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BexTopHas anredpa u aHaJIMTH4YECKAasl TeoMeTpust
3agaua 1.

Teopemuueckue ceedeHusl.
B npsimoyronpHO#M nekapToBoi cucteme koopawHaT OXYzZ moJioyKeHHe 000

TOYKHU 3a7a€TCS TPEMS YUCIaMU — KOOPOUHAMAMU A(X A YarZ A) (pucyHoOK 1).

Pucynoxk 1.

Paccrosuue mexay aByms Toukamu A (X, Yp,2;) 1 Ay (X, Yy, 22) ompene-

aseTcs o popmyiie

d= \/(Xz —%)°+ (Y2~ W) + (2 - 1)
1)
[Ipu pemenun 3ama4 aHATUTUYECKONW T€OMETPUHU HA TUIOCKOCTH HE00XO-
JIMMBI CIIEYIOUIME CBEACHUS O MIPSMOW JIMHUMU:
1) ecau Touka M(X; Yy) aenut otpe3ok MiM, (Mi(x1, y1) u Ma(x2; y2)) B OT-
HOIIICHUH A, TO KOOPJAMHATHI TOW TOYKH BBIpakKaroTcs GpopMyiamu

(Lt it Ay,

1+4 1+ 4
(2)

ecim ke Touka M(X; Y) - cepeauna orpeska MiMo, TO



_XtX y:y1+y2.
2 )

©)

2) ypaBHCHHE IPSIMOH, Mpoxoasiieii dyepe3 Touky Mi(X1; Y1) U UMEIOIICH
JAHHBIN yTI0BO# K03 duitneHT K, 3a1IMChIBACTCS B BUJIC

y =y =k(x=x);

(4)

3) ypaBHEHHE PSIMOH, MPOXOIAIICH Yepe3 ABe JaHHbIC TOUKU Mi(X1; Y1) U

M>(X2; Y2), IMEET BH]

X=X _ y_yl,npnaTOMk YYo=V Y1
Xo=X Yo— W1 Xy =%
(5)

4) oCTpBIN yrojl MEXIy IByMs MPSIMBIMU C YTJIOBBIMU KO3 durmentamu Ki

u ko onpenensiercs mmo popmyiie

tg Q= k2 kl
1+ kKo |

(6)

IPU 3TOM YCJIOBHE MapajlieIbHOCTH NpsMbIX umeeT B K1=Kz, a ycinoBue mep-
1

NCHIUKYJISIPHOCTH k; = —k—;
2

(7)
5) ecnu mpsmasi Ha IUIOCKOCTH 3a7aHa oowum ypasuenuem Ax+By+C=0,

A .
TO Ky = B ee yriIoBoi KO UINEHT;

6) ecnu B 00IIeM ypaBHEHUHU TPsAMOI moienuTh Bce wieHbl Ha C # 0, mo-

Jy4AM YpPaBHEHUE NPAMOU B OTPE3KaX:

(8)



7) Touka mepeceueHus ABYX TpsAMbIX Aix+B1y+Ci=0 u Ayx+Byy+Cy=0

OINPEIESAETCS U3 PEUIEHUSI CUCTEMBI YPABHEHHI

Ax+By+C; =0
A2X+ Bzy+C2 :0 .

9)
VYpasuenue oxpyacnocmu ¢ neHTpom B Touke E(a,b) u pamnycom R mmeer Bun
(x—a)f +(y—by =R2.
(10)

Ilpumep svinonnenus 3adanus.

Janb! BepimHbl Tpeyronbauka ABC. A(—4;8), B(5;—4), C(10;6).

Haiitu: 1) nnuny croponsl AB; 2) ypaBHeHus cTOpoH AB n AC B o01ieM BUIE U
UX yriioBble KOAGUIIMEHTHI; 3) BHYTPEHHUM yTOd A B pajuaHax ¢ TOYHOCTBHIO
1o 0,01; 4) ypaBuenue BoicoThl CD B 00111eM BUJE U €€ JUIMHY; 5) YypaBHEHHE

OKPYXXHOCTH, JiIsl KOTOpoi Bbicota CD ecTh AnameTtp.

Pewenue:
1) PaccrosHue d Mexay IByMsl TOYKaMH Ha TUIOCKOCTH ompeaensercs mno Gop-
myie (1), B KOTOPYIO TOJICTAaBJICHBI 3HAYEHHUSI KOOPAMHAT Touek A u B (moso-

XKUM Z; =2, =0), Torna

AB =/(5—(-4))> +(~4-8) =+/81+144 =15.

2) YpaBHeHHE OpsIMOM, TPOXOJAIIEH Yepe3 JIBE 3a/laHHbIe TOUYKU uMeeT BU (5):

[ToncTaBuB B (5) KOOpAMHATHI TOUEK A U B, MOTy4rM ypaBHEHUE NMPSIMOil AB:

Xx-(-4) y-8 X+4 y-8 Xx+4 y-8

5-(-4) -4-8 9 12 3 -4
3y—24=-4x-16, wm 4x+3y—-8=0 (4B).

Jlns HaxoKIAeHHs yriioBoro koddduimenta Kag mpsamoir AB paspemmM mosy-

8
YEHHOE YPABHEHUE OTHOCHUTEJBHO Y. Y = —§X+§. Orcioga Kag = 3 ITon-




ctaBuB B (opmyiy (5) koopauHatel Touek A u C, HailieM ypaBHEHHE MPSAMOil

x—(-4) y-8 x+4 y-8 x+4 y-8
10-(-4) 6-8" 14 -2 7 -1

7y—-56=-x-4 wm X+7y-52=0 (AC).

Orcroma Kuc :—1.

5
3) Yroa Mexay ABYMS MPSMBIMH, YTIIOBbIE KOA(PQPHUIIMEHTHI KOTOPBIX PaBHBI Kq
u ko, onpenensercs mo popmyie (6). Yron 4, o0Opa3oBaHHBINA NMPSIMBIMU AB 1

4

AC, wHaiinem mno ¢opmyne (6), MOJACTaBUB B Hee ki =Kpg =—

1
k2 :kAC :—?

_1_(_4) 4 1 25
a1 L3 37 &

:1’

1+ . 1+i 2
7 3 21 21
ZA =arctgl=45" = 0,79 pan.

4) Tax kak Beicota CD nepnenaukyisipHa ctopoHe 4B, To yriioBbie Kodhduiu-

CHTBI ATUX MPSIMBIX CBSA3aHbI COOTHOIICHUEM (7), IIOATOMY

(1 __ 1.3
<0 kAB _ﬂ 4
3

YpaBHEHHE NPSAMOM, MPOXOASALIECH Yepe3 3aJaHHYIO TOUKY B 3aJaHHOM YTJIOBBIM

ko3 dunmentom K HanpasneHuu, umeeT Bua (4). [logcraBus B (4) KoopauHa-

Tl Toukr Cu Kep = 2’ MOJIyYMM ypaBHEHHE BbICOTHI CD:

y—6=§(x—10), 4y —-24=3x-30, 3x—-4y-6=0 (CD).



s HaxoxaeHus pmuabsl CD onpenenum KoopAWHATH TOYKK D, permms cucte-
My ypaBHeHui (AB) u (CD):

{4x+3y—8:0

3X—_4y—6=0’ orkyna x =2,Yy=0, Ttoects D (2;0).

[ToncraBuB B popmyny (1) koopauHaTtel Touek C u D, Haxonum:

CD=4/(10-2)% +(6—-0)2 =/64+36 =10.

5) Tak kak CD sBisieTcst AMaMETPOM UCKOMOM OKPYKHOCTH, TO €€ IIEHTpP £ ecTh
cepenuna otpeska CD. Bocmnonb3oBaBmimch dopmysoit (3) meneHus oTpeska

IIoI10JIaM, ITOJIy4YHUM:

xE:XC+XD:10+2:6, E:yC+yD:6+0:&
2 2 2 2
CD 10
CnenoBarenbHo, E (6, 3) u R = > = 5 =5. Ucnons3ys popmyiry (10), momy-

yaeM ypaBHCHHE UCKOMOM OKpY)KHOCTH: (X — 6)>+(y — 3)2= 25.

3anaua 2.

Teopemuueckue ceederus.
Ecrn m3BecTHBI Havano Bektopa My(Xy,Y;,2;) 1 xomerr M,(X,,Y,,2,), TO

%
KoopauHaThl Bektopa d = MM, naxomsaTcs o popmynam

X=Xg =X, Y=Y~ Y1, 2=2, — 1,
(11)

a €To JJIMHA OIIPCACIIACTCS BhIPA)KCHUEM

a)=x>+y2+22.
(12)
Bektop & ¢ xoopamHatamu (X,Y,Z) MOXKeET OBITH MPEICTABIEH Pa3loKEHHEM

110 OpTaM B BUJIC



a=xi +yj+zk.

(13)

Ecmu a, B, y — yrimel, KoTopble BEKTOp & 00pa3yeT ¢ MOJOKUTEIbHBIMHU
HAIPAaBICHUSMU OCEH KOOPJIMHAT, TO COSO, COS3, COSY Ha3bIBAIOTCS HANpasisi-
rowumu KocuHycamu BekTopa a (pucyHok 2). Torma uMeroT MeCTO COOTHOIIIE-

HUA
x=|a-cosar,y=l|a|-cospg, z=|a-cosy, cos’o+cos’B+cos’y=1.
JIns BEKTOpoB a = (Xl, Y1, zl) u b= (Xz, Yo, 22) BBOJATCS OIIEpALMU CJIO-
HCEeHUA N YMHOIICEHUA HA YUCI0 TAKUEC, YTO
d+b=(X X, y1 Y0, 20+2,) u Ad=(Ix, Ay, A7),

rae A — ar00€e 4ucio.

jab]

|
bl 4
v
<<

Pucynoxk 2.
CkansapHulm npouséedenuem IBYX BEKTOpoB & u b (é-b) HAa3bIBACTCS

YHCII0, pAaBHOE NPOM3BEACHHUIO JUIMH JTHX BEKTOPOB Ha KOCHHYC yrja ¢
MEXy HUMH, é-bz‘é‘-‘b‘-COSgp WINA, €CIA BEKTOPbl 3aJaHbl CBOWMH

KOoOpAWHaTaMH, TO

—

(14)



BGKTOpBI, JCXKaIue Ha OI[HOﬁ WK TapaJUICIIbHBIX IHPAMBIX, HA3bIBAKOT

—

KouHeapHuimu. TIpu3HaK KOITMHEAPHOCTH BEKTOPOB & M D sBiseTcs mpo-

MNOPHOUOHAIIBHOCTb UX KOOPpAWHAT:

N _V_u
X Yo I
(15)

Eciu Bexktoppr @ wuw b B3aMMHO  IEPHEHIUKYIAPHBI,  TO

—

X Xo + V1Yo +2;Z, =0.  Yroa mexay BekTopamMu a4 U b ompexpensercs coot-

HOIIICHUECM.:

Q|
O o)

_ X1 Xo + Y1¥o + 2125
I R N R R
(16)

VpaBHeHHe TIOCKOCTH, Mpoxoasmeii yepes Touky M (Xg,Yo,2Zo) Tepnesu-

COSp = —
al

KyJISIpHO BekTopy N = (A, B,C), UMEET BUJ
A(X—Xg)+B(y—Yy)+C(z—124)=0.
(17)

Ilpumep evinonnenusn 3a0anus.

Hansl koopauHaTel Tpex Touek: A(3; 0; -5), B(6; 2; 1), C(12; -12; 3).

- -
Tpebyercs: 1) 3anucats Bektopsl AB u AC B cucteme OpT ¥ HAWTH MOIYJIH

- -
ITHX BEKTOPOB; 2) HaWTH yros Mexnay Bekropamu AB u AC; 3) cocraButh

YPaBHEHHE IUIOCKOCTH, MPOXOAdIIel yepe3 Touky C MEepHEeHANKYISIPHO BEKTO-

%
py AB.

Pewenue:

%
1) Haitnem xoopnunatsl Bektopa AB, moacraBus B popmyiny (11) koopauHaTel

TOYEK A U B, u 3anuiiieM pasziokeHHe 3TOro BeKkTopa mno opram (13):




N I,
AB=(6-3)i +(2-0)]+(@1+5k =3i +2] +6k.
[Tomo6HBIM 0Opazom

- L
AC =(12-3)i +(-12-0)] +(3+5)k =9 —12] +8k .

- -
Momynu BektopoB AB u AC Haiizem, moAcCTaBIisAs KX KOOPIUHATHI B GOPMYITy

(12):

‘ -

R
AB‘: 32422162 =7, ‘AC‘:\/92 +(-12)2 +82 =17.

- -
2) Haiinem xocunyc yrima ¢ mexay Bektopamu AB u AC. [[ist aToro BbIUMC-

JIUM UX CKaJsIpHOE Tpou3BeaeHue mo dhopmye (14):
- >
AB-AC=3-9+2-(-12)+6-8=51.

Torna nmo gpopmyse (16)
o1 S

3) Ilo ycnoButo 3a1a4u UCKOMas TNIOCKOCTh MPOXoauT uepe3 Touky C(12; —12;

%
3) meprnenaukysipao Bektopy AB =(3,2,6). Iloxacrasmsas B (17) A= 3, B= 2,
C= 6, Xo= 12, yo=—12, Z,= 3, mOay4nM:
3x-12)+2 (y +12) + 6(z—3) =0,

umu 3x + 2y + 6z — 30 = 0 — uckomoe ypaBHEHUE MJIOCKOCTH.

3aaaua 3.

TeopemuquKue cB8e0eHUsl.
BCKTOpr Ha3bIBAIOTCA KOMILIAHAPHBIMHA, C€CJIIM OHHU JICIKAT B OI[HOﬁ IINIOCKOCTHU
WJIK B IAPAJUICIIBHBIX IINIOCKOCTSX. VYcnosuem KOMIINTAHAPHOCTHU TPEX BCKTOPOB

10



a =(x,Y1,21), 8 =(%y,Y5,2,), 83 =(Xg,Y3,23)sBIsAETCA PABEHCTBO HYIIO HX

CMCIIAaHHOI'O ITPOU3BCACHUA!

XX Y1 4

(51’52’53): X, Yo Zp/=0.
X3 Y3 Z3

(18)

Tpu BekTOpa 00pa3yroT 6a3uc B TOM CIy4ae, €CIU OHU HeKOMNIAHADHYI.

Ecnu miig BeKTOpoB &j,d,,8; BBINOIHAETCA YCIOBUE (él, a,, 53)7& 0, TOo oHH 00-

pasyior 6asuc, u moGoii uerBepthIii BekTop b = (by,b,,by) Moxer 6BITH mpen-

CTABJICH PA3JIOKEHUEM I10 ITOMY Oa3uCy B BUIE

—

b =a§1 +IB§2 +ﬂ3,
(19)
rae o, f/, y — KoopauHaTel BekTopa b B 0asmce, oOpa3oBaHHOM BEKTOpAMH
ay,a,,ds.
Koopaunarsl a, f, y HaX0IATCs U3 CUCTEMbI YPaBHEHUIA:
axXy + Xy + X3 =by
ayy + Hyo + W3 =by.
azy + P, + 723 =bs

(20)

Ilpumep évinonnenus 3adanus.

[Tokasats, uto Bektophl &,(3; 1; 4), 8,(2; 1; -1), a;(1; —1; 5) o6pasyrot 6azuc

TpexMepHoOro mpoctpaHcTBa. Haiitu xkoopamnatel BekTopa b (5; 0; 3) B aTom

Oasuce.

Pewenue:

Beruncnum cMenanHoe Npou3BeIeHUe BEKTOPOB 3, ,d,,d;!

