aBa 2. OcHOBbI CUHTaKcuca A3blika Cu.
B nanHo# r1aBe He TpeOyeTcs (HO JOMYCTUMO) HCITONIb30BaHUE (DYHKITHI, KOTOPBIE OYAyT U3y4aThCs IMO3THEE.

Memoowt pewtenus ypaenenuil

Ecmu 3agano ypaBHeHue f (x) = 0, TO C NMOMOIIBIO KOMIIBIOTEPA €0 MOXHO PENIMTh MPUOIMKEHHO,
MPAaKTUIECKH C JIF0OOH HYKHOH TOYHOCTBIO. J[JIsl 3TOr0 MOYXKHO MPUMEHUTH OJIMH U3 OMHCHIBAEMBIX HUXKE METOJIOB:
METOJ TMXOTOMHUH, METOJ XOPJI, METOJT KacaTeIbHBIX MM METO UTCpaIni.

[MonpoOHO MeTombI pelieHUs ypaBHEHWH wusnaratorcss Ha jeknusx (cm. B.A. AntoHrook, A.Il. MBaHOB.
«IIporpammupoBanue u uapopmaTuka. Kparkuit koHcnekT jgekiuii.» — Mocksa, ¢puznyeckuit -t MI'Y, 2015,
(https://cmp.phys.msu.ru/sites/default/files/Informatics-2015.pdf, riasa 2).

MeTo/bl KacaTelnbHBIX U UTEpalMid MO3BOJIIIOT TMONYYUTh PElICHUE Topaszo ObicTpee (32 MEHBIIEE YUCIIO
UTEepalmii), YeM METOIbl JUXOTOMUHU B XOPJ, OJHAKO, IPUMEHUMBI OHU HE K JIOOBIM YPaBHEHUSIM: IS TOTO, YTOOBI
WX TPUMEHUTH, HY)KHO, YTOOBI BBIMOJIHSUINCH HEKOTOpPBIC YCIOBHS, HaKJaJIblBaeMble Ha MPOU3BOAHBIC (QYHKIHH,
KOTOpAsi 3aJ1aeT JICBYIO YacTh ypaBHeHHs. ECIIM Takue YCIIOBHsI HE BBITTOTHSIOTCS — TO MPUIETCS MOJTb30BATHCS MEHEE
3G GEKTUBHBIMHU, HO TAPAHTUPOBAHHO CXOASAIIMMUCS METOAAMHU: METOJIOM IUXOTOMHHU HIIK METOJIOM XOP/I.

TouHocThI0 pemienusi OyaeM HasblBaTh HAWAEHHYIO UIMHY HMHTepBasia mo ocd OX, TapaHTHPOBaHHO
HAKPBIBAIOIIETO UCTHHHOE peliecHue ypaBHeHHs. OHAKO, TAaKyK BEIWYHHY MOXHO SIBHO MOJYYHUTH TOJBKO JIS
MEPBOr0 METOJa pEICHHS — METOoJa JeJICHHs WHTepBayiia TomnoiaM. J[Js OCTajJbHBIX METONOB B KauecTBE
MpUOMKEHHON OICHKH TOYHOCTH OyJeM HCIOJNB30BaTh PACCTOSHHE MEXAy JBYMs TIOCIIEAOBATEIbHBIMU
MPUOTVKEHUSIMUA PEHICHUS | xi-1 — Xi|.

Takolt moaxon ompaBaaH, TaK KakK OIMCBIBAEMBIE METOJAbI O00ECIEUYMBAIOT MOHOTOHHYIO CXOJUMOCTh
MPUOTMKEHUIA pEIlieHHs K ICTUHHOMY KOPHIO, & CIIeIOBATEIILHO, PACCTOSHIE MEXTy TAKUMU TIOCIICA0BATEIbHBIMA
MPUOTMKEHUSIMHA JTOJDKHO MOHOTOHHO YOBIBATH W PaHO WM TIO3JHO OKAXKETCSI MEHbIIE TpeOyeMoil TOYHOCTH
pelcHHS.

HesBsi3koii pemenusi Ha3bIBaeTCS MOJYJb pe3yJbTaTa MOACTAHOBKM HAMIEHHOTO pPEIIeHHs B JIEBYIO YacTh
ypaBHEHHS (JJ11 METO/Ia UTEPAIHiA 3TO MOTYJIb PA3HOCTH TAKOW MOJICTAHOBKH U NIPABOW YacTH ypaBHEeHus ). JIpyrumu
CJIOBaMH, HEBSI3Ky MOXXHO Ha3BaTh «TOYHOCTHIO 1O ocu OY». HeBs3ka jerko BBIUUCIAETCS M JHOOOTO U3
MPUBEACHHBIX METOOB PEIICHHS ypaBHEHUSI.

