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Metoauueckie peKOMEHAAlMKU JUIsl MPOBEACHHSI NPAaKTHUYECKUX paboT 1o
yueOHor mucummimae EH.01 Marematuka g cneuunansHoctd  38.02.01
JKOHOMHMKA M OyXrajrepckuii yder (Mo OTpacjsiM) MpeaHa3HAYEHbl s
3aKpeIUIeHUs 3HAHUW MO HM3y4yaeMOMy Marepuany U (GOpMHUPOBAHUIO YMEHUH, a
TaKKe U1 MPOBEPKM YCBOECHHUS TEOPETHMYECKOIO0 MAaTepHalla ¥ YMEHUH peIllaTh
pa3INYHbIE MATEMAaTUYECKUE 3a1a4U.

Paspaboranu:

[Ipenonasarens [IK BI'TY W.I1. TTapdEnona

MP paccmoTtpena ono0peHa npeaMeTHON KoMUccuei

«MareMaTH4eCKUX U OOIINX €CTECTBEHHO HAYUYHbBIX JTUCIUIUINHY
[IpoTtokon Ne 9 ot «20» anpens 2023 r.

[Ipencenarens JI.A JlazapeBa



O0s1acTh IPUMEHEHUS METOAUYECKUX YKAZAHUM

Metoauyeckue yKazaHus JJisl BBIOJHEHUS! TPAKTUYECKUX PabOT SBISIOTCS
YaCThIO MPUMEPHOM OCHOBHOMU MpodeCcCUOHANIbHONW 00pa30BaTeIbHON MPOTrpaMMBbl
B cootBeTrctBUM ¢ PI'OC mo cneumansHoctu CIIO 15.02.14 «OcHameHnue
CpeaCcTBAMHM ABTOMATHU3ALUU TEXHOJOTHYECKHX MPOLECCOB M IPOU3BOJICTB
(o oTpacyasam)».

1.2. lleqb 1 niIaHUPYyeMBble Pe3yJIbTATHI 0CBOCHUS TMCHUIINHBI:

Koo YMeHusn 3HaHusn

1K,

OK

OK 1 BrinosHaTh onepanuu Hax OCHOBBI MATEMaTUYECKOTO

OK 2 MaTpHUIIaMH U pelliaTh CUCTEMBI | aHaju3a, JUHEHHOU anreOpsl 1
JIMHENHBIX YPABHEHUN AHAIMTUYECKOU T€OMETPUU
Pemiats 3a1a4u, UCNOJIBb3YS OcHoBBI U] PEpPEeHITNATBHOTO U
YPaBHEHHUS IPSIMBIX M KPUBBIX MHTETPaJIbHOTO UCUUCIICHHUS
BTOPOTO IOPSIAKA HA OCHOBBI TEOPUHU KOMIUIEKCHBIX
IIJIOCKOCTH qucen

IIpumeHsaTs MEeTOIbI
mudpepeHInanbsHOro u
MHTErPajJbHOTO UCYUCIICHUS
Pemats nuddepennmanbabie
YpaBHEHUS

[Tosb30BaTHCS MOHATUAMU

TCOPUHU KOMIIJICKCHBIX YHUCCII

1.3. PeKomeHAyemoe KO/IMYEeCTBO 4acoB Ha OCBOeHMe paboueil nporpammbl

y4yebHOM AUCLUNAUHDI:

MaKCUManbHOM y4ebHOM Harpy3Kkm obydatowerocs 70 4acos, B TOM YUC/IE:
o0b6sa3aTenbHOM ayaAUTOPHOM y4yebHOM Harpy3km obydatowerocs 64 yaca;
npaktnyeckme pabotbl 30 yacos
camocToaTenbHOM paboTbl obyyatouleroca 4 yaca.



NEPEYEHDb NMPAKTUYECKUX PABOT

1 [encTBma ¢ KOMNIEKCHbIMUM Yncnamu B anrebpamnyeckon popme

2 [encTBnA ¢ KOMNAEKCHbIMU YNCAAMWN B TPUTOHOMETPUYECKOM dopme

3 dnemeHTbl BEKTOPHOM anrebpol BoluncneHme npegenos

4 NccnepoBaHue pyHKLUMM Ha HeNpepbIBHOCTb. KnaccuduKaumna Ttouek
pa3pbiBa

5 HaxokaeHre Npon3BOAHbIX CIOXKHbIX PYHKLMN

6 YpaBHeHWe KacaTeNbHOM U HOPMaNu

7 MNonHoe nccnepgosanme PpyHKUUN. MNocTpoeHnerpadpurka

8 BblumcneHmne nepsoobpasHoi u onpepeneHHbiXx MHTerpanos. Pusmyeckoe m
reoMmeTpuyeckoe NPUAOKEHNE NHTErPaIoB

9 AnddepeHumpoBaHmne PyHKUMIN ABYX NepemMeHHbIx. MccnegoBaHue GpyHKUUM
ABYX NEPEMEHHbIX Ha SKCTPEMYM

10 | BblumMcneHue ABOMHbIX MHTErpanoB. [MpakTnyeckoenpMmeHeHe ABONHbIX
MHTErpanos.

11 UccnepoBaHue pAaoB Ha CXO4UMMOCTb

12 PeweHune andpdepeHUManbHbiX ypaBHEHUN

13 | denctBuAa c matpuLamm

14 BbluncneHne onpeaenvtenen matpul,

15 HaxoxkaeHue obpaTHOM maTpuLpl. PelneHne npocTennx MaTpuUYHbIX
YPaBHEHWM

16 | PeweHune cnctem NMHENHbIX ypaBHeHUM no dopmynam Kpamepa m c

NOMOLLbIO 06PaTHOM MaTPMLbI




17 PeweHune cnctem NMHeNHbIX ypaBHEHMN meToaom aycca

18 | SnemeHTbl BEKTOPHOM anrebpbl

19 CocTaBneHune ypaBHEHMA NPAMOM Ha MJIOCKOCTU. YTOoN mMexXay NpsamMbIMU

20 CocTaB/ieHUe ypaBHEHMIN KPMBbIX BTOPOro nopsigKa (OKPYXKHOCTH, 3NAUNCA,

rmunepbonbl, napabonbl)

IIpakTnueckas padora Ne 1 mo reme




«JleMCTBHS CKOMILIEKCHBIMHU YHCJIAMHM B ajiredopanyeckoit popme»

Ieab: HAYYUTH BBINOJHATH AEUCTBUSA C KOMIUJIEKCHBIMUA YUCJIAMU B
anredpanyeckon popme
Bpemsa BbinonHeHna 90 mUHYT

MarepuanbHoe obecneyeHue
1.TeopeTnyeckume ceepeHunA

2.3apaHune

3./lInctA4

4.KanbKynatopbl

MopAaaoK BbinoNAHEHUA PaboTbl
1.M3yunTb 3apaHue

2. I3yunTb TeopeTnyeckme ceeseHuA

3. BbinonHUTb 1 opopMUTb paboTy
4.Noka3aTb pe3ynbTaTbl NpenoaasaTesnto
AdomalwHee 3apaHue

1.MoarotoBUTb OTBETbI HA KOHTPOJIbHbIE BOMPOCHI

Teopernyeckue cBeeHU

Omnpenenenne. KOMIUIEKCHBIM YHCJIOM ZHA3bIBAETCS BBIpaXeHUE z [la llib ,
rae au b — NelCTBUTENIbHBIE YHCIIA, | — MHUMAas €IMHHIIA, KOTOpasi ONpeAeIsaeTCs
cooTHomeHuem:i> [0, i (41,

[Ipu 5TOM uKCI0 @ Ha3bIBACTCS AEMCTBUTEIbHOM YacThI0 uncia z (a = Rez), a
b- MuMMO¥ YacTbIO (b = Imz).

Eciu a =Rez =0, TO 4ucio z OyA€T YUCTO MHUMBIM, eciau b = Imz = (), TO
qKCIo z OyAeT AeMCTBUTEIbHBIM.

Omnpenenenne. Yucna z[allib u =z [lallib Ha3pIBalOTCS KOMILUIEKCHO —
CONPSA’KEHHBIMH.
Omnpenenenue. /IBa KOMIUIEKCHBIX 4ucCHa z, [la, [lib, 1 z, [a, [lib, Ha3bIBAIOTCS
paBHBIMH, €CJIM COOTBETCTBEHHO PAaBHbI UX JE€HCTBUTEIbHBIE I MHUMbIE YaCTH:

a, Ua,; b Ub;

1 2

Omnpenenenne. KoMmiekcHOE 4uCIO0 paBHO HYJIIO, €CIM COOTBETCTBEHHO PAaBHBI
HYJIIO J€MCTBUTENIbHAS U MHUMAas YacCTH.

a b [10.



JeiicTBUSI HAI KOMILVIEKCHBIMM YHCJIAMU B ajJiredpanyeckoii gpopme.

OCHOBHBIE JIENCTBUA C KOMIUIEKCHBIMHU YMCJIAMHU BBITEKAIOT U3 JIEUCTBUH C
MHOTOWIECHAMMU.

Cio:keHue U BbIYUTAHHE

PaccmoTprum 1Ba KOMIUIEKCHBIX YHCIIA, 3aJaHHBIX B 00IIEeM BUACZ, =a;+ib;
z=ayHbyrormadh = @ & S (H ¢ HE )E +FHH - E £ H)+
ZE + E )=

E :E'-_'.o 2o

2l

= =

Kt&kno copMyIMpoBaTh MPABUIIO CIOKEHUS ¥ BBIYATAHMS KOMIUIEKCHBIX YHCEN:

MPU CJIOKEHUM (BBIYMTAHUH) KOMIUIEKCHBIX YUCEJI COOTBETCTBEHHO CKJIAIbIBAOTCS
(BBIUMTAIOTCS ) UX AEHCTBUTEIbHBIE 1 MHUMBIE YaCTH.

YMHoOKEeHHE

7=7,2,=(a,+ib,)(ay+ib,) =a,a,+ia by +ib,a,+i°b;b,=a+ib

z=2,2,=(a,a,-bby)+ 1 (a;byb;a,)

( T.C. MOJXHO TOBOPHTD, 4dTO IICPCMHOKAIOTCA KOMIINIICKCHBICUHMCIIA KaK

MHOIOUWIEHBI, YYHMThIBasg, 4T0 i> = -1). 3HAUUT,YTOOLI IEPEMHOXMTL JBa
KOMIUICKCHBIX YHCJIa HE0OOXOIMMO TIEPEMHOKHUTh UX KaK MHOTOUJICHBI, yUNUTHIBAs,
uT0i’=-1.

Jlenenue

[Tpu BBITIOJTHEHUH JICJICHHSI KOMILIEKCHBIX YHCEIT TIOJIb3YIOTCS UCKYCCTBECHHBIM
PUEMOM: YHCITUTEIb U 3HAMEHATEIb APOOH YMHOXKAIOT Ha YUCIIO, KOMIIEKCHO -
COTIPSKCHHOE 3HAMEHATEITI0 IPOOH, U TIOCTYTAIOT JIajiee TakK, KaK v MPH
YMHOXCHHHM KOMILJIEKCHBIX YHCE]I.

Ipumep.
Z1= 5-1;
z>=-2131;

z

zo 02030 (C2030)* (2 [130) 419;*

L 5 S50 T (5 L)y* (L2 [130) g (10 [J2i 1157 1130 T 13 0138 001 O

3aganusi NpaKTHYECKOH PadoThI

1
1.JlaHbI KOMIUJIEKCHBIE YMCIIA BBIYUCIUTD Yz [z Iz .z [z ; z [z ; —
20 1 2 1 2 22

1.z, OS50  z, U130 16.z U500 =z 1026
2

1



2.z, 03 04i; z, 010

3.z, 0105z, U104
4.z, O1030; z, 07 i
5.z, U104 z, 7030
6.z, U100, z, 15014i
7.z, 03 04i; z, 02 0i
8.z, ULy =z, 0704
9.z, 16 5i; z, 10
10. z, CO1 0058 z, L2 0051
1.z, OS5 07 z, D136
12. z, OB 02, z, UOLUT7:
13.z, 5024, z, U2 [Ji
14.z, U1 0050, z, 20130

15.z, 01 04i; z, 01012i

17.2 D300 z 0502
18. Z1 L1154, 22 10131
19. Z1 1S L Z2 10034
20. Z1 01031 Z2 2 05
21.21 113 0144, 22 02 0
2.z 0502 =z 020
23. Z1 07 021 22 1538
24.z, 07 03i; z, 00104
25.z, D203 z, O504i
26. Z1 B 2 22 116 1150
27. Zl L0 7, Z2 114 [5i
28. Z1 114 115 22 010028
29. Zl L1 O3 Z2 06 50
z 14131

30.z 1B [124
1

2

2. BeINOJIHUTH ACUCTBUS HAJl KOMILJIEKCHBIMU YUCJIaMU B alireOpandeckoi popme

2 o2
51

2(10i~3)

2)12)22) ==

3)13)23) %LD i

) (10024)(11127)

4)14)24 i

2(1Dn/_)

5)15)25) =22 ((111i4B);

6)16)26) ([Q )

11(0,1000,3);



7)17)27)

8)18)28

2(10iB)
i3 00

) (1531)(15.31) i
i

9) 19)29)(15;'&;
1

10)20)30)

(4 0i)?

.8
1

[18(2 [i'):;

KonTpoJbHbIE BONIPOCHI

1.

S Al

UYT0 Takoe KOMIUIEKCHOE YHCIIO: JAEHCTBUTENbHAS YAaCTh YUCIA, MHUMAs
4acTh 4yncia’?

Yro Takoe MHUMas equHULA?

Kaxkne uncna Ha3pIBatoTCsA CONPSHKECHHBIMA?

Kak npeacraBuTh KOMIIJIEKCHOE YUCIIO TpadudecKu?

Yro Takoe moxysb yucna?

Yro Takoe apryMeHT uncia?

CKOJBbKO MOXET OBITh MOAYJIEH U aPTyMEHTOB Yy KOMIUIEKCHOTO YHciia?
Kaxk HaiiTn aprymeHr uucna?

Kak HaiiTn cymMMy, pa3HOCTb, IPOU3BEICHUE, YACTHOE KOMIUIEKCHBIX YMCEIN

IIpakTueckas padora Ne 2 o Treme

«JlefiCTBUA HAl KOMILICEKCHBIMHM YUCJIAMU B TPUTOHOMETPUUYECKOH (popme»
Ilesib: HAYYUTH BBINOJIHATH ICHUCTBUS C KOMIUIEKCHBIMU YHCIIAMU B

TPUTOHOMETPHUUECKOU popme

Bpems BbinonHeHna 90 MUHYT

MartepuanbHoe obecneyeHue
1.TeopeTnyeckne ceegeHuUA

2.3apaHue

3./lInctA4

4.KanbKynatopol

MopAaaoK BbinoAHEHUA PaboTbl
1.M13yunTb 3agaHue

2. U3yunTb TEOpETMYECKME CBEAEHMUA

3. BbinonHUTb ¥ opopmuTb paboTty
4.[loKa3aTb pe3ynbTaTbl NpenoaasaTesntio
AdomalwHee 3agaHue

1.MoarotoBuTb OTBETHI HA KOHTPO/IbHbIE BOMPOCHI



TeopeTnueckue ceegeHuUA

I'eoMeTpHyecKkoe H300paKeHNe KOMILUIEKCHBIX YHCeT.

[ToHsITHE KOMIIJIEKCHOI'O YMCJIa UMEET TCOMCTPHUICCKOC NCTOJIKOBAHUC.
MHOX€CTBO KOMIIJICKCHBIX YMCEJ SIBIISIETCS paciupCHUCM MHOKCCTBA
,Z[GﬁCTBHTGJ'IBHI)IX YHCCJI 3a CUCT BKIIOYCHHNA MHOKCCTBA MHHUMBIX YHCCII.
KoMiuiexkcHble 4rcia BKIIFOYAoT B ce0s1 Bce MHOKECTBA YHUCCJI, KOTOPLIC
HN3yYaJIUCh paHEC. Tak HaTypaJbHBIC, LCJIBIC, PAlITMOHAJIBHBIC, HPPAIUOHAJILHBIC,
ﬂGﬁCTBHTCHLHBIC qucja ABJIAIOTCA, BOO6HIC roBOp:, 4aCTHBIMHU ClIY4YasAMU
KOMIIJICKCHBIX YHCCJI.

