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1 IIacmopT KOMILIEKTAa KOHTPOJIbHO-0lleHOYHBIX cpeacTB (KOC)
1.1 ®opmupyembie KOMNETEHIMH

KOC nmpenHa3HaueHbl 11 KOHTPOJISI M OLIEHKM 0OOpa3oBaTeNlbHBIX
JOCTHKEHUM O00y4YaroIMXCsl, OCBOMBIIMX IPOrpaMMy Y4eOHOM JUCIMILIMHBI
OCHOBBI MATEMATHYECKOTO AHAIIN3A.

KOC BkiH0OYarOT KOHTPOJIBHBIE MaTepHallbl I MPOBEACHHS TEKYILETO,
pYOEKHOTO KOHTPOJIA U IPOMEKYTOUHOM aTTecTaluu B (popme 3auera.

B pesynbrate ocBoeHus yueOHON AUCHUILTUHBI OCHOBBI MaTeMaTHYECKOTO
aHanm3a oOydarolmuics JoKeH o6nagate npeaycMoTpeHHbiMu  OI'OC
CIIEYIOIMMU YMEHUSAMHU, 3HAHUSAMHU, KOTOpbIe (OPMUPYIOT OOIITHE KOMITIETEHIUU:

OK 01. Boibupars cmocoObl pemieHus 3agad  IpodecCHOHATBHOU

JEATEIIbHOCTH MPUMEHUTEIBHO K PA3JIMYHBIM KOHTEKCTAM;

OK 02. OcymiecTBisTh MOUCK, aHAIU3 M HHTEPIIpETaIuio HH(OopMaIuu,
HE0OXOIMMOM ISl BBIMTOJIHEHUS 3a]1a4 MpodheCcCUOHATBHOM EeATeTbHOCTH;

OK 03. [1nanupoBath ¥ peain30BbIBaThH COOCTBEHHOE MPO(hEeCCUOHATBLHOE U
JUYHOCTHOE Pa3BUTHUE;

OK 04. PabGoratp B KOJUIEKTUBE U  KOMaHAe, 3(P(HEKTUBHO
B3aMMO/ICHCTBOBATH C KOJIJIEraMU, PyKOBOACTBOM, KIIMEHTaMU;

OK 05. OcymecTBiATh YCTHYHO M NHMCBMEHHYI0O KOMMYHHUKAIMIO Ha
rocyapcTBeHHOM si3bike Poccuiickoit ®Denepaiii ¢ y4eToM OCOOEHHOCTEMH
COIIMAJILHOTO U KYJIbTYPHOTO KOHTEKCTA;

OK 06. IIposBnATH IPaXXJaHCKO-TTATPUOTUYECKYIO MTO3ULHIO,
JEMOHCTPUPOBATH OCO3HAHHOE MOBEJIEHNE HA OCHOBE TPAAUIIMOHHBIX
0O0LIEYeIOBEYECKHUX [IEHHOCTEM;

OK 07.ConeiicTBOBaTH COXPaHEHUIO OKpY Karoen cpensl,
pecypcocbepexennio, 3 (PEKTUBHO TEMCTBOBATH B YPE3BBIYAHHBIX CUTYAITUSX.



2 KoHTposb W OLlEHKA OCBOEHHsI y4eOHOW AUCHUILIMHBI MO TeMaM
(pa3nenam)

2.1 ®opMbI U METOAbI OLIEHNBAHUS

[Tpu n3ydeHun yuyeOHOW AMCLMILIUHBI IPETYCMOTPEHBI CIEAYIOLUIUE BHJIbI
TEKYILEro KOHTPOJIs 3HaHUH, 00y4aroIuxcsi:

TECThI — KOHTPOJIb, IPOBOAUMBII MOCIIE U3yUYEHHUs MaTepuaa, Mpeanoiaract
BbIOOP 1 000CHOBAaHKE MPABUILHOTO OTBETA HA BOIPOC;

YCTHBIM OIPOC — KOHTPOJIb, IPOBOAUMBII MTOCIIE U3YyYEHUSI MaTEpHala B BUJIE
OTBETOB Ha BOIPOCHI, MO3BOJISIET HE TOJBKO MPOKOHTPOJUPOBATh 3HAHUE TEMBI
ypOKa, HO ¥ pa3BUBATh HABBIKH CBOOOHOTO OOIIEHUS, MPABUIBHON YCTHOM peyn;

MMCbMEHHBIA KOHTPOJb — BBINOJHEHUEM MPAKTUUYECKUX 3aJaHUA 110
OTIEIBHBIM TEMaM, IO3BOJIIET BBISIBUTH YPOBEHb YCBOEHHS TEOPETHYECKOTO
MaTepualia i yMEHUE IPUMEHSATH NIOJyYECHHbBIC 3HAHMSI HA IPAKTHKE.

WTOroBbIii KOHTPOJIb 110 IUCHUIUIMHE TPOBOAUTCA B (POpME IK3aMeHa.

Tabnuna 3 — Kpurepuu o1ieHKU IpOBEPsSIEMbIX YMEHUN

Ne | Tun (Bua) | [IpoBepsiemble 3HAHUSA U Kpurepun oueHku

HoKa3aTeeM; IPaBUI
BBIUUCIICHUS TIPEJIEIOB
(GyHKIMH B TOUKE, HA
0ECKOHEYHOCTH; OCHOB
MaTEMaTHYECKOro aHAJIN3a;
(bopMyI1 BEIUMCIIEHUS
paccTOSHUS MEXY IByMS
TOYKaMH, KOOpJUHAT
CepeIMHbI OTPE3Ka; JJINHA
BEKTOPA, MOJlyJIb BEKTOPA,
BBIUNCJICHUS YTJIa MEXKIY

3aJaHus yMeHusl
1 | Tectnt 3nanue cBoiicTB creneneii ¢ | «5» - 100 — 90% npaBUIBHBIX OTBETOB
JEeUCTBUTEIbHBIM «4» - 89 — 80% npaBWIBHBIX OTBETOB

«3» - 79 — 70% mpaBUIIBHBIX OTBETOB
«2» - 69% u MeHee NTpaBUIIbHBIX OTBETOB

TOXJIECTB; GOpMYII
MIPUBEICHUS; TAOIHUIT
MIPOM3BOIHBIX, TTPABHIT
g hepeHIMPOBaHMS;
dbopmyn oObema Te u
MOBEPXHOCTEH BpaIlIeHUs

BEKTOpPAMHU
2 | MaremaTtu- | 3HaHHWE TAOJIUIBI 3HAUCHUH «5» - 100 — 90% mpaBHIBHBIX OTBETOB
YECKUU TPUTOHOMETPUYECKUX «4» - 89 — 80% npaBUIIbHBIX OTBETOB
JUKTAHT (GyHKIMI; OCHOBHBIX «3» - 79 — 70% mpaBUIIBHBIX OTBETOB
TPUTOHOMETPUYECKUX «2» - 69% u MeHee paBUIIbHBIX OTBETOB

3 | Ycrabiin
OIpoc

3HaHUE TPaBUII HAX 0K ICHHS
npenenoB QyHKINH,
onpeaeeHus MPOU3BOJHOM;
AJITOPUTMOB BBIYUCICHUS
TJTONIaAeH KPUBOJIMHEHHBIX
Tpaneuun

3a mpaBWIbHBIN OTBET CTABUTCS
TOJIOKUTEIbHAS OLICHKA




Pedepar

3HaHue npaBuiI 0HOpMIICHHS
pedeparon

«5» — BBITIOJIHEHBI BCe TPeOOBaHUS K
HaNKMCaHUIO U 3ammTe pedepara:
o06o3HaueHa npobieMa u 000CHOBaHA €€
aKTyaJIbHOCTb, COPMYIUPOBAHBI BEIBOIBI,
TEMa PACKphITa TOJTHOCTHIO, COOITIOICHBI
TpeOOBaHUS K BHEITHEMY O0()OPMIICHUIO;
«4» —MMEIOTCSI HETOYHOCTH B U3JIOKCHHUU
MaTepHuasa; OTCYTCTBYET JIOTHUECKas
TI0CJIEIOBATEIBHOCTD B CYXKIICHUSIX;
UMEIOTCS YITYIIEHUS! B 0()OPMIICHUH;
«3» — UMEIOTCS CYIIECTBCHHBIC
OTCTYIUIEHUS OT TpeOOBaHUM K
pedepupoBannto. B yacTHOCTH: Tema
OCBEIICHA JINIIb YACTUYHO; JTOMYIECHBI
(hakTHYecKre OMMUOKH B COJICP)KAaHUHT
pedepara wim pu OTBETE HA
JIOTIOJTHUTEIIbHBIC BOIIPOCHI; BO BPEMs
3alIUTHl OTCYTCTBYET BBIBO/I;

«2» — Tema pedepara HE pacKphITa,
0OHapYKUBACTCS CYIIECTBEHHOE
HETIOHMMaHue TpooIieMbl, pedepaT He
NPE/ICTABJICH.




Tabnuna 4 — KoHTpomb U OIleHKa OCBOSHUS yU4eOHON AMCIUILIMHBI IO TeMaM (pa3jesiam)

DJieMeHT y4eOHOI TUCHUILIHHBI

PyGe:kHbIi KOHTPOJIb

®dopmMa KOHTPOJIS

®DopmMa KOHTPOJIS

®DopmMa KOHTPOJIS

IIpoBepsiemble
OK, Y

Pasznea 1. Beenenue B anajaus

3avder

Tema 1.1. I[I/I(I)(l)epeHHI/IaHBHOC u | Yemmuoui onpoc Camocmosmenvhas
Ipaxmuueckasa paboma paboma
HHTCIPAJIbHOC NCUUCIICHUC MNol
Tlpaxmuueckasa paboma
No2
Tema 1.2. KoMILUIEKCHBIE YHCIIA Yemmuwuii onpoc CamocmosmenvHas
Tpaxmuueckasa paboma paboma
No3
Tema 1.3 Psiner. Yemmuwuii onpoc CamocmosmenvHas
Ipakxmuueckas paboma paboma
Nod
Tema 1.4 HI/I(i)(bepeHHI/IaJILHOG Yemmuwuii onpoc CamocmosamenvHas
o Tecmuposanue paboma
HCUYUCIICHUC (I)YHK]_II/II/I HECKOJIBKHUX
IIEPEMEHHBIX
Tema 1.5. OOBIKHOBEHHBIE IS;cmen? onpoc . Camocmosmenvhas
[pakmuueckas paboma 6
nuddepeHIaIbHble YpaBHEHHE oS pavoma
Paznen 2. /Iluckpernasi mareMaTuka
Tema 2.1 MHoOkecTBa U OTHOILICHUS. ZP;KWWQCW’?W@W
fo
CsoiuctBa oTHomeHur. Onepannuu
Haa MHOXKECTBAMHU
Pa3znen 3. YncsieHHbIE METObI
Tema 3.1 YuCcIeHHoe jIVYp;szuuecm;z paboma CamocmosmenvHas
4 6
HUHTEIPUPOBAHUE pavoma
Tema 3.2. YucieHHoe Z];akmuuecmﬂ paboma CamocmosmenvHas
0,
2 paboma
,HI/I(l)(I)epeHL[I/IpOBaHI/IC Yemmuwuii onpoc

OKI - OK7




Paszneun 4. Teopusi BepoATHOCTH M

MaTeMmaTundeCKkad CTaTUCTHKA
Tema 4.1. TeopI/Iﬂ BepOHTHOCTeI\/'I Yemuwuii onpoc CamocmosmenvHas
Ipaxmuueckasa paboma paboma
Ne9
Tema 4.2. MatemaTuueckas Ipaxmuueckasa paboma CamocmosmenvHas
Nel0 paboma

CTaTUCTHKA

Yemuwuii onpoc




3 3agaHus 1J151 OLEHKH OCBOCHUS YU4eOHOH TUCIUNIMHBI

Pasznea 1. BBeagenue B anHajaus

Tema 1.1. JuddepeHuuanbHoe ¥ HHTErPAJIbHOE HCYHCTICHUE

[TpousBoanas dhyukiuu. [lonarue nuddepeHnnana GyHKIUA U €T0

CBOICTBA
Ceeodenus u3z meopuu:

Tabauua npou3BoAHBIX.

Caoxnbie QyHKIUM.

