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JIuHeliHas anreﬁpa H aHAJUTHYIECCKaAdA reOMETPUs

3anauva 1.

Teopemuueckue ceedeHus.
B npsimoyronbHO# nekapToBoil cucteme koopauHaT OXYZ TOJOKEHUE 000U TOYKHU

3a1a€TCsl TPEMS YHUCIIAMU — KOOPOUHAMAMU A(X A YarZ A) (pucyHok 1).

,A:(XA,YA,ZA)

1

1

& » y
» »

Pucynok 1.

Paccrosaue Mexay AByMs TOYKaMU Al(Xl, yl,Zl) U AZ(XZ, y2,22) OIIpEeNEIIAETCs 110

dbopmye

d =% —3)? + (¥~ Y0)? + (2, — )" )
[lpu pemieHny 3aad aHAJMTHYECKONM TEOMETPHHM Ha IJIOCKOCTH HEOOXOIUMBI
CJICYIOIIMUE CBEAEHUS O NPSIMOU JINHUU:
1) ecnu Touka M(X; y) aenut otpe3ok MiMy (Mi(x1, y1) u Ma(X2; y2)) B OTHOLICHHUH A,
TO KOOPAMHATHI 3TOM TOUKH BhIpaKaroTcs hopMyIaMu

_ Xq + AX; _ Y1 + Ay

, : 2
1+ 4 y 1+ 4 @)

ecim ke Touka M(X; Y) - cepeauna otpeska MiMa, TO

x=Xt% o NtYs. (3)

2 2



4
2) ypaBHEHHE TPSIMOM, MPOXOAasIed depe3 Touky Mi(Xi; Y1) ¥ MMEIOIIEH JTaHHBIHI
yIII0BOM KO3 GUIMEHT K, 3aITMChIBacTCS B BHJIE
Y=y =k(x=x); (4)
3) ypaBHEHHE PSAMOU, POXOSIIEH Yepe3 ABe JaHHbIe TOUKU Mi(X1; Y1) 1 Ma(X2; Y2),
UMEET BUJ]
X=X —
1 _ Y~ , IpH 3TOM K = Ya= % yl (5)
X2=% Y2\ Xp = X1

4) OCTpBIA YroJ MEXAy IABYMs MPSMBIMH C YrJIoBbIMH Koddduimentamu Ki u Kz

ompenenseTcs mo Gopmyiie

k, —k
tgp=|-2—1 6
Ik, ©)
Opd  3TOM YCIOBHE TMapa/UIeIbHOCTH MpsAMBIX uMeeT Bua Ki=k;, a ycioBue
HNepHeHauKyIIpHOCTH Ky :_ki (7)
2

A
5) ecau npsiMasi Ha MJIOCKOCTH 3a/iaHa oowum ypasnenuem Ax+By+C=0, To k; = ——
- €€ YIII0BOM KO3 DUIIUEHT;

6) ecim B oOmImIeM ypaBHCHHMH TpsAMOU mojenuTh Bce wieHsl Ha C # 0, momydnm

YpPaBHEHHE NPSIMOU B OTPE3KAX:

X Yy C C.
X Yoy, a=-=,b=-=; 8
a b e A B ®)

7) Touka nepecedeHus 1ByX NpsMbiXx A1x+B1y+Ci1=0 u Ax+Byy+Co=0 onpenensercs

W3 PELIEHUS] CUCTEMbI YPABHEHUH

AXx+B,y+C, =0

Vpaenenue oxpyxcnocmu ¢ uentpom B Touke E(a@,b) m pammycom R wumeer Bun
(x—a)* +(y—b)* =R2. (10)

Ilpumep évinonnenus 3adanus.

Jlaubl Bepimabl TpeyroiabHuka ABC: A(—4;8), B(5;-4), C(10;6).
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Haiitu: 1) nnmuny ctoponsl AB; 2) ypaBHeHus cTopoH AB u AC B 00111eM BHJIE U X
yraoBbie KOAPGUIMEHTHI; 3) BHYTPEHHUH yroi 4 B pajinaHax ¢ TOYHOCTBIO 10
0,01; 4) ypaBHenue BwricoThl CD B 00mem Buae M €€ IJIWHY; S5) ypaBHEHHUE

OKpPY>KHOCTH, JUIsl KoTopoil Bbicota CD ecth auamerp.

Pewenue:
1) Paccrosaue d Mexy IByMsI TOYKaMU Ha TUIOCKOCTH ompenesnsercs o gopmyse (1), B

KOTOPYIO MOJICTAaBJICHBI 3HAUYCHHSI KOOPIUHAT TOUeK A U B (monoxum Z; = Z, =0), Torna

AB=1/(5—(~4))? + (- 4—8)? =/81+144 =15.

2) YpaBHeHHE IPSIMOH, MPOXOAIIEH Yepe3 ABe 3aAaHHbIe TOUKH uMmeeT BuJ (5):

[ToncraBuB B (9) KOOpAUHATHI TOYEK A U B, MOIy4YuM ypaBHEHHE NpAMOn AB:

X—(-4) y-8 Xx+4 y-8 X+4 y-8
5-(-4) -4-8 ’

9 12 3 —4 '
3y—24=-4x-16, wm 4x+3y—-8=0 (4B).
Jlnsg HaxoXAeHus yrioBoro koddduimeHta Kag mpsMoil 4B paspeuiM MOJyYCHHOES

YpaBHEHHUE OTHOCUTEIIBHO Y: Y = 3 X+ 2 . Orciona Kag = —g . [ToacraBus B popmyiy (5)

x—(-4) _y-8
10-(-4) 6-8'

koopauHatel Touek A u C, HaugeM ypaBHeHue  mpsmou AC:

Xx+4 y-8 x+4 y-8
14 —2' 7 -1

7y-56=-x-4 wm x+7y-52=0 (AC).

Otrciona Kpc :—%.

3) Yron Mexay AByMs MPSIMBIMH, YIJIOBbIe KOI(D(UIIMEHTHI KOTOPBIX paBHBI Ki U Kz,
onpenensiercs 1o dopmyie (6). Yrom A, oOpasoBanubiii psiMbiMu AB u AC, HalaeM 110

dopmyie (6), moncraBus B Hee Ky =K g = —g, Ko =Kac = —%.



_1_(_4j 4 1 25
_ T 3) 3 7_21_
oA = 1 4 . 4 =25 L

1+ - || —-—| 1+— —

7 3 21 21

/A =arctgl=45" ~ 0,79 pax.

4) Tak xak Bbicota CD nepnenaukyispHa cTopoHe AB, TO yriaoBbie KO3(D(PHUIIMEHTHI 3THX

MPSIMBIX CBSI3aHBI COOTHOIIICHUEM (7), TOITOMY

1 1

kCD == = —,
Kag _4
3

YPaBHeHI/Ie HpHMOﬁ, HpOXOIISIHI@ﬁ 4ucpe3 3aJaHHYI0O TOYKY B 3aJddaHHOM VYIJIOBBIM

koapdurmenToM K Hanpapinenuu, umeeT Buj (4). [ToacraBuB B (4) KOOpAWMHATHI TOYKH

Cu Kkep = % , IOJTy4YuM ypaBHeHHe BbICOThI CD:

y—G:Z(x—ﬂD, 4y —-24=3x-30, 3x—-4y-6=0 (CD).

Jns Haxoxkaenus anuHbl CD onpenenum koopauHatel Touku D, pemuB cucremy
ypaBHeHwUi (AB) u (CD):
4x+3y—-8=0
y , otkyna x=2,y=0, toectb D (2;0).
3Xx—-4y—-6=0

[ToncraBus B popmyny (1) koopaunate! Touek C u D, Haxoaum:

CD =+/(10-2)2 + (6—0)? =/64+ 36 =10.

5) Tak kak CD sBnsieTcsl AMaMeTPOM MCKOMOM OKPY>KHOCTH, TO €€ IIEHTp £ ecTh cepeauHa
otpeska CD. Bocnonbs3oBaBmmcs ¢hopmysoii (3) neneHus oTpes3Ka nornojam, moaydrnM:

_ Xc +Xp 1O+2_6 y _yC+yD_6+O_3
2 2 '+ OF 2 2 '

CnepoBarenbHo, E (6, 3) u R:CTD:%:S. Ucnonb3ys popmyny (10), momyuaem

Xg

ypaBHEHHE UCKOMOW OKpYXHOCTH: (X — 6)*+(y — 3)?= 25.



3ajaua 2.

Teopemuueckue ceedenusl.
Eciu w3BecTHs! Hauano Bektopa Mi(X,Y;,2;) u xomenn M,(Xy,Y,,2,), TO

_>
KOOpAMHATHI BeKTopa d = M;M, Haxozsrcs no ¢popmyiam

X=Xy =X, Y=Yo = Y1, 2=125 — 73, (11)
a €ro JJIMHa OHpe):[eJISIeTCH BLIpa)KeHI/IeM

\é\z\/x2+y2+22. (12)
)

BeKTOp ac KOOpAHuHaTaMH1 (X, y, Z) MOXET 6BITI) MMPpCaACTABJICH PA3JIOKCHUCM I10 OpTaM B
BHUIC

a=xi +Yyj+zk. (13)

Ecmu a, B, Y — yIJIbL, KOTOPBIE BEKTOP & 00Pa3yeT ¢ MOIOKHUTEIbHBIMU HAIPaBICHUSIMU

oCell KOOpAMHAT, TO COSA, COS[, COSY Ha3bIBAIOTCS HANPABIAIOWUMU KOCUHYCAMU BEKTOPA

a (pucynok 2). Torga UMeOT MECTO COOTHOIIIEHUS

x=lal-cosa,y=|al-cosp, z=|d-cosy, cos’a+cos’+cos’y=1.
el el 4

—

I[HH BCKTOPOB a= (Xl’ yl’ Zl) n b = (Xz, y2, 22) BBOIATCA OIICpALIMU CAOHCEHUA U
YMHOIMCEHUA HA ucio TaKue, qTo
aib:(xliXZ,yliyz,ZliZZ) u ﬁﬁZ(ﬁXl,ﬂ,yl,ﬂZl),

rae A — JIF000€ YHUCIIO.

Qu

]
~.ly
v
<

PucyHnok 2.
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Cransapnvlm npouszeedenuem IByX BEKTOpoB & u b (é : b) HAa3bIBACTCS YUCII0, PABHOE

IIPONU3BCACHUIO JJIINH OTHUX BCKTOPOB Ha KOCHHYC YyIUla @ MCKIY HHUMHU,

ab :\é\-‘b‘-COS(p WM, €CTM BEKTOPHl 3aJaHbl CBOMMH KOOPAMHATAMH, TO

—

a-b=xX; + Y1y, +147;. (14)
BeKTOpBI, JIEXKamuue Ha O,Z[H()ﬁ WJIIK  MapaJuICIIbHBIX  IIPAMBIX, HA3bBIBAIOT

konmuneapuvimu.  [IpU3HAK — KOJUIMHEApHOCTH BEKTOPOB a4 W D sBisercs

MpONOPHUOHAIIBHOCTb X KOOPAWHAT!

N_%h_n (15
X2 Yo Iy
Eciu BekTops! & 1 b B3auMHO NepHeHAUKYISIPHBL, TO X X, + VYo +2Z, =0.  VYron

MEXIy BEKTOpaMH a U D ompeesnsieTcsi COOTHOIICHHEM:

VYpaBHEHHE TJIOCKOCTH, MPOXOMSIIEH Yepe3 TOUYKY MO(XO,yO,ZO) NEPHEHAUKYJIISPHO

Q
o

_ X1 Xo + Y1¥Yo + 2125 (16)
2 .32 .22, 2,2
‘ \/X1+y1+21\/X2+Y2+22

Qy
(o]

CoSp = ‘

BekTopy N =(A, B,C), umeer Bz
A(X—Xo) +B(Yy—Yo) +C(z—24) =0. (17)

Ilpumep eévinonnenus 3a0anus.
Janbl koopauHaThl Tpex Touek: A(3; 0; -5), B(6; 2; 1), C(12;-12; 3).

— -
TpeOyetcs: 1) 3anucats BekTopel AB u AC B cucTeme OpT U HAWTH MOJYJIA 3TUX

- -
BEKTOPOB; 2) HaitTu yroa Mexay Bektopamu AB u AC; 3) cocTtaBuTh ypaBHEHHE

%
TJIOCKOCTH, TIPOXOIsAIIel uepe3 Touky C mepneHauKyssipHo Bektopy AB.

Pewenue:
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%
1) Haitnem koopauHatel Bekropa AB, moacraBus B popmyny (11) koopauHaThl TOYEK A U

B, n 3anmieM pasnokeHue 3Toro BekTopa 1o opram (13):
— -
AB=(6-3)i +(2-0)J+(1+5k =3i +2] +6k.
[Tono6HBIM 00pa3zoM

— . . - .
AC=(12-3)i +(-12-0)] +(3+5k =91 —12] +8k.

