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1. ACIIOPT PABOYEH TPOT'PAMMBI JJUCHUILJIAHBI

1.1. O6aacTh npuMeHeHusi pado4eil NPOrpaMmbl

Pabouas mnporpamma AMCHUITIMHBI

SBJISIETCA YacTbl0 OCHOBHOH 06paSOBaT€HBHOﬁ

nporpamMbl B cootBeTcTBHM ¢ PI'OC mns cneumansHoctu 09.02.07 HudpopmannoHHbIE
CHUCTEMBI U TIporpaMMupoBaHue (yKpymHeHHas rpynmna cneruanbHocta 09.00.00 Madopmaruka
U BBIYHMCIIUTENbHAS TEXHUKA), AJIs1 00YJaIOIUXCs OUHOU hopMbl OOYUCHHSL.

1.2

MecTto y4eOHOW AUCHMIUIMHBI B

CTPYKTYype

0o0pa3oBaTeJIbHOM MPOrPaMMbI

OCHOBHOH IMpodecCHOHATBHOM

JlucuumHa OTHOCUTCS K o01ienpodeccuoHaIbHOMY LUKITY. JJuciunianHa peaausyercs B
paMKax BapUaTUBHOU YacCTH.

1.3. Heapb u niiaHupyeMblie pe3yJibTAThl 0CBOEHUS N CHMIIJIMHBI:

Kon YMeHus 3HaHUs
OK, IIK

OK.01. Beibupats | HCIIONB30BaTh OCHOBHBIE YUCIIEHHBIE | METObI XpaHEHUS YKCe B
CHOCOObl  pEeUIeHMs | METO/bI PELLIEHUSI MAaTEMATUYECKUX HaMSTH 3JIEKTPOHHO-
3a1a4 3a/1ay; BBIYHMCIIUTEIbHON MAlTUHBI
npodeccuoHaIbHOM BbIOMpaTh ONTUMAJIbHBIN YNCIIEeHHbIN | (nasiee — OBM) u neiictBus
JIeATETbHOCTH METO/ JUJIsl PEILICHUs] IOCTABJICHHON HaJl HUIMH, OLIEHKY TOYHOCTHU
IPUMEHUTEIBHO K | 3a7a4u; BBIYHCIICHUI;
pa3IMYHBIM JlaBaTh MaTeMaTH4YECKUeE METO/IbI peuieHus
KOHTEKCTaM XapaKTEPUCTUKU TOYHOCTU UCXOJHON | OCHOBHBIX  MaTeMaTUYECKUX

uH(pOpMaLIMU U OLEHUBATh TOYHOCTh | 3a7lad  —  HHTETPUPOBAHMS,

MOJyYEHHOTO YHCICHHOTO pelieHus; | audepeHnpoBaHus,
paszpabarbiBaTh  QITOPUTMBI U | pEIICHUS JIMHENWHBIX u

IIPOrpaMMbI JUISt pelieHus | TPAHCIEHIEHTHBIX ypaBHEHHI

BBIYMCIIUTENBHBIX 337a4, YYMTBIBAs | U CHUCTEM  YypaBHEHHH C

HEO0OXOUMYIO TOYHOCTH | IIOMOIILI0 DBM.

I10JIy4a€MOT'0 pe3ynbTara.

OK.02. HCIIOJIb30BAaTh OCHOBHBIE YMCIIEHHBIE | METObl XpaHEHUS YHCEN B
Hcnonb3oBath METO/bl PEIICHHS] MAaTEMaTUYECKUX NaMATH 3JEKTPOHHO-
COBpPEMEHHbIE 3ajady; BBIYMCIIUTEIILHON MaITUHBI
cpencraa MOWCKa, | BRIOMPATh ONTUMABHBIN YHCIEHHBIH | (manee — OBM) u nelicTBus
aHaiu3a U | METOJ JJIsl PEeLeHUs IOCTAaBICHHON HaJl HUMH, OLIEHKY TOYHOCTHU
WHTEPIpPETALNH 3a/1auu; BBIUHCIICHU;
uH(popManun U | JaBaThb MaTeMaTU4YeCKUe METO/IbI pelieHus
nH(pOpMaIlMOHHbBIE XapaKTEPUCTUKN TOUHOCTH UCXOJHON | OCHOBHBIX  MAaT€MaTHYECKHUX
TEXHOJIOTHHI Ui | “”HQOpPMAIIMH U OLIEHUBATh TOYHOCTh | 33Jjad  —  HHTETPUPOBaHUS,
BBITIOJTHEHHS]  3aJlad | MOJYyYEHHOT'O YHCIEHHOTO pelieHus; | auddepeHInpoBaHus,
npodeCCHOHATBHON pa3pabaThiBaTh  aNTOPUTMBI U | peUICHUS JINHEMHBIX u

MpOrpaMMbl JUTSt pelieHus | TPaHCUEHAEHTHBIX ypaBHEHHUI
BBIUMCIUTENbHBIX 3aJa4, Y4YUTBIBAas | M  CHUCTEM  ypaBHEHUH C
HEOOXOTUMYIO TOYHOCTH | moMolIs0 DBM.

MI0JIy4aeMOT0 pe3ynbTara.

OK.04. MCII0JIb30BaTh OCHOBHBIC YMCIEHHBIE | METOAbI XpAHEHUS YHCEIl B
OddexTuBHO METO/]Ibl PEIIEHUs] MaTEMaTHYECKUX MaMsTH 3JIEKTPOHHO-
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B3aMMOJICUCTBOBAThL U

3a/1ad4;

BBIYHCIUTEILHON MallIMHEI

paboTath B | BBIOMpATH ONITUMATBHBINA YUCICHHBIH | (nanee — DBM) u neiicTBus
KOJUIEKTUBE U | METOJ JJIs PELICHUS TOCTaBICHHOU HaJl HUIMH, OLIEHKY TOYHOCTHU
KOMAaHJIC 3a/1a4u; BBIYHCIICHHI;
JlaBaTh MaTeMaTH4ECKUE METO/bI peuieHus
XapaKTEPUCTUKU TOUHOCTH UCXOJIHOM | OCHOBHBIX  MAaT€MaTHYECKHUX
nH(pOpMalIMU U OLEHUBATh TOYHOCTh | 3a7a4  —  HHTETPUPOBAHMS,
MOJy4EHHOTO YHCICHHOTO pelieHus; | audepeHupoBanus,
pa3zpabarbiBaTh  QITOPUTMBI U | pEIICHUs JIMHEWHBIX u
porpamMMbl JUTSt pelieHus | TPAaHCUEHICHTHBIX ypaBHEHUH
BBIYMCIIUTENIBHBIX 337a4, YYMTHIBAs | U CUCTEM  YypPaBHEHHH C
HEO0OXOUMYIO TOYHOCTH | moMoIIs0 DBM.
II0JIy4a€MOro pe3yJbTara.

OK.05. MCII0JIb30BaTh OCHOBHBIE YUCIIEHHBIE | METO/bl XpAaHEHUS YHUCEN B

Ocy1iecTBIsITh METO/bI PEIICHHS] MAaTEMAaTUYECKUX NaMATH 3JEKTPOHHO-
YCTHYIO U | 3ajad; BBIYMCIIUTEIbHON MaITUHBI
[NACbMEHHYIO BBIOMpATh ONTUMANIbHBIN YHCIEeHHbIN | (nanee — DBM) u aeiictBus
KOMMYHUKAIIMIO  Ha | METOJI JUIsl PEIIEHUs MOCTaBICHHOMN HaJl HUIMH, OLIEHKY TOYHOCTHU
roCyJapCTBEHHOM 3a/1auu; BBIYHCIICHUN;
a3plke  Pocculickoil | 1aBaTh MareMaTUYECKUE METO/BI peueHus
®denepav ¢ Y4ETOM | XapaKTEPUCTUKU TOUHOCTH UCXOJHOM | OCHOBHBIX  MAaTE€MaTUYECKHX
0COOEHHOCTEM WH(OpMaIMU 1 OIICHUBATh TOYHOCTh | 33Jlad  —  HMHTETPUPOBAHUS,
COLIMAJIBHOTO U | IOJIyYEHHOT'O YUCJICHHOTO pemienusi; | nuddepeHupoBanus,
KYJIbTYPHOTO pa3pabarbiBaTh  QITOPUTMBI U | PEIICHUS JTUHEHWHBIX u
KOHTEKCTa IpOrpaMMbl JUTSL peuieHus | TPaHCUEHAEHTHBIX YpaBHEHUI
BBIYMCIIUTENBHBIX 3a7]a4, YYHUTHIBAs | U CHUCTEM  ypPaBHEHHH C
HEOOXOIUMYIO TOYHOCTH | MoMoIbi0 DBM.
IIOJIy4aeMOr0 pe3yJIbTara.

OK.09. HCII0JIb30BaTh OCHOBHBIEC YMCIEHHBIE | METOJbl XPAHEHUS YHCEIl B
[Tonb3oBaThCs METO/IbI PEIICHHS] MAaTEMaTHIECKUX NaMATH 3JIEKTPOHHO-
npodeccuoHaNbHOM 3a/1ay; BBIYHMCIIUTENbHON MalTUHBI
JOKyMEHTaluell  Ha | BBIOMpaTh ONTUMAaJIbHBIN YuCiIeHHbI | (nasiee — OBM) u aeiictBus

rOCYyJapCTBEHHOM U
WHOCTPAHHOM SI3bIKaX

METOJ ISl PELLIEHUS [I0CTaBJIEHHON
3a/1a4u;

JlaBaTh MaTeMaTU4ECKUe
XapaKTEPUCTUKH TOYHOCTH UCXOJTHON
MHpOpMAaIIUU U OLIEHUBATh TOYHOCTh
MIOJIy4EHHOT'O YACIEHHOTO PEIICHHUS;

pa3pabaThIBaTh AITOPUTMBI u
[IPOrpaMMBbl JUIs peuenus
BBIUMCIUTENBHBIX 3a7a4, Y4YUTHIBAS
HEO0OXOUMYIO TOYHOCTBH

IoJIyq9a€Moro pe3yliibTara.

HaJl HUIMH, OLIEHKY TOYHOCTHU
BBIYHCIICHHI,
METO/IbI peuieHus
OCHOBHBIX  MaTE€MaTHYECKHUX
3alady = —  HMHTETPUPOBAHMUS,
g depeHIMpoBaHuS,
pelIeHUs JIMHEMHBIX u
TPaHCIEHJCHTHBIX YpaBHEHUI
U CHUCTEM YypaBHEHHH C

nomorso DBM.

I1K.2.3. BeImmomaaTs
OTJIAJIKY
MIPOTrPaMMHOTO
MOAYJIS C
HCIIOJIL30BAHUEM
CIELUATM3UPOBAHHBIX
MIPOTPaMMHBIX
CpENCTB.

HCIIOJIb30BaTh BEIOPAHHYIO CUCTEMY
KOHTPOJISI BEPCUH, UCIIONIB30BAaTh
METO/BI IS TOJTYyYEHUs KOJ1a C
3aJJaHHOM (PYHKIIMOHAJILHOCTBIO U
CTEIEHBIO KaYeCTBa.

MOJIETH Tpoliecca pa3paboTKu
MPOrpaMMHOT0 obecreueHus,
OCHOBHbI€ MPUHITUIIBI
mpoiiecca pa3padoTKu
MIPOTPAMMHOTO 00€CTICUeHHSI,
OCHOBHBIE ITOIXO/IbI K
MHTErPUPOBAHUIO
MIPOrPaMMHBIX MOJYIIEH,
OCHOBBI Bepu(UKaluu 1




aTTeCTallly IPOTPaMMHOTO
obecreueHus.

2. CTPYKTYPA U COAEP)KAHUE JUCIIUITJIMHBbI

2.1 O0beM JMCHUILUIMHBI U BUABI Y4eOHO# padoThI

Ounas popma 0O0ydeHHS

Buo yueonoii pabomut Oovem uacos
O0bem 00pa3zoBaTe/IbHOM NMPOrpaMMbl 72
PadoTa o0yuyarommxcsi BO B3aUMO/1elCTBUH ¢ MPenoaBaTeiemM 52
B TOM YHUCJIE:
JEeKIUH (YPOKH) 16
B (hopMe MPaKTHUECKON MOATOTOBKH (€CIIH MPEyCMOTPEHO) 8
MPAKTUYECKHE 3aHITHS 36
B (hopMe MPaKTUIECKON TOITOTOBKH (€CITU TPEyCMOTPEHO) *
nabopaTopHbIEC 3aHATHUS
B (hopMe MPaKTUIECKON MOATOTOBKH (€CIU TIPEyCMOTPEHO) *
KypcoBas paboTa (poekt) (eciu npedycmompena)
CamocrositenbHas padota oOydarorierocs (Bcero) (eciu npedycmompena) 12
Koucynwsranuu (eciu npedycmompena)
[IpomexyTrounas aTTectanus B popme ougppepenyuposannozo 6
3auema/3a1ema/IK3amena/umo2o8oi KOHMpPOIbHOU pabomsi/ Kypcoeou pabomul




2.2. TemaTn4yecKuil IJIaH U coePKAHUE TUCHUILINHBI

Ounas hopma oOydeHHs

HaumenoBanue O0BeM yacoB OcBanBaeMble YJIEMEHTHI KOMIIeTeH N
PA3IeJIOB H TeM Conep:xanue yueOHOro MaTepuaJia
1 2 3 4
Pasznea 1.
Coneprxkanue y4eOHOT0 MaTepuasia 6
BBenenue B unCI€HHBIE METOIEI.
1 Otanbl 1 METO/Ibl PEILICHUS 2
BBIYMCIIMTENLHBIX 3a/a4.
Cxema BBIYHUCIUTEILHOTO
2 sKcniepuMenTa. TpeGoBanus K 2
Tema 1.1. BBIYHCIIUTEILHBIM METOIAM.
JJIeMEHTBI TEOpHH V4eT NorpemnoCcTer PUOIMKEHHBIX OK1, 2,459 1IK23.
IOrpeuHoCcTen 3 BBIYMCIICHU. J[efCTBUS C 2
NPUOIMKEHHBIMHU YHCIAMH.
[IpakTrueckue 3aHATHS 4
1 ITpaBumO CIOKEHUS M BEIUMTAHUS 2
HPHOJIM>KSHHBIX YHCEIL.
2 [TpaBuiio yMHOXKEHHUS U AETICHUS 2
OPUOIMKEHHBIX YHCE.
Coneprxkanue yueOHOro MaTepuasia 4
Peiienue anredpandeckux u
1 TPAHCUEHJEHTHBIX YPaBHEHUN METOI0M 2
MOJIOBUHHOTO JIENEHHS.
Pewenue anredpanveckux u
2 TPAHCUEHAECHTHBIX YPABHEHHH METOIOM 2
WTEPaIU.
[IpakTrueckue 3aHATHs 6
Tema 1.2. Pemenue anreOpanueckux u
YuciienHoe 1 TPAHCUEHIEHTHBIX yPABHEHUH METOIOM 2 OK1, 24,5 9 1IK2.3.
peuieHue MOJIOBUHHOTO JIEIEHUS.
HEJIMHEHHBIX Pemenne anreOpanyeckux u
YPaBHCHUH o) TPAaHCLEHAEHTHBIX YPaBHEHUI 2
METOJIJaMH XOPJI ¥ KacaTelbHbIX (METOA
Hrerotona).
KomnrerorepHoe penieHue
3 anredpanveckux ¥ TPAHCUECHIECHTHBIX 2
ypaBHEHUI METOI0M MTEPAIH.
KonTponbHbie paboThl 2
1 Konrtponsnas padora Nel 2




