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1. KOMHeTeHHHI/I U HMHAUKATOPbBI HMX [JOCTHKCHHUSA, IMPOoBEpPsA€MbI€¢ JaHHBIMHA
OIICHOYHBIMM MaTepHaJIaMH

Iesbro0 0CBOCHMSI JUCLUILUIMHBI ABJsIETCS (POPMUPOBAHUE CIEAYIOIINX KOMIETEHIUI:

[1K-4 CriocoGeH ynpaBiaTh MOJy4YeHHUEM, XpaHEHHEM, Iiepeaayeii, 00paboTkoi O0mbIIIX
JTAHHBIX.

YK-1 CriocoGeH ocymecTBIsATh KPUTUIECKUNA aHAIN3 MPOOIEMHBIX CUTYallHii Ha OCHOBE
CHCTEMHOTI0 II0JIX0/1a, BBIPA0AThIBATh CTPATETUIO JEHCTBUI.

PesynbraTamMu OCBOCHHUS TUCIMILIMHBI SBISIOTCS CIEAYIOUINE MHIMKATOPHI TOCTHKECHUS
KOMIIETECHIINH:

NIIK-4.1 OcymecTBasieT MOHUTOPUHT M OLEHKY IPOU3BOAUTEIHLHOCTH 00pabOTKU
OO0JBIINX JAHHBIX

NIIK-4.2 Hcnonp3yeT METOAbBl M MHCTPYMEHTBl IIOJYyUYEHUsS, XpaHEHHUs, NEepelayd,
00pabOTKH OOJIBIITUX TAHHBIX

WIIK-4.3 Pa3pabGarbiBaeT MNPEAJIOKEHHS 10 TOBBIIICHUIO IPOU3BOAUTEILHOCTH
00pabOTKH OOJIBIITUX TAHHBIX

NYK-1.1 BeisBuser mnpoOJEeMHYIO CHTyalMi0, Ha OCHOBE CHCTEMHOIO TOAXO0Ja
OCYILECTBIIsIT €€ MHOIO0()aKTOPHBIN aHAJIU3 U JUArHOCTHKY.

NVYK-1.2 OcymectBiaseT MOUCK, OTOOp M CHUCTEMAaTH3alMi0 HHOpPMALUU  AJIs
OIpeieNIeHus allbTePHATUBHBIX BAPUAHTOB CTPATErMUECKUX PELICHUH B MPOOIEMHON CUTYaIHH.

NVYK-1.3 Ilpennaraer 1 000CHOBBIBAET CTPATErHIO JAEMCTBUM C y4eTOM OIpaHUYEHUH,
PHCKOB U BO3MOXXHBIX IOCJIEACTBUH.

2. OneHouHble MaTepHuaJIibl TEKYIIECI0 KOHTPOJIAA U KPUTCPHUHA OLICHUBaAHUA

DeMEHTHI TeKYIIEro KOHTPOJIS:
— TECTBHI;
— KOHTpOJIbHas paboTa;

Teer 1 (YK-1, UVK-1.2)

BriOparth npaBuiibHOE OITUCAHUE HEMPEPHIBHOM MaTeMaTHYECKON MOJISITH:

a) OTo NpUOIMIKEHHOE OIMMCaHWe OObEKTa Ha S3bIKE MATEMaTHKH, MPU 3TOM peabHbIe
NepeMEHHbIE, UCTIONIb3yEMBIE /ISl OTIMCaHUsI 0OBEKTa, MOTYT OBbITh ABYX TUIIOB — JUCKPETHBIE, KOTJa
TOYKa, OTBEYAIOIIAs 33/IaHHOMY COCTOSTHHIO OOBEKTa, BCETla MMEET OKPECTHOCTh, HE COJIEPIKaIILyTO
HUKaKHUX JPYTHX COCTOSHUM 3TON epeMEHHON U HENIPEPhIBHbIE — KOT'/Ia IepeMeHHasi IPUHUMAET BCe
3HAYEHUs] M3 HEKOTOPOrO HHTEpBaja. 3HAYEHUS COCTOSHUM MOXHO IepeHymepoBarh. Ecim B
ONMCAHUE MOJENN BXOAWUT BpPEMEHHAs IEPEMEHHAas, TO OHAa MOXXET ObITb JUCKPETHON WiIn
HETPEPHIBHOM.

