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HOACHUTEJBHASA 3AIINCKA

BueaynutopHas camocTosiTelbHasg paboTa CTYJIEHTOB — 3TO ydeOHas
JEeATEeNbHOCTh CTYyJACHTAa, BBHINOJHSAEMAas BO BHEAyIAUTOpHOE Bpems 0Oe3
HEIMOCPEACTBEHHOTO Y4YacTUsl MPENOAAaBaTelisl, HO MO €ro 3aJaHui0 H IOJ €ro
PYKOBOJCTBOM,  HampaBlieHHass Ha  (QOpPMHpPOBAHHUE  CAMOCTOSATEIHLHOCTHU
MBIIUIEHHS, CIIOCOOHOCTEM K CaMOpa3BUTHIO, CAMOCOBEPIIEHCTBOBAHUE H
caMopeanu3aluio.

[{enpto caMOCTOSITENHHOM PabOTHI CTYIEHTOB SBJISCTCS:

-cUCTeMaTHh3allus, 3aKpeIvieHue, YriyOJIeHHe M PACIIMPEHUE MOIyYSHHBIX
TEOPETUYECKUX 3HAHUM U NMPAKTUYECKOE UX IPUMEHCHHE;

-pa3BUTHE aHATUTHYECKUX CIIOCOOHOCTEHN M JIOTHYECKOTO MBIIUICHHUS;

-OBJIaJICHUE HaBbIKaMM pabOThl C HOPMATUBHOM U  CIIPABOYHOM
JIUTEPATYPOHU;

-pa3BUTUE T[IO3HABATENIbHBIX CIIOCOOHOCTEH M AKTUBHOCTU CTYJEHTOB:
TBOPYECKOW  WHUIIMATHUBBI, CaMOCTOSITEIIHOCTH, OTBETCTBEHHOCTH U
OpPraHU30BaHHOCTH;

-OBJIaJICHUE TPAKTHUYECKUMHU HaBBIKAMU TMPUMEHEHHUs HH()OpMaIMOHHO-
KOMMYHHUKAIIMOHHBIX TEXHOJIOTUI B IPO(PECCHOHATIBHOM 1€ATEbHOCTH;

Jns yCmenmHoCcTH OpraHu3allii CaMOCTOSITEILHON paboThl HEOOXOIUMBI
CIEAYIOLIUE YCIOBUA:

— MOTHBAlMs TOJYYEHUsT 3HAHUW UM TOTOBHOCTh CTYAEHTOB K
CaMOCTOSATENIbHOM JIEITEIbHOCTH;

— HaJIM4ME U JOCTYMHOCTh BCEr0 HEOOXOAMMOTO y4eOHO-METOIUUECKOTO
Y CIIPaBOYHOT'0 MaTepHUaa;

—  CHUCTEeMa  PEryJsIpHOIO  KOHTpPOJII ~ KAadecTBAa  BBINOJHEHHOMN
CaMOCTOSITENIbHON padOThI;

— KOHCYJIbTAallMOHHAS IOMOIIb IPETO1aBaTEIIA.

Jlnst  BHeayauTOpHOU pPabOTHI CTYJIEHTOB IO Y4YeOHOW JIUCIHUILINHE
«Maremartuka» cienyroue GopMbl CAMOCTOSITEIBHON paOOThI:

- caMocTosTeNbHas paboTa ¢ yueOHOU IMTepaTypoil U MHTEPHET pecypcamy,
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- 3aI10JIHEHUE TA0JIUL U COCTABJIEHUE CXEM,;

- pellieHUEe pacueTHbBIX 3a/1a4;

- MOATOTOBKA pedepaTos;

-BBIIIOJIHEHUE MTPE3ECHTALUN

B pe3ynbTaTe BBINOJIHEHUS CaMOCTOSITENILHOM pabOThl CTYJIEHT JIO0JKEH
c(OpMUPOBATD: 2IEeMEHMbl CAE0YVIOUWUX KOMNEMEHYULL

OK 1. Broibupate cmocoObsl pemieHuss 3agad  MpodeccHoHATbHOM
JESITEIbBHOCTH, IPUMEHUTENBHO K PA3IMYHBIM KOHTEKCTaM.

OK 2. OcymecTBAsTh MOUCK, aHAJIW3 U UHTEPIIPETALIMIO HHPOPMAIIHIH,
HEOOXOIMMOM I BBITIONTHEHHS 337434 PO eCCHOHATBFHON ACSITENFHOCTH

OK 3. I[InanupoBaTh U peaan30BbIBATh COOCTBEHHOE MPO(ECcCHOHATBHOE U
JUYHOCTHOE Pa3BUTHE.

OK 4. PaGoTatb B KOJUIEKTHBE U KOMaHJE, 3)(PEKTUBHO B3aUMOICHCTBOBATD
C KOJIJIETaMH, pPyKOBOJICTBOM, KIINEHTAMHU

OK 5. OcymecTBisiTh YCTHYHO W IHCBMEHHYIO KOMMYHHKAIMIO Ha
rOCy/IapCTBEHHOM $3bIKE C YYETOM OCOOEHHOCTEH COLMANBbHOIO U KYJIBTYPHOI'O
KOHTEKCTa

I[IK 3.1. Omnpenensitb  ONTUMaJbHbIE  METOAbI  BOCCTaHOBJICHUS
PaboTOCTIOCOOHOCTH MPOMBIIIIIIEHHOTO 000PY/10BAHHUS

YMEHHUSI:
e AHanM3UPOBATH CIOKHBIE (PYHKIIUU U CTPOUTH UX rpaduKH;

¢ BLITIOTHATE JIeHCTBUS HAJ KOMIUICKCHBIMM YHCJIaMU;

¢ BEIyuCIsTh 3HaU€HUSI TEOMETPUUYECKUX BEJIMYUUH;

e[ Ipou3BOIUTE OMEpaly HaJl MATPUIIAMU U OTIPEICIUTEIISIMHU;

ePelliath 3a1a4 Ha BHIYUCICHUE BEPOSITHOCTU C UCIIOJIb30BAHUEM DJIEMEHTOB
KOMOWHATOPUKH;

e Peliath MpUKIaAHBIE 331a4M C UCIIOJIb30BAHUEM DJIEMEHTOB
mudepeHITaTbHOTO0 B HHTETPATbHOTO0 HCUMCIICHU;

ePeliars CUCTEMBI IMHEWHBIX YPABHEHUHN Pa3JIMYHBIMU METOIAMU

3HAHUA:



e (OCHOBHbBIE MAaTEMAaTUYECKUE METObI PELICHUS IPUKIIAIHBIX 3a/1a4;

e OCHOBHBIE TOHATHS W METOAbl MATEMATHYECKOTO aHaiu3a, JUHEWHON
anreOppl, TEOPUI0 KOMIUIEKCHBIX YHCEN, TEOPUH BEPOSITHOCTEH W
MaTeMaTHUYECKOW CTaTUCTUKH;

e OCHOBBI HHTETPAIBLHOTO U JU(D(HEPEHIINATEHOTO HCUUCIICHUS;

e Porp u MecTo MareMaTMKA B COBPEMEHHOM MHpPE NPH OCBOEHUU
npoecCHOHANBPHBIX ~ TUCHUIUIMH U B chepe  mpodeccrnoHaIbHOMI
NEeATENbHOCTH
OOmuii 00BEM BpeMEHH, OTBEAEHHOIO Ha CaMOCTOATEIbHYIO paboTy

cocTapiseT23 Jaca.

OTueTsl MO  BHEAYAUTOPHOM CAMOCTOATENBHOW paboTe BBINOJIHIIOTCS B

TeTpasX.
Kpurepun ounennBanums:
- OLIEHKa  «OTJIMYHO»  BBICTABIETCA  oOOydaromemycss 3a  pabory,
BBIMIOJIHEHHYIO O€301IM00YHO, B MOJHOM O0BEME C YYETOM pPalMOHAIBHOCTH
BbIOpaHHBIX PEIICHUN;
- OLICHKA «XOPOIIO» BBICTABIIIETCS  O0yvarouiemycs 3a paborty,
BBITIOJIHEHHYIO B ITOJTHOM 00bEME C HEJIOUETAMH;

- OLIEHKA «YJOBJIETBOPUTEIBHO» BBICTABISETCS OOydwaromiemycs 3a padory,
BBITIOJTHEHHYIO B HE TOJIHOM oObeMme (He meHee 50% MNpaBUIIBLHO BBIMOJHEHHBIX
3aJaHui OT 001Iero oobeMa paboThl);

- OLIGHKa «HEYJOBJIETBOPUTENILHO» BBICTABISIETCS oOydarolemycst 3a padory,
BBINIOJIHEHHYIO B HE MOJMHOM o0beme (MeHee 50% NpaBUIIBHO BBIITOJIHEHHBIX

3a1aHUl OT 00I1Iero 0ObeMa paboThl).



TemaTnyeckui mjiad

Howmep Tembl

Hazsanue BCP

1.2.

BrimonHuTe pacuéTHyio paboTy 1o teme: « Brrancienue npeaesnos.
PackpeiTue HeonpeaeaEHHOCTE M

BrinonHenue pacu€THbIX 3aaHui 110 TeMe: «Pa3nuHble BapuaHThI
MCII0JIb30BaHUs IEPBOIO U BTOPOT'O 3aMEUYaTENbHbIX IIPEAEIIOB [l PELICHHUS
po(heCCHOHATTBHBIX 33129

1.3.

BeimonHenue pacu€THBIX 3a1aHui IO TeMe: «Bbruncienre npon3BoIHBIX
CJIOKHBIX (DYHKIIUII».

Brimonnenue pacuérHo-rpaduueckux 3amanuii mo reme: «Vccnenopanue u
NOCTPOCHHE TPAPUKOB (DYHKIIHIA»

Brimonaenue pacu€THbIX paboT mo Teme: «BblumcieHHe HeompeneeHHBIX
HUHTETPATIOBY.

2.1.

BrinotHeHME pacueTHOM paboThI 10 Teme: «Brruncienue onpeneauTens 3-To
MOpSIKa C MUCIOJIb30BAHUEM CBOMCTB ONPEACIUTENEH»

[ToaroTroBka pedepara mo Teme: « METOIbl PEHICHHS CHUCTEM JIMHEHHBIX
YpaBHEHUH C N HEU3BECTHBIMUY.

2.2.

Brimonaenue pacueTHoit paboTsl o Teme: «IIpruMeHeHne 0OBIKHOBEHHBIX
Qg epeHIMaIbHbIX YPaBHEHUH] sl MPO(eCCHOHAIBHBIX PACUETOBY.

3.1.

Brimonnaenue pacuetnoit pabotsl mo remam: «llokazarensHas hopma
KOMIUTEKCHBIX YHCEI,«/leiCTBHS HaJl KOMIUICKCHBIMU YUCIAMU», «
["'eomeTprueckoe n300paxeHne KOMIIEKCHOTO YHCIIay

4.1.

Brimmonnenue pacuetHoit paboTsl 1o Teme:  « [I[puMeHneHne kKoMOMHATOPUKU
JUTSI peIeHUs TPO(HEeCCHOHATTBHBIX 33129

4.3.

CamocrosTenbHas paboTa CTyIeHTOB
Pacuetnble paboThl 1o Teme «PerieHne 3a1a4 Ha BBIYUCICHUE BEPOSATHOCTEH
C MCIIOJIb30BaHUEM DJIEMEHTOB MAaTEMATHUECKON CTATUCTUKI.




PA3JIEJI |. MATEMATHYECKHWI AHAJIN3
Tema 1. 2. IIpenen pynkuuu. HenpepoIBHOCTH (PyHKIUM

1.2.1. Beiuucienue npeaenoB. PackpbiTHe HeonpeaeaéHHOCTel

Llenv pabomur: OTpabOTKA HABBIKOB BBIYMCIEHUS IPEIEIOB (QyHKINN

3apanme: PackpoiiTe HeoNnpeaeIEHHOCTH HEONPEAEIEHHOCTEN

olo
818

Xon paboThI:

[ToBTOpHTE MPOWICHHBIN HA YpOKE yU4eOHBIH MaTepuas Mo YYeOHUKY M IPOYUTANTEe
HIKE CIIEAYIOIINE KPAaTKAE TEOPETUUECKUE CBEICHUS
Kparkue TeopeTndyeckue CBeICHUs

Ompenenenne. Yucno b nazeiBaercs npenenom ¢pynkmun f(X) B Touke Xo, ecimu s

BCEX 3HAUYEHHH X, JIOCTATOYHO ONN3KUX K Xo M OTIMYHBIX OT Xo, 3HAYCHUSI (DYHKIIIH

f(X) ckomb yrogHO Mao oTMYaroTCs OT ynca b. [MumryT: lim f(x)=b
X—>Xg

CeoiictBa mpenenos. Ilycts cymectByror mpemensl lim f(x)=a u limg(x)=b.

X=Xy X—Xg

Torna:
1. Ilpenen KOHCTAHTBI paBEH caMou KOHCTAHTE: limc=c.

X—>Xg

2. Ilpenen cymmbl ABYX (PYHKIMII paBeH CyMMe€ MpPEAENOB 3TUX (YyHKUHUM:
lim[f (x)+g(x)]=a+b.

3. Tlpemen nmpousseneHus AByX GyHKIMI paBeH MPOU3BEACHUIO MPENEIOB ITUX
yHxImii: lim[f(x)-g(x)]=a-b.
X—X%g

4. TIOCTOSHHBI MHOXMTENb BBIHOCHTCS 3a 3Hak mpexena: limlk-f(x)]=k-a.

X—>Xg

5. Ilpenen wyactHoro aByX GYHKIMH paBEH 4YacTHOMY TIPEACJIOB 3THUX

byHKIHI: Iimlx)zg, ecm g(x)#0.

6. Iloxazarens CTCIICHU MOJKHO BBIHOCHUTDH 3a 3HaK mnmpeacia:

XILrQ(f(x))” :(X'Lrl] f(x)jn =a".

3ajanus 1J1s CaMOCTOSITEILHOM PadoThI.



Packporite HeonpenenéHHOCTH

2 _ 2 _
1) lim(3x — 2x° +3) 2) lim 2X_*+5X=3 3) lim X =x=1
x—3 X——1 X+3 xal 1
2 X——=
2
2 _ 2 2
4) lim 3x° +5x—-2 5) lim 5x° —51x+10 6) Iimx . 2x+1
x—>-2 X+2 x—10 x—10 -1 2x° —x—1
7) limyx-1 8) lim Yx -2 9) 'imw
x—1 X2 -1 x—16 ,\/;_4 x->3 X +2x—15
/ 5 3
10) IimM 11) lim( 1 _ 22 ) 12) “mw
x>0 X -l'x—-1 x°-1 xow X —4
3 7 4
13) lim_ 2X *1 14) lim X' ~2 15) Iim 2X 3%
x> 33X +7X+8 x=e AX” +7X° +1 x>0 Qx* +5

Bomnpocs! pjs1 caMmonpoBepku

Urto HazbiBaeTcs GyHKIIMEH OHOM HE3aBUCUMOM TTEPEMEHHOM?
[lepeuynciuTh OCHOBHBIE JIEMEHTApHbIC (DYHKIIUH.

Kaxkue dbynkuun HazpiBatotcs snemenTapasiMu? [IpuBenure npumepsl.
Yro takoe npenen pyukiun Y = f(X) mpu X— a?

JlaiiTe onpeesieH|e MpaBoro u jJeBoro npezenos Gynkiuu y = f(X)
JaiiTe onpezaesneHne npeesna nocie10BaTeIbHOCTH.

Kaxkas pyHnkius HazpiBaeTCss OECKOHEYHO OOJIBIION BEIMUMHON IPU X— & U
X— +00?

KaxoBa cBA3b Mex1y OECKOHEYHO OOJIBIION U OECKOHEYHO MaJIoN
BEJIMYMHAMMU ]

NogakowdE

o

1.2.2.Pa3anuHble BapHaHTbI UCIIOJb30BaHMUA II€EPBOI0 1 BTOPOIo
3aMevdaTC/IIbHBIX IPEACJI0B IJIA PCIHICHUSA IIpO(l)eCCI/IOHaJII)HI)IX 3agav

Lenv pabomor. OTpaboTKa HABBIKOB BBIYMCICHHS 1-T0 M 2-TO 3aMedaTelIbHBIX

peJeioB

o .. .. . 0
3aganme: PackpoiiTe HeONpeneIEHHOCTA HEONIPEAEIEHHOCTEN — , 1%
0

Xona paboThl:

[ToBTOpUTE MPOMACHHBIA HA YPOKE YUEOHBIN MaTepuas 1Mo y4eOHUKY W MPOUYUTANTE
HWDKE CIIENYIOLIME KPATKUE TEOPETUYECKUE CBEICHHUS
KpaTkue TeopeTnueckue CBeIeHUS

Onpenenenne. Uncno b HaswsiBaercs npeaenom ¢pyakimu f(X) B Touke Xo, ecau s

BCEX 3HAYCHUH X, TOCTATOYHO OJIM3KUX K Xo ¥ OTJIMYHBIX OT Xo, 3HAYCHUS (QYHKIIHH

f(X) ckonb yrogHo Mano oTIMYaroTCs oT uncia b. [Munryt: lim f(x)=b
X—>Xg

CeoiictBa mpenenos. Ilycts cymectByror mpenens limf(x)=a u limg(x)=b.

X—>Xg X—Xg

Torna:



7. Ilpenen KOHCTaHTBI paBeH camoit KOHCTaHTE: limc=c.

X—>Xg

8. Ilpemen cymMbl nByX (PyHKUIMN paBeH CyMMe MpEACIOB 3TUX (YHKIIHIL:
lim[f (x)+g(x)]=a+b.

9. Ilpenen npousBeaeHUs MBYX QyHKIMHA PaBEH TIPOM3BEICHUIO MPEIENOB STUX
GyHKImiA: lim[f(x)-g(x)]=a-b.

10. TToCcTOSIHHBIA MHOKHMTENL BBIHOCHTCS 3a 3Hak mnpexmena: lim[k-f(x)]=k-a.

X—>Xp

11. [Ipegen wyacTHOro JBYX (YHKIIMH paBeH 4YacTHOMY TMIPEAENIOB 3THX

f(x)

yHKIHI: Iim—:%, ecm g(x)#0.

12. TlokazaTenp ~ CTEMEHM  MOXKHO  BBIHOCUTH 32  3HAK  Ipejena:

XILrl!(f(x))" =(XILr2 f(x)jn —a".

3amaHus 11 CAMOCTOSATEILHON PadoThI.

Packpoiite HeonpenenéHHOCTH:
Bapuanr 1

2 2X
lim 9 X . Iim(4x 1) |

x—0SIN 2X , X—>00

4x +3

Bapuant 2

. C0S2X—CO0S>2X .. (6x—5)2x
im - lim .
x—0 x2 x—o\ 6X —1

Bapuant 3

lim ;
x—0 2X -1g2X

1— cos4x . (3x+4j7x
- lim )
x—o\ X +5

Bapuanr 4

lim X
x=01—Cc0S2X X—>00

6X
1— Cos6X . (X+4j
- lim .