11




3 1 4
(8,d,,8;)=2 1 -1=-11#0.
1 -1 5

Tak kak cMelIaHHOE IMPOU3BCACHNC OTIUYHO OT HYJISI, TO BEKTOPbI HCKOMILIA-

HapHBI U oOpa3yroT Oaszuc. Koopaunatel BekTopa b B 3TOM 0asuce Haiinem,

pa3JI0kKUB €r0 10 BEKTOpaM &;,d,,8; CIEeIyIOIHUM 00pa3oM:

—

a KOOpJIWHATHI BeKTopa b B HOBOM 0asmce HaieMm u3 CUCTEMBI ypaBHeHUH (20)

a-3+p-2+y-1=5 3a+28+y=5
a1+ p-1+y-(-1)=0 WIN a+p—-y=0
a-4+p-(-D)+y-5=3 4o — f+5y=3

Pemnm 3Ty cuctemy 11 3aaHHBIX BEKTOPOB MeTotoM ['aycca.

[lomensieM MecTamu IEpBOE U BTOPOE YPABHEHUS

a+p—-y=0
3a+2f+y=5.
4o — f+5y=3

[Tocne 3Toro yMHOXXHUM NEpBOE ypaBHEHUE Ha (—3) U CI0XKHUM CcO BTOpbIM. [la-

Jiee YMHOXUM NepBO€ ypaBHEHHE HA (—4) U CI0KUM ¢ TpeThbuM. [Tomyunm:

a+p—-y=0
- +4y=5.
-58+9y=3

3aTeM yMHOXaeM BTOpOE ypaBHEHHE Ha (—5) U CKJIaJIbIBAEM C TPEThUM:

a+p-y=0
- p+4y=5.
—11y =-22

12



N3 nocnennero ypasuenust umeeM y= 2. IloncrasisieM 3TO 3Ha4YEHUE BO BTOPOE
ypaBHEHHUE, Noxy4aeM = 3 U, HaKOHEIl, U3 MEPBOT0 yPaBHEHUS HAXOJAUM 0= —

1.

—

Taxum oOpa3om, nmoactaBuB B ypaBHeHue (19) koopaunaTel Bektopa b, momy-
9UM
b=-a + 34, + 24,.
JIeMEeHTBbI JIMHEHHOU aJaredpbl
3anaua 4.
Teopemuueckue ceedeHusl.
HeonHopoanas cuctema Tpex YpaBHEHHMI C TpeMsi HEM3BECTHBIMU B 0OIIEM
cllydae UMEET BH/]I
ay X +apXp +aiXg=h
1% + 8y Xy +8gXg =y
Qg1 X1 + Az Xy +AgzXg =hy
¥ MOKET OBITh 3aITcaHa B MATPUYHOM BHUJIE
A-X=H,
(21)
81 8p a3
rne A=|a, a, ay |-Marpuna KodGp(UIUEHTOB IPU HEU3BECTHBIX,
d3; dzp dg3
X
X =| X, | - MaTpuLa-CcTOJ0E] HEU3BECTHBIX,
X3
hy
H =| h, | maTpuma-cronber cBoOOIHBIX YICHOB.
hs
Ecnu Matpuma A — HegvipodicoenHas, TO €CTb UMEET ONpeAeNuTeNb, OT-

JIMYHBIA OT HyJIsA, TO CyIIECTBYeT MaTpuia A, o6parHas k A, tak uro A*-A=E

13



(E - enuanyHas Matpuia). YMHOKUM 00e yactu ypasHenus (22) nva A u mo-
JTy4YuM
ALAX=A1H,
17001
X=AtH, (23)
nockombky AA-X=E-X=X.
PaBeHCTBO (23) ABiIsSIETCS pELIEHUEM CUCTEMBI ypaBHEHUH (22).

Matpuiia, oOpaTHas K HEBBIpOXKACHHOW MaTpulle A, HaXoauTcs 1o (op-

MyJIe
. Al An Ay
A= A A, Ay Agp |
Az Ay Ag
(24)

rne A; (1=1,2,3; j=1, 2, 3) — anreOpandeckoe TOMOJHEHHE DIIEMEHTA djj, KO-
Topoe sBiseTcss mpousBeacHueM (-1)") Ha mMuHOp (ompenenuTens) BTOPOIO
HOPSIIKA, ITOJTYYEHHBIN BEIYEPKHUBAEM I-il CTPOKH H J-TO CTOJIOIA B ONMpECIInTe-

Jie MaTpulbl A; A — ONpeaenuTeNb MAaTPULIBL A.

Ilpumep evinonnenusn 3a0anus.

JlaHHy10 cucTeMy ypaBHEHMH 3amucaTb B MaTpU4YHOW (opMe U PEelIuTh €€ C
MOMOILbIO OOPAaTHOM MaTpPHUIIbL:

Xg —2X, + X3 =1

2% +3Xy — X3 =8

Xg — Xo +2X3 =—1

Pewenue:
BoinuimeM Ay JaHHOM CHCTEMBbl ypaBHEHUM MaTpuily Ko3((HUIIMEHTOB mpu

HEU3BECTHBIX A U cTOJIOEI] CBOOOIHBIX WieHOB H:

14




1 -2 1 1
1 -1 2 -1
BerunciuMm onpenenurens A U anredOpandeckue JONOIHEHUS A;; dIeMEH-

TOB MaTpUIIbI A

1 -2 1
A=2 3 -1=10=+0,
1 -1 2

CJI€0BATENLHO, MATPULIA A UMEET 0OpaTHYIO Marpuiy AL,

2 —
A — (_1)1+l . 3 B — 5 A — (_1)1+2 . — _5
11 _1 2 ! 12 1 2 !
A13 — (_1)1+3 . 2 3 — _5,
1 -
a2 1 L1
An=CI 1.‘—1 2‘: ’ Ay =(-1) 2.1 2‘:1’
L=
Ay = (_1)2 ’ "1 _1‘ =-1,
-2 1 1 -2
A31 = (_1)3+1 . 3 ~ — _l’ A32 — (_1)3+2 . ; ]‘-Iz 3’ A33 — (_1)3+3 . 5 3 —7.

Tornma nmo popmyse (24) obparHas MaTpuiia paBHa

5 3 -1
1

A‘1=E—5 1 31
-5 -1 7

15



[To dopmyne (23) HaXoaUM pENICHWE MTaHHOW CHCTEMBl YPaBHCHHH B

MaTpuU4IHOU (hopme:

5 3 -1]| 1 5.143-8+(-1)- (1)
X=A4-H=%~—5 1 3| 8 3%--51+18+3¢g =
5 -1 7!|=1 -5.1-1-84+7-(-1)

R
=1 0l= 0
10

~20] |-2

OTCIO,Z[a X1— 3, Xo— 0, X3= —2.

IIpenebl
3aaaua 5.

Teopemuueckue ceedeHus.

Yucno A wHaswsiBaroT npezaenom ¢ynknuu Y=f(X) B Touke a , ecnm 3ta
(GyHKIHS onpesiesicHa B HEKOTOPOH OKPECTHOCTH TOYKH a , 338 MCKIIIOUCHHEM,
OBITH MOJKET, CaMOM TOYKHM a , U J1a Kaxkaoro &0 Haigercs takoe 620, 4to

UL BCEX X, YAOBJICTBOPSIOIIMX yCIOBHIO () <|x—a|<J, BBIIOIHIETCS Hepa-
BCHCTBO |/ (x)- 4<e:

lim f(x)=4, ecru Ye>0 35>0:Vx:0<|x—a|<5=|f(x)-4<e.
XxX—>a

Beruncnenne npenenoB  apu(METUYECKHX BBIPaKECHUHN £1(x)/ f>(x),

f1(x)- fo(x), f1(x)- f>(x) no npenenam dynxumit f7(x) u f>(x), u3 xoro-
pBIX OHHAU COCTaBHeHBI, HC BCEraa BO3MOXHO. B OTUX CﬂyanX FOBOpHT, qTO

BO3HHUKAIOT HCOIIPCACICHHOCTH CICAYIOIUX BU0B!:

2] (2 ) ). (o) 7).

o0

16



I[JIH HaXO0XXACHHUA IIPCACIIOB TAKUX HCOIPCACICHHBIX BBIpa)KeHI/Iﬁ HY>KHO

YUUTHIBATH KOHKpEeTHBIH Bun yakmun  f(x) u f>(x). Hampumep,

lim < =0; (25)

X—0 X

0, eciu n>m

By (x) :(ooj: a,

peaesa OTHOIIEHUS IBYX MHOTOWIECHOB |1m
x—0n (x )

— —,ecm n=m ;
o0 m

0,eciu n<m.

. . . sinx (0 _
MEPBBIA 3aMeUaTeNbHbBIN npeaen lim ——=| — |=1;
x—>0 X 0

X
BTOPOH 3aMevaTenbHbIN peaen lim (1 + —j = (1)OO =e.
X—>00 X

(27)
Bennunna «(X) Ha3bIBaeTCs 6OeckoHeyHO Manot TPU X —>a, €Clu

lim a(x) =0. JIBe 6ecKkOHEYHO Majble BEIUYHUHBI HA3BIBAIOTCS JKGUBALCHIHbI-
X—>a

Mu, ©CIM TpeneN WX OTHOIleHHs paBeH 1, To ecth a(X)~ F(X), ecau

0

lim ——2 = (6) =1. [Tox 3HaKoOM mpejena Jrdas OSECKOHEUHO Malias BEJIUYHHA

MOXET OBITh 3aMEHEHAa Ha JKBUBaJICHTHYIO ei. [lpuBenem Tabiuily SKBUBa-
JICHTHBIX OECKOHEUHO MaJIbIX TTpU X —> 0 BeNWUuH:

sin X~ X, arcsinx ~ X, a*-1~x-Ina e

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

Ilpumep evinonnenusn 3a0anus.

Brerauciauth IIpCaACIIbI:

2
a) lim axt +11x -3 6) lim (\/X2+3X—X),

2
x—>-33x% +10x + 3 X—>0
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2 O
B) Im —, r) lim :
x—0 arctg 5x x—>o0 \ 2X +1

Pewenue:

a) IlogcTaHoBKa MpeeabHOr0 3HaUYCHUS apryMEHTa x=-3 MPUBOJUT K HEOIpe-

JIEJIEHHOMY BBIPA)KEHUIO BHJ1A (6) :

i ycTpaHEHHUs 3TOW HEONPEeAeNIEHHOCTH Pa3lioKUM YHUCIHUTEIh M 3HAMEHa-
TeJb POOM Ha MHOKUTENM U COKPATUM APOOb HA MHOXUTENb (x+3). Takoe co-

KpalieHue 3/1eCb BO3MOXKHO, TaK KaK MHOXKHTEIb (X+3) OTJIMYEH OT HYJS MpU

x— —3.
im 4x2+11x—3_4-(—3)2+11-(—3)—3_(9)_
x>-33x% +10x+3 3-(-3)2+10-(-3)+3 \0

_ im (Ax-1(x+3) im 4x-1_4-(-3)-1_13
x>-3(3Xx+1)(x+3) x>-33x+1 3-(-3)+1 8°
0) Ilpu x— oo BbIpaxkeHue X% +3X —X maer HEOIPEJEICHHOCTh BUJa (00 —

o). JIns ee yCTpaHEHUS YMHOXKHM U pa3JgeIuM 3TO BBIPAKEHUE HaA

\ X2 + 3X + X, IIOCJIC 4Yero pas3aciIimM 4YUCIUTCIIb U 3HAMCHATCJIb HOqueHHOﬁ
npoOu Ha x , yuuThiBas popmymy (25):
. > . (\/x2+3x—xX\/x2+3x+x)
lim [Wx* +3x — x)= (00 — 00) = lim
X—>00 X0 (\/x2 +3X + x)

= lim = lim =|lim —=—
X252\ [x2 1 3x + X XOPYx2 +3x +x X 143 41

X

X% +3x — X2 3xX 3 3
2

18




B) [Ipu X — 0 momxy4yum HeonpeaeneHHOCTh (gj O6o3nauum arctgbx =y. To-

roa Sx=tgyu y — O npu x — 0. Ilpumensis cBoiicTBa mpenenoB u Gopmyy

(26), umeem:
2 0 z(étgy) 2 si 1 2 2
lim _x:(_j: lim > = Zim 3 fim 2 —f.19=2,
x—oarctgbx \0) y-0 vy 5y-»0 y y-o0cosy b5 5

3Ty 3ala4y MOXKHO PCHINTb, HUCIIOJIb3YysS 3KBHUBAJICHTHBIC 3aMCHLI OECKOHEYHO

Manbix BenuuuH (28). Ilockonbky mpu X —>0 sSKBUBaJeHTHBI arctgsSx ~ 5x,

MOXHO 3aI1mmcaTb
: 2X (Oj . 2X 2
Iim ——=| = [=lim =—=—.
x—oarctgbx \0/ x-05x 5

2X -3
2X+1

4x+5
r) [Ipu X— oo BbIpaxeHue ( ) SIBIIICTCSA HEONPEACIICHHOCTBIO BHIA

(1°° ) Jlns ycTpaHeHus: ’TOM HEOIPEICIICHHOCTH IIPEICTABUM OCHOBAaHUE CTEIIEe-

HU B BUJIE CyMMbI | U G€CKOHEYHO Majoi (Mpu X — 00) BEIMYUHBI; MTOCJIE YETO

npuMeHuM (popmyITy BTOPOTO 3aMedarenbHoro npeaena (27):

_ 2% — 3 4X+5 _ Ix+1—4 4%x+5 _ 4 4X+5
lim =lim| ———— =lim|1l+ =
x—wo\ 2X +1 X—>00 2x +1 X—>00 2X+1

2x+1 -4
1 =%, -4 ~16x-20
—4 ( —4 j(2x+1j (4x+5) ) 5 l'(4X+5) ) Toxil
=lim |1+ = lim e2x+ =lime 2+l =
X—>00 X+1 X—>00 X—>00
~16
) - . _ 1
= lim e 2 :hﬁlesz—g.
X—>00 X—>0 e

HenpepbiBHOCTH QYyHKIMH

1

3agaga. Haiitu Touku paspeiBa pyHKIMM )y = 32% | mpemelnsl cjIeBa U CIpaBa
B 3TUX TOYKaX, CAEIaTh CXEMAaTUUECKUN YEePTEK.
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1

®ynkuus y = 327% uMeeT pa3phlB B TOYKE X = 2, T.K. OHA B OTOM TOY-

Ya Ke He onpeneeHa. [Ipu atom:
1 1

|

I - -
| lim 327% =3+0 =3 = 4oo;
| x—>2-0
I
I
I

1 1
lim 32-x =3-0=3""= 1 ZL:O.
o ' x X240 37+

7

0 2

0) HaliTu TOUKM pa3pbiBa U BEIMYMHY CKAaYKa B 3TUX TOUYKAX (DYHKIUU
1

2x+3 4 4x -8
Y= 1 -
243 4 4
Touxkoii pa3pbiBa JaHHOW (YHKIHUU SBISIETCS TOYKAa X = —3, T.K. B HEH
(GyHKUHS HE ONpeeNeHa.

2V3) L4y -8 27" -12-8 0-20

[i = = =-5;
30 A 1(x+3) | 4 27 + 4 0+4
1/(x+3) _
lim 2 tAx -8 I, T.x. ipu x —> -3+ 0 umeem:

x—>—3+0 21\(er 3) 14
21/(x+3) L4y —8 ~ 21/(x+3) .

b

Benuunna ckauka A =1-— (— 5) = 6.

21/(x+3) L4~ 21/(x+3)

6) Haiitn ToukM pa3pbiBa, BEIMYUHY CKauka A U MOCTPOUTH rpaduk GyHK-
— 3x, x<0

. T
i y =< 4sinx, 0<x£5

T
x2+1, — < X.
L 2

Jlannast QyHKIMS HEMPEPhIBHA 1T X € (— o0; O) U(O; %j U(g, + oo).

