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COAEPXAHUE

C.
BeeneHune 3
MeToauyeckme pekomeHaaumm no opraHn3aumMm NPaKTUYECKMX 3aHATUM 3
Cnncok antepatypbl 60




BBEJIEHUE

[Tporpamma jmuctumianHbl  «MaTeMaTuyeckue METOAbl M MOJAEIM B yIPABICHUN
npenHasHaueHa Juig OakanaBpoB HampasieHus: 38.03.04 «[ocymapcTBeHHOE M MYyHHMIMIAIBHOE
yIpaBJIEHUE).

Llenbro AMCHUIIINHBI SBISETCS:

- O3HAaKOMJICHHE CTYJEHTOB C BaXHEHIIMMH METOAAMM M MOJEISAMH KIACCHYECKOU
MaTE€MaTUKHU, HAIIPaBJICHHBIMU HA HCIOJb30BaHUE M NPUMEHEHHME UX B YIPABICHUHU : METONAMHU
JAUHEHHON anreOphl, MeTojaMu JU(QepeHINaTIbHOI0 UCYUCICHUS (QYHKUIMU OJHOW MEepEeMEHHOM,
BEPOSATHOCTHBIMM M CTATUCTHUYECKUMU MOJCIIAMM M MX IPUIOKEHUAMH B TOCYJApCTBEHHOM U
MYHULIANIAJIBHOM YIIPABICHUN.

OCHOBHBIMU 3aJJa4aMU JUCLUILIMHBI SBIISIOTCA:

- CO3JlaHHE y CTYJIEHTOB OCHOB TE€OPETHYECKOM MOATOTOBKU B 00JIACTH MaTEMaTHUYECKHUX
METOJI0B Y MOJIEJIEN B YIIPABIICHUY;

- OBJIQJICHUE MAaTEeMAaTUYECKUM alIapaToM, HEOOXOAMMBIM MJIs M3Y4E€HUS JAUCLUILUIUH
rOCyapCTBEHHOTO0 M MYHMIMIIAJIBLHOTO YNPABICHUS U PELICHHUS TCOPETHYECKUX U NMPAKTUYECKUX
3a/1a4;

- pa3BUTHE MHTEIUIEKTa U (POPMHUPOBAHUE Y CTYJEHTOB JIOTHYECKOTO U aJrOPUTMHUUECKOTO
MBIIUICHHUS,

- BbeIpa0OTKa HABBIKOB CAMOCTOSITEIILHOTO M3yUeHHs y4eOHOW U HAyYHOH JIUTEPATYPHI MO
MaTeMaTHYE€CKUM METOAAM U MOJEISAM U UX IPUIIOKECHHUSM;

- TIOBBILIEHHE OOIIEH KYJIbTYpPbl CTY/IEHTOB.

2. Meroauyeckue peKOMeHAAlMH 110 OPraHU3alMU NMPAKTHYECKUX 3aHATHI

Paznean 1. JInneiinas anredpa

IIpakTnueckoe 3ansartue 1.

Tema 3anamusa MaTpuisl U ONpeICTUTENH.

Henw 3anamus. [IpnoOpecTy HaBBIK BBHITTOJTHCHUS OTNEpaIiii HaJl MaTPUIIAMHA U
BBIYMCIICHUS OINPEICIIUTENCH.

B pezynomame oceoenusn memul 00y4arOuuiics 001:4CeH:

3HaTB:
- BUJIBI MaTPHII, JICHCTBUS HAJl MATPHUIIAMH, BUBI OTIPEICTUTCIICH.
Ymeers:
- BBITIOJIHATH OIEpaIliy HaJ MAaTPUIIAMH U BBIYUCIISITh ONPEACIIUTEIN 2-10,3-T0 U N-
'O MOPSIIKOB.
Baapers:
- CITOCOOHOCTBIO PeIIaTh CTAHAAPTHBIC 33a/1a4l MPOPECCUOHAIBHON NEATEIbHOCTH Ha
OCHOBE MH(POPMAIMOHHON © OuOIHOrpaduyecKoil KyJIbTyphl C MPUMEHEHUEM
WH(OPMAITMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTHMA W C YYEeTOM OCHOBHBIX
TpeboBaHui nHGOpManmonHoi 6e3omacHocTH (OITK-6);
- HaBbIKaMH cOopa, 00paboTkM wuHGOpPMALUKW U ydYacTus B HHPOpPMATH3ALUU
JCSITEIbHOCTH COOTBETCTBYIOIIMX OPTaHOB BiacTh U opranuzanuii (ITK-26)



Axmyanvnocmy mempl. MaTpullbl U ONIPEAEITUTENN [IUPOKO MIPUMEHSAETCSA IPU
pPELIEHNH MHOTUX 3KOHOMHUYECKHX 3a]1ay.

Teopemuueckan yacme.
[IpssmoyronbHas Tabimima, cojaepkamias M — CTPOK W N CTOJIOIOB HAa3bIBACTCS
mampuyeti 1 0003HaYaACTCS

a; 8, - Ay a; 8, - Ay
a, a, - a. - a
A: 21 22 2n WK A= 21 22 2n
aml amZ a'mn aml am2 a'mn
WM KOPOTKO MaTpuIy 0003HauaTA = || aij|[, 1=1,2,...,m; j=1,2,...,n.
Cnoorcernue mampuy

Ilycts nanbl ABe MarpullbldA HUB OJAMHAKOBOW pa3MepHOCTH. Mx cymmon
Ha3biBaeTcsa MarpunaC = 4 + B TOH K€ pa3MEpPHOCTHU, AJIEMEHTBl KOTOPOW paBHBI

CyMMaM COOTBETCTBYIOIIHX 3JIEMEHTOB MaTpuil A u B, T.e. eciu A = ||aij||, B = ||bjj||, To
A+ B=C=]|cil.

I A—l -2 5 B_2 1 -3
pumep: “la 1 3/ 11 _» 4,Torz[a

1+2 —-2+41 5-3 3 -1 2
A+B=C= = )
441 1-2 3+4 5 -1 7

OTMeTI/IM, 4TO CKIaAbIBATb MOJKHO TOJBKO MaTpulbl ¢ OJWMHAKOBBIM YHCJIOM
CTPOK U C OAMHAKOBBIM YHUCIIOM CTOJ'I6I_[0B.

PasnocteioB - A Marpuil B u A (OJIMHAKOBBIX CTPOEHUI) HA3bIBACTCSl TaKas
Marpuna X, 4To

A+X=B.
- A 2 1 4 B 3 5 7 T
anpuMmep, A= 9 3 1/ “lo _1 a) orjaa
3 5 7 2 1 4 1 4 3
X=B-A= - = :
2 -1 4 -2 31 4 -4 3
Ymnoorcenue mampuy

a) YMHOXeHHE MaTpUIlbl HA YnciI0. YToObI yMHOXXHUTH MAaTPUILy HA YKCIIO 0, HAJIO
YMHOKHTB Ha 3TO YHCJIO KaXIbIH SJIEMEHT MaTPHUILIbI:

al aij || = || caij ||

2 -1 2 -1\ (6 -3
[Tpumep. A:( ] a=3, aA:3( ]:[ ]
3 5 3 5 9 15

0) YMHOXEHME ABYX MATPHII.



YMHOXEeHHE MaTpulblB Ha MaTpully 4 BO3MOYKHO TOJBKO B TOM Cllydae, KOraa
YHCJIO CTOJIOIIOB B MaTpHUILIE B paBHO YHUCTY CTPOK B MaTpuLe A.

OnemenT MatpulbiC = B - A, pacroNIOKEHHBINA B I1-OH CTPOKE U ] —OM CTOJIOLEe
(tr.e. Cij) paBeH cyMMe IMpPOM3BEICHHI 3JEMEHTOB | — O CTPOKM MaTpuibl B Ha
COOTBETCTBYIOIIIUE JIEMEHTBI J— IO CTOJIONA MAaTPHUIIBI A.

n
C; = auby; +a,b,; +...+a,b; =D aby,
k=1

CnemyeT OTMETUTh, YTO YyMHOXXEHHUE MaTpuIl] He o0JjagaeT CBONUCTBOM
KOMMYTaTUBHOCTH, T.€. AB # BA.

o A 1 2 . 21
A= u = .
PHMEP 13 3 5
1 2Y-2 1) (1(-2)+2:3 1.1+2.5 4 11
Umeem A-B = = -
-1 33 5/ (-1.(-2+3-3 1-(-1)+3-5) (-11 14
5 A ~2 11 2) (-21-11 2:(-2)+13) (-3 -
|3 5)-1 3) (31+5:(-) 3.2+53 ) |-2 21
BriBoa: AB # BA

Buvluucnenue onpedenumerneti
Ecnu B MaTpuiie 4MCII0 CTPOK paBHSIETCS YUCTY CTOJIOIOB, T.€. M = N, TO MaTpHIla
Ha3bIBAETCA K8AOPAMHOU:

a; dap a,
A= dy 8y a,,
a a a

nl n2 nn

Onpenenurenb, COCTAaBIEHHBIM M3 3JEMEHTOB KBaJpaTHOM MmaTpuibl (0e3
NEPECTAHOBOK) HAa3bIBAETCS ONPEACIUTENEM MATPHUIIBI A.

a, @, - 4,

a a eee a
A(A) — 21 22 2n

a'n1 anz o a'nn

YUucno ai1 az - az1 ai2 Ha3bIBaETCA OIIpCACIIMTCIICM BTOPOTO IOpsAAKa H

a'll a12

0003HAYaETCsl CUMBOJIOM A = = 8,8, — 8,8y, -

a'21 a22

OHpG,IIeJII/ITCJIGM TPCTHETO MOPAAKA HA3BIBACTCA YUCJIO:
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a; & A
A= Ay 8y 8| =8y 8n8g T8y a58)3 T 8,885 858583 — 8838, — 88,85
43 83 Ay
CXCMaTI/ILIeCKI/I BBIYUCJIICHHUC OIIPCACIUTCIIA TPCTHCTO IIOPAAKA BBITJIAUT
cleAyoIMM 00pa3oM (IpaBUIIO TPEYroJbHUKOB Win npasmio Cappyca):
a; &y A 13| &) 3
Ay Ay Ayl = 23| |85t 3
d3 83 Ay CEN 5 dg
Onpenenutenb TPETbETO TOPSAAKA TAKXKE pPaBEeH CYMME TMPOU3BEIACHHIMA
AJIEMEHTOB HEKOTOpPOM CTpOKH (CTONOIA) Ha airedpandyeckue JOMOJHEHUS ATUX
2JIEMEHTOB, T.€.
A=a, Ay +a, Ay +a,Ag; A=a, Ay +ay, Ay +ay Ay
A=a, Ay, +8,A, +a,A,; A=a,A, +a,y Ay, +ayAy
A=ayAy +ayAy, +a5A; A=a,;A; +auA, +aghAy

Hanpumep, pazioxeHne onpenenuTens o JIEMEHTaM IIEPBOM CTPOKH:
a a a a a a
141|922 23 142|921 23 1+3 %21 22
A=ay ‘(_1) " +a,, ‘(_1) ’ +ay; '(_1) ’ =
32 33 31 Qg a1 Qg
= a11 (azz a-33 - a32 aza) - a12 (a21a33 - a31a23) + a13 (a21a32 - a31a22 ) =

= a11a22 a33 + a-12 a3la23 + a13a21 asz - a11 a32 a23 - a12 a21a33 - a13 a31a22

PaznoxenueM 10 »3ieMEHTaM CTPOKH WM CTOJOIlAa MOXKHO BBIUHCIUTH
omnpenenuTesp a000ro nopsjaka. B kadecTBe mpuMepa pacCMOTPUM OMNPEACIUTEND
YETBEPTOTO MOPAJKA U PA3I0KUM €r0 IO AIEMEHTAM IEPBOM CTPOKH.

Ipumep 2.



1 -1 2 3
L1 14 1 -1 4 1 -1 4
- —1-(-D™3 1 3+(-D)-(-D*?)2 1 3+
5 3 1 3 (G -1
1 0 5 3 0 5
3 1 0 5
1 1 4 1 1 —
+2.(-D*2 3 3+3-(-D™2 3 1|=15+0-3-4-0+15)+
315 31 0

+1(5+0-9-12—-0+10)+2(15+8+9-36—-3-10)-3(0—-2+3+9-0—1) =
=13-6+2-(-17)-3-9=13-6-34-27 = 54

JlaHHBIN oONpenenuTeah MOXKHO BBIYUCIUTH HMHBIM CHOCOOOM, MPUMEHUB
3JIEeMEHTapHbIE MPeoOpa3oBaHUsl K CTPOKAM OMNPEAEHUTENs. A UMEHHO, YMHOXKUM
AJIEMEHTBI MEePBOU CTPOKU Ha (-1) U CIOXKUM C 3JIEMEHTaMU BTOPON CTPOKH, 3aTEM
YMHOKUM 3JE€MEHTBhl MEpPBOM CTPOKU Ha (-2) U CJIOXKHUM C COOTBETCTBYIOIIMMHU
3JIEMEHTAMHU TPEThel CTPOKH M, HAKOHEI], yMHOXKHUM 3JIEMEHTBI TIEPBO# CTpOKH Ha (-3)
U CIIOKHUM C COOTBETCTBYIOIIUMHU C DJIEMEHTAMH YETBEPTOM CTPOKHU. Toraa noiaydyum
orpeaenuTelb 4-ro NopsaKa, B IEPBOM CTOJI01IE KOTOPOTO CTOAT HYJIM, KpOME NEPBOH
CTPOKH, T.€. IOJy4YaeM ONPEEIUTENb BUIA:

1 -1 2 3 s 3 1

0 2 -3 1

0 5 .3 _g=fuwhu=1[5 -3 -3=24-30+36+12-36-60=-54.
4 -6 -4

0 4 -6 -4

Bonpocwt u 3a0anus.

1. Kakue maTpuibl MOKHO CKJIQIbIBaTh U IO KAKOMY MpPaBUILy?

2. Kakumu cBolicTBaMu 00J1ajiaeT onieparus ciIoKeHuss MaTpuil? ECTb i oTiuaus
OT CBOICTB CIIOKEHUS ynucen?

3. Kak yMHOXHTH MaTpHIly Ha 9nCI0?

4. Kakumu cBOMCTBaMHU 00J1aJatOT OMEpalus YMHOXKEHUST MaTpUIlbl HAa YHUCIO?
EcTp 11 OTIIMYKS OT CBOWCTB YMHOKEHUS YnCen?

5. Uto Ha3bIBaeTCs OmMpeneauTeseM KBaIpaTHON MaTpHUIIb?

6. Jlaiite ompeneneHue MHHOpa M alreOpPaMvecKoro JIOMOJHEHHUS >JIEMEHTa
ONPENECTUTEIIA.
7. Kak BBIUHMCINUTH ONpPENEIUTEND, pa3iaras €ro mno Npou3BOJIbLHON CTPOKE WU

cronbny? CdopMynupyilTe COOTBETCTBYIOIIYIO TEOPEMY U  HAMMILIHUTE
(bopMyITbI pa3iokKeHHUs OnpeneanTens no i—oi crpoke (k—my cronbiry).



1. Hairtn npousBenenue matpun A u B.

01 1 2 0
1. A= , B= .
B

120 120

2.A=|0 3 1| B=|0 3 1|
01 2 01 2
3 2 -1 4 5 1

3.A=|5 6 1|B=l-3 2 1
2 1 -7 8 -3 2

o -1 3
2. Haiitu A°?, eciim Az(z 4).

3. Beruucnuth OIIPCACIINTCIIb

1 3 7 2 4 5 1 11 11 1
1. A—lg 26 580 2. A=3 1 -1 3. |x y z 4.1 1+a 1
3 -4 6 2 0 0 x> y* 77 1 1 1+b
1 -1 2 3 -2
4 0 2 O -1 5 3 =2 1 1 -1 2 1
5. ,_13-12 6,427 2 72 1 3 -2 1|
01 0 5 5 1 1 5 3 2 1 -2 3
2 4 3 1 0 4 2 1 9 1 3 4 5
PexoMeHryeMble HCTOUHUKH UH(DOpMau
(Ne ucrounuka)
OcHoBHas JlononHuTenbHas Meroaunueckas HurtepueTr-pecypcsl
1 1 1,2 1,2

IIpakTuyeckoe 3ausitue 2.
Tema 3anamun. MeTopl pEIIEHUS CUCTEM JINHEMHBIX YPAaBHEHUI.
Ilenv 3anamua.PaccMOTpETh pa3IMuHbIE METObI PELIEHUSN 3aKPENUTh HABbIKU
pemeHnaACJIIAY.
B pesynomame océoenun memot 00yuarouquiica 00aM4cen:
3HaTh: METOJbl PELICHUS CUCTEM JIMHEHHBIX YypaBHEHUH METO/J0M O0OpaTHOU
matpuisl, Kpamepa u 'aycca.

YMeTh: MOJIb30BaThCSl ~ MHCTPYMEHTApUEM  JUISI  PEIICHUS  MPOCTEUIINX
MaTeMaTHYeCKUX 3aad.
Baanern:



- CHOCOOHOCTBIO pelIaTh CTaHJAPTHBIC 3aa4l NPOodECCHOHATBHON EATEIHHOCTH Ha
OCHOBE HH(POPMAIIMOHHON H OMOIMOrpaduueckoi KyJIbTypbl C MPUMEHEHHEM
UHPOPMAITMOHHO-KOMMYHUKAIIMOHHBIX ~TEXHOJOTHMA M C yYEeTOM OCHOBHBIX
TpeboBaHui nHGopManronHoi 6e3omacuocTu (OITK-6);

- HaBblKaMu cOopa, o0OpaboTku uHGbOpMAMM W ydacTHss B HHGOpMATU3ALUU
JEATENIbHOCTH COOTBETCTBYIOIINX OPTaHOB BiiacTH U opranu3anmii (ITK-26)

Axmyanvnocms memul. [Ipuemsl 1 Metoabl pemieHUACJIA Y npumMenstoTes i
penieHns 3a1a4 ¢ 5JKOHOMUYECKUM COJICPIKAHUEM.

Teopemuueckan uacme.

CucreMamIMHEHHBIX YpaBHEHUI CNIIEPEMEHHBIMU UMEET BUJL:

agX, + apX, + - +a X, = b
Ay Xy + ApX, + o A, X, = b,

1
A X, + apX, + o +a,.X, = b,

roe & (i=12,..m;j=12 ..n), bk (k =1,2,...,m) - 3anaHHbIe ACHCTBUTEIbHBIC
YHcIIa.
Yucna @ (1=1,2,...,m; j = 1,2, ...,n) Ha3pIBarOTCA KOOPPHUIMECHTAMH CHCTEMBI, 4 YUCIIa

b, (k = 1,2, ....m) - cBOOOJHBIMH YICHAMH CHCTEMBbI JIMHEHHBIX alreOpandecKux
ypasHenuii (CJIAY).

Marpurisl
a; a, - a4, a; a, - Qg bl
a a - a — a a -~ a,, b

A= 7% lm A= 7 2" 72| KOTOpBIE COCTABJICHBI W3
a a a a a a_ b

ml m2 mn m

KOB(i)(i)HIII/ICHTOB Inmpu TCPEMCHHBIX H CBO60}IHBIX YJICHOB CHCTCMBI, HAa3bIBAIOT
COOTBCTCTBCHHO ManHHCﬁ CUCTCMBI U paCIHHpCHHOﬁ ManI/IIICI‘/,I CHUCTCMBI.
PaCCMOTpI/IM CUCTEMY TpéX JIMHCHHBIX ypaBHeHI/Iﬁ C TpEMs HCU3BCCTHBIMU

Xs Xoy Xg!
ay X +a,X, +aX =h,
X 85X, +auX; =by,
31X +85X, + 85X =Dy,
rae 8 - KOd(QHIUHEHTH MPH HEM3BECTHBIX; b - cBOGOIHBIC wWieHBI (IpaBbIe

YacTH) CUCTEMbI ypaBHEHUU. OnpenenuTenb TPEThEro NopsiaAKka A , COCTaBICHHBIN U3
KO3 PUIIMEHTOB MTPU HEU3BECTHBIX, HA3BIBACTCSI Onpedenumenem cUCmemol.
PemM cuctemMy TMHEWHBIX ypaBHEHUH METOJOM OOpaTHOW MaTpPHUIIbL:



2%, + X, —3%X; = -5,
X, —2X, +2X, =17,
X, + X, +3X, =4,

Breném cnenyronme 0003HauSHUS:

2 1 -3 X, -5
A=[1 -2 2|, X=[x,| B=[17
11 3 X, 4
Brraucioum OIpCACINTCIIb CUCTEMEI.
2 1 -3
A=]1 -2 2|=-12+2-3-6-4-3=-206.
1 1 3

Tak kak ONpCACINUTCIIb MaTPUIIbI CUCTCMbI OTJIMYCH OT HYJIA, TO ManI/IHaA HUMECT

-1
oGpatHyIo, a pemrenne cucrems! umeer Bux: X = A7B |
Jnst  HaxoxaeHUuss OOpaTHOM MaTpuibl A' BBIYUCIUM aidredpandeckue
JOTIOJTHEHUS JIIEMEHTOB MAaTPULIBIA

A 2 2 A =_‘1 —3‘=_6 A :‘1 —3‘=_4
1 3 ’ o3 ’ o2 2 ’
12 2 -3 2 -3
A”:_‘l 3‘:_’ 2:‘1 3‘:9’ A”:_‘l 2‘:_7’
A :‘1 —2‘:3 A :_‘2 1‘__1 :‘2 1‘:_5_
o1 A R | 1 2
Marpuna A , oOpaTHas K4, 3aMUIIETCS CISAYIOMUM 00pa3oM
8 -6 —4
L1
Alt=——|-1 9 -7]|
26 3 -1 -5
MarpuuHoe pelieHue CUCTEMbI UMEET BUL:
X, -8 6 —4)\(-5 —78 3
X =| X, =—2i -1 9 7|17 =—2—16 130 |=| -5,
X, 3 -1 -5)| 4 —52 2

OTCIOZIA CIIeAyeT, uto X =3, X, =—5, X, =2.

[Ipu ycmoBumu, yto A#0, TO €IUHCTBEHHOE PELUICHUE CHUCTEMBI BBIPAXKACTCS
dopmynamu Kpamepa:

g
B

3

A A A

Pemutes o popmynam Kpamepa cienyroniyio cucteMy JTMHEHHBIX YPAaBHEHHINA:
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X, —2X, + X; =—4
3X; +2X, +5%X, =2.
4, —TX, =5X3 =—-5

1 -2 1
Brauaine Haiigem onpenenutens cuctemel A=3 2 5| =-10-40-21-8-30+ +35
4 -7 -

= - 74.A#0. CnenoBaTenpbHO, paccMaTpuBaeMasi CHCTEMa HMEET CJIUMHCTBEHHOE
pemienue. Beruncaum onpenenurenu A A, A, .

-4 -2 1 1 -4 1
A,=2 2 5[=40+50-14+10-20-140=-74,A,=13 2 5|/ =-10-80-15
-5 -7 - 4 -5 -
1 -2 -4
-8-60+25=-148,A,=3 2 2| =-10-16 + 84 +32 -30 + +14=74. Takum
4 -1 -5
obpazom, pemenue JTaHHOU CHCTEMEBI HMeEeT BU:
AT Ay T8 _As 74
YA 14 T P A 74 T R A T4

Paccmorpum pemienue CIIAY meronom [Maycca. Meron [Maycca 3akimtouaercsiB
MOCJIEIOBATEIbHOM ~ MCKJIIOYEHWHU HEW3BEeCTHhIX. [  ygoOcTBa  BhINUILIEM
paCIIMPEHHYIO MATPULyH NOpPUBEAEM €€ K [JIHaroHaJIbHOMY BHIY C IIOMOIIBIO
3JIEeMEHTapHBIX MPEe0Opa3OBaHUIA.

