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1. KOMHeTeHIII/II/I U HHAHAKATOPbLI HUX JOCTHXKCHHUSA, IPOBEpAEMbIC JTaHHBIMHA
OLCHOYHBIMH MaTepHaAIaMH

[{enpro 0OCBOEHUS TUCIUTIINHBI SBISETCS POPMUPOBAHUE CIEAYIOMUX KOMITETECHITUH:

[TIK-5 CniocoGeH ynpaBJisiTh IOJYy4CHHEM, XpaHEHUEM, TIepeaaveii, 00paboTKON OOJIBIINX
JTAHHBIX.

YK-1 CriocoGeH ocymecTBIsATh KPUTHYESCKUI aHaIu3 MPOOJIEMHBIX CUTYalluid Ha OCHOBE
CHCTEMHOT0 TI0JIX0/1a, BBIPA0aThIBaTh CTPATETUIO JICHCTBUH.

Pe3ynbraramMu 0CBOEHUS IMCUUIUIMHBI SBIISIOTCS CIEAYIONINE UHANKATOPBI JOCTHXKECHUS
KOMIIETEHLIHM:

HIIK-5.1 OcymecTBiasieT MOHUTOPHHT M OIICHKY IPOM3BOJUTEIBHOCTH OOpabOTKH
OOJIBIINX JTAHHBIX

HIIK-5.2 Hcnonp3yeT METOAbl M HWHCTPYMEHTHI IOJYYECHHS, XpaHEHHUs, Nepeaaydd,
00paboTKH OOJBIINUX TaHHBIX

NIIK-5.3 Pa3zpabarbiBaeT TPENJIOKEHHS 110 TOBBIIICHUIO TPOU3BOJIUTEIBHOCTH
00paboTKK OOJBIINUX TaHHBIX

NYK-1.1 BeigBuser mnpoOJeMHYIO CHUTYaldio, Ha OCHOBE CHUCTEMHOTO IOAX0ja
OCYIIECTBIISICT €€ MHOTO()aKTOPHBIN aHATIN3 U JJUATHOCTHKY.

NYK-1.2 OcymecTtBiseT MOUCK, OTOOp M CHUCTeMAaTHU3alMi0 HHOOpPMALUUA s
OTpeJIeTICHUs aJTbTEPHATUBHBIX BAPUAHTOB CTPATETUUECKHUX PEIICHUI B IPOOJIEMHOM CUTYaIUH.

NYK-1.3 Ilpennaraer 1 000CHOBBIBAET CTPATETHIO JACHCTBHI C y4eTOM OTrpaHUYCHHIA,
PHCKOB M BO3MOXKHBIX TIOCITICACTBUH.

2. OueHo4YHbIe MaTepPUAJIbI TEKYIIEr0 KOHTPOJISI M KPUTEPUH OlleHUBAHUSA

OneMEHTBI TCKYIIECTO KOHTPOJIA:
— TECTBI;
— KOHTpOJIbHas paloTa;

Tecr 1 (YK-1, UYK-1.2)
Br16path npaBuiibHOE OMMCAHKUE HEMPEPHIBHOW MaTeMaTUYECKON MOJIEITH:

a) OTO mNpuUOMMKEHHOE ONucaHue OObEKTa Ha S3bIKE MaTeMaTUKU, HpPH ATOM pealibHbIE
HepeMEHHbIE, UCIIOIb3YEeMbIe JUIS ONUCAHUS 00bEKTa, MOTYT OBbITh JIBYX THITOB — IUCKPETHBIE, KOTIa
TOYKA, OTBEYAIOLIAs] 33/JaHHOMY COCTOSHHIO OOBEKTa, BCEra UMEET OKPECTHOCTh, HE COJIEPIKALILYIO
HUKAaKUX APYI'HX COCTOSIHUM 3TOW NMEPEMEHHON M HENPEPBIBHBIE — KOTJA NEPEMEHHAS TIPUHUMAET
BCE 3HAUEHUS U3 HEKOTOPOro MHTEpBasla. 3HAUEHMs COCTOSIHUII MOXHO NepeHymepoBaTh. Eciu B
OIMCAaHWE MOJIETM BXOAWUT BpEMEHHas IEepeMEeHHas, TO OHAa MOXET OBIThb JUCKPETHOM WM
HETPEPBIBHOM.