OTMeTHM, 9TO B XOJI€ YHCICHHOTO PEellIeHUs ypaBHEHH B JAHHOM 33J[aHUU HY>KHO JIOOUTHCS OTHOBPEMEHHOTO
YIOBJICTBOPECHUS 3a/IaHHBIX YCIOBUI U HA TOYHOCTh PEIICHHSI U HA €r0 HEBA3KY.

Meton iuxoToMun

MeTo TUXOTOMHH, OH e METO/I JIeTICHNSI OTPe3Ka MOIOoJIaM, OH JK€ METO/I BHIIKHU 3aKJIF0UAETCS B CIIEIYFOIIEM:

1) Tlomyuaem OT moJb30BaTENsl HAYATIBHBIN HHTEPBAN [a, b], TpeOyeMyIo TOYHOCTb & M HEBS3KY €.

2) IlpoBepsieM, YTO Ha KOHIIAX ATOr0 MHTEpBaja (YHKIHS JICBOW YaCTH yYpaBHEHUsI MMEET Pa3HbIe 3HAKU:
f(a) * f£(b) < 07?

3) Ecnu Her — To pelieHus Ha 3aJJaHHOM WHTEpBalie HET, IMOO OHO He eJMHCTBEHHOE, TUOO0 BOOOIIE (yHKIIHS
uMeeT Ha HEM pas3peiB. lleyataeM JMArHOCTUKY W 3aBepiiaeM mporpammy. Ilonb3oBaTtens Baieit
MPOTPaMMBI JOJDKEH NOMpo0oBaTh MoA00paTh HAYaIbHBIN HHTEpPBAI MOTyYlIIe.

4) Ecnu 3HaKy Ha KOHIIAX MHTEPBajia Pa3HbIe, TO HAXOAUM CEepPEeIUHY OTpe3Ka:

a+b

2
5) IIpoBepsem, Ha KakOM U3 JIByX WHTEpBaJOB [a, c] mwma [c, bl GyHKOHS MEHSET 3HaK:
f(a) * f(c) < Ommm f(c) * £(b) < 0 ?
6) Ecan (byHKLII/IH MEHSAET 3HAaK Ha MEPBOM MHTEpBaJe, TO MPUCBAUBAEM IIEPEMEHHOM b 3HaUeHHEe c: b = c.
7) WNuaue: a = c. OnHAKO U 4715 3TOr0 UHTEPBAJIa HY>KHO y6e,£[I/ITLC$I, 9TO (l)yHKuI/Iﬂ MEHSET Ha HEM 3HaK, TaK
Kak (byHKuI/Iﬂ MOJKXET UMETb Pa3pbIBbl U TOIJIa PEIICHUE IIOCTPOUTD HE ITOIYUHUTCS.
8) [ToBTopsiem m.m. 4-7 10 TOrO MOMEHTa, KOTJda MHTEPBAJ OKaXKETCS MEHbIE 33JaHHOM TOYHOCTHU owu
OJTHOBPEMEHHO HEBS3KA YPAaBHECHUS OKaXKETCS MEHBIIIE 3aTaHHOTO €.
To4YHOCTH JJaHHOTO METOJIa OIpPEENSAETCA MUPUHON MHTEpBaJla |b-a| Ha MOCJIEAHEH HUTepaluu, KOTOPbIA
rapaHTUPOBAHHO HAKPHIBAET UCKOMBIA KOPEHb.
HeBsi3koli ypaBHEHUSI HA3BIBACTCS MOAYJH IMOJCTAHOBKH TEKYIEro MPUOIMKEHUS KOPHSI c B ypaBHEHHE:
I £(c)I.
Taxkum 06pa30M, YCJIOBHE, IIPU KOTOPOM HaA0 NPEKPATUTh UTCPALIMH, 3alIMChIBACTCA TaK:
|lb-a| < 0 && |f(c)]| < €

OpnHako, 0OOBIYHO Uil MOCTPOCHHUS AAHHOTO PELICHUS UCIONIB3YyeTCs LUKI while () (MpoAomkarh, MokKa