2 1 -3-5 1 1 314
1 -2 2|17 —sos 1 -2 2|17 —5
1 1 3|4 2 1 -3-5)
11 34 1 1 3|4 1 1 3|4
WO 83 B =5 0 1 9130 -1 -9-13|.
0 -1 -9/-13 0 -3 -113 0 0 2652

BreimonauM oOpaTHBIM XOJ. 3amnuiineM CUCTEMY,UCXOAs U3 KOd(PUIIMEHTOB
MOCJIETHEW MaTPUIIbl, U MOCJIEA0BATEIBHO HAl/IEM HEU3BECTHBIE.

X + X, +3X; =4, Xy = 2,
—X, —9%; =13, X, =13-9X%, = -5,
26X, =52, X, =4—X, —3X%;, = 3.

Bonpocul u 3a0anuas.

Ucnonb3ys dhopmynsl Kpamepa u MeTon 0OpaTHON MaTpHUIIbl HAUTH PEIICHMUS
cinenyromux CJIAY:
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3X, +2X, + X3 =5 X, —2X, +3X; =6 2X, — X, =Xy, =4
1. 92X +3X, +X; =1 ;2. 12X, +3X, —4X; =20; 3. 13X, +4x, —2X, =11,
2X, + X, +3%X; =11 3X, —2X, —5X, =6 3X, —2X, +4x, =11

Pemwuts ciaenyronue cucremsl MetonoMm ["aycca.

2X, +4X, +4X, +6x, =18
4X, +2X, +5X; + 71X, =24
3X;, +2X, +8X, +5x, =13
2X, +8X, +7X; +3X, =6

PexomenryeMble HCTOYHUKN MHPOPMALIUU
(Ne ncrounuka)
OcHoBHas JlonosiHUTENbHAS Metoauueckas WHTepHeT-pecypebl

1 1 1,2 1,2

IIpakTnyeckoe 3ansitue 3.
Tema 3anamun. OyHkuuu U npeaesnbl. Metoabl TpUOIMKEHHOTO BBIYUCIICHUS
3HaUYCHUN (DYHKITHIA.
Ilenv 3anamus. ChopMupoBaTh HAaBBIKM BBIYMCICHUS IpeAesoB (QyHKIUH, a
TaK)K€ BBIYUCIICHUS TPUOIMKEHHBIX 3HAUECHUN (PYHKIIUM.
B pezynomame oceoenusn memot 00yuaroumuiica 0014cen:

3HaTh:

-OCHOBHBIC METOJbl BBIYUCIICHHUS TPEACIIOB (YHKIWN, MPUOIMIKCHHBIX 3HAUYCHUN
byHKITUH.

YMmern:

- BBIYUCIISITH Tpeiebl GYHKIMHI, MPUOIMKEHHbIE 3HaUYeHUsT (DYHKITHIA.

Baaners:

- CIIOCOOHOCTBIO pelIaTh CTaHAAPTHHIE 3a/1a4u MPOGECCUOHANBHON IEATETLHOCTH Ha
OCHOBE HH(POPMAIMOHHON u OuOIMOrpaduvIecKoil KyIbTyphl C MPUMEHEHHUEM
WH(OPMAITMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTUA M € YYE€TOM OCHOBHBIX
TpeOoBanmii nHPopManroHHo# 6e3omacHoctu (OITK-6);

- HaBblKaMu cOopa, o0paboTku uHGpOpPMAMKM W ydacTHss B HMHGPOPMATH3ALUU
JeSITeTbHOCTH COOTBETCTBYIOIIMX OPTaHOB BJIACTH U OPTaHMU3AIHHA

Axkmyanonocms memot. Ilpenensl GyHKIUN UCIOIB3YIOTCS B 9KOHOMUYECKHUX
pacueTrax Ipu HaXOXKJIESHUH MPEIeTbHBIX IKOHOMUYECKUX MOKa3aTeNIeH.
Teopemuueckasn uacme.
[Tycth ¢yHKIMA y=f(x) 3alaHa B HEKOTOPOM OKPECTHOCTH TOYKHA &, 3a
HCKIIFOYCHUEM, MOKET OBITh, CAMOM TOUKHA.
Uucno A HaswiBaeTcs npeoenom hyHkyuu f(x) B TOUuke X=a, eclu i J1I000ro

IMOJIOKATEIBHOrO 4yuciaa € >0 Haﬁ,ﬂéTCH TAaKO€ IMOJIOXKUTCIIBHOC YHUCIIO &(g) >0, UTO
12



I BceX X,  yIOBICTBOPSIOMIMX HepaBeHCTBY 0< |X - a| <0, BBIIOJHACTCS
HEPABEHCTBO |f (x)—b| <z . B 9TOM Cilydae 3anuchBaioT lim f (x) = A.

X—a

Jlaaum reoMeTpruuecKyro WLTIOCTPAIIMIO MIOHATHS Tpefiena PYHKIIUU B TOUKE

(puc. 1.)

h+e

s o = RS S S S S

0 a—8  a X at+d X

- | s

coooodbooocooboooad

Pucynok 1.

JIy1st Bcex TOUeKX, OTCTOAIIMX OT TOYKHU 8 He JaJbllie, 4ueM Ha & , Touku M rpaduka
GyHKIIMUA  f(x) JIEKAT BHYTPU TOJIOCHI IIMPUHOW 26, OTPAHHMYCHHOW MPSIMBIMU
y=b—¢g, y=b+e
PaccmoTpuM HEKOTOPBIE cgoticmea npeoenos hyHKyuil.

ITycts |XI_F>T; f(x)=A, !('_rg 0(X) =B - nocrosunas Benmumnua ,TOT1a

1. limc=c.

2. |zi:ril(c'f(X))=C~|jmf(x)=C.A,

3. lim(C f()=C-limf(x)=C-A,

4. L;E;(f(xﬂg(x)):ixig;f(x)ﬂxig;g(X):Aw,
5,

lim(f(x)-g(x)) =1limf (x)-limg(x) =A-B,

f(x)_mt) A
5 Mg00 ™ limgGo ~ B> o™ limgt) 0.

X—a

ﬂBCl 3amevameilbHblx npe()eﬂa

[TepBblii 3amMeUaTENbHBIN MIPEAECT UMEET BU/L:
. sin X
lim —=1.
x>0 X

Bropoii 3ameyarenbHbIN Ipeaesa UMEET BUA:

13



X
. 1
lim |1+—| =e¢e,
X—>00 X

oo

PaccMoTpuM npuMepbl Ha BBIYUCIEHHUE MPEAETIOB PYHKIUH.

=€

. 12x% +5x
lim =272

Ipumep 1.Beraucnuts npenen, ', — A2 47

Pemenune

[Ipy  mojacraHOBKE  MpEeNEIbHOTO  3HAUYEHHS ~ apryMeHTa  IoJydaem
e8]

HCOIIPCACICHHOCTb BHJa — .
o0
B ImpuMepax HO,Z[O6HOFO THIIAa YUCIIMTCIIb U 3HAMCHATCJIb ACIAT ITIOYJICHHO Ha Xn,
raen -CTEIeHb MHOIOYJICHA B 3HaM€HaT€JI€.PaSIIGHI/IM YUCJINTCIIb U 3HAMCHATCJIb Ha

2
Ha X . B pe3ynprare noiay4nm:

12x24+5x . L2
lim 5 =lim
x—>oo_4x +7 X—>00

i
X :12+O:
_4+l2 -4+0

X

Tak kak, mpu X — 0 GyHKIIUU S lz CTPEMSATCS K HYJIIO.
X X

. - Iimx3_4X2_3X+18
nuMmep 2. C :
p p BIYUCIIUTD Tpesiest [ %3 _5x2 +3x+9

HpI/I IIOACTAaHOBKC MpcacjibHOrO 3HA4YCHUA 4AprymecHTa mojaydacm

HCOIIPCACIICHHOCTD BH}I&% ) yTOOBI €€ PACKPBITH PA3JIOKUM YUCIIUTCIIb U 3BHAMCHATCIIb

Ha MHOXXHUTCIIN:
x® —4x2 —3x+18 = (x - 3)(x? —x - 6)
X* =5x? +3x+9 = (x—3)(x* - 2x - 3)
x*—4x* -3x+18  (x-3)°(x+2)
x°—5x*+3x+9  (x—3f(x+1)
COKpaTHM YHCIMTENb W 3HAMEHaTenb Ha MHOXuTens (X—3), B pesyabrare

MOJIYYUM:

o xX3—4x*-3x+18 .. x+2 5
lim 3 > =lim——=—
>3 x° —5x“+3x+9 =3 x+1 4

(x=3)x=3)x+2)=(x-3)(x+2)
(x=3)x=3)x+1)=(x-3)*(x+1)

IXx+13-2/x+1

Ipumep 3.Berancnuts npegen lim

3 3/X2 _9
IIpy  nmoxcTaHOBKE  MPENEIBHOTO  3HAYECHUS  apryMeHTa  II0Jy4aeM

HCOIIPCACICHHOCTDb BI/II[a% ) YTOOEI €e PACKPBITh YMHOKHUM YHUCIIUTCIIb U 3HAMCHATCJIb

14



Ha BBIPAXXCHUC, COIIPSAKCHHOC YUCIUTCIIIO,a BBIPAKCHUC, CTOAIICC B 3HAMCHATCIIC
Pa3JI0OKUM Ha MHOXHUTCIIN.

Jx+18-2Vx+1 . (Jx+18-2x+1|x+13+2/x +1)
lim =lim

=5 3fxi_g o8 3f(x=3)Yx+3)Wx+13+2vx+1)

:I'rr;3 - _3X+9 =1lim ~3x-3) -
x> \/X_3\/x+3(\/x+13+2\/x+1) x-3 (x—3)%(x+3)%(\/x+13 +2Jx+1)
1
— lim ~3(x-3) =0-

1

" (x+3)5(\/x+13 +2\/x+1)

. sin 3x
lim .
x—=0 4x

IIpumep 4.BorauciauTs npeaen

. 0
Nmeem HCOIIPCACIICHHOCTL BHIA 6, PpaCckpocM €€ C IIOMOIIbIKO IICPBOI'O

3aMCcyYaTCIbHOI'O Hpe):[ena.

. sin3x .. 3sin3x 3, sin3x 3
lim = |lim =—I|im =—.
x—0  4x x>0 4.3x  4x-0 3X 4

- 5 B lim 2Xxsin X
nmMe . BIYUCJIUTH IIPCACI - .
p p peael 0o 1—cosx

Bocnonb3yemcst TpHroHOMeTpUYeCKUMH (POPMYITaMHU:

L, X : X X
2sin® = =1-cosX; sin x = 2sin 5 C0S~ . B pesyneTate moytmM

Iim—= =lim 2 _lim— 2
x—=>0 11— Cc0oS X x—0

. X X X
2%sin x [0} 2x-25|nEcos— 2x~cosE
0]

2sin? X sin X
2 2

' X
2I|mcos§ 21

x—0
= 4
sin5 1-1
. lim—2 2
2 x—0 5
2

I —1 2x-1
IIpumep 6.Boranciuts npenen )![)noo( I 4] :

. 0
HOI{CTaHOBKa MNpeACIbHOTIO 3HAYCHUA MPUBOANUT K HCOIPCACICHHOCTHU B A 1

J.IJBI eé PACKPBITHUA BOCIIOJIB3YCEMCS BTOPBIM 3aMCUYATCIIBHBIM IIPCIACIIOM.

15



Iim 3 4 = 2x
X—>00 X + X—>00 1 x—-o\ 3X + 4 I L
3x i
2

-3x\ 3
lim (1+ 1j _2
X—00 - 3X e _%

3x )3 e3 g3

Bonpocwl u 3a0anus.

[HEN

. Onpenenenue npenena QyHKIUU.

2. OcHOBHbIE CBOICTBA IIpeieN0oB GYyHKIUM.
3. Metoabl BBIYUCICHUS PEETIOB PYHKIUH.
4. TlepBbIit 3aMedaTeNbHBIN TIPEICII.

5. Bropoii 3aMeuaTenbHbIN Mpees.

Boeraucnuts npenenst GyHKIHMA.

2 2
1lim X2 5 limX_ =49
x>4 3x —4 x=>7 X—7
22X +x-1 3/x —
3. lim= X 4. limX=6+2
X_%ZX +5x-3 -2 x%4+8
. 5x*+4x-8 2x2 —2x+ 4
5. lim ) 6. lim .
x> 8x% +6x° +1 x4 5 X —+/x—3
> i
7.lim X +1+\/§. 8_"msm5x_

X—® 4/X3 L x —x2 x—0 §in 2X

. 1-cosx . tgx—sinx
gnllm—z. 1O-Ilmg—3-
Xx—0 X X—0 X
2
ox24+2Y - s
11 lim| =——= | . 12.I|m(1+2)€)x
X300 2X2 _1 x—0

16



PexomeHIyeMble UCTOYHUKN HHPOPMALTUT
(Ne ucTrouHUMKA)
OcHoBHas JlomonHUTENbHAS MeTtoauueckas WuTepHeT-pecypch

1 1 1,2 1,2

IIpakTuyeckoe 3ansaTue 4.
Tema 3anamusn. [lpousBoanas u auddepenuan GyHKIUU OAHOU EPEMEHHOM.
Iens 3anamun. CHopMUpoBaTh HABBIKA BBIYMCICHUSI MPOU3BOIHBIX CIOKHOU

GyHKUIUU.
B pezynomame oceoenua memvl 00y4arOuiuiica 00aMHcen:

3HaTh:

- TaONMILy TPOU3BOAHBIX U MpaBuiia AuddepeHurnpoBaHusl.

Ymern:

- HaXOJUTh NIPOU3BOJIHBIE CIOKHBIX (QYHKIHUH.

Baapers:

- CHOCOOHOCTBIO pelIaTh CTaHJapTHbIE 33aaul NPOodeCCUOHATBHON IeATEIbHOCTH Ha
OCHOBE HMH(POPMAIMOHHON © OubIHOrpaduyecKoil KyJbTyphl C MPUMEHEHHUEM
UHPOPMAITMOHHO-KOMMYHUKALIMOHHBIX ~TEXHOJIOTMH M C yYE€TOM OCHOBHBIX
TpeboBaHui nHGOopManmonHoi 6e3omacHocTH (OITK-6);

- HaBblKaMH cOopa, o0pabOTkuM uH(pOpMAIMUM W y4acTHss B HUHGpOpMaTH3aLUU
JESTEeTbHOCTH COOTBETCTBYIOIINX OpraHoB BiacT u opranuzanuii ([1K-26)

Axmyanvnocmos memul. [Ipou3BoaHAs CIOXKHONW (YHKIMHU HCIIONB3YIOETCA B
yIPaBJIICHYECKHX 3a/1a4dax.
Teopemuueckasa uacmo.
Onpeodenenue npouzeoo0HoU
Ilpoussoonoi  ¢ynxkyuu 'y = f (x) Ha3pBaeTCs mpeaed  OTHOIICHUS
npupamieHuss (GyHKIUA K COOTBETCTBYIOIIEMY NPHUPAIICHUIO apryMeHTa, KOTna
pUpaIieHue apryMeHTa CTPEMHUTHCS K HYJIIO:
)= lim 2= lim LS00
Ax—0 Ax—0 .
Ecnu 3TOT mpenen KOHEeUHbI, TO MpOu3BoIHAsA cymiecTByeT U pynkmus f (Xx)
Ha3biBaeTca nquddepennupyemoit B Touke X. [IpomsBoanHas o6o3HagaeTcsy'(X) wim

(;I_y. [Ipomecc HaxokaAeHWS TPOU3BOJAHONW HaszbiBaeTcs AuddepeHIIMpOBaHUEM
X

byHKIINN.
lIpasuna oughgepenyuposanus gynxyuii
[TyctelCeR— mocrostHHast, u = u (x), V = V(X) — QYHKIHH, UMEIONIUEC
MIPOU3BOIHBIC.
1.C"=0. 2. (Cu)'=C-u'.

17



.(uxv)' =u'"£ V. 4. (u-v)'=u"-v+u-v’.

IIpasuno oughghepenyuposanus cioxicHou hynkyuu
Ecm  ¢yskmus Yy = f(u) muddepennumpyema mou, a QyHKIUAU = @
(X)muddepennupyemano x, TO mnpousBoaHas ciokHod ¢yukuuny = f(o (X))
onpenaensercs popmyinoit y' =f' (u) - u' (X) .
Tabauya npou3800HbIX CLONHCHBIX QYHKYUL

1 W) =nu"'u",
!

1a, (ﬁ) =l 16, ) = (4] =—u.

2\/_ u2
2. ( ) Ina-u’. 2a. (e“) =e' .U,
u!
4. (smu) =Ccosu-u’. 5. (cos u) =-sinu-u’,
6. (tgu) =—YU. 7. (ctgu) =
(tgu) o5y ( g) stU

' 9. (arccos u)' S—

N{=TE

11. (arcctgu) = —1}3{;2 :

8. (arcsinu) =—U

Vi—uz

10. (arctgu) = L‘LJL;Z :

Ilpouzeoonvie 6mopoeo nopsoka

IIpouseoonoii emopozo nopsoka (eémopoii npouz600Hol) OT GyHKIHH Y = f(x)
Ha3bIBAETCS MPOU3BOJIHAS OT €€ MPOU3BOIHOM, T. €.

P00 =(f'(x)".

BTopyio mpon3BoaHyio Takke odosHagaior Y (X) wmim

2
d Z [IpousBogHas oT

HpOHSBOI[HOfI BTOPOTO IIOPsAJKa HA3bIBACTCs np0u3600H0ﬁ mpembeco I’lOpﬂaKa nT. IO
n

dy

[Ipou3BoaHyIO N-TO MOpsiiKa 0003HAYAIOT y(”) (X) nnu -
X

[Toka)keM Ha TpPUMEpax, Kak CIEAyeT IOJIb30BaThCs IMPUBEIACHHBIMHU BBIIIIC
dbopmyamu.
o 2 2
IMpumepl. Haiitu npoussoanyro: Y =C0S™(X").

y' = 2cos(x?)- (cos(x ))’ 2c0s(x )(—sin(xz))'-(xz)’=—2x-sin(2x2).

Mpumep 2. Haittu npoussomuyro: Yy =arcsin+/x
18



, 1
o b ok
N

IIpumep 3. Haiitu npousBoaHyo: Y = In(arctg\/x —1).
Pemenue.
laretgyx-1) 1 (Wx=1) 11
arctgy/x -1 arctgy/x -1 4 (m)' arctgyv/x =1 2+/x% — x2

X X
Ipumep 4. Haiitu npoussoanyio pyukiuu Y = Inig 5 -

sin x
y = 1 1 1 sinx—Xcosx 1 SINX—XCOSX  SiN X—Sin X+ XCO0S X
=Ty T w5 -2 - - - 2 - -2 -
tgi cos2 X 2 sin® X 2sin X cos X sin® X sin® X
2 2 2 2
_ XCOSX
sin?x
. 2x*
IMpumep 5. Haiitu npousBonHyto GyHKIHH Y = arcl‘g1 T
—X
y = 1 8x°(1—x°)—(-8x")2x"  (1-x%)*(8x°-8x'" +16x") 8x*+8x'"
L 4x® (1—x®)? (1+ x%)?(L— x%)? (1+ x%)?
(1-x%)

8L+ x%)  8x
1+x5)?  1+x®

Bonpocut u 3a0anus.
1. [ladite ompeaenceHue MPOU3BOIHON (PYHKIIUM B TOUKE.
2. ChopmynupyiiTe OCHOBHBIC TTpaBuia nuddepeHInpoBaHms.
3. 3amumuTe TabIUITy MPOU3BOIHBIX.
4. Kak ompeaensercs MPOU3BOHAs BTOPOTo, N-T0 MOpsiaIKa?

Haiitu npou3BogHy10 GyHKIUU.
=] 2
1. y=3I13+4%2x] . Otset:y' = :
( ) Ux? -4/3+ 43/2x

1

. O VA ——
g TBET: Y \/m
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3. y=arct .0 = .
y 9 z OTBeT: Y 2-2x% +x*
3
2_2 , X
4. :Inx—. OtBeT: Y = .
g J(6-2x) T 2ex)
) 2
5. Y =InIntgX Orger: y' = ————.
sin 2x Intgx

1
1 arcsin=
arcsin— X

6. Yy=¢€ *Orger: Y = ——F—=
Xa/x% =1

PexomenryeMble HCTOYHUKN HHPOPMALIUT
(Ne ucrounmka)
OcHoBHas JlononxuTenbHas Meroanueckas NHTepHeT-pecypcesl

1 1 1,2 1,2

IIpakTnueckoe 3ansTHE 5.

Tema 3anamusa. MeToabl UCCJIEIOBAHUSA U IOCTPOECHUS IPaPUKOB PYyHKIUM.

Ienv 3anamua. OopMmupoBaHHE HABBIKOBIPUMEHEHUS Tud(epeHInansHOTo
UCYHCIICHUS K TIOCTPOCHHIO TpaduKkoB (HyHKIIUH.

B pe3ynomame oceoenusn memul 00y4arOuuiics 001:4CeH:

3HaTh!
-OnpefielieHne JKCTpeMyMa (yHKIMH, TOYKM TMeperuda, acUMITOT, CXEMY
UCCJICIOBAHUS U TTOCTPOCHUS TPAPUKOB (DYHKITHIA.
Ymern:
- IPOBOJIUTH UCCIIEOBAHUE U MOCTPOCHHE IPaPUKOB (PYHKIUH.
Baanern:
- CIOCOOHOCTBIO pelllaTh CTAHAAPTHBIEC 33a/1a4l MPOPECCUOHAIBHON IEATEIbHOCTH Ha
OCHOBE MH(POPMALMOHHON u OubIMOrpaduyecKoil KyJIbTyphl € MPUMEHEHUEM
WH()OPMAIIMOHHO-KOMMYHUKAITMOHHBIX ~TEXHOJOTMA W C Y4E€TOM OCHOBHBIX
TpeboBanuii nuGopMarmonHoi 6e3omnacHoctu (OITK-6);
- HaBbIkKamMu cOopa, o0OpaboTku wuHbOpPMAIMKM W ydacTHs B HHGOpMATU3AIUU
JeSITEIBHOCTH COOTBETCTBYOIINX OPraHOB BiacTH u opranusaiuii (ITK-26)

Axmyansnocms memsl. ViccienoBanne u moctpoeHue rpadukoB  (QyHKIUI
UCTIOJIb3YETCS B 9KOHOMHUYECKHX 3a/1auax.
Teopemuueckasn uacmo.

