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AINEHHA 3 OCTAYEIO B KiJibLI TAYCOBUX YACEN

B crarTi po3rnsmaroTbCsi TUTaHHS, OB sA3aH1 3 HUTMMHA TayCOBUMHU YUCIaMH. 3p00JICHO
aHaJli3 BU3HAYEHHS LUIOI Ta JpoOOBOi YaCTMH KOMIUIEKCHOTO 4YHCJa 3 METO JIOCSTHEHHS
OJIHO3HAYHOCTI pe3ynbrary. [IpeacTaBieHo 1Ba alrOpuTMH JUICHHS 3 OCTAa4y€l0 B KUIbIII
raycoBUX YHCeJl, SIKl JalOTh OJHO3HAYHUI pe3ysbTaT 3 OCTauelo, MIHIMAJIBHOIO 3a HOPMOIO: Ha
OCHOB1 BH3HA4Y€HHS LUIOI Ta JpoOOBOI YAacCTUH KOMILIEKCHOTO 4YHCJa, Ta Ha OCHOBI
BUKOPHUCTAHHS CTPYKTYPU KpPATHUX YHCEJL.

Kuro4oBi cioBa: caycosi uucna, kpamui uucia, yina ma opobosa 4acmura, OLIeHHS 3
ocmauero.

BcTyn

Bcim BimomMo mpo AUIEHHS 3 OCTaueld B KUIBIIl LUIMX YUCEN Ta KUIBII
MHOTOWIEHIB HaJ mojieM. OJHIEI0 3 BaXKJIUBUX XapaKTEPUCTUK LOTO JAUICHHS €
OJIHO3HAYHICTh HETIOBHOI YAaCTKM Ta OCTayl. 3a 03HAYEHHSIM €BKJI1I0BOTO KLUIbIIS, B
KOXXHOMY TaKOMY KUIbIllI BUKOHYETHCS YMOBA, SIKY MOXXHA Ha3BaTH [IJICHHSIM 3
ocTayelo, aje He BUMAraeTbCsi OJJHO3HAYHICTh 1[bOTO AUIEHHS 1 i MOXe He OyTH.

briu3pkuM 0 KUTbLS MUTHMX YUCEIT € KUTbIE IITUX TayCOBHX 4YHCeN. AHali3
OCTaHHIX JOCHIJKEHb 1 MyOJiKaiiil CBITYUTh, 0 Cy4acHI HAayKOBIl IPHUAUISIOTH
3HAYHY yBary npooJieMi IOCHIIKEHHS PI3HUX ACIMEKTIB, MOB’S3aHUX 3 KUIbIIEM
raycoBux uucelsl. Pobora [1] npucBsueHa npeACcTaBICHHIO UIMX FayCOBUX YUCENT B
cucrteMi uncieHHs Ilitti. B poGoti [3] po3misimaeThecsi crmocid BU3HAYEHHS BCIX
MPOCTUX TayCOBHUX YUCEN, OOMEKEHUX 32 MOTYJIEM.

Binomo, 1m0 Kuiblle TayCOBHUX YHCEN 3aJI0BOJIbHSIE yMOBAaM €BKII1IOBOTO
Kbl [4], ane nAUIEHHA 3 OCTauyeld B HbOMY HE OJHO3HayHe. B KoxXHOMY
€BKJI1ZIOBOMY KUJIbII1 Ma€ Miciie aroput™ EBkiifa, sikuii 6e3mocepeHbo 3aJIeKUTh
BiJl aITOPUTMY JUIEHHA 3 ocTaueto. [Ipo oauH 3 BUIIB AUIEHHS 3 OCTayelo Benacs
MOBa B [2].

Mertoto 1i€i cTaTTi € aHai3 CTPYKTYPH KPATHUX UYMCEN HAa KOMIUIEKCHIN
TJIOMIMHI B KUJIBI[I TAYCOBUX YHCEN Ta JOCIIKEHHS alTOPUTMY AUICHHS 3 OCTa4YeIO
B LIbOMY KUITBI[l B PI3HUX HOT0 MpOsiBaXx.
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OcHoBHa YyacTuHa
Kimeie ZJ[i]= {a + bi‘ a,beZ, i’ =— } IUTMX TayCOBUX YHCEN €
eBKJIiI0BUM 3 HOpMOtO S(a+bi)=a’ +b” =|a+bi|’. a came:
1) Vz,,z, e Z[i], z,,z, #0, 5(21 -22)2 5(21)
2ymoVz,z, e Z[i]l, z,#0 3q,reZli]
a)z, =z,-q+r,
6)5(r)<5(z,) abo r=0. [4]
SAxmo r#0, To g Ha3WBAaIOTh HEMOBHOK YacTKOIO, a 7 — OCTa4el0 Bij
HiNeHHs z, Ha z,. Yucno z, - g € KpaTHUM JI0 Z,.

