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AKT COI'VTACOBAHUA
MeToaudeckinx peKOMEHJAIUH 110 BBIMOJIHEHUIO CAMOCTOATEIBHBIX paboT MO
aucuuIuInHe « MateMaTukay sl CeUanbHOCTH
15.02.12. MoHTax, TeXHHUYECKOE OOCIYKMBAaHHE€ WU PEMOHT MPOMBINIJICHHOTO
obopynoBanuss (mo otpaciasiM) (Tom 50), pa3paboTaHHBIX MpemnoaBaTesieM
HOxHO-Y panbCckoro rocy1JapCTBEHHOT0 TEXHUYECKOTro Koyutemka Yepuosoit 1.1.

VYyebnas aucnuruimHa «Marematuka» SBISETCS YacThIO IMPOTPAMMBbI
MOJITOTOBKHU CHEIUATUCTOB cpeaHero 3BeHa corjacHo ®PI'OC mo crnenuaibHOCTH
CIIO 15.02.07 MoHTax, TEXHUYECKOE 00CITYy>KMBAaHUE U PEMOHT MPOMBIIIJIEHHOTO
obopynoBanus (o otpacisaMm) (Tom 50). «MaremaTuka» OTHOCHTCS K
MaTEMaTUYECKOMY U 00IleMy €CTeCTBEHHOHAYYHOMY LIMKITY U ONpeAesieT o0muii
o0beM 3HAaHUW U YMEHMH, COCTaBISAOMMX 0azy MnpodecCuoHATbHBIX
KOMITETEHIIHM.

[IpakTrueckass  HaMpaBICHHOCTh  JUCIUIUIMHBI  peau3yeTcs  depes
BBITIOJTHCHHE CaMOCTOSITEIIBHBIX Pado0T, Ha MPOBEJACHUE KOTOPBIX MPOrPaMMOU
OTBOAUTCH 23 yaca.

MeTtonndeckre peKOMEHAAMHN TI0 BBITIOJHEHUIO CaMOCTOSTEIBHBIX padoT
pa3paboTaHbl ¢ ydyeToM TpeboBaHul paboTopaTens K MOATOTOBKE CHEIUATUCTOB
CpedHEro 3BeHa IO JaHHOW CHEHUATbHOCTH W BKJIOYAIOT B cebs paboTy ¢
Pa3IMYHBIMM UCTOYHMKAMU WHOOPMAINH, TOKA3aTeIbCTBO TEOPEM, BBHIOTHEHHUE
UHIVUBUYAJbHBIX PacUeTHBIX U Tpaduueckux padbor. CaMocTosITeNbHBIE PAOOTHI
COCTaBJICHBI C y4e€TOM TpeOoBaHUM paboTojaTeseil K BIAJCHUIO CHEIUATUCTAMU
CpPEIHEeTO 3B€HAa YMEHHUEM BBINIOJHATh HEOOXOAMMBIE M3MEPEHHS U CBSI3aHHBIC C

HUMHU pacyeTsl; IPUMEHATH MaTEMaTHYECKUE METOJBI JUISL  PEILCHHUS
npodeCcCHOHAILHBIX 3a/1a4.

CamocTosTenbHbIE paboThI HaIlpaBJICHBI Ha (dbopmHpoBaHue
KOMIIETEHTHOCTH CIIELUAJIMCTOB B OCYILIECTBICHUH IOUCKA W HCIOJb30BaHUSA
uHpopmanuu, HEO0OX0AUMOM TUTSL 3¢ hexTUBHOTO BBITIOJTHEHUS
MpO(ECCUOHANIBHBIX 33J]a4, MNPO(EeCCHOHATBHOTO W JMYHOCTHOTO pa3BUTHS, B
UCIIOJIb30BAaHUU MH(}OPMAITMOHHO-KOMMYHHUKAIIUOHHBIX TEXHOJIOT U B

npodeCCUOHAIBHOW JIeSITEIbHOCTH, B pabOTe C KOJJIEKTUBOM, PYKOBOJICTBOM,
MOTPEOUTEISIMHU.

MeTtonuueckre peKOMEHJAIMHN TI0 BBIMIOJHEHUIO CaMOCTOSTENBHBIX padoT
MOTYT OBITh HCHOJB30BaHBl I PAOOTBI B  YUPEKACHHUSIX  CPEIHETO
npodeccruoHanbsHOTO 00pa30BaHMUS.

TexXHUYECKU TUPEKTOP

3A0 «BMM-2» P.I'. leBanbn




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,  HampaBliecHHass Ha  (OpPMHpPOBAHHE  CaMOCTOATEIBLHOCTU
MBIIUIEHHS, CIIOCOOHOCTEM K CaMOpa3BUTHIO, CAMOCOBEPIIEHCTBOBAHUE H
caMopeanu3aluio.

[{enbto caMOCTOSITENEHOM PabOTHI CTYIEHTOB SBJISCTCS:

-cUCTeMaTHh3allus, 3aKpeIvieHue, YriyOJIeHHe M PACIIMPEHUE MOIyYSHHBIX
TEOPETUYECKHUX 3HAHUN U NMPAKTUYECKOE UX IIPUMEHEHHE;

-pa3BUTHE aHATUTHYECKUX CIIOCOOHOCTEHN M JIOTHYECKOTO MBIIUICHHUS;

-OBJIaJICHUE HaBbIKaMH pabOThl C HOPMATHBHOM U  CIPaBOYHOU
JIUTEPATYPOHU;

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

-OBJIaJICHUE TPAKTHUYECKUMHU HaBBIKAMU TMPUMEHEHHUs HH()OpMaIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHI B MPO(EeCCUOHATBHON IeATETbHOCTH;

Jns yCmenmHoCcTH OpraHu3allii CaMOCTOSITEILHON paboThl HEOOXOIUMBI
CIEAYIOLIUE YCIOBUA:

— MOTHBalMs TMOJYYEHUST 3HAHUH M TOTOBHOCTh CTYIAEHTOB K
CaMOCTOSATENIbHOM JIEITEIbHOCTH;

— HaJIMYME U JOCTYNMHOCTh BCEr0 HEOOXOAUMOTO yueOHO-METOUYECKOTO
Y CIIPaBOYHOT'0 MaTepHUaa;

—  CHUCTEeMa  PEryJsIpHOIO  KOHTpPOJII ~ KAadecTBAa  BBINOJHEHHOMN
CaMOCTOSITENIbHON padOThI;

— KOHCYJIbTAallMOHHAS IOMOIIb IPETO1aBaTEI.

Jlnst  BHeayauTOpHOU pPabOTHI CTYJIEHTOB IO Y4YeOHOW JIUCIHUILINHE
«Maremartuka» cienyrouue GopMbl CaMOCTOSTENBHONU PaOOTHI:

- caMocTosTeNbHas paboTa ¢ yueOHOU IMTepaTypoil U MHTEPHET pecypcamy,
4



- 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
JESTENIbHOCTH, IPUMEHUTENBHO K Pa3IMUYHBIM KOHTEKCTaM.

OK 2. OcymecTBAsTh MOUCK, aHAJIA3 U UHTEPIIPETALUIO UH(POpMALIIH,
HEOOXOIMMOM I BBITIONTHEHHS 337434 PO eCCHOHATBFHON ACSITENFHOCTH

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

OK 4. PaGoTatb B KOJUIEKTUBE U KOMaHJE, 3)(PEKTUBHO B3aUMOICHCTBOBATD
C KOJIJIETaMH, PyKOBOJICTBOM, 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  METOALI  BOCCTaHOBJICHUS
PaboTOCTIOCOOHOCTH MPOMBIIIIIIEHHOTO 000PY/10BAHHUS

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

¢ BLITIOTHATE JIeHCTBUS HAJ KOMIUICKCHBIMM YHCJIaMU;

¢ BEIyuCIsTh 3HaU€HUSI TEOMETPUUYECKUX BEJIMYUUH;

e[ Ipou3BOaUTH OMIEpaIlMK HAJl MATPUILIAMHU U OTIPEICIIUTEIISIMHU;

ePelliath 3a1a4 Ha BHIYUCICHUE BEPOSITHOCTU C UCIIOJIb30BAHUEM DJIEMEHTOB
KOMOWHATOPUKH;

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

ePeliars CUCTEMBI IMHEWHBIX YPABHEHUHN PA3IMYHBIMU METOAAMU

3HAHUA:



e (OCHOBHbBIE MAaTEMaTUYECKHE METO/Ibl PEIICHUS MPUKIAIHBIX 33/1a4;

e (OCHOBHBIC TIOHSATHUSI W METOJbBl MATEMAaTHUYECKOTO aHalau3a, JIMHEHHOUN
anreOpbl, TEOPUI0 KOMIUIEKCHBIX YHCEJ, TEOPUHM BEpPOSTHOCTEH WU
MaTeMaTUYECKOU CTATUCTUKH;

e OCHOBBI HHTETPATBHOTO U MU (P HEPSHITNATHPHOTO HCUNCIICHUS;

e Poib M MecTo MareMaTUKH B COBPEMEHHOM MHpPE TMpPH OCBOCHUU
npoecCHOHANBPHBIX ~ TUCHUIUIMH U B chepe  mpodeccrnoHaIbHOMI
NEeATENbHOCTH
OO6mmii 00BEM BpeMEeHH, OTBEIEHHOTO Ha CaMOCTOATENbHYIO pPaboTy

cocrtapisieT 23 yaca.

OTyeTsl TO  BHEAYAMTOPHOM CaMOCTOSITENIbBHOW paOOTe BBIMOIHSIIOTCS B

TETpaJIsX.
Kpurepun ounennBanums:
- OLICHKAa  «OTJIMYHO»  BBICTaBJIsETCS  oOydaromemycs 3a  paboTy,
BBIMIOJIHEHHYIO O€301IM00YHO, B MOJHOM O0BEME C YYETOM pPalMOHAIBHOCTH
BBIOpAHHBIX PEIICHU;
- OLICHKA «XOpPOLIO» BBICTABJISIETCS  OOydYaroniemMycs 3a paborty,
BBITIOJIHEHHYIO B ITOJTHOM 00bEME C HEJIOUETAMH;

- OIICHKAa «YIOBJICTBOPUTEIHLHOY» BBICTABIsIETCs oOydaromiemycs 3a paboTy,
BBITIOJTHEHHYIO B HE TOJIHOM oObeMme (He meHee 50% MNpaBUIIBLHO BBIMOJHEHHBIX
3aJaHui OT 001Iero oobeMa paboThl);

- OIICHKa «HEYJOBIIETBOPUTEIHHO» BBICTABIISICTCA OOydarolieMycs 3a padory,
BBITIOJTHEHHYIO B HE TOJHOM oObeMe (MeHee 50% mpaBHIIBHO BBIMOJIHEHHBIX

3a1aHUl OT 00I1Iero 0ObeMa paboThl).



TemaTnyeckui mjiad

Howmep tembl

Hazsanue BCP

KonnuectBo
4acoB

1.2.

BrimonHuTh pacuéTHyro paboty no Teme: « Beruncienue
npenenoB. PackpeiTie HeONpeAEIEHHOCTEN

BelnonHenne pacy€THeIX 3a1aHuil o teme: «PaznmnuHbie
BAapHUAHTBI UCII0JIL30BaHUA IICPBOI'0 U BTOPOT'0 3aMCYATCIIbHBIX
IIPEJIENIOB JUIs pellieHus NPodecCHOHANBHBIX 3312

4

1.3.

BrinonHenue pacu€THbIX 3aaHui 110 TeMe: «Beraucnenue
IPOM3BOJIHBIX CIOKHBIX (QYHKLIHN».

Brimonnenue pacu€rHo-rpaduyueckux 3aaHui mo Teme:
«HccnenoBanue U nocTpoeHue rpaguKkoB QyHKIIMNA»
Boinonnenue pacuérHsix pabor 1o TeMe: «Bpruncienue
HEONPEACIECHHBIX MHTETPATIOBY.

2.1.

