NHOOPMAIMS K DK3AMEHY

«OQCHOBBI KOMIBIOTEPU3AIIMA TEXHOJIOT W B CHCTEMAX ABTOMATHKH»

Dk3aMeH OyIeT POBOUTHCS B TUChbMEHHOU (opme (3 akaIeMUYeCKHX Jaca).

CTyneHThl JOMYCKaloTCs K 3aueTy IpU HAIUYUU KOHCHeKmdA JieKyui, omuema no J1adO0pamopHbim
pabomam ¢ BU30H <QIOMYIIEH K DK3aMEHY» U 3aUemHOU KHUNCKU.

DK3aMEeHANMOHHBIA OWIET BKIIFOYAET B ce0s CIEAVIOIINE 3aIaHNs:

3aoanue Nol

3aoanue No2

3aoanue Ne3

3aoanue Nod

3aoanue Nob

3aoanue Nob

Bonpoc u3 rpynnsl «OcHOBHBIE TOHSITHS U OIIPEIEIICHUS»

5 bannos 10 munym
Bompoc u3 rpyrmimbr «OCHOBHBIE TOHSITHS U ONIPEICIICHHSI»

5 bannos 10 munym
Bormpoc u3 rpymmst «KoMIUIEKCHBIE BOIIPOCHI»

256an106 30 munym
3asava, COOTBETCTBYIOIIAS BOMPOCY W3 TPYIITbl «KOMIUIEKCHBIE BOTIPOCKHI»
156ann06 15 munym
3anaga

20 6ann06 30 munym
3anaqa

306annos 40 munym

OO0 oreHKE 3a DK3aMeH

OreHKa 3a OTBET BBICTABIISIETCS CIIEIYIOIIAM 00pa3oM:

1. IlonHBIHA OTBET IO KaXKJIOMY M3 BOIIPOCOB OI[EHUBACTCS YKa3aHHBIM KOJIMYECTBOM OaJLIOB.

2. HenonHbliA OTBET WJIM OTBET C OIMIMOKAMH MOXET OIICHMBATHCS YACTHIO OT YKa3aHHOTO
KoudecTBa OaJUIOB, HO ATa 4acTh HE MOXKET cocTaBlIITh MeHee 50% oT Bcero xoJyimdecTBa
0aJIJI0B 3a BOIIPOC.

3. bautbl 3a OTIeNIBHBIE BOIPOCH CYMMUPYIOTCS M OIICHKA BBICTABJISCTCS 110 CIICAYIOMIEH IIKaIe:

om 3500 456an106 — 4 om 7500 856an106 — 8
om 4500 55 6an106 — 5 om 8500 956an106 — 9
om 5500 65 6an106 — 6 om 9500 1006an106 — 10

om 6500 756an106 — 7

[IpuMep sK3aMEHAIMOHHOTO OUJIETA:

3aoanue Nel
3aoanue Ne2
3aoanue Ne3
3aoanue Ned

Urto Ha3wIBarOT anreOpoii?
[IpuBecTr onricaHne MaTeMaTHYeCKON MOJIEITH IIPOU3BOICTBEHHOW 3a/1auH.
MeTo 1 IPOTOHKY pellieHUs] CHCTEMBI IMHEHHBIX allre0paniecKux ypaBHEHHH.

[lana cucrema JIMHEHHBIX anreOpandeckuX ypaBHEHUI!

10x, —5x, =4,
X +15X, — X, =-5,

2X, +20%;, — X, = 2,

2%, —10x, = 2.

BoInonHuTh 3TaI NpsIMON TPOTOHKH.



3aoanue NeS B mporiecce pelneHus 3a1a9d JUHERHOTO TPOrpaMMHUPOBAHHS

IIoJIyuCHa TabmIa

3%, +6X, —2X; — max;
X + X, + %, <130
2% =%, =10,
=X +2X,+ X, 25,
X% 20,%20,%=0.

BII CII
X3 —X
X4= 115 0 1
e | 8t | 2 1
3 3 3
| 62 | 2 2
3 3 3
Z 0 0 0
BeimonHuTe BTOpYIO a3y CUMILIEKC-METO/1a.
3aoanue Ne6  Pemuthb MaTPUYHBIM METOJIOM OJHOPOJTHYIO
TG depeHIaIbHbIX ypaBHEHUH:
0%
—==6X —12X, - X;,
a"t X 2 7%
X2
—= =% = 3%, — X,
ot X T T X
% = —4x, +12x, +3%,.

CUCTEMY

JIMHEUHBIX
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10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.

23.

BOIPOCHI K SK3AMEHY (PACIIMPEHHBIE):

JIMHeHble BEKTOPHbIE NMPOCTPaHCTBA.
JMHeHas 3aBMCUMOCTb BEKTOPOB.
Basuc. PaamepHocTb NpocTpaHcTBa.
KoopauHaTbl BekTopa.
THenHoe oTobpaxeHMe BEKTOPHbIX MPOCTPaHCTB. MaTtpuLia nuHenHoro oneparopa.
MonobHble npeobpasoBaHms.
CobcTBEHHbIE 3NEMEHTDI JIMHENHOTO onepaTopa. XapakTeprUcTM4eCKoe ypaBHEHMeE.
YKopaaHoBasi HopManbHas gopma.
WtepaupmoHHble meTogpl pelenmns CITAY.
1) UTo HasbIBatOT OMHapHOI anrebpanyeckoi onepaumen?

UTo Takoe UTepaLmoHHbIn npoLecc?
UTO NOHMMAETCA Nog, YCIIOBUEM CXOAMMOCTY UTEPALMOHHOTO npouecca?
25)  Yt0 Takoe uMcno obyCcroBneHHOCT MaTpuLybl?
MaTpuuHble guddepeHumanbHbie YpaBHEHNS.
®yHaameHTanbHas cuctema pelleHnin. @opmyna Kowwm.
MaTpuyHbIA METOL, PELLEHNS NIMHENHBIX CTALMOHAPHbIX CUCTEM.
O6Lwume cBeaeHs 06 0BbIKHOBEHHBIX ANddepeHLanbHbIX YPaBHEHNSX U UX CUCTEM.
UncneHHble Metoabl peweHnst OL1Y: Metoq iirepa u ero reoMeTpuieckast MHTepnpeTaums.
UncneHHble MeTogpl pewwernst OLY: cemenctBo MeTofoB PyHre-KyTTbl (MeToa XonHa 1 ero reomeTpuyeckas
VHTepnpeTauus).
UncnenHble Metogbl pewwenus OLY: cemencTBO meTofoB PyHre-KyTTbl (yCOBEpLUEHCTBOBAHHbIE METOL
Jiirepa 1 ero reoMeTpuyeckas MHTepnpeTaums).
UncnenHble meToapl pewenns OLY: metoabl Agamca.
PasHocTHas cxema peLLeHust IMHENHOMo A depeHLanbHOro ypaBHeHUs BTOPOro nopsiaka.
MeToa nporoHku peluenmns CI1AY.
Obwe cBepeHs 0 anddepeHLManbHbIX YpaBHEHNSX B YaCTHBIX MPOU3BOAHBIX.
MeToL CEeTOK pelleHWid ypaBHEHUM C YacCTHLIMU MPOM3BOLHLIMU: peanu3aums SBHOW CXEMbl Ha npuMepe
YpaBHEHWS TENMONPOBOAHOCTMW.
MeTon CETOK pelleHuii YpaBHEHUI C YaCTHbIMM MPOV3BOAHLIMU: Peanu3auus HESIBHOM CXeMbl Ha Mpumepe
ypaBHEHWS TENNONPOBOAHOCTM.
AnnpokcuMaLms, yCTOAYMBOCTb, CXOAMMOCTb Pa3HOCTHBIX CXeM ANS YPaBHEHVS TEMONPOBOAHOCTM.

