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Pabora Ne 1
OO01masi XapakTepUCTHKA Ta0JIMYHOro npoueccopa MS Excel

Tabmuunerii  mponieccop MS  Excel mnpennasznaven uist
pelieHrss MHOTO(QYHKITMOHATBHBIX 3aa4 00pabOTKU Pa3sHOTHUITHON
nH(pOpMaLlUd C TPUMEHEHHEM MHOXKECTBA HHCTPYMEHTaIbHBIX
CPEICTB M BCTPOCHHBIX (PYHKLIUH.

OOpaboTka OCYIIECTBISCTCS B OSJIEKTPOHHOW TaOIWYHOU
KHHUre OOJbIION pasMEpHOCTH. B KIETKM KHUTM 3allMChIBAIOTCS
UCXOJHbIC JaHHBIC MPUKIAJAHON 3aJadyd, a Takke (HOpMYJbHbBIE
3aBUCHUMOCTH, OOECIEUMBAIONINE BBIUMCICHHE  PE3YJbTATOB.
Pesynbratel pemenus GOpMHPYIOTCS Ha MECTe 3aruch (HOpMyd.
[lo xemaHur0 OHU MOTYT OBITH HpPOWILIIOCTpUpOBaHbl. [Ipu
W3MEHEHUU WCXOJHBIX JIaHHBIX AaBTOMAaTHYECKH BBITOIHAETCS
nepecyeT pe3ynbTaToB, U3MEHSETCA BUJ IOCTPOSHHBIX I'pauKOB U
yarpamm.

[IpumepHblii BHA OKHa TaOJIMYHOTO Ipoleccopa C

OIMMCAHUCM €TO JJICMCHTOB IIOKAa3aH Ha pUC. 1.
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Puc. 1. DnemenTsl okHa Excel

DJeKTpOHHAs KHUIa, B 3aBUCUMOCTH OT BEpCUM Ipolieccopa,
M0 YMOJYAHHUIO COCTOUT M3 OJJHOTO WJIM TPEX SJIEKTPOHHBIX JINCTOB
(MaKCHMAJIBHO BO3MOMKHOE KOJNMYECTBO srcToB — 65535 (21°-1),
3aBUCUT OT oObema omnepatuBHOM mamsatu I1K). Kaxnasiit muct
KHUTH — COBOKYIHOCTh KIJIETOK (sueek), oOpa3zoBaHHBIX 16 384
crombriamu (2**) w 1048576 crpokamu  (2°%).  CronGige!
uMeHytoTcsl JatTuHckuMu OykBamu (ot A no XFD, crtpoku —
mudpamMu. OTO MO3BOJSET ajapecoBaTh syeliku. Hampumep, neBas
BEpXHSA sueiika JMcTa uMmeer aapec Al, mpaBas HWKHAS —
XFD1048576.

Opna U3 sueek JMCTa — AakTUBHas. B 3Ty sueiiky
3anmuchIBaeTcs MH(OpMaIus, KOTOPYI0 HaOMparoT Ha KIIaBUAType
WIA TIOCNIe BBIMOJHEHUS onepauuud BcTaBku. [l  BbIOOpa

AKTUBHOM SYEWKM WCIOJNB3YIOT JIEBYIO KHONKY MBIIINA WA



KJIaBUIIM TepeMelieHust Kypcopa. BeicTpbiii mepexoa B o0yro
SYEHKY JINCTa KHUTH MOXKET OBITh BBIIOJIHEH KOMaH/1aMU:

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

CopepxUMOe aKTUBHOM SYEUKH OTOOpa)KaeTcsi B CTPOKE
dopmyn. DOTO  MO3BOMSET  MpPOCMATpuBaTh  MHGPOPMALHIO,
BBEJICHHYIO B AUYCHKY (OCOOCHHO C MpUMEHEHHEM (OpMyIl), a Ipu
HE00XO0AUMOCTH — €€ KOPPEKTHPOBATb.

JlaHHBIE MOXKHO BBOJMTH HE TOJBKO B AaKTUBHYIO SYEHKY, HO
U B MacCuBBl KJIETOK — JAMAaNa3oHbl. BBIIENAOT cmedcHvle n
HecMmedicHble TMana3oHbl (pacrojararoTcs Ha OJHOM JIMCTE) U
mpexmephvle (3aHUMAIOIINE HA HECKOJIBKUX JINCTaX OJHO M TO XK€
MECTO).

Ha nucrte auama3oHbl sueek BBIACNAIOTCS NEpEMENEHUEM
MBIILIM TPU HaXKaTOW €€ JIEBOM KHOMKe (WIM NpU YAEpKUBAHUU
knaBuiny [Shift] 1 HaXkaTHM Ha KIaBUILIM MEPEMEIIEHUs] Kypcopa).
Jns  BeIOOpa  HECMEXHBIX  JMANa30HOB  JIOMOJIHUTENBHO
yaepxkuBaroT knaBuiny [Ctrl]. nst BbIACNEHHS TPEXMEPHOTO
Jrana3oHa MpeABapUTENIbHO BBIIEISIOT HECKOIBKO JIMCTOB KHUTH,
BBINOJIHUB IETYKU JIEBOM KHOMKOW MBIIIN 1O 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 Ppa3LENSAOT TOYKOU C
3anarou (puc.2).

BBon wunHbpopManuu B aKTUBHYIO SYEWKY 3aBepliaeTcs
HakatueM kiaBuiny [Enter]| (wnm kinaBuil nepeMenieHus: Kypcopa).
B cmexHbIll [uana3oH (a Takke 4acTb HECMEKHOI'O Juana3zoHa C
aKTUBHOM A4eiiKkoil) BBOJ JaHHBIX BO BCE SYECHKU OJHOBPEMEHHO
¢ukcupyercs komOuHanuei knasumi [Ctrl+Shift+Enter].

MakcumanbpHbli 00bEM JaHHBIX, KOTOPBIM MOXKET OBITh
BBEJICH B KaXAY0 W3 siUeek kHuru — 32 767 (215-1) OaiiT
(cumBonoB) IlpaBma, oroOpakeHbl B s4eilke MOIYT HE BCe
CUMBOJIBI: OJJHA U3 MPUYUH — OTPAHUYEHHOCTh BUJUMON IIUPHUHBI
cToJIOLIa U HaNU4Me JAHHBIX B syeiike cmpaBa. [la B 9TOM U HET
HEOOXOAUMOCTU: TPUHIMII CTPYKTYPUPOBAHHOTO  3aIlOJHEHMS
JAHHBIX IPEAIOJIAraeT B OTACNIbHBIC SYEHKH IOMENaTh TOJIBKO
B3aMMOCBSI3aHHBIE, JKeNaTebHO HEJENMMBbIE JTaHHBIE,
NpUHAAJIEXKAIME K JIBYM KaTeTOpHsM — 3HAuyeHue WU gopmyid
(puc.3).

[Ipu3znakom BBoxa (QOpPMYIBl SBISETCS YKa3bIBAEMBIN B
Hayajie 3HaK = (paBHO), 3a KOTOPBIM CIEIYET GulpajxceHue —
COBOKYITIHOCTb 0nepaH00s, CBA3aHHBIX MEXay co00il 3Hakamu
mamemamuyeckux onepayuu. ITopsnok BbIUUCIEHUN B Qopmyie
OTpesieNIsieTCs] €€ MaTeMaTHYecKON 3amuchio (cieBa HalpaBo), a

TaKXKe€ C YUYETOM npuopumemos yKa3aHHbIX B Hel omepauuid. [Tpu



HEOOXOAMMOCTH HM3MEHEHHUs IMOCIe0BATEeIbHOCTH 00pabOTKH
JTAHHBIX B ()OPMYIIE UCTIONB3YIOTCS KPYTIIble CKOOKH.

Ilo oxoHuanun BBoJxa GopMyJdbl B sueiike cpazy xe
oTtoOpakaeTcsi ee pe3yibTaT — JaHHOE, IPEACTAaBICHHOE B BHUJE
yucna, 0amol, MmeKcma, 102U4ecKo2o 3HaveHus W cooouenus 06
owudke. Cama popmyna OyaeT BUAHA TOJIBKO B CTPOKE (GopMyI
IIOCJIE BBIJEICHUS COOTBETCTBYIOIICH STUEUKHU.

BBenenHblil B s4eliKy TEKCT BBIDABHMBAETCS 110 €€ JIEBOM
rpaHulle, NPaBUJILHO BOCIPUHATHIE JAaHHBIE JPYTUX THIIOB — IO
[IpaBoi rpaHulie. DTO MpOCTeilliee MpaBUiIO MO3BOJISIET U30€kKaTh
omuOOoK, KOTJa U3-3a KaKuX-TO MOTPEITHOCTeH yKkazaHus (hopmara,
BBEJICHHBIE JIaHHbIE (YMCia, POPMYIIbI, 1aThl U BPEMs, JOIMUECKHE

3HA4YeHUs1) UICHTUDUIUPYIOTCS KaK TEKCT.
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Puc. 3. Tuns! nauasix Excel
B ¢opmynax azgpeca sdeek MOTYT YyKa3bIBaThCS Kak
OTHOCHUTENbHBIE, TaKk M aOcomoTHble. Panee Mo TekcTy
YKa3bIBAJINCh OTHOCUTENbHBIE a/Ipeca SUeeK U X JUara3oHOoB.
IIpu xomupoBanuu (HopMyn OTHOCHTEIBHBIE ajpeca
COOTBETCTBYIOLIMM 00pa3oM M3MEHSAIOTCS; aOCOJIIOTHBIE ajapeca

OCTar0TCs HCU3MCHHBIMU.



XapakTepHbIM TPU3HAKOM a0COIIOTHOTO aJpeca SIBISIFOTCS
3Haku $ mepen uMeHamu CToNIOLOB M cTpok. Hampumep, $A$1 u
$XFD$1048576 — cOOTBETCTBEHHO aOCOJIIOTHBIC ajapeca MepBOM
(leBoii  BepxHeW) U TmocienHed (IpaBOM HWXKHEH) sUeeK
ANEKTPOHHOTO JINCTA.

AOcomtoTHBIE ajgpeca MOTYT OBITh  HEIMOCPEICTBEHHO
HaOpaHbI ¢ KJIABHATYPHI JTHOO MpeoOpa3oBaHbl U3 OTHOCHTEIBHBIX
aJipecoB TOCIE WX BbUICNCHUS W HaKaTUS (QYHKIHMOHAIBHOM
knaBum  [F4].  Ilpu  mpeoOpasoBanuu  cieqyer  ObITh
BHUMATEJIbHBIM: MOBTOpHOE Haxkatue [F4] moxker cuenath aapec
CHOBa OTHOCHTEIBHBIM JIMOO CMEIIaHHBIM, KOTJa, HampuMmep,
3aUKCUpPOBaH TOJBKO CTOJNOEI] WU TOJNBKO cTpoka: $D4,
G3$5:F$8.

AOCOoNIOTHYIO ajipecanuio B ¢popMynax 00ECTICUMBAET TaKKeE
MPUMECHCHHE WMEH SYeeK W WX JUana3oHoB. VIMEHa JTOJKHBI
HAaYMHATHbCS C OYKBBI WM 3HAKa MOTYEPKHUBAHHS, HE COIEPIKATh
MPOOENIOB U CIEUATBHBIX 3HAKOB (MCKIIIOUEeHUE — HU(PBI U TOUKH)
1 OBITh YHUKAJLHBIMH B TIpeJieax MICKTPOHHON KHUTH.

OnuH u3 crmoco00B MPUCBOSHUS UMEH sTYEHKaM:

Breigenuts sueliky win quana3zoH — OTKPBITh MEHIO
IIETYKOM MPaBoil KHOMKH MbIin — Komanna [Ipuceoums

ums...— BBectu uma — OK



IIpy ykazaHuu B BBIPAKEHUSX aIPECHBIX CCBUIOK HA SYEUKHU
APYTUX JIUCTOB MW KHUT ((ail;loB KHUT) ajpec TOMOJIHSACTCS UX
MMEHaMU, HallpuUMep:

[Kuura2]JIuct4!GS:L10

[Otuer]KBapran 1!$A$5:32$129

Ecnu nMeHa MHUCTOB WIIM KHUT COJIEpKaT MpoOeIbl, TO Kakue
UMeHa 00paMIISIOTCs anocTpodamu:

'[Kuura 1]JIuct 3’ !$SES$S8 ‘[KBapTasibHBII
otuet|Puman 3’!$DF2:5K$120

Bo m36exanne omuOOK mpu (GOPMHUPOBAHUU BBIPAKCHHUN C
MMEHaMH HMEHa HE BBOJAAT C KJIABHATYpHl, a BBIACTSIIOT B
ANEKTPOHHOW KHUTE COOTBETCTBYIOIIUE SUYEHKU WM JTUANA30HbI,
YTO CYIIECTBEHHO objerdaer nmporecc. CaMu UMEHa MOSIBIIAIOTCS B

BBIPpAXKCHUSAX.

Bo3Mo:kHOCTH ([)opMaTupOBamm IJIEKTPOHHBIX Taﬁ.]'llflll

Omneparuu hopMaTUPOBAHUS MPECTABUM CXEMATUYHO.
e lI3MeHEHHE MIMPUHBI CTONOIA TMyTeM 3axBaTa TpaHHIIbI
MEXy HAUMEHOBaHUSIMHU CTOJIONOB (puc. 4).
E4 - j

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

P Ld PO | =

L1

onooLn



Puc. 4. YBenuuenue mupunsl cronodia E
Jlnsi BbIpaBHUBAHHS IIUPUHBI HECKOJIBKUX CTOJIOIIOB HX
CJIEyeT BBIIEIUTh U U3MEHUTDH IPAHUILy OJHOTO U3 HUX.

e lI3MeHeHNE BBICOTHI CTPOK BBIIOJIHAETCS 110 aHAIOTHH (pHC.
5).

e JIns1 BeIpaBHUBAHMS MH(POPMALIMU B BBIJCICHHBIX sUeiKax
MOKHO BOCIIOJIb30BaThCsI MHCTPYMEHTAJILHBIMU
KHOIIKAMU TpYIIbl Buipasnusanue BKIAIKU [ nagHas
100 BBI3BaB OKHO Popmam sueex, HAIPUMED, U3 MEHIO
IIpaBOi KHOIIKK MBILIH (puc. 6).

o Jlnsi OOBEAMHEHUS SYEEK MOXKHO BOCIIOJIB30BAThCA Kak
BO3MOXXHOCTSIMU OKHA Dopmam siueex (CM. puc. 0), Tak U
C IIOMOILIBIO HMHCTPYMEHTAJIbHOW KHONKM B TIpYIIeE
Buvipasnusanue Bxnanku I nasnas (puc. 7).

e AHaAJIOTUYHBIM 00pa3oM 4yepe3 OKHO Popmam aueek MOKHO
M3MEHUTh OPUEHTAIIMIO TEKCTa B A4eilKkax, HallpaBUB €ro
1o/ JItoObIM yTJIOM (CM. pHC. 6).

elI3MeHeHne TapHUTYphl ImpudTa, pazMepa U IBETa
CHUMBOJIOB, 3aJIUBKH M 00pamIIeHUs silu€eK BBIMOJIHSETCS C
IIOMOIUIbI0 MHCTPYMEHTAJIbHBIX KHOMOK BKJIAAKU [ nasHas
(puc. 8) u Bo3aMoxHOCTel okHa Popmam saueex (puc. 9).

Nmeercs eme psag BO3MOXKHOCTEH — (opMaTHpOBaHUS

anekTpoHHbIX Tabmuy Excel — aBTodopmarupoBanue, coznaHue

ITIOJIB30BAaTCIbCKUX YHCJIOBBIX (bOpMaTOB, YCJIOBHOC



dbopMaTupoBaHue, 3alaHue CTWICH QGopMaTUPOBAHUS, BCTaBKa
MPUMEYAHUM, 3allUTa SYEEK OT W3MEHEHHUH, MCIIOJIb30BaHUE
CrlapkjJaiiHoB W T.1. JlaHHBIE BO3MOXKHOCTHM ONHUCaHbl B
PEKOMEHIOBAHHOM JuTepartype. HexoTopsie ux HHX

paccMaTpruBaOTCA Ha MOCICAYIOUIUX 3aHATUAX.

Fnaenan Bcraska PasmeTka crpamusl Dopmyne Jarnsie Peuersuposanue Bua
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Puc. 6. OxHo n3meHeHus: GopMaTHPOBAHUS TAHHBIX B STYCHKAX



InasHan BeTaska PasmeTka cTpaHnLibl Doprynb JaHHbie PeueHsnposaHne 3 PaspaboTunk
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Puc. 7. O6beuHeHnE sfueeK C MOMOIIBIO HHCTPYMEHTAIbHON

KHOIIKH
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MzmeHeHne UEBETE TEKCTA.
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Puc. 8. I/IHCTPYMCHTEU'ILHBIC BO3MOXHOCTH U3MCHCHUA MTapaMETPOB

mpudTa U 3IUBKH SYEEeK



Gopmar aueek

Yucno EulpagHUEaHKWE

NuHKUA

TUN AMHHK

OTaenEHEE

HET

3anneka

EHEWHKWE

3awmTa

EHYTPEHHWE

Hagnuce

Hagnwce

Hagnuce

Hagnwce

BRIGEPWTE THM AMHKK W C NOMO LB MBI YEEKWTE, K KaKOWH 43TV BbIGENEHHOTO 4ManasoHa oH OTHOCUTCA: BHELIHER
rpaHKLE BCErD AMANA30Ha, BCEM EHYTPEHHMM FPAHMLAM AYEEK WK OTAENBHOM AYelike,

Puc. 9. Bo3aM0XHOCTH 331aHUs IPAHULL TYEEK IJIEKTPOHHOM

TaOIATIBI

Oco0enHocTH padoTHI ¢ 00JILIIMMH TAOIHMIAMEA

Kommposanne

(trabynupoBaHue)  naHHBIX  (popmy,

MOCJIEI0BATEIbHOCTEH, KOHCTAHT) BHHM3 IO CTOJOLY OONBIION

TaOJINIBL:

Boinenute  Aueiiky (aBe siuelKW JUIs  paclpoOCTpaHEHUs
MOCJIEI0BATENBHOCTH) — 3aXBaTUTh MBIIIKOM NpaBbli HUKHUI

YTOJIOK BBIICICHHOW 0051acTh — BBIMOTHUTE JBOWHON IIETYOK

JIEBOM KHOIIKOW MBIIIY 110 YEPHOMY IUIFOCUKY

JlanHble B CTOJIOIE aBTOMATHUYECKU MPOTAOYTUPYIOTCS [0

KOHIIA TaOINIIBI

uHpopmManus).

(moka B JeBOM CTOJNOIE OyaeT Kakas-TO



OTMeTUM  TaKKe HEKOTOphle KOMOWHAIIMM  KJIABHIII,
TOJIC3HBIE TIPU paboTe ¢ TabauIamu:

o [Ctrl+Shift+]] — BeiaeneHue cToa01a TabIUIBI OT TEKYIICH
SIYEUKU 10 HAMPABJICHUIO CTPEIKU (BHU3).

o [Ctrl+Shift+—] — BbIneNIeHHE CTPOKH TAOIHIIBI OT TEKYILEH
SIYEUKU IO HAMPABIICHUIO CTPEJIKU (BIIPABO).

o [Ctrl+Shift+tEnd] — BeigeneHue dacTu TAOMMIBI 0
MOCJIEHEH UCTIONB3YEeMOM TUEHKH (CIpaBa BHHU3Y).

o [Ctrl+C] — xomupoBaHue BbIICICHHBIX sueek B bydep
oOMeHa.

o[Ctrl+V] - BcraBka manHbpix ux bydepa oOmena (B
AKTHBHYIO SYEHKY C pacrpoCTpaHEeHHEM BHU3 U BIIPABO).

o [Ctrl+Shift+F] — u3menenune mapamerpoB mpudra u syeeK
BBIJICJICHHOM JIMala3oHe C MOMOIIbi0 OkHa opmar
STYEEK.

o [Ctrl+Shift+:] — BcTaBka TekyIero BpeMeHH.

o [Ctrl+Shift+;] — BcTaBka TekyIei gaThl.

o [Ctrl+Shift+&] — BcTaBka BHEIIHUX T'PaHMI B BBIICICHHBIN

JUaria3oH A4YCCK.

3aganue 1.

Hcropuss ®UHAHCOBOTO YHHUBEPCUTETA OTCUUTHIBAETCS CO 2
mapta 1919 r., korma B M®OU - mnepBoM ¢UHAHCOBO-

O9KOHOMHWYCCKOM MHCTHUTYTC HaIen CTpaHbl — HAYAJIUCh 3aHATHA.



Paspaborars Tabmumy EXxcel, comepxamiyto cBenenus, B

KaKoW JIeHb HeJeNlu oTMedasach (OyaeT oTMeuaThCs) TOJOBIIMHA

By3a, HauuHasi ¢ 1919 roga o 2019 rog.

Brigenuts sueliku ¢ roouneidneiMu gatamu — 10 net, 25 ner,

50 ner, 75 net, 100 ner.

B kakoii nenp Henenu oTMevanach ToJoBIIMHA By3a B 1975 u

2000 romax?

Coxpanuth (aitn moxg wumenem Bame®UO 3ananuel B

JIMYHYIO MTAIIKy Ha cBOCH T'pYIIIBI HA CETCBOM OUCKCE.

HOpﬂIlOK pelIcHus.

1.
2.

O N o g B~ w

OtkpsiTh KHUTY EXCEl.

B sueiliky Al BBecTu TekcT: OUHAHCOBBIA YHUBEPCUTET
pu IIpaBurensctBe Poccutickon Menepanumu.

B saueiiky A3 BBecTu TekcT: ['oa1 cyiiecTBOBaHUS.

B saueiiky B3 BBectu Teker: Jlara.

B saueiiky C3 BBectu TekcT: I[opsakoBbIi 1€HD HENENH.

B saueiiky D3 BBecTu Tekct: JleHb Henenu.

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

B sueiixy B4 BBectn mary: 02.03.1919, B sueiixy BS —
02.03.1920.

B siueiiky C4 BBectu dopmyny: =JJEHBHE/((B4;2). dns
nosiBiieHuss okHa (puc. 10) HeoOXonMMo HakaThb Ha

KHOTIKY Ty 1eBee cTpoku hopmyi.



ca

v X « F | =nEHLHEA(B4;2)

A B T D E F G

DHMHAHCOBBIA YHUBEpCUTET NpH NpaeuTenescTee PoccMACKOR Dedepaunu

1

2

3 |lop cywectece aTta MNopAKoBbIA £ leHb HegenW
4| 0 DZ.DS.ISlBl:HEﬂ,{BdI;Z} .l

5

1 02.03.1920

AprymenTen dyHKLMN ? had
JEHBHEA,
Narta_s_uncnosom_dopmare | B4 | = 7001
Tun |2 Bl = 2

Bosepawaet ynono ot 1 go 7, COOTEETCTEYIOWEE HOMEPY AHA HELENN A8 3a4aHHOM A3TEL

IHa4eHne: 7

Cnpaeka mo 31oi dyHKLmn OTMmeHa

Twn uucno (1,2 wam 3), onpegenaowes TN oTC4eTa Hegenw (¢ Be=1 go C6=T,;
cMH=1 go Be=7 wan c MH=0 go Bc=6 COOTEETCTEEHHO].

Puc. 10. Okno 3amanus napametpoB ¢pyakiuu JEHBHE] (nenn

10.

11.

12.

HEJIEJH 110 JIaTe)

B sueiixu nuamasona-crondia G4:G10 cooTBETCTBEHHO
BBECTM Ha3BaHWSI JHeW Hexaenu — IloHenenbHUK,
Bropuuk, Cpena, UYerBepr, Ilstauma, Cy0660Tta,
Bockpecenbe.

B sueiiku nuamasona-crondia F4:F10 cooTBETCTBEHHO
BBeCTH ymciia ot 1 o 7.

Beigenuts guamnazon F4:G10 — Bxuaaka @opmyast —
Onpeoenennvie umena — Ilpuceoumsv ums — BBecTH

ums [Jnu_nedenu — OK (puc. 12).



13.B STUEHKY D4 BBECTHU bopmymy:

> " = =O0EHEHEL(

C D \ E [ F |
=

| =OEHBLHEN(

AEHbBHEO(mava_s_wumcnosom_dgropruare; [Tiin])

Puc. 11. Cnocob Bbi30Ba OKHA BCTPOEHHOM GYyHKLUK

=[IPOCMOTP(C4;Inu_nenenu) (puc. 13).

Gaiin [nasnan  Bcraska  Pasmerwa crpanuupr  ROLTIGSLS [lardeie  Peuenswposanne Buwg  Paspabortum

fx > Astocymma + Nornueckne~ &~ = 0 Bauatowme aueiiky 1] ,_|

I_IDCJ'M:,EI,HMEv Tekcrosele ™ M' “:E.Basmcmublenueﬁm % - =i~
Bcraeute Onpegenettele . OkHo KOHTpONEH
PyHKLMID E PuHaHcoBbIE ™ @ Jata v spema - m = MeHa ™ lg.' Y6pate cTpenkn L SeeTrE

EnBAnoTeka dyHKLNA 3aBHMCMMOCTH GOpMYN
F4 e Fo|l 1
A | B | C | D | E F G
1 |®uUHaHCOBbINA yHWBEpCUTET Npu NpasuTe/beTee POCCMACKOW ®edepaluu
2 4
3 |loacywecrsoe faTa MopAgroesli [ JeHs Heaenu
4 0 02.03.1919 7 1{MoHeaenbHHE
5 1 02.03.1920 2|BTropHMK
6 3|Cpepa
7 Co343HHE MMEHW ? bt 4[4etsepr
8 S|MATHMUA
Hmsa:
) AHW_Hegenn 6(.‘\(6601&
10 o Knura e 7|Bockpecerse
11 Mpumeyarue,
12
13|
14 |
15 ) —
=] Flhagasars =T 1ISF54:5G510 Fi
A

Puc. 12. [IpucBoenre nMeHH TUaIa3oHy sSYEEK



14. Beinenuts sueriku A4:AS5. 3axBaTUB JIEBOH KHOIKOH
MBIIIY NPaBbI HUKHHUKM YTOJOK, KOTZa KypCOp MBIIIN
CTaHET MaJCHBKHM YEPHBIM TUIFOCOM, MPOTaOyIMpPOBATH
nanubie 10 yucia 100 (sueiiku A104); CHATH BBIZICICHUE
IEJTYKOM JIEBOI KHOIIKM MBIIIIH 10 CBOOOIHOI SUEHKe.

15. Beigenute sueiiku B4:BS. IloxBens kypcop Mbllin K
MPaBOMY HW)KHEMY YTOJIKY BBIJCIICHHON 001acTh U, KaK
TOT NPUMET BUJI YEPHOTO IUIFOCUKA, BBIIOJHUTH IO HEMY
JBOMHOM IIETYOK JICBOM KHOMNKOM MbIMHM. JlaHHEIE B
CTOJIOIE aBTOMATHYECKH MPOTA0YIMPYIOTCS O SYCHKHU

B104 (roka B 1eBoM cTosiO1e OyyT 1aHHbIE).

OHU_Hepenw &7 x v & =MPOCMOTP(C4;[iHu_Hegenu)
A B T D E F G
1 |®MHAHCOBbIA YHMBEPCUTET NpM MNpaeuTenscTee Poccuiickoi Gepepaunm
2
3 |loacywecteoe fdata MNopAgkoBbliA £ deHb Hegenwm
4 | o 02.03.1919 ?lA_He,qeﬂM} -I i 1|NoHegenbHMK I
5 1 02.03.1920 2|BTopHMK
: ena
AprymeHTE dyHKLI ? * Teepr
MNPOCMOTP THWLE
Wckomoe_3nauenne |4 el = 7 BboTa
Maccus ,qu_He,qeﬂm| B = {1;MoHegensHuK 2, BTopHUE:3;"C.., [CHRSCERDE __
= "BotkpeceHee’

WWeT SHa4eHNa B OHOM CTPOKE, 04HOM CTONBLE AW MAccMEE, BKNOYEH A4nA oBecnedeHna 0BpaTHo
COBME CTMMOCTH,

MaccHe AWaNazoH AYEEK, COSEPXALYMIA TEKCT, UMCNE MAKM NOTUYECKWE SHIYEHMA,
EOTOpPBIE HYAKHO CP3aBHWEATE ¢ MCKOMBIM 3HAYEHKWEM.