[
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YCJIOBUE WCTHHHO), TO €CTh, JUISl 3allUCH YCJOBHS TaKOTO IHWKIA HYXHO IMOCTPOWTH JIOTUYECKOE OTPHUIIAHUC
TIPUBEIICHHOTO BBIIIE BEIPAKEHUS — HTEPAITUN HY)KHO IPOJIOJDKATH IO TEX TOP, ITOKA HCTUHHO:

|b-al 28 || [f(c)| 2 ¢

Taxkoit moaxon ciexyeT UCTIOIb30BaTh BO BCEX MPHUBEIEHHBIX METO/IaX PEIICHHS ypaBHEHUH, TaKk KaK BO BCEX
3aJlaHUsIX TpeOyeTcs OTHOBPEMEHHOE yIOBIETBOPEHUE YCIOBUH, 33/IaHHBIX U IJIS1 TOYHOCTH | JUISI HEBA3KH, TOJIBKO
TOYHOCTh B TMOCJICAYIOIUX METOJaX OIpEeNesieTcsl KaK pPacCTOSHUE MEXAYy ABYMs TOCIEAOBATEIbHBIMU

MIPUOIMKEHUIMA KOPHS, a He KaK B JAHHOM METOJIE.
#include <stdio.h>
#include <math.h>

// TlycTb pemaeTcd ypaBHeHMe: atan(x) - 1 = 0

//

(atan() - craHmapTHas OYHKLMKA apKTaHI'eHCA)

// fabs () - craumapTHas GYHKLUMS, BHUMCISOIAS MOOYJIb apryMeHTa
double ¢ = a;
while ( fabs(b-a) >= delta || fabs(c) >= epsilon )

{

// HaxomouMm CcepenvHy MHTepBaJa

c=(a+Db) / 2;
y=-1) * (atan(c)-1) < 0 )

if ( (atan(a

b = c; // ecnu byHKUMSE MEHSEeT 3HAK Ha [EPBOM MHTEpBaje
telse 1f ( (atan(c)-1) * (atan(b)-1) < 0 )

a = c; // ecnu QyHKUMS MEHIEeT 3HAK Ha BTOPOM MHTEpBAaJe
lelse

/* OYyHKUMS HEe MeHdeT BHAaK HM Ha OIHOM MHTEepBAajie, OHAa MMEEeT pPas3phIBHI
MM MHOXECTBEHHHE KOPHM Ha KaxIOM U3 HUX, pPelleHre NOCTPOUTH
HEeBO3MOXHO */

printf ("Error: cannot solve equation on [%1f, $1f]!", a, b);
return 1; // 3aBepmaeMm GyHKUMIO main() ¢ KOIOM OWMOKM
}
MeTtoa xopa

MeTton XOpA OYCHBb IMOXO0X Ha MCTOH AUXOTOMHHU, HO YaCTO AOCTHUIACT Tpe6yeM0ro pe3yjibTaTa HEMHOI'O
6I>ICTpee. OCHOBHOE OTJINYHE 3aKII0YAETCH B CITIOCO0E pa3aciieHuAa OTpE3Ka Ha ABC 4YaCTU:

)
2)

3)

4)

S)

6)
7)

8)

[Monmy4yaem OT mosb30BaTeNs HAYaNBHBIA HHTEPBAT [a, b], TpeOyeMylo TOYHOCTh O U HEBS3KY €.
[IpoBepsiem, 4TO Ha KOHIIAX TOrO WHTEpBasa (YHKIHS JIEBOW YaCTH ypaBHEHHS UMEET Pa3HbIC 3HAKH:
f(a) * £(b) < 07?
Ecnu Her — o pemreHus Ha 3alaHHOM MHTEPBAJIE HET, MO0 OHO He ennHCTBeHHOoe. [leyaTtaem muarHocTuky
1 3aBepIraeM nporpammy. [losib30BaTens Balei mporpaMMbl JOJKEH MOMPOoO0BaTh MO00paTh HAYATBHBIN
WHTEPBAJ MOIyYIIE.
Ecnu 3naky Ha KOHIIaX MHTEpBAJIa pa3HbIe, TO HAXOANM TOUKY TIepeCceueHus PSMOH, COSTUHSIONIEH TOUKH
(a, f£(a))u (b, £(b)):

f(a)
o) - @l 7
[MpoBepsieM, Ha KakOM U3 JBYX HWHTEPBAIOB [a, c] WM [c, b] QYHKIUI MEHSET 3HaK:
f(a) * £(c) < Ommf(c) * £(b) < 0 ?
Ecmu QyHKIMS MeHsIeT 3HaK Ha IIEPBOM HHTEpBAJIe, TO MPUCBAUBAEM IIEPEMEHHON b 3HaUYeHue c: b = c.
Wnauve: a = c. OmHAKO ¥ U1 3TOTO HHTEPBAJIa HYKHO YOeIUThCS, UYTO (PYHKIHA MEHSIET Ha HEM 3HAK, TaK
Kak (DYHKIIHS MOXKET MMETh Pa3phIBBI U TOTJIA PEIICHNUE IIOCTPOUTH HE MOITYYHTCSI.
[oBTopsiem 11.11. 4-7 10 TOTO MOMEHTA, KOT/Ia PACCTOSIHUE MEXTY JBYMS TPUOIMKEHUSIMUA KOPHS OKaXETCs
MEHbIIE 3aJaHHOH TOYHOCTH O U OJHOBPEMEHHO HEBSA3KA yPaBHEHHUS OKKETCS] MEHbILIE 3aJaHHOTO €.