Ecnu no6oe 1eiicTBUTENbHOE YUCIO MOXKET ObITh TEOMETPUYECKHU MPEJICTABICHO B
BHUJIE TOUYKH HA YHCJIOBOM MPAMOM, TO KOMIUIEKCHOE YUCIIO MPEACTABIISIETCA
TOYKOW Ha MJIOCKOCTH, KOOPJAMHATAMH KOTOPOM OyIyT COOTBETCTBEHHO
JNEUCTBUTENbHAS. 1 MHUMAas 4YaCTU KOMILUIEKCHOTrO yucia. [Ipu atom
TOPU30HTAJIbHAS OCh OYJIET SIBISATHCS JCHCTBUTEIHLHOM YMCIOBOM OChIO, a
BEPTUKAJIbHASA - MHUMOMW OCBIO.

A(a, b)

>
( a X

Taxum o6pazom, Ha ocu OX pacnoyararoTcst ACMCTBUTEIbHBIC YUCIIA, @ HA OCH
OY — yncto MHUMBIE.

C nomo1po 10100HOr0 reOMETPUYECKOr0 NPEICTABIECHUS MOKHO

IPEICTaBIIATh YUCIa B TAK HA3bIBAEMOM TPUTOHOMETPUUYECKOHN (hopMe.

Tpuronomerpnueckas ¢gopma qucJia.

N3 reoMeTpruueckux cooOpakeHu BUIHO, YTO a [Ircosl, b [Irsin(l. Torma

KOMIIJICKCHOC Y1 CJIO MOKHO ITPCACTABHUTL B BUJIC!

z [a Uib UrcosUirsinl ] [r(coslI[isinl)

Takas hopma 3amucy Ha3bIBA€TCS TPUTOHOMeTpHUUYecKoi opmoii 3anucu

KOMIIJICKCHOI'O YHucCJiAa.



IIpy >TOM BeNMYMHA 7 HA3bIBAETCS MOAYJEM KOMIUIEKCHOIO 4YHCia, a YIroll
HAaKJIOHA [ | - apryMeHTOM KOMIUIEKCHOTO YHCIIa.

r D|Z

: JArgz.
N3 reoMeTpruueckux cooOpakeHU BUIHO:
r D‘a Dib| Ova* Ob*; 0 Argz Darctgé;

a

O‘IGBI/IILHO, 9TO KOMIIICKCHO — COIIPAKCHHBIC YHCJIa UMCIOT OJMHAKOBLIC MOJAYJIN
" IPOTHUBOIIOJIOKHBIC apTYMCHTHI.

|4l Dz

; Argz [1[Arg =.
JleficTBUS ¢ KOMIUIEKCHBIMH YHCJIAMH B TPUTOHOMETPUUYECKOM (hopme.
z, Or(cost], Uisinll), z , r {cosl! ,Llisinl] ).
YMHoOxkeHue z [1z,z, [rr,(cos(l} [10,) Disin(l) [101,))
B ciiyyae KOMILIEKCHO — CONPSKEHHBIX YUCE:
zz [(a Uib)(a Uib) Na® Ub* Ule” 1]
z
TleaeHue 2 Di D:—;(cos(m1 00, Disin(C, 00,))
Bo3BeneHnue B cTeneHb
N3 onepanyy yMHOKEHUSI KOMIUIEKCHBIX YHCEIN CIEYET, 4TO
z* zz Ur*(cos21Jisin2[)
B o6miem ciydae nomyuum:
z" [r"(cosnl1[lisinnl),
1€ 7 — LEJ0E MOJOKUTEIBHOE YHUCIIO.
D10 BhIpaKEeHHE HaszbiBaeTcs (popmyJsioii Myaspa. (AbGpaxam ne Myasp (1667 —
1754) — anrnuiickuii MaTeMaTHK).

H3Baeuenue KOPHA U3 KOMIUIEKCHOI'O Y1CJIa

1fz D'{/r(cosD [isin[)) [ {(cosl] [Jisinl])

BOBBO,Z[H B CTCIICHDb, ITOJIYUYHM:

n

1 (cosnl] Uisinnl]) [r(cosl [ isin[)



Orcioma: 04r; w0 00020k, kD Zz

0020k . . O020k O
— [isimn———[]

n n []

2z D’{/r(cosD Cisin ) [ ’{/;H:OS
(]

Takum o0Opa3oMm, KOpeHb n —Ol CTENEHHM W3 KOMIUIEKCHOTO 4YMCIIA UMEET 7
Pa3JIMYHBIX 3HAYCHUI.3aJaHUs I PAKTHYECKOi padoThl

3aganue. BeIMoJHUTE IEUCTBUS C JaHHBIMH KOMILJIEKCHBIMU :
1) Z1+72; 71-72; Z1¥2,71:72

1. z; = 8(cos55° +sin55°), z, = 2(cos5° + sin 59),

2. z; = 5(cos 48° +5in48°), z, = 2(cos 12° + sin 129),
zy = 3(cos 70° + sin 70°), z, = 2(cos20° + sin 20°),

z; = 10(cos 105° + sin 105°), z, = 2(cos 15° + sin 159),
z; = 12(cos 145° + sin 145°), z, = 2(cos5° + sin 59),

z; = 7(cos 255° + s5in 255°), z, = 2(cos15° + sin 159),
z; = 9(cos 168° +s5in 168°), z, = 2(cos12° + sin 129),
z; = 6(cos40° + s5in40°), z, = 2(cos20° + sin 20°),

9. z; = 3(cos 40° + sin40°), z, = 2(cos5° + sin 5°),

10. z; = 10(cos 75° + sin 75°), z, = 2(cos 15° + sin 159),

80 N 8y | s

11. z; = 9(cos123° +5in 123%), z, = 2(cos 12° + sin 12°),
12. z; = 5(cos 160° + sin 160°), z, = 2(cos20° + sin 20°),
13. z; = 3(cos 235° +sin235°), z, = 2(cos5° + sin5%),

14. z; = 4(cos30° +s5in30°%), z, = 2(cos15° + sin 159),

15. z, = 2(cos 258° + sin 258°), z, = 2(cos12° + sin 12°),
16. z; = 7(cos 115° + sin115%), z, = 2(cos20° + sin 20°),
17. z; = 14(cos 310° + 5in 310%), 2z, = 2(cos 5° + sin 5°),
18. z; = 8(cos45° +sin45°), z, = 2(cos 15° + sin 15°),

19. z; = 6(cos213° +5in213%), 2z, = 2(cos12° + sin 129),
20. z; = 9(cos70° +sin 70°), z, = 2(cos20° + sin 20°),

21. z; = 4(cos 40° + s5in40°), z, = 2(cos5° + sin 59),

22. z; = 6(cos300° + sin300°), z, = 2(cos15° + sin15°),
23. z; = 3(cos33° +sin33°%), z, = 2(cos12° + sin 129),
24. z; = 5(cos 250° + 5in 250°), 2z, = 2(cos 20° + sin 209),
25. z; = 8(cos85° +sin85°), z, = 2(cos5° + sin5°),

26. z; = 10(cos 165° + sin165°), 2z, = 2(cos 15° + sin1 59),
27. 2z; = 9(cos 48° + sin48°), z, = 2(cos12° + sin 129),

28. z; = 5(cos 100° + sin 100°), z, = 2(cos 20° + sin 20°),
29. z; = 4(cos175° +sin175°), z, = 2(cos5° + sin5°),

30. z; = 16(cos120° +s5in120°), z, = 2(cos 15° + sin 15°),



2.BBINOJHUTH AEHCTBUS HAJl KOMIIJIEKCHBIMUA YKCJIaMU B TPUTOHOMETPUUECKOM
dbopme.

1,11,21.%%1 6,16,26. 311 [
100 of _—
2,12,22. %—ZH 7,17,27. [y (1 i (3]

6 12
3,13.23. 3 8.18,28. %ﬁ
IDZ j l D

4 3

. . D

41424 io,s 110,5+/3i E 9,199, ?B 12i F
N30

[

2 02§

0,5v3 10,5

3 " 10,20,30. (B
15,25, b1 1245

3.BbINOMHUTD JIEHCTBUS HaJl KOMIICKCHBIMH YUCJIAMU B TPUTOHOMETPHUYCECKOM
dbopwme:

Dz 2) =

1. z, U104, z, N3 s 6. z D1043i,z 2002
2

1

2.z, 010G, z, DN3 00 7.z, 001030, z, 002 026

3. z, (1010, z, D%D?i;S. z OO0W3i,z 002024

1 2

4. z, O010i, z, 0t Dﬁi; 9. z U310z, N0t Dﬁi;
2 2 2 2
5. z O10W3i, z, 0202 10. z, (1331, z, D% D?i;

KoHTpoJsibHbIE BONIPOCHI

Uro Takoe TpuroHoMeTpruyeckas popmMa 3arnucu KOMIUIEKCHOTO yncia?

Kax nepeBectu 4nciio B TpUrOHOMETPUYECKYIO (popmy?

Kaxk HaiiTu nmpousBeieHre, YaCTHOE YUCEI B TPUTOHOMETPUUYECKOU hopme?
Kak HaliTm BO3BECTHM 4YHCIO B TPUTOHOMETPHYECKOH ¢GopMe B IECIYIO
CTEIEHb?

5. Kak HaillTu KOpEeHb N-HOM CTENEeHWM M3 YHCjia B TPUTOHOMETPUUECKOU
dbopme?

=



MpakTHueckaa paborta Ne 3
Tema « Boruuciaenue npeaeaoB»

Ieab: HAYYUTHCA BBIYUCIATh MPEIEIIbI, PACKPBIBATh HEOIPEAECIEHHOCTH.
Bpemsa BbinonHeHna 90 mUHYT

MartepuanbHoe obecneyeHue
1.TeopeTnyeckmne ceegeHuA

2.3apaHune

3.JiuctA4

4.KanbKynatopbl

MopAaaoK BbinoNAHEHUA PaboTbl
1.M3yuntb 3agaHune

2. I3yunTb TeopeTnyeckme ceeseHuA

3. BbinonHUTb ¥ opopmuTb paboTty
4.[loKa3aTb pe3ynbTaTbl NpenoaasaTesnto
AdomalwHee 3apaHue

1.MoarotoBUTb OTBETLI HA KOHTPOJIbHbIE BOMPOCHI
Xoxa padoThl

TeopeTquCKne MOJIOKCHU A
HepeMeHHaﬂ " IpeaciI — 3TO OCHOBHBIC ITOHATHUA MATCMATUICCKOI'O aHaJIn34a.

JlocTaTOYHO HAIIOMHUTH, YTO KJIIFOYEBBIM CJIOBOM B OIPEEICHUAX TaKUX
W3BECTHBIX CO IIKOJIbI MOHATHUN KaK MPOU3BOJIHAS U MHTETPAJI SBJISETCS CIIOBO
peel.

IIpenes pyHKUM B TOUKe.

y f(x)

A ++[]

A-T s

1 Ny,

o' a-laa+ X




[Tycts dhynkuums f(x) onpezaenena B HEKOTOPO OKPECTHOCTH TOYKH X = a (T.€. B
caMoil Touke X = a QyHKIUS MOXKET ObITh U HE OIpe/IesieHa)

Omnpenenenue. Yucno A HasbiBaeTcs npeneaom ¢pynkiuu f(x) npu x[ ] a, ecnu
111 iro6oro (>0 cyniecTByeT Takoe yuciao [ >0, 4to it BceX X TaKuX, 4TO
0 <[x - al <[ BepHO HepaBeHCTBO [ f(x) - Al <[]

To e onpeneneHne MOKET OBITh 3aMMCaHO B IPYTOM BHUJIE:
Ecnm a - [<x<a + [, x['a, To BepHO HepaBeHCTBO A - [Kf(x) <A + [

3anuck npeaena GyHKIUU B TOUKE: lim f(x) [14
Onpenenenue. Eciu f(x) (] A; mpu X [] a Tompko mpHu X<a, TO lim f(x) (4, -

Ha3bIBaeTcs mpeaeaom ¢yHkiuu f(x) B Touke X = a cjaeBa, a eciu f(x) [ Ax mpu x

" a TompKO TpH X>a, TO lim f(x) [|4 Ha3BIBACTCA MpeleIoM ¢bynkuun f(x) B
XL all 2

TOYKE X = a CIpaBa.

[IpuBeneHHOE BBILIE ONPEECICHNE OTHOCUTCS K cilydaro, korjga ¢pyHkuus f(x)
HE OIPENEJICHa B CaMOM TOYKE X = a, HO ONPENEJIEHa B HEKOTOPOU CKOJIb YTOJHO
MaJIOW OKPECTHOCTH 3TOW TOUKH.

Ilpenensr A; m A, HAa3pIBalOTCA TaKkK€ OJHOCTOPOHHMMHU IpeaeJaMH
¢ynkunn f(x) B Touke X = a. Takke roBopsT, 4To A — KOHEYHBIH mpeeJ
bynkuuu f(x).

IIpenes GpyHKIUU PHU CTPEMJICHUHM API'YMEHTA K 0€CKOHEYHOCTH.

Onpenenenue. Ynucno A HaszpiBaeTcs npeaeaom Qynkuuu f(x) mpu x[ [, ecnu
g mo0oro yucna (>0 cymectByer Takoe uucino M>0, uro ans Bcex x, [Xx[>M
BBIIIOJIHAETCS. HEPABEHCTBO



|4 ()| 00

[Ipu sToM mnpennonaraercd, 4yto (yHkuus f(x) ompeneneHa B OKPECTHOCTH
OCCKOHEYHOCTH.

3anmmuchIBaIOT: lim f(x) [ A. AHaAJOTMYHO  MOXKHO  OINpPENCIUTh  MPEIeIibl
lim f(x) 0A nis mo0oro x>M u

X

lim f(x) A g mo6oro Xx<M.

OcHoBHBIE TEOPEMbI 0 TIpeaeJaiax.

Teopema 1.1im C [1C, rne C = const.

Crnenytolyde TeOpeMbl CHpaBEJIMBLI MPU MPEANOI0KeHUH, uTo ¢yHKuu f(X) u
g(X) UMEIOT KOHEUYHBIE TIpeAesbl pu X[ a.

Teopema 2.lim( f(x) Dg(x)) Dlim £(x) Olim g(x)

Teopema 3.1im[ £ (x) [g(x)] [lim f(x) dim g(x)

CaeacrBue.lim C [f(x) [IC [lim f(x)

lim f(x
Teopema 4.1im /(%) O ";“f( ) rpu lim g(x) 110
Tog()  limg(x) B

Teopema 5.Ecau f(x)>0 6bau3u mouku x = a u lim f(x) (14, mo A>0.

AHaJIoru4HO onpesensiercs 3Hak npeaena mnpu f(x) <0, f(x) 110, f(x) [10.

Teopema 6.Eciu g(x) [ f(x) [ u(x) 6oauszu mouku x = a u lim g(x) [limu(x) (14, mo u
lim [14.

Onpenenenune. Oynkuus f(x) Ha3pIBaeTCsl OrpaHUYeHHOM BOJIM3U TOYKH X = a,
€CJIM CylIecTBYeT Takoe ynuciao M>0, uro [f(x)[ <M BOIM3H TOUKH X = a.

Teopema 7.Ecau ¢pynxyus f(x) umeem xoneunsiii npeden npu x| a, mo ona
oepanuyena 601U3U mouku X = a.becKoHeuHo manbie pyHKLUMN.

Omnpenenenne. dyuxuus f(x) HazpiBaeTcsi 0eCKOHEYHO MaJioM nipu x[ a, riae a

MOKET OBITh YKMCJIOM WJIM OAHOM M3 BenuunH [, +[ ] uaun -1, ecimu lim f(x) 0.
xXla

CroiicTBa 0€CKOHEYHO MAJIbIX (PYHKIIUIA:



1) Cymma GpuKCHUpOBAHHOTO YHCIIa OECKOHEYHO MaslbIX (PYHKIUN mpu X[ | a Toxke
O0eckoHeuHo Manas GyHKUMs npu X[ a.

2) IlpousBenenne (GPUKCUPOBAHHOTO YHCIA OCCKOHEYHO MajbiXx (YHKIUNA TPU
x| a To’)xe beckoHeuHO Manas GyHkus npu x [ a.

3) IlpousBeneHrue OECKOHEUHO Masiol (PYHKIMU Ha (YHKLUHIO, OTPAaHUUYECHHYIO
BOJIM3M TOUKH X = a SIBJIA€TCS OECKOHEUHO Maslol (yHKUMen npu x| | a.

4) YactHoe OT jeneHuss OECKOHEUHO Maiod (yHKIMM Ha (QYHKIUIO, Mpeieln
KOTOPOI HE paBEH HYJIIO €CTh BEIMYMHA OECKOHEYHO Malasl.

