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AHHOMAUUSL

YpoK aaredbpbl peKoMeHIoBaH Aasa yuaruxcss 10 Kaacca,
OOyYaroIINUXCs 110 YIYEOHUKY

«AATeOpa U MaTeMaTU4deCKUN aHaAHU3»

A YTAYOA€HHOTO U3y4eHUsI MaTeMaTHUKHU
B 00111e00pa30BaTEABHBIX YUPEKIECHUIX

aBTOopoB H. 4. Buaenkun, O. C. UBamieB-Mycatos, C. U. [IIBapudyp.

[IporpamMmma cOOTBETCTBYET 00s13aTEABHOMY MUHHUMYMY CPEIHEro (ITOAHOTO)
ob1iero obpazoBanus. [Ipukas NoeS6 ot 30. 06. 1999r.

N3narearctBOo MHEMOS3HWHA
Mocksa 2005



AKmyasibHOCMb

[1aHHasa TeMa SABNSAETCHA OYeHb BaXXHOM
M 3Ha4YMMOM, T. K. B maTtepuanax EINd
bonbluoe BHUMaHue yvaensieTcs
3aJaHnAaAM, CBA3aHHbIM C UccnegoBaHNEM
yHKUMM C nomowbi rpadgpuka, cC
NOCTPOEHUuem rpacdhuka 3aJaHHOWU

byHKLUUN.

ycnewHoe wu3y4vyeHMe I3TON TeMbl
NOMOXeT BaMm XOpoLlo cAaatb
rocyaapCTBeHHbIU 3K3aMeH no

| W e e of a S VW EL JAFVERETVST Y



Tun yporxa

YPOK 3aKpENACHUId U3YYEHHOT'O
MaTepuasa B PopMe CaMOCTOATEALHOM
TPYIIIIOBOM pabOThI [0 KapTodKaM

ObopydosaHue: "‘J
Smart-gockKa; L—__—__—M_-m
CkaHep; O

I[lepcoHaABHBINM KOMIIBIOTED;
] KapToyka c 3agaHuEM Ha KaxKI0M IIapTe.



Llenu ypora

° ﬂAH VAUTCAA
* ﬂAﬂ VAEHH KA




Llenu yporxa

¢ O0OOIIUTE U 3aKPENUTh CBOU 3HAHUL U
YMEHHS IIPU IIOCTPOEHUHU rpadpuka
YHKIIUHN C IIOMOIIBIO €€ UCCAECIOBAHUSI.

* [Tpumenuts (MKT) HOBBIE HH(POPMAITOHHBIE
TEXHOAOTHUHU [ASI IIPOBEPKU PEIYABTATOB

IIOCTPOEHHS C IIOMOIIBIO IIPOrPaMMBI
MathCAD

« BocrmuThiBaTh Takue KadecTBa ANY9HOCTH,
KaK ITO3HaBaATC€EAbBHAAd aKTHUBHOCTD,
CaMOCTOATEABHOCTD, VIIOPCTBO B

IIOCTUZKEHUU I1EAU -




Llenu ypora

 CucremMatusupoBaTh, O000OHIUTHE U PaACHIUPUTDH
3HAHHUS ¥ YMEHUHS yJalluxcd IIPU IIOCTPOEHHU
rpadpuKoB PYHKITHUH.

 PazBuBaTh yMeHHd HabAlOgaTh, CpPaBHUBATD,
0000IIIaTh M aHaAu3UupoBaTh MaTeMaTUdYeCKUe
cutyanuu c ucrnoab3oBaHuem HMKT u nporpammbl

MathCAD.

* BocmuThIBaTh TaKHWE KadecTBa AHWYHOCTU, Kak
I[I03HABaTEABHAd AKTHUBHOCTBb, CaMOCTOATEABHOCTD,
YIIOPCTBO B AOCTHUXKEHUU IIEAU, KOMMYHUKATHUBHYIO
U  UHPOPMAIMOHHYIO  KYABTYPY. [ToOy>kmaTh
YVUYEHUKOB K CaAMOKOHTPOAIO, B3aUMOKOHTPOAI U
caMOaHaAN3y CBOEU NEATEALHOCTH.