c=a-+

J1a MHOTHIX ypaBHEHUH MIMPHUHA WHTEpBaIa, HA KOTOPOM BEJETCS IOMCK KOPHS OyJIET CTPEMUTHCS HE K HYJIIO,
a K KOHCTaHTe, NO3TOMY TYT TOYHOCTh pEHICHUS OyJeM OIEeHUBATh, KaK pPACCTOSHHE MEXIY JBYMS
MOCJIEeI0BAaTEIbHBIMU NPUOIMKEHHBIMU PELICHUSIMH. JTa BeIMUrMHA OyJeT CTPEMUTHCS K HYJIO MPU YBEJTHMYCHUN
KOJIMYECTBA UTEPALIUH.

MeTtoa KacaTeJabHbIX

MGTOI[ KacCaTCIbHBIX HA3bIBACTCA TAKXKEC MCTOAOM HI:IOTOHa, OH 3aKJII0YacTCsd B CJIICAYIOIICM:

)

HonyqaeM OT IIOJIB30BATCJIsI HAYAJIbHOC HpI/I6J'II/I)KeHI/Ie X0 (HOMep HUTCpanu i=O), Tpe6yeMon TOYHOCTH

.



O ¥ HEBSI3KY €.

2) Tlposepsiem ycioBue cxomumoctd f(x;) - f"(x;) > 0 (TO ecThb, mpoBepseM, 4TO (QYHKIHUS MOCTOSHHO
BBIITYKJIasl UITA BOTHYTAs).

3) Ecnm ycroBHe CXOOMMOCTH HAPYIICHO — IMEYaTaeM JUArHOCTHKY W 3aBeplliacM MpOrpaMMy, METO He
MPUMEHUM K JaHHOMY YPaBHCHHIO HA JAHHOW ¥ MOCIEAYIOIUX UTeparsax. MOXKHO Ui THArHOCTHKH
BBIJIATh HOMEP UTEPAIINU U JOCTHTHYThIC 3HAYCHUS KOPHS, TOYHOCTH U HEBSI3KH.

4) Ecnu ycrnoBHe CXOUMOCTH BBIMOIHACTCS, TO JIF000E MOCIESIYIONIEe YTOYHEHHE 3HAUCHHS KOPHSI TI0JTydaeM
O UTEPAIIMOHHOM hopMyIie:

&)

X. =X.
A K CD

Ota ¢opmMyIia IoTydeHa KaK TOUYKa MepecevueHus KacaTeIbHON B TOUKE x; K TpaduKy GYHKUIUH £ (x) € OCBIO
OX.

5) IloBTopsiem IL.II. 2-4 10 TOrO MOMEHTA, KOT/Ia ITUPWHA MHTEPBANIA [x:1, Xi] OKaKETCS MEHBIIIE 3aTaHHOM

TOYHOCTH O ¥ OJJHOBPEMEHHO HEBSI3Ka ypaBHEHUS OKaXETCS MEHBIIIE 3aJaHHOTO €.

BaxxHo: ycioBue cX0IUMOCTH 0053aTEIbHO HY>KHO IMPOBEPSTH Ha KAKI0W HTEpaIMH [TUKIIA, 8 HE TOIBKO Mepe
nepBoi urepanueid. JledcTBUTENBLHO, BRIMYKIas (QYHKIMS MOXET IepecTaTh ObITh BBIMYKIOW HE Cpasy, a CIyCTs
CKOJIBKO-TO IIaroB JBMYKEHHUS K KOPHIO.

Meton nrepaumii

Metoa wuTepanuii MpUMEHHM M B TeX CIydasX, KOT/la yCJIOBHE CXOIMMOCTH METOJa KacaTelbHBIX He
BBITIOJIHSIETCS, HO HA (DYHKIMIO JICBOM YacTH YpaBHEHHS MOXET ObITh HAJIOKEHO JIPYToe yCIOBHE.

