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AHHOTaUuA

BbI60Op HauanbHbIX MPUGAVKEHUA AN HAXOXAEHUS KOPHEN HeNnHelHbIX ypaBHeH W
B/IMSET Ha CXOAMMOCTb METOAOB. B cTaTbe NpejcTaBaeH anropuTM nomcka HavanbHbIX Npu-
611KeHNTE AN BbIYNCIEHNS KOPHE HENMHENHBIX YpaBHEHWA ANs Pa3NINYHbIX YACTEHHbIX
MeTO/0B, KOTOPbI NPUMeHSAEeTCA A1 COCTaBNeHNs y4ebHbIX 3aAay. Peannsauus Bbino-
HeHa Ha f3blke NporpaMMupoBaHmns Python. B cTaTbe NpMBOAWTCS NCEBAOKOA aAroputMa.
PaccmaTpuBatoTcs BO3MOXHOCTM YKa3aHHOrO airoputMa 1 BCromoratesbHbIX GyHKLNIA,
a Takxe NoApobHO onuckiBaeTcs npoLecc paboTel NporpaMmel. [peacTaBieHbl pesyiib-
TaTbl CPaBHUTENBHOrO aHaNM3a KonYecTBa UTepaLuii, HEO6XOANMBIX ANS HAXOXAEHNS
KOpHeli C NpUMeHeHVeM anropnTMa Nomncka HavaabHbIX NPUBAVKEHUI N PYYHOTo MeToAa
noAbopa NHTepBaaoB NoKanM3aLmm KopHs. MpeanoxeHHbIV NOAX0A NMPOAEMOHCTPUPOBan
CBO 3pPeKTUBHOCTb Ha 520 PasNNYHbIX HeNNHEHbIX ypaBHEHUSX.
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JINTe/IbHas MatemMartyvika, Pyl’hOI'I, YNC/IeEHHbIE MEeTOAbl
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1. BBEAEHUE

HaxoXnmeHue KOpHeN HeJIMHEeWHBIX YpaBHEHUU gBJIIeTCd Ba>KHOU 3aaueld UUCIeHHOI0
aHasmsa. CyIliecTBYIOT pa3jIMuHble MeTO/Ibl PellleHUs JaHHBIX YpaBHEHU, TaKue KaK MeTO[
TI0JIOBUHHOTO JleJIEHUSI, METOJ IIPOCTOM UTepaIiiu, MeToZ, HbI0TOHA, MeTO/ XOPJ, ¥ MHOTHE JIPY-
rue. Kakaplii MeTo] IMeeT CBOM 0C06eHHOCTH. [IpaBH/ILHBIN BEI60P HauaJlbHOM TOUKU WU
WHTepBaJia BJIUsAeT Ha CXOJUMOCTb MeTOZia 3a OIIpefieJIeHHOe KOJIMUeCTBO UTepaIiiii.

B paccMoTpeHHOI iuTepaType [1-4] IIpu onrcaHUM pa3IMYHBIX METO/IOB He JleylaeTcs aK-
IIeHT Ha TOM, KaKUM 00pa3oM IOJy4YaroTCs HadaabHbIe IIPUOIKeHUS IJIS1 YUCIEHHBIX METO-
[0B. IIppBoIMBIE IIPUMEPHI OTPaHUYMBAKOTCA QyHKITUSIMUY, KOTOPBIE He COZepsKaT aCUMIITO-
THI U CYILleCTBEHHbIe OTpaHUYeHUs Ha 00J1aCTh JOIIyCTUMBIX 3HaUeHU [2, 4]. B o6pa3oBaTeib-
HBIX TeJIIX 06yJaroluMcs Il IPUMeHeHUsT pacCMOTPeHHBIX YHCJIEHHBIX MEeTO/I0OB K pellle-
HUI0 33J]a4 [10 HeJIMHEeNHBIM YpaBHEHUSIM IIpeIloiaBaTes 0 He06X0AMMO IIPefoCTaBIATh pas-
JIMYHBIE TUIIOBBIE 3a7[a4U U MHTEPBAJbI JIOKAJTU3aIlNU KOPHEU JIJISI CXOXKeHUs METO0B 3a
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oIpefiesleHHOEe KOJIMYEeCTBO UTepallui IIPU IIPOBeLeHUM pacuyeToB BPpy4YHYH. O4eBHUIHO, YTO
deM Jiydine 6yAyT BbIOpaHbl HHTEPBAJIbl, TeM MeHbIIle UTepalliil IoTpebyeTcs I CXOUMO-
CTH BBIOPaHHOTI0 YMCJIEHHOr0 MeTo/a. B cBA3H ¢ 3TUM TpebyeTcss aBTOMAaTH3aLH IIPoLiecca I10-
WCKa HadyaJIbHBIX IPUOJIPDKeHUH [T TaJabHeHNIIero BhIYHCIeHUsI KOpHeH HeJIMHEMHBIX ypaB-
HeHUU.

