Tema 1 Pemienue HeJIMHEHBIX yPaBHEHH

1.1 OcHOBHBIE IOHATHS

B o0miem cnydae ypaBHeHHE ¢ OZHUM HEW3BECTHBIM umeeT Bug f(x)=0.
Ecnu ypaBHeHne ot onHo# HemsBecTHOU nMmeeT BuA: f1(x)=f2(x), ero Bcerga MoKHO TpeoOpa3oBaTh K BHIY
f(x)=0, roe f(x)=f1(x)-f2(x).
Kopenn ypasuenusi f(x)=0— 3T0 Takoe 3HAYCHHE X , IPH KOTOPOM BBIIOIHSETCS paBeHCTBO f(X )=0.
I'eomeTpudecku KOpeHb ypaBHEHUS — 3TO abcIucca TOUYKH niepecedeHus rpaduka pynknmn f(x) ¢ ocero OX.
Y

/X,

Knaccudukaums ypaBHeHU B 3aBMCMMOCTY OT Buaa f(x)

YpaBHenue
[
[ |
JIuneiinoe .
Henuneiinoe
(omHO penieHne)
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[ |
TpaHcueHIeHTHoe
Auaredpandeckoe PAHCUCHA
. (HeompeaeneHHoe
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KOJIMYECTBO PEIICHHI)

(f(x)=a-x+b).

b
Jl71s Hero CyIecTByeT eJMHCTBEHHOE pelIeHHe: X = ——.
a

Jluneiinoe ypasnenue umeet pu; 2 X+b = 0

Aneebpauueckoe ypasrnenue CONEPKUT CyMMBI LIEJbIX CTETEHEH X.
a,-x"+a,_-x"T+a, - x"Z+.+a,-x +a,=0

N i _O f _ N i (1)
I/IJ'II/Izai'X = ( (x)—Zai-x )
i=0 i=0
JleBas yacTth ypaBHeHus (1) Ha3pIBaeTCS MOJMHOMOM (MHOTOYJIEHOM) CTEMEHU N, THE€ ag, aj, . . . an —
KOX(PUITUEHTHI TOTUHOMA.

Hanpumep, 5-X' =7-x" +3-x-4=0_ anreGpanueckoe ypaBHeHue 4-if cTeneH.

AnreGpandeckoe ypaBHEHHE CTEIIEHH N UMEET N KOPHEH (1eHCTBUTENBHBIX MIIM KOMILIEKCHEIX).

Tpancyendenmmnoe ypasnenue MOXKET CONEPKATH X B HELEJION CTENEHH W/WIH TPHTOHOMETPHYECKHE,
norapu(pMUUECKHe, TOKa3aTeNbHbIE U APYTUe CIeluanbHble (QYHKIHH OT X.

Hampumep, X2 +2—\/;=O, sin x+5-x=7.3, e'+x-1g 2.-x=0

B 3aBucHMOCTH OT BXOJAIINX B ypaBHEHHE (QYHKIMH TPaHCLIEHACHTHOE ypaBHEHHE MOXKET UMETh:
—  OeckoHEYHOe MHOXECTBO KopHei. Hampumep, g ypaBHeHHS sin(X)=0 KOpHSIMHU SBISIOTCS 3HAYCHUA
x* = k-7, r/1e K — nesoe 9ncio (pucyHok 1.1);
—  eAUHCTBEHHBIM KopeHb. Hampumep, 1isi ypaBHEHUs Jx-2=0 KOpHEM SBISIETCSl 3HaueHue xX* = 4
(pucyHok 1.2).

o X
—  He uMmeTh KopHeit. Harpumep, s ypasuerus 3~ +5=0 Her umcen x*, 11 KOTOPHIX BHINOIHAETCS
paBeHctBoO 0 (pucyHok 1.3).
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Pucynoxk 1.1 PucyHok 1.2 PucyHok 1.3

1.2 Knaccudukanus MeTo10B pelieHHs] YPABHEHUI

Bce Meronpl pemieHUs HENIMHEWHBIX YpaBHEHHH MOXHO pa3feiUTh Ha JIBE TPYIIBI: aHATUTHICCKUE H
UTEepaIMOHHBIE (IPUOIHKEHHBIE).

