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BBEOEHUE

MeTogunyeckne ykasaHns no BbINOSHEHNIO KOHTPOSbHbBIX paboT cocTaBreHb!
ansa ctyaeHtoB MMPO cneumanbHocTen «Has3eMHO-TPaHCMOPTHbIE TeXHU4e-
ckne cpepacteay, «[llogBuxHOW cocTaB xenesHown goporn», «CTpouTenbCTBO
XXeNe3HOAOPOXHbIX MOCTOB M TPAHCMOPTHbLIX TOHHENeN» (cneuManuTer).

Kypc obyyeHust paccuntaH Ha 4 cemecTpa (aBa roga obydeHust) onga cneum-
anbHocten «HaseMHO-TpaHCNoOpTHbIE TexXHUYeckue cpencrtear», «lloaBmkHOM
cocTaB XenesHou poporny, «CTpouTenbCTBO XeNe3HO4OPOXHbIX MOCTOB U
TPaAHCMOPTHLIX TOHHeNen». Ha BTOpomM rogy oOyyeHust CTYOEeHT LOSMKEH Bbl-
NoNHUTbL 3 KOHTporbHble paboTtbl: ABe (Ne 5, Ne 6) B TpeTbeMm cemecTpe, OgHy
(Ne 7) B yeTBEpTOM CEMECTPE U cAaTb IK3aMeH (3a4eT).

B nocobue BKIOYEHbI METOOMYECKNE YKa3aHUS MO BbIMOSTHEHUIO 3a4aHUMN.
Becb maTtepuan, cogepxalimnca B KOHTPOSbHbIX paboTax, pa3buT Ha pasgensi.
Takoe pasbueHune BbIOpaHO Ansa Toro, YTobbl CTYyAEHT MO CaMOCTOSATENBHO NO-
NONIHUTL MaTepwuarn, BblaaBaeMbl NpenogasaTenieM 3a KOPOTKOe BpeMs, OTBe-
AEHHOoEe Ha ayaAnTOpHbIe 3aHATUA. B KOHLE KaXKaoro pasgena HaxogsaTca Teope-
TUYECKMe BOMNPOCHI, KOTOpble AaHbl CTYAEHTY B MOMOLLb NpU NOArOTOBKE K caa-
ye 3K3ameHa (3ayeta). OTBEeYas Ha BOMPOCLI YCTHO, CTYAEHT BbICTpauBaeT Mno-
cnefoBaTenbHOCTb OTBETA, UTO CMOCOBCTBYET MOBbLILEHNIO YPOBHS cCaMOopra-
Hu3aumn. Cogepxalunecs B nocobumn npaktnyeckne sagaHusa TpebyeTcs Bbl-
NoSIHUTL B TETpaau M caaTb Ha nNpoBepky. B gaHHOM nocobuun TeopeTnyeckue
BOMPOCHI U NpakTU4ecKkne 3agaHns BbICTYyNalT Kak CpeacTBa pasBUTUS UHTEN-
neKTyanbHbIX CMNOCOOHOCTEN.

Hymepauna 3agaHuin B KOHTPOSbHbIX paboTax COOTBETCTBYET MNOCneaHen
undgpe wudpa 3a4eTHON KHWXKKM CTydeHTa. [lpumedvaHune: ecnu nocnegHsis
umdppa B wndgope 0, To en cooTseTcTByeT 10 BapuaHT.

B nocobue BKknoYEH CNUCOK NUTepaTypbl, KOTOPOW CTyAEeHTaM, No Heobxo-
ANMOCTM, PEKOMEHOYETCS NOSNb30BaTLCS MPU BbINOSTHEHUN 3a4aHUIA KOHTPOSb-
HbIX paboT 1 4Na NOAroTOBKWU K caave ak3amMeHa.

MaTepuan B nocobumn BbICTPOEH Takum 0Bpas3om, YTOObl NOMOYb CTYAEHTY
BbIUTU Ha YpOBEHb CaMOOpraHusaumm, camoobpasoBaHMsi 1 CaMOBOCNUTAHMS
Nnpwu NOAroTOBKE K 3K3aMeHY (3a4eTy).



KoHTponbHasa pabota Ne 5
ANPDPEPEHUUAJIbHbLIE YPABHEHUA
BTOPOI'O NOPAOKA

Paspen 1. OQuddepeHumanbHble ypaBHEeHMA BTOpPOro nopsigka ¢ no-
CTOSAHHbIMU KO3 puumeHTamun

Onpedenernue 1. JudpdepeHumanbHbiM YpaBHEHMEM Ha3bIBAETCH COOTHO-
LLeHMe, CBA3bIBaOLLEe HE3aBUCUMYIO NMEPEMEHHYIO X, HE3aBUCUMYIO DYHKLUIO
¥y, U ee npousBodHble y', y'' 1 T. 4., Npyy4emM NopsaoK ypaBHEHUS paBeH Mo-

PALAKY HauBbICLLEN NPON3BOAHON.
PaccmoTpum ypaBHeHMe 2-ro nopsagka:

Y'tay'+by = f(x), (1)

roe a, b — NOCTOsiHHbIE AeNncTBUTENbHbIE KO3(hdMUMEHTLI; f(X) — HEN3BECT-

Has PyHKUMS.
YpaBHeHue (1) gononHaeTca HavYanbHbIMU YCIOBUAMN

Y0)=yo; ¥ (0)=). (2)

PelwweHuve ypaBHeHus (1) npeacraBnseT cobon cymmy: y =y +y*, roe y* —
YacTHoe pelleHue ypaBHeHus (1), a y — pelueHre OQHOPOOHOro ypaBHEHNS

y'+ay'+by=0. (3)
1.1. OgHopoaHoe audhepeHUnanbHoe ypaBHeH e
BTOPOro nopsigka ¢ NoCToOAHHbIMU Ko3dpmumeHTammn
kx

PeweHune ypaBHeHus (3) byaem uckatb B BUAe y =¢e', Torga gnga onpege-
neHuna vyncrna k nonyvaem xapakTepucTnyeckoe ypaBHEHME:

K2 +ak+b=0, (4)

peLleHne KOTOporo MMeeT BUA;

2
k12 :—ﬁi a——b :_gi\/ﬁl
’ 2 \ 4 2
2

a
roe D = il b — OUCKPUMUHAHT.



PaccmoTpuM Tpu cny4vas peLleHnst XapakTepUCTUYECKOTO YpaBHEHMS.
1. Ecnu D >0, T. €. KOPHW XapaKTepUCTUYECKOrO YpaBHEHUS AeNCTBUTENb-

Hble 1 pasHble k; # k,. Toraa obe dyHKUMM PARRVIPLER

HeHuto (3), n obLLee pelLueHne UMeeT BUA

N e"2" ynoBneTBOPSIOT ypaBs-

klx kzx

y=Cie"” +Cye

[nsa HaxoXaeHnsa YaCcTHOro peweHnd HeobxoauMOo MCNoSb30BaTb ycnosusA (2)

lpumep 1
HanTtu 4actHoe pelleHue andpdepeHumanbHoro ypaBsHeHus y''=5y'+4y =0
C HayanbHbIMK ycrosuaimun y(0)=1, y'(0) = 2.

PeweHue:
CooTBeTCcTBYIOLWEE XapaKTEPUCTUYECKOE YpaBHEHNE UMEET BUA,:

k? —5k+4=0.
(-5)° ]
Onpenenvm 3HadeHne auckpummHaHta D = ——— — 4 =225 > 0 v Han-
~-5 |(-5)? 3
AEM KOPHU kqp =— > + -4= Ik =1, ky =4 — pencTeuTENbHbIE U

pasHble k; # k.
Torpa pelwweHne andpdepeHumanbHOro ypaBHEHUS:

y= C1€1.x + C2€4'x .

[ns HaxoXaeHns YacTHOro peweHns Hangem npon3BoO4HYHO y’ OT NoJ1y4eH-

HOrO ypaBHEHUS:
y'=Cie® +4C,e™. (5)

MoacTtaBnsAsa HayanbHble ycnosust npu x = 0 B HarMaeHHble y(x) n y'(x),
nony4mMm cuctemy ans onpeaeneHns noctosHHbIX C; n Cs:

C1+C2 :1,' C1:1—C2,'
f—
C1+4C2 :2,' 1—C2+4C2 :2.
OTcropa

C2:

2
: Ci=—.
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MNoactaensaem koadbpuumeHtol C; u C, B ypaBHeHue (5), Toraa 4YacTtHoe
peLleHne NCXOAHOro ypaBHEHNS NPUMET BUA:

I » 2 ax
X)=—e +—e .
y(x)=ze +3

2. Ecnu D =0, KOpHW XapakTepuCTUYECKOro YpaBHEHUS AeNCTBUTENbHbIE U
paBHble ky =k, =k, Toraa obLiee pelueHne 3anvcbiBaeTcs B BUAE:

y=(Cy +Cyx)e**.

lpumep 2

Haivt yacTHoe pelleHve ypaBHewusi: Y +4y' +4y =0, ¢ HayanbHbIMY
ycrousimm y(0)=2, y'(0)=1.

PeweHne:

CocTaBuM COOTBETCTBYHOLLEE XapaKTEPUCTNYECKOE YpaBHEHNE:

k2 +4k+4=0.

2
Bbluncnvm anckpuMmHaHT D = 2 4 =0 1 KOpHW ypaBHEHMS

4 |42
kio=—=*.——4= ki =k, =2.
1,2 2 4 1 2

Takum obpasom, obLLee pelueHne nmeeT BuA;
_ —-2x
y(x)—(C1+C2x)e .
Hangem nponsBoaHyo OT MNOyYEHHOIO YpaBHEHUSA:
V' (x)=Che ** =2¢ 2% (Cy +Cyx). (6)

MoactaBmm HavanbHble ycnoeus npu x =0 B y(x) n y'(x). Takum obpa-
30M, MOSTY4MM CUCTEMY:

C1:2,' C1:2,'
— :>C1:2,C2 =5.
C2—2C1:1,' C2 :2C1+1.

MNpun noacraHoske C; n C, B ypaBHeHWe (6) YaCcTHOe peLleHne NpuMeT Bua;
(x)=(2+5x)e ",
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3.Ecnu D <0, B 3TOM crnyyae KOPHW XapakTepUCTUYECKOTO YypaBHEHUS

KOMMMEKCHbIE:
2
a a .
Ky, :——L/——b =atfl,
’ 2 4
a a’
roe o = _E’B = T —b. Obwee peweHne ogHopoaHoro andpdepeHunanbHO-

ro ypaBHEHUs MeeT Bua;
y(x)=e™(CycosPx+C, sinPx).

lpumep 3
HanTtu obwee peweHune guddepeHumnansHoro ypasHenums y''+4y'+13y =0.
PelieHue:

COOTBeTCTBy}OLLI,ee XapaKkrtepuctnyeckoe ypasHeHne MIMeeT B1A.

k2 +4k+13=0.

2
Onpegenvm 3Hak guckpuMmnHaHTa D = 2 13 = -9 < 0 v KOpHU ypaBHEHMS:

2
k, = —da |2 13- pu3
27755

roe kK, =-2+3i, a=-2; B=3.
Toraa obuiee pelwieHne 3anuieTcs B BUAe:
y(x)=e 2(Cycos3x+Cy sin3x).

3apaHue 1 k pasgeny 1
1.a)2y"-14y'+12y =0;y(0)=-Ly'(0) =1,

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

0) y"-12y'+36y =0;y(0) = y'(0) = 4;
3.a)-2y"-16y'-30y =0;y(0) =1 y'(0) =-2;

0) y"+14y'+49y =0;y(0) = y'(0) = 3;



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;»(0)=»'(0) =7,
6.a)8y"-8y'=0;y(0) =2,y'(0) =3;
6) y'+4y'+4y=0;y(0)=y'(00)=5;
7.a)7y"-35y'+28y=0;y(0) =-3;y'(0) = 4;
6) y"-6y'+9y =0;y(0) = '(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;(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 audgcepeHumnanbHoe ypaBHEHME BTOPOro nopsaaka
C NOCTOSAHHbIMU KO3 hppnumneHTamun

PaccmoTpum noctpoeHue obLero peleHnsa ypasHeHns (1).

PewleHne 3TOro ypaBHeHNs UMeeT BUA;:

y(x) =y(x)+y*(x), roe y — pelleHne COoOTBETCTBYHOLLEro O4HOPOLHOro
ypaBHeHus (cMm. nogpasgen 1.1 pasgena 1).

[ns HaxoxXaeHnsa yHKLUUK y*( X ) BOcnonb3yemcs Mmetogom nogdopa.

%
Mpeanonoxum, 4Yto BblI6op PyHKUMN y (X ) HE 3aBUCUT OT peLLeHUs OaHO-

POAHOr0 YpaBHEHWS.
MycTb NnpaBas YacTb AnddepeHumansHoro ypasHeHus (1) umeeT BUA:

1) f(x)=ae™ o # ki # ko, TOrAa y (x)=Ae™;
n . * n .
2) f(x)=Yax',a#0,torga y (x)= Y A;x";
i=0 i=1
3) f(x)=asinPx,p#ky # ko, TOrOA y*(x) = A sinPx + A, cos Bx;
4) f(x)=acosPx,B #kq #ky, TOrAA y*(x) = A sinPx + A, cos Bx;
npuaem 4, A(i=12,...n), Ay, Ay — HeonpeaeneHHble KOIPDULMEHTbI, kq, ko
— KOPHU XapaKTepUCTUYECKOTO YpaBHEHMUSI.



lpumep 4

Hantn yactHoe pelwleHve ypaBHeHus: )''-2y'+y = 3¢?® ¢ HavanbHbIMK yc-
nosuammn y(0)=1;y"(0)=3.

