UEH YepHBIN miap (coObiTHE A).

Pewenue. Tlocne mepBoro UCIBITAHUS B YPHE OCTAJIOCh 5 MapoB, U3 HUX 3 Oenbix. Mckomas
P(B|A)=>

YCIIOBHAasi BEPOSITHOCTh 5 . DroT Ke pe3ynbTaT MOXHO THONYy4uTh 1O (opmyre
P(AB)
Pl4)
301

PlA)=2==
5 2. Haiinem BepOsITHOCTH £(45) TOT0, YTO B TIEPBOM HMCHBITAHUU MOSIBUTCSI YEPHBIN 1Iap,

a BO BTOpoM — Oenblil. OOmIee YHCIO HCXOJOB — COBMECTHOTO TMOSIBJICHHS JIByX ILIapoB,

PlB|4)=
. JleficTBUTENBHO, BEPOATHOCTD MOSBIEHUS OENOro I1apa MpH MepBOM UCIBITAHUU

g =
663pa3J'II/I‘{HO Kakoro nB€Ta, paBHO YHCIY paBMeH.[eHPIﬁ 4 =65=30 . U3 aroro ymcna mucxonoB

G 3
PAB)=—=—
cobsrTiio <18 GnarompusaTcTByIOT 3 3=9 pcxonos. CieoBaTenbHo, 30010,

FlAR
p(p|ay- U8 303
n P(A) 1z 5
CKOMasi YCJIIOBHAsI BEPOSITHOCTh

Ilpumep 2. B TpamBaiiHOM mnapke umerorca 15 tpamBaeB mapuipyra Nel u 10 tpamBaeB
Mapipyra Ne2. KakoBa BEpOSITHOCTh TOTO, YTO BTOPBIM IO CUETy Ha JMHHUIO BBIAJET TpaMBai
Mapuipyta Nel?

Pewenue. Ilyctb A - coObITHE, COCTOSIIEE B TOM, UTO Ha TUHHUIO BBIIIET TpaMBail MapiipyTa
Nel, B- mapuipyra Ne2.

PaccMoTpuM Bce cOOBITHS, KOTOphIE MOTYT TpU AITOM OBbITh (B YCIOBHUSX HalIei

. AA AR BA BE
3a/1aun): . VI3 Hux Hac OyAayT MHTEpecoBaTh TOJBKO MEPBOE U TpPEThe, KOTrIa

BTOPBIM BBIHJET TpaMBail Mapipyta Nel.
Tak xak Bce 3TH COOBITHSI COBMECTHBI, TO:

12 14 10 15

PlAd)=FP(A) P(A|Al=— — P[BA=P[B)P[A|F)=— —

(4)=F(4) PLAI =2 30 P =P(OP(4I5) =35 3
15 14 10 15

P=P{Ad+P(BAY=— "4 =06
OTCIOJ]a HCKOMasl BEPOATHOCTh 25 24 25 24

IIpumep 3. Kaxaplii U3 IBYX CTPEIKOB HE3aBHCHUMO JPYr OT Jpyra IPOW3BEN BBICTpEI
10 HEKOTOPOMY 00BEKTY. BeposiTHOCTh Momaganus B 11eJb MEePBBIM CTpesikoM paBHa 0,7; BTOpbIM —
0,6. OOBeKT mopakeH OXHUM TmomagaHueM. OTNpeneNuTh BEPOSTHOCTH TOTO, YTO OOBEKT

MOPAKCH MEPBLIM CTPCIKOM.
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Pewenue: CobObiTe A — opakeHrne 00bEKTa OJTHAM MOTIaTaHHUEM.

Jlo ombITa BO3MOJKHBI CIEAYIOIINE TUIIOTE3bI:
Hi — HY OAMH CTPENOK HE MOMNAJET, {2 — MEepBBIM CTPENOK MONANAET, BTOPOM — HET; [3 — BTOpOH
CTpEJIOK TIOMA/IeT, EePBBIN — HEeT. Hs — 00a cTpelika monaayr;

BeposTHOCTH 3TUX TMIIOTE3 PAaBHBI:
P(H.) =0,3-0,4=0,12, P(H2) =0,7 - 0,4 = 0,28, P(H3) = 0,3 - 0,6 = 0,18, P(H4) =0,7 - 0,6 = 0,42

VYciioBHBIE BEPOSTHOCTU COOBITUS A MPU ITUX TUIIOTE3aX PaBHBL:

AR AR AR TAR

[Tocne onpiTa runoressl 1 U Hs CTAaHOBATCS HEBO3MOXHBIMH, @ BEPOSITHOCTh THUIIOTE3bI /12
OyneT paBHa

)
PffA]: P{H_J-P[%E}P‘;)-P(%fs} - 0;325013 ~ 0461

3agaHus K BbIIOJHEHUIO:
1. B smumxke coaepxutcst 12 neraneit, u3roToBJIeHHBIX Ha 3aBoje Nol, 20 neraneit - Ha 3aBojie No 2
u 18 peraneit - Ha 3aBoge No 3. BepossTHOCTh TOro, 4TO A€Tanb, U3rOTOBJIECHHAS Ha 3aBojae No 1,
OTJIMYHOrO KauyecTBa, paBHa 0,9; mns neranei, M3roToBIE€HHBIX Ha 3aBojiax No 2 u No 3, 3tu
BEPOSITHOCTU COOTBETCTBEHHO paBHbl 0,6 u 0,9. HallTu BEpOSITHOCTH TOTO, YTO U3BJICUCHHAsS
JIeTalb OKaXXeTCsl OTJIIMYHOTO KayecTBa.
2. Monety moaOpaceiBatoT 6 pa3. KakoBa BEpOsSTHOCTB TOTO, YTO OHA YIAJET «repOOM» BBEpX He
Oospie 3 pas.
3. B MarazuH nmocTynmid 3J€KTPUYECKUE JIAMIIOYKH OJIHOTO THIIA, W3TOTOBJIEHHBIE HA YETHIPEX
3aBOJax: ¢ MepBOTo 3aBoja - 250 mIT.; co BTOporo - 525 miT.; ¢ TpeThero - 275 MT. U C 4YeTBEPTOTO -
950 mT. BeposarHocTs TOTO, YTO JIamrodka mporopuT Oosiee 1 500 wacoB, i MepBOTO 3aBOJIA
paBHa 0,15, nys BToporo - 0,30; st petbero - 0,20 u uerBeproro - 0,10. [Ipu packnaake mo nojakam
Mara3uHa JaMIIOYKu ObUIM mepemerianbl. KakoBa BEpOSITHOCTH TOTO, YTO KYyIUIEHHAs JaMIoyka
nporoput 6osee 1 500 wacor?
4. Hekoropoe u3zenue BBITyCKaOT TpeMs 3aBofamMu. O0beM MPOIyKIHUU, TOCTABIISIEMBI BTOPHIM
MIpEeANpUsITHEM, B 2 pa3a MPEBbIIIAET COOTBETCTBYIOIINE 00bEMbl IPOAYKIIUI MEPBOr0 U TPETHETO
npennpusaTuil. Jloys Opaka B cpeiHEM COCTaBIISIET Ha epBoM Ipeanpustuu 5%, na sropom - 20%,
a Ha TperbeM - 10%. B mpomaxy mnocrymwia maptus gaHHoro wuznenus. KymienHoe wuspenue
okazajoch OpakoBaHHBIM. KakoBa BEpOATHOCTb TOrO, YTO OHO OBLIO BBHIMYIIEHO TPETbUM
NpeanpuiaTuemM?
5. Ha cknan nocrynaet npoaykuus 3-x ¢padbpuk. [Ipudem npoaykius nepBoii padpuku cocTapiseT
20%, BTOpOi1 —46% U Tpethel —34%. M3BecTHO, YTO CpeIHUN NMPOLEHT HECTAHAAPTHBIX U3EIIUM
uia nepBoit (habpuku paBeH 3%, g BTopoid — 2%, s tpetbeit — 1%. Halitu BeposiTHOCTH TOTO,
YTO HayAauyy B3SATble WU3AENUs TMPOU3BENCHBI Ha TiepBod (aldpuKe, €Cliu OHU OKa3aluCh
HECTaHJapTHBIMU

