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O.B. Apymauan

SATAHNE

BLIYUCJAUTENBHOT O TTpaKkTuKyMa Ha O BM
“YyucreHHoe pelleHHe HeJMHEeUHBLIX YypaBHEeHUN

1. Ilenab 3agauns

1) [lpakTnka B ncnoabsoBannn DBM B IncTaHINOHHOM pexuMe.

2) IlpakTuka B HCIONB30BAHUN YNCJICHHBIX METOOB peIlleHNs HeJNHEeNHbIX ypaBHEHMUII.
3) IlpakTuka B HCIOAB30BAHNN CTAHJAPTHHIX ONOIMOTETHBIX TPOTPAMM.

4) IlpakTnka B MOJIYJIBHOM TPOTPAMMIPOBAHMUI.

2. IlocTanoBka 3aga4n

[Tycte mamo ypaBHeHne
flx) =0, (1)

rjae pyEKnus f(x) ompeneneHa W HeIpPephIBHA Ha 3aJaHHOM KOHETHOM HJIN OECKOHETHOM OTpe3Ke
[A, B]. Besikoe snavenne &, obpainaotiee Gyukunio f(z) B Hyab, T.e. Takoe, 9To f(Z) = 0, Ha3HI-
BaeTcs koprem ypaBHeHus (1) mau nysem pyuknun f(zx).

Hocmanosxa 1. Haiitu Bce KopHH ypaBHeHus (1).

OdeBuHO, YTO TaKas MOCTAHOBKa 3a/Ja9i HEKOHCTPYKTHBHA, MOCKOAbKY OHa HUKaK He Kaca-
eTcs BONPOCca O CyIIeCTBOBaHNY KopHel. Bojiee mpaBoMepHON SBJISETCS CJIeIyomast

Hocmanosxa 2. Kopun ypasuenus (1) cymecrsytor. Haiitn nx.

Ho B oToM caydae jaxke NpocToll mpuMep ypaBHenus tgx — x = 0 NokasbiBaeT NPUHIHITAb-
HYI0 HEBO3MOKHOCTH PelIiTh 3a,/1a9y B JaHHOH MOCTAHOBKE, MOCKOJALKY BBIYUCACHIE 6ECKOHETHOTO
qHUCIa KOpHel TpedyeT 6eCKOHEeYHO MHOT'O BpeMeHn. EcTecTBeHHO, B 5TON CBA3M Ha MepPBLIN MIaH
BBEIIBHTAETCA BONPOC 06 omdesenuu (TOKAIM3ANNN) KOPHEI, T.e. 06 ONpeIeleHIN TaKHX OTPE3KOB
[ai,b;] € [A, B], Ka:KIBIIl 13 KOTOPHIX COMEPXKUT €INHCTBEHHBIN KopeHb ypaBHennus (1). Paccmo-
TPUM BKpaTie Hanbojee pacipocTpaHeHHbIe CIIOCOOLI OT/IeJeHIsT KOPHeH.

Ecin wempepsiBuas ¢yukuus f(2) IpuHIMaeT 3HaYeHNS PA3HBIX 3HAKOB HAa KOHIAX OTpPE3Ka
[, B] € [A, B], T.e. f(a)f(B) <0, TO BHYTpH 5TOT0 OTpe3Ka JeKHT HeIeTHOE TNCI0 KOPHEN ypaB-
wennsi f(x) = 0 (o menbuen Mepe ognH). Kopenb 3aBegoMo 6y 1eT e THHCTBEHHBIM, W NPOCTbLM,
ecan npousBognas f'(x) cylecTBYeT W COXpaHsieT MOCTOSHHBIN 3HAK BHYTpPH HHTepBata («,[3),
T.e. ecan f(x) >0 (wan f'(2) < 0) npn o < x < 3.

Ha puc. 1 msobpaxkena pyukuus y = f(z), npuHIMaloas Ha KOHIAX OTpe3Ka [«, §] pasnbre
snaku. [lockorbky f'(z) Ha 5TOM OTpeske He ABIAETCSH 3HAKOMOCTOSHHON, TO BHYTPH HETO JeXKaT
HeCKOJbKO KopHell ypaBuenus f(x) = 0. Ha orpeske [a, §1] nmeem f'(2) < 0, u mo>roMy KOpeHb
Ty, IPHHAIEKANINH DTOMY OTPe3Ky, ABAAeTcsS NPocThiM. Kopenb Ty UMeeT 4eTHYI0 KPATHOCTD.

Tabauunpbiii ciocod, Jerko mofaloluics TPOrpaMMHON peaan3aliil, COCTOUT B ONpeleJeHnn
3HaKOB GyHKIHN f(z) B ysaax HeKoTopoll ceTkn {a; = A, g, ... ,q5_1,a; = B}, Bobop KoTO-
pon geraercs ¢ yieToMm ocobennoctenn f(x). Ecan B monydennoii Tabinie snavennin f(x) nmeem
flag) faig1) < 0, TO HA OoTpeske [, ;41| UMeeTcs XOTH OBl OANH KOpeHb ypaBHenus f(z) = 0.
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Puc. 1.

Ecau »Ttu yaabr 6ausku, TO, cKopee BCero, KOpeHb Mexiy Humu oguH. OQnHAKO B DTOM HYZKHO
yOemuThes TeM WIH WHBIM coco60M. BEIABUTE M0 Tabaule KOPHH 9eTHOU KPATHOCTH CJAOYKHO.
Ecau cymecrByeT HenpepbiBHAs npousBojHas f'(2) n KOpHI ypaBHEHIs

f'(@)=0

JerKO BHIYUCASIOTCSA, TO TPOIeCe OTAeNeHns KOopHen ypaBHeHns (1) MOXKHO ymopsgoduTh. [las
5TOTO MOCTATOYHO ONpPeIeInTh 3HakN (PpyHKIUN f(2) B TOYKaX KOpHeNl ee MPOM3BOTHON W B I'pa-
HUYHBIX TOoYKax * = A u x = B.

Bosee Harjs IHBIM CIOCOBOM, KOTOPHIN JaeT HelJoXne NpuOInKeHHble 3HaYeHusT KOpHel, ABJIA-
eTcst epaduueckuti crocod. [lo norydennon Tabauie 3nadennii GyHkunu f(z) crponTes ee rpapuk
I rpaduYeckn HIYTCA TOYKH Tepecedenis ero ¢ ocbio adbennce. Bo MHOTHX 3a1avaxX TeXHUKH Ta-
Kasgd TOYHOCTH yiKe focraTodna. [locTrpoenne rpapuka 3a49acTyio MOMOTaeT TakyKe BEIABUTH KOPHH
9eTHON KpaTHOCTH. |'paduaeckunn crmocod sdpdexTnBer, ecin ypaBHenne (1) He nveeT GIM3KHX
MeK Iy cob60H KOpHEN.

Ha mpakTuke dacTo ymoOHO NPHMEHATDH MpHeM, COCTOSIINN B 3aMeHe ypaBHeHns (1) oKBUBa-
JeHTHBIM eMy ypaBHeHHeM ¢(x) = 1(z), B koTopoMm ¢pyHKIUN y; = @(z) 1 y2 = P(x) nmeoT
6oJee pocThie rpagukia. AGCIUCCH TOYEK MepeceveHist YTHX T'papuKoB OYIyT KOPHAME HCXO,I-
HoTO ypaBHeHnus. Hanpumep, ypasuenue 2 sin ¢ — 1 = 0 yno6H0 npeobpa3oBaTh K Buay sinx = 1/z.

XoTs rpapuiecKnil crnocod yIo6eH n CpaBHUTEALHO TPOCT, OH NPUMEHNM, KakK MpPaBujIo, JUIlb
I Tpy6oro onpegenenns koprein. Oco6enHo 3HaINTeNbHAA TOTEPA TOTHOCTH HMeeT MeCTO B Tex
caydasx, KOrja JUHUN TepecekaloTcs Moj O4YeHb OCTPHIM YIVIOM M MPAKTHYECKH CANBAIOTCA 110
HEKOTOPON IyTe.

[Tocae pemienns Bonpoca 06 OTeleHUN KOPHEell CTaHOBUTCS MPaBOMEPHON CJIeIyIoias

Hocmanoska 3. Ypasuenne (1) nmeer Ha oTpeske [a,b] emnHCTBeHHBIH KopeHb. HaiiTn ero.

DTOo yiKe JAydlle MOCTaBIeHHAS 3a/a49a, HO ellle O4YeHb CAOKHaA. YOeIUThCA B DTOM MO3BOJISET
CACIYIOUMI PUCYHOK:

Ecan K ToMy Ke HCKOMbIH KOpeHb ¥ SIBISeTCs HPpalUOHAJbLHLIM, TO JaHHad 3ajada CTaHO-
BUTCSA NPUHINIHAILHO HepasdpelnMoll, TOCKOIbKY HppalioHalbible ucia Ha IBM npencraBisaTh
HeBO3MOKHO. Torga B 5TOM ciydae NOCTAHOBKY 3aJadll cJAeIyeT MONOJHATH TeM, YTO HeoOXOANMO
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HallTH He caM HppalHOHAJILHBIH KOPeHb, a “Xopollee” paluHoHaJbHOe NMPHOANKEHNe K HEMY, IpH-
4eM Takoe, KOTOPOe MOKET MOMECTHTHLCA B Pa3psIHON ceTKe MAINHHOTO caoBa. OHAKO ec/ii 5T
BO3MOXKHO, TO (yHKuns f(z) IoMKHA OBITH HENMpepHIBHON Ha oTpeske [a,b]. B pesyabrare MBI
IPUILIE ellle K OJHOW MOCTAHOBKe 3a/avi, CBOOOIHON OT PAaCCMOTPEHHbIX HeIOCTaTKOB:

Hocmanosxa 4. llycts ypaBrenne (1) mMeer Ha oTpeske [a,b] eIUHCTBEHHBIN KOpeHb Z* n
¢yukuns f(z) HempepwBHa Ha [a, b]. Hantn 5TOT KOpeHs.

s mamuofl mocTanoBKE caenyert, 9to f(z) = (¢ —2*)"g(x), rjge GyHKuNs ¢(2) COXpansieT 3HAK
Ha [a,b]. D10 mpegcTaBrenne f(2) ABHO YKa3bIBAe€T Ha [BA BO3MOMKHBEIX KAUeCTBEHHBIX PA3ININs B
ee TIOBEJEHNH B OKPECTHOCTH KOPHA: pH HedeTHOM n GyHKIug f(x) MeHseT 3HaK Ha [a, b, a npn
4eTHOM N — HeT.

TobKO MocCae TOro Kak M3BeCTHBI OTBETHI Ha BOMPOCHL O CYIIECTBOBAHUN, €IHHCTBEHHOCTH 1
KPAaTHOCTH KODHS Ha [a, b], clieqyeT mepexonTh K BEIGOPY MOIXOMANIET0 YHCIEHHOTO METOIA.

4
3. Hucaeunsie MeTOAbI pellleHusA HEeJIMHENHOI'O ypaBHeHUsA

B macTosmeM paziele naeTcs KpaTKOe OIMCaHHe TeX YHCICHHBIX MeTOIOB pellleHnd HelnHeli-
HOT'O ypaBHeHHA, IpHMeHeHne KOTOPHIX IPeIyCMOTPeHO B JaHHOM 3ajJaHiu. 3J1eCh Ipefrnoaara-
eTcs, 9TO KopeHb ypaBHenus (1) yxe orgenen, T.e. f(A)f(B) < 0.

3.1. MeToa HOJIOBUHHOT'O AeJeHHUS

JlaHHBEI MeTO Ha3bIBAIOT ellle MeTOJOM [eJeHus IMOMoJaM, JTUXOTOMUEN, MeTO oM GUCeKIIHI,
nian MeTonoMm Buaku. [lomoxkum zg = A uw 21 = B. Haligem cepennny otpeska x5 = (20 + 21)/2,
BEIYHCANM f(22) U W3 MOJYyYeHHBIX ABYX OTPE3KOB BHIOEpPEM TOT, Ha KOHIAX KOTOPOTO (GYHKIHSA
HMeeT pa3Hble 3HAKW, HOCKOABKY OMUH U3 KOPHEN JeKUT Ha 3TOM OTpe3Ke. 3aTeM BHIODAHHbBIN OT-
Pe30K AejquM MOoTNoJaM 1 CHOBa BhIOHMpaeM 13 NONYYEHHBIX IBYX OTPE3KOB TOT, Ha KOHIIAX KOTOPOIro
(PYHKIUS WMeeT pas3Hbie 3HAKHU, U T.1. Ecan TpebyeTcs HalTu KOpeHb ¢ abCOMIOTHON TOYHOCTHIO &,
TO MPOJOAXKaeM JeldeHne TOMoJaM M0 TeX Mop, MoKa MINHa OTpe3kKa He cTaHeT MeHbIne 2¢. Torma
cepejiiHa TMOCJAeTHEr0 OTpe3ka JacT 3HadeHHe KOpHA ¢ TpebyeMoll TOYHOCTBIO. |'eoMeTpuveckas
HHTepnpeTanus MeTola UIIIOCTpUpyeTcs Ha puc. 2.

B pesyabkTare uTepanuoHHOrO NpuUMeHEHHs ONUCAHHOU Hpouenypbl Ha N »Talle MBI MOJyYaeM
WM TOYHBII KOpeHb ypaBHeHus (1), min ke 6€CKOHETHYIO TOCIENOBATENBHOCTD BIOKEHHBIX IPYT
B JIpyr'a OTPE3KOB, COMepKAIIUX UCKOMBIN KOPeHb, MpHYeM [LIHHA CaMOl0 BHYTPEHHEr0 OTpe3Ka
YMEHBIIIACH [0 CPABHEHNIO ¢ JUINHON nexoquoro orpeska B 2V pas.
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Puc. 2.

3.2. MeToJ NpPOCTLIX HTepanui
Ypasrerne (1) MOKHO 3aMeHNTH SKBUBATEHTHLIM €My ypaBHEHIEM
v = (). (2)

TaKon 3aMeHny MOXKHO CcIeJaThb MHOI'MMHI CHOCO6&MI/I7 HallpuMep, IIOJOXKUB

p(z) = x4+ af(z), rme o=const,

pla) = o+ v()f(2),
riae ¢ () — npousBoIbHas HelpephIBHAA 3HAKONOCTOAHHAA (DYHKINA, T.e. He HMeollas HyJell Ha
otpeske [A, B].

BriGepem HekoTOpOe HyJleBOe TpHOJINKeHNe KOPHA &g € [A, B] ypaBHenus (2), a garbHenIne
npubanzkenud OyjeM BbIYUCAATH M0 (popMyaam

Tpe1 = @(x,), n=0,1,2,.... (3)

O4eBu,THO, YTO eCiiil TOCAeTOBATENBHOCTD &, CTPEMUTCH K HEKOTOPOMY TPENely T, TO 3TOT npeipen
1l €CTh HCKOMBIN KOpeHb ypaBHeHNs (2). DTo 6y, 1eT HMeTh MeCTO B TOM CIydae, KOr1a 0TOOpaKeHne
y = @(z) npn HEKOTOpOM ¢ < 1 yIOBIETBOPAET YCJIOBHIO

lo(z1) — p(22)| < qloy — 22|

JUIST BCeX 2y U xg u3 [A, B], T.e. ABIAETCS CHCUMAIOUUM.

JlaguM TeoMeTpHHIecKYo WHTEPIpeTAlnio MeTo a TPOCTHIX nTepanni. /i sToro mocTpouM
Ha miockoctn Oy rpadukn GyHKUnd y = & n y = @(x). Kax sl BelecTBeHHBI KOPeHb ¥
ypaBHeHus (2) sBaseTcs abcumcconl ToYKn mepecedenus M KpuBon y = @(x) ¢ mpaMon y =
(puc. 3). Haumnas ¢ wmekotopon Toukn Aglzo; ¢(xo)] crponm jmomanusie guuann AgBiA; B As ...
(“recTHNIA” ), 3BeHbS KOTOPOH HOMepeMeHHO mapantesbrbl ocn Oz u ocn Oy, IpudeM BeplInHEL
Ag, A1, Ag, ... nexar Ha KpuBon y = ¢(z). Obume abeumecsr Todek Ay uw By, Ay n By,
TpeICTaBAAIOT cOBOT MociefoBaTENbHEE TPUOIMIKEHHUS T, Lo, ... KOPHI I, KOTOPHE CXOIATCA K
HEMY MOHOMOHNO U 0JHOCTNOPOHNE.
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Puc. 3. Puc. 4.

Ha puc. 3 uzobpazken caydair, korjga 0 < ¢'(z) < 1. Ecan ke —1 < ¢'(z) < 0, To JomManas
AgB1A1B3 Ay ... nmeer Bug “cumpanu’ (puc. 4).

B sToM ciyvae cXoquMOCTh K KOPHIO ABISeTCS d6yrcmoponueli, T.e. HCKOMBII KOpeHb T BCera
PUHA IIEKAT OTPE3KY [Ty, Tptt]-

3.3. MeToax HrroToHna

JlaHHBITT MeTO[ Has3hIBAOT METONOM KacaTedbHBIX, Wi JuHeapusannu. PacdeTmas dopumyaa
meToma HpoToHA B HEKOTODPON OKPECTHOCTH KOpHS ypaBHeHHs (1) mMeer B (HadanibHOE NpH-
6amxenne xg € [A, B]):

x
Tppl = Ty — % (4)
n

Ero reomerpuveckas WHTepnpeTanus s pa3invHBIX CIydaeB mosegenns Gpynkunn f(z) npu-
Bejierna Ha puc. 5. U3 puc. 5 Bugno, 910 MeToq HbhioTona cocTONT B 3aMeHe Ha KayKOW WTepaInn
HeGOIBIION TyrH KpuBoll y = f(2) KacaTeqbHON K Hell. DTO clelyeT N3 yPaBHEHHS KacaTelbHOT,
NPOBeIEHHON K TOUKe (2, f(2,)):

y— flan) = f(2n)(@ = 24),

13 KOTOpON mporecc (4) momydaercs, ecan TNOJOKNTh ¥y = 0 n & = z,41. V3 puc. 5 BugHO, 9TO
noCJeI0BaTeNbHOCTh £, MOHOTOHHO U OJHOCTOPOHHE CXOAUTCH K KOPHIO .

3.4. KoM6MHEMPOBAHHBIA MeTO

[aHHbIl MeTO[ IpejcTaBiseT cobOl KOMOMHAINIO MeToJa Xopa n MeToga Herorona. [lamum
CHadYa/la OCHOBHYIO HICI0 MeTOa XOPI.