T
Uccnenyem tonbko Touku x; =0 u x, = by T.K. B HUX MEHSETCA aHAIUTH-
YEeCKOE BhIPAKEHUE (PYHKITUU.

lin_aof(x) = lin_1 (— 3x) = 0; lim f(x) = lim (4Sinx) =0;

—>-0 x—>+0 x—+0
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f(O) =—-3x

=0, crnenoBarenbHO, B Touke X =0 ¢yakmus f (x) HeTpe-

x=0
PBIBHA.
lim f(x) = [lim (4 sin x) =4; f(Ej = dsin> = 4;
20 xZ0 2 2
/ 7[;2
lim f(x)= lim (x2 +1):—+1=3,467,
y= —3x Y T 4
4 x—>5+0 x—>—4+0
A y=x>+1 T
CIIEZIOBATEILHO, TOYKA X = 5 TOYKa pa3-
peiBa. Bennunna ckadka
5 >

2 2
A:4—(“—+1j —3-1 £0533.
4 4

AunddepeHumnansHoe ncuncreHne PyHKLUN oaHOM
nepeMeHHoOm
Tabnuma ocHOBHBIX hopmy nuddhepeHInpoBaHus.
([utst cnokHbIx QyHKImE oT X:  y = f(u), u=p(x))
y=¢C, y': 0]
y=u?, y=au®t.u;
y=a', y=a"-lha-u';
u=eX, y'=e*-u;
1 ._logae

u u';
na u

=log, x, y'=
y Ja X, Y J
1
u

y=hu, y'==-u';
y=sinu, y'=cosu-u';

y =cosu, y'=-sinu-u',

1 1 1=
y=tgu, y'=———-u";
cos“u

y =ctgu, y'=-—

.u';
sin2u

y=arcsinu, y'=

y =arccosu, y'=-—

y =arctgu, y'=
1+u
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y =arcctgu, y'=-— 12-u';
1+u
y =shu, y'=chu-u',

y=chu, y'=shu-u',

y =thu, y'=i-U';

chu
1
y =cthu, y'=———-u’;
sh<u
y=u", y=vu't-u+u’Ihu-v.

OO6mme nmpaBuia:
(cuy=cu';
(Utv)=utv';
(U-v)=u'v+uv;

3KCTPEMYMbI ®YHKIIMA OJHOH NMEPEMEHHOI

Oyuknus y = f (x) Ha3bIBaeTCs Bo3pacTaroiel (yObIBaroleii) Ha He-
KOTOPOM MHTEpBaJIe (OTPE3KE), €CIHM JI JTIOOBIX TOUYEK X{, X,, NPHHAJIJIEKA-

KX JAHHOMY MHTepBaJe (OTPE3KY), U3 HEPABEHCTBA X| < X, CIEIyeT Hepa-
BEHCTBO [ (xl) <f (xz) ( f (xl) > f (x2 )) Ecmu f (x) HeTpepbIBHA HA OT-
peske [a; b] u f'(x) >0 (f'(x) < 0) npu a<x<b, to f(x) BO3pac-
taeT (YOBIBaeT) Ha OTPE3KE [a ; b] :

B npocreiimux ciy4asx 001acTh CyliecTBoBaHusS QyHKIUU | (x) MOX-

HO pa30UTh HA KOHEYHOE YUCIIO MMPOMEKYTKOB BO3pacTaHUs U yObIBaHUS (PYyHK-
1Y (IPOMEKYTKOB MOHOTOHHOCTH ). ITH TPOMEKYTKH OTPaHHYCHBI KpUTHYC-

AV cknmu Toukamu X (rie f'(x) =0 wmma ke
y=f(x,) f '(x) HE CYILECTBYET).

Ecnu cymecTByer Takast ABYCTOPOHHSIS
OKPECTHOCTb TOYKU X, , YTO JUJISI BCAKOU

TOUKH X # X, ITOH OKPECTHOCTH HMEET Me-
CTO HEPABEHCTBO [ (x) > f (xo), TO TOYKa
X, Ha3bIBaeTCs TOYKOI MHHUMYyMa QyHKIMN
yv=f (x) ,auucino f (xo) — MHHUMYMOM

Gyakmmn Yy = f (x) AHanoOrnyHo, €ciiv JUisi BCIKOW TOUKHU X Z X| HEKOTOPOM
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OKPECTHOCTH TOUKH X| BBINOJHAETCA HEPABEHCTBO f (x) <f (xl) , TO X

Ha3bIBACTCS TOUYKON MakcuMyMa QyHKIMH Y = f (x) ,a f (xl) — MakKCUMYy-

MoM QyHKIMH. Touyka MUHUMyMa WU MakCUMyMa (DyHKIIMK HA3bIBAETCS ee
TOYKOM SKCTpEMyMa, & MUHUMYM WJIM MAaKCUMYM (DYHKIIUM — DKCTPEMYMOM

¢ynkumu. Ecnmu x, — Todka skctpemyma QyHKIHA | (x), 0 f '(xo) =0

Wi ke [ '(xo) HE CYIIECTBYET (Heobxoo0umoe yciosue cyuecmeo8anus IKc-
mpemyma). OOpaTHOE YTBEPKICHUE HE BEPHO: TOUKH, B KOTOPBIX f '(xo) =0
win [ '(xo) HE CYIIECTBYET (Kpumuueckue mouku), He 0053aTEIBHO SBJISIOT-

Csl TOUKaMHU SKCTpeMyMa QyHKIHH [ (x) .
Jlocmamounwiii npusHax cyuwecmeosaHnuss 1 OTCYTCTBUS SKCTPEMyMa He-
pepbIBHON QyHKIUH [ (x) CJIEYIOIIMI: €CIIM CYIIECTBYET TaKasi OKPECT-

Hoets (x, — 8, x, +8) Kkpurtuueckoii Toukn x,, yro f'(x)>0 mnpu
x,—8<x<x, u f'(x)<0 mpu x, <x<x,+8, T0 X, — TouKa MaKcu-
MyMma (QyHKIHN f(x); CCITH KE f'(x) <0 mpm x,-0<x<Xx, u
f'(x) >0 mpu x, <x<Xx,+0, TO X, — TOUKa MUHUMyMa QyHKIHN f(x)
Eci, HakoHel, HaiifieTcs Takoe NoNokuTeNbHoe uncno 3, uto f'(x) co-
XpaHsAeT HeN3MEHHBIN 3HaK IpH X, —O <X <X, +O, TO TOYKa X, HE SIBIA-
€TCsl TOUKOM dKcTpeMyMa QyHKIMH [ (x) .

Haumenvuwee (naubonviuee) snauenue nenpepbiBHON QyHkmn [ (x) Ha
JTAHHOM OTPE3Ke [a; b] JOCTUTAeTCS WM B KPUTHUECKUX TOYKaX (PyHKIIHH,

WM Ha KOHIIAX OTpe3Ka [a; b] :

[Tpumep 1.1. HaiiTu 3KCTpeMyMbl 1 HHTEPBaJIbl MOHOTOHHOCTH (DYHKIIUU
y=x-4-35x.

Oo6nacts cymectBoBanust: —3x >0 = x<0.

2y Haxonum kpuTHyecKre TOUKH:

o X 1 Sx
> ==t ——(-5) =V - ——=

Y 2+ —=5x ( ) 2+v—=5x

~10x—-5x —15x 3-(-5x) 3 N
= = = =—-4/=5x2>0.

2+/—5x 2+-5x  2+/-5x 2

[MTpr x <0 ¢yHKOMS Bceraa Bo3pacTaeT U MPUHUMAET HAaHOOJIbIIIee 3HAUCHHE
B KpuTH4ecKor Touke X = 0: y(O) =0.

[Tpumep 1.2. Haiitu 5KCTpeMyMbl U HHTEPBAJIbl MOHOTOHHOCTH (DYHKIIUU

y=Yx+1)2-x).
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OO0J1acTh CyIIECTBOBAHUSA: X € (— 00; + oo) :

HaXOI[HM KPUTHUYCCKUC TOYKHU!

(2-x)*=22-x)(x+1) (2-x)(2-x-2x-2) —x

3P )22-x0 3 )’2-n)t Y1) 2-n)
y=0 = x; =0

»' He cymectByeT = X, =—1; X3 =2. Iloly4miiu Tpu KPUTHIECKHE TOUKH.

!/

)

x [(o =) -1 |(-1; 0) 0 (0; 2) 2 (2 +o0)

y' + HE CYIII. + 0 — HE CYIII. +

yo| 7 max ~ min e

lim y'(x) = lim Y =+o0; [lim Y = —00.
x—>2+0 x—>2+0 %/(x+1)2(2—x) x—2-0 %/(x+1)2(2_x)
i 0)= Ty ()=

Tak kak y'(x) =k, rne k — yrioBoi Ko-

3¢ UIMEHT KacaTeIbHON, To Iipu X =—1 u
) x X =2 KacarenbHas K rpaQuKy QyHKIHH
> mepreHAMKY/sipHa ocu Ox.

W(=-1)=0; »0)=%4; y(2)=0.

—1

O

[Ipumep 1.3. Haiitu riryOuHy OTKpBITOro O0acceiiHa ¢ KBaJpaTHBIM THOM U

3
o0beMoM 256 M~ Takoro, 4ToObl Ha OOJIMIIOBKY €0 CTEH U JIHA MO0
HaWMEHBIIIEee KOJMYECTBO MaTepHaa.
[Tycth a — cTOpoHa KBajpaTa OCHOBaHUs, /1 — riyOuHa OacceiiHa;

256 16
a"=—, a=—, h>0;
h Vi

16 , 256 256
S=S8, +8,., =dah+a* =4 — h+"==64Vh+ === F(h);
oo 59 " 7 =0

_ 64 256 32 256 32h7°-256 2(113/2 -8
NP SN S n? 0 ’

a’h =256

F'(h)
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TN L F'(h) =0 = h¥?=8;, h=4 Ilpu h=4 BemuunHa
~ 4'1 7 CF (h) =S Oyjaer HAaMMEHBIIIEH.

IIpumep 1.4. JIBe mpsmble XKene3Hble foporu A4, u BB nepneHnuxymnsp-

HBI ApYT K apyry u nepecekarorcs B mynkre C, npudem AC =800 kM u
BC =700 xm. I3 nyuktoB A m B 1o HampaBieHuio K C OJTHOBPEMEHHO
BBIXOJST JIBa MOE3/a CO CKOPOCTSIMU cOOTBETCTBEHHO 80 km/u 1 60 km/4.

UYepes cKoJIBKO YacOB IMOCJIE OTHPABJICHUS PACCTOSHUE MEXKTY TToe3/1aMH OyieT
HAaWUMEHBIIINM ?

Yy
OTMETHUM MOJIOKEHUE MMOE30B B MOMEHT 4 I
t>0 toukamu K u M. 1

AK=801; BM =60t 0 e

CK = AC — AK =800—80r; A¢ M

CM = CB— BM =700 60¢; o

(1(1\1)2 = (CK)2 +(CM)2 = v, =60 xM/g

— (800—80¢)” +(700—60¢)°; KM mu- ~ C —* . — oy

M B By

HHUMAJIbHO, CCJIN MUHHNMAaJIbHA BCIINYHMHA

(KM)? = F(r) = (800 80¢)" + (700~ 60)*;

F(t) = 2(800 — 80t) : (— 80) + 2(700 — 601‘) : (— 60) =
= —128000 + 128007 — 840007 + 72007 = 200007 — 212000 = 0; ¢=10,6;
T~/ !~= 10,6 — Touka MuaUMYMa QyHKIUU F (t) Yepez 10,6

~ 10' 6/, YacoB IOCJIE OTIIPABIEHUS PACCTOSHUE MEXKIY I10E€31aMu Oy-
’ JIeT HAaUMEHBIIINM.

ACUMIITOTBI

Ecnu Touka (x; y) HEMPEPBIBHO MEPEMEIACTCS 110 KpUBOH y = f (x)

TaK, YTO XOTs Obl O/IHA U3 KOOPJIMHAT TOUYKU CTPEMUTCS K OECKOHEUYHOCTH, U
IIPU 3TOM PACCTOSIHUE TOYKH OT HEKOTOPOU MPSAMOM CTPEMUTCS K HYJIIO, TO 3Ta
npsiMasi Ha3bIBACTCSl ACUMNIMOMOL KPUBOM.

Eciu cylecTByeT 4iciao a Takoe, yto lim f (x) = 00, TO IpsMast
Xx—>a

X =a SABISIETCS aCUMITOTOM (8epmuKkaibHas ACUMIIMOMA).

X
Eciu cyliecTByrOT KOHEUHbIE TIpeaeinl  [im ( ) =k, un
X—>+0o X

lim [ f(x)- klx] = by, Tompsamas y = kyx + b; Oyner acumnroroi (npasas
X—>+0

HAKJIORHAA acwwnmoma).
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flx
Eciu cyIiecTBYIOT KOHEUHBIE TIpeAenl  [im ( ) =k, u
X—>—0 X

lim [ f(x)- kzx] = by, Tonpsamas y = k,x+b, Oyzner acumnToroii (esas
x—>-2

HAKIOHHASL ACUMNMOMA).
I'paduk pynkuun y = f (x) HE MOXKET UMETh 0oJiee OHOM ITpaBo U

0oJiee OJTHOM JIEBOU aCUMIITOTEIL.

[Mpumep 2.1. HaiiT acUMNITOTHI U TOCTPOUTH TpadUK PYHKIIHH
3 cos(x — 1)
y=2x+——=.
x—1
OO0nacTh CyliecTBOBaHuS: X # 1.
Niem BepTUKAIBHBIE ACUMIITOTBI.

OyHKIKS UMEeT pa3pbiB B TOUke X =1, T.K. B Hel QyHKIUS HE ONpeeicHa.

3 —1 :
lim (2X+M] :2+£:2—oo:—oo;

x—>1-0 x—l —

3 —1 .
lim [QLJ EPYEL) P
x—>1+0 x—1 +0

CIIeZOBaTeNIbHO, X =1 — BepTHKAIbHAS aCHMIITOTA.
WiieM HAKJIOHHBIC ACUMIITOTHI B BUje ) = kx + b.

CrenoBaTennbHO, IpH X —>+ 00 CYIIECTBYET aCHMII-
ToTa y = 2X.

Ay / 3 —1
: )/ k= lim Lx): lim l(2}C+Mj=
1/ x—to X x—to X x—1
\V/

i// =2+0=2; b:xziiaoo[f(x)—kx]:
f 3 -1
/! = [im 2x+m—2x =
O |/ : R X—>to X—l
I'T X 3 1

W; _ gy 30561
| X—> £ x—1
|
|
|
|
!

[Ipumep 2.2. HaliTu acHMNTOTHI ¥ IOCTPOUTH TpaduK QYyHKIIUUA Y =

2

O0J1acTh CYIIIECTBOBAHHMS: x2-1> 0; x“>1; x>1 u x<-1L

2x2 -9

xZ -1
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252 -9 2(-x)* =9 2x2-9
y="222; y(-x)= ) -9 2

= ¥(x) = y(=x),
2 2 2
x? -1 JExP -1 dx? o1
ClIeIOBATENbHO, TaHHAs (PYHKITUS YE€THAs, 1 MOXKHO IMOCTPOUTH €€ rpaduk
TOJIBKO ITIpHU X > 1, d 3aTCM OTpa3uThb €ro CUMMCTPHUYIHO OTHOCUTCIIBHO OCH Oy

2 —_ —
\\%\\ N lim 2”9 _2 9:_00 =1
W | L5/ x=>1+0 /-2 _ +0
ot DA, X 1
\\ : : %// BepTHKaIbHAs acuMiToTa mpu x —> 1+ 0.
N / [ycte x — 14 oo
\ v ,
2 _
NE ke gim LO) gy 229
! N/ : R X—>+oo X X—>+0 3., /x2_1
i*l/\ 1i 'x 9
:// \\: 7 2 9 2__2
{l = Iim —X 2~ lim X* _o
: : A x>+ 9 | I x>+ i 1
// : | \\ 5
s LI b= lim OD—til= lim 2x _9—2)6 B
x—>+oo[f( ) ] X—> 400 m
/ 2 2 2(.2
o 2xr—9-2x-Wx? -1 : (2x _9) —4x (x —1)
= lim = [im _
X—>+00 x2 1 xX—>+0 X2 _ 1(2)(72 940y /xz B 1)
— 2 2 1

X404 / 1 9 / 1
X - 1——2(2——2+2 1——2)
X X X

[lpu x —+o0 momydaem acumnrory y = 2x. I'paduk manaoi GpyHKIuu me-

pecekaeT ock Ox Tipu 2x2-9=0, T BTOUKAX X =+——.
J2
[Tpumep 2.3. Haiitu acUMOTOTHI M MOCTPOUTH TpaduK HyHKIIUH
x> —2x%=3x+2
4—x?

