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74 TALAB, TAKLIF VA TAHLIL

AJ-KAPOXKUMHUHT UUFUHIUJIAPHU XUCOBJIAII
YCVJIA BA YHJIAH TABJIUM KAPAEHUJIA
DO JTAJTAHUIL

b. H. Anumos, Yupuux {11V “Bownaneuu mavium
Memooukacu” Kageopacu YKumyeuucu.

Ywby maxonaoa ypma acprapoa awab usxcoo smean mamemamux
onum An-Kapooicuiinune ycymuoa Hamypai COHAAp Kamopu UuUuHOU-
CUHU Xucobnaws ycynu xamoa 0y ycyiHuHe bowka ycyuiap ouiam co-
JUUIMUPMA MAXTUTU KeNMUPUTSAH.

Kanum cyznap: viuzunou, camp, ycmyH, SHOMOH, mypu mypmoyp-
yax, keadpam, 0oHa, bunom gopmynacu, yubypuax conaap, Iaycc ycy-
JU, MAmeMamux UHOYKYus Memoou.

B oannou cmamve npeocmaenien memoo BbIYUCTIEHUS CYMMbl
paoa HamypaibHelx yucen no memooy Anv-Kapaodoicu, mamemamuxa,
acusweco  u  pabomasueco 6 Cpeonue eexa. Ilpeocmasnen
CPABHUMENbHBI AHAIU3 IMO20 MEMOOAd ¢ OPYeUMU MEeMOoOaMU.

Knrwoueewvie cnosa: cymma, cmpoxa, cmonbey, 2HOMOH, HPAMO-
VeONbHUK, K8aopam, eOuHuyd, OUHOMUAIbHAS Popmyaad, mpey2oibHble
yucaa, memoo I aycca, memoo mamemamuyeckol UHOYKYUU.

This article presents a method for calculating the sum of a series of
natural numbers according to the method of Al-Karaji, a mathematician
who lived and worked in the Middle Ages. A comparative analysis of
this method with other methods is presented.

Key words: sum, row, column, gnomon, rectangle, square, unity,
binomial formula, triangular numbers, Gauss method, mathematical
induction method.

1)

Tapuxuil-uaMuii  MabIyMOTJIAPHM  MareMaTUKaHW  YKUTHILI
xKapa€Hura skan0d KWJIMII FOSICM METOAMKAa WIMMIA SHTMIIMK 3Mac.
bynnaii mMabiayMoTiapHuM MakTald Japciukiapd Ma3sMyHUJaru VKyB
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b. H. Anumos. An-Kapooicutinune tiugunounapru Xucobraus ycyiu 6a YHOaH mavium 75
Jlcapaénuda goudananui

MaTepuassiapura J1eMeHT cudaThIa KHPUTHUII XaKUIarkd Macaia KIeiH
pedopMmacu naBpunaék Myxokama KHJIUHTaH. ByryHTH KyH/1a TapuXHii-
WIMHI MabllyMOT/Iap HadakaT yMyMTabJIUM MakTabnapu YKyBUMIapu
Ba onuil YKyB opmiapu Tajalanapu y4yH MaTeMaTHKagaH YKyB
KyJlaHManapaa KeITHPUIMOK/IA, OalKU YKYBUM Ba YKUTYBUMJIAPHUHT
¥y3apo Oornanran ¢aonusTIapuaa MaTeMaThKa YKUTHII Ma3MyHUHU
KEHTaUTUPUIIIHU aHUKJIOBYM AacOCHl BOCHTa, SbHU MaTeMaTHKa
VKUTUIIHUHT Maxcyc MeToau cudartuaa KeHr ¢oiijanaHuIMOoKaa.
Kymmnaua, Oy METOTHU METOUK aabueTiiapaa eceHemux EKu mapuxuti-
2enemux Meton ned arammokaa [1. 105-6.].

