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Pabora Ne 1
OO01masi XapakTepUCTHKA Ta0JIMYHOro npoueccopa MS Excel

Tabmuunerii  nporneccop MS  Excel mnpennasznaven st
pelieHrss MHOTO(QYHKITMOHATBHBIX 3aa4 00pabOTKU Pa3sHOTHUITHON
nH(pOpMallUM C TPUMEHEHHEM MHOXKECTBAa HHCTPYMEHTAJIbHBIX
CPEICTB M BCTPOCHHBIX (PYHKLIUH.

OOpaboTka OCYIICCTBISICTCS B O3JIEKTPOHHON TaOIMYHOM
KHHUTE OOJBIIONH pPa3MEPHOCTH. B KIETKHM KHHUTH 3alMCHIBAIOTCS
UCXOJHbIC JaHHBIC MPUKIAJAHON 3aladyd, a Takke (HOpMYJbHbBIE
3aBUCHUMOCTH, OOECIEUMBAIONINE BBIUMCICHHE  PE3YJbTATOB.
Pesynbrathl pemenus popMupyroTcst Ha Mecte 3anucu ¢popmyi. [1o
KEJIAHUI0 OHU MOTYT OBITh TPOMJUTIOCTPUPOBaHEL. [Ipu n3MeHeHnn
UCXOJHBIX JIaHHBIX aBTOMATHYECKH BBIMONHSIETCA TMEpecueT
pE3yNbTAaTOB, W3MEHSETCS BUJA IMOCTPOEHHBIX TpaduKoOB U
JarpaMM.

[IpumepHBIi BUT OKHA TaOIMYHOTO MPOLIECCOPa C ONMUCAHUEM

€Tro 3JICMCHTOB IIOKA3aH Ha pHC. 1.
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Puc. 1. DnemenTsl okHa Excel

DJeKTpOHHAs KHUTa, B 3aBUCUMOCTH OT BEpCHH IPOLeccopa,
M0 YMOJTYAHHUIO COCTOUT M3 OJJHOTO WJIM TPEX JJICKTPOHHBIX JINCTOB
(MakCUMAaIbHO BO3MOKHOE KOJTMYECTBO JHCTOB — 65535 (21°-1),
3aBUCUT OT oObema onepatuBHOM mamsatu I1K). Kaxnsiit muct
KHUTH — COBOKYIHOCThH KJIETOK (sueek), oOpa3oBaHHbIX 16 384
cron6uamu (214) u 1 048 576 crpokamu (22%). CTon6IB IMEHYIOTCS
natuHckumu OykBamu (oT A no XFD, ctpokm — mudpamu. IT0
ITO3BOJISIET aApecoBaTh ssueiku. Harpumep, neBas BepxHss syenka
mucta umeert ajapec Al, npaas HuxHss — XFD1048576.

OpnHa u3 syeek JIMcTa — akTUBHAs. B 3Ty siueliky 3anmuchiBaeTCs
uH(popMalysg, KOTOpYyl0 HaOWparoT Ha KiIaBHAaType WIM Iocie
BBITIOJTHEHHS OTepaly BCTaBKU. JIJis BbIOOpa aKTHBHOM sSUYEHKH

HUCIOJIB3YIOT JICBYIO KHOIIKY MbIIIKW WKW KIIABHUIIU TICPEMCHICHUA



Kypcopa. BeicTpblii mepexos B T00YIO sUEHKY JTUCTa KHUTH MOXKET
OBITH BBIMIOJIHEH KOMaHIaMU:

OyHkimoHanpHas kinasuia [F5] — B none Cebiika BBeCTH
anpec siyeriku — OK

CopepxUMOe aKTUBHOM SYEHKH OTOOpa)kaeTcsi B CTPOKE
(dhopMyI1. DTO IO3BOJISET MPOCMATPUBATH MHPOPMAITUIO, BBEICHHYIO
B sueiiky (oco0eHHO ¢ mnpuMeHeHueM ¢Gopmyn), a mpH
HE0OXOJIMMOCTH — €€ KOPPEKTUPOBATbD.

JlaHHbBIE MO’KHO BBOJIUTH HE TOJIBKO B aKTUBHYIO STYEHKY, HO U
B MAacCHUBbl KIETOK — JHuamna3oHbl. Bpiensior cmedrcnvle u
HecMmedicHble TMana3oHbl (pacrojararoTcs Ha OJHOM JIMCTE) U
mpexmepHvle (3aHUMAIOIINE HA HECKOJIBKHX JINCTaX OJHO M TO K€
MECTO).

Ha nucrte auama3oHbl syeek BBIACNAIOTCS IEpEeMEleHUEM
MBIIIM TPU HaKaTOW €€ JIEBOM KHOMKe (WIM NpU YACpKUBAHUU
knaBuiny [Shift] 1 HaXkaTUM Ha KIaBUMILIHM MEPEMEIIEHUs Kypcopa).
Jns  BelOOpa  HECMEXHBIX  JMANa30HOB  JIOMOJIHUTENBHO
yaepxkuBatoT knaBuiny [Ctrl]. nst BbIACNEHHUS TPEXMEPHOTO
Jrana3oHa MpeABapUTENbHO BBIACISAIOT HECKOIBKO JIMCTOB KHUTH,
BBINOJIHUB IIETYKU JIEBOM KHOMKOW MBIIIN O SIPJIBIYKAM JINCTOB
npu yaepxuaemoil kinasute [Ctrl].

[Ipu 3anmcu agpecoB AMANa30HOB YKa3bIBAIOT aJpec JEBOM

BEpXHEN AYEHKH U agpec NPAaBOW HWKHEH SYEHKH, pas3iess UX



JNBOETOYMEM. ['pyINmbl HECMEXKHBIX SYEEK pa3HENSOT TOYKOU C
3anaroi (puc.2).

BBox wuHpopmanuu B aKTHBHYIO SU€HKy 3aBepIlaeTcs
HaxaTueM kiaBuiy [Enter| (uiu Ki1aBuIln nepeMenieHnus Kypcopa).
B cmexHbIll [uana3oH (a Takke 4acTb HECMEKHOI'O Juana3zoHa C
aKTUBHOM A4eiiKkoil) BBOJ JaHHBIX BO BCE SYEHKU OJHOBPEMEHHO
¢ukcupyercs: komOuHanuei knasuul [Ctrl+Shift+Enter].

MakcumanbHbIi 00beM JaHHBIX, KOTOPBIM MOXKET OBITh
BBEJIEH B KXKIYIO U3 sueek KHUrd — 32 767 (21°-1) Gaiit (cuMBOIIOB)
[IpaBna, oToOpaskeHbl B silu€iKE MOTYT HE BCE CUMBOJIBL: OJHA W3
NPUYNH — OTPAaHUYCHHOCTh BUIMMON IIUPUHBI CTONIONA U HATHYUE
JAHHBIX B sueiike copaBa. J[a B 3TOM M HET HEOOXOJUMOCTHU:
IIPUHLIMII CTPYKTYPUPOBAHHOTO 3aII0JHEHMS JaHHBIX NIPEATIONAracT
B OTHENbHBIE SYEWKM IOMEIATh TOJBKO B3aWMOCBSA3aHHBIE,
JKEJNATeJIbHO HEAENMMBIE JIaHHbBIE, IIPUHAJUIe)KAIUE K JIBYM
KaTeropusiM — 3nauenue Ui gopmyna (puc.3).

[Ipu3nakoM BBOAa (GopMyJbl SBISETCS yKa3blBaeMbId B
Hayajie 3HaK = (paBHO), 3a KOTOPBIM CIEIYET GulpajxceHue —
COBOKYITHOCTb 0NEpaH006, CBSI3aHHBIX MeEXAy CO0O0W 3HaKamMu
mamemamuyeckux onepayuu. I1opsIok BbIUUCIEHUN B Qopmyie
OIIpeJIeNIAeTCsl €e MaTeMaTH4YecKOW 3amMchio (CleBa Hampaso), a
TaKXKe€ C YUYETOM npuopumemos yKa3aHHbIX B Hel omepauuid. [Tpu
HEOOXOIMMOCTH H3MEHEHMsI TO0CJIeI0BaTeIbHOCTH  00pabOTKH

JTAHHBIX B (JOPMYJIE UCTIONB3YIOTCS KPYTJIble CKOOKH.



[lo oxoHuanuu BBojma GoOpMyJIBl B sUCiike cpazy xKe
oroOpaxkaeTcsi ee pe3yinbTaT — JaHHOE, IPEACTABICHHOE B BHUJIE
yycna, 0amsl, MeKCma, 102UYecKo20 3HayeHus WIh coodweHus oo
owudxe. Cama popmyna Oyaer BHAHA TOJIBKO B CTPOKE (GOpMYI
[1OCJI€ BBIJEIEHUS] COOTBETCTBYIOIIEH SYEHKHU.

BBeneHHBINM B Y€Ky TEKCT BBIPABHUBACTCS IO €€ JIEBOMU
IpaHulle, PaBUIbHO BOCIPUHSATHIE JAaHHBIE APYTUX THUIIOB — IO
MpaBoii rpaHuile. DTO MpOCTeiiliee MPaBUIO MO3BONISIET U30€kKATh
oIMOO0K, KOTJja U3-3a KaKUX-TO MOTPEIIHOCTeH yka3aHus (opmara,
BBEJICHHBIE JIaHHbIE (Yncia, GOpMYJibl, AAThl U BPEMS, JIOTUYECKUE

3HAYEHUS) UIECHTUPUIUPYIOTCS KaK TEKCT.
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Puc. 3. Tuns! nanasix Excel
B dopmymax agpeca sueek MOTYT YyKa3bIBaThCsl Kak
OTHOCUTENbHBIE, TaK U a0COMOTHBIE. PaHee 1Mo TeKCTy yKa3bhIBAIUCh
OTHOCHUTEIBHBIC aJ[peca sYeeK U UX JIUAra30HOB.
I[Ipu komupoBanuu (HOpMynT OTHOCUTENBbHBIE —ajapeca
COOTBETCTBYIOIIMM 00pa3oM H3MEHSIOTCS; a0CONIOTHBIE ajapeca

OCTar0TCs HCU3MCHHBIMU.




XapakTepHbIM TPU3HAKOM a0COJIOTHOTO aJpeca SIBISIFOTCS
3Haku $ mepen MMeHamu CToOJIONOB M cTpok. Hampumep, $A$1 u
$XFD$1048576 — cOOTBETCTBEHHO aOCOJIIOTHBIC ajapeca MepBOM
(teBoii  BepxHeW) U TmocienHed (IpaBOM  HWIKHEH) sUeeK
AJIEKTPOHHOTO JIUCTA.

AOGcooTHBIE apeca MOTYT OBITh HEMOCPEICTBEHHO HaOpaHbl
C KJIaBHATypbl 1100 mpeoOpa3oBaHbl U3 OTHOCUTEIBHBIX aJPECOB
MOCJIe UX BBIACNEHUS U HaKaTUs (pyHKUMOHAIBbHOM KinaBuiu [F4].
IIpu npeoOpa3oBaHuM cieAyeT ObITh BHUMATEIBHBIM: MOBTOPHOE
Haxatue [F4] Moxer cienate ajgpec CHOBa OTHOCHTEIIBHBIM JINOO
CMEIIaHHbIM, KOTJa, Hampumep, 3aUKCUPOBAH TOIBKO CTOJOEL
i Toabko ctpoka: $D4, G$5:F$8.

AGComIOTHYIO aapecannio B (opMmynax o0ecrieunBaeT TaKxKe
MPUMEHCHHE WMEH S9YeeK W WX JUana3oHoB. VIMEHa JTOJKHBI
HAYMHATHCS ¢ OYKBBI WMJIM 3HAKa TOIUCPKHUBAHHS, HE COICPIKATH
MPOOENIOB U CTIEUATBHBIX 3HAKOB (MCKIIOUEHUE — HU(PBI U TOUKH)
1 OBITh YHUKAIBHBIMHU B TIpeJieax JIeKTPOHHON KHUTH.

OnuH U3 CrIOCOOOB MPUCBOCHUS UMEH STYCHKAM:

Breinenuts sueiiky nin nuana3oH — OTKpPBITh MEHIO
IIETYKOM MPaBoi KHOMKH MbIin — Komanna [Ipuceoums
ums...— Beectu umst — OK

[Ipu ykazaHuw B BBIPOKEHUSX QIPECHBIX CCHUIOK Ha SYCHKHU
JPYTUX JIMCTOB WM KHUT ((ailioB KHUT) aJpec NOMOIHSIETCS UX

HMCHAMH, HAIIPUMCEP:



[Kaura2]Jluct4!GS:L10
[Otuer]KBapran 1!$A$5:32$129

Ecnu nMeHa JIMCTOB MIIM KHHT CoJiepKat MpoOeIbl, TO Kakue
MMEHA 00paMIIIOTCS anocTpohaMu:

'[Kuwura 1]JTuct 3’ !1SE$8 ‘[KBapTasibHbII
oruet]Pumuan 3’!1$D$2:$K$120

Bo m3bexanue ommnOOK mpu (GOPMHUPOBAHUHU BBIPAKECHUN C
MMEHAMH HMEHA HE BBOJAT C KJIABHATYphl, a BBIICISIIOT B
JIEKTPOHHOW KHHUI'€ COOTBETCTBYIOIIME SYCHKU WM JIMANa3OHBI,
YTO CYIIECTBEHHO oOsieryaeT mpoiecc. CaMu MMeHa TMOSBIIAIOTCS B

BBIPAKCHUAX.

Bo3moxknocTr opMAaTHPOBAHUSA IJTEKTPOHHBIX TA0JIMI

Omneparuu hopMaTUPOBAHUS MPECTABUM CXEMATUYHO.
e ll3MmeHeHune MIUPHUHBI CTONOIA MyTEM 3axXBaTa T'PAHHUIIBI
MEXy HAUMEHOBaHUSIMHU CTOJIONOB (puc. 4).
E4 - j 2

Wwpwuna: 14,00 (103 nukcens)
A B C D E F G

P La PO | =

1

on LA

Puc. 4. YBenuuenue mupussl ctosbua E
Jlis BBIpaBHUBaHUsS IMIUPHHBI HECKOJBKUX CTOJNOIOB HUX

CJICOAYCT BBIACIUTE U UBMCHUTH I'PAHUIY OTHOI'O U3 HUX.



e lI3MeHeHME BBICOTHI CTPOK BBIMOJHSIETCS IO aHAJIOTUU
(puc. 5).

e Jlns BelpaBHUBaHUSA MHGOPMAIUU B BBIJICTICHHBIX STYEHKaX
MO>XKHO BOCIIOJIb30BaThCs WHCTPYMEHTAIbHBIMU
KHOTIKaMH TPYIIBI Bbipasrusanue BKIAAKK I 1aéHas 1u0o
BbI3BaB OKHO Popmam sueek, HAPUMED, U3 MEHIO TIPAaBOH
KHOIIKU MBI (puc. 6).

e Jlng oObeAMHEHUS SYEEK MOXKHO BOCIOJB30BATHCSA Kak
BO3MOXXHOCTSIMU OKHa @opmam saueex (cM. puc. 6), Tak U
C TMOMOIIBI0 HMHCTPYMEHTAJbHOW KHOMNKH B TpYIIe
Buipasnusanue sxnanxu I nasnas (puc. 7).

e AHaJOrMYHBIM OO0pa3oM uyepe3 OKHO Dopmam sueeK
MOXHO HW3MEHHUTh OpPHUEHTAlMI0 TEeKCTa B sYEHKax,
HampaBUB €ro MoJ JIIOOBIM yIJIOM (CM. puc. 6).

e l3MeHeHne rapHUTYpbl mmpupTa, pasMepa H IBETA
CHMBOJIOB, 3aJIMBKU U 0OpaMJIeHHs slU€eK BBIMOIHAETCS C
MTOMOIIBI0 MHCTPYMEHTAIBHBIX KHOTIOK BKIAAKU [ 1asHas
(puc. 8) u Bo3amoxxkHOCTeN OKHA Dopmam sueek (puc. 9).

Nmeercs eme psag BO3MOXKHOCTEH — (opMaTHpOBaHUS

anekTpoHHbIX Tabmun Excel — aBrodopmarupoBaHue, co3naHue
TMOJIb30BATEIHCKUX YHCIIOBBIX ¢dbopmaros, YCJIOBHOE
dbopmaTtupoBaHue, 3aJaHUE CTHJICH (OPMATUPOBAHHS, BCTaBKa
NpUMEYAHUHM, 3alluTa SYeeK OT W3MEHEHWH, HCIOJIb30BaHUE

CHapKﬂaﬁHOB n T.II. I[aHHBIe BO3MOXHOCTH  OIIMCaHbl B



PEKOMEHI0BAaHHOU IuTepaType. Hexkortopsie ux HUX
paccMaTpuBarOTCs Ha MOCIEAYIOIIMX 3aHATUSAX.
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Puc. 6. OkHO U3MeHeHus popMaTUPOBaHUS JAHHBIX B siueiikax

InasHan Bcraska PasmeTka cpaHmLbl Gopmybl JaHHbie PeueHsnposaHne Bung Paspabotunk
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Puc. 7. O6beuHEHNE STUEEK C MOMOIIBIO HHCTPYMEHTAbHON

KHOIIKHU
‘ [naexan Bcraska PazmeTka cTpaHnub Dopnynbl JanHbie
& Calibri 11 <A A F= — - %HEPEHE

€= 3= Ofbegn

BoipaBHWEa

£ LleeT wprdTa

zmeHeHne LEBETAE TEKCTA.

Puc. 8. I/IHCTPYMGHTaJ'IBHBIC BO3MOXXHOCTH U3MCHCHUS ITapaMETPOB

mpudTa U 3ITUBKH TYEEK

Dopmat Aueek ? *

3anueka  3awmTa

Yucno EBulpasHueaHne  LpwudT

TuHKa Bce

TWN AMHWAL

HeT EHEWHWE  EHYTPEHHWE
OTgentHele
.l 4 L
Hagnuece Hagnuece
Bl -
UEET: Hagnuce Hagnuce
ABTO ~

BEIGEPUTE TUM AUHWK K € NOMOLYERD MEILM YKAXWTE, K K3KOH Y3CTW BELAENEHHOMO AMANAZ0HE OH OTHOCWTCH: BHELIHEI
rPaHWLE BCEro JManasoHa, BCemM BHYTPEHHMM MPaHNLAM AHEEK WK OTAENEHON AYeike,

omuens

Puc. 9. Bo3aMOXHOCTH 3a7aHUs TPAHUIL TUYEEK DIIEKTPOHHOM

Ta0IALBI

ﬂ JononHutencHbie cBegenms |



Oco0enHOCTH PaGOTHI ¢ HOJIbLIIMMH TAOIHMLIAME

KomupoBanue  (tabynupoBanue)  gaHHBIX  (dhopmyd,
MOCJIeI0BATEIbHOCTEH, KOHCTAHT) BHH3 IO CTOJOIY OOJBIION
Ta0JIUIIBL:
Boigenute dueiiky (ABe s4eMKu Uil paclpOCTpaHEHUS
MOCJIEIOBATEILHOCTH) —> 3aXBAaTUTh MBIIIKON IPaBbIii HIKHHUNA
YroJIOK BbIIETICHHOW o00jacTu — BBIMOTHUTH NBOHWHOM MIEITYOK
JIEBOM KHOIIKOW MBIIIH 110 YEPHOMY IUIFOCUKY
JlaHHBIE B CTOJIOIIE aBTOMATHUYECKH MPOTAOYTUPYIOTCS 10
KOHIIa Tabmuipl (MOKa B JIeBOM cToiOLE OyneT Kakas-To
nHpopmarus).
OTMeTHM Tak)Ke HEKOTOPbIe KOMOWHAIIUY KJIABHIIL, TIOJIC3HBIC
pu padboTe ¢ TabnLaMu:
e [Ctrl+Shift+]] — Bbigeneaue cTonbia TaOMUIBI OT
TEKYyIIeH sYeiiKy N0 HaIlPaBJIEHUIO CTPENIKH (BHU3).

e [Ctrl+Shift+—] — BbIgeneHue CTPOKH TAOMHIBI OT
TEKYIEeH STYEHKH 110 HAIIPaBJICHUIO CTPENKHU (BIIPaBO).

e [Ctrl+Shift+tEnd] — BeIgeneHue dwacTH TaOMHMIBI 10
MOCIIEAHEH UCTIONIb3yeMOH siueiku (CrpaBa BHU3Y).

e [CtrI+C] — xommpoBaHHe BbIIEICHHBIX siueek B bydep

oOMeHa.

e [Ctrl+V] — BcraBka nmanHbix uXx bydepa oOmena (B

aKTUBHYIO SUYEHKY C paclpoOCTpaHEHUEM BHH3 M BIIPABO).



e [Ctrl+Shift+F] — usmenenue mapamerpoB mpudra u ssueek
BBIZIEJICHHOM JIHaIa30He ¢ MOMOIIIBI0 OkHa DopMaT sueek.

e [Ctrl+Shift+:] — BcTaBKa TeKyIIero BpeMEHH.

e [Ctrl+Shift+;] — BcTaBka TekyIei naTol.

e [Ctrl+Shift+&] — BcraBka BHCIIHUX TpaHHIl B

BBI,HeJ'IeHHHﬁ JUaria3oH sA4€CK.

3ananue 1.

Hcropuss ®UHAHCOBOrO YHHUBEPCUTETA OTCUUTHIBAETCS CO 2
Mapra 1919 r., xorma B M®DOU - mnepBom (hHUHAHCOBO-
SKOHOMHUYECKOM MHCTUTYTE HAIlleH CTPaHbl — HAYAIUCH 3aHATHUS.

Paspabotars Tabauiy EXcel, comepikariyro cBeieHus, B KaKOi
JIeHb HeAenu oTMmedanach (OyAeT oTMedarhbcsl) TOAOBIIMHA BY3a,
HauyuHas ¢ 1919 roxa no 2019 rox.

Briaenuts stuelku ¢ roouieineiMu qatamu — 10 jet, 25 1er,
50 ner, 75 net, 100 ner.

B kakoii n1esp Heaenu oTMevanach TOJOBIIMHA By3a B 1975 u
2000 romax?

Coxpanuth ¢aiin moxg umeHeM Bame®UO 3amanumel B
JUYHYIO TIANKy Ha CBOCH TPYIIBI HA CETEBOM JHCKE.

IHopsaaok pemenus.

1. OrtkpsiTh kHUTY EXCEl.

2. B sueiiky Al BBectn TekcT: DUHAHCOBBIA YHUBEPCHUTET

nipu IIpaBurensctBe Poccuiickont deneparun.



B saueiiky A3 BBecTu TeKCT: I'oz1 cyliecTBOBaHUS.

B saueiiky B3 BBectu Teker: Jlara.

B siueiiky C3 BBecTH TeKCT: [1opsaKOBBINM 1eHb HEETH.
B siueiiky D3 BBectu TekcT: JleHb Henenu.

B saueiiky A4 BBectu uncio 0, B Aueiiky A5 — yucio 1.

© N o 0o &~ w

B sueiiky B4 BBectu nmary: 02.03.1919, B sueliky BS —
02.03.1920.

9. B sueiiky C4 BBectu Gopmyny: ={[EHbHEJI(B4;2). dnsa
nosiBieHust okHa (puc. 10) Heo6x0IMMO Ha)KaTh HAa KHOMIKY

fx 1eBee cTpoku popmyi.
ca - X « | =IEHLHEO(B4;2)

A B C D E F G
DHMHAHCOBBIA yHUBEpCUTET NpH NpaeuTenecTee PocCHAcKoR Dedepaunu

1

2

3 |lop cywectece faTta NopAoKoBLIA £ leHb HEAENH
4| 0 02.03.1919|:HEJ:I,{B4;2} ‘|

5

1 02.03.1920

AprymenTe dyHKLMRN ? *
JEHBHES
[ata_s_uwcnosom_dopmare | B4 | = 7001
Tun |2| el = 2

T
Bosepawaet yncno ot 1 4o 7, COOTEETCTEYIOLWEE HOMEPY AHA HEAEAN AN 384aHHON A3TEL

Tun yucno (1,2 waw 3], onpegenaoilee TMN oTc4eTa Hegenw [c Be=1 go CE=T:
cMH=1 go Bc=7 wnn cMH=0 go Bc=6 COOTEETCTEEHHD],

3HaueHue: 7

CNpaska no 3Toi GyHELMKH OTmeHa

Puc. 10. OxHo 3ananus napametpoB ¢pyukuuu JEHBHE/ (nenn

HEJIEJH TI0 JIaTe)



10. B suetikun auana3zona-ctosiona G4:G10 cooTBeTCTBEHHO
BBECTHU Ha3BaHUs AHeH Henenu — [lonenenbHuk, BropHuK,
Cpena, Yetsepr, [Iarauma, Cy66ota, Bockpecenne.

11. B sueilixu puamaszoHa-cronona F4:F10 coorBeTcTBEHHO
BBECTH uncia ot 1 10 7.

12. Beigenute auamazon F4:G10 — Bkuaaka @opmynsr —
Onpeoenennvie umena — Ilpuceoums ums — BBecTn uMs
/nu_neoenu — OK (puc. 12).

13.B aueiKy D4 BBECTHU bopmyny:

< " I =NEHBHED(

< = ‘\\E\\ F

| =OEHBbHEN(

AJEHbHEO(narva_s_uwmcnosom_dopmare; [Trin])

Puc. 11. Cnocob Bbi30Ba OKHA BCTPOEHHOMN GYyHKLUK

=[TPOCMOTP(C4;Juu_nenenu) (puc. 13).



@aiin InaeHan  Beraska — Pasmerka cipadnubl EOLIOEHEE  fadnbie  Peuenswposanme  Bug  PaspaboTum

AsTocymma ~ E Nornyeckne = . o = E:“ Bnwatowme aueiikn
b Y =7 o
B Mocnegrmne - TekcToBbIE ™ Iﬂ " o “:E3EEMCMMbIEHHEﬁKIr1 e - @ &S5
CTABWTE NE AU MG KHO KOHTROQIEH
ByHKLMID IQ PuHaHCOBbBIE ™ E fata wn spema - l! < WMEHE ™ 3 Y¥GpaTb cTpenkm ~ 3HaUEHUA
BUBANOTEKE BYHKLWIA 3aBNCUMOCTI Gopmyn

F4 W |1

A B i D E F G

WHAHCOBBIM YHUBEPCUTET NpwH MpasnTenbcTee POCCMACKOW Pefepalnm
1|0 iy p pu Np P HCHOWR © p
2
3 |logcywecteot fdata MopAgKoEBbIA £ deHb Hegenm
4 o 02.03.1919 7 1{MNoHegenbHUK
5 1 02.03.1920 2|BropHuk
6 3|Cpena
7 Co3gaHIeE MMEHN ? x 4|YeTBEpr
8 S(MATHMLA
Hma:
g [OHK_Hegenu 5 Cyﬁﬁma
(0] : e

10 AL Krura 7|BockpeceHbe
1 NpumedaHue,
12
13
14
15 ) —
= AvanazoH: =/MeTTISFS4:5GS10 Fi
E oners

Puc. 12. [IpucBoenre nMeHH auara3oHy siYeeK

14. Boigennts sueiiku A4:AS. 3axBaTUB J1€BOH KHOIIKOH
MBIIIM MPaBbli HUKHUM YTOJOK, KOTZIa KypCOp MBIIIN
CTaHEeT MaJeHbKUM HYEpPHBIM IUIFOCOM, MPOTadyIHpOBAThH
nanubie 10 yucia 100 (sueiiku A104); CHATH BBIIEICHUE
LIETYKOM JIEBOM KHOITKHA MBIIIH 10 CBOOOIHOM STUEHKE.

15. Boigenute siueiiku B4:BS. IlonBens xypcop Mblu K
MPaBOMY HI)KHEMY YTOJIKY BBIJCIIEHHON 001acTh U, Kak
TOT MPUMET BHUJI YEPHOTO IUIFOCUKA, BBIIIOJHUTH MO HEMY

JIBOMHOM IIETYOK JICBOM KHOMKOW MbIMH. JlaHHBIE B



CTOJIOIIE aBTOMATHYECKU MPOTAOYIHPYIOTCA A0 SUYEHKU

B104 (moka B neBoM cToJiO1e OynyT JaHHBIE).

i OHU_Hepenu = X v K =MPOCMOTP(C4; [iHn_Hegenu)
A B € D E F G
1 |®MHAHCOBbIA YHUBEPCUTET NpwM MNpaeuTenscTee PocCHcKoM Mepepaummn
2
3 |loacywectsoedata NopAAKOBLIA £ leHb Hegenn
4 | o 02.03.1919 ?lA_He,n,enM} -l : _________ f ﬁ;;g,;,e_n_b;;;_-
5 1 02.03.1920 H 2|BropHMK
| 1 ena
AprymeHTel dyHKLMN ? X Teepr
MPOCMOTP THWLE
Mckomoe_sHauenmne | C4 Bl = 7 66013
Maccs | JHu_negenn| B = {1:;MoHegenbHnk™:2; BropHmk’:3; C.., [ckpecenee
= “BockpeceHee’

WWET 3HaYeHMA B 04HOM CTPOKE, 04HOM CTONBLE WK MAccnEe, BRAoYeH Ana o6ecnedenna o6paTHoM
COBMECTUMOCTH.