IIpocTbie pyHKUMH.
1. (x™) =n-x"1
2. (¢) = 0,c — nocTossHHas
3. () =
4, (Inx) ==
5. (log, x) xIna
6. (@) =a*-lna
7. (e¥) = e*
8. (sinx) = cosx
9. (cosx) = —sinx
10.(tanx) = o
1

11.(ctgx) = —

N 1
12.(arcsinx) = T

: 1

13.(arccosx) = — —
14.(arctgx) = 1+x2
15.(arcctgx) = — —

1. U™ =n-Uurt-U
2. (c)' = 1 C — NOCTOSIHHAA
1
"
5. (log,U) = e
6. (UY) =U*-InU-U’
7. (eV)' =e’ U
8. (sinU) =cosU-U’
9. (cosU) = —sinU U’
10. (tanU) = SZU
e
11. (ctgl) = —
. A
12. (arcsinU) = —
, U’
13. (arccosU) = — —
14. (arctgl) = 1+U2
, U
15. (arcctgl) = — — 7

IIpaBuiia BbIYuCICHHS.

|

U+V) =U+V'
[U(x) - V()] =
[U-V]=U-V+U-V

(af(x))’ =a- f'(x),a—const

N

B ow

(U@ V@) =U'(x) 1V (%)

Ux)-Vx)+U(x) V' (x)




ue)\ U )VE)-U@) v (x)
5. (m)) - oy V() £0
v\' _uv'v-uv’

[Ipou3BOoAHBIE BHICIIMX MTOPSIIKOB.
[lo ompeaenenuto, BTOpass MNPOU3BOAHAS (PYHKIUU y = f(x)

paBHa

MIPOU3BOJAHON OT €€ (IepBOi) MPOM3BOTHON y', T.€. y” = (f’(x))’ W BooOImIe, N-i
POM3BOIHOW (DYHKITMH Ha3bIBACTCS MPOU3BOAHAs OT ee (N — 1)- mpou3BoaHOM

!
(n) (n-1)
v =)
Ilpumep 1.
HaiiTy BTOPYFO IPOM3BOMHYIO QYHKIHH Y = X -Sin 2X
Pewrenue:
1) Hanpgem nepsyto NponsBogHY GyHKLMK
y' = (x*sin 2x) =(x*) -sin 2x+ x*(sin 2x) = 4x"-sin 2x + 2x* - cos 2x =
= 2x°(2sin 2x + x cos 2x)
2) Haiizem BTOpYO NPOU3BOAHYIO
y” = (2x%(2sin 2x + xcos 2x)) = (2x%) -(2sin 2x + xcos 2x)+ 2x*(2sin 2x + xcos 2x) =

= 6x7(2sin 2x + xc0s 2x)+ 2x°(4cos 2x + €os 2X — 2xsin 2x) = 2x”(6sin 2x + 3x COS 2X +

4XCOS 2X + XC0S 2X — 2xsin 2X) = 4x°((3 = X)sin 2X + 4xcos 2X)
Otser: y" = 4x°((3-X)sin 2x + 4xcos 2x)

Ilpumep 2
Haiitu npou3BoaHyto 4-r0 nopsiaka GyHKUMUA Y = Sin 2x
Pewenue:

y' = (sin 2x), =¢0s 2X-(2x)" = 2¢0s 2x

y" =(2cos 2x)" = -2sin 2x-(2x)" = —4sin 2x

y" = (-4sin 2x)' = —4cos 2x-(2x)" = —8cos 2x

y® = (~8cos 2x)’" = 8sin 2x-(2x)' =16 sin 2x
3aoanus 01 CAMOCMOAMENbHO20 PEUIEHUA:

Haiinute npou3BoHYO YKa3aHHOTO MOPSJIKA CISAYIOMMNX (PYyHKIIHIMA:

1 y=5x+2x"+1, Hanmm y"; 5 y=x"+2x>-x%+4,Haitn y’;
= i ) "ne 1 1 \¥]
2 y=5sin3X, naittn y7; 6 y=-x>-=x%-2,Halittn y";
3 y=tg’x,Haiitn y"; 3 , 2
. . , X
4 y=sin X+COSX,Hantn y"; 7 Y=, Haim y7;

2 v "
8 y=x":-Inx,Hantn y

10



KOHmPOJleble eonpocwol:

1) 3HaHue 3HaYeHHE MPOU3BOIHBIX HEKOTOPHIX TAOINYHBIX (PYHKIIUHA.
2) [IpaBuna BbIYHMCIECHUS TPOU3BOAHBIX.
3) Uro Ha3bIBaeTCs MPOU3BOAHON BBICIIMX MOPSIIKOB?

Tema: 'eomeTpuyecKkue NpUI0KEeHHUs ONpeAeIeHHbIX HHTErPaJIoB
Ceéedenusn uz meopuu:

Tadauua MHTErpasoB.

1. [dx=x+C 8. [cosxdx =sinx + C
xn+1 dx _

2. [x™dx = —+C 9. fcoszx =tgx+C

dx dx -

3. [-=Inx+(C 10.f —— = —ctgx +C

4. [eXdx=e*+C 11.f\/%dx=arcsinx+C
ax

5. Ja¥dx = matC 12.f 12222 = arctgx + C

6. ISIHde:_C(isx-I_C 13.fcosnxdx=%sinnx+€

7. [sinnxdx = —=cosnx + C

b

jf(x)dx =F(b)-F(a)=F(x)

a

dopmyna (2.1) HazsiBaeTcs Gpopmysoit HetoToHa - JletiOHuma

[IpunoxeHue OMpeACICHHOTO HWHTErpaja K BBIYMCICHHUIO IUIOMIAACH U
00bEMOB.

Ilpumep 3

Berunciute miomans GUrypsl, OrpaHMICHHON THHUAMHI y = X° U Y = 3x

; (2.2)

Pewenue:
Paccmotpum uckomyto durypy (puc. 2.1)

11




B cuny cummerpuu, JOCTATOYHO
MOJICUUTATh TUIOUIA/b S YacTH (QUTYPHI,
JeXalle B MepBOM KBaJpaHTE, a 3aTeM
pe3ynbTaT yaABouTh. CucteMa ypaBHEHHIM

y=x°,

y-3x

Nmeer pemienns x, =0, y, =0, U

[Inomans S momydaeTcss Kak

Pa3HOCTh IJI0IIAIEN IBYX
KPUBOJIMHEVHBIX TPANCHUN

Puc. 2.1
1 1 1 4 4
S:J‘?&/;dx—J'x?’dx:J'xAdx—X—‘%,ZEXA‘%)—EZE—EZi
; ) ) 4 1°" 4 4 4 4 2

OtBeT: 1 KB. ef1.
Ilpumep 4
Beraucnure miomaas GpUrypsl, orpaHMueHHON JIMHUAMU

T o ) 9
y = Ccos X[O <X< —] y, Y=0, x=0 HIOpsIMOHU , IBJISIOLICUCS KaCaTCIbHOU K JINHUU
2

V4
y =C0S X B TOUKE X = —
Pewenue:
y : AR
CocTaBuM ypaBHEHHE KaCATEIbHOM: TaK KaK y'=-sin X y’(—] =-—),
4 2

) 2

y(—} = 7, TO KOOPAWMHATBI TOYCK Ha KacaTeJIbHOM YAOBJICTBOPAIOT

4
V2 —2( x V2 (V2r V2
YpaBHCHHIO y—7=T X—Z = y=—7x+ —+ .

8 2

12



JlanHbie TUHUN 00Pa3yIOT 3AIITPUXOBAHHYIO (UTYPY HA puC. 2.2.

Hatinem TOUYKY X, . ‘

HIEpECEYEHNUs KacaTeIbHOM C OChIO )

Ox .

2 8
T
< X, =—+1.
4 /
Hckomyro  miomags S
HAXOJUM KaKk CyMMYy ILIOIIaaei Yy =COSX
o ’
JIBYX COCTABIIIOIINX €€ YacTei 0 P ® X x
4 2
Puc. 2.2
i 2 (2 2)). ¢ S N NN A NN

Szj XAt |— 7+ — dx—jcosxdx+ j — Xy | — A — | [=—— X2+

2 8 2 " a 2 8 2 4
2
V2 2 ‘2 _ 5 J2 .| O 2z 2 G 2 2 @

] —+— x| *=sin x| - —x ] —+ —x = .
8 2 0 0 4 % 8 2 % 4 4 8 2
NP \/E[(n ] nZJ \/5[7[ ][ ﬂ] V2 \/E(nz x ;ﬁ}

+— —-1-—||—=+1| —— |+ —| —+1||l-—|=—7-1-—| —+ —+1-— |+
2 2 4 (|4 4 2 L4 4 4 416 2 4
Nof o=t (av2 -16 + 2+2)

2 16 ) 16
(4v2 - 16 + 7+2)
OTBeT: KB. €]I.
16
Ilpumep 5

MGTOI[OM HHTCIPAJIBHOI'O HMCUMCICHHUA [OO0Ka3aTb, 4YTO 00BEM KOHYCa

BBIUMCIISIETCS TI0 POPMYIIE v — = zr?H , Tae R — pammyc ocHoBanus, H — BeicoTa
3

KOHYyca.

Pewenue:
[IpumenuM QopMyiry uisi BBIYHCICHHS OoObeMa Tela, MOJYyYEeHHOTO MPH

BpaIllEHUH KPUBOJIMHEWHON Tpaneunu BOKPYr ocu Ox (puc. 2.3)

13



H

V o=z [y*(x)dx (2.1)

N3 nopobust TpeyroibHUKOB

OAH n OBx umeeMm:
OH R Ox -R
—_— = — & y =

Ox y OH

=V

Ho OH = H (H - BbIcoTa
KoHyca), Ox = x (x — abOcmmcca
MOMEPEYHOr0 CEYCHHSI KOHYCa).
CnengoBaTenbHO,

R , R* ,
y=—x,0TKyga y =—,X .
H H

[ToactaBuB B Qopmyny (2.1), mocne o4eBUIHBIX MpeoOpa3oBaHUil Oynem
UMETh

HRZ , RZ X3
\Y =7zj—2x (X)dx = 7 ——
H H? 3

. 7R%H
3

0o =

0
3aoanusn 014 cAamMoOCMOAMENbHO20 PEULEHUA:
1. Beruucaure miomaab GpUrypsl, OrpaHU4€HHON 33 1aHHBIMU JIMHUSMU:
2
1) y= 3X - X » y=0
2
2) Yy=X,x+y=2
2
3) y= 6Xx - X ,y y=0
4) y-sinx,y=0, xe [0. 7]
2
5) y=%, y=3-x
X
2. Jlokaxkute, 94TO0 00bEM MUPAMU/IbI BEIYUCISIETCS 110 hopMmyJie

1
V =-S5,-H,rae So - TJIOIA/Ib OCHOBaHMUS, [ — BbICOTA TUPaAMHUIbI.
3

3. lokaxmwure, uTo 00BEM MPHU3MbI HaxoauTcs mo Gopmyne V =S, - H | rae

S, - wIomaabs OCHOBaHUsI, H — BBICOTA MTPU3MBI.
4. JlokaxuTe, 4T0 00BEM ITUIIMHIPA BEIYUCIISAETCS 110 (hopMmyie

V =2R°H ,TIe R - paaumyc OcHOBaHus, /1 — BBICOTA HUIMHAPA.

5. Haitnute oObeM Tema, TOJYYEHHOTO BpalleHUEM KPUBOJIHHEHHON
Tparneunu, OrpaHUYEHHON JIUHUSIMA x =0, x =1, y=0, y=¢e”.

Konumponwvnwie gonpocwi:
1. ®opmyIibl UHTETPUPOBAHUS.
2. IlpuBenurte mpuMepbl TPUIOKEHUS ONPECICHHOTO HHTETpaIa.
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Tema 1.2. KoMIIeKCHbIE YHUCJIA

Tema: JledicTBMSI HAJ KOMIUIEKCHBIMHM YHCJIAaMH, 33JaHHBIMH B
TPUTOHOMETPHUYECKOM BHJIE.

Ceeodenus u3z meopuu:

Enn Ha mockocTt BRIOpaTh MPSAMOYTOJBHYIO cucTemMy koopawHaT OXY, To
Ka)K10€ KOMIUIEKCHOE YHCIIO MOXHO HM300pa3WTh TOYKOW ¢ KOOpAWHATaMu a U D.
Bcsikoe KOMITIEKCHOE YK CIIO Z MOKET OBITh IPEACTABICHO B TPUTOHOMETPUUYECKOM

dbopme.
z=r(cos ¢ +isin ¢), r=0.

Yucino r ssusercs MOAYJICM, a YVYIroJl ¢  HA3bIBACTCA aApPIryMCHTOM
KOMIUJICKCHOT'O YHCJia Z.

. a ) b
Ecim z=a+bi,T0 r = a2+b2, cos ¢ = — ,Sin ¢ = —.

r r
JInst Momynedt JOBYX MPOU3BOJIEHBIX KOMIUIEKCHBIX YHCET CIPABEITUBO
HEpaBeHCTBA

7] - lza 5 |22 - 22l < Jaa] + 2]

KoMIuIekcHbIe uncia Z; = I,(Cos ¢, +isin ¢, ) u z, = r,(cos ¢, +isin ¢, )
(3aaHHBIE B TPHTOHOMETPUUYECKON (hOpME) YMHOKAIOTCS U ACTATCSA COOTBETCBEHHO
1o ¢popMyam

2,2, =1 L(cos (g + @) +isin (¢, + 9,))

L
Z, r2(

cos ((pl — g02)+ isin ((01 -0, ))

Ecmi ne z,10 2" = (r(cos ¢ +isin ))" =r"(cos ng +isin ng).

PaBeHCTBO  (cos ¢ +isin @)  =cos ng +isin np  HasbBaeTcs  (popMyIOi
Myaspa.