3Ha4eHwe: BockpeceHee

CNpaeka no 3Toi GyHKLMKM OTmeHa

Puc. 13. BBox ¢popmyinsl co BcrpoenHoi ¢pynkuueit [IPOCMOTP

(uckomoe 3HaueHre MaccuB)



16. Boimenute auamna3zon C4:D4. AunanorudHo, 3axBaTHB
IIpaBblii HUKHUM YToJIOK, IpOTadyInpoBaTh €ro 10 KOHIA

TabuIel (puc. 14). Pacuer Tabimipl OyaeT 3aBepiiieH.

ca - F | =NEHBHEO(BA4;2)

A B € D E F G
1 |®WHAHCOBbIA YHUBEPCUTET NpK MNpaenTenscTee Pocciickol ®eaepauum
2

3 |lop cywectsot Oata MNopAaKoBbIiA £ [leHs Hegenu

4 | ] 02.03.1919 7 BockpeceHbe | 1|NMoHepenbHWUK
3 1 02.03.1920 5 2|BTOpHKWK

6 2 02.03.1921 3|Cpena

7 3 02.03.1922 4|YeTBEpr

8 4 02.03.1923 S|NATHKMLA

g 5 02.03.1924 6|CybboTa

10 6 02.03.1925 7|Bockpecedbe
11 7 02.02.1926

12 8 02.03.1927

13 9 02.02.1928

14 10 02.03.1929

15 11 02.02.1930

16 12 02.02.1931

17 13 02.03.1932

18 14 02.03.1933

19 15 02.03.1934

Puc. 14. TloarotoBka k Ta0ynsuuu ¢popmyi B ctoaduax Cu D

17. Beigenuts stueiiku A1:D1 ¥ BBITOIHATE UX O0BEIUHEHHE
C IEpPEHOCOM MO cioBaM. M3MeHuTh mapaMeTpsl mpudTa.

18. Beinenuts siaeiiku A3:D3 u u3MEHHTH BX (opMaT, 3a/1aB
3HAYEHUS TI0 IIEHTPY U MEPEHOC TI0 CIIOBAM.

19.Tlpu HEOOXOIUMOCTH W3MEHUTh NIUPUHY CTOJIOIOB
tabmuiel (A:D).

20. [Ins BwlgeneHuss Bced TaOMUIBI W 3aJaHUSl TPaHMII,
00paMIISIOIINX SIYCHKH, BBITIOTHHUTD:

[TomecTuTh TaOMUYHBIN Kypcop B iUeiiky A3 —



Boienuts manky tadauipl komOuHanmei kinasuii [Ctrl+Shift+—]
—
Beienuts Bero Tabnuity komounanuei kiaaum [Ctrl+Shift+|] —
3anate oOpamieHHE sTUeeK: Bce epanuybl
21. BBINIOJIHUTD 3aJIMBKY JIAHHBIX 110 FOOMJICHHBIM JaTaM.
22. OTMETUTh AHM HEAETH Tpa3qHOBAaHUS [OOWJes By3a B
1975 u 2000 rogax.
23. Coxpanuth (Qaiin mox TpeOyeMbIM MMEHEM Ha CETeBOU

AUCK B JIMYHYIO MNAIIKy CTYACHTA.

3aganmue 2 1Sl CAMOCTOSITEILHOM PadoThI

1. Pazpaborarp Tabiuuy, B KOTOpPOW, ONHUpasch Ha
MHGOPMAIIMIO JAHHBIX METOJNYECKUX PEKOMEHJAlUH, paccuuTaTh
IapaMeTpsl  DJIEKTPOHHOTO JIMCTA — KOJUYECTBO SA4YEEK U
MaKCHMaJbHOE KOJMYECTBO CHMBOJIOB, KOTOpbIE MOTYT OBITh
pa3MelleHbl Ha JJEKTPOHHOM JHCTe (B €IMHULAX H3MEpEeHUus
namsaTh). B pacuerax npuHATH 3HAYCHHE CHMBOJIOB B srueiike 27,

2. BbIMONHUTE aHAJOTMYHBIE pacueThl s 3JIEKTPOHHOM
KHHTH. B pacuerax npHHATH KOTHYECTBO THCTOB KHITH 2'°.

3. OrueHnTth, KakoW JODKHA OBITH OINEpaTUBHAs MaMsTh
KOMITBIOTEpa, €CM DJeKTpoHHas kHura Excel Oyner 3amonHena
«I1071 3aBSI3KY».

4., Craenars BBIBOJIBI.



PABOTA Ne 2

IocTpoenue rpagukos ¢pynkuuii B Excel

BBeaenue

Ecnu xaxnomy anemeHTy X U3 MHOXecTBa DcC R 1o
HEKOTOPOMY MpPaBWIy WJIM 3aKOHY COOTBETCTBYET €IMHCTBEHHBIN

9JIEMEHT y W3 MHOXEeCTBa E C R, TO TOBOPST, YTO HA MHOXKECTBE

D 3anana ¢yukyus y=f (x) nepemenHoit x. Ilpu stom
MHOXECTBO [ Ha3bIBaeTCs 00acmuio onpedeneHus QyHKIUH, a

MHOXECTBO E — 061acmbio 3nauenuii HyHKINH.

I'paguxom ¢pynkyuu y=f (x) Ha3bIBAETCSI MHOXECTBO

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

K ocnosnvim_dnemenmapuvim__pyukuusam OTHOCATCA, B

YaCTHOCTH,  Clefyromue  QYHKIUUU:  CIMeneHHas  QYHKYusl
y=x" (ke N), noxasamemnan gyncyuzn y=a* (a>0, a=l),
noeapugpmuueckas gynkyus 'y =10g, X (a>0, a=1),

mpuzonomempuyeckue dynxyuu y= sin x ) Yy =CO0SX,
Yy =1gx,y =clgx, obpamuvie mpucoHOMempuiecKue @OyHKYuu

y=arcsinx, y=arccos x, y =arctg x, y = arcctg x.



Inemenmapuou gynkuuen Ha3bIBaeTCA J00ast QyHKIUS,

KOTOpasi MOKET OBITh MOJyYeHa M3 KOHEYHOI'O YHUCIa OCHOBHBIX
3JIEMEHTAPHBIX (PYHKINH C TOMOIIBIO apu()METHIECKUX Onepanuit
Y OTIEpaIlH CYNEPIO3ULUH (B3ITUS GYHKINUU OT PYHKIIUH).

B mKkonmpHOM Kypce MareMaTWKH JOCTaTOYHO MOIPOOHO
U3y4allCh OCHOBHBIC CBOWCTBA M TpadUKH  HEKOTOPBIX
anemMeHTapHbIX QyHKuuii. Hanbonee n3ydyeHHbIMU, HAa HAIIl B3TJIS,

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

, 4YacTHblE ciy4au ApOOHO-JIMHENHOU

MOAYJIA 4YHcTa y=|x

ax+b

byHKIIUN y= (c#0, bc—ad #0, a,b,c,d €R), HaTnpuMep,

ox+d
runepObona. Jlng  ynoOGCTBa  UCHONB30BaHUS U OBICTPOrO
BOCCTAQHOBJICHHS B IaMATH OCHOBHBIX CBOMCTB U Ipa(UKOB paHee
M3YYEHHBIX JJIEMEHTapHbIX (QYHKIUH Mbl B CXaTod ¢opme
HarioMuHaeT Bam atoT maTepuain B § 3.
§ 1. lHocTpoenue rpadkoB TNHEHHON H KYCOYHO-THHEHHOMH

dyHKUUI

B Excel

B of0mem cnyyae rpaduk QyHKIUM — OECKOHEYHOE
MHOXKECTBO TOYEK Ha TUIOCKOCTH, TOITOMY BBIUMCIUTH BCE ITH
TOYKH ¥ M300pa3uTh UX Ha TUIOCKOCTH HE IO/ CHITy HU YEIIOBEKY,
HU KoMmmbloTepy. Korzma peus wuuer o auwetinot pyHxyuu,
3aJJaHHOM, HalpUMep, YpaBHEHUEM ) = ax + b, TO JJIs TOCTPOCHHS
ee rpaduka JOCTATOYHO BBIYUCIUTH KOOPIMHATHI J100ObIX, BCETO

JMIIb IBYX Touek (x,;y,(x,)) 4 (x,;y,(x,)) rpaduka, HAaHECTH UX



Ha IUIOCKOCTU M COCIUHUTHL npsAmMoli TMHUEH. B xadecTtse x,, x,

BBIOMPAIOT HAYalbHYI0O M KOHEYHYI0 TOYKH IPOMEXYTKa, Ha
KOTOPOM (pYHKIIUSI paCCMaTPHUBAETCS

Excel Bo3pMer Ha ceOsf BCIO BBIYHCIHTENBHYIO U
MOCTPOEHYECKYI0 CTOPOHY BOIIPOCA, YE€M CYIIECTBEHHO YCKOPHT,
YIIPOCTUT MPOLEAYPY HOCTpOeHUs rpaduka, Ipu 3TOM 00ECIICUHB

AO0CTAaTOYHYIO TOUHOCTH BCEX BBIYMCIICHHH.

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

Brinosinum cnegyronme 1eiCcTBUsA:

1. BBemem B 1uama3oH s4YEEK, HAIpPUMeEp, D4:D7
pabouero smcra Excel nanubie B 3aqanuu kodpduiuentsr a u b,
HAYaJIbHYF0) W KOHEYHYI) TOYKH TIPOMEXKYTKAa PaCCMOTPEHUS

yHKIMH, KOTOPBIC 0003HAYNM Xx,, X, B sueiikax C4:C7 nagum

TEKCTOBBIC ITOACHCHUSA BBCJIACHHBIX HAYAJIbHBIX AAaHHBIX 3aJaydyud

(cm. puc. 1).
C D
4 a= 1
5 b= -2
6 Xy = -4
7 X, = 1

Puc. 1



X ==

2. Boruucnum tabnuiyy 3HaueHuil QyHKIUM pU u

X = =
. st aroro B siueitku D10:D11 BBonuM popmyny y=x-2

BBIYMCIIEHHMS y, = y(x;) Uy, = y(x,) UYepe3 3HA4YCHUI x,, X,

nepenecenHble u3 sueek D4:D7 B C10:C11 coorBercTBEHHO (CM.

puc. 2).
X y(X)
101 =6 | ¢pga=p10+$DS5
11 =D7 = D4*D10+D5
Puc. 2

3. Beimenum (7eBod  KIABUIIEH  MBIINIM) YHUCIOBON
munama3zol sueek C10:D11. 3amanuM mociaemnoBaTeIbHO KOMAHIBI
BeIOOpa B MeHIO: BceraBka -> Jluarpammsel -> Toueunble -
>ToueuyHasi ¢ NPAIMBIMHU OTPE3KAMH U MapKepaMM.

4. BbIMOTHAM TEpEMMEHOBAHHE HA3BaHUSI MOJNIMUCEH B
MOJYy4YeHHON auarpamme. B mepByro ouepeap MPaBHIBHO
pacmoJioKuM B JMarpaMMe  KOOPAMHATHBIE  OCH, YTOOBI
TOPU3OHTANIbHASA SIBJISIACh OCbl0 (OX — 3HAYEHUH apryMeHTra, a

BepTuKaimbHas — Oy, 3HaueHui ¢yHkuuu. Taxxke BBeaeM, MpH

HGO6XO)II/IMOCTI/I, IOATINCH U KOMMCEHTApHUH K JUuarpamMme.



JIJist 9TOTO BBIIENMM OUarpaMMmy C rpadukoM, TOCTaBUB
Kypcop Ha Ioboe cBoOoaHoe (HE 3aHATOe HU TrpaduKOM, HH
CETKOM) MECTO Ha Juarpamme, 3aTeM IIEIKHYB MpPaBOd KHOIKOM
MBIIIIM, BBIOMpaeM M3 KOHTEKCTHOTO MEHI0O KoMmaHay «BwiopaTh
AaHHBIe». B pesynbrare 3TUX JEUCTBUN IIOJYYHM JUAJIOrOBOE
OKHO, B KOTOPOM MOXEM MOMEHSTh MECTaMU KOOPJAUHATHBIE OCH B
cllydae MX HEMpPaBUIBHOIO PACIOJIOKEHUS (OJHUM IIETYKOM IO
JICBOW KHOIKE MBI, MPEABAPUTEIHHO IMOCTaBHB KypCcop Ha
naHenb «CTpoka/cTonbern» B IEHTPE OKHA), BbIOMpaATh s
W3MEHEHHUs, BBOJIa WM yAaJeHUs pa3iudHble AaHHbIE (padoTas
JIEBOM MOJIOBUHOM JIAAJIOTOBOTO OKHa «DIIeMEHTBI
JIETCHIBI/ PSIBI» ).

Urak, nonyyaem rpaduk 3agaHHON B mpuMmepe (QyHKIUU

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

N
P

Mo

\

\

~~

Puc. 3

3aganue 2. M300pa3uth Ha TIIOCKOCTH TpaduK KyCOUHO-

JTUHENHON QYHKIUH:



B [ax — 2, X e[-4;1],
Clax + 1, X e (1;5].
1)

[TogoOpaTes mapamerp a Tak, 4YTOObI (yHKIUsA ObLTa
HEIMPEPBIBHOM.

I'padux paccmaTpuBaemoil (YHKIMHM COCTOMT M3 JBYX
BeTBeil. IlepBas BeTBb coBmagaer ¢ rpaduKoOM JTUHEHHOM
¢byHkuuen y=x-2 Ha OTpe3Ke [— 4;1], KOTOPBIN yXke Obul
MOCTPOSH HaMH B 3aianuu 1 (cM. puc 4). Bropas BeTBb rpaduka (B
obnactu x € [1; 5]) NPOJAMKTOBAHA JHHEHHOW QyHKIMEH y=ax +1
M JIETKO OYyZIeT OCTPOCH 10 aHAJIOTUY C PEeIIeHHeM 3aJanus 1, Kak

TOJIBKO Oy/eT orpezeacHo unucio a. Ytoosl rpaduk GyHKIuU y(x)

ObUT HENPEPHIBHBIM TIPH BCeX X € [-4; 51, gucno a cienyer
BBIOpATh TaK, YTOOBI JIBE BETBH IpaduKa «COSTUHUIUCHY MpU X=1.

3HauMT, 3HaueHUus QYHKIMH y=x-2 U y=ax+1 mpu x=1

JOJDKHBI coBranath. OTCroaa HaxoauMm: ¢ tl=-lea=-2

Wrak, nomyyaem rpadpux @ynkuuu (1) Ha oTpeske [— 4; 5]
(cm. puc 4).

[an}

/

==y pasHeHue 1

\
d

== ypasHeHune 2

w

i
[an}




Puc 4
3agaHus AJ1sl CAMOCTOSITEILHOTO peleHus!

3ananue 3. M300pa3uth Ha MJIOCKOCTH TPaUKU KYCOUYHO-
JMHEUHBIX (YHKIUIL:

_{ 0,5x, x € [0;5],
a)” ¢ lazx, x € (5;71.

§ 2. IlocTpoenne Tadul 3HaYeHU ¥ TPadUKOB FJIeMEHTAPHbBIX
¢pynxuuii B Excel.
BusyauabHblii aHaIM3 noBeAeHUs] QyHKIMHU

Mycts dynxuus y= f(x) 3amana wa obmactu [a;h] u me
apnsierca JnuHeHoi. Torga ans mocTpoeHHsl Ha IUIOCKOCTH ee
rpaduKka M OLEHKM ero OJIM30CTM K OpUIHMHAlLy MoTpedyercs
CTPOUTH JOCTATOYHO EMKYIO maodauuy 3HaueHuii pyukyuu. Jlanee
[0 TMOJIYYEHHOMY MAacCHUBY C TIOMOIIBIO OINUCaHHOrO B M. 1
aJITOpUTMA CTPOMTCSA €ro JauMarpamMma, KoTopas U IpUHUMAaeTcs
npubnmxeHHo 3a Tpapuk ucxomaHodl dyHkumu. Tun sToM
yarpaMmbl MOXHO BbIOpaTh (M3 MEHIO): TOUYEYHBIH, TOYEUHBIH C
NpSIMBIMH ~ OTPE3KaMH, TOUYEYHBIH C THAJAKUMHU KPHUBBIMH, C
Mapkepamu uium 6e3 Hux. Ho, ecnum mpenBapuTenbHO He
aHAJIM3UPOBATh MOBeIeHNE (PYHKIMH B pacCMaTpUBAaeMOM 00JIacTH,
MOKHO TPOBECTH MAacCIITa0HbIE BBIYMCIEHUS U IOCTPOEHMS, HO
npenioXkeHHsld BamMu k oTBery rpaguk OyZeT TOJNBKO B y3lax
TaOIUIIBI COBIA/IATh C UCTUHHBIM I'pauKOM (DYHKIIMH.

[TosTOMy TMOCTpOE€HHE € JOCTAaTOYHOM TOYHOCTHIO Tpaduka
u3y4aeMol (QyHKIMH — HCKyccTBO. W ycmex B permieHuH Takoi

3aJ]add  3aKJII0YaeTCs B KOJWYECTBE 3HAUYCHHI ApPryMCHTA,



BBIOpAHHBIX JJII COCTABIICHUsS TaONWIBI 3HAYCHUU (YHKIUH U
pacuera, TeM caMbIM, KOOPJHHAT Y3JIOBBIX TOYEK rpaduka.

C 9T0i 11e7BI0 00J1aCTh pacCMOTpPEHUsT QYHKIMH pa30UBaIOT
MIPOU3BOJILHBIM 00pa30M Ha 7 YacTel TOUYKAMHU:

a=Xy <X <.<X, 4 <X, =D.

Yame Bcero (s TPOCTOTHI OpraHU3allMKA BBIYMCIICHHIA)
MOJIB3YIOTCS CXEMOM, KOTJla COCEIHHE TOYKH OTCTOSAT JPYr OT
apyra Ha OJMHAKOBOE paccTosiHue (paBHOMEpHOE pa3dueHue).
Torna, BbIOpaB HEkOTOpoe HaTypanbHoe uucino N - ompenmensior
mar h =(b-a)/ N , BBIYHCIIAIOT MaCCUB 3HAUCHHUI apryMEHTa

Xp=a+Nh ppyn =012, ... N.
(2)
Jlanee WMEHHO TPU OTUX 3HAYCHUSAX AaApPryMEHTa BBIYUCIISIOT
COOTBETCTBYIOIIME 3HAUEHUS U3y4yaeMOW (YHKIHUH U (HOPMHUPYIOT
maoauyy 3HaueHuil YynKyuu.
s atoro B Excel:
1) B awmanaszon siueek, Hampumep, D4:D(4+N) pabouero
nucta Excel BBogsT mocnemoBarenbHo uncna (2).
2) B cootBerctByrommx sueiikax C4:C(4+N)  marot
TEKCTOBOE MOSICHCHUE BBEICHHBIX JTAHHBIX.
3) B coorBerctByromume sueiiku wmaccuBa E4:E(4+N)

BBOJAT (OPMYJTy BHIYMCIICHUS 3HAYCHUS] QYHKIIUU .

Tem cambiM guama3oH sueek D4:E(4+N) Oynmer sBAsSTBHCS
TabuIel 3HaYeHU (PyHKIMM, a Mro0as ee ToYKa ¢ KOOpIMHATaMU
Buga (Dp; Ep) sBasercss Toukoit nuckomoro rpaduka (Ha3blBaeTCs

y3J710BOM TOYKOM WM y3JIOM TaOJIMIIbI).



Ecnu temepsr Bech moctpoeHHblii maccuB  D4: E(4+N)
BBIJICJIUTH (JIEBOM KJIABUIIEH MBIIIN), KaK 3TO ObUIO OMHCAHO B
X0l peleHust 3axaHus 1, 3a1aTh MOCIIEAOBATENBHO KOMAaH]Ib
BbIOOpa BeraBka -> Jluarpammsl -> Toueunbie ->Toueunas ¢
NpsIMBIMM  OTpe3KaMH M MapkepamMu (BbIOOp mocieqHen
KOMaHJbl — Ha YCMOTPEHHME HCIOJIHUTENS 3aJaHUS), BBIIOJIHUTH
NepEeMMEHOBaHNE Ha3BaHUN MOJNMCEN B MOJIyYEHHOH AMarpamme,
BHECTH HEOOXOAMMBIE MOJANMCH U KOMMEHTapuu K AUarpamme, TO
Oyner monydeH rpaduk 3amaHHONH (YHKIIUH, COOTBETCTBYIOIIHIMA
BBIUMCIIEHHOH Ta0uuLe 3HaUeHUH (QyHKIHH.

[ToctpoeHHass KpuBas TOYHO COBNAJAET C HCKOMBIM
rpaMKOM TOJIBKO BO BCEX Y3JIOBBIX TOYKaX TaOJIMIbl 3HAYCHHH
¢ynkuu (mMaccuB D4: E(4+N) ). B ocranbHbIX TOYKax (MEXIY
y3JIOBBIMH) KpHUBasi, IMOCTPOCHHAs C TIOMOIIBIO BO3MOKHOCTEH
Excel, coenunsier y30Bble TOYKH WK MO 3aKOHY OTPE3Ka, WIH T10
3aKOHY TJIaJIKOM KpHMBOH (KOrJa OTpe30K M3THOalT IO 3aKOHY
BBIIYKJIOCTH UM BOTHYTOCTH). OTHUM CJIOBOM, CJIEYyET OTMETHUTH,
4TO TMOCTPOCHHBIH 1O omucaHHO# cxeme B EXxcel rpaduk moxer
CYHUIECTBEHHO  OTJIMYaTbCcd OT OpUIMHANa, YTO  TpedyeT
00s13aTeNbHON POBEPKU M YTOUHEHHUSI.

Yrtobbl moctpouth B EXcel rpapuk ¢yHKImM, OMM3KHA K
OpHUTMHAIly, HY)KHO TPEIBApUTEIbHO 3Ty (YHKIHIO HCCIIEIO0BATh
Ha KCTPEMYMBI, a OTOM nosnoobpaTh TOYKH

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

Tak, YTOOBI OHU BKJIIOYAIIA TOYKH OKCTPEMYMOB.



Oco3HaHHBIA BBIOOp uWCIAa 7 W yMEHHE IPOBEPHUTH
IIPaBWIBHOCTh JIeNaeMbIX Bamu BBIBOJOB O CTENEHU COBIAJCHUS
HOCTPOEHHOI0 rpauka ¢ OpUrHHAIOM — 3ajor ycrexa. Jlanee Ha

IpUMepax 3TO MPOUILUTIOCTPUPYEM.

3ananue 4. Iloctpouts rpaduk QyHKIMHM, 3a7aHHOU
YpaBHEHUSIMH:

B nepByto oyepenp onpenenum mar nocTpoeHUsl.

1. TlockombKy mepBas wacth GQynkuuun JY — X~ 2
SABISIETCS. JIMHEHHOM, €€ MOXHO OTOOpasuTh MO HAYaJbHOW |

KOHEYHOM TO4YKaM, T.C. C HIaroM, OHpeACIsICMbIM IMPOMEKYTKOM

cymecrsosannst [ =% =11, Urax, siGepem 1 — -1)- (_4) -3
1.2. BeoguM B nuanasoH siueek B7:B8 mucra Excel uucna
a=-4,b=-1.
1.3. B sueiiky C7 BBogum dopmyny =B7-2, 3amarorryro
GyHKIHIO Y = X=2 grouke a. Komupyem dopmyity
1o staeliku C8, B KOTOpoii OyJeT BHIYUCIATHCS 3HaYCHUE (QYHKIHN

B TOUke b:

ypaBHeHue 1

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

1.4. Beimensem pawama3on sigeek B7:C8 (B koTtopom

chopMupoBaHa TabnHMIla 3HAYEHUH TMEPBOM BETBU H3y4aeMOM



(GyHKIIMM, Ha OTpe3Ke [-4: -11). 3agaem xomammy BeraBka ->
Jduarpammbl -> Todeunble ->ToyeyHass ¢ NPAMBIMH
0Tpe3KaMH M MapKepaMH.

1.5. 3 MeH (TIOCTaBUB KypCOB Ha CBOOOJIHOE MECTO B
JUarpaMMe, Ha)kaB MPaByI0 KJIABUILY MBIIINA) BEIOMPAEM KOMaHIY
Bbi0OpaTh naHHbIE.

Odopmnsiem TabnuIly 3HAYCHUNH (YHKIIMH, 4TOOBI 3HAYCHHUS
X OBLIM PacIOJIOKEHBI MO0 TOPH30HTAIM, a 3HadyeHus y(x) — 1o
BEPTHUKAIH.

3araeM BbeIOMpaeM KoMmaHay Jlo0aBMUTB, C TIOMOIIBIO
KOTOpO#l no0aBisieM K MOCTPOCHHOH auarpamMme KOMMEHTapuil
«ypaBHeHHe 1,

1.6. B pesynbrare moiy4yutcs mnpsimas (BblAelieHa CHHUM

IIBETOM), CM pHC. 5.

[e=]

-5 -4 -3 -2 -1

e

Mo

\

—4#—ypasHeHue 1

\

\

N

Puc. 5

[lepeiineM K MOCTPOSHHIO BTOPOW BETBU rpaduka (QpyHKIUH

(3).



2. Bropas gacte QyHkmmu y(x) u3 gopmynst (3) sBusercs

KBaJIpaTUYHOI: , paccMaTpuBaeMoil Ha TMPOMENKYTKE
(-1:3] nnuHOM 4. M3BecTHO, 4TO ee rpaduk — mapaboiia, BETBH

KOTOpOi1 00OpallieHbl BBEPX; MepeceyeT Ha IPOMEKYTKE (—1:31 ocp

Ox ipu x=2; umeeT MUHUMYM Tipu x=0.

OyHKIHA HE SIBJISIETCS JINHEWHOM, II09TOMY JUIS €€
O0TOOpaKeHHsI HEIIb3s1 OTPAHUYUTHCS IBYMSI TOUKaMH (HA4aJbHOM U
KOHEYHOH ).

[TpogemMoHCTpHpYeM Ha 3TOM MpHMEpe, KaK BIHSET BBHIOOD
mara (4rciia ToYeK JIEJICHHS OTpe3Ka Ha YacTH) Ha TIOCTPOCHHBIA B
Excel rpaduk.

2.1. llycte 2= 2 | Torga Tabnuna 3HaueHUH (QYHKIHMU B

COOTBCTCTBYIOIIUX TOYKAX MPUMCET BUO:

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

B pesynpraTe momyuum rpaduk BTOpoil BeTBH rpaduka B

BHJIE, CM. pHC. 6.



N
2

/ =y paBHeHue 2
o

Puc 6

Jis  yrouHeHuss TpaduKa YMEHBIINM IIIar BIIOJIOBUHY
(3aXBaTUB MpPH 3TOM B YHUCIO TOYEK JCJICHHUS TOYKY MHUHUMYyMa
¢yukuun). [lycte k2= 1, Torna tabnuia 3HaYeHUH QYHKIMU B

COOTBCTCTBYIOIIUX TOYKaAX IMPUMET BUI:

ypaBHeHHe 2
X y
a= -1 -3
0 -4
1 -3
2 0
E 3 5

B pesynpraTe momyuum rpadux BTOpoil BeTBH rpaduka B

BUJIE, CM. pHUC. 7.



n

(3= S

N

]

1 =#=—ypasHeHwe 2

Puc. 7

Z[J'ISI nanLHeﬁmero YTOUHCHU Fpa(bI/IKa YMCHBIIUM HIar

BIIOJIOBUHY (TOYKa MUHUMYMa OCTA€TCsl TOUKOM y3J10BOM TOUKOM).

Iycts, nanpumep, k2= 0,5 . Torna taGnuua sHauenuii Gpysxumun

B COOTBCTCTBYIOIIUX TOYKAX IIPUMECT 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
2,5 2,25
b= 3 5




B pesynbrate momyuum rpaduk BTOpOW BeTBU rpaduka B

BHJIE, CM. puC. 8.

=}

=#=—ypaBHeHue 2

(S S = N s I S T S € )

\

Puc. 8

Jlna 3aBepiieHus] MPOUEAypbl YTOYHEHHS rpaduka BTOPOI
BerBU QyHkuuu (3) Bbigepem k2= 0,2s Torma Tabmuia

3HaYeHUH QYHKIIMU B COOTBETCTBYIOIIMUX 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

15 -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

wiockocTd Oxy B BUJie 16-TU TMHEMHBIX CETMEHTOB, CM. pPHC. 9.

an

~~e

(4% i
Y

=4\ paBHeHue 2

Puc. 9.

3. Ctpoum rpaduku obenx BeTBed (yHKImH (3) Ha OTHOMN

mockocTu Oxy, cm. puc. 10.




an

i

r T T o 1

=d=ypagHeHue 1
-6 -4 2 4 Q)
9 —li—ypasHeHue 2

z Ivnepcest.

b Cebunky

/ —

&
hd cTb Avarp: +
(= |
a
(&)
2.00 7 -
=3 Konuposats
Puc. [ —
l T T 0,00 1 H_El
-6,00 -4,00 -2,00 0,00 /Do 400 - .
B B
10 200 &5 Bogeranosmms cris
A WpngT.
HJ‘[}[ Y Ml Vsmermrs Tn anarpams,
[F) Bui6pats nanmbe..
3TOTO oo @] Mepemecturs anarpammy...
MosopoT O6BEMHOR Guryp
8.00 I rpynnuposats »
= L4, Ha nepeanuii nnan [ »
Y Ha zannwii naan [ »
HasHaumTs Makpoc...
B @opmat o6nactu Anarpamme..

orepupyem KkoMaH10ii BeiOpaTs nanubie (cM. puc. 11).