CymHoCcTh MeTofa XOp/ BUIHA U3 ero MeoMeTPHIeCKOW HHTepupeTaliy JAf Pa3AndHbIX Cay-
qaeB noBegenns f(x) (puc. 6) m cOCTONT B 3aMeHe KpuBOH y = f(x) XOpAaMu, MPOXOIAIINME depes
KOHIIBI OTPE3KOB, B KOTOPHIX f(2) MMeeT NPOTHBONOJIOKHEE 3HAKN. YpaBHEHNE XOPIBI, TPOXOIi-
mwedn gepe3 Toukn ¢ koopauuatamu (A, f(A)) u (B, f(B)), umeeT Bux

r—A _ y-[f(4
B-A  f(B)- f(A)
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Puc. 5.

Hcexoms w3 »Toro ypaBHeHHS CTPOUTCS UTEPAlHOHHBIN MPOIECe, CXOJISANHICS s PACCMOTPEeH-
HBIX CJIy4aeB K KODHIO Z:

Tpntl = Ty —

T

m@n—xo), n=12,.... (5)
BugHo, 9T0 5TOT MeTOJ ABIAAETCA J6yruiaeo6bin (T.e. I TONYYeHUs CJeNYIONero MPUOIHKeH s
HYJKHO 3HATh 3HadeHns f(x) B IBYX TOYKax) W TpedyeT, 4TOOBI OJUH KOHEI OTpe3Ka, Ha KOTO-
POM HIIeTCS KOpeHb, ObLI HemoIBIKeH. B KadecTBe Hemo BHKHOI'O KOHIIA BLIONpaeTCcs TOT KOHel,
JUIS KOTOPOTo 3HaK f(2) coBmajgaeT co 3HAKOM ee BTOpoi mpomsBoguonn f”(z). Torma nocreroBa-
TeldbHbIe TPUOINKEHUS Ty, J€KAT [0 TY CTOPOHY KOPHs, Ije f(2) uMeeT 3HAK, IPOTHBOMNOIOKHBII
f"(x). CxomumocTh MeTOMa XOpJ — OJHOCTOPOHHSAS W MOHOTOHHas. Tak Kak Ha KaxkKjoM IIare
HTEePalMOHHOr0 Npollecca 3a NPUOINKEHHOe 3HAYeHHe KOPHA X,y NPUHUMAETCS KOPEHbL WHTep-
NOAANMOHHOINO MHOTI'OY/IEHa MepBOil CTelleH’, TO MeTO/ XOpJ Ha3biBaeTCHA elle MeTONOM JAUHEHOT
UHMEPTOAAYUL.
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Puc. 6.

Kombunupys MeTonur xop1 n HbloToHa, ToaydaeM clIefyiomine pacieTHEe POPMYJIL:

jn—I—l = Tn — f(jn) ’
e o
Tn = 2, " (F,—x,), n=0,1,2,....
. TG — fan)

B »Tux dopMmyaax MeToa XopJ NpUMeHAeTcH KazkK bl pa3 K HOBOMY OTDe3KY [T,,T,]. ['eome-
TpuYeckas HHTepHpeTalns KoMOUHupoBaHHOTO MeTona B caydae f'(z) > 0, f”(x) > 0 na [A, B]
npuBejgena Ha puc. 7. [asg apyrux ciydaes reoMeTpudecKas HHTepIpeTalud clegyeT u3 puc. 6.

4. CKOpOCTb 1 ycJloBHUA CXOAUMOCTH MeTOOdO0B, BI:)IﬁOp HavaJdbHOI'O HpI/I6JII/I}KeHI/IH

PaCCMOTpI/IM 6oiee CTPOI'0O U3J0XKeHHbIle MeTOAbIl, yIelINB BHUMaHIe aHaJIu3y CKOPOCTH U yCJIO-
BUAM NX CXOIUMOCTH, a TaKzKe HalJlexKallleMy BbI60py Ha4vaJbHOT'O HpI/I6JII/I)K€HI/IH K KOpPHIO.



S'x) >0 y=r

S >0

4.1. MeTo IOJIOBUHHOT'O JeJeHUA

Jlast TaHHOTO MeTOIa CXOIUMOCTDH K MPOCTOMY KOPHIO 06eCTednBaeTCsA s JI0OBIX HelpephiB-
X Gyukunn f(z) (B Tom 4dncie HeandPepeHUINPYEMbIX), IIs KOTOPHIX BHIMOJHAETCS YCJIOBIE
f(A) f(B) < 0.Meroj cxoquTcs cO CKOPOCTHIO I€OMeTPHIECKON MPOT'PECCHN CO 3HAMeHaTemeM 1/2,
IpH >TOM BHIOMpaTh HavajJbHOe MpubinKeHne K KOPHIO He HYXKHO. 3a OfHY HUTepaluio TOYHOCTh
YBeJIUYUBAETCS BIBOE, T.e. yrouHeHue Tpex nudp Tpedyer 10 urepamnui.

4.2. MeToj npocTON UTepanun
Uccnenyem yemoBus cxomuMocTn MeToga. Ecan () nMeeT HempephIBHYIO MPOU3BOIHYIO, TO

Tngr = T = p(rn) = 0(7) = (z, — 2) (£,

rje Touka & JeKNT MeXKIY TOYKaMu &, i &. [TosTomy ecim Betoy Ha [A, B] umeenm |¢'(2)] < ¢ < 1,
TO OTPE3KH |2, —T| yOLIBAIOT He MeJIeHHell 4ICHOB MeOMeTPUYeCcKOll MPOrPeccui Co 3HaMeHaATeNeM
q < 1, 1 mocaeI0BaTeIbLHOCTD T, CXOANTCA NIPHU 410604 HYJeBOM IPUOINKEHIH Tq.

Ecau |¢'(2)| > 1, To B cuay HenpepbiBHOCTH |¢'(2)| GoJblle € IMHAIL I B HEKOTOPOU OKPeCT-
HOCTH KOpHA. B 5TOM clIydae nTepanun CXoAuThCa He OyAyT. DTO WILIIOCTPUPYETCHS Ha PUC. 8 11s
Pz)>1n¢(x) < -1

Ecau |¢'(2)] < 1 B HeKOTOPOIl OKPECTHOCTH KOPHS, HO Bjaan oT Hero |¢'(z)| > 1, To nrepamun
6YAYT CXOMUTHLCA, KOTIa HyJeBoe NpHOIIKeHIe Tg BEIOPaHO JOCTATOIHO OAM3KO K KOpHIO. B TOM
caydae IIpH IPOU3BOJLHOM HYJAEBOM IPUOINKEHNH CXOTMMOCTH MOMKeT He OBITh.

OdeBnIHO, 9TO YeM MeHbIIe ¢, TeM OLICTpel CXOANMOCTL. BOIM3YM KOpHA acHMITOTHIeCKas
CXOIMMOCTB ONpefelseTcs BelndnHol |¢'(z)| u 6yger ocobenno 6uicrpoi npu ¢ (z) = 0. Crego-
BaTeAbHO, YCIeX MeTOja 3aBHCHT OT TOTr0, HACKOABKO yAadHO BhIOpaHa (yHKius ¢(x). Hampu-
Mep, I8 U3BJeYeHHS KBaJpaTHOT'O KODHA, T.e. PellleHNs ypaBHEHHA r2 = a, MOXKHO TOJOXKHTDH
p(z) = a/x mmm p(z) = (z + a/x)/2 n 3anucaTh TaKne NTEPANTOHHBE TPOUECCH

a 1 a
Tpyl = — HAn Tpyr1 == |lxp+ — .
Ty, 2 Ty,
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x X, x Xs XX x XX X X x

Puc. 8.

[epBeiit nponece BooblIe He CXOAUTCHA, a BTOPOU CXOTUTCHA NPH JII060M &g H OYeHb GBICTPO, MO-
ckoabky ¢'(Z) = 0.
Horpemnocts |z, — Z| cTrpeMuTes K HyJIIO MOHOTOHHO IPH CXOTAIIEMCS HTEPAIHOHHOM IDO-
necce (3), T.K.
|$n - j| S (]|$n_1 - j| S |xn—1 - j|

ITO O3Ha4vaeT, 9TO KaxKgoe ciledyiollee 3HaleHle T, SABIAeTCA (683 ydeTa omnboK OprFJIeHI/IH)
6oiee TOYHLBIM, 9eM OpelieCTBYIOIIee 3Ha9eHne r,_q.

4.3. Metox HoioToHa

Byunem nmpexnonarars, 9to Ha orpeske [A, B], f(A)f(B) < 0, B KOTOpOM HIETCS KOPEHb ypaB-
wernnst (1), f'(2) u f"(x) HenpepbIBHBI 1 COXpaHAIOT NOCTOsHHBE 3HaKH. [To Gopuyae JlarpaHka
nMeeM

0=f(2)=f(ent (@ —wn)) = flan) + (2 = 2n) [(5),

rje ToYka & JeKUT MEeKIY L, U .

3amenus npubamkenno f'(£) na f'(z,), T Ha T,,41 1 BEIIOIHNB TPe0OPA3OBAHNS, TOXYIHM HTe-
patuonHbil npouecce (4). UTepamun cxo1daTes ¢ Toli cTopolsl, ¢ Kotopoit f(x) f”(x) > 0. Ynadubim
HAYaJbHBIM IPUOIHKEHTeM Zo 6Y/1eT TO, 118 KOTOPOTr'o BEINOJTHAETC s HepaBeHCTBO f(zg) f(2g) > 0.
Ecaun xe f(xo)f"(20) < 0, TO MBI MOXKeM AHGO CIeJaTh OTHY JHIIHIOW0 UTEPALNIO IS TOTO, 9TOOk!
NOMACTh B 00JaCTh MOHOTOHHON cXomuMocTn (puc. 9), mm6o Boobile He CONTHCH K KOPHIO, KOT A4
HaYalbHOe PHOINKeHNe &g He O49eHb xopoiee (puc. 10).

Metonx HpioTOHA MOXKHO TaK:Ke TOJNYYINThH n3 pasnoxkenns f(z) no popuyre Terropa B okpect-
HOCTHU KOpPHA Z:

_ _ 1, _ _
0= f($) = f(wn) + ($ - xn)f/(xn) ‘|' §($ - $n)2f”(€), g € [xnv $]7
3aMeHUB & Ha Tpy1 U OT6pOCI/IB HOCJIG,Z[HI/II?I YqJIeH:

0= f(wn) + (wns1 = 2n) f'(wn).
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y=fe

Kl

Puc. 9 Puc. 10

Meron HbiooTOHA MOYXKHO paccMaTpuBaTh Kak YAaCTHBEIM CJAyd4ail MeTOda NPOCTHIX UTepalui,
ecan B3ATh

f(z)
A=y
Orciona caenyeT, 4T0
¢'(w) = L7
(f')?

Ecau Z siBisercs mpocThiM KopHeM, To BOausu Hero f(z) = a(x — @) u ¢'(x) = 0. [las meroga
IPOCTOH HTepAlNi TOCTATOYHOE YCIOBHE CXOJHMOCTH BhIpaxkaeTcs HepaBeHcTBOM |¢(z)| < 1.
3uadynT, 11d Meroga HbloToHa mpu MPOM3BONBLHOM HYJIEBOM NPUOIMKEHHH HTEPAlUH CXOIATCH,
el BCloly BhIoaHseTcs HepaercTso | ff”| < (f')%. B nporTuBHOM cilydae CXOJUMOCTH OyIeT He
IpH 11000M HYJIeBOM IDPHOIIKEHHN, & TOJIbKO B HEKOTOPOI OKPECTHOCTH KOPHS.

CKOpOCTB CXOJQUMOCTH MeTO[Ia BOIU3N IPOCTOrO KOPHA ONpeIelseTcs COOTHOIICHTEM

1

Tp — T = 5 (xn—l - j)2@//(€)7 f € [xn—lvi]v

KOTOpOe IIoJyYdaeTcs, eCJIn B paBeHCTBe

Tp —T =@ (xn—l) - @(j)

Pa3JoKUTh MpaBylo YacTh B piag Teiopa u yuects, uro ¢ (z) = 0. CaegoBareasbno, meton Heio-
TOHa CXOIHUTCHd C KGG@meuuHGﬁ CKOPOCTbBIO (TOF,Z[&L KaK MeTOol hTepallun CXOAUTCsI CO CKOPO-
CTBhHO FeOMeTpI/IquKOﬁ HpOFpeCCI/II/I). 3TO O3Ha4vaeT, 9TO NOI'PpeIHOCTL O09epeJHOI O HpI/I6JII/I)KeHI/IH
BOJUBY NMPOCTOrO KOPHA HPHUMEPHO paBHa KBapaTy NOPEIIHOCTH NpeiblAyliero NpubinKenus,
T.e. eCJin (n — 1)-}1 nTepangud gaBaJa TPpH BEPHLBIX 3HaKa, TO M-I JaeT INPpHMEpPHO IIeCTh BePHLIX
3HaKOB, a (n+ 1)-s y:ke npumepno 12 3nakos. ['eoMeTpuyeckas unrepnperanus metota HpioTona,
paccMaTpUBaeMOro Kak pa3sHOBUIHOCTL MeToJa NpOCTOll UTepallnll, IpuBejeHa Ha puc. 11.

11



y=x - fx)/fx

Ll

Puc. 11.

4.4. KoM6MHUPOBAHHLIE METO[

Bynmem npeanorarars, uro na orpeske [A, B], f(A) f(B) < 0, B KOTOpOM HIeTCA KOPEHb yPaB-
wernnst (1), f/(x) u f”(x) HenpephIBHBI I COXPAHAIOT MOCTOSHHbBIE 3HAKH.

B sTux npegnoioxenusx IBYXIIATOBHIL MeTOJ Xopf (5) 6yLeT CXOTUTBCA ¢ AUNEUNHOU CKOPO-
CTBIO, €C/IN B Ka9eCTBe HAYalbHOIO IPHOINKEHIS 2o B3ATh TOUKY, B KoTopoll f(zq)f"(z¢) > 0,a B
KadecTBe HAYAJIbHOTO MPHOJINKEHNS &1 B3ATh TOUKY, B KOTOPOI 3HadeHne GpyHKuun f(zq) nmeer
3HAK, IPOTHBONOIOKHUBI 3HAKY f(20). 3HAYEHUAMHE Lo U Z1 MOI'YT OLITh, HAPHMeEpP, COOTBETCTBY-
olle KOHIEL oTpe3ka [A, B]. DToOT MeToJ] MOXKHO pacCMaTpUBATh KaK YAaCTHBII CIydall MeToa
IPOCTHIX HTEepAliil, eCll B3ATh

(x — z9)

f(z) = flzo)

O,Z[HaKO B MeTO/[e XOopl, B OTJnIne OT MeTOola I‘II:IOTOH&7 Ipou3BOIHASL

N CT R (3
Pla)=— o)

ple) =z — f(2)

g € [$07 j]v

OTJIUYHA OT HYJsi, 4eM H OOBACHSETCS ero JHHelHas CXOJIUMOCTh. B HEKOTOpOU OKpecTHOCTH
BONU3H KOPHS OYeT BBHINOJHATHLCS HepaBeHCTBO | (2)| < ¢ < 1, n ecim TodYka ' B3sATa U3 DTOM
OKPECTHOCTH, TO TOCJAeT0BATENBHOCTD (5) 6yIeT CXOAUTHCS K KOPHIO Z.

B caydae mpumenennss KOMOHHHPOBAHHOTO MeTOga (6) CKOPOCTH CXOINMOCTH OyIeT yBesn-
JeHa He TONLKO 3a cYeT NCHOAb30BaHud MeTona HbioToma, mMeloero KBalpaTHIHYIO CKOPOCTh
CXOJUMOCTH, HO U 3a CYET TOT'0, 4TO Ha KaxKJOM IlIare HTePalllOHHOr O Mpolecca MeTO XOpI MpH-
MeHseTCH KayKIbll pa3 Ha OTpe3Ke MeHblel minHbl. [id KOMOGUHUPOBAHHOIO METOMA HAaYadbHbIe
npubauzKeHus g U Lo BBIOUPAOTCA MO (popMyaTaMm:

— B cayqae f(A)f"(A) >0

) _ Af(B) - Bf(A).
o f

ey

12



— B cayyae f(B)f"(B) >0

[B) _AJ(B) - BI(A)
F(B)’ T OB - )

5. IIpakTudeckue KpuTepuu KOHTPOJISI TOYHOCTH

Fo=B—

Bonpoc Bbi6opa mpakTHdeckn NPUMEHHMBLIX KPUTepHeB KOHTPOJAA TOYHOCTH BLIYHCACHHOTO
3HaYEHNsA KOPHS, T.e. ONpeJeleHns TOrO MOMEHTa, KOrjJa cAelyeT IpeKpallaTh pacCMOTpPeHHbLIe
HTepalnoHHBIe IIPOIecch, TpebyeT oTAeabHOro obcyKaernsa. Kazaaock 6bI, 5TOT BONpoC IpOCT,
IIOCKOJIBKY caM cOOO0H HalpallliBaeTcs KPUTEPHil, COrMacHO KOTOPOMY O TOYHOCTH IPUOIHKEHHO
BLIYMCJICHHOTO KOPHA T* MOMXKHO CYyAUTh IO TOMY, HACKOJIBKO XOPOIIO OH Y/OBIETBOPSET 3alaH-
oMy ypasrernio (1). [Ipu sTom ecan qncio |f(Z*)| mano, To canTaor, 9T0 T* ABILETCS XOPOIINM
NpHOIMKEHNeM s TOYHOrO KopHs Z. OgHako puc. 12 moKassIBaeT, 9TO HTO He Bcerga Tak (& —
3ajaHHAs TOYHOCTH).

h

>y 1

Yy =1

—

Puc. 12. z* =

8

Ecan gqncio f|(z*)| Beanmko, To 5TO B CBOIO 0depejnb He BCerfa O3HAYaeT, YTO I~ ABISETCHA
rpyoBIM TpubIIKenneM Kophs &. JlaHHoe yTBep:K [eHne ciejyer u3 puc. 13, Ha kKoTopoM 2* —& < €.

NantocTpannn Ha >THX PUCYHKaX JEIKO MOHATH, €CAi y9eCTh, 9TO NpH YMHOKEHUN ypaBHe-
Husi (1) Ha mpomsBoJbHOE YnCI0 o # 0 moaydaeTcs SKBHBaJdeHTHOe ypaBHenue of(z) = 0, npndem
qncao |af(Z*)| MoXKHO cpesaTh CKOMb YIOZHO GOMBIINM HJIH CKOJXb YTOZHO MAJBIM 3a CYeT BhI-
6opa mHOKHTENA ov. TakuMm 06pa3oM, onenka 3Hadenns |f(Z*)| He MOKeT CIYKUTH TPAKTHIECKIM
KpHUTepueM IPUeMAeMOCTH TPUOIHKEHHO BHITHCICHHOTO KOPHA T,

Kpoue 5Toro mmupoko pacnpocTpaHeno elle oJHO 3a0/1y K [eHne: ecJi IpH TPpUMeHeHHH nTepa-
IUOHHBIX METOIOB JBa MOCACNOBATENbHBIX TPUOIUKEHUA Xy 1 U T, COBIHAJAIOT C 3aJaHHON TOY-
HOCTBIO £, TO TakyKe CIPaBeINBO H HEPABEHCTBO |z, — Z| < €. OgHako B 06IIeM caydae TaHHOEe
yTBepKaenue omubodno. Hanpumep, 4is MeToLa TPOCTON HTepaliil BO3MOKEH Caydall, n306pa-
JKeHHBIA Ha puc. 14.