Bapuant 5

. 5x — 2\
lim - X lim .
x—0 X-SIN X x—o\ BX +1

SIN7X+sin3x

Bapuant 6

lim

x—0

cos4x —cos® 4x . (7x—1)4x
- lim .
3x? 7x+5

X—>0 +



Bapuant 7

. 1-cos3x : X
lim=——=;  lim(2x - 3)x=.

x—0 X -SIN2X X—2

Bapuant 8

lim1=C052X. jim3— 2x)%.

x—0 X -tg3X x—1

Bapuant 9

ljm X SIn3X_. lim(7 — 6)3x-3.

x—0 C0S X — C0S° X x—1

BOHpOCLI AJIA CAMOIIPOBEPKH

Urto Ha3bIBaeTCs PyHKIMEH OTHON HE3aBUCUMOM MepEeMEHHON ?
[lepeuncniuTh OCHOBHBIE JIEMEHTApHbIC (DYHKIIHH.

Yro takoe npenen Gpynkiun y = f(X) mpu x— a?

JlaiiTe ompe/esieHue MpaBoro U JieBoro mpeaesioB Gpyukimu y = f(x)
Jlalite onpeneneHue npeaena nocie10BaTeIbHOCTH.

Kakas pyHkuus Ha3zpiBaeTCsl OECKOHEYHO OOJBIION BEIMYMHON NpU X— a U
X— +00?

o0k wWwNE

7. KaxoBa cBs3b Mex 1y O€CKOHEYHO OOJIBIION U OECKOHEYHO MaJIOi
BEJIMYNHAMMU?

8. [To xako¥i (hopmysie BEIYHCIISAETCS MEPBbIN 3aMeuaTeIbHbIN npeesn?
Q. [To xako¥ hopmysie BEIYUCIAETCS BTOPOM 3aMedaTeNIbHbIN Tipeien?

Tema 1. 3. {uddepeHunanbHOe U HHTETrPaJbHOE HCYUCTEHHS
1.3.1. BeruncjieHre NPOU3BOAHBIX CJAOKHBIX QyHKIUH

Lenv pabomur: OTpaboTKa HABBIKOB BBIYMCICHHUS MPOU3BOAHOM GYHKIUNA H
IPAKTUYECKOTO MTPUMEHEHUS TTPOU3BOTHOM.
3aganme 1: Boruncnure npou3BOAHBIC CIOKHBIX U DJIEMEHTAPHBIX QYHKIIUN
Xona paboTbl
Kpartkue TeopeTudeckue cBeaeHus

dopmyibl auddepeHITupoBaHms [TpaBuna [Ipumenenue
nudepeHmpoBaHus MIPOU3BOIHOM
C’:O . ' ' ' ' f'(X)=tga=k
, sinx) =cosx u+v) =u'+v
x'=1 (sinx) ( , ) v(t)=S'(t)
(v ‘ot | (cosx) =—sinx (uv) =u'v+viu a(t)=v/(t)
! ¢ 1 ' !
- cu) =cu
(kx) =k (tgx) cos’ x (eu) YpaBHeHue

10




1 ' 1 Nt KacaTeNbHOI:
Rl L R B | O3 = R s T
' v ,
(%j :_iz (arcsinx) = 12 [f(g(x))] = £'(g(x))- 9'(x) | f(x) Bo3pacraer ua I,
)
)

X
eciu
' ' 1

(arccosx) =— f(X)>0mal.

Y f(x) yobiBaer Ha |, eciu
' 1 ' 1 f'(x)<OmHal.

= ina (arctgx) = Y BhIyK10cTh rpaduka

' 1 (GyHKIIUU U €ro
, (arcctgx) BRIV neperuosl:
(Inx) == »" >0, BBITYKJIOCTb BHU3

y" >0, BBIYKIJIOCTb
BBEPX

3amaHus 11 CAaMOCTOSATEILHON PadoThI.
3ananue 1: Beraucnure npou3BOAHBIEC CIOKHBIX U 3JIEMEHTAPHBIX (PYHKITUH

1.1.BbIYucauTh NMPOU3BOIHBIC CASAYIONTUX (YHKITUI:
1)y =2x2-3x+5; 2)y=4—x* 3)y=x*—x% 4)y=56x*-7x>+x-3; B)y=x*+

8 6
4x3—8x2+9x—5; 6)y=2%_3x2+6x_1; 7)y=3%+4x5—2x3—2i; 8)
X

y=2—£—5x2—i;
2 x2

_2 2
9)y :(Zx—3x3x4 +5x—8); 10)y=3x2%; 11)y=4x2; 12)y=3x3; 13)y=5x?%;
14) Hatitn f '(—1), ecu f (x)z 4x° —2x* +x-5;
15) Hatitn f ’(0,5), ecm f (x) =P +0x% —x+2;
1.2.BpruuciauTe mpou3BOIHBIE CIOKHBIX (DYHKITUI:
1) y=3sin5x; 2)y= 40032 ; 3) y=arccos3x; 4)y=Iny2x-1;

5)y=(x4 —x—1)4; 6).y=vx*+2x-5; 7)y=cos’x; 8) y=sin®x; 9)y=Insin3x;
10) y=Inv/2x—-1; 11)y=3"™_22 4% 12)y=3"" —47"+3e%";
1.3. Beraucnure nmpou3BoOIHbIC TTOKa3aTeIbHO-CTEIICHHBIX (DYHKITUH:

1
Dy=x5 2)y=x"; 3)y=x*; 4)y=x""; 5)y=x*; 6)y=(arctgx)";

7)y=(arctgx)’; 8) y = (x+x?)".
1.4. TeomeTpuueckuii U PU3NIECKUIA CMBICIT PONU3BOTHOM.
1) CoctaBbTe ypaBHEHHE KacaTeIbHOM K mapabosie y =x” —4x B TOUYKE C

a0cmmccont @) x, =-1; 6)Xo=0; B)Xo= 1.
2) Nana kpuBas y =2x°—4x* +5x—1. CocTaBbTe ypaBHEHUE KacaTeIbHOM B TOUKE,
abcrmucca kotopoii paBaa a) —1; 6)0; B) 1.

. S ST
3) B kakoil Touke KacaTenbHas K KpUBOU y = 3" —3x° +8x+4 mapayuienbHa

npsiMoit a) 2x+2y-5=0; 0)y—3x-5=0; B)Yy+x=0?
11




Bonpocsl 111 cCaMOKOHTPOJISA

Jlatb onpenenenue npousBogHol GyHkuu y =f(Xx).

KakoBbI reoMeTpruecKril 1 MEXaHUYECKHI CMBICIIBI IPOU3BOIHON?
Kak HaifTu mpou3BOJHYIO CIOKHOU PyHKIUN?

Jate onpenenenue muddepenimana pyakuuu y =f(x).

Kaxoit reomerpudaeckuii cMbics umeeT auddepeniiian’?

Yro Ha3bIBaeTCS MPOM3BOIHOW BTOPOTO nopsiaka oT pyrkiun Y =f(X)?

ook wdE

1.3.2.UcciienoBanue M NocTpoeHue rpapukoB pyHKuMi

Lenv pabomur: OTpaboTKa HABHIKOB MPUMEHEHUS TIPOU3BOJIHON K MCCIICIOBAHUIO
byHKIIIH
3ananme 1: Uccnenyiite u noctpoite rpadux GyHKINN:

Xoxa paboTbl

Jlocmamounoe ycnosue 6o3pacmanus QyHKyuu

.

¥

fi{x) =0

Ecnu B xaxoii Touke naTepBana (a, b) f'(x)>0, ro dynkuus f(x) Bo3pacraer Ha
ATOM MHTEpBAJIE.

Jlocmamounoe ycnosue yoviganus QyHKyuu.

},ul.

/

1
o a 8 x

fi{x) <0

Ecnu B kax o Touke nHTepBana (a, b) f'(x)<0, ro pynkuusa f(x) yObiBaeT Ha 3TOM
MHTEpBAJeE.

Onpeoenenue:

Xo Ha3bIBAaeTCS KPUTUUECKON Toukor pyHKImH f(X), eciu
1) Xo — BHyTpeHHsIsl Touka oOactu onpeneneHus f(X) ;
2) f'(X0)=0 mmu f'(xo) HE CyIIeCTBYET.

Heobxooumoe ycnosue sxcmpemyma.

Ecnu xo— Touka sxctpemyma pyHkiuu f(x), TO 3Ta TOUKa ABIAETCS KPUTHUECKON
TOYKOHN JaHHOU (DYHKITUU.

12



ﬂOCWlClWlOllHO€ yciaosue sxcmpemyma.

Ecnu pu mepexojie uepes3 TOUKy Xg MPOU3BOAHAS (DYHKIIMH MEHSET 3HaK, TO Xo —
Touka 3KkcTpemyMa GpyHknuu f(X).

zHak | )
i ¥

HapakTep \\ X, x
HIMEHEHHA
HELHH ,..f"f"'

2Hak |
max -

+
HApAKTEpP ’r,,-f"’” Xy X
HEpEHEHHA
YHKLLHH

IIpumepwl sxcmpemymos:

f'=0 f' He cywecTeYeT

]
{Tg 1 o ﬂﬁ' AL
: g Xmin %7 1\ Xmin s
P e G e
| 1 o
[

fi=0 f' He cywecTEYET

CxeMa uccnenoBanus GyHKIUU.

=

Haiitu oOnacthb onpeaeneHus QyHKIIUN.

2. IlpoBeputsb, HE ABISIETCS M QYHKIIMS YETHON WIJIM HEYETHOM; MPOBEPUTH
TaK)Ke, HE SIBJISIETCA JIU OHA MEPUOIUYECKOM.

3. Haiith, ecnu 3TO BO3BMOXKHO, TOUYKHU TiepecedeHust rpaduka QyHKIIUU C OCAMHU

KOOPJIMHAT U TIPOMEXYTKHU 3HaKOMOCTOsTHCTBA (hyHKkiuu. MHorma s

YTOYHEHUS MOCTPOEHUs rpaduKa ciaeayeT HalTH BE TP JOMOTHUTEIIbHbBIE

TOYKH.

Hatiti mpon3BoAHYIO QYHKITUN U €€ KPUTHICCKUE TOUKH.

Haiiti mpoMexyTK MOHOTOHHOCTH M DKCTPEMYMBI (DYHKITHH.

[TocTpouTs rpaduk GyHKIHH, UCTIONB3YS TOJYICHHBIC PE3YIbTATHI

WCCIICTOBAHMS.

o 0k

CxeMa HaxOKJeHUsI HauOOJIBIIIEr0 U HAaUMEHbIEero 3HaueHu Gyukuun f(x),
HEMPEPHIBHOM Ha OTpe3ke [a; b].

1. Haiitu 3HaueHus QyHKIIMU B KOHIIAX OTpe3Ka, T.e. f(a) u f(b) ;
2. Haiitu 3HaueHHs] PYHKIUHU B T€X KPUTHUECKUX TOUYKAX, KOTOPbIE MTPUHAIJIECKAT
uHTEepBaly (a,b) ;
3. U3 HaliieHHbIX 3HaY€HUH BIOpATh HauOoJIblIee U HAUMEHBIIEE.
3aaHud I CaMOCTOSATEIbHOI PadoThI

Uccnenyiite n moctpoiite rpaduk GyHKINN:

13



1) y=8-2x—x%; 2)y=x*-3x2+4; 3) y=3-3x+x°; 4)y=x*+2x3-5x% 5)
2
y= x2 1 ; 6)y=xv2-x; T)y= In(x2 +1);
x°+1
Bonpocsl 1j11 CaMOKOHTPOJISA
1. B 4€M cOCTOMT TOCTAaTOYHBIN MPU3HAK AKCTpeMyMa?
2. Kakue ToukHu Ha3bIBaIOTCS TOUKaMHU repernda Gpyukmuu y =f(X)?
3. UYro HaszwiBaeTcs acumnToror pynkmnuu y =f(x)?

1.3.3.BbiunciieHue HeonpeaeJeHHbIX HHTEerPAJIOB

Lenv pabomur: OTpabOTKA HABBIKOB BRIYUCIICHUS NTEPBOOOPA3HOIN (PYHKIIHIA U
MPAKTUYECKOr0 MPUMEHEHUS UHTETpaa.

3ananue 1: Briuncnure HeonpeaenEéHHbIE HHTETPaIbl

3ananme 2: [Ipumenute hopmyny Herotona-JIeliOHuIa 1151 BBIYUCICHUS
wiomaae  duryp

Xon paboTbl
Teopernyeckuii MaTepua
|.OcHoBHBIE (HOPMYJITBI HHTETPUPOBAHMUS

dx=x+C dx . dx .
_:2\/;+C’ =—ct X+C,
I J.‘/; J.sinzx g
Ixndxzxn+l+C,n¢—1; dx_| C; j dx =tgx+C;
i IT_ A cos’ X ’
dx 1 _
F:_;JFC’ jeXdX=eX+C; I =arcsinx+C,
1-x?
J-ade: a +C; J.SlnXdXZ—COSX—FC; d
na I1+x2 =arctgx+C .
x x J'cosxdx=sinx+C;
je dx=e"+C;

II. OcHOBHBIE CBOMCTBA HHTETPAJIOB

1°. TlpousBomHas HEONPENENEHHOTO MHTErpaja paBHA IIOABIHTEIPATIBHOM

GyHKIHH: q f(x)dx) = f(x).
2°. uddepeHnman HeONpeENeHHOTO HHTErpana pPaBeH IOJBIHTErPAIbHOMY

BBIPKEHHIO:
dj f(x)x = f(x)dx.

14



3°. MuTterpan ot anredpandeckoil cyMMbl (PpYHKIMI paBeH anreObpaudeckoi cymme
MHTETPAJIOB OT 3THX (DYHKIIHIA: I(f (x)£g(x)px = J. f(xJx + I g(x)dx.

40. ITocTossHHBIN MHOXKUTEIIb MNOABIHTCIPAJILHOI'O BBIPAKCHUS MOJKHO BBIHOCHUTD 3a

3HaK UHTErpasa:
[t (x)x =k [ £ (x)dx..

5% Heompepenennplii uaterpan or auddepeHnuana HeKOTOPOi (yHKIUM paBeH
CyMME 3TOM (DYHKIMH ¥ IIPOU3BOIBHOM ITOCTOAHHONC: J.df (x)=f(x)+C.

6°. Murerpan or ca0kHOM (yHKIMH C JMHEHHBIM apryMEHTOM BBIYMCISAETCS 10

dbopmye:
_[f(kx+b)dx=%F(kx+b)+C .

I11. ®opmyna HeroToHa-JIeliOHuMIIA 1151 BBIYUCICHUS ONPECICHHBIX HHTETPAJIOB:
b

[ (= F(x) = Flb)- F(a).

a
Metoabl HUHTErpUPOBAHUS

1. HenocpenctBenHoe uHTErpupoBanue. Mcnomabs3zyercs Tabinia HHTErpajioB,
CBOMCTBa HEONPEIEAEHHBIX HHTErPAJIOB U pa3IMuHbIe MPEe0Opa30oBaHUs
MOJABIHTEPAIBHOTO BBIPAKEHHUS.

2. VnrterpupoBaHue 1o yacTsaM. JJaHHBIN c1OcOO COCTOUT B TOM,
NOJIBIHTErPAJIbHOE BBIPAKEHUE MPEJICTABISAETCS B BUJIE IPOU3BEICHUS IBYX
MHOXXUTENIH Uwu 0V 1 3aMeHseTCs IBYMsI MHTETPUPOBAHUSAMH: 1) OTBICKaHHE V
13 BeIpakeHus st dV; 2) oThICKaHWE UHTErpaia s VAu:

judv = uv—Jvdu.

3. Merton 3ameHsI iepeMeHHoi. Ero mpuMeHsoT B TOM ciiydae, eciu
MCXO/HBIN UHTErpajl CJI0KHO MJIM HEBO3MOYKHO C MTOMOIIbIO aJIreOpandeckux u
MHBIX peoOpa30BaHUil CBECTU K OJJHOMY WJIM HECKOJIbKUM TaOJUYHBIM
uHTerpanam. Croco0 3aKiarovaercs B TOM, YTO 3aMEHSAETCs HOBOW NIEPEMEHHOM
TaKasi 4acTh MOABIHTErPAILHON QYHKUMU, TPU AU PEepeHIIMPOBaHUNA KOTOPOU
MOJIy4aeTCsl OCTABILASICS YaCTh MOABIHTETPAILHOTO BBIPAXKEHHUSI (HE CUMTas
MTOCTOSIHHOTO MHOYKHUTEJS).

3ajannus QI CaMOCTOSITEILHOM PadoThI.
3aganue |: Beruucnure HeonpeaenEHHbIE UHTErPAJIbI

1.1. Beruuciaure uHTErpa NpUMEHssi OCHOBHbIE ITPABHUIIA HHTETPUPOBAHHSL.

15



1. J'xﬁdx; 2.]%; 3.jx§dx; 4.I\/§dx; 5.J'(5x3—2x2+3x—8)1|x; 6.
[(ax® -15x* +14x-3]ix;

7.j(2x—l)3dx; 8.Ix3(1+5x)jx; 9.!%@; 10..[%)?4)(&; 11.

4x* —2x3 +x? .
[ -2y,

X2

1.2. BBIYHCIIUTE UHTETPAJIBI, HCIIOIB3YS METO IOLACTAHOBKH.
1. I(?—Zt)sdt 2. J(Su —1)3du 3. _[(1+ x5)7x4dx; 4, I(9—2x3)4x2dx; 5. .[4(X4 +5)2x3dx;
1.3. BeIuHCIUTE HHTETPAJIBI, IPUMEHSISI METOJ] MHTETPHPOBAHMUS 10 YaCTAM.

1.Ixcosxdx; Z.Ixexdx; 3.jx5Inxdx; 4.jxezxdx; 71.J'xlnxdx;

1.4. Beruucnute onpenenéHHbld UHTETpal , mpuMeHsis popmyny HeroTona-
JlenOnuIa

1.de; 2.j.xdx; B.Tsxzdx; 4._1[(2x+1)dx; 5.92.i3e3xdx; 93.Tcos%dx; 94.
3 0 0 -1 0 0

3ananue 2: [Ipumenure popmyny HreroToHa-JIeiiOHUIA 1151 BEIYMCIICHUS
mwomanet  guryp.

BoruncnuTe miomany Guryp, orpaHUIueHHbIX YKa3aHHBIMH JIMHUSAMMU:

1. Ochio OX, IpsAMBIMU X =—1, x=2 ¥ napabosoi y=9-x?; 2.y>=9x, X =16, X
=25y=0;

B.y=-xX2+4uy=0; 4.y=x3y=1/x,xe[l;e]; 5.y*=%x,y=x

6.y = 8+2x-x%, y = x+6;

7xXy=6ux+y—-7=0; 8x-2y+4=0,x+y-5=0,y=0.

Bomnpocs! Aj1s1 camonpoBepku
1. Kakas pyHKuMs Ha3bIBa€TCs NEPBOOOPA3HON?

