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IlosicHuTEILHAA 3aIMCKA

[IpakThueckue 3aHATHS CIYKaT CBSA3YIOIIMM 3BEHOM MEXKIY TEOopuen Hu
npakTUKOW. OHHM HEOOXOOUMBI JJIA 3aKpPEIJICHUST TEOPETHYECKUX 3HAHUM,
MOJIYYEHHBIX Ha YpPOKaxX TEOPETUYECKOro OOYy4YeHHs, a TaK K€ ISl MOITy4YEHUs
npakTUYeckux 3HaHui. [lpakThueckue 3aJaHus BBIIOJHSIOTCA CTYAEHTOM
CaMOCTOATEIIBHO, C IPUMEHEHUEM 3HAaHUW M YMEHUH, ITOJIyYEHHBIX Ha YPOKax, a TaK
K€ C UCIOJIb30BaHNEM HEOOXOAUMBIX MOSICHEHUH, IMOJIYYEHHBIX OT IIpernojaBaTelis
IPU BBIIOJIHEHUHM NPAKTUYECKOTO 3adaHus. K IpakTHYecKoMy 3aHSITHIO OT
CTyJl€HTa TpeOyeTcs MpeABapuTesbHAas OITOTOBKA, KOTOPYIO OH JIOJKEH MPOBECTU
nepena 3aHsaTueM. COUCOK JIMTEpaTyphl U BONPOCHI, HEOOXOUMBbIE TPU MOATOTOBKE,
CTYJEHT TMOJy4yaeT TMepe] 3aHATUEM M3 METOJUYECKUX PEKOMEHJAuid K
IIPaKTUYECKOMY 3aHATHUIO.

[IpakTuueckue 3amaHus pa3paboTaHbl B COOTBETCTBUM C  Y4eOHOM
nporpammoil. B 3aBUCHMMOCTH OT COAEp)KaHHUS OHHM MOTYT BBIOJHSITHCS
CTYACHTAMH WHAMBHUIYAJIbHO WM (DPPOHTAIBHO.

Benymen aUmakTUYeCKOW 1ENBbI0 MPAKTUYECKUX 3aHATAU  SABJSCTCA
dbopMHpOBaHUE MPAKTUYECKUX YMEHHM — TPO(PEecCHOHANBHBIX (BBINOIHATH
onpenenéHHble JEUCTBUSA, OMNEpalud, HEOOXOAMMbIE B MOCIEAYIOIIEM B
po(ecCUOHANBbHOM IeATeIbHOCTH) WU YYEOHBIX (pelaTh 3aa4u 0 MaTeMaTHKe,
busuke, xumun, “HGOPMATHKE U JIp.), HEOOXOAUMBIX B TMOCIEAYIONEH yueOHOM

ACATCIBHOCTH IIO O6H_I€1'[p0(1)CCCI/IOHaJIBHBIM )41 HpO(l)CCCI/IOHaHBHBIM JUCITHITIIMHAM.



B pesynbrare u3yueHus o0s3aTENbHON YacTH Y4YEOHOTO LHMKIA OOYyYaroIIMics

JOJDKEH:  YMeTh:

— peliath 3aJa4d Ha OTBICKAHWUE MPOU3BOIHOM CIONKHOW (YHKIHMU, MPOU3BOTHBIX
BTOPOIO U BBICHINX MOPSIIKOB;

— IPUMEHATh OCHOBHBIE METOAbl MHTEIPUPOBAHUSA IPU PELICHUU 3a/ad; MPUMEHSTH
METO/Ibl MATEMATHYECKOr0 aHaJIW3a MPHU PEIICHUH 3a]ad NPHUKIaJHOrO XapakTepa, B
TOM 4uCJIe MTPO(HEeCcCHOHATFHON HAMIPABICHHOCTH, 3HATh:

— OCHOBHBIE TOHATHUS U METOJIbI MATEMATHUYECKOTO aHAJIN3a;

— OCHOBHBIE YMCJICHHBIE METO/IbI PEIICHNUS ITPUKIIAIHBIX 33]1a4.

3a4eT MO KaXJI0M NpakTHUYEeCKOHM paboTe CTYINEHT IMOoJydaeT Mocie eé

BBINIOJIHEHHSI U MPEJOCTaBICHUS B NMUCBMEHHOM BHUJE, OPOPMIICHHS OTYETa B

KOTOPOM YKa3bIBAE€T IIOJYYEHHBIE 3HAaHUSA W YMEHHUS B XOJE BBINOJHEHUS

IPAKTUYECKOM paldoThl, a TaKKe OTBETOB Ha BOMPOCHI MpenojaBaTelis, €Ciu

TAKOBBIC BOSHUKHYT IIPH ITPOBCPKC BBIITOJIHCHHOI'O 3aIaHH:A.



IIpakTnuyeckoe 3ansaTue Nel

Tema: Teopus npenesion
Heab: chopmupoBaTh yMEeHHE HAXOIUTh IMPEAETbl MOCIEAOBATEIBHOCTEH U

pCacbl CI)YHKHHﬁ, HCIIOJB30BaTh 3aMCUATCIIBHBIC IPCACIIbI I HAXOXKIACHHA

MMpcaciaos.

Teopernueckne cBeleHUs] K MPAKTUYECKOM padoTe

HYCTB CymcCTBYCT IMOCJICOAOBAaTCIbHOCTD I[GI\/JICTBI/ITGJII)HI)IX qHUCCI

Oa,0RrR n: 010.
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Yucno A nvaspBaiot npedenom @ynxyuu f(X) mpu X O Xo (v mumryT lim f x() O A),
ecau 1 mo6oro O O 0 maitgerces uncno 00 O, 3aBucsee ot ,
xxO o
Takoe, yTto i Bcex X O Xo, YAOBJIETBOPSIOIINAX YCIIOBHIO ‘X O Xo ‘ o 0,
BBITIOJTHACTCSI HEPABEHCTBO ‘f x() O A‘EI 0.

TGOpeMBI O Ipcaciax:

1. limc O c (c=const).

X xO o

2. Ecmu limfx() O A, limO()x O B, To:

x xO o X xOo

lim( ()f x 0 O())xD lim f x() O limO()x O AQ B;

xxO o xxOo Xxx0o

lim( ()- ()fxOxO limfx()-limO()xOAB-;

x xO o X xO o x xO o

fx() ﬁ)fx(_) Alim O
O , (B O 0).*@,0()xlimO( )x
B
x xO o
sin x
Iepsvuii 3amevamenshotii npeden: lim 01,
xdo X

Bmopoti 3ameuamenvhwiii npeden (anucio e =2,718...):
1

lim(101/ x)*0O e wm lim(10 x)*0 e.
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YroObl HaliTH Tipesen sneMenTapaoit GpyHkuu lim f X( ), Hy»)HO TipeaensHOe

x xO o

3Ha4YCHUE apryMEHTa MOJCTaBUTh B (DYHKIUIO U MOcuuTaTh. [Ipu 3TOM, eciu x=xo
MPUHAJICKUT 00JacTH omNpeaesieHuss (PyHKIMHU, TO 3HAYeHUE mpenaesna OyaeT
HaliJICHO, OHO PABHO 3HAYCHUIO QYHKIIMHU B TOUKE X=Xo. [[py BEIYUCIICHUU TIPE/ICIIOB
MOJIC3HO MCIOJIB30BaTh cienyroniie cootHomenus. Ecou ¢ O const, ¢ O 0, ¢ O O,

TO, YUYUTHIBas CBOMCTBA 0.0. 1 6.M. QYHKIUH, TOJTYIUM:

_000; _cODO0ODOOODO;O;-¢c ;-0c 0;acOO0,ecan0 0 Oal;ac00,ecom a>1. ¢
0 c
Crnydau, B KOTOPBIX MOJICTAHOBKA MPECIBHOTO 3HAYCHHS apTyMEHTa B
GYHKIIHUIO HE TaeT 3HAYCHUS TMPEeIia, Ha3bIBAIOT HEOMIPEACICHHOCTAMHU, K HAM

OTHOCATCA HCOIIPCACICHHOCTH BUIOB!
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N
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N
x*0 2x2 03x x*03x 02 Orroxortd
D)xlimoos3x20 x 2)xolimi_— X200 X 3)xalimoxzx O

O.io2x o3 x:03x O 2 Ox 010 200x o102

&clim Sjlim % 1 6)elimOx 010 -00x010;
4 X x1 O
S
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3aganue 3. Berancnuth npeaensl QyHKIMM, UCTIONB3YS 3aMevaTebHbIE MPeIebl:

Ox 3 X 3)oelimOn
22xx0013000
01 oolim o1
DIlimO xO0.000 a0 X O _
- (mtoo 3% [I5x
limd1 100 xe[Owxex < O B)lim o
4) o0 0 ) sin4dx
. In 1Ll Osin arcsin7x
tg >)<(3 Nlim - 1 5)lim 9)lim 2xa0
- 1g X00 sindx sinxxd IIpakruyeckoe 3ansitue Ne2
9In(1
8)lim 02x) Tema: Tuddpepenunannuoe
s 4arctg x3 HCUYMCJIEHHE

Hean: chopmupoBaTh yMeHHUE HCCIIEOBATH (DYHKITUIO HA HEMPEPHIBHOCTh U HATMYWE
TOYEK pa3pblBa, ONPEACISATh PO TOUYEK Pa3phIBa.
Teopernueckne cBeJeHUs K NPAKTHYECKOI padoTe
OyHKIMS yOfx() Ha3bIBACTCS HenpepvleHoll
8 moukKe Xy, €CIIi OHA: 1) onpejeneHa B TOUKE Xo; 2) UMEET KOHEUHBIN MpeAeI Mpu X

O xo; 3) 3TOT TPEAen paBeH 3HAYeHUI0 (YHKIUU B 3TOM

touke lim f x() O f X( o).

x xO o

@OyHKIMS HA3bIBAETCS HENIPEPBIBHOM, ECIU:

1) Iimé]I 0 0f O f (xoO Ox) f (o)

2) oooooono )|(|:||:|Xo|] El|fx()EIfx(o)|EI|:|

3) limfx0O OO f (xo)

xxOo

@yHKIM Ha3bIBACTCA HEIPEPHIBHOM Ha HEKOTOPOM IIPOMEXKYTKe X, €ClIM OHa
HEIPEPBIBHA B KAXKIOW TOYKE 3TOr0 MPOMEKYTKA.

Ilpumep I: loxazats, uto Qynkiwus f (x) 03x?0 O02x 1 HEnpepbIBHA Ha (-00;+00)

Pewenue: f nDsonD[xnznzljxon oox0 10 szozuzgou EID1|:| 3x¢206x0x03 X2 02x, 02 xO 01
3x0202%00 01

12



U O il ;
O 6on|:|3 x202 x DIimxuon 0 “m[6xuo|] XoxO3 x202 XDEI 0

Touka xo Ha3bIBaeTCSl TOUKOW pasphiBa (DYHKIMH, €CIH B 3TOH TOUKE HE
BBITIOJTHEHO XOTsI OBl OMHO W3 ycnoBui 1—3 HempepwiBHOCTH (yHKIHH. Bce
pJieMEeHTapHble (YHKIHUMA HEMPEPHIBHBI BO BCEX TOYKAX, IJI€ OHU OMPEECICHBI.
Knaccugpurayua mouex paspwisa:

1) Xo— TOYKa YCTPaHUMOI'O pa3pbiBa, eciau a) lim f (x) O lim f (x) O f (o)
xx0 o0 xx0 000

0) B TOUKe Xo (QYHKIHS HE ONpeIesieHa

2) Xo— Touka pa3pbiBa I poaa, eciu lim f (x) O lim f (x)
x x0 000 x x0 000

h O fx(o0 00)fx(o00) - ckadok GyHKITMH

3) xo— Touka paspbiBa Il poma, eciiu XOTs Obl OJMH M3 OJHOCTOPOHHUX TPEICIOB
paBeH OECKOHEYHOCTH UJTU HE CYIIECTBYET

Ilpumep 2.
Haiitu Touku pa3pbiBa QyHKIIMN U YCTAHOBUTD UX THII
Ox201,x 01

a)ny(X)DDD 0,x01

I:IIZI x O1,x 01

«limo o1 o|:IX2 D1D

o2lim0Oxo10 o
2

xO0010
f(v)oo
Ox 01 mouka ycmpanumoeo paspviea

O x2,x 01
o)ydf(x)O0O

Ox 02, x 01 lim
x2010 lim Ox 020 0 01 @

010x0010

0 Xo 01 mouxa paspwisa I pooa h 0 O 0O
o0112
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1

6¢y) 0O 2amn

|ime 0o 0010 9% 29M01im2 02O _Oo

1

lim20:02°00

xO0d10

Ox 01 mouka paspvisa |l pooa

IIpousBoaHas u ee reomerpuueckuii cmbicia. Ilpasmwio JlonuraJs.
IIpouseoonoi ¢pynxyuu Y O T X() Ha3pIBaeTCS KOHEUHBIH MPEIE]T OTHOIICHHS
npupamienns ¢pyuaxmun O Of f x( O Ox)0 f x( ) x npupariennto He3aBUCUMOM

nepeMeHHou UX mpu cTpemMieHuU MOCIEAHETO K HYJIIO:

fx(IZIIZIx)EIfx().

yoofoolim_ g lim
(1)

ooxoOX ooxo Ox

O0603HaueHMS TPOU3BOTHOM B TOUKE Xo:

, ¥ XO( o) u mpyrue.

dy‘ afx(Y), yO,
f O(xo),,
dX x dx X0
Ecnmu yHkums B Touke Xxo (MM Ha TPOMEXKYTKE X) MMEET KOHEUYHYIO
MPOU3BOIHYI0, TO (PYHKIIMS HA3bIBACTCS Jughghepenyupyemoti 6 smotl mouke (WIn

Ha MPOMEXYTKE X).

ITpornecc oThICKaHMS TPOU3BOIHON HA3BIBACTCS Oughghepenyuposanuem.
T'eomempuueckuii cmvici nPOU3800HOLL.

T Ecnu kpuBast 3anana ypasuenuem Yy O f x(),

to f O(Xo) O tg0— yriioBoit ko3 pHIMEHT KacaTeTbHOM

14



A ygf®

O(Xo)). YpaBuenue kacarenbhoi k kpusoii Y O f x()

.............................. X B Touke xo (psimast MoT) umeeTt BU:

y Ofx(0)dfxO(0)(x O Xo),

> (2)

(=]

a ypaBHeHue Hopmamu (MoN):

1 yOfx(o)O_—
(x O xo). (3) f O(xo)

Ipasuna oughghepenyuposanus

N |U = u(x), V=V(X) —{|Ne |U = u(x), V=V(X) —
nn | nuddepeHnupyemMple GyHKIUN nn | auddepeHuupyemMbie GyHKINUN

| (uOv)ODOudovo VI [[IpousBogHas CIIOKHOM
bynaxmuu y O fux[ ()], yO O fu,O
O-
Il | (-H)uvOOuvO Ouv-0O VIl | ®yHkius 3 1aHa napaMmeTpuyec-
v Ox 0O ypaBHEHUSIMU
Il |- )cu O Ocu- ,Oc Oconst X () dy yO
yO, 00 t.ax xO
o ,pgyO
y t()

IV |0 w00uvB-Begv- O, (OvxO0) | VIN| Ecnm y O f ()x w x O f 92( )y —

B3aMMHO OOpaTHbIE QYHKITUH,

OvOg0O v
. 1

d

rox 0, (y7.00).

V' |0 ¢ OOc v-20, (()cv xO constd 0) yO

OvOOOoOQv
O

Dopmynvl Ouggepenyuposans OCHOBHbIX INEMEHMAPHBIX PYHKYULL
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Ne | c=const, X — HEe3aBUCUMAs nepeMeHHasl,
I |y = u(x) — muddeperippyemas GyHKIHS
1 1C=0 9 |(cosu)O O Osin -u ud
2 =1 10 uld
[(tguw)O O 2U
COS
3 |(u®O 0O 0-uf™-ud 11 udd
[(ctgu)O O O 2U
sin
4 |[(a*)0 0 a*In -a ud 12 ud N
l(arcsinu)d  v1pu?® u o1
o ((en)OOeu:-O 13 ud :
l(arccosu)d O v1pgu® 0uO1l
6 ud 14 udd
(log.u)O O _ (uOO0)ulna [(arctgu)d O U2
10
U ud 15 ud
(ln)DO _(u0O [(arcctgu)d O O Uz
O)u 10
8  [(sinu)O Ocos -uud
IIpouseoonoii n-2o nopsidoka Ha3bIBACTCS MPOU3BOAHAS OT MPOU3BOAHOM (N—
1)-ro  mopska. [Ipon3BogHBICE  BBICHIMX  TMOPSAKOB  BBIYUCIISIFOTCS
nocJye0BaTeIbHbIM TU(PEepeHIIMPOBaHNEM JAaHHON (PYyHKIUU.
d y?
[TpousBoaHas BToporo mopsaka yOO O (yO O) mau —dX..
d y?

[Mpoussoanas Tperhero mopsaka yoOO O (yOO O) wim —dXs u T.

II.

Ipumep 1. HaiiTu npon3BOAHbBIE (PYHKITHIA:

16



a)y O 3x5|]\jxj|j x_4;; 6) s O (etO 2In )sin ;tts) u O ctg3_3v; 2)zQ

arctg2 104 tzt .

Pewenue.
a) cionb3ys npasuina I, 111 u popmyny (3), momyunm: yO

0 (30 °XB4/x)0 0 3()00 ()00 4()0 0

0 3-5x*0-2 ows 4( 30 xome) —=0—7
O15x0 2 12, Sxoxt

d
3

0) Wcnonw3ys npasuia guddepenuupoBanus npouseacHuss Qynkumii II,

paszHoctu I, popmynsi (5), (7), (8) u yuutsiBasi, 4TO He3aBUCUMAs IEPEMEHHAs €CTh

t, T. e. t=1, momyunm: |

s O[(e'0 2In)sintt]0 O (etO 2In) sint Ot O (e'0 2In )(sint t)O0 O

((eH)OO 2(In) )sint Ot O (e*O 2In )costt O I:||:||:Iet|:| _2t |:|D|jsint O (e'O 2In )cos .t
t

6) CnoxHas creneHHas (QyHKIUs, He3aBUCHMas TIEpeMEeHHast eCTh V,

T. €. v=1; | ncone3ys popmyny (3), momydnm:

ul O 0O000Octg —v 020 O 20ctg —v OO —viQd 20ctg v I:IDIZIDI:IEI gIZI v20vO
ooo

0030 gOgOp3npgOhctg 3p00 o Og 3pgOpgO0sin0 3003 gOOg O

17



o 1 0 v v

0 2ctg _3vOO0O03 v 000-G8-2ctg23v B1523 sincoss3v .

sin2 _ 3sin
O 30 3 3

2) Ucnonw3ys npasuna nuddepennupoBanus yactaoro [V, cymmer 1, 111

1 Gopmyinsl (3), (14), yuurtsisas, uro t=1, moxyuum: |

04)20 [

-
z0 0 OpO arctg21pg 4t:t Ogo— O (arctg2 ) (1t OO 4 )(1t2004 )t(2-2arctg2 )(1t

1@, (0 a)arctg2 (0t t 0 4-2)t 02 pBtarcty:
2t. (I04) O
O 22

(10 4)t

Ipumep 2. CocTaBUTh YpaBHEHHUE KacaTeIbHOM N HOpMasK K kpuBoi Yy O x?03

B ToéKe ¢ adcuuccoit xo=2.

Hcnonb3yem ypaBHeHHUs kacaTenbHOMU (2) u Hopmanu (3):
1)y x(o) Oy(2) OV 2203 01;2) y xO() O ((x 3)12)0 O 1(x203)a

12(x203)0 0 1(x203)o22x 0 X ; O
2 2 V x203
2

yxO(o)0yd@)OvV2°g3 02

[MoactaBum Xo, Y X( o), Y XO( o) B ypaBHeHus u monyuum: Yy 0 01 2(xO0  2),

wiu 2X 0y 030 0 — ypaBHeHHE KacaTeIbHOM.

1
y QO EIlE(X 0 2), wm X O 2y O 4 O 0— ypaBHEeHne HOpMaH.

. O
Ilpumep 3. HaliTi IpoU3BOAHYIO Y x, €ClIA (DYHKIIHUS 3a7aHa TTapaMeT-

18



Ox O In(50 2)t

puuecku: O

gy O arctg(50O 2 ).t

yiQd . —
Hcnonszyem npasuino VII yO,O
X[

Ox0 O (50-2)t0 002

oo 5n2t 5pg 2t

U so2)o 02

OOyO O 10 (50 2)t.0 10 (50 2 )t 2.

0 yO«0 10 (50022 )t »: 50022t 0 105(50022 )tt -0 4t

05200 2tt0 26.

Ilpumep 4. Havitn muddepenmanst QyHKITUI:

a)y O 0Ox cos2 ;x 6) ud 03 e™; 6)sO1In3 .t

Jnst muddepennuana ¢yakun Y Oy X() cipaBemusa dopmyia dy Oy x dxO(

), T. €. nupdepeniman GyHKINN paBeH MPOU3BEICHUIO TPOU3BOTHOM

oT pyukuu Ha U depeHran He3aBUCUMON TIEPEMEHHOM.

Pewenue.

a) dy O(x Ocos2 )x dxOO(10sin2 -2)xdx O(102sin2 )x dx.

