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MATEMATVIKA

YAK: 51+517.11 .
KOMMMNEKC COHNAP: MAKTAB BA ONWI YKYB IOPTUOA

KOMIMNEKCHbIE YXCIA: B LLKOJIE U BY3E
COMPLEX NUMBERS: IN SCHOOL AND HIGHER EDUCATIONAL INSTITUTION
T.Bakupos’

1T.Baku pos ®aproHa Oasnam yHusepcumemu, Mamemamuka
Kaghedpacu kamma yKumye4ucu.

AHHOMauus
Makonada “Komnnekc coHnap” Mae3dycuHu Mmakmabla ea nedazozuka yHusepcumemiapuda, XycycaH,
MamemamuKk mabium GyHanuwnapuda yssulnukda yKkumuw macananapu Kypub qukuneaH. MamemamukaHuHe siH2U
KupumuneaH bynumnapuda makpoprnaHys4u Mag3ynapHU yKumuw 3amMoHaegul manabnap ea xankapo maxpubanapHu
xucobeza onub, sHeu yKumuw mexHosoausinapuaa acocnaHaaH xon0a yKye gaHnapuHu yKkumuw memoodukacuHu uwnab
Yukuw 3apypamuHu kKenmupub yukapadu. Tadkukom uwu dasomuda mypnu xum madKuKkom ycyrnnapu, XycycCaH,
Mamemamukaea oud unmuli-nedazozuk, Memoduk adabuémnapHu eéa mMakmab OapCruKIapuHU yp2aHuWw ea maxsusl
Kunuw, “Komnnekc coHnap” 6ynumuHuHe y3eul anokanapuHu maxnun Kunuw, “Komrnekc coHnap” mae3ycuda
manabanapHuHe Konduk 6unumniapuHu mekwupuw Makcadulda nedazo2uk maxpubanap ymkasuw; madKukom
mamepuarnnapu 6yluda myrnoxasa Kunuw KynmnaHureaH.
AHHOMauus
B cmambe paccmampugaemcsi 80r1poc npeemMcmeeHHo20 obydeHusi meme «KoMreKcHbie qucnia» 8 WKose u
rnedazoau4ecKoM 8y3e, 8 YaCMHOCMU, 8 HanpaesneHUsx Mamemamu4yecko2o obpasoeaHusi. [losmopsiowuecs membi 8
HOBbIX pa3denax MmamemMamuku mpebyrom paspabomky mMemoduku npenodasaHusi y4ebHbIX OUCUUMNIUH Ha OCHOB8e
HOo8bIX 0bpa3osamersibHbIX MEeXHOMo2ul, C y4emom cospeMeHHbix mpebosaHull u Mex0yHapoOHO20 ornbima. B xode
uccriedosaHus 6binu NPUMEHEHbI pasnuyHbie Memodbl uccriedosaHusi, a UMEHHO U3y4YeHue U aHaniu3 Hay4yHo-
nedazozuyeckol, Memoduyeckol, MamemMmamuyeckol numepamypbl U WKOMbHbIX y4ebHUKO8 N0 MameMamuke; aHanus
npeemcmeeHHbIx cesizell pasdena «KommnnekcHbie uyucna»; nedaco2uyeckull 3KCrIepuMeHm C Uefbio MpoeepKu
0CmamoYHbIX 3HaHUl ydYauwjuxcsi no meme «KomrneKkcHble Yucnay; obeyx0eHue Mamepuasnos ucciiedosaHust.
Annotation
This article discusses the issue of the successive study of the topic "Complex numbers" in schools and
pedagogical universities, in particular, in mathematical education. It is necessary to develop methods for studying newly
introduced sections of mathematics, especially some recurring topics, and to improve methods of teaching academic
disciplines based on new educational technologies, taking into account modern requirements and international
experience. In the course of the research, various research methods were applied, namely, the study and analysis of
scientific and pedagogical, methodological, mathematical literature and school textbooks in mathematics; analysis of the
successive sections of the "Complex numbers"; pedagogical experiment to test the residual knowledge of students on
the topic “Complex numbers”; discussion of research materials.

TasiH4 cy3 ea ubopanap: y38ulifluK, KOMI/IEKC COHrap, aneebpa ea COHap Halapusicu, MamemMamuk aHasnus,
aHanumuk QyHKyusinap Hasapusicu, ysnawmupuw O0apaxacu, abcmpakyus 0apaxacu, yKye SreMeHmu.

Knrodesbie croea u ebipaXKeHUsi: NpeeMCcmeeHHOCMb, KOMIIEKCHbIE 4ucrna, ameebpa u meopus 4ducerl,
MamemamuyecKkul aHanu3, meopusi aHanumu4yeckux QyHKUuUl, ypoeeHb yCB80€HUS, cmeneHb abcmpakuyuu, y4ebHbIl
aremMeHm.

Keywords and expressions: continuity, complex numbers, algebra and number theory, mathematical analysis,
theory of analytical functions, level of learning, degree of abstraction, educational element.