6) Oro mpubMDKEHHOE ONMCaHWe OOBEKTAa Ha S3bIKE MaTeMaTHKHM, IPU 3TOM peaibHbIe
NepEeMEHHbIE, HCIOIb3yeMble Ul OMHUCaHUs OOBEKTa, MOTYT OBbITh OJHOTO THIAa — HEMpEpbIBHbIE
(3T0 KOr/la TMepeMeHHas NpPUHMMAeT BCe 3HAYEHUs M3 HeKoToporo uHTepBana). CocTosHus
MEPEMEHHOM MMEIOT MOIIHOCTh KOHTMHyyMa. Eciu B omucaHue MoOJeNu BXOJIUT BpEeMEHHas
nepeMeHHast, TO OHa JOJDKHA ObITh HENpepbIBHOM.

B) DOTo NpHOMKEHHOE ONHMCaHWe OOBEKTa Ha S3bIKE MaTeMaTuKd, HpU 3TOM pealibHbIe
NepeMEHHbIE, MCHOJIb3yeMbIe ISl ONMHCAHUS OOBEKTa JOJDKHBI OBITh TUCKPETHBIMH, T.€. TOUKa,
OTBEYAIONIAsl 3aJJaHHOMY COCTOSIHUIO OOBEKTa, BCErjJa HMMEET OKPECTHOCTb, HE COJEPIKALIYIO
HUKAaKUX JPYIMX COCTOSHMM JTOM NEPEMEHHON. 3HAu€HMs COCTOSHUII MOXHO IEPEHYMEpOBATb.
Ecnu B onucanue Mozaeny BXOAUT BpEMEHHAs MepeMEHHasi, TO OHa MOXKET ObITh JUCKPETHOW WU
HETPEPHIBHOM.

r) Orto mnpuOIMKeHHOe onMcaHue OOBEeKTa Ha S3bIKE MaTeMaTWK{, MpU 3TOM peajbHbIe
HIepEMEHHbBIE, HCIIOIb3yeMbIE JJIsI OMHCAHUs OOBEKTa, TOJDKHBI ObITh HENPEPHIBHBIMHU (3TO KOTAa
nepeMeHHasl IPUHUMAET BCE 3HAYEHUs U3 HEKOTOpOoro uHTepBaia). COCTOSIHUS IEPEMEHHON UMEIOT
MOIIHOCTb KOHTUHYyMa. EciM B onrcanue Mozieny BXOAUT BPEMEHHAs IEPEMEHHAs], TO OHA MOXKET
OBITh TUCKPETHOW WJIM HETIPEPHIBHOM.



o) DTO NpuUONMKEHHOE ONMCAaHWE OOBEKTa Ha S3bIKe MATEMAaTHKH, IMPU 3TOM pealbHBIC
NepeMEHHbIe, HCIIONb3yeMble Ul OMUCAaHUs O0bEKTa JNODKHBI OBITh JUCKPETHBIMH, T.€. TOYKA,
OTBEYAOIIasl 33/IaHHOMY COCTOSIHUIO OOBEKTa, BCErJa HMMEET OKPECTHOCTb, HE COJCPIKaIlyIo
HUKAKUX JAPYTUX COCTOSHUM 3TON NMEpPEeMEHHOW. 3HA4Y€HHs COCTOSHUI MOKHO MEpEHYMEpPOBATh.
Ecnu B onrcanme Moieny BXOAUT BpEMEHHAs IEPEMEHHAsI, TO OHA JIOJDKHA ObITh HEIIPEPHIBHOM.