Beckoneuno 0osbine GyHKIUH M UX CBSA3b ¢ 0€CKOHEYHO MAJIbIMH.

Onpenenenne. PyHKIUs Ha3bIBaeTCAd 0eCKOHE4YHO 00JIbIION ITpu X[ a, T11e a

— YHUCI0 WIM OJHA U3 BenuuuH [, +[ unm -1, ecau lim f(x) 14, rae A — 4HUCIO

WJIM OJHA W3 BeIWYuH [ |, +[ | i -[].

CBs13b 0€CKOHEYHO OOJIBIINX U OECKOHEYHO MajbIX (DYHKIMM OCYIIECTBIIAETCS B
COOTBETCTBUH CO CIEAYIOLIEN TEOPEMOM.

Teopema.Ecau f(x)[] 0 npu x| a (ecau xI'1 1) u ne obpawaemcs 6 Honwb, mo

1

y 0 OO0
f(x)
Hpumep. Haiitu ipenen lim thx
*10.sin 7x
Tak kak tgSx ~ 5x um sin7x ~ 7x mpu x [I 0, TO, 3aMeHUB (yHKIHUH

SKBHBAJIEHTHBIMUA O€CKOHEYHO MaJIbIMHU, IMOJYYHUM:

fim 2% i 2X 2
sosin7x 0 07x T

1g5x

3

Ipumep. Haiitu npenen lim .
x0] [cos x

2 3 3
X .
Tak KaKl—cosx=25inzf~2%fE npu X[ 0, 10 lim ——— [lim —- Olim2x 0
2 20 0] Jcosx 0 x X0

2

IMpumep. Haiitu npenen lim gx : Dlimi2 0o.

xo 0sImn x X0 x

Ecimu [ u [ - GeckoHeuHo manbie mpu X[ a, mpudeM [ - OECKOHEYHO Majas
Oosiee BBICOKOTO TMopsiaka, dyem [, To [J = [] + [] - OeckoHEYHO Majas,
SKBUBAJIGHTHass [ OTO  MOXHO  JOKa3aThb  CIEAYIOIIMM  PaBEHCTBOM

.U ) AN
lim — DhmEl O—001.
xUa [ ] xta[] ol
Tornma roBopsT, 4to [ - rJiaBHAas 4acTh OECKOHEUHO Majiol pyHKIUM [



IMpumep. Dynkims X° +X — GeCKOHEUHO Mayas npH X[ 0, X — IJIaBHas 4acTh

310i ByHKIMH. YTOOBI TOKa3aTh 3T0, 3amuieM [ = x°, []= X, Torma

2 2
) ) O
hmx— ao, hmx al
x10 X x10

Olim( 1) 01,

HeKOTOpre 3aMedaTejabHbIC IPEaECJIbI.

o . . P -
IlepBbliii 3aMedaTeIbHbIN NPeael. hm% ,Tne P(x)=a x"+a x" '+..+a,
R ¥ 1 0 1 n

Q(x) = box™ + b X1 +...+bm - MHOrOUJICHBL

Lll a al a
"(ao [1—[1...[1 — 0—0..0 —
P(x) 0 v (a X X") 0 " x"
Xntm
b b b b
Q) om(po 0210 Py by 010,00
X x" X x"
| u
a u—D...D Z uo
llm Ux L))C DU_
Y o s P
x xﬂ’l

0, npu nllm
P(x)

Hroro: lim ——= DE:%, npu nllm

w0 Q)
%]0, npu nllm

o o . sinx
Bropoii 3amMeuaTe/IbHBIN rlpez[e.ﬂ.hm0 T
X0 x

Tperuii 3aMeyaTeJIbHBIN MpeaedI. limH DlH e
e x O

Yacrto eciu HENOCPEICTBEHHOE HAaX0XACHUE Mpejieia Kakoi — 1nb6o GpyHkuuu
IPEICTaBIIAETCS CI0XKHBIM, TO MOXKHO IyTeM IIpeoOpa3zoBaHus (PyHKIIMU CBECTH

3ala1y K HaXOKJACHHIO 3aMCUAaTCIIbHBIX IIPEACIIOB.
KpOMG TPCX, U3JIOKCHHBIX BBIIIC, ITPCACIIOB MOKHO 3aIllMCATh CIACAYIOOINC

ITOJIC3HBIC HA IMPAKTHUKC COOTHOIICHH:

im P00 T e g T
x[10 X x[10 X x[10 X

IIpumep. Haiitn npenen.

lim tgmx Olim 22X 2

xBosimnnx  *o NX n

IMpumep. Haiitu npenen.



sin(x [1xo) im 1 01G 1 0 1

x% €08 X COS X0 cos® xo cos’xo

tox tgxo . sin(x [1xo)
lim 0 lim
x Oxo xix (x [xo)cosxcosxo xix X [lxg

xUxg

IIpumep. Haiitu npenean.

2 .
— /40
J_Sln( *) . Usin(L1/4 Dx)
m
U4 22(11/ 4 Dx) 2@

lim sinx [Jcosx I lim

x /4 1 14x x /4 1 14x

Ipumep. Haiitu npenean.

Dy 0/2 Dx . ‘
tim %* b on/20y 0l 209 oy siny 1
yo 2y yo y 2

x00/20][12
o Ho2x nooo o2yH

IIpumep. Haiitn npenen.

DxDlD
DxD1D4Ef ol 0o o* 40l 1
H DDxDD DDhm%y—;t% 0 [l—5 [lim DZ 0
lim y v y

lim
x00x U1 xH yo o
H oo
[ a1
DE;ZD)}%DhmHD 0o mHDl%% 4
0 40 =00 zO 0 zOH De
x? [16x 18

IIpumep. Haitu npenen  lim ————
P P P 2 x2 (18x 112
JInst HaXOXKJICHUS 3TOr0 MpEAEa Pa3IoKUM Ha MHOXKUTEIN YUCIUTENb U

3HAMEHATEeNb JAHHOUW APOOH.

xX2—6x+8=0; 2—8+12=0;
D=36-32=4; D=64-48=16;

x1=(6+2)/2 = 4; 1= (8 +4)/2 =6

x2=(6—-2)/2=2; x2=(8—4)/2 = 2;

Torna lim (x 2)(x [14) lim x4 Dz l
X! z(x 02)(x 6) .o2x6 4 2

V1 0x Ox? 041 Dx 2
Tpumep. Haiitu npenen. lim = JOMHOXXHM YHCIIUTEND U
xL! X X

COIIPAKCHHOC BBIPA’KCHHUC!

3HaMCHAaTCJIb I[pO6I/I Ha

: 1 Dx Ox® 01 Ox Dx? 2x
hm Hlim
0 x(x Dl)(\/l D D? W1 Dl DO ) T O0x(x Dl)(x/l Ox Ox? CW1 O DO )




R

Ipumep. Haiitu npenean.

2
fim X% 10 12 sy 06 D(x D2)(x 13)[1lim (xr 12)(x[3) ;302 1

03 %2119 A3 (x 03)(x13) 303 6

Ipumep. Haiitu ipesient lim x’ D6x* D11x 16
' 1 Y2 3x 2

Pa3noxum yucinurens U 3HaMEHaTeIb Ha MHOKUTEH.
=-3x+2=x-1)x-2)
X —6x" +1Ix—6=(x—1)(x—2)(x—3), T.K.

o6+ 11x—6 x-1
X —xx>—-5x+6

_5x2+11x
_5x%+5x
6x - 6
6x - 6
0
X2-5x+6=x-2)x-3)
Torna lim (x O L2)(x [13) 0
T (x DD(x [12)
IIpumep. Haiitn npenen.
2a [12h 2h .
. . . 2sin cos— [12sin(a [1h) .
lim sin(a [12h) [12sin(a [1h) [Isina lim 2 lim 2sin(a [1h)(cosh[ 1) 0
h0 h? h0 h? A0 2

<2
2limsina 1) Jim 225" (A/2)

-— [2sina [([1/2) [1[sina
heo 4(h/2)

3aganus NpakTH4YeCKOH padoThl

1.HaiiTn yka3aHHbIe Npeaesabl.

2 L 3 _2
: -5x+6 : . -x°+2

1.1. :;—x omeent - _ 1.2. lim # omeem:1
¥=2 x4 —12x+4 20 8 ¥=0 x4 x
. b+x—-x° 5 . 2x%—x-1

1.3. i ———— omeem:[1— 1.4. ———— omeem :5
3 =27 27 1 B =g~



9x2 —7x4+ 4 omeem :nem

1.5. lm

=2 x% _ 54§ pewenus

. 3x?42x-1
1.7. lm % omeem :—
¥l 27x% -1 9
. 32 +2x-1 4
1.9, im ———M— 02
w1 x2 4 x4 OO
3 _ L
L1, tim =5 omeem:’2
=1y rx—6 5
1.13. tim ;2‘16 omeem:§ 1.14.
¥4t x =20
omeem :
2— —
1.15. fim 2% 7276 _
=305 = Tx+3 5
2 — .
1.17. tim w omeem :
-1 3xf fx—2 5
2 —
1.19. lim WOmeem:l
-1 2% +3x +1
2—
1.21. hmw meem:Dl
=2 x4 4+3x-10 7
— 2 —
1.23. lim 5x2 il omeem:D2
2 3xt—x-10 11
. 3x*—6x-45 24
1.25. ]:13’15—2;:2 o omeem :¥F
2— —-—
127, tim 222 e 2
== 2x° +11x+5 3
. 3x*=2x-40
1.29. fm 2= =277 omeem - 22
¥4yt x4 5

2. HaiiTn ykazaHHble npeaesbl

222 +11x+15 1

2.1, im —————— omeem :
¥+-3 373 4 57— 12 B
2 -3x+2
2.3. im ————— omeem:0
=l x4 —4x 473

124 x— x* omeem :nem

1.6. lim -
¥=3  x* 07  peweHus
P _4x-5
1.8. lim xﬂ—x omeem:H
ra-l pf _Dx -3 4
2—
1.10. lim —3x2 1ix6 omeem:1
¥=3 Px* —5x -3
. x*-x-2
1.12. lin ———— omeem:[
==l x4
2 —
lirm 4x2 +11x-3 com 13
-3 x4 2x-3 4
2 _ 4
1.16. tim WOmeem._
=2 3x* +8x+4 4
2— —
1.18. A7 il omeem: ()

¥-1332 4 25— 2

 3x% _3x4+72 omeem :nem

1.20. lm

=4 x? _x_12 pewenus

 4x® 4 x—5 omeem :nHem

1.22. lim

1.24. lim

w1 x? _2x 41 pewenus
x?-5x-14 9
—————— omesem:—

=T 2x" —09x-35 19

. 4x* +3x+415 omeem :nem

1.26. lm

1.30. lim

2.2.

2.4.

=3 x? _gx— 27 pewenus

2 _ By
1.28. lim 2x2 +15x—8 omeem :
*+83x° +25x+8

27{2 +5x—-3 omeem: !
3332 +10x+43 8

o 252 455 10 omeem :Hem
¥=1 | peuienusl

2% 4 9y 41 omeem :nem
L 3
x -8

r=>2 peluernus



-2 4+x+1

2.5. lm - omeem: ()
=1 2+
2 —x+3 5
2.7. i ————— omeem :—
¥2 534 4+ 3x -3 23
2 —
2.9, fim — : omeem: 12

-1 4 3x 4+ 2

C Ax* +19x-5 omeem '

2.11. lim —
=5 2x° +11x 45 3

2—
2.13. lim X —2x+1 omeem:()

=1 2x2 —7x+5

9% +17x -2 omeem:*”

2.15. lim

2.17. lim

x2 +2x 2

x—=-2

4x* - 2x* +5x
3x2 +7x

omeem .—
=0 7

. 3x* 4+ 5x—1 omeem :Hem

2.19. lim

2.21. lim

¥3 x? _Sy4+ 6 pewenus

2 +3x-28 omeem: "1
x*-64 48

x4

2 +3x-28 omeem:* 1

2.23. lim - —
=i xt —dx 4
x*-4
2.25. Ezm omeem : +
2 _ _ L
297 tim w omeem : "3
¥26 3x¢ —20x+12 16

2.29. lim

X -2x-4

=2 32 _11x+18

3. HaiiTi yka3aHHbIe npeaeJibl

3.1. lim

3.3. lim

3x* -5z 42

e 233 4+ 5x% — x

5z -3x+7
o gt 42x% +1

omeem:D% 2.30. lim

3.4. lim

Y=o

2x? = 3x —1 omeem :Hem

xt =1

2.6. lim

x=1 peuwiernus

2 .
¥ +2x omeem :nem
¥=-2 2 4 x4 4 peuienus

2 —_—
2.10. tim 221274
x”+64

3
omegem . 1—
¥4 16

2 —x*+x-1omeem:"

2.12. lim s
¥ +x-2 2

x>l

3—
2.14. tim — X =8

—5—————— omeem: 12
¥22 Px4 —9x+10

omeem :Hem

3
i ¥ 4+x-2
3 2
LS N S, L | peuteHus

2.16.

4 _c_ 2
]jm4x 25x +1

=1 e |

2.18.

omeem:3

2.20. lim

8x3 -

*=1 5% — 144

2
294 tim 2x+11x+10

=2 x2_5x4+14

2
2.26. lim —2 FX_
=04x% —=5x+1

2 fa—
278 tim x“+2x-24

——————— omeem:(
=6 2x"+15x+18

x*—64 48
omeem .—

=4 7x7 - 27x-4

4x* +7x

3-2. hxnﬁ
#e 2x® —4x° +5

7x° =2x% +4x
22> +5

omeem:(

omeem:(



x> —4x® +28x o 32 4+10x+3

3.5, fm ———— 3.6. lm ——
e 5x° +3x +x-1 ¥=2e Ox° +5x-3
37 fim -3xt + 2% +x 38 fim 2x? +7x+3
Cwe pt43x-2 T wse 55 3344
_ A 3_o.2
3.9, tim X L 3.10. tim T 22 *10
e 33" Fx—5 e Px° +25+1
311 m 4x* +5x -7 319, fm 3t +2x+1
T e 2x? — 2 4+10 T et 42k
313, tm 3x* +2x+9 314, fm 3x*+5x-7
T woe 2xf - x+4 T e 3 x4
315, fim 2x° +7x-2 3.16. lim 18x% +5x
T e 3o x—4 T w0835 9x?
3t —6x* +2 8x* +4x-5
3.17. tim ——— "< 3.18. lim — "2
o x*+4x—3 ¥swdxt —3x+2
. 8xt—d4x*+3 . 3x*-4x+2
3.19. lim ——— 7~ "2 3.20. lim — "<
o 2x" +1 ¥+ 6x° +5x+1
3 _ 4
3.21. fim 2 4% 3.22. i EHTT
¥t " — 3x+ 2 = x4 3x° +2x
393t 2x* +7x% -2 394, 3x +14x°
T e 627 —4x 43 T we 1422+ 747
395 fim x—-2x2 +5x* 396, fim 3xt —-2x2-7
T e 24357 4 4t T e 3t 43245
_&£.2_ =5 3 _~.2
3.27. i 222X 730 3.28. tim X 1% *3
o x* +6x+8 e Abdr—x
3 _ 2 _
3.29. i X ~ZHL 3.30. lim 2% —2%*1
o 2x” +3x° +2 ke S =3

4. HaiiTn ykazaHHbIe Npe/eJibl

41 fim  -2x+4 49 h.m3x4+2x—5

T e 2t 4327 41 T o 220 +x+7
2 _ _ 6

43. fim o= TR 4.4, fim X%

oo x4 2x—1 o 33 _2x45



o 2x3+7x-1 2x° +7x2 +4

4.5. ]11’114— 4.6. lim 5
o 3x" +2x+5 e x4 3x—1
6 _c. 2 7 2
47, E&Bxg 5x j—2 48 E{{Lx :—5x :-lx
2x +4x-5 3 +11x-=-7
. Ix* +5x+49 . 3xt4xt-6
4.9. lim —_— 4.10. lim ——
o 1+4x—x ¥so 2x° +3x+1
2 3 2
4.11. fm 22 FAFT 4.12. tim 22 AT
¥ 3t x4+ x r=sw 2xt 4+ Tx-3
5x° =3x2 +7 5x* = 3x 41
4.13. lm —_— 4.14. lm —_—
rmw Dxt 4+ 3x% +1 w4 2x—x
2x° +3x° +5 6x* —5x+2
4.15. lim —_— 4.16. ]jmg—
¥ 3x —4x+1 ¥o 4x° +2x-1
3 2
417, tim T 4.18. lim X FITHD
o 2yt —2x+] Hody® = 2x %]
419 1 x> 45x -3 490, & 3Ix2 +4x-7
2x° = x+7 x =2x +1
8x° —4x° +3 2x% —7x+1
421. lm —_— 4.22. lim —_-—
w Dt x—7 ¥oe x® +4x° -3
4 A3 3 2 _
423, fim X 2 *3 424, lig X F2 7
rw Dyt 43x—7 ¥ow Dy —5x 43
. 3xt+2x*-38 . 3x*+2x-4
425 tim X T =0 4.26. tm 2 X8
¥+ 8x* —4x+5 ¥se 3x° —4x +1
. I -2x+4 . 4x3+5x% -3x
427. fm X8 4.28. tim X AT %
¥ Dyt 4+ x—5 e 33 4 x—10
2 _ 3 _
429 tm P 4+1Ox 11 430 fim 7x2+3x 4
¥=omw 3T _2x 45 e Dxf — Sx+1

S.HaiiTh ykazaHHbIe npeaeJibl

2 _ 2 _

5.1 lim 2% ¥9%72 5.2. fm 22 _7%*2
e =225 +1 e 4 25=4

53 ]jm7x"—3x+4 54 G 2x - x+7

o 3x% - 2x 41 o 3x* — 527 410



4x° - 222 +x

5.5. lim .
e S S
57 tim 2x2 —5x+2

e x* +3x7 -9

2x% —3x% +2x

5.9. lim =
x+7x+1

=

. IR +6x-%

5.11. lim

o 2x? 4 6x+1

_ 4
5.13. fim — %
¥ 2x" +3x° -5

5.15. fim 2t
e J=Jx+dx

5.17. fin — AT
¥+ 3x" +2x° +1

lim S5x+3

o x? 452 — x

5.19.