2) Uto HasblBatoT anrebpoii?
3) UTo Takoe nuHeHas KoMOMHaLMS BEKTOPOB?
4) Kakasi cuctema BEKTOPOB Ha3bIBAETCA SIMHENHOM HE3aBCUMOWA?
5) CcpopmynmpyiTe KpUTEPUI SIMHENHOM 3aBUCHMOCTM BEKTOPOB.
6) UTo HasblBaeTcs 6a3nMcoM SIMHENHOrO NPOCTpaHCTBa?
7) UT0 Ha3bIBaeTCS pasnoxeHneM Bektopa no basncHbIM BekTopam?
8) Yto Takoe onepartop?
9) Kakor onepaTop HasblBatoT B3aMMHO OAHO3HAYHBIM?
10)  Kakoi onepaTop HasblBatoT NIMHENHLIM?
11)  Kakve maTpuLbl Ha3bIBatOT SKBMBANEHTHBIMN?
12)  [lpuBeauTe CBOCTBA NOAOOHBIX MATPUL.
13)  Yro Takoe COBCTBEHHDI BEKTOP NMHENHOrO NpeobpasoBaHmns?
14)  Yro Takoe cOBCTBEHHOE 3HAYeHMe NMHENHOTO NpeobpasoBaHmns?
15)  Yro Takoe xapakTepUCTUYECKUA MHOTOUSTEH onepaTtopa?
16)  Kakoil NuHeHbIN onepaTop HasblBaeTCA NPOCTbIM?
17)  Kakas matpuua Ha3blBaeTCs MaTpuLEel NpocTomn CTPYKTYpbI?
18)  Yro npencrasnsieT cobon AuaroHanmsaums Matpuu?
19)  Yro Takoe kneTka KopaaHo?
20)  Yto HasbiBaeTCA MaTpuuen XopgaHo?
21) YT Ha3bIBaETCS KOPAAHOBOW HOpManbHOM hopMoin?
22)  Kakas pasHuua Mexay aHanuTUYeCKUMM 1 UTEPALMOHHBIMI METOAAMM peLLEHNs 3aaady?
)
)



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.

1) Y10 ecTb MaTpuyHas aKCrnoHeHTa?

2) [aitte onpeneneHne nNHeNHON OQHOPOAHON cuCTeMbI AuddepeHLmanbHbIX ypaBHEHWIA NEPBOrO
nopsgka?

3) Uto Takoe pyHOAMEHTamnbHas CUCTEMa peLleHUn JIMHENHOW cucTeMbl AuddepeHumanbHbIX
ypaBHEHWI NepBoro nopsigka?

4) Uto Takoe matpuua Kowu?

5) UTo ecTb CTauuoHapHasi cuctemMa fUHENHbIX AuddepeHLmManbHbIX  ypaBHEHUA NepBOro
nopsgka?

6) Kakoe ypaBHeHWe Ha3biBaT 0ObIKHOBEHHBIM AnddepeHLmanbHbIM ypaBHEHEM?

7) Uto HasbiBaeTcs nopsigkom OY?

8) Uto TaKkoe pelueHve andhepeHLmManbHOro ypaBHEHNS?

9) Uto HasbiBaeTca nnHeiHbiM OLY?

10)  Kakas 3apgada HasbiBaeTcs 3agadvent Kowm ana OfY n-ro nopsigka?

11)  Kakas 3apada HasbiBaeTcs kpaeson 3agaden ans OLY n-ro nopsgka?

12)  Cdcpopmynupyiite Teopemy Kowm.

13) [lpeactaBbTe  npeobpasoBaHne  nuHemHoro  OfY  BToporo  nopsigka K cucTeme

AndpepeHLmManbHbIX ypaBHEHWIA NePBOro nopsaka.
14) Y70 HasbiBaeTCs KpaeBOM 3ajavell JMHEMHOro AvddepeHLMarnbHOro ypaBHEHUS BTOPOrO
nopsgka?
15) Y10 HasbiBaeTCA KpaeBo 3afaven MMHenHoro AnddepeHLManbHOro ypaBHEHS Nepeoro poga?
16)  3anuwwTe ycroBms yCTONYMBOCTY MeToAa NporoHku anst CIAY.
17)  Tpuseaute knaccuukaumio OuddepeHumMansHbX YpaBHEHUIA BTOPOTO Mopsiaka B YaCTHbIX
NPOW3BOAHbIX.
) [MpuseauTe npumep anddepeHUNansHOTO YypaBHEHNS ANUNTUYECKOTO TUNa.
) MpueeanTte npumep anddepeHLmansHoro ypaBHeHUs napabonnyeckoro Tuna.
20) lpwvBegute Npumep AnddepeHLManbHOro ypaBHeHNS runepbonmnyeckoro Tuna.
) Kakvie cOOTHOLIEHWS UCNONb3YIOTCS 4NN 3aMeHbI NMPOM3BOSHBIX B YPaBHEHWUM TENMONPOBOAHOCTM
B SIBHOM CXeEME.
22)  Kakne COOTHOLUEHWS CNOSb3YIOTCS ANS 3aMeHbl NMPOU3BOAHBIX B YPaBHEHWV TENONPOBOAHOCTM
B HEAIBHOWN CXEME.
23) B kakom cnyyae pasHOCTHas CXeMa annpoKCUMUPYET UCXOAHYKO 3agady?
24)  Kakas pasHOCTHas CxeMa HasblBaeTCs YCTONYMBON?
25)  Kakas pasHOCTHas cxeMa HasblBaeTcs cxofsLiencs?
3apava nuHeHoro nporpammmpoBaHs. Mpumepsi.
HopmanbHas u kaHoHnyeckas dopMbl 3J1TT 1 cBA3b MeXay HAMM.
'eomeTpuyeckas uHTepnpetaums 3J111.
TabnuyHas hopma CMNNeKc-MeToaa: CUMNMEKCHas opMa 3agaun.
TabrnunyHas hopma cuMnnekc-MeToaa: NpoBepKa YCNoBUA ONTUMANbHOCTY W BbIYMCTIEHUS Luara.
TabnuyHas hopma CUMNNeKc-MeToaa: NnepepacyeT CUMMNEKCHOM Tabnuubl.
[ByxasHblin cumnnekc-metoq petuenns 3/,
TpaHcnopTHas 3agaya: OCHOBHbIE NOHATIS, MOCTPOEHME HaYarbHOrO Ha3nCHOrO NaHa NepeBo3oK.
TpaHcnopTHas 3afaya: MeToA NOTEHLMAsoB pPeLLeHNs 3aaqn.
3apaya MaTemaTyeckoro NporpaMMMpOBaHNs: HEOBXOAMMbIE 1 AOCTATOMHbIE YCIOBUSI MUHUMYMa (PYHKLIM N

NepeMEHHbIX.
MeTog MHOXUTENe JlarpaHxa Ans peLleHns 3afaum MaTeMaTUiIeckoro NporpamMmmMnpoBaHus.