Tect 2 (MYK-1.1, UYK-1.2, UYK-1.3)
2. Jlns cnemyroniel CUCTeMbl PA3HOCTHBIM YPaBHEHUH € 3ama3/IbIBaHUEM

x(k +1) = Ayx(k) + A, (k — h),

rne A, M A4, 3aJlaHHBIC IOCTOSIHHBIC MAaTPHIIBI, /1 — 3ama3gpiBaHue. BIOpaTh MoaXosIIyio

¢ynkuuio JIamyHoBa, KOTOPYIO MOYKHO UCIIOJIB30BaTh JUIS aHAJIN3a YyCTOWYMBOCTH 3aJaHHON
CUCTEMBI.
Bapuants! oTBeTOB:!

a)
V(x(k))=x(k)" Px(k)+ ix(k +1) Ox(k +1),
rne P=P'>0, Q:QT_>O.
0)
V(x(k))=x(k)" Px(k)+ Zh:x(k —i)" Ox(k —i),
e P=P'>0,0=0">0. 7
B)
V(x(k)) = x(k)" Px(k),
rne P=P">0.
r)
V(x(k))=x(k+1)" Px(k+1)+ ix(k —i) Ox(k —i),

i=1

e P=P">0,0=0">0.
Kiroun: 1 1), 2 a).

Kputepun oleHuBaHusA: TECT CUMTAETCS MPOUIEHHBIM, €clii OOydarollui OTBETUI
[IPaBUJILHO KaK MUHUMYM Ha I10JIOBUHY BOIIPOCOB.

KonTponpnas pabora (ITK-5, YK-1, UTIK-5.1, UTIK-5.2,)
KonTponbHas paboTa cCOCTOUT U3 2 TEOPETUYECKUX BOIIPOCOB M 3-X 3aj1ad.

IlepeueHb TeOpETHUECKUX BOIPOCOB:

1. Kimaccudukamnus MaTeMaTHIECKUX MOJIeTIEH U METOJIOB MOJCIIUPOBAHUS.

2. Knaccugukaius MeTo10B MOCTPOSHUS MOJIEIEH.

3. XapakTepuCTUKH MaTEMAaTHYECKON MOJIEIH.

4. Knaccudukanus ¥ BUIbI HEMPEPHIBHBIX MATEMATHYECKIX MOJIETICH.

5. AHanmM3 yCTOMYMBOCTH HETIPEPBIBHBIX MAaTEMaTHUECKUX MOJIENeH 0e3 3ama3IbIBaHiM.



6. AHanM3 YCTOMYHUBOCTH HETIPEPHIBHBIX MATEMATUUYECKUX MOJIEIIEH C 3ara3AbIBaHUil.

7. PobacTHast yCTOWYMBOCTD HEMTPEPHIBHBIX MATEMAaTHIECKUX MOJICTICH.

8. Ciabas u cuiibHast TeOpeMbl XapUTOHOBA.

9. ATTpakTopbl AMHaMuYeckux cucteM. OnpeaeneHnue 0coObIX TOUEK.

10. Ananu3 aTTpakTOpoB.

11. Metons! Ditnepa u Pynre-Kyrra.

12. MeToa miaroB Jijist MOJI€JIeH ¢ 3ara3AbIBAaHUSIMU.

13. Meron Kpanka-HukonbcoHna.

14. lIpumenenwue I mis yncaeHHoOro pemeHust OObIKHOBEHHBIX TU(PepeHIINATbHBIX
YpaBHEHUH.

15. OcHOBHBIE 3aKOHBI, UCTIOJIb3yEeMbI€ TTPU OCTPOCHUU HEMPEPHIBHBIX MATEMATHUYECKUX
MOJIEJIEN.

16. Mogenb poboTa-MaHUIYIISATOPA.

17. Moaenb XuIHUK-KEPTBA.

18. unamMuveckas MoaeNb (PUPMBI.