Pecnybnnkamunzga Tabnum coxacmga  kKopund  aTunuwn, Oy  gactypriapra  onuvn

onnb OGopunaétraH wucnoxotnap, TabiMm  MaTematukaga yKuTUnagurat 0ab3an
MA3MYHUHWUHT  y3rapuvwin  aHnapHM YKATUW  MaB3yMapHUHT  cogganawtupunraH  xonga
METOAMKAacMHM 3aMOH Tamabnapura MOC,  KMPUTUIMLLN, ynapra MOC SHIU
Xankapo TaxpubaHu abTMbopra onraH xonga  OapCNUKNAPHUHr  SpaTUnMWKM  Ba  TabivMm
SHIM  TabNUM  TEXHOMOTMSANapu  acocvaga  kapaéHuga donganaHmnaétraHu
TaKOMUNNAWTUPULL  IXTUEXMHN  TyFOMpPaaW.  TakKpopriaHagurad MaB3yrapHu, YKyB
ByHoan axTnéx matematvka aHuHM Maktab-  anemMeHTnapuHu y3Bunnukaga YKUTULL
onuin TabAnM Myaccacacu TMauMuga ykutuwaa  MeTOAUKacUHU TakoOMUMNNALITUPULLIHWHT
Xam to3ara Kengw. KomneTeHuussun  gonsapbnuruHu kypcaTtagu.

éH[J,aLLIyBFa acocCliaHraH daHru gactyprnapHUHr
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MakTab-onumi Tabnnm Myaccacacu
TM3MMMOA MaTemMaTuKaHu Y3BUANUKOA YKATULW
Macananapu KkapanraH unmuin  maHb6anapga
anrebpa Ba aHanus acocrapvHu maktab—onumn
TabNMM Myaccacacu, KOMMex—onunh Tabium

Myaccacacm T™M3ummnaa y3BUNMKOa
YKUTULLHWHE TYpny BapuaHTnapu, maktab Ba
negarorvka WHCTUTYTNapuga anrebpa Ba

aHanus acocrnapvHu YKUTUWIAAQ aHanu3HUHP
acocun TyllyH4YanapuHu Kyprasmanu UHTYUTUB
KMpUTULL  opKanu  Y3BUWMWKHW  TabMWHNALL
Taknug atunra4, 7, 11].

P.M.TypryH6aeB Ba
N.AnnambepreHoBnapHuMHr  TagkukoTnapuaa
[6,13,14,16] mMartemaTtuvkara

nUxTUcCoCnawTMpunraH akagemMuk nvuen Ba
YHUBEPCUTETNApHNUHI  MaTeMaTtuka haHnapwm
AacTtypriapuga TakpopraHaguraH maB3ynapHu
YKUTULL Makcagnapu y3nawtupui
fapaxanapu, ynapHm  ©aéH  STUWHWHT
abcTpakTnuk nofoHanapu 6ynmya aHuk uwnab

YUKUNIMaraHnuri,  YKYBUYANAPHUHT  Hasapui
ovnumnapHm y3nawtmpuiira oynraH
KU3UKULLNAPUHUHT nacTnuru, Teopema,

Macananapga yMyMui CTPYKTYpaHu axpartuil,
MYCTakuil  yKuwra acocrnaHraH maTemMaTuk
aHanu3 Kypcu OwnaH nuuewnnapga caknaHub
KEenuHaéTraH aHbaHaBuiA YKUTULLI METOAMKACH,
nuuen Ba oONUMU TabNMM Myaccacanapvga
MaTteMatuKk paHnapHn YKUTUW MeToaMKacu
OunaH 6ornukK Macananap xucobnaHraH.

by TagkukoTymnap TOMOHWUAAH
B.MN.Becnansko [8] Taknud aTraH éHpawysra

acocnaHraH xonga anrebpa Ba aHanus
acocrnapu  daHuHuHr  “KeTma-keTnuknap”,
‘OYHKUMAHUHT  NUMUTM  Ba  Y3MNyKCU3Nurn’,

“‘UnTerpan xmucob” Oynumnapum 6ynnda YkyB
aNeMeHTNapvHM  y3nawtupuw gapaxacu (o)
Ba YKyB anemeHtnapvHu 6aéH  Kunuw
abcTpakuma nofoHanapw () TaBcudnaHraH.

by wmetoamkaga YykyB  axGopOTUHM
Y3NaWTUPULLHKMHT Tanab aTtunraH cudatnHu
aHvMKnawga  ysnawTupuw  gapaxacu  Ba
abcTpakuma noroHanapugaH ponganaHub, xap
OuMp YKyB aNeMeHTH y4yH BoLunanFiy Ba oxXupru
KMAMaTNapHW ypHaTUW Ba YynapHM Maxcyc
Xaaeanga kama aTv UMKOHUATU TyFunaau.