PelueHwne:

Obuwee pelweHne anddepeHumanbHOro ypaBHeHna bygem nckatb B Buae
CYMMblI:

_ *
y(x)=y(x)+y (x),
roe y(x)=e" (C; + C,x) (cm. nogpasgen 1.1 pasgena 1).
Ncxoasa n3 Buga npaBon 4acTh UCXOOHOro ypaBHEHUS, Bblibepem y*(x):
y* = de”*.

[lna Toro YTOObI BbIYUCIIUTL 3HAYEHME HeonpeaesnieHHoro KOG(*)d)VILI,VIeHTa A,
Haxoamm npon3BoHble:

(v )'=24e>:(y" )= 44

M NoacTaBMsieM UX B NEBYH 4acTb McxogHoro AndbdepeHumansHoro ypasHe-
HUSI, NONYYNM:

44e** —4 4% + Ae>* =36%F.

Otkyga cnegyet, uYto A=3n y*(x) —3¢%".
CnepoBaTtenbHo, obulee pelleHne HeogHOPOOAHOro YpaBHEHUS UMeeT BN,

y(x) = (C, +C,x)e* +3e?*.

Hangem npoussogHyto »'(x) OT NONy4YeHHOro pelueHuns, yunTbleas, 4yto C
n C, — HEKOTopble NOCTOAHHbIE:!

V'(x) = Cye™ +(Cy +Cyx )e* +6e**,

1 noacTaBuMM HadvanbHble yerosua npu x =0 B y(x) u y'(x), Torpa:

{C»] + 3 = 1,' {C»] = —2,'
—

= C1:—2;C2:—1.
C2+C1+6=3, C2—2+6:3,

Takum 0bpa3oM, YacTHOe peLleHne OKOHYaTEeNbHO NPUMET BUA:

y =3e>¥ —(1+2x)e”.



lpumep 5
HaiiTn yacTHoe peluenve: Y'—2y'-3y =3x’ +4 ¢ HayanbHLIMU YCIOBUSIMM
y(0)=3;y'(0)=5.
PelueHue:
Obuwee pewenne guddepeHUnanbHOro ypaBHeEHN UMEET BUA:
yx)=y+y,

rae ¥ = Ce”™ +Coe> (oM. nogpasaen 1.1 pasgena 1).

Onupasicb Ha BMA NPaBOW YacTU UCXOAHOIO YpaBHEHMS, BbiOMpaem y*(x):
* 2
Vv (x)=Ax" +Bx+C,

roe A,B,C — HeonpeaeneHHble K03 MUUNEHTI.
[ns Toro 4tobbl BLIYUCNUTL 3HAYEHUS HeonpeaeneHHbIX KoaduUmMeHToB

A, B,C, Haxogmm (y*)’ n (y*)”:
(v ))=2A4x+B:(y )''=24.

Mony4yeHHble NPOU3BOAHbIE MOACTABIAEM B NEBYIO YacTb MCXOAHOIo Aud-
depeHUmnanbHOro ypaBHeHUs:

2A—2(2AXx+B) —3(AXx* +Bx+C) =3x*+4;
_3AX? + (<4A—-3B)X+ (2A—2B—3C) = 3x% + 4.

Haxogum koadbduumeHtol A4,B,C cneayiowmm obpasom: npupaBHUBaEM
KO3 PULMEHTBI NIEBOM U NPaBOM YacTu NOSTYYEHHOrO YpaBHEHUS MPU OANHAKO-
BbIX CTEMNEHAX X:

npu  x° -34=3
npu x| -44-3B=0
npu x°|2A-2B-3C=4

PelueHnem onncaHHOW BbIlLE CUCTEMBI U3 TpeX ypaBHeHI/Il7| ABJIAETCA.

A:—l;B:ﬂ;C :—E_
3 9
CnepoBarenbHo, obLiee pelleHne MeeT BUA;:
2 26
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Ncnonb3ya HavanbHble YCnoBus, BblYUCIUM KoadhdpuumneHTsl C; n C,. Ha-
XO4MM MPOU3BOAHYIO:

y'=-C,e™ +3C,e¥ - 2x+%_

MoacraBnsiem HayanbHble ycrnoeust npu x =0 B y(x) n y'(x), Toraa no-

JIY4HNM CUCTEMY.

cl+cz—§=3;

—C1+3C2+%=5,

43

2 = E’ a, cnegosaTtesibHO, YaCTHOE pelleHne nMmeet BUa.

5
otkyaa C, = E;C

/7 . 43 5 , 4 26
+—e =X+ —X——
2 18 3 9 -

TeopeTuuyeckue Bonpochl K pasgeny 1

1. OnpegeneHne anddepeHLmanbHOro ypaBHEHUS, HavyanbHbIE YCIOBUS.

2. CTpykTypa obuiero peleHna audpgepeHumnanbHOro ypaBHeEHNA BTOPOro
nopsigka, YacTHoe peLleHue.

3. OgHopogHoe audbpepeHumnanbHoe ypaBHEHNE C NOCTOAHHBLIMU KOS du-
LUMeHTaMn, XapakTepuCTUYeCKoe ypaBHEHME.

4. Tpu cnyyas peleHnsa XxapakTepucTU4eCKoro ypaBHEHUS U COOTBETCTBYHO-
Lee obuiee pelieHne 0gHOPOAHOMO YpaBHEHUA.

5. CTpykTypa obuiero pelweHna audpdepeHumnanbHOro ypaBHEHNS BTOPOro
nopsigka.

6. MeToa nogbopa 4acTHOro peLleHns HeogHOPOAHOro anddepeHumansHo-
ro ypaBHEHUA C NOCTOSHHBbIMWU KO3dhpuumeHTamu.

3apaHue 2 Kk pasgeny 1

HanTn yacTHble pelleHunda, yaoBreTBOpALLME HavarnbHbIM YCIOBUAM (Ha-
YanbHble yCrioBus Ans 06omx ypaBHEHUN O4MHAKOBbI):

1. a) . yn+4y|_4y :3e5x; ,
" . , Y0)=y'(0)=2;
0)2y"-14y'-16y=4+2x—6x";
2.a)3y"-21y'+ 30y =5e%,;

6) - y"—4y'—3y =-5-2x%; y(0) = y'(0) =4;
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3.a)5y"+5y'=7e";

0) =y'(0)=5;
0) 4y"-20y'+14y = 4x +20x7, ¥(0)=y'0)
4-3)6y'l—42y'+36y:8e2x; |
"4y 2 - y(0)=y'(0)=-2;
0)—-2y"+4y'-2y =-2x" +2x+2;
5.a)—3y"+9y'_6y:_4ex; |
" - 2 - y(0)=y(©0)=—4
0)2y"-18y+28y =2x" +2x +6;
6.a) 5y"-30y'+ 40y = 4e™**; |
"_gy' 2 _ y(0) = y'(0) =3;
6) 2y"-8y'+ 6y =2x* +16x -4
7.2) 6y"+6y =11 |
" ' 2. y(0)=y'(0)=-5;
6) 7y"-21y'+14y = 42x — 49x?;
8.a)3y"—9y'_12y:14e—3x; |
" - , oo YO =y(0)=-1
6) —5y"+40y'-75y = —20x* + 35;
9-3)—4y"+20y':7e4X; |
" ' 2 _ y(0)=y'(0)=1;
6)8y"-56y'+84y =-24x" +8;
108.) 2y"—10y'+12y:3e5x; |
y(0)=y'(0)=6.

6)—y"+6y'—9y=-2x"—x+3;

KoHTponbHasa pabota Ne 6
PAObl U UX NTPUMEHEHUE

Pazpgen 1. YncnoBble paabl

OnpedenerHue 1. YncnoBbiM psgoM HasbiBaeTcsl 6eCKOHeYHasi cymma une-
HOB nocnegoBaTeNbHOCTHU:

l/ll'.

M8

uj + Uy +...+ l/ln+...=
1

1

Mpn3HaKMU CXOANUMOCTU 3HAKOMOCTOSIHHOIO YMCIIOBOrO psiia MOXHO pa3sfe-
NMNTb Ha HEOOXOAMMbIN U JOCTATOYHbIE.
HeobxoanMbili NPU3HaK CXOANUMOCTM COCTOUT B TOM, YTO:

lim u, =0.
N—»co

Ecnn atoTt NPU3HaK HE BbIMNOJIHAETCA, TO pPALO pacxo4uTcs.
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PaccMmoTpumM YeTbipe AOCTaTOYHbIX NPU3Haka CXogMMOCTU YUCITIOBOro psaa

1. MpusHak Janambepa.

u npu <1 pao cxooumcs,
Ecrm Jim 2 =g, 10 P q P
n—w U, npu q>1 pso pacxooumcs,
npu g = 1 nony4Yyaem HeonpeaeneHHoOCTb.
2. PagukanbHbIv npu3Hak Kowu.

npu q<1 pso cxooumcs,

Ecrv [im ¥u, =q,
H—300 npu gq>1 pso pacxooumcs,
npu q = 1 nony4yaem HeonpeaeneHHoCTb.
3. HTerpanbHbIn NnpuaHak Kowwn.

e 0]
Ecnn [u,dn cywecTByeT, TO psifi CXOAUTCS; €CNW UHTErpan He CyLlecTByeT
1
(T. e. paBeH *o0) — psg pacxoauTcs.
4. MNpun3sHak cpaBHEHNA.

o0 0 o0
Ecrm X v, cxogutca n u, <v,, TO X u, TaKKe CXOOUTCA, ecrnn . v,
0

pacxoanTca u u, >v,, TO X u, TaKke PacXOOUTCS.

n=l
0
Ons npusHaka cpaBHEHMsI B kayecTBe psiga ».v, YacTo WUCNONb3yeTcs
n=l1
o A 5 npu «o>1 pao cxooumcs,
> ——, KOTOpbIn A— npousBOnbHas
n=1n% npu o<1 psao pacxooumcs,

. u
NocTosIHHasA BenuuuHa; npudem lim -+ = 0.

n—»0 Vn
lpumep 1
0 3n+1
NccnepoBath pag > ———— Ha CXOAUMOCTb.
nz'l(n + 1)/
PeweHue:

MpmeHnm npusHak Janambepa:

3n+1 3n+1+1 3n+2
ey M T i+l (290
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U, 4 3" 2 (n+1)! 3"32 . (n+1)!

= [lim

lim

n+1 - am n 1 =
nowo U, n>03" - (n+2)) n>03"3 - (n+1)!(n+2)
3 3
= Iim = =0 < 1= psan cxogutcs.
n—)ool’l+2 0+ 2
lpumep 2

n< +1
WccnepoBath psg >, — Ha CXOOMMOCTb.
n=\1+n-3n

PelueHue:
NpMeHnM pagmkanbHbI Npu3Hak Kowu:

i n° +1 " n® +1 (1) 1 1= o5
Zmn _— — lm _— — R _—_——
n—>0 1+n—3n2 n—>0 1+n—3n2 -3 27

cXoaunTcA.

n—o\ 1+n—3n

B Yncnunterne n 3HamMmeHarterne ,1:|,p06|/| crapwmne cTteneHun nepemeHHoﬁ n paBHbI,

TO BbINMCbIBAEM KOC—)(*)CbI/ILI,MeHTbI npu n2 COOTBETCTBEHHO W3 YUCITUTENA U

3HaMeHaTe 4.

n? +1 °
3amevaHuve: [im ————— | Bbl4UCIISIEM CrIe/lyloLLUM o6pa3oMm: TaK Kak

lpumep 3
® Inn
WccnepoBath psag Y, —— Ha CXOAMMOCTb.
n=19nN
PeweHune:
[MpuMeHUM nHTerpasnbHbIi NpusHak Kowwu:
Inx =t
o] dt = @ 0 1 0
jﬂdx: X = jidtz— [tdt =
7 3x xg =1=>1ty=In1=0 03 30
X1 :OO:>f1 :anOIOO
o 21 2 2
:1 J'tdtzl.t_ :1.0.;_1.0_200 ’
30 3 2 0 3 2 3 2

Tak KaK MHTerparn He CyLLLeCTBYeT, TO psi pacxoauTcs.
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lpumep 4
o0

NccnepoBaTbh psig, Y, ———— Ha CXOAMMOCTb.
n=1n“ +n-3

PelwweHune:

*» 4
CpaBHMM psaO C Y —, KOTOPbIA CXOAUTCS, TaK Kak CTeneHb o, NepemeH-

n=1n
y 4 4
HOW n: a=2>1. lpu aTOM 5 <—, cnepfoBatenbHo psA
n“+n-3 n
® 4
22— Takke cxoauTcs.
n=1n" +n-—3

TeopeTuuyeckune Bonpochkl K pasgeny 1

1. Heob6xoaumbln NpmU3HaK CXOAUMOCTM YNCIIOBOro psiaa.
2. locTtaTto4HbI npusHak Janambepa.

3. PagukanbHbin npuaHak Kowwn.

4. HTerpanbHbiv Npu3Hak Koww.

5. lNpun3HaK cpaBHEHUA.

3apaHue 1 k pasgeny 1

Boinucatb TPU NepBbIX YneHa U nccrnegoBaTtb CXoAMMOCTb YNCIIOBbLIX PAOOB.

0 5” / +1
1. a)y : 6 3 mntl).
n=1\n-n! n=1 n+1
© 4n1 © 4
2. a) > 6) > ————
n=19" -(n— 1)/ n=(n" +4n+2)
0 7"+2 °°2005n
3. a §)
)23"2 (n+1)/ )Z
w E2n _
4 5" (n 1); 5) Z 4n ;
n_1n-(n+2)./ “B/n5 402 — 4
® 3" .p n?
5. a) 6)2
n= 1n/(n 1) n=1n +3\/_—
oAy S ", 6) 3 L
' 13" n=—(n—4)-In(n— 4)
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© 7n+2 0 Do

7. a) 2 ; 6) >
n=132" . 420 —1 14 +e"?