6) du O (30 e™)0Odx O e™( 1)0 dx O Oe dx™

@yo 3 1
¢) ds O (In3 )t dtOO——dt 0 — dit Odt.
3t 3t t

19



Ipumep 5. HaliTn ipon3BoAHYI0 BTOporo nopsaka Gyukmuu y O x2In .x

Pewenue. yOO O (yO O) , mo3TOMy HaiiAEM MPOU3BOIHYIO TIEPBOTO TIOPSIKA, a

34TCM BTOPOIO.

yO O (?In)xDO O (x>0Inx O x*(Inx)O0 0 2x-Inx O x2_1 O 2xIn x O x O x(2In x O1).
X

2

yOo O ( (2x In x 01))0 O
xO(2Inx 01) O
x(2InxO1)O O
2ln x O 0O1
X O
2In x O03. x

Ilpumep 6. Haittm npousBomnyto ¢ynkiuu Yy 0O X* morapupmuueckum
muddepenurpoBanuem y O x*

Iny O In xx

Iny O xOln
X

Lin yO 0 Oxain xO

—yO001Inx0OxO
1y x

y.

—DOInx0O1

y

y O yOinx 010
y O x< 0O0In x
010

20



IIpasuno Jlonumana. llpenen ornomenus npyx ©6.M. OO _00 OO0 wmm 6.6.
000 00 000 O

GyHKIIMI paBeH Tmpeeny OTHOWIEHUS WX TMPOM3BOAHBIX (KOHEUHOMY WU

OECKOHEYHOMY ), €CJIU TIOCIEIHUIN CYILECTBYET:

fx() f0O()x lim — Olim .
(5)
xxI:IoD()X xxEIoDD()X

Y10o0EI HCIIOJIB30BaTh MPaBUIIO Jlommmrans TUTST PaCKpBITUS
HEONpeAeIEHHOCTEN APYruX THUIIOB, BBIPAKEHHE IMOJI 3HAKOM IIpejena clieayeT

npeoOpa3oBaTh AIEMEHTAPHBIMU CLIOCOOAMHU TaK, YTOOBI OJIYYUTh

goon DDD

HEOIPEACICHHOCTh I:|IZ| 0 I:||:| i I:||:| -0 I:||:| U 3aT€M UCIOIb30BaTh hopmyiy (5).

Ilpumep 7. Hantm npenensl, UCNIONB3YS NMPaBUiIo JIONMATANIA WM DJIEMEHTApPHBIE

CIIOCOOBI PACKPBITHS HEOTIPEACIEHHOCTEH:

a) limao_ Ax3x0.02x603; 6) *limaon’ 2xx2200515x Ox140
7
Pewenue.

a) Ioacrasnsis B pyHKIMIO BMECTO X TpenieapHoe 3HadeHue O , onpegennm

npeacia YuCanTCIsl 1 3HaMCHATCIIA.

lim(4ooxs 0 2x O 3) O limooxsOO4 O%2.0 x3s000 O O-4 O 0, 1. k. —X22
00, _x3:00. x X O

Amnanornuno: lim(x20 6) O 0.
xoo

ooao

21



Nmeem neomnpeaenennocts Buja O [ . Ucnons3yem npaBuio Jlonurans:
o000

lim4x02x 030 lim(4x02x03)00 __12x?02__ 0O
oo

lim OO0 O
g

oo X0 6 o (X0 6)0 o 2X ooo

(12x20 2)0 24X
O lim Olim__ Oliml2x O 0O.
xan (2 )x O xan 2

xOo

0) xlimaoo7 2xx2?00515X Ox140 7 0 xlimao7 2( 7)( 7)00 22005( 7)15(
7)00 0140 7 O OO0O oonOO O

(2x2015x 07)0 4x 015 470015 013 13

O xlimoo? (x205x 014)g O «limoo? 2x 05 0«dimoo72(7)p pbO0OQp90
9.

Conep:xanue NnpakTHYECKO padoThI

3ananme 1. Jlokazatb, 4T0 QYHKIHS SBISETCS HEMPEPHIBHOMN
af) (x)Ox0O9

6 f) (x) O x°08

6f 26x 05
)(x)O2x 0O

2 f) (x) 010x2012x

3amanue 2. HaiiTi TOUKM pa3pbiBa U YCTAHOBUTD UX THII
O0e™x 00

Ay 0f(x)0°00x00

I:II:I exxdo

sin X

22



Gy D0fK)

1
O6y) o f
(x) O e
COS X
)y O f (x) O
X

3apanue 3. Haiitu npon3BogHbIe 1-ro mopsjika JaHHBIX (QYHKIIHMA

1) ay)03x3g 0O 4 6s)00(112)(230 arcctg );t 6 )

O In3V2 rez) 0 Sjesmsm t

2) ay)0ODO5¢ % 3°X 65) 0 0(4 3Int)(502sin ):t ¢u)Osin(2¢ — Vv
X 20In3t
5/y2.
25 VX5 AppPlavzez) OtOex.ay)07x006s) 0
[ 3 cost)(506sin );t 6 u

xarcos2t o

2
4) ay)O "] ‘N 5x20  x;6s) 0 (3t304)(t O2cos );te «) O In (52V O3); 2 2) ]

. In(405 )t
23/x; ' .
X sint

5) ay)Oxs0 O02x;6s)0t%40arctg);it su)Ocos(32VO1);2z) 0O

Oarcsins_ t
Cot .

6) ay) OO Ox4 6s)00(3  tg)(1t O4ctg);t 6 u) Otg*(3V 02); 22) O
arctg2

10 4t |

3amanme 4. CocTaBUTh ypaBHEHHE KacaTeJIbHOW W HOopMaiu K kpuBoil y=f(X) B

TOYKE C a0CILIHMCCOM Xo.

23



x203

1) , Xo O1.

X
2) Vv 5O0x, %02

x203x

3) , X0 O1.

H YV xo2xx.00.
5) — %2 x,01. x02

6) 130 x X, o01.

3aganue 5. Haiitu npon3BoaHyIO yDX dynkuu y=y(X), 3a1aHHON MapaMeTPUICCKH:

Ox Oxt()
a

gy Oyt()

1) Opx O sin 2t

Oy O cost

2) Opx O cos(2t O6)

gy O sin(2t 06)

3) Opx O O(1 t)2

gy O cos(t O1)

4) Opoxy OO Otgtet 8

5) DOOxOea o

OO0y O 0(14)t
6)0noxy 00 Oc kg 1

24



3apanue 6. Haiitu nuddepenunanbl GyHKITUN:
1) y O sin2x O5;
2) yOlInx0Ox3
3) yO048sin;x4)y002x1.
5) yOO1  cos;x
6) yO 010 3x?
3aganme 6. Haiitu nmpousBoaHyI0 BTOpOro nopsijaka yHkun y=f(x).
1) yOInx0O9

2) yOcosxOInx
3) yO sinxOx*

4) yxO DO? sinx
5) y x0O Olnx
6) yO 3e*0 2x

3ananue 7. Haiitu MIPOU3BOJIHYIO byHKIMHA JorapupMUYECKUM

b depeHurpoBaHUEM
1) yoOsin xCJees

2) y O0cosxO*

3) yXD In x

4) yoOsin x[x

5) y XO cos x

25



6) y O0tgxO"~

3apanue 8. Haiitu npenensl, ncnolib3ys npaBuiio Jlonurais.

160x2

1) limxos
X200 O5x 4;

eosx 01
2) lim oo
arctg x

3) lim_____tg2x.
1010 cos X

6x°0 O5x 1
4) lim__—__
xo131 30 X

4sin X Dl

5) ||m— xd0
sin3x

x?0 0x 2
6) ||m— x02
x02

IIpakTnuyeckoe 3ansaTue Ne3

Tema: UHTerpasibHoe HCUNCICHUE.
HNurerpan. Meroabl mvHTerpupoBanus. OnpeaesieHHbIM HHTErPaJl.
Heab: chopMupoBaTh yMEHUE BBIUUCISATH HEOTPEICTICHHBIC U ONIPEICTICHHBIC

HHTETpPAJIbl, UCIIOJIB3YS PA3JIMYHBIC MECTOAbI HHTCTPUPOBAHMA.

Teopernueckne cBeleHUs] K MPAKTUYECKOH padoTe

26



dyuxuus F xO 0, onpenenennas na unrepsane Ua b, [, nassiaercs
nepsoobpasnoi 1 dyaxmun f xO O, onpenenennoit va Tom xe unrepsane Ha b,
O, ecoin FOOXO O £x0O O.

Ecmu F xO 0 — nepoo6pasuas ans dyuxuuu f xO O, To mo6as apyras
nepsoo6pasnas @ xU Ouna pyrxmmn f xO O ormaaercs or F xO O 1a nexoropoe
nocrostaroe ciaaraemoe, 1. ¢. @ x[ O O FxO O OC, rue C — const .

Heonpeoenennoim  unmeeparom ot ¢yakmmm f x[ [ masemaercs

COBOKYITHOCTh BCE€X MEpPBOOOpa3HBIX Mg »Tok (QyHkuuu. OO0o3HaUaeTCs

HEOTPECICHHBIA HHTETPAJI: OfxaxdOorExO0O 0C, rae FOOxO O fxO O,

C — const.
Onepanusi HaXOXKJIEHUM MepBOOOpa3HON Il JaHHON (DYHKIIMK Ha3bIBACTCA
unmezpuposaruem. VIHTErpUpoBaHHE SBJISETCI OOpaTHOM  omepanuer K

G depeHInpOBaHUIO:

U0 sxaxo o0 osx0 0.

J1y1st mpoBEpKY MPABUIILHOCTU BBITIOJIHEHHOT'O HHTETPUPOBAHUS HEOOXO0IUMO
npoaudpepeHupoBaTh Pe3ysbTaT UHTETPUPOBAHUS M CPABHUTH TMOJYYEHHYIO

(YHKUHUIO C TOABIHTETPATBHOM.

CBoiicTBa HEOIPEEIEHHOIO UHTETpaja;

1. 00O fxaxO O Y o xO O: A0 txaxd0 O  0OfxdxO
O ;

2. UdrF xO Oo F xO Ooc;

27



3. OkfxaxO O okO fxdxO O ,  k— const;
4. 00 +xO0 OogxOO0dxo O fxaxO O o OgxdxO O

TCZ6]ZMI/;CZ OCHOBHbLX UHmMezcpajlos

1" Hodu OC; ¢ O const: 2 ddun uDc;
0 Uoo1 du lj/7
3. Hu du O0pgnoi0C, 0001 3a. ulO2ulC;
4, duyOIlnuOC; 5. Ua duu O Inava
Ooc;
6. e dud e'dC; 7.0cosudu O sinu O C;
du
_ O
8. Usinudu 0 Ocosu OC; 9. coseu O tgu O C;
du du u
10°0 > OOctgudC; a2 gu? 11 H
0 arcsinO C; du 1
sin ua g
du 2 a?0C; 13 B
[
u20 a=0 arctg ua O C;

12 whalOlnul uld

28



" — T |-
14 ypga02alnun alC; 15° sinulIntg20C;

w0005 | 17' O tgudu O OIn cosudC;

[

16° cosuOIntgpoo204p000O

18. Dctgudu O Insinu OC.

Kaxxmas u3 npuBeeHHbIX B TabuIie GopMyJl ClipaBeyIiBa Ha MPOMEKYTKE,
HE COJIepXKallleM TOYeK pa3pblBa MOABIHTETpaIbHOM (QyHKIMHU. Bhruncienue
UHTErPajiOB C HCIOJb30BAHUEM TaOJMIIBI UM OCHOBHBIX CBOWCTB HAa3bIBAIOT
HEIOCPEICTBEHHBIM UHTETPUPOBAHUEM.

Ilpumep 1. Tlonwp3ysicb TabiMIle OCHOBHBIX HHTETPAIIOB M CBOWCTBAMHU
HEONPEEICHHOT0 WHTErpajia, HaWTh HMHTErpaibl (pe3ylbTaT WHTETPUPOBAHUS

poBepuTh U dHepeHIupoBaHUEM ):

3X D1D2%

5
O 4
X 17 X
2000 0

O00dx; 6) 00 52 0350 x016400 xx2 OOdx.
il Oo1ixo 2 O
Pewenue.
du 1 u a du u
N - /

ooy 5 3x*01  exdxsOOO DELU] X250 7 0 3x xO 140 2xs6 OOOdx O
a)lo x.070x o2 O 0
Oucnonb3yemcBoiictBa3n4upazobbem nunterpan orcymmsil O O

O O¢pyHkuMu HA CyMMY HHTETpajioB, IPUITOMIIOCTOSIHHbIE oo

OMHO>KHUTEIHN BEIHECEM 3a 3HAK HHTETPAIOB Dlj
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dx dx / UCIIO0/Ib3YyEMTAOINYHBIE
5 —— 3 — oxék 2 xi O Y O
Ve g7 B°0x B0 870 OO oo
|:|5|n‘X D\/XZ
D5In‘x |:|'\/X2
Ounrerpansi12, 4, 3 O
Xoosa1 X5610
0703 K n20 ' oco
0041560107
1 12

03I x 0 OX G 17

IIposepxa:

1 12
EI5Inx|]x‘ v 2 ‘ D7h$ln§‘)l?3—D1>T16E(CDDD 05 IH‘XD\/XZD?‘ D0 0ooo

0 /

1 .3
_ ] -
| |[[D3[X 00 O 0

o30in XDEI 0 1211|:|x116 DEI 0 CO O O0Oucnons3yem Gopmysbi4, 3, 1 tadbmuikl mpousBoaasx 000

! (x +7)
[ >
:5,(x+ * +7) TN W o S B L 5\ F S A
x+x2+7 x 3 11 6 \/77
X
1+
_E_%+2x5/6:5 NP +T7 3x° +1 2\/_ 5 Nx2+7 +x 3
x X x+Jx2+7 x? (x+\/x2+7)\/x2+7
3
3z 4+1+2§’/x_5= > 3x 1 2\/_ BEPHO.
x ~Jx2+7 x*

3 50 0Odx O

6)Looo11x5.0 2 0«0 16400 xx2 0050 0 xdx.0 2 00 0 350 «dx O

1100 110

2 0xO040x0dx05dx 0350

o004 4 x ul | 1z¢
X2
xdx O DE 115 alax 0 Oxdx O
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Oucnonb3yeM (hopMyIibt o 5 1 X 5
oo OO 1_1[—3 2 In5  arctg o
su O 11 11
2
013, 5, 2, 3 Tabmuie! naTerpagos] 04x X"
X101 5 \/E i
O4xO__0OCO arctgV x0O3 O C.
101 J22 2 In5 2
lIposepka:
OO0 5 arctg\/gx 5% 4x0O1x2 IZIC|:|IZI|:| 05 I]Darctgl;d][jn 0
- O3 O _ -
V22 02 In5 2 \/_EI 2202 O

3
0 Us,.0o o axo0 _10x.00 0 co o ooucnomssyem dopmysmer 14, 5,

2, 3,100 0O In5 2 grabauib! mpou3BOAHBIX [

o 110" 11
5 2
0 0 [ 2
s | J22 12 g11x
O0—0 200_ 305«In504100 _12x2100 0
2210 11x2  In5 2
2 2
DD35xD4DXD\/—b\/—\/— 1200350 x O Oa o0 xOO4 o xO
0
110 2220 mel 40
5 . 160 x2

2 011x20 3 500 4 0 X — BepHo.

g
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Memoo 3amenvl nepemerHOt

Teopema 1. TIycte X O O( )t MoHOTOHHAS, HenpepbIBHO AuddepeHIIpyemast

dbyHKIUS, TOTIa
O fxdx()o O f(()otooOtdt. (1)

TTpu stom, ecr L £ (O()t 0O())tdt O F t() OC, To O fx dx()O F@())xOC, rae

O( )X — dbynkmus, ooparnas O( )t .
®opmyna (1) HaspBaeTcs gpopmynon 3ameHvl nepemeHHou B
HEONpPEIETICHHOM HUHTErpae.
Aneopumm 3amenvt nepemenHou:

1) CBs13aTh CTapyro MEPEMEHHYIO MHTETPUPOBAHUS X C HOBOM MEPEMEHHOM t C

nomonipro 3amenst X O O()t .
2) Haiitu cBs3p mexay nuddepennmanamu dx O O0O( )t dt .

3) IlepeiiTu o 3HAKOM WHTETPajia K HOBOW TIEPEMEHHOIA.
4) IlpouHTErpUpPOBaTh M B MOJYYEHHOW MEPBOOOPAa3HON BEPHYThCS K CTapoOi

nepemennoi, moacrasus t OO( ).x

IIpumep 2. ITpouHTErpUpOBATH NOAXOASICH 3aMEHON EPEMEHHOM.

a) Ocosaxdx; 6) Le>@tdx: 6)x(2 O x25) dx

Pewenue:
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t O 4x Odopmyna7 O dt 1 . .
a) Ucosgxdx 0 dt O (4 )x 0 0 4dx O Lcost 4 0 4 Ocostdt
4
1 O 0
4 O 00 uHTErpaIoBTA0IHITHI oo 0Odx0O
1
O _sintO co — sin4x O C.
4
- 1

—€

9 t0O9 010c¢opmymna 6 O

6) e dxOdtO

%01 9dxx 001)dtd 0 9dxO etdto 0 19 e dt'0 DOpOunrerpanosraémums:

0000 O
9
1:COuxmOC.OeO
9
t020
¢)x(2 O x29) dxOdt ~— O
~ooY _ oo_120cde

02

1 t$12%0c.000C

000X
2 6 12

x?Odopmymna 3 O

(2xdx0 x20)0dt0 O2xdx 0 Oeoo™o _di2

g . O00uHTerpasoBTa0IMIIbI

I:IDI:ID O
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HHmeepupoeaHue no dacmsim.

H6K0m0pbl€ 8UObI UHmezcpaios, 6bl4UCIAEMBIX NO YACMAM

Ecnmu npowmssomubie ¢yukimuii U OU x( ) w V OV X( ) menpepsiBHBI, TO

crpaBeBa popMya;

Hudv ouv o Ovdu, (3)

Ha3bIBaeMasi QopMynou UHMeZPUPOBAHUS NO YACTISM.

B kauectBe U X( ) 00bI4YHO BBIOHPArOT (DYHKIHIO, KOTOpAsl YIPOIIASTCs MPH
g depeHurpoBaHuY.

Hekortopsle cranmapTHbie ciy4dau (PYHKIUN, UHTETPUPYEMBIX MO YaCTSIM,
ykazaHbl B TaOiuime 1. Tam ke maercs crmocod BbiOOpa MHoxuTenedn U u dV .
Ta0muma 1

Buo unmeepana U OdU dv ov
1
0P x.( )sink UPxO,()0O
Xf Jsinkxdx dv Osinkxdx OV OO _coskx
0P x(yoskecx | 08U P x40 00) A
Op x e () dV O coskxdx OV O _sinkx
n k
dxn0O1,2,...
dv O e dxeOv O _T e
k
Buo unmeepana | U OdU dv Oov
dx
LlinkxP x dx,
Pxda() | ygmkodun
X
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kd
LarcsinkxP x X

dxn()

U O arcsinkx O dU O

0 k x22
kelx dviOPxd O
HarccoskxP x U O arccoskx O dU O O X dxa( )

dxn() \£EI k x?2
ov 0 Op x dx()

k
DarctgkxP X dxn() ax
UDarctgkxODdu O 1 0Ok
X22
kdx
[ kxP
dxa(r;,ctg XX U DOarcctgkx D du OO k
" x22 100
ndO0,1,2,...

P Xn( )— MHorouses ot X crereHu N, T. e. P Xo() O axo"0 a x; " 0...0 a,, rae aol

0.

Ilpumep 3. IIpouHTErpUPOBATH MO YACTSIM.
a) O(3x 01)sin2xdx; 6) Lo 2 )x In xdx.

Pewenue.

UO3x0O01 dU O 3dx cos2x
COS2X
COS2 X
Q) |:|(3x O1)sin2xdx O'dV O sin2xdx OV 0 O 2 g (é%x on@ 2 )d 2 dxO
1 3 1 1

00 _2(3x O1)cos2x0 2 Hcos2xdx 0 O —2(3x O1)cos2x Osin2x O C.

UOIhxOduO
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6) U@o 2)x Inxdx 0 dv O (10 2 d—; ) dx 00 Inx x( 0 x2) 0 Hx 0 x?)

_dxx O

v o0 0o 2)x
dx O x 0O x 2 2

>

ODinxx(Ox?) 0 O@oxdooinxx(Ox)oxo20C.

0np€0€]l€HHbl12 urmezpdai, eco eblducileHue u ceoticmea

Onpedenennviii unmezpan ot Gynximu f X0 0, nenpeprisroit na otpeske Ha b,

[, serancnsiercs mo dopmyie:

b

O txdx0 OoF xO0k,0 Fb0 Oo Fal O, (5)

a

rne F xO 00— neproo6pasnas mns pysxmwam fxO O, 1. e. FOOxO O£ xO 0.
®dopwmyna (5) HazeBaetcs popmynoi Horomona — Jletibnuya.