0) OT0 npuOMKEHHOE OINMUCaHHE OOBEKTa Ha SI3bIKE MAaTeMaTHKM, IPU 3TOM pealbHbIe
HepeEMEHHbBIE, UCTI0JIb3yEMBbIE /ISl OMUCAHUS 00BEKTa, MOTYT OBITh OIHOTO TUIIA — HEMPEPBIBHBIE (3TO
KOTJa TIepeMeHHasi MPUHUMAET BCE 3HAUEHUS U3 HEKOTOpOro mHTepBaia). COCTOSHUS MePeMEHHOM
MMEIOT MOIITHOCTh KOHTHHYyMa. EciM B onvicaHre MOJIeNIn BXOAUT BPEMEHHAs IIEPEMEHHAs1, TO OHA
JIOJ’KHA OBITh HETIPEPBIBHOM.

B) OTO NpuOIMKEHHOE ONMCaHHWEe OOBEKTa Ha SI3bIKE MAaTeMaTHKH, MPH 3TOM peaibHbIe
NIepEMEHHbIE, UCIOIb3YEMbIE JJIsl OMUCAHUS O0bEKTa, JOJKHBI OBITh JUCKPETHBIMH, T.€. TOYKa,
OTBEYaIoIIas 33JaHHOMY COCTOSTHUIO 00BEKTa, BCET/Ia UMEET OKPECTHOCTb, HE COJIEPIKAIIY 0 HUKAKUX
JPYTUX COCTOSTHUM 3TOW IEPEMEHHOM. 3HA4Y€HUsl COCTOSHUN MOXHO IepeHymepoBarb. Ecim B
OIMCAaHWE MOJIETM BXOAWUT BpPEMEHHas MEpeMEHHas, TO OHAa MOXKET OBIThb JUCKPETHOM WM
HETPEPHIBHOM.

r) 910 NpUOIMKEHHOE ONMCaHHE OOBbEKTa Ha SI3bIKE MAaTeMaTHUKH, IPHU 3TOM peasibHbIe
NepeMEHHbIE, UCIIOb3yeMbIe Ul ONMUCAaHUsI 00BEKTa, JOJIKHBI ObITh HENPEpPBHIBHBIMU (3TO KOT/a
NepeMEHHasl IPUHUMAET BCE 3HAYEHUsI U3 HEKOTOPOro uHTepBana). COCTOSIHUS IEPEMEHHON UMEIOT
MOIIHOCTh KOHTUHYyMa. Eciu B onmcanue Mozieny BXOAUT BpEMEHHAs ITEPEMEHHas], TO OHa MOXKET
OBITh TCKPETHOM MM HETIPEPHIBHOM.



1) OTO TpUOMKEHHOE OMHMCaHHE OOBEKTa Ha SI3BIKE MATEeMATHUKH, TPH 3TOM peabHbBIC
HepEMEHHbBIC, UCIIONb3YEMbIEe UIS ONMHUCAHUs OOBEKTa, JOJDKHBI OBITh JAUCKPETHBIMH, T.€. TOYKA,
OTBEYAIONIAs 33JJAHHOMY COCTOSIHUIO 00BEKTA, BCETIa IMEET OKPECTHOCTD, HE COJIEPKALIYF0 HUKAKUX
JPYTUX COCTOSIHUM 3TOH IepeMEHHOM. 3Ha4yeHUsl COCTOSHUII MOYKHO IepeHymepoBaThb. Eciu B
OIMCAHUE MOJICITU BXOJUT BPEMEHHAs [IePEMEHHAs, TO OHa JOJDKHA ObITh HEITPEPHIBHOM.

Teer 2 (MYK-1.1, UVK-1.2, UYK-1.3)
2. Jlnd cnenyroleii cucteMbl pa3HOCTHBIM YPaBHEHUM C 3aI1a3/ibIBAHUEM

x(k +1) = Ayx(k)+ A4 (k—h),
rac AO nu Al 3aJaHHBIC ITIOCTOSAHHBIC ManI/II_IBI, h — 3alria3bIBaHHUC. BBI6paTb HOIIXOI[SIH_IYIO

(bYHKI_[I/IIO .HﬂHYHOBa, KOTOPYIO MOXHO HCIIOJIb30BATh JJIA aHaJIl3a YCTOP’IQHBOCTH 3a,HaHHOI>'I
CHUCTCMBEI.

Bapuantsl oTBeTOB:

a)
V(x(k)) = x(k)" Px(k)+ i x(k +1)" Ox(k +1),

e P=P'>0,0=0">0.