Ly HykTam HasappaaH y €ku 6y anemeHT
Oynnya «a» HUHT  OOLWMaHFMY  XONaTWHM
aHVKnaw, TabiUM OfnyBYUMAPHUHT  MabliyM
Aapaxagarn HasopaT QaonusaTUHU Baxapuiu
UMKOHUMATUAAH kennb YMKKaH xonga
aHuknaHuwm  3apyp [15]. MacanaH, arap
TabnuM onyBuYMra OBBEKTNAapHW Kauta MAPOK

aTraHga Ba 0BG BbEKTNAPHUHT MYX1M
anomMaTnapuHmu acnatraHga, Tabnum OnyBuYM
obbekTnapHu (mMaTtemaTvkagaru TywyH4yanap,
Tabpudnap, Teopemanap, anroputmnap,
kouganap Ba paonuaT ycynnapu) TaHuca, y
xonga 6y ykyB anemeHTn Gynnya Gunumnap
AapaxacuHm Gupra TeHr, gebé onuvw MyMKWH
(a=1).

Y ékn By yKyB aneMeHTUHMHI abcTpakums
MOFOHACUHWHT GolnaHfmy KMAMaTUHM
aHMKnalwga WyHn abTubopra onul Kepakku, y
TabNuM  OnyBYM  TOMOHMAAH MaB3yHU
ypraHuwaaH asBar y3nawitmpraH
obbekTnapHu 6aéH aTuw Tunura (ycynura) Moc
Kenuwwu kepak. MacanaH, arap Tabimm onyB4Yx
y €ékn 6y obbekTnapHu TacHudpnawga cudar
Hasapusicu TUNUHKU arannarad 6ynca, 6y xonga

abcTpakums NOFOHACUHUHT ooLunaHfny
KUAMATUHU WMKKUra TeHr, Aed onuw nosum
(B=2).

Xap 6up ykyB anemeHTu Gyhmya o Ba B
HWHI OXUPIW KMAMaTnapuHyu aHnknaw (6epwuw),
TabnNum  onyBYMNap  ypraHumnraH  MasmyH
6ynnya kaHgam GunuMNapHU yanawTupuvim
KepaknurmHmn KkypcaTtuwgaH nbopat 6ynaaw.

WyHn  TabKkmgnaw  Kepakkn,  SHMm
MakTabnapHUHr MatemaTtuka pgactypnapuia
YKYB QneMeHTnapuHu yanawtmpuwl cudatu
KypcaTunmaraH. MacanaH, DAaCTYPHUHT
mMaTemaTuka MasMyHura — oug  yMyMun
KoMneTeHuus kucmuaga “Komnnekc cownnap”
MaBaycura omg “KOMMSIEKC COHSTapHKU Y3 nuura
onraH cogga CoHnM MoAaHUMHE  KMAMaTUHU
xucobnan onagn”, geb6 [17] «kypcatunraH.
JlekuH coHnuM  undoganapHuUHr - Mypakkabnuk
Aapaxacu xakuga mabnymoTt 6epunmMaraH.

Yw6by makonaga maktabga, onui Tabnmm
Myaccacanapu maTtemMatvka  paHnapugaH
YKUTUNaguraH KOMMMEKC COHMap MaB3YyCUHU
Y3BMUNMKOAA  YKUTULL  Macanacu  Taxaun
3TUNraH.

AHrM  TacaouknaHraH —gacTtypra  Kypa
mMaTemMaTuka Kypcuaa  KOMMMEKC  CoHnap
MaB3YyCUHWN YKUTULL pexanawTupunrad. AnHaH
Wy MaB3ynap OnNui TabnuMM Myaccacanapw,
XycycaH 5110100-maTemaTuKa YKUTULL
METOAMKAcK TabiUM WyHaNUWWHWHI anrebpa
Ba COHMap Hasapusacu aHuga ypraHvnagu
xamga mMaTemMaTVk  aHanui  (aHanuTuk
dyHkuManap) dannapuga dorganaHunagu.
By TakpopnaHaguraH MasmyHHM —pactnab
MakTabga Ba, KeWuH4anuk, onvn Tabhiumaa
YKUTULL MeTOAMKacu KaHgaw Oynuwm nosum,
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By MyammOHM eunw yy4yH MakTab,
nauyevHn  eutmpnb6, OTM  ra  kupraH
TanabanapHUHr KOMMNMEKC CoHnap Oyihnya
KonauKk  Ounumnapu  kaHgal,  Maktabga
HMManapra abTubop bepuil kepak, anrebpa Ba
COHNap  Hasapusicn  aHuga  KOMMJeKe
COHNnapra ouvg MasmyHHu Tanaba kangawm
Japaxaga ypraHuiwm, ysnawTupuwn kKepak,
AeraH caponnapra asob wu3naw kepak. by
caBonnapra xaBo® 6Gepuw y4yyH MakTab
MaTemMaTuka Kypcuaa KOMMMEeKC COHnapra oug
Hasapun MaTtepwannap Ba MacananapHu
Taxnun Knnuw xamga mMaTemartumka
nyHanuwwura ykuwra KupraH 1-kypc
TanabanapvgaH Wy Tungarn Macananapgad
Ty3unraH Hasopat NLLIMHK yTKasuL,
HaTXanapHu Taxnun Kynuw no3nMm.
WyHuHroek, 5110100-matematvka  yKuTMLW
METOAMKACK TablMM WYHaNUWWHWHI anrebpa
Ba COHMap Hasapusdcu, maTemaTuk aHanua

daHnapuaa YKUTULL KOHTEKCTNapuHm
aHMKNaLLTUPULL opkanmu TanabanapHuHr
KOMMMeKC CoHnapra owua MartepuannapHu
y3nawTupvw gapaxanapuHu  aHuKnawTupuLL
MYXMM.