Chnucok ucmoyHuKkos u 1umepamypbol:
- UCTNOYHUKU (OCHOBHbLE, OONOIHUMENbHbLE),
- Iumepamypa (0CHO8HAs1, OONOIHUMENbHASA),
4. I'mypman B.E. Teopust BeposiTHOCTEH 1 MaTeMaTHueckas ctatuctuka. M.: Boicias mkoua, 2003,
480 c. I'n. 1, c. 47-50.
5. I'mypman B.E. PykoBoACTBO K pellIeHUIO 3a/1ad 10 TEOPUH BEPOSATHOCTEH M MaTeMaTHYeCKOM
cratuctuke. M: «Bricmas mkoina», 2004, 404 ¢. I'n. 1, c. 18-31.
6. Benruens E.C. Teopus BepoarHocteil. M.: Hayka. 1969, 576 c. I'n. 2, c. 37-53.
- CNpagouHvle U UHPOPMAYUOHHBIE UOAHUA.
Ilepeuens pecypcos ungopmayuoHHo-menreKoMMyHUKayuoHHou cemu « Mnmepremny.
3. https://studfiles.net
4. http://docplayer.ru
Mamepuanvno-mexnuueckoe obecneyeHue 3aHAMUAL.
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VueOHBIE ayqUTOPUHM OCHALIEHbl HEOOXOIUMOIl MeOenbplo, JOCKOH, COOTBETCTBYIOT
MpaBUJIaM TMPOTUBOIMIOXKAPHOHN Oe3omacHOCTH. [l caMOCTOATENbHOM paboThl CTYAEHTOB UMEETCS
KOMIIBIOTCPHBIC KJIIACCHI C JOCTYIIOM K CCTH I/IHTepHeT

Tema 12. ®opmy.a Baiieca. [loBropHble ucnbiTanus. ®opmysia bepuyain (24.)

Llens: HayuuTh TPOBOJWTH IMPEIBAPUTENBHBIA aHAW3 3a/a4d W BHIOMPATh COOTBETCTBYIOIIHE
TEOPEMBI JUIsl HAXOXKIACHUSI BEPOSITHOCTEN coObITHI. HayunTh BBIUUCIATH BEPOSATHOCTH COOBITHI C
oMok Teopem baiieca, bepaysum.

dopma nposedeHusi — KONIeKMUBHOe peuleHue 3a0au.

Teopemuueckue 60npochwi:
®opmyia baneca.
®opmyina beprymim.

3. Ilpumepbl HE3aBUCUMBIX TOBTOPHBIX HCITBITAHUH.
Konmponvhnvie 6onpochwi:
BeposTHOCTH KakuX COOBITHII MOKHO BBIYUCIIATH 110 popmyne beprymmu?
Kak 3amuceiBaercs popmyna beprymmm?
[IpuBeaute mpumep J11000r0 MHOKECTBA M HAWJUTE €ro JOMOJIHEHNE A0 YHUBEPCAIBHOTO.

I[Ipumepbl BHINOJIHEHHUS 32 JaAHUS:

Ilpumep 1. Umeercs nBa Habopa geraneil. BepositHocTh Toro, uto aAerans 1-ro Habopa
craHnaptHas, paBHa 0,8, a Broporo — 0,9. B3sgras Haymady netans oka3zajach CTaHAApPTHOM, HAUTH
BEPOSITHOCTh TOTO, UTO JIeTallb U3BJIEYEHA U3 BTOPOTo Habopa.

Pewenue: Ilycte Hi, H2 — runoressl, 3akimoyaroniygecss B TOM, 4TO JETalb MPUHAIIEKHUT
MIEPBOMY WJIM BTOPOMY HaOOpYy M BEPOSITHOCTh KaXJA0W runore3sl paBHa /2. [lo ycnoBuio, coobITHE
A (u3BIEYEHUE CTAaHIAPTHOM AeTain) mpousonuio. [Ipuuém ycaoBHbIE BEPOSTHOCTH ITOTO COOBITHS
110 YCJIOBHIO PaBHBI . AIOCTEpHOPHYIO BepossTHOCTH Pa(H2) Beruncisiem o dopmyite Baiieca:

Ipumep 2. 30% nanueHToB, MOCTYNUBIINX B OOJIBHUILY, IPUHAJUIEKAT MEPBON COITMATIBHOM
rpynne, 20% - Bropoit u 50% - Tperbell. BeposiTHOCTh 3a0osieBaHUA TyOepKyn€3oM s
MPEICTaBUTENSl  KKIOW COUMAIbHOW Tpynmbl cooTBeTcTBeHHO paBHa 0,02, 0,03 wu
0,01. IlpoBenénnpie aHamM3bl M1 CIy4alHO BBIOpAHHOTO TAIMEHTAa IIOKAa3aJdd HaJIM4dne
TyOepkynéza. HaliTu BeposTHOCTh TOTO, YTO 3TO MPEACTABUTEIb TPEThEH TPYIIIBL.

Pewenue. Ilycts Hi, Hz, H3 — runoressl, 3akimovaromuecs B TOM, YTO MaUEHT TPUHAIIICKUT
COOTBETCTBEHHO MEpBOM, BTOPOHl U TpeTheill rpynmnam. OYeBHAHO, YTO OHU O00pa3yloT MOJIHYIO
rpymny  cooertuii, mpuuém P(H1)=0,3; p(H2)=0,2; p(H3)=0,5. ITo  ycmoButo cobbiTHE A,
oOHapyxeHue TyOepkysésa y 601bHOr0, IPOU3OILIO0, MPUYEM YCIOBHBIE BEPOATHOCTU MO AAHHBIM
ycinoBust  paBHel  p(A/H1)=0,02; p(4/H2)=0,03; u  p(A/Hz3)=0,01.  AnocrepuopHyro
BepositHocTh P(H3/4) Berumcisiem o gopmysie Baiteca:

Ilpumep 3. Yacel 0JHOM MapKu U3rOTaBIMBAIOTCS HA TPEX 3aBOJIAaX U MOCTYNAIOT B Mara3uH.
[IepBeoiit 3aBog npousBoaut 20% Bceil mpoaykiuu, BTopoit - 30%, tpetuit - 50%. B npoaykuun
nepBoro 3aBoja cremar 5% Bcex yacoB, BToporo - 3%, tperbero - 2%. KynneHnHble yacel cremiar.
KakoBa BeposITHOCTBH TOr0, YTO OHU U3TOTOBJICHBI HA IIEPBOM 3aBOE?