1) Yro Takoe matematnyeckas Moaenb 3agadn?

2) MpvBeaMTe COCTaBNAIOLLME MATEMATYECKON MOLENM 3adaqn.

3) Y10 TaKoe rpagueHT yHKLmnN?

4) YkaxuTe CBOWNCTBA rpagueHTa yHKLuN.

5) B kakMx 3apayax MaTemaTu4eckoro MporpaMMMpOBAHWS  BO3MOXHO — MCMOSb30BaHWe

MHOXWTenew JlarpaHxa?

6) [pVBECTH NOCTAHOBKY NPOWU3BOACTBEHHOM 3aAauM.

7) [puBECTV ONKCaHNe MaTEMATUYECKON MOLENM NPOU3BOACTBEHHOM 3aaauu.

8) [prBECTM NOCTAHOBKY TPAHCMOPTHO 3adaun.
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[MpuBECTM OMKCaHME MaTEMATUYECKON MOLENN TPAHCNIOPTHOW 3agaum.

Y10 HasbIBaETCA NNMaHOM 3a4a4v JIMHENHOTO NPOrpaMM1pOBaHNA?

3anuwwuTe 3afaqvy NMHENHOMO NPOrpaMMPOBaHNS B HOPMasbHOM dhopme.

3anuwwTe 3apadvy NMHENHOTO NPOrPAMMUPOBAHUS B KAHOHNYECKOI (hopme.

[ns yero ncnonb3ytTcs JONOMHUTENbHbIE NEPeMEHHbIE?

MpuseguTe npumep rpaduyeckon nHTepnpeTauumn 3/ ¢ eAMHCTBEHHBIM PELLEHMEM.
MpvBeamTe npumep rpacmyeckon nutepnpetauyun 3/ ¢ MHOXECTBOM peLLEeHMI.

Mpusegute npumep rpaduyeckon wHTepnpetaymn 3J1M, B koTOpon LUeneBas YHKUMS
HeorpaH14eHHo Bo3pacTaeT.

MpvBegnte npumep rpadudeckoit nHTepnpetaum 3711, B KOTOPON CUCTEMA OrpaHUYEHMIA
HEeCOBMECTHa.

Yro Takoe onopHbIn nnaH 3J1M7?

Kakoi onopHbIn niaH HasblBAETCS BbIPOXAEHHBIM?

YTO 3HaUMT «CcuCTEMa OrpaHUYeHN NpeaCTaBeHa B NMPeanoYTUTeNIbHOM Buae» ?

Yto Takoe cumnnekcHas gopma 3/1M?

Kakue nepeMeHHble B CUMMIEKCHON hopMe HasbiBaloT HasnCHbIMA?

Kakve nepeMeHHble B CUMMIIEKCHOM (hopMe HasbIBatoT He6a3nCHbIMM?

CcbopmynupyiiTe OCTATO4HOE YCIIOBME ONTUMAnbHOCTM OMOPHOTO NiaHa.

Kak BblbrpaeTcs nepcnekT1BHas NnepeMeHHas B CUMMIekc-meToae?

Onucatb CyTb pacyeTa MakCWManbHO AOMYCTUMOrO Liara AN U3MEHEHWS MepcrnekTUBHOMN
nepemeHHoMN.

CcbopmynupyiiTe npusHak BECKOHEYHOCTWN MHOXECTBA OMTUMASTBbHBIX MITAaHOB.

CcbopmynupyiiTe NpusHak HeOrpaHUHEHHOCTW LENEBON (hYHKLIN,

[ins Yero NCNonb3ytTCS UCKYCCTBEHHBIE NEPEMEHHDIE.

Kakasi Lienb nepBoit (hasbl ABYXa3HOro cuMniekc-meToaa?

Kakyto 0coBeHHOCTb cofepxat npasuna nepexofa OT OAHOW CUMMNEKCHOM Tabrmupl K Apyro
Ha nepsoil aze?

CdpopmynupyiiTe npuaHak HECOBMECTHOCTM CUCTEMbI OrpaHmnieHuii ucxogHoi 311r1.

Kakast Mofienb TpaHCNopTHOW 3afja4m Ha3blBaeTCst 3aKpbITON?

Kakas Mofenb TpaHCNOpTHOW 3afa4u Ha3blBaeTCs OTKPLITON?

Kaknm obpasom npeobpasoBatb OTKPbITYI0 MOLENb TPaHCMOPTHOW 3afadn K 3aKpbITOM
moaenn?

YT0 HasbIBaloOT LIEMbIO B TPAHCNOPTHON 3adaqe?

YT0 Ha3bIBaOT LIMKIIOM B TPAHCNOPTHON 3agave?

Kakoe MHOXeCTBO KNeToK TPaHCMOPTHOM 3afaun B TabnnuyHON hopMe Ha3blBatOT MOMHbIM?
Kakoit nnaH nepeBo30K Ha3bIBaOT Ha3nCHbIM?

CyTb NOCTPOEHMS Ha4anbHOTO NaHa NepeBO30K Mo MpaBuUIly CEBEPO-3anafHoro yrna.

CyTb NOCTPOEHMS Ha4anbHOro NnaHa NepeBo3okK Mo NpaBuUIly MUHUMASBHOTO ArIEMEHTA.
CcbopmynupyiiTe npuaHak onTUManbHOCTM HasnCHOo NiaHa NepeBOo3oK.

Kak BblbrpaeTcs nepcnekT BHas knetka B Tabnuue TpaHCnopTHON 3agaqn?



3amaum AJ11 CAMOCTOSITEIbHOH PadoThI
U MOAT0TOBKE K IK3aMeHy MO0 pa3jaesy
«BeKkTOopHBIE MPOCTPAHCTBA U 3JIEMEHTHI TEOPUH MATPHII»

3agaua 1

OG6pasyer 1 JTHHEHHOE TPOCTPAHCTBO 3aJaHHOE MHOXKECTBO M, B KOTOpOM ompe/ie/ieHbl «cymma» a [ b
JFOOBIX IBYX DJIEMEHTOB a 1 b 1 «arpomsBeenue» o O b mo6oro urcna o (o 0 R) Ha 11060t smemeHT a.
o M: MHOYECTBO BCEX BEKTOPOB, JIS)KAIUX Ha OJTHON OCH,
aldb: cymma BekTopoB a + b,
a O b:  mpousBeneHue umciIa Ha JUIMHY BekTopa O [lal;
e M: MHO)KECTBO BCEX JMAroHaIbHBIX MaTpuIl a = |f;||mopsaxa n (i, ] = 1, 2, ...,n),
alb:  mpomssenenme matpur |fg;|| Clhl|.
a O b:  npoussenenne umcna Ha Marpuiy o |-

IIpumep

e M: MHOJKECTBO BCEX BEKTOPOB, JISXKAIIX Ha OJTHOW OCH,
allb: cymma BekTopoB a + b,
a O b:  mpousBeneHue ymcIa Ha BekTop O [A.