Brimonnaenue pacueTHoi paboTsl o TeMe: «Brrancienue
omnpenenuTens 3-To Nopsjika C UCIOJIb30BAHUEM CBOMCTB
ONPEACTUTENECI»

[TonroroBka pedepara mo teme: « MeToIbl peUIeHUs] CUCTEM
JIMHEVHBIX YPAaBHEHUH C N HEU3BECTHBIMUY.

2.2.

Brimonnenue pacuetHoi paboTsl 1o Teme: «lIpumenenue
OOBIKHOBEHHBIX (P PepeHInaNbHBIX YPAaBHEHUH IS
podecCHOHANIBHBIX PACUETOBY.

3.1.

Brimonnenue pacuetHoit paboTsl 1o Temam: «lloka3aTenbHas
(dhopma KOMIUIEKCHBIX YUCEN», «/]elcTBHUS HaJ KOMIUIEKCHBIMU
yuciaammuy, « ['eomerpuueckoe n3o0paxeHne KOMIIEKCHOTO
YUCIIa»

4.1.

Beinonnenue pacuetHoit pabotel o Teme:  « [Ipumenenue
KOMOMHATOPUKH JUIsl peLIeHMs] TPOPEeCCHOHAIBHBIX 3a]1a4»

4.3.

CamocTtosTenpHas paboTa CTYACHTOB

Pacuernbie paboTsl 110 Teme «Perienne 3a1a4 Ha BEIYUCICHHE
BEPOSATHOCTEMN C UCITOIB30BAHUEM JIEMEHTOB MATEMATUUECKOM
CTaTUCTUKH.

UTOI'O:

23




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

1.2.1. Beluucienue npeaenoB. PackpbiTue HeonpeaeaéHHOCTel

Llenv pabomur: OTpabOTKA HABBIKOB BBIYMCIEHUS IPEIEIOB (QyHKINN

3aganme: Packpoliite HeOnpeaeaEHHOCTH HEONIPEIeIIEHHOCTEH

oo

o0
o0
XoJ paboTHI:

[loBTOpUTE MpPOIIEHHBI HA YpOKE YYEOHBIM MaTepHuai 1Mo y4eOHUKY W MPOYUTaNnTe
HIDKE CIIETYIOIIUE KPAaTKUE TEOPETUYECKHUE CBEICHHUS
Kparkune TeopeTnyeckue cBeIeHNs

Omnpenencuue. Yucno b HaswiBaeTcs npeaenoM dynkiuu f(X) B Touke Xo, eciu yis
BCEX 3HAYCHHUH X, TOCTATOYHO OJIM3KUX K Xo M OTJIMYHBIX OT Xo, 3HAYCHUS (QYHKIIMH
f(X) ckoJIb YTOHO MaJio OTJIUYAIOTCS OT uucia b. [Munryt: lim f(x)=b.

X—>Xo

Ceoiicta mpesenos. Ilycts cymectByror mpenenst limf(x)=a u limg(x)=b.

X—=Xg X—Xg
Torpa:
1. Ilpenen KOHCTaHTBI paBeH caMou KOHCTaHTE: limc=c.

X—%g

2. Tlpenen cymmbl AByX (DyHKIMII paBeH CyMMe MpEesioB 3TUX (YHKIIUM:
lim[f(x)+g(x)]=a+b.
X=Xy

3. Tlpemen nmpousBeneHus ABYX (yHKIMI paBEH IPOM3BENEHUIO TIPEENOB dTUX
yHKImii: lim[f(x)-g(x)]=a-b.

4. TIOCTOSIHHBI MHOXWTENb BBIHOCUTCS 3a 3Hak mpenena: lim[k-f(x)]=k-a.

X=Xy
5. Ilpenen wyactHoro aByX GYHKIMH paBeH 4YacTHOMY TWIPEACNIOB 3THUX

yHKIMiA: Iim—=%, ecru  g(x)=0.

6. Ilokasareinnb CTCIICHU MOXKHO BBIHOCHUTD 3a 3HaK npeacia:

XILrQ(f(x))" =(!LrQ f(x)jn =a".

3amaHus 11 CaMOCTOATEILHON PadoThI.
Packpotlite HeomnpenenéHHOCTH



2 _ 2 _
1) lim(3x — 2x° + 3) 2) lim 2X_*+5X=3 3) lim X =x=1
x—3 X——1 X+3 x~>£ 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 x>l 2x° —x—1
7) IimL 8) lim Yx -2 9) 'imw
X—>1 X2 -1 xale,\/;_4 x=3 x° 4+2x—-15
5 3
10) lim Y1+ X —i=x 1) lim(—> 2 ) 12) lim 24X +3
x—0 X x>l x —1 X =1 X—>00 7X° —4
3 7 4
13) lim_ 2X*1 14) lim 2 ~2 15) lim 2X 3%
x— 3X° +7TX+8 x—o 4X7 +7TX° +1 x—e 9x° +5

Bomnpocs! pj1s1 caMmonpoBepku

Yro HazpiBaeTcsa (pyHKIMEH OJTHON HE3aBUCUMOMN TIEPEMEHHOM?

[lepeuncnuTh OCHOBHBIE 3JIEMEHTAPHBIE (DYHKIIUU.

Kakue @pyHkunu HazpIBaroTCs eMeHTapHbIMU? [IpuBenuTe npumepsl.

Yro takoe npenen pyukiun Y = f(X) mpu Xx— a?

JlaiiTe onpeneneHue MpaBoro 1 JeBoro mnpenenos ¢pynknuu Y = f(X)

JaiiTe onpeznesneHne npeesna nocie10BaTeIbHOCTH.

Kakas ¢pyHkuus Ha3bIBaeTCs OECKOHEUHO OOJIBIION BEIMYUHON IPU X— & U

X— +00?

8. KaxoBa cBs3b Mex 1y 0€CKOHEYHO OOIBIION U OECKOHEUHO MaJIon
BEJIMYMHAMMU ]

NogakowdE

1.2.2. Pa3ziuuHbIe BapHaHTbI MCIIOJb30BaHUA II€EPBOI0 1 BTOPOIo
3aMevdaTC/IIbHBIX IPEAC/I0B IJIA PCIHICHUSA HpO(l)eCCI/IOHaJ]LHLIX 3aga4v

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

peAesioB
. .. .. . 0
3aganme: PackpoiiTe HeONpeneIEHHOCTA HEOTPEAECTIEHHOCTEN 0 1

Xoxa paboThl:

[ToBTOpUTE MPOMAECHHBIA HA YPOKE Y4E€OHBIN Marepuan no y4eOHUKY M MpOYUTANTE
HIKE CIICAYIOIIME KPATKHE TEOPETUUECKUE CBEICHUS
Kparkue TeopeTndeckue CBEACHHUs

Omnpenencuue. Ynco b HaswiBaeTcs npeaenom dynkiuu f(X) B Touke Xo, eciu is
BCEX 3HAYCHHH X, JIOCTATOYHO OJIM3KUX K Xo M OTJMYHBIX OT Xo, 3HAYCHUSI DYHKITHH
f(X) cKOJIb YrOJHO Malo OTIMYAOTCS OT vucia b, [Mumyt: lim f(x)=b

X—>Xg

Caoiicta mpenenos. Ilycts cymectByror npemensl limf(x)=a wu limg(x)=b.

X—>Xg X—Xq

Tornma:



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

X—>Xg

8. Ilpemen cymMmbl ABYX (PYHKIMH paBeH CyMME€ MPEAEIOB 3TUX (DYHKIIMIA:
lim[f (x)+g(x)]=a+b.

9. Ilpenen npousBeaeHUs MBYX QyHKIMNA PaBEH TPOM3BEIECHHUIO IIPEIEIOB STHX
GyHKImiA: lim[f(x)-g(x)]=a-b.

10. [TOCTOSIHHBIA MHOMHTEIb BBHIHOCHTCA 3a 3HaKk npexmena: lim[k- f(x)]=k-a.

X—>Xo

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

yHKIHI: Iim—=%, ecm g(x)#0.

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

lim(f ()" :@@0 f(x)j" _a.

3amaHus 11 CAMOCTOSATEILHON PadoThI.

Packpoiite HeonpeIenEHHOCTY :
Bapuanr 1

2 2X
lim 9. Iim(4x_1) |

x>08iN2X " x—ool 4X + 3

Bapuant 2

. COS2X—C0S> 2X .. (GX—SJZX
lim ; lim :
x—0 X2 x—o| 6X —1
Bapuant 3

_1-cosdx .. (3x+4\"*
lim————; lim :

x—0 2X - tg2x x—o0\ 3X 4+ 5
Bapuanr 4

_1-cos6x (x+
lim————; lim :
x->01—C0S2X x—o\ X —1
Bapuant 5

. sin7X+sin3x_ _ (5x—2)**
lim - X lim .
x—0 X-SIn X x—o\ BX +1
Bapuant 6

. cos4x—cos®4x . £7x—1)4x
lim ; lim :
x—0 3x 2 x>\ 7X+5

10



Bapuant 7

. 1-c0s3x . x_
lim=—————;  lim(2x - 3)x=.

x—0 X -SIN2X X—2
Bapuant 8

. 1-cos2x . 2x
lim=————=;  lim(3—2x)x1
x—0 X-tg3X x—1
Bapuant 9

: X - Sin 3X ) X
lim T lim(7 — 6x)3x-3.
x=>0 oS X — C0S~ X x—>1

BOHpOCLI AJIA CAMOIIPOBEPKH

1. Urto Ha3bIBaeTCs PyHKIMEH OTHON HE3aBUCUMOM MepEeMEHHON ?

2. [lepeuncniuTh OCHOBHBIE JIEMEHTApHbIC (DYHKIIHH.

3. Uro takoe npenen pynkiuu y = f(X) mpu x— a?

4, JlaiiTe onpeelieHre IpaBoro u JieBoro npeaennoB GyHkimu Y = f(X)
d. [aiiTe onpeneneHne npeaena nociae 0BaTeIbHOCTH.

6. Kaxkast pyHKk1Ms Ha3bIBa€TCsA OECKOHEUYHO OOJIBIIION BEJIMUUHON MPU X— & U
X— +00?

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

8. [To xako¥i (hopmyJsie BEIYUCIISIECTCS MEPBbIN 3aMeuaTeIbHbIN npeen?
Q. [To xako¥ hopmysie BEIYUCIAETCS BTOPOM 3aMedaTeNIbHbIN Tipeien?

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

Lenv pabomur: OTpaboOTKa HABBIKOB BBIUYMCICHUS TMPOU3BOJHON (GYHKIHUA WU
IPAKTUYECKOTO MTPUMEHEHUS TTPOU3BOTHOM.
3aganme 1: Boruncnure npou3BOAHBIC CIOKHBIX U DJIEMEHTAPHBIX QYHKIIUN
Xona paboTbl
Kpartkue TeopeTudeckue cBeaeHus

dopmyibl auddepeHITupoBaHms [TpaBuna [Ipumenenue
nudepeHmpoBanus POU3BOTHOM

C’:O - ! ! ] 1) f’(X)ZtQOZ:k

, sinx) =cosx u+v) =u'+v
Vo1 inx) ) )=S0
(v )’ _ ot | (cosx) =-sinx (uv) =uv+vu a(t)=v'(t)
' ! 1 ' Ayt
(kx) =k (tgx) = oS X (cu) =cu YpaBHEHHE
KacaTeJIbHOM:
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1 ! SR y = F %)+ F'(% X=%,)
(\/;) —m (Cth) ——Sinzx (%j :UVVZVU, V=0 0 0 0
1 ' 1 (arcsinx)’ _ 1 , f(X) Bo3pacraer Ha I,
5= | 1100 = g0 916 | cens
X X , 1 ff(xX)>0mal.
x\ _ ax (arccosx) =—
<a ), =a’lna 1-x? f(x) yosiBaer Ha |, ecru
(ex) _ ¥ f'(x)<Omnal.
' ' 1 BoinmyxiiocTs rpaduka
(log, x) = o (arctgx) = Y (QyHKIMM U €ro
' 1 neperuob:
( ), 1 (arcctgx) = T »" >0, BBITYKJIOCTb BHU3
Inx) ==
X y" >0, BBIIYKJIOCTh
BBEPX