2_
591, fim 2x° =5x+3

e 3xt —2x% +x

5.23. fim — 2% +1

o 23 532 4 4x

2 —
595, tim w
2x* =3x

X=w

527, lin — 213
ey —Ixt —4x

3—
5.29. fm X o1
¥oo xS +4x+2

56 tim 32t - 2x+1
C e 3?4255
5x2 —4x+72
5.8. ].Inl 3—
= x4+ 2x—5
32 —Tx+5
5.10. JJ_r)n —
~4dx =337 +2
512 fm 4-3x-2x*
T s 3% 45y
. 8x*+7x%-3
5.14. 1:1312—
v 3xt —5x+1
516, lim 2% —=3x+1
© O #ee Tx45
5.18. lim M
T rew 14254327
3xt +5x
5.20. JJ_:)n —
w 2x* —=3x-17
2x° - x°
5.22. J.lin o S
wdx* +3x—6
504, fm 22X73%
T e X106
596 fim 2x° —3x+1

o x3 4453

2x% —3x+1

5.28. lim

5.30. lim

6. HaiiTu ykasaHHbIe Npeaeibl

o x* +2x2 +5

Tx+4
1 3x* — 5x +1

2 —_— — —
6.1. lim — ol omeem:7 6.2. lm wfx-i;l2 V- x omeem: | | —
3 Jx—2-J4-x =4 x'4+2x-8
6.3. lm «.."x+210—«f4—x omeem:Dﬂ 6.4, tim 2=~ x+6 omeem : —
== 2x —F—2l 91 =l x—x—6



— 2_
Br2x-Jx+4 J5 Tk SR

6.5. lim omeem:— 6.6. lm
=1 3x? —4x+1 20 =2 f5—-x-Jx+1
. 3 +4x+1 -9x+4
6.7. lim omeem: 22 6.8. lim omeem: |7
=1, fx +3—-.J5+3x x4 w{5 x—afx—3
6.9. lim V2x+1-4x+6 meem:ﬂ 6.10. lim «,"3x+l?—ﬁf2x+12 meem:DQ
x5 2x1 _7x-15 286 x5 g R 8
6.11. tim P22y 612 fm VAT L
x=0 1_1 =0 ﬁ.’.‘ 7
6.13. lJm o omeem:3 6.14. lim ofextl-3 omeem:&
=0 1+x-A1-x ""4»\3,7{—2—\{5
6.15. lm 5+x 2 omeem:Di 6.16. lim ——— x+4-3 omeem :—
¥=-1 f -3 2 x5 |i -1 — 2
6.17. lim ﬂ omeem:g 6.18. lim w omeem:l
=1 Jx+2 -3 2 > -9 9
J _ N
6.19. lim M omeem :65— 6.20. lim ¥ omeem:Di
=3 x340x-15 4 0 3y 12
2
. 4 -2 . 3x
6.21. lim L omeem:2 6.22. lm omesem : [ B/S
—0 F‘x2+16_4 =0 5—1‘—«.)'5"'1‘

6.23. i YT =508 624, fm 2% .0
%9 3_,\5 5 =4 f6x+1-5 24

3 Af 2 _
6.25. lim — L omeem:[15 6.26. lim #omeem:—
B2 X —% =0 x*+x 2
\."x +20-4 3x?-2 10
6.27. lim omeem : 3— 6.28. lim —— omeem : ——
4t 464 34 -1 84+ x-3 V10 113
6.29. lim w omeem 116 6. 30 4x+ =3 omeem :—
¥=0 x4 4 x x—>2 X —'8

7.HaiiTn yKa3aHHbIe pe/aeibl

-3%
7.1. m(”“] Orger: ¢! 7.2. ]jm( 5

-3 o
] OrtBerT: €~
rswl x4+ 8 ol x+1



, 2x -“O ) C(x=1V
7.3. lim 5 TBECT: € 7.4. im OTtBeT: €
¥—=rw x K= x
Sx =5x
7.5, tim 2“5] Ortser: ¢'° 7.6. tim “3] Orser: ¢
x=wl 2x+1 ey, X
1+2x x-4
7.7. lim x+2J Orger: ¢ 7.8. lim x+3] Orser: ¢ *
X—=w x+l K= x—l
‘ 2X 3x o . x 7 2x+l 1
7.9. lim OtgerT: € 7.10. lim OTBeT: ¢
X 2x—3 ¥—=w x
Ix+2 ¥+2
7.11. um["‘lJ Orser: e 7.12. um(z"“] Otger: e
xsel x4+ 4 xsel 2x—1
_ x-3 6 Ini4
7.13. [“j} Otger: €® 7 g um[“”] Otger: ¢ 15
¥=wl x X X
4x=2 3-2x
7.19. [I 7] Otser: e2 7.20. ljrn(x+2j Orset: ¢ ™
¥=wol x4 Moy X
2_3 x ]_ 3Ix
7.21. 1 ( "] OtBer: e 7.22. ljm( "J Otger: ¢ °
N=w 5-—3x N=w 2—:,"
ax 2%
7.23. & [4x_1] Otser: ¢! 7.24. tim (3x+4j Ortser: ¢
xsel 4x+1 ¥sel  3x
-x x+l
7.25. lim =z 1] OtgeT: €°7.26. lim e Ortsert: ¢ 3
¥swl 2x +4 ¥swl 3x+5
-x / x=2
7.27. lim l+2x] OtBer: ¢ 7.28. lim L Orser: e *
¥wh 34 2x ¥wl 3x+2
’ - 3-2x 5 ‘ (4 - ¥+l 3n
7.29. lm | — Otser: € “7.30. lim - OtBeT: €
¥=w x - ¥—=w —2X
8. HaiiTu yka3zaHHble npeaejbl
x4l x
8.1. lm (2X+BJ OtserT: 0 8.2. lm (2x+1] OrtBer: ||
¥sel S5x+7 rel x—1
3x 3Ix-1
83, um[;“l] Otser: 0 8.4. lim (ixﬂ] Otser: 0
¥=w x- F=-w x










































2. N3yumnTb TeopeTnyecKkmne ceeseHunn

3. BbinonHUTb U opopmuTb paboTty

4.oka3aTb pe3ynbTaTbl NpenogasaTesnto
AdomaluHee 3agaHue

1.MoarotoBUTb OTBETbI HA KOHTPO/IbHbIE BOMPOCHI
Xoxa padoTsl

Kpatkue TeopeTnyeckune cBeieHHS.
Ilpouszeoonas gpynxuyuu, ee ceomempuyeckuil u Quzuueckuii CMblCI1.

Omnpenenenue.llponzBoanoii GyHKIMU f(X) B TOUKE X = Xo HAa3bIBACTCS Mpees
OTHOIIIEHUS TIPUpPAINICHUS (PYHKITUU B 3TOM TOYKE K IPUPAIICHUIO apTYMEHTa, €CITN

OH CYHICCTBYCT.

- fx UEx) O f(x)
ri) 2 im L L0

f(x)

f(xo) [ff(xo HX)

o

[Tycth f(x) openeneHa HA HEKOTOPOM HPOMEXKYTKE (2’ h) Torma rgl] DED

TaHIe€HC yTIJia HakJIoHa cekyued MP k rpaduky QyHKImH.

=

lim0 = 11 f(bx,) [tgl1 =K — TeOMeTPHYECKUH CMBIC]I IPOU3BOAHOM
x

rae [ - yroi HakJIoHa KacaTenbHOU K rpaduky GyHKUIUU f(X) B TOUkKe (X, (X)).
K —yrnoBoii ko3 punment kacareabHOM.

Vron MCKIY KPUBBIMHU MOXKCET OBITh OIIPCACIICH KaK yrojJ MCEXK/Jy KaCaTCIbHbIMU,
IMPOBCACHHBIMHA K 3THUM KPHBLIM B KaKoH- TH0O0 TOUKE.

YpaBHenHe KacaTeabHON K KPUBOM y [y, [1 f (b, )(x [Ix,)

. 1
YpaBHeHHEe HOPMAJIU K KPUBOH y [y, [ Dﬁ(x [1x0) .
Xo









IIpumep. Haiitu npou3Boguyro GyHKIUKA f(x) [1(x* [13x)7cos

[To mosry4eHHO# BhIe popmydie moaydaem: u [1x* [13x;

) LI
[TpousBoanbIe ATUX QYHKIMI: 4 [12x13; v  cosxxsinx;

OKOHYATENBHO:

v [1xcos x;

£(x) Dxcosx [(x? [3x) s [(2x [13) [(x 2 113x) reoss (cOS x lxsinx) In(x? [13x)

IIpumep.

npeodpaszyem NaHHYI0 QYHKIUIO: y D%.sin 2x D%.cos2 X

yED%Q cos2x D%.Z cos x([sin x) [Jcos 2x [Isin x cos x.

2 x°

byHKIMU y D%.
x” [l

D](2xe " x22xe)(x2 1) (2x)x 2en D2)c3ex2 M2x%e” 2xe” 112x%e" [2x%e”

IIpumep.Haiitu

o ) 1
Haiitm mnpousBogHyo (QYyHKIHH y [Icosxsin x D?cosz x .CHayaia

MIPOU3BOJIHYIO

2 []

(x* [1)?
sze’”(x“ 01 0x7)
(x? [1)?

(x* 1)

3ananue 1.Hautu npousBoanbie pyHKIMT

B1 Y=x>-5x’+11, Y=x’ctgx

e
i
i
sH

Yoz Y&

Y_zlf%z o e =
— HA =E S 21,

Y= (ilﬁ_-&_.-\:l—._ l)za-u
B2 V=2x>-x"+1, Y=x tgx

}

I 1l —( B X EE=E _
Y='Jé|'E=' Y—("'F_txl—c',—lm
— E s =
| )3E‘

<
|
.<

B16 Y=x"-5x+1, Y=x’ctgx

1)2%













O U













Tema «PeweHue cuctem NMHENHbIX ypaBHeHUM no popmynam Kpamepa u
metogom lNaycca»

U,Eﬂb!Hay‘-lMTbCFl BbIYNCNATL ONpeaennUTeIn BTOPOIro U TPETbEro nopAaakKa

MartepuanbHoe obecneyeHue
1.TeopeTnyeckune ceegeHuA

2.3apaHune

3.JinctA4

4.KanbKynatopbl

MopAaoK BbiNONAHEHUA PaboTbl
1.M3yunTb 3apaHue

2. N3yumnTb TeopeTnyecKne ceegeHun

3. BbinonHUTbL ¥ opopmuTb paboTty
4.lToKka3aTb pe3ynbTaTbl NpenoaasaTento
JdomaluHee 3agaHue

1.MoaroToBUTb OTBETbI HA KOHTPOJIbHbIE BOMPOCHI
Xoa pabortbl

TeopeTnyeckue ceegeHuA

IIpakTueckas padora Ne 8 o reme

Tema «BbpruuciieHne nepBooOpa3HoOii M oNpeae e HHbIX HHTErPaJIOB.
Pusnyeckoe U reoMeTpuYIecKoe NPUJI0KEHNE HHTETPAJIOB)

[lenb: mpoBepUTHh YMEHHUE BHIYUCICHUS ONIPEACIICHHBIX UHTETPATIOB, HAXOXK/ICHHUE
ITIOIIAEH.

Bpems BbinonHeHna 90 MUHYT

MartepuanbHoe obecneyeHue
1.Teopetnyeckmne ceegeHuA

2.3apaHune

3.JluctA4

4.KanbKynatopbl

MopAaaoK BbinoAHEHUA PaboTbl
1.M3yunTb 3apaHue

2. I3yunTb TeopeTnyeckme ceeseHuA

3. BbinonHUTb 1 opopMUTb paboTy
4.loKka3aTb pe3ynbTaTbl NpenoaasaTesnto
AdomalwHee 3apaHue

1.MoarotoBUTb OTBETbI HA KOHTPOJIbHbIE BOMPOCHI



Teopernyeckue cBeaeHMsI

Onpeodenennwlit unmezpa.

[TycTh Ha oTpeske [a, b] 3agana HenpepbiBHAs QyHKIM f(X).

0 aXibX

O6o03HaurM m 1 M HaumeHbllee U HaumOoJblIee 3HaueHHE (DYHKIHMHU Ha
oTpe3ke [a, b]
Pa3obbem 0Tpe30k [a, b] Ha yacTu (He 00s3aTEIHLHO OJJMHAKOBBIE) N TOYKAMHU.
Xo<X1<Xp< ... <Xj
Torma x; — Xo = [X1, Xo — X; = [Xp, ... ,Xp— Xp = [ Xp;
Ha xaxaoM #3 MOJyYEHHBIX OTPE3KOB HaiJeM HaWMeHbIllee M HauOoJbIee
3Ha4YeHUEe (PYHKIIUHU.

[x,x]Um,M; [x,x]Im,M; ... [X
0 1 11 2 2

, X ] m,M.
1 2 n n n

n-1
CocTaBUM CyMMBI:

§n=m1DX1 +m2DX2+ +mnDX: Dm,Dxi

n il

|§In :M1DX1 +M2[b(2 +... Tt Mn[b(n: DM,'DX,'
il
CyMmma S Ha3bIBAeTCSi HUKHEH MHTErpajbLHOM CyMMOM, a CymMa S - BepXHeH
HHTErpajbHON CYMMOM.
T.x. mM;, 08,05, a mb-a)ls, )5, IM(b-—a)

BHYTpI/I KaXXIa01ro OTPE3Ka Bbl6epeM HCKOTOPYIO TOUYKY B
X0<Q<X1, X1<B<X2, e Xn_1<B<Xn.



Haiinem 3HaueHust QyHKUMH B 3TUX TOYKAaX U COCTAaBUM BBIPaXKEHUE, KOTOPOE
Ha3bIBAE€TCS MHTErpajibHOIl cymmoii 1 pynkuuu f(x) Ha oTpeske [a, b].

Su =)0+ (3 X+ o+ () X = [ 7)1,

Torma moxxHo 3amucats: my;[ ;[ (1) ;[ IM;[ Ix

CnenoBarenbHo, [ |m, I, ([ ] f(0)x, O ]M [k,

il il il !

S S S,

['eoMeTpudeckn 5TO MPEACTABISETCA CIEAYIONIMM 00pa3oMm: rpaduk
dbynkuun f(X) orpaHuyueH CBEpXy ONMUCAHHON JIOMAHOW JHHHEH, a CHH3Yy —
BIIMCAHHOW JIOMaHOM.

O6o3HaunM max! x; — HaUOONBIIUN OTpe30K pazOuenus, a minllk;
HauMmeHbIui. Ecou max[x;[| (0, TO 4ucino oTpe3KOB pa3z0ueHus: oTpe3ka [a, b]
CTPEMHTCS K OECKOHEYHOCTH.