Pewenue. Ilycts coObITHE A — KYIJIEHHBIE Yachl CIEIIAT.

P(A)=0,2*0,05+0,3*0,03+0,5*0,02=0,021

Ilpumep 4. K 601bHOMY C MPHUCTYNIOM amlNeHIUIMTa Ipuexaia ckopas moMoinbs. B ropose
yeTblpe 6ombHUIBL (Ne 1, Ne 2, No 3, Ne 4). BeposTHOCTb NONAcTh B MEPBYIO OOJIBHMILY COCTABIISET
10%; Bo BTOpyto — 20%); B TpeThio — 30%; B ueTBepTyro — 40%. B nepBoii 60sibHUIIE BEPOSITHOCTD
IIOCJIEOTIEPALIMOHHOTO OcnoxkHEHUS — 50%; Bo Bropoit — 30%; B TpeTheit — 20%; B yeTBepTOil —
5%. W3BecTHO, YTO HEKOTOpBIH 4YEJIOBEK ObII OTBE3€H «CKOpPOW» B HEKOTOPYIO KIWHUKY WU
IIPOOIEPUPOBaH yaauyHo. KakoBa BEpOSATHOCTB TOTO, UTO ONEpalus IPOU3BOAWIACE B 1-11, 2-i1, 3-i 1
4-if xHUKaxX?

Pewenue: +£A)=0.81
» _ PB4 01-0,5 P(B)F(A) 0,2-0,7

#(B) = = =0,062  P(B)= =
P(A) 0,81 P(A) 0,81

N

ok w

# 0,173
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P(E;) F(4) 0,3-0,8 P(B)B, (4 0,4-0,95
P(4) 0,81 P4 081
Ilpumep 4. Jnsa HOpMaILHOUW pabOTHI JIMHUU JTOJDKHO OBITH HE MEHee § aBTOOYCOB, a HX
umeercs 10. BeposarHocTs HEBBIX0Oa Kaxkaoro aBroOyca Ha juHuio pasHa 0,1. Haiitu BeposTHOCT
HOPMaJIbHOM pabOThI B OJIMKAUIITNN JCHB.
Pewenue: T.x. nns HopMmaneHoOM paboThl Hamo 8 aBTOOYcoB M3 10, win 9 u3 10, uiu 10, a
BEPOSTHOCTH BBIX0/1a Kaxkoro aBTodyca p=1—-0q=1-0,1 =0,9. BepoaTHOCTh HOpMaTHHOH pabOTHI
— 3TOCYMMa BEPOSTHOCTEM:

1L J{L
P =Ca'q™ +Clpg™ +Clp'a™ =22 09)(01) + 2 05} o)+

# 0,469

P(B)= = 0,296 F(5,)=

10! 9.10
+10g @9V 01 = —=043-001+10-039-094035 ~019+0.39+0.35=093

3agaHus K BbINOJHEHHIO:
1. U3 50 neraneit 18 u3rotosneHsl B epBoM 1iexe, 20 — BO BTOPOM, OCTaJIbHbIE — B TpeTheM. [1epBbIit
U TpeTUil 1exa JAalT NPOAYKUHUI0 OTIMYHOIO KadecTBa C BeposATHocThio 0,9, BTOpoil — cC
BeposiTHOCTBIO 0,6. B3siTas netans okasanack OTIMYHOrO kadecTBa. KakoBa BEpOSATHOCTH TOTO, YTO
JIeTaib U3TOTOBJIEHA BO BTOPOM Liexe?
2. B crenmanm3npoBaHHyI0 OOJIEHUILY MOCTYIAIOT B cpeaHeM 50 % GompHBIX ¢ 3a0oneBanneM K, 30
% - ¢ 3a0oneBannem H, 20% - ¢ 3a0osieBannemM M. BepOsSITHOCTh TIOJIHOTO M3JieueHus OT 6oJe3an K
paBHa 0,7, mns 6onesneit H u M ata BeposTtHocTs cooTBeTcTBeHHO paBHa 0,8 u 0,9. bonwbHoi,
MOCTYNUBIINI B OOJBHUIY BBIMHMCAaH 370pOBbIM. HaliTu BEpOSITHOCTH TOTO, YTO 3TOT OOJHHOM
cTpanan 3aboseBanueM K.
3. Y peibaka uMeeTcs Tpu U3IIIOOJEHHBIX MECTa IS JIOBJIHM PHIOBI, KOTOPHIE OH MOCEIIAET C pAaBHON
BEPOSITHOCTHIO KaXk/10€. Eciin OH 3aKuAbIBaeT yA0UKY B IEPBOM MECTE, phl0a KIIFOET C BEPOSITHOCTHIO
0,6; Bo BTOpoM MecTe — ¢ BeposiTHOCTBIO 0,9; B TpeTheM — ¢ BeposiTHOCThIO 0,7. PriOak, BbIiAS Ha
JIOBITIO PBIOBI, 3aKUHYJ YAOUYKY, U pbl0a KiItoHyna. HaliTu BEpOSATHOCTH TOTO, UTO OH YU PHIOY B
MIEpBOM MECTE.
4. Tlaccaxxup MOKET 0OpaTUTHCS 3a OWUJIETOM B OJHY M3 TpeX Kacc. BeposTHocTH oOpaiieHus B
KXY KacCy 3aBUCAT OT MX MECTa pacmloJioxkeHus W paBHbl cootBercTBeHHO 0,3, 0,6 u 0,1.
BeposTHOCTH TOro, 4T0 K MOMEHTY MpHUXOJa Maccakupa UMEIoUIUecss B Kacce OuieTsl OymyT
pacrnpojianbl, paBHa Jjig nepBoi kaccol 0,4, 1i1g Bropoii 0,6, s tpetbeit 0,2. [Taccaxup HanpaBuics
3a OUJIETOM B OJIHY U3 Kacc U mpuoopesn Ouser. HaliTi BepoSTHOCTH TOTO, YTO 3TO ObLIA TPEThS Kacca.
5. Tpu opraHu3anyy NOCTaBUIM B KOHTPOJILHOE YIpaBJICHHE cUeTa JUIsl BHIOOPOYHON MPOBEPKH:
niepBas 15 caeros, BTopas — 10, TpeThs — 25. BeposTHOCTH TpaBUILHOTO 0()OPMIICHHS CYETOB Y TUX
opraHu3amnuii coorBeTcTBeHHO TakoBbI: 0,9; 0,8; 0,85. beun BEIOpaH OJWH CUET, U OH OKa3ajics
npaBWIbHBIM. ONpeAenuTh BEPOSITHOCTD TOTO, YTO 3TOT CUET MPUHAIICKHUT BTOPOH OpraHU3aIIHH.
Cnucox ucmouHuKo8 u 1umepamypul.
- UCTNOYHUKU (OCHOBHbLE, OONOJHUMENbHbLE),
- Iumepamypa (0CHO8HAs, OONOJHUMENbHASA),
7. I'mypman B.E. Teopus BepoaTHOCTEI U MaTeMaTuueckas ctaTuctuka. M.: Beicinas mkosna, 2003,
480 c. I'n. 1, c. 47-50.
8. I'mypman B.E. PykoBoACTBO K pellIeHUIO 3a/1ad 10 TEOPUH BEPOSATHOCTEH M MaTeMaTHYeCKOM
cratuctuke. M: «Bricmas mkomay, 2004, 404 ¢. I'n. 1, c. 18-31.
9. Benruens E.C. Teopus BepoatHocteil. M.: Hayka. 1969, 576 c. I'n. 2, c. 37-53.
- cnpasoyHvle U UHGOPMAYUOHHBLIE U3OAHUSL.
Ilepeuenv pecypcos ungopmayuoHHo-meneKkoMMyHUKAYuoHHot cemu « Mumepnemny.
5. https://studfiles.net
6. http://docplayer.ru
Mamepuanbro-mexnuueckoe obecneyeHnue 3aHAMUAL.
VY4yebHble ayIUTOPUM OCHAIIEHbl HEOOXOAMMOM Mebenblo, IOCKOH, COOTBETCTBYIOT
MpaBWJIaM MPOTHBOIIOKAPHOU Oe30macHOCTH. {15 caMOCTOATeNbHON paboOThl CTYJCHTOB MMEETCS
KOMIIBIOTEPHBIE KJIACCHI C AOCTYNOM K ceTu HTepHeT
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Tema 13. luckpeTHas ciy4yaiiHasi BeJJHUMHA U PyHKI U e€é pacnpeejieHus. (24.)
L]ens: Pemenue 3aaa4 Ha 3a1UCh PACIIPECIICHUS U BBIYMCIICHAE XapAaKTEPUCTUK TUCKPETHOM
CIy4alHOW BEJIMYHHBI.
Dopma nposedenus — KONIEKMUSHOe peuleHue 3a0ad.
Teopemuueckue 60npochwi:
. Onpenenenre QUCKPETHOM CllydyaiiHOM BEIMUMHBI U psif €€ pacrpeaeacHus.
. OyHKIHA pacnpeneseHns TUCKPETHON CIIy4YalHOM BEJIMYMHBL: IOCTPOECHUE, BEIYUCIICHHE.
Koumponvnvie sonpochwi:
. [aiite onpenenenne NMCKPETHOM CIIy4ailHOW BEJIMUHUHBI
. [aiTe onpenenenre MaTeMaTUYECKOTO OKHUIaHUS CIIy4alHON BEJINYUHBI.
. Uto Ha3pIBaeTCs AUCNIEpCUEN CIIy4YallHON BEIMYHMHBI
IIpumepbl BHINOJIHEHHS 32 JaAHUS:
Ilpumep 1. 3aKOH pacnpeneNnieHus clydalHOW BeNMYMHBI 3a7aH Tabnuuno. Haiitu p(x<2),
p(x>4), p(2<x<4), MaTeMaTH4eCKOE OXKHUJAHUE, TUCTIEPCUIO U CPETHEKBAIPATHUIECKOE OTKIIOHEHHE.