Pozriasinemo po3TallyBaHHA 4YUCCII, KPATHUX Z, Had KOMILIEKCHIH HJIOH_II/IHi.
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Uucno zi Ha KOMIUIEKCHIN TUIONIMHI Ma€ TaKUM K€ MOJYJIb, SIK YUCJIO Z, a
apryMeHT OUIBIIMI Ha % . Uucio z(i +1):zi+z. Tak sk cymMi KOMILJIEKCHUX
guces BIANOBIZAE CyMa BIAMOBIAHUX BEKTOPIB, TO YUCIIO z(i + 1) 3HAXOJUTHCS Y
YeTBEPTIN BepIIUHI KBajaparta 3 BepuimHamu 0, z, zi.Ywucna z-2i=2zi ta z-2
MarOTh MOJIBOEHHI MOJYJb 1O BITHOIIECHHIO J10 ‘ z ‘ Ta TOM K€ apryMEeHT, 10 1 zi
Ta z BlOmoBigHO. Yucio 2(2 +1 ) = z(l +1i )+ z=2z2+ zi, TOMY BOHO 3HAXOJUTHCS Yy
YeTBepTi BepIIMHI KBajapaTta 3 BepUIMHAMU 2z, Z-2, z(l +i). Amnaniz
po3TallyBaHHs 4YHCEN, KpPaTHUX 2z, MPUBOJUTH HAC JO BHCHOBKY, III0O BOHU
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po3TamioBaHi y  BEpIIMHAX  PENIiTKH, 10  BU3HAYAEThCA  KBAJPaTOM
0, z, z, z(l1+i),cTopona siKoro mopiBHIOE ‘z‘ (puc.1).

[ToBepHeMocst 10 MUTAaHHS MPO MOXKJIMBI HEMOBHI YaCTKU Ta OCTadl Bif
ninenns z, Ha z,. Ymosa S(r)<5(z,) piBHOCHIBHA yMOBI ‘r‘<‘ z

, & TaK SK
r¥=z —z,q, TO IIe O3HAaya€, 10 BIIACTaHb BiJ z, A0 Zz,q, KPaTHOrO Zz,, MEHIIA
‘zz ‘ 3 orisay Ha JUCKPETHICTh MHOMKMHU YHCEN, KpaTHUX Zz,, 3HailIerbcs
KBaJIpat, IKOMy OyJie HajexaTu 4ucio z, (puc.2). Y BUNAAKY, SIKUIO z, AUIUTHCS
Ha z,, TO z, OyJe 3HaXOJUTHUCh Y BEPIINHI TAKOTO KBaApaTy.

zp(p+1-+i)

» / \
\ / o

Puc.2.
Po3srnsiHeMo BUMAAKH, KONM z, HE JUINTHCA Ha z,. SIKIIO BEPIIMHU TaKOTO
KBaJpaTy 3 pUC. 2 MO3HAYUTH «,,q,,Q,,0, (pUc.3), TO BLICTaHb BII z, N0 «,
JIOPIBHIOE ‘ zZ, -, ‘ Ils BizcTaHb MEHIA ‘ zz‘ JUTSL IESIKUX BEPIIMH B 3aJI€KHOCTI

BIJ] pO3TalllyBaHHS Z,.
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Ha mux pucyHkax 300pakeHi Tyrd € YaCTHHAMHU KOJia 3 IIEHTpaMH B OJIHIH 3
BEpIINH pajaiycy ‘ zz‘. SIkmo z, 3HaxoAuThCs B 3apapOoBaHiil 0bsacTi puc.3a), To