Maccue  JManasoH AYesk, COAEPMALNIA TEKCT, YMUIE AW TOTMYECKME SHAYEHNA,
KOTOPEIE HY?KHO (PABHMEATE € MCKOMBIM SHAYEHHEM,

3HadeHwe: BockpeceHee

Crpagka no 370 HyHKLMIN OTMEHA

Puc. 13. Broa popmyist co Bctpoennoit pynkuueit [IPOCMOTP
(uckomoe 3naueHue Maccu)
16. Beimenute auamna3on C4:D4. AnanorumdHo, 3axBaTHB
MpaBbId HUKHUM YTOJIOK, TPOTabyIupoBaTh €ro 10 KOHIIA

tabnuusl (puc. 14). Pacuer Tabnuipl OyaeT 3aBepIieH.




ca - F | =NEHBHEO(B4;2)

A B C D E F G
1 |®WHAHCOBbIA YHUBEPCUTET NpK MNpasmTenscTee Pocckiickol ®enepauyum
2
3 |lop cywectsot Oata MNopAaKoBbIiA L [leHs Hegenu
0  02.03.1919 7/Bockpecense |
02.03.1920 =
02.03.1921
02.03.1922
02.03.1923
02.03.1924
02.03.1925
02.03.1926
02.03.1927
02.03.1928
02.03.1929
02.03.1930
02.03.1931
17 02.03.1932
18 02.03.1933
19 15 02.03.1934

MoHegenbHMK
BToOpHMK
Cpena
HYeTteepr
MAaTHKUA
CybboTa
BockpeceHdbe

RN R T S

| || ke

1
12
13
14
15
16

WU WM e

Pl el ==
B WM = O

Puc. 14. Tlogrotoka k Ta0ymnsuuu ¢popmyn B ctondmax Cu D

17. Beinenuts stueriku Al:D1 1 BBIIOJIHATE UX 00BEIUHEHNUE
C MepeHOCcoM M0 cioBaM. M3MeHuTh napameTps! mpudTa.

18. Beigenuts stueiiku A3:D3 u u3MeHuTs ux GopMmar, 3a/1aB
3HAYEHUS TI0 EHTPY U MEPEHOC MO CIOBaM.

19.1lpu HeoOXOAMMOCTH W3MEHUTh UIMPUHY CTOJOIIOB
Tabmuisl (A:D).

20. Jlnst BBIOCNeHUsT Bced TaONMWIBI W 3aJaHUsl TPaHMII,
00paMIISIONINX STYEHKU, BHITIOTHHUTD:
ITomecTUTh TaOIMUHBINA Kypcop B AUeiky A3 —

Boigenuts manky tabauisl komouHanuei kinasuir [Ctrl+Shift+—]
—

Beiienuts Bcro Tabnuity komounanueit kinasum [Ctrl+Shift+]|] —



3anatb oOpamieHue siueek: Bee epanuybl
21. BBINOHATH 3aJTUBKY JTAHHBIX 110 FOOUIICHHBIM JaTaM.
22. OTMeTUTb THU HEJIeU Mpa3THOBaHUsI 100ues By3a B 1975
u 2000 rogax.
23. Coxpanuth (aiin mox TpeOyeMbIM MMEHEM Ha CETEBOU

AUCK B JIMYHYIO MAIKy CTyACHTA.

3aganue 2 111 CAMOCTOATEJILHOM padoThI

1. PazpaGorare Tabmuily, B KOTOpPOW, ONHUpasch Ha
WHGOPMAIIHMIO JTAHHBIX METOJWYECKUX PEKOMEHJIAINN, PacCUUTATh
mapaMeTpsl  JJIEKTPOHHOTO JIUCTAa — KOJUYECTBO SUCEK U
MaKCHMAaJIbHOE KOJHMYECTBO CHMBOJIOB, KOTOPBIE MOTYT OBITh
pa3MelieHbl Ha JJIEKTPOHHOM JHCTe (B €IWHHUIAX H3MEpPeHUs
namsaTH). B pacueTax NpUHATH 3HAUYEHKE CHMBOJIOB B siueiike 21°,

2. BbINONHATE aHATOTHYHBIC PACUEThl JUISI JJCKTPOHHOM
KHUTH. B pacuerax mpuHATH KOMMUECTBO MHMCTOB KHuTH 21°,

3. OmeHutp, Kakod [OODKHA OBITh OMNEpaTUBHAS MaMSITh
KOMITBIOTEpa, €CIM JJIeKTpoHHass kHura Excel Oymer 3amonHena
«TOJT 3aBS3KYY.

4., Craenars BBIBOJIBI.



PABOTA Ne 2

IHocTpoenue rpagukos pynkuuii B Excel

BBenenue

Ecnu kaxnoMy sneMeHTy x U3 MHOXectBa DcC R 1o
HEKOTOPOMY IPaBUIIy WJIM 3aKOHY COOTBETCTBYET €IMUHCTBEHHBIN

AJIEMEHT y W3 MHOXecTBa £ — R, TO TOBOPAT, YTO HA MHOYKECTBE

D 3anmana ¢ynkuyusa y=f (x) nepeMeHHon x. Ilpu stom

MHOKECTBO [ Ha3BIBACTCS 001ACHIbIO onpedeﬂemm (1)YHKI_II/II/I, a

MHOXECTBO E — 001acmbio 3nauenuii GyHKINH.

I'pagpuxom gynxkuyuu y=f (x) Ha3bIBAETCSI MHOXECTBO

To4ek maockoctu Oxy C KoopJHUHATaMH (x; S/ (x)), rae x € D(f).

K ocnognbim_Inemenmapuvim__pynxkuuam OTHOCATCA, B

YaCTHOCTH,  Clefylomue  QYHKIUUU:  CMeneHHas  QYHKYus
y=x" (ke N), noxasamemnasn gyncyusn y=a* (a>0, a=1),
noeapugpmuueckas gynrkyus Y =10g, X (a>0, a=1),
mpueonomempuyeckue Gyukyuy ¥ =SIMX, y=COSX, y=Igx,
Yy =clgx, obpammvie MpUOHOMempuyecKue @yHryuu
y=arcsinx, y=arccos x, y =arctg X, y = arcctg x.

Inemenmapnoi_ghynkyueii HaszbiBaeTcsl ar00as (QyHKIuS,

KOTOpasAs MOKET OBITh oJIyd€Ha M3 KOHCYHOI'O0 YMUCJIa OCHOBHBIX
SJICMCHTApPHBIX (I)yHKI_II/Iﬁ C MIOMOIIIBIO apI/I(pMeTI/I‘-IeCKI/IX onepaunﬁ

Y OTIEPAIMH CYNEePHO3UIIUU (B3ATUS QYHKITUU OT (DYHKIIHH).



B mKkonbHOM Kypce MareMaTHKH JOCTaTOYHO MOJIPOOHO
M3Y4allUCh  OCHOBHbIE CBOWCTBAa U TIpauUKd  HEKOTOPBIX
aneMeHTapHbIX GyHKIMi. Hanbonee n3ydeHHbIMU, HA HAIl B3IJIA/L,

SABIISIIOTCS: IUHeUHAs hyHKyua y = ax + b, keaopamuynas QynKyus
y=ax® +bx+c (a#0). PaccmarpuBamach TaKke (QyHKIHSA

, YacTHBIE CIlydyau JApOOHO-JTMHEHHOMN

MOAYJId 4YMcTa y=|x

byHKIIUU y= ax—+b (c#0, bc—ad #0, a,b,c,d €R), Harpumep,
cx+d
runepbona. [  ymoOcTBa  UCHONB30BaHUS U OBICTPOTO
BOCCTAHOBJICHHS B MaMSATH OCHOBHBIX CBOWCTB U I'pa)UKOB paHee
W3YYEHHBIX DJJIEMEHTAapHbIX (YHKIMA MBI B CKaTod Qopme
HariomuHaet Bam stot matepuain B § 3.
§ 1. IlocTpoenne rpadKoB JINHEHHON U KYCOYHO-JIMHEHHOM

dyHKUMi

B Excel

B ob6mem caydae rpadux QyHKIMM — OECKOHEYHOe
MHOXECTBO TOYEK Ha IUIOCKOCTH, IOITOMY BBIYUCIUTH BCE ITH
TOUYKH M U300Pa3UTh UX HA TNIOCKOCTH HE IOJ] CUIIy HU YEJIOBEKY, HH
kommnbloTepy. Korna peus uzaer o qunetinou ¢ynxyuu, 3a1aHHOH,
HaTpuMep, YpaBHEHHEM ) = ax + b, To U ToCTpoeHus ee rpaduka
JOCTaTOYHO BBIYMCIUTh KOOPAMHATHI J1700bIX, BCErO JMILIb IBYX
To4eK (x;;y,(x;)) #u (x,;y,(x,)) Tpaduka, HaHeCTM HUX Ha
IUIOCKOCTH M COEIMHMUTL npsamou JuHHed. B xauectse x,;, x,

BBI6I/IpaIOT Ha4YaJIbHYIO W KOHCYHYKO TOYKH IIPOMCXKYTKA, Ha

KOTOPOM (DYHKITHSI pacCMaTpUBaeTCs



Excel Bo3bMeT Ha ceOs BCIO BBIUHCIUTENBHYIO U
MOCTPOCHYECKYI0 CTOPOHY BOIIPOCA, Y€M CYIIECTBEHHO YCKOPHT,
VIPOCTHUT MPOIEAYPY MOCTPOSHUs rpaduka, mpu TOM 00ECIIeUnB

A0CTATOYHYIO TOYHOCTDL BCECX BBIYMCIICHHI.

3ananme 1. Iloctpouts rpadpuk pyskmum y=x-2 Ha
IIPOMEXKYTKE X € [— 4; 1].

Brinonnum cnenyromue qeMCTBUA:

1. Bsenewm B quamnasoH siueek, Hanpumep, D4:D7 paGoyero
mucra Excel mannele B 3amanmm kosdduimentsl a u b,
HAa4yaJIbHYI0 W KOHEYHYIO TOYKHM IPOMEXKYTKAa PpPacCMOTPEHUS

(GyHKLIUH, KOTOpble 0003HAaUUM x,, x, B sueiikax C4:C7 nagum

TEKCTOBBIC ITOACHCHHUSA BBCJIACHHBIX HAYAJbHBIX AAaHHBIX 3aJaydyud

(cm. puc. 1).

C D
4 a= 1
3) b= -2
6 X, = -4
7 X, = 1

Puc. 1
2. Beruncium tabauiy 3Ha4eHud QyHKIMU IPH X = X1

u X = X,. s sroro B sueiiku D10:D11 BBogum popmyny y =x-2

BBIYUCIIEHHMS y, = y(x;) Uy, =y(x,) UYepe3 3Ha4YeHUs x,, X,

nepeHecenHble u3 staeek D4:D7 B C10:C11 cooTBeTCTBEHHO (CM. pHC.
2).



X y(x)

101 =6 | ¢pga*D10+$DS5
11 | =D7 = D4*D10+D5
Puc. 2

3. Belmenum  (JIeBOM  KJIABHIICH  MBIIIKM)  YHCIIOBOM
muana3on sueek C10:D11. 3agamgum mociemoBaTeIbHO KOMAaH/IbI
BbIOOpa B MeHK: BceraBka -> Jlmarpammsbl -> ToudeuHble -
>ToyeuyHasi ¢ NPSIMBIMHU OTPe3KaMH H MapKepaMHM.

4. BpIONMHUM TEePEMMEHOBAHWE HAa3BaHHS TMOMANKUCEH B
NOJy4eHHOM jauarpamme. B mepByro odepenp NpaBHIIBHO
pacroyio)kuM B AMarpaMMe  KOOpJAMHATHbIE OCH, 4YTOOBI
TOPU30HTANIbHAS SIBJISIaCh OCbl0 OXx — 3HAYEHMM apryMeHTa, a
BepTUKanbHas — Oy, 3HaueHUd ¢yHkuu. Taxke BBeaeM, MPHU
HE00XO0AMMOCTH, MOANUCH U KOMMEHTapUH K AUarpamme.

Jis 3TOro BBIAETUM JIUarpaMMmy C rpa@ukoM, MOCTAaBHUB
Kypcop Ha J11000€e cBO0OOIHOE (HE 3aHATOE HU TparKOM, HU CETKOM)
MECTO Ha JuarpaMMe, 3aTeM ULIEJIKHYB NPaBOW KHOIIKOW MBIIIH,
BbIOMpPaeM U3 KOHTEKCTHOTO MEHIO KoMaHly «BblOpaTh JaHHbIE».
B pesynpraTe 3THX JEHCTBUH MNOJIY4YMM JIUAJIOIOBOE OKHO, B
KOTOPOM MO>XE€M IOMEHSITh MECTaMH KOOpJIUHATHBIE OCH B CIIy4yae
UX HENpPaBUJIBHOIO PACHOJOXKEHHUS (OJHUM IIETYKOM IO JIEBOU
KHOIIKE MBIIIH, IPEABAPUTENBHO IOCTaBUB KypcOp Ha IaHEb
«Ctpoxka/cTonben» B LIEHTPE OKHA), BHIOMpATh JUIsI U3MEHEHUS,
BBOJa WJIM YAaJEHUs pa3uuHble JaHHble (paboTas c JieBOH

MTOJIOBUHOM TUAIIOTOBOTO OKHA «JJIEMEHTHI JIETCHIbI/PSIBI»).



Wrak, momyyaem rpaduk 3agaHHONW B mpumepe (QyHKIHH

y =X-2 Ha OTpe3Ke [— 4;1] (cMm. puc 3).

4 -\
Panl; 1; -
1
== Panl, -4,
-6
o _/
Puc. 3

3ananue 2. V300pa3uth Ha IUIOCKOCTU IpauK KyCOYHO-
JTUHEWHOU (QyHKIMU:
_( x—=2, xe[-4;1],
B {ax +1, x € (1;5].
(1)
[Tonobpate mapameTp a Tak, yToObl (QYHKIMS ObLIA HENPEPHIBHOM.
I'padux paccmarpuBaeMoi (QYHKIIMM COCTOUT U3 JIBYX
BeTBeil. [lepBas BeTBb coBmaaet ¢ rpaduKoOM JTMHEHHON QyHKIUEH
Y =Xx-2 Ha OTpe3Ke [— 4;1], KOTOPBIH yke OB MOCTPOEH HaMU B
3ananuu 1 (cM. puc 4). Bropas BeTBb rpaduka (B odnactu x € [1; 5])
MIPOJUKTOBaHAa JUHEMHON (yHkuued y=ax+1 wu nerko Oyner

MTOCTPOEH IO aHAJIOTUH C PEIICHUEM 3aaHus 1, Kak TOJIbKO Oynaer

ompeznenaeHo uucio a.  YroOel rpaduk QyHkumm y(x) Obu

HenpepsIBHBIM Tipu BeexX X € [—4; 5], uncno a cnenyer BriGpats



TakK, 4YTOOBI JIBE€ BETBU IpadyKa «COSAUHMWINCH» NpU X=1. 3HAUHT,

3HaYeHus1 QyHKIUH y=x-2 ©u y=ax+1 mpu x=1 J0mKHbI

coBnanatk. Orciona naxoaum: ¢ +l=-1<a=-2

Urak, nonydaem rpaduk ¢ynkuuu (1) Ha oTpeske [— 4; 5]

(cm. puc 4).
4 N
ypaBHeHue 2;
— 1;-1
/  —%—ypaBHenne 1
ABHEHME 1; ypasHeHue 2
- -4; -6
ypaBHeHMe 2;
5;-9
- J
Puc 4

3az{a1mﬂ AJIA CaMOCTOSATECJIBbHOIO peHICHUSA

3ananme 3. M300pa3uth Ha IIIOCKOCTH TpapUKH KyCOUHO-
JUHENHBIX PYHKIIMN:
_ 0,5x, x € [0; 5],
Ay = { 1,2x, x € (5; 7).
§ 2. ITocTpoenne TadML 3HaYeHHI U TPAPHUKOB dJIEeMEHTAPHbIX

¢yukmuuii B Excel.
BusyajbHblii aHAIM3 NIOBeAeHUS QYHKIMHU

Mycts dyrxmus y= f(x) 3amana Ha obmactu [a;h] W He
SBJIETCSl JIMHEeWHo#. Torma sl MOCTpPOSHHs Ha IJIOCKOCTH €e

rpaguka ¥ OICHKA €ro OJIM30CTH K OpUTHHAIY MOTpedyercs



CTPOUTH IOCTATOUYHO EMKYIO madauuy 3nauenuil oynkyuu. Jlanee
[0 TOJIYYEeHHOMY MAacCHBY C TOMOIIBIO OIMUCaHHOro B M. 1
QIropuT™Ma CTPOUTCS €ro Juarpamma, KOTopash U MpPUHUMAETCS
npubnmxkeHHo 3a Tpapuk wucxomgHod ¢dynkmmm. Tunm sToM
JIUarpaMMbl MOXKHO BBIOpaTh (M3 MEHIO): TOYCUHBIM, TOYCUHBIH C
OpSIMBIMUA ~ OTPE3KaMH, TOYEUHBIM C TJIaJKUMH KPHUBBIMH, C
Mapkepamu wid 6e3 Hux. Ho, ecinu mnpeaBapurenbHO HE
aHAJM3UPOBATh MMOBeIeHNE (DYHKIMH B pacCMaTpUBAEMOM 00JIacTH,
MOKHO TPOBECTH MACIITa0HBIE BBIYHCICHUS W IOCTPOCHHS, HO
npenoxkeHHslid BamMu k oTBery rpadguk OyIeT TONBKO B y3Jax
Ta0JIUIIBI COBIAJATh C UICTUHHBIM TpauKoM (DYHKITUH.

[TosTOMy TOCTpOECHHE € JOCTATOYHOH TOYHOCTBIO Tpadmuka
u3y4aeMoil (QYHKIMH — HCKycCcTBO. M ycmex B pelieHuH Takoi
3alayd  3aKJII0YaeTcs B  KOJMYECTBE 3HAUYEHUW apryMeHTa,
BBIOPAHHBIX JUIsI COCTABJICHHS TaOJMIBl 3HAYCHHH (QYHKIUU H
pacuera, TeM caMbIM, KOOPAHHAT Y3JIOBBIX TOYEK rpaduka.

C 70if 11enpI0 06J1aCTh pacCMOTPEHUs (QYHKIIMM pa30UBaIOT
MPOM3BOJBHBIM 00pa30M Ha 71 YacTed TOYKaMHU:

a=X, <X <..<X ;<X =Db.

Yame Bcero (s MPOCTOTHI OpPTaHU3AIMHM BBIUMCICHUMN)
MOJIB3YIOTCS CXEMOH, KOT/Ia COCEJTHIE TOUYKH OTCTOAT JIPYT OT JIpyTa
Ha OJWHAKOBOE paccTosiHue (paBHOMepHOe pa3duenwue). Torna,

BBIOpaB HEKOTOpOE HaTypaibHoe yncino N onpenenstor mar h =(b-
a)/ N , BEIUKCIISIFOT MacCHB 3HAYCHUIT apryMeHTa

X, =a+nh mpun=20,1,2,...,N.

()



Jlanee WMEHHO TPHU OTUX 3HAYCHHUSAX AaApPryMCHTa BBIYUCIISIOT
COOTBETCTBYIOIIME 3HAUYCHUS M3ydyaeMOH (DYHKIMH U (OPMHPYIOT
maonuuy 3HaveHul GyHKyuu.
Jist atoro B Excel:
1) B nwmanaszon sueex, Hampumep, D4:D(4+N) paGouero
nucta Excel BBogsT mociemoBarenbHo uncia (2).
2) B coorBerctByromux sueiikax C4:C(4+N)  maror
TEKCTOBOE MOSICHCHHE BBEICHHBIX JAHHBIX.

3) B cootBerctByroume sueliku wmaccuBa E4:E(4+N)

BBOJAT (bopMyny BBIYMCIJICHHUA 3HAYCHUA q)YHKI_II/II/I

Tem cambiM nuamnason siueek D4:E(4+N) Oyner sBisThCs
Tabnuueil 3HaueHnit QyHKIUH, a Jr00as ee Touka ¢ KOOpIUHATaMU
Buga (Dp; Ep) sBasiercss Toukoit nckomoro rpaduka (Ha3blBaeTCs

Y3JI0BOW TOUKOW MIIN y3JI0M TaOJIMIIb).

Ecnu Temepp Bech moctpoeHHblid MaccuB — D4: E(4+N)
BBIJICJIUTS (JI€BOM KJIABUIIEH MBIIIN), KaK 3TO OBIJIO OMUCAHO B XO€
peuieHus 3amgaHus 1, 3a1aTh MOCIIEOBATEIbHO KOMAaH]bl BbIOOpa
BcraBka -> J/lnarpammel -> Toyeuynsblie ->To4eyHast ¢ IpAMBbIMHU
OTpe3KaMH MW MapkepaMu (BbIOOp MoOcienHEHd KOMaHIbl — Ha
YCMOTPEHHE MCIIOJHUTENS 33JJaHNs), BBINOJIHUTD IEpEMMEHOBaHHE
Ha3BaHW{ TOANKACEH B TOJYYEHHOM JuarpaMMme, BHECTH
HE00XO/MMBIE TOANMMCH U KOMMEHTapuu K JuarpaMmme, To Oyaer
noiydyeH rpaduk 3aJaHHOM  (QYHKIUH, COOTBETCTBYIOLIUI
BBIUMCIIEHHOH Ta0uIe 3HaUeHUH (QyHKIMH.

IlocTpoeHHass KpuBasi TOYHO COBHAJAE€T C HCKOMBIM

Fpa(I)I/IKOM TOJIBKO BO BCEX Y3JIOBBIX TOYKaX Ta6J'II/II_IBI 3HAYCHUI



¢byukuuu (maccuB D4: E(4+N) ). B octambHbIX TOYKaX (MEKIY
Y3JI0BBIMH) KpHUBas, IOCTPOEHHAs C IOMOIIbIO BO3MOXKHOCTEH
Excel, coenuusier y30Bble TOYKH WK [0 3aKOHY OTPE3Ka, WK T10
3aKOHY TJIAJIKOW KPHUBOH (KOT/a OTPE30K M3TrUOAIOT IO 3aKOHY
BBIMYKJIOCTH UM BOTHYTOCTH). OHUM CJIOBOM, CIIEyeT OTMETHUTH,
YTO MOCTPOCHHBIN MO omucaHHOW cxeme B EXcel rpadux moxer
CYUIECTBEHHO  OTIMYaTbCcd OT OpUIMHANa, 4YTO  TpedyeT
00s13aTeIbHOM MTPOBEPKU U YTOUHEHUSI.

Yrobwl moctpouts B EXCel rpaduk ¢ynkium, Onuskuii k
OpPUTHHAIY, HY)KHO IPeBAPUTENHHO Ty QYHKIIHIO HCCIEA0BaTh Ha
9KCTPEMYMBI, a MOTOM no00paTh TOYKHU

a=X, <X <..<X,y<X,=b (r.e. abcruccpl y3IOBBIX TOYEK)

Tak, 4TOOBI OHH BKIIOYAIM TOYKHU 9KCTPEMYMOB.

Oco3HaHHBIH BBIOOp uuCIa 7 W yMEHHE IPOBEPUTH
IIPaBWIBHOCTH JI€NaeMbIX Bamu BBIBOJIOB O CTENEHU COBNAJCHUS
IOCTPOEHHOT0 Tpaduka ¢ OPUIMHAIOM — 3aJI0r ycnexa. Jlanee Ha

IIpUMEpax 3TO MPOUIUIIOCTPUPYEM.

3aganue 4. I[loctpouth rpadpuxk QyHKIMM, 3aTaHHOU
YPaBHEHUSIMU:

B nepByro ouepens onpenenum mar nocTpoeHHs.

1. TTockonbKy nepBast 4acTb QYHKIUE Y = X — 2 SBISETCS
JUHEHHON, €€ MOXXHO OTOOpa3uTh MO Ha4yaJlbHOM M KOHEYHOM

TOYKaM, T.C. C ararom, ONpCaACIIsICMbIM MMPOMCIKYTKOM



cymectsoBanus |—4; —1]. Hrak, BwiGepem h; = (—1) —
(—4) = 3.

1.2. BeoguMm B nuanasoH sueek B7:B8 mmcra Excel wucna
a=-4,b=-1.

1.3. B sueitky C7 BBogum dopmyny =B7-2, 3agarouryro
dhyHKIHIO Yy = X — 2 B r1ouke a. Konupyem dpopmyity
1o staeiiku C8, B KOTOPOii OyeT BEIYUCIATHCS 3HAUCHHE (PYHKIIUH B

Touke b:

ypaBHeHue 1

X y
a= -4 -6
b= -1 -3

1.4. Beimensiem paumamason sueek B7:C8 (B koTtopom
chopMupoBaHa TabnuIla 3HAYCHUN TEPBOM BETBH H3ydyaeMOM
dynxrun, Ha orpeske [—4; —1]). 3amaem komanny BeraBka ->
JAuarpammel -> Toyeunble ->To4yeyHas ¢ NPAMBIMH 0TPE3KAMH
U MapKepaMu.

1.5. 3 mMeHw0 (TIOCTaBUB KypCOB Ha CBOOOJIHOE MECTO B
IuarpamMme, Ha)kaB MPaBYIO KIIABHINY MBIIIM) BEIOMpAEM KOMaHY
BriOpaTth 1aHHBIE.

Odopmisiem Tabnuity 3HadeHUN QYHKIIUHA, YTOOBI 3HAYCHUS X
ObUIM PACIIONIOKEHBI MO0 TOPU3OHTANIM, a 3HavyeHus y(x) — 1o

BEPTHUKAIH.



3aTtaem BeiOUpaeM komaHay Jlo6aBUTH, C TOMOIIBIO KOTOPOH
no0aBisieM K IOCTPOEHHOM narpaMMe KOMMEHTapuil «ypaBHeHHe
1»,

1.6. B pe3ynbTate MmoayyuTcs mpsiMas (BblJelI€HA CHHUM

LIBETOM), CM pHC. 5.

4 N
——-4
ypaBHeHue
1;-1;-3
=== ypaBHeHne
1;-4; -6
\_ %
Puc. 5

[lepeiineM Kk MOCTPOEHHIO BTOPOW BETBU rpaduka QpyHKIUU
(©)

2. Bropas gacth QyHkimu y(x) u3 gopmymnst (3) sBisercs
KBaJpaTUYHOMU: Y = x? — 4, paccMaTpuBaeMoOil Ha MPOMEXYTKE
(—1; 3] nmuuoit 4. W3BectHO, 4TO ee TpapuK — mapaboia, BETBH
KOTOpO#i oOpamens! BBepX; nepeceuet Ha npomexytke (—1; 3] och
Ox pu x=2; umeeT MUHUMYM Iipu x=0.

OyHknua y = X? —4 HE SBIIAETCS JIUHENHOM, IOATOMY IS
ee 0OTOOPaKEHHS HETTb3sT OTPAHUYUTHCS IBYMsI TOYKaMH (Ha4aIbHON
Y KOHEYHON).

[IponeMoHCcTpUpyeM Ha 3TOM INpUMEpe, Kak BIUSET BBIOOD
mrara (4rciia TO4YeK JIeJICHHs OTpe3Ka Ha 4acTH) Ha MOCTPOCHHBIN B

Excel rpaduxk.



2.1. Ilycte hz = 2. Torna Tabnuna 3Ha4eHui QyHKIMU B

COOTBCTCTBYIOIIIUX TOYKAX IIPUMET BUI:

ypaBHeHHe 2
X y
a= -1 -3
1 -3
| b= 3 5

B pesynbraTe momyuum rpaduk BTOpOil BeTBH rpaduka B

BHJIE, CM. puC. 6.

4 N
yp@sHehun
e2; 3i5
o YpaBHeHu YpaBHEHU 3
e2;-1;-3 e2;1;-3
\_ %
Puc 6

Jig  yrouHeHuss rpaduKa YMEHBUIMM IlIar BIIOJIOBUHY

(3aXBaTUB TPH 3TOM B YHUCIO TOYEK JAEJCHHS TOYKY MHHUMYyMa
¢ynkuun). Iycts _h, = 1. Torna Tabnuna 3Ha4eHuil GyHKIMA B

COOTBCTCTBYIOIIUX TOYKAX IMPUMCET BUO:

ypaBHeHHUe 2

X y
a= -1 -3

N |~ |O
1
w




L b= | 3 5 |
B pesynbraTe monyuum rpaguk BTOpOil BeTBH rpaduka B

BUJIE, CM. puC. 7.

4 N
ypaBHeHMe

2;3;5

——-1

=0
ypaBHEHMQ&_
2;2;0

2
—&— ypaBHeHue ypaBHeHue

\i; T -3~YPaBHeHne 2-1:-3 3

2;0;-4
\_ J
Puc. 7

JUia nanbHeWiero yTO4YHEHHs rpaduka yMEHBUIMM Ilar
BIIOJIOBUHY (TOYKa MUHUMYMa OCTA€TCsl TOUKOM y370BON TOUYKOIN).
[ycts, nanpumep, _h, = 0,5. Torna Tabnuia 3HaueHnii GyHKIMH

B COOTBCTCTBYIOHMIUX TOYKAX IMMPUMECT BU:

ypaBHeHHe 2
X y

a= -1 -3
-0,5 -3,75
0 -4
0,5 -3,75
1 -3
1,5 -1,75
2 0




2,25

B pesynpraTe momydum rpadux

BHJIE, CM. pUC. 8.

BTOpOIl BeTBH rpaduka B

4 N
ypesHEe
2; 33' 5
yRaBHeyiue
2,255,225
ypaBHeHﬁS 1
ypaBHeHue ’
—o— ypaBHeHne~ ypasH@ike; -1,75 2
aBHAtHAEHEHNE . 3 e
3.75 2; 0;254-0'5; ‘3,75 ’
I 3
- %
Puc. 8

Jlia 3aBepuieHHs] MpoLEIypbl YTOUHEHHs rpauka BTOpOM

setBu Qynkuuu (3) Bemepem _h, = 0,25, Torma rtabnuna

3HaY€HUHN QYHKIIUU B COOTBETCTBYIOIINUX TOYKAX MPUMET BUJIL:

ypaBHeHHe 2
X y
a= -1 -3
-0,75 -3,4375
-0,5 -3,75
-0,25 -3,9375
0 -4




0,25 | -3,9375
0,5 -3,75
0,75 | -3,4375
1 -3
1,25 | -2,4375
1,5 -1,75
1,75 | -0,9375
2 0
2,25 1,0625
2,5 2,25
2,75 3,5625
b= 3 5

B wurore rpaguk Bropoii BeTBu GyHKunu (3) orodpasuTcs Ha

mIockocTy Oxy B BUAe 16-TH JIMHEMHBIX CETMEHTOB, CM. pHC. 9.