Ceoticmea onpedeieHH020 uHmezpala.

b a a

10 fxdx0 Oo o0 fxdxO O; 0 fxaxO O oo
a b a
b c b

30 fxdxO Oo O fxaxO Oo O fxaxO O

a ac
b bb
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»00 £x0 Oo gxO OOdx o O fxdxO Oo Og xdx0 O ;

a a ab b
syHcfx dxO oo ™xxCoppo | Oconst;
a a
b b

6) Ecru fxO O 0 g xO D,Z[HSIBCGXXDDab,D,TODfXdXDD 0 Dg X
daxd O

7) Ecnum O fxO O O M ans secex xOOa b, O, To

smbl o0a0o O fx
dxOd O 0 mbl oO0al.

a

[Tpu BBIUKCIIEHUN ONpEAENIEHHOr0  WHTEerpaia sl HaXOXKICHUS
NepBOOOPA3HOI HCTIONB3YIOT TE K€ METOJIbI, YTO U JIJISl HAXOXKICHUS
HEOIpeIeNIEHHOT0 HHTErpaa, T. €. 3aMEHy NepEMEHHON, HHTETPUPOBAHHE 10 YACTAM
u T. 1. OgHako ectb pan ocodenHocteil. [Ipu 3amene nepemennoi no gopmyiie (1)

HE0OXOMMO B COOTBETCTBUU C 3aMEHON MEHATH MPEACIIbl MHTETPUPOBAHHUS:

b O

O txdxd Oo O f DoO:00oo0t dxO ,
(6)

a O

rne 000( )a, OO0( )b , t OO( )X — o6parras x x O OOt dpymxmms.

dopMyIia UHTETPUPOBAHUS 110 YacTsIM (3) mpuoOpeTaeT BUL:

b b
Oudv 0YVk, 0 Ovdu, )
a a

3

Ipumep 4. BerauciuTs onpeieneHHsii naterpan L Oseo16x 030 dx
1
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Pewenue.

.Ox2016 3x 0 Odx 0 g7 3:0160 x.03xg0s0 OO Xll:lz

3x0O0s0 x
— 8x0O -

1 O 2 0. O3 0

000 __33:008333:00 00000001 _3:008131.00000A0
00027307290  0O0O000O0013 083000000

o Oo 63IZI|:|IZID|]_13 D5D|j|:| 0 0540 _13 05 0 0490 _13 O 049_13

o
le/IMeHeHI/Ie ONpPEaCJTCHHOI0 MHTErpaJia JJisi BIMUCJICHUSA rmomaneﬁ, AJIMH U

00beMOB (puryp.
Ilnowaou nrockux gueyp

1. Bvruucnenue niowaoeii niockux Queyp 8 0exapmosotl cucmeme KoopouHam

Ecnu mnockast ¢urypa (puc. 1) orpanndena muamsamu y O f,0x0, y O f,0x0,

rae f,0xO O f,0x0 s seex xOOa b, |:|, u npssmbivu X al |, x Ob, To ee miomanp

BBIYHUCIIsIETCS 110 (popMyiie:

b

so 00 +,0x0 o ,0xO0dx. (8)

a
Yoa VA

¥ () Y y=3x+2

v
[
—_—
Mo,

d 1’. 7 X T : »
I’\/ M, / 4 X

y=fx)
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Puc. 1 Puc. 2

Ilpumep. Haiitu momanas GUrypsl, OrpaHUYCHHOMN JIMHUSMU

y xO 0% 2,y0 O3x 2.

Pewenue. TlocTpoum cxematnueckuil pUCYHOK (puc. 2). Jus mocTpoeHus

Hapa6OJIBI BO3bMCM HCCKOJIBKO TOYCK:

X 0 1 -1 2 —2 3 -3 4 —4

y —2 -1 -1 2 2 7 7 14 14

JIns mocTpoeHus MpsiMOM JOCTaTOYHO JBYX TOYEK, HalpUMep o, 20 » Ooa,
o10.

Haiinem koopaunatsl Touek M1 u M2 nepeceuenns mapa6oner y O x*0 2 u

npsimoit y O 0O3x 2.

JI71s1 3TOro pemnM CUCTEMY YPaBHEHHN

O00yOxeO02,0xe0203x02,x03x0400,x1001,x204.
O0y O 3x 0O 2.
Torma y; 0 30 od 10 o200y, y. O 3400 2 O014. Urak, My( 10 O, 1), My(4,14).

Il01a 16 IOy YeHHO# (UryphI HaiizeM o dopmyie (8), B kotopoii f,[x[0

3xO 2, f,0x00 x20 2, nmockomsxy f,0x0 O f,0x0 ms seex xa 00 1,40.

ITomyunm:

4|:| 22|:||:|dxlj|:|4|:|3xIZIxIZI . > x3 [Oa4

SEIDD13XEI2EI|:|XEI o1 24|:|dXEI 00 32x 0 3 0 4x00op1 O
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034020430 44|j|j|jIg 3000 1020 Oo10%o40 — o0 1090024064 016

03010

410
2 3 o 2 3 0 3 2 3
O 0
65 3 125 5
0440 0O O 0200ks.end
3 2 6 6
2. Buviyucnenue niowaoeu ¢ueyp, OCPDAHUYCHHbIX  JTUHUSIMU,

3a0aHHBIMU NAPAMEMPUYECKU
Ecmu ¢ynxmpm y Oy t0 O nx O x t0 O nmeror menpepsiBasie nponssonusie

nepsoro mopsiaka mrs eex tO0to 1, t 0, To mromans mrockoit durypsr,

Ogx O xtd O,
orpaHuyeHHoM JuHuel [ td Dt() 1, t |:|, npsMeiMd X =a,X=b,rme a=0pgy 0y t[] |:|,
X(to), b = x(t1), u ocbro OX, BBUHCIACTCS TIO
bopmyie:

t1

o0 ‘ 0. (9)

sod ytxtdtd O

to
Ilpumep. Haittu mnomanbs (QUrypel, OrpaHUYEHHON JHMHUSMH, 3aJaHHBIMU
MMapaMETPUUIECKHU:

x O 2cos,ty03sin,t000 0Ot 2.
Pewenue. JIns moctpoenus GUrypsl COCTaBUM TaOIUIy 3HAYCHUN KOOPAUHAT

(X, ¥) TO4YeK KpHBOH, COOTBETCTBYIOIIUX pa3IMYHbIM 3HaueHHUsIM mapamerpa t, 0 O

oot2.
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t 0 O O |30 |20
2 2
RE 0 2 |0 2 y
B
y |0 3 0 |3 |o

Hanecem Toukwu (X, Y) Ha KOOPAUHATHYIO IJIOCKOCTh

XOY u coeauHuM IUTAaBHOW JIMHHUEH.

napametp tusmensiercs ot 0 go 20,

COOTBETCTBYIOILAS

3

TO4YKa DX Y, D OIINCBhIBACT

Korna

B

Puc.

/
\

Ox O acost

aanuIc (u3BecTHO, yTo O |

0 O O Ot 2 — nmapametpudeckue Gpopmysl, [y O bsint

3ajjalolIe JIUHIC ¢ TodyocssMu a W D). YuuteBas cummerpuro Qurypsi

OTHOCHUTEIHHO KoopauHATHBIX oceld OX u OY, Halinem e€ muomanp S, yMHOKHB Ha

4 nomanap kpuBonrHeHHON Tpanenuu AOB. Cornacao dopmyie (9) momyunm:

Jg ucrnosb3zyem Gopmyiny [

g L ) O .
S 04 3sint 2cost dtl 04 06sintdt O

O
o NOHIKEHUS CTEREHU [gl O
2 2 a
1 2
- [ O 0
Lz[ i $inf w3 Tabaue 2 [ .
O
o
oo 1 2 2tgt | 4|3 t
- COS
0 HZ ap) 4 0610 cos tcﬁElD f o 2 04 Ij|j_125in2t|:||:||:|
O
L O
ESIHO m4 |:|32 Dﬁ
C C
) 0 O 0

0403 sin00 0O 00 018,850 Uxs. exn. .0

Jlnuna oyau niockoi Kpugou

1. Boiuucnenue oyeu niockot Kpugou 8 0eKapmogvlx KOOPOUHAMAX

Ecmu kpuBas 3anana ypasaesnem y O f x0 O, ¢pynxmusa fxO O

UMEET HEMPEPHIBHYIO
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nepByio npomssoanyio mpu eex xOHa b, O, To

y=/x) B nuHa  gayru AB (puc. 4) o3TOM  KpUBOW,

3aKJIFOYCHHOU MEXAY TOUYKAMHU Aaf af ,0d [

N

L

a b v uBbf b0 , O OO, ssraucnsercs no dpopmyze:

b

—

| .0 0 100 foOxO02dx. (20)

a

Puc. 4

2. Bvluucnenue onunsl 0yeu Kpueo, 3a0aHHOU Napamempusecku
Ogx O xtOd O

Ecin kpuBas 3a1ana napamerpudecku O , to 0 Ot ty, u ¢pysxmun Ogy Oy t0 O
x tO O, y tO O umeror HEIpepbIBHBIE TPOU3BOIHbIE 1-T0 mopsiaka npu Beex tH [t
to1, 0, To mmna gyru AB, COOTBETCTBYIOLIEH H3MEHEHHIO apameTpa oT to o 11,

BBIYHUCIIsIETCS 110 (popMyiie:

1

1 .20 0 OxtoO O2o0y o0 Ot (11)

to

Ilpumep. Haiitn niiuHy nyru KpUBOM

/
a)yx032,000x 1; 6)x O 2cost Ocos2 ,ty O 2sintOsin2,0t O0O0Ot 2.

Pewenue.

42



a) Tak kak KpuBas 3a/laHa B J€KApTOBOM CUCTEME KOOpAMHAT ypaBHeHueM Y [

fxO O, to nus Beraucnenns nmuHel xyru Bocnonsyemces Gpopmystoit (10).

3
2
Haiinem y0O: - yO O 2x2 u noxactasum B (10):
las0 L4110 00 3 12 —BD@ 0
9x 9 4
—dt,
002dx 0 s o tool _dt 9
O x 1IZIT O _dxdx, 0O
2 [ 4 4
o O O o dxOx0000t1,0
ED]_ 134 B 95’
/ Hnﬂ t2 xO0OO0O1t
- Olg1
0 oaalt 1 O H EIZI1 10.
1 4 4
O
000~ Odopmymna Y134 O s O
SuHTerpatoBTAG 0278 » _Jz?s 000QO00134
el t dt O000:01p000 Ot

O 0O 010 01,440 Oequann mmans .0
270 8 O

0) x 0 2cost Ocos2 ,ty O 2sint Osin2 , 0t 00 0Ot 2.

KpuBas 3agana nmapameTpruyecku, I03TOMY BocIoab3yeMmcs hopmyoi (11).

Haiinem x t00 O, y to0 O:
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xt00 O 0 02sint O 2sin2 ,ty to0 O O 2cost O 2cos2t u

2q
) ; 2 2
IAB 0 g\/[DZSIHt D23|n2t[ D[ZCOSt D2C032t[ dt 0

2q
0 \/4sin2tD8sin$in 2t g4sin® 2t g4cos®t g8costos 2t g4cos® 2tdt

2q
0 g\/4[sin2tDcoszt[D4[sin22tDcos§ t[D8[cosd:os 2t gsingin2 gt

- E/I-CI;OJIBBYGMZTPI/II‘OHOMeTpI/I‘{eCKI/IG(bOpMyJILI %D 2n 3 Bcostt
B:In 0o ©05°po Lucos [ooog cospcosposinosinOg L
nojctaBum B (11):

g g

Oucnonszyem popmyiy O

O BQDD\’lEl cost dt 0 OOOsin 020 120 oo 2u2tdt*152 1g£ cosOT1 ol

0220 2sin2
0 O O 0
0 o0 O

Oo001 cosOO  2sin 2

oo

20 t too

0~ _

o SIN 5 gt o 08%°S » , 0 m8lcosd O cosod oo msOo o1 10

0160equunn mmans: .0

0

Buiyucnenue 06vemos men 8pawjenus
Ecmn tenmo oOpaszoBano BpamieHHeM BOKpyr ocu OX KpUBOJIMHEHHOU

Tpanenuy, orparndensoit kpusoit y O f xO 0, ocero OX 1 mpsiverv x al , x Ob

(puc. 5), To ero 00beM BbIUUCIAETCS 110 HOpMYJIE:
b
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voodO £x0 OJ%x. (12)

a

Vi Yy
A4 >
N\ 0 ll x
! |
0 i; - = |
ﬂ'l : h X I
: JI 4 y=— 4
C
: co =4
Puc. 5 Puc. 6

IIpumep. Haittu 00beM Temna, MOTYYSHHOTO BpameHueM Bokpyr ocu OX durypsi,
orpannuenHoi muauamu: y 0 04x3, x 0 0,y O O4.

Pewenue. TlocTpouM KpHUBOJMHENHYIO TpalelUHiO, BPAIICHUEM KOTOPOIl

MOJIy4YaeTcs TeJIO BpalieHus (puc. 6).
YtoOb! OMYyYuTh 00BEM TeNa BpalleHus u3 oobeMa V1 Tena, MoIydeHHOTO

BpameHnueM ¢urypsl OABC, BerareM 00beM V2 Tena, MOJIYYeHHOTO BpaIlICHUEM

¢urypst OAB. Toraa uckomsriit o6beMm V O OV1 Va. ITo popmyne (12) naitnem Vi u

1

Vo: V.0 000040%dx 0 016440160 (ex. oGbema);
0

v, 0 0000 0ax202dx 0160010 x dxs0160 x77 0 1670 (e 06bema);
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V OV OV, 0160 0167 0 960 O 43,085(cx. obbema).

7 7

Coaep:xxaHue NpaKTH4eCKOH padoThl

3aganme 1. BoiunciauTe UHTErpabI.

o 7 x*05 o

1) oo xe 016 Oxs 03 x dxOO

O
O0dx

57,0 sin 2x

oo sxe050 cosxO

O 5 2 6/_5 00
) O D4\/X_ X
[ﬁ‘\/3DX2 X
oo 2x220 2 0 2«
02 |:|\/_ ] 2 |:|4e
[ﬁ [2 13 ﬁd O xx20024000dx
6 DX 50O
3 dx
[ﬁ./ 2 0 44 O \/7@ O 12 ¥2 090
oo 313x. O03cosx O X 03 Opdx
0% 2x200 2 0 2sin x 0 3* P godx
2 4x 1 2 i3
0 3|j ng/; O O O 6 3sin®x
42 X 050

5y Dopopgdx Uoo 3xe00 0 sin2x 0Odx
oo
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COS% X \/_ , X4 6) Do 3cossx
H . 0208 On2  sxsoodx

oo 16 0O 30 xa3 O5x00dx
05

3apanue 2. [IpouHTErprpoBaTh MOAXOAAIICH 3aMEHOM IEPEMEHHOTO.

dx xdx

- I:elﬁ X dx
1) O sin 32x 2pgX
x5  Xlx %o dx
i [V°0 [
3) 1102 1xo dx X dx
Osin 2 dx [
5x0 3
2 O %330 x320) dx [ cos2xdx [esinx cos xdx
dx
i 037 1x0 dx
5) 0 yin Lsin2xdx
xdx dx
6) sin(2  3)xdx

2) |:|(2x O1)cos(x? O x dx) — _

—

D D O D — B3x

10 x

3apanme 3. [IpouHTErpUpOBaTH MO YACTAM.
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1) 00O7x 010cos xdx Harctg xdx

2) 06 0 5x e dxO * L(7x 0 5)In xdx

3) [ xcos xdx Darcctg xdx

4) 0010 2x0Ocos xdx Harcsin xdx

5) LO8x 01 0sin5xdx e o5 )%
xdx

6) [xe dx* |:|(3x O 2)In xdx

3ananue 4. BIunCIUTh ONpEICICHHBIN HHTETpall.
2

1) O0xeo10x dx0

1 3

2) O03x206x 020 dx

n]

2

3

3) O0x2016x 030 dx

1 8

4) O0O21x n190dx

0

5) O0x:os0dx

4

13

6) OO2xo70dx

10
3aganme 5. Halitu miomanas GUrypsl, OrpaHUdeHHOMN JIMHUSIMH.

1) yOx?02,y001  2x

2) yxO 3, yO8, xd0
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3) yO3x?01, yO O3x 6
4) yOx%yOx0O1
5) yOx? y0O20x?

6) yOx?0O1,yOO1 x

3apanue 6. Haiitu muiomans (Gurypbl, OrpaHMUYCHHOW JIMHUSMH, 3aJaHHBIMH

MapaMCTPUICCKU.

1) xO2tot2, yottd oid, ooot 1
2) xOt201, yOttot, 000t 1

3) x O 2sin t yOcos,O0t OO0t 2

4) xOInt yoOto1003otd, 100t3

5) xO01 cos,tyOsin,O0t OO0t 2
6) x O cos ,t y O 01 sin, Ot 00Ot 2

3ananue 7. Haiitu 1nuHy Ayry KpUBOI.

1) yO O1 Incos, Ox DXD_D3

2) xOt201, y O, 00 Ot 1

2
3) yxO 031, oO0DOx1

4) xO0®#01, yO_'O# 100t2
3

1

2 —

5 yxO3,00x0 2
6) x Ot304,y Ot2, 00 Ot2
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3aganue 8. Haiitu o0beM Tena, moaydeHHOro BpaiieHueM BOKpyT ocu OX ¢urypsl,

OFpaHquHHOﬁ JINMHUSAMMU.
1) x*0y 00, y 01
2) x20 Oy 0, yOO1

3) xOy?00,x01

4) yO4x3,x00,y004
5) yO 4x3, xO1, yO O

6) yOO4x3, xO0O1,y00
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IIpakTH4yeckoe 3ansiTue Ned

Tema: Pemienue npocreimmx 3a1a4 TeOPUU MHOKECTB

Hean: chopMupoBaTh yMEHHUE BITIOIHSATH OTIEPAIIHH C
MHOecTBamMu TeopeTnyeckue cBeAeHHUs K MPaKTHYECKOil padore
MHO0K€ECTBO — OJHO U3 OCHOBHBIM MOHSATHI MAaTE€MaTHKH.

MHOXECTBOM  Ha3bIBAETCS  COBOKYIIHOCTb  HEKOTOPBIX  3JIEMEHTOB,
OOBEIMHEHHBIX KaKUM-TMOO0 OOLIMM MPU3HAKOM. DJIEMEHTAMU MHOKECTBA MOTYT
OBITh uncia, GUrypsl, MpeIMeThl, MOHITHUS U T.1I.

MHoxecTBa 0003HAYAIOTCS IIPOITMCHBIMHA 6YKBaMI/I, a DJICMCHTBI MHOXXCCTBO
CTPpOYHBIMHA 6YKBaMI/I. DJeMEHTHl MHOXKECTB 3aKJIFOUaIOTCS B (bHryprIe CKOOKH.

Ecnu snemMeHT X MpuHAUIeKUT MHOKECTBY X, TO 3aMHUChIBAIOT X € X (€ —
PUHAIICHKUT).

Ecnu MHOXECTBO A SIBJISETCS 4acThiO MHOXKECTBa B, To 3anmmceiBaror A C B
(€ — conmepkutes).

MHO0XeCTBO MOKET OBITh 33/IaHO OJTHUM M3 JBYX CIIOCOOOB: EPEUUCICHUEM
U C IIOMOUIBIO ONPEIEISAIONIEr0 CBOKWCTBA.

JIBa mHOecTBa A u B paBHbI (A=B), eciiu OHM COCTOAT U3 OJHUX U TEX Ke
AJIEMEHTOB.

Hanpuwmep, ecniu A={1,2,3,4}, B={3,1,4,2} To A=B.

O06BeauHeHneM (Cymmoii) MHOXKECTB A u B HazpiBaeTcs MHOKeCTBO A U B,

AJIEMEHTBI KOTOPOTO MPUHAIICKAT XOTS ObI OAHOMY U3 TUX MHOXKECTB.
Hanpumep, ecn A={1,2,4}, B={3,4,5,6}, 0o AU B ={1,2,3,4,5,6}
ITepeceuenuem (mpou3BeAeHUEM) MHOKECTB A U B Ha3bpIBaeTCsI MHOKECTBO

A N B, a51eMeHTHI KOTOPOro MPUHAJIECKAT KAaK MHOKECTBY A, TaK U MHOKECTBY B.

Hanpumep, ecmn A={1,2,4}, B={3,4,5,2}, T0o AN B= {2,4}

Pa3nocTeio MHOXecTB A u B HaspiBaeTcs MHOXecTBO AB, »iaemMeHTHI
KOTOPOTO MPUHAJJIEKAT MHOKECBY A, HO HE TPUHAJIEKAT MHOXKECTBY B.

Hanpumep, ecmn A={1,2,3,4}, B={3,4,5}, 70 AB = {1,2}

CuMMETpUYHOM pa3HOCTHI0O MHOXKECTB A 1 B Ha3biBaeTcs MHOKeCTBO A A B,
SBJISTFOITIEECS] 00beTMHEHNEM pa3HocTei MHOkecTB AB 1 BA, To ecth A A B=(AB)
U (BA).
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Hanpumep, ecm A={1,2,3,4}, B={3,4,5,6}, To A A B = {1,2} U {5,6} =
{1,2,5,6}

Ceoucmsa:

CBoiicTBa MMEPCCTAaHOBOYHOCTH !

AUB=BUA
ANB=BNA

CoueTraTelIbHOE CBOMCTBO:
(AuB)uC=Au(BUCQC)
(ANB)NC=ANBNC)

Kpyru Diinepa (Diinepa-Bena) — reomerpuyeckas cxema, ¢ MOMOIMIBIO
KOTOPOM MOXKHO U300pa3uTh OTHOIICHUS MEXKAYy [OJMHOXECTBaMH, JJIs
HaIJISIAHOTO MIPEACTABICHUS.

