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1. IACIIOPT PABOYEH ITPOT'PAMMBI JJUCHUTLJIAHBI

1.1. O61acTh NpUMeHeHHs pado4eil MporpamMMsl

PabGouasi mporpamma JUCIUTIIIUHBI

SBJISICTCS 9acThl0O OCHOBHOW 00pa3oBaTeIbHOU

nporpamMbl B cootBeTcTBHM ¢ PI'OC mns cneumansHoctu 09.02.07 HMuHpopmannoHHbIE
CHUCTEMBI U TIporpaMMupoBanue (ykpyrmHeHHas rpymma crenuaasaoctu 09.00.00 MadopmaTtuka
Y BBIUYUCIIUTETIbHAS TEXHUKA), IS 00YUAIOMINXCS OYHOU hopmbl O0yICHHUS.

1.2

MecTto y4eOHOWH AUCHMUIUIMHBI B

CTPYKTYype

o0pa3oBaTeJIbHOM MPOrpaMMbl

OCHOBHOM MnpogeccuoHAIBLHOMI

JlucuumurHa OTHOCUTCS K 001enpodeccuoHanbHoOMy HUKITY. JIMCHUIUINHA peann3yercs B
paMKax BapHaTUBHOM YaCTH.

1.3. Heab ¥ mu1aHnpyemble pe3yJbTaThl 0CBOECHH S JUCHUIIIIMHBI:

Kon VYmenus 3Hanus
OK, IIK

OK.O1. Beibuparh | HCIIOJIb30BaTh OCHOBHBIC YMCIICHHBIC | METOJIBI XpaHEHHUS YnCes B
CrocoObl  pEIICHHs | METOBI PEIICHUSI MATEMATUUECKUX MaMsITH JJIEKTPOHHO-
3a1a4u 3ajady; BBIYHCIUTENbHON MaIIUHBI
npohecCuoHABLHOM BBIOMpATh ONTUMAIIBHBIN YHUCICHHBIN | (nanee — DBM) u aeiicTBus
JEeSITEIIbBHOCTH METOJI AJIsl PEeLIEHUS TTOCTaBJICHHON HaJ HUMHU, OLIEHKY TOYHOCTHU
MPUMEHUTETHHO K | 3a/1a4H; BBIYHCIICHUI;

Pa3TUYHBIM JaBaTh MaTeMaTUYeCKUE METO/IbI pelieHus

KOHTEKCTam XapaKTEPUCTUKU TOYHOCTU UCXOJHONU | OCHOBHBIX  MaTeMaTHYECKUX
uH(pOpMallMU U OLIEHUBAaTh TOYHOCTh | 33la4  —  HMHTETPUPOBAHMS,
MOJY4EHHOTO YHCICHHOTO pelieHus; | auddepeHupoBanus,

pa3zpabaThiBaTh  QJITOPUTMBI U | pEIIEHUs JTUHEHHBIX u

POTPaMMBI TUTSE pelIeHus | TPAHCIICHICHTHBIX YpaBHEHUN
BBIUMCIUTENbHBIX 3aJa4, Y4YUThIBas | ©  CUCTEM  ypaBHEHUH C
HEOOXOTUMYIO TOYHOCTb | moMoIIsi0 DBM.
M0JIy4aeMOr0 pe3ynbTara.

OK.02. HCII0JIb30BaTh OCHOBHBIC YMCICHHBIE | METO/bl XPAHEHUS YHCEIl B
Hcnons3oBath METO/Ibl PEIIEHUSI MaTEMaTHUYECKUX MaMsTH 3JIEKTPOHHO-
COBPEMEHHBIE 3a/1a4; BBIYHCIUTEILHON MAITUHBI
cpencTBa MOMCKA, | BRIOWPATh ONTHUMAJIBHBIA YUCICHHBIH | (manee — OBM) u nericTBust
aHanmsa U | METOJ JJIs PEIICHUS TOCTaBICHHOU HaJl HUMU, OLICHKY TOYHOCTH
MHTEPIIpETANU 3a]a4u; BBIUHCIICHUII;
uH(pOopMaIun U | JaBaTh MaTeMaTUYECKUE METO/IbI peuieHus
uH(pOpMallMOHHbIE XapaKTePUCTUKU TOYHOCTU UCXOJAHON | OCHOBHBIX  MaTeMaTUYECKUX
TEXHOJIOTHH Ut | “HQOpMAIINH U OIICHUBATh TOYHOCTh | 33Jja4 ~ —  WHTETPUPOBAHUS,
BBIMOJHEHHUS]  3a/ia4 | MOJYYEHHOI0 YHCIEHHOTO pelieHus; | auddepeHuupoBaHus,
npohecCHoHABLHOM pa3pabaThiBaTh  QITOPUTMBI U | PEIICHUs TUHEHHBIX u

POrPaMMBI JUIS pelleHrs | TPAaHCLIEHIEHTHBIX YpaBHEHUMN
BBIUMCIUTENBHBIX 337a4, YyYUTBIBAas | @ CUCTEM  ypaBHGHUU C
HEOOXOUMYIO TOYHOCTH | momomibo DBM.
MOJIy4aeMOro pe3yJbTara.

OK.04. WCIIOJIb30BAaTh OCHOBHBIEC YNCIEHHBIE | METO/bI XPAHEHUS YHCEIl B

D¢ dexkTuBHO

MCTOJbI pCHICHUA MATCMATHYCCKUX

MaMATH JICKTPOHHO-

3




B3alMMOJICICTBOBAThL U

3a7a4;

BBIYMCIIMTENLHON MaIllMHEI

paboraTh B | BBIOMpATH ONTUMATBHBINA YHCICHHBIH | (nanee — OBM) u neiicTBus
KOJUUIEKTHBE W | METOJ TS PEIICHUS TTOCTaBICHHOU HaJl HUMH, OIICHKY TOYHOCTH
KOMAaHJIe 3aJ1auu; BBIYMCJICHUI,
JlaBaTh MaTeMaTHUYCCKUE METOIbI pereHus
XapaKTEPUCTUKU TOYHOCTU UCXOJHOM | OCHOBHBIX  MaTeMaTHYECKUX
nH(OpMaIUK ¥ OIICHUBATh TOYHOCTh | 33Jlad  —  WHTETPUPOBAHUS,
MOJYYEHHOT0 YHCICHHOTO pelieHus; | auddepeHupoBanus,
paspabaThiBaTh  aNTOPUTMBI U | pEIICHUS JIMHEHHBIX n
pOrpamMMBbl JUIST pelieHus | TPaHCUEHEHTHBIX ypaBHEHUI
BBIYMCIIUTENbHBIX 3a7a4, YYHUTHIBas | ©  CHUCTEM  ypaBHEHHH C
HEOOXOTUMYIO TOYHOCTD | moMoIIs0 DBM.
MOJIy9aeMOr0 pe3yJbTara.

OK.05. MCII0JIb30BaTh OCHOBHBIE YUCIIEHHBIE | METOABI XpPAHEHUS YHUCEN B

OcymiecTBIsITh METO/Ibl PEIICHUS] MAaTEMaTHICCKUX MaMSTH 3JIEKTPOHHO-
YCTHYIO U | 3a7a4; BBIYMCIUTEIILHON MaIlIHbI
MMMCbMEHHYIO BBIOMPATh ONITUMAJIbHBIN YHCIICHHBIN | (mamee — O9BM) u nelictBust
KOMMYHUKAIIMIO  Ha | METOJI JUIsl pEeLIEHUs MOCTaBICHHOMN HaJl HUMH, OLICHKY TOYHOCTH
rOCYJapCTBEHHOM 3a7a4u; BBIYMCIICHMI,
SI3BIKE Poccuiickoill | jaBaTh MaTeMaTUICCKUE METObI peimenus
denepanuy ¢ YIYETOM | XapaKTEPUCTUKU TOYHOCTH UCXOJHOW | OCHOBHBIX  MaTEMaTHYECKHX
0COOEHHOCTEH uH(pOpPMAIIMU U OLEHUBATh TOYHOCTh | 3371ad  —  HMHTETPUPOBAHMS,
COLIMAJIBLHOTO U | TMIOJYyYEHHOTO YHCIICHHOTO perieHus; | nuddepeHnupoBanms,
KYJIbTYPHOTO pa3pabaTeiBaTh  QITOPUTMBI U | PEIICHUs JIMHEHHBIX u
KOHTEKCTa MIPOTPaMMBI IS pelieHus | TPAaHCIEHJIEHTHBIX ypaBHEHUI
BBIYMCIIUTENbHBIX 33Ja4, YYHUTBIBas | ©  CHUCTEM  YypaBHEHHH C
HEOOXOUMYIO TOYHOCTE | momombo DBM.
MOJIy4aeMOro pe3yJbTara.

OK.09. HCIIOJIb30BaTh OCHOBHBIE YHCIICHHBIE | METOAbI XPAHECHUS YUCET B
Ilonb3oBaTbes METO/Ibl PEIICHHS] MaTeMaTUYECKUX MaMSTH 3JIEKTPOHHO-
npodecCHOHATbHON 3a/1ad4; BBIYMCIIUTEIIbHON MallIuHbI
JOKyMEHTalMell  Ha | BRIOMpaTh ONTUMAIIbHBIN YUCIeHHBIH | (manee — OBM) u aeiicTBus

roCy1apCTBEHHOM U
WHOCTPAHHOM SI3BIKaX

METO/I JUIsl PEIICHUS MOCTABICHHON
3a/1a4u;

JlaBaTh MaTeMaTHYECKHE
XapaKTEPUCTUKU TOUYHOCTU UCXOTHOM
nH(pOpMaIUy U OIICHUBATh TOYHOCTh
MOJIY4YEHHOTO YHCIEHHOTO PEIICHHUS;

pa3pabaThiBaTh AJITOPUTMBI u
IIPOrpaMMBl JUTS peLIeHns
BBIYHMCIIUTEIIBHBIX 3a/1a4, YYUTHIBAs
HEOOXOIUMYIO TOYHOCTH

MOJIy4aeMOT0 pe3ynbTara.

HaJ HUMHU, OLIEHKY TOYHOCTHU
BBIYHCIICHUI;
METO/IbI pelieHus
OCHOBHBIX ~ MAaT€MaTHYECKHUX
3aJad  —  HHTErpUpOBaHUA,
muddepeHIrpoBaHus,
peleHus JIMHEMHBIX u
TPAHCUEHICHTHBIX ypaBHEHUI
U CHCTEM YpaBHEHUU C

oMo DBM.

11K.2.3. BeImojHATE
OTJIAJIKy
IPOrpaMMHOTO
MOJYJIS C
HCIIOJIb30BAHUEM
CreIUaTU3UPOBAHHBIX
POTrpaMMHBIX
CPENCTB.

HCIIOJIb30BaTh BEIOPAHHYIO CUCTEMY
KOHTPOJI BEPCUM, UCITOJIb30BATh
METO/IbI JJIsI IOJYyYEHHUs KOJia C
3aJjaHHON (DYHKIIMOHABHOCTHIO U
CTENEHbIO KaYECTBA.

MOJIENIN Tpoliecca pa3paboTKu
MIPOTPaMMHOTO 00€CTICUCHHS],
OCHOBHBIC ITPUHITUIIBI
mporiecca pa3padoTKu
IPOrpaMMHOT0 obecreueHus,
OCHOBHBIE MTOJIXO0/IbI K
WHTETPUPOBAHUIO
MPOrPAMMHBIX MOAYJIEH,
OCHOBBI BepU(UKAIINH U




aTTeCTallly IPOTPaMMHOTO
oOecrieueHusl.

2. CTPYKTYPA U COAEPKAHUE JUCIHUIIJINHbI

2.1 O0beM IMCHUILUIMHBI U BUAbI Y4eOHOH padoThI

Ounas popma 0O0ydeHus

Buo yueonoii pabomut Oovem uacos
O0bem 00pa3zoBaTeIbHOM MPOrpaMMbl 72
Pabota o0yuyarommxcsi BO B3aUMO/JeHCTBHH C NpenogaBaresiemM 52
B TOM YHCIIE!
JeKIH (YPOKH) 16
B (hopMe NMPaKTHYECKOW NOATOTOBKHU (€CIIH MPETyCMOTPEHO) *
MPAKTUYECKUE 3aHATUS 36
B (hopMe MPaKTHUECKON MOATOTOBKHU (€CIH MPETyCMOTPEHO) *
abopaTOpPHBIE 3aHITHS
B (hopMe MPaKTHUECKON MOATOTOBKHU (€CIH MPETyCMOTPEHO) *
KypcoBas pabota (poeKT) (eciu npedycmompena)
CamocrositenbHas paboTta o0yuaromierocs (Bcero) (eciu npedycmompena) 12
Koncynwranuu (eciu npedycmompena)
[IpomexyTrounas aTTectauus B popme ouggpepenyuposannozo 6
3auema/3a1ema/IK3amMeHa/umo2080u KOHMPOIbHOU pabombl/ Kypco8ou pabomuol




2.2. TemaTn4yecKuii MJIaH U COIEPKAHME TN CUUILTAHBI

Ounas hopma oOydeHust

HaumenoBanue
pa3aesioB U TeM

Conep:xanue yueOHOro MaTepuasa

O0BeM yacoB

OcBauBaeMble YJIEMEHTHI KOMIIEeTEHIINA

1

2

3

|

Pa3znen 1.

Tema 1.1.
JJIeMEHTBI TEOPHH
NOrpemHocTe

Coneprxanue yueOHOTO MaTeprala

6

1

BBenenue B unciieHHbIE METOEI.
DTanbl U METO/Ibl PELLICHUS
BBIYMCIIMTENLHBIX 3a/a4.

CxeMa BBIYMCIUTEIBHOTO
sKcniepuMenTa. TpeboBaHus K
BBIYHCIIUTEIILHBIM METOIaM.

3

YueT IOorpelHoCTer NPUOIHKEHHbIX
BBIYMCIICHUU. I[GI/ICTBI/ISI C
HDI/I6J'II/I)KCHHBIMI/I YUCJIaMU.

[IpakTrueckue 3aHATHS

1

[TpaBuiio ClOKEHUS U BEIUUTAHUS
NPUOIHNKESHHBIX YUCEIL.

2

[TpaBuiio yMHOXXEHUS U AE€TICHUS
OPUOIMKEHHBIX YHCETL.

OK1 2,45 9 1IK2.3.

Tema 1.2.
YucaeHHoe
peLieHue
HeJIUHEHHBIX
ypaBHeHHH

Copepxanne yaeOHOTO MaTepuana

KNl NN R N

1

Pemenue anreOpanueckux u _
TPAHCLIEHECHTHBIX YPaBHEHUI METOJI0M
IIOJJOBUHHOI'O ACJICHUS.

2

Pemenue anreOpanyeckux u _
TPAHCLEHJEHTHBIX YPABHEHUH METOIOM
uTepalui.

[IpakTrueckue 3aHATHS

1

Pemenue anreOpanyeckux u _
TPAHCLEH/ICHTHBIX YPABHEHUH METOJIOM
IIOJIOBUHHOT'O JIEJICHUS.

Pewenne anreOpanyeckux u
TPAHCLEH/ICHTHBIX YpaBHEHUN
METOAAMHU XOP/ U KacaTeJIbHbIX (METOA
Hgerotona).

3

KomnberoTepHoe penieHue
anreOpanvecKuX ¥ TPAHCUECHIECHTHBIX
YpaBHCHUU MCTOJOM HMTCPALlUU.

KonrtpomnbHbie paboThI

OK1 2,45 9 IIK2.3.