Paccmorpum  ¢QyHkuutoo vy = f(x), HempepbiBHyr0o B Touke Xp. Touka X
Ha3bIBACTCS Moukou makcumyma (munumyma) @ynkyuuy = f (x), €CIH CyIIECTBYET

TaKasi OKPECTHOCTh TOUKH Xy, UTO AJIs BceX X # XgH3 3TON OKPECTHOCTHU BBIMOJIHSIECTCS
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mepasenctso f (X) < f(Xy) (f(X)> f(X,)). 3Bnauenue dynkuum B Touke MakcHMyMa
HA3BIBAETCA MAKCHUMYMOM OYHKIHH: Ymay = f (Xpay) .3HaueHue GyHKIME B TOuke

MHMHHMyMa Ha3biBaeTcs MUHEMYMoM GyHKmmn: Ymin = f (Xpin ) -

Toukn MakcuMyma ¥ MUHUMyMa (DYHKIIMH Ha3bIBAIOTCS MOUKAMU IKCMPEMYMA
¢ynxyuu. 3HayeHuss PyHKIMM B TOYKAX 3KCTPEMyMa Ha3bIBAIOTCS 9KCHMPEMYMAMU

dynKyuu.
Ecin gyHknus y= f(x) uUMeeT B TOuke X; IKCTPEMyM, TO f '(XO) =0 wm
f '(XO) HE CYIIECTBYET — HeoOxo0umoe yciosue sxcmpemyma. OTcroqa ciaeayer, 4To

TOYKHM AKCTpeMyMa (DYHKIIMHU CIeayeT UCKaTh TOJIBKO CPeld TeX TOYEK, B KOTOPBIX
Opou3BOAHAs (PYHKIMU paBHA HYJIO UM HE CYIIECTBYET, TAKUE TOUKU HA3bIBAIOTCS
Kpumu4eckumu Wil CmayuoHapHblMy TOUYKaMu QyHKIUH.

Ecnu QyHkuust y = f(x) HenmpepblBHA B HEKOTOPOW OKPECTHOCTH KPUTHUECKOM

Touku Xy U quddepeHnrpyemMa B 3TO OKPECTHOCTH (32 UCKIIFOUEHUEM MOXKET OBITh,
camoii Touku Xj) U eciu npu nepexozie X yepes Touky Xp(ciaeBa HampaBo):

!
1) f (X) MEHSET 3HAK C «+t» Ha «», TO TOYKa Xy€CTh TOYKAa MaKCHUMyMa

byHKIMH,
!
2) f'(X) mensier 3Hak ¢ «—» Ha «+», T0 TOUKA Xp€CTh TOUKa MUHUMYMa (DYHKIIVH,

3) f '(X) me mensier 3HaK, TO B TOUKe Xy pyHKIHSA HE UMEET FKCTpeMyMa.
Ecnn B kputnueckoi Touke Xy GyHKUusA y = f(x) ABaxapl AuddepeHuupyema,

TO OIPENIEINUTh XapaKTep AIKCTpeMyMa (ecii B ToUKe Xy (DyHKLUU UMEET IKCTPEMYM)
MO>KHO IO 3HaKy BTOPOM MPOU3BOJIHOM:
"
1) ecm f"(X) <0, o Xy — Touka MakcuMyma pyHKIHH,

2) ecmu T"(Xy) >0, To Xy — Touka MuEEMYMa yHKIHN.

['padux dynkmun y = f(x) Ha3pIBaeTCs BBIMYKJIBIM BBEPX Ha HHTEpBaie (a; b) eciu
B Tpejiesiax 3Toro uHrepBajia rpaduk GyHkuuu y = f(X) JeKuT HUKe JII000H cBOE
KacaTeJIbHOM.

['padux Gpynkium y = f(x) Ha3pIBaeTCs BBHITYKIBIM BHU3 Ha HHTEpBae (a; b) ecnu
B TIpe/eNiax 3TOro MHTepBaia rpapuk GyHKIuu y = f(X) JeXKUT BhIIIE JTH000M CBOEH
KacaTeJIbHOM.

Touka rpaduka ¢pyakmun y = f(x) Mo (Xo; f(Xo)) Ha3bIBaeTCs TOUKOU nepesuba
rpaduka, eciy MpH Mepexoie X uepes3 Xo rpaduk MEHsET HANPaBICHUE BBHITYKIOCTH.

B touxe meperu6a X Bropas npomssoanas Gynkuun f para mymo  f"(X,) =0

(HeoOXxoaMMOE yCIIOBHE Tieperuda).
Ecnmu BTOpas mpousBogHas f'(x) ABaxAbl auddepeHrmpyeMoi QyHKIUU Mpu

nepexojie uepe3 TOUKy X, MEHsET CBOM 3HaK, TO TOUYKaX,eCThb TOUKa reperuda eé
rpaduka (ocTaToOuHOE yCIOBUE TIEperuda).

Aneopumm uccneoosanusi yHKYUU Ha 8bINYKIOCHb
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u moyku nepeauba

1. HaxoauMm BTOPYIO MPOU3BOJHYIO (DYHKIIUH f "(x).

2. Haxogum TOYKM, B KOTOPBIX BTOpas MPOM3BOJHAs paBHA HYII MW HE
CyILIECTBYET.

3. Uccnenyem 3HaK BTOPO MMPOU3BOJAHOMN CJIEBA U CIIPaBa OT HAMICHHBIX TOYEK H
JiesiaeM BBIBOJ 00 MHTEpBalax BBIMYKJIOCTH U HATMYMU Touek neperuda. Ecnu Bropas
pOU3BOHAsE OyJE€T MEHATh CBOW 3HAK C IUIKOCAa Ha MUHYC WJIM C MUHYCA Ha IUIIOC B
UCCIIeyeMO TOUKe, TO 3Ta TOUKa U OyAeT Toukoi nepernda rpaduka Gpynkuuu. Ecnu
BTOpasi MPOU3BOIHAS 3HAKA HE MEHSET, TO (PYHKIMS HE UMEET TOYEK eperuoa.

Acumnmompsi epaguxa ynxkyuu
[Mpsimas LuaswiBaercs acumntoroit kpuBoit Yy = f(X), ecnu paccrosiHue OT TOUKH
M(X; Y) kpuBoOIii 10 3TO¥ TPsAMOH LeTpeMuUTes K HyJTH0 IPU HEOTPAHUYCHHOM YIalICHHN
ATOM TOYKH 1O KPUBOU OT Havana KoopauHar. [Ipsmas X = asBusieTcs epmuKkaibHoll
acuMnToTO# KpuBo# Y = f(X), ecinu BBIOIHSETCS XOTS OBl OJJHO U3 YCIIOBUIL:
lim  f(x)=+o0 (1 — o)
x—a-0
lim  f(x)=+oo (s — o)
x—a+0
[Mpsmast y = kx + b maknonnas acummnrora kpuod Yy=f(X) mpu X =+ (mpu
X — —00), eCJIM BBIMOJHSAIOTCS YCIOBUS:

lim @:k u lim [f(x)-k-x]=b

X—>+00 X X—>+00
im )k im [f()—k-x]=b |
X—>—00 X X—>—00

YacTHbeIM cilydall HAKIIOHHOM aCUMIITOTHI IIPU k=0u bzo - 2OPU3OHMANIbHAA
acumrmitora y = b,

Obwas cxema ucciedo8aHus
u nocmpoerus epagurapyuxkyuu

1. Haiitu obnacte onpeneneHuss QyHKIMH.
2. HccnenmoBath (QyHKIMIO HA YETHOCTh U HEYETHOCTD, IEPUOTUIHOCTD.
3. HccnenoBath (GyHKIIUIO HA HEPEPHIBHOCTD U BEPTHKAIBHBIC ACUMIITOTHI.
4. HccnepoBath nosenieHrue GyHKIMH Ha OECKOHEYHOCTH, HAUTU TOPU30HTAIbHbBIE
Y HAKJIOHHBIE ACUMITOTBHI.
5. Haiitu sxcTpeMyMbl U1 THTEPBAJIbl MOHOTOHHOCTH (DYHKITUH.
6. Haiitu uHTEpBaJIBI BRIMYKIOCTH (PYHKIIMU U TOUKHU TIeperuoa.
7. Haiitu Touku nepecedeHus: GyHKIUU C OCSIMU KOOPIUHAT.
8

[TocTpouTts rpaduk GyHKIHH.

3x% —Xx+2
x—2
HaitnemoObnactes onpenencHus QyHKIUHA D(y) = (— 0, 2)U (2 '+ OO).

IIpumep 1. Haiitu acumntoTsl rpaduka QyHKIMU Yy =
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Xg =2ecTh Touka paspbiBa rpaduka (GYHKIMM, 4epe3 Hee MOKET HPOXOMHTH

BCPTUKAJIbHAA ACUMIITOTA.

2_
Haiizem lim ()= lim =X “2:[120

} = —00,CJIEA0OBATCIIbHO, IIpsAMas
X—>x0—0 x—2-0 X—2

Xo =2 ABISETCSA BEPTUKAILHON ACUMIITOTOIA.
Haiinem HakiioHHyI0 acuMnToty:y = KX + D

2
e tim ) i w:m:

pa3acinMm YUCINTCIIb

X 3HAMCHATCJIb Ha X2

X—>+00 X X—>400 X—2)X 0
(x—>—0) (x—>—0) ( )
3— 1 + %
= lim —X X =3
X—>+00 1_3
(X_>700) X
2 2 2
b=lim [ f(x)—k-x]= lim M—3><j: jim X TX+2TIXHOX_
X—>+00 X—>-+00 X— X—>+00 X—2
(x—>—0) (x—>—0) (x—>—)
5 + 2 542
lim = lim —X=5
X400 X—2 X—>+0 4 g
(x—>—o) (x—>—o0) X

Hammm, ytok = 3 u b = 5, cienoBarenbHo, ypaBHEHNE HAKIIOHHONW ACHMIITOTHI
umeeT Bugy = 3 X + 5.

Bonpocwl u 3a0anun.

1. Ompenenenue s3kcTpeMyma QyHKITHAH.

2. Ompenenennie TOYKU nepernda rpaduka GyHKIHH.

3. Aaroput™ uccienoBaHus QYHKIIMH Ha BHITYKIOCTh U TOYKU TIEpernoa.
4. AcumnTotsl rpaduka GyHKIHH.

5. OOwmas cxema HcclieJOBaHUs U TOCTPOeHUsl rpaduka GyHKIHUU.

Haiitu sxctpemymbl yHKITHI:

1 1 1 1
1 y=-x3-=x%-2x. 2. y:§x3+5x2—6x.
Haintu HHTCPBAJIbI BBIITYKIIOCTH, BOTHYTOCTH H TOYKH HCpCPPI6a Fpa(i)I/IKa
byHKIUY:
x* 2 3 2
1. y:E_ZX : 2.y=X —-5X"+3x-5

Haiit acuMntoTsl rpaduKoB cieayomux GyHKIAN:
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2 —x? 5 5x% +2x -1

_ . y - .
X+3 1-x

HccnenoBath PyHKITUIO U IOCTPOUTH €€ rpaduK.

1.y:

X 2
lLy=—". 2.y =3x{1-x%).
3(x+2)
Pexomenayempie HCTOYHUKN WH(MOPMAITUU
(Ne ucrounuka)
OcHoBHas JlononHuTEIbHAS Mertonuueckas NutepueT-pecypcbl
1 1 1,2 1,2

IIpakTHuyeckoe 3ansTue 6.

Tema 3anamusn. BepoATHOCTHBIE MOJIEIIA IPOLIECCOB YIIPABJICHHUS.

Ienv3anamusn. 3akpenuTb HABBIKM MNPUMEHEHHS BEPOATHOCTHIX MoOJENEH B
npoleccax yrnpaBieHUs.

B pezynomame oceoenun memvl 00yuarouiuiica 00aM4cen:

3HaTh:

- OTIPE/ICIIEHUE TEOPEM CIIOKEHUSI M1 YMHOKEHUSI BEPOATHOCTEM.

Ymerb:

- IPUMEHATH TEOPEMBI CIOKEHUS U YMHOKEHHSI BEPOSATHOCTEN.

Baagerts:
- CHOCOOHOCTBIO pelIaTh CTaHJapTHBIE 3aa4l NPOodEeCCHOHATBHON IeATEIbHOCTH Ha
OCHOBE MH(POPMALMOHHON U OuOAMOrpapuyecKoll KyJIbTyphl € HNPUMEHEHUEM
UH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX ~ TE€XHOJOTUA M € YYE€TOM OCHOBHBIX
TpeboBaHui nHGOopManmonHoi 6e3omacuocTr (OITK-6);
- HaBblkKaMu cOopa, o0paboTku uHGOpPMAMM W ydacTHs B HHGOpMATU3ALUU
JESITETbHOCTH COOTBETCTBYIOIINX OPraHoOB BiacTH u opranusanuii ([TK-26)

Axmyanvnocmos memwl. Teoprs BEPOATHOCTEN HCIOIB3YETCSA B pacyeTax.
Teopemuueckan uacmo.

Knaccuueckoe onpedenenue seposmuocmu.

Beposmnocmuv cobvimus A onpenensiercs Gopmyoit

P(A):%'

7€ M — YUCII0 3JIEMEHTAPHBIX COOBITUM, OJIArONPUSATCTBYIOIINX MOSBIECHUIO COOBITHS
A, N — YKCIIO BCEX JIEMEHTAPHBIX COOBITHH, BXOAIINX B Q.

370 onpesiesieHne Ha3bIBACTCS KIACCUUECKUM ONpeoeleHUeM 8ePOSIMHOCHIU.

N3 onpeneneHns BEpOSITHOCTH BBITEKAIOT CIEAYIOLINE €€ CBOWCTBA:

1. Bepossmuocms 0ocmosepHo2o cobbimus pagHa eouHuye.

JleficTBUTENBHO, €CIM COOBITHE JOCTOBEPHO, TO BCE JIIEMEHTAPHBIE COOBITHS
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0JIaronpusTCTBYIOT eMy. B 3TOM ciydyae M=n wu, cieaoBaTeIbHO,
py="="21.

n n
2. Beposamnocms He803M0#CHO20 COOLIMUSL pABHA HYTIO.
JleficTBUTENBHO, €CITU COOBITHE HEBO3MOXKHO, TO HA OJHO 3JIEMEHTApHOE COOBITHE HE
OaronpusTcTByeT emy. B aTom ciiyuae m=0 u, cie1oBaTenbHO,

p(@):%:%:o.

3. Beposmnocmb cyyaiinoeo codvimus ecmsb NOJONCUMENbHOE YUCTO, 3AKTI0UeHHOe
MexHcoy Hyiem u eOuHuyell.
JleicTBUTENBHO, CIydyaifHOMY COOBITHIO OJIAarONMPHUATCTBYET JIMIIb YacTh W3 OOIIEro

o m
YyHciia 3JIEMEHTapHBIX coObITHI. B aTOM cityyae O < m < N, a 3Ha4uT, 0 < — <1 H,
n

cnenosarensro, 0 < P(A) <1
HTak, BEpOATHOCTH JIHOOOT0 COOBITHS yIOBIETBOPSET HEPABEHCTBAM

0<P(A)<1

Ecnu nmpocTpaHcTBO Q COAEPKUT OECKOHEYHOE MHOKECTBO DJIEMEHTApHBIX COOBITHI,
TO HCIIOJIB3YETCS T€OMETPUUYECKOE OIpPENEICHUE BEPOSTHOCTH, KOTJa BEPOSTHOCTH
NOMNaJaHusl TOYKU B JIFOOYIO 00JIaCTh MPONOPUUMOHAIBHA MEpe 3TOM YacTH (IJIMHE,
IUIOLIAAN, 00bEMY) U HE 3aBHCHUT OT €€ PacIoOXKEHUs U (POPMBI.

mesg

P(A) - m , IAC MES — MCpa IJIMHBI, IJIOIIAAH, O6’E>€Ma, g — 4acCThb oo6mactu G.

esG

Ipumep 1. Bpocaercs urpanbubiii KyOuk. [IpocTpaHCTBO AiIeMEHTApHBIX COOBITHIA,

OTBEYAIOIIEE JAHHOMY DKCIIEPUMEHTY, UMEET CIEY IOt BUL:. Q = {@,, @,,..., g} .
[Iycth coObiTHe ACOCTOMT B MOSIBJIEHUM 4YETHOro yucia ouykoB. CoObiTHe A ecTb

\
NoAMHOKECTBO. Q, A={®,, ®,, &, }.

DneMeHTapHble COOBITHS, BXOSALIME B COCTAB CIYyYalHOTO COOBITHS AHa3bIBAIOTCS
COOBITUSIMU, OJ1aconpusmcmeayowumy NOsIBICHUIO coObiTHs A. J[Ba MM HECKOJBKO
COOBITUI B JAHHOM ONBITE€ HA3BIBAIOTCA PABHOBO3ZMOMCHLIMU, €CIH IO YCIOBUAM
CUMMETPHH OIbITAa HET OCHOBAHUI CUYUTATh KaKoe-TM0o coObITHE 00JIee BOBMOKHBIM,
4yeM J11doe Apyroe.

Ipumep 2. B norepee paspirpsiBaetcs 1000 ouneroB. Cpeau HUX 2 BRIMTpbIIIA 110 50

py6., 5 — 20 py6., 10-10 py6., 25-5 py0. Hekro kymun omun Owser. Haittu
BEPOSITHOCTD BBHIUTPHIIIA HE MeHee 20 pyOiei.

Pemienue.

ITo ycnouto: 1000 = 250+520+1010+255+958uponrpsm.

[Tycte A- uckomoe coObiTue. Boiurpoiimn He menee 20 pyosield — 310 Bburpsii B 20
pyOnel, KOTopelii BcTpewaeTcs Mi=5 pa3 u BeArpsill B 50 pyOnel, KOTOpPHIA

BCcTpeuaeTrcs Mp=2 pasza. Torma m=m: + m2.n=1000 - oOmiee KOIUYECTBO BCEX

ouIeToB. P(A) =" = 5t2 0,007.

n 1000
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Ipumep 3. 13 90 cmydailHO OTOOpAaHHBIX OJWHAKOBBIX JI€Talel BBIABICHO 3

OpakoBaHHBIX. OTHOCHUTENbHAS YACTOTa OPaKOBAHHBIX JETANICH paBHA
WA= -1,
90 30
[Ipu yBenwyeHWM 4YHWCIAa UCHBITAHUN (OMBITOB) HAOMIOAACTCS YCTOWYHUBOCTH
OTHOCHUTEIIbHON 4acCTOTHI, T.€. CYIIECTBYET HEKOTOpas MOCTOSIHHASI BEJIMYMHA, OKOJIO
KOTOPOM TpyHIUpyeTcss OTHOCUTEIbHAs 4YacTOoTa U K KOTOPOM OHa Bce OoJiblle
NpUOIIKACTCS C YBEIMYCHUEM 4YHCiIa HMCHBITAaHUW. Ta TOCTOSHHAS BEIMYMHA
HA3bIBACTCA  BEPOSMHOCMbIO  CAy4AUH020  cobvimu U 00o3HaudaeTcsP(A).
PaccMoTpeHHOE€  TMOHSITHE  BEPOSTHOCTH  CIYYaHOTO  COOBITHS  SIBIIAETCS

CTaTUCTHUYCCKHUM OIIPCACIICHUCM BCPOATHOCTH.

[Tycth coObiTHsI A 1 B — HECOBMECTHBIC, TPHUUEM BEPOSITHOCTH STUX COOBITHIA
nanbl. Kak HallTH BEPOATHOCTH TOTO, YTO HACTYHUT JUO0 COOBITHE A, THOO COOBITHE
B, T.e. BEpOATHOCTb CyMMBbI 3THUX COObITHH A+B? OTBET Ha 3TOT BOMNPOC JAET
cieaypomas Teopema.

Teopema cJI0KeHUSI BEPOSITHOCTEl HECOBMECTHBIX COOBITHIl.BeposmHocmo
CYMMbL 08X HECOBMECHHBIX COOLIMULL PABHA CYMME BEPOSIMHOCMEN IMUX COOLIMULL

P(A+B)=P(A)+P(B).
Teopema yMHOXeHHSI BepPOSTHOCTEH He3aBHCHUMBIX COOBITHH. Beposmnocmu

npouzseoenusi 08yX He3ABUCUMBIX COObIMULL PABHA NPOU3BECOCHUIO BEPOSMHOCHEl
SMUX COObIMULL:

P(AB)=P(A)-P(B).
CaeacrBue.Bepoamuocms npouzeedeHus HeCKOIbKUX He3A8UCUMBIX COObIMULL paBHA
NPOU3BEOEHUIO 8EPOSIMHOCIEN IMUX COObIMULL

P(A-A-...-A)=P(A)-P(A)-...- P(A)-
Teopema yMHOMKEHUSI BepPOSITHOCTEH 3aBHCHMBIX COOBITHH. Beposmnocmo
npou3eeoeHUs: 08YX 3a8UCUMBLX COObIMULL PABHA NPOU3BEOCHUIO 8EPOSMHOCHIU OOHO2O
U3 HUX HA YCIOBHYIO 8EPOSMHOCHb OPY2020, GLIYUCIIEHHYIO 8 NPEeONON0NACEHUU, UMO
nepgoe cobvimue yoice HACMynuio:

P(AB) =P(A/B)-P(B)-

IIpumep 1. B ypue 30 mapos: 10 kpacHbIX, 5 cunux u 15 6enbix. HaiiTu BeposiTHOCTD
NOSIBJICHUSI IIBETHOTO 11apa.

[TostBnieHne BETHOTO 11apa 03HAYAET MOSIBICHUE MO0 KPACHOTO, INOO CUHETO I1apa.
BeposTHOCTh MOsIBIICHUS KpacHOTO 1apa (coObiThe A)

P(A) = 10 = E
30 3
BeposiTHOCTB MOsIBIICHUS CHHETO I11apa (coObiThe B)
5 1
P(B)=——=".
() 30 6

CoObiTust A 1 B HecoBMeCTHHI (TTOSIBJICHUE IIapa OJHOTO I[BETA UCKITIOYAET MOSBIICHUE
miapa JIpyroro 1Bera), I0O3TOMY UCKOMAasi BEpOATHOCTh paBHA
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1 1 1
P(A+B)=P(A)+P(B)= 3+ ey
Tak Kak NpOTHUBOIMOJIOXKHBIE COOBITUSI BMECTE 00pa3yIOT JOCTOBEPHOE COOBITUE, TO
P(Q)=P(A)+P(A) =1,
03TOMY
P(A)=1-P(A).
ITpumep 2. BeposTHOCTH TOTO, YTO JICHb OYAET A0KTHBBIM, paBHa [) = 0,3. Haiiru

BCPOATHOCTD TOI'O, UYTO ACHDb 6YI[GT SICHBIM.
CoOpITHSA «IOCHb HO)KﬂHHBBIﬁ)) n «IACHb SICHBIMY) — IMPOTHUBOIIOJIOXKHBIC, ITO3TOMY
HCKOMas BEPOATHOCTL paBHA

qg=1-p=1-03=0,7.
IIpumep 3.MuiieHb COCTOUT U3 TpeX 30H. BeposTHOCTH MOMagaHus B IEPBYIO 30HY
npu oxHoMm BeicTpene paBHa 0,15; Bo BTopyro - 0,23; B tpersto - 0,17. Haittu
BEPOSATHOCTH ITPOMaxa.
O6o3HauUM  CcOObITHE A - npomax, A - ToNajaHWe B MHUIIEHb. Toraa

A=A +A,+A;, rne A, A,,A; - nonaganue COOTBETCTBEHHO B NEPBYIO, BTOPYIO
1 TpeThIo 30HEL [10 TeopeMe ClI0KeHHs BEPOSTHOCTEI!:

P(A)=P(A)+P(A,)+P(A,) =015+0,23+017 = 0,55

OTKyJia P(A)=1-P(A)=0,45

[TycTh mpou3BOAMTCS N HE3aBUCUMBIX MCHBITAHUN, B KaXKIOM W3 KOTOPBIX
coObITHE A MOXeT nubo mpousoitu (ycnex), 6o He mpousoiTu (Heynaya). bynem
CUUTATh, YTO BEPOSITHOCTh COOBITHSA 4 B KaXKI0M UCIBITAHUU OJIHA U Ta K€, & UMEHHO
paBHa p. CrenoBaTelbHO, BEPOSTHOCTh HEHACTYIUJIEHUS COOBITHS A B KaXJIOM
UCIBITAHMM TaKKe IIOCTOsIHHA M paBHa (=1-p. Takas nocienoBaTeNbHOCTD
UCIIBITAHUN Ha3bIBaeTCs cxemou bepnynnu.
B kadecTBe TakuMX HCIBITAHUN MOXKHO pacCMaTpuBaTh, HAIPUMEP, MPOU3BOACTBO
U3JIENUNA Ha OMpEeNeIeHHOM OOOPYJOBAaHMU MPHU IMOCTOSHCTBE TEXHOJIOTHYECKHX U
OpraHU3allMOHHBIX YCJIOBHI, B 3TOM CIIy4a€ HW3rOTOBJIICHHE TOJAHOTO M3JEIHUS —
ycrnex, OpakOBaHHOIO0 — HeyJada. JTa CUTyalus COOTBETCTBYET cxeMe bepHysum,
€CJIM CYUTATh, YTO MPOIECC U3TOTOBIEHUS OJJHOTO U3/IENHS HE 3aBUCUT OT TOr0, ObUIN
TOJIHBIMU WJIM OpaKOBaHHBIMU MPEAbLAYIIUE U3ETHS.
Jpyrum mpumepoM SIBISIETCS CTpeibOa Mo MUIIeHHW. 371eCh MOMajlaHue — YCIex,
npoMax — Heyjiaya.
[TocTaBuM cBoei 3a7aueil BBIUUCIUTH BEPOSTHOCTH TOTO, YTO MPHU N UCIBITAHUSIX
coObITHE 4 OCYIIECTBUTCS POBHO K pa3 u, ciejoBaTeNbHO, HE OCyIeCTBUTCS N—K pa3,
T.¢. Oyzer K yciexoB u n—XK Heymad.
HNckomyro BeposTHOCTH 0003HAYUM p (k). Hampumep, cumBoOn p(3) O3Hayaer

BCPOATHOCTL TOI'O, YTO B IIATH HCIIBITAHHAX COOBITHC TOSBUTCS POBHO 3 pa3a Hu,
CJICI0BATCIIbHO, HC HACTYIIUT 2 pasa.

