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BBEOEHUE

MeToauyeckne ykasaHus rno BbINOMIHEHMIO KOHTPOSbHbIX paboT cocTaBMEHbI
ana crygeHtoB MNPO cneuymanbHocTen «Ha3eMHO-TpaHCNOPTHbIE TexHU4e-
Ckne cpenctBa», «llogBuXHOM cocTaB XenesHon Aoporu», «CTpouTenbCTBO
XXene3HoAO0POXHbIX MOCTOB N TPAHCMOPTHLIX TOHHENen» (cneunanuTerT).

Kypc oby4eHuna paccumtaH Ha 4 cemecTpa (oBa roga oby4yeHus) ans cneuyu-
anbHOCTEN «Has3eMHO-TpaHCNOPTHbIE TEXHUYecKkue cpencTtea», «llogsukHOM
cocTaB xenesHowm poporn», «CTpoUTENbCTBO XXENe3HO4OPOXHbIX MOCTOB WU
TPaHCMNOPTHbLIX TOHHENen». Ha BTOpom rogy oOyyeHusa CTyaeHT OOJTKEH Bbl-
NONHUTL 3 KOHTPOIbHbIe paboThl: ABe (Ne 5, Ne 6) B TpeTbeM cemecTpe, 0aHy
(Ne 7) B yeTBepTOM CEMECTPE U cOaTb dK3aMeH (3a4erT).

B nocobue BKMOYEHbI METOANYECKME YKa3aHWUSA MO BbIMNOSTHEHUIO 3adaHuUN.
Becb maTepuan, cogepxawmincs B KOHTPONbHbIX paboTax, pa3duT Ha pasgensi.
Takoe pa3bueHne BbiIbpaHO Ans TOro, YTobbl CTYAEHT MOI CaMOCTOATENbHO MO-
NOMHUTL MaTepuan, BolgaBaeMbl NpenogaBaTenieM 3a KOpoTKoe BpeMs, oTBe-
AEHHOEe Ha ayanTOpPHble 3aHATUSA. B KOHLUEe Kaxaoro pasgena HaxogaTrca Teope-
TUYecKne BOMpOChl, KOTOpble AaHbl CTYOEHTY B MOMOLLb NpU NOArOTOBKE K caa-
4ye aK3ameHa (3ayeta). OTBEeYast Ha BOMPOCHI YCTHO, CTYAEHT BbICTpanBaeT no-
cnegoBaTeNbHOCTb OTBETA, YTO CNOCOOCTBYET MOBLILEHUIO YPOBHA camoopra-
Hu3auuun. Coaepxawmecs B nocobmm npaktnyeckme sagaHua TpebyeTca Bbl-
NONMHUTL B TeTpaau U coatb Ha npoBepky. B gaHHOM nocobuun TeopeTtunyeckme
BONPOCHI U NMpakTU4eckne 3ajaHus BbICTYNalT Kak cpeacTBa pasBUTUS UHTEN-
nekTyarnbHbIX COCOBHOCTEN.

Hymepauus 3agaHui B KOHTPONbHbIX paboTax COOTBETCTBYET MOCHEeOHEN
umMdpe wundpa 3a4eTHOM KHUXKKM cTydeHTa. [lpumeyaHue: ecnu nocregHss
umdpa B wudpe 0, To en cootBeTcTBYET 10 BapUaHT.

B nocobue BKNOYEH CNMUCOK nNuTepaTypbl, KOTOPON CTyaeHTam, No HeobXxo-
AVMOCTN, PEKOMEHAYETCHA NOMb30BaTbCA NPU BbINOSHEHNN 3a4aHUA KOHTPOb-
HbIX paboT 1 ANs NOAroTOBKM K caave 3K3aMeHa.

MaTepnan B nocobumn BbICTPOEH TakuM 0B6pa3om, YTOObI NOMOYb CTYAEHTY
BbINTM HA YPOBEHb CaMOOpraHm3auunmn, camoodbpasoBaHUs M CaMOBOCMUTAHUSA
Npu NOArOTOBKE K 3K3aMeHY (3a4eTy).
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KoHTponbHas pabota Ne 5
ANO®PEPEHLUUAIIbHBIE YPABHEHUA
BTOPOI'O NOPAOKA

Paspgen 1. OudcdepeHumnanbHble ypaBHEHUA BTOPOro nopsiaka ¢ no-
CTOSIHHbIMU KO3chhpuumeHTammn

OnpedeneHue 1. AnddepeHumanbHbIM YpaBHEHMEM Ha3blBAE€TCA COOTHO-
LLEHMEe, CBA3bIBAOLLIEE HE3ABUCKMMYIKO NEPEMEHHYI0 X, HE3AaBUCUMYIO (PYHKLINIO
Yy, n ee npomsBogHbie Y, Y' u T. 4., npu4yeM NopsaoK ypaBHEHUSA paBEH MO-

PAOKY HaMBbICLLEN MPOU3BOAHOWN.
PaccmoTpum ypaBHeHME 2-ro nopsigka:

y'+ay +by = f(x), 1)

roe a, b — nocrtosiHHble gencTBuTenbHble koadduumneHTsl; f(X) — HenssecT-

Has PYHKUMA.
YpaBHeHue (1) 4oNonHAEeTCA HaYvasrbHbIMU YCOBUAMMU

y(0) =yp; Y (0)=Yo. (2)

PeweHune ypaBHeHus (1) npeactasnseT cobon cymmy: y =y + y* , roe y* -
YacTHOe pelueHue ypaBHeHus (1), a Y — pelueHne ogHOPOOHOIo YypaBHEHUSA

yt+ay(+by =0. 3

1.1. OpHopogHoe aucdepeHumnanbHOe ypaBHEHNE
BTOPOro nopsaka ¢ NOCTOAHHbIMU Ko3dpmumeHTamum
PeweHuve ypaBHeHnsa (3) bygem uckatb B Buge y = ekx, Torga onsa onpege-

neHns Yyucna k nonyyaem xapakTepucTUYecKoe ypaBHEHNE:

k?+ak+b=0, (4)

peLleHne KOTOPoro UMeeT BUL;

2
klzz'g_ a—'b:'gi\/ﬁ,
’ 2 \ 4 2
2

a
rope D = " - b — AnckpMMMHaHT.
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PaccmoTpum Tpu crnyvas pelueHns XxapakTepucTu4eckoro ypaBHEHMS.
1. Ecrim D >0, T. €. KOPHN XapaKTePUCTUYECKOrO ypaBHEHUS OENCTBUTESb-

Hble 1 pa3Hble Ky 1 K,. Toraa obe dyHKUnK eX y ghex

HeHuto (3), n obLiee pelleHne nMeeT BUA

YAOBNETBOPSIOT ypaB-

le k2X

y=Ce? +Cre™".

[N HaxoXaeHWsa YacTHOro peLleHnsa Heobxo4MMO UCMoNb30BaTh yCrosus (2).

lpumep 1
Haiitn yacTHoe peweHune anddepeHumansHoro ypaBHennsa y'- 5y +4y =0
¢ HayanbHbiMK ycnosusmm Y(0) =1, y(0)=2.

PeweHune:
CoOoTBeTCTBYHOLLEE XapaKTEPUCTUYECKOE YpaBHEHNE UMEET BUA;:

k?-5k+4=0.
(-5)° ]
Onpegenum 3HayeHuMe guckpumuHaHta D = p - 4=225>0 un nanm-
-5 |(-5)?
nem kopHu ki, =- 5 + -4P kg =1; ko =4 — pencTBuTENbHbIE U

pasHble k; 1 ko.
Torga pewenne gndpdepeHumanbHOro ypaBHeEHNS:

y =Ce™ +C,e¥*.

NS HaxoXOeHNs! YaCcTHOMo peLLeHUst Hangem NPou3BOAHY Y OT NonyYeH-
HOro YpaBHEHUS:

y = Ce* +4C,e™. (5)
MoacTtaBnss HavanbHble ycrnoBus npu X =0 B HangeHHble Y(X) n Y (Xx),
nonyyYnm cuctemy Ansa onpegenexHms noctosHHbix Cy n Co:
\|,C1+C2:1; b \I,C]-:l- C2,
1 +4C, =2, 11- C, +4C, = 2.
OTtcropa
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MNoacrasnsem koadpdpuumeHTtol C; n C, B ypaBHeHue (5), Toraa 4actHoe
pelleHne NCXOAHOro ypaBHEHUS NpUMeT BUA;

1 X 2 4x
X)=—e" +—e .
y(x) 3 3

2. Ecnu D =0, KOpHM XapaKTepUCTUYECKOro ypaBHEHNA OENCTBUTESNbHbIE U
paBHble k; =k, =k, Toraa obuiee pewieHve 3annceiBaeTcs B BUAE:

y =(Cy +Cox)e.

lpumep 2

Hant yacTHoe pelwexune ypasHewus: Y&+ 4yC+4y =0, ¢ HayanbHbIMM
ycnosusimm Y(0)=2, y (0)=1.

PelweHue:

CocTaBMM COOTBETCTBYIOLLIEE XapaKTEPUCTUYECKOE YpaBHEHNE:!

k?+4k+4=0.

2
Bbluncnum anckpummnHant D = 7 - 4 =0 v KOpHM ypaBHEHMS

42
£ /74P Kk =ky=-2.
27\ 4 1=

Takum obpasowm, obuiee pewieHne nmeeT BMA;

Y(X) = (Cp +Cox)e” 2.

Hangem npon3BoaHyo OT NOMYYEHHOrO YpaBHEHUS:

| A

k1,2 ="

Y (x)=Coe 2 - 26 (C +Cpx). (6)

MoacTtaBnm HavanbHble ycnosus npu x =0 B Y(X) u Yy (x). Takum obpa-
30M, NMOMNYy4YnUM CUCTEMY:

1C, =2; 1Cy =2;
1Cq pl 1

i | b C,=2,C,=5.
TCZ - 2C1 :1; TCZ :2C1 +1.

MNpu nogctaHoBke C; 1 C, B ypaBHeHue (6) YacTHOe peLleHne NnpuMeT BUA:
y(X) = (2+5x)e” %%,

6
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3.Ecrimn D <0, B 3TOM crny4yae KOpPHW XapaKTEPUCTUYECKOro ypaBHEHUSA

KOMMJIEKCHbIEe:
2
a a .
k,=-o+/% -b=azhi,
27 27\ 4

2
a la
roe a =- > b= Ve b. O6wee pelweHne ogHopoaHoro anddepeHumnansHo-
ro ypaBHEHUS UMeeT BUA:

y(x) = e**(C, cosbx + C, sinbx).

lpumep 3

Haiitn obwee pewenne guddepeHumansHoro ypaBHeHus Yy '+4y +13y = 0.
PeweHne:

COOTBETCTBYIOLLEE XapaKTePUCTUYECKOE YpaBHEHUE NMEET BUA:

k2 +4k +13=0.

2
Onpegenum 3Hak aMckpmmHanta D = - 13 =-9 <0 v KOpHW ypaBHEHNS:

2
+ |4 13=.2+3
4

roe Kk, =-2+3i, a=-2; b=3.

k1,2 ="

N

Torga obLiee pelweHne 3anuweTcs B BUAe:
y(x) = e ?*(Cy cos3x +C, sin3x).

3apaHue 1 k paspgeny 1
1.a)2y"- 14y'+12y=0;y(0) =- L y'(0) =%

6) y"+8y'+16y=0;y(0) = y'(0) =2;
2.2)3y"- 12y'+9y=0;y(0) =2;y'(0) =1,

6) y"- 12y'+36y=0;y(0) = y'(0) = 4;
3.a)- 2y"- 16y'- 30y =0;y(0) =L y'(0) =- 2;

6) y"+14y'+49y=0;y(0) = y'(0) =3;
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4.a)4y"- 32y'+48y =0;y(0) =- 2;y'(0) = 3;
6) y"- 12y'+36y=0;y(0) = y'(0) = 6.
5.a)- 3y"+18y'=0;y(0) =- 3;y'(0) =2;
6) y"- 2y'+y=0;y(0)=y'(0) =7,
6.a)8y"- 8y'=0;y(0) =2;y'(0) =3;
6) y"+4y'+4y=0;y(0) =y'(0) =5;
7.a) 7y"- 35y'+28y=0;y(0)=-3;y'(0) =4;
6) y"- 6y'+9y=0;y(0) = y'(0) =8;
8.a)- 9y"+27y'- 18y =0;y(0) =4;y'(0) =7,
6) y"+2y'+y=0;y(0) =y'(0) =2
9.a)6y"- 36y'+30y=0;y(0)=-3;y'(0) =2
6) y"- 10y'+25y=0;y(0) = y'(0) = 4;
10.a) 7y"- 28y =0;y(0) =5;y'(0) =- 1,
6) y"+6y'- 9y=0;y(0) = y'(0) =6.

1.2. HeogHopoaHoe andcepeHUManbHoe ypaBHeHUe BTOPOro nopsaka
C NOCTOAAHHbLIMU KO3 hMUuMeHTamMu

PaccmoTpum noctpoeHune obuero pelweHnsa ypasHeHus (1).

PelueHne 3Toro ypaBHeHUs UMeeT BUA;

y(x) = y(x)+y*(x), rae y — pelleHne COOTBETCTBYHOLLEr0 OOHOPOLHOMO
ypaBHeHus (cm. nogpasgen 1.1 pasgena 1).

[ns HaxoxaeHus yHKUMn y* ( X) Bocnonb3yemcss MeTogom noadopa.

*
Mpennonoxum, 4to Bbi6op dpyHKUUKN Y (X) He 3aBUCUT OT PELLEHUS OAHO-

POLAHOIO ypaBHEHUS.
[MycTb NnpaBas YacTb AnddepeHLmnanbHoOro ypaBsHeHus (1) umeet Bua;:

1) f(x)=ae**,at k1 k,, Toraa y (x)=Ae?X;
n , . n -
2) f(x)=8ax",al 0,7oraa y (x)=a Ax';
i=0 i=1
3) f(x)=asinbx,b? ky 1 k,, Torna y (X)= A, Sinbx+ A, cosbx;
4) f(x)=acosbx,b® k; t ky, Toraa y (x)= Agsinbx+ A, cosbx;
npudem A, A(i =12,...,.n), Ay,Ay — HeonpeaeneHHble KoadduumneHTsl, Ki,K,
— KOPHW XapaKTePUCTUYECKOIO ypaBHEHUS.
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lpumep 4

Haiitn yactHoe pelleHne ypaBHeHus: Y'- 2y +y = 3e?X ¢ HavyanbHLIMK yc-
nosusimmn y(0)=1y(0)=3.