Puc. 11
B oxHe BbIOOp HCTOYHHKA JAAaHHBIX 337a€M KOMaHIY

Ho6aBuTH (cm. puc. 12).



. MCTOUHMKA JaHHBIX ? X

==

[JHanazoH AaHHbIX ANA AHarpaMMbl: EE’..

[JIHana30H JaHHbIX CTMLLKOM COXEH A DTDﬁDa)KEHMFI. Mp BbIﬁDpE HOBOTO Manasoxa ETanIFI [NHana3oH 6\,’IIET 3JaMEHEH.

+ |Crpoka/cronbed

IneMeHTbI Nerenabl (pabi) TogHCH ropH30KTANbHOM 0cH (KaTeropii)

5 [lo6asnTo T Mavennmo | X Ymanwme | & w | | Vavenins

YpaeHeue 2 -1,00
Mapxep1
Mapkep 2

CKpbITble M NYCTbIe AYeiikH (OTMeHa

Puc. 12

B pesynprare Takux AEHCTBUN YBUAMM JIOMAaHYK JIMHHUIO
(KyCcOUHO-HMHEIHYI0, HETIPEPBIBHYIO, U3 7 OTPE3KOB), /i€ TEepPBbIH
OTpPE30K — MepBas BETBb rpaduka (BblAeICHA CHUHUM IIBETOM),
ocTajbHbIE — BTOpas BETBb I'padrka (BbIIEIEHA KPACHBIM IIBETOM),

Kak MOKa3aHo Ha puc. 14.




m lnaeHas | Bcraska | Pasmierka cTpanuuel @OpMbe\ fanble  Peuenamposanue  Bug  Acrobat ‘KuHmpmep Maker (DOPM&TI

VW22 @ ke 2 NUM..E

Ceograr Tabnvua | Prcyrok KapTuka Ouryper SmartArt Cumok chrurpaMma Fpaq:MK prroaaﬂ Jureiuatas Toueuran ,D,pyme T'paduk Cronbew, B
Tabauua v v v A oﬁﬂamw A
Tabavubl WaniocTpatum [luarpammel x BeipesaTs | Quni
‘ Ovarpamma3 v fr| 23 Konwposars -
& i L L £ ; g i l L K 5 MapameTpei BCTaBKY: ]
1 | Crygent 3a7aHme: WM300pasuTb Ha NNOCKOCTM KYCOMHO-TMHENHYIO (YHKLMIO 3a[aHHY !0 CUCTe| o
: LB
2 | Tpynna YkazaHue: fx- % xe[-4-1] )
i y= 2-4  xe(-1;3] &8 BoccraHosms T
5 YpasHenue 1 YpaBHeHue 2 6,00 A Wpwor..
& X ¥ X y @ VISMEHWTS TUN JMarPaMMI...
7 -4,00 -6,00 -1,00 -3,00 [
g 1,00 3,00 0,60 3,64 4,00 .% Buibpath AaHHble...
9 0,20 -3,96 .Illg] NepeMecTuTs Avarpammy...
10 0,20 -3,96
2100
1 0,60 3,64 '
12 1,00 -3,00 ] '
13 1,40 -2,04 . . 00 : '1:& Ha nepeatwii nnan ‘ b
14 1,80 0,76 -6,00 -4,00 -2,00 0,00 ,00 .Ea Ha 3327 Mgk ‘ »
15 2,20 0,84
16 2,60 2,76 2,60 HasHaumTb Makpoc..
u 3,00 5,00 iﬁ? DopMaT 0BACTM AHATPaMMBI...
18 I .
19 ' .
20 Calibri(C+ 10+ A A" OBaacts avarp. ~
A XXEEEA Q-9
22 I
23
24 DJI'V\

Puc. 14

KoHneunble TOYKM 00JIaCTH, Ha KOTOPOM B H3ydaeMoM
3aJJaHMM  paccMmarpuBaroTcs  GyHkuuu U3 dopmynsl  (3),
0003HaualOT Ha TpaduKe 3aKpalmleHHBIMH WA  MyCTHIMHU
OKPYKHOCTSIMH (B 3aBHCHMOCTH OT TOTO, BXOJIHUT aOcIuccaMm B

00J1acTh pacCMOTpEHHsI (PYHKIIMH WM HET).



Onpenenum Koauuecmeo HEOOXOAUMBIX TOTOJTHUTEIBHBIX

Maprep 1 (nycT) Maprep 2 (zaxkp) 4,00
[ v x [y

x
-1,00 | -3,00 3,00 | 5,00

< | Boibop MCTOUHMKa AaHHBIX ? >

JManason AaHHbIX Q1S AWMArpaMMbl: Eig|  ¢fpaBnenue 1

[INENa3oH AaHHBIX CAMWKOM cnoken Ans oTobpaxkenus. MpH BeIGOpe HOBOFO AMANA30oHa CTAPLIA Ananason GyaeT 3amenen. /pasHerve 2
Maprep1

Mapuep 2
SnemenThl nerenabt (psaab!) MOANUCH rOPU3OHTANBHONM ocK (KaTeropnn)

#3 NobaenTn i NamennTh 7< Ynanute || & | w

YpasHeuue 1 -1,00 ~

YpasHeHne 2

Mapkep 2

CKPbBITBIE M OYCTbIe AYefKn OTmeHa

MapkepoB. [ GpyHKIME HYXXHBI J1Ba JOTOJHHUTEIBHBIX MapKepa

(mycToli cieBa U 3aKpallleHHBIH CIpaBa).

C nomomipto MeHO BpiOpaTre aaHHble ->  BbiOOp
HCTOYHUKA JAaHHBIX 337aeM Kkomannay J[lo6aButh Mmapkep 1 u

Mapkep 2 Beenem

3ananmne S. M300pa3umM Ha MIOCKOCTH Trpaduk (yHKUIUH,
3a/IaHHON YpaBHEHUEM:
OcyiecTBUTH OO0 1Iara.

1. BemonauMm mnoctpoeHue rpaguka (QYHKUUU 074
MAKCUMATIBHO20 Wiaza.

W3BecTHO, YTO M1 MUHUMAJIbHO TOYHOTO OTOOpaskeHHs
GbyHKIIME HEOOXOIUMO BBHIOPATH IIAT, JOCTATOYHBIA ISl OMTMCAHUS
BceX €€ DOKCTPEMyMOB Ha IPOMEKYTKE  CYyLIECTBOBaHMS
(oToOpaxenus). s BBIYMCICHHS MaKCUMAaJIbHO JOMYCTUMOIO
mara oToOpaxeHus: GyHKIIUMM MOKHO BOCIIOJIb30BAThCS TE€OPEMOI

KOTCJ’[]:HI/IKOBa, OTKYZJa




Le
hmax = 2(N +1),

Cyl1iecTBOBaHUE BEPXHETO MPE/IEsia TOUHOCTH HE

YCTaHOBJICHO.
1.1. [Jnsa paccmarpuBaeMoil ¢Qynkuu (4) mnoidydaem:
3
hei= 10. B saweiixy B6  BBogum  mar:  Qopmyny
=3*TTU()/(2*(4+1)).

1.2. B sueiiky C7 BBonuM dopmyiy =-2*I1H().
1.3. B sueiiky C8 BBomum dopmyny =C7+B$6. Komnupyem
dbopmyny 1o stueriku C17.

1.4. dna dyHKIMH
BBIUMCTUM Ta0nuiy 3HadeHuil ans ocu Oy. B sueliky D7 BBoguM
dbopmyny =ABS(COS(C7/2)). Konupyem dopmyny mo sueiiku D
17.

1.5. BreinensseM muamnasoH siueex C7:D67. 3amaeM KOMaHIBI

BcraBka -> Jluarpammbl -> Toueunble ->Touyeuynas ¢
riaaakumMu KpuBbiMu. OdopmiiseM TabIuIy, padoTasi ¢ KOMaHA0U

BriOpaTh naHHbIe.



1.6. JIna dbyHKIMHM 3amaeM JBa JOMOJHUTEIBHBIX Mapkepa

(3aKkpallieHHbIE CJIEBa U CTIPaBa):

Mapkep 1 Mapkep 2

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

1.7. B

m MMserar | Boraska  Paswerca Cpasiaus  Oopwynst  [lawdbe  Peuewsuposarwe  Bag  Aciobat | Kowapykiop  Maker  Dopuar

DO HePre i@ D &[0 v F @

Coarn Tabmia | PrcyoK Kapmana Oy Smartart ook fwcm'par.ma Thaguox Kpyrosan Mnveates  C [louesas Apyrve | (pae rpoiw /| Cpes | Tnepccink
Tabnaua v - *  obmacammr| ¥ rpai
Tabawusi MAniocTpaLmn Lvarpaum Toueuran oknafse | Owwtp|  Cosnen

[Awarpamma3 v -Pﬂ,ﬂ( ‘Dymum Oﬁpazeq_z 2\$C$7 $CS17; Oﬁpaaeq_l 2|$ F
A ) C F '. F'T 8N ] o | p
1 Crypent

iau,aune M;uﬁpazm, Ha NIOCKOCTH @ymumm 33/I3HHYI0 YPasHe

2 Tpynna Yrazanne: War
3 y(x) = ‘cos | x € [-2mm]
4 l—'T\Ne-maa < TAAZKAMN KpHEBIMA
5 | LWar Ypashenme 2 Mapkep 1 Mapeep 2 ‘
CpasHerie Nap 3HaueHHii. —
[3 | 0,94 X y X y X | v "l
7 628 | 100 | 628 | 1,00 | 314 | 000 TIPHAMEHAETCR, ECTH HAEETER MHOFD ToueX
8 A@HHbIX 10 0cH X, 3 AGHHBIE PEACTABARIOT

5,34 0,89
'il coBoi yrKLmIO.

9 440 | o059

10 346 | 016

1 251 | 031

12 157 | o7 P
13 063 | 09

14 031 0,99

15 1,26 0,81

16 220 | 045 §
17 314 | o000

18

19 o040

-8.00 -6,00 -4,00 -2,00 0,00 2,00 4,00

B!
4 4 » M Obpaseu 2.1 | OBpasey 2.2 Obpaseu 2.3 3aparve ! 3omarve 2 3amanve 3 3amanue 4 3amamve 5 SJ |4

pe3yNbTaTe NOIYYUTCS OCIMILTUpPYIoas GyHKIMs, cM. puc. 19.

Puc. 19
2.8. 3amaem umst nmucta Oopasen 4.1 (puc. 20).
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Puc. 20

2. IloBropum moctpoenue rpaduka QyHkiuu (4), BHIOpaB

mar BJABOC MCHBIIIC, qeM paCC‘-II/ITaHHHﬁ Io TEOpEMEC

KoTemprukoBa: i 20.

2.1. B stueiiky B6 BBoguM dopmyny =3*TTHU()/(4*(4+1))

2.2. B suetiky C7 BBoauM popmyiy = - 2*ITH().

2.3. B sueiiky C8 BBomuMm ¢opmyny =C7+B$6. Komupyem
dbopmyny 1o staeriku C27.

2.4. Ing GyHKIMM  BBIYKCIUM TAOJMIly 3HAUCHHUH JUISI OCH
Oy. [nsa sroro B stueiiky D7 BBogum popmyiny =ABS(COS(C7/2)).
Kommupyem popmyny no staeiiku D 27.

2.5. Beimensem auamnasoH sueex C7:D27. 3amaeM KOMaHIBI

BcraBka -> Jluarpammbl -> ToueuHble ->TouyeyHas ¢



raagkumMu kpuBsiMu. Odopmisiem Tabauiry, paboTas ¢ KOMaHION
Bei0path naHHbIE.
2.6. JInst pyHKIMH 3aJaeM JIBa JOTOJTHHUTEIHHBIX MapKepa

(3aKpallieHHBIE ClIeBa U CIIPaBa):

Mapxkep 1 Mapkep 2

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

2.7. B pe3ynbrare nonyduM rpaduk, cM. puc. 21.

Daiin Tnasias | Bcrapka | Paswetka cipaiMubi  Qopwynsl  [lawdble  Peuedswposanwe Bwa  Acrobat | Kowcrpyxiop  Maker  @opmat

U Eere @ ke by |2 Q

Cpoaran Tabavua  Pucytok Kaptuika Qurypbi Sm rt CHAMOK. ancrpawa Fpanwc proﬁan Jwreiuatan C Toueunas flpyrwe  [paduk Crobew
Tatianua - o E > ofnacramm |~ > w
Tabnuut Wanoctpawmmn [marpammsl ToueuHan DKAGHHS Ouns
Ouarpamma2 v -PHA(,DSpaaeLLZ 318CS7: SCSZ'.' 06paseq_2 3|$D$7 $D$27
A B C N a
4
5 | WWar YpasHenue 2 Mapkep 1 Maprep 2
6 | 0,47 X y X ‘ ¥ X ‘ ¥ \-
7 -6,28 1,00 -6,28 ‘ 1,00 3,14 ‘ 0,00 ToyeyHan ¢ rNagKUMK KPHELIMA
8 -5,81 0,97 CpaBHetie Nap 3HaueHHi.
9 5,34 0,89 120
10 .4,87 0'76 I'\pw.|e1ne1m. BCIM MMEETCA MHOMO TOYEK
1 440 0.59 [AaHHBIX N0 OCH X, 8 J3HHbIE NPECTaBARKT
- . coboii fyrkumio.
12 3,93 0,38
13 346 | 016 5
14 -2,98 0,08
15 2,51 031
16 -2,04 0,52 B
17 -1,57 0,71
18 -1,10 0,85
19 -0,63 0,95 .
20 016 | 1,00 ~
21 0,31 0,99
2 0,79 0,92
23 1,26 0,81 540
24 1,73 0,65
25 2,20 0,45
26 2,67 0,23 20
27 3,14 0,00 \/
28
pal -
:? -8,00 -6,00 -4,00 -2,00 ' 0,00 2,00 4,00

22
4 4 » M Obpasey 2.1 ~Obpasey 2.2 O6pasey 2.3 3aganve 1 ~3apanme 2  3agakue 3 3ajaque 4 - 3apanve 5 ‘?J]‘




Puc. 21

2.8. 3agaem ums nucra Oépaszen 4.2 (puc. 22).

12
1,z

[an]

] [AK)
D
D

==y pasHeHwue (4)

5,00

ot
\
.

-10,00 -5,00 0,0

Puc. 22

3. Jna dyHkmum

BBIYMCITHM TaOIHIly 3HaueHWil aprymeHta (Ha ocu Ox) C marom
T

h=+= o
20. Ilpu stom otpesok [~2M:T] pasousaerca Ha 60 uacreid,
OpuYeM B 4YUCIO TOYEK JENeHHs BTOAAT BCE JKCTPEMYMBbI

GyHKIUH.
3.1. B siuetiky B6 BBouM opmyiry  =I11()/20.



3.2. B siueiiky C7 BBouM popmyny = - 2*TTH().
3.3. B sueiiky C8 BBoguM (opmyny =C7+B$6. Konupyem
dbopmyiy 1o staetiku C67.

3.4. Ing ¢ynkuum
BBIUUCIIUM Tabnuiy 3HaueHu# (Ha ocu Oy) B COOTBETCTBYIOIIUX
toukax maccuBa C7:C67. [ns sroro B sueiiky D7 BBomum
dbopmynry =ABS(COS(C7/2)). Komupyem ¢opmyny 10 SHUCHKH
D67.

3.5. Beimensiem guamnasod sdeek C7:D67. 3amaeM KOMaHIBI
BcraBka -> J[luarpammsbl -> Toueynble ->TouyeyHas ¢
IJIaJKUMHU KPUBBIMH.

3.6. JIns dyHKIIMM BeaeM JBa Mapkepa (3aKpalleHHBIN cieBa
M 3aKpalieHHbId CchpaBa, T.K. (YHKIUS paccMaTpuBaeTcs Ha

3aMKHYTOM I/IHTepBaJ'Ie)Z

Mapxkep 1 Mapkep 2

X y X y

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

Odopmisiem Tabauily, Kak Moka3zaHo Ha puc. 23.

Puc. 23



3.7. B pesynbraTte monyuuM rpaduk, NpUBEICHHbBIN HA pHC.

24,

Pasersa cpai  opuyne  [asieie  Peuewuposse By Acobat | Komcpyerop  Maker  Gopuar

e il 05& v e 5 @ B 3

Pucyvie Ksprsa Burypet Comck | Focorpamacs anmk Kpprosas Ischaaron Toueisa flpyrie Cpes Haarucs Kosormury

s MasocTpssn Ararpausse d Crapusios owarp| o
Avarpammad - fe =PAQ['M1",0Bpasey_2.115E57,06pasen_2.115F57,2)
A B c ] E F o " 1 1 K L ™ 0] o ) a ]
4
5 [TWar | Veoswerwez | Woprepl | Mepwenz |
6 Lo T« T v [ w [ v [« [ v
7 | 628 | 100 | -628 | 1,00 | 314 | 000 |
B | @opuar pasa AaHHbx T X L0
10 | | Napawerpea paga Napametpsi Mapkepa
3 TapameTpes wapkepa Tian wapuepa
[ER N T—
14
15 | et i
16| Tun s
17
1o | et o e .
19| | T e veapxepa
20 Tewe
2
22| | Corussine w crnannesive
:: DOPHAT QBkeNHOA STy
i
26
7
28
T} 800
an

Puc. 24
3.8. 3amaem nms nucra Oopaszen_4.3 (puc. 25).

Puc. 25

Tnassan | Boraska | Paswerxacpaswus  Qopwynsi  [Jawebie  Peuewawposamve  Bua  Acobat | Kowcipykrop  Maker  Qopwar

ﬁJ il i'izﬁkﬂﬁh

HEJ

Caoaran T Prcyrok KapTvika Gurypsl 1 Crinmtok chrurpaMMa Tagine prroaan Nneiuatan Toueunan [pyrne Cpes  Tnnepcesuka
Tabmua v < u&nammu SR ©
Tabanus Manocrpauyn Lvarpanmsi & Cnapxaaittiet Owwerp | Costnrn
[Ouarpamma & - e
A B c D E F G H 1 1 K L M N o P
1 CrygeHt 3apanne: W300pa3uTb Ha NNOCKOCTH BYHKUMIO 33[13HHY IO YPABHEHMEM, C 333HHBIM WATOM.
2 Tpynna Yrasauue: X War bid
5 y(x) = Icus il x€[-2mn] 20
4
5 [ war 2 Mapkep 1 Mapxep 2 .
6 | 0,16 X ¥ X ‘ ¥ X ‘ Y
7 6,28 1,00 628 | 1,00 314 | 0,00
8 6,13 1,00
100
9 5,97 0,99 g
10 5,81 0,97
11 -5,65 0,95
12 5,50 0,92 050
13 534 0,89
14 5,18 0,85
15 5,03 0,81
16 -4.87 076 ’
17 BeTasTe,
18 ER Yaamrs .
19 g
20 Nepenmerosats
21 [lepeMecTTs WK CKOMMPOBATS...
22 G Moxopssii Texcr 0,20
23 a
7 ik Sawmms aner
= LseT ApAbiuka >
000
ig Crpalte -8,00 -6,00 4,00 -2,00 0,00 2,00 4,00
28 -

Bol3eNATE BCE AUCTHI

=TI
WA r M 06D

3anasme 1 - 3apadve 2 | 3anaHue 3 3anakue 4 - 3ajaHue 5 ﬁﬂ 4




4. [IpoBens BU3YyaJIbHBIN aHAIN3 MOCTPOECHHBIX TPAPHUKOB 110
puc. 20, 22, 25 OTMETUM, YTO U3 TPEX NMPHUBEICHHBIX BHIYHCICHHUE
nocienHuil (puc. 25) sBisiercst Hanbosee OJIM3KUM K OpuruHaiy. B
ciiydae 3 B YMCJIO y3JIOBBIX TOYEK TAOIUIIBI 3HAUYCHUN QyHKINH (4)

momnajm BC€ €€ TOYKH JBKCTPEMYMOB. IIar IIpu 35TOM YCJIOBHUHU
T

MOJKHO OBLIO B34Th OOJIbINIE, HATIpUMEp, & .

§ 3. OcHOBHBIC CBONCTBA M IPad UKy d1eMeHTAPHBIX GYHKIMH

1. JMHEMHASA ®YHKIUA y =ax+b

Ceoiicmea ¢pynkuyuu y =>

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

3) ®dyHKuUA ABIAETCS YETHOM;

4) OyHKIMS HE ABISETCS MEPUOAUYECKOI;

5) Opu b#0 ¢dyHKIMS HE UMEeT KOPHEH;
npu b=0 KxopHeM (GYHKINHU SBISETCS JII0OOOE IEHCTBUTENBHOE

4HCJIO;

6) Ilpu b >0 ¢yHKIUS TOJOKUTEIIEHA HA MMPOMEKYTKE
(— oo;+oo),
npu b <0 QyHKIHMSA OTpUIIaTEIbHA HA MTPOMEKYTKE (— oo;+oo);

7) I'paduk ¢pynkuuu nepecekaer ock Oy B TOUKE (O;b);

8) IIpomexxyTkoB Bo3pacTaHus W yObiBaHUsS HeT. Ha Bcei
oOnactu ompeaeneHUus QYHKIMS MPUHUMAeT OJHO U TO K€
3HAUYEHHUE;

9) Touek MakcCUMyMa U MUHUMYMa HET.

10) I'paduk pynkmu — npsawas (puc. 1-3).

y y



b>0

b<0
b
> O .
X
0] X
b
Puc.1
Puc.2
P
| (0] g X
Puc. 3
Ceoiicmea ¢ynkyuu y =ax (a#0)
1) D(y)=R;
2) E(y)=R;

3) DyHKUUA SABISETCS HEUETHOM;
4) ®yHKIMS HE ABISETCS NEPUOANYECKOI;

5) @OyHKOUS HMeeT eIMHCTBEHHBIH KopeHb X, =0 mpu
mobom a # 0.
I'padux ¢pynkumu nepecekaer ocb Ox B TOUKE (0;0);

6) Ilpu a >0 ¢yHKUMSA ONOKUTENbHA Ha MPOMEXKYTKE
(O;+oo) U OTpULIATeNIbHA Ha NPOMEXKYTKE (—00;0); npu a<0
GYHKIUS  TIOJOXXKHUTEIbHA Ha TPOMEXKYTKE (— oo;O) "
OTpHIIaTENIbHA HA TIPOMEKYTKE (O;+oo);

7) I'paduk ¢pynkuuum nepecekaer ock Oy B TOUKE (O;O);

8) Ilpu a>0 ¢yHkuus Bo3pacTaeT Ha Bcell 00JIaCTH
OTIpe/ICTICHNS;



npu a <0 QyHkous yObiBaeT Ha Bcell 00JIaCTH ONPE/IEICHNUS;
9) Touek MakcMMyMa U MUHHUMYMa HET.

10) 'paduk pyukuuu — npavas (puc. 4-5).

re y
a>0 a<0

/xl/: ‘\O\=
O X

Puc.4
Puc.5

Ceoiicmea ¢ynkyuu y=ax+b (a#0, b#0)

1) D(y)=R;

2) E(y)=R;

3) ®ynkuus seuseTcs GyHKIHEH 00IIero BUAa;
4) @®yHKIMS HE ABISETCS NEPUOANYECKOI;

5) ®yHKIWs UMeeT eIMHCTBEHHbIH KOpeHb X, =—b/a.

I'paduk ynkuuu nepecekaer ocb Ox B TOUKE (— b/ a;O);
6) Ilpu a>0 QyHKIUSA TONOKUTENHPHA HA MPOMEKYTKE

(=b/ a;+o0),
OTpHIaTeNbHa Ha poMexyTke (—o0—b/a); npu a <0 dyHKuMs
MOJIOKUTEIIbHA Ha MPOMEXKYTKE (— o0;—bh/ a), OTpHUIlaTeNIbHA Ha
npomesytke (—b/ a;+o);

7) Tpaduk pyuxuun nepecekaer ock Oy B touxe (0;0);



8) Ilpu a>0 ¢Jyakuus Bo3pacTaeT Ha Bcel 0OIACTH
oTnpeeNieHus;

npu a <0 ¢ysxnus yOsiBaeT Ha Bceil 00J1aCcTH ONpeIeNICHuUS;
9) Touek MakcMMyMa U MUHHUMYMa HeT.

10) I'paduk dpyukuuu — npsmvas (puc. 6-9).

a>0, b>0 a>0, b<0
re

e e

L0

»
»

B A

O X b

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

b<0

Yy Yy

b \
! N \‘\ ©

X

O X

Puc.&

Puc.9

2. CTENEHHASI ®YHKIUSA y=x* (ke N)

Ceoiicmea ynxkyuu y=ax™" (a#0, neN)
1) D(y)=R;



2) E(y)= [O;+oo), ectu a>0, E(y)= (— oo;O], ecIu
a<0;

3) OyHKIUA ABISIETCS YETHOM;

4) OyHKIMSA HE SBISCTCS MEPUOTUICCKOM;

5) ®yHKuMs UMeeT EeOUHCTBEHHBIH Kopenb X, =0 mpu
mobom a#0. I'padux ¢yHknum kacaercs ocu Ox B TOUKE
(0,0);

6) Ilpu a >0 QyHKIMS TOTOKUTENbHA Ha MPOMEXKYTKAX
(~z0) wu (0;+0), mpm a<0 QynkuEs oTpuuaTenbHA Ha
npomexyrkax (—o0;0) u (0;+00);

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

8) Ilpu a >0 ¢yHkuusa yObIBaeT Ha (— oo;O) Y BO3pacTaeT
Ha (0;+OO); npu a <0 ¢yHKIUSA Bo3pacTaeT Ha (— oo;O) 1 yObIBaeT
Ha (0;+o);

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

10) I'paduk pynkumnu nzodbpaxen Ha puc. 10-11.

yA A %
a> a<0

Puc.10

v

Puc.11



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

1) D(y)=R;

2) E(y)=R;

3) OyHKIUS SBISETCS HEYSTHOM;

4) ®OyHKUMS HE SBISETCS NEPUOIUYECKOM;

5) ®yHknMs HMeeT eIMHCTBEHHBIH KopeHb X, =0 mpu
mobom a #0. I'papuk ¢yHkiuu nepecekaeT ocbk Ox B TOUKe
(0:0);

6) Ilpu a>0 d¢yHKUMUS OTpUIATEIbHA HA MPOMEXKYTKE
(— oo;O) U TOJOXKUTEIbHA HAa TPOMEKYTKE (O;+oo), npu a <0
(GYHKIUS TTOJIOKHUTETHHA HA TIPOMEKYTKE (— oo;O) U OTpHUIATEIIbHA
na npomesxytke (0;4+0);

7) I'paduk ¢pyHkuuu nepecekaer ock Oy B TOUKE (O;O);

8 Ilpu a>0 ¢ysxkaus Bo3pacTaeT Ha Bced obiacTu
onpenenenusi, npu a <0 ¢yHKUsA yObIBaeT Ha Bcel 0o0nacTu
OTpeieTICHUS;

9) CDYHKI_[I/UI HC UMCCT MUHHUMYMOB 1 MaKCUMYMOB;,

10) I'paduk dpynkunum uzobpaxen Ha puc. 12-13.

VA 4
a>0 a<0

N
N

v

p




Puc. 12 Puc. 13

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

1) D(y) = (=50) W (0;+0);

2) E(y)=(0;+), eciu a>0, E(y)=(—x0), ecau
a<0;

3) ®yHKUUA ABIAETCS YETHOM;

4) OyHKUMS HE SBISETCS MEPUOIUYECKOM;

5) @yukuus He UMeeT KOopHel mpu mobom a. I'paduk He
nepecekaer ocb Ox;

6) Ilpu a>0 (yHKIUS MOJOKUTEIbHA HaA MPOMEXYTKAX
(~0z0) u (0;+0), mpu a<0  yskums oTpuuaTenbHa Ha
MIPOMEKYTKAX (— oo;O) " (O;—I—oo);

7) T'paduk ¢pyHkuuu He nepecekaet ocb Oy;

8) Ilpu a >0 ¢yHKuMs BO3pacTaeT Ha (— 00;0) U yOBIBaeT Ha
(O;+oo); npu a <0 ¢yHKIUs yObIBaeT Ha (— oo;O) U BO3pAcTaeT Ha
(0;+oo);

9) OyHKIMS HE UMEET MUHUMYMOB I MaKCHMYMOB;

10) T'padux wumeer BepTHKaNbHYIO acumnTory x=0 u

TOPU30HTAIBHYIO acUMNTOTY y =0 mpu x — £oo;

11) I'paduk ¢pynkunum u3obpaxex Ha puc. 14-15.

v Ty
a>0 a<0




v

— N

Puc. 14 Puc. 15

Ceonicmea ynkyuu y = (a#0, neZ, n=>0)

2n+1
X

1) D(y) = (—0) W (0;+0);

2) E(y)=(=20)(0;+00);

3) ®yHKuUA ABIAETCS HEUETHOM;

4) OyHKUMS HE SBISETCS MEPUOIUYECKOM;

5) ®@yukuus He UMeeT KopHell mpu mobom a. ['paduk
¢dbynkuuu He nepecekaet och Ox;

6) Ipu a>0 JyHKIUA OTPHUIATEIbHA HA MPOMEKYTKE
(— oo;O) U TIOJIOKUTENbHA Ha (0;+OO), npu a<0 ¢yHKOusa
MOJIOKUTETIbHA HA TPOMEKYTKE (— oo;O) W OTpUlaTeNbHA Ha
(0;+oo);

7) I'padux pynkunm He nepecekaet ock Oy ;

8) Ilpu a>0 ¢yHkuus yObIBaeT Ha MPOMEKYTKAX (— oo;O)
" (O;+oo); npu a<0 ¢GyHKIMS BO3pacTaeT Ha MPOMEKYTKAX
(—oo;O) u (0;+oo);

9) ®yHKUMA HE UMEET MUHUMYMOB U MaKCHUMYMOB;

10) I'padux wumeer BepTHKaIbHYIO acuMOToTy Xx=0 H

TOPU30HTANIBHYIO acuMNTOTY Yy =0 mpu x — too;

11) I'padux dpynkum nzodpaxkeH Ha puc. 16—17.



a>0 /
a<q0
\O X

Puc. 16 Puc. 17

v

3. KBAIPATUYHAA ®YHKIUA y =ax’ +bx+c (a#0)

Csoiicmea ynkyuu y=ax’ (a #0)
1) D(») =R;
2) E(y)=[0:+), ecmt  a>0, E(y)=(-00], ecnn
a<o0;

3) ®yHKUUA ABISETCS YETHOM;
4) OyHKUMS HE SBISETCS MEPUOIUYECKOM;

5) @OyHKUMS UMeeT eIMHCTBEHHBIH KopeHb X, =0 mpu
mobom a # 0.