8. a) §53n_1-(n—1)./_ 6) §:Vn2—5n_

NS (1) w1 2ndn
® (n—1)! © 8

9. a) > ——; 6) > o
=14 (n!) =13n?(n-3)
© 3/ / - 2

10. a) 2”'2(”—:1)'; 6) > 1+”3 |
n=13“""7".n n=n° +5n° —n

Pa3pen 2. CteneHHble pAaabl
OnpedeneHue 2. CTeneHHble psabl UMEKT BMA;

o0
Y a,x" —psag no cTeneHsM X;
n=0

o0
Zoan € - xp - psin no cTeneHsM (x —xg ).
n=

OnpedeneHue 3. Ecnu cTteneHHon psa cxoauTca Ha uHTepsane (—R;R),
TO 3TOT UHTEepBan HasblBaeTcA 06NacTbio CXOAMMOCTM psaa, T. €. Ansa noboro
3HavyeHua x € (—R;R) uucnoson psap cxoautcs. MNMonoBuHa 3TOro MHTEepBana
Ha3blBaeTCs pagnycoM CXOAMMOCTM.
[ns onpeneneHns paguyca CXoOUMOCTU MPUMEHSIIOTCA crieayrolime dop-
MYIbI:
1

R = [im , R=[im
n—ow Ay n—o X a,
3atem onpeaensaeTcss CXOAMMOCTb Ha KOHUax MHTepBana. Ecnn Ha npaBomn
rpaHuLe nHTepBana psg cxoamutcs, TO Ha NeBon Takke cxoanted (-R<x < R),
TaK Kak COOTBETCTBYHOLLMIA YMCNOBOW psi OyoeT 3HaKonepeMeHHbIM.
Ecnn Ha npaBon rpaHuue MHTepBana psg pacxoguTcs, TO rpaHuubl MHTEp-
Basia He BKIo4arTcs B obnactb cxogumoctn (—R < x < R).

PaccMoTpuM npumepsi.

lMpumep 5
Onpegenutb obnacte CXOOMMOCTWU CTEMNEHHOro psiga U NPOBEPUTb CXOAU-
MOCTb Ha rpaHuuax nHTepeana:

o 5. x"

n:13l’22 +1 -
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PeweHue:

571 5n+1
a, =——4, 0,1 = :
S VL 3¢+13+1
Haxogum R:
C5".(3(n+1)2+1)  5"-(3n’+6n+4) 13 1
R = [im > = = lim 5 = lim - 5= ¢,
n—»0 (3n +1)-5n n—>0 (31”1 +1)-5n-5 nswd 3 O
11
T.e. 06n1acTb CXOANUMOCTU (—g,g].
[MlpoBepuM CXOOMMOCTb Ha rpaHuuax uHTepsana. Ha npaBon rpaHuue vH-

1
TepBasia x = —, COOTBETCTBYHOLWLUN YHYUCITOBOU pAd UMEET BUA.
5

5" (;) L
I SR

ot 30241 a3n2+1

a0
[ns npoBepKM CXOANMOCTU psiaa CpaBHUM €ro c Y. KOTOPbIV cxoauTcs,

n=1n2
- 1 1
TaK Kak CTeneHb o nepeMeHHon n: o =2 > 1. Npun atom 5 <—,Toraa
3n“+1 n
< 1 1
pag . 5 Takke cxoautca = —— < x < — — MHTepBan CXoanuMOCTH.
n=13n° +1 5 5
lpumep 6

OnpenenuTb 06nacTb CXOAMMOCTU CTEMEHHOro psiga U NPOBEepuUTb CXOOU-
MOCTb Ha rpaHuLax nHTepeana:

§2” : ¢—1]_
n=1 3n_1n
PeweHue:
2n 2n+1 2n+1
a}’l :—’ al’l = = .
31, g g1 3G
Haxogum R:
. 2”6+1§” . 2”€+’I§” 1 3
R=lim "5 = lim - 1" 24 5 o
n—>003n n-2n n—)oo3n3 I’l2n2 3 2 2
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Torpga obnacTtb cXogMMoCTU

—§<x—1<§:>—§+1<x<§+1:>—i<x—1<§.
2 2 2 2 2 2

y 5
MpoBepMM CXO4MMOCTb Ha NPaBOW rpaHuLEe UHTepBana x = 5:

" [3)
=~ \2) n= 5"

2 2

n=1 3n—1 n n=1 3n—1 n

[1Nns NnpoBeEpPKN CXOAMMOCTU psiaa NpuMeHuM npusHak [anambepa:

y B 57’1 . B 5n+1 B 5}’l+1
Y A U R T T,
Cu, . 5iany - 5"5'37371,  5.37 5
lim = lim = [im = =—>1=

nso U, n>03"(n+1)-5" n>03"(n+1)-5" 1 3

pag pacxoauTtcA. 3HauuT, rpaHnubl HE BKIHO4YalOTCA B obnactb CXoAMMOCTU

1 5
——<x<—.
2 2

TeopeTuyeckune Bonpockl K pasgeny 2

1. CteneHHOW psAa no cTeneHam x, (x —xg).

2. 06nacTb CXO0AMMOCTU CTENEHHOrO psiaa, paanyc CXOANUMOCTH.
3. dopMyrnbl BblYMCIIEHMS paguyca CXOAUMOCTM CTENEHHOro psiaa.

3apaHue 1 k pasgeny 2

Hawntn obnactb cxogumocTu u npoBeEPUTb CXOOAMMOCTb Ha rpaHnuax MHTep-
Barna.

oo3n+1 Oo4n(x_1)n
) 7121211 17" ) na 2"y
0 4n+1 n 0 22n(x+2)n
2. a) Z 6) 2 :
15" n 2f =t (n—1)3""
2n w nn—1 o1
5 @y 3 6)22 Jn(x-2)

n1(n +1)\/ n=1 (n+1)4”+1
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V5

4, Z ;
)n 13(7’1 +2)
n=12"(n+5)!
o 42n+1. n
6. a) 2n—1 2 : !
n=13 (n“ —n+1)
© n-1__n
7. a) ) 3 a

® \/27x”

8. a) >
n=1p .(‘?\’/74_1/ )
© 2n+3 n

9 a) Z 2n-3 , 2 !
15213 (2 _3)
0 n—1 /

10. a) ZM;
n=1 2”(21’1)/

ni(nd +4n+2). 27"

©(n+1)5" (x-1)"
223n+1

© (5n—-1)(x-2)"
)nz1 (2n® +1)5"
o 52 eeml
n=1 7 n
© 22" 3 (x—2)"

6) X :
13" (Jn® +5n)

© 4"3 (n+1)(x - 1)

6)2

6) Z on- —1 2
oo3”+1(n +2)(x=1)"
6
);12:11 (2+n2)\/—
(n®+3)(x—-2)"
6) nz'l 32}1 1n243n '

Pasgen 3. lNpunoxeHue cTeneHHbIX pAAOB

3.1. MpubnunxeHHoe BbIYUCIIEHNE onpeaenieHHbIX UHTerpanos

B Kypce BbICLIe MateMaTuku JOKa3bliBaETCs, YTO (PYHKUMIO [ (c:, KoTOopas
BGeckoHeuHoe uncno pas anddepeHumpyemas, B Touke x = 0 MOXHO 3anucaTb

B BUAe psaa:

F(x)= F(0)+2£1(0)+— f”(0)+...+£ FOL0)+...,
1 2! n!

KOTOpbIN Ha3biBaeTca psagom MaknopeHa.
PaccmMoTpum npumepbl pasnoXeHnn yHKUNN B PA4;:

X3 XS ) in—l
1. sinX=X—"—+—+.+(-D)"" " + R (X), (7)
315l (2n—1)!
2 4 6
2. cosx:l—x— XX . X—+Rn(x),
21 41 6l n!
2 3 n

3 eX =l xd ey Ry(X),
21 3l n!
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2 3 n

X _q{_4X X
4. ¢ ~ =1 x+2/ 3/+...+( 1) n!+Rn(x),
2 3 4 n
X“ X7 X 1 X
5. In(1+x)=x—"—+2 -2 4+ +(-1D)" 24+ R,(x),
(1+X) St 3T (-1) - n(X)
1 _ 2 3 n . n
6. — =1-X+X" =X +..+(-1)" - X +Ry(x),
I+Xx

roe R, (:: — HasblBalOT OCTATOYHbIM YNIEHOM psiga, NpuMyYeM Ons 3Hakonepe-

MEHHbIX PSJOB ero BenvynHa orpaHuyeHa nocrneaHuM oTopacbiBaeMbiM une-
Hom, n=0/12,...

lpumep 7

BbluncnuTb sinl0° ¢ To4HOCTbI0 A0 1073,
PeweHue:

Tak kak 10° :% ~(0,174533, T0, NnoacTaBnss x = % B pasnoxeHue yHK-

3 5 7
umm sinx B pag (7), nonyuum sinl0° 1 1) +l 1) _1 1)
B 18 3\18)  srlis)  7lag)

npunyemMm, orpaHmn4ymnBasdAcChb nepBbiM OBYMA YyJrieHaMu, noJty4mnm

3
sin10° zl—l(lj =0,17364, a TOYHOCTb MPUBAMXKEHNA HE npeBblaeT
(= >
BENMUYUHBbI O < —| — <1,35-10_6.
S5I\18

lMpumep 8
BblumncnunTtb onpegeneHHbln nHTerparsn ¢ TodHocTbio o 0,001:
PeweHue:

3045 7 1 2 4 6
wd = |- X—X—+X——X—+... dx= 1=+ X X 4 lax=
X 3r st 71 5 3r st 71

x> x> X
~| X— + —
3.3t 5.51 7.7 0

~0,945786.

1 1 1 1 1 1

— — 4+ — ~
3.3t 5.51 7.7 18 600 35280

[Mpynyem TOYHOCTb BbIYUCIEHNSA O < é =2, 7-10"6.
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3apaHue 1 k pasgeny 3

Bblumcnutb onpegeneHHbln nHterparn ¢ TodHocTbio o 0.001.

1 1
1. jx_z cedx; 2. Iln(1+x) dx; 3. j?/x?-cosxdx;
0
1J. osxdx . 1J. xsmxdx_ 6. }e
0 1 0 3 ’ 0\/7
1 1 1 2
f m\/_ 8. j5e_3x dx; 9. fc °x
0 5x? 0 o X

10. f% sinx? dx.

3.2. UHTerpupoBaHue audcdepeHumanbHbIX ypaBHEHUN
C NMOMOLLLIO PAAOB

PaccmoTtpum ypaBHeHne Bupa: Y = f(X;y) ¢ HavanbHbIM YyCrOBUEM

»0)=yg.
PelweHune ypaBHeHNa npeacraBnseT cobon cTeneHHon psa:

2 3 n
y=agtaqx+asx” +azx” +..+a,x +.. (8)

3ajava 3akmiouaeTcsl B NOCneaoBaTenbHOM HaxoXaeHun koadhduLMeHToB
a;,i=123,...,n,
BbIuNCINM KO3((NLMEHT @, NOACTABUB B HAYanbHOE YCIIOBME peLUeHME B
BUAE psaga:
y(0)=a,+a,-0+a,-0°+a,-0° +...+

+a -0"+..=>y0)=a,=>a,=Y,
[MogcTaBum Tenepb HayanbHOEe yCcnoBue B NpaBylo YacTb AuddepeHunans-

HOro ypaBHeHVIFI:
y'=1(0;¥0)=VYo-

Hangem npousBoaHyk OT BblpaxeHus (8), yunTbiBas, YTO KOIPPULMEHTDI
a;, (i=123,...,n,.) — HEKOTOPbIE NOCTOSHHbIE!

V' = aq +2a,x +3azx? +...+na,x" +...
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MNogcTtaBumM HavanbHoe ycrioBuse B NoJiy4eHHOE BblpaXXeHune, Toraa:
y'(0)=a,+2a,-0+3a,-0° +...+
+na -0 +.=>y(0)=a =a =y,

Takum obpasom, nocnenosaTenbHO AMddepeHUNpYs peLleHne ypaBHEHUs
(8) 1, NnoacTaBnasa Kaxabli pas B NONy4YeHHY NPOU3BOAHYI0 HavanbHOe yCro-
B/e, HaxoauM HeobXxoanMoe KOMMYeCTBO kKoadbdUUMEHTOB a,,i =123,..., n,....

lMpumep 9
HanTtu nepBble TPy OTNIMYHBIX OT HYNS YneHa paja:

VY =y%+x%+e ¥, 9(0)=2.

PeweHue:
PasnoxeHune B psig UMeeT crieayoLwmnm Bua;

y=ag+ax+ a2x2 + a3x3 +... 9)

N3 HavyanbHOro ycnosus cnegyet
ag =yo =y(0)=2.

[MNoacTaBnsem HavYanbHOE yCroBMe B NpaByk YacTb MCXOLHOIrO YpaBHEHUS:

»'(0) =y02 +0%+¢%=2%24+0+1=5.
MpoanddepeHumnpyem peleHune (9):

V' =aq+2a,x + 3a3x2 +...
[MNoacTaBum B NONYYEHHOE BblpaXXeHue HavarnbHoe ycrnosue, Toraa:
y'(0)=ay+2a,-0+3a3-0°+..= y'(0)=a; =5.

[MpoanddepeHumpyem neByrd 1 NpaByd YacTb UCXOOHOro auddepeHun-

alibHOIo ypaBHEHUA:

X

y'=2y-y'+2x—e"

n nogcrasmnMm B MNoJiyd4eHHOE BblpaXXeHne HavdalribHOe yClioBUE.