6)
V(x(k)) = x(k)" Px(k) + Zh:x(k —i)" Ox(k —i),

e P=P">0,0=0">0.

B)
V(x(k)) = x(k)" Px(k),
rne P=P'>0.

r)
V(x(k)) = x(k +1)" Px(k +1) + zh: x(k )" Ox(k — i),

i=1

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

KpnTeplm OLICHUBAHUA: TCCT CUHUTACTCA HpOﬁ,HGHHLIM, €CJIIn 06yqa}01u1/1171 OTBCTUI
IMMPpaBUJIbHO KaK MUHUMYM Ha IIOJIOBHUHY BOITPOCOB.

KonTtpoabsnas padora (I1IK-4, VK-1, UI1K-4.1, UT1K-4.2)
KonTtponbHast paboTa COCTOUT U3 2 TEOPETHUECKUX BOIPOCOB M 3-X 3a/1a4.

IlepeueHp TEOPETUUECKUX BOIPOCOB:

Knaccudukanus MaTeMaTHUeCKUX MOJIENIEH U METOZ0B MOAETUPOBAHUS.
Knaccugukarus MeTo10B MOCTPOSHUS MOJIEIEH.

XapakTepUCTUKH MaTeMaTH4YEeCKONH MOJIENH.

Knaccudukarus u Bubl HEIPEphIBHBIX MAaTEMaTUYECKHX MOJIEIICH.

AHanu3 ycTOMYMBOCTH HEMIPEPHIBHBIX MaTeMaTUYECKUX Moiesieil 0e3 3ama3AblBaHu .
AHanu3 yCTOMYMBOCTH HENIPEPHIBHBIX MAaTEMATUUECKUX MOJEIIEH C 3ala3ibIBaHNM.

A



7. PobacTHas yCTOMYUBOCTD HETPEPHIBHBIX MATEMATHUECKUX MOJICIICH.

8. Cnabast 1 cuiibHasi TeOpeMbl XapUTOHOBA.

9. ATTpakTOphl AMHAMHUYECKUX cucTeM. OnpesenieHne 0CoOObIX TOUEK.

10. AHanu3 aTTpakTOpOB.

11. Metoasl Ditnepa u Pynre-Kyrra.

12. Meroa maroB ajisi MOZI€JIeH ¢ 3ama3IbIBAHUSIMH.

13. Meton Kpanka-Hukonbcona.

14. Tpumenenwue I ans yrucneHHOTO pemieHUsT OOBIKHOBEHHBIX AU (depeHInanIbHbIX
YpPaBHEHUH.

15. OcHOBHBIE 3aKOHBI, UCIIOJIB3YEMBIE ITPU MOCTPOCHUH HETIPEPHIBHBIX MATEMATUUECKUX
MOJIEIIEN.

16. Mogenb po6oTa-MaHUTTYISTOPA.

17. Mojenb XUIHUK-KEPTBA.

18. JluHamMuyeckas MOJeNb (PUPMBI.

19. Mojenb MUTpaliuy HaceJICHHUS.

20. Mopenp ynpaBisgeMoro mopTdens IeHHbIX Oymar.

IIpumepsl 3axa4:
3agaua 1 (YK-1, UIIK-4.1, NT1K-4.2)

Jnst cnemytoreit cucteMbl AugGepeHManbHbIX YPaBHEHHA:

X=x—-2xy— X2,

y==2y+x,

OIUCHIBAOILEH HEMPEPHIBHYIO MaTEMaTUYECKYIO MOJIEIIb, HATH 0COObIE TOUKH aTTPaKToOpa
U ONPENENNTD UX THIIL.

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

Jlnst cnentyrorelt cucteMsl AU depeHManbHbIX YpaBHEHHN:
X=x—xy— x?,

y = _2y +Xy,

OHI/ICLIBaIOH_Ieﬁ HCMIPEPBIBHYIO MATEMATUYICCKYIO MOJICIIb, HaWTH 0COOBIE TOUKHU aTTpaKTOpa
" OIIPCACIINTD UX THUII.

OTtBeTnbI:

1. Mognens umeet 3 ocoObie Touku: a) (1 0) — ycroituuBas Touka; 0) (0 0) — cemyioBas
Touka; B) (2 -0,5) — cemoBast Touka.