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

6) Ilpu a>0 ¢byHKIUS TONOXKUTETHHA HA TIPOMEKYTKAX
(~o0z0) u (0;+0), mpu a<0 ¢yskums oTpunarensHa Ha
MPOMEXKYTKax (—00;0) " (0;+oo);

7) T'paduk ¢pyHKIIMU iepecekaeT ock Oy B TOUYKE (O;O);

8) Ilpu a >0 ¢yHkuMs yOBIBaeT Ha MPOMEKYTKE (— oo;O) u

BO3pacTaeT Ha IPOMEXKYTKE (O;+oo); npu  a <0 QyHKIUSA



BO3pacTaeT Ha MPOMEKYTKE (— 00;0) U yObIBaeT Ha MPOMEXKYTKE
(0;+oo);
9) Ilpu a>0 ¢yakaus umeeT MUHUMYM B Touke x =0,
npuuem y, . = (0) =0.
IIpu a <0 ¢yHkuus UMeeT MakCUMyM B Touke x =0, mnpuuem
Ve =Y(0)=0.
10) I'padux Gyukiuu — napabora (puc. 18-19).

rt I
a>0
a <0
0)
x | -
O T X
Puc.18
Puc.19

Csoiicmea ynkyuu y=ax>+c¢ (a=0, c=0)
1) D(y)=R;
2) E(y)= [c;+00), eciu a>0, E(y)= (— oo;c], eciu
a<o0;
3) ®yHKuuA ABISIETCS YETHOM;
4) ®yHKIMS HE ABISETCS NePUOANYECKOIL;
5 Ecm a>0 u ¢<0 wmm a<0 u ¢>0, to QpyHkuus

o —C
HMCET BAa pPaA3JIMYHBIX ACUCTBUTCIBHBIX KOpHA: X, =—,/— H
a

—c
X, =.|— . B aTux cnyuasx rpaduk ¢pyHkuuu nepecekaer ocb Ox
a

B TOYKaX (xl;O) u (xz;O).



Ecmu a>0 u ¢>0 wmm a<0 u ¢<0, To QyHkuus He
MMeeT JCHCTBUTEIbHBIX KOpHEH. ['paduk He mepecekaeT och Ox U
HE KacaeTcs €€, a PacloyokKeH BCIoAY Bbllle OX WU BCIOAY HMKE
Ox B COOTBETCTBUHU CO 3HAKOM 4,

6) Ilpu a>0 um ¢c<0 ¢yHKIHS OJOKHUTEIbHA Ha

(— OO;xl) u (x2 ;+OO), a oTpULATeIbHA HA (xl;xz). IIpy a>0 u
¢ >0 ¢dyHkUsa mMogoKMUTENIbHA Ha (— OO;+OO). IIpu a<0 u ¢>0
GbyHKIMS OTpHUIAaTENbHA HA (— oo;xl) u (x2 ;+oo); MOJIOKUTETbHA
Ha (xl;xz). IIpu a<0 m <0 ¢yskuua orpularenbHa Ha
(— oo;+oo);

7) T'padux ¢pyHKmu nepecekaet ock Oy B TOUKE (O;C);

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

[lpu a <0 QyHKIUS BO3pacTacT HA MPOMEKYTKE (— 00;0)
1 yOBIBacT Ha MPOMEKYTKE (0;+00);

9) llpu a>0 ¢ynkuus nMeer MUHUMYM B Touke X =0,
npuueMm Y. = Y(0)=c. I[Ipu a <0 GyHKUUS HMEeT MAKCUMYM B
touke x =0, npuuem y . = y(0)=c.

10) I'paduk dyukuu — napabora (puc. 20-23).

a>0, c<0
a>0, ¢>0

ylk A y
\ C

Puc. 20

v




a<0,c>0 a<0,

c<0
7 +
O »
x
c
Ix, O AN X
Puc. 22
Puc. 23
Ceouicmea pynkyuu
y=ax’+bx+c (a#0, b=0, c#0)
1) D(»)=R;
2
2) E(y)= {M&ooJ , ecIu a>0,
4a
4ac - b’ )
E(y)=|—-o0;— |, ecmt a<0;
4a

3) ®ynkuus sBuseTcs GyHKIHEH 001Iero BUaa;
4) ®yHKIMS HE ABISETCS NEPUOANYECKOI;

D
5) y=a(x+i)2 ——, rae D=b*—-4ac;
2a 4a

6) Ilpu D>0 ¢yskous wumeeT JABa Pa3TUUHBIX
_—b-+/D _—b+/D
2¢ 2 2a

T'paux mepecekaer och Ox B Toukax (x,30) u (x,30).

JIeCTBUTEIBbHBIX KOPH:I: X



I[Ipu D =0 ¢dyHKIUS ©MEET OAUH IeHCTBUTEIBHBINA KOPEHb:

X, =——. B atom cimyuae rpaduk kacaercs ocu Ox B TOUKe
2a

(xl ;0)-

I[Ipu D <0 ¢yHKIMA HE WMEET ICHCTBUTEIBHBIX KOPHEH.
I'padux He mepecekaeT ocb Ox U HE KacaeTcs €e, a PacHoJOkKeH
BCloZly Bbllle ocu Ox WM BCroAy HUXKE ocu OX B COOTBETCTBUU
CO 3HAKOM YHCIIA a;

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

8 MHpu a>0 u D>0 ¢yHEKIUS NOJOKHUTEIbHA HA

(—oo;xl) u (x2;+oo); OTpULaTelbHa Ha (xl;xz). Ilpy a>0 u

D =0 ¢yHKIUS MOJI0KUTETHHA HA (— 0; xl) u (xl ;+oo) , & B TOUKE

X, :—% oOpamaercs B Hynb. Ilpyu a>0 u D <0 QyHkuus

MIOJIOKUTEIIbHA HA (— oo;+oo). IIpu a<0 u D>0 ¢yukuus
OTpHLIATENIbHA Ha (— 00; xl) u (x2 ;+oo); MOJIOKUTEIbHA Ha (xl;xz).

IIpu a<0 mw D=0 ¢ysxuus oTpuuaTelbHa Ha (— oo;xl) "
b

()c1 ;+OO), a B TOUKE X, = o oOpamraercs B Hynb. [Ipy a <0 u
a

D < 0 ¢yHKIHS OTpUIIATEIbHA HA TIPOMEKYTKE (— oo;+oo);

9) I'paduk ¢pyHnkuuu nepecekaer ock Oy B TOUKE (O;C);



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

b
BO3pacTaeT Ha —2—;+oo . IIpu a <0 ¢yHKuua Bo3pacraer Ha
a

[orag raosmerva - 552)
—00;—— | ¥ yObIBaeT Ha | — —;+0 |;
2a 2a

D
11)IIpu a >0 umeem: y,,, = y(—i) =——.
2a 4a
IIpun a <0 umeem: Viax = y(—zi) =— D
a

da’

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

a>0,

D>0
a>0,D=0

yﬂ

Puc.24
Puc. 25

a>0,

D<0
a<0,D>0

yﬂ




c c
Eb : >
_— X X,
2a
X
Puc. 26
Puc. 27
a<0, D=0
a<0, D<O0
Bl Yooy
i »
2a
X
— >
/ b
c = X \\ c
2a

Puc. 28
Puc. 29

4. IOKA3ATEJIbHAA ®YHKIUA y=a" (a>0,
azxl)

O6nacts onpenernenust: D(a™) = (—o0;+00);
O6unacts u3menenus:  E(a”) = (0;+00);

DyHKIUSA HE SBJIAETCS HU YETHOM, HU HEYETHOM;
OyHKIUS HE SIBIAETCS NEPUOAUUECKON;

SANESEE I

OyHKIMA He UMeeT KopHel. Ee rpaduk He mepecekaer
ock Ox;



6. I'padux ¢pynkuuu nepecekaer ocb Oy B TOUKE C
opaunatoii y =1 mpu mo6om a e (0;1) U (I;+00);

7. DyHKUWs MOJIOKHUTENbHA HA BCell 00IacTH
OIpeICTICHNUS;

8. ®dyHKuus HempepbIBHA HA BCEH 00JIACTH ONPEICIICHMS;

AX
9. Ecmm 2”1 1o byHKIHS y=a BO3pacTaeT MpH

X
xeR.Eom 9<a<L 14 dyuxims ¥ =4 yowiBaer mpu x € R
10. ®yHKIUSA HE UMEET HU MAKCUMYMOB, HI MHHUMYMOB.

11. I'paduxu n3obpaxens! Ha puc. 30-31.

v

Puc. 30

yv=a" (0<a<l) Ay

X Puc. 31



5. JOTAPUOMUYECKASA ®YHKIUA Y =log, X

(a>0, a=1)
1. D(log, x) = (0;4+c0);
,  Elog, x) = (~ocr+o0);
3. ®OyHKUUS HE SBISAETCS HA YCTHON, HU HEYCTHOM;
4., OyHKIUS HE SBISICTCS EPHOTUUCCKON;
5. @yHkiusa uMeeT KopeHb x =1 mpu mobom a. Ee

rpaguk  mepecekaeT ock Ox B TOYKe (1;0) npu  J1r000M
a € (0;1) U (I;+);

6. I'padux pyHkmum He nepecekaer ocb Oy,

7. Bem 2>l 1o y=log,x orpunarenpHa mpu

xe (0;1) xe (1;+oo) O<axl

. Ecimm > TO

xe (0;1)

H IOJOXHUTCIbHA IIPpU

byukuus  y=Ilog, x  momoxuTensHa TpH 51

oTpumarensHa npu ¥ € (l;+oo);
8. DyHKIUSA HENpepHIBHA HA BCEH 00JIACTH OIPEICIICHIS;

9. Eom 8”1 1o y= log, x Bo3pactaer npu * € (0;+20).

Eem 0<@ <L 1 dynxims y =log, x yOwBaer npu * < (0;"'00);
10. dyHkus He UMEET HU MAaKCUMYMOB, HUI MUHUMYMOB.
11. I'paduxu n3o6paxxkeHs! Ha puc. 32-33.

y=log,x (a>1) )7y




Puc. 32 O 1 a

»

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

—

Puc. 33

6. ®YHKINA MOAYJISL YACTA y=|x

Ceonicmea ynkyuu y:|x|

1) D(»)=R;

2) E(y) =[0;+w0);

3) ®OyHKUUA SABISETCS YETHOM;

4) ®yHKUMS HE ABISETCS MEPUOIUYECKOM;

5) ®ynkuus umeer oauH kopeHb x, = 0. ['paduk QyHxmn
kacaetcsi ocu Ox B Touke (0;0);

6) @OyHKUMS TNOJOXKUTEIbHA Ha MPOMEKYTKAX (— oo;O) u
(0;+00); B TOuke x =0 obparaercs B Hyb;

7) I'paduk ¢pynkuuun nepecekaer ock Oy B TOUKE (0;0);

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

Ha (0;+00);



9) @®yHkus uMeeT MUHMUMYM B Touke x =0, mpuyem

10) I'paduk byHkuumM ykazaH Ha puc. 34.
y
Y= y=x
I :
O X
Puc. 34

(ONEININE S y=|aXI (@a#0, aeR) o0nazaeT TEMHU IKe

CBOMCTBaMH, 4To M QyHKIuUA YV = |x| Ee rpadux nzobpaxxen Ha
puc. 35.

Puc. 35

Ceoticmea ynkuyuu
y=|ax+b (a#0, b#0, abeR)

1) D(y)=R;

2) E(y)=[0+0);
3) ®yukuus sBisercs GyHKIMEH 001ero BUa;
4) ®yHKIMS HE ABISETCS NEPUOANYECKOIL;

b
5) ®yHKuMA uUMeeT OJUH KOpeHb: x, =——. ['paduxk
a

¢bynkuuu xkacaercst ock Ox B TOUKE (x1 ;O);



6) DyHKUMA MOJNOXKUTEIbHA HA IMPOMEXKYTKAX (— oo;xl)

b%

8) OyHkuMs yObIBaeT Ha IPOMEXKYTKE (— oo;xl),
BO3pacTaet Ha (x,3+00);

u (x, ;+oo). B Touke x = x, oOpalaercs B HyIb;

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

9) ®yHkuusA MMEET MUHMMYM B TOYKE X = X,, IIPHYEM
b
10) I'paduxu Gpynxmum m3o0pakeHsl Ha puc. 36-37.

a>0 b<0

y
y=—-ax—-b y=ax+b
| >
O -bla X
Puc. 36
a<0 b<0
y
y=ax+b y=—ax—>b
| :
—bla O X
Puc. 37 .
7. IPOGHO-JINMHENHASA ®YHKIIUA
_I_
y:ax b (c#0, bc—ad #0, a,b,c,d € R)
ox+d

1) D(y)= (— ;—gj v (— %;m}:



2) E(y)= [— 00;9 U (%&ooj ;

3) ®yukuus sBisiercss QyHKIMEH o0IIero Buaa;
4) @yHKIMS HE ABIAETCS NEPUOANYECKOI;

5) Ilpu a#0 QyHKIMA HUMEET OIUH KOpEeHb: X, =——. B
a

3ToM ciydae rpaduk gyHkiuu nepecekaet ock Ox B Touke (x,:0).

I[Ipuy a=0 ¢yakuus He umeeT KopHed W rpaduk QyHKIUU HE
nepecekaer ocb Ox;

6) Ilpu s 0, bc—ad >0 ¢yHxous nonoxurenbHa Ha
c

[t o () S
—0;—— | W |——;+© |, oTpunarenpbHa Ha | ——;—— |. llpm

a C a C

a <0, bc—ad >0 ¢yHkuusa TONOXKUTEIbHA Ha (— i;— éj,
c c a

oTpuUaTeapHa Ha | —o;—— | U | ——;+o0|; Ilpnu —>0,
c

d
bc —ad <0 QyHKIHS TOTOKATETHHA HA IPOMEKYTKAX | — 00;— —
c

( b j ( d bj a
H |——;+o|, orpunarenbia Ha | ——;—— |. Ilpu — <0,
a c a c

b d
bc —ad <0 ¢GyHKIUS MONOKHUTEIHFHA HA TIPOMEKYTKE [— - —j :
a c

OTpHIIaTEeNIbHA Ha TIPOMEXKYTKaX (— 00;— éj u (— g;+oo) ;
a c
7) Hpu d#0 rpadux ¢pyHkumm mnepecekaer ocb Oy B
TOUKE (O;b/ d). I[lpu d =0 rpadux ¢GyHKIMM HE MepeceKaeT
och Oy;



8) Ilpu bc—ad >0 Qyukus yobBaeT Ha (— oo;—ij U
c
(-]
—— 400 |.
c
d
I[Ipu bc—ad <0  ¢yHKIMS BO3pacTaeT Ha (— oo;——j "

c
[+
——,1+00 ||
c

9) ®OyHKIHS HE UMEET SKCTPEMYMOB;
10) I'paduku pyHkmmm n3oopaxeHsl Ha puc.38—1.

250 be—ad>0
C

v

—d/c

/

Puc. 38
y 4 ! £<O, bc—ad >0
X C
O —c?/c \b\\ X
: alc



Puc. 39

0 bc—ad<0

- >

-bl/a

- ---

O

0 bc—ad<0

—<

Puc. 40

e i e i o



Puc. 41

8. TPUTOHOMETPUYECKHUE ®YHKIINN

Dynkyusa Yy =sinx

1) D(sin x) = (—o0;+0);
2) E(sinx) =[-11];
3) Oyukuua eyemuas,

4) Oyakums 2 7 — nepuoduyeckas,

5) sinx=0, ecmu x=m (ne2);
6) sinx=1, ectu x=7/2+2m (neZ);
7)sinx=-1, ecmu x=-—7/2+2m (neZ);

8) dyHkuus BO3pacTaeT Ha JII0OOOM U3 MPOMEKYTKOB BHJIA
(—712+42m; xl2+2m), neZ.

®yHKIUs yOBIBACT Ha JIIOOOM U3 IIPOMEXKYTKOB BHJIA
(w!2+2mm;3712+2m), nel.

9) I'paduk pyHKUIMU — cunycouda (puc. 42).

Ay y=sin x

1
AR
0] z/2 \\7[- ] X

-1

Puc. 42



@Dynkyua y =COSX

1) D(cos x) = (—o0;+0) ;
2) E(cosx) =[-1L1];
3) OyHkuUA yemHas;

4) Oyakums 2 7 — nepuoduyeckas,

T
5) cosx =0, ecin x:5+7m (neZ); cosx=1, ecnu

x=2m (ne2);
cosx=—l,ectu x=xw+2m (ne2),
6) @yHKIUA BO3pacTaeT Ha JII0OOOM M3 MPOMEKYTKOB BHJIA

(—7+2m;2m), neZ.
@OyHKIUs yObIBaCeT Ha JIIOOOM U3 IIPOMEKYTKOB BHJIA

Q2m; r+2m), nelZ,

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

4 y=coS X

Puc.43



Qyukyua y =1gx

x¢%+7m,neZ};

1) D(tg x)= {x

2) E(tg x)=R;
3) OyHKUUA HeuemHas,
4) ®yHKUMS 7 — nepuoduyeckas;
5) tgx=0, ecmu x=m (ne2),
6) dyHKUMA BO3pacTaeT Ha JI0OOM U3 IPOMEXYTKOB BHJIA

(—Z+7m;£+7zn), neZ ;
2 2

7) Tpaduk dyHkimn — maneencouda (puc. 44).

yHg X

N
|
[\9)

(3]

Puc. 44
Dynkyusa y = Cctgx

1) D(ctg x)={x|x¢7m, n GZ} ;
2) Elctg x)=R;
3) OyHKIUA HeuemHas,



4) OyHKIMS 7 — nepuooudeckas;

5) ctgx =0, ecaun x=%+7zn (ne ),

6) ®ynkuus yopIBaeT Ha JTI000M MPOMEKYTKE BUA

(7 w+m),n € Z,

6) [I'paduk byHkuun — komaneencouda (puc. 45).

ﬂk

y

y=ctg X

v

-2

3

2t X

Puc. 45

9. OBPATHBIE TPUTOHOMETPUYECKHE
OYHKIINHU

Dynkyus ) =arcsinx

1) D(arcsin x)=[-11];

2) E(arcsinx)=[-7/2712];

3) OyHKIUA HeuemHas,

4) OyHKUMS He ABISETCS MEPUOINUECKOH;

5) sin(arcsina) =a;



6) arcsin0=0, arcsinl=7x/2, arcsin(-1)=-x/2,
arcsin 1 =xl6;
2
7) ®yHKIHS BO3pacTaeT Ha BCEH 0OJIACTH ONpPEICIICHHUS,

8) I'padux PpyHkumm n3o0paxkeH Ha puc. 46.

» y=arcsin x

~;1/01x

Puc. 46

@Dynkyua ) =arccosx

1) D(arccos x)=[-1;1];
2) E(arccos x)=[0; z];
3) OyHKuUMA HE ABISETCS HU YETHOM, HU HEYETHO;
4) OyHKUMS He SBISIETCS NePUOIUUYECKOM;
5) cos(arccosa) =a;
V4 1 7z
6) arccos0 = 5 arccos1=0, arccos(—1) =z, arccos 5= 3 ;

7) ®ynkuus yObIBaeT Ha Bceil 001acTH OnpeeNeHus;
8) I'paduk ¢pyHkMu n300pakeH Ha puc. 47.

y=arccos X 4y

]
Y




Puc. 47

Dynkyusa y =arctg x

1) D(arctg x)= (— OO;+OO) ;
T T

2) Elarctgx)=|—-=—;=1;

) Elarctg x) ( > 2)
3) OyHkuusa Heyemuas,
4) OyHKIMS HE SBISCTCS NEPUOTUICCKOI;
5) tg(arctga)=a;
6) arctg0=0, arctg (i l) -+ , arctg(xew) = i% ;

7) ®yHKIHUS BO3pacTaeT Ha BCEH 00JaCTH ONpEIeIICHUS;
7) Tpabuk GpyHKIMH H300pakeH Ha puc. 48.

N

ylr y=arctg x
/R
!

Puc. 48

@Dynkyua y =arcctg x

1) D(arcctg x) = (— OO;+OO);
2) E(arcetg x)= (0;7);

3) ®yHKIUA HE ABISAETCS HU YETHOM, HU HEUETHOM;



4) OyHKUMS HE SBISIETCS NEPUOIUUYECKOM;
5) ctg(arcctga)=a;

T Vs RY4
8) arccte0=—, arcctel=—, arcctg(—1)=—,
) g0=7 gl=7 g(-1) 1

arctg(—oo) = % , arctg(+wx) =0;

7) OyHKUMs yObIBaeT Ha BCEH 00JIACTHU OINpEICTICHUS;
8) I'padux pynxmum nzodpakeH Ha puc. 49

4 y
y=arcctg x
Xﬂ/\¥
o) —
X
Puc. 49
PaGora Ne 3

IIpudankeHHOE BbIYMCICHUE MOBeAeHUsS GyHKUMI BOJIM3H
TO4YeK pa3pbiBa. I'paguyeckoe mocTpoeHre HAKJIOHHBIX
acumntoT (EXxcel)



IIpudaun:keHHOE BbIYMCICHHE TOBeAeHUA QYHKIUI BOJIM3H
TO4Yek pa3pbiBa. I'paduyeckoe MocTpoeHHe HAKJIOHHBIX
acumntoT (Excel)

BBenenue

[Tyctp fo ompejeneHa B okpectHocTH Toukn & | kpome

ObITb MOkeT camoii Touku @ . Hamuume paspeiBa B Touke ¢
lim f(x) #f(a
03HAYaeT, 4To xaa’f () f ).

lim f(0

1. Hpe,I[HOJ'IO)KI/IM, YTO x-a CYLICCTBYCT, HO HC PaBCH

3HAa4YCHUIO f(a), Ipu 35TOM IIOCJICAHECEC MOKET CYIICCTBOBATH, a

MOKET HE CyHmeCcTBOBaThb, T.C. (1)YHKLII/I${ MOXET OBITb HE

ompeneneHna B Touke ¢ . Takad cHTyauus —Ha3bIBaeTCH

VCMPAaHuMuIM paspvléom. TUNMUHBIA cilydall — HEONpeAeIeHHOCTh

(=] =)

, KOTOpasA PACKPBIBACTCA W B IPCACIIC IMOJIYy4YacTCd 4YHCIIO,

Hanpumep

m f(x)

2. Tlyctb p!:l-:a HE CYIIECTBYET, HO CYIIECTBYIOT

lim feo _lim feo

KOHEYHbIE OJHOCTOPOHHHUE NPEIEIIbl X>d—0 , X—>a+0 HE
paBHBIE OpYr IpYry (TIOCKOJBKY HE CYILECTBYET JBYCTOPOHHUM

npezen). DTa CUTyalus Ha3bIBACTCsl (HeyCcmpanumvim) paspuleom I-



20 pooa. TunuyHble MpUMEpbl GYHKUUN C TAaKUMH pa3pblBaMH —
Ix? -3x — 4l
f) =———"—
HEOIIPENEICHHOCTH C MOYJIAMH, HAIIPUMED X +1

WNHorna paspsiBoM [-ro poxa HaspIBalOT paspbiB, IIPU
KOTOPOM CYLIECTBYIOT KOHEUHBIE OTHOCTOPOHHUE Ipenensl. Toraa
paccMOTpEHHBbIE JIBa TUIA pa3pbiBa OObEAUHSIOTCSA B OJIUH: PAa3phIB
OyZeT yCTpaHUMBIM, €CIH OJHOCTOPOHHHUE TPENENbl PaBHBI APYT
IpYry, 1 HEYyCTPAaHUMBIM — B IIPOTUBHOM CJIy4ae.

3. CamMBIM CIIO’KHBIM TUIIOM pa3phblBa SBISAETCS paspuvis 11-
20 pooa, TP KOTOPOM XOTsI Obl O/IMH U3 OJTHOCTOPOHHUX IIPEEIIOB

OeckoHeueH miaM He cymiecTByeT. OTMETHM cpa3sy, YTO B CiIydae

OTCYTCTBHSI OZTHOCTOPOHHHUX IPEIENIOB, KaK HanmpuMmep y QyHKIUU

1
() =sin—
X, JIIA YHUCJICHHOI'O HCCICOOBaAHUA Tpe6yeTc;1

JIOTIONTHUTENbHAsT HHGOpMAIUs, YTOUHSIONIAs TOBeeHUE (HYHKIIUU
B OKPECTHOCTH pa3phiBa.
Paccmotpum Gonee moapoOHO cuTyaluio, Korja o6a

OJHOCTOPOHHHUX IpefenoB OeckoHeuHbl. B sTtom  ciydae
BeprukanbHas mpamas X =@ paseiBaerca  (mBycTOpOHHEI)

8epMUKANbHOU acumnmomoui rpaduka GyHKIUU O Tunmamem

X)=—"-7o
OpUMEpPOM  37€Ch  SIBISETCA f x -a)* qgpu® =0

IlokazaTens cTeneHu a MOKHO BBIMUCIIUTL 4YC€pEC3 IMPEACI



1n|f e9]!

& = - lim ———— )
x-alnlx — al. 3Has a HaiigemM  kod(ddummeHt
= lim f O - a)“
X-a

[Tycte Temeph GyHKIUSA fo ompejiesieHa TMpU BCEX

nocratouHo Gonpmx 3HadeHusx X1, I'padux ¢ynkumm mmeer

Haknonnyto acumnmonyy = kx +b ya +oo , €CIIU CYILIECTBYIOT

(feo-(kx + b)) = o

qucjia k' b IIpu KOTOPBIX x—>+
AHaJornyHo OIIpCACIACTCA HAKJIIOHHAasA aCHMIITOTAa Ha —® B

YacTHOM ciydae, Korjaa k=0 , T.€. KOTJla HaKJIOHHAs acCUMITOTa
ABJISICTCA TOPU30OHTAILHOU IPAMOM, TOBOPAT O 2OPUSOHMANLHOU

acumnmome. Hanname acMMOTOT Ha i

03HA4YaeT, 4To Tpaduk
(GyHKIIMM BAaJieKe OT Hayajga KOOPAWHAT MPAKTHUECKU CIMBAETCS C
HEKOTOPOM MPSMOM.

KoadduiineHTs HaKJIOHHBIX aCUMIITOT BBIYUCISIOTCS IO
dbopmynam:

k = lim [ b = lim(f (x) — kx)

x—ke X | x—too

BbinosiHeHHe pa6oThl
Sin3X

)=—"—
1. Jna pyskuuum X%+ 2X BeUMCIEM TaGIHUILY

3HAYCHUH pu X =MNh rie h=0.01



n=-100,-99,..,-1,1,2,..,100 ITocTporM JBE JHMHHUK
0 HaWIEHHBIM TOYKAM: OTAEIBHO JUIS OTPHUUATENBHBIX H

HONOKHUTENBHEIX 1. HalizeM 4YMCIEHHO 3HAYeHHME Iperela

Jim o)
1.1. BRomum B nuamnaszon sueexA4:A203 pabouero imcra
Excel yucna _100! _99: ey _1:1:2: LY 100 . B ﬁqefncy C1

BBOAUM 4yuciio 0,01.