Jlerko mokasarh TakKe, 9TO ecan ¢’ () 6anska K 1, To BenInHa |2, — | MOKeT OBITH GOMBIION,
TOrIa KaK 3HadYeHne |x, — &,_1| O9eHb MaJo.

KpuTepuii olleHKH TOYHOCTH TPUOIHKEHHOIO 3HAYEHHS KOPHA MO PA3HOCTH MeKIY JIBYMS ero
ocAe[oBaTeNbHBIME NPUOANKEHUIME HEeIPUMEHUM B 00IlIeM cIydae He TOAbKO IS MeTO/a Mpo-
CTON WTepalnn, HO U s JIOOBX HTepalHoOHHBIX MeTOJ0B, KOTOPhIe CXOIATCS K KOPHIO € OXHON

13



y1 y =

f(x)

— - -
x X x

Puc. 13. z* =

8

CTOPOHHI, T.e. MJA OMHOCTOPOHHUX UTEPANNOHHLIX MeTogoB. Hampumep, n aig metona HruioTona
B 00llleM CJIy4ae COBNAEHHe ¢ TOYHOCTBIO [0 € [BYX MOCJIeOBATENbHBIX TPUOIHKEHUHT £, 1 U Ty
He TapaHTHpyeT, YTO ¢ TOH JKe TOYHOCTHIO COBNAIYT &, W TOUHBIN KOpeHb (puc. 15).

OnHAKO 3THM KpUTEpUeM MOXKHO C YCIEXOM TOJB30BAThCSA HA MPaKTHKE, KOI'a HTepalui oKa-
BBIBAIOTCS MOMEPEMEHHO TO € OJHOU CTOPOHBI, TO ¢ IPYI'OH CTOPOHEI KODHS, T.€. IS [BYXCTOPOH-
HIX UTepPaNnoOHHLIX MeTomoB. K mX 4Wcay OoTHOCATCAS MeTO[ TOJOBHHHOTO JeleHns, KOMOUHUPO-
BaHHBII METOJ I MeTO[ POCTOl nTepannn B ciaydae —1 < ¢'(z) < 0 (puc. 4).

[Ipex e dem mepedTH K pacCMOTPEHUIO MPAKTHYECKUX KPUTEPUeB s OMHOCTOPOHHUX METO-
OB, cllelaeM OHO BaKHOE 3aMedaHUe, COCTosllee B cienyiomeM. Hu Ha OTHOU U3 BEIYUCIUTENb-
HBIX MAIllH HEBO3MOKHO IPEJICTAaBHTH BCe MHOJKECTBO BEIIECTBEHHBIX ([eNCTBHTENbHBIX) THCET
B CUJIY OIPAHNYEHHOCTU Pa3pPSIHON CEeTKH MAIIHHHOTO ¢I0Ba. PaKTHYECKH MalllHHA ONepHPYyeT ¢
HEKOTOPBIM KOHEYHBEIM MHOYKECTBOM PallHOHAJbHBIX YHCEN, TPEeICTABISHHBIX ¢ MIaBaloIel TOYKOW
(samsaTon). [losToMy HEOGXOANMO YUHTHIBATH PA3INTNs, CYIIECTBYIONINE MK TY UJEAIbHOT apud-
METUKOW U peatbHOU Mauiurkol apudmeTukoil. B naleMm ciaydae ecan MareMaTHdecku 3ajaHHasd
(nmmeanbHas) pyHKIusA f HeIpephIBHA U MeHSeT 3HaK Ha oTpeske [A, B], To peaabHO BEIYHCIsEMasn
Ha MallliHe (PYHKIHS NPUHUMAET B MeHCTBUTENBHOCTH JHINE TUCKPETHOE MHOXKECTBO 3HAYEHHH,
OpuYeM Cpejn 3TUX 3HA4YeHW MOXKeT He OKa3aThCd HyJs (GpyHKuuu f. ITo O03HAYaeT, 4TO HaM
cleyeT UCKATh He HYJAb (PYHKIUE f, a HACTOJIBKO MAJblll OTPe30K [a, 3], Ha KoTOpoM [ MeHseT
BHAK, 9TO ero MinHa OygeT MeHbIle HeKOTOpou Tpebyemoi To4dHOoCTH £. FKeanm Takum obpazom
OCYUIECTBAAETCS KOHTPOJAb BBIYHUCIGHUU, TO £ ABAAETCS aBCOMOMHOU TOYHOCTHIO. DTOT CIOCOD
KOHTPOJA TOYHOCTH NPUMEHUM TOJIBKO [ NABYXCTOPOHHUX METOJOB, NOCKOJbKY IJad HUX CTPO-
HTCS TOCIeN0BATENBHOCTD BJIOKEHHBEIX OTPE3KOB, COMEpKAINX HCKOMBIH HYIb. [Ipu 5ToM oTpesok
[r, ] MOXKHO Cy3UTh HACTOJBKO, 9TO €r0 KOHIEBBHIME TOYKaMU OYIYT MBa COCEIHUX MpencTaBu-
MbIX B ManiiHe quciaa. O qHako s OMHOCTOPOHHHX METOMOB MbI He MOYKeM BECTH KOHTPOJb 110 TaK
onpejieJeHHON abCOJITHON TOYHOCTH, TOCKOABKY DTH MEeTOIBl He Maf0T MOCJAeI0BATEeIbHOCTH BIO-
JKEeHHBIX CYKAIOMINXCA OTPE3KOB, COMePXKAIMNX HYAb PYHKINHA. B 2TOM cayiae HeoOXOANMO BBECTH
HEKOTOPYIO OMHOCUMEADHYIO XaPAKTEPUCTHKY TOYHOCTH BHIYHCJICHHH, HAIPUMED, TaKyl: HTepa-
HHOHHBIN TPOILECC TPOBOJUTE JO TeX MOp, MOKa MONPEIHOCTh Pe3ybTaTa He OKaxKeTCs MeHbIIe
JUIMHBL oTpe3Ka [A, B], yMeHbIIIeHHON B 3aJaHHOe KOINYIeCTBO pa3. B oleHKax MOTperHocTi BMe-
CTO JUIMHBL OTpe3ka [A, B] HCTOAB3YIOT PAcCTOMHIE MeXK,Ty HYJIeBBIM NpUGIUKeHIeM I 3HAaYeHIeM
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LY=o )
i
; Xpr2 xn+l X, X,g x
e
Puc. 14.

HYJIsI, KOTOpOe, IPaB/Ia, 3apaHee HEM3BECTHO. B 5ToM ciydae TOBOPAT, 4TO HYAb PYHKINH (KOPEHb
ypaBHEHN) HAIEH ¢ OTHOCHTETHHON TOYHOCTHIO £, CIN BBIYNCIEHO TaKoe IPUOIIKeHNe &y, 9TO
BBINIOJHEHO HEPABEHCTBO

|z, — Z| < elag — 7.

DTO O3HAYAET, 9YTO HTEPALHOHHBIN MPOIECC TOJKEH MPOMOIKATECSA 0 TeX MOop, MOKa PacCTOSHIe
OT HYJeBOTO MPUOGIHKEHHS MO HCKOMOT'O HYy.s He OyjIeT yMeHbIleHo B 1/¢ pas.

[st IBYCTODOHHHX MeTOJOB, KOHEYHO, MOKHO BBIYHCAATH KOpHH ypaBHeHns (1) ¢ oTHOCH-
TeNbHOW TOYHOCThI0. Hanpumep, npu KpUTepHH KOHTPOJS TOYHOCTH [ METOAA MOJOBUHHOTO
nerenns —a < 27N(B — A), rme N — KoanmdecTBO WTepaliii, TOBOPAT, ITO KOpeHb HallleH ¢
oTHOCHTENbHON TodHoCTBIO 27N, B Kpurepnn § — o < € 4ncao £ 6y1eT abCOTOTHOR TOTHOCTHIO.
Jlisi OMHOCTOPOHHUX METOJOB BBOJSITCS CBOU KPHTEPUH KOHTPOJS BBIYHCJIEHUH 10 aBCOMIOTHON
TOYHOCTH, HO OHU OTJIHYAOTCH OT ONPENeIeHHOTO BhIIlle I OCHOBaHKl, HAPUMEp, Ha ONeHKaX s
|z, — |

Pacemorpum Tenepk mpakTudeckue KpUTepUH KOHTPOJIS TOYHOCTH IS METOMA NPOCTON HTe-
panun. B cayuae |¢'(2)] < ¢ < 1 BepHa cienyiommas OleHKa MOTPEIIHOCTH sl N-T'0 TPHOJINKEHIS
K KOPHIO:

|$n_j| < Q|$n—1 _j| <. < qn|$0_j|'

Ecan xopens T ypaBmenus (2) uijeTcs ¢ OTHOCHTENILHOH MOTPEIIHOCTHIO € > 0, 4TO6GH IpH Beex
n > no(€) BEIIOIHATOCH HEPABEHCTBO
|$n_j|§€|$0_j|7 (7)

TO KOJ19eCTBO I/ITepaHI/II(;I7 IIpu KOTOPOM BLIIIOJHEHO JaHHOE HePpaBeHCTBO, olipefelsieTCsa U3 yCIOBUA

q" <eg, T.e.
S In (1/¢)

"= (1/g)

Taknm 06pa3oM, MEHEMAIbHOE KOJMYIECTBO HTEPALUN Ng (), TP KOTOPOM JTOCTHIAETCS 3aJaHHAA
OTHOCHUTEeNbHAA TOYHOCTDH £, PaBHO

no(e) = [%] , (8)
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Puc. 15.

rne [a] — @eJasgd 9acCThb 9Yucia a. ITO COOTHOIIeHNE MOKeT OLITH HCHOJIbL30BAaHO Ha IIpaKTUKe IJas1
OKOHYaHHIA I/ITepaHI/IfI. ﬂaHHaﬂ Oll€eHKa O6JI&,Z[&€T TeM HeJOoCTaTKOM, 9TO [Js1 ee IIpUMeHeHnusd ZKe-
JaTelbHO NOTOYHee 3HaTh 3Ha9eHne q.

ﬂpyFHe IIpUMeHNMBI€ Ha NpaKTHUKe OOeHKW MMelT BHUI

n

|z, — 2| <

|$1 —$0|7 |$n—f| < |$n_$n—1 ) (9)

OTHAKO TaKiKe Tpe6y10T 3HaHUudg ¢.

Moxto ncrnoan3oBaTh CJIe,Z[yIOHH/Iﬁ KpI/ITGpI/IfI CXOINMOCTH. Béausu KOpHA HUTepalunu CXOIATCd
IPpHUMEPHO KaK I'eoMeTpuniecKad Nporpeccusa Co 3HaMeHaTeleM

o Tp — Tp—1
= —-—.

Tp—1 — Tp-2
Yrobu CyMMa rZ[aJIbHeIK;IHH/IX €e 91JeHOB He IIPpeBOCXOoanaa Sa,Z[aHHOfI TOYHOCTHN £, TO HOJXK€H BLIIIOJ-
HATCH TaKOU KpI/ITGpI/IfI CXOINMOCTH:

Tp — Tp—1
l—¢q

(xn - xn—l)z
pun . 10
|2$n—1 — &p — xn—2| < ( )

¢

[Ipu BhIMONHEHIT DTOTO yeI0BHSA HTepannn (3) MOXKHO npekpaiiaTh. OTHAKO He claegyeT 3a0bIBATH,
YTO DTOT KPUTEPUNl TPUMEHUM BOJU3U KODPHS.
Ouenku (9) n (10) mpuMeHsIOTCS, KOT /4 KOPeHb HIIETCH ¢ aGCOMOTHON TMOTPEITHOCTHIO €.
[lasi meToga HeloToHA yeaoBiHe OKOHYAHUS UTepaluil IPH KOHTPOJE TOYHOCTH MO OTHOCUTEJb-
HOM OMINOKe OnpeesieTcsi HepaBeHCTBOM

n > no(e) = [logy log, (1/¢)]. (11)

HpI/I BBIIIOJTHEHN N TaHHOI'O HepaBeHCTBa BepHa OlleHKa (7) OHeHKa IS abCOJIIOTHOR IIorpemrHocTn
n-ro HpI/I6JII/I)K€HI/IH K KOPHIO T 1O MeTony HoroTona onpegeaseTca HepaBeHCTBOM

|7 — @] < —fST)7 (12)
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rjge m; — HamMeHblee 3Hadenne f'(x) Ha orTpeske [A, B]. DTa oneHka BbITeKaeT U3 (POPMY.JIbI
Jlarpamxa

f@) = fen) = (@ = ) (6,

rjge £ — NPOMEKYTOYHOe 3HAYeHNe MeXIY T 1 &n, a f(Z) = 0.

MGTO,[[ IIOJJOBUHHOT'O neJeHusd ciaelyeT NPpUuMeHAThb NO TeX IOop, MIOKa He BbINOJHACTCA HepaBeH-
CTBO |, — &—1| < 22, Tjte £ — 3ajaHHas abCOJIOTHAS TOTpelTHoCTh. Torma cepennaa mocieTHero
OTpe3Ka JacT 3HaYeHHs KOPHI ¢ TpedyeMol abCOMIOTHON TOTHOCTDIO.

st koMbuEnpoBaHHOTO MeTOoa (6) MTEpAlNOHHBIN MPONECC MPeKPAIIACTCS, eCll |T, — Ty
OKa3bIBaeTCsa MeHbIlIe 87 rae & — 3aJaHHasdg abcogioTHasn IIOrpelrHOCTb. B KaveCcTBe 3HaYeHU s KOpHS
ueﬂecoo6pa3Ho B3ATH
o + in‘

2
6. KpaTkoe cpaBHeHHEe MeTOA0B

1) Memod noaosunnozo deienus. ITOT METOI MPOCT U OY€Hb HATEXKeH, MOCKOAbKY obecie-
9UBAETCA CXOIMMOCTh K TPOCTOMY KOPHIO s JTIOOBIX HENPepLIBHLIX GyHKINN f(2), B TOM dncie
HemndpepeHnnpyeMBIx, TPU BTOM METOI YCTORINB K olnbKaM okpyTaenus. O THaKO CKOPOCTH CXO-
JUMOCTH, COBIAAIONIAs CO CKOPOCTBIO CXOMMMOCTH TE€OMETPHIECKON TPOTPECCHn CO 3HAMeHaTe-
Jem 1/2, HeBeqmKa: 3a OTHY HTEPANNI0 TOYHOCTh YBEIUINBAETCSA MPUMEPHO BIBOE, T.e. yTOUHEHIe
Tpex nudgp TpebyeT 10 nTepannii. 3aTO TOYHOCTH OTBETA TaPAHTHPYETCS, TOCKOIBKY HCKOMBIN KO-
pelb Bcerja 3aKAiotMer B caMOM BHYTpPEHHEM OTpe3ke MOCTPOEHHOH MOCAeNoBATENhHOCTH, MINHA
KOTOPOTO MOXKeT OBITH cjiefaHa MeHbINeHn 3aJaHHOW TOTHOCTH. [lopTOMy mpakTHYeckas OleHKa
TOTPEINTHOCTH BHITHCICHHOTO TPUOINKEHHOTO 3HATEHNS KOPHSA He MpeJIcTaBIseT 3aTpy THeHU.

[lepedncanM HemocTaTKW MeTOJa TOJOBHHHOTO Aedenus. /i ero mpuMeHeHHUs HeOOGXOINMO
IpeIBapuTeIbHO HAUTH OTPE30K, Ha KOTOpOM (PYHKIHS MeHseT 3Hak. Ecin Ha »ToM oTpeske JeKnT
HECKOJIbKO KODHell, TO 3apaHee HEM3BECTHO, K KAKOMY H3 HIX COHeTcs mponece (XOTd K OJTHOMY
13 HIX 3aBeIOMO cofimeTcs). MeTox HempuMeHNM /s BEIYHCJAEHNS KOPHell 9eTHON KpaTHOocTH. /s
KOpHeH HeTeTHOHW BHICOKON KPATHOCTH OH CXOJUTCSA, HO MeHee YCTONYINB K OMMuOKaM OKPYTJIeHH,
BO3HUKAIONUINX NpH Bhrdnciennn f(z), m MeHee TodeH. Ero Heabss, K coxateHnio, 0600maTh Ha
clIydall CHCTeM ypaBHEHHH.

MeTo 1 TOTOBUHHOTO JefeHUsA TPUMEHSeTCS JAf Tpy6Goro HaXOXKJTeHNs KOpHeH, TaK KaK MpH
YBEAUHMEHUN TOTHOCTH 3HAYNTEALHO BO3pacTaeT 0O0heM BRMHCANTEIbHON paboThl. Ecan kawxmoe
BeIYHCaeHne f(2) HECJIOKHO, TO TaHHBIN MeTO/ BIIOJHE PEKOMEHIyeTCs M TPAKTHY9eCKNX MpuMe-
HEeHMU.

2) Memod npocmuiz umepayui. DTOT MeTOJ NMeeT BajKHOe TOCTOMHCTBO, MOCKOABKY B HEM
He HAKAILINBAIOTCS OMNOKN BHIYNCIEHNH (TaKie MeTO[bl HA3BIBAIOTCH CAMOUCTPAEARIOUUMUCH).
Ornenbras omnbka B BEYUCICHUAX, He BHIBOIAIIASA 3a Mpeneibl oTpeska [A, B], He moBanseT Ha
KOHETHBIN Pe3yAbTaT, Tak KaK OMNO0THOe 3HAYeHNe MOKHO PaccCMaTpPUBATh KaK HOBOE HatTalb-
HOe 3HAYEeHHe Xg; BO3MOXKHO, BO3PACTET JHIML KOIHIECTBO WTepalui. Bupotem, 5TUM CBONCTBOM
06Ja,1al0T BCe OCTATbHBIE PACCMOTPEHHBIE METOTHI.