HOCJ’I@I{OB&TCHLHOCTB n HE3aBUCUMBIX HWCIBITAHUHA MOXXHO pacCMaTpuBaTh KakK
CJIOKHOC CO6I)ITI/IC, ABJIAIOIICCCA IIPOU3BCACHUCM 711 HC3aBHCHMBIX COOBITHIA.
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CrnenoBatenbHO, BEPOSITHOCTh TOTO, UTO B /1 HCIIBITAHUSX cOObITHE 4 HAcTynuT K pas
M He HAcTynmuT N—K pa3, Mo TeopemMe YMHOXCHHS BEPOATHOCTEH HE3aBHUCHMBIX
coObITHH, paBHA

p k q n—-k .
Takux CHOXKHBIX COOBITUH MOMKET OBITh CTOJNBKO, CKOJBKO MOHO COCTaBUTh
COYETaHMU W3 71 JIEMEHTOB IO K 3JIeMEHTOB, T.€. Crf.

Tak Kak 3TH CJOXHBIE COOBITHS HECOBMECTHBI, TO IO TEOpEME  CIIOXKECHUS
BEPOSATHOCTE HECOBMECTHBIX COOBITHI, HCKOMas BEPOSTHOCTb paBHA CyMMe
BEPOSITHOCTEH BCEX BO3MOXKHBIX CJIOKHBIX COOBITHI. [I0CKONBKY kK€ BEpOSTHOCTH
BCEX ITHX CJIOKHBIX COOBITUI OJIMHAKOBEI, TO HICKOMasi BEPOSTHOCTH (TosiBIIeHUE K pa3
coObITUSI A B 1 WCHBITAHMUSIX) paBHA BEPOSTHOCTH OJHOTO CIIO)KHOTO COOBITHSA,
YMHOXEHHOM Ha UX YHCIIO

P,(k)=C,p“g""

WIH

n! K nk
B = Ky P
[Toyyennyro dhopmyny Ha3sIBaIOT hopmynot bepnyniu.
IIpumep 1. BeposTHOCTH TOTO, UTO PacX0/1 AICKTPOIHEPTHH HA MPOIOTKEHUH OHUX
CYTOK HE TPEBBICHT yCTAHOBJIEHHONW HOPMBI, paBHa [ = 0,75. Haitu BEPOSITHOCTD
TOTO, YTO B T€UECHHE 4 CyTOK M3 ONMXKaWmMX 6 CyTOK pacxoj dJEKTPOIHEPTUHU HE
IIPEBBICUT HOPMBL.
Pemenue. BeposTHOCT, HOPMAIBHOTO pacxojia dJAEKTPOIHEPTHUH Ha TMPOIOKCHHUH
KaKAbIX U3 6 CYTOK IOCTOSHHA U paBHa p =0,75. CienoBaTenbHO, BEPOSTHOCTb
nepepacxojia 3JEKTPOIHEPTHU B KaXIble CYTKM TaK)Ke IIOCTOSIHHA W paBHA
q=1-p=1-0,75=0,25.
Uckomas BepoaTHOCTh M0 popMysie bepHysuin paBHa

6-5 1215
P.(4)=C/p*q*=C/p*q* =—(0,75)* -(0,25)° = ———=~ 0,297
(@) =Clp'a’ =Clp'a’ = (075)" - (025)° =

B psige 3agau mpenctaBisieT MHTEpEC HAMBEPOSTHEHIIEEe YUCIIO YCIEXOB, T.€. TAKOE
grcno M ycnexoB, BEpOSTHOCTH KOTOPOTO camasi OoJbIIast cpeid BepositTHocTel. Tak
KaK TpHU yBeJIMYeHUU K BEpOSATHOCTH CHavalia BO3pPacTaloT, a 3aTeM, C ONIPEICIICHHOTO

MOMCHTA, HAYWHAIOT Y6BIBaTB, TO AJIA m HUMCIOT MCCTO COOTHOILICHHA

R, (M) >F,(M-1)

u
P (M) =P (Mm+1).
Hcmons3yst dopmyny u coortnomenne P+(= 1, [I0JIy4a€M COOTBETCTBEHHO
HEPABEHCTBA
(n—-m+1)p>mq
u



(m+Hg=(n—m)p.
OKOHYaTENbHO MOJIyYaeM, 4TO M JISKUT B UHTEPBAJIE €IMHUYHOMN JJIUHBIL:
np—-q<m<np+p.
OpnHako, CTOUT 3aMETUTh, YTO HMCHOJb30BaHHE (QopMysbl bepHymn npu OONbIIMX
3HAUEHHUSX 1 IOCTATOYHO TPYJHO, TaK Kak (hopmyJsia TpeOyeT BBINOIHEHUS EUCTBHIMA
HaJ TPOMA/IHBIMU YHCJIAMHU.
Hanpumep, ecmu n =50, k =30,, P = 0,1, o mnst orbIckanus BeposiTHOCTH P, (30)
50!

301- 20! (01)*-(0,9)* €

Haa0 BbIYUCIIMTL BBIPAKCHUC P50 (30) —

501= 30414003-10°"; 30!= 26525286 -10%; 201= 24329020 -10%.

JlokanbHas Teopema Jlannaca.Eciu eeposmuocmes p nosenenus coovimus A 6
KAANCOOM UCNBIMAHUY NOCMOAHHA U OMAUYHA OM HYJISL U eOUHUYDL, MO 8EPOSIMHOCHIb
P.(k) mozo, umo cobbimue A nosasumcs 6 n UCNBIMAHUAX POGHO k pas, npubaudICenHo

pasHa (mem moyHee, yem O0buLe n) 3HAYEHUIO QYHKYUU

y = 1 .ie_T :i.(b(x)npu X = k—np

Jnpg V27 Jnpg Jnpg

XZ
NmeroTest Tabnulpbl, B KOTOPBIX MOMEIIECHBI 3HAUCHUs QYHKIMA ¢(X) = ie_7
J2r
IIpu 3TOM cieayeT yuuThIBaTh, 4YTO ¢(—X) = ¢(X) , TaK Kak (pyHKIIIsI ¢(X) YyeTHasl.
CnenoBaTtenbHO, BEPOSITHOCTh TOTO, YTO COOBITUE A TOSBUTCS B # HE3aBUCHMBIX
MCIIBITAHUSAX POBHO K pa3, mpuOIMKEHHO paBHA

P.(K) ~

m '¢(X)’

K—np

Jnpg

Ipumep 1. Haiitu BeposiTHOCTH TOTO, YTO coObITHE A HAacTynuT poBHO 80 pa3 B 400
UCIIBITAHUSIX, €CIU BEPOSITHOCTh MOSIBIICHUSI 3TOTO COOBITHS B KaXKJIOM HUCIIBITAHUU
paBHa 0,2.

Pemenwue. ITo ycnosuro n=400; k=80; p =0,2; q=0,8. Bocnonesyemcsa dopmyitoi
4.7):

e X =

1 1
. X)=—- X)-

\/400-0,2-0,8 $(x) 8 $(x)

BBILII/ICJ'II/IM OIIpPCACIACMOC JaHHBIMHA 3a/[a4YH 3HAUCHHUC X.

,_k-np _80-400-0.2 _

JNpg 8
ITo Tabnuie HaxoAUM ¢(O) = 0,3989.
Hckomas BCPOATHOCTL paBHA

Paoo (80) =

0.
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P, (80) = ; -0,3989 = 0,04986 -

IIyctb Tereph TpebGyeTcs BEIYUCIUTD BEPOSTHOCTH P, (kl, kz) TOT0, 4TO COOBITHE A
MOSIBUTCSl B 7 UCIIBITAHUSX HE MEHEe kl u He Oonee k2 pa3 (ans kpaTkoctu Oynem

TOBOPUTH «OT |(1 110 k2 pa3»). DTa 3ajada pelIaeTcss ¢ MOMOIIbIO CIIENYIOIIEH

TEOPEMBI.
HNuterpanbnas teopema Jlanaaca.Eciu geposmuocms p nacmynienusi coovimus A
8 Kad#COOM UCNbIMAHUU NOCMOAHHA U OMJIUYHA OM HYJISL U eOUHUYbL, MO 8EPOMHOCHb

Pn (kl’kZ) moeco, imo coovimue A noseumcst 8 N UCHLIMAHUIX OM k100k2p613,

NPUOTIUNCEHHO PABHA ONPeOeleHHOMY UHMeSPaLy

Pn(klakz)z \/;-—ﬂj‘e_de’
20e X, = kl_np U X, = kz_np

Jnpg Jnpg

IIpu pemennu 3amad, TpeOyOIUX NPUMEHEHHs MHTErpajibHOM Teopemsbl Jlamnaca,

ZZ

X
MOJIB3YIOTCS CICIHMAIBHOW TaONMWIeH Mg MHTErpaja D(x) = ; J‘ e 2dz- B
VLT

TaOauIle JaHbl 3HaYeHHUsS (DYHKIIUH (D(X) it X>0, a 11 X <0 Bocmoiab3yemcs
HEYETHOCTHIO (YHKITUU (D(X), T.C. q)(—X) = —(D(X) . OyHKIUIO (D(X) 9acTo
Ha3BIBAIOT yukyueil Jlaniaca.
Wrak, BEpOsSTHOCTH TOT'O, YTO COOBITHE A TIOSBUTCS B 71 HE3aBUCUMBIX MCIBITAHUSIX OT
k1 bifo) k2 pas, paBHa
P, (k1' kz) ~ CD(XZ) - CD(Xl)’
. Ky —np y X, = k,—np

A/NpPq ~Npq

IIpumep 2. BepogaTHOCTH TOTO, YTO OpPTaHMU3AIMS HE MPOIIIA MPOBEPKY HATOTOBOM

MHCIICKIMH, paBHa [ = 0,2. Haittu BEPOSATHOCTH TOro, 4To cpeau 400 cimydaitHo

OTOOpaHHBIX OpraHU3allUii HE MPONICAIUX MPOBEepKy okaxercs oT 70 mo 100
OpraHU3aIUu.

Pemienue. Ilo ycnosuto n=400; k, =70; k2 =100; P= 0,2; q = 0,8 Bocnonesyemcs
dbopmynoii (4.9):
P00 (70,100) ~ D (X,) — D(X,) -
BrraucnuM HIOKHHAA U BEpXHUH TIPEIeIbl HHTCTPHUPOBAHUS
_ k,—np _ 70-400-0,2 _ _125;
Jnpg  /400-0,2-0,8
X, = k, —np _ 100-400-0,2 _25.
Jnpg  4/400-0,2-0,8
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Takum 00pa3om, nMeeM

P, (70,100) = ®©(2,5) - ®(-1,25) = (2,5) + D(1,25).
ITo Tabnuie 3HaYeHU QyHKIIUU (D(X) HaXOJIUM

®(2,5) =0,4938; @(1,25) = 0,3944.
Hckomast BEpOSITHOCTh paBHA

P, (70,100) ~ 0,4938 + 0,3944 = 0,8882.

Ilyctp mpou3BoAMTCS N HE3aBUCHUMBIX HCIBITAHUW, B KaXJIOM H3 KOTOPBIX
BEPOSTHOCTH TOSBJICHHS COOBITUS A paBHA p. JlJig ompejelieHuss BEpOSATHOCTH K
MOSIBJICHUI COOBITHS B 3TUX UCIBITAHUSX UCTIONB3YIOT hopmyny bepuymnu. Ecnu xe
1 BETTUKO, TO MOJIB3YIOTCA JIOKAIbHOU Teopemoii Jlarutaca. OgHako oHa JaeT O0JIbIIyI0
MOTPEIIHOCTb, €CITU BEPOSTHOCTb COOBITHS Maja (p<0,).

Ecnu cnenath qonyuieHue, 4To npousBeaeHue NP mpu N — © coxpaHseT NOCTOSHHOE

3HaueHue, a uMeHuo NP 2/1, TO BEPOSATHOCTH TOT'O, YTO IMPHU OYEHb OOJIBIIIOM YHCIIC

UCIBITAHUM, B KaXJIOM M3 KOTOPBIX BEPOSTHOCTH COOBITHS OYEHb Malla, COOBITHE
HACTYIHT POBHO K pa3, HAXOUTCA 10 Cleayromeit Gpopmyire:

Orta (popmyra BbIpaxkaeT 3aKOH pacupeenenus [lyaccona BeposITHOCTEN MacCOBBIX (7
BEJIMKO) U MAJIOBEPOATHBIX (p Majo) coObITuii. IMeroTes crienuanbHble TaOIUIbI IS
pacnpenenenus Ilyaccona.

Ipumep 3. 3aBox ormpasmwi Ha 6azy 5000 kadecTBEHHBIX W3menuii. BeposTHOCTH
TOTO, YTO B IyTHU u3aenne nospeautcs, pasHo 0,0002. Hailtu BEpOATHOCTH TOTO, YTO
Ha 0a3y npuOynyT 3 MOBPEKACHHBIX U3EIIHS.

Pemenwe. ITo ycmosuro N= 5000, p =0,0002,k =3, Haiinem A :
A =np=5000-0,0002=1

Hckomas BeposaTHOCTH 0 popmyrie (5.2) paBHa:

o, 1
P5000(3):ae ' :gzO,OQS

Bonpocwul u 3a0anus.

Teopema c10KeHHS BEpOSTHOCTEH HECOBMECTHBIX COOBITUH.
Teopema yMHOXKEHUSI BEPOSATHOCTEH HE3aBUCUMBIX COOBITHH.
TeopeMa yMHOKEHUS BEPOSATHOCTEH 3aBUCUMBIX COOBITHH.
Cxema ucnsiTanuii bepuysm.

®opmyna beprym.

Haunbonee BeposiTHOE YUCIIO yCIIEXOB B cxeme bepHyiuiu.
[Tpubnmxennas gopmyna [lyaccona.

JlokanbHaa teopema Myaspa-Jlanmnaca.

O N O WNRE
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9. Unterpanbhas Teopema MyaBpa-Jlamnaca.

3ananue 1. bpouens! 2 urpanbabie KOCTH. HaliTh BEPOATHOCTH TOTO, UTO CyMMa
BBITIABIINX OYKOB — YETHOE YHUCJIO0, MPUYEM Ha TpaHU XOTsA Obl OJHOM M3 KOCTEH
MOSIBUWJIACH LIECTEPKA.

3apanue?. [Ipu nepeBo3ke s1uKa, B KOTOpoM coziepxanuch 21 crangaptaas u 10
HECTAaHJIAPTHBIX JeTaneil, yTepsiHa OJHAa [JeTalb, MNPUYEM HEU3BECTHO Kakasl.
N3BneuéHHass Hayraj mocie JTOro JeTalb OKa3zajlach craHnapTHou. Haiitu
BEPOSITHOCTh TOTO, YTO ObLIAa yTEepsHA: a) CTaHJapTHAasl JeTalb; 0) HeCTaHIapTHas
JeTaib.

3aganue3. 3aayMaHo JBY3HAuyHOE 4YHCJIO. HallTu BepoOATHOCTH, TOTO, YTO
3alyMaHHBIM OKa)KETCsl: a) CIIy4yailHO Ha3BaHHOE JIBY3HAYHOE YHUCIO; 0) ciydailHO
HA3BaHHOE JIBY3HAYHOE YHCIIO0, HHU(PPBI KOTOPOTO PA3ITUYHBI.

3ananue 4. BeposTHOCTH NOSBICHHS KaXK10T0 U3 JIBYX HE3aBUCUMBIX COOBITHI A
u B coorBercTBeHHO paBHbl 0,6 1 0,5. HaliTh BEpOATHOCTH MOABIEHUS TOJIBKO OJHOTO
U3 HUX.

3anganue 5. B suuke cpeau 100 neraneit Haxoautcs 1 OpakoBanHas. U3 suka
Hayzaauy u3BiedyeHbl 10 neraneid. HailTu BEpOSATHOCTH TOTO, UTO CPEAN HUX OKAXKETCS
OpakoBaHHasl.

3ananue 6. Monera Gpocaercs msTh pa3. HallTu BEpOSTHOCTH TOrO, YTO Ope
BBINAJICT 2 pasa.

3aganue 7. B cembe 5 nereil. HailTu BEpOSITHOCTH TOTO, YTO Cpeau HUX 2
MaJIbUYMKa, €CJIM BEPOATHOCTD POXKAECHUS Majbunka paBHa 0,51.

BepositHocTh 0OHapykeHHs omedyaTku Ha crpanuiie kHuru paBHa 0,01. Haittu
BEPOSITHOCTh TOTO, 4TO B 500-CTpaHWYHON KHHUre HE OyJeT 0OHapy>KEHO OMNedaToK
(oOHapyXeHHE OMNe4YaTOK Ha pPa3IMYHbIX CTPAaHMUIIAX CUUTATh HE3aBUCUMbBIMU
COOBITUSIMNU).

3ananue 8. BeposTHOCTH M3rOTOBIIEHUS JeTanu Bbicuiero copta paBHa 0.4,
Haiitu BeposiTHOCTE TOTO, 4TO U3 260 AeTaneil mojioBrHa Oy/IeT BBICIIETO COpTa.

3ananue 9. BeposTHOCTh M3rOTOBJICHMSI W3/IENUs BhICIIEr0 KadyecTBa paBHa 0,8.
Haiitn BeposiTHOCTH TOro, 4to cpenu B3AThIX 60 m3aenuii 30 OKaXyTCsl BBICILIETO
KauecTBa.

3ananuel0. BepostHOCTh osiBIIeHHs cOOBITHS A B Kaxk1oM u3 100 He3aBUCHMBIX
ucneiTanuii mocrosiuHa W paBHa 0,8. Halitm BeposiTHOCTH TOrO, 4TO COOBITHE A
MOsIBUTCS HE Oosiee 74 pas.

3aganue 11. BepoATHOCTH HEKOTOPOrO COOBITHSI B E€JUHUYHOM HCIBITAHUH
octaBiisieT 0,004. HaiiTu BepOosSTHOCTH TOTO, 4TO B 2500 UCIIBITAHUSAX JaHHOE COOBITHE
MpOU30UAET POBHO 4 pa3a.

3amanue 12. BeposTHOCTh HACTyIUIEHHS COOBITHA A B 0JHOM ombiTe paBHa 0,6.
Haiitu BeposiTHOCTB TOrO, 4TO coObITHE A HacTynut 1400 pa3 B 2400 ucnbpiTaHusIX.

3ananue 13. BeposTHOCTH MOSBIECHUS COOBITHS B Ka)XJIOM M3 HE3aBHUCHUMBIX
ucneiTannii paBHa 0,8. HaiiTu BeposITHOCTh TOTO, UTO COOBITHE HACTYIHUT HE MEHEE
YETBIPEX Pa3 MPHU S5 UCTIBITAHUSX.
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PexomeHIyeMbie HCTOYHUKN HHPOPMALTUT
(Ne ucTrouHUMKA)
OcHoBHas JlomoHUTENbHAS MeTtoauueckas WHTepHeT-pecypch

1 1 1,2 1,2

IIpakTH4eckoe 3ansiTue 7.
Tema 3anamua. KoppensiHOHHO-PETPECCUOHHBIA METOJ HCCIEAOBAHUS
CIIy4YalHBIX BEJIMYKH.
ILenb 3anamusn. 3aKpenuTh HABBIKM TPUMEHEHHSI MAaTEMATUUYECKOTO OXKUIAHUS,
JUCIIEPCUU U CPETHETO KBAAPATUUECKOTO OTKIIOHEHUS.
B pe3ynomame oceoenun memot 00yuarouguiica 00ax4cen:

3HaTh:

- OIpEJENICHUE YHCIOBBIX XapaKTEPUCTUK JUCKPETHBIX M HEMPEPhIBHBIX
CJIy4alHbIX BEJIMYMH, 3TaIbl KOPPEISLIUOHHO-PErPECCUOHHOTO METOIa

Ymern:

- HAXOJIUTh YU CIIOBBIE XapaKTEPUCTUKHU JUCKPETHBIX U HETIPEPHIBHBIX CITyYaHbIX
BEJIMYUH, KO3()PUIMEHT KOPPEISILIU, CTPOUTH JIMHUIO PETPECCUU

Baagers:
- CIOCOOHOCTBIO PeIlaTh CTAHAAPTHBIE 33/1a4l MPOPECCUOHAIBHON I€ATEIbHOCTH Ha
OCHOBE MH(POPMALMOHHON U OubOIMOrpapuyeckoll KyJbTyphl € HNPUMEHEHUEM
UH(OPMAIIMOHHO-KOMMYHUKAIIMOHHBIX ~ TE€XHOJOTMA M € YYETOM OCHOBHBIX
TpeboBaHui nHGopmanronHoi 6e3omacuocTu (OITK-6);
- HaBblkaMu cOopa, o0paboTku uHGOpPMAIMM W ydacTHs B HHGOpMATU3ALUU
JESTEIBHOCTH COOTBETCTBYOIINX OPraHoOB BiacTH u opranusanuii ([TK-26)

Axmyanonocmys  mempl. UUCIOBbIE  XAPAKTEPUCTUKU  JUCKPETHBIX H
HEIIPEPBIBHBIX CIIyYalHBbIX BEJIWYUH MCIOJIB3YIOTCS B pacyeTax CBS3AaHHBIX C
YIIPABJICHUEM.

Teopemuueckan yacme.