Copepxanne yaeOHOTO MaTepuana 4
| Meroas pemenus CJIAY.
2 Metona I"aycca. P
[IpakTryeckue 3aHATUS 14
Pelienue cucreM JTUHEHHBIX YpaBHEHUH
1 2
Tema 1.3. lf’/IGTOI[OM I"aycca. ) )
MeTOL[LI pelieHus 9 CIICHUEC CUCTEM JIMHEUHBIX YPAaBHCHUHN 2 OK1 2 45 9 JIK23
CHCTEM JIMHEeHHBIX meroznoMm I'aycca. . . T o
ajJiredpanyeckux 3 Penienue cUCTEM JIMHEHHBIX YPaBHCHUH 2
YPaBHeHHUii METOJIOM 00paTHOW MaTPHIIBL.
4 Pemenue cucTeM ITMHEHHBIX yPaBHEHUH P
METOJIOM 00paTHOM MPOTOHKH.
5 Petienue cucreM JTMHEHHBIX YpaBHECHUH 2
METOJIOM 00paTHOM IIPOTOHKHU.
Penienue cuCTEM JIMHEHHBIX ypaBHEHUH
6 MGT%,I[(;M npoctoii urepauuu (MeTton 4
SkoOn).
KoHnTtposnbHbIe paboThI 2
1 ‘ KoHntposbhas pabora No2 2
Copep:xanue yueOHOro MaTepuana 2
Nutepnonsuus. THTEpnoasiMOHHBIN
1 nonMHoM B popme Jlarpamxa. 2
WHTepnoysiMOHHbBIN TOJIMHOM B (popme
HeroTona. CrtaitH-MHTEPIIOJISIIUS.
Tema 1.4 HpaKTHéeCKHe 3aHSTUS 6 OK1 2 4 5 9 IIK 2.3.
- OCTaBJICHUE UHTEPIOIAUOHHBIX
Ann Ogﬁﬁxg“"ﬂ 1 dhopmya Jlarpamka 2
y 2 CocTraBlieHUE UHTEPIOJISILIMOHHBIX 2
dbopmya HeroToHa
3 Haxoxxnenre uHTepIoSIIIMOHHBIX 2
MHOTOWICHOB CIJTAHHAMH.
KoHnTposibHble paboThl 2
1 | MitoroBast KOHTpOJIbHas paboTa 2
CamocrosiTesibHAs paboTa 12
KoncyabTanus 2
JK3aMeH 6
Bcero: 72

[TocnenoBarenbHOE TeMaTUYeCcKOe IMJIAHUPOBAHUE COJEpX aHMUA pabodel MporpaMMbl AUCHUIUIMHBI, KaJleHAApHbIE 00BEMBI, BUIBI 3aHATHHA, (OPMBI
OpraHM3allK CaMOCTOSATEIbHON padOThI TaKkKe KOHKPETU3UPYIOTCA B KalleHAapHO-TeMaTtndeckoM raHe ([Ipunoxxenue 1)
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3. ®OPMbI KOHTPO.JISI U METOANYECKHUE MATEPHUAJIbI,
OIPEJEJISIIOIINE TPOIEAYPHI OIEHUBAHUS 3HAHUI, YMEHUM,
IMPAKTUYECKOI'O OIIBITA, XAPAKTEPU3YIOIUX ITAIIbI ®OPMUPOBAHUSA
KOMIIETEHIIUI

®onp oueHouyHbIX cpenctB (namee — @OC) - KOMIUIEKT METOAMYECKUX U KOHTPOIBHBIX
MaTepHaoB, HCIOJIb3YEMbIX IpPHU IPOBEIEHUH TEKYLIEro KOHTPOJS OCBOEHHUS Ppe3yJbTaToOB
o0yueHus u npomexxyrouHoi arrecrauuu. @OC mpenHazHadyeH sl KOHTPOJS U YIpPaBIICHUS
IPOLIECCOM NMPHOOpPETeHUs 00yYaroUIMMUCA HEOOXOAMMBIX 3HAHMM, YMEHUH UM KOMIIETEHLHH,
onpezaeneHHbIX Bo ®PI'OC (Ilpunoxenue Ne 2).

4. YCJIOBUMA PEAJIM3ALIMU JTUCIHUITJIMHBI

4.1. Tp660BaHI/Iﬂ K MUHUMAJIBHOMY MaTC€PHAJIBbHO-TEXHUYECCKOMY odecnevYeHun1o

Peanuzanus nporpaMMel JUCHUIUIMHBI TpeOYeT HanMW4usl yueOHbIX ayautopuii 35, 36, 37, 24 u
JICKIIMOHHBIX ayIUTOPUH.

AyJUTOPUU JIJISl CAMOCTOSITEIbHOM paboThl Nol44.

O6opynoBanue yueOHOro kabuHeTa: yueOHast Me0eb, KOMIBIOTEP B cOOpe, MPOEKTOP, SKPaH.

4.2. YueOHO-MeTOAUYeCcKOe U MH(OPMAIIMOHHOE o0ecTiedeHne TN CHUILTHHBI (MOTYJIA)

4.2.1. IlepeyeHb OCHOBHOI W JONOJHHUTEJbHOH Y4eOHOI JMTepaTypbl, HEOOXOAMMOM IS
OCBOCHUS TMCUMILUINHBI (MOYJIs1)

OcHoBHas1 yueOHasi IUTEpaTypa:

YucneHHble METOJBI : Yy4YEOHWK W TPAKTUKYM JUIS CpPEAHEro Mpo(hecCHOHAIBLHOTO
obpazoBanus / Y. I'. [Tupymos [u ap.] ; mox pegakuueit V. I'. [TupymoBa. — 5-e u3z., nepepab. u
non. — MockBa : MznmarensctBo [Opaiir, 2019. — 421 c¢. — (IIpodeccuonanpHoe

obpazoBanue). — ISBN 978-5-534-11634-2. — Texct : anexktponssiit // ObC IOpaiit [caift]. —
URL: https://urait.ru/bcode/445775.

3eHkoB, A. B. Uucnennsle MeTopl : yueOHOE MOCOOHe A CpeJHEero NpoQecCuoHaIbHOTO
obpazoBanusi / A. B. 3enkoB. — MockBa : MzparensctBo [Opaiit, 2020. — 122 c¢. —
(ITpoeccronansHoe obpazoBanue). — ISBN 978-5-534-10895-8. — TekcT : 351eKTpOHHBIN //
OBC Opaiit [caiit]. — URL: https://urait.ru/bcode/452829.

JlonoJIHNTEIbHAS y4eOHas1 JUTepaTypa:

laremox, O. B. UucneHHsle MeToAbl : Yy4eOHOe TMocoOue Ui  CpeaHEro
npodeccuonansHoro odpazosanus / O. B. I'aremok, 1. K. Ucmaunos, H. B. MantokoBa. —
Mocksa : UznatensctBo FOpaiit, 2020. — 140 c¢. — (Ilpodeccronansuoe oOpazoBanue). —
ISBN 978-5-534-07480-2. — Tekcr : snextponsbiii // OBC IOpaiit [caiit]. — URL:

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

4.2.2. Ilepeyenb pecypcoB HHGPOPMALMOHHO-TEJICEKOMMYHUKAMOHHOH  CeTH
«uTepHer» (najee - cerb «UHTEepHET»), HEOOXOAUMBIX /sl OCBOCHMS JUCHMILIMHBI
(Mmonxy.Jist)



Ilepeyens norosopos IbC u B/|

Cpok
. HanmeHnoBaHMe 10KyMeHTA C .
Y4yeOHblii rox nerlcTBUA
yKa3aHHeM PeKBH3HUTOB
JOKYMEHTA
2024/2025 Horosop Ha JOCTYT K 29bC
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 na goctyn k OBC «3bC
IOPAUT» (monHast KOJJIGKLMS)  MEXKIY C 06.03.2025
YYHuT B mune aupekropa CO YVYHuT u
o 05.03.2026
000 «IJEKTPOHHOE U3/1aTeIbCTBO
FOPANT» Ne 1/25-36¢ ot 06.03.2025 T.
Horosop Ha JOCTYT K 9BC
«YHHUBEpCUTETCKass OMOIMOTEKa  OHJIANHY 01.10.2024 o
mexny YYHuT «Hekemenua» Ne 223-883 ot 30.09.2025
19.08.2024
Horoop nHa pnoctyn k OBC «Jlanb» C 08.08.2024
Mexny YYHuT u uznarensctBom «Jlanby Ne 16 07.08.2025
OI'3-647 ot 08.07.2024 T
Horosop Ha poctyn k COBb wmexny C 04.06.2024
VVHuT u umsmarensctBoM «Jlanbp» Ne COb 10 20.05.2026
47-71C 5010-24 ot 04.06.2024 T
JloroBop Ha JOCTyNl K OJJIEKTPOHHBIM
W3IaHUsIM B COCTaBe  0a3bl  JTAaHHBIX
«HAYUYHASA DJIEKTPOHHAS C 01.01.2025
BUBJIMOTEKA eLIBRARY.RU» wmexay | mo 30.12.2025
YYHuT u OOO HDOb Ne OI'3-1283 or
05.12.2024
HoroBop Ha bBJI muccepraumit mMexny C 10.08.2024
YVYHuT u PT'b No 223-664 ot 15.07.2024 o 09.08.2025
Horosop Ha noctyn k 95C BOOK.ru (roctyn
K yueOHUKY: OCHOBBI pOCCUICKOMN
rOCyJIapCTBEHHOCTH : yueOHUK / A. B.
Mansko, A. A. Busikos, B. B. I'ypses [u ap. ]
; oz pea. A. B. Manpko. — Mockaa : C 23.10.2024
KuoPyc, 2024. — 263 ¢. — ISBN 978-5-406- | mo 22.10.2025
12322-5) mexny YYHuT B nuie nupekropa
C® YVYHuT u OO0 «KnoPyc menua» Ne 6/
ot 16.10.2024 r.
Ne Anpec (URL)
1. www.mathprofi.ru

4.3.3. Ilepeyenb nHGOPMANMOHHBIX TEXHOJIOTHi, HCIIOJb3yEeMBbIX IIPH OCYLIECTBJICHUH

00pa3oBaTeIbHOIO Tpolecca Mo JAUCHUIUINHE,

BK/IKOYasi MNEpEeYCHb MNPOrpaMMHOro

o0ecreyeHUs1 1 MH(POPMAIMOHHBIX CIIPABOYHBIX CHCTEM (MPH HEOOXOAMMOCTH)




HanmeHoBaHMe MPOrpaMMHOro odecreyeHust

[Taker Microsoft Office 2019

PyCharm: IDE kpoccmiaTtdopMeHHass MHTETpUPOBaHHAS cpeia pa3pabOTKH s S3bIKa
nporpamMMupoBanus Python

Dev-C++ — cBoOoaHass WHTErpUpOBaHHAs cpela pa3pabOTKU TPHIOKEHUH ISl S3BIKOB
nporpammupoBanust C/C++
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https://www.jetbrains.com/ru-ru/pycharm/
https://www.jetbrains.com/ru-ru/pycharm/

INPUJIOKEHHUE Ne 1
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJUKETHOE OBPA30OBATEJIBHOE
YYPEXJEHUE BBICIIEI'O ObPA3OBAHUMA
«YOUMCKUN YHUBEPCUTET HAVKH U TEXHOJIOT U »

CrepnauramMakckuii puman

Komnemx

KanennapHo-reMaTuyecKuil nJjiaH

MO TUCIUTUINHE OI[I1. 10 Yucnennvie memoonl
CHEIHATbHOCTD
09.02.07 Hughopmayuonnwvie cucmemul u npozpammuposanue
KOJ HAUMEHOBAaHUE CHEIMATbHOCTH
KBaTM(UKAIUS
Ilpocpammucm

Pa3pabotuuk (coctaBuTeNb)

Kanawmnuxkoea /I.B.

yueHasl CTeleHb, YU€HOE 3BaHuE,
kareropus, ®.1.0.

Crepaurtamak 2025
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Ounas popma 00yueHUs

Nen/m | HaumenoBanue pasgenoB u | Kox- | Kamenmapu | Bupn 3anstus | lomaimHee
TeM BO | BIE  CPOKH 3a/1aHue

4acoB | U3y4EHUs
(Tutan)
Tema 1. D1eMeHTHI TEOPHUH NOTPELIHOCTEH

1. Beenenue B IUCJICHHBIC | 2/52 | ceHTA0pb YPOK COCTaBJICHHE
METOABl. JTambl W METOJbI
pELIEHUs]  BBIYMCIIMTEILHBIX OIIOPHOTO
3azad. KOHCIIEKTa

2. Cxema BBIYMCIIUTENBHOTO | 4/52 | CeHTS0ph YpOK COCTaBJICHHE
sKcnepuMenTa. TpeOoBaHus K OIIOPHOI'O
BBIYMCIIMTEIILHBIM METOAAM. KOHCIIEKTa

3. Yyer norpemHoctei | 6/52 | ceHTsI0ph YpOK NunuBunyansu
NPUOIMKEHHBIX BBIUYUCICHUI. 0€ 3aJaHue II0
JleiicTBusl ¢ MPUOTNKECHHBIMU BapUaHTaM.
YHCIIaMU.

4. [IpaBuno CJI0KEHUS u| 8/52 | cenrabpb [Ipaktnueck | MaauBuayansH
BBIUUTAHUS  TPUOIMKEHHBIX 0€ 3aHATHE 0€ 3a/JlaHHe 10
quced. BapUaHTaM.

5. [IpaBuio YMHOKEHHS u | 10/52 | ceHT0pH [Ipaktnueck | MuauBuayanbH
JeJIeHus IpUOIMKEHHBIX 0€ 3aHsATHE 0€ 3aJaHue IO
YHUCEIL. BAPUAHTAM.
Tema 2. UnciieHHOe pelieHHe HeJMHEHHbIX YPABHEHUH

6. Pemenne anreOpamveckux wu | 12/52 | ceHTAOPH YPOK COCTaBJICHHE
TPAHCLIEH/ICHTHBIX YpaBHEHUM OIIOPHOT'0
METOA0M MIOJIOBUHHOT'O KOHCIIEKTa
JICJICHUS.

7. Pemenne anreOpamveckux wu | 14/52 | ceHTAOPH YPOK COCTaBJICHHE
TPAHCLIEH/ICHTHBIX YpaBHEHUM OTIOPHOT'O
METOJIOM UTEpaLMH. KOHCIIEKTa

8. Pemenune anrebpanyeckux u | 16/52 | ceHTA0pb [IpakTnueck | peuieHue
TPAHCUEHJEHTHBIX YpPaBHEHUI 0€ 3aHATHE CaMOCTOSITENIbH
METOJIOM MOJIOBUHHOTO oii paboThI
JICJICHUS.