1. BBeIeHHbIE TaKUM OOpa3oOM OIEpalldU SIBIISIOTCS 3aMKHYTHIMH B JITaHHOM MHOXecTBe M, T.K.
CyMMa JIByX BEKTOPOB JICKAIMX HA OJIHOM OCH €CTh BEKTOp JIEXKAIMMH HAa TOW KE OCHU U
MIPOU3BE/ICHUE BEKTOPA HA YUCIIO TAK)Ke OyIeT BEKTOPOM Ha TOMH ke OCH.

2. TpoBEpHUM BBIOJIHEHUE aKCUOM JIMHEHHOr0 MPOCTPAaHCTRA!

[rpynma 1) a+b=b+a BBITIOJTHSIETCS

2) @tb)+c=a+{o+c¢) BBIIOJTHSIETCS

3) a+0=a 3nech O —HYJb-BEKTOD

4) a+(-a)=0 3/1eCh —A — IPOTHBOIIOJIOKHBINA BEKTOP
I rpymma 1) o B CA) = (D) A BBITIOJTHSIETCS

2) 1B=a BBITOJTHSETCS
Il rpymma 1) (@ +PB)a=ala+pB[a BBIIOJTHSIETCS

2) alla+b)=ala+alb BBIIOJTHSIETCS

T.e. muOXecTBO M, B KOTOpOM ompeseseHbl «cymma» a [l b u «apoussenenue» o O b, seusercs
JMHEHHBIM IPOCTPAHCTBOM.

3agaua 2

HccnenoBaTh Ha TMHEHHYIO 3aBUCUMOCTD CUCTEMY BEKTOPOB
« a={5,4,3},b={3,3,2},c={8, 1, 3};
o fi(X) = 1,f2(X) =X, f3(X) = sinf) na (—oo, +c0).
IIpumep

e a={1,-1,2},b={1,1,-1},c={2,-1, 1}.

Brranciaum OIIPCACIIMTECIIb MATPHUIIbBI, COCTAaBJICHHBIN U3 KOOpJAHHAT JAHHBIX BEKTOPOB.

1 -1 2
-1 1 -1=1+2+2-4-1-1=-1%#0.
2 -1 1

Tak kak OIIPEACIIUTEIIb HC PABCH HYJIIO, TO IaHHAs CUCTEMA BEKTOPOB JIMHEWHO HE3aBUCUMA.



IIpumep
o ()= 1+x+xH() =1+ X+ fa(X) = 1 + X + X Ha (—oo, +oo).

CoctaBuM ompeaenuTens BpoHckoro:

1+ X+ X? 1+ 2X + X2 1+ 3%+ X2 1+ X+ X2 1+2x+X% 1+3x+Xx°
L+x+ x2)’ @L+2x+ x2)’ L+3x+ x2)’ = 1+2x 2+2x 3+2x |=
L+ x+ x2)" @L+2x+ x2)" (L+3x+ x2)" 2 2 2

1+X+X° X 2 < 2
=| 1+2x 1 2 =2[~]1 2><‘=2E(2x—2x)=0
2 0 O

Tak kak ompeaenuTe s paBeH HYJIIO HAa BCEM MPOMEKYTKe (—oo, +00), TO JgaHHas cucTema (yHKIIHH
JIMHENHO 3aBUCHMA.

3anaua 3
Haiitu 6a3uc u OIIPEACIIUTL Pa3MCPHOCTDb JINTHEHHOT O HIpOCTpaHCTBA peH_IeHI/Iﬁ CHCTCMBI.
3% X, — A% +2X, + % =0,
o 32X — 2%, —3%X; — 7%, + 2% =0,
X + X, +34x, 5%, =0.

IIpumep
5% — 2%y +3X3 —4X4 — X5 =0,
. X +4Xo —3%g +2X4 —5%5 = 0,
6X% + 2%y —2X4 —6X%5 = 0.

BeinumieM Marpuily cUCTEMBbl M C TIOMOINBIO 3JIEMEHTApHBIX MpeoOpa3oBaHUil IpHUBEIEM €€ K
TPEYroJIbHOMY BUJTY:

5 -2 3 -4 -1 1 4 -3 2 -5
1 4 -3 2 -5|~|5 -2 3 -4 -1|~
6 -3 0 -2 -6 6 -3 0 -2 -6

1 4 -3 2 -5 1 4 -3 2 -5
~|0 -22 18 -14 24|~|0 -22 18 -14 24
0 -22 18 -14 24 0 O O 0 O
[Tonoxxum X3 =Cj, X4 =C,p, X5 = Cz, TOTIA

3 6 5
Xg +4X; =3¢ — 2C, +3C;, Xlz_ﬁcl-l-ﬁcz_ﬁc&
—22x, = —18c, +14c, — 24c;, 9 7 12
2 % 2~ 245 Xp=70" 76t =G,

X3 =C, = _11 11 11
X4 =Co, B =
X5 = Cz; X4i02’
X5 = C3.

Takum 00pa3oM, pa3MepHOCTh JTHHEHHOTO IPOCTPAHCTBA pEelIeHU paBHa 3, a 0a3uc MPOCTPaHCTBA
pEIICHHI eCTh CUCTEMa BEKTOPOB:




3 6 5
11 11 11
9 _r 12
Xy=| 11| Xp=| 11} Xg=| L
0 1
0 0 1

3ajgaua 4

Haiitu pasmepHOCTh 1 6a3uc JIMHEHHOM 0007I0YKH BEKTOPOB:
- vv={1,0,0,-1}v»»={2,1,1,0},vs={1, 1, 1, 11},v4, = {1, 2, 3, 4},vs = {0, 1, 2, 3}.

Cnpaska

n
MuosxectBo  L(Vy, Vo, ..., V) = {z Vi

Oo; OP, i =1, n} Ha3bIBAeTCs JIMHEHHOM O000JIOYKOM

i=1
BEKTOPOB Vq, Vo, ..., V.
3agaua 5
Haiitu paznosxeHue BekTopa X 1o 3alaHHOMY Oa3ucy V.
3 1 0 1
o X=|-1|luv={v, Vo, Vv3}, tme vy = 2 |, Vo, =| =1|, v3=|0];
4 -1 1 0

e X=3sin(x) +2cosK) u v = {vi, v}, rie V4 = —sin(x) +cosk), v, =sin(x) .

3amaya 6

ITycte BekTOpBI {V1, V2, V3} W X 3a/laHbl CBOMMH KOOpJMHATaAMH B HEKOTOpoM Oasmce. J[okazaTh, 4TO
BEKTOPHI V ecTh 0a3uC MPOCTpaHCTBA U HAUTH KOOPIMHATHI BEKTOpa X B 3TOM Oa3uce.