B pabore mpepjaraeTcsl aJrOpUTM IIOMCKA HadaJIbHBIX IPHUOIVDKEHUN I HaX0KIeHUS
KOpHel HeJIMHeMHBIX YpaBHEeHUH Ha A3bIKe IIporpaMMupoBaHus Python. IlpeyioskeHHBIN II0A-
XOJI COKpaljaeT KOJIMIeCTBO UTeparyii IIpY ITI0KMCKe KOPHEeH, yYUThIBasg 00J1aCTH HelIpephIBHO-
CTU ¥ aCUMIITOTHI QYHKITUIH. IIpHBOUTCS BCIIOMOTaTeIbHBIN aJTOPUTM JJI51 BEIYUCIEHUSI MHO-
’KeCcTBa KOpHeH pa3JIMYHbIMU METOaMH, OITUPAIIIIUMUCS Ha QYHKITHIO root_scalar 13 6ubimo-
TekH SciPy [5].

2. AJICOPUTM NOUCKA HAYA/bHBIX NPUBAVKEHNIA

J11 TIOKMCKa HavdaIbHBIX NIPUO/IIDKeHUH Y QYHKIIUH He06X0JUMO HaXOJUTh UX 00J1acTH
oIy CTUMBIX 3HaueHUM (0/[3), 4T0ObI N36€eKaTh 0TPE3KOB, B KOTOPBIX UMEIOTCS aCUMIITOTHI.

Peasmsanusa ajJropuTMa IIpeficTaBjeHa B MOAyJie roots_nonlinear_eq B ¢yHKimu find_
initial_approximations [6]. IIceBmokoz, n1s1 pyHKIMH find_initial_approximations (MTOUCK_HAYA/Ib-
HbIX_MPUB/IMXEHNI) ripexcTaBiaeH B Algorithm 1. ®yHKI[USA COLEPIKUT OAUH 06sg3aTeIbLHbII
napaMeTp equation (YPABHEHWE), KoTopblii IpUHHMMaeT Ha BXOJ, YpaBHeHHe U YeTHIpe
JOIIOJIHATE/ILHBIX IIapaMeTpa:

— initial_range (HAY_WHTEPBAJ1) — uHTepBaJI [IJI1 [IOMCKA HadyaIbHBIX IIPUOJIMKeHUH, KOTO-
PBIF 3aiaeTcsl B BUle KOpTeXKa (X_min, Xx_max), B ceBrokoze (X_MWH, X_MAKC);

— f_interval (MHTEPBAJ1) — dJ1ar HaJTM4IUsI ©UHTEPBAJIOB WJIN OTCYTCTBUA (IJI1 HEKOTOPBIX
MeTO/|0B HauaJIbHble IIPUOJIMYKeHUSI MOTYT 3a7jlaBaThCs B BU/e OJHOM TOUKHU JIL60 B BUJIE
WHTEpBaJa);

— num_points (HNC/TO_TOYEK) — KoJIM4YeCcTBO TOYEK IS IIOCTPOEHUS CeTKH;

— ndigits (KOJTMYECTBO_3HAKOB) — KOJIMUECTBO 3HAKOB II0CJIE 3aISITOM (MCI0Ib3YyeTCs It
KOMIIaKTHOI'O BBIBOZ]a YUEOHEBIX 3a/1a9).

Anroput™m 1t pyaknuum CO3AATb_3HAYEHWA_NO_OA3 nipuBeseH B Algorithm 2, raHHBIN
KOJI ITI03BOJIIeT CO3[aTh 3HaueHud 15 X 10 O/13 yHKIUN.

dyuxiusg CO34ATb_ONYCTUMBIE_MHTEPBAJIbl popMHpYeT CIIMCOK YUCI0BBIX HHTEPBAJIOB
3aMeHsId 6eCKOHEYHOCTU Ha KOHKpeTHbIE Yuciia, yauTseiBasgs HAY_WHTEPBAJI, 3aiaHHBIN B QyHK-
1uu NMOWNCK_HAYAJTbHBIX_MPUBAMKEHWI. HamprMep, ecii UHTepBaJI 6y/IeT IPe/ICTaBIeH B BU-
zie (—0o,2), To IIpH yCI0BUH, YyT0 X_ MUH = 1, X MAKC = 3 ¢yukuus Beprer [(1,2)]. dyHKus
NONYYNTb_NCKAHOYEHHBIE_TOYKW mM3BjIeKaeT TOUKH, KOTOPEIE He TO0/DKHBI BXOOUTEL B MHTEP-
Bau1 (c yueToM O/I3) ¥ BO3BpalllaeT MacCHUB C UCKIIOYEeHHBIMU TOUKAMH.