- -
Monynu BektopoB AB u AC HaiineMm, moacTaBiisist ©X KOOpAUHATHI B hopmymy (12):

— -
‘AB‘: 32 +22+6% =7, ‘AC‘:\/92+(—12)2+82:17.

- -
2) Haiinem xocuHyc yria ¢ mexay Bektopamu AB u AC. [Ijis 3TOro BBIYKCIAM HX

CKaJIIpHOE Mpou3BeneHue mno dpopmyse (14):

- -
AB-AC=3-9+2-(~12) +6-8=51.

Torna no popmye (16)

COSQp = 7517 ~0,4286, ¢ = 6437 =1,13 pan.

3) Ilo ycnoBui0 3amayli MCKOMas IIOCKOCTh MPOXOauT uepe3 Touky C(12; —12; 3)

%
nepreHaukysspHo Bekropy AB=(3,2,6). Iloacrasmsst B (17) A= 3, B= 2, C= 6,

Xo= 12, yo=—12, 2,= 3, NOIy4uM:
3(x—-12)+2 (y +12) + 6(z-3) =0,

uw 3x + 2y + 62 — 30 = 0 — uckomoe ypaBHEHHE IOCKOCTH.

3anaua 3.

Teopemuueckue ceedeHus.
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BGKTOpLI Ha3bIBAKOTCA KOMILJIAHAPHBIMU, CCJIX OHH JICKAT B OI[HOﬁ IINTIOCKOCTH HJIN B

MapajIeNbHbIX MIOCKOCTAX. YCIOBHEM KOMILIAHAPHOCTH TpeX BeKTopos d; =(Xy,Yy,2;),

a, = (Xz, Yo, 22), a; = (X3, V3,23 );IBJmeTc;I PAaBEHCTBO HYJIIO HUX  CMEMIAaHHOTO
TIPOU3BEICHHS:
XX Y1 4
(8,,d,,85)=|X, Yo Z,/=0. (18)
X3 Y3 I3

Tpu BekTOpa 00pa3yIoT HOasuc B TOM CIIyvae, €CIIH OHU HEKOMNIAAHADHBL.
Ecau s BekTOpoB dj,d,,d3 BBIIOJHAETCS YCIOBHUE (él, ay, 53) #0, To oHM 00pa3yioT
Gasric, u moGoit ueTBepThiil Bektop b = (by,b,,bs) MoKeT GbITh MpeacTaBIEH pasnoKeHIEM
10 3TOMY 0a3uCy B BUJIE

b=0d, + fa, + /s, (19)
rae a, f, y — KOOpAUHATHI BEKTOpa b B Gasuce, 00pa30BaHHOM BEKTOpamH aj,d,,as.

KoopauHatel a, £, y HaXOAATCS U3 CUCTEMbI YPAaBHEHHIA:

Xy + Xy + X3 =Dy
ayy + By, + W=Dy (20)
azy + By + 723 =Dy

Ilpumep evinonnenusn 3adanus.

[Toka3zarp, uro BekTopsl & (3; 1; 4), a,(2; 1; 1), a3(1; —1; 5) oOpasyroT 6azuc

TpeXMepHOro npocTpancTBa. Haiitu koopauHatel Bekropa b (5; 0; 3) B aTOM Gasuce.

Pewenue:

Bbruncnum cmenanHoe Npou3BeICHUE BEKTOPOB 8;,d,,d;"

3 1 4
(3,,d,,8)=[2 1 -1=-11#0.
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Tak kak cMelIaHHOE MMPOU3BCACHHUC OTIIMYHO OT HYJIAA, TO BCKTOPbI HCKOMILIAHAPHBI U

—

obpasyror 6asuc. Koopaunatel Bektopa D B 3TOM 0Oasuce Haiinem, pasjoXuB €ro Io

BEKTOpaM dj,d,,d3 CIeIyIOUUM 00pa3oM:

—

a KOOpAMHATHI BeKTopa b B HOBOM Oasuce HaiijieM u3 cucTeMbl ypaBHeHHi (20)

a-3+p-2+y-1=5 3a+2f+y=5
a-1+f-1+y-(-1)=0 170031 a+p-y=0
a-4+p-(-)+y-5=3 4o — f+5y=3

Pemum 9Ty CUCTCMY AJIA 3aJaHHBIX BCKTOPOB MCTOAOM Faycca.

IIomensieM MecTamMu IICPBOC U BTOPOC YPABHCHUA

a+p-y=0
3a+20+y=5.
da— f+5y=3

[Tocie 3Toro yMHOKHUM MEPBOE ypaBHEHUE HA (—3) U CJI0KUM CO BTOPBIM. Jlanee yMHOKUM

nepBoe ypaBHeHUE Ha (—4) U CII0XHUM ¢ TpeThuM. [lomyunm:

a+p—-y=0
-p+4y=5.
-56+9y=3

3aTeM yMHOXaeM BTOpPOE ypaBHEHHUE HA (—5) U CKJIAIBIBAEM C TPETHUM:

a+pf-y=0
- [f+4y=5.
-11y =-22

N3 nocnennero ypaHeHus umeeM y= 2. [loacrasiisieM 3T0 3HaU€HUE BO BTOPOE YPaBHEHHUE,

noyiyqaem ff= 3 1, HaKOHEIl, U3 IEPBOTO YPaBHEHUS HaxoauM a= —1.
Takum oOpazom, mojctaBuB B ypaBaenue (19) koopauHaTel BekTopa b, momy4wnm

b=—<’§1+3§2 +2§3.
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3ajaua 4.

Teopemuqecmte ceeoenus.
Heonnopoanas cuctema Tpex ypaBHEHH C TpeMsI HEU3BECTHBIMU B OOIIEM CIIy4ae UMEET
BH/
8% +81pXp +aygX3 =My
81X + @)Xy + BpzXy =y
831X) + 83y X; + 8g3X3 = N
M MOJKET OBITh 3allCaHa B MATPHYHOM BHUJIE
AX=H, (21)
91 adpp 93
rne A=|ay,; a,, a3 |-Marpuna Ko3QpQHUIUEHTOB IPU HEU3BECTHBIX,
d3; dzp A3
X1

X =| X, | - MaTpuIa-cToJIOE1] HEU3BECTHBIX,

H =| h, | maTpuma-cronben cBOOOIHBIX YICHOB.

Ecnu matpunia A — neswiposicoenHas, TO €CTh UMEET ONpPENEIUTENb, OTIMYHBIA OT
HyJs, TO cymiecTByeT marpuna Al obpatHas k A, Tak uto A1-A=E (E - enunuuHas
MaTpuna). YMHOKUM 06e yacTu ypaBHeHus (22) Ha A u nomyuum

ALA-X=AlH,
WIH
X=AlH, (23)
nockonbky A-A-X=E-X=X.
PaBeHcTBO (23) ABisieTCs pelieHueM CUCTEMbI ypaBHEeHUM (22).

Martpuiia, oOpatHasi K HEBBIPOKIACHHOW MaTpUIle A, HAXOIUTCS TI0 popMmyIie
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) Ar An An
A_1:Z Ay Aypy Agp |, (24)
Az Ay Ag

rne A; (1 =1, 2,3; j=1,2, 3) — anreOpanyeckoe JOMOIHEHHE JJIEMEHTA djj, KOTOPOE
SBJSIETCA TPOU3BEICHUEM (-1)  ma muHOp (OIpeneNuTenh) BTOPOrO IOPAIKA,
MOJIyYEHHBIH BbIUEPKHUBAEM I-ii CTPOKH U J-TO CTOJIOIA B ONpPEACIMTEIC MATPHUIIBI A; A —

ONIPENEIIUTENIb MAaTPULIBI A.

Ilpumep evinonnenus 3adanus.

JlaHHyt0 cucTeMy ypaBHEHUH 3amucaTb B MAaTpU4YHOU (OpMe M PEIIUTh €€ C
MOMOUIbIO0 OOPATHON MaTpPUIIBL:
2%y +3Xy — X3 =8

Pewenue:
Beimuimem 1151 1TaHHOM CUCTEMBl YpaBHEHUN MaTpHIy KOA()(PHUIIMEHTOB IIPH HEU3BECTHBIX

A u crosioerr cBOOOMHBIX wieHOB H:

1 -2 1
1 -1 2 -1

Beruncnum onpenenurens A v anredpandeckue JOMOIHEHUS A, 3IEMEHTOB MaTPHILIbI

A:
1 -2 1
A=|2 3 -1=10=%0,
1 -1 2

CIIe0BATENLHO, MaTpuLa A uMeeT obpatHyro MaTpuiy AL,

| 3 - 142 2 - w3 |2 3
Au =) -1 2:5’ Ap =017 g=-5 Ap=(-1) '1 =-9,
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. 1 2 L1 =2
AZl:(_1)21' _1 2‘:3’ AZZZ(_]‘)Z ? 1 2‘:15 A23:(_1)2 3'1 _1‘:_11
Ay = (-1 No1 A =2t lez A —(—1)3+3.1 _2—7

31 3 _ - y 32 = 2 ~ =9, 33 = 2 3_ .

Torna nmo dopmyne (24) oOpaTHas MaTpHIla paBHa

5 3 -1
A"1:% -5 1 3
-5 -1 7

[To ¢popmyne (23) HaxoAMM pElICHUE TaHHOW CHCTEMbI YPaBHCHUN B MAaTPHUYHON

dbopwme:
. 5 3 -1|[ 1 5.1+3-8+(-1)- (-1) 30 3
X:A—l.H:E- 5 1 3| 8l=1t. ~5.141-8+3-(-1) :%- 0|=| 0]
-5 -1 7||-1 -5:1-1-8+7-(-1) -20| | -2

Orcroma x1= 3, xo= 0, x3= —2.
BBenenue B anan3s

Teopemuueckue ceedenus.

Yucino A HaswiBaOT npeaeaoM yskiuu Y=f(X) B Touke a , eciau 3Ta (QYHKIHS
ompesielicHa B HEKOTOPOH OKPECTHOCTH TOYKH @ , 32 UCKIIFOUCHHUEM, OBITh MOXKET, CaMOU
TOYKH @ , ¥ JIs Kaxaoro &0 Haigercs takoe >0, 9To a1 BCeX X, YAOBICTBOPSIONINX

yenosuto 0 <|x —a| <&, BHIIOIHSETCS HEPABEHCTBO | f (x)- A<e:

lim f(x)=A4, ecu Ve>0 EI5>0:Vx:0<‘x—a‘<5:>‘f(x)—A‘<g.

x—>a
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Bpluncnenne  mpemenoB  apuMETHYECKMX — BbIPaKEHUMH 1) fo(x),
f1(x)- £o(x), f1(x)= f>(x) mo mpemenam bymxmmit f7(x) u f>(x), u3 KoTOpPHIX OHE
COCTaBIIEHBI, HE BCErJa BO3MOXKHO. B 3TuUX ciydasXx TOBOpSAT, UYTO BO3HHMKAIOT
HEONPE/IETIEHHOCTH CIIETYIOLUINX BUIOB:

(gj | (2) (0-20), (0 —20).1).

o0

I[J'IH HaXOXXACHUA ITPCACIOB TaKNX HCOIIPCACIICHHBIX BBIpa)KeHI/Iﬁ HY>XHO

YUYUTHIBATh KOHKPETHBIA BUJI QYHKIUH [ (x) u fr (x) Hampumep,

im < —o: (25)

X—0 X

o, ecau n>m

By (x) :(ooj a,

npeacia OTHOMCHUA ABYX MHOT'OYJICHOB hm

x—00 On (x)

=q——,eciu n=m |

m
0,ecmu n<m.
. . . sinx (O
HePBBIi 3aMedatesbHbli npenen lim ——=| — [=1; (26)
x—0 X 0
X
BTOpOI#i 3aMeuarenbHbIi npeaen lim (1+ —) =(1)” =e. (27)
X—>00 X

Benmnunna a(X) Ha3pBaeTcs beckoneuno manou npu X —>a, ecim lim a(x) =0. e
X—>a

OCCKOHEYHO MaJjble BeJIMYMHBI Ha3bIBAIOTCS IKeuedajleHmHbimu, CCINU IMPCACII UX OTHOIICHHA

lim @:

paBen 1, to ectb a(X)~ B(X), eciu
x—a f(X)

(gjzl. [lon 3HakoM mpenena Jroodast

OCCKOHEYHO Mallas BEIMYMHA MOKET OBITh 3aMEHEHA Ha SKBHBAJICHTHYIO eil. [IpuBenem
Ta0JIMITy SKBUBAJICHTHBIX OECKOHEUHO MalbIX Mpu X — 0 BeNUYUH:
sinx ~ X, arcsinx~x, a*-1~x-Ina e’ -1~x,

2
tgx ~ X, arctgx ~ x, 1—cosx~x7. (28)

Ilpumep évinonnenus 3adanus.
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Boeruuciauth mpeacibI:

2
a) lim xt +11x =3 6) lim (\/x2+3x—x),

x>-33x% +10x +3’ x—>
4x+5
B) lim 2X r) lim (ZX — 3} .
x—0 arctg5x x—o | 2X +1

Pewenue:

a) HOI[CTaHOBKa MNpcaAcJIibHOIO 3HAYCHUA apryMCHTA x=-3 IMPUBOAUT K HCOIIPCACICHHOMY

BBIPA’XCHUIO B A (6) .