3agaHus 11 CaMOCTOATEILHON padoThI.
3ananue 1: Beruncnure npou3BOAHBIE CIOKHBIX U 3JIEMEHTAPHBIX (PYHKIUN

1.1. BeryucauTh Npou3BOIHbBIE CACAYIOMINX (QYHKIIHIA:
1)y =2x2-3x+5; 2)y=4—x* 3)y=x*—x% 4)y=56x*-7x>+x-3; B)y=x*+

3 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 3
9)y= (2x—3)(3x4 +5x—8); 10) y=3x2; 11)y=4x2; 12)y=38x3; 13)y=5x5;
14) Haiitu £'(-1), ecm f(x)=4x>—2x" +x-5;

15) Haiitu f '(0,5), ecu | (x) =3 +O0x® —x+2;
1.2. BerauciauTe mpou3BOIHBIC CIIOKHBIX (QYHKITHN:

1) y =3sin5x; 2)y:4cos§; 3) y =arccos3x; 4)y=InyJ2x-1;

B) y=(x*~x-1); 6).y=va*+2x-5; 7)y=cos’x; 8) y=sin’x; 9)y=Insin3x;
10) y=Inv2x-1; 11)p=3"_224¢%; 12)y=3" —47 4+3¢>";

1.3. BeraucauTe mpou3BoIHbIC TOKA3aTEIbHO-CTETICHHBIX (DYHKITHM:
1

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

7)y=(arctgx)'; 8) y = (x+x2J.
1.4. T'eomeTpuueckuii U PU3NYECKUIA CMBICI POU3BOTHOM.
1) CocraBbTe ypaBHEHUE KacaTeIbHOM K mapaboiie y =x° —4x B TOUYKE C

a0crmccoit @) x, =-1; 0)Xo=0; B)Xo= 1.
2) Jlana kpuBast y = 2x° —4x” +5x—1. CocTaBbTe ypaBHEHHE KacaTeIbHOM B TOUKE,
abciucca kotopoit paHa a) —1; 6)0; B) 1.

. U 2
3) B kakoii Touke KacaTenbHas K KpUBOU y = 3” —3x° +8x+4 mapajuienbHa

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

Bonpocsl 1j11 CAMOKOHTPOJIs
12




Jatb onpeaenenue npousoaHon ¢pyukiuu Y =f(X).

KakoBbI reoMeTprYeCcKril 1 MEXaHUYECKHUI CMBICIIBI IPOU3BOJHON?
Kak HaifTu mpou3BOJHYIO CIOKHOU PyHKIUN?

Jate onpenenenue muddepenimana pyakuuu y =f(x).

Kaxoit reomerpudaeckuii cMbicst umeeT auddepeniiuan’?

Yro Ha3bIBaeTCs MPOU3BOIHON BTOPOTO Topsiaka oT pyakiun Y =f(X)?

ook wnE

1.3.2. UcciienoBanue v NocTpoeHue rpadpukoB pyHKIMA

Lenv pabomwr: OTpaboTKa HABHIKOB MPUMEHEHUS TIPOU3BOJIHON K MCCIICIOBAHUIO
byHKIIIH
3apanme 1: Uccnenyiite u noctpoite rpaduk GyHKINN:

Xon paboThl

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
{i'l a a X

f{x) <0

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

Onpeoenenue:

Xo Ha3bIBaeTCS KPUTUUECKOM Toukor pyHKImMH f(X), ecim
1) Xo — BHyTpeHHsIsl Touka obactu 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 ABISAETCS KPUTUUECKOU
TOYKOHN JaHHOU (DYHKITUU.

ﬂocmamoqnoe yciaosue sxecmpemyma.
13



Ecnu nmpu nepexojie yepe3 TOUKy Xo IPOU3BOAHAS PYHKIIMH MEHSET 3HAK, TO Xo —
Touka 3kcTpemyma Gynkuuu f(X).

H2

+
HapakTep ‘_'_,.r'"-’r’.» X, X
HEMEHEHHA
WHELHH \

zHak |
- )
HapakTe X X
F:EHEHHE \\‘ “ ,..f"rj’
WHELLHH

zHak |

i -

max -

Ipumepol sxcmpemymos:

_FI_I:I P’ll‘ :
= f' He cywecTEYeT
T | ﬂ'.'h

7 1 [ o) (LY
L4 i {? i

! 0 *min i % Emin =
.Illr XI’I’IEH \\\:_/ Xmaﬁ\/—/ F

i 1 [a)
[
f'=0

f' He cywecTeveT

CxeMa uccrnenoBanusi GyHKIUU.

=

o ok

Haiitu oOnacthb onpeaeneHus QyHKIIUN.

[TpoBepuTh, HE SIBISIETCA U (DYHKIMS YETHOW UM HEYETHOW; MPOBEPUTH
TaKXe, HE SIBIIACTCS JI1 OHA MEPUOAUYECKOM.

Haiitu, eciu 3T0 BO3MOXXHO, TOUKHU NepeceueHus rpaduka GyHKIUHU C OCIMU
KOOPAMHAT U MPOMEXKYTKH 3HAKOMOCTOSIHCTBA (yHKIMU. HOT A [171st
YTOYHEHUS MTOCTPOEHUs TpaduKa ciaeayeT HalTH BE TP JOMOTHUTEIIbHbBIE
TOYKHU.

Haiitu mpou3BoAHYI0 PYHKIIUU U €€ KPUTHIECKUE TOUKH.

Haiitu mpoMexyTK MOHOTOHHOCTH M DKCTPEMYMBbI (DYHKIIHH.

[TocTpouts rpaduk GyHKIMH, UCTIONB3YS MOJYYCHHBIEC PE3YIbTAThI
UCCIIEIOBAHUS.

CxeMa HaxoKJIeHUsl HanOOJIBIIEr0 U HaUMEHbLIEro 3HaueHui GyHkuuu f(x),
HEIpEPHIBHOM Ha OoTpe3ke [a; b].

1.
2.

3.

Haiitn 3Hauenns GyHKIIMU B KOHIAX oTpe3Ka, T.¢. f(a) u f(b) ;

HaiiTi 3Hauenus QyHKIMU B TEX KPUTHUECKUX TOYKAX, KOTOPBIE MPUHAJIEKAT
uHTEepBany (a, b) ;

W3 HaiiieHHbIX 3HAaYeHUI BRIOpaTh HAauOOJbIIee U HAMMEHbIIIEE.

3aaHus JJIs CAaMOCTOSITEILHOM padoThl

Uccnenyiite n noctpoiite rpaduk GyHKINN:
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1) y=8-2x—x%; 2)y=x*-3x?+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. Beiuucijienue HEOINPEACJICHHBIX HHTErpajioB

Lenv pabomur: OTpaboTKa HABBIKOB BHIYUCICHUSI TEpBOOOpa3HOM PyHKINN 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 %:2\/;+C' dx =—ctgx+C;
I J.\/; ’ Isinzx : ’
IX”dX:XnH-I-C,n?ﬁ_l; %—|H|X|+C' j dx :th+C'
n+1 x_ ’ cos’ X ’
dx 1 .
7:—;+C, Iexdx:eX+C; I =arcsinx+C;
1-x°
Ia*dx= a* LC jsinxdx:—cosx+C; dx
s G Il+x2 = arctgx+C .
) ) Icosxdx=sinx+C ;
[erdx=e*+C;

II. OcHOBHBIE CBOMCTBA HHTETPAJIOB

1°. TlpousBomHas HEONPENENEHHOTO MHTErpaja paBHA IIOABIHTEIPATIBHOM

yHKIHH: q f(x)dx) = f(x).
2°. JlupdepeHuman HEONPENENEHHOTO HMHTErpaja PaBeH IIOABIHTEIPATEHOMY

BBIPAKEHUIO:
dJ' f(xJx = f(x)dx.

15



3°. MuTterpan ot anredpandeckoil cyMMbl (PpYHKIMI paBeH anreObpaudeckoi cymme
MHTETPAJIOB OT 3THX (DYHKIIWIA: I(f (x)£ g(x))dx = j f(xJox + j g(x)dx .

40. [TocTOosHHBIN MHOKHUTEIIb MMOABIHTCIPAJIBHOI'O BBIPAXKCHUSA MOKHO BBIHOCUTD 34

3HaK HHTCrpala:
it (xHx =k [ f (x)ix.

5% Heompepenennplii uaterpan or auddepeHnuana HeKOTOPOi (yHKIUM pPaBeH
CyMMe 3ToH (PYHKIIMU U IPOU3BOJIbHOM mocTostHHOH C: I df (x)= f(x)+C.

6°. Murerpan or ca0kHOM (yHKIMH C JMHEHHBIM apryMEHTOM BBIYUCISAETCS 10
dbopmye:
jf(kx+b)dx=%F(kx+b)+c.

I1I. ®opmyna HetoToHa-JIeliOHMIA AJ1s BBIYUCIEHUS ONPEEICHHBIX HHTETPAJIOB:
b

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

a

MeToapl UHTETPUPOBAHUS

1. HenocpenctBenHnoe uHTerpupoBanue. Mcnomab3yercs Tabiuiia MHTETpalioB,
CBOMCTBA HEONPEIEAEHHBIX HHTETPATIOB U pa3IMUHbIE MPEeoOpa3oBaHUs
MOJIBIHTErPATLHOTO BBIPAYKEHUSI.

2. WnTerpupoBanue no yactsM. J[aHHbBIN CITIOCOO COCTOUT B TOM,
MOJIBIHTETPATILHOE BBIPAKEHUE TIPE/ICTABIISCTCS B BUJIE IPOU3BEICHUS IBYX
MHOXHTEIeH Uu dV ¥ 3aMEHseTCs IByMsI HHTCTPUPOBAHUAMU: 1) OTBICKaHUE V
13 BeIpakeHus s dv; 2) oTbIcKaHue UHTerpaja s Vdu:

judv = uv—Jvdu.

3. Merton 3ameHsbI iepeMeHHoi. Ero mpuMeHsoT B TOM ciiydae, eciu
UCXOJIHBIN MHTETPaJI CJI0KHO WIJIM HEBO3MOKHO C TIOMOIIBIO anreOpandecKux u
WHBIX TPeoOpa30BaHUil CBECTU K OJTHOMY MJIM HECKOJIBKUM TaOJIMYHBIM
unTerpagam. Crioco0 3aKIr04aeTcsi B TOM, YTO 3aMEHSIETCS HOBOM MIEpEeMEHHOU
TaKasi 4aCTh MOABIHTErPAbHON QYHKIIUU, TTPH HU(PepeHIIMPOBaHUNA KOTOPOU
MOJTy9aeTCsl OCTABIIASICS YaCTh MOABIHTETPATIEHOTO BEIPAKCHHS (HE CUnTAs
MTOCTOSTHHOTO MHOYKHTEJIS ).

3ajanus QI CaMOCTOSITE/ILHOM PadoThI.
3aganue |: Beruucnure HeonpenenEHHbIE HHTErPAJIbI

1.1. Beruuciaure uHTErpa NpUMEHssi OCHOBHbIE ITPABHUIIA HHTETPUPOBAHHSL.
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1. jxsdx; 2.]%; 3.jx§dx; 4.jx/§dx; 5.[(5x3—2x2+3x—8)1|x; 6.
[(ax® -15x7 +14x-3)ix;

3 2 3 2
7.I(Zx—1)3dx; 8.jx3(1+5x)1x; Q'I%X; 10.!%)(; 11.

4% —2x3+x* .
[y,

X

1.2. BeraucinuTe MHTETPabl, HCIOIB3YSI METOJ[ OJICTAHOBKH.
1. I(?—Zt)gdt; 2. I(5u —1)3du ;3. I(1+ x5)7x4dx; 4. j(9—2x3)4x2dx; 5. .[4<X4 +5)2x3dx;
1.3. BeraucnuTe MHTETPANbL, IPUMEHSS METO, MHTETPUPOBAHUS MO YaCTSAM.