3aKOH paclpeliesieHUs] MOJIHOCThIO XapaKTEPU3YeT CIyYallHyI0 BEIMYUHY.
OnHako MpU pEHIeHWH TMPAKTHYECKUX 3aJad HET HEOOXOJUMOCTH 3HaTh BCE
BO3MOYHBIC 3HAYEHUSI CIy4YaiiHON BEJTMUMUHBI U COOTBETCTBYIOIME UM BEPOSITHOCTH, &
yln00HEee TMOIb30BATbCS HEKOTOPHIMU KOJIMYECTBEHHBIMHU TIOKA3ATENSIMHU, KOTOPHIC
JAl0T JIOCTAaTOYHYI0 WHGOpMAIMI0 O CiydailHOW BenuduHe. Takue IoKa3aTeln
HA3bIBAIOTCS YUCTOBLIMU XAPAKMEPUCMUKAMU CYYAUHOU 8ENUUUHDL.

OCHOBHBIMH M3 ITUX XapPAKTEPUCTHUK SIBISIOTCS: MaAmMeMamuyeckoe oxcuoanue,
oucnepcus u cpednee Keaopamuieckoe omkioHenue.  Mamemamuueckoe
oJfcudaHue XapakTepU3yeT IMOJOKEHUE CIIyyaHOW BEJIMYMHBI Ha YKCIOBOM OCH,
Ompeaensis HEKOTOPOE CPEIHEE 3HAYEHHE, OKOJO KOTOPOTO COCPEIOTOYEHBI BCE
BO3MOXKHBI€ 3HAQUYEHUS CIYy4YalHOM BeEMWYUHBI. J[nd pemeHus MHOruX 3ajad
JIOCTaTOYHO 3HATh MaTeMaTH4yecKoe oxkuaanue. Hampumep, e€ciaum HM3BECTHO, 4YTO
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MaTeMaTU4YeCKOe OKHUJIaHUE YKCIIa BHIOUBAEMBIX OYKOB Yy MEPBOI0 CTpEKa OoJiblile,
YeM y BTOPOTO, TO MEPBbINA CTPEJIOK B CPEIHEM BHIOMBAET OOJIbIIIE OUKOB, YEM BTOPOH,
U, CJIEIOBATENbHO, CTPEIISAET JyUlle BTOPOTO.

Mamemamuueckum odxcudanuem OUCKPEMHOU CAY4auHOU eeauyunbl X Ha3bIBAETCA
CyMMa TMPOU3BEICHUM BCEX €€ BO3MOXKHBIX 3HAYCHUHW HAa HMX BEPOSTHOCTU H
ob6o3HavaeTcs yepe3 M(X).

Ilycte cayvaiinas BenuyuHa X  [OpUHUMAeT 3HaYeHHs  X;, X,,..., X, C

COOTBETCTBYIOIUMMU  BEPOATHOCTAMU [Py, Py,..., P,. Torma Maremaruueckoe
oxxuaanue M(X) ciaydailHOW BeTUYUHBI X OMpENEseTcs paBeHCTBOM
M(X)=XP; +X,P, +...+ X, P,

Ecau JAUCKPCTHAA cnyqaﬁHaﬂ BeInunHa X IMIPUHUMACT OCCKOHEYHOE MHOKECTBO
BO3MOJXHBIX 3H3"I€HPII>1, TO

M(X)= 3P,

Ipumep 1. HaliTu MmaTeMaTnueckoe OXKUJAHUE CITy4YallHOW BETMYUHBI X, 3HAsl 3aKOH
€€ pacupenesIeHus

X, 3 5 2
P, 0,1 0,6 0,3

Pemenune. Mickomoe MaTemMaTHueCcKOe OKUAAHHUE 1O (POpMyJIe paBHO
M(X)=3-01+5-0,6+2-03=39.

Ilycte X — cnyuaiinas BenuumHa U M(X) — ee maTeMaTHYECKOE OXKHUIaHUE.

OmKoHeHuem cy4aiHol 6eluyuHbl Ha3bIBA€TCS pa3HOCTh X-M (X )

Ha npakTtuke yacto TpeOyeTcsi OLIEHUTh pacCessHUE BO3MOHBIX 3HAYEHUN CIly4ailHOM
BEJIMYMHBI BOKPYT €€ cpeaHero 3HadeHus. Hampumep, B apTuiiepuu Ba)XKHO 3HATh,
HACKOJIBKO KYYHO JISTYT CHapsiibl BOJIU3M LEIH, KOTOpas I0KHA ObITh MOpa)KeHa.
Hucnepcueti  (paccesamnuem)  OuckpemHou  CAVHAUHOU  BeIUYUHbI  HA3BIBAIOT
MaTEMaTUYECKOE OXKMJAHUE KBaJpaTa OTKJIOHEHUS CIy4yalHOW BEIMYMHBI OT €€
MaTEMaTUYECKOTO OKHJIaHUS:

D(X)=M[X -M(X)J.
Jl7is BBIUMCIICHHUS JUCTIEPCUU YacTo ObIBaeT yJ0OHO BOCIOJIB30BATHCS CIETYIOIIEH
dbopmyon:

D(X)=M(X?)~[M(X)[".

IIpumep 2. Haiitu nucnepcuto ciry4aifHON BETUYUHBI X, KOTOpas 3a7aHa CJIETyOIINM
3aKOHOM pacCIpeIe/ICHUs:

X. 2 3 5
Pi 0,1 0,6 0,3
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Pemienne. Matematuueckoe oxkunanue M(X) paBHo:

M(X)=2.01+30,6+5-0,3=35.

- 2
3akoH pacpejieieHus clydaiinoil Bemuunnsl X ° UMeeT BUJ:

X2 4 9 25

P, 0,1 0,6 0,3

Maremaruueckoe oxunanue M (X ?) pasro:

M (Xz) =4.01+9-0,6+25-0,3=13,3.
Hckomas nucnepcust paBHa
D(X)=M(X*)=[M(X)J =13,3-(3,5)* =1,05.
JInsi OLIEHKM paccesiHUs BO3MOKHBIX 3HAUYEHHWI CIyYallHOW BEJIMYHMHBI BOKPYT €€
CPEIHETO 3HAYEHUS CITY>KUT TaKKE CpEHEE KBAIPaTUYECKOE OTKIIOHEHHE.

Cpeonum keaopamuyeckum OMKIOHEHUeM Cay4auHou eeaudunsl X Ha3bIBAeTCA
KBaJIPaTHBIM KOPEHb U3 IUCIIEPCUH:

o(X)=4D(X).

IIpumep 3.Cnyuaiinas BennurHa X 3a/1aHa CIeAYIOIIMM 3aKOHOM pacIipe/ie/ICHUs:

X; 2 3 10
P; 0,1 0,4 0,5

Haiitu cpeanee KBaapaTuiecKoe OTKIOHEHHE o (X ).
Pemenue. Matematuueckoe oxuaanue M(X) paBHO:

M(X)=2-01+3-04+10-05=64.
MaremaTnueckoe oxxugaHue M (X ?) paBHO:

M(X?)=4-01+9-0,4+100-0,5=>54.
Harinem nucnepcuto:

D(X)=M(X2)=[M(X)]? =54 —(6,4)> =13,04.
Hckomoe cpenHee KBaIpaTHUECKOE OTKIOHEHUE PABHO:
o(X)=./D(X) =/13,04 ~3,61.
JuckpetHasi ciydaiiHasi BEMYMHA MOXET OBITh 3aJlaHa IMEPEYHEM BCEX €e

BO3MOXHBIX 3HAYE€HUH W UX BeposATHOCTe. OJHAKO Takoid cnocod 3agaHus

HEIIPUMEHUM JJIsI HENPEPBIBHBIX CIyYalHBIX BEJINYMH.
Hanpumep, paccMOTpuM CilydaliHyl0 BEIWYMHY X, BO3MOXHBIE 3HAYECHUS KOTOPOU

CIUIOMb 3aIlOJHAOT HWHTCPBAJI (a, b) O‘—IGBI/II[HO, 4TO0 HCBO3MOXHO COCTaBUTBHb

[epeueHb BCeX BO3MOXHBIX 3HaueHuid X. Ilosromy nenecooOpa3HO aTh OOIIMIA
croco0 3a7aHusl JTIOOBIX THIOB CIyYalHBIX BEIWYHH, JJIS YETrO BBOIATCS (pyHKIUU
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pacrpeneneHus BEPOATHOCTEN CIIy4YallHOW BEJINYHHBI.

[Tycth x — nedcTBUTENBHOE YUCIO. BEposSTHOCTH COOBITHSI, COCTOSIIIETO B TOM, 4TO X
OpPUMET 3HA4Y€HHUE, MEHBIIEE X, T.€. BEPOATHOCTh COOBITHS X <X, 0003HaYUM uepes
F(x). Ecnn x usmensercs, To n3amensgerca u F(X), T.e. F(x) — QyHKIHS OT X.

Dyukyuei pacnpeoenenus Cry4aurou eenuyunsl X Ha3bIBaeTCA QYHKIUS F(X),

omnpenessaoas BEPOATHOCTb TOTO, YTO CilydanHas BeandynHa X B pe3ysbTare
WCIIBITAHUA MIPUMET 3HAYCHUE, MEHBIIEE X, T.€.

F(x)=P(X <Xx)-
I'eomeTprUYeCKH 3TO PABEHCTBO MOXXHO HCTOJKOBATH TaK: [ (x) €CThb BEPOATHOCTD
TOTO, YTO Cclly4ailHas BeJIMYMHA TPUMET 3HAYEHHUE, KOTOpoe H300paxkaeTcss Ha
YHMCJIOBOM OCH TOYKOM, JIeKAILICH JIeBEE TOUYKH X.
Ipumep 4.Cnyuvaitnas BennunHa X 3a7aHa ciaeayronieid GyHKIMen pacipeeacHus:

0 npu Xx<-1
F(X)=<x/4+2/4 npu -1<x<3
1 npu X>3

Haittu BeposATHOCTH TOro, 4TO B pPE3yJbTATE HCHBITAaHUS X NPUMET 3HAYEHUE,
npuHagnexamee uarepsany (0, 2): P(0< X <2)=F(2) - F(0).

Pemenue. Tak kak Ha uatepsane (0, 2), o yciosmio, F(X) = X/4+1/4,

To F(2) — F(0) = (2/4 +1/4) — (0/4 +1/4) =1/2- UTaK, p(0< X <2) =1/2-
HemnpepbiBHYIO ClIy4aiiHYI0 BEIMYMHY MOXHO TaKKe 3a1aTh, MCIOJL3YS IPYTYIO

(GyHKLHMIO, KOTOpasi Ha3bIBaeTCs (PyHKIIMEN MIOTHOCTH.
DyHKYUell nIOMHOCMU HEeNPEePLIBHOU CyYauHol eaudunsl X Ha3bIBaeTCs (QYHKIUS

f (X) — MepBasi NPOU3BOAHAS OT PYHKIIMH paclpeesIeHus F (X) :
!
f(x)=F'(x).
Orcrona crenyer, 4to (GyHKUUS paclpelereHus SBIseTcs MepBOOOpa3HON s
byHKIMKA TUIOTHOCTH. JlJis OmMCaHHs pachpenesieHus BEpOSITHOCTEH MHCKPETHOU
CIIy4aitHOM BEJIMYMHBI (PYHKIUS TJIOTHOCTH HEMPUMEHUMA.
3Hast GyHKIHUIO TUIOTHOCTH, MOYKHO BBIYUCIUTH BEPOSITHOCTH TOTO, YTO HEMPEPhIBHAS

Cly4aiiHasi BeJIMYMHA ITPUMET 3HAUEHUE, IPUHAJIEKAIEE 3aJTAHHOMY UHTEpPBAy.
Teopema.Beposimuocms mozo, umo HenpepvieHas cayyaunas eeauduna X npumem

3HaueHue, npuHaonexcaujee UHMepeay (a, b) PABHA ONpeoeleHHOMY UHMe2Spay

om QYHKYUU NIOMHOCMU, 8351MOMY 8 npedenax om a 0o b:
b
P(a< X <b):j f (x) dx-
a
Ipumep 5. 3aana GyHKIMS TUIOTHOCTH CIy4ailHON BETUYUHBI X
0 npu x<0
f(x)=42x npu 0O0<x<1

0 npu x>1
HaiitTu BeposATHOCTH TOro, 4ro B pe3yibTaTe HCHOBITAHUS X NPUMET 3HAYCHHE,
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npunamiexamee narepsany (0,5; 1).

Pemenue. Mickomas BeposiTHOCTH O (hopmyJie paBHA

1
P(05<X <1)= [2xdx=x"[;,=1-025=0,75.
0,5

3Has GYHKIUIO TUIOTHOCTH pacTpeeacHUs f(X), MOXHO HaWTH (PYHKIUIO

pacnpeneneHus F(X) o gopmyiie

X

F(X) = jf(z)dz-

—0
Mamemamuueckum odxrcuOanHuemM HenpepvleHOU CIYUAUHOU 8eauyunbl X, BO3SMOKHbBIC
3HAQYEHUSI KOTOPOM NPHUHAIIEKAT OTPE3KY [a, b], Ha3bIBACTCA  CIICIYIOIINN

ONPEAEIICHHBIN UHTErpal
b
M(X) =[x (x)dx-

Jlucnepcuet Henpepbl8HOU CAVYAUHOU GeauduHbl X, BO3MOXKHBIC 3HAYCHUSI KOTOPOH
NpUHAJIeXKAT OTPE3KY [a, b], Ha3bIBAETCA CIEIYIONIUNA ONPEeeICHHBIN HHTErpal

b
D(X) = [[x=M (X)F* f (x)dx.
a
J7ist BBIYUCIIEHUS Aucnepcun 6oiee ya100Hbl COOTBETCTBEHHO CIICAYIONTNE (POPMYITBI

D(X) =Tx2f(x)dx—[M(X)]2

D(X) = szf(x)dx—[M(X)]z.

Cpeonee Kkeadpamuyeckoe OMKIOHEHUE HENpPepvbieHOU  CAYYAUHOU  8eIUYUHbL
ompenensiercsi, Kak W I JAUCKPETHOM CIIydalHOW BEJIMYMHBI, CIEIYIONIUM

PaBEHCTBOM
o(X)=yD(X).

IIpumep 6. Haiitu wMaTemaTHueckoe OXWIaHHE, JTUCIEPCHUI0O H  CpeaHee
KBaJPATUYECKOE OTKJIOHEHUE CIIyYalHOW BEJIWYMHBI X, 3aJaHHOM CIIEIYIOLIEH
(dyHKUMEN pacnpeeaeHus:

0 npu x<0

F(X)=4x mpu O0<x<l
1 npu X>1
Pemenue. Halinem pyHKIIHMIO TIOTHOCTH:
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0 npu Xx<0
f(xX)=F'(x)=<1 mpu 0<x<1
0 npu x>1
Haiinem maTematuueckoe oxunanue no gpopmyie (8.1):

1
M (X) =Ix-1-dx =x?/2 |2=]/2-
0
Haitnem nucnepcuto no popmye (8.5):

D(X) =jx2-1-o|x—[1/2]2 = x°/3 |j) ~1/4=1/12.

Haiinem cpennee kBagpaTruueckoe OTKIOHEHHE 1Mo (hopmyIie:

o(X)=.D(X) =1/12 = 0,29.

KoppensiuoHHblii aHalU3 W PErpeCCUOHHBIN aHAIU3 SIBISIOTCS CMEXHBIMHU
paszzienaMy MaTeMaTH4YeCKOM CTaTUCTUKM WM TPEAHA3HAUYCHBI [JII HU3YyUYECHHS 10
BBHIOOPOYHBIM JaHHBIM CTAaTUCTUYECKOM 3aBUCUMOCTU CIyYallHBIX BeJMYUH. [[BeE
Clly4aiiHble BEJTUYMHBI MOTYT OBITH CBSI3aHBI JIMOO (DYHKIIMOHATBLHON 3aBUCUMOCTBIO,
A100 CTATUCTUYECKOMN 3aBUCUMOCTBIO, THOO OBITh HE3AaBUCUMBIMU.

Crporas ¢yHKIMOHATIbHAS 3aBHUCHUMOCTb peallu3yeTcs pPeaKo, Tak Kak o00e
BEJIMYMHBI WM OJHA W3 HUX TOJBEP>KEHBI elle JCHCTBUIO CIIy4alHBIX (PaKTOpPOB,
IpUYeM CpPeAr HUX MOTYT OBITh M OOIIMe 1151 00eUX BEJIWYHH, T.€. TaKue (aKTOPHI,
KOTOpbIC BO3JEHCTBYIOT Kak Ha X , Tak ¥ Ha Y . B 3TOM ciayyae BO3HHMKAeT
CTaTUCTUYECKAasd 3aBUCUMOCTh. Cmamucmuueckol Ha3bIBA€TCS 3aBUCUMOCTb, IPHU
KOTOPOM M3MEHEHHUE OJIHOW W3 BEJIWYUH BJICYET U3MEHEHUE pacrpeiesieHus: Jpyroi.
YacTHbIM cllydyaeM CTaTUCTUYECKOM 3aBUCUMOCTH SIBJISIETCS KOPPEISIIMOHHAS
3aBUCUMOCTb.

Ecnu cratuctrueckasi 3aBUCHUMOCTD MPOSIBIISICTCS B TOM, UTO MPHU U3MEHEHUHU OJTHOU
U3 pacCMaTPUBAEMBIX CIIyYaWHBIX BEJIMYMH H3MEHSETCA CpeHee 3HAuYeHHUE JAPYroiu
CIIy4yalHOM BEJMYMHBI, TO Takas CTAaTUCTHYECKas 3aBUCUMOCTb Ha3bIBACTCS
KOPPEeNIYuOHHOU.

Jlnst  aHanmm3a  KOPPENSIIIMOHHOW 3aBUCUMOCTH  BOCIIOJNB3YEMCS  Memoodom
HaumeHbuwux keaopamos. llpu MCHONB30BAaHUU 3TOTO METOJIa CyMMa KBaJpaToB

orkinonenuii Y; — Y, (I = 12,...,N), rxe Y, — BbruncieHHas 10 ypasHenuo (14.5)
OpAMHATa, COOTBETCTBYIOIIAs HAOMIOaeMOMy 3Ha4eHno X, a Y, — Habmonaemast

OpAMHATa, COOTBETCTBYIOmass X;, JOJ/UKHA ObITh MMHMManbHOW. Tak kak Kaxmoe

OTKJIOHEHUE 3aBHUCHUT OT OTBICKMBAaE€MBIX [apaMeTpPOB, TO M CyMMa KBaJApaTOB
OTKJIOHEHUU €CTh (DYHKIIMS 3TUX apaMeTPOB:

Fp.b) = 201, -y,

NN
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F(p.b)= Y (0% +b-1,)""

Jns OThICKaHUSI MUHHUMYMa MPUPABHIEM HYJIO COOTBETCTBYIOLIME YACTHBIC
IPOU3BO/IHBIE:

(OF 3

—=2) (pX+b-y;)x =0
Jop Zl“ _
aFZZZ(PXi +b-y;)=0
\ab i=1

PemuB 3Ty cucteMy AByX JIMHEHHBIX ypaBHEHUN OTHOCUTENBHO o U b, Halinem
VICKOMBIE ITapaMeTphbl:

i=1

AHaOrMYHO MOYKHO HAUTH BHIOOPOYHOE YPABHEHUE MPSIMOM TMHUU PETPECCUU

X HaY:
X, =Py Y+C,
rae p,, — BBIOOPOUHBIT KOdQ(UIMEHT perpeccun X HaY .

IMpumep 1. Haiitu Be1OOpOYHOE ypaBHEHME MPSIMOM JMHUK perpeccud Y Ha X 10
JaHHBIM N = 5 HaOJIOIEHUIA:

Taonumal.
X; 1,00 1,50 3,00 450 5,00
Yi 1,25 1,40 1,50 1,75 2,25

CocTaBuM CIEAYIOUIYIO pacueTHY0 Ta0auIy 2.
Haiinem nckomeie mapamerpsl u3 cootHomenuit (14.9) u (14.10):

p,. = (5-26,975-15.8,15)/(5-57,5-15? )= 0,202
b=(57,5-815—-15-26,975)/(5-57,5-15?)=1,024.

Hanumiem uCKOMO€ ypaBHEHHUE MpsAMoi uauK perpeccun Y Ha X

y =0,202 X +1,024.

Tadbnwuma?2.
X Yi X Xi Yi
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1,00 1,25 1,00 1,250

1,50 1,40 2,25 2,100
3,00 1,50 9,00 4,500
4,50 1,75 20,25 7,875
5,00 2,25 25,00 11,250

D X =15 Zn: Y, =8,15 Zn: X’ =57,50 Zn: X. Y, =26,975
i=1 i=1 i=1

[Tpu OGombioM 4wclie HAOMIOACHUM OAHO W TOXE 3HaueHHe X MOXKET
BCTpETHTCS. N, pa3, OZHO M TOXKE 3HAYCHHE Y — N, pas, OlHA U Ta JKE Tapa Iucen

(X, ¥) moxer maGmomaThes n,, pas. IlosTomy naHHBIC HAOMOACHMI CclelyeT

IPYNIMAPOBATh, JUIA 3TOrO MOJCYMTBHIBAIOTCA dYacToTel I, ny, nxy. Bce

CrpyNIUPOBAHHBIC JJAHHBIC 3AMMCHIBAIOTCS B BUJIE TAOJIUIIBI (Hammpumep,
Tabsuia 3), KoTopasi Ha3bIBACTCS KOPPEIAYUOHHOU.

TabGnuia3.
X
Y 10 20 30 40 y
0,4 5 — 7 14 26
0,6 — 2 6 4 12
0,8 3 19 — — 22
n, 8 21 13 18 n =060

B niepBoii cTpoke KOppesIITMOHHON Ta0IHIIBl YKa3aHbl HAOJIF01aeMble 3HAUCHUS
(10; 20; 30; 40) npusHaka X , a B IIepBOM cTOIOIE — HabaroaaeMble 3Hadenus (0,4;
0,6; 0,8) mpusnaka Y . Ha mepeceyeHn CTPOK M CTOJOIIOB HAXOAATCSA 4AaCTOTHI N,y

HA0JII01aeMbIX Map 3HAYEHUI MPU3HAKOB.

B nocnennem cronbiie 3ammucaHbl CyMMBI 4acTOT CTPOK, a B ITOCIIETHEN CTPOKE
— CYMMBI 4acTOT CTOJIOLOB. B KieTke, pacrnoiaoKeHHONH B HUYKHEM IPaBOM YTy
TaOJIUIB], IOMEIIEHa CyMMa BCEX 4YacToOT, T.€. oOllee 4Mcio Bcex HabmoaeHuit N.

Ou4eBHIHO, YTO an = Zny =N.

Teneps omnpeneanM NHapaMeTpbl BHIOOPOYHOIO ypABHEHMS MPSAMON JIMHHMU
perpeccun Y ma X B ciydae, KOrjga MOJNY4EeHO OOJIBIIOE YHCIO JAHHBIX
(IpaKTUYECKH IS yOBIETBOPUTEIBHOM OLIEHKH HCKOMBIX IAPAMETPOB JIOJIKHO OBITH
x0Ts 061 50 HaOMIOAEHUIA), CPEIU HUX €CTh MOBTOPSAIOLIAECS, H OHH CTPYIITHPOBAHBI
B BHJI€ KOPPEJIALIMOHHOM TabIIHIIbI.