O0JacTh CYIIIECTBOBAHMS: 4-x*#20 = x#£2u x£-2.

y:

B toukax x; =-2 u X, =+2 (QyHKIUSA TEPIUT Pa3pbIB, T.K. B HUX OHA HE
ompe/ieNeHa.

x> =2x%>-3x+2 —-8-8+64+2
lim = —
x—>-2-0 4 — 2 -0

~+00;

b
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X2 —2x?—3x+2 —8—-8+6+2
lim = =
X—>—2+0 4 — x2 +0

2

I PN X =—2 — BepTUKaJIbHAs aCHMIITOTA.
| I
\\\ I | x> -2x?-3x+2 8-8-6+2
J! [ lim 3 = = —o0;
\\: : x—2-0 4—x +0
N\
N ! ox?=2x*-3x+2 8-8-6+2
RN : lim 5 = = +o0;
| \\% | x—>2-0 4—x -0
_2: /\\\ : X X =2 — BepTHKaJbHAs aCHMIITOTA.
: i\\ > HaxkToHHBIE aCUMITTOTHI MPH X —>+ 00 HIIEM
: 12N BBHUIE: V=hkx+b.
| | J)\\\\\ f(x) x> —2x* —3x+2
N — —
| : BN k= lim = lim =
: ] x>t X x—> =t X(4 — X2)
|
2 3 2
li - x_ x_2 x_3 ! 1 b= 1li kx
- m = = — , = m X)— =
X—>too i—l —1 x—)ioo[f( ) ]
X2
(X -2x? =3k 42 L —2xr+x+2
= lim 3 +x|= lim 3 =2.
x—>to0 4—x X—>too 4—x

[lpu x —>* o0 momydaeM acCUMITOTY y = —X + 2.
HAIMIPABJIEHUE BOTHYTOCTHU. TOYKHU NIEPEI'UBA

ToBopsit, uto rpaduk quddepeHuupyemoit pynkuuu y = f (x) 802HYM
6HU3 HAa UHTEpBAJe (a; b) (602nym seepx Ha MHTEpBAJIC (al; bl)), €CIIU TIPH

a <Xx < b nyra xpuBoii pacronoxeHa HIKe (I COOTBETCTBEHHO NPH
1y a, < x < b; BbIIIe) KacaTeIbHOM, TIPOBE-

JICHHO# B JIF000H TOYKE MHTEpBaja (a; b)
(WU MHTEpBaja (al; b, ) ). JlocTaTOYHBIM

YCJIOBUEM BOTHYTOCTH BHM3 (BBEPX) rpa-
buka y = f (x) SIBJISICTCS BBITIOJIHEHHUE Ha

COOTBETCTBYIOILEM MHTEPBAJIEC HEPABEHCTBA
f'(x) <0 (f'(x) > O).

Touka (xo, f (xo )) , B KOTOPO#l N3MEHSIET-

Csl HaIIpaBJIeHUE BOTHYTOCTH rpaduka GyHKIUU, Ha3bIBACTCS MOYKOLU nepecuoa.
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Jlnst aberyicesl TOUKM eperuda x, rpaduka GyHKmuu y = f (x) BTOpast
npousBojgHas [ "(xo) =0 wm f "(xo) He cyniecTByeT. TOYKH, B KOTOPBIX
f"(x)=0 mm f"(x) He cymecTByeT, HA3BIBAIOTCS KPUMULECKUMU MOYKA-
mu 2-20 poda. Kputnueckast Touka 2-ro poja X, SBISICTCS aOCIUCCOI TOUKH
neperu6a, ecmu [ ”(x) CoXpaHseT IOCTOSHHEIE 3HAKU B HHTEPBaax

X,—0<Xx<Xx, H X, <X<X,+0, rae O — HEKOTOPOE IOIOKHUTEIHHOE
YHCJI0, TPUYEM OTH 3HAKH NIPOTUBOIIOIOKHBI, U HE ABJIAETCS TOUKOM nepernoa,
eCIIH 3HAKH f "(x) B YKa3aHHBIX BbIIIIC MHTECPBaIaX OJMHAKOBBI.

H[}I/IMC[Q. OHpCI[GHI/ITI) HHTCPBAJIbl BOTHYTOCTH U BBIITYKIIOCTH, a4 TAKIKC TOYKHU

x2

nepernda KpuBo y =e
2 2
Umeem: y'=-2xe " ; y'= (4x2 — 2)e_x . IIpupaBHSB BTOPYIO IPOU3-

BOOHYIO K HYJIIO, HaﬁﬂeM KPUTHYCCKHUC TOYKHU BTOPOTO poaa:

1 1

T , Xop =—F=. OTH TOYKHU p2136I/IBaIOT BCIO 00J1aCTh CymICcCTBOBaHUA
2

J2

(bYHKI_[I/II/I (— oo, + OO) Ha TpHU MHTCpPBAJIA.

x1=—

1 1 1 1 1 1
=3 5 | w B 5 |F
V2 J2 NPIN) J2 J2
" + 0 . 0 _
y N eperuo M reperuo v

1 1
[Tomyunin: KpuBasi BOTHYTa BBEPX IIPU  x e (_ 00; — _) n xe (—; + OO)
V2 V2

)
— | — ToukM meperuoda.

Je

Y BOTHYTA BBEPX IPH x e(

_%;%j . Toukn (i%;

MOCTPOEHUE TPA®UKOB ®YHKIIMHA 11O
XAPAKTEPHBIM TOYKAM

[Tpu noctpoenuu rpaduika GyHKIUM ClIETyET, MPEXaAe BCEro, HallTH 00-
JacTh CyIIECTBOBAHUS 3TOM (YHKIIMHU U BBIICHUTH NOBeIeHHE (DYHKIIMU Ha rpa-
HULE ee 00J1acTu cyniecTBoBaHMsl. [10y1€3HO Takke NpeaBapUTENIbHO OTMETUTh
HEKOTOpbIE 0COOEHHOCTH (PYHKLIUHU (€CIIM OHU UMEIOTCS): YeTHOCTD, IEPUOIN Y-
HOCTb U T.I.

Jlanee Hy>KHO HaliTH TOYKH pa3pbiBa, ACUMITOTHI, TOUKH 3KCTpEMyMa
byHkuuu, Touku neperuda u T.4. HalileHHbIe 31eMEeHTBI TO3BOJISIOT BHISICHUTh
o0muit xapakTtep rpaduka GyHKIUH.

29



[Mpumep 4.1. IIpoBecTu moHOE UCCAEAOBAHNUE U IOCTPOUTD IpaduK PYHKIHH

y=x-3 (x+2)2.
OG61aCTh CYIIECTBOBAHHS: X €(—00; +00).

y(x) * y(— x) = (yHkIMsA 001IETO BUIA.

Tak kak GyHKIMS onpeeeHa Ipu BCeX X, My Hee HET TOYEK pas3phiBa, TO
BEPTUKAJBHBIX aCUMINTOT HET. HakIOHHbIE aCUMIOTOTHI PU X —> £ 00 HIIEM B

Buge: Y =kx+b.

,/ X+ 2
k= lim = [im \/ x+2 = 400, CJIEOBATENILHO, HAKIOHHBIX

xX—>*too x—>*oo

ACHMIITOT TAKXE HET.
HccnenyeM QyHKIHIO TTO EPBOIA MPOU3BOTHOM.

: 2 vy, 2 3 3(x+2)+2x 5x+6
v w2 =2 e S (e =2 - —

xX+2
=0 = 5x+6=0, x=-12;
y' mecymectByer = x+2=0, x=-2.

x | =2)| -2 [(=2; -1,2)| —12 | (-1% +«)

y' + HE CYIII. — 0 +

yo|_ max ~~ min e

Vimax = y(— 2) = 0 (xacaTenbHas B 3TOH TOUKE MeprneHAUKyIIpHa oc  Ox).

Va Voin = y(— 1,2) =—1,2-3/0,64 ~ —1,06
(kacarenbHas B ATOM TOYKE MMapaiieib-
Ha ocu Okx).

Hccnenyem pyHKILIHIO 11O BTOPOIL Mpo-
U3BOJIHOM.

e l " Sx+6
2,4 I L7 |-1,06 Yy = [—2/3] —
1,30 (x+2)

5-3\/x+2—(5x+6)- 1
3.3(x+2)?

3 (x+2)2

|
(\9]
|
U
[\
Q
Vk
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_15(x+2)—(5x+6)  10x+24

3(x+2)\/3x+2 _3 3/X+2

¥"=0 mpu x=-24; y" uecymecrByer npu x =—2.

X (— 00; — 2,4) -24 (— 24, - 2) -2 (— 2; + oo)
y" — 0 + HE CYIIECT. +
y M neperud - v

Vnepecusa = V(= 24)=-24-3(-24)" = -130;  y(0)=0.

[Tpumep 4.2. [IpoBecTu NOJHOE UCCIENOBAHUE U MMOCTPOUTH rpaduK QyHKINUU

~ (2x + 1) ?
4 x+2/
OO05acTh CyIIECTBOBAHUS: X # —2.

y(x) # y(— x) —> (dyHKIUA 00I1Iero BUIA.
X =—2 — TOYKa pa3pbiBa, T.K. B HEH (PYHKIIHS HE OpE/IeIICHA.

(241 (4+1)? 2+ (4+1)?
lim =|——| =+4o0; lim =| ——| =4
x—>2-0\ x + 2 -0 x—240\ x +2 +0

—> X =2 — BepTUKaJIbHAs aCUMIITOTA.

HaktoHHbIE aCUMIITOTHI TIPH X —>F 00 HIIeM B Buae: V = kx + b.

2
k= lim ix): im 1_(2x+1j =0;

x>+t X x=>toox \x+2

2
b= lim [f(x)~kx]= lim (2“1) — 4,

X—>*o0 x—>too\ X + 2
[lpu x —>* oo momydaem acumnrory y = 4.
Hccnenyem pyHKIHIO 11O IEPBON TPOU3BOIHOM.

=0 = 2x+1=0, x=-0,5;
y' He cymectByer = x=-2.

X (— 0; — 2) (— 2, - (),5) -05 (— 05 + oo)

y' + — 0 +

y | _ ~ min -
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T P4
: Ymin =y(—0,5)=0.
: Hccnenyem QpyHKINIO 1O BTOPOM Mpou3-
l BOJIHOM.
______ AP __ 3 2
| V=6 2(x+2) —3(x+2) -(2x+1)_
| —6- -
. : A4 /; (x + 2)6
B S 2Ax+2)-3(2x+1)6(1-4x),

(x + 2)4 (x + 2)4 ’
y'=0 = 1-4x=0;, x=0,25

"

y" He cymectByer = x=-2.

x | (= -2) | (-2 025) 025 1 (025 +x)

y " + + O —
Y ~ i neperu6 N
2
L5 4
Ynepeauba = y(0,25) - (2,25j = 5 ~ 0,44,

[Mpumep 4.3. IIpoBecTu moHOE MCCIAEAOBAHNUE U TIOCTPOUTD TpaduK PyHKITHH

ex—3

x—3

O0nactb cymiectBoBanus: x —3#0; x# 3.

y(x) * y(— x) — (QyHKUUA 0011IEero BUA.

B Touke x =3 QyHKIHS TEPIUT pa3phiB, T.K. B HEH OHA HE OMpe/eicHa.

y:

. ex—3
lim = —00,
x—>3-0x—3
3 = X =3 — BepTHKaJbHAS aCUMIITOTA.
e
lim = 400
x—>3+0x—3 )
HakstoHHBbIE aCUMIITOTHI MIIIEM B BUje: ) = kx + b.
1) x — +o0,
!
_ x-3 _
' f(x) ' &~ 3 . (e ) . &~ 3
k= lim —=Ilim ——= [im ———= Iim =

, =
x—>+0 X x—>+0 x < — 3x x—>+oo( b x—>+02x—3

X —3x)

32



!

(ex—3) ex_3
= [im ——= [im = +00, CJIEJOBATEIBHO, IPH X —> +00
X—> +00 (2x _ 3) X—> +0 2
HAKJIOHHBIX ACUMIITOT HET.
2) x — —0,
x=3
. flx . e 0
k= lim ()z lim 3 = =0;
xX—>-—0 X x—>—wo x“ —3x + oo
x=3

b= lim [f(x)-ke]= lim ——=0,

X—>—00 x——0 X — 3
npu x —> —o0 moiydaeM acumnrory y = 0.
UccnenyeM pyHKIMIO IO MEPBOM MPOU3BOIHOM.

N :(ﬁj _ e -(x—3)2— e _ 3 x——3—21 _ 3. X—42 )
x—3 (x—3) (x—3) (x—3)

V=0 = x-4=0, x=4; y' HecymectByer = x=3.
x | (= 3) | (3 4) 4 (45 +o)

y' - - 0 *

Y >~ >~ | min e

Vomin = y(4) =ex 272
Hccnenyem QyHKINIO 11O BTOPOH TPOU3BOIHOM.

2
yn:ex—3. x_42+ex—3.(x_3) —(X—42°2(X—3):
(x-3) (x-3)
e X2 —Tx+12—x+5 ex_3-(x2—8x+17)
= : = ;Y=

(x—3)2 x—3 (x—3)3

33



/\y |
| y" HecymectByer = x=3.
|
|
|
: X (— o0 3) (3; +oo)
er—— L "
I L L - +
I Cd
|
|
: -3 1
| _¢ _
y(0)= = — ~—,02.
| ( ) -3 33
[Tpumep 4.4. IIpoBecTu NMOJHOE UCCIENOBAHUE U MMOCTPOUTH rpaduK GyHKIUU
x+6
y=In — 1.
X
+6
O0nacTh CyIIECTBOBAHHUS: al > 0.
X
x>0, x<—6. us — =

_ 6 0 x
DOyHKIU 00LIETO BUA.

lim [lnx+6

x——6—0

— 1} =—00 = Xx=—6 — BepTUKaJIbHAs ACUMIITOTA.
X

: x+6
lim | In —l|=40 = x=-0 — BepTUKaNbHas aCUMIITOTA.
x—>—+0 X

HaktoHHBbIC aCUMIITOTHI MIIIeM B BUje: ) = kx + b.

mx+6_1
k= lim Mz lim —*— =0;
xX—*o X X—>+oo X
b= lim [f(x)—k]= lim [lnx+6—l}:—l.
x— oo xX—> oo X

[lpu x —>* o0 momydaem acumnrory y = —l.
Hccnenyem pyHKIHIO 11O IEPBOM TPOU3BOTHOM.

x | (= =) (6 o) , X x—x-—6 -6
y - - x+6 32 x(x—|—6)

y \ \ DKCTpeMyMOB y GYHKITUU HET.
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Hccnenyem GpyHKIIHIO 11O BTOPOI MPOU3BOAHOM.
"o g —(x+6+x) 6(2x+6) 12(x+3)
y =-0 = = )
xz(x+6)2 xz(x+6)2 xz(x+6)2

y"'=0 = x+3=0; x=-3 — He BXOIUT B 00JIaCTh CYIIECTBOBAHHSI.