1.2. B sueiiky B4 BBomuM dopmyny =A4*$CS$1.
Konupyem ¢popmyny no stueiiku B203.

1.3. Beigensem paumanazon sdeek B4:C103. 3apaem
komanny BCTABKA/IUATPAMMBI  u  BwiOmpaem  THI
muarpamMmbl TodeyHasi ¢ MPAMBIMH OTPe3KaMM., KaK TOKa3aHO

Ha PUCYHKC!



1| |_—'? |_|;| |_E§::' e W Viara3uH | 'r? vb&v 7\. i -

Ceogran Pekomengyemele Tabnuua  Pucynkun MsoBpaxernun B 3 Mon npunoKenna - E Pekomergyemble L
Tabnuua ceogHelE Tabanuel w3 MinTepHeta @+ Avarpammel " : AW
TaGnuubl Wnnwocrpaumn MpunoxeHua Awarp| Toueunan

Awarpam... ™ jl E \:
A B C D E F G H I e E

1 h 0,01 A

2 A

3 n nh f(x) Mpeg. Mys Toueut

4 -100 -1( 0,14112| 0,17077 P ﬂ:::;:

5 -99 -0,99| 0,17077| 0,20031 O . ana

6 -08 -0,98| 0,20031| 0,22973 . HaBopo

7 97| -0,97| 0,22973| 0,25903 [ | s

8 96|  -0,96| 0,25903| 0,2882 Ha3gaHmg Meme

9 -95 -0,95| 0,2882| 0,31722 » Korga

10 94|  -0,94| 0,31722| 0,34609 coboii

11 93 -0,93| 0,34609 0,3748

12 -92 -0,92| 0,3748| 0,40334

13 01 -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. OdopmisgeM Tabauiy Kak IOKa3aHO Ha PHUCYHKE
BBIIIIE.

1.5.Beigensiem nuarpammy.

1.6. W3 KOHTEKCTHOTO MEHIO BBHIOMpaeM KOMaHIy

Bei0paTh nannbIe.
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Beipesate
Kenwposate

MNapameTpel BCTABKK:
s

[
BoccraHoente cTrne
WpwdT...
zmMeHNTE TUR AHErpaMMEL,.,
CoxpaHuTe kak wadnoH...
BriBpate gaHHbIE...

MepemecTTE AMarpamny..,

-0,2

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

Jl06aBUTD.
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1.8.3anonHseM okHO M3MeHeHMe psifa Kak IOKa3aHO Ha

pI/ICYHKe:
HasBaHue Auvarpammel
' hl
18 Wamerenwe paga lilg
U
5 Hma paga:
n+ =N+
14 3HayeHna X
1,2 ='lllar 1'!$B5104:385203 =0,01; 0,02 0,..
1 3HaueHns I
="llar 1"15C5104:5C5203 =1,492313443; 1..,
03
N
¥
B B L

04
0,2
i

1.9.B PE3YILTATC MOJYYUTCH JIOMaHHAA KaK ITOKAa3aHO Ha

PHUCYHKE BBIIIIE.



1.10. B sueiixy D4 BBenem ¢opmyny IUisi BBIYUCIICHUS
YUCICHHO 3HAYCHHE npenenap%i—:"}n f ().

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

1.11. Konupyewm 3ty dopmyiy 1o stueiikun D203/

1.12. 3agaem ums nucta Hlar 1.

2. TloBTOopuM TO K€ MOCTpOeHHe s h = 0.0001
YTOYHUM 3HaUEHUE MpeJiena.

2.1. Cosmaem xommto jaucra Ilar 1. Jmg storo u3
KoHTekcTHOro MeHto jucra Hlar 1 (cMm. puc.) BeIOMpaeM KoMaHay

HEPEMECTHTB HJIA CKOIIUPOBATD... .

13 -01 -0,91 0,403324 04317
14 -0 -0,9 0,4317 0,45987
15 -89 -0,89 0,45987 0,48785
16 -88 -0,88 0,48785 0,51562
17 -87 BcTasuTh. .
18 -86 |=_|X ¥nanute
19 -85 Mepenmerosate
20 -84 MNepemecTuTs MAN CKOMMPOEATE...
21 -83 (TJ WexogHein Tekct
22 -82 E‘ 3ALUMTATE ANCT..
23 81 Liser apnkivka »
24 -80

CKpBITE
25 -79
26 -78

ErelaenuTe Bce AMCTEI

L T

ﬁ sl -f"-;“_\a - E ﬂ

2.2. Odopmisiem okHO IlepeMecTUTh MJIHM CKONMPOBATH

KaK IMOKa3aHO Ha PHCYHKE:



L B
I'Iepeuecrmb WKW CKONKMPpOBEaTE m

[MepeMecTUTE BEIBPaHHBIE AMCTh
B KHUIY:

Metoguudka 4.5.xlsx IZI

Oepeq AMCTomM:

wart |
LWar 2

War3

LWar 4

LWar 5-6

War 5-6.1

LWar 7+

(NepemMecTUTE B KOHeL) s

[ QK ] [ OTmeHa

- o

2.3. 3apaem ums Llar 2 i nony4uBILIErocs JIUCTA.
2.4. Ha Jlucre Illar 2, meHusgeM 3HadeHue suckiku Cl Ha
0,0001.

25.B pe3yibTaTe y BaC JOJZKHO MOJYYHUTHCA JaHHBIC KaK

MOKa3aHO Ha PUCYHKE.



A B C D E F G H I J

1 h 0,0001
2
3 n nh f{x) Mpea.
4 -100 -0,01 1,50731 1,50724
5 -99 -0,0099 1,50724 1,50717 1
6 -9 -0,0098 1,50717 1,5071 1,51
7 97 -0,0097 15071 1,50703 1508
8 96 -0,0096 1,50703 1,50695 1506
9 95 -0,0095 1,50695 1,50688 1504
10 94 -0,0094 1,50688 1,50681 502
11 93 -0,0092 1,50681 1,50674 15
12 92 -0,0092 1,50674 1,50667 L4;8
13 91 -0,0091 1,50667 1,5066 J.J4BE
14 90 -0,009 1,5066 1,50653 ;494
15 -89 -0,0089 1,50653 1,50645 J.J492
16 -88 -0,0088 1,50645 1,50638 !
- 149
! 87] 00087 150638 159631 | o015 o1 oo 0 005 o
1
fO)=——7
3. Hnsa dyHkmun 1 + 2% BpluKCIAM TAGIUIY
3HAYCHUI npu X =Th e h=0.01

n= _100, _99, Ty _1,1,2, pen gy 100 . HOCTpOI/IM JIBC JINHUU
110 Haﬁ]leHHBIM TOYKaM: OTACJIBbHO JJidI OTPHULATCIBHBIX U

HOJIOKHUTENBHEIX 1t HaiijleM YMCIEHHO 3HAaueHUs OJHOCTOPOHHMX
mpeaciioB xl—iarﬂn f(x) ,xl—lm-n f(X) .

3.1. Co3maem HOBBIN nHCT U 3agaem ums Llar 3.

3.2. BBomum B mmanazoH sueekA4:A203 pabouero
mucraExceluncra —100,—99, ..., —-1,1,2,...,100 | B gueiixy
C1 BBoauM uucio 0,01.

3.3. B sueiiky B4 BBOomuM dopmyny =A4*$CS$1.
Konupyem popmyny no stueitku B203.



3.4. CtpouM [1BE JIMHUU 10 HAHJAEHHBIM TOYKAM: OTIEIBHO

JUIS OTPULIATENBHBIX U OTACIALHO IS IIOJOXKHTEIbHBIX 1, Kak
nmokasano B m. 1.3-1.8.
3.5. B pe3ynbTaTe MOMKHO MOJYYUTHCA ABE JIMHUU Kak

IIOKa3aHO Ha pUCYHKE!:

A B C D E F G H 1 J K L
1 h 0,01
2
3 n nh fix) Mpea.+h Mpea.-h
4 -100 -1 0,666667 0,668221 0,66514
5 -99 -0,99 0,668221 0,669803 0,666667 1
[ -98 -0,98 0,669803 0,671413 0,668221 1.2
7 -97 -0,97 0,671413 0,673054 0,669303
8 -96 -0,96 0,673054 0,674724 0,671413
9 -95 -0,95 0,674724 0,676425 0,673054
10 -94 -0,94 0,676425 0,678158 0,674724 o8
11 -93 -0,93 0,678158 0,679924 0,676425 0,5 — fix)
12 -92 -0,92 0,679924 0,681723 0,678158 Pan2
13 -91 -0,91 0,681723 0,683556 0,679924 0.4
14 -90 -0,9 0,683556 0,685425 0,681723
13 -89 -0,89 0,685425 0,68733 0,683556 oz
16 -8 0,88 0,68733 0,689273 0,685425 o
17 -87 -0,87 0,689273 0,691253 0,68733 -15 -1 -0,5 o 05 1 15
18 -86. -0,86 0,691253 0,693273 0,689273

3.6. Odopmisiem TabIuUIy Kak OKa3aHO Ha PUCYHKE.

3.7. B sueiiky D4 BBenem ¢opmyny JUisl BBIYHCICHHS
YHCJIEHHO 3HAUYEHUE npenenaxl—larﬂn f ).

=1/(1+2"(1/(B4+$C$1)))

3.8. B sueiixy D4 BBemem ¢(opMyny s BBIYUCICHHS
YHCIEHHO 3HAYCHHE npenenaxl—lmn f ).

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

4. TloBTopMM TO 3¢ ToOCTpoenue miss b= 0.0001 .
YTOuHUM 3HAYEHHUSI IPENIETIOB.

4.1 Co3maem xomnuro jucta Illar 3, xak Mmoka3aHo B IIII.

2.1.-2.4. 3amaem nms sucra Hlar 4.

M



4.2. Ha Jlucre lllar 4, meHseM 3HaucHue suckiku Cl Ha
0,0001.
4.3. B pe3ynbpTare y Bac I0OJHKHO MOJTYYUTHCS JaHHBIE KaK

IIOKa3aHO Ha pUCYHKC.

A B c D E F G H 1 J K
1 h 0,0001
2
3 n nh fix) Mpea.+h  Mpepa.-h
4 100 -0,01 1 1 1
5 .99 -0,0099 1 1 1
& .88 -0,0098 1 1 1 1
7 97 -0,0097 1 1 1 12
8 .86 -0,0096 1 1 1
9 -95  -0,0095 1 1 1 —
10 -84 -0,0094 1 1 1 08
1 -83  -0,0093 1 1 1
12 .52 -0,0092 1 1 1 06
13 .81 -0,0091 1 1 1
14 90 -0,009 1 1 1 04
15 -89 -0,0089 1 1 1 02
16 88 -0,0088 1 1 1
17 -87  -0,0087 1 1 1 o
18 -86 -0,0086 1 1 1 -0,015 -0,01 -0,005 ] 0,005 0,01 0,015
19 -85 -0,0085 1 1 1
20 -84 -0,0084 1 1 1

Sln2X
FOO =
5. Hns pyskium Vx® 4+ 3x* Beramcanm Ta0IUITy

3HAYEHHH npu X =TNh rue h=10.01

k — _100, _99, pen gy _1,1,2, Ty 100 . HOCTpOI/IM IBE JIMHUU
110 Haﬁ]leHHBIM TOYKaM: OTACJIBbHO JJidI OTPHULATCIBHBIX U

OJI0KUTENBHBIX 1T |

5.1. Co3naem HOBBIH HCT U 3aaem ums Llar 5-6.

5.2. BBomum B mmanazoH sueekA4:A203 pabouero
nucraExceluncia _100! _99: vy _1:1:2: ey 100 . B dueiiky

C1 BBoauM uucio 0,01.

fix)

Pra2



53.B sueiiky B4 BBOomuM dopmyny =A4*$CS$I.
Konupyem popmyny no stueiiku B203.

5.4. CTpoum JIBE JIMHUU 1O HAMIEHHBIM TOYKaM: OTJIEIbHO

IUIs OTPULATENBHBIX U OTAEIALHO IS IOJOXKHTENbHBIX 11, Kak
nmokasaso B mm. 1.3-1.8.
5.5. B pesynbrare y Bac nonydarbscs ABE JOMaHHBIE KaK

MOKa3aHO Ha PUCYHKE.

A B C D E F G H I J K L M N
1 h 0,01
2
3 n nh flx)  Inif(x)l/nixl - flx)*xha Cf(xha)
4 -100 1 -0,7171
5 99 -099 -0,73677 -30,39514855 -0,733779 1,001841 1
6 98 -098 -0,75189 -14,11502855 -0,7457723 1,005959
7 -97 097 076708 -B,705434066 -0,757687 1,010137 .
H -9 -096 -0,78233 -6,013250355 -0,7695203 1,014375 5
] 95 095 -0,79765 -4,407679744 -0,7812693 1,018676 .
10 94 034 -081303 -3,345216754 -0,7929313 1,023041
11 93 093 -0,82847 -2,59293316 -0,8045036 1,027472 2 B
12 92 092 -0,34398 -2,034366789 -0,8159834 1,03197 0
13 91 091 -0,85955 -1604821817 -0,827368 1036538 -15 'TN?E\._ZD 05 1 15 Fan2
14 90 09 -0,87517 -1,265485309 -0,8386546 1,041176 N
15 -89 -089 -0,89087 -0,991662028 -0,8498405 1,045888 4
16 88 -088 -0,90662 -0,766891855 -0,8609231 1,050674 .5\
17 -87 087 -0,92243 -0,579782265 -0,8718997 1,055537 .
18 86 -086 -0,99831 -0,422198318 -0,8827675 1,06048

6. s uccieryeMon ¢byHKIIUN

In|f (0|
BBIYUCIIUM3HAQUCHUA lanl B TEX XK€ TOYKaXxX X I/I, HOCTpOI/IB
COOTBCTCTBYIOHII/IG JIBEC J'II/IHI/II/I, OLCHUM 3HAQUYCHUC a .

6.1. Ha mucre Llar 5-6, B stueiike DS Bomum Gopmyiry st

In|f 0|

BBIUMC/ICHHS 3HaYeHus lnlX|

=-LN(ABS(C5))/LN(ABS(B5))



6.2. Kotupyem popmyiny o sueiiku D202.

6.3. BeiienuB COOTBETCTBYIONIIME JTUAIIA30HbI STYCCK (151
OTPHUIIATEITBHBIX nB4:B103, D4:D103; MOJIOYKHUTENBHBIX
nB104:B203, D104:D202) crpouM ABE IUHHH 10 HaiJIEHHBIM

TOYKaM: OTACJIBHO UId OTPHULATCIBHBIX W  OTACJIBHO  JJIA

HONOKHUTENBHEIX 1, Kak mokaszaHo B mi. 1.3-1.8.B pesynbrare

AOJDKHO IMOJIYYUTHCA ABC JIMHHUU KaK ITOKAa3aHO Ha PUCYHKC.

6.4. 3nauenne @ Gepem m3 sueitkm D103 paBHOE -
0,404555323102164.

7. Hnsa wmccnenyemoit (yHkumM W HaiigenHoro @
14
perancmnm snaverns) COX? B rex ke Toukax X m, moctpous

COOTBCTCTBYIOIIUC ABC JIMHHUU, OUCHUM 3HAYCHHUC C .



7.1. Ha JIUCTE Hlar 5-6m1s BBIUHCIICHUSA

snauennsf COX ppenem B sueiiky ES dopmyry:
=C5*ABS(B5)"$D$103
7.2. BoimenuB COOTBETCTBYIOIIME JHAIA30HBI SYCCK (IS
nB4:B103, E4:E103;

nB104:B203, E104:E202) crpoum jBE JWHUHM IO HaHJICHHBIM

OTPHULATCIIbHBIX TTOJIOKUTCIBHBIX

TOYKaM: OTACIBbHO IJid OTPULATCIBbHBIX W  OTACIBHO  JJIA

HOIOKHUTENbHEIX 1, kak mokazano B mi. 1.3-1.8.B pesynbrare

AOJIKHO IMOJIYYUTHCA ABC JIMHHUU KaK IIOKA3aHO Ha PUCYHKC.

3

-15

7.3.3naueane C Oepem wu3 suerikm E102 paBHOe -

1,02492234237999.



8. ITo ToMy € MaccuBy TOYeK X IIOCTPOMM JIBE BETBU
Y y

C

rpaduka Y= X% u cpaBHUM €ro ¢ rpa@UKOM MCXOIHOM QYHKIIHH.
8.1. Ha mucre Illar5-6, B sueiike F5 s BEIYMCIECHHUSA
C
3HaquI/I51y ~x@ BBOJIUM (HOPMYILY:
=$E$104/(ABS(B5)"$D$104)
8.2. BblenuB COOTBETCTBYIOIIME AHAMA30HbI siueeK (s
orpunarensubix N B4:B103, F4:F103; mOMOXHUTEIBHBIX N
B104:B203, F104:F202) crpoum [Be JHHHH [0 HaiJICHHBIM

TOYKaM: OTACJIBbHO JId OTPHULATCIBbHBIX W  OTACJIBHO  JJIA

HOJIOKHUTENBHBIX 1T | Kak mokasano B nm. 1.3-1.8. B pesynbTate

AOJIKHO IMOJIYYUTHCA ABC JIMHHUU KaK IIOKa3aHO Ha PUCYHKCE.

4

=

(=1}

L

M2



9. [ToBTOPHUM MOCTPOCHHS ITYHKTOB 5-8 st b = 0.0001
YTOYHSISI 3HAUCHUS BCEX MPEICIIOB.

9.1. Co3zmaem konuto aucra Hlar 5-6, kak moka3aHo B IIII.
2.1.-2.4. 3amaem ums sucra Hlar 7.

4.2. Ha Jlucre Illar 7, meuseMm 3HaucHue sueiikn Cl Ha

0,0001.

10. s dysxuum fO) =K +2)arctg 3x  prucnum
tabmuny  sHavenmii nmpu X =Tk e R=0.01
n=-100,-99,..,-1,1,2, ..., 100 IMocTtpouM JBE JTHHHK

0 HaWJEHHBLIM TOYKaM: OTJIECIbHO JJIsI OTPULATCIIbHBIX H

THOJIOKHUTENBHBIX 1T

10.1. Co3mgaem HOBBIH auCT ¥ 3amaeM nuMs Ilar 8.

10.2. BBogum B aumamazoH sueekA4:A203 pabouero
macraExceluncma —100, =99, ..., =1,1,2,..., 100 | B sueiixy
C1 BBOoaMM uwmcio 1.

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

10.4. B sueiike C5 Bogum ¢opMyny A BBIYUCIECHUS
spavenns | (X) = + 2)arctg sx -

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

10.5. CrtpouM pABe JIMHMM [0 HaWJACHHBIM TOYKaM:

OTACIIBHO JIsL OTPUHATCIIBHBIX U IMOJIOKUTCIIBHBIX n .



11. [Ins wmccnenyemoil (yHKIMHM BBIYMCIMM 3HAUYCHHS

fo

X B TEX KEC€ TOYKax X ", IOCTPOMB COOTBCTCTBYIOIIHEC IBC

JIMHUHU, OIICHUM 3HAYEHUS k.
11.1. Ha nucre Wlar 8, B suciike D4 BBOoguM Qopmyny

feo

IUIs BBIYMCIICHUS 3HAYeHUsT X
=C4/B4

11.2. Crtpoum nBe JMHUM TI0 HaWJICHHBIM TOYKaM:
OTJENBHO JUIs OTPULATEIBHBIX U IIOJ0KHUTEIbHBIX 11

11.3.  3navenme K OepemMasii  OTpHULATEIbHOU
O0eckoneuHoctupaBHoe 1,24904577239825 (u3 sueiiku D4), ms
MIOJIOKUTEIBHON

6eckoHeuHocTH U3 sueiiku D203 pasnoe3,74713731719476.
12. Jns wuccnenyemMod (QYHKIMM W HaWJIEHHBIX k
peranconm snaverns) OO ~KX g 1ex xe touxax X u, IOCTPOUB

COOTBCTCTBYIOIIUE IBC JIMHHUHU, OUCHUM 3HAYCHUA b .

12.1. Ha nucre Illar 8, B sueiike E4 BBOAMM dopmyny

nns seramcnenns  snavemma) CO-KX  ppg OTpHUIATETbHON
OECKOHEUHOCTH:
=C4-§D$4*B4. Kommupyem popmyny no sueiiku E103.

12.2. B saueiike E104BBoAMM (QopMyy ISl BBIUMCIECHUS

smauenns/ OO - KX TUTSI TIOJIOKHUTETFHOM OECKOHEUHOCTH:



=C4-$D$203*B4. Konupyem dopmyay o siueiiku E203.

12.3. CrtpouM JBe JIMHMM [0 HAWJACHHBIM TOYKaM:
OTJENBHO I OTPMIATENbHBIX M MOJOKHTEIbHBIX 1T

12.4. 3nauenue b OepeM Ig  OTPULIATEIBHOMN
oeckoneynoctupaBHoe 1,27119062808401 (w3 sueitku DS), mnsa
MOJI0KUTEIbHON

6eckoneuHocTH 3 stueiikn D202 pasHoe 3,76322770096158.
13. Tlo ToMy € MAaccMBy TOYEK X MOCTPOUM JIBE

naxmonnsie acumnroteY = KX +D y cpapmum ux ¢ rpaduxom
MCXOJHOM (DYHKIIHH.

13.1. Ha nucte Llar 8, B siueiike F4 BBoauM dhopmyiy amns

BhrHcienns  sHauennsy = KX +D ISl OTPHUILIATEIbHON
OECKOHEYHOCTH:
=$D$4*B4+$DS$5. Konupyem dhopmymy o stueiiku F103.

13.2. B sueiike F104 BBouM dopMyny A BEIYUCICHUS

snavenns | O =KX nng nonoxurensoit Geckoneunoctu:
=$D$4*B4+$D$202. Komupyem dopmyny 10 sueiku
F203.

13.3. CrpouMm [Be JHMHUM TI0 HAWJICHHBIM TOYKaM:

OTJIETIbHO JJI OTPULIATENIbHBIX U MOJO0KUTEIbHBIX n,
14. TloTopuM moctpoeHus: myHKToB 10-13 mus B = 1o ,

YTOYHSA 3HAYCHHUA BCEX IMPEACIIOB.



14.1. Co3maem kommio aucra Ilar8, xak moka3aHo B Iil.
2.1.-2.4. 3agaem ums aucra Hlar 9.

14.2. Ha JIucre Illar 9, meusem 3Hauenne sueiikn C1 Ha

10.

3ajanus 1J151 CAMOCTOATEIbLHON padoThI

1. Hccnenyiite ¢ momombio Excel Toukn pa3pbiBa ClIeyrOmux

arctg(x? + x)

foo=

byHKIU: X2 1ax 143 ,
foo ln(x2% + 3x + 1) o0 2¥t2 4
X) =< x) =
J(xz+2x—3)5,f VxZ+ax + 4

2. Hccnenyiite ¢ momomibio Excel HakIIOHHBIE aCHMIITOTHI

CIIeTYIOIIHX yHKLHiA: fO)=Vx*+5x7-1

x*arctg(2x-1)

foo=

x —2
PabGora 4

IMpubéan:keHHOE BbIYMCIEHHE IPOU3BOIHON (PYHKIINH B
3amanHoi Touke (Excel)

IIpubankeHHOE BbIYMCICHHE IIPOU3BOIHOM

¢y B 3a1aHH0i Touke (Excel)

BBeaenue



[Tycts QyHKUHS o) OIpeJiesieHa B OKPECTHOCTH TOYKH

@ . Torma npoussoonoii GpyHKuUn fOO) 5 rouke @ maspiBacres

= 1@ @

x—=a X —a

[Ipocreitmumu ~ dopMynamMu  aisi  OPUOITHIKEHHOTO
YUCIIEHHOTO  BBIYMCICHHUS  MPOM3BOJHOM  SIBISIOTCA  TaK
Ha3bIBaEMBbIE 08)XMoYeyHble POPMYIIBI, KOTOPHIE MOYKHO MOJTYYUTh

HCIIOCPCACTBCHHO n3 OIIPpCACIICHUA HpOH3BOI[HOfII

£(a) zf(a+h} - f(@ £(a) =f(a)—f(a—h}

h h . Takoe
Ha3BaHWE CBSA3aHO C TEM, YTO YKa3aHHbIE (POPMYJIBI MO3BOJSIOT
OLICHUTH 3HAYCHHE MPOU3BOJHON B TOYKE MO 3HAYCHUAM (YHKIIUU

B IBYX TOYKaX.

Ecin  3aduxcupoBath  (Qynkmuro u  Touky & m
UCCIIEI0BaTh 3aBUCUMOCTb IMOTPEIIHOCTH JBYXTOUEYHON OLIEHKH
NPOM3BOJIHOM OT Majoro mara R, 10 MOXHO JjOKasarh, YTO
MOTPENIHOCTH OY/IeT MPOOPIHOHATbHA BeTHunHe b

bonee TouHas oleHka MOJIYYHUTCHA, C€CJIIM HCIOJb30BaTh

3HAa4YeHUs byHKIIU B Tpex TOYKaX:
, -f(a+ 2h) +2f (a + h) -3f (@)
@)= ”

fla+h)-f(la—h)

2h ,

f(a)=



3f(a)-4f(a—h) + fla -2

2h . llepBas wu3 »sTHX

(@)=~

(dbopMy1 HCHOJNB3YEeTCS INPU OLEHKE IPOU3BOJHOM Ha JIeBOU
IpPaHULIE TPOMEXKYTKA, BTOpas — BO BCEX BHYTPEHHUX TOYKAX
IIPOMEXKYTKA, a TpeTbd — Ha npaBo rpanuue. Ilorpemnoctu
TPEXTOUEUHBIX (HOPMYIT IIPOHOPLUOHANBHEL

Eme 60ee TOUHBIMU SABISAIOTCS (OPMYJIbI, OLICHUBAIOLIIE
[IPOM3BOJIHYI0O 1O OousbllieMy KOJIMYECTBY Touek (4 u Ooinee).
OpHako cienyeT MMETb B BUAY, YTO YBEJIMUYEHUE KOJIMYECTBA
y4acTBYIOIIMX B (OpMyse TOYEK YCIOXKHSET BBbIYUCIECHHE IO
¢dopmyIe U yBeIMUUBaeT OIIMOKY OKpPYIJIEHUS, BOSHUKAIOLIYIO IIPU
3TOM BblYMCIeHUU. [loToMy, XOTS U BO3MOXHO TEOPETUUYECKH
UCIIOJIb30BaTh JUIsl OLEHKU IMPOU3BOJHOM B JIaHHOM TOYKE BECh
MacCHUB HM3BECTHBIX 3HAYeHMH (YHKLIMU, HO Ha NPAKTHUKE 3TOrO
HUKOI'/Ia HE JIeJatoT.

Hpyroii cnoco® yTOYHEHHS 3HAYEHUs IPOU3BOJHOM —
yMmenbmienue mara b . Takoit momxon mpesncrasisiercs Golee
palMoOHAJIbHBIM S (YHKUMM, 3aJaHHBIX AHAIUTUYECKUM
BBIpQ)KEHUEM, HO HENPUMEHUM K (DYHKIUH, 33JaHHOW Tabmuien
3HA4YCHUI.

3apanue 1. Beruncute B EXcel  mpubmimkeHHO
MPOM3BOJHYIO (PYHKIIMIO B 3aJaHHOM TOYKE IO CIEAYIoLEMY
JITOPUTMY.

AJITOPUTM HAXOKAECHHUA POU3BOIHOMI



1. CocraBum TaOIHILy 3HAYEHUI ¢byHKINN
x*+3x +1
foo-——— _ _
x?+2x+ 2 npu X =Th rie h=1
n=-10,-9,..,10
1.1. BBogum B nuamnasoH stueek A3:A23 pabouero nmucra
Excel gucna or -10 g0 10 ¢ marom 1, Kak Mmoka3aHo Ha pHUCYHKe. B
sueiiky C1 BBoaum uucnio 1. B sueiiky B3 BBogum dopmyny ans

x%+3x+1
x242x+2  upm

f(x)

HAXOXK/JCHHUS 3HAUCHUH (YHKIUU
X=Nh rpek=1 n=-10,-9,..,10 .
=(A3"2+3*A3+1)/(A3"2+2*A3+2)
1.2. Korupyem dopmyity no siaeriku B23.
2. B kaxnoil Touke X =Nk ppy 1= —10,-9,...,9

OLICHUM 3Ha4y€HHE IPOU3BOJHOM MO JBYXTO4YEUHOW (hopmyie

fla+h)-f@
h . H300pa3sum  COOTBETCTBYIOIIYIO

f'(@ =

JIOMaHHYIO.
2.1. B siaetiky C3 BoguMm dopmyiy:
=(((A3+$C$1)"2+3*(A3+$CHL)+1)/((A3+$CPL)"2+2* (A

3+3C$1)+2)-((A3)"2+3*(A3)+1)/((A3)"2+2*(A3)+2))/$C$1
2.2. Konimpyem ¢opmyiy 1o staeiiku C23.

2.3. lns opopmiieHUsT M MOCTPOCHUS TIOMAaHHOU B STYCHKH

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

IIOKa3aHO Ha pUCYHKC.