4 N
~yhasdeHne
~2sRete

l2; _20755;

T oRehde
-0 25
Y PEEBOH AR S

ypas
ypaBQe 9

2175005

ypa%erﬂﬁé“}%

t@ -1,49—0,75

4375 ——1

5 R BB AR T5

3.9373,9375 1,25
\_ %

Puc. 9.

o T =EYPIRIRIteE Ne VD




3. Crpoum rpaduku obeux BeTBed ¢GyHKIMH (3) HA OTHOM

mockocTtu Oxy, cm. puc. 10.
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Puc. 10

Jlis aTOTO OTIepUpyeM KOMaH10i BhIOpaTh JaHHBbIE (CM. pHC.

11).
Puc. 11
B okne BbIGOp HMCTOYHMKA JAAaHHBIX 337acM KOMaHIY
JobGaBuTh (cm. puc. 12).
BLIBOD UCTOUHMKA AaHHBIX 1 X
[I4ana30H igHHoiX N9 JHETDaMML: 5.

JIHaNa3oH AEHHBI CTMLIKOM CIOXEH NA DTDﬁDa)KEHMH. Mpu BbIﬁDDE HOBOTO 1and30Ha ETa[}bIFI [N1ana3oH ﬁyﬂET 3JaMeHeH.

#7|Crpoxajcronbeu

IneMenTbl nerexnbl (psabl) MoanKcH ropH3CHTANBHOR OCH (KaTerophH)
“ﬂ,[laﬁgamb j’ﬂmmmb Xynanmb F R i Viamerub

YpaeHeHue 2 -1,00

Mapkep1
Mapkep 2

CKpbITbIE W NYCTble SYeifki (OTMexa

Puc. 12

B pesynbrare Takux AEWCTBUI YBHIUM JIOMaHYHO JIMHHUIO

(KyCOUHO-MHEHHYIO, HETIPEPBIBHYIO, U3 7 OTPE3KOB), /i€ TepPBBIN




OTpPEe30K — TepBas BeTBb TIpaduka (BbIAENCHA CHHHM IIBETOM),

OCTaJIbHBIE — BTOpasi BETBb Tpaduka (BbIIEICHA KPACHBIM IIBETOM),

Kak MokaszaHo Ha puc. 14.
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200
11 0,60 -3,64
12 1,00 | -3,00 B '
13 1,40 -2,04 : . . 0,00 . '1:& Ha nepeaui nnax ‘ b
14 1,80 -0,76 6,00 -4,00 2,00 0,00 00 ..Ea Ha sa0Hwii mian ‘ )
15 2,20 0,84
16 2,60 2,76 2,00 HasHauurs Makpoc..
1 3,00 2,00 gf Dopuat 0bAacTI AHATPaMMBL...
18 40 '
19 '
20 Calibri(C+ 10 A‘ A" Obnacts guarp: -
21 6,00 %Avﬁvgv J
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Koneunblie Toukn 001aCTH, Ha KOTOPOU B U3y4aeMOM 3aIaHUH

paccmaTpuBatoTcsi QyHKuuu u3 popmynsl (3), obo3HavarOT Ha

rpaduke

3aKpallICHHBIMU WJIKX MYCTBIMU  OKPYKHOCTAMU (B



3aBUCHMMOCTH OT TOI'O, BXOOUT a6CI_[I/ICC8.M B 00J1aCTh paccMOTpCHUA

(GyHKIMU WK HET).

OHpGI[GJ'II/IM Koquyecmeo HCO6XOI[I/IMBIX JOITOJIHUTCIIBHBIX

Mapkrep 1 (nycT) Mapkrep 2 (3axkp) 4,00
| X

x v Y
-1,00 | -3,00 3,00 [ 5,00

- BeiGop vcTouHWKa AaHHBIX ? >

[AnanasoH AaHHbIX AN AUarpaMmb: = /pasHeHme 1

[=.

JIManazon AaHHbIX CANMWKOM CRoxen Ans oToBpaxenns. Mpn BEIGOPe HOBOTO AMANAI0HA CTapLIi AMaNasoH GyaeT sameden. (PasHenne 2
Maprepl
Maprep 2

InemenTol nereqabl (paabn) MNMoanucK ropruacHTanbHoR ocn (KaTeropun)
= AobasuTe & UameHuTb 7< ¥YnanuTe - |

YpaBHeHune 1 -1,00 -~

VpasHeHue 2

CKpbITBIE U OYCTbIe AYeRKn OTMmeHa

MapKEpoOB. I[J'IH (byHKI_II/II/I HYXXHBI IBa OOIIOJIHUTCIIBHBIX MapKEpa

(mycToli cieBa U 3aKpallleHHBIA CIpaBa).

C nomorpbto MeHI0 BoiOpaTh 1aHHbIe -> Bb100p HCTOUHMKA

AaHHBIX 33/1aeM komaHay JlodaButh mapkep 1 u mapkep 2 Bregem

3aganue S. M300pa3sum Ha 1iockocTH Tpaduk (yHKIUH,
3aJJaHHOW ypaBHEHUEM: y(x) = |COS§|, x € [—2m 7).
OcymiecTBUTH OO0 11ara. 2

1. BemonauMm mnoctpoeHue rpaguka (QYHKUUU 074
MAKCUMANbHO20 Waza.

W3BecTHO, 4YTO UII MUHUMAIbHO TOYHOTO OTOOpa)xKeHHs
(GyHKIIMM HE0OXOAMMO BBIOpATh ILIAT, JOCTATOYHBIN JIJISl OUCAHUS

BCEX et 9KCTPEMYMOB Ha IMPOMCECIKYTKC CYIICCTBOBAHUA

(otoOpaxkenust). [lmsi BBIYMCIEHUS MaKCUMAJIbHO JOITYCTHMOTO



miara oToopakeHus (pyHKIIMKA MOKHO BOCIIOJIb30BAThCS TeOpPeMOoii

KoTteJbHMKOBA, OTKY/1a

L
hmax = —,
2(N+1)

Cy1iecTBOBaHHE BEPXHETO Mpejiesia TOUHOCTH He
YCTaHOBJICHO.

1.1. dna paccmarpuBaemoirt ¢yHkIuu (4) momydyaem: =

31 /10. B sueiixy B6 BBogum miar: ¢popmyy =3*ITHU()/(2*(4+1)).
1.2. B stueiiky C7 BBoguMm popmyiy =-2*ITH().
1.3. B sueiiky C8 BBogum dopmyny =C7+B$6. Konupyem
dbopmyity no staeriku C17.

1.4. Ina dyakmum  y(x) = |cos§| X € [—2m; m] BBIYUCIUM

tabnuny 3HaueHuit s ocu Oy. B sueliky D7 BBogum dopmyy
=ABS(COS(C7/2)). Komupyem dopmyiy no staeiiku D 17.
1.5. Beinenstem mmamason sueek C7:D67. 3amaeM KOMaHIbI

Bcraska -> /lnarpammel -> To4yeuHnble ->To4yeyHasi ¢ ri1agKuMu
kpuBbIMH. Odopmisiem Tabnuily, padoTtas ¢ koManjoi BeidopaTh
JAaHHbIE.

1.6. Insa dbyHKIMM 3a7aeM JBa JOMOJHUTEIBHBIX MapKepa

(3aKpallleHHbIE CJIEBA U CTIPaBa):

Mapkep 1 Mapkep 2

X y X y
-6,28 1,00 3,14 0,00




1.7. B pe3ynbraTe MOMyYHTCS OCHIUIAPYIOIIas QYHKIHS, CM. PHC.
19.

- Tnaswar | Boreska  Pasvenca cpaeus  Oopwyns  [awbe  Peuewvposamve  Bua  Acobat | Kowcipywiop  Maker  Gopuar

LB R ke B O w w

Cooprian Tabanua Prcynok KapTuia @nrype: SmartArt Crmmox Tucrorpamma padmk Kpyrosan flvneivaran  C [Toueunas| dpyme | [pad Cpes | Tvnepocouk
Tabanua ~ o S < - < o obnacramm |+ i
Tabanust Wanrocrpaummn it b o Drnaiie Ouetp | Commn
[Ovarpamma3 v - Fe =PAL("Oyukuna";06pasey_2.215CS7:5C517;06pazey 2.215 ’
A B € D E F G H 1 J L i N P

1 Crypent 3apanme: M300pa3nTb Ha NNOCKOCTM GYHKUMIO 334aHHYI0 YPaBHE

2 Tlpynna Yrazanne: X| War s 2

3 y(x)= |msil x€[-2mm] :.ﬁ—|| "{\:‘\]

& Toueuan ¢ FAaAKMMM KpHBSINM

5 | LWar Vpasxenme 2 Maprep 1 Maprep 2 . N
CpasHerine nap 3Hadenmii.

6 | 0,94 X ¥ X ¥ X ‘ v

7 628 | 100 | 628 | 100 [ 314 [ 000 TIPAMEHSETCR, ECTH WMEETCR MHOTO Toex

8 534 0,89 ol | mmezno oo X, 3 AaHHLe NPeACTaRARIOT

E] 240 [ 059 | coboit gynrumo.

10 -3,46 0,16

1 251 0,31

12 -1,57 0,71 o8

13 -0,63 0,95

14 0,31 0,99

15 1,26 0,81

16 2,20 0,45

17 3,14 0,00

18

19 640

20

21

22

23 \/

24

25

% o

27 8,00 -6,00 4,00 -2,00 0,00 200 400

28

Dal
4 4 » M ~Obpasey 2.1 | O6pazey 2.2 ~OBpasey 2.3 ~3apanue 1 ~3apauve 2 3apaHue 3 3agaHue 4 - 3agaHue 5 ‘,‘,ﬂ(

Puc. 19
2.8. 3agaem ums nucra O6paszen 4.1 (puc. 20).



—&— ypaBHeHHne

0,95

7 —%— ypasHeHne ﬁi%’ﬁg;
\ (4); 1,57 o8l
—&— ypaBH

ne 0,71 —%=-2,51

(4);,-4,40;
\ 0/59 2 g Wmlei&e
—4).-8,88;
—*— ypaBHEHMWE 0,45
\ (4); -2,51; %0,31
ypasHeH @31 126
S (a); 3,46 — vr}asfggwe
0,16 (4}-i 314,
\_ 00 )
Puc. 20

2. lloBropum noctpoenwue rpaduka ¢pynkuuu (4), BEIOpaB mar
BJIBO€ MEHBIIIE, YeM DPACCUMTAHHBINA Mo TeopeMe KoTempHUKOBA:
h = 3m/20.
2.1. B saeiiky B6 BBoaum popmymy =3*ITH()/(4*(4+1))
2.2. B sueiiky C7 BBogum opmyny = - 2*[1H().

2.3. B sueiiky C8 BBomuMm ¢opmyny =C7+B$6. Konupyem
dbopmyity 1o sraeriku C27.

2.4. Ina GyHKIMM ~ BBIYMCIUM TaOJIMIly 3HAUEHHUH JUISL OCH

Oy. [ns atoro B stueiiky D7 BBogum dopmyiry =ABS(COS(C7/2)).
Konmpyem popmymy no staeiiku D 27.

2.5. Beinensiem auamnasod stueexk C7:D27. 3amaeM KOMaHIBI

Bceraska -> Jluarpammsbl -> Touyeunsbie ->To4veuHas ¢ riiaIkuMu

kpuBbIMH. Odopmisiem Tabnuily, padoras ¢ koManjoii Beidoparb

JaHHbIE.



2.6. lna pyHKImu 3amaeM JBa JOMOJHUTEIBHBIX MapKepa

(3aKkpallieHHbIE CJIeBa U CIIPaBa):

Mapkep 1

Mapkep 2

X

y

X

y

-6,28

1,00

3,14

0,00

2.7. B pe3ynbTare noixyduM rpaduk, cM. puc. 21.

Daiin TnaeHan = Bcraka = Pasmetkacipaddusl  Qopmyns  fladsbie  Peuewsuposamve  Buay  Acrobat | Kowcrpyktop  Maker  ©opwar

0 1 . =
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Ceoanan Tabawua | Pucynok Kapturka @urypel SmartArt CHumok  Muctorpamma Fpaduk Kpyrosas Mukeiduatan C oueunan| lipyrwe  Mpadwk Cronbed, Bemrpeiw /| Cpe:
Tabmmua v > = = o o = obnactamm |~ ' np
Tabauie Wnniocrpaumm [varpamms Toueunas DicnaiiHbl Ouny
DOuarpamma2 v -PH}J( Oﬁpaaeq_l 315CS7: SCSZT Oﬁpaaeq_Z 3|SD$7 SD$27
A B € . ) 0
4
5 | Liar YpasHeHue 2 Maprep 1 Mapkep 2
6 | 047 X y X | y X | Y '\'
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9 5,34 0,89 120
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11 74 40 0 59 A3HHbIX N0 OCKH Xa AaHHBIE NPEACTABAROT
. - €060 QYHKLMH.
12 -3,93 0,38
13 346 | 016 g
14 -2,98 0,08
15 2,51 0,31
16 2,04 0,52 0,80
17 -1,57 0,71
18 -1,10 0,85
19 0,63 0,95
20 016 | 1,00 o
21 0,31 0,99
p2l 0,79 0,92
23 1,26 0,81 ;40
24 173 0,65
25 2,20 0,45
26 2,67 0,23 9,20
2 3,14 0,00 \'/
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OBpazey 2.2 | Obpaszey 2.3 3agaqve I 3apanme 2 3agakwe 3 | 3agaqve 4 3apanue 5 ".2]1

Puc. 21



2.8. 3agaem nms nucra Odpasen 4.2 (puc. 22).

(4); -4,87;

—— ﬂJZQH ue

(@ =#,40% —ypasHeliie 5 g5
o,gg (4); -2,04; —\ﬂs—sggir’ae
—®— ypaBHeHue 0,52 (4)’_3’4@
(4)7=35;9¢¥pasHeHne 0,45
0,38 (4);-2,51; ~ypashetthe
ypaBHeHBe31 (4);3,67;
— 4y p3pieHne A Voag.'%‘%ﬂf'e
w258 (@), 314,
\ 0,08 0,0_0/

Puc. 22

3. Jna ¢yskmum y(x) = |cos%|, X € [-2m; ] BBIYUCIUM

Tabmuiy 3HayeHui aprymenrta (Ha ocu Ox) ¢ marom h = m/20.

IIpu aTom oTpe3ok [—2m; ] pazbuBaercs Ha 60 yactel, mpuyem B

YHUCJIO TOYUCK ACJIICHUA BTOIAAT BCC SKCTPEMYMEIL (I)YHKI_II/II/I

3.1. B sueiiky B6 BBoaum dopmyny =I11()/20.
3.2. B sueiiky C7 BBonuM dopmyny = - 2*ITH().
3.3. B sueiiky C8 BBomum dopmyny =C7+B$6. Konupyem

dbopmyity 1o staeriku C67.

3.4. lna ysknun  y(x) = |cos§| X € [—2m; m| BBRIYUCIUM

Tabnuiy 3HauyeHWd (Ha ocu (Oy) B COOTBETCTBYIOIIUX TOYKAX



maccuBa C7:C67. J[lns sroro B sueiiky D7 BBoamm dopmymy
=ABS(COS(C7/2)). Komupyem dopmyny no sueiiku D67.

3.5. Beinensem nuanazon sueexk C7:D67. 3amaeM KoMaHIbl
Bceraska -> J[lnarpammbl -> Toueunbie ->To4veuHasi ¢ riiaikuMu
KPHUBBIMH.

3.6. Ans hpyHKIMK BeAeM JBa MapKepa (3aKpalleHHbIH ceBa
W 3aKpalleHHBIA cIpaBa, T.K. (QYHKIHUS paccMaTpuBacTcs Ha

3aMKHYTOM MHTEpBaJIe):

Mapxkep 1 Mapxkep 2

X y X y

-6,28 1,00 3,14 0,00

Odopmisiem Tabnuily, Kak NoKa3aHo Ha puc. 23.

Puc. 23

3.7. B pe3ynbrate monydyuM rpaduk, NpUBEICHHBIN Ha pHC.

fuarpammad = fe =PAL"M1";0Bpasey_2.115€57,06pasen_2.115F57;2)
A 0 3 D E G G 0 i K [ ] W o 3 a 0

aoerwe? | Wopnepl | Mapen? |
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100 [ 628 T 100 ] 314 | om0 |

NapameTps Mapkepa
Tun wapusg

heta
Het

® Borpaesivii

o @ [%

Pawmep: 5




Puc. 24
3.8. 3amaem ums nucra Oopasen_4.3 (puc. 25).

Puc. 25

4. IIpoBens BU3yaJbHBIN aHAJIN3 MOCTPOCHHBIX IPa(hUKOB 1O
puc. 20, 22, 25 0TMETUM, 4YTO U3 TPEX NMPUBEICHHBIX BHIYHCICHUE
nocneaHuit (puc. 25) siBisercs Hanbosee OIU3KUM K OpuruHany. B
ciydae 3 B YHCIIO Y3JIOBBIX TOYEK TaOIHIbl 3HaUYeHUN QyHKIMH (4)
MIOTIaJIK BCE €€ TOYKU IKCTpeMyMoB. L1lar mpu 3Tom ycrnoBuu MOKHO

OBLIIO B34Th OOJIBIIIE, HATIPUMED, 1T /4.

§ 3. OcHoBHBbIE CBOICTBa M IrpadguKy 3j1eMeHTAPHbIX QYHKINIH

@ Mnaswas | Boraska | Pasmerwacipaswusi  Oopwyns  Jlawsie  Peuerawposanme Bwg  Acrobat | Kowcipyktop  Maker  @opwar
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2 Tpynna YkazaHue: X LWar T

3 y(x) = |cusi| x€[-2mm] %

a4

5 ‘ LWar | 2 Mapkep 1 Mapkep 2

6 [ 016 | «x y x | x [ v

7 6,28 1,00 6,28 | 1,00 314 | 000

8 -6,13 1,00

9 597 | 099 g
10 581 | 097

11 565 | 095

12 550 | 092 &
13 534 | 089

14 518 | 085

15 503 | 081

16 -4.87 076 §
17 BezasnT-.

12 B2 Yaamm si
21 TIEpeMECTUTE WAW CKOMMPOBATS...

2 & Vigoarui texcr 020
23 2 3suwmre vcr

24 = -
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1. JUHEVHASA ®YHKIUA y=ax+b

Ceoticmea ynkyuu y=>b

1) D(y)=R;
2) E(y)={b};

3) OyHKIUSA SABJISETCS YETHOM;
4) OyHKUMS HE SBISETCS MEPUOIUYECKON;
5) Opu b#0 ¢dyHKIMS HE UIMEET KOPHEH;
npu b=0 xopHeM GYHKIMH SBISETCS TH000€ IeHCTBUTEIBHOE
YHCIIO;
6) Ilpu b >0 ¢yHKIUS TOJOKUTEIIEHA HA MMPOMEKYTKE
(— oo;+oo) ,
npu b <0 QyHKIMSA OTpUIAaTEIbHA HA MIPOMEKYTKE (— oo;+oo);
7) I'padux dpynkiuu nepecexaet ock Oy B TOUKE (O;b);
8) IIpomexxyTkoB Bo3pacTaHus W yObiBaHus HeT. Ha Bceit
obnactu onpezaeneHus: GyHKIMS IPUHUMAET OJIHO U TO K€ 3HAUCHUE;
9) Touek MakcUMyMa U MUHUMYMa HET.
10) I'paduk pynkuun — npsauas (puc. 1-3).

rt
b>0 b<0
b
> O X
d X
b
Puc.1 Puc.2
b
| O g X

Puc. 3



Ceoiicmea ynkyuu y=ax (a#0)

1) D(y) =R;

2) E(y)=R;

3) OyHKIUA ABISIETCS HEUETHOM;

4) DOyHKIMSA HE SBJISETCS MEPUOTUISCKOM;

5) @yHKuus uMeeT eIMHCTBEHHBIH KopeHb X, =0 mpu

mobom a # 0.

I'paduk Ppynkuuu nepecekaer ocb Ox B TOUKE (0;0);

6) Ilpu a >0 QyHKUMA MONOKUTENbHA HA MPOMEKYTKE
(O;+oo) U OTpHUIaTelIbHA Ha MPOMEKYTKE (—00;0); npu  a<0
(GYHKIHS MOJIOKUTEIbHA HA TPOMEKYTKE (— oo;O) U OTpHUlIATENIbHA
Ha MPOMEKYTKE (O;+oo);

7) I'padux ¢pynkuu nepecekaet ocb Oy B TOUKE (0;0);

8) Ilpu a>0 ¢Qyukuus Bo3pacTaeT Ha Bcel 00IACTH

oTpeieNIeHus;

mpu a <0 ¢yskuus yOwbIBaeT Ha Bcei 001acTH ONpeeTeHus;
9) Touek MakcCMMyMa U MUHUMYMa HET.

10) I'paduk pynkuuu — npsamas (puc. 4-5).

rt y
a>0 a<0

L .\o\= x

— O X

Puc.4 Puc.5

Ceoutcmea pynkyuu y=ax+b (a#=0, b#0)



1) D(y)=R;

2) E(y)=R;

3) OyHkus saBisieTcs GyHKIUEH 001Iero BUa;

4) OyHKUMS HE SBISETCS MEPUOIUYECKON;

5) ®yHKIWs IMEET eIMHCTBEHHbIH KOpeHb X, =—b/a.
I'paduk Gpyukuu nepecekaet ocb Ox B TOUYKE (—b/ a;O);

6) Ilpu a>0 dyHKIUSA TONOKUTENHPHA HA MPOMEKYTKE

(=b/az+o),
OTpHIIATEIIbHA HA MPOMEKYTKE (— 0;—b/ a); npu a <0 pyakuus
MOJIOKUTEIIbHA Ha MPOMEXKYTKE (— o0;—b/ a), OTpUIaTeNIbHA Ha
npomexytke (—b/ a;+o);

7) T'padux ¢pyHkmu nepecekaet ock Oy B TOUKE (O;b);

8) Ilpu a>0 ¢ynkuus Bo3pacTaeT Ha Bcel 00JACTH

oTpeieNieHus;

mpu a <0 Qyskuus yObIBaeT Ha Bcel 007acTU OMPEIEIICHNUS;
9) Touek MakCMMyMa U MUHUMYMa HeT.

10) I'paduk dyukuuu — npsvas (puc. 6-9).

a>0, b>0 a>0, b<0
rt 4y

pd -

/O X

d X d b
Puc.6
Puc.7
a<0, >0 a<0,
b<0



; ™~
x N

O X

v

v

Puc.&
Puc.9

2. CTENIEHHASI ®YHKIMUS y=x* (ke N)

Ceoiicmea ynkuuu y=ax" (a#0, neN)
1) D(y)=R;
2) E(y) =[0;+0), ecn a>0, E(y)=(-o00], ecnn a <0

3) DyHKUUSA ABISETCS YETHOI;

4) OyHKIMS HE ABISIETCS MEPUOIUUECKON;

5) ®yHKIUS WMeeT EeIUHCTBEHHBIH KopeHb X, =0 mpu
mobom a # 0. I'paduk ¢pyakmm kacaercs ocu Ox B TOUKE (0;0);

6) Ilpu a >0 byHKIMS TONOKUTEIHHA HA TIPOMEKYTKAX
(~0z0) wu (0;+0), mpm a<0 QynkuEs oTpunATenbHA Ha
POMEXKYTKax (—00;0) " (O;+oo);

7) Tpadux ¢pyHKIMHN epecekaet ock Oy B TOUKE (0;0);

8) Ilpu a >0 ¢ynkuus yObiBaeT Ha (— oo;O) 1 BO3pacTaeT

Ha (O;+oo); mpu a <0 ¢dyHKIUSA BOo3pacTaeT Ha (— 00;0) U yObIBaeT



9) Ilpu a>0 ¢yHKIUS UMeeT MUHUMYM B Touke X =0,
npudeM Y. = ¥(0)=0. TIpu a <0 GyHKIUSI UMEET MaKCUMyM B
touke x =0, mpudem y_ =y(0)=0;

10) I'padux pynxmum nzodpaxken na puc. 10-11.

y4 T oy
a> a<0
R / O X
@) "
Puc.10
Puc.11

Ceoiicmea ynxkyuu y =ax""' (a#0, neN)

1) D(»=R;
2) E(y)=R;
3) ®yHKuUA ABISETCS HEUETHOM;

4) OyHKUMS HE SBISETCS MEPUOIUYECKOM;

5) OyHkuus UMeeT eIUHCTBEHHbIA KopeHb X, =0 mpu
mobom a # 0. I'paduk ¢pyHkuuu nepecexaer ocb Ox B TOUKE (O;O)

6) [Ipu a > 0 GpyHKIMs OTpHUIIATEIHFHA HA IPOMEKYTKE (— oo;O)
U TIOJIOKUTENbHA Ha IPOMEXKYTKE (0;+OO), npu a <0 ¢yHKIHA
MIOJIOKUTEIIbHA HA IPOMEXKYTKE (— 00;0) U OTpULIATENIbHA Ha
MIPOMEKYTKE (0;+oo);

7) T'paduk ¢pyHKIIMU TIepecekaeT ock Oy B TOUYKE (0;());



8) Ilpu a>0 ¢yskuus Bo3pacTaeT Ha Bceil obmactu

onpeneneHus, nmpu a <0 QyHKIUA yObIBaeT Ha Bced oOyacTu

OIIpe/ICIICHUS;
9) ®yHkuMA HE UMEET MUHUMYMOB U MaKCHMYMOB;

10) I'padux ¢pyakumum n3odpaxed Ha puc. 12-13.

VA 4
a>0 \ a<0
\
ﬁ- .
/ O T x
Puc. 12 Puc. 13

Ceoiicmea ynkyuu y = % (a#0, neN)
X

1) D(y) = (—;0) U (0;+);

2) E(y)=(0;+0), ectu a>0, E(y)=(—x;0), ectu a<0

3) dyHKUUA ABISETCS YETHOM;

4) OyHKUHS HE SBISETCS MEPUOIUYECKOM;

5) ®ynkius He uMeeT KopHed mpu mobom a. I'paduk He

nepecekaer oce Ox;

6) Ilpu a >0 ¢yHKIHUS MOJOKHUTEIbHA Ha IMPOMEXKYTKaX

(— oo;O) " (O;+oo), npu a<0  QyHKHuA OTpuULATEIbHA Ha

npomesxytkax (—o0;0) u (0;+00);



7) T'paduk ¢pyHkuuu He nepecekaet och Oy,

8) IIpu a >0 ¢yHKIMsa Bo3pacTaeT HA (— 00;0) U yObIBaeT Ha
(O;+oo); npu a <0 ¢yHkuus yobiBaeT Ha (— oo;O) U BO3pacTaeT Ha
(O;+oo);

9) dyHKUMS HE UIMEET MUHUMYMOB I MaKCHMYMOB;

10) I'padux wumMeer BepTUKaIbHYIO acuMnTory x=0 u
TOPU3OHTANIBHYIO0 acCUMITOTY y =0 mpu x — oo,

11) I'padpux dpynkmn nzobpaxen Ha puc. 14-15.

v A y
a>0 a<0
X - \ /9/
O T X
Puc. 14 Puc. 15

Ceoiicmea ¢ynkyuu y = ﬁ (a#0, neZ, n=0)

1) D(y) = (—50) W (0;+0);

2) E(y)=(—x0)(0;+0);

3) OyHKUUA ABISETCS HEUETHOM;

4) OyHKUMS HE ABISETCS MEPUOIUYECKOM;

5) ®yHKIUsA He UMeeT KopHeW mpu mobom a. ['padux
¢byHKIIMHN He nepecekaet och Ox;

6) Ilpu a>0 ¢yHKOUS OTpUIATENIFHA HA MPOMEXKYTKE

(-o0:0) u monmoxurensma ma (0;+0), mpu a<0  PyHKuMA



MIOJIOKUTETIbHA Ha TPOMEXKYTKE (— oo;O) U OTpUIaTeIbHA Ha (0;+oo)

7) I'padux dyakuu e epecekaet och Oy ;

8) Ilpu a>0 ¢ynkus yObiBaeT Ha IPOMEKYTKAX (— oo;O) u
(O;+00); npu a <0 QyHKIUA BO3pacTaeT Ha MPOMEXKYTKaX (— oo;O)
u (O;+oo);

9) ®yHkuMA HE UMEET MUHUMYMOB I MaKCHUMYMOB;

10) I'padbuk wumeeT BepTHKaIbHYIO acuMnToTy x=0 H

TOPU30HTANBHYIO ACUMIITOTY y =0 mpu x —> oo

11) I'paduk ¢pynkumm m3odpaxen Ha puc. 16-17.

vt L

a>0 / a<0
\O X

Puc. 16 Puc. 17

v

v

3. KBAJPATUYHASI ®YHKIUS y = ax> +bx+c (a #0)

Csoiicmea ynkyuu y=ax’ (a#0)
1) D(y)=R;
2) E(y)= [0;‘*'00), ectu a>0, E(y)= (— 00;0], ecmt a<0



3) OyHKIUA SBISICTCS YETHOM;
4) ®yHKUMS HE ABISAETCS NEPUOINYECKOM;

5) @OyHKuusS UMeeT eIUHCTBEHHbIH KopeHb X, =0 mpu
mobom a # 0.

I'padux ¢pynkimu kacaercst ocu Ox B TOUKE (0;0);

6) Ilpu a>0 ¢GyHKIUSA TONOXKUTEIbHA Ha TIPOMEKYTKAX
(~o0z0) u (07+0), npu a<0 ¢ysxuus orTpunarensHa Ha
MIPOMEKYTKAX (— oo;O) u (0;+oo);

7) I'paduk dpyakmu nepecekaet ocb Oy B TOUYKE (0;());

8) Ilpu a>0 ¢Qynkuus yObIBaeT Ha MPOMEKYTKE (— oo;O) u
BO3pacTaeT Ha MPOMEKYTKE (O;+oo); npu a<0 dyaxmus
BO3pacTacT Ha MPOMEKYTKE (— 00;0) U yOBbIBaCcT Ha MPOMEXKYTKE
(O;+oo);

9) Ilpu a>0 ¢yHKIUS UMEeeT MUHUMYM B Touke X =0,
npuyem y,.. = »(0) =0.

