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AHHOTALUA

Ymby TagKMKOT UWIIMAA YM3UMKIM  TEHrJlamangap Ba  yJAPHUHT
CUCTEMaJIapUHU EUMIIHUHI Ha3apuil acociapu €EpuTwirad. byHna 4u3uKIu
TEHIJIaMaJIap Ba YJApHUHI CHUCTEMalapy TYLIYHYacH, YM3HUKJIM TEHIjamasiap Ba
VIAPHUHT  CUCTEMAJapUHM  EUUIIHUHI  AaHbAHABUU  yCyJUIapW, YHU3UKIU
TEHIJIaMajlap Ba YJIAPHUHT CUCTEMAJAPUHM €YMII METOJUKACUHUHT TaXJIWIN
kaOmwnap ©Oaén kwimnrad. lllynunraek, ¢paxrtan rpadpuka UMKOHUSTIAPUAAH
¢oiinananu0 YW3MKIM TEHIJIaMalap Ba YJIAPHUHI CHUCTEMAaJapUHU EUYUIIHUHT
amanuii acocnapu Eputuiarad. byHma ¢Qpakran rpaguka Ba YHHUHT YMyMH
TaBcu(pU, (PpakTan Trpa@UKaHUHT HMMKOHUATIApU Ba yhapAaH QoiiianaHunl,
¢pakTtan rpaduka HUMKOHMATIApHIAH (oWganaHu®d YU3MKIM TEHIJIaMajap Ba

YIApHUHT CUCTCMAJIAPUHU CHUIT MCTOANKACH KCITHPHIIT'AaH.

Annotation

In this research theoretical foundations of linear equations and their systems
solution are described. The concept of linear equations and their systems,
traditional methods of solving linear equations and their systems, analysis of linear
equations and their method of solving their systems are described. Also, using
fractal graphics, the practical bases for solving the linear equations and their
systems are described. At the same time, the fractal chart and its general
description, the possibility and use of fractal graphics, the method of solving the

linear equations and their systems using the fractal graphics.
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KHPHULI

MagB3yHHMHI ACOCJAHUINMA Ba YHMHI 0J13apOJuru. 3aMOHaBHil axOopoT
Ba KOMMYHUKAIIUS TEXHOJTUSIAPUHUHT PUBOKIAHUO Oopuilik, ax00poT y3aTyBuU
Ba KaOyJ KWJIYBYM 3JIEKTPOH TU3MMHMHT KEHT MyJra KYyHWINIIKA XaM/a 1y acHOJia
Te3Kop axOoporra OynraH TalaOHUHT Xyda IOKOpU cypbariap OuiaH opTHO
Ooopumn Oy Oopajard KOHYHUYMJIMTUMH3HHM XaM KalTa KypuO UYMKUIIHU Tajial
KHJIMOK/1a.

V36eKnCTOH MyCTaK/IT IEMOKPATHK JaBIaT CU(aTHIA PHBOKIAHHIN iy INHY
TaHJaraHjJaH CYHT, JacTia0ku HuuiapAa€k IOpT OJUra IOKCaK MaJlaHUAT Ba
MaoOHaBUATra Xamja >KaxOH aHJo03ajapH Japa)xkacujard TabiuM Ba TapOusra
epummin Basubanapu Kyiimiaan. By Gopamarm nactinaGku Kajam Y36EKHCTOH
PecniyOonukacununr «Tabaum Tyrpucuaantu Ba «Kamgpmap Taii€pnam Musumn
JACTypU TYFPUCHIA»TU KOHYHJIAPHUHT JKOPUI KWJIMHUAIIKM OYiau. Munid nactyp
Makcajy Ba BazudagapuHu 00CKUUMa-00CKHY pyEOTa YnKapMOK/Ia.

SxuH KyHraya QoijganaHyBud Y3UHUHT MaTEMATUK MacalaCUHU €YUl YUYH
HadakaT MaTeMaTUKaHU OWIMIIK OalKu KOMIBIOTEp/la MIILIAIIHY, KaMuja OUTTa
JACTypJiall THJIMHU OWJIMINK Ba Mypakkald XuUcoOJall yCyJIapuHU Y3IalTHpraH
oymumm kepak OVmap »au. Xo3upaa dca AacTypialiHd OwimaiguraH €xu
XOXJIAMaWIUTraHiap Y4YyH Tau€p WIMHH JacTypjlap MaxXMyajapu, 3SJIEKTPOH
KYJUIaHMaJIap Ba TUIHUK XUCOO-KUTOOJApHU Oaxkapuilra MyJDKaJJIaHTaH JacTypui
BocUTasiap OynraH - amanuii Bocutanap nakeriaapu (ABII) masxya. by nmaketnap
doiinananyBYu yuyyH Kepakiau Oynaran Oapya UIMHU €KW WITHUHT aCOCUM Kepakiu
KUCMUHU OakapuIlll MMKOHUHU Oepaaud: MyaMMOHM TaJKHK KWIHII (aHAJIUTHK
HIaKIuAa XaM); MabJIYMOTJIAPHUHT TaxJIMIW; €4UM MaBXYJJIUTHHH TEKIIUPHII,
MOJACIJIAIITUPHUII;  ONTUMAJIIANI,  TpapUKIapHU  Kypulll;  HaTWKaJlapHU
XYXOKATJIAIITUPHUII Ba MMAKUUTAHTUPHUIIL, TAKIAMOTIAPHU SPATHUIIL.

Mamuna wmarematukacuau ABII épmamupa ypranum doitgananyBauga
MaTeMaTUKAHUHT X3WHU XPraHWIl WUTIO3USACUHU sSpaTaaud. AMMO IIyHU aWuTHIIT

JKOM3KM Ma3Kyp MakeTjapja spaTWwiraH Xap KaHaail YupoOWiId MEHIO
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doiinarlanyBYMHU OAUI MaTEeMaTHK TYIIyHUYaJap/aH Ba yCyJUIapJaH YHU 0307
Kuiia onMaiinu. Xycycad, arap ¢oiiaranyByi MaTpulla HUIMAJIUTUHU OWimaca, y
XO0J1Ia MaTpuia anreOpacu JHacTypud TakeTH yHra Xed KaHjaail Epmam Oepa
onMaiau, €xku ¢oilanaHyBYM HOAHUK OYiIMaraH WHTETPaHU COHJIM YCyJUlap
éplamMusia XxucooOaira ypuHranjia, y XakdkaT/aaH aH4a WMpOK OXJIraH »KaBOOHH
oNMuIIM €KW >KaBOOHM yMyMaH OJIOJIMACIMTH XaM MYMKUH. Mxtuépuii KeHr
UMKOHHUSTIIApra »dra TakeT YHHUBepcal EHjpamumra Ooiauk. MaremaTuk
MaKkeTJapHu MIUIATUIIAA MYTaxacCUC YHIaH OHIIM (orgamanu® yermpmManap
KWIAITA ~MYMKHH: TIAKeTHH YHWHT MyaMMOCWUTA POCTJAIIH, JacTypHHU
MoAM(UKAIMSIIALI, STHTHJIAI, XUCOOJIalll BAKTUHH TEXKalll Ba X.K.

Xo3upru KyHJa KOMIIBIOTEp alreOpacMHUHT HUCOATaH WMKOHUSATIN
naketnapu Oy - Mathematica, Maple, Matlab, MathCAD, Derive va Scientific
Work Place. Bynapnan OupuHYM MKKHATAcH MpodeccHoHan MaTeMaTUKIap y4yH
MYIDKaJUIaHraH OYIMO WMKOHMSITIIADHUHT OOMIIMIHM, HMIUIATHINA MYpPaKKaOIUru
OwiaH axxpanud Typaiu.

MatLab wmartpumanap OwnaH wunuUIamra Ba CUTHAUIADHA —aBTOMATHK
OomiKapuil xamjaa Kakrta wunuiamra Myspkamianrad. MathCAD va  Derive
KYJUIAHWIWIIN ~ KyJda OCOH Oynu0® TanabamapHUHT TUIMUK — TalabllapuHu
KOHUPHIITHA TaAbMUHJIANIH.

WorkPlace maremaruk kynésmamapuu LATEX tusumuman doiigamanran
xoJila Taképnamra MyspKajulaHraH OYynuO Oup Tmaifla aHaluTUK Ba COHJIU
amajyilapHu Oa)KapuIli MyMKHH.

Marematuk Macanagapan MathCAD koMmbloTep amanuii TH3MMHIA CUHUIIT
O0COH. MaTeMaTHUKaHWHT JHT COJJIA, OJ/IMA MaTeMaTUK M(OoJaTapuHNA XHCOOJIAII,
Oup Ba MKKU Ymyamud TpadukiIap Kypulll, HHTErpajl Ba JUMHUTIAPHU XUCOOJall,
MaTpUIlaiap yCTHAA aMalijaamn Oa)Kapulll, YU3WKIM Ba YM3UKCU3 TEHIJIaMallapHU
€UMIN, TEHIJIamMajgap TU3UMUHM edunl, guddepeHnyan TeHIraMaiap Ba
TU3UMJIADHU 4YerapaBWii Ba OONIIaHFUY MIapTiap OwiadH edwil, Taxpuda
HATWKAJTAPWHU TaXJIUJ KWIHIIAA HHTEPIOJISAIHSIIAII, PErPecCrs TeHTIaMalapuHU

Kypull Ba YWU3UKIIA AJaCTypJall MacCaJlaJlapyuHHu CUHIll, XaMJida MacCaJlaJIapHUHT
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AHATUTHK CYUMJIAPUHM KypWIl KaOW MacajaJlapHd €YUl TpoleaypaIapu
KEJITUPWITaH. YJIapHU €uullga KOMIBIOTEp NAacTypHil BOCUTalapuIaH KaHjau
doimanannm Wymiapun Ba Kuckaua MathCAD pa pactypnamr Xakuma Xam
MaoJIyMOT OepuIIraH.

V36ekucton PecnnyOnukacHHUHT WOKTUMOMM - MKTUCOJIWN, MabHaBUU
coxajapja JSpUIIaéTraH OTYKJIApH, Y3 TapakKueT uynuau Oenrunad, 06030p
UKTHUCOIUETH MyHocabaTiapura ToOopa 4YyKyppoK KUpuO OopaéTraniuru
Tydaiam, TabBIUM COXacCHJa HW3YMJ aMajira OIMHUPUIAETTaH WCIOXOTIApPHUHT
NUpOBapA Makcaau OyiaraH ojJui Ba ypTa Maxcyc TabiIUM OJJIUTa, FOKCaK
MabHAaBUM - axJokuM (asunariapra sra, pako0aTOapJOIl MyTaxacCUCIapHU
Taii€prann Ba3udacuHu Ky iu.

3aMOHaBMIl ~ KOMIIBIOTEp  MaTeMaTUKacH  MaTeMaThK  XUCOOJapHH
aproMmariamrupum yuyn Eurika, Gauss, Derive, MathCAD, Mathematica, Maple
Ba OOIIKa AaCTypuil TU3UMJIAP Ba JACTYpPJApPHUHT TYIUIAMJIApHU TakJId( KUaJu.
VYnap opacuna MATLAB wumkonusiTiapu Ba MaxCyJIopJdrd OuiiaH axxkpaiu0
Typajiu.

MATLAB BaKT CUHOBHUIAH yTran MaTeMaTHK XUCOOJIapHU
aBTOMATJIAIITUPUIN TU3UMJIApuUiaH Oupumup. MamiakaTuMu3 paxOapuHUHT
OoeBocuTa TamadbOycu Ownan spatuwiran «Kagpmap Tail€piam MWUIMNA JacTypu»
JIaTW Y3JIYKCU3 TAabJIUM THU3UMHAA OJIMM TabIAM aJlOXUJa YPUHHU STajUlan]iu.
TabJIMMHUHT SHT MyXUM Basudanapugan Oupu, Oy - TamadallapHU SHIU EAaroruk
TEXHOJIOTHsJIap Ba 3aMOHABUHN aXOOPOT TEXHOJIOTHSIJIAPU aCOCHIa FOKOPHU CaBHUsIa
Makcaajii VKUTHII Ba Majakajiu Kaapjap Tau€pialiHi TabMUHIANIIAH HOOopar.
TabaMMHHA HCJIOX KWIMIIHUHT XO3UPTU TajlabjapuHu  Oa)kapuil aBBajo
VKATYBUYUIAH IOKCAK MaChyJIUSATHU Tajaad KUJIaIu.

WoktuMonii  y3rapumuiap XO3WpPrd IMauTAa IMEeJaroruK KOHUEMIUsapra
TYpJId Y3rapTUPUIILIAP KUPUTUIITHU Tajnad stanu. [lemaroruka dhanuma Typiau sHTA
TaMOWWJUJITADHUHT  TAllIKWJI  TOMUWIIM, TMEJaroruK >Kapa€HHUHT  ME30HJIapH
Ha3apUsICUHU HIUIa0 YUKUII XUCOONaHaAu, Y YKUTYBUMHMHI MYTaxaCCHUCIIHUTU

ACOCHHH TAllIKKWJI 3TUIIN KCPAK.
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VKuTyBUH 3 MyTaxacCHCIUTH Oyinua uyKyp OWIMMIa sra OYInmy GuIaH,
YKyB jkapa€Huia Kepakiu MeJaroruk Ba ICUXO0JIOTUK OMIMMIIapHU YyKYyp OWJIHILY,
napc OepuI METOAMKACHHY Ba TEXHOJOTHSICUHY 3rajjlaral OyIuIly Kepax.

MamnakaTuMu3 KacO-XyHap KOJUISKJIApUHUHI acocuil Ba3udacu 4yKyp
dbyHIaMeHTa)l OMJIMMIa Ba aMaJinii Taléprapiiukka 3ra OyiaraH, KCHT MYHAIMIILIN
MyTaxaCCUCIAPHU MaKIJIAHTUPULLIIUD.

«Kanpnap Taitépnam  Mwuumit  mactypu» OyWuda OJaud  TabIMMHU
PUBOKJIAHTUPHUIIIHUHT Makcaj Ba Basudanapu IIyHH KypcaTaJuKH, 3aMOHaBHI
onuil kacOui TabauM Oepuil kapa€HHa TabIUM OJIyBUH IIaXC MapKa3uil YpHuHTa
KyHWIagu Ba YHIra TabJIUM-TapOusi OEpUIIHM WHCOHIApBApJAIlITUPHUIL FOSICH
wiarapu cypunaau. Onuid TabauM Myaccacacu (haonusaTHAA MIAXCHUHT aKJIui Ba
VOKOJKOPIUK KOOWIMATUHU PUBOXJIAHTUPHIL, T€aror Ba Tajabanap opacuaaru
MyHOcCa0aTIapHU HMHCOHNApPBAPJIAIITUPULI MyaMMOJapu JOMMO J0J3apOjauruya
Konamokzaa. Illly Hykraum HazapaaH, OJui TabiauM Tajabaiapura OepuiaguraH
MaTeMaTHK TabJIMMHU IOKCAK Maxoparra 3ra OyiraH YKUTyBUM Taiépraii
XKapaCHUHUHT MyXUM TapKUOH1 KUCMU €0 Kapall JIO3UM.

KacO-xyHap xomnexiapu Tanabanapura MaTeMaTHK TabiIUM OEpULIHUHT
MakcaJau Kyluaaruiaap OuiaH aHUKJIaHaIu:

-  MarTeMaTUKaHu  YpraHumil  Skapa€Huja  TajaajapHU  WHTEJUIEKTyall
PUBOKJIAHTUPHIL, yiapra TapakkKyp KWIUIIHUHT aCOCUW YCYJUIApUHU YpraTHIL,
OWJIMII KOOWJIMSITIIApUHY TaJKUK KWJIHILI Ba MaxopaTiapUHH AKJIJIAaHTUPHILL

- MaTeMaTHK Ta(haKKypHUHT 3aMOHABUN KYPUHUIUIAPU XaKuAa KYHUKMAaJIap XOCUI
KWIKII (AITOPUTMUK Ba ONTHMAJIIAI Ba OOIIKaIap);

- MaTeMaTHK MOJEJUIAIITUPUII COXacuAaru aManui (aonustra JOUp KYHUKMaA
OPTTUpHUII Ba WIMHUHM TaJAKUKOTIapia MaTeMaTUK METOJIapAaH (olJanaHuml
MaJIaKaCUHU XOCHUJI KUJIUII.

TanabanapHUHT OMJIMM OJIUII, XyCyCaH, MaTeMaTUK OWJIMMIIAPHU 3rajuialil
camMapacu KyI >XUXaTAaH yjapja OWJIMM OJMII WIITHUEKUHM IIaKJIJIAaHTUPHUIITa
OOFNMMK HKaHnuru aHukiaanrad. Illy Ownan Oupra, NMCUXOJOrusi Ba IeIaroruka

nyHanummapu Tanabanapu OuiiaH YTKAa3WiIraH TECT Ha30paTIapuMHU3 aKCapusT
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Tana0adapHUHT OJIMA MaTeMaTUKaHW YpraHuimra OYaraH KU3UKWIUIAPUHUHT
HIaKJUTAHMII CABUSICH JKy/la MACT SKaHIUTUHU KYPCATAH.

Mlysamait kwmO, KacO-XyHap KOJUISKIApPUAa MAaTeMaTUK TabIMMHUHT
Ma3MYHHUHH JIOHUXaJIalll MyaMMOCH J0J13ap0 Myammo OYiIu0 KoiMokaa. buzHuHr
bukpuMuzya, 0y MyaMMOHHU €YMINJIAa PHT caMapaiu EHIallyBiapjaH Oupu —
TUAAKTAK EHpamryBaup. JlumakTuk EHAANTYBHUHT MOXUSATH KyHuaaruiapaaH
nbopaTr: MaTeMaTUK TAaBJIMMHUHT Ma3MyHH 3aMOHaBHM MaTeMaThKa MaHTHUKH[A
TaKIUM OTWJIMOTMHA KOJMAaclHaH, TajabaHuHr Oynaxkak kacOuil daonuaru
MaHTHKUZA XaM Y3 aKCHHM Tomuimud Jo3uM. by xomga Tamabamap VYKyB
baomusTHHUHT Makcaau HadakaT OyTyH Oup WIMHUN TU3UM cudaTua MaTeMaTHK
amnmapaTHH drajuiail, Oajlku MaTeMaThKa MaHTHKU acocHia KacOui axaMusiTra sra
Oynran maxcui cudaTiapHy MAKUIAHTUPHUIIIAH ubopat Oynmaau. Xyaad MmaHa
mIyHJal €HJAIlyB OJUN TaxJIMMJla OJHM MaTeMaTUKaHU OWJUIITra KU3UKUIITHU
MIAKJUIAHTHPUII yYyH ONTHUMal IIAPOWUTIAp spaTaju, HaTWXKaaa, MaTeMaTHKa
dbaHuM YKUTUIITHU caMapalid TalTKUIl KWW UMKOHUSITUHY SipaTajiy.

Hlaxc cTpykTypacuaard OWIMINTa KU3UKUIUIAPHUHT axaMHUSITH Ba OJHMA
TaxJiuM Tajabaliapuja MaTeMaTHKaHW OWIMIra KU3UKUII —JapaskaCUHUHT
NACTJINTA OpacHliard KapamMa-KapUIWwIMKIaH OJUN TaxXJuM Myaccacaiapuja
MaTeMaTHKa YKUTHII CaMapaJOpiUTUHU OIIMPHUIN MaB3yCHIArH TaJKUKOT
MyaMMOCH KeJTO YHKaJIH.

WNxoakop, MycTakuil (PUKpIIOBYM OapKaMoJI IIaXCHU TapOwusiall Ba KacOra
UYHAaNTUpPUII  TE€NarormKka  OJIMM  TabIuM  Myaccacajapuja  TabluM
camapaJiopJIMTUHU OIIUPUII OUJIaH y3BUN OOFJIHK.

TagkukoT 00beKTH. KacO-XyHap KoJUIexKIapuia MaTeMaTuka (QaHUHU
VKUTHIL )KapacHU.

TaagkukoT npeaMeTH. KacO-XyHap KOJUISKIApUAa MaTeMaThKa (haHuHH
ykutuiga MathCAD, Mathematica nacrypnapunan (oiigaJaHUIIHUHT Ma3MyHH,
IaKJTU, METOIJIAPH.

Taakukor Makcagum - KacO-XyHap KOJUIeXKJIapuaa  MaTeMaTHKa

VKATUIMUUHT  cudaT Ba caMapaJopJMTMHUA OIIMPHUI Makcaauaa axO0opoT



TEXHOJIOTHSUIADUHM ~ XyCycaH, (¢pakTall Tpaduka UMKOHHSTIAPHHH  YKYB
XKapaHuTa KYJUTAITHUHT WIMHKA - METOJUK aCOCTaApUHU UILIA0 YUKHUIIL.

TaagkukoTt Basudanapu:

1. MaTtematuka VKATHII XKapaéHHUIa axOOpOT TEXHOJIOTHsIIApHIaH (OUIaTaHHIIT
non3ap0 MeJaroruk MyaMMO SKAaHIWTHHH METOJOJIOTHK - TUAAKTHK >KHXATIaH
acocJaril.

2. Marematuka ykutuimn sxkapaéauma MathCAD, Mathematica mactypmapuman
doiTaTaHUIITHUHT Ha3apuil - aMalliid aCOCJIAPUHY UIIUTA0 YUKHUIIL.

3. Maremartuka Yyxurum s>kapaéauma MathCAD, Mathematica mactypnapugan
o TaJaHAITHUHT caMapaIoOpINK JapaKaCHHA aHUKJIAIIL.

4. KacO-xyHap KoOJUIeKJIapuJa MaTeMaThKa YKUTUII >Kapa€HHa IEJaroruk Ba
ax0opoT TeXHOJOTHsUIapuaaH (oimanaHuIra Oujl HIMHH-METOIUK TaBCHUSIIAP
UIUTa0 YUKHUII.

Wnmuii  sarmwomrun:  Marematuka  yrutam  kapaéauma MathCAD,
Mathematica nactypiapunan doimananuin 10a3ap0 MeIaroruk MyaMmMo SKaHJIUTH
METOMOJOTHK — JMJAKTUK JKUXATIaH YPraHWIAW, acocilaHau. MaremaTuka
yruTum sxkapaéuuna MathCAD, Mathematica mactypmapu Kysuiain yprasuiiu.
Maremaruka Vkutumn skapaéamma MathCAD, Mathematica mpactypmapuman
MaTeMaThKa YKATUII >kapaéHuaa (HONJANTaHMIIHUHT CaMapajopiuK Japa)kacu

aHUKJIAHIH.

TagKMKOTHUHI acocuil Macajajiapu Ba (papasiapu:

1. Marematuka YKUTHII *apa€HUAa axO0poT TexXHoJorusuiapuaaH (oiaaiaHuin
n073ap0 MeJarornk MyaMMoO SKaHJIMTHHH METOJOJIOTHK - AMIAKTUK >KUXATIaH
acocJaril.

2. Maremaruka ykutum kapaéauma MathCAD, Mathematica pactpmapunan
ol TalaHUIITHUHT Ha3apHUii-aMaJInidi aCOCIapUHA UITA0 YUKHIIL

3. Marematuka yrxutum s>kapaéauma MathCAD, Mathematica nmactypnapuian

ol TalaHUIITHUHT caMapaIoOpIUK JapakaCHHU aHUKJIAIIL.
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TapakKu€THaa onuMa aéilapHuHr YpHU. PecnyOnuka MnMmuii-amanuil aH)XxyMaHH
Marepuaiapu. @aprona, 2010 iun.

2. 3.Anépona, X.XabuoOymraesa. “/lapakanu ¢yHkims” 600 MaB3ynapu acocujia
TaKkpopjaml Ba YMYMJIAIITHPHUILI AApCliapyuia WHHOBAILMOH TEXHOJOTHUSIAPHUHT
axamusaTH.” MnM-3akoBaTUMH3 - CEHIa OHa - Baran” MaB3ycugaru WiMui- aManui
amKymaH Marepuaiapu. @aprona,2010.

3. X.XabuOymnaeBa. “MaremaTuka”’ MAaCTyYpHUHUHT JapC caMapagopiIuUTHHU
OIIMPUILJIATUH axaMUsSITH. VIHHOBAIlMOH FOSUIADHU TabJIUM - TapOus xKapa€Hura
TaTOMK STUIIHUHT WIMUK- ycrmyOuit myammonapu. nmuit mMakosianap TYIiaMu.
®aprona, 2011 #wmm,172- 173 Getnap.

4. X.XaoOuOymiaeBa, 3.AmuépoBa. “Marematnka ¢anuau Vkutunma Maple
JACTypd Ba YHUHI IlIaxcra MHYHaNTUpWIraH YKyB-OWIyB KapaSHuaaru
uMkoHusTIapu” . UnM-dan tapakkuétuaa onumanapaur ypuu (“bapkamoin aBion
Wunn’ra OarMIlIaHTaH WIMUR-aMajiuil aH)KyMaH Marepuaiapu, 2-KUCMH).
®aprona 2010, 114-115 6etnap.

TagkukoTaa KYJJIAHWJITAaH MEeTOAMKAHUHT TaBcudu - Taxminii 0630p,
aHKeTa, CaBOJI-KaBOO, cyx0aT, Ky3aTHWI, MPOTHO3JAll, YMYyMJAIITHPHII,
NeJaroruk eKCnepuMeHT, MAaTEMATUK CTaTHCTHKA.

TagKuKOT HATHKAJTAPMHUHI Ha3apuii Ba aMajuili axaMHMATH —
TaakuKOT HaTWX)acuja KacO-XyHap KOJUICKIAPUHUHT MaTeMaThKa YKUTHII
xapaéuuna MathCAD, Mathematica macrypnapuaan QoiganaHUITHUHT WIMU-
METOOUK acociapy, TaMOWWJUIapH, NEJAaroruk - TCUXOJOTHK HWMKOHHUSTIApU
unuiad  yukuiaan. llynuarnex, wmarematvka ¢aHu MaTeMaTHKAa — YKUTHII
xapaéunga MathCAD, Mathematica gacrypinapuman aapc Ma3MyHIJIApH, JIapc
MOJIeIITIapH, UMUK - METOJIUK TaBCHsUIap OMIIaH OOMUTHIIIH.

Taakuk H>TuiaérraH MyaMMOIa METOJOJIOTHMK XamJia WJIMUN-TIeIarOTuK

EHaamyB, TAAKUKOT MaKcajad, OOBEKTH, MPEIMETH Xamja IeJaroruK TaTKHUKOT
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Baszudamapu MOXHATHTA MYBOMUK METOJJIAPHUHT TaHJIAHTAHJIUTH, TaxpuOa-
CUHOB WIIIapUTa >Kaj0 JTWIraH PECIOHIEHTIAp COHUMHUHI Tajnad mapaxacuia
CKAaHJIUTH, TAJAKAKOT HATIKAJAPUHUHT CTAaTUCTUK TaXJIWI KUJWHTAHJIATH,
TYIUTAaHTaH MaTepUAIIAPHUHT TAAKUKOT Ma3MYHUHHM €PUTHUIITa UMKOH OepajuraH
XKMJIa DKaHJIWTY, TAAKUKOT WINIHWJA WITapU CYpPWITraH Ha3apuil FOSIIApHUHT
amManuii  (GaosMAT HATHXKATAPW MOXMSITHHH HQOIa ITUINTAa XW3MaT KHIUIIIH,
TQIKUKOT WIIM Ma3MYHMHHHI WJIMHUH KypHajulap Ba TYIUlamyiapAa 4ol ATHITaH
MakoJjanap xamja WIMHUI aH)KyMaHJiapaaru YUKHILLTIAp OpKaJu
OMMAaJAIITUPUITAHIIUTH/IA Y3 aKCUHU TONTaH.

N Ty3ujaMacMHUHT TaBcudu.

Hucceprauust kupwii, yuyta 000, xynocanap, (oinanaHuiarad angaduétiap
pyiixatunan ubopar.

Kupum xucMujga WIIHUHT YMyMUWA TaBcudu OepuiraH, TaaKUKOT
MaB3yCHHHUHI J10JI3apOJIMTH acoC/laHraH, Makcal, OOXEKT, MpeaMeT, Macajanap
aHUKJIAHTaH, TAJKUKOTHUHT (apa3u, METOJOJOTUK aCOCH, WIMHUN SHTUJIUTH
Ha3zapuil Ba aMaJlil axaMHsATH, SKCIIEpUMEHTal 0a3a Ba MeTojap M(OJaraHraH,
XUMOSITa TaBCUSl KWIMHAJWTAH aCOCUW Fosulap, TaxpuOa-CUHOB HIIIMHUHT
OOCKHYIapH Ba TAAKUKOTHUHT arpoOanusacy 0aéH KYIHMHTaH.

bupuHun 000 4YMBMKJIM TEHIJIaMajap Ba YJAPHUHT CHUCTEMaJlapUHU
CUMIIIHUHT Ha3apuil acociapu Xakuja MablyMmMoT 1e0 aranraH. YHAa 3aMOHaBUI
KOMIIBIOTEp MaTeMaTUKacu MaTEeMaTHK XUCOOJIapHHW aBTOMATJIAIITUPUIL YUyH
Eurika, Gauss, Derive, MathCAD, Mathematic, Maple Ba OGomka mactypwuii
TU3UMJIAP Ba YJIapHH TaIOWK KUJIHUIIIA YIpalIuraH MyaMMO XOJIATHHUHT TaxXJIHIIN
Oepwirad, KacO-XyHap KOJUISXKIJIApU YKyBUMJIApUTa MAaTeMaTUK TabiuM O€pHIll
MakcaJu aHUKJAHTaH, TajadajapHd MaTeMaTUK TaWEpJIAllHUHT Ma3MyHH TaXJIUJ
KWINTaH, YJIAPHUHT MaTeMaTHUK OWJIMMIIap CaBHSCH Ba TabIUM Myaccacacujia
MPEIMETHH MyKaMMaJl YPTaHHII MyaMMOJIapy KeJITUPHIITaH.

TagkuKOT WIMHUHT UKKHHYH 000maa ¢pakrtan rpaduka MMKOHUSATIApUIAH
doitnaniann0 YM3MKJIM TEHrjamanap Ba YJIaApHUHT CHCTEMAJlapUHU EUYMIIHU

ypraTuin camapagopiiria YKUTHUIIIa HOaHbaHABUN MIAKIUIAp Ba METOJUIAp WILTA0



12

YUKW TEXHOJOTHSUIApH XaMmJa TaJAKUKOT HIIMAa KWJIMHTAH aMalldi HIuiap
XaKuJa MabJIyMOTJIap KENTUPUIITaH.

TankukoT UIIHUHT yYuHYH 000M1a KacO-XyHap KOJIIeKIapuaa MaTeMaTHKa
VkuTuI xkapaéHuga dpaktan rpaduka UMKOHUSTIApUaaH doigananuin Oyinda
TaXprOa-CHHOB MIUIAPUHUHT KYWMJIMIIM XaKuJa MabIyMOTIap KeJITUPUIUO
YTUITaH.

TaaKMKOT MIIUHUHT XyJioca KUCMHUJA Oa)xkapuiraH HWIIHUHT aMaiuérra
KYJUTAaHWINMIIN ~ HaTWKacuga Kenud YuKaguraH Xylocalap Ba TaBCHsUIAp
KEITUPUIITaH.

TanKuMKOT MIIMHUHT CYHruja sca (oianaHwirad agaOuériap, UHTEPHET
calTiiapu, 3JIEKTPOH KUTOOJIap pyHxaTiiapu KeITUPUIITaH.

Huccepranus kupui, 3 600, Xysoca Ba agadbuérnap pyixaruaad noopar.
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| - BOb. YN3UKJIN TEHI'JIAMAJIAP BA YJIAPHUHI'
CUCTEMAJIAPUHU EYUIITHUHT HA3ZAPUI ACOCJIAPH.