1

Kontponbnas pabora Nel




Copepxanne yaeOHOT0 MaTepuana 4

1 Meroas! pemenus CJIAY. 2
9 Merona I"aycca. 2
[IpakTueckue 3aHsATUS 14
1 Pemrenne cucreM TUHENHBIX YpaBHEHUN 2
Tema 1.3. meroznom I"aycca. ) )
MeTO)lBI peleHns 2 Pemenune cucreM TMHENHBIX YpaBHCHUU 2 OK1 2 45 9TTIK23
CHCTEM JIMHEeHHBIX meroznoMm 'aycca. . . T o
ajaredpanvecKux 3 Pemenue cucTeM JTMHEMHBIX yPaBHEHUH 2
ypaBHeHH METOJIOM 00paTHOW MaTPHIIBL.
4 Penienue cucTeM IMHEHHBIX ypaBHEHUH P
METOJIOM 00PaTHOM IMIPOrOHKH.
5 Pelienue cuCTEM JIMHEHHBIX ypPaBHEHUH P
METOJIOM 00paTHOI IIPOTOHKH.
Penienne CUCTEM JIMHENHBIX YPaBHCHUM
6 METOJIOM MpOoCTOor ureparuu (Meton 4
SIxo0n).
KontposnbHbIie paboThI 2
1 | KonrposnbHas pabora Ne2 2
Coneprxanne y4eOHOT0 MaTepraa 2
Nurepnonsauus. MHTepnoasinoHHbIN
1 nonuHoM B popme Jlarpanxa. 2
HHTepnonauuOHHbIH OJUHOM B GopMe
Hrrotona. CrutaliH-UHTEPIIOJISIIHSL.
Tema 1.4 HpaKTHéecxne 3aHSTHS 6 OK 1 2 4 5 9 IIK 2.3.
W OCTaBJICHNE UHTEPIOJSIMOHHBIX
Aunpoxcusanus | 1| gopuyn Jarparmsa 2
CocTaBieHre HHTEPIIONSILIMOHHBIX
2 2
dhopmya HrerotoHa
3 HaxoxaeHne nHTepnoIsIIuOHHBIX P
MHOTOWICHOB CIJIAHAMH.
KonTtpomnbHbie paboThI 2
1 | MitoroBast KOHTpOIIbHas paboTa 2
CamocrosiTesbHast padoTa 12
KoncyabTanust 2
JK3aMeH 6
Bcero: 72

[TocnenoBarenbHOE TeMAaTHUYECKOE IJIAaHUPOBAHUE COJAEpKaHMs pabodell mporpaMMbl JUCIHUILIMHBI, KajJeHAapHble 00beMbl, BUABI 3aHATHI, (HOpPMbI
OpraHU3aIMH CAMOCTOATENIBHOM paboThl TaK)Ke KOHKPETU3UPYIOTCS B KaJleHAapHO-TeMaTinueckoM ruiane (Ilpunoxxenue 1)
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3. ®OPMbI KOHTPO.JISI H METOIUYECKUE MATEPHUAJIBI,
OIPEJAEJISIIOIINE ITPOILIEAYPHI OIEHUBAHUS 3HAHUI, YMEHUM,
IMPAKTUYECKOI'O OIIBITA, XAPAKTEPU3YIOIMUX ITAIIbI ®OPMUPOBAHU A
KOMIIETEHIIUI

@®onp orneHouyHbIX cpenctB (nanee — @OC) - KOMIUIEKT METOIUYECKUX M KOHTPOJIBHBIX
MaTepuasoB, HCIOJb3YEMBIX MpPU MNPOBEJCHUH TEKYIIEro KOHTPOJS OCBOEHUS pPE3yJIbTaTOB
oOydeHus u npomexxyrounoit arrectamuu. @OC mpenHazHayeH IJIs KOHTPOJS U YIpaBIICHUS
MPOIIECCOM TPHOOPETCHHS 00YYaIOMMMUCS HEOOXOAMMBIX 3HAHWW, YMEHUM M KOMIICTCHIIHH,
onpeaeneHHbIXx Bo I'OC (ITpunoxenue Ne 2).

4. YCJIOBHYSA PEAJIM3ALIMHU JUCIIUITJIMHBI

4.1. TpeOGoBaHUsI K MUHIMAJILHOMY MaTepPHAJIbHO-TEXHHYECKOMY 00ecredeHuIo

Peanuzanus nporpaMMbl JUCHUIUIMHBEL TpeOyeT HaMuuus yd4eOHbIX ayautopuii 35, 36, 37, 24 u
JEKIMOHHBIX ayTUTOPUH.

ayJIUTOPUU JJISI CAMOCTOSITENTbHON paboThl Nel44.

O6opynoBaHue yueOHOTo KabuHeTa: yueOHas MeOesb, KOMIBIOTEP B cOOpE, TPOCKTOP, SKPaH.

4.2. YueOHO-MeTOAHYeCKOe U MH(OPMAIIMOHHOE o0ecTiedeHe TUCHUNIHHBI (MOIYJIS)

4.2.1. IlepeyeHb OCHOBHOWM W [ONOJHHUTEJbHOH Y4eOHOH JUTepaTypbl, HEOOXOAUMOM 1JIs1
OCBOEHMS IMCHUILIMHBI (MOIYJIs1)

OcHoBHas1 yueOHas1 IMTEpaTYypa:

YucneHHble METOJABl : Y4YeOHMK M TPAKTHUKYM [UIS CPEAHEro Mpo(hecCHOHATIBLHOTO
obpazoBanus / Y. I'. [Tupymos [u ap.] ; mox pegakumeit Y. I'. [TupymoBa. — 5-e uz., nepepad. u
norn. — MockBa : MHzparensctBo IOpaiit, 2019. — 421 c¢. — (IIpodeccuonanbroe

obpazoBanue). — ISBN 978-5-534-11634-2. — Texkcr : anekrponnsiit // DbC KOpaiir [caiit]. —
URL: https://urait.ru/bcode/445775.

3enkoB, A. B. UucneHnnsie MeToabl : y4eOHOE TTOCOOHUE JJIsi CpeTHEro MPOoQEeCCHOHAIBHOTO
oOpazoBanus / A. B. 3enkoB. — MockBa : UH3zmarensctBo HOpaiir, 2020. — 122 c. —
(ITpodheccuonansuoe obpazoanue). — ISBN 978-5-534-10895-8. — TekcT : 3neKTpOHHBIH //
OBC KOpaiit [caiiT]. — URL: https://urait.ru/bcode/452829.

JonoHuTebHAS yYeOHAas TUTEPATYpPA:

latemox, O. B. Uucnennsle MeTOABI : Yy4eOHOe TocoOue JId  CPEeIaHEro
npodeccuonaibHoro oopaszosanusi / O. B. I'aremoxk, 11I. K. Mcmaunos, H. B. MantokoBa. —
Mocksa : HUznarensctBo Opaiit, 2020. — 140 c. — (IlpodeccuonansHoe obpazoBaHue). —
ISBN 978-5-534-07480-2. — Tekct : anektponubii // OBC IOpaiir [caiit]. — URL:

https://urait.ru/bcode/453080.

4.2.2. IlepeueHb pecypcoB HMH(OPMAIMOHHO-TEJIEKOMMYHUKAIIMOHHON  CeTH
«HnTepHer» (majsee - cerb «UHTEpPHET»), HEOOXOAMMBIX /JIsl OCBOCHHMS IHCIHUILIUHbBI
(Mmoxyis)



Ilepeyens gorosopos I6C u BJ{

Cpok
. HaumeHoBaHue JOKyMeHTa ¢ .
Y4yeOHblii rox nencTBUA
yKa3aHHeM PeKBH3HUTOB
AOKYMEHTA
2024/2025 JloroBop Ha  JOCTYI K ObC
ZNANIUM.COM wmexny YVYHuT B nune C 12.07.2024
aupektopa CO  YYHuT wu  OOO | mo 11.07.2025
«3Hannym»Ne 2024-36¢ ot 09.07.2024

Horosop Ha goctyn k ObC «3bC
IOPAUT» (monHast KOJJIEKIMS) MEXKIY C 06.03.2025
YVHuT B muue nupekrtopa CO® YVYHuT n

no 05.03.2026
000 «DJEKTPOHHOE U3/1aTeNbCTBO
FOPAMT» Ne 1/25-36¢ ot 06.03.2025 T.

Jlorosop Ha  JOCTyI K OBbC
«YHHUBEpPCUTETCKass OMOIMOTEKa  OHJIANH 01.10.2024 o
mexny YYHuT «Hekemenua» Ne 223-883 ot 30.09.2025
19.08.2024

HoroBop Ha poctyn k OBC «Jlaub» C 08.08.2024
Mexay YYHuT u usnarenscrBom «Jlanb» Ne 10 07.08.2025
0I'3-647 ot 08.07.2024 e

HoroBop Ha poctyn k COBb wmexny C 04.06.2024
VYVHuT m wm3parensctBoM «JIaHp» Ne COb 10 20.05.2026
47-J1C 5010-24 ot 04.06.2024 T

JloroBop Ha JOCTYyNl K 3JIEKTPOHHBIM
U3JIaHUsIM B cocTaBe  0a3bl  JaHHBIX
«HAYUYHAA DJIEKTPOHHASA C 01.01.2025
BUBJIMOTEKA eLIBRARY.RU» wmexay | mo 30.12.2025
YYHuT u OO0 HOb Ne OI'3-1283 ot
05.12.2024

HoroBop Ha bBJ] auccepraumii Mexmy C 10.08.2024
YVYHuT u PT'b No 223-664 ot 15.07.2024 no 09.08.2025
Horosop Ha noctyn k 95C BOOK.ru (moctyn
K yueOHuKy: OCHOBBI pOCCUHCKOM
TOCYJIapCTBEHHOCTH : yueOHUK / A. B.

Mansko, A. A. Bunkos, B. B. I'ypses [u 1p.]
; mox pen. A. B. Mansko. — Mockaa : C23.10.2024
KnoPyc, 2024. — 263 c. — ISBN 978-5-406- | mo 22.10.2025
12322-5) mexxny YYHuT B nunie nupekropa
C® YYHuT u OO0 «KuoPyc meaua» Ne 6/H
ot 16.10.2024 1.

Ne Agapec (URL)

www.mathprofi.ru

4.3.3. Ilepeyenb nHGPOPMANMOHHBIX TEXHOJIOTH, UCIOJb3yeMbIX NMPH OCYIIECTBJIEHUHU

o0pa3oBaTeIbHOIO Ipolecca 10 AUCHHILINHE,
ob0ecrieyeHust 1 MHGPOPMAIMOHHBIX CIPABOYHBIX CHCTeM (IIPH HEOOXOAUMOCTH)

BKJIIOYAsl TepedyeHb MPOrPaAMMHOIO




HanMeHoBaHMe MPOrpaMMHOTo odecrieyeHust

[Taker Microsoft Office 2019

PyCharm: IDE kpoccruiatdopMeHHass MHTETpUPOBaHHAS Cpefia pa3padOTKU A sI3bIKa
nporpammupoBanusi Python

Dev-C++ — cBoOOaHass MHTETpUpOBaHHas cpela pa3padOTKU NPUIOKEHUH IS S3bIKOB
nporpammupoBanust C/C++

10




ITPUJIOKEHHUE Ne 1
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJIPKETHOE OBPA30BATEJIBHOE
YUPEXIEHHNE BbICIIEI'O OBPASOBAHUS 5
«YOUMCKUU YHUBEPCUTET HAYKU 1 TEXHOJIOT U »

CrepauraMakckuii puman

Komnemx

KanennapHo-reMaTuyecKuil nmJjiaH

MO TUCIUTUINHE OI[IL. 10 Yucnennvie memoonl
CHEIHabHOCTD
09.02.07 Hughopmayuonnwvie cucmemul u npozpammuposanue
KOJ HAaUMEHOBAaHUE CHEIUAIIbHOCTH
KBaTH(UKAITUS

Cneuua.zmcm no und)opmauuonnbm cucmemam

Pa3zpabotunk (cocTaBUTEINb)

Kanawnukosa /1. B.

yucCHasd CTCIICHb, YUCHOC 3BAHNC,
karteropus, ®©.1.0.

Crepaurtamak 2025
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Ounast popma 00ydeHus

Nen/m | HaumenoBanue pasgenoB u | Kon- | Kanenmapn | Bupg3amstus | JomamHee
TeM BO | b€  CpOKH 3ajaHue
YacoB | U3Y4EHUS
(Tutan)
Tema 1. D1eMeHTHI TEOPHUH NOTPELIHOCTEH

1. Beenenne B IUCJICHHBIC | 2/52 | ceHTs0pb YpOK COCTaBJICHHE
METOJIbl. JTambl U METOAbI
pELIEHUs]  BBIYMCIIMTEIBHBIX OIIOPHOTO
3azad. KOHCIIEKTa

2. Cxema BBIYUCIIATENBHOTO | 4/52 | CeHTS0ph YpOK COCTaBJICHHE
sKcnepuMenTa. TpeOoBaHHs K OTIOPHOTO
BBIUYHCIIUTENbHBIM METO/IaM. KOHCIIEKTa

3. VYyer norpemHoctei | 6/52 | ceHTs0ph YPOK NuauBunyanbH
MPUOTKEHHBIX BBIYUCICHUN. 0€ 3aJaHue II0
JleWicTBUS ¢ MPHUOIMKECHHBIMU BApHUAHTAM.
YHCIIaMHU.

4. IIpaBuio CIIOKEHUS u| 8/52 | centsidpn IIpaktnueck | MnauBuayaibH
BBIUUTAHUS  NPUOIMKEHHBIX 0€ 3aHATHE o€ 3aJaHue 1o
qHCe. BapHAHTAaM.

5. [IpaBuino YMHOKEHUS u | 10/52 | cents6pp [Ipaktnueck | MHauBuayanbH
JeNIeHUs pUOIIMKEHHBIX o€ 3aHATHE 0€ 3aJaHue II0
qrcell. BapHaHTaM.
Tema 2. UncsieHHOe pelieHNe HeJMHEHHbBIX YPaBHEHHUIl

6. Pemenune anreOpamveckux u | 12/52 | ceHTA0pH YpOK COCTaBJICHHE
TPAHCIICH/ICHTHBIX YpaBHEHUU OIIOPHOIO
METOJIOM MOJIOBUHHOTO KOHCIIEKTa
JCTICHHUS.

7. Pemenne anreOpamveckux u | 14/52 | ceHTA0pH YpOK COCTaBJICHHE
TPAHCIICH/ICHTHBIX YpaBHEHUU OIIOPHOI'O
METOJIOM UTEpaIHii. KOHCIIEKTa

8. Pemenne anrebpanueckux u | 16/52 | ceHTA0pb IIpakTnueck | pemeHue
TPAHCLICH/ICHTHBIX YypaBHEHUM 0€ 3aHATHE CaMOCTOSITENIbH
METOZIOM MIOJIOBUHHOTO 0ii paboTHI
JICJICHUS.

9. Pemenne anrebpanueckux u | 18/52 | ceHTsiOpb IIpakTnueck | pemeHue
TPAHCLICH/ICHTHBIX YypaBHEHUM 0€ 3aHATHE MPAKTUYECKUX
METOJaMu XOopX Hu 3aJJaHuN
KacaTeJIbHBIX (meTon
Hprotona).

10. Pemenne anrebpanyeckux u | 20/52 | ceHTAOpD YpOK pernieHue
TPAHCIICH/ICHTHBIX YpaBHEHUU NPAaKTUYECKUX
METOJIOM UTEPALUH. 3aJaHui

11. KomnsrorepHoe peuienue | 22/52 | ceHTAOpD [IpakTrueck | pemieHue
anreOpandecKux U 0€ 3aHATHE CaMOCTOSITENTbH
TPaHCIIEHJCHTHBIX ypaBHEHHI 01 paboThI
METOJIOM UTEPALUH.