2. B 4ém cocTouT CyTh METO/1a MHTETPUPOBAHUS 1O YACTIM?
3. B uém cocrout cyTh METO/1a 3aMEHBI IEPEMEHHON?

PA3JEJI 2. OCHOBHBIE IIOHATHUSA U METO/Ibl INMHEMHON
AJI'EBPBI

Tema 2.1. MaTpuusl nonpeaeanTeu
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2.1.1. Boluuc/jieHue onpeeauTess 3-ro NOpPsSAKa ¢ UCMOJb30BAHHEM CBOICTB
omnpeaeUTeIel
Llenv  pabomwur:CoBEpIICHCTBOBAHUE YMEHUN  BBIMIOJHATH  JEHCTBUSL  HA

MaTpULAMU, BBIYUCIATH ONPEIETUTENN Pa3HBIMU CITIOCOOAMU
3apanme:Berunciure onpenenauTend 3-ro MOpsiika C KCIOIb30BAaHUEM CBOMCTB

onpeaeauTenen

Xoj paboThl

Kpatkue Teopernueckne cBeieHUs

CnoxeHue MaTpuil

. A=(a{f‘) Bz(b{.?.)
CymMmoii MaTpuIl U OJIMHAKOBBIX Pa3MEpPOB HA3bIBACTCSI
= (c) c;=ay+b, Y i, J.
MaTpHIla TeX K€ pa3MepoB, Y KOTOPOU
O6o3nauenue: C =4 + B.
CgoiictBa crnoxenust matpuii: A + B=B + A4, (A +B)+C=A4+ (B +
v
C),A4+0=4,4+(-A)=0, A,B,C.

Brruutanue MaTpul

A-B=A+(-B).
yMHO)KeHI/IC ManI/IHBI Ha 4YHUCJIIO

A= (a&. ) o
[TpousBeneHreM MaTpUILbI Ha YKCIIO Ha3bIBAETCs
= (CU) ¢ =, W 3, .
MaTpuia TEX K€ pa3MepoOB, Y KOTOPO
C = aA.
O6o3HayeHue:
1- A=A, alfA)=(af)4, a(A+ B)=ad+aB,
CgolicTBa

(a+B)A=aA+pA ¥ A B ¥ a, BeR
u

YMHOKEHHUE MATPUIL
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A=<az'k) MmxXn

IIpousBenennem MAaTPHIIBI pasMepoM Ha
B=(p,) i c=lc,)
MaTpuIly pazmMepom Ha3bIBACTCA MaTpuia
mxp,
pasMepoM y

n
Cy= by +apby, ¥t ay b =>aby Vi, J
k=l

KOTOpOH
= AB.

Coiictsa AE = EA = A, AO = OA = O, (AB)D = A(BD), “(AB) = (*A)B =

A(aB), (A + B)D=AD + BD, D(A + B) = DA + DB (ipu ycimoBuu, 4to
yKa3aHHBIE ONCPAIIMHA HUMEIOT CMBICI).

AEB # BA.
Jlns kBagpaTHbIX Matpull 4 u B, BooO111e roBops,
TpaHcnioHHpPOBaHUE MaTPUIL
_all @2 Qn | (a5 ay @ |
g @y Ay @ on s 1z Gy L2
_aml amz Coan _ _an @ - _

CBoiicTBa:

(4B) =BT A,
OOparnast maTpuIia

A-l
Marpuua - oOpaTHas Jy1s MaTpullbl A, eciiu
A4 = A4A=F
Jlns kBagpaTHOUM MaTpullsl A oOpaTHas CyIIECTBYET TOT/Ia U TOJILKO TOT/IA,

det A= 0.

Korjaa B _
Al 1 A21 e A*nl
A—l s 1 A’l 2 A22 e An2

AR snnen amnen souen oue :
_A'l n A2n o A‘nn _
” QU
rac - aﬂre6paI/IqCCKHe JOITOJIHCHUS 3JICMCHTOB ManI/H_[BI A

DneMeHTapHbIe MpeoOpa30BaHMs MaTPUILIbI

Oo0o3Hauenue: C
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DeMeHTapHBIMU TPEOOPa30BaHUSIMU MATPUILIBI HA3BIBAIOT:

1) yMHOKEHHE KaKOH-HUOY/Ib CTPOKH (CTOJIOA) HA OTIUYHOE OT HYJIS
YHCIIO;

2) npubaBiacHNE K KaKOW-HUOYIb CTpOKE (CTONOMY) APYTok ee CTPOKHU
(cTonbma), yMHOKEHHOW Ha TIPOU3BOJIBHOE YHCIIO;

3) nepecTaHOBKY MeCTaMU JIOOBIX IBYX CTPOK (CTOJIOIIOB).

Brruucnenue oOpaTHON MaTpHUIIbI

ECHI/I C ITIOMOIIIBIO 3JIeMeHTapHBIX Hp606pa3OBaHI/II71 CTpOK KBa,HpaTHy}O
ManI/IHy A MOXHO HpHBCCTI/I K eHHHHI‘IHOﬁ ManI/IHC E, TO HpI/I TaKHX KC
A—l
BHCMCHTapHBIX HpeO6pa30BaHI/I$IX Haq ManHHeﬁ E HOquI/IM

[Tpumep.
i =
A= !
I =3|1 0 1 =3|1 0O
(A\E)=
-2 4|0 1 0 -2(2 1
Ko eropofi ctpoxe Bropyro cTpoxy
npubaeIaenM Nepeyo, YMHOXAEM Ha —1/2.
YMHOK EHHYH0 Ha 2.
1 =31 §, 1 0-2 -3/2
%
0 1]-1 =12 0 1f=1 =112
K nepeoi ctpoke
mpubapAen BTORYIO,
YMHOX EHHYH0 Ha 3.
-2 =32
= A= /
-1 - le
Onpenenurenu
B wactHoCcTH N = 2
@ Gy 1(1,2) 1(2,1)
A= = (‘ 1) @ Qg+ (_ 1) @)@ =
Qa1 G
= (_ 1)0 @) Gy T (_ 1)1 @y = Qg ~ Ay
mpu N = 3
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%G, %2 G3
A=lay Gy ayl= (_ 1)1(1,2,3)a1 19503 T
Q3 Gz a3
+ (— 1)‘{(2 ’3’1)a12a23a31 + (— 1) )al3a2la32 +
+ (_ 1)!(1’3’2)‘31 18383, T (_ 1)!(3,2,1)a1 3y T

1(3,1,2

11,2,3) B
25 (_ 1) @ Qppllsy = Q)1 Qpplss T @ pdasdy, +

T @) Ay — Q)05 Ay — Q) (3@ — A3lpds).

3amaHus I CaMOCTOATENbHON PadOThI

Bpruncnure onpenenutenu 3-rO MOpsAIKa C HCIOJIb30BAHUEM CBOWCTB

onpeaeauTene
1 2 3 2 3 - 12 5 2 00
1.1) -1 3 5 1.2)1 5 4 1.3)[0 3 - 14) L -7 2
05 1 17 8 00 4 3 4 1

Bomnpocs! aj1s1 camonpoBepku
1. Tlo xakoii (hopmyJsie BEIYUCIIAETCS ONMPEAETIUTENb BTOPOTO OpAaKa?
2. Tlo xaxoit popmysie BBIYUCIACTCS ONPEACTUTENb TPETHETO MopsiaKa’?
2.1.2. TloaroroBka pedepara no treme: « Meroabl pemieHUs: CHCTEM
JIMHEMHBIX YPABHEHU ¢ N HEU3BECTHBIMMY.
Kpurepuu odopmienus pedepara CMOTPHUTE B MPUITOKCHUHA

Tema 2.2. Pemienne cucrem JIMHEHHBIX ajredopandeckux ypapHenui (CJIAY)

2.1.1. lIpumenenue CJIAY nis npogeccuoHAIBHBIX PACYETOB
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Lenv pabomur.CoBeplIeHCTBOBAaHUE YMEHUUNIPUMEHATh MeTo bl perieHus: CJIAY
TUTsI petieHust Tpo(ecCHOHANTbHBIX 3a/1a4
3apanue:Pemute 3a1aun Ha npakTuueckoe npumeHenue CJIAY

Xon paboThl

Kpatkue Teopernueckne cBeieHUA

CucteMolt JMHEMHBIX anreOpanueckux ypaBHEHHH cojepkaiiedn m
YPaBHEHHM M N HEU3BECTHBIX, HA3bIBAETCS CUCTEMa BHJA:

Ay1Xy + A%+ A X, = by
Ay1Xq + Az Xy+...+ay, X, = b,

App1 Xq + Ao Xo+.. .+ Ay X, = by,

: a;; 1 m j=1,n
rie. 4ucia : : HA3BIBAIOTCA KOY(PQPUIIMCHTAMHA CHUCTCMBI,

qucia bﬂ'— CBO6OIIHI>IMI/I YJICHAMHM.

n ThomesxkaT HAXOMKICHHIO

ITepeeie CJIAY BcTpedarorcss emeE€ B BaBWIOHCKHX UM €THMNETCKUX
pykonucsx |l Beka 40 H. 3., a Takke B Tpyldax JAPEBHETPEUYECKUX,
VHIUWCKUX W KUTACKUX MyapenoB. B kuraiickom Tpakrtate «MaremaTuka B
JEBSITU KHUTAX» CJIOBECHO H3JIOKECHBI TpaBUJia PEHICHHUS CUCTEM YpPaBHEHUA,
ObLIM 3aMEUYeHbl HEKOTOPhIC 3aKOHOMEPHOCTU IpU perieHuu. Ha mpoTskeHun
MHOTHX JIET BBIJIAIOIIMECS MaTeMaTUKH CBOETO BPEMEHM paszpabaThiBaliv
metonbl pemeHus CJIAY. Ha pgaHHbIE MOMEHT CYIIECTBYET MHOKECTBO
Pa3IMYHBIX METOJIOB pEIICHHs cUCTeM. B cBoeit pabore s paszdepy oauH u3
ocHOBHbIX MeToni0B pemieHus CJIIAY, meron T'aycca.

Cytb MeToja 3akJ4aeTcs B TOM, UYTO CHUCTEMY  JIMHEWHBIX
anreOpanyeckux ypaBHEHUN MNPUBOASAT K CTYNEeHYaTOMY BHAY, HCIOIb3Ys
AJIEMEHTapHbIE MpeoOpa3oBaHUs.

IIpuBenénHas cucremMa MMEET CTYNEHYAThId BUJ

allxl + alsz +.. . +a1kx;|:+. . +{llnxﬂ = bl
azz :'C2+. . azkx-k—'_. . +ﬂ2nxﬂ = bz
app k+... +aknxn = bk
= .. g
rjae k=mn, a;* Lk Koodduumentsr % nHaspisarorcs TJIaBHBIMH

AJIEMEHTAMU CHUCTEMBI .
CocTaBUB CTyNEHYAaTyl0 CHCTEMY.
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k=n

Ecnm cucrema okxasbIBaeTcs TpPEYroOJIbHOM, TO €CTh TO CHCTEMA

HUMECT CAUMHCTBCHHOC PCIICHHC. Ecou  xe k< n, TO HCXOJHAasA CHCTCMaA

MMEET MHOKECTBO PELICHUM.

B anekTpoTexHHKE YacTO BCTpEYAlOTCs 3a7aud, B KOTOPBIX HEOOXOAUM
pacy€T HIEKTPUYECKOM I1eMU, TO €CTh HEOOXOAUM pacy€T HaNpsHKEHUsS |
CUJIBl TOKA BO BCEX BETBIX Uenu. Hampumep, HW3BECTHBI CONPOTUBICHUS H
S/C,

HO HET 3HA4eHUM Ccuwibl ToKa. /[l pemeHuss Takux 3ajJad HMCIOJIb3YIOT
npasuia Kupxroda.

Pa3bepéM sTOT MeTOA HA KOHKpeTHOW 3amaude. llpu pemieHun Oynaem
UCIIONIb30BaTh MeToJ l'aycca. DTOT Merox SBIAETCS HaumOoJee MpPOCThIM, U
MOAXOAMUT IMPAKTUYECKH K JII000# cHucTeMe.

[Tpumepl:

Hana cxema (pucynok 1), u uzeecmmvl CONpOMUBICHUS PE3UCMOPOS U

IJ[C ucmounukos
Ry =100 0m,R, = 150 Om,R; = 150 0M,E; =75 B.E, =100 B 1, 501

Haumu MmMoKu 8 Gemesix

I

ORI

- Rz
U | I |

7|
& Or

-
Ex |
Pucynox 1. (Cxema znekmpuueckoit uenu)
Pewenue:
ITeppoe mpaBmiio Kupxroda rmacur, 4to anreOpandeckas CyMMa TOKOB,

cXomsAIMxcsi B y3ne, paBHo 0. 3HAUuT: -5, —L=0.

Bropoii 3akon Kupxroda: anreOpanueckas cymma TaJeHUN HaNpsHKCHHM
HAa BCEX BETBAX, NPHUHAMICKANIMX JHOOOMY 3aMKHYTOMY KOHTYpPY IIEIH,
paBHa anreOpanueckorr cymme OJIC BerBeit 3Toro koHTypa. C TIOMOIIBIO
ATOTO 3aKOHAa COCTaBMM ypaBHEHUS IS TIEPBOTO W BTOPOTO KOHTypa
e R, + R;I;=E;; R, L+ R,;I; =E,.

Teneps U3 TpEX ypaBHEHUM COCTABIIIEM CHUCTEMY YpPABHEHUU:
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L—I,~1,=0 ( L—IL—1=0
;lel YR, —E, ; 1001, + 1501, = 75
RQIIE + Rglrg - Eg 15{]!2 + 150]’3 = 1{]{]

N3 koapunmeHToB mnepesl HEU3BECTHBIMU COCTABJISIEM MAaTpHUILY:

100 0 150 75
0 150 150 100

-1 -1 1 0

Pemenne wMoxxHO pa3douth Ha aABa 3rama. CHavana ¢ IOMOILBIO

AIIEMEHTApHBIX MPeoOpa3oBaHU MPUBEAEM CUCTEMY K CTYNEHYATOMY BUIY:
1 0 15 3;’4)

0 150 150 100

1-yro crpoky nmemum Ha 100: <—1 -1 1 0
K 3 cTpoke mobamisieM 1 CTpOKy, YMHOXEHHYIO Ha
3

1 0 1.5 "
0 150 150 100

3

0 -1 25 -
-

1 0 15 3/4
(n 0 0 2;3)
0 -1 25 3/4

1:

2-y10 cTpoky aenuMm Ha 150:

1 0 15 3/4
(ﬂ' 1 1 2/3 )
K 3 cTpoke 100aBisgeM 2 CTPOKY: 0 0 35 17/12
Tenepsb pemaeM CTYNEHYATYI) CUCTEMY:

I, +1, =2/3

{h+15g=3m
3.51,=17/12

Tak kak k= N cucrema WMeeT eIMHCTBEHHOE pelICHHUE.
HaxonuMm 3HaueHUsT TOKOB:

L= 2= 0143A; L, =~ = 0.2624A; I = — = 0.405 A
7T TP 42 T TP 42 |

BrruucnutenbHass TEXHHUKA BBITIOJNHSET TAaKWE OMNEpalMi 3a JIOH  CEKyH].
Takum o6pazom, CJIAY wurpaer Oo0dblIyl0 podab B 3jekTpoTexHuke. C

nomoibio CJIAY MOXHO OBICTPO M TOYHO PACCUUTATH HKIEKTHUYECKYIO LETb.
23



[Ipumep 2: Ha mpeampusiTuu MMEETCs] YEThIPE TEXHOJOTHMYECKUX CIocoda
M3TOTOBIICHUS m3Aenuii A u b u3 Hekortoporo celpbi. B Tabmuie ykaszaHo
KOJIMYECTBO M3JEININ, KOTOPOE€ MOKET OBITh MPOU3BEACHO M3 E€IUHUIIBI CHIPhS
Ka)XJIbIM U3 TEXHOJIOTUMYECKHUX CIIOCOOOB.

3anucath B MaTeMaTH4yeckol ¢Gopme yCIoBHS BbIOOpAa TEXHOJOTHH IIPHU
pOU3BOACTBE U3 94 en. cbipbs 574 n3naenuit A u 328 uznenuii b.

Uz nenue BbIXo1 U3 €TMHUITBI CHIPhS

| 1 i AV
A 2 1 7 4
b 6 12 2 3
Pewenue.

O0o3HaunM 4Yepe3 X1, X2, X3, X4 KOJUYECTBO CBIPbsS, KOTOPOE CIENYET
nepepadoTaTh MO KaXKJIOM TEXHOJOTWH, YTOOBI BBIIOJHHUTH TUIAHOBOE 3aJlaHUE.
[Tonyuum cucteMy Tpex JIMHEWMHBIX YPABHEHHUM C UETHIPbMS HEU3BECTHBIMU:

X1+ Xo+ Xg+ X4=94,
2X1 + X+ X3 + 4x4 =574,
6X1 +12X5 +2X3 + 3X4 = 328.
Pemaem ee meronom ["aycca:
1 1 1 24 1 1 1 1 94
2 1 457"4]~[ 2 3BE|~|0-1 5 2 3E&

-1
6 12 3328 lo 6 -4 -3-236] o o0 26 9 2080

Nmeem: r (A) =1 (A) = 3, caeqoBaTeIbHO, YHCIIO TJIAaBHBIX HEU3BECTHBIX PABHO
TpEM, OIHO HEU3BECTHOE X4 - CBOOOmHOE. McxomHas cucreMa paBHOCHIIbHA
CIICIYIOIIECH:

X1+ Xo+ X3=94 - Xy,
- X2 + 5X3 = 386 - 2X4,
26X3 = 2080- 9X4.

W3 mocnennero ypaBHeHus HaxoauM Xz = 80 - 9/26 X4, moncTtaBiss X3 BO
BTOpOE ypaBHEHHE, OyleM uMeTh: Xp = 14 + 7/26X4u, HaKOHEl, W3 IEPBOIO
ypaBHEHHUs moaydnuM: X3 = - 12/13 X4. C MareMaTH4eCKOW TOUKH 3PEHHUS CUCTEMa
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uMeeT OeCurClIEHHO€ MHOXKECTBO pelleHui, T. €. HeompeneleHHa. C yueToM
peaTbHOIO0 SKOHOMHYECKOTO COJICpXKAHUS BEIUYUHBI X1 M X4 HE MOTYT OBITH
OTPULIATEIBLHBIMH, TOTJA U3 COOTHOIICHHUS X1 = - 12/13 X4momyuum: X1 = X4 = 0.
Torna Bexrop (0, 14, 80, 0) siBNeTCS pEIICHUEM JAHHON CUCTEMBI.

3aganus 1JI CAMOCTOATEILHOM PadoThI

3ananue: Pemnre 3agaun Ha nmpakTudeckoe npumenenne CJIAY

1. I3 HeKoToporo JHUCTOBOIO MaTepuaja HEO0OXOIUMO BBIKpOUTH 360
3aroroBok tuna A, 300 3arotoBok Thna b um 675 3arotoBok Tuma B. Ilpu stom
MOYHO IPUMEHATH TpU criocoba packpos. KonrdecTBo 3aroToBOK, MOJTy4aeMbIX U3
KaXKJIOT0 JIUCTA MPHU KaXJIOM CIioco0e packposi, ykazaHo B TabuIe:

Tun Cnoco0 packpost
3arOTOBKH 1 2 3
A 3 2 1
b 1 6 2
B 4 1 5

3anucaTh B MaTEMaTHYECKOM (hOopMe YCIIOBUSI BHITTIOJTHEHUS 3a/JaHUS.