Ananumuyeckue memoowpl NO3BONAIOT HAUTH TOYHOE pelieHHEe ¢ nmoMompio ¢popmyn. OHU pazpaboTaHbl Iist
HEOONBIIIOTO  KJIacca  ypaBHEHWI:  KBaJIpaTHBIX, KyOWYeCKHX, OWKBAJPaTHBIX, CIEIUAILHOTO  BHJA
TPUTOHOMETPUYECKHX W Jorapupmudecknx. Hampumep, ¢opmyna ans HaxOoXICHUS KOpPHEW KBaApaTHOTO
ypaBHeHus1, popmyia Kapaana s pelieHus KyOMUecKuX ypaBHEHUH,

Hmepayuonnvie (uuciennvie) memoovt MOTYT OBITh HWCIIONB30BAaHBI I JIOOBIX ypaBHCHHWH, HO OHH
MO3BOJISIIOT HAXOJUTh NPUOIIKEHHOE PpEIIEHUE C 3aJaHHOW TOYHOCTHIO. TOUYHOCTH BBIYMCIICHHS MOKA3bIBACT,
HACKOJILKO MPHUOJIKEHHOE 3HAUYEHHE KOPHS MOXET OTJIMYaThCs OT TOYHOTO. B MTepammoHHBIX METOJax 3aJaeTcs
HEKOTOPBIN aJITOPUTM PEIICHHUS, KOTOPHIH MHOTOKPATHO PUMEHSIETCS K YPAaBHECHHUIO.

Ecmm anreOpamdeckoe Wi TPaHCICHACHTHOE YpPaBHEHHE TOCTATOYHO CIIOXKHO, TO €ro KOPHH OYEHb PEIKO
yaaeTcsi HaWTH ToyHO. Kpome TOro, ypaBHEHHE, ONMUCHIBAIOIIEE pEabHBbIC (U3MUECKHE IPOILECCHI, COACPKHUT
KOA((UIMECHTHI, U3BECTHBIC JHUINb MPHOIM3UTEIRHO. B 3TOM ciiydae 3aiaua TOUHOTO OMpPE/CIICHUST KOpPHEH TepseT
CMBICII.

[TpubnmkeHHOe HAXOXKICHNUE M30JIMPOBAHHBIX JEHCTBUTEIBHBIX KOPHEH ypaBHEHUS (YHUCICHHOE PEIICHUE
YpaBHEHUS) COCTOUT U3 IBYX ITAIIOB:

Jran 1. OtTaejieHHe KOpPHel — HAXOXACHHE TOCTATOYHO MAaJbIX HHTEPBAIOB, KAXKIBIM M3 KOTOPBIX
COJIEPXKUT POBHO OAMH KOpeHb ypaBHeHHA. ClemaoBaTenbHO, JIFOOOE 3HAYCHHWE M3 TAKOTO IPOMEXYTKa SBIIICTCS
MPUOTMKEHHBIM 3HAYEHUEM 3TOTO KOPHSL.

Jtan 2. YTouHeHHe NPUOIUKEeHHBIX 3HAYeHUIl KOPHeil — onpeieJIeHIe KOPHS ¢ 3aJJaHHOM TOYHOCTHIO.

1.3 OTaenenne kopHei

[pouecc otmenenust kopHeil ypaBHeHus f(x) = 0 ommpaeTcss Ha CIEAYIOLIYI0 TEOPEMY MaTeMaTHYECKOTO
aHaImn3a.
Teopema. Ilycts
1) ¢ynkuus f(x) onpeneneHa, HempepbIBHA K IMEET HENPEPHIBHYIO MPOU3BOIHYIO Ha HHTEpBae [a,b];
2) ¢ynkus f(X) npuHUMaeT 3HaYSHHsI pa3HBIX 3HAKOB Ha KOHIIAX MHTEpBana [a,b], T.e. f(a)*f(b)<O0;
3) mnpowmsBoaHas (GYHKINHM HA WHTEPBAJC COXPAHSCT MOCTOSHHBIA 3HAK W, 3HAYWT, f(X) MOHOTOHHa Ha
[a,b].