6 2 3 1
e X=| 2 |,vy=| 1|, vu=| 2|, vz=|—-1).
-7 -3 -5 1

3agaua /
Haitti koopauHaTe! BeKTOpa X B 6aszuce W = (Wq, Wo, W3), ecitd OH 3a1aH B 6asuce V = (Va, V2, V3):
W=V t+Vv, +2V3,
* W, = 2V; —V,, xv = {6, -1, 3}.
Wy = =\ +Vy +Vg;
IIpumep
W, =V +V, —5vg,
W, = (B/6)vy — vy, % ={1, -6, 6}.
W = =V) +V, +Vg;

Hepexon OT IIEpBOT'O 0asuca V Ko BTOpOMY 62131/IC}7 W 3agaeTcsa ManHHeﬁ



1 5/6 -1
A=l 1 -1 1
-5 0 1
[Tepexosm ot BTOpOTO 6a3mca K mepBoMy 3a7aeTcsi 00paTHON MaTpHIICH AL
[lepexoa OT KOOpIMHAT BEKTOpa OTHOCHUTENIBHO IEPBOro 0Oasmca X, K KOOpAMHATaM 3TOTO Ke

BEKTOpa OTHOCUTEIHHO BTOPOTO 0a3uca Xy OCYIIECTBISETCS TaK K€ C IIOMOIIBIO MATPHUIIBI AL
Haitnem obpaTtHyro Matpuily. Beraucisiem onpeneanTens:

1 5/6 -
detA=|1 -1 1 =—1—2—5+5—§=—1.
6 6
-5 0 1

Haxoaum anrebpanyeckue TOMOJTHEHHS.

Ai=[ T=L Ap= T=-6 Ay =5
o 147 "5 47 "B -5 o T

5/6 -1 5 1 - 1 5/ 25
- =2 A= =4 Apy=- =-=
! ‘o 1]‘ g 22 ‘—5 1]‘ Fes ‘—5 06‘ 6

5/6 -1 1 1 - 1 5/ 11

= =—-— = — -2 = =-_"
1= 4|77 P2t 11‘ Pg3 = ‘ _j 5

-1 -5/6 -1/6) (1 5/6
At=Lag-e -4 -2 |-
-5 -25/6 -11/6) |5 25/6 11/6

Torma
1 5/6 1/6 1 1-5+1

xy=A1X, =6 4 2 |[-6|=|6-24+12|=|-
5 25/6 11/6)| 6 ) |5-25+11

3Ha4uT, KOOPIMHATHI BEKTOpa X B Oasuce W OyayT Xy = {3, —6, —9}.

3ajaua 8
Haiiti matpuiy nepexonaa ot 6a3uca V k 6azucy W:
1) (0) (O 1) (0) (-1
e v=41,|1,|O0|;,w=4]0}, |1 1
1)(1) (1 0/){1)(0
3agaua 9

[Tycte X ={X, X9, X3} . SIBNSAFOTCS 7M1 JIMHEHHBIMU CIIETyIOMINE TPEOOPA3OBAHUS
AX={6X —5X5 —4Xg, —3% —2Xy = X3, Xo + 2X3},
o Bx={6-5x, —4X3, 3% — 2X, — X3, Xy +2},

CX={x3, 3% — 2%y — X3, Xp + 2Xa}.



IIpumep
AX={3% —2X, =1, 0, xq +2X, + 3xg},
e Bx={3xZ - 2%, — X3, 0, 0},
Cx={3% = 2%y — X3, 0, % +2X5 +3x3}.

[Ipu nuneitHOM TpeoOpa3zoBaHmy L KoopAWMHATHI MOYYHBIIETOCS BeKTOpa LX OyIyT JTUHEWHBIMU
KOMOMHAIMSIMA KOOPIUHAT UCXOTHOTO BEKTOpa X.
[IpeoOpazoBanms AXu BX He SBISIOTCS TMHEHHBIME, ITOCKOJIBKY

(a) B mpeoOpazoBanuu AX IIPUCYTCTBYET CBOOO/IHBIM YJICH,

(6) B mpeoOpazoBanuu BX mpuCyTCTByET HEIMHEHHOE CllaracMoe.
[IpeoOpazoBanue CX OyneT TUHEHHBIM, MOCKOIBKY MpPU JIMHEHHOM MpPeoOpa3oBaHUU KOOPAUHATHI
MOJTYYHBIIIETOCS] BEKTOPA €CTh JIMHEWHAs! KOMOMHAIUST KOOPIMHAT UCXOIHOTO BEKTOPA.
Marpuna nunetinoro oneparopa C:

3 -2 -1
C=|0 0 O
1 2 3

3agaua 10

Jano: nunetinbiit onepatop AV — W, v — 6a3uc B JTUHEWHOM TpocTpaHCcTBe V = R, COOTBETCTBEHHO
W — Gasuc B W = R, MmaTpuna omnepatopa A, B 6asuce V. Haiitu matpuiyy Ay, C MOMOIIBIO KOTOPOH
BEKTOp MpOCTpaHCTBa V, 3alaHHBIN B 0asuce V, mpeoOpa3yeTcsi B BeKTop npoctpanctBa W, 3a1aHHbI B
Oasuce W.

e HEHBERAC )

IIpumep

= BE =G A )

Hatimem koopauHaThl BEKTOPOB Oa3uca mpoctpanctsa V mocie npeodpazoanust A B 6asuce V.

onore GG

3areM ompefenuM MaTpuIly nepexoja ot 6azuca AX, k 6asucy W
2\ (0 -1\ (1 0 -1
A , = : = A= .
HEEE)=~6 5
— ADA = 0 -1)(2 -2y (0 -1
Aw=ARE L ST 172 —a)
3agaua 11

Jlokasath, 4TO CyIIECTBYET €JMHCTBEHHOE JMHEHHOe IpeoOpa3zoBaHue A TpPEeXMEpPHOI0 IPOCTPAHCTBA
V = R®, mepeBosusinee BEKTOPE V COOTBETCTBEHHO B W. HaifiTi Marpuily mpeobpasoBanms A B TOM e
0a3uce, B KOTOPOM JAaHbI KOOPAWHATEI BCEX BEKTOPOB.

Beraucium matpuiry Aww:

2)(0) (1 (1) (2
e v=43|,|1}]|0[p,w=42},| 1|1
5)12) (0 1)\-1) (2

10



3agaua 12

Jlunetinoe mpeobOpazoanue A:V — V B HekoTopoMm Oazuce V mmeeT Mmatpuity A,. [lomyunts marpuity
ATOTO TIpeoOpa3oBaHus Oazmce W.

I O e S

eV —MHOrowieHbl BTOpoi creneHu, V={1 X X2} , W= {3X2 +2X+1], X2 +3x+ 2, 2% + X+3},
0 01
A,=10 1 0].
1 00

3amaua 13

Jluneitnoe npeobOpazoBanue AV - V (V= R’ B HekoTopoM Oazuce V mmeer Marpuny Ay. Ilomyunts
MaTpHILy 3TOTO ITpeoOpa3oBaHus B Oa3uce W.

1 0 2 W =V —V, — Vg,
b A\/: 3 -1 0 , W2=2V1+V2+3V3,
1 1 -2 W3=V2+2V3.

2 1 0 W, =V —V, + Vg,
e A=0 1 -1}, W ==V +V, —2v3,
1 1 W3 = -V + 2V, + Va.