2.4. Beinensiem nmuana3oH siaeek A2:C23. 3agaem KOMaHTy
BCTABKA/IUATPAMMDBI u BolOupaeM THUIl JUarpaMMel

Toueunas ¢ IIPSAMBIMHA OTPE3KaMMU., KaK IIOKa3aHO Ha PUCYHKE:

B B o e 2 T
=

M- - i
Ceogrian Pexomengyembie Tabnuua  Pucynkn MsoBpakenna Pexomenyemsie . Caognan
Talamua csogHsle Tabanue! i3 Wkreprera 47 AVErpaMME| & MEY AVErpamIa *
Tabauusl Wnniocrpaumn TMprnoxkeHua Jnarp! Toueunas Cni
[Onarpam... ~ f\ T VIR VS R Vs
o0 [0 % ~ (5L
A B C D E F [ H | 1
1 h 1 L
-2 -B3- N pal
z X fix) f{9-s2xr. | f(-3xr. | flxjrou ToueyHas C NpAMbIMK OTPE3KAMM P
3 -10 0,865854)  -0,019699812)  -0,017517136) -0,017252 .
Mysei dlaHHsiii Tan guarpaums
4 9] 0,846154|  -0,026153846|  -0,022926829| -0,022485 Wcnonk3yeTca:
3 -8 0,82 -0,036216216)  -0,031185031] -0,034 .. * AT CpasHeHIA AByk 1 Gonee
()~ Habopoe 3 i
6 7 0783784 -0,053014553  -0,044615385] -0,043097 Jg ::H:E;E RS e
7 -6[ 0,730769|  -0,083710407 -0,06836248] -0,065089 .
8 -5| 0,647059  -0,147058824|  -0,115384615| -0,107266 |— A Mpnigsnerc s cayyanc
3 1 05 03 05 02 * KOTJa TOYEK JI3HHSIX MHOIO;
* KOTJ3 A3HHBIE NPEACTAEARHT
10 -3 0.2 -0.7 -0.5 -044 Ha3gahue | coboit pastble HsMEpEHUA,
1 & 0.5 0,5 -0, -1 2
12 -1 -1 1,5 0,5 1
13 0 05 0,5 1] 1
14 1 1 01 03 02
15 2 L1 0017647059 0,058823529 0,04
16 3| 1117647 -0,002262443 0,007692308| 0,0034602
17 4/ 1115385  -0,007276507|  -0,004769475| -0,005917 & &
-1 2
18 5| 1,108108) -0,008108108(  -0,007692308| -0,008035
19 6 11| -0,007692308)  -0,007900208|  -0,008
20 7] 1,092308)  -0,006941839)  -0,007317073| -0,007337
il 8 1,085366)  -0,006157933)  -0,006549886) -0,006544 15
2 9] 1,079208)  -0,005437429  -0,005797681 -0,005784) —ffx) ——f)-5 2%
23 10| 1,07377) -0,004804975]  -0,005121202| -0,005106 ‘ =

2.5. Haxxumaem OK.
2.6. B pe3ynbrare noiayyuThcs JOMaHHas Kak MMOKa3aHO Ha

PHUCYHKE BBIIIIE.

3. B kaxoil Touke X =1k ppy = —10,-9, ..., 10
OLICHAM  3HAYeHHE IIPOM3BOJHOH MO  COOTBETCTBYIOIIEH

TpexToueyHo opmyie. M300pazum 1oMaHHYIO.



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. Koupyem dopmyny no siaeiiku D23.

3.3. JInst opopmieHns 1 OCTPOCHUS JIOMAHHOW B YCHKY

D2 Bonum fi(x) - B 3-X T., Kak MOKa3aHO HA PUCYHKE.
3.4. Beigensiem quarpaMmmy.
3.5. W3 KOHTEKCTHOrO MEHIO0 BBIOMpaeM KOMaHIy

Bei0path nanHbIe.
A Wpndr.,
B VsneHute TN guarpanns,,

Ha3eaHwe auarpamMmbl Ig Corpanuts cak wabnoH..

Bribpare gaHHele...

&

TepeMecTUTE AMarpanty..

|, Ha nepegnui npax 3
o Hazagawid nnan 3

HQZHE‘-IHTI: MaKpoC..

Vs Qopuiar obnacTn guarpanuel..

— i) flx)-82xT.
3.6. B oxne BblﬁOp HCTOYHHKA JAaHHBIX 3a1a€M KOMaHOy

J1o0aBUTD.



f : : : : . . . : : - h
Beifiop wcTouHMKa AaHHEIX M

[nana3oH gaHHe ana gnarpammet | =T1-5'15452:50523
(r @ CTpoka/crongel W
(| Bopmonies] )
3neMeHTH Nerenge (paas) MoAnMCH FOpU3OHTANBHONM 0CK [KaTEropun)
+|j [oBaBuTs " r,'ﬂwer-mrb " }(X,qa.nmb l E
b 10 -
i) -6 2T, 4 H
4
7
'6 Ld
l CKPBITHIE W OVCTHIE AYERKN ] [ oK ] [ OtMeHa ]

3.7. 3anonusem okHo U3MeHeHMe psa Kak [IOKa3aHO Ha

PUCYHKCE:
Ha3sanue OWarpammbl
i Iy
: Wsmenetne pria m
Wna paga:
=Tl 1-5‘!SD52| BribepuTe ganasoH
3HaYeHuA X
=T 1.518A83:54523 =-10; 9; §; -
1| 3nayetma ¥:

=T1-515053:50523 = {),06836248; -..

15 _—

e )] e fll¥} - RPHT e Pnd

3.8. B pe3ynbrare mosydyuThCs JOMAaHHAS KakK MMOKa3aHO Ha

PHUCYHKE BBIIIIE.



4. CoctaBuM TaOJHMIly TOYHBIX 3HAYEHUH MPOM3BOIHOU

—x2 4+ 2x+4

o=
(x2 + 2x + 2)? IPH TEX K€ 3HAYEHHAX X .

4.1. B suetiky E3 Bogum dopmyiy:

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

4.2. Konupyem ¢opmyny no siueiiku E23.

4.3. Jlna odopmiieHUs U TIOCTPOCHUS JIOMAHHOH B SIYCUKY
E2 Bogum fi(X) TO4, KaK MOKa3aHO HA PUCYHKE.

4.4. Kak moka3aHo B IyHKTe 3 B 00jacTb JuarpaMMbl
no0aBisieM HOBBIC TaHHBIC U3 quana3zona E3:E23.

4.5. B pe3ynbpTaTe AOMKHA MOITYYUTHCS AMArpaMMa Kak

IIOKa3aHO Ha pUCYHKCE:

A B ¢ D E F G H J K L M
20 «x fix) | f(x)-82x1. | fix)-B3xT. ‘ fi{x) Tou

3| 10| o8ssesa] 00195812 -0,06836248] 0017252

4 9 0045154 -0,006159846]  -0,022926829] -0,022485

5 8| 08 -opssaeue] -003185031 0,034 TE—

6 7| 0753788 -0,053014553]  -0,044615385] 0,043097

7 5| 0730769 0,083710407)  -0,06836248] -0,065089 g

8 5| 0647059 -0,147058824]  -0,115384615] -0,107266 15

3 FIEE 03] ommsan] a2

10 3 02 9] 05 o

1 BIEE 05 05 1

2 B 15 05 1

13 EE 05 1 1 | 1 n, 5
" 1 1 0,1 03 02

15 | 11 oowmoss]  osessm]  om

1 3| 1107647 0002260443 0,007692308] 0,0024602 "

17 a 11538 -0,007276507]  -0,004769475] -0,005917 '

18 5| 1,108108] 0008108108 -0,007692308] 0,008035 — ) — M-l —T-adan —fTos
19 6| 11 -0oos308 0007900208 0008

0 7] 1092208 -0,006941839]  -0,007317073] -0,007337

2 ] 1,085366] -0,006157533] _ -0,006549836] -0,006584

n 9| Lora0s| 0005437429 -0,005797681] -0,005784

5 10| 107377 -0,0048975  -0,005121202] -0,005106




5. CpaBHum

TOYHBIC

3Ha4YCHUA

MIPOU3BOJIHOMN

NpUOIMKEHHBIMHU, TIOCTPOUB TPU JIOMAHHBIE HA OJTHOM TpaduKe.

IIOKa3aHO Ha pPUCYHKC:

C

5.1. Brigensem muamason sueexk A2:A23, C2:E23, kak

A B C D E
X fix) | f(x)-e2x1. | f[x)-B3XT. f'{x) Tou

-10| 0,865854 -0,019699812 -0,06836248| -0,017252
-9| 0,846154 -0,026153346 -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 -0,147053824 -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 0,2 1
0 0,5 0,5 1 1

1 1 0,1 0,3 0,2

2 11 0,017647059 0,058823529 0,04

3| 1,117647 -0,002262443 0,007692308| 0,0034602

4| 1,115385 -0,007276507 -0,004769475| -0,005917

2| 1,108108 -0,0081031058 -0,007692308| -0,008035

6 11 -0,007692308 -0,007900208 -0,008

7 1,092308 -0,006941839 -0,007317073| -0,007337

8| 1,085366 -0,006157933 -0,006549886| -0,006544

9| 1079208 -0,005437429 -0,005797681| -0,005734
10| 1,07377 -0,004804975 -0,005121202| -0,005106

5.2. 3amaem komanay BCTABKA/IVMATPAMMBI u

BbIOMpaeM Tum guarpammel TodedHasi ¢ npsiMbIMU oTpe3kamMu. B



PE3YIbTATC HOOJIKHA IMOJNYYUTHLCA IOuarpaMmMa KakK IIOKa3aHO Ha

PHCYHKE:

Ha3BaHuWe auarpamMmbl

2

-15 -10

-15

¥

—fX) -5 2AT. ——F(x)-B3uT. {x) To4

6. IToBTOpUM BBIYMCIIEHUSI IIYHKTOB 1-5, B34B BEINYHHY
mara k= 0.1,
6.1. Jlnsa ostoro Ha HOBOM JjHcTe pabodeld KHHUTU

odopmIIsieM TabIHITy KaK MOKa3aHO Ha PUCYHKE:



L5 = T T (R = T | B A N

[ R R - - e
W ok = S WD B = L B W R O

fi{x)

fiix)-B2-xT.

fiix)-B3-xT.

-0,02704

1,188113812

0,99009901

-0,02785

1,50415888

1,346153846

1,362612]

-0,02805

1,711362032

1,607775450

1,6272191

-0,0269

1,803226827

1,75729443

1,775945!

-0,02262

1,793103448

1,798165138

1,813317)

-0,01065

1, 705882353

1,749492901

1,764

0,022624

1,569285432

1,637583893

1,643599I

0,126697

1407759044

1488522238

1,4909241

0,520362

1,239725104

1,323742074

1,323617!

1,447964

1,077348066

1,158536585

1,156863]

0,927602

092760181

1,002474538

1)

0,452489

0, 793709665

0,800655738

0,266963

0,676453041

0,735083853

0,857586
0,732331

0,180995

0,575203456

0,625830749

0,623264

0,134006

0438565489

0,531884472

0,529584|

0,105173

0414866033

0451715761

0,449704i

0,085973

0,352387279

0,383626650

0,381896!

0,072398

0,299510113

0,325942690

0,324476!

0,062355

0,254773374

0,277144243

0,275899)

0,054657

0,21691974

0,235849057

0,184542854

6.2. B siueiike B3 BBeaena dhopmyna:

=A3*$D$1

6.3. B siueiike C3 BBeneHa popmyia:
=(((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 ¢popmyina:

0,2008581312

0,2348)
0,21



=(((B3+$D$1)"2+3*(B3+$D$1)+1)/((B3+$D$1)"2+2*(B
3+3$D3$1)+2)-((B3)"2+3*(B3)+1)/((B3)"2+2*(B3)+2))/$D$1

6.5. B siueiike E3 BBenena gopmyna:

=(((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 hopmyna:

=(-(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 quarpaMMel TodyedHasi ¢ npsIMBIMHE OTpe3kamu. B

pe3yjbTaTe AOOJIKHA IIOJNYYUTHCA JAUarpaMMa KakK IIOKa3aHO Ha

PHUCYHKE:



Ha3BaHue uarpammbl

-15 -10 5 0 5 10 15

—f[x)-B2-xT. filx) -8 34T filx) Tou

7. CocraBUM TaOIUIly MOTPELIHOCTEH JBYXTOUECYHON

NpUOIINKEHHON ¢bopMmybl, BBIUNCIIASA pa3HOCTh

, f-f)
f (U) - h HpI/I h=?’l5 R rae 6 — 0-01 ,

n=-50,—49,..,—-1,1,2,...,50
7.1. Ha noBom nucte paboueit kuuru Excel BBomum B

muama3on sueek A4:A103 umcma or -50, -49,....-1,1,2,....50 ¢

marom 1, KaK IMOKa3aHO Ha pPUCYHKC (Haqano Ta6J'II/II_U>I)Z



= = R I = R B e

M EHEREREH AP
WK =S| b, o Blw (M=o

24

7.2. B stueiiky C1 BBomuM uucio 0. B siaeiiky E1 BBoauM

A B C D
0
n h 2-xTOu. | 3-XxTOU.
-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| -0,35505( -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| -0,20048( -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 sueiiky B4 BBouM dopmyny:

=A4*$ES$L

7.4. B siueiiky C4 BBOUM GopMyIty:



=(-$C$1"2+2*$CH1+4)/(($C$112+2*$C$1+2)"2)-
((B4"2+3*B4+1)/(B4"2+2*B4+2)-
($C$112+3*$CH1+1)/($C$1"2+2*$C$1+2))/B4

8. MHccnenyem 3aBHCHMMOCTBh IOTPENIHOCTH OT B,
MOCTPOUB TrpaduK Mo MpeapIayIiel Taduie.

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

8.2. 3amaem xomanny BCTABKA/JUATPAMMBI u
BbIOMpaeM TuIl AuarpaMmMbl TodeyHasi ¢ MpsIMBIMHA OTpe3KkamMu. B
pe3yibTare JOJDKHA MOJNYYUThCS JUarpaMMa Kak MOKa3aHo Ha

PUCYHKE (CM. IYHKT 9).

9. IloBTOopuM Mmiard 7-8 Jyisi MOTPEIIHOCTH TPEXTOUYECUHOU
£1(0) _f(h) - fh)

bopMmyIb 2h

9.1. B siueiiky D4 BBoguM popmyny:

=(-$C$1A2+2*$CHL+4)/((SC1A2+2*$CH1+2)72)-
((B4"2+3*B4+1)/(B4"2+2*B4+2)-(-B4"2+3*(-B4)+1)/(-
B4n2+2*(-B4)+2))/(2*B4)

9.2. Breigemsiem quanasoH stueek A3:A103, C3:D103.

9.3. 3amaem xomanngy BCTABKA/IMAT'PAMMBI wu
BbIOMpaeM ThIl AuarpaMMbl ToyeyHasi ¢ MpsIMbIMHU 0Tpe3KkamMu. B

pPE3YIbTAaTC HOOJIKHA IMOJNYYUTLCA AUarpaMmMa KakK IIOKa3aHO Ha

PUCYHKE:



Ha3paHuWe aMarpammol

o
e

[==]
L

-60 20 40 60

05

— 2K TOM. 3K TOM.

3amanme 2. Halitm neps IIPOU3BOIH KU
pBYIO 1p Yo QyH
y=4x>-4Xx+6 B TOuKe X=2. 3aMeTHM, YTO IIPOU3BOIHAS

NPUBEJCHHOM  (QYHKIMM B TOYKE X =2, BbIYUCICHHAA
AHAINTUYECKUM METOJOM, paBHa 12 — 53TO 3Ha4YeHHE Ham
MOHAZI00UTC /ISl TPOBEPKH pe3ysbTara, IMOJYyYEeHHOTO IyTeM
BBIYHCIICHUS YNCIIEHHBIM METO/IOM B 3JIEKTPOHHOM TaOHIIe.

W3 BblIeCcKa3aHHOIO M3BECTHO, YTO BBIPAXKEHUE JUIS
BBIUUCIICHUS] TIPOU3BOJHON (DYHKIIMM OJHOM NEepeMEHHOW B TOUYKE
X, UIM€ET BUJ:

f (% + )~ ()

F (%)= .




rae h — odeHp Manass KOHEYHas BeJIMYMHA. TO €CTb BMECTO
BBIp@XEHUS h MOXHO B3STh JOCTaTOYHO MAJIEHBKOE YHUCIIO,
Harnpumep, 0,00001.

Ipumeuanue. Konuuecmeo mouex nocie 3anamou 0ns
guipadicenus h 3asucums om moeo ¢ Kaxkou 3a0anHOl MOYHOCMBIO
HYJICHO B8bIYUCIUMb NPOUIBOOHYIO, €CU, Hanpumep, nPouU3800HYIO
HYJHCHO 8bIMUCTUMb C MOYHOCMbIO 00 2 3HAKO8 noce 3aniamou, mo
docmamouno 63amo h pasnoii 0,0001.

Pemenue

PemnM 3agauy AByms crioco6amu.

Cnoco0 1

1. BBoaum B sueiiky B2 pabouero nucra 3ajaHHOE 3HaYCHHE
aprymMeHTra, paBHOe 2, B Jpyroi sueiike — B3 ykaxem
JOCTaTOYHO Majloe MpHpallleHue apryMeHTa — Harpumep
0,00001, B stuelike B4 Beruncnsem cymmy B3=B1+B2.

2. B sueiiky E3 BBogmM dopMyny Ui BBIYMCIICHUS
IIPOU3BOHOM:
=((4*B4"2-4*B4+6)-(4*B2"2-4*B2+6))/B3.

3. locne Haxarus ximaBumM Enter momydaem pe3ynbTaT

Beraucienus 12,00004 (cm. puc.).



bydep oBMeHa Mu WpndT Ia BbipaBHHWEaHKNE Ia Yucno
E3 - fe || =((a*car2-a7cass)-(a*C2r2-a7C246)) 3
A E C D E F G
1
2 X 2 MpowsesogHas
3 h 0,00001 12,00004
4 %+h 2,00001
=4
Cnoco0 2

1. 3amaguM OKpPECTHOCTh TOUKH X =2 JOCTaTOYHO MAaJIOro

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

3Ha4yeHue crnpasa X,,;=2,00001 u BBexeM 3TH 3HAYCHHUS B

sueiiky B3 u B4 cooTBeTcTBEHHO.

2. BBoaum B sueiiky pabodero gucra GopMmyily npaBoil 4yacTu
3aJJaHHON (YHKIIMOHAIBHOM 3aBUCHMOCTH, HalpUMep, B
sueiiky C3, Kak mokazaHo Ha PUC., JieJlasi CChUTKY Ha STYEUKY
B3, roe HaxouTCA 3HAUCHUE X:
= 4*B3"2 -4*B3+6.

3. Konupyewm sty popmyiy B sueiiky C4.

4. B sueiiky E3 BBoAMM (hopMyIly BBIYMCIIEHUS TPOU3BOJHON
(puc.):
=(C4-C3)/(B4-B3).

B pesynbrare BeluncieHus B sueiike E3 Oymer BhIBeIEHO

NpUOIMHKEHHOE 3Hau€HUe MPOU3BOAHON 3alaHHOM (yHKUMU B



TOYKE X =2, BEJIMYMHA KOTOPOM paBHa 12, 4TO COOTBETCTBYET

pe3yNbTaTy, NOJyYeHHOMY aHAJIUTUYECKH.

Bydep oBMeHa M LWpwndgT P BrlpagHWEBaHKME
E3 - fr || =(ca-ca)/(ea-B3)
A B C D E F
X Vi MponseogHan
1,99999 ( 13,99988 12
2,00001 ( 1400012 T

3aganue 3. HaiiTu mnepBy0 MNPOU3BOAHYIO (PYHKIIMH

y :Sin2(1+i) B TOUKE ng—ﬂ.
X 14

W3 BBIIECKAa3aHHOIO WM3BECTHO, YTO BBIPAXKECHUE JUIA
BBIUHCIICHUS TIEPBOM MPOM3BOJHON (PYHKIIMK OJHON NEPEMEHHOI B

TOYKE X, UMCCT BHU/:

F(%) =

f (% +h) = f(x,)
h ,
rne h — odeHb Manas KOHEYHash BeNWYMHA. 1O €CTh BMECTO
BeIp2XKEHHsT N MOXHO B3ATh JOCTATOYHO MAJICHBKOE YHCIIO,
Hanpumep, 0,00001.
Pemenue
1. BBoaum B siueliky B2 pabGouero nucra 3ajlaHHOE 3HAUYEHHUE
aprymeHnTta, paBHoe =3*mu()/4, B apyroil sueiike — B3

YKOKEeM JIOCTaTOYHO Majioe TMpupalieHue aprymeHra —



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

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

3. Iocne wnaxkarus ximaBumm Enter momydaem pe3ynbTaT

Borumncienus 0,0000213 (cm. puc.).

Bydep obMeHa Ta WpwndT Ia BripagHWE
E3 - | =((SIN(L+1/Ca))r2- (SIN(1+1/C2))2)
A B C D E F
1
2 X 0,673198
3 Ax 0,00001 | 0,00002133
4 XAy 0,673208

3ananme 4. Haiitu BTOpYyI0 MNPOM3BOAHYIO (DYHKIMH
y =4x>—2x* B Touke X =2. 3aMeTHM, YTO BTOpas MPOM3BOIHAS

NPUBEJCHHOM  (QYHKIMM B TOYKE X =2, BbIYUCICHHAA
AHAINTUYECKUM MeToloM, paBHa 40 — 53TO 3HA4YEHHE HaM
MOHAIOOUTCA JI TMPOBEPKU pe3yJbTaTa, MOJyYEHHOTO IIyTEM
BBIYHCJICHHS YUCIIEHHBIM METO/IOM B 3JIEKTPOHHOM TaOJIHIIe.

M3 wmareMaTWKuM W3BECTHO, YTO BBIPAKEHHE JJIA
BBIUUCIICHUS] BTOPOM MPOM3BOIHON (DYHKIIMM OJHOM IEepeMEeHHOHN B

TOYKE X, UMECT BUA:



() = 167 (ks = (£ +0) =26 () + £ 0~ ).

raie h — odeHp Manass KOHEYHas BelIMYMHA. TO €CTb BMECTO
BBIDOXEHUS N MOXHO B3ATh JOCTATOYHO MAJIEHBKOE YHCIIO,
Hanpumep, 0,00001.
Pemenne
1. BBoaum B sueiiky B2 pabouero nucra 3ajaHHOE 3HaYEHHE
aprymMeHra, paBHOe 2, B Jpyroi sueiike — B3 ykaxewm
JIOCTaTOYHO MaJio€ MpHUpalleHUE apryMeHTa — HalpuMmep
0,00001, B stueiike B4 Beruncisem 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 pe3ynbTaT
Boruncienus 44,00003917 (cm. puc.).
Eypep oBMeHa WpwugT [ BHipaEHMBaHHE o Yoo Crunm
B3 v fi | U2 (aCara-2Caa- AT C2r 322 T C2-C3)3-2%(C2-C)M)

A B C D E F G H I J

2 X 2 Mpon3sogHan
3 h 0,00001 44,00003517
4 %+h 2,00001

IIpousBoaHas pyHKIMH, 32JAHHOI TAOJTMYHO



B caysae TabnuuyHO 3amaHHOW  (QYHKIMM  MMeEeM:

JIMCKPETHOMY MHOXKECTBY 3HAY€HHMIT aprymeHTa ( X; ) IOCTaBJICHO B
COOTBETCTBHC  MHOKECTBO  3HadeHud  ¢Qynkumm  (Y,),
y,=f(x),1=012,..,n. Ilar — pa3HOCTb MEXIy COCEIHUMH
3HAYCHUSIMH apryMeHTa, AX = h, IOCTOSHHBIH.
[Ipou3BoaHy0 QYHKIMH Y, B y37I€ X=X, MOXHO HaiTH C
IIOMOIIBIO KOHEYHBIX PA3HOCTEI HECKOIBKUMH CIIOCOOAMH:
v JeBble  Pa3HOCTH: Ay, =Y, — Yo, AX =X —X, =h,

Yi— YO

e

v mpaBele  pasHocTH: Ay, =Y,—VY,, AX=X,—X =h,

Yoo\ y1

ix

v’ uenrpanbhbie pasHoctH: Ay, =Y, —Y,, AX=X,—X,=2h,

Yo=Y YO

h= 2h

3aMeTuM, YTO BTOpas MPOU3BOJHAs OYyAET BBIYUCIATHCS
o ¢opmyre:

Yo~ 2y, + Yo
h2

3aganue S. Haiiftu npousBojHyro (GYHKIUH, 3aJaHHOU

ll~
y1 ~

tabauuHo. DyHKIMS Y = 6x* —4x?, tnex=0515:25..... Haiitu

HPOU3BOJHYIO (QYHKINH B TOUKE X, = 2,5.



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

!~
Y1 = :

2h
Penrenne

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

2. B sueiiky D3 BBoguM popmyiry aisi BEIYUCICHHS 3HAYCHUS
(GYHKIMH B TOUKE 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 xmaBumM Enter momydaem pe3ynbTar

Beruncienus 415,00 (cm. puc.).



3aganus 1J151 CAaMOCTOATEILHON padoThI

E4 v fu =(D5-D3)/C6
A B C o E F
1
2 X ¥
3 Hy 1,5 21,375 |MpowssogHan
4 | g 2,5 209,375 415,00 !
5 X3 3,5 851,375
[ & 2h P

3. Haiitn mepByio npomsBoanylo dyHkmma Y =3C0s*(X) B

b2
TOYKE X =—.
2

4. Haiitu nepsyro mnpomssognyo ¢ymkimm Y =2Ig°(x) B

Touke X =10. Pe3ynapTaT BEIYMCIUTD IBYMS CITIOCOOAMH.

5. Berunciurs

y =In®(x) +3x* —log, (x)

MIEPBYIO

IIPOU3BOJHYIO byHKIIIN

B Touke X=8. Pesynbrar

BBIYUCIIUTb ABYMSI CIIoco0aMH.

6. Haiitu BTOpylo mpom3BoHy ¢ymkumx Y =3C0S°(X) B

V2
TOYKE X =—.
2

7. Haiitu BrOpylo mpomsBoanyio (ynkuun Y =2lg°(X) B

Touke X =10.



8. BpruncnuTh BTOPYIO IIPOU3BOIHYIO ¢byHKINN
y =In®(x) +3x* —log,(X) B Touke x =8.

9. Haititm mpoms3BoaHYyH (YHKIMH, 3aJaHHOW TaOJIWYHO.
OyHKIHU Y = 3x% +2x°, rnex=123,..... Haiitn
HPOU3BOHYIO (QYHKIHHU B TOUKE X, = 4.

10. Haiitu npou3BOaHYIO (YHKIHMH, 3aJaHHOH TaOJIMYHO.
®dyukius Y =2°, raex=123,..... Haiitu npousBoanyo

¢byHKIMH B TOUKE X, = 3.

Pabora Ne 5

MOHOTOHHOCTD U MOKMCK JIOKAJIBHBIX IKCTPEMYMOB (PYHKIM I
(Excel)

MOHOTOHHOCTD ¥ MOHMCK JIOKAJIBHBIX IJKCTPEMYMOB (PYHKIHH
(Excel)

BBeaenue

Bospacratomue,  HeBo3pacraiomue, — yObIBaollue U
HeyObIBatonye (QyHKIMM Ha MHoxkecTBe D HazpiBaroTcs
MOHOTOHHBIMH Ha JTOM MHOXECTBE, a BO3pacTalollue U
yOBIBaIOIIIE — CTPOr0 MOHOTOHHBIMHU. VHTEpBaibl, B KOTOPHIX
byHKIMsA MOHOTOHHA, Ha3bIBAIOTCS HHTEpPBAJIaAMH

MOHOTOHHOCTHM.

HeoOxoaumbie yciaoBusi Bo3pacTtanusi (yObIBaHUsI)

¢pyakmuu. Eciu  nuddepennupyemas Ha UHTepBaie (a: b)



GyHKuus foo BospacTaer (yObIBAET), TO ffeO=0 (=0

s moboro X € (@; by,

JocTrarounblie yciaoBusi Bo3pacTaHusi (yObIBaHHs)

pyuxkmun. Ecoun Gynkus foo muddepeHnrpyemMa Ha HHTEpBaIe

({1: b) u f.(X) :} D (f‘(x:) { 0) 1 n}0601—~0 X e (a: b)’ TO ATa
¢byHkuus Bo3pacTaet (yObIBAaeT) Ha HHTEPBAJIEC (a: D).

Ilpumep. UccnemoBath  (QYHKITUIO fO)=x*-3x -1 Ha

MOHOTOHHOCTbD.