12. KonTponbnas padora Nel 24/52 | ceHTAOpD [IpakTrueck | pemieHue

0€ 3aHATHE CaMOCTOSITENTbH
01 paboThI

Tema 3. MeToabl pelieHHs CHCTEM JHHEHHBIX aJredpanyecKux ypaBHeHH
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13. Meronst  pemenuss  CJIIAY. | 26/52 | okTA0ph YpOK COCTaBJICHHE
Meron I'aycca. OIIOPHOTI'0
KOHCIIEKTa
14. Merona T'aycca. 28/52 | okTAOpPH YPOK COCTaBJICHUE
OIIOPHOTO
KOHCIIEKTa

15. Pemenne cucrem nuHelHbIX | 30/52 | oKTAODPD [IpakTrueck | pemieHue
ypaBHeHUl MeTo1oM ["aycca. 0€ 3aHATHE NPAKTUYECKUX

3aJaHui

16. Pemrenne cucreM JMHEHHBIX | 32/52 | okTs6pb [IpakTHueck | pemieHue
ypaBHeHul MeTo1oM ["aycca.

0€ 3aHATHE MPAKTUYECKUX
3aJaHUI

17. Pemenue cucrem nuHeWHBIX | 34/52 | oKTAOPH [IpakTrueck | pemieHue
YpaBHEHHI METOJ0M 0OpaTHOU 0€ 3aHATHE NPAKTUYECKUX
MATPHUIIBI. 3aJaHui

18. Pemenue cuctem mmHEHHBIX | 36/52 | OKTSOpPDH IIpakTnueck | pemeHue
ypaBHEHUN METOJIOM 00paTHOM 0€ 3aHsTUE MPAKTUYECKHUX
MPOTOHKM. 3aJaHUI

19. Pemenne cucrem nuHeWHBIX | 38/52 | OKTAOPH [IpakTrueck | pemieHue
YpaBHEHHI METO0M 0OpaTHOU 0€ 3aHATHE NPAKTUYECKUX
MIPOTOHKH 3aJaHui

20. Pemenne cucrem nuHenHbIX | 40/52 | OKTAOPH [IpakTrueck | pemieHue
YPaBHEHUH METOAOM IPOCTOM 0€ 3aHATHE NPAKTUYECKUX
ureparuu (Meton Sxoon). 3aaHuN

21. KonrtponsHast pabora Ne2 42/52 | okTa0pb IIpakTnueck | pemeHue

0€ 3aHATHE MPAKTUYECKUX
3aJaHUI
Tema 4. Annpoxkcumanus GQyHKuuii

22. WNutepnonsius. 44/52 | nexabpb YPOK COCTaBJICHUE
NHTEpnONSIIMOHHBINA OJIUHOM OIOPHOTO
B dbopme Jlarpanxa. KOHCIIEKTa
NHTEpnONSIMOHHBIA MOJIUHOM
B (opme Hrrotona. Crunaifs-

WHTEPIIOJISIIIHSL.

23. CocraBnenune 46/52 | nexabpb IIpakTnueck | pemeHue
MHTEPIOJSILIUOHHBIX  POpMYJT 0€ 3aHATHE MPAKTUYECKUX
Jlarpanxa. 3aJJaHuU

24, CocraBnenue 48/52 | nexabpp [IpakTrueck | pemieHue
WHTEPIOJSIIIUOHHBIX  POPMYTT 0€ 3aHsTHE MPaKTUYECKHUX
HrroroHa. 3aJaHui

25. Haxoxnenue 50/52 | nexabpb [IpakTueck | peuieHue
MHTEPIIOSIIIMOHHBIX 0€ 3aHATHE MPAKTUYECKUX
MHOT'OYJICHOB CIIJIaifHAMMU. 3aJaHum

26. HtoroBast KOHTpoJbHAsA padora | 52/52 | nexaOpb IIpakTnueck | pemeHue

0€ 3aHATHE MPAKTUYECKUX
3aJaHUI
Bcezo 52
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IMPUJIO)KEHUE 2
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJIUKETHOE OBPA30BATEJIBHOE
YUYPEXEHHNE BbICIIEI'O OBPASOBAHUS 5
«YOUMCKUU YHUBEPCUTET HAYKU 1 TEXHOJIOT U »

CrepauramMakckuii puman

Komnemx

DoH/1 OLIECHOYHBIX CPEICTB

1O TUCIUTUINHE OI[I1. 10 Yucnennvie memoonl

Qowenpogheccuonanvnuvlii YUK, 6GPUAMUGHAS YACMb

UK TUCHIUTUIMHBI M €T0 YacTh (00s3aTeIbHas, BApUaTHBHAS)

CTIEUAITBHOCTD
09.02.07 Hughopmayuonnvie cucmemul u npozpammuposanue
KOJI HaMMEHOBAHHE CIICIIUATBHOCTH
KBaTH(UKAITUS

Cneuua.zmcm no und)opmauuonnbm cucmemam

Pa3zpaboTunk (cocTaBUTENb)

Kanawnukosa /1. B.

y4eHasi CTeleHb, yY€HOE 3BaHHE,
kateropusi, ®©.1.0.

Crepaurtamak 2025
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I ITacniopT (pOHI0B OLEHOYHBIX CPEACTB

1. O0aacTh NPpUMEHEHUs

®onp oneHouHbIX cpeacTB (POC) npenHazHadeH ISl IPOBEPKH PE3yJIbTaTOB OCBOEHUS
qucuuminHabl O 10. YucneHHBIX METOMOB, BXOASIIEH B COCTAaB MPOrpaMMbl MOATOTOBKHU
CHELMAINCTOB cpefHero 3BeHa no crenuanbHoctd  09.02.07 «MHbOpMaOHHBIE CUCTEMBI U
nporpaMmupoBanuey. Padora oO0y4yawimmxcs BO B3aUMOAEHCTBUM ¢ MpenogaBarejiemM 52
yaca, Ha CaMOCTOATENIbHYIO padoTty 12 yaca.

2. O0beKTHI OLIECHUBAHUS — Pe3YJIbTATHI OCBOEHUS M CUMILIUHBI
®OC 1O03BOJISIET OLIEHUTh CIEAYIOIIUE PE3yJbTaThl OCBOCHUSA JIHUCIMUILUTMHBI B
coorBerctBUM ¢ PI'OC cnemmansHoctn  09.02.07  «MHpOpMaLMOHHBIE CHCTEMBI H
nporpamMmmupoBaHue» u padoueit mporpammoit qucuurummasl OLIT. 10. Yucnennbie METOIbI:
YMEHHUA:
—  HCTOJB30BaTh OCHOBHBIE YHCIICHHBIE METO/IbI PEIICHUS] MATEMAaTHYECKUX 3a7a4;
— BBIOMPATH ONTUMATHHBIA YHCICHHBIA METOI JAJIsl PELICHUS TTOCTABICHHOMN 3a1a4u;
— JlaBaTh MAaTeMaTUYEeCKHWE XapaKTePUCTUKH TOYHOCTH HCXOMHOW HWHPOpMAIUU U
OIICHUBATb TOYHOCTD MOJTYYEHHOTO YHCIEHHOTO PEIICHUS;
— pa3pabarbIiBaTh aITOPUTMBI M TPOTPAMMBI Ui PEIICHUS BBIYMCIUTEIBHBIX 3ajad,
YYHUTHIBasE HEOOXOIUMYIO TOYHOCTh IOJTYy4aeMOTO PE3yJIbTaTa.

3HAHUSA:
— METOJIbl XpaHEHUsl YMCeNl B MaMSITH 3JEKTPOHHO-BBIYMCIHUTEIILHOW MalIuHbl (Hajiee —
OBM) u nelicTBUs HaJ HUMH, OLIEHKY TOYHOCTH BBIYUCIICHUI;
— METOJbl  pEIICHUS OCHOBHBIX  MAaTE€MAaTMYECKUMX 3aJad —  HWHTETPUPOBAHMS,
nudepeHIMpOBaHns, PEIICHUS JMHEWHBIX ¥ TPAHCICHICHTHBIX YpaBHEHUH M CHCTEM
ypaBHEHHUH ¢ moMomibio OBM.

BrlenepeuncieHHble yMEHUs, 3HaHUS HAIlpaBlIeHbl Ha (OPMUPOBAHUE Y 00YUaAIOIINXCS
CIEAYIOUMX 00IIMX M MPOodecCHOHAIBbHBIX KOMIIETEeHIMM:

OK.01. BriOuparp crmocoObl pemieHus 3agad  MpoecCHOHANBHOW JesITeIbHOCTH
IPUMEHUTEIBHO K Pa3IMYHBIM KOHTEKCTAM

OK.02. Hcnonp30BaTb COBPEMEHHBIE CpPEICTBA IIOMCKA, aHAIW3a M HMHTEPIPETALUU
UH(pOpMaLKU 1 NHPOPMALIMOHHbBIE TEXHOJIOTUH [T BBINOJIHEHUS 3a/1a4 PO EeCCHOHATLHON

OK.04. D¢ dexTuBHO B3auMOICHCTBOBATh U pabOTaTh B KOJJICKTUBE ¥ KOMaHIE

OK.05. OcyiiecTBiasiTh YCTHYIO U MUCbMEHHYIO KOMMYHHMKAIIMIO Ha TOCYJIapCTBEHHOM
sa3pike  Poccmiickoit denepanii ¢ y4eToM OCOOEHHOCTEH COLMANBbHOTO U KYJIBTYPHOTO
KOHTEKCTa

OK.09. TIlomb3oBaThCcsi MPO(ECCHOHATBHON JOKYMEHTAallMeH Ha TOCYAapCTBEHHOM H
MHOCTPAaHHOM SI3bIKaxX

[IK.2.3. BpInomHATE OTJIAAKY NOPOTPAaMMHOIO  MOJYJAS C  HCIOJB30BaHUEM
CHELHMATU3UPOBAHHBIX IPOTPAMMHBIX CPEICTB.

3 ®opMbI KOHTPOJIS M OLIEHKHU Pe3yJbTATOB 0CBOEHMS AU CHHMIIIHHBI

KoHTposb 1 olLleHKa pe3ynbTaTOB OCBOCHUS — 3TO BBIBICHHUE, U3MEPEHUE U OLIECHUBaHHE
3HaHUHM, YMEHUH U (HOPMHUPYIOIUXCA OOLUIMX U MPOPECCHOHATBHBIX KOMIIETEHIMH B pamMKax
OCBOCHHMS JUCLUIUINHBL

B coorBercTBuM ¢ yueOHbIM miaHoM crenuanbHoctd 09.02.07 «MHopmManmonHble
CHUCTEMBl M TNPOTpaMMHUpOBaHHE», padoueir mporpammoit auctuuimabel OLIL.10. Yucnennsie
METOBI MIPEyCMaTPUBAETCS TEKYIIUH M TPOMEXKYTOUHBIH KOHTPOJIb PE3YJIbTATOB OCBOCHHUS.

3.1 ®opMBbI TeKyLIEro KOHTPOJISI
Texymuii KOHTPOJIb YCIIEBAEMOCTH MPEJCTABISACT COO0M MPOBEPKY YCBOCHUS y4eOHOTO
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MaTepHaia, peryasipHO OCYIIECTBIIEMYIO Ha IPOTSDKEHUH Kypca 00ydeHHs.

Texymuit KOHTPOJb pPe3yNbTaTOB OCBOCHUS AMCLUMILIMHBI B COOTBETCTBUU C paboueit
IpOrpaMMOMl M  KaJEeHJApHO-TEMATUYECKUM IUJJAHOM IPOUCXOJUT TPU  HCIOJIb30BAHUU
CIIEMYIOMUX 00s3aTeNBHBIX (HOPM KOHTPOJIS:

- BBITIOJTHEHUE U 3aIUTa JIAOOPATOPHBIX U MPAKTUIECKUX PadoT,

- IPOBEPKA BHITIOJHEHUSI CAMOCTOSTEIbHOM pabOThI CTYIEHTOB,

- IPOBEpPKa BHIMOIHEHUS! KOHTPOJIBHBIX PadoT.

Bo Bpems mpoBeaeHusi y4eOHBIX 3aHSITUN JOTOJHUTEIBHO HCIOJB3YIOTCS CIEIYIOIINe
(GopMBI TEKYIIEro KOHTPOJS — YCTHBI ONpOC, pelIeHHe 3ajay, TeCTHPOBAHHE IO TeMaM
OTJEIbHBIX 3aHITHH.

BoinosiHeHHe M 3a1IMTAa NpaKTHYecKuX padot. [IpakTuyeckre paboThl MPOBOIATCA C
LEIbI0 YCBOGHMS W  3AKpEIUICHUS [PAKTUYECKUX YMEHUHM M 3HAHWUM, OBJIAJICHUSA
npodecCHOHATBLHBIMU KOMIIETEHIIMSIMU. B X011 mpakTuyeckoil paboThl CTYAEHTHI IPHOOPETAIOT
YMEHHMsI, MpEeAyCMOTpeHHble padouell MporpaMMoil JNHUCHUUIUIMHBI, Y4aTcsi HCIOJIb30BaTh
bopMynbl, W TPUMEHATH PA3IUYHBIE METOJUKH pacueTa, AaHaIU3UpPOBATh IOTYYCHHBIE
Pe3yAbTaThl U JIeJaTh BBIBOJIBI, ONUPAsACh HA TEOPETUYECKUE 3HAHMUSL.

CrucoK MpakTU4YecKux padoT:

e [lIpakTuueckas pabora NelllpaBuiio ciio)eHUS U BBIYUTAHUS TPUOINIKEHHBIX YUCE.
e [lpaktuueckas padorta Ne2. [IpaBuio yMHOXKEHUS U I€ICHUS TPUOTKEHHBIX YHCET.
e [lpaktuueckas pabora Ne3. Pemenue anredpanueckux U TPAaHCLUEHACHTHBIX YpPaBHEHHH

METOJIOM ITOJIOBUHHOTO JIEJICHMUSL.

o [IpakTuueckas padora Ned4. Pemenue anreOpandeckux M TPAHCIICHICHTHBIX YPaBHEHUN

MEeTOAaMH XOPJ U KacaTeNbHBIX (MeTol HproTOHA).

e [lpaktuueckas padora NeS. KomnbroTepHOe perieHue aaredpandyeckux u

TPaHCLEHJAECHTHBIX YPABHEHH METOJOM UTEPaALIUA.

o _IIpaktrueckas padota Ne6. Pemenue cucreM TMHEHHBIX ypaBHEeHU MeToaoM ["aycca.
e [lpakTuueckas pabora Ne7. Pemenue cucrem TuHEHHBIX ypaBHEHUN MeToaoM ["aycca.
e [IpakTuueckas pabora Ne8. Pemenue cucreM TUHEHHBIX YpaBHEHUH METOAOM OOpaTHOM

MaTpULbL.

e [IpakTuueckas padbora Ne9. Pemenue cucreM TUHEHHBIX YpaBHEHUN METOAOM OOpaTHOM

ITPOTOHKH.

e [lpaktuueckas pabora Nel(. Pemienue cucreM TUHEHHBIX ypaBHEHUH METOIOM 00paTHOM

IIPOrOHKH.

e [lIpakTuueckas pabora Nell. Pemenue cuctemM TMHEHHBIX YpaBHEHHUI METOJIOM 00OpaTHOM

MTPOTOHKH.

e [lpaktuueckas padora Nel2. CocTaBieHre HHTEPHOIIMOHHBIX (hopmy:n Jlarpanxka
e [lpaktuueckas padora Nel3. CocTtaBieHre HHTEPHOIAIMOHHBIX (hopmyn HeroToHa
e [lpaktuueckas pabora Nel4. HaxoxeHre HHTEPHOISAIMOHHBIX MHOTOUYJICHOB

CIUTaliHaMHU.

IIpoBepka BBINOJHEHUS] CAMOCTOSITeNIbHON padoThl. CamocTosiTensHas palorta
HaIpaBJieHa HA CaMOCTOSITEIbHOE OCBOEHHE U 3aKperieHue OOydYarolMMUCS MPaKTUYECKUX
YMEHUH 1 3HaHUH, OBJIaJIcHHE MPO(PECCHOHATBHBIMUA KOMIIETECHIHSIMH.