Baodauu ypoka

dopMUpOBaTh YCTOWYHUBBINM HHTEPEC K
MaTeMaTHUKE 4depe3 nuddepeHIIUPOBAHHBIN
II0AXOd K YUaIIIMCH.

BoBAekaTh KaxXa0ro y4deHHKa B IIPOIIECC
AKTUBHOI'O VYEHUS 4Yepe3 UHTEPaAKTUBHbBIE
METOIbl OOYYIEeHHUS.

PaszBuBaTh I1103HaABaATEABHBINM HHTEPEC,
rpa@UYeCcKyI0 KYABTYPY, KYABTYPY PEYH,
[IaMdaTh, CAMOCTOATEABHOCTE MBIIIIAECHU.




CooepokaHue ypoka

. BBoaoHag becena.
. YcTHas paborTa.

CamocTtogaTenbHas paboTa B rpynnax.

. ObobLueHue.

Tor.

. \cTopunyeckaa cnpaBka.
. Pedbniekcus.




Beooras 6eceoa

Ha ypoke Mbl [OOSMKHbl 3aKpenutb W
0000OLWNTE CBOM 3HAHUA U YMEHUA MpPU

NMOCTPOEHUN rpadPumka PYHKLUUN C MOMOLLbIO
Nnpon3BoaHON U yoeanTbCs B NpaBuMIilbHOCTH

CBOEro NoCTPOEeHMA C NOMOLLbIO NporpamMmmbl
I\/IathCA.




Yemnast paboma

Baoaual. Ilo rpadwmky dyHKIUHU Yy=f(x),
HN300pa>KEHHOMY Ha PHCYHKE, OIIPEIEAUTD
TOYKHU, B KOTOPHIX:

— IIpou3zBomHad PyHKIINU
HE CYILIECTBYET:
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Yemnast paboma

Badaual. Ilo rpadmky OQYHKIUH Y=f(x),
HN300pasKeHHOMY Ha PUHCYHKE, OIPEIeAUTh
TOYKU, B KOTOPBIX:

— IIpousBoaHass QyHKIIUHU
oOpalaeTcs B HOAb:

ex=b, x=d:
*X=C, X=a:

I

S ESRWA=—e. ¢ = d: |
 x = e, i
|

I

|

|
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Yemuas paboma

Badaual. Ilo rpaduky dyHKIIMU Yy=f(x),
H300pakeHHOMY Ha PUCYHKE, OIIPEIEAUTD:

— Touku Mmakcumyma vy
HYHKIIHUN:

X =e;
°x = b;

ex =Db, X = e:
‘Hem mouekx
MAKCUMYMA.




Yemuas paboma

Sadaual. Ilo rpadwuky dyHKIUHU y=f(x),
H300paskeHHOMY Ha PUCYHKE, OIIPEAEAUTD:

— IIPOMEXKYTKH Ae
yOobIiBaHUA PQYHKIIUH:

* [b:d] u [e;+=);
* (0:b] u [d:e].




Yemnast paboma

Sadaual. Ilo rpadwuky dyHKIUHU y=f(x),
H300paskeHHOMY Ha PUCYHKE, OIIPEAEAUTD:

— IIpomexxyTKHU
BO3pacTaHus PYHKIUU:

* [b:d] u [e;+=);

* (0:b] u [d:e].




Omiaiuuro!

[lanee




IHooymau ewié!
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Omiaiuuro!
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Omiaiuuro!

[lanee




IHooymau ewié!

{f




Yemuas paboma

Badaua2. Ha pucyHke n300pakeH rpaduk

IIPOU3BOAHON  (QYHKIIUU
IIPOMEXKYTKE (-5;06).