An-Kapoxuit “An-®axpuii” ned Ttanwiran “Anrebpa Ba ai-
MykoOana” Homiu kutoOuHu 1010 ¥wummapna &€3ran 6ynub, yHna
XycycaH, apu(MeTUK Mporpeccus WUFUHINUCH, KETMAa-KeT COHJap
KBaJpaTyiapy Ba KyOJapu WUFUHANCUHU TOTMHII YCYJJIAPUHHU Oepajiu.
Kerma-ker connmap kyOnapu HUFUHIANCH y4yH (QOpMYyNaHU KeITUPHO
YUKAPUII KOUJACUHU Ba MCOOTIAIIHUHT T€OMETPUK YCYJIUHU Oepras.
JlexuH KeTMa-KeT COHJIap KBaApaTiapu HHFUHIUCH YUyH (OpMYyTaHUHT
TYFPUIUTUHYU UCOOTIal OJIMaraHMHU MabJIyM Kuitaau [2].

buz xyihuga typnu MuruHaunapau xucoOnamna An-Kapoxuit
YCYJIMHU KENTUpUO, yHH OomKa ycymwiapaad ad3auTiKIapuHu
KYpcaTHIlra xapakar KUIiaMus3.

n
1,
1-mucom. 1+2+3+...+n= Zk = Sn WUFUHIMHN XUCOOJIAHT.
k=l

1-ycyn. An-Kapoxuii ycyau. by iurunnuan xucobmnamna 0yiin
Ba SHU N Ta YCTYH Ba carpiaH ubopar N XA ymuamuu (l-pacm.)
KBaJparHu onamu3. TymryHapiuku, y 72-1 = n~ moHa 1x1 ymaammm
KBaJpaTyanap/iaH uoopar.
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76 TALAB, TAKLIF VA TAHLIL

111

n

1-pacm. 2-pacm.

An-Kapoxuii Oy kBaaparaa 2-pacMaa KypcaTwiIraHugek 3Hu 1 ra
TeHr GYNIraH THOMOH KypraH. Yjldammapura Kypa, THOMOHHHHT FO3H
Kyhugarura Tenr oynamm: n+n—1=2n-1.

JlemMax, THOMOHHUHT 1034 21 —1 ra tenr skan. Keliun y 2-pacmua
KypcaTuiranuaek, HU | ra TeHr OYynraH HaBOaTJard THOMOHHU
Kyprad. YHUHT FO3M IOKOpHJArura yxmari KyWujaarura TeHr Oyianu
(n—-1D)+(n-1)-1=2(n-1)—1. Bynnan ynunr o3u 2(n—1)—1 ra
TEHTJIUTUHU OJIaMH3.

Hly ycynaa naBoM 3TuO, Ba HUXOAT Y TOMOHHU 1 ra TeHr Oynrax
KBaJIpaTHU ojdraH. Y xonja OonutaHrud OepuiraH Ksajapar Oapua

THOMOHJIAp I03aJapy Ba TOMOHM | ra TeHr Gynra ksaapar 1o3u 1° y
¥3 maBbaruma 1 ra tenr: 2n—1,2(n—1)—1,...,2-1-1=1. Ulynnaii
k6, 2n+2(n—)+..+2-1-n=n>, 2(0+2+..4+n)—n=n",

1+2+...+nzm.

Hemak,

n(n+1)

14243+, 4n=Y k=S, = (1)

k=1
akaH [3. 123-6erT].
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b. H. Anumos. An-Kapooicutinune tiugunourapHu Xucooiaul ycyiu 8a YHOAH Mavium 77
orcapaénuda govdanranum

2-ycyn.  YuOypyakaum conuap ycyau. Kanumuii  rpek
MaTeMaTUKJIApUHU KBajapariap OwiaH Oupra TOFOHaIu TYFpU
yuOypyakJaru Karakyajapu MUKJIOpUra TeHI Oyiran Tn yuOypUaKin

connap xam Kusukrtuprad. Kyihunna (3-pacm) y4uOypyakid COHHHHT
yMmMyMuil Kkypunumu Ba (4-pacMm) Oup Hewya ydOypuakiid COHJap
TaCBUPJIAHTaH.

I,=6

3

4-pacm.