B orautne ot Metoga HeloTona 1 KOMGUHNPOBAHHOTO MeTOMa B DTOM MeTofe He TpebyeTrcs
BEIYHCIATH Mpon3Boaube f'(2), a cooTBeTCTBYOMNM TOL60POM () MOKHO T06HTHCA Goxee GbI-
CTPON CXOAUMOCTH TIO CPABHEHMIO C METOIOM MOJOBHHHOTO MeJeHH.

YKazKeM OJIIH TOBOJBHO OBIINT NpueM TpuBeieHns ypaBHenus (1) k Bugy (2), g1 KOTOporo
obecnedero BhImoqHeHne HepaBeHcTBa | (2)| < ¢ < 1. TlycTh HCKOMBII KOPeHb & JeKIT Ha OTPe3Ke
[A, B], nputiem
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Ecan f'(x) orpunarenbras, To BMecTo ypaBHenus f(z) = 0 paccmarpuBaem ypasrenne — f(z) = 0.
3amennM ypaBHeHne (1) 5KBHBaJeHTHBIM eMy ypaBHEHIEM

r=p(x)=a—-Af(z), A>0.
[ox6epem mapamerp A Tak, 9T06H Ha [A, B] BEIOIHAIICH HepaBeHCTBA
0<¢(a)=1-Af(z) <g< L. (14)
Otciona B cury (13) moxydaem
0<1T-AM; <1-2dm;<gq.

m
CremoBaTelbHO, MOXKHO BEIOHpaTh A = —, ¢ = 1 — — < 1. Torma nepaBencTBa (14) BBIIOJHEHEL.
My My
3) Memod Hviomona. DToT MeTo  nph € — (0 aCHMOITOTHICCKH TPpeOyeT MEHLIIero KOANIeCcTBa,
nrepanuni. CXOTNMOCTb METOIa KBaJPaTHIHAd, XOTA IPH BLIMHCJICHIN KPATHBIX KOPHEH OH HMeeT

CKOPOCTb TOJBKO I'€OMETPHYECKOH Iporpeccui. DTO OGYCIOBICHO TeM, ITO €Cln T ABIACTCS P-
_ p—1
KpaTHBIM KOpHeM, To BOausn Hero f(z) & a(z — Z)P u ¢'(z) = ——, orkyaa 0 < ¢'(2) < 1,

HoCcKOABKY p > 1. CyMMapHbIl 00beM BhIYHCAUTEIBHON paboThl MeTona HbloToHa nopsika

(o1 + az) logy logy(1/¢),

rje ap W Qg — 9ACIO onepalnil, TpedyeMbix s Berancaenus f(x) u f'(x). OgHako o6beM BHIYH-
cleHnil 6yTeT MeHbIlle, ec/ onepanun Aisd Berduciaenus f(z) u f/'(z) MOXKHO COBMECTHTH.

Metox HeloToHa XOpOII ellie TeM, ITO IPH ero MOMOIIN MOKHO BLIYUCAATH KOMILIEKCHbIE KOPHI,
ecal 3a/aTh KOMILIEKCHOe HavdalbHOe NPUOIHKeHNe. DTO Ke OTHOCHTCA K MeTOAy NPOCTOH HTe-
pannm.

3 samucu (4) caepyer, 9To dem Godablie dncieHHoe 3HadeHne f'(x) B OKpecTHOCTH KOpHS,
TeM MeHbIle monpaBka K (n + 1)-y npubamxenuio. [Tostomy meron HeloToHa 0cobeHHO Y I06HO
IPUMEHSATh, Kor1a BOaN3n KOpHs rpaduk Gyukunn y = f(x) nmeer 6ogburyio KpyTusuy. Onaako
ecan sHadenne f'(x) Majo, TO MONpaBKM OYIyT BEANKH, a 3HAYNT BBHIYUCIEHHE KOPHS MOMKET OKa-
3aThCS MOJATHM HJIN BOBCE HEBO3MOXKHBIM. OTcioma ciemyeT, 9To ecan KpuBag y = f(x) BOIm3N
TOYKHN TepecedeHns ¢ OCblo abCIUce OYTH FOPH3OHTadbHa, TO NpuMeHeHne MeTona HproTona He
PEeKOMeH TyeTcs.

4) Komobunuposannviii memod. HeocTaToK OMHOCTOPOHHAX METOJOB, K KOTOPBIM OTHOCHTCS
MEeTOJbI TPOCTON nTepalin (B obiieM ciydae) 1 HbloTOHA, COCTOUT B TPYIHOCTH KOHTPOJS TOY-
HOCTH BBIYHCAeHHI. B MeToge IMOJOBHHHOrO JeleHns 3TOT HeIOCTaTOK OTCYTCTBYeT, IOCKOALKY
nocjeJoBaTe bHbIe TpUOIIKEeHI JeKaT 0 pa3Hble CTOPOHBI OT KOPHA, I T0O2TOMY KOHTPOJIb TOY-
HOCTH MOKHO BeCTH IO UX paszHocTH. Takoe NpenmMylIecTBO ABYCTOPOHHHX MeTOOB NpPHCYIIe
KOMOMHIpOBaHHOMY MeTo1y. B Hem coderaeTca meron HpioToHa m MeTOI XOpJ, B KOTOPHIX MO-
HOTOHHas (OJHOCTOPOHHNAA) CXOANMOCTH MPOUCXOMUT IO Pas3Hble CTOPOHBI KOPHS, HOCTHTAS MpH
>TOM 6oJee HBICTPON CXOAUMOCTH, 9YeM B MeTO/e NOJOBHHHOIO TeleHNns.

7. Tanbl BLINMOJHEHUS 3ajJaHuAaA U cogepKaHue oTvdeTa

Kaxgwiit BapuaHT 3alaHust ONpeIefseTcs 4uci0oM, 3Ha4eHlle KOTOPOTro claelyeT BhIYHCAHTH B
pesyabTaTe pelleHnsi COOTBETCTBYIOIINX HETHHEHHBIX YPABHEHUN ABYMS U3 PACCMOTPEHHBIX BHIIIE
METOOB U € 3a[aHHOU TOYHOCThIO. BrionHeHne 3a alus pa3buBalOTCH HA CJAeMYyIOIIHe DTallbl.

1) CocTaBrenne ypaBHEHUT s MOJydeHHs HCKOMOTO dncia. Hampnmep, mycts TpefyeTcs BhI-
YNCANTDH 3HAUEHHEe /7 MeTomaMu fnefenusa momotaM u Heiorona. Torga mis BoIUuCJAeHUs TpUbIN-
JKEHHODO 3HAYeHus £ = 7T MOXKHO B34Th ypaBHeHue sin & = (0, KOTOpOe pelaeTcs IepBhIM METOTOM,
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2 = z*, KoTopoe 3aTeM

a 11 BEIYUCACHUS TPUOINKEHHOTO 3HAYCHUSA /7 MOZKHO B3ATh ypaBHEHHe ¥
pettaeTcs MeTonoMm HeioToHa.

2) OnpejesieEne OTPe3KOB, COMEPKAIINKX 3HAYEHNUS BBIYNCIAEMBIX BEJINYNH, T.e. BHIMOJTHEHIE
Ipolenyp OTAeIeHUs KOPHEH OMHUM U3 PACCMOTPEHHBIX CH0COHOB.

3) Peittenne cocTaBieHHBIX YPaBHEHNI € 3aJaHHON TOYHOCTHIO Ha COOTBETCTBYIOIINX OTPE3KaX;
B peayibTaTe MOJKHO ObITh HOJAYUYeHO NPUOJINKEHHOe 3HAYEHe HCKOMODO YHca.

4) Beraucienne mCKOMOTO 9HCJAA ¢ MOMOIIBIO CTAHIAPTHBIX (PYHKIUH HCIOAB3YEMOTO S3BIKA
NpPOrpaMMUpPOBAHNS I CPaBHEHNE pPe3yJIbTaTa C ero MpuONKEeHHBIM 3HAYeHHeM (ITHM Olperes-
eTcst (PaKTHIeCKas MOTPEIIHOCTh B NPHOINKEHHOM 3HAYEHUN THCIA).

Hanpuwmep, gncao /7 Ha szsike POPTPAH moxkeT 6BITH Oy 9€HO Ty TeM BBIYHCIEHNS CJIeIY-

oero BelpazKeHus:

SQRT (4.0 * ATAN(1.0))

5) Pemenne ypaBHeHUI B TeX Ke peXUMax MO OTHON U3 MporpamMm BubimoTexn dncieHHOTo
anaauza HUBI MI'Y (http://www.srcc.msu.su/num_anal).

6) AHaIM3 TOJNYYEHHBIX Pe3y.bTaTOB, B TOM YHCJIe CpaBHEHHE COCTABJIEHHBIX MOIIPOTPaMM,
peaqu3yolnX 3alaHHble METONBI, ¢ BEIOPAHHON OUOIMOTEYHOH MOANPOrPaAMMOll MO CKOPOCTH 1
JTOCTUTHYTON TOYHOCTH.

[To okOHYaHMH BHIOJHEHUS 3aMaHUs COCTABIAETCS OMmuem, B KOTOPHI TOMIMO ONHCAHNUS pe-
3yJAbTATOB, MOJYYEHHBIX Ha MepeducIeHHBIX DTanax, HeoOXOANMO BKIYHTH KPaTKoe ONHCaHIe
3aaHHBIX METO[IOB, YCJOBHH U CKOPOCTH MX CXOMMMOCTH, KPUTEpPHeB KOHTPOJS TOYHOCTH U BhI-
6Op HAYAJNbHBIX NPUOJIUKEHNI, & TaKkKe Pe3yabTaThl PACYeTOB.

8. CTpykTypa nporpaMMhbl U pe3yJbTaThl CYeTa

Jlns BBIMOJTHEHHS 3aJaHisA TpeOyeTcs COCTaBUTh IPOrPpaMMy U IIPOBECTH 10 Hell HeoOXONMble
pacdeThl. [IporpaMma HoJIKHA COCTOATEH U3 OJOBHOW MPOrPAMMbI, TOINPOTPaAMM, Pealn3y oK
3ajaHHBIE METOJbl, U NOINporpaMM—pyHKIuI mas Boraucaenus f(x), f/'(x) win ¢(z) B 3aBHCHMO-
cTi 0T MeTofa. Takas MoayabHas CTPYKTYpa NpOrpaMMbl 06JerdaeT HCCAefoBaHue MeTOI0B s
Pa3IMYHbIX PEKUMOB cdeTa U MO3BOJSeT JerKO MeHATh KOHKPEeTHLIH BHI (PYHKIIH.

B rosoBHoil mporpamMme 3aaloTcs olnpejeleHHas BapHAHTOM TOYHOCTH BBIMUCJICHUH, KOHIIBI
OTPE3KOB, COMEPKAIINX 3HAYCHUS BEIYUCAAMBIX BeIHYNH, IPYIHe MapaMeTphbl, HeOOX0MuMbIe s
paboOTHl MOANPOTPAMM, pealu3yIuX TpedyeMble MeTO/Ibl, & TaKkKe OCYIIeCTBAAIOTCS 0OpalleHs
K HuM. Kaxgag Takas mojnporpaMma HMeeT CBOIO CHelH(UKY, TPOIUKTOBAHHYIO CIENHpHKON
MeTO/la, KOTOpas ompepeaseT CIUCOK W CMBICA (POPMalbHBIX HapaMeTpoB. PaccMOTpuM MUHU-
MaJbHBII HAbOp MapaMeTpoB A KaxkKIoro MeTolda, OTMEeTHB, YTO Kazkiasd MporpamMMa TOJKHA
coflepKaTh B KadecTBe (POPMAIbHBIX MapaMeTpoB KOHIEeBhle TO4YKN oTpeska [A, B], Ha koTopoMm
YTOYHSAETCA KOPeHb, i BHIYUCICHHOe NPUOANKEHHOe 3HAYeHIe KOPHS.

1) Memod no.aosunnozo deaenus. [ls 5TOTo MeTOIa peasusyoiias ero NoImporpaMmMa B Kade-
cTBe (POPMATbHBIX MapaMeTpPOB JOMKHA COMePKATh UM MOATPOrPAMMBI—(PYHKIUH /IS BHIYACIe-
Hust f(2), TOYHOCTH £, ¢ KOTOPOT HIeTCs KOopeHb HA [A, B], 1 OIeHKY MaKCHMAJIbHOI'O KOJIMIeCTBa
ATepalni.

2) Kombunuposannwiii memod. [1s 5TOro MeToqa pealnsyonlas ero moAnporpaMMa TOMKHA
coflep:KaTh Te JKe (popMajibHBe TapaMeTpbl, 9TO H IIf MeTOJa MOJOBHHHOI'O JeJeHUs, TOJbKO
HApALY € HMeHeM TOANPOrpaMMBI-(DYHKIUN s BeIYHCIeHns f(x) cleiyeT yKa3biBaTh ellle MM
TOITPOT PAMMBI, BEIYHCJAIONIEN 3HaveHns kak f(x), Tak u f'(z), koTOpas, ecTeCTBEHHO, JOMKHA
UMeTh TPH (POPMAJbLHBIX TapaMeTpa Iid 3aMaHusd 3HaYeHnsA TOYKH & U BHIYUCACHHBIX 3HAYCHU f
u f' B 5TON TOUYKe x. ' DTO clelyeT cierarTh noToMy, 9to f(z) n f'(x) MOryT nMeTh obmIIe JacTH,
KOTOpBIe Jdy4llle 06befHHATh B OJHON MOAIpOrpaMMe s YMeHbIIeHns 00beMa BhIYUCIUTENbHON
paboTH IpH NpuMeHennu MeToga HbloToHa.
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Ipumevanue. [Ins >TUX ABYX METOJOB MaKCHMalbHOE KOAMYECTBO HTEpalHil clejlyeT 3aja-
BaTh MIOTOMY, YTO AHOO CXOANMOCTH MeTOda MOKeT He ObITh Ha JaHHOM OTpe3ke, THO0 TOYHOCTD
CAMIIKOM BeJiKa W He MOXKeT OBITh JOCTUTHYTa, JUO0 3apaHee omnpegeqeH 06beM BbHITHCINTENb-
HOU paboThl U ero Heab3s npeB3odTn. OTHAKO MOXKET CIYIHTHbCA Tak, 9TO 3aJaHHas TOYHOCTH
OKa3bIBaeTCs JOCTUTHYTOW 3a MeHbIIee KOJMYeCTBO HTepaliil, HOdTOMY B IOJIPOrpaMMax s
DTHX METO/OB CJAelyeT YKa3hiBaTh ellie oJuH (pOpMaIbHbII TapaMeTp, 3HaYeHne KOTOPOTo CeyeT
noJaraTh PaBHBIM (PaKTHIeCKH BBLITOAHEHHOMY KOJHYECTBY UTepalii.

3) Memod npocmoti umepayuu. [1s 5TOro MeTOTa peaqnsyollas ero moImporpaMMa ToJKHa
B KadecTBe (POPMaATbHBIX MapaMeTPOB COJepKaTh UM IO POTPAMMBI—(DYHKIUH 15 BHITHCICHUS
(), OTHOCHTENBHYIO TOYHOCTH €, ¢ KOTOPOH HINETCH KopeHb Ha [A, B], I MEHEMaIbHOE KOXMde-
CTBO NTEepalNil, onpeenseMoe 1o Gpopmyae (8), TP KOTOPOM JOCTHIAETCS 3a TaHHAs OTHOCHTENb-
Hasg TOYHOCTHL €. KpoMe Toro, B »Toil o/fuporpaMmMe Wil B MOJOBHOI IIpOrpaMMe caefyeT BbIun-
CJISITH ONEHKH abCOMIOTHON MOTPEIIHOCTH BHIYNCIEHHOTO KOpHs 1o dopmytam (9) u (10), BBeas
COOTBETCTBYIOIINE (pOpMaTbHbIe HapaMeTphl B OJANPOTpaMMY MeTO1a B 3aBUCHMOCTH OT BHIODaH-
HOr'O cnocoba X BeMucAeHns. Ecin BapmaHTOM 3aJaHus omnpejgeleHa abcolOTHAA TOYHOCTD, TO
cregyeT moapzoBaThed popmyramu (9) u (10).

4) Memod Hviomona. [lunst 5TOoro MeToma pealnsyolas ero moImporpaMma T0MKHA B KadecTBe
(OpMaIbHBIX TapaMeTpPOB COTEP:KATh MMs MOINPOrpaMMBbl, BHIYNCIAOIIEN 3HadeHns Kak f(z),
Tak n f'(x), OTHOCHTENBHYIO TOYHOCTH £, C KOTOPOW HIIeTCs KopeHb Ha [A, B], m MuHIMAIb-
HOe KOJMYeCTBO HTepalli, ompenensemMoe o (opmyrae (11), mpu koTOpoMm gocTuraeTcs 3alaH-
Hasg OTHOCHTEAbHAs TOYHOCTH £. Ecan BapuanToM 3aaHus onpejenena abcoaoTHas TOYHOCTh, TO
OIIeHKY TOTPENIHOCTH BHIYUCIEHHOTO KOPHS CJleIyeT BHIONHATH mo gopmyae (12). DTo, pasyme-
eTcsi, MOJKHO CJelaTh PN MOBTOPHBIX MPOCYeTax, KOIIa 3HAYeHNsS KOHIOB OTPe3KOB (0Tpe3ka)
[, (vj11] M3BECTHEI 3apaHee.

5) Bwibop nauaavnuir npubauxcenud. Ira mpodiemMa I MeTOTa NOJOBHHHOTO [eJeHUs OT-
cyrerByeT. [l ocTalbHBIX METOJOB BLIOOD HAaYalbHOI'O MPHOINKEHUS HEOOXOIUMO JelaTh Ha
OCHOBaHUM WH(POPMAINI, U3J0KEHHOH B M. 5. B cuncok (popMasbHBIX TapaMeTpoB s HOAIPO-
rpaMm, peaansyiomux MeToj HboToHa, KOMOMHUPOBAHHLIH MeTO U, BO3MOKHO, METOI POCTOH
HTepalnni, clefyeT BKIIOYHTh Takke HadalbHOe NPHOINKeHHe.

6) Peayavmamur cuema. [loMnvo BEIBOTa Ha KpaH JUCIUEs PacCMOTPEHHBIX BHIIIE BEIMYINH,
HEOOXOMMO MOJNYYUTh W BHIBECTH BpeMeHHEBIe XapaKTepUCTHKH IMOAIPOrpaMMBbl, peaan3yolen
MeTo[. [l 5Toro HemocpeJCTBEHHO Mepel OlepaTopoM obpallleHus K NOJNporpaMMe U MHOCae
Hero cjaefyeT BCTaBUTH ONepaTOPHl OOpallleHns K CHelnaJbHON CHCTEeMHOI MporpaMMe, KOTopast
BLIBOJAUT Ha DKpaH BpeMs, Ipolleliee ¢ MOMEHTa 3allycka Bcell TPOTpaMMBl Ha cYeT 10 0OpalileHs
K Hell.

