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TEPMOIIVTACTUK ANHAMUK BOTJIMKJIN MACAJIAHU COHJIU
EYNII

KALIT SO'ZLAR/ ANNOTATSIYA/AHHOTAIIMA
KJ/IIOYEBBIE CJIOBA:
NMapaboJIMK, rUNepooHK, [TapaGoJIMK-runepboIMK XOJMAaTAArd HM30TPON KHUCMJIAPHUHT

usoTporn, Aepopmanuus, JebopManUsIaHUII KapaéH/JIapUHU TeMIlepaTypaHU Xucoobra
TEePMOIJIACTHK, OILIKOD Ba

oJITaH XoJia udojanaluurad MaTeMaTHK MoJieJl Ba yHra Moc

OIIKOpMac cxeMaJjiap,

JMHAMUK xycobJiall MoJieJlJIapvHU Ty3ulira 6afuulIaHraH. MaTeMaTUK
MOJleJUIAaPDHUHT  JJUCKPeT aHaJIM3/lapu acocuJia XHCoOJiall
aJITOpUTMJIapU KypuiraH Ba C# TuiuJa AacTypuil TAbMUHOTH
apaTuagu. JlacTypuil TabMHMHOT acoCHZa KaHKpPeT aHMK
MacaJanap e4uu.

Kupum. Mabaymky, Q= {a <x<b, t, <t ST*} coxajla M30TPON CTepXKEeHb

KYPUHUIIUJATH KATTHUK KUCMJIAP YYYH TEPMOIJIACTUK AWHAMHUK OOFJIMK MacaJjajiapu
OVpraJiMKAarv Yu3uKCrU3 runepooJiuK mypodaau xapakaT TeHrJaMmacH|[4]

o%u 0 ou ou oT

?zKz1&(K22&)+K23&+K24U+K25&+P (1)
Ba napa60/1w< TypAaru UCCUKﬂUKy/mKa3y8anAUK TEHI'JIaMadCHu

oT 0 oT oT o°u

E:Kna(Kn&)"'K13&+K14T+K15@+Q (2)

éplaMmuzia yMyMUd KypuHuiAa udopasaHuiiui MyMkuH. by epga K., P Ba Q

XaJJap yMyMaH oJraHzaa X,t,T Ba U JIJApHUHT YU3UKCU3 QYHKLHUATAPU OYJINO, XyCyCcUum

ij?

xoJlapJa y3rapMacjap cudaTuAa aHUK KypuHuuuiapga 6epusaaau [1-2]. Macasa
MoxusTura kKypa (1)-(2) kypuHUIIZAryd runepoboso-napaboiMK TypJaru TeHrJamaJjiap
CUCTEMACHHU yuI0y 6011IaHFUY

ul, =), ul, =v), Tl =m0 (3)

Ba yerapaBui 1apTiap
U|X:a =xn(t), U|X:b = 2,(1) (4)
T, =a®, T, ,=&0 (5)
épJlaMK/ia COHJIM €YUI AJITOPUTMH Ba MPOrpaMMacUHU ipaTULl 6UIaH 6Up KaTop/a
6a’b3u GUP UTEPAIMOH COHJIU €YU YCYJJIAaPUHU TaX/ U KUJIUII KaOUIap Ky3aa TYTUAAH.
By epaa Macana KoppeKT KyuuiraH Je6 ¢apa3 KuauHagu. Macasa MabiayM Oup
YHU3UKCU3JUKJIAPHU XaM XMCOOTa OJIraH X0J11a YMyMUH KYpUHUILAA UPOJa/laHTaHIUTH
6ouc, TYp ycyJiujJia UTEPALlMOH e4Hlll YCyJJIapUHU KyJUIallra TyFpU KesaJu. ByHUHT yuyH
factaab OepusaraH () coxa Ox yku 6Oyunya h=(b-a)/(m-1) Ba Ot yKu OyKu4a
r=(T"—t,)/(n-1) Kagamuap 6uian x=a+(i-1Ih Ba t, =t,+(j-Dr (i =1,m; j=1n) 4M3UKIAp