[lepenuiniem ypaBHEHHUE B CIEAYIOIIEM BHIE:

F(x) =x
Torna, eciii BBIIONHSETCS YCIOBUE CKUMAIOMIETO OTOOPAKEHHUSL:
IF'(x)] <1

To ypaBHEHHE MOKHO pelIaTh Takx:

1) Ilomydaem oT moib30BaTeNs HAYAIbHOE MPUOIMKEHHIE Xo (HOMEp UTeparu i=0), TpeOyeMyr TOYHOCTb
0 (HeBsI3ka JJIsl JAaHHOTO METOJa He HYXKHa, TaK KakK IT0 MMOCTPOSHUIO OHA COBITAJIAET C OLEHKOH TOYHOCTH).

2) TlIposepsiem ycnoBue cxoaumocts |F'(x;)| < 1.

3) Ecnm ycrnoBue CXOIMMOCTH HapylIeHO — Ie€YaTacM JMATHOCTUKY W 3aBepllaeM NporpaMMmy, METoJ He
MPUMEHUM K JaHHOMY YPaBHEHHIO Ha JAHHOW W MOCIEAYIONIMX HUTepanusx. MOXXHO Uil TUAarHOCTHKH
BBLJIATh HOMEP UTEPAIUU U JOCTHIHYThIE 3HAYECHUS] KOPHS, TOYHOCTH U HEBS3KH.

4) Ecnu ycnoBue CXOJUMOCTH BEINOIHSETCS, TO JIF00OE Mocieytollee YTOYHEHHE 3HAUYSHHS KOPHS TI0JTy4aeM
10 UTEPAMOHHON popmyte:

Xiy1 = F(x;)

5) Ilosropsiem m.1. 2-4 10 TOTO MOMEHTA, KOT/Ia IIMPHHA HHTEPBANIA [Xi+1, Xi] OKAKETCS MEHBIIE 3aJaHHON
TOYHOCTH 0.

BaxxHo: ycloBue CX0TMMOCTH 0053aTEIbHO HYKHO IMPOBEPSATH Ha KXKI0H HTEpaIHH ITUKIIA, 8 HE TOJIBKO Mepe
nepBoi urepanueid. M mosicHuM, modemMy s JaHHOTO METOJla He Hy)KHA HEBS3Ka — OIIEHKAa TOYHOCTH PEHICHUS
YPaBHEHHUS OJTHOBPEMEHHO SIBISIETCS U €T0 HEBSI3KOM:

IXiv1 = xi| = [F(xi) - xi
BapuanTsl 32124 1J1M peleHust

OJHUM 13 OTIMCAaHHBIX METOJIOB PEIINTH 33/IaHHOE YPaBHEHHE.

[IporpamMa momKHA MONMYYUTHh HAvajlbHblE 3HAUYEHHUS IEPEMEHHOM (HayadbHBI HMHTEpBAJ AJISI METOJOB
JUXOTOMUU W XOpJ, CAMHCTBEHHOE HayaJbHOE 3HAUYEHHE JUIS METOJOB KacaTeNbHBIX M HMTEpalHid, TpeOyeMmylo
TOYHOCTH U TPEOyEeMYI0 HEBSI3KY, KOTOPBIE JOJDKHBI OBITh YAOBIETBOPEHBI OJTHOBPEMEHHO).

[Tocne aToro nmporpamMma 10JKHA IPOU3BECTH BBIYMCIICHUE U HAIleYaTaTh:

1) Hcxoonoe ypaenenue, UCXOOHLI UHMEPBAT U 3A0AHHYIO MOYHOCHIb,
2) Haiioennwiii kopenn,
3) Hocmuenymyro mounocms. WUPUHy nOCieoHe20 waea umepayuu (Ui paccmosnue mexncoy 08yms noCieOHUMU

NPUOTUINCEHUAMU KOPHS);

4) Hesasky: pe3ynibmam nOOCMAHOBKU HALIOEHHO20 HEMOYHO20 PeUleHUs 8 1e8YI0 Yacmb YPAGHEHUL,
5) Konuuecmeo npooenanivix 00 docmudicerus mpeoyemot mouHocmu umepayuil Yukid.

Tpebyetcs, 4ToObI porpamMma Oblila yCTOWYMBA K 337aBaeMOMYy IOJIb30BaTelieM MHTEpPBAILy, €CIH KOpHEH
BOOOIIIE HET WM KOPEHb HE €IMHCTBEHHBIN MJIM HE BBIOIHSAIOTCS YCIOBHS CXOIMMOCTH AJIsl METOJIOB KacaTelIbHBIX
Y WTepanuii Hy>)KHO HaledaTaThb COOTBETCTBYIOIIYIO NUArHOCTHKY. He 3a0pIBaTh Takke BBIAABATH ONIMOKH, €CIH
HayYaNbHBIA MHTEPBAJ BEIXOJUT 32 00JIaCTh AOMYCTHUMBIX 3HAYCHUH (PYHKIIMN ypaBHEHHUSL.