Komnnekc coHnap Oynnya YKYB
aNleMeHTNapvHM  y3nawtupuw gapaxacu (o)
Ba VYKyB 9nemeHTnapuvHm 6aéH  kunuw
abcTtpakuma nofoHanapuHu () Tascudnaw

Makcagnga pactnab ykyB apgabuéTtnapu Ba
AACTypIlapHUHI Ha3apu Taxnunun Ba Taxpuba
cvHOoB uwnapu onnb 6opunan. Kyivaa ynapHu
0aéH Kunamms.

A)  Komnnekc
aapcnurnga [2] 6aénu

MakTtab gapcnmruHuHr 4-606m “Komnnekc
coHnap” oeb HomnaHraH.

86-87-gapcnap “Komnnekc coHnap Ba
ynap yctuga amannap. Komnnekc COHHu
TacBuMpnaw”  maB3ycuM kapanraH. byHaa
KoMMnekc coHnap oynnua Kynmnaaru
TywyHyanap ©OepunraH: maBxym Oupnuk, i
6enrvnaw, i’=-1, a+ib-anrebpavk Lwakngaru
KOMMIIEKC COH (KOMMMEKC COH), z=a+ib-
6enrvmnaw, Re(z)=a- xakukun kucmu, Im(z)=b-
MaBxym kucmu, 6Genrmnaw C — KOMMMEKc
COHNap Tynnamu, y3apo TEHr KOMMSIEKC COHNap

COHNMapHUHIr MakTab

MATEMATVIKA

HYKT@ MOC KYWMULU;, XaKUKUMA YK, MaBXyM VK,
KOMIMIIEKC COHHM BEKTOp Kabu TacBupnaly,

KOMMIIEKC COHNapHu KYLUMLLIHUHT
napannenerpamMmm Komgacu.
Ly MaB3yna Kynugarm Tmnaarm

Macananap KapanraH: KOMMSEKC COHMapHUHI
XaKNKMI Ba MaBXyM KUCMUHW aUTUHT; KOMMEKC
CoHMapHun anrebpavik KypuHuwga €3vHr; TeHr
KOMMNIIEKC COHMNapHW KypCaTWHI; Z CcoHura
Kywma OynraH I COHHM TOMWHI; WUFUHOWHK
TOMWHI; alMpMaHu TOMUHS; KYNanTMaHW TOMWUHT,;

OYNMHMaHM  TOMWHI;  KOMMMIEKC  COHNapHu
TEeKUCNUKAa TacBUPIaHT.
88-gapcoa TPUrOHOMETPUK Ba

KYpcaTKUunM KypuHuLaarn KOMMEKC COoHMap
xaknga Mabnymotnap ©OepunraH, XycycaH,
KOMMSIEKC COHHUHI MOAYMW, KOMMMAEKC COHHUHT
aprymMeHTu; KOMMMAEKC COHHWHI TPUrOHOMETPUK
Ba  KypcaTkuunu  waknnapura  Tabpudp;
TPUrOHOMETPUK KYypUHULLIAAH anre6pavk
KYPUHMLLIIa yTKa3nLL.

Kynnpgarn tungarm mucon Ba macananap

TaKJ'II/Id) KUINNHIaH: KOMMJ1eKC COHHUHI
MOAYyINHU TOMWHT, KOMMJ1EKC COHHWHI
APryMmeHTHMN  TOMWHT, KOMMJ1IEKC  COHHU

TPUrOHOMETPUK Ba KypCaTKMYNM KypuHULWAA
€3UHTr.

89-90-papcnap TPUroOHOMETPUK LIaKnga
OepunraH KOMMIIEKC COHITapHUHI KynahTMacu
Ba OynuMHMacuHM ypraHuwra 6GaFuwnaHraH.

ByHoa TpuroHomeTpuk waknga GepunraH
KOMMIeKc COHNapHWHT KynanTmpuLL
dopmynacu ncbortems OepunraH;

TPUrOHOMETPUK Waknga 6epunraH Komnnekc
COHMapHWHI  6ynuw copmynacn ©GepunraH,
ncboTnaHmaraH; KOMMIeKkc COHMNapHW HaTtypan
Dapaxara kytapuw, Myasp dopmynacu
ncbotcus G6epunrad. Kynmgarm tungarn Mmcon
Ba Macananap kKapanraH: KOMMMeKC COHNapHu
KYNaNTUPWUHT; KOMMJSIEKC COHMApHW  OYnuHr;
KOMMMEKC COHMapHW [Japaxara KyTapuHr;
amannapHu 6axxapuHr.