Torma BHyTpH HHTEpBasa [a,b] COEP/KUTCA POBHO OJMH KOPeHb X = X ypaBHeHns f(x) = 0 (puc. 1.4).
A

A
Y Y =f(x) f'(x)<0
f()
° Xt X,
0| a b g
f(b),
Puc. 1.4

Ecnu B TeopeMe He y4uTHIBaTh TpeOOBaHHE MOHOTOHHOCTH NEpBOW MPOU3BOTHOH , TO HHTEpBal [a,b] Oyzaer
coJiepKaTh, 10 KpaiHel Mepe, OAMH KOPEeHb ( MIIM OAMH, WM HECKONBKO) (puc. 1.5).



Puc. 1.5

Crioco0bl oTaeneHus kopHer ypaBaenus f(x) = 0:
1. T'padudeckuit
2. TabmuaHbIH

1.3.1 TI'paduyecknii cnocod oraeeHusi KOPpHeH

Hus otnenenust kopHst ypaBHeHus f(x) = 0 Ha 3amaHHOM WHTepBaje cTposAT Tpaduk dyHKIMH y = f(X).
ITpuGmmkeHHbIe a0CIUCCHl TOYEK MepecedeHus rpaduka ¢ ockio OX SBIAIOTCS HAYadbHBIMH MPUOIKECHUSIMHA K
KOpHSM. MOKHO Takke 10 TpaduKy onpeAeIuTs HHTEPBa, BHYTPY KOTOPOTO HAXOAUTCS KOPEHb.

Ecmu ypaBHenue 3amano B Buzae f1(x)=f2 ero moxuo mpuBectu k Buny f(x)=0 (rme f(x)=f1(x)-f2(x)) nnm
moCTpouTh Tpaduku nByx ¢yakmmii yl = fl(x) u y2 = f2(X) u ompenenuTh KOOPAWHATHI TOYCK IEPECCUCHUS
MOCTPOCHHBIX TPAPHUKOB.

OT1aenenne kopHeii rpadpuueckum cnocodoom B Excel

[Ipu moctpoennu rpaduka pyHknuu B Excel ucmonb3yercs TouedHast uarpaMma.
s otnenenus kopHeit B Excel HyxHO:
1. Iloctpouts Tabauuy QyHKIMK Ha uHTEpBaje [xn, Xk] ¢ marom h. Tabnuma MoxeT OBITH pacmoNoKeHa
TOPU30HTAIHHO WM BEPTUKAIBHO.
IlepBas cTpoka (cTos0err) TabauIel copepkaT 3HadeHHS apryMenTa GyHukun: xn, xn+h ... xk . Jlnsg 3amanus
MOCIIEZIOBATENILHOCTY 3HAUEHHUH apryMEeHTa HCIIOJIb3YyeTCs aBTO3alOJTHEHHE.
Bropas cTpoka (cronberr) TabauIb! COASPKUT 3HAYCHHS (DYHKIIUU TSI COOTBETCTBYIOIINX 3HAYSHH apryMEHTOB.
A B C
1 X | xn xn+h .. | xk
2 | f(x) | =bopmyna f(B1)
2. TlocTpouTh TOYEYHYIO THATPAMMY.
3. Onmnpenemuts 10 TpaduKy OpHOIDKEHHBIE 3HAUYEHUS KOpPHEH YpaBHEHHS KaK KOOPIUHATHI TOYEK
nepecedeHus rpaduka ¢ ocbro OX

Hpumep 2. Jls ypasuenns 0.8-(x-0.7)*=sin2x B Excel oraenuts kopHu Ha nntepsaie [-0.5,1.9].

1. IlpuBectu ypaBHeHue K Buny f(x)=0: 0.8-(x-0.7)*-sin2x=0, Torxaa f(x)=0.8-(x-0.7)*-sin2x.

2. Tloctpouts Tabmumy ¢yHKmu Ha wHTepBane [-0.5,1.9]. Illar pasen 0,2 (BeIOpaHHBIA IIar IOJDKEH

o0ecneunBaTh IIABHOCTH Ipaduka).