Ipumep: Cpean MKOTLHUKOB MIECTOTO KJIacca MPOBOAMIOCH aHKETUPOBAHHE
no JoOuUMbIM  MyJabTouiIbMaM. CaMbIMU NONYJSPHBIMU  OKa3ajUCh TpHU
MynbTQuiIbMa: «benocHexka u ceMb THOMOBY, «I'yoka bod KBaapatueie IlITans,
«Bonk u TteneHok». Becero B knacce 38 yenoBeK. «beOCHEKKY U CEMb THOMOBY
BbIOpasin 21 ydeHHUK, cpelu KOTOpBIX Tpoe Ha3BaiM eule «Boink u TeneHoky,
mecrtepo — «['yoka bo0 Ksanmparueie IllTane», a oauH Hamucan Bce Tpu
mynbTduibMa. MynbTduiibem «Boik 1 TeneHok» Ha3Baimu 13 pedsr, cpeu KOTOphIX
nsATepo BbIOpanmu cpasy JABa MyiabTduibma. CKOJBKO 4YeNOBEK BbIOpasu
MynbTQuibM «I'yoka bod KBagparusie lllTanbn?

Pewenue: B »Toi 3anaue 3 MHOKECTBA, U3 YCIOBUM 3aa4d BUIHO, YTO BCE
OHM TIepeceKaroTcst Mexay co0oil. [TomyyaemM Takoit ueprex:
"benocHexka "INy6ka bo6

T
N Cemb l'HOMOB"/ >\//_\KBOIJPGTHI>I€ WTaHbI"
/ 6
\ /

J

"Bonk u TeneéHok"

YuuThiBas yCIOBHE, UTO CpeU peOsT, KOTOPhIE Ha3Baau MyIbTHUILM «Bomk
U TEJICHOK» TATEPO BbIOpAIU cpa3y /Ba MyJIbT(UIbMA, TOIYYaeM:
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"benocHexka "Ny6ka bo6
U cemb rHomos" KeagpatHele wraHer"

"BonK u TeneéHok"

21 —3—-6—-1=11— pebdsaT BeIOpaIN TOJIBKO «BEIOCHEKKY 1 CEMb THOMOBY.

13-3—-1-2 =7 —pebar cMOTPSAT TOIbKO «BOJK U TEICHOK.

[Tonyyaem:
"benocHexka "Ny6ka bob6
U cemb rHomos" KeaapartHere wraHer"

11 6

/3N

"Bonk u TeneéHok"

38— (11+3+1+6+2+7)=8—uenoBek cMoTpAT TONIbKO «I'yOKa oo KBamparHbie
[ITanb.

Hemnaem BbiBOJ, uTo «I'yoka boo KBanparusie [llTanb BeiOpamu 8 +2+ 1+ 6 =17
YeIIOBEK.

OtBer. 17 uenomek BwiOpanu wmynbThmibMm «I'yOka bo6 Ksagparhbie
[ITaub».

Conep:xanue NpakTHYECKO padoThI

3ananue 1. 1) Haiitu Muoxxecta ANB, AUB, A/B, B/A, ecnu:
a) A={e, 0, p, X} B={x, y}

0) A={x: -3<x<4} B={x: 0<x<6}

B) A={2"+1}, B={n+1} neN

2) Haiitu maoxectBa ANB, AUB, A/B, B/A, eciu:
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a) A={12, 13, 14, 15} B={12, 14, 16}
0) A={x: 0<x<2} B={x: 1<x<4}
B) A={3-(n+1)}, B={n+5} neN

3apanme 2. 1) Ha 1 xypce yuarcsa 200 ctynentoB, 106 U3 HUX 3HAIOT aHTIUHCKUMA
a3blK, 60 — Hemenkui, 92 — ¢paHiy3ckuid. 24 CTyJIeHTa 3HAIOT AHIJIMHCKANA H
HEMEUKUA s3bIKW, 36 — aHruickuii u Qpanmy3ckuii, 30 — HeMeukud wu
dpaniy3ckuii, 14 — Bce Tpu si3bika. OcCTanbHBIE 3HAIOT TOJILKO OJUH MCHAHCKUN
s3bIK. CKOJIBKO CTYJI€HTOB 3HAIOT:

a) TOJIBLKO OJIUH SI3BIK?

0) UCTIaHCKU S3BIK?

B) TOJIbKO HEMELIKUH SI3bIK?

T') 3HAIOT aHTVIMUCKUM U HEMEIIKUH, HO He 3HAIOT hpaHIly3CKUN?

2) Ha 1 kypce yuarcs 200 ctynenToB, 106 u3 HUX 3HAIOT aHTIUHCKUM s3BIK, 60 —
HeMenkui, 92 — ppaniry3ckuii. 24 cTyaeHTa 3HAIOT aHTJIMACKUI U HEMEIIKUH S3BIKH,
36 — anrnwmiickuii U Ppaniy3ckuit, 30 — Hemenkui u Ppaniy3ckuii, 14 — Bce Tpu
a3bIka. OcTallbHbIE 3HAIOT TOJBKO OAMH HMCHAHCKUM SI3bIK. CKOJBKO CTYJIEHTOB
3HAIOT:

a) pOBHO JIBa SI3bIKa?

0) TOJIBKO (PPAHITY3CKUN SA3BIK?
B) 3HAIOT HEMEIKUI 1 (PPaHITy3CKHil, HO HE 3HAIOT AaHTJIUHUCKUIA?

') HE 3HAIOT UCMIAHCKUU SI3bIK?
IIpakTueckoe 3ansiTue NeS

Tema: Pemenue npocreimux 3a1a4 TeOPUU BEPOATHOCTEH
Hean: chopmupoBaTh yMEHHE peIIaTh 3a/1a4d Ha HAXO0XKJIECHNUE BEPOSATHOCTEH

Teopernueckne cBeleHUs] K MPAKTUYECKOM padoTe

Knaccuueckoe onpedenenue eeposmuocmu

Paznen matemaTuku, M3y4yarou[uil 3aKOHOMEPHOCTH CIIyYalHBIX COOBITHIA,

HAa3bIBACTCSI TEOPUEU BEPOATHOCTEM.
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BepositHocthio P(A) coObiTsi A B UCHOBITAaHUM C PAaBHOBO3MOXKHBIMHU
AJIEeMEHTapHBIMU ~ UCXOJIaMHd  Ha3bIBAIOT OTHOIICHHE 4YHUCIa MCXOJOB M,

6JIaI‘Ol'[pI/I}ITCTBy}OHlI/IX COOBITHIO A, K 9UCIIY N1 BCCX UCXOO0B UCIIBITAHHA.

m
P(A) =—
n
Ilpumep 1: B maptun u3 30 mukcepoB 2 OpakoBaHHBIX. HaliTh BepOsSTHOCTH
KYyIUTb UCIIPaBHBIN MHUKCED.
n=300m=30—-2=28

28 14
30 15

AKCHOMBI BEpPOSITHOCTEH:

KaxioMmy coOBITHIO A MOCTABICHO B COOTBETCTBUE HEOTPUIIATEIIHLHOE YHUCIIO
P(A), HazbiBaeMoO€ BEPOSITHOCTBIO COOBITHS A.

Ecmn COOBITHS Ay, A, e IIOMapHO HECOBMECTHBI, TO
P(A1+Az+...)=P(A1)+tP(A2)+...

CBoiicTBa BEPOSITHOCTEM:

BeposiTHOCTE HEBO3MOKHOTO COOBITHS paBHA HYJIO P=0.

BeposiTHOCTH 1OCTOBEpHOTO COOBITUS paBHA enuHuIe P=1.

BeposTHOCTh MPOU3BOIBHOTO CIYYaiHOTO COOBITUSL A 3aKIIIOUAETCA MEXIY
O0u 1: 0<P(A)<I.

Ilpumep 2: W3 34 »sK3aMEHAIIMOHHBIX OWJIETOB, MPOHYMEPOBAHHBIX C
noMolbio yncen ot 1 1o 34, Haynady u3Biekaercs oauH. KakoBa BEpOATHOCTD, UTO
HOMED BBITSIHYTOTO OMJIETa €CTh YHCIIO0, KPATHOE TPEM.

Pewenue: Halinem xonuuectBo uncen oT 1 10 34, KpaTHBIX TpeM. ITO Yucia

3,6,9, 12, 15, 18, 21, 24, 27, 30, 33. Bcero takux uyucen 11. Takum oOpazom,
H
HCKOMas BEpPOSITHOCTD p [ 34

CoObiTust A 1 B Ha3bIBatOTCS COBMECTHBIMH, €CJIM OHU MOTYT OJTHOBPEMEHHO
MPOU30UTH, U HECOBMECTHBIMH, €CITM TPH OCYIIECTBICHUU OJHOTO COOBITHS HE
MOKET IPOU30UTH IPYTOE.
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CoObiTus A u B Ha3piBalOTCS HE3aBUCHUMBIMHU, €CIM BEPOSTHOCTH
HACTYIUIEHUS OJHOTO COOBITHUSI HE 3aBUCUT OT TOTO, MPOU3OILIO JPYroe COObITHE
WJIU HET.

BeposiTHOCTH CyMMBI  JBYX COBMECTHBIX COOBITUI paBHa CymMMe
BEpPOSTHOCTEH cllaraeMbix 0e3 BeposiTHocTu nipousBenenus: P(A+B)=P(A)+P(B)-
P(AB)

Ilpumep 3: BeposTHOCTh nmopaxkeHust ogHoi mumienu — 0,7, a apyroit — 0,8.
KakoBa BeposITHOCTh, UTO OyJIeT mopaxeHa XoTsl Obl OJIHA MUIIIEHb, €CIU M0 HUM
CTPENSAIOT HE3aBUCUMO APYT OT JIPyTa.

Pewenue: T.x. coOBITHS COBMECTHBI, TO p 0 0,700,800,7 0,0 8 01,500,56 O 0,94
BeposaTHOCTL CyMMBI JIByX HECOBMECTHBIX COOBITMM paBHa CyMMe

BeposiTHocTel cnaraembix: P(A+B)=P(A)+P(B).

P(A)+P(4)=1
YciaoBHasg BCPOATHOCTH — BCPOATHOCTE OAHOI'O CO6I>ITI/I$I, IIpHu yCJIIOBHH, YTO
JIPYroe coOBITHE YKE ITPOU3OIILIO.

BepositTHocTh mpousBeneHus coObiThii A U B paBHa mnpousBeneHHIO
BEPOSATHOCTH OJHOIO M3 HUX Ha YCIOBHYIO BEpPOSTHOCTH  JIPyroro:
P(AB)=P(A)-P(A/B) unu P(BA)=P(A)-P(B/A)

BeposiTHOCTh MpoM3BENEHUsI BYX HE3aBUCHUMbIX cOObITHd A u B paBHa
MpOU3BeACHUIO BeposiTHOCTEN comHoxuTeneii: P(AB)=P(A)-P(B).

Ilpumep 4: B nByx KOpoOKax JexaT pydkd pazHOTo 1BeTa. B mepBoii kopooke — 4
KpacHbIX U 6 YepHBIX, BO BTOPOM — 3 KpaCHBIX, 5 CHHUX U 2 YepHbIX. 13 00enx
KOPOOOK BBIHUMAIOT IO OJHOM pyuykd. HalTh BeposiTHOCTb, YTO 00€ py4yKH
KpacHBIE.

Pewenue: HanineM BEpOSITHOCTH BBITAIIUTH KPACHYIO PYUYKY M3 KaKIOU
KOpPOOKH

n. 010

mO4
4

pll] _
10
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n, 010

m. 0 3
3
p.0
10
4 3 12
Torma BepoATHOCTH TOTO, UTO 00€ pydKH KpacHble: p O p.0p. 08 —O0— O 0,12
1010 100

lonnas eeposmnocms. @opmyna baiieca

Ecnu coObiTe A MOMKET IMPOU30WTH TOJBKO MPHU BBINOIHEHUH OJHOTO W3
coObrTuil H1, Hy, ..., KOTOpBIE 00pa3yrOT MOJHYIO TPYIITY HECOBMECTHBIX COOBITHIA,
TO BEPOSITHOCTH COOBITHS A BbluucisieTcs o Gpopmye p(A) O p(H ) p(A/H ). O . Op(H
)P(A/H ). 0.0 p(H) p(A/H ):050...

Ota hopmyna HazbiBaeTCa POPMYIION MOTHOM BEPOSATHOCTH.

Ecnu BBINOTHSAIOTCS BCE YCJIOBUS, UMEIOIIME MECTO sl (hOPMYJIbI MOJTHOM
BEPOSTHOCTH, U p(A) O 0, TO BBHIMIOJHSAETCS PABEHCTBO, Ha3zbiBaeMoe (hopMyJsioit
baiieca:

p(H) p(A/H)'
O pH 7 A ) O
P(A)

Ilpumep 1: B nepsoii naptuu 20 nammn, BO BTopoid — 30 1aMIl U B TPETben —
50 namm. BeposiTHOCTH TOTO, 4TO MPOpadOTaET 3aJaHHOE BpeMs, paBHa JIJIsl IEPBOM
naptuu 0,7, nns Bropout — 0,8 n qns tperbert naptuu — 0,9. KakoBa BEpOsATHOCTH
TOTO, YTO HayjAady B3ATas Jjammna npopaboraer 3anaHHoe Bpems? Haiitu
BEPOSATHOCTD, YTO 3TA JIaMIIa IPUHAJICKUT IIEPBOU MapTUU?

Pewenue: Ilycts coObITHE A — Hayauy B3sITas JaMIia mpopadoTaeT 3alaHHOE
BpEMSI.

Toraa, mycts Hi — mamna u3 nepsou nmaptuu, Hy — namma u3 Bropoit maptuu
u Hz— nammna u3 tpetseit naptun. Torna coobitue A/Hi — namna U3 nepBoi napTuu
npopaboraer 3agaHHoe Bpems, A/Hp — namma u3 BTOpoOH mapTuu mpopadoTaeT
3ananHoe Bpems U A/Hz — namma u3 TpeTheil mapTuu npopadoTaeT 3a1aHHOE BpeMSI.
Harinem BepositHOCTH

n 0 20030050 0100
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20
H,) O 100 0 0,2
p(H1) 30

H,) 0 100 00,3
p(H2) X

p(H:) 0100 00,5

p(A/H.) 00,7 p(A/ Hy) O 0,8 p(A/ Hs) O 0,9 p(A) O
p(H) p(A/H).0:0p(H)p(A/H).0.0pH)p(A/H):0;
a

0 0,2 0,0700,3 0,0800,5 0,09 O 0,1400,2400,45 O 0,83

Teneps, ucnonws3zys (opmyiy baiieca HaiileM BEpOSTHOCTb TOrO, YTO 3Ta
JIaMI1a PUHAJIEIKUT IIEPBOU ITAPTUH

pH)p(A/HuO 1 0,2 0,0
7 0,169 p(H/A: yo 0O

p(A) 0,83

Ilpumep 2: VImerorcs 3 oavMHAKOBBIE YpHBI. B mepBoil ypHE Haxomarcs S
O0enbIX U 7 YEepHBIX I1apOB, BO BTOPOMl — TOJBKO O€Nible U B TPETbEH — TOJIBKO
yepHble. Hayran BeIOuparoTcsi ypHa W W3 Hee M3BieKkaeTcs oauH map. Kakosa
BEPOSITHOCTb, YTO 3TOT IIap OEIIbIii?

Pewenue: Ilycth coObITHE A — U3BJIEKaeTCs OBl TIap.

Torpa, mycrs Hy — mwap u3 nepsou ypusl, Hy — map u3 Bropou ypusl 1 Hz —
map u3 Tpetbelt ypHbl. Torna coositue A/Hp — 6enblil map u3 nepBoit ypusl, A/H»

— Oenbidt map u3 BTOpor ypHbl U A/H3z — Oemnblif map u3 Tperbel ypHbl. Halinmem
1 1 1

BepOATHOCTH p(H.) O Ep(Hz) O Ep(Hg) 03
5

P(A/ Hi) O 12 p(A/ Hy) 01 p(A/ Ha) 0 0 p(A) O p(H ) p(A/ H
%010 p(H) p(A/H).0.0p(H) p(A/ H)s0 50

15 1 1 5 1 17
OO 0ooorooo—o-o0—

312 3 3 36 3 36

@opmyna bepnynnu

1) BeposiTHOCTH TOro, 4YTO COOBITHE A HACTYIUT POBHO M pa3 MpH

MPOBEICHUM N HE3aBUCHUMBIX MCIIBITAHUM, KaXIbIH U3 KOTOPBIX HMMEET
POBHO JIBa MCX0/1a BRIYUCIIsieTCs o (hopmyiie beprynu

P.(m) O C,"p™(10 p)"™ ,m 0O 0,1,2,...,n
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Ipumep 1: BeposITHOCTB BBIUTPHIIIA TIO OTHOMY JIOTepEeHHOMY OUJIETY paBHA
0,2. Haiitu BeposATHOCTb, YTO W3 6 NPHOOPETCHHBIX OWJIETOB 2 OKaKYTCS
BBIUTPBILIHBIMHU.

Pewenue:
pOo0,2
nO6

m0O2
6!

P,(m) O C"p™ (10 p)*™ 0 C 0,2 (1e2 2 [0,2)62°0 412100,04 0,0
840 0,246

2) BeposSTHOCTh HACTYIUICHHsT COOBITUST A XOTs OBl OIWUH pa3 TpH
IPOBEICHUA N HE3aBHCUMBIX HCIBITAHUN, YJIOBJIETBOPSIOLIIUX CXEME

bepnymm, paBua P,(mO1) 0 01q,"qO001p

Ipumep 2: TIpubOp COCTOUT U3 IIECTU FNEMEHTOB, paOOTAIOLINX
HE3aBHCHUMO JIPYT OT Apyra. BeposaTHOCTh 6€30TKa3HOM pabOThI KaXKI0TO SJIEMEHTA
3a onpeneneHHoe BpeMst paBHa 0,6. s 6e30Tka3zHOM paboThl Tpudopa
HE00XO0AUMO, YTOOBI XOTsI ObI OJIMH AJIEMEHT ObLI UclipaBeH. KakoBa BEpOSITHOCTb,
YTO 3a JJaHHOE BpeMsl mpubop Oyaet paboTtath 6€30TKa3HO?

Pewenue:
p00,60q00,4
nO6 m 01

Ps(m O1) O O010,4%0 0,9959

3) BeposTHOCTh HACTyMJICHHS COOBITHSA A XOTs Obl OAMH pa3 MpH
NPOBEICHUA N HE3aBUCUMBIX HWCIIBITAHUH, YIOBICTBOPSIONINX CXEME

BepHy.HJ'H/I, HAaCTYIIUT HC MCHCC M1 U HC Ooiee mp pa3 BBIYUCIEICTCA I10

mz

dopmyie P,(m,0 m O m).0 Opy(m)

my

Ilpumep 3: HaliTu BEpOSITHOCTH OCYIIECTBIEHUS OT JABYX JO YEThIPEX
pasroBopoB Mo TeledoHy Mpu HAOIIOACHUU MATH HE3aBUCHUMBIX BBI30BOB, €CIU

BEPOSATHOCTh TOT'O, UTO PA3roBOp cocToutcs, paBHa 0,7.

Pewenue:
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pd0,7n

05
20m0O4
Ps20mO4)0C 0,7 (120 2[00,7)5290C 0,7 (130 3 [00,7)5°0C 0,7
(10 4 00,7)5°0 0,801

4) HauBeposTHelIIee 3HAYCHWE Mo YHCIA HACTYIUICHHS COOBITHS A TIpU
IIPOBEJICHUH N IIOBTOPHBIX HE3aBUCUMBIX UCITBITAHUMN, YIOBIECTBOPSIOIINX
cxeme bepHysuin, BerunciaseTcs no popmyie

npd Og meO Onp p

np0 0 001p0 meO Onp p

Ilpumep 4: Maraszun nonyuun 50 neraneii. BeposTHOCTh HATUYUS
HeCTaHJapTHOM AeTanu B naptuu pasHa 0,05. Haiitu Hanbosiee BeposiTHOE YUCIIO

HCCTAaHAAPTHLIX I[GTEIIIGIZ B IIapTHUH.

Pewenue:
p 00,05
n0O50 meO?

q O 01p0O010,0500,95
50 0,05000,95 O m, 0 50 0,05000,05

1,550 me0 2,55 me0O 2

,ZZMCKp@WlHCl}l C]ly’{al:iHa}l geluduUHa U ee 4ucjiosvle xapakmepucmuKku

Cnyuaitnas Bemmurna X — 910 urcnosas pyukuus X O f 0,0, onpenenennas
Ha TMPOCTPAHCTBE AJIEMEHTApHbIX CcOObITHI. CiydailHble BEIMYMHBI, WMEIOIIHE
CUETHBIE MHOXECTBA BO3MOXXHBIX 3HAUYEHUM, HA3BIBAIOTCA JIUCKPETHBIMU.
JluckperHas cilyyaliHasi BEJIMYMHA ONPEAEIIEHA, €CIM U3BECTHBI BCE €€ 3HAUEHUS U
COOTBETCTBYIOIIIME UM BEpPOSTHOCTU. (COOTHOLIEHHE MEXAY BO3MOKHBIMU
3HAUECHHUSIMHM CITy4allHOW BEJIIMYMHBI U COOTBETCTBYIOIIMMH KM BEPOSITHOCTSIMU
HA3bIBAIOT  PACHOPEICICHUEM  BEPOSTHOCTEM  CIy4alHOW  BENWYWHBL.  J{iid
JTUCKPETHOM CITy4altHOM BEJTMYMHBI 3TO COOTBETCTBUE MOXKET OBITh 3alKCaHO B

n

Buje Tabmuusr: Lp 01

i01

Xi X1 X2 e Xn

Pi P1 P2 Pn
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MarteMaTuyeckuM  OXXKUJaHUEM  (CpeAHHM  3HAUYE€HHUEM) JIUCKPETHOM

CIIy4alHOU BEJIMYMHBI X HA3BIBAIOT CYMMY IIPOM3BEICHUMN BCEX €€ BO3MOKHBIX
u]

3HAUEHMH Ha COOTBETCTBYIOIIHME UM BeposTHocTH M(X) O x pi;
i01

Jlucnepcuet  TUCKPETHOM  CIy4alHOW  BEIWYMHBI X HA3bIBAIOT
MaTeMaTH4YECKOE OXKUJAHUE KBAJApaTa OTKIOHEHUS CIIy4YalHON BEJMYHMHBI OT €€
MAaTEMATUYECKOTO Oxujaanusg D(X) O M(XOM(X))? . Jucnepcusi IUCKPETHOU
CITy4aifHOW BEJIMUMHBI BRIYUCIISCTCS 1O hopMyiam:

n

px) o00x m pio Oz,

i01l

D(X) O M(X?)O(M(X))*
CpeHUM KBaJpaTHYHBIM OTKJIOHEHHUEM JHUCKPETHON CIIy4ailHON BETMYUHBI

HA3bIBAIOT KOPEHb KBAJIPATHBIN U3 nquctiepcun O(X) 0 D(X) .