‘z] -, ‘<‘22, i=1234, 3Binku KoxkHe uucio p, p+1, p+1+i, p+i, sAKmo
MOBEPHYTUCSA /0 TMO3HAYEHb PHUC.2, MOKE OYTH IIYKAHOIO HEMOBHOIO YaCTKOIO.
SIKmo z, 3HAXOAMTHCA B 3aIUTPUXOBAHINA 00sacti puc.36), To ‘ zZ, —Q, ‘< ‘ 22‘ auue
IJI TPBOX BEpIIUH ( Yy LbOMY BUNAAKY «,,0,,Q,), TOMy HEIIOBHUMH YacCTKaMHU
MOXYTb OyTM TpH uucia. SIKIO z, 3HAXOAWUTHCA B 3aIUTPUXOBAHIM 00J1acTI
puc.3B), TO ‘z] -Q, ‘<‘zz‘ JMIIE Ui IBOX BEpIIMH ( y LbOMY BHNAAKY «,,Q,),
TOMY HETIOBHUMHM YaCTKaMHM MOXYTb OyTH JBa uucia. [HIIWX TUIIB po3TallyBaHb
z, TI0 BIAHOUIEHHIO 10 BepIMH HeMae. OTKe, OTPUMYEMO HACTYNHUN pe3yJbTat:

iCHy€ He MeHuwe 080X uucel, Wo 3a00801bHAIOMb YMOBAM HENOBHOI 4acmKu ma
ocmaui 810 OiNeHHs 8 KilbYi 2AyCOBUX YUCEL.

Hanpuxnan, 23+30i = (16+13i)-1+7+17i, npudomy 7 +17i 3am0oBonbHsE
YMOBI ocTaui BIJI IUICHHS 23+30i Ha 16+13i, 00
7' +17° =338<5(16+13i)=425. Otxe ¢, =1, r=7+17i.

Ane

23+30i = (16 +13i)-(1+i)+ (20 +1),

23+30i = (16 +13i)-(2+i)+(4-12i) Ta

23+30i = (16 +13i)- 2+ (-9 +4i),

npuyomy 7, =20+i, r,=4-12i ta r,=-9+4i TaKoX 3aJOBOJIBHIIOTH
YMOBI ocTaui: 5(r,)=401< 425, 5(r,)=160<8(r )< 425 Ta
5(r,)=97<6(r)<425. Tomy ¢q,=1+i, q,=2+i, q,=2 — BignosizgHi
HETOBH1 YacCTKHU BiJ JUJIEHHS. 3aJMIIAEThCA MUTAHHS PO CIOCIO 3HAXOMKCHHS
TaKuX YacToK Ta octad. OauH 13 CHOCOOIB CHHUPAETHCS HA TOHATTS ILJIOT Ta
JIpoOOBOT YACTUHU KOMIUIEKCHOT'O YHCIIA.

JI1s1 KOMIUIEKCHMX YHCEI Ma€ MicIle MOHSTTS Iij01 Ta ApoOOBOT YaCTHHHU.
Uucna [z] 1 {z} € BIANOBIAHO U100 1 OpOHOEOI0 YACTUHOIO YHUCIA Z, SKIIO

z=[z]+{z} 1 5({2})3%. 3a MM O3HAuYEHHSAM Illa Ta ApoOOBa YaCTUHU HE

3HaXOAThCs OJAHO3HauHO. Hanpukman, z=5,6+23i. ko [z] =5+2i, TO
5({z})=0,6"+03>=045<0,5; sxmo [z]=6+2i, 10 S({z})=(~0,4) +03* =
=0,25<0,5.

Buznauumo npaBuiio, ik 3HAWTH Taki 1Ty Ta APOOOBY YaCTUHU JOBUILHOTO
KOMIUIEKCHOTO 4Hcla, 1mo0 Apo0oBa yacTHMHA Maja HaliMeHiny HopMy. Hexaii
z=s+ti, [s], [t], {s}, {t} — TpaauiiiiHi TMO3HAYECHHS WLIUX Ta APOOOBUX
yactThH s i ¢ BimmoBimmo. Tomi  {sj=s—[s], {t}=¢—[t] 0<{s},{tr}<1.
3ayBa)XuMo, 110 YUCJIO Zz 3arajbHOTO BUTJISAY Oylle MaTH Take pO3TallyBaHHS
cepell rayCoBUX YHUCEII, sIK Ha puC 4.
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Koxna 3 BepmmuH 300pa)X€HOT0 KBaApaTy € IUIMM TayCOBHM YHCIIOM 1
1 .
Morma Gu Gytm [z], axGu 5(2—[2])35. Yucno z-—|[z] 6yme marn maiimenmry

HOPMY, SIKIIIO BIZICTAHb BiJ BEPIIMHU KBaJApaTy 10 z HalMEHIIa.
Hexant z=s+1i.