1.Ixcosxdx; 2.jxexdx; 3._|'x5lnxdx; 4.jxezxdx; 71._[x|nxdx;

1.4. Beruucnute onpenenéHHbld UHTETpal , mpuMeHsis popmyny Hrerotona-
JlenOnuIa

1.jdx; Z.jxdx; 3.j3x2dx; 4.}(2x+1)dx; 5.92.T3e3xdx; 93.Tcos§dx; 94.
3 0 0 -1 0 0

3ananue 2: Ilpumenute Gpopmyny Hetorona-JleitOuuIa 17151 BEIYUCICHUS
wiomaae  duryp.

Breraucnure miomaay Guryp, orpaHHICHHBIX YKa3aHHBIMA JTUHUSMU:

1. Ochro OX, IpsAMBIMU X =—1, x =2 1 mapabomnoit y=9—x*; 2.y?=9x, x =16, X
=25,y=0;

3y=-xX2+4uy=0; 4.y=x3y=1/x,xe[l;e]; 5.y°=x,y=x5

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

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

Bonpocsl a1j1s1 caMonpoBepKu
1. Kakas pyHKIus Ha3bIBAETCS IEPBOOOPA3ZHOI?
2. B 4éMm cocToUT CyTh METO/1a HMHTETPUPOBAHUS TI0 YACTIM?

3. B uéM cocTouT cyTh METO/a 3aMEHBI IEPEMEHHOM?

PA3JIEJI 2. OCHOBHBIE IIOHATHUA U METO/Ibl IUHEMHON
AJITEBPbI

Tema 2.1. MaTpuusl 1 onpeaeuTe
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2.1.1. Boluuc/jieHue onpeeauTess 3-ro NOpPsSAKa ¢ UCMOJb30BAHHEM CBOICTB
omnpeaeUTeIel
Llenv  pabomwi: COBEpIICHCTBOBAHWE YMEHUW BBIMOJTHATh JEHCTBUS Haj

MaTpULAMU, BBIYUCIATH ONPEIETUTENN Pa3HBIMU CITIOCOOAMU
3apanme: Bprunciure onpenenuTend 3-ro NOpsAKa ¢ UCIOJIb30BAHUEM CBOMCTB

onpeaeauTenen

Xoj paboThl

Kpatkue Teopernueckne cBeieHUs

CnoxeHue MaTpuil

A=(a,) 2-0,)

o v
CyMMoOi MaTpHIy u OJIMHAKOBBIX Pa3MepPOB HA3bIBACTCS
C=&J
MaTrpuIiia TEX K€ pPa3MepoB, y
Cp=8, %0, Y i, i
KOTOpOH O6o3Hauenue: C = 4 + B.

CgoiictBa crnoxenust matpuii: A + B=B + A4, (A +B)+C=A4+ (B +

¥
C,A+0=4,4+(-A)=0, A B,C.

Brruutanue MaTpul

A-B=A+(-B).

YMHOXEHHE MaTpuibl HA YUCJIO

A= (a . )
b &
[IponsBeneHneM MaTpPUIIBI HA YHCJIO HAa3bIBaeTCs
C=@J
MaTpHUIa TeX ke pa3MepoB, y
c.,=aa, YV i, J. C = aA.
v ¥ LY
KOTOpOI O6o3HayeHue:
1- A=A,
CaoiicTBa

a(8A)=(af)A, a(A+ B)=ad+aB, (a+8)A=ad+84 ¥V A, B
nu

’V &, BeR.

YMHOXEHHUE MaTpULl
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A= (ass:)

mxn
[IpousBeneHnemM MAaTpPHIIbI pasMepom Ha
B= (Q‘k) nXp
MaTpHUILy pazMepoM Ha3bIBaETCA
C= (Cu) mxp,
MaTpuia pasMepoM y

n
€y = Quby; + apby; ¥t ayh = >aghy Vi, J.
k=l

KOTOpOI Oo6o3HayeHMeE:

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

A(CKB), (A + B)D=AD + BD, D(A + B) = DA + DB (nipu ycimoBuu, 4To
yKa3aHHbBIC ONIEPAIIUN UMEIOT CMBICIT).

AEB # BA.
Jlns kBagpaTHbiX Matpull 4 u B, BooO111e roops,
TpancnoHupOBaHUE MATPUILL
—‘211 P @y | s @y &g |
s @ G @on s T @, doy @y
| @l Qg G| | oy Do |

CBoiicTBa:
(AB) = BTA.
OOparnast maTpuIiia
A-l

Marpuua - oOpaTHas Jy1s MaTpullbl A, eciiu

AA = A'A=F,
Jlnist kBasipaTHOM MaTpuilbl A 00paTHas CyIIECTBYET TOT/Ia U TOJIBKO TOT'/Ia,

det A= 0.

Korjaa B _
Al 1 A21 e A*«l
A_l e 1 A’l 2 A22 e An2

&7 ]

AEEH s smmee aomen e

A‘l n A2n A?m _

” sz
rac - anre6pqueCKHe JOITOJIHCHUS 3JICMCHTOB MaTpHUIbl A.

DneMeHTapHbIe MpeoOpa30BaHMs MaTPUILIbI
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DneMeHTapHbIMH NMPe0Opa30BAHUSIMU MATPUILIbI HA3bIBAIOT:

1) yMHOXKEHHE KaKOH-HUOY/Ib CTPOKH (CTOI0I1a) HA OTIIMYHOE OT HYJIS
YHCIIO;

2) npubaBieHUE K KaKOW-HUOYAb CTPOKE (CTOJIOITY) APYTOi € CTPOKHU
(cTonbma), yMHOKEHHOW Ha TIPOU3BOJIBHOE YHCIIO;

3) nepecTaHOBKY MeCTaMU JIOOBIX IBYX CTPOK (CTOJIOIIOB).

Brruucnenue oOpaTHON MaTpHUIIbI

ECHI/I C ITIOMOIIIBIO 3JI€M6HTapHI>IX Hp606paBOBaHI/II71 CTpOK KBaI[paTHYIO
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).

3amaHud I CaMOCTOATEIbHON PadoThI

Brruncnure onpenenurenu 3-ro mopsiAKa € HCHOJb30BAHUEM CBOMCTB

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 CMOTpUTE B IPUITOKEHUH A

Tema 2.2. Pemienne cucrem JIMHEHHBIX ajredopandeckux ypapHenui (CJIAY)

2.1.1. lIpumenenue CJIAY nis npogeccuoHAIBHBIX PACYETOB
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Llenv pabomeir. CoBepIIEHCTBOBAHWE YMEHUW MPUMEHSTh METOJbl PEIICHHS
CJIAY nns pernenust npodeccruoHalIbHbIX 3a1a4
3ananue: Pemute 3a1aun Ha npaktudeckoe npuMenenue CJIAY

Xon paboThl

Kpatkue Teopernueckne cBeieHUA

CucreMoll JTUHEWHBIX aNreOpanvyecKuX YpaBHEHHH cojepKamier M ypaBH
€HH M N HEU3BECTHBIX, HA3BIBAETCA CUCTEMa BHUJA:

Ay1Xy + A%+ A X, = by
b

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

a;: =
rie: gpcna Y ¢ 1,m
j=1n b,
: HA3bIBAIOTCS ko3 puIEeHTaMH CUCTEMBI, ypciaa - n—
CBOOOJHBIMHM UJICHAMHM.
X

n [OJICKAT HAXOXKICHUIO

IlepBeie CJIAY BcTpeuaroTcs €mI€ B BAaBWJIOHCKMX M ETUIETCKHX PYKOIU
cax Il Beka g0 H. 5., a Takke B Tpylax JAPEBHEIPEUYECKUX, MHAMMCKUX U KU
Talickux MyzapeuoB. B kuralickom Tpakrare «MaremaTuka B JEBATH KHUTAX»

CJIOBECHO H3JI0KEHBI TpaBUja PEHICHUS CHUCTEM YypaBHEHHM, OBLIM 3aME4YeHbI
HEKOTOPBIE 3aKOHOMEPHOCTU MpH pemieHuu. Ha MpoTsSEHWH MHOTMX JET Bbl
JAIoNMecss MaTeMaTHKHA CBOETO BPEMEHHU paspadaThiBaii MeTonbl pemienus C
JIAY. Ha naHHBIi MOMEHT CYIIECTBYET MHOXECTBO Pa3JIMYHBIX METOJOB PEIl
eHus cucteM. B cBoeli pabote s pa3depy OJAMH U3 OCHOBHBIX METOJIOB peIlle
uus CJIAY, meron laycca.

CyTb MeToJa 3aKJIIO4aeTcs B TOM, YTO CUCTEMY JIMHEHHBIX anreOpanuec
KX YpPaBHEHUU NPUBOJAT K CTYNMEHYATOMY BHAY, HCIOJB3Ysl 3JIEMEHTapHBIE
npeoOpa3oBaHMUs.

[IpuBenénnas cucremMa MMEET CTYNEHYATHIM BUI

(1111?1 + (1121?2 +.. .+a-1kx;|:+.. . +{llﬂxﬂ = bl
azzx:z+.. . aszk+.. . +{12nxﬂ = bz

A1, k+... +aknxn = bﬁ:

KoaddummenTs @it Ha3pIBAIOTCS TVIABHBIMU JIGMEHTAMH CHCTEMBI .
CocTaBuB CTYNEHYATYIO CHCTEMY.
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Ecin cCUCTEMA OKa3bIBaETCs TPEYTOJIbHOM, TO ectp K =1

TO CuCTCMa HUMECT CAUNHCTBCHHOC peuicHuc. Ecan KEC k< n,

TO WCXOJHAsl CUCTEMA MMEET MHOYKECTBO PEIICHUM.

B snexTpoTexHHKe 4HacTO BCTpEUYarOTCs 3a7aud, B KOTOPBIX HEOOXOIUM P
acy€T SJEKTPUYECKON IIEMH, TO €CTh HEOOXOJUM pacy€T HANPSHKEHUS U CHUJIbI
TOKa BO BCeX BeTBAX uenu. Hampumep, u3BecTHbl compoTtusieHus u IC,
HO HET 3HA4YECHUN Cuibl TOKa. JIJIs pelieHus TakuxX 3aJad HUCIOJIb3YIOT MpaBU
na Kupxroda.

Pa36epém »TOoT MeTom Ha KOHKpeTHOM 3amade. [Ipu permenuun Oyaem wuc
0JIb30BaTh MeToj ['aycca. DTOT merop sBISIETCSs HamOoJiee MPOCTHIM, M TMOAX
OJINT TMPAKTUYSCKH K JIO0OH cHCTEeMe.

[Tpumepl:

Hana cxema (pucynok 1), u uzeecmuvl CONpoOmMuGiIeHUs. PE3UCMOPO8 U
IJ[C ucmounukos
R, =1000m,R, =1500M,R; = 1500M,E, =75B,E, =100 B

Tpebyemcsa naiimu mMoKu 8 6emesx

I E:
— -
R. /
SRS
) A

\::/ L

-+
Ex Iz
Pucynox 1. (Cxema znekmpuueckoit uenu)
Pewenue:
ITepBoe mpaBmimo Kupxroda rmacur, uro anreOpandeckass cymMMa TOKOB,

cxomsmuxcs B ysne, paBHo 0. 3Ha4wuT: h—1L, -1, =0.
Bropoit 3akon Kupxroda: anreOpanueckass cymMma TajeHUNA HaNpsHKEHUN

Ha BCEX BETBAX, MPUHAJICKAUIUX JOOOMY 3aMKHYTOMY KOHTYpY UEINHU, pPaBH
a anreopandeckoit cymme OJIC BerBeld 3T0oro KoHTypa. C MOMOIIBIO 3TOrO 3
aKOHa COCTaBUM ypaBHEHUS JUIsi MEPBOrO M BTOPOTO KOHTypa LIETMH:
R, + R;I; =E,; R,[, + R;1; = E,.