N3 cucremsl (14.8) MOXKHO MOTYUYUTH CIEAYIOUIYIO CUCTEMY:
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( n n n
/nyzxi2 +bZXi = inyi
i=1 i=L i=L .
n n
onXZXi +nb = ZYi
Jl1st IpOCTOTHI NMPHHSAB 00O3HAYEHUS ZX ZXI , Z y = Z Yi Z X z XI ,
Z Xy = Z X;Y; ¥ BOCIOJIb30BABINMCH COOTHOINEHUAMU X = Z / / ,

ZX : ny:Zanxy (B mpenmonoxenun, uto mapa umcen (X, Y)

Ha6J'IIO,Z[aJIaCI> n,, pas), nomydaem

nX?p, +nXb=>"n,xy

Xp,, +b=Yy
Btopoe ypaBnenue cuctemsl (14.13) mpeoOpasyem k Bumxy b =Yy — )_(,0yX U
TOJICTaBUB TPABYIO 4aCTh STOTO PABEHCTBA B ypaBHCHHE Y, = O, X + b, momy4unm

cJIcayromee COOTHOMICHUC
Yy~ Y= pyx(x_ X)'

HaWJeM U3 CUCTEMbI BBIOOPOYHBINA KOAIDPHUIIMEHT perpeccun Py

D NyXY—NXy > n,xy—nxy
T = - .
n(x2 —(x)2) no,
YMHOKHM 00€ 4aCTH 5TOr0 PABEHCTBA HA APOOb O, / o y

Py =

G, anyxy nxy

O'y nGO'

O603HauuM MpaByro 4acTh paBeHcTBa (14.15) qepe3 Iy:

anyxy nx

Puyx

Torma nosryyaem

l

_ y
pyx - rB T~
Oy

OKOHYATEIBHO MOJYYUM BbIOOPOYHOE ypaBHEHHE MPSAMOW JUHHH perpeccun Y Ha
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X Buma

AHAIOrMYHO MOYKHO HAWTH BEIOOPOYHOE ypaBHEHHE NPAMOM JIMHUM perpeccur X Ha
Y :
_ _ O _
_ X
X, —X=r,=~(y—-Y)-
O-y

Bonpocwul u 3a0anus.

1. YucnoBbie XapaKTEePUCTUKU TUCKPETHBIX U HETIPEPHIBHBIX CIIyYaHHBIX
BEJINYHH.

2. MaremaTtuueckoe OKHUJIaHUE TUCKPETHBIX M HEMPEPHIBHBIX CIyYalHBIX
BEJINYHH.

3. Hucnepcusi IMCKPETHBIX U HEMPEPHIBHBIX CITyYalHBIX BETUYHH.

4. CpenHee KBaJIpaTUYECKOE OTKJIIOHEHHUE TUCKPETHBIX U HEMPEPHIBHBIX
CIIy4allHbIX BEJIMYMH.

5. MeToa HaMMEHBIIIUX KBAJIPaTOB.

o

Koppensunonnas tabnuiia.
7. BpiOopouyHOE ypaBHEHUE TIPSIMOU TMHUU PETPECCHUM.

3ananue 1. YCTpONCTBO COCTOUT U3 TPEX HE3aBUCUMO PAOOTAIOIINX DJIEMEHTOB.
BepostHOCTh 0TKa3a KaxK10ro 37eMeHTa B 0HOM ornbiTe paBHa 0,1. CocTaBUTh 3aKOH
pacnpeaesneHrs Yhucia OTKa3aBIIMX JIEMEHTOB B OJTHOM OIIBITE.

3amanne 2. B maptum 10 % wHecranmaptHbIX Aetanei. Hayram oroOpanbr 4
netanu. HanmucaTe OMHOMUANbHBIA 3aKOH paclpeAesieHUus AUCKPETHOW CilydailHOM
BEJIMYMHBI — YHCJIAa HECTAHJAPTHBIX JIeTalled Cpeau YeThIpEX OTOOpPaHHBIX W
MOCTPOUTHh MHOTOYTOJIbHHK MOJYYEHHOTO PACIIPEICICHUS.

3ananue 3. JluckpeTHas ciydyaliHasi BeIMUUHA X TMPUHUMAET TPU BO3MOMKHBIX

3HAQYEHMSA: x =4 C BEPOATHOCTBIO p =0,5x,=6, C BEPOATHOCTBIO p,=0,3 U X3 C

BEpOSATHOCThIO P;. Halit X; u P,, 3Has, 4TO M(X) =8,
3aganue 4. /laH nepeyeHb 3HAYEHUW TUCKPETHOM CIIy4yalHOW BEJIMYUHBI X !
X, =-1X =0, X5 =1, a Taxke M3BECTHBHI MaTEeMAaTHYECKHE OXKHIAHUS CaMOW 3TOM

BenmumHbl 1 eé kBagpara: M (X)=0,1, M(X?*) =0,9.. Haittu Bepositaoctu Py, Py, Ps-.

3ananue 5. CayvaiiHasg BeMuuHa X 3a/aHa (PyHKIMEH pacrpeaeeHus:
0 x<1

F(x) = 1x—1 -1<x<5
4 4

1 Xx>5
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HaiiTu: a) mioTHOCTh pacupeseneHus: CiaydyaiiHONH BEJMYUHBL, 0) BEpOSTHOCTD
TOTO, YTO B PE€3YyJIbTaT€ HCIBITAHUS BEJIIMYMHA MPUMET 3HAUYECHHE, 3aKIIOUYEHHOE B
uHTepsaie (2,3).
3ananue 6. Haiitu BRIOOpOYHOE ypaBHEHUE MPSMOM JUHUM perpeccuud Y Ha X 1O
JAHHBIM, IPUBEJIEHHBIM B CleIyIOLIEH TabJIuLIe:

Y X n,
20 25 30 35 40

16 4 6 - - - 10
26 - 8 10 - - 18
36 - - 32 3 9 44
46 - - 4 12 6 22
56 - - - 1 5 0

n, 4 14 46 16 20 n =100

PexoMeHyeMble HCTOYHUKY HH(DOpMau
(Ne mcrounmka)
OcHoBHas JlononHuTEIBbHAS Mertonuueckas NutepHeT-pecypcbl

1 1 1,2 1,2

IIpakTyeckoe 3ansatue 8.
Tema 3anamusa. OCHOBBI BHIOOPOYHOTO METOJA U AJIEMEHTHI CTATUCTHUYECKOM
TEOpUU OIICHUBAHUA.
Ilensy 3anamusn. 3aKpenuThb MOHATHS BBIOOPOUYHON COBOKYITHOCTH, BBIOOPOUHOM
GbyHKIIMK pacipeeseHusl.
B pe3ynomame oceoenusn memvl 00y4arOmuiica 00x4cen:

3HaTh:

- ONpeJeNeHHe  BbIOOPOYHON  COBOKYMHOCTH, BBIOOPOYHOM  (yHKUUU
pacmpe/ieseHusl.

YmMmern:

- IOHATHE O TUCTOTPaMMe, TTOJINTOHE YaCTOT.

Baaners:
- CITOCOOHOCTBIO PeIIaTh CTAHAAPTHBIC 33/1a4l MPOPECCUOHAIBHON IEITEIbHOCTH Ha
OCHOBE MH(POPMAIMOHHON © OuOIHOrpaduyecKoil KyJIbTyphl C HPUMEHEHUEM
UH(OPMAITMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTUA M € Y4YE€TOM OCHOBHBIX
TpeOoBaHmit nHPpopManronHoi 0e3omacHoctu (OITK-6);
- HaBbIKamMu cOopa, oOpaboTku wHMOpPMAIMKM W ydYacTHs B WHGOpMATH3AIUN
JCSTEIILHOCTH COOTBETCTBYIOIIMX OPTaHOB BiacTh U opranm3anmii (ITK-26)

Axmyanvnocmes memwl. BeiOOpOUHAsi COBOKYITHOCTh M BBIOOpOYHAs (PyHKUMS
pacmpeziesieHus1 UCTIONB3YIOTCSI B 9KOHOMUYECKUX pacueTax.

Teopemuueckasn uacmo.

Ilpeomemom mamemamuyeckol CMamucmuKky A6IAemcs CO30anue Memooos
coopa u 0b6pabomxu CMAMUCMUYECKUX OAHHBIX OJisl NOAYYEHUs HAYYHBIX U
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NPAKMU4EeCcKUx 8b160008.

Matemaruueckass CTaTUCTHKa ONUPAETCS HAa TECOPUIO BEPOSITHOCTEH, U €€ IelNb —
OIICHUTH XapaKTEPUCTUKH FeHEPATLHONH COBOKYITHOCTH IO BEIOOPOYHBIM JTAHHBIM.
Ecimu TpeOyeTcs M3y4YWTh COBOKYITHOCTH OJHOPOJHBIX OOBEKTOB OTHOCUTEIHHO
HEKOTOPOT0 MPHU3HAKA, XapaKTEPU3YIOLIETO 3TH OOBEKTHI, TO €CTECTBEHHBIM SIBIISICTCS
IPOBEJICHUE CIUIOIIHOTO OOCJENIOBaHUs, T.e. 00CIIeJOBAaHUE KaXJIOTO M3 OOBEKTOB
COBOKYMHOCTH OTHOCHUTEJIBHO 3TOTO Mpu3Haka. Ha mpakTuke, oJlHaKo, pOBEICHUE
CIUIOITHOTO OOCNeoBaHUsI MO TeM WIM WHBIM MpPUYMHAM 4YacTo ObIBaeT
HEBO3MOXHBIM. B Takux ciydasx ciyyallHO OTOMpAarOT W3 BCEH COBOKYMHOCTH
OTPaHUYCHHOE YUCIIO OOBEKTOB U MOABEPTaAIOT X U3YUCHHUIO.

Buvibopounoii cosoxynnocmuio N IPOCTO 8b100pKOL HA3BIBAETCS COBOKYITHOCTD
CIIy4alHO OTOOpaHHBIX OOBEKTOB. [ eHepanvbHOl COBOKYNHOCHbIO HA3bIBACTCS
COBOKYITHOCTb OOBEKTOB, U3 KOTOPBIX MPOU3BOIUTCS BbIOOpKaA. Hampumep, ecnu Bce
CTyneHThl HamoroBoi akameMun — 3TO TeHEpalbHAass COBOKYITHOCTH, TO CTYICHTHI
KaKOW-TMOO IPYIIIbI SIBISIOTCA BHIOOPKOM.

Ob6vemom COBOKYIHOCTH (BHIOOPOUYHOM WJIM T€HEPAIbHOM) HA3bIBACTCS YMCIIO
00bEeKTOB 3TOM coBOkymHOcTH. Hampumep, ecnu u3z 1000 nmeraneit otobpaHo aiis
obcnenoBanus 100 meraneit, To o0beMm renepanbHol coBokynmHocTHm N =1000, a
o0weM BeIOOpkH N = 100.

[Ipu cocraBneHnn BHIOOPKH MOKHO MOCTYIATh ABYMSI CIIOCOOaMU: TOCIIe TOTO,
Kak OOBEKT OTOOpaH M HaJ HUM IPOU3BEJICHO HAOIIOJEHHE, OH MOXET OBITh
BO3BpallleH JUOO0 HE BO3BpAIllCH B F€HEPAIbHYIO COBOKYIMHOCTh. B 3aBuCHMMOCTH OT
ATOTO BRIOOPKH TOIPA3ICISIOTCS HAa IOBTOPHBIC U OECTIOBTOPHBIE.

Iloemopnou Ha3bIBAIOT BBIOOPKY, MPH KOTOPOW OTOOpaHHBIM OOBEKT (mepen

0TOOPOM CIIETYIOIIETO0) BO3BPAILLIAETCS B TEHEPAIbHYI0 COBOKYITHOCTE. becnogmophou
Ha3bIBAIOT BEIOOPKY, IPH KOTOPOI 0OTOOpAaHHBIN OOBEKT B FT€HEPAIBHYIO COBOKYITHOCTh
HE BO3BPAIACTCS.
J171s1 TOro, 4TOOBI MO JAaHHBIM BRIOOPKH MOXHO ObLIO JOCTATOYHO YBEPEHHO CYAUTH 00
MHTEPECYIOIIeM TpPU3HAKE TEHEPAIbHOH COBOKYIMHOCTH, HEOOXOAMMO, YTOOBI
00BEKTHl BBIOOPKH MPABHJIBHO €r0 MPEJICTaBIsIU. J[pyruMu ciioBaMu, BBIOOpKa
JOJDKHA TIPABWIIBHO TPEACTABISTH MPOMOPIMHA T'€HEPATbHONW COBOKYIMHOCTH, T.€.
BBIOOPKA JIOJDKHA OBITH penpeszenmamushoil (npedcmasumenbHoil).

B cuny 3akona OOnbIIMX YHCENT MOXHO YTBEPXKIaTh, YTO BBIOOpKa OyaeT
pENpe3eHTAaTUBHOM, €CIM KaXIblii OOBEKT BBIOOPKM OTOOpaH CclaydyaHO U3
TeHEpaTbHONM COBOKYITHOCTH B TPEAINOJIOKEHUH, YTO BCE OOBEKTHI HMEIOT
OJIMHAKOBYIO BEPOSITHOCTH MOTIACTh B BEIOOPKY.

Cratuctryeckoe pacrpeesieHne Tpauaeckn MOKXHO H300pa3uTh Pa3IuIHBIMU
croco0amu, B YaCTHOCTH, B BUJIE TIOJINTOHA W TUCTOTPAMMBI.

Ilonueonom uacmom Ha3bIBa€TCA JIOMaHas, OTPE3KH KOTOPOW COCAMHSIIOT TOUYKH

(Xl; nl), (Xz; nz), U (Xk; nk). i 1OCTpOEHMs IOJUIOHA YacTOT Ha OCU
abcuuce OTKIIaABIBAIOT BAPMAHTHI X;, @ HA OCU OPJIMHAT — COOTBETCTBYIOLIME UM

gacToThl N;. Toukn (Xi , ni) COCIUHSIOT OTPE3KAMU IIPSIMBIX U MOJIY4YarOT IIOJIUTOH

qacCToOT.
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Ilonueonom omuocumenvHvix uacmom Ha3bIBACTCS JIOMaHas1, OTPE3KU KOTOpOﬁ

coemunsror Touxn (X3 W), (X5 W,), ..., (X,; W, ). Tlonuron otHOCHTEMbHBIX
YaCTOT CTPOMTCS AHAJIOTMYHBIM IOJUIOHY 4acToT obpasom. Ha puc. u300paxen
TIOJIMTOH OTHOCHTENBHBIX YaCTOT CIEAYIONIETO PACTIPEIEIEHUS:
Tabnunal
X 2 4 6 8
W, 0,1 0,5 0,25 0,15
Wi
0,6 +
0,5 +
04 |
0,3 +
0,2 +
0,1+ X
0 f f f f f
0 2 4 6 8 10

Puc. 1. IToMroH oTHOCUTENBHBIX YaCTOT.
B cnydae HenmpepbIBHOTO MpH3HAKA 11€71€CO00pPa3HO CTPOUTH TUCTOTpaMMY, JJIs
Yero MHTEpPBaJ, B KOTOPOM 3aKJIIOYEHBI BCE HAOJIO/IaeMble 3HAUCHUS MPU3HAKA,
pa30MBaeTCs Ha HECKOJIbKO YACTHYHBIX WHTEPBAJIOB JUTMHONW N W s Kaxmaoro

4acTMYHOIO MHTEpBaja HaxoAuTcs N, — cyMMa 4acTOT BapHUaHT, NONABIIMX B i-i
WHTEPBAaJ.

FucmoepaMmozZ yacmom Ha3bIBACTCA CTYyIICHYaTas (1)I/Irypa, cocCroidAmasd Hu3
MpAMOYTOJIBHUKOB, OCHOBAHUAMUN KOTOPBIX CIYKAT HaCTUYHBIC MHTCPBAJIbI JJIMHOIO

h, a BeicOTBI paBHEI OTHOmEHHIO N, / h. JI1d mocTpoeHust TUCTOTPAMMBbI YacTOT Ha
ocu abcuucc CileayeT OTI0XKUTh YaCTUUHbIC HHTEPBAJbl, a HaJl HUMHU IMPOBECTH
OTPE3KHM, NapauleNbHbIE OCH abcuuce Ha paccTosHuu M, / h.

[Tnomanp i-ro 4aCTHYHOrO MPSMOYTOJIbHHKA paBHA h n, / h = N, — cymme 4acToT

BapUaHT I-r0 MHTEPBANA; CJICIOBATEIBHO, MI0WAO0b SUCMOSPAMMbL YACTIOM DPABHA
cymMme 6cex uacmom, m.e. 00bemy 8blOOPKU.

Taonuma?
5 Cymma gacTor
YacTuuHbli Hrf]ljepsan BAPHAHT YACTHIHOTO HHOTHorclzTI/: I"}-I&CTOTI:I
AUHOIO =5 uHTepBana I, i
5—10 4 0,8
10 — 15 6 1,2
15— 20 16 3,2
20— 25 36 7,2
25— 30 24 4.8
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30—35 10 2,0
35—40 4 0,8

Ha puc.2 nzo6paxkena ructorpaMmma 4acToT pacupeeieHus, 3aJaHHbIX B TaOJIuUIIe.
n/ h

O FRLP NWHMOUUIO N
I

| 1 -

0O 5 .10.15 .20 . 25 . 30 .35 . 40

Puc.2. 'uctorpamma yactoT pacupeeiaeHusl.
T'ucmozpammoti omHocumenvuvlx uyacmom Ha3bIBAaeTCs cTyneHudaTtas ¢Gurypa,
cocTosimasi M3 MPSMOYTOJbHUKOB, OCHOBAaHUSMHU KOTOPBIX CIIyXaT YacTUYHBIC

uHTepBaNBl AmHHOK h, a Bhicothl pasubr otsomenmio W./h. Tmctorpamma

OTHOCHUTEJIbHBIX YaCTOT CTPOUTCS aHAJOTUYHBIM THCTOTPaMME YacTOT 00pa3oM.
[Tnomanp I-ro YacTUYHOTO TPSIMOYTOJbHUKA paBHA hWi / h =Wi — CcymMe
OTHOCHTEJBHBIX YacTOT BapUaHT I-TO MHTEpBala; CIEI0BATEIbHO, MI0WAOb

cucmoepammsl  OMHOCUMENIbHbIX Yacnmom paeHd CYMMeE 6CEeX OMHOCUMEIbHbIX
yacmom, m.e. edunuue.

Ecau tpeOyeTrcst u3y4nTh KOJTUYECTBEHHBIN MPU3HAK T€HEPATbHOM
COBOKYITHOCTH, TO BOBHUKAET 3ajja4ya OLICHKH MapaMeTPOB, KOTOPBIMU OMPEIEISIETCS
pacrpenesneHue 3Toro npusHaka. Hanpumep, eciiu Hanepea U3BECTHO, UTO
M3y4yaeMblii MPU3HAK paCIpe/IesieH B TeHepaTbHONU COBOKYITHOCTH HOPMAJIBHO, TO
HEO0OXOIMMO OIEHUTD (MPUOIMKEHHO HAWTH) MaTeMaTHIECKOE OKUIaHNE U CPETHEe
KBaJpaTUYECKOE OTKJIOHEHHWE, TaK KaK 3TH JIBa TapaMeTpa MOJTHOCTHIO ONPEACIISIIOT
HOPMAaJIbHOE paclpeiesICHHE.

OOBIYHO UWMEIOTCA  JUIIb  JaHHbIE  BBIOOPKHM, Hampumep, 3HAUYCHUS

KOJIMYCCTBCHHOTO IIPHU3HAKA Xl’ X2, e, X IMOJIYUCHHBIC B PC3YyJIbTAaTC n

n 1
HAOJII0ICHUM, TPUYEM ITH HAOJI0ICHUS MPEIOoJIaraloTcsa He3aBUCUMbIMU. Yepes 3Tu
JIaHHBIE U BLIPAKACTCS OLIEHUBAEMBbIN mapamerp. Paccmarpusas X, X, , .., X, Kak

HesaBUCHMble Ciydaiinbie BenmmuuHbl X, X,, .., X, , MOXKHO CKa3aTb, 4TO

n?
HAXO0XKJICHUE CTAaTUCTUYECKOW OLIEHKH HEW3BECTHOTO IapaMeTpa TEOPETUYECKOTO
pacmpezenieHusl paBHOCHIIBHO HAXOKJICHUIO (PYHKIIMH OT HAOII0aeMbIX CIIyYaiHbIX

BCJIMYMWH, KOTOpad MW AacT HpI/I6JII/I)KeHHO€ 3HAYCHUC OLCHMBACMOI'O IIapamMceTpa.
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Hanpumep, Ui OlleHKH MaTEMaTHYECKOTO OKUIaHHSI HOPMAJILHOTO paclpe/ e/ ICHUs
cryxuT Qynxkimus X = (X, + X, +...+ X,)/N, KoTOpas sBISETCS CPEIHUM
apu(pMETHIECKUM HAOII0JAaeMbIX 3HAYCHUN TTPU3HAKA.

Takum o6pazoM, cmamucmuueckoli oyeHKOU HeuzsecmHo2o napamempa 6
TEOPETUYECKOIO pacipeneneHus Ha3bIBAETCS GyHKUIMA
0 =60(n)=60(X,,X,,..., X,) oT HAOIIOJAEMBIX CITy4allHbIX BEJIUYUH, KOTOpas
B OINPEIEICHHOM CTAaTUCTHUYECKOM CMBICIE OJIM3Ka K MCTUHHOMY 3HAYEHHMIO 3TOTO
napameTpa.

BaxHelmmMu CBOMCTBAMM CTAaTUCTUYECKOW OILIEHKH, OMNPEACTAIOIMNMHA €€
OJM30CTh K UCTHHHOMY 3HAUEHHUIO OIICHHMBAeMOIO IMapameTpa, SBISIOTCS CBOWCTBA
HECMEUIEHHOCTH, COCTOSTEIbHOCTU U 3(P(PEKTUBHOCTH.

Ilyctp reHepanbHas COBOKYNHOCTb M3y4aeTCs OTHOCUTENBHO KOJIMYECTBEHHOIO
IpHU3HaKa X.

Tenepanvhoti cpedneii X . Ha3bIBaeTCsl CpefHee apUYMETHIECKOS 3HAYCHHIT

[pU3HAKa FeHEePaIbHON COBOKYITHOCTH.
Ecnu Bce 3Hauenns X;, X, , ..., Xy IpHU3HAKa FeHEPaIbHON COBOKYITHOCTH 00bEMa N

Pa3IMYHbI, TO T€HEPAIbHAS CPEAHSS paBHA
X, =(X + X, +...+ Xy )/N.
Ecnu »xe 3nauenus npusHaka X;, X, , .., X, HMEIOT COOTBETCTBEHHO YaCTOTHI Nl,
N,, .., N, mpuaem N;+ N, +...+ N, =N, 1o B 5TOM Cci1yuae renepanbHas
CpeaHsis paBHA
X, =(XN;+XN, +...+%xN,)/N.
Ecnu paccmarpuBath oOcienyemblii mpu3Hak X reHepaibHOW COBOKYITHOCTH

KaKk CIy4yalHyl0 BEJMYMHY, TO MOXKHO CJieJaTh BBIBOJ, YTO MAaT€MaTHYeCKOe
O’KHJIaHWE TIPU3HAKa PABHO T€HEPATLHOM CpeIHeN ITOro MpU3HaKa:

X, =M(X).
HYCTB TCHICPL JII H3YUYCHHA reHepanLHoﬁ COBOKYITHOCTH OTHOCHUTCIIBHO
KOJIMYCCTBCHHOT'O IIPHU3HAKA X u3BieueHa BBI60pKa o0bpeMa n .