0. Pemenune anrebpanyeckux u | 18/52 | ceHTA0pb [IpakTuueck | peuieHue
TPAHCUEHJEHTHBIX YpPaBHEHUI 0€ 3aHATHE MIPAKTUYECKUX
METOJaMU XOpXI " 3agaHui
KacaTeJIbHbIX (meTon
Hrrotona).

10. Pemenne anrebpanueckux u | 20/52 | ceHTAOpH YPOK peuieHue
TPAHCLIEH/ICHTHBIX YpaBHEHUM MPaKTUYECKUX
METOJIOM UTEPALUH. 3a7laHui

11. KomnerorepHoe pemenue | 22/52 | ceHTAOpb IIpakTueck | pemeHue
anredpanvyecKux U 0€ 3aHsTHE CaMOCTOSITENIbH
TPAHCUEHJEHTHBIX YpPaBHEHUI ol paboThI
METOJIOM UTEPALNH.

12. Konrtponsnas padora Nel 24/52 | cents6pp IIpakTueck | pemeHue

0€ 3aHsTHE CaMOCTOSITENIbH
oii paboThI

Tema 3. Meroasb! pelieHUsi CUCTEM JIMHEHHBIX aJIre0pandyecKuX ypaBHEeHHH

12




13. Meroast  pemenuss  CJIIAY. | 26/52 | okTa0pb YPOK COCTaBJICHHE
Meropn I'aycca. OIIOPHOT'O
KOHCIIEKTa
14. Mertona I'aycca. 28/52 | okTAOpPH YPOK COCTaBJICHHE
OMOPHOTO
KOHCIIEKTa

15. Pemenne cucrem nuneilHbIX | 30/52 | OKTAOpPD [IpakTuueck | pemieHue
ypaBHEeHUH MeToJoM ["aycca. 0€ 3aHSTUE MPAKTUYECKUX

3aJaHuN

16. Perenne cucreM JHMHEHHBIX | 32/52 | okTs6ph [MpakTiueck | pemieHue
ypasHeHuit MeToom Taycca. 0€ 3aHATHE MIPAKTUYECKHUX

3alaHUI

17. Pemenne cucrem nuHeWHbIX | 34/52 | oKTAOPH [IpakTuueck | pemieHue
ypaBHEHUN METOJ0M 0OpaTHOM 0€ 3aHATHE MPAKTUYECKUX
MaTpULbL. 3aIaHUI

18. Pemenune cucrem suHedHBIX | 36/52 | OKTAOpPD IIpakTnueck | pemenue
ypaBHEHUN METO/I0M 00OpaTHOMH 0€ 3aHATHE MPaKTUYECKHUX
TPOTOHKH. 3aaHui

19. Pemenne cucrem nuHelHBIX | 38/52 | OKTAODPD [IpakTuueck | pemieHue
ypaBHEHUN METOJ0M 00paTHOM 0€ 3aHATHE MPAKTUIECKUX
MIPOTOHKH 3a1aHUI

20. Pemenne cucrem nuHelHbIX | 40/52 | OKTAOPH [IpakTuueck | pemieHue
YpPaBHEHUN METOJOM NPOCTOMU 0€ 3aHATHE MPAKTUIECKUX
ureparuu (Meton SIxkoon). 3aJaHUNA

21. KonTponbnas padorta Ne2 42/52 | okTa0pb IIpakTnueck | pemenue

0€ 3aHATHE MPaKTUYECKHUX
3a1aHUI
Tema 4. Annpoxkcumanus GpyHKIui

22. WNutepnionsius. 44/52 | nexabpb YPOK COCTAaBJICHHE
HNHTEpHOIAIMOHHBIN TTIOJTUHOM OIIOPHOI'O
B dopme Jlarpanxa. KOHCIIEKTa
HNHTEpHOIAIMOHHBIN TTIOJUHOM
B (opme Hprorona. CrnaitH-

WHTEPIOJISILINS.

23. CocraBnenue 46/52 | nexabpb [IpakTnueck | peuieHue
WHTEPIOJSIIIMOHHBIX  POpMYTT 0€ 3aHsATHE MPaKTUYECKHUX
Jlarpanxa. 3aaHui

24. CocraBnenue 48/52 | nexabpb [IpakTnueck | pemieHue
WHTEPIOJISIIIMOHHBIX  (OPMYII 0€ 3aHATHE MPaKTUYECKHUX
HprotoHa. 3a7laHui

25. Haxoxnenue 50/52 | nexabpb [IpakTnueck | peuieHue
WHTEPIOJISILIMOHHBIX 0€ 3aHsATHE MPaKTUYECKHUX
MHOTOYICHOB CIJIAHHAMM. 3aaHui

26. WroroBas konTpoapHas pabora | 52/52 | nexadpb [IpakTnueck | pemeHue

0€ 3aHsTHE MPaKTUYECKUX
3aJaHui
Bcezo 52
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IMPUJIO)KEHUE 2
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJUKETHOE OBPA30OBATEJIBHOE
YYPEXJEHUE BBICIIEI'O ObPA3OBAHNA
«YOUMCKUN YHUBEPCUTET HAVKH U TEXHOJIOT U »

CrepauramMakckuid puiman

Komnemx

DoH/I OLIEHOYHBIX CPEICTB

10 JUCIUILINHE OIIL. 10 Yucnennvie memoonl

Qbuwenpogeccuonanvubvlii YUK, 6APUAMUEGHAA YACHb

OHWKI AUCLHMIIIINHBI M1 €TI0 4aCTb (O6$[321TCJ'IBH8.5I, BapI/IaTI/IBHaSI)

CHEIHAbHOCTD
09.02.07 Hughopmayuonnsvie cucmemul u npozpammuposanue
KOJ HAaUMEHOBAaHUE CHEIUAIbHOCTH
KBaTM (UKL
Ilpocpammucm
Pa3paboTtunk (cocTaBUTEND)
Kanawmnuxoea /I.B.
ydeHasl CTeTICHb, YICHOE 3BaHUE,
kareropus, ®.1.0.
Crepaurtamak 2025
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I ITaciopT )OHAOB OLIEHOYHBIX CPEICTB

1. O0aacTh NpUMEHEeHUs

®onj oneHouyHbIx cpeacTs (POC) npenHazHadyeH Uil IPOBEPKU PE3yJIbTaTOB OCBOCHUS
qucuuminabl OLIL.10. YucneHHBIX METOOB, BXOASIIEH B COCTaB MPOrpaMMbl MOJTOTOBKH
CHELHATNCTOB CpeaHero 3BeHa mo crenuanbHocTH  09.02.07 «MHpopMannoOHHbIE CUCTEMBI U
nporpaMmupoBanuey. Padora o0ydawimmxcs BO B3aMMOAEHCTBMM C IpenojgaBareieM 52
qaca, Ha CaMOCTOSATEIbHYI0 paboTy 12 yaca.

2. O0beKTHI OLICHMBAHNS — Pe3yJIbTAThl 0CBOCHHUSI AU CUMUIIIMHBI
OOC mno3BONSET OLICHUTH CIEAYIOIIUE PE3YJIbTaThl OCBOCHHUS JUCHUIUIMHBI B
coorBerctBU ¢ @PI'OC cnemmansHoctH  09.02.07  «MHpOpMALMOHHBIE CHCTEMBI H
mporpaMmmupoBaHue» u padoueit mporpammoit nucuuruinabl OLIT. 10. Yucinennbie METOIbI:
YMEHHUA:
—  HCIOJIb30BaTh OCHOBHBIEC YMCIIEHHBIE METO/IbI PEIICHUS MaTEMaTHUECKUX 3aau;
— BBIOMPATH ONTHUMAJIBHBIN YUCICHHBIN METOJ IJIsl pEILICHHsI TOCTABICHHOM 3a/1auu;
— JaBaTh MAaTEMaTHYECKUE XapaKTEPUCTHKH TOYHOCTH HWCXOAHOW HH(OpManuum u
OLICHUBATh TOYHOCTb [TOJIyUEHHOT'O YHUCIEHHOTO PELICHMUS;
— paspabarhiBaTh aNTOPUTMBI M TMPOTPaMMbl Uil PEIICHUS BBIYMCIUTENBHBIX 3aj1ad,
YUUTHIBasi HEOOXOAUMYIO TOUHOCTb ITOJIy4aeMOT0 pe3yibTara.

3HAHHA:
— METOJIbl XpaHEHUsl YMCENl B MaMSITH 3JEKTPOHHO-BBIYUCIUTEIBHOW MalIUuHBI (Hajee —
OBM) u nelicTBUs HaJ HUMH, OLIEHKY TOUHOCTH BBIYHCIICHU;
— METOJbl  pEIICHUS  OCHOBHBIX  MAaTEMAaTHMYECKMX 3aJa4 —  HHTETPUPOBAHMUS,
mubdepeHIIMpOBaHUS, pPEIICHUsl JIMHEHHBIX U TPAHCUEHACHTHBIX YpaBHEHHH U CHCTEM
ypaBHeHUH ¢ momoibio IBM.

Berrmenepeunciennbie yMEHUsI, 3HAHUS HAIIPaBIeHB! Ha GOpPMUPOBaHUE Y 00yUYaArOIIUXCSI
CJIEAYIOUIMX 00X U MPOo(ecCHOHATBHBIX KOMIETEeHIM:

OK.01. BsiOupare crnocoObl pemieHust 3agad  MNpoPEeCcCHOHATbHONW JeSTEIbHOCTH
IIPUMEHHUTEIBHO K Pa3IMYHbIM KOHTEKCTaM

OK.02. HUcnonb30BaTh COBPEMEHHBIE CpPEICTBA IOKMCKA, aHAIW3a W HHTEPHpPETaNH
uHpopMaLKu 1 HHPOPMALIMOHHbBIE TEXHOJIOTUH JUIs BBIMOJIHEHUS 3a/1a4 PO ecCHOHATbHON

OK.04. 3ddexTrBHO B3auMOACHCTBOBATH U pabOTaTh B KOJUIEKTUBE U KOMaH/Ie

OK.05. OcymecTBisATh YCTHYIO U NHCBMEHHYK0 KOMMYHMKAIMIO0 Ha TOCYJapCTBEHHOM
a3bike Poccuiickoit ®epepanuu ¢ y4eToM OCOOEHHOCTEH COLMAIBHOTO U KYJIBTYPHOTO
KOHTEKCTa

OK.09. Ilonb3oBarbcsi MpodeCcCHOHAIBHONW JTOKyMEHTAllMel Ha TOCylapCTBEHHOM H
MHOCTPaHHOM SI3bIKax

[1K.2.3. BpmonaHATP OTHAAKYy MNPOTPAMMHOIO  MOAYISL C  HCHOJIb30BAaHUEM
CHEeUAIN3UPOBAaHHBIX IPOTPAMMHBIX CPE/ICTB.

3 ®opMbI KOHTPOJISAA M OLIEHKH Pe3yJIbTATOB OCBOCHUSI A CUMIIJIMHBI

KOHTpOIIb 1 OLIEHKa pe3ynbTaTOB OCBOCHUS — 3TO BBISBICHHUE, N3MEPEHUE U OLICHUBAHHE
3HaHWM, YMEHHN U (popmMupyrommxcs oOnmx u Mpo(ecCHOHATBHBIX KOMIIETCHIIMA B paMKax
OCBOEHUS AUCLUILINHBIL.

B coorBercTBUM ¢ yueOHbIM IiaHoM crnenuanbHocTH 09.02.07 «MH(popmanroHHbIE
CHCTEMBI M IpOrpaMMHpOBaHuE», paboueil mporpammoint aucuuriuHsl OLIIL.10. Yucnenusie
METO/IbI ITPeIyCMaTPUBAETCS TEKYIIUH U MPOMEKYTOUHBINH KOHTPOJIb PE3YJIbTaTOB OCBOCHHUSI.

3.1 ®opMBbI TeKyLIEr0 KOHTPOJIS
Texymuii KOHTPOJIb YCIEBAEMOCTH IPEJICTABIISAET COOON MPOBEPKY YCBOCHHUS Y4e€OHOTO
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MaTepHaia, peryasipHO OCYIIECTBISIEMYIO Ha IPOTSDKEHUH Kypca 00ydYeHHsI.

Texymuii KOHTpOJIb pe3yabTaTOB OCBOEHMS AMCLUUIUIMHBI B COOTBETCTBUHU C paboueit
IpOrpaMMOM M  K&JICHJApHO-TEMATHMYECKUM IUIAHOM IPOUCXOAUT IIPU  HCIIOJIB30BAHUU
CJIEAYIOLIMX 00s13aTeNbHBIX (POPM KOHTPOJIS:

- BBITMIOJIHEHUE U 3aIUTa JJAOOPATOPHBIX U MPAKTUYECKUX padoT,

- IPOBEpPKa BBIMOJIHEHUS CAMOCTOSITEIbHON paOOThI CTY/IEHTOB,

- IPOBEPKA BHIIIOJHEHUS KOHTPOJIBHBIX PaloT.

Bo Bpems mpoBeneHMsI yu4eOHBIX 3aHATHH JONOJHHUTEIBHO HCIOJB3YHOTCS CIELYOLUe
(GopMBI TEKYIIErOo KOHTPOJS — YCTHBIH ONpOC, pEUIeHHE 33aJay, TECTHPOBAHUE IO TeMam
OTJIE/IbHBIX 3aHATHH.

BoinosiHeHHe n 3amMTa NpakTH4ecKux pador. [Ipaktuyeckue paboTbl IPOBOASTCS C
LENbI0 YCBOGHUS W  3aKpEIUICHUS IPAaKTHYECKUX YMEHUHM W 3HAHHUW, OBJIAJCHUSA
npodecCHOHATBLHBIMI KOMITIETCHIIMAMU. B X0/1e pakTH4eckoil paboThl CTyA€HTHI IPHOOPETAIOT
YMEHUs, MpelycMOTpeHHble pabouell nporpaMMoN JAMCHUIUIMHBI, Y4YaTCsl HCIHOJIb30BaTh
dopMynbl, W TPUMEHSTH pAa3IMYHBIE METOJUKM pacueTa, aHAJIU3UPOBATh IOJy4YCHHBIE
pE3yJIbTaThl U AEIaTh BBIBOBI, ONIUPASICh HA TCOPETUUECKHUE 3HAHMS.