1.1. Un3uKJI4 TeHIJIaMajiap Ba YJIAPHUHI CHCTEMAJIAPH TYLLYHYACH.

busra n Ta HOMaBIYMIM N Ta YU3HUKJIM alreOpanK TEHrIamanap CUCTEMacH

a, X, +a, X, +..+a,=0b

ax +a. X +..+a, =b
J 2171 2272 2n 2 (1)

A, X +a,X, +.+a X = b,

Oepuiran Oyncun. By epma a;,b, map Oepwiran commap, X, Jap HOMabaymiap

(1,j=1,2,....,n). Arap (1) cucremara Moc KeiayBuM acocuid jaerepmeHant 0 maH

bapkiu, SbHH

A, &, -,
a, a,,...d
21 722 2n ¢O
a'nl a'n2 a'nn

OyJica y siroHa eurmra sra Oynaau.

Uu3ukiiu anredpavik TEHrjamanap CHUCTEMacHHU CUUITHUHT Oup Heda
ycyiiapu MaBxkyn Oynmb, ynapaan acocuitmapu Kpamep, ['ayce, Tteckapu
MaTpuIla, uTepamnus ycymnapuaup. by ycymmap amroputmiuapunu (1) cucrema
Y4yH KYpHUO YUKANIIHK.

Kpamep ycyau. Kpamep ycynum omataa neTepMeHaHTIap yCyiau xam 1ed

atananu. by ycymHuHr anroputvu Kyvumaruya. Jlactnal kyiunmaru (n+1) ta n -

TapTUOIN
&, a, .4, ba,..a, a,a,...b
a, a,,..a b,a,,..a a, a,,..b
A | AT S
a,a,..a, b a,..a, a,a,..b

JETEPMUHAHTIIAPHUHT KHAMAaTIapy XucoOIaHa Iy Ba HObMaTyMIap
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X1 X — AXZ _ Axn

y = K=

X1:

dopMmynanap épramuaa TONMIAIN.
MucoJ. Kyinnaru
2%, + X, =X =1
X, —4Xx, + X, =14
5X, —2X, =4

YU3UKJIM anreOpank TeHramanap cucteMacuau Kpamep ycynu €épaaMuia €4uHr.

Euwu.
2 1 -1
A=|1 -4 7 |=2-(-4)-(=2)+1-7-0+1-5-(=1)—0-(=4)-(-1)-1-1-(=2) -
0 5 -2
-2-5-7=16+0-5-0+2-70=-57
1 1 -1
A =[14 -4 7|=1-(-4)-(-2)+1-7-4+(-1)-14-5-(-1)-(-4)-4~
4 5 -2
-1.14.(-2)-1-7-5=8+28-70-16+ 28 —35=-57 ;
2 1 -1
A =114 7|=2-14-(-2)+1-7-0+(-1)-1-4—(-1)-14-0-1-1-(-2) -
0 4 -2
22.7-4=-56+0-4—-0+2-56=-114;
2 1 1
A =|1-414/=2.(-4)-4+114-0+1-1-5-1-(-4)-0~1-1-4~
0 5 4
-2:14.5=-32+0+5-0-4-140=-171;
xl_A“:_—57=1; XZ:A”:ﬂ:Z; xS:AXS:ﬂz?;,
A =57 A =57 A =57

XKapob: X, =1, X, =2, X =3.
INaycce ycynu. ['aycc ycynu €kM HObMaTyMJIapHU KETMa-KET MYKOTHUII YCYJIU
YU3HUKJIM ajareOpavk TEHrjamMajaap CUCTEeMACMHU aHUK €UHUIll YCYJIH XHCOOJaHaIH.

By yCcynmuHUHT anropuTMu KyiHuaaru Xxucoomamuiap KeTMa-KeTIuruiad noopar.
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a,#0 Oyncun (arap a,=0 O0¥yaca, cucremanaru TeHIIaMaJapHUHT

Ypuunu anMamtupud a, # 0 ra sra 6ymum mymkuH). (1) cuctemanaru OUpUHYH

TEHIJIaMaHUHT 6apya Xa/ulapuHu a,, ra 6ynuo

X, +a’x, +..+aVx =ph™

HU XOCHJI KWwiIaMu3. by TeHriiamaHu ketma-keT a,,,a,,...4., Jlapra Kynautupuo,

217
YHIAaH CUCTCMAHHUHI KEMHUHTU TCHIJIaMaJIapUHU ap”mpaMHs Ba
(1) (1) —_h
X, +a, X, +..+a,’X, =b
(1) 1) —_ )
a,,’ X, +...+a, =b,

al)x, +..+a’x =b®

o (1) a'ilal(jl) (1) b1aj1 :
cucremara sra 6ynamus. by epna a;° =a, ———— , b, =Db, - 1I=2,...,n;

a, a

11

j=2,3,...,n.

(2)

(2) cucreMa yuyH roKopuaaru xucooOjanuiap (HOMabIyMJapHU KETMa-KeT

IOKOTHII) HU Oup Hewa 0op Takpopiiad, Kyiuaaru
(1) (1) Wy _pHho
X, +a,’ X, +a;’ X, +..+a,’X, =b
(2) (2)y _p®@
X, +8,, X, +...+a, X, =h;

CHCTEMaHU XOCUJI KWJIaMU3 Ba X; JIJAPHU TOITHUII YYyH
X, =a 3 — iaﬁj“)xj k=nn-1n-2,.1
jo=k+1
dbopmynara sra 6yIamus.
MucoJ. Kyiinnaru
X, +2X, =Xy, =-1
2%, —3X, +4x; =13
—3X, + X, —2X; =—6
TEHIJIamajap CUTeMacuHu ['aycc ycynuaa equHr.

Euwnmn.

3)
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X, +2X, — X X, +2X, =X, =-1 X, +2X, =X, =-1
12X, = 3X, +4x =13 < /X, —6X,=-15 < X, —6X,=-15 <
—3xl+x —2X,=-6 -5x,=-9 -X,=—0
X, +2X, =X, =-1 X, +2X, — X, +2X,—-6=-1
X, —6X,=-15 < X,-36=-15 < X, =21 <

X, +6-6=-1 X, =-1

X,=3 <& <X,=3

X, =6 X, =6

Yuzukin anreOpauk TEHIVIaMalap cucTeMacuHu ['aycc ycynuzaa eduin
yuyH [lackanp aJirOpUTMHUK THIKAA TY3WIraH JacTyp MaTHU.
program gauss; uses crt;
const n=4;  {TeHriamaiap coHu}
type

stroka=array[1..n+1] of real;
matrisa=array[1..n] of stroka;
vektor=array[1..n] of real;
var
a:matrisa; x:vektor; max,c:real;
1,j,k,m:integer;
procedure gauss_1(b:matrisa; var y:vektor);
begin
foriz=1tondo
begin
max:=abs(b[i,i]); j:=i;
for k:=i+1 to n do if abs(b[k,i])>max then
begin max:=abs(b[Kk,i]);
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J:=k;
end;
if j<>i then for k:=ito n+1 do
begin c:=b[i,k]; b[i,k]:=b[j,K];
b[j.k]:=c;
end;
c:=b[i,i];
for k:=i to n+1 do b[i,k]:=b[i,k]/c;
for m:=i+1tondo
begin
c:=b[m,i];
for k:=i+1to n+1 do
b[m,K]:=b[m,k]-b[i,k]*c;
end,
end;
y[n]:=b[n,n+1];
for i:=n-1 downto 1 do
begin
y[i]:=b[i,n+1];
for k:=i+1 to n do y[i]:=y[i]-b[i,K]*y[K]
end,
end,
begin
clrscr;
fori:=1tondo
for j:=1ton+1do
begin
write(‘a[',i:1,",",j:1,"]=");
read(a[i,j]);
end;
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gauss_1(a,x);

writeln(’Sistemaning yechimi:’);

for i:=1 to n do writeln('x[',i:1,"]="x[1]:10:4);
end.

Teckapu Mmarpuna ycyJau. busra n-ym4gosnu

a, a, a,
A: a'21 a22 a2n
a‘nl a‘|2 a‘nn

KBaJpat MaTpuia Oepuirad OyJICHH.

Tapudg. A wmarpumara Teckapy MaTpuia ae0 myHmaid A marpuiara

auTHIIaJIUKU,
A'-A=E
oynaau. by epna E OGupnuk marpuna, SbHU
1 0 .. 0
E_ 0 1 0
0 O 1

Teopema. Arap A wmarpuna 3J€MEHTIIAPUAAH TY3WIraH AETEPMEHAHT
KuiiMaty HosimaH (apkiu, sehn det A= 0 Oynca, A maTpuiiara Teckapy MaTpuIia
MaBXYy/I.

Arap A marpuiiara Teckapu MaTpHuila MaBxyJ Oyica, y Kyiuaaru gopmyia

Epmamua XxucobaHaIu

A A Ax
A 4 4
A A, A,
Al=la 4 7 4
A, A, A,
A A A
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Oy epma A=detA, A, - @, SJIEMEHTIApHUHT anreOpauK TYJIIUPYBYUIAPH

(1,j=1,n):

a11 a12 1,j-1 a1,j+1 1n
a21 azz az j-1 a2,j+l a‘2n
i+] P
Aij = (_ 1) Ay Ay, - ai—1,j—1 ai—l,j+l @i | I, ) =123,...n.
ai-¢—1,1 ai-¢—l,2 ai-¢—1,j—l a'i+l,j+l b "ai+l,n
anl a'n2 an j-1 n,j+1 b a'n,n
5 1 3
Mucoan. A=| 0 4 2| marpunara TecKkapu MaTpuia TOIHHT.
2 1 0
Euy.
51 3
A=detA=|0 4 2|=-4+24-10=10;
-210

Anrebpavk TYIAUPYBUMIAPHU XHCOOJIAMMU3: A =-2; A,=-4; A,=8;

A, =3, A,=6; A,=-7; A, =10; A,=-10; A,=20.

Y xomnnma
13y
5 10
S P
5 5
4 1,
5 10

Yuszukian anreOpavk TEHIJIaMajap CUCTEMAaCHHU TecKapu MaTpula yCylua
euuIll yuyH, (1) Hu
AX =B (4)

KypuHumaa &3ub onamus. by epna



20

a, 4a, a,, X
A: aZl a22 a2n : X — XZ . B —
anl %2 ann Xn

(4) am A ra xynaiitupu6, (1) CUCTEMaHMHI €YUMHMHU

XOCHJI KhWJIaMu3

MaTpula KypUHHUIIUAA

YATCuu Teckapuy X = A'B Marpuua ycyluaa €4uIira Ty3WIraH AacTyp

MaTHH.
program obrat_matritsa; uses crt;
const n=3; {renrmnamanap conu}
type vector=array[1..n] of real;
type matr=array[1..n,1..n+1] of real;
var
a,C: matr; b,x: vector;
1,J,m,k: integer;
procedure umv(l1:matr; 12:vector; var I3:vector);
var i,k:integer;
begin
for i:=1to n do I3[i]:=0.0;
foriz=1tondofork:=1tondo
13[1]:=I3[i]+I1[i,k]*12[K];
end;

procedure obrmat(ao: matr; it: integer; var alo: matr);

label 1;
var lo: matr; xo,bo: vector; so: real;
begin
m:=0; bo[1]:=1; for k:=2 to it do bo[k]:=0;
for k:=1to it-1 do for i:=k+1 to it do
begin
lo[i,k]:=ao[i,k]/ao[k,k];
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for j:=k+1 to it do ao[i,j]:=ao[i,j]-lo[i,k]*ao[Kk,j];
bo[i]:=bo[i]-lo[i,k]*bo[K]
end;
1: xol[it]:=bo[it}/ao[it,it]; m:=m+1;
for k:=it-1 downto 1 do
begin
s0:=0;
for j:=k+1 to it do so:=so+ao[k,j]*xo[j];
xo[k]:=(bo[k]-so0)/ao[k,K]
end;
fork:=1toitdo
if m+1=Kk then bo[k]:=1 else bo[k]:=O0;
for k:=1to it-1 do for i:=k+1 to it do
bo[i]:=bo[i]-lo[i,k]*bo[K];
for j:=1to it do alo[j,m]:=xol[j];
if m<it then goto 1
end;
begin clrscr;
fori:z=1tondoforj:=1tondo
begin
write("A[',i:1,")",j:1,"1=");
read(A[i,j1)
end;
foriz=1tondo
begin
write('B[',i:1,"]1=";
read(B[i])
end;
obrmat(A,n,c); umv(c,b,x);

for i:=1to n do begin



22

writeIn("x[',i:1,"]="x[1]:8:4);

end;

end.

Urepamms ycynu. Homabiaymmap conu kym Oynranma Kpamep, [Maycc,

TCCKapu MaTpuna YCYUIApUHUHI aHUK CUYHMIIAp 6ep}7BIII/I YHN3UKJIN CHCTCMa

cXemacH XyJa Mypakkad 0ynmmb konaau. byrmail Xxomiapaa cuctema Wian3IapuHu

TONUIN y4yH Oab3aH TakpuOWUW COHJIM ycyJuiapiaH QoiamaHul KyJauaup.

[yngat  ycymiapgan Oupu  wurepauuss ycyauaup. Kyiiuparn TeHriiamanap

cucremMacu oepuirad OYIJICHH:

Zn:aijxj =b, 1=1,2,..,n
j=1

by cucrema marpuiia kypuHUIAa Kyliuaarnia €3uinagu:

Oy epaa
a, a,
Ao a, 4,
a a

nl n2

Ax=Dhb,

busz (5) na a, #0 (i=1,n) ne6 dapa3 kumammus.

()

Tenrnamanap cucremacuaa 1- TeHrJIamMaHu x; Ta HUcOaTaH, 2- TEHIJIaMaHU

X, Ta HUCOATaH Ba OXUPTUCHUHU X, Ta HUCOATaH €UYaMM3:

-

Yoy

X, =p+0+a

X, +a, X, +...+a, X

12772

13773 In“"n

X, =B, + o, X, + 0+ a,.X, +..+ a, X

23773 2n"'n

X, =B, ta, X, +a, X, +a X, +.+a, X, +0

nn-1""n-1

ain ﬂl

(6)
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Matpuuanap épaamuzaa (6) Hu Kyuaaruda €3ulmMnu3 MyMKUH
X =3 +ax (7)
(7) cucremanu KeTMa-KeT SIKMHJIAIIUIILIAP YCYJIU OMIaH e4aMu3:
=g xY=p+x?, x?=g+x",...
by xapaéunan Kyinmarunda udoaaaainmMus:
x®) = ﬂ+(ZX(kfl), x(O)zﬁ (8)
by keTma-KeTIMKHHHI JMMWTH, arap y MaBxyn Oyica (5) cucteMaHUHT

U3JIaHa€Tral e4uMH Oyiaau.

bus
x)
(k)
X
w0 — | "2
x\)
OeNTHUIAIIHA KHPUTAMHU3.
Arap uxtuépuii £>0 yuyH ‘Xi(k+l)—xi(k)‘<g TeHrcus3mk Oapya i =1,2,..n
(k+1) _ [y (k+1) | (k+1) (k+1)
yuyH Oaxapwica X =X, X", X BeKTOp (5) CHCTEeMaHHUHT &

AHUKJIMKIATH €YUMU J1€0 IOPUTHIIAIN.
n n
Teopema. Arap kearupuirad (6) cucremMa ydyH le‘aij‘<1 Exku ;‘aij‘<1
i= i=

mapTiapjad OupoHTacu Oaxkapuica, y Xoiaa (8) urepauus xapacHu OOILIaHI Y

SKWHJIAIWITHY TaHJara 00K OyiamaraH XoJija siroHa e4rmra sSiKMHJIaIa u.

n n
Harmxa (8) Tenrmamanap cucremacu yayu ) |a, [<a, |, X |a,; Ida,l, ...,

j#l j#2
=1 =1

n
Y la,; [ a,, | renrcusmukmap Gaxapuica (8) ureparus SIKUHIALIYBYN Gy 1am.
j#n
j=1

MucoJa. Tenrnmamanap cucremacunu &=0,001 aHukIuKaa ogAui WUTEpaLus

yCyJii OUJIaH €UUHT:
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4x,+0,24x, —0,08x, =8
0,09x, +3x, —015x, =9
0,04x, —0,08x, +4x, =20

Eunm:
0,24 + \— 0,08\ =032< ‘an‘ =4
0,09+ ‘— 0,15‘ =024 < ‘azz‘ =3
0,04+ ‘0,08‘ =012< \a33\ =4

Jlemak, nrepanus SKMHJIAILIAIN
X, =2-0,06x, +0,02x,
X, =3-0,03x, +0,05x, -
X, =5—-0,01x, +0,02x,

2
Honunun sikpananmur: X = g=|3 |, Xl(o) =2, xg") :3,x§°) =5,
5

0 -0,06 0,02
a=|-003 0 0,05
-001 002 0

(8) bopmyna épramuaa XxucoOaanuIapHu 0akapaMus.

192
x¥ = B+ ax® =|319 | x¥=192;x" =319;x” =5,04.
5,04
19094 190923
x? = p+ox® =]31944 |; x® =B +ax® =| 319495 |;
5,0446 5,04485

x? =19094; x?) =31944; x!*) = 5,0446.

Ymly xaaBan Xocus1 Oynaau.
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Sxuna- X1 X2 X3 X" — x| x|l e

mmmniap (K)

0 2 3 3) - - -

1 1,92 3,19 5,04 0,08 0,19 0,04
2 1,9094 3,1944 5,0446 0,0106 0,0044 0,0046
3 1,90923 | 3,19495 | 5,04485 | 0,0001/ | 0,00055 | 0,00025

Byuna |x¥ —x?|=000017 <&, |x{" —x{|=0,00055< ¢, [x{¥ —x(|=0,00025< &

2
OakapuIIaJIy. x=x® UTC aunr TaKpUOH eUrMHU.
TeHrnamanap CHCTEMACMHHM WTepanusa ycynuaa euum yuyH Ilackanb
AJTOPUTMHUK THJINAA TY3WJITaH JACTYP MATHH.
program iter_sis; uses crt;
label 1,2;
const n=3; {tenglamalar coni}
type
matrisa=array[1..n,1..n] of real;
vektor=array[1..n] of real;
var
a,al:matrisa; x,x0,b,b1:vektor; eps,s:real; i,j,k:integer;
begin
clrscr;
for i:=1to n do begin
for j:=1 to n do begin
write(‘a[',i:1,",",j:1,"]="); read(a[i,j]) end;
write('b[',i:1,"]="); read(b[i]);
end;
eps:=0.0001;
for i:z=1to n do begin
b1[i]:=b[i]/a[i,i];
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for j:=1to ndo al[i,j]:=-a[i,j}/a[i,i]
end;

for i:=1 to n do begin

xO0[1]:=b1[i];
al[i,i]:=0;
end;
2:fori:=1tondo
begin
s:=0.0;
for j:=1 to n do s:=s+al[i,j]*x0[j];
x[i]:=b1[i]+s;
end;

k:=0;
for i:=1 to n do if abs(x[i]-x0[i])<eps
then begin k:=k+1; if k=n then goto 1 end
else begin for j:=1 to n do x0[j]:=x[j]; goto 2 end;
1: writeln('Sistemaning taqribiy yechimi:");
for i:=1 to n do writeln('x[',i:1,"]="x[]:10:8);

end.

Uusukiim  mporpaMmaiaml  Macajlacd yMyMHM — XOJila  Kylujarada
udonanananu:

a, X, +a X, +---+a, X > ()b,

1In“"n

a, X, +a, X, +---+a_ X > ()b,

@)

X120, X220, ..., x,20, (2)

Ymin(max) =Co*+CiXy + CoXot ..o + CiXy (3)
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(1) Ba (2) maprinapHM KaHOATJIAHTUPYBYM HOMABIYMJIAPHUHI LIyHJal
KUMMaTIIapuHU  TOMHUII Kepakku, ynap (3) 4Yu3MKIM (QYHKIUSAra MHUHUMAI
(makcuman) kuiiMat 6epcun. Macanaauar (1) Ba (2) mapTiapu yHUHT YerapaBuit
mapmiapu Ae6, (3) um3ukiaM (QYHKIMS 3Ca MacajJaHUHI MakcaJ €K Makcal
dbynkimscu ned atanaau.

Macanagaru 6apya derapajgoB4M IIapTiiap Ba Makcaa (YHKIUS YU3UKIN
ekamymmru KypuHuO Typuoau. Ilynunr yuyn xam (1)—(3) macana YM3UKIU

noporpamMmMaiaini MmacajlaCu I[e6 aTajaju.

Konkper macanamapaa (1) mapt TeHrmamanap CUCTEMACHIAH, «>» EKU «<»
KYPUHUIIIATM TEHICU3JIUKIApD CUCTEMAacuJaH €KHM apajall cucTeMajaH uOopar
Ooymumu MymkuH. Jlekun kypcatuin MyMKUHKH, (1)—(3) KypuHUIIAaru MacajaiaHu

OCOHJIMK OMJIaH KyWMHJaru KYpUHUIIra KeJITUPUII MyMKHUH.

a, X, +a,X,+---+a, X =b,

a,X,+a,,X, +---+a, X =b,

21771 22772 2n“"n

a X, +a. X, +--+a, X =b
X120, X220, ..., x,20, (5)
Ymin = Co + C1X1 + CoXot ... + CpXp (6)
(4)-(6) xypuHHUII YM3UKIM MporpaMMmaliall MacajaCHHUHT KaHOHHK
kypuHuImM ae0 atamagu. (4)—(6) Macama BekTopiap €paamuia Kydujaaruda

udoaanam MyMKHH:

PiX1 + PoXot ... + PXn=Pyg (7)
X>0 (8)
Y min = CX (9)
1 12 in b,
o= % p= | e % |
a a a b
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Oy epaa
C=(Cq, C,, ..., C,) — BekTOp—KaTOD.
X = (X, Xz «eey X)) — BEKTOP—YCTYH.
(4)-(6) macananuHr MaTpHIla KypuHUIiaru ndoaacu Kyiugarnda é3uiaau:
AX =Py, (10)
X20, (11)
Y min = CX, (12)
oy epma C = (Cy, C,, ..., C,) — KaTOp Bektop, A = (a,,.) — (4) cucrema
KoepUIMEeHTIIapHIaH TalKWI Tonrad Marpuna; X = (X, Xy, ..., X,) Ba ITy = (64,

02 ..., 0,) — YCTYH BEKTOpJIAp.
Yax =b, (i=1..m) (13)
j=1

x. >0, (i=1...n) (14)

J

Y i :Zn:Cij (15)
=l

(4)-(6) macananu inFuHIMIAp EpAaMua XxaMm udoaanam MyMKUH:

1-tawpud. bepunran (4)—(6) mMacamaHUHT MYMKUH OYIraH edynMu EKd
pexxacu 1e0, yHUHT (4) Ba (5) mapTiapHi KaHOATIAHTUPYBYH X = (X1, X2, «eey X;,) B
EKTOpra auTUJIaIu.

2-tabpud. Arap (7) élinnamanaru mycoat x, koepdurmentiu I, (u=1,...,m)
BEKTOpJIAp ¥3ap0 YM3HMKJIN OOFITUK OYiMaca, y Xoiaaa X=(X1, X2, ..., X,,) peXa TasH4
pexa 1eb6 aTanaau.

3-tabpud. Arap X=(x1, X, ..., X,) TagHY pexagarn MycOaT KOMIIOHEHTaIap
COHM M Ta TeHT Oyica, y xoyjga Oy pexa allHUMaraH TasHY pexa, aKC XoJiaa
allHUTaH TasHY peka NCHUIaIu.

4-tabpud. Ynszuxnm Gyukmus (6) ra eHr KHIUK Kuimat oepyBun X=(x1, X»,
«eey X;,) TASTHY PEKA MACAJIAHUHT ONITUMAJT PEIKACH KU ONTUMAJ CYUMH JIeHUIa Iu.

Uusukyin  mporpamMmanaii macajlacu yCTHAa KyHuJarn TEHr Kywid

AIMAIITUPUTIUIAPHU OaKapUIT MyMKHH.
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1) Y yux HE Y ,,, Ta alIaHTHPHIL. Xap KaHAAaW YU3WKINA IporpaMMalianl
Macasiacuau (4)—(6) kypuHUIITa KeATUPUI YIyH (1) TEHrCU3IMKIap CHCTEMacHHU
TeHrjaamManap cucremacura Ba Y ,,, HA Y, Ta alIaHTUPUIT KepaK. Y 0 HA Y 44,
ra KeJITUpUII YIYH Y ,,,c HU TECKApU HUIIOpa OWiIaH oyuil, SbHU - Y 40 = Y 4, €KU
Y yax = = Y pun KYPUHHIIJIA OJTUII €TAPIIAIUD.

XakukartaaH xaMm, xap Kaagait f (xi, xo ..., X,) OYHKIUSHUHT MHHAMYMH
TeCKapu HIIopa OWIaH OJUHTAH Iy (QYHKIUS MaKCUMyMUHUHI KUWMAaTWra TEHT,
spHu mun T (xy, X5 ..., X,) Ba —max|f (xy, x5 ..., x,)], max T (xy, x5 ..., X,) Ba—
mun[f (xy, x5 ..., x,)] ndoganap HoMabIyMIAPHUHT OUpP XMJI KHWMaTIapuaaruHa
y3apo TeHT OYIUIIMHU KypcaTuil MyMKHH 2)TeHrcusnukiapHu TeHrjiamara
alTaHTHPHUII. N HOMAbITyMIIH

Xy + Xt ... +aXp<b (16)

YU3WKJIM ~TEHTCH3JIMKHU KapaiMu3. by TEHTCH3IMKHU  TeEHTJIamara
alIAaHTUPUII yYyH YHUHT KUYUK TOMOHHIa HOMaH()UN HOMAbIyM COHHH, SHHU
Xns1 2 0 HE kymamu3. Hatmkamga N+1 HOMabaymild YU3MKJIM TEHIrJjamara sra
6§’J'IaMI/I3: aiXy + aXot ... Fa Xy X4 = b (17)

(16) TEHrcW3IMKHU TEHIJIaMara aWIaHTHPHUIN YYyH KYIIWITAH Xy
y3rapyBuuM Kymmmua Yy3rapyBuum ne0 artamaau.(16) Ttenrcusznuk Ba (17)
TEHTJIAMAHUHT eYUMJIapy OUp XUJI €KaHJIUTH KyWHIark TeopeMaza KypcaTuiraH.

1-teopema bepunran (16) TEHrCH3TUKHHUHT Xap OUp X=(Ol1, Oy ..., Oly)
cunmura (17) tenrnamanuHr Gakat OUTTa Yo = (0lg, Oy «eey Oly, Olyt1)CIHMMU MOC
KeJaau Ba, akcuHya, (17) tenrmamanuHr xap Oup Yo eummura (16)
TEHTCU3TUKHUHAT (pakaT OutTa Xy e4uMu MOC KeJIaIu.

Teopema wucbotu. ®Papa3z kunaiimmk, Xp (16) TEHICU3NIMKHUHT €YUMHU
oyncun. Y xomma a;o; + axdp,t+ ... + aya, < 0 mMyHocabar ypuHim OYymamnu.
TeHrcU3MMKHUHT Yal TOMOHUHHU YHT TOMOHTa YTKa3ub xocui Oynrad nudoaaHu o
w1 OMIIAH OenruiiaiiMm3

0<b- (a0 + ad,t ... + a,0n) = O+
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Oumu Yo =(0t;, Oy <.y On, On+t1) BeKTOpPHH (17) TEHIIIAMAHHMHT C€YMMH
DKAHJINTUHU KypCaTaMHU3.

a o +a0t. . . Hand, o =aoy tasot.. Fanant(b-aag-asa,; - .. .-anan, )=b

Oumu arap Yo (17) Tenriamanu KaHoarnaHTHpca, y xoiga y (16)
TEHICU3JIMKHH XaM KaHOATJIaHTUPHUIIMHU Kypcaramus. [llapTra kypa:

a;o+aot... a0, +an+1=b,
Oln+1 = 0

by Tenrnamanan on.1=> 0 coHHM Tanurad 1000pHIll HaTHKACHIA

ajoy + a0t ... + a0, <b

TEHICU3JIMKHM XOCWJI Kuiamu3. bynman kypunamauku, Xo=(oq, @, ..., ap)
(16) TeHrcU3IMKHUHT €YUMU DKaH.

[ynaait #yn 6uiaH YU3UKIU MporpaMMaranl MacajlaCHHUHT YerapajoBYu
mapTJiapyuiard TEHICU3IUKIApHU TEHrjamMalnapra aijlaHTUpUIl MyMKUH. byHna
IHIyHra O>bTHOOp Oepulll KEepakKh, CHUCTEMaJard TYypiau TEHTCU3IUKIAPHU
TEHIJIaMaJlapra alJaHTUPHUII YYyH Yyiapra Oup-Oupnapunan (apk KuilyBud
HOMaH(QuUi  y3rapyBUMJIapHM KylIMII Kepak. MacanaH, arap YHU3UKIU

MporpaMmMaail Macajlacu Kynuaaru

a, X, +a X, +---+a, X <b,

a,X+a, X, +---+a, X <b,
<

a_.X

Loml7Tl

+a_X,+---+a_X <b_
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X120, X220, ..., x,20, (19)
Y max = Co + C1X1 + CoXot ... + €pXp (20)
KypuHuiaa 6yica, Oy Macanagaru TEHICU3IUKIAPHUHT KHYUK TOMOHUTA Xp+1 = 0,
Xne2 = 0y ooy Xpsm 2 0 KYIIMMUa y3rapyBuniiap Kymuin épaamMua TEHriamasaapra
ailmantupuin  MyMmMkuH. by y3rapyBumnap Ypmin ra 0 kosdduuueHnt Ounax

kuputuiaagd. Hatwkanma Oepmran (18)—(20) macana KyWupgarn KYpHHHIITA

KeJaJIu.
a, X, +a,X, +---+a, X, +X ;= bl
a, X, +a,,X, +---+a, X, + n+2 bz
(21)
a'mlxl + amZXZ +oe-t aman +Xn+m = bm
X]_Z O, X22 0, XXY XnZ O, XnZ 0, Xn+12 0, coey Xn+m2 0, (22)

Ymax = CO + C]_X]_ + CZX2+ cee + Can+O(Xn+l +... + Xn+m) (23)

Xynau IIyHUHTIEK,

a X, +a. X, +---+a, X >b,

a, X, +a,,X, +---+a, X, =b,

a X, +a X, +---+a_XxX >b_
X120, X,20, ..., x,20 (25)

Ymin = C1X1 + CoXot oo + €Xn  (26)

KYpUHUIIIAa OepUiIral YM3UKJIU MMporpaMmMarail MacalaCUHU KaHOHUK KYpPUHUIITa

KEJITUPUIII MYMKUH. ByHUHT yuyH Kymmmya Xpe = 0, Xpeo 2 0, ceey Xpem = 0
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y3rapyBumwiap TEHICH3IMKIAPHUHI KaTTa TOMOHUZAH aupwiand. Hatwxkana

KyHHaaru Macaia XocuJl Oyaiu:

a; X, +a X, +--ta, X —X ., = bl
a,X+a,,X, +--+a, X - X _,=Db
4 21771 22772 2n“"n n+2 2 (27)
a‘mlxl-l_amzxz +'”+amnxn o Xn+m :bm
X]_Z O, XZZ 0, I XXY) XnZ O, XnZ 0, Xn+12 0, [ XXY) Xn+m2 0, (28)

Ymin = CO + C]_X]_ + CZX2+ cee + Can+O(Xn+l +... + Xn+m) (29)

OHIY YM3UKJIM TIpOrpaMmMaliail Macaiacy eYUMIIApUHHUHT Xoccajaapu OuiaH
TaHUIIaMU3. BYHUHT y4yH SHT aBBaj KaBapuK KOMOMHAIMS Ba KaBapuK TYIUIaM

TYLIYHYaCUHU 3CIATUO YTamMu3.

S-tabpud. A;,Ay...,An BEKTOPJIAPHUHT KaBAPUK KOMOMHALIUSICH 10
mapTiIapHU KaHOATIAHTUPYBYH
A = 0A; + A ... + oA,

BeKTOpra anTwiaad. N-yadornu ¢aszomarum xap Ooup A=(a;, @z ..., ap)
BeKTOpra KoopauHatanapu (a;, ap, ..., ap) Oyiaran Hykra moc kemaau. LIyHuHT
yuyH OyHaaH keiuH A=(ay, ay, ..., 4,) BEKTOpHU N-Ya4oBiaM (a3ogaru HykKTa 1e0
Kapanmus.