PeweHne:

Obuwee peweHne gnddepeHunaneHOro ypaBHeHms 6ygem mnckatb B BUAeE
CYMMbI:

y(x)=y(x)+y (x),
rae Y(x) =€*(Cy +CyX) (cm. noapasaen 1.1 pasaena 1).
Mcxops M3 BUAA MPaBOil YaCTU UCXOAHOTO YpaBHEHUs!, BbibepeM Y (X ):
y = Ae?

[ns Toro 4ToObl BLIMMCNIUTL 3HAYEHNE HEONPEOENeHHOro KoadduumenTa A,
Haxo4uM Npon3BogHbIE:

(y ) =2Ae?*;(y )" =4Ae**

M NoACTaBMsSiEM UX B NEBYH YacTb MCXOOHOro AnddepeHumnansHoro ypasHe-
HUS, NONYYUM:

4Ae?* - 4Ae®* + Ae?X =36,

Otkypa creqyeT, 4to A=3un y (x) = 32X,
CnefoBaTenbHo, obluee pelleHe HeOaHOPOAHOMO YyPaBHEHNS UMeeT BUA;

Y(X) = (C, + Cx)e* +3%.

Hangem nponssoaHyto Y (X) OT NMOny4YeHHOro pelueHus, yuuTeiBas, 4to C;
n C, — HEKOTOpPbIE MOCTOSAHHbIE:!

y (X) = Coe* +(Cy +Cyx)e* +6e2,
M noAcTaBMM HavanbHble ycrosusi npy X =0 B Y(x) n y(x), Toraa:

G +3=1 Gy =-2;
1Cy L b 11

P =-2C,=-1.
e, +¢,+6=3, tc,-2+6=3" 27757

Takum 06pa3omM, YacTHOe pelleHne OKOHYaTEeNbHO NPUMET BUAL

y =3 - (1+2x)e*.
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lpumep 5
Haiitn yacTHoe pewenue: Y'-2y-3y =3X*+4 ¢ HayanbHLIMU YCIIOBUSIMY

y(0) =3y (0)=5.
PeweHue:
Obwee peweHne gudpdepeHumanbHOro ypaBHEHUS UMEET BUA:

y(X)=y+y,

rae y = Cie X +Coe>* (cm. noapaspen 1.1 pasgena 1).

Onupasck Ha BUA NpaBoW YacTh NCXOQHOTO ypaBHEHUS, BbiOMpaem y* (X):
y*(x) = Ax? +Bx+C,

roe A,B,C — HeonpeaeneHHble KO3 HOULNEHTHI.
[na Toro 4toObl BLIYNCANTL 3HAYEHUS HeonpeaeneHHbIX KO3aPULMEHTOB

A,B,C, Haxoanm (y* )' n (y* )
(y )'=2Ax+B;(y )'=2A.

lMony4yeHHble NPOU3BOAHbIE MOACTABSEM B FIEBYH YaCTb UCXOAHOro And-
depeHuUManbHOro ypaBHeHUS:

2A- 2(2Ax+ B) - 3(Ax® + Bx+C) =3x* +4;
- 3AX* + (- 4A- 3B)x+ (2A- 2B- 3C) =3x* +4.

Haxogum koadppuumentsol A,B,C cneayrowmm obpasom: npuvpaBHUBaAEM
KO3 (PULMEHTBI NIEBOM U NMPaBOMN YacTn MOSTy4YEHHOrO ypaBHEHNSA NPU OANHAKO-
BbIX CTEMEHAX X:

npu X -3A=3
npu X| -4A-3B=0
npu X' |2A- 2B-3C=4

PelueHnem onucaHHOM Bblle CUCTEMbI N3 TPEX YPaBHEHUN SABNAETCA:

A=-1B=2c=-%
3 9
CnepnoBaTenbHO, 00Llee pelleHne NMeeT BUAL
4 26

=Ce*+Ce*- x*+—x- —
y 1 2 3 9 -

10
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Ncnonb3ya HavanbHble yCcrnosus, BblYMCIUM KoadduumneHtsl C; n C,. Ha-
XO4NM MPOU3BOOHYIO:

y'=-C,e”* +3C,e* - 2x+g_

Moactaensiem HavanbHble ycnosusi mpu x =0 B Y(X) n y{(x), Toraga no-
ny4YnM cucTemy:

i 26

i C1+C2-_:3;

: 9

! 4

I- Cl +3C2 +- =5

| 3

7 43
otkyga C, = E;Cz =g’ & CNIeAOBATENbHO, YACTHOE PELIEHE MMEET BUA;
y:Ze'X+£eSX_X2+ﬂX_§.
2 18 3 9

TeopeTuyeckune Bonpochkl k pasgeny 1

1. Onpegenenne andepeHumanbHOro ypaBHeEHUS, Ha4anbHbIE YCNOBUA.
2. CTpykTypa obuwero peweHus guddepeHumansHOro ypaBHeHNss BTOPOro
nopsiika, YacTHoe peLleHue.

3. OgHopogHoe anddepeHumanbHoe ypaBHEHNE C MOCTOAHHBIMU KO3 M-
LMeHTaMn, xapakTepucTnyeckoe ypaBHeHME.

4. Tpu cnyyas pelleHust xapakTepMCcTUYeCKOro ypaBHEHNSE U COOTBETCTBYHO-
Lee obLee peLleHne 0gHOPOAHOrO ypaBHEHKS.

5. CTpykTypa obuwero peweHns gudpdepeHumanbHOro ypaBHEHUS BTOPOro
nopsagka.

6. MeTog noabopa YaCcTHOro peLleHnst HeogHOPOAHOro AnddepeHumnanbHo-
ro ypaBHEHUSA C MOCTOAHHBLIMU KO3 PULNEHTaMM.

3apaHue 2 Kk paspgeny 1

HanTu yacTHble pelleHus, yOoOBNeTBOpPSOLWME HayanbHbIM yCnoBusam (Ha-
YyarnbHble yCroBua Anst 06oux ypaBHEHUI OOUHAKOBBI):

1.a)- y"+4y'- 4y =3¢€’%; '
" 1 2 y(O):y(O)ZZ’
0)2y"- 14y'- 16y =4+2Xx- 6X°;
2.a)3y"- 21y'+30y =5€e°*;

6)- y"- 4y'- 3y=-5- 2x; y(0) = y'(0) = 4;

11
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3.a)5y"+5y'=7e";

0)=vy'(0 :5’
6) 4y"- 20y'+14y = 4x+20x%; y(0)=y'10)
4.2)6y"- 42y'+36Yy = 8€”; |
" ' 2 y(0) = y'(0) =- 2;
0)- 2y"+4y'- 2y =-2X" +2X+2;
5.9) - 3y"+ 0y 6y =- 4¢" |
" ' 2 ¥0)=y'(©0) =-4;
6) 2y"- 18y'+ 28y =2X" +2x +6;
6.a)5y"- 30y'+40y =4e*"; |
n ' 2 y(0) =y'(0) =3;
6) 2y"- 8y'+6y=2x" +16X- 4;
7.a)6y"+6y =11 |
" ' 2 y(0) =y'(0) =-5;
6) Ty"- 21y'+14y = 42x- 49x*;
8.a)3y"- 9y'- 12y =14, |
" ' 2 y(0) =y'©0)=-1,
6) - Sy"+40y'- 75y =-20x" +35;
9.a) - 4y"+ 20y':7e4x; |
" ' 2 y(0) =y'(0) =1,
0) 8y"- 56y'+84y =-24xX" +8;
10.a) 2y"- 10y'+12y =3¢e*; |
y0) =y/(0)=6.

6)- y'+6y'- 9y =-2x°- X+3;

KoHTponbHas pabota Ne 6
PAObl U UX NPUMEHEHUE

Pasgen 1. YucnoBsble psaabl

OnpedeneHue 1. YncnoBbiM paaom HasbiBaeTcsa 6eCKOHeYHast cymma yne-
HOB NOCNeaoBaTENbHOCTMU:

¥
Up + Uy +%+ u, +% = au;.
i=1

[Mpn3HakM cXoOMMOCTM 3HAKOMOCTOSIHHOIO YMCIIOBOrO psiga MOXHO pasfe-
NUTb HA HEOOXOANUMBIN N JOCTATOYHbIE.
Heobxoaumbln npnaHak cXogUMOCTN COCTOUT B TOM, YTO:

lim u, =0.
n® ¥
Ecnn aTOT NpM3HaK He BLIMOJSTHAETCS, TO psig pacxoauTCs.
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PaCCMOTpMM YyeTbipe OOCTaTO4YHbIX NMPU3HAKa CXOOUMMOCTU YNCIOBOIo pAaa
¥

éui .

i=1

1. MpusHak Janambepa.

. u i npu <1 pao cxodumcs,
Ecrm lim L =q, 10 |

n®y Up inpu q>1 pao pacxooumcs,
npu q = 1 nonyyaem HeonpeaeneHHoCTb.
2. PagukanbHbii npuaHak Koww.

_ i npu Q<1 pao cxooumcs,
Ecrm |im Yu, =q, |
ne® ¥ inpu qQ>1 pao pacxooumcs,
npu q = 1 nonyyaem HeonpeaeneHHoCTb.

3. HTerpanbHbIn npu3Hak Kowu.
¥

1

(T. €. paBeH * ¥ ) — pag pacxoanTcs.
4. MNpu3sHak cpaBHEHUS.

Ecnu ou,dn cywecTtByeT, TO psag CXOOWUTCS; €CMU MHTerpan He cylecTByeT

¥ ¥ ¥
Ecnn & v, cxogutca n u, £v,, TO @ U, Takke cxoguTcs,, ecnu a V,
n=1 n=1 n=1
¥
pacxoauTca u Uy 3 Vp,, TO @ U, Takke pacxoguTcs.

n=1
¥

Ona npu3Haka cpaBHeHWst B kayecTBe psiga a Vp

4acCTO WUCMNOJIb3yeTCA
n=1

A 1 npu a>1 pao cxooumcs,
——, KoTopbIn | A- npousBonbHas
n2 inpu a £l pao pacxodumces,

QoK

n=1

Uy
NOCTOSIHHasA BenuymHa; npudem lim —1 0.

n® ¥ Vn
lpumep 1
¥ 3n+1
WccnepoBaTh pag & ———— Ha CXOAUMOCTb.
n=(n+1)!
PelweHue:

MpumeHnm npusHak Janambepa:

3 n+1 3 n+1+1

3 n+2

" el M T (ne1)+1)  (n+2)

13
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. Uy 3"2 (n+1)! 3"32 (n+1)!
lim =lim_— =lim_—— =
n®¥ Uy, n®¥3n (n+2) ne¥3"3 Y n+1)!(n+2)
3 3
= lim = =0<1P psag cxoautcs.
nex N+2 ¥ +2 P
lpumep 2
¥& n?+1 0
Wcecneposath pan 4 —T Ha CXOOUMOCTb.
J§1+n 3n° g
PewweHne:

MpumeHum pa,u,MKaanbM npusHak Kowwu:

_ 66n+10 n+10 aelo_l
limpe————% =|me————7 =8=2 =. —<1p  pan
ne¥ (&1+n-3n5 ne¥&l+n-3n’gy é-3p 27
CXOANTCS.
_ n® +1 0
3ameuaHue: |im —: BbIYKCIISIEM CriedyoLmM 06pasoM: Tak Kak

n@¥ &1+ n- 3n? g
B Yncnutene n 3HamMmeHarterne ,El,p06I/I CTapLine cteneHum nepemeHHon N paBHbI,
TO BbINMCbIBAEM KOQCbeI/ILI,I/IeHTbI npun n2 COOTBETCTBEHHO U3 4YuUcnnTend wu

3HamMmeHaTens.
lMpumep 3
{1Inn
Wccneposatb pag a —— Ha CXOAUMOCTb.
n=1
PelweHne:
[MpuUMeHUM MHTerpanbHbIN Npu3Hak Kowu:
Inx =t
dx
¥Inx dt =— ¥t o 1¥
o—dx= X = o= dt == ¢ydt =
13X onlp t0:|n1:0 03 30
Xg=¥Pb tl =In¥ =¥

¥ 2
L1 Toix? 10t
3o, 32/, 32 32

TakK Kak MHTerpan He cylecTBYeT, TO psifi pacXoanTcs.
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lpumep 4

¥
WNccneposath paa  a 5 Ha CXOOQUMOCTb.
n=1N“ +n- 3
PeweHne:
¥4
CpaBHum pagc a — KOTOpPbIA CXOOUTCS, TaK Kak CTerNeHb a nepemeH-
n=1N
y 4 4
HOMW nNn: a=2>1. [pu aTOoMm —— - <, CleagosatenbHo psAa
n“+n-3 n
¥ 4
a ——— TaKxe cxoanTcs.
n=1N“ +n- 3

TeopeTuyeckune Bonpochkl Kk pasgeny 1

1. Heo6xoanmbii Npu3HaK CXoAMMOCTM YMCIOBOIO psAaa.
2. [loctaTouHbIN Npu3Hak Janambepa.

3. PagukanbeHbln npusHak Koww.

4. NHTerpaneHbi npuaHak Kowww.

5. lNMpusHak cpaBHeEHMS.