Marpuna B 6a3uce W HaxoquTcs 1o Gopmyiie

Ay=MTTA M,
rae
1 -1 -1
M=-1 1 2
1 -2 1
Haiinem obpatnyto marpuiy M 1
Omnpenenurens matpuisl M:
1 -1 -
detM=-1 1 2|=1-2-2+1+4-1=1.
1 -2 1

AnreOpanyeckue JTOTOJHEHHUS

11



OOparHast MaTpuIa:

5 3 -1
M1=|3 2 -1/
11 0

Haxonum matpuily B HoBoM 6azwuce:
5 3 -1)(2 1 0 1 -1 -1) (117 -4(1 -1 -1 0 4 -1
Ay=l3 2 -1/)]o0 1 -1|1-2 1 2 |=7 4 -3|-1 1 2|=0 3 -2|.
11 0)-11 1 1 -2 1 2 2 -1){1 -2 1 -1 2 1

3agaua 14

JlokazaTh, 4TO B IPOCTPAHCTBE CYIIECTBYET €AMHCTBEHHBIH omeparop A, NMepeBOASIIHUA BEKTOPHI V
COOTBETCTBEHHO B BeKTOpbl W. HaifTu marpuiry storo omneparopa B 06a3uce, COCTOSAIIEM U3 €IUHUYHBIX
BEKTOPOB.

1) (0) (1 1) (0) (1
e v=<1{,11},10(p, w=<|2}|21||0
1) (o) (2 1) \0) (1
3amava 15
Haiiti coOcTBEeHHBIE Yncia 1 COOCTBEHHBIE BEKTOPHI MaTPHIIHI:
4 -2 -1
e |-1 3 -1|.
1 -2 2
IIpumep
2 0 -1
e |1 1 -1|.
-1 0 2
COCT&BI/IM XapaKTCPUCTHUYCCKOC YPABHCHUC U Haﬁ,[[eM €ro pemeHHe:
2-A 0 -1
1 1-A -1|=0 = (2-A)?@-A)-(@1-N)=0=
-1 0 2-A

= 1-ANM\ -4 -3)=0=
=MA-)’(\-3)=0=>
=>Ap=1 A3=3.
CoGctBenHble 3HaueHUS: Aq =1, Ay, =1, A5 =3.
Haiimem coO6cTBeHHBIE BEKTOpA!

2% — X3 = X, X — %3 =0, X =Q,
)\1'2=1: X1+X2_X3=X2,:> Xl_X3=O,2 X2=C2,
— X +2X%3 = X3; —X +X3=0; X3 =Cj.
2% — X3 = 3%y, — X — X3 =0, X =Cp,
A3=3. X +tX=X3=3Xy, =X~ 2% —X3=0,= {X% =,
— X1+ 2X%3 = 3X3; X —X%X3=0; X3 =—C.

12



CoOcTBeHHBIE BEKTOpA!

1 0 1
X;=[0], X, =] 1] X5=| 1
1 0 -1

3amaua 16

BrIsSICHUTE, MOXKHO JTH 33JJaHHYIO MATPHUILy MPUBECTH K JUArOHAILHOMY BHJIY ITyTeM Iepexojia K HOBOMY
6a3ucy Hajg mojeM R. HaitTu 3TOT 6a3uc U COOTBETCTBYIONIMK BU] THArOHAIHHOW MATPHITHI.

-1 3 -1
. -3 5 -1}.
-3 3 1
3agaya 1/
BoIsICHUTB, SIBIASIOTCS JTU TTOJTOOHBIME MEXTy co00#t maTpuiisl A u B.
3 2 -2 0 -1 0
e A=|2 1 1|, B={4 -6 15]|.
1 2 -1 3 -3 9
3agaya 18
Haiitu HOpManbHYTO hopMmy YKopraHa Jiis 3ajaHHOM MaTPHIIBI A.
0O 10 1 -3 3 7 -12 6
e A=|-4 4 0 e A=|-2 -6 13 « A=]10 -19 10
-2 1 2 -1 -4 8 12 -24 13
IIpumep
1 -3 4
. 4 -7 8].
6 -7 7

COCT&BI/IM XapaKTCPUCTHYCCKOC YPABHCHUC U Haﬁ,[[eM cro pemeHHe:
1-A -3 4
4 -7-A 8 [=0 =-N+N+50+3=0=>
6 -7 T7-A
=S A+1)%?A\-3)=0=>
=N =-1 A3=3,

CobctBennble 3HaueHUS: Aq = -1, A, ==1 A3 =3.

Berancnum marpuity

1 -3 4 (-1 0 O 2 -3 4
B=A-AE={4 -7 8/-|0 -1 0|=/4 -6 8].
6 -7 7 0O 0 -1) (6 -7 8

Omnpenennm kineTKy (vnu kietkn) Kopaana as kparaoro (K = 2) cooctBennoro 3nauenns A = —1.

13



Hatiinem panr marpuiibl B:
2 -3 4 2 -3 4
4 -6 8|~|0 0 O |=rankB=2.
6 -7 8 0 2 -4

Taxum oOpazom, koaudecTBo KiaeTok JXKopmana: |(-1) =3-rankB=3-2=1, to ecTh

-1 1
Jz(_l):[ 0 _1j

Omnpenenum knetky (v kiietkr) JKopaaHa Juist COOCTBEHHOTO 3HaueHHs A = 3.
Boruucinum matpuity

1 -3 4, (300 -2 -3 4
B=A-AE={4 -7 8|-|0 3 0|=| 4 -10 8|.
6 -7 7) \0 0 3 6 -7 4
Hatiinem panr marpuiib! B:
-2 -3 4 -2 -3 4 -2 -3 4
4 -10 8|~ 0 -16 16|~ 0 1 -1l|=rankB=2.
6 -7 4 0 -16 16 0O 0 O

Takum o6paszom, kommuectBo KieTok JKopaana: | (3) =3-rankB=3-2=1, To ecTp

313=(3).
®opmupyem HopManbHy0 Gopmy XKopaana A1 3a4aHHON MaTPHUIBL:
-1 1 O
J =diag[J,(-1), J;()]=| 0 -1 0].
0O 0 3

3ameuaHue

Ecnu A — xopeHb XapaKTepucTH4ecKoro MHOrowIeHa Marpuibl A kpatHocTH K, [(A) —4ucino xietok
XKopnana, npuuem [(A) > 1, To uwmcno |, (A) kmerok J,(A), rme 1<m<Kk, onpenensiercs 1o

HPaBHITY
|(A) = rankB™! - 2rankB™ + rankB™ !
(mo moctpoenuto B = A—AE, BO = E).
3agaya 19
3anan Bektop V. Haiit Hopmy BekTopa |||
1
»ov=E oAl My -2 My -2 M -7
7
3amgana matpuna M. Haiitu Hopmy matputst |M]|.
2 -1 3
- M={1 1 0}, M| -2[Mm], -2 [m], -2
-1 4 2

14



3amaua 20
M3BectHO, uTO MOcse nepBoro mmara pemenus CJIAY MeTogoM mpocThIX UTeparuii ObUT MMOJTyYeH BEKTOP

x® . Paccumtats BEKTOD x@ Ha CIIEAYIOIIEM IIIare UTepaluu, eciu 3aaana marpuia C u d.

25 0 -01 02 2
*  HTepaIMoOHHBIA MeTo1 —MeTo Skoowu, x®=|29|,c=[{02 0 o05|,d=|1;
4.7 07 03 O 3
25 0 -01 02 2
*  WTEpaIMOHHBIA METO —MeTo 1 3ei e, x® = 3 ,C={02 O 05|,d=|1].
565 07 03 O 3

15



3amaum 1J151 CAMOCTOATEIbHON PadoThI
U MOATOTOBKE K IK3aMEHY IO pa3aeJy
«YucaenHoe pemeHue JupepeHunaIbHbIX YPABHEHUN»

3amaua 1
Permmth MaTpHUHBIM METOI0M OJHOPOIHYIO CUCTEMY JIMHEHHBIX AU pepeHnnatbHbIX YpaBHEHUH:
0
0_);1 =6X —12%, = X,
0X,
o ==X T3, X,
ot X =X T X
9% = _ax +12x, +3x,
ot
IIpumep
0%,
_ = = - + X ,
. ot X T X
% =X +X
ot ?