CamMocTosTenbHass MOATOTOBKA OOydalolUXcsl MO  JUCHHUIUIMHE IPEANoiaraeT
CJIeAYIONIMEe BUABI U (YOPMBI pabOTHI:

e (Cucremarnueckass TpopabOTKa KOHCIICKTOB 3aHATHH, Yy4eOHOM U  CHEIUaIbHON
TEXHUYECKOH JINTEPATYyPHI.

e CamocrosTenbHOE M3yueHHE MaTepuaia M KOHCIEKTUPOBAHHE JIEKUUH 1O y4eOHOH u
CIIELIMATIbHOM TEXHUYECKOU JINTEPATYPE.

e  BrinosHeHue pacyeTHBIX 3aIaHUH.

e Pabota co cipaBOYHOM TUTEPATYPON U HOPMATUBHBIMHU MaTEpHAIaMH.
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e OdopmiieHre 0TYETOB MO JTAOOPATOPHBIM U MPAKTHYECKUM paboTaM, M TMOATOTOBKA K MX
3aluTe.

IIpoBepka BBHINOJHEHMS KOHTPOJIbHBIX padoT. KoHTposnbHas paboTa MpOBOIUTCS C
LEJIbI0 KOHTPOJISI YCBOCHHBIX YMEHUN U 3HAHUN U TOCIEAYIOUIETr0 aHalln3a TUITHYHBIX OLTHOOK 1
3aTpyAHEHUN OOy4yaromMXcsi B KOHIIE M3Yy4YCHHsI TeMbl WM paszzaena. CoriiacHO KaJleHJapHO-
TEMaTUYECKOMY IUIaHY AMCLUUIUIMHBI MPETyCMOTPEHO MPOBEACHUE CIEAYIOMUX KOHTPOJIBbHBIX
pabor:

e  Koumponvnas paboma Nel no meme «YuciaeHHOE pelieHUE HEMMHEHHBIX YPAaBHCHUI .
e  Koumponvnasa paboma Ne2 no meme «MeTONbl PEIICHUs CUCTEM JIMHEHHBIX
anreOpanvecKux ypaBHCHHIN.

Crenudukanyuy KOHTPOJIbHBIX PadOT MpUBEAEHBI HIKE B 1aHHOM KomIuiekTe POC.

CpogHas Ta0JMua Mo NpuMeHseMbIM (popMaM M MeTOAaM TeKYIIero KOHTPOJsl U
OLICHKH pPe3yJIbTaTOB 00y4eHHs

Pe3yabTaThl 00yueHus @DopMbI U METOJbI KOHTPOJISI M OLIEHKHU
pe3yJbTaToB 00y4YeHust

OcBoeHHBIC YMEHHS:

— HCIOJIB30BaTh OCHOBHBIE YHCIEHHbIE | BBIONIHEHME M 3amMTa NPAaKTHYECKHX PabOT
METO/IBI PEIIEHHs MaTeMaTnieckux 3anaq; | Ne 1-16
— BHIOMpATH ONTHMANBHBIA YncIeHHEI | PeleHue 3anaq
METO/JI /ISl PEIICHUS MOCTaBJICHHOW 3a]a4H; YeTHBIA ONPOC BO BpeMs 3aHATHS, JOKJIAJ I10
— JaBath MaTemaTnueckue | BBIODaHHOM Teme.
XapaKTEPUCTUKU  TOYHOCTU  UCXOJHOU Kontponbras padora Nel,2
nHpoOpMallUd U  OLEHHUBATh TOYHOCTh
MOJIYYEHHOTO YMCIIEHHOTO PEIICHUS;
pa3pabaThIBaTh AITOPUTMBI u
MpOrpamMMbl JJIS PEIICHUS] BBIYUCIUTEIbHBIX
3a]a4, Y4YUTbIBasg HEOOXOJUMYI0 TOYHOCTH
MOJIy4aeMOro pe3yJbTara.

YcBoeHHbIE 3HAHNA:

— METOABI XpaHEHHWs 4YUCENl B INaMsATH | BBINOIHEHHE M 3alMTa NPAaKTHYECKUX PaboT

3JIEKTPOHHO-BBIYNCIUTEIBHON mammebel | Ne 1-16

(matee — DBM) u neiictBus Haa Humw, | Penienue 3amau

OLICHKY TOYHOCTH BBIUMCIICHUN; VcerHBIE  ompoc BO  BpeMsl  3aHATHS,
METO/IbI pelieHus OCHOBHBIX | TECTUPOBAaHUE

MaTeMaTHYeCKUX 3a1a4 — WHTerpupoBanus, | KonTponenas padora Nel,2
nuddepeHIpoBaHus, pEIICHUS TUHEHHBIX U
TPAHCHCHACHTHBIX ypaBHGHI/Iﬁ U CHCTEM
ypaBHEHUH ¢ MOMOIIbI0 DBM.

3.2 ®opma NpoOMeKYTOYHOM aTTeCTAMHU

[MpomexxyTouHas arrecTanus IO JUCHUIUITMHE UHUCICHHBIE METOIbl — 9K3AMEH,
crienuuKanusi KOTOPOro CoAEPKUTCs B JaHHOM Komruiekte POC.

Obyuarowuecss Oonyckaromcs K coaue IK3aMeHd NpU BbINOJHEHUU 6ceX BUO08
camocmosmenvHol  pabomol, J1AOOPAMOPHLIX, NPAKMUYECKUX U KOHMPOJbHLIX pabom,
NPeOyCMOMPEHHBIX paboyell npocpammo U KaieHOapHO-MeMamuyecKum niaHom OUCYUNIUHBL
/MJIK.

Hughghepenyuposannviil 3auem/3auem/ umozo8as KOHMpPOIbHAS paboma NPoBOOUMCs 34
cuem @pemeHu omeeoeHH020 Ha usydenue oucyuniunvl/ MIAK. Ilpu ycrosuu ceoespemenHo2o u
KAYecmeeHHO20 6bINOJIHEHUs 00YUAIOWUMCI 8CeX 8UO08 pabom, NpedyCMOMPEHHbIX pabouell
npoepammout oucyunaunwvl/M/K.
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IlepeyeHb BONPOCOB K IK3ameHy (unu ouggepenyuposannomy zauemy, 3auemy,
UM 020801l KOHMPOIbHOU PAdombl)

Yacts A

1.

10.
11.
12.
13.

14.

15.

16.
17.
18.

19.
20.
21.
22.

23.
24.

25.
26.
27.

28.

29.

30.

HazoBute Tpu OCHOBHBIX HCTOYHHKA MOTPEIIHOCTEN PH pelieHuu 3aaad Ha OBM, ux
IPHUPOY U CIIOCOOBI YMEHBIIICHUS.

Kak onpenenuTs OTHOCUTENBHYIO MOTPEIIHOCTH MPUOIMKEHHOTO Yrciia?
[Tepeuncnure ycnoBust (HEOOXOAMMBIE W/ JOCTATOYHBIC) JIJISl TIOJIOKUTEIILHON
ONPEAECIEHHOCTH MATPHUIIBL.

Merozsl pelieHns HENMMHENHBIX ypaBHeHUH. [lepeuncaure u onumure.

[Iepeunciure 1 ONUIINTE YUCIEHHBIE METO/IbI HEJTMHEWMHBIX YPAaBHCHUM.

JaiiTe onpeneneHne METO1y MOJOBUHHOTO JICICHUS AJI PEIICHUS] HETMHEHHBIX
YpaBHEHUM.

JlaiiTe onpeneneHre METOAY MPOCTHIX UTEPALUNA JJIs1 PEUICHUS] HEJTMHEWHBIX YPaBHEHUM.
Hatite onpenenenue metrony HetoToHa (METOI KacaTeNbHBIX ) IS PEIICHUS HETMHEHHBIX
YpaBHEHUU.

Haiite onpenenenne merogam pemenus CJIAY. Meron I'aycca.

Hatite onpenenenue metonam pemeruss CJIAY. Meroa oOpaTHON MaTpHIIBI.

Hatite onpenenenue metonam permenuss CJIAY. Merox SAxko6wu.

Haiite onpenenenune metoaam pemenus CJIIAY. Meron 3eiaens.

B yem npeumymiecTBO MeTo1a 3ei1ens sl pEUICHUs] CUCTEMbI TUHEUHBIX
anreOpanvecKux ypaBHEHHH Mepes; METOIOM ITPOCTON UTEpariu?

[Touemy MeTO MPOCTOM UTEPALMH PEIICHUSI CUCTEM JIMHEHHBIX alreOpanvdecKux
ypaBHEHUI HA3bIBACTCSI CAMOUCIIPABIISIIOIIIAMCS ?

B yem otnmuune merona 3eiens Uit peleHus CUCTEMBI TMHEHHBIX ajareOpandecKux
YPaBHEHUH OT METO/1a IPOCTON uTepanun?

Merton SIxo6u u merox 3eitnens. Uro obmero? Kakue ornuuns?

OnuirTe OCHOBHbIE CBOMCTBA MPAMbBIX M UTEPALIMOHHBIX METOJIOB PEIICHUS YPABHEHUH.
[TosicHuTe, 9TO TaKOE CKOPOCTh CXOJUMOCTH U KaK OHA CBsi3aHa ¢ 3 (HEKTUBHOCTHIO
MeTo/a.

Kaxoii urepainoHHBIN MTPOLIECC HA3BIBACTCS JTMHEHHBIM?

Teopema 06 LU-pa3znoxenun.

HNuTepnonaunonHelii MHOTOYIEH Jlarpanxka

Pemenue cucrem nuHelHbIX anredpandeckux ypaBHenui (CJIAY) uncieHHBIMEI
Metogamu. Meton ["aycca.

MeTto poCTOl UTEpALliK JJIsi CUCTEMBI JIMHEHHBIX anredpandeckux ypaBHenuit (CJIAY
OtneneHue U yTOYHEHHUE KOPHS YPAaBHEHHSI METOJOM MTOJIOBUHHOTO JIEJICHHUS.
Haxoxnenue KopHsl ypaBHEHHUSI METOJOM KacaTelbHBIX.

Haxoxnenue kopHsi ypaBHEHHUSI METOAOM XOPA U KacaTelbHBIX.

YucnenHoe pemienne ypaBaenuii. Meroa xopa. Maest metona, 0coOEHHOCTH METOIA.

YucneHHoe penieHne ypaBHeHuid. Meroa nuxoromuu. Mnest MeToma, 0COOCHHOCTH
MeToJ1a

YucrieHHOE peleHne ypaBHeHn. MeToa kacaTenbHbIX. Miest MeTona, 0coOEHHOCTH
MeToaa

YHucnenHoe pemieHne ypaBHeHuid. Meton npocteix urepauid. Unes merona,
0COOEHHOCTH METOIA
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Yacter B

1.

10.

11.

12.

MeTo10M MO0JIOBUHHOTO Je/IeHHs] HAalTH NepBbIe TP MPUOIMKEHNS K KOPHIO YpaBHEHUS
x’ —2x* —x+2=0 na orpeske [-2.4;-0.6] .
MeTomoM POCTON UTEpaIuy HAaWTH TIEPBBIC TPU MPHUOJIMIKEHUS K KOPHIO YPaBHEHHS
x3 + 5,5x — 2 = 0 na orpeske [0, 1] c TounocTsio &€ = 0,01 .
Metonom HeroToHa (MeTO KacaTeNnbHBIX ) HANTH TIepBbIe TPU MPUOTMKEHUS K KOPHIO
ypaBHenus x> + 8x — 6 = 0 Ha otpeske [0, 1] ¢ TounocTsIO € = 0,01 .
Pemmth cucteMy TMHEHHBIX anredpanyecKux ypaBHeHUN MeToaoM ["aycca
( 4x1 +x, +x3+2x, =2
X1+ 3x; +2x3 —x4 = 2
2x1 — X5 + 5x3 + 3x, = —1
\4x; + 5x, + 4x3 —4x, = 8
Pemmth cucteMy TMHEHHBIX aNredpanuecKux ypaBHEHUH METOAOM OOpaTHON MaTpUILIbI
(2x1 + 3%, +3x3+3x4, =5
2x1 + 2x, + 2x3+3x4, =5
2% +2x, + X3+ 2x, = 4
\ 2x1 +2x, +x3+x4 =3
Haiitu nepBble Tpu NpuOIMKEHUS K KOPHSAM YPaBHEHUS CUCTEMbI IMHEHHBIX
anreOpanvecKux ypaBHEHHI METOJIOM IIPOCTOi utepanun (SIkoom).
X1+ 2x, +x3+2x4 =3
2x1 +3x; —x3+ x4 =3
2x1 + 5%, + 2x3 + 2%, =7
3x1 +5x, +x3 +4x, =8
Haiitu nepBblie Tpu npuOIMKEHUS K KOPHSAM YpaBHEHUS CUCTEMBI JIMHEHHBIX
anreOpanyecKnX ypaBHEHUN METOI0M 3eiiens.
7x1 +4x, —x3 =7
2x1 + 6x5 + 3x3 = =2
—X1 + X, +4x3 =4
C nomornsio nporpaMmMel MS Excel MeTo10M OJIOBUHHOTO ACTICHUS HANTH NIEpBbIE TPU

NPUOIIKEHNUS K KOPHIO ypaBHeHHs X° —2x° —x+2 =0 Ha otpeske [-2.4;-0.6] .

C nomornsio nporpammel MS Excel MeTo1oM poCTOil UTEpaliuil HAUTH MEPBBIE TPH
NpUOIMKEHHs K KOPHIO ypaBHeHUs x° + 5,5x — 2 = 0 Ha otpeske [0, 1] ¢ ToUHOCTBIO
e=0,01.
C nmomorsio mporpammbel MS Excel meronom HeioToHa (MeTO KacaTeNbHbBIX) HAUTH
pelenue ypaBHenus x> + 8x — 6 = 0 Ha otpeske [0, 1] ¢ TounocTsio £ = 0,01 .
C nmomoristio mporpammbel MS Excel pemnuTs cucteMy JTMHEHHBIX alre0pandecKux

4x, +x; +x3+2x, =2

X1+ 3x; +2x3 —x4 = 2
2x1 — x5 + 5x3 + 3x, = —1
4x, + 5x, + 4x3 —4x, = 8
C nomorusio nporpamMbel MS Excel pemuTh cucteMy TUHEHHBIX areOpandecKux
yYpaBHEHHI METOZIOM 00paTHON MaTPHIIbI

2x1 +3x, +3x3+3x, =5

2x1 + 2x, + 2x3+3x4, =5

2x1 +2x, +x3+2x, = 4

2x1 +2x, +x3+ x4 =3

ypaBHeHul MetosioM ["aycca
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13. C nomompto mporpammbel MS Excel pemuth cuctemy ypaBHeHH MeTo0M SkoOu ¢
TouHoCThIO € = 0,01
X1+ 2xy +x3+ 2x4 =3
2x1 +3x, —x3+ x4 =3
2x1 + 5%y + 2x3 + 2x4 =7
3x; +5x; +x3 +4x, =8
14. Haittu pemenue CJIY meronom ["aycca-3eitaens
1.63x, +1.27x, —0/84x, =1.51

1.27x, +0.65x, +1.27x, =—0.63

—0.84x, +1.27x, —1.21x, =2.15

15. PemmmTh METOIOM MPOTOHKK CUCTEMY YPaBHEHUI

( x+3y=5

| 2x+4y—z=1

4 2y —2z+w=3
z+w+v=-2
3w—v=-1

16. Haiitu npuGmmkenHoe pemrenne ypasaenus x° —0,2x” +0,5x —1,4 =0 ua oTpeske
[-1;0] MeTo0M XOpA ¢ TOYHOCTHIO 107
5 2 4+3x7 +12x+3=0
17. Hatitn mpuOamKeHHOE pEIIeHHe ypaBHEHUS X X XT3=V Ha otpeske [0;1]
)
METOJIOM JIXOTOMHH ¢ TogHocTh0 107

3 2 _
18. Haiitu mpuGnmxeHHoe pereHne ypaBHeHus * — 0.2x"+0.5-1=0 o otpeske [0;1]
107
METOJIOM KacaTeIbHBIX C TOYHOCTBIO

19. Haiitn  npuOimkeHHOE peIIeHue YpaBHEHHS X' =3x"+6x-5=0 orpeske [1;2]

-3
METO/IOM XOp/l C TOYHOCTBIO 10
20. Haiitu xopeHp ypaBHeHus sin5x + x? — 1 = 0 na orpeske [0.2; 0.3] ¢ TOYHOCTBIO 10
€=0,001 meToom XOpA.