IIpn a <0 ¢yHKIMA UMeeT MakcUMyM B Touke x =0, mnpuuem
Vi = ¥(0) = 0.
10) T'padux pyakuuu — napabora (puc. 18-19).

y A
y r y
a>0 a<0
0)

x | -

O T X

Puc.18

Puc.19

Ceoiicmea ynkyuu y=ax>+c¢ (a=0, c=0)
1) D(y)=R;



2) E(y)=[c;+00), ecmn a>0, E(y):(—oo;c], eciu

a<0;
3) OyHKIUSA ABISETCS YETHOM;
4) DOyHKIMSA HE ABJISETCS MEPUOTUISCKOM;
5 Ecmu a>0 u ¢<0 wm a<0 u ¢>0, T0 QyHKIHSA
UMEeT JIBa Pa3IMYHBIX JIEHCTBUTENBHBIX KOPHA: X, =—./— H
a

—c
X, = - B stux cnydasx rpadux pyHkuuu nepecekaer ocb Ox

B Toukax (x;;0) u (x,:0).

Eciu a>0 u ¢>0 umu a<0 u ¢<0, To QpyHkuusa He
UMeeT JICHCTBUTEIBHBIX KOpHEH. I'paduk He mepecekaeT och Ox u
HE KacaeTcs ee, a PacloyiokKeH BCIOAY Bbille OX WU BCIOAY HIKE
Ox B COOTBETCTBUH CO 3HAKOM «,

6) Ilpu a >0 u ¢ <0 yHKIUS MONOKUTETHHA HA (— 00; xl)
u (x2 ;+oo), a OTpULATENbHA Ha (xl;xz). Ilpy a >0 u ¢ >0 dynxuus

MIOJIOKUTEIbHA HA (—OO;+OO) IIpu a<0 u c¢>0 Qyakuus

OTpHILIaTeNIbHA Ha (— o0; xl) " (x2 ;+oo); MOJIOKHUTEbHA Ha (xl;x2).
IIpu a<0u c<0 pyHkuus oTpunaTebHa HA (— oo;+oo);

7) I'padux ¢pynkunu nepecekaer ock Oy B TOUKE (O;C);

8) Ilpu a>0 ¢ynkuus yObIBaeT Ha IPOMEXKYTKE (— 00;0)
¥ BO3pPACTaeT Ha MIPOMEKYTKE (0;+oo).

Ilpu a <0 ¢QyHkuus BO3pacTaeT Ha MPOMEXKYTKE (— oo;O)
1 yOBIBaeT Ha MPOMEKYTKE (O;—I—oo);

9) llpu a >0 ¢ynkuus umMeer MUHUMYM B Touke X =0,
npuuem Y. = Y(0)=c. Ilpu a <0 GyHKUUS HMEeT MAKCUMYM B

touke x =0, npuuem y_ = y(0) =c.
10) I'paduk pyukmu — napadbora (puc. 20-23).

a>0,c¢<0 a>0
, ¢>0



X § X, X .
c 0) X
Puc. 20
Puc. 21
a<0,c>0 a<0,
c<0
7 B
O
X
c
Iy, O WX
Puc. 22
Puc. 23
Ceoiicmea ¢ynkyuu
y=ax’+bx+c (a#0, b=0, c=0)
1) D(y)=R;
2
2) E(y)= [ﬂ ;+ooj , ecITu a>0,
4a
4ac - b’ ]
E(y)=|—0w;——|, ecmu a <0;
4a

3) ®dynkuus seuseTcs GyHKIMEH 001Iero BUaa;
4) OyHKIMS HE ABIISETCS NEPUOANYECKOI;

5) y:a(x+i)2 —2, rie D=b"—4ac;
2a 4a



6) Ilpu D>0 ¢yakous wuMeeT JBa Pa3THIHBIX
~b-VD _-b+VD
2¢ 7 2a
nepecekaeT ocb Ox B TOUKaX ()cl ;O) u (xz;O).

NCHCTBUTEIBHBIX KOPHA: X, = . I'padux

I[Ipu D=0 ¢yHKIMSI UMEET OAUH JICHCTBUTEIbHBIN KOPEHb:

X, = ——. B arom ciydae rpaduk kacaercs ocu Ox B TOUKE (x1 ;O)
2a

I[Ipu D <0 ¢yHKIMS HE WMEET ICHCTBUTEIHLHBIX KOPHEH.
I'padux He mepecekaeT ocb Ox U HE KacaeTcs €e, a PacHoJIOkKeH
BCIOJY Bbllle ocu Ox WM BCIOLY HUkKE OcH OX B COOTBETCTBUH CO
3HAKOM 4HCIIa 4,

7) Ipu D>0: ax’ +bx+c=a(x—x,)-(x—x,). Ilpu
D=0: ax’ +bx+c=a(x—x,)>. Tlpu D<0 ¢dyskus He
pasnaraercsi Ha MHOXHTEJIH,

8) Ilpu a>0u D >0 QyHKkuMs NOJOKUTENbHA HA (— 00; xl)
u (x2 ;+oo); OTpHIIATENIbHA HA (x1 ;xz). IMpn a >0 u D=0 pynxnus
b
2a
obpamaercs B Hynb. [Ipu @ >0 u D <0 GyHKIHS MON0XKUTETHHA

IIOJIOXKHUTCIIbHA Ha (—OO;XI) u (X1;+OO), a4 B TOYKEC X, =—

Ha (—00;+00). [lpu a<0 u D>0 QyHkuus oTpuaTenbHa Ha
(—oo;xl) u (x2;+00); MOJIOKHUTETIbHA Ha (xl;x2). I[lpu a<0 mu

D =0 ¢ynknus oTpunaTenbHa Ha (— 0] xl) u (xl ;+00), a B TOYKE

b
X, = 2 oOpamaercss B Hynb. [Ipuy a<0 u D <0 ¢ysxnus

OTpHILIATENIbHA HAa IPOMEKYTKE (— oo;+oo);

9) I'padux bynkmm nepecekaet ocb Oy B TOUKE (O;C);



10) IIpu a>0 ¢yaxkous yObIBaeT Ha (— oo;—zij u
a

b
BO3pacTaeT Ha —2—;+oo . lIpn a <0 ¢yHkuus Bo3pacraer Ha
a

(o s 5
—00;—— | ¥ yObIBaeT Ha | — —;+0 |;
2a 2a

11) Ipu a >0 umeem: y . = y(—ﬂ) = —2.
2a 4a

b D

IIpn a <0 umeem: Vg = V(=—) =——.
2a 4a

12) I'pacduk dyukuuu — napabora (puc. 24-29).

a>0,D>0 a>0
, D=0

4 “/ y

~—
c
Puc.24
Puc. 25
a>0,D<0 a<0
, D>0




v
v

-— X X, -— X,
2a 2a
X
Puc. 26
Puc. 27
a<0, D=0 a<0
, D<O0
A Yooy
b »
_— X
2a
— >
) TN
c -— X c
2a \
Puc. 28
Puc. 29
4. MIOKA3ATEJIbHAS ®OYHKIIUA y= a (a>0,
azxl)
1. O6nacts onpenenenus: D(a™) = (—o0;+0);
2. OO6nacte usmenenus:  E(a”) = (0;+0);
3. ®OyHKUUA HE SBISETCS HU YETHON, HU HEYETHOM;
4. OyHKIUS HE SBISETCS MEPUOTUIECKOI;
5. @yHnkiusa He uMeeT KopHel. Ee rpaduk He mepecekaer
ock Ox;

6. [I'padux pynkuuu nmepecekaer ocb Oy B TOUKE C
opmmHatoii y =1 mpu mobom a € (0;1)U (I;+0);



7. DyHKIUS TOJOXKUTEIBHA HA BCEH 001acTH
ONPEACIICHUS,

8. DyHKIUs HENpPEepBhIBHA HA BCEH 00JIACTH OIPEICICHIS;
_ X
9. Bem 2”1 1o byHKuIusA y=2a BO3pacTaeT Mpu

xe R. Eciu O0<ac<l

_ X
> 1o pynkuus ¥~ ¢ y6piBaeT npu x € R;
10. ®dynkuus HEe UMEeT HU MaKCUMYMOB, HI MUHUMYMOB.

11. I'paduku nzo6paxkens Ha puc. 30-31.

y=a" (a>1)
—//
o 1 g X
Puc. 30
yv=a" (0<a<l) Ay
S~ 1
.......... a¥
0 1 g
X Puc. 31

5. JOTAPUOMUYECKAS ®YHKIIUA Yy =Ilog, x (
a>0,a=#1)




1. D(log, x) = (0s+0);
5 E(log, x) = (~oor+o0);

3. ®OyHKUUS HE SBISAETCS HA YSTHON, HU HEYCTHOM;

4. @yHKUUA HE ABISAETCS IEPUOIUYECKON;

5. @yHkuus uMeer KopeHb x =1 1npu mobom a. Ee

rpadpuk  mepecekaer ock Ox B TOUKE (1;0) npu JiroOoM
a € (0;1) U (I;+);

6. I'padux ¢pyHkuum He nepecekaer och Oy,

7. Eem 2a>L o y=log,x orpunarenpHa npu
x € (0;1) xe(l;+oo). Eemu 0<a<l
xe (0;1)

H  IOJOXHUTCIIbHA IIPpU > TO

Gyukms y =log, x monoxurenpHa npu U OTpULATEIbHA

xe (1;+oo)
8. DyHKIMA HEMPEPBHIBHA Ha BCEN 00JaCTH ONPEIEICHNUS;
9. Ecmm @1 1o y=log, x Bospactaer npu * € (0;+°O),

xXe (0;—!—00);

npu

O<ax< L TO (I)YHKHHH y= l()ga X Y6LIB3.CT npu

10. dyHkMsA HE UMEET HU MAaKCUMYMOB, HUI MUHUMYMOB.
11. I'paduxu n3o6paxxkeHsl Ha puc. 32-33.

Ecin

y=log,x (a>1)

Puc. 32 A 1 a



|

y=log,x (0<a<l) y4

e

Puc. 33

6. ®YHKIWUSA MOJYJIS YACTIA y=|x

Ceoiicmea pynkyuu y:|x|

1) D(y)=R;

2) E(y) = [05+00);

3) OyHKUUA SABISETCS YETHOM;

4) ®yHKUMS HE ABISETCS MEPUOIUYECKOM;

5) ®ynkuus umeer oguH kopeHb x, =0 . ['paduk QyHxnun
xacaercs ocn Ox B Touke (0;0);

6) DyHKIHSA MONOKUTENbHA HA MPOMEKYTKax (—o0;0) m
(O;+oo); B Touke x =0 oOpairaercs B HyIb;

7) I'padux ¢pynkuu nepecexaer ocb Oy B TOUKE (O;O);

8) DyHkuus yObIBaeT Ha MPOMEXKYTKE (— oo;O), BO3pacTaer

Ha (O;+oo);
9) @yHkUs uMeeT MUHUMYM B Touke x =0, mpudem

10) I'padux pyHkuuu yxaszas Ha puc. 34.
y



0O X Puc.
34

OynKuus y=|aXI (@a#0, aeR) o0lagaeT TeMHU IKe

CBOMCTBaMH, 4TO U QyHKIus Y = |x| Ee rpaduk nzobpaxeHn Ha
puc. 35.

o X Puc.
35
Ceoiicmea ¢ynkyuu
y=|ax+b| (a#0, b#0, abeR)
1) D(y)=R;

2) E(y)=[0:+o0);
3) ®dynkuus sBnaseTcs GyHKIMEH 001Iero BUaa;
4) ®yHKIMA HE ABIAETCSA NEPUOAUUYECKON;

5) @yHkuMs UMeeT OJIWH KOPEHb: X, =—é. I'padux
a

¢byHKIuM Kacaetcs ocu Ox B TOUKE (xl ;0);
6) OYHKIUS TOTOKUTENTbHA HA IPOMEKYTKAX (—oojx,) u

);

(x1 ;+oo). B Ttouke x =x, oOpamaercs B HyJb;

b

7) T'padux ¢pyHkuu nepecexaet ocb Oy B TOUKE (0;



8) @yHKIus yOBIBaET HA TPOMEKYTKE (— 00; X, ), BO3pacTaer

Ha (x,;+00);
9) @OYHKIMA MMEET MHHHMYM B TOYKE X = X,, IPHUYEM

b
Y min :y(__):();
a
10) I'paduxu pynxnum m3o0paxkeHsl Ha puc. 36-37.

a>0 b<0

y
y=-ax—b y=ax+b
| >
O ~bla X Puc.
36
y
y=ax+b y=—ax—b
I >
-bla @) X Puc.
37
7. IPOGHO-JIMHEVHAS ®YHKIIUS
=ax+b (c#0, bc—ad #0, a,b,c,d € R)
ox+d

1) D(y)= (— ;—%j v (— % ;+ooj ;

2) E(y)= (— oo;%j U (%;mj ;

3) ®dynkuus sensercss QyHKUMEH oOIIero BUAa;
4) ®OyHKUMS HE SBISETCS MEPUOIUUECKON;



b
5) Ilpu a#0 ¢yHKUMA HMEET OAMH KOpEHb: X, =——. B
a

3TOM cllydae rpaguk GpyHKIHH nepecekaeT ock Ox B TOUKE (x1 ;0).

I[Ipu a=0 d¢yakuus He uMeeT KOpHEH U rpaduk QyHKIHH HE
nepecekaet ocb Ox;

6) Ilpu LS 0, bc—ad >0 ¢yHxuus nonoxuTenbHa Ha
c

[e) (o) (ot
—0;—— | U | ——;+00 |, orpunarenbHaHa | ——;—— |. [Ipu — <0,
c a c¢

bc—ad >0  dynxuus [IOJIOKUTEJIbHA  Ha (— —= —j ,

d b a
oTpulaTeabHa Ha | —o0;—— | H | ——;+o0|; Ilpm —>0,
c a c

d
bc —ad <0 QyHKUMS TONOXUTEIbHA HA IPOMEXKYTKAX [— oo;——j
c
e (42
| ——+o|, orpunaresibia Ha | ——;—— |. Ilpu — <0,
a c a c
b d
bc—ad <0 GyHKIMS MONOKUTETbHA HA MPOMEXKYTKE | ——;—— |,
a c

d
OTpUIIATEIbHA HAa TIPOMEKYTKAX [— 00;— —) u (— —5to |,
a c

7) Ipu d#0 rpadux ¢pyHkuuu nepecekaer ocb Oy B
touke (0;6/d).Tlpu d =0 rpadux (yHKIHE He mepeceKaeT och
Oy,

8) Ipu bc—ad >0 dyukus yobBaeT Ha (— 00;— ij "
c



IIpu bc—ad <0  ¢dysxkuus Bo3pacTaeT Ha (— w;—ij

(4

9) ®yHKIUS HE UMEET SKCTPEMYMOB;
10) I'paduxu pyHnkmmm n3odpaxeHsl Ha puc.38—1.

ﬁ>0, bc—ad >0
c

Puc. 38
A a
y ! —<0 bc—ad>0
! c
O —0%/0 K x
: alc



Puc. 39

Q
Ny

S

|
\—-&‘t\-\' _——_———

|

>

n

=

Puc. 40

i
|
>
——— e = S e b —
N
|
QU
~
Q
v

Puc. 41

8. TPUTOHOMETPUYECKHUE ®YHKIINHN




Dynkyua Y =sinx

1) D(sinx) = (—o0;+00);
2) E(sinx) =[-11];
3) OyHKUUA HeuemHasi,

4) Oyukuus 27— nepuoduyeckas,

5) sinx=0, ectu x=m (neZ),
6) sinx=1, ecnmu x=7/24+2m (neZ);
7) sinx=-1, ectu x=-7/242m (neZ);

8) dyHKIHMs BO3pacTaeT Ha JII0OOM M3 MPOMEKYTKOB BH/IA
(—712+42m; 712+ 2m), nelZ.

®dyHKIUsA YObIBAET Ha JIIOOOM U3 IPOMEKYTKOB BHIa
(x!2+4+2mm;3712+2m), nelZ.

9) I'padux bynkumu — cunycouda (puc. 42).

Ay y=sin x

1
T
- 7/2 0 /2 & X

-1

v

@Dyukyua Y =COSX

1) D(cos x) = (—oo;+0) ;



2) E(cosx)=[-L1];
3) OyHkuuA yemHas;

4) Oyukuus 27— nepuoduyeckas,

Vs
5) cosx =0, ecimu x=5+7m (neZ); cosx=1, eciu

x=2m (neZ);
cosx=-1l,ecmn x=7+2m (nel2);
6) ®yHKIHsA BO3pacTaeT Ha JFOOOM M3 MPOMEKYTKOB BUIA

(—7+2m; 2m), neZ.
@®yHK1Ms yObIBAaeT Ha JI000OM U3 IPOMEKYTKOB BUAa (27m;
T+2m), nel;

7) I'padux byHkuu — kocunycouda (puc. 43).

4 y=coS X

X
-1
Puc.43
QDynkyua y =1gx
1) D(tg x)=1x x¢§+ﬂn,neZ};

2) E(tg x)=R;



3) OyHKIUA HeuemHas,
4) OyHKUMS 7 — nepuoouyeckas;
5) tgx=0, ecmu x=m (ne2),
6) OyHKUMA BO3pacTaeT Ha JIIoOOM U3 MPOMEXKYTKOB BUAA

(—£+7m;£+7zn), nez,
2 2

7) T'paduk byukuuu — maneencouda (puc. 44).

VHg X

)
|
[\9)

[\ )

Puc. 44
Dynkyusa y = ctgx

1) D(ctg x)= {x|x¢7m, n eZ} ;
2) E(ctg x)=R;

3) Dynkuusa Heuemnas,

4) OyHkuus 7 — nepuoouyeckas,

5) ctgx =0, ecmun X:%-F]Zn (neZ2),

6) ®ynkuus yObIBaeT Ha JHOOOM MPOMEXYTKE BUla (771
T+m),neZz,



6) I'paduk byukuuu — komaneencouda (puc. 45).

y=ctg X

— 27

Puc. 45

1) D(arcsin x)=[-1;1];

2) Elarcsinx)=[-7/2;712];

3) Oyukuua Heyemuas,

4) OyHKUMS HE SBISIETCS NEPUOJUUYECKOM;

5) sin(arcsina) =a;

3

2r X

9. OBPATHBIE TPUTOHOMETPUYECKHE

OYHKIINHU

®ynkyua Y =arcsinx

6) arcsin0=0, arcsinl=7x/2, arcsin(-1) =-x/2,

arcsinl =xl6;
2

7) ®yHKIIHS BO3pAcTaeT Ha BCEW 00JIaCTU ONPEIeTICHNUS,

8) I'paduk ¢pyHkIMM n300pakeH Ha puc. 46.



y=arcsin x

—r/2
Puc. 46

@Dynkyua )y =arccosx

1) D(arccos x)=[-L1];

2) E(arccos x)=[0; 7];

3) ®yHKUUMA HE ABISETCS HU YETHON, HU HEYETHOI;
4) dyHkIMs He ABISAETCSA NEPUOIUYECKOI;

5) cos(arccos a) =a;

6) arccos 0= % , arccos1=0, arccos(—1) =7, arccos% = % :

7) OyHKIMs yOBIBa€T Ha BCEH 00IaCTH ONIPEACIICHHUS;
8) I'padux QpyHKIMN H300pakeH Ha puc. 47.

y=arccos X 4y

\~

Puc. 47

@Dynkyua y = arctg x



1) D(arctg x) = (— oo;+oo);

T
2) Elarctgx)=|—-=;=1;
) Elarcig x) ( ; 2)
3) OyHKUUA HeuemHas,
4) OyHKUMS HE SABISICTCS NEPUOIUUYECKOM;
5) tg(arctga)=a;,

6) arctg0=0, arctg(+1)= J_r% . arctg(+w) = i% ;

7) @yHKIUA BO3pacTaeT Ha BCel 00JIaCTH ONpeIeTICHNUs;
7) Tpadbuk GpyHKIMH H300pakeH Ha puc. 48.

ylr y=arctg x

®
v
>

Puc. 48

@Dynkyua y =arcctg x

1) D(arcctg x) = (- 00;+OO)2
2) E(arcctg x)= (0;7);
3) ®dyHKuMA HE SABISETCS HU YETHOM, HU HEUYETHOM;

4) OyHKIMS He SBISETCS MePUOJUUYECKOM;
5) ctg(arcctg a)=a;



8) arcctg(= % , arcctgl = % , arcctg(—1) = % ,

arctg(—oo) = % , arctg(+w«) =0;

7) ®yHKUMs yObIBaeT Ha BCEH 00JIACTH OINpEICTICHUS;
8) I'padux pynxmuu nzodpakeH Ha puc. 49

y=arcctg x

T

Puc. 49

PabGora Ne 3

IIpudau:keHHOe BbIYKMCICHHE TOBeAeHUA QYHKIUI BOJIM3H
TOYeK pa3pbiBa. I'paduueckoe nocrpoeHue HAKJIOHHBIX
acumnrort (Excel)

[Ipudau:keHHoe BbIuMcIeHHe OBeAeHUsA GyHKIUI BOJIM3H
TO4YeK pa3pbiBa. ' paguyeckoe nocTpoeHre HAKJIOHHBIX
acumntoT (EXxcel)



BBenenue

Iycts f(X) onpenenena B OKPeCTHOCTH TOYKH @, KPOME
OBITh MOXXET caMoil Touku (. Hanmuue paspeiBa B TOuke A

osuauaer, 4o lim f(x) # f(a).
x—a
1. Hpeanonosxum, uto lim f(x) cymecrsyer, Ho He paBen
xX—a

snauennio f (@), mpu 3TOM TOCIeIHEE MOKET CyIIECTBOBATH, A
MOJKET HE CYIIECTBOBATD, T.€. (YHKIIUS MOKET ObITh HE OMpeiesieHa

B Touke . Takas CUTyalus Ha3bIBACTCA yCMpaHUMBIM pA3PbIEOM.

0
Tunu4YHbINA CIy4ad — HEONPEAEIEHHOCTD o KOTOpast packpbiBaeTCs

sinx

¥ B TIpejieNie TomydaeTcs uncio, nanpumep f(x) =
X

2. Mycts lim f(x) ue cymecryer, HO CymecTByIOT
xX—a

KOHeuHble ofiHOCTOpoHHMe mpenensl  lim f(x), lim f(x),
x—a—0 x—a+0

HE paBHbIE APYT JAPYyry (MOCKOJIBKY HE CYLIECTBYET JABYCTOPOHHMMI
npezen). DTa CUTyallus Ha3bIBACTCs (HeyCcmpanumvim) paspuleom I-
20 pooda. TunuuHbple MpUMepbl PYHKIUNA C TaKUMHU pa3pblBaMH —

|x2-3x—4|
HEOTpeIeTeHHOCTH ¢ Moyisamu, Hanpumep f(X) = —
X
WMroraa paspeiBoM I-TO poja Ha3bIBAIOT pAa3phlB, TIPH
KOTOPOM CYIIECTBYIOT KOHEUYHbIE OJJHOCTOPOHHHE Hpeaensl. Toraa

PacCMOTpPEHHBIC JIBAa THIA Pa3pbiBa OOBEAUHSIIOTCS B OJWH: Pa3phiB



OyIeT YCTpaHUMBIM, €CIH OJHOCTOPOHHHE MPEAENbl PaBHBI IPYT
JIPYTy, 1 HEYCTPAHUMBIM — B IPOTUBHOM ClIy4ae.

3. CaMbIM CIIO)KHBIM THIIOM pa3pbiBa SABIAETCS pas3pwsig l1-
20 poda, IpH KOTOPOM XOTS Obl OJTMH U3 OJHOCTOPOHHUX MPEIEIIOB
OeckoHeueH WM He cymiecTByeT. OTMETHM cpasy, uTO B Cllydae

OTCYTCTBHSI OJIHOCTOPOHHHUX IPEJENIOB, KaK HanpuMmep y GyHKIUU
1
f (x) = Sin " JUIS.  YHUCIIEHHOTO HCCIEIOBaHUs TpedyeTcs

JIOTIOJTHATEIbHASI MHPOPMAITUs, YTOUHSIONIAS MOBECHUE ()YHKITUN
B OKPECTHOCTH pa3phiBa.
Paccmotpum Gonee moapoOHO cuTyanuio, Korga o0a

OJHOCTOPOHHUX HpefenoB OeckoHeyHbl. B arom  ciydae

BEpTUKalbHAsE TMpsMas X = A Ha3blBaeTcs (JIBYCTOPOHHEMN)

eepmuxanvroti acumnmomoii rpapuka dpyuxuuu f(X). TunuaabM
Cc
npumepoM  3ech  sBiusercas  f(x) = Goae  PHa > 0.

IlokazaTens cTeneHM (X MOXKHO BBIYHCIHMTH qepe3 mpeaen a —

In|f(x)|

x—a In|x—al’

lim £ () (x — a)®.

3nas @, wmaigem kodppumuent C =

Mycts Temeps ¢ymkmus f (X) ompemenena mpm Bcex
0CTaTOuHO GOJbIIKMX 3HadeHHsX |X|. Tpadux ¢yHkmuu umeer
naxnonnyto acumnmomyy = kx + b ma 400, ecnu cymecTByoT

uucna K,b mpu koropeix  lim (f(x) — (kx + b)) = 0.
X—+00



AHaJIOTUYHO ONpEeNeNsieTCs HAKJIOHHAasg acuMNTora Ha —O00. B

yacTHOM ciydae, korga K = 0, T.e. xorja HaKJIOHHas aCHMITOTA
ABIISICTCA TOPU30HTAILHOU IPAMOM, TOBOPAT O 2OPUSOHMANLHOU
acumnmome. Hannuue acumnTor Ha 100 o3Hauaer, 4to rpaduk

(GbyHKIMHU BIajieKke OT Hayala KOOPAWHAT MPAKTHYECKH CITUBACTCS C
HEKOTOPOU MPSIMOM.
KoadduiuneHTsl HaKJIOHHBIX aCUMIITOT BBIYUCISIOTCS IO

dbopmynam:

k= lim {2 p = lim(F () — k).
x—7oo

x—>+too X

BbinosiHeHHne padoThl

sin 3x
1. Tna dysxumm f(x) = ———— BBIYMCIMM TabiuIy
x2+42x
3HAYEeHU pu X = nh, rie h = 0.01, n=

-100,-99,...,—1,1,2,...,100. Tlocrpoum naBe NUHUM IO
HallJeHHBIM  TOYKAaM: OTHEIBHO JUIi  OTPHIATENBHBIX M

MOJOKUTENBHBIX M. HailgeM 4HCIeHHO 3HA4YeHue Mmpejaena

lim f(x).

x—0

1.1. BBomum B nuamnazon siueexA4:A203 pabouero nmcra
Excel uucma —100,-99,...,—1,1,2,...,100. B sueiixy C1

BBoamnM umcio 0,01.



1.2. B siueiiky B4 BBoguM popmyiny =A4*$C$1. Konupyem
bopmyny no stueiiku B203.

1.3. Brimeasem nuamaszod sguyeek B4:C103. 3amaem
komanny BCTABKA/JIMATPAMMBI wu  BbeiOupaeM  Tull

AuarpaMmbl TouyeyHasi C NMPAMBIMH OTPE3KAMMU., KAK ITIOKA3aHO Ha

PUCYHKC!
lo] Lo g p ey
Ceognan Pekomengyemele Tabnuua  Pucynkun VsoBpaxenun B 3 Mo npunGKerna - E Pekomerayemele 9 - [ -
Tabnuua ceogHele TabanLel u3 VHTeprera @i+ AWarpamme! aui
TaBanubl WManwcrpagmm MpunoxeHua Awnarp. Toueuwnasn

Awarpam... ™ )(1

A B C D E F G H I
1 h 0,01 Py
2 e
3 n nh f(x) Mpea. Mys Toueur
4 -100 -1| 0,14112| 0,17077 ® ﬂs:::':
5 99|  -p,99| 0,17077| 0,20031 L <
6 -98 -0,98| 0,20031| 0,22973 - wabopo
7 97|  0,97| 0,22973| 0,25903 [ | Aanen
8 -96 -0,96| 0,25903| 0,2882 HasBaHwue HEC”‘:;'
9 -95 -0,95 0,2882| 0,31722 « Korga
10 94|  -0,94| 0,31722| 0,34609 coboit|
11 -93 -0,93| 0,34609| 0,3748
12 -92 -0,92 0,2748| 0,40324
13 -91 -0,91| 0,40334| 0,4317
14 -90 -0,9| 0,4317| 0,45987
15 -89 -0,89| 0,45987| 0,48785
16 -88 -0,88| 0,48785| 0,51562
17 -87 -0,87| 0,51562| 0,54318
18 -86 -0,86| 0,54318| 0,57052
19 -85 -0,85| 0,57052| 0,59763

1.4. Opopmisiem TabIHITy Kak TOKa3aHO HAa PUCYHKE BHIIIIC.
1.5.Beinensiem quarpammy.
1.6. W3 KOHTEKCTHOrO MEHIO BbIOMpaeM KOMaHIy

Bei0paTh naHHbIe.



X% Boipesats
Ey Kenwposate

T'_b, MNapameTpw BCTaBKM:
B
¥ BoccTaHoBMTs cTUAB
A UWpwgT..
Il YEmMmeHuTs TUN guarpammel,.
|E' CoxpaHnTe Kak LWabnoH...
BriBpate gaHHBIE...
[[] MepemecTuTs gMarpammy...
-1,2 -1 - -0,2

1.7. B okHe Bp10op MCTOYHMKA JAHHBIX 33]]a€M KOMAaHy

Jl06aBUTD.
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Brifiop ucTounvKa JaHHeIX

[nanasoH JaHHeX gna auarpammer | ="Lar 1'15654:5C5103

3NEMeHTE NereHael (pase)

J/}’_I @ CTpokajcTonéey —

MognKCH FOpU3aHTAABHOR 0CK (KaTeropuu)

~

-

1}

tl Ao6aEHTE “ D‘HBHEHHTI: “ }(Xp,anmb l
Paal 1 4
099 3
4,98
4,97
4% -
l CKPBITHIE M DYCTHIE A4EMHKN ] [ 0] 4 ] [ OTMEHa I

_

1.8.3anonHseM okHo M3MeHeHMe psifa Kak IOKa3aHO Ha

PHUCYHKE:

Ha3BaHue OUarpammel

o
18 Wsmenenue paga M
£
5 Wma paga:
14 3HEYEHNA K
12 = Llar 11$B5104:585203 =0,01;0,02:0,..