Kpowme Toro, ciiejiyeT BLIIOAHUTH BEMUCACHIE KOPHEH 110 OTHOW U3 Candapmubiy 6ubauomeu-
HBLT NPO2PaMM TIPH TeX JKe YCIOBHAX, YTO U 1O MOJNpOoTrpaMMe, peaju3yoeil 3ajaHHblil MeTo.
Heo6xo 1Mo MOAy9uTh TakyKe BpeMeHHEIe XapaKTepHCTHKH paboThl BHIOPAHHOW OUOANOTETHON
IO/ POT PAMMBbI.

Heo6xo Mo TakzkKe IpeIycMOTpeTh BEIBO/ Ha DKPaH PA3HOCTH MeKIY JABYMS MOCACTHUMH 110~
CAeOBATENBLHBIMI TPUOANAKEHUAME K KOPHIO W 3HAYeHNA (PYHKIUH [ TPUOTHKEeHNsA, B JaHHOT O
B KadecTBe KOpHS.

PasyMeercst, Bce AelicTBUA MO BHIBOAY Pe3yabTaTOB CYeTa M HCIOAb30OBAHUIO OUOJHOTETHbBIX
IO/ POrpaMM CJIeJyeT BHIIOIHATH B TOJOBHON MporpaMMe.

7) Konwmpoav owubox npu cueme. llpn NCHONB30BAHNN MOJNPOTPAMMBEL, PeATN3YOMEen uTe-
PAlMOHHBIN MeTOJ, MOXKHO OUIMONTHLCS B 3aaHUH BXOJHLIX NapaMeTpoB WIH yKe 0Ka3aThCsi BHe
0BJACTH CXOAUMOCTH MeToga. MoKeT TaK CAYINTHCS, YTO CXOANMOCThH K KOPHIO OY1eT MelIeHHON
I BBIJCJEHHBIN Ha ero HaXokK JeHne 00beM BBIYUCIUTENBHON paboThl B KAKOH-TO MOMEHT cYeTa 1o
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nporpaMMe OKa3HBaeTcsA HcYepnanHbiM. [lodToMy moanmporpaMMy cieayeT COCTaBUThH KaK MOYKHO
bogee pobacmuoi, T.e. CIOCOGHOU BHISIBAATE U, MO BO3MOXKHOCTH, UCHPABISTH BCE BhISBJAEHHEBIE
OolINOOYHbBIe CUTYAUNN, BRIBOAALINE U3 00JaCTH ee NTPUMEHNMOCTH.

/st >TOTO B MOATpOrpaMMe ClIenyeT MpenycMoTpeTh npoBepky yeaosus f(A)f(B) < 0, a gis
IBYXCTOPOHHUX METOIOB MOTNOJHUTENLHO TPOBEPKY, HE ClelaHo Ju 6OJbIle HTepalnil, 4eM HX 3a-
TaHHOe MaKCHMaJdbHOE KOJMH4ecTBO. B ciyyae BhisBIeHUsS ONIMOOYHOU CHTYAIUN CIeAyeT BHIBOAUTD
COOTBETCTBYOLINE JHAPHOCTHYECKNE COOOGIIeHUS W BEPHYTHCS B IOJOBHYIO nporpammy. Otuepa-
TOPHI BBIBOJIA JUANHOCTUYECKHX COOOIIEHNN He CaAelyeT HemoCpeicTBEHHO MOMeIaTh B MOAIPO-
rpaMMy; HeOOXOMUMO X BBIIEJIUTh B OTJAeIbHYIO HOJANPOrPpaMMy JHATHOCTHYECKUX COOOIIEHMH.

9. BapuauTbl 3aganus
1) Bajgadn Ha HAXOXKIEHHEe THCel.

1. 7¢ 7. arcsin <\/_— %)
2. —yYr+1 8. arccos Ve

1 1
3. ¢ 1 9.4 tg — tg —
e+ (arc gg—l—arcg 239)
4, €™ 10. arcsin —
17
. € 1 . €
5. arcsin (—) 11. arccos (— arcsin H
T 8 T
6. arccos <_—7T) 12. sinw
2
2)  Merombr:

a) TeeHne TMOMoIaM;
0) npocTas uTepanns;

)
B) HeroToHa;
') KOMOHHHPOBAHHBIIL.

3) Tounocts:
a) abCOMTIOTHAS;
6) OTHOCHTeIbHAS;
B) MaKCHMaJlbHO JOCTIZKHMaA Ha ncnoabsyemoin DBM (cum. m. 12).

10. Ykasauusa mo BbINOJHEeHUIO 3agauua na IBM

B kadecTBe crangapTHOl 6GUGIHOTEYHON MOAIPOTPAMMBI CJIEIYET B3Th OMHY U3 MOANPOrPaAMM
ZF10R, ZF11R uaun ZF15R na sawikax doprpan wiun Cu, Bxojgsumx B cocraB bubaunorekn HUBII
MI'Y mist petmennst THIOBHIX 3a1ad qnciaeHHoro anaansa (http://www.srcc.msu.su/num_anal).

Crucox napameTpoB nojporpamMmmbl ZF15R caegyrotmmii:

ZF15R(F, A, B, EPS, ROOT, ITMAX, IERR)

[TapameTpsr

F — UM BelIeCTBEHHOI MO INporpaMMbl-pYHKINH Bhrducaenus f(x) B1060l Todke
nHTepBagaa (A, B);
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EPS  —

ITMAX —

ROOT —

IERR —

3afaHHAA HIDKHAS I BeDXHAf [PAHNILI HHTepBala, Ha KOTOPOM f(z) MeHser
3HAK (THI: BEleCTBEHHBIN);

3ajJaHHas abCOMIOTHAA MNOUPELIHOCTh BBHIYUCICHHA HYJIs (GYHKOHH (THI:
BeIIECTBEHHBII );

negad nmepeMennas, 3Ha9eHue KOTOpOfI Iepel Ha9a/Ja0M pa6OTbI IIoanporpamMmmbl
JOJ2KHO OLITH IOJOXKEHO PaBHBIM MaKCUMaJbHOMY YHUCJIY I/ITGp&HI/II(/JI7 OopueHTHn-
POBOYHO Tpe6yeMbIX IS obecnedeHns CXOINMOCTH; ee 3HadeHne B pedyJbTaTe
pa6OTbI InognporpaMMbl ITOJaraeTCsi paBHBIM rZ[GI(/JICTBI/ITeJIbHOMy HUCIy uTepa-
HI/II(/JI7 HOTp€6OBaBIHI/IXCH IS obecnedeHns CXOIUMOCTH;

BellleCTBEHHAA MepeMeHHasd, 3Had4eHlle KOTOPOl B pe3yJjbTare paboThl MO IIpo-
I'paMMBl TTOJAraeTCs PABHBIM BBIYHCICHHOMY Hy/T0 GyHKInN f(2);

Hesas mepeMeHHas, CayzKalias s coobilerus o6 oumbKax, 0OHAPYXKEHHbBIX B
Xome paboOTH MOJAINPOTPAMMbI; TIPH 3TOM
IERR =65 — xorga oyib QYHKIUH He MOXKeT OBITH MOJACINTAH B Ipere-
JaxX 3a[aHHOIO YUCaa UTePalii;
IERR = 66 — xorga @pyHKIHI He MeHseT 3HaKa Ha 3aaHHOM HHTepBaJe.

[ogmporpamma ZF15R npuMenser MeTorn MOJOBHHHOTO mefeHnst (MeTOn GHCEKINI) B KOM-
OHHALUU C memodom cexywur. Bucexknua ocymecTBigercs B TeX CIydaigxX, KODIa HCIOAL3OBaHNe

MeTOda CeKyluxX He IMPpUBOINT K YMEHLIICHHUIO B IBa pPa3a HalMEHLIIE'O BLIYUCIUTENbLHOI'O 3Ha-

qeHns qﬁ)yHKHI/II/I WJIN BBEIBOAHUT 3a I'PaHUIBI TeKYIIero Cy:KeHHOI'O OTpe3Ka. Ecan B 3aJaHHBIX IIpH

o6pallleHnn K TOANporpaMMe rpaHnnax oTpeska [A, B] GyHKIUsS nMeeT OXNHAKOBHIE 3HAKH, T.e.
F(A)f(B) > 0, To genaeTcs MONBITKA MeTOLOM GHCEKIN 3a 3aJaHHOE THCIO HTepalnil HaHTH Ta-
KOl 0Tpe3oK [a, 3] ¢ [A, B], na xotopom f(A)f(B) < 0. Hyab GyHKINN cIuTAeTCS BBIYUCICHHBIM
¢ 3aJaHHON abGCOMIOTHOW TOYHOCTBIO £, eCll HalileHa Takas Todka x € [A, B], aro |f(z)| < e.
[anHy0 TOAMpOrpaMMy HPaKTHIeCKN YIOOHO MPUMEHSTH JUIIb I TPy6Oro HAXOXKIeHUs HyJIel

3a/:[aHHoﬁ qﬁ)yHKHI/II/I7 IIOCKOJbLKY IpU yBeInYeHUN TOYHOCTH MOXKeT 3HaYUTeJbHO BLIpacCTH oObeM

BeIuucIuTeNAbHOU paboThl. [losromy B ZF15R npumensercss TOABKO 5TOT KpUTepul CXOIUMOCTH,

V/IOBIETBOpEHUE KOTOPOMY, BOOGIIE TOBOPsi, He MapaHTUPYeT JOCTUMKEHUS 3aJaHHOU TOYHOCTH.
Crucox napameTpos nojmporpamMmMbl ZF11R caemgyrotmii:

[TapameTpsr

ZF11R(F, A, B, EPS, NDIG, ITMAX, ROOT, IERR)

F —  UMs BeleCTBEHHON NOANPOrpaMMbl-pyHKINH Bhiducienus f(z) B J1060i Todke
nHTepBagaa (A, B);

A,B — 3ajaHHag HIKHAA 0 BepXHAS DPAHUIB HHTepBaJla, Ha KOTOPOM f(z) MeHsfeT 3HAK
(THI: BelleCTBEHHBIN );

EPS —  TepBbIIl KPUTEPHH CXOMUMOCTHU: 3a/faHHas aOCOJIOTHAS TOTPEITHOCTh BEIYNCACHUS
HyJIs (PYHKOUH (THI: BEIeCTBEHHBIN);

NDIG — Bropoll KpuTepuil CXOIUMOCTH: 3aJaHHOE YUCJO 3HAYAIIUX UMD, € KOTOPHIME
NpeanosaraeTcsi BHIYNCINTD HYJAb (PYHKINN (THI: [ebi);
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ITMAX —  1uenas mepeMeHHasi, 3HadYeHHe KOTODPOU Mepel HAYaJoM PaBOThl MOAMPOrPAMMBIL
TOJYKHO OBITH TOJ0KEHO PABHBIM MAaKCHUMAJIbHOMY HYHCIY HTepaliil, OPHEHTHPO-
BOYHO TpebyeMbIX Mjad obecliedeHns CXOAUMOCTH; B pe3yJbTaTe paboOThl MOIIPO-
PpaMMBI ee 3HAaYeHHe MOJaraeTCs PABHBIM MEHCTBUTEJIbHOMY YHCIY HTepalii,
noTpebOBaBIINXCA [ oOecriedyeHtss CXOAMMOCTH B COOTBETCTBUU C 3aaHHBIMU
KPUTEPUAMU;

ROOT —  BemecTBenHasi mepeMeHHas, 3HadeHWe KOTOPOU B pe3yiabTaTe pabOTHI MOAIPO-
rpaMMbl ToJaraeTcs paBHBIM BbIYUCAEHHOMY HYJ1I0O (DYHKIWN;

IERR — mexas mepeMenHas, cayxKalasf 1is coobienns o6 omnokax, o6HapyKeHHBIX B X01e
paboOThl MOAIPOTPAMMBI; TPH DTOM
IERR =65 — Korja oy b GYHKINE He MOXKeT 6BITH NOJICYNTAH B Tpelenax
3aJJAHHOT'O YHCIa UTEepaluii;
IERR =66 — xorjga GpyHKIud He MeHAeT 3HaKa Ha 3aJaHHOM HHTepBaJe.

B moxnporpamme ZF11R peannzoBan MeTOT CEKVIINX.
Crucox napameTpos nojporpamMmmbl ZF10R caemgyrotmii:

CALL ZF10R(F, A, B, EPS, NDIG, ITMAX, ROOT, IERR)

[TapameTpsr

F —  UMs BeleCTBEHHON NOANPOrpaMMbl-pyHKINH Bhiducienus f(z) B J1060i Todke
nHTepBagaa (A, B);

A,B — 3ajaHHag HIKHAA 0 BepXHAS DPAHUIB HHTepBaJla, Ha KOTOPOM f(z) MeHsfeT 3HAK
(THI: BelleCTBEHHBIN );

EPS —  TepBbIIl KPUTEPHH CXOMUMOCTHU: 3a/faHHas aOCOJIOTHAS TOTPEITHOCTh BEIYNCACHUS
HyJIs (PYHKOUH (THI: BEIeCTBEHHBIN);

NDIG — Bropoll KpuTepuil CXOIUMOCTH: 3aJaHHOE YUCJO 3HAYAIIUX UMD, € KOTOPHIME
NpeanosaraeTcsi BHIYNCINTD HYJAb (PYHKINN (THI: [ebi);

ITMAX —  1uenas mepeMeHHasi, 3HadYeHHe KOTODPOU Mepel HAYaJoM PaBOThl MOAMPOrPAMMBIL
TOJYKHO OBITH TOJ0KEHO PABHBIM MAaKCHUMAJIbHOMY HYHCIY HTepaliil, OPHEHTHPO-
BOYHO TpebyeMbix M obecliedeHUs CXOAUMOCTH; ee 3HaYeHNe B pe3yJbTaTe pa-
O0THl MOANPOrPAMMEl HOJATaeTCS PABHBIM JIelCTBUTEIBHOMY YHCAY HTepalui,
noTpebOBaBIINXCA [ oOecriedyeHtss CXOAMMOCTH B COOTBETCTBUU C 3aaHHBIMU
KPUTEPUAMU;

ROOT —  BemecTBenHasi mepeMeHHas, 3HadeHWe KOTOPOU B pe3yiabTaTe pabOTHI MOAIPO-
I'paMMBI TIOJAaraeTCs PABHBIM BBIYHCJICHHOMY Hy/T0 GyHKInN f(z);

IERR — mexas mepeMenHas, cayxKalasf 1is coobienns o6 omnokax, o6HapyKeHHBIX B X01e
paboOThl MOAIPOTPAMMBI; TPH DTOM
IERR =65 — Korja oy b GYHKINE He MOXKeT 6BITH NOJICYNTAH B Tpelenax
3aJJAHHOT'O YHCIa UTEepaluii;
IERR =66 — xorjga GpyHKIud He MeHAeT 3HaKa Ha 3aJaHHOM HHTepBaJe.

[ogmporpamma ZF10R ncmoabsyer aBycropornnnn Meton bperta (cm. m. 16), ocHOBaHHBIN Ha
KOMOGWHATIMH METO/TOB MOJOBUHHOTO MeNeHNS, CEKYIINX W 00pamuotl K6 adpamuunot uHmepnoisyu
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(M. m. 15). DTOT MeTO[ He TaK YyBCTBHTENEH K HAYAAbHBIM TMPHOINKEHUSM W B TIPEIIOIOKEHN,
9TO B OKPECTHOCTH MCKOMOTO HyJs (pyHKUms f(2) ABIsSeTCS HempephIBHO AudpepeHnnpyemoil,
uMeeT GoJiee YeM JHHEHHYIO CXOIHMOCTh.

B moxnporpammax ZF11R n ZF10R npuMensioTcs aBa kpuTepus cxogumocTu. Ilycts 2,1 1 ¢,
ABJISIOTCSA MBYMS MOCJHEIOBATENbHBIME TpHOIKeHnaME K Hyao @ pyuxkunn f(z). Torga rouka z,
IPHHIMAETCS 3a HCKOMBII HYJIb, €CJN BHITOJHEH OTHH 13 IBYX KpuTepnes cxoganmoctn: |f(z,)| < e

nain
Tp — Tp—1

<107,

max (|@,|, |z,-1],0.1)

rie £ — 3ajgaHHas abCOMIOTHAS MOTPEIHOCTh, a | — 3ajaHHoe YucIo 3HaYalux nudp B npubiam-
JKeHHOM 3HaveHnn Hyad. [Ipu o6pamiennn K >TUM TOITpOrpaMMaM MOYXKeT OLITh 3a1al 60 TOABKO
OJIMH U3 DTUX KpuTepuen, jubo 06a KPpUTEpHs OTHOBpeMeHHO. XOTs TaKOU KOHTPOJIb CXOTUMOCTH
B 00IIleM clydYae He rapaHTupyeT mis nognporpammbl ZF11R mocrukernus TpeGyeMoll TOYHOCTH
(cM. 1. 6), 0THAKO A/ pealbHBIX 3a,/1a1 OH BIOJHE IPHMeHNM. 3ajaHne BToporo kputepnus B ZF10R
TeopeTHYecK 000CHOBAHO, TOCKOJAbKY pealn30BaHHE B Hell MeTon bpenTa siBaseTcs 1ByCTOPOH-
HUM W JBa MOCAeT0BaTEeNbHbIX NPUOANKEHUA Typ—1 U T, J€XKAT M0 pa3Hble CTOPOHBI OT UCKOMOIO
HyJId.
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AJOITIOJIHEHUE
11. Eme pa3 o NpakTHYecKUX KPUTEPUAX KOHTPOJIA TOTYHOCTU U OKOHUAHUS CUIETA

Kaxk YKa3bIBaJOCh BEIIIE, OKOHY9aHe c9eTa AJAd ABYXCTOPOHHUX MeTOOOB OCYIIeCTBJAsACTCS TO-
r'ta, KOI'Ta anbo 3aJaHHasg abcoM0THAd TOYHOCTh OKAa3HEIBaeTCs rZ[OCTI/II‘HyTOI(/JI7 JA160 BBIMOJHEHO
3alaHHOEe pa3pellleHHOe MaKCHMaJbHOoe KOJMYeCTBO I/ITepaHI/II(/JI7 a OJs1 OJHOCTOPOHHUX MeTOJOB—
KOI'Ta BLBIIIOJHEHO MHHHMaJbHOE KOJHYeCTBO I/ITepaHI/II(/JI7 IIpn KOTOPOM JTOCTUTaeTCs Tpe6yeMaﬂ
OTHOCHTENbHAA TOYHOCTL. K »TuM KpuTrepuaM OKOHYaHUA CcHeTa MO2KHO ObLLTIO OBLI IMONBITATHLCA

|xn—|—1 - $n|

106aBITH KAKOH-TN60 Apyroi KpHTepuil (Hampuvep, > 1), KOTOPHIN MO3BOJSAI GBI BhI-

ABJAATE PacXOIUMOCThL MeTOMda Ha PaHHHUX 3TallaxX I/ITengI/I(fﬁﬁ(l)LO IIponecCa m TeM CaMbIM [JaBaJl
OBl 3aMeTHYIO OKOHOMHUIO BBIYUCJINTEILHON pa6OTbI. O,Z[HaKO IIpuMeHeHne TaKor'o poda KpuTepueB
IpakKTu4IeCK He OlIpaBdaHO N3-3a TOI'O, YTO OHU YaCTO NPUBOIAT K IIpeKIeBpeMeHHOMY 3aBepliie-
HUIO UTEepalnOHHOI'O IIpolecCa, INOCKOJBLKY HTepalll MOI'YyT BHa4daJjJe PacXOolIUTbCs, Ipexkiae YeM
Ha9aThb CXOIUTBHLCA K KOPHIO.