Crnucok npakTUYeCcKux padorT:

e [lpakruueckas pabora NelllpaBuiio cino>keHus: U BBIUNTaHUS MPUOJIMKEHHBIX YUCE].
e [lpaktuueckas padora Ne2. [IpaBuiio yMHOXKEHHS U ICTCHUS TPUOIKEHHBIX YHCET.
e [lpaktuueckas padora Ne3. Pemenue anredpandecKux U TPAaHCUEHACHTHBIX YpaBHEHUN

METOOM ITIOJIOBUHHOTO JCIICHHUS.

e [lpaktuueckas padora Ned. Pemenue anredpanueckux U TPaHCLEHAECHTHBIX YpaBHEHUN

METOAAaMHU XOpJ U KacaTelnbHbIX (MeToa HeloToHA).

o [lpaktuueckas padora NeS. KommbrorepHoe perieHue anredopaniyeckux u

TPAaHCIEHJCHTHBIX YPABHEHUI METOJOM UTEPALIHA.

e _IIpakTnueckas pabota Ne6. Pemenue cucrem JIMHEHHbIX ypaBHeHU MeToioM ["aycca.
e [lpaktuueckas pabora Ne7. Pemenue cucteM JIMHEHHBIX ypaBHEHUI MeToioM ["aycca.
e [lpaktuueckas pabora Ne§. Pemienue cucteM JTMHEHHBIX YPAaBHEHUI METO0M 0OpaTHOM

MaTpHULIbI.

e [lpaktuueckas pabora Ne9. Pemenue cucteM JTMHEHHBIX YPaBHEHUIH METOOM 00paTHOM

IIPOTOHKH.

e [IpaxkTuueckas padbora Nel(. Pemenue cucrem JIMHEHHBIX YpaBHEHUI METO10M OOpaTHOM

IIPOTOHKH.

e [lpaktuueckas pabora Nell. Pemenue cucreM TUHEHHBIX YpaBHEHUI METOJOM 00OpaTHOM

IIPOTOHKH.

e [lpaktuueckas padora Nel2. CocraBieHrne HHTEPHOIAIMOHHBIX Gopmyn Jlarpanika
e [lpaktuueckas padora Nel3. CocraBineHre HHTEPHOIAIMOHHBIX GpopMyn HeroToHa
e [IpakTuueckas padora Nel4. HaxoxaeHne HHTEPIOIAIIMOHHBIX MHOTOYIEHOB

CIUTAiHAMU.

IIpoBepka BbINOJHEHUS] caMOCTOsITeIbHONH PpadoTsl. CamocrosiTenbHas paboTa
HalpaBjieHa Ha CaMOCTOSITEJIbHOE OCBOCHHE M 3aKpeIyieHHe OOY4YaloUIMMHUCS MPAKTUYECKUX
YMEHMH U 3HAHUH, OBIIaZIeHHE MPOo(ecCnOHATbHBIMU KOMITETEHIIUSMHU.

CamocrosiTenbHas TOATOTOBKAa OOy4aroIIMXCsl MO  JUCHMIUIMHE Mpearnojaraer
cienyromue Buabl 1 GopMbl pabOTHI:

e Cucremarnueckas NpopabOTKa KOHCHEKTOB 3aHATHHA, Yy4eOHOW U CHEIHaIbHON
TEXHUUYECKOH JINTEPATYPHI.

e (CamocrosTeNbHOE U3Y4YEHHE MaTepHalla U KOHCIEKTHPOBAaHUE JIEKIUN MO y4yeOHOU H
CIIeIIMAIbHON TEXHUYECKOU JINTEpATypE.

e  BrinosHEeHNE pacYETHBIX 3aJaHUM.

e Pabota co crpaBoYHO IUTEPATypOil U HOPMATUBHBIMU MaTEpUaATaMHU.
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e  OdopmiieHre 0TYETOB MO JTAOOPATOPHBIM U MPAKTUYECKUM paboTaM, M MOATOTOBKA K MX
3aluTe.

IIpoBepka BBINOJHEHHSI KOHTPOJbHBIX pador. KoHTponbHas pabora IMpOBOIUTCS C
LEJIbI0 KOHTPOJISL YCBOGHHBIX YMEHUN U 3HAHUN U TOCIIEAYIOIIET0 aHaIu3a TUITHYHBIX OIIUOOK 1
3aTpyJHEHUI 00y4YaloIMXCS B KOHIIE M3Y4EHHUs TeMbl WM paszzaena. CoriacHo KajieHIapHO-
TEMaTHYECKOMY IUIaHY JAUCUUIUIMHBI MPEyCMOTPEHO MPOBEICHHUE CIEAYIOIIUX KOHTPOJIbHBIX
pabor:

e Koumponvnas paboma Nel no meme «UuciaeHHOE pellicHUE HEMMHEHHBIX YPABHCHUI ».
o  Koumponvnas paboma Ne2 no meme «MeTonbl pEIICHUS CUCTEM JIMHEHHBIX
anredpandeckux ypaBHEHUI».

Crenudukanuy KOHTPOJIBHBIX pabOT MpHUBeIeHBI HIDKE B TaHHOM KoMIuiekte POC.

CBoaHasi Ta0/uIa 1O NPUMeEHsieMbIM (POPMAM H METOJAAM TEeKYIero KOHTPOJIsl U
OlIeHKH Pe3yJIbTATOB 00y4eHus!

Pe3yabTaThl 00yueHus ®opmMbI U METOAbI KOHTPOJISI M OLIEHKHU
pe3yJbTaToB 00y4YeHus

OcBoeHHbIC YMEHHUSA:

— HCIIOJIB30BaTh OCHOBHBIE YHCJEHHbIC | BBIOIHEHME M 3amMTa NPAaKTHYECKUX pPaboT
METOIBI PElICHHs MaTeMaTuueckux 3amau; | Ne 1-16
— BBIOMpaTh ONTHMAJIbHBIA YHCIICHHBIN Penrenue 3ama4q
METOJ JJIsl PEUICHUS TOCTABJICHHOW 3a/1a4H; YeTHBIM ONPOC BO BpeMsl 3aHATHS, JOKIAL II0
— JaBath MaTemaTndeckue | BBIODaHHOMU Teme.
XapaKTePUCTHKH  TOYHOCTH  HMCXOHOil | KOHTPOIbHAs pabora Nel,2
uHpopMallUd ¥  OLEHUBATh TOYHOCTh
IOJIYYEHHOI'0 YUCIIEHHOI'O PEIICHNS,
pa3pabaThIiBaTh aIITOPUTMBI 51
IIPOrPaMMBI I PEUICHUS BBIYUCIUTEIIBLHBIX
3aja4, Y4YUTbIBasg HEOOXOJUMYI0 TOYHOCTH
II0JIY4a€EMOI'0 PE3yJIbTaTa.

YcBoeHHBIE 3HAHNA:

— METOAbl XPAHEHUS YHMCENl B IaMATH | BBIONHEHME M 3aIlUTa NPAKTUYECKUX DPadoT

AIIEKTPOHHO-BBIYUCIUTETHLHON Mamussl | Ne 1-16

(mamee — DBM) wu geiictBusi Haa HuMH, | Penienue 3amaq

OIIEHKY TOYHOCTHU BBIYHCIICHU; YeTHBIE  OMpoC  BO  BpeMsl  3aHATHA,
METO/IbI peleHus OCHOBHBIX | TECTUPOBaHUE

MaTeMaTHYeCKHX 3aj1ad — uHTerpuposauus, | Konrponsnas pabora Nel,2
muddepeHpoBanys, pelIeHNs INHEHHBIX U
TPAHCLECHJICHTHBIX YPAaBHEHHMH M CHCTEM
ypaBHEHUH ¢ nomolpo OBM.

3.2 ®opMa NpOMe:KyTOYHOM aTTeCTANMHA

[IpomexxyTouHasi arrecTanus MO JUCHUIUIMHE YWCICHHBIE METOIBl — JK3AMEH,
cnenuduKanys KOTOporo coaepxurcsa B JaHHoM komruiekte @OC.

Obyuarowuecss Odonyckaromcs K coaue IK3AMEHA NpU  BbINOJHEHUU 6ceX GUO08
camocmosamenvhol  pabomel, J1AOOPAMOPHLIX, NPAKMUYECKUX U KOHMPOJbHBIX pabom,
NPeOyCMOMPEHHBIX paboyell npoepamMmon U KaieHOAPHO-MeMAMUYecKum NniaHoM OUCYUNTUHBL
/MJIK.

Jugpepenyuposannviii 3auem/3avem/ umozo8as KOHMPOIbHAS pAOOMA NPOBOOUMCs 3d
cuem @pemeHu omeedeHHo2o Ha usyyerue oucyunaunvl/MIK. [Ipu ycrosuu ceoegpemennozo u
KAYeCmeeHHO20 6bINOJHEeHUs 00YUAIWUMCS 8CeX U008 pabom, npedycMOMpPeHHbIX paboyell
npozpammout oucyuniunvl/ MJ/[K.
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IlepeyeHb BONPOCOB K IK3ameHy (unu ougghepenyuposannomy 3auemy, 3auemy,
UMO20801 KOHMPOILHOU padomol)

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 UCTOYHHKA MTOTPEIIHOCTEN MPH pelieHuu 3aaa4 Ha OBM, ux
MIPUPOJY U CITIOCOOBI YMECHBIIICHUS.

Kak onpenennTs OTHOCUTEIBHYIO OTPEIIHOCTD MPUOJIMKEHHOTO yucia?
[Tepeuucnure ycnoBus (HEOOXOAUMBIEC U/UITU TOCTATOYHBIE) JUISI OJIOKHUTEIHHOM
ONPEIETICHHOCTH MaTPHUIIBI.

Merozpl perieHns HeNMMHEHBIX ypaBHeHM. [lepeuncnure u onumure.

[lepeuncnure U ONUILIUTE YUCIECHHBIE METObI HEJTMHEWHBIX YPABHEHHUM.

[aiite onpeneneHne METOAY MOJOBUHHOTO AEIEHUS ISl PELIEHUS HEJTMHENHBIX
YpaBHEHUM.

Jaiite onpeneneHre METOAY MPOCTHIX UTEPAMi JIsl PEIICHUS HEJIMHEHHBIX YPaBHEHHUI.
Jaiite onpenenenue metony HproToHa (MeTO1 KacaTenbHbBIX) JUIsS PEIICHUs HETMHEUHBIX
YpaBHEHUU.

Haiite onpenenenune meronam pemenus CJIAY. Meron IMaycca.

Hatite onpenenenue metonam pemerus CJIAY. Merox oOpaTHON MaTpHIbI.

Matite onpenenenue metonam pemenus CJIAY. Meroa SAko0Owu.

[Haiite onpenenenue metoaam pemenus CJIIAY. Meron 3eiiens.

B ueMm npeumyiiectBo MeroAa 3eniens A1 peIIeHUs] CUCTEMbI JIMHEUHBIX
anredpanvyeckux ypaBHEHUU Iepe]] METOAOM MPOCTOM uTepanun’?

[Touemy MeTO/ MPOCTOM UTEpALIMH PEIICHUS CUCTEM JIMHEHHBIX anreOpanyecKux
YpaBHEHUI Ha3bIBAETCSI CAMOUCIIPABIIIOIINMCS ?

B uem oTiiune merona 3eliens A pEHIeHUs] CUCTEMBI IMHEUHBIX alireOpanyecKux
YpaBHEHUH OT METO/1a IPOCTON uTepanun’?

Merton SIko6u u merox 3eiinens. Uro obmero? Kakue ormmans?

OnuimTe OCHOBHBIE CBOMCTBA MPSAMBIX M UTEPAIIMOHHBIX METOJIOB PEIICHUS YPaBHEHUH.
[TosicauTe, 4TO TaKOE CKOPOCTh CXOAMMOCTH U KaK OHA CBsi3aHa ¢ 9(PPEKTUBHOCTHIO
METO/1a.

Kaxoit urepanimoHHbIN TIPOlIecC Ha3bIBACTCS IMHEHHBIM?

Teopema 06 LU-paznoxxeHumu.

HMHTEepnonsnnoHHBIA MHOTOWIEH Jlarpanika

Pemenue cuctem auHelHbIX anredpandeckux ypaBHeHH (CJIAY) uyncieHHBIMU
Merogamu. Meron ["aycca.

Meton npocToit uTepanuu s CUCTEMbI JIMHEHHBIX anreOpanueckux ypaBHeHuil (CJIAY
Otnenenve U yTOYHEHUE KOPHSI YPAaBHEHHUS METOJIOM IMOJOBUHHOTO JICJICHUSI.

Haxoxnenre KopHsa ypaBHEHUS METOJOM KacaTeIbHbIX.

Haxoxnenve KopHsa ypaBHEHUS METOOM XOPJ U KacaTelIbHbIX.

YucneHnHoe pelieHre ypaBHeHuil. Metos xopa. Mnes merona, 0COOEHHOCTH METOAA.
YucneHHoe penieHue ypaBHeHu. Meton nuxoromun. Maes MeToaa, 0COOEHHOCTH
MeTo1a

YucneHHoe pemieHue ypaBHeHuH. MeTo/ kacaTenbHbIX. Maes MeToia, 0cOOEHHOCTH
MeToJ1a

YucreHHOE peneHne ypaBHeHnid. Meton nmpocTeix urepanuid. aes meroaa,
0COOEHHOCTH METO/a
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Yacter B

1.

10.

11.

12.

MeTo10M N0JIOBUHHOTO J€JIEHUs] HAUTH MEepBbIC TPH MPUOIMKEHNUS K KOPHIO YpaBHEHUS
X =2x*—x+2=0 Ha orpeske [-2.4;-0.6] .
MetoioM npocToi UTepaluy HAWTU NepBbIe TPU NPUOIMIKEHHS K KOPHIO YPaBHEHUS
x3 + 5,5x — 2 = 0 na orpeske [0, 1] ¢ Tounoctsio &€ = 0,01 .
Metonom HeroToHa (MeTo/ KacaTeIbHBIX ) HAMTH MIEPBbIE TPU MPUOIKEHHS K KOPHIO
ypaBHeHus x> + 8x — 6 = 0 na orpeske [0, 1] ¢ Tounoctsio € = 0,01 .
Pemmte cucremy nuHEHHBIX anredpanyeckux ypaBHeHU meronom ["aycca
( 4x; +x, +x3+2x, =2
X1+ 3x; +2x3 — x4 = 2
) 2x1 — X5 + 5x3 +3x, = —1
\4x; + 5x, + 4x3 —4x, =8
Pemmte cucremy NMHEHHBIX anreOpanyecKuxX ypaBHEHUH METOIOM 0OpaTHOM MaTpPHUIIbI
(2x1 + 3%, +3x3+3x4, =5
2x1 + 2x5 + 2x3+3x, =5
2x1 + 2x, +x3 + 2x, = 4
\ 2x1 +2x, +x3+x4 =3
Haiitu nepBbie Tpu NpuOIMHKEHUS K KOPHSIM YPaBHEHHS CUCTEMbI IMHEWHBIX
anredpanvyeckux ypaBHEHUN METOJIOM MPOCToi urepauuu (Skodn).
X1+ 2xy +x3+2x4 =3
2x1 +3x; —x3+ x4 =3
2x1 + 5%y + 2x3 + 2x, =7
3x; + 5x; +x3 +4x, =8
HaiiTu nepBble Tpu npuOInKeHUs K KOPHIM YPAaBHEHUS CUCTEMbI JIMHEHHBIX
anreOpanvdecKuxX ypaBHEHUN METOIOM 3eiiers.
7x1 +4x, —x3 =7
2x1 + 6x5 + 3x3 = —2
—X1+x, +4x3 =4
C nomorsto nporpamMmmel MS Excel MeTo10M NIOJIOBUHHOTO JIEJIEHUSI HATH MIEpBBIE TPU

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

C nomostio nporpammel MS Excel MeToom npocToit utepanuu HaiTu nepBble TpU
NIpUOIMKERHS K KOPHIO ypaBHeHus x> + 5,5x — 2 = 0 na otpeske [0, 1] ¢ TOUHOCTBIO
e=10,01.
C nomosto nporpammel MS Excel meronom HeroToHa (MeTo KacaTeNlbHbIX) HATH
pelenue ypapHeHus x> + 8x — 6 = 0 Ha otpeske [0, 1] ¢ Tounoctsio &€ = 0,01 .
C nomorsto nporpaMmMmel MS Excel pemuTh cucteMy JTUHEHHBIX alre0pandeckux