91-papc KoMMnekc CoHnapaaH ksagpat
unau3 Ynkapuwra G6aruwnadran 6ynmd, byHaa
TPUTOHOMETPUK KypuHuLwaarm KOMMrekc
COHOAH KBagpaT unaus uvvkapuw dopmynacu
ncbotn 6GunaH OGepunraH. Ky6 Ba TypTuHYM

Tabpudu, V3apo KyllMa KOMMMEKC CoHnap MAapaxanu wungus  uukapuw  dhopmynanapu
Tabpudy, GenrMnaHnLIM, KOMMnekc coHnap McboTteus  Gepunrad.  Komnnekc — coHaad
ycTMga amannap (acocnaHmaraH), kapama- — KBaapart unau3 4ukapuilira oua mMacananap
KapLn KOMMSeKC CcoHMnap, Vy3apo Teckapu GepunraH.

KOMMEeKC coHnap. Komnnekc COHHU 4-606ra povp Mawknapga 8 Ttungarm,
TeKUCNMKOA Taceupnaw 6yivya Kywuparm kamu 55 Ta  Mawk GepunraH.  YnapHuHr
TywyH4yanap éputunrad: z=a+ib cowra (a,b) 0OapyacmgaH  YKyBUMMAPHWUHT  MaTeMatuk
| s 2020/N3 |
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dhaonuATUHU
donganaHl MyMKUH.
B) 5110100-maTtematmka YKUTULL
MeToaMKacu Tabnum WyHanuwnHuHr Anrebpa
Ba COHNap Hasapuscu aHn ykyB daH
pactypunmHr — [5]  4-mogynm  Anrebpavk
cuctemanap, Aebd HomnaHumd, yHuHr 11-maB3y
(Komnnekc connap mangoHu. Komnnekc coH
Kylimacu Ba Moaynu)ga MangoHHUHT KOMMeKe
KeHramtmacu; KOMMMEeKC COHMap MangoHu;
y3apo KyLiMa KOMMMEKC COHMap Ba YMapHUHK

TawknnawTnpuwiga

Xoccanapu; KoOMMnekc COHHMHI Moaynn Ba
YHUHI Xoccanapwu; KOMMNJieKkc COHHUHTI
reoMmeTpuk TacBupu; KOMMNJekKc COHHUHI

TpUroHOMeTpuK Wwaknu; Myasp dopmynanapm;
OVIPHMHI N — gapaxanu wunguanapu; UXTUMEPUN
KOMMnekc COHHWHT n —  Japaxanu
UNAN3NapVHU ypraHuw pexxanawtTupunrad. 12-
maB3yga (KoMnnekc COHHWHI TPUTOHOMETPUK
waknu. Komnnekc coHgaH wungus 4vkapuil)
KOMMMEKC COHMap akCMOMaTUK Ha3apUSICUHUHT
GownaHFMd  TyllyH4a  Ba  TepMUHNApW;
KOMMMEKC COHMap akCMOMaTUK Ha3apUSICUHUHT
akcuomanapu; MUHUMAnNIMK akcuomacy;
KOMMNMEeKC COoHMNap XoccanapuvHu  ypraHui
pexanawTupunraH.

C) 5110100-maTtematuka YKUTULL
MeToAnKacu TabliuM NYHaNULWWHUHT
MaTtemMaTuK aHanus YykyB aH [AacTypUHUHT
[10]16-monynu “AHanuTnK dyHKUMANap
Hasapuscn” ne6 Homnanub, yHuHr “Komnnekc
TekKucnuk®  Mas3ycmaa KOMMMEeKC coHnap
Tynnamu Ba Esknug TEKUCTTUTNHUHT
N3oMopdnNUrK, KOMMNIeKC Tekncnukaa Ynsuk Ba

coxa TyLyHYanapuHu ypraHuL
pexanawTupunraH.
Anrebpa Ba CcOHnap  Hasapwsicy,

MaTeMaTuk aHaliM3HUHI HKopuaa KOMMJ1EKC

TEKUCIIUTKN, YHUHI TONOJIOTNK XYCyCUATIApWH,
yHOarn ya3riykCus HYMU3UK, COxa TyllyHYarnapuHu

KAPUTULL, KENNHYanmK wy KOMIMJ1EKC
TEKUCNUKOAA  aHWUKIaHraH (*)yHKLl,I/IFIJ'Iap Ba
ynapHUHr  Xoccanapu, KOMIJIEKC aHanm3

meToanapwu ypraHunagu. LWyHn xam anTtuw
Kepakku, KOMMNMeKC CoOHMnap yctuaaru amannap
Ba KOMMMEKC TEeKUCnuKOaarn akcnaHtupuwinap
BGunaH anokacu xam ypraHunagu.