Ima
[e}+1 1 .y
' O
I Lz
[t]] IS S
i — 2
[s] S [s]+1 ©

Puc. 4

CepenuHHi neprneHIuKyJIsIpy 0 CTOPIH LILOTO KBAJpaTy PO3JAUISAIOTH BECh
KBaJIpaT Ha YOTUPHU OOJIACTI, K1 MICTATH MO OJHIA BeplIMHI KBaapary. [Ipudomy
YHUCIIO Z HAJEXKHUTh JUIIE OJHIA 3 HUX obsiacTel 1 HaOIMK4e pO3TallloBaHE came
710 BEpIIMHU KBaapary 3 1€l obnacti. Llg inrocTpaiiist JonomMarae B 00rpyHTyBaHHI1
IIYKaHOTO MpaBUiia 3HAXOKEHHS 1I1JI0T Ta APOOOBOI YACTHUH KOMIUIEKCHOTO YHCTIA.

3ayBaXkuMO, IO JUIA {5} € JIMIe 1BA BUIIAKH:

I)OS{S}S% abo 2)%<{s}<1,

B 3aJI€KHOCTI BiI[ TOIro, AK€ 3 4YHCCII [S] qu [S]+1 3HAXOAUTHCA OvKue 0 §.

TakuM yuHOM Ma€eMo, 110

1) {s}zéi i ({s}—1)2>i abo 2) ({s}—1)2<% i {s}2>i.

Le 3ayBakeHHS TAKOX CTOCYETHCSA 1 {t}.

BpaxoByroun, 1m0 KOXHE KOMIUIEKCHE YHCIO MAa€ HACTYIHI YOTHpHU
MpPeICTaBIICHHA Yepe3 KJIACUYHI LTy Ta IpoOOBY YACTMHU CBOIX YSIBHOI Ta JAIACHOT
YaCcTHH:

z=s+ti=([s]+[e)i )+ ({s}+{ti )=
= ([s]+1+[63 )+ (fst—1+ {8 )=
= ([s]+[ei + D)+ ({sy+ (£} 1) )=
=([s]+1+[i+1 )+ ({s} -1+ ({1 - 1)i ),

MOXeMO CHOPMYIIIOBATU TaKe HPABUIO OOUUCIEHHA Winoi ma 0po6oeor
YaACMUH KOMNJIEKCHO20 YUCIA:
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AKIIO {s}é%, {l‘}S%,TO

[z]=[s1+[21i. 2 ={s}+ {1} ;
HKH_IOI—{S}<%, {l‘}S%,TO

lz]=1 s]+1+t]l {z}={s}—1+{t}i ;
SKIIO {s}é%, 1—{t},—, TO

[=]= s]+(r]+1) 2 =tst+ (I -1y ;
;ncmol—{s}<%, 1—{1‘}3%,T0

[]=Ls1+1+ [+ 1), {2} ={s} =1+ ({1} - 1)
B upoMy mpaBuiii BUOIp 1101 YaCTUHU z CIIBHAAa€ 3 BUOOPOM HAMOIMKYIOT
1o z BepmHM Ha puc.4. Tak sSK U BeplUIMHA BU3HAYAETHCA OJIHO3HAYHO, TO

1 1 1
OJIHO3HAYHO BU3HAYAETHCS 1 APOOOBA YACTUHA Z, IPUUOMY O ({z}) S—+—=—

4 4 2
OrnuieMo aaropuT™ AUICHHS 3 ocTauero B Kuiblll Z[i], oOpanuii B [2]. Bin

CIIUPAETHCA HAa OIIMCAHC IMPABUJIO 3HAXOIKCHHA ].IiJIOI Ta I[pO6OBOI YaCTHH. ﬂKH_IO

z,,z, € Z[1], TO HETIOBHA YacTKa 1 0cTaya B JUIEHHS z, HA Z, MOYKE€ 3HaXOJUTHCS

3d HACTYITHUM AJITOPUTMOM.
o z . .
1. 3HaXOIII/IMO 3BUYAWHY YaCTKY Z = — =5+ ti KOMIUIEKCHUX YHCET z,12z,.