épaaMu/ia AMCKpeTaalTUpU6 osHaau [3]. Macasiafia KaTHalIraH 6apya xaiJlapHU YeKJIH

151



°
IJ o U R NAL Journal of Academic Research and Trends in Educational Sciences (JARTES)
VOLUME 2, ISSUE 2 / ISSN 2181-2675

alvMpMaJ/ld KypUHHUIITa yTKa3ub OJIMILJA TeHrJlaMaJjap/a KaTHAllaéTraH Ba YM3UKCHU3
OV/IMIINA Ky3[4a TYTWJAéTraH 6apya QyHKUUAJAPHU YHU3UKJAAWITUPUIIHUHT [lukap €ku
HbioToH ycyiapujian ¢poianaHub aaMallTUPULI Ky34a TYyTUAagd. MabayMKu, 6yHAau
VWTepalMoH KapaéHJapHUHT aHUK e4rMMra KaH4ya/IMK Te3 €KUM CEeKHH SIKWHJIALIWIIM 3ca
TaHJIAHAETraH OOLLJIaHFUY SKUHJAWIMLLIAPTa[6], KY/AJaHWUJIA€TraH YU3UKJIALITHUPHUILL
yCyJIMra Ba OLIKOp KM OLIKOpPMAac cxeMaJlapJlaH Kalcyh OWpH KyJIJIaHWJITaHUTra OOFJIUK
oyanu[7-9]. Ogaraa, Tenrnamanapaaru K;; koapouureHTIapHU YU3UKCU3JIAIITHPUIIA

BaKT OyWM4a OUTTA OJAMHIU KaTJaMJaru xucobsauuiapfaH €ku [lukap ycyaujaH
doiananum MyMKuH. Q Ba P QyHKIUSAJIApHU 3Ca YU3UKJIAIMITUPUIIHUHT 6eBOCHTA
HbioToH ycynupgan doWaasaHuiml Makcaara MyBopuUKAup. MaHa mysapra Kypa
CTep>KeHbJaTy TeMIlepaTypa TapKaJMIIUHU aHUKJIAIIHU KyWHUAAru olKop Ba OlIKopMac
cxemaJsiap épaamuza udpojasaHraH

T [ T TTh] g T
f =K J11i K J12i+1 1h—2 -K J12| hz +K J13| 12h (6)
Uij++1_uij+ _ulj+l+uJ N
K14|T|J+K]15i - 1h2' +Q]+MQJT|(T]1 TJ)
Tl _ . i _Tid . il _ Tt
u: KJui K112i+1M KJlZi@ +K113|L+
T h h 2h (7)

ult ol —ut el Co i
j+1 j i+1 i+1 i i i i j+1 i
14|T| +K 15i hr +Qi +:LL1Q Ti(Ti _Ti )

TEeHrJlaMaJilap CUuCTeMaCHhra Bad YHHUHI' TabCHPHAA Kf"lI/ILLIHI/IHl" }"Israpmumm

+K

aHUKJIAIIHU 3Ca y4 KaTJIaMJIM OIIKOP Ba OLIKOpMac cxeMaJsap épaamuza udonananras[10-
11]

j+2 i+l i i i i i i i
ul™ —2u!" +u. ul, —u. Coul-u Coul, —ul
_ i i+l i ] i i-1 ] i+l
2 - K 21i K 22i+ -K 22i +K 23i +

T h? h? 2h
i+ T+l
+KIy, )+ K, i T Te | p + 1P (U —u)) (8)
24i i 25i 2h i 2 ui i i
j+2 j+l i j+2 j+2 j+2 j+2 j+2 J+2
u' =2u +u, ki g Ul = K] U —uly LK Us — U
Tz 21i 2i+1 hz 2i hz 23i 2h +
j+1 j+1
Kj j+2 Kj |JJr1+ — |11+ Pj Pj j+2 j+l 9
TR U Ky +tH T uj(ui -u'") (9)