3apaHue 1 k paspgeny 1

Bbinucatb TPpW NepBbiX YJieHa U nccreaoBatb CXO0ONMMOCTb YNCTIOBbIX PAOOB:

¥ 5" ¥ In(n+1

1. a) a ; 6) a g;
n:l\/ﬁxnl n=1 n+1
% 4n-1xn2 % n4

2. a) a————; 0) a c >
n=15" ¥ n- 1)! n=1(n> +4n+2)
¥ 72 ¥ 2cosn

3. a) a - ; 6) a ;
n=13" XY n+1)! n=1 \/n3
¥ 520(n- 1 ¥ 4n

4. ag; 6) a ;
n=tNXn+2)! n=13n5 +n2 - 4
¥ 3N,ns ¥ n2

5. a) d——; 6) a ;
n:]_n!(n‘ 1) n::]_n3 +3\/ﬁ- 1
¥ p? ¥ 1

6. a) & ———; 6) a ;
n=13"1/n n=1(N- 4)An(n- 4)
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¥ ogm2 ¥ 2"

7. a) a ; 6) A ——;
n=132" x4/2n- 1 n=14 + e"?

5 a) 353”'1>(n-1)!_ 6) g Vn?-5n

' 1 (n+1) et 2m/n

9. a) gu 6) g#
=147 (Nl ) n=13n2(n- 3)
¥ nl(n+1)! ¥ 1+n?

10. a) a ————; 6) a :
n=132"3:n n=1n® +5n3 - n

Pasgen 2. CteneHHble pAabl

OnpedeneHue 2. CTeneHHbIE psabl UMEKOT BMA:

¥
& a,x" — psaa no creneHsm x;
n=0
¥
8 a,(x- %)"— psa no creneHam (x- Xg ).
n=0

OnpedeneHue 3. Ecnu cTeneHHoi pag cxoauTtcs Ha uHTepeane (- R; R),
TO 9TOT MHTEpPBan HasbiBaeTCA 06nacTbio CXOAMMOCTM psAaa, T. €. Ans noboro
s3HauveHns X| (- R;R) uucnosoi psg cxoautcs. MNonoBuHa 3TOro MHTEpBana
Ha3blBaeTCA pagnycoM CXOANMOCTM.

[lns onpegenenns paguyca cXooMMOCTU MPUMEHSIIOTCA crneaywowme dop-
MYIbl:

3aTeMm onpegensieTcs CXoAMMOCTb Ha KOHUax MHTepBana. Ecnn Ha npason
rpaHvLe UHTepBana psa cxoauTcs, To Ha neson Takke cxogutes (- RE X £ R),

TaK Kak COOTBETCTBYHOLLMI YMCOBON psg ByaeT 3HakonepeMeHHbIM.
Ecnu Ha npaBoW rpaHuue MHTepBana psif pacxXxoAauTcsl, TO rpaHuubl MHTEp-
Bana He BkItovatoTcs B obnacTtb cxogumoctn (- R< x < R).

PaccmoTtpum npumepsi.

lpumep 5
Onpegenutb obnactb CXOAUMOCTM CTEMNEHHOro psiga M NPOBEPUTb CXOOU-
MOCTb Ha rpaHuLlax uHTepsana:

% 5n Xxn
a > .
n=13Nn“ +1
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PeweHune:

5n 5n+1
a, = D A = ———————.
" an?+1 T 3(n+1)? +1
Haxoaum R:
. B"X3(n+1)?+1) . 5"X3n?+6n+4) 13 1
R=lim 5 1 - lim 5 — = limo X =,
n®¥ (3n°+1)>5 ne¥ (3n° +1)X5" 5 ne¥5 3 5
T.e. 06nacTb CXOAMMOCTH ge }}9
e 9 og
[MpoBepMM CXOOUMOCTb Ha rpaHuuax MHTepsarna. Ha npasou rpaHuue WH-

1 3 3
TepBana X = —, COOTBeTCTByROLLMNN 4YMCNoBOU pAd NMeeT BUA:
5

50,20

: &g ¥ 1
a 2 —a
n=1 3n“+1 n=13n° +1
¥ 1
[ns npoBepkM CXO0OMMOCTM psida CpaBHUM €ro C a — KOTOPbIN CXoanTCH,
n=1N
y 1
TaK Kak cTeneHb a nepemeHHon n: a =2 > 1. Npun aTtom > <— . Toraa
3n“+1 n
¥ 1 1 1
psn A — Takke cxogutca P - — £ X£ — — nHTepBan cxoaMMocCTW.
n=13n° +1 5 5
lpumep 6

Onpenenntb 06MacTb CXOAMMOCTM CTEMEHHOro psiaa U NPoOBEpPUTb CXOOM-
MOCTb Ha rpaHuLlax UHTepeana:

32” x - 1)"
=1 3™n
PeweHnune:
2n 2n+1 2n+l
A = onr G T o - '
3"'n 3" (h+1) 3"(n+1)
Haxoaum R:
R= lim 2"(n+2)3" _  2"(h+2)3" _ 1 _3
¥ 37102 ey 3N3 121t 37l 2
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Toraa obnactb CXoOAMMOCTH

-§<x- 1<§ID -§+1<x<§+1b -1<x- 1<§.
2 2 2 2 2 2

y 5
MpoBeEpPM CXOAMMOCTb Ha NpaBol rpaHuLe MHTepBana X = E:

[lns npoBepkM cXoAMMOCTU psiga NpMMeHMM npusHak Janambepa:

5n 5n+1 5n+1
u :—,u = = ,
"gnly’ Mgt lin g1y 30(n+1)
Upig shtign-ly 5h5l3ngly 531 5

lim = lim = lim = =->1p
e¥ Uy ne¥3"(n+1)x6" ne¥3"(n+1)xs" 1 3

psO pacxoauTcsl. 3HauuT, rpaHuUbl He BKMYawTcs B 06MacTb CXOAMMOCTU

1 5
- S <x< =,

TeopeTuyeckme Bonpockl K pasgeny 2

1. CteneHHoW pag no creneHam X, (X- Xg).

2. 06nacTb CXOANMMOCTU CTEMNEHHOIO psaa, paanyc CXoANMOCTH.
3. ®opMynbl BbIYMCIIEHMS paguyca CXOAMMOCTM CTEMNEHHOro psaa.

3apaHue 1 Kk pasgeny 2

HaliTn obnacTb CXO0AMMOCTU M NPOBEPUTb CXOAMMOCTb Ha rpaHuLax UHTep-

Bana:

y ahtl ¥ AN(v_ 1\D

1Loa) Ao, 6)&%:
n=12n- 1 =1 2"°n
¥4n+1xxn 3)422” X + 20

2. a) a——— 6) a ( n-)l ;
n=15"n~/n n=1(n-1)3

3 a) g 32n sy . 6) gzn—l\/ﬁ(x_ 2)n.

| =(n2 +1nd- 2 =1 (n+1)4"
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}f 5n )Xn
4. a_——3 o
n=13(n” +2)
£ onxx"
5. a) an—;
n=12"(n+5)!
¥ 42n+1 sy
6. a) a ;
n=132"1 x(n? - n+1)
) % 3”'1xxn
7. a) a ;
n=1(n° +4n+2)x"1
) ¥ 3I2nxn
8. a)a ;
n=1n? X 3n? +4/n- 1)
¥ 2n+3 sy
9. a)a ;
n:152n_3(l’12 - 3)
¥ n-1 e N
10 éS—n»(’
n=12"(2n)!

¥ (n+1)5™ (x-1)"

6) na:1 n2 23n+l ’
¥ (5n-1)(x-2)"
6 & (5n-1(x-2)"

n=1 (2n3+1)5"
5) g 3"(n+2)(x- )"
n=1
gzznne’(x- 2)"
n=13"(//n?® +5n)
g4”+3(n+1)(x- )"
n=1 2M-1K2 ’
6) 33”*1(n3+§)(x- "
=t (2+n?)Wn
£ (n®+3)(x-2)"

6) a
n=1

7n+2 n2

6)

6)

32n- 1n243n

Pasgen 3. lpunoxeHune cteneHHbIX pAAoOB

3.1. MpubnuxeHHoe BblYUCNEeHUEe onpeaenieHHbIX MHTerpanos

B Kypce BbICLIE MaTeEMaTUKN OOKA3bIBAETCH, YTO (PYHKLMIO f(x), KoTOopas
B6eckoHe4vHoe yncno pas guddepeHunpyemas, B Touke X =0 MOXHO 3anucaTtb

B BUAe psaa:

n

F(x)= F(0)+= F¢0)+ fa0)+..+>— fM0)+...,
1 o Nl

KOTOpbIN Ha3biBaeTcs pagomM MaknopeHa.
PaccmoTpum npumepsbl pasnoXeHun PyHKLUUN B pAa;:

1 sinx—x-X—3+X—5+ +(-1)”+1—X2n_1 + R, (X) (7)
' 3 5 7 (2n-1)! ’
2 4 6
X X7 X X
2. coOSXx=1- —+—- —+..—+ X),
2 4 6 n Ra(X)
2 3 n

3.8 =1+ x+% TN S R,(X),

3 n!
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2 3 n
X —1._ X__X_ - nX_
4. e " =1- x+ 23 +...+(-1) " + R, (X),
2 3 4 n
X x° X +1 X
5. In(1+x)=x- 2 +2 -2+ +(-1D)" 2+ R,(X),
( ) >3, (-1) - Ra(X)
1 — 2 3 n..,n
6. — =1- X+X°- X"+ ...+(-1) xx +R,(X),
1+ x

roe Rn(X) — Ha3blBalOT OCTATO4YHbIM YJ1IEHOM pAda, npuyem AOrnAa 3Hakonepe-

MEHHbIX PSOOB ero BenvM4yMHa orpaHuyeHa nocrnegHum otbpacbiBaembiM uYne-
Hom, N=012,...

lpumep 7

Bblumcnutb sinl10° ¢ TouHocTbio 40 1073,
PeweHune:

Tak kak 10° :% » 0174533, 1o, noagctaenas X :% B pasnoxeHne oyHK-

_p_ 1apd, lapd lapd

. a0 - P Llan g

umm sinx B pag (7), nonyunm sinl0 18 3 818é 5 818é = 818é

npuyem, OrpaHM4YnBasiCb nepBbIM ABYMSi YyneHamu, Nony4nm

- P lap¢

sin10° » —- —C. -+ =017364, a TO4HOCTb NPUBIMKEHNA HE MpPeBbllLaeT
18 3 el8g

)
BeNuYuHbl d< igqig <135X0 6
5 é18g

lpumep 8
Bbluncnutb onpeneneHHsin nHTerpan ¢ TodHocTbio go 0,001:
Peluenne:

3 5 7§ 1 2 4 6 H
O = ‘1§x- XX 2 ...%dx_c‘gl- 2+ X4 dx=
x 08Ty e 3 5 7 e
0 a a
1
2 X X X 1 1 1 .1 1 1
» LX - + - T o =1- + - =1- —+ - »
é A 58 Ty 3} 58 7 18 600 35280
» 0,945786.

Mpnyem ToYHOCTL BbluMcnennsa d <9—1| =27 X107
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3apaHue 1 K paspgeny 3

Bbluncnutb onpeaeneHHbin nHTerpan ¢ TodHoctbio 4o 0.001.

1 Lin(1+ x 1
1. X 2 xeXdx; 2. @gdx; 3. 53 xcosxdx;
0 o X 0
1 1 i 1
cosx X Sinx e X
4. y——=dx; 5. ——dX; 6. O—
05\/_ o 3 o«/
1 1 1
sin ] cos X?
7. 07\/— 8. ¢pe 3% dx; 9. 0———dx;
o 5x° 0 o X
o L
o—smx dx.

0

3.2. UuTerpupoBaHue ancpdepeHumanbHbIX ypaBHEHUN
C NoMoLbI0 pAaoB

Paccmotpym ypaBHeHue Buga: Y(=f(X;y) c HayanbHbIM YCrOBUEM

y(0) = yo.
PeweHne ypaBHeHNS npeactaBnseT cobon CTeneHHon paa:

=ay taX+a,x’ +agx® +..+a,x" +... 8)

3afjava 3akniyaeTca B nocnenoBaTesibHOM HaxoXgeHun KoadpuumeHToB
a,i=123,..,n,
Bbluncnvm koapuUneHT a,, NOACTaBUB B Ha4anbHOE yCrioB/E peLLeHne B
Buae psaa:
y(0) =8, +a,°0+3,>0° +8,>0° +...+

+3,>0" +...P y(0)=a,P a, =y,
[MoacTaBuMM Tenepb HavanbHOE ycnosue B NpaByto YacTb AnddepeHumnans-

HOro ypaBHEHUSA:
y(=1(0;¥p)=VYo-

Hangem npoun3BoaHy0 OT BblpaxeHus (8), yuuTbiBad, YTO KO3 PULMEHTHI
a;, (1=123,...,n,...) — HEKOTOPbIE NOCTOSAHHbIE!

y0=a, +2a,x+3a3x? +...+ na,x"?
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nO,EI,CTaBI/IM Ha4valibHO€ yCrnoBMeE B MNMOJTIy4EHHOE BblpaXeHune, Torga.
y§0) =a +2a,>0+3a,>0° +...+
+na, 0" +..b y§0)=a, P a =yf

Takum obpasom, nocnegoBaTenbHO AndepeHUMpys peleHne ypaBHEHUS
(8) n, noacTaBnsaa Kaxabl pa3 B MNOJSIyYEHHYO NPOU3BOAHYK HayanbHOE YCro-
BUE, HaXoaAMM Heobxo4MMoe KOnM4ecTBO KoadduumeHToB &, ,i =123,...,N,....

lpumep 9
HawnTtu nepsble TPy OTNNYHBIX OT HYJNS YneHa paja:

ye=y? +x% +e % ,y(0)=2.

PeweHune:
PasnoxeHue B psg umeeT crneaylowmnmn Bua:

y=ag +aX+a,x’ +agxC +... 9)

3 HauyanbHOro ycnosus crieayet
a8 = Yo =Y(0)=2.

nO,EI,CTaBJ'IFIeM Ha4valibHOe yCIroBuMe B MNMpaByto 4YaCTb MCXOOHOIO ypaBHEHUA.

y¢0)=y,° +0% +e % =22+0+1=5.
MpoanddepeHuupyem petueHue (9):

y0=a; +2a,x +3a3x? +...
nO,EI,CTaBI/IM B nony4eHHoO€e BblpaxeHne Ha4vaJibHOe ycrnoBue, Torga:
y¢0)=a, +2a, 0 +3a; 0% +..p y¢0)=a, =5.