4x, + x5, +x3+2x4 = 2

X1+ 3x; +2x3 —x4 =2
2x1 — Xy + 5x3 +3x, = —1
4x; + 5x5 + 4x3 — 4x, = 8
C nomorsio mporpammel MS Excel pemuth cucteMy JTMHEHHBIX anredpandeckux
YpaBHEHUI METOJIOM 0OpaTHOM MaTPHIIbI

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

2x1 + 2%y + 2x3+3x4, =5

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

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

ypaBHeHul MeTonoM ['aycca
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13. C nomompto mporpammel MS Excel pemuth cuctemy ypaBHEeHH MeTOZ0M SIkoOu ¢
TouHocteio € = 0,01
X1+ 2xy +x3+2x4 =3
2x1 +3x; —x3+ x4, =3
2x1 + 5xp + 2x3 + 2x4 =7
3x; +5x; +x3 +4x, =8
14. Haiitu 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. PemmuTh METO/I0M MPOTOHKHU CUCTEMY YPaBHEHHI

x+3y=5
—2x+4y—z=1
2y —2z+w =3
z+w+v=-2

3w—v=-1

16. Haiitn npuGnmkensoe peurenne ypasHenns x° —0,2x° +0,5x—1,4 =0 na orpeske
[-1;0] MeTOIOM XOpA ¢ To4HOCTHIO 107
i x*+3x7 +12x+3=0
17. Haiitn npuOImKeHHOE pEIICHUE YpPaBHEHHS Ha otpeske [0;1]
-2
METOI0M MXOTOMHH C TO4HOCTBE 10~

3 2 _
18. Haiitn npuGnmkensoe peurenne ypapaenns ¥ —0-2X" + 0.5-1=0 gq orpeske [0;1]
-3
METOJIOM KacaTelbHBIX ¢ TOYHOCTHIO 10

19. Haiitn mipuOnmXeHHOE pelIeHne ypaBHEHHS X =3x7 +6x-5=0 orpeske [1;2]

-3
METOI0M XOpA ¢ TogHOCTbo 10

20. Haiftu xopenb ypaBHeHus sin 5x + x? — 1 = 0 na otpeske [0.2; 0.3] ¢ TOYHOCTBIO 10
€=0,001 meTomom XoOp.

21. HaiiTu KOpHM CHCTEMBI JTUHENHBIX YpaBHEHUN

2x; —4x, +1,4x; =-0,6;
2,1x1 —xZ _ZX3 = 2,3
¢ nomorpio MS Excel metonom I"aycca;
22. HaliTu KOpHU CUCTEMBI JINHEUHBIX YpaBHEHUN

L5x —5x, —2x;, =0;
X+ xy = 2x=—1;
S5x; +3x, —4x; =3.
¢ nomorpio MS Excel MeToioM npocToii ureparu.
23. Jlna ¢pyHKUMH, 3a1aHHON Ta0uLeit:
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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

a)

b)

24.

COCTaBbTE HWHTEPHOJSLMOHHBIN MHorowieH Jlarpanxka. IlpousBeaure npOBEpPKY
MOJIy4EHHOTO Pe3yJIbTaTa, BEIYMCIINB U CONIOCTABUB Y3JI0BbIC 3HAYCHUS (DYHKIINH;

BBIUMCIIUTE 3HAUCHUS 3TON QyHKIMH B Touke 1,45, ucronb3ys nporpammy Excel.

Jns dyHKIIMA, 3a1aHHON TaOJIUIICH:

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

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

a)

b)

25.

26.

27.

28.

29.

30.

COCTaBbTE IEPBYIO U BTOPYIO MHTEpHOJSAIMOHHBIE (opmynbl Heiorona. IIpousseaute
MIPOBEPKY TMOJIYYEHHOTO pe3yJbTaTa, BBIYMCIUB W COIOCTaBUB Y3JIOBblEe 3HAYCHUS

byHKIINY;
BBIUMCIIUTE 3HAUEHUS 3TON (yHKIMH B Toukax 2,09 u 2,45, ucnons3ys nporpammy Excel.

Berauciuth npubmmkeHHOe 3HaueHNe (DYHKITHH, UCTIONB3YS MIEPBYIO WIH BTOPYIO
UHTEPHOJSILUOHHbIE (hopMyibl HbroTOHA ¢ TpeMs ciiaraeMbIMU M OLIEHKOM
HOTPELIHOCTH.

X=0.55 y=9.2647

3nauenue aprymenta 0.4632 0.553

Boraucnute npubnmkeHHoe 3HaueHNe (DYHKITHH, UCTIONB3YS IIEPBYIO WA BTOPYIO
MHTEPIONISLIMOHHBIE (hopMyJibl HbIOTOHA € TpeMs ciiaraeMbIMU U OLIEHKON
HOTPELIHOCTH.

X=0.51 y=15,1984

3nauenue aprymenra 0,476 0,541

Haiitu npubnmxenHoe 3HaueHUe (PYHKIMH C TIOMOIIBI0 HHTEPIIOJIALUOHHOTO
MHorouseHa Jlarpanka npu 3aganHoM 3HaueHnn aprymenrta X=0.8 Y=1.02964
3nauenue aprymenta 0.815

Haiitu npubnuxeHHoe 3HaYueHNE PYHKIUU € TTIOMOIIbIO HHTEPIOJSLMOHHOTO
MHorouseHa Jlarpan)ka npu 3ajaHHOM 3HaueHuu aprymenta X=0.96 Y=1.52368
3nauenue aprymenta 0.896

B npuBeaenHbIx 3a1ayax yuciaa m, n, K BBIYMCIEHBI ¢ HEKOTOPOW MOTPEIIHOCTHIO.

HCO6XO,I[I/IMO BBIUHUCIIUTL U ONIPCACIINTD MMOTPCITHOCTD PE3YyJibTaTa IJId X

mxn
X = W’Fﬂe m=3.85(+0.01) n =12.136 (+0.002)k = 17.32 (+0.03)

B nipuBeieHHBIX 3a/1aUax 9Mciia m, N, K BEIYMCIIEHBI C HEKOTOPOH TTOTPENTHOCTHIO.
Heo6Xx0IMMO BBIYHCITUTD M OMIPEIEITUTD MOTPEITHOCTE Pe3ybTara st X
m * n?

=Tk

,riem = 3.15(+0.02) n = 10.734 (£0.003)k = 25.217 (+0.001)
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4 Cucrema oneHuBanus komiuiekTa @OC Tekylero KOHTPOJIsi M MPOMEKYTOYHOH
aTTecTaluu

Kpurepun onenuBanns 3ajanuii NpaKkTH4eCKUX padoT.

ITpakTryeckas paboTa OLIEHUBAETCS MAaKCUMAaJIbHO OLEHKON «5» (OTJIMYHO).

Kaxnoe 3ajanue orieHUBaeTCss MAKCUMAIbHO OLIEHKOU «5» (OTINYHO).

1o pe3ynbraTram OLIEHUBAHUA BCEX 3aJaHUN OLICHKA COOTBETCTBYET CPEIAHEH.

Kpurepuu onieHuBaHus penieHui 3a1ad.

«5» (OTIAMYHO) — COCTaBJIEH INPABUJIBHBIN AJITOPUTM pElEHHs 3aJadyH, B JIOTHYECKOM
paccyXIeHHH, B BEIOOpE HOPMATHBHBIX UCTOYHUKOB U PEIICHUH HET OIMOOK, MOJyYeH BEepHBIN
OTBET, 3a/1a4a PelLIeHa PallMOHAIbHBIM CIOCOOOM.

«4» (Xopomo) — COCTaBJEH IPAaBWIbHBIN aJrOpPUTM pEUIEHMs 3a/adM, B JIOTHUECKOM
pacCy)KIEHHH M pEIIeHUH HEeT CYILEeCTBEHHbIX OLIMOOK; TPAaBWIBHO CcJelaH BbIOOD
HOPMATHUBHBIX MCTOYHHUKOB; €CTh OOBSICHEHHE PEICHMs, HO 3ajaya pelieHa HeparroHaTbHBIM
croco0OM WM AOIYIIEHO He OoJiee IBYX HECYIIECTBEHHBIX OLIMOOK, 10JIy4eH BEpHBIH OTBET.

«3» (yIOBIETBOPUTENIbHO) — 3aJaHUE BBIMIOJIHEHO, B JIOTUYECKOM PACCY>KJIECHUU HET
CYLIECTBEHHBIX OIIMOOK, HO JOMYILEHbl CYIIECTBEHHbIE OHIMOKH B BBIOOPE HOPMATHBHBIX
MCTOYHUKOB; 33/1a4a PelleHa He MMOJHOCThIO WX B OOLIEM BUJIE.

«2» (HeylOBJIETBOPUTEIHHO) — 33/1a4a pelleHa HePaBUIbHO.

Kpurepun oueHnBaHus 0TBETA 110 YCTHOMY OIIPOCY.

«5» (OTIMYHO) — 3a NIYOOKOE M MOJHOE OBJIAZICHUE COJIepKaHUEM yueOHOro MaTepuaia,
B KOTOpPOM OOydarouuiics CBOOOTHO W YBEPEHHO OPUEHTHPYETCS; 3a YMEHHE INPAKTHUYECKU
IOPUMEHATh TEOPETUYECKUE 3HaHUs, BBICKA3bIBaTb M OOOCHOBBIBATH CBOU CYXXICHHS; 3a
IPAaMOTHOE U JIOTUYHOE U3JI0KEHUE OTBETA.

«4» (xopowio) — ecau OO0ydaroLUiics MOJHO OCBOMJ Y4eOHBIH Marepuai, BiaaeeT
Hay4YHO-IIOHATUMHBIM amaparoM, OPUEHTHPYETCS B M3YYEHHOM Marepuase, OCO3HAaHHO
IIPUMEHSET TEOPETUYECKUE 3HAHUS Ha NMPAKTUKE, IPAMOTHO M3JIaraeT OTBET, HO COIAEpPKAaHUE U
¢opMa 0TBETAa UMEIOT OT/JEJIbHBIE HETOUHOCTH.

«3» (yIOBIETBOPUTEIBHO) — €CIM O0ydaroluiicss oOHapyKUBaeT 3HAHUE U ITOHMMaHUE
OCHOBHBIX TIOJIOKEHUI yueOHOro MaTepuaia, HO M3JIaraeT €ro HENoJIHO, HEMOCJEeI0BaTENIbHO,
JIOIIYCKaeT HETOYHOCTH B IPUMEHEHHHM TEOPETHUYECKHUX 3HAHMM IIpU OTBETE HA IPAKTHKO-
OpPUEHTUPOBAHHBIE BOIIPOCHI; HE YMEET J10Ka3aTeIbHO 000CHOBATh COOCTBEHHBIE CYK/ICHUS.

«2»  (HEyZlOBJIETBOPUTENBHO) — eciu OOyd4aroIluics HMMEeT Ppa3pO3HEHHBIE,
OeccucTeMHbIE 3HaHMS, JOMYCKAaeT OLIMOKM B ONpPENEICHUU 0a30BBIX MOHATHUN, MUCKa)XaeT HUX
CMBICJI; HE MOXET IIPAKTUYECKH IPUMEHATh TEOPETUUECKUE 3HAHMUS.

Kputepun oneHuBanns KOHTPOJIbHOM padoThl Nel

3amaHve K KOHTPOJBbHOM paboTe COCTOMT W3 JBYX 3ajad, Kaxaas W3 KOTOPBIX
OILICHUBAETCS MaKCHUMaJbHO OLEHKOH «5» (oriamuHo). Ilo pe3ynabTaraM OLEHUBAHUS PELICHUS
JBYX 3a71a4 OLIEHKA COOTBETCTBYET CPEIHEH.

Kpurtepun oneHuBaHNs KOHTPOJILHOM padoThl Ne2

3amaHve K KOHTPOJBbHOM paboTe COCTOMT W3 JBYX 3ajad, Kaxaas H3 KOTOPBIX
OLICHUBAETCS MaKCHUMaJbHO OLEHKOH «5» (oriamuHo). [lo pe3ynabTaraM OLEHUBAHUS PELICHUS
JBYX 3a/1a4 OLIEHKA COOTBETCTBYET CPEIHEH.

Kpurepun oueHnBaHus OTBETOB 110 IK3aMEHALMOHHBIM OHJIeTam.

OTBeT 1o PK3aMeHAIMOHHOMY OUJIETY OI[EHMBAETCSI MAKCHUMAJIBHO OLIEHKON «5» (OTIUYHO).

[lepBsIif BOpOC MaKCUMAJIbHO OLIEHUBAETCS OLIEHKON «5» (OTIMYHO).

Bropoii Bonmpoc MakCUMalbHO OLIEHUBAETCSl OLIEHKOH «5» (OTIMYHO).

3ajaua OI[eHUBAETCA MAaKCUMAJILHO OLIEHKOU «5» (OTIUYHO).

ITo pe3ynbTaTaM OLEHUBAHMS BCEX TPEX BOIPOCOB OLICHKA COOTBETCTBYET CPEAHEN.

[Ipyu oneHUBAaHUU NPAKMUYECKOU U CAMOCMOAMENbHOU pabompl CTYACHTA YUUTHIBACTCA
CIIEyIOIIIEe:

- Kauecmeo 8bINOJHEeHUs NPAKMUYECcKol Yacmu pabomal,

- Kauecmeo ogopmaeHusi omuema no pabome;
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- Kauecmeo YCMHbIX 0MEemos Ha KOHMPOIbHble 6ONPOCHI NPU 3awyume pabomal.

Kaxnprit Bug paboThI OIIEHUBAETCS 110 TISATH OABHOM IITKAJIe.

«5» (OTIMYHO) — 32 IIIyOOKOE M TOJTHOE OBJIAJCHUE COJCpKAHUEM YueOHOTO MaTepHaa,
B KOTOPOM OOydYaromuiics CBOOOJHO U YBEPEHHO OPHEHTHUPYETCS; 32 YMEHHUE IMPAKTUUYECKH
OPUMEHSTHh TEOPETUYECKHE 3HAHUS, BHICKA3bIBaTh 1 000CHOBBIBATH CBOM CYXKJeHHs. OeHKa «5»
(OTIIMYHO) IpeoiaraeT rpaMOTHOE U JIOTHYHOE U3JI0’KEHUE OTBETA.

«4» (xopomio) — ecnu OOYYaroUIMiics MOJHO OCBOMJI Y4YeOHBIH Marepuas, BiaieeT
HAyYHO-TIOHATUIHBIM ammapaToM, OPHEHTUPYETCS B M3YyYEHHOM MaTepuaje, OCO3HAHHO
INPUMEHSET TEOPETUYECKHE 3HAHUS Ha MPAaKTHKe, TPAaMOTHO M3JIaraeT OTBET, HO COJAEpXKaHUE U
¢dbopMa 0TBEeTa UMEIOT OT/JEIIbHBIE HETOUHOCTH.