CKOABKO 3KCTPEMYMOB v ]

nMeeT PYHKIHSA Ha 3TOM
IIPOMEKYTKE?

y=f(x)

Ha

I paBUABHBIN OTBET

A
/1\
2 5

6 X



I IpasusibHbLUL omeem

o

&




Yemuas paboma

3aoaua2. Ha pucyHke n3obdpazkeH rpaduk
IIPONU3BOAHOM (PYHKIIUHU Y=f(x) Ha
IIPOMEXKYTKE (-9;0).

y A
-Ha3BaTb [IPOMEKYTKU

BO3pacTaHus PYHKIIUU:

° [—1,2] H [5,6) 5 -1 '

¢ [3;6) u [-2;1] , 2 —
° (—5,—4] N
I IpaBUABHBIN OTBET i




I IpasusibHbLUL omeem

-1;2] u [5;6)

8




Yemuas paboma

Ha prucyHnke n3o0paxeH rpapuk
IIPONU3BOAHON (PYHKIIUHU Y=f(x) Ha
IIPOMEXKYTKE (-9;0).

y A
HaszBaTp IpoOMeXRKYTKHU

yObIBaHUS (PYHKITHU:

° [—1,2] H [5,6) 5 1 '

¢ [3;6) u [-2;1] , 2 —
* (-55-1] m [2;3] N
I IpaBUABHBIN OTBET i




I IpasusibHbLUL omeem

(-9;-1] u [2;5]

8




Yemuas paboma

3aoaua 2. Ha pucyHKe H300pakeH
rpadouK MMPOU3BOAHOU PYHKIIMM yY=f(x) Ha
IIPOMEKYTKE (-9;0).

y A
-IIOCTPOUTH 3CKU3 rpaduka

dyHKIIUH:

[IpoBeps cebd




OcKkus epagura pyHruuu y=f(x)




Yemnast paboma

Sadaua3. HaiTm acuMIIToThl rpaduka
DOYHKITUU

R
Y = x-2)?
3

¥
\"— "
h x“+9

[IpoBeps cebd




Omeem

X=2 — BEpTUKAAbHAad aCUMIITOTa
y=X — HAaKAOHHAasl aCuUMIITOTa




CamocmosimesibHas pa6oma yuauwluxcs

Kaacc geantcd Ha 3 rpynnbl. Kaxkaas rpynmna
y4almxcd I[IOAyYaeT 3aJaHue Ha KapTO4YKe.

[lepBadg rpyrmna — 3agaHue 6a30BOT0 YPOBHSI.
Bropasda rpymnmna — 3amagrie OCHOBHOI'O YPOBHSI.
Tpethd rpymma — 3agaHue MPOABUHYTOTO YPOBHH.

3aodaHue: Hccnedosamsb hyHKUUIO C NOMOULBIO
NpouU3800HOU U NOCMpPouUms ee 2papux.

HccaegoBaB PyHKIIUIO C IIOMOIIBIO ITPOU3BOTHON U
IIOCTPOUB ee Ir'padprK Ha AUCTE OyMaru, yJaliuecs
CKaHUPYIOT CBOIO pabOTy U COXPaHSIOT ee Ha Smart —
JIOCKE.

OCYVIIECTBALIOT CAMOIIPOBEPKY C IIOMOIIBIO

rnporpaMmbl MathCAD.
YpoBHU



YpoeHu

0a30BbLIY YPOBEHD

OCHOBHOU YVPOBEHL
IPOABUHYTHIN VPOBEHD




BaoaHue 2pynne 1

Ba30BbIN1 YPOBEHE:

HccaemoBaTh PYHKITUIO U
[IOCTPOUTH €€ rpadHukK

y=X4—8}£2

Ha3zan CnpaBka [IpoBepn cebd




Hazan

BaodaHue 2pynne 2

OCHOBHOHU YPOBEHB:

HMccaenoBaTh C

OYHKIIUIO U

IIOCTPOUTH €€ rpaduk

y =3x’

—5x°

CopaBka [IpoBeps cebd




BaoaHue 2pynne 3

[IpoaBHUHYTBIN YPOBEHB:

HccaemoBaTh PYHKIIUIO U
IIOCTPOUTH €€ IrpaduK

4

X

Yy = x -

Ha3zan CopaBka IIpoBeph cebsa




Bcnomrume naiar uccneoosaHusi:

1.06aacTh onrpeneAeHUsT PyHKIIUH.
2.MHOXXeCTBO 3Ha4YEeHUU (PYHKIIUU.
3.HETHOCTS.