ZZ
2. Buninsemo nuty yacTuHy [z]=g, +¢,i Ta OOYHCIIOEMO APOOOBY YACTUHY

z . o . . .
{z}:—‘—(q] +q,1) 3BUYAWHOI YaCTKM z =S +fi. 3ayBakKUMO, 110 IUIa Ta
ZZ
IpoOoBa YAaCTUHU BU3HAYAIOTHCS OJIHO3HAYHO, a JpoOOBa YacTHHA

1 :
3a2/I0BOJILHSIE YMOBY 5({2}) < 5 [{uta wactuna [z]=gq, +q,i € Z[i] Oyne

IIYKaHOI HEMIOBHOK YacCTKOMO B1J ALICHHA z, HA Z,.
3. Ocraya BiI AUICHHA 3HaXoOUTbes Fr=2z —z,-(q, +q,i). Tak sk
{z}-2, =2 —z,-(q,+q,i)=r, TO ocTaya 3a70BONbHAE HEOOXiHil yMOBI:

5(r)=6({z})-8(z,)< %5 (z,)<6(z,), npuuoMy TaKOXK  BH3HAYAETHCS

OJHO3HA4YHO.
HonepenHiﬁ MMpUuKiIag 3a 1TUM aAJIF'OPUTMOM JAaCTh Takui pe3yiabTarT:
23+30i _(23+30i)-(16-13i) 758 -18li

C(16+13i)  (16+13i)Y16-13i)) 425

b
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2. Buninsemo Ty YaCTUHY q= {%;811} =2, 60

758 —181i
"2 i, <
425 425 425 7 |425] 2
yacTtka g =2.
3. r=23+30i—(16+13i)-2=-9+4i.
VY upomy mpukiaal 3a JaHUM aJrOPUTMOM HOpPMa OCTaudl HailMeHma i3

MOXJMBUX. 3a criocoboM BUOOpPY ocTadi Bif auieHHs. Ha3Bemo 1el anroputm
MIHIMANbHUM ANI20PUMMOM OLIEHHA 3 Ocmauero B KUTblll Z][i],

-92 —181. |-92| 1 |-181] 1
= 4+ —, |——<—. Otxe, HEIOBHA
425| 2

b

Sximo Ayl 3HaXOJPKEHHS 1101 Ta JAPOOOBOT YAaCTMH B TE€OMETPUYHOMY
BUIJISI/II KOPUCTYBATHUCH pUC.4, TO LU0 YaCTUHOWO z Oyje 4Kciio, IO BIAMNOBIIA€E
HAaMOMIKYIA BepIIMHI 300pakeHOro KBaapary, a ApoOoBiii wyacTuHi Oyne
BIJIMOBIIaTH BEKTOP, 110 MAa€ MOYATOK B I[id BEPIIMHI 1 KiHEllb B Toulll z. BapTo
3ayBa)XKUTH, 1110 TIPU 3HAXOHKEHHI IUJIOT YACTUHU ISl YKMCEJ, 10 PO3TalllOBaH1 Ha
CEepeAUMHHUX TMEPICHANKYIsIpax JO CTOpPIH IBOTO KBajJpaTy, BIAMOBITHOI
OMHMCAaHOMY TIPABUITY, OOUPAETHCS Ta BEPIIMHA, 10 3HAXOIUTHCS JIIBIIIE Ta HUXKYE.

OTxe, MU OOTPYHTYBaJM MPOIEAYPY QITOPUTMY AUICHHS 3 OCTayelo B
KUIBIIl TAyCOBHUX YUCEN, OMKUCaHy B [2].