Ecmu S, 0[] f(())[x,, T0 lim OD f()x [1S.
max L, 00 . i i

il

Onpenenenue: Ecnu npu mo0bIx pa3OueHusx oTpeska [a, b] Takux, uro max! ;[ |

(0 W TpoOu3BOJIBHOM BBIOOpPE TOYEK [ MHTerpampHas cymma S, [[ ] f(1) k

il
CTPEMUTCS K Mpeaey S, KOTOPbIM Ha3bIBACTCS OMPEACIICHHBIM UHTErpasioM OT f(X)
Ha OTpe3ke [a, b].

b

OO6o3HaveHue : [ f(x)dx.
a — HIDKHUHW TIpejiet, b — BEpXHUH npejel, X — IepeMeHHast HHTerpupoBaHus, [a, b]
— OTPE30K MHTETPUPOBAHHS.

Onpenenenue: FEcnu gng ¢ysxkmum  f(X)  cymecTByer  mpenedn
n b

lim . (] A(C)Hx, O [f(x)dx, TO GYHKIUS Ha3bIBAECTCSI HHTETPHPYEMOM Ha OTpE3Ke
i | a

[a, b].

n b
Taxke BEpHBI YTBEPKICHHS:  lim . [ Im,x, O f(x)dx
max LKx; Ll il a

b

ma}lgili . 9 M [, [] a@‘(x)dx



Teopema: Eciu ¢ynkuus f(x) HempepsiBHa Ha otrpeske [a, b], To oHa
UMHTErpUpyeMa Ha 3TOM OTpE3Ke.

CBOMCTBA ONIPEACICHHOTO HHTETpaJia.

l) Uifooydx 4 oo

2) (U, () LA (o) L (X)dx LT (x)dx

35 L Fx)dx 10
b b
4) Ecmu f(x) [1(x) Ha otpeske [a, b] a<b, To [ (x)dx O [(x)dx

5) J1nst mpoM3BONBHBIX YHUCEI a, b, C CIIpaBeAJInBO PaBEHCTBO:
b c b
[ (x)dx DI f (x)dx D[ f (x)dx

Pasymeercs, 3TO paBEeHCTBO BBINOJIHIETCS, €CIM CYILIECTBYET KaXKIbI W3
BXOJSIIUX B HETO MHTETPAJIOB.

6) )B‘(x)dx 0 Dag(x)dx

Bvtuucnenue onpedeﬂenuozo unmezpana.
b

l_[y(:T]J B MHTETpalie gf(x)dx HO>KHUAN npeaen a = const, a BerHI/Iﬁ npeacia b
a
u3MeHsiercss. OYeBUIAHO, YTO €CIIM U3MCHSICTCS BEPXHUU MPeesl, TO U3MEHSIETCS U
3HAaYeHWE WHTErpaja.
O603naunm | f(r)dr = D(x). Haiigem npoussopnyo (yskimu D(X) mo

IIEPEMEHHOMY BEPXHEMY IMpPECITY X.
d X
= [ f()dt [ f(x)
dx .

AHQJIOTUYHYI0O TEOpEMY MOXHO JIOKa3aTh IJis Claydas HEepEeMEHHOro
HUKHETO Tpejera.

Teopema: Jlns Bcskoit ¢pynkumm f(X), HempepblBHON Ha OTpes3ke [a, b],
CYLIECTBYET Ha O3TOM OTpe3Kke NepBoOOpa3Has, a 3HA4YMUT, CYLIECTBYET
HEOIPEICIICHHBIN UHTETPAIL.

Teopema: (Teopema HetoToHa — JleitOHmIa)



Ecmn ¢ynkmus F(x) — kakas- naubo mepBooOpa3Hasi OT HEMpPEepPHIBHOM
¢bynkuuu f(x), TO

b

f(x)dx [1F(b) [1F(a)

a

ATO BBIp@XKEHHE U3BECTHO MOJ1 Ha3BaHUeM GopmMybl HetoTona — Jleitonuiia.

b
Nuoraa npumenstot obo3nauenue F(b) — F(a) = F(x)[l :

a

®opmyna Hpiorona — JleilOHuna mnpencTaBisieT co0oMl oOmMil MOAXO0M K
HAXOXKJCHUIO OTIPE/ICIICHHBIX HHTETPAJIOB.

UYro KacaeTcsi MPUEMOB BBIUMCICHUS OIPEACICHHBIX WHTETPAjoB, TO OHH
MPAKTUYECKA HUYEM HE OTJIMYAIOTCS OT BCEX TEX MPUEMOB M METOJIOB, KOTOPHIC
OBLITM paCCMOTPEHBI BHITIE MPU HAXOXKICHUU HEOTIPEICTICHHBIX HHTETPAJIOB.

TouHO Tak ke MPUMEHSIOTCS METOBI MOJACTAHOBKH (3aMEHBI MIEPEMEHHOM ),
METOJI MHTETPUPOBAHUSI TI0 YACTSAM, TE€ K€ MPHUEMbl HAXOXKECHHUS MEPBOOOPA3HBIX
JUISL TPUTOHOMETPUYCCKUX, HPPAIMOHAIBHBIX W TPAHCICHACHTHBIX (YHKIIHUH.
OCOOEHHOCTBIO SBIIAECTCS TOJIBKO TO, YTO NPH MPUMEHEHUU ITHX MPHEMOB HAJ0
pacmpocTpaHsATh MpeoOdpa3oBaHUE HE TOJBKO HA MOJBIHTETPATBHYIO (PYHKIHIO, HO
U Ha Tpeaesibl MHTETPUPOBAHHS. 3aMEHSsI TEPEMEHHYIO HHTETPUPOBAHUS, HE
3a0BITh U3MEHUTHh COOTBETCTBEHHO NPE/IEIbl MHTETPUPOBAHUS.

3amena REepPeMEeHHblLX.
b

Ilycts 3amaH uHTErpan _f(x)dx, Tae f(X) — HempepbiBHas (yHKuus Ha
oTpe3ke [a, b].
BBeneM HOBYIO EpEMEHHYIO B COOTBETCTBUU C popMmyJioit x = [(t).
Torpa ecnu
) () =a, [([)=Db
2) [(t) u [i(t) HempepbIBHBI Ha oTpe3ke [ [, []
3) f([((t)) ompenenena Ha orpeske [[ ], [1], To

T @)dx O[O de

Torma [T () ydr VIO 1FICOIFINC)] DFG) DF ()

[Tpumep.
! x [sint; 0 2 12
“: 00 T 11 Usin® ¢lcostdt [ [Cos 2 tdt = [(1Ccos 2t)dr 1]
. oo uoo/2n ; 2,

L2
Dé%‘ Désin 2t %ﬂ D:D. Désin O D:D..
200 2 0 4 4 4



IIpu 3amMeHe MEepeMEHHOW B ONPEIEIICHHOM HHTErpalie CleAyeT IOMHUTH O
TOM, 4TO BBOAMMAs (QYHKUMS (B PaCCMOTPEHHOM IMpUMEpe 3TO (PYHKIUsS Sin)
JOJKHA OBITh HENpepbhlBHA HAa OTPE3KE MHTErPUPOBaHMs. B MpOTMBHOM ciyyae
dbopmanbHOE TpUMEHEHUE (POPMYJIbI IPUBOAUT K adCypay.

ITpumep.

[dx Cx HDD , C JpYyro CTOpPOHBI, €CIU MPUMEHUTh TPUTOHOMETPUUECKYIO
0 0

IIOJACTAHOBKY,
. - dx - dx L di

x [ [= [ [ 2 [ O[] ?:. o
0@ ()Esin2 x [cos” x ()Dcos2 x(10tg *x) e ot

T.e. n1Ba cnoco0a HaxOXJEHUS HMHTErpaia AaioT pa3iUudHble Pe3yJbTaTbl. JTO
IPOU30IILIIO M3-3a TOr0, YTO HE ObLI YUYTEH TOT (PaKT, UTO BBEJACHHAs NEepeMEeHHas
tgx MMeeT Ha OTpEe3Ke MHTErpUpoBaHUs pasphiB (B Touke X = [/2). [loatomy B
JAHHOM Clly4ae Takas I0JCTaHOBKa HemnpuMeHuMa. [Ipu 3ameHe nepeMeHHOW B
ONpEJEICHHOM MHTErpaie CcleIyeT BHUMATEIbHO CJEIUTh 3a BBIIIOJHEHUEM
NIEPEUNCIIEHHBIX BbIIIE YCIOBUH.

NHuTerpupoBanue 1o 4acrsam.

Ecmu pynkium u = [[(x) u v = [[(X) HenpephIBHBI HAa OTpe3Ke [a, b], a Takxe
HEMPEPBIBHBI HAa JTOM OTPE3Ke WX MPOW3BOJHBIC, TO CIpaBeymBa (opmysa

HHTCTPUPOBAHMSA 110 YACTAM:
b

b b
@dv Duv[l 0 Ev]du.
BriBonm 910t (opmynibl  aOCOJIFOTHO aHAJIOTHYEH BBIBOJAY (OPMYJIBI
VUHTEIPUPOBAHUS MO YACTSIM JUIsl HEONPENEJIEHHOIO HWHTErpana, KOTOPbIA ObLI
BCCbMa HOILDO6HO PaCcCMOTPCH BBIIIC, IIO3TOMY 34€CHh IPUBOJUTE €TI0 HCT CMbBICJIA.

[Inomane KpUBOJIMHEWHOM TpamelyM, OIPAaHUYEHHOW HENPEPBIBHOM KPUBOM
y=f(x), AByMsl NPSMBIMH X=a U X=b U OCbIO AOCLKCC, BBIYUCISIETCS C MMOMOIIBIO
OIPEJESICHHOT0 MHTErpasia 1o (popmynam:

























KoHTpoJibHbIE BONIPOCHI

1.Yrto Ha3bIBAIOT ONPEIETICHHBIM HHTETpaIOM (QyHKIIH f(x)?

2.B 4em COCTOUT reOMETPUYECKUI CMBICII ONPEICIICHHOTO UHTErpaia’?
3.Chopmynupyiite HEOOXOAMMOE YCIOBUE UHTETPUPYEMOCTH GYHKIIUH f{x) Ha
oTpe3ke [a,b].

4.Chopmynupyiite HEOOXOIUMOE U JOCTATOYHOE YCIOBHUS HHTEIPUPYEMOCTHU
dbynkuuu f(x) Ha oTpe3ke [a, b].

5.3anummTe CBOMCTBA ONMPEAEICHHOTO HHTETPAIa.

63anumute popmyiny Herotona-Jleitbnuia.

7Pacckaxute 00 OCHOBHBIX METOJaX UHTETPUPOBAHUS ONPEICTICHHOTO
WHTErpasa.

8.UTo Takoe KpUBOIMHEWHASA Tpaneuus?

9.®opmyna HeroTona-Jleitonuna

10.I'paduku sneMeHTapHBIX (PYHKIIHUHA.

11. PaznuyHbie BUABI TUIOCKUX (PUTYp U CTTOCOOBI BRIUMCICHUS WX TUIOMIAICH.

IIpakTHyeckas padora 9 mo reme
«Haxoxaenue yacTHbIX NPou3BOAHBbIX. [losHbii nuddepenumnan

[lenb: mpoBepUTh YMEHHUE HAXOJIUTh U CTPOUTH 00JIaCTh OMPEACIICHUS CI0KHOU
(GyHKIIMU, HAXOJIUTh YaCTHBIE TPOU3BO/IHBIC.

Bpems BbinonHeHna 90 MUHYT

MartepuanbHoe obecneyeHue
1.TeopeTnyeckmne ceegeHuA

2.3apaHune

3./lInctA4

4.KanbKynatopbl

MopAaaoK BbinoNAHEHUA PaboTbl

1.3yunTb 3agaHune

2. U3yunTb TEOpETMYECKME CBEAEHMUA

3. BbinonHUTb U opopmuTb paboTty
4.ToKa3aTb pe3ynbTaTbl NpenogaBaTento
AdomalwHee 3agaHue

1.MoAroToBUTL OTBETbI HA KOHTPOJ/IbHbIE BONPOCHI
TeopeTnyeckue ceepeHuUA

Xoxa padoTsl

Onpenesienne PyHKUUM ABYX NepeMEeHHbIX






1 ]




[

[

O




Takum 00pa3oM, yepe3 CMEIIaHHbIE MPOU3BOJHBIE BTOPOTO MOPAIKA OYCHb
ya00HO MpOBEpPUTH, a MPABUIBHO JM Mbl HAIUIM YacTHBIE IPOU3BOJHBIC

IICPBOI'O IMOPsAIKA.

Haxoaum BTOpYIO TPOU3BOIHYIO MO «HUKCH.

Huxkakux nu3zobperenuii, bepem u quddepeHupyem e€ mo «MuKe»
elle pas:

AHaJIOTUYHO:

Cnemyer OTMETUTh, UYTO TMPHU  HAXOXKICHUU D ) HY>KHO

IMPOABHUTH HOBBIMICHHOC BHHUMAHHC, TAK KaK HHUKAKUX YYJCCHBIX PAaBCHCTB AJIA

UX TIPOBEPKHU HE CYIIECTBYET.

H]Z)I/IMC]Z)BI HaXO0XICHH YaCTHBIX IIPONU3BOJHBIX IICPBOIO I[mopsaaka.

Pemenue. uddepennupyem dbynkumio z = f(x, y) cHauana mo X, monaras y
(UKCHPOBAHHON BEJIMYMHOM, MOTOM TOBTOPSEM I3TY K€ MPOUEAYpPY, MEHSS

ponu x u y. [lonyuaem

Pemenune. YacTtHble NpOU3BOAHBIE ATOW (QPYHKUUU TpeX MEPEMEHHBIX
BBIPAXAIOTCS CIEAYIOIUMU GOPMYJIaMu:

HaXOI[I/IM YAaCTHBIC ITPOU3BOAHBIC BTOPOTI'O IIOPAAKA. Hx 4YCThIPC.

O0o03HaUYeHHUA:;

501051

501051

nJIn

— BTOpast MIPOU3BOAHAS o «HKC»
— BTOpast IPOU3BOIHAS o «HATPEK»
— cMewanHas Mpon3BOJHAs «HKC 1o UTPEK»

NN — emewanrHas IIpon3BoaHasA «UT'PCK 110 UKC»



B nonstuu BTOPOM IPOM3BOAHOM HET HUYErO CIOXHOTO. ['0OBOpS IpOCThIM
S3bIKOM, BTOPasi IPOM3BOJAHAS — 3TO POU3BOAHAS OT NMEPBOM NPON3BOJTHOIA.

YacTtHble MIPOM3BOJIHBIC MIepBOTO MopsiJKa;

CHaugaJjia HalieM CMeIIaHHbIC TPONU3BOIHbIC:

Kak Buaute, BCE mpocTto: OepeM YacTHYK MPOU3BOJHYIO D U
muddepeHurpyem ee elle pa3, Ho B IAHHOM CIIy4ae — YKe 10 «UTPEK».

AHAJIOTUYHO:

B mpakTn4yeckmx npuMepax MOKHO OPHEHTHPOBATHCH Ha cCieaylollee
ABEHCTBO:

Takum oOpa3zoMm, yepe3 CMEIlaHHbIE MPOU3BOJHBIE BTOPOr0 MNOPSAJKA OYEHb
yAOOHO MpPOBEPUTh, a MPABWIBHO JM Mbl HAlUIM YAaCTHBIE MPOU3BOAHbBIC
NEepPBOTO MOPSJIKA.

HaXOI[I/IM BTOPYIO IIPOU3BOJHYIO I10 «HKC).

Hukakux uzobperenuii, bepem u nuddepeHupyem e€ mo «uKc»
elie pas:

AHAJIOTUYHO:

Crnenyer OTMETUTh, UTO IPHU HAXOXKIECHUU \. HY>KHO
IPOSIBUTH NOBBINICHHOE BHUMAHUE, TaK KAK HUKAKUX Yy/JIE€CHBIX PABEHCTB JJIs
UX MPOBEPKU HE CYIIECTBYET.