N3Bneuenne  KOpHA  N- CTENEHM K3  KOMIUIEKCHOTO  YHCIIa
z=r(cos ¢ +isin @), r=>0,daeT N pa3IUYHBIX 3HAYECHUH, KOTOPHIE MOKHO HANUTH

o gopmyiie

+ 2 + 2
Q/;:Q/F(coqurisin u],

n n

rnereR, x=01,..,n-1.

3aoanus 01 cAamMoOCMOAMENbHO20 PEULEHUA:

1 3anuIKMTe KOMIIEKCHBIE UHCIIA B TPMIOHOMETPUUECKOH Gopme
1) —i; 3) —1+41i; 5) V3 - |
2) 1+i; 4) —1-1i; 6) 4 - 3i

2 Beruncnure:
1) 5(cole° +isin 10°)- 2(cos80* +isin 80°);
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2) 3(c0350°+isin 50°)-4(cos70°+isin 70°);
T V4 6 .. b
3) 2(cos—+|sm —j-G(cos — 7z +isin —72');

7 7 7

3 2 .2 7 .
4) (cos — 4+ isin —nj S(COS — 7 + 18In —nj-?(cos — 7 + 18In 127rj;
4 3 3 12
5) (l+|)
1+\/§|
6) ) ;
1-
7) W3+ )
200
V31,
8) |-
2 2
o) cos140 ° +isin 140 °
cos50° +isin50°
cos130 ° +isin 130 °
10) - -
cos 40 +isin 40
5(cos 109 * + isin 109 |
11) :

3(cos 49" +isin 49°) ’
3 HaiinuTe Bce 3HAYCHUS KOPHS

1) V1-i3; 2) i ; 3)v/3 - 4i 4) 31,
5) 4-1; 6)V1+i); N3@+i); 8) Ui

KOHmPOJle ble eonpocol:

1) Kakue yncita Ha3pIBaIOTCS KOMIIJICKCHBIMH MHHUMBIMU?

2) Uto Ha3bIBaeTCS MOAYJIEM KOMILJICKCHOTO YHciia?

3) Kak BBIMONHAETCS CIOKEHHUE U BEIYUTAHNE KOMITJICKCHBIX YHCEIT?

4) Kak BBITIOTHAETCS YMHOKEHHE KOMILJIEKCHBIX YuCcen?

5) Kak BBIMONHSAETCS ICNCHUE KOMIUICKCHBIX YHUCEN?

6) Kak BBITOIHSAETCS BO3BEICHNUE B CTCIICHh MHUMBIX U KOMIUICKCHBIX
qucen?

Tema 1.3 : Psanl
Yucnosele psiasl. Pemenne 3anay.
YuCIOBBIM psiIOM Ha3bIBAETCSI CYMMa BUJIA

YU, =U;+U, +Uz;+..+U
n=1

0 F e



rgpe  yucma U, U,, U,..U .. Ha3plBaCMbIC 4YJICHAMH  psija, 06pasy10T
OCCKOHEYHYIO ITOCJICA0BATEILHOCTD; WwieH U n Ha3bIBaeTCs OOIIMM YJICHOM

Ecan CymcCTBYCT KOHEYHBIN npcaci S = Lim Sn IIoCJICA0BATCIILHOCTH

n— o

YaCTHUYHBIX CYMM pPsga, TO 3TOT HNPCACII HA3BIBAIOT U T'OBOPAT, 4YTO PAJ CXOAUTCA.

3amuChIBaIOT:
(oe]
S = z Up.-
n=1

Ecnu |n—'m S.He cymectByer mwim LM S =% 1o pgx Ha3piBaroT
-0

n— o
PacXOIAIINMCS.
H606XOIII/IMblﬁ u IlOCTaTO‘IHLIﬁ NMpU3HaK CXOAUMOCTH psijaa.

Psag ) U, MOXKET CXOOUTHCS TOJBKO NP YCIOBUM, YTO €ro oOmmii uieH U,

n=1

IIPU HEOTPAHUYEHHOM YBEJIIMYEHUU HOMEpaA N cTpemuTcs K Hymo: |jm Y, =0

n=ow

Ecmn |jm Y, #0, To pag Y U, pacxomuTcsd — 3TO JOCTATOYHBIN NPHU3HAK

n=o n=1
pPacxoaUMOCTH psJa
Hpusnak Janamoepa.
Ecnu nnst psiaa ¢ nonoXuTenbHbIMY YJ€HAMU

YU, =U,+U,+U,+..+U +U_ +.. (U, >0)

n=1

n+l

Beinomnnsercs ycinosue |im

n=co n

=1, TO psAd CXOOAUTCH MPHU | <1 U PaCXOgUTCs

npu I >1.
[Ipuznak JlamamOepa He maer orBera, eciau |=1. B stoM cnyudae s
UCCIICIOBAHUS PsIia IPUMEHSIOTCS APYTUe NIPUEMBI.

Ilpumep 6
UccnenoBath CXOOUMOCTH psifla, TPUMEHSST HEOOXOAUMBIM TPU3HAK
CXOJIMMOCTH U MPU3HAK CPABHEHUSI.

> 1 1 1 1 1
E(zn—l)-z” "12 3.2° 5.2° +'"+(2n—1)-2" T
Pewenue

i ) 1
Haxogum |n|£rl U, = |!m —(2n—1)-2” =0

H€O6XOZ[I/IMBII>’I MPpU3HAK CXOOAUMOCTHU PsZia BBIIIOJHACTCA, HO OJIA PCUICHUSA
BOIIPOCa O CXOAMMOCTHU HYXHO IHIPHUMCHHUTH OJHWH M3 JOCTATOYHBLIX IIPHU3HAKOB
CXOAUMOCTH. CpaBHI/IM ]IaHHBIfI pAaAnx € TCOMCTPUICCKUM PAAOM

1 1 1 1

—+ —+—+ ..+
2 2% 2 2"

+ ...
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KOTOpBIfI CXOOUTC:, TAK KaK g = i <1
2

CpaBHI/IBa}I YJICHBI JaHHOT'O pAAaa, HayuHasAa CcO BTOpPOTO, C
COOTBCTCTBYIOIIMMHA YJICHAMH I'€COMCTPUUICCKOI'O pAAa, IMOJTYIUM HCPABCHCTBA
1 1 1 1 1 1
—<— T< 3 o T < T
3.2° 2 5.2° 2 (2n-1)-2" 2
T. €. WICHBI AJAHHOI'O psJia, HAYMHAA CO BTOPOI0, COOTBECTCTBCHHO MCHBIIC YJICHOB
r€OMETPUYECKOrO psifia, OTKyJa CIEIYyEeT, YTO JAHHBIN PsiA CXOIUTCH.

Ipumep 7
HccnenoBatrh CXOIUMOCTD psijia, UCTIOIL3Y Mpu3Hak Jamambepa
*2n 2 4 6 2n
— ==t —+— 4.+ —+
~ 5" 5 25 125 5"
Pewienue

n

IozncTaBuB B oOMMit 4neH paga 22 2(n +1)
5 n

BMecCTO N uuciio N + 1, momyunm -
5 n+

. Haiinem npenen otHomrenus (N+1) — ro wieHa Kk N — My WieHy mpu N — ®
U, 2(n+1) 2n n+1 1[1 1)_

n

u 5" 5" 51 5

n

.1 1
+==lim|1+ = <1
e a0 n) 5

n— o

CrnenoBaTeNnbHO, JTAHHBINA P CXOIUTCS.
3aoanus 011 cCAMOCMOAMENbHO20 PEUIEHUA:

1 Uccnenyiite cXOAMMOCTh psiia, MPUMEHSSI HEOOXOIUMBIN MPU3HAK U OJUH
u3 HpI/IBHaKOB CpaBHeHI/IHZ
1 1 1 1

1 + + +ot +o
)Z (n+2) T1.2.3 1.2.3.4 1.2.3.4.5 (n+2)
2)2 ! + ! + ! +...+;+
1 n(n+1) \/1-2 J2-3 /3.4 Jn(n+1)
1
3) 1+—+—+ =+,
Zf AT AT
1 1 1 1
4) Z—n=1+—2+—3+...+—n+...
n=1N 2 3 n
2 I/IccnenyﬁTe CXOJUMOCTh psAJia, UCTIONIb3Ys Npu3HaK JlamamoOepa:
1 2 3 n
l)z ettt + s
nl32 3.2 3.2° 3.2 3.2"
n+1 1-2 1.2.3 1-2-3-4 n+1)
2) Z + + +...+( )+..
3 3 3° 3"
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21 1 1 1
3) —=l+—+—+ .+ —+ ..
Z‘ln“ 2% 3¢ n
= 3" 3 3 3 3"
4) > = + + o+ +
—nn+1) 1.2 2.3 3.4 n(n +1)

KOHmPOJleble e60onpocsl:

1) [aiiTe onpenescHUE YUCIOBOTO U TAPMOHHYECKOTO PSJIOB.
2) IpuBenute dhopMyiry 0OIIEro BHIA Ps/Ia.
3) Ilepeuncaute NpU3HAKKA CXOJAUMOCTH, PACXOUMOCTH PSIOB.

Tema 1. 5: O0bIkHOBeHHBbIE AU PepeHIHATbHbIC YPABHCHUA

Pewmenne nuddepeHunanbHbIX ypaBHEHUI.

Bcesikoe  ypaBHEHHME,  KOTOpO€  COJIEPXKHUT  MPOU3BOAHBIE (WM
mudepeHnnansl) HEU3BECTHBIX (YHKIMM OZHOM HE3aBUCUMON IEepeMEHHOMH,
Ha3bIBACTCS OUPGepeHyuanrbHbiM YPAGHeHUEM.

[Topsaakom paHHOrO AUQGEpPEeHINaIbHOrO YPaBHEHNS Ha3bIBAECTCS MOPSAIOK
HaMBBICUIEN IPOU3BOIHOM, BXOJSILIEH B 3TO ypaBHEHHE. Tak, HapuMep, ypaBHEHUE

2
dy _dy
X=—0F+2 d_ - Xy =0, ectb muddepeHaATIEHOC YpaBHECHHE BTOPOTO TOPSIKA.
dx X
Jughpepenyuanvnovie ypasnenus nepeozo nopaoka ¢ pazoenarouumucs
nepemeHHbIMU.
HuddepennmansHoe ypaBHEHHE TIEPBOTO MOPSAIKA UMEET BU]I

y'=f(xy).
Jliast  Toro, uroObl auddepeHnuansioe ypaBHenme Y+ Y =0 wumeno
pemenne, Gynxmus f (X, Y) momkHa ynoBIeTBOPATE HEKOTOPBIM YCIOBHUSIM.
Ecimn ¢ynxums  f(X,y) TtakoBa, uTo ee MOMHO NpeJCTaBUTh B BHUJIE

npomssenacaus aByx ¢ynkuuii f(X,y)= f;(x)- f,(y), u3 xoropoii oxna sBsIeTCs

byHKIMEH, 3aBUCSIIEH W3 OJHOW MEPEeMEHHOMW, a BTOpasi — OT JAPYTroM, TO TaKoe
YpaBHEHHE HA3BIBACTCA OuphepenyuanvHovim ypasHeHuem ¢ pazoerssiouumucs
nepemeHHbIMU.

Mpumep 11
dy 1+vy 2
Pemmre ypaBHeHHE — = 7 y—
dx (1 + X )xy
Pewenue:
B pesynprare paszneneHus nepeMeHHbBIX MOJIy4aeM

dx ydy 0

x(1+ xz) 1+ y2
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Haxonum o0mmii uHTErpat
dx d
I 2 _.[ : yz =C
x(l + X ) 1+y
OTkyza mociie MHTErPUPOBAHUS, TIOTYIUM

1 2, 1 2
Inx—EIn(1+x )—Eln(1+ y")=C

[Tpumensist cBolicTBa orapumMos, OyeM UMETh
IN(1+ x%)(1+ y%)=2Inx-2C
[TpeoOpa3oBaB MPOU3BOILHOE MOCTOSTHHOE, MOXKHO 3aIlIUCcaTh
IN(L+ x)1+y))=hx*>+InC
WJIM OKOHYATEIHHO
(1+ xz)(1+ yz) =Cx?
Juneitnoe ougpghepenyuanvroe ypaenenue nepeozo nopsaoka.

JIuneitnpiM qudPepeHInanTbHbBIM YPaBHEHUEM TIEPBOTO MOPSIIKA HA3bIBACTCS
ypaBHEHUEM BUJA

y'=P(x)y+Q(x)
rae P(X) n Q(X) —3amannblie HenpephIBHBIE QYHKIMU OT HEPEMEHHO X.