Teneps U3 TpEX ypaBHEHUW COCTABIIIEM CHUCTEMY YpPABHEHUWU:
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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 MoxHO pa30ouTh Ha nBa dTama. CHadajga ¢ MOMOIIBIO DJIEMEHTA

PHBIX TMpeoOpa3oBaHU MPUBEAEM CHUCTEMY K CTYNEHYATOMY BHIY:
1 0 15 3;’4)

0 150 150 100

1-yro crpoky nmemum Ha 100: <—1 -1 1 0

K 3 cTpoke moOaBiseM 1 cTpoky, yMHOXKEHHyI0 Ha 1.
3

1 0 15 32
0 150 150 100
0o -1 25 2

-

1 0 15 3/4
(ﬂ 0 0 2;3)
0 -1 25 3/4

1 0 15 3/4
(n 1 1 2/3 )
0 0 35 17/12

2-y10 CTpoky naenum Ha 150:

K 3 cTpoke a00aBisieM 2 CTPOKY:
Temeps peraeM CTYNMEHYATYIO CUCTEMY:

.lrz +.lr3 =2!3

{h+15@=3m
3.5I,=17/12

Tak kak k= M cucremMa MMeeT eTHHCTBEHHOE pElICHuE.
Haxonum 3Ha4YeHHWS TOKOB:

L= 2= 0.143A; I, = - = 0.262A; I = — = 0.405 A
7T TR 42 T4 |

BrraucnurenbHas TEXHHMKA BBITIONHICT TaKWE OIEpaldy 3a JOJU CeKyHI. Tak
uM obpazom, CJIAY wurpaer Ooibliyr0 poib B 3JeKTpoTexHHKe. C TOMOIIBIO

CJIAY MOXHO OBICTPO M TOYHO PACCUUTATh SKICKTHYECKYIO IIEIb.
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[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 OeCurcClIEHHOE MHOXECTBO pelleHud, T. €. HeompeneleHHa. C ydeToMm
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 IPUMEHSTH TpU criocoba packpos. KomuecTBo 3aroToBOK, MoIy4aeMbIX 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, Rgri1= 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

Ilenv  pabomwi: CoOBEpIICHCTBOBAHWE YMEHUW BBIMOIHATh JEHCTBUS HAJ
KOMILJIEKCHBIMM 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 HGﬁCTBHTCHLHBIX yucen. Hx MNPpUHOUIINAJIBHOC OTJIMYHUC B TOM, 4YTO

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

i2=-1

JIr060€ KOMIICKCHOE YHCJIO COCTOMT U3 ABYX YacTeH: 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 YMCIJIE TIPOU3BOIATCS TaK JKE€ KaK COOTBETCTBEHHBIE OIEpaliy HaJ
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 110 CICAYIOIIEMY TTPABUITY:
(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 MHUMBIC 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 KoMruiekcHbIe uuca 22~ 1 2= 78 Moy qacroe 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 cityuae ssisercs @ T2 1o ectp 7+6
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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@ +2)=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 IIOCTABbBTE «1)», €CJIH K€ BBl HE COIJIACHBI C JaHHBIM
YTBCPIKACHUCM, IIOCTABLTC « — » B KOJIOHKC OTBCTOB.

Nen/n | YTBepkaenue OtBeT

qI/ICJIO\/E ABJIICTCA KOMIIJIICKCHBIM

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

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

0 — KOMILUIEKCHOE YHCJIO.

Yucno 31 SBIsieTCsT YUCTO MHUMBIM.

OO WIN|F

JleificTBUTEIbHAS ¥ MHUMAas YaCTH KOMIUIEKCHOTO YKciia 3 — 2i
COOTBETCTBEHHO PaBHbI 3 U 2.

7 JlelicTBUTENBHAS 1 MHMMAs YaCTH COMPSIKEHHBIX YUCET
OTJIMYAIOTCS TOJIBKO 3HAKAMM.

8 ConpsiKeHHBIM U151 AEUCTBUTEIIBHOTO YKCIIA SIBIAETCSA CaMO 3TO
YUCJIO.

9 Eciuz = —Z, TO JEWCTBUTEJIbHAS YacTh Yucia Z paBHa ().

3az[aHne 2: INPUMCHUTC IIpaBUJIa CJIOKCHHUA, BbIYUTAHHWA, YMHOXCHHA H

JCNIeHUs] KOMIUICKCHBIX YHCEN, ONPEIEICHUs PAaBEHCTBA KOMIUJICKCHBIX YHCEN,
3aMuCcaHHbIX B anredpanydeckoi Gpopme
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Zl=2+3i =4

1. Hausiukcna: 2= "% Haifgure: @) 277 h)a7% )&% d) %z
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. JaiiTe onpenenieHus KOMILUIEKCHOTO 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',

Jlist =0, ¢=57 mosy4aeM KOMILIEKCHOE umciio z=0-e"",

Jist r=10, ¢=n/2 moay4aeM KOMILIEKCHOE yncio z=10-ei™3)
Jlnst =2, g=—/3 nomay4aeM KOMILIEKCHOE unclo z=3-e'0,
st r=3, ¢=0 moyryqaemM KOMIUIEKCHOE YHCIIO0 Z=3 e,

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 KOMILUIEKCHOTO 4YHClIa 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 - Mmunmas yacts, 0003HaueHue Im z=b.

UtoOBl KOMIUIEKCHOE YHCIIO Z, 3alliCaHHOe B anrebpanmdeckor (opme,
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 KOMIUIEKCHBIE YMCIia B MOKazaTelbHOM (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 MCXOJHOTO KOMILJIEKCHOTO YHCIa, UCHOJB3Yys (opMyiy -
0
¢ =z arctg; = arctg0 =0
[lofcTaBUM MOJTyYeHHBIE 3HAYeHHs U nonyuum: z=2-€'° CnenoBarensno, z=2-g"

- UICKOMAs 3aIlMCh KOMIUJIEKCHOTO YKCIIA.
2. Tlo ycnosuio a=1/2,b=1/2.

2 2
1 1
BBILII/ICJ'II/IM MOI[y.]'IB HUCXOOHOTO KOMINNIICKCHOI'O 4YucCjia: T = (E) + (E) ==
1 1 V2
+ - = -= —
4 2 2

BriuncinyuM apryMeHT UCXOHOTO KOMILJIEKCHOTO YUCa, UCIIOJIb3Ys (hopMyITy:

N

1/2 n
@ = arctg # = arctgl = T [ToxcraBum MONy4YE€HHBIE 3HAYEHUS U TTOTYUHM:

N V2 iE
Z = 7 e 4, CHC}IOBaTeHBHO, Z = 7 € 4 - HICKOMa4A 3aIIMCh KOMIIJICKCHOT'O UM CJia.

Apudmernueckre 1eUCTBUS HaJl KOMIUIEKCHBIMUA YUCIaMH B TIOKa3aTeNbHON
(opMe BBITIOJHSIOTCS HA OCHOBAHUM CBOMCTB MOKAa3aTEIbHON (PYyHKIUU.

_ g _ ip:
Z,=r €7, Z,=Tr,e .

ITycts

Ly Lo

1. TlpousBeneHue uncen “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. V3BnedenHue KOPHA N-if CTEIEHN U3 KOMIUIEKCHOTO 4yucia 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

Lenv pabomwi: COBEPIIIEHCTBOBAHNE YMEHUN M300paxaTh KOMILJIEKCHOE YUCIIO Ha
MJIOCKOCTH
3ananue: M300pa3ute KOMIUIEKCHBIC YMCIIA HA MJIOCKOCTH

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.

¢ 1
4

OnHako yaie KOMIICKCHBIC YKCa H300pakaroT B BUJC BEKTOpA C HAYaJIOM B
Touke O , a IMEHHO, KOMILJICKCHOE YUCIIO Z = a + bi uzo0pakaercsi paauyc-
BEKTOPOM TOYKH ¢ KoopaunHatamu (a; b). B stom cimyuae u3oOpaxkeHue

KOMIIJICKCHBIX YUCCII N3 NMPCAbIAYIICTO ITPpUMEpa 6YI[GT TaKHM:
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I/I306pa)KeHI/IeM CYMMBI JIBYX KOMIUICKCHBIX YHCCII z , w ABJIAACTCA BCKTOD,

paBHBIﬁ CYMMC BCKTOPOB, H306pa>1<a}01m/1x yuciaa z U w . MHBIMH CJIOBaMU,

IIpu CJIOKCHHHM KOMIIUICKCHBIX YHCCJI CKIAAbIBAIOTCA H©W  BCKTOPHI,

n300pakaronime

Hux

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

Torga gauHa ATOrO BCKTOpa HAa3bIBACTCA MOAYJIEM YHUCJIA z U 0o003HavaeTcsA

|z| : |z| = Va? + b?
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VYron,  o0pa3oBaHHBIM  paaMyCc-BEeKTOPOM  yuCia Zzc ocelo Oz,
HA3bIBACTCS APIYMEHTOM 4HClia Z M1 oOo3Havaercss arg Z . ApryMeHT 4wucliia
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/EIEH.

VYron, o00pa3oBaHHBIA PpPagUyCc-BEKTOPOM YHCIA zC OCbl0Oxz, Ha3bIBaeTCA
apeymenmom 4ucia z U o0o3Havaercs arg Z . ApryMeHT Yuciia OnpeeNsieTcs: He
OJTHO3HAYHO, a ¢ TOYHOCTBIO JI0 YMCia, KpaTHOTO 2% . OMHaKO, OOBIYHO apTyMEHT
yKa3bIBAIOT B JMana3one oT 0 10 2x wiM B quamnazoHe ot —m 10 1. Kpome Toro y

yuciaa z = 0 aprymMeHT He OIIPE/ICIICH.

b
tgp = —.
a

C IMOMOIIBIO 3TOTO COOTHOICHUA MOKHO HAXOAWTb apryMCHT KOMILJICKCHOI'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 TIOCKOCTH?
3) Kakue omepanud MOKHO TPOU3BOJUTh C KOMIUICKCHBIMM YHCIaMH Ha

IJTIOCKOCTH?

PA3JIEJ 4. OCHOBBI TEOPUHY BEPOSITHOCTEHN U
MATEMATHYECKOU
CTATUCTHUKHA

Tema 4.1. BeposaiTtHocTb. Teopema
CJIOKeHMS BEPOSATHOCTEH

4.1.1. llpumeHeHre KOMOMHATOPUKH JISl pelIeHUsI MPO(ecCHOHAIBHBIX

3agavd

Llenv pabomur:  CoBEpIIEHCTBOBAHME YMEHUN pellaTh 3a7adyd  CoJEprKallue
AJIEMEHThI KOMOMHATOPHUKH.
3apanme: Pemure 3a1a4u ¢ AleMeHTaMU KOMOMHATOPUKH
Xoxa paboTbl
Kpatkue TeopeTuueckue cBeAeHus

1. Pa3memnienust 6€3 mOBTOPEHUM

[loacunTaeM KOJTMYECTBO COCOOOB PACHOIOKUTH " Pa3IMYHBIX JIEMEHTOB
10 * pasmmaneM nosumusam (F < 7). Takue pacroaoKeHns Ha3bIBAIOTCS
pa3MeIlEeHUSIMH, a UX KOJIMYECTBO, OT (PPaHILy3CKOTO

Ak o

cioBa arrangement o6o3navaetcs A4, B ciy4ae, eciu k=1 KonuuecTBO
MIPEAMETOB COBIIAJACT ¢ KOJIMYECCTBOM UMCIOIIHUXCSI MECT, M OTO YK€ M3Yy4YCHHAast
3a7a4a O YHCJIC IePECTaHOBOK.

Ecnu 13 ™ 00BEKTOB BEIOUPAIOT ¥ INTYK, TO 9MCIIO BEIOOPOB MOCIIETHETO 0OHEKTA
ecTb " — K HeBBIOpPAHHBIX OOHLEKTOB, YTO 03HAYAET

Hamuaue 7 — & + 1 posmokHOCTH BBIOOpa MOCIIEIHETO BEIOPAHHOTO 00heKTa. To
e, IPyTHMU CJI0OBaMH: MocjIe Beibopa mepBbix X — 1 snementa ocraercs

BeIOpath ™ — (k — 1) =n =k + 1 spement.