Anzopumm uccinedosanus ynkuyuu 08yx nepemeHHvlX Ha IKCmpemym

OyHKIMS z = f(X,)) IMEET MAKCHUMYM B ToOUKe M(Xo;Yo), eciu f(Xo;yo) > f(X;y) mis
BCEX TOYEK (X;y), JOCTATOUYHO OJM3KUX K TOUKE (X(;Y() ¥ OTIIUYHBIX OT HEE.
OyHkuus z = f(x,y) UMEeeT MUHUMYM B Touke M(X¢;yo), ecnu f(Xg;yo) < f(x;y) ans
BCEX TOYEK (X;y), JOCTATOUYHO OJM3KUX K TOUKE (X¢;Y() U OTJIIMYHBIX OT HEE.
MakcuMyM 1 MUHUMYM (DYHKIIMM HA3bIBAIOTCS IKCTPEeMYMaMH (PYHKIMH.
HccnenoBanue GyHKIMH IBYX MEPEMEHHBIX HAa SKCTPEMYM MPOBOASAT IO
CIICIYIOIIIEN CXEME.

1. HaxonsT yacTHbIe IPOU3BOJIHBIC dz/dx v dz/dy.

2. Pemarot cucteMy ypaBHEHUN:



http://math.semestr.ru/math/derivatives.php
http://math.semestr.ru/math/derivatives.php
http://math.semestr.ru/math/derivatives.php
http://math.semestr.ru/math/derivatives.php



















B10.z=1+xy?
B11.z=4-2y*+x?

BlZ.z=y2+2xy-x2-4y

B13.z=x>-xy

B14.z=xy(4-x-y)
315.z=x2+2xy-y2-4x

KonTpoJbHbIE BOIIPOCHI:

B25.z=y%-xy-2

B26.2=x’+y+xy-4x-5y
B27.z=y’-X’+Xy-2X-6y
B28.z=x"+y*+xy-3X-6Y

329.z=x3-y3-3xy

B30.z= x3+y3-15xy

1.ChopmynupoBats onpeaeacHue PyHKIUU C IByMs IEPEMEHHBIMH.
2.Yro HazpiBaeTCa 00JIaCThIO ONpeAeTaeHHs (PYHKIIMA HECKOIBKUX

MEPEMEHHBIX ?

3.ChopmynupoBaTh MPaBUIO HAXOXKICHUS MPOU3BOTHON (QYHKITUN HECKOIBKHIX

IIEPEMEHHBIX.

4.Yto Takoe nmoyiHbIN AuddepeHman QyHKIUN HECKOIbKUX NEPEeMEHHBIX ?
5.ChopMynnpoBaTh aaropuTM HaXO0XKACHHS SKCTpeMyMa (PYHKIIUU

HCCKOJIBKHX IICPECMCHHBIX

IIpakTuyeckasi padbora Ne 10 mo teme

Tema «Bbluuc/ieHHe IBOMHBIX HHTETPAJIOB)

I.[e.m;: IMPOBCPUTH YMCHHC BbIYHCIIATH I[BOfIHBIG HHTCTPAJIbI B ICKAPTOBLIX

KOOpJHHATax

Bpemsa BbinonHeHna 90 mMUHYT

MartepuanbHoe obecneyeHue
1.Teopetnyeckmne ceegeHuA
2.3apaHune

3.JluctA4

4.KanbKynatopbl

MopAaaoK BbinoAHEHUA PaboTbl
1.M3yunTb 3apaHue

2. I3yunTb TeopeTuyeckme ceesieHunA
3. BbinonHUTb U opopmuTb paboTty
4.MoKa3aTb pe3ynbTaTbl NpenogasaTento
AdomaliHee 3agaHue



1.MoAarotToBUTbL OTBETbI HA KOHTPOJIbHbIE BOMPOCHI

Teopernueckuii MmaTepuall

[TycTh B HEKOTOPOW OrpaHUYEHHOMN 3aMKHYTOW 00JIaCTU D IUIOCKOCTH xOy 3aJlaHa
HenpepbiBHasg (yHkuus z [ f (P[], tne touka PL1D . Pa3obbeM 3Ty o0nacThb

MIPOU3BOJIBHBIM 00pa3oM Ha n YACTUYHBIX TUIOCKHUX SY€eK S, S,,..., S, , UMEIoIIne

n?o
wiomwaan S, [1S,,.., IS, . B kaxnoil Takol s4eilke BbIOEpEM 1O OJHOU
IPOM3BOJILHON TOUKE B, P,,..., P, 1 BBIYMCIUM 3Ha4eHUs QyHKUUM f [P BO B3ATHIX
To4ykax. COCTaBMM TaK Ha3bIBAEMYIO uHMezpanivbHylo cymmy QyHKUUH f[PI1o

oOactu D:

D fm:mgl D](‘Ezﬁﬂ‘gl DfE)Z ESZ D"'Dfm)nmsn' (1)
il
Heotinoim unmeepanom OoT QyHKUEH [P0 007acTH D Ha3bIBACTCSA IPEICI

UHTETpagbHON CyMMbl (1) Mpu CTpeMIIEHHH K HYJIO HAHOOJBIIETO U3 TUAMETPOB
BCEX SYECK JAHHOTO Pa3OMEHUS:

TPlds 0 lim []fRIS, )
D il

max d[S; 110

OCcHOBHBIE CBOMCTBAa IBOMHOIO MHTErpana

1. JIBoiiHO# wuHTerpas mo objacTu D OT anreOpandeckod CyMMbl (yHKIIUAN
paBeH anreOpanyeckoil CymMMme JBOMHBIX MHTETPajOB OT CJIaraeMbIX
(byHKIHI 10 3TOH ke 00JIacTH:

[, RSB rdS DG 2 dS L S -

2. TloCTOAHHBIA MHOXKHUTENb kK MOKHO BBIHECTH 32 3HAK JBOWHOTO MHTErpaa:

Tk f [PdS Dk ([f PdS.

D

3. O6nacTh MHTErPUPOBAHUS JIBOMHOTO MHTETpaja MOXHO pa3OWUTh HAa YacTH,
TO €CTh €CJIM 00JaCTh D COCTOUT W3 JABYX HEMepeceKaronuxcs odmacteit D
u D,, TO

Y@ O s DI s,

2

IIpumepbl









IHpumepsl

3aganme: Boruuciuth 00beM Tena, OrPAaHHMYEHHOTO TOBEPXHOCTIMHU
z [2x 01, x 00, y 04, y x>,

Pemienue: Teno, orpaHUYeHHOE 3aJaHHBIMU [IOBEPXHOCTSMM, IIPEICTABISAET
co0ol BepTUKAIBHBIN TapabOIMYeCKUil IWIMHIAP, PACIONOKEHHBI B TMEPBOM
oktaHTe. CBepxy TeJIO0 OrpPaHHYEHO IUIOCKOCTBIO z [12x[11 ,  cOOKy
napaboIMYECKUM IIMIIMHAPOM y [1x” M TUIOCKOCTAMH x [10 U y [14. Halinem Touku

2

ok 5000 3%
IepeceYeHusl Mmapadonbl y [1x° W OpAMOM (14 : 04 Takum o6pazom,
oy

MOJIYYMM OJIHY TOUKY nepeceueHust M (2; 41

3HaueHue x [J[2 He paccMaTpUBaeM, TaK Kak LIMJIMHAP PacloiOXKEH B

nepBoM okrtaHTe. O6mactb D 3anuiueM B BUJE CUCTEMbl HepaBeHCTB 0 [lx [12 u

X
2

0 4.
4 EOFJIaCHO dbopmyie (3), norydum

2 4 2 4 2 1
V O [Tdxdy U [dx [[2x Oldy O [ 2xy Dyl dx O 8x 014 02x° Lx2 dx DB?(K}@' ex.)
D x* 0 []

0 x? 0

3aganme 1. Beruucnuts uaTErpa no odiaactu D, orpaHnueHHON yKa3aHHBIMU

JIMHUIAMU.
B1l S HHEERS 16 FocHE EHE
UEEE g
D D
Il. = _ = _ — _

=25 y=X -

TN o y=x/2  _ _
B2 3E2HE 2’%' B170 (18F2F2 + 32E383)
EEEHE EEEE
5 D
HE=1,F="NE,
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MopAaaoK BbinoNAHEHUA PaboTbl

1.M13yunTb 3agaHue

2. 13yunTb TeopeTuyecKkme ceeaeHuns

3. BbinonHUTbL ¥ opopmuTb paboTty

4.[ToKa3aTb pe3ynbTaTbl NpenoaasaTento
AomawHee 3apaaHue

1.MoAaroToBUTb OTBETbI HA KOHTPO/IbHbIE BOMPOChHI
Teopernyeckue cBeeHu

Onpenenenne. CymMmMa 4jieHOB OECKOHEYHOW YMCIOBOM MOCJIEI0BATEIbHOCTH

U Uy sl ... HA3BIBACTCS YUCJIOBBIM PSAOM.

w, Oy O Ouy, O 0

nll

[Tpu »TOM umcna wu,,u,,.. OyJleM Ha3bIBaTh WICHAMH PSNa, & U, — OOIIMM HICHOM

pana.

Omnpeneaenue. Cymmbl S, Ou, Du, O Cu, O [ ug, n = 1, 2, ... Ha3bIBAIOTCS
k1

YaCTHHIMHU (YACTUYHBIMHM) CYMMAaMM PsJia.

Takum  0oOpa3om, BO3MOXKHO pacCMaTpuUBaTh  MOCIEAOBATEIBHOCTH
YaCTUYHBIX CYMM psija S;, S, ...,S, ...

Onpeaeaenue. Psag w, Cu, (... Ou, (... Ju, Ha3pIBACTCA CXOASIIMMCSH, €CIIH

nll

CXOOUTCA MOCICAOBATCIIBHOCTL €I'0 YaCTHBIX CYMM. CyMMa CXOasAIIErocss paaa —
npeacii nmoCjaca0BaTCIIbHOCTH €T0 YdCTHBIX CYMM.

limS, S, S 0[] ]un.

nll

Omnpenenenune. Ecnu nocnenoBaTebHOCTh YaCTHBIX CYMM Psiia pacXOJuUTCs, T.€.

HC HMCCT IIpcAciia, HIN HMCCT OECKOHEYHBIN npeaci, TO pgad Ha3bIBACTCA
PACXOAAIIHUMCH U €EMY HE CTaBAT B COOTBETCTBUEC HUKaKOM CYMMEI.

Ceoiicmea psaooe.
1) CxoguMoOCTh WM PACXOJUMOCTh psiia HE HAPYUIUTCS €CIU U3MEHUTD,

OTOPOCUTD UJTK TOOABUTH KOHEYHOE YHCIIO YWICHOB psijia.

2) PaccmoTpum nBa psiga [ Ju, U [ |
Cu, , tae C — IMOCTOSSHHOE YHCIIO.



Teopema.Eciu psao [ Ju, cxooumcess u eco cymma pagua S, mo pso | |

cxooumcst, u e2o cymma pasna CS. (CL10) Cu, mooice

3) Paccmorpum aBa psaga | Ju, u ||
psAI0OB OyneT HaszbIBaThes pan | |(u, [v,), A > YN  HR RATHO GEBI0 R

CJIOKCHUA (BBI‘II/ITaHI/ISI) HNCXOOHBIX 3JICMCHTOB C OAMHAKOBBIMHU HOMCPAMMU.

Teopema.Eciu psiovt [ u,u ||
Sullmopao [J(u, v, mowce"cf&ggﬁmﬁ’h%éﬁ@YMM%%”SCPWWWC”?%HHO

C(u, Cv,) O Ju O v, OS O

n

Paznocmo 08yx cxooswuxcs psoos maxace 6yoem cxo0auumcst psoom.
Cymma cxooawe2ocs u pacxooaue2ocs psaoos 6yoem pacxooauumcs psioom.
O cymme 08YX pacxo0auuxcs psoos 0ouie2o YymeepiHcoetus: COeiams Helb3sl.

[Ipy wW3ydyeHMH pANOB pEUIAOT B OCHOBHOM JB€ 3aJayd: HCCIECJNOBAaHHE Ha
CXOAMMOCTb U HAXOXKJIECHUE CYMMBI PSJa.

1) Ecnu pan [ u, cxogurces, To HE0OOX0AUMO, YTOOBI OOLIHI UJIeH 4, CTpEMUIICS K

Hy1t0. OHAKO, 3TO YCJIOBUE HE SIBIISIETCS TOCTATOYHBIM. MOYKHO TOBOPUTH TOJIBKO
0 TOM, YTO €CJIU OOUIUH YJIEH HE CTPEMHTCSl K HYJIIO, TO PsiJi TOUHO PACXOJUTCS.

o . 1
HaanMep, TaK HAa3bIBACMbIU T'ApMOHUYCCKUUN DA D:n ABJECTCA PACXOJAIINMCA,
nll n

XOT4 €TI0 06H_II/H>'I YJICH U CTPEMUTCA K HYJIHO.

IIpumep. McciienoBars cX0IUMOCTh psijia %. D% Dé. O..0e——0...

8 3n 1

. . . 1 1 .
HaI/II[eM llmé. Dlime—= =[] - HeO6XOIH/IMBII/I HpI/I3HaK CXOOUMOCTH HE
,,7731’1 Dl n,,3D=‘ 3 0

n

BBIITOJIHACTCS, BHAYUT P paCXOaAUTCA.
2) Ecaun paa CXoauTCs, TO MOCICAOBATCIIBHOCTD €I'0 YaCTHBIX CYMM OT'paHUYCHA.

OILHaKO, 9TOT IIPHU3HAK TAKIKC HC ABJICTCA JOCTATOYHBIM.

Hampumep, psag 1-1+1-1+1-1+ ... +(-1)*'+... pacxomuTcs, T.K. PacXOmMUTCS
MOCJIEI0BATEILHOCTh €r0 YACTHBIX CYMM B CHUJTy TOTO, UTO

0, npu uemmnvlix n
S, U0 v
0

1, npu  He4YemHsvlx n



OpHaKo, IpHU STOM IOCIEI0BATENLHOCTh YACTHBIX CYMM OIPaHHMYEHA, T.K.
I.] 2 mpu mroGom n.

Psowi ¢ HeompuuameibHbIMU UJICHAMU.
HpI/I HN3Y4YCHHUHN 3HAKOIIOCTOAHHBIX PAAOB OI'PaHUYHUMCA PACCMOTPCHHUEM

PAIOB C HEOTPUUATEIbHBIMUA YJIEHAMH, T.K. IIPU IPOCTOM YMHOXKE€HHHM Ha —1 w3
OTUX PALOB MOKHO ITOJYYHUTh PsIbl C OTPULATEIbHBIMU YWICHAMU.

Teopema./[1s cxooumocmu psoa [Ju, ¢ HeompuyamenvbHbiMU  YJIeHAMU

HeoOX00UMO U 00OCMAMOYHO, YMOObL YACMHbLE CYMMbL PSO0A ObLIU 02PAHUYEHDL.

HDI/I3H3K CpaBHCHUSA PAAOB C HCOTPUIIATCIBbHBIMHY YICHAMM.

[lycte naubl ABa psiga [ |Ju, u [ v mopuu,v [10.
n n

n

Teopema. Eciu u,[ v, mpu m000M 7, TO U3 CXOOUMOCTH psaa | |v, CICAyeT

CXOOUMOCTh psifa [ |u,, @ U3 PACXOJUMOCTH psifa [ |u, CIEAyeT pacXxoJAUMOCTh

psaaa [ v, .
1 1 1
IIpumep. HMccienoBars Ha CXOAUMOCTD PASl === []...[ =]
In2 In3 Inn

1 1 o 1
T.x. |1=.D=. , @ TaApMOHUYECKUN pAN | |= pacXOAUTCHA, TO PACXOOUTCA U PAX
nn n n

1
B

-1
Ilpumep. MccnenoBate Ha CXOIUMOCTD PSJT D?’
ni1 1

1 1 1
T.x. ?D? , a pan Dz:' cxonutcst ( Kak yObIBarolas TI€OMeTpUYecKast
n

n

=
IPOrPECCHSL), TO PAN | |=—= TOMKE CXOTUTC.
nil Nan

Taxxke UCIoJIb3yeTCs CAEAYIOINN PU3HAK CXOAUMOCTH

u

Teopema.Eciu u, 110, v, 10 u cywecmeyem npeden lim==1h, 20e h — uucio,
n vl’l

omauynoe om My, mo paovl | |u, u ||

cxooumMocmi. Va 8€0ymM O0OUHAKOBO 8 CMbICIe

Ilpusnax /lanamoepa.
(Kan Jlepon Hanambep (1717 — 1783) — ppaHiry3cKkuil MaTeMaTHUK )



Ecnu ona paoa [ Ju, ¢ nonodcumenvbHulMu YieHamu cyujecmseyem makoe
yucno q<lI, umo 015 6cex 00CMamoyHo DOALUIUX N BLINOTIHAECMCS HEPABEHCHBO

unJ
== [lg,mo pAao [ lu, cxooumcs, eciu dce 075l cex 00CMAMOYHO DOTbUUUX N

n
u
nll
6bINOIHACTICS. YCI06U e — l,mo pao || pacxooumcs.
n
Un

Ilpeoenvnuiit npusnax /lanamoepa.
[Ipenenbubiii pusHak JlanamOepa siBIs€TCA CIEACTBUEM M3 MPUBEIACHHOTO

BbIIIIE npu3HaKa Jlanambepa.

u
Ecnu cywecmeyem npeden lim—= 171, mo npu < I pao cxooumcs, a npu [> 1 —

nil
n

pacxodumc;l. Echu 1= ], mo Ha eonpoc o CXO0UMOCMU OMBEMUNb HENb3S.