6-taspud. Arap N-ymyosnu Bektop dazonaru C TymiaM Y3UHUHT UXTUEPUIN
A; Ba A, HyKTrasapu Owian Oup Karopga Oy HYKTAIAPHUHT KaBapuK

KoMOMHanuscuaan uoopat oyiran A = oA + oA, (a1>0, o, >0, o + o = 1)
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HYKTaHHU XaM Y3 u4ura ojica, sbau A; , A, €C = AeC 06ynca, 0y Tymiam
KaBapuK TYIuiaM €0 aTanajiu.

2-teopema. Un3uKM nporpaMmmaian MacaJlaCHHUHT €4UMJIapuJiaH TalIKui
TONTaH TYIUIaM KaBapHK TYIIaM OYIau.

HUcbotu. Yusukiu mnporpaMmanail MACAIACUMHUHT HUXTHUEPUM HMKKUTA
CUMMHUHUHT KaBapuK KOMOWHAIMACH XaM €4MM JKaHJIMTMHU Kypcatamus. dapa3
KUJIAMIKK, X; Ba X, Oepuiral 4YM3uKJIM MporpaMMaiainl MacajlaCUHUHT e4uMIIapu
oyncuH. Y xoina

AX; =Py, X120, (30)

Ba AX;=Py, X;20, (31)

MyHoca0atinap VpuHiId Oynaau. DHOUM X; Ba X, CUMMIIAPHUHI KaBapHUK
KOMOUWHAITUSCUHU Ty3aMHU3.

X =ax; + (1-a)X,, 0<ax<l.
XaMm7a YHU €9UM dKaHJIUTUHA KypcaTaMu3:
AX = Alax; + (1-a)Xz] = aAx; + (1-a)AX,

Ouau (30) Ba (31) TenrnamanapHu HHOOATTa 0O TOMAMU3.

AX = aPy + (1-a)Pq = Py.

by myHOcabat X BEKTOp XaM €4nM SKaHJIUTUHU KypCaTaIy.

3-Teopema. UM3HKIM MporpamMmaiail MacaJIaCUHHUHT YM3UKIU (DYHKITUSCH
V3MHUHT ONTHMaJl KHMMATHTa Iy MacaJlaHWHT €YUMIIApUAH TAIlKWI TONTaH
KaBapyK TYTUIAMHUHT Y€TKU HYKTacHUa dPUIIAIHN.

Arap umsukym ¢GyHkuus K KaBapuK TYIJITAMHUHT OUpAAaH OPTUK YETKU
HYKTacHuJa ONTHUMaJ KWWMATra OJpuIlca, y NIy HYKTATAPHUHT  KaBapuK
KOMOUWHaIusacuian uoopar OynraH UXTUEPHM HYyKTaga XaM Y3WHUHT ONTHMA
KUMaTUra spuiaay (TeopeManu ucooTcus Kadyir KHUJIaMu3).

4-reopema. Arap K Ta y3apo um3ukiau Oornuk Oyiamaran Pg,Po,...Px
BeKTOpJap Oepuiran 6ynuo, ynap yayH

P1X1 + P2X2+ vee T Pka = Po
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TeHrIuK Oapua X; > 0 map yuyH ypusiu 6yica, y Xomaa X = (X1, X2y «eey Xis 0ye.,0)
BekTOop K KaBapwK TYIUIAMHUHT 4YeTKH HyKTacw Oynamu (TeopemMaHu HCOOTCHU3
KaOyJ1 KHJIaMu3).

5-teopema. Arap X = (X1, Xpy ..., X;) YSTKH HYKTa OVyiica, y Xoiaa MycoOar
Xilapra MOC KEIyBUM BEKTOpJap ¥3apo YHM3UKIU OOFNUK OYiamaraH BeKTOpJap
CHUCTEMACHHH TAITKWI KWUJIaJu (TeOpeMaHu UCOOTCH3 KaOysl KHJIaMu3).

IOxopuna kentupwiran TeopeManapaaH KyHuJIard XyJIocajdapHU YUKAPHUII
MYMKHH.

1-xynoca. K TymiiaMHUHT Xap Oup 4eTku HyKracura Pi,P,,...P, BekTopmiap
cucTemMacura M Ta y3apo YM3UKIN OOFNIMK OYIMaraH BEKTOpJap CHCTEMAacHu MOC
KeJaju.

2-xynoca. X = (Xg, Xpy «+0y Xp) K TYIUIAMHUHT YETKH HYKTaCH OYJIMIIHN yYyH
MycOat X; KOMIIOHEHTAJIAp

P1X1 + P2X2+ oo T Pan = PO

éimnmana  y3apo YM3HMKIM OOFiIMK OyimaraH P;  BeKTOpJapHUHT
koadpurmenTapuaan néopat OYiIuIIM 3apyp Ba eTapiu.

3-xynoca. Unsukim mporpammarail Macajiacu TassH4 €4MMIIapUIaH TallKu
TonTaH TymiamM K KaBapuK TYIDIAMHUHT Y€TKH HYKTajap TYIJIaMUTa MOC Kenaau
Ba aKCHMH4Ya, Xap Oup TasgHd eynM K TYIIaMHUHT OMpOp 4YETKH HYKTacura moc
KeTa/Iu.

4-xynoca. Yu3ukiIM mporpaMmaniani MacajlaCHHUHT ONTUMall edyuMuHu K

TYIUIAMHUHT YE€TKU HyKTaJapy OpacuiadH KUAUPUII KEPAK.

1.2. Yu3ukJu TeHrJaMajap Ba YJIAPHUHI CHCTEeMAJAPUHU EYUIIHUHT

aHbaHABUHl yCyJLIapH.

YTran gapcaa OM3 TaHUILTaH CUMIUIEKC YCyJl OuilaH UXTHUEPUN KYpUHUIIIIA
oepunran YII macanacuHu edyuin MyMKUH. J[aHUOWr sipaTraH CUMILIEKC YCya 3ca,

xap Oup TeHINIamMaza OWTTalaH aXpaTWiraH HObBMaIyM (0Oa3uc ¥y3rapyBuu)
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KaTHAIIMIIKM I[IapThra acocianrad. bomkaua antranma YIl macamacu Kyuuparu

KypuHUIIa Oepriirangaruaa JlaHuur ycyJiuHM KyJuiam MyMKHUH:

X, +a,, X, +--+a, /X, =b,
R
X, +a . X .+---+a_ X, =b_
X120, X220, ..., X420, (2)
Y min = Co + C1X1 + CoXot ... + CpXp (3)
(1) CHUCTEMaHH BEKTOP IIaKIKaa €3u0 OJIailyInK

P]_Xl + P2X2+ eoe + Pme + Pm+le+1+ X + Pan = PO

by epna
0 O a1m+1 1n bl
1 0 o . b
P=| " |P,=| |Pu=| |[Pra=| " pePa=| P =|
O 0 1 a'mm-f-l amn bm

P1, Py ...y Py BekTOpsap cuctemacu M-ymyoBiu (azona y3apo YM3HUKIU
SpKIM OynaraH OUpIMK BEKTOpJiap CHUCTEMacuIaH ubopar. Yiaap M YiI4oBiIu
dba3oHUHr Oa3WCHHM TallKWI KWwiaad. YmOy BeKTopjapra MOC KelyBYd
X1, X259+« sXm Y3TapyBUMJIApHU «0a3UC Y3rapyBumiiap» aed araiimus.

Xm+1y Xm+2se+es Xn — 0a3uc OynMaran y3rapyBumiiap. Arap 0aszuc Oyimaran
y3rapyBuunapra O kuitmat Oepcak, 0a3uc y3rapyBUWwIap 0301 Xaajapra TEHT
oynamu. Hatmwkama Xo =(b1,029.e.5bms 0,..., 0) eurim Xocwn OVyimamu. by ednm
Oomanrud euyuM Oymagu. Ymoy edumra X;P1+XoPot...+XmPm = Py €iimnma moc
kenaau. by éhmnmanaru Pi, Py, ..., Py BekTOpnap ¥y3apo spkiu OYiaranauru

cabalnu Tonuiarad OONUTaHFUY €4YUM TassHY €4uM OYiaiu.
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CumMIiexc xaBain KyWujaara KypuHuiaa 0ymaau

basuc | Cgy, Po Ci | Co|ee| Co | Crist | eee | Ck || Cy
BCKT.
Pr | Po | eee| Pm | Pmsz | eee | Pk | oee | Ph
P, C; b, 1 0 |... 0 Aimet | eee | A1k | .eo | Q1
P, C, b, 0 1 ... 0 Qomel | eee | Aok | eee | Q2n
P C b, 0 0 |... 0 Amsl | eee | Ak | -ee | Qn
Pm Cn b 0 0 |... 1 |ammet| ooe | @k | oee | Qmn
Yi=4j- m A | A Am |m m m
Cj Yo=?C | = = =0 | Ymu Yk Yn
ibj 0 0 =?Qim+ =7k =?ain
0 1Ci- i i
Cine1 Cx o
i= i= i
0 0 =
0

Arap 6apya ycrynnapaa Y; < 0 6§aca X=( X1,X2,++sXm) = (D1,02,...,bm) eunm
ONTUMAaJ €4uM Oynaau. by edumaaru Yu3ukiIn GYHKIUSIHUHT KAAMATH Yo T'a TCHT
oymasu.

Arap kamuzaa 6urTa j yayH Y; > 0 6ynca, xaMm MacaJaHUHT ONTUMAN €YUMH

tonwiMmarad Oynaau. LIIlyHWHr y4yH TONWIraH €4MMHHM ONTUMAal €4uMra SIKUH

max(y,) =y, = A,

y;j>0
OyJraH eyuMra aJMaIrTUPHUIN MaKcaauaa 0a3ucra
IApTHU KAHOATIAHTUPYBUM Py BeKTOpHM KHpuTUIN Kepak. Arap Py 0Oaswmcra

KUPUTHUJICA, ICKU 0a3uc BEKTOpJap/aH OMpopTacMHU Oa3ucIaH YHKAPHII KEpak.

ba3ucnan

min (b{/a;)=b,/a,

a;,>0
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mapT ypuHau Oyiran Pe BekTop unkapuiaau. By xomma e 2JIeMEHT Xail KUITyBYH
anleMeHT cudarnna oenrmwranmu. [y ameMeHT xoitamran j-katopaarua Pe BekTop

VypHHra y Koinamran ycrynaaru Py Bektop 0asucra kuputuiaaau. Py BEKTOPHUHT

{b: :bi _(be/aek)'aik - {X: =X, _(Xe/Xek)'Xik

r_ r_

be _be/aek Xe_Xe/Xek
! !

aij :aij _(aei/aek)'aik . Xij :Xij _(Xej/Xek).Xik
, €K1 ,

a,; =a,la, Xy =X 1%,

Vypuura Py BEeKTOpPHU KUPUTHII Y49yH CHUMILIEKC >KaJBall Kyhujaru dopmyraiap
acocujia amMaIITHPUIAIN.

CuMiuiekc kajBal aJMalllaHJaH CYHT sHa KadTagaH A; 6axonap
aHMKJIaHaau. Arap Oapda j nap ydyH A; Oyica, onTHMal €4uM TONWITaH OyIanu.
AKC XOJiJjla TOMWIraH €4uM OOoIlKa e4ruM OWJlaH aaMallTUpUiIagu. YMymaH Oy
*apa€H ONTUMaJ €YUM TONMWITYHYa €KMW MaCaJaHWHT YEKIH ONTHUMal €YUMHU
MaBXKyJl SMACIWIM aHMKJIAHTyHYa TakpopiaHagu. Arap Oupopra j yuyH A>0
O0ymi6 Oy yctyHmarm Oapua @ snaeMeHTiap ydyH a@;; <0 (i=l,...,m) mapr
Oaxkapuiica, MacaJlaHWHT MakKcaJl (DYHKIMSICH YEKJIM SKCTpEMyMTa 3ra OyaIManu.

dapaz KUIAWIMK, CUMIUIEKC JKaBajlia onTUMaIiK mapta (Ai<0 i=1,...,n)
Oaxxapuicut. by xonna eunm

X=B"Py
dopmyna opkaau Ttommimaau. by epaa B=(P;, Pj..., Pn) Marpuma 0a3suc
BEKTOpJapJaH Tamkwi Tonran marpuraaup. (1)-(3) macana yuyn B marpuiia m
yrdoBM GUPINK MaTpHua, Ba JynB™ MaTpuma xaMm GUpIHK MaTpHIa OYIraHIHrH

ca6a6mu X° = P°= (b'1,b'2..0,b" 1, 0,..., 0) OnITHMA e4rM OYTaTH.

X, +3X, =X, —=2X, =7
—2X, +4x, + X%, =12
—4x, + 3%, +8x, + X, =10
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1-mucon. Macananu CUMILIEKC yCyJ1 OuJIaH €4uHT
Xj =0, (G=1, 2,..., 6)
Y min= X2 —=3X3+2X5

Euum. BGJIFI/IJ'IaIIIJ'Iap KUPpUTAMN3 Ba CUMILICKC JKaJIBAJTHHU TSJ’J'II[I/IpaMI/I?)

1 3 -1 0 -2 0
P.=|0p,=|-2}p,=|4 |P,=|1|Ps=|0 |ps=[0}|p,=|12
0 -4 3 0 8 1 10

C=(0:;1;- 3;0;2

i Ba3uc Céas Po 0 1 -3 0 2 0
BEKT.

Py P> Ps P4 Ps Ps

1 Py 0 7 1 3 -1 0 -2 0
2 P4 0 12 0 -2 14 1 0 0
3 Ps 0 10 0 -4 3 0 8 1
A 0 0o | 1 | 3 0 | 2 | o
1 Py 0 10 1 52 0 1/4 -2 0
2 P -3 3 0 -1/2 0 1/4 0 0
3 Ps 10 1 0 -5/2 0 -3/4 8 1
A -9 0 1/2 0 -3/4 -2 0
1 P, 1 4 2/5 1 0 1/1 -4/5 0
2 P -3 5 1/5 0 1 3/1 -2/5 0
3 Ps 10 11 1 0 0 -1/2 6 1
A a1 | 1B | 0 0 | 12 | 85 | 0

Aj<0.Onruman eunm x = (05 4; 55 0; 05 11) Yin = - 11,
Cynbuii 0a3uc ycyau
Arap MacaJlaHMHT MIapTiapuaa ¥y3apo JpKiIM OyiaraH m Ta OupIuK
BekTopiaap (0a3uc BEKTOpJiap) KAaTHAIIMAaca, yJiap CYHBbHI paBUIIA KUPUTHIIAIN.

Macanan, Mmacana Kyiuaara KypuHuiiga Oepuiran 0yJIcuH:
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a, X, +a,X, +---+a, X, <b,
a, X, +a,, X, +---+a, X, <b,

@

X120, X220, ..., X420,

Ymax = C]_Xl + C2X2+ cee + Can (3)

()

by macamara Xp:1= 0, Xpi2 2 0, ...y Xpem 2 0 Kymmmua Y3rapyBumiap

KHUPUTHIICA, KyHUIaru KerauTUpUJIral Macajia XoCHI OYiaau

a; X, ta,X, +---+a, X, +X,,= bl
a,X,ta, X, +---+a, X, +X,,= bz

_________________ (4)
amlxl +a‘m2X2 +“'+aman +Xn+m :bm
X]_Z O, X22 0, coey XnZ 0,-.., Xn+m2 O, (5)
Ymin = - C]_X]_ = CZXZ - eee Can + O(Xn+l +,..-+ Xn+m) (6)
by xomma Ppi1, Prizseees  Prem BEKTOpJIap 0a3uc BEKTOpJap Ba

Xn+1,Xn+25e « +sXn+m Y3TapyBUMiap «0azuc yzrapyBumiap» 1e0 KaOysn KUJIMHAIN.

Arap Oepwiran Macajia Kyiuaaru KypuHuiiaa oyca:

a X, +a,X, +---+a, X, =b,
a, X,+a,,X, +---+a, X, =b,

(7)

X120, Xp2 0,..., Xp= 0,
Y min = C1X1 + CoXot ... + €Xn
Oy wMacamara CYHBUM Xpi1,Xn+2seeesXnsim  Y3TAPyBUHIIAD

KEHTaTUPWIraH Macajia XOCUJ KWINHAIN:

a, X, +a, X, +---+a, X, +X ,=b,

117
a, X, ta, X, +---+a, X, +X,,= bz

(8)
9)

KHPUTHO KyHHugaru

(10)
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X120, %20, ..., Xp=0, Xp4120,..., Xp+m 2> 0, (11)

Ymin == Ci1X1 = CoXz- eee = CXn+ M(Xpa1 Fseeet Xnam) (12)

Oy epna: M — erapnyua kaTTa MycOaT COH.

Cynbuit 0azuc y3rapyBumjiapura MoC KemyBUM Ppig, Pregseess Prim
BEKTOpJap «CyHbUI 0a3uc BEKTOpJap» Aed araiagu.

bepunran (7)-(9) MacaJlaHUHT ONTUMAJl €YMUMH KyHHIAru Teopemara
acocjaaHuO TOMUIA/IN.

Teopema: Arap kenraiitupuwiarad (10)-(12) macaranvHTr onTUMall €4YUMUIA
CYHBUI 0a3uc Y3rapyBuniiapy HOJITa TEHT OyJica, SbHHU:

Xn+i =0 (i=1,...,m)
TEHIJIMK YpUHIM Oyica, y Xxoiga Oy eunMm Oepwiran (7)-(9) macalaHMHT Xam
ONTUMAaJ €YUMU OYIaIu.

Arap KEHTraWTHpWITaH MAacCaJaHWHT ONTHMAJl CYAMHIAa KaMujaa OWTTa
CyHBUN 0azuc y3rapyBunm HoJJIaH dapkiu Oyica, y Xoiaa macaiga edyumra isra
oynMaiiu.

2-mucoia. Macananu cyHbuii 0a3uc ycynu OuiaH eduHr

X, +3X, +2X, +2X, =3

2X, +2X, + X, +X, =3
X; >0, (=1, 2,..., 4)
Zmax = 5X1 +3Xo + 4X3— X4

Eunm. Macanara cyabuii Xs= 0 Xg= 0 y3rapyBumiap KUpUTaMu3 Ba yHH

HOpMaJT KYPUHUIITA KEJITHPAMU3.
X, +3X, +2X, +2X, + X, =3
2X, +2X, + X, + X, +X, =3
Xj =0, (=1, 2,..., 6)
Zmin= —5X; —3Xy —4X3+ X4+M(Xs5 + Xg)
Xocusl OynraH MacajllaHd CHUMIUIEKC JKaJBajira >KOWIAIITUPUO, YHU

CUMILIEKC yCyJ OUJIaH eyaMus.
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i | Basuc | Cegas Po -5 -3 -4 1 M M AK
BEKT.
P1 P> Ps Py Ps Ps

1 Ps M 3 1 3 2 2 1 0 1
2 Ps M 3 2 2 1 1 0 1 15
A; 6m | 3m+5 | Sm+3 | 3m+4 | 3m-1 0 0

1 P, -3 1 1/3 1 213 2/3 1/3 0 3
2 Ps M 1 4/3 0 -1/3 -1/3 -2/3 1 s
A M-3 | M+4 0 M+3 | M-2 M-1 0

1 P, -3 3/4 0 1 3/4 3/4 1/2 -1/4 1
2 P -5 3/4 1 0 -1/4 -1/4 -1/2 3/4 -
A; -6 0 0 3 -2 1-M | -3-M

1 P3 -4 1 0 4/3 1 1 2/3 -1/3

2 P1 -5 1 1 1/3 0 0 -1/3 2/3
A; 9 0 -4 0 -5 -1-M | -2-M

[Mysgait kumb cuMIgieke ycyn Oyinya 4-ta KanaMmJaH uOopatr SIKMHJIAIIMILIA
ontumain euuM tonuaay. Aj< 0. Ontuman eunm X=(1;0;1;0;0;0) Y min=-9.
Kenraiitupuiaran MacajaHUHT ONTHUMaJl €YMMHUIArW CYHBUW Y3rapyBUMIIAp

Ora Tenr (Xs=0, Xg=0). Illynunr yuyH (Teopemara acocaH) Oepuiran MacajiaHUHT

OIITHUMAJI CUUMU:

x=(1;0;1;0); Zmin=-9; Zmax=9; oynamm.

1.3. Chiziqgli tenglamalar va ularning sistemalarini echish metodikasining
tahlili.

TpancnopT Macajiacu — YU3UKIM HpOTpaMMAaalllHUHT ajJOXUAa XYCYCHSITIN
Macajgacu O0ynuO Oup >KMHCIM IOK TAIIMIIHUHT SHT TEXKAMIIM PEXACUHU TY3HUII

Macasacuaup. by Macama Xycycuiinurura Kapaman KyJUIAHHII COXAcH JKyZJa

KEHTJIHP.
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1. Macananune Kyniunuwiu 6a yHuH2 Mamemamuk mooeau

m-ta A; (i = 1,2,..., m) TabMUHOTYWIAp/Ia HUFUIMO KOJTraH OUp >KUHCIU a
MHKJIOpJara MaxcyiaoTHu N-ta Bj ucresmomuunapra moc pasummaa b (j=1,2,...,n)
MUKIOp/ia eTka3ub OepuIn Tanad KUIuHAIH.
Xap O6up 1-TabMUHOTYMIAH Xap OUp j-UCTebMOJUUTra OUp OMPJIMK FOK TAIIMII Ky
XapakaTU MabJIyM Ba Y Cjj— CYMHU TaIIKHUI KUIaIH.
FOK TammuHuHT MIyHaai pexacuHu TY3UIl KEPaKKH, TAbMUHOTYUIApIaru

Oapua rokmap oaud YMKUO KETWICHH, UCTEHbMOIYMIAPHUHT Oapua Tanmabiapu
KOHJIUPWICHH Ba 11y OwWsiaH Oupra iyn xapakaTJapuHUHT YMyMUNA KUWMAaTd 3HT
KUYMK OVIJICHH.

MacajlaHMHT MaTeMaTHK MOJCIUHU TY3UII YYyH I-TAbMHHOTYHJIAH j-
UCTEbMOIIYMra €TKa3suO Oepull y4yH pEKaJAIUTUPUITaH IOK MUKIOPHHHU  Xijj
OpKaJid OeNrwiaiMu3, y XoJijla MacaJlaHWHT MIApTIaApUHU KyHUJaru xKaaBai

KYpPUHHILA €3UII MyMKHH:

TabsMuHOTUMIIAD Hcrebmonuniiap 3axupanap
B: B> . Bn

A C11 C12 e Cin ai
X11 X12 Xin

Ao Co1 Co2 ... Con dp
X21 X22 X2n

Am Cn1 Cn2 cee Cnm dm
Xn1 Xn2 Xnm

Tanabnap b1 b1 b1 ?a; = 7D

JKanBanman KypuHaIMKH, I-TABMUHOTYHAAH J-HCTEBMOIYNTA PEXKANATH Xijj —
OMpIMK IOK €TKa3HO Oepuinl Hyn XapaxkaTH Cjj Xjj — CYMHH TaIIKWJI KHJIAJIH.

PesxanuHr yMmyMuii KulimMaTu 3ca,
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ra TeHr Oynaju.
MacajianuHr OMpUHYM IIapTUTa Kypa, sSSbHU Oapya rOKjIap ojJu0 YUKHO

KETWIMILH IIAPTH YIyH

n
> x,=a, (i=1m)

j=1
TEHTJIMKJIapra 3ra Oyiamus;

4 Xij:bj (J:L_n)

WMKKWHYY IIapTra Kypa, sbHU Oapya Tanadnap Tyia KOHIAUPWIHILN Y9yH

TEHTJIMKIIapra 3ra Oyiamus;

Mynaail KuiMO MacaJaHWHT MaTeMAaTHK MOJENH KyHuaaru KYpUHHILIHU

@ [>x,=a, i=12,..m

=1
(2) inj:bj’ j:1,2,...,n

oJlaau:
YU3HUKIIM TCHIJIaMaJlap CUCTCMACHMHUHT
(3) Xij = 0, i=1,2,...,m; j=1,2,...,n

mapTiapHd KaHOATJIAHTUPYBUM IIyHJAl €YMMHUHHU TOMMII KEpPakKu, Oy

CUuM

YU3UKJIA (PYHKIMSTA SHT KWYUK KUHMaT OepCHH.

by monenna
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TeHTTUK Ypunnu Ae0 dapa3 kunuHaau. bynaail Macananap «€nuK MOJEIITN
TPaHCIOPT Macajgacw» JeHUIIaaHn.
Teopema. Tamabmap xaxmu 3axupanap XaXKMWTa TEHT OYJIraH HCTalIraH

TPaHCIOPT MacaJaCUHUHT ONTUMAJ €UUMH MaBXY]] OYaau.
2. Bownanzuy maany euumHu Kypuui.

MabiayMKu, UXTHEPUA YH3UKIA TPOTpaMMajialll MacalaCHHUHT ONTHUMAI
CUMMUHU TOIUII KapaéHu OOILIaHFUY TasHY CYMMHHH KypHUIIJaH OOIUIaHA IH.

Macananunr (1) Ba (2) cucremanapu Oupraaukaa MN — Ta HOMAbIyMIIU
M-+nN — Ta TeHrnamanapaa uoopar. Arap (1) cucteMaHUHT TeHIJIaMalapyuHy Xaama-
Xaa Kylicak, Ba anoxujaa (2) cuCTeMaHUHT TeHrJaMajJapuHHU XaaMa-xaj KYIICak,
MKKUATa Oup XU TeHriama xocui 0ynaau. by aca (1) Ba (2) man ubopar cucremasa
OuTTa YM3UKIM OOFJIMK TEHrjiama OOpJIUruHU Kypcartaau. by TeHriama ymymwuii
CHUCTEeMaJlaH YuKapuO Tamuraica, Macaia M+n-1 ta yu3ukiau OOFNMHMK OyaMaraH
TEHrJaMajap cucreMacuaaH wubopar OYynaub komaau. Jlemak, MacallaHWHT
Oy3wJIMaiuran TasH4d e4uMu M+N-1 Ta MycOaT KOMIIOHEHTanapjaH uOopar
oynau.

Mynaait kUMb, TPaHCTIOPT MACATACHHUHT OOIIJIAHFUY TasiHY €4UMH OUPOP
ycyn OwmnmaH tommiraH Oynca, (Xj) — MaTpHIAaHUHT M+N-1Ta KOMIOHEHTaIapu
MycOaT OViIub, KoJaraHjgapu HoJira TeHT Oynanu. Arap TpaHCIOPT MacajlaCUHUHT
mapTiapy Ba YHUHT TasHY €YUMH FOKOpUJATH KaJBal KYpUHHMINIA Oepuira
Oynca, HonmaH Gapkiau Xjj — Jap OJKOMJIAIITaH KaTakjiap «O0aHJ KaTrakiapy,
KOJITaHIapu «OYII KaTakiapy AeHuIaIu.

Arap OaHJ KaTakjJapHH BepTUKAl €KUM TOPHU30HTAI KecMmaiap OwuiaH
TyTaITUPWITaHaa €EnuK KynOypuak xocwia Oyica, OyHaald XoJ1 IUKJUIAHUII
JeruIanu Ba €4uM TasHY eunM Oynmaiaun. Jlemak, Oupopra €4uM TassHd €4uM
Oynummm yuyH O6aH KaTakjaap cOHM M+N-1 Tta 6ynub nuKIaHum pyi 6epMaciuru

Kepax.

[HIuMmoauii-Fap0 yCVIIn.
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TpaHCIIOPT MacalacH >KajBal KyPHUHMIIMAA Oepuiaran Oyiucue. Wy
XapaxkaTiaapuHu xucoOra onmail B; UCTEbMOMTYMHUHT TanaOuHU A; TAabMUHOTYU
XrcoOHUTa KOHAMPHINTA Kupumamu3. ByHUHT y4yH @; Ba D; tok Oupnwkmapuman
knuuruHd A;B; kaTakHUHT Yar macTku Oypuarura é3amu3. Arap a;< b; 6yica, B,
HUHT DXTUEKUHU TyNa KOHAMpUII yuyH A,B; KkaTakka eTHIIMaiiiuraH ok
Oupnuruan A, na" onub €3amu3 Ba X.K. by xapaénnu ApnB, katakka erryHua
JaBoM 3Taupamu3. Arap (5) mapt ypuniam Oyica, Oy ycyiaa Ty3wiraH €4uMm
anbaTTa TasHY euyuM Oyaau.

1-mucon. TpaHncopT MacalacHHUHT OONITAHFUY €YUMUHH TOIHHT.

TabsMuHOTUHIIAD Ucrebmonuumnap 3axupa
XaXKMU
B: B> Bs By Bs
A 10 4 1 4 100
100
A, 2 10 6 11 250
100 150
Az 8 3 2 2 200
50 100 50
Ay 11 12 16 13 300
50 250
Tamab xaxmu 200 200 100 100 250

MuHnMan KUMMaT YCVIIH.

by ycynaa OounutaHFuy e4uM KypUIl yY4yH aBBaJl MYl XapakaTh SHI KUYUK
OynraH KaTakka a; Ba bj JapJlaH KUYWTH €3UJIaJIM Ba KEUWMHTY YHT KWWK KUAMAaTIIN
KaTakka YTUiIaau Ba X.K. by ycynna Ty3uiran OOLUIaHFUY €YMMHU OY3MJIMACIIUK

Ba NUKJUIAHHUIITa TCKITWPHIIT HIapT.
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2-Mucon. MunnMan KuiiMat ycyiu OusaH OONIIaHFUY €YUMUHH TOIUHT.

TapMuHOTUHIIAD Hcrepmonuniiap 3axupa
XaXKMU
B1 B2 Bs Bs Bs
A 10 7 4 1 4 100
100
A, 2 7 10 6 11 250
200 50
As 8 5 3 2 2 200
200
Ay 11 8 12 16 13 300
150 100 50
Tamab xaxmu 200 200 100 100 250

3. Onmuman euum KypumHUHZ NOMEHYUANNAP YCYaU

Teopema: Arap TpaHcnopT MacanacuHuHT X =(X jj) edumu ontuman Oyica,

yHTa KyWHJard mapriapHu KaHOATJIAHTHPYBYM M+N-Ta COHJIAP CHCTEMAacH MOC

KeJau:
X*ij >0 Jap yuyyH U’ + V*j = Cjj
X*ij =0 JIap Y4yH U*i + V*j ? Cij

i=1,2,....m; j=1,2,...,n.

U, Ba V*j COHJIap MOC pPaBHIIJIa «TABMUHOTYH Ba MCTEHMOYUIIAPHUHT
MOTEHIMAIITIAPW JECUMITAIN.

By Teopemara kypa OOlIIaHFUY TasHY €4YUM ONTUMaJ OYIUIIN y4yH
KyHUJard UKKU MapT OaKapHIUIIY Kepak:

a) xap Omp OaHJ KaTak Y4yH MOC MOTCHIUAIAp WAFUHINCHU Iy KaTaKaard
WY xapakaTd KMMaTUra TeHr OYIIUIIM Kepak:

Ui+ V;=Cy (6)
0) xap Oup OYII KaTak y4yH MOC MOTCHIMAIap WUFUHIUCH Iy KaTaKaard

WY xapaxaTd KUiMaTUAaH KaTTa OYIMacIuru Kepak:

Ui+V;?2Cy (7
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Arap kamuna 6urra Oym karak yuyH (7) mapT Oakapuiamaca, KypriagTrad

CUMM ONTHUMAaN OyiaMaiau Ba Oy eunmHu Oasucra (7) mapt Oy3uiraH KaTakiard

HOMAabJIYMHU KUPUTHII OMJIaH SIXIITHJIAII MYMKUH.

I_HYHI[aﬁ KI/IJ'II/I6 HaB6aTI[aI‘I/I TasgHY CUMMHHA OIITHUMAJUVIMKKA TCKIIUPHUII YI9YH aBBaJl

(6) mwapt épaaMuaa MOTSHIMAIAP CHCTEMAcH Kypuiiaau Ba cyHrpa (7) mapTHUHT

6a)I(apI/IJII/IHII/I TCKIIUPUIIAOHN.