Ji1st MeTOZIOB KacaTeIbHBIX U UTE€PaLUi MPOM3BOIHBIEC 3aJaHHOHN (PYHKIIMN HAWTH aHATTUTHIECKH.
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s mpenBapuTENbHOM OLEHKHU KOJIMYECTBA U PACIIOJIOKEHUS KOPHEH YpaBHEHUS PEKOMEHIYETCS TOCTPOUTh
rpaduk QYHKIIUU YpaBHEHUS: JJISl TOT0 MOXKHO BOCIOJIB30BAThCS JIFOOOH MPOTrpaMMOi AJIEKTPOHHBIX TaOJHII, JUIs
KOTOPOI MOKHO OTAETHHO U3 CBOEH MPOrpaMMBbI pacriedaTaTh 3HAUYSHHS HY)KHON ()YHKIIMH B JOCTATOYHO HMIMPOKON
OKPECTHOCTH HYJIS, BEIYUCICHHBIE C PpABHOMEPHBIM I1arom mo ocu OX.

1. Bapuanr
Pemmte MeTOIOM IMXOTOMMM ypaBHeHHE:1n (x) - 1/x = 0
Oynkust HaTypanbpHoro jorapugma B Cu: log (x) .

2. Bapuanr
Pewnte MeTOIOM XOpA ypaBHEHUE: exp (x) + x = 0
Pewmnte MeTOIOM KacaTeJbHBIX YPaBHEHHE:1/x — 2*x = 0
[Ipu ananm3e BBeIEHHBIX TAHHBIX YYECTh Pa3PHIBHOCTH (PYHKIIUU — €CIIM HaYaIbHBIN HHTEPBAJ BKIIOYAET
Pa3psIB, TO MOXKHO Cpa3y BHIIABATh OIIHOKY.

Pemmmte MeTOJIOM JUXOTOMHUM ypaBHEHHE: 1ln(x) + 1 = 0
@yHKIHA HATYpalbHOTO Jorapudma B Ondmmorteke s3pika Cu: 1og (x) .

3. Bapuant
Pemmtes MeTOIOM XOpA ypaBHEHHUE: arctg (x) - 1/2 = 0
OyHKIMs apKTaHTeHca B OnbmuoTeke s3bika Cu: atan (x) .
4. Bapuant
Pemnte METOIOM KacaTeJIbHBIX YPABHEHHE: exp (x) - 1/2 = 0
5. Bapuant
Pemnte MeTOIOM HTEpanuii ypaBHeHHE: 3 - 1n(x-1) = x

OO6paTuTh BHUMaHUE, YTO YCIOBHE CXOJUMOCTH BBIMTOJTHACTCS HE JUIst TF000T0 HHTEpBaja, BXOASIIETO B
00JIacTh JJOMYCTUMBIX 3HAUYCHHH, HE0OOXO0IMMO 3TO OOHAPY>KUBAThH U BBIIaBATh COOTBETCTBYIOIICE
coobmenune 06 ommnbke. KopHell y ypaBHeHHS HECKOJIBKO U HE JIF00O0H U3 HUX MOKHO HAiTH
npeIaraeMbIM MeToJoM. Hy)KHO caMOCTOSITEIEHO OILIEHUTH, ¢ KAaKOr'0 HA4aJIbHOTO NPUOIKEHHS MOKHO
HAYWHATh UCKATh BO3MOXKHBIE KOpHH. DyHKIMS HATYypalbHOTO Jlorapudma B Oubmuorexe s3bika Cu:

log(x).

6. Bapuanr
Pemnte MeTOZIOM KacaTeJIbHBIX YpaBHEHHE: exp (x) + 1ln(x) = 0
OOpaTuTh BHUMaHUE: YCIIOBHE CXOTUMOCTH HapyLIaeTcsl Ui 3HAaU€HUH X, MEHBIINX KOpHS. MOXHO
YMEHBIINTH JIEBYIO YaCTh ypaBHEHHUS! HA KOHCTaHTY 10 U OIIEHUTB, KaK 3TO BIMSACT Ha JIOIYCTUMBIE
HayvabHbIC 3HAUCHHS.
OyHK1Ms HaTypaibHOTO Jorapudma B 6nbimnoreke si3pika Cu: log (x) .

7. Bapuanr
Pemnte METOIOM IMXOTOMHUM YPaBHEHHUE: tg (2*x) — 1 - x = 0
OOpaTuTh BHUMaHNE HAa MECTa Pa3pbIBOB (PYHKIIUH, KOHTPOJIUPOBATh BBEICHHbBIN HA4YalbHbIH HHTEPBAJ.
OyHK1Ms TaHreHca B Onbanoreke s3plka Cu: tan (x) .