MpoanddepeHumpyem feBy0 U NpaByld YacTb UCXOAHOro AuddepeHun-
anbHOro ypaBHEHUS:

y&=2yxy¢+ 2x- e

n noagctaBuM B MNMOJ1IydEHHOE Bblpa>XeHe HavalribHOE yCJ10BUE.

y&®0)=2y(0)xy¢0)+2x0- e =26 +0-1=19
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C Oopyrom cTopoHbl, BTOpas Npon3BoAHasa oT ypaBHeHUs (9) paBHa:

y#=2a, +6a,x+...p y®%0)=2a, +6a,>0+...p
0
P y40) =22, P 3, = V3.

19
Torpa ap = —.
2
Takum obpasom, MICKOMOE peLleHne B BUae psaaa:

y:2+5x+%x2.

3apaHue 2 K pasgeny 3

HanTu Tpu nepsbIX 3HaYaLWMxX YrieHa pasfioXeHUs B CTEMNEeHHOW psan peLle-
HUA andpdpepeHLmnanbHOro ypaBHeH!s ¢ 3aJaHHbIM HavasibHbIM YCIOBUEM:

1. y¢=yx +x%+2e?*,  y(0)=3:
2. yt=y? +5x ¥, y(0)=-2;
3. y¢=x2y+y? - xe' X, y0)=1;
4. Y=yE+yP- X y0)=4;

5. yt=e* +2xy? - 1, y(0)=-2;
6. y¢=x2+y? +xe 2,  y0)=2;
7. yt=2x%y? + ye*, y(0)=2;
8. y¢=x%-y?-xy +e*, y(0)=-1;
9. y¢=xy+x°y2 +e X,  y(0)=-3;

10. y¢=x- y3+xe'x, y(0)=-4.

KoHTponbHas pabota Ne 7
TEOPUA BEPOATHOCTEW. CITYYANHBIE COBbITUA

Paspen 1. 9nemMeHTbl KOMOUHATOPUKKN

OnpedenerHue 1. KombuHaTopHas 3agadva — 3TO Takas 3agada, B KOTOPOM
HY)>XHO OTBETUTb Ha BOMPOC: CKOSIbKNMM crnocobamm MOXXHO U3 MHOXECTBa, CO-
aepxawero m anemeHToB BbibpaTb k anemeHToB. Npn 3TOM nosiBNseTcs Heob-
XOOMMOCTb BbISICHUTbL: Kakne nogMHOXECTBa Mofy4aroTCcs Npu peLLIEHUN TaKon
3agaun. CoBOKYyNHOCTb M3 K aneMeHToB Ha3biBaeTCH BbIOOPKON.
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[ns Toro 4tobbl pewnTb KOMBMHATOPHYIO 3adavy, Heob6xoaMmMo onpeaennTb
XapakTtep BblIOOPKM:

1. YnopsigoyeHHas / HeynopsagodeHHas!.

1.1. YnopsgodeHHoOM HasbiBaeTcsi Bblbopka, B KOTOPOW OT MEpPecTaHOBKU
3N1eMeHTOB B BbIOOpKE MeHsieTcs cama Bblibopka. Hanpumep, 3agaHo 4Yuncno 546,
Npu nepecTtaHoBKe UNAP Mbl NONYYMM APYroe Yncno.

1.2. HeynopsigodeHHOW HasbiBaeTCs BblOOpKa Takasi, YTO Mpu U3MEHEHUN
nopsiaka Bblbopka ocTaeTca npexHen. Hanpumep, n3 Kopobkn ¢ LBETHLIMM KapaH-
Aallamu BbITAHYNM TPU, CPeamn KOTOPbIX OKa3arnucb KPacHbIN, CUHUA U XKENTbIN.

2. C noBTOpeHusMn / 6e3 NOBTOPEHNN.

2.1. CunTtaetcs, 4ToO 3agaHHasa BblIbopka ¢ MOBTOPEHUAMMU, €CIN OOUH N TOT
e anemeHT BxoauT B BbIOOPKY MO KpanHen mepe aBa pasa. Hanpumep, B cno-
Be «KOJIOBOK» bykBa «O» nosTopsieTca 3 pasa, bykBa «K» — 2 pasa.

2.2. Cuntaetcs, 4TO 3agaHHas Bbibopka 6e3 MOBTOPEHWUN, ecnn BCe ane-
MEHTbI BbIOOPKM pasnunyHbl. Hanpumep, M3 Kop3uHbl, B KOTOpon Haxogutcsa 10
KpacCHbIX LWapoB, BbIHUMAKOT 5 WapoB, NpUYeEM Kaxabl BbITAHYTbIN Wap B KOp-
3MHY He BO3BpallaeTcs.

Mpu peweHnn KOMBMHATOPHBLIX 3ad4a4y onNuparTca Ha NpaBuno Npousseae-
HUS: ecrnn aneMeHT X MOXHO BblOpaTb k cnocobamu, a aneMeHT Y MOXHO Bbl-
OpaTb N cnocobamu, To napy XY MOXHO cocTaBuTb kn cnocobamu.

PaccmMoTpnM OCHOBHblE KOMOMHATOPHbLIE COEANHEHMS.

1. PasmelleHne C NOBTOPEHNEM.

M3 MHOXecTBa, coaepkallero m afeMeHTOB, HYXXHO BbibpaTtb K aniemMeHToB,
npuyem BbiOpPaHHbIN 3NEMEHT, NOCne Toro, Kak ero B3sinu, BHOBb BO3BpallaeT-
CS B UICXOOHOE MHOXECTBO (TO €CTb 3/1IEMEHTbI B BbIOPpaHHOM MHOXECTBE MOTyT
NOBTOPATLCA). XapakTep BbIOOPKN: ynopsgoyveHHasi, ¢ noBtopeHuamu. Cnego-

BaTeNbHO, NPUMeHsieM hopmyny: Prﬁ = mk.

lMpumep 1

MycTb 3agaHbl undpbl 2, 3, 5, 7. CKONbKO pasfinyHbiX YeTblPpeX3HAYHbIX Yun-
cen MOXHO COCTaBUTb U3 3TUX LNdp?

PelweHue:

MepBo undpon B Yncne MoXeT bbiTb Nobas 13 YeTbipex MmerLwmxcs. To
Xe camoe MOXHO ckasaTb M O nocrieayrwmx umdpax ymcna, nostomy obuiee

4MCNO KOMBUHALMIA: P44 = 4% =256.

2. PasmeweHne 6e3 NOBTOPEHUN.

N3 MHOXecTBa, cofepXalero m pasfnMyHbiX 3f1EMEHTOB, HYXXHO BblbpaTb
ynopsigodeHHoe noamHoxectBo M3 k anemeHtoB (KEm), TO ecTb Takoe noa-
MHOXeCTBO, B KOTOPOM 3fIeMEHTbI pacnonaratTcs B onpeneneHHoOM nopsigke,
N U3MEHEeHMEe nopsgka 3feMEeHTOB M3MeHseT nogMHoxecTBo. Kpome aToro,
3fIeMeHTbl B BbIOpPaHHOM MOAMHOXECTBE HE MOBTOPSATCA. XapakTep BblOOpPKU:
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ynopsigodeHHad, 6e3 nostopeHun. Toraa obuiee 4ymcrno cnocoboB MOXHO Bbl-
pasuTb PopMyrou:
m!

A= T
(m- k)!’
lpumep 2
CKOMNbKO pasfnnyHbIX YeTblpex3HayHbIX YNCEeN MOXHO COCTaBUTb U3 Umdp 1,
2,3,4,5, 6, npn ycnosumn, 4To LMU@PPbLI B YACIE HE NOBTOPAOTCA?
PeweHne:
O6bLwee Yncno kKoM6MHaUUN paBHO YNCAY pa3MeLLEHUN N3 6 3reMeHTOB (KO-

NMYecTBO LUNMP) Mo 4, T. K. YACNa YeTblpeXx3HaYHbIe! A = (6- 4)l = o 60

3. MNepecTaHoBKa 6€3 NOBTOPEHNNA.

[MyCTb MHOXECTBO COOEPXWUT M pasfnU4YHbIX 3fieMeHToB. PaccmMoTpum Bce
BO3MOXHbl€ BapuaHTbl NepPeCTaHOBOK 3NIEMEHTOB 3TOMO MHOXECTBA, T. €. HYX-
HO BbIbpaTb ynopsagoYeHHOe MOOMHOXECTBO M3 K anemMeHToB. Xapaktep Bbl-
Gopku: ynopsgovyeHHas, 6e3 NOBTOPEHUN M MPU 3TOM BbINOMHAETCSA YCroBue
m = k. Torga Heo6xoanmMo BOCNOMb30BaTbLCS POPMYSION:

P, =m(m-DY(m- 2)..x32"4=m,

lpumep 3

CKOMbKO pasfnnyHbIX YEeTbIPEeX3HAYHbIX YNCEN MOXHO COCTaBUTb 13 umdp 2,
3, 5. 7, ecnn undopbl B YMCIE HE NOBTOPSAOTCA?

PelweHue:

KonuyecTtBO umcen paBHO YMCIy NEPECTAHOBOK M3 YETbIPEX IMEMEHTOB, T.
K. uncna yetbipexsHaynble: P, = 4=4>3>2>1=24

4. lNepecTaHOBKa C NOBTOPEHUAMM.

MHOXXeCTBO COAEPKUT M SNIEMEHTOB, NPUYEM HEKOTOPLIE 3NIEMEHTbLI BXOAAT
B BbIOOPKY onpedeneHHoe KonM4ecTBO pa3. PaccMoTpum BCe BO3MOXHbIE Ba-
pUaHTbl NEPECTaHOBOK 3fIEMEHTOB 3TOr0 MHOXECTBA, T. €. HY)XHO BblOpaTb

ynopsigoyeHHoe nogmHoxectso u3 k(i =12,...,n) anemeHToB. Xapaktep Bbl-
Gopku: ynopsigodeHHasi, C NOBTOPEHUSIMM U MPU 3TOM BbIMNOSHSAETCS ycrnoBue
m=k; +k, +...+ Kk,. Toraa Heo6xoammo BOCnonbL30BaTbCA (DOPMYIION:
m!
P(kl,kz,...,kn) = k I* l)( ><k I -
1. 2. Saa n-
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lpumep 4

BblUMCnINTb CKONBKO PasfnnyHbIX CNOB MOXHO cocTaBuTb u3 crioa «MATE-
MATUKA».

PelweHne:

KonuuectBo 6ykB B cnoBe m =10, npudem GykBa «A» noBtopsieTcsa 3 pasa,
«M» — 2 pasa, «T» — 2 pasa, «<E» — 1 pas, «M» — 1 pas, «K» — 1 pas. Torga
ki =3,k, =2,k; =2,k; =1,ks =1,kg = 1. Beiuncnsiem no gopmyne:

_ 100
ozes = gaaaan ~ 10

5. CoyeTaHus.

[MycTb M3 MHOXeCTBa, coAep’Kallero m pasfmMyHbiX 3eMeHToB, TpebyeTcs
BbiOpaTb NOAMHOXECTBO, coaepallee k pasnnyHbix anemeHtoB (k £ m). Xa-
pakTep BblOOpKU: HeynopsagoyeHHas, 6e3 noBTopeHMn. Yncno coyetaHnm m3 m
3NeMeHTOB Mo K 3r1ieMeHTOB BblYUCNAeTCa No oopmyrne:

ck=_M _
™ (m- K)k!
lpumep 5

B rpynne 10 ctyaeHToB. CKOMbKMMM crniocobamn MOXHO BblbpaTb U3 aTOM
rpynnbl TPOUX CTYOEHTOB ANK y4acTuUs B KOHpepeHuumn?

PelweHue:
Yncno cnocoboB paBHO Yncry coveTaHui n3 10 aneMeHToB no 3 afieMeHTa:
10! 7158°9°10
c = =120.

07 (10-3)18 T 7R3

TeopeTuyeckue Bonpochl Kk pasgeny 1

1. CchopmynupoBaTtb NpaBuio NpousBeneHus.

2.YkasaTtb (hopmynbl Ans noacyeTa ymcna pasmMeLleHnin npu Belbopke ¢ no-
BTOPEHUAMU N 6€3 NOBTOPEHUN.

3. 3anucatb hopMyrnbl 49 NogcyeTa Yymcna coveTaHun.

3apaHue 1 Kk pasgeny 1

1. CKONMbKO MOXHO COCTaBUTb PasfnyHbIX YeTbipex3HayHblX KOMOWHaLMI
Koga ans cendpa, ecrnm MOXHo ncnonb3oBaTth Undpbl oT 0 go 77?

2. CKOJTbKO MOXHO COCTaBUTb MATU3HAYHbIX TeNnedOHHbIX HOMEPOB U3 LUdp
1,2,3,4,5,6,7,8,9, ecnu Bce unpbl, BXogsdLme B HOMepP, pasfnyHole?

3. Ckonbknmu cnocobamm MOXHO nocagnTb 5 ToNbnNaHoB Ha Knymbe?

4. CKONbKO pasfnyHbliX TPeXOYKBEHHbIX CIIOB MOXHO COCTaBUTb U3 CloBa
«KOMIMBbOTEP»? (Mog cnoBom noHnmaem ntobon Habop 6ykB.)
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5. CKomnbKO pasnnyHbIX CNoB MOXHO coctaBuTb 13 crioBa «MATHATODOH»?

6. Ha yyacTtke goporu OoT JomMa OO MarasvHa pacnorioXxeHbl 7 cBeTOdOpoB,
Ha Ka)KOOM M3 KOTOPbIX MOXET 3axuratbcs b0 KpacHbI, NMOO 3eneHbli CBeT.
CKONbKO CyLLeCTBYET pasfiMyHbiX KOMOMHALUWUI NOMOXEHNS CBETOOPOB?

7. B TaHue xenatT yyacTBoBaTb 9 yenioBek. CKOMbKO pasfinyHbIX Nap MOX-
HO COCTaBWUTb, €CIIM HEe UMEET 3Ha4YeHuUs KTO y4yacTByeT B TaHUe?