N -

WN -

Xi 1 2 3 4 5
pi 0,1 0,2 0,4 0,2 0,1
Pemenmue. p(x<2)=0,1;
p(x>4)=0.1;

p(2<x<4)=0,2+0,4+0,2=0,8;

M(x)=1*0,1+2%0,2+3*0,4+4*0,2+5*0,1=3;

D(x)=12*0,1+22*0,2+3%*0,4+4*0,2+5%*0,1-3%=1,2

o(x)= V1.2 =1,095

IIpumep 2. depmep cuuTaet, 4To, MPUHUMAS BO BHUMAHHUE PA3JIMYHBIC TOTEPH U KOJICOaHUS
IIEH, OH CMOXET BRIPYUUTh He Oojiee 60 IIEHTOB 3a JECATOK SIMI] M TIOTEPATh He Oosiee 20-TH IIEHTOB
3a IECSITOK M YTO BEPOSATHOCTH BO3MOYHBIX BBIUTPBINIEH U MOTEPh TAKOBBI:

neHa 3a 10 sur 0,6 0,4 0,2 0 -0,2

P 0,2 0,5 0,2 0,06 0,04

Kak oueHuTth oxxugaemMyro nNpuoObUIb OT MPOJAKU JecATKa SIUI; OT 0KMJIAEMBIX UM B 3TOM
roay 100000 siui?

Pemenue. x — ciayyaiiHas, npuObLIb OT mpoAaku 10 stui.

M(x)=0,6*0,2+0,4*0,5+0,2*0,2+0*0,06-0,2*0,04=0,352

M(10000x)=10000%*0,352=3520 $

D(x)=0.62*0.2+0.42*0.5+0.22*0.2+02*0.06+(-0.2)?*0.04-0.3522=0.037696

o(x)= V0.037696 =0 194154578

D(10000x)=10000?*D(x)=19415457.76

o(x)= V0:194154578 =0 441

3aganus K BHINOJHEHHIO:
1. 3agaiiTe MHOKECTBO IPYTHM CIIOCOOOM (€CJIM 3TO BO3MOKHO):
a) A={x|xéN,x<9}; 6)A={4-3-2-1,0,1,2,3,4}; B)A={xxER,x*-3=0}.
OTBeTbI: a) DIEMEHTAMH MHOXECTBA A SIBJISIFOTCS HATYpaJIbHBIC YHCIIA,
KOTOpbIe MeHbIe 9 u camo uncio 9, 3uauut, A ={1,2,3,4,5,6,7, 8, 9};
Cnucok ucmo4HuKo8 u 1umepamypol.
- UCTMOYHUKU (OCHOBHbLE, OONOIHUMENbHbIE),
- umepamypa (0CHO8HAs1, OONOJTHUMENbHAS),

10. I'mypman B.E. Teopus BepoATHOCTEN U MaremMaTudeckas craTucTuka. M.: Beiciias mkorna,
2003,480 c. I'n. 1, c. 47-50.
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11. I'mypMman B.E. PykoBOACTBO K pELICHUIO 3a1a4 10 TEOPUU BEPOSATHOCTEN U MATEMATUYECKOM
cratuctuke. M: «Briciias mkoia», 2004, 404 ¢. I'n. 1, c¢. 18-31.

12.  Benruens E.C. Teopus BepositHocTeid. M.: Hayka. 1969, 576 c. I'n. 2, c. 37-53.

- Cnpasounble U UHPOPMAYUOHHbIE USOAHUSL.
Ilepeuens pecypcos un@opmayuoHHO-menreKOMMYHUKAYUOHHOU cemu « MnmepHemy.

13. https://studfiles.net

14.http://docplayer.ru
15.Biblioteka/kg
16.1pr books.ru
17.Kyrlibnet.kg

Mamepuaﬂbno-me)muqecxoe obecneyenue 3aHAMUS.