8. Bapuanr
Peminte MeTOIOM XOpA ypaBHEHUE: 2*exp (-x) — x = 0
9. Bapuanr
Pemmte MeTOIOM KacaTeIbHBIX YpaBHEHHE: exp (-3*x2) - x - 1= 0

OOpaTtuth BHUMaHUe: Y GYHKIMUA TPU OJU3KUX KOPHS M YCIOBUE CXOUMOCTH BBIMTOJHSAETCS B IOBOJIBHO
Y3KO0# 001acT KaKa0r0 u3 HuX. Hy)KHO caMOCTOSTEIHHO OIEHUTH, C KAKOTO HAYaJIbHOTO TPHOITIKECHIS
MOXHO HaYMHATh UCKATh KaXKIbIA U3 TPEX KOPHEH.




10. Bapuant

Pemute MeTOOM MTEpanmii ypaBHEHHE:

tg(x+0.1)/3 = x

OOpaTtuth BHIMaHUe: PYHKIINS TepUOINIECKast U Pa3pbIBHAS U HA KaXKIOM MIEPHO/IE €CTh TPH OJIIM3KO
JIEKAIIUX KOPHS, TPH 3TOM OKPECTHOCTh TOJILKO OJTHOT'O M3 HUX yIOBIETBOPSET YCIOBHIO CXOJIUMOCTH.
Hy>HO caMOcTOSITeNbHO OLIEHHUTD, C KAKOTO HA4YaIbHOTO NPUOIIKEHHS MOKHO HAUMHATH UCKATh 3TOT
KOpeHb. 1115t 3TOro peKOMEHAYeTCsl OTACTBHO MOCTPOUTD Tpaduku GYHKINHU U €€ TPOU3BOAHOM.
OyHKys TaHreHca B Onbanoreke s3pika Cu: tan (x) .

11. Bapuant

Pemnts METOIOM IMXOTOMHUM YPAaBHEHHUE: exp (-3*x) + 1 - x = 0
12. Bapuant

Pemnts MeTOIOM XOpA ypaBHEHHUE: exp (-x2) - x = 0
13. Bapuant

Pemnte METOIOM KacaTeIbHBIX YPABHEHHE: exp (-x2) - x2 = 0

OO6patuTh BHUMaHue: QyHKIHS UMEET J1Ba OJIM3KO JIeKAIIMX KOPHS U YCIOBHE CXOJMMOCTH BBITIOTHICTCSI
B JIOCTAaTOYHO y3KOH 001aCTH Kaskaoro u3 HuX. Hy’HO caMOCTOSATENbHO OLEHUTD, C KAKOTO HA4aJIbHOTO
NpUOIMKEHUS] MO’KHO HAYMHATH UCKATh KaXKAbIH U3 IBYX KOPHEH.

14. Bapuant
Pewmnte MeToioM KacaTeIbHBIX YPABHEHUE: 2*exp (-3*x) + 1 - x = 0
O6paTI/ITL BHUMAHHE: YCIOBHUE CXOAUMOCTH BBIINIOJIHACTCA TOJBKO CJIEBA OT KOPHS, IIPOBEPUTH 3TO.

15. Bapuant
Pemnte METOAOM IMXOTOMMM yYpaBHEHUE: 3*exp (-3*x) - x = 0

16. Bapuant
Pemnte MeTOIOM XOpA ypaBHEHHUE: exp (-x3) — 1 - x3 = 0

17. Bapuant
Pemnte MeTo0M UTEepanui ypaBHeHue: 0.4*cos (2*x) = x

18. Bapuant
Pemnte MeTOIOM XOpA ypaBHEHHUE: tg (x/2) /10 — 1 - x = 0
@OyHKIMs TaHreHca B 0nbianoreke s3pika Cu: tan (x) .

19. Bapuant
Pemmts MeTOIOM KacaTeIbHBIX ypaBHEHHE: 3*cos (x) — x = 0
OO6paTuTh BHUMaHUE: YpaBHEHHE UMEET JBa OJIM3KO JISKAIINX KOPHS U TPETHI KOPEHb — Uy Th MOJAJIbIIIE.
[Ipu 3TOM yCIOBUS CXOAMMOCTH ISl IEPBBIX JIBYX KOPHEH BBIIOIHAIOTCS B JOBOJILHO Y3KOH MX 00JacTH,
a JUIA TPETHETO KOPHsI YCIOBHUE CXOJIMMOCTH HE BBINIOJIHSETCS. Hy)KHO caMOCTOSITENIbHO OLIEHUTh
HavYaJIbHOE MPHUONIKEHHE T IEPBBIX JBYX KOPHEH M IPOBEPHUTH, UTO TPETHH KOPEHb HAMTH METOAOM
KaCaTEIIbHBIX HENb3S. .