8. B rpynne 32 ctyaeHTa. Ckonbknmm cnocobamm MOXHO BbiGpaTtb Tpex ye-
NoBeK AN AexypcTea B Krnacce?

9. CKOMbKO MOXHO COCTaBUTb TPEX3HAYHbIX HOMEPOB Ha aBTOMOOUNL?

10.Ha cTtone pacnonoxeHbl 15 ak3aMmeHaunoHHbIX buneTta. CKOnbKMMKU CMo-
cobamn MOXHO BblOpaTh 3 GuneTta, ecnu BbIGpaHHbIN GuNeT Bo3BpaLlatoT 06-
paTHO Ha cTon U GuneTbl NepemMeLlnBaloT.

Paspen 2. CnyyanHble cOObITUA U BEPOATHOCTHU

OnpedeneHue 2. VicnbiTaHnem (onbiToM, HabngeHnem, namepeHmem) oy-
AeM Ha3sblBaTb HEKOTOPYK COBOKYMHOCTb Aencteui. [Mpegnonaraercda, B 06-
LLIeM criyvae, YTO UCMbITaHWE MOXHO MOBTOPUTL HEOTPAHMYEHHOE YUCIO pas.

OnpedenerHue 3. CobbITEM (Cny4YamHbIM COObITUEM) Ha3blBAETCA BCAKUMN
draKT, KOTOPbIN MOXET NPOMU30UTU UMK HE NMPOU3ONTU B pe3ynbTaTe onbiTa. Co-
ObiTnA obo3Havatotes 6yksammn A, B, C, D, ...

OnpedesnieHue 4. BepoATHOCTbIO COBObITUA Ha3blBaeTCA YMCHEHHas Mepa
BO3MOXXHOCTM NOSABMNEHNS cobbITUA B pe3ynbTaTe AaHHOro onbiTa. BepoaTHOCTb
cobbiTna A obosHadvaeTcs P(A).

OnpedeneHue 5. CobbiTe W HasblBaeTCAa AOCTOBEPHbBIM, €CiN OHO 0b643a-
TenbHO nNpounsonaeT B pesynbTaTe onbita: P(W) = 1.

OnpedeneHue 6. CobbiTue A KOTOPOE HUKOrAa HE MOXET NMPOU3oNTU B pe-
3yrnbTaTte onbiTa, Ha3blBaeTCs HEBO3MOXHbIM: P(AE) = 0.

OnpedenerHue 7. CobbiTe A, O KOTOPOM HENb3HA 3apaHee ckasaTb Mpo-
n3onaeT OHO UMK HET B pe3yribTaTe OnbiTa, HadbiBaeTcs crydanHbiM: OEP(A)EL.

OnpedenerHue 8. Cymmon cobbiTn A+B HasbiBaeTca cobbiTue, cocTosiLee
B OCYLLECTBMEHUM XOTHA Obl 04HOro U3 cobbiTu «A nnm B» (6e3pasnmyHo, Kako-
0O UMEHHO, UM 0bomnX, ecnmn 3TO BO3MOXHO).

OnpedenerHue 9. CobbiTna A n B Ha3biBalOTCA HECOBMECTHbLIMMW, €CIIN OHU
He MOryT NPOU30oMUTM OAHOBPEMEHHO NPY OAHOM U TOM XXe MUCNbiTaHuu. BeposaT-
HOCTb CyMMbI [BYX HECOBMECTHbIX CODbITUI paBHa CyMMe BEPOSTHOCTEN 3TUX
cobbiTnin: P(A+B)=P(A)+P(B).

OnpedenerHue 10. [1Ba cny4anHbix cObbITUS Ha3bIBAOTCA MPOTUBOMOSIOXK-
HbIMMW, €CfN NOSIBIEHNE OLHOr0 U3 HUX PaBHOCUIBLHO HEMOSIBMEHWUIO LPYroro.
Ecnn ogHo 13 atmx cobbituin 0603HauUMTL A, TO Apyroe (NPOTUBOMOMOXHOE)
obo3Ha4vaT A (Yntaetca «He A»). CobbiTne A o3HayaeT, YTo A He NPoun3oLL-

no: P(A)+P(A)=1.
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OnpedeneHue 11. lNpounssegeHnem OByx cobbiTun «A U B» HasbiBaeTcs
cobbiTue, cocTosilee B TOM, YTO o6a cobbITna NPoM3oLLIN OgHOBPEMEHHO. Ec-
N NOSIBIIEHME KaXKAOro U3 COObITUI HEe 3aBUCUT OT TOrO, NPOU3OLUIIO UK HET
Apyroe, To cobbITUS Ha3blBAKOTCA HE3ABUCMMbIMU, U BEPOSTHOCTb MX NPOM3BeE-
AEeHUsa paBHa Npon3BeaeHnto BepoATHOCTEN aTuxX cobbltnin: P(AB)=P(A)*P(B).

OnpedeneHue 12. Ecnn BEpOSATHOCTb NOSABNIEHNSA COObITUA B N3MEHAETCA B
3aBMCUMOCTM OT TOrO, MPOMU3OLLIIO UK HET cobbiTve A, TO Takme cobbITUsS Ha-
3blBAOTCA 3aBMCUMbIMW. BepoAaTHOCTb COObITUS B npu ycroBuu, 4YTo cobbiTve

A yxe npousowno, obosHavaetca P, (B ). BeposTHoCcTb nponsBeeHus 3asu-

cUMbIX coBbITMIA onpenensetcs dopmynon P(AB) = P(A)>P ,(B).
OnpedeneHue 13. Ecnn cobbiTvs A n B HecoBmecTHble, To P(AB)=0.
dopmyna gnsa BblYUCIIEHUS BEPOATHOCTU CyMMbl ABYX COObITUIA, BCE paBHO
KaKunX, COBMECTHbIX unn HeT, nmeet sua: P(A+B)=P(A)+P(B)- P(AB).
OnpedeneHue 14. [onHon rpynnon cobbiTn Ha3blBaeTCA HECKOSIbKO CO-
ObITUI Takux, YTO B pe3ynbTaTe OnbiTa HENPEMEHHO AOJIHKHO NMPOM3OUTU XOTH
Obl OQHO N3 HUX.
OnpedeneHue 15. Heckonbko cobbITUM B JAaHHOM ONbITE Ha3blBalOTCS paB-
HOBO3MOXHbIMUW, €CINN HET OCHOBAHWIN cYMTaTb Kakoe-nnmbo n3 Hux 6ornee BO3-
MOXHbIM, YEM Jpyroe.

OnpedeneHue 16. Cobbitna W, ,W,,...,W_ HasbiBalOTCA 3NE€MEHTapHbIMU,

ecnv oHM obpas3yloT NOMHY rpynny cobbITUI, HECOBMECTHbI (TO €CTb HUKakue
[Ba M3 HUX HE MOryT NPOM30NTN OQHOBPEMEHHO) U PABHOBO3MOXHbI.

OnpedeneHue 17. AnemeHTapHble cobbita W;,W,,,...,W, Ha3sbiBaloTCSH

BnaronpuaTCcTBYHOLWMMKU COBbITUIO A, eCnn HEKOTopoe cobbiTve A nponucxoanT B
pesynbTaTe NosABMEHNSI OOHOMO M3 AfIEMEeHTapHbIX COBbITUNA.

PaccmoTpum knaccudeckoe onpeneneHme BepossTHOCTY.

[MycTe B pesynbTate onbiTa MOXET MPOU3ONTM OOHO M3 N 3fieMeHTapHbIX
cobbITUI, Npnyem cobbiTrio A BnaronpuatcTeyoT m U3 HUX (MEn). Torga Bepo-
ATHOCTbIO COObITUS A Ha3blBaeTCHA OTHOLLEHNE YMCa ANIEMEHTaPHbIX UCXOO0B,
OnaronpuATCTBYOLNX MOSABNEHMI0 cobbiTua A, K obwemy 4yucny paBHOBO3-

m
MOXHbIX 3NieMeHTapHbIX ucxogos: P(A) = —.
n

lpumep 6

N3 natn BykB paspesHon a3bykm coctasneHo crnoso JOMUK. PebeHok, He
YMEWLWNIN YnTaTb, paccbinan 3T OykBbl U 3aTEM BbIFIOXKUA TPU U3 HUX B NPOU3-
BOSIbHOM nopsigke. HanTn BEpOATHOCTb TOrO, YTO Yy HEro MoflyYyMnochb CIiOBO
KOL. (MpegnonaraeTcs, 4To pebeHok He nepeBopavnBaeT OykBbl.)
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PelweHue:

MycTb cnyvamHoe cobbiTme A cocTouT B TOM, YTO nony4veHo cnoso KOL.
Yncno paBHOBO3MOXHbBIX 3Ni€MEHTapHbIX MCXOA40B PaBHO YMCIY pa3MeLLEeHUN
n3 5 anemeHTOB Mo 3:

5l

(5- 3)'
MockonbKy BCce OykBbl B NepBOHa4anbHOM CrnoBe pasHble, To cpean 60 umc-

X0O0OB He BygeT ABYX OAMHaKOBbIX, TO ecTb cnoBo KOJ BcTpevaeTca TONbKO
OOVH pa3: m=1.

n=p =

Takum obpasom, P(A) = i

60

lpumep 7

B OByx swmKax coaepxaTca CMHME M KpacHble Lapbl: B MEPBOM SLUMKe 6
CUHUX U 7 KpacHbIX, BO BTOPOM fLUnKe — 4 CUHUX N 5 KpacHbiX. N3 kaxgoro
ALMKa U3BneKarT No ogHoMy wapy. Hantu: 1) BepoATHOCTb TOrO, YTO XOTS 6bl
OAMH U3 BbIHYTbIX WAapoB OyaeT KpacHbIM; 2) BEPOSATHOCTb TOro, YTO TOSIbKO
OAWH N3 WapoB ByaeT KpacHbIM.

PeweHne:

1. 1-n cnocob: lNycTb cobbITMe A COCTOUT B TOM, YTO XOTHA Obl OANH MX Bbl-
HYTbIX LWApOB KpacHbin. Obo3Hauum 3a 4; 1 A, cobblTUsA, COCTOSALLME B U3Bre-

YEeHUN KpacHOro Liapa M3 NepBOro U M3 BTOPOro SILLIMKOB COOTBETCTBEHHO. To-

roa cobbitne A 6yaeT BblpaXeHO yepes3 cobbiTus A w4, dopmynon A= 4+
Ao, @ BEPOATHOCTb 3TOr0 COObLITUSA, COrMAacHO NPaBuIy HaXoXAeHWUs1 BEPOATHO-
CTW CYyMMbI ABYX CoBbITUI P(A)=P( A1)+P(A5) — P(Aq > A>5).

CobbiTns 4, n A, — He3aBucumble, noatomy P(A)=P(41)P(A,).

Bbluncnmm BeposaTHOCTM cobbiTuin. B nepBom swmke HaxoauTtcsa 13 wapos

-
(CMHUX 1 KpacHBIX), U3 HUX 7 KpacHble, cnegoBaTtenbHo P(A) = E Bo BTOpOM

)
AlWmMKe — 9 WapoB (CMHUX M KpacHbIX), U3 HUX 5 — KpacHble, To ecTb P(A) =

13

p(ay= T 457 50 31
13 9 ¢13 9g 39

2- cnocob: JTOT e pe3ynbTaT MOXHO Oblflo Mony4nTb, paccmaTpuBas
NMPOTUBOMOMOXHOE COObITUE ™ A, COCTOsILLEE B TOM, YTO HU OOWH U3 BbIHYTbIX

Wwapos He okasancs kpachbim: A= A; X4, P P(A) = P(4,) XP(4,). Torpa
BEPOSITHOCTb TOFO, YTO 06a BbITSHYTHIX LUapa OKaXyTCS KPaCHbIMW, paBHa:
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P(A)=1-P( A). NMoactaBnB 4YMCroBble 3HAYEHMUSA P(A_1)=%’ P(A_2):ﬂ, nony-
9

yum P(A4)= 1-£ 4_31
139 39

2. MycTb cobbITe B COCTOMT B TOM, YTO TOSIbKO OAMH M3 BbIHYTbIX LUAPOB

okasancst KpacHbiM B =A%, + A, X4; . Cobbitusa 4; X4, n A, X4, Hecoswme-
CTHbIE, MO3TOMY

P(B) = P(4,) X4,) + P(4,) xP(4,),

7456 S8

P& )"Ié 0o 913 17

lMpumep 8 (3adaya o ebibOpKe)

B notepee 11 6unetos, U3 HUX 4 BbIMIPbIWHbIX. HanTM BEPOATHOCTbL TOrO,
4YTO cpeau B3ATbIX Hayrag 5 6unetos 6yayT 2 BbIMIPbILLHbIX.

PeweHue:

Myctb A — cobbiTMe, cocTosiLee B TOM, YTO cpeau BblOpaHHbIX Haygady
5 BuneToB okasanucb 2 BbIMIPbIWHbIX. [10 Knaccnyeckomy onpeneneHuio Be-

. m
posiTHocTelt P( A) = —, roge n — ymcno cnoco6oB, KOTOpPbIMKU U3 11 MMetoLMXCS
n
BuneToB MOXHO BbibpaTh Ntodbie 5 BCe paBHO B KAKOM NOPSAKE:

11!
n=C)=——————=462.

51(11- 5)!

Yuncno 6naronpusATHbIX MCXO4OB M pPaBHO YMUCy CNOCOOOB, KOTOPLIMU MOX-
HO BbIOpaTh 2 BLIMIPbILWHBLIX OMneTa n3 5 numerwmxcsa u ewe 3 HEBbIMIPbILLHbIX
6unetamns 7 (11-4=7):

| |
=C2C? = 4 " _6x85=210.
21(4- 2)! 31(7- 3)

Torpga no hopmyrie Knaccmyeckom BEPOSATHOCTU, NOSYYUM:

210 105
P(A)=— » 0,455 .
462 231

B HekoTOpbIX criydasdx He yoaeTcd nepeyncnuTb Unn nocymTaTb BCe dfeMeH-
TapHble 1 GnaronpusaTcTByOLWME NCXOAbl. Torga NpMHUMaeTcs Kakas-nmbo gpy-
ras Mmepa nogcderta (Hanpumep, nnowagb gurypbl unu odbvem Tena). Takue Be-
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POATHOCTUN HA3bIBAlOTCA reOMeTpn4EeCKNMN. Ecnn o6o3Haunte W — NPOCTPaHCTBO
ANneMeHTapHbIX ICXoO40B, TO MOXXHO 3anMcaTb.