IIponiec 3HaXOMKEHHS HENOBHOI YacTKW BIA AUIEHHA z, Ha Zz, MOJKHaA

OpraHi3yBaTd IO IHIIOMY, BHKOPHUCTOBYIOUM CTPYKTYpy KpaTHuUx uwucen. lleit
IIPOLIEC B CBOIMl OCHOBI CIIUPAETHCS HA MOPIBHAHHI BIICTAHEH MDK z, 1 YUCIIaMH,

KpPaTHUMH Z, .
1. IlopiBHIOoeMO BincTadi Big z, A0 0, Bix z, 10 z,, B z, 10 2z,, Bi Z,

t € 7., sIKi € MOXUIIMMHU 3 BEPIIUHOIO

b

10 3z, 1 T.1., TOOTO PO3TILAAEMO ‘z] —t-z,
B TOUlll z, A0 HpsMoi, 1m0 npoxoauTh depe3 0 1 z,. JIBI moxwii, CyciiHi 3
NEPIEHIUKYIAPOM A0 i€l NpsAMOi uepe3 TOUKYy z,, OyayTh HaWMEHIIMMH CEpeN

PENITH, TaK AK iX MPOEKI[li He MePEeBUILYIOTh ‘ z,|, a peliTa npoeKiii ouIbie ‘ 22‘.

OTxe, 3 HAOMMKEHHAM JI0 MEPIEHANKYISIPY, MOXWI1 3MEHIIYIOThCS, a TICHS TBOX
CyCiJIHIX 30UIblIyIOThCS. [IprdyoMy mpoekiis OfHI€T 3 IUX CYCIIHIX MOXWINX HE

: 1 .
OunbIIa E‘ z,|, a APYroi — He MEeHIIa. OTXKe, Cepe]l HUX MOXHAa 00paTu HalMeHIy.

ToMmy MOXXHa CTBEpIKYBATH, IO 3 ¢, € Z Take, 10 ‘z] — (q] — l)zz‘ > ‘z] —q,"Z,|,a

‘z] —-q, -zz‘ < ‘z] - (q] + l)zz‘ (TyT moxuna |z, —q, -zz‘ HallMeHIa).

Iloyatn momyk ¢, MoxHa 3 ¢=1. Skmo ‘Zl‘>‘z] —2Z,|, TO PO3rIAIaEeMO

MOpiBHAHHA 151 £ =1, 2, 3, ...

Skiio ‘z]‘ < ‘z] — z,|, TO pO3IJIsiIaeMo nopiBHsIHHS s ¢ =0,—-1, =2, —3,...
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2. Jlani aHajmoriYHO MOPIBHIOEMO BIACTaHl BN z, OO0 z,q,+z,-ti Ta
3HaX0JUMO q,, AKe 3aJ10BOJIbHSIE yMOBaM
‘Zl - (Zz% +z,: (Q2 - l)l'X > ‘Zl - (Zz% +z, °Q2ixa a

‘Zl - (Zz% +z,- Q2i1 < ‘Zl - (Zz% +z,: (Q2 + l)iX'

Sxmo ‘z] —q, -zz‘ > ‘z] —(z,q, + z, -i)‘, TO pO3IJIAJAEMO MOPIBHSAHHA IS
t=1, 2, 3,... Sxmo ‘z] —-q, -zz‘ < ‘z] - (zzq] + z, -i)‘, TO PO3IJIAIAEMO TOPIBHSIHHSA
TUISt t=0,-1, -2, —3,.... Bpemti pert 3HAUJCThCS YUCJIIO0
z,q,+tz,°q,i :zz(ql +q2i), KpaTHe z,, HalOmk4e 10 z,, NpU LUbOMY ¢, +q,i —
HEIOBHA YacTKa Bl JUICHHA z, HA Z,.

ImrocTpalio nbOro aIrOpUTMy MOKHA PO3IJIIHYTH 3a IOIIOMOTOI0 pHC.S.
Jus z, Ta z,, AK1 BIANOBLAAIOTh 300paXEHHIO HA PHUC.5, MAeMo, 110 ‘z,‘

OUTBILINIA ‘z] —z,|, TOMy po3risgaemo =1, 2, 3,.... Maemo ‘z] - 22‘ > ‘z] - 222‘ >

>‘z] —3-22‘>‘z] —4-z,

, ‘z] —4-zz‘<‘z] —5-22‘. Otxe, g, =4.

[TopiBHSHHA ONMCAaHUX MOAYIIB Yy BUINAAKY OYEBHUIHOIO PO3TALIyBAHHS
MOKHa BUKOHYBAaTH BI3yalbHO SIK BIACTaHl Bi z, A0 z,, A4 =2z, A, =3z,
A, =4z,, A, =5z,.