2h
KYPUHUIIK/IATH TeHTJIaMaJ/lap CUCTEMACHHU evMInra oiub KeJqull MyMKuH. by epzaa
4 Ba u, napametrpsap Q Ba P sapuu Ilukap (44 =4, =0) éxku HbroToH (g4 =, =1)

yCyJUIapy épAaMu/ia YM3UKIAITUPUIL YYyH KUpUTUAraH (j =L N -1 i=1m-1). bysapuau

coanajamiTuprayd, MoC paByija
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(e T T TAeT
ani[Kleml—_KJm—1]+K113i e

2 2
Tit=ly " " S I eI

) ) ) _j+l_ _j _ _j+l _j ) ) ) 10
+K114iTij + KJlSi u|+l u|+1h u| +l'll _I_Qij _/ulQJTiTiJ ( )
T
j+1 j+1 j+1
ATS +CT + BT =D, an

) _ u_j+1 _ u_j+l ) IJ_j+1 _ U-j+l ) u_j+l _ u_j+1
] ] i+l i ] i i-1 ] i+l i-1
K i {K 2is1 —-K'% +K'y +
2

2 22i 2
Wi =Lyt gl s h h M e, (12)
S S TR _Tin ) o
+K124iui] + KJZSi L ZhTH + PiJ _IUZPiJu uiJ+1
j+2 j+2 j+2
AU +BU +Cul =D, (13)

KYpUHULIJArd  xucobJsaml  gopmysanapura 3ra  6ynamus. HaTwxkaBuit
xucob6samiapiu (10)-(13) TeHrs1amMajJlapHUHT {Tij+1;uij+2} KYPTIMK KYPUHUILUJATH

KOMOHWHaUUsAJapUaH X0CUJ OyJlaluraH KyWuaaru TypTTa BapyuaHTAA amMaJ/ira OLIMPUILI
MyMKHUH[12-14]. BysiapHUHr opacujaH caMapajJMCHHU TaHjJaab oyl 3ca, ¢pakKaTruHa
O6upop MyailsiH, KoJlaBepca aHUK e4MMU Ma'bjJyM OVJraH TeCT Macajlacu épJaMujariHa
aMaJira OIMPUIUILIA MyMKHH:

2-BapuaHT: 3-BapuaHT:

(10) 11
1-BapuaHT: 4-BapuaHT:

(10) 11)
(12) (13) (12) (13)
Bapua {Tijﬂiuim})}cycl)Tnmcnap CUCTEMACH KYPUHUIIM/ATM BapHUaHTJIap KOpHU/A

2 1
U — U

6epHﬂFaH (3)'(5) HrapTJjap: Til =770(Xi)' le :é:l(tj)a ij :§Z(tj)1 uil =€0(Xi); :l//(Xi),

u! = 7 (), u)=1,(t) épramuaa eunnagu. By epna A, B, ,C,, D, — koapduunenTtaap (7) Ba
9 TeHIJIaMaJlapJaH aHWKJIaHAH (s=1,2); K= Ky (6,1, T u)),
Kjlzi = Klz(xi’tj’Tij1uij)’ ey Kj25i+l: K25(Xi+l1tj’Tiil’uij+1)'

P = PO T UY), Q7 =Q0x T U, RI=ROE.T W), Q4 =06, T u)) -
6epusiajiu.

Tect macanacu. Tect macanacu cudartuga (1)-(5) macanaga 6epuraHJapHUAHT
ywoy K =K, =1, Kig =Ky, =0, Ky =T", Ky =K, =1 Ky =Ky =0, Ky =T", Q:T(Tnl_lu_z):
Q,=nT"u-2, P=T"" P =0, {)=sin(l+t), &t)=e", & ()= ™" KuiimaTIapuga aHUK

eunmiapu T (x,t) =e &

Ba U(Xt)=sin(x+t) KypUHHUILAA MabJyM OYJraH XoJ Y4YyH
XHMCOoOJ1all 3KCIEpUMeEHTIapy YTKa3uaaud. byHaa () coxaHu y3rapMac KaJaMJud JUCKPET
coxara kKeatupum y4yH a=0, b=1, t,=0,T =1, m=n=10, n,=4,n, =2 Ba BaKT OyhHu4a
KaTjJaMJap oOpacuJard 4YMU3UKJALITUPUII YCyJlapujaH ¢oljalaHULIAA HUTEpPaLUuoH
*KapaéHHUHT SIKUHIAIUIIN Y4yH aHUKJIUKHU €=0.001 ge6 onuHau. XKyMmaaaH, 3-BapyuaHT