—n
IIpumep. OnpeneanTs CXOAUMOCTh psijia | |—.

nll 211
IDI
1 Uny 12" 1 =
U DL; Unii D|n=]n; lim|=l. Dhm-(n 1) -D-n Y[ D; 1
2n 20 noo Un o om0 DM 2n 2 2

BeiBox: psanx cxonures.

IIpumep. OnpeneauTs CXOAUMOCTD psiia 1 D% D%. 0...0 ;D...

n!

u

nil ! .

Un D;; Up le—=—==; lim: - Olim. Z » [ lim: 1 10 [
n! (n DI oo s nop(n DY onyn 01

BriBox: psanx cxonurces.

Ilpusznax Kowu. (paouxkanvHulii nPU3HAK)
Ecnu onsa paoa [ lu,c HeompuyamenbHbiMU YleHaAMU Cywecmseyem maxkoe 4ucio

q<1, umo 0Jisl 6cex 00CMAmMouHO OOALUIUX 1 BbINOAHSEMCS HepaseHcmeo lg,

mo psod | |u, cxooumcs, eciu dxce 015 8cex 00CMAMmMoO4HO DOILUIUX N BbINOIHAETCSL

HepaseHcmeo 11,mo psao [ Ju, pacxooumcsi.

CaeancrBue. Ecnu cymecTtByeT npenen lim 10, To npu [ <1 panx cxoxures, a

npu [ >1 psan pacxoguTcs.



U [Rn? 010
Ipumep. OnpeennuTs CXOAUMOCTh piaa | | E;.
nll 3
n U5
!
2 D:
2 2
fimf 0, | lim 2t (im0 2 101
il s TS
2

n

BriBox: psanx cxonurces.

u H 107
IIpumep. OnpeneanuTs CXOAUMOCTS psia | | D7% )

nil

: . 1
hm DhmH D:HD].
n00 00 k0
T.e. npuznak Komu He naer orBeTa Ha BONPOC O CXoauMOCTH psana. [IpoBepum
BBITIOJIHEHNE HEOOXOMMBIX yCIOBHM cxoauMocTu. Kak ObI10 CKa3aHo BhINIE, €CIU
PSAI CXOUTCS, TO OOIIUHM YIeH psifia CTPEMUTCS K HYJIIO.

) ) H 1™
limu, Olim D= e [0,
nl L n,,D nD

TaKuM 00pa3oM, HEOOXOIUMOE YCIOBUE CXOUMOCTH HE BBITTOTHICTCS, 3HAYUT,
PAAPACKOTUTCSL.

Humezpanvnutit npuznax Kowu.
Ecau [)x) — Henpepvienas nonodcumenvHas @yHKyus, Yyovlearowas Ha

npomescymre [1;11), mo psao (1) + [i(2) + ..+ Um) + ... = []0n) u

nll

Hecobemeennvliiunmezpan I(x)dx OOUHAKOBbL 8 CMbICIE CXOOUMOCTIU.
1

[Tpumep. Psn ID% D% D...D;D... cxoautca npu [>1 u pacxoaurca [ T.x.
5 5 70

~dx
COOTBETCTBYIOIIMII HECOOCTBEHHBIH uHTErpan GXZ,' cxomutest mpu [>1 wm
1

-1
pacxogutcs [[]l. Pan [ ]— Ha3bpiBaeTCs 00IIErapMOHMYECKUM PSIIOM.
70
nll

CaencrBue. Ecnm f(x) u [(x) — HenpepsiBHbIEe (pyHKIMK Ha UHTEpBase (a, b] u

b b
lim &Dh, h 10, TO mHTETrpanbl [ f(x)dx U [J(x)dx BEAyT ce0s OQUHAKOBO B

xal0 D(x) . .

CMBICJIC CXOOUMOCTH.



3nakonepemenHuvle paovl. (3HaKouepeoyouuecs paosl).
3HaKouYepeaYOUUNCS psJl MOXKHO 3alucaTh B BUJIE:

u, D, Ouy Dy, OO0, O
rae u, 10, n(11,2,3,.. Ilpusnax Jleiionuuya.

Ecnu y 3uaxouepeoyrowezocs psoa u, Uu, [uy Cu, .00 u, ... abcontommusie
geudUHbL U; yovisarom u, u, Cu, (... u 00wuil uien cmpemumcs K wyuo u, [1 0,

Mo psi0 CXOOUMCHL.

Abcontomnasn u ycioenas cxooumocmsp paooa.
PaccmoTpyM HEKOTOpPBIM 3HAKONEPEMEHHBIA PsAf (C YJIE€HAMH IPOU3BOJIBHBIX

3HAKOB)y [1%2 (0%, 0. 0[], (1)

nll

U PsiJl, COCTABJICHHBIN U3 a0COTIOTHBIX BEJIMYMH 4jieHOB psiaa (1):

[ 2 7 [ DJ[|M[| (2)

Teopema.l13 cxooumocmu psioa (2) credyem cxooumocms psoa (1).

Onpenenenue. Psan Dun Ha3bIBACTCS a0COJIOTHO CXOAAIMNMCH, €CJIIM CXOAUTCA

pat [

O‘-IGBI/II[HO, qTo A 3HAKOIIOCTOAHHBIX  PAJOB IMOHATHA CXOAUMOCTH U
a0COJIIOTHOM CXOAUMOCTH COBIIaAAarOT.

Omnpenenenue. Psa [ |u, Ha3pIBaeTCs yCJA0OBHO CXOAAIIMMCS, €CJTU OH CXOJIUTCS,

a psag D”’” pacxonurcs. Ilpusznaxu /lanamoepa u Kowiu ons

3HAKONEPEeMEHHbIX p}l006.

[Iycte | |u, - 3HaKkonepeMenHslil paa.llpusnak lamsamoepa. Ecnu cymecTByer

7]
. nll

npenen lim ]
no oy

n

0, tompu [ <1 psig u, Oyner abCOMIOTHO CXOMSIIUMCS, a TIPU
[ >1 psin Oynet pacxomsuiumcs. [Ipu [ =1 nmpusHaK HE JaeT OTBETA O CXOJUMOCTH

psna.

Ipuznak Komm. Eciu cymectByer npenen limp u, ([0, To pu [ <1 psg [ u,

n

Oyner abCcoM0THO cxoasamuMest, a ipu [>1 psin Oyner pacxomsmumces. [lpu [=1
MIPU3HAK HE JJa€T OTBETA O CXOJAUMOCTH psijia.



Ceoiicmea adconoOmHo cxo0auuxcs paooe.

1) Teopema./[na abconomnoi cxooumocmu paoa | Ju, HeoOX00umMo u
00Cmamoyro, 4moobvl €20 MONCHO OblI0 Npedcmasumsv 8 8ude PA3HOCMU O08YX
CXOOAUUXCS PSIO0B C HEOMPUYAMETbHBIMU YICHAMU.

CaeacrBue. YCI0BHO CXOASAIMIMICS Psijl SIBJASETCS PA3HOCTHIO IBYX PACXOIALIUXCS
PAI0B C HEOTPULATEIBHBIMU CTPEMSIILIUMUCS K HYJIIO YWICHAMHU.

2) B cxopsemMcest psae Jiro0asi TpynnupoBKa YIEHOB pslla, HE W3MEHSIOIIAs UX
IOPSAKA, COXPAHIET CXOAUMOCTb U BEJIUYUHY PAJA.

3) Ecnu psin cxoauTcst abCOIIOTHO, TO Psill, TOJYYEHHBIA U3 HETO JIF0OOH
NIEPECTAHOBKOM UJIEHOB, TAKXKe a0COIMIOTHO CXOAUTCS U UMEET TY )K€ CYMMY.

[IepecTaHOBKOW YJIEHOB YCJIIOBHO CXOJSIIErOCs Psia MOYKHO IOJYYUTh YCIOBHO
CXOJSIIITUICS Ppsii, UMEIOMMKA JI00YyI0 Hamepen 3aJaHHyl0 CyMMYy, M JIaxe
PaCXOISAIINICS PSAI.

4) Teopema.lIpu 11060t epynnuposke 4jieHo8 abCONOMHO CX00AUe20cs paoa (npu
IMOM HUCTO 2PYNN MOdJicem Obimb KAK KOHEeYHbIM, MAK U OeCKOHeUHbIM U YUCILO
YIEHO8 8 epYNne Modicem Obimb KAK KOHEUHbIM, MAK U OECKOHEUHbIM) NOLYUAenCs]
CXOOAWUICA PAO, CYMMA KOMOPO20 PABHA CYMMeE UCXOOHO20 PAOd.

5) Ecm panet [ Ju, m [ CXOIATCA alCOJIIOTHO M HMX CYMMBbI paBHbI
nCl nll Vi

COOTBETCTBEHHO SU [, TO psAld, COCTaBJICHHBIM W3 BCEX IMPOU3BEACHUN BUIA
uv,, i,k[11,2,. B3SThIX B KAKOM YTI'OJIHO TIOPSIAKE, TAKKE CXOAUTCS aOCOJIIOTHO U

ero cymma passa S!l] - TpOU3BEACHUIO CYMM IEPEMHOXKAEMBIX PSIOB.

Ecnu ke mnpou3BOAUTH MEPEMHOKEHHE YCIOBHO CXOJIAIIUXCS PSAIOB, TO B
pe3yibTaTe MOXKHO MOJYYUTh PACXOSIIUICS P

3aganusi NPaKTHYECKOH PadoThI

1.Brinucars Tpu NEPBBIX WICHA pPsiAa HAUTH TPETHIO YACTUYHYIO CYMMY

1,11,21 a) b 6)

2,12,22 a)

0)

























2.3apaHune

3./lInctA4

4.KanbKynatopbl

MopAaaoK BbinoAHEHUA PaboTbl
1.M3yunTb 3apaHue

2. I3yunTb TeopeTuyeckme ceesieHunA

3. BbinonHUTb U opopmuTb paboTty
4.Noka3aTb pe3ynbTaTbl NpenoaasaTesnto
AdomaluHee 3agaHue

1.MoaroToBUTb OTBETLI HA KOHTPOJIbHbIE BOMPOCHI
Xoa pab6ortbl

TeopeTnyeckue ceegeHusn

Onpeneaenue.Marpuuein pasmepa min, rage m- 4UCIO CTPOK, N- YHUCIO
CTOJIOLIOB, Ha3bIBaeTCsl TaOJMIA YHUCEJ, PACHOJIOKEHHBIX B ONpPEAEIEHHOM
nops/ike. OTH 4YHCIIa Ha3bIBAIOTCS D3JIEMEHTaMHU MaTpulbl. MecTo Kaxaoro
JJeMEeHTa OJHO3HAYHO OIpEAeNsieTcsi HOMEpPOM CTPOKM UM  CTOoJOIa, Ha
MEPECEUCHUH KOTOPHIX OH HAXOJUTCS. DJIIEMEHThl MaTPULIbl 0003HAYAIOTCS ajj, TIE
1- HOMEp CTPOKH, a J- HOMep cTolLa.

aiz ... am@
a .. a

22 2n

11

2
_D~-~ cee v cee D
@ml « a0
[

A

mn

Buasl MmaTpun

Marpuiia MOXeT COCTOSTh Kak M3 OJHOM CTPOKH, TaK M U3 OJHOTO CTOJONA.
BooOuie ropopsi, MaTpuiia MOXeT COCTOATh Ja)Ke U3 OJHOTO 3JIEMEHTA.
Onpenenenue.Ecan yuciao crosdoB MaTpHIbl paBHO YHUCIY CTPOK (m=n), TO
MaTpHIla Ha3bIBAETCS KBAJAPATHOI.

Omnpeaenenune. Marpuna Buaa:

1
SRR
L
D.- -..D_ E’
ﬁo 0 =
0

HAa3bIBACTCACAMHUYHON MATPHULICH.
Onpeaeaenune. Ecnm a,,, = a,,,, TO MaTpULla HA3bIBACTCS

1 5
. o . CUMMETpHUYECKas
cumMmerpuueckoil.llpumep. 1 3 617

E504E



n 0 ... 0
EFO 9 .. 0 E
ManI/II_IaOI[DeIleJIeHI/Ie.KBaI[paTHaH ManI/II_[a BHU A H H HaA3bIBACTCA

ﬁo . ﬁ
AMATOHAJBLHON MaTpUIICH.
HeiicTBust ¢ MaTpunaMuCiioxkeHue U BbIYMTAHUE MATPUI] CBOJUTCS K
COOTBETCTBYIOIIUM ONEpalusM Haj ux djeMeHTaMu. CaMbIM TJIaBHBIM CBOMCTBOM
ATUX ONEpaIUil ABISETCSA TO, YTO OHU OnpPedeieHbl MmObKO 04 MAmMpPUuY
00uHaK06020 pazmepa. Takum o0pa3zoM, BO3MOKHO ONPEIETUTh ONepaluu
CJIOKEHUS U BBIYMTAHUS MATPUIL:
Cymmoii  (Pa3HOCTBIO) MaTpUI] SBISETCS MAaTpUIA, BJIEMEHTaMU KOTOpOi
SBJISIFOTCSI COOTBETCTBEHHO CyMMa (Pa3HOCTh) 3JIEMEHTOB UCXOIHBIX MATPHLL.

Cjj = aijD)

ij
C=A+B=B+A.
Onepaiysi yMHOKeHHs (JeJIeHMsI) MaTpULIbl JIFOOOro pa3Mepa Ha MPOU3BOJIBHOE
YHUCJIO CBOJUTCSA K YMHOYKEHHUIO (JI€JIEHUIO) KaKJI0r0 3JEMEHTAa MaTpHUIbl Ha 3TO
YUCJIO.

bay Lap . la L
H n
u Lla .. Lla N
(1721 22 2 []
4 0
] ]
u La .. Lla
ml m2 mn

1(A+B)=[A [T B

2 3 g [ 3 4
A(UT) =[A [T'Allpumep. Jaubl MaTputibl A= (2 1 47 , HAUTH

3230 F 7

2A + B.
4 6 7 10
2A=é§r 2 8@; 2A+B=H3 H

6 4ok 9§ 160

IIpousBenenuem matpuil AB = C;Ha3pIBaeTCAMATPULIA, DIIEMEHTBI KOTOPOI

n
MOTYT OBITh BBIYMCIIEHBI 110 CIAEAYOUM Gopmynam:c; [ [ Ja, b, W3
k1

IIPUBEACHHOTO ONPEACIICHNs BUIHO, YTO OIepalysl YMHOKECHHSI MaTPHUIL
OIIPENEIICHA TOJIBKO JJII MATPHULL, YHCJIO0 CTOJIOLOB NEePBOi U3 KOTOPBIX PABHO
4Ky CTPOK BTOpoi.Onpenenenne. Marpuily B Ha3zbiBatoT

TPAHCIOHMPOBAHHOM MaTpuIled A, a nepexon oT A k B TpancnoHupoBanuem,




€CJIM 3JIEMEHTHI KaKJJOU CTPOKHU MaTpHIIbl A 3amucaTh B TOM K€ TOPSAKE B
CTOJIOIBI MaTpULILI B.

11 a2z ... QAum 11 421 ... dm
SR e 2 D
[ 22 2n T [a 22 m2
A= ] D; B=A =[l]12 )
%lml um2 umn ﬁ %lln u2n le” E
U

ApYTHMMH ClIOBaMH, b = aj.

30 s0g_0p [
Ipumep. Jlanelr Matpuiel A = (2 4 1(] 30, C =12 01 gucao [ = 2.
H o 24 2" H1
00

Haiitu A'B+(C.