Ecan cnyqaﬁHaﬂ BeIMYMHA X UMEET OMHOMHUAILHOE pacinpcacicHuc

BEPOSITHOCTEN, TO
M(X) npO D(X) npqOd

Ilpumep 1. CnyuaiiHas BenuuMHa X 3aJlaHa TaOJNMICH pacrpeaeaeHus
BepositTHocTel. Haiitn M(X), D(X), o(X).

Xi 2 5 8 9
pi 0,1 0,4 0,3 0,2
Pewenue:

M(X) O 200,10 050,40 08 0,309 00,2 0 0,20 20 2,401,80 6,4
M(X?) O 4 00,10 25 0,40064 0,30081 0,200 45,8

D(X) O 45,806,4.0 4,84

0X)0DE)D0  Va8a02,2

Ilpumep 2: HaliTu maTeMaTH4YeCKOE OXHUJAHUE W JUCIEPCHUI0 YHCIIa
JOTepelHbIX OUJIETOB, HA KOTOPbIE BBINAAYT BBIMTPHIIIH, eciu npuodpereHo 100
OUJIETOB, @ BEPOATHOCTD BBHIUTPHIIIA Ha KaxK Il OmtetT pasHa 0,05.

Pewenue:

M(X) 0100 0,0500 5
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D(X) 0100 0,050,950 O O 4,75
O(X) OV(X) 0 V4,7502,18

Coaep:xxaHue NpaKTH4eCKOH padoThl

3apnanme 1. Vcnonb3ys KilacCHYECKOE OIPEICICHHE BEPOSTHOCTH COOBITHS,
PEIINTH CIETYIOIINE 33 aUH:

1. B xopoOke 4 KpacHbBIX, 5 3€J€HBIX, 8 KENThIX, 7 OenabIX U 1 YepHbIH
map. HailTu BepOSTHOCTH BBITAIIUTh: KPACHBIM IIap; CUHUM [Iap; Oenbld map;
[[BETHOW 1ap; WJIM 3€JICHBbIA WM OeJblil 11ap; He KpacHbIM IIap; 1miap OJAHOTO U3
IIBETOB cBeTO(dopa.

2. B cembe — n1Boe geteit. KakoBa BepOsSITHOCTb, UTO CTapIIUii peOCHOK —
JIEBOYKA, €CJIU U3BECTHO, YTO B CEMbE €CTh JIETH 000€ero mnoja?

3. Macrep, umes 10 geranei, u3 KOTOpbIX 4 — HECTAaHJAPTHHIX, IPOBEPSET
JeTanu OJHYy 3a JApyrod, IoKa €My He nomnaaercs craHpapTHas. Kakosa
BEPOSITHOCTh, YTO OH IIPOBEPUT POBHO JBE ACTAIH?

4. B ogHoM simmke 3 GenbIx w7 YEpHBIX MIAPOB, B JAPYTOM SIIUKE — 6
OenbIx U § uepHbIX 1apa. HailTu BepoATHOCTH TOT0, YTO XOTS Obl U3 OJHOTO SIIKUKa
OyZeT BbIHYT OeJbli map, €Cu U3 KaXK0ro SIIUKa BEIHYTO MO OAHOMY IIapy.

5. N3naTensCTBO OTHOPaBUIIO Ta3eThl B TPU TMOYTOBBIX OTJIEIEHUS.
BeposiTHOCTH CBOEBPEMEHHOM JOCTABKM ra3eT B mepBoe oTaeieHue pasHa 0,9, Bo
BTOpOE - 0,7, B TpeThe - 0,85. HailTu BEpOsITHOCTD CAEAYIONIUX COOBITHI:

a) TOJIBKO OJTHO OTIEJICHHE MOJYYHUT ra3eThl BOBPEMS;

0) XOTs1 ObI OJTHO OT/ICJICHUE MOJYUYUT Ira3eThl C OMO3AaHUEM.

6. B nepBoii ypHe HaxoasaTcs 12 6enbix u 4 4epHBIX MIapoB, a BO BTOPOI
5 Genpix m 10 uepHbix mapoB. M3 kaxaoil ypHbel BeIHYIM 1o mapy. Kakosa
BEPOSATHOCTh TOTO, YTO 00a mapa okaxyrcs: uepHbIMu? KakoBa BEpOsSTHOCTb, UTO
o0a 11apa OKaxxyTcst OenbIMu?

1. B maptum u3 25 neraneit HaxonsaTcs § OpakoBaHHBIX. BeIHUMAIOT U3
napTUu Haynaudy jaBe AeTanu. Onpenenuth, KakoBa BEPOATHOCTh TOTO, YTO 00€
JeTaau OKaKyTcsl OpakOBaHHBIMHU.

8. [TonOporieHs! 1Be UrpasibHbie KOCTU. HaliTu BEpOSITHOCTH COOBITHS A
TOTO, YTO BBIMAACT XOTs ObI OJIHA IIeCTEpPKa.

9. HaliTi BeposITHOCTH, YTO TIPH OPOCAaHMHM WTIPAIbHONH KOCTH BBINMAJICT
4uCIIo, OobIee 4.
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10. HaiiTu BeposSTHOCTB, YTO MpHU OpOCAHUM UTPATHLHOW KOCTH BBINAJIET
Y1CII0, HE MEHbIIee 2 U He Oosblee 5.

3ananme 2. Vcnons3dys ¢dopmyibsl MoNHONW BeposTHOCTH M baileca, pemutsb
CIEAYIOIIUE 3a/1aUN:

1. NmeroTcs 2 onuHAaKOBBIE YpHBL. B nepBoii ypHe HaxonsaTcst 7 OenbIX U
3 4epHBIX IIApOB, BO BTOpoil — 6 Genbix U 4 uepHbIX. Hayran BeiOupatorcs ypHa u
U3 Hee W3BJIEKaeTcs OAWH Iuap. BriOpaHHbId map oka3zaiics 4depHbM. KakoBa
BEPOSITHOCTb, YTO ITOT AP U3 2 YPHBI?

2.  [leranu, U3roToBiIsieMble IIEXOM 3aBOJA, MOMAJAIOT JJI IPOBEPKU UX
Ha CTaHJIapTHOCTH K OJTHOMY U3 ABYX KOHTPOJIEPOB. BEpOATHOCTH TOTO, UTO AETAb
nomnazier K nepsoMy kKonrposuepy =0,5, ko Bropomy =0,6. BeposTHOCTH TOTO, YTO
rojHas jAerajgb OyAeT MpU3HaHA CTaHJIApPTHOM NepBbIM KoHTposepoMm =0,94, a
BTOpbIM =0,92. T'0/1Has neTanb Mpu MpoBepKe Oblla Npu3HaHa cTaHgapTHOU. Haittu
BEPOSATHOCTH TOI'0, YTO 3TY JAETajlb IIPOBEPUI IIEPBBI KOHTPOJIED.

3. NwmeeTtcs 1Ba Habopa aeTaneil. BeposTHOCTh TOro, 4To JeTalb NEPBOTO
Habopa cranmaptHas paBHa 0,9, a Broporo — 0,8. Haiftu BeposITHOCTH TOTO, YTO
B3sTas HayJlaudy JeTallb — CTaHIapTHAs.

4. HNwmerores 3 oauHaKkoBbIE YpHBL. B nepBoil ypHe HaxoasaTcs 6 CUHUX U
4 yepHBIX IAPOB, BO BTOPOU — TOJIBKO CUHUE U B TPEThEU — TOJIBKO YepHble. Hayran
BBIOMpAIOTCS YpHA U U3 Hee U3BJIeKaeTcs 0oAuH 1ap. KakoBa BeposSTHOCTh, YTO 3TOT
miap CUHUN?

5. NmeroTcs 2 onuHakoBbIe YpHBI. B nepBoit ypHe HaxoasaTcst 7 OenbIX U
3 4epHBIX 1IAapoB, BO BTOpoi — 6 Oenbix U 4 yepHbiX. Hayran BeiOupatotcst ypHa u
U3 Hee W3BJIEKaeTcs OoAWH Inap. BriOpanHbId map oka3zaics udepHbiM. KakoBa
BEPOSITHOCTb, YTO 3TOT ap u3 1 ypHbI?

3aganue 3. Ucnone3ys popmyny bepHymu, pemuTs ciaeayronye 3a1a4ym:

1.  BepoATHOCTH TOTO, YTO PACXOJa DBJICKTPOIHEPTHH HA IMPOJAOHKCHHH
OJIHMX CYTOK HE MPEBBICUT YCTAHOBIEHHOM HOpMBI paBHa 0,75. HailTi BEpOATHOCTH
TOTO, YTO B OJKaiimme 6 CyTOK pacXoj JJICKTPOIHEPTHU B TeUCHHE 4 CYTOK HE
IIPEBBICUT HOPMBL.

2. Haiitu BEpOSATHOCTH OCYLIECTBJIEHUSI OT OAHOTO J0 TPEX Pa3rOBOPOB
1o TeneoHy Mpu HAOJIOICHUH IECTH HE3aBHUCUMBIX BBI30BOB, €CJTM BEPOSTHOCTH
TOTO, YTO Pa3roBOp COCTOUTCH, paBHa 0,6.

3. [IpuGop CcOCTOMT W3 MATH DIIEMEHTOB, BKIIOYCHHBIX B IICIIbh
napajjieIbHO H  pa0dOTaroNMX HE3aBHCHMO JIPyr OT Jpyra. BeposSTHOCTH
0e30TKa3HOM paboThI KaXk10To AeMenTa 3a Bpemsi T pasHa 0,5. /[ 6e3aBapuitHoit
paboTel mpuboOpa MOCTATOYHO, YTOOBI XOTS OBl OAWH 3JIEMEHT OBbLT HCIPABEH.
KaxoBa BeposiTHOCTH TOTO, 4TO 32 BpeMst T mpubop OyaeT pabotath 0€30TKa3HO?
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4.  BeposATHOCTb BBIUTPHINIA IO OJHOMY JOTepelHomy Oumnery =0,3.
KakoBa BepOsATHOCTH TOrO, YTO M3 CEMHU INMPHOOPETEHHBIX OWJIETOB TpU OuieTa
OKa)XyTCS BBIUTPBIIIHBIMU?

5. Marasun nonyunn 40 neraneil. BepoATHOCTh HAIMYMS HECTAaHAAPTHOU
neranu B naptuu pasHa 0,04. Haiitu HanbOosee BEpOATHOE YKMCIO HECTaHIAPTHBIX
JeTajel B OTOU NTapTUH.

6.  BeposTHOCTH U3TOTOBJICHMS Ha ABTOMATUYECKOM CTaHKE CTaHIApTHOM
neranu paBHa 0,8. Haiins BepoSTHOCTM BO3MOXHOIO YHCIA IOSIBICHUS
OpakoBaHHBIX JeTaleil cpeau 5 OTOOpaHHBIX, HAWTH HAUBEPOSATHEHIIEEC YHCIIO
HOSIBJICHUSI OpaKOBAaHHBIX AeTajeil U3 5 0TOOpaHHBIX, YKa3aB €r0 BEPOSITHOCTb.

7. CKoJIbKO pa3 HEeoOXOaUMO MOAOPOCUTH HUTPAIBHYI) KOCTb, YTOOBI
HauBEpOSITHEHNIIIEE BBINMAIEHUE TPOUKHU ObLIO paBHO 107
8. JIns maHHOrO y4YacTHHKA WIPhl BEPOSTHOCTh HAOpPOCHUTH KOJBIIO Ha

kousbimek =0,3. KakoBa BeposATHOCTH TOro, YTO MpHU LIecTH Opockax 3 KoJjblia
OKa)KyTCsI Ha KOJIBILIKE?

9. Ha camonere wnmerorcss 4 OQMHAKOBBIX JBHrarens. BeposTHOCTB
HOPMaJIbHOM paOOThl KaXI0r0 JBUTATENs B MoJieTe paBHa p. HaliTu BeposSTHOCTD
TOTO, YTO B IIOJIETE MOTYT BOZHUKHYTbH HETOJAKU B OTHOM JIBUTATEIIE.

10. BeposTHOCTB OTKa3a Kaxka0ro npudopa npu ucneitranuu pasHa 0,4. Uro
BEPOSITHEE 0XKMJIaTh: OTKAa3 JIBYX MPUOOPOB MPHU HCIBITAHUU YETHIPEX WM OTKa3
TpeX MNpuUOOPOB TMpPU HCIBITAHUM IIECTH, €CIU MPUOOPHl HMCHBITHIBAIOTCS
HE3aBUCHUMO JIpYT OT Apyra?

11. BepodTHOCTH TOro, YTO Ha HEKOTOPOM MPEANPUITHH PACXOA
AJIIEKTPO3HEPTUH HE MPEBBICUT CyTOYHOW HOpMBI paBHa 0,8. KakoBa BEpOATHOCTH
TOT'0, YTO B TEUEHUE MATHU pabOUUX JHEH U3 CeMHU Iepepacxo/ia AIEKTPOIHEPTUN He
oyner?

3amanue 4. HaiiT 4uCIOBBIE XapaKTEPUCTUKU JIUCKPETHBIX CIIyYalHBIX
BEJINYVH:

1. HaiiTu MareMaTuyecKoe OKUJaHUE CIy4YallHOW BEIMYMHBI X, 3Has 3aKOH €€

pachpeneneHus:
Xi 3 5 2
pi 0,1 0,6 0,3

2. BeposiTHOCTh TIOMajaHusl B I1edb Mpu cTpensde u3 opyaus 0,6. Haiitu
MaTeMaTUYecKoe OXXHJIaHWe OOIIero 4Ymclia TMomnajgaHuil, eciu Oyjaer
npou3BeneHo 10 BBICTPENOB.

3. Hailitu mucrniepcuio cliydaifHOW BEJIMYMHBI X, KOTOpas 3a7aHa CJeAYIOIIUM
3aKOHOM pacIpeeICHHUS:

Xi

1

2

5

pi

0,3

0,5

0,2
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4 .HaiiTu aucnepcHro Ciy4yalHON BeNWYMHBI X, KOTOpas 3a/aHa CIEIYHOLIUM
3aKOHOM pacIpeIeiICHUs:

Xi 2 3 3)
pi 0,1 0,6 0,3

5. IlpomsBogutrcs 10 HE3aBUCHMBIX HCIBITAHWM, B KaXKJIOM H3 KOTOPBIX

BEpPOSTHOCTh MOsIBIEHUS coObITUs paBHa 0,6. Haiitum nucnepcuro cirydaitHOW

BEJIMUYMHBI X — YUCIIa MOSIBJICHUSI COOBITUS B 3TUX UCIIBITAHUSIX.
IIpakTuyeckoe 3anaTue Ne6

Tema: Pemenue l'[pOCTCﬁ]IIHX 3a7a4 10 MaTeMaTH4eCKOi CTATUCTHUKH

Heab: chopmupoBaTh ymMEHHE peliaTh MPOCTEHIIME 3aa4l 110 MaeMaTHUYECKO
CTaTUCTHKE.
Teopernyeckue cBeleHUsI K NPAKTHYECKOH padore

Marematuyeckass CTaTHUCTHKa — pas/ie]l MaTeMaTUKH, pa3padaThIBalOIIUN
METOJIbl ~PETUCTPAllMM, ONHCAHWS W aHajdu3a JAaHHBIX HaONIOJEHUH U
AKCIIEPUMEHTOB C LEIbI0 MOCTPOCHHS BEPOATHOCTHO-CTATUCTUUYECKHX MOJIEIIEH
CJIIyYalHBIX SIBJICHUU.

[lenapt0o MaTeMaTUYECKON CTATHCTHKHU SIBJISIETCS ONMHUCAHHWE, OOBSICHEHHE U
MpecKa3aHue sIBICHUN eUCTBUTEILHOCTH Ha OCHOBE YCTAHOBJICHHBIX 3aKOHOB.

[IpenmeToM MaTeMaTUYECKOM CTATUCTUKHU SIBISETCS M3YYEHHUE CIyYAMHBIX
BEJTUYHH (WU CIIyYaiiHBIX COOBITHI) 1O pe3yJibTaTaM HaOII0IeHUN
(CTaTUCTHYECKUM JaHHBIM).

3amaua MaTeMaTHYECKONW CTATUCTUKU COCTOUT B CO3JJaHUU METOJO0B cOopa u
00pabOTKH CTATUCTUYECKUX JAHHBIX JIJIsl MOJYYCHUS HAYYHBIX M MPAKTHUYECKUX

BBIBOJOB.

I'enepajbHasi COBOKYIIHOCTh U BHIOOpPKA
PaccmoTpum aObCTpakTHBIN SKCIEPUMEHT, B Pe3yJIbTaTe €ro MPOBEICHUS MBI

Ha0JII0/IaeM WM U3MEpsieM 3HAYeHHE X U3ydaeMoil ciyyaiiHoi BenuuuHbl X (3TO
MOXKET OBITh B JEHCTBUTENHOCTH BEJIMYMHA MH(IALMU, TapaMeTp AETalu NpU

MaCCOBOM IIPOMU3BOACTBC, IICHA HaA XWJIbC B OTIACJIBbHBIX paﬁOHax CTOJINYHBIX
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ropojax, Jr00i 00U KOJIWYECTBEHHBIM MPHU3HAK OMPEEIIEHHOTO MHOYECTBA

00BEKTOB).

Onpeodenenue 1. [enepanviou co80KYNHOCHbIO HA3BIBAETCS MHOMXKECTBO

BO3MOXXHBIX 3HAYEHWW W3y4aeMOM CIy4alHOM BeIWYMHBI X C 3aKOHOM
pactpenenenuss F(X). Bo3moxHble 3HAYCHUS TEHEPaIbHOM COBOKYMHOCTH X

Ha3pIBAIOTCA ¢ anemenmamu. 3akoH pacnpeneinenus F(X) HaspiBaercs

CEHEPAJIbHBIM _3AKOHOM PACHPCACICHUA, a YHCIIOBBIC XapaKTCPUCTUKH X -

CEHEPAIbHbIMU YUCTIOBbIMU XAPDAKMEPUCINMUKAMU .

['enepanbHasi COBOKYMHOCTh MOKET ObITh KOHEUHON (MHOXKECTBO 3HAYEHUU
ciyyaiiHOUW BenuuuHbl X KOHEYHO) uin OeckoHeuHoi. Hampumep, 1) X — gucnio
JeTe, PpOAMBLIMXCSA B TOPOJE 3a OIPENEICHHBI IIPOMEXYTOK BPEMEHMU.
I'enepanbHas COBOKYMHOCTh 3TO MHOXKECTBO HeoTpularenbubix uncen {0,1,2,...} ¢
HEKOTOPBIM 3aKOHOM pacrpezeseHus. 2) X — BeIuYrMHa OTKJIOHEHUS JETaldu OT
3aJIaHHOT'0 pa3Mepa IIPYU MaCCOBOM ITPOU3BOACTBE. [ eHepalibHas COBOKYITHOCTD 3TO
MHOKECTBO JIEUCTBUTENbHBIX YHUCEN C HEKOTOPBIM 3aKOHOM PacIpe/iesiCHuUs.

Nuorma w3 Bcell TEeHEpaTbHOM COBOKYMHOCTH CIy4ailHO OTOMpAroT
OTPaHUYCHHOE YHCJIO OOBEKTOB W TOJBEPralOT MX H3Y4YEHHUIO, MO0 CBOWCTBAM
KOTOPOU CYJIAT O CBOMCTBAX F'€HEPAIBHOU COBOKYITHOCTH.

Onpedenenue 2. BbibopouHoli cOB0KYNHOCHbIO U 8blOOPKOU HA3BIBACTCS

COBOKYITHOCTb CJIy4aliHO OTOOpPAHHBIX 2JIEMEHTOB UX IT'€HEPaIbHOM COBOKYITHOCTH.

O6vemom 8b100pKU HAZBIBAETCS YUCIIO €€ DJIEMEHTOB.

BriOopky Henmb3si COCTaBUTh Kak Tmomaino. Breibopka momkHa OBITh
penpe3eHTaTUBHON (TIpeICTaBUTEILHOM) W OJHOPOJHOW. Penpe3eHTaTUBHOCTH
obecreunBaeTcs MPOCTHIM CITyYalHBIM BEIOOPOM:

1) BeiOop siBisIeTCS CITydaiHBIM.
2) Kaxaplii 3JIeMEeHT TeHepaibHON COBOKYITHOCTH MOYKET OBITh BBIOpaH.
3) Kax/plii 37IeMEHT BBIOUPACTCSI HE3aBUCUMO OT OCTAJIbHBIX.