2.

4. Ilomenyuannap ycynuHunz an2opummu

bonuanFuy TasiHY €4MMHU KYPHILL;

(6) mapt acocuaa NOTEHUMAIIAP CUCTEMAacCUHU Kypui, OyHaa m+n-1
Ta 0aH[ KaTak yuyH M+N-Ta YU3UKJIM TEeHIJ1ama xocuia 6ynanu. Homabaymmiap
COHM TEHIJIaMalap COHHMJAH OWUTTa OpPTUK OYIraHu ydyyH OMTTa HOMabIyM
pKIM OYnMO yHra UXTHUEpUM KUKWMAT, MacajlaH HOJb KuiiMaTu Oepuimd
KOJITAHJIApU MOC TEHIJIamMallap/iaH TONUJIaIu;

by karaknap yuyH (7) mapT TeKIIUPUIAIH;

a) Oy mapt Gapya Oy KaTtakiap yuyyH Oa)kapuica, €4uM OnTuMai Oyiaau Ba
€YU J)Kapa€HU Tyrauau;

0) akc XojJa €YuM ONTHUMal OYyIMaiWau Ba KEHWWHTH €YMMra YTHUITra
KUPUIINTIAIN;

Keitnaru eunmra Yyt yuyH (7) mapT Oy3wiraH KaTakJapHUHI YHT
nact Oypuarmra ?; = U; + V; - C;; xuiimatnap €3ub umkmianu Ba Oy
KUWMAaTIApHUHT 9HT KaTTaCl MOC KeJraH KaTaKKa «+» HIopa KyHuimaam. «+H»
UIIopa KYWWIraH KatakjaaH Oomiad OaHl KaTakjaap OpKald IUKI Kypuiaaw,
SBPHU yuJlapu OaH] KaTakinapaa €TraH €nuK Kynoypuak Xocwi KuiauHaau. by
KYNOypYaKHUHT ywiapura OyIl KaTakJard «+» AaH UXTHEPUN MYHAIUIIIa «-»
Ba «+t» WHIIOpamapu KYWHO UYMKWIATU. «-» HIIOpaId KaTakjapJaru K
OMpNMKJIapUAaH SHT KaMU TaHJIAaHAIM Ba LIy MHUKIOp Oapua «-» HUIIOpaiu
KaTakjiaapJaH aiupuino, «+» UIIOpalu KaTakjapra Kylnuiaaau, HaTHKajaa sSHrH

TasiHY €4MM XOCHJI OYIIajiu.
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By »xapa€H 4Yeknu COHJa KalTapuiraHJaH CYHI an0arTa ONTHUMal €4UM
XOCHJI OYIaiu.
By anroputmHan Kylingaru mucosna 6atadcui Kypub YuKaMus:

(OXUpru kaJBajaru €4uM JIaBOM ITAUPUIIAIIN).
5. Ouuk mooeniu mpancnopm macanacu

HOxopuna Tana® Ba Takimu(apHUHT YMyMUH MUKIOpJapu TEHr OyiraHma
Macaja «EnuK MOJIEIUIM TPAaHCIOPT Macaiacu» JeUnuiaau, Jerad 3IuK. AKC X0Jiaa
Macajga OYMK MOJEIUTM OYIu0 YHMHT ONTHUMal CYMMHWHH TOMHII YIyH EMUK
MoJIeNTa KeATUPUIAIN Ba TOTCHINAIIIAP YCYJIU KYJUTAaHIIA A,

O4uK MOJIeIUTM MacajaHu €MUK MOJIEITa KEITUPHUIT YUYH KYIIMMYa «COXTa»
TabMUHOTYH ¢KU UCTCHMOTYHN KUPUTHIIATH, YIAPHUHT 3aXUpacu €Ku Tanad XaxmMu

ams1=70j- %8 €xkm  bh=7?a;- ?b; Oymagu. CoxTa TaBMHUHOTYMIAH
pean UCTebMOTYMIIapra €Ku peasl TAbMUHOTYMIIAPAAH COXTa HMCTEbMOTYMIIApTa
amajja oK TallwiMaraHu y4yH HYJi Xapakarjiapd HOJra TEHI KWJIUO OJMHAIU
(Ci,n+1 = 0; Cm+1,j = O)

Hartwxkana énuk Moemuin Macana XoCH1 Oyiaau.

3-mucon: ?a; > ?b; — 6ynran xou, yuyH MacallaHU €UUHT.

TasmuHOTUMIAD Hctepmomunnap 3axupa

XaKMH

Bl Bz Bg B4 B5 Bn+1

A 10 7 4 1 4 0 100
A 2 7 10 6 11 0 250
Az 8 5 3 2 2 0 200
Ay 11 8 12 16 13 0 300

Tanab xaxmu 200 150 100 100 200 100
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I bob bo’yicha xulosalar

YmlOy 00012 4UYM3MKIM TEHIVIaMajap Ba YyJIApHUHT CHCTEMallapUHU
CUMINHUHT Ha3apuil acociapu EpuTwirad. byHIoa YW3UKIM TEHramanap Ba
yIapHUHT CHCTeMajaph TYNIYHYacH, YH3HWKIW TEHIJaManap Ba yJapHUHT
CHCTEMAJIADHHY CYHIITHUHT aHbaHABUHA yCYJUIApH, YH3UKJIM TEHIJIamanap Ba
yIApHUHT CHCTEMAaJapUHU €YWIl METOAWKACUHUHT TaXJIWiu KaOumap OaéH

KHWJIMHT aH.
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Il - BOb. ®PAKTAJI TPA®OUKA UMKOHUATIAPUIAH
®OUJIATIAHUB YN3UKJIU TEHI JIAMAJIAP BA YJIAPHUHI
CUCTEMAJIAPUHU EYUIITHUHT AMAJIMA ACOCJIAPH.

2.1. ®@pakraa rpaduka Ba YHUHI YMYMUid TaBcudu.

SkuH KyHraua (oiianaHyBud Y3MHUHI MaT€MAaTHK MacajJlaCUHU €YUl yYyH
HadakaT MaTeMaTUKaHW OWIMIIK OalKy KOMIBIOTEp/a MIUIAIIHU, KaMuaa OUTTa
JacTypiiail TWIMHA OWIUIIM Ba Mypakka® XucoOmall yCyJIapvHH Y3malTHpraH
oymumuy kepak Oymap »aM. Xo3upja 3ca JacTypJlalllHU Oujia oJIMaiauraH EKku
XOXJIAMAIUTAHIIAD YYYH Tau€p WIMHMH JacTypilap MaKMyallapu, JJIEKTPOH
KYJUITaHMaJap Ba TUIUK XUCOO-KUTOOIAapHU Oakapullira MyJDKajUlaHTaH JacTypHil
BOcUTanap Oynran — amanuti socumanap nakemaapu (ABII) maBxy.

by naketnap QoiiganaHyBuu y4yH Kepakiu OyiraH Oapuya UIIHA €KW UILIHUHT
acocuil Kepakii KUCMUHU Oakapull HMMKOHUHHM Oepaau: MyaMMOHM TaJKUK
KWIMII  (QaHAIUTHK [IAKIKWAA XaM); MabiIyMOTJIApPHUHI  TaxJIWIHA; €4UM
MaBXyJUIMTUHU ~ TEKUIMPULI; MaAC/UIAIITUPUIL; ONTUMAJUIAII; TpadUKIapHU
KYpPHMIL; HATWOKAJIAPHU XYXOKATIAIITHPUII Ba IIAKWUIAHTHPUIL; TaKAMMOTIAPHU
SpaTUIL.

Mamuna wmatematukacunn ABII €pmammpma Vpranum ¢oitnananyBunga
MAaTeMaTUKAHUHT Y3WMHU YpPraHWIl WUIIO3UACUHU spaTaau. AMMO IIyHU aWTUII
JKOM3KM Ma3Kyp IaKeTiapaa spaTWwiraH Xap KaHJal YUpOWSId  MEHIO
¢oiinaraHyBUYMHN OJAMM MaTeMaTUK TyUIyHYallapJaH Ba yCyJUlapaH YHH 030[
Kwia onMaiiau. XycycaH, arap (oiganaHyBYd MaTpuila HUMAJUTUHU OuiMmaca, y
X0J1a MaTpuia anreOpacu JacTypudl NakeTd yHra Xed KanHjail épnam Oepa
onmaiiiu, €xku QolgalaHyBUM HOAHMK OYJIMaraH WHTETpaJIHU COHJIM yCyJuiap
éplaMuia XucooOaiira ypuHranaa, y XakukaTaaH aHya MMpoK OyiraH »KaBOOHU
ONMUIIA €KW >KaBOOHM yMyMaH OJOJIMAclIUrd XamM MyMKdH. WXTuépuil KeHr
MMKOHHUSTIIApra 2Jra [MakeT yHuBepcan EHjammmra Oofnuk. MaremaTuk

MakeTJapHu WIUIATUIIAA MYTaxXacCUC YHIaH OHIIM (orgamanu® yermpmanap
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KWIAITA ~MYMKHH: TIAKeTHH YHHHT MYyaMMOCHTa pOCTJIAIM, JacTypHU
MoAM(pUKALMSIIALI, STHIUIIAL, XMCOOJIalll BAKTUHH TEXKalll Ba X.K.

Xo03upru KyHAa KaMmOobploTep anreOpacMHMHT HUCOAaTaH UMKOHUSTIN
nakeriaapu Oy - Mathematica, Maple, Matlab, MathCAD, Derive Ba Scientific
WorkPlace. Bymapgan OupvHYM HKKHTAacH IpodeccroHal MaTeMaTHKIAp Y4yH
MYIDKaIIaHral Oyin0 MMKOHUSATIAPHUHT OOWINMIHM, WIUIATUIIIA MYpPaKKaOIUTu
OwIaH axpanud Typau.

MatlLab wmarpumnanap OwiaH wWmamra Ba CUTHAUIAPHA —aBTOMATHUK
OOIIKapHII XaMm/1a KaliTa UIljialra MyJbKalaHTaH.

MathCAD Ba Derive KyJIIaHWIHIIHY KyAa OCOH OVIr0 TanabamapHUHT TUIIHUK
TajabJlapuHu KOHJIMPUIITHU TabMuHNaiiau. bynap katopura Eureka maketunu xam
KYILLIHII MyMKHUH.

Scientific WorkPlace wmarematux kynéamanapan LATEX Tusumunan
dolinananran xoJyija Tai€piaiira MyJpKaaiaHral Oynauo Oup maijga aHaJIUTHK Ba
COHJIM aMaJUTapHU OaKapuIlld MyMKHH.

1.Mathcad numkoHusITIapH Ba YHUHT UHTEpdeiicu

3aMOHaBUIl ~ KOMIIBIOTEp  MaTeMaTHKacH  MaTeMaTUK  XHCOOJapHU
aBTOMATJIAIMITUPUIN y4yH OyTyH Oup OupiamTUpuiIran JacTypud THU3MMIIAp Ba
NakeTJapHu TakauM 3tagu. by tusumnap nunga Mathcad opauii, erapinua xaiira
WIUIAHTaH Ba TEKIIMPWITaH MaTeMaTHK XUCoOIanuiap TUBUMHUIUD.

YMmyman onranga Mathcad — Oy KOMIIbIOTEp MATEMAaTUKACUHUHT 3aMOHABHA
COHJIM YCYJUIAPUHU KYJUIAIIHUHT YHUKAJ KOJUICKUMACUIUD. Y Y3 WuWra Wuiuiap
WYUIard MaTeMaTUKAaHUHT PUBOXKIIAHUINN HATWKACHUJA WHUFWITAH TaxkpuoOamap,
KOHUajap Ba MaTeMaTHK XMCOOJIAII yCYJUTapUHH OJITaH.

Mathcad nakeTs MyxaHIUCIUK XUCOO MIUIAPUHU OaKapHINl YUyH JacTypuit
BocuTa OYynmO, y mpodeccnoHanm MaTeMaTUKIap YYyH MYyJDKaJUIaHTaH. YHUHT
épmamuga y3rapyBud Ba Yy3rapmac mnapameTpid ainredopank Ba gauddepeHiman
TEHIJIAMAQJIAPDHU  €uuIl, (DYHKIUSUIAQpHA — TaXJWid KWIAII Ba  YJIQpPHHUHT

SKCTPEMYMUHHU H3JIAII, TOIMWJITaH CUMMIIAPHU TaXJIWJI KWW YYYH JKaJIBajlJlap Ba
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rpadukmap Kypumr MymkuH. Mathcad mypakka® macanmanapHu e4uil yuyH ¥3
JACTypJall TUIIUTa XaM dra.

Mathcad wunrtepdeiicu WindowsHunr Oapua pgactypiapu uHTedeiicura
Vxuramr. Mathcad uimra Tymrypuiarasgal CyHT YHUHT oMHacH1a 001 MEHIO Ba y4Ta
naHen Bocutacu unkaau: Standart (Ctannmapt), Formatting (dopmatiamn) Ba Math
(Marematuka). Mathcad wmra Tymrasga aBTOMATHK paBUIIAA YHUHT HIIYH
xyxoxat (aitnu Untitled 1 Hom Ounan oumnanu Ba yHra Workshet (M Baparm)
neitmnaau. Standart (Crangapt) BocuTanap maHenu Oup Hewa (aitmap Owmiiax
UIUIAl y9yH OydpyKiap TYIUIaMuHU y3 nuura onanu. Formatting (dopmatiai)
dbopmyrna Ba MaTHIapHH (QopMmatriam OViimya Oup Hewa OyHpYyKJIapHU Y3 UUUTa
omagu. Math (MaremaTuka) MaTeMaTUK BOCUTAJIAPUHU Y3 WYHUra OJraH Oyiuo,
ynap €paamuza CHMBOJUIAp Ba OIEpATOpJIapHU XYxoKaT (aitnu oliHacura
XKoMnmamTupuil yuyH Kymnanuiaau. Kyhunarun pacmaa Mathcaduunr oifinacu Ba

YHUHT MaTE€MaTHK MaHell BOCUTaNIapu KypcaTuiraH (1-pacm):

* Mathcad Professional - [Untitled:1] [=11E3
@ File Edit Wew Insert Format Math Svmbolics  Window Help -0 X
e &6V me = D & [z <] @ @

|Momal || ial ~fn ~|B o === ==
B A [ x= |2 <E 20 28 *
.Y
+
@ v & & [ || addLine & PRI | e
= dwh .
ot kA K if atherwise || [ & A bbb ma x|
w4
£ omo o far while [ =T In - e® ot o
n n 2
TU ¢ XV ow break  continue lm lin, Y log T () %* O
A BT AEZ return an errar an 7§ 3/
He I K A M m s 4 5 6
M 5 Ol P Z S @ & [ sin 1 2 3 +
T Y & X% @ = o= m iy L [ = 0o - =
xf xfy xfy
W
¢ 5
Press F1 for help, ALTO MUM Page 1

1-pacm. Mathcad naketu oiiHacu Ba yHUHT MaTeMaTHK MaHET BOCUTAJIAPH.
Colculator (KonbkynsiTop) — acocuii MareMmMaTHK oOIlepanusiap adJoHHu;

Graph (I'padux) — rpadukmap mabmonu; Matrix (Marpuiia) — martpuia Ba
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MaTpuiia onepanusuiapuan  Oakapuim maononu; Evluation (baxomamr) -
KUMaTIIapHu 00OpHIN OINepaTopd Ba HATHXKAIAPHU YUKAPUIL ONEPaToOpH;
Colculus (Xucobmam) — muddepeHnuanian, HHTErpaUiall, CyMMaH! XuCOOar
ma6nonn; Boolean (ManTukuii omepaTopiiap) — MaHTHUKHE —omepaTopJiap;
Programming ([actypnammpuiin) — gactyp Ty3ull Y4YyH Kepakid MOAYJUIap
spatum onpearopiapu; Greek (I'pex xapdmapu) - Symbolik 6enrunmmnap ycruma
UIUIAII YYyH oInepaTopiap.
2.MaremaTuk udoaiapHu Kypuil Ba XucoOal

bornurarFruy XomaTma sKkpaHaa Kypcop KpecTuk kKypunuiga o6ynaan. Mdomann
KUpUTUIIAA y KUpUTUiIaétran udojaHu sramiad oiraH Kyk Oypyakiid XoJjarra
Vragu. MathcaduuHr Xxap KaHmail omepaTOpUHM KHUPUTHUIIHM ydTa yCyJijaa
OaxapuIll MyMKHUH:

e MeHI0 Oyipyruaan ¢oiinananuo;

e KJaBUATypa TyrMajiapujad Qoiinananuo;

e MaTeMaTUK naHenaaH (onaananuo.

VsrayBumnapra KkuiiMar Gepuumr  ydyH 106OpHII  omepaTopH ="
UnuIaTuiaaau. XucoOJalulapHu amajra ONIMPUII YYyH OJIIMH (opMmynanaru
y3rapyBund KMMMaTJIapyu KUPUTHIAIN, KEWWH MaTeMaThk udonaa E3uinud TEHTIINK
“="" GenTUCU KMPUTHIIAJIA, HaTKaaa udoaa KHiMaTi Xocull 0ynanu (2-pacm).

Onmuit Ba Marematuk wuQoOAATApHU Taxpupialiga MEHI0 CTaHIapT
Oyilipykinapugan  doigananunaau.  Taxpupiamiga — KJaBHaTypagaH — Xam
doitinananuin MyMKUH, MacajiaH

e kecub oy — Ctrl+x;
e nycxa onum — Ctrl+c;
o Kyiinmi — Ctrl+v;

e Oaxxapuiau 0exop kuum — Ctrl+z.
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. Mathcad Professional - [Untitled:1]

@ File Edit Wiew Insert Format Math  Symbolics  Window  Help - 8 x
Dl &la ¥ 2 e = > & [z ] 19
|Mormal || arial ~4 B I U|l=== ==

B+ [ r= 4 <2 51 ®
4
MionaHd xucobnaw CTaHnapT dyHELMANAD
x=3 yvi=3 a:= 10 oy = 1609 sin¥) = -0.059
[ 4 y=g at:n(aj =1471 cos(x) = 0284
x+y _, J i dx = 2667 2275
I : e
CoHnu f=rapmacnap 32, 03 I
¥4y _
. 2718 Iy — ca+2=116612
2 Y
. 2
BE L sa03 2R o8 = 14605
%+ il a*
+
i
< >
Press F1 For help. ALTO MUM |Page 1

2-pacm. Oanuii MaTeMaTuK udoaaJapHu XUcoOarl.

Mathcad 200 nman opTuK y3uma Kypuiaran QyHKIusiapura sra Oymuo,
yllapHU MaTeMaTuK udoaaigapia WIUIATUAII Y9yH CTaHAApT MaHesl BOCHTACHUIATU
Insert Function (OyHKIUAHA KYHUIT) TyrMacura OOFJIaHTaH MYJIOKOT OWHACHIaH
dbolnananuIaIm.

Mathcad xyxokaTura MaTH KHUPUTHUII Y4yH Oomr MeHronaH Insert—Text
Region (Kyiium—>Marn wMaiigonun) Oyiipyrunu  Oepuin  €KH  SIXIIUCH
KJIABUATYPaJaH UKKUTAIM KaBuUuka () OenrucuHu KUpuTUII Kepak. byHnma maTtH
MabJIYyMOTHHU KUPUTHUII YYyH DKpaH/a MAaTH KUPUTUII MaiJOHU Maigo Oymamu.
MatH KUpUTHII MaWJoHWTa MaTeMaTuK udoAaHM E3UII YYyH MaTeMaTHK
MalJJOHHM XaM KYHUIl MYMKUH. ByHUHT y4yyH 11y MaTH MaiJoHuAa Typuo
Insert—Math Region (Kyiinm—>Marematuk Maiiionn) OydpyruHu Oepuil KUQos.
by wmaiigoHgarm KupuTWIraH maTeMaTuk udoaaiap XaM OJJIUN KUPUTHITaH

MaTeMaTUK MaiJ0H KaOu XucoOIamHu 0axxapaiy.
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Mathcadna  QoiimananyBun  QyHKUMSACMHH  Ty3WMIIl — XHcoOJamuiapiaa

KyJaiuKHE Ba YHUHT 3(dextuBmuruan ommpanud. DyHKIHMS dYalnl TOMOHA
KypcaTiiuO, YHAaH KEHUH r0O0OpHIN orepaTtopu (1=) Ba XpcoOIaHamuraH udoma

ésunaan. Wdomana wnuiatunagurad  y3rapyBud — KaTTAJIMKIApU  (QYHKIHS

napaMeTpu Kb GyHKIHMS HOMUIaH KeMUH KaBc nuuaa €3unaau (3-pacm).

. Mathcad Professional - [Foydal Funk.mcd]

|&] Bile Edit ¥iew Insert Format Math Symbolics Window Help

DEHd SkY¥ Y=o & o -] g

Mormal || ial ~ljt ~B I U© i= 5
B A [~ [F<E ™

DofnanaHyeuM HyHKUKMACKH
=73 a=104 z=121

F(Z) = sinlx- 2 Fl(z) = J f(z) dz Fi(z) = iF(z) Fi(z) = if(z)
o dz iz

By epna ¥ Ba a yarapmacnap. Z HWHT BUp kaTop KWAMATUHK KHpUTHE dyHKUMA Maccae
EMAMETNAPHHY BKM DYHKUMA TRAQMIMHN YUEIEENLL MY MEMH,

b3

£
AT MUM Page 1

Press F1 For help,

3-pacMm. Xcobmnanurapaa ¢oinananyBun QyHKITUSICUHA TY3HIIL.

3.uckper y3rapyBumniap Ba coHJIapHU (popmaTiaii

Mathcadna auckper y3rapyBumiiap aeraHia LMK ONEPaTOPUHU TYLIYHMII

kepak. bynnaii y3rapyBumimap MabiyM Kaaam OuiaH YcyBuM €K KamailyBuu

COHJIApHM KeTMa-KeT KaOys Kuiaau. MacaiaH:

x:=0..5. By mynu Oungupanuku Oy y3rapyBuM KMHWMaTh KaTop Oup Heua

KuiMatTiapaup, seau x=0,1,2,3,4,5.

x:=1,1.1..5. bynna 1 — OupuHuM cOHHH, 1,1 — UKKUHYU COHHH, 5 - OXHUPIH

COHHU OWJITUPAJIH.
X:=A,A+B..B. bynna A — O6upununu, A+B — ukkuHuu, B - oxupru coHHH

OowIupaIy.
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Hzox! V3rapyBum JMana3oHMHH KYpCATHINIA WKKM HyKTa ypHHTA
KJIaBHaTypaaaH (;) HyKTa Beprya kuputwiaau €éxku Matrix (Matpuiia) nanenuaaH
Range Variable (uckper ¥3rapyBum) Tyrmacu Oocuiaau. XwucoOJIaHTaH
KUIMaTHU YMKAPUII YUYH 3ca Y3rapyBuM Ba TEHIVIMK OCITUCUHU KUPUTHIL KUGOSI.
Hartmxana y3rapyBuu KuiMaTH KE€TMa-KeT »KaaBaija yukaad. Macaman, x:=0..5
ned €310, KeMUH X= KUPUTHUI KEPAK.

QoiiananyBud (PYHKIIUSHUHT YHUHT apryMEeHTUra MOC KHIMaTJIapuHu
XucoOmad uymkapuil Ba Oy KuHMaTIapHH >kajaBail Eku Tpaduk KypuUHHUIIIA
TacBUpJIAIIa JUCKPET y3rapyBUwiIapAaH (poipalaHUIl KyJailIMKHU KEITUPaIu.
Macanan, f(x)=sin(x)-Cos(x) ¢hyHkius KuiimMatiapuuu X HUHT 0 gaH 5 raya Oyirax
KUiiMaTiiapuga Xxucooaml Kepak Oyica, y xojija KyWujaard KAPUTHUIIHH amaira
ommpuin kepak: f(x)=sin(x)-Cos(x) x:=0..5 f(x)=orcas06.

Connapuu  Qpopmarnam. Oparna Mathcad 20 OGenrm  aHUKIMruraya
MaTeMaTtuk udoAanapHu XucoOyaiau. XucoOsiall HaTWXKaJapuHU Kepakid
dbopmarra y3rapTUpUII y4yH CHYKOHYA KYpPCATTUYMHH COHJIM XUCOO YMKaIUTaH
JKoMra KentupuO, MKKM MapTa Te3-Te3 Oocuill Kepak. Hatwkana conmapHu
dopmarnam Hatwkacu Result Format oitHacu mnaitno Oynaau. CoHiapHH
dbopmatnam Kyiugaruiapamp:

e General (Acocuii) — ¥3 xonunma kaOyn kwiuil. COH 3SKCHOHEHIUA
KYpVHHILJIA TACBUJIAHAIH.

e Decimal (VHniuk) — VHIMK Ky3FadyB4aH HyKTa  KypHUHHIIIA
TaCBUPJIAHYBYH COH (MacanaH, 12.5564).

e Skientific (Mnmuil) — coH ¢akar mapaxaia TacBHUpiaHaau (MacaiaH,
1.22*10°).

e Engeneering (MyXaHIUCIUK) — COHHHMHI JapakacH ¢akaT 3 ra kappaid

KITHHEG TacBUpIaHay (Macaman, 1.22%10°).
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. Mathcad Professional - [Formatir.mcd]

@ File Edit Wiew Insert Format Math  Symbolics Window Help - .
el &1 ¥ < e = 2 A 100% >]) B
[Nomal || el xljn ] B r o ===
B A [ x= [ <F 30 «f ¥
CoHnap fopmaTy. a=e"  WPOIE YUYH -
General a=2203x 10°
Decimal a = 22026 446

Engitieering  a= 22026 x 10°
Skientific a=2203 % 10°

fiz) = sitrz)  DYHKUMA KHAMATNAPMH 3P XMN HOpPMaTLE YHKEPULL

z=0.5 Engineeting Decimal

T = f(z) = fiz) =

[ 0] 0-100 0

1| 841471102 0841 +

2] 509.287-10 -2 0.809

Kl 14112103 0141

4] -756.802-10 3 -0757

=3 -858.92410 3 -0.959

A

¢ »
Faor Help, press Fi AUTO MUM Page 1

4.pacm.Connapau popmatianl Ba KWMMAaTIapHU Xap XUl popmaa TacBUpJIaLl.
e Fraction (Kacp) — coH Tyfpu €KM HOTYFpU Kacp KYpHHHILIKIA
TaCBUPJIAHAMN.

ConnapHuHr Xap Xwi1 (hapMatia YMKaAPHINILIK KyHuaard 4-pacmaa KeITUPUIITaH.

4. MIKKH Ya4aMiId rpauk Kypuin
Ukxkn  ymuamimm  GyHKOUsS  rpaduruHM  KypuIl  Y9yH — KyHHaara
npoleAypajapHu OakapuIll Kepak.
1.Kaiicu »xoiira rpaduk Kypuin Kepak Oyica, Iy >KOWra KpecTii Kypcop
KyUuiIaau.
2.Marematuk nanenuHuHr Graph (I'padguk) nanenuaan x-y Plot (Mkku ya4uoBnu
rpaduk) TyrMmacu 60CHUIaIu.
3.Xocwn OYynran WKkW ymuamiu rpaduk madsoHura adcruce VKU apryMeHTH

HOMHU, OpJIHATA YKUTa (QYHKIINS HOMH KUPUTHIIA]TH.
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4.ApryMeHTHUHT OepwiraH Y3rapuil Auana3oHuAa TpadUKHU Kypull y4dyH
rpadguk mabJoOHM TalIKapucH CUYKOHYada Oocwiaau. Arap apryMEHTHUHT
Juana3oH KuilmMatu OepuiiMaca, y XOJJa aBTOMAaTHK XOJJa apryMEHT JHMaria3oH
kuitmatu 10 nman 10 raua O6yiaau Ba 1y auanaszonja rpaduk Kypwiaau (MacamaH,
pacm 5).

I'paduk opmaTnHM KaiiTa y3rapTUpUII YUyH TpaQuK MaWJOHUHU HKKU
MapTa Te3-Te3 CHYKOHYAHM KypcaTUO OOCHIN Ba OYMIITaH MYJIOKOT OWHAcHIaH
KEpakJIM Y3rapuiuiapHu KUJIHII Kepak.

Arap Oup Hewa ¢Qynkuusnmap rpadurMHM KypuIl Kepak Oyica Ba yiap
apryMeHTJIapu Xap Xuji Oyica, y xonna rpaduxaa QyHKIusuiap Ba apryMeHTIIap
HOMJIApY KETMa-KeT Bepryi KyuwnuO kuputwiaad. byHaa OupuHudM rpadux
OupUHYN apryMeHT OYyitnda OupuHyM QyHKIMS TpadUriHyA Ba MKKUHYMCH 3Ca MOC

paBHUIIIa UKKUHYM apTyMEHT OYinda UKKUHYMA QYHKIUsS rpadUruHu TacBUpIaiau

Ba XaK030.
. Mathcad Professional - [grafic2.mecd] g@gl
@ File Edit Wiew Insert Format Math  Svmbolics  window  Help - a x
el &V + 5B MY =& A 1 ~| g
| | =ho =l

M A [ == [ <E 30 a8 #

Z002,

froy 0

—Eeen - | | | |
3y

] [+ 9.425
] W

< >
Press F1 Far help, ALTO MM |Page 1

5.pacm. OyHKIHUS TpadUTHHA KyPHIIL.
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Kyitnna rpadux ¢popmaTit MynoKOT OMHACH KyHHIManapuHu Oepamus:

1. X-Y Axes — xoopauHata YkuHu (opmariam. Koopaunara Vkura certka,
COHJIM KUHMAaTIapHU rpadukra OeiarujaapHd KYHUII Ba KyWHJarujapHU
YpHATUIII MyMKUH:

e LogScale — mnorapupmMuk macmTabma YKra COHJIM KHHMAaTIapHU
TacBUpJIAILI,

e Grid Lines — yu3nKKa ceTKanap KyHHii;

e Numbered — koopauHaTa YKu OYinya COHIAPHU KYHHIIL;

e Auto Scale — con kuiiMaTiIap yerapacuHu yK/Ja aBTOMATUK TaHJIAIIL,

e Show Markers — rpadukka Oenru KUPUTHII;

e Autogrid — un3uK ceTKacH COHMHHM aBTOMATHK TaHJIAIIL.

2. Trace — ¢yakmus rtpadukinapuan Qopmarnam. Xap Oup QyHKIHS
rpaduUruHy anoxuaa Y3rapTUil MyMKHH:

e yy3ukK Kypunuiu (Solid — y3nukcens, Dot — mynkTup, Dash — mtpuximu,
Dadot — mrrpuxim myHKTHD);

e uu3uk panru (Color);

e rpaduk tumu (Type) (Lines — uyusmuk, Points — HykTanu, Bar €ku SolidBar
— YCTYHJIH, Step — NOFOHaIM rpaduk Ba OOIIKA);

o umsuk Kaaurura (Weight);

e cumBoa (Symbol) - rpadukna xucobmanran KuiiMatiap yuyH (ainaHa,
KPECTHK, TYFpu Oypuak, poMO).

3. Label — rpadpux wmaiinonu capnosxacu. Title (CapioBxa) MmaiijgoHura
capJjoBXa MaTHU KUPUTHUIIA]IN.

4. Defaults — Oy xyinnma épramuia rpapuk KYpUHHUIITA KAUTHII MyMKHH.

Yy yauamim rpapuk Kypuin
Yu ymyamiau rpaduk Kypull y9yH KyWHJard mporeaypaiapHu Oakapuiil

KEpakK.
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1.Ukku y3rapyBumian (yHKIWS HOMHHU KeWWH (:=) I00OpHII OIreparopu Ba
byHKIUsA 1POoTaCHHU KUPUTHIILL.

2.I'paduk Kypu kepak OyiaraH >koira Kypcop KyHumaau.

3.Marematuk mnanenunuHr Graph (I'padux) manemupman Surface Plot (yu
Vmaamm rpaduk) tyrmacu 6ocunaau. Hly xoiiga yu yoyamiau rpaduk madbioHu
naisio oynasau.