Y4eOHble ayAUTOPUM OCHAILEHBI

HeoOXoauMol MeOellblo, JOCKOM,

COOTBETCTBYIOT

MpaBWJIaM MPOTHBOIIOXKAPHOU Oe3omacHocTU. st camocTosTeNnbHOM paboThl CTYy/IEHTOB MMEETCs
KOMIIBIOTCPHBIC KJIIACCHI C JOCTYIIOM K CETH I/IHTepHeT
8.2.r ykazaHusi Jisi 00Y4AKIIHXCSI 0 OCBOEHHIO TUCHUILIMHBI (MOyJIeii)

Buo pabomwvr | Cooepoicanue Tpyooemxocmo Pexomenoayuu
(nepeuens 6onpocos) | camocmosmeins
HOU pabombi
(6 uacax)
Pazoen Ne 1. Jlunetinas ancebpa
Iloocomoska | OnpeneneHue U BUIBI ITIncemennrrii KoHCHeKT JIeKIMi MO
K JeKyuu marpuil. OcHoBHbIe | N=2y Beiciielt matematuke (IlomHbINA KypC),
Nel-3 NEeCTBUAS HAH Ma- 4-¢ nzmanue — Mocksa., Alipuc npecc,
Tpuniamu. Onpenenu- 2006 T.
Teb N-TO TOpsAKa. Munopckuii B.I1. CoopHuk 3amad 1o
Briuncnenue  omnpe- BbICHICH MaTeMaTuke.-M.: Hayka,1997
JIETTUTENST BTOPOTO M Makcumenko B. H., MerpaGos A.
TPEThEro  MopsiaKa. I'., ITaBmIok JL B. Kypc
OO6paTHas Matpuia u MaTEeMaTHYeCKOro aHaiu3a: ydeOHoe
CIIOCOOBI €€ HaxO0X- nocobue, Y.1, HI'TY 2009 r. 345 c.
negus. Cucrema m Beiroackuii, M. . CopaBouHHK 110
JUHEWHBIX  ypaBHE- BhICcIIel Marematmke / M. S
HAHL ¢ 1n  Heus- Beironckuii. —  MockBa:  ACT:
BECTHBIMU. Ma- Actpensb, 2010. — 703 c.
TPUYHBII METO/]1 www.math.by - o6pa3oBarenbHbIit
pelIeHUus]  CHUCTEMBI CaliT mo MaTeMaTHKEe NpPEeJCTaBIISIET
ypaBHeHu#. Pemenue co00i1 COOpHUK YacTO BCTPEUYAEMBIX
CUCTEMbl JIMHEWHBIX 3ajad 1Mo MaremaTtuke (anreOpe,
YpaBHEHUN METOI0M TEOMETPHH, MaTeMaTHYECKOMY
Kpamepa. Anroputm aHaJIN3y, TEOPUHU BEPOSTHOCTEH U T.1.)
pEIIEHUs  CHCTEMBI U pEIIeHUH 3TUX 3a/]ad4.
JTMHEHHBIX  ypaBHe- www.webmath.ru - caiit pemenus
Huii MmeroaoM ["aycca MPAKTHYECKUX 3a/1a4 IO MaTeMaTHKe.
Hanucanue Martpuibl ¥ UX BUIBI Pedepar BoimonHsACTCS M
pegepama DneMeHTapHbIe N=3u odopmIIsieTcs 1o CTPYKType pedepara
MaTpPHIIBI 3aJIaHHOE TIPENOJIaBATEIIEM.
Panr maTpubt
Onpeanenurenu N-ro
MOPsIJIKa
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CaoiicTBa
OIpeaeIUTENEN
CucTeMbl THHEHHBIX
YpaBHEHUI
Teopema Kponekepa-
Kanemnm.
Merons! pereHus
CHUCTEM JIMHEHUHBIX
YpaBHECHUM.
Umoeo N=35y
Pazoen Ne 2. Mamemamuueckuti ananu3s
Iloocomoska | MHOXeCTBO. ITucemennbii KoHCHEKkT Jekuuii 1o
K JleKyuu OcHoBable neiictBust | N=3y Boiciielt matematuke ([lomHbI Kypc),
No4-7 HaJl  MHO>ECTBAMHM. 4-e nznanue — Mocksa., Alipuc npecc,
bunapHoe oTHOIIEHNE 2006 T.
Ha MHOECTBAX. Munopckuii B.I1. CéopHuk 3amau no
Yucnossie BhICIIel MaTemaTuke.-M.: Hayka, 1997
MIOCJIEA0BATEIBHOCTH Maxkcumenko B. H., Merpa6os A.
U omepauud  Haj I'., ITaBmoxk JI. B. Kypc
HUMH. [Tonsitne MaTeMaTHYeCKOTO aHajau3a: y4eOHOe
(GYHKIMH U CIIOCOOBI nocobue, Y.1, HI'TY 2009 r. 345 c.
3aJITaHUS byHKINN. Beironckuii, M. . ChnpaBoyHHK IO
[Ipenen byHKIHIN. BhIcIiel Marematnke / M. S
Onpenenenue Beironckmii. —  MockBa:  ACT:
MPOU3BOJHOM. Actpensb, 2010. — 703 c.
Juddepenmnan www.math.by - oOpa3soBaresbHbIit
(GyHKIHH. CalT IO MAaTEeMAaTUKE NPEACTaBIISIET
c000# COOpHHK YacTO BCTpEYAEMBIX
3amady 1Mo  Marematuke (anredpe,
F€OMETPHUH, MaTeMaTUuYECKOMY
aHaJINU3Yy, TEOPUH BEPOSTHOCTEH U T.1.)
Y PELICHUH 3THX 3a/]ad4.
www.webmath.ru - caiit pemicHus
IIPAKTUYECKUX 33J1a4 10 MaTEMaTHUKeE.
Hanucanue Teopust MHOKECTB. Pedepar Boinoninsgercs u
pechepama ITocnenoBarensHOoCcTH. | N=3u odopmieTcs 1o CTPYKType pedepara
OyHKIUU. 3a/laHHOE TIPENO/IaBATEIIEM.
[Ipenenst GyHKIMI.
IIpousBogHas
GyHKIHH.
Judbdepenunan
GbyHKITIN
HUmoeo N=6y
Paszoen Ne 3. Teopus éeposmuocmeri u mamemamuyeckds CmamucmuKa
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®opmyina beprymm.
Onpenenenue
JUCKPETHOM
CIy4aliHOUM BEJIMYHHBI
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pacnpeneneHus.
Omnpenenenue
HEIPEPBIBHOMN
CIy4allHOW BEJMYHHBI
u e CBiI3b C
BEPOSTHOCTBIO.

Hanucanue Anre6pa coObITHA. Pedepar Boinosinsgercs u

pegdhepama [Tonsarue Teopun N=10y odopmisieTcs o CTpyKType pedepara
BEPOSATHOCTEH. 3aJJaHHOE TIPETIO/IaBaTEIIeM.
Crnoxenue u
YMHOKEHUE
BEPOSATHOCTEM.
Cratuctuueckas
TUIIOTE3a.

Bupr BEIOOPOK.