4) Bce 3meMeHThl BBIOOPKH MOJIYYaIOTCsl B PABHBIX YCIIOBUSIX.
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OAHOPOIHOCTh O3HAYAET, YTO YCJIOBHUS IPOBEIEHUS SKCIHEPUMEHTOB IS
MOJIy4EeHHS BEIOOPKU HE IOJKHBI MEHAThCS. Ho Ha mpakTuKe MpocToi ciiydaitHbIi
BBIOOp HE Bcerma OCYIECTBUM (OH SIBISIETCS OTaJOHHBIM), TMPUMEHSIOTCS
pasznuyHble BUABI BBIOOpA: MexaHuueckuti 6vl00p (M3MEpPEHUsl MPOBOJAT uepes
paBHbIE NMPOMEXKYTKH BPEMEHHU, KOHTPOJIHUPYETCS KaK/as m JeTallb, BRIOUpAETCs
KaXJbId S YENOBEK IO CIHCKY); ceputinvlii 6bi00p (KOHTPOJHUPYETCS HE OJHA
TabJIeTKa, a BCS YIAKOBKA, HE OJIMH YEJIOBEK TPYIIIbI, a BCS TPYIINA); MUAUYECKUL
6b100p (YpOXKAWHOCTh y4acTKa, COI[MOJIOTMYECKHI Ompoc, 3apruiata B OTPAciH);
8b100p C NOMOWDBIO CAYUAUHBIX HE3ABUCUMbBIX UsMepeHuti (TeMmreparypa Cpebl,
3arpsiI3HEHHOCTh BOJBI, BEJIMYMHA TOKAa) U jApyrue. Bce BuIbI BBIOOPOB MOTYT
KOMOMHHUPOBATHCS MEXIAY co00il. B mMaTemMaTH4ecKoil CTaTUCTHKE MPUMEHSETCS
TOJIBKO MPOCTON CITy4alHbIN BBIOOD.

[locne Toro kak cpaenaHa BBIOOpPKA, BCE €€ DJIEMEHThI OOCIENYIOT IO
OTHOLIEHUIO K TEHEPAIBHOM COBOKYIIHOCTM M B pE3yJbTare IOIy4aroT
HaOmogaemble JAaHHble. Jlanee OHM yNOPSAOYMBAIOTCS, MPEACTABISIIOTCA B
KOMITAKTHOM, HATJISIIHON WK (DYHKIIMOHAIBHOU opMe. BhuncaroTCs pa3inyHble

CPCOHNC BCIIMIHNHDBI, XapaKTCPUIYIOIMHUC CTATUCTHYCCKUC TAHHBIC.

BapuanuoHHBIA U CTATUCTHYECKHE PAAbI
OOBIYHO BBIOOPKA MPENICTABISAET COOOM MHOXKECTBO YUCE, PACTIOJIOKEHHBIX

B Oecriopsike. J{ms qanpHeHero n3ydeHus: BRIOOPKY MOIBEPTaroT 00padoTKe.

Onpeoenenue 3. HaOmomaemble 3HaueHUs BBIOOPKM  HA3BIBAIOTCS

sapuanmamu. HOCHeI[OBaTeHBHOCTI) BCCX BApHUAHT, 3alIMCAHHBIX B BO3PACTAIOIICM

IIOPAAKE, HA3bIBACTCA sapuayytOHHbIM D}Z()OM.

Hpumep 1. B3sra BEIOOpKa HAMMEHBIINX LIEH B ThICAYaX pyOisx 3a 1 M2 Ha

HOBOE JXHJIbe B Topojaax Poccun na maii 2016 r. (http://www.rosrealt.ru/):

Apxanrensck — 59, bapuayn — 45, benropon — 56.5, Binanusoctok — 94, Bosrorpan

— 48, Boponex -48, ExatepenOypr — 70, Kazans — 64, Kanununrpan —
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60.5, Kupos -47, Marautoropck — 31, Maiikon — 36.5, Mocksa — 211.5, Ps3anb —
47, Camapa — 65, Couu — 83.5, Tomck — 52, Tyna — 52, SIpocnasnb — 47.

ITocTpouM BapHalMOHHBIN PALI.

DOneMeHT BbIOOpkM 211.5 dABiIseTcs aHOMAJbHBIM, YTO OOBICHSIETCS
UCKIIIOUUTEIBHBIM TOJIOKEHUEM TOpo/ia. DTOT DJIEMEHT CIIEAyeT HCKIIOYUThH U3
BbIOOpKU. Torna BapualioOHHBIN PST IPUMET BUJL:

31, 36.5, 45, 47, 48, 52, 56.5, 59, 60.5, 64, 65, 70, 83.5, 94.

[IycTh M3 reHepaJibHOW COBOKYIHOCTH HM3BJI€Y€HA BBIOOpKA: BapHaHTA X1

HaOmro1anach Ny pas, BapuaHTa X2 — N2 pas, ..., BApUaHTa Xk — Nk paz u Ny + +n+...+

N=N — 0bvem svlbopku. Ynciia BApUaHToOB N1, Ny,..., Nk HA3BIBAIOTCS YACHOMAMU.
ng

OTHoOlIEHUsS YacTOT K 00bEMY BBIOOPKU n ', rme i=1,2,....k, Ha3pIBAIOTCSA

OTHOCHUTCIIbHBIMH 4YaCTOTaMHM.

Onpeodenenue 4. Cmamucmuyeckum psoom Ha3bIBACTCS BapUAILTUOHHBIN Pl

C YKa3aHUEM COOTBCTCTBYIOIINX YaCTOT UJIIM OTHOCHUTCIIbHBIX YaCTOT.

B o0miem cirydae cTaTUCTUUECKUH Psiji IPEACTABISIOT B BUJIEC TaOJIHII.

Bapuanmur X, X, X, e X,
Yacmomur N. n n . n,
Bapuanmur Xi X1 X2 e Xk
OmHnocumernvivie

_m | n; M
yacmomsl ' n n n

Ilpumep 2. IlpeoOpazyeMm BBIOOPKY U3 mpumepa | B CTATUCTUYECKUM PsJl
9acToT.

Xi 3L 365 4% 47 48 5P 56.5|59 60.5 64 65 70 88.5 94
N 1 11 1 (3 12 [2 |1 1 11 1 /1 711 [1 1

O6bem BeIOOpKK N=18.
CraTucTiuueckuii psii OTHOCUTENBHBIX YaCTOT.
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Xi

31 (365145 |47 |48 |52 |[565]59 |605(64 |65 |70 |83.5|94

1 1 1 3 2 2 1 1 1 1 1 1 1 1
18 |18 |18 |18 |18 |18 |18 |18 |18 |18 |18 |18 |18 |18

CraTtucTUyecKkuil psii MOXKHO M300pa3uTh IpaUUeCKu B BUJE HOIUCOHA YACHOM WU

noJjiucoHa OMHOCUmMelbHbvlX yacmom, qTo MMO3BOJICT  IIOJIYUUTDH HarjsiaHoOC

MNpEaACTABJICHUC O 3aKOHOMCPHOCTH BAPbHUPOBAHUA Ha6J'IIOI[aCMLIX 3HAYCHUM cnyqaﬁﬂoﬁ

BEJIMYUHBL. B MpsAMOYroJIbHON cHUCTEME KOOPAMHAT HAHOCST TOYKH C KOOpAWHATaMH (Xi,

ni) umu (Xi, Wi), MOJyYEHHBIE TOUYKUA COEAUHSIOT OTPE3KaMH, MOJYYEHHYIO JIOMAHHYIO

Ha3bIBAIOT ITIOJIMT'OHOM.

JIns mpuMepa 2 NmOoJIMroH 4acTOT MOYKHO IPEACTABUTH B BUJIE PUCYHOK 1.

3,5

3

2,5

. A
l‘-’—t—‘—‘—

YacToThI

1

L3
<

0,5

0

) 20 40 60 80 100
BapMaLMOHHBIA pAA

Pucynok 1
Cratuctudeckuil psj rpapuaecku MOKHO U300pa3UTh B BUIE KYMVIAMUBHOU

Kpugoti (KpuBOi cymMmM — KymyJisiThl). [Ipu mocTpoeHun KymyJsThl JUCKPETHOTO

BapHUAIMOHHOI'O psiaa Ha OCHU 216CI_II/ICC OTKJIAJABIBAKOT BAPHUAHTHI Xi, 4 IO OCH OpAMHAT
COOTBCTCTBYIOIIMC KM HAKOIIJICHHBIC YaCTOTHI K COCILHHHﬂ TOYKH C

koopauHatamu (Xi»HMi ) oTpe3skaMu MNpPSIMBIX, IMOJydaeM JIOMaHyO (KPHUBYIO),

KOTOPYIO Ha3bIBAIOT KyMYJISITOW. s TOMydeHus HAKOMUTEIbHBIX YacTOT U

nanbHeiIero mocrpoenus touek (Xp Mi) cocrapisercst pacueTHasi TabIHIIA.
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X
Bapuanmur X. X, X,

OmuocumenvHovle n, n,
n W, =— |W, =— W, =—

_mn
vacmomupr Wi = . n n n

Haxonumenvnvie

OMmMHOCUmeJlbHble

uy =W My = py+ W, My = Mg + W,
yacmomeol

wi=p;_1 + W;

['paduik KyMyJISTHI JaeT MpeacTaBieHue o rpaduke pyHkuuu pacrnpeneneuus F(X)

re€HEpaIbHON COBOKYITHOCTH.

Ilpumep 3. ]Ins CTaTUCTHUYECKOTO psAla MPUMEPA 2 COCTABUM PACUETHYIO

TaOJIMILY JJI1 HAKOTIUTENbHBIX YACTOT U MOCTPOUM KyMyJsITy (PucyHok 2).

Xi |31 |36.5|45 |47 |48 |52 |56.5|59 |60.5|64 |65 |70 |83.5|94

wi1113221 171 |11} 11 |1

18 | 18 |18 | 18| 18| 18/ 18 | 18 18 | 18| 18| 18/ 18 |18

; 6 8| 10/ 11 | 12} 13 | 14 1_5 16| 17 18_1
18 (18 |18 | 18/ 18/ 18/ 18 | 18/ 18 | 18 18/ 18/18 | 18

Kymynara

0,8

0,6

0,4

. !
-

0 20 31 40 4547 52 6065 70 80 83,5 94 100

Pucynox 2
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HNHTepBaJbHBIA CTATUCTUYCCKUN PHI
Ecnu BbIOOpKa mojyuyeHa W3 HEMPEPBHIBHON TeHEpalbHOM COBOKYITHOCTH,

o0beM  HaAOMIOJAeMBIX 3HAUYCHMM  CIIydalHOW  BEJIIMYMHBI  OOJIBIIONW, TO
BApUAIIMOHHBIA W  CTATUCTUYECKHWE PAAbl  OyayT TpPyAHO OOO3PUMBIMH
MHO>KECTBAMHU M CTPOSIT MHTEPBAJIbHBIA CTAaTUCTUUECKUU psanx. st mocTpoeHus
TaKoOTO psifla BECh MHTEPBAJ BapbHUPOBAHUS HAOIIOAACMBIX 3HAYCHUHN CITydallHON
BEJIMUMHBI PA30UBAIOT HA PsiJ] YACTUYHBIX UHTEPBAJIOB U MOACUYUTHIBAIOT YACTOTY

nonajaHus 3HAYCHUH BEJIMUMHBI B KQXKIbIM YaCTUYHBIM HHTEPBAI.
X X X o
Ilycte "1, "2, .., 'n — pe3ynbTaThl HE3aBUCHUMBIX HAOJIOJCHUN HaT

reHepaibHOM COBOKYMHOCThIO X. Eciu konnuecTBO HaOMIOACHUI N JOCTaTOYHO
oonbmioe (N O 30), To pe3yapTaTbl HAOIIOJICHHUN CBOAST B HHTEPBAIbHBIN

CTaTUCTUYECKUH PsAJl, KOTOPBII POPMUPYETCS CAEAYIOLUIUM 00PA30M.
Berancnsitor pasmax BapeupoBaHus R mpu3Haka X, Kak pa3sHOCTb MEXIY
HAMGOTBIITHM " ax ¥ HAMMEHBIIAM X min 3HauermsIMU NpU3HaKa, TO €CTh
R = Xmax = Xmin. Pasmax R BapbUPOBaHUS MpU3HaKa X AenuTcs Ha K pa3HbIX

YacTel M TaKuM 00pa3oM ONpEAEsseTCs YHCIIO HHTEPBAJIOB B Tabuuie. Bemmunny
K BBIOMpAIOT, MOJIB3YSICH CIIEAYIOIIUMHU [IPABUIAMHU:
1)k =1,723n_(30<n < 1000; npu n=40 k =6; mpur n=100 k =8; pur n=200
k=10, mpu n=400 k =12; nmpu n=1000 k =17); 2)k =1 +3,3 Ig n (hopmyna
Crapkecca).

3) 6 <k<10.
R

h==2
JlnuHa h KaK10ro 4aCTHYHOTO HHTEPBAJIa OMpeeIIIeTCs Mo popmyIie k.

Benuunnay h o0biuHO OKpyTIIsitoT 0 Hekotoporo 3Hauenus 0. Hampumep, eciu

X
pPE3YyJIbTAThI j IIPHU3HAKA X— OeJabIC YKUCiia, TO h OKPYTJIAOT 10 ICJIOTO 3HAYCHUA,

X
€Clin i coacpxkar ACCATHYHBLIC 3HAKH, TO h OKPYIIAKIOT 140 3HAUCHHA d,
COACPIKAIICTO TAKOC JKC YHCIO0 ACCATUYHBIX 3HAKOB. 3areM IMOACYHUTHIBACTCA
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~ X - ~
4qacToTa N, ¢ KOTOpOM IIONAJar0T 3HAYCHHUS | IPHU3HAKa X B I-bIld HHTCPBAJI.

X
3HavyeHue , KOTOpOE MONaJacT Ha rPaHUIly UHTEpPBaJa OTHOCATCA K JEBOMY. 3a
HavyaJio @, MEPBOT0 MHTEPBAJIa PEKOMEHyeTCsl OpaTh BETUYUHY
KoHer 4k ar — h= Xmax = O,
[IpomMexxyTouHbIE WHTEpBajbl MOJY4YalOT MpHUOaBIAsl K KOHILY MPEIbIIYIIETO
MHTEpBaJIa JYIMHY YaCTHYHOTO MHTepBasa h:
ay=a,t+h,a,=a;,+h  a,=a;,;+h

C(bOpMHpOBaHHLIﬁ I/IHTepBaHBHBIﬁ BapI/IaI_[I/IOHHblf/'I paAa 3alIMCBIBAOT B BUJIC

TaOJIHIIBI
Bapuanmui- [ag, a4 [a,a;
a a
(@1, @] UHMeEPEabl
[a;a;.q)
Yacmomui N N1 n2 . n

WHTepBanbHblii BapUAllMOHHBIA DPsii M300paKarOT F€OMETPUYECKH B BUJE
_ M
TUCTOTPAMMBI YaCTOT Ni WIIM THCTOIPAMMBI OTHOCHTEIIBHBIX YaCTOT 'om,

Lucmoepammoti Ha3pIBaeTCs cTyneH4yaTas Gurypa, s MoCTPOCHUS KOTOPOM
mo ocu OX OTKIAIBIBAIOT OTPE3KH, H300paXkalollpe YaCTUYHBIE HHTEPBAJbI (
@;,a;.1) BapbUPOBAaHUA NpPHU3HAKA X, U HA ITUX OTPE3Kax, KAK HA OCHOBAHUAX,

CTPOAT NPAMOYI'OJIBHUKH C BbBICOTAMHU, PABHBIMHU YaCTOTaAM HIJIM OTHOCHUTCIIbHBIM

9acTOTaM COOTBETCTBYIONTUX HHTEPBAJIOB.
[TocTpoeHHE HHTEPBAILHOTO CTATUCTUIECKOTO Psijia PACCMOTPHUM Ha
npuMepe.

Ilpumep 4. B pe3ynpTare HE3aBUCUMBIX U3MEPEHUH NOJIYYEHBI TaHHBIE:
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2,1 2,3 4,2 3,7 5,5 5,3 3.4 4,7 et 2,6

4,3 4,3 5,6 4,5 4,8 5,2 4,8 4,3 3.4 4,3

4,5 2,2 3.4 4,5 4,5 3.4 3,6 4,1 3,2 2,8

4,3 3,5 5,3 4,6 3,9 3,5 5,7 5,1 4,2 5,8

2,7 4,2 4,8 3.6 3.8 5.9 3,7 2,4 4,1 5,1

1)  OObem BbIOOpKHM N=50. [l TOCTPOCHHUS WHTEPBAIBHOTO psijia
BO3bMEM K=6.
2) IlpocmarpuBasi NMPUBEIACHHBIC PE3YJIbTAThl HAOJIOICHUH, HaXOIHM

HaMMECHBIIIEE 3HAYCHUE BBIOOPKU *min = 2,1 HauGonburee 3naucHne BBIOOPKH

Xmax = 5!9 Pasmax BapbUPOBaHUA R = max — Xmin — 519 - 2r1 = 3!8

R 38
3) Jnmua h = e e 0,63 JaCTHYHOI'O
WHTEpPBAJIA |, h OKPYTIINM bi ()
op Ay = Xpin — 0,5h=2,1-0 5.0,63~1,8 Py
d=0,7. 0" 'O
4)  BpluMcauM HOJYYHM HHTEPBAJIbI

[1,8; 2,5), [2,5; 3,2), [3,2; 3,9), [3,9; 4,6), [4,6; 5,3), [5,3; 6,0].

S)IIpocmatpuBasi pe3yiabTaTbl HAOJMIOICHUM, ONpeNeTuM KOJIMYECTBO
3HAUYCHUN MPU3HAKA B KAKIOM MOJYYEeHHOM MHTEpBasie. DTO MOXKHO BBITIOJHUTH B
BHUJIE TAOJINIIBI.

Nem/ 1 Pabouee noJjie Yacrora n;

i [a;, @;.q) W;
HNuTepBasbl OTHocHTE/IbHASA

JacTora

1 [1,8; 2,5) 1111 4 0,08

2 [2,5; 3,2) 111 3 0,06

3 [3,2; 3,9) 1111 13131 11 12 0,24

4 [3,9; 4,6) I e e e e T 16 0,32

5 [4,6; 5,3) 1111 111 8 0,16

6 [5,3; 6,0] 1111 11 7 0,14

Cym ia 50 1
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[Ipu BEIYMCIIEHUN OTHOCUTENBHBIX YACTOT OKPYIJIEHUE PE3YJIbTATOB CIEAYET
MPOBOANTH TaKUM OOpa3oM, 4TOOBI OOIIasi CymMMa OTHOCHUTENBHBIX YacTOT OblLia
paBHa 1.

[TocTporM rucTorpaMmmy 4acTOT HHTEPBAJIBHOI'O CTATUCTUYECKOTO Psijia.

M'Mcrtorpamma

18

16

14

12

10

4YacToTbl

o N OB Oy O

1,8 2,5 3,2 3,55 3,9 4,6 5,6 6,0

CraTucrnyecKkue XapakTepUCTUKU BHIOOPKHU
JIns manpHENIIero M3ydyeHuss U3MEHCHUS 3HAYCHUM CIy4alHOW BEJIWYWHBI

CIIy’KaT YUCIIOBBbIE XapPaKTEPUCTUKU BHIOOPKU. DTU XapaKTEPUCTUKH BBIYUCIISIOTCS
[0 CTaTUCTMYECKUM JaHHBIM, T.€. JaHHBIM, I[IOJIyYEHHbBIM B pe3yJbTaTe
HAOIIIO/ICHUH, TOATOMY WX HAa3bIBAIOT CTATUCTUICCKIMH.

Cpenn CTaTUCTUYECKHX XapaKTEPUCTHK BBIACIAIOT  XapaKTEPUCTUKU
MOJIOKEHUSI BBIOOPKM (MeauaHa, MOJa, CPEIHSS BEIUYMHA), XapaKTEPUCTUKH
paccessHuSl 3JIEMEHTOB BBIOOPKM OTHOCUTENIBHO CPEIHUX BEIMYUH (AHCIIepCus,
CpeaHee KBaJpaTUUYeCKOe OTKIOHEHHUE).

[Tycth BeIOOpKA 0OOBEMa N TpeCTaBIeHa B BUJIE CTATUYECKOTO psijia

Bapuanmur Xi X1 X2 e Xk

Yacmomuwl Nj N1 N2 Nk
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Onpedenenue 5. Mooou M, Ha3pIBaIOT BapHaHTy, KOTOpas HMEET
HauOOJBIIYIO YaCTOTY.

Hanpuwmep, 15t jaHHOrO cTatuctTudeckoro psana M,=14
Xi 4 8 14 19
Ni 3 4 6 5

Onpeoenenue 6. Meouanou M. Ha3pIBalOT BapuUaHTy, KOTOpas JEIUT
CTaTUCTHUYECKUI s HA paBHBIC YaCTH.

[Tpu HeyetHOM 0OBeme BbiOOpku N O 2k 01 (HeyeTHOM ymCIie CTONOIOB B

JUCKPETHOM CTAaTUCTHUYECKOM psJI€) MeAuaHa paBHA CEPEIUHHOMY UJICHY

CTaTUCTHUYCCKOTO psaa. HaanMep, AJI1 CTAaTUCTUYCCKOI'O pAaa

Xi 3 S) 8 12 15 Me=8.

ni 6 2 4 5 8

[lpu dvetHOM oOBeme BbIOOpKM N O 2K (dyeTHOM uwMcie CTOJNOIOB B
JUCKPETHOM CTAaTUCTUUYECKOM PsiJIe) MeIMaHa HaxoIUTCcs 1Mo hopmyie

1
M, = S (xp + xk+1]_

X
3nech k — BapuaHTa, KOTOpasi HAXOIMUTCS CJI€BA OT CEPEANHBI

X
CTaTUCTUYECKOTO psizia, a kol — cieBa oT Hee. Harpumep, 17151 BBIOOpKHU

Xi 2 5 7 10 |12 |14 M,=>(7+10)=85

ni 3 4 8 2 3 6

_ 1
X==(xn, +x,n,+ - +x,7)
n

Buvlbopounoe  cpednee .(cpenuuii

MOKa3aTesb BHIOOPKH).