OO6mee pemieHre JUHEHHBIX AUGQEpeHIIMaIbHbIX YPaBHEHH IEPBOTO
MOPSAZIKA HAXOAUTCS MPU MOMOIIU MOACTAHOBKU y =uv, [J1€ U ¥ V — HEKOTOPBIE
(GYHKITUH, KOTOPBIC HYKHO HAWTH.

lNpumep 12
sin X

1
Pemmnre ypaBHeHue y' + —y =
X X

Pewenue:

. Q(x)

. 1
JlaHHOE ypaBHEHHUE NUHENHOE: P(X)= —
X

[IpyuMeHHMM TIOACTAHOBKY y =uv, Torga y' =Uu'v+uv', MMeem,

, , 1 sin X , , V) sin X
uv+uv' + —uww=—— & uv+u|Vv+—|=—",

X X X X
Y dv dx
Ilyctp v+ —=0. Orcroga — =-—_. HHTErpupys 5TO paBEHCTBO,
X v X
sin X

= , OTKyZa u’'=sin x, a IIOTOMY

1
nojayd4acm Vv = —. CJ'I@JIOBaTeJ'IBHO , u
X X

1
X

u=-cosx+C

1
OKOHYATENILHO UMeeM Yy = W = —(—cos x + C)
X

Juneitnoe ougpgepenyuanvrnoe ypasnenue 6mopoco NoOpAOKa ¢
ROCMOAHHBIMU KOIPPuyuenmamu.
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Vpasuenuss Buga Y +py +qy =0 HA3bIBAIOTCSA  JIMHEWHBIMHU
OIHOPOAHBIMU  JU(pEepPEHIUATBHEIMA  YPABHEHUSAMH  BTOPOrO  IOPSAAKA C

NOCTOSTHHBIMU KO3 uninentamu. Pazbepute mo ydeOHHKY TEOPHIO DPEIICHUS
muddepeHIINaTbHBIX YPaBHEHUI.

Ipumepl3 Pewmts ypaBuenue Yy ' +7y' +10y = 0.
Pewenue. CoctaBiM XapaKTEPUCTHUYCCKOE YPABHCHUE M HAMIEM €ro KOPHHU:
k> -7k+10 =0; k,=2,k, =5.

HaﬁHeM YaCTHBIC PCIICHUA YPABHCHU:
. 2x _ b5x

Yy, =e , Yp=¢€

CocTtaBum 06mee PCUICHUC YPABHCHHA:

y=C,y,+Coy,; y-= C1e2x + Cge5x

d? d
5—10;y+25y:0.

Ilpumep 14 Pemuth ypaBHEHHE

Pewenue. CoctaBum XApaKTCPUCTUUICCKOC YPAaBHCHHUC U HaﬁﬂeM €TI0 KOPpHHU:
k®-10k+25 =0; k,=5,k,=5.

Haﬁ,Z[CM ABa YaCTHBIX PCIICHUA YPABHCHUSA!

_ 5x 5x
y,=e , Y, =Xe .

CocraBuM 00111€€ pEeIIEHUE YPaBHEHHUS:

5x 5x
y=Ce " +Cyoxe™".

Ipumep 15 Pewmts ypaBuenue y' -6y’ '+ 25y = 0.

Pewenue. CoctaBuM XapakTepUCTHIECKOE YPAaBHEHUE U HAWIEM €r0 KOPHH:

k® -6k +25=0; k,=5+4i,k,=3-4i.

Kopuu — koMIutekcHble dnciia. YacTHBIC PEelICHHsT HaXOIuM 1Mo (hopMysiam
y,=e“cosbx n y,=e” sinbx. B Hamem cinywae a =3,b=4. Obuee
peLIeHne UMEET B
3x (

y=C,e’ cos 4x +Cre’* sin 4x = e’*(C,cos 4x + C, sin 4x).

Pazb6epem pemenus nuddepeHimanbHbIX YpaBHEHU BUIA

P’y oy dy_ (dy
~ £(x) dxf[dxj

2
d’y
2

Ilpumep 16 Pemunth ypaBHEHHE =4.

Pewenue. f(x)=4; i(d_yj:4:> d(d_yjzz;dx;
dx \ dx dx
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jd(d—yj=4jdx; WY _4xsc,
dx dx
dy =(4x+C,)dx;

[dy =[(4x+C,)dx :>y=2x2+C1x+C2.

d’y _dy
Ilpumep 17 Peniuts ypaBHeHue —, =5 ——.
dx dx
d du
Pewenue. 1lonoxxum — = u, TOoraa o=
dx
du du
—=5u—= —=>5dx;
dx u
du 5x+C
[—=5]dx =lnu=5x+C;; u=e 1
u
d
ay _ eSx+C1; dy = eSx+C1dx;
dx
OTKyJa
1
jdy _ J.eSJHC]dx; y = _65x+01 n CQ.

5
3aoanusn 014 CAMOCmMOAMEAbHO20 PEULEHU:

1. Haiitu 4actHoe pemieHue  audQepeHIHalIbHOTO  ypaBHEHUS
xdy =ydx, ecnunpux =2uy =6.
2. Haiitu  obmee  pemenue  auddepeHIuanbHOr0  ypaBHEHUS
2 2 2 2
(x - yx )dy+(y + xy )dx:O.
3. Haiitu o6miee pemeHne  ogHopoaHOTro  AuddepeHImaibHOro
ypasHenus (x + y)dx — xdy = 0.
4, Haiitu yactHOE penienne JMHeHHOTo Aud dhepeHIInanbLHOT0 ypaBHEHUS
cos xdy +ysin xdx =dx, ecrunupux =0uy =1,
5. Haiitu  obmiee  pemenue  auddepeHIManbHOr0  ypaBHEHHS
y"'-8y'+16y =0.
6.  Haiitu vacTHOe pemeHue ypaBHenus Yy -y -2y =0, ecnu mnpu
" = = 9 ' =
y'=0,y="/-,y =0
1. Haiitu oOmee pemenne auHEHHOTO MU PEpeHIIMAIBHOTO ypaBHEHUS
d 2 1
J,ZY -
dx X X
8. Haiitm  oOmuit  mHTErpas  omgHopomHOTro  aAuddepeHInaIbHOTO
dy xy + y2
ypaBHEHUS = 5
x
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Q. Haiitu  vactHoe pemeHue  auddepeHnnaIbHoro  ypaBHEHUS
(x -I)dy =(y +1)dx, ecmuopu x = 2y = 3.
10. Haiitu  obmee  pemenue  auddepeHINATFHOTO  YpaBHEHUS

(1+y2)cbc—\/;dy =0.

d’y dy
11. Pemwuth ypaBHEHUE - 10 +25y =0.
dx dx

2

12. Haittm oOmee pemenue omaHOpoaHOTO  au(hEepeHITUaATHLHOTO
ypaBueHus (x + y)dx + (y - x)dy = 0.

13. Haittu 4yactHOoe pemenne auddEepeHINaTLHOTO  YpaBHEHUS
(I+y)dx -(1-x)dy =0, ecmmpux =-2uy=3.

14. Haittu  oOmee  pemenue  audPepeHIUanbHOTO  ypaBHEHUS
x’dy - (2xy + 3y)dx = 0.

15.  Pemwurts ypaBHenue y' -6y’ +7y = 0.

16. Haiitu obmiee pemieHune TUHEHHOTO AU(PEpEeHIINATHHOTO YpaBHEHUS
y-y-1=0.

17. HaiitTu yacTHOe pelIeHUE OJHOPOAHOrO Au(dEepeHINATBLHOTO
ypaBHeHHUs xy ~dy = (x3 + y3)dx, ecmmnpuX=1uny=3.

18. Haittu  oOmee  pemenue  audPepeHIMATBHOTO  YpaBHEHUS
yldy +(x - 2)dy = 0.

19. Haiitu 4wactHoe pemeHue AU EpPeHINaTLHOTO  YpaBHEHUS
(x+1)ydx +(I-y)xdy =0, ecmumpux =1uy=1.

20.  Haiitu oG1uii mHTErpa ypaBuenus Yy + y tg x = 0.

21. Haiiti yactHoe perenue ypaBHenus Y -6y =0, ecnmunpu x = 0, y =
4,y'=09.

KOHmPOJleble eonpocwol.

1) Jlatite onpezaencHue qudhepeHIMaIbHOr0 ypaBHEHHS IEPBOTO U BTOPOTO
TOPSIJIKOB.
2) IpuBeaute criocoObl perieHus auddepeHInanbHbIX ypaBHEHUT.

Paznen 3 UncsieHHbIE METOABI
Tema: Bpruncienue wuHTErpasioB 10 (QopMmyiaM TPSIMOYTOJbHUKOB,
Tpaneuuit u popmyisie Cumrcona. OnieHKa NOrpenTtHOCTH.

Buviuucnenue oovema mena epawenus.

1) ITocTpouts GuUrypy B 1€KapTOBON CHCTEME KOOPIHHAT.

2) BeiOpath nipeziesisl uHTerpupoBanus mo ocu OX B MOpsiIKEe BO3paCTaHHS.
3) Beruncnuts 00beM GUrypsl mo Gopmyiie:
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V = nfyz(x)dx_

Xy

Ilpumep 18
Beruucnute 00beM TeNa, MOJYYEHHOTO OT BpaileHuss BOKpyr ocu OX
) 2
GbuUTyphl, OTpaHUYEHHOMN JIMHUAMH: Y = X~ —4X, x=0, x=4

Pemenue:
oCTpouM (UTYpY B I€KapPTOBOM CUCTEME KOOPAUHAT:
A
y=x2-4x
III \\
II \“
III \‘
> x
x=0 x=4

BrruyciuM 00beM HOYYUBIIErocs Tela BpalleHus o GopMyie
Xz
V = ”I y 2 (x)dx
X
4 4 5 4 3| [/ 45 4 3
2 2 4 3 2 X 8x 16 x 4 8-4 16 - 4
Vzﬂj(x - 4x) dx=7z'[(x -8x° +16x7)dx =1| — - — + =7
0 0 5 4 3

0° 8.0° 16.0° 7| 512 7
— —_— + =
5 4 3 )| 15

Ipubnudsicennoe gviuucieHue onpeoeireHHo2o UuHmezpaa.

WNHorna npuxoauTcs BRIYUCISATH UHTETPAJIbI, 1J11 KOTOPBIX MOABIHTET pAJIbHAS
GyHKUHMS 3a/laHa HE aHAJIMTUYECKU, a KaKUM JIMOO MHBIM 00pa3oM (TaOJMYHBIM,
rpaguueckumM U T. A.). B 3TOil cBsizum pa3zpaboTaHbl NPUOIMKEHHBIE METOAbI
BBIYHCIICHUS ONPEJEICHHBIX MHTErpanoB. Camble MPOCThIE U3 HUX HCHOIB3YIOT
F€OMETPUYECKUM CMBICII HMHTErpaja — IUIOIIaJAb KPUBOJWMHEWHOW TpaIelnH,
KOTOPYIO MOXHO MOJICYUTATH MPUOIMKEHHO MHOIMMH CITIOCOOaMH.

Hanpumep, takum: pa3o0beM OTpe30ok [d, D] Ha paBHbIE YYaCTKH JJIMHBI
b-a
n
KPUBOJMHEHHYIO  Tpaleuuio CcTyneH4yatod  (urypoid, COCTaBIECHHOM U3
PSIMOYTOJIbHUKOB.

h = U, MOACYUTAB 3HaUeHUA Y, (i =0, 1, .., n-1) B TOYKAX JEJICHUA, 3aAMECHUM
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A

y /'\ — —

/'

y y y

a X1 X2 b X
Torma
° b-a
jy(x)dx ~ - (Vo + Yy + et Yoy,

Ota npubikeHHas Gopmysia HOCUT Ha3BaHUE opMYibl NPAMOY20bHUKOS.

B3sB BMECTO MpsIMOYTOJIbHUKOB Tparelyy, Mbl IPAKTUYECKA MPU TOM KE
oObeMe BBIUMCICHUN TOMydyuM OoJjiee TOYHBIM pe3yibTaT. BeimogHuTe
COOTBETCTBYIOIINN PUCYHOK CAMOCTOSATEIHHO.

Torma

; b-a vy y
Iy(x)dx ~ (o y, 4ty o+,
. n 2 2

Ota npubikeHHas Gopmyiia HOCUT Ha3BaHUE QopMyibl mpaneyuil.

Ilpumep 19

10

Boruucauts mpuOIMKEHHO HWHTErpal [@x* +2x+2)dx HO dopmyie
0

npsMOYToJIbHUKOB Tipu N=10.

Penienue:
b 10

[y0gdx = [(3x" + 2x+ 2)ox =

a 0

(y(O)+ y(@) +y(2)+ y(3) + y(4) + y(5) + y(6) + y(7) + y(8) + y(9)) =

10
= ((3:0°+2-0+2)+(31°+2:1+2)+(3:2°+2-2+2)+(3-3%+2-3+2)+ (3-4° +2-4+2) +
10

+(3-5°+2-542)+(3:-6°+2-6+2)+(3-7°+2.7+2)+(3:8°+2-8+2)+(3:9°+2-9+2)) =
=1(2+7+18 +35+58 +87 +122 +163 + 210 + 263 ) = 965

N3 npyrux npuOIMKEHHOTO WHTETPUPOBAHUSA CIIETYET OTMETUTh Memoo
napabo.1, KOTOPbIN Tak)Ke Ha3bIBAIOT Memodom CUMncoua.

Ero cyrp 3akimodaercss B TOM, YTO OTPE3KH MPSIMBIX, OTPAHHYMBAIOIINX
AJIEMEHTApHBIE Tpamenuy CBEpPXY, 3aMEHSIOT JyramMu mapaldoyi, OCH KOTOPBIX
napasuiesibHbl ocu Oy.