Pewenue. @yHkuus ornpenesieHa Ha BCEW JIEWCTBUTEIBHOW OCH:
X € (== ) Haiizem IPOU3BOIHYIO GyHKIHUn:
fx)=3x2-3 =30 - D + 1)

fOO>0 ppy xel==—Dull; +=) , fOO<o ppy
xe(-1;1)

Omeem: byHKIHS BO3pacTraer Ha WHTEpBajax

(—oo; —Du(l; +=) y yOBIBaCT HA HHTEPBAJIC (-1;1),

Touka Xo w3 obmactu omnpeneneHus (QyHKIHAHU o)

Ha3bIBAETCSl TOUKOM MUHHUMYyMa (MakCUMyMa) 3TOW (YHKIIMH, €CITU

Haiizercst Takas 0-OKpPEeCTHOCTh (X0 =85 Xo +90) r1ouxu Xo, 4rO



nist Becex X # Xo 13 9TOM OKPECTHOCTH BBIMOJIHAETCS HEPABEHCTBO
feosfogy (fo<fo).

Touykn MUHMMYMa M MaKCUMyMa Ha3bIBAIOTCS TOYKAMH
IKCTPeMyMa, a 3Ha4eHUs (YHKIUU B ITUX TOYKAX HA3BIBAFOTCS
IKCTPeMyMaMM (PyHKIMH.

[TonsTue sKkcTpeMyMa BcCerja CBS3aHO C OINpeAesICHHOM
OKPECTHOCTbIO TOYKM M3 00JacTH ompeaenacHus (yHKIUU.
[Toaromy pyHKIIHS MOKET UMETh SKCTPEMYM JIUIITH BO BHYTPCHHHUX
TOukax oOmactu ompenenenus. Ecnu y (QyHKIMH HECKOIBKO
HKCTPEMYMOB, TO X HA3bIBAIOT JIOKAJTbHBIMH.

Heo6xonumoe ycaoBHe IKCTpeMyMma. Ecmm

nudepennupyemas Qynxius Y =f0) pmeer SKCTPEMYM B

Touke Xo, TO €€ NPOM3BOAHAS B DTOH TOYKE paBHA HYIIIO:

fxp)=0
[eoMeTpHYECKH PABEHCTBO f &) =0 osmauaer, uro B

Touke oSkcTpemyMa muddepenuupyemoit dynkiuun Y = foo

KacaTenbHas K e€ rpaduky napauiensHa ocu OX.

OnHako, 00paTHOE HEBEPHO, TO €CTh €CIIU [ O)=o0 , TO
3TO HE 3HAYuT, 4To Xo — TOYKa SKcTpemMyma. Hampumep, s

3
Gynxmun Y =X eé npoussoguas:

-

— 2 — —
Y =3X" pama mymo nmpu X =0 po X =0 pge Touka

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



CymiecTByIoT (pyHKIIMH, KOTOPhIE B TOYKAaX JKCTpEMyMa

HE UMEIT npou3BonHOW. Hampumep, HempepbiBHas (yHKIHA

Y =Xl g rouke X = 0 npoussogHoii He MMeeT, HO Touka X — 0
— TOYKAa MHUHUMYMA (TaKKe MOXKHO yOeOUThCA IO rpaduKy
byHKIHN).

Takum 00pa3zom, HenmpepbIBHas (QYHKIUS MOXET HMETh
SKCTpEMyM IHMIIb B TOYKAX, TJie IPOM3BOJAHAS (YHKIMH paBHA
HyJII0 MId He CYyHNECTByeT. Takue TOUKM HA3bIBAIOTCS
KPHTHYECKHMH.

I[OCTZITO‘IHOC yYdioBue€ I3IKCTpEMyMma. Ecimm

nenpepsieras  ¢ymxkums Y =F @) quddepenmupyema B

HEKOTOPOW 3-OKPECTHOCTH KPUTHYECKONM TOYKH Xo u TIpH

nepexojie uepes Heé (CaeBa HANPABO) IMPOM3BOHAS 00 venser
3HAK C IUII0CA HA MUHYC, TO X0 €CTh TOYKa MAKCUMyMa; C MUHYCa
Ha III0C, To X0 — TOYKAa MUHUMYMA.

HUccnenoBath (DYHKIMIO Ha DKCTPEMYM O3HA4YaeT HAWTH Bce €€

OKCTPEMYMBI. HpaBI/IJ'IO HUCCICIO0BAaHUA q)YHKI_II/II/I Ha SKCTPEMYM:

1) Haiitu kpuTrdeckue ToukH QyHKImH Y =f ),
2) BpiOpate ®3 HUX JIMIIb T€, KOTOPBIC SIBISIFOTCS

BHYTPEHHUMU TOYKaMU 00JIacTH omnpeaeneHus: GyHKIHHY;

3) HUccnenoBaTh 3HaK MPOU3BOIHOM 0O crepan crpaBa OT

KaXJI0M U3 BLI6paHHBIX KPUTHYCCKUX TOUCK;



4) B COOTBETCTBUHM C JOCTaTOYHBIM YCIIOBHEM JKCTpEeMyMa
BBIIMCATh TOYKM OJKCTpeMyMa (€CIM OHU €CThb) H
BBIUMCIIUTh 3HaUCHUs PYHKIMH B HUX.

X
R

IIpumep. Haiitu 3KcTpeMyM QyHKINUN 3 .

Pewenue. OueBUaHO, D(y)=R

1 2 1 ¥x—2

Haxoaum mpousBoaHyo QyHKIHMU y 3 3-¥x 3 Vx

[TpousBoanas He cymiectByeT mpu X1 — @ u paBHA HyJIO NpU
X2 = 8 | Dru TOYKM pa3OMBAIOT BCIO 00JIACTh OIPEIEICHNs Ha TPH
HHTEpBAaa (—; 0),(0;8), (8 +=) OTtmeTum 3HaKU

HpOI/I3BOﬂHOﬁ CJICBa U CIIpaBa OT Ka)KI[Oﬁ N3 KPUTHYCCKUX TOYCK:
+ - +
O O >

CremoBarenpho, X1 — 0 — Touka Makcumyma, Ymax = Y(0) = 0
9 YM )

4
— . = 8 = -
u X2 = 8 — touka MUHUMYMa, Ymin =Y () 3

NHorma  ObiBaeT  ymOOHBIM  MCIOJB30BATh  JIPYroit
JIOCTAaTOYHBIM MPU3HAK CYIIECTBOBAHUS AKCTPEMyMa, OCHOBAHHBIN
Ha ONpeIeJIEHUU 3HaKa BTOPOU MPOU3BOTHOM.

Bropoe paocraroyHoe ycioBMe 3KcTpemMyma. Eciu B

Touke Xo TEepBas MPOM3BOAHAS (DYHKIIUH o) paBHa HYIIIO



fOd=0) , BTOpasi IPOM3BO/IHAS B TOUKe Xo CYIIECTBYET U
ormuna ot myns (F ") # 0), 1o mpu [ o) < 0 g touke Xo

GyHKIUS ©IMEeT MAaKCUMYM i MUHUMYM — IIPH [ =0

OmauM u3 Oosnee 3¢G(HEKTUBHBIX CIIOCOOOB HaXOXIACHHS
NpUOMMHKEHHOTO 3HAYCHUSI KOPHS SIBJISICTCSI MeTO/ KacaTelbHbIX.
PaccmoTpum npuMeHeHHe 3TOro MeToja Ha npumepe: C moMOIIbIo
rpadUuecKoro MeToJa HAUTH TPOMEKYTOK [a: b], Ha KOTOPOM
HAXOIUTCA JIEACTBUTEIbHBIN KOPEHD
X* ypasrenus X* + 4X —3 = 0 [loms3ysics Merogom HetoToHa,
MOJIYYUTh TPUOIMKEHHOE 3HaUYeHUE KOPHS ¢ TOYHOCTHIO A0 0,001.

Kpatkas reomerpuueckass CyTb MeTOAa COCTOUT B
CIIETYIOILIEM: cHaJayia c TTOMOIIIBIO CHETIHAITLHOTO
KpUTEpHS BBIOMPASTCS OJMH W3 KOHIIOB OTpe3Ka. DTOT KOHEI|
HA3BIBAIOT HAYANbHBIM TIPUOTHKEHUEM KOPHS, B HAIIeM IIpUMeEpe:

Xo =1 | Temeph MPOBOMMM KacaTeNbHYIO K Tpaduky (GyHKIHHU

3 —
fO)=x*+4X-3 5 qouke ¢ abcuecoit Xo = 1 (cunss

mouka u qbuwzemoeaﬂ KClCameﬂbHCl}l):



JlanHasi kacaTenbHas Tepecekyia och adcIucc B KENTOU
TOUYKE, U 00paTUTe BHUMaHUE, YTO Ha MIEPBOM IIare Mbl yKe MOUYTH
«TIOTIANTK B KOPEHbY»! D10 OyHeT nepsoe npubImKeHHe KOPHS X1 .
Jlanee omyckaeM >KENTHIN MEPHEHIUKYIAP K rpaduky GyHKIUU U
«I101Ia/Ia€M» B OPaHKEBYIO TOUKY. Uepes opaH)KEeBYIO TOUKY CHOBA
MPOBOJIUM KacaTelIbHYI0, KOTOpas mepeced€T och emeé ONmKe K
kopHo! U Tak panee. HerpynHO NOHATH, 4TO, MCIIONB3YSI METOJ

KacCcaTCIbHBIX, MBI TOBOJIBHO 6LICTpO HpI/I6J'II/I)I(aeMCH K ICIn, U OJId



noctmkenns  tounoctn € — 0,001 porpeGyerca  6yksanbho
HECKOJIBKO UTepalui.

Pemienne. Ha mnepBoM 1miare cienyer OTACIHTb  KOPEHb
rpapudeckd. OTO  MOXHO  cenaTb NYTEM  HOCTPOCHMS
rpaduka [ ) =x* +4x -3

Ntak, ICKOMBII KOPEHb IPUHAJIIEIKUT OTPE3KY [0;1] u [IPUMEPHO
pasen 0,65-0,7.

Ha BTopoM miare Hy>)XHO BBIOPATh HaAUAIbHOE HPUOIUIICEHUE

Xo KOpPH:I. OOBIYHO 3TO OIWMH M3 KOHIOB OTPC3KaA. Hauansnoe

MPUOIKEHUE JOJDKHO YIIOBJICTBOPATH CIICAYIOIIEMY YCJIOBHIO:
f&)-fx)=0

Haiiném [IEPBYIO U BTOPYIO IIPOU3BOAHBIC byHKINN

fX)=x>+4x-3.

fOO=03+ax -3 =3x2+4

[ =06x*+4) =6x

B KauecTBe HaYAILHOTO IPUOJIMIKEHUS BEIOMpaeM Xo — 1 .

Ha Ttperbem mare Hac oOXxpmaeT gopora K KopHio. Kaxmoe
Hocyeaytomee NpUOIMKEHHE KOPHS Xn+1 pacCUMTHIBAaETCsS Ha
OCHOBAaHMW  TPEAMIECTBYIOIIMX  JaHHBIX €  TIOMOIIBIO
clenywouel pexyppernmmoti HOPMYIIbL:

foe
e

Xn+1=Xn —

feo)

A <&
Iporecc 3aBepmaercss mpH BeMoONHeHMH yciosus U (Xn)



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

rae € — 3apaHee 3a1aHHas TOYHOCTH BBIYUCIEHWH. B pesysbrare

3a TpUOMIKEHHOE 3HAYCHHE KOPHS MPHUHUMACTCA <«QHHOE)

X* %Xy

NpUOIMKEHUE:
Ha mpaktuxe pe3ynabTaThl BBIYUCICHUN yI0OHO 3aHOCUTH B

Ta6nnuy, IIpU 3TOM, YTOOBI HECKOJIBKO COKpAaTHuTh 3aIlrChb, I[p06b

_fow
hp =7 ——
4acTo 0003Ha4aroT yepes JEOE
, f(x,)
n | x (x,) "(x.) h,=—=
n .f n ,f( '] n nf (.:\'n)
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 BbuuciieHus nposoauM B Excel — ato Hamuoro yno6uee

u ObICTpEE.

BoinosiHeHne padoThl.

Onpenenenue obnacTeil BO3pacTaHus U YObIBAaHUS (DYHKIHH.

UccnenoBanmne pyHKIMM Ha JIOKAJIbHBINA SKcTpeMyM. Kputuueckue

TOYKH.

1.1. 3agaua.




HaiiTi TOYkH JT0KaJIbHBIX 9KCTPEMYMOB U obiactu BO3pacCTaHus U

yObIBaHUs (HYHKIIUU
y=x-e*

Pemenue:
[TpousBoaHast GyHKITNH:

Y= e* -2x2e ™ = (1 — 2x2)e*" .

y=0npux= i?:iﬂ,?ﬂ?.

[Toctpoum Ha nucte Excel rpaduk GyHKIMU U ee TPOU3BOAHO.

B e Paena opan

[y Ebomm - X+

=g o — wt 2 pwen- @ L

Ty rEAclEc|2-A Ol e T Fr (P ateree
Gygep dbmena i Wpnpt & BaipasHmEaME & 4ncne & e Suzitnn PegaiTuposaue ~
1 S F | Mowex kopua F(x)=D

A B c D E F & H 1 ] K L M N [} P Q R s T
1[0 X ) fix
zl L 9 ! L HasBaHHe Marpammbi
3| 7 01 009005 D.9ESBdS .
4] 3 02 019m5m 0 ”
5] 4 03 02m17M 08B o
6| 5 D4 03408575 0797587 b
1] 6 05 03534004 0.542013 o
3| 7 06 04186058 0401332 o
9 8 07 04288385 0.032646 s
10| 9 08 04218335 -0.53101 0z
il 1 09 00T -L3FT o5
2 1 1 036787 2788 u
B 12 11 038007 47615 1’3
1 B 12 omem s 0
B n 13 02398754 -12.39%4 o 02 04 05 0B 1 12 14 15 18
B 15 14 0708 0B
7| 15 15 0158098 332071
B U 16 01367 53295
=]
=1
x|
2
=

wal @ ¢ y

Toosa ¥ Cpepec SB0IB00068  Kommeaoo: 42 Cowez 1680550024 || @ ] - i + %
———T T ——— e —— . ——

Puc. 1.1.1. TToctpoenue rpaduka GyHKIIHH.



V2

x=—=0,707

N3 rpaduka BuAHO, UYTO 2 — TOYKa
makcumyma. T. k., pmaHHas QYHKOUS — HEYEeTHas, TO

vz
x =-—= —0,707

2 — TOYKa MUHHMYMa.

V2 V2

CrenoBatenbHO, WHTEpBaJ Bo3pactanus (yHkuuu ( 2 , 2 ),

(=)o)
—w,-— Ju|— , +=].
UHTEPBaJIbl YOBIBAHUS (DYHKI[HH 2 2

Huxe pacCMOTpUM [IBa crmocoba 0Gosiee TOYHOTO OIIPCACIICHUSA

3HAYCHUH TOYEK IKCTPEMyMa.
1-# crioco0.

W3 npuBenenHoro Bblme pucyHka 1.1.1 BuaHO, 4TO TOYKa
MakcuMyma pacnoisiokeHa Mexay 0.7 u 0.8. OTmeTum nuanazoH
B10:D19 wu caBunem ero BHuU3 Ha 10 cTpok, Temepr Ha

OCBO60,[[I/IBI_HCMC$I IMPOCTPAHCTBE B CTOJ'I6I.[C B 3agaquM 3HA4YCHUA

X ¢ marom 0.01 u BeramcauMm B croionax C m D 3HaueHUs
¢byHkuu U ee npousBoaHoil. [loctynas Tak ke eile HeoOXoaUMOe
YHUCJIO pa3, OMPEACIUM 3HAUCHUH TOYKHU SKCTpeMyMa ¢ TpeOyemoi

TOYHOCTBIO.
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B Pmwecpawas  Oopuym  fawe  Peonpossne  Bag  Paspaboran

o ¥ E fees) B - .
o . fllz it En Berasams E {1‘? 0
- ‘ * X Vamm v []- ~
Beranvme .m0 Yonoenoe  Gopmaposars Cwm Copruposxa Haiman

fopramposaine rakrabnmy - meecr EEOOPRETT & b ey

UWipngr i Buipasrmsarme 5 Yoo i Crunn Rueion Pegparuposarme ~
F10 = & N
[ 8 4 D £ P 5 H 1 ! 3 L M N 0 p Q R s -
1[0 % ) fx)
2 E ! ! L Hasganne anarpamml
3| 2 01 0.095004953 0.989849 ,
4] 302 0J92I57866 0957546 =
5 403 02M1756 0837228 e
6| 5 04 0340857516 0.797367 o
7] 6 05 03300332 0642013 o
8 7 06 0ALBSOSTI6 0401332 o
9 3 07 0.428333475 0.032646 0E
Iy 5 0707 042581933 0.000455 oz
I 10 OW7 0421 31605 015
2 1 OWTm 0421935 000083 01
3 1L 07 042883191 -0.0009 o5
413 DWW 042888156 00037 0
15| 14 0L 042888181 -0.00184 0 02 0 06 08 1 12 14 16 18
5 15 ON%  04BMI7M 0001
U 16 DW7 0428881641 000277
B 17 0N 0AZISH 00034
8 18 DA 042888103 0007
D13 05 04283393 05301
2l ™ 05 0AET26 1397
2 a 1 03T 271526
7%_ 2 11 0.328MT007_-4.76195 -
Mnerl ® 0 ¥
foose % B mo- 1 + 10%
o T — - — =T = — — La—

Puc. 1.1.2. OnpeneneHue ToOUEK SKCTPEMyMa.
2-ii coco0.

Ucnonb3oBanne meroga HeloToHa (MeToda KacaTelbHbIX)

peuicHu-d ypaBHeHI/Iﬁ MO3BOJIACT pCHIUTH TAKYIO 3a/1a4y.
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[ECFUIPM Bcrocka  Posueracrparmusi  opwynbi  [anwbie  Peuerswpopanme  Bug  Paspaboramc @ Yo

¥ ot T g =% 5 oo . '-'.. D D' B Beranime v | 3 - QY p
B b Fovgamms - 8]

L. gpmm < & Voworoe  Oopuetuposoms Cram Copruposka  Haiimam
= 7% popmaruposanme~ KkakTabnuuy < mveex~ [ Dopmar " ndunetp~ seiennms~

Bythep o6MeHa i Wpndst ] BeipasHuBa HHE & Hneno, & Crumn Ak PeAaKTADOBaHIE -

Ba - -
E‘,Pmrt‘{ XKkY4- . DA ===

A B C D E F G H 1 J K L M N 0 P Q R -

) Mowck kopHa f(x)=0 METOROM KacaTeAbHOM

3 Xk (k) Xk kL Xk

34 0.7 0.012252528 -1.73251 0.707072136 0.00707214
35 0.707072136  5.94366E-05 -1.71561 0.70710678 3.4645E-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

mal | @ . 3

foroe0 it m - 1 £ 10%

T —— — — T — el

Puc. 1.1.3. Meron xkacaTenbHbIX JUIsI OINpEAEHEHUS KOPHS

MPOU3BOIHOM.

Tpebyercs HailTH KOpeHb MPOU3BOAHOMN TaHHOHN (PYHKIMH
f(x)=o0 '

X = 0.7 _ yauanpHoe npuOIIKeHNe, TOTA B Pe3yNbTaTe
UTEPAIIHOHHOTO nporecca HaXOJISATCS MOCIIEIYFOLIHE

npubIKeHus mo Gopmyse
xyk +=xk - " @ k)/freek)
VYcioBue okoHYaHMS Mpoliecca

|xk+1 _xkl =0



C KOMITBIOTEPHOU TOYHOCTBIO.

B siueiike J34 pacrosaraercs HadaabHOE IpUOIKeHue Xk
i o) i
, B squciike K34 - BEIYMCIICHHOC 3HAYCHUE k’» B sueiike L34 —

3HAYECHHUE frex k), B suciike M34 — 3HaueHue
X,k +n=xk - f" o ky/frox k) , B sdeiike N34 —
spauenne [ Xk+1~Xkl, B suciixy J35  kommpyercs suauenme
Xk+1 Ui BBINOJHEHMs CIEAyIOIeH wurepauuu. IIpomecc

3aBepuIaeTcs Mo yclioBuio: 3HaueHue B siueiike N34  pasno 0. B

JaHHOI 3a/1a4e

X =0.707106781.

3-i croco0O.

DTy 3amadyy MOXKHO PEHIuTh, UCHOJIb3ys cpenctBo Excel
«ITox6op mapameTpar.

Jns1 3TOTO CneAyeT BBIOJIHUTD CIEAYIOIINE 1eUCTBUS.
1. PacmonoxuTh B TepBOW siueike HayalbHOE MPHOIMKEHHOE
3HaueHne x=x0.

2. Bo BrOpoil suelike MNOMECTUTH (OPMYITY, BBIUUCISIONIYIO

snauenne | (o).
3. Habpats: HAHHBIE —Anamu3 «Uro ecnu» — [lonbop

napamerpa



4. 3anath 3HaYEHUS APIYMEHTOB
VYcTaHOBUTH B Aueiike: Aapec BTOpOH sueiiku
3nauenue: 0
N3MeHsis 3HaueHue s4eku: AApec NepBoil TYEHKH.
PaccMoTpuM Hcrionb30BaHME YKAa3aHHOIO CpeACTBa Ha
IIpUMEpPE TaHHOU 3a/1a4u.
Tpebyercs HallTH KOpEHb YpaBHEHUS

(1 —2x2)e™** =0,

IIPU yCJIOBUM, YTO HAYAILHOE IPUOIIHKEHHE X — 0.7

B sueiiky B31 nomemaem 3nauenue 0,7, B sueiike B32

— 2y 2)p-Xx?
BBIMHCIIIEM COOTBETCTBYyIOMIee 3Hauenne (1 — 2X?)€™ | 3arem
obpamaemcsi k mpouenype «Ilog6op mapamerpa», Kak MOKa3aHOo

BBIIIIC.



B C D E F G H J K L M N 0
16 07076 0428881734 -0,0023
17 07077 0428881641 -0,00277
18 0,7078 0,42888153 -0,00324
19 07079 0428881403 -0,00371
20 08 0421833938 -0,53101

21 09 0,40037226 -1,3937
2 1 0367873441 -2,71828
23 1,1 0,328017007 -4,76195
24 12 0,28431331 -7,93491
25 13 0,239875381 -12,8984
26 14 0197201783  -20,73
21 15 0158098837 -33,2071
28 16 0,123687585 -53,2956
29

30

Ell 07, 0007506222

mAg e 68 6B s aD e

Puc. 1.1.4. Meron «Ilogbop mapameTpoBy» AJis ONpeaeNieHrus KOPHS

MPOU3BOAHOM.

Vka3zpiBaeM APTYMCHTEHI COTJIACHO CIICAYIOIICMY KaJlpy:

MoaBop napametpa ? >

YTaHOBMTE B AYeRKe: 20531 Ez

3HaYEHKWe: ]

WzmeHan sHaueHWe aueiikn: | SBS3| Fhz
=




PesynbpTar OynmeT mpencTaBlieH B YKa3aHHBIX SYCHKaX Kak

MpeACTaBIeHO Ha pucyHke 1.1.5.

B C D E F G H )
28 16  0,123687585 -53,2956
29
20
31/ 0707 0000111133

mAgm 68 3 ax®h 8 D 8

Puc. 1.1.5. Pesynbrat Mmetona «Ilogbop mapameTpoBy.

Cnenyer oTMeTHTh, uTO npouenypa «llonbop mapamerpar
MO3BOJISIET BBIYMCIUTH MOAOMpAEMOE 3HAYEHHE C TOYHOCTHIO
nopsiaka 0,001. TToatomy, eciin HEOOXOIUMO TTOTYIUTh 3HAYCHHE C
0ojee BBICOKOM TOYHOCTHIO, CIEAYyeT HCIOIb30BaTh METOJ

HrroTona.

1.2. 3agaua.



HaiitTu TOUYKM JOKaTBHBIX SKCTPEMYMOB U 00JIACTH BO3pACTaHUS U

yObiBanus Gynkuuu Y =X - Inx

Pemrenue:

T pynkuuu Y =X - lnX  o6nacteio ONpENENEHUS  SABISIOTCS

X > 0  BpgpcnuM TaGIMIy 3HAYCHHUH mpu X — 0,01 +nh | rpe

h=00s n=0,1,2,..,32

1. BBogum B nuanaszon siueek A2:A34 pabouero nucra Excel uncia

1,2,..,33 B sueiiky B2 BBoaum uucno 0,01. B sueiixy B3
BBOUM (opmyny B2+0,05. Kommmpyem hopmyny no siaeiiku B34.
2. B sueiiky C2 BBommM dopmyny =B2*LN(B2). Konupyem
bopmyny no sueiiku C34.

3. Beimensem nauanazon sueek B2:C34. 3amaeM komaHay
BCTABKA/JUATPAMMBI u BblOMpaeM TuUll —JAMArpaMMbl
ToueuHasi, Kak MOKa3aHO Ha PUCYHKE.

[Toctpoum Ha nucte Excel rpaduk GyHKIMU U ee TPOU3BOIHOM.



B Pawenacpang  Gopiyms i ] E o
C 3 n 3 0

H

N i po RITERY 'y B O6uwi r Boan - 3 Ay p
0. = ¥ Bypmm - - 0
Beraenme < KK Y4- v Do A Br Crpm B8 Yenoemoe Gopwarwposats (e, : e Copmposka  Haitm n
- dopuamposanne - rerTabmuy~ sueexe = OopwaTT b ppenim -
Eyhep obuera 1 Wpngr R Bupaswcamee  © dncn 5 Coumn Suedien Pegartuposanne “
P18 - 3 v
A 8 c D £ F M N o P Q R 5[
1|0 Xi fixi) #(x) npub 7{x) mo2
2] 1 001 -0.045051702 -3.60517
3| 2 006 0168804643 -136749 -181341
4 3 o1 024280024 -124408 -L20727
5| 4 015 -0.93713034 -0.84836 -0.83258
6 5 01 0327736027 057026 -D.56065
7] 6 026 0350233148 -0.35331 -0.34707 .
5 7 031 036306674 -0.07555 -D.17118 18
9 8 036 0367794443 -0.02489 -0.02165
10/ s 041 0365555229 010512 0.108402 s
1| 10 046 035720343 0.221495 0.223471
1 1 051 0343405722 0325049 0.326655 -
b5 2 056 0324698357 (0.41885 0.420182 ¥=Fix)
1| jE] 061 -0.301520756 0.5045B2 0.505704 :
15 1 066 0274240193 0.583526 0.584485
16| 15 071 -0.243168119 0656662 0.65751
7 15 076 -0.208572003 0.TM8A1 0.725563
8 17 081 0170684035 0.7BS6A3 0.783279 15 1
1| 18 086 0129707685 0.843613 0.849177 1
2 15 031 -D.0BSE2718 0.505186 0.905689 i
21 2 036 0039183115 0.958726 0.959178 N
2 bl 101 0.010M49834 1003542 100395
1 7 105 (OFITESMI LOSTER 1058069 -
Twerl o] 1 ¥
foroso & H g o- b + 0%
T —— T — - = = - T — —- | —

Puc. 1.2.1. TTocrpoenue rpaduka GyHKIHH U €€ IPOU3BOTHOM.

Touka MurumyMma Gynkmun X = 0.367879441

1.3. 3agaua.

Haiiti TOuku JIOKaJdbHBIX 3KCTPEMYMOB U 00JIaCTH BO3pacTaHus U

yObIBaHus pyHKIHn Y = Vx?

[Toctpoum Ha mucte Excel rpaduk ¢pyHKIMU U ee TPOU3BOIHOM.
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acpamp  Oopuyis  fawwe  Peecupoanse By Paspabaranc

@ X § Eboom, -

® b Ju AL = ay T E- ;\w /O
LBy = Vg - [~
Bomm L MK W-Ze B . B @@ Yoowee Sopangowm Com . Copupoma Haran
. gopuanmoszine” KaTaEmay” muescr = Gopuar WEWIETD T BegemiTe T
Byep ofuera & WpngT Yarno = Com Auedinn e
on v £
A B 4 D E F G H 1 ) K L M N 0 3 Q R s
10 X fixi) fi{x) npub f{x) moa y={'r.rn2 )
2| 1 201 1592687989 05285 =
3| 2 81 L4SHPS4 054753 -LS4TO =
4 3 L6l LIMETATSE 05645 -0L56881
5 | 1 41 L2SMITIM 059542 5945
6 5 421 LI3SS08127 06269 -DL62S62
7 5 0L LOOGESSENS -0.66642 -0.66M6
8 7 081 DEGEMOMS 0TI -L7ISIE
£l 8 061 OJIS6T3 079262 -O.78608 . ,
10 9 041 0S184%5 0949 08T
no 1w 021 D3S[OME 1637 L1159
2 u 001 D.MBHISEES D501 -3.09439
B 1 013 D.33MSRITE 1218451 1159643
u B 033 D.S3S7RI9 093385 0.91MT
5 m 053 DJ0MS2333 0.80195 0794861
6 15 079 DESASTAE2 LTMETS 0721162
7% 059 D.993273 057039 0.668904
B 1 119 112860515 06041 063511
CI 133 124549875 0558265 0597361
2 it} 159 1362074834 DS7I858 0571184
il 0 L7 LA7ADAIGH6 D5I9576 0.549066 !
2 1 193 LSB051%6 0530417 0.530019
7 il 2 219 1.ARAANAIAT 0.513366
Juerl o
foosn B =3 m- ] + 10%

Puc. 1.3.1. IToctpoenue rpaduka GpyHKIHUA U €€ IPOU3BOTHOM.