PaCCMOTpI/IM Tellepb elle OIWnH KpI/ITGpI/IfI KOHTPOJSA TOYHOCTHU [Js1 IBYXCTOPOHHHUX MeTO/IOB,
KOTOprfI MOXKHO Ha3BaThb 7'{70</I/l6uHUpOG(l?—“—tbldl/l7 IIOCKOJbKY OH O6’be,Z[I/IHH€T KOHTPOJb 110 abcoaT-

HOI £4 U OTHOCUTEILHOU £0 MOTPElIHOCTIM:
|2pa1 — 2n| <ea+4eo |zl (15)

B moab3y »Toro KpuTepus MOXKHO BHICKa3aTh CAeTVIONINe COOOPaKeHus.

Ecin sagana TogbKO gomycTuMas abCOMIOTHAA MOTPENTHOCTh £4 (T.e. €9 = 0), TO TeM ca-
MBIM (PUKCHPYETCs pazpsi NpUbINKEHHODO 3HAYeHHs KODPHS, COOTBETCTBYIOIINN TpebyeMol ca-
MOU MJafIilel BepHOU mudpe »Toro 3nadenus. OaHAKO eCji 3a[aTh abCOMIOTHYI MOTPEITHOCTD
0e3 ydyeTa BEIHYHHEL MOPS (KA HCKOMOIO KODHS U JJAWHbI PA3PsiIHON CETKH MAIMHBI, TO KOHTPOJh
BBIYHCJIEHUH 110 aBGCOJIOTHON MOIPELTHOCTH MOXKET OKa3aThCs HeBO3MOXKHEIM. Hanpumep, ecian Bbi-
YHCAEHUS] TTPOBOAATCS € CEMbIO TeCATUYHBIMU pa3psjfaMu W UCKOMbII KOpeHb paBeH 55555.55, To
3ajanie abCoMIOTHOIN HorpemnocT, pasuoil 10~ apiseTcs 6eccMbICIeHHBIM U IpHBELeT K 3alli-
KJAUBAHWIO UTEPAUOHHOrO npoiecca. [lopToMy ecin Mbl XOTUM,9TOGB YeTBEPTHIH pa3psi il TpubJIi-
JKEHHOIO 3HaYeHUs] KOPHS COOTBETCTBOBAJ CaMOU MJa[llled BepHOU mudpe, TO B JaHHOM MpHUMepe
MBI [TOJKHBI HOJOKHTH aOCOJIOTHYIO TMOIPEIHOCTh paBHOU 10, 4TO B OTPHEIBE OT BEJIHYHHBI 110-
pATKa MCKOMOTO KODHA W KOJAWYECTBA Pa3pfAJoB, ¢ KOTOPLIME TPOBOIATCA BLIMHCJISHUA, MOXKET
MOKa3aThCsA HEJelBIM, TOCKOALKY OOHYHaA abCoJI0THASA MOTPEITHOCTDh HCMONb3YyeT s s 33 TaHus
KOJMYIeCTBA 6EPHBIT Yudp nocae mouky (3andTON), OTIENAONIEN TeAyI0 9acTh 0T 1po6HOI. Taknm
06pa3oM, ITOOH Pa3yMHO 3a1aTh abCOMIOTHYIO MOTPEIIHOCTh, HYKHO TpeIBaApUTEeNbHO 3HATEH Be-
JUYNHY TOPSKa HCKOMOTO pellleHns 3a1a49n (a 9T0, KOHEYHO, He BCera BO3MOKHO) I YINTHIBATH
BEANINHY HAYAJBHOTO MPUOJINKEHS.

Ecin samana TOIbKO OTHOCHTENbHAS MOTPEITHOCT £ (T.€. B (15) £4 = 0), To TeMm caMbIM PuK-
cupyercs obiiee TpebyeMoe KONUYeCTBO BEPHEIX 1udp npubinKeHHOro 3Havenus Kopus. O qHako
ecil MICKOMBIN KOPEeHb MaJ U 3HAYEHUEe T, CTAHOBHTCS CJAUINIKOM OJIU3KUM K HYJA0, TO JayKe IIPH pa-
3YMHOM 3aJaHNN £ HepaBeHCTBO (15) MOXKeT HHKOTa He TOCTHTATHCS WM K€ MPH BEYHCIEHHUN
£0 |x,| MoxkeT mpomsonTH 06pasoBaHHe MAINIMHHOTO HyJasd (moTeps sHadunMocT). [loscunm, mo-
deMy HepaBeHCTBO (15) MOKeT HUKOTa He JOCTHTATHCSH, TayKe eCin B MAIINHHOM TpeICcTaBIeHuN
npousBejenHne £¢ |x,| He paBHO HYJII0, I HTEPANHOHHBIN MPOIECC MAPaHTHPOBAHO CXOANTCA (Kak,
HAIpHUMep, B MeTOJe TOJOBHHHOTO [eNeHNs). DTO ClelyeT U3 CIeayiouero @yrndamenmaibroeo

ceolicmea CUCTEM IIpelcTaBJeHNsI Ha MallMHaX YucCeJa C HJI&B&IOHIGI?I TOYIKON (SaHHTOfI)l paccTosA-

macheps - |z|
HIle MeXKIy YHCAOM & M COCEIHHUM 1O OTHOIIEHHIO K HEMY YHCJIOM He MeHbllle —————— U He

8
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6oabitie macheps - |z|, ecaim TOABKO caMO YHCJIO WIH COCelHee UNCJIO He PaBHO HYd0. 3Mech [ —
OCHOBaHHE CUCTEMbI CHUCJICHUS MAIlMHEBL, & MAITMHHO-3aBUCHMBIN TapaMeTp macheps, HazbIBaeMbIl
MAUIUHHBLM INCUAOH, XAPAKTEPU3YeT OTHOCHTENBHYO TOYHOCTE ILIaBAONIel apupMeTHKN U SBJIs-
eTCs HaUMEHBIINM YHCAOM ¢ MJaBalolel TOYKOU, [ KOTOPOro YIOBJIeTBOPAETCS HEPABEHCTBO

1.0 + macheps > 1.0.

3uadenne macheps/f paBHo paccrosuunio oT 1.0 10 J€BOTO cocemHero 4uciaa, a caMo 3HadeHne
macheps = 317! ( — komm4ecTBO PazpAAOB B MAHMUCCE MAIINHHOTO CIOBa) MpeICTaBIgeT co6ol
paccrosane ot 1.0 10 mpaBoro cocernero dncia. TakuMm o6pasoM, ecian £¢ |z,| OKaKeTCs MeHbIIe
macheps - |z, |/, To nepaBercTBo (15) npn €4 = 0 HuKOrTa He GyIeT TOCTHIATHCS, & OCHOBAHHBIN
Ha HeM HTepaliOHHBIN NPONeCe HUKOTIa He 3aBepIinTcs. Cau MBI XOTUM, YTOOBL &),11 U &, CTAIN
MaKCHMaJIbHO OJIUBKAME APYT APYLY, T.e. COCeIHUMH YHCAAME, TO KPUTepUi KOHTPOJIS TOIHOCTH
JTONZKEeH OBITH TaKIM:

21 — 2] < macheps - max ([opa o)

JlaHHBEI KPpUTEPHU HENPUMEHUM [1Js HeOOJIbIIOW OKPECTHOCTH HYJs, B KOTOPOU NPOUCXOAUT 06pa-
3OBaHNe MAlIMHHODO HYJS MpU BRIYHUCJICHHH NpaBou dacTu. OTMeTUM, 9TO pacCTOsHHUE OT HYJsd
O TPaBOTO (JIEBOTO) COCETHEr0 YHCIa He CBS3aHO ¢ mapaMeTpom macheps n mpegcraBiaseT cobon
CaMOCTOSATENbHBEI MAITMHHO-3ABUCUMBIN TapaMeTp.

Taknm 06pazom, TpuMeHeHe HepaBeHCTBa (15) mo3BoaseT n36eraTh TeX TYNNKOBBIX CHTY AN,
KOTOpble MOI'YT BO3HUKHYTh, €CJU 3a1aBaTh TpebyeMoe KOJNIeCTBO BePHBIX 3HAKOB B TPUOJKEeH-
HOM pellleHnHn, He 3a60TACh O BeJu4lHe ero Mnops i Ka.

Kax yka3wBagoch BLIIIe, TpUMeHeHne KPUTepus

|f(zn)| < €a (16)

He PapaHTHpYyeT, 4To NpubJuKeHne z, K HCKOMOMY KODHIO HaleHO C IPeJIIHCaHHON TOYHOCThIO;
TO JKe caMoe MOMKHO CKa3aTh i 0 KpuTepnu (15) mis ogHOCTOPOHHEX MeTo10B. OMHAKO HA TpakK-
THKe I OJHOCTOPOHHUX METOJOB OJHOBpeMeHHOe mpnMenenne kputepuneB (15) n (16) Bmoame
pPa3yMHO, ecay 3HAYEHUd £4, €0 U £ 4 BbIOpaTh JOCTATOYHO MaJbIMU.

12. Kaxk Jydine BBIYUCIATL cpejHee apudMeTnieckoe ABYX UHCEN

Omubku oOKpyrieHus, KOTOphIe caMil TT0 cebe KayKyTcsd He3HAYHTeNhHBIMU, MOT'YT OKa3aTh Cy-
[IECTBEHHOE BJIHSHIE HAa KOHEYHBIN PE3yJAbTaT, eCau (s ero MOJydeHUs BBIMOJHAETCS OOJBIIOe
KoJndecTBO apudmerudeckux onepaiui. [loproMy ciemyer crapaThcsi MUHHMHU3UPOBATH OMINOKY
B KayKJIOU Oomepaluil Wil B MOCJIeT0OBATENLHOCTH ONEpaliil, YMEeHbIIas TeM CaMBIM UX PaclpocTpa-
HeHHe U BO3/eHCTBHE Ha KOHEYHBIN pe3yabTaT. PaccMOTpuMm Kak 3TO MOXKHO CleqaThk B Clydae

at+b

BBIITIOJTHEHN 1 HpOCTOfI ollepalnn BbBIMHUCAEeHNS CpelHero apI/Iqi)MeTI/I‘ieCKOFO ABYX quceqa a n b,
T.e. oliepalun BBIMHCJAEHUS O9epelHOI"O HpI/I6JII/I)K€HI/IH MeTOJa NOJOBHHHOI'O HejJeHunsd.
Bosmoxan IBa cltoco6a BLINOJHEHHUS >TOU onepanmnm:

a—2|—b (17) n c:a—l—b;a

_ (18)
OueBugro, 9To dopmyra (17) TpebyeT Ha OJHY ONEpalNIO CJIOKEHNS MeHbllIe, YeM (opmyrta (18),
HO C TOYKW 3pEeHUst TOYHOCTH He Bcerja Jyuiie. [eicTBUTeNbHO, IYCTh BEIYUCJIEHUS BEITIOTHAIOTCS
B IECATHYHOU apudMeTuke ¢ TpeMs nudpamu u ¢ okpyraennem mias ¢ = 0.596 u b = 0.600. Torga

OyreM MMeTh
o 0.596 + 0.600  1.200

2 2

= 0.600,
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XOTA NpaBuiabHOe 3HadeHne ¢ paHo 0.598. Eciu ke Mbl 6yeM NPOBOAUTH BHIYHCICHUS MO (Pop-
myae (18), To 6ygem nMeTh

0.600 — 0.596 0.004
c=0.596 4 T 0.596 4 5 0.598.

OTmeTnM, 9TO B TaHHOM HpuMepe, Mis KOToporo ¢gopmyaa (18) sBiaseTcs mpeimodTHTENbHE,
qncaa ¢ M b MMeT OJNHAKOBBIe 3HAKH.

PaccmoTpuM Apyroii npuMep Aasf AecaTHIHON YeThIpexX3HaIHONl apu(MeTHKH, B KOTOPOU BMe-
CTO oNepaluil OKPYIJIeHHs NpUMeHseTcss oTopachiBaHue JHITHUX paspsagoB. [lycts ¢ = —3.483 n
b= 8.765. Torma o dopmyse (17) 6yzeM uMeTh

3483+ 8.765 _ 5.282

_ — 2641
¢ 2 2 ’
9TO TpecTaBIseT co60H TOYHLIN pe3yabTaT. Berdancienns mo gopuyre (18) rator
8.765 + 3.483 12.24
c= —3.483 + + — —3.4834 —— = —3.483 4 6.120 = 2.637.

[azke ecim GBI MBI 3/1€Ch BBITOMHAIN OKPYTJIEHNE, TO BCe PABHO pe3yabTaT no ¢gopmyie (18) or-
Juvagcs 6bI OT TOYHOIO, MOCKOJABKY 3HadeHUe ¢ paBHsIOCh Obl 2.642. CaejoBaTelbHO, B JaHHOM
npuMepe, B KOTOPOM 4HCIa @ 1 b NMeIoT pasHbe 3HaKH, GopMyaa (17) okazarach MpeImoITHTE b
Hee.

Orciofa MbI MOYXKeM ClleaTh BBIBO/, 9TO s TOCTHXKEHUS HAWBHICIIEH TOYHOCTH MBI JOJKHBI
npuMeHATh Jn60 GopMyry (17), mu6o gopmyry (18) B 3aBucumocTn oT 3HakoB ¢ u b. [losTomy
HAWJAY Yy (POPMYJIY s BHIYUCJAEHHS CPETHEro apuMeTHYecKOTo @ W b MOXKHO MpencTaBUTh
CJAeIYIOUINM 0O6pa3zoM:

at+b b—a

5 nHadYe c=a+ 5

PaCCMOTpeHHbeI IpuMep IIOKa3bIiBaeT, KakKue Mephbl IPpeloCTOPOXKHOCTHU cledyeT INPpHMEeHATh

ecan  (sign(a) #sign(b)), To c=

OpU peaau3alill IPOCTEHIINX ONepalui W KakK BBIOOP NPaBHILHBIX (POPMYJa MOMKET yIydIIIHTh
TOYHOCTh TPOTPAMMBI.

Bepuemcs k MeTony nmomoBnHHOTO fAenenns. [Ipumenenne gopmyast (18) mis Hero mpegmnodTn-
TelbHel, TOCKOILKY B KOHEYHOM cUeTe HacTyIaeT TaKOU MOMEHT, KOT'[a 3HAKH IPUOJMKEHIT g
i by K KOpHIO 6YIyT ONWHAKOBBIMH BILIOTH 10 OKOHYAHHS HTEPANNOHHOTO Tpolecca (MCKI0Te-
HUeM sBJISeTCS CIydail, KOrqa HCKOMBIN KOpeHb paBeH HyJT10). [0 5TOro MoMeHTa, KOr1a TOYHOCTh
dopmyabl (17) Bblue, HeT HEOOGXOMUMOCTH MUHUMHU3HPOBATH OMIMOKH OKPYTJIEHUs, TOCKOJIBKY IX
BANSHIE HE3HAIUTEILHO IO CPABHEHHIO ¢ OOIeH OMINOKOW B TEKYIINX HPUOIMKEHUAX K KOPHIO.

PaccMmoTperHbIN cioco6 yTOTHEHNS BRITHCACHAN CPEIHIX apH(PMeTHIeCKAX YnNcel, 0 KpanHen
Mepe IS MeTOoJa MOJOBHHHOTO JeleHWs, MOXKeT MOKa3aThcsd HaJyMaHHBIM, MOCKOJIbKY, KaK Mpa-
BILIO, BOBCE He HY:KHa CTOJIb BBICOKAA TOYHOCTD, & TaHHLIH MEeTO[ ABIAETCI CAMOHCIPABISIONINMCS
(T.e. oTHeNbHAS OMINOKA B BRIYNCJICHUAX HE BIUAET HA PE3YIbTAT, €N OHA He BHIBOINT 33 IIPeIebl
otTpeska [A, B] 1 TOYHOCTH He CAUIIKOM BBICOKA, TOTOMY 9TO OIIIGOTHOE 3HAYEeHIE MOKHO CINTATh
HOBBIM MpUOINKEHIeM; BO3MOKHO BO3PACTeT JHIIb KOJINIecTBO nTepannii). OTHAKO BTO He Tak.
Popmyay (18) creqyeT IpuMeHATH B IPOrpaMMax, KOTOPBE MOTYT OBIThH MOTEHIHATBHO HCIOIb30-
BaHBI IS BLIYHCICHNS KOPHEH C MaKCHMAaJIbHO BO3MOKHOU TOYHOCTHIO, KpoMe Toro, Ha MallImHaX,
B KOTOPBIX BMECTO OKPYTVIEHNS OCYUIECTBISETCS OTOpackIBaHNe JNIIHAX pa3psos, popmy.aa (17)
MOYKeT BBIBECTH 3 IPEJeNbl TEKYIIEro MonoTpe3ka (HalpuMep, B 1eCATHIHON TPEX3HATHON apud-
meTuke masg a = 0.982 u b = 0.987 6yzeMm umeTh:

a+0b0 0.982+40.987 1.96

= 0.980.
2 2 2
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U, naxomern, aydie TpuIepKABATHCI OOIEro MPaBMIa, COTIACHO KOTOPOMY HOBOe TPUOJINKEHNe
cleIyeT BRIYHCAATH MPUOABICHHEM MOJYYeHHOU MONPaBKH K TeKyIleMy TPHOIHKEHUIO.