JI1st ycTpaHeHus: 3TOM HEONPEAECIIEHHOCTH Pa3I0KUM YUCIIUTENb U 3HAMEHATeNb IpoOU Ha
MHOKUTEJIH U COKPATUM JIpOoOb Ha MHOXKUTEN (Xx+3). Takoe cokpalieHue 31eCbh BO3MOXKHO,
TaK Kak MHOXUTEJNb (X+3) OTJIIMYEH OT HYJISI pU Xx— — 3

4x% +11x -3 4-(-3)* +11-(-3)-3 (Qj:
0

lim
x>-33x% +10x+3 3- (- 3) +10-(-3)+3

(Ax-D(x+3) _ _ lim 4x-1_4-(3)-1_13
H3(3x+1)(x+3) “x>-33x+1 3-(3)+1 8

6) IIpu x— oo BBIpakeHHe \ X° +3X —X [aeT HeompeaeleHHOCTh Bruaa (oo — o). Jst ee

YCTPAHEHHST YMHOYHM U Pa3IeiINM 3TO BRIPOKEHHE Ha V X> + 3X + X, [I0CTIE Yero pasaelnM

YUCJIUTEIb U 3HAMEHATEJb MOTYYEHHOM 1poOu Ha x , yuuThiBas popmyiy (25):

o (Vo2 3% — e (o0 — o) i (\/x2+3x—xx x2+3x+x)
e SR ”m)

X% +3x — X2 3
= lim = lim

H"O X2 43X+ X XOPx% £3X + X H"O\/:Jrl

B) [Ipu X — 0 monyuum HEONpeaeIeHHOCTh (%) O6o3nauum arctgbx =y. Torga Sx=tgy

u y— 0npu x — 0. [Ipumenss cBoiicTBa npeaenoB u hopmyiy (26), umeem:
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2(1tgyj
|imiz(9j:|im5— 2 lim Sy 1 %1-1:%.

=—Ilim — lim —=
x>oarctgbx \0) y-0 y S5y->0 y y-0COsy

3Ty 3a1a4y MOKHO pPCIONTb, HUCIIOJIb3YA 3KBUBAJICHTHBIC 3aMCHLI OECKOHEYHO MAaJIbIX

BennuuH (28). [Tockonbky mpu X — 0 skBUBajeHTHBI arctg5x ~5x, MoKHO 3amucaThb

: 2X 0 . 2X 2
Iim ———=| = |[=lim —==.
x>o0arctgdx 0/ x-05x 5
2X -3
2x+1

4x+5
r) [Ippu X — oo BBIpaKeHHE [ ] SIBJIIICTCS. HEONPCACICHHOCTBIO BUIA (1°° ) s

YCTPaHEHHUsI 3TOM HEONPEAEIEHHOCTH MTPEACTABUM OCHOBAHUE CTEIICHU B BUJIE CYMMBI | 1
OECKOHEYHO MaJIoN (IIpU X — ©0) BEIUYMHBI; TOCIE Yero MpUMEHUM (POpMYIIy BTOPOTO

3aMeuaTelIbHOTo npezaena (27):

_ 2% — 3 4x+5 . ox+1—4 4x+5 . _4 4x+5
lim = lim | ——— = lim |1+ -
x—o\ 2X +1 x—ao\  2X+1 X—>00 2X+1

2x+1 —4
( -4 )( s 4 (axs5) ~16x-20

= lim e2x+! =lime 2+ =
X—>0 X—>00

-16

) — ) _ 1
= lim e 2 =hW168=—§.
X—>00 X—>00 e

3anava 1.

]pr@Wﬂﬂ%TKUBCBeaeHMﬂ.

Ilpouseoonoui ot ¢yukuu Yy = f(X) mo aprymeHTy X Has3bIBaeTCs Ipeaes OTHOIICHHUS

npupaienus GyHKuuu Ay K IpuUpaiieHuto apryMmenTa Ax, Korjaa mocjieHee CTpeMUTCS K

HYJIIO:

[TpousBoaHAas €CTh CKOPOCTh U3MEHEHUS (YHKIIUU B TOUKE X.
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OTbICcKaHKE TPOU3BOJHON Ha3bIBaeTcs nuddepeHupoBanneM QyHKIUH.
OcnosHule npasuna ouggepenyuposanus.

1. (C)' =0, rne C=Const.

2. (x)'=1

3. (U(x) V(X)) =u'(X)£V'(X)

4. (U(x)-v(x)) =u"(x)-v(x)+u(x)-v'(x), (C-u(x))'=C-u'(x)

! 4

c (u(x)j _U'()-v(x) —u()-v'(x) [ C ] _-C-V'( (u(x)j’ _u'(x)
L v(x) v2(x) " lv(x) vi(x) L C C

6. F'(u(x))=F; -u'(x)

Tabnuya npouszeo0nvix snemenmaphulx Gyuxyutl (U =U(X)):

1. (") =n-u"t.u, 4. (sinu)’ =cosu-u’
2. @YY =a""Ina-u", (") =e"-U, 5. (cosu) =—sinu-u’
! ! !/ ! ! 1 !
3. (log,u)' = w6 (tgu)' =———-u’, 7. (ctgu)' =————-u’,
u-lna cos“u sin“u
- ] 1 ’ ’ 1 !/
8. (arcsinu)’ = -u’, (arccosu) =-— -u
1-u? 1-u?
9. (arctqu)’' = -u’", (arcctgu) =- L -u’
' 1+u? 1+u?

Eciu B Tabiuie monoxuth U(X) = X, o U’ =1.

Ilpumep evinonnenus 3a0anust.

Haiinute npousBogHbIC PYyHKIIHIA:

a) y=In(2+sin3x); 6) y =39 +1)% ) cos(xy?)—3y? +4x=0.

Pewenue:
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a) TOCJIENOBAaTEeNIbHO MpPUMEHss MpaBwia IuddepeHIupoBaHUS  CIOXHON (PyHKIHUH,

npasuia U Gopmyisl 1uddepeHIIMPOBAHUS, UMEEM:

) 1 ) 1 )
"=(IN(2+sin3x)) =——— - (2+sin3x) =———— - (2’ + (sin3x)") =
y'=(in( ) 2 +sin 3x ( ) 2 +sin 3x ( ( ))
:—_'COSBX'(3X)'=3L_53X;
2 +sin 3x 2 +sin 3x

6) y, _ ((Barctg& +1)4)r _ 4(3arctgﬂ _|_1)3 . (3arctg«& +1)r =

— 4(3%et9VX | )3 .3819VX 1y 3. (arotg /X)) =

1
iy 3arctgﬁ+13‘3arctgﬁ-|n3. (XY =
( ) 1+(\/§)2( )

1 1 2In3 JX JX
. _ _3arctg X 3arctg X +1 3
1+ (Vx)? 2Jx  @+x)x ( )

B) B JaHHOM CJIy4ac Q)YHKHHOHaHLHaH 3aBUCUMOCTBb 3aJlaHa B HeA6HOM BHUAC. I[JIH

_ 4(3arctgﬁ +1)3 .3ardgVx | 3.

HaXO0KICHUSI TIPOU3BOIHOM Y HYKHO MpoandGepeHIIMPOBaTh IO IEPEMEHHOM X 00€ J4acTH

yPaBHEHHS, CUUTAs IPU 3TOM y (PYHKIHEH OT X, 2 3aTeM MOJIy4eHHOE YPABHEHHE Pa3PELINTh
OTHOCHTEIILHO Y' !

—sin(xy?)- (xy*)' ~3-2yy' +4=0;

—sin(xy®)- (xy* +x(y?)) -6yy' +4=0;
—sin(xy?) - (y* + 2xyy") —6yy’' + 4=0;
— y2sin(xy?) — 2xyy'sin(xy?) — 6yy’ + 4=0;

W3 mocieiHero ypaBHeH s Haxoaum Y’ :

2yy’(xsin(xy2) + 3): 4 - y?sin(xy?);

. 4—y’sin(xy®)
y = : 5 :
Zy(xsm(xy )+3)

3agaua 2.

Teopemuueckue ceedenus. ViccnenoBanue (yHKIUU OJHOW HE3aBHCUMOM MepeMEeHHOU

OyJieM MPOBOIUTH IO CIEAYIONICH cXeme:
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1. Haiinem obGnacTh onpenenenus GyHKITUU.

2. Uccnenyem (pyHKIHIO Ha HEIPEPHIBHOCTb.

3. YcraHoBuMm, sIBNIs€TCA JM JaHHas (DYHKIMS 4YETHOM, HeYeTHOW win (yHKIHEH
oO11ero BUA.

4. Haitnem uHTEepBaibl BO3pacTaHus U yObIBaHUS (DYHKIIMH, TOYKU IKCTPEMyMa.

5. Haiinem unTEpBaIBI BHITYKIOCTH U BOTHYTOCTH KPUBOM, TOUKH €€ Ieperuoa.

6. Haiinem acuMITOTBI KPUBOH.

Ilpumep evinonnenus 3a0anus.

2x-1
(x-1)°

UccnenoBars GyHKIMIO Y = 1 TIOCTPOUTH €€ TpaduK.

Pewenue.

Peanusyem npuBeeHHYIO CXeMy HCCIeIOBaHUS (DyHKIIUH:

1. ®ynkuusa onpezeneHa Mpy BCeX 3HAUCHUAX apryMeHTa x, kpome x=1.

2. JlanHast QyHKIMS SABISETCS SIEMEHTApHOMU, TOATOMY OHA HEMPEpBhIBHA Ha CBOEH 001IacTH
OTIpENICIICHNs, TO €CTh Ha nHTepBaiax (—ool) u (1+o0).

B Touke x=1 (yHKIUSA TEpIUT pa3psIB.

3. Jlyis yCTaHOBJICHUS YETHOCTH WJIM HEYETHOCTH (DYHKIIMHM TIPOBEPUM BBITIOJTHHUMOCTD

paBerctB f(—Xx)= f(X) (rorma f(X) — uernas ¢ynkiusa) wim f(—X)=—TF(x) (ana

—-2x-1
HEYETHOHN (QYHKIMHK) s TI0OBIX X U3 obactu onpenencuus pyukmun: f(—X) = ﬁ
_X —
, —f(x)= _2X——12.
(x-1)

CrnenmoraresnbHo, f(—X)# f(X) u f(—x)=—1f(X), To ecTb nanHas QYHKIHS ABASCTCS
dbyHKIIMEH 00111eTO BHIA.
4. Jlna uccienoBanusi GyHKIIMU HAa SKCTPEMYM HalJIeM €€ MEePBYI0 TPOU3BOIHYIO:

, 2(x-D*—(2x-1)-2(x-1)  2x
' (x-1)° e
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Ompenenum kputrdeckne Toukn Gyukiun: Y =0 mpu X =0, Y’ He cymectByer pu X =1
. Tem cambiM nmeeM nBe kputuueckue Touku: x=0, x=1. Ho Touka x=1 He mpuHAAIEKUT
oOnactu onpezeneHus: GyHKIUHU, SKCTPEMYMa B HEMl ObITh HE MOXKET.

Pazo6nem unciioByio och Ha Tpu uHTepBana (—©;0), (0;1), (L+x).

_ min + _

\ 0 /V 1 \ X

v

B nepBoM U TpeTheM UWHTEpBAJIaX TiepBas MPOU3BOAHAS  OTpUIlATEIbHA,
CJIeIOBaTENbHO, 3/1eCh (PYHKIMs yObIBaeT, BO BTOPOM HMHTEpBAJe — MOJIOKHUTENbHA, U
nanHast QyHkius Bo3pacraet. [Ipu nepexone uepes Touky X=0 nepBasi poON3BOIHAS MEHSIET
CBOM 3HAK C MHUHYyCa Ha IUIIOC, MOATOMY B 3TOM TOUke (YHKIUS HUMEET MUHHMYM:
Ymin = Y(0) =—1. 3naunr, A(0;—1) sBiseTCS TOUYKOH MHHUMYMA.