B xypce maTeMaTudeckoro aHajim3a BEIBOJUTCS Gpopmyia
b

j f(x)dx =

a

rae N — 4€THOEC YrCIIO.

a
- (Vo + ¥y 20V, + Vg oot Y, o) + AV, + Yy + et Y, ),
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[Tpumenenue 31oit (OpMyIIbl 3SHAYUTEIBHO MOBBIIIAET TOYHOCTH BHIYHCIICHUS
OIIPEIEIEHHOI0 UHTETpaIa.

Ilpumep 20
4

2d
Boruncnuts o ¢popmyne CuMiicoHa UHTErpat I X ax,
1

Pewenue:

PazoObeM oTpe3ok wuHTerpupoBanus Ha 10 paBHBIX uacteit, Torma (b-
a)/3n=3/30=1/10=0,1

[ToacTaBnss B HOABIHTETPAIBHYIO (DYHKIMIO Y=X> 3HAYEHHS apTyMEHTa

X(Fl; X1= 1,3; x2=1,6, cee X10=4,

HalJEM COOTBETCTBYIOINE 3HAYCHHsI OPAMHAT:

vo=1; 11=1,69; y,=2,56; y3=3,61; y,=4,84,

v5=6,25; y6=7,84; y7=9,61; y5=11,56; 19=13,69; y10=16.

[Tpumensist popmymy

b

j f(x)dx ~

a

MOJTy4YUM

bh-a

- (Yo + ¥V, +2(Y, + Y, + ot ¥V, )+ 4y, + Y, + o+ Y, )

4

[ x*dx =0,1((1+16)+2(2,56+4,84+7,84+11,56)+
1

+4(1,69+3,61+6,25+9,61+13,69))=21

3aoanusn 014 cCAMOCMOAMENbHO20 PEUIEHUA:

8

1 BeruuciuTh NpHOIMKEHHO HHTETPAJI f (5x* = 2x+1)dxX 10 popmyre
0

CumicoHna.
1

dx
2 BpraucnuTs npuOIMKEHHO HHTETpa Il ;. 1o popmysie CUMIICOHA.
+x
0

8
3 BBIUHCITUTD PUOIMKEHHO HHTETPAT I(—XZ +2x+1)dx mo popmyie
0

CumMmicoHna.
Konmponvnwvie éonpocwt:

1. JlaiiTe ompeneneHuE OMPENSICHHOTO0 HWHTerpaya. 3anumure (Hopmyy
Herorouna-Jleinonuria.

2. Ilnan BeIUMCIEHUS TUIOMAAMN MIOCKON (DUTYPHI

3. Kak Beruncisiercs 00beM Tesa BpalieHus?

4. TlpuBenure mNpuUMEpbl MNPUOIMKEHHBIX BBIYUCICHUN OIPEACICHHBIX
WHTErpaJioB.
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Pa3nen 4 : Teopusi BepOATHOCTH M MATEMATHYECKASl CTATHCTHKA

Tema 4.1 Teopusi BeposiTHOCTEH

Tema: KomOunatopuka. Beibopku snemenToB. Cymma U NpOU3BENCHHE
coOpITuil. BeposTHOCTh mMOsBIEHUS XOTA Obl oAHOro coObiTusi IloBTOpPHBIE
HE3aBUCUMBIE HCTIbITaHUs [I0BTOpHBIE HE3aBUCUMBIE UCIIBITAHUS.

Ha nmpakTtuke 4yacTo NpUXOIUTCS BBIOMpPATh U3 HEKOTOPOTO MHOKECTBA
OOBEKTOB TMOJMHOXKECTBA DJIEMEHTOB, OOJaNalOMUX TEMH WIH HWHBIMU
CBOMCTBaMH, pacIiojararb JJEMEHTBl OAHOTO WM HECKOJIBKMX MHOXECTB B
ONPENEIEHHOM MOPAAKE U T. A. [IOCKOJIbKY B TAKKX 3a/1a4ax peyb UAET O TEX WU
MHBIX KOMOMHAIMSIX 00BEKTOB, UX HA3BIBAIOT «KOMOWHATOPHBIC 3a1a4M».

Kombunamopuxa — 310 pazgen mMaTeMaTUKHU, B KOTOPOM PacCMaTpPUBAIOTCS
3aJlayy O T€X WJIM MHBIX KOMOUHAIIUSIX OOBEKTOB.

PaccMmoTpum 1Ba OCHOBHBIX 3aKOHA, C TOMOLIBIO KOTOPBIX PEIIAIOTCS MHOTHE
3a/1a4i KOMOMHATOPUKH — MTPaBUJIa CYMMbI U TIPOU3BEICHUSI.

IIpaBu10 CyMMBI.

Ecmu mMeercst N momapHO HeEMepeceKarmuxcs MHOXKeCTB A, A, ..., A,

colepxamux My, M, ..., M. 3J€MEHTOB COOTBETCTBEHHO, TO YHUCJIO CIOCOOOB,
KOTOPBIMU MOKHO BBIOPATh OJMH 3JIEMEHT U3 BCEX 3TUX MHOKECTB, PABHO
S=mg+m,+..+m,.
IIpaBui10 npousBeeHusl.
Ecnmu uMeercst N momapHO HeMepeceKaomuxcs MHOXKECTB A, A, ..., A,

copepkamux My, M,,..., M 5JIEMEHTOB COOTBETCTBEHHO. DIIEMEHT 8; € A; MOXHO
BBIOpaTh M; cnocobOamu, mpu JTOOOM BbIOOpe a; € A; anmeMeHT a, € A, MOXKHO
BBIOpaTh M, crioco0amu | T.J., 3JEMEHT a, € A, MOXHO BBIOpaTh M, criocobamu.
Torza N snemMeHToB (8,8, ..., &, ) MOXKHO BBIOpaTh My - M, ..o M,

P=m;-m,-..-.m,
B pasnbix 3amadax B OMHCHIBAEMBIX HaOOpax OOBEKTOB AJIEMEHTHI MOTYT

TTOBTOPATHCS, @ MOTYT U HE TIOBTOPATHCA. B 3aBUCHMOCTH OT 3TOTO Pa3INdvaroT:
1) kombuHamopuky 6e3 noemopeHuti;

2) KOMBUHAMOPUKY C M08MOPEHUAMU.

W nnst mepBoro, v /Uit BTOPOTO CiIydasl pa3jiMyaroT MO TPU OCHOBHBIX BHJIA
KOMOUHAIU 00BEKTOB:

a) pasmeujetus;

0) nepecmanosku,

B) cOuemanusi.

PaccMoTpuM Bce IIECTh MMEIOIIMXCS CITyYacB.

Onpenenenne. Paszmewenuem 6e3 nosmopenuii W3 N 3JIEMEHTOB 1o K
sneMeHTaM ( K < N’) Ha3pIBaeTCSI MHOYKECTBO YIOPSIOUEHHBIX HAOOPOB, COCTOSIINX
u3 K 3JIeMEHTOB, B3ATBHIX M3 N 3JEMEHTOB, NPUYEM B 3THX HAOOpax DJIEMEHTHI HE
MOBTOPAIOTCS. YUCII0 TakuX HAOOPOB OompeesieTcs: o GopMyIie:
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n!

(n—k)!

k
n

A, =n(n=1)(n-2)..(n—k +1)=

Ilpumep 27
B rpymnmne u3 25 cTyAeHTOB HaJlo BBIOpaTh CTapocCTy, mpodopra W KyJabTopra.
CKOJIbKMMU CIOCO0aMU 3TO MOKHO CJ/IeNIaTh?

Pemenne

Tak kak w3 25 4YenoBEeK BBIOMPAIOTCS TPOE YEIOBEK C pa3-JIMUYHOU
crienpanuzanyen (crapocra, nmpodopr, KyJbTopr), TO MOPSAIOK JIoJeld B Habope
BaXXEH, CJICJIOBATEIILHO, UMEEM JICJIO C YKCIIOM pa3MelleHn 0e3 MOBTOPEHHI 13 25

1o 3, TO €CTh
|

5 25
A3 =25.24 .23 = — 13800
221

Wtak, Tpoux akTUBHCTOB U3 25 denoBek MoxHO BbIOparh 13800
CII0CO0aMH.

Onpenenenne. Pazmewenuem ¢ nosmopenusmu M3 N dSIEMEHTOB 1o K
9JIEMEHTaM Ha3bIBACTCS MHOXECTBO YIOPSAAOYCHHBIX HaOOpOB, cocTosmux u3 K
AJIEMEHTOB, B3STHIX U3 N JIIEMEHTOB, MPUYEM B 3TUX HAOOpaxX 3JIEMEHThI MOTYT
noBTOPATHCS. Unciio Takux HabOpoB omnpeaenseTcs no Gopmyre:

Af

=N k

Ilpumep 28

I'pynna u3 25 CTyA€HTOB CIAET AK3aMEH, MO KOTOPOMY CTYAEHTBHI MOTYT
MOy4YuTh oneHku: 2, 3, 4, 5. CKONBKUMH CIIOCOOAMHU MOXKET OBITh 3aIojHeHa
SK3aMEHAIIMOHHAs BEJIOMOCTh?

Pewienue. ]JIna kaxaoro CTyJIeHTa BBIOMpaeTCs OJHA OIICHKA W3 YETHIPEX,
BCEro BBIOOp jAemaeTcs 25 pa3. Bo3MOXXHBI MOBTOpPEHHMsI, TaK KaK KaKJas OICHKA
MOXET OBbITh BbIOpaHa r000€ KOJIMYEeCcTBO pa3. Ilopsaok Ba)keH, Tak Kak OH
MOKa3bIBa€T, KaKOMYy HMMEHHO CTYJIEHTY JOCTaéTcsi BbIOpaHHas OILICHKA.
CrnenoBatesibHO, YUCJIO CIIOCOOOB €CTh YMCIIO Pa3MENIeHUN C MOBTOPEHUsIMU U3 4
o 25:

AP =47 =1126 10"

WTak, »SK3aMEHAIMOHHAS BEJOMOCTh MOXKeET ObITh 3amojHena 1,126-10%
crocobamu.

Onpenenenue. [lepecmanogroii 6e3 nosmoperuti U3 N DJIEMEHTOB

Ha3bIBACTCsI MHOXKECTBO BCEBO3MOKHBIX IEPECTAHOBOK NAaHHBIX N 3JICMCHTOB.

[lepecTtanoBka ©O€3 MOBTOPEHHII — 4YacTHBIA Ciy4ail pa3melieHus 0e3
noBropenuii ipu K = n . YUucino takux HaAOOPOB onpeesiercs mo Gopmyiie:
P, =n!

n

WMHpIMU  CITOBaMH, YHCJIO CIOCOOOB YHOPSIOYUTH JaHHOE MHOMKECTBO,
cocTosiee u3 N 3JIeMeHToB, papuo P, = n!
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Ilpumep 29 CkonbkuMH CHoco0aMH MOXKHO pPAacCTaBUTh B IIEPEHTY
CTYJEHTOB I'PYIIIbI U3 § YETOBEK?

Pewenue. Yncno cnocob60OB €CTh YKCIO NMEPECTAHOBOK 0O€3 MOBTOPEHUU U3
8 JIEeMEHTOB, TO €CTh

Pg=8!=1-2-3-4-5-6-7-8=40320

Wtak, paccTaBUTh B IIEPEHTY CTYACHTOB Ipymimbl 3 8 yenoBekMoxHo 40320
criocobamu.
Omnpenesienune IlepecTaHOBKOM C TOBTOPEHUSIMH HaOOpa DIIEMEHTOB

Ny Ny, Ny

(rme 1-ii ameMeHT moBTOpsieTcs Ny pas, 2-i 3JeMEHT MoBTOpsieTcs N, pa3 u T.1., K —

I BneMeHT mNoBTOpseTcs N, pa3) Ha3bIBAETCS MHOXECTBO BBIOOPOK JUIMHBI
n=n;+N,+..+N,, BKOTOPbIX 1-i 3yIeMEHT NOBTOpsIETCA Ny pa3, 2-i DJIEMEHT
noBTOpsieTcss N, pa3 M T.0., K —i 21eMeHT moBTopsieTcss N, pa3 jgemaercs 1o
bopmyie:

5 _ n! _ (ng+ny +.oo 40 )

n

ntn,t.o-n.! ntn,to-n !

Ipumep 30 CKOJIBKO HOBBIX «CJIOB» MOKHO MOJIYYUTh EPECTAHOBKON OYKB
cioBa MATEMATHUKA?

Pewenue. Tax kak Mbl TiepecTaBisieM OYKBbI OJIHOIO CJIOBAa, TO UMEEM
NepecTaHOBKY. B MaHHOM cioBe OyKBBI MOBTOPSIIOTCS, @ 3HAYUT, MEPECTAHOBKA
oyznet ¢ nosropenusiMmu. B cioee MATEMATHKA Bcero 10 6ykB, u3 HuX: OykBa
«M» mpucyTcTByeT 2 pasa, OykBa «A» — 3 pa3za, OykBa «T» — 2 pa3a, OykBbeI «E»,
«», «K» o ogromy pasy. [lomyyaem

10!
P, (2,3,21,11)= ————— = 151200
213121111111

Urak, Bcero MmoxxHo moayuuth 151200 HOBBIX «CIIOBY.