A B C D | E | F | G|H|I|J|K|L|M|N
X -0,5/-03]-01]10,1]03]05]0,7/09]11|13[15|1,7[1,9

2 | f(x) | =0,8*(B1-0,7)"4-SIN(2*B1)

3. TlocTpouTh TOUEYHYI JHATrPAMMY:

1(x)

05

15

4. OnpenenseM NpuOIMKCHHBIC 3HAUYCHHUS KOOPAUHAT TOUEK HepecedeHus rpaguka c ocbio OX:
X1=0,1 X2=1,5

1.4 YTouHeHHe KOPHS

B PE3YJIbTATEC BBIIIOJHCHUA 3Tala OTACIICHUA KOpHeﬁ JJI KaXO0ro U3 HCKOMBIX KOpHGI\/'I Ha 3aJaHHOM HMHTCPBAJIC
6y,I[CT OIpeACJICHO HaYaJlbHOC HpI/I6J'II/I)KeHHOC 3HAYCHUC KOPHA Xj. Ecmm OIpEACIICH OTPE30K, BHYTPHU KOTOPOTO



HaXOJOUTCS KOPEHb, JII000€ 3HAU€HHE M3 TaKOTO OTPE3Ka MOXKHO CUMTATh HAYaJbHBIM IPUOIMKCHHBIM 3HAYCHHUEM
KOpPHSL.

[Ipu yTrouHEeHNU KOPHS JTFOOBIM YHCIEHHBIM METOJIOM CTPOUTCS MOCIIE0BATEILHOCTD MPUOIMKEHHBIX 3HAUCHUH
KOPHS X0y X15 X2y ¢ « « Xp « « », KOTOPASI CXOAUTCS K TOUHOMY 3HAUEHHIO KOPHS X* IIpU N —> 0.

[locrmenoBaTeNbHOCTh MOXET COJEpKaTh OECKOHEYHO MHOTO »JJIEMEHTOB, NpPHWYEeM NpHW BO3PACTaHWHA N
paccTosiHue MEXKIY X, U KOpHEM X* yMeHblaercs. B kakoii MOMEHT MOXHO OCTaHOBUTH IpoliecC yTouHeHus? B
YHUCJICHHBIX METOAaX ATOT MPOLIECC MPEKPAIIaeTCs MPU TOCTIXKCHUH 3aJaHHON TOYHOCTH BBIYUCIICHUS.

HaxoxneHue KOpHS C 3aJaHHOW TOYHOCTBIO O3HAYaeT, YTO 3a/JaeTCs HEKOTOpOe (PUKCHPOBAHHOE YHCIIO
(Tounocthb) € (0<e<<1) U BBHIYHCICHUE SJIEMEHTOB MOCIEAOBATEIBHOCTH Xgy X1y X2y + + « X « » » IPOJIOJDKACTCS IO TEX
Top, TIOKa MPH HEKOTOPOM 3HAYSHHH N abCONOTHAS MOTPENTHOCTh BBIYUCICHHUS HE JIOCTUTAET 33aJJaHHOW TOYHOCTH
X, . X*| < &. Ho Tak Kak TOYHOE 3HAYEHHE KOPHS X* HEM3BECTHO, TO BHIYMCIICHUE MPOIOIIKAETCS JI0 TEX MOP, MOKa
JIBa COCE/IHUX DIIEMEHTa MOCIIEI0BATEILHOCTH He OYyT OTIMYATHCS APYT OT JAPYyra MEHbIIE, 4eM Ha | X, - Xp.1| < €.

ANTOpUTM TOCTPOEHUS MOCIENOBATENBHOCTH X, X1, X2, . . .Xp 3@BUCUT OT KOHKPETHOTO METO/AA YTOYHEHHS
KOPHS YpaBHEHHUS (METO/1a TTOMCKA PEIICHU).

Kaskmprit mar mocTpoeHUS ITOCIIEeTIOBATEIHHBIX TPUOIMKCHHBIX 3HAUCHWH KOPHS HA3bIBACTCS UTEPAITHCH.

g peanu3aniy HTEPalmoOHHOTO TPOIIecca HaXOKACHNS KOPHS JOJKHBI OBITH 3aaHbI:

- HaYaJbHOE MPUOIIMKCHHUE X UIIM UHTEPBAJI, COJICPKAIIUN KOPEHB;

- TOYHOCThH €, C KOTOPOil TpeOyeTcsa HAaliTH peleHre ypaBHEHNSI.