1
03
06
04
0,2

0

3HayeHmA Y:
='Lllar 1'15C5104:5C5203

- 1497313443 1...

B L

1.9. B pe3ynpTare mogyduTcsl TIOMaHHas KakK MOKa3aHO Ha

PHUCYHKE BBIIIIE.



1.10. B sueiixy D4 BBenem ¢opmyny IUisi BBIYUCIICHUS

gucienHo 3Hadenue npeaenalim f(x):
x—0

=SIN(3*(B4+$C31))/((B4+$C$1)"2+2*(B4+3$C$1))

1.11. Konmupyem a1y dopmyiy ao stueiiku D203/

1.12. 3amaem nmsg iucra Hlar 1.

2. Tlosropum 1o ke moctpoenne mis h = 0.0001.
YTOouHUM 3HAUYEHUE TpEIena.

2.1. Cozmaem komuto smcrta Har 1. Jlng storo wu3
KoHTekcTHOro MeHto jucra Hlar 1 (cMm. puc.) BeIOMpaeM KoMaHay

IlepemecTHTH HJIU CKONMUPOBATh... .

13 -91 -0,91 0,40324 04317
14 -90 -0,9 0,4317 0,45987
15 -89 -0,89 0,45987 0,48785
16 -88 -0,88 0,48785 0,51562
17 -87 BcTaeuTh. .

18 -86 |=_|X ¥nanute

19 -85 MepenmeHoeats

20 -84 [epemMecTkTe KAW CKONWPOBETE..
21 -83 {Tj WcxogHem Texct

22 -82 I:' 3ALMTUTE JACT...

23 81 Ueer apakiuka 3
24 80 —_—

25 -79

26 -78

Ebl,.'],l'-_ﬂHTI: BCE NNCThI
11—

]~ A==l e

2.2. Odpopmiisiem okHO IlepeMecTHTH MJIM CKONMPOBATH

KaK [MOKa3aHO Ha PHCYHKE:



Ll B
I'Iepemecrmb WAK CKONWpOBaTE Lilg

[MepeMecTUTE EblBpaHHBIE AWCTh
B KHMHIY:

MeToaudka 4.5.xl5x |E|

Oepes AMCToM:

warg |
LWar 2

Lar 3

Lar 4

Lar 5-&

War 561

LWar 7+

[MepemMecTHTE B KOHELLY

[ QK ] [ OTmeHa

E o

2.3. 3apaem ums Hlar 2 i nony4uBILIErocs JIUCTA.

2.4. Ha Jlucre Illar 2, meusgeM 3HadeHue suckiku Cl Ha
0,0001.

2.5. B pe3ynbTate y Bac J0JDKHO MOJYYUThCS TaHHBIE KaK

MOKa3aHO Ha PUCYHKE.



A B C D E F G H I J

1 h 00001
2
3 n nh fi{x) Mpea.
4 100 001 150731 150724
5 99 0,0099 150724 1,50717 1
6 98 -0,0098 150717 1,5071 -
7 97 0,007 15071 1,50703 -
8 96 -0,0096 1,50703 1,50695 -
9 95 -0,0095 1,50695 1,50688 Lsos
10 94 0,009 1,50688 1,50681 o
1 93 -0,0093 150681 1,50674 3
12 92 0,0092 1,50674 1,50667 Lo
13 91 -0,0091 1,50667 1,506 e
14 90 0,009 15066 1,50653
15 89 -0,0089 1,50653 1,50645 s
16 88 -0,0088 1,50645 1550638 R
17 87 00087 150638 150631 .- oo s 0005 001
1
3. Jlna oymkumuu f(x) = T BBIYHCIUM Ta0IuIly
1+2%
3HAYCHU I npu X = nh, rie h = 0.01, n=

—-100,-99,...,—1,1,2,...,100. Tloctpoum naBe nmMHMH TIO
HAaWJEHHBIM  TOYKaM: OTIENbHO s OTPUIATENbHBIX U
MOJIOKUTENBHBIX N.Haliiem 4ucieHHO 3Ha4eHHs] OJHOCTOPOHHUX
mpexenos lim f(x), lim f(x).
x—>—-0 x—>+0
3.1. Co3gaem HOBBIN HCT U 3agaem ums Illar 3.
3.2. BBomum B pmamazon sueekA4:A203 pabouero

naucraExcelancna —100,-99, ..., —1,1,2, ...,100. B sueiixy C1

BBOUM ymciio 0,01.
3.3. B sueiiky B4 BBogum dopmyny =A4*$C$1. Komupyem
dbopmyny 1o stuetiku B203.



3.4. CtpouM J1BE JIMHUU 10 HAWJEHHBIM TOYKAM: OTIECIBHO

AJIL OTPULATCIBHBIX M OTACIBHO JIA IOJOXKHUTCIBbHBIX n, xak

nmokasaso B 1. 1.3-1.8.

3.5. B pe3ynbrare AOMKHO MOJYYUTHCS JIBE JIMHUHM Kak

MOKa3aHO Ha PUCYHKE:

1

2

3 n

4 -100
5 -99
[ -98
7 -97
8 -96
9 -95
10 -54
11 -93
12 -92
13 -91
14 -90
15 -89
16 -88
17 -87
18 -86

nh

-1
-0,99
-0,98
-0,97
-0,96
-0,95
-0,94
-0,93
-0,92
-0,91
-0,9
-0,89
-0,88
-0,87
-0,86

f(x)
0,666667
0,668221
0,669303
0,671413
0,673054
0,674724
0,676425
0,678158
0,679924
0,681723
0,683556
0,685425

0,68733
0,689273
0,691253

Mpea.+h
0,668221
0,663303
0,671413
0,673054
0,674724
0,676425
0,678158
0,679924
0,681723
0,683556
0,685425
0,68733
0,689273
0,691253
0,693273

MNpea.-h
0,66514
0,666667
0,668221
0,669803
0,671413
0,673054
0,674724
0,676425
0,678158
0,679924
0,681723
0,683556
0,685425
0,68733
0,689273

12

06

0.2

05

3.6. OdopmiisieM TaOIUIy KaK MOKa3aHO Ha PUCYHKE.

—fix)
Pag2

3.7. B sueiixy D4 BBemem ¢opmyny mjis BBIYUCIECHHUS

umcienHo 3Hadenue npenena lim f(x):
x—-0

=1/(1+27(1/(B4+$C$1)))

3.8. B sueiiky D4 BBemeMm ¢opmyny ajis BBIYUCIECHUSA

qKCIIEHHO 3HavYeHue mpeaena lim f(x):
x-+0

YTOYHUM 3HAYCHUS IMpEaciioB.

=1/(1+27(1/(B4-$C$1))).

4. Tlosropum 10 e moctpoenme mus h = 0.0001.

M



4.1 Co3zgaem xonmto aucta Ilar 3, kak noka3ano B 1. 2.1.-
2.4. 3anaem nms aucra Llar 4.

4.2. Ha Jlucre Illar 4, meuseMm 3HaucHue sueiikn Cl Ha
0,0001.

4.3. B pe3ynbTaTe y Bac JOJDKHO MOJTYYUTHCS TaHHBIE KaK

MOKa3aHO Ha PUCYHKE.

A B C D E F G H I J K

1 h 0,0001
2
3 n nh fix) Mpea.+h  Mpep.-h
4 -100 -0,01 1 1 1
5 -99 -0,0099 1 1 1
[ -98  -0,0098 1 1 1 1
7 -97  -0,0097 1 1 1 12
8 -96  -0,0096 1 1 1

95 -0,0095 1 1 1 —
10 -94  -0,0094 1 1 1 08
11 -93 -0,0093 1 1 1
12 92 -0,0092 1 1 1 0.6
13 -91  -0,0091 1 1 1
14 50 -0,009 1 1 1 04
15 -89 -0,0089 1 1 1 0.2
16 -88  -0,0088 1 1 1
17 -87 -0,0087 1 1 1 0
18 -86 -0,0086 1 1 1 -0,015 -0,01 -0,005 0 0,005 0,01 0,015
19 -85 -0,0085 1 1 1
20 -84 -0,0084 1 1 1

sin 2x
5. Jlna pyaxmmn f(X) = 3——— BBIUMCIMM TabIUILy
Vx5+3x*4

3HAYEeHU pu X = nh, rie h = 0.01, k =

-100,-99,...,—1,1,2,...,100. Tocrpoum aBe NUHUM IO
HallJeHHBIM  TOYKAaM: OTAENBHO JUIi  OTPMIATENBHBIX M
MOJIOKUTENBHBIX M.

5.1. Co3maem HOBBIN nucT U 3agaeM umd Hlar 5-6.

—fix)

Pan2



5.2. BBomum B mgmamnazon sueekA4:A203 pabouero

nucraExcelancna —100,—99, ..., —1,1,2, ...,100. B sueiixy C1

BBoauM umciio 0,01.

5.3.B sueiiky B4 BBogum popmyny =A4*$C$1. Konupyem

bopmyny no stueiiku B203.

5.4. CTpoum /B JIMHUU 110 HAWIEHHBIM TOYKAM: OTJIETLHO

AT OTPHULATCIBHBIX MU OTACIBHO IS IIOJOXHUTCIBHBIX M, Kak

nokaszano B . 1.3-1.8.

5.5. B pesynbprare y Bac nonydarscs aBe JJOMaHHBIE KaK

IIOKa3aHO Ha pUCYHKC.

A B
1 h
2
3 n nh
4 -100 -1
5 99 0,99
3 98 -098
7 97 -097
8 96 -0,96
9 -95 -0,95
10 -54 -0,94
1 -93 -0,93
12 -92 -0,92
13 -91 -0,91
14 -90 -0,9
15 -89 -0,89
16 -38 -0,88
17 -87 -0,87

6. Jlns uccnenyemoit GyHKIIMHA BEIYUCTUM3HAYCHHS

0,01

fix)

-0,72171
-0,73677
-0,75189
-0,76708
-0,78233
-0,79765
-0,81303
-0,82817
-0,84398
-0,85955
-0,87517
-0,89087
-0,30662
-0,52243
18 86 0,86 -

Inif(x)1{Intxl

-30,39514855
-14,11502855
-8,705494066
-6,013259335
-4,407679744
-3,345216754

-2,59293316
-2,034366739
-1,604821817
-1,265485309
-0,991662028
-0,766891855
-0,579782265
-0,422198318

flx)*xa

-0,733779

-0,7457723

-0,757687

-0,7695203
-0,7812693
-0,7929313
-0,8045036
-0,3159834

-0,827368

-0,8386546
-0,3498405
-0,8609231
-0,8718997
-0,8827675

Clixra)

1,001841
1,005859
1,010137
1,014375
1,018676
1,023041
1,027472

1,03197
1,036538
1,041176
1,045838
1,050674
1,085537

1,06048

M

15

— )

Pag2

In|f (x)]
In|x|

B T€X JX€ TOYKax X M, HOCTPOHMB COOTBETCTBYIOIIHUEC JBEC JIMHMH,

OLIEHUM 3HaueHue .



6.1. Ha nucre Ilar 5-6, B siueiike DS Bonum Gopmyny s
In|f (I,

In|x| °
=-LN(ABS(C5))/LN(ABS(B5))
6.2. Kotupyem opmyiy o sueiikun D202.

BBIYUCIICHUS 3HAUYCHUA

6.3. BbienuB COOTBETCTBYIOLME TMANa30Hbl sSUeeK (A
OTPHULIATEITBHBIX nB4:B103, D4:D103; MOJIOKUTEITBHBIX
nB104:B203, D104:D202) crpouM aBe IUHHH 110 HaiiJIeHHBIM
TOYKaM: OTHEJNBHO JUISl OTPHIATSIIBHBIX W OTHCIBHO  JUIS
HOJIOKUTENbHBIX M, Kak mNoka3aHo B nm. 1.3-1.8.B pesynbrate

AOJIKHO IMOJIYYUTHCA ABC JIMHHUU KaK IIOKA3aHO Ha PUCYHKC.

6.4. 3nauenue @ Oepem u3 sueiiku D103 paBHoe -

0,404555323102164.



7. dnst uccnenyemoit GyHKIMY ¥ HAIGHHOTO (X BBIYUCITHM
24
snauennaf (X)X B TEeX K€ TOo4Ykax X H, [OCTPOUB
COOTBETCTBYIOIIKE JIBE JIMHMU, OlleHuM 3Hadenue C .

7.1. Ha macre Ilar 5-615151 BeIYMCIEHUs 3HA9EHMs [ (x)x*
BBeJlleM B siueiiky ES dopmymy:

=C5*ABS(B5)"$D$103

7.2. BbienuB COOTBETCTBYIOIUE TUANA30HBI sSUeeK (s
OTPHUIIATEIBHBIX nB4:B103, E4:E103; MOJIOKUTEITBHBIX
nB104:B203, E104:E202) crpoum jBE JWHUH IO HaHJICHHBIM
TOYKAM: OTAEIbHO S OTPULIATEIbHBIX W  OTAETBHO s
IIOJIOKUTEIBHBIX M, KakK Ioka3aHo B mm. 1.3-1.8.B pesynbrare

AOJDKHO IMOJIYYUTHCA ABC JIMHHUH KaK ITOKAa3aHO Ha PUCYHKC.

3

-1,5



7.3.3nauenne C Oepem wu3 sueiiku E102 paBHOe -

1,02492234237999.

8. Ilo Tomy ke MacCHMBY TOUYEK X TIOCTPOMM JBE BETBH
— C L
rpapuka y = ~a 1 CPaBHHM €ro ¢ rpauKoOM UCXOTHON (DYHKIIUH.
8.1. Ha mucre Illar5-6, B sueiike F5 s BEIYMCIECHHUSA
_C
3Ha4eHusy = @ BBOAUM bopmymy:

=$E$104/(ABS(B5)"$D$104)

8.2. BplenuB COOTBETCTBYIOUIME JUANa30Hbl siueek (AJis
orpunarensHbix N B4:B103, F4:F103; moMOXHUTENIBHBIX N
B104:B203, F104:F202) ctpowM [Be TMHUH 10 HAliIEHHBIM TOYKAM:
OTAENHHO ISl OTPUIATEIBHBIX U OTACIBHO JUIS MOJOKHUTEIBHBIX 1,

Kak nokasaso B . 1.3-1.8. B pe3ynbpTaTe JOIKHO MOJIYYUTHCS ABE

JIMHUHU KaK ITOKa3aHO HAa PUCYHKC.



]

h

[N, ]

L

3

-15 1 0,5 0 0,5 1

9. Ilosropum noctpoenus mynkros 5-8 nua h = 0.0001,
YTOUYHSISI 3HAYCHHUS BCEX MPEIEIIOB.

9.1. Co3zmaem konuto aucrta Ilar 5-6, kak moka3aHo B IIII.
2.1.-2.4. 3amaem ums aucta llar 7.

4.2. Ha Jlucre lllar 7, mensem 3HaueHue suekiku Cl Ha

0,0001.

10. Tna pynxmmn f(x) = (x + 2)arctg 3x seraucium
Tabnuiy 3Hadenuit npu X =nh, rme h=0.01, n=
—-100,-99,...,—1,1,2,...,100. Tloctpoum naBe nMHHH TIO
HallIEHHBIM  TOYKaM: OTHENBHO JUIi  OTPHIATENLHBIX M
TOJIOKUTENBHBIX M.

10.1. Co3gaeMm HOBBIH JucT U 3agaeM uMst Har 8.



10.2. BBogmm B mmamazoH sueekA4:A203 pabouero
mucraExcelancna —100,—99, ..., —1,1,2, ...,100. B sueiixy C1
BBOJIUM 4ucio 1.

10.3.B  sueiiky B4 BBoaum dopmyny =A4*$CS$1.
Konupyem popmyny no stueiiku B203.

10.4. B sueiike C5 BoguMm QopMyiy Il BBIYHCICHUS
snauenns f (x) = (x + 2)arctg 3x:

=(B4+2)*ATAN(3*B4)

10.5. Ctpoum nBe JMHUM T1I0 HAWJICHHBIM TOYKaM:

OTACIBHO JAJI OTPULIATCIBHBIX U MOJIOXKUTCIbHBIX .

f(x)

11. st uccieqyeMoit (yHKITUU BBIYMCITAM 3HAYCHUS ——
X

B T€X XK€ TOYKax X W, MOCTPOUB COOTBECTCTBYIOIIUC ABC JIMHHUH,

OLIEHUM 3Ha4YeHUS K.

11.1. Ha mucte lar 8, B stueiike D4 BBoaMM popmyny miist
f(x)

BBIYHMCIICHHS 3HAYEHUSI ——
X
=C4/B4
11.2. CrtpouM pABe JIMHMM [0 HAWJACHHBIM TOUYKaM:
OTJICTTLHO JIJIsI OTPUIIATEIILHBIX U MTOJOKUTEIBHBIX M.

11.3.  3nauemme Kk  OepeMmis  OTpHIATENHHOMN

6eckoneuHoctupaBHoe 1,24904577239825 (u3 sueiiku D4), mis
ITOJIOKUTEIBHON

6eckoneuHoctu u3 sueiiku D203 pasHoe3,74713731719476.



12. Jna wuccinemyemodl (yHKIMHM M HaljeHHBIX K
serunciuM 3Hadennsf (X) — KX B Tex e Toukax X W, MOCTPOUB

COOTBETCTBYIOILME JIBE JIMHKMH, OLIEHUM 3Ha4deHus D.

12.1. Ha mucre Wlar 8, B stuetike E4 BBomum popmyy mis
perancienns  sHavennaf (x) —kx  gna oTpumatenbHoit
OECKOHEYHOCTH:

=C4-$D$4*B4. Konupyem dopmyity o stueiiku E103.

12.2. B aueiike E104BBoaMM (QopMyny ISl BBIUUCIECHUS
snauennsaf (X) — KX nns monoxuTensHO# 6eCKOHEUHOCTH:

=C4-$D$203*B4. Kontupyem dpopmyity 1o sueiiku E203.

12.3. CrtpouM fBe JMHMHM [0 HAWJACHHBIM TOYKAM:

OTACJIBHO AJIA OTPUHIATCIBHBIX U IMOJIOXKUTCIBHBIX n.

12.4. 3nauenme b GepeM 1A OTpUIATENHHOM

6eckoneuHoctupaBHoe 1,27119062808401 (u3 sueiiku DS), mist
MOJIOKUTEIBHON

6eckoHeuHocTH U3 sueiiku D202 pasHoe 3,76322770096158.
13. Tlo TOoMy >€ MaccMBy TOYEK X TIOCTPOUM [IBE

HaKJIOHHBIE acMMOToThY = kX + b u cpaBHMM uX C rpagukom
UCXOTHOU (QYHKIIUH.

13.1. Ha niucte lar 8, B sueiike F4 BBoguM popmyity s
BblUMCIEHUs  3HadenusyY = kKX + b  gna  oTpuinaTensHoit

OECKOHEUYHOCTH:

=$D$4*B4+$DS$5. Konupyem dhopmyny o stueiiku F103.



13.2. B sueiike F104 BBomuM dopmyiy Aisi BEIYUCICHUS
snauenns f(x) — kx mns nonoxurensHOM 6eCKOHETHOCTH:

=$D$4*B4+$D$202. Komupyem Qopmyny 10 sSUEHKH
F203.

13.3. CrtpouM pBe JMHMM [0 HaAWJACHHBIM TOYKaM:

OTACIBHO JI OTPULIATCIBHBIX U MOJOXUTCIbHBIX M.

14. TloBropum moctpoenus nynkros 10-13 mma h = 10,
YTOYHSISl 3HAYCHUS BCEX MPEJICIIOB.

14.1. Co3nmaem komwmio aucra Ilar8, xak moka3aHo B .
2.1.-2.4. 3agaem ums aucta Hlar 9.

14.2. Ha JIucte Ilar 9, meusiem 3Hauenne sueiiku C1 Ha

10.

3agaHusA 1J1s1 CAMOCTOAITEILHOMH PadoThI

1. WUccnenyiite c momoristo Excel Touku pa3pbiBa Ciaeayromux

arctg(x?+x) f(x) _In(x%+3x+1)

dynxumit:  f(x) = X2 +4x+3 W’

2x+2_1
f) =

2. Uccnenyiite ¢ momoimnpio Excel HakIOHHBIE aCHUMIITOTHI

cienyfommx  ¢ymkmmit:  f(x) = Vx*+5x3 — 1,

_ x?arctg(2x—1)
fx) = Zardsen



PabGora 4

IpubanKeHHOE BHIYHCIEHHE MPOU3BOIHOM PYHKIIMHU B
3amaHHoi Touke (Excel)

le/lﬁJII/I)KeHHOG BbBIYHUCJ/ICHHC I[pOH3B0)1HOﬁ

¢yHkuuHU B 3a1aHH0I Touke (EXxcel)

BBeaenue

Mycts Gynxuus f(X) onpeneneHa B OKPeCTHOCTH TOUKH

a. Torna npoussoonoii dynxumu f(X) B Touke @ HasbIBaeTcs

xX—-a xX—a
HpOCTGfIH.IPIMH (bOpMyJ'IaMI/I JUIA HpI/I6J'II/I)KeHHOFO
YHUCJIICHHOI'O BBIYMCJICHUA l'IpOI/I3BOI[HOI71 SABJIIFOTCA TaK HAa3bIBACMBIC

ogyxmoueunvie  (HOPMYIbI,  KOTOpPbIE  MOXXHO  TOJYYUTh

) !/
HETIOCPE/ICTBEHHO W3  Ompesenenus mnpomsBomHoit: f(a) =~

[t 1@ 1) L@/ @)

. Takoe Ha3BaHUE CBS3aHO C
TEM, UYTO YKa3aHHbIE (OPMYIbI TMO3BOJSIOT OICHUTH 3HAUYCHUE
MIPOU3BOTHOM B TOUKE 110 3HAYEHUSAM (PYHKIIUHU B JBYX TOYKaX.
Ecnu 3adpukcupoBaTh QyHKIMIO U TOYKY A ¥ UCCIIEIOBATH
3aBUCUMOCThH MOTPEUTHOCTU JIBYXTOUEYHOM OLIEHKH MPOU3BOAHOU
oT Majoro mara A, To MOXKHO J0Ka3aTk, YTO TOTPENIHOCTH OyaeT

MpoNnopHruoHaJibHa BEJIMUNHEC h



bonee Ttounas OLICHKA IOJYYUTCA, CCIIU HCIIOJIB30BATH

3HA4YEHUS GbyHKINN B Tpex TOYKaXx: f "(a) =

—f(a+2h)+4f(a+h)-3f(a)

Q

, f’(a) ~ f(a+h)—f(a-h) f’(a)

2h 2h '
3f(a)-4f(a—h)+f(a—2h)
h . IlepBast u3 3TuX HopMya HCIOIB3YyETCS

IIPY OLIEHKE MPOM3BOIHOM Ha JIEBOW I'PaHHUIIE IIPOMEKYTKA, BTOPAst
— BO BCEX BHYTPEHHHX TOYKAX IMPOMEXKYTKA, a TPEThsl — Ha MPABOM
rpaHuIe. [TorpemHocTH TPEXTOYCUHBIX dopmyn
nporopunonansHel K2,

Eme Gosnee TOYHBIMU SBISIFOTCS (DOPMYJIBI, OLICHUBAIOIINE
MPOU3BOJIHYIO TIO OoJibllieMy KONIWYecTBY Touek (4 u Ooiee).
OnHako cinenyeT UMETh B BHIY, YTO yBEJIHUYEHHE KOJMYECTBA
YYaCTBYIOIIMX B (OpMysie TOYEK YCIIOXKHSET BBIYHCICHUE II0
¢dopmyIe U yBeIMUUBAET OIIUOKY OKpPYTJIEHUS, BOSHUKAIOUIYIO IIPU
3TOM BbIYMCICHUU. [loTOMy, XOTS M BO3MOXKHO TEOPETUYECKH
WCTOJB30BaTh IS OLEHKH TNPOW3BOAHON B JaHHOW TOYKE BECh
MacCHB HW3BECTHBIX 3HAYCHWH (YHKIWH, HO Ha TPAKTHKE ITOTO
HUKOT/Ia HE JIeNatoT.

Hpyroii crnoco® yTOYHEHHUS 3HAYEHUS MPOU3BOJHOW —
yMeHbIleHne mara M. Takodl MOAXox mNpeacTaBisieTcss Oolee

palMoOHANBHBIM U (PYHKIUHM, 3aJaHHBIX aHAJUTUYECKHM
BBIpQ)XEHUEM, HO HENPUMEHUM K (QYHKIMH, 33JaHHOM Tabiuuei

3HAYEHUIA.



3amanme 1. Boeruuciute B Excel mpuGmmxenno
MPOM3BOJHYIO (DYHKIMIO B 3aJaHHOH TOYKE IO CIIEAYIOMEMY
ANTOPHUTMY.
AJITOPUTM HAXO0KIEHH S IPOU3BOIHOM
1. CocraBuM Tabmuiy s3Hadennit ¢ynxmmn f(x) =

%npnx =nh,meh=1,n=-10,-9, ..., 10.

1.1. BBogum B amanazon saeek A3:A23 pabouero jimcra
Excel uncna ot -10 10 10 ¢ marom 1, kak moka3aHo Ha pucyHke. B
saeiiky C1 BBogmM uucio 1. B sueliky B3 BBoguMm dopmyiy mis

x24+3x+1

Tz P X =nh,

HaXOXICHUS 3HaueHUH QyHKunu f(X) =

rmeh=1,n=-10,-9,...,10.
=(A3"2+3*A3+1)/(A3"2+2*A3+2)
1.2. Kontmpyem ¢opmyiy 1o sueiiku B23.
2. B xaxpoit Touke X = nh nmpu n = —10,-9,...,9
OLICHUM 3Ha4y€HHE IPOU3BOJHOM MO JBYXTOUEUHOU (hopmyie

h —
f "(a) = M. N306pa3zum COOTBETCTBYIOIIYIO

h
JIOMaHHYIO.
2.1. B saeiiky C3 BonuMm dopmyny:
=(((A3+$CP1)"2+3*(A3+$CHL)+1)/((A3+$CPL) 2+2* (A
3+$C$1)+2)-((A3)"2+3*(A3)+1)/((A3)"2+2*(A3)+2))/$C$1
2.2. Konmpyem ¢popmyiy o staeiiku C23.



2.3. lns opopmileHUsT ¥ TIOCTPOCHUS JIOMAaHHOW B sTUCHKH

A2, B2, C2 Bogum cootBerctBeHHO X, f(X), fi(X) - B 2-X T., KaK

IIOKa3aHO Ha pUCYHKCE.

2.4. Beigensiem nuana3on siueek A2:C23. 3amaemM KoMaHIy

BCTABKA/IMATPAMMBI

BEIOHpaeM

TUII  AWarpamMmbl

Toueunas ¢ MMPAMBIMHA OTPE3KaMMU., KaK ITIOKa3aHO Ha PUCYHKC:

BB ERE

Coogrian Pexomengyemsie TaGanua  Pucynn MsoBpakenun
w3 WHreprera @+ ”

Tabnuya csogHele Tabanug

-
ke

Tabauubl Wnnioctpaumn
[Ouarpam... f\
A B C D E

1 h 1

2 X flx) | fx)-82x1. | flx)-83xT. | f{X)TO0M
3 -10 0,865854)  -0,019699812  -0,017517136| -0,017252
4 -9| 0,846154]  -0,026153846)  -0,022926829] -0,022485
3 -2 0,82 -0,036216216  -0,031185031|  -0,0304
] -7 0,783784]  -0,053014553)  -0,044615385) -0,043097
7 -6| 0,7307698]  -0,083710407 -0,06836248( -0,065089
8 -5| 0,647039]  -0,147058824)  -0,115384615) -0,107266
9 4 0,5 03 -0,223509412 0.2
10 3 0,2 07 0.5 0,44
1 -2 0,5 05 0.6 -1
12 -1 -1 15 0,5 1
13 0 0,5 0,5 1 1
14 1 1] 01 03 02
15 2 11| 0017647059 0,058823529 0,04
16 3| 1117647 -0,002262443 0,007692308| 0,0034602
17 4 1,115385|  -0,007276507)  -0,004769475| -0,005917
18 5[ 1,108108| -0,008108108)  -0,007692308| -0,008035
19 6 11| -0007692308)  -0,007900208]  -0,008
20 7] 1,092308)  -0,006941839(  -0,007317073| -0,007337
il 8| 1,085366)  -0,006157933  -0,006549886 -0,006544
2 9| 1,079208)  -0,005437429(  -0,005797681| -0,005784
23 101 1,07377] -0,004804975]  -0,005121202) -0,005106)

2.5. Haxxnmaem OK.
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26.B PE3YIbTATC MOJYUYUTHCA JIOMAHHAA KaK IMOKAa3aHO Ha

PHUCYHKE BBIIIIE.



3. B kaxnoit Touke X = nh npu n = —10,-9, ..., 10
OLICHUM  3HAa4YCHHWE  MPOU3BOJHOW TIO0  COOTBETCTBYIOIICH
TpexTodeuHor popmyie. M300pa3um 1oMaHHYO.

3.1. B siueiiky D3 Bogum opmymy:
=(((A3+$C$1)"2+3*(A3+$C$1)+1)/((A3+$C$1)"2+2*(A3
+$C$1)+2)-((A3-$C$1)"2+3*(A3-$C$1)+1)/((A3-
$C$1)"2+2*(A3-$C$1)+2))/(2*$C$1)

3.2. Komupyem dopmyiy no staeiiku D23.

3.3. JInst opopmieHHs ¥ IOCTPOCHHS JIOMAHHOW B STYCHKY

D2 Bonum fi(x) - B 3-X T., KaKk MOKa3aHO HA PUCYHKE.
3.4. BeiensieMm quarpammy.
3.5. W3 KOHTEKCTHOrO MEHIO BBHIOMpaeM KOMaHIy

BbiOpaTh 1aHHBbIE.
A Wpngr..
I Vsmenuts Tun guarpansl,.