1"(0)=23(0)-1'(0)+2-0-¢?=2.2.540-1=19

22



C Opyron CTOpOHbI, BTOpasd Npon3BogHas oT ypaBHeHus (9) paBHa:

y'=2a, +6a,x+..=> Yy"(0)=2a,+6a,-0+...=

" 0
= y"(0)=2a, > a, = %
19
Torpa a, = —.
27
Takum obpas3omM, ICKOMOE peLleHne B BUAe psaa:
1
y=2+5x+ ngz :

3apaHue 2 K pasgeny 3

Hauntu TPU NepBbiX 3Ha4YaWmMX YrieHa pa3syioxKeHnd B CTEeneHHomn pAag pewe-
HUA ,D,VIde)epeHLl,VlaJ'leOFO YpaBHEHUA C 3alaHHbIM Ha4vallbHbIM YCJTOBUEM:

Yy =x“-y“—xy +e, y0)=-1;
Y =xy+x?y?ae™,  (0)=-3;
10. ¥ =x—y° +xe*, y(0)=-4.

1.y =yx +x2+2¢%*, 1(0)=3:
2.y =y% +5x €, y(0)=-2;
3.y =x%y+y2—xe*, 1(0)=1;
4.y =y +y* -x | 1(0)=4;

5.y =X +2x% -1, y(0)=-2;
6. v =x2+y%+xe %, (0)=2;
7.y =2x%y? + ye*, y(0)=2;

8. 2 2

9

KoHTponbHas pabota Ne 7
TEOPUA BEPOATHOCTEW. CITYHYAUHBIE COBbITUA

Pazgen 1. AnemeHTbl KOMOUMHATOPUKMU

OnpedenerHue 1. KombnHaTopHada 3agada — 9TO Takas 3agadva, B KOTOPOW
HY)>XHO OTBETUTb Ha BOMPOC: CKOMbKMMKN cnocobamm MOXHO M3 MHOXECTBa, CO-
aepxawiero m afieMeHToB BblIOpaTh k aniemMeHToB. [1pn aTOM nosiBnNsieTca Heoob-
XOOMMOCTb BbISICHUTbL: KakMe NoAMHOXEeCTBa NosfyyaroTcs Npu PEeLLEHUM Takown
3agayn. COBOKYNHOCTb U3 K 9nemMeHTOB Ha3blBaeTCs BbIOOPKON.
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[ns Toro yTobbl peLnTb KOMOMHATOPHYIO 3aga4y, Heob6xoaMMo onpenenuTb
Xapaktep BbIOOPKU:

1. YnopsigoueHHas / HeynopsgoyeHHas.

1.1. Ynopsigao4MeHHOM HasblBaeTcsi BblOOpka, B KOTOPOW OT MepecTaHOBKM
3NeMEHTOB B BblIODOpKE MeHsIeTca cama Bblibopka. Hanpumep, 3agaHo uncno 546,
nNpwn nepectaHoBke LMdp Mbl NONy4YnM ApPYyroe Yncrio.

1.2. Heynopsigo4yeHHON Ha3blBaeTCcsl BblIOOpka Takas, YToO MpU M3MEHEHUU
nopsiaka BblibopKa ocTaeTcs npexHen. Hanpumep, n3 Kopodku ¢ UBETHBIMU KapaH-
Aallamn BbITAHYNN TPU, CPEAN KOTOPbIX OKa3anucb KPaCHbIA, CUHUIA U XKENTLIN.

2. C noBTopeHusmun / 6e3 NnoBTOpPEHUM.

2.1. CuntaeTcs, YTO 3aaHHasi BbIbOpKka C MOBTOPEHUSAMMU, €CIN OOUH U TOT
Xe anemeHT BXoauT B BbIOOPKY Mo KpanHen mepe ABa pasa. Hanpumep, B crno-
Be «KOJIOBOK» bykBa «O» nosTopsieTcs 3 pasa, bykBa «K» — 2 pasa.

2.2. Cuntaetcsa, 4TO 3agaHHasi Bbibopka 6e3 NMOBTOPEHUN, ecnn Bce ane-
MEHTbI BbIOOPKM pasfnunyHbl. Hanpumep, M3 KOp3uHbl, B KOTopon Haxoautca 10
KpacCHbIX LapoB, BbIHAMAKOT 5 LWApoB, NPUYEM KaXKabl BbITAHYTLIA LWWap B KOP-
3MHY He BO3BpaLllaeTcs.

[Mpn peweHnn KOMBMHATOPHbIX 3aday ONMPaKTCA Ha NpaBuio nNpou3Beae-
HUS: ecnn anemMeHT X MOoXHO BblbpaTb k cnocobamu, a anemMeHT Y MOXHO Bbl-
6paTtb N cnocobamu, To napy XY MOXHO cocTaBuTb kn cnocobamu.

PaccmoTprM OCHOBHbIE KOMOUHATOPHbIE COEANHEHMS.

1. PasmelleHne C NOBTOPEHMEM.

3 MHOXeCTBa, cogeprKaLlero m afieMeHTOB, HY>KHO BblbpaTb kK 9nemMeHToB,
npuyeM BblGpaHHbIA 3N1IEMEHT, NOCne Toro, Kak ero B3sinn, BHOBb BO3BpaLlaeT-
Csl B ICXOQHOE MHOXECTBO (TO €CTb 3f1eMEHTbI B BbIOpaHHOM MHOXECTBE MOTyT
NOBTOPATbCA). XapakTep Bbl6OpKU: ynopsgoyeHHas, ¢ noBTopeHusmun. Cneno-

k k
BaTernbHO, NpuMeHsieM dopmyny: B, =m" .

lpumep 1

MycTb 3agaHbl undpbl 2, 3, 5, 7. CKOMbKO pasfnUYHbIX YeTbipeX3HaYHbIX Yn-
cesl MOXHO COCTaBUTb N3 3TUX undop?

PelueHue:

MepBon undpon B Yncrne MoXeT bbiTb Nobdas U3 YeTbipex UMerLmxcsa. To
Xe caMoe MOXHO ckasaTb M 0 nocrneayrwmx yudpax ymcna, noatomy obuiee

4Yncro KoMOMHaLMiA: P44 — 4% =256,

2. PasmeuleHune 6e3 NOBTOPEHUN.

3 MHOXecTBa, cogepXallero m pasfnyHbiX 351IEMEHTOB, HY>XHO BblbpaTtb
ynopsiiodeHHoe nogmMmHoxectBo u3 k anemeHtoB (k<m), TO ecTb Takoe nog-
MHOXECTBO, B KOTOPOM 3fIEMEHTbI pacnofiaraloTca B onpeaeneHHoM nopsigke,
N U3MEHEHME MOpsiAKA ANEMEHTOB M3MEHSIET NogMHOXecTBO. Kpome aToro,
3fIEMEHTbI B BbIOpaHHOM MOAMHOXECTBE HE MOBTOPSOTCA. XapakTep BbIOOPKN:
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ynopsiioveHHasi, 6e3 nosTopeHun. Toraa obuiee 4ymcrno cnocoboB MOXHO Bbl-
pasnTb OPMYIOMN:
m!

A= —r
(m—k)!

lMpumep 2

CKONbKO pasnuyHbIX YeTbipeX3HaYHbIX YNCEN MOXHO COCTaBuUTb M3 undp 1,
2,3,4,5, 6, npy ycnosuu, 4Yto umdpbl B YNCNE HE MOBTOPSAOTCA?

PeweHue:

Ob6uwee 4ncno KoMOMHaLMN PaBHO YMCIY pasMeELLLEHU U3 6 aIeMEHTOB (KO-

oo B 8

Nn4ecTBO UMcp) No 4, T. K. Y4cna YeTblpex3HayHble: s = (6—4)! o

3. lNepecTaHoBka 6€3 NOBTOPEHUN.

[TyCTb MHOXECTBO COLEPXUT M pasfiMyHbIX ariemeHToB. PaccmoTpum Bce
BO3MOXHbl€ BapWaHTbl NEPECTAHOBOK 3SIEMEHTOB 3TOr0 MHOXECTBA, T. €. HYyX-
HO BblbOpaTb ynopsigoYeHHOe MOAMHOXECTBO M3 K arieMeHTOB. XapakTep Bbl-
B6opku: ynopsigoveHHasi, 6e3 NoBTOPEHU U NpU 3TOM BbINOSTHSAETCS YCroBue
m = k. Torga Heo6xoaMMo BOCNOb30BaTbLCS OPMYIION:

P, . =m(m-)(m-2)..-3-2.1=m!,

lMpumep 3

CKOMbKO pasnnyHbIX YeTbIPEX3HAYHbIX YNCENT MOXHO COCTaBUTb M3 Lndp 2,
3, 5.7, ecnu undpsbl B YMcne He NOBTOPSAKOTCA?

PelieHue:

KonnyecTBo 4ncen paBHO YMUCIy NEPECTAaHOBOK U3 YEThLIPEX 3/IEMEHTOB, T.
K. uMcna yeTbipexsHadnble: P, =41=4.3-2-1=24

4. MNepecTaHOBKa C NOBTOPEHUSIMMU.

MHOXEeCTBO COAEPKUT M SMIEMEHTOB, MPUYEM HEKOTOPLIE SIEMEHTbI BXOAAT
B BbIOOPKY onpedeneHHoe KonmyecTBo pa3. PaccMoTpum Bce BO3MOXHble Ba-
pUaHTbl NepPecTaHOBOK 3M1EMEHTOB 3TOr0 MHOXECTBa, T. €. HY)XHO BblOpaTb
ynopsaoyYeHHoe NoAMHOXEeCTBO U3 k; (i =12,..,n) anemeHToB. Xapakrep Bbl-

6opku: ynopsgoyeHHasi, C MOBTOPEHUSMU U MPU 3TOM BbIMNOMHAETCA YCroBue
m = kq+ ko + ...+ k,. Torga Heo6XxoaMMO BOCMONb30BATLCA (OPMYIION:

m!

feyl gl ke, L

Friqho, k) =
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lpumep 4

BbluncnnTe CKONbLKO pasfinyHbIX CNOB MOXHO cocTaBuTb U3 crioBa « MATE-
MATUKA».

PeweHue:

KonnuyectBo 6ykB B cnoBe m =10, npuyem bykBa «A» nosTopsieTca 3 pasa,
«M» — 2 pasa, «T» — 2 pasa, «<E» — 1 pas, «<M» — 1 pas, «kK» — 1 pas. Torga
k1 =3ky =2,ky =2,ky =1ks =1,kg =1. Boiuncnsem no gopmyne:

|
P 10!

(22110 7 oty 151200,

5. CoveTtaHus.

[MycTb U3 MHOXECTBa, coAepXallero m pasfiMyHblX 3fIEMEHTOB, TpebyeTcs
BbIbpaTb NOAMHOXECTBO, coaepxallee kK pasnuyHbix anemeHtoB (k < m). Xa-
pakTep BblOOpKM: HeynopsgoyveHHasi, 6e3 noBTopeHnn. Yncno coyeTaHmi M3 m

3r51eMEHTOB Mo K 9f1eMeHTOoB BblYMCNSAETCA No oopMyre:

ck _ m!
" (m-=k)k!"

lpumep 5

B rpynne 10 ctyoeHToB. CKOnNbkMMKM cnocobamm MOXHO BblbpaTb M3 3TOW
rpynnbl TPOUX CTYLEHTOB ANSA y4acTuUs B KOHpepeHunn?

PeweHne:

Yumcno cnocoboB paBHO uMcny codeTaHumn n3 10 aneMeHToB No 3 arnemMeHTa:

s 10/ 7!8-9:10
97 10-3)13/ 7/1.2.3

=120.

TeopeTuuyeckune Bonpochkl K pasgeny 1

1. CchopmynmpoBaTb NPaBuno NPon3BeaeHus:.

2. YkaszaTtb oopmyribl 449 nogcyeTa Ymcna pasmeLleHun npm Bolbopke ¢ no-
BTOpPEHUAMM N 6€3 NOBTOPEHMUI.

3. 3anucatb hopMyrnbl AN4 NnofcyeTa Ymcra coveTaHun.

3apaHue 1 Kk pasgeny 1

1. CKOSMMbKO MOXHO COCTaBUTb pPasfiMyHbIX YeTblpex3HayHblX KOMOWHaLmin
Koda ans cendpa, ecnm MoXHO ncnosib3oBaTb Undpbl ot 0 o 77?

2. CKOMMbKO MOXHO COCTaBUTb MATU3HAYHbIX TENEdOHHbIX HOMEPOB U3 Lnp
1,2,3,4,5,6,7,8,9, ecnu Bce undpsbl, BXOAALLNE B HOMEP, pasfinyHbIe?

3. Ckonbkumn cnocobamm MOXHO nocaguTb 5 THONbNaHOB Ha KNymbe?

4. CKONbKO pasnnyHbiX TPexXbyKBEHHbIX COB MOXHO COCTaBUTb M3 CrioBa
«KOMIMbKOTEP»? (Moa cnosom noHumMaem nrodon Habop 6yks.)
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5. CKONbKO pasnnyHbIX CrioB MOXHO coctaBuTb 13 crniosa « MATHATODOH»?

6. Ha yyacTtke goporn ot goMa g0 MarasuHa pacnosioxXeHbl 7 cBeTodopoB,
Ha Ka)XKdOM M3 KOTOPbIX MOXET 3aXuraTbCsl MO0 KpacHbIn, NGO 3eneHbl CBET.
CKOnbKO CyLLECTBYET pasfinyHbIX KOMBUHaLMN NONOXEHNA cBETOGOPOB?

7. B TaHue xenatoT yyactBoBaTtb 9 yenoBeK. CKONbKO pasnnyHbIX Nap MOX-
HO COCTaBWUTb, ECNN HE MMEET 3HAYEHNS KTO y4acTBYyeT B TaHue?