21. HaiiTu KOpHH CUCTEMBI JTUHEUHBIX YPABHECHHI

2x, —4xy +1,4x; =-0,6;
2,1x1 —x2 _ZX3 = 2,3
¢ nomoisto MS Excel merogom I"aycca;
22. Hai'Tu KOpHH CUCTEMBI JTMHEUHBIX YPABHECHHI

L5x; —5x, —2x3 =0;
X +xy = 2xy =—1;
5x, +3x, —4x; =3.
¢ nomortpio MS Excel MeToioM pocToii ureparu.
23. Jlna ¢pyHKUMH, 331aHHON TaOIuLeit:
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X 1,2214 1,3802 1,5872 1, 8571 2,2099

f(x) 16,7391 18,0820 20,0003 22,7888 26,9367

b)

24.

COCTaBbTE HWHTEPIOJSLMOHHBIN MHOrowieH Jlarpanmxka. IlpousBegure mnpoBepKy

MOJTyYEHHOTO PE3YJIbTaTa, BBIYMCINB U COTIOCTABUB y3JIOBbIC 3HAUCHUS ()YHKIUY;
BBIUMCIINTE 3HAUCHUS ITON (yHKIMH B ToUke 1,45, ucmons3ys nporpammy Excel.

Jnst dyHKIIMA, 3aTaHHON TaOJIUIICH:

X 2 2,14 2,28 2,42 2,56

f(x) 1,1293 1,2814 1,4407 1,6066 1,7784

b)

25.

26.

27.

28.

29.

30.

COCTaBbTE IEPBYIO U BTOPYIO HHTepHoJisiuuoHHblEe (opmynbl Heiorona. Ilpoussenute
MPOBEPKY TMOJIYYEHHOTO pe3yJibTaTa, BBIYUCIUB M COMOCTABUB Y3JIOBbIE 3HAYCHUS

byHKINY,
BBIYHCIIUTE 3HAYCHUS 3TON DyHKIMHU B Toukax 2,09 u 2,45, ucnons3ys nporpammy Excel.

Boruucnnth npubnimkeHHOe 3HaueHue (PYHKIMH, UCTIONB3YS MEPBYIO UIIH BTOPYIO
UHTEPIONSIIMOHHBIE (hopMyIibl HbI0TOHA € TpeMs ciiaraeMbIMU U OLIEHKON
MOTPEIIHOCTH.

X=0.55 y=9.2647

3nauenue aprymenta 0.4632 0.553

Borancnute npubnmkeHHoe 3HaueHue (PYHKINH, UCTIONb3YS MEPBYIO UIH BTOPYIO
UHTEPHOJIIHUOHHBIE (hopMyibl HpI0TOHA € TpeMsi cllaraeéMbIMU U OLICHKOU
HOTPELIHOCTH.

X=0.51 y=15,1984

3nauenue aprymenta 0,476 0,541

Haiitn npubnmxeHHoe 3HaueHre PyHKINUN ¢ TOMOIIbIO HHTEPIOISIIMOHHOTO
MHoOrowieHa Jlarpansa npu 3aJjanHHoOM 3HaueHun aprymenta X=0.8 Y=1.02964
3nauenue aprymenta 0.815

Haiitu npubnmxennoe 3Ha4eHrne PYHKIUHU C TOMOILBIO HHTEPIOISILMOHHOTO
MHorouseHa Jlarpanxa npu 3aanHOM 3HaueHuHU aprymenta X=0.96 Y=1.52368
3nauenue aprymentTa 0.896

B npuBeneHHbIX 3aauax 4nuciaa m, n, K BBIYMCIEHBI ¢ HEKOTOPOH MOTPEIIHOCTHIO.

Heo0xoauMo BBIYMCIUTE U ONPEIEIUTD MTOTPEIIHOCTh pe3ysbTaTta A X

mxn
—JTAem = 3.85 (+0.01) n = 12.136 (+0.002)k = 17.32 (+0.03)

B npuBeaeHHBIX 3a/1a4ax 9uciia m, n, K BBIYUCIEHBI ¢ HEKOTOPOM MOTPEITHOCTHIO.

Heo0x0auMo BEIYUCIUTE M OTIPEISIUTh NOTPEITHOCTD pe3yiibTara it X
m * n?

vk

,raem = 3.15 (+0.02) n = 10.734 (+0.003)k = 25.217 (+0.001)
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4 Cucrema oneHuBanus komiuiekTa ®OC Tekymero KOHTpOJsi 1 MPOMeKyTOYHOI
aTTrecTaluu

Kpurtepun oneHuBanus 3aJaHNi NPaKTHYeCKUX paldoT.

[TpakTrueckas paboTa OIIEHUBAETCS MAKCUMAIBHO OIEHKOU «5» (OTIUYHO).

Kaxnoe 3aanue olleHNBaeTCd MaKCUMAIIBHO OLIEHKOH «5» (OTIMYHO).

[To pe3ynpTaram olieHMBaHUS BCEX 3a/IaHUI OI[EHKA COOTBETCTBYET CPEIIHEM.

Kpurepun onieHuBaHus pelIeHUH 3a1a4.

«5» (OTIIMYHO) — COCTaBJICH MPABUJIBHBIA AITOPUTM DPELIEHUS 3a/ladyH, B JIOTUYECKOM
paccyXJIeHHH, B BHIOOPE HOPMAaTUBHBIX HCTOUHUKOB M PEIICHUU HET OUIMOOK, MOIY4eH BEPHBIH
OTBET, 33aJlauya pellieHa palliOHAILHBIM CIIOCOOOM.

«4» (XOpOIIO) — COCTaBJICH NPABWIbHBIA aJTOPUTM pEIICHHs 3aJaud, B JIOTHYECKOM
pacCyXJAeHUM U pEHIeHHH HEeT CYIIECTBEHHBIX OIIMOOK; TMPaBWIBHO CJElNaH BBIOOD
HOPMATHUBHBIX MCTOYHHMKOB; €CTh OOBSCHEHHE pEIeHUs, HO 3a/aya pelieHa HepaluOHATbHBIM
CIIocoO0M MIIM JIOTYIIIEHO He 0oJiee IBYX HECYIIECTBEHHBIX OIIMOOK, MOJIyYeH BEPHBIN OTBET.

«3» (yIOBIETBOPUTENBHO) — 3aJaHHE BBIMOJIHEHO, B JIOTHYECKOM PACCYXKJICHHH HET
CYILIECTBEHHBIX OLIMOOK, HO JIOMYIICHBI CYHIECTBEHHBbIE OIIMOKM B BHIOOpPE HOPMAaTHUBHBIX
MCTOYHHUKOB; 33/1a4a pelieHa He TOJTHOCThIO U B 00IIeM BUJIE.

«2» (HEeyIOBJIIETBOPUTEIHHO) — 3a/1a4a pelleHa HEMPaBUIbHO.

Kpurtepun oneHuBaHus 0TBETA M0 YCTHOMY OIIPOCY.

«5» (OTIMYHO) — 3a TIIyOOKOE U MOJHOE OBJIAJICHHE COJEepKaHUEM y4eOHOro MaTepuana,
B KOTOpPOM OOydarouuiics cCBOOOJHO W YBEPEHHO OpPUEHTHPYETCS; 3a YMEHHE NPAKTUUYECKU
NPUMEHSTh TEOPETHUECKHE 3HAHUS, BBICKA3bIBaTh M OOOCHOBBIBATH CBOM CYXKJEHUS; 3a
IPaMOTHOE U JIOTUYHOE U3JI0KEHUE OTBETA.

«» (xopomio) — eciau OOyYaroIIMiiCs TOJHO OCBOWJI Y4YeOHBIM MaTepuali, BIageeT
HAy4YHO-NIOHATUIHBIM amNmapaToM, OPUEHTHPYETCd B M3YYEHHOM MaTepualle, OCO3HaHHO
MPUMEHSIET TeOPEeTUUYECKHe 3HAHUS Ha MPaKTUKE, TPAMOTHO M3JIaraeT OTBET, HO COJIep)KaHuE U
¢opma oTBEeTa UMEIOT OT/ENbHBIE HETOUHOCTH.

«3» (yIOBIETBOPUTEIHHO) — €CIIM OOYYArOIINICS OOHAPY)KMBAET 3HAHWE W TIOHMMaHHUE
OCHOBHBIX TOJOXEHUH yu4eOHOTro MaTepualla, HO M3JIaraeT ero HEMoJHO, HEeMOClIeA0BaTeNbHO,
JIOTTYCKaeT HETOYHOCTH B MPUMEHEHMHM TEOPETHYECKHX 3HAHUI IMpPU OTBETE HAa MPAKTHKO-
OpPUEHTHPOBAHHBIE BOIIPOCHI; HE YMEET J10Ka3aTeIbHO 000CHOBATh COOCTBEHHBIE CYXKICHUS.

«2»  (HEyIOBIETBOPUTEIBHO) — €CIM OOyYaIOIIMICI HMEET pPa3po3HEHHEIE,
OeccucTeMHBbIe 3HaHUS, JOMYCKAaeT OMMOKH B ONpEIeNeHHH 0a30BBIX MOHATUH, MCKaXaeT UX
CMBICJI; HE MOXKET MPAKTUYECKH MPUMEHATh TEOPETUYECKUE 3HAHUS.

Kpurtepun oneHuBaHusi KOHTPOJIbHOI padoThl Nel

3ajaHue K KOHTPOJbHOHW paboTe COCTOMT W3 JABYX 3a/ad, Kaxaas U3 KOTOPBIX
OLICHMBAETCS MaKCHUMaJbHO OLEHKON «5» (ornuuHo). Ilo pe3ynpTaTaMm OLIEHMBaHUS pELLIECHUS
JIBYX 3aJ1a4 OIIEHKA COOTBETCTBYET CPEIHE.

Kputepun oneHuBaHNs KOHTPOJIbHOM padoThl Ne2

3ajaHue K KOHTPOJBbHONW paboTe COCTOMT W3 JABYX 3a/ay, Kaxaas U3 KOTOPBIX
OLICHMBAETCS MaKCHUMAaJIbHO OLEHKON «5» (ornuuHo). Ilo pesynbTaTaMm OLIEHMBaHUS PELLICHUS
JBYX 3aJ]a4 OIIEHKa COOTBETCTBYET CPEIHEI.

KpuTtepun oneHMBaHus 0TBETOB 10 3K3aMEHALMOHHBIM OMJIeTaM.

OTBeT No PK3aMEHAIMOHHOMY OUJIETY OLIEHWBAETCS MAaKCUMAIbHO OLIEHKOU «5» (OTJIIMYHO).

IlepBslii BOPOC MAKCUMAJIBHO OLIEHUBAETCS OLEHKOMN «5» (OTIMYHO).

BTtopoii Bompoc MakcUMaJIbHO OIIEHUBAETCS OIEHKOU «5» (OTIUYHO).

3asa4ya OIICHUBACTCSI MAKCUMAIbHO OIIEHKOM «5» (OTJIUYHO).

ITo pe3ynbTaram OLIEHHBAHUS BCEX TPEX BOMPOCOB OLIEHKA COOTBETCTBYET CPEIHEH.

[Ipu oLIEHUBAHUM NPAKMUUECKOU U CAMOCMOAMENbHOU pabomel CTYJCHTA YIUTHIBACTCS
clenyrolee:

- Kauecmeo 8blNOIHEHUs NPAKMUYeCKol Yacmu pabomsi;

- Kauecmso ogopmaeHus omuema no pabome;
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- Kayecmeo YCMHbIX OMEemo8 Ha KOHMPObHble ONPOCHl NPU 3auume padbomal.

Kasxnprit Bu pabOThI OIIEHUBAETCS 110 TISATH OATBHOM IIKAJIe.

«5» (OTIMYHO) — 32 NIYOOKOE M MOJHOE OBJIAZICHUE COJEpKaHUEM Y4eOHOro MaTepuaiia,
B KOTOPOM OOydYaromuiicss cBOOOJHO M YBEPEHHO OPUEHTHPYETCS; 3a YMEHHE MPAKTHUYECKU
MPUMEHSTHh TEOPETUUIECKIE 3HAHMS, BRICKAa3bIBATh M OOOCHOBBIBATH CBOM CYyxAcHMs. OLeHka «5»
(OTIIMYHO) IpeoiaraeT rpaMOTHOE U JIOTUYHOE U3JI0KEHUE OTBETA.

«4» (xopomio) — ecnu OOydYaroUIMiics MOJHO OCBOMJI y4eOHBIH Marepuaj, BIajeeT
HAyYHO-TIOHATUIHBIM anmapaToM, OPHUEHTHPYETCS B HM3YUYEHHOM MarepHualie, OCO3HaHHO
MPUMEHSIET TEOPETUUYECKIE 3HAHUS HAa MPAKTHKE, TPAMOTHO M3JIaraeT OTBET, HO COJIEepIKaHUE U
¢dbopMa 0TBETa UMEIOT OTJENIbHBIE HETOYHOCTH.

«3» (yIOBIETBOPUTEIHHO) — €CIM O0YyJaromuiicss oOHapy>KUBAeT 3HAHWE U MMOHHMMAaHUE
OCHOBHBIX TOJIOKEHUH yueOHOro MaTepuasa, HO M3JIaraeT €ro HEMOJIHO, HEMOCJIeA0BaTEIbHO,
JOITYCKaeT HETOYHOCTH, B MPUMEHEHHHU TEOPETUUYECKUX 3HAHWU TMPU OTBETE HAa MPAKTUKO-
OpPUEHTUPOBAHHBIE BOIIPOCHL; HE YMEET J0Ka3aTeIbHO 000CHOBATh COOCTBEHHBIE CYXKACHHUS.

«2»  (HeYyIOBIETBOPUTEILHO) — €ClAM  OOy4alolmuiicss UMeeT pPa3pO3HEHHBIE,
OeccrucTeMHbIE 3HaHMS, TOMYCKAeT OIMMOKU B OMpeNeleHUH 0a30BbIX MOHITHM, MCKaXKaeT MX
CMBICT; HE MOXKET MPAKTUYECKH MPUMEHSATh TEOPETUUECKUE 3HAHUS.

Tecm oyenusaemcs no namu OANLHOU WKane C1eOYIOWUM 00pA30M: CMOUMOCHb
Kaxcoozo eonpoca 1 6ann. 3a npasunvHuill omeem cmyoenm nonyuaem 1 oann. 3a HesepHbiil
omeem unu e2o omcymcmaeue 0aibl He HauUCIAIMCA.

Oyenka «5» coomseemcmeyem 86% — 100% npaeunvhbix 0meemos.

Oyenka «4» coomeemcmeyem 73% — 85% npasunvnvlx omeemos.

Oyenka «3» coomeemcmeyem 53% — 72% npasuibHulx 0meemos.