dyukima CO34ATb_3HAYEHWSA_MO_OA3 (create_domain_values) UCIioysb3yeTcs He IS BCEX
TUNIOB QYHKIIUM, B CBSI3H C TEM, UTO:

— TPUTOHOMeTpHUYeCcKHe QYHKIIUM SBJISIOTCSI IEPUOJUYECKMMHU U B OGHOJIMOTEKe Sympy
UX HelpephIBHBIE 00JIACTU 3alUCHIBAIOTCSA 4depes3 JjaAM6ma-pyHKIuU. [Ipu Haauguu
CJI0KHBIX QYHKIIMM BHYTPH apryMeHTa YCJI0KHSETCS 3allCh HeIIpephIBHEBIX HHTEP-
BaJIOB U UX HeOOXOLWMO pPAacCKpbIBaTh II0 OIIpefesIeHHBIM ajropurMaM. CylecTByeT
PHCK IIPOITyCKa 0CO6eHHOCTEeH IT0BeeHUsI QYHKITUM, II03TOMY IIPOBOJUTCS IIPOBEePKa Ha
Hasnm4yue acuMIITOT. Haripumep, O3 B Sympy B yHKIUU cof(5-x+6) +(4-x+9) / (2-x+9)
3alMCHIBAETCSA B BUJE!
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Algorithm 1:

OYHKUMNA MOUCK_HAYA/IbHBIX_MPUBJAUKEHWA(YPABHEHWUE, HAY_WHTEPBA/ = (-5, 5), WHTEPBAN
YNCNO_TOYEK = 1000, KOJIMYECTBO_3HAKOB = 6):

043 +« NMNONYYUTb_OA3(YPABHEHUE, X)
X_MVH « HAY_WHTEPBAN[O]
X_MAKC + HAY_WHTEPBAJI[1]

ECNN HE ABNAETCA_TPUTOHOMETPUYECKUM (YPABHEHVE) W
HE (ABNAETCA_APOBHO_PALVOHA/IbHbIM (YPABHEHVE) WA
ABNAETCA_KOMBUHWPOBAHHbLIM_APOBHbLIM(YPABHEHNE)) U 043 # R:
X_3HAYEHNA « CO3AATb_3HAYEHMA_NO_0A3(0A3,
X_MWH, X_MAKC, YWC/NO_TOYEK, KOJMYECTBO_3HAKOB)
MHAYE:
X_3HAYEHNA + PABHOMEPHAA_CETKA(X_MWH, X_MAKC, YMC/IO_TOYEK)
Y_3HAYEHWA « MYCTOA_CNMCOoK
ANA KAXKAOrO X_TEKYUWWA U3 X_3HAYEHWA :
MOMNPOBOBATb :
Y_TEKYWMIA « BbIYMCANUTb(YPABHEHUE, X_TEKYWMIA)
ECAW ABNAETCA_BELLECTBEHHbIM (Y_TEKYIWWRA) :
AOBABWUTb (Y_3HAYEHUA, Y_TEKYWMIA)
MHAYE:
AOBABUTb (Y_3HAYEHNA, NaN)
EC/IN OLLUNBKA :
AOBABUTb (Y_3HAYEHNA, NaN)

HAYA/IbHLIE_MPUB/IMXEHWA « MYCTOA_CNUCOK
ANnA i OT 0 AO ANUHA(Y_3HAYEHNA) - 1:
Y1 « Y_3HAYEHNAL[1]
Y2 « Y_3HAYEHUALL + 1]

ECAI Y1 = NaN WIN Y2 = NaN:
NPOAO/MDKNTD
ECIN Y1 * Y2 < 0:
X1 + OKPYMWUTb(X_3HAYEHVA[1], KOJIMYECTBO_3HAKOB)
X2 + OKPYMWUTb(X_3HAYEHUA[L + 1], KOAMYECTBO_3HAKOB)

ECN HE ABNAETCA_TPUTOHOMETPUYECKMM (YPABHEHVE) W
HE (ABNAETCA_APOBHO_PALMOHA/IbHbIM(YPABHEHNE) NN
ABNAETCA_KOMBUHNPOBAHHbLIM_AAPOBHbLIM(YPABHEHVE)) W 043 # R:
EC/IN VHTEPBA:
AOBABUTb (HAYANBHBIE_MPUBIMXEHNA, (X1, X2))
MHAYE:
AOBABUTb (HAYAJIbHLIE_MPUBNXEHNA, X1)
WMHAYE EC/IN HE ABNAETCA_TPUTOHOMETPUYECKMUM (YPABHEHWE) :
EC/IN SBHAYEHUA_BXOAAT B_O0A3(X1, X2, 043, KOJMYECTBO_3HAKOB=4):
ECNN NHTEPBAN:
AOBABUTb (HAYAJIbHbIE_MPUBJIMXEHNA, (X1, X2))
WNHAYE:
AOBABUTb (HAYANBHBIE_TMPUBJINXEHNA, X1)
MHAYE:
ECNN ACUMNTOTbI_HA_MHTEPBANE(YPABHEHWE, X, YNC/NO_TOYEK, X1, X2):
ECNN NHTEPBAN:
AOBABUTb (HAYAJIbHbIE_MPUBJIMXEHNA, (X1, X2))
WNHAYE:
AOBABUTb (HAYANBHBIE_TMPUBINXEHNA, X1)

BO3BPAT: HAYAJIbHbIE_MPUBJIMXEHNA, X_3HAYEHUA, Y_3HAYEHWA

NCTUHA,
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Algorithm 2:

®YHKLMA CO3JATb_3HAYEHUA_MO_OA3 (
043,

X_MUH,

X_MAKC,

YNCNO_TOYEK,

KO/MYECTBO_3HAKOB = 6):

JONYCTUMBIE_MHTEPBAJIbl + CO3AATb_AONYCTUAMBIE_MHTEPBA/bI(0A3, X_MWH, X_MAKC,
KOJIMYECTBO_3HAKOB)

WCKJINYEHHBIE_TOYKM + MOAYYUTb_MNCKAHOYEHHbIE_TOYKMN (043, KOJANYECTBO_3HAKOB)

CMUCOK_CETOK + NYCTOA_CNMUCOK
ANA KAXAOro (HAYANO, KOHEL) W3 AONYCTUMbIE_VHTEPBAJbI:
ANA KAXAOA TOYKA U3 NCKMOYEHHBIE_TOYKN
SMNCWIOH « 10 A (- KOJMYECTBO_3HAKOB)
EC/IN YACNA_NOYTU_PABHbI (KOHEL,, TOYKA, 3MCWIOH):
KOHEL, + KOHEL, - 10A(-KOJIMYECTBO_3HAKOB)
EC/IN YNCNA_MOYTU_PABHbI (HAYAJIO, TOYKA, SMNCWIOH):
HAYAJIO « HAYANO + 107 (-KONMYECTBO_3HAKOB)
[OBABUTb PABHOMEPHASI_CETKA (HAYA/IO, KOHEL,, YMCNO_TOYEK / YUC/IO_WHTEPBAJIOB,
BE3_MOC/EAHENA_TOYKM) B CMUCOK_CETOK
ECNAN ANVHA(VCK/IIYEHHBIE_TOYKN) = 0:
[OBABUTb PABHOMEPHAS_CETKA(HAYA/IO, KOHEL,, YMCNO_TOYEK / YUC/IO_WHTEPBAJIOB,
BE3_MOC/EAHEN_TOYKM) B CMUCOK_CETOK
OBIWIA_MACCMB « KOHKATEHALLMSA (CNIMCOK_CETOK)
BO3BPAT: OBlWIi_MACCUB

Union(Complement(Interval.open(—oco, -9/2), Union(ImageSet(Lambda(_n, 2*_n*pi/5 -
6/5 + 2*pi/5), Integers), ImageSet(Lambda(_n, 2*_n*pi/5 - 6/5 + 3*pi/5), Integers))),
Complement(Interval.open(-9/2, 00), Union(ImageSet(Lambda(_n, 2*_n*pi/5 - 6/5 + 2*pi/5),
Integers), ImageSet(Lambda_n, 2*_n*pi/5 - 6/5 + 3*pi/5), Integers))));

— B /IpoOHO-paIlOHAJIbHBIX YpaBHEHUSIX U KOMOMHHUPOBaHHBIX YpaBHEHUSIX, BKJIIOUALO-
IUX KOMOUHAITHIO APOOGHO-PaIMOHATBHBIX GYHKITHUH ¢ APYTUMHU TUHaMU QYHKITHHN IPU
TakoM crocobe GopMHUpOBaHUS 3HAUEeHUM, MOTYT IOJIy4aThCs JUIITHUE KOPHH, H3-3a
CJTHIIIKOM OJIM3KHX 3HAUEHHH BOIU3H aCHMIITOT.

[Jasee 1os; 0COOBIMU TUIIAaMU QYHKIIUM B TeKCTe CTaThbU OyleM I10[pasyMeBaTh TPUTOHO-
MeTpHUUYecKue, TpobHO-pajioHaJIbHEIe 1 KOMOMHUPOBaHHbBIe QYHKIINY, KOTOPbIe BKIHOYAIOT
IpOOHO-palfoHaIbHbIe U Apyrue TUILI NoAyHKIMMN. Kinaccupukanysg GyHKITUU OCYIeCcTB-
JISIeTCS IIPOrPaMMOM IIPY IIOMOIITY CIIeTHaTbHBIX YCIOBUU U COOTBETCTBYIOIIMX QYHKIIHU IIPO-
BepKU.

Haxo)xzieHre HadaIbHBIX IIPUO/IMKEHUN BBIIIOJIHIETCS B IUKJIE, B KOTOPOM 3Ha4eHUs BhI-
OpaHHOIO OoTpe3Ka IIpoBepsAloTcd Ha 3HaueHus NaN. [Ipy1 0TCYTCTBUM JAHHBIX 3HaUYeHUH BO
BTOPOM YCJIOBUH OLIeHUBAIOTCS KOHIIBI OTpe3Ka Ha HaJIM4Ke Pa3/IMYHbIX 3HaKOB. BelllosiHeHue
YCJIOBUSA CBUIETEILCTBYET O CYIleCTBOBAHUU KOPHS B JAHHOM HHTepBaJe. BHyTpU yCI0BUS
cofiepsKaTcd TPH [JOIIOJHUTENbHBIX: B IIePBOM YCJIOBHHM IIPOBEPSIETCS, COLEPIKUT JIM JaHHOe
ypaBHeHHE 0c00ble TUITHI QYHKITUI U He BKJIIOYAET JIM HellpephIBHAA 06J1acTb BCHO 06J1acTh
[eCTBUTEJILHBIX YHCeJl, BO BTOPOM IIPOBEPSeTCs He OTHOCUTCA JIA QYHKITHS K KIacCy TPUTO-
HOMETPHUYECKUX, TPEThE YCIOBHE BEITIOJIHSAETCS B CJIydae HeBBIIIOJIHEHUS IIEPBBIX ABYX.

B Kak10M U3 TpeX YCI0BUM B HauaIbHOe IIPUO/IIDKeHHe N06aBiIsgeTcs MHTepBaJl JIM00 TOY-
Ka, B 3aBUCUMOCTH 0T ¢uiara MIHTEPBAJ], KOTOPBIH 3a/jaeTcs UCXO/IS U3 IIPUMEHSIEMOT0 MeTO/1a.
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Eciu GyHKIMS He 9BJIsIeTCS TPUTOHOMETPHUYECKOH (TO eCTh BBIIIOJIHIETCSI BTOPOE YCJIOBHE), TO
JOTIOJIHUTEILHO IIPOBEPSIeTCS BXOXKIeHKEe pacCMaTpHUBaeMOro HHTepPBaJsla B HEIIPEPhIBHYIO 00-
Jactb B QyHKImHA 3HAYEHWA_BXOAAT_B_O/3. Eciu QyHKITHS BKIIOYaeT TPUTOHOMETPHUUECKYI0
GYHKINIO, TO B HaYaJIbHOM IPUOJIVDKEHUH IIPOBEPSIeTCS HaJuuue acUMIITOT. [lonajaHue B
ACHMIITOTY MOJKET IIPUBECTH K 6eCKOHEYHBIM HTeparysaM WK JIUITHUM KopHaM. Hannune
aCHUMIITOT IpoBepseTcd B QyHKIMU ACUMNTOTbI_HA_MNHTEPBAJIE, rie HHTepBaJI JeJUTCI Ha
3aJlaHHOe KOJIUYeCTBO TOYEeK B 3aBUCHUMOCTHU OT 3HaueHHUsa YMC/TIO_TOYEK. B KaKmoH U3 3TUX
TOYEK BBIIIOJIHIETCS IIPOBEPKA Ha aCUMIITOTHI JOTIOJTHUTEIbHOM QYHKITHEN, B KOTOPOM BBIYHC-
JIIFOTCS IIpefiesibl CjleBa U CIIpaBa, a 3aTeM IIPOBepPSI0TCI Ha HaJlu4yKe PesKUX CKaukKoB QYHK-
uu. B KauecTBe pe3Koro ckauka QyHKIIUM yCTaHOBJIEHO 3HaueHMe 50. BepHeMCs K YCIOBHIO
B I[UKJIe OPMUPOBaHUS HadyaJIbHBIX IIPUOIIKeHUH. B ycI0BUH, B KOTOPOM QYHKIIUA ABJISET-
Cs1 TPUTOHOMETPHUYECKOMH, eC/I B MHTEpPBaJle OTCYTCTBYeT aCUMIITOTA, B 3aBUCUMOCTH OT dJiara
WHTEPBAJI, no6aBJisieTcd COOTBETCTBYIOIIIee ITPUOJIMKEHHE.

®yuxius NOVNCK_HAYANbHbLIX_NPUBAUXEHWNI mpemocTaB/isgeT HeCKOILKO IIPHOIMKeHHUIH,
eCJIV OHU OBLJIM Hali[leHbl Ha uHTepBasie HAY_VMHTEPBA/JI, uTo 1103BOJIIET HAWTU BCe KOPHU. Ec-
JIX KOpHeU J0CTaTOYHO MHOT0, YTO, KaK IIPaBUJIO0, MO>KeT BOSHUKATh B TPUTOHOMETPHUYECKUX
OYHKIIMIX, KOTOPBIE CO/lep>KaT aCUMITOTHI, HE0OXOAUMO YBEJTUYUTh 3HaueHue Y/ C/10_TOYEK,
IJIs1 yCTpaHeHUs O0JIBIITNX CKaYKOB 3HaUEeHUU B JAHHBIX QYHKIIUAX.

3. PE3YNbTATbI NPUMEHEHUA ANITOPUTMA

PaccMoTpuM pesysbTaThl IIpuMeHeHus OyHKIuu find_initial_approximations Ha Ipax-
TUKe. /U1 palMOHAJIBLHOTO HAX0KAEHUd KOpPHeW HeJUHEeWHBIX YpaBHEHUIl B MOZyJe
roots_nonlinear_eq 6b1a paspaboTaHa JOIIOJHUTENbHAsd QYHKIWS JJI1 BBISOBA YHCJIEHHBIX
METO/IOB C COOTBETCTBYHOIIIMMU apaMeTpaMu. PyHKIus find_roots_with_root_scalar Berauciser
KOpHH OIIMpasiCh Ha aJTOPUTMBEI, IIpe/icTaBJIeHHble B QYHKIIMU root_scalar Moxyusa SciPy [5].
[TpensioskeHHBIe QYHKIIMM TO3BOJIIIOT HAWTU BCe KOPHU Yy HeJWHEWHBIX YpaBHEHUU Ha
3aZlaHHBIX MHTepBasaX. B Mogyse examples IIpefcTaB/IeHbl BApUAHThI BbI30OBA Pa3/JIMUHBIX
TUIIOB QYHKITUN U3 MOZYJIS roots_nonlinear_eq [6] ¢ UcIioib30BaHUEeM BOCBMU METOJ[0OB, pea-
JIM30BaHHBIX B root_scalar.

Onmpasace Ha ¢yHKIOUIo find_roots_with_root_scalar g mmorcka KopHeH, Obl1a IIpoBefieHa
OIleHKa BO3MOKHOCTel QyHKIMH find_initial_approximations Ha pesysbTaTax CpaBHEHUS KOJIU-
JecTBa UTepanyui, He0OXOAUMBIX IJIS IIOMCKAa KOPHEH ¢ IpHIMeHeHHEeM aIlTOpUTMa ITOKCKa Ha-
YJaJIbHBIX IPUOJIIDKEHUN U pyYHOT0 MeToza Iofb0opa HHTEepBaJIOB JIOKaJIHU3aliuu KOpHS. Pyd-
HOM MeTOJ, 0CHOBBIBaeTCsI Ha BEIO0pe HHTEPBAJIOB I10 3CKHU3y Irpadrka GyHKIIMHU. /IJIs1 IIPOCTOTHI
aHaJIM3a B CJydae HaJIM4Us HeCKOJbKHUX KOpPHeH y QYHKIIMH paccMaTpUBaJICI TOJIbKO OJUH
KOpeHb. 13 ceMU THUIIOB ypaBHEHUM (JIorapudMUYeCKUX, II0Ka3aTeJlbHbBIX, TPUTOHOMeTpUuYe-
CKUX, JPOOHO-paliiOHaIbHBIX, UPPalluOHAIbHBIX, IIOJIMHOMHAJIbHBIX 1 KOMOMHUPOBAaHHBIX)
IJIs1 aHaIi3a OBLI0 B3SITO 110 OAHOMY YPaBHEHHIO U OCYIIeCTBJIEHbI BBIUKCIEHUS [JI1 KaXKIL0I0
3 BOCbMH MEeTO/I0B [6].

B npomecce aHasm3a 6bIJIO BBISBJIEHO, UTO HCIIOJIb30BaHUe QyHKIMU find_initial_approxi-
mations HaMHOT0 3¢ peKTHUBHEee PYUHOI0 II0MCKa HHTepBaJla JI0KaJIu3aluu KopHs. [IpuMeHse-
Mas QYHKIHS II03BOJIMJIA COKPATUTh KOJIMYEeCTBO UTepallui U IIpe[0CTaBUIa HHTePBAaJIbL, KO-
TOpBIe IIPHBeJIH K CXOXKIEeHUI0 YHCIeHHBIX MeTO/[0B, B OTJIMYME 0T PYYHOIO0 Itog6opa (puc. 1).
PesysibTaThl aHa/IM3a I APYTUX QYHKIMHI HOCTYIIHEL B Zenodo B ¢atine Excel [6]. OTMeTHM,
4TO B HEKOTOPBIX yPaBHEHUAX KOJIMUECTBO UTepallli JOCTUTaI0 50. ITO UMCI0BOe OrpaHuye-
HIeE II0 MaKCUMaJIbHOMY KOJIMYeCTBY UTepalyii, KOTOPOe MOIJIO UMETh 3HAUHUTeJIbHO O0IbIIIee
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3HaA4YEeHHE.

MppaunoHanbHoe ypasHeHue
S5*xFEG - sqri(x**4 +2) + 6

17 17
13 13

10

4 ° > 72 4 4 3
n SN !l !. |

bisect newton brentq brenth ridder tom748 secant halley

B PyyHo# noabop B ABTOMaTU3MPOBaHHbIA NOAX0A,

Puc. 1. CpaBHI/ITEJII:HaH THCTOTpaMMa HeOﬁXO]_II/IMOI‘O KOJIM4YeCTBa I/ITepaIJ;I/Iﬁ UL pelieHusd upparuo-
HaJIbHOTI'O0 YpaBHEHU Pa3/IMYHBIMU METOAaMU

B Xozie QyHKIIMOHAIBLHOTO TECTUPOBAHHUA 6bLJIO YCTAHOBJIEHO, YTO OITMCAHHBIA METO/ IIOKC-
Ka Hada/IbHBIX IIPUOJ/IMDKeHUH IT03B0JIsIeT HAWTHU MHO>KeCTBO KOpHEeH, CyIleCTBYIOIIUX Ha BbI-
6paHHOM HMHTepBaJle i1 Pas/JIMYHBIX TUIIOB QYHKIUHI. B HEKOTOPBIX 33/la4ax, B cIydae HeJo-
CTaIOIUX KOpPHEeW, BOSHUKAaeT HeOOX0UMOCTh B yBeJIndeHUH 3HadeHusa Y/CNO_TOYEK. Kak
IIPaBMJIO, 3TO IIPOMCXOJUT B YPaBHEHUAX, COfleprKallluX GYHKIIUH C aCHMIITOTAMH.

IIp¥ UCIIO/IH30BaHUHU IIPEJJIOKEHHOTO MeTO/[a C APYTUMH THIIAMH QYHKITHM, BHIXOSIIITH-
MH 33 paMKH ITPOTECTHPOBAHHBIX CJIyYaeB, PEKOMEH/YeTCs IKCIIEPUMEHTAIBHAS IIPOBEPKA pe-
3yJIBTATOB [ TIOATBEPIKAEHHUSI KOPPEKTHOCTH U YCTOHYHUBOCTH PaGOTHI aJITOPHUTMA.

4. 3AK/TIOHYEHUE

ANTOPUTM HaX0XX[eHUS HadaJIbHBIX IPUOIMDKEHUN /I HeJIMHEeNHBIX ypaBHEHUN IT0Ka-
3aJI CBOIO YCIIEIITHOCTh Ha TeCTax CEMU Pas/IMUHbBIX TUIIOB ypaBHEHUM, KOTOPHIE B 06IIIe CII0K-
HOCTH coCTaBMWIIU 520 ypaBHEHUU, UTO IIOATBEPKIaeT ero KOPPeKTHOCTh Ha UCII0JIb30BaHHOM
MHO>KecTBe QyHKIUIM. CpaBHUTEJIHHBIY aHAIN3 KOJIMYeCTBa UTepariuii, He0OX0UMBIX JJISI I10-
HCKa KOPHS KaKIbIM MeTOZ0M, II0Ka3aJl, UYTO IIpe/JI0KeHHBIH I10/IX0] 3SHaYHUTeIbHO COKpalla-
eT IIOMCK KOPHe U obecliedrBaeT CXOQUMOCTE YHCIeHHBIX METOLOB. [Ipe/lyIo’KeHHBIH IT0IX0/
CIoco6¢cTByeT 3¢PeKTUBHOMY U palliOHAJIbHOMY BBIIIOJTHEHUI0 BHIUHCIEHUN B 00JIaCTU BBI-
YHCIUTEeJIbHON MaTeMaTHKU. B o6pa3oBaTesbHBIX I1eJ9X JaHHBIM ajJTOPUTM II03BOJIUT 00y-
YaKIIMMCA IIPUMEHATD [10JIydeHHble HadyaJbHble IIPUOIIKeHUs IJI II0OUCKa KOPHEeHN HeJslu-
HeWHBIX ypaBHeHHUHU. ITO 06eCIIeunT HaX0)KJeHre KOpPHel 3a MUHUMAJIbHOe YK CJI0 UTepPariii.
IIporpaMMa peasrisoBaHa B BuJe MoAy/d Python. Mozayib pasMeléH B OTKPBITOM PeIlo3UTo-
puu Zenodo [6], 0TKyia ero MOKHO CKadaTh ¥ KMIIOPTHPOBATh B COOCTBEHHBIE IIPOEKTEI.
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Abstract

The choice of initial approximations for finding the roots of nonlinear equations affects
the convergence of methods. This paper presents the algorithm for finding initial approxi-
mations for computing the roots of nonlinear equations for various numerical methods.
This algorithm is used for compiling educational tasks. The implementation is written in
the Python programming language. The article provides pseudocode for the algorithm.
The possibilities of the specified algorithm and auxiliary functions are considered, and
the process of the program operation is described in detail. The results of a comparative
analysis of the number of iterations required to find roots using the initial approximati-
on search algorithm and the manual method of selecting root localization intervals are
presented. The proposed approach has demonstrated its efficiency on 520 different nonli-
near equations.

Keywords: initial approximations, roots of nonlinear equations, computational mathemati-
cs, Python, numerical methods.

KOMMbKOTEP B YHYEBHOM MPOLECCE 79


https://docs.scipy.org/
mailto:d.v.vinokurova@gmail.com
http://cte.eltech.ru
http://dx.doi.org/10.32603/2071-2340-2025-2-73-80
mailto:d.v.vinokurova@gmail.com

BuHokyposa /. B.

Citation: D. V. Vinokurova, “Automation of Initial Approximations Choice for Solving Nonli-
near Equations by Numerical Methods,” Computer tools in education, no. 2, pp. 73-80,
2025 (in Russian); doi:10.32603/2071-2340-2025-2-73-80

References

. A. V. Zenkov, Vychislitel’'naya matematika dlya IT-spetsial’nostey: uchebnoe posobie [Computational
Mathematics for IT Specialties: A Texthook], Moscow, Vologda, Russia: Infra-Engineering, 2022 (in
Russian).

A. A. Mitsel, Vychislitel’'nye metody: uchebnoe posobie [Computational Methods: A Textbook], Tomsk,
Russia: El Content, 2013 (in Russian).

E. G. Agapova, Vychislitelnaya matematika: uchebnoe posobie [Computational Mathematics: A
Textbook], Khabarovsk, Russia: Pacific State Institute Publishing House, 2017 (in Russian).

V. V. Koledin, Vychislitel’naya matematika: uchebnoe posobie [Computational Mathematics: A
Textbook], Nizhnevartovsk, Russia, 2023 (in Russian).

. SciPy Community, SciPy documentation, Version 1.14.1, 2024. [Online]. Available: https://docs.scipy.
org/.

D. V. Vinokurova, “Programmnaya realizaciya algoritma poiska nachal’nyh priblizhenij dlya resheni-
ya nelinejnyh uravnenij i analiz rezul’tatov” [Software Implementation of the Algorithm for Searchi-
ng Initial Approximations for Solving Nonlinear Equations and Analysis of the Results], Zenodo, 2024
(in Russian). [Online]. Available: https://zenodo.org/record/17350251. doi:10.5281/zenodo0.17350251

Received 10-05-2025, the final version — 16-07-2025.

Daria Vinokurova, Postgraduate, Institute of Computer Science and Technology Education,
Herzen University, X d.v.vinokurova@gmail.com

80

© KOMIMbHOTEPHbBIE MHCTPYMEHTbLI B OBPASOBAHWW. Ne2, 2025 .


https://docs.scipy.org/
https://docs.scipy.org/
https://zenodo.org/record/17350251
mailto:d.v.vinokurova@gmail.com

	ВВЕДЕНИЕ
	АЛГОРИТМ ПОИСКА НАЧАЛЬНЫХ ПРИБЛИЖЕНИЙ
	РЕЗУЛЬТАТЫ ПРИМЕНЕНИЯ АЛГОРИТМА
	ЗАКЛЮЧЕНИЕ