4.11labnoH MalAOHUAAH TalIKapUCcHJa CHYKOHYa Oocwiagu Ba rpaduk
KypWiIaJau, MacajiaH, 6-pacM 4darl TOMOH.

Wkxku y3rapyBunnu GyHKIus Oyinda rpaduk CUPTHHU KyPUILIHU T€3 KUIHIL
Makcaauaa OOIIKa ycysl XxaM MaBXyJ Ba y aillpuM Xxomiapjaa QyHKIUS CUPTUHU
Ty3ulaa GyHKIUS MACCUB COHJIM KUUMATIApUHH UIIUTATaIl, MacajaH, 6-pacM Jar
TOMOH. byHnaill rpadukHM KypHIll y4yH KyMHJard InpouenypaiapHu Oakapuil
Kepax.

1.Juckper y3rapyBumiiap €paamMuaa UKKM QYHKIUSHUHT Y3rapyBUUCH YUYH XaM
KUWMaTIapuHU KAPUTHLLL.

2.MaccuB KUpUTHUII. YHHHT 3JIEMEHTIapu (yHKUUA KuiiMaTiapu O0ynu0, ynap
Oepwirad (pyHKIMs apryMEHTJIapy KHAMaTJIapUIaH TallKII STHIAIH.

3.Kypcop kaiicu xoiira rpaduk Kypuill Kepak 0yiica 1y »oira Kynuiaau.

4.I'paduk mabdnonura GyHKIUS HOMUHUA KUPUTHUIL.

5.1IIabmon wmaiioHHWAaH TalIKapUCHAa CHUYKOHYa Oocuiaaun Ba Tpaduk
KypuJiaJu, MacaiaH, 6-pacM YHT TOMOH.
I'padux opmaTuHu KaiiTa y3rapTUpHIN Ba yHra paHriap Oepuil y4yH rpaduk
MalJOHMHU HWKKH MapTa Te3-Te3 CHUYKOHYaHU KypcaTO OocCHIl Ba OYMJITaH
MYJIOKOT OWHACHJIaH KEpaKIu Y3rapulllIapHA KWJWII Kepak. by y3raprupuiuiap

MYJIOKOT OMHacH 7-pacmja OepuiiraH.
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." Mathcad Professional - [Uch_01_Grafika.mcd]

Iﬂ File Edit Miew Insert Format Math  Swmbolics  Window  Help - 8 x
e && ¥ me = 2 & [z~ @
|Marmal || ial ~lfo ~|B 1 Ul|==E=|=

B A [ »= [§ <€ 3] of #
o
Mpaduk CHATHUHK Ky KL Mpaduk CHETHHK Ky prLL
[y HEUMAHK Bepuw yoynuaa) [MaCCHE MAabNYMOTNARHHN TYZHW YCOYIMLA)
=53 m=7 i=0.n j=0.m
=051 yi=02-7 I =sinlg- ¥
f Z
+ w
£ *
Press F1 for help, AUTO MUM Page 1

6.pacM. kku y3rapyBumin QyHKIus rpaUruHy Kypuii.

bynna:
e Surface Plot — rpaduK CUPTH;
e Contour Plot  — rpaduk 4u3uru gapaxacw;
e Data Points — rpadukaa gakar xucoO HyKTalapuHHU TaCBUpJAl,

e Vector Field Plot — BexTop maiinonu rpaduruy,
e Bar Plot — y4 y14oBiaM rpaduK TUCTOTPaMMACH;
e Patchplot  — xuco6 KuiimMaTiIapu MalOHU.
bynapnan tamkapu stHa Oup KaH4ya OOIIKApHUII dJIEMEHTIApU MaBXKy. Yiap
rpadukHu  (dopmariamga KEHI UMKOHUATHM Oepanu. Macaman, rpaduk
MacITabuHN Y3rapTupuill, TpaduKHU allaHTUpUI, rpaduKra aHuMalus Oepwil
Ba OomKka. 7-pacma yu yiadamuin rpadukau popmatiiail oHacu OepuiraH.

['padukHM OOMIKAPUIITHUHT OOIITKA yCyJUIapy KyWuaaruiap:
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o [paguxnu avinanmupuws yHU KypcaTUO CHUKOHYA YHI TyrMacMHHM OOCHII

OujlaH amanra OmIrpHIaau.

o [pajuxnu macuwmabrawmupuws Ctrl Tyrmacuam 60cu0 CHYKOHYA OPKAJIH

OaxkapuIiaiy.

o [pacgurea anumayuss Oepuin Shift TyrmacuHum Oocuin OwWIaH CHYKOHYA

OpKaJIk aMaJil'a OIIUpUuIan.

3-D Plot Format g|
Backplanes ] Special ] Advanced ] CuickPlot Data ]
General l fires ] Appealance ] Lighting ] Title ]
Yiew
Rotation, |EHERs f.f.:-:es Style

] = Perimeter

Tilk: |35.4 3, O B Frames
Twist: |349.95 El: " Mone W Show Border
Zoonm: |1.04492 [ Equal Scales [~ ShowBox [

Flat 1 }

Dizplay b
Pl ¢ Suface Plat © Data Points " Bar Plat

" Contowr Plat © Wector Field Plat € Patch Plat

0k | OTraeHa | | Cnpaera |

7.pacum. I'paduxuu popMatiain oifHacH.

6.[Taroranm Ba y3mykiau GyHKIUsIIAp udoaamapuaa mapTiaapHu HILIATHIIT
OyHKUMSTApHU XECOoOIala XxaMMa BakT XaM y y3JIyKCcH3 OYIiaBepMaiiu.
AlipuM XoJutapAa y3yJauiira osra OynaguraH Ba MaroOHAIM (CTyNEHYaTHiA)
dbyHKIUATapHU XaM XucoOuail kepak Oynmanu. bynnait xomtap yuyn Mathcad
[IapTIAPHU KUPUTHII YIYH Y4 XHWJI YCYJTHU UIUIATAIH:
o if pynkums maptu Epaamuna;
e Programming (mactypuam) manenuaa 6epunran if oneparopu épnamuna,
e MaHTUKHUH (0yJ1) ormepaTopiapHu MIILUTATIaH XO0JI/a.
Mucon Tapukacuja OalKaHWHT STHINIIKAA YHUHT CHUJDKUIIWHUA aHUKJIAII
MacasiacuHu Mopa uHTerpanu épaamua XxucobamHu KapaitMus (8-pacm).
banka srmmm maiituna xap xun M1(x) Ba M2(x) dyHkuusmap Oumiad

udonanaHyBuu UKKHU OYIuMaaH nbopar.
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If yHKIMS MIApTHHY WIUTATUITHUHT POIeypac KyiHuaa Oepuiran:

1.®Oyuknys HoOMUHY Ba (=) 1000pHIIl OIICPATOPUHHU E3HUIII.
2.Ctangapt BocuTamap maHenuaa Insert Function (DyHKIuUSHH KYHAUII)

TyrMacuHU OOCHUII Ba KypwiraH QyHKIMsUIap pyHXxaTh MyJOKOT oiHacumaH if
byHKIUsIHA TaHnam, yHaan kevuH Insert (Kyiiumnn) Tyrmacuau 6ocur kepak. if

GyHKIUACH MAa0JIOHN Y4 KUPUTHUII KoMK naiino 6ynamu

3.Kuputuii xoitu TYIaupuiIagu.

if pyHkIMsIicura Myposkaat Kyiuaarnda oyiaaau:
if (cond,x,y),

Oy epna
cond — mrapt (macanas, X>L1),

X Ba 'y (yHKIMSITa KalTapuiaaauran Kuiimatiap.

Arap mapTt Oaxkapuiica, y X0JiJa KMiiMaT X ra akc xoJija y ra o0opuiiaiu.

- Mathcad Professional - [razriv_func.med]
|£] File Edit Wiew Insert Format Math  Symbolics  Window  Help - 8 X
DEed &Y i ® = P oA [100% ~|] B
[Marmal v || avial ~jn ~| B ruU|===|i=t
B A ] x= [§ < 3 «f ®
.Y
TaLUKK Ky4A3H 3rUAMLL MOMEHTHHM o= 2000 B0 = 3000 P:=4000 Li:=3 L=¢&
xucobnaw
MI(x) =P x- x—g M2(x) =P -x-q-L1- x- 2] 4 mo
’ 13 ’ 1 2 +

Bupnuk Ky40aH 3runuw MOoMEHTH M = x
if hyHKUMA WARTHHK KENNaLW
M = iz = L1, W1 D200

arap ¥ xonfa akc xonga

HacTypnalWHuHr if WapTiK onepaTopHHm
Kjnnaw
M) = | if xS LI
M2(5)

Byn onepatopuHu kinnaw B = ML - (x 2 L1 + M2 - (x> L1

|

Qe = j—xhﬂtx)

<

E=2 10" 7= 2000 107°
L
Mep MMG)
& =0013

E-T
0

AT

NUM Page 1

>

b

Press F1 for help.

8-pacM. Y3nyknu QyHKIUSIApHA XUCOOIaIIa MapTIapHu UIILIATHIIL.
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Programming (Jlactypnam) manenu &€paamMuaa MApTIA OMEPATOPHU KUPHUTHII
yUyH KyHUJaru nporeaypatu 0axxapuil kepaxk oymaau:
1. ®yHKITMS HOMUHY Ba (:=) FOOOPHII OIIEPATOPHHHM E3HIIL.
2.Maremaruka BocuTasnap maHenuaaH Programming (lacTypuaiin) maHenuHu
oun0, y epaan Programming Toolbar (/lactypmiamn nanenn) TyrMacu Ba KeHUH
Add Program Line ([lacTyp KaTOpuHU KUPUTHIL) TyrMacu OOCHUJIaIH.
3.FOkopuaaru KupuTuil xxoiura (Kopa TYpTOypuakin) OUPUHYM ydacTKaaaru
STWINIIT MOMEHTH YUyH ndoa E3umam.
4. Jlactypmam manenunan If tyrmacu (if omeparopm) Gocmmamu. Hatmkanma
KUPUTHUII KOWM, Kaepra IIapTHU E3UIN Kepak OyiraH >xod maimo Oymaaw,
macasad x<L1 ékm O0<x<L]I.
S5.ITacTku KUPUTHUII >KOWHUra WKKHHYM Y4YacTKa YYyH OTWIMII MOMEHTHU
KUPUTUIIAAH Ba OVIIUIMK TyrMacu €plaMujia y aKpaTHIaiu.
6.lacrypnam manenuman Otherwise Tyrmacu Oocuiaau Ba MIapT E3WIANH,
Macanas, x>L1.

Mantukuit (0yJs1) omnepatopiapyuHu HIUIATUINAA OEpuiraH KyIIWIyBYd
udoganap MoC MaHTUKHI omeparopra Kynautupwiaad. MaHTUKUNA orepaTopiiap
Oyn omepartopnap manenunaH kuputwiaau (Bjjlean Toolbar tyrmacuman). Byn
onepatopiapu (akar 1 €éku 0 kuiimaT KaWTapamu. Arap mapt TyFpu Oyica, y
xonjga omeparop kKukmatu 1, akc xommma 0 Oymagu. Mantukuii  (Oyn)
orepaTopJIapyuHu UIIUIATUIITa MUCOJI 8-pacMia KeJITUPUJIITaH.

7.KuiimaTnapuau riao6an rooopuii. CUMBOUIM XHUcoOamuiap

Avipum  y3rapmaciapra riao0an KuWMaTHH Oepull y4yH Kydugarua
npoLeaypanu Oa)xapHuill Kepak Oyinaau:

I.VsrapMac HOMM KUPUTHUIIAIH.

2.Marematuka mnanenuman Evaluation Toolbar (baxomam mnanenw) Tyrmacu
OocuIIaau.

3.0uunran Evaluation (baxomnam) oitnacuman Global Definition (I'moGan

aHuKJamn) tyrmacu 6ocunaau €ku Shift+~ tyrmanapu 6apaBap 6ocunaau. bynnait
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AaHUKJIAHUII Oapya XyX»OKaTiap YY4yH TabCUP KWIAIW, s’bHU Oapua XyxoKaTiapaa

Oy KMIMaTHU UIILJIATUII MyMKHH.

Conmn  xucobOmanuiapaan  Tamkapu Mathcad Oenrmm  (cuMBOILIH)

XI/ICO6JIaIHJ'IapHI/I XaM aMajira Oomupaau. By JACTaHH XI/ICO6JIaHIJIap HaTHM>XaCHHN

AHAJIMTHK KS'/pI/IHI/IIHI[a TaCBHUpJalll MYMKHH. MacaﬂaH, dHUKMAC HMHTCIrpall,

muddepeHnramiam Ba OomIKa Iy KaOM MacalajapHd €4HIlJa YHUHT €YMMHHU

aHAJUTUK KYpUHMIIIA TacBUpJaau. byHnail ogauii cumBouM Xucoouammap 9-

pacMaa KCITUPUIITAH.

& AEE]
5]
Deld &Y s+ BE v =% A [ ~
[Nemd =|aia = e rul===iE
B A [E == [ < 70 af ™
Ea
|CHMBDJ‘IJ‘IH chnEnawnapH
. p £20) =X Hd
i) = situx) fld) = x
d 2
J () dx = —cos(:) J fl(x)dx—}%-f [;xﬂix)]—:,z.x +2-x+1
W
< >
Press F1 For help, ALTO MUM Page 1

9-pacm. CuMBOJUIA XMCOOIANIIAPHH OaKapuIIl.

CumBoUHM XHCOOIaNUIapHA Oa)KapuIlla UKKATA aCOCUM BOCUTAa MaBXKY/]
e Symbolics (CuMBoJIIHM XHCO0JIa1ll) MEHIOCH;

e Maremaruka naHenuaan SymboliC maneny.

By BocuTanap aHua mypakka® CUMBOJUIA XHUCOOIanuiapa KyJUIaHUHUIATU. X03UP

Aca OJIIMHA CUMBOJIJIM XUCOOJANTHU OQKapUIIIHUHT SHT COJIa YCYJIH, SbHU TE3-Te3

UILIATHIAG TypuJIaJurad ycyJuiapjJaH OUpH - CHMBOJUIM TEHIJIMK Oelrucu (—)

ycynunu kypub unkamus. Kyiuna Oy ycynnan ¢oilialaHUITHUHT KeTMa-KEeTIUK

TapTUOU OepuIIraH:
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1.Maremaruka mnanenugad Calculus Toolbar (XucobGmam manenu) Tyrmacu
OocuamIu.

2.0umnran manen ouHacugan Calculus (XucoOmamr) HE Tanma®, aHHKMAc
WHTErPaTHU CUYKOHYAJIa YUKWIIATHIIAAM (MUCOJI TapUKACHla aHUKMAaC WHTErpas
KapaJIasijam).

3. Kuputnm xonapu TYaaupuiany, sbHA (QYHKIUS HOMHU Ba Y3rapyBud HOMHU
KUPUTUIIAIN.

4. CuMBOJUIH O€ITU TEHTJIUTH (—>) OeITUCH KUPUTHUIIAIH.

CumBoUH XHco0aIl BocUTanapu Kangain 1
Bocura [a6sioH Tabpudu
float o Float, e— CumKyBYM HYKTaHU XHCOOAII
complex e complex, e— Kowmriekc con ¢opmacura yTrazuiin
expand e expand, e— bup Heua ¥3rapyBumiau HUFMHAM, Kynaiitma Ba

JapaxaHu OUuII

solve e solve, e—> Tenriiama Ba TeHrinamanap TU3MMUHU €YML
simplify e simplify, e— Ndonanapan nxyamani

substitute e substitute, e— Hdonanapau xucobmanr

collect o collect, o> Opmuii  WMFWHAWAA  TACBHPJIAHTAH  MAJHHOM

KYpUHHILIArd UpoJaHy nxdamanl

series e series, e— Hapaxanu karopaa udoaanu Eum

assume e assume, e— AHUK KuiiMaT OuiaH 100OpUITaH Y3rapyBUMHU
Xycooman

parfrac e parfrac, e— Opnnuii kacpra udoaanapHu ERUII

coeffs o coeffs, o— [MonauHOM K03 UIMEHTH BEKTOPUHH aHUKJIAIIT

factor o factor, e— Udonanapun xynaiTyBunnapra Eluii

fourier o fourier, e— @ype TYyFpu aIMAIITHPULIN

laplace e laplace, e— Jlamumac TYFpu anMaITHPHIINA

ztrans e ztrans, e— Ty¥pu Z-anMamTupuIl

invfourier e invfourier, e— dype Teckapu amTMamTHPUTITH

invlaplace e invlaplace, e— Jlammac Teckapu alIMaIITHPHUIITT
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invztrans e invztrans, e—> Teckapu Z-aMaIITHPHII

M'— [SUEN Marpuiianu TpaHCIIOHHPJIAII

Mt ol Marpuriara MmyposxaaT

M| — |o|—> Marpuna JeTepMHUHaHTHHUA XUcoOIaln
Modifiers Modifier maneauHM YMKAPHIL

Jlumutaapuu xucodmam. Mathcadna mumuTiapHu XUCOONANIHUHT ydTa
orepaTtopu 0op.

l.Maremaruka manenunan Calculus Toolbar (Xucobmamn manenan) Tyrmacu
6acuiica, Colculus (Xucobnamn) maHenu oywiaad. Y €pHUHT MACTKU KUCMHUA
JUMUTIAPHA XUCOOJIAll ONepaTopiiapuHy KMPUTUII YYyH ydTa TyrMada MaBxy/l.
VY napHuHT OMpUHU OOCHII KEepak.

2.1im cY3UHUHT YHT TOMOHHIATH KUPUTHUII >KOHUTa U(OJ1a KUPUTUIIAIN.

3.im CY3MHUHI OCTKM KHCMHIa Y3rapyB4d HOMHM Ba YHUHI WHTHWJIQJHUTaH
KUIMaTH KUPUTHIIA]TIH.

4.bapua udonanap Oypyakiau Kypcopaa €Ku KOpa paHITa axpaTuiiaju.

5.Symbolics—Evaluate—Symbolically (CumBoLIH XHcooOIan—
baxomam— CumBomu) Oyiipykiapu Oepunaau. Mathcad arap nmumut MaBxyn
Oyica, TUMUTHUHT WHTHIMIN KHMMaTUHU KadTapamu. JIumMutiaapHu XucoOsamra

noup mucosuiap 10-pacMia KENTUPUIITaH.

=" Mathcad Professional - [Limit.mcd] E@@
@ File Edit Yiew Insert Format Math Symbalics Window Help - | x
bl sy @ e = P & |Jtox -
|Wormal || ial =l ~|B ru|===H

B A [ == [$<F T ap

MuMUTRARHK xMcobnai
(Bapua HBOAENAPHH ONAWHLEH KHPHTHHT)

&)

X+

g

i 2200 1

lim  tan(x)
- -
T—
v
< »
Press F1 for help. AUTO MUM Page 1

10-pacwm. JIumuTiaapau XxucoOarnl.
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8.TeHriamajapHu COHJIM Ba CHMBOJLIH €YHIII
Mathcad xap kaHmail TeHrJamMaHu, xamja KynruHa mguddepeHiman Ba

WHTErpajl TEHTJIAMAJIADHU €YUIl MMKOHUATHHH Oepamu. Mwucon ydyH KBaapar

TCHIIAaMaHWHHWHI' OJITIUH CMMBOJIJIM CHUMHWHH TOIIMIIHH KEMHH 3Ca COHJIM €YMMHUHU

TONUIITHU Kapad yuKaMus.
CumBossin  eyuml. TeHrIaMaHWMHT CUMBOJUIM €YUMUHHM TOMMII YYyH

Kyluaaru npouenypaiu 0axapuiil Kepax:
1.Eunniagurad TEHIVIaMaHU KHUPUTUII Ba TEHIJIAMAa €4UMMU OYIIraH y3rapyBUMHH

KYPCOPHHUHT KYK Oypuaruaa axpaTwiil.
2.bom MEHIOIaH Symbolics—Variable—Solve (CumBoILIH

ndona— Ysrapysun— Eummr) Gyitpyrusn taunam. Tenrnamanu edmm 10-pacmaa

KEJITHPHIITaH.
Conun eunu. Anrebpavk TeHTIaManapau euuin yayH Mathcadna Oup Heda
by

byHKUMsUIap MaBXkyln. YmaapaaH Root (yHkmusicuHu kypub YMKaMu3.

dbyHKIHITa MypoXxKaaT Kyluaaruya:
Root(f(x),x).

+ % Mathcad Professional - [Untitled: 1] E@E|
@ File Edit Wiew Insert Format  Math  Symbolics  Window  Help - ax
el &V 2 M= o & [z~
Noma =]fid S e zuE==E

B A [ == [§ <F 30«8 #
~
KyiMaaru TEHMNAMAHUHT CUMEONTM E4MMHHK TOMMHF
20 +h-tb
)
-1 1 5l
A 28
4
G
2l st +
4
W
< »
ATO MNUM |Page 1

Press F1 For help.

10-pacm. Tenrimamanu CUMBOJUIN €UHIII.
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Root ¢yHkusicu wutTepanus ycyau CceKymux OujgaH edagu Ba cababd

OolIJTaHFUY KUHUMAT OJIIMHJaH Tanad sTuiaMmanau. 11-pacMia TeHIJIaMaHu COHJIU

€YMII Ba YHUHT SKCTPEMYMUHU TOMHII KEITUPHUIITaH.
Tenrnamanu eyuin yayH OJUIMH YHUHT rpaduru Kypuiaaau Ba KEHUH YHUHT

COHJIM CUMMHU H3JIaHaIH. (D}’HKHI/ISIFa MYpOXaaT KWINIIAAH OJIINH CHHUMI'Aa AKWH

KuiiMat 6epuitaau Ba keiuH Root ¢pyHkius kuputunubd, x0= 6epunaau.

«" Mathcad Professional - [Tenglama_Sonli_Echish.mcd]
@ File Edit “iew Insert Format Math  Symbolics  Window  Help - 0 X
Dl &V MY = > & [0z~
Noml |aa S SlBru ===
B A [ 2= 2 <E 0 af #
~

TeHNaMaHY COHNK BY|L DyHEUMA rpadMri
r=0.48 f(xj::ztx—3j2+x_g

fz) =2(z- B  +z-3

ol =1149 u

ol = 4351

= = root(fZ) ,Z)
= root(f=) =)

=1

=23
FRCTREMYMHM TOMML 3
1}

BoWnaHriy AKMHAELWMLL

z:=1

zl = root I:i—f[:z) - zl =275
dz

fizl) = -5.125 SECTH BNV

4
ALTO MUM Page 1

Press F1 for help.

11-pacMm. TeHrmaManu COHJIM €UUII Ba YHUHT TpaUTrUHA KypHIIL.
Root ¢ynkumsicu €paamuna GyHKIMS XOCHJIACUHU HYJTa TEHTJIAIITUPUO
YHUHT 3KCTPEMYMUHH XaM TOTHUIIT MyMKHH. DYHKITUS SKCTPEMYMHUHH TOTIHII YIYH

KyHUJard nporeaypaHu 0axkapuil Kepax:
1.DxcTpeMyM HyKTacura OONIIaHFUY SKUHJIAMIUAITHU OSpHUIIT Kepak.

2.Root ¢pyHKIMsACHHU €3U0 YHUHT WYUTra OMpPUHYM TapTUONM nuddepeHinaii

Ba Y3rapyBUYMHH KUPHUTHILL.
3.V3rapyBuriHU €310 TEHT OEITUCUHU KUPUTHIILI.

4 OYHKUUSHU €3U0 TEHT OCNTUCUHUA KUPUTHUIIL.
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Root ¢yHkumsicu €paamuga TEHTJIAMAaHUHT CHUMBOJUIM €YMMHMHHM XaM OJIHII
MyMKUH. ByHUHT y4yH OONUIaHFUY SIKWHJIAIINII Tanad sTuiMaiu. Root dyHkims
yanra omyB4 ndoaHH KHpUTHII Kuosaup (Macazan, Root(2h®+h-bb,h)). Keiinn
Ctrl+. xnaBumacuuu Oupranukaa 0ocuin kepak. Arpap CUMBOJUIM €4UM MaBXKY]l
Oyica, y maiigo Oymaau.

9.Tenrsiamanap TU3UMHHHU €4HIIT

Mathcadna tenrmamanap tuzumuHu eduin Given...Find xucobnamn G10ku
épramuga amanra OWIMPWIAAW. TeHrnamanap TU3MMHUHU €YWLl y4yH HTEpalus
yCyJIu KYJUITAaHWJIAAW Ba CUMINJAH OJAWH OOINUIAHFUY SIKWHJIAIIWII Oapya
HOMabJIymiIap yuayH oepunaau (12-pacm).
Tenrnamanap TU3UMHHA €UHII YYyH KyHUIaryd IpoleaypaHn OakapuIll Kepak:

1. Tusumra kupyBuu Oapya HOMABJIyMJap y4yH OOLUTAHFUY SIKUHJIAIIMIILIIAPHU

OepHwui.

2. Given KajguT CY3u KUPUTHIAIHN.

«* Mathcad Professional - [Sistema_Echish.mcd]

@ File Edit View Insert Format Math  Symbolics  “Window Help - a0 X

Dl &V B = > & [+
| Normal = |]adial =l B ru|===|=
B [ x= [§ < 30 af ®
.Y
x=1 w=10
Grven
F = +y=2 f = findix, 7) |
x = x = = X, =
7 ¥ ¥ -3.123
b
< >
Press F1 For help. ALUTO MM Page 1

12-pacm. Unsukcus TeHrIaMmanap TA3UMUHHI CUHIII.

3.TuzuMra KUpyBUM TEHIJIaMa Ba TEHICHU3JIMK KUPUTWUJIAAU. TeHTTUK Oenrucu
KaJIMH Oynuimm kepak, OyHuHr yuyH Ctrl+= knaBummiapuHu oupraivkiaa OOCHIL
kepak Oymamu €xu Boolean (byn omepatopnapu) nanenmuman ¢oiiganaHuIn

MYMKUH.
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4.Find ¢pyHkusicu TapkuOura KupyBUM y3rapyBuu €Kku upoaHy KUPUTHILL.
OyHKIMATa MypoXKaaT Kyiuaaruda 6axapunanu: Find(x,y,z). By epaa x,y,z
— HOMabyminap. HoMabinymnap conu TeHriamanap COHUTa TEHT OYIUIIN Kepak.
Find dbynkmuscu dynkiua Root ra ¥xmabd TeHriamanap TU3UMHHU COHJIN

eunI OmIaH 6Hp Katopaad, CHMMHHU CUMBOJIIIN KS’/pI/IHI/IHII[a XaM TOIIMIII MMKOHHWHH

oepanu (13-pacm).

-* Mathcad Professional - [Sistema_Echish_Simbol.mcd] Q@g|
|£] File Edit Wiews Insert Format Math Symbolics  ‘Window Help - 8 x
el &LV & BB e = &0 A [0x -
|Constants j | Times Mew Raoman ﬂ | 10 j B 7 O

B A [ »= [£<E 30 ap *

s

Givety

2 2
Ty =a

A ) =)
1 31 1 2
N LA LA NS Y
2 2 2

Find(x,w) —

1 VAN 1
R ST IR AL B S I IR
1 2 2

?
AUTO MUM [Page 1

<
Press F1 For help,

13-pacMm. Yusukcu3 TeHraamaiap TH3UMUHI CUMBOJIM €4UMUHU TOTIHIIL

10. Yn3ukau gactypJiam MacajaJapuHu e4ynin

I’II/I3I/IKJ'II/I AactypJjam MacCaJlaCMHUHT yMyMilalllaH MAaTEMAaTHK MOJCIINU

(bopMacCHUHUHT €3WIHIIN KyHUJaru KYpUHUIITA 3ra.
n _
D layx; <b;, (i=1m)
=1
X; =0 (J=1n)

Z =" c;x; — max(min)
=1

MareMaTtuk MOJACIHUHT OWUpUHYM (DopMyJach HMKTUCOAMM MabHOMA

u3llaHaHaéTraH MUKJAOpJapra KyWWIaJuraH YeKIaHuNuIapHu udomanaiam, yiap
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pecypciap MUKIOPH, MabliyM TajaOJapHU KOHAMPHUII 3apypaTH, TEXHOJIOTHUS
IIAPOUTH Ba OOIIKA MKTHCOIUN XaM/a TeXHUKABUI (pakTopiapaaH KeIuO YMKaIH.
WkkyuHYY mapT - y3rapyBUNWIApHUHT, SSbHU W3JIaHAETTaH MUKIOPIAPHUHT MaH(pUi
OYIMaciuK maptu 0ynud XxucobjaHaad. YUMHYUCH MaKcaa QYHKIUIACH IeHniuo,

W3JIaHaETraH MUKJIOPHUHT OMpOp OOFJIaHUIIMHMA H(OaaTaMIH.

Uu3ukin 1acTypJiiail Macajlacura KeJIyBuUM KyWHIard MacaJlaHu KapanMus.

®abpuka ukkd xwi A Ba B TukyB Maxcyntu wumiad uukapaau. by
MaxcynoTiapHu unuiad uumkapuiina yd xuid Ni,N,,Nj; Typaaru marepuannapHu
uniatagu. Ni-marepuangan 15 m., No-matepuanaad 16 m., Ny-matepuanaan 18 m.
MaBxXy/I.

M;- MaxcynoTHu unuiad yukapuil yayH Nji-maH 2M., No-mad 1m., N3-gan
3M. UIUIATa/IN.

M,- MaxcynoTHM unuiad ynkapuinl yayH Ni-mad 3Mm., Np-nmaH 4m., Ns-naH
Om. nnaraau.

M;- MaxcynoTHUHT Oup Oupnuruaad kemagurad ¢oiga 10 cymuu, M, -
MaxCyJIOT/IaH Kejaaaurad ¢oiga S CYMHM TaIlIKUI KAJIA U,

Nima®  4YuKapuIIHUHT [IyHAAQW [JIaHUHU TY3WII Kepakku (¢abpuka
Makcuman Qoiiga oiciH. MacanaHMHT MaTeMaTUK MOJICTTUHU Ty3aMU3:

2X1+3X,<15

X1+4X,<16

3x1<18

X0, X»>0

Z=10x;+5x,=>»max
Mathcadna uymM3ukiM gacTypiaill Macajacd €uMlljla maximize Ba minimize
byakuusiapuaad - GoiamaHul MyMKUH. by QyHKUIusimap ymMymud  Xoiga
KyWMJaru KypuHua E3uinaau:

Maximize(F,<y3rapyBumnap pyixatu>)

Minimize(F,<y3rapyBuunmnap pyixarn>)
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Mathcadna un3ukim qactypiani MacajJaCuHU e4uIl Kyhiuaarnda oaxapwiany (14-
pacm):

1.Mathcadan wmra TymyprangaH cyHT, Makcan (QYHKIUsCH E3WiIaiu,
Macasiad f(X,y)=<dbyHKIus KYpUHUIIA> Ba V3rapyBUWJIApPHUHT OOIUIAHFUY
KUWMAaTH KAPUTHIIA/IH.

2.Given xanur cy3u €3umam.

3. TeHrcu3nukiap TU3MMH Ba YSKJIAHUIILIAP KUPUTHIIAIH.

4.bupop y3rapyBunra maximize €xu inimize QpyHKUUACH I000pUITAIN.

S5.IIly y3rapyBum €3unmbd TEHIVIMK KUPUTWIAOW. HaTmwka BekTop
KYPUHUIIINIA XOCHUIT OYJ1aju.

6.Maxkcan GyHKIMsICH KUMMaTUHU XucooOai yayH, MacanaH f(po,p;) €3unuo

TEHIJIUK OeJITHCH KUPpUTHWIIAOU.

- Mathcad Professional - [Untitled:1] Q@E|
|E\] File Edit Wew Insert Format Math  Svmbalics  Window  Help - 8 x
el &Lk ¥ e e = > A [0z ~]| 83 2
|Mormal || ial ~ljo ~l|B rul===|i==
.
filx, ) = 10z + 5y x=1 y=1
Given
+
e+ 3y < 15
x+ 4y < 16

Ik 1B x>0 w=0
P = maximize(f,x,7)

6
P=[1] fIPy, Py = 63
W

4 »
Press F1 Far help. ALTO MUM Page 1

14-pacm. Ynsukiu gacTypiiail MacajJaCuHU SUHIIL.