19. Moaens MUTrpaliii HaCEJICHUS.

20. Mogeinb yrpasisieMoro moptdens eHHbIX Oymar.

[Ipumepsl 3anau:
3apaua 1 (YK-1, UIIK-5.1, UTIK-5.2)

st cniemyromieit cuctembl AugGepeHIanbHbIX YpaBHEHHIH:
. 2
X=x-2xy—x",

y==2y+xy,

OHI/ICBIBaIOHleﬁ HCIPCPLIBHYIO MATEMATUICCKYIO MO/JICIIb, HaAHTH 0COOBIE TOUYKHU aTTpaKTopa 1
OIIPCACIINTD UX THUII.

3agaya 2 (MVK-1.1, UYK-1.2, UVK-1.3)

Jnst cnenyromieit cuctembl AugdepeHanbHbIX YpaBHEHHIH:
X=x—xy— x?,

y==2y+xy,

oanmBa}omeﬁ HCTIPEPLIBHYIO MATEMATUICCKYIO MOJICIIb, HaWTH 0COOBIEC TOUKHU aTTpaKTopa 1
OIIPCACIINTD UX THUII.

OTtBeTbI:
1. Mogenb umeet 3 ocoOwie Touku: a) (1 0) — ycroitunBast Touka; 0) (0 0) — cemyoBas Touka;
B) (2 -0,5) — ceayioBas Touka.
2. Mogens umeet 3 ocoObie Touku: a) (1 0) — ycroitunBast Touka; 0) (0 0) — ceayioBas Touka;
B) (2 -1) — cennioBas Touka.

Kpurepun onieHnBaHus:

Pe3ynbTaThl KOHTPOIBHOM pabOTHI ONPENENAIOTCS OLIEHKAMHU «OTIMYHO», «XOPOIIOY,
«YZAOBIIETBOPUTEIBHO», HEYAOBIETBOPUTEIBHOY.

OneHka «OTJIIMYHO» BBICTABIAETCS, €CJIM JaHbl [paBWIbHBIE OTBETHl Ha BCE
TEOpPETUYECKHE BOMPOCH] U BCE 3a/1a4M PELIeHbI 0€3 OUIHOOK.



OHGHKa «XOpOIIO»  BBICTABJIACTCA, CCJIM [daHbl [IPAaBUJIBHBIC OTBCTbBI Ha BCC
TEOPETUYECKHE BOIPOCHI, HO OJIHA 3a/1a4a PEIICHa C ONIMOKOM.

OHCHKa «YJOBJICTBOPUTCIILHO» BBICTABJIACTCA, CCJIMW JaHbl HNPaBUJIBHBIC OTBCTHI Ha
MIOJIOBUHY TEOPETUYECKUX BOIIPOCOB, HO OJTHA 3aJ1a4a PEIICHA C OIUOKOM.

OHCHKa «HCYOOBJICTBOPUTCIIBHO» BBICTABJIIACTCA, C€CJIW OaHbl IPAaBUJIbHBIC OTBCTHI Ha
MEHEe YeM T0JI0BUHA TEOPETHYECKUX BOIPOCOB M 33]1a4l PEIICHBI C ONTHOKaMHU.

3. OueHoyHble MaTepHaJbl HTOTOBOI0 KOHTPOJISA (IIPOMEKYTOUHON aTTecTaluu) U
KPUTEPHUHU OLleHUBAHUS

DK3aMEHAIIMOHHBIN OUJIET COCTOUT U3 TPEX YaCTEH.
[TepBas yacTh IpeaCTaBISICT COOOM TECT U3 5 BOMpocoB, mposepsronux MYK-1.1.

OTBeThI Ha BONPOCHI IEPBOM YaCTH JAI0TCS IIYTEM BbIOOpA U3 CIIMCKA MPEAJI0KEHHBIX.
BTtopast yacths coaepkut oJiuH Bonpoc, nposepsitomuii MYK-1.2.