PaBLuaHkun, KoMnnekc coHnap MangaoHnHU
ypraHviw MamngoH TyllyHyacura xamga maktab
mMaTemMaTuka Kypcuaa YpraHunraH KOMMeKkc
CoHnapra oua OGunumnapra acocnaHuu,
KOMMMEeKC COoHnap Tynnamu XxoccanapuHu
(amannapra HucbaTtaH énNnKNUrm, KOMNEKC COH
MoOynM  Ba  apryMEHTUMHUHI  Xoccarnapw)
ypraHuw maktab maTemaTvka Kypcuaa xamga
anrebpa Ba coHnap Hasapuscuga ypraHunraH
Bunmumnapra acocrnaHun Kepak.

) Taxpuba-cmHoB wwm 2019  hun
okT6pb onmaa ®aproHa gaenaTt yHMBEPCUTETU
‘“mMaTtematvka” TabMM WyHanuwura ykywra
kupraH 1-kypc TanabanapugaH (89 Hadap
Tanaba) maktab MmartemaTukacuga KOMMSekc

COHMapra  gouvp  acocui  macananapHu
y3nawTUpULLNHW, Konauk GunuMmnapuvHn
TekwmpuLL Makcaguaa Hasopart nwm
yTkasungn. Kynnga BapuaHT HaMyHacuHU
KenTupamuma.

Ne1. TeHr Komnrekc COHNapHu

kypcatuur: 1) 2—4i; 2) 2+3i; 3) EH; 4)
3

JI21-7i;  5) 33+44i; 6) /8 +3/27i; Ne2.
Z COHMra kywma 6ynraH Z COHWHW TOMWHT:
z=5-3i; Ne3. WuruHanmun Tommur: 1)

(=5+3)+(2-i0);
(3+4i)— (4+ 2i);

Ne4. AvpmMaHU TOMUHT:
Ne5. KynanTmaHu TOMWHT:

COHNnapra owa  MaB3ynapuvHu  yKATULWIAA

cdonpananunagurad  ykys  apgabuétnapum  (4+6i)-(3+4i); Ne6. BynuHMaHu TOMUHr:

TaxuUnun WYyHW KypcaTazmkn, KOMNIEKC COHMap 24 9; .

mMakTab mMaTemaTuka Kypcuaa COH T 5 Ne7.  Amannaphu  GaxapuHr:

TYWYHYACUHUHI  KEHramtMpuw  mMabHocuaa . .

)V/KVITVIJ'IVILLIVIHVI ynap yctnaga amannapra w Ne8. Komnnekc COHHM

(xncobnawnapra) ypry 6epunuwunHu, anrebpa 2+1i

Ba COHMap Hasapusicuaa MalaoH HykTau  Tekucnvkga Tacsupnadr  z=3+4i. Ne9.

HasapAaH ypraHuwmn xamaa KOMMnekc coHnap  KoMnnekc - COHHUHI  MOAYMUHW  TOMUHT:

MaioHM - ycTuaa  KyMxaAnapHu - ypraWuw, o _ 1, f3;. Ne10.KoMnnekc  COHHWHT

Kenrycuaa  KOMMAEKC  COHMap  MangoHu

yctvaary anrebpavik cucTemanapHu TafkuK  apryMEHTUHW  TOTVHT: z=£+li; Ne11.

3TUL YYYH ypraHunagu. 2 2
MaTtematvk aHanu3 kypcuaa komnnekc — Komnnekc COHHM TPUTOHOMETPUK Ba

COHIAPHM COHNMW cucTema cudaTtnaa, YHUHr  KypcaTKu4mnm KypuHuLwaa €3WHr:

reoMeTpuk  TalnkuHW,  KOMMJIEKC  COHnap
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Z:\/E—\/Ei; Ne 12. Komnnekc
\/g il sin%) Ba

COHMapHM

KyNanTupuHr: 7 — — (cos=+i-

MATEMATVIKA

baxapuHr  5(c0s100° +isin100"):(§+%i] ?