Va
| x | (== =6) | (0; +oo)
i yH _ +
! y N U
—6, O X
________ _I__"_____ﬁ

Touek meperuda HeT.
xX+6

In -1=0 = x:i;
e—1

HuTerpanbHoe ucunciaeHue PyHKIUM OTHON MEepeMEeHHOH
HeonpeneneHHbI HHTErPaJI

Ilepsooobpasnoii ¢pyuxyuen s ¢yakinuu  f(X) HaszpBaeTcs Takas (QyHKIHS
F(x),aro F'(x) = f(x).

Heonpeoenennvim unmezpanom ot ¢pyakiuu f(X) HaspiBaercs ee oOrmast
nepBooOpasHasi

[f(x)dx=F(x)+C .

®dyukius f(X) HaspiBaeTcs moabIHTErpadbHOU (yHKIMeH, F(X) — pesyabrar

uHTerpupoBanusi, C — IpOU3BOJIbHASI TIOCTOSIHHAS.

Ceoticmea HeonpeoeleHH020 UHme2paa.
L. J(u(x) +v(x))dx= [u(x)dx+ [v(x)dx.
2. [A- f(x)dx=A- [ f(x)dx, rae 4 — nocrosiHHasL.

3. Ecmu [ f(X)dx=F(x)+C nu=¢(x), 1o [ f(u)du=F(u)+C.
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Tabauya npocmetiwiux uHmMe2paios:

1. fdx=x+C. 7. d>2< =tgx+C.
COS” X
n+1
2. jx”dx:x +C,(n#-1). 8. | _d>2< =—ctgx+C.
n+1 sin“ X
dx X
3. |—=Ihjx+C. Q. —arcsm—+C
e 2
4. jaxdx——+C [efdx=e*+C.  10. [ 2:Earctg§+c.
Ina X“+a“ a a
5. [sinxdx=-cosx+C. 11.
dx 1 x-a
=—1In +C,(a#0).
sz_az 2a X+a (a=0)
6. [cosxdx=sinx+C. 12. [—— ‘x+\/x + ‘+C(A¢O).

NG +A

OcHognble Memoovl UHMeZPUPOBAHUSL.
1. IlogBenenue nox 3Hak aAudepeHuana:
a) K pyHKIMH, cTOSIIEH MoJ 3HaKOM Jud@epeHiana, MOXHO TpUOaBIATh

WM BBIYMTATH JTI00yI0 mocrosauyo: df (X) =d(f (X)+ A);

0) nox 3Hak guddepeHnraia MOXXHO MOABOAUThH MOCTOSHHBIM MHOXKHUTEb:
df (x) = ld(A- f(x));
A
B) mona 3HaK guddepeHnmana mTOABOAUTCS (PYHKIUS TIO TPABHIY:
f'(x)dx =df (x).
2. UaTerpupoBaHue Mo 4acTsAM C UCTIOJIb30BaHUEM (DOPMYIIBI:
fudv=uv— [vdu, rae u=u(x),v=v(x).
C moMOIIbIO ATOTO METO/Ia BEIYUCIISIFOTCS CISAYIONINE WHTETPAIIbI

a) [a* - P,(x)dx, u=PR,(x), dv =a”dx.
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6) [sinax- P,(x)dx, u=P,(x), dv=sinaxdx.

B) [cosax- P,(x)dx, u=P,(x), dv=cosaxdx,

r) [Inax-PB,(x)dx, u=Inax, dv=P,(x)dx,

m) [arcsinax- P, (x)dx, u=arcsinax, dv=P,(x)dx,
e) [arctgax- P, (x)dx, u=arctgax, dv=P,(x)dx,
rne P, (X) — MHOTOUJICH -0 CTETICHH.

3. UHTerpupoBanre METOI0M 3aMEHBI TIEpEMEHHOH 10 popmyiie

[T (dx=] f(p®)de(t) =] f (1))@’ (t)dt, rne X=0(t).

Ilpumep evinonnenus 3a0anus.

Haittn HCOIIPCACICHHBIC MHTCTPAJIbI:

3 p—
J(arcsm x)° +de; 6) [ 17 B) [(3x+4)e¥dx.
V1 — x2 X2 —4x+3

Pewenue.
a) MCIIOJb3Yys OCHOBHBIC CBOMCTBA HEOIPEASICHHOI0 MHTErpaja M BBITOIHSIS

noaBeAeHue GyHKIUMA 1Mo 3HaK nuddepeHimana, HaiieM HHTerpal

j(arcsm x)? + X4 I(a\rcsm x)? dx + |
V1-x? \/7 \/7
1

= [(arcsin x)*d (arcsin x) + [ (1 - X2)_2d(§) =

1
= [ (arcsin x)*d (arcsin x) + (— %)I(l— x?) 2d(1-x?) =

1

_v2y2
:%(arcsin x)3 —%-¥+C :%(arcsin x)> —V1-x% +C.

2

[TpoBepum pe3ynabTaT HHTETpUpOBaHUA TUDPEPEHITMPOBAHUEM:

!

(%(arcsin x)® —y1-x? +Cj .
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1
:%-B(arcsin x)? - (arcsin x)’ —%(1— x?) 2(L-x?)' +C'=

_(arcsinx)®  —2x , o (arcsin X)% + X

h-x2 2h-x2 V1i-x2

YTO COBMNAJAET C MOJABIHTEIPATIBHON (PyHKIIHECH.

0) moxepIHTErpaibHas (QYHKIMS TPEACTABISIET COOON HENMpaBUIIBHYIO pPalvo-
HabHYIO 1poOb. [IpenctaBum 3Ty NpoOb B BUAE CyMMBbI MHOTOYJIEHA W TIpa-

BUJILHOU ,HpOGI/I. I[J'ISI 9TOT'O BBIIIOJITHHUM ACJIICHHUC MHOI'OWICHA Ha MHOT'OYJICH:

x3 —17 ‘x2—4x+3
x3 — 4x% + 3x \x+4
4x% —3x —17
Ax% —16xX +12
13x-29
Torna
3_ J—
j—zx 1/ dx=( 4+—£3X 29 jd = [xdx + [4dx + I—?x 2 gy -
X —4x+3 X —4Xx+3 X —4X+3
2
=X—+4 J-]2.3X 29
4x+3

J{nst TOro 4TOOBl HAWTH MOCTAEHUN UHTETPaJ, MIPEJCTaBUM MPABUIBHYIO IPOOH

B BUJIE CYMMBbI IPOCTEUIINX ApoOei. /s 3TOro paznokum Ha MHOXKUTEIHU 3HA-
MeHaTelb 1po0H X —4X+3=(X—1)(X—3) u pasnoxum apoGb HA IPOCTEii-

e

13x —29 A N B  A(x-3)+B(x-1)

(x-1)(x-3) x-1 x-3  (x-1)(x-3)
sHaunT 13X —29=A(x—-3)+B(x-1).

[Tpu x=3 umeem 13-3-29=B(3-1), otkyna B=5;
npu X =1 umeem 13-1-29=A(1-3), otkyna A=8.

13x-29 8 N
(x-D(x-3) x-1 x-3

[Tomyyaem U UHTETPUPYEM
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13x—29 8 dx + | 5 dx 8jd(x 1) d(x 3)

j(x—l)(x—3)dx:jx—1 X — +5]

=8In|x -1 +5In|x-3/+C

N OKOHYATCJIbHO ITOJIy4acM

J

[TpoBepum pesynbTat quddepeHIIpoBaHuEM:

3 2
;(;ﬂdx=x—+4x+8ln\x—u+In\x—3\+C.
X —4x+3 2

!

2
[X—+4x+8ln\x—ﬂ+ln\x—3\+cl :%+4 i+—5 =
2 2 x-1 x-3

_ X+ 4 (x=)(x=3) +8(x =3) +5(x ~1) _ x3 —17
(X=1)(x+3) X2 —4x+3

YTO COBMNAJAET C MOABIHTEIPAIIBHON (PyHKIIHCH.
3ameuanue.
HHTerpan oT npaBUIbHON PallMOHAIBHOM IPOOU CBOJIUTCS K CyMME HHTETPAJIOB

oT mpocredmux Apodei. Hanbonee yacto BCTpeuaroTcs Cienyronue WHTerpa-

JIBI:

A —k+1
—d Al C; dx = — C,
jx dx= njx—al+ J(x—a)k X (_k+1)(x a) "+
(k=23,.).

B) IPUMEHHM METOIOM HHTETPUPOBAHHMS 10 YACTSIM.
1
Ipumem U=3x+4, dv=e¥dx, torna du=3dx, v= §e3x . ITo dopmyne

HHTCTPUPOBAHUA 110 HAaCTAM ITOJIYydacM

3X+4 3X

j(3x+4)e3xdx:(3x+4)%e3"— [Lex gux= ~[e¥dx=

+C=eX(x+1)+C.

[TpoBepum pe3ynbTaT AuddhepeHrnpoBaHuEM

e (x+1)+C) =3 (x+1) + ¥ =e>*(3(x +1) +1)=e*(3x + 4),
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YTO COBIIAJIACT C TOJABIHTErPATTLHON (HYHKIIHEH.

OmnpeaeJsieHHbI HHTErPaJI

A Eciu Ha miockoctu Oxy 3a7aHa
_y="1(x) ¢burypa, orpaHuuYeHHas IBYMS

HETPEPBIBHBIMU JIAHUSIMHA

S -~ Y= R y=1,00, y=1f,(0 n sepru-

T T KaIbHBIMH ~ TMPSMBIMH X =4,

X=Db, To momane S Takoit pu-

I'YPBI MOXKCT OBITH BBIYHCIICHA T10 (1)0pMy.]'I€

S =[(f,(x)— f,(x))dx, rme f,(x)> f;(X) Ha orpeske [a,b].

D — T

Ilpumep 2.1 Beruucnuts miuomanbs  (QUrypbel, OTrpaHUYEHHON JUHUSMH

y=x>+4x, y=x+4.

Pewenue.
3ajaHHbBIE JIMHUMA OrPAaHUYMBAKOT HA IUIOCKOCTH OXy KPUBOJWMHEWHYIO

TpaIeuio, N300paKCHHYIO Ha PHCYHKE.

y = x% + 4x
y=x+4

Y
=

Havinem koopauHaThl TOYEK TEPECEUEHUS 3aJAHHBIX JIMHUAM, IJI 3TOTO

pelIuM CUCTEMY YpaBHEHUN
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2
{y_x +4& X2 +4x=x+4, x*+3x—4=0, otkyna X, =—4, X, =1.

y=x+4

Torna uckomas MmIOHIAab BIYUCIAETCS IO hopMmyJie:

1
3
S= .Kx+4 x2 — 4x)dx = [(4-3x—x xu_(4x—§§__§;j

4

_4—§—1 16 + 4—8—%—20 (r6. €0.).
2 3 2 3

OO0beMbl Tell, 00pa30BaHHBIX BpallleHUEM IUIOCKONH (QUTYpHl, OrpaHUYECHHOU

kpuBoi Yy = f(X)>0, ockto Ox 1 psiMbIMU X =a, X=D,

b

1) Bokpyr ocu Ox, Beruncisorest o popmyne V, =z f 2(x)dx ;
a
b

2) Bokpyr ocu Oy, Beraucisiores no gpopmyne Vy =27 f xf (x)dx.
a

Ilpumep.2.2 Beruucnuth 00bEMBI Tel, 00PAa30BAHHBIX BPAIIEHUEM BOKPYT OCEH
Ox n Oy KPUBOIMHEHHOTO TPEyTroIbHUKA, OPAHHYEHHOTO KPUBOil Y =3/X , 0ChIO

Ox n npsimont X =1.

Pewenue.
A
Y / y= 3/x 1) oObeM Tena, MOJYYSHHOTO BpaIllCHHEM
BOKpYT ocu Ox, paBeH
1
5
Lo\ xé 3

V, :ﬁf(%) dX:ﬂ? :?ﬂ (kv6. €0.)

0 1 - 0 3,

2) 00beM Tella, MOJIy4eHHOTO BpallleHrueM BOKpyr ocu Oy, paBeH
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7/11

X/ 3

sl

DOYHKINH HECKOJBKHUX NepeMeHHbIX

1 67
V, =2z]x-¥xdx =27 =7(Ky6. ed.).
0

[TepeMenHast BeTMYMHA Z HA3BIBACTCS (pyHKYUCU O8YX NepPeMeHHbIX X U Y,
eClI Kaxaou mape 3HaueHuid (X,y) w3 JaHHOW 00JacTH COOTBETCTBYET CIWH-

CTBEHHOE ompeenieHHoe 3HaueHne Z = f (X, ).
s dyakmuu z = f(X,Y) BBOAATCS MOHATHS YACMHBIX NPOU3BOOHBIX TICP-

BOT'O IIOPsAAKA, KOTOPBIC OIIPCACIIAIOTCS BhIPAKCHUAMMU

oz _ lim f(x+Axy) - f(xy) oz _ lim FOGy+A4y)—f(xy)
X Ax—0 AX LY a0 Ay ’

n 4acmHblx I’lpOuS’@O()Hle BTOPOTO IOpsAAKa:

a_zz_g(@j o2 _o_ofa _g(@j 8_"‘2_3@
ox? ox\ox) oxoy oyox ox\ay) eylox) ay? oylay)

@Oynakumsa z = f(X,y) umeer B Touke My(Xg,Yo) Makcumym (munumym),
€clii 3HaueHue 3Tol QyHkuuu B Touke M Oosblie (MeHbIIE), YeM 3HAUCHMUS
(GyHKIMY B J1000M TOUKE U3 OKPECTHOCTH TOUkU M.

Heo0xoauMbIMu  yCIOBUSIMU CYILIECTBOBAHUS IKcmpemyma (MakCUMyMma

win MuHuUMyMa) nuddepernupyemoit Gpynkinuu z = f(X,y) sBnasercs paBeH-

CTBO HYJIO €€ YaCTHBIX IIPOU3BOJHLIX IICPBOI'O IMOPpsAAKA:

%z _g
OX
a_;
oy

TO‘-II(I/I, B KOTOPBIX YaCTHBIC ITPOHU3BOJIHLIC 06pama}0Tc>1 B HOJIb, Ha3bIBa-

10TCs cmayuonapuvimu moukamu Gy Z = f(X,y). s Toro 4roOsI cra-

IMMOHApPHAA TOYKa MABJIAJIACh 3KCTPEMYMOM, B HEH JOJIDKHBI BBITIOJTHATBHCA 0o-
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B 0%z
oxoy

2
0°z
cmamounvle yciosus. (O003HAYUM A=—2 , B
OX

M, oy
A=AC - B2,
Ecnu B cranmonaproii Touke My (Xg, Vo)
A>0,A>0,T0 M, ecTb TOUKa MUHUMYyMa;
A>0,A<0,T0 M{, ecTb TOUKa MAKCUMYMA;
A <0, 1o BTOUKe M) HET 3KCTpEeMyMa;

A=0 , TO Tpe6yeTc51 JOITOJIHUTCIIBHOC UCCIICIOBAHUC.

Ipumep. UccnenoBars Ha 3KCTPEMYM GyHKIUIO

z2=2X+4y—x?—y? +6.

Pewenue.

1. Haitnem yacTHbIEe TPOU3BOAHBIC 3aJJaHHON (PYHKIIUM

§5=2—2x, §£=4—2y
OX oy

2. 3anuieM HeoOX0IMMBbIC YCIIOBHUS CYIIECTBOBAHUS SKCTpEeMyMa
2-2x=0 x=1
= )
4-2y=0 y=2
3Ha4uT Touka M (1;2) sBisieTcs crallnOHapHON TOYKOH (PYHKITHH.