A
p(4) =1L
mepa W

lpumep 9

B kpyr pagnyca R BnucaH kBagpaT. M3 kpyra Haygady BblOMpaeTcs Touka.
KakoBa BEPOSITHOCTb TOr0, YTO 9Ta TOYKA NEXUT BHYTPU KBagpaTa?

PeweHnune:

CoObiTne A coctonT B TOM, YTO Haygady BbliOpaHHas M3 Kpyra Todka okasa-
nacb nexauwen BHyTpu kBagpaTta. [TOHATHO, YTO NocyMTaTb KONMMYECTBO TOYEK
BHYTPM Kpyra n BHYTPW KBagpaTa HEBO3MOXHO, MO3TOMY MEPOW yncna paBHO-

— 2
BO3MOXHbIX 3reMeHTapHbIX Mcxoaos BydeT nnowads kpyra S =pPR®, a me-

< - 2
poit Yncna 6raronpUATHLIX UCXOOO0B — Mrowaab keagpata S, = 2R

2
p(a)=2=2R"_2

S prR? R
TeopeTnyeckme Bonpochkl K pasgeny 2

1. MNoHaTMe cny4YanHoro, 4OCTOBEPHOIO N HEBO3MOXHOIO COObITUMA.
2. BeposaTHOCTb CyMMbl 1 Npon3BeaeHuns cobbiTUNA.
3. Knaccu4yeckoe onpepeneHne BEPOATHOCTM.

3apaHue 1 Kk paspeny 2

a) B awumke cogepxutca k ctaHgapTHbIX getanen u3 n. /3 dwmka Hayrag
BbIHUMAKOT 5 NobbIX geTanen. Hantu BepossTHOCTb TOro, YTO Cpean N3BreYveH-
HbIX geTanen okaxyTtcsa 1) Bce 5 cTtaHOapTHbIX; 2) TONbKO 3 CTaHOapPTHbIX;
3) Tonbko 1 cTanHgapTHag; 4) Bce HecTaHAApPTHbLIE.

Ne 1 2 3 4 5 6 7 8 9 10
n 55 60 65 55 60 55 40 45 65 55
K 40 35 45 45 40 45 30 35 55 35

6) B ynakoBke C cemMeHaMu TpU copTa ropoxa COAepXUTcs. BeposaTHOCTb
TOro, 4YTO B30OWAET ropox NepBOro copTa, paBHa P;, BTOPOro — P,, TPETbETO —

P3. Hantn BepoATHOCTbL BCXOXECTU: 1) TONbKO ABYX COPTOB ropoxa; 2) Bcex
Tpex COpTOB.
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Ne 1 2 3 4 5 6 7 8 9 10
pp|{ 09 | 06 | 07|09 | 0,7 04 0,5 0,4 0,7 0,7
p,| 08 | 07 | 06|05 08 04 0,7 0,5 0,6 0,4
p; | 0,7 | 0,2 | 05| 0,7 | 0,2 05 0,8 0,3 0,8 0,9

lNpumeyaHue: 30eCb HOMEP BapMaHTa HaXoguUTCs B NEPBOM CTPOKE Tabnuubl.

Paspen 3. lNocnegoBaTenbHOCTb HE3aBUCUMbIX UCTIbITAHUN.

[MycTb NpOBOANTCSA CEPUS U3 N UCTMbITAHUI, B KaXXOAOM M3 KOTOPbIX COObITME
A MOXeT HacTynuTb C OJHOW M TOM Xe BEPOATHOCTbIO P UMW HEe HACTYMuUTb C
BEPOATHOCTBIO ( =1- P, HEe3aBUCMMO OT HOMEpa WCMbiTaHUS U pe3ynbTaTa
npeablaywero onbita. TakMe cepun OMbITOB Ha3blBalOTCA MNocriegoBaTeNbHO-
CTbI0 HE3aBUCUMbIX UCMNbITAHUA UK cxeMon bepHynnu.

PelwweHne cnegywowmx 3agad cosepLiatoT no cxeme bepHynnu:

1) HanNTM BEPOSATHOCTb TOrO, YTO B CEPUN M3 N UCMbITaHM cobbiTne A Hac-
TynuT poBHo k pas: P,(k);

2) HaUTN BEPOATHOCTb TOrO, YTO B CEPUM M3 N UCMNbITAHUAN cObbLITUE A Hac-
TYNuUT He MeHee 4yeM K; pa3s un He 6onee, yem k, pasa: P,(ky,k, ).

YKasaHHble BEpPOSTHOCTU HaxoaaT no ¢hopmyne BepHynnu, npu ycrosuu
N <100: Ry(k) = Cixp  xg™ X, Py(ky Ky ) = Po(ky )+ Py(ky +1)+ ..+ By (Ky ).

Ecnu yncno n Benuko (N3 100), a p He crnvWKOM Mano, TO AN BblYUCIEHUS
BEPOSITHOCTU MOXHO BOCMNOJSIb30BaTbCA MNPUOAMKEHHBIMU (ACMMATOTUYECKUMN)
dopmynammn MyaBpa-Jlannaca (nokanbHas Teopema Myaspa-Jlannaca; uHTer-

panbHaga Teopema MyaBpa-Jlannaca).
INlokanbHaga Teopema Myaspa—Jlannaca:

1

vNpq

Pa(k) =

J (%),

X2

- np " J (X):ie- 2
Jnpg J2p

MHuTerpanbHasa Teopema Myaspa-Jlannaca:

roe X =

Pa(ky, ko ) =F (X2 )- F(Xq),

t2
k, - np ki - np 1 % -
roe X, = Xy = , F(x)=——=—=¢e 2dt.
° Jnpg "t Jnpg J2p
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®yHkunm j () n d(x) TabynupoBaHbl, TO €CTb Tabnuubl 3HAYEHUN ITUX
dYHKUNA NpuBeAeHbl B KaXXA0M y4ebHMKe MO TEOPpUN BEPOATHOCTEN.

OTnX pyHkumMn obnagatot crnegyrowmmmn csonctea: j (-x)=j (x); ®(-x)=-d(x);
®P(0)=0; P(x) ® 0,5npn x ® ¥.

Ecnun yncno vcnbiTaHnn N BENUKO, @ BEPOATHOCTb nosiBfieHnst cobbitna A B
Ka)XOOM MCMbITaHUW Marna, TO AN BblY4UCIIEHUS BEPOSATHOCTU nosiBrieHns k pas
cobbiTna A B CEpUM M3 N UCMbITAHWUA MOXHO BOCNonb3oBaTbcs hopmyrnon My-
accoHa:

-
Pa(k)=" 1%,
k!
roe |l =np.

Yncno my ycnexos, Npu KOTOPOM JOCTUraeTcss HambonbLuas U3 BO3MOXHbIX
BEPOATHOCTEN, Ha3blBaeTCA HauMBEPOATHEWWMM 4ucriom ycriexoB. OHO ornpe-
AensieTcs Kak Lernoe YUCro Ha npoMexyTke N> p- gEmMEN p+ p.

lpumep 10

Mo HekoTOpOW Lenu NpomsBeaeHo 4 He3aBMCUMbIX BbiCTpena. BepoaTHoOCTb
nonagaHus B Lienb Npyn 0gHOM BbicTpene pasHa 0,6. Hantn BepoAaTHOCTb TOro,
4YTO Npun 4 BbicTpenax ObiNno poBHO 1 nMonagaHve, N onpeaenuTb HanMBEpPOAT-
HeWnLwlee Yncno nonagaHun.

PelweHue:

BepoaTHOCTb nonagaHusi npu ogHOM BbicTpene pasHa p=0,6, a BeposT-
HocTb npomaxa g =1- p =0,4. BeposaTHOCTb TOro, YTo OyAeT poOBHO OOHO Mo-

nagaHve, Haxogum no popmyne bepHynnu:
4!

311

HaunBeposiTHeNLwee Yncno nonagaHun

4506-04£m, £4506+06P 2£m, £3.

P,(1)=Cj xp* xq® =——>0,6>04% =01536.

Wcxops u3 toro, 4to My - Ueroe 4uicrno, Torga MMeeTcs ABa HauBepoAT-
HeWLwWwmx Yymcna 2 unum 3.

lpumep 11

BepoATHOCTbL HacTynneHns cobbiTus A B KaXXOOM M3 OOMHAKOBbLIX U He3aBu-
CUMBbIX UCMblTaHMK paBHa 0,7. Hantn BeposaTHOCTb TOro, 4To B 1600 ucnbiTaHNAX
cobbiTne A HacTynuT: a) poBHo 1100 pa3s; 6) ot 1100 go 1200 pas.

PeweHuns:

Beluncnnm P(A) = p = 0,7 — BEPOATHOCTb NOABNEHUS cObbITUA A NpU OAHOM
ncnoitaHum; g = 1 — 0,7 = 0,3 — BEPOATHOCTb HENOABNEHNA cobbITUA A npu oa-
HOM WUCMbITAHUN.
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a) Bocrnonbayemcsa nokansHon goopmyrnon Myaspa—Jlannaca:

1

vNpq

Pa(k) = J (%),

X2

k- np 2

nj(x) —ie
AL % v2p
N3 ycnosusa cnepyert, 4to n = 1600, k = 1100. Torga

X_1100- 1600:0,7 - 20
J1600x0,7>x03 1833

roe X =

»-109.

Mo Tabnuue ([5], npun. 1) Bbluncngem j (- 1,09) =j (1,09) = 0,2203.

Takum obpasom, Pgq,(1100) = = 02203 » 0,012.

\/1600>0,7>0,3
6) Bocnonb3yemcs nHterpanbHon popmynon Jlannaca

Pa(ky ko ) =F(x2)- F(xq),
ko-np k- np

Xy = .
Joeg T Jnpg

N3 ycnosusa cnepyert, 4to N =1600,k; =1100,k, =1200. Torga

rae X, =

_1100- 1600:0,7 _ - 20

- /16000703 1833
1200- 1600:07 _ 80

- J/1600-07>03 1833

Xq »-109 n

»436.

X

Mo Tabnuue ([5], npun. 2) Bbluncnaem ®(4,36) » 0,5; ®(-1,09)= - 0,3621.
Pi600(1100;1200)» F(4,.36)- F(-109)=05+0,3621=0,8621.

TeopeTnyeckune Bonpochbl K pasgeny 3

1. dopmyna bepHynnu.

2. JlokanbHaa gpopmyna Myaspa—Jlannaca.

3. WHTerpanbHaga popmyna Myaspa—Jlannaca.
4. ®opmyna lNyaccoHa.
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3apaHue 1 K paspgeny 3

KynneHo n notepenHbix 6unetoB. BepoATHOCTb BbIMIpbIlla Ha OAWH foTe-
penHbin 6unet p = 0,6. Hantn a) BepoOATHOCTb TOro, YTO N3 n GuneTos k Gune-
TOB BbIUrpatoT; 6) HanBepoATHENLLEE YNCIIO BbIUTPbILLHbIX BUneTos.

Ne 1 2 3 4 5 6 7 8 9 10
n 17 14 16 18 15 12 11 19 10 16
K 5 3 2 9 7 3 5 8 4 9

lNpumeyaHue: 30eCb HOMEP BapMaHTa HaxoguTCs B NEPBOM CTPOKe Tabnumupbl.

Paspgen 4. IUCKpeTHbIe cny4YanHble BeNIMYUHbI

[MycTb NpOM3BOANTCS HEKOTOPOE MCMNbITaHWE, pPe3ynbTaTOM KOTOPOro ABNs-
eTCH O[IHO N3 HECOBMECTHbIX CIly4anHbIX cobbITun Aq, A ,...A,, (4MCno cobbITum
NI KOHEYHO UITN CYETHO, TO €CTb COOLITUA MOXXHO NPOHYMEPOBATh).

Onpedenernue 18. Kaxgomy ncxody A nocTaBrneHO B COOTBETCTBUE HEKO-

TOpoe AEeNCTBUTENbHOE YUCIO X, TO €CTb Ha MHOXEeCTBE Cry4anHbiX cobbITUiA
3afaHa gencTButernbHas MYHKUUSA X CO 3HAYEHUAMUN Xq, X5 ,...X,. ITa PYHKUNA

X HasblBaeTCs OUCKPETHOM CrydyarHOW BENUYMHOWN (TEPMUH «OUCKpPEeTHas» UcC-
Nosfib3yeTca MOTOMY, YTO 3HAYEHUS CNy4YamHOW BEeNUYUHbI — 3TO OTAESbHble
yucna, B OTNn4me oT HenpepbiBHbIX (OYHKLNR).

[MockonbKy 3Ha4YeHUda criydanHOW BENUYUHBI USMEHSAKOTCA B 3aBUCUMOCTU OT
CNy4anHbIX COObITUIN, TO OCHOBHOW MHTEPEC NPEACTABMAT BEPOATHOCTU, C KO-
TOPbIMU CnyYyanHas BefnuyinHa NpuHMMaeT pasfnyHble YNCITOBble 3HAYEHUA.

OnpedenerHue 19. 3akOHOM pacnpegeneHnst CriydanHom BENMYMHBI Ha3bl-
BaeTCHA BCAKOE COOTHOLLUEHWe, yCTaHaBnMBawLlee CBA3b MeXay BO3MOXHbIMU
3Ha4YeHUs MU CIlydanHOM BENNYNHBI U COOTBETCTBYIOLLMMU UM BEPOSATHOCTSMM.