2. Paccrosinue Mexay ropogamu 564 km. HaBctpedy npyr Apyry u3 ropojioB
OJIHOBPEMEHHO BBIIIUIA T0€3/1a U BCTPETUIIUCH yepe3 6 yacoB. CKOPOCTh OJHOTO
noe3fga Ha 10 kM OoJblie CKOpOCTH Jipyroro. Uemy paBHa CKOPOCTh KaxKJOTO
noeszaa?

3. PaccuuTaTh CIOXKHYIO 3JIeKTpUYeCcKyto 1emnb, ecnu E1=246 B, R1=0,3 Ow,
E2:230 B, R2=1 OM, R3:24 OM, RBT1: RBT2:0.

b
re| e r{ |
[ Je
E; Rery  Rerz Ez
a T <

PA3JIEJI 3. 9JIEMEHTbBI TEOPUH KOMIIVIEKCHBIX YU CEJI

Tema 3.1. KommiiekcHbIe YHCJIa M AeliCTBUA HAX HUMHU

3.1.1. lelicTBHUS HA KOMILIEKCHBIMH YHCJIAMU

Illenv  pabomer. COBEpIICHCTBOBAHWE yMEHUUBBITIONHATh  JCHCTBUS  Haj
KOMILIEKCHBIMM YU CJIaMU
3ananue 1: 3anonHuTe TAOIMITY.

SanaHne 2: Beimonaute orcpanru Haa KOMIUICKCHBIMHY YHCJIaMHA

XoJ paboThl
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KpaTKI/IC TCOPECTUUCCKUC CBCACHUA
KommiekcHble 4mucia - 3T0 MUHUMAJILHOE pacmMpeHUC MHOKCCTBA IMPHUBBIYHBIX

HaM ,ZIGﬁCTBHTE?JIBHLIX yucen. Hx IMPUHOUIINAJIBHOC OTJIMYHUC B TOM, 4YTO

IIOABJIACTCA DJICMCHT, KOTOpBIﬁ B KBaApaTec JacT -1 , T.C. i, WK MHHUMas CAUHUIIA.

i2=-1

JIr060€ KOMIICKCHOE YHCJIO COCTOHT U3 ABYX YacTel: BEIICCTBCHHON M MHUMOM

X+ _}’.f = KOMIIICECTIOC HHCIO, X,V — IeHCTBHTCITBHEIC TACTA.
X BCIHCCTBCHHAA YaCTh,

¥— MHHMIH.

Onepanyy HaJ KOMILIEKCHbIMHM YHCJIAMM.

Ha camom perne, ecian 6paTh B pacyeT MOJI€iIb MHOKECTBA KOMILIEKCHBIX YHUCEL,
MHTYUTUBHO TMIOHSATHO, YTO CJIOKE€HUE (BBIYMTAHUE) M YMHOXKEHUE JABYX
KOMIUIEKCHBIX YMCIIE MPOU3BOIATCA TaK K€ KaK COOTBETCTBEHHBIE OIEpalUy HaJl
BeKkTOpamu. [IprueM nmeercs B BULy BEKTOPHOE ITPOU3BEACHUE BEKTOPOB, IOTOMY
YTO PE3yJIbTATOM 3TOW ONEPALIHU ABIISIETCS OIATH K€ BEKTOP.

CroxxeHnue.
(a+bi)+(c+diy=(@+c)+(b+di

(KaK BUJIHO, JaHHAs OIcpanru B TOYHOCTU COOTBCTCTBYCT

Belunranue, aHAIOTUYHO, ITPOU3BOJAUTCS IO CICAYIOIIEMY MTPABUITY:
(a+b)—(c+di=(@—c)+ (b —d)i

YMHOXKEHUE.

{a+biy-(c+di)=(ac—bd )+ (bc+ad)i

ﬂ CJICHHC.

Omnpenensaercs NpocTo Kak oOpaTHas onepanus K YMHOXKEHUIO.

ac+ bd be—ad
(a+biy-{c+diy= = + = — |7
2 +d? Pl S

[Tpumep 1
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CI0XKHUTH 1Ba KOMIUIEKCHBIX uncyia 1= 1T # 2 =4-3

I[J'I}I TOTO 4YTOOBI CIIOKHTH ABa KOMIIICKCHBIX YHCJIa HYXHO CJIOKHUTb HX
ﬂeﬁCTBHTeHLHBIC )41 MHHUMBIC qacTu:

zy+zy =143 +4—5i=5- 2

[Tpumep 2

>

HalitTu  pasHOCTM  KOMIUIEKCHBIX  umcen 1~ 72 p 72 eciy 1

22:ﬁ+53’

H

JleiicTBHE aHAJOTUYHO CJI0XKCHHUIO, CUHCTBEHHAS OCOOCHHOCTH COCTOUT B TOM,
YTO BBIYMTAEMOE HY>KHO B34Th B CKOOKH, a 3aT€M — CTaHAAPTHO PACKPBITh 3TU
CKOOKHM CO CMEHOM 3HaKa:

z) -z, =2 4i— (345 =2 4+i-F -G =234

[Tpumep 3

Haiitu npousBeieHue KOMIUIEKCHBIX Yncen ~1 - 1-i CE2 T 3+6i

O‘-IGBI/II[HO, qToO HpOI/IBBeﬂeHI/IC cneﬂyeT 3aIIcaTtb TakK:
2y 2, = (1= )3+ 6)

YTtoObI YMHOXHNTb MHOI'OYWJICH Ha MHOI'OYICH HYKHO Ka}l(ﬂblﬁ HJICH OOHOI'O
MHOI'OYJICHA YMHOKHUTb Ha Ka)K,HBIﬁ YICH APYIroro MHOIo4jacHa.

22, =(1=i)(3+601=1.3—-7 341 6i—i 6i =3-F+6i+6=9+3%

[Tpumep 4

N

= ; = — b3 o =
Tlans KoMruiekcHbre uucna 2= 1 2= 78 Moy qactroe 22 |

CocTaBUM YaCTHOE:

zp  13+i

z, &

I[CJ'IGHI/IG YUCCII OCYHECCTBIACTCA METOAOM YMHOKCHHUA 3HaAMeEHaTEJId M
YUCJIUTEIA HA COMPHA’KCHHOC 3BHAMCHATE/IIO BHIPAXKCHUE.

y (@-B)a+b)=a-b"

Bcnomunaem bopmyn CMOTPUM Ha
Haw 3HaMeHaTedb: '~ . B sHamenarene yke ects 9% nostomy
CONpSIKEHHBIM BHIPRKEHUEM B IAHHOM cirydae seisercs ¢ T2 1o ectp 7+6

27



CoracHO TpaBUily, 3HAMEHATENb HY’KHO YMHOKMTb Ha / T8y uT0OBI HHYEro

HEC M3MCHHJIOCH, AOMHOXHUTBb 4YHCIHTCIIbP Ha TO XKC€ CaMO€ 4YHCIIO T+ 6 .
2z, (13487 +6i)
z,  (T—6i)0(7+6i)

Jlanee B 4MCIHMTENE HYXHO pPAacKpbiTb CKOOKM A B 3HaMeHarele
o _ — 2_ ;12 3 _
BOCTIONB30BaThest hopmymoit @~ &M@ +21=a" =5% oy, qroi® =1

Pacnuiry noapoOHo:

z,  (I34+D(7+60)  91+Ti+TR+6i2  91+Ti+78% -6 _

z, (T-&)T+60) T (&) 45 -(-36)
85+ 8% 85+ 8%

= = =1+i
49 + 326 25

3agaHus 11 CaMOCTOATEILHON padoThI.

BaHaHne 1: HpquTaﬁTe KaXXI0C YTBCPKIACHUC, CCIIKM Bbl C HUM COIJIACHBI

TO B KOJIOHKE OTBETOB IIOCTABBTE «T», €CIIU K€ Bbl HE COIJIACHBI C JIaHHBIM
YTBCPIKACHUCM, IIOCTABLTC « — » B KOJIOHKC OTBCTOB.

Nen/n | YTBepkaenue OtBeT

qI/ICJIO\/E ABJIICTCS KOMIIJICKCHBIM

Yuciio a, Takoe 4To a° = — 2 SBJIAETCS JeHCTBUTEIbHBIM.

Yuco a, Takoe uto a* = | SBIgeTCs AeHCTBUTEIbHBIM.

0 — KOMILUIEKCHOE YHCJIO.

Yucno 31 SBIsieTCsT YUCTO MHUMBIM.

OO WIN|F

JleificTBUTEIbHAS U MHAMAas YaCTH KOMIIJIEKCHOTO 4Kciia 3 — 2i
COOTBETCTBEHHO PaBHbI 3 U 2.

7 JlelicTBUTENBHAS 1 MHMMAs YaCTH COMPSIKEHHBIX YUCET
OTJIMYAKOTCS TOJBKO 3HAKAMM.

8 ConpsiKeHHBIM U151 AEUCTBUTEIIBHOTO YKCIIA SIBIAETCSA CaMO 3TO
YUCJIO.

9 Eciuz = —Z, TO JEWCTBUTEINIbHAS YacTh yucia Z paBHa (.

3az[aHne ZZHpI/IMeHI/ITe IpaBujia CJIOKCHUS, BBIYUTAHUA, YMHOXCHUA U

JeNIeHNs] KOMIUIEKCHBIX YHCEeN, OMPEICNICHUs PaBEHCTBA KOMIUICKCHBIX YHCEl,
3aMuCcaHHbIX B anredpanydeckoi Gpopme

28




Zl=2+3i e

1. Jansrucna: 22 =174 Haiimmre: @) 2722 p) 2% ¢) &5 d)
2
e) ) — iz,
zZ =243
2. Jns umcen %2 =1~ % pajinure neffcTuTenbHBE uMcaa a M b, WA KOTOPBIX
z
=gz, +bz,
BEPHO PaBEHCTBO *2
—414+ 65 Hi+1
z= -
3. Bamummre z B anredpanueckoi Gopme: 20 1-7

Bonpocsl Aj1s1 caMonpoBepKu
1. MaiiTe onpeaenieHrus KOMIUIEKCHOTO Yncia

2. Kakue IIGﬁCTBPIH MOJKHO IIPOU3BOAUTE C KOMILJICKCHBIMHU ypciaamMu?

3.1.2. Iloka3zarejbHas (pOPMA KOMILJIEKCHBIX YHCET

3amuch KOMIUIEKCHOTO YKMCNA Z B BUIE Z=T-€'® Ha3bIBA€TCS IOKA3aTEILHON
dbopmoil 3amucu, rAe YUCIO r - MOAYJb KOMIUJIEKCHOTO YHUCA Z, (O - apryMEHT

KOMIIJIEKCHOTO YHCIIA Z.
r=|z| =+x%+ y?

[Tpumep 1:
[IpencraBuTth B mokazarelibHOM (hopMe 3aJaHHBIC KOMILIEKCHBIE YHUCHa, IS

kotopeix: 1) r=0,0=5%; 2) r=10,0=n/2 ; 3) r=2,0=—n/3; 4)r=3,0=0.
Pewenue:

[TokazaTenpHast ¢Gopma 3amuUCHl HEKOTOPOTO KOMIUIEKCHOTO YHCIa WUMEET BHJI
z=r-e',

Jlst r=0,0=51 nonmyuaem KoMIuieKcHoe yuciio z=0-e"",

Jist r=10,¢=n/2 nomy4aem KOMILIEKCHOE umcito z=10-e™3)
Jlnst 1=2,¢p=—n/3 mosty4aeM KOMILIEKCHOE 9uciIo z=3-e"0,
Jnar=3, ¢=0 nomy4aeM KOMILIEKCHOE urcio z=3-e'0,

UTtoOBl KOMILUIEKCHOE YUCIIO Z, 3alIUCAHHOE B TPUTOHOMETpUUYECKOUN (opme,
MIPUBECTH K MTOKa3aTeIbHON (hopMe 3amncy, HEOOXO0IUMO BBITIOJIHUTD CIICTYIOIIEE:

1. ONpPENECINTh W3 TPUTOHOMETPUUYECKON 3amucyh 4Yucia 3HA4YeHUd
MOJIyJISl U ApTYMEHTA;
2. [IOJICTABUTH MOJIYYCHHBIE 3HAUEHUSI B BBIpAKEHUE Z=T€'%.
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3anuch HEKOTOPOro KOMILIEKCHOTO 4YHCiIa Z B BHAC z—atbi Ha3bIBacTCs
anreOpandeckoi ¢hopMor 3ammcH (KA aIreOpandecKor 3aluchbio) KOMIIEKCHOTO
gucia. [Ipu 3ToM: a - BemecTBeHHas (ACHCTBUTEIIbHAS) YaCTh, 0003HAYCHHUE
Re z=a; b - MmauMmast yacte, 0603HayeHue Im z=D.

UToOBl KOMIUIEKCHOE YHCIIO Z, 3allMCaHHOe B anreOpamdeckoil dopwme,
NPUBECTH K TPHUTOHOMETPUUYECKOW (hopMe 3amucH, HEOOXOJUMO BBHITIOJHUTH
cleayromee:

1. BBIYMCIHUTH MOMAYJb U APTyMEHT;
2. TOJCTaBUTH MOJTyYEHHBIE 3HAYEHHS] B BRIPAKEHHE Z=T €',

[Tpumep 2:
[IpencraBuTh 3aJaHHbIC KOMIUICKCHBIE YMClia B TOKa3aTelabHOU (opme: 1)

z=2+0-1; 2) z=1/2+1/2-1.
Pewenue:

ITokazarenbHas (opMa 3amyMcH HEKOTOPOro KOMIUIEKCHOTO 4YHCIa HWMEET BH/I
Z=r-e'?,

1. Ilo ycnoBurwo a=2,b=0. BpuuciauM MOAYyJIb HCXOJHOTO KOMILIEKCHOTO
yucna: r = V22 + 02 =2
Beraucnum apryMeHT UCXOIHOTO KOMILIEKCHOTO YHCIIa, UCIIOIb3Ys GOpMyy:@ =

0

z-arctg; = arctg0 =0
IloacTaBUM MONydeHHBIE 3HaYeHUA U nomyuum: z=2-e-°Cnenoarensno, z=2-e'0 -

VMCKOMas 3aluCh KOMIUIEKCHOTO YHCIIA.
2. Tlo ycnosuio a=1/2,b=1/2.

2 2
1 1
Breruncium MOAYJIb HUCXOJHOI'0 KOMINUICKCHOI'O 4YHCIIAY = (E) + (E) =
1 1 V2
+-= |-=—
4 2 2

Brraucnum apryMeHT HCXOHOTO KOMILIEKCHOTO YUCIa, UCIIONIB3Ys (DOPMYyTy:(@ =

1/2 s
;2 = arctgl = " [ToacTaBuM MOTyYEHHBIE 3HAYCHUSA U TIOYYUM: Z =

N

arctg—

N V2 iE
7 e 4, CHC}IOBaTeHBHO,Z = 7 € 4 - HCKOMad 3aIIMCh KOMIIJICKCHOT'O YHCJIA.

ApudmeTrnueckue AeMCTBUsI HaJl KOMIUIEKCHBIMU YHCIaMH B ITOKa3aTeIbHON
(opMe BBITIOJHSIOTCS HA OCHOBAHUM CBOMCTB MOKa3aTeIbHON (PYyHKIUU.

—p AP L ip.
Z;=r e, =T, e .

Ilycth

Iy s

1. IlpousBeneHue yncen “tu
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2 -2 = |21]e" - | 2a]€? = |21 - |20l €9 — |21 - | 2p]ef (P24
2. YacTtHoe uncen “iu %2

a_|mle™ al g 121 jitpr—ga)
z2  |ualettr |z | 22

3. BOBB@I[CHI/IC KOMIIJICKCHOI'O YUCJIa B CTCIICHb.

n £y T n i
7 = (|z]e")" = |2|"e™
y _ .
4. V3BnedenHne KOPHA N-if CTEIEHN U3 KOMIUIEKCHOTO dpcia Z=Te"

E.gﬂxrk
Vz=Yre ™ k=012 .., n—1

3agaHus 11 CAMOCTOATEILHON padoThI

1. 3anucath KOMIUIEKCHBIC YMCJIA B MMOKa3aTeNbHOU (hopme
a) z=4-3i
b) z=12i
2. BemonHuTe ACHCTBUSA B TOKa3aTenbHOW (opme. Pesymprar 3amumcath B
anreOpanyecKoil 1 TPUrOHOMETPUUYECKOU Popme:

Tmom dmi n Pl Ui gy

a)Ee”J'_-eT;@ 7e? de!  B) Eeﬁ-Ee?;r) de® :72e%

Bonpocsl 1j1s1 caMonpoBepKu
1. 3anumuTe o0 BUJ KOMIUIEKCHOTO YKCIia B TOKa3aTeIbHOU (hopme.

2. 3anmummrte GOpMYIbl TSI BBIOTHEHHUS apU(METHYECKHX JEUCTBUH C
KOMIUIEKCHBIMHU YHCIIaMH B TOKa3aTebHOU (popme.

3.1.3. I'eomeTpuyeckoe M300pazkeHue KOMILIEKCHOT0 Y1CJIa

Llenv pabomur: CoBEpIICHCTBOBAHUE YMEHUNHU300paKaTh KOMILJIEKCHOE YMCIIO Ha
MJIOCKOCTH
3ananue:l1300pa3ute KOMIUJIEKCHBIE YHCIIA HA TNIOCKOCTH

Xoj paboThl

Kpatkue TeopeTnueckue cBeIeHUs

Kaxxnmomy KOMIUIEKCHOMY — 9ucily ~ Z=a+bi Ha  KOMIUIEKCHOM  TUIOCKOCTH

COOTBETCTBYET TOYKa z(a;b).
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N naobopoT, kKaxayro TOYKy z(a;b) MIOCKOCTH MOXXHO CUMTATh H300paKeHUEM
KOMIUIEKCHOTO YHciia z=a+bi.
Takum 00pa3oM, TeoMETpHUYECKOEe H300paKeHHE KOMIUICKCHBIX YHUCENT B BUJC
TOYEK KOOPAWHATHON IUJIOCKOCTH YCTaHABIMBAaeT B3aWUMHO OJHO3HAYHOE
COOTBETCTBHUE MEXTY KOMIIJICKCHBIMU YHCIIAMHA U TOYKAMHU TIIIOCKOCTH.
JleiictBuTenpHbie uyncina z=a+(0i Ha KOMIUIEKCHOW IIIOCKOCTH H300pakaroTCs
Toukamu ¢ koopauHaTamu (a;0) (aexxammmu Ha ocu OX), YHCTO MHHUMBIE YHCIIa
z=0+bi — Toukammu ¢ koopauHaramu (0;b) (Ha ocu Oy).
[ToaTomy ock abcurce OX HA3BIBAIOT OeliC8UmMeNibHOU 0Cbio, a 0Ch opauHaT Oy—
MHUMOU OCbIO.