Onpenenenne. Couemanuem 6e3 noemopenuti W3 N BIEMEHTOB 1O K
anmemMeHtaM ( K < N ) Ha3pIBaeTCA MHOXKECTBO HEYIMOPAIOYCHHBIX HAOOPOB,
COCTOSIIMX M3 K 3J€MEHTOB, B3STHIX M3 N 3JIEMEHTOB, NPUYEM B ITHX Habopax
9JIEMEHTBI HE TIOBTOPSOTCSA. UKCI0 TaKuX HAOOPOB OnpeesisaeTcs mo Gpopmyiie:

Kk n!
Chp=——"
k!(n — k)
HNwmerot mecTo crneayronmuye COOTHOLIECHUS:

1) cy=cp%;

0 n
2) cl=cl=1
Ilpumep 31 Ckonabkumu croco0aMu W3 TPYIIBI B 25 YEJIOBEK MOXKHO
BBIOpATh 0ACKETOONIbHYIO KOMaHAY U3 MSITH YEJI0BEK?
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Pewenue. Tak kak u3 25 4yeraoBEeK BBIOMPAIOTCS 5 4YEJIOBEK M MOPSJIOK, B
KOTOPOM BBIOMPAOTCS WIEHBI KOMAH/Ibl, HE BaXKEH, TO YUCIJIO CIIOCOOOB €CTh YHUCIIO

codeTaHuit 63 MoBTOpeHUM 13 25 1o 5, To ecTh

. 25!
51.20!

Wtak, u3 rpynimsl B 25 4eI0BEK MOXKHO BBIOpaTh 0aCKeTOOIBbHYIO KOMaHIy 93
130 criocobamu.

Onpenenenne. Couemanuem ¢ nosmopenusmu W3 N 3JIeMEHTOB 1o K
AIIEMEHTaM Ha3bIBACTCS MHOXKECTBO HEYIOPSAOYCHHBIX HAOOPOB, COCTOSIINX U3 K
AJIEMEHTOB, B3STHIX M3 N AJIIEMEHTOB, MPUUEM B ITHX HAOOpax 3JIEMEHTHI MOTYT
HOBTOPATHCS. Uncno Takux HaOOpoB omnpeaensercs no Gopmye:

n-1 k
C =Chik-1=Chika

Ilpumep 32 B marazune umeercsi 15 coproB koHder. Hexto mokymaer 10
KoH(eT. CKOJIBKUMH CIIOCOOaMU MOYKHO COBEPIIUTH MOKYIKY?

Pewenue. Vimeem 15 MHOKECTB (COPTOB) KOH(PET, U3 KOTOPBIX IPOUZBOIUTCS
Bb100p 10 kKOH(peT. KondeTsl B HAOOpe MOryT MOBTOPATHCSA (BO3ZMOXKHO, 4TO Bce 10
KoH(peT OyAyT OAHOrO copTa), MOPSAAOK KOH(PET B HaOOpe HE MMEET 3HAYEHUS.
[Tomyyaem

C = CE .y 1 =CH = =1061256
101141

Urak, Bo3mMoxxkHO 1961256 paznuuHbix HAOOPOB KOH(ET.

OuyeHb 4acTo OBIBACT TPYAHO OMNPEAEIUTh, Kakas U3 IIeCTH KOMOWHAIUI
JOJDKHA OBITh MNPUMEHEHA B KaXJIOM KOHKPETHOM ciy4yae. Torma MOXHO
BOCITOJIb30BAaThCS CICAYIOIIECH CXEMOM:

1. Haxommm ocrosnoe mHodcecmeo, 3 KOTOPOTO OCYILECTBISETCS BBIOOP.

KonM4ecTBO 37EMEHTOB HTOTO MHOXKECTBA €CTh N.

2. Ecmu tpebyercs:

—  yIOPSAOYUBATHL DIIEMEHTBI OCHOBHO20 MHOJICECH6A MECTAMHU, TO HMEEM
IepeCTaHoBKY (IIPU HE MOBTOPEHHMHU B MOIYUYEHHOM HAOOPE DIEMEHTOB OCHOBHO20
MHOJICECmea TIOIyYaeM IEPECTAHOBKY O€3 MOBTOPEHHMH, a IIPU MOBTOPEHHU —
IIEPECTAHOBKY C ITOBTOPEHMSAMU;

— BBIOpATh YaCThb OCHOGHO20 MHOJICECMEA, TO HaxoguM K — duCio
3JIEMEHTOB MHOJICECMEA 6bL160PA.

3. BaxkeH 111 IOPSIOK DIEMEHTOB MHOJICECMEA 6b160Pa?

— Ecnm mopsgox BaXkeH, TO UMeEeM pasMelleHus (IPU He MOBTOPEHUH
5JIEMEHTOB OCHOBHO20 MHOJICECMEA BO MHOJCECmEe 6blbopa — 0€3 OBTOPEHHMH, a
IPH TIOBTOPEHHUH — C IOBTOPEHHSAMH.

— Ecmu nopamok He BaXkeH, TO MMEEM COYeTaHMs (IPU HE MOBTOPEHUH
5JIEMEHTOB OCHOBHO20 MHOJICECMEA BO MHOJICecmee 6vibopa — 0e3 OBTOPEHHUIA,
a TPH TIOBTOPEHHH — C IIOBTOPEHMSAMH.
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3aMeTHM, 4TO MHOIJa HEOOXOAMMO NMPUMEHATHh ONKMCAHHBIE BBIIIE MpaBUia
CYMMblL U NPOU3BEOCHUSL.

Ilpumep 33 B KpyXKKe XyIJ0KECTBEHHOTO CJIOBAa 3aHUMaeTcs 15 denmoBek, B
dboprenuanHoM kpyxke — 10, B BokanbHOM — 12 u B hoT0- kpyxKke — 20. CKOJIbKUMU
croco0aMu MOXHO COCTAaBUTh TPYIIy U3 4 4YTElOB, 3 MUAHKCTOB, 5 MEBIOB U
onHoro ¢otorpada?

Pewienue

Pa3obreM 3amauy Ha nmoazagauu. CHayana HaleM, CKOJIBKHUMU CIIOCOOaMu
MO’KHO BBIOPATh YTELIOB.

1 [IpousBoaum BeIOOp U3 15 yenoBek, To ecTh N = 15.

2 Bribupaem 4eThipex 4eloBeK, TO eCTh K = 4

3 Ilopsmok nrojel B rpynmne HE BaXKEH, a 3HA4YUT, MBI MMEEM JEl0 C
coueTtaHneM. Tak Kak JIOJM BBIOMPAIOTCS pa3HbIC, TO 3TO OyayT coueTaHus 0e3

MOBTOPEHUiT — Cf -
[TpoBozst aHAIOTMYHBIE PACCYKAECHUS, BBIOMpPAEM:
[uanucros:3 u3 10 — €, cnocobamu,
Hesuos: 5u3z 12 - ¢, ,
®ororpada 1 u3 20 — C3,

[TockoJibKy BBIOOP MTPOU3BOIUTCS 110 BCE YETHIPEM MO3UIIMSIM, & HE TI0 OJTHOM,

IIPUMEHSIEM ITPABUIIO TpOoU3BeAcHUs. VTak, rpymniy MOKHO COCTaBUTh

N=Cj-Cl-C,-Ch =259 -10° crocobamu.

3aoanusn 01 cAamMoCmoAmMeIbHO20 PEULeHUA:

1 CkonbkuMu cnoco0amMu MOKHO BBIOpaTh OAMH LIBETOK W3 KOP3UHBI, B
KoTopoi umeetcst 10 TioapnanoB, 8 po3 u 5 TIaanoycoB?

213 6 mepBOKYpCHUKOB, 5 BTOPOKYPCHUKOB M 7 TPEThEKYPCHHKOB HAJIO
BbIOpaTh 3 CTYJAEHTOB Ha KOH(pepeHuHio. CKOJIbKUMU CHOCOOaMU MOKHO 3TO
C/IeJlaTh, €CJIU BIOpaHHBIE CTYACHTHI JOJHKHBI OBITh C PAa3HBIX KypCOB?

3 U3 8 manbuukoB u 10 neBodek kiacca Il ydacTtus B dcTadeTeHao
COCTaBUTh 3 KOMAaHJIbI, Ka)KJ1asl M3 KOTOPBIX COCTOUT U3 MAJIbYUKA U JIEBOYKH.
CKOJIBKMMU CIIOCOOaMU 3TO MOXKHO CJIeIaTh?

4 CKONBKO Pa3IUYHBIX «CJIOB» U3 TPEX OYKB MOXKHO COCTaBUTh M3 OYKB
cnosa 3AUET?

5 CkoynbKkuMHU Croco0aMu MOXHO BBIOpaTh 3 Pa3IMYHBIX MUPOXKKA U3 8
BHJIOB, UMEIOIINXCS B OydeTe?

6 CKOJBbKO pa3INyUHBIX MATHOYKBEHHBIX «CIIOBY» MOKHO COCTaBUThH U3 OYKB
cioBa BOJII'A. CkonbKko Cpelld HUX TaKuX, KOTOpble HauuMHawoTcs OykBoil B u
3aKaH4YMBalOTCs OyKkBOl A?

7 Crypentsl 1 kypca uzyyaror 12 gucuuruinH. CKOJIBKMMH crioco0amu
MOXHO COCTaBUTh paclMCaHHE Ha Cpeay, €CIM B JTOT JI€Hb JO/DKHO OBITH 5
Pa3IMYHBIX TPEAMETOB?

8 CKOJBKMMHU CIOCOOAMU MOXKHO PacCTaBUTh 6 pa3IMuHbIX KHUTHA TOJIKE,
YTOOBI ONPEACIEHHBIE 3 KHUTH CTOSITU PSIIOM?

9 Ckonbkumu criocobamu 3 Harpaabl MOTYT OBITH pacIpeneIeHBIMEXTY 7
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YY9aCTHUKAMU OJINMITHA]TBI?

10 B xop3uHe JEXKUT 8 MOPKOBOK, 6 kaproriek, 5 orypuoB. CKOIbBKHUMHU
crioco0aMu MOKHO BeIOpaTh 4 0BoIa U3 KOP3UHbI? CKOJBKUMH CIOCOOaMU MOKHO
BBIOpaTh 1 MOPKOBKY 1 2 KapTOIIKU?

11 CkonbKO pa3IuyHBIX TPEX3ZHAYHBIX YHUCEN (LUUPPHI HE TMOBTOPSIOTCA)
MOYHO COCTaBUTh U3 IUPp uncna 46897

12 Uz uudp 1, 5, 7, 8 cocTaBieHsl pa3iuuHble TpEX3HaAUHbIE yncia. CKOJIbKO
U3 HUX YETHBIX?

13 Cxkonbko MepecTaHOBOK MOXKHO cocTaBuUTh u3 OykB cimoBa OCHHA, B
KOTOphIX OykBa U cTout Ha TpeThem mecte?

14 'V ogHOrO CTyICHTa UMEETCSI 5 pa3IMUHBIX KapaHJaIlieu, a y apyroro — 8.
CKOJIBKMMU cIocO0aMU OHM MOTYT OCYIECTBUTh OOMEH: KapaHJall Ha KapaHjiam?
JIBa KapaHJaIla Ha JBa KapaHjaiia?

15 B ypne umeetcst 10 Oenbix 1 7 u€pHbIX 1m1apoB. CKOIBKUMH CIIOCOOaMu
MO>KHO BbIOpaTh 4 mapa, 4To0bl cpeau Hux Obut 1 Oenblil u3 uépHbIX 1mapa’?

16 U3 rpynmsl, cocTosieid U3 7 IOHOUIEH U 5 JeBYyIIEeK, HAaJl0 BhIOpaTh 4
YeJIOBeK TakK, 4TOOBbl Cpeld HUX ObUIO HE MeHee JBYX loHomer. CKOJIbKUMU
CH0c00aMU 3TO MOKHO ClieaTh?

Konmponwvuwvie éonpocwi:

Uro siBnsieTcs mpeaAMETOM KOMOUHATOPUKHU ?

ChopmynupyiiTe npaBuia CyMMbI U IPOU3BEICHUS.

JlaliTe ompeneneHue pa3MelieHuil 0e3 MOBTOPEHUN (C MTOBTOPEHUSIMH).
Jaiite onpeneneHue coueTanuii 0e3 MOBTOPEHUM (C TOBTOPEHUSMM ).
JlaiiTe onpeneneHre mepecTaHOBOK 03 MOBTOPEHUH (C TOBTOPEHUSIMH).
ChopmynupyeTe cxemy penieHus 3a1a4 KOMOUMHATOPUKH.

SOk wWNE

Tema 4.2 MareMaT4ecKasi CTATHCTHKA

Tema: YnciioBble XapaKTEpUCTUKN JUCKPETHOW CIIy4alHOM BEJTMYUHBI

1 IlonsiTHe cCiIy4YaiiHOM BeJIMYMHBI.

Omnpenenenue. CnyyauHou eeauuunou HA3bIBAIOT NEPEMEHHYIO BEJIMYHHY,
KOTOpasi B 3aBUCHUMOCTH OT HCXOJAa HCHBITAHHUS CIy4yalHO TMPUHUMAET OJHO
3HAYEHUE U3 MHOXKECTBA BO3MOKHBIX 3HAUCHHM.