5. Jlng ompeneneHus Touek neperuda rpapuka pyHKIIMM ¥ MHTEPBAJIOB BBIMYKJIOCTH U

BOTHYTOCTH KPHMBOM HaWJIEM BTOPYIO MPOU3BOIHYIO:

n_ .(X—1)3—x-3(x—1)2_ . 2x+1
y'=-2 (x—D° =2 —(x—l)“'

Jins Bropoit npoussBoanoit Y' =0 npu x=-0,5 u y" He cymecryer npu x=1. Pa3obbem

YHCIOBYIO OCh Ha Tpu uHTepBana (—0,—0,5), (-0,51), (L+x).

eperud

v

/\  -05 N\ 1 v X

Ha nepBoM uHTepBalle BTOpas MpOM3BOAHAs Y' OTpUIATEIbHA M Iyra HCCIIEayeMO

KPUBOU BBINYKJIa; HA BTOPOM M TpeTheM uHTepBanax Y" >0, mostomy rpaduk sBiaseTcs
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BOrHyTBIM. [Ipu mepexone uepes Touky X =-—0,5 BTOpas npon3BOJHAs MEHSET CBOM 3HAK,

. 8
O9TOMY B 9TOM TOYKE KpUBas uMeer neperud: y,,, = y(-0,5) =——.

9

CrnenoBatenbHO, B(— %;—5) — Touka neperuda rpaduka GyHKIUH.

2x -1
6. B Touke X=1 QyHKUMS TEpOUT pa3psiB, MpuU4eM |im

———— =00, [lpsamas Xx=1
x—1 (X —1)2

SBIJIACTCS BEPTUKAIBHON acUMNTOTOM Tpaduka (yHKUuU. s onmpeneneHus ypaBHEHUs

HAKJIOHHOM acuMNTOTHI Y =KX+ D Bocmosb3yeMcs hopMysaMu:

k= tim % b= fim (£(0 —kx).

x—on X X—>00
i 2x -1 .o 2x-1
Torma K= |im ———=0, b=1Ilim —— =0,
x—o (X —1)“ X x— (X —1)

[Tpu HaiineHHbIX 3HaueHUsIX K u b mpsamas Yy =0 ecTh ropu30OHTAIFHAS ACUMIITOTA

rpaduka ucciaenyeMon (hyHKINHN, IIPEACTABICHHOIO Ha PUCYHKE 1.
9

-0,5

B

A

Pucynox 1. I'padux uccnenyemoit pyHkuuu.

3anaua 3.
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Ilpumep evinonnenus 3a0anus.

PesepByap, wumeromuii bopmy OTKPBITOIO  CBEPXY MPSAMOYIOJIBHOIO
napajuiesieuneaa ¢ KBaApaTHbIM JHOM, HY’KHO BbUTYIUTh BHYTPH 0JIOBOM. KakoBbI
JIOJKHBI OBITH Pa3sMephl pe3epByapa pu ero eMxoctd 108 0amd, uTo6sl 3aTpaTsl Ha

€ro Jy)XeHre ObLTH HAUMEHBITUMU ?

Pewenue. 3atpatbl Ha TOKpBITHE pe3epByapa OJIOBOM OyAyT HAaWMMEHBIIMMH, €CIU MPHU
JAHHOW BMECTUMOCTH IUIONIA/Ib €T0 MOBEPXHOCTH Oy1€T MUHUMAJILHOM.

O0o03HaunM vepe3 a (Om) — cTopoHy ocHoBauus, b (Om) — BeIcOTY pe3epByapa. Toraa
IUIOIIAZb €r0 MOBEPXHOCTH S =a’ +4ab, a o6bem V =ab, wm, coracHo YCIIOBHS,

108 = a2h. osTomy

b=" m S:a2+4-a-¥:a2+@.
a a a

[lolyueHHOE COOTHOLIEHHE YCTAaHABIMBA€T 3aBUCHMOCTb MEXIY IUIOIIAJIbIO
MTOBEPXHOCTH pe3epByapa S (QyHKIHSA) U CTOpOHOW ocHOBaHWsA a (aprymeHt). O0macThb
ompezaeneHus 3Toi pyHkuu a > 0, Tak Kak a — cTopoHa OCHOBaHUs. Mccneayem QyHKIHIO
S Ha skcTpemyM. Haiifem mepByro MpOM3BOAHYIO S', MPHUPaBHSIEM €€ K HYIIO M PEIINM

MOJIyYEeHHOE YpaBHEHHE:

432 2a°-432

a’ a’

S'=2a 0.

Orciona a=6. Ilpoussoanas S'(a) we cymectByer npu a=0, HO 3TO 3HAYCHHUE
aprymMeHTa He pUHAIeKUT obnactu onpenenenus pynkuuu. [Tpu 0 < a <6 npousBogHas
S'(a)<0, mpu a>6 S'(a)>0. CnemoBarensHo, mpu a=06 (yHKIMA S UMEET MUHEMYM.

Eciim a=6, 10 b=3. Takum oOpa3om, 3aTpaThl Ha Jy)KEHUE pe3epByapa eMKOCThIO 108 1

OyIyT HaUMEHBIIIMMH, €CJTU OH UMEET pa3Mephbl  6(dm) x 6(om) x 3(om) .

3anaua 4.

TeopemuueCKue ceeoenusl.
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[TepeMeHHast BeTMUMHA Z Ha3BIBACTCS (hyHKYUell 08YX NepeMeHHbIX X U Y, €CITH KaxI0H
nape 3HadyeHud (X,y) W3 JaHHOW OOJIACTH COOTBETCTBYET CIUHCTBCHHOE OIPEICIICHHOC
3Hauenue z= f(X,y).

Jnsa dynkimun Z= f(X,y) BBOIATCA TOHATHUSA YACHMIHLIX NPOU3BOOHLIX TIEPBOTO

mopsaaKa, KOTOPBIC OIIPCACIIAIOTCS BBIPAKCHUAMM:

oz _ i f(x+Axy) - f(xy) oz _ im f(X,y+Ay) - f(xY)
OX AX—0 AX ’ 8}/ AX—0 Ay ’

U 4acnHrblx np0u3600Hblx BTOPOTO IMOpsAAKaA:

a_zz_g@ %2 o2 _ofa _g(@j ’z_ofa
ox2 ox\ox) oxay oyox  oax\ay) oy\ox) ay? aylay)

@Oynkims z= f(X,y) umeer B Touke My(Xg,Yo) makcumym (munumym), ecnu
3HaueHue 3Toi QpyHKIMK B Touke M o Oosnbine (MeHblIIe), YeM 3HaYeHUS (PYHKINU B JII000i
TOYKE U3 OKPECTHOCTH Touku M.

HeoOXxoauMbIMKH ~ YCTIOBUSIMHA ~ CYIIIECTBOBAHUS  oxkcmpemyma (MakCUMyma WIIH
MUHEMyMa) auddeperimpyemort GyHkimu z = f(X,y) sBIAETCS pPaBEHCTBO HYJIO €€

YAaCTHBIX IIPOU3BOJHLIX IICPBOI'O IIOPAIKA:

az_g
OX
a_g,
oy

Touku, B KOTOPBIX YaCTHBIE MPOU3BOJHBIC OOpAIAIOTCS B HOJb, HA3BIBAIOTCA
cmayuonaprvimu mouxamu Qyakuuu z = f(X,y). s Toro 4ro0sl cTanmoHapHasi TOYKa
SBJISIIACH SKCTPEMYMOM, B HEM JOJKHBI BBIOJIHATHCA 0ocmamoyHvle ycaosus. O003HauuM

ox?|

= 2. A=AC-B~.
M, 8X8yM0 oy M,

A

Ecnu B cratmonapuoii Touke My (Xp, Yo)
A>0,A>0,1T0 M| ecTh TOUKa MUHUMYMA;
A>0,A<0, 10 M| ecTh TOUKa MaKCUMyMa;

A <0, o BTOouke M HeT akcTpemyma;
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A =0, To TpedyeTcs JOMOJHUTENBHOE HCCIIET0OBaHNE.

Ilpumep évinonnenus 3ad0anus.

HccnenoBath Ha SKCTpeMyM QYHKIHIO Z =2X + 4y — X2 — y2 +6.

Pewenue.
1. Haiinem yacTHbIE MPOU3BOAHBIE 33JAHHON (QYHKIIHH

QE:Z—ZL 95:4—2y
OX oy

2. 3amnumiemM H€06XOI[I/IMLIC YCJIIOBHA CYHICCTBOBAHUA SKCTPEMYMaA
2-2x=0 x=1
= ,
4-2y=0 y=2

3Ha4yuT Touka M (1,2) sBiIsS€TCS CTAIMOHAPHON TOUYKON PYHKIIUH.

3. IIpoBepuM BBINOJIHEHUE B TOUKE M JOCTATOYHOIO yCiIOBHUs. sl 9TOro HailieM BTOphIE

YaCTHBIE MPOU3BOAHBIE PYHKIINU

2 2 2
F2_, 2, o,
ox> OX3y

B Touke M(L2) A=-2B=0,C=-2 u A=(-2)-(-2)—0=4. TlockombKy
A=4>0,A=-2<0, touka M (1;2) siBisieTcs TOUKOH MakcuMyma. 3HaueHUue (YHKIUH B

s10M Touke 7|, =2-1+4-2-1° —2° +6=11.

3ajaua 5.

Teopemuqecmte c6eoeHsl.

@OyHKIUSA BYX HE3aBUCHMBIX TMepeMeHHbIX Z = f(X,Yy) mpuHuUMaer HauOombllee u
HaMMCHbIIIee 3HaYeHUss B obOmactu D, orpanmyeHHod mnwamenr @(X,Y)=0, aubo B

CTAallMOHAPHBIX TOYKAaX, PACMOJIOKEHHbIX BHYTpU obOsiactu D, nubo Ha rpanune sToi
obnactu.

3anaya 00 OTHICKAHMH HAKOOJIBIIIET0 U HAUMEHBIIETO 3HaueHu GpyHkuun Z = f (X, Y)

B 3aJ1aHHOM obOnactu D permaeTcs o cneayroomemy miaHy:
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1. OnpenensieM cTanioHapHbIE TOUKH (YHKIIMH, PACHONIOKEHHBIE BHYTpH oOnactu D, u

BBIYHMCJ/IAACEM 3HAYCHUA (I)YHKLII/II/I B OTHUX TOYKax.

2. Haxonum cranmoHapHble Toukd (yHKiuu Ha rpanune @(X,y)=0 oOmactu wiu Ha

OTACJIBHBIX €€ Y4YaCTKaX, 3aJaHHbIX PAa3JIMYHbBIMU YPABHCHUAMMN, U BBIYUCIEICM 3HAYUCHUA

(GYHKIIUH B 3TUX TOYKaX.

3. M3 BceX BBIYMCIICHHBIX 3HAUYCHUI q)YHKHI/II/I BI>I6I/Ipa€M HanOOJIbIIICE U HAUMEHBIIICE.

Ilpumep evinonnenus 3a0anus.

TPEYTOJIbHUKE, OTPAHUYEHHOM MpsiMbIMU X =0, Y=2, y=X.

Haiitin HanbonpIiiee ¥ HauMeEHbIIee 3HAYCHUS! PYHKIMUA Z = X2 + 2Xy —4X—-Yy B

Pewenue.

1. Halizem cranMoHapHble TOYKM (PYHKIUU M3 YCJIOBUI pPAaBEHCTBA HYJIO YaCTHBIX

MPOU3BOIHBIX (PYHKITUU

A aZ
y _—= — =
ax 2X+2y—-4=0 X=05
0z < =15
£ -2x-1=0 y==4
oy

Cramumonapuast Ttouka M (0,51,5)

3aganHou oonactu OAB.

3HadeHne PyHKIMKU B TOUKe M paBHO

»
L

X

|y,

2. Uccnenyem noBenenne PyHKIIMU Ha TpaHUIIAX 00JIACTH:

a) Ha rpannne O4 y=X, 0<X<2, z=Xx>+2X-X—4-X—X wm Z=3x% —5X

2'=6x-5, 2’=0 npnu X:%,Torﬂa yzg (Tak KaK y=x).

55
B touke C| —:;— | 3HaueHue K aBHO Z|. =3 —
TOY (6 6) HaueHue QYHKIUH PaBH ‘c (6

2
5] s5__2%

JIKUT BHYTPHU

~052+2-05-15-4-05-15=-175.
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BrrarciuM 3HadeHus QyHKIIMK B KpaWHUX TOUKax oTpe3ka OA.
B touke O(0;0) Z‘ o =0, B TOUKE A(2;2) 3Ha4YeHHUE (PYHKITMU paBHO
7, =3-2°-5-2=2.
0) Ha rpanuie B4 y=2, 0<x<2, Z2=X>+2X-2—4X—2 umn 7 =X° -2;
2’=2x,72'=0 mpu x=0,a y=2 cormacHO ypaBHEHHIO TPsMOii BA.
B touke B(O;Z) 3HauYe€HHUE (PYHKIIUU paBHO Z‘B =3.0°-2=-2.
B) Ha rpanuiie OB x=0, 0<y<2, z=-y,
2'=-1+0 npu  Bcex Y€ [0;2], CJIEIOBATEIIbHO, CTAI[MOHAPHBIX TOYCK Ha

muauu OB HeT.
3. M3 Bcex BBIUMCICHHBIX 3HAYCHUH 3aJlaHHOW (DYHKIMH BBIOMpaeM HauWOOJIbIIIEE H
HaUMEHBIIIEE:

Z‘ =2 — HauOoJibliee 3HaueHue PpyHkuu B odnactu OAB

=—— — HauMeHbIIee 3HaueHue PyHKIuu B obnactu OAB

HeonpeneneHnnblii 4 onpeae/ieHHbIA HHTEIPAJIbI

Teopemuqecmze cBe0eHsl.