TeopeMa: 4nciI0 pa3MeNIEHU ™ pa3IMYHbIX 3JIEMEHTOB 110 k pa3InYHbIM
MO3UIIUAM €CTh

A —nm—1)n—-2)...(n—k+1) ’

WJIM, B TEpMUHAX (AaKTOPHAJIOB,
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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 3HAMEHATENE IPOOH
HOJIb (haKTOpHal, U Ui TOTO, YTO OBl pa3HbIe (POPMYIIbI, COOTBETCTBYIOUINE OTHON
¥ TO¥ e 3a7aue, MPUBOAMIN K OJIMHAKOBBIM pe3ylbTaTaM, monarator, yro 0! = 1,

2. Coueranusg

[Toacunraem KOJINYECTBO CIOCO0OB, KOTOPBIMU MOHO
BBIOpaTh ¥ M3 " pasnM4HBIX ~ IpeaMeToB.  Takue  BHIOODKM — HA3BIBAIOTCH

|!|'
COUYCTaHUsIMH, a UX KOJIMYECCTBO o0o03HagaeTcs Ch’ .

_ Ak
IIpu ¥ <7 BpIGpaTh K IpeIMETOB U3 N MOKHO Al crocobamu, TMepecTaBsis

ux Fr crocobamu:

Ak n!
oA B !
C” - -

gm—mn+1

no__ T
e T Tm

PexyppentHas dhopmyna: "

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 NIEPBOrO THUIIA, 2 — BTOPOIO TUIIA, ..., "k — k-ro
THUIA, Bcero sneMeHToB. CriocoObl pa3MEeCTUTh UX M0 ™ pa3IM4YHbIM 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 BUIOB IPEAMETOB, KOTOPHIE MOYKHO Pa3MECTUTh
10 * pa3snmMuHBIM MecTaM, IpHYEM BBEIOMPATh IPEAMETHI MOKHO C TOBTOPEHUSIMH
(T.€. MO’KHO BBIOPATh HECKOJILKO MPEAMETOB OJTHOTO BUAA). Takue BHIOOPKH
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Ha3bIBAIOTCA paSMCIICHUAMU C IOBTOPCHUAMM, a UX KOJITHMYCCTBO BBIYUCIIACTCS 110

7 i
dbopmyse: An=n"

4. CoueraHus IOBTOPCHUAMU

[TycTh nMeroTCS TpeIMETHI ' pa3IMYHbIX BUIOB MPEAMETOB, M 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

bopmynam:

~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 1Ba pa3za. Haliute BepoSITHOCTh TOTO, UTO B CyMME
BBINTAJIO HE MeHee 10 04YKoB.

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. HaiiTu BeposaTHOCTh TOTO, uTO cpeau 4 pupm-
HapymuTesnei OyneT BbIsIBICHO O0Jble OJI0OBHHBI.

Bonpocsl 17151 CAMOKOHTPOJIS

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

3. Kakue coObITHSI HA3bIBAIOTCS CITy4YaHBIMH?

Tema 4.3. MaTemaTnueckoe 0KMIAHNE U TUCIIEPCHS CIAYUYAHHON BeTMYMHbBI

4.3.1. PemieHue 32/1a4 HA BbIYUCJIEHUE BEPOSITHOCTEI ¢ HCIOJIb30BAHHEM
3JIEMEHTOB MATEMAaTHYECKON CTATUCTUKH

Llenv pabomwr: CoOBEpILIEHCTBOBAHME YMEHUW pElIaTh 3aJadd CoJepIKalliue
AJIEMEHTHl MAaTEeMaTUYECKON CTATUCTUKHU
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3aganme 1. BrimonauTe 3a7aHUsS Ha BBIYKHCICHHE KOJUYECTBA BapUAHTOB
COOBITHIA.

3ananme 2: BpinmonHeHWe 3aJaHUs HAa BBIYHMCIECHUE BEPOSITHOCTEM CIy4alHBIX
COOBITUH C UCTIOIB30BAaHUEM JIEMEHTOB MAaTEMaTHUECKON CTATUCTUKI.

Xoa paboThl
Kpartkue TeopeTndeckue CBEICHHUS:
1. Teopus BEpOATHOCTH

Yucno, sBISIONMICECS]  BBIPAKEHHEM  MEpbl  OOBEKTHMBHOW  BO3MOXKHOCTH
HACTYIUICHHSI ~ COOBITHSI,  HA3BIBACTCS 8EPOAMHOCHbIO DTOTO  COOBITHS U
0003HaYaeTcss CUMBOJIOM P(4).

Onpeoenenue. BeposTHOCTBIO COOBITUS A HAa3bIBAETCSI OTHOIIICHUE YK CIIa HCXO/I0B
m, OJarompusATCTBYIOIIMX HACTYIUICHHIO JAaHHOTO COOBITHSA A, K YHCIy N BCex
HUCXOJ0B (HECOBMECTHBIX, E€IMHCTBEHHO BO3MOXKHBIX U PaBHOBO3MOKHBIX),
FH
P(ﬂ) = _
T.C. =,
CnenoBaTenbHO, [JI1 HAXOXJICHHUS BEPOSITHOCTU COOBITHS  HEOOXOIUMO,
paccMOTpPEB pa3JIMUHbIC MCXOJIbl MCIBITAHUSA, TMOACUYUTATh BCE BO3MOXKHBIC

HCCOBMECTHBIC HUCXOIBI N, BI)I6paTI) YHUCJIO0 HHTCPCCYHOHNINX HAC HCXOAO0B M H
BBIYUCIIUTH OTHOLICHHE M K N.

N3 storo OIIPpCACICHUS BBITCKAIOT CIICAYIOIIUC CBOMCTBA:

BepOHTHOCTB JIF000TO HUCIIBITaHUA €CThb HCOTPHUIATCIIbHOC qHucCJio, HE
MMPCBOCXOAAIICE CANHUIIBI.

JIeHCTBUTENBHO, YMCIO M HMCKOMBIX COOBITHH 3aKJIIOYEHO B mpenenax [ =m =,
PaznenuB 06e yacTu Ha N, MOTy4YUM
0 <P <1

7n"!
2. BeposiTHOCTB TOCTOBEPHOI'O COOBITHSA paBHA €AUHULE, T.K. < # .

L
3. BeposiTHOCTh HEBO3MOKHOTO COOBITHS PaBHA HYIIIO, IOCKOJBKY “# .

I[Ipumep 1:. B maptum u3 18 neraneit Haxonsrcs 4 OpakoBaHHbIX. Hayran
BBIOMpAIOT 5 aeraneil. HaliTu BepOATHOCTH TOro, YTO W3 3TUX 5 AeTaliell ABe
OKaXyTCsl OpaKOBaHHBIMU.

Pemenne. Uncmo BcexX paBHOBO3MOXKHBIX HE3aBHCHMBIX HMCXOJIOB N PaBHO YHUCITY
couyeTanui n3 18 mo 5 t.e.

w1818 1518 10 17 08 5568
12345
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[ToacuutaeM ymciao m, OaaronpusTCTBYIOMMX cOOBITUIO A. Cpeau 5 B3STHIX
Hayraj JaeTajeldl JODKHO OBITh 3 KauyeCTBEHHBIX W 2 OpakoBaHHBIX. Uwucio
CII0CO00B BBEIOOPKH ABYX OpaKOBaHHBIX JCTajch M3 4 MMEIOIMMXCSI OpaKOBaHHBIX
PaBHO YHCITy cOYeTaHuM U3 4 1o 2:

.;jf =£=
1-2

&
Yucio cmocoO0B BBIOOPKH TpeX Ka4eCTBEHHBIX JeTaie u3 14 umerommxcs
Ka4eCTBEHHBIX PAaBHO

, _ 141312

2 = 14132 = 364
123

JItoGast rpymma KadyecTBEHHBIX JeTajedl MOKeT KOMOWHHUPOBAThCA C JIIOOOH
rpymmoun OpaKOBaHHBIX JieTalneu, MIOATOMY oOuiee YHUCIIO
KOMOUMHAIMH M COCTaBIIAET

m=C{ Chy =6:364=2184

Hckomas BCPOATHOCTD coOpITHS A paBHa OTHOIICHHUIO YHCJIAa HCXOIOOB 11,
6J'IaI‘OHpI/ISITCTBy1-OIHI/IX 9TOMY CO6I>ITI/IIO, K YHCIIYy N BCCX PABHOBO3MOXKHBIX
HC3aBUCHUMBIX UCXOOAO0B:

P(ﬂ}:ﬁ:ﬁ

M

= (1,255

Teopema Cl0KEeHHS BEPOSTHOCTEN.

BeposTHOCTE  CyMMBI  JIByX HECOBMECTHBIX COOBITMH paBHAa CyMMeE
BEPOSTHOCTEH ITUX COOBITHA.

FlA+EB)=Fl4) +F(E) —

P(A&y + A+t A,) = PUA) + PLA) + .+ P(4)

CrnenctBue 1. Eciu cobbitue Ai, Ay, : ,An 00pa3yroT MOJHYIO CUCTEMY, TO CymMMa
BEPOSTHOCTEH 3TUX COOBITHI paBHA SAUHUIIC.

P(A)+ P(A) + .+ P(A) =1

Cnencteue 2. CyMMa BEpOSTHOCTEH HPOTHBOMONOKHBEIX coObIThit <1 u 4 pasHa
€HULIC.

P4y +P(A) =1

2. MaremaTnueckasi CTAaTUCTHKA

[lepBasg 3amaya MaTeMaTUYECKOM CTaTHUCTHUKM — YKa3aTh CHOCOOBI cOopa u
IPYNIIUPOBKU CTATUCTUYECKUX CBEJICHUMN, IOJIyYEHHBIX B PE3yJIbTaTe HAOIIOICHUI
WM B PE3YJIBTATE CIENUATBHO MOCTABIEHHBIX SKCIIEPUMEHTOB.
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Bropas 3amaua mMareMaTH4ecKOl CTaTUCTUKU — pa3paboTaTh METOIbI aHAIM3a
CTAaTHUCTUYECKUX JAHHBIX B 3aBUCUMOCTH OT weneil wuccrnenoBanus. Crona
OTHOCSITCSL:
a)OIlEHKa HEW3BECTHOM BEPOSITHOCTH COOBITHS; OIEHKAa HEU3BECTHON (YHKIUU
pacripe/ielIeHus; OLlEHKa TapaMeTpOB pacIpeesIeHus], BUJ KOTOPOTO U3BECTEH;
0)IpoBepKa CTATUCTUUYECKHUX TUIOTE3 O BUJI€ HEU3BECTHOTO PACIPEICICHUS HITH O
BEJIMYMHE TapaMeTPOB paclpeesieHus], BUJ KOTOPOTO U3BECTEH.

Wtak, 3a1aya MaTeMaTHUECKOM CTaTUCTUKH COCTOUT B CO3/IaHUU METOAOB cOopa U

O6pa6OTKI/I CTaTUCTHUYCCKHUX HOAHHBIX IJIS ITOJYYCHHA HAYYHBIX WM IIPAKTHYCCKHX
BBIBOOB.

Bb100po4HON COBOKYMHOCTBIO MJIM MPOCTO BHIOOPKOI HA3bIBAIOT COBOKYIMHOCTH
CIy4aiiHO OTOOpaHHBIX OOBEKTOB.

['eHepaIbHOM COBOKYITHOCTBIO HA3bIBAIOT COBOKYITHOCTh

00BEKTOB, U3 KOTOPBIX IPOU3BOIUTCS BHIOOPKA.

CraTuCcTHYeCKHMM  pPSIIOM  paclpe/elieHUs HAa3blBalOT  IEepeYeHb  BCeX

3HAYCHUMN Ri u3 BBI60pKI/I N COOTBCTCTBYIOIIMX MM YdaCTOT HMJIM OTHOCHUTCIIbHBIX

gactoT. CTaTUCTHYECKOE  pachpefeieHHe  MOXHO — 3a7aTh  Takke B
BHJIC MHTEPBAJIBHOTO  CTATUCTHYECKOTO  psAfa, T.€.  IOCICIOBATEIHHOCTH
WHTEPBAJOB W  COOTBETCTBYIONIMX WM YacTOT (B Ka4decTBE YaCTOTHI,
COOTBETCTBYIOIICH HWHTEPBATY, MPUHUMAIOT CYMMY YacTOT, IMOMABIIMX B 3TOT
UHTEPBAN).