Oyenka «2» coomeemcmeyem 0% — 52% npasunbHvix 0meemoa.
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Ipunoxenune

IIpoBepka BBINOJHEHUS] KOHTPOJAbHBIX padoT. KoHTposbHas paboTa MpoBOAMUTCS C

HCJIbKO PC3YJIbTATOB O6y‘-I€HI/I$I " NOCICAYIOMCTO aHalin3a TUIIUYHBIX OH_II/I60K u Sany,Z[HeHI/Iﬁ

o0OyJaromuxcsi B KOHIE U3y4eHHUs] TeMbl Wi paszena. CoriacHo KaJleHJapHO-TEMaTUYECKOMY
IUIaHy AMCUUIUIMHBI TPEyCMOTPEHO MPOBEJCHNUE CIEAYIOIINX KOHTPOJIBHBIX padoT:

KonTposbnas padora Ne 1
Bapuanrt 1
31. HazoBute Tpu OCHOBHBIX HUCTOYHHKA MTOTPEIIHOCTEN P pelieHuu 3aaad Ha OBM, ux
IPUPOAY U CIOCOOBI YMEHBIICHHUS.
32. MeToi0M MOJIOBUHHOTO JICJICHUS] HAUTH TEPBBIE TPU NPHUOIMKEHHS K KOPHIO YPAaBHEHUS

x'=2x"—x+2=0 na otpeske [-2.4;—0.6] .

Bapuanr 2
1. Kak onpenenuTs OTHOCUTENBHYIO TIOTPEIIHOCTD MPUOIMKEHHOTO uncia?
2. Meronom kacarenbHbIX (HploTOHA) HAlTH TIEpBBIC TPU NPUOTHUKEHUS K KOPHIO

ypaBHeHus x° —2x” —x+2=0 Ha orpeske [-2.4;-0.6].

Bapuanr 3
1. /[laiite onpenenenue ntepaunoHHoro Merona pemenus CJIAY.
2. MeToaoM MmpoCTHIX MTEpalUii HAaWTH MEpBbIe TPU MPUOTMKEHUS K KOPHIO YpaBHEHHS

x’ —2x> —x+2=0 na orpeske [-2.4;-0.6] .

KonTpoasnas padora Ne 2
Bapuanr 1

1. JlaitTe ompeneneHue METOAY MOJOBUHHOIO NEJICHUS [JIsi PEUICHHUS HEJIUHEHHBIX
YpaBHEHUM.

2. Haiitu mnepBble Tpu NPUOIIKEHHS K KOPHSAM YpaBHEHHUS CHCTEMBbl JIMHEHHBIX
anreOpanvyecKrX ypaBHEHUH METOIOM MPOCTOM urepauuu (SIkobn).
X1+ 2x; +x3+2x, =3
2x1 +3x; —x3+ x4, =3
2x1 + 5% + 2x3 + 2x, =7
3x1 +5x, +x3 +4x, =8

Bapuanr 2
1. Maiite omnpeneneHne MeETONy MPOCTHIX WTEpalMi [UIsl PELICHHUs] HEIMHEHHbBIX
YpaBHEHUU.

2. Pemmth cucreMy JIMHEWHBIX anreOpandecKux ypaBHEHHUH METOAOM OOpaTHON
MaTpHLBI
2x1 +3x, +3x3+3x4, =5
2x1 +2x, + 2x3+3x, =5
2x1 +2x, +x3 +2x, = 4
2x1 +2x; +x3+ x4 =3
Bapuant 3
1. Haitite ompenenenne Meroay HploToHa (METON KacaTelnbHBIX) MJIS PEIICHUS
HEJIMHEHNHBIX YPaBHEHUN.

2. PemmTh cHUCTeMy JHMHEHHBIX anreOpandyeckux ypaBHeHHMH wmeronoMm [aycca
4x, + x5 +x3 + 2x4 = 2
X1+ 3%y +2x3 —x4 = 2
2X1 — Xy + 5x3 +3x4 = —
4x, + 5x, + 4x; —4x, = 8
24



BoinosiHeHHe W 3a1MTA MpakTHYeckuXx pador. [IpakTudeckne paboThl MPOBOAATCS C
OCJIbIO YCBOCHHA )41 3aKPCIUICHU A MPAaKTUYCCKUX yMeHI/Iﬁ n 3HaHHﬁ, OBJIaACHUA
npodeccuoHanbHBIMU KOMIIETEHIUAMU. B X01e mpakTruueckoi paboThl CTyAEHTHI IPUOOPETAIOT
YMEHHsI, TPEeIyCMOTpPEHHbIE pabodyeil MporpaMMOil TUCHUIUIMHBI, YYaTCs UCHOAb308AMDb
Gdopmynvl, U NpUMEHAMb PpA3IUUHble MEMOOUKU pacdema, aHAIU3UPO8Amsb NOJYYEHHbIe
pe3yrbmamsl U 0e1amby 8bl800bl, ONUPAACH HA MeopemuiecKue 3HaHus.

Ilpakmuueckas paboma Nel. Memoo oenenus ompeska nonoiam. Ananuz 3adauu u
UCCe008aHUe PEUEeHUsL.

OnpenenuTh KOPHU ypaBHEHHUS Tpauueckd W YTOYHUTH OJWH W3 HHUX HTEPAIIMOHHBIMH
MeToaMu ¢ TouHocThIo 0,01:

1 x3+2x+2=0 9 x3+04x—-12=0
2 x3—-2x+2=0 10 x3+05x—1=0
3 x3+3x—-1=0 11 x3+2x—4=0
4 x3+x—-3=0 12 x3+04x+2=0
5 x3+2x+4=0 13 x3+9x—-11=0
6 x*+4x—-4=0 14 x*+6x+3=0
7 x*+6x—1=0 15 x*+5x—-1=0
8 x3+12x—12=0 16 x3+10x—-5=0

Ipaxmuueckas paboma No2. Memoo denenus ompesxa nonoaam. Illocmanoexa pewtenus
3adayu 6 MS Excel. Pewenue no eapuanmanm.

[Tpumep odopmnenus sadbopaTopHoil paboThI:
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GARAN TMABHAA BCTABKA PAIMETEA CTPAHMLEI COPMY NI JOAHHEIE PELLEHZMPOBAHME Bl

B EX ) Calibri 11 A T==®- E  |0umi - F
BeTaewTe < K M- - oy . -&' = = = & 5= R o5 000 %55 8 ¥cnoeHoe Topmz
- GopMaTUpOBAHWE ™  KAK Ti
Bydep obmMeHa Ta WpwngT Pl BrlpaBHWBaHKWE I Yucno Pl CTHAK
P14 - T
A B C D E F G H I J
1 NabopatopHaa paboTa NoL
2 MeTog aeneH9a OTpesKa Nononam
3
4 |BoinonHKn:
5 |BapwaHT:
6
7 |HaWTw peleHme ypaBHeHKWA X 3+x-1=0 c TouHoCTb £=0,01 METOZOM SeNeHHA OTPEe3Ka Nonoaam.
8
9 | KopHem BaHHOro ypaBHEHMA ABNAETCA X-HOOPAMHATS TOUKKM NepeceyeHHA rPadrKoE PyHKUKMH Y=X"3 1 y=-x+1.
10 | Mccnenyembld KOpPEHb HAXOAWTCA MeXay Toukamu a=0 u b=1.
11 | dyHruMA Flx)=x"3+x-1 Ha KoHUax oT pe3ka [0; 1] NpHHUMaeT 3HaYeHMA pasHblx 3Hakos M Fla)F(b) <0.
12
13

Ipumep 2.2. Haiitu pemenue ypasaenus x> + x — 1 = 0 ¢ Tounoctsio € = 0,01 meTomoM
JIeNIeHHsI OTpe3Ka MoIoJiaM ¢ MoMoIIkio mporpammsl Excel.

Haitnem wuHTEpBan, coaepxamuid €IUHCTBEHHBIM KOpeHb ypaBHeHus. [lns a3toro
HE00XO0IUMO MTOCTPOUTH TA0JMITy WU rpaduk GyHKnuu F(x).

1) Beenem B stueiiku A2, A3, A4, ... 3HaueHUS IEPEMEHHOU X.

2) Brenem B siueiiky B2 popmyny =A273+A2-1.

3) CkonupyeM GhopMyIly ¥ BCTAaBUM B OCTAJIbHEIC siueiiku cTonomna B.

4) Hailinem cocegHue siU€KH, B KOTOPHIX 3HaUeHUs (YHKIIUM UMEIOT pa3Hbie 3HAKU (pHC.
2.3 a). CoOTBETCTBYIOIINE 3HAUYCHHS TIEPEMEHHON X MAlOT TPAaHMIIBI HHTEPBAJA, COACPIKAIIETO
KOPEHb.

5) HAns moctpoeHus rpaduka BbI3bIBAEM MacTep AMarpamM. BpiOupaem THI AuarpamMmbl
«TOYeyHas» - TOYeyHas JuarpaMma co 3HAUYEHUSMH, COCIMHEHHBIMHM CrJIaKHBAIOIIUMU
JTUHUSIMH.

6) I'panuipl MHTEpBaia, COJIEPKaIIEro KOPEeHb, COOTBETCTBYIOT 3HAUEHUSIM LIKaJIbl, MEXKIY
KOTOPBIMH JIMHUS TpaduKka IepecekaeT TOpH30HTalIbHYI0 och (puc. 2.3 0) Ilpomomxkaem
perieHue Ha HOBoM Jiucte (puc. 2.4).

A B C D E F G

a ...db o dx L iba  iF@) iFb)  iFk) i
.0,0000; 1.1 [l[lll][l 10,5000 ; 1,0000: -1, [H]Il][l 1, ﬂﬂﬂﬂ' -0, 3?5[]'
05000 1,0000: 0.7500: 05000 -0,3750: 1,0000: 0,171 :
05000} 07500 06250 : 02500 -03750% 01719 -0,1309
06250} 07500 0,6875: 0,1250 -0,1309} 0,1719i 0,0125:
06250} 06875: 06563: 00625 -0,1309: 00125: -0,0611:
06563 06875: 06719: 00313  -0,0611: 00125: -0,0248
06719 0,6875; 06797 : 0,0156; -0,0248: 0,0125: -0,0063 :

06797 : 06875: 0,6836: 0,0078: -0,0063: 0,0125: 0,0030:
Puc. 2.4. Peuienne ypaBHEHHSI METOJOM ACJIEHUS OTPE3Ka MOIMOJIaM C MOMOIIBIO
nporpammsl Excel.

W0 |~ | AWK (=
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1) Beectu B stueiiku Al — G1 3aronoBku CTOIOIOB.

2) B sueiiky A2 — 3HaueHue aeBoi rpanuiibl nHTepBaia (0)

3) B sueiiky B2 — 3HaueHue npaBoii rpaHuiisl nHTEpBaia (1)

4) B sueiiky C2 — popmyiy cepenunnl otpeska [a; b] (=(A2+B2)/2)

5) B sueiiky D2 — popmyny norpemHoct (=B2—-A2)

6) B siaeiixy E2 — popmyny dynakmum (=A2°3+A2-1)

7) CkonmpoBatrb ¢(opmyny u3z E2 B sueiiku F2 u G2. Ctpoka 2 Temepb COACPKUT
pe3yabTaThl HAYAJIbHOIO MPUOIIMKEHUS.

8) B sueiixy A3 — popmyny =ECJIM(E2*G2<0;A2;C2)

9) B staeiixy B3 — dopmyny =ECJIM(E2*G2<0;C2;B2)

10) Borenuts siueiikun C2:G2 u ckonupoBaTh (popmyinel B coceanue sueriku C3:G3 npu
IIOMOIIIM MapKepa 3alojHEHHs (HeOOJIbIION 4YepHbI KBagpaT B IPaBOM HWXKHEM YIIIy
BbIJIeNIeHHOTO OJ10Ka). CTpoka 3 Tenepb COAEPKHUT Pe3yIbTaThl HEPBOTO MPUOIIKEHHS.

11) Bwimenuts sueiiku  A3:G3 wu ckomupoBaTh (OpPMYNIBI B COCEIHHE SUCHKH
pacnosnokeHHbIX Huxke cTpok A4:G4, A5:GS, u T.4. mpu oMol Mapkepa 3anonHenus. Kaxnas
HOBasl CTPOKA COJEPKUT PE3YIbTATHI OUEPETHOI0 MPUOIMKEHUS.

12) B cronbue C HaliTh 3HaY€HHUE KOPHSI, COOTBETCTBYIOIIEE 33 JaHHOW TOYHOCTH.

[TpubnuxenHoe pemeHue aanHoro ypaBHeHus x = 0,6836 =~ 0,68 conmepxurcs B sueiike
C9 (morpemraocts 0,007 < 0,01 B stuetike D9).

OtBeT: x = 0,6836 = 0,68

Ipakmuueckas paboma Ne3. Memoo npocmueix umepayuti. Ananu3 3a0a4u u ucciedo8anue
peuterus.

Ilpakmuueckas paboma Ne4. Memoo npocmuix umepayuii. [locmanosxa peutenus 3a0auu 8

Pemnth ypaBHenue x> + x — 1 = 0 na orpeske [0,1] METOIOM MPOCTHIX
uteparuii ¢ TounocTsio € = 0,001 ¢ momomipio mporpammel Excel.

ITopsinok pemenus:

[opsanox pemenus (puc. 2.11).

1) Beectu B suetiku Al:D1 3aroisoBku cToiIOLIOB.

2) B sueiiky A2 — 3HaUYeHHE HAYATEHOTO TPHOIKEHHS 1

3) B sueiiky B3 — popmyny pynkmumn =A2"3+A2-1
4) B sueiicy C2 — 3nauenne M 5

5) B sueiiky A3 — GpopMyily NEPBOTO NPHOIMKEHHUS =A2-B3/$C$2
6) B sueiiky D3 — morpemsocts =ABS(A3-A2)

7) Boinenuts sueiiku A3:D3 um ckonmpoBaTh (GOPMyNBI B COCEIHUE SYECHKH
pacrnojoKeHHBIX Huke cTpok A4:D4, AS5:DS, u T.n. npu NnoMmou Mapkepa
3anonHeHus. Kaxpas HoBasg CTpoKa COAEPXKHUT pe3yibTaTbl OYEPEIHOIO
NpUOIINKECHHUS.

8) B crosbue A HaliTH 3HAYEHHE KOPHS, COOTBETCTBYIOIIEE 3aaHHOM TOYHOCTH.

[MpubmmxenHoe peuieHne nJaHHOTO ypaBHeHHs X = 0,68427 = 0,68 conmepxkurcsa B sueiike A9
(morpemaocTh 0,00179463 < 0,01 B stueiike D9).

A B C D
1 |x f(x) M MOTPELIHOCTh
2 1 5
3 0,8 1 0,2
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4 0,7376 0,312 0,0624
5 0,70982 1  0,13889 | 0,02777881 !
6 0,69633 | 0,06746 : 0,01349237 |
7 0,68954 1  0,03396 | 0,00679209 !
8 0,68606 | 0,01738 : 0,0034769 :
9 0,68427 1  0,00897 ! 0,00179463 !
Puc.2.11. Pemenne ypaBHEHUS METOJAOM

MPOCTOM  UTEpALUU IIOMOIIIBIO

nporpammsl Excel.

Ilpakmuuecxas paboma Ne5. Memoo npocmwix umepayuil. Pewienue no sapuanmam.

Onpenenuth KOpHU ypaBHEHHS TpaUUecKH W YTOUHUTH OJMH M3 HUX HUTEPAMOHHBIMU
MeToamMu ¢ TouHocThIo 0,01:

1

2
3
4
5

(o)

x3+2x+2=0
x3-2x+2=0
x3+3x—-1=0
x3+x-3=0

x3+2x+4=0
x3+4x—-4=0
x3+6x—1=0

x3+12x—-12=0

9

10
11
12
13

14
15
16

x3+04x—-12=0
x34+05x—1=0
x3+2x—-4=0
x34+04x+2=0
x3+9x—-11=0
x3+6x+3=0
x3+5x—1=0
x3+10x—-5=0

IHpaxmuueckas paboma Ne6. Memoo Heromona (Mmemoo kacamenvHulx). Ananus 3adavu u

uccnedosanue peULerusl.