2. Monens umeet 3 ocoObie Touku: a) (1 0) — ycroituubas Touka; 0) (0 0) — cemyioBas
TouKa; B) (2 -1) — ceanoBas Touka.

Kpurepun onenuBanms:

Pe3ynbrartel KOHTPONBHOH PabOTHI ONMPEAENSIOTCS OLEHKAMH «OTIMYHO», «XOPOILIO»,
«yJIOBIICTBOPUTEIBHOY, «HEYIOBJICTBOPUTEIBHOY.

O11eHKa «OTIMYHOY BBICTABIIACTCS, €CITH IaHbI IPABUIIbHBIC OTBETHI HAa BCE TEOPETUICCKUE
BOIIPOCHI U BCE 3a]1a4l PeLIeHbl 0e3 OIOoK.

O11eHKa «XOPOIIIO» BBICTABIISACTCS, €CIIU JAHbI TIPABIIILHBIC OTBETHI HA BCE TCOPETHUYCCKUE
BOITPOCHI, HO OJTHA 33/1a4a pelleHa ¢ OIUOKOA.

O1rleHKa «yIOBJICTBOPUTEIBHO» BBICTABIISCTCS, €CIIM JIaHbl TPaBHIbHBIC OTBETHl HA
NIOJIOBMHY TEOPETHUYECKHX BOIPOCOB, HO OJIHA 3a/laua pelieHa ¢ OUTHOKOM.

OlrleHKa «HEYOBJICTBOPUTEIBHO» BBICTABIISCTCS, €CIU JaHbl TPABHJIbHBIC OTBETHI Ha
MEHee YeM TOJIOBHHA TEOPETUYECKUX BOIIPOCOB M 33a4H PEUICHBI C OIIMOKaMHU.



3. OueHoyHble MaTepHaJbl HTOTOBOr0 KOHTPOJISAA (IPOMEKYTOYHON aTTecTAMU) U
KPUTEPHUHU OLlEHUBAHUS

DK3aMEeHAI[MOHHBIN OUJIET COCTOUT U3 TPEX YacTeH.
[TepBast yacTh mpeacTaBiseT coboi TecT u3 5 Bonpocos, nposepsitomux MYK-1.1.

OTBeTHI Ha BOMPOCHI MIEPBOM YaCTH JAIOTCS ITyTEM BbIOOpA U3 CIHCKA MPESI0KEHHBIX.
Bropas yacts cogepx’uT oauH Borpoc, nposepsitomnii MYK-1.2.

OTBeT Ha BOIPOC BTOPOI YacTH JAeTCs B pa3BepHYTOH dopme.

Tpetbst wacte comepxut 2 Bompoca, nposepsomux UYK-1.3 u odpopmiennsie B Buae
npakTHueckux 3anad. OTBEThl Ha BOMPOCHI TPEThEH YacTW MPEAINONaraloT pelleHue 3anad u
KpPaTKyl0 UHTEPIIPETALIMIO [TOJIyYEHHBIX PE3YJIbTaTOB.

[lepeueHp TEOPETUUECKUX BOIIPOCOB:

1. XapakTepucTUK1 MaTEMAaTUYECKON MOJIEIH.

2. PobacTHas ycTOMYMBOCTh HEMPEPBIBHBIX MaTEMATHUECKUX MOJEIIEH.
3. AHanu3 aTTpaKkTOPOB.

[Tpumeps! 3a1ay:
3agaua 1

Jns cnenyrorieit cucteMsl AuddepeHraibHbIX YpaBHEHUI:
X=x—-2xy— X2,

y==2y+xy,

OHHCLIBaIOIHeﬁ HCHPEPBIBHYIO MATEMATUYICCKYIO MOJICIIb, HaWTH 0COOBIE TOUKHU aTTpaKTopa
" ONPCACIINTb UX THUIIL.

3amauya 2

Jns cnenyromieit cucteMsl AuddepeHaibHbIX ypaBHEHUH:
. 2
X=x—-xy—x",

y:_zy—"_xy:

OIMCHIBAIOMICH HCMPEPBIBHYIO MATEMATUYICCKYIO MOJICIIb, HalTH 0COOBIC TOYKU aTTpaKTOpa
" ONPCACINTD UX THUIIL.

OTBeTHI:

1. Monens umeet 3 ocoOsie Touku: a) (1; 0) — ycroitunBas Touka; 6) (0; 0) — cennopas
Touka; B) (2;-0,5) — cenmoBasi Touka.

2. Monens umeet 3 ocoObie ToukH: a) (1; 0) — ycToiiuuBas Touka; 6) (0; 0) — cemnoBas
TOuKa; B) (2; -1) — cemyioBast Touka.