Hl 2 1 Hl 2 IHHIH %IEHD2E3D1DZ% 595

AT= 0 4 U455 A™B= (g 4 041030=00043040201=

31 2H 3 1 2HRH Baoso2re- HbH

7op P ER T4
(IC=1141; ABHIC= 4 +14 = IIpumep. Haiitu npoussenenue
H2 H do0 H2 H H&E

H®

10 12 14 100 [2 4 IH
) 00 O 0 0O

Matpul A = (4 uB=102 4 1LAB= 402 4 1[=(42 44 40008 16 4[]

BH 3 32 34 30H 12 34

g

BA=12 4 ID%%ZH+4@+IB=Z+I6+3=21.

£l

IIpumep. Haiitu npoussenenune Mmarpuny A=1 20)B = [@ 2%

4101
AB= 1 25[% 6%2 3010 4012[= 13 160

Ol'[peI[e.HI/lTe.]IeM BTOPOTo mopsiika HA3bIBACTCS 4YHCJIO0, KOTOPOC ITOCTABJICHO B

12
1

2

(]

1

COOTBETCTBHUE TAOIHIIBI KOOPPUITUECHTOB |L
2

Imo CJICAYrmEMy IpaBUIy: IPOU3BCACHUC 110 rJIaBHOM JAuaroHain 6€p€TC$I
CO 3HAKOM IIIIOC, 110 ﬂpyroﬁ AruaroHajain CO 3HaKOM MHHYC.















8 csiy4vae, ecnu onpedenumesns Mampuybl cCUCMeMbl He PaseH Hysaw, umeem
eo0UHCmMBeHHoe peweHuUe U 3mo peweHue Haxooumcs rno Gopmysnam:
x;= /L, 20e

[1=detA, a Lli—onpedenumenb mampuybl, noay4yaemoli Uz mampuuysbl cucmemsl
3ameHol cmonbuya J cmonbuyom c80600HbIX YieHo8 by
CyTb memoOda laycca 3aknto4aeTca B Noc/ie40BaTeIbHOM UCKIHOYEHNN
HEeWU3BECTHbIX.

PaccmoTpum cuctemy IMHENHbIX YPAaBHEHUN:

(a x Ua x U...0a x Ub

[]111 12 2 In n
“a,,x, Ua,,x, U..a, x Db

2n n

~a, x, Ua,,x, U..0a, x [b

1 mn” n
m

Paszgenum obe yactn 1-ro ypaBHeHMs Ha a,; 10, 3aTem:

1) yMHOXMM Ha a,; M Bbl4TEM U3 BTOPOrO YPaBHEHUA

2) yMHOMM Ha @ W BblYTEM M3 TPETLErO YPaBHEHMUA U T.A4,.
Monyuynm: 31

DcDa’xDDded

[
Dd .. Dd Dd
[dzzxz 23x3 2”x” , rp'ed =q /a ; j= 2, 3, vesy n+1-

B ............................................. lj 11 11
- ,x, d, , U..0d, x, [d

mn - n
m

d,~j=a,-j—a d i=2,3, e, N, i=2,3, .., N+1.
i1 1j

Nlanee nosTopAem 3T e AEWUCTBUA ANA BTOPOro ypaBHEHUA CUCTEMbI, NOTOM —
ANA TPeTbero u T.4.
K asieMeHTapHbIM [Ipe0Opa30BaHUSIM OTHOCSTCA:
1) IlpubaBnenue k 00€UM YaCTSAM OJHOIO YPaBHEHHUS COOTBETCTBYIOIIMX YacTEH
IPyroro, YMHOKEHHBIX Ha OJJHO U TO € YUCJIO, HE PaBHOE HYIIIO.
2) IlepecTtaHOBKa ypaBHEHHI MECTAMHM.
3) YnaneHue u3 CUCTEMBI yPaBHEHUH, SIBISIONINXCS TOXKIECTBAMU IS BCEX X.

Munopom HEKOTOPOro 3JIEMEHTA d;ONPEICIIUTENS n-20 MOPAAKA Ha3bIBACTCS
ompeAenuTeNs n  — 1-ro mnopsaka, IONMy4eHHBI W3 MCXOJHOIO IIyTEM
BbIUEPKMBAHUS CTPOKM U CTOJOLA, Ha TEPEeCEYeHUHU KOTOPBIX HAXOIUTCS
BBIOpaHHBIN DTENEHT. %6031%%6%;1 mg.

El;l 21 E1;3 =| a:;'g Ell 51'13
12 2 =
TaxechiuA= | 21 = ag3| mo&l i = [;:.E = |, %‘%:'32 - |%'E| =|
= == = 21 3 %1 2R3
2l 22 E]I33
|
ETi

Anzebpauueckum O0¥nonHenuem >SIEMEHTA q;ONPEICIINTENS] HA3bIBAETCS €ro
MUHOD, B3STbIIl CO 3HAKOM «IUIKOC», €CIIU CyMMa i + j— 4ETHOE YHUCIIO, U CO 3HAKOM

«MHHYC», ECITH 9Ta cyMMa HeuéTHas. O6o3Hauaerca A : A = (-1)' 7 * m;
i



TaK, A]] =+myy, A32 =-m
Ceoticmeo(«Paznoxenue “onpenenurens Mo DSJIEMEHTAM HEKOTOPOIO psaa»).
Onpenenutens paBeH CyMME MPOU3BEACHUNM HJIEMEHTOB HEKOTOPOTO psija Ha
COOTBETCTBYIOIIME UM ajreOpandeckue JOMOJIHECHHUS.
[IpounmrocTpupyeM ©W OJHOBPEMEHHO JIOKaX€M CBOMCTBO 7 Ha MpPUMEPE
OIPEICIIUTEIIA 3—@{0 H0£ﬁ1ﬂKa£ﬂ3 3TOM CJIy4ae CBOKMCTBO 7 O3HAYAET, YTO

IL 1L

_ = 12 13, _ = z = o z
A 21 =5 = |1=& 8 +H 8 +H »
2 (=13 EH
P o mEoo o Z g B gy Elis o« B
B 3 CaMoM J1elie, HMeeM Z o F| ﬁ‘ *I*E 4%2%51 12 F 13+ 13+ H ==

=
22 323 = 1 %%3 EEZ i
|g] |+%ﬂz*( %1 )+ e EF lﬁz -# (& 3

383

=] EI ) ﬁ =| | ) ( —1' _

203 3 ) 1311 2\Em3 Bn 73" 33w His ngenaz BL22ER] 1y 59 3 _
| | a = =Z| x| = o= = o, | = =]
2o 23L _3311 113123 3 202 2131153 2@ [Zo23 32280 ¥13 2?—11 32 11 20 3]

x| _ oxE|l_ml =E|
an—% 2l

CBOWCTBO COJIEPKUT B ce0e criocoO BHIYMCIICHUS ONPEACIIUTENEH BEICOKUX

MOPSIAKOB.
IIpumep Brruucaure onpenenuTenb MaTPUILIbI
3 5 7 8
(1 7 0 1)
0 5 3 2
1 -1 7 4

Pemenue: st pa3noxeHus: onpeaenuTesis 00bIYHO BBIOUPAIOT TOT Psifl, € €CTh
HYJIEBBIE DJIEMEHTHI, T.K. COOTBETCTBYIOIIIUE UM CJIaraeMbI€ B Pa3jI0KEHUU OYyT

|_31 ; (7) 8 5 7 8 5 7 8
PABHEL HyJHO. =315 3 21+1%]5 3 2|+0%
0 5 32 17 4 1 7 4
1 -1 7 4
5 7 8 5 7 8

|7 O 1|=1%|7 0 1|=3*x(7*3 x4+ (=1)*x0=*2+5x*7 =%
-1 7 4 5 3 2

I—-(—1) *3x1-7xx7x2-5%x0xx4)+ (5*x3 x4+ (—1) 7 %
2+ 57 x8—(—1)*3 *8-5«xT7T*x4-5%7x*2)—(5*x0=x*2+
7+ 15+ 73 *%x8-5*x0*x8-3x1xx5-7x%7=x%2)= 122
Ceoticmeo . CyMMa TIpOM3BEICHUIN 3JIEMEHTOB KaKOro- JIMOO psia OMpeaeIUuTels
Ha anreOpanyecKue JOMOJTHEHUS COOTBETCTBYIOIIUX 3JIEMEHTOB MapalIeIbHOTO
psilla paBHA HYJIIO.

TaK, Harmpumcep, Cl11A21 + a12A22 + a13A23 =0
Haxo:x1eHue o0paTHON MATPHUIbI.
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[TycTh A — KBagpaTHasi MaTpuIia 71-ro nopﬂnKa*F:h' ( 22 )
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(x 4y [z L6,
1.10.°5y (142 (1720,
S3x 2y 05z (1122,

“dx [y (42 0119,
1.13.2x (y 122 11,
e [y 0122 [18.

2x [y [13z [1[09,
1.16. x [15y [z 1120,
3x 4y 02z 015.

(Bx Oy Oz (104,
1.19.13x (15 7162 1136,
ke D4y 02z 0119.

2x 3y [z [14,
1.22.2x (y (132 110,
@x 02y Uz O1.

[(Bx 14y [12z [111,
1.25.2x Ty [z (4,
3x 12y D4z O11.

Sx 2y D4z L1116,
1.28.7x 13z (176,
BZx L3y Lz 19,

(Bx 12y 14z [121,
1.11.3x 14y (122 119,
2x Oy Dz 110,

2x [y [12z [10,
114 4x [y (142 (16,
~x Oy 02z 04,

(2x [y 13z 110,
1.17.3x 14y (22 (1,
05y 0z OB,

r8x Oy Oz OO,
1.20.5x [y 112z 118,
02y D4z 116,

(2x 3y [z 112,
1.23.2x [y 13z 116,
be L2y Uz [I8.

Cx 5y 16z [1115,
1.26.%3)( Ly 4z 13,
2x T3y [z 19

x4y Uz L1109,
1.29.7%x [y (152 (172,
By 17z 1176,

KOHTpOJ]LHLIe BOIIPOCHI

A .

Yto Ha3bIBaeTCs MHHOpOM?

IIpakTuyeckasi padbora Ne 18 mo reme

[(Bx [12y [15z [15,
1.12.72x 13y [14z 1112,
e 02y 03z D71,

Rx [Ty 12z [18,
115, 5% [y (122 D11,
Hﬁlx Ly U4z [122.

C13x LSy L6z [118,
1.18.73x [y (12 (114,
x D4y 12z 1179,

(Bx [y [z 119,
121.5x [y (122 (111,
02y D4z 019,

Cx [12y 13z [114,
1.24.72x (3y (142 (1116,
%x 2y U5z LLR.

L4x Uy [1L6,
1.27.3x 12y (152 (1114,
x D3y D4z 0019

Tx U4y [z 113,
1.30.73x 12y (132 113,
2x 03y [z D010.

Yro Ha3bIBaeTCA aNreOpanyecKuM JO0MOJIHEHUEM dJIEMEHTa MATPULIbI?
Kak pa3noxuTh onpeenuTelib Mo JIEMEHTaM CTOJIOA UITH CTPOKHU?
Kaxkas MaTpuia Ha3bIBae€TCs HEBBIPOKIECHHOMN?

TpaHcioHMpOBaHHAs MaTPULA.
Kaxkas Mmatpuna HazbiBaeTcsi 0OpaTHOM MO OTHOLIEHUIO K TaHHOU ?
KakoB nops/10k BbIYMCIICHHS] OOpaTHOW MaTPUILIbI?

AJTOPHATM pEeILIEeHHs NPOCTEUIIET0 MATPUYHOTO YPABHEHHMS

«JIeMEHTBI BEKTOPHOH aJIre0pb»
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2.26. V3BecTHBI ypaBHEHHUS IBYX CTOPOH pomba 2x -5y - 1 =0 u 2x - Sy - 34
=0 u ypaBHEHHE OJHOM U3 ero auaroHaneu x + 3y - 6 = 0. Halitu ypaBHeHUe
BTOPOU JUATOHAIA. Omeem :3x [1y [123 [10;

2.277. Haiitu Touky E nepeceuennst MmeauaH TpeyroiabHUKa, BEPIIMHAMHA
kotoporo siBisroTcs Touku A(3,1), B(7, 5) u C(5, -3). Omsem:E(3;11]

2.28. 3anucarh ypaBHEHUS NPSIMBIX, IPOXoaimux yepe3 Touky A(-1, 1) mox
yrioM 45° k npsaMon 2x + 3y = 6. Omeem :x [15y [16 [10; 5x [y [14 110

2.29. Jlansl ypaBHeHUs BbICOT TpeyroiabHuka ABC 2x -3y +1=0,x + 2y + 1
= 0 u koopAauHaThl ero BepinHbl A(2, 3). Halitu ypaBuenust cropon AB u AC
TPEYTOJbHUKA. Omeem :2x [1y [11 [10 [14B; 3x [12y [112 [10 [14AC

2.30. Jlansl ypaBHEHUS JBYX CTOPOH Napamienorpamma x - 2y =0,x -y -1 =
0 u Touka nepeceueHus ero quaronaneit M(3, -1). Haiitu ypaBHeHus IBYX ApyTrHUxX
CTOPOH. Omeem :x [y [17 [10; x [12y [110 (10

IIpakTuyeckas padora Ne 20

Tema «CocraBiieHHe yPABHEHHH KPUBBIX BTOPOI0 MOPSAKA (OKPYKHOCTH,
3JIJIMIICA, THIEPOO0JIbI, TAaPa00JIbI)»

Leanb: npoBepuTh ypOBEHb YCBOCHUSI MaTEpHalia MO COCTABJICHUIO YPaBHEHUN
KPHUBBIX BTOPOTO MOpsAIKA (OKPYKHOCTH, DIITUIICA, Mapaloibl, TUIIEPOOIIbI).

Bpemsa BbinonHeHna 90 mMUHYT

MartepuanbHoe obecneyeHue
1.TeopeTnyeckne ceegeHuUA
2.3apaHue

3./lInctA4

4.KanbKynatopbl

Mopaaok BbinoNHEeHMA PaboTbl
1.M13yunTb 3agaHue



























2.8. Bepmuny rumepbonsl x” - 16y” = 64, A(0, -2).

2.9. ®okycel runep6ois 4x° - 5y* = 80, A(0, -4).

2.10.
2.11.
2.12.
2.13.
2.14.
2.15.
2.16.
2.17.
2.18.
2.19.
2.20.

2.21

2.22.
2.23.
2.24.
2.25.
2.26.
2.27.
2.28.
2.29.
2.30.

0(0, 0), A - BepmHa mapabonsl y>= - (x +5)/2.

Tpassiii oxyc smmmnca 33x” +49y” = 1617, A(1, 7).

JIeBbiit hokyc rumepoonsl 3x° - 5y* = 30, A(0, 6).

doxycsl smmnca 16x° - 41y* = 656, A - ero HUKHsS BEpIIHHA.
Bepuuny runep6onsi 2x° - 9y = 18, A(0, 4).

dokychl runepboisl 5x° - 11y =55, A(0, 5).

B(1, 4), A - BepiunHa napaboist y> = (x - 4)/3.

JIeslit hokyc ammmnca 3x° + 7y° =21, A(-1, -3).

JIeByio BepimHy runep6omst 5x” — 9y” =45, A(0, -6).

dokychl ammmca 24x° — 25y° = 600, A - ero BepXHsis BepIINHA.

IpaByto BepiumHy rumepoonsl 3x° - 16y” - 48, A(1, 3).

. JIeBrit hokyc rumep6oist 7x° - 9y” = 63, A(-1, -2).

B(2, -5), A - Bepmmna mapaboss x2=-2(y + 1).

[paBsrii hokyc smmmmca x* + 4y” = 12, A(2, -7).

IpaByro BepmHy runep6ois! 40x” - 81y = 3240, A(-2, 5).
doxycel mmnca X~ + 10y* =90, A - ero HIXHsS BEpIINHA.
TpaByro BepmMHy THIIEp6OIIBI 3X° - 25y = 75, A(-5, -2).
®okychl runepbois: 4x° - 5y = 20, A(0, -6).

B(3, 4), A - Bepmnaa mapabonsl y>= (x + 7)/4.

JIeBniit oxyc smmmnca 13x* +49y” = 837, A(1, 8).

IpaBsiii Goxyc runepOonsl 57x° - 64y° = 3648, A(2, 8).

KOHTpOJILHbIe BOIIPOCHI

1. 3anummTe KAHOHUYECKOE YPAaBHEHUE DJUIMIICA.
2. 3anuumuTe KaHOHUYECKOE YPaBHEHHUE TUNEepOOIIbI.





http://school-collection.edu.ru/
http://fcior.edu.ru/
http://college.ru/matematika/
http://www.mce.su/
http://www.exponenta.ru/
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