Ipakmuueckas paboma Ne7. Memoo Hetomona (memoo xacamenvuulx). [locmanoska

1)
2)
3)
4)
S)
6)
7)

pewenus 3a0ayu ¢ MS Excel.

Pemmuts

[Topsinok pemenus (puc. 2.8).

Bgectu B suetiku Al:D1 3aroisoBku cToi0OB.

B siaeliky A2 — 3HaueHUE HAYAJIBHOTO MPUOIMKECHHS

B stueiiky B3 — popmyny dysakimm

B stueiiky C3 — popmyny npousBoaHo# GyHKINH
B stueiiky A3 — ¢popmyiy nepBoro npuOIMKeHHs

B siueiiky D3 — norpemHocts

ypaBHenue x> + x — 1 = 0 na orpeske [0,1] metomom HeroToHa ¢
touHocThIO € = 0,001 ¢ momombro mporpammer Excel.

1
=A2"3+A2-1
=3*A272+1
=A2-B3/C3
=ABS(A3-A2)

Boinenuts suetiku  A3:D3 m ckomupoBaTh (GOpMYNIBI B COCEIHHUE SIYCUKH
pacnoioxkeHHbIX Huxke cTpok A4:D4, AS5:DS5, u T.n. Ipu oMol Mapkepa
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3aMOJTHEHMSL.
NPUOITHKECHHUS.

Kaxxgass HoBas cTpoka COAEPKHUT pPE3yabTaThl

OYEePETHOTO

8) B cronbue A HaiiTh 3HaYeHUE KOPHS, COOTBETCTBYIOIIEE 3aIaHHONW TOYHOCTH.

[TpubmxenHoe pemnieHre gaHHoro ypaBHeHus x = 0,68233 = 0,682 comepxutcs B siuciike A6
(morpeurHocts 0,00001 < 0,001 B stueiike D6).

A B C D
Lx Fx) . F'(x) i morpemsocts
2 | _1,00000: N |
3 | 075000 1,00000: 400000 0,25000 |
4 | 0068605: 0,17188: 2,68750: 0,06395 |
S | 068234: 0,00894: 241198: 0,00371 |
6 0,68233 1 0,00003 | 2,39676 | 0,00001 :

Puc. 2.8. Pemenue ypaBHeHuss MmerogoMm HpioToHa c
nomoInkko mporpammsl Excel.

Ipakmuueckas paboma Ne§. Memoo Hvtomona (memoo kacamenvhulx). Pewenue no

eapuanmanm.

OnpenenuTh KOPHU ypaBHEHUS Tpauueckd W YTOYHHTH OJWH U3 HHUX HTEPAIIMOHHBIMH
MeToaMu ¢ TouHocThIo 0,01:

1

2
3
4
5

6
7
8

x3+2x+2=0
x3-2x+2=0
x3+3x—-1=0
x}+x-3=0
x3+2x+4=0
x3+4x—-4=0
x}+6x—1=0
x3+12x—-12=0

9

10
11
12
13

14
15
16

x34+04x—-12=0
x3+05x—1=0
x3+2x—4=0
x3+04x+2=0
x3+9x—-11=0
x3+6x+3=0
x3+5x—-1=0
x3+10x—-5=0

Ilpakmuuecxas paboma Ne9. Pewenue CJIIAY memooom I'aycca. Ananuz 3aoaqu u

uccnedosanue peULerusl.

( 4'x1 +x2 +x3+2x4:2
x1+3x2+2x3_x4:2

<2x1_x2+5x3+3x4_=_1

\4x1+5x2+4x3_4x4 :8
( x1+2x2—x3—x4=0
2x1+3x2—x3+x4=3

<2xl+5x2+2x3+X4:3

\3x1+5x2+x3+2x4=5
( x1+xZ+X3:1
xl+2x2+2x3+X4:0

Y 25, + 3%, + 4x;3 + 2x, = 0

\3x1 + 4x2 + SX3 + 3X4_ = 0

6.

(X1 — Xy +2x3—x4 =1
2x1 +3x3+x, =4
X1 +x, +3x3—x4 =2
\2x; + x, + 5x3 — 2x4, = 3
([ X1+ Xy, +Xx3+x4 =2
X1+ 2xy + 2x3 + 2x4 = 4
2x1 +3x; +4x3+4x, =7
\3x; +4x, + 5x3 + 6x, =9
( 2X1+ X, + X3 +x4 =2
2x1 +2x, +x3+ x4 =3
2x1 +2x, + 2x3+ x4, =3

\2x1 + 2x, + 2x3 +3x, =1
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( 2x1+x2+X3+X4=1 (x1+2x2+2x3+x41_=0

7<2x1+2x2+2x3+3x4=—1 8<2x1+3x2+3x3+2x4=0
") 4xy +3x; +3x3+3x, =1 ") 3xy +5x, +4x3 +2x, =1
\ 6x; + 4x, +5x3 + 2x, = 4 \4x, + 7xy + 6x3 + 2x, = 2
( 2x1+Xx, +x3+x,=2 ([ 2x1+2x, +x3+x, =1
9.4 2x1 +2x; +2x3+3x, =1 10, 4 2x1 +3x, +2x3+x, =1
") 2x4 +2x, +3x3+4x, =0 " )4xy +5x, +4x3 +3x, =1
\2x; + 2x, + 3x3 + 5x, = —1 \ 6x; +5x, +x3+x, =5

Ipaxmuuecxas paboma Nel(). Pewenue CJIAY memooom I'aycca. [locmanoska pewienus
3adayu 6 MS Excel. Pewenue no eapuanmanm.

B Tekcre Oymer mpemiaratbcss BBECTH B IMANa3oH s4eek  QopMmyly BUja:
{=A1:B3+$C$2:$C$3} u T.m., 310 Tak-Ha3bIBacMbie «(hopMynbl MaccuBay. Microsoft Excel
ABTOMATHUYECKU 3aKI0o4acT ee B ¢urypHsie ckoOku ( { } ). [l BBeaeHus takoro tuma Gopmyi
HEO0OXOUMO BBIICTUTh BECh IUANa30H, KyAa HYKHO BCTaBHTH (DOpMYyITy, B MEpPBOM suciike
BBeCTH (hopMyiry 0e3 GpUrypHBIX CKOOOK (muas npumepa Bbime — =A1:B3+$C$2:$C$3) u naxats
Ctrl+Shift+Enter.

[Tyckaii umeeM cuctemy JIMHEHHBIX YPaBHEHU:

9x; + 5%, +4x3+7x, =0
4x, +6x5 +8x3 +7x4, =6
S5x; +8x, + 7x3 +6x4 =3
5x1 +6x, +8x3 +7x, =7

1. 3anumeM KO3 HUIMEHTH CUCTeMBbl YypaBHeHUHl B sueliku Al:D4 a cronbery
cBoOOMHEIX uieHOB B suekiku E1:E4. Ecnu B sueiike Al Haxomurcs 0, HEOOXOOMMO MOMEHSTH
CTPOKH MECTaMHU TaK, 4YTOO B ATOU siduelike ObUIO OTIMYHOE OT HOJs 3HaueHue. Jyis Oonbpiieit
HarJSITHOCTH MOXKHO JT0OABUTH 3JTUBKY STYEEK, B KOTOPBIX HAXOASTCSI CBOOOHBIC YICHBI.

A | B | ¢ | Db | E |
1] ] g 4 7 0
2] 4 5 8 7 5
3| 5 5 7 B 3
4 | 5 B 5 7 7
5 |

2. Heobxonumo koadduumeHt npu x1 Bo Bcex ypaBHEHHIX KpoMme IepBoro npusectu K 0.
s Havana caenaem 3To 11l BTOporo ypaBHeHus. CKOnUpyeM MEepBYyIO CTPOKY B sueiiku A6:E6
06e3 wu3meHeHmit, B sueiiku A7:E7 HeoOxomumo BBectu  Qopmyny:  {=A2:E2-
SAS1:SES1*(A2/$AS$1)}. Takum oO0pa3oM MbI OT BTOPOH CTPOKHM OTHHMaeM IEPBYIO,
yMHOKEeHHYI0O Ha A2/$A$1, T.e. oTHOmIEHHE TEPBHIX KOA(D(GHUIIMECHTOB BTOPOrO M IIEPBOTO
ypaBHeHus. Iyt ynoOcTBa 3amojIHEHHUST CTPOK 8 M 9 CCBHUIKM Ha SYCHKH TEPBOH CTPOKH
HEOOXOMMO UCTIONIL30BATH A0COIOTHBIE (KCIIOIB3yeM CUMBOI $).

AT - Fel{=A2:E2-5A51 SEF1 (A2/5AG1))
A | B | ¢ | b | E |

1] 9 3 4 7 0
2] 4 3 8 7 B
3] 5 8 7 B 3
4] 5 3 g 7 7
5 |

B g g 4 7 ]
| 7 | 0] 3777778 6222202 3 AAGEAS B

5

]

M

3. Komupyewm BBeneHHy0 hopmyny hopmyiy B CTpoku 8 u 9, TakuM 00pa3om nu3baBisieMcst
oT kK03 puuneHToB nepes X1 Bo BceX ypaBHEHHUAX KpoMe MEPBOTO.
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M (M| = 00

|

0|00 |3 M

5

[mupp R g

4

e =2 R s |

7

0| 3777778 B222222 3588559
00 5222222 4777778 211111
00 3222222 5777778 311111

-~ Wm0

-~ Wm0

4. Tenepp npuBeneM k03P GUIIMEHTH TIEpe X2 B TPEThEM M YeTBepTOM ypaBHeHUU K 0. Jls
ATOr0 CKOMHPYEM TOTyYeHHBIE 6-10 B 7-10 CTPOKU (TOJIbKO 3Ha4eHHs) B cTpoku 11 u 12, a B

sueiikn  A13:E13 BBemem ¢opmyny {=A8:E8-$AS$7:SE$7*(B8/$BS$7)},

KOTOPYIO 3aTeM

ckorupyeM B sueiiku Al4:E14. Takum o0Opa3oMm peanu3yercssi pa3HOCTb CTpOK 8 u 7,
YMHOXXEHHBIX Ha K03 dunment B8/$B$7. He 3a0piBaeM mpoBOAUTH MEPECTAHOBKY CTPOK, YTOO

n30aButhes oT ) B 3HAMEHaTene Ipoou.
A

B

0

m

I o

1

(53]

[ B B R } M M 0

[ R e B RV

M oomm

=3

0~ 00 e

4

e BN )

7

3777778 6222227 3585589
5222002 AF7EITE 211111
3222222 5F7TTIE 3111111

=3

4

7

3777778 6222272 3838389
0 -3,82353 -3.26471
0 0470588 -0,20585 1882353

-l wmo

-l wm o

0
5

-5,29412

5. Ocranoch npuBecTd KOAPPHUIMEHT NP X3 B UETBEPTOM ypaBHEHHH K 0, ISl 5TOTO BHOBb
MpoJieJIaeM aHAJIOTHMYHbBIC JACHCTBUS: CKomupyeMm mojydeHHbie 11, 12 u 13-0 cTpoku (TOJBKO

3HaueHus1) B crpoku 16-18, a B sueiiku Al19:E19 BBemem

bopmyny {=Al14:E14-

$AS13:SES13*(C14/$CS$13)}. Takum o0Opa3oM peanusyercs pa3sHOCTh CTpok 14 u 13,
yMHOKEeHHBIX Ha Kod(dunment C14/$C$13. He 3a0biBaeM MPOBOAUTH MEPECTAHOBKY CTPOK,
yT00 M306aBUTHCS OT () B 3HAMEHATENE TPOOH.

A

B

C

D

E

Ol e .
oo el

M M &= @0

[ R g e R

[ e B R

oo o

a

3777778
0222222
3222022

A

377777

1]
1]

a

3777778

a}

[ma Rt R w s R

4

5222222
4777778
5777778

4

5222222
-3.82353
0.470558

4

5222222
0 -382353

a

e =2 R

7
3,888559

21111
ERRANAN

7
3,858559

-3,26471

-0,20558

7
3,858559

-3.26471

-l W m o

- m O

0
B
-5,28412
1852353

0
B
-5,29412

050769 1230764

6. [lpsimast mporonka meromom [aycca 3aBepinena. OOpaTHYIO MPOTOHKY HAayHEM C
MOCJICTHEW CTPOKHM TIOJNy4YeHHOW Matpuibl. HeoOXommmo Bce 3JeMEHTHI TOCHETHEH CTPOKH

pazgenuth Ha kodp¢umuent npu x4. g sToro B cTpoky 24 BBeaeM

{=A19:E19/D19}.
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A | B | ¢ | b | E |
N 9 3 4 7 i
2| 4 5 g 7 5
R & g 7 5 3
4 & 5 g 7 7
5 |
B | 9 & 4 7 ]
7| 0 3777778 6222222 3399889 5
B | 0 5222222 4777778 2111111 3
ER 0 3222222 6777778 3111111 7
10|
1 g 5 4 7 o
12| 0 3777778 6222222 3399889 5
13| i 0 -382353 -326471 -529412
14 i 0 0470588 -020588 1882353
15|
16| 9 & 4 7 ]
17| 0| 3777778 6222222 3,399989 5
18| i 0 -382353 -326471 -529412
19| i i 0 -0G60769 1230769
20
21
22 |
23]
24 i i i 1 202632
A5

7. IlpuBeieM Bce CTPOKHM K IMOAOOHOMY BHIY, JUIS 3TOTO 3alOJHUM CTpoku 23, 22, 21

cienyomuMu GpopMyamu:

23: {=(A18:E18-A24:E24*D18)/C18}

YMHOXXCHHYIO Ha KO3(PGUIMESHT MpH X4 TPEThel CTPOKH.

22: {=(A17:E17-A23:E23*C17-A24:E24*D17)/B17} — OT BTOpO#l CTPOKM OTHHMAaeM
TPETHIO U YETBEPTYIO, YMHOKEHHBIE Ha COOTBETCTBYIONIHE KOPPHUIIHESHTHI.

21: {=(A16:E16-A22:E22*B16-A23:E23*C16-A24:E24*D16)/A16} — oT mepBoii CTpOKH
OTHHUMAaeM BTOPYIO, TPETHIO M YETBEPTYIO, YMHOXKEHHBIE HAa COOTBETCTBYIONIHE KOAPPHUIIMCHTHI.

— OTHUMAaeM OT TpPETbEU CTPOKH YETBEPTYIO

Pesynprat (KOpHU ypaBHEHUS) BbIUMCIICHBI B siueiikax E21:E24.

A | B | ¢ | b | E |
1] 9 5 4 7 0
2] 4 B B 7 B
3 3 8 7 B 3
4 3 B B 7 7
5 |

6 | 9 5 4 7 0
7] 0| 3777778 6222222 3580889 B
8 | 0| 5222222 4777778 2111111 3
2 0| 3222222 5777778 3111111 7
10

11| 9 5 4 7 0
12 0| 3777778 6222222 3580889 B
13 0 0 -382353 -326471 -529412
14 0 0 0470583 020583 1882353
15|

16| 9 5 4 7 0
17| 0| 3777778 6222222 3680889 B
18| 0 0 382353 -326471 -529412
19 0 i 0/ 060769 1230769
20

F ] 0 0 0 i
2] 0 1 i 0 14857
3| 0 i 1 0 3113924
24 0 i i 1 -2m532
e

Ilpakmuuecxas paboma Nel . Pewenue CJIAY memooom obpammuoii npoeonku. Ananus

3a0a4u U UCCIeO08aAHUe PEULEHUA.

a11x1 + a12x2 + -+ alnxn == bl
az1X1 + az2X, + -+ AornXy = bz

Ap1X1 + ApaXy + o+ AppXn = by
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Cuctemy (1.1) MOXXHO TIpeICTaBUTh B MAaTPUIHOM BHC Kak AX = B,

rne A =

all alz . aln bl xl
dz1 Qzz ... QA b, X2

e b B = 2 X = b
An1 Qpz -« Qpp b, Xn

PelieHye MOKHO BBIPA3UTh, UCIIONb3ys yMHOXKEHHE Ha MaTpuIy A~ 1, oOpatHyIo K A:
A"'AX =A"'B, X=A"'B

Ilpakmuueckas paboma Nel2. Pewenue CJIAY memooom obpammoii npocorxu.