«3» (yIOBIETBOPHUTEIBHO) — €CIM O0YyJaromuiicss OOHapyKUBAeT 3HAHWE U MMOHUMaHUE
OCHOBHBIX TOJIOKEHUI yueOHOro MaTepuaia, HO M3JIaraeT ero HEemoJIHO, HEMOCJeI0BaTeNbHO,
JIOMYCKAaeT HETOYHOCTH, B NPUMEHEHUH TEOPETUYECKHUX 3HAHHWH TNPH OTBETE Ha MPAKTHKO-
OpPUEHTUPOBAHHBIE BOIIPOCHL; HE YMEET JO0Ka3aTeIbHO 000CHOBATh COOCTBEHHBIE CYXKICHHUS.

«2»  (HEyIOBIETBOPUTEIBHO) — €cClid OOy4YalolIHMiiCI HUMEET pPa3pO3HEHHBIE,
OeccucTeMHBbIE 3HAHMS, JOIMYCKAaeT OLIMOKU B ONpPENEICHUU 0a30BBIX MOHATHUH, MCKa)XaeT UX
CMBICIT; HE MOXKET MPAKTUYECKU PUMEHSTh TEOPETUICCKHAE 3HAHMSL.

Tecm oyenusaemcs no namu OAILHOU WKale C1eOYIOWUM 00pA3OM: CMOUMOCHb
Kaxcoozo eonpoca 1 dann. 3a npasunvuviii omeem cmyoewm noaydaem 1 6ann. 3a HegepHbill
omeem unu e20 omcymcemeue 0anibl He HAYUCIAIOMCA.

Oyenxa «5» coomseemcmgyem 86% — 100% npasunvHblx omeemos.

Oyenxa «4» coomeemcmeyem 73% — 85% npasunvhvix omeemos.

Oyenka «3» coomseemcmeyem 53% — 72% npasuivhvix 0meemos.

Oyenxa «2» coomeemcmeyem 0% — 52% npasuibHbiX OMEEmos.
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IIpuiaoxenne

IIpoBepka BBINOJHEHUSI KOHTPOJbHBIX padoT. KoHTposnbHas paboTa MpoBOAMUTCS C

LENIBI0 Pe3yJbTaTOB OOYYEHUS U IMOCIEAYIOMIEr0 aHaIu3a THUIMYHBIX OMIMOOK W 3aTpyAHEHUI

o0y4aromuxcsi B KOHIE U3y4eHHs] TeMbl WK pazzaena. CoryiacHo KalleHAapHO-TEeMaTHYECKOMY
IJIaHy JUCHUIINIMHBI MPEAYCMOTPCHO MPOBCACHUC CICAYIOMIUX KOHTPOJIbHBIX pa60T:

KonTposbnas paGora Ne 1
Bapuanrt 1
31. HazoBute Tpu OCHOBHBIX HCTOYHHKA MTOTPEIIHOCTEN IPHU pelieHuu 3aaa4 Ha OBM, ux
NPUPOAY B CIOCOOBI YMEHBIICHHUS.

32. MeTo10M MOJIOBUHHOTO JICJICHUS] HAWTH MEPBBIE TPH MPHOIMKEHNUS K KOPHIO yPaBHEHUS
’;

3 2
X" —=2x"—x+2=0 na orpeske [-2.4;-0.6] .
Bapuanr 2
1. Kak onpeenuTh OTHOCUTEIIBHYIO IOMPEITHOCTD MPUOJHUKEHHOTO YHcia?
2. Meronom kacatesbHbIX (Hpl0TOHA) HAWTH MEpPBBIC TPH MPUOIMIKSHHS K KOPHIO

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

Bapuanr 3
1. Jlaifte onpenenenue urepamonHoro metoja pemenns CJIIAY.
2. MerosoM MPOCTHIX UTEPALUNA HAWTH TIEPBBIC TPU NMPHUOIIKEHUS K KOPHIO YpaBHEHUS

X =2x*—x+2=0 nHa orpeske [-2.4;—0.6] .

KonTpoabsnas padora Ne 2
Bapuant 1
1. Haiite ompeneneHne METOJY IMOJIOBHHHOTO AENEHUS AJs PElIeHUs HEeIMHEWHBIX
YpaBHEHUM.
2. Haiitu mnepBble Tpu NPHOTMKEHUS K KOPHSIM YpaBHEHUS CHUCTEMbl JHUHEWHBIX
anreOpanvdecKuX ypaBHCHHUN METOJIOM MPOCTOM ureparnuu (Skoon).
X1+ 2x; +x3+2x4 =3
2x1 +3x, —x3+x, =3
2%1 + 5%y + 2x3 + 2x, =7
3x; +5x, +x3+4x, =8

Bapmuanr 2
1. JlaiiTte ompeneneHue METOAY NPOCTBIX HWTEPALMU Il PEIICHHUS HEJTWHEHMHBIX
YpaBHEHUM.
2. PeummTh cucteMy JMHEHHBIX aireOpandyeckux ypaBHEHHUH MeETO/I0M OOpaTHOMN
MaTpHIbI
2x1 +3x, +3x3+3x4, =5
2x1 + 2x, +2x3+3x, =5
2x1 +2x, +x3+2x, = 4
2x1 +2x, +x3+ x4 =3
Bapuanr 3
1. Jlaiite omnpenenenne wmeroay HproToHa (MeTon KacaTeNbHBIX) [UIsl pElIECHUS
HEJIMHENHBIX YPaBHEHUMN.
2. Pemmrth cucreMy JnMHEHHBIX anreOpaMvecKux ypaBHEHHM MeToioMm [aycca
4x; + x5 +x3 +2x, = 2
X1+ 3x, +2x3 —x4 =2
2x1 — X5 + 5x3 + 3x, = —1
4x, + 5x, + 4x; —4x, = 8
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BoinosiHeHHe W 3a1IMTA MPAaKTHYecKHX padoT. [IpakTudyeckne paboThl MPOBOASTCS C
OCJIbIO YCBOCHHA u 3aKPCIJICHHUA MMPAKTHUYICCKUX YMGHI/If/'I u 3HaHI/II>’I, OBJIaACHUA
npodeccuoHanbHBIMU KOMIIETEHIUAMU. B X0/1e mpakTrueckoi paboThl CTYIEHTHI IPUOOpETaOT
YMEHUs, TPEeayCMOTpEeHHbIe paboyeil mnporpaMMoN JUCHUIUIMHBI, Y4YaTCid UCHOIb308ANb
Gdopmynsl, U NpuUMEHAMb PpaAsIUYHbIE MEmOOUKU pacuemad, AaHAIUZUPOBAMb NOJYUEHHbIE
pe3yrbmamsl U 0e1amby 8b1800bl, ONUPAACH HA MeopemudecKie 3HAHUs.

Ilpakmuueckas paboma Nel. Memoo Oenenus ompeska nonoiam. Ananrus 3adauu u
UCCIe008aHUe PeueHUsL.

OnpenenuTh KOPHU ypaBHEHHUS IpaHUeCKH M YTOYHHWTH OJMH U3 HHUX HTEPaAIllMOHHBIMH
MeToaMu ¢ TouHocThIo 0,01:

1 *+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 x3+6x+3=0
7 x3+6x—1=0 15 x3+5x—1=0
8 x3+12x—12=0 16 x3+10x—-5=0

Ilpakmuueckas paboma Ne2. Memoo oenenus ompeska nononram. Ilocmanosrka pewenus
3a0auu 6 MS Excel. Pewienue no eapuanmanm.

[Tpumep odopmitenus 1adbopaTopHOM pabOTHI:
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GAAN NABHAA BCTABKA PAIMETEA CTPAHLEI OPMY IR JAHHEIE PELLEHZMPOBAHME Bl

alls

& ;I; ] Calibri -1 KA === - B |Obumi - F
BeTaeute < WK Y- . 8. A- === &= - . oo b 0 ¥cnoeHoe Bopmz
M GopMaTMpOBaHWE ™  KaK Ti
Bydep o6MeHa T LpndT Ta Bolp3aEHWEAHWE M Yucno T Crinn
P14 - fr
A B C D E F G H ! ]
1 NabopatopHaa pabota Nol
2 MeTog neneHMA oTpesKa nononam
3
4 |BbinonHKn:
5 |BapwuaHrt:
8
7 |HaiTw pelieHmne ypaBHeHKWA X*3+x-1=0 c TouHocTbo £=0,01 meTogom AeNeHWA OTPEe3Ka NoNoAam.
8
9 | HopHem JaHHOro ypaBHEHMWA ABNAETCA X-KOOPAMHATA TOUKK NEpeCceYeHNA TPafKoE PYHKLMA y=x"3 1 y=-x+1.
10 | Miccnepyemblid KOpPeHE HaXOAWTCA Meay TOuKamun a=0 1 b=1.
11 | @yHKUMA F(x)=x"3+x-1 Ha KoHUax oT pe3ua [0; 1] npUHUMAET 3HaYEHMA pasHblX 3HaKoe M Fla)F(b) <0.
12
13

Ipumep 2.2. Haiitu pemenue ypasaenus x> + x — 1 = 0 ¢ Tounoctsio € = 0,01 MeTon0OM
JIeJICHHsI OTPe3Ka MOIoJiaM ¢ TOMOIIbI0 iporpamMMel Excel.

Haiinem wuHTepBan, coxaepkaliuii eIMHCTBEHHBIM KOpeHb ypaBHeHus. [lng 3Toro
HEOOXOUMO MOCTPOUTH TAOIUILY WK rpaduk GyHKIuu F(x).

1) Brenewm B stueiiku A2, A3, A4, ... 3HaUe€HUSI IEPEMEHHOU X.

2) Beenewm B sueiiky B2 popmymny =A2"3+A2-1.

3) Ckommpyem GopMyITy ¥ BCTABHM B OCTAIIbHBIC sTueiiku cTooma B.

4) Haiinem cocennue siueiiku, B KOTOPBIX 3HAYCHMs (PYHKIUMM MMEIOT pa3Hble 3HAKU (pHC.
2.3 a). CooTBETCTBYIOIIME 3HAYCHUS MEPEMEHHON X JIAlOT I'PaHMIIbl MHTEpBaja, COAEPIKaIIEro

KODEHb.

5) Ans moctpoenus rpaduka BbI3bIBAEM MacTep Auarpamm. BeiOupaem TN guarpammbl
«TOYeUHas» - TOYeyHas JuarpaMma CcO 3HAUYEHUSMHU, COCIWHEHHBIMU CIVIAKUBAIOLUMU
JUHUSIMH.

6) I'panuiisl MHTEpBaia, COAEPKAIIET0 KOPEHb, COOTBETCTBYIOT 3HAUEHHUSAM IIKAJIBI, MEXITY
KOTOPBIMU JIMHHUSI Tpaduka TMepecekaeT Topu3oHTaIbHYI0 och (puc. 2.3 0) Ilpomomkaem
peleHrue Ha HOBOM JucTe (puc. 2.4).

A B c D E F G
a...bodix o iba | iF@) _iFb) GFX).
~0,0000 | 1,0000: 0,500} 1.0000 -1,0000: 1,0000: -0,3750
.0,5000} 1,0000: 0,7500: 05000: -0,3750: 1,0000: 01719
.0,5000 i 07500 06250} 0.2500 -0.3750% 01719} -0,1309
06250} 0.7500: 06875 01250 -0.1309} 0.1719: 0,0125:
.0.6250; 0.6875: 0.6563: 00625: -0.1309: 0.0125: .0.0611;

06563 068751 067191 00313 00611} 00125} -0,0248

06719 0,6875: 06797 : 0,0156; -0,0248: 0,0125: -0,0063

0,6797 | 0,6875: 0,6836: 0,0078: -0,0063: 0,0125: 0,0030:

Puc. 2.4. Pemuenne ypaBHeHHsI METO/IOM JI€JIEHUS OTPE3Ka MONOJIaM € TOMOIIbIO
nporpammel Excel.

W (00|~ (| | & |k (=
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1) Beectu B stueiiku Al — G1 3aronoBKu CTONOIOB.

2) B siueiiky A2 — 3HaueHue jaeBoi rpanuiibl nHTepBasa (0)

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

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

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

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

7) CxommpoBath ¢opmyny u3 E2 B sueiiku F2 m G2. Crtpoka 2 Temepb COACPKHUT
pe3yJbTaThl HAYALHOTO MPUOIHKEHUS.

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

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

10) Bogenuts stueiikun C2:G2 u ckonupoBaTh (opmyisl B coceanue sueiiku C3:G3 npu
MOMOIIM MapKepa 3amnojHeHUs (HeOONbIION 4YepHBIM KBagpaT B MPaBOM HIDKHEM YTy
BbIIeTIeHHOTO 0s10Ka). CTpoka 3 Ternepb COACPKUT PE3YIbTAThI IEPBOTO MPUOIUKCHHSL.

11) Beimenuts sueiiku  A3:G3 wu  ckonupoBaTh (OpPMYJBI B COCEIHUE SYCHKH
pacnosoxeHHbIX HKe cTpok A4:G4, AS5:GS5, u T.4. npu noMomu Mapkepa 3anoiaHenus. Kaxnas
HOBAas CTPOKA COACPKUT PE3yJIbTaThl OUEPEAHOTO MPUOIMKEHHUS.

12) B cronbue C HaliTu 3HaU€HKUE KOPHSI, COOTBETCTBYIOIIEE 33 JaHHOU TOUHOCTH.

[Tpubnmxennoe pemenue aanHoro ypaBHenus X = 0,6836 =~ 0,68 comepxurcs B sUeike
C9 (norpemrocts 0,007 < 0,01 B stueiixe D9).

OtBeT: x = 0,6836 = 0,68

Ipaxmuueckas paboma Ne3. Memoo npocmuix umepayuti. Ananus 3a0a4u u UCCIe008aHUe
peweHusl.

Ipakmuueckas paboma Ne4. Memoo npocmuix umepayuii. Ilocmanosxa peutenus 3a0a4u 8

Pemmte ypaBHenue x3 + x — 1 = 0 Ha orpeske [0,1] METOIOM IIPOCTBIX
ureparuii ¢ TounocThio € = 0,001 ¢ momMorpio mporpammel Excel.

ITopsinok pemenus:

[Topsinok pemenus (puc. 2.11).

1) Bsecrtu B sueiiku Al:D1 3aronoBku cTon010B.

2) B sueiiky A2 — 3HaUEHHE HAYATBHOTO MPUOJIMKEHNUS 1

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

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

7) Boizenuth sueliku A3:D3 u ckonupoBath (GOPMYJIBI B COCEIHUE SYEHKH
pacrnosyiokeHHbIX Huke cTpok A4:D4, AS5:DS, u T.A. mpu NoMOLIM Mapkepa
3anonHeHus. Kaxpaas HoBas CTpOKa COJEPKUT Ppe3ylbTaTbl OYEPEIHOIO
NpUOIMKEHUS.

8) B cronbue A HaliTh 3HaYEHHE KOPHS, COOTBETCTBYIOIIEE 3aaHHON TOYHOCTH.

[TpubmmkeHHoe pelmieHue naHHoro ypaBHeHus x = 0,68427 = 0,68 comepxurcs B stuerike A9
(morpeurHocts 0,00179463 < 0,01 B stueiixe D9).