_ 12 2 2 =2
Buvibopounas oucnepcus D, = . (xin, +xsn, +--+x;n,)— X

D, =2 {(x; — ©)*my + (xy — D)y + -+ (1, — D))

17001
[Ipu mamom o6beme BbIOOpKU (7<3()) TOJIB3YIOTCS WCIPABICHHOW BBHIOOPOUHOMN

§2=—0D
JTACTIEpCUEN n-1" %,

Bbl6ODO'{H08 cpednee K8aopamuueckoe OmKIOHEHUe Js = W DE‘ niIn

75



— .f¢2 .
S =+5% (cremenp paccesHHs 3HAYEHMI H3y4aeMOTO MPU3HAKA OTHOCHUTEIBHO
CpeaHel BEJIMYMHBI).

I[J'I)I HHTCPBAJIBHOIO CTATHCTHYCCKOIO psaa 3a Xj IPUHUMAIOT CCPCAMHBI

kaxnoro uatepana (%o@i+1) | a 3a N - COOTBETCTBYIOLIYIO HHTEPBAILHYIO
yacToTy. Bece CTaTHCTHYECKME XapaKTEPUCTHKH — CTATUCTHYECKOTO  psja
BBEIYHCIIAIOTCS 110 BBILIE MPHBEICHHBIM (POPMYIIaM.

JInst  BBIYMCIICHUS CTAaTHCTUYECKMX XAPAKTEPHCTUK BBIOODKH MOKHO

MCII0JIb30BaTh TOTOBBIE KOMITBIOTEPHBIE Mporpammsl (Hanpumep, Microsoft Office

Excel).

Ilpumep 5. OnpenenuM CTaTUCTUYECKUE XAPAKTEPUCTUKU JUIsl BBIOOPKU U3
nmpuMepa 4.

[IpencraBuM MHTEPBAIBHBINA CTATUCTUYECKUH PSAI B BUAE TUCKPETHOTO psla,

3aMEHUB KaXKbIii HHTEPBAJ HA COOTBETCTBYIOIIYIO CEPEANHY.

Ne m/m | UaTepBansl | Cepenunbl HHTepBasioB | YacToTa »; OTHOcHTEbHAsA
i [a;,a;.1) X; yacrora W,

1 [1,8; 2,5) 2,15 4 0,08

2 [2,5;3,2) 2,85 3 0,06

3 [3,2;3,9) 3,55 12 0,24

4 [3,9; 4,6) 4,25 16 0,32

5 [4,6; 5,3) 4,95 8 0,16

6 [5,3; 6,0] 5,65 7 0,14

Cymma 50 1

Brraucnennst MOKHO 0pOPMUTE B BHJIE TAOJIUIIHI.

i Xi Ni Xi Ny Xi NiXi =X 1
1 2,15 4 8,6 18,49

2 2,85 3 8,55 24,3675

3 3,565 12 42,6 151,23

4 4,25 16 68 289

5 4,95 8 39,6 196,02

6 5,65 7 39,55 223,4575
CymMma 50 206,9 902,565

76
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BeraucnuMm cTaTUCTUYECKHE XapaKTEPUCTUKH ISl BBIOOPKH, HCIIOIB3YS
HOJydeHHbIC 3HaUCHUS: Mojga M,=4,25 (T.k. HauOoJbInas yactota Ny=16),

semmaa Mo = 5 (6 + Xpuz) = 5 (3,55+ 4,25) = 3,9,

BBIGOPOUYHOE CpenHee X = i (x4ny + X575 + -+ X)) = i -206,9=4,12
BBIOOPOYHAS AUCIIEPCHS] D, = i (xiny +x3n, + -+ xpm) — X2 =

= % (902,565)— 4,122 =18,05613— 16,9744 = 1,0769 ~ 1,08,

cpezHee KBagpaTndeckoe oTkiIoHenne 0z = /D = v1,0769 ~ 1,04.
Cojep:kaHue NPaKTHYECKOi padoThI

Ha ocHOBE COBOKYITHOCTH JAHHBIX OIBITA BBIMIOJHUTH CIEAYIOLIEE:

1. [locTtpoute  psabl  pacnpeneneHuss  (MHTEpBAIbHBIA U
JTUCKPETHBIN BaprallMOHHBIE psijibl). 300pa3uth ux rpaduxu.

2. [TocTpouTh rpaduk HAKOMUTEIBHBIX YACTOT — KyMYJIATY.

3. Beuucnute  Moay, MenuaHy, BBIOOPOUYHYIO  CPEIHIONO,

BBI6OpOLIHy1-O OUCIICPCHULO, BBI6OpOLIHO€ CpCOaHECC KBaJApaTH4YCCKOC

OTKJIOHEHHE.

4, PackppITh CMBICIOBYIO CTOPOHY KaXKJA0W XapaKTEPUCTUKH.

S. [IpoBeppTe MOJIyYEHHBIE YHUCIOBBIE  XAPAKTEPUCTUKH B
IporpaMme

Microsoft Office Excel).

Bapuant Nel
52 33 10 22 28 34 39 29 21 27/ 31 12 28
40 46 51 44 32 16 11 29 31 38 44 31 24
9 17 32 41 47 31 42 15 21 29 50 55 37
19 57 32 7 28 23 20 45 18 29 25

Bapuant Ne2
14 13 18 15 12 13 14 12 13 16 16 15 12
13 13 14 16 18 13 15 14 15 14 13 15 12
13 12 14 16 12 13 15 15 15 13 14 15 18
15 12 15 13 13 15 15 15 17 17

Bapuant Ne3
30 19 21 28 27 29 31 24 25 28 28 32 34
26 24 19 23 27 30 29 25 18 18 24 28 31
33 18 21 26 30 32 34 29 26 23 25 27 32
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23

0,3
1,3
1,8
0,7
1,1

261
261
259
259
259

78
84
83
84
78

550
539
558
552
558

0,85 0,90 0,82 0,85 0,90 0,96 0,98 0,89 0,87 0,99 0,85 Bapuant Ne9

20

21

26

Bapuant Ne4

0,4
0,6
0,3
0,9
1,2

0,8
1,0
0,6
1,5
1,3

1,2
1,0
1,1
1,3

Bapuant Ne5

260
260
259
262
262

258
263
258
261

263
260
262
266

Bapuant Ne6

90
85
88
81
76

76
83
87
83
84

81
88

77
88

81

Bapuant N7

550
537
548
559
563

551
543
540
557
562

550
540
541
546
569

Bapuant Ne8
0,90 0,79 0,84 0,86 0,88 0,90 0,89 0,85 0,91 0,98 0,91 0,80 0,87
0,89 0,88 0,78 0,81 0,85 0,88 0,94 0,86 0,80 0,86 0,91 0,78 0,86
0,91 0,95 0,97 0,88 0,79 0,82 0,84 0,90 0,81 0,87 0,91 0,90 0,82

22

1,4
1,1
0,8
1,1

257
260
264
262

77
76
82
82
76

551
556
551
552
552

20

1,9
0,5
1,2
1,2

260
259
258
259

83
79
85
83
74

562
546
549
550
554

27

0,7
1,2
0,9
1,8

259
260
259
262

85
85
74
88
81

550
556
551
557
549

1,3
1,0
1,4
1,1

264
258
263
261

75
81
79
80
93

562
556
550
547
545

1,0
1,4
1,3
1,0

261
265
266
259

81
89
82
79
84

561
534
552
552
560

0,5
1,6
1,6
1,2

260
259
259
262

73
83
87
82
92

530
548
568
554
539

0,9
0,5
2,7
0,9

264
265
261
262

75
76
71
86

75

542
533
538
547
549

14,5 14,6 15,1 15,5 16,3 16,8 17,9 16,3 14,5 14,9 13,6 15,4 16,9
154 14,315,511,315,517,1 16,8 12,2 15,2 15,7 11,6 16,9 15,7
17,7 16,6 16,2 15,512,8 14,2 15,5 16,1 14,316,514517,917,8
16,9 11,7 13,214,9 19,8 16,6 17,9 14,9 15,2 17,3 16,9 Bapuant NelO

73
87
85
76
84
81

77
83
76
75
77
90

78
79
79
91
92
/8

88
73
71
83
93
81

76
84
88
82
91
95

78
86
83
84
85
77

86
85
76
85
84
91

78

77
74
76
78
87
84

75
77
82
85
81
96

90
74
73
85
83
84

88
88
89
79
80
79

1,2
1,1
1,5
1,5

261
261
266
261

83
77
78
74

82

535
558
551
554
539

84
81
79
92
82
79

1,0
1,1
0,8
1,3

265
258
262
266

73

84
85
75

77

542
560
547
567

79
87
90
86
76
83



8 84 83 93 3 /9 92 8 75 83 87 8 711
/5 83 8 92 80 88 91 95 82
IIpakTuyeckoe 3ansiTue Ne7

Tema: [eiicTrBust ¢ MaTpuuamu. Beruuciienue onpeaeauresen

Heab: chopmupoBaTh YMEHHE BBIMOIHATh apUPMETUUECKUE JEUCTBHS C
MaTpUIlaMH, HAXOAUTh ONPECIUTEIIN MATPHIL.
Teopernueckue cBeleHUsI K NPAKTHYECKOU padoTe

Martpuiieil Ha3bIBaeTCs MPSAMOYTOJibHAs TAOJMIA YKCEN, COCTOAIAs U3 M
CTPOK U N CTOJOLIOB, KOTOPYIO 3alMCHIBAIOT B CIEIYIOIIEM BU/IE:

0 a2 .. a0
all
0 a2 0
azn .
A0 OO O
a 21 am2 ‘TRl
O
O amn
Oam1 OO
O

Jli1st 0603HAYEHHS] MATPHUIIBI UCTIOIB3YIOT IPOIKMCHBIC JIATUHCKUE OYKBBI, J1JIs
0003HaYEHHUS 3JIEMEHTOB MaTpULbl — CTPOYHbIE JIATUHCKUE OYKBBI C YKa3aHUEM
HOMEpa CTPOKM M CTOJIOLA, HA MEPEcCeYEeHUH KOTOPHIX CTOUT JAHHBIM 3JIEMEHT.
3anuce « mMarpuua B mmeer pasmep MXN» o3HaAYaeT, 4TO pedb UAET O MATPUIIE,

d

cocTosmeld u3 M cTpok u N crondmos. Hanpumep, marpunia B O I:|I]|:|IZI32 31

O
05 000 umeer pazmep 2x3. [danee, bjj - o0o3HaueHHE dJIEMEHTa, CTOSILIETO Ha

MIePECCUCHUH I-i CTPOKHU U J-TO CTOJIOIA TaHHON MaTpHIIbI (B ipuMepe D23=5).

[pu cchiike Ha i-70 CTPOKY MaTpHIlbl A HCIIONB3YIOT 0003HaYeHHE Aj, TIPH

CCBLIKE Ha |-11 cTosber — o0o3HadeHue Al
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Matpuia, y KOTOpOMl UYHCIO CTPOK COBMNAJAaeT C YHUCJIOM CTOJIOIOB,
Ha3bIBACTCS K8AOpAMHOU. DIEMEHTHI 811 , 822,..., 8pn KBaJpaTHOM MaTpuIlbl A
(pazmepa nxn) oOpa3yroT enasHyio duaconats. KBajpaTHas mMarpuia, y KOTOPOH
OTJIMYHBIE OT HYJSI AJEMEHThl MOTYT CTOSITh TOJIbKO Ha TJIABHOM JMAaroHasw,
Ha3bIBACTCA OuaeoHalvbHou. JluaroHanbHash MaTpulia, Y KOTOPOH BCE 3JIEMEHTHI
(rmaBHOUW aumaroHanu!) paBHbl 1, Ha3pIBaeTcs edunuurou. HakoHen, KBajpaTHas
MaTpHIla, Y KOTOpOH HUXKeE (BBIIIE) TJIABHOW JUArOHAIU HAXOJSATCS TOJIBKO HYIIH,
HA3bIBACTCA GepXxHell (HuodicHell) mpeyeonvHou mampuyeu. Hampumep, cpeau

KBaJIpaTHBIX MATPHII pazMepa 3X3

oo2 3 10 oo2 0 oo o1 0 oo 02 0 o0

o 3 O O 00O O 1 0O o o 0
ADDO0 O 30,BO00 0 OD,EIZIEIOO og,cool B4 oq
0o q

0 0200 0Ogo 10g 0Opgo 10g 0Op3
200

MaTpuiia A sBIsieTcs BepXHeH TpeyroibHoi, B — nuaronansHoi, C — HIDKHEN

TPEYroJibHOM, E — e TMHUYHOM.

Marpuibl A, B HasbiBaroTcst pasnvivu (A=B), eciii OHM UMEIOT OTMHAKOBBIM

pasmep, U UX SJIEMEHTHI, CTOSIIIIME HAa OJMHAKOBBIX MO3UITUSAX, COBMAAIOT.
Apugpmemuueckue oeticmeus ¢ Mampuyamu.

YtoOsl yMHOMCUMb Mampuyy A Ha omauuHOe om HYIA eewecmeenHoe Yucio k,

HCO6XOI[I/IMO K&)I(I[BIﬁ 3JICMCHT MAaTpHUIbl YMHOXXHUTH HA 3TO YHCJIO.

a1 a2 .. a0 Okair kapp ... kainO
O O O OkADOKkKOOa...21 a...22 ...... a...2n
00 O OO0ka...21 ka...2z ...... ka...2n IZIEI
O O O 0

O0amiam2... amn OO0 OOkamikam2... kamnOO
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YroOwt HatiTH cymmy mampuy A, B ogHON pazMepHOCTH, HEOOXOAUMO CIIOKHUTH

QJICMCHTEI C OJMHAKOBBIMH NHJICKCAMH (CTOSIHII/IC Ha OANHAKOBBIX MGCTaX):

aind 0O b1iby, ... bin0O
ail a1
q O O O
aanZI DbZl ------ b22 ban
AOBOOOa...21 DDD... 00
a...22 00
... amn 00 OObmy o
O bm2... bmn oo
Oam1 am2 ar20 b12... :
O ain0 b;nO 0% 0 bml A0
a2 0b2 .. 0 b b
O a11 0 b1z a
0 axn 0 bon O m2 ... ~mn O Zmn 00
0 a21 0 b21 y
oo .. 0 Ilpumep 1. Haiitu
0 0 2A-B, eciiu A O
U Uopoos
I]31|:|DIZI|:|, BO DDDDD13 OZDDDD.

Pewenue. Crauana ymHOXXaeM Matpuily A Ha 4uciio «2», 3areMm maTtpuily B Ha

YUCIIO «-1», U, HAKOHEI], HAXOAUM CYMMY MOJIYY€HHBIX MATPHII:

2A 0 B 0O 200p0420310gg0 O OgoOpg1302ghdg 0 O00gg84062gp0n O

Ogn0O031 pO2gbphO O O00gp770420000

2 03 01

2 IZIZ‘ ‘ ‘ D% 24 24
01
Vimeew: 4 010 (ms)n‘ (m)}j

5 03 03 5
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O02@i0o0205)03¢4000203)01(4050(01)03)00200180 230
061,

IIpoussedenue AB M0OXHO onpeIeTnTh TOIBKO i1 MaTpuIl A pazmMepa mXn u
B pasmepa nxp, npu stom AB=C, matpuia C umeer pazmep MXp, U €€ 3JIEMEHT Cij

HAXOJIUTCS KaK CKaJISPHOE MPOM3BEACHUE 1-1i CTPOKU MaTpuIlbl A Ha |-ii cTOJOeI

A ab ab

warpue B: S0 2810240508220 .. 032, =12, m: j=1.2,..p).

@akTUyecKn HEOOXOIMMO KaXAylr CTpOKy wmaTpuubl A (cTosimieil cresa)

YMHOKUTbh CKAJSIPHO Ha Kax bl cToJIOI MaTpHIlbl B (cTosiel cripasa).

001 10
O g 01 020

Ilpumep 2. Haiitu npousBenenue marpur; A O 00 O2 4I:I u B 0 003 4 007.

0 1oo O

Pewenue. Pazmep marpuniet A 3x2, matpunsl B 2x2. Tlostomy
npousBeeHue AB HalTH MOXHO, NpousBeneHne BA — HeT. JlelcTBys Mo

c(OpMYIMPOBAHHOMY BBIILIE MPABUITY, TOTYHYAEM:

ool 10 0(01;1)(1,3) (O01;1)(02:4)0 00103 2040 02 60
O 0010200 0O 0O O

00 0 400034 0OOg O 0Opg ((02;;14)()(11;;33)) ((02,;14)()(n022;;44)) poo O
n00020012300400164000 O gOp125 160 O0n
02 1lgoo O

Marpuueit, mpancnonupoganroti Kk matpuiie A pasmepa MXN, Ha3bIBa€TCS
matpuna AT pasmepa NXM, CTPOKM KOTOPOM SBJISAIOTCS CTONOLAMH HCXOIHOM

MaTpULIBIL.
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O

ooz 0 1 T 60T
O O
Hanpumep, ecniu CO OQ 1 g 33000, To C™ OQ ]
0
10
oL 020 002
o 4000 4
Ilpumep 3. Haittu 004000013 »popgs 7
a2
o 10pgOo
02 10
O
003p.1300

Pewenue. Bocrionb30BaBIINCh BBIYUCICHUSAMH, MPOBEICHHBIMUA NPHU PEIICHUH
IIPUMeEpPA, a TAK)KE NPABUIIAMHA YMHOKEHHUS MATPHULIBI HA YUCJIIO U CII0KEHUS MaTPUL,

MTOJYYHM:

O0110.026000250002160000102000246000000
a

000400034 00pg 02005 7 300p 0O 0Opl25160 opb O 2000 64

73000 O Oppn 1720306 opO.

02 1000 O

Marpunpl A, B Ha3bpIBalOTCS 2K68UBANEHMHbIMU, €CIIA OHA TOJIy4YeHa U3
JPYTOH IMyTEM JIEMEHTAPHBIX MPe0oOpa30BaAHUIA.

Paneom wmatpuupl A B panbpHeimeM OyAeM CUYMTAaTh YHCIO CTPOK

SKBHBAJICHTHOW €H CTYIEHYATOW MAaTPHIIbI, UCHIONL3ys o0o3HaueHue r(A). Tak, B
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paccMoTpeHHoM Bhiie npumepe 3.4 r(A)=3, r(B)=2. MoxHo a0ka3aTh, YTO paHTr

Matpuiibl A (pazmepa MXN) He MOXET ObITh OOJbIe Min{Mm,n} (Hampumep, I
maTpulibl A pasmepa 2x3 r(A) O 2). Kpome Toro, panr MaTpuiisl HE 3aBUCUT HU OT

BBIOOpA BEYIIMX 3JIEMEHTOB, HU OT IPOBOJAUMBIX MTPE0Opa30BaHUN. ITO CBONCTBO
MOHO HMCIOJIb30BaTh MpH npoBepke. Tak, B nmpumepe 3.4 mocie mnepecTaHOBKU
NepBOM M BTOPOM CTPOKM B MaTpuile B MOXXHO B KauecTBe BEAyIIEro CHayaia

paccMOTpeTh  AJEMEHT Dip, a 3aTeM  BBIUEPKHYTh TPETHIO  CTPOKY,

IIPONIOPLUMOHAIIBHYIO BTOPOU (C3 a EICZ):

020490 013250

BOOO1 32 snmncnlﬂmcmmnnz 04 9DEIE1
0019260000192600013250

csocsoaci O O 013250

0000000000204 9 0000002 0 4 9000

2004 090
Buviuucnenue onpedenumeneu. Omnpenenutens Matpuilbl A pasmepa 2X2

(ompeaenutens 2-ro MOPSAKA) — TO YUCIO, KOTOPOE MOKHO HAWTHU IO MPABHITY:

det A OlA 0 latt 222

aidz O anay
az1 a2

(Ipou3BeIeHHE AJIEMEHTOB, CTOSIIMX HA TJIaBHOW JIMArOHajlyd MATpUIIbl, MUHYC

MIPOU3BEICHUE DIIEMEHTOB, CTOSIIUX HA TOOOYHOMN JUArOHAIIN).