Ilocmanosxa pewenus 3a0aqu 8 MS Excel.

[Topsinok penieHus:

Beectu marpuny A u Bextop B B aboumii muct Excel (puc. 1).

A B C D E F G
A B

s w0 w A
' |
L N I <]

7 -5 11

oUW N e
i
!
N
w

Boinenute sueliku [uis XpaHeHus oOpaTHOW MaTpuisl 4 X 4; Hampumep, SYCHKH
A8:D11.

BeBath  Mactep — QyHKuMH, B  Kareropuum  «Maremaruyeckue»  BBIOpATh
byHKIMIO  BbIUMCIEHUS oOpatHor Marpuitel MOBP. B nmamoroBom — okHe
apryMeHToB (QYHKIUMHU 3alOJHUTH Moje BBojga «MaccuB» - yka3aTh JAMaIla3oH S4YeeK
MaTpULBI A - B HaleMm ciryyae A2:DsS. Haxatb KHOIIKY
OK. B nmepBoil sueiike BBIACICHHOTO T10A OOpaTHYIO MAaTpUIly JAHMara3oHa
(A8) mosiBUTCS YHCIIO.

UToObI MOTYYHUTH BCIO OOpAaTHYIO MaTpUIly, HAXKaTh KJIaBuIily F2 11 mepexona B pexxum
pEIaKTUPOBAHUS, a 3aTemM OJIHOBPEMEHHO KJIABHILIN
Ctrl+Shift+Enter. B sueiixax  AS8:Dl11 MOSIBATCSL ~ 3HAYEHUs  OOpaTHOU
matpuibsl AL

Beraenuts AYEHKHU JUTSL XpaHEeHUs BEKTOpPa-CTONO1a HarpumMmep,
auerku F8:F11.

BesBate  Mactep  QyHkmumii, B  kareropum  «MaremaTuueckue»  BBIOpaTh
byaknuo ~ mMatpudHoro  ymHoxkemmss  MYMHOX. B nguamoroBom  OkHe
apryMeHToB (QyHKIMM B Toie BBoma «MaccuBl» yka3aThb JManazoH —sS4eeK
MaTpHUILIBI A~! - B Hamem ciydyae A8:D11, B nmone BBona «MaccuB 2» yka3aTh Auana3oH
SYEEK BEKTOpa B - B HalleM ciay4dae F2:F5. Haxartp
kHonky OK. B mepBoil sueiike BBIIEIEHHOIO IO  pE3yabTaT JMala3oHa
(F8) mostBUTCS uncio.

UroObl momyuuTh Bech BekTOp X, Haxkarh kimaBumy F2 g mepexonma B
peXUM peAaKTUPOBaHUS, a 3aTeM OJIHOBPEMEHHO KJIABULIN
Ctrl+Shift+Enter. B siueiikax F8:F11 mosiBaTcs 3HaYSHUS pEIICHHs] CUCTEMBI YPaBHEHUN:

x; = 1,767019; x, = 9,807512; x5 = 2,702465,x, = —0,48533.
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A B C D E F G
1 A B

2 13 -2 1 -4 8

3 2 0 -3 5 -7

4 4 -1 3 9 1

5 7 -5 11 -4 -5

6

7 AL x =

8 | 0,098005 -0,09214 0,071009 -0,0534 Xy 1,767019

9 | 0,201878 -0,85446 0,403756 -0,3615 Xz 9,807512

10  0,019366

-0,31162

11 -0,02758 0,049883

(le + 3x2 + 3X3 + 3X4_ =5
le + zxz + 2x3 + 3x4 = 5

Y 25, + 3%, + 4x5 + 4x, = 1
\3x; +4x, + 5x3 + 6x, =1
((2X1 + Xy +Xx3+2x4 =2
2x1 +2x; +x3+2x4 =3

0,163732
0,069836

-0,04049 X5
-0,00293 X,

2,702465
-0,48533

IIpakmuyeckasa paboma Nel3. Pewenue CJIAY memooom obpamuoii npo2oHk

eapuanmanm.

x1+2x2+x3+2x4=3
2x1+3x2—x3+x4=3

) 2%y +2x, +x3+2x, = 4 2 2x1 +5x, + 2x3 + 2x, =7

\ 2x1 +2x, +x3+x4 =3 3x1 + 5x, +x3 +4x, =8

(( X1+ 2%, +x3+2x,=1 X1 +x, +2x3+x,=0

) X1 +4x, +2x3 +x4 =2 4 X1+ 2xy +4x3 +2x, =1
2x1 +6x, +x3 +3x4 =5 ") 2x1 +3x, +8x3 +4x, = 2
\2x; + 5x, + 2x3 + 2x, = 3 3x1 +4x, +10x3 + 6x4 = 3
( X1 +x,+x3=0 X1+ 2xy +3x3 +3x, =2
X1+ 2x, +2x3+2x, =1 6 X1+ 3x, +4x3 +4x, =1

le + 3x2 +4x3 +4x4 = 1
3x1 +4-x2 + 5x3 + 6x4 = 1

x1+2x2+2x3+2x4=1

u. Pewenue no

2x1 + 3x2 + 3x3 + 4‘x4_ =2

X1+ Xy +x3+x,=2 8. 3x1 +5x; +4x3 +4x, =2

\ X1 + X, +x3+3x4 =2 4x, + 7xy + 6x3 +4x, =0
( 3x1+2x, +x3+x,=1 5x; +3x, +3x3 +3x, =8
9<3x1+3x2+2x3+2x4=—1 10 2x1 —2x, —3x3+3x4 =5

3x1 + 3x2 + 3x3 + 4’x4 = _4’
\3x1 + 3x2 + 3x3 + 5x4 = _5

2x1+2x2—3x3+2x4= 1
2x1+2x2 +x3+ZX4:4

Ipaxmuueckas paboma Nel4. Pewenue CJIAY memooom npocmou umepayuu. Ananus
3a0aqu u ucciedo8anue peuleHus.

CyTb BbIUHUCIECHUN UTEPALIMOHHBIMA METOJAMH COCTOMT B CJIEAYIOIIEM: pacyeT HaUYMHAETCs
C HEKOTOporo 3apaHee BbiOpanHOro mnpuommkenns x(°) (mauaneHOrO NPHOTMKEHHS).
BBIUKCITHTENbHBIA TpoLiece, HCHonb3ytommii Matpuiy A, Bekrop B cucremsr (3.1) u x(©,
IPHBOIHT K HOBOMY BekTopy x (1:

1 i1 n .
W =—0-Yax"->ax"), i=123..n
. j=1 i )

i J J=i+l

(3.11)

3ateM mporiecc moBTopsercs, Tonbko BMecto x (9 mcmons3yercs HoBoe 3HaueHme x (V.
Ha k + 1-om miare HT€palnoOHHOTO IMPOLECCA TTOIYYalOT: ) ]
-1 ]
(k+l) _ i (k) (3] . -
X =—(b, —Z}gﬂ:{j - EGU.:\J. ), i=L23...n (3.12)

i
ii J J=i+l

IIpy BBIIIOJIHEHMHM HEKOTOPBIX 3apaHee OTOBOPECHHBIX YCIOBUM IIPOLIECC CXOMUTCS IPU
k — oo. CxomumMoCTh MeTOJa MPOCTON UTEpaluy OOECIIEYMBACTCS NPHU BBHIOJHEHUU YCIOBUS
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npeo0Iaanus TMarOHalIbHBIX 2J1EMEHTOB MATPUILIBI A:
la,|<|a,l, i=1,2,3,...n (3.13)
L]
3aHaHHaﬂ TOYHOCTBH JOCTUTACTCA IIPH BLIIIOJIHCHUHN YCIIOBUA:
max | x D x® < g (3.14)

[Tpumep:
IIpeoOpaszoBate cucrtemy ypaBHeHHH (3.15) K BuAy, NPUTOAHOMY JJsl TOCTPOCHHUS
UTEPALMOHHOIO MpoLecca METOA0M SIKOOU U BBIMIOJIHUTE TPU UTEPALIUU.
7x1+4x2_x3 = 7
le + 6x2 + 3X3 = -2 (315)
_x1+x2 +4‘x3 =4‘
Pewrenne:
Hocratounoe ycnoBue cxomumocTd (3.13) BBINONHSETCSA, MMOITOMY HAYadbHOE
MPUOJIMIKEHUE MOXKET OBITh JTHOOBIM.
|ay, |+ as|=4+1<|a,|=7
|ay, |+la,|=2+3<|a,|=
|a, | +|a,|=1+1<|a,,|=4
B -om ypaBHeHUU Bce WIE€HBI, KDOME X;, IEPEHOCATCS B MPABYIO YaCTh:

X, =(7T—4x,+x;)/7
X, =(-2-2x,-3x;)/6 (3.16)
X, =(4+x-x,)/4

3amaercsi HavaabHOE MPUOIMHKCHUE x(© —( ©, xgo)’ xéo)) MOACTABIISIOT B TIPaBYIO

dacts (3.16). Ecu x(O) =0, x(o) =0, x(O)
AP =(7-4-0+0)/7=1
¥ =(-2-2-0-3-0)/6=-1/3=-0,333

1V =(440-0)/4=1

= 0, To pe3ynbTaThl NEPBOM UTEPALIUU:

. @ — (@, @, 1)
PesynbraTel nepsoii urepauuu x\ = (x;7; X, '; X3~ ) MOJACTABISAIOT B IIPAaBYIO 4acThb

(2.16) u moTy9aroT pe3yJbTaThl BTOPOU UTEPAIUU:

X2 =(7-4-(-0333)+1)/7=4/3=1333
IE-J={_2_2.l_3-]_);"l5=—?.ff5=—Llﬁ?
'::'—{4+1 —(—0,333))/4=4/3=1,333

(), .2

o 2
Pe?)y.]IBTaTBI BTOpOU UTCpallun X(z) = ( @), y Xy 75 X3 ) MMOACTABJIAIOT B IPaBYIO 4aCTb

(2.16) u moy4aroT pe3yNbTaThl TPEThEW UTEPALUH:

1 =(7-4-(-L167)+1,333)/7 =1.857
x? =(=2-2-1,333-3-1,333)/6=—1,444
1) =(4+1,333—(-L167))/4=1625

OnpenenstoT JOCTUTHYTY0 TOUHOCTD:
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|28 —x® | =|1,857-1,333| =0,524
|29 —x® | =| -1,444+1,167| =0,278
|2 —x® | =|1,625-1,333| =0,292

max | x® —x* |= 0,524
I

Ilpakmuueckas paboma Nel5. Pewenue CJIIAY memooom npocmoii umepayuu. Ilocmanoexa
pewenus 3a0ayu ¢ MS Excel.

7x1 +4x, —x3 =7
2x1 + 6x5 + 3x3 = —2
—X1 + X, +4x3 =4
[Topsinok penieHus:
1) IIpencraButh cucremy B Buze 3.16.
2) Beectu B stuetiku A1:C1 3aroioBku cToI0I0B:

A B C
L I '~ S B
2 |._.000: __000i 0001
3 |....100% 033 . .100
4 |33y ATy 133
5 | 16... 44} 163
6 |20 76} 183
T | 2274  193i 19
20 | 286;.. 234 225
21 | 286._..-235) . 225
22 266+ 2351 2251

3) B saeiiku A2:C2 — mavansHoe npubmmxenue 0, 0, 0;

4) B siueiiky A3 — dopmyny x; =(7-4*B2+C2)/7

5) B sueiiky B3 — dpopmyny x, =(-2-2*D2-3*C2)/6

6) B saeiixy C3 — hopmyny x3 =(4+A2-B2)/4

7) Beimenuts cronbusl A, B, C, BEI3BaTh KOHTEKCTHOE MeHIO DOpMaT sYeeK, yCTAHOBHUTH
YUCIIOBOW (hOpMaT YHCIOBOM H YyKa3aTh YHCIO JCCSITHYHBIX 3HAKOB, COOTBETCTBYIOIIEE
HEOOXOIUMOI TOYHOCTH, T.€. 2;

8) Breimenuth sueiiku A3:C3 u ckomupoBaTh (OPMYJBl B COCEOHHE SYCHKH
pacnoyioxkeHHbIX HIKe CTpok A4:C4; AS5:CS u T.4. mpu noMoly Mapkepa 3anojHenus. Kaxnas
HOBAs CTPOKA COACPKUT PE3YNIbTATHI OUEPEIHOTO MPUOIMKECHNUS,

9) Ilpogomkarh KOMMPOBaHUE, MIOKA PE3YJbTAT HE NEPECTAHET MEHSITHCS;

10) Aueitku A21, B21, C21 conepsxat pelieHne CUCTEMbl YPaBHEHUH, COOTBETCTBYIOILEE
3aJaHHOU TOYHOCTH.

[TpubmmkeHHoe peneHne cucTeMsl ¢ TouHocThio € = 0,01:

x, = 2,66,x, = —2,35,x3 = 2,25.

Ipaxmuuecxas paboma Nel6. Pewernue CJIIAY memoodom npocmoii umepayuu. Pewenue no

eapuanmanm.
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(2xq +3x, + 3x3 +3x, =5
<2x1+2x2+2x3+3x4=5
2%y +2x, +x3+2x, = 4
\ 2x1 +2x, +x3+x4 =3

( X1+ 2%, +x3+2x, =1
X1 +4x, +2x3 +x4 =2
2x1 +6x5 +x3+3x4 =5
\2x; + 5x, + 2x3 + 2x, = 3
( X1 +x,+x3=0

X1+ 2x, +2x3+2x, =1
2x1 +3x, +4x3 +4x, =1
\3x; +4x, + 5x3 + 6x, =1
(2x1 + X, +x3+2x4 =2
<2x1+2x2+x3+2x4=3
X1+ Xy +X3+x, =2

\ X1+ Xy +Xx3+3x, =2

( 3x1+2x;, +x3+x,=1
<3x1+3x2+2x3+2x4=—1
3x1 +3x, +3x3 +4x, = —4
\3x; + 3x, + 3x3 + 5x4, = =5

6. <

10. <

( X1+ 2x, +x3+2x4 =3
2x1 +3x; —x3+x, =3
2x1 +5x, + 2x3 + 2x, =7
\ 3x; +5x, + x3 +4x, =8
( X1 +X,+2x3+x,=0
X1+ 2x, +4x3+2x, =1
2x1 +3x; +8x3 +4x, = 2
\3x1 + 4x, + 10x3 + 6x4 = 3
(X1 + 2xy +3x3+3x, =2
X1+ 3x; +4x3 +4x, =1
2x1 +3x, +4x3 +4x, =1
\3x; +4x, + 5x3 + 6x, =1
(X1 + 2%, +2x3 +2x, =1
2xq1 +3x, +3x3 +4x, = 2
3x1 + 5xp +4x3 + 4x, = 2
\4x, + 7x, + 6x3 +4x, =0
(5x1 +3x, +3x3 +3x, =8
2x1 —2x, —3x3+3x4, =5
2x1 +2x, —3x3+2x, =1
\ 2x1 + 2%, + x3 +2x, = 4
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