13. Kaxk aytire npoBepuTh, MeHsAeT Jiu (PyHKIIUI 3HAK HA KOHIIAX OTPe3Ka

OGBIYHBIN cTOCO6 MpOBepKN W3MeHeHWsi 3HakKa (PyHKunn f(2) Ha koHHAX oTpeska [A, B] co-
CTOUT B NPOBEPKe YCAOBUS

f(A)f(B) <0,

Ouxnako ecan suavenne f(A) n f(B) éansku K Hyxo, TO pesyibrar ymuoxenus f(A)f(B) wmo-
JKeT CTaTh MallMHHBIM HyJeM, W DTOT CIOCO0 OKayKeTcd HempHeMaeMbIM. IlopToMmy Tpebyemyto
IIPOBEPKY JIydllle BLIMOIHATEH ClIeIyIolnM 06pa3oM:

_JB)
abs(f(B))

4 4
14. HeycTOn4YnBOCTL KOPHEN

F(A) < 0.

Paccmorpnm caydan, korjga Gyuknus f(z) BOAU3N KOPHS T nMeeT HeGOJIBIIYIO TPON3BONHYIO,
T.e. ee IpapuK MOYTH I'OPU3OHTAJEH B OKPECTHOCTH KOPHA.

®1

OueBu O, 9TO TOr KA M11060€ HebObIOe BoaMyIenne pyukunn f(z) (ckaxkem, f(z)+ ) npu-
BeJleT K 3aMeTHOMY M3MeHEeHHIO B 3HadeHun KopHa Z. [logo6Has HEYCTONYHBOCTH XapaKTeph3yeT
Kopenb T, a He caMy QYHKIH©O f(2), MTOCKOABKY OHAa MOXKeT HMeTh IPyrue KOpHH, He CTOMb IyB-
CTBHTEIbHBIE K BO3MYIICHUSAM, U THOHYHA A ToanHoMoB. Hampumep, paccMOTpUM ypaBHEHHe
(x — 1)2 = 0, u mycTh ero npaBas YacTh oKazalach BoaMylleHHol na 107%, T.e. B meiicTBuTeNbHO-
CTH ypaBHeHHe uMeeT BHI (T — 1)2 = 1075. Torga kopru ypaBHenns 6y1yT pasusl 1 £+ 1073, T.e.
BO3MYyILleHne cBOGOIHOIO WieHa HoaupoMa Ha 1076 BhI3Bato usMemenne B kopuax, pasHoe 1073,
Takas 9yBCTBHTEIHLHOCTH KOPHEHl MOJHHOMOB K BO3MYIIEHHSIM B UX Koa(pduineHTax elle Gojee
BbIpazkeHa y MOJHHOMOB BBICOKHX CTeNeHel.

[TpakTHyeckas NpoBepKa YCTOHYNBOCTH BHIYUCJICHHOIO KOPHS COCTOUT B MOBTOPHOM IIPOCYeTe
JUIST BO3MYIIEHHON f(2) ¢ APYrofl TOYHOCTHIO I aHAJIN3e BEINYNHBI H3MEHEHHS HOBOIO KOPHS IO
CPABHEHUIO ¢ BEANIUHON BO3MYIICHN.

15. Ente pa3z o mMmeToge HboToHAa 1 €ro MOAUPUKATIUAX

Kax yxasniBaiock B . 7, ecqiyl & ABIAeTCS p-KpaTHHEIM KOpHeM, To BOJIU3N Hero MeTo 1 HbioToHA
-1
nMeeT CKOPOCTL MeoMeTpPHHUecKOW TPOTpeccuu co 3HaMeHaTeleM ——. [loCKOALKY Tpom3BogHas
p

[ (x,) mana, Korjga npubInKeHe &, 6IM3K0 K KPATHOMY KOPHIO, TO MOYKET NOABHTHCS ONaceHne, He
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BO3HUKHET JH IIepeloJHeHne apI/I(l)MeTI/I‘{eCKOFO IIponeccopa MallMHbI MPU BBIYUCACHUN ITONIPaBKN

f(z . . _
%. O,Z[HaKO nepenoJHeHnss IIpoOUu30OUTH He MOXZKeT. ﬂ;eHCTBHTeJIbHO, IIyCTb ¥ — KOp€eHb KpaT-
Tn,

noctu ypashenus f(x) = 0. Torga Mbl MoxkeM 3anucatTh, uto f(2) = (z — ) ¢(x), rae ¢(z) # 0.
Ecan o6o3nauuts 2, — & = €, TO 10 pacdeTHol ¢opumy.ie Merosa HeioTona 6ynemM umeTs:

B £2q(an)
3e2q(x,) + 3¢ (x,) 3

Tpt1 = Ty

Taxkum 06pa3zoM, XOTs 3HadeHne 3HaMeHaTens f'(x,) Majgo BOJAN3N KPATHOT'O KOPHS, 3HAYeHIe Hli-
CINTE/A BCe JKe MEeHbIIe Ha MHOXKHTEND £, I MOITOMY Ollepalns JeJeHns He BhI3bIBAaeT 3aT Py THEHII.
Ecan nponsBoguas f'(x) Mano MeHsieTCs B OKPECTHOCTH KOPHS, TO TMONy9aeM BUIOU3MEHEeHHBIN
MeToa HrioToHna
J(@n)

Tp4l1 = Ty — m-

Teomerpudeckn »TOT cnocob O3HAYaeT, 9TO KaxkABIH pa3 KacaTelbHbe MPOBOIATCA Mapal-
JeJbHO KacaTelbHOU K KpuBoll y = f(z) B Touke (zo, f(20)) (puc. 16).

-~

¥y y=rx

#l

Puc. 16

DTO BUIOU3MEHEHUE TMO3BOJAET He BHYUCAATH f'(2,) NpH KaxK 10l HOBOI HTepalun, 9TO Mo-
ne3no, ecan f'(z,) Tpymoemka mis Berduciaenuin. CXomuMoOCTh mponecca o6GecnednBaeTCs TPH TeX
JKe YCIOBHUAX, YTO U JAad MeTona HeioToHa.

MoxkHO BOOOIIe n3bekaTh BRIYHCAEHUS TPOU3BOIHOU, €CJIN 3aMEHUTh ee MepBOl pa3leleHHO’
Pa3HOCTBIO, HAWJEHHOU MO JABYM MOCJIEIHUM HTEpalusiM. DTO O3HAYaeT, 4TO KacaTelbHas 3ame-
HsieTcH cekyieil. B »ToMm ciaydae BMecTO MeTojga HblOTOHA mMeeM ciaegyiolinil UTepaluOHHBI
mpoliece, MONYYUBIINE HazBaHUe METONA CEXYULUL:

r - Tp — Tp—1
T f () = f(ram)

B mamnom mpormecce Mis BEYHCASHUA 0UepeTHOTO MPpUOGAMKeHnS Heob6X0INMO 3HAThL MBa MpeaLl 1y-
mux. Taxne Mpomecch Ha3bIBAIOTCA d6yrwazo6bimu. |'eoMeTputdeckas NHTEPTPETANUS TpHBeIeHa
Ha puc. 17.

f(an).
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y=rf

Puc. 17

CKOpOCTb CXOIUMOCTH MeTOla CeKyLnx BOIU3U KOpHS T onpegeaseTca COOTHOIIeHNEeM:

11 ¢ — 0.62
. e ((f(@)
Tpp1 — TR (T, — T) T .
f(@)
OTcroga BuIHO, 9TO B MeToJe HbioToHa omunbka yObIBaeT 6BICTpee, MOCKOALKY V HErO CKOPOCTh
cXomquMocTH KBagpaTuinads. Ognako B MeToge HbioToOHA TPUXOAUTCS CINTATh KaK 3HadeHne PyHK-
nu, TaK 0 3HaYeHNe IPOU3BOAHON, a B METO/Ie CeKYIINX — TONBKO 3HaYeHns pyuknnu. CpaBHeHne
00'HEeMOB BEITUCJCHHAS DTHX IBYX METOJOB MOYKHO CIeJaTh ClefyomnM obpasom. /as MeTona cexy-
MAX MEHIMaJbHOE KOTHIeCTBO NTepanini, TpebyeMbIX IIsd TOCTHKEHNI 33 1aHHON OTHOCATEALHON
TOYHOCTH £, OIPeeasieTCs COOTHOIIeHTEeM

1
n0(€) ~ 1.44 10g210g2 g

O603HaYNM 4epe3 «q 00beM BbIYUCANTENbHOU pPaboTHl, TpeOGyeMou [isf BLIYUCICHUS 3HAYeHUs
(QYHKIUN B TOYKE, a 9epe3 Qg — JONOJTHATENLHLI 06heM M4 BRITUCACHIS 3HaTeH I 1PON3BOTHOIM
B TON Ke Todke (Ipn »TOM yunThiBaeTcs, 9To f(2) n f'(z) MoryT nMmerh oblne BHIpayKeHNs, KO-
TOpBIE CJelyeT BRIYUCIATH Ha KazkIOi HTepalii TOAbKO ognH pas). Torma cymMMapHbie 3aTpaThl
paboT M1 MeTOoJa CeKylInX OyIyT HOpsIKa

1
1.44 aq 10g210g2 —
£

a jaiaa Mmerona HbioTona
1
(01 + az) logzlog, -

Ecin coBumemienne onepaunit mas Beraucaenns f(z) n f/'(z) TakoBo, 9T0 g < 0.44a1, TO ¢ TOUKN
3peHus 3aTpaT BEIUCANTEIHHON paGOTH TP HAJINIHN XOPOIIero Hada bHOTO TPUOIMKEHNS Tpe /-
noYITHTeNbHee NCMOAb30BaTh MeToq HhioTona.

B smamenaTene MeToga CeKyIIUX CTOUT PasHOCTh 3HAYEHWH (PYHKIUN, ITO NPUBOJANT K MO-
Tepe 3HAYAMNK HHMP BOIM3N KOPHA (0COGEHHO KOPHS BBICOKOH KPATHOCTH), MOCKOJIBKY DTH 3HA-
JeHHUd CTAHOBATCA MaJbIMU W odeHb O6auskuMu. BosumkaeT “pazboaTka” cdeTa, BCIEJICTBHE KO-
TOPOH OTr'PaHUYNBAETCA TOYHOCTH, C KOTOPOU MOYKHO HalTH KOpeHb. Takoro poga “paszGoiTky”
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YIUTHIBAIOT TPUMEHEHNEM CIeIyiolero mprueMa. BuibnpaoT HekoTopoe He odYeHb Majaoe £ U Be-
IyT WTepanun 10 TeX MOp, MOKa He BHIMOIHUTCS HEPABEHCTBO |r,411 — x,| < €. 3aTeMm pacdeTsl
IPOIOJKAIOTCS, TOKA YObIBaeT |2,11 — ,|. [lepBoe ke BozpacTaHne pasHOCTH O3HAYAELT, KAk MIpa-
BIJIO, Ha4aJJ0 “pazboiTKu” Mociae 4ero HTepannn mpekpaianT. ITOT cn1ocod HA3EBAIOT cnocodom
Lapsuxa.

CraefyeT OTMETHTh, ITO B OGHOGJMOTETHRIX MOJATNPOTpaMMax MpeImodTeHne Bee yKe OTIaeTcs
MeTOMy CeKyNUInX mepel MeTogoM HboToHa MMEHHO B CHIY TOTO, ITO AJIA METOda CeKYIIuX He
HYZKHO 3a/aBaTh OlepaTopoB Bhrancienus f'(z).

16. MeToa mapabo.

DTOT MeTOJ Has3hIBaloT ertie memodom Mioasepa, nan xkeadpamuunoti unmepnoasyued.

PaccMOTpeHHBIN BBIIIE METO CEKYIINX OCHOBAH Ha 3aMeHe PyHKIUN f(2) HHTEPIOAIHOHHBIM
MHOT'OYJIEHOM MEpPBOU CTeleHH, MPOBEMeHHbIM MO y3JdaM T, U Z,_1. llo Tpem HocaegHuM uTepa-
HUAM MOYXKHO HOCTPOHUTH WHTEPHOJAINUOHHBIN MHOTOY/IEH BTOPOU CTeNeHu, T.e. 3aMeHUTh I'papuk
byuxkuun f(x) napaboaoii y = ax? + br + c. KoopdunuenTe napabosl a, b u ¢ onpejensiorcs us
ycaoBud, 4To napabona moJKHA NPOXOAUTDL Yepe3 TOYKN

(xn—27fn—2)7 (xn—17fn—1)7 ($n7fn)7
fi = fx:), 1=n—2,n—1,n.

[TosToMy mMeeM caemyioline pacieTHLIE (POPMYIABI IAd UX ONpeleJeHns, KOTOPHEEe MONyIaloTcs 13
pellleHns Tpex JUHEHHBIX CUCTeM C TpeMs HeH3BeCTHRIMHU:

(fn - fn—l)(xn—l - xn—Z) - (fn—l - fn—2)($n - xn—l) .

a = ;
(xn - wn—l)(wn—l - xn—?)(wn - wn—2)
b = _a(xn+xn_1)+M;
Tp — Tp—-1
c = fo-— ax% — bx,.

Jlns HaXoXKIeHUsA ovepelHOTO NPHOANKEHNS Tpy1 BBIMHUCAAIOTCA KOPHN KBaJApaTHOTO ypaBHe-
nus azx? + bx + ¢ = 0, KoTopele nmeioT Bug u + /v. B KadecTBe 7,41 BHOHPaeTCA TOT KOpeHb, y
KOTOpOI0 3HaK Mepel painKajJoM COBIALAeT CO BHAKOM 4ucaa ¢. Takoid BEIOOp jedaeTcs [Iis TOro,
9TOGH M30€KaTh MOTEPH 3HAYNMOCTH NPH BEIYHTAHUN TBYX BO3MOXKHO OIU3KNX BEANUNH U U /v.

JlaHHBEI UTEpallHOHHBIN MPOIECC ABISETCH MPEXULA206blM U TpebyeT M Havajda pacdeToB
BaJlaHUdg TpeX IepBbIX HadadbHbIX npubamkenuit. O6pYHO OUOGANOTEUHBIE TPOTPAMMBI TPeGyoT
3aMaHts TOJNbKO OMHOI'O HaYaJdbHOI'O TPUOJINKEHNS K MCKOMOMY KOPHIO; IBa IPYTUX TPUOJINAKEeHUs
PeHEePUPYIOTCA CAMHME TPOTpaMMaMi, MOCKOJABKY HX TOYHOE paclofoXKeHHe Ha YUCIOBOU OCH He
CTOJIb CYNIECTBEHHO (HANpHUMep, ecin &g = 7, TO B Ka4ecTBe &1 U T3 MOXKHO BeOpaTh 0.9y m 1.1

COOTBeTCTBeHHO).
CKOpOCTB CXOANMOCTH MeTOda Hapa60ﬂ BOIN3NT IIPOCTOI'O KOPH4A ollipeesieTCss COOTHOLIeHneM
1=y 10.42
tnsr — 7| & () |2 — j|1.84
n ~ — mn 9
6./'(2)

T.€. €ro CKOPOCTH CXOTHMOCTH TayKe MeljeHHee KBaIPaTHYIHON, XOTI DTOT MEeTOJ] MOCTPOEH IO
00pa3iy MeTOJ0B TPEeThero mopsiika. ITOT (PpakKT 0ObICHIETCA TeM, YTO 3aMeHa T'pauka QpyHK-
nnu napabo/ion O3HaYaeT HOCTPOEHHe WHTEPIOAIIHOHHOIO MHOIOUIeHa BTOPOH CTeNeHn B popMe
HoroTona

Py(x) = f(an) + (v — 20) f(2n;n1) + (2 = 20) (2 — 2p1) [ (20 Tno15 Tn2),
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f(wn) B f(xn—l)

f(ﬂﬁn; 96n—1) = - - — pa3gejNeHHas Pa3sHOCTH NepBOTO NOPAIKA,
n — 4n—1
. . _ f(xn7 xn—l) - f(xn—l; xn—?)
f(acn7 Tn—1; $n_2) = — pa3sfejeHHas Pa3HOCTb BTOPOTO MOPSA KA.
Tp — Tp—2

Takum 06pasoM, cyllecTBeHHOe yMeHBIIeHHe CKOPOCTH CXOANMOCTH CBA3aHO ¢ 3aMeHOH TpOu3-
BOJAHBIX pas/IeJeHHBIMI PasHOCTAME. BOJU3M KPATHOTO KOPHA CXOANMOCTE ellle MelJeHHee, XOTs i
6o.ee 6bicTpas, deM anHenHas. CTpONThH aHAJOMHYHBIe METOAbI ¢ HCIOAb30BaHNEeM HHTePIOAAIHOH-
HBIX MHOT'OYJIEHOB 6oJjiee BLICOKOH CTelleHd HeBBINOHO, TOCKOJIBKY pacieThl M0 HIM YCAOKHAIOTCH,
a CKOPOCTh CXOANMOCTH He OyjeT OBICTpell KBa[paTHIHOM.

Meto mapa6oa obaagaeT psaIoM BayKHBIX TocTonHCTB. [Ipeik e Bcero, npakTHKa ero NCnoib-
30BAHUSA MOITBEPKIACT, 9TO A MPeodafalollero 6oJIbIINHCTBA pelllaeMblX 3a]ad dTOT MeTO[
CXOAUTCA K KOPHIO MOYTH TPH J060M Habope HadaJbHBIX NPUOIUMKEHUI, TpUYeM A Hero He
HYKHO BBINOJHEHHE [MpelBapuTelbHON Tpolelyphl oTAeleHns KopHeid. MeTo napabo HCKII0Yn-
TeJbHO dPMEKTUBEH /IS HAaX0XK IeHIs BCeX KOpHel MHOIOYWIeHOB BHICOKHX cTeneHell. Kpome Toro,
KOPHH KBaJIPaTHOI'O YPaBHEHUs U £ /U MOI'YT ObITh KOMILIEKCHBIMI (T.e. BETBH MapaboJbl MOTYT
He IlepeceKaTh BENIeCTBEHHON OCH), XOTS BCe MpeIblIyIne TPHOIIKeHNs MOTYT ObITh BellleCTBEH-
HBIMI. DTO O3Ha4YaeT, YTO METO[ Mapadboa 006Ja1aeT BO3MOKHOCTBIO BBIMHCACHUS KOMNAEKCHBIL
KOpHell (pYHKINH, HayKe ecou HadalbHble NPUOINKEHUs SBISIOTCA BellecTBeHHbIMI. MeTox mapa-
601 061 aeT TeM HeJOCTATKOM, 9To “pa3zboaTka’ cieTa BOAN3HM KOPHSI CKasbiBaeTcs ellle CHIbHee,
T.K. B pacYeTHLIX (POPMYyJax HUCIOAB3YIOTCA BTOpbIe pasieqeHHble paszHocTh. OIHAKO KOPHH BCe
JKe MOKHO HAlTH ¢ XOpolllell TOYHOCTBIO, a I olpeJeJeHns ONTHMalbHOI0 KOINYecTBa HTepalni
cleyeT MoAb30BaThCs CIoco6oM ['apBuKa, KOTOPHIA onucal B m. 14.