[Tpumep 1:

I/I306paBI/IM Ha KOMILIEKCHOM INIOCKOCTH YHCja

31=2+1 32=31 3"3:_3"'21 ....,*:_1_'1 .,..,5:—3.

*— -
4

OnHako yaie KOMIICKCHBIC YKCa H300pakaroT B BUJC BEKTOpA C HAYaJIOM B
Touke O , a UMEHHO, KOMILJICKCHOE YHCIIO0 Z = a + bi u3o0paxkaeTcs paauyc-
BEKTOPOM TOYKH ¢ KoopawnHatamu (a; b). B stom cimyuae m3oOpakenue

KOMIIJICKCHBIX YUCCII N3 NMPCAbIAYIICTO ITPpUMEpa 6YI[GT TaKHM:
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I/I306pa)KGHI/IeM CYMMBI JIBYX KOMIUICKCHBIX YHCCII z , w ABJIAACTCA BCKTOD,
paBHBIP'I CYMMC BCKTOPOB, H306pa>1<a}01m/1x yuciaa z U w . MHBIMH CJIOBaMU,
IIpu CIOKCHHM KOMIIUICKCHBIX YHCCII CKIAAbIBAIOTCA W BCKTOPHBI, HX

n300pakaronime

IIycTh KOMIUIEKCHOE 4YHCIIO Z = a + bi m300pakaeTcs paguyc-BEKTOPOM.

Tor):[a JJINHAa 3TOTO BCKTOpa Ha3bIBACTCA MOJYJIEM 4YHCJIA = U

obosnauaercs|z| :|z| = Va? + b?

A

b —————————— 1
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VYrodn, 0o0pa30BaHHbIN paanyc-BeKTOpOM yucia Z ¢ ocbto Oz,
HA3bIBACTCS APIYMEHTOM YHClIa Z M oOO3Hauaercsargz . AprymMeHT  4ucia
ONpENENsIeTCs HE OJHO3HAYHO, @ C TOYHOCTBIO JI0 YMCJa, KpaTHOro 27 . OHako,
OOBIYHO apryMeHT yKa3blBalOT B Juamna3oHe oT 0 10 2x uiaum B JuanasoHe
or —1 10 7 . Kpome Toro y uncna z = 0 apryMeHT HE ONpPE/EIIEH.

VYroxn, 00pa30oBaHHBIN pagnyCc-BEKTOPOM yucia zC ocp0 O,
Ha3bIBACTCAapeyMeHmom Yiclia zu  oOO3Hauaercsarg z. AprymMeHT uwucia
ONpEaENsIeTCs HE OJHO3HAYHO, a ¢ TOYHOCTBIO JI0 YHCIIA, KpaTHOro 2w . OQHaKo,
OOBIYHO apryMeHT YyKa3bplBaloT B aAuanazoHe or 0 Jo2xwiM B JUanas3oHe

ot —mron. Kpome Toro y uncnaz = 0 apryMeHT HE OIpe/ielicH.

b
tgp = —.
a

C IMOMOIIBIO 3TOTO COOTHOIICHUA MOKHO HAXOAWTh apryMCHT KOMIIJIICKCHOT'O
qucia:

b b
arg z = arctg — arg z = w + arctg —,
(2 [a

NN

3aaHud I CaMOCTOATEIbHOI Pad0ThI
1. M300pa3ute HAa  KOMIUIEKCHOM  TUIOCKOCTH  CEpEIUuHy  OTpe3Ka,
COETUHSIONIETO TOYKH:
a) -1-2iu -3-4i
b) 3-4i u 7-6i
2. N300pa3ute Ha KOMIUIEKCHOM TUIOCKOCTH TOYKH IE€pEeCceUYeHUs] OTpe3Ka,
COEIMHSIIOIIETO TOUKH
a) -1+3iu 4-2i,
b) -1+3i u 4-2i, ¢ ocsIMU KOOpPAUHAT
3. M300pa3ute Ha IIOCKOCTH CEPEAMHY OTpEe3Ka, COSTUHSIONIETO TOUKH 3-41 1
7-6i

Bomnpocsl aj1s1 caMonpoBepKu
1) Kakast m10cKOCTh Ha3bIBA€TCS KOMITJIEKCHO#?
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2) Kak MOXHO M300pakaTh KOMILICKCHBIC YMCIIa Ha MJIOCKOCTH?
3) Kakue omepanud MOKHO TPOU3BOJUTh C KOMIUICKCHBIMM YHCIaMH Ha

IJTIOCKOCTH?

PA3JIEJ 4. OCHOBBI TEOPUHY BEPOSITHOCTEHN U
MATEMATHYECKOU
CTATUCTHUKHA

Tema 4.1. BeposaitHocTh. Teopema
CJIOKeHMS BEPOSATHOCTEH

4.1.1. llpumeHeHre KOMOMHATOPHUKH VIl PelIeHUsI MPO(ecCHOHAIBHBIX

3agavd

Llenv pabomur:CoBEepUICHCTBOBAHUE YMEHHUI  pellaTh 3aJaddl  COJEprKallue
AJIEMEHThI KOMOMHATOPHUKH.
3apanme: Pemure 3a1a4u ¢ AleMeHTaMU KOMOMHATOPUKH
Xoxa paboTbl
Kpatkue TeopeTudeckue cBeeHus

1. Pa3memnienust 6€3 mOBTOPEHUM

[loacunTaem KOJMYECTBO CLIOCOOOB PACIIOIOKUTD ™ Pa3IUUYHBIX JIEMEHTOB IO k
pasmmaHbIM nosumusM (5 < 7). Takue pacIosaokKeHus Ha3bIBAIOTCS
pa3MeIlEeHUSIMH, a UX KOJIMYECTBO, OT (PPaHILy3CKOTO

Ak ]

cioBa arrangement o6o3navaetcs A4, B ciy4ae, eciu k=1 KonuuecTBO
IIPEAMETOB COBIIAJACT ¢ KOIUYECTBOM UMEIOIINXCSI MECT, M OTO YKE U3YUCHHAs
3a7a4a O YHCJIC IePECTaHOBOK.

Ecnu 13 ™ 00BEKTOB BEIOUPAIOT ¥ INTYK, TO 9MCIIO BEIOOPOB MOCIIETHETO 0OHEKTA
ecTb " — ¥ HeBBIOpaHHBIX 00BEKTOB, YTO O3HA4YaeT Hanuuue * — k + 1
BO3MOYKHOCTH BBIOOpA MOCJIEIHETO BRIOpaHHOTO 00BheKkTa. To ke, APyruMHu
clI0BaMH: 1ociie Beioopa nepsbix X — 1 snementa ocraercs

BeIOpath ™ — (K — 1) =n —Fk+ 1 spement.

Teopema: 4nciao pa3MenIeHU ™ pa3IMYHbIX JIEMEHTOB 110 k pa3InYHbIM
MMO3UIIUAM €CTh

AY —nn-—1Dn—-2)...(n—k+1)

WIH, B TEPMUHAX (AKTOPHAJIOB,
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Ak n!
(n—k)!

Ilpumeyanue: 3aMeTUM, UTO B CIy4yae, KOT/Ia YUCIIO MECT, IO KOTOPHIM
pa3MenIaoT MPeAMETHI, COBIAAET C KOJIMYECTBOM CaMUX MPEAMETOB, T. €.

xorga k= T paccmaTpuBaeMas 3a1ada CTAaHOBHTCS 3a/a4eil O YMCIIe
nepecTaHoBOK. B Haiem citydae mpu 3TOM MBI IIOJIy4aeM B 3HAMEHATese Ipoou
HOJIb (haKTOpHal, U JUI TOTO, YTO OBl pa3Hbie (HOPMYIIbI, COOTBETCTBYIOIINE OTHON
¥ TO¥ e 3a7aue, MPUBOAMIN K OJIMHAKOBBIM pe3ylbTaTaM, monarator, yro 0! = 1,

2. Coueranusg

[TogcuMTaeM KOJMYECTBO CIIOCOOOB, KOTOPHIMH MOXKHO — BBIOpath * m3 7
pa3MYHBIX TpeaMeToB. Takue BBHIOOPKM HA3bIBAIOTCS COYETAHMSIMHU, a HUX

A.
KOJIMYeCTBO 0003HauaeTcst Cn .

Ak
[Ipu ¥ <7 BpiGpaTs K IpeIMETOB M3 N MOKHO Al crocobamu, TMepecTaBsis

ux Fr crocobamu:

k .
ok — Ar _ n!
" P (rn— k) KD

n_ mo1m—nr+1
e T Mmoo T

PexyppenTtHas ¢popmyna: "

o o "o T —T1 ] n+l nt+1l
CBoiicTBa coueTaHuii: “m = lr:_'“m ; Cn +C = C'Tar.u+1 .

3. IlepecTaHOBKH C TOBTOPEHHUSIMH

[Iycts gaHbl 1 3]IEMEHTOB IIEPBOrO THIIA, 2 — BTOPOIO TUIIA, ..., "k — k-ro
THUIA, Bcero sneMeHToB. CriocoObl pa3MECTUTh UX M0 ™ pa3IMYHbBIM MECTaM
HAa3bIBAKOTCS NIEPECTAHOBKAMHU C TOBTOPEHUSIMHU. X KOIMuecTBO

o6o3Hauaercst Fnlni. ma. ... ni),

TeopeMa: YUCJIO IICPCCTAHOBOK C IIOBTOPCHUAMU CCTh

P, (g, no. ... ng) =

Pa3MeI_HeHI/I$I C IOBTOPCHUAMU

[Iycts gaHbl  pa3nuyHbIX BUJIOB IPEAMETOB, KOTOPBIE MOXXHO Pa3MECTHUTh I10 k
pa3TUYHBIM MECTaM, IPUYEM BBIOUPATh MPEIMETHI MOKHO C TIOBTOPEHUSIMU (T.€.
MOHO BBIOPATh HECKOJILKO MPEAMETOB OJTHOTO BUA). Takue BHIOOPKHU
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Ha3bIBAIOTCA paSMCIICHUAMU C IOBTOPCHUAMM, a UX KOJITHMYCCTBO BBIYUCIIACTCS 110

7 i
dbopmyse: An=n"

4. CoueraHus IOBTOPCHUAMU

[TycTh nMeroTCS TpeAMETHI ' pa3IMYHbIX BUIOB MPEAMETOB, H U3 HUX

COCTABJIAIOTCS HaOOPEI, cofepxkainue ¥ snementos. Takue BEIOOPKH HAa3bIBAIOTCS
-~

COYETAHISIMH C [IOBTOpeHneM. VX 4mciio o6o3Hagaercst O .

Teopema: 4nciI0 COYETaHH C TOBTOPCHUSIMH MOXKET OBITH BEIYUCIICHO 110

dbopmynam:

~k __ ok o rn—1
C.l.' - Cr.l-l—F.'—J. - Cr.l+k—l .

3amaHus 11 CAaMOCTOSATEIbLHON PadoThI.

1) CxonpkuMu cioco6amMu MOKHO B Tpyminie U3 21 cTyJIeHTOB BBIOpATh CTapoOCTy,
3aMEeCTUTEIS CTapOCThl U (uzopra?

2) [lopsanox BeICTYIUIEHUH 9 yUaCTHUKOB KOHKYpCa ONpPEAEIIsAeTCs )KepeObEBKOIA.
CKOJIBKO BapUaHTOB KepeObEBKU MTPU 3TOM BO3ZMOKHO?

3) B cembe nBoe aereil. Haiinure BEposITHOCTD, YTO CTAPIIMI pEOEHOK — MaJIbUUK.

4) B ypHe 4 6enbix u 6 4yepHbIX mapoB. M3 ypHbI IO o4uepeau U3BJIeKatoTcs 2
mapa. HaliTu BEposITHOCTh TOTO, UTO BBIHYTHIE IIAPHI OJJHOTO IIBETA.

5) UrpanbHyto KocTh OpocaroT Ba pa3za. Haliiure BEposITHOCTh TOTO, YTO B CyMME
BBINTAJIO HE MeHee 10 04YKOoB.

6) UrpanbHas kocTh OpoieHa 6 pa3. HaliTu BeposiTHOCTb TOTO, YTO POBHO 3 pasa
BBINAJIET «IIECTEPKAY.

7) Aynutop oOHapy)uBaeT (PMHAHCOBBIC HAPYIIECHUS y IPOBEPSAEMOI (PUPMBI C
BeposiTHOCTHIO (0,9. HaiiTi BepoaTHOCTh TOTO, 4TO cpeau 4 pupMm-
Hapymuresneil OyneT BbIsIBICHO 00JIbIle TOJOBUHBI.

Bonpocsl 17151 CAMOKOHTPOJIS

1. HazoBute ocHOBHYIO (hOpMyJTy pa3MelleHHil 0e3 MOBTOPEHUH.
2. UTo 3HAUUT COYETAHHE COOBITHII?

3. Kakue coObITHSI HA3bIBAIOTCS CITy4YaHBIMH?

Tema 4.3.MaTtemaTH4eckoe OKMJIaHUE H TUCIIEPCHS CIAYYAWHON BeJIMUYMHBI

4.3.1. Pemienue 32124 Ha BbIYUCJICHUE BEPOSITHOCTEH €
HCIO0JIb30BAHMEMIJIEMEHTOB MaTeMATHYeCKON CTATUCTHKHU

Llenv  pabomei:COBEpPIIEHCTBOBAHME YMEHUM pelaTh 337auyd  CoJAepkKalliue
AJIEMEHTHl MAaTEeMaTUYECKON CTATUCTUKHU
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?.az[amle 1:BemoHUTE 3aJlaHrs Ha BBIYHUCIICHUC KOJIMYCCTBA BAPUAHTOB COOBITHH.

?.azlamle 2:Brinonnenue 3aJaHuA Ha BBIYHCIICHUC BGpOHTHOCTCﬁ CHy‘IaﬁHLIX
COOBITHI C MCITOJIE30BAaHUEM DJIEMEHTOB MAaTEMAaTHUSCKOM CTATHCTHKH.

XoJ paboThl
Kpartkue TeopeTndeckue CBEeICHHUS:
1. Teopus BEpOSATHOCTH

Uucio, sBASIOMEECS  BBIPAKCHHEM  MEPbl  OOBEKTHBHOW  BO3MOXKHOCTHU
HACTYIUICHHUSI ~ COOBITHS,  HAa3bIBACTCS 6EPOAMIHOCHIbIO DTOTO  COOBITUA U
0003HayaeTcss CUMBOJIOM P(4).

Onpeoenenue. BeposTHOCTbIO COOBITHS A HA3bIBACTCSl OTHOIIICHUE YHCIIa UCXO0B
m, OJArompHUSATCTBYIOIIMX HACTYIUICHUIO JAHHOTO COOBITHS A, K YHCIYy N BCeX
UCXOJ0B (HECOBMECTHBIX, E€IWHCTBEHHO BO3MOXXHBIX U PAaBHOBO3MOKHBIX),
L
P( Jq) = [
T.C. L
CrnemoBarelbHO, JUIS HaxXOXJACHUS BEPOSTHOCTH COOBITHS  HEOOXOIUMO,
paccMOTpPEB pPa3IAYHBIE WCXOAbl HWCHBITaHWUSA, IOJCYUTATH BCE BO3MOYKHEIE

HCCOBMECTHBIEC HUCXOJBbI N, BI:I6paTI) YHUCJIO0 HHTCPCCYHOHNIMNX HAC HCXOAO0B m H
BBIYUCJIUTh OTHOLIEHHUE M K N.

N3 sToro onpeneneHns BEITEKAIOT CIEAYIOIINE CBOWCTBA:

BepOHTHOCTB JIF000TO HUCIIBITaHUA €CThb HCOTPHUIATCIIbHOC qHucCJio, HE
IMPCBOCXOAAIICC CAMHUIIBI.

JIeACTBUTENILHO, YUCIO M HMCKOMBIX COOBITHH 3aKIIOUEHO B mpenenax ! =m =#
Pasnenus 00e yacTu Ha N, TOIyYUM
0P

%=1
2. BeposiTHOCTh TOCTOBEPHOTO COOBITHSA paBHA €AUHUIIE, T.K. 7 # .

i
3. BepossTHOCTh HEBO3MOKHOTO COOBITHSI pABHA HYJIIO, IIOCKOJBKY *# .

I[Ipumep 1:. B maptum u3 18 neraneit Haxomarcs 4 OpakoBaHHBIX. Hayran
BbIOMpaAOT 5 nmeraned. HaillTu BEpOATHOCTH TOro, YTO W3 ATUX 5 jAeTanedl aBe
OKaXyTCsi OpaKOBAHHBIMU.

Pemenune. Yucno Bcex paBHOBO3MOKHBIX HE3aBUCHUMBIX HCXOJI0B N PaBHO YHUCITY
couyetanui n3 18 mo 5 T.e.

wecp = 81161518 G0 g s s
12345

[Togcuntaem 4ymcio m, OIarompusTCTBYOMUX coObITHIO A. Cpeam 5 B3STBHIX
Hayraj Jaeranedl JOKHO ObITh 3 KauyeCTBEHHBIX M 2 OpakoBaHHBIX. Ywucio
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CII0c000B BBIOOPKHU JABYX OpaKkOBaHHBIX JAeTajeil u3 4 UMermuxcs OpakoBaHHBIX
PaBHO YMCITy COYETaHUM U3 4 1o 2:

2 43

o 6
Yoqn

Yuciao cnocoOoB BBEIOOPKH TpeX Ka4eCTBEHHBIX JeTalied u3 14 uMerommxcs
Ka4eCTBEHHBIX PAaBHO
or L 1401312

2 = 14132 = 364
123

JItoGast rpymma KadyecTBEHHBIX JeTajel MOKeT KOMOWHHUPOBAThCA C JIIOOOH
rpynmomn OpaKOBaHHBIX JeTanei, 03TOMY oO1ee YHUCIIO
KOMOUWHAIMH M COCTaBIISET

m=Cg Cj, =6:364=2184

Hckomas BCPOATHOCTD coOpITHS A PpaBHa OTHOIICHHIO YHCJIAa HCXOIOB 1M,
6J'IaI‘OHpI/ISITCTBy1-OHII/IX 9TOMY CO6I>ITI/II-0, K YHCIIYy 11 BCCX PABHOBO3MOKHBIX

HC3aBUCUMBIX UCXOO0B:
PAy =2 ig: ~ 0,255

1
Teopema Ci0KeHUsL BEPOSITHOCTEM.
BeposiTHOCTP CyMMBI  JIByX HECOBMECTHBIX COOBITUH paBHa CymMMe

BEPOSTHOCTEH ITUX COOBITHUM.

FlA+8)y=Fl4)+ F(E) —

PLdy +4, + ..+ A) = P(4) + P4} +.. + P(4,)

CnenctBue 1. Ecau cobeitue A1, Ay, : ,An 00pa3yroT MOJHYIO CUCTEMY, TO CymMMa
BEPOSITHOCTEH 3TUX COOBITHI paBHA €IUHUILIE.