3. IlpoBepuM BbIMOJIHEHHE B TOouke M nocTaTo4HOro yciaoBus. [ig 3Toro

HalJIeM BTOPbHIC YaCTHBIC MPOU3BOIHBIE QYHKITUN

o, oy o

) — =0, 2.
x> Xy oy*

B touke M(L2) A=-2,B=0,C=-2 u A=(-2)-(-2)—0=4. IlockoabKy
A=4>0,A=-2<0, touka M(1;2) siBiseTcs TOYKOM MaKCMMyMa. 3HaUYCHUE

(GYHKIIUM B 9TON TOUKE Z‘M =2.1+4.2-1> -2° +6=11.
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@OyHKIUS JABYX HE3aBHCHMBIX TmiepeMeHHbIXx 2z = f(X,y) mnpuHumaer

HauOoJbIllee ¥ HauMEHbIIee 3HaueHus: B obnmactu D, orpaHmueHHoi nuHUEH
@(X,y¥) =0, 1100 B CTallMOHAPHBIX TOYKAX, PACIOJIOKEHHBIX BHYTPH OOJIACTH
D, nu0o Ha rpaHuiie 3Toi 00IacTH.

3amaya 00 OTBICKAHUHM HAWOOJBIIETO M HAUMEHBIIETr0 3HaYeHUH QyHKINUU
z= f(X,y) B3amanHO# obmactu D pemaercs 1o ciieayromemMy IiaHy:
1. OnpenenseM cTanMOHApHBIE TOUYKH (DYHKIWHU, PACTIOJIOKEHHBIE BHYTPU 00-
nactu D, u Beruncnsem 3HaueHus QYHKIIUU B ITHX TOUKAX.
2. Haxomum cranmoHapHble Toukd QyHKIMU Ha rpaHuie @(X,Y)=0 obmactu
WIM Ha OTAETBHBIX €€ yJacTKaX, 3aJJaHHBIX Pa3TMYHBIMH YPABHEHHUSIMH, U BBI-
YHCIIIeM 3HaUYeHUS QYHKIIUU B 3TUX TOUKAX.
3. M3 Bcex BBIUMCICHHBIX 3HAYCHU (YHKUUHM BbIOMpaeM HauOoJbLIee U

HANMMCHBIIICC.

Ilpumep. Haittu Haumbonpliee W  HaUMEHbIIEE 3HaYeHUA  (PYHKIIUHU

z=x%+ 2Xy —4X — Y B TpEyroJibHUKE, OTpaHuYeHHOM npsMbiMu X =0, y=2,

y=X.

Pewenue.

1. Haiinem cranroHapHble TOYKH (PYHKIIMM W3 YCJIOBHH PaBEHCTBA HYIIIO

YaCTHBIX IMPOHU3BOJHBIX (IJYHKHI/II/I

0z

5;_2x+2y—4_0 Xx=05
<

oz y=15

—=2x-1=0

Crammonapuas touka M (0,51,5) nexut

BHYTpH 3a7aHHOM oOnactu OAB.

3HayeHue PyHKIUHU B TOUKe M paBHO

v
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Z‘M = 0,52 +2-05-15-4-05-15=-175.
2. Vccnenyem noBeaeHue GyHKIMHU HA TpaHHUIAX 00J1acTH:

a) Ha rpanuIe O4 y=X, 0<x<2, Z=X°+2X-X—4-X—X uim z=3x2—5x;
' ' 5 5
2'=6x-5,2'=0 mnpu X:E,Toma yzg (Tak KaK y=x).

2
55 5
B touke C| —:— | 3Hauenune pyuknuu paBuo 2| . =3 —| —5-—=——.
(6 6) by pasio 2|, (6)

BbruncnuMm 3HaueHns QyHKIMH B KpailHUX Toukax oTpe3ka OA.
B Touke O(0;0) Z‘ o =0, B TOuKe A(2;2) 3nayenne QyHKIMH paBHO
2|, =3-2°-5-2=2.
6) Ha rpanune BA y=2, 0<X<2, 2=X>+2X-2—4X—2 wm z=X>—2;
2'=2x,7'=0 npu x=0,a y=2 coriacHo ypaBHEHHIO MPsIMOii BA.
B touke B(0;2) 3Hauenue dyHKIUK paBHO Z‘B =3.0-2=-2.
B) Ha rpanuue OB Xx=0, 0<y<2, z=-y;
2’=-1#0 npu Bcex ye [0;2], CJIeIOBATEIbHO, CTAIMOHAPHBIX TOUEK Ha

nuHuu OB HeT.
3. V3 Bcex BBIYHMCIICHHBIX 3HAYCHUH 3aJlaHHOW (YHKIIMHM BHIOMpAaeM HauOOJIb-

mec 1 HAMMCHBIICC!

z‘ A =2 — HauOoJplee 3HaueHue PyHKIUU B 00J1aCTH
OAB
25
Z‘ cT — HauMeHbllee 3HaueHue GyHkuuu B oonactu OAB

Auddepenunanbubie ypaBHEHUA

Huddepenunanbuble ypaBHEHUs, B KOTOPBIX MEPEMEHHbIE MOKHO pasie-
JIUTH MOCPEACTBOM YMHOKEHHSI 00€UX YacTeil ypaBHEHUSI HA OJTHO U TO K€ BbI-
pakeHHe, Ha3bIBAIOT AUPPEPEHINATBHBIMA YPABHEHUSAMU C pA30eIAI0WUMUCS

nepemenHbiMU.
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dy _ f(¥)

™ () — f(y)dy = f,(x)dx, (1)
i B nuddepeHnunansHoi hopme
fi(x)- fo(y)dx+ f3(x) f4(y)dy=0. (2)

Paznenum 06e yacTu ypaBHeHus (2) Ha Mpou3BeieHre GyHKITUH
f2(y) f3(x)

f(x) dx + f4(y)dy:O (2)

f3(x)  fa(y)

U, M0CJIe UHTErPUPOBAHUS, TTOJIyYUM OOIIU uHTerpan (odiiee perieHue) ypas-

HCHMUA:

o]

HpI/I JCJICHHUHU Ha fZ(y) f3(X) MOXKCT HpOH30ﬁTH IMOTCPA HCKOTOPBIX YaCT-

fa(y) . _
f2(y)dy—C.

HbIX pemenuit. ITycts, Hanpumep, pu Y = Yo umeem fy(yg)=0, Torna dynx-
st Y =Y sBIsieTcs pemenueM ypaBHeHus (2'), T.x. dy =dyy =0. Pemennem

MOJET TaKKe ObITh QYHKLUs X = Xg, ecin f3(Xg)=0.

Ilpumep. Haittu o6muit maTerpan nuddepeHimaisHOT0 YpaBHEHUST TIEPBOTO

HopsaKa X(y+1)dx—(x2 +1) ydy =0.

Pewenue:
Hannoe nuddepeHnanbHOe ypaBHEHUE SBISIETCS YpPaBHEHUEM C pa3Jensiio-

HIAMHECS NEePEeMEHHBIMH, npudeM fi(x)=x; fL(y)=y+1

f3(x) = X2 +1; f,(y) =-y. Pa3nenum obe yacTu ypaBHEHHS Ha TPOU3BEICHUE

fo(y) f3(x) = (y+1)(x* +1)

" IOJIy4YUM
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xdx  ydy
>~ =0.
x“+1 y+1

[IpouHTErpUpyeM MOCIEAHEE PABEHCTBO

xax 1
J.x2+1_J.(1_y—Jrljdy:C’

HCIIOJIB3YS MOJIBEACHUE 1MOJT 3HAK TuddepeHimaia

1
d(X2+1) d 1
£ x? +1 ~[dy+] (yy++1):C’

MOJIyYrM OOUIMI uHTEerpain AuddepeHunanbHOr0 ypaBHEHUS
1
EIn‘x2 +1‘— y+Inly+1=C.

Ilpu nenenunu Ha f, (y) =Y +1 norepsiHo yacTHOe peuienue: y =—1.

JuddepenunanibHOe ypaBHEHHE TEPBOTO MOPSIKA
y'+p(x)y=a(x), (3)
JMHENHOE OTHOCUTENBHO MCKOMOM (DYHKLIMH M €€ MPOU3BOJHOM, Ha3bIBAETCA
JIUHEUHBIM.
VYpaBueHnue (3) CBOAUTCS K JIBYM YPaBHEHUSAM C pa3eAIOMIMMUCS Tepe-

MECHHBIMH CJICIYIOIIUM 00pa3oM. 3amuiieM UCKoMyro ¢yHkmuioo Y(X) B BUE
poU3BeNICHUs IBYX (DYHKIMH: Y = u(X)°V(X). OpnHa U3 3TUX PYHKUIUNA MOXKET

ObITH a0COJIOTHO MPOM3BOJIBHOM, a BTOpas ONpejaemseTcs B 3aBUCHMOCTH OT
NIePBO# Tak, YTOOBI MX MPOU3BEACHUE YOBIETBOPSIIO YpaBHEHUIO (3).

W3 paBencTBa Y =U-V HaxoauMm Y =U'-V+U-V'. Toraa B COOTBETCTBHUE C
(3) mmeem UV+U + p(X)uv=q(x) wm uv+u(v'+ p(x)v)=0(x). Beibepem

B KauecTBe V(X) Kakoe-HUOYAb YACTHOE PEIICHUE YPaBHEHUS
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v+ p(x)v=0, (4)

TOTJa JIJIs OTBICKaHUA U(X) MOJyduM ypaBHEHHUE

u'v=q(x). (5)
Haiinem v(X), pa3aensist nepeMeHHbIE B (4):
W p(x)dx, omiyna Inv = [ p(x)dx uv=e TPy
v

3nas V(X), Haiigem U(X) u3 ypaBHeHus (5):

—v=q(x) = du:efp(x)dxq(x)dx,romau=jq(x)ejp(x)dxdx+c.

OO6miee penieHue TMHEHHOTO ypaBHEHUs (3) UMEET BUJL

y=Uuv= g ) P(¥)dX Uq (x)ej PO gy C} .

Ilpumep. Haiitu oOiee pemeHue nudhepeHInaiIbHOro ypaB-

HEeHHUsl TepBOro mopsiaka y' —2y =1.

Pewenue.

3anumieM UCKOMYI0 GyHKIHI0 Y(X) B BHIIE IPOU3BEACHUS ABYX (PYHKITUI:
y=u(x)-v(x), Torma y'=u"-v+u-v,
M IIOACTAaBUM ITIOJTYYCHHBIC BBIPAKCHUS B 3aJTaHHOC YPABHCHUC
uv+uv'—2uv=1,
Brinecem 3a ckoOku U(X)
uv+u(v'—2v)=1
U, IPUPABHUBAS K HYJIIO BBIPAKEHHUE B CKOOKAxX, MOJIYYMM M PELIUM JIBa IU-

(dbepeHIaNbHBIX YPAaBHEHUS C Pa3ICIISIONIUMUCS TEPEMEHHBIMU:
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V—2v=0 uv=1

du
N oax —e=1
\Vi dx
Inv = 2x du = e 2*dx
v =e2X u= Je‘zxdx,

1. —2x 1 _ox
u=——|e “"d(-2x)=—=-e“"+C
ZI (-2x) 2

3anuiem obIee pemeHue 3aJaHHoro auddepeHnanbHOr0 ypaBHEHUS B

BUJIE

y:uv:(—%e‘zx +C)-e2x, Wi Y = —%+Ce2x.

HuddepennnanbHoe ypaBHEHHUE BUA

y'+ay' +ay = f(x) (6)
Ha3bIBAETCS HEOJAHOPOJHBIM JIMHEHHBIM ypaBHEHHEM BTOPOIO MOpSIKA C IO-
CTOSIHHBIMH KO3 PUIMEHTaAMU &) U 3, .

OOl11ee peleHre 3Toro ypaBHeHuss Y=Y + Y, rae Y — o0liee peleHne co-

OTBETCTBYIOIIETO OJHOPOJHOTO YPaBHEHHS; Y — YACTHOE PEIICHHE YPaBHEHHS
(6). ludbdepenuuanbHoe ypaBHEHUE
y'+ay' +a,y=0 (7)
SBIISIETCS. OJHOPOJHBIM M Ha3bIBAETCS COOTBETCTBYIOIIMM HEOTHOPOIHOMY
ypaBHeHHto (6). OOlee pernieHue OJHOPOAHOrO ypaBHeHUs (7) HAXOHAST MO
KOPHSIM XapaKTEPUCTUYECKOTO YpaBHEHUS
r2+a1r+a2 =0.
XapakTepUCTUYECKOE YPaBHEHUE MOXKET UMETh TPH CIIyyasi JJisi KOpHEH [ U I !
1) kopHu xapakmepucmuuecko2o ypasHeHusi OetcmeumenbHbvle U pasiuy-
Hule. I #1,. B aToM ciiydae oOiee pemieHue ypaBHeHus (7) 3amuchiBa-
erca B Bune Y =Ce" +C,e?*, rne C,, C, —npoussosbHble MOCTOSH-

HEIC;
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2) KOpHU Xapakmepucmuyeckoeo YPagHeHUsi OelicmeumenbHvle U PAGHbIE.

I =r,. B 3TOM cnydae o0miee pemeHue ypaBHeHus (7) 3alMChIBAETCS B

Buge Y =e™* +C,x), rne C,, C, —mpon3BOJIbHBIE TOCTOSHHBIC;
2 1y P

3) KOPHU XAPAKMEPUCMUUECKO2O YPABHEHUA — KOMNIEKCHble CONPAIICEHHblEe

yucna ho,=ax f-i, f#0. B aToM citydae ob1iee pelieHre ypaBHEHUS

(7) samucwmiBaeTcs B Buge y =% (Cl cos Sx +C,sin ,BX) , TIe
C,, C, —npou3BOJIbHBIE TOCTOSHHBIE.

YacTHOE peleHre Y HEOTHOPOIHOIro ypaBHEHHs (6) MOXeT ObITh HaiIeHO

METOJZIOM HEOIPEICICHHBIX KO3()(PHIIMEHTOB B 3aBUCHMOCTH OT BHA MPaBOM
yactu ypaBaenus T (X).

Iepeuuii cyuaii. Tpasast acts ypasaenus (6) umeer sug f (x)=P(x)e™,

rae P(x) — muorounen. Toraa ypaBHenne (6) IMeeT YaCTHOE PELICHHE BUA

y* _ XkQ(X)emX, (8)
rae Q(X) — MOJIHBIM MHOTOWICH TOM K€ CTCIEHM OT X, UTO M P(X), HO C He-

ornpeeIeHHBIMU KodhpuiimeHTamu;

k =0, ecmu 9uciio M He SABJISIETCS KOPHEM XapaKTEPUCTHUECKOTO ypaBHE-
HHUS,

k = 1, eciu 4uciio M SBASETCS MPOCTHIM KOPHEM XapaKTEPUCTHYECKOTO
ypaBHCHUSI,

k=2, eciu 9iciio M SIBJIIETCS IBYKPATHBIM KOPHEM XapaKTEPUCTHYECKOTO
ypaBHEHHS.

[TpaBuo coxpanset cBoto cuiry u ipu M = 0, koraa f(X)=P(X) — mHOrOwIEH.

Heomnpenenennpie kK03 PUITMEHTH B MHOTOUJICHE Q(X) ONpPEeAeIISIIOT MO-

cTaHOBKOW (hyHKIHH (8) ¥ €€ MPOU3BOJHBIX B ypaBHEHHUE (6) C MOCIEAYIOIMIUM
pUpaBHUBAHUEM KO3(PPHUIIMEHTOB NPU OJAMHAKOBBIX CTEMEHSX X B 00euX dYa-

CTAX YPAaBHCHUSI.
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Ilpumep Haiitu yactHoe penierune nuddepeHnaibHOr0 ypaBHEHUS! BTOPOTo

MopAAKa, YAOBJICTBOPAKOIICC 3a1dHHBIM HAYaJIbHBIM YCJIOBUAM:

y' =3y —4y=4x-1 y| =2, Y

x=0 =3.