4.1leprnoAUYHOCTS.

S.IlepBag mpousBoaHAS: [0 HEW OIIPENEATIOTCH
y9aCTKH MOHOTOHHOCTH M TOYKHU
SKCTpPEMyMA.

6.BTopad nmpon3BoaHAadA: 10 HEW OIIPEAEATIOTCH
y49aCTKU BBIIIYKAOCTU U BOTHYTOCTH U TOYKH
reperuoa.

7. TouyKHU repecedyeHus: C OCSIMU KOOPAHUHAT.
8.TabaAnuila 3HaYEeHUHA.

Hazan



Bcnomrume naiar uccneoosaHusi:

1.06aacTh onrpeneAeHUsT PyHKIIUH.
2.MHOXXeCTBO 3Ha4YEeHUU (PYHKIIUU.
3.HETHOCTS.

4.1leprnoAUYHOCTS.

S.IlepBag mpousBoaHAS: [0 HEW OIIPENEATIOTCH
y9aCTKH MOHOTOHHOCTH M TOYKHU
SKCTpPEMyMA.

6.BTopad nmpon3BoaHAadA: 10 HEW OIIPEAEATIOTCH
y49aCTKU BBIIIYKAOCTU U BOTHYTOCTH U TOYKH
reperuoa.

7. TouyKHU repecedyeHus: C OCSIMU KOOPAHUHAT.
8.TabaAnuila 3HaYEeHUHA.

Hazan



Bcnomrume naiar uccneoosaHusi:

1.06aacTh onrpeneAeHUsT PyHKIIUH.
2.MHOXXeCTBO 3Ha4YEeHUU (PYHKIIUU.
3.HETHOCTS.

4.1leprnoAUYHOCTS.

S.IlepBag mpousBoaHAS: [0 HEW OIIPENEATIOTCH
y9aCTKH MOHOTOHHOCTH M TOYKHU
SKCTpPEMyMA.

6.BTopad nmpon3BoaHAadA: 10 HEW OIIPEAEATIOTCH
y49aCTKU BBIIIYKAOCTU U BOTHYTOCTH U TOYKH
reperuoa.

7. TouyKHU repecedyeHus: C OCSIMU KOOPAHUHAT.
8.TabaAnuila 3HaYEeHUHA.

Hazan



IIposepo cebst

3amMmedyaeM, 4TO PYHKIHS Ye€THAd U €€ rpadpuK CUMMETPHUYEH OCH
OY, mocraTo4yHO HUCCAemOBaTh €€ Ha uHTepBaase oT 0 go +« .

[laHHble UCCAEJOBAHUS 3aHOCUM B TaOAUILY:

x (<0, -2) -2 (-2, 0) 0 (0, 2) 2 (2, +0)
f ) - 0 + 0 - 0 +
f(x) yOBIBaeT -16 BO3pacTaetr 0 yoeIBaeT -16  BO3pacraer



4 2
X —8xX

[TocMoTpUTE B

MathCAD(e).