Ky#tugaru 5-pacMHu Kapaiiuk, yHaa Oup TOMOHM 1 Ba UKKUHYU
tomonu 7 +1 Gyaran nx(n +1) ymuamnu TYFpU  TYpTOypUak,
UKKATA T =142 43+ ...+ YUOypUaKIU COHJIApra a)XpaTHJTaH.

n

By umsmanan 27 =n (n + 1) Ba Oy TEHTIIUKIAH

n(n+1)

T =14+243+..+n= dbopmynanu onamus. /lemax,

T =142+3+.+n=Y k=S, _nntD)

()
= 2
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78 TALAB, TAKLIF VA TAHLIL

[ynmaii kumubd, 6u3 rokopugaru 1-MucoHN y4OypUakiv COHIap
yCyiu OUJiaH ey4/IuK.

S-pacm.

3-ycyn. bunom ¢opmynacuaan ¢oiigananum ycyau. bus
xo3upaa HeroroH OnHOMHU (opMyrack HOMH OWJIAaH MabliyM OYiraH

Kuckaya Kymaiitupum  popmynacu (k+1)° =k*+2-k-1+1° nan
¢oiinananuo, k wumr ypuura 1,2,...,n napHu KeTMa-KeT Kyuuo,
KyHuaard TeHIIIMKIIapra ara 0yiamms3:

22 =17+2-1-1+1°,

3 =2+2-2-1+1°,
4 =3"+2.3-1+1%,
(n+1)Y =n’+2-n-1+1°,

By TeHrmumkiapHuHT Oap4acuHM KymnO, KyWuaard TEHIIMKIapra
ara 0ynamus:
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b. H. Anumos. An-Kapooswcuiinune uueunourapHu Xucooiaut yCyiu 6a YHOAH mavium 79
srcapaénuda gotioananuu

24344+ +(n+1) =P 2243 40t +2- (14 244+ n)+n,
(n+1)*=1"=2-8' +n.

Y6y termmkman (n+1)> =n* +2-n+1 skammrura 35THEOD

KuJcak, 1-Mucoaru MMFUHAN y9yH Kydnaara udonanu onamus

. . n(n+l)
142434..+n=Y k=5, == 3)

k=1

4-ycya. I'aycce yeyan. byHUHT y4uyH Kyinaariuya uil TyTaMu3, S’bHU
M3JIaHAE€TraH WWFUHIMHU WKKWATa KYNMaWTHpaMHU3 Ba YHU KyWHaaru
KypHUHMIIIA €3aMU3:

2(14243+.4+n)=(142+3+...4+n)+(1+2+3+...+n) =

(1+n)+(2+(n=1))+(3+(n=2))+..+((n—2)+3)+((n—-1)+2) +(n+1) =

=(n+1)+(n+1)+ (n+1)+ A(n+1)=n(n+1).

DHau xocui Oyiran 2(1 +24+3+...+ n) =n (n + 1) TEHIITUK/IaH
n3J1aHaéTral WMFMHIMHU TOITAMK3 Ba KyHuIard uogaHu OJaMus3:

1+2+3+...+n:n(n+1).

“4)

5-ycya. MaremaTuk HHAYKIMSA MeTOAU. 1-MHCOIHU

n(n+1 .
1+2+43+...+n= ( ) (opMynanu ucOOTIALT KYPUHHUIIKIA
2
€3amus.
3HI[I/I 6yHra MareMaTHuK UHAYKOUSA MCETOOIUHHN KS"J'IJ'I&IHI/IMI/I?) MYMKHH.
1-(1+1)

Ilynpait kuam6: a) n =1 na =1 Tenmk Tyrpu; 6) n =k na

:@; FIZIKA, MATEMATIKA va INFORMATIKA 2022/6




80 TALAB, TAKLIF VA TAHLIL

1+2+3+...+k=@

®opmynanu TYFpu 1e6 dapas kuub, yau n=k+1 na Tyrpu
IKAHJIUTUHU KSNTHPUO YMKapaMu3. XaKUKaT/AaH XaM

k(k+1)+ :k(k+1)+2(k+1):(k+1)(k+2)
2

(k+1) : )

TEHDJIMKHY oJlaMu3. by 3ca ucOoTinammMus kepak OyiraH KOpuIaru
Gopmynanuar wan TomoHMHM n =k+1 marm ndomacu. [lemax,
dbopmyna uxtuépuit 1 napaa TYFpuU dKaH.