Pewenue. XapaktepucTuueckoe ypaBHEHHE r>—3r—4=0 umeer 1Ba pas-

JAYHBIX ~ JEHCTBUTEIBHBIX  KOPHS h=-1r,=4,  ciemoBaTeibHO,
y=Ce *+ C2e4x. [TpaBas 9acTh ypaBHEHUS nMeeT BH/]I
f(x)=4x-1=(4x-1)-e™, rae M=0 u He ABILETCS KOPHEM XAPAKTEPHCTH-

4eckoro ypaBHeHms. Torma dvactHoe pemienne npu K=0 wmem B Bujie

"

y" =x°-(Ax+B)-e™ = Ax+B, (y*)I:A, (y*) =0. Ilocine MOACTAHOBKH B

muddepeHIaibHOe ypaBHEHUE TIOJTy4aeM
0-3A—-4(Ax+B)=4x-1,
—-3A-4Ax-4B=4x-1;
—4A-X+(-3A—4B)=4-x+ (-1);
xt: —4A=14; A=-1
x°: —3A—4B=-1 -4B=-1+3A=-4, B=1

YacTHbIM permieHneM sBiseTcs pyukmus Y = AX+B=-1-x+1=1-x. O6-

MM pelIeHueM sBsercs pyrkius Y=y +y =Ce " + C264X - X+1.
Haiinem 3nHauenue koHcranT C;,C, M3 HavanpHbIX ycioBuil. i 3TOroO
r_ —X 4x
onpeznenuM Yy =-Ce " +4Ce™" —1.
TOF}Ia y‘XZO :C1+C2 +1= 2, {Cl :0,
y| _o=-C+4C,-1=3 (C2=1.

W cKOMBIM YaCTHBIM pellIEHUEM ABIISIETCS QYHKUUS Y = e —x+1.

Ilpumep Haiitu yactHoe pemierne nudhepeHmaIbHOT0 YPaBHEHUS BTOPOTO

NnopsaaKa, yaoBJICTBOPAIOIICS 3aJaHHBIM Ha49aJIbHBIM YCJIOBUAM:
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yﬂ _4y! +4y — eZX, y‘xzo — 2’ y' 0 = 3.

Pewenue. XapakTepucTHIecKoe ypaBHeHHe 2 —4r +4=0 uMeer ABYKpar-
HBIIl KOEHb I, = 2, CIIC0BATENBHO, § = e~ (C,+C,x). IlpaBas yacTs ypaBHe-
2X

HUs umeet Bup f (X) =e”", m=2 sBusgercs nByKpaTHbIM (K =2) KopHEM Xxa-

paKTepI/ICTI/I‘-IeCKOFO ypaBHeHI/ISI, TOI'1a 4aCTHOC peH_IeHI/Ie HIIEM B BUJIC
v =x2. Ae?, (y*) = x?.2Ae?* +2x- Ae®* = 2Ae2"(x2 + x),
(y*) = 4 Ae? (x2 + x) +2Ae”* (2x +1) = Ae™ (4x2 +8X + 2).

Ilocne MOACTAaHOBKM Y M ee NPOM3BOAHEIX B MCXOAHOE Au(depeHIrab-

HOE YpaBHEHHUE MOTyYaeM

Aez"(4x2 +8x+ 2)—4-2Ae2x(x2 + x)+4Ae2X X2 =e,

Aezx(;lo([+78x+278%‘(>8x+4%{):ezx,
2Ae?* =e2X,

2A=1, A:E.
2

1
YacTHBIM pelleHHeM SBISeTCS PyHKIHA Y = Eezx X2,

OO61mmm pelennemM SABJISIETCS byHKUIHS

Haiinem 3nauenue koncranT C;,C, M3 HavanpHbIX ycioBuil. [l 3TOrO
OIIpEEIUM IIPOU3BOAHYIO

y' =7 (2C, +2C,x+Cy) + 6% (x* +x),

U IIOJIYYUM CHCTEMY ypaBHeHI/Iﬁ AJI1 OIIPCACIICHUA 3HA4YCHUU IMPOU3BOJBHBIX

KOHCTaHT
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Y, _o=¢"C=2 C;=2
y|_,=¢"(2C,+C;)=3, C,=-1

= 1
VICKOMBIM peleHneM siBaserca GyHkus Y=y + Yy = e (2 — X) + Eezx X2,

Bmopoti  cnyuarn. llpaBas yactb ypaBHeHUss (6) UMeEET  BUJ

f (x) =acosnx+bsinnx.
Ecnu uncna +in He SIBISIOTCS KOPHSMHU XapaKTEPUCTHUECKOTO YpaBHEHUS,
TO
y* = Acosnx + Bsinnx.
Ecnu uncna +in SBISIOTCS KOPHSMHU XapaKTEPUCTHUECKOTO YPaBHEHUS, TO
YaCTHOC PCIICHUC UMCCT BUJ
y" =(Acosnx+ Bsinnx)- x.

B wacTHBIX ciydasx, korja a win b paBHO HyITo, perieHre Bc€ paBHO HAJIO MC-

KaTh B yKa3aHHOM OOIIIEM BUJIE.

Ilpumep . Haiitu yactHoe pemienue nuddepeHmaibHOT0 YPaBHEHHS BTOPOTO

IopAAKa, YAOBJICTBOPAOIICC 3aldHHBIM HaYaJIbHBIM YCJIOBUAM:

1

! e
y‘x:O_ '

y”+4y,+13y:53in3x! y‘x:O - : 2

gl

Pewenue. XapakreprcTHUECKOE YPaBHEHUE r? +4r +13=0 umeer KOpHU

4242413 -4+J36 -416i .

torna ¥ =& 2 (Cycos3x +C,sin3x).

Uucna 131 He ABIAIOTCA KOPHAMHU XapaKTEPUCTHUECKOTO ypaBHEHHS, TO-

ITOMY
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y* = Asin3x + Bcos3x,
(y') =3Acos3x - 3Bsin3x,
(y*)” =-9Asin3x — 9B cos3x.

[MoacTasnsieM Y* U ee IPOU3BOIHbIE B HCXOJHOE YPABHEHHE U HOTydaeM

—9Asin3x —9Bcos3x +4(3Acos3x —3Bsin3x)+13( Asin3x + Bcos3x)=C,
(4A-12B)sin3x+ (4B +12A)cos3x =5-sin3x + 0 - cos 3X;

1
sin3x: 4A—1ZB=5} A=
j—

8
cos3x: 4B+12A=0 B__>|

8

OO1iee pernieHue ypaBHEHHS UMEET BUJT
y =& 2*(Ccos3x +C,sin3x) + %sin 3x— > cos3x.

Haiinem 3nauenue xonctant C;,C, u3 HavanpHbIX ycnoBuil. s 3TOro

ONpPEEINUM IPOU3BOAHYIO

y' =-2e7%*(C, cos3x + C, sin3x) + e 2* (~3C; sin3x + 3C, cos 3x ) +
3 9 .

+—C0S3X + —SIn3X
8 8

HIKHHHHGMICHCTGMY’ypaBHeHHﬁ IJIA OIIPCACIICHUA 3HAYCHUU IIPON3BOJIBHBIX

KOHCTaHT

<—
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o
|
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(¢}
o
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O
+
O
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o
+
(¢}
o
—~~
@)
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o
_I_
w
O
N
N
ool w
N |-~

HckombIM perieHrem siBisieTcss QyHKITus

y=ge2% (%COSC%X + gsin 3Xj + %sin 3x —§0053x .
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Panb1

Cmenennbim psi0om HA3BIBAIOT PAJT BUAA

o0

8+ (x—a)+ay(x-a) +...+a,(x—a)" +...= Y a,(x-a)",
n=0

(9)
PaCIIOJIOKEHHBIHN O CTETEHSIM JIBy4JIeHa (x — a).
B cootrBerctBUM ¢ Teopemoit Abens psn (9) cXonurcs Ha HWHTEpBaie

Xe (a — R, a—+ R) , a4 U BCEX X, JICKaIIUX BHE OTOT0 MHTCPBAJIA, PAa PACXOAUT-

csi. Yucno R Ha3wIBalOT paduycom cxooumocmu cTeneHHOro psna. Ha xonmax
uHTepBaia (mpu X=a—R u nmpu Xx=a+ R) Bompoc 0 cxoAUMOCTH U pacxoau-
MOCTH JaHHOTO psifia peliaeTcss MHANBUIYATBHO ISl KaXKJJ0TO KOHKPETHOTO psi-
na. Y HEKOTOPBIX PsJ0B HHTEPBAJ CXOAMMOCTH BhIpokaaeTcs B Touky (R =0),
y JPYTUX OXBaThIBaeT BCIO 0ch Ox (R =o0).

Cornacuno npusHaky Jlamambepa pagnyc cXOAUMOCTH OMPEAENSioT o ¢op-

MyJie
. a
R=lim—. (10)
Ecnu Bocmons3oBathes mpu3HakoM Kormu, To
. 1
R=1lim .
n—oo 1 a,
Ilpumep.HaiiTu vHTEpBaA CXOAUMOCTH PAA U UCCIEN0BATH €ro
0 n
CXOJMMOCTH Ha Kpasx WHTepBaja -
Pewenue.
Panunyc cxogumoctu onpeaenum o dhopmye (10):
.| a . |(n+1)-10"" . n+l : 1
R=lim|-21| = [im (1 —=10-lim —==10-lim| 1+ = |=10.
n—w|d, 1| n-owo| n-10"" now N N—>0 n
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Ha koHmax wHTepBasia: mnpu X=-10 nDosyunm 4HCIOBOM psf

00 (_1O)n o] (_1)n
0” = Z . KOTOpBIfI SABJIACTCA 3HAKOYCPCAYIOIHUMCA U CXOJUTCA 110
n=1 N -1 n=1

TeopeMe JlelOHMIIA, TaK KaK €ro WieHbl yObIBAIOT MO a0COIIOTHON BEIWYMHE

1>£>l>... u IimE:O. [Ipu Xx=10 mosy4rM rapMOHUYECKHUH DA Zl,
2 3 n—o N nzln

KOTOPBIN pacxoautcs. Takum oOpa3oM, JaHHBIA CTETICHHOMN Psii CXOIUTCS MPH
x €[-10;10).
OcHOBHEBIE QJICMCHTAPHLBIC (I)YHKHI/II/I HMCIOT IIPOCTHIC PA3JI0KCHUA 110 CTCIICHAM

X, KOTOPLIC IIPCACTABJICHBI HUKC:

2 3 n
e =1 S X X X VX & (—00,0),
1 21 3! n!
3 5 7 2n-1
smx:ﬁ—% %—% (—1)n+1(2Xn_1)!+.. Vx € (—o0,0),
2 4 6 8 n
cosx=1- >+ 2 X X (—1)”+1X +... Vxe(—o0,0),
21 41 6l 8l (2n)!
(1+x) :1+mx+m(m_1)x2+.. +m(m_1)”'(m_n+l)x”+...VXe(—l,l)
2! n!
2 3 4 5 n
In(1+x):x—x?+%—XT+%—...+(—1)”_1X7+... VXe(—l,l),
3 5 7 on-1
arctgx:x—X—+X——X—+...+(—1)n_1X +... xe(-11].
3 5 7 2n-1

[Tpu mpuOIMKEHHBIX BBIYMCICHUSIX ONpPEAEICHHBIX UHTETPAIOB TpeOyeTcs
Pa3OKUTh MOJBIHTETPATIbHYIO (PYHKIIMIO B CTETIEHHOW Psifl, KOTOPBIA B Mpeze-
Jax WHTEpBaja CXOAUMOCTH MOKET ObITh MOUYJIEHHO MPOUHTErpupoBaH. Mc-
nosib3yst popmyny Hetotona — JleliOHuia, onpeaesieHHbId HHTErpall BHIYUCIIS-

I0T KaK YaCTUYHYIO CyMMY MOJIYy4aroIlerocst YucioBoro psaa. Ecnu psn 3Hako-
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‘lepe,[[y}OIHHI)'ICﬂ, TO TOYHOCTH HpI/I6J'II/I)KeHHbIX BBIUMCIICHUM HE IMPCBOCXOUT

NEPBOT0O U3 OTOPOLIEHHBIX YICHOB.

Ilpumep. BpraucinTh onpeaeiaeHHbIM uHTerpan ¢ TouHoctbio 10 0,001 mytem

Pa3oKeHUs] TOJBIHTErPaTbHON (PYHKIUMU B Psii U MOUYICHHOTO MHTETPUPOBaA-

05 .
SIN X
HHA 3TOI'O psaaa: J. —dx.

0

Pewenue.
Hcnonb3yeM pas3iiokeHue B PsT IS GYHKITUH SIN X ¥ TIOJICTAaBUM €TI0 B ITOBIH-

TEIrpaJIbHOC BBIPAKCHHUC

0,5 . 0, 3 5 2n-1
jydx{[1 x—X—+X—+...+(—1)nJrl X . ldx =
;X ) X 3! 5l (2n-1)!
0,5 2 4 2n-2
:J' XXy +(—l)n+1 X dx =
A (2n—1)!
3 .5 " 21 03
= ——+—+...+(_1) +... =
313 515 (2n-1)((2n-1) )
S S +(—1)n+1 L +...~
2 2°313 2°515 2" t(2n-1)Y(2n-1)

~0,5-0,0069 +0,00005 ~ 0,5-0,0069 ~ 0,4931~0,493.

B BbIuMCIEHUSAX NpUBEACHBI NIEPBBIE TPU WIICHA Psifa C COXPAHEHHEM Ye-
TBIPEX 3HAKOB MOCJIE 3aISITON, TaK Kak 3aJiaHHas TOUHOCTh coctasiser 0,001.
Tpetuil wieH psiaa oTOPOIIEH, TaK KaK OH MO BEJIMYMHE MEHbIIE 3aJaHHON
TOYHOCTH (0,00005) <0,001. B okxoHuUaTenbHOM pE3yJbTaTe MPOBEIACHO

OKpPYTJIEHHE JI0 TPEX 3HAKOB ITOCJE 3aISITOM.
Teopust BeposiTHOCTEH

[Ipu KjIaccUYecKOM ONpPENENICHUU 8eposimHOCMb COOblmUs ONPENEISIeTCS
PaBEHCTBOM

P(A)=m/n,
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TJI€ M — YUCJIO DJIEMEHTAPHBIX UCXO/0B UCIBITAHUM, OJIAarONPUATCTBYIOIIUX T0-
SBJICHUIO COOBITUA A, n — 00ILIee YUCTIO DJIEMEHTAPHBIX UCXOJI0B UCTIBITAHUS.

Yucnom couemanuii u3 | snemenToB mo K Ha3bIBAIOT KOJIUYECTBO KOMOMHAIIHIHA,
COCTaBJICHHBIX M3 | 3eMeHTOB Mo K, KOTOpBIE OTIMYAIOTCS XOTS OBl OJHHM

3JIeEMEHTOM. YHCIo coueTaHu

ck-_"t
'Kk —K)!

Ilpumep. B smuike umeercs 15 neraneit, u3 kotopsix 10 oxpamenasix. Coop-
UK HayJla4yy U3BJIEKAET TpU JeTanu. HaliTh BEpOSTHOCTh TOTO, YTO U3BJICUEH-

HBIC JCTAJIM OKAXYTCS OKPAIICHHBIMHU.