5 3
y=3x —5x
/JlononiHumenvHoe 3adaHue:

Omeemumao, UCNONL3YSL 2paUK, HA
i gonpocewtl:
1. CrotbKo KpumuuecKkux mouexk umeem
o pyHKYuUsL ?
2. Yemy pasHa mouka mMuHumyma ?
T 3. Yemy pageH MUHUMYM pyHKUUU ?
4. Yemy pasrHa mouxka maKcumyma ?
| | | | 5. Yemy paseH maxcumym pyHKyuu ?
7l 7l 0 1 2 6. Ilpu KaKxom HaumeHbUWemM HamypailbHOM
3HaueHUU a ypasHeHue f(x)=a umeem o0HO
peweHue ?
7. Ilpu kKaxom HaubobUEeM YesloM
R 3HAUEHUU a 9MOo YypasHeHue umeem 3
peweHust ?
ER 8. Ilpu Kaxux sHaueHuslx a ypasHeHue
umeem 2 peweHust ?
9. Ecmb 2iu 3HaueHuUst a, npu Komopwvlx
ypasHeHue He umeem KopHeu ?

[locmoTpuUTE B
MathCAD(e). OTBEeTLI:




-4

y =3x" —5x

/JlononHumesibHoe 3a0aHue:

Omeemums, UCNONbL3YS 2papuKr, Ha
80NpocwL:

1. CrobKo Kpumuueckux mouexk umeem
pyHryust ? (3)

2. Yemy pasHa mouka muHumyma ? (1)

3. Yemy paseH muHumym pyHryuu ? (- 2 )
4. Yemy pasra mouxka maxcumyma ? (- 1)
5. Yemy paser maxcumym pyHkuyuu ? (2 )
6. IIpu KaKom HaumeHbuLeMm HaAamypastbHOM
3HauUeHUU a ypasHeHue f(x)=a umeem o0HO
peweHue ? (a =3 )

7. Ilpu kaxom HaubonbuLem yeiom
3HaueHuu a smo ypasHeHue umeem 3
peweHust ? (a = 1)

8. IIpu KaKux 3HaueHUs1x a ypasHeHue
umeem 2 pewerHust ? (-2 u 2)

9. Ecmb iU 3HauUeHus a, npu Komopvlx
ypasHeHue He umeem KopHeu ? ( Hem )




[locmoTpute B
MathCAD(e).

—_ W RE LN OO
—tt 1

: o : : o |
x 5.4 3 72 1 o123 45

X

/JlononHumenvHoe 3a0aHUue:

OTBETHUTH 110 TpadUKy Ha BOIIPOC:
«CKOABKO PEIIEHHUN UMEET YPaAaBHEHUE V = a B

3aBUCUMOCTH OT IIapaMeTpa a ?»
OTBer



Omeem:

Ecau a = £ 4, TO ODHO PEIIIEHUE.
Ecam |a| > 4, To aBa peleHud.
Ecau -4<a<4, TO HET PELIEHUH.




Obobwerue

0 TI'paduru PyHKIIUNE MOKHO CTPOUTE «II0 TOUKAMD».

OaHaKOo IMIPU TAaKOM CIIOCO0O€ ITOCTPOEHUS MOXKHO
IIPOIIYCTUTh BaxKHbIE OCOOEHHOCTH I'padHuKa.

0 MoxXHO CTpOUTh I'paduK PYHKIIUU C [IOMOIIIBIO
IIpeoOpazoBaHU:

* cABUra NpgdMOM Ha a €OQUHUII;

* pacTdxXeHus nmpsamor oT Todku O ¢ KoadduiimeHrom Kk;
* LIEHTPAABHOM CUMMETPHUHU OTHOCUTEABHO TOYKHU O;

* CUMMETPHHU OTHOCHUTEABHO OCH aOCIIMCC U OCU OpAUHAT.

0 A MOXHO CTPOUTH I'padUK METOOM HCCAEIOBAHULI
JYHKIIUU C ITIOMOIIBIO IIPONU3BOIHOM.

XoI ypoka anee



Hmoe

MeToapl MaTeMaTU4YECKOI0 aHaAU3a [T03BOALIOT
CTPOUTH AOCTATOYHO TOYHBIN rpadpuK 3adaHHOU
YHKIINH, ECAU TOABKO yAAETCHA XOPOIIIO U3YYUTH
CBOMCTBA 3TON PYHKIIUH.