Ilepsoobpasnou ¢pynkyuen nna ¢ynkuuu f(X) HaswsiBaeTcs Takas ¢pynkuus F(X),
gyro F'(X) = f(X).
Heonpeoenennvim unmeepanom ot o¢yukinuun  f(X) HaseiBaeTcs ee  oOIas
nepBooOpazHas
[f(Qdx=F(x)+C .
Gynkmus  f(X) HaseBaeTcs moabiHTErpaibHON dyHkmer, F(X) — pesynbrar

uHTEerpupoBanus, C — NPOU3BOJIbHAS ITOCTOSTHHAS.

Ceoticmea HeonpeoenieHH020 UHMe2pala.
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L. [(u(x) +v(x))dx = [u(x)dx + [v(x)dx.
2. [A- f(x)dx=A- [ f(x)dx, rae 4 — nocrosHHasL.

3. Ecim [ f(X)dx=F(x)+C mu=¢(x),to [ f(u)du=F(u)+C.

Tabauya npocmetiuiux UHMe2panos:

1. f[dx=x+C. 7. [ —5—=tgx+C.
COS” X
n+1
2. jx“dx:x +C,(n=-1). 8. | _d),; =—ctgx +C.
n+1 SIn“ X
dx X
3. |—=In|x+C. 9. _arcsm +C.
1% =i R
X
4. faxdx_—+C [eXdx=e*+C.  10. de :Earctg5+C.
Ina x2+a? a a
: dx
5. [sinxdx =—cosx+C. 11. | - nX=2. ¢ (a=0).

x2—a2 2a X+a

6. [cosxdx =sinx+C. 12, [—— In‘x+\/x + ‘+C(A¢O)

VX2 + A

OcHogHble Memoovl UHMe2PUPOBAHUSL.
1. [TonBenenue o 3Hak auddepeHnuana:
a) K GyHKOMH, CTOSIIEH moj 3HakoMm auddepeHimana, MOXKHO MPUOABIATh WIH

BbIUMTATH JIIOOYI0 moctostHHyro: df (X)=d(f(X) £ A);

0) mnon 3Hak auddepeHnranta MOXKHO TMOJBOJIUTH TMOCTOSHHBIM MHOXXHUTEINb:
1 :
df (x) :Kd(A- f(x));

B) 101 3HaK auddepennmana moaBoauTcs GyHkims mo npasmry: f'(X)dx = df (X).
2. IHTerpupoBaHue Mo YacTsIM C UCIOJIb30BaHUEM (POPMYIIBL:
fudv=uv —[vdu, rze u=u(x),v=v(x).

C IMOMOMIIBIO 3TOT'O MCTOJZId BBITUCJIATOTCA CICAYIOINEC HHTCTPAJIbL
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a) [a*-P,(x)dx, u=P,(x), dv =a”dx.
6) [sinax-P,(x)dx, u=P,(x), dv=sinaxdx.
B) [cosax- P,(x)dx, u=P,(x), dv=cosaxdx,
r) [Inax- P, (x)dx, u=Inax, dv=P,(x)dx,
) [arcsinax- P, (x)dx, u=arcsinax, dv=P,(x)dx,
e) [arctgax- P,(x)dx, u=arctgax, dv=DP,(x)dx,
rae P, (X) — MHOrowiIeH n-oii cTeneHu.

3. MHTerpupoBaHre METOI0M 3aMEHBI IEPEMEHHOM 10 popmyie

[T =[f(p(t))det) =] f (p())¢'®)dt, rae x=¢(t).

Ilpumep evinonnenus 3a0anust.

Haittu HCOIIPCACICHHBIC HHTCTPAJIbI:

Y 3
a) [EESINX)" T X4 ) [ XM g [(3x +4)e¥dx.

J1—x2 X2 —4x+3

Pewenue.

a) HCII0JIb3YyA OCHOBHBLIC CBOMCTBA HCOMPECACICHHOIO MHTCTPajia 1 BLIMMOJIHAA ITOABCICHNC

dbynkuumii nox 3Hak quddepennnana, HailieMm HHTerpa

I(arcsinx)2+xd I(arcsmx) dx +

i T

1
— [ (arcsinx)2d (arcsinx) + [ (L— x?) 2d (X—;) =

1
= [(arcsinx)?d (arcsinx) + (— %jj(l— x?) 2d@-x%)=

1

_x2y2
:%(arcsinx)3 —%-w+c :%(arcsinx)3 —V1-x%+C.

2

[TpoBepum pe3ynbTaT HHTETPUPOBAHUS TU(PPEPEHITMPOBAHUEM
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!

(% (arcsinx)® —vV1-x? + CJ =

1
:%-?a(arcsinx)2 . (arcsinx)’ —%(1— x?) 2(1-x%) +C'=

_(arcsinx)®  —2x L0 (arcsinx)? + x
Vi-x%  241-x° V1-x?

YTO COBMAAACT C MOABIHTErpaIbHON (HYHKITHEH.

0) moabIHTETrpaibHasg (QYHKIUS MPEICTaBIsIeT COOOM HEMpPaBUIBHYIO PAMOHAIBHYIO
npo6sb. IlpencrtaBum 3Ty ApoOb B BUJI€ CyMMbl MHOTOWIEHA U MpaBHIIbHON npobu. Jlis

9TOT'O BBIIIOJIHUM JACJICHUC MHOI'OYJICHA HAa MHOI'OYJICH:

x3 17 ‘x2—4x+3
x> —4x*+3x  [x+4
4x% —3x—17
A% —16X +12
13x-29
Torma
3_ —_— —_—
j—zx 17 dx:j(x+4+—i3x 29 jdx:jxdx+j4dx+j—isx 29 dx =
X —4x+3 X°—4x+3 X°—4x+3
2
:X—+4X+j—isx 29 dx.
X —4x+3

Jlis Toro 4TOOBl HANTH MOCIEAHUM WMHTErpall, MPEJACTaBUM IMPaBUWIbHYIO JpoOb B BHUJE
CYMMBI IpocTeHMX ApoOei. [l 3Toro pasnokum Ha MHOXHUTEIM 3HaMEHATeNb Ipo0u
X2 —4x +3=(x—1)(x — 3) u pasnokuM ApoGb Ha IPOCTEHIINE

13x—29 A N B  A(X-3)+B(x-1)

(x-D(x-3) x-1 x-3  (x=1)(x-23)
3Haunt 13X —29=A(x—-3)+ B(x-1).

IMpu X =3 umeem 13-3-29=B(3-1), orkyna B=5;
npu X=1 umeem 13-1—-29=A(1-3), otkyma A=8.
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IHomyuaem 13x 29 = 8 + ° 1 UHTETPUPYEM
Y (x-D(x-3) x-1 x-3 TPHpY
I 13x—-29 dX:I 8 dx+j Id(X 1) J.d(x 3)
(x=1D(x-3) x—1 X —

=8In|x -1 +5In\x—3\ +C

M OKOHYATCJIbHO IT10JIy4YacM

J

[TpoBepum pesynbrat AudhepeHInPOBAHUEM:

3 2
;(;ﬂdx:x—+4x+8ln\x—ﬂ+In\x—3\+C.
X“—4x+3 2

4

2
(X—+4x+8ln\x—u+ln\x—3\+c] X 8 0
2 2 Xx-1 x-3

_ (x+4)(x-1)(x—-3) +8(x—3) +5(x-1) _ X3 —17
B (x=1)(x +3) X2 —4X+3

YTO COBMNAJAET C MOABIHTETPATILHON (DyHKITUEH.
3ameuanue.
WHuTerpan oT NpaBWIBHOW pPAlMOHAIBHON NpoOM CBOAUTCS K CYMME HWHTErPajioB OT
npocteimux npodeit. Hanbonee yacto BcTpedaroTcsl Caeayone HHTErpaibl:
A

A A —k+1
A gx=Ahlx—a+C: [—2 dx=—" (x-— C,(k=23..).
jx_adx njx—al+ I(x—a)k X (_k+1)(x a) " +C,( 3..)

B) IPUMEHUM METOJOM UHTETPUPOBAHUS IO YACTSIM.

IMpumem u=3x+4, dv= e¥dx, Torma du = 3dx, V= %e3x . ITo dopmyie

HHTCTPUPOBAHMA 110 YAaCTAM I1OJTydacM

3X+4 3X

[@x+ 4)edx = (3x + 4)%e3x I Loax gy = ~ [e%dx =

+C=e¥*(x+1)+C.

[TpoBepum pesynbTaT nuddepeHIpoBaHEM
@ (x+1) +C) =3 (x+1) + e =e¥*(3(x +1) +1)=e>*(3x + 4),

YTO COBIAJIAET C TOJBIHTETPATBLHOM (PYHKITHEH.



3agava /.

Teopemuqecmte ceeoenus.

AY

_y=5HK)

S L y=f()
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Ecnu Ha minockoctu Oxy 3aiaHa gurypa,
OTpaHUYEHHas JBYMsS HEMPEPbIBHBIMU
maamsmu - Y= f(x), y=f,(x) =m
BEPTUKAIBHBIMU TPSIMBIMH X=4a, X=D,
TO TIOWIAAb S TAKOH (PUTYpHI MOXKET OBIThH

BBIYHCIICHA o dbopmye

S= T(fz (x) — f,(x))dx, rme f,(X)> f(X) nHa oTpeske [a,b].

Ilpumep evinonnenus 3a0anusi.

Boruucnuts miomanp GUrypsl, OrpaHU4€HHON JTMHUAMU Y = X2 +4x, y=X+4.

Pewenue.

3a,Z[aHHI)Ie JJUHUHW OI'PpaHUYHMBAIOT HaA INNIOCKOCTH OXY KpHBOHHHGﬁHYIO Tpalicuuro,

M300pKEHHYIO Ha PUCYHKE.

y=x2+4x

A
y

v=x+4

Y

Halinem koopauHaThl TOYEK IEPECCUCHUS 3aJaHHBIX JWMHUW, JJISI 3TOTO PENIUM

CHUCTEMY YpPaBHEHUU
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2
{y_x +4& X2 +4x=x+4, x*+3x—4=0, orkyma X =—4, X, =1.

y=x+4

Torna HCKOMas 1J1omaab BBIYUCIIICTCA 110 (bOpMy.IIe:

1

1 2 2 x> X3
S= [(x+4-x —4@dw:ﬂ4—3x—x)mc:4x——§——?;
4

=4—§—1+16+4—8—%:20§ (k6. €0.).
2 3 2 3 6

3ajaua 8.

Teopemuueckue ceedenus.
OO0beMbl Te, 00pa30BaHHBIX BpaIEHUEM IUIOCKON (UTypbl, OTpaHUYEHHON KPUBOMH

y=1(x)>0, ocsro Ox u psimeiMH X =a, X=Db,

b

1) Boxpyr ocu Ox, Berancisiorest mo popmye V, =7 | f 2(x)dx;
a
b

2) Bokpyr ocu Oy, BeIuCIAIOTCA 10 hopmyre V, =27 [ xf (x)dx.
a

Ilpumep evinonnenus 3a0anust.

Breruncnute o0beMbl Tell, 00pa3oBaHHBIX BpalieHueM BOKpyr ocedt Ox u Oy
KPUBOJIMHEHHOTO TPEyroJbHHKA, OTPAHHYCHHOr0 KpHBO Y =3%/X, ocbo Ox U

npsmoit X =1.

Pewenue.
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Y = 3x 1)  oObem Temna, MONYYEHHOTO BpAICHUEM

BOKpYT ocu Ox, paBeH

1
) %
V, =z (Q/;)Z dx = 72'% = %T (k6. ea.)
0 b
0 1 g 3 |

Y

2) 00beM Tena, OJyYeHHOT0 BpallieHueM BOKpyT ocu Oy, paBeH

7711

X/ 3

s,

L 67
vy :27ZIX-§/;dX:27Z :7(Ky6. eo.).
0

Teopusi BepOSITHOCTE M MATEMATHYECKASI CTATUCTUKA

3apaya 1.
Teopemuueckue ceeoenusi.