8. B rpynne 32 ctyaeHTa. CkonbkuMn cnocobamm MOXHO BblbpaTb Tpex ye-
NoBeK Ans AeXypcTBa B Knacce?

9. CKONbKO MOXHO COCTaBUTb TPEX3HAYHbIX HOMEPOB HAa aBTOMOOUIL?

10. Ha ctone pacnonoxeHbl 15 ak3amMmeHaunoHHbIX dbuneta. CKonbKUMKU Cno-
cobamn MOXHO BblIOpaTb 3 6unerta, ecnu BblibpaHHbIN BuneT Bo3spallaT 06-
paTHO Ha CToN 1 GuneTbl NnepemeLlunBatoT.

Pazgen 2. CnyyalHble cOObITUA N BEPOATHOCTHU

OnpedeneHue 2. icnbiTaHnem (onbIToOM, HabnogeHneM, namepeHnem) oy-
AEeM HasblBaTb HEKOTOPYK COBOKYMHOCTb genctBuit. lNpegnonaraetcd, B 06-
LLIeM crlyyae, YTO UCMbITaHUE MOXHO NOBTOPUTb HEOrPaHUYEHHOE YMCIIO pas.

OnpedenerHue 3. CobbITMEM (CnyyYarHbIM COOLITUEM) Ha3bIBAETCA BCSKUN
drakT, KOTOPbIN MOXET MPOU3OUTUN UNN HE NPOU3ONTU B pesyrnbTtaTte onbita. Co-
6bITNA obosHavatoTca byksammn A, B, C, D, ...

OnpedenerHue 4. BepoATHOCTbIO COObITMS Ha3bIBAaeTCs YMCIIEHHas Mepa
BO3MOXXHOCTM NMosiBNeHNs cobbITUs B pe3ynbTaTe AaHHOro onbiTa. BeposaTHOCTb
cobbiTna A obosHavaeTcsa P(A).

OnpedenerHue 5. CobbITMe Q Ha3bIBaeTCs JOCTOBEPHLIM, €CNU OHO 006s3a-
TenbHO NpomnsonaeT B pesynbTaTe onbita: P(Q) = 1.

OnpedeneHue 6. CobbiTne &, KOTOPOE HMKOrAA HE MOXET NPOU3ONTU B pe-
3ynbTaTe onbiTa, Ha3blBaeTcs HEBO3MOXHbIM: P(J) = 0.

OnpedenerHue 7. CobbiTne A, 0 KOTOPOM Henb3s 3apaHee ckasaTb MNpo-
n3onaeTt OHO UI HeT B pe3yribTaTe OnbiTa, Ha3biBaeTcH crydanHoiM: 0<P(A)<1.

OnpedenerHue 8. Cymmon cobbiTuin A+B HasbiBaeTcsa cobbiTne, coctosiuee
B OCYLLECTBMEHUM XOTS 6bl 0AHOro N3 cobbiTun «A unmn B» (6espasnnuyHo, Kako-
rO UMEHHO, UM oboux, ecriv 3TO BO3MOXHO).

OnpedenerHue 9. CobbiTna A n B Ha3bIBalOTCA HECOBMECTHbLIMU, €CITU OHU
He MOryT NPOU30oNTM OQHOBPEMEHHO NPU OAHOM M TOM Xe UcnblTaHun. BepoaT-
HOCTb CYMMbl JBYX HECOBMECTHbIX COObITU paBHa CyMMe BEPOSTHOCTEN ITUX
cobbiTnin: P(A+B)=P(A)+P(B).

Onpedenernue 10. [1Ba cnyyanHbix COBbITUA Ha3bIBAOTCS NPOTUBOMOSIOXK-
HbIMUW, €CINK MOSIBNIEHNE OOHOr0 M3 HUX PaBHOCUIIBHO HEMOSABIIEHUIO APYroro.
Ecnu ogHO n3 3Tux cobbiTnin o6o3HaunTb A, TO Apyroe (MPOTUBOMOSIOXHOE)

obo3HavatoT Z_(qMTaech «He A»). CobblTe 4 03Ha4vaeT, 4To A He Npon3oLL-
no: P(A)+P(A)=1.
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OnpedenerHue 11. lNponsBegeHmem aOByx cobbiTni «A U B» HasbiBaeTcs
cobbITMe, cocToslee B TOM, YTO oba cobbITUS NPOM30LLNM O4HOBPEMEHHO. Ec-
NN NOSIBNIEHNE KaXKOoro n3 cobbiTU HE 3aBUCUT OT TOro, MPOU3OLLSIO UMKN HET
apyroe, To cobbITUS Ha3bIBAKOTCA HE3ABMCUMbIMU, N BEPOSTHOCTb UX NPON3Be-
AEeHUs paBHa NPomn3BeLeHNIO BEPOATHOCTEN aTUX cobbitun: P(AB)=P(A)-P(B).

OnpedeneHue 12. Ecnu BepOSTHOCTb NOSABMNEHUS cObbITUSA B n3MeHsieTca B
3aBMCUMMOCTW OT TOro, NPOM3OLLSIO UMK HET cobbiTue A, TO Takme cobbITUA Ha-
3bIBAOTCA 3aBUCUMbIMU. BepodaTHOCTb cobbiTua B npu ycnosuu, YTo cobbiTne
A yxe npowusowuno, obosHayaetca P (B). BepoAaTHOCTb nponssedeHns 3aBu-

cUMbIX cobbITui onpeaensetcs dopmynoit P(AB) = P(A)-P,(B).
OnpedeneHue 13. Ecnu cobbiTna A n B HecoBmecTHble, To P(AB)=0.
dopmyna ans BbIMUCAEHNA BEPOATHOCTM CYyMMbI ABYX COObITUI, BCE paBHO
KaKuX, COBMECTHbIX unu HeT, umeet Bua: P(A+B)=P(A)+P(B)-P(AB).
OnpedeneHue 14. NonHoOW rpynnon cobbITUM Ha3bIBAETCA HECKOSbKO CO-
BbITUN TaknX, YTO B pesynbTaTe OnbiTa HEMPEMEHHO AOMMKHO NMPOU3ONTU XOTS
Obl OQHO N3 HUX.
OnpedeneHue 15. Heckonbko cobbiTUA B A@HHOM OnMbITE Ha3blBAOTCS paB-
HOBO3MOXHbIMUW, €CININ HET OCHOBAHUW CYUTaTb Kakoe-nnbo n3 HMx bonee BO3-
MOXHbIM, YeM Opyroe.

OnpedenerHue 16. CobbITUS @,@,,..., ®,, HaA3bIBAOTCA 3NIEMEHTAPHbLIMMU,

€Cn OHN 0bpasytoT NOMHYH rpynny CoObITUIA, HECOBMECTHbI (TO €CTb HUKaKune
[Ba U3 HNX He MOryT NPOM3ONTN OAHOBPEMEHHO) U PABHOBO3MOXHbI.

OnpedeneHue 17. AnemeHTapHble COOLITUA @i, Dj 4.y @y Ha3bLIBAOTCS

6naronpuATCTBYOLLMMM COBLITUIO A, eCcnn HEKOTOpOoe CobbITME A NPOUCXOAUT B
pesynbTate NOABNEHUS O4HOrO N3 3rieMeHTapHbIX COBLITUN.

PaccmoTpum Knaccmnyeckoe onpeneneHne BeposTHOCTW.

[MycTb B pe3ynbTaTe OnbiTa MOXET NPOU3OWTU OOHO M3 N 3AfIeMEeHTapHbIX
cobbITMI, Npnyem cobbiTnio A GnaronpuaTcTBYOT M 13 HMUX (M=<h). Torga Bepo-
SATHOCTbIO COObLITUS A Ha3blBaeTCs OTHOLUEHME YNCa AfIEMEHTAaPHbIX UCXOA0B,
6naronpuATCTBYIOLNX MOSIBIEHUIO COObITMS A, K obwemMy 4ucny paBHOBO3-

m
MOXHbIX 3fIEMEeHTapHbIX NcxoaoB: P(A) = —.
n

lMpumep 6

N3 natn 6yks paspesHon a3byku coctasneHo cnoso JOMUK. PebeHok, He
YMEWLNN YnTaTb, pacchinasn 3T GyKBbl U 3aTEM BbINIOXKUI TPU U3 HUX B NPOUN3-
BOSIbHOM nopsigke. HanTu BEpPOATHOCTb TOrO, YTO Yy HEro nosly4ynsiocb CrioBO
KOL. (NMpeanonaraetcs, 4to pebeHok He nepeBopaymBaeT OyKBbI.)
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PeweHne:

[MycTb cnyyanHoe cobbiTe A COCTOMUT B TOM, YTO nonyyeHo cnoso KO[.
Yncno paBHOBO3MOXHbIX 3fIEMEHTapHbIX MCXOO0B PaBHO YUCMY pa3MelleHUn
13 5 anemMeHToB Mo 3:

5/

n=A3=—"— =60
(5-3)!

[MockonbKy Bce BYKBbl B MepBOHa4yanibHOM CrioBe pasHble, To cpeaun 60 uc-
Xo4oB He byaeT OBYX OAMHAKOBLIX, TO ecTb cnoBo KO/ BCcTpeyaeTcss TOMNbKO
OOWH pa3: m=1.

Taknm obpasom, P(A4) = é :

lMpumep 7

B OByx Awmkax cogepXaTca CMHME U KpacHble Lapbl: B NEPBOM ALUUKe 6
CUHUX U 7 KpacHbIX, BO BTOPOM Awuke — 4 CMHUX U 5 KpacHbiX. N3 kaxxgoro
AUMKa U3BMeKkarT No ogHoMy wapy. Hantu: 1) BEpoATHOCTb TOro, YTO XOTH Obl
OOWH M3 BbIHYTbIX LWApPOB OyAeT KpacHbIM; 2) BEPOSATHOCTb TOro, YTO TOJSIbKO
OAWH M3 LWapoB OyaeT KpacHbIM.

PeweHue:

1. 1-n cnoco®: lNycTb cobbiTe A COCTOUT B TOM, YTO XOTH 6bl OONH UX Bbl-
HYTbIX LWapoB KpacHbin. O6o3Haunm 3a Ay n A, cobblTus, cocTosLIne B U3Bre-

YEeHWM KPacCHOro Lapa M3 nNepBoro M nu3 BTOPOro SILMKOB COOTBETCTBEHHO. To-
roa cobbitne A 6yaeT BblpaXKeHO Yyepes3 CobbITuS A w4, dopmynon A=4,+
Ao, @ BEPOATHOCTb 3TOrO COOLITUSA, COMMacHO NpaBuy HaxoXaeHWs BepOATHO-
CTN CyMMbl ABYX cobbiTuin P(A)=P(A1)+P(A5) — P(Aq - A5).

Cobbitns A4 n A, — HesaBucumble, noatomy P(A)=P( A1)P( A5).

Bbluncnmum BepoaTHOCTU cobbiTuin. B nepBom dAwmnke Haxoautca 13 wapos

7
(CWMHWMX M KpacCHBbIX), N3 HUX 7 KpacHble, cnegoBatensHo P(A) = E Bo BTOpOM

3
AWmke — 9 WapoB (CMHUX N KPaCHbIX), U3 HUX 5 — KpacHble, TO eCTb P(A) = —

13
PiA)=" 42 7.5):31,
13 9 13 9) 39

2-n cnocob: JTOT e pesynbTaT MOXHO OblNo Mony4uTh, paccMartpusas
NPOTUBOMNOSIOXHOE CcobbITue A, cocTosiiee B TOM, YTO HU OOUH U3 BbIHYTbIX
WwapoB He okasancs kpacHbiM: A = Ay- Ao = P(A) = P(4,) - P(4,). Torpa

BEPOSATHOCTb TOro, YTO 00a BbITSHYTLIX Llapa OKaXXyTCHA KpacHbIMW, paBHa:
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P(A)=1-P( A). [NoocTtaBMB YMUCrOBblE 3HAYEHUS P(AT):%, p(Az):g, nony-
yuMm P(A) = 1—E ﬂ:ﬂ
13 9 39

2. |_|yCTb cobbiTe B COCTOUT B TOM, YTO TONbKO OOAWNH U3 BbIHYTbIX LUIapoB

oKasarncs KpacHbIM B:A1-A_2+A2-Z1. Cobbitua 4, -4, n A2-Zl HecoBMe-
CTHblE, NO3TOMY
P(B)=P(4,)(4,)+ P(4,) - P(4,),
7 4 5 6 58

P(B) =42 =
13 9 9 13 117

lMpumep 8 (3ada4va o ebI6OpPKe)

B notepee 11 dbunetos, 13 HUX 4 BbIUIPbILHBLIX. HAanTU BEPOATHOCTb TOrO,
YTO cpeamn B3ATbIX Hayrag 5 6uneTtoB OyayT 2 BbIUMPbILIHbIX.

PelueHue:

Myctb A — cobbITne, cocTosiLiee B TOM, UYTO Cpeaun BblbpaHHbIX Haygady
5 buneToB oOKasanucb 2 BbIUMPbIWHBIX. 10 KnaccnyeckoMy onpeneneHuto Be-

o m
posiTHocTel P(A)=—, rae n — 4ncro cnocobos, koTopbiMKu 13 11 MMetoLmxcs
n

OMNeToB MOXHO Bbl6paTb nobble 5 Bce paBHO B KaKOM MnopsagKe:

11
= C151 = =
51(11-5)!
Yuncno 6J'IaI'OI'Ipl/IFITHbIX ncxoaoB m paBHO 4vuUcny CI'IOCO6OB, KOTOPbIMN MOX-

HO BbIOpaTh 2 BbIUIPbILLHBLIX BuneTta n3 5 nmerowmnxca n ewe 3 HEBbINIPLILLHbIX
bunetauns 7 (11-4 =7):

41 7!
m=C?.CJ

3 = : =6-35=210.
21(4-2)! 31(7-3)!