BoT uT0o cka3zaa [leKapT 10 IIOBOAY METOI0B:

«[Tog MmeTomOM 3Ke g pa3yMeEl0 TOYHBbIE U ITPOCTHIE
IIpaBUAa, CTPOTOE CODAIO/IEHHE KOTOPHIX BCETIA
MIPENSITCTBYET IMIPUHATHUIO AOXKHOTO 3a UCTUHHOE, U 6e3
U3AUIITHEN TpaThbl YMCTBEHHBIX CHUAAX, HO ITOCTEIIEHHO U
HEIIPEPHIBHO YBEAMYUBad 3HaHU, CIIOCOOCTBYET TOMY, YTO

YM JOCTHUIra€T HCTHHHOTIO ITO3HAaHHUA BCETO, 9YTO AJOCTYIIHO.»

AA€C



Hcmopuueckast cnpaska

MaremaTHKka pasBuBasaCh CTPEMHUTEABHO, HO 0e3 MMOHATUS ITPOU3BOIHOM
MHOTHE HCCAEIOBAaHUS HE UMEAU CMBICAA.

B 1679 roay Ileep Pepma HaxoauA SKCTPEMYMBI (PYHKIIUH, KacaTEABHEBIE,
HauOOABIIINE U HAaUMEHBIITIHE 3HadyeHnusd PyHKIMH. Ho B cBoUX 3amucax
OH HCIIOAB30BaA CAOXKHEMIIIYIO CUMBOAUKY Buera, U moaTomMmy 3THU
HCCAEIOBaHUA HE IIPUBEAU K CO3MAaHUIO TEOPUU UHTETPAABHBIX U
andpepeHITNaAbHbIX HCYUCACHUH.

B 1736 rony Ucaak HpIOTOH MOAYYHA TEOPUIO UHTETPAABHBIX U
A pepPEHITNAABHBIX HCYUCACHUN MeTOA0M (PAIOKCUM (ITPOU3BOAHbBIX).
Ho Bcsa Teopuda Obina OCMBICAEHA C TOYKH 3peHHUs PU3nKU. MaTeMaTuKu
XOTEAH CTPOTHUX AOTHUYECKHUX 000CHOBaHUH.

CoBpeMeHHUK HbioToHa AeHOHUIL ITPEeaAOKUA HOBBIM ITOAXO0/ K
MaTeMaTudeckomy aHaauidy. OH BBEA oO0o3HaueHUusa audpdepeHIirasa,
UHTerpasa, pPyHKIIUY, TaKUe IIOHATUA KaK opuHaTa, abciiyucca,
KoopauHaTa. Ho B ero Teopuu ObIAO MHOTO “TéMHBIX MECT.

W BoT B 18 Beke BeAMYaHIlInk MaTeMaTUK /AeoHapa OUAEP CO3MaA TEOPHUIO
auddepeHITUaAbHBIX U HHTErPaAbHBIX HCUUCAEHUM, MU B TaKOM BHJIE OHA

U3y4YaeTCd U I10 CEUN [EHB.
XoI ypoka anee



Pedchnexcust

OTBeTHB Ha BOITPOCEI, OI€EHHUTE CBOHU YMCHHA.

Hccaenyss yHKIIHIO C IIOMOIIBIO ITPOU3BOIHOM, S

NSNS KKX

Hay4YHACS HAXOOUTH :

Ob6aacTh onpeneseHUd PYHKITUH;

OnpeneAadaTs YETHOCTh PYHKITUH;

KpuTHu4yecKue TOYKU U BBIIEASITh U3 HUX TOYKHU
SKCTPEMYMA;

[IpoMeXKyTKHM MOHOTOHHOCTH (PYHKIINH;

Touku nmeperuda;

[IpoMeKyTKHU BBIIIYKAOCTH,;

Ctpoutpk rpaduKk PyHKIIUU



Cnacubo 3a ypok

[lo cBunanusall!
Yonadu Bam!!!
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