Buwibopounoii cpedneii X ; Ha3blBaeTCsl CpeiHee apupMeTHUecKoe HabIII0IaeMbIX

3HAYCHUH MMPU3HAKA BEIOOPOYHOI COBOKYITHOCTH.
Ecmu Bee 3Hauenus X;, X, , ..., X, npusHaka BIOOpKH 00beMa N pa3nmudHEbL, TO

BBIOOpOYHAs CPEHSS paBHA
Xz =(X + X, +...+X.)/n.
Ecnu xe 3Hauenus nprusHaka Xiy X5, .oy Xi MIMEIOT COOTBETCTBEHHO 4YacToThI My, N,
vy N, mpuuem N +N, +...+ N, =N, To B 5TOM clly4yae BIOOPOYHAS CPEIHASA
paBHa
Xz = (XN, + XN, +...+ XN )/N

HNJIN
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k
Xz =| DX |/n.
i=1

Tenepanvroii oucnepcueii D ;- Ha3bIBAETCA CpeJHee apu(PpMETHIECKOE KBaPAaTOB
OTKJIOHCHUM 3HAYEHHWN NpPU3HAKa TE€HEPAIbHOW COBOKYIIHOCTH OT HX CPEIHETO
3HAYCHHUS X - .

Ecou Bce 3madenust X;, X,, .., Xy IpU3HaKa I€HEPaTbHOH COBOKYITHOCTH

obbema N pasznuuHbl, TO TeHEpaJbHAS AUCIIEPCUS paBHA
N
- \2
D, = Z(Xi_xr) N .
i=1

Ecnu ke 3snauenus npusHaka X;, X,, .., X, UMEIOT COOTBETCTBEHHO YaCTOTHI Nl,

N,, .., N, npuuem N, +N, +...+ N, =N, 1o B 910M ciryuae resepanbHas

JUCIIepCUsl paBHA
k

Y
DF_ Z(Xi_xr) I\Ii N.
i=1
I'enepanvhvimM  cpeOHUM  KGAOPAMUYECKUM  OMKIOHEHUeM  Ha3bIBAETCs
KBaJPATHBIM KOPEHB U3 T'€HEPAIIBHON TUCIIEPCHM:

Gr:\/Dir-

Ilpumep 1. [I'eHepanbHash COBOKYNHOCTb 3a/laHa  CJICAYIOIIEH  TaOnuien
pacrpeeseHus:

X 2 4 S)

N, 8 9 10

Haiitu renepanpHyr0 JHUCHEPCHUI0 M TEHEPAIBbHOE CPEIHEE KBaJIPaTHUYECKOE
OTKJIOHEHHUE.
Pemenune. HalineM renepanbHy0 CPEIHIONO:

g = 2-8+4-9+5-10+6-3 120
" 8+9+10+3 30

Harinem renepanpHyr0 TUCIIEPCUIO:
D _(2—4)2-8+(4—4)2-9+(5—4)2-10+(6—4)2-3_E_
" 30 30

Haﬁ)ICM T'CHCPAJIbHOC CPCAHCC KBAAPATHUICCKOC OTKJIOHCHUC.
o, =D, =18 ~1,34.

Buibopounoii ducnepcueii D, HaspiBaetcs cpensee apupmernueckoe KBapaTos

4,

18-

OTKJIOHEHHUW HAOJI0JJa€MbIX 3HAYEHUU MPU3HAaKa BHIOOPOYHOM COBOKYIHOCTH OT HMX
CPEIHETO 3HAYEHUSA X 5.
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Ecmu Bce 3nauenus X;, X,, .., X, npusHaka BbIOOPKHM 00bema N pasnv4HbI, TO
BBIOOpOYHAs TUCTIEPCHS paBHA

(3001

Ecnu xe 3HaueHns npu3Haka Xy X5, ooy X HMCIOT COOTBETCTBEHHO YaCTOThI

n, n,, .., N, mpuuem N, +N, +...+ N, =N, T0 B 3TOM Ciayyae BEIOOpOYHAS

Bvibopounvim  cpeOnum  keaopamuyeckum — OMKIOHEHUeM  Ha3bIBaeTCs
KBaJpaTHbIM KOPEHb U3 F'€HEPAIBHOMN JUCIIEPCUU:

O-B:\/DiB'

Ilpumep 2. BriOopouHass COBOKYNHOCTh 3aJlaHa  CleAylolleld Tabnuien
pacupeneneHus:

AUCIICPCHUA paBHA

X. 1 2 3 4
n. 20 15 10

Haiitn BBIOOpOYHYIO JUCHEPCHI0O U BBIOOPOYHOE CpPEIHEE KBAJIPATUUYECKOE
OTKJIOHEHUE.
Pemenue. Halinem BBIOOPOUHYIO CPETHIOO:

_ 1.20+2-15+3.10+4-5 100
b 20+15+10+5 50

Haiinem BEIOOpOUHYIO JUCTIEPCHIO:
(1-2)2-20+(2-2)2-15+(3-2)%-10+(4-2)%-5 50
P = 50 50

Haiinem BbIOOpOUHOE CpeHee KBaApaTUIECKOE OTKIOHEHHE!

7y =D, —V1-1

Teneps mycTh TpeOyeTcs MO JaHHBIM BEIOOPKH OLEHUTh HEM3BECTHYIO FeHEPATbHYIO
mucnieperto D .. Beibopounas aucnepens D, sBisierest ememennoit ouenxoii D,

2.

1.

TaK KaK

n-1
M(DB):TDF'

Ecnu sxe B KauecTBE OLEHKH T'e€HepaTbHON JUCTIEPCUH IPUHATH UCHDABIEHHYIO

2
OucnepcuioS” , KOTOpas IodydaeTcs myTeM yMHOxkeHus D 5 Ha JIpo0b I’]/ (n —1) , TO
oHa Oy/IeT HECMEIIIEHHO! OIIEHKOM reHepanbHoi qucnepcuu. [lomydaem
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SzznlDB: " = | = Z(Xi_xg)zni /(n_l)

|\/|<32): M LDB :nM(DB):n-nlDF =D,.
n-1 n-1 n-1 n

HNmeercs nBa cmoco0a OIIGHKM TapaMeTpoOB: TOUYCYHBIM M WHTEPBAJIbHBIM.
TodeuHble METOBI YKA3bIBAOT JIUIIb TOYKY, OKOJIO KOTOPON HAXOIUTCSI HEU3BECTHBIN
orleHuBaemMbIlii mapaMerp. C MOMOINIBI0O HHTEPBAIBHBIX CIIOCOOOB MOXHO HaWTH
MHTEPBAJI, B KOTOPOM C HEKOTOPOM BEPOATHOCTHIO HAXOAUTCS HEU3BECTHOE 3HAYCHHE
napamerpa.

Toueunou HaA3BIBAETCSA OLEHKA, KOTOpAss OMNpPEAeNIeTcs OAHUM yuciaom. llpu
BBIOOpDKE MaJIOr0 oO0beMa TOueyHasi OLEHKA MOKET 3HAYMTENIbHO OTJIMYaThCAd OT
OIICHMBAEMOTO MapameTpa, T.€. MPUBOJIUTh K TPyObIM ommnokam. [1o sToi mpuunne
pu HEOOIBIIIOM 00BEME BHIOOPKH CIIEIYET MOJIb30BATHCS MHTEPBATILHBIMU OIIEHKAMH.

Hnmepeanvrotu Ha3pIBa€TCA OLIEHKA, KOTOpAs ONpPEEsAeTCs ABYyMs YUCIaMu —
KOHIIaMU HMHTepBaia. VHTepBaldbHbIE OLEHKU MO3BOJSIOT YCTAHOBUTH TOYHOCThH U
HAJIEKHOCTh OLICHOK.

HYCTL HaﬁHCHHaﬂ 110 JaHHBIM BBI60pKI/I CTaTUCTHUYCCKAasA XapaKTCPUCTUKA 9 CIIyKUT

OLIEHKOM Hem3BecTHOro nmapamerpa €. Eciu & >0 u ‘ 0—-06 ‘ < &, 10 onenka 6

TEM TOYHEE OIpeaeiser napamerp €, 4eM MeHslie O . Tounocmv oOyeHku
XapaKTepU3yeTcs MOJOKUTEIbHBIM YHUCIOM O .

OJHAKO Heb3sd KAaTEerOpHYecKH YTBEpXkKAaTh, uTO oOueHKa 6  ymosiaerBopsier
HEPaBEHCTBY ‘ 0-6 ‘ < O . CTaTiCTHYECKHE METOIBI [TO3BOJISAIOT JIUIIL TOBOPUTH O
BEPOSITHOCTHU, C KOTOPOI 3TO HEPABEHCTBO OCYIIECTBIISIETCS.

Hadeorcrocmuio (0ogepumensioii seposimuocmuio) onesku @ no 0 naspisaercs

BEPOATHOCTH J , C KOTOPO# OCYNIECTBIISETCS HEPABEHCTBO ‘ 0-6 ‘ <0, re.
P(|6-0]<5)=y.
B xauecTtBe ¥ Oepercs 4uciI0, OIU3KOE K €ANHULIE.

N3 HepaBeHCcTBa ‘ 0—-0 ‘ < O IIETKO MOXKHO TIOJIyYUTh JBOWHOE HEPABEHCTBO

0-5<0<0+6.

Torna COOTHOIEHUE TPUHUMAET CIEAYIOIIUNA BUJT

P(O-5<6<0+5)=y.
DTO COOTHOIICHHWE O3HAYaeT CICAYIOIIee: BEPOATHOCTh TOrO, 4YTO HMHTEPBAJ
(5 -5, 0+6 ) 3aximroudaer B ce0Oe (MOKPBIBAET) HEU3BECTHBIN mapamerp €, paBHa

V-
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Hnrepan (€ — O, @ + O) HaspIBaeTCad 006epuUmenbHbiM UHMEPEaIoM, KOTOPBII
TIOKPBIBACT HEU3BECTHBIN MapameTp & ¢ 3aJJaHHON HAJEKHOCTBIO )/ .

IlycTh KOMMYECTBEHHBIM NPU3HAK X T€HEPAIbHON COBOKYITHOCTH PaCIpeneIcH
HOPMAaJIbHO, IPUYEM CPEAHEE KBAIPATUUECKOE OTKIOHEHUE O 3TOr0 pacHpeNesICHHUs
M3 BeCTH 0. TpedyeTcs OllEHUTh HEM3BECTHOC MAaTEMaTHUECKOE OKUaaHue a To
BBIOOpOUYHOM cpenHeld X . IloctaBuM cBoel 3amauveld HaWTU JIOBEPUTEIIHHBIC
MHTEPBaJIbI, TOKPHIBAIOIINE TapaMeTp d C HaJeKHOCTBIO ) .

By/eM paccMaTpHBaTh BEIGOPOUHYIO CPEHION X Kak cydaitayio Bemmanay X (X
M3MEHSAETCS OT BEIOOPKHU K BEIOOPKE) U BHIOOPOUHBIE 3HaYeHHs npusHaka X, X, , ...,

X, — KaK OJIMHAKOBO Paclpe/Ie/eHHbIC cyyaiitbie Bennuuusl X, X,, .., X (311

YHClia TakKe M3MEHSAIOTCS OT BBIOOPKM K BBIOOpKE). MaTemaTHueckoe OKHJIaHUe
KaXJIOH U3 ATHX BEJIMYMH PaBHO d U CpeHEee KBapaTUIECKOe OTKIOHeHHEe — O ..

[Tomy4aem, 4TO IapaMeTpsl pacrpencieHns X clIeayromme:
M(X)=a, o(X)=0oc//n.
[ToTpebyem, UTOOBI BHIMOJIHSIIOCH COOTHOIIICHUE
P(‘)? 4| < 5)= ¥,
rae ¥ — 3aJaHHas HaJeKHOCTb.

Vcnons3ys Gopmyay ¢ 3ameroit X Ha X u O na o(X) = o-/ /N , HETPyaHO
HOJIYYUTh COOTHOIIICHHE

P(‘)?—a‘ < 5): 20(5+/n /o) = 20(t),
rne t = é\/ﬁ/a-

Haiins u3 mocnennero paBeHcTBa O = to-/ /N, MOXXHO HamucaTh
P(|X —a<to/n )= 2(t).

O06o3Hayas JIIA O6HIHOCTI/I BBI60pO‘IHYIO CPCOHIOKO BHOBbH 4YCPEC3 )_(, Imojydyacm

COOTHOLICHUS
D(t) =y/2

P(Xx—to/vn <a<X+to/vn)=y.
3HAYNT, C HAAEKHOCTBIO » MOXHO YTBEPXKIaTh, YTO JOBEPHUTEIBbHBI HHTEPBA
()_(—tO'/ Jn, X +t0/ Jn ) TOKpBIBaeT HEM3BECTHBIM mapamerp A, NIpH 3TOM
TOYHOCTh OIEHKH PaBHA O = ta/ /N, a ancio t ompexensieTcs U3 paBEeHCTBA IIO

tabsmie Gynkiuu Jlamnaca.

Ipumep 3. CiiyuaiiHas BeTMuMHA XMMEET HOPMaJIbHOE PACIPEICTICHUE C U3BECTHBIM
CpeIHUM KBaJpaTUYECKUM OTKJIOHEHHEM o = 3. HailTu nmoBepuTesbHbIM UHTEpBaI
JUTS OLIEHKH HEM3BECTHOTO MaTEMATHYECKOTO OKUIaHUSA A 1O BEIOOPOYHON CpeaHEH

X , eciid 00beM BhIOOpKH N = 36 ¥ 3a7aHa HAJIEKHOCTh OLICHKU )/ = 0,95.
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Pemenwne. Haiinem t. U3 cooTHommenwus (13.8) momydaem () (t) = 0,475 U I10 Ta0JIHIEe

dbynkmuu Jlaruraca Haxo UM t= 1,96 .
Haiinem TOYHOCTB OLICHKHU:
S5 =to/~/n =(1,96-3)//36 =0,98.
JIoBEpUTENBHBIN HHTEPBAJ TAKOB: ()_( -0,98; x+ 0,98) . Hannpumep, ecinu X = 4,1

, TO I[OBCpHTCHBHBIﬁ HWHTCpPBAJI UMCCT CJICAYIOINE JOBCPHUTCIIbHBIC I'PAHHIIbI:

x-098=41-098=312; x+0,98=41+0,98=5,08.

Bonpocu u 3a0anus.
1. BbiOopouHast COBOKYITHOCTb.
Bri6opounas pyHKUMA pacupeneaeHusl.
I'mcrorpamma, OJIMTOH 4acCTOT.
Crnioco0bI cocTaBICHUS BBIOOPKH.
Bbruncnenue ToueyHbIX OLIEHOK apaMeTPOB paclpeiesICHusI.
Brruncnenme nHTEpBaIbHBIX OIICHOK [MapaMeTPOB paclpe/IeICHHUS.

Bei6opounas cpenmsis Xg .

Bri6opounas aucnepeus Dy .

© 0 N o abkowd

S 2
Ucnpasnennasa nucnepeus © .

3ananue 1. Beibopka 3a1aHa B BUjie pacipeieICHUs] YacTOT:

X |215]7
p, |113]6

Haittu pacnpenenenyue OTHOCUTEIBHBIX YaCTOT.
3amanne 2. Haiitm (yHKOHIO pacnpeesnieHusl 1Mo JaHHOMY PaclpecsICHUIO
BBIOOPKHU:

x |1 2|5
p, 11046

3aganue 3. IlocTpouTh TOJMIOH OTHOCUTENBHBIX YacTOT MO JaHHOMY
pacnpeneneHuto BbIOOPKU:

x |2 ]4[5]8
p | 1119|812

3amanne 4. Haittu QyHKOUMIO pacnpenesieHusl M0 JaHHOMY PacIpecICHHUIO
BBIOOPKH:

x |1 2|5
52




p, |104 (6

3aganne 5. HallTh METOIOM MOMEHTOB TOYEYHYIO OLIEHKY Iapamerpa p

— — X—p
T€OMETPUYECKOI'0 paclpeaeIeCHUs P(X—Xi)—(l_p) 'P, rae X, - YHCIO
UCIIBITAHUM, TIPOBEAEHHBIX 10 TOSIBICHUS COOBITHS, P - BEPOSTHOCTH MOSIBJICHUS

COOBITHS B OJTHOM UCTIBITAHHH.
3aganue 6. HailTu mMeToIOM MOMEHTOB TOYEYHYIO OIIEHKY IapaMmeTrpa p

TEOMETPUYECKOTO PaACIPEAETICHUS P(X - Xi) = (:I-_p)xi b P, ecmu B werpipéx
OTIBITaX COOBITHE MOSIBUIIOCH COOTBETCTBEHHO IMOCJIE ABYX, YETHIPEX, IIECTH U BOCBMHU
HCTIBITAaHUM.

3aganue 7. W3 reHepalbHOM COBOKYMHOCTH U3BJI€Y€HA BBIOOpPKa 0O0BEMaA

n=50-

x 2 |5 |7]10
n | 16|12 |8 |14

Halitn HecCMEemEHHY 0 OLIEHKY TEHEPAITBLHOUW CPETHEM.
3amanne 8. Haiitu BBIOOPOYHYIO CPENHIOID IO JAHHOMY pacIpeaesICHUIO
BBIOOPKH:

x | 1240|1250 | 1270 | 1280
n| 6 2 1 1

3amanue 9. HaiiTu BBHIOOPOUYHYIO IHCHEPCHUIO MO JaHHOMY paclpeaciieHUIo
BBIOOPKHU:

PexomeHryeMble HCTOYHUKN HHPOPMALIUU
(Ne mcTrounmKa)
OcHoBHas JlononHuTenpHas Meroanueckas NHTepHEeT-pecypcesl

1 1 1,2 1,2

IIpakTuyeckoe 3anstue 9.
Tema 3anamusn. CtaTucTudeckas Tunore3a. MeToapl CTAaTUCTHIECKOW MTPOBEPKHU
TUTIOTE3.
Henw 3anamus. 3aKpenuTh METOIbI CTATUCTUYECKON TTPOBEPKH TUTIOTES.
B pe3ynomame oceoenun memvl 00yuarouyuiica 00ax4cen:
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3HaTh:

- METOJbl CTaTUCTHUYECKOW TIPOBEPKH THIOTE3, THUIIOTE3Y O pPaBEHCTBE
TCHEPAITbHBIX CPETHUX.

YMmern:

- IPUMEHSITh METOJIbI CTATUCTUIECKON TTPOBEPKHU THITOTES.

Baaners:
- CHOCOOHOCTBIO pelIaTh CTaHIAPTHBIC 33a4i MPOPECCUOHATBHON NEATETHPHOCTH Ha
OCHOBE WH(OPMAIIMOHHON u Oubmmorpaduueckoil KyJIbTypbl C TPHUMEHEHHEM
UH(OPMAITMOHHO-KOMMYHHUKAIIMOHHBIX ~ TEXHOJOTUA M € Y4YE€TOM OCHOBHBIX
TpeOoBaHmii nHPpopManronHo# 6e3omacHoctu (OITK-6);
- HaBbIKamMu cOopa, oOpaboTku wuHbOpPMAIMKM W ydacTHs B HWHGOPMATHU3AIUU
JCSTEIbHOCTH COOTBETCTBYIOIIMX OPTaHOB BiacTh U opranm3anmii (ITK-26)

Axkmyanvnocmys memvi. MeTOABl CTATUCTUYECKOW MPOBEPKU THIOTE3
UCIIOJIB3YIOTCSl B pacueTax CBA3aHHBIX C YIIPABICHUEM.

Teopemuueckan uacmo.

[Tycth  TpeOyercs  ompenenuTh 3aKOH  paclpenelieHdus  TeHepaIbHOU
COBOKYIHOCTH M Ha30BeM €ro 4. Eciy 3aKoH pacrpeesieHusi HEU3BECTEH, HO UMEIOTCS
OCHOBAHMSI PEIIOJIOKUTh, YTO OH UMEET ONPEIEICHHBIM BUJI, BBIABUTAIOT THIIOTE3Y:
reHepajibHasg COBOKYIHOCTh pacmpenenieHa 1o 3akoHy A. Takum oOpa3om, B 3Toi
TUIOTE3€ peYb UAET O BUJIE IPEANOIaraéMoro pacupeieacHusl.

Bo3moskeH ciyuail, KOrja 3akOH pachpeleieHus] U3BECTEH, a €ro mapaMeTphl
HEu3BeCTHBI. EciiM ecThb OCHOBaHUS MPEANOJIOXKUTh, YTO HEU3BECTHBIN mapamerp ©

paBeH ompezencHHoMy 3HaueHnmoo O, To BeygBHTaOT THHOTE3Y: O = ©,. Takum

00pa3oM, B 3TOW THIIOTE3€ PEeUb UJET O MPEAI0IaraeMoil BeIMYMHE MapaMeTpa 0OJHOro
U3BECTHOT'O pacCIpeAesICHHUS.
Cmamucmuyeckou Ha3bIBAETCS TUNIOTE3a O BUJI€ HEM3BECTHOI'O paclpeneseHus
WIM TUIOTe3a O TapaMerpax M3BECTHBIX  pacmnpeaencHuii.  Hampumep,
CTaTUCTUYCCKUMH SIBJISTFOTCS] TUTIOTE3BI:
1) reHepaigbHasi COBOKYITHOCTh pacrpejiesicHa o 3akony IlyaccoHa;
2) JIUCIePCHU ABYX HOPMAJIBbHBIX COBOKYITHOCTEH PaBHBI MEXY COOOM.
B nepBoii rumore3e CcHAeTaHO MPEANOJIOKEHHE O BHJIE HEU3BECTHOIO
pacrpeneneHus, BO BTOPOH — O apaMeTpax JABYX U3BECTHBIX PaclpeacICHUM.

Hynesoii (ocHosHOli) Ha3bIBaeTCs BbIABMHYTas runoteza H 0

Kouxypupyroweii (anbmepnamuenoti) HaszpiBaeTca rumnoresa H 1» Koropas

IIPOTUBOPEUYUT HYJIEBOM.

Hanmpumep, ecnm HyneBasg Trumore3a COCTOUT B NPEANOJIO0KEHUH, YTO
MaTeMaTHYEeCKOE OXHJAaHWE @ HOpMaJbHOrO pacnpenenenuss pasHo 10, 1o
KOHKYPHPYIOILIAsl TUIIOTE3a MOYKET COCTOSITh B MPEIINOI0KEeHUH, uTo a = 10;  T.e.
H,:a=10; H;:a =10.

Ilpocmoii Ha3pIBae€TCS TUIIOTE3d, COAEPIKAILAs TOJBKO OAHO IPEATIOJIOKEHUE.
Hanpumep, runoresa H : Marematnaeckoe oxuaHue HOPMaIbHOTO PACIIPEACIICHHS
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paBHO 3 (O HU3BECTHO) — MPOCTas.
Cnoocnou Ha3bIBAaeTCSl THUIOTE3a, KOTOpas COCTOMT U3 KOHEYHOTO WU
OECKOHEYHOr0 4MCiIa NPOCThIX rumotes. Hanpumep, cnoxknas rumoresa H: A4 >5

COCTOMT U3 OCCUMCIICHHOTO MHOKECTBA IMPOCTBIX THUIIOTC3 BUIA Hi :Zx = bi , TAC bi

— 1mr000€e Yncio, 0obIee 5.