OTBeT Ha BOIIPOC BTOPOM YacCTH JaeTcs B pa3BepHyTOM popme.

Tpetbs vacTe comepxkut 2 Bompoca, nposepsomux MYK-1.3 u odhopmienusie B Buze
pakTHUeckux 3anad. OTBEThl HAa BONPOCHI TPEThEH YacTW MPEANONaralT pelleHue 3anad U
KpPaTKyI0 UHTEPIPETALUIO TOJYyYEHHBIX PE3YyIbTaTOB.

IlepeueHp TEOPETUUECKUX BOIIPOCOB:
1. XapakTepucTUKN MaTEMaTHYECKON MOZEIIN.
2. PobactHas ycTOMYMBOCTh HEMPEPBIBHBIX MaTEMaTHUECKUX MOJIEIIEH.
3. AHanu3 aTTpaKTOPOB.
ITpumeps! 3anay:
3agaya 1
Jnst cnenyromieit cuctembl AugGepeHanbHbIX YPaBHEHHIH:

)'c=x—2xy—x2,

y=_2y+xya

OIHCHIBAIOIICH HCHPEPLIBHYIO MATEMATUYCCKYIO MO/JICIIb, HaWTH 0COOBIC TOYKHU ATTpaKTOpa U
OIpPCACINTb UX TUII.

3agaya 2
s criegyromeit cuctemsl mudGepeHITMabHbIX YPaBHEHUH:

)'c=x—xy—x2,

y:_2y+xy3

OIIHCBIBAIOIICH HCHPECPLIBHYIO MATEMATUYCCKYIO MO/JICIIb, HaAHTH 0COOBIC TOUKHU ATTpaKTOpa U
OIIpCACINTb UX THUII.

OTBETHI:

1. Mogenp umeet 3 ocoOwie Touku: a) (1; 0) — ycroitunBas Touka; 0) (0; 0) — cemayioBast TOUKa;



B) (2;-0,5) — cennoBas TouKa.
2. Monens umeet 3 ocoObie Touku: a) (1; 0) — ycroitunBas Touka; 0) (0; 0) — cemnoBas ToUka,
B) (2; -1) — cemyioBas TouKa.

Kpurepuu onienuBanus:

PC3YHBTaTbI 9K3aMCHa OMPCACIIAOTCA OLICHKaMH «OTJIHUYHO», «XO0pOo1Io»,
«YHAOBJICETBOPUTECIBHOY», KHEYAOBJICTBOPUTCIBHO.

OL[CHKa «OTJIMYHO»  BBICTABJISICTCA, €CJIWM JdaHbl IPaBUJIIBHBIC OTBCTHI Ha BCC
TEOPECTUUCCKHUE BOIIPOCHI 1 BCC 3a1a4r PCIICHBI 0e3 o1nooK.

OL[CHKa «XOpOoIIO» BBICTABJIACTCA, CCJIM JdaHbl IIPABUJIBHBIC OTBCTHI Ha BCC
TEOPECTUUECCKHUE BOIIPOCHI, HO OJHA 3aga4a pC€iicHa C OIIHNOKOIA.

OL[CHKa «YHJOBJICTBOPUTCIILHO» BBICTABJIACTCA, CCJIM JaHbl HNPAaBUJIBHBIC OTBCTHI Ha
IMOJIOBUHY TCOPETHUYCCKUX BOIIPOCOB, HO OJHA 3a/ja4ya peuI€Ha C OIIINOKOM.

OL[CHKa «HCYOOBJICTBOPUTCIIBHO» BBICTABJIIACTCA, C€CJIM OaHbl HPAaBUJIbHBIC OTBCTHI Ha
MCHEC YCM ITOJIOBHHY TCOPCTUUCCKHUX BOIIPOCOB 1 3a/1a4i PCHICHEI C OIIINOKaMH.