-11
Haiinem coOcTBeHHBIE 3HAUEHUS U COOCTBEHHBIE BEKTOPA MaTpuLbl A = [ 11l

CocTaBuM XapaKTepHCTUIECKOE YpaBHEHHE U HAWJIEM €ro perieHue:
-1-A 1

=0 -1-AN)(1-A)-1=0
L 1|70 = ne-n-1=0=

=>N-2=0=

A ==V2, A, =42
CoOcTBeHHBIC 3HAYCHUS: A, = V2, A, = V2.
Haiinem coO6cTBeHHBIE BEKTOpA!

——J2" (_1+\/§)V1 +v, =0, Vi =G, - v, =1,
A=z {vl+(1+\/§)v2:0;2{v2:(1—\/§)c;:>[c 1]:{\/2:1_\/5.

= 1-V2)v+v, =0, (v =c, . v, =1-+/2,
=2 { V1+(1—x/§)v2=0;:{vz=(1+x/§)c;:[c_l \/E]:{vzz—l.

1 1-2

CoOcTtBe e BexTopa. V, = V= .

TBEHHBIE BEKTOpA: V, [1—\/§J ; ( 1 J

1 1-42

CocrasuM marpuny 1T ={V,, V,} = .

puny {M1, Vo) (1_\/5 _1J

o V2

e 1-+/2)e

dynnamenranpaas Matpuna F(t) ={\Ve"', V,e'} = :
o 1-vJ2)e’* -

IIposepxka:
oFM) _( -V2e'*  (V2-2e?),
ot ((@2-v2)e2 -J2e'2 )
-1 1JEE e (1—x/§)eﬁtj :{ ~J2e % («/E—Z)eﬁtJ
1 :

AT :[ 1 1-J2)e*  -g'? @2-V2)e*  -J2e'?

16



Takum 00pa3omM, perreHre CUCTEMbI THHEWHBIX MU (epeHITHATFHBIX YPaBHEHIH TPUMET BHI:

(@) o At _ e 2 1-+2)e* | _[ qe?% +c,(1-+/2)e”?
o _(xz(t)j T aueT eV Cl[(l—ﬁ)e‘@j+cz( —e )T |qa-v2)e ' -ce® )

3agaua 2

Haiitn perenre HEOJHOPOJHON CHCTEMBI JUHEHHBIX TU((epeHIMATEHBIX YpaBHEHUH ¢ HaYaJbHBIM
YCIIOBUEM:

0
e -1
. ox, x(0) = ol
—= =—4X, +5X,;
ot X T 9%,
IIpumep
0x _ _ _
) i X +2X, -1, Y(0) = 1.
0%, _ 0
ot ’

-1 2
Haiinem coOcTBeHHBIE 3HAUEHUS U COOCTBEHHBIE BEKTOPA MaTpulbl A= [ 1 o)

CocTaBuM XapaKTepHCTUIECKOE YpaBHEHHE U HAWJIEM €ro perieHue:
-1-A 2

L [F0 2N -2=0=

=>N+A-2=0=
A =2 A, =1
CoOcTBenHble 3HaueHUs: A, =—2, A, =1.
Haiinem coOcTBeHHBIE BEKTOpA!

Vv, +2v, =0, Vv, =—-2C, Vv, =-2,
A =2t {l ° :>{l :[czl]:{l

v, +2v, =0; V, =C; v, =1
—2v, +2v, =0, Vv, =C, v, =
A, =1 { Lo :{1 :[c=1—\/§]:>{l L
v, —V, =0; V, =C; v, =1
-2 1 -2 1
CobcTBenHble BekTopa: V, = 1 V, = 1) CocraBum matpuny T ={V,, V,} = 1 1)
_ 2e—2t et
dynnamenTanpHas Matpuma F(t) ={\Ve"', V,e"'} 2( o t] .
e (S

Hopmupyem ¢ynnamenTanbayto Matpuity B Touke t = 0:

F(O)[écll Clzjz(l OJ:[_Z 1JEE011 Cle:(_zcll-l-CZl _2C12+C22j=(1 OJ:
Gy Cp 01 1 1){¢cy Cy Cy+Cy C, +Cy 01

—20,+C,; =1 ¢, =-¥3,
+c,, =0, =13,

) Gutcn=0_ je,=Y
_2C12+C22=0' C21=j/3’
Cp +Cp =1, sz=33-

17



Taxum oOpazoM, pyHIaMeHTaTbHAsI MaTpHUIla, HOpMUpPOBaHHAs B Touke t =0, ecTh

-2t 1t 2—2t+2t

2
aay{f?im Al V3j= 3¢ "3° 3% T5°
e e ]/3 ﬂ3 _Ee—Zt_*_Eet Ee—2t+get
3 3 3 3
IIpoBepka:
4 2,1 4 2, 2,
R _| "3 T3¢ 3% 73°
ot ge—2t+let _Ze—2t+get ’
3 3
Ee—2t+}et —Ee’2t+get _ﬂe—zt_'__et T Ll
Auaa):( 1 2) 3. 3 3 '3 | 3 '3 3 '3 |
1 O _Ee—Zt_*_Eet Ee—2t+get Ee—Zt_*_Eet _Ee-zt+§et
3 3 3 3 3 3 3 3

ITo ¢popmyne Komm pemenne cucteMbl HEOJHOPOAHBIX YPaBHEHUH TPUHUMAET BHL:
t

X(t) = Fy(t) OF;* (0) (X(0) + [y (t) OF™ () CF (1) dt.
0

HOCKOHBKy JUI Q)YHﬂaMCHTaJ'IBHOI\/’I MaTpuIbI, HOpMHpOB&HHOfI B TOYKC, CIIpAaBCIJINBO PaBCHCTBO
Fo(t) R "(1) = Ryt = 1), 1o

¢ ¢ g e—2(t—r) + 1 et—r _ 2 e—2(t—T) +Z et—T )
IFo(t—T)[f(T) dt = 31 31 13 23 EﬁOJdT:
0 ol == e—2(t—t) += et—T - e—2(t—1) += et—T
3 3 3 3
t
¢ _Ee—z(t—r) _Eet—r _Ee—z(t—r) + Eet—T Ee—Zt _}et
~ 3 3 |gr=| 3 3 | 3 3 |
0 le—z(t—r) _let—r le—z(t—T) +}et—T _le—Zt _}et +1
3 3 6 3 o 6 3 2
Taxum 06p330M, peIICHUC CUCTEMBI HCOJHOPOAHBIX ypaBHeHHﬁ:
_e_Zt +Eet _Ee_ZI a2t _ At

37 3 3¢ T30 |1 3° 3°
OF 1 a1y 1,2 [éoj+ Uom 1,10

-—e?+2e Ze¥+=¢€ -=e e +=
3 3 3 3 6
2en4lg Len 1y -
B _le—zt_'_let ¥ _1e—2t_1et+1 B —le‘2‘+£'
= —e+— 2 2
3 3 6 3 2

IIposepxka:
ox(t) _(—-2e™)

at e—2t !