épaaMu/ia oMb 60pusrad xvcobJalliap/ia UTEPAMOH KapaéH/jaru uTepaiysaap COHU 3
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TajaH omMazd. P Ba Q oyHKuMsAsapHU HbOTOH ycynuga 4u3UKJAITHPUIraHaa (
I =i, =1) HUCOUM XaTOJIMKJApPHUHI MakcuMasa KuiMatu 1.58 pan, Ilukap ycynunpa (
1 =1, =0) aca 2.08 gaH omManau. YU3MKCU3 xaJ/lJapHU 6€BOCHATA BaKT OyirM4a OJIJUHTH
KaTJlaMJla XucoO6Jialll OpKaid XaM YU3HUKJAALITHPHUII MYMKUH. By ycynza oJsimHraH
HaTwxKazap [lukap ycy/avaa oJlMHraH HaTUXaJsiap 6usiad 6up xuj 6yu6, HeroToH ycyiuja
OJIMHTaH HAaTWXXaJIAPHUHT 3Ca SAXIIMUPOK 3KAHJUTMHU aUTHG YTHUII JI03UM. XMCOOJalll
3KCIEePUMEHTJApUHUHT HaTUXajlapu Kyungaru 1-2 xkagBasiapza () coxaHulr x= 0.222,
0.556, 0.889; t=0.222, 0.556 kuiiMaT/iapyjla MacaJJaHUHT aHUK €e4YMMU OuJaH

YU3UKJIALITUPULIHUHT Xap XU/ yCyJjlapy épAaMy/ia OJIMHIaH TAKpUOUW eduMJap, Xam/ia
yJlap opacujary abcoJitoT Ba HUCOWM XaTOMKJIAp KeJITUPUIA/ .

1->xagBaJi.

t/x U(x,0) 0.222 0.556 0.889

Anuk edyum (U) 0.4300 0.7017 0.8962
Takp.euum: HetoToH ycynu (Un) 0.4331 0.7085 0.9007
Takp.euum: [lukap ycysnu (Un) 0.4330 0.7085 0.9007
Takp.euum: BakT 6yiinya (Us) 0.4330 0.7085 0.9007
AUn =| U- Un | HproTOH ycynuza 0.0031 0.0068 0.0045
0.222 AUn =| U- Un | [Tukap ycynuga 0.0030 0.0068 0.0045

AUg =| U- Up | BakT 6¥itn4a 0.0030 0.0068 0.0045

|AUn /U | (%) HbroToH 0.7279 0.9763 0.5008
ycynuzaa

| AUn/U | (%) Ilukap ycynuga 0.7010 0.9756 0.5039

| AUs/U | (%) Bakr 6yiinya 0.7010 0.9756 0.5039

AHuK euum (U) 0.7017 0.8962 0.9920

Takp.euum: HbtoToH ycynu (Un) 0.7085 0.9073 0.9949
Takp.euum: [Mukap ycynu (Un) 0.7080 0.9071 0.9949
Takp.eunm: BakT 6yiinya (Us) 0.7080 0.9071 0.9949

AUn =| U- Un | HproToH ycynnza 0.0068 0.0111 0.0045

0.556 AUn =| U- Un | [ukap ycyauga 0.0063 0.0109 0.0045

AUg =| U- Up | BakrT 6yiinua 0.0063 0.0109 0.0045

| AUk /U | (%) HbtoToH 09737 | 15763 | 0.2877
ycyuaa

| AUn /U | (%) Tukap ycynauna 0.8994 1.5510 0.2919

| AUz /U | (%) Bakr 6yiinua 0.8994 | 1.5510 | 0.2919
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2-KajBaJl.