Torga no oopmysie Knaccmyeckon BEPOATHOCTU, MOSYyYUM:

210 105
P(A) =" ="""~0,455.
462 231

B HeKkoTOpbIX cnyvasix He ygaeTcs NepeyncriuTb UnmM nocynTaTb BCe arieMeH-
TapHble KU BnaronpuATCTBYOLWLME UCXoabl. Torga nNpuHUMaeTcs kakaa-nmbo apy-
ras Mepa nogcyeta (Hanpumep, nnowans urypel unm obvem Tena). Takue Be-
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POSAITHOCTW Ha3bIBalOTCHA reoMeTpudeckumin. Ecnmn o06o3HaunTb Q@ — NPOCTPaHCTBO
aneMeHTapHbIX UCXOA0B, TO MOXHO 3anucaTh:

A
p(4) =PI
mepa Q)

lMpumep 9

B kpyr pagmyca R BnucaH kBagpaT. /3 kpyra Haygadvy BbibupaeTcsl Touka.
KakoBa BEpOATHOCTb TOro, YTO 3Ta TOYKa NEXUT BHYTPU KBagpaTta?

PelieHue:

CoObITne A coctouT B TOM, YTO Haydady BbiOpaHHas U3 Kpyra Tovka okasa-
nacb nexawen BHyTpu kBagpaTta. [MOHATHO, YTO nocumnTaTb KONMYECTBO TOYEK
BHYTPW Kpyra v BHYTPU KBagpata HEBO3MOXHO, MO3TOMY MEPOM Yucra paBHO-

2
BO3MOXHbIX 3MeMeHTapHbIX UcxoaoB ByaeT nnowaap kpyra Sq = TR, a me-

. i 2
poit Yncna GnaronpuATHLIX UCXOAO0B — Nrowaab keagpata Sy = 2R

2
pra)S2 2R _2
S1 T[Rz R

TeopeTuuyeckue Bonpochkl K pasgeny 2

1. MNMoHATne cnyyanHoro, 4OCTOBEPHOIO N HEBO3MOXHOMO COObITUN.
2. BepodaTHOCTb CyMMbI 1 Nnpon3BeneHnsa coObITU.
3. Knaccuyeckoe oripegerieHne BEpPOATHOCTMU.

3apaHue 1 Kk pasgeny 2

a) B awwuke copepxuntca k ctaHgapTHbIX getanen ns n. M3 sawmka Hayrag
BbIHUMAIOT 5 nobbIX geTanen. Hantm BepoATHOCTb TOro, YTO Cpean U3BneYveH-
HbIX AeTanen OKaxyTtcs 1) Bce 5 cTaHOapTHbIX; 2) TONbKO 3 CTaHO4APTHLIX;
3) Tonbko 1 cTaHgapTHas; 4) Bce HeCTaH4apPTHbIE.

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

6) B ynakoBke ¢ cemMeHamMu Tpu copTa ropoxa COoAepXutcs. BeposTHOCTb
TOro, 4TO B3OMAET ropox MepBoro copra, paBHa pq, BTOPOrO — p,, TPETbEro —

p3. HanTn BepoATHOCTbL BCXOXECTU: 1) TOMbKO ABYX COPTOB ropoxa; 2) BCex
TpPex COpTOB.
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Ne 1 2 3 4 5 6 7 8 9 10
p4]1 0906 0709 |07 ] 04 0,5 0,4 0,7 0,7
p»| 08|07 06| 05|08 04 0,7 0,5 0,6 0,4
ps| 0702|0507 ] 02| 05 0,8 0,3 0,8 0,9

I'Ipumeanue: 30ecb HOMep BapnaHTa HaxoguTtcsa B I'IepBOIZ CTpoOKe Tabnuubl.

Paspen 3. NocnepoBatenbHOCTb HE3aBUCUMbIX UCMNbITAHUMN.

|_|yCTb npoBoanUTCA cepuda n3 n NCNbITAHNN, B KaXXOOM U3 KOTOPbIX cobbiTne
A MoxeT HacTynntb C OOHOW U TOU Xe BEPOATHOCTbIO P UM HE HaCTYMNMUTb C
BEPOATHOCTbIO q=1—p, HE3aBNCUMO OT HOMeEpa WUCMbITaHUA WU pe3yribTaTa

npeablayLlero onbitTa. Takne cepum ONbITOB HasbiBaAKOTCA MocrnenoBaTerbHO-
CTb0 HE3aBNCUMBbIX UCTbITAHUW UK cxemon bepHynnu.

PelweHne cnepyrowimnx 3agay cosepLuatot no cxeme bepHynnu:

1) HaNUTK BEPOSATHOCTb TOrO, YTO B CEPUM M3 N UCMbITaHUN coBbiTe A Hac-
TynuT poBHo k pa3: P,(k);

2) HaNTU BEPOATHOCTb TOrO, YTO B CEPUM M3 N UCMbITaHUK COObITUE A Hac-
TYnUT He MeHee YeM k4 pa3 n He bonee, vem k, pasa: P,(kq, k5 ).

YKasaHHble BEPOATHOCTU HaxoasaT no dopmyne bepHynnu, npu ycrnosuu

. _ ok _k _n—k _
n<100: B,(k)=C,-p"-q ", P,(k1,ko )=P,(kq)+P,(ky+1)+...+P,(k5 ).
Ecnun ynucno n Benuko (n >100), a p He CNULIKOM Mano, TO ANs BblYUCIEHNS
BEPOSATHOCTU MOXHO BOCMOSb30BaTbCA MPUOAMKEHHBIMU (aCUMMMATOTUYECKMMN)
dopmyrnamm Myaspa—Jlannaca (rokanbHas Teopema MyaBpa—/lannaca; uHTer-

panbHada Teopema Myaspa-Jlannaca).
JlokanbHag Teopema Myaspa—Jlannaca:

By (k)= o(x),

1
\Vnpq
k—np 1 —

no(x)= e 2
\npq ® N 2T

NHTerpanbHasa Teopema Myaspa—/lannaca:

roe x =

P, (ki,ky)=D(x3 )—D(x1),
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OyHKUMN @(x) U DP(x) TabynmpoBaHbl, TO €CTb Tabnuubl 3HAYEHUN ITUX
dyHKUMM NpnBeLEHbI B KaXXA0M y4eOHMKe No TEOPUM BEPOSATHOCTEMN.

OTUX (pyHKUMM obnagatoT crnegyowmmm ceorcTea: ¢(-x)=@X); O(-x)=-P(x);
®(0)=0; ®(x) > 0,5 npn x - .

Ecnu uncno ucnbiTaHnin N BENUKO, @ BEPOSATHOCTb NOSIBEHUS cobbiTus A B
KaXXOdoM MCNbITaHUM Mana, TO 4S5 BblYUCINEHNS BEPOATHOCTU nosiBrieHnsa k pas
cobbITMss A B cepum 13 N UCNbITAHUA MOXXHO BOCMONb3oBaTbCcs hopmynon [y-

accoHa:
vy
B, (k)="—2F,
k!
roe A =n-.
Yucno mgy ycnexos, Npy KOTOPOM AoCTUraeTcs Hanbonbluas U3 BO3MOXHbLIX
BEPOATHOCTEN, Ha3blBAETCH HaMBEPOATHENLWUM 4vncnom ycnexos. OHO oripe-

AendeTcsd Kak Lerioe YACIo Ha NPOMeXYyTKe n-p—qg<m=<n-p+p.

lpumep 10

Mo HekoTOpOM Lenu NnponsseneHo 4 He3aBUCUMMBbIX BbiCTpesia. BeposaTHOCTb
nonagaHus B Lenb Npu ogHOM BbicTpene pasHa 0,6. Hantn BeposaTHOCTb TOro,
4TO Npu 4 BbICTpenax 6bII0 POoBHO 1 nonagaHue, U onpeaenuTb HanBeposT-
Heunwee 4Ynucrno nonagaHun.

PeweHne:

BeposaTHOCTb nonagaHus npu ogHOM BbicTperne pasHa p=0,6, a BeposAT-
HocTb npomaxa g =1— p =0,4. BeposaTHOCTb TOro, YTo OyAeT POBHO OAHO Mo-

nagaHue, Haxoaum no goopmyre bepHynnu:
4/

P1)=Cy-p'-q° =W-o,6-o,43 =0,1536.

HauneeposTHenwwee Yncno nonagaHnm
4.06-04<my<4-06+06= 2<my <3.

Ncxonsa mns Toro, 4To mg — Lienoe 41cno, Toraa nMeeTcs ABa HauBepoAT-
Henwunx ymcna 2 nnm 3.

lMpumep 11

BeposiTHOCTb HacTynneHust cobbiTvs A B KaXOoM U3 OOMHAKOBbIX W HE3aBu-
CUMbIX UCNbITaHuK paBHa 0,7. HanTtu BeposTHOCTb Toro, 4to B 1600 ncnbiTaHmsx
cobbiTne A HacTtynuT: a) posHo 1100 pas; 6) ot 1100 go 1200 pas.

PeweHus:

Bbuncnnum P(A) = p = 0,7 — BEpOATHOCTb NOsiBIIEHNS coObITUSE A Npy OAHOM
ucnboltaumn; g = 1 — 0,7 = 0,3 — BEpOATHOCTb HENOSBNEHUS cobbITust A Npu oa-
HOM UCMbITaHWUMW.
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a) Bocnonb3yemcsa nokansHon doopmyrion Myaspa—Jlannaca:

1
P, (k)= o(x),
\Vnpq
2
k—np 1 -
roe x = no(x)= e 2
Jwpg T Jom

N3 ycnosua cnegyert, yto n = 1600, k = 1100. Torga

x_1100—1600-0,7_ -20
\J/1600-0,7-03 18,33

Mo Tabnuue ([5], npun. 1) Bbluncnsem ¢(—1,09) = ¢(1,09) = 0,2203.

Takum obpasom, Pigno(1100 ) = 1 0,2203 ~0,012.

\/1600.0,7-0,3
6) Bocnonbayemcs nHTerpansHon goopmynon Jlannaca

B, (ky,ky)=®(x3 )—D(xq),

ko —np :k1—np

, X
Jwwg " Jnpg

N3 ycnosusa cnepyet, uto n=1600, £y =1100,k, =1200 . Toraa

rne xo, =

1100 —1600 -07  —20
= - ~—109 u
J1600-07-03 1833
1200 -1600-07 80

~ [1600-07-03 1833

X1

4,36 .

X2

Mo Tabnvue ([5], npun. 2) Bbiuncnsem d(4,36) ~ 0,5; d(-1,09)= - 0,3621.
Pi500(1100,1200 ) =~ (4,36 ) —D(—-1,09 ) =0,5+0,3621 = 0,8621.

TeopeTuyeckue Bonpockl k pasgeny 3

1. dopmyna bepHynnu.

2. JlokanbHasa popmyna Myaspa—Jlannaca.

3. NHTerpanbHasa popmyna Myaspa-Jlannaca.
4. ®opmyna lNyaccoHa.
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3apaHue 1 Kk pasgeny 3

KynneHo n notepenHbix 6uneTtoB. BeposaTHOCTb BbiMrpbilla Ha OAWH noTe-
penHbln 6unet p = 0,6. Hantn a) BEpoATHOCTbL TOro, 4YTO M3 N Gunetos k Gune-
TOB BbIUrpatoT; 6) HaMBEPOATHENLLIEE YMCIIO BbIMIPbILLHbIX G1NeToB.

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

lNpumeyaHue: 3necb HOMep BapuaHTa HaxoaAUTCst B NEPBOW CTPOke Tabnmupl.

Paspen 4. ,D,VICerTHbIe cnyqaﬁHble BeJINYUHDbI

[lycTb NponsBOAUTCHA HEKOTOPOE WCMblTaHne, pe3ynbTaToM KOTOpOro ABMs-
€TCH OOHO U3 HECOBMECTHbIX CIy4anHblX COBbITUA A4, As,... A, (41CNO coBbITUN

NI KOHEYHO WIN CYETHO, TO €CTb COOLITUS MOXHO NPOHYMEPOBaTb).
OnpedenerHue 18. Kaxgomy ncxody A; NocTtaBreHO B COOTBETCTBUE HEKO-

TOpoe AEeNCTBUTENbHOE YNCHO X;, TO €CTb Ha MHOXECTBE Cly4ariHbIX CODbITUN
3afaHa gevcTBuTenbHaa PyHKUMA X CO 3HAYEHUAMU X4, X5,...X, . ATa PyHKLUA

X HasblBaeTCca OUCKPETHOW CIy4YaHOW BENUYMHOWN (TEPMUH «OUCKPEeTHasa» UcC-
nosnb3yeTcd NOTOMY, UYTO 3HAYEHUHA CIlydanHOW BENUYUHbI — 3TO OTAENbHbIE
4yucna, B OTNINYME OT HEMPEPDLIBHbIX (PYHKLUNNR).

[TOCKONbKY 3HAYeHUs1 Cry4yamHOW BENMYMHBI UBMEHSIOTCS B 3aBUCUMOCTM OT
CnyYyamHbIX cOBbITUI, TO OCHOBHOM MHTEPEC NPeACcTaBnAT BEPOATHOCTH, C KO-
TOPbLIMU Crly4qanHas BeNMYMHa NpUHMMaET pasfndHble YACOBbIE 3HAYEHUS.

OnpedenerHue 19. 3akoHOM pacrnpeaeneHnsa Crny4yanHon BenMYuHbI Has3bl-
BaeTCA BCSAKOE COOTHOLUEHWe, yCTaHaBnuBalLlee CBA3b MeXAy BO3MOXHbIMU
3Ha4YEeHNAMN CryYyamHOW BENNYUHBLI U COOTBETCTBYIOLLMMU UM BEPOATHOCTAMN.