[Tpu kTaccuyeckoM ONpeACICHUN 8ePOSIMHOCMb COObIMUS OTIPENICTIACTCS PAaBEHCTBOM

P(A)=m/n,
T€ M — YHUCJIO JIEMEHTAPHBIX UCXOJOB HUCTBITAHUM, OJArONpUSTCTBYIONIUX TOSBICHUIO
coObITUS A, n — 00IIIee YNCIIO AIIEMEHTAPHBIX UCXOI0B UCTIHITAHUS.
Yucnom coyemanuii w3 | smemenToB mo K HaA3BIBAIOT KOJIMYECTBO KOMOHWHAIIWM,
cocTaBlicHHBIX U3 | 31meMeHTOB 10 K, KOTOpBIE OTIMYAIOTCSA XOTS ObI OJHUM JJICMCHTOM.

Yuciio coueTanuit

C=—— .
LT RI0=K)!

Ilpumep evinonnenusn 3adanus.

B simuke umeercs 15 geranei, u3 koropsix 10 okpaiieHHbIx. COOpIIUK
HayZady U3BJIEKAeT TpU AeTain. HaiTu BEpOATHOCTH TOTO, YTO U3BJICYCHHBIE

ACTAJIN OKAXYTCA OKPAIICHHBIMU.

Pewenue:
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a) o0I1Iee 9rciI0 BO3MOKHBIX JIEMEHTAPHBIX UCXO/0B HCIBITAHUS PABHO YHCITY CITIOCOOOB,
KOTOPBIMU MOKHO M3BJICUb TPH JETAIM U3 MATHAALATH, TO €CTh N = C135;

0) YKCIIO UCXO0/I0B, OJArONPUSITCTBYIOMINX UHTEPECYIOMIEMY HAC COOBITUIO, PABHO YUCITY
C1oco00B, KOTOPBIMUA MOKHO BBIOPATh TPH OKpaIIeHHBIX jaeTanu u3 10, To ectb M= Cl?’o;

B) HCKOMass BCPOATHOCTb paBHAa OTHOIICHUIO O6IH€FO qucila HCXO0A0B K YHUCITY
6HaI‘OHpI/IHTHLIX HCXO0A0B

10!
m Cy 3171 100121 70.8.9.10.121 24
n c3 I 71151 7A.121.13.14.15 91

31121

0,26.

Ilpumep evinonnenusn 3ad0anus.

B naptuu u3 10 neraneit umeercs 7 crangaptHbix. Haynauy oroOpans! 5
netaneid. OnpeaenuTb BEpOSITHOCTh TOTO, YTO CPEIU OTOOPAHHBIX AeTallel

POBHO TPpHU CTAHAAPTHLIX.

Peuwenue:

a) o0I11ee YMCII0 BO3MOXKHBIX JIEMEHTAPHBIX MCX0JI0B UCIIBITAHUS PABHO YHCITY CITIOCOOOB,
o 5.
KOTOPBIMH MOKHO M3BJICUb ISATH AeTalleld 3 JecsaTH, To ecTb N=Cjy;

0) HaiiIeM YUCII0 UCXOJI0B, OJIArONPHUATCTBYIOIIUX HHTEPECYIONIEMY Hac COOBITHIO (Cpean

OTOOpaHHBIX MATH JAETAJIEH POBHO TPU CTAaHAAPTHBIE): TPU CTAHAAPTHBIE JETAIH MOKHO
BBIOpATh U3 7 CTaHJAPTHBIX JIeTajiei C;’ croco0aMu; TPy 3TOM OcTaibHbIe (5—3=2) neranu
JOJKHBI OBITh HECTAHJIAPTHBIMH, KOTOPbIE MOKHO BbIOpaTh U3 (10—7=3) HecTaHIapTHBIX
JeTanei, HWMEBIIUXCA B MapTHH, C32 cnocobamu. CrenoBaTeNbHO, YHCIIO
OJIaroNMpPUATCTBYIOIINX UCXOJ0B M = C;’ -C§ :

B) HCKOMass BCPOATHOCTb paBHAa OTHOIICHUIO O6HI€FO qucjla HCXOJ0B K YHCITY

6HaFOHpI/IHTHI)IX HCXO0A0B
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71 3l
3.C2 it ot 1.51.5I .M .5.51 I
P(A):E:C7 5C3:3!.4! |2!.1!: /LSSl . M.5.51 __ 9 :§:O,375
n  Cp 10! 2141100 2.4.71.8.9.10 4.8-10 8

5151

Teopemuqecmte ceeoenus.
BepOHTHOCTI) cOOBITHS A, KOTOPOC MOXKCET HACTYIIUTD JIMIIb ITPU ITOABJICHUMU OJHOI'O 13

HECOBMECTHBIX coObITu# (rumore3) Hj, H,,...,H,, oOpa3ylomux noiHyo rpymmy, paBHa

CYMMC HpOI/IBBGIIGHI/Iﬁ BepOHTHOCTCﬁ Ka}K,HOfI N3 TUIIOTC3 Ha COOTBCTCTBYIOINYIO YCIIOBHYIO

BEPOSITHOCTh COOBITUS A:

P(A) = P(Hy)- Py (A) + P(H,) - Py (A) +....+ P(H,) - Py (A),
rne P(H) +P(H,)+...+P(H,) =1.

[TpuBenennyo GopMyy Ha3bIBAIOT hOPMYIOL NOTHOU 8EPOSMHOCHIU.

Ilpumep evinonnenus 3a0anus.

Nmerotcsa Tpu naptuu aeraneit mo 20 neraneit B KaxxaoM. YMCa0 cTaHIapTHBIX
JEeTAJIeN B IIEPBOM, BTOPOM U TPEThEH MAPTUSIX COOTBETCTBEHHO paBHO 20, 15,

10. 13 naynady BeIOpaHHOM apTUX HayAady W3BJIeUYeHa JaeTanb. Haltu

BCPOATHOCTD TOI'O, YTO OHA OKAKCTCA 6paKOBaHHOﬁ.

Pewenue:
a) 0003HaYMM 4yepe3 A coObITHE — B3ATas JeTajb ABIseTCsS OpakoBaHHONW. MOXHO cenaTh

TPHU Mpennooxkenus (runotessl): H; — nerans BoiOpana u3 nepBoii maptuu; H, — netans
BbIOpaHa u3 BTOpoi naptun; H; — nerans BeIOpaHa u3 Tpetheil maptun. IlockoabpKy dnciio

JIeTajerd BO BCEX TPEX MAPTUAX PABHO, BEPOATHOCTHU THUIIOTE3 PABHBI
1
P(H1) = P(Hz) = P(H3) = §

0) yciioBHast BEpOSTHOCTh TOTO, YTO JeTallb OyJAeT OpaKOBaHHOM, €CJIM OHA B3sTa U3 MIEPBOM

apuu, PH1 (A) =0; ycioBHast BEpOSITHOCTH TOT'0, UTO JETajb Oy1eT OpaKOBAHHOM, €CIIM OHA
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. 5 1
B3sITa M3 BTOPOH napuu, By (A) = 20 = Z; YCIJIOBHAsI BEPOATHOCTb TOTO, UTO AETallb OyAET
10_1
OpaKoBaHHOM, €CIIN OHA B3ATA U3 TPEThei mapuu, Py (A) = 20" 3

B) MCKOMasi BEPOSTHOCTh TOTO, YTO BbIOpaHHAs HayJauyy JE€Talb SBISIETCS OpaKOBaHHOM,
HAXOJUTCS TI0 (GOPMYJIE ITOTHONW BEPOSTHOCTH

P(A)—— O+1 1+1 %z

1
34 3 4’

Teopemuueckue ceedeHus.
BeposATHOCT TOro, 4TO B HE3aBUCHUMBIX HCHBITAHUAX, B KAXKIOM U3 KOTOPBIX
BEPOSITHOCTH MOsiBICHUsT coObiThs paBHa p (0 < p < 1), cOOBITHE HACTYIUT POBHO K pa3

(Oe3pa3nMyuHO B KaKOM MOCJIEI0BATEILHOCTH), ONIPEesieTcs 0 popmyne bepuyniu
P (k) Ck |( n— k

rae q= 1- P — BEpOATHOCTH TOI'O, YTO COOBITHE B Ka>XJ10M H3 HUCIIBITAaHUN HE TTOSIBUTCS.

Ilpumep evinonnenus 3a0anust.

BeposiTHOCTE BcxokecTu ceMsiH niieHulnl paBHa 0,9. KakoBa BEposITHOCTh

TOr'0, 4YTO U3 YCTBIPECX MOCCAHHBIX CCMSH BSOﬁHyT HC MCHEC TPCX.

Pewenue:

a) MycTh cOObITHE A — U3 4 CeMSIH B30MAYT HE MEHEee TPeX CeMsH; COObITHE B — u3 4 ceMsiH
B30MIyT 3 ceMeHu; coobiTue C — U3 4 cemsiH B3oayT 4 ceMenu. [lo Teopeme cnoxeHus
BEPOSITHOCTEN

P(A)=P(B)+P(C).

0) BeposiTHOCTH coObITHI B 1 C onpezenum o Gpopmyie bepayu:

4!
P(B)=P,(3)=C}p%s*?® = a—3 -0,9°-(1-0,9) =0,2916,

P(C)=P,(4)=C;p*q**=0,9*=0,6561.
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B) rickomast BeposiTHocTh P(A) =0,2916 +0,6561=0,9477 .

3ajaua 2.

Teopemuueckue ceedenus.
Ecau 4uciio MOBTOPSAIONIMXCS MCOBITAHUN BEIUMKO, TO OMNPENEIICHHE BEPOATHOCTHU IO
dbopmyrne bepHymIM 3aTpylHEHO H3-3a TPOMO3JKOCTH BbIUMCIEHUUA. B 3TOM ciyuae

MPUMEHSIOT NMPUOIMKEHHYIO (DOpMYITy, BRIPAXKAIOILYIO JOKAIbHYI0 meopemy Jlannaca:

Joog

P (k) =

X2

e (D(X)—L-e_? U X= K—np
N Jnpg

3HaueHust GyHKIUH @(X) ONMPEACIAIOTCS U3 TaOJUIIbI, TPUBEACHHON B MPUIOXKCHUH 1.

[lpy Manslx 3HAYCHHUSAX BEPOATHOCTH p s  Bbrumcnenus P,(K) mpumenstor

ACUMIITOTHYECKYIO hopmyny [lyaccona

k
P, (K) z%-e—ﬂ, roe e=2,7182...; 1=np.
Ota popmyna ucnonszyercs npu A <10, mpudem 4em MeHbIIe p U O0JIbIIIE 71, TEM PE3yJIbTaT

TOYHCC.

Ilpumep evinonnenus 3a0anus.

BeposTtHocTh BexokecTH ceMsH muieHuibpl pasHa 0,9. Haiitn
BEPOSATHOCTH TOTO, 4TO U3 400 mocesHHBIX ceMsiH B30uAyT 350

CCMH.

Pewenue.
a) u3 YCIIOBUS 3a/1a4u p=0,9,0=1-0,9=0,1;, n=400; k =350. Tornma

,_350-400-09 10, ..
JJ400.0,9-01 6

0) u3 Tabnuiel B npuiioxennn 1 Haxomum ¢(—1,67) = ¢(1,67) =0,0989;
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B) HCKOMasi BEPOATHOCTh paBHA

P, (350) ~ .0,0989 ~ 0,0165.
i00(350) 400-0.9-0,1

Ilpumep evinonnenus 3a0anus.

Cpenu cemstH menuirspl 0,02% cophsikoB. KakoBa BEpOsITHOCTh

TOoro, 4yro npu cuaydaitHom otoope 10000 cemsiH Oyner

0OHapyXEHO 6 CEMSIH COPHSKOB?

Pewenue.

W3 ycmosus 3agaun P =0,0002; n=10000;k =6. Torma A =10000-0,0002=2.
Hckomast BEpOSATHOCTh paBHa

6
Ploooo(ﬁ)z%e‘z % 0,1353~0,012.

3anaua 3.

Teopemuueckue ceedenus.
Eciu BEpOSTHOCTh HACTYIIEHUS COOBITHS A B KaXKIOM M3 7 UCIILITAHHMIA IOCTOSIHHA U
paBHa p, To BepostHOcTh P, (K, <k <k,) Toro, 4ro coObiTne A4 B Takux HCHBITAHHIX

HACTYNUT He MeHee K, pa3 u He Oonee K, pas, onpenesnsieTcs Mo MHTErPajbHOI Teopeme

Jlarnaca popmyoii:

2

1 B X
P,(k; <k <k,)~—-|e 2dx,
n\™ 2 \/_7[ (_[
r;[eazkl_npﬂﬂzk p,qzl—p.
\NPq npq
x _t
OyHKIUSA CD(X)— j 2dt naseiBaercs Qynkuuen Jlammaca. B npunoxkenun 2

2z 0

nanbl 3HaueHust 3Tod QyHkuuu 1t 0<X<5. Ilpu x>5 o¢yukuus P(x)=0,5. Ilpu
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OTPHUIATENILHBIX 3HAYCHHUSX X B CHIy HedeTHocTH (QyHKImH Jlamraca ®(—X)=-D(X).