[Tpumep. ITycts 00beM BbIOOpKH N = 20 1

Xi 2 6 12
mj 3 10 7

Haiinem oTHOCUTEIILHBIE YaCTOTHI:

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

Toraa pacinpcaciaCcHuc OTHOCUTCIIbHBIX YaCTOT:

Xi |2 6 12
r," 10,15 (0,50 |0,35

1

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

3aganus ISl CaMOCTOSITEIbHOM PadOThI.
3amanue 1: BeimoaHuTe 3a/1aHUs HAa BRIYUCICHNE KOJIMYECTBA BAPUAHTOB COOBITHI
1.1. Haiitu uucno pasmewmeruii: 1) 4 ; 2) 42;3) A, 4) 43, 5) 4°.

1.2. BwruucauTh 3HaueHHE BoipakeHus: 1) 3! +4!; 2) 51 —21; 3) 6! * 2!

41



4 1 3
1.3, DBbramcauts:1) Cs ; 2) C5; 3) C7; 4)C?
5 4
14 Bbrauciuts:1) AGA%AG+ AL * A7 * 4
6

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

3ananue 2: BoinonHeHWe 3aJjaHusl HAa BBIYMCIICHHE BEPOSTHOCTEH CITydallHBIX

COOBITUH C UCTIOIB30BAHUEM JIEMEHTOB MATEMATHUECKON CTATUCTUKHU.

2.1. W3 kop3uHbl, B KOTOpPOM HaXOAATCS 9 KpacHBIX, 8 JKENThIX U 7
3€JIEHbIX IIapoB, HayJlayy BbIHUMaeTcss oAuH. HailTu BeposSTHOCTH TOTO, UTO
BBIHYTBIN IIAp OKAYKETCA: a) KPACHBIM, 0) )KEJITBIM; B) YEPHBIM; T') 3€JICHBIM.

2.2. B xop3une nHaxomstcs 30 OGenbix u 20 uepHbIX mapoB. Hayran
BBIHUMAIOT OJIMH IIap, KOTOPBIN OKa3aycs OeNIbIM, U OTKJIAJbIBAIOT €T0 B CTOPOHY.
Hayraa BeIHUMAIOT €llle OJUH LIap, KOTOPbIM OKa3aJiCsl YEPHBIM, U OTKJIAIbIBAIOT
ero B cropony. Ilocie atoro OepyT euie onuH mwap. Haiitu BeposiTHOCTH TOTO, YTO
ATOT IIAp OKAXKETCS OEJbIM.

2.3. B xonome 36 kapr. Haymauy BbIHMMarTCs 2kapTel. Haiitn
BEPOSITHOCTH TOT'O, YTO 3TO OyAyT JBa Ty3a

2.4. JluckpeTHas ciydaifHasi BeTHYHMHA XUMEET 3aKOH pacipeIeIeHNUS.

X 0,2 0,4 0,6 08 1
pi 0,1 0,2 0,4 Py 0,1
Yemy paBHa BeposaTtHocTh PiX = 0,8)? IlocTtpouTh MHOTOYrOJbHUK

pacnpeaenenus. Halltn maremaTtnueckoe 0KUIaHUE U JUCTIEPCUIO.

2.5. JluckpeTHas ciy4aifHas BeTuurnHa XUMEET 3aKOH Pacpe/IeICHNUS.

Xi 3 4 5 6 7

Pi Py 0,15 P3 0,25 0,35

Haiitu BepositHocTh Pi(x = 3) u P3(x = 5), ecnu u3BecTHO, uTO P3B 4 paza
6onbuie Pi. [TocTpouTs MHOTOYTOJIBHUK pacnpenenenus. Halltu maTemarnyeckoe
0’KMJIAHUE U JUCIIEPCUIO.

2.6. W3BecTHBI 3HAUCHMS paclipe/iesieHus Cay4yalHbIX BelInyuH X u Y
— YHCJIO OYKOB BHIOMBAEMBIX TIEPBBIM M BTOPBIM CTPETKAMHU.
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Xi 0 1 2 3 4 3) 6 7 8 9 10
pi | 0,150,211 | 0,04 | 0,05 | 0,04 | 0,10 | 0,20 | 0,04 | 0,05 | 0,12 | 0,20
Xi 0 1 2 3 4 ) 6 7 8 9 10
pi |001/003]|005]|0,09]|0,11|0,24|0,21 | 0,20 | 0,10 | 0,04 | 0,02
HeoOxoaumo BBISIBUTH, KaKOW W3 JIBYX CTpEIKOB cTpensier Jyydie. [loctpouth

MHOTOYTOJIbHUKH PACTIPEICIICHUS.

ook wnE

BOHpOCBI AJIA CAMOKOHTPOJISA

Kakas BenmuumHa Ha3bIBaeTCS CIydaiiHOM?

3aKoH pacipCaciaICHuAa Cﬂy‘{aﬁHBIX BCINYHH

Uto Ha3bIBa€TCS MIOTHOCTHIO BEPOSITHOCTH
ChopmynupyiiTe TeOpeMy CIOKEHUS BEPOSITHOCTEH

dopMya OITHON BEPOITHOCTH

®opmyna bepnyium
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Cnucok Jureparypsbl

1. T'puropseB B.I1. Matematuka: yaeOHUK I CTYA. YUpEeXKIECHUN cpe. mpod.
oOpazoBanus / B.I1. I'puropses, T.H. Cabyposa. — 2-e uzz., crep.-M.:
N3narenbckuii neHTp «Akanemus», 2018. — 368 ¢

2. Tlexneuxut WN.JI. Marematuka [Tekcr] : y4eb. mocobwe s CTyA.
Yupexknenuii cpen. npod. oobpazoanus /M. JI. Iexmenkuit. - 12-e u3a., crep. —
M.: Uznarensckuid neHTp «Akaaemusi», 2017 . - 320c.

Hnmepnem-pecypcol:

1. www.ru.Wikipedia.org
www.ru.matformula.ru
www.reshebnik.ru
WwWw.exponenta.ru
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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; H3JI0XKEHHE MaTephalia HOCHT MPOOJIEeMHO-TEMaTHUECKHUA
XapakTep.

Pedepar — 310 071uH U3 camMbIX CIOKHBIX BUJOB CAMOCTOSATEIHLHON pabOThI €
KHHUTOM, a JJIg 3TOTO CieayeT OBJIaJeTh Oojee MPOCTHIMH MpUEeMaMH padOThl —
pa3pabOTKOM MiIaHa, COCTAaBIIEHUEM TE€3UCOB U KOHCIEKTOB. [loaroroBka pedepara
U BBICTYIUICHUE C €r0 H3JIOKEHUEM YTriayOJsieT 3HaHUs, paclIupseT Kpyrosop,
NPUYYaET JIOTUYECKH, TBOPUECKU MBICIIUTh, PA3BUBATh KYJIbTYPY pEUH.

[Ipyu mnpocmoTpe nUTEpaTypbl HaMeudaeTcs OpPUEHTUPOBOUHBIN IUIaH
pedepara, B KOTOpHIN BKIIIOUAETCS 00BIYHO 3-4 OCHOBHBIX BOIIpOCA WM paszjena.
B xaxagom w3 paznenoB  (GOpMYIMPYIOTCS  MOJBOIPOCH], OMOTAOIINE
MOCJIEIOBATEIBHO PACKPBITh COJAEPKAHUE TPOOITIEMBI.

B npouecce n3yuenusa matepuana GOpMyJIUPOBKH MOJIBOIIPOCOB U PA3EIOB
o0bryHO  yTouHstorcsa. Ilpu pedepupoBanum creayer JAenarth  BBINHCKH,
3aMUChIBaTh MBICIH, BO3HUKAIOUIME  MPU YTEHUHU; CIEOYEeT TakXKe TOYHO
3alUChIBaTh M ONPENECICHUS TeX MOHATHHA, KOTOpble OyAyT HCIOJb30BaHbI B
pedepare. 3 nmpounTaHHON JUTEpaTypbl HY’KHO 3aMMCTBOBaTh HE OyKBaJbHBIN
TEKCT, a BAXHEHIIME MBICIU, WJEH, TEOPETUYECKUE IIOJOKEHUS, MOYKHO
HUTUPOBATh HEOOJBIINE OTPHIBKH, MPUBOAUTH AUATPAMMBI, CXEMBbI, YEPTEKH, HO
IJIABHOE — BBICKA3bIBaTh COOCTBEHHBIE COOOpa)K€HHs MO BoIpocaMm pedepara.
IIpuBeneHHBIE BBINIE COBETHI CIEAYET pacCMaTpuBaTh KaK IPUMEpPHBIE,
Opeanoiaraloie M JIpyrue IOAXOAbl, TOCKOJIBKY Yy KaXIOro 4YeJOBeKa
BbIpaOaTHIBAIOTCSl CBOM TMPUEMbl U HABBIKM COCTaBJICHHs pedepaToB. bombinyro
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 YUUTHIBATh, YTOOBI Ka)Abld €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 MMOCIEA0BATENBHOCTH; BO-BTOPBIX, OMUCATEIBHOE,
IpY KOTOPOM Te€Ma PACUJIEHSAETCS Ha COCTaBHBIE YACTH, B LIEJIOM PACKPBIBAIOLINE
ONPENEIEHHOE SIBICHHUE; B-TPETHUX, AaHATMTUYECKOE, KOT/1a TEMA UCCIIENYETCs B €€
NPUYMHHO-CJIEICTBEHHBIX CBA3SIX W B3aMMO3aBHCUMBIX IpoOiemax. Baxho
CJIETUTH 3a TEM, YTOOBI KaXKJIbIi MyHKT IJIaHa ObLI COOTHECEH C IJIaBHOM TEMOH u
HE COJep’Kall MOBTOPEHUS] B JIPYruxX MyHKTax. BaxkueiMu pazgenamu pedepara
ABJISIETCSl BCTYIUIGHME M 3akiioueHue. Bo BeTymieHuM Hago 00O0CHOBATh
aKTyaJbHOCTh TEMbI, O00O3HAUYUTh KPYI COCTaBISIOIIMX €€ MpoOJeM, YeTKO U
KpPaTKO OMNpEeNeInTh 3a7adyy CBOEH paboThl. B 3akioyeHuu AenaroTcs 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, CAMOCTOSITEIBHOCTH B O0OOIICHUN M3YYEHHOH JIUTEPATyphl, YMEHUS
JIOTUYECKH CTPOMHO M3JIOKHUTh MaTe€puall, OLCHUTh Pa3jINYHbIC TOUKU 3PEHHS Ha
uccaeayeMyto Ipo0ieMy U BBICKa3aTh O Hel coOcTBeHHOe MHeHue. B pedepare
BAYKHO CBS3aTh TEOPETUUECKUE TIOJIOKEHHUSI C IIPAKTHKOM.

Takum o0pa3om, pedepaTuBHas paboTa — 3TO CaMOCTOsITENIbHas pabora,
KOTOpas JOJKHA CBUICTENBCTBOBATh O 3HAHHMM JIMTEPATYPHI MO JAaHHOU Teme, ee
OCHOBHOM MpoOJeMaTUKe, OTpaKaTh TOUKY 3PEHHS CTYJIEHTa Ha 3Ty MpodiieMy,
€ro YMEHHUE OCMBICIUBATD SIBJIICHUS KU3HU HA OCHOBE TEOPETUUYECKUX 3HAHUM.