1.4. 3apgaua. Uccnenosanme (QyHKIMH fOO=lcosxl

JIOKAJIbHBIN 3KCTPEMYM.

Halitn Toukn JTOKaJbHBIX 9KCTPEMYMOB U o0iactu BO3paCTaHUs U

yobiBanus Gyakiun Y = ICOSX1,
Pemenne:

Jannast QyHKUMS YeTHass U MEpUOAMYEcKas C MEepUoaIOM

paBebiM T . CremoBarensHo, €e JOCTaTOYHO MCCIEAOBaTh Ha

OTpE3Ke JJIMHOM, paBHOM MOJIOBUHE MEPUOIA.



Hcrnons3ys onpeneneHue MOayIIsl, MOKHO IIOJIyYUTh IPYroe

npencTaBicHue QyHKIUU:

) {COSX, npu cosx =0,
fe= -cosx, npu cosx < 0.

CnenoBaTensHO, MIPOU3BOHAS 3TOH byHKIUA

OIPEACISIETCSI CICAYIOIUM 00pa3oM

—sinx, npu cosx = 0,
sinx, npu cosx << 0,

floo= {
HNnu
f'(x) = —sgn(cosx) - sinx.

e
W3 mocneaneil GopMyIbl cIeayeT, 4TO MPOU3BOIHAS fo

oopamaerca B 0 B Toukax 1L 1 eN. [lpuyeM B Kaxa0d u3
YKa3aHHBIX TOYEK MPOM3BOJHAS MEHSET 3HAK C IUII0Ca Ha MUHYC,
3HAYUT yKa3aHHbIe TOYKHU ABIIAIOTCA TOYKaMHU MaKCI/IMyMa, B

KOTOPBIX (DYHKITUS TOCTUTaeT 3HAUeHUN PaBHBIX 1.



T
—+ mn,neN
KpOMe TOro, B TOYKax 2 IMPpOU3BOJHAA

UMEeT TOYKH pas3pbiBa 1-ro poja, B KOTOPBIX €€ 3HAUYCHHE
MeHsieTcst ¢ -1 g0 1 (Cckauku MPOW3BOJHON), TaKMM 00pa3oM, B
yYKa3aHHBIX TOYKaX (YHKIHS AOCTUTaeT MUHUMYMOB, paBHBIX 0.

OTH TOUYKH ABJISIIOTCS YIJIOBBIMU TOUYKAMMU.

Hcnonw3ys Excel, aTy 3amauy MOKHO pelInTh CIICAYOIUM

obpa3zom.

Ha nmucre Excel 3amaaum tabnuiyy 3HaueHHi QYHKIMU U €¢
npou3BoHON Ha oTpeske [-1.8; 3.20], comeprkaiiem mepuoj ITOM
¢bynkuuu. [TycTs mpu 5TOM 3HaYSHHSI apryMeHTa X BO3pAcTaroT C
mwarom A=0.02  [Tpy stom B amanasone B9:B259 pacnonaraem
yKa3aHHblE 3HA4Y€HHsA aprymeHTta, B jauanazoHe (9:C259
BBIUUCIIIEM COOTBETCTBYIOLIME 3HAYEHHUS (DYHKIMHM C MOMOILBIO
dopmynsr ABS(COS(BY)) ¢ mocnenyrommMm MpoaoKeHHEM Ha

OCTAIbHBIE SYEHKM Juama3oHa, B guamnasone D9:B259 -
COoSX
COOTBETCTBYIOIIHE 3HAYCHUS (YHKIIUN , B JAama3oHe

E9:E259 - coorBeTcTByIOmMe 3Hauenns GyHkuuu SUX | g
nuanasone F9:F259 BerymciIsieM COOTBETCTBYIONIME 3HAUYCHHS
[IPOU3BO/THOM GyHKIMH c MIOMOIIBIO (hopmytbl
ECJIN(COS(B9)<0, SIN(B9), - SIN(B9)) mnocrexyrommm
MPOJIOJKEHUEM HA OCTaJIbHBIE S4YeMKHM auana3zoHa. Ilocme 3toro

cTpouM Tpaduku GyHKIMH U ee mpou3BoaHoM (cM. Puc. 1.4.1.).



2 Haimun
ssgeniTs

Bcraswms <

g A LR AR B Bt 8+ o

ByGep ohmena Wwpugr BupssHisaie Yueno Cruam Auziivn HpOSaHME A
Ovarpam... ™ k=

A ] C 0 E F G H 1 J K L M N ] ® Q R s T 1
1 Hicenrenosanne (yrKim it} =|cosy| Ba TOKANBHEL IKCTpMYM
2_
3 fi)=  [oosx]
1 a= 18 y=|cosx|
5| b= 314159
6| b= (5
7,
8| X flx) o8 sinx fix)
9 80BN LT 097385 19TMT
0| AT 00T8MG 007825 -0.95395 -0.9833855
1| A7 0128844 -0.12884 -0.95166 09516648
2 LG 0071 -0.07512 -0.9987 -0.596865 s .
B A6 00092 0019 -0.99957 09995736 b N
| LS5 0.020795 0020785 -0.9%978 0.9557838 T T4
15| A5 0070737 070737 -0S5RS  0.967485
16/ 145 | 0120503 0120503 -0.99271 0592713 Vi
ol 1A 0169967 016997 -0.98545 0.985M97
18| L35 0219007 0219007 097572 09757234 T
1 A3 026799 067499 095356 0.9635582 I8 1
2 L35 0315322 0315322 094896 0.489846 T b
a 12 0362358 0362358 -0.93204 0.9320351
| AL15 | 0408487 0408487 -0.91075 09127639

Nwarl * [l »

Toom & B3 O- + + W%
— T — - — =0 = — — {— a4

Puc. 1.4.1. IToctpoenue rpagukoB GyHKINH U €€

MPOU3BOIHOM.

Ha puc. 1.4.2. u 1.4.3 uzo6paxensl rpa¢puku GyHKINU U €€
npou3BoHOM. 13 rpadukoB BUAHO, 9TO PYHKIUS HETIPEPBHIBHA, HO

€€ MPOM3BOIHAS UMEET TOYKH pa3phiBa 1-ro poxa.



y=|cosx]|

-4

Puc. 1.4.2. I'paduk pyHKIMH f ) =Icosxl

y=f(x)

1,5

-4

Puc. 1.4.3. I'padux npousogHoi

f'(x) = —sgn(cosx) - sinx

AHanu3upys TpapuKd UM Y4YUTHIBas IMEPUOJUYHOCTH

(QyHKLIMH, JenaeM BBIBOJ O TOM, 4To B Toukax X =TIL 1 € N



(yHKIHS JOCTUTAET CBOM MAaKCUMAJIbHbIC 3HAYCHUS, paBHbIC 1, a B

T
—+ mn,neN
TOYKaxX 2 CBOM MUHHUMAJIBHBIC 3HAUCHU A, PaBHBIC 0.

T
—+ mn,neN
HpI/Iqu, TOYKHN 2 ABIIAKOTCA YI‘J]OBLIMI/I TOYKaMHU

rpaduka QyHKIUHU, TaK KaK B 3TUX TOYKAX MPOU3BOAHAS (YHKIIUU
TeprnuT paspeiB. Ciemyer oOpaTuTh BHUMAaHWE HAa TO, YTO TIPU

Inepexoac 4€pe3 BCC YKa3aHHBIC TOYKHU ITPOMU3BOJHAA MCHACT 3HAK.

3agaHus 1191 CAaMOCTOSITEILHON padoThI.

3amavya 1. HaliTu TOYKM JIOKQJIBHBIX 3KCTPEMYMOB U

obnactu BO3pacTaHUS u yOBbIBaHUS byHKIIIN
x + 4 + 2 -1 —5)
Y= x*+ 16 '

3agaua 2. HaliTu TOYKM JIOKQJBHBIX 3KCTPEMYMOB U

0011acTH Bo3pacTanus U yobiBanus Gynkiuun Y = X =V F-x7%

3amaua 3. HallTu TOYKM JIOKaJbHBIX SKCTPEMYMOB U

00J1aCTH BO3pacTaHus U yobiBaHUs QyHKIMH Y = VT + X%

PabGora Ne 6

YmncsieHHOE HCC/IeI0OBAHNE BHIMMYKJIOCTH (PYHKIIUM U MOUCK eé
TOYeK neperuda



BBenenue

I'papux  muddepenumpyemoii  Qynkuum Y =f0)
HasbiBacTCA BBLIMYKALIM BHH3 Ha untepsate (& D)) econ om

PacCIIOJIOKECH BBIIIC JII000H €€ KacaTeJbHOH Ha 3TOM HHTEPBAJIC.

I'padux dynxoun Y =[O pasuisacren BBINYKJbIM BBepPX Ha

HHTEpBaje (a; b), €CIM OH pacIloJIOKEH HIKe JH00i eé

KacaTeJbHOW HAa 3TOM MHTEpPBAJIE.

Touka rpapuka HempepblBHOH QyHkmun Y = f ),
OTJIENISIONIAs €r0 YaCTH Pa3HOM BBIMYKJIOCTH, Ha3bIBACTCS TOUYKOM

neperuoa.

IIpu3Hak BBINYKJOCTH Ha HMHTepBaje. Ecan ¢yHkuus

Y=f&) o Beex Toukax unreppama (@ b)  umeer

froo<oe

OTpULATCIIbHYIO BTOPYIO IIPOU3BOJHYIO, TO €CTh ,

TO rpaduk (QyHKIIMM B 3TOM UHTEpBaJIe BHITYKIbIH BBepX. Ecin xe

[0 >0 5o peex Tourax mmrepsana (@ D), 1o rpamx —

BBIITYKJIBIM BHU3.

JlocTaTo4HOe yC/10BHe CYIECTBOBAHMS TOYeK mepernoda.

Ecnu BTOpas nmpoussoaHas oo npH Tepexoje 4epes Touky Xo,



B KOTOPOM OHa paBHA HYJIIO WIH HE CYIIECTBYET, MEHAET 3HAK, TO

Touka rpaduka GyHKuuu ¢ abcuuccoit Xo ecTh ToUKa meperuoa.

IIpumep. VccrnenoBath Ha BBINYKIOCTh U TOYKH reperuda rpadpuk

byHKIHAHA
y=x*-x+s

Pewenue. Haxonum IMPOMU3BOJHBIC IICPBOI'0O M BTOPOI'O IMOpPAAKaA:

s — 4 r - 3
y =sx*-1, Yy = 2ox". Bropas [POM3BOIHAS

o

CyIIECTBYET Ha Beel uncnopoii ocu. Y — 0 mpuX = 0
vy >o mpu X >0y vy <o mpu X <0

5
CrnenoBarensho, rpaduk dyskmmn Y =X~ =X T 5 yureppane
(=9} 0) — BRIMyKJIBIA BBEPX, B HHTEPBAJIE (0; +oo) . BBIITYKJIBIN

BHU3. Touka (0; 5) ecTh TOuka neperuda.
BoinosiHeHne padoTsl.

Onpenenenune o6jacTeil BOTHYTOCTH H BBINYKJOCTH

¢ynkouun. Toukn neperuda.

Haiitn Toukm mepernba M 00JIaCTU BOTHYTOCTH W BBITYKJIOCTH

byHKIIHA
foy=x-e™

Pemenne:



Haiinem nepByro npon3BOAHYIO () YHKITUU:
foo=1.e*+x-e™ .(2x)=™ -1 —2x?)
Bbraucianm BTOPYIO MPOU3BOIHYIO () YHKITUH:

"= @) -y y = -2l g- ) relate)- (i == 3wy '),
CrnenoBaTeiabHO,

ffeo=o

mpu X1 = 0 yX23 = & 1s,

Borurcium Ha nucte Excel snauenus GyHkipm
foo=x-e™

1 €€ BTOPOM MPOU3BOAHOMN

ffeo= —2x-3 —2x"2) L-ed'(—x"2)

MOCJIE€ Yero mocTpouM ux rpaduxu (cm. Puc. 1.2, 1.3).



Func311 - Excel

8, Nogenvmeca

[T Boeska  Pammenacipswmgs Oopwynei  Janwsie  Peuernnposawe  Bug  Paspaborumx @
% kg = - ) Freaum - X A
Beragis E%' ihh; e jl &.AAAV . :M % om | Qo que muw’a_r_‘w)p)usarb Cm% .E:ymm ’ ngw::an Hﬁw
bopuaTuposarne ™ Kek Tabnnuy v Auesk- B Dopmat T i duasTp ssgenuTs -
bypep obuera Wpugr & BripasHisarie & e o Crunn Sueiitn Pegakmposatie -
M1l v fe v
A B c D E F G H I b F
1| y=x- o~
2,
3 X )y
4 1 -2 -0.03663 -0.36631
5] 5 25 o518 0433 HasBaHwue guarpammbl
6 3 .18 -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 01581 -0.4743 02
10 7 14 01972 -0.36285 o
11 8 -13 -0.23988 -0.18231 ! ik
12 9 -1.2 -0.28431 0.06824 N
12 1N 11 N 222n72 N 22ng -
[men | @ : ;
foros0 ] : i _ _ _ . L B m - 1 + 175%

Puc. 1.1. cxXomubIii JUCT.

-3




Puc. 1.2. I'papuk ¢pyHKIMM.

Puc. 1.3. I'padux BTOpOIt NpOU3BOJHON QYHKIIUH.

3 I‘pa(bI/IKOB BUJHO, 4YTO YKa3aHHBLIC TOYKH SABJIAIOTCSHA

TOYKaMHu  TI€p eruda. I[J'IH OMNpCACIICHHUA TOYHOI'0 3HAUCHUA

X =VI.5  \oxno wucmonb3oBaTh OGO W3 ANTOPHTMOE,
onucanHbix panee. Ha Puc. 1.4. uzoOpaxkeH rpapuk BTOpOit

HpOH3BOI[HOﬁ B YMCHBIIICHHOM Maciraoe.



y - f " (X)
0,0015
0,001

0,0005

0
1,2238 1,224
-0,0005

1,2242  1,2244 1,2246

1,2248

1,225 1,2252

-0,001
-0,0015
-0,002

-0,0025

Puc. 1.4. I'padux BTOpOI MPOU3BOIHON (PYHKIINH.

Pemrasg mocraBieHHYXO 3a7ady, MOJHO HCIIOIb30BaTh
NpUOIKEHHbBIE (POPMYJIBI JUIsl BBIYMCIEHUS BTOPOUM MPOU3BOIHOM

byHKIMHA



Oopwpns  farve  Pessranposarine

= s = E I Ay
o e o b =k B 2wl P
R O O N ot el M .
(¢} E £ | Basis v
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 1.224] 1.22401] 122402 0273601 0.273605 0.27361  -0.001967315
5 12241 122411 122412 0.273556 0.273561 0.273565  -0.001700862
6: 12242 1.22421 1.22422 0.273512 0.273516 0.273521  -0.001432188
7] 12243 122431 122432 0.273467 0.273472 0.273476  -0.001164624
8 12244 122441 122442 0.273422 0.273427 0.273431  -0.000896505
9 12245 122451 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 122472 0.273289 0.273293 0.273298  -9.32587E-05 00001
12 122471 122472 1.22473 0.273284 0.273289 0.273293 -6.4948E-05
Lnu_;t @ q o
oo 89 BlE 0 - 1+ o=

— T — = e = el = 2

Puc. 1.5. Bebluucienue BTOpoW NPOM3BOJHON (PYHKIUH IO
MPUOIMHKEHHON opmyIie.

CormocTaBisis  pe3yyibTaThl BBIYUCICHHS TO TOYHOU U

NpUOIMKEHHOW (QopMyniaM yOexkmaeMcs B MX COBIAICHHH. (CM



Puc.1.6.)

y=f"(x)

0,00015

0,0001

1,2247 1,224711,22472 1L274731,224741,224751,224761,224771,224781,22479

-0,0001

Puc.1.6. I'paduk BTOpOIl NMpOM3BOIHONW (DYHKIMH, BBIYMCICHHOM
0 MPUOTUKEHHOUN (popMyIie.

3agaHus 1J151 CAMOCTOAITEILHOMH padoThI.
Bagaua 1.

Haiitu TOukm neper nba u obiactu BOTHYTOCTU H BBIITYKJIIOCTU

byHKIIUU
y=e*-cosx.

3agaua 2.



Haiitu Touku meperunba u 001acCTH BOTHYTOCTH M BBITYKJIOCTH

byHKIIUU

y=V¥x+8-Vx —1.
3amaua 3.

Haiitn Toukum meperub6a u 0OJACTH BOTHYTOCTH M BBITYKIJIOCTH

byHKIIUN

x2-x—-2o0
Y= x—-2
PaGora Ne 6

IMonHoe uncienHoe uccienosanue ¢pynxuuu (Excel)

BBeaenue

Uccnenosanue Gpynxuun Y = f ) 1eI1eco00pa3HO BECTH B

OHpGHGJ’IGHHOﬁ IOoCICa0BATCIBbHOCTHU.

1. Haiitu o6macts onpenenenus GyHKIHH.

2. Haiitn (ecu 5T0 MOXHO) TOUKH NEPECEYEHHs TpaduKa

C OCSIMHM KOOpJMHAT.
Haiitu acumnrorsl rpaduka GpyHKINU.

Haiitu  skctpemymbl ~ (YHKUMH W HMHTEpPBaJbI

MOHOTOHHOCTH.
5. HaiiTu wWHTepBaJbl BBIIYKIOCTH W TOYKU Ileperuda

rpaduka QyHKIUH.



Ha ocHOBaHWM NPOBENEHHOTO HCCIEIOBAHUS MOCTPOUTH
rpaduk ¢yHkuuu. Eciom rpadguk He COBCEM MOHSTEH, TO MOKHO
JOTIOJTHUTEIBHO TOCTPOUTH HECKOJIBKO TOYEK TrpaduKa U BBISIBHTH
apyrue ocobeHHocTH (YHKIHH (MIePUOJAUYHOCTh, YETHOCTB).
WHorma 1nenecooOpa3HO BBINOJIHEHUE OMNEpaIfii MCCIET0BaAHHS

COIIPOBOKAATH OCTETIEHHBIM TIOCTPOCHUEM rpadrka GyHKIHH.

X

Ipumep. ViccnenoBath HyHKIUIO 4 1 -x?% u nocrpouts

e€ rpaduk.

Pewenue. 1. ®ynkuus He ompemenena npu X — 1 n

X = 71  O6nacth €& OnpeneeHns COCTOMT U3 TPEX HHTEPBAIIOB:

(—oo; —1)u (-1;1) v (1; +*), a rpadux us Tpex Betsei.

2. Ecou X =0 10 Y = 0  T'padux nepecekaer ocu OX u

Oy B Touke (0; 0).

3. Mpameie ¥ =1 p X = —1 gpuqroTca BEpTMKAILHBIMH

acUMIITOTaMHU. BbBISICHMM Hanudue HaAKIOHHOM aCUMIITOTHI:

X

~ i 17X i —
e im T2 0

1



x lim ix

b = lim (

X—oo 1 —xz

Cnie10BaTeNIbHO, €CTh FOPU30HTaANbHAA acumnrora Y — 0,
Ipsvas Y = 0  spusercs acummroroin mpu X —~ Ty npu

X —= —ow

4. Haxogum HHTCPBAJIbI BO3pAaCTaHUA H Y6LIBaHI/I$I

¢bynkun. Tak kak

( X ) 1-A-x*-x-(2x) x*+1
YU T asaye a-a

ToY = 0 g o6uactu onpezeneHus, 1 QyHKIUS SBISETCS

B03paCTaIOHleI>'I Ha KaXXJIO0M UHTCPBAJIC o0yactu OIIPCACIICHUA.

KpUTHYECKUMH TOYKAMU SIBJISIOTCS TOukd X1 — 1 ¢
X2 = —1, HO OHM HE MPHHALIEKAT OOJACTH ONpEIEIECHUS

¢yHkun. OYyHKIUSA SKCTPEMYMOB HE UMEET.
6. HccnenyeM (QyHKIMIO Ha BBITYKIOCTh. Haxomum
BTOPYIO IPOU3BOIHYIO:

2z

Yy’ =

( Xt+1 ) 2a0(L-x- 0 + D2l - 120 2x(e* +3)

L-x22") (1-x2* RO
Bropas npousBojHas paBHA HYJIIO WM HE CYLIECTBYET B

toukax X1 =0, u %= —1,X3=1 Touka (0; 0) — Touxa

neperuba rpapuka (ynkuuu. [paduk BeIMYyKIBIA BBEpX Ha



uatepBanax (-1; 0) u (1; +0), BBITTYKJIBIA BHU3 Ha MHTEpPBaJIax

(o5 —1) u (0; 1).

[octpoum rpaduk GyHKIMM:

=

¥

[

BbinosiHeHue padoTsIl.



[TpoBecTn monHOEe HccienoBaHWe (YHKIUU U TOCTPOUTH

rpaduk:
x%-2x +2
foo= v
Pemenue:
1. O6nactp ompeeIcHUs byHKIIUN

D(f)=(==Du; +=), HOCKOJIBKY  (pOpMysia, C TOMOIIBIO
KOTOPOH 3a/aHa (yHKIHs, UMEET CMBICI NP BCEX 3HAYEHUAX X
kpome Toukn X — 1 | KoTopas SABISETCA TOYKOM paspbiBa 2-TO

pona pynkun. JlelcTBUTEIBHHO,

. o XxZ-2x+2
lim =———  “=
x—1—o X—-1

_m_

TaK KaK UYHUCIUTCIIb B  OKPECTHOCTU X =1 IMpUuHHUMACT

OJI0KUTENBLHOE 3HAYEHHE, a 3HAMEHATENb IIPU CTpeMIeHud X K 1
cleBa CTPEMHTCS K HYJII, OCTaBasChb  OTPULATEIbHBIM.
AmnHajgoruyHo,

xz—zx—i—z:

m +Co.
x—1+0 X—1

Takum obpaszom, ¥ — 1 — pepTuKaNbHAs ACHMIITOTA.



2. EnuHcTBeHHass Touka mepecedeHus: rpaduka (QyHKIUU C

oceto 9Y : (0; -2). OueBumno, uto nepeceyenuii ¢ ocero 90X per,

TaK KaK YHCIUTEIb JpoOU CTPOro OOIbIIE HYIIS.

3. Hccnenyem (yHKIMIO HA HATMYKME HAKJIOHHBIX aCUMIITOT C
nomoipio Excel. B nmamazone B4:B20 pasmectum 3HaueHHS
He3zaBucuMol mnepemenHoit ot 1000000000 mo 10000000000, B
nuana3zone C4:C20 cooTBeTCTBYIOLIUE 3HAuU€HUs (QYHKIHH, B
muanazone D4:D20  BeiumMcauM  3HadYeHHs — KoddduIMEHTa

foo
a=—-,
X B guamazone E4:E20  BeluMciauM — 3HaYeHUS

ko> puIMEHT b =f0)-ax. g crenyer u3 pacueros @ = 1,
b=—-1 Taum o0pa3oM, ypaBHEHHME IpaBOW HAKJIOHHOMN

acUMNToThl Y =X — 1.
AHaJIOTMYHO MOKHO BBHIBECTH YpaBHEHUE JICBON HAKJIIOHHOM

ACHUMIITOTBI

y=x-1.



T u [ [=a %”k’!m | Z-
Eydep obmera Wpndr I BupasuBarme 3 HYuco i Cramn Ao -
Gl fe

A B C D E F G H I J K

1 —

2 —

30 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

1 1E+09 1E+09 1 -1

12 1E+09 1E+09 1 -1 I

12 — 1FELNQ 1FLNQ 1 1

Jerl o

[Er ] E E O —+

— T ——— — . I e—] ) 2

Puc. 1. HaxoxaeHnue ypaBHEHHS] HAKJIIOHHOW aCUMITTOTHI.

4. Brrancnum nepByro Mpon3BOAHYIO QYHKITUH:
. x(x—2)
(pe—1)12
N3 mocnemnedt  dopmynsl  ciemyer, d9To 1-i1  TPOM3BOJHAS

oOpamiaercs B HOIOb B TOYKAaX X1 — 0; X, = 2. C momommro

Excel BbIsicHUM MMeeTcs 1M B 3TUX TOYKaX SKCTPEMYMBbI (DYHKIIHH.



Boapa  Powemacpamu  Oopep  [awe  Peyescuposanie

0 —
x L’rg D 1_, %"Enaum > gv p

e

Coprupossa Hafimm

Yonosoe  Gapnaruposars Crunn

dopusmpozzne izt e pusser = 00mETT &b e e
Bydep ofmena Uipwgr © Bupassmsatie 3 Yoo = Crm Aueiin PepaKTupoBaKiE A
o019 = 13 g
A B C D £ F G H 1 ) K L M N 0 -
1,
2,
| i X fix) fix) .
4 15 25 5 y=flx)
5| 155 2.36818 -352292 6
6 16 226667 -251852
7] 165 218846 -131293 g
8 17 212857 -130321 .
9 175 208333 092593
10 18 205 -064062 3
1 185 202647 -0.42072
7y 19 201111 -024829 2
B 195 200263 -011095
u 2 1 888E16
5 2.05 2.00238 0.090811 o
i 21 2.00909 0.166041 0 1 2 3 1 5 6 7
7 215 2.01957 0.229062 i
Muerl @ 4 3
=3 BlE D+ w=

Puc. 2. IToctpoenue rpadmka B OKPECTHOCTH KPUTHICCKUX TOUCK.



y=f(x)

6

Puc. 3. Ipaduk QyHKIEE B OKPECTHOCTH TOYKHU

JKCTpEMyMa.

y=f"(x)




Puc. 4. I'padux mpousBogHONH (YHKIMH B OKPECTHOCTH

TOYKHU IKCTpEMyMa.

Kak BHIHO W3 IPUBEICHHBIX I'paduKOB B Touke X2 — 2

GyHKIUS JOCTUTaeT MUHHMYMa f@=2 AHaJIOTMYHO, MOKHO

MOKa3aTh, YTO B TOYKe X1 — O (yHKIUS JOCTHraeT MHHAMYyMa

f)=—2.
5. BbIumciauM BTOPYIO MPOU3BOAHYIO (DYHKIINH:

y'=2(x -3)/((Ex -1)I'2)

Bropas npou3BojHas 00pamaercs B HOIb B TOYKe X — 3.
C momormrpio EXcel BbiscHMM sIBISieTCS M B 3Ta TOYKA TOYKOMN

nepernda QpyHKIUH.



Banmsie

A - 5o | B B BEelir 0
by xr SRR LI R e
Eydep obuena 1 Wongr 5 Bupasknsanme 5 [ 5 Cowmn Rueiien Pegacmpasarme ~
E6 - b3 v
A B c D E F G H 1 ] K LE

4 i X fix) '(x)

5| 15 25 12 y=f(x)

6 16 226667 -7.77778 5

) 17 212857 -5.30612 a5

8 | 18 205 375 4

9 19 201111 -2.71605 35

10 2 2 2 3

n 21 2.00909 -1.4876 25

12 22 203333 -111111 )

3 23 206923 -0.8284 s

14 24 211429 -0.61224 .

5 25 216667 -0.44444 05

1A 2A 2298 N 2175 -
jiﬁ . . _ _ _ S _ S H e @ - 1 + 105

Puc.5. Boruncnenue Touku neperuoa.

y=f(x)
4,5
3,5
2,5
1,5

0,5



Puc. 6. Iloctpoenune rpaduka (PyHKIMH B OKPECTHOCTH TOYKH

neperuoa.

Puc. 7. [Iloctpoenue rpaduka MNpOU3BOAHOM (YHKLIUU B
OKpPECTHOCTH TOUYKHU Ieperuda.

Kak BHAHO W3 NpHMBENEHHBIX TIpadukoB Touka X — 3

ABJIAETCS TOUKOH nepernda GyHKIUU

OueBuHO, 4TO TpaguK QYHKIIUU «pa3IeieH» Ha ABE YaCTH

OTHOCHTEIBHO BEpPTHKANbHONW acuMnrotel X — 1 . Tloctpomm

rpaduKH «IeBON» U «I1paBoil» 4yacTu QyHKIHUU.



JleBas yactb rpaduka

1,5

Puc.8. Toweunslii rpaduk JIeBOM  YAaCTM  OTHOCUTEIILHO

BCpTHKaJIBHOﬁ ACUMIITOTHI.



MpaBana yacTb rpadmka

25
20
15

10

Puc. 9. Toueunsi rpaduxk npaBoil YacTU OTHOCHUTENIBHO

BepTHKaHLHOﬁ ACUMIITOTBI.

3,5



e

(R

=

¥ >

Puc.10. OGuuit Bun rpaduika GyHKIIHM.