HUmozo N=78y

Hmoeo no N=39 v.
Hucyunnune

8.3. MeTonnueckne peKOMEHJAIUH 110 MOATr0TOBKe MUCbMEHHBIX PadoT

Pedepar — mucemenHas pabora oObemMom 10-18 rmeuaTHBIX CTpaHUI], BBIMOJHSIEMAS
CTYICHTOM B T€YEHHE MOAYIbHOTO cpoka. CTpyKTypa pedepara:
1. TUTYABHBIN JHUCT.
2. Ilocne TUTYNIBHOTO JMCTa HA OTJENIBHOM CTpaHuIIe cielyeT orjiaBieHue (IUlaH, CoJiep:KaHue), B
KOTOPOM yKa3aHbl Ha3BaHUs BCeX pa3/elioB (IyHKTOB IU1aHa) pedepara u HOMepa CTpaHHUIl,
YKa3bIBaIOILIUE HAYaI0 3TUX Pa3/iesioB B TeKCTe pedepara.
3. Iocne ornasnenus cienyet BBeaeHrue. O0beM BBeIEHUS COCTABIACT 1,5-2 CTpaHUIIBI.
4. OcHoBHas 4acTh pedepaTa MOKET UMETh OJIHY WM HECKOJIbKO maparpadoB (MOAMYHKTOB,
pa3aesioB) U MPEANoaraeT OCMBICICHHOE U JIOTUYHOE U3JI0’KEHUE TJIaBHBIX MOJIOKEHUHN U UJeH,
COJIep>KalIUXCs B U3YUEHHO TuTeparype.
5. 3axiroueHue CoJIEP>KUT TJIaBHBIE BHIBOJIBI, U UTOTH M3 TEKCTa OCHOBHOM YacTH, B HEM
OTMEYAeTCsl, KaK BBIMOJIHEHBI 33a4U U IOCTUTHYTHI JIK 1eJIH, COPMYIUPOBAHHBIE BO BBEJICHUMU.
6. [IpunoxxeHne MOKET BKIIOYATh PElIEHHEe MaTeMaTHUYeCKuX 3a/1ad.
7. bubnuorpagus (CIUCOK JUTEPaTyphl).

8.4. Uuble MaTepuaIbl
Jl1st caMoCTOSITENTbHOM paboThI CTYA€HTaM 33at0TCs MHAUBUAYAJIbHbBIE 3a/1auu JUIs PEIIeHUs
I10 MPOMIEHHBIM TEMaM.
1. Bbruucauthb npeaes GyHKIUU
2
. x°“—5x+6
1. lim——

X—3 X2—6x+9
x—3

lim ——
x—3VXx+7-2
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x%2-5x+1

X—00 3x+7

. 2x%—x+3
lim ————
Xx—00 X2—8x+5

. 2x%-3x—4
lim —
X—00 x4+1
fimn 22—t
x—1 ?VJ_C—l
lim 3—v5+x
x—4 1—V5—x

. 2—Vx-3
llm Ee—
X—7 X2—-49

. tgx—sinx
llm E—

x—»0  x3
li x—Ssin2x

10.lim

X—0 X+sin3x

Teopema cJi0:KeHUs] U YMHOKEHHUS BEPOSTHOCTEH.

1. B ypue 4 Gensix u 6 uepHBIX mapoB. M3 ypHBI BRIHUMAIOT ABa mapa. HaifTu BeposiTHOCTH TOTO, 9TO 00a mapa
OyayT OenbIMHU.
2. B ypue 4 Genpix u 6 "epHBIX mapoB. M3 ypHBI BEIHHUMAETCS OIUH IIap, OTMEYAETCS €ro LBET H IIap

BO3Bpainaercs B ypHy. [locie 3Toro u3 ypHsl 6epercs eiie ofuH map. HaliTi BepoSTHOCTH TOr0, 9TO 002 BHIHYTHIC
mapa OyyT OeIbIMHU.

3.

B ypue 4 6enbix u 6 yepHbIX mapoB. VI3 ypHBI BEIHUMAIOTCS cpa3y Ba Imapa. HalTH BeposSTHOCT TOTO, YTO

9TH MAphI OYAYT Pa3HBIX LIBETOB.

4.

B ypHe 4 Genbix 1 6 4epHBIX mapoB. M3 ypHbI BEIHUMAIOTCS JIBa IlIapa TIOCJIC0BATEIBHO, H TIOCIIC BRIHUMAaHUS

MIEPBBIN IIap BO3BPAIIAeTCs B ypHY. HaliTH BEpOSITHOCTB TOT0, YTO 3TH IIAPHI OYAyT pa3HBIX IBETOB.

5.

B ypHe 4 Genbix u 6 4epHbIX 1mapoB. M3 ypHBI B CIy4ailHOM MOpsIIKE, OJWH 3a JPYI'MM BBIHHUMAIOT BCE

HaxozsIuecs B Hel mapbl. HailTi BEpOsSTHOCTH TOTO, YTO BTOPBIM IO MOPSAKY OYIEeT BHIHYT OCIbIi map.

6.

B ypHe 4 Oenbix u 6 4epHBIX U 5 KpacHBIX IIapoB. Tpu M3 HUX BBIHUMAIOTCS Hayraja. HalTu BeposiTHOCTH

TOT0, YTO IO KpaliHEel Mepe JiBa U3 HUX OyIyT OJHOI[BETHBIMH.

7.

Nmeetcs kopoOka ¢ 9 HOBBIMM TEHHUCHBIMU MsiuamMu. it urpbl O6epyT 1o 3 Ms4a, 1mocie Urpbl UX KiIaayT

obpatHo. Ilpu BEIOOpe MsAUell UrpaHHBIC OT HEUTPAHHBIX HE OTINYA0T. KakoBa BEpOSTHOCTH TOTO, UTO IOCIIE
TPEX Urp B KOPOOKE HE OCTAHETCS HEUTPAHHBIX MsIueii?

8.

Bpocatorcs nmBe moHeThl. PaccmarpuBaroTcs coObITHs: A — BbINajieHHe repda Ha IMepBoil MoHere, B —

BbITIa/IcHNE Tepba Ha BTOpoit MoHeTe. Halitu BeposTHOCTE coObITHS C+A+B.

9.

HBa crpenka, HE3aBHCHMO OJWH OT APYroro, AENAIOT IO ABa BBICTpena (KaKABIM IO CBOEH MUIICHH).

BeposiTHOCTS TOMamaHuss B MHUIIEHH TIPH OIHOM BBICTpene i meporo crpenka 0,7, mms Btoporo 0,8.
BrmrpaBmmM copeBHOBaHHE CUMTACTCS TOT CTPENOK, B MHUIIEHH KOTOporo Oyzer Oombmie mpobOowH. Haiité
BEPOSITHOCTH TOT'0, YTO BEIMTPAET NEPBHIH CTPEIIOK.

10. M3 momHOM KOJI0ABI KapT (52 KapThl) BBIHUMAIOT OJHOBPEMEHHO 4 KapThl. PaccMaTpuBarOTCsS COOBITHS: A —
CpeM BBIHYTHIX KapT Oyner XoTs Obl oiHa OyOHOBas, B — cpeau BRIHYTBIX KapT OyeT XOTs Obl OJTHA YepBOHHAS.
Hatiti BepositHOCTE coOBITHS C=A+B.