Hcnonb3ys ¢pynkuuro Jlannaca, umeem

Py <k <k;) = D(B) - (@)

Ilpumep evinonnenus 3a0anus.

[IporeHT BcxokecT ceMsH mmeHuIn! paseH 90%. Halitu BepoaTHOCTH TOTO, YTO
M

u3 500 nocestHHbIX ceMsiH B3oKayT oT 400 1o 440 cemsH.

Pewenue.
a) u3 ycnosus 3amaun P=0,9;,9=1-0,9=0,1; n=500; k; =400; k, =440.

Torna & = 400-500-0,9 ~_7.45: ,8—440_500'0'9 N

J500-0,9-01 ~/500-0,9-01

0) 13 TaOIMITBI B IPHJIOKEHUH 2 HAXOUM

(~1,49) = —D(1,49) ~ -0,4319; B(~7,45) =—-D(7,45) ~-0,5.

-1,49.

B) HCKOMasi BEPOSATHOCTh paBHA

P,,, (400 <k < 440) ~ d(—1,49) — d(—7,45) =—0,4312 +0,5=0,0681.

3anaua 4.

Teopemuueckue ceeoenusi.

Jluckpemnoii Ha3bIBAIOT CAVUAUHYIO GEIUYUHY, BO3MOXXHBIE 3HAYEHUS KOTOPOU €CTh
OT/ICJIbHBIE U30JIMPOBAHHBIE YK CIIA, KOTOPBIE 3TA BEJIMYMHA IPUHUMAET C ONPEACICHHBIMU
BO3MOXXHOCTSIMU. 3aKOHOM pacnpeodeiieHuss TUCKPETHON ClydallHOM BEJMYUHBI Ha3bIBAIOT
nepeyeHb €€ BO3MOYKHBIX 3HAUYEHHUN UM COOTBETCTBYIOIIMX UM BEPOATHOCTEU. DTOT 3aKOH

MOXET OBITh 3a/laH B BUJIE TaOJMIbI, MepBas CTPOKa KOTOPOM COAECPHKHUT BO3MOXKHbBIC

n
3HA4YEHUs X;, a BTOPasi — BEPOSITHOCTH [, IPUYEM Z p; =1:
i=1



P Py P2 ... Pn

XapakTepuCTUKOM  CpeJHEro  3HA4YeHHs]  CIy4yallHOM  BEJIMYMHBI  CIY>KHUT

MaTeMaTU4YeCKoe OXuaaHue. Mamemamuyeckum odxcuoaHuem ITUCKPETHON CiydyalHOU

BCJIMYWHBI HA3BIBAIOT CYMMY HpOI/ISBe,HGHI/Iﬁ BCeX €€ BO3MOKHBIX 3HAUYCHUM Ha HX

BEPOSITHOCTH:

n
M(X):X1p1+x2p2+"'+xnpn:inpi' (1)
i1

CBolicTBa MaTeMaTUUYECKOTIO OXUAaHHA:

1)

2)

3)

4)

MaTEMaTUYECKOE OXHUIAHUE TIOCTOSSHHOW BEJIWYMHBI PAaBHO  CaMoOM
TTOCTOSIHHOM;

MOCTOSIHHBI MHOKHTEIb MOKHO BBIHOCHUTH 3a 3HAK MaTeMaTHYECKOTrO
OKUJaHMS,

MAaTEMATUYECKOE  OXHUIAHWE IMPOU3BEICHUS B3aUMHO  HE3aBHUCUMBIX
CJIy4YaWHBIX BEJIIMYMH PABHO IPOU3BEICHUIO MATEMAaTHYECKUX OXKUIAHUU
COMHOKUTEJICH;

MaTEMaTUYECKOE OKHUIAHUE CYMMbI CIyYalHBIX BEJIUYMH PABHO CyMME

MaTEMAaTH4YCCKUX O)KI/II[aHI/If/'I cJlaraCMbIX.

Jlucnepcuer C1yd4ailHOM BEJIMYMHBI HA3bIBAIOT MATEMATUYECKOE OXKHUIAHUE KBaJpaTa

OTKJIOHCHU CHy‘I&ﬁHOﬁ BCIINYHHEI OT €€ MaTCMaTU4YCCKOI'O OKHJaHMA:

D(X)=M[X -M(X)F. )

Jlucriepcuro y100HO BBIYHCIIATE 110 hopMyJie

D(X) =M (X*) -[M(X)F. (3)

CaoiicTBa IucnepCcuu:

1) nucnepcus MOCTOSTHHOW BEJIMYMHBI PaBHA HYJIIO;

2) MOCTOSIHHBIA MHOX>KMTEJIb MOKHO BBIHOCHTH 3a 3HAK AUCIICPCHUH, BO3BOAA €TO B

KBa/Ipar;
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3) amcriepcusi CyMMbI HE3aBUCHMBIX CIYYailHBIX BEJIMYUH paBHA CyMME IHCIIEPCHIA
CIaracMbiXx.
Cpeonum keadpamuyeckum OmMKJIOHeHUueM CIy4YalHOW BEJIMYMHBI HA3bIBAIOT

KBaJPaTHBIM KOPEHD U3 TUCIIEPCHUMU:

o(X)=/D(X). 4)

CpenHee KBaJpaTU4eCKOE OTKIOHEHHE CIIy4allHOW BEJIMYUHBI XapaKTEPU3YET paccesiHUe

BO3MOKHBIX 3HAUCHUH cnyqaﬁﬂoﬁ BCIIMYMUHBI BOKPYT ec CPpCOHCTO 3HAYUCHUA.

Ilpumep evinonnenus 3a0anus.

3ajaH 3aKOH paclpelieNIeHus] JUCKPETHOW CIIy4alHOW BEIMYUHBI
X. Hailtu ee maTeMaTH4YECKOE OXKHUJIAHUE, TUCIIEPCUIO U CPEAHEE

KBaJpaTH4ICCKOC OTKIIOHCHUC.

X 40 42 41 44
P 01 03 02 04

Pewenue.
a) BprumcnuM MarteMaThyeckoe OXXKHIAHUE 10 33JaHHOMY 3aKOHY pacIpeleiCHHs
JUCKPETHOM CIIy4aifHOW BETUYMHBI, TTOJIB3YsICh opmynoi (1):
M(X)=40-0,1+42-0,3+41-0,2+44-0,4=42,4,
0) BBIYHUCIIMM JUCIIEPCUIO, BOCTIONB30BaBIIUCH (hopMmysioi (3). [Ijist 3TOro cocTaBuM 3aKOH
pacrnpeaeneHns KBaipara CirydaiiHON BETUYUHBI:

X2 407 422 417 44

P 01 03 02 04

Torna M (X?)=407.0,1+42°-0,3+41%-0,2+44%.0,4=1799,8;
D(X)=1799,8—42,4* =2,04.

B) CpeHee KBaIpaTUIECKOE OTKJIIOHEHUE BBIUUCIUM 110 Gopmyre (4):
o(X)=4/2,04 =1,43.

3ajaua 5.
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Teopemuueckue ceedenus.
Dyukyueu pacnpedenenuss (AHTETPAIbHON (DYHKIIMEH pacmupeneseHusi) Ha3bIBAIOT
dyuknuto F(X), onpeiensronyo s KaXJA0ro 3HAYCHHS X BEPOSATHOCTh TOTO, YTO
ciy4aiiHas BelnurHa X MPUMET 3HAaYEHUE, MEHBIIIEE X, TO €CTh
F(X)=P(X <Xx).
CBoiicTBa MHTETPATLHON (PYHKIIUU pacTIpeieIeHUs:

1) 3HaveHUs PYHKIUU pacpepeTCHUs TPUHAIICKAT OTPE3KY [0;1];

2) GyHKIOHS pacipeesieHus €CTh HeyObIBatoas (QyHKIHS,

3) BEpOSTHOCTH TOTO, YTO CIy4aliHas BEJIMYMHA X MPUMET 3HAUCHUE, 3aKIIOYCHHOC B
WHTEpBaJe (a;b), paBHA TpHUpANICHUIO (QYHKIMHA paclpeleicHus] Ha STOM
untepBaie: P(a< X <b)=F(b)-F(a);

4) BepOSATHOCTh TOTO, 4YTO CIlydailHas BedW4MHAa X TPUMET OJHO OTPEACICHHOE
3HaueHHe, HallpuMep, X;, paBHa HYIIIO;

5) ecnu Bce BO3MOJYKHBIC 3HAUCHUS CIAYYalHOM BEIMUYUHBI X MPHUHAIJICKAT HHTECPBAITY
(a;b), o

F(x)=0 Vvx<a; F(x)=1 Vvx>b.
Hugppepenyuanvnoni  @ynxyueii pacnpeoenenuss f(X) HenmpepbIBHON ciydaiHON
BEJIMUMHBI Ha3bIBAIO MEPBYIO MPOU3BOAHYIO OT (PYHKIIUU pacTpeaeseHus:
F(x)=F'(x). (5)
Ecnu 3anana muddepennmansias GyHkius pacnpenencaus f(X), BeposTHOCTH TOTO,

4TO ClydaliHas BelMYnHA X TPUMET 3HaYCHHE, 3aKII0YeHHOe B MHTepBane (a;b), paBHa
b

P(a< X <b):jf(x)dx.
a

Mamemamuueckoe odxcudanue HETPEPHIBHOW CIydyalHOU BEMMYMHBI X, BO3MOXKHBIC

3HAYEHUSI KOTOPOU MPUHAIIEKAT BCE YUCIOBOM OCH, ONIPEAEIIAETCS PABEHCTBOM

M(X):Txf (x)dx.

—00
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Ecnn Bce BO3MOKHBIE 3HAYEHUs CIIy4YalHOW BEJNIWYMHBI X NPUHALIEKAT UHTEPBAILY

(a;b), TO
b
M (X) =jxf (X)dX. (6)

Jlucnepcueu nenpepwvignou caydaunou eeauyunsvt X, BO3MOXKHBIE 3HAYEHUS KOTOPOU

IMpUHAAJICKAT BCEH YMCIIOBOM OCH, OIIPCACIIICTCA PABCHCTBOM

D(X):T[X—M(X)]Zf(x)dx W D(X)=Tx2f(x)dx—[M(X)]2.

—0 —o0
Ecnm Bce BO3MOXHBIE 3HAYEHUs CIYYaWHOW BEJIMYMHBI X INPUHAIJIEKAT WUHTEPBAILY

(a;b), o

b b
D(X)=[[x-MX)" f(dx  mm  D(X)=[x*f(X)dx-[MX)]. (7

Ilpumep evinonnenusn 3adanus.

HenpepoiBHast cnyyaiiHas BenuunHa X 3a7aHa HWHTErpalbHOM  (PyHKIMEH
0ide x<0,

pacmpenenenus F(x)={x316& 0<x<1,
170e x>1.

TpeOyetcs HalTH mupdepeHunanbHyo GyHKLHIO pacrpeneneHus

MATCMATHYCCKOC OKMAAHUC U JUCIICPCHILO.

Pewenue.
a) 1o onpenenenuio (5) Haiiaem nuddepennnanpayio GyHkiuio pacnpeaencaus f(X) kak
MPOM3BOIHYIO OT 33JaHHON MHTErPaIbHOM (DYHKIIMH PACIIPEICIICHUS:
0ide x<0,
f(x)=43x?T86 0<x<1,
Oide x>1.
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0) MareMaTHUYeCKO€ OXKHAaHue BbrauciauM 1o gopmyne (6). Tak kak Gynkmus f ()

npu X<0 u X>1 paBHa HyII0, TO UMEEM

1
3

.

p h 3x*
IV'(X):jxf (X)dx=J‘x-3x2dx:T
0 0

0

B) BBIYUCIIUM JucIiepcuio 1o ¢opmyie (7)

1 2 1
D(X) =J(X—EJ -3x2dx:3j(x4 _3y3 +gx2de:
5 4 0 2 16

1
x> 3x* 3x° 1 3 3 3
=3 222 27 3222 =2
5 8 16 | 5 8 16| 80

3ajaua 6.

TeopemuquKue ceeoenus.

Ecnu 3anana muddepennmansaas Gynkmus pacnpenenenus f(X), BEposTHOCT TOTO,

yToO CﬂytlaﬁHaiI BGJII/ILII/IHaXHpHMeT S3HAYCHHUC, 3aKIIIOYCHHOC B HHTCPBAJIC (a; b) , paBHa
b
P(a<X<b):jf(x)dx. (8)
a

BeposITHOCTh BBITIOJIHEHUSI CTPOTHUX HEPABEHCTB a< X <b ompenensercs TOH ke
bopmyIon.