Juia yrouHeHHss KOpHS (OmpenesieHus KOpHS C 3aJlaHHOW TOYHOCTHIO) pa3paboTaHO MHOKECTBO UYHCIEHHBIX
METO/IOB: METOJ ICICHUs OTpe3Ka MOIMoJaM, METOI CeKYIIUX (METOA JTMHEHHON HHTEPIOISLNN, METOJ XOP/), METO
KacaTeNbHBIX (MeTox HpioTOoHA), MEeTO UTEepaIlHii, METO ] 30JI0TOTO CEYCHHUS U JIp.

1.4.1 Pemenne HequHeliHOTO YypaBHeHus B Excel

B Excel mis yrouHeHuss KopHs (OIpeeNieHUsT KOPHS C 3aJaHHOM TOYHOCTBIO) UCHONB3YETCS CpPEICTBa
IHonoop mapamerpa wiu Ilouck pemenusi. PaccMorpuM yTouHEHHE KOPHS C MCTOIb30BaHueM cpeacTBa Ilogdop
napameTtpa.

YTouHeHHe KOPHS ¢ Mcnob3oBaHueM cpeacTa [londop napamerpa

s BeI30Ba cpencTra: Bkiaaka JlaHubie — nmanens Pagora ¢ JaHHBIMH — KHOTIKA AHAJIU3 «YTO-€CIW» -
komanza Ilogbop mapamerpa.

B nexoTopeix cinyuasx cuctema Excel He MoxkeT HallTH pelieHne, Toraa BeiaaeTcs: coodmieHue "Pemenne He
HaiaeHo" .

Brmmonnenne monbopa mapamerpa cucrema Excel peanusyer ¢ MCIONB30BaHUEM YHCICHHBIX METOJOB, LIS
KOTOPBIX TOJDKHBI OBITH 3a1aHBI CIICTYIONTHE TIapaMeTPHI:

1. Ommuocumenvnas nocpewiHocms — 4UCIO, OMPEIEIAIONIEe, HA CKOJIBKO BBIYMCIIEMOE 3HAUCHHE MOXKET
OTIIMYATHCS OT TpeOyeMoro 3HadeHus. [lorpemHoCTh MODKHA 3a7aBaThCsl AECATUYHON NpoOpro ot O (Hyms) mo 1.
Uem OoibIlle JECATHYHBIX 3HAKOB B 3a7aBaéMOM YHCIIe, TEM BBIIIE TOYHOCTH — HampuMmep, ducio 0,0001
MIpeJCTaBIIEHO ¢ Oosee BbICOKOM TouHOCThIO, yeM 0,01. I[To ymMonuanutio B cucteMme ycraHoryieHa norpemsocts 0,001.
Kaxk nmpaBuno, a1t MHKEHEPHBIX pacyeTOB TAKOM MOTPEIIHOCTH JOCTATOYHO.

2. Konuwecmeo umepayuii — 9UCN0, 33ak0MICE MPEACTLHOS KOTMUSCTBO POMEKYTOUYHBIX BBIYHCICHHIA, 32
KOTOpPO€ JIOJDKHO OBITh IIONly4E€HO peNIeHHe C 3aJaHHOW TOTrPerrHOCThio. [lo  yMOJYaHWIO BBIYMCIECHUS
npekparnrarores mocie 100 urepanwmii. Takoe 3HaYeHNE TOJXOANT AJISL pEIICHUS OOJIBIIMHCTBA MPOCTHIX 3a/1a4.

Cucrema Excel mpekpamaer BBIYUCICHHS, KOTAa JOCTUTHYTHI JHOO 3aJaHHAs IOTPEITHOCTh, JHOO
npeneIbHOe 4HcIO uTepauuil. [lapameTpbl BBIYHCICHWI YCTaHABIMBAIOTCS TMEpe]  BBIMOJHEHHEM T0A0O0pa
napameTpa B quanorosoM okHe Ilapamerpsi Excel.

Jnga yTouHEeHHs KOpHA ypaBHEHHS C Hcmosib3oBaHuMeM cpenctBa llogGop mapamerpa HyXHO 3a1aTh
NpUOIIKEHHOE 3HAYeHUE KOPHSI.