3aKkoH pacnpegeneHuss MoXeT UMeTb pasnuyHble popMmbl. Ona OUCKPETHON
CIly4anHOM BESIMYMHbI 3aKOHOM pacnpefeneHns sSBnseTca COBOKYMHOCTb nap
yncen (X;; Pj ), rae X; — BO3MOXHbl€ 3HAYEHUSI CIy4anHOW BENUYNHLI, @ P; —

BEPOSATHOCTU, C KOTOPbIMU OHA NMPUHMMAET 3TW 3HadeHns: P, = P( X =x; ); npn

n
atom 4 p; =1.

i=1

Mapbl (X;, Pj ) MOXHO paccmaTpuBaTb, Kak TOYKM B HEKOTOPOW CUCTEME KO-

opavHaT. CoeouHMB 3T TOYKM OTpe3KaMu NpsMbIX, MOMNy4YMM rpaduyeckoe
n3obpaxkeHMe 3akoHa pacnpeferneHuss — MHOroYroflbHUK pacnpegenenus. Ya-
LLle BCEro 3aKOH pacrpeneneHna ANCKPeTHOM CIlly4anHoM BeNMYUHbI 3anucblBa-
eTcs B Buge 1abnuupl, B KOTOPYH BHeceHbl napbl (X, P; ).
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Y Py P2 P3 P Pn

PaccMoTpuM 3akoHbl pacnpefeneHvus OAUCKPETHbIX Cry4YalHbiX BenvYuH,
4acTo BCTpevaloLmecs Npu pelleHnn pasnuyHbliX 3agad: reoMmeTpudeckoe pac-
npeaeneHvne, rmnepreomeTpruyeckoe pacripegeneHne, buHommansHoe pacrpe-
AeneHuve, pacnpegeneHuve NyaccoHa.

1. 3aKOH reoMeTpuYeckoro pacnpeaeneHust BepoATHOCTEN NPUMEHSAETCH B
cryyae, ecniv B 3aga4de coOepXKuUTCs YCnoBue «A4o NepBoro nonagaHus, npuoob-
peTeHnsi, 4O NEPBO BCTPEUM UMM M3PaCcXo[0BaHMs BCEro...». BepoaTHocTn pj

AN COOTBETCTBYOLUMX X; BblYUCNAKOTCA MO dopmyne: p; = qm'1 Xp, roe
g=1- p, m — BO3MOXHble 3HAYEHNSA Cy4aNHON BENUYUHBI X; .

2. 3akoH BMHOMManbLHOro pacnpenerneHnst BepOsTHOCTEN NpUMeEHsieTcst B Chy-
Yyae, ecrnv Ansi MHOXeCTBa, COCTOSILLEro U3 N 3fIEMEHTOB, BbIMOHAETCA yCroBue
N <100 u B KaXOOM WCMbITaHUN BEPOATHOCTb paBHa p. BeposTtHoctn p; ans co-

OTBETCTBYIOWMX X; BbluMCRsOTCA no dopmyne Beprynmm: p; = C xp™ >g™ ™,

rae g =1- p, m — BO3MOXHbIE 3Ha4YEHUS Crly4anHON BEMUYMHBI X; .

3. 3akoH NyaccoHa npuMeHsieTcs B criydae, ecniv B 3agayve ykasaHHO ycrio-
Bue N3 100, T. e. n 04eHb BENMKO, @ p Npu 3TOM o4eHb Mano p ® 0. Beposr-

HOCTW pP; ANA COOTBETCTBYWOLMX X; Bbl4MCnSAlOTCS no dopmyne lNyaccoHa:

|m L
P, = — g ! , TAe M — BO3MOXHbI€ 3HAa4YeHUs1 cnydanHon BenudmHel Xi, | =np.
ml
lpumep 12

MponseseneHo agBa BbiCTpena no muweHn. CocTtaBuUTb 3aKOH pacnpepnene-
HWSA YMcna nonagaHum, ecnu BepOATHOCTb NonagaHus B MyuLleHb pasHa 0,5.

PelweHue:

CnyyanHaa BennunHa X — Ynucro nonagaHum B MyweHb B JAaHHOM UCNbITa-
HUM. O4eBngHO, 4TO N =2 <100 1 X MOXeT nNnpMHUMaTb OOHO U3 Tpex 3Haye-
HuK: O (HM ogHoro nonagaHus), 1 (ogHo nonagaHue), 2 (oBa nonagaHus). Be-
POATHOCTb NnornagaHusa nNpu ogHOM BbiCcTperne pasBHa p = 0,5, a HenonagaHua q
=1 — p = 0,5. BepoATHOCTU, C KOTOPbIMU CrlydarHasa Benn4nHa npMHUMaeT ne-
peyuncrieHHble 3Ha4yeHuns, Hangem no popmyne beprynnu:

P(X =0) = py =CI xp° >xq? =14>052 =0,25;
p(X =1)=p, =Cixp*xq' =2x05x05=05;
p(X =2)=p, =C2 xp?>q° =1x05)% 14 =0,25.
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3akoH pacnpegeneHna cnyyvyamHon sennuuHbl X 3anvwem B Buae tabnuupl
pacnpeneneHus:

X 0 1 2
P 0,25 | 05 | 0,25

3
Mposepka: & p, =025+05+0,.25=1.
i=1

3akoH pacnpeneneHnsa OUCKPETHOW CryyYamrHOW BENUYUHBLI MOXET ObiTb 3a-
AaH ¢ nomoLliblo oyHKUMKM pacnpegeneHunsa F(x), koTtopas paBHa BEpPOSATHOCTU
TOro, YTO cnyyarHas BenuumHa X 6yaeT NnpuHMMaTb 3HAYEHUSA HA MPOMEXYTKE
(-¥;x): F(x)=P(X <Xx).

dyHKUMA F(x) onpegeneHa Ha Bcen OENCTBUTENbHON ocn 1 obnagaet cne-
Ay MmN cCBoONCTBaMu:

1) 0EF(x) £1;

2) F(x) — HeyObIBatoLwasa PyHKLMUS;

3) F(-¥)=0,F(+¥)=1,

4) F(b)- F(a)=P(a£ X £b) — BepoaTHOCTb TOro, YTO Criy4ariHas Benu-
ymMHa X NpuMeT 3Ha4yeHus1 Ha npomMexyTke [ a;b).

Mpadmk pyHKUMKM F(X) oNa OUCKPETHOW CIlyYanHOW BESIMYMHBbI COCTOUT U3
OTPE3KOB NPAMbIX U Nyden, napannenbHbiXx ocn OX nnmn cosnagarowmx ¢ HEN.

lpumep 13
CnyyanHaga BenuunHa X 3agaHa tabnuuen pacnpenenenns:

X | -1 2 3 S
pP|101]03)04 02

CoctaButb byHKUMIO pacnpegeneHusa F(x) cnyyanHon BenvymHbl X N no-
CTPOUTbL ee rpacuik.
PeweHne:
Ecnu x £ - 1, 10 F(X) = P(X<x) = 0;
ecnm - 1< x £ 2, 1o F(X) = P(X<x) = P(X=-1) = 0,1,
ecnm 2< X £ 3, 10 F(X) = P(X=-1) + P(X=2) =0,1+0,3 = 0,4;
ecim 3<x£5, 10 F(X) = P(X=-1) + P(X=2) + P(X=3) = 0,1+0,3+0,4 = 0,8;
ecmm X >5, 10 F(x) = P(X=-1) + P(X=2) + P(X=3) + P(X=5) =1
i0, x£-1
101, -1<x£2
F(x)=i04, 2<x£3
{os,3<x£5

tL x>5
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MocTpoum rpadpmk pyHkuumn F(X) (cm. puc. 1).

F()

0,8

0,4

0,1

X 2 3 5

Puc. 1. Mpaduk dyHkummn pacnpegenenmns F( X)

PaccmoTpum 4ncrnoBble XxapakTePUCTUKN UCKPETHBIX CryYanHbIX BESTUYNH.
[MycTb cnyyanHas BenuyuHa X 3agaHa tabnuuen pacnpegeneHus:

X Xq Xo X3 .. X; .. X
P P1 P2 P3 e Pi e Pn

OnpedeneHue 20. MatemaTudeckum oxuaaHnem M(X) aunckpeTHoOW cny-
YalHOW Ben4YMHbl X HasblBaeTCA CyMMa Mpou3BeieHUn BCEX €€ BO3MOXHbIX
3Ha4yeHMn X; Ha COOTBETCTBYIOLLME BEPOATHOCTU ;:

n
M(X)=axp
i=1
MaTemaTnyeckoe oxupaHwe HasblBalOT TaKXe CpefHUM 3HadYeHuem Cry-
YarHOW Benu4YnHbl X, noagvepkmBasi CTaTUCTUYECKUIN CMbICST MOHATUSA, UMK LIEeH-
TPOM pacnpenesieHnsa crnydyamHon BennyunHel X (Mo aHanormm ¢ NOHATUEM LEeH-
Tpa TAXeCTUN AN CUCTEMbl MaTepuarnbHbIX TOYEK).
CBouncTBa MaTeMaTUY4ECKOro 0XXUaaHus:
1) ecnu cnydanHasa BenndmHa X NnpMHUMaEeT NOCTOsIHHOE 3HavyeHne X = C =
= const, To M(C) = C;
2) M(CX) = CM(X), roe C = const;
3) MmaTeMaTU4eckoe OXuaaHue CYyMMbl ABYX CllydarHbIX BESIMYUH pPaBHO
CYMMe ux MmatemaTtuyeckux oxmganmn: M(X+Y) = M(X) + M(Y);
4) mMaTeMaTuyecKkoe OXuaaHue NpousBedeHUs He3aBUCUMbIX CIlydanHbIX Be-
NINYMH paBHO NMPOU3BEAEHNIO NX MaTeEMATUYECKUX oxxnaanun: M(X¥) = M(X)M(Y).
Hapsigy ¢ xapakrepuctukamu nonoxkeHnsa 60nbLUyo posib UrpakoT XapakTepu-
CTUKN paccesiHus. PaccesaHne crnyydanHom BennunHbl X CBA3AHO C OTKIOHEHMEM
9TOW BENUYMHLI OT ee LeHTpa pacnpegenerHma M(X). Utobbl yunTbiBaTb OTKIOHE-
HUS NPOTUBOMOMOXHBIX 3HAKOB, YAOOHO paccMaTtpuBaTh KBaapaTtbl OTKIIOHEHW.
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OnpedenerHue 21. Oucnepcmnen D(X) cnydyanHon BenuuuHbl X HasbiBaoT
cpedHUN KBaapaT OTKIIOHEHUS CIlydanHOM BESIMYMHBI OT ee LeHTpa pacnpege-
neHus:

D(X)=M(X - M(X))?.

Mcnonb3yst cBOMCTBaA MatemMaTU4YecKoro OXumaaHusi, MOXHO 3anucaTb 6onee
yoobHyto doopmyny ans nogcyeta gucnepcumn

D(X)=M(X?)- M2(X).

Ona Toro 4Tobbl paccMaTpuBaTb OTKIOHEHWE B TeX Xe eduHuuax, 4To u
3Ha4YeHMs Cny4yanHoOM BENMYUHbI, BBOAMTCS €Lle OfHa XapaKTepucTuka — cpea-
Hee KBaZpaTnyeckoe oTkrnoHeHne S( X ), kKoTopoe onpeaenseTcs kak

s(X)=./D(X).

CsoncTBa gucnepcuu:

1) D(X) 3 O;

2) ecnu C =const, To D(C) =0;

3) D(CxX)=C?D(X ), C=const;
4) D(X = Y) = D(X) + D(Y).

lpumep 14
AnckpeTHada cnydanHasa BenvymHa X 3agaHa 1abnvuen pacnpegeneHus:

X | 1 4 5 7
P105 02|02 01

Hantn M(X), D(X), s(X).
PeleHue:
Hangem matemaTtnyeckoe oxuganune: M(X)=1%,5+4%,2+5%,2+70,1=3.

Oucnepcuio BeluMcnM o dopmyne D(X )=M(X2)- M2(X).
Boluncrium: M(X?2)=12>05+42x02+5%x02+7% x01=136;
D(X)=136- (3)?> =46;

s(X) =46 »2145.

TeopeTnyeckue Bonpochkl K pasgeny 4

1. 3akoH pacnpeneneHuss QUCKPETHOW Cly4YanHOW BESTUYMHDI.

2. OyHKUMA pacnpegeneHnsa AUCKPETHOW CryYanHOMN BENUYMHDI.

3. MaTtemaTnyeckoe oXXnaaHue UCKPETHOM CNyYanHOW BENNYUNHDI.

4. Oucnepcusa n cpegHee KeagpaTvyeckoe OTKIIOHEHWE OUCKPETHOW cry4vam-
HOW BESTUYUHBI.
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3apaHue 1 K pasgeny 4

AvckpeTHas cnyvaHas BeNMYnHa MOXeT NMPUHMMATb TOMbKO ABa 3HAYEHUS:
X{ N Xo, MPUYEM X; < X, . NI3BECTHbI BEPOATHOCTb [P; BO3MOXHOIO 3Ha4YeHUst Xq,

mMaTtemaTuyeckoe oxuganve M(X) n gucnepcusa D(X). Hantu 3akoH pacnpege-
NeHUs 9TOWN CITly4anHOM BESTUYUHDI.

Ne 1 2 3 4 5 6 7 8 9 10
p, 1 010305070909, 08/ 06 |04 02
MX)| 39 | 37 35|33 |31 |22 |32 34|36 | 38
D(X) 0,09 0,21 ]0,25|0,21 0,09 0,36 |0,16 | 0,24 | 0,24 | 0,16

lNpumeyaHue: 30eCb HOMEP BapMaHTa HaXoguUTCs B NEPBOM CTPOKE Tabnuubl.

Pasgen 5. HenpepbiBHble Clly4YaHble BEeNIMYUHbI

OnpedeneHue 22. Criy4yanHble BENUYNHbBI, BO3MOXHbIE 3HAYEHUS KOTOPbIX
CNSOWb 3arnoNHSAT HEKOTOPbIN MHTepBan (a,b) KOHeYHbIn N GeCKOHEYHbIN,
Ha3bIBaOTCA HENPEPbIBHLIMU.