Ne18. [lapaxara KyTapuwHr (L+Lijw;
3B

1 4 V4
z. =—-(coOS—+17-sin—) > Ne13. Komnnekc
2 ( 6 6) Ne19. KeagpaT ungmsuHu xucobnadr /—27i ;
CoHnapHi OYIMHI: No20. Ky6 wnamauen xucobnamr Y1+i ;
T . .
Z) = \/E '(COS§+Z-Sln§) HU  Ne21. 4-pnapaxanu unaus YnKapuHr (‘/E
HatwmxanapHu Kynuaaru »xaaeanga
- :2.(0051”-,5111&) ra; Ne14. Komnnekc 6epamua: 6yH,££a OvpuHYM caTpga macana
2 12 12 HOMeprapw, KeMuHrn catpnapga maktab (M),
COHHM napaxara KyTapuHr:  aKkademuk  nvuen (AI), kacb-xyHap
P . T konnexnapu (KXK)Hn 6utmnpunb, ykuwra kmpraH
(3-(cos—+i-sin—))’; Ne15.  Komnnekc  ranaGanapvuHr GepunraH macanaHu TyFpu
15 15 vwnaradnapu dounsga KypcaTunraH.
coHAaH KBagpat nnamns HVKaPWHT.  |llywuHroek, 2019 wunga  GUTUPraHnapHUHT
z= 25(cosZ +i-sin £); Ne16.  Anrebpamk Harwkanapu Xam anoxuna catpAa
3 3 kypcatungn. KaBc wumpga Tanabanap CoHu
. ) -3 2 . KEeNTUPWIraH:
KYPUHMLLIOA E3UHT: Zz(__lj -Ne17. Bynuiinu
3i
Ne 1 2 3 4 5 6 7 8 9 10
AJl (20) 70 50 75 80 85 60 50 45 50 5,0
M (26) 73,1 1539|923 |923|846 | 654 | 57,7 46,2 61,5 | 7,7
KXK (43) 721|465 | 93 | 954|814 | 62,8 | 4838 48,8 37,2 7
2019 (M 26) 73,1 1539|923 |923|846 | 654 | 57,7 46,2 615 | 7,7
2019
(KXK 27) 66,7 | 55,6 | 92,6 | 92,6 | 77,8 | 59,3 | 51,9 48,2 33,3 3,7
(f\%%) 684 | 52,6 | 737 | 79 | 842 | 632 | 526 | 47,4 | 526 | 53
2019 (72) 69,4 | 54,2 | 875 | 88,9 | 819 | 625 | 54,2 47,2 48,6 5,6
XKamm (89) 71,9 | 89 91 91 83 | 62,9 | 517 47,2 47,2 6,7
[aBoOMM
Ne 11 12 13 14 15 16 17 18 19 | 20 | 21
AL (20) 25 25 40 40 50 |1501] 10,0 50 | 50| 0,0 | 0,0
M (26) 269 | 385 | 346 | 423 | 154 | 346 | 39 346 | 7,7 | 3,9 | 0,0
KHK (43) 9,3 279 | 256 | 279 | 93 |233] 0,0 7 47 7 0,0
2019 (M26) 269 | 385 | 346 | 423 | 154 | 346 | 39 [ 346 | 7,7 | 3,9 | 0,0
2019
(KXK 27) 7.4 259 (222|259 | 74 | 296| 00 | 74 | 74 | 3,7 | 0,0
(/5311%) 26,3 | 26,3 | 421 | 421 | 54 | 105|105 | 53 | 53| 00| 0
2019 (72) 194 | 30,6 | 31,9 | 36,1 97 | 264 | 42 | 16,7 | 6,9 | 2,8 0
XKamu (89) 18 30,3 | 31,5 35 10,1 25 3 146 | 56 | 4,5 0
HatwkanapgaH KYpuHaguku, akcapusT — TacBupw, TPUrOHOMETPUK LKW,

Tanabanap 3, 4,
eyuLUraH. 1, 2, 6,

5-macananapHu  TYFpu
7-MacananapHu

TPUFOHOMETPUK LUAKNgarn KOMMMEKC COHnap
ycTuaa amannap 6axapuvw 6unaH 60FnuK.

TanabanapHuHr 50% p[aH opTuUFM TyFpu xan LyH® xaMm  TabKkugnaw Kepakku,
3TraH. AMMO KONnraH MacananapHu akcapusit  HaTwkanap TanabanapHuHr MakTabHu Eku
Tanabanap Tyfpy wvwnam onmaraH. by akageMuk nvuerHu  TamomnaraHnuknapura
mMacananap KOMMMEKC COHHUHI TeoMeTpuK  aesdpnu 6oFNuK amac.

I o 2020/Ne3




Anux Ba Tabmwi panaap

MATEMATHKA
Anrebpa Ba COHMap Ha3apUSICUHW,
aHanMUTUK  (PYHKUMANAPHU  YpraHuw  y4YyH

KOMMMEKC COHMapHMHI TEOMETPUK TankuHW,
TPUrOHOMETPUK, KYpCaTKUUNKU LWaknnapwu, ynap
ycTuaa amannap Oaxapuuu, ynapaaH
donganaHnwHn 6unuw Myxum. [Oemak, Oy
MaB3ynapHu Nyxta y3nawTtupuwHu Maktabaa,
niuenga TabMUHNAaLL €Kun ynapHu
GakanaBpuat pfaspuaga OGatadcun ypraHuw
No3nM.

HacTtypnapHw, YKyB agabuétnap
[1,3,12] Taxnunu WwyHn KypcaTagukn, KOMNNexkc
COHMap MaB3ycugarn YKyB 3NeMeHTapHUHI
akcapusaT  KMCMM  TakpopnaHagn.  Ammo,
toKopuaa anTraHMMm3gek, anHaH TakpopsiaHuL

NYK, YypraHuw KOHTEKCTM xap xun. Anrebpa Ba

COHMap Hasapusicuga KOMMEeKC  COoHnap
TYNNaMUHUHT ManaoH cudpatugarm xoccanapu
ypranunagu.  YnapHm  6GaéH  KUMULWHWHT
abcTpakumss papaxacu optagun. Komnnekc

coHnap 6unaH 60fNuK TylwyH4Yanap CoHm opTnG
6opagu. Wy xonHn matemaTtuk aHanua Kypcuaa
XaM Ky3aTuULL MYMKW/H.