Jl1d yTOUHEHU KOpHS:

1. VYcraHOBUTH TOYHOCTH BBIUMCIEHUS KOpHS B auanoroBoM okHe Ilapamerpsl Excel, nns Bwi3oBa
KoToporo HaxaTb KHonKy Office u B mosBuBiemMcs okHe — kHony Ilapamerpsl Excel. B oxue Ilapamerps1 Excel
Ha BKiaake @opmyabl 3anaTh IOTPEHNIHOCTh BBIYUCIEHUS KOpHA B mosie OTHOCUTENBHAas NOTPEHIHOCTh

CTHOCHTENEHAA NOCPEWUHOCTE: IIZI,IIIIIII

3ameuanue: Yem MeHbIIIe OTHOCUTEIIBHAS IOTrp€UIHOCTh, TEM TOYHEC PCIICHUC.



2. 3aHecTd TPUONMIKEHHOE 3HAUYCHHWE KOPHS B OTACIBHYIO sUciKy. PsmoM (cleBa wim HUXKE) 3aHECTH
(dhopmyity Beruncienus f(x) — geBoit yactu ypaBuenus f(x) = 0
3. Bwmonauts koMmanny [oadop napamerpa. B nosisix 1uanoroBoro OkHa 3a/1aTh:
- B TI0JIe Y CTAHOBHUTH B siUeiiKe - apec sUeku ¢ (opMyJIIoi /Ui BeraucieHus f(x);
- B tosie 3HavyeHue — 0 (3HaUeHHE MPABO YaCTH YpaBHEHNU);
- B osic i3mensist 3HaYeHHe sTYeHKH — aJpec ¢ TPUOIMKEeHHBIM 3HaY€HUEM KOPHSL.

Moabop napamerpa EHE

YCTAHOEHTE B SHefike: I E; Anpec aueiku
C YpaBHeEHNEM
A B SHAYEHHE: I 0 yp

3 X KOOpAMHATa X TOYKH VaMer sHAMEHHE AdEiikN: Anpec Auerku ¢
mepeceueHns ¢ OX KoOpAMHaTON X
(mpubMImKeHHoe OTHEHa |

3HauYeHHE KOPHsI)
4 | f(x) | =bopmyna f(B3)
ITocne mombopa mapamerpa KOpeHb OyIET 3aHECEH B HM3MEHICMYIO sdeiiky. 3HadeHWe (QYHKIHH OT KOPHS
0TOOpa3uTCs B siuekike, coaepxaiieii Gopmyay. ITo 3HAUCHUE JOJDKHO OBITH OJM3KO K 0.

4. TloBTOpuUTH 0. 2-3 IS KAXKAOTO KOPHSL.

Mpumep. Pemuts ypasrenue 0.8-(x-0.7)*=sin2x na untepsane [-0.5,1.9]. ITopsaok perreHus.

1. TpuBectn ypasHenue K Buay f(x) = 0: 0.8-(x-0.7)*-sin2x=0, Torna f(x)=0.8:(x-0.7)*-sin2x. Beimonuurs
oTAeNieHre KOpHel. B pesynbraTe oTAeneHns: KOpHEH, BHIIIOTHEHHOM B IIPEbIAYINEM IPUMEPE HALILTH 1B
MPUOTMKEHHBIX 3HadeHus Kopas: X1 =0,1 X2=1,5

2. 3anecTtH MpuOIMKEHHBIE 3HAYCHUS KOPHEH B OT/IENIbHBIC sTYCHKH. J{J1s1 Ka)KI0TO 3HAUCHUS KOPHS
BBIUMCIIUTE 3HaYeHHE f(X).