P4+ P4+ + PA) =1

Cnencteue 2. CymMMa BEPOATHOCTEH IPOTHBOMONOKHBEIX coObITHiA <1 u 4 paBHa
EAVHMUIIE.

PlAY+ P(AY =1 _

2. MaremaTndeckasi CTAaTUCTHKA

[lepBasg 3amaya MaTeMaTUYECKOM CTaTHUCTHUKM — YKa3aTh CHOCOOBI cOopa u
IPYNIIUPOBKU CTATUCTUYECKUX CBEJICHUMN, TOJIyYEHHBIX B PE3yJIbTaTe HAOIIOICHUI
WIH B pe3yJIbTaTe CHEIUATBHO MOCTABICHHBIX IKCIIEPUMEHTOB.

Bropas 3agaua mMaTemMaTHueCKOM CTaTHCTUKH — pa3paboTaThb METOJbl aHajIH3a
CTaTUCTUYECKUX [JAHHBIX B 3aBHUCHUMOCTH OT ueneil uccaepgoanus. Crona
OTHOCATCSL:
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a)OLIEHKa HEW3BECTHOW BEPOSITHOCTU COOBITHSI; OIIEHKAa HEU3BECTHOM (DYyHKIMH
pacnpenesieHus; OUEHKA MapaMeTpOB paclpeaesieHNs, BUJI KOTOPOI'O N3BECTEH;
0)mpoBepKa CTATUCTUYECKHUX THUIIOTE3 O BUIE HEU3BECTHOTO PACTIPEIACICHUS WU O
BEJIMYMHE MAPAMETPOB paACIPEICIICHHS], BUJl KOTOPOTO U3BECTEH.

Nrak, 3agaua MaTeMaTUYECKONM CTATUCTUKU COCTOUT B CO3/IaHUHM METOJ0B cOopa 1

O6pa6OTKI/I CTAaTUCTUYCCKUX OAHHBIX IJIA IMOJYUYCHHA HAYYHBIX W IPAKTHUICCKUX
BBIBOZIOB.

Bp160pOYHO COBOKYITHOCTBIO MM TIPOCTO BHIOOPKOI HA3BIBAIOT COBOKYITHOCTH
CIy4yaiiHO 0TOOpaHHBIX OOBEKTOB.

['eHepabHOI COBOKYITHOCTBIO Ha3bIBAlOT COBOKYITHOCTH

00BEKTOB, M3 KOTOPHIX MPOU3BOUTCS BHIOOPKA.

CTAaTHCTHYCCKHM PSAIOM PACTIPE/IEICHHS HA3BIBAIOT NEPEUeHb BCEX 3HAUCHHH * i
U3 BBIOOPKM M COOTBETCTBYIOUIMX MM YacTOT WM OTHOCUTENIbHBIX YacTOT.
CrarucTrueckoe paclpeicsieHHEe MOYKHO 3aJaTh TakK€ B BHJIE HHTEPBAJIBHOIO
CTaTUCTUYECKOTO  psiAa,  T..  IOCIEAOBATEIBHOCTH  HMHTEPBAJIOB U
COOTBETCTBYIOIIMX MM 4YacTOoT (B KayeCTBE 4YacCTOTbl, COOTBETCTBYIOLIEH
MHTEpBaIY, IPUHUMAIOT CyMMY YacTOT, IONABIIMX B 3TOT UHTEPBAI).
[Tpumep. Ilycts 00beM BbIOOpKH N = 20 1

Xi 2 6 12
m; 3 10 7

Haiinem oTHOCHUTEIIBLHBIE YaCTOTHI:

3 . 10 . 7
B," = — =015 B, = — = 0,50 By’ = — = 0,35
20 : 20 : 20

Torna pacnpeneneHne OTHOCUTENbHBIX YaCTOT:

Xi |2 6 12
r,” 10,15 (0,50 |0,35

1

Kontpons: 015 + 0,50 + 0,35 = 1

3aganus 1J1s CaMOCTOSITEJILHOM PadoThI.

3ananue 1:BplnoaHuTe 3a1aHUSI HA BHIYMCIIEHHUE KOJIMYECTBA BAPUAHTOB COOBITUI
1.1. Haiitu uncio pasmemienuii: 1) 45; 2) 42;3) A,;4) 4;5) 4.
1.2. BwruucauTh 3HaueHHE BoipakeHus: 1) 3! +4!; 2) 51 —21: 3) 6! * 2!
1.3, Borancmuts:1) Cé; 2) C;; 3) C73; 4)C?

A+ AL
14 Bbrauciuts:1) %Jr AL* A * 4

6
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1.5. Bwmwucnuts: 1) P, - P,; 4)45+pP, * P,;5) P, + P;.

3amanue 2:BrimonHeHne 3aJaHUsl Ha BBIUMCICHUE BEPOSITHOCTEH CIydailHBIX
COOBITUH C UCTIOIB30BAaHUEM JICMEHTOB MAaTEMATHUECKON CTAaTUCTUKU.

2.1. W3 kop3uHbI, B KOTOpPOM HaXOAATCS 9 KpacHBIX, 8 KENThIX U 7
3€JIEHbIX 1IApOB, HayJayy BbIHUMAaeTcs OAuH. HallTh BEpOsSTHOCTH TOTO, YTO
BBIHYTBIN IIap OKAKETCS: a) KPaCHBIM, 0) JKEJITHIM; B) YEPHBIM; T') 3€JICHBIM.

2.2. B xop3une nHaxomarcs 30 Oenpix u 20 dyepHbIx ImapoB. Hayran
BBIHUMAIOT OJIMH IIap, KOTOPBIN OKa3aycs OENIbIM, U OTKJIAIbIBAIOT €T0 B CTOPOHY.
Hayran BbIHUMAIOT €lie OJUH IIap, KOTOPbIA OKa3alicd YE€pPHBIM, U OTKJIAJbIBAIOT
ero B cropony. Ilocie atoro 6epyt emie onux map. Hailtu BeposITHOCTH TOTO, 4TO

OTOT Iap OKaAXCTCA OeJIBIM.

2.3. B xonome 36 kapr. Haymauy BbIHMMarTCs 2kaptel. Haiitn
BEPOSITHOCTB TOT'O, YTO 3TO OyAyT JBa Ty3a
2.4. JluckpeTHas ciiydaifHas BeIMUYUHA XUMEET 3aKOH PaclpeIeICHHUS.
Xi 0,2 0,4 0,6 0,8 1
Pi 0,1 0,2 0,4 Py 0,1
Uemy paBHa BepositHOCTh PsX = 0,8)? IlocTpouTh MHOTOYTOJBHHUK
pacnpeneneHus. HaliTu MaTeMaTuyeckoe 0KuJaHue U UCIEPCHUIO.
2.5. JluckpeTHas ciiy4aifHas BeTuIrnHa XUMEET 3aKOH Pacpe/IeICHNUS.
Xi 3 4 5 6 7
Pi Py 0,15 Ps 0,25 0,35

Haiitu BepositHocTh Pi(x = 3) u P3(x = 5), ecnu u3BecTHO, uTO P3B 4 paza
6omnpine Pi. [TocTpouTs MHOTOYTONBHUK pacmpenenenus. Halltu maTematnyeckoe
0XUJAHHUE U JUCTIEPCUIO.

2.6.

W3BecTHBI 3HAUEHUSI pacpeAesieHUs] ClIydyalHbIX BeauuuH X u Y

— YHCJIO OYKOB BEIOMBAEMBIX IICPBBIM K BTOPBIM CTPCIIKAMU.

Xi

0

1

2

3

4

5

6

7

10

Pi

0,15

0,11

0,04

0,05

0,04

0,10

0,10

0,04

0,05

0,12

0,20
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0

1

2

3

4

5

6

7

8

9

10

Pi

0,01

0,03

0,05

0,09

0,11

0,24

0,21

0,10

0,10

0,04

0,02

HeoOxoaumo BBISIBUTH, KaKOW M3 JIBYX CTPEIKOB cTpeiser Jjydiie. [locTtpouts

MHOTOYTOJIbHUKH PACTIPEICIICHUS.

ok owdE

Bonpoce! 111 CaMOKOHTPOJISA

Kaxkas BennuuHa Ha3bIBaeTCs CIy4yalHOMN?

3aKoH pacipcaciCHuAa CquaﬁHLIX BCINYNH

YTto Ha3bIBA€TCS MIOTHOCTHIO BCPOATHOCTH

ChopmynupyiiTe TeOpeMy CIOKEHUS BEPOSITHOCTEH
dopmyiia TOJTHOU BEPOSITHOCTH

®opmyna bepryium

Cnucok aureparypsl
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1. I'puropseB B.I1. MaTematuka: y4eOHUK 7151 CTyA. YUpexAeHUN cpell. mpod.
obpazoBanus / B.I1. I'puropses, T.H. CabypoBa. — 2-¢ u3a., crep.-M.:
W3narenbckuil neHTp «Akagemus», 2018. — 368 ¢

2. Ilexnmeukuit WM.JI. Marematuka [Tekct] : yueb.mocobue s CTyA.
VYupexxnenuit cpen. npod. oobpazoanus /M. . Iexneuxuit. - 12-e uzn., crep. —
M.: Uznarensckuii ueHTp «Axaaemusi», 2017 . - 320c.

Humepuem-pecypcoi:

1. www.ru.Wikipedia.org
www.ru.matformula.ru
www.reshebnik.ru
WwWw.exponenta.ru

bt 2
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IIpuio:xkenue A
MeTtoauyeckne peKOMeHAALMH 10 BLINOJTHEHHIO pedeparta

Pedepar — 310 camocTosTensHas uccienoBaTesbckas paboTa, B KOTOpOH
aBTOP PACKPBIBAET CYTh HMCCIEIYEMOM MpPOOJEMbI; IPUBOAUT PA3JIMYHBIE TOUYKH
3peHusi, a Takke cOOCTBEHHbIE B3rJsiAbl He Hee. CoaepkaHue pedepara JOIHKHO
ObITh JIOTMYHBIM; H3J0XKEHHE MaTephalia HOCHT MPOOJIEeMHO-TEMaTHUECKUA
XapakTep.

Pedepat — 310 0AMH U3 caMbIX CII0KHBIX BUJIOB CAMOCTOSITENIBHOM pabOThI C
KHUTOW, a JJI1 3TOro CIEAyeT OBJIAAETh 0o0Jiee MPOCTBIMU MPUEMaMH pabOThl —
pa3paboTKOI MjIaHa, COCTABICHUEM TE€3UCOB U KOHCNEKTOB. [loaroroBka pedepara
U BBICTYIUIEHHE C €r0 H3JI0)KEHHEM YIIyOusieT 3HaHMs, paclIMpseT Kpyrosop,
pUYyYaET JOTMUECKH, TBOPUECKH MBICIUTD, PA3BUBAThH KYJIBTYpPY PEUH.

ITpu npocmoTpe mnMTEpaTyphl HaMEYaeTcsi OPUEHTUPOBOYHBIN IIJIaH
pedepara, B KOTOPBIH BKIIIOYaeTCsl 0OBIYHO 3-4 OCHOBHBIX BOMpOCA WU pasjesa.
B kxaxagom w3 pasnenoB  (GOpMYIHMPYIOTCS  MOJBONPOCH], OMOTAIOIINE
MOCJIEIOBATEIBHO PACKPBITh COJAEPKAHUE TPOOITIEMBI.

B npouecce n3yuenusa matepuana GOpMyJIUPOBKH MOJIBOIIPOCOB U PA3EIOB
o0bryHO  yTouHstoTcs. Ilpu pedepupoBanum crneayer Jenarh  BBIIUCKH,
3alUChIBaTh MBICIH, BO3HUKAIONIME  MPU YTEHUH; CIEAYeT TaKXEe TOYHO
3alUChIBaTh M ONPENECICHUS TeX MOHATHHA, KOTOpble OyAyT HCIOJb30BaHbI B
pedepare. 3 nmpounTaHHON JUTEpaTypbl HY’KHO 3aMMCTBOBaTh HE OyKBaJbHBIN
TEKCT, a BAXHEHIIME MBICIN, WJEU, TEOPETUYECKHUE IIOJIOKECHMS; MOXKHO
UTUPOBATh HEOOJBIINE OTPHIBKH, MPUBOAUTH JUArPAMMBbI, CXEMbI, YEPTEKHU, HO
IJIABHOE — BBICKA3bIBaTh COOCTBEHHBIE COOOpa)K€HHs MO BoIpocaMm pedepara.
IIpuBeneHHBIE BBINIE COBETHI CIEAYET pacCMaTpuBaTh KaK IPUMEpPHBIE,
Opeanoiaralome M JIpyrue IMOAXOAbl, IOCKOJIBKY Yy KaXKIOrO 4YelOBeKa
BbIPa0aTHIBAIOTCSl CBOM TMPUEMBbl U HABBIKU COCTaBlieHUsI pedepaToB. bosbinyro
MoMOIIs B paboTe Haa pedepaToM OKa3bIBAIOT MPEAUCIOBUS K cOOpHUKaM. B Hux
MOKHO HaWTH CBEIEHUS O LIENW U3JaHUus, a TaKXKe O CYIIECTBYIOIIUX MpoOenax B
UCCJIEIOBAHHH.

[Ipu pa3paboTke miaHa pedepara BaXKHO YUYUTHIBATh, YTOOBI KaXAbIA €ro
MyHKT pacKpbiBajl OJHY H3 CTOPOH H30paHHOM TEMbI, a BCE MYHKTHl B
COBOKYIMHOCTA  OXBAaTbIBaJld  TE€MY  LIEJIUKOM.  Pa3muMyaloT  HECKOJIbKO
KOMIIO3UIIMOHHBIX pelIeHui pedepara: BO-MIEPBBIX, XPOHOJIOTUYECKOE, KOTI/1a TeMa
PAacKpBIBAETCs B HCTOPUYECKON MOCIEAOBATEIIBHOCTH; BO-BTOPBIX, ONKCATEIBHOE,
IpY KOTOPOM Te€Ma PACUJIEHSAETCS Ha COCTaBHBIE YACTH, B LIEJIOM PACKPBIBAIOLINE
ONPENEIEHHOE SIBICHHUE; B-TPETHUX, AaHATMTUYECKOE, KOT/1a TEMA UCCIIENYETCs B €€
MPUYMHHO-CJICICTBEHHBIX CBA3SX W B3aMMO3aBUCHUMBIX mpobiemax. Baxno
CJIETUTH 3a TEM, YTOOBI KaXK/IbIil MyHKT IUIaHa ObUI COOTHECEH C TJIaBHOM TeMOU U
HE COJep’Kall MOBTOPEHUS] B JIPYruxX MyHKTax. BaxkueiMu pazgenamu pedepara
ABJISIETCSl BCTYIUIGHME M 3akiioueHue. Bo BeTymieHuM Hago 00O0CHOBATh
aKTyaJbHOCTh TEMbI, O0O3HAUUTh KPYI COCTaBIAIONIMX €€ MpoOJieM, YEeTKO U
KpPaTKO OMNpENeinTh 3a7adyy CBOEl paboThl. B 3akitodeHuM AenarTcs KpaTKue
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BBIBOJIbI, MOJIBOAATCS UTOTU. B KoHIlE pedepaTa NOMKEH OBITh MPUIIOKEH CIHUCOK
JUTEPATYPHL.

B ommmume ot koHcmekta pedepaT TpedyeT OOMbIIeH TBOPUECKOH
AKTUBHOCTH, CAMOCTOSITEIIBHOCTH B 00OOIICHUHN M3YYCHHOW JUTEPATYpPHl, YMECHUS
JIOTUYECKU CTPOMHO U3JI0KHUTh MaTepual, OIEHUTh pa3du4YHble TOUKU 3PEHUS Ha
uccaeayeMyto Ipo0ieMy U BBICKa3aTh O Hel coOcTBeHHOe MHeHue. B pedepare
BAXKHO CBSI3aTh TEOPETUUECKHUE MOJOKEHUS C TPAKTUKOM.

Takum o0pa3om, pedepaTuBHas paboTa — 3TO CaMOCTOSTENIbHAs paboTta,
KOTOpas JOJKHA CBUICTENBCTBOBATh O 3HAHHMM JIMTEPATYPHI MO JAaHHOU Teme, ee
OCHOBHOM MpoOJeMaTUKe, OTpaKaTh TOUKY 3PEHHS CTYJIEHTa Ha 3Ty MpodiieMy,
€ro YMEHHUE OCMBICIUBATH SIBJICHUS KU3HU Ha OCHOBE TEOPETUUYECKUX 3HAHUM.

[Ipu ounenke pedepara OOBIMHO PYKOBOJCTBYIOTCA — CIEAYIOIIUMHU
KPUTEPUSIMHU:

1. Yanocek au €ro CTyJ€HTY pacKpbITh CYIIHOCTh JAHHOW MTPOOJIEMBI;

2. CyMen nu CTYJEHT IMOKa3aTh CBSI3b paccMaTpUBaeMOM MpoOJIEeMbI C
KU3HBIO;

3. IlposiBuI 1M CTYJEHT CaMOCTOSITEIbHOCTh W TBOPYECKHM TMOAXOI B
W3JI0KeHUH pedepara;

4. MoxHO 11 cuuTaTh pedepar JOrH4eCcKu CTPOMHBIM U T. 1.

Pedepar nomken ObITh npaBuiabHO oopmieH. Coaepxkanue u ohopmiIeHUE
paznenoB pedepara:

TutyneHblll uct.  SIBNSETCS MEepBOW CTpaHUIlEH pedepara U 3amoaHsAETCs
[0 CTPOro OINpEIEIECHHBIM MpaBwiaM. B BepxHeM MoJie yKa3bIBaeTcsl MOJHOE
HauMEHOBaHHE y4eOHOro 3aBeieHus. B cpeqneM mose gaetcs 3arnaBue pedepara,
KOTOpOE MpoBoaAMuTCs Oe3 ciioBa " TemMa " M B KaBbIUKM HE 3akitouaerca. Jlanee,
OJ>ke K TIpaBOMY Kparo TUTYJIBHOTO JIMCTA, YKa3bIBAIOTCA (haMUIIUS, WHUITUATIBI
CTyJIEHTa, HanucaBIlIero pedepar, a Takke ero Kypc u rpynna. HemHoro Huxe ninu
CJ€Ba YKa3bIBAIOTCS HA3BaHHWE W KOJ CHEIUAIbHOCTH, (aMWJIUS U WHUIUAIBI
MpenojiaBaresis - PyKoBOAUTENs paboThl. B HM)XHEM Moy yKa3blBA€TCd TOJl
HanucaHus pedepara.