4. OueHo4yHbIe MaTepUaJibl NI NMPOBEPKH 0CTATOYHBIX 3HAHMH
(chopMUPOBAHHOCTH KOMIIETEHIIHIA)

Tect
st cnemyroliel CUCTEMbI pa3HOCTHBIM YPABHEHUH € 3aI1a3/IbIBAHUEM

x(k+1) = Ayx(k)+ A4 (k —h),

Il 4, U A4, 3aJlaHHbIe IOCTOSTHHBIC MAaTPHULIbL, /1 — 3ana3jpiBanue. OCylIeCTBUTh aHAIHU3
YCTOMUYUBOCTH ITyTEM PELICHHUSI MATPUYHOTO HEPABEHCTBA (CYLIECTBOBAHHUE CPEH PEILICHHM
MaTPUYHOTO HEPABEHCTBA MOJIOKHUTEIbHO-0IPEIeIeHHbIX MaTpull P u O sBisercs
HEOOXO/IMMBIM M IOCTATOYHBIM YCIIOBHEM YCTOWYMBOCTH CUCTEMBbI). AHATTUTUYECKH MTOJIY4YUTh
MaTpUYHOE HEPABEHCTBO. BpIOpaTh NpaBuiIbHBIN BapHUaHT:

2) A4 P4 -P+Q  APA’ >0,
| AP4 APA" -0
5) AOPAOT—IT’+Q AOPTAlT 50,
| APA, APAT-0|
B) AOPAOT—I:+Q AOP:lIT 0.
| AP4, APAT -0 |
o-P 0 4
| 0 -0+P 4" |>0,
4, 4 P!
0-P 0 4
n| 0 -0 4" >0,
4, A4 -P
0-P 0 4
)l 0 Q0 4'[>0.
4, 4 P!




Kirou: a) u ;).
3amaun:
3agaua 1

Il criegyromieit cuctemsl TudGepeHITMaIbHbIX YPaBHEHU:

)'c=x—2xy—x2,

y=_2y+xya

OITHCHIBAIOIICH HEMIPEPBIBHYIO MATEMATUYCCKYIO MOJICIIb, HaWTH 0COOBIE TOUKHU aTTpaKToOpa U
OIIPCACIINTD UX TUII.

3amauva 2

[Tposepsiemast kommnereHmus: OITK-4 crnocoOHOCTEIO UCITOJIB30BATh U IPUMEHSTh yIITYyOJICHHBIC
3HaHUA B 00JIaCTH MPUKJIAIHON MaTeMaTUKU U NHPOPMATHKU.

Jns cnenyromieii cuctemsl quddepeHanbHbIX YpaBHEHU!:

. 2
X=x—xy—x",

y:_2y+xyn

OIMCHLIBAIONIEH HCHPEPLIBHYIO MATEMATUYCCKYIO MOJCIIb, HaWTH 0COOBIE TOUKHU aTTpaKTOpa U
OIIPCACIINTb UX TUII.

Teopernyeckne BOIPOCHL:

1. AHanmM3 yCTOMYMBOCTH HEMPEPHIBHBIX MaTEMAaTUUECKUX MOJIENICH C 3ama3IbIBaHuH.

2. Cnabast u cuibHasi TeopeMbl XapUTOHOBA.
3. ATTpakTopsl TUHAMUYECKHUX cucTeM. OmpeneneHne 0coObIX TOYEK.

OtBeTHl Ha BCE BOIIPOCBHI OOJIKHBI COACPIKATDH q)opMaany}o INOCTAHOBKY 3a1a4, €€
PEIICHUE U UHTCPIIPETAINIO IMOJTYYCHHBIX BBIBOIOB.

Nudopmanus o paspadoTunkax

Cwmarun Banepuii MBanoBuy, n.T.H, mpodeccop, mnpodeccop kabdeAapbl MPUKIATHON
marematuku HU TT'Y.