Ha3saHue guarpammbl I Coxpauts kak WaBnot..

BeiBipate gaHHEIE..,

& el

MepemecTuTs Jnarpany..

I} Ha nepeanni npan 3
4 Hasagrwi nnan 4

HQEHEHHTI: MaKpoC..

J4 Dopuar obnac guarpamti...

— f¥] filx)-82XT.



3.6. B oxHe Bp100p HCTOYHMKA JAHHBIX 33/1a€M KOMaHAy

J106aBUTD.
f . . . . : : : : : - k
Buifiop eTouHMKE AaHHbIX M
[ManasoH JaHHe AnA narpammes | =1 1-515A5250523
JHI: @ CTpoka/cronéew ]\L
3nemeHThl Nerexgsl (passl) Mo ANMCH FOPU3OHTAAEHOM OCK (KaTEropuu)
D [obasuTe " r,’ﬂ3MEHHTb " )(E,qa.nmb l B
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fly)-62xT. 4 H
]
7
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l CKpEITEIE W 1Y CTEIE AYSAKN ] [ oK ] l OTMeHa ]

3.7. 3anonusem okHo U3MeHeHMe psAia Kak MMOKa3aHO Ha

pHUCYHKE:
Ha3BaHue Auarpammbl
~ ™
. W3menenue paga M
Wua paga:
=T1-515083 £%| BuibepuTe quanasoH
JHaueHua X:
=TS BASEASTS 109 4.
L || 3Hauenna ¥:
=T1-518083:5053 = 406836243, -..
-15 m

—flkl ——fixi-R?xT ——Pnnl



3.8. B pe3ynbTare mosy4yuThCs JOMAaHHAs KakK MMOKAa3aHO Ha
PUCYHKE BBIIIIC.

4. CocraBUM TaOJUIly TOYHBIX 3HAYECHUU IMPOU3BOTHOMN

, _ —x%+2x+4
f (X) - (x2+42x+2)2

OpU TEX XKC 3HAUCHUSX X.

4.1. B suetiky E3 Bogum dopmyiy:

=(-(A3"2)+2*A3+4)/((A3"2+2*A3+2)"2)

4.2. Konmupyem dopmyny no siaeiiku E23.

4.3. Inst odopMieHHs U TIOCTPOSHUS IOMAHHOM B SYEHKY
E2 Bogum fi(X) TO4, Kak MOKa3aHO HA PUCYHKE.

4.4. Kak noka3aHo B IyHKTe 3 B 00jacTb JuarpaMMbl
no0aBisieM HOBBIC TaHHBIC U3 quana3ona E3:E23.

45. B pe3yiabTaTe NOJIKHA IMOJYUYUTHBCA AUarpamMma Kak

IIOKa3aHO Ha pUCYHKE:



A B C D E F
7] «x fix) | flx)-82x1. | fi{x)-83xT. | fi[x) rou
3 -10{ 0,865854|  -0,019699812 -0,06836248| -0,017252
4 -9) 0,846154)  -0,026153846  -0,022926829| -0,022485
3 -3 0,82 -0,036216216 -0,031185031 -0,0304
6 -7 0,783784)  -0,053014553[  -0,044615385| -0,043097
7 -6 0,730769|  -0,083710407 -0,06836248| -0,065089
8 -5| 0,647039)  -0,147058824|  -0,115384615| -0,107266
9 -4 0,5 -0,3|  -0,223529412] 0,2
10 =3 0,2, -0,7 -0,5 -0,44
11 Q05 05 0,6 4l
12 -1 -1 15 0,5 1
13 0 0,5 0,5 1] 1 -5
14 1 1 01 0,3 0,2
15 2 11 0,007647059 0,058823529 0,04
16 3| 1,117647|  -0,002262443 0,007692308| 0,0034602
17 4] 1,115385|  -0,007276507 -0,004769475| -0,005917
18 5| 1,108108|  -0,008108108 -0,007692303| -0,008035
19 f 11 -0,007692308)  -0,007300208]  -0,008)
20 7] 1,092308) -0,006941838]  -0,007317073| -0,007337
21 8| 1,085366) -0,006157933|  -0,006549386| -0,006544
2 9| 1,079208|  -0,005437428|  -0,005797681| -0,005784
23 101 1,07377] -0,004804975|  -0,005121202) -0,005106
5. CpaBHUM TOYHBIE

—ff] ——fl)-824T. fi) -8 3xT. ) Toy

3HaQ4YECHUs  IPOU3BOJHOMU

HpI/I6J'II/I)KCHHLIMI/I, MOCTPOUB TPH JIOMAHHBIC HA OJHOM Fpa(bI/IKe.

C

5.1. Brigensem mumamason sueek A2:A23, C2:E23, kak

MOKa3aHO Ha PUCYHKE:



B C D E
fix) | f(x)-B2-x1. | f{x)-B3XT. f'{x) Tou
-10| 0,865854 -0,019699812 -0,06836248( -0,017252
-9 0,846154 -0,026153840 -0,022926829( -0,022485
-8 0,82 -0,036216216 -0,031185031 -0,0304
-7| 0,783784 -0,053014553 -0,044615385( -0,043097
-6 0,730769 -0,083710407 -0,06836248( -0,065089
-5| 0,647059 -0,147058824 -0,115384615( -0,107266
-4 0,5 -0,3|  -0,223529412 -0,2
-3 0,2 -0.7 -0.5 -0,44
-2 -0,5 -0,5 -0,6 1
-1 -1 1,5 0.5 1
0 0,5 0,5 1 1
1 1 0,1 0,3 0,2
2 1,1 0,017647059 0,058823529 0,04
3| 1,117047 -0,002262443 0,007692308| 0,0034602
4| 1,115385| -0,007276507|  -0,004769475| -0,005917
2 1108108 -0,008108108 -0,007692308( -0,008035
6 1,1| -0,007692308|  -0,007900208 -0,008
J| 1092308 -0,006941839 -0,007317073( -0,007337
8| 1,085366| -0,006157933|  -0,006549886| -0,006544
9 1079208 -0,005437429 -0,005797681( -0,005784
100 107377 -0,004804975 -0,005121202( -0,005106
5.2. 3amaem komanay BCTABKA/IMATPAMMBI wu

BbIOMpaeM TuIl AuarpaMmMbl ToyeyHasi ¢ MPAMBIMHU OTpe3KkamMu. B

PE3YIbTATC MOOJDKHA IMOJNYYHUTHCA JAuarpaMma KaK IIOKa3aHO Ha

PHUCYHKE:



Ha3BaHue Iuarpammel

2

-15

-15

¥

—f(K)-B 2T, ——FX)-B3XT. ——Fx)TOy

6. IToBTOpHM BBIYHMCIIEHUSI TYHKTOB 1-5, B34B BENUYHHY

mara h = 0.1.

6.1. Jlna »>TOoro Ha HOBOM JHCTE€ paboyell KHUTH

odopmIIsieM TaOIHITy KaK MOKa3aHO Ha PUCYHKE:

15



L% T« TSN (N = N O ) RN S K R (N I

R e = = e = N e e
W R = S WD D =] o L B W R e O

A B C D E F
________________________________________________ IS
I h 0,1 !
! X nh fifx) |[f(x)-B2-x7.|f(x)-B3-xT.| f(x) TOU |
[ -10 -1| -0,02704| 1,188118812| 0,99009901 1:
: -9 -0,9| -0,02785| 1,50418838| 1,346153846| 1,362612
I -8 -0,8| -0,02805| 1,711362032| 1,607775450 1,62?219i
I -7 -0,7| -0,0269| 1,803226827| 1,75729443| 1,775945!
i -6 -0,6| -0,02262| 1,7931034458| 1,793165138 1,81331?:
| -5 -0,5| -0,01065| 1,705882353| 1,749492901 1,764
} -4 -0,4| 0,022624| 1,569285432| 1,637583893 1,643559;
} -3 -0,3| 0,126697| 1,407759044| 1,488522238| 1,4909241
, ]
] -2 -0,2| 0,520362| 1,239725104| 1,323742074 1,32361?:
i -1 -0,1| 1,447964| 1,077348066| 1,158536585| 1,156863
I 0 0| 0,927602| 0,92760181| 1,002474338 1:

r r r r r :
I 1 0,1] 0452483 0,793709665) 0,860655735| 0,857886!
I 2 0,2| 0,266968| 0,676458041| 0,735083853| 0,73233!
i 3 0,3| 0,180995| 0,575203456| 0,625830749| 0,623264]
I 4 0,4| 0,134006| 0,4838565489| 0,531884472| 0,5 25584:

r r r r r :
} 5 0,5 0,105173| 0,414866033) 0,451715761| 04497041
I B 0,6| 0,085973| 0,352387273| 0,3836260656| 0,381856!
i 7 0,7| 0,072398| 0,299510113| 0,325948696| 0,324476!
[ 8 0,8| 0,062355) 0,254778374| 0,277144243 D,Z?SEE!EI:
: 9 0,9 0,054657| 0,21691974| 0,235849057| 0,2348
T N 1| 0,048587| 0,184842884| 0200881312 ___ 02!

6.2. B siueiike B3 BBeaena dhopmyna:

=A3*$D$1

6.3. B siueiike C3 BBeneHa popmyina:
=(((A3)"2+3*A3+1)/(A3"2+2*A3+2)-
($D$112+3*$D$1+1)/($D$112+2*$D$1+2))/(A3-$D$1)

6.4. B siueiike D3 BBenena ¢popmyna:




=(((B3+$D$1)"2+3*(B3+$D$1)+1)/((B3+$D$1)"2+2*(B
3+3$D$1)+2)-((B3)"2+3*(B3)+1)/((B3)"2+2*(B3)+2))/$D$1

6.5. B siueiike E3 BBenena popmyna:

=(((B3+$D$1)"2+3*(B3+$D$1)+1)/((B3+$D$1)"2+2*(B
3+$D$1)+2)-((B3-$D$1)"2+3*(B3-$D$1)+1)/((B3-
$D$1)"2+2*(B3-$D$1)+2))/(2*$D$1)

6.6. B sueiike F3 BBenena popmyna:

=(-(B3"2)+2*B3+4)/((B3"2+2*B3+2)"2)

6.7. Beimensem nquanaszon siueek A2:A23, D2:F23/

6.8. 3amaem komanny BCTABKA/IVUATPAMMBI u
BEIOMpaeM Tum quarpamMmel TodyedHasi ¢ npsIMBIMHE OTpe3kamu. B

pe3yjbTarte AOJIKHA IIOJNYYUTHCA AuarpaMMa KakK IIOKa3aHO Ha

PHUCYHKE:



Ha3BsaHue auarpamMmbl

0.4

02

f
-15 -10 -3 0 5 10 15

—fx]-B2-xT. filx)-B3-xT. flx) Tou

7. CoctaBuM Ta0NMIly MOTrPEIIHOCTEH JBYXTOUEUHOM

f(h)-s(0)
h

npu h = né, rie 0 = 0.01, n
-50,-49,...,—-1,1,2,...,50.

7.1. Ha HOBOM mmcte paboueit kuuru EXcel BBogum B

TIPUOITKEHHOM (POPMYJTBI, BBIYHCIIAS Pa3HOCTB f '(0) —

muama3son sueek A4:A103 umcma or -50, -49,....-1,1,2,....50 ¢

mrarom 1, KakK IMMOKa3aHO Ha pUCYHKC (Ha‘{aJ'IO Ta6JII/II_U>I)Z



Y= B B = R B R SR R S R

AR E =
Wk =S w e - o Bwm =2
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7.2. B saeiiky C1 BBommM umcio 0. B siaetiky E1 BBoMM

A B C D
0
n h 2-xTOd. | 3-xTOU.
-50 -0,3 -0,4( -0,04615
-49 -0,49| -0,39275( -0,04496
-48 -0,48| -0,38539( -0,04375
-47 -0,47| -0,37794( -0,04251
-46 -0,46| -0,37039( -0,04124
-45 -0,45| -0,36276( -0,03996
-44 -0,44| -0,35305( -0,03867
-43 -0,43| -0,34727( -0,03736
-42 -0,42| -0,33942( -0,03604
-41 -0,41| -0,3315( -0,03472
-40 -0,4| -0,32353| -0,03339
-39 -0,39| -0,3155( -0,03206
-38 -0,38| -0,30743| -0,03073
-37 -0,37| -0,29931( -0,0294
-36 -0,36| -0,29115| -0,02808
-35 -0,35| -0,28295( -0,02677
-34 -0,34| -0,27473| -0,02547
-33 -0,33| -0,26648( -0,02419
-32 -0,32| -0,25821| -0,02292
-31 -0,31| -0,24992( -0,02167
-30 -0,3| -0,24161| -0,02043

gucao 0,01.

7.3. B siueiiky B4 BBouM popmyiy:

=A4*$E$L

7.4. B sueiiky C4 BBoguM dopMyiy:



=(-$C$172+2*$CH1+4)/(($C$1"2+2*$C$1+2)"2)-
((B4"2+3*B4+1)/(B4"2+2*B4+2)-
($C$1M2+3*$CH1+1)/($C$12+2*$C$1+2))/B4

8. MccnemyeM 3aBHCHMOCTB TIOTPEIIHOCTH OT A, MOCTPOMB
rpaduK 1Mo mpeasIIyei Taduie.

8.1. Beigensem nuanason syeexk A3:A103, C3:C103.

8.2. 3amaem xomanny BCTABKA/IUATPAMMBI u
BEIOMpaeM Tui quarpamMmel TodyeuHasi ¢ mnpsIMBIMHE OoTpe3kamu. B
pe3yabpTaTe JOJDKHA MONYYUThCS OUarpaMMa Kak MOKa3aHo Ha

PHUCYHKE (CM. IYHKT 9).

9. IloBTOpUM 1mIaru 7-8 AJi MOTPEIIHOCTH TPEXTOUEUHOM

f(h)—f(=h)
2h '

opsyast f(0) —
9.1. B saueiiky D4 BBOguM opmyiy:
=(-$CHLA2+2*$CH1+4)/(($CHLA2+2*$C$1+2)72)-
((B4"2+3*B4+1)/(B4"2+2*B4+2)-(-B4"2+3*(-B4)+1)/(-
B4An2+2*(-B4)+2))/(2*B4)
9.2. Brinenssem quanasoH ssiueexk A3:A103, C3:D103.
9.3. 3amaem xomanngy BCTABKA/IMAT'PAMMBI u

BbIOMpaeM Tull auarpaMmsl ToyeyHasi ¢ MPAMBIMHU OTpe3KkamMu. B

PE3YIbTATC HNOJIKHA IMOJMYYUTHLCA JAuarpaMmMa KakK IIOKa3aHO Ha

PHUCYHKE:



Ha3paHuWe auarpammol
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3aganme 2. HaiiTu mepByl0 MNpOW3BOAHYIO (DYHKIHH
y:4X2—4X+6 B TOUYKe X=2. 3aMeTuM, 4YTO MPOU3BOJHASL

NPUBEICHHOM  (QYHKIMM B TOYKE X =2, BbIYUCICHHAA
AHAINTUYECKUM METOJOM, paBHa 12 — 53TO 3Ha4YeHHE HaMm
MOHAIOOUTCA JJI1 TMPOBEPKU pe3yjbTaTa, IMOJYYEHHOTO IIyTEM
BBIUHCIICHUS YMCIIEHHBIM METOJOM B AJIEKTPOHHOM TaOJIuIIe.

W3 BBIIECKAa3aHHOTO W3BECTHO, YTO BBIPAXKEHHUE JUIA
BBIYUCIICHUS IPOM3BOIHON (PYHKITUHM OJTHOU TEPEMEHHOMN B TOUKE X,
UMeEEeT BUJIL:

F(x+h) - (%)
" :

f'(x) =



raie h — odeHp Manass KOHeEYHas BelIMYMHA. TO €cTb BMECTO
BBIp@XEHUS h MOXHO B3STh JOCTaTOYHO MAJIEHBKOE YHUCIIO,
Harpumep, 0,00001.

Ipumeuanue. Konuuecmeo mouex nocne 3anamou 0ns
guipadicenus N 3agucums om moeo ¢ Kaxkou 3a0anHOl MOYHOCMBIO
HYJICHO BbIYUCTIUMb NPOU3BOOHYIO, €ClU, Hanpumep, NPOU380OHYIO
HYJHCHO 8bIMUCTUMb C MOYHOCMbIO 00 2 3HAKO8 NOC/e 3aniamot, mo
oocmamouno e3ame h pasnoii 0,0001.

Pemenue
PemmnM 3agauy AByms crioco0amu.
Cnoco0 1
1. BBoaum B sueiiky B2 pabouero nucra 3ajaHHOE 3HaYCHHE
aprymMeHTra, paBHOe 2, B Jpyroi sueiike — B3 ykaxewm
JOCTaTOYHO Majoe MpHpallleHHue apryMeHTa — Hampumep
0,00001, B stuelike B4 Beruncnsem cymmy B3=B1+B2.
2. B sueiiky E3 BBogmM (dopMyny Ui BBIYMCICHUS
IIPOU3BOHOM:

=((4*B4"2-4*B4+6)-(4*B2"2-4*B2+6))/B3.

3. locne Haxarus xmaBumM Enter mnomydaem pe3ynbTaT

Beraucienus 12,00004 (cm. puc.).



Bydep oBmMeHa T WpngT T BLipaEHHEaHHE G Yncno
= . fr | =((a*canz-a*care)-(a*C2r2-4*C2+6))/C3
A B C D E : -
1
: ! 2 MNpow3sogHan
h 0,00001 12,00004
4 x+h 2,00001
Cnoco6 2

1. 3agaguM OKpPECTHOCTh TOYKHM X =2 JOCTaTOYHO MAaJIOTO

pa3Mepa, Hampumep, 3HadeHue cieBa X, =1,99999, a

3HaueHue cmnpaBa X,,,;=2,00001 u BBemeM 3TH 3HAYCHHUS B

sueiiky B3 u B4 cooTBeTcTBEHHO.

2. BBoauM B siueiiky pabodero jaucta GopMyIry MpaBO 4acTh
3alaHHOM (PYHKIIMOHAIBHON 3aBHCHUMOCTH, HalpuMep, B
sueiiky C3, kak oKa3aHO Ha PHC., JieNlasi CChUIKY Ha sUehKy
B3, roe HaxoauTCA 3HAUCHUE X:
= 4*B3"2 -4*B3+6.

Konupyem sty popmyny B sueiiky C4.

4. B sueiiky E3 BBoaMM (hopMyIly BBIYUCIICHUS TIPOU3BOTHON
(puc.):
=(C4-C3)/(B4-B3).

B pesynbraTe BhIUmcieHus B sueiike E3 OyneTr BbIBeIeHO

npUOIMKEHHOE 3HAUYE€HUE NPOM3BOJHON 3aJaHHONW (QYHKIUU B



TOUKE X =2, BEIMYMHA KOTOPOH paBHa 12, 4TO COOTBETCTBYET

pe3yNbTaTy, NOJyYeHHOMY aHAJIUTUYECKH.

Bydep oBMeHa M LWpwndgT P BrlpagHWEBaHKME
E3 - fr || =(ca-c3)/(sa-B3)
A B C D E F
X ¥ MpownseogHan
1,99999 [ 13,99938 12
2,00001 ( 1400012 T

3aganue 3. HaiiTu mnepByl0 MNPOU3BOAHYIO (PYHKIIMH
y =sin’*(1+ 1) B TOUKE X = 3z .
X 14

W3 BBIIECKAa3aHHOIO WM3BECTHO, YTO BBIPAXKECHUE VIS
BBIYHCIICHUS TIEPBOM MPOU3BOJHON (PYHKIIMK OJHON NEPEMEHHOH B

TOYKE X, UMCECT BHU/.

F(x+h)—f(x)
" ,

rac h — odenr Majgasg KoHEYHAs BeIU4YMHA. 10 €CTh BMECTO

(%) =

BBIDOKCHUS N MOXHO B3ATh JIOCTATOYHO MAJCHBKOE YHCIIO,
Hanpumep, 0,00001.
Pemenue
1. BBoaum B siueliky B2 pabGouero nucra 3ajjlaHHOE 3HAUYEHUE
aprymenTta, paBHoe =3*mu()/4, B npyroir sueiike — B3

YKOKEM JIOCTaTOYHO Majoe TMpUpalieHue aprymeHra —



Hanpumep 0,00001, B sueiike B3 BbuncasieM cymmy
B3=B1+B2.

2. B sueiiky E3 BBomuM dopmyiny IS BBIYUCICHUS
MPOU3BOHOM:
=((SIN(1+1/C4))"2-(SIN(1+1/C2))"2).

3. Iocne wnaxarus xmaBumm Enter momydaem pe3ynbTaT

Boruncienus 0,0000213 (cm. puc.).

Bydpep obmeHa = WpngT Ta BripagHWE
E3 v | =((SIN(1+1/Ca))r2-(SIN(1+1/C2))A2)
A B C D E F
1
2 X 0,673198
Ax 0,00001 | D,DEI'EI'EI'2133.|
4 ®+Ax 0,673208

3ananme 4. Haiitu BTOpYyI0 NPOM3BOAHYIO (DYHKIMH
y =4x>—2x* B Touke X =2. 3aMeTHM, YTO BTOpas MPOM3BOIHAS

NPUBEICHHOM  (QYHKIMM B TOYKE X =2, BbIYUCICHHAA
aHAJIMTUYECKUM MeToloM, paBHa 40 — 53TO 3HA4YEHHE HaM
MOHAZ00UTC JJIsl MPOBEPKH pe3ysbTara, IMOJYyYEeHHOTO IyTeM
BBIUHCJICHHS YUCIIEHHBIM METO/IOM B 3JIEKTPOHHOM TaOJIHIIe.

M3 wmareMaTWKuM W3BECTHO, YTO BBIPAKEHHE JJIA
BBIUUCIICHUS] BTOPOH MPOM3BOIHON (DYHKIIMU OHOM IEepeMEeHHOH! B

TOYKE X, UMECT BUA:



7 00) = £ (ks h) = (£ +0) =26 () + £ 05~ ),

rae h — odeHp Manass KOHEYHas BelIMYMHA. TO €CTb BMECTO
BBIp@XEHUS h MOXHO B3STh JOCTaTOYHO MAJIEHBKOE YHUCIIO,
Hanpumep, 0,00001.
Pemenne
1. BBoaum B sueiiky B2 pabouero nucra 3ajaHHOE 3HaYCHHE
aprymeHra, paBHOe 2, B Jpyroi sueiike — B3 ykaxewm
JIOCTaTOYHO MAaJIO€ IMpHUpALICHUE apryMEHTa — HalmpuMmep
0,00001, B srueiike B4 Berunciiem cymmy B3=B1+B2.
2. B sueiiky E3 BBoguM ¢opMyiy A BBIUKCICHHS] BTOPOU
IIPOU3BOHOM:
=(1/(C3"2))*(4*C4n3-2*C4"2-
2*4*C273+2*2*C2"2+4*(C2-C3)"3-2*(C2-C3)"2).
3. Ilocne Haxarus ximaBumM Enter mnomydaem pes3ynbTaT
Beruncienus 44,00003917 (cwm. puc.).
Bydbep 0BMeHa Wpngt [P BripagHnBaH#He G Hwoo Crunm
B3 v S| =1/ (a¥Can 27 Can2- 247 CN3 2 2 O C2-C3)3-2¥(C2-C3)12)

A B C 0 E F G H I J

2 X 2 lpon3sogHanA
3 h 0,00001 44,00003517
4 xth 2,00001

IIponsBonnas pyHKkuMHU, 3a1aHHOI TA0JIMYHO



B caysae TabnauuyHO 3ajaHHOW  (QYHKIMM  MMEeM:

JIICKPETHOMY MHOJKECTBY 3HAQYCHHUI apryMeHTa ( X;) MOCTABJICHO B
COOTBETCTBHE  MHOXECTBO  3Ha4eHMd  ¢yHkmun (),
y, =f(x),1=0L2,...,n. Illar — pa3HOCTb MEXIy COCEIHHUMH
3HAQUCHHSIMH apryMeHTa, AX = h, MOCTOSHHBIH.
[Ipon3BogHyr0 QYHKIMH Y; B y371e X=X, MOXHO HAWTH C
IIOMOIIbI0 KOHEYHBIX Pa3HOCTEH HECKOIBKMMH CIIOCOOAMU:
v’ neBsle  pasHocTH: Ay, =Y, —VY,, AX=X —X, =h,

Yi—Yo yo

e

v’ mpaBble  pasHocTH: Ay, =Y,-Y,, AX=X,—X =h,

Yo— ¥ yl

y, = h

v’ ueHTtpanbHbie pasHocTh: AY, =Y, —Y,, AX=X,—X,=2h,

Yo=Y yo

h= 2h

3aMeTuM, 4TO BTOpasi MPOU3BOAHAS OYAET BHIUUCISTHCS 1O
dbopmyre:

Y, =2y, + YO
h2

3aganue S. Haiftu npousBojgHyro (QYHKIUU, 3aaHHOM

Yy =

tabmuuno. DyHKIUS Y = 6x* —4x?, tnex=0515:25..... Haiitu

HPOU3BOJHYIO QYHKIIHUH B TOUKE X, =2,5.



[Tpon3BonHy0 (GYHKIMH 33JJaHHON TaOIUYHO, HAMIEM IO
dbopmyre:

Y2~ Yo

Yy = on

Penrenne

1. BBoaum B sueiiky C3 paboyero nucta 3Ha4YCHHUE apryMEHTa
X;, paBHOe 1,5, B Aueiike — C4 3HaueHWe aprymeHra X,,
paBHoe 2,5, B siuelike — C5 3HaYeHUE apryMeHTa X, paBHOE
3,5, B sueiike C6 Haitnem 2h mo popmyne C6=C5-C3.

2. B sueiiky D3 BBoguM popmyiry aisi BEIYUCICHHS 3HAYCHUS
(GYHKLIHHU B TOYKE X.
=6*C3"4-4*C3"2.

Konupyewm sty popmyny no staetiku D5.

4. B sueiiky D3 BBogum Qopmyny Ui BBIYMCIIEHUS
MIPOU3BOIHON (DYHKIIMU B TOUKE X, .
=(D5-D3)/C6

5. Tlocne Haxkatusa kmaBumM Enter momydaem pe3ynbTar

Boruncienus 415,00 (cum. puc.).



E4

W pa o=

[

=] O

frx | =(D5-D3)/cC8

A E C D E F
l b
Xy 1,5 21,375 (Mpow3BogHan
g 2.5 209,375 415,00
X3 3.5 851,375 !
2h 2

3anaHus 119 CAMOCTOATEILHONH PaGoThI

3.

Haiitn mepByio mpomssoanyio (ymkmuu Y =3c0s(X) B

/4
TOUKE X =—.
2

Haiitn mepByio mpomsBomuyio ¢yukmmm Y =2Ig*(x) B

Touke X =10. Pe3ynbTaT BIYMCIUTD ABYMS CIIOCOOAMHU.

Brrauciuts

y =In*(x) +3x* —log, (X)

HIEPBYIO

IIPOU3BOIHYIO ¢GbyHKIMN

B Touke X=8. Pe3synbrar

BBIYUCIIUTb ABYMSI CII0CO0aMH.

Haiiti BTOpyr0 mpom3BogHyro (yHkmux Y =3C0s*(X) B

/4
TOUKE X =—.
2

Haiitu BTOpyr0 mnpomssomayro dymkmun Y =2Ig*(X) B

Touke X =10.



8. Bbruuciuth BTOPYIO IIPOU3BOJIHYIO byHKIMN
y =In®(x) +3x* —log,(X) B Touke x =8.

9. Haiith mnpousBomHyr (YHKIMH, 3aJaHHOW TaOJUYHO.
OyHKIW Y = 3x% +2x°, rnex=123,..... Haiitn
HPOU3BOHYIO (QYHKIHHU B TOUKE X; = 4.

10. Haiitu npou3BogHyr0 (DYHKIIMH, 3aJaHHONW TaOJIMYHO.
®dyukiusa Y =2°, raex=123,.... Haiitu npousBoanyo

GbyHKIMM B TOUKE X, =3.

PabGora Ne 5

MOHOTOHHOCTD U IOKMCK JIOKAJIBHBIX IKCTPEMYMOB (PYHKIHM I
(Excel)

MOHOTOHHOCTD ¥ MOHMCK JIOKAJIBHBIX JKCTPEMYMOB (PYHKIH I
(Excel)

BBeaenue

Bospacratomue,  HeBo3pacraromue, — yObIBaolue U
HeyObIBatore (QyHKIMM Ha MHoxectBe D HazpiBaroTcs
MOHOTOHHBIMH Ha 1JTOM MHOXECTBE, a BO3pacTalollue U
yOBIBaOIIE — CTPOr0 MOHOTOHHBIMHU. VHTEepBaibl, B KOTOPHIX

(1)YHKI_[I/I}I MOHOTOHHA, Ha3bIBAIOTCSA HHTEPBAJIAMHU MOHOTOHHOCTH.

HeoOxonqumble yciaoBusi Bo3pactanusi (yObIBaHUsI)

dynxuun. Ecium nuddepenuupyemas Ha untepane (a;b)



dynxuus f(x) Bospacraer (yowaer), To f(x) =0 (f'(x) <

0) msa mo6oro x € (a; b).

JocTrarounble yciaoBHsSl Bo3pacTaHusi (yObIBaHHs)
dynkunn. Ecin pynkuus f(x) nuddepenuupyema Ha uHTEpBaIE
(a;b)u f'(x) >0 (f'(x) <0) naa moboro X € (a; b), To

3T1a (yHKUMS Bo3pacTaer (yObiBaet) Ha unTepBaie (a; b).

Hpumep. Wccnenosars Qynkumo  f(x) =x3 —3x —4 ua

MOHOTOHHOCTbD.