3. Jlna kaxnoro 3Hau€HHs KOPHS BBIIOIHUTH YTOUHEHHE KOPHS — BBITOIHUTH KoManay Iloadop

napamerpa.
A B YCTAHOEHTE B S4efike: m
3 x1 0,1 —_— SHaYel ID
4 | f(x1) =0,8%(B3-0,7)"4-SIN(2*B3)—1  Usnenanzn i [4rg3 %
S X2 1’5 \ Ok I OTHEHS
6 | f(x2) | =0,8*(B5-0,7)"4-SIN@=B5) l
B pesyabTare nonyyum:
A B nDAﬁCD napaii2Tna
3 x1 0,065084 4———K0peHb 1 YCTAHOBHTE BNIYerike! B35 ER
4 | f(x1) 0,000204 Sradenne: [o
5 Xz 1’445 84 " KopeHb 2 ﬂBMEHﬂH SHAYEHHE AYERKH: Im
6 f(XZ) 0,000236 ’TI OTHMEHE |
KonTtposabHble Bonpochl
1. JIJis KaKkuX 3aja4 KCIOJIb3YyeTCs MoaA0op napameTpa’?
2. [Mopsinok BBIMOJMHEHUS TOA0OpPa MapaMeTpa. 3aloJHEHHE OJIIEMEHTOB jauanoroBoro okHa Ilombop
napamerpa.
3. 3agaHne MOTPENTHOCTH BEIYHCIICHUH.
4. Pelenue HeNMMHEWHBIX ypaBHEHU.
3ananus

3aganue 1 Pemute B Excel HetuHeiiHOe afredpanyeckoe ypaBHeHne (110 HOMEpY BapHaHTa)

1. Otmenuts KOpHU ypaBHEHHs TpaduueckuM CrHocoOOM Ha 3aJaHHOM HHTEpBaje, Ul 4Yero IOCTPOUTH
rpaduk QyHKIVH JIeBOI YacTH ypaBHeHus f(x)=0

2. Haiitu ¢ ucnonp3oanuem IlonGop mapamerpa perenue ypaBueHnus ¢ TouHocthio €=0.001.

3. Usmennts tounocts £=10°. [ToBTOpHO pemmnTh ypaBHEHHEe ¢ Hcmonb3oBanneM IloaGop mapamerpa.
3amucath pelieHue B Ipyrue sueiKu.

4. *OrmeruTs Ha rpaduke QyHKIUH JeBoi YacTh ypaBHeHUs f(X)=0 HaliieHHbIE KOPHH ypaBHEHUSI.



Bap 3apanue 1 3aganue 2
1 x> —x=072. Ha untepsane [-1,1.1], | e =05+ \/;, Ha
OTMETHUTh Ha Tpaduke CUMBOJIOM "X". untepsaiue [0,1]
2 x* +2x° =x +1 na unrepnane [-2,1], | /x +1 = cos(O,S(x +1)

nyn
OTMETHUTH Ha rpaKe CUMBOJIOM "+ Ha unTepsaie [-1,1]

3 x*+08x* —04x* =13x+12  ma| 3x-8-lnx=8;  Ha
uatepBane  [-2,2], orMeruth Ha | HHTCPBAIC [1,6]
rpaduke cumpojiom "["

4 x'—41x’ +x>+4]1=5]1xna (_SmX sy
uHTepBane  [-2,5], OTMETUTH Ha . ’
rpacduke cumBooM "0 " Ha uHTepBane [1.5,2.5]

5 x*+0.2x” —4x” =3x+0.5Ha x+n(x+0,5)-0,2=0, na

untepBaie [-2;2.4], orMmeruTh Ha | HHTCPBAJIC [0;2]
rpaduke cumsojom "O"

6 x* =3x? +75x —10000=0; na 2sin” X 3c0s2x_0_
untepBane [-15,15], oTmeTutrh Ha 3 B 4 -
rpaduke cuMBoOIOM "X" Ha uHTepBate [0,7/2]

7 x> —6x>+20=0 Ha  uHTepBasie | X-2° —1=0, Ha
[-3,6], OTMETUTh  Ha  Tpaduke unTepae [0,1]
CUMBOJIOM "+"

8 2x’+4x>-1=0; wma uHTEpBaTE (4+X2)(eX —e_x)zl&
[-1,1],  ormetuts  Ha  rpaduke | na mnTepsaie [0,2]
CUMBOJIOM "X"

9 x> +12x*—2x—-4=0; ua MHTEpBale X —1,3-[7<X+0,5)—2,8X+
[-2,2], ormerutp Ha  Tpaduke
cumBoJiom "0 " Ha uHTepBate [0,1]

10 x’ =10x* +x =-100 , Ha MHTepBaie 1gx-x=0, Ha MHTEpBaie
[-5,5], ormeruTs Ha  Tpaduke [4.4.7]
cumBosiom "O"