3aKoH pacnpegerieHns MOXeT UMEeTb pasfnuyHble hopmbl. [Ina guckpeTHom
CNny4YyaMHOW BENUYUMHbI 3aKOHOM pacrnpeferneHuss BnseTcd COBOKYNMHOCTb nap
yucen (x;, p; ), /A€ x; — BO3MOXHble 3Ha4YEeHUs Cry4anHoOn BEeNUYuHbL, a p; —

BEPOATHOCTU, C KOTOPLIMU OHa MPUHUMAET 3TN 3HaYeHus: p; = P(X =Xx; ); npw

n
atom Y p; =1.

i=1

Mapbl (Xx;, p; ) MOXHO paccmaTpuBaTh, Kak TOYKU B HEKOTOPOW CUCTEME KO-

opavHat. CoednHMB 3TU TOYKM OTpe3kaMn MNPAMbIX, MOMAy4YMM rpadudeckoe
n3obpaxkeHne 3akoHa pacnpeneneHuss — MHOroyrosfibHUK pacnpegenenus. Ya-
LLie BCEro 3akOoH pacnpegeneHnsa QUCKPEeTHOW Cny4YanHoW BESIMYUHLI 3anncbiBa-
eTCs B BUAe Tabnuupbl, B KOTOPYIO BHECEHbI Napb! (x;, p; ).
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X1 X2 X3 Xi

P P1 P2 P3 - Di 3 Pn

Xn

PaccmMoTpuM 3akoHbl pacnpefeneHns AUCKPETHbIX CIyYarHbIX BENUYUH,
4YacTo BCTpeYarLmecs Npu pelleHnn pasnnyHbIX 3aaa4y: reoMeTpuyeckoe pac-
npeaeneHne, rmnepreoMeTpuyeckoe pacnpegenexHme, buHommnansHoe pacnpe-
aeneHve, pacnpegenexue NyaccoHa.

1. 3aKOH reoMeTpuYecKkoro pacnpeneneHns BeposiTHOCTEN MpUMEHSIeTCS B
criyyae, ecnu B 3afiaye COAEPXKUTCS YCrNoBUE «A0 NepBoro nonagaHusi, Npuoo-
peTeHus, 4O NepBOW BCTPEYM UMN N3paCcXo[oBaHMs BCero...». BepoaTHocTn p,

ANS COOTBETCTBYIOLUMX X; BbIYMCHATCA No dopmyne: p; = qm_1 -p, rae
g =1— p, M — BO3MOXHble 3Ha4YEHNS Cry4aHON BENNYUHBI X; .

2. 3aKoH BUHOMMAnbBHOrO pacnpeneneHns BePOSTHOCTEN NMPUMEHSETCS B Crly-
Yyae, ecnun AN MHOXEeCTBa, COCTOSILLEro M3 N 3rIEMEHTOB, BbIMOJSHAETCA YCIoBMe
n <100 1 B KaXaOM UCMbITaHUN BEPOATHOCTL paBHa p. BeposTHocTn p,; ans co-

n—m

OTBETCTBYWOLUWX x; BblUMCHsAOTCS no dopmyne bepuynmu: p; =C,' - p™ -¢" ",
roe g =1— p, M — BO3MOXHbIE 3HAYEHNSI CIy4aNHOW BEMNYUHDI X, .

3. 3akoH [MyaccoHa npyMeHsieTcs B criydae, ecnv B 3agaye ykasaHHO YCrlo-
Bue n >100, T. e. n o4eHb BeNMKo, a p Npu 3Tom odeHb Mano p — 0. BeposT-

HOCTWU p; ANA COOTBETCTBYKOLUUX X; BbIHUCIIAKTCA NO d)opmyne nyaCCOHaI

/N L
pi=—-¢ o A€ M — BO3MOXHblE 3HAYEeHUS Cry4anHoW BENUUMHbLI X;, A = np.
m!
lpumep 12

[MponsBeneHo aABa BbicTpesia no muweHn. CocTtaBuUTb 3aKOH pacnpegene-
HWA Yucna nonagaHun, ecriv BEposATHOCTb nonagaHus B muweHb pasHa 0,5.

PelueHue:

Cny4danHas BenuymHa X — 4ucrno nonagaHnn B MULLIEHb B 4aHHOM MCMbITa-
Hun. OueBmaHo, Yto n =2 <100 n X MoXeT npMHMMaTbL O4HO U3 TPeX 3Ha4e-
Hun: 0 (HM ogHoro nonaganus), 1 (ogHO nonagaHue), 2 (oBa nonagaHus). Be-
POATHOCTb NonagaHua rnpu ogHOM BbiCTperne paBHa p = 0,5, a HenonagaHusa g
=1 — p = 0,5. BepodatHocTn, ¢ KOTOPbLIMK Cry4arHasa BefiMYMHA NPUHMMAET ne-
pedncneHHble 3HayeHus, Harugem no popmyne bepHynnu:

p(X=0)=pg=C3-p°-¢%=1.1.05° =0,25;
p(X=1)=p;=Cs-p'¢g"'=2.05-05=05;
p(X=2)=p, :C22-p2-q0 =1-(05)?-1=0,25.
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3akoH pacnpegeneHust criydanHonm BenuuumHbl X 3anvwem B Buae Tabnuupl
pacnpeneneHnsa:

X 0 1 2
P 0,25 | 0,5 0,25

3
Mpoeepka: > p; =0,25+0,5+0,25=1.
i=1

3aKoH pacripeenieHUs AUCKPETHOM CryYanHOW Benn4vuMHbl MOXeT ObiTb 3a-
AaH ¢ nomouwbio yHKUUK pacnpegernieHnsa F(x), koTopaa paBHa BEPOATHOCTU
TOro, YTo crnyvamHas BenuuuHa X éygeTt npMHMMaTb 3HAYEHUA Ha MPOMEXYTKe
(—o,x): F(x)=P(X <x).

dyHKuma F(x) onpeneneHa Ha BCen OeNCTBUTENBLHOM Oocu 1 obnagaet cne-
AYOLLMMN CBONCTBAMN:

1) 0 <F(x) <1;

2) F(x) — HeyObIBatloLwasa pyHKUNS;

3) F(—©0)=0,F(+x0)=1;

4) F(b)—F(a)=P(a< X <£b) — BeposATHOCTb TOro, 4TO Criy4yanHas Benu-
4ynHa X NpuMeT 3Ha4YeHUs1 Ha NpomMexyTke [a;b).

Paduk yHKuMM F(X) Ons OUCKPETHOW CIlyYaHOW BEeNMYUHbI COCTOUT U3
OTPE3KOB NPSAMBbIX U Nydein, napannesibHbix ocn OX unu conagarLmx ¢ Hen.

lMpumep 13
CnyyanHag BenuunHa X 3agaHa Tabnuuen pacnpegeneHus:

X | -1 2 3 5
P01 03|04 ] 0,2

CocTtaBuTtb OyHKUMIO pacnpegeneHna F(X) criydanHon BenuyuHbl X 1N no-
CTpOUTbL ee rpadouk.
PeweHne:
Ecnm x < -1, 10 F(X) = P(X<x) = 0;
ecnn — 1< x <2, 10 F(X) = P(X<X) = P(X=-1) = 0,1;
ecnn 2 < x <3, 10 F(X) = P(X=-1) + P(X=2) = 0,1+0,3 = 0,4;
ecnn 3 < x <95, 170 F(x) = P(X=-1) + P(X=2) + P(X=3) = 0,1+0,3+0,4 = 0,8;
ecnn x > 5, 170 F(X) = P(X=-1) + P(X=2) + P(X=3) + P(X=5) =1
(0, x<-1
01 —-1<x<2
F(x)=<04, 2<x<3
08, 3<x<5

U, x>5
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MocTtpoum rpadouk doyHkumm F(x ) (cm. puc. 1).

F(x)

0,8

0,4

0,1

-1 2 3 5

Puc. 1. paduk dyHKumn pacnpeaenenus F(x)

PaccMoTpum YncnoBble XxapakTepUCTUKU ANCKPETHBIX CryYanHbIX BENTUYMH.
[MycTb cnyyanHas BennumHa X 3agaHa Tabnuuen pacnpeneneHus:

X

X1

X2

X3

Xi

Xn

P

P1

b2

P3

Di

Pn

OnpedenerHue 20. Matematnyecknm oxumgaHmem M(X) auckpeTHowm cny-
YanHOM BeNnMymHbl X Ha3biBaeTCA CyMMa Mpou3BeLeHun BCeX ee BO3MOXHbIX

3Ha4YeHU x; Ha COOTBETCTBYIOLLNE BEPOSTHOCTU p;:

n
M(X)=Z1xipi
l:

MaTemaTnyeckoe OXuaaHue HasblBalT TaKKe CpedHMM 3Ha4yeHuem Cny-
YanHOW BeNUYMHbI X, NogyepkmMBasd CTaTUCTUYECKUIN CMbICIT NMOHATUA, UNU LIEH-
TPOM pacnpeferneHus crydyamHon BenudnHel X (MO aHanormm ¢ NOHATUEM LeH-
Tpa TSHKECTU AN CUCTEMbI MaTepuarnbHbIX TOYEK).

CBoncTBa MaTeMaTUYECKOro OXXMaaHUS:

1) ecnu cnyyanHasa BenuyuHa X npyMHUMaeT NoCTOAHHOe 3HadYeHne X = C =
= const, To M(C) = C;

2) M(CX) = CM(X), roe C = const;

3) maTemaTnyeckoe OXmaaHme CyMMbl OBYX CrydauHbIX BESIMYMH pPaBHO
CyMMe Mx matemaTudeckmx oxmgannn: M(X+Y) = M(X) + M(Y);

4) mateMaTu4eckoe OXuaaHue Npou3BedeHUs He3aBUCUMbIX CIlydarHbIX Be-
NWYNH PaBHO NPOU3BEAEHUIO NX MaTeMmaTndeckmnx oxmaaHun: M(X-Y) = M(X)-M(Y).

Hapsgy ¢ xapakrepuctukamm nosioxxeHns 60nbLUyo posSib UrpatoT Xxapakrepu-
CTUKM paccesHus. PacceaHne cnyyanHou BenuumHbl X CBA3AHO C OTKITIOHEHMEM
3TOM BENUYUHBI OT ee LeHTpa pacnpeaenerHns M(X). Utobbl yumTbiBaTb OTKIOHE-
HUS1 NPOTUBOMOSIOXHbIX 3HAKOB, YAOOHO paccmaTpmBaTh KBagpaThl OTKNOHEHWIA.
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Onpedenernue 21. [Qucnepcuen D(X) cnyyanmHon BenuuuHbl X HasbiBalOT
cpefHWn KBagpaT OTKIMOHEHUs CrydanHOW BeSiMYMHbI OT ee LeHTpa pacnpene-
neHuns:

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

Mcnonb3ys cBoMCTBa MaTteMaTU4YeCcKoro OXuaaHus, MOXHO 3anucaTtb Gonee
yaoGHYI0 hopMyny Ans noacyeTa avcnepcumn

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

[ns Toro 4TobObl paccMaTpuBaTb OTKIOHEHME B TEX Xe eAuHULax, YTo U
3Ha4YeHns crny4YanHou Benu4YMHbI, BBOOUTCS ellle ofiHa XapakTepucTuka — cpen-
Hee KBaapaTunyeckoe OTKIIoHeHne o( X ), KoTopoe onpeaenseTcs Kak

o(X)=D(X).

CowicTBa gncnepcuu:
1) D(X) >0;
2) ecnn C =const, To D(C) = 0;

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

lpumep 14
[unckpeTHas cnydYanHas BenuymHa X 3agaHa tabnuuen pacnpeaeneHns:

X 1 4 5 7
Pl 05|02 02| 0,1

Hantn M(X), D(X), o(X).
PeweHue:
Hangem matematmnyeckoe oxuganue: M(X)=1.0,5+4-0,2+5-0,2+7-0,1=3.

Ancnepcuio BbliYncnum no dopmyne D(X ) =M(X2)—M2(X).
Boluvcrum: M(X?)=1%.05+4%.02+5%-02+72-01=136;
D(X)=136-(3)°> =46;

o(X)=+/46 ~2145.

TeopeTuuyeckue Bonpochkl k pasgeny 4

1. 3akoH pacnpeaeneHus ANCKPEeTHOW CyYanHOM BENUYUHBI.

2. OyHKUMA pacnpegeneHnsa QUCKPETHON CryYanHoOW BENUYUHLI.

3. MaTtemaTunyeckoe oxmngaHme ANCKPETHOW CrlyYanHOW BENUYUNHDI.

4. [ncnepcuna n cpegHee KBagpaTtnyeckoe OTKIOHEeHUE OUCKPETHOU crnyyau-
HOW BEJNTUYMHDI.
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3apaHue 1 Kk pasgeny 4

JuckpeTHas cnyyavHas BennynHa MoXxeT NPUHUMaTh TONbKO ABa 3HAYEHUS:
X1 W Xy, NPUYEM X4 < X5 . VI3BECTHbI BEPOATHOCTb p4 BO3MOXHOIO 3HAYEHUS X1,

matematudeckoe oxmngaHme M(X) n gucnepcma D(X). Hantn 3akoH pacnpege-
NeHus 3TOoM Cry4anHOW BENNYNHBI.

Ne 1 2 3 4 5 6 7 8 9 10
| 01,0305 07090908 )06 | 04| 0,2
MX)| 39 | 3713533312232 | 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

I'Ipumeanue: 30ecb HOMep BapnaHTa HaxoguTtcsa B I'IepBOIZ CTpoOKe Tabnuubl.

Pazgen 5. HenpepbiBHbIe Crly4anHble BeSIMYUHbDI

OnpedeneHue 22. Cny4vanHble BENUYMHbI, BO3MOXHbIE 3HAYEHUS KOTOPbIX
CNNOLWb 3anosiHAKT HEKOTOPLIN UHTEepBas («,[5) KOHEYHbIN NN BECKOHEYHbIN,
Ha3bIBaKOTCSH HEMNPEPbIBHLIMU.