Hopmanonvim Ha3pIBalOT pacnperesieHUe BEPOSITHOCTEM HENPEPBIBHOW CIIyYaWHOU
BennuuHbl X, nuddepeHnnanbHas (yHKIUS pacrpeieieHuss KOTOpOro  MUMEeT BHU/

_(x-a)?

2
f(x)= \/2_ e 29° | rume a— MaTeMaTHYECKOE OKUJAHUE, O — CPEJHEE KBAIPAaTHIECKOE
oN2rx

OTKJIOHEHUE X.

Ecnu ciyyalinas BenmmunHa X pacrpeiesieHa o HOpMajabHOMY 3aKOHY, TO BEPOSITHOCTh

TOro, YTO X MPUMET 3HAUYCHHE, 3aKIIOUYEHHOE B UHTEPBAJIC (a; p ) , paBHa

P(a<X<,B):CD(’B;a)—CD(a—_aj, 9)

o)




46

t2
rae O(x) = e 2dt — ¢pyukuus Jlamiaca (mpuBeaeHa B IPHIIOKEHUH 2).

%“I—‘
§]
o—x

BGpOHTHOCTB TOro, 4To a0COJIIOTHAS BEIMYMHA OTKJIIOHECHHS MEHBIIIE ITOJIOKUTEILHOTO

qucia o , onpeaensercs 1no Gopmyse

P(X —a[<0) :zq{éj. (10)
(o2

Ilpumep evinonnenus 3a0anus.

JlnuHa AeTanM MpeaCcTaBisieT coO00M HOPMabHO paclpeeieHHYIO CIydalHyro
BEJIMUMHY C MaTeMaTH4YecKuM oxkuaaHueM 40 MM U CpeaHUM KBaJIpaTUUECKUM
OTKJIOHEHVEM 3 MM. HalTu BEpOATHOCTH TOTO, YTO JJIMHA MPOU3BOJIBHO B3STOM
neranu Oyaer Oosbiie 34 MM U MeHbine 43 MMm. OnpeaeuTh BEpOSTHOCTh TOTO,
YTO JUIMHA JIETAJIM OTKJIOHHUTCS OT €€ MaTeMaTHYECKOro OKHAaHUs HE 0ojee ueM

1,5 mm.

Pewenue.

a) Ilo ycnosuro 3amaun a =40, o =34, f =43, c =3. Toraa no popmyie (9)
43—34) B @(34 —-40

P(34< X <43)=c1>( j:CD(l)—CD(—Z)z

=d(1) + P(2) ~0,3413+0,4772 ~0,8185.
0) BEepoOATHOCTh TOTO, 4TO0 a—o< X <a+o, rne a=40,0=15, BeuucIUM 1O

dbopmyne (10):

P(|X —4o\<1,5):2-@(%):2@(0,5)z2-0,1915z0,383.

KoBapuarus u ko3QPUITMEHT KOPPETSAIUU TBYMEPHON CTy4aiiHON BETMYMHBI

. K .
KoBapuarueit (M KOppeasSIHOHHBIM MOMEHTOM) Y CIy4alHbBIX BEIUYHH XuY
HAa3bIBACTCA MATEMATHUUYECKOE OXKUJAHHUE MPOU3BEACHUS OTKIOHEHUM 3TUX BEJIMYHUH OT UX
MaTeMaTHUECKUX OKUJIaHUU:

Ky =M (X =MX)(Y =MY)) = M (XY) = MXMY



47

Koaddumentom koppemnsiuuu "y ciyuaiinpix BemmuuH X u Y HaspBaeTcs
OTHOILIEHUE UX KOBAPUALIMH K IPOU3BEICHUIO CPEIHUX KBAAPATHIECKUX OTKIIOHEHUH dTUX
BEJINYUH

Kyy

OxOYy

I'Xy =

IIpumep 1. B ypue nexar 100 mapoB, u3 Hux 25 Gensix. M3 ypHBI mOciaea0BaTEIbHO
BBIHUMAIOT JBa mapa. [Tycts X — 9uciio 6empIX mapoB, MOSBUBIIMXCS PH | -M BEIHUMaHUH
(1=12).

Haiitu ko3 puirienT koppensiun Mexay BennauHaMu X 11 X ».

Pemenue. CocTaBuM TaOMuIy paclpenesieHuss COBMECTHOTO TIOSIBICHHS JTaHHBIX
CIIy4alHbIX BEJIMYUH. SIcHO, uTO X | MOTYT NpUHUMAaTh 3HadeHus win 0, nwin 1( nosBuics
OeJbli 1ap Ipyu OJTHOM BBIHUMAaHUU WK HET). JJisi mpoCcTOTh 0003HAUNM:

X1=X,X=Y.

Halinem Bce BEpOATHOCTH.

X =0,Y =0 - mpu nepBOM BBIHUMAHUU BBIHYT YE€PHBIN MIap ¢ BepOSITHOCTHIO75/100 , mpu
BTOPOM — TaKXe YEPHBIH 1Iap, ¢ BEPOATHOCTHIO 74/99, utoro noiaydaem
P(X=0,Y=0)=75/100x74/99 = 37/66.

X =0,Y =1 - npu nepBOM BHIHIMAaHUU BBIHYT YEPHBIN map ¢ BepossTHOCTHIO 75/100, mpu
BTOPOM— O€JIbIH I1ap, ¢ BEPOATHOCTHIO 25/99, ntoro nmoaydaem

P (X=0,Y=1)=75/100%25/99 = 25/132.

X =1,Y =1 - npu nepBOM BBIHUMAaHUHU BBIHYT O€NbIi map ¢ BeposaTHOCThIO 25/100, npu
BTOPOM — O€JIbIii 1mIap, ¢ BEpOATHOCTHIO 24/99, uToro noixyvyaem

P (X=1Y=1)=25/100x24/99 = 2/33.

X =1)Y = 0 - nmpu nepBOM BBIHUMAHUHU BBIHYT O€NbIi 1map ¢ BeposiTHOCTHIO 25/100, mpu
BTOPOM — YEPHBII 1Iap, ¢ BEpOSATHOCTHIO 75/99, nutoro noiydaem

P (X=1,Y=0)=25/100x75/99 = 25/132.

[Momyunnu Tabnuiy:

X\Y P 1

0 37/66 | 25/132
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1 25/132 | 2/33

HaﬁIIGM HHAUBUAYAJIBHBIC 3dKOHBI PACIIPCACICHUA Xu Y, CKIabIBasA BCPOATHOCTH IIO

CTOJ'I6I_IaM " CTPOKaM, IoJrydacm:

Xi 0 1
Pi 0,75 |0,25
Yi 0 1
Pi 0,75 |0,25

Haﬁ,ZIGM MAaTCMATHICCKUC OXUAaHUA, AJUCICPCHUM W CPCOHHUC KBAJAPATUYCCKHUC OTKIOHCHHA

CIIy4alHbIX BEJIMYUH X U Y.

M(X)=yXixpi=0,25
D(X) = ¥X Z2xpj-(M(X))?=0,25-0,25*=0,1875.
M (Y)=3Vyi*pi=0,25
D(Y) = SVi 2xpj- (M (Y))?>=0,25-0,25%=0,1875
Brruncnum
M (XY) = yXj >y jx pij=2/33
Torna ko3huIMEeHT KOppesuu:

Koy

OxOy

Haiinem koBapuanuto
Ky =M ((X —MX))(Y — MY)) =M (XY) — MXMY

Ky, =2 —0,25-0,25=-0,0019
33
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_-00019 _ g,

;
“ Jo1875?

Koadduruent koppensaiuu Mmexay BenmauHaMu X 14 X 2 paed -0,01.

Cratuctuyeckue OLEHKH NapaMeTPOB PaCIpeAEICHUs
CocTaBUTh CTaTUCTUYECKOE PACIIPE/ICTICHIE BBIOOPKH U BEIYMCIUTD YUCIIOBbIE

XapaKTCPUCTHUKU:

BBIOOPOYHOE CPEHEE;
BBIOOPOYHYIO IUCIIEPCHUIO;
HOAIIPABJIECHHYIO TUCIIEPCHUIO;

BBI60pO‘—IHO€ Cp€AHCC KBAJAPATUIHOC OTKIIOHCHHC,

1
2
3
4
5. MoAmpaBICHHOE CpeHEE KBAAPATUIHOE OTKIOHCHHE;
6. pa3max BBIOOPKH;

7. Meauany;

8. Moze;

9

IIOCTPOUTH IIOJHUI'OH YaCTOT.

BriOopka 3a1aHa cleayromuMi 3HAYCHUSIMU
4,9,7,4,7,5,6,3,4,5,7,2,3,8,56,7,4,3,4.

Pemenue: 3anuceiBaeM BEIOOPKY B BUJIC BAPUAIIMOHHOTO PsiAa (B MOPSIKE BO3PACTAHUSA):
2;3;3,3;4,4,4,4,4,5,5;5,6,6; 7,7, 7; 7, 8; 9.

3anuiieM cTaTUCTUYECKOE pacipeieieHue BHIOOPKH B BUAE JUCKPETHOTO CTATUCTUYECKOTO

pacrpeesieHus 4acToT:

X, 2 3 4

L

n; 1 3 3 3 2 4 1 1

L

L]

8]
[ ]
AN ]

Jlanee BBIYUCIMM YUCJIOBBIC XapaKTCPUCTUKHN CTATUCTUUCCKOI'O paCIIpCaACICHAA BBI60pKI/I.
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1. BeibopouHoe cpeanHee BeIUucIsieM o popMyie

k

- 1 R R s v I o
x=_2'a3!.%.= =

7 b
2 1+3- 344545 3+6 2474+ 8 1451
= 70 =
=E=5,15.

20

2. Bri0opouHy0 TUCTIEPCUIO BEIUUCISIEM TT0 popMyIie

I
1 -
Dy =— > = (0
i=1

: Ly
1 B X+ R XD+ B
> = i L B
=1

_ A1+ 5 341654+ 25 3+36- 44
= 70 =
+49-4+ 4-1+81.1 533

—=29,95
20 20

s
D = lzﬂiﬁ — (2 = 29,95- (5,157 =3 43,
sz'=1

3. [loanpaBiieHHYIO TUCTIEPCUIO HAXOIUM 1O hopMyJie

20
st pp-Z_.343-3.61.
n—1 19

4. BeibopouHO€E cpeiHee KBaIpaTHUYHOE OTKIOHEHHUE BHIYUCIISAEM IO GOopMyJie
op=fDg = J343=135.

5. IloanpaBneHHOE cpelHEe KBAIPpaTUUHOE OTKIIOHEHUE HAaXOAUM 10 hopmyIie

sos? = fiEl-10

6. Pazmax BHIOOPKH BBIUMCIIIEM KaK Pa3HOCTh MEKIY HAUOOIBIIUM U HAUMEHBIIUM
3HAYCHUSIMH BapUaHT, TO €CTh:
R=Ik—1'1 =9—2=?.

7. Meauana — TO CpeIMHHOE 3HAYEHHE BHIOOPKH.

Menuany BEIYUCIISIOT 1O GOpMyJIaMm:

Me(X) = % X+ X,

2/ ecm 4KMCIO N - YETHOE,

b



ol
Me(X)=x_,

2 eClIM YUCIOo N - HEYETHOE.
31ech OepeM MHIEKCHI B X[1] coracHO HyMepaliiy BapuaHT B BAPUALHOHHOM PSTY.

B namewm cinyvae n=20, mosromy
1 1
Me(X)=—(no+x1)=20+3)=3.

8. Mopa - 3T0 BapuaHTa KOTOpas B BAPUAILIMOHHOM PSIy CIy4aeTcs JaIie BCEro, TO €CTh

Mol X)) = 4.

k

- 1 R R s v I o
x=_2'a3!.%.= =

7 b
2 1+3- 344545 3+6 2474+ 8 1451
= 70 =
=E=5,15.

20

Q. HOCTpOI/IM MOJUTOH YacTOT. [IoTUroHOM YacTOT Ha3bIBACTCSA JJOMaHas JIMHUA, OTPE3KU

KOTOPOM COCTUHSIOT TOYKU ¢ KOOPAWHATAMHU CHLY , (X2 nz), oo (X3 Nk) .

6
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OcHoBHas TuTepaTypa
. bexnemumes, /[.B. Kypc ananmurndeckoit reomeTpun 1 TMHEHHOM anreOpsl. [ DIEKTPOHHBIN pecypc| —
OnektpoH. TekctoBble manHble. — CII6. : Jlawp, 2017. — 448 c. — Pexum npocryna:
http://e.lanbook.com/book/91080 — 3ar1. ¢ skpaHa.
. Knerenuk, /I.B. COopHUK 337124 110 aHATUTHYECKON T€OMETPUH. [ DIIEKTPOHHBIN pecypc| — DIEeKTPOH.
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