A B C D
1 X f(x) M MOTPENTHOCTh
2 1 5
3 0,8 1 0,2
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4 0,7376 0,312 0,0624
5 0,70982 0,13889 0,02777881
6 0,69633 0,06746 0,01349237
7 0,68954 0,03396 0,00679209
8 0,68606 0,01738 0,0034769
9 0,68427 0,00897 0,00179463

Puc.2.11. Pemenne ypaBHEHUS METOAOM
MPOCTOM HWTEpallud C TMOMOIIBIO
nporpamMmsbl Excel.

Ipaxmuueckas paboma Ne5. Memoo npocmuix umepayuii. Pewenue no eapuanmanm.

Onpenenuth KOpHU ypaBHEHHUS rpauuecKkd ¥ yTOYHHTH OJIMH W3 HUX WTEPANMOHHBIMU
MeTomamMu ¢ 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 x3+4x—-4=0 14 x3+6x+3=0
7 x3+6x—1=0 15 x3+5x—1=0
8 x3+12x—12=0 16 x34+10x—-5=0

Ilpakmuuecxas paboma Ne6. Memoo Hetomona (memoo xacamenvuwix). Ananuz 3adavu u

uccneoosanue peutenusl.

Ipakmuyeckas paboma Ne7. Memoo Hviomona (memoo kacamenvuwix). [locmanoska

pewenus 3a0aqu 6 MS Excel.

Pemnts ypasHenue x> + x — 1 = 0 na orpeske [0,1] metonom HeroToHa ¢
ToyHOCThIO € = 0,001 ¢ momomsio mporpammel Excel.
[Topsinox pemenus (puc. 2.8).

1) Bsecrtu B sueiiku Al:D1 3aronoBku cToNOOB.

2) B sueiiky A2 — 3HaUEHHE HAYAIBHOTO MPUOJIMKEHHUS 1

3) B sueiiky B3 — popmyny dyskmun =A2"3+A2-1
4) B sueiiky C3 — GpopMyity Tpou3BOAHON (GyHKIUK =3*A2/"2+1

5) B sueiiky A3 — GpopMyIy NEpPBOTO NPHOIMKEHHUS =A2-B3/C3

6) B sueiiky D3 — norpemHocts =ABS(A3-A2)

7) Boimenuts sueiiku A3:D3 u ckonupoBarth (GOpPMYJIBI B COCEIHUE SUYEHKH
pacnoyiokeHHbIX Huxke cTpok A4:D4, AS5:DS, u T.n. mpu moMomm Mapkepa
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3aIOJTHEHMS.
NPUOITHKECHHUS.

Kaxxnass HoBas cTpoka COAEPKHUT Pe3yJabTaThl

OYepETHOTO

8) B cronbue A HaiiTh 3HaYEHHE KOPHS, COOTBETCTBYIOLIEE 3aaHHON TOYHOCTH.

[TpubmmxenHoe penieHue aaHHoro ypaBHenus X = 0,68233 = 0,682 comepkutcs B siueiike A6
(morpemnocts 0,00001 < 0,001 B stueiike D6).

A B C D
1 |[x F(x) F'(x) MOTPEIIHOCTh
2 1,00000
3 0,75000 1,00000 4,00000 0,25000
4 0,68605 0,17188 2,68750 0,06395
5 0,68234 0,00894 2,41198 0,00371
6 0,68233 0,00003 2,39676 0,00001

Puc. 2.8. Pemenue ypaBHeHuss meronoM HproToHa ¢
nomoInkko mporpammsl Excel.

Ipaxmuueckas paboma Ne8. Memoo Hvtomona (memoo xacamenvhuix). Pewenue no

sapua

Hmam.

OHpeI[eJ'II/ITB KOpHU YpPaBHCHUSA Fpa(bH‘ICCKI/I U YTOYHUTH OJUWH H3 HHUX UTCPAlHUOHHBIMU

MeToaaMu ¢ TouHocThIo 0,01:
1 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

2
3
4
5
6
7
8 x3+12x—12=0

9

10
11
12
13
14

15
16

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

Ipakxmuueckas paboma Ne9. Pewenue CJIAY memooom I'aycca. Ananuz 3a0aqu u

uccneoosanue peutenusl.

(A4x, + Xy +x3+2x4 =2
X1+ 3x, +2x3—x4 =2
2X1 — Xy + 5x3 + 3x, = —1
\4x; + 5x, + 4x; — 4x, = 8

(X1 +2x; —x3—x4, =0
2x1 +3x, —x3+x, =3
2x1 +5x, + 2x3+x, =3
3x; +5x, +x3 +2x, =5
( X1 +x,+x3=1
X1+ 2x, +2x3+x, =0
2x, +3x, +4x3+2x, =0
3x; +4x, +5x3 +3x, =0

3.4

5.

A

2.4

4.4

(X1 — Xy +2x3 —x4 =1
2x1 +3x3 +x4 =4
X1+ X, +3x3 —x4 =2
\2x; + x5 +5x3 —2x, =3
( X1+ Xy +xX3+x4=2
X1+ 2x, +2x3+ 2x4 =4
2x1 +3x; +4x3 +4x, =7
\3x; +4x, + 5x3 + 6x4, =9
([ 2X1+ X, +X3+Xx4 =2
2x1 +2x, +x3+x, =3

) le+2x2+2x3+X4=3

kle + sz + ZX3 + 3x4 = 1
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2x1+x2+X3+X4=1 (xl+2x2+2x3+X4=0

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

2x1 + X, +x3+x4 =2 ([ 2x1+2x, +x3+x,=1

9 2x1 +2x; +2x3+3x4, =1 10<2x1+3x2+2x3+x4=1
") 2xy+2x, + 3x3 +4x, =0 " )4xy +5x;, +4x3 +3x, =1
2xy + 2x, +3x3 + 5x, = —1 \ 6x; +5x, +x3+x,=5

Ipaxmuueckas paboma Nel(). Pewenue CJIIAY memooom I'aycca. [locmanoska pewienus
3adayu 6 MS Excel. Pewenue no sapuanmanm.

B Tekcte Oyner mpemiaraThCsi BBECTM B JIuana3oH s4yeek (opMmyny BHJA:
{=A1:B3+$C$2:$C$3} u T.m., 310 Tak-Ha3bIBacMbie «(hopMmyibl MaccuBay. Microsoft Excel
ABTOMATHUYECKH 3aKiI04acT ee B GpurypHsie ckoOku ( { } ). st BBeaeHuUs: Takoro tuma Gopmya
HEOOXOMMO BBIJCIIUTh BECh JMANa30H, KyAa HY)XHO BCTaBUTH (hopMyiny, B INEpBOH suciike
BBeCTH (opmyity 6e3 purypHbix ckobok (s npumepa Boiie — =A1:B3+$C$2:$C$3) u naxarp
Ctrl+Shift+Enter.

[lyckaii uMeeM cucTeMy JIMHEWHBIX YPaBHEHUN:

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

1. 3armumieM KO3 UIMEHTH CUCTEMBI ypaBHEeHHH B sueliku Al:D4 a cronber
cBoOOIHEIX 4ieHOB B stuekku E1:E4. Ecnu B suelike Al Haxomurcs 0, HE0OOXOOMMO MOMEHSITH
CTPOKH MECTaMH TaK, YTOO B ITOU siueiike OBLIO OTIMYHOE OT HOJISA 3HaueHwe. st Gonbiieit
HATJISTHOCTH MOKHO JT0OABUTH 3aJIUBKY SUE€EK, B KOTOPBIX HAXOSATCS CBOOOTHBIC YJICHBI.

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

2. HeoOxonumo ko3¢ duireHT npu X1 Bo Bcex ypaBHEHHAX KpoMe mepBoro npusectu K 0.
Jns Hayana cienaeM 3To AJig BTOpOro ypaBHeHus. CKONUMpyeM NEPBYIO CTPOKY B siueiiku A6:E6
06e3 wu3MeHeHnmit, B sueiiku A7:E7 HeoOxomumo  BBectH  dopmyny:  {=A2:E2-
$AS1:SES1*(A2/$A81)}. Takum o00pa3oM MBI OT BTOPOW CTPOKH OTHHMAaeM IEPBYIO,
yMHOKeHHYI0 Ha A2/$AS$1, T.e. oTHOIIEHHE MEPBBIX KOAPPHUIMEHTOB BTOPOrO U IEPBOTO
ypaBHeHus. Jlns ymoOcTBa 3amofiHEHUS CTPOK 8 M 9 CChUIKM Ha SYEHKH TEpBOW CTPOKHU
HEOOXO0MMO HCIOJIb30BaTh a0COTIOTHBIE (MCIIOIB3yeM CHMBOI $).

A7 - Al {=A2:E2-5AF 1 FEF1*(A2/5A51))
A | e | ¢ | o | E |
1] ] 5 4 7 0
2| 4 3 8 7 B
3| 5 8 7 3 3
4] & 3 8 7 7
5 |
B g 5 4 7 ]
| 7 | Ol 3777778 6,222222 356869 B
8
9|
1n

3. Komupyewm BBenenHy0 hopmyny GopMyay B CTpOKU 8 U 9, Takum 00pa3oM u3baBisieMcs
oT kod¢unmenToB nmepea x1 Bo BceX ypaBHEHUAX KPOME MEPBOTO.
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M7 = 00

g

Moo o m

5

o0 ~d 00 e

4

et s R R

7

00 3777778 6222222 3 666689
00 5222200 4777778 21111
0] 3222200 5777778 311111

-l W om o

-~ W om O

4. Tenepb npuseaeM K03QPHUIMEHTHI Tepea X2 B TPETheM U 4eTBEpTOM ypaBHeHUH K 0. Jliis
9TOTO CKOTMHUPYEM TOJyUYCHHBIC 6-10 U 7-10 CTPOKH (TOJIbKO 3HaueHHUs) B cTpoku 11 m 12, a B
sueiiku  A13:E13 BBemem ¢opmyny {=AS8:E8-$A$7:SES7*(B8/$B$7)}, kortopyro 3arem
ckoriupyem B sueriku Al14:E14. Takum oOpa3oM peanusyercss pa3HOCTh CTPOK 8 u 7,
yMHOXKEeHHBIX Ha kK03 duinent B8/$BS7. He 3abbiBaeM mpoBOAKMTH MEPECTAHOBKY CTPOK, YTOO

n36aBuThCs OT 0 B 3HAMEHATEINE IPOOH.

A

B

c

o]

E

A0y
2|

3

14

15

1
2
3
1
)
5]
7
3
9
1

o R R R u | M = 0

s e R d

o0 3 m

]

00 4 00

4

3777778| B,222222
5,222222| 4777778
3,222222| 5777778

]

4

3777778| B,222222
0 -3.823583
0 0470533

e 2 et Rt

7
3,856859
211111
ERRARAN

7
3,856859
-3,26471

~ W m O

~ LI O

0
B

-5,29412
-0,20588 1882353

5. Ocranock npuBecTy KOAPGUIMEHT NpHU X3 B UeTBEPTOM ypaBHEHMH K 0, I 3TOrO BHOBb
IIPOJIEJIaéM AHAJIOTUYHbIE JEHCTBUSA: CKOmMpyeM mosydeHHble 11, 12 u 13-10 cTpoku (Tosbko

3Ha4YCHHUs) B CTpokm 16-18,

a B suediku Al9:E19 BBemem dopmyny {=Al4:E14-

$AS13:SE$13*(C14/$C$13)}. Takum o0Opa3oMm peanusyercs pa3sHOCTh CTpok 14 u 13,
yMHOKeHHBIX Ha kod(hdumment C14/$C$13. He 3a0biBaeM MPOBOAUTH MEPECTAHOBKY CTPOK,
4100 M30aBUTHCS OT 0 B 3HAMEHATEIIE APOOH.

a

a

060765 1230769

A B c [ o [ E ]
| 9 3 4 7 ]
2| 4 B 5 7 B
3 | 5 g 7 B 3
4| 5 B B 7 7
5|
B | ] 5 4 7 o
7] 0| 3777776] 6,222223| 3536589 &
B | 0| 5222222 4777778 2111111 3
N 0 3222222 5777778 3111111 7
10|
1] g g 4 7 o
12| 0| 3.777778] 6,222223| 3336889 G
13] 0 0| 352353 326471 529412
14| i 0 0470538 020583 1882353
15
18| g 5 4 7 o
17| 0| 3777778 6222222 35838339 B
18] i 0| -352353] 326471 -528412
19| 0
20

6. [Ipsmas mporonka meromgoM [aycca 3aBeprnena. OOpaTHYIO MPOTOHKY HayHEM C
MOCJIETHEW CTPOKH TOJMy4YeHHOW Marpuilbl. HeoOxoammo Bce 3JeMEHTHI TOCIETHEH CTPOKHU
paznenuth Ha kodpdumument mnpu x4. s atoro B cTpoky 24 BBegem GopMmyny

{=A19:E19/D19).
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7. IlpuBeneM Bce CTPOKH K TOJOOHOMY BHAY, JJIS 3TOTO 3aloJHUM CTpoku 23, 22, 21

CIIeIYIOIUMHU (POPMYITAMH:

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

a

a

a

1

-2,02532

| 8 | ¢ | o | E |
KN 5 5 4 7 0
2| 4 B B 7 B
3| 5 8 7 B 3
4 5 B 8 7 7
5 |
6 | ] 5 4 7 0
7] 0| 3,777778| 6222222 3888689 B
8 | 0 5222222 4777778 2111111 3
9| 0 3222222 5777778 3111111 7
0]
a1 ] 5 4 7 0
2] 0| 3,777778| 6222222 3888689 B
3] 0 0| -382353| -3.26471 529412
4] 0 0 0470588 -0,20588 1882353
5]
716 ] 5 4 7 0
7] 0| 3,777778| 6,222222| 3388689 B
8] 0 0| -382353| -3.26471 529412
9] 0 0 0 050769 1230769
20
21
2]
23]
24

PR

YMHOXXEHHYIO Ha KO((HUIIUEHT TIpU X4 TPEeThel CTPOKH.

22: {=(A17:E17-A23:E23*C17-A24:E24*D17)/B17} — oT BTOpOil CTPOKHM OTHHUMAeM
TPETHIO M YETBEPTYIO, YMHOKEHHBIC Ha COOTBETCTBYIOIINE KOIPPUITUCHTHI.

21: {=(A16:E16-A22:E22*B16-A23:E23*C16-A24:E24*D16)/A16} — oT nepBoii CTpOKHU
OTHHMAaeM BTOPYIO, TPETHIO U YETBEPTYIO, YMHOKCHHBIC HA COOTBETCTBYIONINE KOI(DPHUIIMCHTHI.

— OTHHMAaEM OT TpeTLCﬁ CTPOKH YCTBECPTYIO

Pe3ynbrar (KopHU ypaBHEHHUS) BIUUCIIEHHI B siuelikax E21:E24.