Pewenue. Dynkuus onpeneneHa Ha BCeH IEUCTBUTENIBHON ocu: X €
(—00; 400). Haiinem npoussoanyro dynxuuu: f(x) = 3x2% —
3=3(x—1D(x+1);

f(x)>0 npux € (—o0; —1) U (1; +o0) u f'(x) < 0 npu
x € (—1;1).

Omeem: GyHKIMS Bo3pacTaeT Ha wuHTepBamax (—oo; —1) U

(1; +o0) u y6uBaer na natepsane (—1; 1).

Touka X, w3 obnactu ompeneienus Qynxuun f(x)
Ha3bIBAETCSl TOUKOM MUHHUMYyMa (MakCUMyMa) 3TOW (YHKIIMH, €CITU

HaiineTcs Takas S-okpectHocTh (X — 85 Xy + &) Touku X, uTO



IUISL BCeX X F+ X U3 3TOU OKPECTHOCTH BBIIIOJIHACTCS HEPABCHCTBO

f) > fxg) (f(x) < f(x0)).

Toukd MMHHMyMa U MakCHMyMa Ha3bIBAIOTCS TOUKAMH
IKCTPeMyMa, a 3HauyeHMs (QYHKIMH B THUX TOYKAX HA3BIBAIOTCS
IKCTPEeMyMaMH (YHKIHH.

[ToHsATHE SKCTpEMyMa BCErJla CBA3aHO C OMNpEJIENeHHOM
OKPECTHOCTBIO TOYKH U3 00J1acTH onpeseienus Qynkimu. [lostomy
(QyHKIHS MOXET MMETh IKCTPEMYM JIHIIb BO BHYTPEHHHX TOUKAX
obnactu onpeneneHus. Ecau y pyHKIMH HECKOIBKO SKCTPEMYMOB,
TO MX Ha3bIBAIOT JOKAJIbHBIMH.

Heo0xoaumoe ycJIOBHE JKCTpeMyMa. Ecmu
mapdepenimpyemas pynkmus Y = f(X) umeeT sKcTpemyMm B
TOUKe X, TO €& MPOM3BOIHAS B 9TOM Touke paHa HyJto: [ (X)) =
0.

I'eomerpuuecku paerctBo f (Xg) = 0 o3nauaer, 4to B
Touke oKkcTpemyma aupdepenmupyemoii pynxmuu Y = f(x)
KacartenbHas k eé rpaduky napamiensHa ocd OX.

Onnaxo, 06patHOe HeBepHO, To ecTh ecm [ (Xy) = 0, 10
5TO He 3HAUMT, 4TO0 X, — TOYKa SKCTpeMyMa. Hampumep, s
dynkmn y = x3 eé npoussoHas:

y = 3x? pasua mymo npu x =0, o x =0 mHe TouKa

JKCTpeMyMa (B 3TOM MOXHO yOeauThCs Mo rpaduKy GyHKIUH).



CymiecTByIOT (QYHKIIMH, KOTOPBIE B TOUKAaX 3KCTpEMyMa He
UMeEIOT npou3BoaHoM. Hanpumep, HenpepbiBHas GyHKIUA Y = | x|

B TOUKE X = 0 HpOHSBOI{HOfI HE UMEET, HO TOYKa X = 0 — TOYKa

MUHUMYyMa (TaKKe MOXKHO yOeauThCs 10 TpaduKy PyHKIIHH).
Takum o0pa3om, HemnpepbIBHAass (DYHKIUS MOXET HUMETh

AKCTPEMYM JIMIIb B TOUKAX, TJ€ POU3BOIHAS ()YHKIIUU PABHA HYJITIO

WJIM HE CyIIeCTBYeT. Takue TOYKH HA3bIBAIOTCS KPUTHYECKHMH.

JlocTaTouHOE yCJOBHE JDKCTPEMyMa. Eciu
uenpepbiBHas  Qyukuus Y = f(x) muddepenumpyema B
HEKOTOPOH 0-OKPECTHOCTH KPUTHUECKOM TOUKHU Xy U NIPH IEPexXoe
yepe3 Heé (cneBa HampaBo) npousBojHas f (X) MeHseT 3Hak ¢
IUTI0CA HA MHHYC, TO Xy €CTh TOYKa MAKCHMYMa; C MUHYCA Ha TLTKOC,

TO X — TOYKa MUHUMYMA.
Uccrnenosath (YHKIMIO HA DKCTPEMYM O3HAYAET HAWTH BCE €&
sKcTpeMyMsl. [IpaBuiio uccienoBanus GYHKIME Ha SKCTPEMYM:
1) Haiitu kputndeckue Touku Gynkmmu Yy = f(X);
2) BbIOpaTh U3 HUX JIUILE T€, KOTOPBIE SBISIOTCS BHYTPEHHUMH
TOUKaMH 00JIaCTH OnpeieNeHns GYHKINHY;
3) Hccnenosats 3Hak npomssoaHoit f (X) crnesa u chpasa ot
K@XKJIOH U3 BEIOPAHHBIX KPUTHYECKHX TOUEK;
4) B COOTBETCTBHMH C JOCTATOYHBIM YCIOBHUEM JKCTPEMYMA
BBIIUCATH TOYKH SKCTPEMYMa (€CJIM OHH €CTh) U BBIYMCIIUTh

3HaueHUs! QYHKIMHU B HUX.



IIpumep. Haiitu sxctpemyM QyHKIMH Y = g — Vx2.

Pewenue. Ouesnmno, D(y) = R.

, 1 2 1 3x-2
Haxoaum npousBoauyo GyHKIun Yy~ = 3 33 =3 ey

[TpousBoanas He cymiectByer pu X; = 0 u paBHa Hym0 ipu X, =

8. Dtu ToukM pasbMBAIOT BCIO O0JNACTH ONpENETECHUS HA TPU

uareppana  (—0;0),(0;8),(8; +©). Ormerum  3HaKH

MIPOU3BOTHOM CJIEBA U CIIPaBa OT KAXIOU U3 KPUTHUYECKUX TOUYCK:
+ - +
O 1 >

CnenoBatenbio, X; = 0 —Touka Makcumyma, Y = ¥(0) =0

4
u X, = 8 — Touka MmuEEMYMa, Vmin = V(8) = — 5

Muorma  OblBaeT  yOOOHBIM  HWCIOJB30BaTh  JIPYro
JIOCTATOYHBIN MPU3HAK CYLIECTBOBAHUS JKCTPEMYMA, OCHOBAHHBIM
Ha OIpeIE/IEHUH 3HAKA BTOPOM [IPOU3BOIHOIA.

BTopoe 10cTaTo4uHO0e yeJa0BHE IKCTpemMyMa. Eciu B Touke
Xo meppas npoussonHas pyukuuu f(X) pasma mymo (f (xg) =
0), a BTOpast Mpon3BoIHAs B TOUKE X CYIIECTBYET U OTIMYHA OT
nyna (f(xo) # 0), Tonpu " (xy) < 0 B Touke X Qpynxims

umeeT MakcumyM 1 murumym —nipu [ (xg) > 0.



OnnuM u3 Gonee 3()(PEeKTUBHBIX CIIOCOOOB HAXOXKIACHUS
npUOIMKEHHOTO 3HAYCHUSI KOPHS SBIISICTCS METO/ KacaTeJlbHbIX.

PaCCMOTpHM IIPUMEHCHHUE 3TOro METO4a Ha IPUMEPE: C IIOMOIIBIO

rpadMUeckoro MeToja HalTH npoMmexytok [a; b], ma xoropom
HAXOIHUTCS JEHCTBUTENIbHBIA KOPEHb X ypaBHEHHS X 3+ 4x —

3 = 0. Ions3ysack MetomoM HbIOTOHA, HOMYYUTH IPUOITMKEHHOE

3HaYeHUe KOpHs ¢ TOYHOCThIO 10 0,001.

Kparkas reomerpuyeckas CyTh METOJa COCTOUT B
CIIeTYIOLIEM: CHayaja c HIOMOIIIBIO CIIEIATBHOTO
KpUTEpUsl BBIOMpPAETCS OJUH M3 KOHIIOB OTpE3Ka. DTOT KOHEI|

Ha3bIBAOT HAYA/1bHbIM HpI/I6JII/I)KeHI/I€M KOpH:, B HAIIEM IIPpUMEPC:

X9 = 1 . Teneps npoBoauM KacaTenbHyl0 K rpaduky (GpyHKIHHU

f(x) =x3+4x —3 B Touke ¢ abemmecoit Xy = 1 (cunss

mouka u ¢M0ﬂ€m0861}l KacameﬂbHCl}l):



JlanHasi kacaTenbHas Tepecekyiia och adciucc B KENTOU
TOUYKE, U 00paTUTe BHUMaHHUE, YTO Ha IIEPBOM LIare Mbl y>Ke MOUTH
«TIoTajan B KopeHb»! D10 OyneT nepsoe NpUOIMIKEHNE KOPHS X1 .
Jlanee omyckaeM >KENTHINA NMEPNEHIUKYIAP K rpaduky GyHKIUU U
«T10Ta/1aeM» B OpPaHKEBYIO TOUKY. Uepe3 opaH)KeBYIO0 TOUKY CHOBaA
MIPOBOJIUM KacaTellbHYI0, KOTOpas mepecedér och emE Onmxe K
kopHto! U tak nanee. HeTpyaHO NMOHATH, YTO, UCHOJIB3YST METOJ

KacCcaTCJIbHBIX, MBI TOBOJIBHO 6BICTpO HpI/I6J'[I/I)KaCMCSI K IOCIu, U aJid



noctiwkenns tounoctn € = 0,001  norpeGyercs GykBanbHO

HECKOJIbKO UTEpalHid.
Pewenne. Ha mnepBom mare cienyer OTAEIUTh KOPEHb

rpagpudeckd. OTO  MOXHO  cAenaTb NYyTéM  MOCTPOCHHS
rpaduka f(x) = x3 + 4x — 3.
Wrak, nckomslii kopens npunaaiexut orpesky [0; 1] u npumepno
paseHn 0,65-0,7.
Ha BTOpoM mIare HYXHO BBIOpaTh HauanvbHOe NPUOIUICEHUE
Xo KopHs. OOBIYHO 3TO OJMH U3 KOHIOB OTpe3ka. HauanbHoe
NpUOIMKEHNE JIOJDKHO YJOBIETBOPSTH CIEAYIOMEMY YCIOBUIO:
f(x0) - 7 (x0) > 0.
Haiiném 11epByIo 1 BTOpyIo Ipou3BojHbIe GyHKIMH | (x) = x3 +
4x — 3:

f(x)=(O3+4x—3) =3x2+4

f7(x)=(Bx*+4) =6x

B kayecTBe HAYAILHOTO NPUOIIMKEHHs BEIOMpaeM X = 1.
Ha Tperbem mare Hac oxupaer nopora kK KopHwo. Kaxnoe
nocjenyoomee MnpuOIMmKeHne KOpHS X,4q1 PACCUMTHIBAETCS Ha
OCHOBaHUU MPeIIIECTBYIOLIUX JTAHHBIX c MTOMOIUIbIO

CIenyIouien pexypperHmHuou HOpMYIIbL:

f ()

Xps1 = Xp —
T F )


http://www.mathprofi.ru/kak_naiti_proizvodnuju.html

IIponecc 3aBepmiacTCsi IPU BBINOJIHEHUU YCIOBUS

f(xn)
f(xn)

<E,

rae € — 3apaHee 3alaHHast TOYHOCTD BRIYMCIICHHI. B PE3YIbTATC 3a

npuOIMKEHHOE

3HA4YCHHUC

npubImKeHne: X~ X X,

KOpHS

[IPUHUMAETCS

<OQHHOEC»

Ha npakTuke pe3ynbTaThl BEIYUCICHUH YI0OHO 3aHOCHTH B

TaONUILy, IPU 3TOM, YTOOBI HECKOJBKO COKPATHTh 3aIKCh, IPOObH

qacTo 0003HaYa0T qcpe3 hn = f (tn)
f(xn)
f(x,)
; 5 T ho=2LXn
n '\n .f(‘\n) f ('\n) n f"(_.\'")
0 |1 2 7 0,28571
1 |0,71429 0,22157 5,53061 0.04006
2 |0,67422 0,00338 5,36373 0,00063

CaMu e BEIYUCIICHUS IpoBOAUM B Excel — 510 HamMHOTO y,uo6Hee u

owIcTpEe.

Boinosnenue padoTsl.

Omnpenenenue obnacTeil Bo3pacTaHus U YObIBaHUS (DYHKIMH.

HccnenoBanue GyHKIMM Ha JIOKabHBIN 3KkcTpeMyM. Kputnueckue

TOYKH.

1.1. 3agaua.

HaiiTi TO4KM JIOKaIbHBIX SKCTPEMYMOB U 00JIaCTH BO3pacTaHus U

yObIBaHUS (QYHKIIUU




Pemenue:

[TpousBoaHas GyHKIMM:

2

(1—2x)e™™" .

V2
y' =0 npux = -|_-7 ~ +0,707.

—x2 _
y' = e™* —2x%e7*

[Toctpoum Ha nucte Excel rpaduk ¢pyHKIMU U ee TPOU3BOAHO.

Funcll - Excel

EEN S Pawenc opas y. e By Paspaorum

% s B T Ay p
B i E = s - [+ At b
e - B e e e BOT O ey
Byep obmens Wpagr = 5 o 5 e Saziivn PefaTUpOBIHIE s
B2 9 | Mowes kopus F(x}=0 v
A B c ] £ F G H 1 ] X L M N 0 [ ] R s T L
1|0 Xi i) fix
2 L g ! L Ha3gakme guarpammol
3| 2 01 0099005 0.589849
4] 3 02 01921579 0.957546
5| 4 03 02M17 085723
6| 5 04 03408575 0.797%87
7| 6 05 03834004 0642013
8| 7 05 0AL6058 0401332
9 8 07 04288385 0.032646
0 9 03 04218339 -0.53101
1| 10 09 0400373 13937
12| 1 1 0367879 -L71828
13| 2 11 038007 -4761%
1| 13 12 02843133 783481
]57 14 13 02398754 -12.8984 0 02 LL} s 8 1 12 14 15 18
5| 15 14 019718 -N.T3
7| 16 15 0158038 -33.2071
18| 17 16 0A236ET6 -53.2956
]9,
4]
2|
2
7 | -
Jinerl ® ] D
foros0 ¥ e 4801600068 Komeverncd? Cpwmlssdssoos (@ B 0 - 1 + 0%
——T ——— e —— . — ]

Puc. 1.1.1. TToctpoenue rpaduka GyHKIIHH.



2
U3 rpapuka Bumno, uro X = — = 0,707 — Touxa

2
V2
Makcumyma. T. K., JaHHas QYHKIUS — HEYeTHas, TO X = — o=
—0,707 — Touka MUHUMYMa.
V2 V2
CrnenoBarenbHO, WHTEpBa BO3pacTaHus (QyHKIUU (— - 7),

2 2
WHTEPBaIIbI YOBIBaHUS (DYHKITUU (—OO, - % ) U (g ) +00).

Huxe pacCMOTpUM J[IBa crmocoba 06osiee TOYHOTO OIpCaACICHUA

3HAYEHUW TOYEK SKCTpEMyMa.
1-# cioco0.

W3 npuBenenHoro Bbime pucyHka 1.1.1 BugHO, 4yTO TOUKa
MakcuMyma pacnosiokeHa mMexay 0.7 u 0.8. OtmeTnm nuanazoH

B10:D19 wu cpBunem ero BHHM3 Ha 10 CTpok, Temepb Ha
0CBOOOIMBIIIEMCS TIPOCTPAHCTBE B CTONOIE B 3amanum 3naueHus X

c maroM 0.01 u Beruuciaum B cronbmax C u D 3nauenust pyHKuuu u
ee npousBoaHOM. [TocTymas Tak xe eme HeoOXOJUMOe YHCIIO pas,

OTIpeieNTUM 3HAaYeHUI TOUKH SKCTpeMyMa ¢ TpeOyeMoil TOUHOCTHIO.



Func1l - Excel

Boms  Pmwenccpmes  Ocpupm  [ewse  Peusesposswe  Beg  Paspabor
N e Ju la s B Ofuwi - 2l B [ Ebewn- z- Ay ,O
U gy e T sy @ A

e O He Cogm gy oo Opengosn Caw o G Copgsa Hai

- Gopmamiposarive~ mak ey~ moesne = OOPMATT T e g
tybep abmena 5 UWipngr i Buipasrmsarme & Hneao [ Crunn Rueion Pegaxmposanme a
F10 = k i

A B c [} E ; G H 1 ) 4 L M N o ? Q R 5 -

1] i % i) £l

2 E ! ! L Ha3ganve gHarpammbl

3| 2 01 0095004983 0383849 .

4] 302 0150157888 0957545 =

5 403 02M1736 08372 e

6| 5 04 030857516 0797987 o

7] 6 05 033400332 06003 o

8 7 05 0AIBG057% 0401332 o

9 8 07 0.428838476 0.032646 05

1 S 0707 0428381533 0.000458 0z

1L 1 07 0AEIMN 3I6E05 015

12 11 0707 042193 000043 01

3 10 OB 042888191 -0.0009 o5

413 0I0M 0AZBIEE 000137 0

| 4 0B 042888181 -0.00184 0 02 0 06 08 1 12 14 16 18

16 15 0707 047X -0.0023

U 16 L7 04SN 000277

1B 17 07078 042888153 00034

19 18 0707 04281403 00037
D18 08 042183399 05300
2 W08 QA0S L3
2 a 1 0367IML 27188

ﬂ’ 2 11 0.328017007 -4.76195 d

mal | @ | y

foroso %3 B m - + + 1W0%
—e— T — - — — - I — [I— <l

Puc. 1.1.2. OnpeneneHue ToUEK 3KCTPEMYyMa.
2-1i croco0.

Hcnonp3oBanue METOJa HrroTona (MCTOI[a KacaTeJ'IBHBIX)

peuIeHusl ypaBHEHM MO3BOJISIET PELIUTh TaKyIO 3a/1a4y.



Func11 - Excel

Berapka  PaswerkacrpaHiubl  Qophynb  [lanHbie eueisvposatme  Bug  Paspaorumk @ Yo

?" Calibri MY — ®- B  otumi - Q Q Erporam - 30~ QY p

2 B Ypamms - [~
Boatte o K M- e B A~ e @ Copraposka  Haiiruu

hopmaTuposanie~ kakTaBnnuy~ Aveex~ [ Dopuar v T wnaeTp e sepenuTs

. g5 | 4 8 Voromoe  Gopuauposams Crim

Bythep o6MeHa i Wpnyt ] BupasHUBatle ] Yneno [ Crinn Aueiicn PepakTHpOBaHUE -

A B c D E F G H 1 J K L M N o P Q R

) Movck kopHa {x)=0 MeToROM KacaTebHO

3 Xk £(xk) FXK) kel dxk

34 0.7 0.012252528 -1.73251 0.707072136 0.00707214
35 0.707072136  5.94366E-05 -1.71561 0.70710678 3.46456-05
36 0.70710678  1.45583E-09 -1.71553 0.707106781 8.4862E-10
37 0.707106781  -1.34677E-16 -1.71553 0.707106781 0

Jinerl ® 4 »
rotoso 8 i} Eo- 1] + 100%

e— T — = — — T —

Puc. 1.1.3. Meron kacaTeabHBIX JUISl ONPEACIEHUS KOPHS

MPOU3BOAHOM.
TpeGyercst HAliTH KOpEHb MPOU3BOAHON TaHHOM PyHKIUU
!
f'x) =0,

x = 0.7 — navansHOe NPUOIKEHHE, TOTA B PE3YJIbTATE

HUTCPALIMOHHOT0 MPOLECCa HAXOAATCA MOCIICAYIOIINEC HpI/I6J'II/I)KCHI/I$I

o dhopmyIe
Xpe1 = Xk — [ Q) /f" (xx)
VYcioBrue okoHYaHUA Mpolecca

| k41 —xk| =0



C KOMITBIOTEPHOU TOYHOCTBIO.

B siueiike J34 pacnonaraercs HauanbHOE MPUOIMKEHUE X, ,
B siueiike K34 - Beruncnennoe 3nauenue f ’(xk), B siueiike L34 —
snauenme f(Xy), B saueiike M34 — 3Hauenme Xpiq = Xy —
f'(xi)/f"(x1), B sueiixe N34 — 3nauenme |Xp4q; — Xi|, B

Aa4eiiky J35  komupyercss 3Ha4€HUE  Xj4q U1 BBIIOJIHEHHS

CJ'IC,Z[YIOH_[eﬁ urcpalnuu. HpOI_[CCC 3aBCpHIACTCA 110 YCJIOBHUIO:

3HaueHue B siueiike N34 pasHo 0. B nqanHoO# 3a1aue

x =0.707106781.

3-11 ctoco0.

OTy 3aJadyy MOXKHO peIINTh, MCIob3ys cpenctBo Excel
«ITon6op mapameTpanr.

JI1s1 3TOrO CneayeT BBITOIHUTD CIEAYIOIINE IEHCTBUS.
1. PacnonoxuTth B mepBOoW siuelke HayalbHOE MNPHOIMKEHHOE
3HaueHue x=x0.
2. Bo BTOpo# fueiike NOMECTHTb (OPMYIY, BBIYUCISIONIYIO
snauenne f (xg).
3. Habpats: HAHHBIE —Anamu3 «Uro ecnu» — [lonbop
napaMmerpa
4. 3anath 3HaYCHUS] APIYMEHTOB

YcTaHOBUTH B siUEHKE: AZIpec BTOPOU SUEHKHU



3nayenue: 0

W3MeHsst 3HaueHue sUeku: Azipec epBoil s;luehKu.

PaccMoTpuM HCIIOJIB30BaHME YKa3aHHOIO CpeACTBa Ha
IIpUMepe NaHHOM 3a1auu.

Tpebyercs HallTH KOpEHb YpaBHEHUS
a2
(1—-2x%)e ™ =0,
TIPU yCIIOBUHM, YTO HayanbHoe npubmmkenue X = 0.7.

B sueiiky B31 momemaem 3nauenuwe 0,7, B sueiike B32

2
X" Barem

BhIMKCISIEM cooTBeTcTByIomee 3uauenne (1 — 2x2)e™
obpamaemcsa K npouenype «lloabop mapamerpa», Kak IOKa3aHOo

BBIIIIC.



B C D E F G H | J K L M N 0
16 07076 0428881734 -0,0023
70,7077 0428881641 -0,00277
80,7078 0,42888153 -0,00324
19 07079 0428881403 -0,00371

0 08 0421833939 -053101
2 09 040037226 -1,3937
2 10367879841 -2,71828
3 11 0328017007 -4,76195
4 12 028431331 -7,93491
25 13 0239875381 -12,8984
% 14 0197201789  -20,73
7 15 0,158098837 -332071
2 16 0123687585 -53,2956
2

0

3 07 0007506222

2 |

1

U

%

3%

mAE 6890k oD e

Puc. 1.1.4. Meron «ITogbop mapameTpoB» AJis ONpeaesieHrus KOPHS

MIPOU3BOJHOM.

Vka3zpiBaeM APTYMCHTBI COTJIACHO CIICAYIOIICMY KaJlpy:

MoaBop napametpa ? >

YCTAHOEWTE B AYEKe: 5C83 E:5

3HaYEHKWe: ]

WzmeHan sHaueHWe aueiikn: | SBS3| Fhz
oruens




PesynpTar OymeT mpeacTaBliieH B YKa3aHHBIX sUYCHKax Kak

MpeACTaBIeHO Ha pucyHke 1.1.5.

BES 7 5 %

BBl ovs o PO SRV ST USOROWSE B SETORN  ROOMGATS e i

28 1,6 0,123687585 -53,2956
29

30

31 0,707|  0,000111133

mAE 68 3a9x® DS

Puc. 1.1.5. PesynbraT Mmetona «Ilogbop mapameTpoBy.

Crnenyer oTMeTHTbh, 4TO mpouenypa «l[lonbop mapamerpar
MO3BOJISIET BBIYUCIUTH TMOJOMpPAEMOE 3HAYEHHE C TOYHOCTHIO
nopsiaka 0,001. TToatomy, eciin HEOOXOIUMO TTOTYIUTh 3HAYCHHE C
0ojee BBICOKOM TOYHOCTBIO, CIIEAyeT MCIOIb30BaTh METOJ

HrroTona.

1.2. 3agaua.



Haiitu TOYKHM JTOKaTBHBIX SKCTPEMYMOB M 00JAaCTH BO3pACTaHUS U

yObiBanus GynkmMu Yy = X - In x.
Pemenue:

Jns ¢ynkuum Y = X - In X obnacteio onpenenenus ABIAHOTCS

x > 0. Bouucnum tabmuny sHauennii npu X = 0,01 4+ nh, rae
h=0.05n=0,12,..,32.

1. BBoauMm B auamnason stueek A2:A34 pabouero nmcra Excel uncna
1,2, ...,33. B sueiixy B2 BBogum uncno 0,01. B sueiiky B3 BBogum
dbopmyny B2+0,05. Konupyem popmyny no sueiiku B34.

2. B sueiiky C2 BBoaum ¢dopmyny =B2*LN(B2). Konupyem
bopmyny no stueiiku C34.

3. Broigensem guanaszon sueek B2:C34. 3agaem KomaHIy
BCTABKA/JUATPAMMBI u BblOupaeM THUIl JUarpaMMsl
Touyeunasi, Kak MOKa3aHO HAa PUCYHKE.

[Moctpoum Ha mucte Excel rpaduk GyHKIMM U ee TPOU3BOTHOI.



Func12 - Excel

[IPTAU Borasxe  Pasuersacipamnus  Oopwynsi  [awwsie  Peuernposamve  Bug  Paspaborwnx Q)
5 c 3 3 P 0 ]

Uro sei xoTHe ¢ 7-TaTe?

bl

By S o . @ Q BB+ 3 - QY p

D &- Calibri 1o A A ey . v
Berasume v KK Y~ e B A~ EE B Togm 98 Ycnosroe  Bopmaruposare Crunn 5 e v Coprupotka  Haifti u
- GopmaTiposarue * KakTabnny v Aveek+ ) DOpMaTT T nguneTp smgenTs *
Bybep obmena Wpngpr [} Bhipasrisayie [} Hncno [} Crunn Aueiikn PegaxTuposaite ~
P18 v F3 v
A B C D E F G H 1 J K L M N o] p Q R S
1] i Xi i) F{x) npub F{x) mod 1
2 1 0046051702 -3.60517 08 y=xinx
3 2 -0.168804643 -1.96749 -1.81341
4 3 -0.24280024 124408 -1.20727
5 4 -0.293213034 -0.84936 -0.83258
6 5 0327736027 057026 -0.56065
7 6 -0.350239148 -0.35331 -0.34707
8 7 -0.363066724 -0.17555 -0.17118 1
9 8 -0.367794443 -0.02489 -0.02165
10 9 -0.365555229 0.105912 0.108402 05
1 10 -0.357203243 0.221495 0.223471
12 1 -0.343405722 0.325049 0.326655 =
13 12 -0.324698357 0.41885 0.420182 V= ‘X)
14 13 -0.301520756 0.504582 0.505704 2
15 14 -0.274240193 0.583526 0.584485
16 15 -0.243168119 0.656682 0.65751
7 16 -0.208572003 0.724841 0.725563
18 17 -0.170684035 0.788643 0.789279 18 X
19 1 -0.129707685 0848613 0.849177
20 19 -0.085822718 0.905186 0.905689
2 2 -0.039189115 0956726 0.959178
2 2a 0.010049834 1.009542  1.00995
N.061765043 1.057898 1.058269. A
4 »
foroso % i m - ] + 100%
-— T — - — — — — — " |

Puc. 1.2.1. IToctpoenue rpaduka GyHKIMU U €€ TPOU3BOIHOM.

Touka Mmunumyma pynkun X =0.367879441

1.3. 3agaua.

Haiiti TOuKM JIOKadbHBIX KCTPEMYMOB M 00JIACTH BO3pACTaHUS U

yObIBaHUA QYHKIMU Y = 3\/ x?

[Toctpoum Ha nucte Excel rpaduk GyHKIMN 1 e¢ MTPOU3BOIHOIA.



® b ;:-; B mE E' .;‘Av pO
- Ed & Ty - | o]
Bcrapamy XK U~ Te B Yonosoe  Oopuaeposats Crm ., Copmposse Haifmn
- ¥ Sl $oguamkponanier cexTabmuy~ aueer- = S0puaT " wgwneTpe segenims
Epdep obuens Wpagr ] BpasHnsaue i Huono & Crwam Rueiicn Pepaxmposatme “
on - fe
A B c ] E F G M N 0 P Q R s
1 [ X i) F{x)npub F{x) mot
2| 1 201 1592687389 052825
3| 2 LSl L4SSN2654 050753 0S4
4 3 L6l LIEATSG 05636 -0.56881
5 | 4 AL 12574174 053542 059452
6 5 A2 11350817 06269 062562
7| 6 01 LOOSESSE05 -0.66642 -D.666
3 7 081 DS6BMOMS 07139 71518
E 8 061 DJIS6LOT 075262 -D.78608
0 9 041 DSSLESANS 0519 089739
1| bUJ 021 0350208 L2 1121
12| 1 001 DMBAISES 005701 -3.09439
3 u 019 0.33M9E176 1218451 1159643
i 1 039 0533797339 0932385 0.91M74
15 u 059 070452333 0.8015 0.74861
15 5 079 08STIIR 07T 0.721162
7 1 099 0993273 0670959 0.668%04
15 7 119 11296015 0.63041 062911
19 B 133 1045498475 0.598285 0597361
2 bt] 159 13620788 0571858 0571184
a1 0 LT 14721685 0599575 0545086 !
2 1 199 1582105296 0.530417 0530019
2 2 219 16AR40RIAT 051336
Jinerl @ ‘ v
foross B 2 O t + 100
— ——— e e— ]

Puc. 1.3.1. Iloctpoenue rpaduka GpyHKIUU U €€ TPOU3BOTHOM.

1.4. 3amaua. Mccnenosanue ¢ynximn [ (x) = |cosx| na

JIOKAJIbHBIN 3KCTPEMYM.