3aKkoH pacnpegerieHns BeEpOATHOCTEN HENPEpPbIBHOW Cry4YanlHOW BeNUYMHDI
X OOMmKeH No3BoNiATb HaXOAUTb BEPOATHOCTb MonajaHus ee 3Ha4YeHun B rio-
6o uHTepBan, nexawmn BHYTpu (a,b). MNMpn 3aTOM BEPOATHOCTbL NonagaHus
crnyyariHou BenuumHbl B MHTepBan (X;x+Dx) manon gnuubl Dx >0 MOXHO

NPUONMKEHHO cuMTaTb MPOMOPLMOHANbHOW  AfMHEe 3TOro  WHTepBana:
: X< X <x+Dx
P(x< X <x+Dx)» f(x)>Dx, rae dyHkuma f(x)= lim ! 5 )
Dx® 0 X

Ha3blBaeTCcs (PyHKUMEN MMOTHOCTU pacnpeneneHns BeposTHOCTEN CryvyanHomn
BenuumHbl X, a npousBegeHune f(x)3Dx = f(x)dx — anemeHTOM BEPOATHOCTMW.

CsounctBa oyHKUNM NIIOTHOCTU:
1) f(x)3 0,xI (-¥;+¥);
2) BEPOATHOCTb MonajaHus CrydanHown BenuuuHbl X B uHTepBan (Xg; X, )

X2
paBHa pP(X <X<Xp )= of (X)dx; p(X =x5)=0;
X
y 1
3) of(x)dx=1.
-¥

MnoTHOCTb pacnpeneneHna BepoATHOCTEN BMOJSIHE onpeaendeT 3akoH pac-
npeneneHns HenpepbIBHOW CrlydanHOM BENNYNHBI X.
X2
Takkak p(X £ X <X, )= of (X)dx=F(X, )- F(X,), To dyHkuma F(x) aens-
X
eTcsa nepBoobGpasHon yHkumm f(x): F(x)= f(x), oTkyna cnegyeT, 4To AnNs
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HenpepbIBHOW criydanHon BennydnHel X pyHKUumMa pacnpenenexus F(x) asngaer-
cHa HenpepbiBHOW. Ecnun 3agaHa yHkumsa nnoTtHocTu f(X), TO PpyHKUMSA pacnpe-
AerneHns MoxeT bbITb HangeHa no opmyne:

F(x)=p(-¥ <X <¥)= f(t)dt.
-¥

dyHKUMA F(X) HasbiBaeTCa MHTerpanbHOM QyHKUMeWn, a dyHKuma f(x) —
AndpepeHunansHoON.

OnpedeneHue 23. MatemaTMyeCKUM oOXxuaaHuem (CpegHuMM 3HavyeHuneM,
ueHTpoM pacnpegenenusi) M(X) HenpepbIBHOMN CriydanHOM BenuyuHbl X Hasbl-
BaeTCHd MHTerpan ot npom3BefeHnsa ee 3HavyeHnn X Ha NNoTHOCTbL pacrnpenene-
HUSA BeposaTHocTen f(x):

M(X):i‘)xf(x)dx.
-¥

OnpedeneHue 24. ucnepcutd HeEMpepbIBHOW CRy4anlHOW BESIMYUHbLI Bbl-
YUCNAKT No hopmyre, KoTopas coBrnagaeTt ¢ PopMynoun, NPUMeHIeMon B ANC-
KpeTHOM criyvae:

D(X)=M(X?)- M?(X),

¥
rae M(X?2)= ox2f(x)dx.
-¥

YKaxem HekoTopble 13 Hambornee 4acTo BCTpeYvatoLmnXcs 3aKOHOB pacnpe-
AeneHnst HenNpepbIBHbIX CITyYanHbIX BENUYNH.

1. PaBHOMepHOe pacnpegeneHne B nHTepsane (a,b).

[OBOpAT, YTO CryvanHas BennymMHa pacrnpenernieHa paBHOMEPHO B KOHeu-
HOM MHTepBane (a,b), ecrnn Bce ee BO3MOXHble 3HAYEHUA COCPeaOTOYEHbl Ha
9TOM WMHTepBarne, 1 NNOTHOCTb pacnpeaeneHnss ee BEpOATHOCTEN Ha 3TOM WH-
TepBasne NoCTOSHHA.

PyHKUMA NAOTHOCTUN pacnpeneneHus 3agaetcs opMyron:

11
| —,
f(x)=ib- a
10, 6mne ummepsana (a,b).
PaccmoTpum 4yncnoBsble xapakTepuUCTUKM paBHOMEPHOro 3akoHa pacnpepje-
a+b b- a)? b- a
nerms: M(X) =21 prxy=(P=3). ¢ yy=b-2a
2 12 23
2. HopmanbHbIM 3aKOH pacnpeneneHus.
MnoTHOCTL pacnpeneneHna BEPOATHOCTEN HENPEPLIBHOW CllydanHOW BeNn-

YnHbl X M YMCNOBbIE XapaKTEPUCTUKUN, NPUCYLLNE YKa3aHHOMY 3aKOHYy pacnpe-
AENeHus1, UMEeoT BUAL

eciu a<x<b;
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_(x—a)2

e 2% X1 (-¥:4¥),

f(x)=
S/2p
roe a=M(X),s =s(X).

BeposTHOCTb TOro, 4to cnyyamHasi BenndmHa X npuMeT 3Ha4YeHUst U3 UH-
Tepsana ( Xq,X, ) onpeaenseTcs ¢ NOMOLLbIO MHTerpanbHon yHkumm Jlannaca

s s
p(x < X <x,)=F&2 20 p&1-a0
e

g e S g

CnpaBegnunBo «npaBuno Tpex curm»: RYAL- a¥<3s) = 0,9973, koTopoe no-
3BOJSISIET MPU peLleHUn NpaKTU4ecKUx 3afdayvy MPUMEHATb HOpPMarsibHbIN 3aKOH
pacnpegeneHns K criydanHbiM BeSfiv4MHaM, 3afaHHbIM Ha KOHEYHOM UHTepBa-
ne. K HopmanbHOMYy pacnpegeneHnio 06bIYHO NPUBOAAT 3a4aun, CBA3aHHbIE C
pacnpegeneHnemMm cymm 605bLIOro Yncna cnyyamHblX BENTUYUH.

3. lNokasaTenbHbIN 3aKOH pacnpeaesieHns.

[MnoTHOCTbL BEpoATHOCTEN onpeaendeTca PopMynomu:

10, ecmu X<O:;

f(x)=i :
Tl e'X ecu x30

dopmyna pacnpeaeneHus nokasaTernbHOro 3akoHa:

11- e X ecu x30

1 1 1
YuncnoBble xapakTepUCTUKN: M(X):I—,D(X):—Z,S(X):I—.
I
K nokasatenbHomy 3aKkOHy pacnpefeneHusi BeposiTHOCTEN NpuBOAUT 3aja-
4ya 0 pacnpegeneHun nNpoMexyTka BpemeHun X mexay ABYMS nocrenoBaTterib-
HbIMW COObITUSIMW B NPOCTENLLIEM NOTOKE.

lpumep 15
CnyyanHaga BenuumHa X 3agaHa oyHKUMen pacnpegeneHus:
10, eciu XxX£-1

f(X):%CXZ, eciu - 1<XE£3
}O, eciu X>3

TpebyeTcs:

1) onpegenntb KoaddpuumneHT C;

2) HanTn PyHKUMO pacnpegenenus F(x);

3) cxemaTU4HO NocTpouTb rpadunkn pyHKunn f(x) n F(x);
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4) BbIYUCNNTL MaTeMaTU4ecKkoe OXuaaHue, OUCNEepculo N cpeaHee KBagpa-
TUYEeCKoe OTKIMOHEHNE Cy4YanHOW BENMUYMHBI X;
5) onpeaennTb BEPOATHOCTb TOro, Yto X NpuMMeT 3Ha4YeHUsa M3 MHTepBana
(1; 2).
PeweHne:
¥
1. KoadppumumeHT C moxHo onpegenutb n3 ycnosuss f (x)dx =1.
-¥
+¥ -1 3, ¥ 3, x3 3
O f(x)dx= 30dx+ Cx“dx+ Pdx=C x“dx=C—
-¥Y -¥ -1 3 -1 -1
a3 130 26 26 3
=C¢—-—=C—=1p C—=1P C=—.
3 P 3 3 26

Torpa
i0, eciu XE-1,

f(x):%LG, ecu - 1<xE3,

$O, eciu X > 3.

X
2. dyHKUMIO pacnpegeneHus Hangem us cootHowenns F(x) = of (t)dt:
-¥

X
ecnm x£1, To F(x)= ¢0dt =0;
-¥

ecnu -1<x£3, 1o

1 X 2t 2 3 |X 3 (. 1\3 3
F(x) = 00dt+‘3t dt = 3t _x7 (-1 _(x+1) ;

¥ 126 26><3_1 26 26 26
-1 33t2 X
ecnm x>3, 70 F(x) = 30dt + op——dt + ¢0dt = 1.
¥ 126 3

Takum obpasom, QyHKUNA pacnpeaeneHns nmeeTt Bua:
10, eciu XE-1,
| 3
X+1
F(X)Z:’( ) , eciu -1<XE3.
: 26
{1, eciu X>3
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3. rpacmkn pyHkumn f(x) n F(X) nsobpakeHbl Ha pUCyHKax:

(%) t F(X)
1 B 1 L
0.1 | 0,04
N l > el | >
-1 3 X -1 3
Puc. 2. dyHKUMS NNOTHOCTU Puc. 3. ®dyHKumMa pacnpegeneHus

4. Hangem matemMaTtnyeckoe OXuaaHve 1 ANcrnepcuro cnydyanHon BenmymHbl X:

+¥ 3 2 +¥

MOX) = oxxf(xX)dx = gDdx+ oo dx+ 00dx-
-y ¥ 1 26
3 xt 3a3* (-1)*0_30

2654 4 5 13

Ona BbluncnexHusa aucnepcum Hangem M ( X2 ):
+¥ 3 2
M(X?)= gx2xf(x)dx= 00dx+ox x%dx+ Ode—

38@5 (-1)°9_366
26§5 5 5 65

Bocnonbayemcs popmynon D( X )= M( X2 )- M 2( X):

D( X )_%- E@Q » 0.306.

CpeoHee KBagpaTM4yecKOoe  OTKNOHEeHWe  CrlydamHOW  BEeNUYMHbI
s(X)=./D(X)=+0,306 »0,553.
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5. BeposiTHOCTb TOro, 4YTo cryyamHasi BefidmMHa nonageT B HEKOTOPbLIA UH-
TepBarn, MOXHO HanUTU UNN C MOMOLLBID PYHKLMWN MAOTHOCTU, UAN C NOMOLLbIO
dbyHKUNKN pacnpeneneHus. Paccmotpmum oba BapmaHTa:

3R _ 7.
a) P(1< X <2)Y=F(2)- F(1)=1-
) P( )=F(2)- F(1) TEREEL
2 2 3 3 3
0) P(1<X<2)—of(x)dx 03X dx 3X ‘ 2_1_ /

D26 269, 26 26 26

TeopeTnyeckune Bonpochkl K pasgeny 5

1. dyHKUMA NNOTHOCTU pacrnpeneneHus BEpPoSTHOCTEN.

2. YucrnoBble xapaKkTepuUCTUKM HENPEPbIBHbLIX CITyHanHbIX BENMUYUH.

3. PyHKUMSA pacnpeneneHns BEpOATHOCTEN HEMPEPbLIBHOW Crly4anlHOW BeSv-
YWNHBbI.

4. PaBHOMepHOe pacnpenerneHue.

5. lMokasaTesibHbIM 3aKOH pacnpeneneHus.

6. HopmarnbHbI 3aKoH pacnpeneneHuns.

3apaHue 1 K paspgeny 5

HenpepbiBHas criydamHas BenndnHa X 3agaHa CBOEW MMNOTHOCTbIO pacnpe-
aeneHns seposaTtHocTen f(x). Tpebyetca:

1) onpegenntb KoapdpuuneHT C;

2) HaUTN PyHKUMIO pacnpegenennsa F(x);

3) cxemaTn4yHO nocTpouTb rpadoukn pyHkumnn f(x) n F(x);

4) BbIYUCNUTL MaTemMaTuyeckoe OXugaHwe, OUCNepCcuro N cpeaHee KBagpa-
TUYECKOE OTKIMOHEHNE CIy4YanHOW BENUYMHBI X;

5) onpeneniTb BEPOSITHOCTb TOro, YTO X MPUMET 3HAYeHUs M3 MHTepBana
(a, b).
10, ecu x<-2,
i
1. f(x)=iCx3, ecmu -2£x£5,a=0,b=4.
}O, eciu X>5,
i0, ecu x<0,
2. f(x)=1C, ecmu O£xE£5,a=1b=4.
{O, eciu X>5,
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_‘|.O, eciu  X<-1,
3. f(X):!%, eciu -1lEXE4L4 ,a=2b=3.
i
£0, eciu x>4,
_‘|.O, eciu X<-3,

|
I Cx?
[

4, f(x)= , ecmu -3EXE2,a=-1b=0.

i
$O, eciu X>2,

10, eciu xX<-2,

5. f(X):!%, eciu -2E£Ex£E£3,a=-1b=1
i
£0, eciu x>3,

_‘|.O, eciu X<-1,

6. f(x)={3Cx*, ecu -1EXE£7,a=1b=5.
%O, eciu X>17,
i0, ecu x<0,

7. f(x)=14Cx, ecuu OE£x£2,a=0b=1.
¥O, eciu X>2,
_‘|.O, eciu X<O0,

8. f(X)=i- Cx?, ectu 0EXE3, a=1lb=2.
%O, eciu X>3,
i0, ecmu X<-3,

9. f(x)=|- 2Cx, ecmu -3ExE£2,a=-2;b=1.
¥O, eciu X>2,
_‘|.O, eciu  X<-1,

10. f(x)={5Cx%, ecu -1E£XE5,a=3,b=4.
%O, eciu X>5,
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