9. MaTepuajibHO-TeXHHYECKOe oDecredeHne THCIUTITHHbI

Y4eOHblE ayAUTOPUM OCHAIIEHbl HEOOXOIUMOHN MeOenblo, OCKOW, COOTBETCTBYIOT

IIpaBHJIaM HpOTHBOHO)KapHOﬁ 0€30IaCHOCTH. [[J'Iﬂ CaMOCTOSITEIIbHOM pa6OTBI CTYACHTOB HNMCCTCA
KOMIIBIOTCPHBIC KIIACChI C JOCTYIIOM K CE€THU I/IHTepHeT.

10. I'noccapmii

1.

2.

AKCHOMATHYECKOe  ompeleleHHe  BEPOATHOCTH —  OTHOLIGHME  IOJMHOXECTBa,
OJIaronpUATCTBYIOLIETO COOBITHIO K 00LIIEMY MHOXKECTBY.
AcCHMMeTpPHS — OTHOUICHHWE LEHTPaJIbHOTO MOMEHTa TpeThero mnopsaka K KyOy

CPEIHEKBAPATUYECKOTO OTKIOHEHHUS.

BecnopTopHasi BbIOOpKa — BBIOOpKA, MPU KOTOPOM OTOOPaHHBIM 0OBEKT MOCIE MPOBEACHUS
oOcIieZIoBaHU HE BO3BPAIIAETCS B FTEHEPAIbHYIO COBOKYITHOCTb.

BeposiTHOCTH — OTHOILIEHHUE YKCIIa OIaroNpUATHBIX HCXO/I0B K 00IEMY YHCITY HCXOJIOB.
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10.

11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24,

25.

26.
27.

28.

29.

30.
31.

32.

BuyTpHrpynnoBasi aucnepcusi — CpeaHss apudMeTHueckas TPYNIOBBIX HCIEPCUH,
B3BEILIEHHAS 110 00BEMaM TPy,

Bb160pKa — COBOKYIHOCTb CITy4aifHO OTOOpPAHHBIX U3 M3y4aeMOM COBOKYITHOCTH OOBEKTOB.
I'eomeTpuueckoe ompeaejieHHe BePOATHOCTH — OTHOLIECHUE JUIMHBI OTpe3Ka K JUIMHE
oTpe3ka L.

I'ucrorpamma — crynenyaras ¢Qurypa, cocTosIas U3 TNPSMOYTOJbHUKOB, OCHOBAHUSMHU
KOTOPBIX CITy)KaT HHTEPBAJIbI JUIMHOO N, a BEICOTHI N.

I'pynnoBasi aucnepcusi — JAWMCHEPCHs 3HAYCHUM NPHU3HAKA, IPUHAUICKAIUX TpYIIIE,
OTHOCHTEJILHO I'PYIIIOBOU CPEAHEM.

I'pynnoBasi cpeaHsis — cpeaHee apupMeTHYeCKoe 3HAYCHHWH TNpU3HAKA, MPUHAIISKAIIINX
rpyIIe.

JByMepHas ciydyailHas BeJMYMHA — BEJIMYMHA, UMEIOIIAs 1BA apTyMEHTa.

JuckperHasi ciay4daiiHasi BeJIMYMHA — BEIWYMHA, NPUHUMAIOLIAS OTACIIbHBIC 3HAYECHHS C
OIIPENIETICHHBIMU BEPOATHOCTSIMH.

Jucnepcuss — MaTeMaTHYeCKOe OKUJAaHUE KBAJpaTa OTKIOHEHU CIIy4aiiHOM BEJIMUYMHBI OT €€
MAaTE€MaTHYECKOTO OKUIaHUS.

JloBepuTesbHBINI MHTEPBAJ — HHTEpPBajl, KOTOPbIA MOKPHIBAET HEU3BECTHBIN MapameTp 6 ¢
3aJaHHOW HAJIE)KHOCTHIO Y.

JocToBepHoe coObITHE — COOBITHE, KOTOpPOE€ O00S3aTelbHO MPOU30HAET, ecinu OyneT
OCYIIIECTBIICHA OTIPE/ICNICHHAS! COBOKYITHOCTh YCIIOBHH.
3akoH pacnpenesieHusi CIYYAHHOM BeJUYUHbI — COOTBETCTBHE MEXKIY BO3MOKHBIMU

3HAYCHUAMU CJ'Iy‘I&fIHOfI BCJIMYHHBI U UX BEPOATHOCTAMMU.

HNuTepBajibHAs OlleHKA — OIIEHKA, KOTOpast OMPEIEIsIETCs] KOHIIAMHU HHTEPBaJIa.
Konkypupymomas runore3a — rumnore3a npoTuBopeydaliasi OCHOBHOM.

Koppeasiunonnasi 3aBUCMMOCTb — 3aBUCUMOCTb, IIPU KOTOPOH MpPHU W3MEHEHUM OJHOW W3
BEJIMYMH U3MEHSIETCS CpeHee 3HAaUeHUE APYroil.

KoppeJsiumoHHBbIIT MOMEHT —  XapaKTepUCTHKA CBSI3M MEXAYy JABYMS CIy4yalHBIMHU
BEJTUYMHAMHU.

Koy punment Bapuanum — BBIpaXEHHOE B MPOIICHTaX OTHOIICHWE BBIOOPOYHOTO CPEIHETO
KBa/IpaTHYECKOT'0 OTKJIOHEHUS K BEIOOPOYHOI CpeHen.

Koa¢dunuent koppeisinmu — OTHOUICHHE KOBapUalMd K IPOU3BEICHUIO CPEIHUX
KBaJIPAaTHUECKUX OTKJIOHEHHUH JBYX CIy4alHBIX BEJIHYUH.
Kputunyeckass 00acTb — COBOKYITHOCTh 3HAU€HHUW KpUTEPHs, MPU KOTOPHIX HYJIEBYIO

THIIOTE3Y OTBEPraroT.
MartemMaTH4eckoe OKHJAAHHE — YKCIIO, OTHOCUTEIBHO KOTOPOTO CTAaOMIM3HPYETCsl CperHee
apu(METHYECKOE BO3MOXKHBIX 3HAUCHHUH CIy4allHOW BEJIMYHMHBI TIPH JIOCTATOYHO OOJIBIIOM
KOJIMYECTBE UCIIBITAHUH.

Me:xkrpynnoBasi JHCHEPCHS — JHCIEPCUSl TPYIIOBBIX CPEJHUX OTHOCUTEIBHO OOIIeH
CpeJlHEM.

Mopaa — BapuaHTa psifia, KOTOpas UMeeT HauOOJIbIIYIO YacTOTY.

MoMeHTBI CJy4YalHbIX BEJHYHH — XapaKTEPUCTUKU CIyYAWHBIX BEJIWYHH, OINPEICIISIONINC
MaTeMaTu4yeckoe oxuaanue K-if cTerneHu OTKIOHSHHUS CyYaifHO# BEJTMUYHMHBL.

HenpeproiBHas ciydaiiHasi BeJIMYHHA — BEJIMYMHA, IPUHUMAIOIIAs 3HAYCHUS, CKOJIb YTOIHO
MaJjio OTJIWYAIOIIHEeCs JPYT OT ApyTa.

HecmemenHasi omeHka — OIleHKa §*, MaTemMaTuyeckoe OXUJaHHE KOTOPOH paBHO
OIICHUBAaEMOMY TIapameTpy 6.

HyJsieBasi rumore3a — OCHOBHAs BBIJIBUHYTAsI THIIOTE3A.