11 x> —8x*+20=0; ma unrepsane [- | 1L,8(x — 0,7)4 —5inl10x ;
2,6], oTMeTHTh Ha rpaduKe CUMBOJIOM | Ha mHTepsaie [0,0.5]
e

12 5%’ +10x* +5x =—0.5; Ha | 3x° —cos2x—1=0,
uatepBane [-1,0.5], ormetuTs Ha | Ha wHTepBae [0,2]
rpaguke cuMBoJioM "+"

13 5%x’-x+0.1=0; na unrepsane [- | X=€OS x+l, Ha
1,1], oTMeTHTh Ha TpaduKe CUMBOJIOM unrepsane [0,2]
npp

3apanme 2 Pemmts B Excel TpaHceHaeHTHOe ypaBHeHHe (10 HOMEPY BapHaHTa)

1. Otpenuth KOPHU ypaBHEHUS rpapuuecKuM criocoOOM Ha 3a/JaHHOM WHTepBaje

2. Haiitu ¢ nucrionp3oBanuem Iogdop mapamerpa pemieHne ypaBHeHus ¢ TogHOCTHIO €=0.001.

3.  *Ormertuts Ha rpaduke QyHKIUM JieBoi YacTu ypaBHeHus f(x)=0 HalilcHHbIC KOPHH ypaBHEHUS

3ananune 3 BuraucieHue KPUTHIESCKON CHITHI
OnpenenuTs KPUTHIECKYIO CHITY 7Sl CTaJIbHOM KOJOHHBI JIByTaBPOBOTO CEUYEHUS, €CIIM U3BECTHBI:
- mnuHa KoJoHHBI L=10 M,
- Momymb ynpyroctu cramu E=2.1-10" Ia,
- KOd(UIMEHT KECTKOCTH ynpyroii onops C=6-10°
- Mowment unepiun I= 1.735-10° m*



_n-E-1

Kp 2
KpuTnueckas cuna Bbuucisercs mo Gopmyiie (u-L) , TA€ W - KO3(QQHUIMEHT NPUBEICHUS JTUHBI
7
v ILI = .
KOJIOHHBI, KOTOPBIA ompexaensercs 1o (opmyie v [Mapamerp Vv HaxomuTCs U3 ypaBHEHUS
3
vi-E-1
gv)—v+———=0
r-c Ha uHTepBase [3,2; 4,6].

Hopsaok perienus.
1. 3amate UCXOIHBIE TaHHBIE.

Vv E-I

g(v)—vt——r

2. Co3patb Tabnuiy 3HaYCHUH QYHKIUU r.-c , TIIe V U3MeHseTcs Ha uHTepBane ot [3.2, 4.6] ¢
marom 0.2. [ToctpouTs rpaduk GyHKITAN.

3. Omnpenenuts M0 rpaduKy HaYaIbHOE 3HAYCHHE V.
4. Haiitn monbopoM mapamerpa yTOUHEHHOE 3HAUCHHE V.
5. Haiitu o ¢hopmyiie |, OACTABISASA V B (OPMYJITY
6. Haiitu mo popmyme Pkp. (OtBet: Pxp = 160502 H = 160,502 xH)

3ananmne 4 *BrraucnuTh cTpeny nporuda & mpsMOyroJbHON TUTACTHHKY MO/ IeHCTBHEM Harpy3ku P.

P Crpena nporuba & BBYHCHSETCS KaK KOPEHb  HEJIMHEHHOro ypaBHEHUS Ha
uaTepBaie [0;5]:
1 1 06 1 3 1 2
6.48(—+1)+12.18 ———+ 7.53(1+ +8.98|3(—+D)+— E=P
- Gt Ty }a { G+ ﬁ}%

2

rae a=0. 8 m, b=0. 5 m, A=a/b, P=350 - HanpsbKkeHUE B CPEIUHHON TOBEPXHOCTH

OtBert: € =2.363

YkazaHusi B BBINOJHEHUIO. BBIYUCIUTE B OTICNBHBIX siUeiKax 3HA4YeHUS KOI(D(UIMEHTOB ypaBHEHHS, a
3aTeM HCIOJIb30BaTh MOIYUYCHHBIC 3HAUCHUS TIPU CO3AaHUM TaOIHIIBI 3HAUCHUH (QYHKINMH JIEBOW YaCTH ypaBHEHHUS.