2. 3naxogumo ¢,. Tak sk ‘z] —4-22‘ > ‘z] - (4-22 +zzi)
t=1, 2, 3,.... Maemo ‘z] —(4-22 +22i)‘ <‘z] —(4-22 +z, -Zi)

Ha pucysky 1e BIANOBIAa€ TOMY, IO BIACTaHb Bl z,. 10 A, =4z,. OuiblIa

, TO PO3TILIAEMO

, 0TKe g, =1.

3a BIACTaHb BN z,. 10 A, =4-z,+z,i, a Il BIACTaHb, B CBOIO YEpry, MEHINA 3a
BIACTaHb BiA z, 10 A, =4-z,+z,-2i.
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Mawenko 3.0., OpiHuosa €.11. [po dineHHs 3 ocmayero 8 Kinbuj ...

Otxe, g=4+1 — HemoBHa 4YacTKa Bl AUIeHHS z, Ha z,. Ocraua BiA
JUIEHHSI OOYMCIIIOETBCS K ¥ =z, —z, -q. MoayaeM Li€i ocTaul Ha PUCYHKY S5 €
BifCTa®b Bin z,. 10 A, =z,(4+1).

BUCHOBKU

Jlana cTaTTs MPOJOBXKYE IOCHKYBAaTH NHUTaHHSA, TOB’s3aHI 3 IUIUMU
rayCoBUMU 4MciiaMi. PO3rigHyTa CTPYKTypa MHOXHHM YUCEII, KPATHUX 33JJaHOMY
raycoBoMy 4McCiy z. Bu3HadeHo, 1O IS MHOXKHHA YTBOPIOE BEPIIMHU PEIIITKH,
110 BU3Ha4YaeThes kBaaparom 0, z, zi, z(l+i).

Posrnsimanucs nutaHHs iCHyBaHHS Ta HEOJHO3HAYHOCTI HEMIOBHOI YaCTKHU Ta
ocTayi BiJ AINTEHHS TayCOBUX YHMCEN Ta JOBEJCHO TBEPKEHHS, IO ICHYyE HE
MEHIIIE TBOX YHCEJI, IO 33/I0BOJILHSAIOTH iX YMOBaM.

Bu3naueHo npaBuiio 0JHO3HAYHOTO 3HAXOKCHHS 11101 Ta AP0OOBOT YaCTHH
KOMIUIEKCHOTO yuciaa. OOrpyHTOBAHO aJITOPUTM 3HAXOJKEHHS OCTaul Bl JUICHHS
B KUIbLI Z[i], MIHIMAQJIbHOI 32 HOPMOIO, II0 BUKOPUCTOBYEThCA B [2]. CTBOpEHO
MPOIEC 3HAXO/KEHHS HEMOBHOI YacTKU Ta OCTadi, MiHIMaJIbHOI 32 HOPMOIO, Bif
TIEHHS] TayCOBUX 4YHCEN, 10 0a3yeThCs Ha BUKOPUCTaHHI CTPYKTYPH KpaTHHX
YHCEll.

PesynpTaTi 1i€i cTarTi MOXYTh OYTH BHUKOPHCTAaHI NpPHU JOCHIIKEHHI
anroputMy EBkiina B kunbli Z[i], T0OyA0OBI Ta JOCHIIKEHHI JIAHLIOTOBUX JPOOIB
palioHaTbHUX TayCOBHX IPO0iIB, a TAKOXK OINHWCAHI aNTOPUTMH MOXYTh 3HAWTH
CBOIO MPOTPaMHYy peaizallito.
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Z.D. Paschenko, E.P. Odintsova
Donbas State Pedagogical University, Sloviansk, Ukraine

Division with the remainder in the ring of Gaussian numbers

The article deals with issues related to Gaussian integers. An analysis was
made of the definition of the integer and fractional parts of a complex number in
order to achieve a unique result. Two algorithms for division with a remainder in
the ring of Gaussian numbers are presented that give a single-valued result with a
remainder that is minimal in norm: based on the determination of the integer and
fractional parts of a complex number, and based on the use of the structure of
multiples.

Keywords: Gaussian numbers, multiple numbers, whole and fractional
part, division with the remainder.
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