11.MaTpuuanap ycTtuaa aMmauiap
Marematuk wmacanamapHu euninga MatchadawHr xu3martu martpuianap
ycTUJa amasuiap Oaxkapuiiaa sKKoJd KypuHaau. Marpuianap karra Oynranaa Oy

amMajyulapHu Oakapuill aHda Mypakkab O0ynu0, kommeroTepna Matchadna mactyp
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Ty3ulmmHu Tanad 3taau. Matchad Tu3ummpa OyHpmalk wnuiapHu Te€3 Ba SKKOJ
KYPHHHUIIIJIa aMaJira omupca 0yiaau.
Marpunanu Ty3uum. Marpuna €k BEKTOPHM KyMHJAru Mpoueaypa
épllaMu]ia aHUKJIAIl MyMKHH -
1.Marpuiia HoMuHH Ba (=) 100OPHUII ONICPATOPHUHN KUPUTHIIL
2.Marematuka manenumaan Vector and Matrix Toolbar (Marpuma Ba BekTOp
naHenu) tyrmadacu Oocwnanu. Keiimn Matrix or Vector (Marpuia Ba BEKTOP)
TyrmMacu Oocwianu, HaTwkama Matrix (Martpuma) manenu ouwinaan. Ouuiraxn
MYJOKOT OWHACHJaH YCTYH Ba caTp COHJapu KUpUTWiIuO OK Tyrmacu Oocuiaiu.
by xonaa skpania MaTpuiia madaoHu mano Oyiaau.
3.Xap Oup xoil conyap OwnaH TYJIAUpUIaAM, S’IbHU MaTpulla SJEMEHTIIapU
KUPUTUIIAIN.
[[Ta6non €pnamuna 100 maH OpTHK dJIEMEHTra sra OYJraH MaTpUllaHU KUPUTHUII
MyMKHUH. Bektop — Oy Oup ycTyHnau Marpuiia aed Kalys KuiauHaau. Xap KaHjau
MaTuIla »JJEMEHTH MaTpuila HOMH OW/IaH YHUHT WKKH MHACKCH OpKaIH
aHUKIaHaAu. BUpUHYM HHIEKC KAaTOp HOMEPUHM, UKKWHYM HHIEKC — YCTYH
HOMEepUHH Oungupanau.HIeKCIapHu KUPUTUIL YYyH MaTeMaTHKa BOCHUTAaJap
naHengaH Matrix manenuHu oumd, y epaadH Vector and Matrix Toolbar, kelinn
Subscript (Ilactkn nnaekc) 6ocunanu. KnaBuatypagan OyHu [ (ouyBuUM KBagpat
KaBc) €pmamuna Oaxxkapca xam Oymaau. MaccuB anementu Hymepu 0, 1 &xu
UCTaJraH COHJaH OONUIaHMIIM MYMKUH (MycOaT €ku MaH(puil). MaccuB aneMeHTH
Hymepu Oomkapum ydyyH maxcyc ORIGIN Hommm y3rapyBuuM HUUIaTHIIAIH.
AtoMartuk 0 yayn ORIGIN=0 ne6 &3wmnanu. bynaa maccuB a5ieMeHTIapy HOMEpHU
HyJJIaH OonuiaHaau. Arap HynaaH Oomka conaaH Oonutanca yHaa ORIGIN nan
KEUH UKKU HyKTa Kyiunaau, macanad ORIGIN:=1.
15-pacmpma D  wMarpumanuHr TAacTKM  WHAEKcHapaaH — doiigananub
aneMmeHTIapuHu Tonuil kypcatuiaran. ORIGIN=0 Oynranu y4yH aBTOMAaTHK
paButiga OupuHYM 37eMeHT 10 ra TeHr.
Martpuuanap ycruaa acocuid amasniap. Matchad martpunanap Ounan

KyHugara apuMeTHK ornepanusiiapau Oaxapajn: MaTpUIlaHU MaTpHUIlara KyIIIHIil,
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allupuin Ba Kymaltupuii, OyHAAaH TallKapyd TPAHCIOHHUPIAII OMNEpPalUsCHUHH,
MypO’KaaT KMJIUII, MaTpULla JeTEPMUHAHTUHU XUCOOJalll, Maxcyc COH Ba Maxcyc
BEKTOpHM TomMil Ba Oomka. by omnepauusuiapaunr Oaxapwmmmum 15, 16 -

pacMiiapaa KCJITHPUIITaH.

« % Mathcad Professional - [Untitled:1]

@ File Edit %iew Insert Format Math  Symbolics  Window Help - 8 x
Ded &@V e = P A (100 ¥
|Momal [ arial ~io B ru|le==|i=
B A [ == [$<E 30 ap Wy
~
MMacCHE 3NEMEHTRADMHKM TALLKMI 3THLL
ORIGIN =0 (cyeyTBiiEma) 1i=0.2 j=0.4
Wz
Dyy=10-i-j D=| 9 87565
2 748354
Maccue 3nemeHTRapK yoTHAE amannap
D=D"
mo 8 345 13 13 13 -7 -5 -3
g7 4 51 13 13 g -5 -3 -4
D= 8 748 B=| 512 E+D=] 13 8 & E-D=| -3 -6 -4
T 6 5 123 2 B B -6 -4 -2
a 54 234 g 8 B -4 -1 10
+
“
< >
Press F1 for help. ALTO MM |Page 1

15-pacM. MaTpuiia yctuaa amamiap 6axxapur.

. Mathcad Professional - [Untitled:1]

@ File Edit WYiew Insert Format Math  Symbolics wWindow Help - 8 X

D SRV 9 me =R A -y

[Marral ||l ~jn ~ B uUu|===|i=:
B A [ #= [&<F 30 af #

~

MaTprLaHK TpaHCNoRKpRALL

53 622 632
r (514 .
D=| 11 C=|3351 D = o'=] 853
3112
432 237 217

KeaapaT MaTEMUAHKHT JETEDMUHAHTHHK TONHLL || =38

Matpuuara Mypokaat

0242 -1316 -0.033 100
(e a i B 0 TEKLLHPHLL c.cl={o1o +

0026 -0053 0138 ool

W
< ¥
Press F1 Far help, AT MM Page 1

16-pacm. MaTpuiia yctuaa amamiap 6axxapuri.
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MaTpunaiu TeHIVIaMaJlapHU eduil. Marpunanum TeHrjiamanap Oy YW3MKIU
anrebpauk TeHigamManap Tu3uMmu OYmu6 A-X=B kypunumpma é&3unmaau Ba y
MaTpullara MyposkaaT KWIMII Hynau OWiaH TecKapy MaTpHUIIaHW TOMHII OpPKaIU

eunmagu X=A"-B (17-pacm).

. Mathcad Professional - [Sistemani_Echish.med]

@ File Edit Wiew Insert Format Math  Swwbalics  Window Help - 8 x
D SRk YV e = i A ||100% v
|Normal v || aial > ~ B FU| ===z
B~ [ x= [§ <F 30 af ®
Y
TeHrnamanap TMSMMUHKY MATPULAErE MYPOHKAaT KMNMW AYAKM Bunad evnw
123 1n 17.5
&= 3 21 B:=| 20 K=A"'B X= =225 +
213 a0 125
W
£ b4
Press F1 for help, AUTO MM Page 1

17-pacm. Tenrnamanap TU3UMHUHHA MaTPHUIIA YCYJIUIa SUUIII.

Marpunanap ycruma cuMBOUTH omeparustiap  Simbolics  (CumBosum
XMCOOJall) MEHIOCHMHUHT OYyHpyKJIapyd Ba CHMBOJUIM TCHIVIMK Oenrucu (—)

Epnamua 6axxapuiiau.

12.Iuddepennnan TeHrIaMaJapHU €YU

Huddepennman TeHrnmamamapau euumn aHda Mypakka6. Iy ca6ab
Mathcadna Oapua auddepHuMan TeHrJIaMagapHU MabiyM YerapaJlaHUIIapCH3
TYFUAAH-TYFPU €UUIll UMKOHMITH MaBXyn 3mac. Mathcadna auddepeniumamiap
TEHIJIaMa Ba TU3UMJIAPWHU CUHINHUHT OWUp Heda ycyulapu MaBxyd. by
ycymapaan oupu Odesolve dyHkuusicu €épaamuaa equin 6yauo, 6y ycyn Ooiika
ycyJutapra HucOatad sHr coxmacuaup. by dynkums Mathcad 2000 na 6upunun

O0op sipatunau Ba y OupuHum Oop muddepeHnuan TeHriamanu e4yau. Mathcad
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2001pa Oy ¢yukumus sHama kKenratupwigu. Odesolve  gynkumsicuna
nuddepenniyan  TeHriaaMajgap THU3UMHUHM XaM eddil MyMKuH. Mathcad
mubdepeHMan  TEHIJaMalapHU  E€YHII Yy4yH sHa KYNTuHa  KypwWIraH
dbynkuusiapra sra. Odesolve ¢yHKIUMACHIAH TalKapu YJIApHUHT Oapuacuia,
Oepunran TeHriama ¢opMacuHHM E3ulla aH4a MypakkaOiuk maBxkyna. Odesolve
GYHKIMSICH TEHTIIaMaH! KUPUTHUII OJIOKHIa oA TudepeHnran TeHTIaMal! ¥3
maKiauaa, XyAau Koro3ra €3ranjiex €3umra uMkoH spataau (18-pacm). Odesolve
bynkmusacu Epaamuna auddepeHnran TeHrJamMalapHu OONUIaHFUY IapT Ba

yerapaBui mapTiap OWsiaH XxaM €4uIll MyMKHH.

- Mathcad Professional - [Untitled: 1]

@ File Edit Wew Insert Format Math  Symbolics Window Help - O X
el &V e = DA oo~ G
|Mormal || arial ~io B 7 U|=E=EE =4

OuddepeHUHan TeHrNaMa Yerapaedi WapTtnap Bunad Bepunrad

2
4-%:@”@:1 A =4 xD)=E
t
Ao=4 B=10 C=-3 D=a
TeHrNamMaHH e4HLL:
Given

4 izgm:tj +uf=t  xC=aA  wID=B  x=Odesolve(t,D + )
dt

an

t
n W

< >
Press F1 For help, ALTO MUM Page 1

18-pacm. luddepeniman TeHrIaMaIapHa SUUIII.

bepwiran Tenrnamanu &3umima xyaau auddepeHnuanian onepaTropuHu

WIUTATTaH XO0JiJa XaM €KU IITpuxjap OwiaH XaMm €3uil MyMKuH. bonutanrug
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mIapTHU €3umiaa 3ca gakaT WTpUxX OWiaH E3WIl Kepak Ba YHU KUPUTHUII YUYyH
Ctrl+F7 xnaBumunapau 6apaBap O0CHII Kepax.

Odesolve ¢ynKIusacura MypokaaT yd KUCMIaH nOopar xucoOmarn OJ0Kd
¢3yBUHM Tajnabd KUJIaIu:

e Given xamuT cy3u;

o Jlubdepennuan TeHrIaMa Ba OONUIAHFUY €KW dYerapaBUid mmapT EKu
mudepeHnman TeHraaManap TH3MMHU Ba yHTa MapTiap,

e Odesolve(x,xk,n) ¢ynkuus, Oy epma x — Yy3rapyBud HOmH, XK —
WHTETpaJJIall 4Yerapacu OXUpH (MHTETpaJUIAIIHUHT OOIUIAHFUY dYerapacu
OoLuTaHFUY WapTaa Oepuiain); N — MYKM MKKUHYU Japakald MapaMerp
Oynub, y uHTerpaiam Kajgamyiap COHUHU aHHMKJIaiiau (Oy mapamerp
Ooepwimaca xam Oynanu. YHnma kagamuu Mathcad aBToMatuk paBuiijia
TaHJIaNIn).

Huddepenuuan Tenrnamanap TuzuMuHu euuin yuyH Odesolve dyHkuusicu

kypuHuM Kynnaruda: Odesolve( <Homabiymiap BEKTOpH>, X, Xk, n)

2.2. ®pakraj rpapMKaHUHT MMKOHUATIAPH Ba yJapaaH (oiIaaaHu I

13.Taxxpuba HaTHKaTAPUHU TaXJIWJI KWIHILTA JOUP MacalajlapHu €UHrIIl

Typmu TakpubanapHu VTKa3uIma ojaTaa TaXpuOa MabIyMOTIApUHU
GyHKIHS KYpUHAIITHAA TAaCBUPJIAIT Ba YJIApHUA KSHUMHTH XucoOJanuiapaa uIIaTUIIT
y4yH MacCHUBJIap Kepak Oynaau. Arap QyHKIHMSHU TaCBUPJIOBYM STPH YU3UK Oapya
TaXpuba HyKTaJlapuJiaH YTUII Kepak Oyiica, y X0JiJla OJIMHTaH OpajiuK HyKTajap Ba
xucoOnmaHran  (QyHKOUSATa UHTEpHONSAUUS  Aewiand. Arap  (QyHKIUSHU
TACBUPJIOBUM 3TPHU YM3UK Oapya Taxkpuba HyKTaJlapuJlaH YTUII Kepak Oyimaca, y
XOJIa OJIMHTaH OpaJMK HyKTajlap Ba XWUCOONaHTaH (QyHKIMATA perpeccus

JIeuniIaau.
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HNurtepnonsiumsa. Mathcad Oup Heua mHTEepnonmsuusiiam (QyHKUMATIApUra sra
Oynmub, ymap Xap XuJ YCYJ/UIapHM HOUIATaaAd. UYMBHKIA HHTEPIOJALUSIIALI
xapaéuuma linterp pynkuusacugan goigananunanu (19-pacm).
by ¢yHkusra mypoxaar Kyiugaruya:

linterp(x, y, t)

by epna

® X — apryMeHT KUIMaTu BEKTOPH;

e Y — QyHKIMS KHAMATIapU BEKTOPH;

o {— uHTEepHONANMSI QYHKIHUICH XUCOOIaHATUTaH MOC apTYMEHT KHIMAaTH.

& - [2]x]
la]

Dl &RV 0 me =LA [ o] 8 e
[Normal || aial =~ ~l|lB ruUulE=s=|=i=

HYuznknun WHTepnonAUMA
A Ea Y nap Tawpuba MabNYMOTNARM MACCHEM
no=10 Tawpubanap coHu

i=0.n =i ¥i=md(ll Y keuimatnapy RMD Tacogandui coHHKM
ONMLL FEHERETOPM OPKANK TOMWATaH

V1 = linterp(30, Y ,5.5) Y1 =4423 5.5 MHTEPNONAUAA KATMHASMMEH HYKTS KMAMETH

=55

x,M 2
>
ALTO MUM Page 1

<
Press F1 For help.

19-pacm. UnTepnosiusiiari.

Perpeccus. Perpeccus MabHOCH Taxpuda MabJIyMOTJIAPUHU

anmnpoKcUManusi KujJaguran (PyHKIUsS KYpUHMIIMHUA aHUKIamaup. Perpeccust y
€Ky Oy aHaTMTUK OOFJIAHUITHUHT KO3(P(PUIMEHTIApUHN TaHJIAIIra KeJaaau.

Mathcadna wkku xwmnmarn OuMp Heua KypwiraH perpeccus (QyHKIusiapu

MaBXKyJl. YJap Kyuuaaruiap:
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line(X,Y) —xaromap ¥WFUHAWCH KBaJApPAaTHHA MHHHMaJUIAIIIA

UILIATHIYBYHM TYFpH YM3uKiIH perpeccust f(t)=a+b;

medfit(X,Y) — meauan TyFpu unsukiu perpeccus f(t)=a+b 1;

Infit(X,Y) — norapudmux ¢pyukumsm perpeccus f(t)=a-In(t)+b.

VYnapra goup mucosap 20-pacMaa KEATUPUITaH.

Sna Oemra Kypwiaran ~GyHKOUSIAp MaBxkya Oynub  ymap

SIKWHJIAIIAIITHT Tajga0 dTaau.

e expfit(X,Y,g) — sxcrionenTanu perpeccus f(x)=ae’+c;

o sinfit(X,Y,q) — cunucoun perpeccus f(x)=asin(t+b+c;

o pwrfit(X,Y,g) — napaxara 6ormk perpeccus f(x)=at’+c;

e lgsfit(X,Y,g) — mornctuk ¢pysxumsmm perpeccus a(e)=a/(1+be™);

OOIlILTaHFUY

o logfit(X,Y,q) — moropudpmux ¢pyukmusum perpeccus f(t)=aln(t+b)+c.

- % Mathcad Professional - [Regressiya.mcd] g@g|
@ File Edit Yiew Insert Format Math  Symbolics  Window Help - g x
el &@ VY e = > & [z - @ e

[Harmal | |aial ~ljn Fl|lB r Ul===|izi=

Bl A [ e= 3 <E 30 af &

Taxprba mavnymoTnapm
Y=(38 15 35 23 51 79 105 126 144 156 164 166 162 152 137 117 93 66 )

Y=t n=17 i=0.n :q::i-g n+1=13

Medfit dyHKUMACK BpAAMKIE YMIMKIK pripECEMA TEHIEAMACK Ba
KOOpenAumMA koedduUMEHTHHH xucobnal

medfit a+b-x  C=medfit(x,T) oa [ 27313

A =Cp+Cy-x comd V30,V =078
19_695] () = Co+ Gy (Y50, 7)

Medfit yHRUMACKH BpaaMuaa MM3HKNK PEFPECCWA TEHMNAMACH Ba
KOOpEnAUMA KoedHHULHEHTHHK xMcobnal

i . =1 40157
fne a+bex Cos=line(x¥) o [ ] Yo = Cp+ Oy % cos(Ta(H | ¥) = 076

21.078
200
WERITEFRN("Data") =¥ Data Homnw dainra
EETTT]

i

iz I .

Er v e AY = READPRH("Datapr®)  Dafingan frmw

0 +
v

£
Press F1 for help. ALUTO MM Page 1

20-pacm.YUnsukm perpeccust TeHJIaMaCcHHU TY3HIIL.




81

by ¢pynkuusinapna
® X — apryMeHT KHiiMaTliapu BEKTOPH;
e Y — QyHKIMSA KUWMATIApU BEKTOPH
e g — ab,c xodpdunuenTnap OONUTAHFUY SKUHJIALINII KUWMaTIapu
BEKTODH;
e t —uHTEpnONANUS KWIMHAETTaH QYHKIMS XUCOOJaHAETIaH apryMEeHT
KUUMAaTH.

Oxopumarn pacmimapma MaccwB  (TakpuOa) MabayMoOTiIapu OuWiaH
anmnpoKcUManusiIaHran  (QyHKIUs opacujard OOFIMKJIMKHU —OaxoJsaml  y4yH
Koopessiusa Ko3(OUIIMEHTH COTT XUCOOIaHTaH.

14. Tamky MabJIyMOT/Iap OWJIAH OOFIAHM LI

Mathcad kaiitTa wuIUIaHAAWTaH MabIyMOTIAp Kym OYyiraHjaa yjaapHH
¢aiiyutapra cakyaml Ba KaidTa YKUII MMKOHMHHM XaMm sparaad. MabaymOTiIapHH
Mathcad prn kenraiitMa HOM OwiaH ojaauii mMaTHIM (ailn Kuinbd cakiaiau.
bynunr yuyn WRITEPRN Oyiipyrunu Oepuimn kepak. by Oyiipyk KypuHUIIH
Kyhnaaruya (20-pacm).

WRITEPRN(“daitn HomMu”):=<y3rapyB4u HOMI>
Macanan,
WRITEPRN(“DY”):=Y

daitn HOMUHU OEpHUIIIIa YHUHT KeHralTMa HOMUHU OEpHIIl IIapT dMac.

Xynau myHzaai, Oolika Jactypaa spatwiraH QaiuiapaH Xam, MacallaH,
Excel mabnymotnapunan Fortranra, Fortrangan Matcad ra yTkasum myMmkuH. by
UIITHA TECKapUCHUTa XaM Oa)kapHuIll MyKHH.

Tyrpu Oypyakium MaTpulaHu €KUM BEKTOPHU aynoxuaa ¢ainra €3ud oMl
y4yH KyHUJard KeTMa-KeTIUK/Iard aMajuilapHu OaKapuIll Kepak:

1. Cranpapt Bocutanap nanenuaan Insert Function (pyHKuusHM Kyiuin)

TyrMacuHHU 00CcHO, MyJIOKOT OMHACHHU YUKAPUIIL.

2. Oynaknusap rypyxuaad File Access (Daiinra pyxcar) TaHJIaHaIH.

3. Keitun WRITEPRN ¢ynkuusicu TaninaHaau.
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[latino Oynran mabmanra (aia HOMHM KUPHUTHUIAAM, KEHWUH 0OOpHUII
ornepaTopu (=) Tepwjaaaud Ba MAcCUB HOMM KUpHUTWIaAu. byH&na maccus
AJIEMEHTU KUWMaTiapu OepuiraH HOM OWiIaH .prn KeHratMazga (aiinra

é3mn0 cakyaHaIu.

bupop 6up daiinga caxnaHaérran MabiymoTiapHu Mathcadra Yku0O o

yuyH READPRN 6yiipyrunan doigananunanu (pacm 20).

Macainan, 6upop 6up MacCUB AJIEMEHTH KuiimMaTiaapu Qaiiga cakiaHaéTraHn

o6ynca, yau Mathcadra kaiinnarnda YKuO OJvIII:

1.
2.

Kyput

MaccuB HOMUHU KUPUTUIAAHN, KEUUH I00OPHUIII ONIepaTopH (:=) TEpUIIAJIH.
Cranpapt Bocutanap mnanenuaad Insert Function (dbyHKuuMsSHM Kyiini)
TyrMacHHHU 00CUO, MyJIOKOT OHACU YHKAPHIIAIH.

Oyuknusinap rypyxunan File Access (Daiiira pyxcaT) TaHJIaHaIu.

Keitun READPRN ¢dyHkuusicu Tannanay.

[Taitno 6ynran maodnonra (aili HOMU KUPUTUIAIH.

15.MaTteMaTHK CTATHCTHKA 3JIeMEHTIapU

Mathcad MatemaTuk CTaTUCTUKAHUHT MacajajapyHU €YMII Y4yH KYruiald

raH (QyHKnussapra sra Oynub, ynap ypraya KaTTaldK, JUCHEPCHS,

KOOpensaius KodOPUIUEHTH, dXTUMOJUIMK 3UWINTH, SXTUMOJUTHMK (yHKIUsACH, 17

Ta Xap Xwi Tacoaauduii MUKAOpJap TAKCUMOT KYPUHUIIMHU  XUCOOJIAII

UMKOHUSATUHH Oepaau. bynmapnan Ttamkapu Mathcadna Tacommmuduii conmapHu

reHepanusi KWIMIHUHT 17 Ta MOC TaKCMMOT KYypWHUILIWHMU, Xxamaa Mante-Kapio

YCYIH
oop.

épnamuga 3GEKTUB MOACIUIAIITUPUIITHU OJIMO OOpUIll MUMKOHHUATH XaM

AxpaTn® OJIMHraH MabJIyMOTJIAp acOCH]ia NapameTpiiapHu Oaxojall y4yH

Mathcadna 16 ta xap xwi1 QyHKIUsIIap MaBxKy/I:

e mean(A) — A wMaccMB D3JIEMEHTJIApH KHHMATIApUHHMHT YpTadyacCHHU
KauTapaau.
e hmean(xX) — A wMaccuB »dJeMEHTIApU TOPMOHHMK KHHMAaTIapUHHHT

ypTayacuHU KauTapaju.
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gmean(A) — A MaccuB 3JIeMEHTIapU KMUMATIAPUHHUHT YPTareOMETPUTHHN
KauTapaiu.

var(A) — A MaccuB dJIeMEHTIIapU TUCTICPCUSICHHN KalTapaju.

Var(A) — A MaccuB JJIEMEHTJIApUHHUHT KYy3FajaMaraH JHUCIEPCUSICHHH
KauTapaJu.

stdev(A) — A MaccuB 3JIEMCHTJIAPUHHMHT YPTaKBAJPATHK YCTIAHUIITUHH
KauTapau.

Stdev(A) — A maccuB dJIEMEHTIIAPDHHUHT Ky3FaJMaraH YpTaKBaJIpaTHK
YCTJIAHUIINHNA KaiTapaiu.

median(A) — SXTUMOJUIMK THCTOTPAMMACHHHM MKKHUTa TEHI KHCMra

OysIyBUM A MaccuB MeIMaHACUHU KalTapaiu.

- Mathcad Professional - [mat_statis.mcd]

@ File Edit View Insert Format Math  Symbolics Window Help - 0 %
bzl &RV e = D& -] 6 R
[Mormal ||l =l S B s u|===|=EE
Bl A [ == [ <E 31 af #
.y
ORIGIN =1
Ky3aTI EEKTORM: K=0(25 33 33 30 34 37) K= KT n = rows(K)
n
. ) 1 T
¥pTa apndimeThr: mean(K) = 32 - E;=32
I !
= meanK) i=1
n b3
?pTa FE0METHE amean(K) = 31766 K =31.768
i=1
)
?pTa TARMOHME hime = 31516 28N 2 = 31516
an(k) . =K
i=1
Hecreprpea n
1 2
apanaw Faxo: va(k) = 14 a Z (K= m|” =14
i=1
Baxo: 1<
apanawcus baxo.  Vak) = 168 N (K, - m? =162
n-1 —
i=1
YpTa KEAOPaTHK YETNEHWLL:
apanaw Baxa: stdew}D) = 3742 an B0 = 3742
apanawcus Baxo:  Stdev(E) = 4099 JTar(Ky = 4099
Meprara median(l0) = 33
Moga mode(K) =33
Brcuece bt = 1330
A CCRHMETHIA skewr k) = -0.5941 +
v
< >
Press F1 For help. AUTO MNUM Page 1

21-pacm.CTaTUCTHKA KAaTTAIMKIIAPUHU XHCOOIAIIL.
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e mode(A) — A MaccuB MOJICCUHH KalTapaIH.
e skew(A) — A MacCHB aCCUMMETPHUSACUHHU KalTapaiu.
e kurt(X) — A MaccHB 3KCIIECCHHU KalTapau.
e stderr(A,B) — A Ba B MacCHBIapHUHI YHM3HKIH PErPECCHICH YCYH
CTaHJApT XaTOCUHU KalTapasu.
e cvar(A,.B) — A Ba B UWKKM MacCUB D3JIEMCHTJApU KOBapUAIMSICHHU
KauTapau.
e coor(A,B) — A Ba B wmkkum maccuB kopppensnus KodhdunmeHTHHH
KauTapaJu.
e hist(int,y) — A MaccuB rUCTOrpaMMacHHH KypaJiu.
e histogram(n,y) — 0y ¢byHKIHs XaM A MacCHB THCTOTPAMMACHHH KypaIH.
by ¢dyHkumsutapauHr Oaxkapuiuiiy 2 1- pacmaa KeATHPUIITaH.
16.JactypJiam
Hactypnam Mathcadna acocuéi  ypun tyragu. Mathcad kymiab
MacajalapHyd JAacTypCcu3 €4MIl WMKOHMHMM Oepanu. JlekuH myHAail cuH
Macajanapyu OOpKH yJIapHU nactypcu3 euuO Oynmaiinu. Mathcad xap xawmaii
Mypakka0d JacTypHUM KHUPUTHUII UMKOHMHHM Oepaau. Mathcadna nacrypnam sxyna
aHWK Ba TYIIyHApIM, yHAA JacTyp Oup Heua KeTMa-KeT (opMylaiapHu
udopnanaiinu. JlacrypnamHuHr acocuit oneparopiapu Programming (lactypiain)

HaHEIUIa KOWIAIITaH.

JacTtyp KaTrOpuHM KMPUTHIL. /[acTypHM Ty3UII y4yH YHUHI KaTOPJIAPUHU
KUPUTHUII Kepak Oynaau. by Kylnaaru KenTupuira npoueaypaga oaxxkapuiaim:
1. Hactyp udomacu HOMUHU KMPUTHULI.
2. HO6opui onepatopus (=) KUPUTHIIL.
3. Hactypnam nanenupan Add Program Line ([lacTyp KatopuHM KYUIHII)

TyrMacuHHU OOCHIII.
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=" Mathcad Professional - [dastur1.mcd] Q@gl
@ File Edit Wiew Inserk Format Math  Svmbolcs  Window  Help - a x
Deld &V o > & [0z~
|Normal || avial >0 ~||B Frul==s=i=
B A [ x= [ <F T0 a8 &
.
RyAunary ofami ndogaHy xMcobnall LacTypUHH ARATHHT.
z=ax +e’Cosx
Hactyp
FpHTHLL KATOPMHM 04U
=73
¥ = |ae3
¥ = |a+3 be 15
he13
1
3
a-3% + explh) - cos(x) a1+ exprt) - cos(s)
1
=¥ = T6.363 +
W
< >
For Help, press FL ALTO MUM Page 1

22-pacm. Onauit YM3UKIIA JacTypiap Ty3HIIl.
4. Tlaitmo OynraH KUPUTHUII KOWHWra Kepakju OlepaTopiapHU KUPUTHII,

OpTUKYA KUPUTHII >KOMUHU OJTMO TaIllIAILL.

Kepakiin KMpUTHIIT KATOPUHHU OYMIN YUyH KYK OypUaKiIn KypCOPHH KaTop
oxupura keatupud, OYnuimk TtyrmacuHu Oocran xoiga Add Program Line
TyrMacuHHU OOCHUIII KepakK. Arap KUPUTHII KATOPUHU KATOP OJAUJAAH OYHUII Kepak
Oyimca kYK Oypyakid KypCOpHH Kartop Oomura KeaTupuO, OYIIITUK TyrMacHHH
oocran xonna Add Program Line Tyrmacunu 6ocuin kepak 0ynanu (22-pacm).

AlipuM XoJulap/la, MacaJlaH MKKM WYMa WY KOWIAIraH LUKIUIap Opacuru
KaTop Kymuiiaa Oy ycys Kya kenaMait konaau. by xonma 6oiika ycysiHA Kyuiaira
TYFpu Kenaau. by ycyn Kyiinaaruda 6axapunaiau:

1.1y num Kopa paHITa aKpaTuiiajiu.
2.Cranmapt BocuTanap nmaneauaan kecu6 osum (Cut) Tyrmacu 6ocuiaiu.
3.Add Progrm Line (mactypra kaTop KYIIWII) AacTypjiaiml TMaHeId TyrMacu

OochIaIn.
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4.KaTop KHpUTHII >KOHUTA Kypcop KyHHIumO, cTaHAapT BOCHTajap HaHeIuIaH
kyui (Paste) Tyrmacu 6ocunaam.
5.ITaii1o 6yAran KUPUTHUILL KOWH TYJIIAPUIIA]IN.

By ycyn Oapuya xoiiapaa xaM KaTop KUPUTHILA KyJTalJIuKHU Oepajiu.

Jactypaa kKudmatjapHu Jokaja wo0opum. [lactypnma ysrapmacmap Ba
y3rapyBumiiapra Kuiimatiapu Oepuin (<€) 100opHIl orneparopu €paamuia amalira
omupunaau. by onepatop nacrypnam nanen Bocutacuaa (Local Definition) mokan
aHUKJIall TyrMacura oupiamrupuirad. Jlactyp Ty3ulnl gaBoMuja Kym XoJuiapa
Oy OesrMHU KJIaBUaTypaaan { OeNrucuHU OOCUII OUJIaH XaM Oa)kapyill MyMKHH.

Jlokan ¥y3rapyBuM KUMMaTHHU JacTyp TallKapucCHlia HIUIATUII MYMKHH
sMmac. Arap Taurkapuja UIUIATUII )KyJa Kepak Oyica, yHUHT YUYyH JaCTYPHUHT SHT
OXHUPTH OIEepaTOpUIaH KEHMUH KypCOpHHU OY1l >koira KyhHuo, KeWHuH Y3rapyBUMHU
&3uIll Kepak Oynaau.