A&(t)+f(t)=[‘1 2] 1,1 +(‘1j=(‘e'”—e‘2t+1j+(‘1j=(‘28'”].
1 0 —Ee +§ 0 o2t 0 o2

18



3amaua 3

JTano muddepeHnnanpHOe ypaBHEHHE TIEPBOTO TMOPSIKA ¢ HAYaIbHBIMH YCIIOBUSIMU:
s Yy =y+t*-2, y(0)=-1.

Haittu 3nadenue Y(1), HCIOIB3ys OHOIIATOBBIC YHCIeHHBIE MeTo 16l (M =1).

3anaua 4
Jano muddepeHnnanpHoe ypaBHEHHE BTOPOTO MOPSIIKA ¢ HAYATBHBIMHA YCIOBHSIMHU:
o Y42y =1-2t, y(0)=2, y'(0)=-1.
Haittu 3nadyenus y(2) u y'(2), ucmons3yst oHOIIAroBbIe YnciIeHHbIe MeToabl (h = 2).

IIpumep

o 2y"+4y=t-t* y(-1)=0, y(-1)=2

Haiitu snauenust Y(1) u y' (1), ucrmonssys meron Pyure-Kyrrer IV nopsiaka (h=2).

[Tpeobpasyem  muddepeHInaipHOe  ypaBHEHHE  BTOPOrO  IMOpSAAKA B CHCTEMY
nuddepeHIaIbHbIX YpaBHEHUH IEPBOTO TOPSI/IKA:

e BBeseM 3ameny z(t) = y'(t), torma Z'(t) = y'(t);

* uddepeHMaIbEHOE YpaBHEHHE PUMET BH/T

2 () +40y(t) =t —-t% y(-1)=0, z(-1) =2
* chopmupyem cucremy

y(0) = 2(t), m: F(t ,2), (y(‘l)j:(oj,
t—t2 - 40y z A) A2
) =—=;

> © WIN 7

F(ty2)=|t-t? -4y |.

VD=0, Z-)=2 (t%2 [—2 D’J
Ha nmayansHOM mare nonaraeM: X, =-1, y, =0, 7z, =2.

Torma Ha CIICAYIOLIEM 1IIare UMEECM.

2
k. =hOF(t y,2) = 2[F(-1,0,2) :2[E—1—(—1)2 —4[(1)}:(_42}
2

h k k 1 2
k,=hF|t+—,y+—=t z+22|=2[F(0,21)=2[]0-(0)* -4[2 |= ,
2 2 2 — 5 \-8
h Kk k ~2 -4
k,=hF|t+—,y+—2t, z+—22 |=2[F(0,,-2)=2[10-(0)* 40 |= ,
2 2 2 — ) (-4
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2 B

-2
k, =hF{t+hy+k,,z+ kaz):2D:(l—4,-2)=2EE1—(1)2 —4Eﬂ-4)J =(
2

[ij=£mk1+2m<2+2m<3+k4)=itﬁ prazray -4 j:[_%}
Az) 6 6 (-2+2[0-8)+2[(-4)+16) |-53

Oie=aEy

Takum obpazom, y() =-2/3, y'(1) = z(1) =¥3.

JIBYX
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3agaua 5

Pemuth cucteMy nTuHEHHBIX alreOpandyeckux ypaBHEHUH METOJOM ITPOTOHKH:

10x, —5x, =4,
X +15X, = X, = -5,
2%, +20%;, — X, =2,
2%, —10x, = 2.
3anaua 6

Jlaro muddepeHmansHoe YpaBHEHHE BTOPOTO TMOPSIKA C KPACBBIMHU YCIIOBUSIMHU:

© Y+2y-y=1+t, y(0) =1 y(4)=-2
Hcnonb3yst cxeMy MeToia KOHEYHBIX pasHoctedd nmpu N=4, chopmupoBare CJIAY misa permeHus
KpaeBo#l 3a7auu.

3agaua 7/
JlaHO OJTHOPOJHOE YpaBHEHHUE TEIJIOMPOBOTHOCTH
ou _ 0%
d E—ZW, OSXS4, tZO,

¢ yemousvu U(X,0) = x*+1, 0< x< 4, m u(0,t) =t+1, u(4,t)=17,t=0.
Haiiti uncienHoe perenne Ha cioe t, = /8, ucronb3ys
* SBHYIO JIBYXCJIOHWHYIO CXEMY,
*  HESIBHYIO JBYXCIOWHYIO CXEMY
npu pazouennn N =4 uatepsana [0, 4] Bronas ocu OX
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3amaum AJ11 CAMOCTOSITEIbHOH PadoThI
U MOAT0TOBKE K IK3aMeHy MO0 pa3jaesy
«MeToabl MATEMATHYECKOI0 MPOrPAMMHUPOBAHM I

3agaua 1
I/ICHOJ'IB3YH MCTO MHOXXHUTENen J'[arpaHX(a, HalTH pe€mcHue 3a1a4n.
3x2 +2%2 — XX, + 2% — X, - Max;
2%, + %, =10.
X2+ 2X2 + X2 — XX, + X, —3X, +2X, — max;
. X +2X, + X, =80,
{—x1+x2+2x3 =50.

3agaua 2

PemuTh rpadudeckuM METOJIOM 3a7ady JJUHEHHOTO TPOrpaMMHUAPOBAHHUS .
Z = f(x,y) - max(min);

4x+5y =10,
* x—-3y<5,
2x-y=-1,
x=20,y=0.
C LIeJIEBBIMH (PYHKIIUSIMHU
o f(xy)=-2x+6y,

e f(x,y)=5x-vy.

3anaua 3
Pemwute 3aga4y TuHEHHOTO TPOTPaMMHUPOBAHHUS
=X, +3X, + 2%, = 2%, —» max
X +2X, +3X%, =3
4x, +5%; + X, =4,
20,%20,%x20%,20
2X + X, = %X; — Min

2% — X+ X <1
o [4X —2X, + X, =22
3%, +% <1

X 20x,20,%x=0
4x, +5X, —3%X; - max
X —3X, + 2%, <5
o |=5X +4X,+3X, <7,
=X +2X+ 71X <9,
X 20x,20,x=0
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3%, +6X, —2X; - max;
X X +X% <130
y 2%, — X, =10,
=X +2X, + %X, 25,
%20, %20, x,20.

2%, +3X, = X; — max

—X +2X, + %, =9,
y 3%, — X, + 2%, =10,
4x + X, + 2%, <12,
X 20, %20, x;,20.
3anaua 4
PemuTh TpaHCIOPTHYIO 3a/1a4y, IPEICTABICHHYIO B TAOIWYIHON (hopMme:
B1 B,
30 40
Ay 40 4 2
A, 30 1 5
Az 20 3 2
B1 B,
30 40
Az 40 2 1
Ay 30 7 5
Az S0 1 3

HavanpHblii ny1aH TOCTPOUTH MO MPaBHILY
*  CEBepo-3alajHoro yria,
* MUHHUMAJIBHOIO dJIE€MEHTA.