A | B | ¢ | D | E |
1 E} 5 4 7 i
2| 4 B B 7 B
3 5 B 7 B 3
4| 5 B B 7 7
5
6 | 5 5 4 7 i
7 0| 3777778 6222222 3 ABG8R9 B
8 | 00 5202020 4777778 2111111 3
9| 0| 3222222 5777778 3111111 7
10
1] 5 5 4 7 i
2] 0| 3777778 6222222 3 GB68R9 B
13 i 0| 382353 -326471 -520412
14 i 0| 0470588 -0 20588 1802353
15|
16 g £ 4 7 0
7] 0| 3777778 6222222 3 GB6EA9 B
18] i 0| 382353 -326471  -529412
19 i i 0 -060769 1,230769
20
21 ] 0 0 0 i
2] i 1 i 0 14557
Pzl i i 1 0 3113924
24 i i i 1202532
%

Ipaxmuuyeckas paboma Nel l. Peuwenue CJIAY memooom obpamuou npo2oHku. Ananu3z

3a0ayu U UCCIe008aHUe PeULeHUs.

a11X1 + A12X> + -+ A1pnXn = b1

a21x1 + azzxz + tee + aann

Ap1X1 + ApaXy + -+ Ay
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Cuctemy (1.1) MOXHO TIpeICTaBUTh B MAaTPUYHOM BHjie Kak AX = B,

rnc A =

a1 Q12 . Qun by X1
dz1 Qz2 .. Ay b, X2

, B = , X = ,
Api QApp o Qpp b, Xn

PelieHye MOKHO BBIPA3UTh, UCIIONb3ys YMHOXKEHKE Ha Matpuily A~1, oGpatHyIo K A:
A"'AX =A"1B, X=A"'B

Ipakmuueckas paboma Nel2. Pewenue CJIAY memooom obpammoii npoeorxu.

Ilocmanosexa pewenus 3a0auu ¢ MS Excel.

[opsanox pemenus:

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

A B C D E F G
A B
13

28]
' | |
o= O M

ENNTRNT AR
' |
L=~ 0o

11

(=) IR, I R VI N I

Beienute sueiiku 111 XpaHeHuss oOpaTHOW Marpuubl 4 X 4; Hampumep, sS4YeHKH
A8:D11.

BeBate  Mactep — QyHKumii, B  Kateropuum  «Marematudyeckme»  BBIOpaThb
¢yHKIMIO  BblUMCIEHUs oOpatHoil Marpunsl MOBP. B nuanoroBom  okHe
apryMeHTOB (YHKLHMHU 3aloJIHUTh I0JIe BBoJa «MaccuB» - yKa3aTh JMana3oH sS4eek
MaTpHULBI A - B HaleMm ciyyae A2:DsS. Haxatp KHOIIKY
OK. B nmepBoil suyeilke BBIIEICHHOTO TI0A OOpaTHYI0 MaTpuIily JAuarna3oHa
(A8) mosiBUTCS YMCITIO.

UT0o0B! MONMY4YUTH BCIO 0OpaTHYIO MaTpully, HaXKaTh KiaBuily F2 1is nepexona B pexum
peAaKTUpOBaHUS, a 3aTeM OJIHOBPEMEHHO KJIABUIIN
Ctrl+Shift+Enter. B sueiikax  AS8:D11 MOSBATCS ~ 3HA4eHHsT  OOpaTHOU
matpuis AL

Boinenuts AYEUKH TS XpaHEHUs BEKTOpa-CTOJIONA HaIpuMeDp,
aueiiku F8:F11.

BesBate  Mactep — QyHkumii, B  kareropunm  «MaTeMmaTHUeckue»  BBIOpaTh
¢ynkuuio  marpuyHoro — ymHoxkeHus ~ MYMHOX. B pauanoroBom  OkHe
apryMeHToB (QyHKIMM B Tmoine BBoja «MaccuBl» yka3aTb JAMana3oH —sS4eeK
marpuisl A~ - B Hamem cinywae A8:D11, B mone BBoma «Maccus 2» yKaszaTh JUana3oH
AYEEK BEKTOpa B - B HaleM ciy4ae F2:F5. Haxatp
kHonky OK. B mepBoil syelKe BBIJIEICEHHOTO TMOJ pe3yJabTaT Juara3oHa
(F8) mosiButcs unco.

Yrobbl moNyduuTh Bechb BeKkTOp X, Haxare KiaBumy F2 gans  mepexoma B
pEXUM pENaKTUpPOBaHMS, a 3aTeM OJIHOBPEMEHHO KJIABUIIN
Ctrl+Shift+Enter. B siueitkax F8:F11 nosiBaTcs 3HaueHust pelieHns CUCTEMbl ypaBHEHUM:

x; = 1,767019; x, = 9,807512; x5 = 2,702465,x, = —0,48533.
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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 A7t X =

8 | 0,098005 -0,09214 0,071009 -0,0534 Xy 1,767019
9 | 0,201878 -0,85446 0,403756 -0,3615 X2 9,807512

10 | 0,019366 -0,31162 0,163732 -0,04049 X3
11 | -0,02758 0,049883 0,069836 -0,00293 Xy
12

2,702465
-0,48533

Ilpakmuueckas paboma Nel3. Pewenue CJIAY memooom obpammoii npoeonku. Pewenue no
BAPUAHMAM.

X1+ 2x, +x3+2x4 =3

2x1 +3x; —x3+x, =3

(le + 3x2 + 3X3 + 3X4 =5
le + 2x2 + Z.X3 + SX4 = 5

19 2x1 + 2%, +x3 + 2%, = 4 2 2x1 +5x, + 2x3+ 2x, =7
\ 2x1 +2x, +x3+x4 =3 3x; +5x, +x3 +4x, =8
(X1 + 2%y +x3+2x, =1 X1+ X, +2x3+x,=0

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

5<x1+2x2+2x3+2x4,=1 6 X1 +3x; +4x3 +4x, =1

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

2x1 +3x; +4x3 +4x, =1

3x; +4x, +5x3+6x, =1
X1+ 2x, +2x3+2x, =1
2x1 +3x, +3x3 +4x, = 2

2 Xy +x, +x3+x, =2 8. 3x1 + 5x, +4x3 + 4x, = 2
\ X1 +x; +x3+3x, =2 4x1 + 7x5 + 6x3 +4x, =0
( 3x;+2x, +x3+x,=1 5x1 +3x, +3x3 +3x, =8

9<3x1+3x2+2x3+2x4=—1 10 2x1 — 2x, —3x3+3x4, =5

3X1 + 3x2 + 3X3 + 4‘x4 = —4‘
K3X1 + 3x2 + 3X3 + SX4 = _5

2x1 +2x, —3x3+2x4 =1
2X1+2X2+X3+2x4=4

Ipakmuuecxas paboma Nel4. Pewenue CJIAY memooom npocmoti umepayuu. Ananus
3a0ayu u UCCre008aHue peueHusl.

CyTb BBIYHMCICHUN UTEPALIMOHHBIMU METOAAMU COCTOMUT B CIEAYIOIIEM: pacdeT HauWHAETCs
C HEKOTOpOro 3apaHee BbIOpaHHOro mnpuOmmkeHns x©) (HayaneHOTO NPHOIMKEHHS).
BLIUKCITHTENBHBINA TIPOLIECC, MCIIONB3yIomuii Matpuny A, Bektop B cucremsr (3.1) m x(©,
TIPUBOJUT K HOBOMY BekTopy x (1:

i—1 n
o _ 1 \ K0 o -
T =—(b;=> agx; — » ax;’), 1=123..,n
. i=l

i J =i+l

(3.11)

3aTem mpomecc moBTopsiercs, Tonbko BMecto x (9 mcmonesyercst HoBoe 3HaueHme x (D,
Ha k + 1-om mare uTepanoHHOTrO IpOLEcca NOJIyJaroT: _ )
i-1 n
(VI 1 LK) (k) P — g
5 —_E:b:'_z;,ﬂaﬂj - zﬂu:"‘j ), 1 =1,2,3,....mn (3.12)
J=

i
i J=i+l
[Ipy BBHIMOJIHEHUH HEKOTOPHIX 3apaHee OTOBOPEHHBIX YCIOBUM TPOIECC CXOAMTCS IMPH
k — co. CxomuMocTh MeTOJa MPOCTON HMTEpaIMyd O0CCICUMBACTCS MPU BBHIIOJIHEHUN YCIOBHS
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npeo0Iaganys AUaroHaabHbIX DJIEMEHTOB MAaTPUIILI A:
Yla,l<la,l, i=1,2,3,.,0 (3.13)
(E]
3a,ﬂaHHaﬂ TOYHOCTB JOCTUIACTCA IIPH BBIIIOJIHCHHUHN YCIIOBUA:
max | xF _x® < (3.14)

[Tpumep:
[IpeoOpaszoBare cucremy ypaBHeHHi (3.15) K BuAy, NPUTOAHOMY JIJIsi TOCTPOCHUS
UTEPALMOHHOIO MTPoIecca METOI0M SIKOOH U BBHIIOJHUTH TPU UTEPALUH.
7x1 +4‘xZ_X3 =7
2x1 + 6x2 + 3.X'3 = _2 (315)
_x1+x2 +4x3 :4‘
Pewrenue:
Hocrarounoe ycioBue cxoaumoctd (3.13) BBINOJHSAETCS, MO3TOMY HaudajdbHOE
MPUOJIMIKEHUE MOXKET OBITh JTFOOBIM.
|ap, [+as|=4+1<a,|=7
|ay |+|ay;[=2+3<|a,,|=6
|ay, |+ as, [=1+1<]a;[=4
B -om ypaBHEeHMH BCe WIEHBI, KPOME X;, IEPEHOCATCS B MPABYIO YaCTh:

X, =(7=4x,+x,)/7
X, =(=2=2x,-3x,)/6 (3.16)
Y =(4+x-x,)/4

© _ (+©. ©. (0
3az[aeTc;1 Ha4vaJIbHOC HpI/I6J'II/I)KCHI/Ie X = xl ) X'Z ) X'3 NOACTABJIAKOT B IIPABYIO

yacthb (3.16). Eciu x(o) =0, x(o) =0, x(o) = 0, TO pe3ynbTaThl IEPBON UTEPALINHU:

':”_{? 4-04+0)/7=1

={—2—2-0—3-0}I6=—1f3=—ﬂ,333

':“ =(440-0)/4=1

PesynbraThl iepBoii utepamuu x () = (xfl), xgl), xgl)) MOJICTABIISIOT B MPABYIO YacTh
(2.16) n mosryyaroT pe3yabTaThl BTOPOM UTEpaALUH:

X =(7-4:(-0,333)+1)/7=4/3=1333

«‘ =(-2-2-1-3-1)/6==-T/6=-1,167

x{? =(4+1-(-0,333))/4=4/3=1,333

. @ = (,@. ,@, (2
Pesynpratel BTOpOM mrepanun X'~ = |x;"; X,77; X3 | MOJACTaBIAIOT B IIPaBYIO 4acCThb

(2.16) u moNTy4aroT pe3yJabTaThl TPEThEH UTEPALIUU:
X7 =(7-4-(-1167)+1,333)/7=1857
x? =(-2-2-1,333-3-1,333)/6=—1444
1Y =(4+1,333—(=1167))/4=1,625

OHPCHCH}IIOT JAOCTUTHYTYIO TOUHOCTL:
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|2 —x® | =|1,857-1333| =0,524
|28 = x| =|-1,444+1,167| =0,278
|28 —x? | =11,625-1,333| =0,292

max | x" = x® |=0,524
I

Ilpakmuueckas paboma Nel5. Pewenue CJIAY memooom npocmoti umepayuu. Ilocmanoexa

pewenus 3a0ayu 6 MS Excel.

7x1 +4x, —x3 =7
2x1 + 6x5 + 3x3 = =2
—X1+x, +4x3 =4
[Topsimok pemieHus:
1) IIpencraButh cucremy B Buze 3.16.
2) Beectu B siuetiku A1:C1 3aroyioBKu CTOJIOIOB:

A B C

T o |xt o ax2 .. lx
2 | __0po:_ __000i 0001
3 |..1004 033 100
4 1330 117! 133
5 mEmmEEmEEpEEEEERRgEEEEEEE=S,
----1-.!3-:.---_.144':1;----1-;_:

6 | __206f_ _176: 1831
T |..227% 193 . 1%
20 | 2863 234} _225.
1

21 | 2664 235 2251
22 266+ 2351 225

3) B sueiiku A2:C2 — HadansHoe npubnmxenue 0, 0, 0;

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

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

6) B sueiiky C3 — dpopmyny x3 =(4+A2-B2)/4

7) Beinenuts cronbisl A, B, C, Be3BaTh KOHTEKCTHOE MeHIO DopMarT siueek, yCTaHOBUTD
YHCIIOBOM (opMaT YHMCIOBOM M YyKa3aTb 4YMCIO JAECATUYHBIX 3HAKOB, COOTBETCTBYIOLIEE
HE00X0/IMMOW TOYHOCTH, T.€. 2;

8) Beogenute sueiiku A3:C3 u ckomupoBaTth (QOpPMYJbl B COCEOHHE SUEHKHU
pacnosnoxeHHbIX Huxke cTpok A4:C4; AS5:CS u T.4. npu noMomy Mapkepa 3anoiaHenus. Kaxnas
HOBAsi CTPOKa COAECPKUT PE3yJIbTAaThl OUEPETHOTO IPUOIMIKEHUS;

9) Ilpotomxare KOMUPOBAaHUE, ITOKA PE3YIbTAT HE MEPECTAHET MEHATHCS;

10) SAueitku A21, B21, C21 conepxar pelieHne CUCTeMbl YpaBHEHUN, COOTBETCTBYIOIIEE
3a/laHHOM TOYHOCTH.

[TpubnuxenHoe penieHre cucTeMsl ¢ TouHocThio € = 0,01:

Xy = 2,66,x, = —2,35,x3 = 2,25.

Ilpakmuueckas paboma Nel6. Pewenue CJIAY memooom npocmoti umepayuu. Pewenue no

eapuanmanm.
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2x1 +3x, +3x3+3x4, =5
2%+ 2x, + 2x3+3x, =5
2%y +2x; +x3+2x, =4
2x1 +2x; +x3+ x4, =3
X1+ 2x, +x3+2x, =1
X1+ 4x, +2x3 + x4 = 2
2x1 +6x5 +x3+3x4 =5
2x1 + 5%y + 2x3 + 2x4 =3
X1 +x,+x3=0
X1+ 2x, +2x3 +2x, =1
2x1 +3x; +4x3 +4x, =1
3xy +4x, +5x3 +6x, =1
2%y + x5 +x3+2x, =2
2x1 +2x; +x3+2x4 =3
X1+ x, +x3+x, =2
X1+ x5 +x3+3x4 =2
31 +2x, +x3+x, =1
3x1 +3x, + 2x3 + 2x, = —1
3x1 +3x, + 3x3 +4x, = —4
3x; + 3x, + 3x3 + 5x, = —

2.4

4.

8.4

10. <

(X1 + 2%, +x3+2x4 =3
2x1+3x; —x3+x, =3
2x1 +5x, + 2x3+ 2x, =7
\ 3x; +5x, + x3 +4x, =8
(X1 +X;+2x3+x,=0
X1+ 2xy +4x3 +2x, =1
2xq +3x, +8x3 +4x, =2
\3x; +4x, + 10x3 + 6x, = 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
2x1 + 3%, +3x3 +4x, = 2
3x1 +5x, +4x3 +4x, =2
\4x, + 7x, + 6x3 +4x, =0
5x; +3x, +3x3+3x, =8
2x1 — 2x, —3x3+3x4, =5
2x1 +2x; —3x3+2x4 =1
\ 2x; + 2x, + x5+ 2x4, = 4

]
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