Arap y3rapyBUMHHUHI YHTa MOC OUTTa KUMMATHHU YMKApUII Kepak Oyiica,
11y y3rapyBYMHUHT HOMHUHHU E3UII Kepak. Arap BEKTOp €KU MAaCCHUBHU YMKAPUII

Kepak Oyyica yHUHT HOMUHU KUPUTHUII KepakK.

if mapTau oneparopm.
if maprtim omeparopu WKKM OOCKWYIA Tabcup OdTaaud. bupuaum if
orpeaTopuiaH YHraa €3uiral wapT TeKIupuiaau. Arap y poct Oyica, yHIaH
yanjaru udoja oaxapuiaam, ake XoJaa JaCTypHUHT KEHUHTU KaTopura YTuaaau.
Hactypna if mapTiu omeparopuHM KYWWII YY9yH KyWWAa KEITHPUITAH
npoleypagapHu Oa>KapuHT.
1. Ty3unaguran pactypja IIApTIA ONEpaTop KUPUTUIAIWIaH »KoWra Kypcop
KYWUIaau.
2. Macrypnam nanenuaan if oneparopu Tyrmacu Oocunaau. Jlactypaa mkkuta

KUPUTHUIITA 3ra orepaTop mabdjianu naigo 0ynaau.
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3.VHr KMpUTHII XOiUra mapT KUpHTHIa M. ByHIa MaHTHKMH onepaTopiapiaH
dbornananum  MyMkuH. byHunr yuyH (Boolean) wmanTuHKHIT omepaTopiap
naHeauaad QoiinanaHuin OMpMyHYa KyJalIuKIapHu Oepaim.
4.if omeparopu yam TaMOHMra IIapT POCT Oyiaranga Oakapuiaguran udoaa
KUPUTHIA/IN.
Arap mapTtHUHT Oaxkapwmmuaa oup Heda udomanap Oakapwrangutran Oyica, y
X0Jila OMp Heua KUPUTHUII JKOMIapura sra OYiauin kepak. ByHUHT ydyH KypCcOpHH
if omepaTOpHMHHUHT Yam TaMOHAArd KUPUTHII XoWWra KyHuO, KeMHH nacTypJiaiil
naHenugarn Add Program Line ([acTtyp xaTopura Kymuin) TyrMadyacMHH Heua
KaTop KMPUTHUII Kepak Oyiica myHya 6ocuil kepak O0ynanu. bynna nryHra 3pTuoop
Oepulll KEpaKKH, MIAPTIM ONEpaTop KYpUHUINU y3rapaau. SIHrM BEPTUKAI YM3HK
KUPUTHUII )KOWK OMJIaH yar TaMOHJIa dSMac, actAa Ba if omepaTtopaaH YHIa maio
Oynaau. Arap mapTt EnroH OYyiica, YTHUII JaCTypHUHT KeWUHTY KaTopura 0yiau.
Mathcadna mapTHu E3UIMIHUHT y4Ta yCYyau O0p:
e jactypuairHuHr If mapTiau oneparopu Epaamua,;
e Oy oneparopiapu €plaMuaa;
o if pynkumsicu épnamuna.

Kyitnmaru 22-pacmaa mapTHU €3UINTHUHT y4uTa YCYJIU KYpCcaTHIraH.

<" Mathcad Professional - [dastur2] E@@
@ File Edit Yiew Insert Format Math Symbolics Window Help = | &
el &Sy B = 2 A oo -] & ®
[Homal | [eial <o B ru|===|i=i=
~
Quyidagi funktsivani hisoblang
In(~fa), a <3
y=122  3Lais
f@+D¥-a a3
Hisoblash
a=§
1.Dasturlash bo'yicha 2.Bul operatori bo'yicha
y= | acd ¥1 '=[\n'\fa'(a<3)+2(3sa$5)+[(a+1)2—a](a}5)]
b fa
\/_ ¥1 =73
Inh)
9 0f 3€a<s 3.if funktsiyasi bo'yicha
otherwize 2= |f[a < 3,\n‘\ﬁ',|f[3 <ads,2 (a+ 1o a]]
Cea+l
y2=73 +
-
=73 a
£ bd
Press F1 For help, AUTO MNUM |Page 1

23-pacwm. llaptau GyHKIUSHE Y9 YCYyIIIa XHCOOIAIIL.
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I{ukJ onpeparopu.
Mathcadna nkkura nuki oneparopu Maxya: FOR Ba WHILE.

e Arap HMKJIAAa TAaKPOPJIAHUII COHU OJIIMHJIAH MabilyMm Oyica, y xonga FOR
ONEPATOPHU MIIATUIAIH.

e Arap LUK MabJIyM IIAPTHUHI Oa)KapWIIMIIM WYMJA TAaKPOPJIAHUIIN JIO3UM

oynca, y xonaa WHILE onepaTopu unuiatunaim.

WHILE oneparopmu.

While nukn omeparopu TakpopJiaHHUIILIAp COHU OJITUHIAH aHWK OYamaraH
XOJUTapAa TaKpOPJIAHUIIHK OWpop OWp HIAPTHUHT POCT OynHmIKAa Oakapaiu.
bepunran maprt OJIMH TEKIIMPUINO, KEHWH MIAPTHUHT Oa)kapuiuiiura Kapao
YHUHT TapKUOUJary onepaTopiap Oaxapuiaim.

While mmkn onepatopuHm €3umn ydyH KyWHJard KeTMa KETIUKIApHH
OaXKapuIIl JIO3UM:

1. KypcopHu gactyp KUpUTHUII Kepak Oynaran OV sxoira Kyunaau.

2. HMacrypnam nanenuaad While Loop (ILlukn While) Tyrmacu 6ocunanu.

3. While omneparopuHuHr VHr TaMOHMAAH MmapT (MaHTUKUK udoaa)

KUPUTHIIAIN.

4. While omeparopu macTuaaH UK XUCOOJAIIMd Jo3uM Oynrad wudomamap
KUpUTUIaAU. Arap HUKiaa oup Heda udomanapHu XucoOmamn kepak 0yica, olauH
KypPCOpHU KUPHUTHII Xoinra Kyitno, keinH Add Program Line (actypra xarop
kuputuin) €ku ]’ (€nyBum ¥pTa KaBC) TYrMacMHU IIUKI HEYTa KATOPHU Y3
TapkuOWra KUpuTca IIyH4Ya Mapra Oocuin kepak Oymanu. KelunH xuputuia
XKoMlapuHu Kepakiau udopanap OunaH TYIIUPUO, OPTUK KUPUTUII KOUM 0JIMO
tanianand. Kyduparm 24-pacMza MHCOJI TapukKacuja OepuiraH KuiiMataaH

6Hp0H BCKTOPHHUHI 6I/IpI/IHIII/I KaTTa KI/II‘/’IMaTI/IHI/I AHUKJIalll KSJITUPHIITaH.
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24-pacm. Jactypnamina While nuki onepaTopunu Kyuiai.

FOR onepartopu.

For uukn omeparopuHu TaKpoOpJIaHUIUIAP COHMU OJUHAAH aHUK OYynraHaa
UIUIATUII Makcaara MyBoukaup. For onepatopuHUHT TaKpOpIaHUIIUHUA, YHIAH
OJITMH OepuiIraH Y3rapyBuu aHUKJIauIu.

For uwukn omeparopuHu €3UIl y4yH KyHUAard KeTMa KeTIUKIApHH
Oa)kapulIll JTIO3UM:

1. KypcopHu nactyp KUpUTHUII Kepak Oyarad OV sxoira Kyiuiaau.

2. Hactypnam nmanenunan For Loop (Llukn For) Tyrmacu 6ocunanu.

3. For omepaTOpUHHUHI VHT TaMOHUAAH y3rapyBud HOMH KHUPUTUINO, YHTaH

KeWMWH V3rapyBUMHHMHT Y3rapuil auamnazoHu Oepunaau. uxn y3rapyBuncu

COHJIap KaTopu €KW BEKTOp OynuiM MyMKHH. MacanaH pacmiaa ¥y3rapyBuu

KUMaTIIapu BepyJl OMIaH aXpaTWiraH BEKTOp KUiInO OepuiiraH.

4. For omepaTopu MAacTHIAaH IUMKI XWUCOOJNAIIM JIO3UM OynaraH wudomanap
KUPUTIIAAU. Arap nuKiaa oup Heya udoaaiapHu XxucoOmam kepak oyica, oJIIuH
KypPCOpHU KUPHUTHII koinra Kyino, keiimna Add Program Line ([lactypra xarop

kupuTHil) €k “|” (€myBuM ypTa KaBC) TYrMAacMHU LUK HEYTa KAaTOPHU Y3
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TapkuOWra KupuTca IIyH4a Maprta Oocuin kepak Oynmaau. KelnH kupuTuin

JKoWnapuHu Kepakiu udojanap OuiaaH TYIAUPHO, OPTUK KUPUTHII KOWH OIHO

tanuanaau. Kyhinnaru 25-pacmaa KenTUpWITaH MHUCOJAa OepuiiraH KuWMaTAaH

OMpPOH BEKTOPHUHT OMPUHYM KaTTa KHMMaTUHU aHUKJIalll OepUITaH.

-* Mathcad Professional - [dastur4]
@ File Edit Yiew Insert Format Math  Symbolics  ‘Window  Help

4
Press F1 For help,
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25-pacm. [lactypnamina FOr muks orepaTopuHA KYyJIIAIIL.

2.3. ®pakraa rpa¢guka MMKOHUATIAPUAAH GoHIATAHNO YNBUKIIU

TCHIVIAMAJIAp Ba YJIAPHUHI CUCTCMAJAPUHU €YHUIII MCTOAUKACH.

qI/ISHKJIPI TCHIVIaMaJIap TU3UMJIAPpUHU CUMIII.

1.Kyitunarn OepuiraH TeHIJIaMalap TU3UMIIAPUHUHT TaKpUOWN €YMMUHU
TOTIUHT.
Bapuant TuzuMm kodppunueHTIapu O3o0x xaanap
HOMEpH MaTpuuacu (A) ycryHu (B)
1. 13.47 -2.29 3.29 4.75 2.32

2.75 11.11 2.28 -0.75 4.75
0.28 6.25 -9.21 0.79 2.25
3.21 2.21 0.49 7.87 -3.41
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2. 9.66 2.01 3.03 1.61 -2.29
3.22 12.41 1.65 0.93 2.64
1.69 -2.17 13.65 3.73 -6.48
0.46 1.75 -3.75 9.65 -2.77
3. 15.75 2.91 3.60 2.09 -2.84
3.63 12.02 6.71 -0.09 9.81
2.28 3.48 15.78 2.64 2.71
341 0.51 1.07 6.07 2.33
4. 12.88 0.28 0.99 7.75 -2.64
1.77 9.79 2.81 3.03 4.78
2.83 3.02 11.79 1.75 -2.71
3.01 0.97 2.77 11.49 2.80
S. 12.85 0.75 3.21 1.76 -1.74
-0.97 11.04 4.48 1.73 2.83
0.77 1.43 9.71 2.13 0.92
1.29 3.29 0.71 11.49 2.80
1.29 3.29 0.71 11.49 2.80

I‘Il/liil/ll((!l/lii TCHIVIAaMAJIap TU3UMJIAPpUHHA €YMNII

Ky#ingaru TeHrnamanap TH3UMUHU TaKpUOW €UrHT.

sin(x+1)—-y=12 cos(x-1)+y=05
1.
2X+cosy =2 X—cosy=3
sinx+2y=2 cosx+y=15
“lcos(y -1 +x=0,7 2x—sin(y-0,5) =1
tg(xy + 0,4) = x* sin(x+y)-16x=0
110,6x% +2y* =1 x> +y?=1
4 cosx+y=15 sin(x+Yy)-12x=0,2
" |2x—sin(y-0,5) =1 X +y?=1

5 [sin(x+08)-y=1 tg(xy +0,3) = x°
"|2x—sin(y-0,5) =1 0,9x%+2y® =1
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AHHUK MHTErpaJlyIapHU TAKPUOUI eumIn

Ky#unaru uaterpamiapHu TakpuOuii XucoOJiaHr.

Ne WuTerpan Opanuk Ne Wurerpan Opanuk
oCTH [a,b] OCTH [a,b]
byHKIIHS byHKIHS

1 JXx+1.2 [0.2;1.2] 16 sin®x [3;2.4]
VX +1.2x+2.4 V2x° +1

2 (x* +1) [0.4;1.4] 17 | cos®x [1.2;0.2]

NX+1+2 X2 +1

3 VX+1.4 [0.6;1.8] 18 | (2x+0.5)cosx [0.2;1.2]
UYx® +0.6x+2

4 0.5x° +1 [0.6;1.6] 19 | 1+t9% [1.1;2.2]
V04X +1.3x+1 J3x2 +1

5 J1.2%2 +04 [0.5;1.3] 20 | sin?x [0.1;0.8]
V0.4x° +1.6x +1 x> +1

AHMK MHTErpaUIAPDHUHT TAKPUOUI Ba Ba AHAJMTHUK e4MMJIAPUHU TOMHHT

f(X) uarerpan [a,b] urTerpan b
0CTH (PYHKCHS OpaJTuFu I f (x)dx
a
No
OONIaHFUYHUHT
aHUK KHUMaTHu
1 In x [1; 3,5] 2
—— = (Inx+1)*?
X+v/1+1In X 3 ( )
~2(Inx+1)"? o2
3
2 2 2
g7 x+cgx [ZZ] tgx—ctgx—2x—tg%+
6 3
ctg Tz
6 3
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3 1 [2; 3] 2,3026(InInx —InIn2)
xIn x
4 2 1;,4
In X [ ” ] lln?ax
X
5 et [0; In2] 2ve* —1—2arctgve* —1

JAu¢pepeHunan TeHIIaMaJaAPHU YU

Kyitugaru auddepennnan TeHINIaMaJapHUHT COHJIM Ba  aHATUTHK

CUMMJIApHUHU TOIIUHT

Ne | Differensial tenglama | Boshlan- Integral- | Ka- Aniq yechim
g’ich lashtirish | dam
shartlar oralig’i
1 y”+y:i y(0)=1 [0; 0,5] 0,1 COS X + XSin X +
COS X y'(0)=0 (cos x) In cos x

2 | @+x)Y"+ (Y)Y’ +1=0 |y(0)=1 [0; 0,5] 0,05 |[1-x+2In(1+x)
y'(0)=1

3 | y'+2y+2y=2e"cosx | y(0)=1 [0; 0,5] 0,05 | e*(cosx+sinx+
y'(0)=0 xsin x)

4 | y'+4y=e¥@13x-7) |Yy(0)=0 [0; 0,2] 0,02 | cos2x—sin2x+
y'(0)=-4 )

5 | y+4y +4y=0 y(0)=1 [0; 1] 0,1 (L+ x)e™
y'(0)=-1

Perpeccusi TeHrjiaMmacu Ba Koppeasiuusi KO3(pQpuuueHTIapUHA XHUCOo0 a1

1. Kymok  xykanuruna cyB XaKMHHHUHT XOCWJIIOPJIMKKA OYiaraH OOFIMKIMK

TaxpudacH YTKa3uIraH.
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CyB MuKzI0pH (X) 12 18 24 24 30 36 42 48
Xocunmopiuk (y) | 9.27 [5.68 [6.25 |6.25 | 7.21 |8.02 |9.71 | 8.42

CYB MUKIOPH OLIWIIN Oomtan XOCWIIAOPJIUKHUHI OIIHWIN TCHACHIHUACHHUHT
KaHHaﬁ 6S'IJIHHII/IHI/I AHUKJIaHT, PErpeCCusd TCHITIAMACHHH TY3HWHI' Bd KOPPCILIIUA

KO2 (D PUITMECHTHY aHUKJIAHT.

2.Mmnad 4yMkapunia MaxcyloT MHUKIOPUHUHI YHUHI Hapxura Oynirad
OOFJIAHMILIHY aHUKJIAII YYYH TAKpUOa YTKa3UJTraH.

Maxcynor xaxmu |21 |23 |26 |28 |24 (28 (24 |25 |27 |26

(X,TOoHHA)

Maxcynor Hapxu | 128 | 133 | 150 | 155 | 137 | 155 | 137 | 143 | 153 | 145

(y, MIIH.CyM)

MaxcynoT XaKMUHUHI yHUHI Hapxura OynradH OOFJIaHHUII  pEerpeccHs

TCHI'JIaMaCHHH TY3UHI' Ba KOPPCJLIOUA KOI)(l)(I)I/II_[HCHTI/IHI/I AHUKJIaHT'.

3.Acocuil >kamrapMa KUMMaTH Ba HUILIA0 YMKApUITaH MaxCyJIOT KHiMaTu
¥pTacugaru OOFJIAHMIIHK TaBCU(MIOBYH pErpeccHs TEHTJIaMaCHHU aHHMKJIAHT.
Taxpuba HaTHX)aTapu >kaaBaiaa OepuiraH.

Kamrapma kuvimatn | 10 | 9 8 7 6 5 4 3 2 1

(X, MJIH.CYM)

Maxcynot kuiimatu | 70 |60 |60 |52 |56 (40 31 |31 |25 |20

(Y, MITH.CYM )

4 VIimunHUHT OMp cMeHaaa UILUIa0 YMKapraH MaxCyyiaoTH (X) Ba YHUHT UII CTaXKU
(y) ¥pracugaru OOFJIAHUIIHU TaBCU(IIOBUM pErpeccusi TEHITIAMACUHU aHHUKJIAHT.

Taxxpuba HaTHXKaNApH KaaBayla OepuiraH.
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Maxcymnor (x, 10Ha) 180 | 160 | 150 | 110 100 |120 |90 |80
N crax (y, inn ) 6 8 7 3) 2 4 3 1

5.bup Heua xopxoHanap UIUIA0 YUKAPUIIAA MaxXCyJlIOT TaH HAPXUHUHT WHUILTHK
ypTava uirguiap conura 6ynran taxxpudbacunu ytkasrad. Uy umramnap conunapu
OujaH MaxCyJoT TaH HapxXu ypracujgaru OorJaHUIIHM TaBcuduanr. TaxpuOa

HaTW KAJIapH KaaBajiaa 6epI/IJIFaH.

Kopxonanap Homepu 1 2 3 4 5 6 7 8 9 10
Wurawmnap conwm (x, mona) | 148 | 240 | 252 | 272 | 289 | 320 | 357 | 372 |383 | 425
Maxcynor Tan Hapxu (y, | 140 | 245 | 230 | 240 {290 | 330 |390 | 368 |400 |410

MJII.CYM)

bornanuimn perpeccusi TEHIVIAMACUHHU TY3UHI Ba KOppesiuus Kod()PUIMeHTHHU
aHUKJIaHT.

6. Tymanaaru cakku3ta owsa ab30JapUHHUHI ypTadya OMp WHIUIMK Aapomaau (X)
OwnaH cyTkajga xap Oup owia ab30CM TOMOHHUIAH HMCTEMOJ KWJIMHAIWTaH €F
MUKIO0pH (y) ¥pTacugaru KOppesisiiioH OOFJIaHUII YUyH PErpecCUSHUHT YM3UKIIH

TEHIJIaMaCUHU aHUKJIaHT. MabllyMOT/Iap KyWuaaru kajipaiaa Oepuiras.

Ne 1 2 3 4 5 6 7 8

Vpraua 6up oitmuk mapoman | 29.0 | 380 |[46.0 [540 [620 |[70.0 [79.0 |97.0

(X, MHHT CyM)

HcremMon KunuHagurad er 15.2 17.0 25.0 26.3 32.0 34.1 38.0 42.0

MUKJ0pH (Y, TpamMMm)

bornanuin perpeccusi TEHIJIAaMAaCUHU TY3WHI Ba KOppensiuus Kod(pPUIMeHTHHU
AHUKJIAHT.

7.bapuii xnopun (y) ra komumit xuopun (x) muar 70° C pa Kymmmimm
HaTWKAacuJa SPUTMAHUHT KOPPEJSIIMOH OOFJIaHUII YUYYH PErPECCUSHUHT YU3HKIH

TEHTJIaMaCUHH aHUKJIaHT. MabiyMoTaap KyHuaaru >kajipaiaa Oepusiras.

Kommwmii xmopun (X, %) 0 ) 8 10 15 20

Bapuit xnopua (y, saputma) 32 25 20 17 11 5

Bornanuin perpeccusi TEHIJIaMAaCHMHHM TY3WHI Ba KOppessuus Ko3(PpQGUIMEHTUHU

aHUKJIAHT.
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8.bup Heua nmad YMKapuIl KOpXOHaJapy ypTada WAJUIMK AapoMay Ba yjaapra
MOC MIIYWIap COHU OepuiraH. Yiap ypracuaard KOppejsUOH OOFJIaHUII yYyH
PErpECCUSHUHI YHW3UKJIM TEHIVIAaMAaCHHM AaHUKJAHr. Mabiaymotiiap KyWuaaru

JKaJBaJ1a OepuIraH.

Ne 1 2 3 4 5 6 7 8 9 10

Wurumnap conn (x) | 148 | 240 | 252 | 272 |289 |320 |357 |372 |383 |425

Nniuk JTapomMa 140 245 230 240 290 330 390 368 400 410

(y, MJIH. cyMm)

Bornanum perpeccus TEHIJIaMaCMHHM TY3UMHI Ba KOppessius KodhduIreHTUHH
AHUKJIAHT.

9.KopxoHazia onTH COATIMK I KYHU WYUa NOUTA0 YUKApUIAETraH MaxCyJIoT
COHM XaKujaa MabiaymoT Oepwiagu. Wnuad uyumkapuiaéTraH MaxcyjlaoT COHU Ba
BaKT OpacHUjard HMIOPUK OOFJIAHWIIHM aHUKJIAHr. MabiayMoTiap KyWlHjaaru

KaaBajiga 6€pI/IJIF aH.

XKopwii Baxr (y, coar) 0 1 1.5 (25 |3 45. |5. 6

MaxcynoT conu (X) 0 67 101 168 202 |301 |334 |404

Bornanuimn perpeccusi TEHIVIAMACUHHU TY3WHI Ba KOppensiuus Kod()PuIMeHTHHU
aHUKJIaHT.
10.3aBoa MKKHM XUJT MOJIETIIa annapaTypa *KUX031apuHu nuuiad ynukapaau. by

anmnapaTtypaiap TEXHUK IapaMeTpiiapu Kyiuaaruuap:

X1 — unu1ad yukapwuii (6up coaTaaru onepanusiiap CoOHH);

X — cudaT XapakTepucTukacH (Oup KyHJIaru TyXTaMai UIIall BaKTH).
Ba OMTTAa UKTUCOIUHA.

y — amaparypa 6axocu (MUHT CyM/Jia).
Texuuk mnapameTrpiap Owinan 0axo opacujard OOFJAHUIIHU HU(OIATOBUH
perpeccusi TEHIVIAMAacHHM, Xamjaa Yy Ba X; Jap opacuiard OOFJIaHUIIHUHT
MIIOHYTAIIHHA TaCAMKIOBYH R’ Koppemsiuust Kod(QHIHEHTHHE TOIHII Tanab

stwnanu. Taxkpuba HaTWXKaIapy KaaBayiia OepuiiraH.

HNmtad

Monen YUKAPUIIT Cudar baxo
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x1 X2 y
Al 120 450 4500
A2 200 960 8000
A3 300 145 3000
Bl 400 212 5500
B2 500 265 5400
B3 860 312 6500

11.HCcOHHMHT €mu, OYiM Ba OFUPIMTU opacujard OOFMaHUIIHU H(OIATOBUH

perpeCCusa TCHIJIAMACUHHU, XaM/ad

Yy Ba X; Jap opacujard OOFIaHUIIIHUHT

2
WIIOHWIWJINTUHU TAaCOUKIOBYM R xoppemsius Kod(pPUIUMEHTUHU TONMII Tayiad

stmnanu. Taxkpuba HaTHXKaNapy KaaBaia Oepusiras.

Emm (x1, fu) 18 19 20 20 18 18
byitu (x2, cm ) 172 180 |175 |190 |174 |183
Orupnuru (y,xr) |71.2 |753 |749 |851 |67.1 |[73.9

12.2KoHn Gommra uctebMoil KWIMHTaH TYIIT MUKAopHU (y) OuiaH ouia ab30CHra

TYFpU Kedran Oup odiuk yprada mapoman (x1) Ba omsamaru ab3ojiap COHHU (X2)

ypracunaru 60yiaaHUIIHE U(POMATIOBYM PETPECcCUsi TCHITIaMacHHH, XaMmia Y Ba X;

2
Jap opacuiaaru OOFJIJAHUIITHUHT  WINOHWIMJINTHHA TaCAUKJIOBYHA R KOoppesaaua

K02 PUIMEHTHHY TONHUIN Tanad ATWIaId. MabiiymoTiap Kyiugaru OepuiiraH.

Ne 1 2 3 4 5 6 7 8
JXon Gommra ncremorn 3.0 3.3 4.2 5.0 4.5 6.8 6.2 7.0
KWJIMHTaH YT (Y, KT)

Vpraua Gup ok 70 85 90 100 125 150 130 160
napoman (x1, MUHT cyM)

Owunanaru aw3omnap conu | 4 4 3 3 2 2 1 1
(x2)
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13. Kuménan peakius Taxkpubacu yTkaswiraH. Peakims OOIIIaHUIN BaKTUIAH
Oomnutad MabiayM t BaKT HUKIa cUCTeMaia KoyBun Q Moj1a MUKIOPU OepuiIraH.
t, min 7, 12 17 22 27 32 37
Q% | 83,7 | 729 | 632 | 54,7 | 475 | 414 | 36,3

bornanuman M¢OIATOBUM perpeccus TEHIJIAMAacHHHU, Xamjaa OOFIaHWUIITHHHT
MIIOHWINTHTHHE TACAHKIOBYH R® KOppessiuust Ko (GHIHEHTHY TOIHHT.

14 Bunositna 10 ta aykoHma ToBapoOOpoT (X) Ba ToBap 3axupa (y) japu
MabJIyMOTIapy >kanaBanna Oepwirad. ['mmepOosia KYpUHUIIIATH STPU YU3UKIU

perpeccusi TCHrJIaMaCUHU TOTIUHT .
Ne 1 2 3 |4 |5 6 7 8 1|9 10
ToBapoOopoT (X, MUHT cyM) | 5 3 24 |35 |44 |55 |63 |74 |82 |95
Tosap 3axupacu (y, KyH) 18 |12 |8 8 8 8 7 6 8 8

bormanuin perpeCCusd TCHIJIaMAaCHMHHN TY3WHIT Ba KOPPCIIALHA KOB(I)(l)I/II_II/IeHTI/IHI/I

aHWKJIaHT.
Yu3HMKJ/IM JACTypJanl MacaJajJapuHu eYyHin
1.5x,+4x,< 20 2.- 5x1+4x,< 20
2x11+3x,< 24 -2X1 -3x,< -6
2x113x,< 20 X1-3%,< 3
X120, X, <0 X120, x,>0
F(X1; X2)= 3x1+ 2X5 F(X1; X2)= 2x1+ 3x,-1
3. 5xq1-4x, >-20 4.-2x1-X,< 2
-2X1-3X,> -24 X1 -2X,< 2
-X1+3x,> -3 X1tx,<5
X120, x5, >0 x120,x,>20
F(X1; Xo)=x1+ 3x, +2 F(X1; X2)= -X1t X

5. 2x1tXx, 22 6. x1tx,>3
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X1- X < 4 -X1 -2X, 26
-3x11t3x,> 12 X1+ X212

X1tx, <8 X1- 3%,> 3

X120, x,>0 x1=>0,x,>0
F(X1; X2)= -4x4- 2X; F(X1; X2)= X1 +X;

dan Ba TexHWKaaa 0ab3u MacalalapHUHT MAaTeMAaTHK MOJEIH cudaTuaa
onnquii  muddepennman  TeHrIamanap oiuHaau. Opoui  guddepeHiman
TEHIJIaMayIap €KW YJIapHUHT CHCTEMAacHMHM WHTErpajulall OpaJIMFUHA  Oapda
HyKTanapja sMac, 6anku 6epuiran ourra €ku OUp HeuTa HyKTajap/a equIll Tanao
aTIiaau. byHra xucoOnam OpaJuFUHUHT Ypracuua €KU OXHUPTH HYKTacHJlaru
CYMMHHM TONUIN MacajaJapuHA KEITHPHUII MyMKHH. byHmail Typra Terumnum
Macajanap JMHaAMUK CHCTeMaliap/ia KEeHT TapKaJraH.

JluHaMUK ~cHCTEMaJlapHUHT XxapakatuHu udoganoBuun auddepeHunan
TEHTJIAMAIAPHUHT TYPJIU XWI HYKTaJIapAaH YUKKaH SBbHUA TYPJIA XWJ OONIIaHFAY
mapTIapHU KaHOATJIAHTUPYBUHM €UYUMJIIApH, SHHU XapakKaT TpacKTopusuiapu t—»oo
Ja aiiHaH OMTTa HyKTara sKWHIaImaau. byHmall HyKTajgapHU TOMMII dCa aMalldi
axamusarra osraaup. Taakukor o0bekTH cudaruga oaauid  auddepeHunan
TEHrjJamMajapra JOoup Macajajap Kapaidaau. MacajiaHu EUUIIHUHT —aHUK,
TaKpUOMii-aHUK Ba COHJIM YCYJUTapHUIaH (O TaTaH N,

Mathcad ngactypu Tapkubuga Oy Typaarn wmacajajapHud €UHINra
mymkamianran rkadapt Ba bulstoer kabu cranmapT (QyHKIESIIAp MaBXKY/I.
YnapHUHT yMyMHM KYpUHUIIY Ba Bazudagapu Kyinia KeITHPUITaH:

rkadapt (y, x1, x2, eps, D, kmax, h) — 0y dbyaknus oqauii nuddepeHman
TEHTJIaMa KM yJIapHUHT cucTteMmacu yuyH Komm macanacunu Outra HykTaga (Exku
Oepunran OWp HedTa HyKTaJlapa) WHTErpajulall KaJaMUHU aBTOMATHK TaHJaIll
(Y3rapyBuu kagam) ounan Pynre-Kyrra ycynuau kymiabd euanu;

bulstoer (y, x1, X2, eps, D, kmax, h) — 0y dyHkus oxauit quddepeniman

TEHIJIamMa KU yJIapHUHT cucteMacu yuyH Ko Macanacunu 6utra HykTaga (€xu
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Oepuiran 6up Heuta HyKTanapaa) bymupm — [tep ycynmunu xynnad edagu. by
eplla epS — UHTerpajialml KajJaMyd Y3rapyBuM OYJraHja €4uM XaTOJUTHHU
Oomkapu0 TypyBYHM MapaMmeTp (arap TONWITaH COHJIM €YMM XaTOJNUTH E€PS JaH
KaTTa Oyiica, MHTErpajuIall KaJaMHUHUHT KUAMaTH N — HUHT KUAMaTUIaH KUYHK
OyNryH4Ya KM4YMKIamaam); Kmax — mHTerpauiam HyKTaJIapMHUHT MaKCUMaJl COHU
(euuM Xocun OynmaauraH MaTPUCAHUHT caTpjapyd COHM, WHTETpajljall HYKTacH
ourra Oyiaranga kmax=2 OVymamu); h — uHTerpaiiam KaJaMAHUHT MYMKHH
Oynran edr knuuk kuiiMatu (KupbsHos, 2005).

Awmanunii MacananapHu edunina €psS Ba Kmax mapamerpiapHUHT KHAMaTIapu
Kapana€Tran xap Oup MacajlaHUHT XycycuaTura Kapao, ¢oiinanaHnyB4u TOMOHUIAH
oepunaau. bynma eps =~ 0.001 Ba kmax < 1000 kuitmariapaan ¢oimanaHui
TaBCHUS ATHIIAIIH.

By (yHkmmsnapHu Kyiam HaTWXacuia JIEMEHTIIApU SPKIM Y3rapyBuu X
HUHT KUAMAaTiapy Ba yjiapra MOC TONMWJIraH COHJIM eunmiiapaaH uoopat Kmax Ta
catp Ba N+1 Ta ycryHra sra Oyiran UKKM YIHOBJIM MaTpuca Xocui 0ynaau. bynaa
N — UHTErpasUIall HyKTajJapu COHMHU ndoaanaiau.