[locne TUTYABHOTO JIMCTA MOMEUIAIOT OIJIABJICHHE, B KOTOPOM MPHUBOIATCA
BCE 3aroJIOBKH PabOThl U YKa3bIBAIOTCS CTPAHUIIBI, C KOTOPHIX OHU HAYMHAIOTCSI.
3arojoOBKM OIJIABJIEHUS JOJDKHBI TOYHO TOBTOPSATH 3arojloBKU B TEKCTE.
Cokpamate UX WIM J1aBaTh B JAPYrod (OPMYJIHMPOBKE U TMOCIEAOBATEIHHOCTU
Heb34. Bce 3arojoBKM HAUMHAIOTCS ¢ TPOMUCHON OyKBBI 0€3 TOUKM Ha KOHIIE.
[locnenHee €I0BO KaXKIOTO 3arojioBKa COEOUHSIIOT OTTOUUEM / ............... /c
COOTBETCTBYIOIIIUM €MY HOMEPOM CTpaHUIBI B IMPABOM CTOJIOIE OTJIaBJICHUSI.
3aroyioBKM OJMHAKOBBIX CTyINEHEH pyOpuKamuu HE0OXOJAMMO pacroyarath JIpyr
MO IPYrOM. 3arojOBKH Ka)JAOW MOCHEAYIONIEH CTYIIEHU CMENIAIOT Ha TPU - MATh
3HAKOB BIIPaBO MO OTHOIIEHUIO K 3ar0JIOBKaM MPEebIAyIeH CTYIIeHHU.

Brenenne. 3aech 00BIMHO OOOCHOBBIBACTCS AKTYaJIbHOCTh BBIOpAHHOMU
TeMbl, 1I€JIb M cojep)kaHue pedepara, yka3blBaeTcss O0OBEKT / mpeamer /
paccMOTpEeHUsl, TPUBOJIUTCS XapaKTEPUCTHUKA UCTOUYHUKOB JIJIsS HAITUCAHUs PaOOThI
U KpaTKui 0030p HMMEIOIICICS MO0 JaHHOW TeMe JIMTepaTypbl. AKTYyadbHOCTb
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npeanosiaraeT OUeHKY CBOEBPEMEHHOCTH U COLMATIbHOM 3HAYMMOCTH BBIOPAHHOM
TEMBbI, 0030p JUTEPATyphl MO TEME OTpa’kaeT 3HAKOMCTBO aBTOpa pedepara ¢
UMEIOIUMUCS HUCTOYHHKAMH, YMEHHUE HX CHCTEMaTH3UPOBaTh, KPUTHUECKU
paccMaTpuBaTh, BBIICIATH CYIIECTBEHHOE, OTMPEACIIATh TTIABHOE.

OcHoBHast  4acth. CojepxkaHue TrJaB H3TOM YacTH JOJDKHO TOYHO
COOTBETCTBOBATh TeMe PabOTHl U MOTHOCTHIO €€ PACKPhIBATh. DTH TJIaBbl JOJKHBI
MOKa3aTh YMEHHUE UCCIIEIOBATENs CKATO, JOTUYHO U apryMEHTHPOBAHO H3JIaraTh
MaTepuai, 0000111aTh, aHATU3UPOBATH, JENIaTh JOTUYECKUE BHIBOJIBI.

3akmrounTenbHas YacTh. llpenmnonaraer mocienoBaTeIbHOE, JTOTUYECKH
CTpOMHOE U3JI0’KeHHE 0000IIEHHBIX BBIBOJIOB 10 pacCMaTpUBAEMON TEME.

bubnuorpaduuecknili CNUCOK HMCHOJB30BAaHHOM JIUTEPATyphl COCTABIISET
OJIHy M3 yacTed paboThl, OTPAKAIOIIEH CaMOCTOSITEIbHYIO TBOPUECKYIO padboTy
aBTOPA, MO3BOJISIET CY/IUTh O CTENEHU (PYyHIaMEHTAIbHOCTH JJAHHOTO pedepara.

B  pabotax  wWCHONB3yHOTCS  CIHEAYIOIIME  CHOCOOBI  TMOCTPOCHUS
OounbmmorpaduyecKux CIUCKOB: MO aipaBUTy GaMuUIIMil, aBTOPOB MJIM 3arjiaBui; MO
TEMaTHKE; 10 BUJAM U3JAHUH; MO XapaKTepy COACpX aHHs; CIUCKA CMEIIaHHOTO
noctpoeHus. Jlureparypa B CHOUCKE YKa3bIBaeTCsi B  COOTBETCTBUU C
MeToau4ecKuMH YKa3aHUSIMHE 110 0(hOPMIICHUIO

B npunoxxeHuu MOMEIIAIOT BCIIOMOTATENbHBIE WM JOMOJHUTEIbHBIC
MaTepualibl, KOTOPhIE 3arpOMOXKIAIOT TEKCT OCHOBHOM YacTH pabOThl / TaOIMIbI,
KapThl, rpaduKku, HEOMyOJIMKOBAaHHBIC JOKYMEHTHI, repenucka u 1.1. /. Kaxmoe
IOPUIIOKEHUE JOJKHO HAUYMHATBCS C HOBOI'O JIUCTA / CTPaHULBI / C yKa3aHUEM B
paBOM BepxHeM yriy ciosa " [lpunoxenue" u UMETh TEMaTHUYECKUI 3ar0JI0BOK.
[Ipu Hanuuuum B paboTe GoJiee OAHOTO MPUIIOKEHUSI OHU HYMEpYIOTCs apaOCKUMHU
udpamu / 6e3 3Haka " Ne " /, Hanpumep, " [lpunoxenue 1". Hymepanus crpanuil,
Ha KOTOPBIX JAAIOTCS MPUIIOKEHUS, JOKHA OBITh CKBO3HOM M MPOJOJIKATH OOIIYIO
HyMEpaluio CTpaHWI] OCHOBHOTO TekcTa. CBSI3b OCHOBHOTO TEKCTa C
MPWIOKEHUSMU OCYIIECTBIISIETCS Yepe3 CChUIKHU, KOTOpBIE YMOTPEOISIFOTCS CO
c0BOM " cMOTpH " / OHO OOBIYHO COKpAILIAETCA M 3aKJIFOYAETCS BMECTE ¢ IU(pOM
B KpyTJible CKOOKH - (cM. mipuiL.1)/.
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IMpuioxenue b
HexoTopsbie cBeleHHs U3 3JIEMEHTAPHOM MAaTEeMATUKH
Auredpa
3aKoHBI AeHiCTBHI HAJX YHCJIAMH

[TepemecTruTEIBHBIN 3aKOH CIIOKEeHHS: & + b =bh + a.

CoueraTeabHBIN 3aKOH CIOXKEHUS: (@ + b) + c=a + (b + ¢).

[TepeMecTHUTEIBHBIN 3aKOH YMHOXKEHUS: ab = ba.

CoueTraTenbHbIN 3aKOH YMHOXEHUS: (ab)c = a(bc).

PacnipenenuTensHbIid 3aKOH YMHOXEHHSI OTHOCUTEIBHO CIOKEHHUS: (a + b)c
=ac + bc.

PacnipeaenuTenbHbIi 3aKOH YMHOKEHHUSI OTHOCUTEIILHO BBIUUTAHUS: (A -
b)c = ac - bc.

/{po0HBIe BHIPpAKECHUA

£=z, b=0, c=0.

OCHOBHOE CBOMCTBO ApoOu: b¢c b
HetictBus ¢ qpo0saMu (peanoaraeTcs, YTo 3HaMeHaTeu Apooeit
OTJIMYHBI OT HYJIS):

a b a+b a ¢ ad+bc
—+—= ] —+—= ]
oA c b d bd
bd bd’ b b -b
a ¢ ad (a]"_a”
b d b b %

Crenenu u KOpHH

Cmenenb ¢ yenvim nokasameiem

b

a =aa --a (n pas neN, n:tl)
1 0 ,-m X '
a'=a, a =1 (@a=0), a™ =1/a" (a=0)
CaoiicTBa:

aman a0 am+n’ am/an = am—rz’ (amr — MR

(ab) = a™”, (afp] =a"fb".

b

Kopenw n-ti cmenenu

a =0,

Va i 7 %
a - apupMeTHIECKU KOpeHb N-i CTENEeHU U3 yucia =
Ya20 neN, n>l

CsoiicTBa:

e =a nfab=1/azp,
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v =afip  (b>0), Wa =4

B wactHOCTH, \/a - apu(MeTHIeCKUii KBapaTHEIH

(Vaf =a, a* =l

KOPEHB:
Cmenenwb ¢ OpoOHbIM (PAYUOHAILHBIM) NOKA3AMENeM

a™ =ia" meZ, nelN, nz2, a>0.

b

Ceoticmea cmenenu ¢ oeticmseumeibHbiM noxKazamenem

(>0, >0, xeR, yeR)
oo s T (a")v=a’°', (ab) = a’b*,
(afb) = a*fb*, o* = b*ee,
a" =™ =exp(xha) a*=10""

IIporpeccuu

Apugmemuueckas npoepeccus

(a,)
ApudmeTryeckas IPOrpeccHs - YUCIIOBas MOCIEI0BATENBHOCTD
onpeienseMas yelaoBuamu: 1) & =& 2) % = % ta, n=12,.. d
Pa3HOCTh apuU(PMETUUECKON TPOTPECCUN).
CgoiicTBa apudpmMeTHIECKON MPOrpeCcCuu:
ax +* am+2
Qog1 @ = Qo — Qs G = —.

=g +d(n-1).

@y

dopmyia N-TO YieHa:
@opMyJibl CyMMBI N IEPBBIX YJIECHOB:
< =(a1+an)n g =2a1+d[n—l)n
i 2 T 2

I'eomempuueckas npoepeccus

b, ),
I'eoMeTpuueckast mporpeccus - YUCIoBas MOCIEA0BATEIILHOCTh (&)

b=b (b0 Bin =H 0
onpeensemMas ycoBusamu: 1) ! (b= 0) 2) 4 (g=0), n=1,2,
... (9 - 3HAMEHaTE]Ib TEOMETPHUECKOM MTPOIPECCHN).
CBolicTBa reOMETPUYECKON MPOTPECCH: )
bml /bn = bx+2 /bml ’ b:ul = bn bx+2'
b -_—b x-1
dopmyiaa N-ro wieHa: " 19

g#1
DopMyIbl CyMMBI N IEPBBIX WICHOB ) ;
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" bl(q" . 1)

g-1 ’ " g-1

CyMMa OECKOHEYHOM reOMETPUUYECKON MTPOTPECCUU:
b+bg+bg’ +. . =bfll-q), |a|<1.

TR xq_bl S

DopMyJIbl COKPANIEHHOT0 YMHOKEHUS

a® -b* ={a-b)la+b),
a®-b® =(a-Blla* +ab+b?),
@+ = (a+b)la’ —ab+b?)
at-b* = (a—b)(a3+a2b+ab2 +b3)= (a—b)(a+b)(a2+b2),
a’-b = (a—b)(a" +a’b+a’h? +ab3+b4),
a’+b’ = (a+b)(a4—a3b+a2b2—ab3 +b4),
a* -b* =(a-bla™ +a" b+ ...+ @™ b,

B gl (a+b)(a2” C g AR L L B el g ),
(a+b) =a*+2ab+b*, (a-b) =a®-2ab+b?,
(a+b) =a® +3a’b+3ab® +5°,

(a-bf = a®-3a’b+3ab® - b,

(a+b+c)’=a2+b2+cg+2ab+ 2ac+ 2bc,

(ac+b—c)z =a’ +b* + ¢ +2ab- 2ac - 2bc,
(a+b+c+d)2=a2+b2+c2+d2 +2ab+2ac+2ad+ 2bc+2bd + 2¢cd,
(@a+b-c-df =a® +b* +* +d* +2ab- 2ac— 2ad - 2bc - 2bd + 2cd

a(x—n)(x—;g):axz+bx+c,
rae Xi, X2 - KOpHU KBaAPATHOTO TPEeX4JICHA ax’ + bx +c.

CBoiicTBa YHCJI0BBIX HEPABEHCTB

1) Ecnu a < b, To mpu mobom C: a + ¢ < b + c.

2)Ecnma <bwuc>0, 1o ac<bc.

3)Ecnma<bwuc<0,rtoac>bc.

4) Ecnm a < b, a u b ognoro 3naka, To 1/a > 1/b.

5)Ecnma<buc<d,toa+c<b+d,a-d<b-c.

6)ECJII/Ia<b,C<d,a>O,b>(2),C>20,d>0,T0aC<bd.

7)ECJII/Ia<b,a>O,2b>20,T0a <P, @' <P (ned)
8) Ecu la| < |?] 0 ¢ < b

Jlorapugmsl
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log,b (a>0, a=l, b>0)
- jorapudm yucia b mo ocHoBanmro a.
alogab _ b
OcHoBHOE JIoTapu(PMUIECKOE TOKIECTBO:

lgé 10%% = 3,

- IeCSITUYIHBIN JiorapudM (Jorapudm o ocHoBanuto 10):
Ind
e =b.

b o .
- HaTypaJIbHBIH JIoTapudM (JTorapudm 110 OCHOBAHUIO €):
[Iepexom OT OTHOTO OCHOBAHUS K IPYTOMY:

logabz—log‘b.
log, @
logabzl l :]gbzﬁb,hbzﬁzﬁ
B gacthocTH, g, @ lga 4 ge M

M=lge= — 04343
In10 - MOJTyJIb TIepeX0Jia OT HaTyPAJIbHBIX JIOTApU(MOB K
JIECSITUYHBIM).
CaoticTBa iorapudmos (U, v >0):
log,a=1, log,1=0, log,{uv)=log, u+log,v,

logcl=—logcv, loga5=logau—logav,
% v
log ,u* = alog, u, loga’%,ﬁ:llogﬂu, nelN, n=1
1

Tpuronomerpuyeckue Gopmybl

Tpuronomerpuyeckue GyHKUNH

SM &, COS &,
tga =sin Gfcosa@, @#FAf2+m, neZ,
ctga=cos&fsin @, @#m, nEL,
seca=1lcosa, @#nf2+m, nel,
coseca=1fsina, a#m, nel.

3HaKH TPUTOHOMETPHYECKHUX PYHKIUI

YeTeepTh Benuyuna yrna sin & COS ¥ tga ctg &
I 0<a<af2 + + + -
I A2 << + - - -
I TL <32 - - + +
v 3nfe<ea<2n - + - -

Dopmy.Jibl IPUBEACHUSA
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8 sin 8 cos 8 tg8 ctg8
mf2+a cos& —sin. & —cigl —ig&
T+a —sin & —cos& tg& cigl
3nf2+a —cos & sin @ —ctg& —tga&
2T+ & sin & cos & tg& cigl
-& —sin & cos & —lg& —citgd
-« COS & sin & ctgd& g
T-& sin & —cos & —igd —cigd
3nfe-a —cos & —sin. @ ctga tga
M- —sin & cos & —lg& —cigd
OcHOBHBIE TPUTOHOMETPHUYECKHE TOKIECTBA
sin ‘@+cosla=1
tga -ctga =1, a=xnfl, ne Z,
+tg*a=1/cos* @, a=nf2+m, nelZ,
l+eigla=1fsn*a, a=zm nel

BoipaskeHue TpUroHoMeTpHYecKNX (YHKUIMI Yepe3 OIHY U3 HUX TOIO0 Ke
aprymeHra

(BBIOOp 3HaKa Mepe]; KOPHEM 3aBUCHUT OT TOTO, B KAKOM YETBEPTH HAXOUTCS

yron &)
Yepes sin &
cos @=*+1-sn? a,
e sn a cfga'—i 1-sn?a
+41-sin’ @ S ¢
Yepes €5 &
s @ = ++/1-cos?® @,
iwh—coszcr COS&
fg="——""— clgl= ——
cos& ++/1- cos® @
tge
Yepes 5
1
ctgae=——
tga
sin & = A COsq = L
i«(l+tg2a i-'.,/1+rg2a'
tgx
Yepes S
1
g = X
citgd
w s 1 o ctgy
fh =——————, 0@ =—m—7——.
i"ﬂ,'l+czg2a + .1 +ctgia
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DopMyJIbI CII0KEHHS

sin (@ + &)= sin @ cos 8+ cosasin 8,
sin (@ — 8)=sin @cos 8- cos asin 8,
cos{@ + 8)= cos@cos 8—sin asin 8,
cos{@ — 8) = cos wcos S +sin asin
ﬁg(a:_*.ﬁ):w’ zg(a»_ )=M
1-tge-tgh8 1+iga-ig8
(B IOCNeIHUX ABYX (opMynax & #7Af2+m, S=7af2+m y
COOTBETCTBEHHO &+ £# mf2+m, a- G=nf2+m, nel);
cﬁg(a’+ﬁ)= ctge-ctgh—1 : ng(a_ ;3)= ctge-ctgf+1
ctgB+ciga ctgf—ciga
(B TIOCIIETHMX OBYX opMyaax &=, S#7m g
COOTBETCTBEHHO &+ S=m, a- G=#m, nel),
IIpeoOpa3oBaHue CyMMbl TPUTOHOMETPHUYECKUX (PYHKIIHI

: ; o &k & -
sin @ +sin 8= 2sin 'gcos 216,
. ; o = &+
sin & —sin 8= 2sin ﬁcos 2’8,
&+ a—
cos&+cos 8=2cos 2'8003 2'8,

cz+,83].n a— 8
5

cos@—cos 8=-2sin

sin (& + bia
zga+zgﬁ=M, &, B+—+m, nez,
cos &cos 8 2
sin (& — T
zga'—zgﬁ?:M, & B+—+m, nez,
cos@cos 8 2
sin (& +
czga’+c£gﬁ=M, &, B#Em, nez,
st & sin
sin | S—a
czga—czgﬁz_L,), &, B+ m, nez,
sin &sin S

Asin x+ Beosx=~/A* + B sn(x+ @, ),
IIpeoOpa3oBanue nNpou3BeIeHUS TPUTOHOMETPUYECKUX PYHKUMHA B CyMMY

sin @sn 8 = l[cos(a:— 8- cos(a+ 8],
cos@ cos 8= E[oos(a - ,8)+ cos(a: + ,8)],

sm acos 8= %[sin(a— ,8)+ sin(cr + ,8)]

Tpuronomerpuyeckue GyHKUUH IBOHOIO M TPOMHOI0 aprymMeHTa

sn 2@ = 2s5n & Cos,
cos2a=cos’ @—-sin‘a@=1-2sn*a=2cos* @-1



sin 3e = 3sn @—- 4sin’ @, cos3a=4cos’ oz 3cosa,
2tga Yga-tg'a

tgla= tg3a =

1-tg'a’ 1-3tg’a

TpI/IFOHOMeTpl/I‘IECKI/Ie (l)yHKIII/Il/I MOJIOBHHHOTO apryMeHTa

&f2
(BLI60p 3HaKa 3aBUCHUT OT TOr'0, B KAKOW YETBEPTHU HAXOIUTCS YIOJI )
1+ cose
cos—== ,
2

st & 1-cosa

BoipaskeHue TPUroHOMeTpHYECKOH (PYHKIMHU Yepe3 TAHIeHC MOJTOBHHHOIO
aprymeHra

oo el 1t (af?)
1+tg (af2) 1+tg*(af2)’

o ) SR
1-1g*(e/2) 2:glayf2)

Yucaosbie pyHKIUH

OCHOBHbBIC MOHATHSA

X >R
OO6nactp onpenencHus (MHOXECTBO 3a1anus) GyHKiwH f: : X=D

(f).
E(f)={f(x)re x)= 7(x)

MHoxecTBO 3HaueHHU QyHKIHH f:
r, ={(x, y)eRg}xeX, yzf(x)J

VxeX =>-xeX " Fl=x)= fx)

I'padux pyHKIMM:

YerHas pyHKUUA:

YreX =-xeXx fl-x)=-7(x)
Heuetnas ¢pynkius: 151

aN., VxeX =Dxt+taeck, x—-awc X
[Teproandeckas Gpynkuus (nmepuoaa  ):

flx+a)= flx)

51
MoHoOTOHHBIE PYyHKIUH

Oyuknwmst f crporo Bo3pacTaer (Bo3pacraeT) Ha MHOXKeCTBE X
Vx,x e X, x <x =>f(x1)< f(xz)
®ynkius f Bo3pacraet (He yObIBaeT) Ha MHOXKECTBE X
Vx,x e X, x <x :;’f(xl)g f(xz)
®ynkius f crporo yosiBaeT (yObIBaeT) Ha MHOXKECTBE X
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Vr,x% e X, % <6 = fln)> k)
Oyukuus f yObiBaeT (He Bo3pacTaeT) Ha MHOXeCTBe X
Vx,x, € X, x <x = fxn)2 flx)
y=x%, a¢€eRr
menenHas QyHKyusl

a=2n nenN:

1.
y=x", D(f)=R, E(f)=[0, +mw |
—-c0; 0
OyHKIMS YeTHas1, CTPOTO yObIBaeT Ha >y CTPOTO BO3pPaCTaeT
[O', +00 [
Ha (puc. 2.1).

a=2n-1, neN:

y=x"" D(f)=R, E(f)=R.