MakTab maTtemaTuka Kypcmuaa KOMNieKkc
CoHnapra oug YKyB SMNeMeHTNapuHu
y3nawtupuw  gapaxacu (o) Ba  YKyB
aneMeHTnapuHn 6aéH KUnuwHMHr abcTpakums
nofoHanapuvHn (B) kynmgarumda Tascudpnaguk
(1-xapBan)

1-xagBan
«Komnnekc coHnap» maB3ycu bynnya yKkyB anemMeHTnapu
Ne YHuBepcuter
(MaTemaTuka yKuTuLl
YKyB anemeHTnapu YMyMTabnum maktadu MeToAauKacu
6akanaBpuaTt TabNuMm
WyHanum)
O o | PBe Bo 06 Olo Bs Bo
1 | Anrebpamvk wWwakngarm Komnnekc 0 1 0 1 1 3 1 2
COH
2 | Y3apo TEeHr KOMMMeKC CoHNap 0 2 0 1 2 3 1 2
3 | Y3apo KyLwma KOMMeKc CoHnap 0 2 0 1 2 3 1 2
4 | Komnnekc coHnap yctuga amannap 0 1 0 1 1 3 1 2
5 | Kapama-kapLim KOMNeKc cCoHnap 0 2 0 1 2 3 1 2
6 | Y3apo Teckapv KOMNIeKc coHnap 0 2 0 1 2 3 1 2
7 | Komnnekc COHHU Tekucnukaa 0 1 0 1 1 3 1 2
Tacsvpnaw
8 | Xakukum yKk, MaBxym YK 0 1 0 1 1 3 1 2
9 | Komnnekc CcoHHM BekTop Kabwu 0 0 1 2 1 2
TacsMpnaw
10 | Komnnekc COHNapHM KYLWWLLIHWHL 0 1 0 1 1 2 1 2
napannenerpamm kougacu
11 | TpuroHomeTpuk KypuHULWgarm 0 1 0 1 1 2 1 2
KOMMIeKCc coHnap
12 | KypcaTtkuunm KypUHULwgarm 0 1 0 1 1 2 1 2
KOMMeKC coHnap
13 | KomMnnekc COHHMHI MOy 0 1 0 1 1 2 1 2
14 | KoMnnekc COHHMHI apryMeHTm 0 1 0 1 1 2 1 2
15 | TpuroHomeTpuk KYpUHULLAAH 0 1 0 1 1 3 1 2
anrebpauvk KypuHULLra YTKasuLl
16 | TpuroHomeTpuk Wwaknga Gepunrax 0 1 0 1 1 3 1 3
KOMMMEKC COHSTapHUHI KynanTMmacu
Ba 6ynMHmacu
17 | MyaBp dopmynacu 0 1 0 1 1 3 1 3
18 | Komnnekc coHnapgaH kesagpar 0 1 0 1 1 3 1 3
nUNamn3 YnMkKapuLl
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MATEMATHKA

WyHoan  kunmb, KOMMMEKC COHNap  MaTeMaTtvka YKUTyBYMIapu KOMIMJEKC COHMap
MaB3ycuaa TakpopfiaHaguraH YKYB  MaB3yCUHW YKUTULL MEeTOAMKACWHW TaHnawiga
aneMeHTnapvHM MakTabaa kaHgam gapaxaga  downganaHuwnapu MYMKUH. 5110100-

y3nawTmpuL NO3UMIUIK, YKYB SNeMEHTNapuHn  MaTeMaTtuka YKTUW MeToamkacu Gakanaspuar
GaéH KANMUWHKUHT  abCTpakTNUK  fapaxacu TabiuMm WyHanuwuaa anrebpa Ba CcoHnap

aHMKNALITUPUIAN. Ywoby OfIMHraH Hasapuscn  xamga  MaTemMaTuk  aHanus
HaTuxanapaaH mMakTab ykuTyBUMnapu  daHnapvaa KOMMrekc  coHnapra  ova
yKyBUMnapHuHr “Komnnekc connap” maB3ycM  MabiyMoTNiapHu y3apo anokagopnukga
6ynuua yKyBYMnap OUNUMWUHK,  YKUTULL  MeTOAMKACUHM  TakoOMWMnawTupuL,
KOMNeTeHumsnapuHm TeKWwupuwaa  KOMMSEKC CoHnapra owg Mas3ynapHu Kacbra

donganaHagurad HasopaT uwnapvHi vwnab  nyHantupub ykutuw 6ynnya  TaakuKoTNapHM
yukMwAaa, ONuMM  TabfiMM  Myaccacanapwga — 4aBOM 3TTUPULL MYXUM.
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