BbiiBuHYyTast TUIIOTE3a MOXKET OBITh MIPABHJIBHOM WM HEMPaBUIBHOM, MTOATOMY
BO3HHUKAET HEOOXOIUMOCTb cmamucmuyeckol (MPOU3BOJMMON CTaTUCTUUECKUMU
METOJIaMH) IPOBEPKH ITOM TUIOTE3bl. B UTOre cTaTucTHUeCKOW MPOBEPKH THMIIOTE3bI
MOTYT OBITh AOMYIIEHBI OIIUOKH.

Owubra nep8oco pooa COCTOUT B TOM, 4TO OyAE€T OTBEPrHyTa IpaBUJIbHAs
TUIIOTE3A.

Owubdbrka 6mopoco pooa COCTOUT B TOM, YTO OyAeT NPUHATA HENpaBUIIbHAs
TUIIOTE3A.

JUia mpoBepKH HYJEBOM TUIIOTE3bl MCIONB3YETCs CIELUANIbHO IMOA00paHHas
cllydaiiHas BEIMYMHA, TOYHOE WIN IPUOIMKEHHOE paclpeiesieHue KOTOPO U3BECTHO.
Ota ciyuaiiHas BenmunHa o0o3Hauyaercst uepe3 K w HasbiBaeTcst crmamucmuyeckum
Kkpumepuem (WIN TIPOCTO Kpumepuem).

IIpuBenem npumep CTaTUCTUYECKOrO Kpurepus. Ecinu nposepsiercs runoresa o
PAaBEHCTBE JMCIEPCUM [BYX HOPMAJBHBIX TI'€HEPAJIbHBIX COBOKYIIHOCTEH, TO B
KadecTBe Kputepusi K mpUHHMAETCs OTHOIICHHWE HCIPABICHHBIX BBIOOPOUHBIX
JTACTIEPCUNA:

F=s2/s?.

Habnwooaemvim SHAYEHUem K Ha3bIBACTCsA 3HAYCHHUC KpUuTcpus:,

Haon
BBIUMCIIEHHOE 10 BbIOOpKaMm. Hampumep, ecnu 1o JByM BbIOOpKAM HaWEHBI

UCIIPABJICHHBIC BBIOOPOYHBIE AUCIIEPCUU 512 =20 u 35 =5, 1o nHabmogaemoe
3HaueHue Kpurepusi F pasHO

F,., =s’/s?=20/5=4.

[Toce BBIOOpa OMpENEICHHOTO KPUTEPHsI MHOXKECTBO BCEX €ro BO3MOKHBIX
3HAUYCHUN DPa30MBAETCS HA JBa HETMEPECEKAIONMUXCS MOAMHOXKECTBA: OJHO U3 HUX
COAEPKUT 3HAUECHUS KPUTEPHUsA, MPU KOTOPBIX HyJIeBas TUIIOTE3a OTBEPracrTcs, a
Ipyrasi — Opu KOTOPBIX OHA TPUHUMAETCS.

Kpumuueckoii obnracmeio Ha3bIBACTCS COBOKYMHOCTh 3HAYEHUN KPUTEPUS, MPU
KOTOPBIX HYJIEBASI TUIIOTE3a OTBEPraeTcsl.

Obnacmoto  npunamusi  2unome3vl  (00JIaCTbIO  JOMYCTUMBIX  3HAYEHMIA)
Ha3bIBAETCS COBOKYITHOCTh 3HAYEHUW KPUTEpHs, NMPU KOTOPHIX HYJIEBAas TUIIOTE3a
PUHUMAETCS.

[Mockonbky kputepuit K — omHOMepHas ciydvaiiHas BeJdMYWHA, BCE €€
BO3MOXHBIE 3HAYCHUS [IPUHAIIE)KAT HEKOTOPOMY UHTepBaily. [loaTomy kpurnueckas
o0nmacTe ¥ 00JacTh TPUHATHS THUIIOTE3bl TAaKXKe SBISIOTCS WHTEpPBajJaMU W,
CJIEIOBATENBHO, CYIIECTBYIOT TOUKH, KOTOPBIE UX Pa3AEISIOT.

Kpumuueckumu mouxamu (rpaHuuiamun) ka Ha3bIBAIOTCSI TOYKH, OTHAEIIAIOLIUE

KPUTUYECKYIO 00JIaCTh OT O0JIACTH MPUHATHS TUIIOTE3BI.
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Ilpasocmoponneii  Ha3pIBaeTCsl  KpUTHYecKas  o0JacTh,  omperenseMas
HepaBeHCTBOM K > ka , T1e ka — MOJIOKUTEIBHOE YUCIIO.

® >
0 k K
Kp
Puc.1.
Jlesocmoponneii  Ha3BIBACTCI ~ KPHUTHYECKas  00IacTh,  ompezeseMast

HCPaBCHCTBOM K < k Tac ka — OTpHUIOATCIbHOC YHCJIO.

Kp 2

0 K

Y

Puc.2.
OonocmopoHuell ~ Ha3bIBA€TCA  MPABOCTOPOHHSS  WJIM  JIEBOCTOPOHHSA
KpUTHUYECKas 00J1acThb.
Jeycmoponneii  Ha3blBae€TCsl ~ KpUTHUYecKas  o0ylacTh,  ompejesseMas

HepapeHcTBamn K < kl, K> kz, rmue k2 > k1- B wacTtHOCTH, €clM KPUTHYECKHE

TOYKH CHMMETPHYHBI OTHOCHTEIILHO HYJIs, JBYCTOPOHHSS KPUTHYECKas O0O0JIaCTh
onpezensieTcss HepaBeHcTBaMu (B mpeanonoxkenny, ro K < -k ) K <-k_,

K >K,, , uim papHocuiibHbIM HepasencTeoM | K| > K, -

°
k,,

Puc.3.
J1st HaXOKIECHUST KPUTHIECKOW 00JIaCTH TOCTATOYHO HAUTH KPUTHIECKYIO TOUKY
(Toukn). J{7s HaXOXKACHUS K€ TAKOW TOYKH 3aJ]a€TCs JOCTATOYHO Majiasi BEPOSTHOCTh
— yposenv 3HauumocmuOl. 3aTreM KpUTHYECKas TOYKa ka HIIETCA WCXONd W3

TpeOOBaHUs, YTOOBI TIPU YCIOBUM CIPABEIIMBOCTH HYJICBOW TUIIOTE3bI BEPOATHOCTH
TOro, 4To Kputepuii K mpuMeT 3Ha4YCHHUS M3 KPUTHYECKOW 00jacTH, Oblia paBHA
MPUHITOMY YPOBHIO 3HAUMMOCTH.

Hampumep, muist mpaBoCTOpOHHEH KPUTHYECKON 00JACTH JIOJKHO BBITIOTHSATHCS
COOTHOLIEHHUE

P(K>k,)=«a,
JUTSA JIEBOCTOPOHHEW —
P(K<k,)=«a,
a 1Sl IBYCTOPOHHEN —
P(K<k)+P(K>k,)=c.
JIns KaXI0ro KpUTepus UMEIOTCS COOTBETCTBYIOIIUE TAOIUIIbI, IO KOTOPHIM M

HaXOJUTCSI KPUTUYECKAs TOUYKA.
Ecnu pacnpenenenue Kpurepusi CAMMETPUYHO OTHOCHUTENBHO HYJSL U UMEKOTCA
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OCHOBAHHs BBIOAaTh CHMMETPHYHbIE OTHOCHTENbHO Hyns Toukdn —K. 1 K (
K,, >0), 10 P(K<-k,_)=P(K>K,). YaurbiBas 570 COOTHOLICHHE, U3 [JIs]
JIByCTOPOHHEH KPUTHYECKOM 00JIACTH HOIyYHM COOTHOIIEHHE

P(K>k,)=a/2.

Mowmnocmvio kpumepus HA3bIBACTCSI BEPOSTHOCTh IONANAHUS KPUTEPUSA B
KPUTUYECKYIO 00JIACTh MPU YCIOBHUH, YTO CIpaBEIMBAa KOHKYPUPYIOIIAsl THIIOTE3A.
JpyrumMu cii0BamMHu, MOIIHOCTb KPUTEpPHUS €CThb BEPOSITHOCTH TOTO, YTO HyJIEBas
runoresa OyJeT OTBEPrHyTa, €CIM BEpHA KOHKYpUPYIOIIas TUIIOTE3A.

[IycTp sl MPOBEPKHU TMIIOTE3BI IPUHAT ONPEIEICHHbI YPOBEHb 3HAYNMOCTH, U

BBIOOpKA UMeeT (PUKCUpOBaHHbII 00beM. Eciu ﬂ — BEPOATHOCTH OMIMOKH BTOPOIO
pona, T.e. COOBITUS «IPUHATA HyJeBas TUIOTE3a, MPUYEM CIpaBeIJINBa
KOHKYPUPYIOLIAsH», TO MOLHOCTb KPUTEPHs paBHA 1 — ,B :

HYCTB MOITHOCTb 1 - ﬂ BO3pacCTacT, CJICOOBATCJIBHO, YMCHbIIACTCA

BEPOSITHOCTh ﬁ COBEPIIUTH OUIMOKY BTOpOro pojaa. Takum oOpa3om, 4eM MOIIHOCTb

00JIbIIE, TEM MEHBILIE BEPOSITHOCTh OUTMOKM BTOPOIO POJIa.

Wtak, ecnu ypoBEeHb 3HAYMMOCTU YK€ BBIOpaH, TO KPUTHUYECKYIO O0JacTb
clelyeT CTPOUTh TaK, 4YTOObl MOIIHOCTH KpHUTEpHsl Oblla MaKCUMaJbHOH. ITO
N03BOJIUT MUHUMHU3UPOBATH OMIUOKY BTOPOrO poJa.

Janee nam notpedyercst pacupenenenue dumepa — CHeaexopa.

Ecim U m V — He3aBUCHMBIE CIly4alHbIE BEJIMYMHBI, PACIPEACIICHHBIE 110
2
3aKOHY )~ CO CTENEHSIMHU CBOOOMBI k1 u kz, TO BEJIMYMHA
F = U/ k1
Vik,

MMeeT paclpesielieHne, KOTopoe HasbiBaeTcapacnpedenenuem F @uwepa —
Cnedexopa co crenensmu cBobomsl K, u K, .

CDYHKIH/IH IIJIOTHOCTH 3TOIO paCHpeﬂCHeHI/IH NMCECT BU
0 npu X<0
f(x)= y (4-2)/2 ,
NN CEA npu X>0
(k, +kX)

rne

k, +K k,/2y, k,/2
N zkl/kz/

)=
I'(k,/2)I(k,/2)
Pacnpenencane F omnpenensercs aByms mapameTpaMd — YHCIAMHU CTEICHEH
cBo6ombl K, u K, .

[Tycth reHepaiibHbie COBOKYIHOCTH X u Y pacnpesiesieHbl HOpMaJIbHO, IPUYeM

X OIUCTICPCUU U3BCCTHEI. I1o He3aBHUCHUMBIM BbI60pKaM C 06’beMaMI/I, COOTBCTCTBCHHO
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PaBHBIMH nl )41 m, HN3BJICYCHHBIM M3 3THX COBOKYHHOCTeﬁ, HaﬁﬂeHbl BLI60pO‘{HLIC

cpennre X u Y. Tpebyercs 1m0 BBIGOPOUHBIM CPEJHHM IPM 3aJaHHOM YPOBHE

3HAYMMOCTU (X IPOBEPUTH HYJIEBYIO TMIIOTE3Y, COCTOSAILYIO B TOM, YTO IT'€HEPaJIbHBIC
cpelHHE (MAaTeMaTHYECKUE OXXKHMJIAaHMS) pacCMAaTPUBAEMbBIX COBOKYIHOCTEH pPaBHBI

MEXTy COOOM:
H,:M(X)=M(Y).
Y4uThIBasi, YTO BBHIOOPOYHBIC CPEIHUEC SIBIISIOTCS HECMEIICHHBIMU OIICHKAMHU
TeHEePAIbHBIX CPEIHUX, T.€.

M(X)=M(X), M(Y)=M(),
HyJIeByIO FI/IHOTGBy MOJKHO 3aI1ucaTthb TakK.
H,:M (X)=M(Yy).
B KauecTBe KpUTEPHUS POBEPKU HYJIEBOM TUIIOTE3BI O PABEHCTBE MEHEPAIBHBIX
CpeI[HI/IX HpI/IHI/IMaeTCH HOpMI/IpOBaHHaﬂ HOpMaJIBHaH CﬂyqaﬁHaﬂ BCIIMUUHA

Z= XY
JD(X)/n+D(Y)/m’

Kputnueckas 00y1acTh CTpPOUTCS B 3aBUCUMOCTH OT BHJa KOHKYPUPYIOIICH
TUIIOTE3BbI.

IlepBeiit cnyuan. HyneBas rumnoresa Ho: M (X) =M (Y ) Konkypupyromas
rumoresa H,: M (X) =M (Y).

B »TOM ciyyae cTpoWTCS NBYCTOPOHHSISI KpUTHYECKas 00JacTh, UCXOId U3
TpeOOBaHUs, YTOOBI BEPOSATHOCTh TOMaAaHusi Kpurepus Z B 3Ty 00JacTb B
IPEANOJI0KEHNN CIPABEJIMBOCTH HYJIEBOW THIMOTE3bl Oblja paBHA MPUHSATOMY
YPOBHIO 3HAYUMOCTH (X .

[Tockonbky pacmpeneneHue Z  CUMMETPUYHO OTHOCHTEIBHO HYJS, TO

KPUTHUYECKHE TOUKH CUMMETPUYHBI OTHOCUTENIBHO HYJIS, T.€. €ClIM 0003HAYUTh Yepe3
Z,, IPaBylo KPUTHIECKYIO TOUKY, TO — Z, OyJeT JIeBOW KPUTUYECKON TOUKOM.

HaubGomnbiass MOIIHOCTh KpuUTepUs (BEPOATHOCTh TIOMAJIaHUS KPUTEPHUS B
KPpUTHYECKYI0 00JIacTh TMpU  CHPABEIMBOCTA  KOHKYPUPYIOIIEH T'HMIIOTE3bI)
JOCTUTAETCS TOrJa, KOrJa BEPOSTHOCTh IMONAJAAHUSI KPUTEPUS B KAXKABIM HU3 JIBYX

MHTEPBAJIOB KPUTUYECKON 00JIaCTH paBHA 05/ 2:
P(Z<-z,)=a/2, P(Z>2,)=a/2.
Jnst Toro, yTtoObl HAWTH TPaBYHO TPaHUILY Z,, JBYCTOPOHHEN KPUTHYECKOU

00IacTH, JOCTATOYHO HaiiTw 3HaueHue aprymenta (QyHkuuu Jlammaca, KOTOpOMY
cooTBeTcTBYeT 3Hauenue dynkium, pasuoe (1—)/2:

®(z,,)=1-a)/2.

O0603HauMM 3HAYEHUE KPUTEPHS], BBIUUCIECHHOE 10 IaHHBIM HAOIIOACHUH, yepes

Z

nabn "

Ecnu ‘Zm 6/1‘ < Z,, — HET OCHOBaHHii OTBEPIHYTh HYJICBYIO THIIOTE3Y.
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Ecnu ‘ZW@Z‘ > Z,, — HyJICBasl TUIIOTE3a OTBEPracTCs.

Bropoii cnyuai. HyneBas runoresa HO: M (X) =M (Y ) Konkypupyromas
runoresa H,: M (X) > M (Y).

B sTom cimydae CTpOMTCS HMPaBOCTOPOHHSISI KpUTHYECKas 00JacTh, UCXOMS U3
TpeOoBaHUs, YTOOBI BEPOSATHOCTh MOMaJaHus Kputepus Z B 3Ty 00JacTh B

MIPEANOI0KEHNN CIPABEJIMBOCTH HYJIEBOW THUIMOTE3bl OblJIa paBHA MPUHSATOMY
YPOBHIO 3HAYUMOCTH:

P(Z>z,)=«a.
Jlnst Toro, 4TO0Bl HANTH TPAHMITY Z,, IPaBOCTOPOHHEN KpUTHUECKOU 00J1acTH,

JI0OCTaTOYHO HAWTH 3HaUeHue aprymenTa ¢pyHkiuu Jlammaca, KOTOpOMYy COOTBETCTBYET
3HaueHue (PYHKIINH, pAaBHOE (l— 2a) / 2:

®(z,,) = (1-2a)/2.

O0o03HaUYnM 3HaUCHHUE KpUTCPUs, BEIYUCIICHHOC 110 JJaHHBIM Ha6JIIO,Z[€HPIﬁ, acpe3

Z

Haobn"
Ecm Z, . < Z,, — HET OCHOBAHHI OTBEPTHYTh HYJIEBYIO TUIIOTE3Y.

Ecmm Z . > Z,, — HyIeBas THUIIOTE3a OTBEPraeTCs.

Bonpocel u 3a0anus.
1. Craructuueckas runoTesa.
2. MOUIIHOCTb KpUTEPHSI.
3. Kpurnueckas 0011acTh.

3aganue 1. TexHuueckas HOopMa mpeaycmarpuBaeT B cpeaHem 40 cek. Ha
BBITIOJIHEHUE ONPEJCICHHON TEXHOJIOTMYECKOW OIepalid Ha KOHBEHepe I10
npou3BOACTBY YacoB. OT paOOTHUL, pabOTalOUMX HA 3TOM ONepaluu, MOCTYIHIH
XKaNoObl, YTO OHU B JIEUCTBUTEIILHOCTH 3aTpauyMBaIOT Ha 3Ty oOMepaluio OoJblie
BpeMeHH. s MpOBEpPKH JaHHOW JKaJIOObl  MPOU3BEIAEHBI  XPOHOMETPUUYECKHE
U3MEpPEHUs BPEMEHH BBITIOJIHEHUS 3TOM TEXHOJIOTMUECKOU ornepanuu y 36 paboTHuIL,
3aHATHIX HA 3TOW OINEpalNH, U MOJYYEHO CPEAHEE BPEMS BBINIOJIHEHUS onepaunn 42
cek. MoxHO nu (mpeamnoJiaras BpPeMsl BBINOJHEHUS TEXHOJIOTMYECKOW oOlepanuu
CIy4YailHOW BEJIIMYMHOW, MOAYMHSIONICHCS HOPMAJIBHOMY 3aKOHY) MO HUMEHOIIUMCS
XPOHOMETPUUYECKHUM JAHHBIM Ha ypoBHE 3HAUMMOCTH O = 0,01 OTKIOHUTH THNOTE3Y O
TOM, YTO CPEIHEE BpEMs BBIIIOJIHEHUS ITOM ONEpPALUHA COOTBETCTBYET HOPME, €CIIH
U3BECTHO, YTO CPEAHEE KBAAPATHUECKOE OTKIOHEHUE T€HEPAIBHON COBOKYITHOCTH G
cocTaBiseT 3,5 cek.?

3aganue 2. DKOHOMUYECKUN aHAIU3 IPOU3BOIUTEIBHOCTH TPYAA NMPEIIPUATHN
OTPACIIA NO3BOJIAJI BBIIBUHYTH THUIIOTE3y O HAJIMYWU ABYX THIIOB NPEIIPUATHN C
pa3IuyHOU CpedHEW BEIMYMHOM IIOKa3aresis MPOU3BOAUTEIBHOCTU TpYyJa.
Bribopounoe obcnenoBanue 42-x mpeanpusiTUl NEPBON TPYIIILI IO CIEAYIOIINE

59



pe3yNbTaThl: CPEHSAs] MPOWU3BOJIUTENBHOCTh TpyAa coctaBuina 119 neranen. Ilo
JaHHBIM BBIOOPOYHOTO 00CIenoBaHUS 35-U MPEAUPUATHNA BTOPOU TPYIIIBI CPEIHSA
MPOU3BOAUTENIBHOCTh TpyAa cocrtaBwia 107 neraneil. ['eHepanbHble aucnepcuu
u3BecTHbl: D(X) = 126,91 ; D(Y) = 136,1. Cuuras, 4T0o BBIOOPKH H3BJICYEHBI U3
HOPMAJIBHO PACIpPEICICHHBIX T€HEPaJIbHBIX COBOKYIHOCTEM X U Y, Ha YypOBHE
3HaunmocTtu 0,05 mpoBepbTe, CIy4allHO U MOJY4YEHHOE pa3jinuue  CPEOHUX
nokKaszaTejaeld MPOU3BOAUTEIBHOCTA TPyJa B TPYIIAX WIM K€ WMEKOTCS JIBa THIIA
NPEANPUATUN C PA3IMYHON CpeAHEN BEIMUYNHON TPOU3BOAUTENBHOCTH TPY/Ia.

[TapTusa u3genuii IpUHUMAETCS B TOM CIIy4yae, €CJIU BEpPOSTHOCTb TOTO, YTO
U3JICINEe OKaXXETCsl COOTBETCTBYIOIIMM CTaHIApTy, cocTaBisgeT He meHee 0,97. Cpenu
ciydaitHo oroOpanHbix 200 wu3genuii mpoBepsieMOW mapTUM OKazanoch 193
COOTBETCTBYIOIIMX CTaHAAPTYy. M0kHO 1 Ha ypoBHE 3HauuMoctu o = 0,02 npuHITH
napTUIO?

PexomenryeMble HCTOYHUKY HHPOPMALIUT
(Ne ucrounmka)
OcHoBHas JlononHuTenbHas Meroanueckas HNHuTepHeT-pecypcesl

1 1 1,2 1,2

3.CIIMCOK JINTEPATYPbI
3.1 OcHoBHas JHMTEpaTypa:

1. unayes, B. C. Beicmas maremaruka : yueOnuk aisi 6axanaspos / B.C.
[[Iunaues ; nox pea. A.H. Tuxonosa. — 4-¢ uza., ucnp. U gon. — M. : FOpaiir,
2014. — 607 c. — (bakanasp. ba3ossrii kypc). — Ha yueOnuke rpud: Pex. YMO. —
ISBN 978-5-9916-3325-3

3.2. lonojiHMTEIbHAS JIUTEPATYPA:
1. boromornos, H. B. Maremaruka : yue6Huk /it 6akanaspos / H.B.
Bboromonnog, I1.1. Camoiinenko ; Mock. I'oc. YH-T Tex. U ynp. Um. K.I'.
PasymoBckoro. — 5-e uza., nepepad. U pomn. — M. : FOpaiir, 2014. — 396 c. : uin.
— (bakanaBp. bazoBsiii kypc). — Ha yue6nuke rpud: lomn.MO. — ISBN 978-5-
9916-3467-0

3.3. MeToauueckas Jureparypa
1. MeToauyeckre yKa3aHHs 110 BBITOJTHCHHUIO TPAKTUYCCKUX pabOT IO JUCIUILUIMHE
«MaTteMaTruuecKkrue METO/Ibl M MOJICNIM B YIIPABJICHUN /I OaKajlaBpOB HAINPABIICHUS
IIOArOTOBKHU 38.03.04 «I"'ocynapcTBEHHOE U MyHULIMIAIIBHOE YIIPABICHUEY.
2. Meronuueckue yka3zaHUs Il OOyYarOIIMXCS 0 OpPraHU3allud U TPOBEIACHHIO
CaMOCTOATEIFHON pabOThI 10 AUCIUIUITMHE «MaTteMaTndeckiue METOIbl U MOJIECTH B
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yOpaBiIeHUM» [UIsl OaKalaBpOB HAMpPABICHUS TOATOTOBKH 38.03.04
«I"ocynapcTBEHHOE U MYHULIMIIATIBHOE YIIPABICHUEY.

3.4. HuTepHeT-pecypchl

1. http://www.matburo.ru — Caiit Matemaruueckoro bropo
2. http://www.studfiles.ru — Caiit «Bce Jlns YueObD»
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