Onau GaéH KWIMHTAH YCY/UIAapHUHT  a3aJUIMKIApUHU  Ba
KaMYMJIMKJIApUHU KYpuo ynKaitnuk. 1 Ba 2 yeyauiap 6epuiirad HUFUHAN
y4yH (OpMYJIaHU KeITHPUO YMKApUII Ba MCOOTIALIHUHI T€OMETPHUK
ycynu OynmO, Kypra3malid Ba XyCyCHMW XoJUlapia yHH JKylda KEHT
ayIUTOpUAra TYIIYHTUPUII MYMKHUH Ba KyJai. bomikaya duruHaumap
yuyH (opMmyna KelnTUpuO YMKapHIl Ba MCOOTIAIl MMKOHUATH KaTTa
Oynumm 6unan Oup Karopaa, Oy yCyqHU amalra OMIMPUIT KHHHH.

3-ycya Oepuirad MUFMHIU YYyH (OpMYNIaHU KEJITUPUO YHMKAPHIL
Ba MCOOTIIANIHUHT anrebpank ycynu. By yCymHUHT KymalauK TOMOHU
yHH OOIIKa WUFWHAWJIApHU, alHUKCA, HATypasl COHJApHUHT OyTyH
napaxkanapu WHFUHAWIApU YYyH (OpMYJIaHU KeJITUPUO YMKApuIl Ba
ncOOTIANTra yMyMJIAIITHPUII UMKOHUATH KaTTa.

4-ycyn ymynamrupumra wmouwi. IllyHra kapamacmaH, Oy
YCYJAHM Japakajdd COHJap HUFUHAMCH KYpUHUIIMIArd udopazapra
KYJIJTAIIHUHT UMKOHUATH HUXOAT/A KaM.

S-yCyaHUHT KaMUYWINTH IIyHJAH UOOpaTKH, arap OWs3ra WHFHHIH
yayH (opmyna OepuiraH Oynmaca, YHU KYJUIAIIHUHT UMKOHH HYK
XUCcOOM €KUM WHTYWUTUB paBulla OuUpoOp XakKukarra SIKMH (opmyna
OJIMHAJM Ba Oy yCyJIHM KYJJIallra xapakar KWin0 Kypuiiaau.

14243 +..+k+(k+1)=
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b. H. Anumos. An-Kapoorcutinune tiueunounapHu Xucooiaul ycyiu 8a YHOAH Mavium 81
2Acapaénuda poudanaHuL

by ycymnunr adsamnuk ToMOHM arap Ousra, macaiaH, Oupop
KOHYHHSIT OepHiTaH 0yica, XycycaH, WHFUHIN yIyH (popMyna Oepuiuo,
yHHU UCOOTIaII Kepak Oyiica, KyJIalBepuIll MyMKHH.

Kypub unkunran Aa-Kapoxuii ycyauaan onuii YKyB opmiapuia
ONUIl MareMaTHKa KypcH, MaTeMaTHK aHaJiu3 Kypcu Ba Iy OuiiaH
Oupra, 1y MaB3yra MOC Maxcyc KypclapHu yTuliia ymoy KypclapHu
¥3 Tapuxu OnnaH UHTErpanysuianaa Goiaananui MyMKuH. MacanaH,
oMUl Maremarhka €KMW MareMaTHK aHaju3 KypCHUHUHI COHJIU
KETMa-KEeTIUKIap MaB3yCHHM, COHJIM Karopjap Ba YJIApHUHI YEKIIU
HUFUHAWIApU, MHTETpaJUIap MaB3yJIapuHU YTUIIAA (oM JaIaHuII JKya
SIXIITK HATFOKasap oepasu.
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