Omnpenenurens MaTpuilel A pazmepa 3X3 (ompeaenureisb 3-To MopsiiKa) —
YHICII0, BBIYUCIIIEMOE TIO0 TPABUILY «PACKpblmue onpeoeiumens Nno Nepeoll

Cmpokey.
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allaiz

|| oa
aaal3332311aa3222 aa33230 a12aa3121 aa33230
al3aasl2l aas22?
detAOADay a2 DZ
aslas2 0

2 03

Ilpumep 4. Havitu: 4 01
3 5

Pewenue. HpI/I HaXOXKICHHU OIIPCACIINTCIIA BOCIIOJIB3YEMCA CHa4dalla

dbopmynoi
a1l al2 alzaaa ‘ aa ‘ ‘ ‘ a
det A OADOaz21 a2 az230

a a a
1183222 a33230 “12a3121 a33230 “13as121 a3222, a a3l as2 as3

3aTeM (I BBIYUCIICHHS  OMpenenuTenei 2-ro  mopsaka)  (opmynoi

det A EI‘A‘ O }an ‘ a2 a11az2 0

alzazl. a2l az2

Conep:kaHue NpaKTHYeCKOH padoThI

3ananmue 1. Boimonauts apudmeTraeckue NeCcTBUS C MATPUIIAMH:

1) 30013 0520000200015 004000, 2) 00013
0042000r0200005 031000, O

T 005 010 02 0 80 02 10 30Or
3) OO 3810045400 030 8 4 [; 4) 003 8500020004 0O200;
oo 0 000101000 0oo 04 700 005 2 0900
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5) 00O 13142 000000015104 0 00 00 OO 0021 34000

oo
02 01 03 20 O30
01 0 O1 00 O
6)0o3 1 o 100 00300200
oo1 3 1 100 ©OO30
0 0 O O
02 4 8 0lg O1q
2 2 7)
oo 3 10 021 o o1 3 10 00053
oD 1o O O O O 064
)A000 1 o0, BOOO3 1 4pg, COO02 1 4Q: 05200y
O3
0 40Q 0o 3 2 100 0001 1 0100
oo3 2 10 01 20 010
O 1 0O O O oo2 4 O
3A000 1 20, BOO4 010, CO0O01 2 o0Og;
O3
0 40g 0Op3 10p O
2 3 00 1 pims
1 3 1 1

000001250063100000000 712 021000

o oo o ad

3ananme 2. [lokazars paBenctBo (AB)C=A(BC) mis maTpuir:

1) A0 00001400 230000, B O 0000630210000, C O 0000012

s40000;
a a o 0O0ad 01 o0 10.

3aganme 3. HaiiTu: 1) 000200 ;  2)000200;  3) 0001 010 OO0
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3ananme 4. Beruucnurh onpeaenurenu:

1) sinO OcosO; 2) O11i; 3) 12 cosO Osini 010 O1

1 0‘4)23;5)3D2;6)o 4

5 64 010
o3 1
3 01
7) 0 02 3;
1 101

IIpakTnueckoe 3ansaTue Ne§,9

Tema: Cucrembl JIMHEHHBIX AJIre0pandecKuX ypaBHeHU M METOAbI UX
peLieHus.

I.[e.m;: C(l)OpMHpOBaTB YMCHHUC HCCIICAOBATL MW HCIIOJIB30BATH PA3JINYHBIC
MCTOABI IJIsA PCIICHUA CUCTCM JIMHEHUHBIX aJ'II"€6paI/III€CKHX ypaBHeHHﬁ

Teopernueckne cBegeHUs K NPAKTUYECKOil padoTe

PaccmoTpum cuctemMbl nuHEWHBIX anreOpaumdeckux ypaBHeHun (CJIAY)
POU3BOJILHON PA3MEPHOCTH, COCTOSAIINE U3 M ypaBHEHUI C N HEU3BECTHBIMU:

O a11xa Oazx2 O ...0 ainxn O b1

DDD azixa Oazexe O ...0 az2nxn O b2. (*)

o

O0amix1 Oam2x2 O ...0 amnXn O bm
D a_‘]__‘]_ a12 e aln D
O az [

Marpuna AO D ... am? ... 0, cocTaBiieHHas U3 K03 HUITMEHTOB

O O
Oami1 amn 00O

O
cuctemsl (*), Ha3pIBaeTCsl MATPUIEH CUCTEMBI (€€ pa3Mep — MXN), a BEKTOP
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Ob10O

O O
d_b ,0O o
BO ~O7.... 0O (m-mepHbIii)- cTOJIOIOM (BEKTOPOM) CBOOOIHBIX WICHOB. MaTpHIry
O O
oob,, 00
O alz ...
a ain bl oo
11 a2 - b
oo .. ax 20
a21
amz2 ... [] Ha3BIBAIOT PaCIINPEHHON MaTpPHUIIEN
BHA Oasloo .. q . P P TP
O
amn bm OO
Oam1
O

« . . X X X
cucteMsl (*). JIro00it HabOp 3HaUEHUI HEU3BECTHBIX 1, ~ 2,..., n, 00PA3YIOLIUX

0*i0
O o

. 0,0 XX X
n-mepusbiii Bektop X O X2~ O ("1,"2,..., n)T, ABIAETCS PELICHUEM CHCTEMBI

o..0
O O
O0x,

oo
(*), ecnm 5TM YucIa YJIOBICTBOPSIIOT BCEM YPaBHEHUSM CHCTEMBI (T.e.

X X X
peBpalaT UX B TOXKAecTBa). OUeBUAHO, YTO bi O ail 0 aiz > 0.0 ain n TIpH

KaxaoM i(=1,2,....m (i-e ypaBHeHHME TIpEACTAaBIICT COOOW CKaISPHOE
NPOMU3BEACHNE -1 CTPOKHM MATPHUIBI CUCTEMBbI Ha BekTop X), U (*) MOXHO

INepenucaTts B BUC
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AXOB. (**)

3amuck (**) HaspiBaeTcs "MaTpuuHOM (BEKTOpHOM) Qopmoii 3amucu"”

cucteMsl (*).

Ilpumep 1. Beinucath MaTpuily Ko3OPUIIMEHTOB U CTOJIOEI CBOOO HBIX

O 2X1|:| X2|:| X3|:| 7X4|:| 5
O gnenos mia CJIAY E|6X1
03%02%04%,07. 70 4%,0 %, 0 x5 0 3x, 010
02 01 1070 O50

O O O o
Pewenue. OueBuauno, yro AOD 06 O 3 2 04g:BOO 70,
O
4 01 I3pg  oploop
O
U3 4 m2 oo 020
- O O O
Ipumep 2. 3amucats CJIAY, ecim A O 01

oo 7 0 8p,BOOO4[.

O 02 3 500 00800
Pewenue. Begem B paccMoTpeHue BeKTOp X U C KaXKIbIM CTOJIOIIOM

X
MBICJICHHO COIIOCTAaBMM HCHU3BCCTHOC: C IICPBLIM CTOJI6I_IOM - 1, CO BTOPBIM - X2,

X X o
C TpCTbUM - 3, C UCTBCPTBIM - 4. OxoHYaTEeILHO HYXHasd CUCTCMa JIMHCUHBIX

anredpanyecKux ypaBHEHUN UMEET BU/L

O 3x,04x,0 2x30 2
O
Ox,0 7x,0 8x,0 04 .

I:II]IZI 2%, 0 3x3 0 5x, 08
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Knaccugurayus cucmem nuneunvix aneeopaudeckux ypasnernui. Onpenenenus
u ocHoBHble Teopembl. Eciu CJIIAY (*) umeer XoTs Obl OJHO pelIeHUE, OHA
HA3BIBACTCS co8MecmHOl (COOTBETCTBEHHO, CHCTEMa HeCO8MeCmHas, €CIH OHa
BoOOIIIe HE nMeeT peeHuit). CoBMecTHas cuctema (*) Ha3bIBaeTCsl onpedeneHHol,
€CJIM OHAa UMEET EAMHCTBCHHOE PEIICHUE, U HeonpedelleHHOll, ClTi UMeeT Ooee
OJIHOTO pEIICHHUS (B MOCIEAHEM CIydae y Hee OECKOHEUHO MHOTO PEILICHHUI).

Marpuny cucteMbl (*) Oynem Ha3bIBaTh npusederHol (a camy CHUCTEMY

. o ;. . a
KaHOHUYeCKOoU), €CIIN B KaxA0u I-u cTpoke (i=1,2,...,m) ectb 3nemeHT 01, a Bce

OCTajJbHBIC JJEMEHTHI J-20 CTOJOIA paBHBI HYIO. Takwe dJIeMEHTH (|
COOTBETCTBYIOIIIME UM HEHU3BECTHBIC) OyJeM Ha3bIBaTh 6€OyuUMU, @ OCTABIITHECS
HEU3BECTHBIE HA30BEM C80O0OHBbIMU.

Teopema I (Kponekepa-Kanennu). CJIAY (*) coBMecTHA TOT1a M TOJIBKO TOT/IA,
KOT'/Ia PaHT MaTPUIIbl CUCTEMBI COBIIAJIAET C PAHTOM €€ PaCIIUPEHHON MaTPHIIbI, T.€

BBITIOJTHsAETCS paBeHcTBo I(A) O r(AJB).

Jliis coBMecTHOM crcteMbl uncio I O r(A) O r(AJB) HA30BEM PAHTOM CHCTEMBI.

Teopema 2 (o konuuecmee pewtenuii). [lycts CJIAY (*) coBmectHa. Ecnu ee

paHr paBeH uucity Hew3BecTHHIX (I ON), To cuctema sBiISIETCS OMPEACICHHON,

CCJIX paHI’ CUCTCMbI MCHBIIIC YK CJIa HCU3BCCTHBIX (rD n), TO HCXOAHAaA CUCTEMA —

HCONPECACIICHHAA.

Heonpenenennas cucrema, Kak ObUIO OTMEYEHO, MMEET OECKOHEYHOE
MHOECTBO pelleHuid. COBOKYMHOCTh BCEX PEIICHUN Ha3bIBACTCS 00WuUM

peueruem cucmemaol.

Aneopumm memooa l'aycca. llenb pacCyXJIeHUN — MyTeM >JIEeMEHTapHBIX
mpeoOpa30BaHUil CBECTU UCXOJHYIO CHCTEMY K PaBHOCHIJIBHOMW, pelIeHne KOTOPOM
MOKHO BBINIKCATh HEMOCpenAcTBeHHO. (OCHOBHBIMM IIaramMu wmeroja l'aycca
SIBJIIFOTCSI CIEAYIOIINE.

|. Ilpsamoii xo0. BpimucaTh pacHIMPEHHYI0 MATPHUILy CHCTEMBI, ITyTeM
AJIEMEHTAPHBIX MpPeoOpa3oBaHUN CBECTH €€ K JIKBUBAJCHTHOW CTyNEHYaTONW u
ONPENECIUTh PAHTM MATPHUIBI U PACIIMPEHHOM MAaTpHUIBl CUCTEMBbI. Eciaum oHu
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pa3IMYHBI, TO HCXOJIHAS CUCTEMa HECOBMECTHA, T.€. He nMeeT pereHuid. Eciu r(A)

o r(NB), TO MEPEXOJUM K CICIYIOIIEMY JTaIly.

. CpaBHUTHb paHT CHCTEMbl M YKCIIO HEU3BECTHBIX, CHE€JaTh BBIBOJ O
KOJINYECTBE PEIICHUM, YUUTHIBAsI TEOPEMY 2.

1. Ob6pamnoii  xo0. CTyneHYaTyl0 MaTpuily MpeoOpa3oBath K
AKBUBAJICHTHOW eil mpuBeneHHOU. OmpenenuTb, Kakue HEU3BECTHBIE SIBIISIOTCS
BEYIIIUMU, KaKue — CBOOOTHBIMHU.

V. BeimucaTte MO NOJy4EeHHOM MATpPHUIIE CUCTEMY, 3allACATh OTBET
(BBIpa3uB, B clly4ae HEOMNPEIEICHHOW CHUCTEMBbI, BEAYUIUME BJIEMEHTHI Yepes
CBOOOJTHBIC JIJISI TOCTPOCHUS OOIIErO PEIICHMS ).

O 2X1|:| X, O X3|:|4
O

puvep 3. Penmrs CJIAY 03%,04%,02%;011.

DDBxl O 2x, 0 4x3 011

Pewenue. [Ipeobpazyem pacHIupeHHYIO MATPHUITY CUCTEMBI:
02 041 012114 000
ccls2on0ccs2n0n240cc1 0000112
001 0016 274 000 O O

OAsdoos o 0oo3 02 41100

ooo1o0 6 34ao

g 2 01 0140 201 0140

c®’0c®00c?000110 0O | 62700 OcO®®Oc®0/010000110 O 6 2700.
oo

010 0 03000 oo1 0 0 300
ad
[locnenHsst marpuna — cryneHvaras. BeaymuMmMu HEW3BECTHBIMHM JUISL HEE

X o X o X o
ABJKOTCA 2 B IICPBOU CTPOKE, 3 BO BTOPOHM U 1 B TPCTHCH. O‘—IeBI/II[HO, 9TO CUCTEMA

COBMECTHAa W €€ paHT paBeH 3: I’(A‘B) O r(A) O 3 O r . INockodbKy YHCIIO
HEN3BECTHBIX TAK)KE PaBHO 3, UCXOJHASI CUCTEMA SIBIISIETCSA ONPEIEIECHHOM.

[lepexoauM Kk MpoBeneHHIO MpeoOpa3zoBaHuil Mo obpaTHOMy Meroxy ['aycca
(Teneps HEOOXO0AMMO NOMy4yaTh Hynu HAJl Begymumu sjeMeHTaMu).
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0 006 2700cO:im0c:O0020cs00000 O O

011 00 300 001 o0 6060 5
01 0 O 01 0140
0 C,0C,011C3 0o
ccreoo0coicOozc/O260/6000000 oo
001
oo 0 010 01 01020
o0 x, 001
U o 0 2
110. O
O Tene
Pb COCTaBIIIEM IO
0300 N
MOCJICTHEN MaTpHUIle
cuctemy [ X3 01 Y BBIIIMCBIBAEM

O0x103
3HAYEHUS HEU3BECTHBIX B IOpsAKe UX HOMepoB: X=(3;1;1)". D10 u ecTb OTBET.

O 3x;04x,0x302x,0 3
O

Ilpumep 4. Ina CJIAYO 6X1 O 8X2 O 2X3 O 5X4 a7 HaWTH 00IIee U 1Ba

DD10X1 |:|12X2 O 3X3 D10X4 016

YAaCTHBIX PCIICHMUA.

Pewenue.
03 4 12300cceooccsomseccn 4 1 230 [Tpusenem
O ooo3 00 0 pacIIMPECHHYIO
0O 0 1100 MaTpuiy
Uaelloo g, 57pnoooooo CHCTEMbI X
6 0 0 4 700 CTYIIEHYATOM.
DlO 12 3 1016 QO 0l
0 03 4 1 230
OcOsn0cO.001 O 0 4 700.
O
oo o 0 1100
O
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O4eBHIHO, YTO r(A]B) O r(A) O30 r, yucio HEM3BECTHBIX N=4 ¥ B COOTBETCTBUU
c TeopeMod 6.2 wucXoIHasg cHCTeMa SBJISETCS HeonpeneneHHoW. Benymue

X . X . X .
HEU3BECTHBIE: "3 B IEPBOM CTPOKE, "1 BO BTOpPOH, 4 B TpeThel. CBOOOIHOE

X
HEU3BECTHOE - 2. OOpaTHBIM X0I0M ITpeo0pa3zyeM MaTPUILy K MPUBEICHHOMY BUTY:

o3 4 1 O 4 1 o010 oo4 1 ooso
o 0 0 230 00 oo 00 O
01 0 O cooocieOoosOcO220000130 O cioleidoselon0l 0 0 0 30.
0o 11

0 4 700cO, Oc 2c 0300 oo

BrinuceiBaeM IOJIy4EHHYIO CUCTEMY U BEAYIUE HEU3BECTHBIE BEIPAXKacM 4epes
O4x, 0 xs0 08  Oxs 0 O8 O 4x,

cBoOoubie: OO0 Xl 03 0O |:]IZI Xl O3 . O011iee perieHre 3aMChbIBacM B

o0 xs01 o0 xa01

MOPSIZIKE HyMEpallud HEW3BECTHBIX: X05 o03: Xz; a8 O 4X2; 1 T, x2 - moboe

BCIICCTBCHHOC YHMCJIO.
YacrtHoe pEmICHUEC MOXHO  IIOJYYHTD, CClIM  MpUaaTh CBO6OI[HOMy

X X
HEU3BECTHOMY 2 KOHKpPETHOE uuciioBoe 3Hauenue. Hampumep, mpu > O 0 X,

003:0;08:107 , a npu .0 01 X, 003:01:04;107 .

Teopema Kpamepa. PaccMOTpUM «KBaJpaTHYIO» CHCTEMY JIMHEHHBIX

ypaBHEHUH (YMCIIO HEU3BECTHBIX COBIAJIAET C YMCIIOM YPAaBHEHMI) BUIa
a X -—a X a X -b
0117107122 0...0 "1n'n0O ™1

DDDa21x1 Oaz2x2 O...0 aznxn O b2. *)
O

Dljanlxl DanZXZ 0.0 annxn O bn

93



Teopema 3 (meopema Kpamepa). Ecnm onpenenurens MaTPUIIBl CUCTEMBI (*)
ommue ot Hyis (| A|0 0), To manHas cucTeMa UMEeT €MHCTBEHHOE PEIICHHUE,

MMpUYICM 3HAYCHUA HCU3BCCTHBIX HAXOIATCA 110 q)OpMYJIaM

— A, i=12,...n

Xid
|A]

rac | A |i - OIIPCACIINTCIIb MAaTPHUIIbI, HOqueHHOﬁ 13 UCXOJHOM MaTpHIbl CUCTCMBI

ITyTEM 3aMCHBI I-20 CTOJ'I6I_Ia Ha CTOJ'I6GI_I CBO6OI[HI)IX YJICHOB.

O 2X1|:| Xo O X3|:|4

IIpumep 5. Pemuth cuctemy I:|I:I3X1 g 4X2 O 2X3 011 metomom Kpamepa.

DD3X1 O 2X2 O 4x; 011
Pewenue. BoimuceiBaem A - MaTpuIly cucTemMsbl U B - cToa6er cBoOOTHBIX

02 01 010 040
g g 0o O

yiego: AOO3 4 0O 2I:I, B O |:|11I]. Jlasiee BBIUMCIIIEM ONPEACTUTEIN:

o003 02 400 001100

201 01
(Ao 4 0| 202(1604)0(01)(12 016) 01(06 012) O 60 O 0:
3m 21 4
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401 01

AL 0 11 4 020416 04)0 (01)(440 22)
010220 | 44) 0180;
11 02 4
24 01
/A, o3 11 0| 202(44022) 0 4(12 0 6) 01(330 33) O 60;
311 4
2 01 |4
[A; o3 4 1102(44 0 22) 0 (01)(330 33) O 4(06 012) O 60.
302 |11
Io TeopeMe Kpamepa X I%EI 180 O3; XZ‘IFT‘ 206001;
A 60 A 60

?‘%60 T Jlns npoBepku pe3ynbTara NoACTaBUM MOJydeHHbIC 3HaUeHus X3 O O
O

HEU3BECTHBIX B KaXJ10€ YpaBHEHHE CHUCTEMBI: 20301010 4,
3030 4010 201011, 3030 2010 401011.  Bcee ypaBHeHHs] OOpaTUIINCH B

TOXECTBA, 3HAYUT, PEILICHUE HAlJIEHO BEPHO.

Conep:xanue NnpakTUYeCKOM padoThI

3apanue 1. [lo pacuupennoit matpuue Boinucars CJIAY.

00 3 0410
1) Oas0ooos 025 6 40 0O 2) Oas0 ooo120 11100
g2 0 4 1150
05 4 10030Q
0
D2 3 0110 7120 01 02 03 450
3)0ae0 0% 1 3 o1 3 403°n 4) 0a0 0 %201 4
70190
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od7s 4 0
ad

0 01000

A 60

3ananue 2. Pemuts cucteMbl ypaBHeHU MeTosioM Kpamepa u metonom ["aycca.

O 2X1|:| Xo O X3 02
O
1) D3X1|:| 2X> 0 2X3|:| 02

DD X, O 2X2D X3|:|1

Ox, O 2X2D 3X3D 5

3) 00 2x1 0 x2 0 x3 01

Oy, 0 3%, 0 4, 01

3aganme 3. Pemute CJIAY (B ciiyyae HeompenerIeHHOW CUCTEMbl BBINMHCHIBATH

Opo 8

O03x, 0 x, O 3X3|:| 2
O
2) []5X1 O 2x, 0 2X3 01

DD2X1 O 2X2 O 3X3 01

O x1Ox203x309

4) 000 2x1 0 3x2 0 4x30 016

On  x.06x.013

o0111ee U J1Ba JIFOOBIX YACTHBIX PEIICHHUS ).

Ox, 0 2x, 0 2x3 0 01

1) O0x103x20x304

|:]IZI Ox,:04x;06

Ox, 0 2x, 0 2x3 0 01
| X O x, 0 X3D1

3) I:||:|IZI 3x. 0 4x, 0 4x;0

02 4) 0O

2) OO0 x103x20x304

|:II:I Ox.04x;0 4

I:IIZI 2x, 0 2x, 0 3x3010

Ox.02x,0 2x30 01

x1O3x20Ox304
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Pexomenayemasi Jiureparypa
OCHOBHBIC HCTOYHUKH

1. MaTtemaTuka. DJIeMEeHThI BhICIIE MaTeMaTuku: yueOHuk: B2 T. T. 2 /

B.B. bapaymikun, A.A. ITpokodres. — M.: KYPC, HUIl UH®PA-M, 2018. — 368
c. — (Kuura maxomutcs B 9bC Znanium.com. - ISBN 978-5-906923-34-9).

ﬂonoanTeanme HCTOYHHKH

2. COopHuK 3a7a4 Mo MaTeMatuke: YaeOHoe mocooue/Jamasa A. A., 3-e uzm.
- M.: ®opym, MTHOPA-M Uznatensckuit Jom, 2018. - 352 c.: - (Knura Haxoaurcs
B OBC Znanium.com. - ISBN 978-5-91134-803-8).

HNuTepHer-pecypcesbl

3. Ennnoe OKHO  JocTyma K oOpa3oBaTelbHBIM  pecypcam
http://window.edu.ru/;

4. ®denepanabHblii HEHTP HH(DOPMAMOHHO-00PAa30BATENbHBIX PECYPCOB
http://fcior.edu.ru/.
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