O6o3Hauenue ciydaiHbix BeawdwH: X, Y, Z, ... ; BO3MOXHBIX 3HAUCHUU
COOTBETCTBYIOIIUX CIIYyYallHBIX BEIUYUH: X, Y, Z, ...

Hanpuwmep:

1) Ipu oaHOKpaTHOM GPOCAHMHU UIPATBHOM KOCTH YMCIIO BHINABIINX OYKOB —
ATO CciydyaliHasi BEJIMYMHA, OHA MOXET MPUHSTH OJHO U3 3HaueHui: 1, 2, 3, 4, 5, 6.

2)Uucno poAaMBLIIMXCS MAalbUUKOB CPEIM 3 HOBOPOXKAEHHBIX — 9TO
ClyJaifHasi BeTUYHHA, KOTOPasi MOXKET MPUHSATH OJTHO U3 3HaueHui: 0, 1,2, 3

Omnpenesienue. Juckpemnoii ciyyainou 6eauyuHol Ha3bIBAIOT CIyYANHYIO
BEITUYNHY, TPUHUMAIOIIYIO PA3IMYHBIE OTIACIHHBIC U30JUPOBAHHBIC APYT OT ApPYyTa
3HAYEHUS C OTPEACIEHHBIMHA BEPOSITHOCTSIMH.
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Uucno BO3MOXKHBIX 3HAYEHHW IHCKPETHOM CIYyYalHOW BEIMYMHBI MOXKET
ObITh KOHEYHBIM U OECKOHEYHBIM.

Henpepwvisnoii crnyuatinou 6enuuunou HA3BIBAIOT CIy4YalHYIO BEJIMYMHY,
KOTOpask MOKET TMPUHUMATh JIIOObIe 3HAYEHHs U3 HEKOTOPOTO YHCIOBOIO
MIPOMEXKYTKA.

Yucno BO3MOXKHBIX 3HAYEHUN HEMPEPBIBHOM CIYYAaWHOW  BEJIMYUHBI
OECKOHEUHO.

IIpruMepoM HENpephIBHOM CIIyYalHOW BEJIIMYMHBI SIBJIIETCS IPHUPOCT Beca
JIOMAIIHEr0 JXKUBOTHOT'O 33 MECHL, POCT YEJIOBEKA, TEMIIEpATypa BO3AyXa.

Omnpenesnenue. 3aKoHoM pacnpeoenienus CAYYAUHOU 6eluduHbl HA3bIBAIOT
aro6oe mpaBuio (tabnuia, QyHKIOUS, Tpaduk), YKa3bIBarollee BEPOSTHOCTH
OTACJbHBIX 3HAUEHUN CITy4YalHON BEJIMYMHBI WM MHOKECTBA 3TUX 3HAYECHUU.

2 3akoH pacnpeaeJeHUs JUCKPETHOM CJIy4ailHON BeJIUYUHBI.

bynem paccMarpuBarh JUCKPETHBIE CIyYalHbIE BEJIMYMHBI, MHOXECTBO
JOMYCTUMBIX 3HAYEHUI KOTOPBIX KOHEUHO.

3aKOH pacHpeesieHusl TUCKPETHON CiIy4yallHOW BEJIMYMHBI yA00HO03a/1aBaTh
B BHJIe TaOJUIBl, B KOTOPOM IepBasi CTPOKA COJEPKUT BO3MOXKHBIE 3HAUECHUS

X;1 X5, X, BeIMUHUHBI X (OOBIYHO B MOPSAKE BO3pACTaHUs), a BTOpask CTpOKa — UX

BepositHoctH Py, P, ,..P,

Tak Kak B pe3yapTaTe UCIBITAaHUS BEJINYMHA X BCET1a IPUMET OJTHO 3HAYEHNE
U3 MHOYKECTBA BO3MOXHBIX 3HAYECHHUU X;,X,,..X, TO CyMMa BCEX BEPOATHOCTEU
paBHa CAUHMIIC:

P+P,+..+P =1

3aKOH pacnpeiesieHUs] JUCKPETHOW CIy4allHOM BEJIMYHMHBI MOYXHO33/1aBaTh
rpadpuyecku. Jns storo Ha ocu Ox OTKIAIBIBAIOT BO3MOKHBIE 3HAYCHUS Xj

clly4aiiHOW BenuuuHbI X, @ Ha ocu (Jy — UX BEPOSITHOCTH Pj .

Mnoeoyeonvruxom (noauconom) pacnpedeinenusi TUCKPETHOW CITy4aliHON
BEJIMUMHBI X HA3BIBAIOT JIOMaHYI0, COCIUHSIONIYIO TOCIEA0BATEIBLHO TOUKH

(%0 P1) (X5, P ) (Xg s P).

Ilpumep 34

B nenexHnoii notepee BoimylieHo 100 OuneroB. Pa3sirpeiBaeTcs 2 BEIMTPHIIIA
no 50 py6neit u 30 Bemrpeimeid — no 1 pyomro. Halitu 3akoH pacnpeneneHus
CJIy4alhHOM BEJIWYMHBI X — CTOMMOCTH BBIMIPBIIIA [UJIS BJIAJEJIbLIA OJHOTO
JoteperHoro ouiera. [TocTpouTs MHOTOYTOIBHUK pacipeiesIeHUsI.

Pewenue.
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CnydaiiHass BenuuMHa X  MOXET MPHUHATH  CIEAYIOIIME 3HAYEHUS
.. 30
(Bplurpelll B pyOmax): x, =0, X, =1, x3=50, mnpuyéMm p, = 100 0,3
1

2 o
Py = o =0,02. W3 paBenctBa P;+ P, + P;=1 MoxkHO HalTH Pi:
1

p,=1-p,-p;=0,68
3anuiieM 3aK0H pacipe/ieSICHHUS:

X 0 1 50
p 0, 0, 0,
68 3 02

IIpoBepka 0,02 + 0,3+ 0,68 =1
[TocTporM MHOTOYTOJILHUK PACTIPEICIICHUSA:

0,68

0,3

0,02

3 @yHkuuA pacnpeaejeHus CJIy4ailHON BeJINYNHbI.

JIns HenpepblBHOM CIIy4aHOM BEJIWYUMHBI B OTJIIMYME OT JUCKPETHOM
CJIy4aitHOM BEJIMYMHBI HEJIb3s1 TOCTPOUTH TAOIUITy pacipeiesieHus BEPOATHOCTEH.

YHuBepcagbHBIM CITIOCOOOM 3aaHHS 3aKOHA PACIIPEIeNICHUS BEPOSITHOCTEN U
HENPEPBIBHOM CIIyYalHOW BEJIMYMHBI, W JUCKPETHOM CIy4YalHOW BEJIMYMHBI
ABJISCTCS] PYHKIUS paclpeie]ICHUs CIIydailHOM BEJIMUUHBI.

Onpenenenue. Pyuxyueli pacnpedenenuss CIydYalWHOW BEIMYMHBI X, WU
unmezpanbhol @Qyuxkyuel pacnpedeinenusi, HasbiBaeTcs ¢GyHkusa F( X) , paBHas
BEPOATHOCTH TOTO, YTO BEIMUYMHA X MPUHSIA 3HAYEHUE, MEHBIIIEE X'

F(x)=P(X <x).
CaolicTBa (YHKIIUH PacCIIPeIeIICHHUS.
1. 0< F(X) <1 (tak kak F(X) — 510 BeposaTHOCTB).

2. F(X) — neyObiBaromas QpyHkuus:
X <X, = F(X)<F(x,)
3. BeposiTHOCTE Monaganust Cay4aiiHON BeMUUYUHBI X B IMOIYUHTEPBAI [a;b)

paBHA Pa3HOCTH MEXAY 3HAYEHUSMU (QYHKUIUU PACTIPEIEIICHHS B IPABOM U JIEBOM
KOHIIaX YKa3aHHOTO MOJIyUHTEpBAJIA:
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P(a< X <b)=F(b) - F(a)

4. BeposITHOCTh NONAIaHUs HENIPEPBHIBHON CIIy4ailHOW BETMYMHBI X TIPUMET

Kakoe-1100 3apaHee 3aJaHHOoe 3HadeHue, paBHO 0:
P(X =x,)=0

5. BeposiTHOCTH momagaHusi HEMPEPBIBHOM clydalHOM BenuunHbl X B

MHTEPBaJ, OTPE30K WIH IMOJYUHTEPBAI C OJHUMHU U TEMHU K€ KOHLIAMU OJIMHAKOBBI:
Pla< X <b)=P(a< X <b)=P(a<X <b)=P(a< X <h)

6. Echn BO3MOXKHble 3HaYeHWA CAY4YalNHOM BeAMYMHbI X NpuHagnexat

nHTepBany (a; b), Tonpn x < a F(x)=0,npn x = b F(x)=1.
7.0na  HenpepbiBHOM  CNYYaNHOW  BEIWYUHbI €  BO3MOXHbIMU

3Ha4YeHMAMM  Ha  BCeM  YMCAOBOM  OCM  CnpaBef/iMBbl  PaBeEHCTBA
F(-»)=0, F(+»)=1

Omnpenenenue. CiydyailHas BEIWYMHA HA3BIBACTCS HENPEPbLIBHOU, ECIU €€
(GyHKUHS paclpeselieHus HempepbiBHA B J000W Touke M auddepeHunpyema
BCIO/LY, KPOME, MOXKET ObITh, OTAEIBbHBIX TOYEK.

QOyHKIMA paclpeneiaceHus AUCKPETHOW CIIy4YalHOM BENWYHMHBI MMEET BHJ
F(x)= > pi . 31€ech CyMMHpOBaHUE BEAETCS 110 BCEM I, JUISL KOTOPBIX Xj < X

X; <X

@yHKIUSA pacHpeleieHusl AUCKPETHOW CIlydallHONW BEJIWYMHBI SIBIISIECTCS
¢dyHkueit ¢ pasppiBamu. E€ rpaduk nMeer cTyneH4aThblil BU.

Ilpumep 35

I[To ycnoBuro npumepa 34 HalTH GYHKIUIO paclpeieNIeHUs F (x) U IOCTPOUTD
ee rpaduk.

Pewenue

X — CTOMMOCTh BBIMTPHIIIA JJIsl BiaJeiblla OJHOTO JIOTEpEHHOro OuiaeTa —
JIVCKPETHAs ClydaiiHasi BEJIMYMHA.

3aKOH pacrpeaeneHusl N3BECTEH:

X 0 1 50
p | 0 | 0 | O
68 3 02

Bynem 3agaBath pa3inuuHbie 3HAUEHUS X U HAXOAUTH JIJI1 HUX F (x) = P(X < x)

Ecmu x <0, TO F(x)= o (110 CBOHUCTBY 6).
Ecmm 0<x<1,TO F(x)= P(X <1)= P(X =0)=0,68 -
Ecimn 1< x <50, TO F(x)= P(x <50). 31ech coObiTe X < 50 coCTOUT B TOM,

YTO Mpou30ouaeT 1100 cobbiTe X = [, mu60o cobbiTie X = (), KOTOPHIE HECOBMECTHBI.
CrnenoBaTenbHO, M0 TEOPEME CIIOKEHUS BEPOSTHOCTEH HECOBMECTHBIX COOBITHIMA
nMeeM

F(x)=P(X <50)=P(X =0)+ P(X =1)=0,68 +0,3=0,98

Ecin x > 50 , TOF (x) =1 (110 CBOUCTBY 6).

Nrak, 3anuiiem GyHKIUIO paclipeefieHus F (x) aHATUTHYECKU:
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0,98 mpu 1< x<50,

(
|
j0,68 npu 0<x<1,
|
|
tl npu X >50

I'paduk GpyHKIMEM pacnpeneIeHus F (x)-

3aKOH pacHpeneseHusl MOJHOCTBI XapaKTEPU3YeT CIy4YalHYI BEIUYMHY.
OpHako NOpH penieHMd MHOTMX 3a]ad JIOCTaTOYHO 3HATh JHIIb HEKOTOPHIE
YUCJIOBBIE XAPAKTEPUCTHKM CIYyYalHON BEIUYMHBI, KOTOpPHIE OMMCHIBAIOT
OTACJIBbHBIC CYIIECTBEHHBIE CBOMCTBAa 3aKOHA PACHpEICIICHUS CIy4auHOU
BEJINYUHBI.

IlycTh nuckpeTHas ciaydaiiHas BEJIMYMHA 33aHa 3aKOHOM PacIpeacIeHU:

X X, X, o X,

P PR P, .. P

4 MaremaTu4ecKoe 0KMJAAHUE TMCKPETHOM CIYyYAlHOU BeJIMYUHBI.

MareMaTu4eCcKuM OKUJIAHUEM M (X ) JUCKPETHOM CIIy4YalHOW BEJIMYMHBI X
Ha3bIBAIOT CYMMY T[POM3BEIICHUN BCEX €€ BO3MOXHBIX 3HAYCHUW HA UX
BEPOSTHOCTH:

M(X):inpi = X, P+ X, Py + e X P,
i=1

3ameyaHus:

1) MaremaTn4eckoe 0XHIaHue JUCKPETHOMW Cy4YaitHOW BEJTUYMHBI SIBIISCTCS
HECITy4aitHOU (MTOCTOSTHHOM ) BEJTMYMHOM.