DOyHKIMSA HEYETHAs, CTPOTO Bo3pacTaeT (puc. 2.2).
&=-2n neN:

3.
1
y= ke o)=RAO) E(r)=]0, 4o
J-e0; 0]
DyHKIMA Y€THAs, CTPOr0 BO3pacTaeT Ha 1 CTPOro yObIBaeT
J0;+oo]
Ha
A y=X &
II yzx?

/

/:":"
Sl
i

&==2n+1, relN:
4,
1

¥=—r Dlr)=’\o), E(f)= R0}
I

(puc. 2.4).

OyHKIMS HEYETHAsI, CTPOTO yObIBAET HA
5 &e’Z:

y=x*, D(f)=]0 +o| E(f)=]0 +o]
[Tpu vexotoprix & D(f) u E(f) moryT ObITh mupe.



¥y YA YA
Ly= 143 yugt y=10*
\
\
-1 N
[ Q1 if
\ -1 7 1
‘\ / _/ =
g X g X

Dxcnonenma
y=e"=eplx), D(f)=R, E(f)=]0; +o.
@DYHKIMS CTPOTO BO3pacTaeT.

Toxazamenvras ¢ynxyus (puc. 2.6)

X rhma :
y=a =e ,a>0,a=l

D(f)=R, E(f)=]0; +of
[Tpu 0 < a < 1 ¢ynKus cTporo yosBaeT, mpu a > 1 cTporo Bo3pacraer.
Jloeapugpmuueckasn ¢hynkyus
Jlorapugm HaTypaabHbIN
y=hx, D(f)=]0; +of, E{f)=R

@yHKIHUS CTPOTO BO3PACTAET.
yA YA

y=lnx ,)f.l.g-'f-
1 S i
\ o
0 /1 e X | y= lg(?,f X

Jlorapudgm ¢ ocHoBaHueM a

y=log,x, a>0, a=l,
D(f):To-, +of, E(f)=R

ITpu 0 <a <1 ¢. crporo yoBIBaeT, npu a > 1 crporo Bo3pacTtaer.

Tpuconomempuueckue Qynkyuu
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1,77 * (puc. 2.9):

D(f)=&, E(f)=]-1 1]
y=CoSX  y=sinx

s Nl s e PR
TIN50 HINZ S 2 %

Puc 29

@ =27
Oyukuusa HeuetHas. [lepuon Ha xaxqgom u3
[— Tf2+4 27k, xf2+ 27k ], ke Z,
MIPOMEXYTKOB

¢. cTporo Bo3pacraer,
[7/2+ 2k, 3nf2+2nk | kez,
Ha

CTpOro yObIBaeT.
2. Y =95 (puc. 2.9):
D(f)=&, B(f)=]-1 1]

@ =27
Oyukuus yetHad. [lepuon Ha xaxnom u3

[Zﬂfc; T+ 27:?(], keZ
MIPOMEXKYTKOB

" ¢. cTporo yObIBaeT,
[}‘T+ 2k, 2w+ 27:%:], ke Z,
Ha

CTpOro Bo3pacracrt.
3.7 % (puc. 2.10);
D(f)=R\{nf2+nk|kezZ), E(f)=R

==
N
=g
e
___N
=

N

@ =7
OyHkuus HeuetHas. [lepruon @yHKIMS CTPOrO BO3PACTAET HA

Frje+ne, nfo+A, keZ.
Ka)XKIOM U3 IPOMEXKYTKOB

4.7 = &% (puc. 2.11):
D(f)=R\{nk|kez}, E(f)=R
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4

I | I
| I '
! 0 xl \ 2r!
',-3,,/2\1-;z/2\ 72\ ¥ zrfz\i
! O\
I\ L

y=Ctgx

o |

@ =7
OyHkuus HeueTHas. [lepuon @DYHKIUS CTPOTO YOBIBACT HA KAXKIOM

[ﬂfc; ?r+m’c], ke Z.
13 IPOMEKYTKOB

ObpamHuvle mpuecoHomempuueckue QyHKyuu

g )T AR, 2.12):
p(f)=[-1, 1] &(f)=[-#/2 /2]

(DYHKHHSI HCYCTHAsA, CTPOro BO3pacCTacTt.

: : T ;
arcsin 0= 0, arcsm —= —, arcsm

2. V= AIECOSX (hyc. 2.13):
o(f)=[-1 1} &(f)=[0 =]

OyHKIMS CTPOro yObIBACT

arccos(—1)= 7, arccos[— J_J 5:, ar‘ccos[— 2 Sl

( 1] 27 b 1 7
arccos| =— = —, arccosO=—, arccos—=—,
2 3 2 2 3
2 J§ T
arccos —= —, arccos— = —, arccosl= 0.
2 4 2 6
Y¢ YA
/2 z
o /2
4 0 1 X \
-rf2 e




IMpenennt

CBoiicTBa npeaeioB

1. Ecam mocimenoBaTeIbHOCTH 1 CXOJATCS, TO
imfe +& )=lme +lmb, limaed =lm e lim b,
n-y n—3w© n—=w© n—© n—>© n—w©
lim (@, -4 )=1lm a, —lm &, lmca,=clm a,,
n-w© n—w© n—© n—y n—w©
g ma,
I = n..goo Q‘H"ﬂ bn ES 0)
e h o lim b, wow
n—w©
ima,=a, a,<b, Vn, a<b.
2. Ecom % 51 TO
@, Lc,L£h Vn, lme =lmbd =a, lim ¢ =a.
3. Ecim u e TO ™
lim ¢, =¢, lm |a, =|a|
4. Ecou ™= T0 ™7
HexoTopbie npeaesbl
X 1% _ : A
1}1_1)10(1 +x]" =e, 1}‘12100(1 +1/x) =e,
In{l+ x . log 1+ x 1
m —-———————( ) =1, lim g“( ) = ;
=0 x 30 o Ina
e’ -1 a' -1
=1, lim =lna,
=0 X =0 x
. shx . chx-1 1 . thx
lim—=1, lim >— =—,u lim —=1,
a0y x50 oy 2 =0 x
1+x)* =1 .
£——l——=a’, lim x*nx=0 (x>0}
=0 x >+
In“x “

X : X
—=0 [0:>0), lim —=0, lim x" =1.

e >t 2 1=+
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lim ng” =0 (| <1}

n—3c

lim g =0 (g|<1}
l?;lgnw[lﬂjn)”:e, ?l!il)nm(n“/a”)=0 (|a|>1)

Enw(a”/nlr =0, 1?;1r_>nw(]n nfn)=0,

l?;lgnw(lnqn/n“)=0 (o> 0), liinm’%fc;:l (@ > 0),

AR -0 E-,

k k-1
ai” +al +..ta, 4

lim = b, #0
me b+t v +b, By (8 =0}
1P +27+...+n* 1
lim +H - 2
n3 n? p+1
lim —1—+ - +...+—1—— =1n2,
e+l B+ 2 21
2

2:3---2R 1 Vi3
lim =<l opnMyna  Banmica),
n—wo[l-:a---(zn—l)J Sue] B )
lm S0E g TTOOSE L, B
=0y =0 X 2 =0 x

IIpousBoansbie u AU depeHnanbl

Onpeneienne NpPoU3BOHOIM

Florg +Ax) - flx,)

S (%0) = lim, .
7e,)= tim )= T )

gl X=X,

)y L)1)

h=0 h

OaHoCTOPOHHUE TPOU3BOAHBIC

>

f(x0+Ax)— f(xo)

1 (xo ) = Alfﬂlg Ko -
) g L 82 1)

DyHkuus, 1udpdepeHuupyemMas B TOUKe Xo
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Ty + Ax) = flx, )+ AAx + o(Ax) LI

npu
A= fr(xn )

JAudpepenuman

dy = filaein, )=

AnddepenunpoBanne apupmeTnyecKMX KOMOMHAIIM A

a’)
(U, v, w - muddepenmmpyembie GyHKITUH, b MOCTOSTHHBIE

f

(cm+,8\)) =au'+ B, d(au+ ;S‘u)=cm’u+ Bav,
(wv) =uv+w, d(uv)=udv +vdu,
(uvw) =YW+ v'w + 1w,
a’(uvw)= vwdii+uwdv + vidw,

t

(EJ _ M'V—gw'(v ?&0), a{ﬁ]: Vd!,{,—gle’dv’

v v v
[1
v

j' -~ (20} d1]--2.
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IIpou3BoaHbIe 0CHOBHBIX 3JIEMEHTAPHBIX (PYHKIMH

J(x) Jx) Jx) Jx)
C 0 a’ a’lna
X 1 In x 1/x
x° ax®?! Inx| 1/x
% 2X log, x :
xlna
1
\/a_c m, x>0 sin x COSX
1/x ~1/x? cosx —sinx
X X 1
e e tgx 3
cos“ x
1 1
ctgx — thx
= sin® x ch?x
arcsin x _ [x| <1 cthx .
Al shix
1 1
Arccosx Tk po| <1 ln(x+ \,fx2+1) T
1 1
arctg x Inlx + +/x? —1| S i |
= I %0 Wx? -1 |
arcctg x : 1—ln 1+_x L
= lsee? 2 [1-x 1 cugd
shx chx 1(x) 5(x)
chx shx

IIpou3BogHAs CTENEHHO-TIOKA3AaTEeAbHON PyHKIMH

r r

[u”) = (e“’“‘) =vi ' +u Iny v

IIpou3BoaHbIe BHICIIMX NMOPAIKOB HEKOTOPBIX (PYHKIIUI
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/() 70x)
o 0
%% ala-1)-(a-n+1)x*™
Inx (-1 (r-1)x(0=1)
g’ e’
a’ a' In"a
sin x sin (x + /m/2)
COSX cos(x + m/2)
{th npu n=2k,
shx
chx npu n=2%k-1
chx npu n=2k,
e {th npu n=2k-1
y =arctgx gt = (n-1)tcos” ysinn(y +7/2)

JlokaabHbIA IKCTpeMyM auddepeHunpyeMoil QyHKIMH

Heobxooumoe ycnosue noxkanvnozo sxcmpemyma

f(xo )-_— 0.

Ecmu Xg - Touka yiokanbHOTO SKcTpemyma (yHkimu f, To

ﬂocmamoqﬂble YC108UA TTOKATIbHO2O IKCmMpemyma

fr(xu )‘_‘ 0.
I IIpaBuJo. Ilycts

Ecnu f' ipu nmepexoie yepe3 ToUKy Xo MeHsieT 3Hak ¢ "+" Ha "-", TO X -
TOYKa JIOKAJIbHOTO MaKCUMyMa.

Ecnu f' mpu nepexoe dyepe3 Touky Xo MeHsieT 3Hak ¢ "-" Ha "+", TO X -
TOYKA JIOKAIBHOIO MUHUMYMa.

Ecmu f' mpu mepexone yepe3 TOUKy Xo HE MEHSET 3HaKa, TO TOYKa Xo HE
ABJISICTCS TOYKOW JIOKATBHOTO YKCTPEMYyMa.

II Mpasuio. [Tycts f nBakaer nuddepennmpyema B

f'(xo) =0, f"(xo)¢o'

TOYKE Xo,
"
f (xo ) < 0>
Ecmmn TO Xp - TOYKA JJOKAJIHLHOI'O MaKCHUMYyMa.
"
f (xﬂ ) > O>
Ecmm TO Xo - TOYKA JJOKAJIBHOTO MHWHHUMYMa.

III Mpasuio. [Tycts f N pa3 HenpepwiBHO AuddepeHnrpyeMa B

fr(xo )= f«(xu )= = f(n_l)(xo )= Q, f(n)(xo)?ﬁo-

TOYKE Xo U
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o (=) (xu )< 0,
Ecnu n - yeTHOE 1 TO Xg - TOYKA JOKAILHOTO MAaKCUMyMa.

f (nj(xﬂ ) 2 O>
Ecnu n - yetHoe 1 TO Xo - TOYKA JIOKAJIbBHOTO MUHUMYMA.
Ecnu n - HedeTHOE, TO Xo HE SIBISETCS TOUKOM JIOKAIBHOTO AKCTPEMYMA.
Touxku nepernda

[Tycts GyHknus f onpeneneHa B HEKOTOPOH OKPECTHOCTH TOYKH Xo,
HETIPephIBHA B TOUKE Xo M KIMEET B ATOH TOUKE KOHCUHYIO M OCCKOHCUHYIO
npou3BoaHyt0. Eciin ipu mepexojie yepes Touky Xo pynkmms f menser
HaIpaBJICHUE BBITYKJIOCTH, TO Xo HA3bIBAIOT TOYKOH mnepernda ¢pyHkium f, a
TouKy (Xo; f(Xo)) - Toukoit mepernba rpaduka dpynkuu f. I'padux pyHKITHH
MIEPEXOJIUT C OJHON CTOPOHBI KacaTelIbHOM, IPoBeIcHHON B Touke (Xo; f(Xo)),
Ha JIpyTryo cropony. Touku neperuda f - Toukn sxctpemyma s f'.

Heobxooumvle ycnosus nanuuus nepecuba

f"(x0)=0 fﬂ(xo)

160 HE CYIIECTBYET.

Jlocmamounvie ycnosus nanuuus nepecuda
"(x)

1. Ecnn MEHSET 3HAK MPU NIEPEXOJIE YEPE3 TOUKY Xo, TO Xg - TOUKA

neperuoa.
[ e n-1 n
¥ (xo )= f (xo )= T f( )(x0)= Q, f( )(xo)¢0>

2. Ecin TO
pu N YETHOM X - TOYKa Tieperuda, mpu N HEYETHOM Xg HE SIBIISICTCS] TOUKOU
neperud

HeonpeneneHHbId HHTErPa

IlepBooOpa3Has

[TepBooOpa3noit Gpyukuu f Ha npomexxytke | HaspiBaeTcs pynkus F,

Filx)=f(x) ¥xel
TakKas, 4To

HeonpeneneHHbId HHTErPaJI
[#(x)dx = F(x)+C,
riae F - mepBoobpasnas pynknuu f (Ha mpomexytke); C - mpou3BoIbHAS
MTOCTOSTHHASI.

OcHoénbie ceolicmea

=16 af o 61
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, [Fi(x)ax= F(x)+C, [aF(x)= F(x)+C.
| [#(x)ax = (x)+cC,
3. Eciu TO

Jf(ax+b)dx= lF[a:lr+:.‘))+(_'f, az0
(73

4 ﬂ@f (x)+ Be(x))dx = aj F(x)dx+ 8 Jg(x)dx, o +p =0

3amena NMEPEMEHHBIX B HEONIPEACJICHHOM HHTETpaJjie

. [l (x)ax = [ #lu)du = Flu)+ C = Flu(x))+C.

x=plt) p(t)=0, F (gool',
2. Eciu - mIepBoOOpa3Has I TO

[elx)ax = glel))e(e)de = Fl)+C = Flp™ (x))+C.

(I)OpMyJIa HHTCIPUPOBAHUA 110 YACTAM
Judv =uv— Jvdu,

(u, v - muddepenimpyembie HyHKIHH).

IIpocreiine HHTErpaJIbl
[o-ax=c, [1-dx=[dx=x+C,

dx 1 1 dx
j_ﬁz—w+c, Bt Jl+x2=arc£gx+c,

1
= —arctg£+C, a#0,

2452 a
I ax 1 |1+x|+

2 C,
1-22 2 [1-7]
dx 1 |e+x
=—In
Jha;"?—xz 2a
J’ ;cdx =lln|x2+a|+C,
x4+ 2

+C, a=z0,
a—x

dx '
J = arcsin x+
’\lld— x2
x X
—— —arcsin —+
a* - x* 4

dx
=hnlx++x +1)+C,
el 7
X
=lnix+ x2—1|+C’,
RS
x+«)x2+a'+0,

%=1
ax

\.Jx2+a

—

=ln
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J,df =—ctgx+C, J =igx+C,

s X COS X
JJieMeHTbl KOMOUHATOPUKH, Gopmyaa HeroToHa

IlepecranoBku. Pazmemenus. Coueranms.

Yucno nepecTaHOBOK U3 N 2JIEMEHTOB:
P,=12:3"--n=nl

. m(nzm)
Hucno pasmenieHuit u3 N mo | X
w_ 7 I= I=
A B (0l=1, 1=1,)
A =nln-1)...(n-m+1), 4 =1,
A" = (n-m)Al,
A, =F, —n' A7 =4 =n
. m(nzm)
Yucao codyeTanuii U3 N mo :
om #l
" omlln-m)
CM_n(n—l)~-(n—m+1)_n[n—l)m[n—mﬂ)
" mll 1.2:3...m '
CBoiicTBa COUETAHUM:
Cr=CI™ 02m<n Ch=Cr=]

Co+Ch+..+Ch=2"
PexypenTtHas gopmyna jist yuciaa COueTaHUM:
cCricrtt=Cc*!, 0<m<n

2+l 2

Bo3Beaenne MHOro4JieHA B CTEeNEeHDL

(a+b+c) =a® +b* +* + 2ab+ 2ac+ 2be,

)
(a+b-c) =a® +b* +c* +2ab-2ac - 2bc,
(a-b-c)*=a®+b* +c* - 2ab- 2ac+ 2bc,
(a+b+cf =a® +b° +c° + 3(a2b+a2c +bla+bic+
+cga+c:’b)+ 6abc,
(a+b+c) =a* +b* +c* +4(a3b+a3c+b3a+
+b’c +63&+63b)+6(02b2 +a’c? +bgcz)+

+1 Z(agbc +blac+c’ ab),
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