3aKoH pacrnpeneneHns BEpoATHOCTEN HeNpepbIBHOW CITy4anHOW BESIUYMHbI
X OOMMKEH MNO3BOSIATb HAaXo4UTb BEPOATHOCTb MoMagaHUAa ee 3HadYeHun B Jto-
bon uHTepBan, nexawun BHyTpU (o). [pn 9TOM BEPOATHOCTL MonagaHus
Ccny4yamHoOW BENUYMHbI B MHTEpBan (x;x+ Ax) manon anuHol Ax >0 MOXHO

I'Ipl/l6]'II/I>KeHHO CYNTaTb I'IpOI'IOpLI,I/IOHﬁJ'IbHOVI OJfiMHe  3TOro  unHTepBarna.

P(x <X <x+Ax)~ f(x)-Ax, rae yHkuma f(x)= lim plx<X<x+Ax)
Ax—0 Ax
Ha3blBaeTCA PYHKUMEN MNOTHOCTU pacnpeneneHns BepOosTHOCTEN CryyYyanHoM
Benn4yuMHbl X, a nponsdeeneHune f(x)-Ax = f(x)dx — anemMeHTOM BEPOSITHOCTMW.
CsoucTBa OyHKUMM NNOTHOCTMU:
1) f(x)=>0,xe(—0+x0);

2) BEpPOATHOCTb MnornagaHus criydanHon BenuuuHbl X B UHTepBan (x4, x, )

X2
paBHa p(xq <x<xy )= [f(x)dx; p(X =x9)=0;

2

3) O}f()c)a’xz'l.

[MnoTHOCTL pacnpenernieHns BeposaATHOCTEN BMOSIHe onpenenseT 3akoH pac-
npeneneHna HenpepbIBHOW Criy4anHon BeNUYnHbI X.

X2
Takkak p(x1 <X <xp)= [f(x)dx=F(xy)—F(xq1),T0 pyHKums F(x) sBns-

X1
eTcs nepBoobpasHon yHkumm f(x).: F'(x)= f(x), oTKyaa cneayeT, 4YTo Ans

40



HenpepbIBHOW criydanHon BenuyuHbl X yHKUKNA pacnpegeneHus F(x) asnser-
cs HenpepblBHOW. Ecnu 3agaHa yHkuma nnotHocth f(X), To byHKUMA pacnpe-
AeneHns MoxXeT ObITb HangeHa no gopmyne:

F(x)=p(-o<X<w)= )j’f(l‘)dt.

—0

OyHKuma F(X) HasbliBaeTcA WHTerpanbHon yHKumMen, a dqyHkums f(x) —
AndopepeHunansHON.

OnpedeneHue 23. MatemaTU4eCKMM OXUAAHWEM (CPeOHUM 3Ha4YeHueM,
ueHTpoM pacnpegernerHuns) M(X) HenpepbIBHOW CriydanHon BennynHbl X Hasbl-
BaeTCA MHTerpan oT npouseseeHuns ee 3HadeHun X Ha MNoTHOCTbL pacnpeene-
HUsa BepodaTHocTen f(X):

M(X)= oTxf(x)abc.

Onpedenernue 24. [lncnepcuio HEMpPEpPbLIBHOW Cry4yalHOW BESIMYUHBI Bbi-
4YUCIAT No hopMyre, KoTopas coBnagaeT ¢ OpPMYSIoN, NPUMEHSEMON B ANC-
KpeTHOM criyvae:

D(X)=M(X?)-M?*(X),
rne M(X?)= O}xz f(x)dx.

YKaxeM HekoTopble U3 Hanbonee 4acTo BCTPeYaloLMXCs 3aKOHOB pacnpe-
AeneHns HenpepbIBHbIX CyYanHbIX BENNYNH.

1. PaBHOMepHOe pacnpefeneHue B nHtepsarne (a,b).

[OBOpPAT, YTO criydamHasa BenuuuHa pacnpefeneHa paBHOMEPHO B KOHeu-
HOM MHTepBarne (a,b), ecnu Bce ee BO3MOXHble 3HAYEHUS COCPEOTOYEHbI Ha
9TOM MHTEpBane, 1 NIOTHOCTb pacnpedeneHnsa ee BEPOATHOCTEN Ha 3TOM WH-
TepBarne NnocTosiHHA.

PyHKUMA NIOTHOCTU pacnpeneneHuns sagaetcs opMyIion:

1
f(x)=3b-a’
0, eme wummepsana (a,b).
PaccmMoOTpyMM 4YnCroBble XapakTEPUCTMKN PaBHOMEPHOrO 3akoHa pacnpeje-

a+b (b-a)* _b-a
D(X) = o(X) =

2. HopmanbHbIN 3aKOH pacnpeneneHns.

[MnoTHOCTbL pacnpenenieHna BepoATHOCTEN HENPEpPbLIBHOW CrlydanHOW BESU-
YMHbI X N YUCIIOBbIE XapaKTepPUCTUKU, NPUCYLLUNE yKa3aHHOMY 3aKOHY pacrpe-
AenexHuvs, MeroT Bua;:

eciu a<x<b;

nenna: M(X )=
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(x-a)®

2
e 2V X € (—0,4® ),

f(x)=

o227

rnea=M(X)oc=0o(X).
BeposTHOCTb TOro, 4to crny4yamHasa BenuumHa X NpUMET 3HAYEeHUSA U3 UH-
Tepsana (x4, x, ) OnpeaensaeTcsa ¢ NOMOLLbO0 MHTerpansHon dyHKuuM Jlannaca

p(X1 <X<.X2):CD(M}—CD()C1 _a}.

(6} (6}

CnpaBegnmBo «nNpaBuIio TPEX CUrM»: P(/X—a /<30')=O,9973, KOTOpoe no-
3BOSISIET MNPU peLleHUM NPaKTUYEeCKMX 3adad NPUMEHSITb HOPMasibHbIN 3aKOH
pacrnpegernieHmst K criydarHbiM BenuynHam, 3afaHHbiIM Ha KOHEYHOM MHTepBa-
ne. K HopmarnbHOMy pacnpegeneHuntio obblMHO NPUBOAAT 3a4aun, CBA3aHHbIE C
pacrnpegeneHmemM cyMm DOMbLLIOro YMcra CriydYamHbIX BESTUYUH.

3. lNokasaTernbHbIN 3aKOH pacnpeneneHus.

[MNOTHOCTL BEPOATHOCTEN onpenenseTca opMynomu:

fex) 0, ecmu x<0;
x)= .
re ™ ec x>0

dopmyna pacnpeneneHns rnokasatenbHOro 3akoHa:

Flx) 0, ecu x<0;
xX)= .
1—e™ ecm x>0

Yucnosble XxapakTepUCTUKK: M(X):%,D(X):%,G(X):%.
A

K NnoKasaTesyibHOMY 3aKOHY pacnpenenenHns BepOFITHOCTeVI npmnBoauUT 3aga-
Ya O pachnpegeneHnn npomMmexyTtka BpeMeHn X Mexay AByMA nocriegoBartesib-
HbIMW COObITUSIMU B I'IpOCTeIZLLIeM NMOTOKeE.

lpumep 15
Cny4danHas BenuymHa X 3agaHa yHKUnen pacnpeneneHms:
0, ecm x<-1

f(x)= Cx?, ecm -1<x<3
0, ecu x>3

TpebyeTtcs:

1) onpegenutb KoadduumneHT C;

2) HanTn oyHKUMo pacnpeneneHma F(x);

3) cxemaTuyHO nocTpouTb rpadunkm dyHKumm f(x) n F(x);
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4) BblYMCIINTb MaTeMaTUYeCKoe OXuaaHue, ANCMNEPCU0 N cpeaHee KBaapa-
TUYECKOE OTKITOHEHUE Cny4YanHOW BeNuYuHbl X;

5) onpenenuTb BEPOATHOCTb TOro, YTo X NPUMET 3Ha4YeHUsa U3 MHTepBana
(1; 2).

PeweHue:

1. KoadpcbmumeHT C MoxHO onpeaenuts us yenosua | f(x )dx =1.

—00

o0 1 3, o 3 x33
[ f(x)dx= [ 0dx+ [Cx“dx+ [Odx=C [x dx:C? =
—0 —o0 -1 3 -1 1
3 3
= s =C§:1:>C§:1:>C:i.
3 3 3 3 26
Torpa
(0, ecmu x<-1,
2
f(x)= 32% ecu —-1<x<3,
0, ecu x>3.
i

X
2. ®yHKUMIO pacnpefeneHns Hangem us cooTHowennst F(x )= [ f(t)dt:

—o0

ecnn x<1, 10 F(x)= [0dt=0;

—0o0

ecnun -1<x<3, To

-1 xR,2 3 F 3, .43 3
Fix) - de;+]3’ 3 a2 ) (v ;

L 26 26-3 26 26 26
—1 33t2 X
ecrm x>3, 10 F(x)= [ 0dt+ j%dt+ [0dt =1.
—0 -1 3

Takum obpasom, pyHKUUSA pacnpeneneHms UMeeT BUA:
(0, eciu x<-1
(x+1)°
26
1 eciu x>3

F(X) =+ , ecmu —-1<x<3.
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3. rpadoumkm cpyHKummn f(X) n F(X) nsobpaxkeHbl Ha pUCYHKax:

4 f(x) 4 F(x)
1 B 1 |
0.1 | 0,04
N | > Vel | >
-1 3 X -1 3 X
Puc. 2. dyHKUMS NNOTHOCTU Puc. 3. ®dyHKumMs pacnpeneneHus

4. Hangem martemaTndeckoe oxuaaHve n aucnepcuio criydanHom BennymHbl X:

+00 —1 3 3X2 +00
M(X)= [x-f(x)dx= [Odx+ fx-%dx+ [Odx =
—0 -1 3

—o0

3 (34 _(—1)4}@

3 x43
____1:26 4 4 13

26 4

[ns Bbl4MCNEHNSA ANCNEPCUN HaruaeM M(Xz):

5 _+oo 5 _—1 3 5 ﬁ +00 ~
M(X“)= [x°-f(x)dx= [Odx+ [x°- 6 dx+ [Odx =
—00 -1 3

3 (35 _(—1)5J: 366

"%l 5 5 65

—1

Bocnonbayemca doopmynon D( X ) :M(Xz)—Mz(X):

2
D(X)= %_(%j ~ 0,306.

CpegHee KBagpaTM4ecKoe OTKMOHEeHMe  criydanHon  BenuuuHbl X
o(X )=+/D(X)=+/0306 ~0,553.
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5. BepoaTHOCTb TOro, 4TOo CcnyyamHas BenuynHa nonaget B HEKOTOPbLIN UH-
TepBas, MOXHO HaNTU UK C MOMOLLBIO OYHKLMN NIIOTHOCTU, UMK C MOMOLLbIO
dyHKUMKM pacnpegenenus. PaccmoTtpum oba BapmaHTa:

3.22 7.
26 13’

23,2 330 28 7
6) P(1< X <2 dx =
) < X<2)= Jf(x)‘x 26 “ 23 " 26 26 26

a) Pl<X<2)=F(2)-F(1)=1-

TeopeTnyeckue Bonpochbl K pasgeny 5

1. yHKUMA NSIOTHOCTU pacnpesesieHns BepOSATHOCTEN.

2. YucrnoBble XxapakTepUCTUKN HEMPEPbIBHbIX CryYanHbIX BENNYUH.

3. dyHKUMSA pacnpeeneHns BeposTHOCTEN HENPEPbLIBHOW CrlydanHOW Benu-
YUHBbI.

4. PaBHOMepHOe pacnpeferneHue.

5. MNokasaTenbHbI 3aKOH pacnpeaesneHuns.

6. HopmarnbHbIN 3aKOH pacnpeneneHus.

3apaHue 1 k pasgeny 5

HenpepbiBHas crnyvyaHasa BenudnHa X 3aiaHa cBoeu MrOTHOCTbIO pacnpe-
nenenus sepoaTHocTen f(x). TpebyeTcs:

1) onpegenutb kKoadppuuneHT C;

2) HanTn yHKUuo pacnpegenenms F(x);

3) cxeMaTU4HO NocTponTb rpadoukm pyHkumn f(x) n F(x);

4) BblMMCNUTb MaTeMaTMYECKOE OXMAaHWe, ANCNEPCUIO U cpeaHee KBagpa-
TUYEeCKoe OTKIOHEHME CnyYanHOW BeNMUYnNHbI X;

5) onpegenuTb BEPOATHOCTb TOro, YTO X MPUMET 3HAYEeHUs U3 MHTepBana
(e, P).

(0, ecmu x<-2

1.f(x)=<Cx3, ecmu —-2<x<5 a=0p=4,

0, ecmu x>05,

S

(0, ecmu x<0,
2. f(x)=<C, ecmu 0<x<5,a=1p=4.

\0’ eciu x> 5,
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3. f(x)=H

4. f(x)=-

5. f(x)=A+

6. f(x)=-

0, eciu x<-1

%, eciu —-1<x<4 ,a=2,[=3.

0, ecuu x>4,
N\

0, eciu x<-3,

2
%, ecu —3<x<2,a=-1p=0.

0, ecmu x>2,

\

(0, ecmu x<-2,

%, ecmu —-2<x<3,a=-1p=1.

\O, eciu x> 3,
(0, ect x<-—1,
3Cx4, ecmu —-1<x<7,a=1p=5.

0, eciu x>7,

\

(0, ecmu x<0,

7. f(x)=44Cx, ecm 0<x<2,0=0p=1.

8. f(x)=1

9. f(x)=+

0, ecmu x>2,
(0, ecut x<O0,
—sz, ecu 0<x<3,a=1p=2.
0, ecu x>3,

(0, ecm x<-3,
—2Cx, ecmu -3<x<2,a=-2;,p=1.

10. f(x)=

0, e x>2,

0, ecu x<-1

5Cx3, ecuu —-1<x<5,a=3,p=4.

0, eciu x>5,
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