2) MareMaTHYeCKOE OXHIAHUE M (X ) SBISETCS CPEIHHM 3HAYCHUEM
JUCKPETHOM CIIy4aifHOW BETMYUHBI X (ILIEHTPOM PACTIPEICICHHUS).

3) MareMaTHueckoe OXHIAHHE 4YHCIIA TOSBICHUHA COOBITHS B OJHOM
UCIIBITAHUH PABHO BEPOSITHOCTH 3TOTO COOBITHS.

Ilpumep 36

Haitn Maremarnueckoe 0XUAAHUE TUCKPETHOW CIy4alHOW BEJIIMYMHBI X ,
3aJJaHHOW 3aKOHOM PacCIIPEICIICHUS:

X -1 5

P 04 06

Pewenue
M(X)=> xp,=xp, +X,p,=-1-04+5-06=-0,4+3=26
i=1

CBoHCTBa MATEMATUYECKOTO 0KUAAHUS JUCKPETHOM CIIy4allHOM BEJTMYUHBI.
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1. MaremaTuyeckoe OKHUJIaHHE TIOCTOSIHHOM BEJIIMYMHBI PABHO CaMoil
IOCTOSIHHOM: M (C)=C, C = const .

2. IIoCTOSIHHBIM MHOXKUTEJIb MOXXHO BBIHOCUTH 32 3HAK MaTEeMaTHYeCKOTO
OXKHMIAHMSA: M (CX )=C-M (X ), C = const .

3. Ecu x ,y HEe3aBUCHUMBIE CJIy4alHbIE BEJIMYUHBI, TO
M(X+Y)=M(X)+M(Y),
M(X-Y)=M(X)M(Y)

S5 {ucnepcust AMCKPETHOM CIIYYAMHON BeJITUYMHBI

ITycts X — ciy4aiiHasi BEIMYMHA, M (X ) — €€ MAaTEMaTHYECKOE OKUIAHUE.

Pa3HOCTE x - m (x ) Ha3bIBAIOT OMKIOHEHUEM CIIy4YaliHON BEJIMYUHBI X OT ee
MaTeMaTUYECKOTO OKUJIAHHUS M (X ).

Jucniepcueil (paccCTOSTHUEM) bp(x ) JOUCKPETHOM cClydailHON BeIWYUHBI X

Ha3bIBAKOT MATCMATHYCCKOC OXHIAHUC KBaJApaTra OTKIOHCHHA CJ'Iy‘IElfIHOfI
BCINMYHUHBI OT €€ MAaTEMAaTHUYCCKOT'O OXKUJaHUA:

D(X)=M|(X —M<x>>2]=_z"<xi M (X)) p, = (% =M (X)), +t (x, = M (X)) p,

Hucnepcust xapaktepuszyeT pa3zdopoc (paccerBaHWE) 3HAYCHUUM CIydailHOM
BEJIMYMHBI OTHOCUTEIIBHO €€ MATEMATUYECKOTO OXKUIaHUS.
CBoiicTBa IUCIEPCUU TUCKPETHOM CIIy4YallHOW BEJTMYHHBI.

1. D(X)=M(Xx?)-(M (X)),

2. Jlucriepcus IOCTOSIHHON BEJIMYMHBI paBHA HYJIIO: D(C)=0 C = const

3. [locTOSIHHBIM MHOKUTENIb MOKHO BBIHOCUTH 3a 3HAK JUCIEPCUU, BO3BOS
€ro B KBaJIpAaT: p(cx )=Cc?-D(X), C = const

4. Ecniu X, Y He3aBUCUMBIE ClTydyaliHbl€ BEJIMYHUHBI, TO

D(X +Y)=D(X)+D(Y),

D(XY )= M (X)W (v ) (M (X)) - (M (v)).

Ipumep 37

Haiitn nucniepcnio TUCKPETHOM CIIy4allHOM BEIUYUHBI X, 33 JaHHON 3aKOHOM

pacnpeneneHus
X 1 2 3

P 02 03 05

Pewienue
Brruncnum nucnepcuio o cBOMCTBY 1

D(X)=M(x?)-(Mm(x))
Haiinem maTemaTtnueckoe OXKMJaHue BEIIUYUHBI X.

3
M(X)=> %P, =XpP, +X,P,+X,p, =1-0,2+2:03+3-05=0,2+0,6+15=2,3
i=1

3anuuieM 3aKOH pacIpeAesieHusl KBaapaTa Clly4YaiHOW BEJIMYHUHBI X'
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X 2 1 4 9
P 02 03 0,5

MareMaTnyeckoe 0KHIaHNEe KBaApaTa CIy4aliHON BEIUYHMHBI X paBHO:
M(X?)=1-02+4-03+9-05=0,2+12+45=59
Torma nmomyunm
D(X)=M(X?)-(M (X)) =59-23"=59-529 = 0,61
6. CpenHee kBaJpaTH4ecKoe OTKJIOHEGHHE JAUCKPETHOH CJIy4YaillHOM
BeJIMYMHBbI
Jlucriepcrst UMEET pa3sMEpPHOCTh KBaJpaTa CIIy4YalHOM BEJIMYMHBI X, 4TO B
CpaBHUTEJBHBIX IIeNsiX HeynoOHo. Korma sxenatensHo, 4yTOOBI OlleHKa pa3zdpoca
MMeJIa Pa3MEPHOCTh CIy4alHOM BEIWYUHBI X, MCHOJIB3YIOT APYIYH) YHUCIOBYIO
XapaKTEPUCTUKY — CPEHEE KBAIPATHUECKOE OTKIOHEHHE.
Cpednum  keadpamuyeckum  OMKIOHeHUueM  JUCKPETHOM  clydailHOM
BEJIMYMHBI X Ha3bIBAKOT KBAIPATHBIN KOPEHb U3 €€ TUCIIEPCUU:
S(X)=4/D(X)
Ilpumep 38
Haittn cpennee KBaJpaTM4ECKOE€ OTKIOHEHUE CIYYaWHOW BEJIMYMHBI X,
3aIaHHOM 3aKOHOM pactpeseneHus (cM npumep 37)
X 1 2 3

P 02 03 05

Pewenue

Tak KaK p(x )= 0,61, TO

(X )=+/D(X)=+/0,61 ~0,78

3aoanusn 014 CAMOCmMOAMENbHO20 PEUIEHU:

1. Onpepenuntb, 3aKOH  pacnpeaeneHns KakoM U3  AUCKPETHbIX
CNYYaMHbIX BEANYNH X nnu Y BepeH.

X | -1 0 1 4 Y | 2 1 3

» | 0 |0 |0 |0 » | 0 | 0 |0
2. Haittu K, mpu KOTOpOM 3aKOH pacmpeie/ieHHsl TUCKPETHOU CydaiHON
BEeNTUYMHBI X 3a/1aéTCsl TAOJIMIICH:

X 1 4 5 7
p 0,2 0,1 K 0,4
3. B naptum umeetcs 15 pybawek, M3 HUX 5 UMEIOT CKpbITbIM AedeKT.

MokynatoT 3 pybawkun. HaliTM 3aKOH pacnpeneneHna CayvyamHom BeNNYUHbL X —
yncna gedeKkTHbix pybaluek cpean KynaeHHbIX.

4. B ypue umeercs 7 6enbix u 3 u€pHbIX mapa. VM3 ypHbI u3BIeKaioT map 2
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pasa nmoapsia, NpUUEM KaXKIbI pa3 BBIHYTHIM 1IAp BO3BPAILAECTCS B YPHY W IIaphbl
nepeMemmBaroTcs. Haitu 3aKkoH pacrpeneneHus Cay4anHou BEIMYUHbI X — 4uCiia
U3BJICUEHHBIX O€JBIX I1apOB.

5. HailtTu 4yucnoBble XapaKTEPUCTUKU (MaTEMaTHYECKOE OXKHJIaHUE,
JUCIIEPCUIO M CpeHEee KBAJIpaTUUYECKOE OTKIOHEHHWE) IUCKPETHON ClydalHOU
BEJINYMHBI X, 3aJITaHHOW 3aKOHOM PaCIpEECICHUSA:

X -1 4
p 0,2 0,8
6. Jlos JTACKPETHOU CIIly4YaliHOM BEJMYMHBI X M3BECTHO

M(X)=4, M (x?)=25.HaiiTu ee cpeanee kBagpaTHyeckoe OTKIOHEHUE O (X)

7. B ypHe mmeercs 5 mapoB ¢ Homepamu OT | mo 5. Bemynm 2 mapa.
CnyuyaiiHas Benr4rHa X — cymMMa HOMEpPOB 1apoB. HaliTu 3akoH pacnpeneneHus u
YHUCJIOBBIE XapaKTEPUCTUKH BEJIMYMHBI X.

8. HezaBucumble nHUCKpeTHbIE ciay4yaiiHble BeauuuHbl X ©U Y 3a7aHbl
CJIEIYIOLIMMU 3aKOHAMU PACTIPEICIICHHUS:

X -2 -1 1 Y 0 1 2

p | 01 |08 |01 » | 05 | 04 | 01

9. Crpenok nenaer mo MUIIEHH TPU BBICTpena. BeposATHOCTh monagaHus B
MHILIEHb IIPH KaKI0M BeIcTpene paBHO 0,8. [lycTe cinydaiiHas BennunHa X — 9UCI0
MONaJaHuid B MULIeHb. HaliTh 3aK0H pacnpeeneHnst BETUIUHBI X.

KoHTpoJIbHBIE BOIIPOCHI:

1. Yro HaspiBaeTCs ClaydaiiHOM BETUYMHON?

2.Kakas cnyuaiinas BeJIMYMHA HA3BIBAECTCA JUCKPETHON (HEIPEPHLIBHOMN)?
3. laiite ompeneneHye 3aKOHA PACIIPENECIICHUS CIIy4aliHON BEIMYMHEL

4.Yro Ha3bIBa€TCA, MHOTOYIOJLHMKOM DACIPENEICHHS IUCKPETHOM
CIIy4ailHOW BEJIMYMHBI?

5. Taiite onpenenenue (GpyHKIMU PACIPENEICHUS CIyYaiHON BEIMYMHBIL.
6. ChopmynupyiiTe cBolicTBa (PyHKIUH pacIpeaeICHus.
/. JlaiiTe onpeneneHne HENPEPHIBHON CITy4aliHON BETMYHHEL.

8.Yro HaswIBaeTCA MAaTEMAaTHYECKUM  OXKHUJIAHUEM
JMCKPETHOMCITYYaHOW BEJIMYUHBI?

9. laiite ompenenenye AUCIIEPCUM IUCKPETHON CIyYalHOM BEIUYMHEL.

10.Yro nassiBaeTcs, cpeiHMM KBaPATUYECKHM OTKIOHEHHEM JAUCKPETHOM
CIIy4ailHOM BEJIMYUHBI?
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CamocTosiTenbHas padora (4 yaca)

Bapuanr 1

1. Haiinutre cymmy nepBbix 10 wieHOB apuMeTHUECKON MPOrpeccuu, eciu

IIEPBBIM WIEH PaBeH 3, a pa3HOCThb PaBHA 2.

2. Onpenenure oOMMI YWICH YUCIOBOTO Psijia, €CIU MEPBbIC MSITh YJICHOB
paBHbL: 2, 4, 8, 16, 32.

. o 1
3. Hccrnenyiite CXOAMMOCTb PSIAA Y\peq —~
4. Haiigute cyMMy reOMETPUYECKON MPOrpeCCUH, €CIv MEPBBINA YJIEH PaBEH
1, a 3HameHnarenpb paseH 0.5.

o 1
5. Omnpenenure, ABAACTCS JIH PAI Y1 — PaCXOAMIMMCH.

1
on

6. Haiigute cymMMy MepBBIX 5 WICHOB psAla X.peq
Bapuanrt 2

1. Halinute cymMMy nepBoiX 15 diieHOB apudMeTHUYECKON MPOTPECCUU, €CITU

IIEPBBIM WIEH PaBEH 5, a pa3HOCTh paBHa 3.

2. Onpenenute OOIIUN YWIEH YUCIOBOTO Psijia, €CIU MEPBbHIC MATh YWICHOB PaBHBI:

1,3,5,7,9.
. o 1
3. Uccaenyiite CXOAMMOCTD PSAAAY, 51 =
4. Haitgute cymMMy reOMETpUYECKON MpOrpeccuu, eciii MepBbI YJieH paBeH 2, a
3HaMeHaTelb paBeH 0.25.

1
5. Onpenenure, ABASCTCS JIA PSII Y peq 77 pacxonsummes.

y 1
6. Haiiqure cymMMy MepBbIX 6 WICHOB PSAa ) pyeq prs
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