Pewenue:

a) o0111ee YUCII0 BOBMOKHBIX JIEMEHTAPHBIX MCXO0JI0B UCIIBITAHUS PABHO YUCITY
CIIocO0OB, KOTOPHIMH MOXXHO HW3BJI€Yb TPHU JETald W3 MATHALATH, TO €CTh
n=C3;

0) YUCIIO HWCXOJOB, OJIATONPHUSATCTBYIOIIUX HHTEPECYIONIEMY HAc COOBITHIO,

PaBHO YHCIy CIIOCOOOB, KOTOPBIMU MOKHO BBIOpPAaTh TPU OKPALIEHHBIX IETAJIH
m3 10, To ectb M=Cry;

B) MCKOMasi BEPOSTHOCTh PaBHA OTHOIIEHHUIO OOIIEro YMCIa UCXOJO0B K YUCITY
OJIaroNMpUSTHBIX UCXOJI0B

10!

oA m_ CY zp 100121 70.8.9.10-121 24

( )_F_c3 ~ 151 71151 A .121.13.14.15 91
3 1150 A . 171

31121

0,26.

Ilpumep. B naptun u3 10 geraneit umeercs 7 crangapTHbeix. Haynauy otobpa-
HBI 5 fetaneit. OnpenenuTh BEPOITHOCTh TOTO, YTO CPEeIn OTOOPAHHBIX JeTanei

POBHO TPH CTaHIAPTHBIX.
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Pewenue:
a) 00IIee YUCII0 BOBMOXKHBIX DJIEMEHTAPHBIX MCXO0JI0B UCIIBITAHKS PABHO YHUCITY

CHOCOO0B, KOTOPHIMH MOXXHO HW3BJIE€Yb TMSATh JeTalled W3 JECATH, TO €CTb
n= C150 ;

0) HaiiIleM YKCII0 UCXO0/I0B, OIaroNpUATCTBYIOIMIMX UHTEPECYIONEMY HAc COObI-
TUIO (Cpear OTOOpPaHHBIX IATH JETaleil pOBHO TPU CTAHJAPTHBIE): TPU CTaH-
JapTHBIE JIeTall MOXHO BBIOpAaTh U3 7 CTAaHAAPTHBIX AeTalieit C;’ crocodamy;

IpU 3TOM OcCTajibHble (5—3=2) neranu NOKHBI ObITh HECTaHAAPTHBIMHU, KOTO-

pble MOKHO BbIOpaTh U3 (10—7=3) HecTaHAAPTHBIX AE€TaJIei, UMEBIIUXCS B Map-
2
tuu, C3 cnocobamu. CrenoBaTeNbHO, YACIO OJaronpUATCTBYIOLUIMX HCXOJ0B
_ 3 2.
m= C7 ° C3 )
B) UCKOMasi BEPOSATHOCTh PAaBHA OTHOLIEHWIO OOIIEro YMciia UCXOAOB K YUCITY

6J'IaI‘OHpI/I$ITHBIX HCXO0a0B

71 3l
m C3-CZ 3.4 2 7%5L5! A4 .5.51 51 3
n  Cch ! 2141100 2. 4.71.8.9.10 4.8-10 8
515

BeposiTHOCTh cOOBITHS A, KOTOPOE MOKET HACTYINUTD JIUIIb MPU TOSIBICHUH

OJJHOTO W3 HECOBMECTHBIX coObITMH (rumote3) Hi, H,,...,H,, obpa3syromux
IIOJIHYIO TPYIIILY, PaBHA CYMME MPOU3BEICHUN BEPOSITHOCTEN KAXKIAOU U3 TUIO-
T€3 Ha COOTBETCTBYIOIIYIO YCIOBHYIO BEPOATHOCTH COOBITUS A:

P(A)=P(H,)- PHl(A) +P(H,)- Pa, (A)+...+P(H,)- Pa, (A),
rne P(H,)+P(H,)+...+P(H,)=1.

[IpuBeneHHyt0 (GOpMYyITy Ha3bIBAIOT (hOpMYNO0L NOAHOU BEPOSMHOCHIU.

Ilpumep. Nmerotcs Tpu naptuu aeraneu no 20 geraneit B kaxaou. Yucio
CTaHJAPTHBIX JACTaJICH B IEPBOM, BTOPOM U TPEThEU MAPTUAX COOTBETCTBEHHO

pasHo 20, 15, 10. V3 Hayga4y BeIOpaHHOM MapTUH HAyAady U3BJIEUYEHA JETallb.
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HaiiTi BeposITHOCTH TOTO, YTO OHA OKAKETCsl OpaKOBAHHOM.

Pewenue:
a) 0003HauuM uepe3 4 coObITHE — B3ATas JeTallb SBIseTCsS OpakoBaHHON. Moxk-

HO CJIeJIaTh TPU NPEANooKeHus (runoressl): H; — nerans BeIOpaHa U3 nepBoil
naptuu; H, — nerans BeIOpaHa w3 BTOpod maptuu; H, — nertans BeIOpaHa u3

TpeThelt maptun. [1oCKONIbKY YHCIIO JeTalield BO BCEX TPeX MapTHUsX PaBHO, Be-
POSITHOCTH TUIIOTE3 PABHBI
1
P(Hy) =P(H,) =P(Hy) = .
0) ycIIOBHasi BEpPOSTHOCTH TOTO, YTO JIeTalb OyaeT OpakoBaHHOM, €CIIM OHA B3s-

Ta U3 nepsoit mapuu, By (A)=0; ycinoBHas BepOsATHOCTH TOrO, YTO AeTaib Oy-

. . 5 1
T OpaKOBAaHHOM, €CIIM OHa B35ITa W3 BTOPOii mapuu, Py (A) =20 :Z; YCIIOB-
Hasl BEPOATHOCTb TOTO, YTO JIeTajb OyJeT OpaKOBaHHOM, €CJIM OHA B34Ta U3 Tpe-
. 10 1
Thell mapuu, Py (A)=—==.
3 20 2

B) UCKOMasi BEpPOSTHOCTh TOTO, YTO BhIOpaHHAs Hayaady JeTalb sBIseTCsS Opa-
KOBAHHOM, HAXOAUTCS IO (POpMYyJie TTOTHON BEPOSTHOCTH

11 11 1
—_—t—— =

1
P(A)==-0+=-=+=-=
3 34 32 4
BeposTHOCTH TOTO, YTO B HE3aBUCHMBIX HCIBITAHHUIX, B KaXJIOM U3 KOTO-
PBIX BEPOSATHOCTH MosiBiieHUs coObIThs paBHa p (0 < p < 1), coObITHE HACTYIIHUT
poBHO K pa3 (Oe3pa3nuyHO B KaKOH MOCIIEI0BATEIBHOCTH), OMPEACIIIETCS 110
¢opmyne bepnynnu
K 2K 4Nk
Pn (k) = Cn p q )

60




rie q=1—p — BEpOATHOCTH TOTO, YTO COOBITHE B KAXKJIOM W3 MCIBITAHUI HE

IIOABHTCA.

Ilpumep. BeposTHOCTh BCX0XKECTH ceMsH IeHusl pasHa 0,9. Kakosa Bepo-

ATHOCTB TOT'O, YTO M3 YCTBIPCX MOCCAHHBIX CCMAH B30ﬁHYT HC MCHCC TPCX.

Pewenue:

a) mycTh coObITHE A — U3 4 CeMsIH B30IAYT HE MEHEE TPEX CEMSH; COObITUE B —
u3 4 ceMsiH B30oUayT 3 ceMenu; coobiTe C — u3 4 cemsiH B3oUayT 4 cemenu. Ilo
TEOpEME CIIOKEHUS BEPOSITHOCTEN

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

0) BeposTHOCTH coObITHI B 1 C onpenenum 1o ¢hopmyine bepryiim:

_ 4
P(B)=P,(3)=C}p°*q*™ =m-o,93 .(1-0,9)=0,2916,

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

Ecny 4ncno noBTOPSAOIMINXCS UCIBITAHUN BEJIUKO, TO ONPEACICHUE BEPOSTHO-
ctu 1o ¢opmysne bepHyM 3aTpynHEHO M3-3a TPOMO3JKOCTH BBIYUCIICHUI. B
ATOM CJIy4ae MPUMEHSIOT MPUOTMKEHHYIO (hOPMYITy, BBIPAKAIOILYIO JIOKANbHYHO

meopemy Jlannaca:

Po(K) =

L o
Joeg

1
—-e 2 uX=

rae ¢(x) = Tor \/@ :

3naucHus QyHKIUK @(X) ONPEACSIOTCS U3 TaOJIUIbI, TIPUBEIACHHON B MPHIIO-

KeHuu 1.
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[Ipn maneIx 3HaYEHUSX BEPOSATHOCTH p s Beruucinenus P,(K) mpumensior

ACUMITOTUYECKYIO popmyny [lyaccona

k
P. (k) z%-e—ﬁ, roe e=2,7182...; A=np.

Ota popmyna ucnonszyercs npu A <10, npudyem dyeMm MeHbIE p U OOJbILIE 7,

TEM pe3ybTaT TOUHEE.

Ilpumep. BeposTHOCTH BCXOXKECTU CeMsH MIIeHUIbI paBHa 0,9.
Haiitu BeposiTHOCTH TOrO, 4yTO M3 400 MOCEIHHBIX CEMSIH B301-

ayT 350 cemsH.

Pewenue.
a) u3 ycnoBus 3amaun  P=0,9,9=1-0,9=0,1,n=400;k =350. Torma

,_380-400:09 10 ..
J400-0,9-01 6

0) u3 Tabnuikl B mpuioxkenuu 1 Haxomum ¢(—1,67) = ¢(1,67) =0,0989;

B) HCKOMasi BEPOSITHOCTh PaBHA

1
\400-0.9-0,1

P00 (350) = -0,0989~0,0165.

Ilpumep. Cpenun cemsn nmenunbl 0,02% copuskoB. Kakosa
BEPOSATHOCTh TOTO, 4TO mpu ciydaiiHoMm otdope 10000 cemsn

Oyner oOHapyKeHO 6 CeMsiH COPHSIKOB?

Pewenue.
W13 ycnosus 3agaun P =0,0002; n=10000; k =6. Torma A =10000-0,0002=2.
Hckomast BEpOSTHOCTH paBHA

6
Pooo (6) = % et x %40 .0,1353~0,012.

62



Ecan BCPOATHOCTb HACTYIIJICHUA coObBITHS A B KaXXJ0M U3 7 HCIIBITAHUH T10-

CTOSIHHA M paBHa p, TO BeposAsTHOCTh P, (K; <k <k,) Toro, uto cobsiTHE 4 B Ta-
KUX MCIBITAHUSIX HACTYIUT He MeHee K; pa3 u He Oonee K, pas, ompenemnsercs

1o MHTETpaIbHOU Teopeme Jlammaca Gpopmyoii:

P (k <k <k,)~

rﬂea:kl_an,B: , q=1-p.
vVPq npq
t2

Oyuknus D(X) = e 2dt maseBaetcs ¢yukiueit Jlamnaca. B mpuio-

1
J2z

KEHUHW 2 maHbl 3HadeHUs 3Tod ¢QyHKiuu anst 0<X<5. [lpu Xx>5 dyHxus

O ey X

®(x)=0,5. [Ipu oTpUIIATEIBHBIX 3HAYCHHUSAX X B CHIY HCUETHOCTH (PYHKIIUH
Jlanmaca @ (—X) = —D(X). Ucnonw3ys ¢yukiuio Jlamiaca, nMeeM

P, (k; <k <k,) = O(f) —D() .

Ipumep IIpouieHT BCXOKECTU ceMsH MieHuIbl paBeH 90%. Haiitu BeposiT-

HOCTBH TOTO, uTO U3 500 mocessHHbIX ceMsiH B3oHIyT OT 400 110 440 cemsH.

Pewenue.
a) m3 ycnoBus 3anaun P =0,9;,9=1-0,9=0,1; n=500; k; =400; k, =440.

400-500-0,9 _
\/500-0,9-0,1

_440-500-0,9 _
\/500-0,9-0,1

Torma o = -1,49.

—7,45; B

0) 13 TaOIHIBI B IPUJIOKEHUHN 2 HAXOIUM
d(-1,49) =—D(1,49) ~—0,4319; D(-7,45)=-D(7,45)~-0,5.
B) HCKOMAasi BEPOSITHOCTh PaBHA

P,y (400 < k < 440) ~ d(—1,49) — ®(—7,45) = —0,4312 + 0,5=0,0681.
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nexuuii: yueoHoe nmocodue/ B. B. Apepun, M. 10. Cokomnona, JI. B. Xpuctuu;
Tynl'VY. - Tyna: U3a-Bo Tynl'VY, 2010. - 254 c. : un.- ISBN 978-5-7679-1748-8.

— Pexum aocTyna : https://tsutula.bibliotech.ru/Reader/Book/
2014100214370663049600009433, o maposiro
2. ABepuH, B. B. Maremaruka. Y. 2 [37eKTpOoHHBIN pecypc] : Kypc

nexuuii: yuebnoe nocodue/ B. B. Apepun, M. 0. Cokonoga, JI. B. Xpuctuy;
Tyal'V. - Tyna: Uzn-Bo TynI'V, 2010. - 275 c. : un. - ISBN 978-5-7679-1749- 5
- Pexum JI0CTyIa o [1apoJIko

https://tsutula.bibliotech.ru/Reader/Book/201410021441294315510000 8498
I10 napomo
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Ilepeyennb pecypcoB HHGPOPMANUOHHO-TEJIEKOMMYHUKAIMOHHON CETH
«/HTEepHeT», HEOOXOAUMBIX JJIs1 OCBOCHHS IMCHUIIMHBI (MOXYJIs)

1. Juddepennmanbable ypaBHEHUS [3JIEKTPOHHBIN pecypc] : exeme-
CSYHBIN MaTeMaTUYECKUN KypHAIL: KypHau/ PAH. - M.:
Hayka/Uutepnepuonuka, 2014 - . - ISSN 0374-0641.- Pexxum pocrtyma :
http://elibrary.ru/issues.asp?id=9677, co Bcex kommnbiorepoB Hb Tynl'V, mo ma-
poJIto

2. Ycnexu MmaTemaTHueckux Hayk/ Poccuiickas akagemus HayK. - M.
Hayka, 1995-1SSN 0042-1316

3. OnexktpoHHbIi untaneHblil 321 “BUBJIMOTEX” : yueOHUKHN aBTO-

poB Tynl'¥Y no Bcem qucuumivHaM.- Pexxum gocryma:
https://tsutula.bibliotech.ru/, mo maposro.- 3ari. ¢ skpana

4, ObC IPRBooks ynuBepcanbHas 6a30Basi KOJUICKIUS U3TaHUMN. -
Pexxum noctyma: http://www.iprbookshop.ru/, mo nmaposro.- .- 3ari. ¢ 3kpaHa

S. Hayunas DnektponHas bubnunoreka elLibrary — 6ubaroreka smek-
TPOHHOU TIEPUOUKH, peXHUM fnoctyma: http://elibrary.ru/ , mo maposnto.- 3ari. ¢
JKpaHa.

6. HOb KubepJ/lennnka HaydHas 3JI€KTpOHHAsE OMOIMOTEKA OTKPBITO-

ro J0CcTyma, pexxuM goctymna http://cyberleninka.ru/ ,cBo6omHbIi.- 3ari. ¢ SKpa-
Ha.

7. EnnHoe OKHO gocTyma K 0Opa3oBaTeibHBIM pecypcamM: MOpTai
[OnexTpoHHBI pecypc]. - Pexum gmoctyma : http: //window.edu.ru.
LCBOOOIHBIN.- 3arl. ¢ 9KpaHa.

8. Enunoe okHO nocTynma K oOpa3oBaTelbHBIM pecypcam: THopTal
[DnexTpoHHbIN pecype]. - Pexxum goctyma : http: //exponenta.ru. ,cB0OOIHBIIA. -
3ari. ¢ 3KpaHa.
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