Mathcad nmactypu tapkuOumarn rkadapt Ba bulstoer dynkustapan
KYJUIallra JI0up MUCOJUIAp KEJITUPaAMU3:

Mucoa. bepwiran Komm macamaciHu MHTErpaiall OpaJMFUHUHT OXUPTIH
HykTacuaaru eaumunu rkadapt Ba bulstoer gpynxuusnapu épraMuaa TOUHT.

y'(X)+y(x) =3-sin(y(x)-x/3),  y(@0)=2, x €[0; 50]
Eunm. ORIGIN: =1 kmax:=2 a:=0 b:=50 eps:=0.001 h:=0.01
y=2  D(X,y):= -y+3sin(x-y/3)

0 2
rkadapt(y, a, b, eps, D, kmax, h) =
Pty P ) (50 0.185j

0
bulstoer (2, 0, 50, 0.0001, D, 2, 0.001) = ( EKu

50 0.185]
Y:=rkadapt(2, 0, 50, 0.001, D, 2, 0.01)
Z:=Dbulstoer(2, 0, 50, 0.0001, D, 2, 0.01)
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y_[0 2 )P 50
50 0.185 0.185

L_(0 2 27 _ 50
50 0.185 0.185

FOxopunarn muconmau  [0;100] opanurura terunum OyTYH HyKTalapaaru
eUMMJIAPUHU KyHuaruya TOMUII MyMKHH:
ORIGIN: =1
H:=1 (unTerpaiiai Kagamu);
a:=0 (uHTEerpaIan opapIMFUHUHT OOITUTAHFUY KHMATH );
N:= 100 (uHTerpasiam HyKTaJapuHUHT COHH) ;
eps:= 0.0001 (uHTerpasiai aHUKJIUIHY);
h:=0.01 (uHTErpayIam KaAaMUHU MyMKUH OYIITaH SHT KHYUK KHIMATH ),

y:= 2 (6epuiiran OOIUIaHFUY IIAPT);

D(x,y):= -y+3:sin(x-y/3) (Oepwiran TEHIJIaMaHUHT VHT TOMOHHIA TYypraH
byHKIUA);
1:=1..N; ti:=i-H (anemenTnapu Gepuiran opajvKka TETUILIM OyTyH COHJIApIaH

nbopaTt MaccuB);
kmax:=100 (nHTerpasian HyKTaJapuHUHT MaKCUMaJl COHH).
y; =rkadapt (y, O, t;, 0.0001, D, 100, 0.01),,
z; =bulstoer (2, a, t, eps, D, kmax, h),
by ¢yskuusnap €épmamuaa nactyp MUMKOHUATUIAH ¢oiinananud rpaduk

XocwJ1 Kuiuin MyMkuH (1 Ba 2-pacmiiap).
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N
/
]

05 B S

0 20 40 60 80 100

1- pacm. rkadapt dyHkuMsicu €pamuia OJTUHTaH €4UM ITpadury.

t. = Y. = aa— o
1 1 1 ]
1 2 2
2 1.961 1.961
3 1.698 1.518 )
V4
4 1.213 1.677 V
5 1.424 2.313 .
6 2.123 2.232 —_
7 2.329 1.509 A
8 2.325 1.51
g 2.182 1.367 M~
10 2.015 1.395 -\
11 1.831 1.058 0 20 40 80 80 100
12 1.684 0.955

5i
2-pacum. Bulstoer pynkuumscu €pramuga OMMHTaH COHIA €YUMIIAPHUHT

KUiiMaTiaapu Ba rpaduru.

Pacmiapna TtacBupiiaHTaH HaTKajgapjaH KypuHHO TypuOmuku rkadapt
byukuuscu bulstoer ¢ynknuscura kaparaHga KyWWIraH MacajJaHHMHT €YMMHUHHU
AHMKPOK TaCBHUPJIAP JKaH.

bepunran macamanunr [0;80] kecmanuHr OyTyH Hykrajdapumaa Odesolve,
rkadapt Ba rkfixed ¢ynkumsinapu épmamuaa oquHraH eunmiap rpaduxiapu 3-4
pacma TacBupiianran. Hatwkanapaan kypunuo Typudauku, rkadapt ¢yakuuscu

KapaJIa€TraH X0JI y4yH €4MMHU TYFpU TOITaH.
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Hactypra xuputuinaaurad QYHKUMSUJIADHUHT TapKuOM KyWuaaruiapaaH

noopar (Anekcees, Uecnokosa, 2006):

Given y'(x)+y(x)—3-sin(x-y(x)/3) =0 y(0)=2
y .= Odesolve(x,80, 80)
ORIGIN:=1

D(Xx,y) =-y+3-sin(x-y/3)
Y :=rkadapt(2, 0, 80, 0.0001, D, 80, 0.01)
Z = rkfixed (2, 0, 80, 80, D)

= \vnﬂ/\j‘q -ef- 'H'x-.--P/-\m\vA
Y 0 6\V V 40 f WVVV Vdo

-2 v

0 . VP 80

3- pacm. K¥itnnran macananusr rkadapt dynkcusicu €paamuia oTMHTaH TypFYH Ba

Odesolve pyHkmscu €pramMuia oJIMHraH TYpFyH OyJIMaraH edumiiapu rpaduru.

0 Par 80

4-pacm. Odesolve Ba rkfixed ¢pyHkuumsnap épaamMuaa oJIMHTaH TYPFyH OyMaraH

(xaTTa XaTtoJaukiaap OusIaH OJUHTaH) eyuMiap rpaduri.
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Odesolve Ba rkfixed dbynknusiapu épaamuaa KyHuiran MacaaaHu Oepuiran
aHUKJIMKIArd counu  (TypryH) euumuHu [0; 80] opanukmaa TomMIm Yy4yH
uaTerpaymam opamuruan 2000 Ta Oyiakka Oymumr 3apyp, rkadapt €ku bulstoer
bynkuusicu €pnamuna sca 80 Ta HyKTaga uHTerpaam kudos. Jactyp matHu
kyhnnarnya 6ynanu (Kynapsisies, 2005):

Giver y'(x)+y((x)-3-sin(x-y(x)/3)=0 y(0) = 2 Yy :=0desolve(x,80,2000

ORIGIN:=1

D(x,z) =—z+3-sin(x-z/3) Y:=rkadapt(2,0,80,0.0001D,80,0.0])

Z :=rkifixed(2,0, 80,2000, D)

Jactyp HaTmxkacu 6 Ba 7 — pacMmiiapaa KeJITUPUJITaH.

25
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.—‘—""‘:b

15
y(%)
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5-pacm. Odesolve Ba rkadapt pyukiusutapu Epramuia OJTMHTaH COHIM e4uMIap rpaduru.

25

15
y(x)
LN ]

‘)r,/"’
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-
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6-pacm. Odesolve Ba rkfixed ¢pyukiusiapu épramuia OTMHIaH COHJIM €UMMIIap rpadury.
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JlactypHHUHT TpaduK UMKOHHUATIApUAaH (OHIaTaHnu0, OIMHIaH HaTHKalap
5 Ba 6-pacmutapza TacBupJaHran. by TacBupiapaaH KypuHuO TypuOauku, rkadapt
bynkmusacu nuddepeHan TeHrIaMaHUHT COHJIM €YUMHHHM OepuiraH KecMaia
IOKOPH aHMKJIMK OWjIaH Torcanaa, amanuéraa rkadapt sa bulstoer ¢pyuknusimapunan
nuddepeHnran TeHIIaMa C€YMMHHHM HHTErpajllalll Opajufura TETuIuId ¢akar
Outrra €k OMp HeuTa HyKTajgapia TOIMII 3apypHSITH TYyFUJITaHJarMHa

dhoiamaHuI TaBCHUS THIIAIN.

I1 6006 Oyituua xyJiocauap.

Yoy 6001a ¢pakran rpaduka UMKOHUSTIApUaH GoHganaHuO YU3UKIU
TEHIJIaMaJIlap Ba YJIApHUHT CHUCTEMAJapUHM EUYUIIHWHT aMajluil acociapu
éputunrad. byHna ¢pakrtan rpaguka Ba YHMHT yMyMud TaBcudu, Qpakrain
rpaMKaHUHI WMKOHMSTIApU Ba yiapaad ¢oigananum, ¢pakran rpaduka
UMKOHUSTIApUAaH  QoianaHu®  YM3UKIM  TEHrJaMajgap Ba  YJIapHHUHT

CUCTCMAJIApUHU CHUIIT MCTOAUKACH KCITHPHIIT'aH.
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11 - BOb. ®PAKTAJ I'PA®OUKA UMKOHUATJIAPUIAH
®OUJIATIAHUB YN3UKJIU TEHI JIAMAJIAP BA YJIAPHUHI
CUCTEMAJIAPUHU EYUIITHA YPTATHAIII CAMAPATOPJIUTH.

3.1. ®pakraga rpaguka MMKOHUATIAPHAAH (OHIATAHND YU3HKIIH
TEHIJIAMAJIap Ba YJIAPHUHI CUCTEMAJTAPUHM €YHIIHM YpPraTum 6opacuaaru

Ta:KPHUO0Aa-CUHOB MILJIAPH.

Taxxpub-cMHOB WIUIApUHM YTKA3WII Ba YHU TaxXJWI KWIUII KyWHaaru
OocKHUWIapAa amaira OUIMPUIIIH.

1. Anuxmam 6ockuun. 2017-2018 vimmnap, ['yaucTon kommioTep Ba ax00poT
TEXHOJOTHsUIap  KacO-xyHap — koimiexu — MHdopmatuka Ba  axOopor
TEXHOJOTHsUIapy (AHHUHT XOJIaTH, YHU VKUTUII >Kapa€HuAa TyTraH YpHUHU
aHUKJall Makcaauaa (aHHUHT Ma3MyHHM JaBjiaT TabJIUM CTaHAapTiapura
Tanabjapura MOC paBuIllla JacTypiap, KyJUlaHMalap Ba JapCiIUKIApHUHT
TaxJIWiId Ba yhapjaH (oWgajaHUIIIard MyamMMOJapHU aHUKJIamjaaH uoopart.
Ymly MakcagHu amaira OIIMPHUII YYyH spaTWiIraH JacTyp Ba JapcliuKiap,
WIMUN-Ha3apui, IeJaroruK, METOJWK, TICHUXOJIOTHK aaabuériap YpraHwim.
Tannanran TabauMm WyHamunuiapuaa “Muapopmaruka” QaHMHU YKUTHUIIHUHT
axBOJIM Ky3aTWJIAH, Japc YTUII Oyiimda MaBxyj WIFOp TaXpuOanap YpraHWiH,
“UndopmaTtuka” ¢daHu YKUTYBUMIAPUAAH CYpOBHOMAjap YTKa3WIIl acocujia
YHUBEPCUTETHUHT YKUTUII *KapaCHUra TaTOMK KWJIMII OYilM4a STHTM aBJOJ YKYB-
ycyOMil MarepualylapuHyd SpaTHIIl Ba YyJIapHU JKOPUNM KWIUII  KEpakKIUId
aHukiaHay. TamabanapHUHT V3MATUPUIL JapakKaCMHM aHUKJAIl MakKcaauaa
UKKUTA TYPYX aXpaTtuO OJUHIW. YJIapHUHT uHpopMmaThka (aHu TyHIyHYaTapUHU
KaHYaJIMK OWJIMIIK XaKuJa TECT CaBOJUIApU YTKa3WIAU. TecT CaBOJUIAPUHUHHUHT
HaTWXanapura kypa xap Oup TabauMm iyHamumu Uudopmatuka ¢panu Oyiinua
OomIIaHFUY OMIIMMITApH ISP OUP XHUJI €KaHIUTH aHUKJIAH]IH.

2. Wznanumm Ba Taxpuba yrkazum Oockuuu 2018-2019 itmmnap. by

oocknyna WMupopmatuka ¢aHu VYKyB MAIIFYJIOTIApUHU TalIKWI €TUII Ba
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YTKa3ulla MaBXyJ JapCclMK Ba YKyB JacTypH acocHla sSpaTUiIraH METOIUK
UIUIaHMalIap opKaiu (paH Ma3MyHHMHM Tajabanapra camapaid eTrkazud Oepwiil
KEepaKkJIUuru Makcaja Ko Kyimiau. by makcaara epuimuim Mynnaa YKUTAITHHHT
3aMOHaBHI TMEJaroruk Ba axO0OpOT TEXHOJOTHsUIApUIa AacoCJaHraH Japc
UIUIaHMallapy  UIuiad  9ukuiaau. Ymly Japc uIUIaHMaldapd acocuja Ba
VKATYyBUYMIIapra METOAMK €pjaamM OepuIl Makcaauaa Tajadanap Ba YKUTyBUWIIAp
Y4yH YKYB METOJIMK-KYJUJIAHMA Tau€pJIaHIx.

Taxxpuba-cuHOB MILIApUHU YTKa3zuml Oockuumaa ['yaucToH komMmioTep Ba
axO0pOoT TEXHOJIOTHsIapu  KacO-XyHap KOJUIKHM MHYHAIMIIMAAH  UKKWTA
rypyxJiapu TaHJIaHUO, YJIapHUHT OMpU Taxkpuba TypyXH, UKKHHUHMCU Ha3opaT
TypyXHra aXpaTuiam.

Tanna® onuHran Taxkpuba Trypyxuaa WIMHM acocllaHraH XoJia HILIa0
YUKWJITaH, MENArorvK TEXHOJIOTHsUIapra acOCJIAHTaH METOAUK HIUIaHMajlap/iaH
¢doitnananrad xon1a YKATULL UIUIapU 0Ju0 OOpHIIIn.

Hasopar rypyxuaa sca, HapciavK Ba KyJUIaHMaJIap acoCHJa aHbaHaBUN
X0J1J1a YKUTYBUMJIAPHUHT TaKprUOacura acociaaHuO MalrysioTiaap oaud OOpuiau.

VKUt Taxpubacuiard Kys3NaHTaH MaKcaj - M3JAHWII TaxpuOacuia
KEeNTUPWITaH HaTWkajlap acocuja YKUTHUIIHM TallKWil €TUIl Ba Ouiumiap
Oepuigad udbopar.

Spatuiaran Ma3mMyH TanaOalapHUHT KOMITIOTEP TEXHOJOTHsUIapu EpaamMuaa
amManuil KYHUKMa, OWIMM JapakajJapuHH OLIMPHINTa TabCUPHUHM TakpuOa Ba
HazopaT TrypyxXJapuaa YTKa3wiraH MaIUFyJjoTiap, PEeUTHHr Oaiapura Moc
Oaxojap HazopaT Y4YyH YTKa3WwiraH MaIIFyJoTiap HaTwkKalapura Kypa
OeNTuIIaHIx.

[I'ypyxnapnaru TamabamapHUHT OWJIMM Japa)kacu OWp XWUIMTH XHcoOra
omuau. Taxknmud eTunaérraH METOAMK TU3UMHHUHI CaMapaJOopJIMTHHU aHUKJIAlll
y4yH TajabanapjaH OJIMHTaH Ha30paT MaIlFyJOTJIapd Ba yMYyMJIAIITUPYBUYU
MAaIIFyJI0TIAPHUHT HATHXKaJTapuHU cudat Ba MUKIOp OYinya TaXJ 1M KAUJTUHIH.

Taxpuba rypyxuaa 1 ta rypyx — 25 Hadap Tanaba, Hazopar rypyxuaa xam 1
Ta TYpyX - 24 Hadap Tanaba UIITUPOK eTAu. YOy rypyxjiapaa YKyB WMIUHUHT 1-
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SpUM WHMJUIMTH 2 Ta OpajMK Ha3opaT Ba 1 Ta skyHMii Ha3opat cudaTuna 6axosall
unuiapu oud Gopwiau. Yoy YTKa3uiTraH OpaliuK Ha30paTHUHT OUTTACH Ha3apHid
napc yuyH, 1 Tacu eca amanuii gapcnap yuyH yTkaswiau. baxomam Oemn Gammuk
THU3UM acocujia 0110 OOpHIIIH.

Taxpubana  YKuTUII  >KapaHUHUHT  CaMapaJOpJiNTHHU  OIIMPHIIHU
OaxoJIAIIHMHT OWp KATOp YCYy/UIapu MaBxyn OYnu0, ymapman [26], [33] kabu
MaHOamapHu VYpraHu® YWKWIAA Ba TaXpuba CHHOB HaTIDKalapura TaTOWK

KHJIMHOU.

3.2. Ta:xxpu6a-CMHOB MIVIAPUHM TAIIKHWJI KWIHII BA YHUHT HATH/KAJIAPUHH

acocJiaill.

Taxxpuba HaTWKaTapuHA KalTa WIUIANa MaTeMAaTHK  CTaTHUCTHKA
yeysutapuaan Goimananmiay [26], [33].
Taxxpuba Ba HazopaT TyPYXJAPUHUHT Y3IAIITHPUILIAPHHA TaKKOCIIAI

Makcaguja TrypyxJjapia Y3malmTupuil OaXOCHHUHTI YpTaya KAUMaTH _2am;
N

ne6 omuHau. byHaa X, — y3mamrupuin kypcatkuuu (6axo kuiimatu) 0ynuo, yiap
2, 3,4, 5; xkuiMaTiIapHu KaOyJl KHJIaU. My - 0aXOJapHUHT TaKpOPJIAHUIILIAP COHHU,
H - taxxpubana nmtupok eraérran Tanada-EUUIApHUHT COHHU.

bu3 kyitmmarn wmartemaTuka CTaTHCTHK  ¢opmyianapaaH QoiinanaHuo
Taxpuba uiIapuHu onud OopauK:

1. Vpraua KuiimMaTIap aHUKIAIT KypcaTKAUIapH

Ce :i-loo% Ce =SiH-1ooy; (3.1)

Nex Nyx

oyuna N; Ba Ny nmap opkanu xap UKKU TypyxJaH Tanadajnap COHUHH

S, =S ea S, =+/S} (3.2)

Jap OpKajl eca MOC CTaHAApT XaTOJUKIIAPHU OENITUIIaIUK.

1 —\2
§2 NZ m, (X2 - X) TaHJIaHMa JTUCTICPIIUS
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2. VKyB xapaéHu caMapaJOpIUIUHN  GaxoJI0BYH YpTaya KMHMAT Taxpuba Ba
Ha3opaT rypyxJjapu 0axoJapuHHUHT ypTada apuMeTuK Kuimariapu HUCOATHIUD,

SBHU caMapaJopiivK koepuimentu

*

_X;
T x; (3.3)
oyHma X 1 - TaxpuOa Typyxu OaxONapUHHHT ypTada apu(METHK KHIAMATH.
X'y - Hasopar TYpyXHAa V3IAIITHPHII OaxoJapHHUHT ypTada apHdMETHK
KHUUMAaTH.

3. bom TymaMJIIapHUHT HOMabJIIyM ypTa KUAMaTIapd a; Ba ady Jap y4yH

HWIIOHY OpaJIUKJIIapu:

— t
ar €| Xy ———9S ,X
T |:T \/71_ Ty Xp T \/7 }

(3.4)
a e{x t S Xy }
H H ™ T——2H Xy
/Ny \/
OyHga T — HOpPMA/UIAIINaH YETJIAHUIN HIIOHY €XTHMOJIM I  acoCHAa

aHukJIaHagu. Macanan, nk0,95 ne6 oicak, Tk1,96.
4.Ypra KuitMaTIapHUHT TEHIIMTH XaKHAard
H,:a; =ay ¢dapa3uu, yara mykoOun (antepHaTtus) ¢apas cudatuna H, :a; =a,
dapaz onuHIN.
Yoy dapazuu tekmmpunl makcaauaa CTIOJICHTHUHT
e
S Si
ST L OH
Nt Ny

T = (3.5)

T- cratuctukacu OpKaJIk TCKIIUPHUJIAIN.

Arap T >Tjgs (k) oynca, H, dapa3 pag etunub, H, dapas kaOyn KumuHUIIUTA

acoc 0ynanu. by epna k CTroACHT KpUTEpHIICH 030 ITUK JTapaXkacHIup:
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K = (3.6)

Ymby craTucTUK MabiyMoTiapra Kypa TaxpuOa CUHOB MIUIApUIA aMaira
OLUMPUJITAaH MaTeMaTHK XMCOOJIap Ba CTAaTUCTUK TaxXJWJI HaTHXaJIapUHU Kapad
YUKAMM3:

Nudopmatuka ¢danu Oyiinua l-opanuk Oaxonam amMaiuil MalFyJoT
napcuja  YTKa3winO, TanabanapHUHT OakapraH Basuganapura Kypa OJMHIAH
MabIyMOTIap l-xaaBanga KEATUPUIITAH.

1-xaBai.

Taxpubana KaTHairaH tajgadanap Ba 0aXoJapHUHT YMYMUI COHU

I'ypyxmap | YkyBumnap | baxonmam Me3oHmapu

COHH ) 4 3 2
Taxpuba 25 5 8 10 2
rypyxu
Hazopar 24 2 3 14 5
rypyxu

Y0y HaTuxanapura HuUcOaTaH CTaTUCTUK XUCOOJApHU KyHUIary yKaBaJira

KEITHUpaMu3.
2-KaBall.
1-opanuk GaxoJamn HaTHKaJapu
I'ypyx \ | 1-opanuk Taxxpuba rypyxu Hasopart rypyxu
Me30HJap | Oaxosarn (Hr=25) (Hx=24)
(Tecr)

Moc 6axonapHuHT Oamutapu
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baxonap conu ) 8 10 2 3 14
baxonapHuHr ypraua
apupMEeTUK KUHMaTH XT* =3,85 XH*=3,44
Camapanopiauk n=1,12
koehuiieHTH
Tannanma nucnepcus

Cr=0,69 Cx=0,60
SV’pTa kuiimatiap cranaapt | Ct=0,83 Cx=0,78
xaTojapu
X HHHT  WIIOHWIMIHK
OpaIUFu 3,64< Xy <4,07 3,24 X, <3,65
CTIOIEeHT CTaTUCTUKACHU T=2,68
Craructuka o3omk | K=108,99
Japakacu

Kpurepnii xynocacu

X1 dapa3 KaOyJ1 KWIHHAIH.

Jlemak, roxkopumarun xuco0 kurobmapra kypa T =2,68>T (108) =1,98

oynranu yuyH Hp ¢dapa3au kaOyn kwiuiura acoc WyK, myHuHr yuyH, H; ¢apa3
KaOyn KuiauHaau. byHman kypuHagauku Ou3 onu® OopraH VKUTHUIN — METOIMKA

Hazopar Typyxujaa oJubd OopuiraH YKUTHII METOJMKACHJIAH caMapalid €KaHJIMTH

CTaTUCTHK yCYJUIap OPKAJIH TaCIUKJIAH U,

Xyaau aHa IIyHJal XucoOylapHM 2-opalidK 0axosamn y9yH XaM YTKa3uIll
MyMKUH. bu3 ymoy xucobiapHu Kyiiuaaru xaiasajil acocuaa KenTupuo yramus.

2-opanukK Oaxonaml Ha3apuil MaIIFyloTIapAa TEeCT acoCHAa OJIMHTaH

HaTHXanap 3-Kaasanaa Oepuiras.
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3-xaaBa
2-opanuk 0axoJialll HaTHXaap.
I'ypyx \ | 2-opanuk Taxpuba rypyxu Hazopar Typyxu
Me30HJap | Oaxosarn (Hr=25) (Hx=24)
(TecT)

Moc 6axonapHuHT 6aniapu

3) 4 3 2 5 4 3 2
baxonap conu 4 11 |9 1 1 6 13 |4
baxomapHuHr ypTaua
apuMeTUK KUHMaTH XT* =4,05 XH*:3,46
Camapanopiuk n=1,17
koeduiieHTH
TaHnanMa nucnepcus

Cr=0,52 Cx=0,53
Su’pTa kuiimaTinap cragmapt | Cr=0,72 Cx=0,73
XaToJapu
X HHHT  WIIOHWIMJIHK
OpaTHFH 3,86< Xy <4,25 3,27< X, <3,66
CTIOIEHT CTaTUCTUKACHU T=4,27
Cratuctuka o3oumnk | K=108,99
Japaxacu

Kpurepuii xynocacu

X1 (hapa3 kaOyy KUITHHAIH.

JleMak, OJIMHTaH HATW)XaJapHUHT MaTeMaTUK XUCcOoO KuToOWra Kypa

Ta)KpI/I6a rypyxuaa OJIMHI'aH HaTWXAJIAPHHUHI MIHOHYIN CKAHJINTHU aHUKJIAHIW STHU

T= 4,27 > 1,98 nemak,

Ho WHKOp €TUJINO, Hy dapa3z kaOyn KuIuHIU. XyIu

LIYHUHTAEK AKyHMM Oaxoiyamn Oyin4ya OJWHTaH HaTwkamap 4-xaaBanaa

Oepuiras.



113

4-)xanBai.
SxyHuit 6axomam 6yiinda oOJMHTaH HaATHXKajap
['ypyx \ | Axynnii Taxpuba rypyxu Hasopar rypyxu
Me30HJap | Oaxosarn (H=25) (Hx=24)
(TecT)

Moc 6axonapHuHT 6aniapu

baxonap conu

2 7 13 |2

(V)

baxonapHuHT ypTraua
apuMeTUK KUHMaTH XT* =4,02 XH*:3,52
Camapaiopiauk n=1,14
koedpueHTn
TaHnanMa nucnepcus

Cr=0,49 Cx=0,50
Vpra kuitmaTnap craugapt | C1=0,70 Cx=0,71
XaToJapu
X HHHT  WIIOHWIMJIHK
OpaTHFH 3,83< Xy <4,20 3,33< X, <3,70
CTIOIEHT CTaTUCTUKACHU T=3,75
Cratuctuka o3oumnk | K=108,99
Japakacu

Kpurepunii xynocacu X1 dapa3 kaOyyn KUIHMHAIH.

Jlemak OJIMHTaH HATWKaJAPHUHT MaTEeMaTHK XUCOO KUTOOUTa Kypa Taxkpuda

rypyxmaa OJIMHI'aH HaTHXXaJIApHUHI UIHOHYJIN CKAHJIUTHU aHUKJIAHJU SIHU T= 3,75

H

> Toos k1,98 . bynna 0 MHKOp €THIIHO, H, dapa3 KaOyy KWIHH]IH.

Kyiinmaru S-xanBanma OaxojapHUHT yprada apumeTuk KuiiMatu

KCIITHUPHJITaH.
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S-xaaBadi.
baxonapauHr ypraua apudmeTuk KuiMaTh
Me3sonnap 0axonam | Taxxpu6a rypyxu | Hazopar rypyxu | Camapanopiauk
typaapu | (Hyk25) (Hrx24) KYpCaTKH4In
baxomapauHr 1-Ob XT* =3,85 XH*=3,44 n=1,12
ypraua
apupMeTUK 2-OB Xy =4,05 X, =3,46 n=1,17
KHMAaTH
B X1 =4,02 X, =3,52 n=1,14
4,2
4
3,8
3,6 O Taxpuba rypyxu
34 B Hasopar rypyxw
3,2
3
106 20b Ab

baxosapHuHr ypraya apupmeTuk KHiMaTH OyiH4a TaKpHUO0a-CHHOB HLLJIAPH

HATHKAJAPUHHUHI JHArpaMMacHu
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111 606 Oyiimua xyaocanap

TagkukKoT Uiy Oyinya reJaroruK TaxpruOa-CUHOB UIILJIAPU UKKU O0OCKHYIa
amaira omupwiad. Taxpuba-CHHOB WIUIAPUHUHT TallKWI KWIMHMILIKA —Ba
YIIApHUHT HATWXKACU YKYB *KapaCHUAa caMapaJopivKKa epUIIMIIIa MyXuM MaHOa
CKAHJINTU aHUKJIAH/IH.

“Nudopmatuka” panu OYiinda WKOAUN TaCaBBYpJapHU PUBOXKIAHTHUPHIITA
KapaTWiraH YKyB-yciayOuii maTtepuaiiapiaH QGoWmamaHuIl HaTWXacuia Jaapc
JKapa€HU caMapalid TallKWJI KWIMHMIIH, Tajda0alapHUHT V3IIAIITUPHUII JAapakacu
IOKOpY  OYIMIIM  OJIMHTaH  MaTEeMaTUK-CTaTUCTUK  Taxjwuiap  €paamujia
UCcOOTIaHAN.

MaTeMaTHuK-CTaTUCTUK TaXJWJUIap Maxcyc ME30HJIap acocuaa 0aéH eTUIAu
Ba >KaJBajl MIAKIWAA PAaCMUMIAIITUPUIIN. MaTeMaTUK-CTaTUCTUK XHcoOamiap
Xap Oup KOJUICK Y4yH ajoxuja OUpHWHYM Ba UKKUHYU OpaIMK Oaxosall, SIKYHHM

6ax0J1a111 HaTH)XaJIapHu aCOCHUa aMalira OIIUPHIIIH.
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XVJO0CA

Ymly TagKUKOT WIIMAA YW3UKJIM ~ TEHIJamManap Ba  yJapHHUHT
CUCTEMAJapUHU CUUIIHUHT Ha3zapui acociapu EpuTuiarad. byHnma 4YuM3ukim
TEHIJIaMaJlap Ba YJApHUHT CHUCTeMalapy TYIIYHYacH, YM3HUKJIM TEHrjamasiap Ba
yIapHUHT  CHUCTEMaJlapMHU  CUMIIHUHT  aHbaHaBUM  yCyJUlapW,  UYW3HKIU
TEHIJIaMaJlap Ba YJApHUHT CHUCTEMaJlapUHU €UYUIl METOJUKACUHUHT TaxJ MU
KaOunap 6a€H KUIUHTaH.

ynunraex, ¢pakran rpaduka UMKOHUATIApUAaH (oiaanaHud YU3UKIH
TEHIJIaMaJlap Ba YJIApHUHT CHUCTEMAaJapUHHU EUYUIIHWHT aMajluil acociapu
éputwirad. byHpna ¢paktan rpaguka Ba YHMHI yMyMud TaBcudH, (pakrain
rpa@uKaHUHT WMKOHMSTIApU Ba YyiapjaaH doiinananum, ¢pakran rpaduka
UMKOHUSTIApUAaH  QoianaHu®d  YM3UKIM  TEHIJaMajgap Ba  YJIapHHUHT
CHCTEMaJIapUHU €UYHII METOJUKACH KEeITHPUIITaH.

Tankukot umm Oyiinua neJaroruk Taxpuda-CMHOB MILIApU UKKU OOCKUYJIa
amanra omupwign. TaxpuOa-CHHOB WIIJIAPUHUHT TAIIKWI KWIMHUIIA —Ba
YJIApHUHT HATWXKACU YKYB Kapa€HUAa caMapaJopiirKKa epUIIMIIIa MyXuM MaHOa
CKAHJIUTH aHUKJIAHIH.

“UndopmaTtuka” dhanu Oyiinya MKOIUN TacaBBYpJIAPHU PUBOXIAHTUPHUILTA
KapaTWiraH YKyB-yciayOuii wmaTtepuaiiiapiaH QoimanaHuIl HaTHXacuia Jaapc
XKapa8HU caMapaiy TAIKWI KWIMHUIIH, TalabalapHUHT Y3IAIITUPHUII Jdapakacu
IOKOpH  OYNMMIIM  OJMHTaH MaTeMaTHUK-CTAaTHUCTUK  TaxJmwmap Epaamuaa
UCOOTIAH/IN.

MarteMaTHK-CTaTUCTUK TaXJIWJlap Maxcyc ME3OHJIap acocuja 0aéH eTwiau
Ba >KaJBajl MIAKIUAA PAaCMUMIAIITUPUIIN. MaTeMaTUK-CTaTUCTUK XHcoOamiap
xap OWp KOJUIeXK YUyH ajoxuja OMpUHYM Ba MKKUHYM OpajuK OaxoJiail, SKyHUN

6aXOJIaH_I HaTHXKaJIapu acoCrua amMalira OIupuaIaun.
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