OO0mas nucnepcusi — JOWCIEpCcHs] 3HAYCHUU TMPU3HAKA BCEH COBOKYIMHOCTH OTHOCHTEIHHO
oOrieit cpenHei.

IInoTHOCTL pacnpenesieHUusl BePOSATHOCTE — BEPOSITHOCTh TOTO, 4YTO HEIMpepbhIBHAS
cllyyaifHasi BeJIMYMHA TPUMET 3HAUCHHE HA YKa3aHHOM HUHTEpBaJe.
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33.

34.
35.

36.
37.
38.
39.
40.
41.
42.
43.
44,
45.

46.
47.

48.

49,
50.

51,

52.

53.

54,

55.

IToBTOpPHAs BBIOOpPKA — BBHIOOPKA, MPU KOTOPOH OTOOpaHHBIH OOBEKT BO3BPAIIAETCS IMOCIE
IPOBECHUS 00CIeJ0BaHMsI OOPAaTHO B T€HEPAIbHYIO COBOKYITHOCTb.

I[Moauron YacToT — JOMaHas IMHUS, OTPE3KU KOTOPOI COSAMHSIOT TOUKH (X1, N1).
IpousBoasimas GpyHKUusi — QYHKLIHUSA, ONPENLNAIONIasi BEPOSTHOCTh HACTYIUICHUS COOBITHS
IIPU PA3JIMYHbBIX BEPOATHOCTAX IOSIBICHUS B KAJKJIOM UCIIBITAHUMU.

Pa3max BapbupoBanus R — pa3HOCTh MeX Iy HanOOJIbIIEeH U HANMEHbBIIEH BapHAHTOM.
Perpeccust — npeacTaBieHne OJJHON CIIy9ailHOM BETMYUHBI KaK (YHKIIUHU IPYTOH.

CayyaiiHasi BeJIMUMHA — BEJIMYMHA, KOTOPasi B pe3y/IbTaTe UCIBITAHUS IPUMET OJHO U TOJIBKO
OJIHO 3HAYEHHUE J0 OIBITA HE U3BECTHO KAKOE.

CocrosiTeIbHAsE OLIEHKA — OLIEHKA, KOTOpas IpU N—00 CTPEMUTCS IO BEPOATHOCTH K
OLICHUBAEMOMY I1ApaAMETPYy.
CraTucruyeckass runore3a — THUIOTE3a O BHJE HEU3BECTHOTO paCHpelesieHus, WIn

rapameTpax HeM3BECTHOTO paclpe/IeICHUsI.
CratucTuyecKuil KpHUTepPHil — ciydaiiHas BeJIWMYHMHA, CIyXKamlas i TPOBEPKH HYJIEBOU
TUTIOTE3HbI.

CraTtucTtuyeckoe pacmnpejeieHne BbIOOPKH — TE€PEYCHb BAPUAHT M COOTBETCTBYIOIIMX UM
YaCTOT WJIM OTHOCUTEIIbHBIX YacTOT.

CroxacTuyeckasi 3aBUCMMOCTb — 3aBHCHUMOCTb, TIPU KOTOPOl M3MEHEHNE OJTHOW U3 BETMYUH
BJICUET U3MEHEHUE JIPYTOM.

Teopema Jlaniaca — ormnpeacieHHe BEPOSTHOCTH HACTYIUICHHS COOBITHS B K M3MepeHHsx
u3 N (npu Oosbimx K u n).

Teopusi BeposiTHOCTEH — Hayka, U3ydJaromiasi oOIHe 3aKOHOMEPHOCTH CIYYalHBIX SIBICHUMN
MaccoBOI0 XapakTepa.

TouyeyHasi oLeHKA — OLIEHKA, KOTOPAsl ONPEAEIIAECTCA OJHUM YUCIIOM.

Yci0BHAs BepPOATHOCTb — BEPOSITHOCTh HACTYIUIGHHSI HMHTEPECYIOLIEro Hac COOBITHS,
CBS3aHHAs C JONOJHUTEIbHBIMU YCIIOBUSMU.

®opmyaa baiieca - onpeneneHrue anoCcTepUOPHON (ITOCICONBITHON) BEPOSTHOCTH Ha OCHOBE
anpUOPHOH (JIOOTIHITHOM ) HAa OCHOBE MTPOBEICHHS SKCIIEPUMEHTA.

®opmyna bepHy/uIn — onpeielieHne BEPOATHOCTH HACTYIUIEHUS COOBITHS B U3MEPEHUSX U3 .
@OyHkuMsa pacnpeneeHusi — QGYHKIUS, ONpPENeNsionas BEpPOATHOCTh TOTO, 4TO X MPUMET
3HAYEHHE MEHBIIE X.

XapakTepuCcTUKH MOJIOKeHHS — XapaKTEPUCTUKH, OMpelesiolue Hanbojiee BO3MOKHBIC
3HAYEHUSI CIIYy4ailHOW BEITMYMHBI.

XapakTepuCcTUKH pPacceMBaHUsl — XapaKTEPUCTUKH, OMpPENENSIomne pa3dpoc BO3ZMOXKHBIX
3HAYEHUM CIIy4ailHOW BEJIMYMHBI.

LenTpasbHas mnpeaejbHas TeopeMa — TEOpeMa, JI0Ka3blBaIoLlas, 4YTO CYMMHpPOBAaHHUE
OOJIBIIOTO YHCIIAa CIYyYalHBIX BETUYMH C PA3MYHBIMU 3aKOHAMH pPACIpe/IeieHUs MPUBOIUT B
UTOT€ K HOPMAJIbHOMY pPacipeiesICHUIO.

JKcuecc pacnpee/ieHus — BEJIMYMHA, ONPEAessieMas OTHOLIEHUEM LIEHTPaJIbHOTO MOMEHTA
YETBEPTOro MOPSIKA K YETBEPTOU CTENEHU CPETHETO KBAIPATUUYECKOTO OTKIOHEHHUS 33 BBIUETOM
TPOMKH.

JdddexTBHAA OLEHKA — Takas OICHKAa, KOTopas MpU 3aJaHHOM oO0BbeMe BBIOOPKU N MMeeT
HaWMEHBIIYI0 BO3MOXKHYIO TUCIIEPCHIO.
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	Тема 7. Производная и дифференциал функции (2ч.)
	Цель: Научить вычислять производные сложных функций, пользуясь правилами дифференцирования и таблицей производных.
	Примеры выполнения задания:

	Тема 8. Элементы комбинаторики (2ч.)
	Примеры выполнения задания:

	Тема 9. Основные понятия теории вероятностей, определение и свойства вероятностей (2ч.)
	Примеры выполнения задания:

	Тема 10. Действия над вероятностями (2ч.)
	Примеры выполнения задания:

	Тема 11. Условная вероятность. Формула полной вероятности (2ч.)
	Примеры выполнения задания:

	Тема 12. Формула Байеса. Повторные испытания. Формула Бернулли (2ч.)
	Примеры выполнения задания:

	Тема 13. Дискретная случайная величина и функция её распределения. (2ч.)
	Цель: Решение задач на запись распределения и вычисление характеристик дискретной случайной величины.
	Примеры выполнения задания:


