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METOOHKA IIPEIIOOJABAHHUS TEMbBI «<KYBHYECKHE YPABHEHHSI» B YHUBEPCHTETAX
CPEICTBAMH SAEKTPOHHOI'O OBYYEHHSI

PeuwieHue aneebpauueckux ypasHeHull sieasiem-
Csl OOHUM U3 UEHMPASIbHBbIX 80Npoco8 Kypca anzed-
puL U mpebyem OONNKHO20 SHUMAHUSL NPU INeKm-
poHHOM obyueHuu. Memoduka npenooagaHus me-
Mbl npeononazaem cobnodeHue psi0 NPUHYUUNOS,
HeobxXo0uMblX ONist YCNeuwlHoz0 OCBOEHUsl membl
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yuawumucsi. B cmamee paccmampueaemest asmo-
pckuil eapuaHm 0oCmMusKeHUSs. Yeau.

Knroueevle cnoea: siekmpoHHoe obyueHue;
Kybuueckoe ypasHeHue; Typbo I[lackanv; Kybuuec-
KUil KopeHo.
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BBenenne. B cpegHel IIKoae paccMaTpU-
BaloTcs asre0OpavdecKre ypaBHEHHUd IIepBOH
U BTOPOU cTemeHU. EcCTecTBEHHO BO3HHUKAET
BOIIPOC: KaK pellaeTcss asredpamdeckoe ypa-
BHEHHE TPEThEH, 4eTBEPTOH U T. [. CTEIIEHEH.
Bo MHOrom, H3A0XKEHHE MAaTEMaTHYECKHUX
BOITPOCOB, B OCOOEHHOCTH Te€X, KOTOPbIE Tpe-
OYIOT HOBBIX ITOAXOM0B JIOAKHO BECTHUCH B TOH
IIOCA€OBATEABPHOCTH, B KOTOPOY OHM BO3HHUK-
A B MaTe€MaTHKE HCTOPHYECKH. OTOT €CTECT-
BEHHBIN XOZ Pa3BHTHA MaTEMaTHYECKOTrO
MBIIIIACHHUI IIPHUEMAEM BO MHOTHX BOIIPOCaX,
roe TpelOyeTcss NPUHIUIIHAABHO HOBBIH IIOI-
X0 K TeM mpobaeMaM, KOTOpble BO3HHUKAIOT
IIPpHU TPAAUIIMOHHOM H3Y4YE€HUU JAHHOMN TEMBI.

IIpu pelleHMM ypaBHEHUU IIEPBOM CTeIle-
HU BIIOAHE NOCTATO4YHBI YMEHHUS BBIIIOAHEHUSA
4eThIpex apHU@MeTHYecKUX olepauuii. [aa
pelIeHud XK€ ypPaBHEHHMN BTOPOM CTEIEHHU
IOTIOAHUTEABHO TpebyeTcsl olepalius H3BAe-
4YeHHd KBaApaTHOIro KOpHdA. HMccaemoBaHue
JOUCKPHMHUHAHTA IIO3BOAGET ONPEOEAUTD, KOT-
[a ypaBHEHHE HUMeEET OEHCTBUTEABHBIE KOPHHU
U KOT/la 3TOI'0 HEBO3MOXKHO yTBEpPXKAaTh. Ta-
KOM IIPOCTOM KPUTEPHUU I103BOASET HU3y4aTb
KBaJpaTHbIEe yPaBHEHUA B CPEOHEH IIIKOAE
PacCMOTPEHHUEM YPaBHEHUM C HEOTPHULIATEAB-
HBIM OUCKpuUMHHaHTOM. Te ke camble op-
MYABI, KOTOPBIE yCTAHABAUBAIOTCA MPH pacc-
MOTPEHHH YPaBHEHHH C IIOAOKHUTEABHBIM
OUCKPHMHUHAHTOM, IIPUTOAHBI [OAd CAy4dad
YPaBHEHUH C OTPHULIATEABHBIM AUCKPHUMHUHAH-
ToM. OgHAKO, yPOBEHb 3HAHUMU CBOMCTB KOM-
IIAEKCHBIX YHCEA B CPEOHEH IIIKOAE €IIE ITOA-
HOCTBIO HE II03BOAAET PACCMOTPEHHS 3TOTO
CAy4das B IIOAHOH OOLIHOCTH, HO BCE K€ MO-
JKET pacCcMaTpHUBaTbCd BO BHEKAACCHBIX 3a-
HATUIX.

3aHuMaTeAbHAsS HCTOPHUS OTKPBITUS POp-
MyA, Ha3pIiBaeMbIX opmysamu Kapaano naa
pelIeHud ypaBHEHUN TPEThEH CTEIIEHU, II0Ka-
3pIBACT, NEpel KAaKHMH AOTHYECKHMH IIPO-
6AeMaMH CTOAKHYAHCH MAaTe€MaTHUKH CpeHe-
BEKOBbd, IIPHU IOHNBITKE IIPUMEHHTH OTKpPBI-
Tble (POPMYABI [AS PELIeHHs KyOWYecKHuxX
ypaBHEHUH. B nanHOM cay4ae OQHOrO KpuUTe-
pHUsd CYLLECTBOBAHUSA AEHCTBUTEABHBIX peEIlle-
HUI HEIOCTATOYHO JAd HAXOXIEHUS KOPHEH,
HUCIIOAB3Ys YeTbIpeX apUu(PMETHIYECKHUX oIlepa-
UM U ollepally U3BACYEHUd KBaApPaTHOTO U
KybOuyeckoro KopHei. Tpebyercsa raybGokoe
IIOHKMMaHHE CBOMCTB KOMIIAEKCHBIX YHCEA H
YMEHHUH BBIIIOAHATE OIl€palld Hal HUMH B
Pa3AnYHBIX (hopMax HUX 3alliCH. EcTecTBEHHO,
3TO BBIXOAMWT 3a PAMKH CPEOHEH IIKOABI, Tae
npeaycMarpuBaeTcss 0Oeraoe 3HAKOMCTBO C
KOMIIA€KCHBIMH YHCAAMH.

Crioco0 pelieHus ypaBHEHHH dYeTBepTOH
CTEIIeHU OCHOBEBIBaeTCHd Ha CIlocobe perieHus
KyOuueckux ypaBHeHH#. [loatomy, pemreHue
KyOM4YeCKHX YpaBHEHHUH SBAGETCS OIHOBpE-
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MEHHO U KAIOYOM [IASl PEIIeHHs ypaBHEHUH
4eTBEPTOH CTEIIEHU.

H3yueHne TeMbl aAreOpandecKUx ypaBHe-
HUH CpeACTBAMH 3AEKTPOHHOIO OOyUeHHHT C
OOHOU CTOPOHBI JaeT HCKAIOYHUTEABHO VI00-
HbBle IIPEHMYVIIECTBa, a C APYyrofl CTOPOHBHI,
IIpEeNeAbHO VIIpoIllad IIPOIECC BBIYHCAEHUS
KOpHeH, ocTaBAgeT B TE€HH TeX TeOpeTHdec-
KHX BOIIPOCOB, KOTOpblE€ IIPHUBEAH K pPa3BU-
THUIO CaMoO#l TeopHH aAreOpandecKux ypaBHe-
Huii. [losToMy, Hapsaay C HCIOAB30BaHHEM
TOTOBBIX IIPOTPaAMMHBIX CPEACTB (TaKUX, Kak
Magma, Sage u mp.) Oad pelleHusd asrebpan-
YEeCKHX VpPaBHEHUH, HeOOXOOHMO H3y4YeHHe
TEOPETHUYECKHUX BOIIPOCOB, C OJHOH CTOPOHHI,
U COCTaBAE€HHE aATOPUTMa PEIIeHUs M IIPO-
rpaMMHupoBaHue, C apyro¥. Takod momxorn
CIIOCOOCTBYyeT IIOAHOMY yCBOEHHIO MaTepHaisa
y4aluMHICH.

1. TeopeTHUYecKasa MOATOTOBKA

He napymasa obmHocTH, asrebpandeckoe
ypaBHEHUE TpeTel CTeleHH MOXKHO HalucaThb
B Buze (cm. [1-2])

xX3+ax2+bxtc=0, (1)
roe a, b, ¢ IBASIOTCS KOMIIAEKCHBIMHU YHCAA-
mu. Ecam B ypaBHeHHNH KO3(DPHUIIHEHT IIPU X3
OTAMYEH OT 1, TO ImpeaBapHUTEABRHO 00e JacTH
JaHHOTO ypaBHEHHS HYXKHO COKpPaTHTh Ha
aToT Ko3(pPuirent. B ypaBuernuu (1) mpons-
BeIeM 3aMeHy IIepeMEHHBIX 110 hopMyAe

x:y—%. (2)

Torma moaydmum:

3 2
a a a
-— + -—| +bly——=|+c=0.
Ly sj a(y sj (y 3) ‘

PackpriBast CKOOKM U IIPHUBOJAS ITOA0OHBIE
YA€HBI, HAXOAUM ypaBHEHHE B KOTOPOM OT-
CYTCTBYET YAEH Y2

a’ 2a®> ab
+ —_

3
Yy + b—? o7 —+c |=0.
BBoas obo3HaveHus
p=b—£ qg= 2a° —a—b+c
3’ 27 3 '
IOAYyYa€eM ypaBHEHUE:
y*+py+g=0, (3)

KOTOPOE€ HAa3bIBAETCH HEIIOAHBIM KyOH4YeCKHUM
ypaBHeHHeM. He Hapymasg obmiHocTH, OyzeMm
pearioaaraTb, YTO YpaBHEHHE 334aHO HMEH-
HO B TaKo# opmMe.

[ag penieHuss ypaBHeHHS (3) IIpou3BenEM
3aMeHy [IepeMeHHBIX

y=utv.
Torma ypaBHeHHe (3) mDepenuilercsa B
BHU/E:
(utv)3+p(utv)+g=0.
Packpoem CkKOOKM W MHeperpyrnnupyeM

YAEHBI B IIPABOH YacCTH:
(uB+13+qg)+(3uv+p)(utv)=0.
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HakaanpiBag Ha IepeMeHHBIE U U U YCAO-

BHe 3uv+g=0, UAHU XK€ yCAOBUE uvz—g, io-
AydaeM:
3
wWd=—q, u® -1 =2
27

Orcroza BUOHO, YTO U3 U 18 IBAGIOTCH KOP-

HAMH KBaJpaTHOTO YpaBHEHHI
3

p
Z?+qz-—=0.
a 27

Penraga ero, Haxogum:

Y4yuTeiBag 3TH BBEIPAXKEHUS B IIPOBENEH-
HOM 3aMeHe IIepeMEHHBIX, MoAydaeM (PopMmy-
Ay, H3BECTHYIO IIOL Ha3BaHUEM (POPMYABI
Kapnano:

y:3_g+ = _

2 2
Ecau B34Th BCce TPU KOPHHU [Ad PAAUKAAOB,
TO MOXKHO II0 3ToH QopMmyae HaWTH 9
Pa3AMYHBIX KOpPHEH, M3 KOTOPBIX AWIIL TPHU
MOTYT CAY>KUTHb KOPHSAMH [JaHHOIO ypaBHE-
Hus. MraspgHcKHe MaTeMaTHUKH, OTKPBIBIIINE
3TN (pOopMyABI, OOHAPYKHAM, UTO B HEKOTO-
PBIX cAy4YasxXx ypaBHEHHE HMEET TPH Bellle-
CTBEHHBIX KOPHSI, HO BBIYHMCACHHE 3THX KOP-
Hel 1o dopmysam KapmaHo He maeT aTH pe-
IIEHUd — a UMEHHO, BO3HHKAIOT OTPHIIATEAB-
HBle YHcAa IO KBaapaTHbIM KOpHeM. Tak
BO3HHUKAH IIOTPEOHOCTH BBENEHHS HOBBIX
uneaAbHBIX 4YHCeA (IO BbIpazkeHHIo KapmaHo
«CO(PUCTHUYECKH OTPHUIATEABHBIX» YHCEA) (CM.
[3, c. 65]). Bombeaan 3ameTHA, YTO IPU OIIpe-
LOEAEHHBIX IIpaBHAaX OEUCTBUM HaL OSTHMHU
YHCAAMH, MOXKHO IIOAYYHTH BCE AE€HCTBUTEAB-
Hele KopHH. OmHako 6Goaee TOYHOE AOTHYeE-
ckoe obocHoBaHue criocoba BombGeaan Haiam
AUIIBb TIOCA€ BO3HHUKHOBEHHA TEOPHHU KOM-
IIAEKCHBIX YHCEA. BBIICHHAOCH, 4YTO KaxKaoe
HEHYA€BOE KOMIIAEKCHOE HYHCAO HMEET TpPH
KOMIIAEKCHBIX KyOmdecKux KOpHsa. Caarae-
Mble B Halllell 3aMeHe II€PEMEHHBIX, SIBALASCH
KyOM4YeCKHUMH KOPHSMH, CBSI3aHBI COOTHOIIIE-
HUEM:

= 43

p .
3u,

U, =—

IToaTOoMy, B39B HEKOTOPBIA KOPEHb TpPETEU
CTEIIEHU [AS IIEPBOI'0 paaxKasa B (popMyAe
KapmasHo, moaydaeM 3Ha4Y€HHE OAS BTOPOTO
paagrKasa U3 nocaenHet popmyasl. I1oab3ysach
TeM, YUTO ABa OCTAALHBIX 3HA4YeHUH KyOHde-
CKOTO KOpPHSI IIOAYYAlOTCS YMHOXKEHHEM Ha
CTEIleHH IepBOOOPa3HOro KOpHS 3-# CcTelneHU
u3 1, noay4aem:

UI=UDE, Ua=U0E?,
rae € obo3HaYaeT IepBooOpa3HbIii KOpeHb 3-#
CTelneHu us 1.
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AHOAATUYHO HAXOUM:

p
3uye

v, =— =v,&”, Va=1pE.

TakuMm oOpasoMm, [OAs paccMaTpUBaeMOro
KyOH4YeCKOro ypaBHEHUs II0AYyYaeM (DOPMYABL:

y=uitvi, =0, 1, 2. (6)
1 i3
I[ToncraBasia 3HaYeHUE & = ~3 + = B
opMyAEI (6), MOKEM UX IEPEIHCATDH B
BUE:
Yo=uotuvo,
1 V3
Y ___(uo +Uo)+7( 0 _Uo)’
1 i3
Yy = _E(uo + Uo)_T(uo Uo)
[Toab3ysick H9THMH (QPOpPMyAaMH, MOXKEM

OIIPEEAUTE AATOPUTM [AS PEIIeHHs OOIIero
ypaBHeHUd TpeTel cTemneHU. [lasd 3TOro Mbl
IOAKHBI YMETh U3BAEKATH KOPHHU TpeTeH cre-
IIEH! 13 KOMIIAEKCHOTO YHCAA.

[Toaoxxkum: p=a+ib u g=c+id. Torna

857 e
3-89

[TomcTaBUM 3TH BbIpaskeHUs B
paszpeniariieM OUCKPUMHHAHTE
2 3
A= [ﬂj +(£) . TToayunm:
2 3
A=Z+1T;
IPH 5TOM
2 2 2 2
#(5) 5] +(5) (3.
2 2 3 3
2 3
T =ﬂ+ bl 2] - b .
2 3 3
Boraucaum VA .
Torarags A =Z+iT =r+is, [IOAYYUM

Z+iT =r*> —s* + 2rsi , UAU Ke

r’-s’ =2,
2

s’ =——.
[TosTomy umcaa 2 U —s? IBASIOTCS KOPHH-
MH CAEAYIOILIEro KBaJApPaTHOTO YpaBHEHHU:
T2
x*-Zx-—=0.
4
Torma Hadimem:
, Z /Z2+T2 , Z /22 + T2
r'=—+,——, S =——+,[——.
2 4 2 4
I[Ipu T>0 MBI OOAXKHBI UMETHh HEepPaBEHCTBA
V4
O<argA<wm wu OSargx/K SE. IToatomy s>O0.

I[TockOABKY r 1 S UMEIOT OQHWHAKOBBIE 3HAKU,
To r>0. Ecau xe T<0, To YHcCAa r U S UMEIOT
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pa3Hble 3HakKHU. [Ipu TakKMUX YCAOBHSIX JA
ompeneAadgeTcd oqHO3HAYHO. TakuM oOpa3oM,
X, =k, +i,; m=1,2,3.

Ha »ToM ocHOBaHHHM MOXKEM COCTaBHUTH
oporpaMMmy  OAS ~ PeIIeHHd  KyOWYecKHx
ypaBHeHU B o0IteM BHe, KOrJa AaHO ypaB-
HEHHE C HEHYAEBBIM CTapIIUM KO3(PPUINEH-
TOM. PazneanB obe yacTu JaHHOrO ypaBHEHUS
Ha crapmui KodPHUIIMEHT, Mbl IIPHUBOIHUM
YpaBHEHUE K YK€ PaCCMOTPEHHOMY BHUIY.

2. IIporpammMHOe oGecneyeHue

Ofmree KyOnyeckoe ypaBHEHHE 3allHChIBa-
eTcsl B BUIE:

(al+ia2)x3+(b1+ib2)x%+(cl+ic2)x+d1+id2=0.

KoadpdpunuenTsr 3amaioTcsd B BUAE HapbI
NEeHACTBUTEABHBIX 4HCeA. [IAd pelleHHUs 3TOro
YpaBHEHUS MOXKEM BOCIIOAB30BATLCS CAEMY-
fome#t nporpammoii Ha a3vike Typbo-Ilackaap
([6]).

| ]Program kub_tenlik;

Const pi=3.141592653589793;

Var z.t,r,s,a,b,c,d,f fi,alfa,al,a2,bl,b2,cl,
c2,dl1, d2, vl,v2,ul,u2,k1,k2 k3,j1,j2,j3:real;

Label 5,7,10,15;

Begin

Read(al,a2,b1,b2,cl,c2,d1,d2);

a:=(cl*al+c2*a2)/(al*al+a2*a2)-
(al*bl+a2*b2)*(al*bl+a2*b2)-(al*b2-
a2*bl)*(al*b2-
a2*bl))/(3*(al*al+a2*a2)*(al*al+a2*a2));

b:=(c2*al-cl*a2)/(al*al+a2*a2)-
(2*(al*bl+a2*b2)*(al*b2-
a2*bl))/(3*(al*al+a2*a2)*(al*al+a2*a?2));

c:=(2*(al*bl+a2*b2)*(al*bl+a2*b2)*(al*bl
+a2*b2)-6*(al*bl+a2*b2)*(al*b2-
a2*bl)*(al*b2-a2*b1)-9*

(al*al+a2*a2)*((al*bl+a2*b2)*(al*cl+a2*c
2)-(al*b2-a2*bl)*(al*c2-
a2*cl))+27*(al*al+a2*a2)*(al*al+a2*a2)*(al*
d1l+a2*d2))/(27*(al*al+

a2*a2)*(al*al+a2*a2)*(al*al+a2*a2));

d:=(6*(al*bl+a2*b2)*(al*bl+a2*b2)*(al*b2
-a2*b1)-2*(al*b2-a2*bl)*(al*b2-
a2*bl)*(al*b2-a2*b1)-9*

(al*al+a2*a2)*((al*b2-
a2*bl)*(al*cl+a2*c2)+(al*bl+a2*b2)*(al*c2-
a2*cl))+27*(al*al+a2*a2)*(al*al+a2*a2)*(al*
d2-
a2*dl))/(27*(al*al+a2*a2)*(al*al+a2*a2)*(al
*al+a2*a?2));

z:=(c/2)*(c/2)-
(d/2)*(d/2)+(a/3)*(a/3)*(a/3)-a*(b/3)*(b/3);

t:=c*d/2+b*(a/3)*(a/3)-(b/3)*(b/3)*(b/3);

r:=sqrt((z+sqrt(z*z+t*t))/2);
s:=sqrt((sqrt(z*z+t*t)-z)/2);

if t<0 then s:=-s;

f:=(r-(c/2))*(r-(c/2))+(s-(d/2))*(s-(d/2));

if r=c/2 then goto 5; goto 7;

S: if s-d/2>=0 then fi:=pi/2; goto 10;

if s-d/2<0 then fi:=-pi/2; goto 10;

7: fi:=arctan((s-(d/2))/(r-(c/2)));

10: if r-c/2>=0 then alfa:=fi/3;
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if r-c/2<0 then alfa:=(fi+pi)/3;

if f=0 then k1:=0;

if =0 then j1:=0;

if f=0 then k2:=0;

if f=0 then j2:=0;

if f=0 then k3:=0;

if =0 then j3:=0;

if =0 then goto 15;

ul:=exp((1/6)*In(f))*cos(alfa);

u2:=exp((1/6)*In(f))*sin(alfa);

v1:=-exp(-
(1/6)*In(f))*(a*cos(alfa)+b*sin(alfa))/3;

v2:=-exp((-1/6)*In(f))*(-
a*sin(alfa)+b*cos(alfa))/3;

kl:=ul+vl;

jli=u2+v2;

k2:=-(ul+vl)/2+sqrt(3)*(v2-u2)/2;

j2:=-(u2+v2)/2+sqrt(3)*(ul-vl)/2;
k3:=-(ul+vl)/2-sqrt(3)*(v2-u2)/2;
j3:=-(u2+v2)/2-sqrt(3)*(ul-vl)/2;
15:k1:=k1-
(al*b1+a2*b2)/(3*(al*al+a2*a2));
jl:=jl1-(al*b2-a2*bl)/(3*(al*al+a2*a2));
j2:=j2-(al*b2-a2*b1)/(3*(al*al+a2*a2));
k2:=k2-(al*bl+a2*b2)/(3*(al*al+a2*a?2));
k3:=k3-(al*bl+a2*b2)/(3*(al*al+a2*a?2));
j3:=j3-(al*b2-a2*b1l)/(3*(al*al+a2*a2));
if j1<0 then print(x1='k1,-',-j1,'1,";") else-
print('x1="k1,'+'j1,'i,"");

if j2<0 then print('x2="k2,'-',-j2,1',";') else-
print('x2="'k2,'+',j2,1,";');

if j3<0 then print('x3='k3,-',-j3,'i.") else
print('x3="k3,'+',j3,'1.");

end.

ITocTpoenue 3TOM HOporpaMMbl MOXKHO
IIPOBECTH Ha ypoKax HHGOpMATHKU. MOKHO
IIOCTABUTH 3a7a4y IIOCTPOEHUS aAropUTMa
pelreHus KyOW4YecKoro ypaBHeHus. Ilocae
BBeIEHHUS TEOPETUYECKOTO MaTepHhasa CTaHO-
BUTCSl IIOHATHBIM, YTO OCHOBHBIM MOMEHTOM
IIOCTPOEHUS AATOPUTMA SIBAIETCS AATOPUTM
BBIYHCACHHUSI BCEX TpeX KyOHYecKHX KopHei
M3 JAHHOTO KOMIIAEKCHOTO YHCAA. JDTa 3amada
pelllaeTcss aATOPUTMOM OIIPEAEACHUs II0 JaH-
HOMY KOMIIAEKCHOMY YHCAy €r0 TPHUTOHOMET-
pudeckyio 3anuck. OCHOBO# AT BBITIOAHEHUS
HAaMEYeH-HOTO IIAaHa OOydeHHs peIIeHHIo
KyOMYeCKHUX YypaBHEHUI dBAIETCH TBEpHOe
3HAHHE TEOPETHUYECKOTO AaAre0OpamdecKoro
MaTeprasa. YTobbl IPUMEHUTH COCTABACHHYIO
nporpamMmy Ha a3bike Typ6o Ilackasab mpen-
CTaBAdeM MOaHHOe KyOHMYecKoe ypaBHEHUE
TaKUM 00pazoM
(al+i*a2)*x3+(b1+i*b2)*x2+(c1+i*c2)x+d 1+i*d2=0,
npencTaBags Kod(UIIMEHThI B aarebpande-
CKOM BHJE A KOMIIAGKCHOTO 4HcCAad. Ymob-
HBEIM uHTepdelicoM obaamaerT mporpamMmma
Turbo Pascal ABCNET, c¢ ymoOHBIM OKHOM
BBOZa M BBIBoZA. llocae HaKaTHS KHOIIKH
“Run” mosiBAseTCs OKHO BBOJA JAHHBIX.
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3mech IOCAEIOBATEABHO BBOIATCS
napameTpsl al, a2, bl, b2, cl, c2, d1, d2,
ABASIONIUECH MOEHCTBUTEAB-HBIMH YHCAAMHU.
Ecan Kako#l TO M3 IIapaMeTpoB OTCYTCTBYET,
To BBomutrca 0. HyxHo caeguts 3a TeM,
4TOOBI crapimui K03(pPpUIIHEHT OBIA
OTAWYHBIM OT HyAd. B IIpoTWBHOM caydae
IporpaMmMa BBIOACT OIIHOKY B BHIE:

x1= NaN+iNaN; x2= NaN+iNaN; x3=
NaN+iNaN.
Paccmorpum HECKOABKO IIPUMEPOB.

HammoMHMM Tak’ke, YTO OTBET BBIAAETCH B
BHUE HOPMaAbHOM 3allUCH [AEHUCTBUTEABHOI'O
qucaa.

JAVN:S peleHuga ypaBHEHUd
x3+9x2+18x+28=0 BBOAUM II0CA€IOBATEABHO
qucaa: 1, 0, 9, 0, 18, 0, 28, 0. OTu yucaa Oy-
OyT OTpazKEeHBLI HA 3KpaHE CAEOyIOIUM obpa-
som: 1, 0, 9, 0O, 18, 0O, 28, O.

B okHe BBIBOZA IIOAyYaeM BCE TPHU pellle-
HUS JaHHOTO YPaBHEHUd B BU/E:

x1=-1-1.73205080756888 i ;

x2=-7-1.11022302462516E-161i ;

x3=-1+ 1.73205080756888 i.

Kak BumHO, BTOpPOM KOpPEHbH UMEET HyAe-
BYI0O MHUMYVIO 4acCTh, T. €. OAWH M3 KOpPHEH
OeHCTBUTEABHBIH B paBeH —7, B YEM MOIKHO
y0enuTcsa IpoBEepPKOH.

2. AHaAOTHYHO DPACCMOTPHM CACAYIOLIEE
ypaBHeHHe: x3+6x2+30x+25=0.

Beenem koagpdpunuents:: 1, 0, 6, 0, 30, O,
25, 0.

x1=-1+01;

x2=-2.5+4.33012701892219 1 ;

x3=-2.5-4.33012701892219 i.

YpaBHEHUE HMeeT OAUH OEUCTBUTEABHBIN
KOPEHb U [Ba KOMIIAEKCHO COIIPSIZKEHHBIX
PELIEHUH.

3.PaccmoTpuM ypaBHeHHE: x3+3x2-6x+4=0.

BBoaum koadpduruents:: 1, 0, 3, 0, -6, O,
4,0

x1=0.761166696679656—
0.552380666280597i;

x2=-4.52233339335931-
1.66533453693773E-16i;

x3=0.761166696679656+0.55238066628
0598i.

X2 ABAFETCH NeHCTBUTEALHBIM KOPHEM.

4.PemnM ypaBHeHUe: x3-6ix+4-4i=0.

KoadpdunueHTsl 3TOr0 ypaBHEHUS — KOM-
TIAEKCHBIE yucaa: 1, 0, 0, O, O, -6, 4, —4.

x1= 2+2i; x2=-1-1i; x3=-1-1i.

HemnmocpencTBeHHOM MHPOBEPKOM  MOKHO
yOeaUTbCS, YTO ypaBHEHHE UMEET ABa IOBTO-
PHIOIINXCS (OAMHAKOBBIX) KOPHSH.

5. PaccmotrpuMm ypaBHeHue: x3-4x-1=0.

BBoagum koadppunmenter: 0, 0, 0, -4, O, -
1, 0.
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x1=2.11490754147676-
5.55111512312578E-171 ;

x2=-1.8608058531117-
1.64540693022727E-16i ;

X3=-
0.254101688365052+2.20051844253985E-16i.

YpaBHeHHE HMeeT TPH HAeHCTBUTEABHBIX
KOPH4.

Ha ypokax, rme paccMaTpuBaroTcs pelle-
HUe KyOMYeCcKHX ypaBHEHHH, yaZoOHO Takke
BOCIIOAB30BATCS OHAAWH IporpaMmMmoil Sage,
KOTOpbIF mMeeT Goaee ymoOHBIN mHTEpdeiic.
B okHO BBOZa 3aIlHCBHIBA€TCS YpaBHEHHE,
KOoTOpOoro TpedyeTcss peluuTb. 3aMeTHM, YTO
Sage co3maH Ha ocHOBe ga3blKa Python u 06-
AaaeT OGOABITMMU BO3MOXKHOCTSIMHU [AS pe-
IIeHUs pa3HbIX 3a1a4 U3 aareOps! (cM. [4-9]).

PaccMOTpHM HECKOABKO IIPHUMEPOB pellle-
HUS KyOMYeCKWX YypaBHEHHH IIPH IIOMOIIH
Sage.

[Tpumep 1. PeniuTh ypaBHEHHE:

x3+2x+1=0.

B oxkHO BBoga Sage 3anucheiBaeM:

sage: (x"3+2*x+1).roots(x, ring=CC)

[Tocae HaxkaTHa KHOIIKU «Bbraucautes» Sage
BBIZJAET PEIIeHus B BUAE I1ap:

[(-0.453397651516404, 1),

(0.226698825758202—
1.46771150871022%, 1),

(0.226698825758202+1.46771150871022
*4, 1)]

[lepBag kKoMIOHeHTAa Imapbl O00O3HaAYaET
KOpeHb ypaBHEHHd, a BTopas KOMIIOHEHTa
KpaTHOCTh 3TOro KOpHs. Kak BHIHO BCce KOpP-
HHU IIPOCTBIE, OAWH M3 KOPHEH NEHCTBUTEAB-
HBIH, IBe ApyrHe — KOMIIAeKCHbIe. CpaBHUBAad
C TOYHBIMH KOPHSMH BBIYHCA€HHBIMH IIPH
nomoux cdopmya KapnaHo sameTuM, 4TO 3TH
qrcAa SBAGIOTCS JOBOABHO TOYHBIMH IIPH-
OAVMKEHUSIMU OAS TOYHBIX KOpHEeH:

32 -3¥/4 ~ -0,327480002073326; aBa ApY-

THE 3HA4YECHHAd ABAAIOTCA HpI/I6AI/I}KeHI/IS{MI/I,
COOTBETCTBEHHO OAA YHCEA

2-34 i3 s s
—TiT(\/E+\/Z).

Takue e pelIeHusd II0AyYaloTCs IIPo-
rpamMmoii Ha a3bIKe [lackaab.

IIpuMmep 2. PemtuM ypaBHEHHE:

x3-2x+2=0.

BBogum maHHBIE B OKHE Sage:

sage: (x"\3-4*x+2).roots(x, ring=CC).

Sage BbIZAeT TPU AEUCTBUTEABHBIE IIPO-
CTBble KOPHHU:
[(-2.21431974337754, 1), (0.539188872810889,
1), (1.67513087056665, 1)]

CaegoBaTeAbLHO
OUCKPHMHUHAHT OTPHUIIATEAEH.

paspelarmiyui
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B 3arAoueHHH pPacCMOTPHUM ypaBHEHHE C
KOMITA€KCHBIMH KO3 PUITUEHTAMH.

[Ipumep 3. PemmnTh ypaBHEHHE, PacCMOT-
PEHHOE BBIIIIE:!

X3-6ix+4(1-19)=0.

sage: (x"3-6*1*x+4*(1-i)).roots(x, ring=CC).

Sage BbIaeT HaliieHHbIE BBIIIE PEIIeHH:
[(-1.00000000000000-1.00000000000000%, 2),
(2.00000000000000+2.00000000000000%i, 1)]

IlepBEIii KOpE€Hb —TIOBTOPHBIN, TPETHUH KO-
PEHB IIPOCTOH.

BeiBoabl. MeTonuKa mpernogaBaHus HEKO-
TOPBIX AUCLUIIAHWH CPEACTBAMH SA€KTPOHHOI'O
o0yueHuda TpebyeT mepecMoTpa METOLOB IIpe-
IoaBaHUS TPAIUIIMOHHON aAreOphl ¢ TOYKHU
3peHHUd MEeTOIOB MH(OpPMaTHKU. B crarbe
00OCHOBBIBAETCS TE3UC O TOM, YTO TakKoH
noaxon TpebyeT U crocobeTByeT Goaee raybo-
KOMY YCBOEHHIO aATeOpandecKoro TeopeTHde-
CKoro Marepuaasa. lcrooap3oBaHue oHAaWH
cpenl THUIIa Sage II03BOASET pellaTh IIPOU3-
BOABHBIE YpaBHEHUS, TOTAA KaK, 6oaee TAybo-
KOMYy VCBOEHHIO MaTepuasa CIIocoOCTByeT
COCTaBA€HHE aATOpPHUTMa M IIPOTPaMMBbl [AS
pelIeHNs KOHKPETHBIX BOIIPOCOB.
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TEACHING OF THE THEME “CUBIC EQUATIONS” IN UNIVERSITIES BY THE METHODS
OF ELECTRONIC TEACHING

Summary. Introduction. Electronic teaching is a new
and useful event in education. By this reason, there is a
need in searching of all aspects of electronic teaching. The
main amount of investigations must be devoted to define
essential difference between two methods of teaching: the
first of them is a traditional teaching, and second is an
electronic teaching. The useful way of comparing these
methods of teaching consists of studying some model
problems of teaching in various brunches of the mathe-
matics by electronic method of education.

The theme of cubic equations is one of key problems of
teaching in algebra because this question historically was
one of corner stones of algebra. It was beginning of intro-
ducing new methods in all brunches of mathematics.

Purpose. The aim of our investigations is to show that
sides of teaching that show how we can use the excel-
lence of electronic teaching for most deep studying of
basic methods of algebra, acquiring abilities in applying of
methods of algebra for solving of concrete problems of
informatics.

Methods. The way of reaching these purposes is in
combining of deep studying of theoretical background
with construction of problem’s algorithm and preparing of
program in appropriate language. Simultaneously, the
methods of solution which is accessible in Internet can be
used as an additional source for checking of got results.

84

Results. The students after of complete solving of
problems will better understand not only the considered
question but also the main methodology of study of prob-
lems by using of electronic education methods.

Originality. The research of the put problem is original
in posing and solving of concrete questions connected
with the teaching of the theme “cubic equations”. It is
separated the main idea allowing use the theoretic result
to obtain all three solutions of cubic equation using mini-
mal number of operations.

Conclusion. The electronic teaching must use excellent
methods of teaching in algebra that cannot be reachable
in traditional education. The questions of teaching for
some themes which lie in common area of interests in
different disciplines such as algebra and informatics
acquires specific feature, be studied simultaneously. The
main thesis of the work is as follows: simultaneous study-
ing of theoretical and practical questions of teaching in
algebra is useful for better learning of the material.

Keywords: electronic teaching; cubic equation; Turbo
Pascal; cubic root.

ITonyuero pedarxyueti 15.07.2021
Ipunsamo k nybaurayuu 05.08.2021


https://ru.wikipedia.org/w/index.php?title=%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE_%D0%B8_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C&action=edit&redlink=1