t/x T(x,t) 0.222 0.556 0.889
Anuk euumMm (T) 0.6412 0.4594 0.3292
Takp.euuM: Hbl0TOH ycyiu 0.6409 0.4595 0.3293
(Tu)
Takp.euuM: [lukap ycyiu 0.6343 0.4512 0.3262
(Tn)
Takp.euuM: BakT 6yiinua 0.6343 0.4512 0.3262
(Te)
ATy =| T-Tu | HproTOH 0.0003 0.0001 0.0001
0.222 yCyJauaa
AT =| T- Tn | [luxap 0.0069 0.0082 0.0030
yCyauza
ATg =| T- T | BakT 6yHin4a 0.0069 0.0082 0.0030
| ATu /T | (%) HbroTon 0.0441 0.0146 0.0416
ycyauzja
| ATn/T |(%) Tluxap 1.0731 1.7916 09161
ycyauza
| ATB/T [(%) Bakr 6yiinua 1.0731 1.7916 09161
Anuk euum (T) 0.4594 0.3292 0.2359
Takp.euuM: Hp10TOH ycy/iu 0.4598 0.3300 0.2363
(Tw)
Takp.euum: [lukap ycyu 0.4539 0.3222 0.2334
(Tn)
Takp.euuM: BakT 6yiinua 0.4539 0.3222 0.2334
(Ts)
ATy =| T- Tu | HeloTOH 0.0004 0.0008 0.0001
0.556 yCyauza
AT =| T- Tn | [luxkap 0.0056 0.0069 0.0030
yCyauza
ATg =| T- Tg | BakT 6yiinua 0.0056 0.0069 0.0030
| ATu /T [(%) HbroTon 0.0907 0.1651 0.1621
ycyauja
| ATn /T [(%) Tluxap 1.2098 1.5122 1.0515
yCyauza
| ATs /T |(%) Baxr 6yiin4a 1.2098 1.5122 1.0515

Kyhuparu pacmiapga (1)-(5) MacaiaHyM YM3UMKCH3 TeCT Macajacuja edyull Y4yH

HbIOTOH yCy/su KyJJIaHWITAaHAArd, BapUaHTJAAp/JaH 3HT caMapaiucu 6y/raH 3-BapUaHT

épaaMnaa OJIMHI'aH COHJIM Ba A4dHHUK €4YUMJIAPHWHT Fpa(l)I/IKJIapI/I TaCBHUPJIAHTAH.

[paduknapHUHT yCTMa-yCT TYMIAETTaHJUIA KYJJIAaHWIAETraH yCYJHUHT SXIIUJIWTUHU,

IIYHra MOC aJITOPUTM Ba IPOTPAaMMaHUHT 3Ca TYFPUJIUTHUHU TaCAUKJIANIU.

155



°
IJ o U R NAL Journal of Academic Research and Trends in Educational Sciences (JARTES)
VOLUME 2, ISSUE 2 / ISSN 2181-2675

1.2
[+
T U
05 1
0s 0.8

03 0.6

02 0,4

——
0.1 T{x, t=0,56) == QHUK UMM 0.2 Ulx, t=0,56) AHHE BYHAM
a) T == TKD EUHM 6) —— TaKp eurMm
o )
0 011 022 033 044 0,56 067 078 089 1 0 011 0,22 033 044 05 067 078 089 1 x

1-pacMm. @ukcupaanran t=0.56 BakTAaru: a) TeMnepaTypaHUHT. 6) KYYUIIHUHT OX VKU
6yiiM4a aHUK Ba TaKpUOUU eUMMJIAPHUHT y3rapuil rpapuK/IapHu.

MaHa mysiapra acoc/iaHu6, I0KOpUAa KeJTUPUITaH TECT Macalacu Y4yYH UCCUKJIUK
MaH6acu cudpaTtuja KatHamaérran Q ¢yHKuusaHMHT Q=0 Ba Q=¢' 6yiran xoJiapujaa

TeHrJaMajapia N, Ba N, - Japaxald KypUHULLIApAa OepuaraH 4YU3HUKCHU3
ko3pPunuentnap(K, =T"* Ba K, =T™)HUHI COHJIM e4YUMJapra TabCUPHWHU ypraHUII
Oyin4ya xycobJall 3KCepuMeHTAapy oaub 6opuagu. XKymuazaas, n,=2 y3rapMmac Aeb, n