Halitn ToukH JTOKaJbHBIX 9KCTPEMYMOB U obiactu BO3pacCTaHUus U

yobIBanus Gynkimn Y = |c0Sx|.
Pemenue:

I[aHHaﬂ (I)YHKI_II/ISI YCTHadA W IEpuoaruveCkKad € IMNCPUuoaoM
paBHBIM TT. CJ'ICI[OB&TCJ'ILHO, €€ J0CTAaTOYHO HCCIICAOBATh Ha

OTpe3Ke JJIMHOM, paBHOM MOJIOBUHE MEPUO/IA.



Hcrnons3ys onpeneneHue MOayIIsl, MOKHO IIOJIyYUTh APYroe

npencTaBicHne QyHKINU:

cosx, npu cosx = 0,
—cosx,npu cosx < 0.

fe ={

CrieoBaTenbHO, IPOU3BOIHAS ATOU (YYHKIIUH OTIPECISICTCS

CJIeIYIOIUM 00pa3oM

, —sinx,npu cosx = 0,
flx) =1
sinx,npu cosx < 0,

N
f'(x) = —sgn(cosx) - sinx.

W3 mocnenmeit hopMyIel ciiemyer, uto npoussoanas [ (x)

oopamaercs B 0 B Toukax TN, N € N. Ilpuyem B Kaxmoi wu3
y1(a3aHHBIX TOYCK HpOI/I3B0}IHa$[ MCHJCT 3HAK C IIJIFOCA Ha MI/IHYC,
3HAYUT YKaSaHHI)IC TOYKH SABJISIIOTCA TOYKaMHU MaKCI/IMYMa, B

KOTOPBIX QYHKIIUS TOCTUTAET 3HAUCHUI paBHBIX 1.



T
Kpome Toro, B Toukax E+ mn,n € N npoussoxuas

MMeEEeT TOYKH pa3pbiBa 1-T0 poaa, B KOTOPBIX €€ 3HAYEHUE MEHSAETCA
c -1 mo 1 (ckauku MPOU3BOJHON), TAKUM 00pa3oM, B YKa3aHHBIX
TOYKax (PYHKUIHUS AOCTHTaeT MUHUMYMOB, paBHBIX 0. DTH TOYKH

SABJIIFOTCA YIJIOBBIMH TOYKaMMU.

Hcnonw3ys Excel, aTy 3amauy MOKHO peIInTh CIICAYOIUM

obpa3zom.

Ha nmucre Excel 3amaaum tabnuiyy 3Ha4eHHi QYHKIMA U €¢
npou3BoiHOM Ha oTpeske [-1.8; 3.20], comepxkamieM mepuos 3Toki
¢yaknun. [TycTe mpu 3TOM 3HAYCHHS apryMEeHTa X BO3pPAcTarOT C
maroMm A= 0.02. TIpu stom B auanaszone B9:B259 pacmonaraem
yKa3aHHbIE 3HAUCHUS apTryMeHTa, B muara3one C9:C259 Beruncnsem
COOTBETCTBYIOIINE 3HAYCHHUS (DYHKIIMH C TOMOIIBI0 (OPMYIIBI
ABS(COS(B9)) ¢ mocneayomuM OpoIo/LKEHHEM Ha OCTalbHbIC

sueliku auamna3oHa, B nuamazoHe D9:B259 - coorBercTByromiue
3HayeHuss (QyHKIMM ~COSX, B gamanazone E9:E259 -

COOTBETCTBYIOIME 3HaUeHUs QYHKIMU SINX, B quanazone F9:F259
BBIUHUCIISIEM COOTBETCTBYIOIINE 3HAYCHHSI IPOU3BOTHON (PYHKITUH C
nomoripio  hopmyner ECJIM(COS(B9)<0, SIN(B9), - SIN(B9))
MOCTIEeTYIOIUM MPOJOKEHUEM Ha OCTaJIbHbIE SUEHKU JHMara3oHa.
[Tocne storo crpoum rpaduku QyHKIUH U €€ MPOU3BOAHOM (CM.

Puc. 1.4.1.).



- % i ; = 7 b Jo

— B
Branis XKy

- : Haimn
Evopur- & - e
o3 Wpugr BHpasHME3HAE Yueno ity PegaTHpOEIHUE A
-7 &

A B C D E F G H 1 ) K L M N 0 ? Q R 5 T g
1 Hccnenosanne hymkmmm fft) =|cost| Ha IOXaTLREL JKCTpEMYM
2
2 fx)= ool
4 o= 18 y=|cosx|
5 b= 301259 12
6| &= oL
7_
8| x flg st filx)
9] -18 0.227202 -0.2272 -0.97385 -0.9738476
0 AT 075 017625 -0.38399 -0.9839859
1| A7 0128841 012884 -0.39166 09916648
12| L6 0O 007912 -0.99687 0596865 .
3| -16 0.0292 -0.0292 -0.99357 -0.9995736 - N
u 155 0020795 0.020785 -0.39576 0.9%97838 T T+
15 A5 0077 007737 0.99H9 0597455
16| 45 0120503 0020503 09971 0592713 Vs
| -14 0.169%67 0.169967 -0.98545 (.9854497
1| 135 0219007 0.219007 -0.STST2 Q97T T
bCl 13 0.26M99 0.26139 -0.36356 0.9635582 I8 L
x| A5 0315322 0315322 034595 0.9439845 T b
n| -12 0.362358 0.362358 -0.93204 (.9320391
]| 115 0408987 0A0B487 -0.SLT6 09127639

ol | @ : 2

Totoso % H B O - 1 + 100%
—T ——— e —— L —

Puc. 1.4.1. ITocrpoenue rpadukoB GyHKLIUU U €€

MPOU3BOAHOM.

Ha puc. 1.4.2. u 1.4.3 uzo6paxensl rpa¢puku GyHKIUU U €€
npou3BoiHON. 13 rpadukoB BUAHO, YTO GYHKIMS HETIPEPBHIBHA, HO

€€ IPOM3BOIHAS UMEET TOYKU pa3phiBa 1-ro poxa.



Puc. 1.4.3. T'padux npomssomroit f'(x) =

—sgn(cosx) - sinx.

Ananu3upys rpadUKM M yYUTHIBask MEPUOJUYHOCTD

(yHKIMH, IeTaeM BBIBOJ O TOM, 4TO B Todukax X = mn,n € N,



(GyHKIMS JOCTUTAeT CBOM MaKCUMallbHbIE 3HAYCHHUs, paBHbIE 1, a B

A
TOYKax E + mm,n € N cBou MUHUMAaIIbHBIE 3HA4YCHMs, paBHBIC 0.

T
[Ipuuem, Toukn ; + mn,n € N saBistorcs YTJIOBBIMM TOYKaMH

rpaduka QyHKIUHU, TaK KaK B 3TUX TOYKAaX MPOU3BOAHAS (HYHKIIUU
TeprnuT paspeiB. Ciemyer oOpaTWTh BHUMAaHWE HA TO, YTO TPHU

IepexXoac 4€pe3 BCC YKa3aHHBIC TOYKH ITPOMU3BOJHAA MCHACT 3HAK.

3agaHus 17151 CaMOCTOSITEILHON padoThI.

38.,[[3‘121 1. HaiiT TOYKH JIOKAJIbHBIX 9KCTPEMYMOB U obnactu

(x+4)(x+2)(x-1)(x-5)
x*+16 '

BO3paCTaHuA U Y6BIBaHI/I$I (1)YHKI_II/II/I y =

3anayva 2. HailTu TOukH JIOKaIbHBIX SKCTPEMYMOB U 00J1acTH

BO3pacTaHusA M yObIBaHUA GyHKIMH Y = X * V4 — X2,

3anaua 3. HaifTu TOUKM JIOKAJIBHBIX SKCTPEMYMOB U 00J1aCTH

BO3pacTaHus M yosBanus Gpynkmmn y = InvV1 + x2,

PaGora Ne 6

YmncsieHHOE HCCIIeI0BAHNE BHIMMYKJIOCTH (PDYHKIIUM U MOUCK eé
TOYeK neperuda



BBenenue

Ipapux  muddepenuupyemoit  ¢ynkuuun Yy = f(x)
Ha3bIBAETCS BBINYKJIbIM BHHM3 Ha unrtepBate (a; D), ecnm om
pacrosoXkeH BhllIe JH0O0M e KacaTelbHOH Ha 3TOM HMHTEpBAJIE.
Ipadux Gyrkuun Y = f(X) HasbiBaeTcs BHIMYKJIBIM BBEPX Ha
unrepane (@; b), ecnu oH pacmonojkeH HUKe 000N €&

KacaTelIbHOM Ha 3TOM HHTCPBAJIC.

Touka rpaduka HempepwiBHOM Qynkuun Y = f(X),
OT/EJISIIOIIAsT €0 YacTU Pa3HOM BBIMYKJIOCTH, HAa3bIBAETCS TOUYKOM

neperuoda.

Ipu3HaK BBINYKJIOCTH HA WHTepBaje. Ecmu QyHKuus
vy =f(x) Bo Becex Toukax wmHTepsata (a; b) wmeer
OTpHIaTeNbHYI0 BTOPYIO MpousBoanyko, To ecth [ (x) < 0, To
rpauK (QyHKIHM B 3TOM HHTEpBal€e BBIMYKIBIA BBepX. Ecam ke
f7(x) > 0 Bo Bcex Toukax unrepsana (a; b), To rpaduk —

BBIITYKJIBIM BHU3.

JlocTaTo4Hoe ycJI0BHE CYLIeCTBOBAHUS TOYEK Nnepernda.
Ecnu Bropas mpoussonuas f (X) mpu mepexoze gepes TOUKy X,
B KOTOPO}i OHa paBHa HyJII0 MJIM HE CYLIECTBYET, MEHSET 3HAK, TO

TouKa rpaduka GyHKIUHN ¢ abCIUCcCoil Xy ecTh TOUKa reperuoa.



IIpumep. ViccnenoBaTh Ha BBITYKJIOCTh U TOYKH Ieperuda rpadux

byHKIIUU
— 45 __
y=x>—x+5.
Pewenue. HaxoguM mpou3BOAHBIE MEPBOTO W BTOPOTO TOpSIKA:

y = 5x*—1, y” = 20x3. Bropas npoussoanas cymecrsyer

v v r7s
Ha Bceii uncnosoi ocu. Y = O npux = 0.

y'>0 mpm x>0 unu y'<0 mpm x<0.
CrenosarensHo, rpaduk ¢pyHkunn Y = X° — X + 5 B nntepane
(—o0; 0) — BemyKnEIT BBepX, B METepBane (0; +00) - BeImyKIEIi

BHM3. Touka (0; 5) ecTh TOuKa neperuoa.
Boinosnenue padoTsl.

Onpenenenne ob6gacTeil BOTHYTOCTH H BBINYKJIOCTH

¢pynkuuu. Touxn neperuda.

Haiitu Toukm nepern6a u o0nacTu BOTHYTOCTH U BBIITYKJIOCTU

byHKIIUN

fx)=x-e™
Pemenne:

Haiinem nepByto npou3BoHYIO (PYHKIIUH:



f)=1-e* +x-e* (=2x)=e* - (1 -
2x2).

BbrunicianmM BTOpYO MPOU3BOIHYIO (DYHKIINU:
fre0= (e - (1-2x0))’
= —2x-e*". (1—2x%)+ e~ %" . (—4x) =
= —2x-(3—2x2) e

CrnenoBaTeiabHO,
ffx)=0
mpuxy; = 0uxy,3 = ++/1.5.
Boruncnum Ha mucte Excel snauenns pynkuuu
fx)=x" e

U €€ BTOPOM ITPOU3BOJHOU
" (x) = —2x-(3—2x2)-e™*’,

1ocJje 4ero noctpoum ux rpaduku (cm. Puc. 1.2, 1.3).



Func311 - Excel

[T Boreska  Pavencacipannuer  Gopuynel  [Janwse cuersnposanne  Bug  Papaborumc @ e caenaTe?

g{, F‘ Q F=Beramme + %v QY p

gf Yaanute *

Calibri s oc A A

e e @@ 9 Verowoe  Oopmamaposars Crum opmupoekaHaitrn
A b ket “;LEJW T s
Bybep obmena & Wpudr [ BripaBHyIEaHIE ] Yacio [ Crwn Auedicn PeaxTuposatme
M11 2 fe
A B C D E F G H I J
.2
1 y=x-e*
2 -
3] i X f(x) '(x)
4 1 -2 -0.03663 -0.36631
a 5 2o 00514 -04338 Hassanue anarpammbl
6 3 -1.8  -0.0705 -0.49065 05
7| 4 -1.7 -0.09448 -0.52531 04
8 5 -1.6 -0.12369 -0.52444 03
9 6 15 -0.1581 -0.4743 02
10 7 14 -0.1972 -0.36285 o
1 8 -1.3 -0.23988 -0.18231 ! ol
12 9 -1.2 -0.28431 0.06824 ;
12 1n 11 .n292N0) naoncg /
Nuerl ® ] 3
fotoso % H m - 1 + 175

Puc. 1.1. cX0aHEbIHI JHUCT.

SR

f m

00
719).9)



Puc. 1.2. I'paduk ¢pyHKImu.

Puc. 1.3. I'padux BTOpOIt NpOU3BOJHON (QPYHKITUH.

3 I‘pa(l)I/IKOB BUJHO, YTO YKAa3aHHBIC TOYKHU SABJIAIOTCA

TOuKamMHu neperuda. s ompesneneHuss TOYHOTO 3HAYEHUs X =

V1.5 MoxHO HMcronb30BaTh OGO M3 ANTOPUTMOB, ONHCAHHBIX
panee. Ha Puc. 1.4. uzoOpaxen rpadux BTOpoil MpoOU3BOAHOI B

YMEHBIIIEHHOM MaciuTabe.



y=Ff"(x)

Panl; 1,2251;

PAA100422288
Paal; NXOME476
Panl1;-0,000620153
Pan1;-0,008387971
Pan1;-0,000855855
Panl;-0,000323804

Panl;-D0M2,9182

Panl; 120014599

Panl;-0,004728046

0,001996258

Puc. 1.4. I'paduk BTOpOI MpOU3BOHON (HYHKIINH.

Pemas mnocraBieHHyr0 3amady, MOXHO HCIOJIB30BaTh
npubIMKeHHble (HOPMYJIIbl I BEIYMCICHHUSI BTOPOM MPOU3BOAHOM

byHKIIH



Func314 - Excel

Bomsra  Pawena e Oopwyn  fareie

T A= dopamiposane - cscrabng + poeses EI00PTT & e
o - o oBmue
B C D E F G H [ J
2] . dx=  0.0000100000
3 X x+dx  x+2dx  f(x+2dx) flx+dx) f(x) (x)
4 1224 122401 1.22402 0.273601 0.273605 0.27361  -0.001967315
57 1.2241 1.22411. 1.22412 0.273556 0.273561 0.273565  -0.001700862
6 12242 122421 1.22422 0.273512 0.273516 0.273521  -0.001432188
'."_ 12243 1.22431 1.22432 0.273467 0.273472 0.273476  -0.001164624
8 12244 122441 1.22442 0.273422 0.273427 0.273431  -0.000896505
9: 12245 1.22451 1.22452 0.273378 0.273382 0.273387  -0.000627831 0.00015
10_ 12246 1.22461 1.22462 0.273333 0.273338 0.273342  -0.000360822
11_ 12247 122471 1.22472 0.273289 0.273293 0.273298  -9.32587E-05 00001
127 122471 122472 1.22473 0.273284 0.273289 0.273293 -6.4948E-05
12 ﬂ“ﬂ‘l 'I']AI’;'I 122472 19272474 N172790 _N1272704 n'}'r:w‘!on' 2 00CT7OC NC -
- Bl E 0 -—t+— =

—— T ——— e s )

Puc. 1.5. Bpuucrnenue BTOpOW TNPOM3BOAHON (DYHKIMH IO
npubIMKeHHoN hopmye.

ComnocraBiss pPE3yIbTaTbl BBIYUCICHUSA 110 TOYHOH U

npubIMKeHHoOH (Qopmynam yOexaaemMcs B MX COBMAJCHUU. (CM



Puc.1.6.)

Panl; 1,22478;

,000120459
Panl; 1,22477,;

9,54792E-05
Papnl; 1,22476;

6,82787E-05
Papl; 1,22475;

4,16334E-05
Papl; 1,22474;

1,38778E-05
Panl; 1,22473;

-1,22125E-05
Papl; 1,22472;

-3,88578E-05
Papl; 1,22471,;

-6,4948E-05

Puc.1.6. I'paduk BTOpOit NpOoN3BOAHON (PYHKIINH, BEIYUCICHHOH 110
npubImxKeHHon popmyse.

3agaHusA 1J151 CAMOCTOSITEIbHON PadoThI.
3anayva 1.

Haiitu Toukm neper nba u o0jacTh BOT HYTOCTU U BBITYKIIOCTU

byHKIIUU
y =e ¥ cosx.

3amayva 2.



Haiitu Touku mneperunba u 00JaCTH BOTHYTOCTH M BBITYKJIOCTH

byHKIIUU

y=Vx+8—Vx—L
3amaua 3.

Haiitn Touku meperuba u 00JACTH BOTHYTOCTH W BBITYKJIOCTH
byHKIIUU
x%—x—20
Y X —2
Pabora Ne 6

IMonHoe uncienHoe uccienosanue pynxuuu (Excel)

BBeaenue

Uccnenosanne Gpynkumn Y = f(x) nenecooGpasHo Bectu

B onpeﬂeneHHoﬁ noCICaA0BATCIbHOCTH.

1. Haiitu o6nacts onpeneneHus (pyHKIUH.

2. Haiitu (eciti 5TO MOXKHO) TOUKH TIepecedeHns rpaduka ¢

OCSIMH KOODPJIMHAT.
Haiitn acumntoTsl rpaduka GyHKIUY.

Haiitu  skcTpemyMmbl  (QYHKIMM U UHTEpBajbl

MOHOTOHHOCTH.



O. HaiiTu wWHTepBabl BBINYKIOCTH W TOYKU IlEperuda

rpaduka GyHKINH.

Ha ocHOBaHUM NpPOBEJEHHOIO HCCIIENOBAHUS MOCTPOUTH
rpaduk ¢yHkuuu. Ecnou rpaguk He cCOBCEeM MOHSATEH, TO MOKHO
JOTIOJTHUTEIBHO MOCTPOUTH HECKOJIBKO TOYEK Tpaduka U BBISIBUTH
apyrue  ocoOeHHOCTH (GYHKUUU (TEpUOJUYHOCTh, HYETHOCTH).
WHorpa 1nenecooOpa3HO BBINOJIHEHUE ONEpalMii HCCleT0BaHMs

COIIPOBOXKIAATH IMOCTCIICHHBIM ITIOCTPOCHHUCM I‘pa(bI/IKa q)YHKI_II/II/I

Ilpumep. UccnenoBatb GyHKLIHIO Y = U TTOCTPOUTH €€

1-x2
rpaduxk.
Pewenue. 1. ®ynxuus He onpeneneHa mpu X = 1 u X =

—1. O6nacts € ompeneneHUs COCTOUT W3 TPEX HMHTEPBAIIOB:

(—o0; —=1) U (—1;1) U (1; 4+0), a rpadmk u3 Tpex BeTBeii.

2.Ecmmx = 0,10y = 0. padpux nepecekaer ocu Ox u Oy

B Touke (0; 0).

3. Mpsameie X = 1 u X = —1 aBnsrorcss BepTHKAILHBIMU

acUMIITOTaMHU. BBIICHMM Haandre HaKIOHHOM aCUMITTOTHI:

al 1
o 1 —x% _
o= Jim S =l e =

0.

(k =0mpux > 40 unpu x = —0),



b = lim (ﬁ—o-x)z limLzo.

CrenoBaresnbHO, ecTh ropusoHTanbHas acummrora y = 0.

[psmass Y = O sBasiercss acumnroroit npu X — +00 u npu X —

—o00,
4. HaxoauM HHTEPBAIIbI BO3PACTAHUS U yOBIBaHMS (DYHKIIKH.
Tak kak
) ( x ) 1-(1—-x3)—x-(—2x) x%+1
Y E\1=x2) T (1 — x2)2 “A-x2)?

1
To y* > 0 B obnactu onpenenenus, ¥ GyHKIMs ABISETCS

BO3paCTaloIIeii Ha KOKIOM HHTEpBajie 00JIACTH ONPEICICHUS.

KpI/ITI/I‘leCKI/IMI/I TOYKaMU ABJIAIOTCA TOYKH xl = 1 n xZ ==

—1, Ho oHM He npuHamIEKAT 00MAaCTH OompeneneHus ()YHKIUH.

@DyHKIMS SKCTPEMYMOB HE UMEET.

6. HccnenyeM (QyHKIMIO Ha BBITYKIOCTh., Haxomum

BTOPYIO IIPOU3BOAHYIO:



y x*>+1 )
= (=)

C2x(1=x)? = (x* + 1D2(1 - x*)(=2x) _
B (1 —x2)4 B

_ 2x(x*+3)
RRCEFOR
Bropass nmpou3BoaHas paBHa HYJIO MM HE CYIIECTBYET B
toukax X; =0, u x, = —1,x3 = 1, Touka (0; 0) — Touka
nepernba rpaduka QyHkuuu. [paduk BBITYKIBI BBEpX Ha
uarepsanax (-1; 0) u (1; +00); BeIMyKIBIl BHU3 Ha MHTEpBANaxX

(—o0; —1) u(0; 1).

[Toctpoum rpadux GpyHKIMH:



¥

10

12

14

BobinoJsiHeHue padoTsbIl.

[IpoBectn monHOe uccienoBaHHe (YHKIMM U TOCTPOHUTH
rpadux:

x2-2x+42
x-1

fx) =



Pemrenne:

1. O6nacts omnpenenenus ¢ynxmun D (f) = (—o0; 1) U
(1; 40), mockonbky Qopmyna, ¢ MHOMONBIO KOTOPOH 3aaaHa
(GyHKIMSA, UMEET CMBICI NIPH BCEX 3HAYEHUSX X KPOME TOUKH X =

1, xoropas sBiIseTcs TOUKOM paspbiBa 2-T0 pojaa (QYHKIIUH.

JleicTBUTEIBHO,

o x2—-2x+2
lim —— =
x>1-0 x—1

— Q00"

)

TaK KakK 4YMCIHMTECIIb B OKPECTHOCTH X = 1 IMPUHUMACT

MOJIOXKUTEJIbHOC 3HAUCHHUE, a 3HAMCHATEJIb IIPU CTPEMJIICHUN X K 1

CJIcBa CTPEMUTCA K HYIO, OCTaBasChb OTpULATCIIbHBIM.

AHajornyso,

o x2=2x+2
lim —— =

+co,
x—1+0 x—1

Takum o6pasom, X = 1 — BepTuKanbHas aCUMITOTA.

2. EnnHcTBeHHass Touka mepecedeHusi rpaduka (QyHKIUA C
oceio 0Y: (0; -2). O4eBHaHO, YTO MEPECEUCHUH C OCBIO OX HET, TaK

KaK YUCJIUTEINb IPOOU CTPOTOo OOJIbIIE HYJIIA.



3. Hccnenyem QyHKIMIO Ha HATMYUE HAKIOHHBIX ACHUMIITOT C
nomoipio Excel. B nmamazone B4:B20 pasmectum 3HaueHHA
HezaBucuMon nepemenHoi ot 1000000000 mo 10000000000, B
muanazone C4:C20 cooTBeTCTBYIOIIME 3HAYCHUsS (DYHKIUH, B

f(x)

nuanazone D4:D20 Beraucianm 3HaueHus kodpdunmenra a = —,
X

B nuamna3one E4:E20 Berumciaum 3HadeHHsT KOAPGUIMEHTA b =
f(x) — ax. Kak cnenyer u3 pacueros @ = 1, b = —1. Takum

006pa3oM, ypaBHEHHE NPABOH HAKIOHHOM acuMnToTel Y = X — 1.

AHaJIOTHYHO MOKHO BBIBECTH YpaBHCHUC JIEBOM HaKJIOHHOM

ACHUMIITOTBI

Pawenacpamn  Oopupns  [awee  Peymewposzne

2 Haimin
* BegemTs

gosas Cruna .,
gy~ sueec+ | 5 OopwaT

fueiial PegaTipoBHue A

A B C D E F G H I J K
1
2
3 i X f(x) a b
4| 1E+09  1E+09 1 -1
5 | 1E+09  1E+09 1 -1
6 1E+09  1E+09 1 -1
7 1E+09  1E+09 1 -1
8 1E+09  1E+09 1 -1
9| 1E+09  1E+09 1 -1
10 1E+09  1E+09 1 -1
11 1E+09  1E+09 1 -1 |
12 1E+09  1E+09 1 -1
12 - 1FELNQ 1ELNQ 1 ul

i
e
(@]
=]

Ei




Puc. 1. Haxoxaenue ypaBHEHHS] HAKJIIOHHOW aCUMIITOTHI.

4. Bbraucnum nepByro Npou3BOAHYIO (PYHKIIUH:

3 nocnenuen

(bopmyIbl

r_ x(x=2)
(-1

CIIe/IyeT,

qTo

I-1  mpousBoHAs

obpaiaercst B Honb B Toukax X1 = 0; X, = 2. C nomompio Excel

BbBISICHUM UMECTCA JIKM B 3TUX TOYKAX IKCTPECMYMBI (bYHKI_[I/II/I

s
cravnme KK Y-

Dopuya

Obupi

C g

) B bonums -
. = & BV -
Yonosoe  Gopuamwposams Crame

fopuataposane saxTabmnyy T sueers = OOpMaT

fr R

CopruposraHaiimn
" WP sngEANT ™

Gppep DEMEHa Wipngr BupasHuBaHie Hnero Crumm Rusiicn PeaKTHp OBaHME A
01

A B C D F H K L M N 0
1
2
3 i X fix) fix)
4 15 25 5
5| 155 2.36818 -3.52292
6 16 2.26667 -2.51852
7 165 2.18846 -181293
3 17 212857 -130321
9 175 2.08333 -0.92593
mi 18 205 -D.64062
11| 1.85 2.02647 -0.42072
12| 19 201111 -0.24829
13| 1.95 2.00263 -0.11095
14 2 2 8.88E-16
15| 2.05 2.00238 0.090811
16| 21 2.00909 0.166041 2 3 5 3 7
17: 215 2.01957 0.229062

Twerl e

e 8 R o o

Puc. 2. IToctpoenune rpadka B OKPECTHOCTH KPUTHICCKUX TOUCK.



Puc. 3. Ipadux QyHKIMM B OKPECTHOCTH TOYKH

HKCTpEeMyMa.



bRiRoRELE
2,518518519
Panl; 1,55; -
3,522915101

Panl; 1,5; -5

Puc. 4. I'padux npomsBogHONH (YHKIHH B OKPECTHOCTH
TOUYKH SKCTPEMYMa.

Kak BMIHO M3 TPHUBEIEHHBIX IPadUKOB B TOUKE X, = 2
dynxums gocturaer munumyma f(2) = 2. AHaIOrHYHO, MOXKHO

nokasarb, 4ro B Touke X, = 0 QyHKuMs nocTMraer MEUHEMyMa
f(0) = -2.
5. BbruncinuMm BTOPYIO IPOU3BOIHYIO (DYHKIIHH:

no__ 2(X—3)
T (-1



Bropas npoussojHas o0pamaercs B Houb B Touke X = 3.C

IIOMOIIBIO Excel BeisicHUM sBiS€TCS AU B dTa TOYKA TOYKOM

nepern6a GyHKIuu.

Beraeka  Paswenca crpaenue

j BeBoaam + 2 v a‘,‘, p

E X Calibri NI 'y Ofugei - :E:j 1“ Y Sy - -
oy mea Boxmus o eppecn G007 5o
Eydep obuera & Wipndr = BeipassusaHme 5 Yncro = Crum Rueicn Pegaxmposasme ~
B - 3 p
A B C D E F G H I J K 5=
4 i X f(x) '(x)
5 15 25 12 y=(x)
6 16 2.26667 -7.77778 | 5 Gt g}
o 1.7 2.12857 -5.30612 45
8 o 1.8 2.05 -3.75 4
9_ 19 201111 -2.71605 35
10 2 2 -2 3
117 2.1 2.00909 -1.4876 25
12_ 2.2 203333 -1.11111 2
137 2.3 2.06923 -0.8284 15
147 2.4 211425 -0.61224 1
15_ 25 216667 -0.44444 05
1A — 2A o o Jo 1 N 2178 -
Lmer| @
foroso 25 ' . - B BE o o+

Puc.5. Boruncienue Touku neperuoa.



Puc. 6. Iloctpoenue rpaduka (HyHKIMH B OKPECTHOCTH TOYKH

neperuoa.

5,30612244

Panl; ?,6; -
7,77777777
8

Panl; 1,5; -
12



Puc. 7. [Iloctpoenmne rpaduka NpPOU3BOAHON (GYHKIIUA B
OKPECTHOCTH TOYKH Teperuoa.

Kak BHAHO W3 NpPUBEICHHBIX TrpadMKOB Touka X = 3

SIBJISICTCS] TOUKOU Tepernda pyHKIuu

OueBuaHO, 4TO rpauK PYHKIIUHN «pa3/ieieH» Ha JIBE YaCTH
OTHOCHUTENILHO BEPTUKANbHOM acumnTotel X = 1. Tloctpoum

rpaduKu «IEBOI» M «IIPaBOi» YaCTH (DYHKITHH.

JNleBas yactb rpadmka

2,5 1,5

-25

Puc.8. Toueunslii rpaduk JIEBOM YACTH  OTHOCHUTEIBHO

BCpTHKﬂJ’IBHOﬁ ACHUMIITOTHI.



MpaBana 4yacTb rpaduka
25

20
15

10

0 0,5 1 1,5 2 2,5 3

Puc. 9. Todyeunwlii rpaduk mpaBoOil dYACTH OTHOCHUTEIBHO

BCpTHKaJIBHOﬁ ACUMIITOTHI.

3,5



¥ >

Puc.10. OGuuit Bun rpaduka GyHKIIHH.