20. Bapuanrt
Pemmts MeToIOM MTepamuii ypaBHEHHE: exp (-X) = X
OO6patuTh BHUMaHKE: CIIpaBa OT KOPHsI yCJIOBUE CXOAMMOCTH BBITIOHSETCS BCETAA, a BOT CJI€Ba OT KOPHS
— TOJIBKO Ha HEOOJIBILIOM PacCTOSIHUH OT Hero. CaMOoCTOSATENBHO ONPEAETIUTh, C KAKOTO MUHUMAJIBHOTO
HAYaJIbHOro NpuOIIKeHHs (cieBa OT KOPHS) UMEET CMBICT HAUMHATD €T0 MTOUCK?

21. Bapuanr

PemnTe METOAOM IMXOTOMMH YpaBHEHHUE: exp (-3*x) - x = 0




22. Bapuaunr
Pemmts MeToIOM MTepanuii ypaBHEHHE: exp (-x?) + 2 = x
[IpoBepuThb, 4TO yCIOBUE CXOAMMOCTH BBITIONHAETCS BCIOAY, TO3TOMY HAUMHATH MOXKHO C JIFO00TO
HA4aJIbHOI0 NPUOIIKEHHS.

23. Bapuanr
Pemnts MeTOIOM XOpA ypaBHEHuUe: 1/x - x/2 = 0
OOpaTuTh BHUMaHHE Ha Pa3pbIBHOCTH (D)YHKIIMH, BBIJAaBaTh OLIMOKY, €CJIM HA4aJIbHbIH HHTEPBAI
BKJIFOUYAET B Ce0s pa3phiB.

24. Bapuanrt

Pemmte METOOOM IHUXOTOMUU ypaBHeHHE: (x?> - 1)/ (x> + 1) = 0
25. Bapuanrt

Pewnte MeTOIOM XOpA ypaBHEHUE: (exp (-2x) — 2)/(exp(-x) + 1) = 0
26. Bapuanrt

Pewmnte MeToIOM KacaTebHBIX YypaBHEHHE: 3-1n (x2 + 1) - 1= 0

OOpaTuTh BHUMaHHE: YpaBHEHHE MMEET JBa OJIM3KO JIeXKAMNX KOPHS M yCIOBHE CXOAUMOCTH
BBITIOJTHSCTCS B IOBOJIBHO Y3KHX MHTEPBAJIaX BOKPYT KaX10ro 13 HUX. CaMOCTOATENILHO ONPEICTHTb, C
KaKOro Ha4aJbHOTO MPUOIMKEHUS HY>)KHO HAYMHATH UCKATh KaXKIbI U3 KOPHEH.

Oynkust HaTypanbHoro jorapupma B Cu: log (x) .

27. Bapuaunr
Pemnte MeTOIOM KacaTeJbHBIX ypaBHEHHE: cos (x) + cos (x?) — 1.55 = x
OOpaTuTh BHIMaHHUE: YpaBHEHNE NMEET HECKOIBKO OIHM3KO JIeKaNUX KOPHEH, OHAKO, YCIOBHE
CXOAMMOCTH METOAAa BBIITOJHACTCA B JOBOJIBHO y3KOI>'I OKPECTHOCTU HECCKOJIBKHX, HO HC BCEX KOpHCfI.
HyxHO camocTosTenbHO Mo100paTh HaYATFHBIC TPHOIMKEHIS [UTI HAXO0XKISHUS KaXKIOTO U3 KOPHEH, B
OKPECTHOCTAX KOTOPBIX BBIIIOJHAKOTCA YCIOBHUA CXOAUMOCTHU JaHHOI'O METOJA.
®yHKIMs HaTypanbHoro jorapugma B Cu: log (x) .

28. Bapuanr
Pemnte METOAOM IMXOTOMMM ypaBHEHHUE: 3-1n(x2 + 1) — In(x3 + 1) - 1= 0
YpaBHEHUE UMEET JiBa KOPHS, CAMOCTOSTEIIBLHO 10100paTh HaYaaIbHbIC HHTEPBAJIbI JIJIsl HAXOMXKICHUS
KaXXJI0ro U3 HUX.

29. Bapuaunr
Pemnte MeTOIOM IMXOTOMUM ypaBHEHHE: 3eXp (-3x) -x = 0

30. Bapuant
Pewnte MeTOIOM XOpA ypaBHEHUE: exp (-2x) — x = 0