HUHT 0 faH 6011a6, To 126 rava 6yrad KMAMaTaapu/a OJIMHIaH COHJIM HaTWKaJJapHUHT
y3rapuuuiapu 2- Ba 3-pacMmJjapza rpapuk KypUHULLIApAA KeJATUpUWIraH. XycycaH, Q=0
6ysranza Temnepatypa QyHKUUSICUHUHT Xap XU BakTaapaaru (t=0; 0.22; 0.44; 0.56; 0.89;
1) rpaduknapu (3) - 60oUIaHFUY WAPTAATH 7, (x) PYHKLUACHUHUHT TpadUrujiad nactja
KOWIAIIMILHY, 5,(x) HUHT TeMIepaTypa Y4yH IOKOpPH eduM cudaThAa KapalMIlH

MyYMKHUHJIUTUHU KypcaTagu. Kyuum ¢GyHKIUACH yY4yH 3ca aKCHHYa, S'bHU  KY4HIL
byHKuMACMHUHT rpadukiapu  (3)-6ouuianrud  mwaptaard  @(X)  QYHKIMACHHUHT

rpaduruZia KOpHUAa XKOWIAMIMUIIN Ky3aTUIAU. By aca @(X) HUHT Ky4uil GyHKUUSICH
Y4yH KyWd edyuM cudaTuga OJIMHUIIM MYMKHHJIWTMHU HaMOEH KuJaau. MaH6a
GYHKUMACUHUHT y3rapuind Q=e' KypMHMIIUZAA GyJraHza sca, TeMieparypa y3rapuiuu
O6yinya y3ura XoC X0JIaTJapHU Ky3aTHUII MYMKHH, JIEKUH Ky4dll QYHKUUsACUJA OyHAAW
KEeCKHH y3rapuiiap Ky3aTuamaau (3-pacm).
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T ¥ T =1 —=—t-080 ——t=056 12 ==t1 —WEDEY  —=1=0,56

1 ——1=0,44 —1=0,22 ——1=0 —a—1=0,44 —t=,22 ——1=0

0,8 0.8

0,6

i

0.6 4
04 0.4
" 02
a) 6]
o 0,22 0,44 0,67 o8 X o 0,22 0,44 0,67 ps ®
1.2 ——1=1 ——1=0,89 —=,56 12 ——1=1 —W—=1=089  ——t=0,56
T —a—1=0,44 —_—r=0,22 —t—1=0 U —a—1=0,44 —1=,22 —t—1=0
1 1
08
0.6
04
0,2
Bl
0 +—— S B S B
] [ s 0,44 0,67 0,89

2-pacMm. Tenrsiamazia Q=0 X0J1 yuyH TeMmnepaTtypaHuHr a) n1=0; 6) n1=10; B) n1=126 Ba

KYYUIIHUHT T') n1=126 y3rapuiiu rpadpukIapu.
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1,7 =—=i=1 =B=1=089 —t), 55 =4=1=1 =B=1-0.89 =——1={,56

T T =037 £ ——tn0,44 —tm),22 ===

o 032 044 067 0,89 x L] 022 044 067 089

=1 ==1=0,29 e {20, 500
=—1=0,44 t=0,42 = t=0

——1i=1 =i t=0.549 ==, 50
—8—1=0,44 =0,22 ——1t=0

= ———%
e 1

0 0,22 0,44 0,67 0,89

3-pacm. Tenrsiamazia Q =e" XoJ1 y4yH TeMnepaTypaHuHr a) n1=0; 6) n1=10; B) n1=16 Ba

KYUYHUIIHUHT T') n1=16 y3rapuiuu rpaduKaapu.

Xysoca kKuaub6 autrasza, (1)-(5) KypuHUIIZAry MacaJjajJlapHUd COHJIM e4YMIl Y4YyH
TaBCUs KWIMHAETraH aJifOPUTM BapUaHTH, Iy acoCcyja spaTWIraH MporpammaJsiap
Ma)KMyacd Ba OJIMHTaH HaTWkajlap MyaWsiH KYpUHULIJArd YU3WKCU3 aMaJui
MacaJlaJlapHH eyl y4yH MeTOAUK KypcaTMa 6y/1M6 XU3MaT KUJIKUIIU MYMKHH.
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