[Ipu ounenke pedepata OOBIYHO PYKOBOJCTBYIOTCA  CIEAYIOIIUMHU
KPUTEPUSIMHU:

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

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

3. IlposiBmiI 1 CTYJEHT CaMOCTOSITEIbHOCTh M TBOPYECKHMHM MOAXOJ B
W3JI0KeHUH pedepara;

4. MOXHO 71 CUUTaTh pedepaT JIOrMYECKH CTPOHHBIM H T. 1.

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

TutyneHblll uct.  SIBNSETCS MEepBOW CTpaHUIlEH pedepara U 3amoaHsAETCs
[0 CTPOro OINpEIEICHHBIM IpaBwiaM. B BepxHeM MoJie yKa3pIBA€TCS IOJIHOE
HauMEHOBaHHE y4eOHOro 3aBeieHus. B cpeqneM mose gaetcs 3arnaBue pedepara,
KOTOpOE MpoBoaAMuTCs Oe3 ciioBa " TemMa " M B KaBbIUKM HE 3akitouaerca. Jlanee,
OJ>ke K TIPaBOMY Kpar0 TUTYJIBHOTO JIMCTA, YKA3BIBAIOTCS (DaMUIINS, WHUIHAIIBI
CTyJIEHTa, HanucaBIIero pedepar, a Takxke ero Kypce u rpynna. Hemuoro ke uinu
ClieBa YKa3bIBAIOTCA HA3BaHUE M KOJ CIEUHUAIBHOCTH, (DaMWIMS W HHUIMAIIBI
MpenojiaBaresis - PyKoBOAUTENs paboThl. B HM)XHEM Moy yKa3blBA€TCd TOJl
HanucaHus pedepara.

[locne TUTYABHOTO JUCTA MOMEUIAIOT OIJIABJIIEHHE, B KOTOPOM IPHUBOIATCS
BCE 3arojIOBKU pabOThl M YKa3bIBAIOTCS CTPAHMIIbI, C KOTOPHIX OHM HAYWHAIOTCS.
3aroyioBKM  OTJIaBJIEHUS JOJDKHBI TOYHO TIOBTOPATH 3arojlOBKM B TEKCTE.
CokpamiaTe UX WM J1aBaTh B JPYrod (POpMyJIHPOBKE U MOCIEIOBATEIHLHOCTH
Heb34. Bce 3arooBKU HAUMHAIOTCS ¢ TIPOIMMCHOM OYyKBBI 0€3 TOUYKM Ha KOHIIE.
[locnenHee €I0BO KaXKIOTO 3arojioBKa COEOUHSIIOT OTTOUUEM / ............... /c
COOTBETCTBYIOIIIUM €MY HOMEPOM CTpaHUIBI B IMPABOM CTOJIOIE OTJIaBJICHUSI.
3aroyioBKM OJMHAKOBBIX CTyINEHEH pyOpuKamuu HEoOXOIWMO pacroJiaraTh JIPYT
MO IPYrOM. 3aroJOBKH Ka) 0¥ MOCIEAYIOUIENd CTyIIEHN CMENIAIOT Ha TPH - MATh
3HAKOB BIIPABO MO OTHOIIEHHUIO K 3ar0JIOBKAM MPEbIIYIIECH CTYIEHH.

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 CIOXKEHHUS: (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 (peanojaraeTcs, 4To 3HaMeHaTe U Apooei
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

Va - apudmerndeckuii KopeHs N-if CTENEHH U3

o a>0 Ma20, nelN, n>l.
quciia —? T

CsoiicTBa:

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

B uwactHOCTH, V@ - apu(MeTHIeCKUii KBaPaTHEIH

(af =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
Apugpmemuueckasn npoepeccusi

ApudmMerrueckas mporpeccus - YUCIoBast
(a

nh

IOCJIEI0BATEIBHOCTh orpesessieMast yCIOBUSIMH:
1) @ =4 2) % =% ta, el (d - pasHOCTH apudMeTHIECKO
MPOTPECCUN ).

CaoiicTBa apu(METUUECKON MPOTPECCUU:
Dyl — % = Qppn — Gy, G =

=a+d(n-1).

ax +* am+2
a?!
®opmyia N-TO YieHa:
@opMyJIbl CyMMBI N MEPBBIX YJIEHOB:
S - (al +2an)n, S - 2a, +c;(n— l)n

I'eomempuueckas npoepeccus

reOMeTpI/I‘IeCKaH IMporpecCusd - HucCjioBasa

(&)

IIOCJICA0BATCIIBHOCTD ! OHpeHeHﬁeMaﬂ YCJ'IOBI/IHMI/I:
1) E:'1 = b (b = 0)’ 2) bx+l = bxq (q = O):

reOMETPUYECKON MPOTrpecCcun).
CBolicTBa reOMETPUYECKON MPOTPECCH:
2
bx+1 erbx = bx+2 /bn+l ) b b b

n+l = P Sna2-
b =bg".
dopmyrna N-ro uieHa: 19

n=1, 2, .. (g - 3HamMmeHaTe/b

b
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(g=1)
dopMyJIBI CyMMBI N TIEPBBIX YJIEHOB ;

S =bxq—b1’ (A =b1(qx—1)
g-1 g-1
CyMMa GeCKOHEYHOM reoMEeTpUYECKON MPOTPECCUU:
b+bg+bg’ +.  =bfll-q), |a|<1.

®opMyJibl COKPALIEHHOT0 YMHOKEHUSI

a®-b* ={a-b)a+b),
a’-b* ={a- b)(e::s2 +ab+b2),
a’+b’ =(a +b)(a:1¢2 —ab+b2),
at-b* = (a—b)(a3+a2b+ab2 +b3)= (a—b)(a+b)(a2+b2),
a’-b = (c;s—b)(a::s4 +a’b+a’h? +ab3+b4),
a’+b’ = (a+b)(a4—a3b+a2b2—ab3 +b4),
a"-b" = (a—b)(a”"l +a b+ .+ ad™? +b"'1),
B gl (a+b)(a2" Ca Ty ARt 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+cf =a® +b* +c* + 2ab+ 2ac + 2bc,
(a+b-c} =a* +b* + ¢ +2ab- 2ac - 2bc,
(a+b+c+df =a’+b* +c* +d* +2ab+2ac+2ad+ 2bc+2bd + 2cd,
(a+b-c-df =a® +b* + * +d* +2ab- 2ac— 2ad - 2bc - 2bd + 2cd
a(x—a)(x—ag):axz+bx+c,
rae Xi, X2 - KOpHU KBaAPATHOT'O TPEX4JICHA ax’ + bx +c.

CBoiicTBa YHCJI0BBIX HEPABEHCTB

1) Ecnu a < b, To mpu mobom C: a + ¢ < b + c.
2)Ecma<bwuc>0,Toac<bc.

3)Ecrma<bwuc<0, 10 ac>bc.

4) Ecnu a < b, a u b ognoro 3naka, To 1/a > 1/b.
5)Ecrma<buc<d,toa+c<b+da-d<b-c.

6) Ecoma<b,c<d,a>0,b>0,c>0,d>0, Toac < hd.

2 2 . -
7) Ecnna<b,a>0’2b >20,T0a <b, a"<b (nen)
8) Eciu el <] 10 & <.



Jlorapugmsi

og,b (a>0 a=l, b>0)
- norapudm yucia b mo ocHOBaHHUIO a.
alogﬂb - b
OcHoBHOE JIorapu(MUIECKOE TOKICCTBO:

lgb 10%? = 3,

elnb — b

- IeCATUYHBIN JTorapudm (Jorapudm mo ocHoBaHuto 10):

& o .
- HaTypaJIbHBIH JIoTapudM (JTorapudm 110 OCHOBAHUIO €):
IIepexom OT OAHOTO OCHOBAHHUS K IPYroMy:

log ,b = logcb.
log, @
B wacTtHOCTH, 8,2 lga 4 ge M (

M=lge= - 04343
In10 - MOJIyJIb TIEPEX0/1a OT HATYPAIbHBIX JOTapu(dMOB K
JIECSITUYHBIM).
CaoticTBa jorapudmos (U, v >0):
log,a=1, log,1=0, log,{uv)=log, u+log,v,

logclz—log,v, logag=logau—logav,
% v
log ,u® = alog, u, logﬂ’&/zz=llogau, nelN, n=l
7

Tpuronomerpudeckue Gopmy.Jibl

Tpuronomerpuvyeckue GyHKIUU

SM &, COS &,
tga =sin Gfcosa, @#Af2+m, neZ,
ctga=cos&fsin @, @#m, nez,
seca=1lcosa, @#naf2+m, nel,
coseca=1fsina, a#+m, nel.

3HaKH TPUTOHOMETPHYECKHUX PYHKIUI

YeTeepTs Benuyuna yrna sin e COS Y tga ctg &
I 0<a<mf2 + T 1 -
I af2<a<nw + - - -
I T @< 32 - - + +
v 3nfl<ea<2n - + - -

Dopmy.Jibl IPUBEACHUSA



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 (PyHKIMI Yepe3 OHY 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 IOCHeIHUX ABYX (opMynax & #Af2+m, S=af2+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 TOCIIETHUX 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 QyHKIUM JBOWHOI0 M TPONHOI0 apryMeHTa

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



sin 3e = 3sn @—- 4sin’ @, cos3a=4cos’ a' 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
(BBIOOp 3HAKA 3aBUCHUT OT TOTO, B KAKOM YE€TBEPTH HAXOJUTCS YIOJI )
1+ cose
cos—== ,
2

st & 1-cosa

BoipaskeHue TPUroOHOMETPHYECKOH (PYHKIMHU Yepe3 TAHTeHC MOJT0OBHHHOIO
aprymeHra

o 2elef?) o 1-tg(af2)
1+tg (af2) 1+tg*(af2)’

o ) SR
1-tg*(a/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, y=f(x)]

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

I'padux pyHKIMM:

YerHas pyHKUUA:

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

[leproanueckas Gpynkuus (nepuoga “
VieX>x+weX, x-owc X . Flx+a)= f(z)

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
vxl’x2 = X’ xl <x2 :f(xl)g f(xﬁ)
®ynkius f crporo yosiBaeT (yObiBaeT) Ha MHOXKECTBE X
Vr,x, € X, x5 <x, = flx)> 1)
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Oyukuus f yObiBaeT (He Bo3pacTaeT) Ha MHOXeCTBE X
Vx,x, e X, xp<x, = flx)2 flx)
=x", a€er

b

menenHas QyHKyusl

a=2n nenN:

1.
y=x", D{f)=R, E(f)=[0, +»|.
—c0; 0
@OyHKIMS YeTHAas1, CTPOTO yObIBaeT Ha Sy CTPOr0 BO3pacTaeT
[O; +co [
Ha (puc. 2.1).

a=2n-1, neN:

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

DyHKIMS HEYETHas1, CTPOTO Bo3pacTtaeT (puc. 2.2).
&=-2n neiN:

3,
1
Y= o{f)=r\{0) E(f)=]0; +o
J-e0; 0]
OyHKIHS YeTHas!, CTPOro BO3pacTaeT Ha Y CTPOTO yOBIBaeT
J0;+of
Ha
yi :'.'rgr('ﬁ* .
| R
|1 I
N
N /'
\"\ ..H",
0 X

a&==-2n+1, ne;N:
4,
1

y=—r Dlr)=&\0), E(f)= R\0)
I

(puc. 2.4).

DyHKIMSA HEYETHAs, CTPOTO yOBIBAET Ha
5 ae’z:

y=x*, D(f)=]0, +a ], B(f)=]0, 4o
[Tpu Hekoropbix & D(f) u E(f) moryr ObITh 1mIHpeE.



¥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= %% (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
Oyukuus HeueTHas. [lepron @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 NpPoOU3BOIHOIM

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 QyHKIMU

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
ABJISIETCS] TOUYKOH JIOKAJIbHOTO SKCTPEMYyMa.

II Mpasuio. [Tycts f nBakaer nuddepennupyema 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 MAaKCUMYyMa.

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 orpeneneHa B HEKOTOPOH OKPECTHOCTH TOYKH Xo,
HETPepbIBHA B TOUKE Xg M KIMEET B ATOH TOYKE KOHCUHYIO MIIH OCCKOHCUHYTO
npou3BoaHyt0. Eciin ipu mepexojie yepes Touky Xo pynkmms f menser
HaIpaBJICHUE BBITYKJIOCTH, TO Xo HA3bIBAIOT TOYKOH mnepernda ¢pyHkium f, a
TouKYy (Xo; f(Xo)) - Toukoit mepernba rpaduka pynkuu f. I'padux pyHKITHH
MIEPEXOJIUT C OJHON CTOPOHBI KacaTeJIbHOM, TpoBeIcHHOU 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 Gpyukiuu f Ha npomexxytke | HaspiBaeTcs pynkius 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"
PexypentHas 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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