Ecan uimyres TOABKO BellleCTBeHHBIE KOPHI, TO MeTOJ Napaboj HeyI00eH TeM, 9TO ero pe-
alu3alnsa MOJKHA OBITH BHIMOJAHEHA B KOMILIEKCHOH apu(pMeTHKe, YTOOB y9eCTh BO3MOKHOCTH
TOSBIEHNS KOMILTEKCHBIX TPUOIIKEeHN &,. [losToOMy U mogmporpamma Berdncienns f(z) 1oaKHA
OBITH HalMcaHa B KOMILIEKCHON apudmeTnke. [TockoibKy apudMerTndeckue omnepanui Iis KOM-
IMIEKCHBIX YHce] TPeOYIoT Mo KpallHel Mepe B jJBa pasa OoJbIle BpeMeHH, YeM A BellleCTBeHHbIX
qHceN, TO MPH MOUCKE TOABKO BellleCTBEHHBIX KOPHell ovYeBHHa moTeps sdpdekTuBHOCTH. UTOOBI
n36eKaTh DTOr0, IPUMEHAIOT MeTox obpamuot keadpamuunot uwmepnoasyuu. CyliecTBoO HTOro
MeTO/[a TPOolle BCero MOACHUTDL CAeAYIONHM 00pa3oM.

B (mpsimoM) MeTome mapabos MBI CTPOWIN 1O TPeM TOYKAM TaKylo mapabony, BeTBH KOTO-
poil HalpaBJeHbl AH60 BHU3, JHOO BBEpX, NPUUYEM, OYEBIIHO, BETBIH MOI'YT U He TepecekaThCs C
BEIIeCTBEHHON OChIo, YTO H ONpejfelseT BO3MOKHOCTL BHIYHCICHUS KOMILIEKCHBIX KopHeil. ['eoMe-
TPHYECKH DTOT MeTOJ WIACTPUpYyeTcs Ha puc. 18.

OxHako Mo TeM Ke TpeM TOYKAM (-2, fu—2), (Tn—1, fa=1), (@, fn) MBI MOXKEM MOCTPOUTH
napadoay

= ay® + by +c,

BETBH KOTOPOU HalpaB/JeHbl duG0 BIPaBo, 1100 BIEBO BIOJb BEIIECTBEHHOU OCH, a 3TO O3Ha4YaeT,
YTO OJHA BETBb 00A3UMEADHO MEePeceveTcs ¢ BelleCTBEHHON OChbl0, U ouepegHoe NpubinKeHune K
KOpHIO 6ce2da Gy neT BellecTBeHHBIM (puc. 19).

MeTo1, OCHOBAHHBIN Ha MOCTPOEHWH TaKoro poja mapabol, Ha3zBIBaeTCA Memodom o6pamuot
unmepnoasyuy. Q4eBHIHO, YTO B Ka4eCTBe 04epPeHOT0 NPUOINKEHHs] B 3TOM MeTOIe BhIOUpaeTcs
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Puc. 18
Tpy1 = €, TJI€
c = xn_afg_bfnv
_xn—l
b = nt foo
(f f 1) fn fn 1

(@n — 1) (fam1 = fr—2) = (@n-1 — 202) (S — frm1)
(fn - fn—l)(fn—l - fn—Z)(fn - fn—2)

Paccmorpennbiit MeTo TpebyeT MEHBIIHX 3aTpaT, 4YeM MeTo] napaboJ, MOCKOJAbKY B HEM UC-

MOJB3yeTCs TOJAbKO BelllecTBeHHas apu(pMeTnKa u He TpeOyeTcs U3BAeYeHUs] KBAIPATHEIX KOpPHEH.
Boiee Toro, ero ckopocThb CXOJIUMOCTH OCTAETCH TOU Ke, paBHOU npubiusuresbio 1.84. Onrnako
MEeTO[ OOpaTHOU KBalpaTHYHOH WHTepHoasiuu TpebyeT 3alaHus XOPOIIHX HAYAJAbHBIX TPUOJIH-
JKEHUH, 9TO CHUXKAeT ero MpakTHdeckoe 3HadeHle M0 CPABHEHUIO ¢ MeTOJIOM mapabol.

17. Eme pa3 0 KOMOGMHUPOBAHHLIX MeTOIax

B paccMOTpeHHBIX BBIIIIe METOJaX MBI He YYHTHIBAJIH JOKAJIbHBIE CBOHCTBAa (PDYHKINH Ha BBI-
JeJIeHHBIX OTpe3Kax, cojgepzkaiiux kopHu. OIHAKO ACHO, 4TO ecln Mbl 6yIeM HX yIHTBIBATH, TO
MOKHO JHHAMHYIECKH MEPeKIYIaThCsA ¢ OJHONO MeTOa Ha IPYrol B 3aBHCHMOCTH OT NOBeIeHIS
(PYHKINHT, TOBHIIIAA Te€M CAMBIM CKOPOCTH CXOINMOCTH.

PacemoTpuM BHavale KOMGUHALMI METOLOB X0 1 nooBiHEOrO texenns. Ha puc. 20 moxasan
clIydail, KODJa MeTOJ XOpJ [TaeT Xy[llee NPHOJN/KeHIe IO CPABHEHHIO € MeTOIOM NOJOBHHHOIO
TeJeHN .

MozkeT 6BITH IpeIIoKeH cleayonui airoput. Ha mepBHIX Marax NpHMeHseTcs MeTOJ Mo-
JOBHHHOTO fefeHns ¢ = (a” + b™)/2 um mocie BHIMHCIEHHs pellaeTcs BONPOC, JeKHT JIH TOYKA
(¢™; f(c™)) na npamoi, mpoxosiien depes Toukn (a™; f(a™)) n (b™; f(b™)). U3 anannTndeckoi reo-
MeTpPUH H3BECTHO, YTO YCJIOBHEM IPHHALIEKHOCTH TPeX TOYeK OLHOM NPAMOIl ABILETCA PABEHCTBO
HYJIIO CJIeIYIOIero Olpe e nTels:



= — — = — - —_———— -
P - — = e — — — — — — - = ]

R
2]

xn+1

ha

Puc. 19

PackpbIB onpegennTels, 6y1eM IMeTh
fOO") =0 f(c") —a" f(B")+ " f(a") +a” f(c") = " f(a™) = 0.
[locre npuBeeHns MOLOOHBIX TICHOB HMeeM

(b7 = ) F(a") — (5" — @) f(e") + (" — ") f(b") = 0.

[Mockombky ¢ = (a™ + b")/2, TO

n n ny __
fla”) = 2f(c") + f(b") = 0,
€CJHU BCe pacCcMaTpHuBaeMble TOYKH IIpHHadIeXKaT O,Z[HOfI HpﬂMOfI. EcrecTrBenno caurarn yciaoBuem
IpuHalJe;KHOCTH OTUX TOYeK O,Z[HOfI HpﬂMOfI BLINIOJIHEeHIIe HepaBEeHCTBa

| F(a”) = 2f(c") + FOO")] <y |f(0") = fla™)];

rje napaMeTp 7y Noa0upaeTcs dKCIepUMeHTaAbHO.

B clydae MOJIOKHTeIBHOI'O OTBeTa, HadMHAS C DTOI'0 MOMeHTa B KadecTBe ¢! Gepyr mpu-
OJMKeHne 110 MeTONYy XOpHd, a B IPOTUBHOM cCJy4ae NPUMEHSAIOT MeTO[ MMOJOBUHHOIO MeleHus u
paccMaTpUBalOT BOIPOC O MPHHAMIEKHOCTH HOBEIX TPEX TOYEK OMHOU MPSAMOU.

Bropo# koMGHHUPOBAHHBIN MeTO/T, TOIYIUBIINE HazBaHne Memoda Bpenma, ABAIeTCS IBYCTO-
POHHUM U MpefAcTaBiseT cOOOU OObeluHeHHe MeTOM0B 0OPATHOW KBA[PaTHIHOU WHTEPIOJSAINHT,
CeKYIINX W MOJOBUHHOTO meqenns. Ha KaxKgoil urepaluu BCerjia BHaYaJje TeJaeTcHd MOMNbITKaA MpH-
MEHHTH OOpATHYIO KBaIpaTHYHYI0 WHTepunoasiuio. Eciu noaydennoe npubiuzerue “pazyMmHo”,
T.e. OHO OCTAeTCAd BHYTPM TeKyllero HHTepBaJa, Ha KOTOPOM (PYHKIHUS MeHseT 3HaK, U He CJAMII-
KoM OJM3Ka K ero KOHIIaM, TO HTepalis CYNTaeTCd 3aBeplleHHOl. B mpoTuBHOM ciydae mpumMe-
HAeTCH MeTOJ CEeKYIHX U MoJydeHHOe NpubiuKeHue TakxKe npoBepsercd Ha “pazymuocTs”. Eciu
OHO TakyKe HeyTOBJIeTBOPUTEILHO, TO TPUMeHsAeTCs MeTOo MoJoBHHHOTO nefenus. Meton BpenTa
OTHOCUTCH K YHuCAy HanboJee 3(PPeKTUBHBIX MPAKTHYeCKNX MeTOI0B.
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(a+b)2 b

Puc. 20

4
18. Broruucseunune KOMIIVIEKCHBIX, KPAQTHBIX U HECKOJBKHUX KOpHEeHn

[asi TOro 4TOOBI BEIMUCIUTH KOMILIEKCHBIH KOpeHb, ecan (yHKius f(2) BellecTBeHHAs Mpu
BelleCTBEeHHOM apryMeHTe, B MeToAaX IPOCTLIX mTepannii, HploToHa mIn ceKymux HeoHXoInMo
3a/aTh KOMILIEKCHOe HadadbHOoe mpubamxkenne. B Merone mapabosa cXoIMMOCTh K KOMILIEKCHOMY
KODHIO BO3MOZKHA I IIPH BelleCTBeHHBIX HadalbHBIX IPUOINKEHIAX.

[l1s BEIMUCIEHNs KOpHell HedeTHOH KPaTHOCTH NPUMEHHMBI BCe PaCCMOTPEHHbIE MeTO/BI, I10-
CKOJIBKY B DTOM CAydae BO3MOJKHO BHLICANTL OTPE3KHM, Ha KOTOPHIX (DYHKIHNA MeHseT 3Hak. Ecan
KPaTHOCTH KOPHA YeTHa, TO NpUMeHd0T MeToAbl HbIoTOHA NN ceKymux, a TaKzke MeTO [ napabol.

Ecim xpaTHOCTL KOpHA 3apaHee Hem3BeCTHa WM HUIYTCA HECKOIBKO KOPHEH, TO IpuberainT K
caeyIoneMy crnocofy.

Ecaun Z; sBaseTcs npocThiM KopHeM U mist GpyHKIuE f(2) Ha paccMaTpuBaeMOM OTpe3Ke Bhi-
noansercs HepaBencTso |f(2') — f(2”)| < K& mas 10601 napbl ToYeK 0OTpe3Ka, YIOBIETBOPIIONINX
yeaosuio |2’ —2'| < §, rme K — nekoTopas koHCcTaHTa (koncmanwma Junwuya), TO BCIOMOTATENb-

Has (pyHKUIUSA
f(z)

g1(r) = -

r — T
HelpephLIBHA, TpHdeM Bce Hyan GyHknni f(z) u g(z) coBnagaoT, 3a HCKIIOYEHNEM T, TOCKOIbKY
91(Z1) # 0. Ecan 71 siBisieTcs KpaTHBIM KOPHEM, TO OH OyeT HyJleM QpyHKIHN g1(2), HO KpATHOCTH
Ha eMUHUIY MeHbIlle, & OCTAJbHbIE HYJH 06eux (QPyHKUUN OyAyT oguHakoBeiMu. OTcioga cienyer,
9TO HallJeHHBIN KOPeHb BCerga MOKHO yIaluTh, Hepei s K pyHknnu ¢i(z). Torga monck ocranb-
HBIX HyJted ¢yukunn f(z) cBognTes K moucky HyJded gyHknnnm ¢i(z). Ecan Haligen Kakoi-i1n6o

HYJIb T2 QYHKIUN g1(2), TO I €ro MOXKHO yJAINTh, BBOIS IPYIYIO BCIOMOTATENbHYIO (PYHKINIO

_ g1(x) _ [(@)
92() = r—Ty (v—3)(v—Z9)

[MoBTOpsist >TOT Mpolece, MBI HAXOIUM TpebyeMoe KOH4eCTBO KOPHEN.
OnHaKo B JeUCTBUTENBHOCTH MbI HAXOJUM JUIIL NPUOIUAKEHHOE 3HaYeHUe KOpHS &1 A Zp U

f(z

CTpOUM (PYHKLIUIO HE ¢ ($), a PYHKIUIO §1 ($) = ———, KOTOopad uMeeT HYJAL B TOUYKE T U MOJIOC
r — T
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B OIH3KOH K Hell Touke 1. YTOOLI 5TO He CKa3bIBAJIOChL IPH HAXOXKJCHHH CIeIYIOMNX KOPHEH, Ha 0
BBIYUCJAATH Ka,)Kr[[ijl KopeHb C BbICOKOfI TO‘{HOCT]:)IO7 OCO6€HHO eCJi OH Kpa,THbel nJan B6JH/131/I Her o
pPacooaoKeH Ipyrol KOpeHb.

KpOMe TOFO7 IS JHO6OFO MeTOJa OKOHYaTelbHLEIC HTepaHHH B6JH/131/I OHpe;[eJIHeMOFO KOpHH
peKOMeH IyeTcs JelaTh He To (PyHKOUAM ¢;(z), a no ncxoguon ¢pyukunu f(z). [Ipu sTom mocaen-
HUe WTepalnin, BEYHCIeHHbIe 0 GYHKINA ¢;(Z), HCHOIB3YIOTCA B KadecTBe HYJEBBIX MPHOJIMKe-
HUH. DTO 0COOEHHO BayKHO MPH BEIYHCICHNE MHOTHX KOPHEH, TOCKOILKY deM GoMbIlle KOpHeH y1a-

f(z)
[I(z — &)

7

JIeHO, TeM MeHbllle HYJ/JIn BCIIOMOT'aTeJIbHOU qﬁ)yHKHI/II/I COOTBETCTBYIOT OCTaJbHBIM HYJSAM

Qynkunu f(x).

[ns maxoxeHus n HyJdell (pYHKINH, KOIZa HeT MH(DOPMaliil OTHOCHTEILHO HadalbHLIX IPH-
OIMKeHNI K HUM WIH yKe HadaJlbHble NpUOINKeHHs IpyOble, NPHMeHAIT MeTo napatoa. Ecan
HadadbHBIe NPUOMIKEeHIS K HYJISM JOCTaTOYHO XOpOIINe, TO Pa3yMHO NpHMeHeHHe MeTOIOB Ce-
Kyuux uan HeloToHa, Korja BO3MOMKHBL HYJIH 9eTHOH KPaTHOCTH, WIN ¥Ke TBYCTOPOHHEro MeTo/a
BpenTa B npoTuBHOM CIydae.

19. KopHau MHOT'OWIEHOB

ﬂﬂﬂ HaXoXXIeHus KOpHefI MHOTI'OY/J€HOB peKOMeH IyeTCss MeTO[ Hapa60J1. XoTs# ero CXOINMOCTb
Ipu IIpPpOU3BOJILHOM HaYaJbHOM HpI/I6JII/I)K€HI/II/I n He JOKa3aHa, HO Ha IIpaKTHKe 3TOT MeTOI 6bICTpO

CXOMUTCA K KaKoMy-HI6Y 1L KopHIo. [lockoabky i MHOTOWIeHa TacTHOE % TaKzKe MHOT'O4J€H,
TO MOCJAEIOBATEIbHO VIaJsid HallJeHHBle KOPHU MOYKHO HAUTH BCE KOPHU MCXOMHOI'O MHOT'OYJIEHA.

CaejgyeT y9UTHBATE BO3MOXKHYIO CHIBHYI0 HEYCTONYHBOCTh KOPHEH MHOT'OYIEHOB KaK (PYHKIHI
oT ux KodddunnenToB. Hanbomee IyBCTBUTEILHLIME MOTYT 6BITH HAUGOABIINE IO MOTYII0 KOPHH,
0cOGEHHO K TOTPEITHOCTAM KOd(PPUITEHTOB PN CTAPIINX cTeleHaX. KpaTHbie win 6iu3Kne KOpHI
MOTYT OBITH C1ab0 YCTOWYUBLIMU W TPpU HEGOJBIIUX CTENEHAX MHOTOYJIEHOB. DTO O3Ha4YaeT, 4To
HeoOXOIUMO TIpefeSbHO TOYHO BRIYUCIATH 3HaYeHe KO3(P(UIUEHTOB.

Ecan muoOTOWIeH NMeeT BHICOKYIO CTelleHb, TO BO3HUKAIOT JONOJHUTEIbHBIE TPYIHOCTH, CBS-
3aHHbIEe ¢ TeM, YTO MHOTOUJeH OLICTPO BO3pAcTaeT NpH yBeandenun apryMmenTta. [lodTomy mpnm
YHCAEHHBIX pacieTaxX HeoOXOMUMO YYUThIBATH BO3MOXKHOCTH nepenoanernil. OObIYHO BBOIAT MaAC-
WMAOBHBLE MHONCUMENY, BEIHIHHA KOTOPHIX CBA3aHa ¢ MUAa30HOM H3MEHEHHU apryMeHTa.

[Ipu ynanenun KopHel BHOCHTCH MOIPEIHOCTh OKPYIVIEHUN B KODMQUIHEHTHI, a DTO BAHAET
Ha TOYHOCTH BBIYHCJAEHUS CJAeAYIOIINX KOpHed. UTo6hl YMEHBIIHTH 3TO BAUSHHE, Ha MpPAKTHKe
HAYUHAIOT C yIajJeHusi MeHbIIUX 10 MOAYJII0 KOPHel, HOCKOABKY eclu HadaTh ¢ yaajJeHus GOJbIInx
KOpHEH, TO TOYHOCTH MOYXKeT ylnacThb KaTacTpodudecku. llopToMy 3a HavadbHOe NpubINKeHUEe
peKoMeHIveTcd B3AThL ¥g = —1, &1 = 1, 29 = 0. Torga uTepannn o6LIIHO CXOIATCA K HANMEHBIIEMY
mo Moy KopHio. [locie ero yaienus no Tem Ke HadaJbHBIM TPUOIHKEHHAM UILYT CJI€TY O
Kopetb u T.1. [Ipu Takoll opranuzanuu BEIYUCJIEHUH TOTEPsS TOYHOCTH Oy IeT HeGOIBIION.
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