Kpurepun oueHuBanus:

Pe3ynbraThl KOHTPOJBHOM pabOTHI OMPENENSIOTCS OLIEHKAMHU «OTIMYHO», «XOpPOILOY,
«YZAOBJIETBOPUTEIILHOY, «HEYIOBIETBOPUTEIBHOY.

O1eHKa «OTIMYHOY» BBICTABIISETCS, €CIIU JaHbI IPAaBUIIbHBIE OTBETHI HA BCE TEOPETHUECKUE
BOIPOCHI U BCE 33/1a4U peLICHbI O3 OLUIHOO0K.

O1ieHKa «XOpOIIO» BBICTABIISETCS, €CIIU JIaHbI PaBUIIbHBIE OTBETHI HA BCE TEOPETHUECKUE
BOIIPOCHI, HO OJIHA 3a/1a4a PELIEHa C OIINOKOM.



OrneHka «yJIOBJIETBOPUTENBHO» BBICTABISETCSA, €CJIM JaHbl IPAaBUIIbHBIE OTBETHl Ha
MOJIOBUHY TEOPETUYECKHUX BOIIPOCOB, HO OJIHA 3a/1a4a PEIICHa C OIIMOKOM.

OreHKa «HEyOBJIETBOPUTEIBHO» BBICTABIISIETCS, €CJIM JIaHbl IPAaBUIIbHBIE OTBETHI Ha
MEHEe 4eM I0JOBHHA TEOPETHUECKUX BOIIPOCOB U 33J[a4H PEIICHBI C OMINOKAMH.

4. OueHoOYHbIe MATEPHAJIbI JIJISl IPOBEPKH OCTATOYHBIX 3HAHUI (CPOPMHUPOBAHHOCTH

KOMIIETEHIIMH)

Tect

JUIs crienyromei CUCTEMbI Pa3HOCTHBIM YPABHEHUH C 3aI1a3/bIBAHUEM

x(k+1) = Agx(k)+ A (k — h),

rac AO u Al 3aIaHHBIC TOCTOSAHHBIC MATPHUIIbI, h— 3alia3JJbIBaHucC. OCYH_IGCTBI/ITL aHaJInu3

YCTOMUYMBOCTHU IyTEM pellIeHHs] MATPUYHOI'O HEPABEHCTBA (CYILLIECTBOBAHHUE CPEIH
pelIeHn MaTpUYHOTO HEPABEHCTBA MOJIOKUTEIBbHO-0IPEEIEHHbIX MaTpull P u O
ABJISICTCS HEOOXOAUMBIM U JIOCTaTOYHBIM YCIIOBUEM YCTOMUMUBOCTU CUCTEMBI).
AHaAIMTHYECKH TTOyYUTh MAaTPUYHOE HEPABEHCTBO. BbIOpaTh NpaBUIIbHBIN BapHaHT:

| 4PAT-P+O  APAT
a
| 4P4 APAT -0
6| APA —P+Q  APA
| 4P4T APAT -0
0 [ APA"—P+Q  APA" |
APA APAT-Q
0-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
eyl 0 QO 4'|[>0.
4, 4 P
Kitou: a) u n).
3apgaunm:
3agaual

>0,

Jnst cnentytrorieit cucteMbl AuddepeHManbHbIX YpaBHEHHN:

. 2
X=x-2xy—-x",

y==2y+xy,



OIMUCBHIBAIOILIEH HEMPEPHIBHYIO MAaTEMAaTUYECKYIO MOJIEIb, HATH 0COObIE TOUKH aTTpaKTopa
Y ONPEJEIIUTh UX THUIL.

3agaua 2

[Iposepsiemas kommereHus: OITK-4 crnocoOHOCTHIO UCTIOJIB30BaTh U MPUMEHSITH
yriayOseHHbIe 3HaHUS B 00JIaCTH MPUKIIATHOW MAaTeMaTUKU U UH(POPMATUKH.

Jliist cnienyronieit cucreMsl TuddepeHITnaIbHbIX YPAaBHEHUI:

. 2
X=x-xy-x,

y==2y+xy,

OITHCHIBAIOIICH HENIPEPBIBHYIO MATEMATUYCCKYIO MOJICIIb, HaWTH 0COOBIE TOUKHU aTTpaKTopa U
OIIPCACIINTb UX THUIIL.

Teopernyeckne BOIPOCHI:

1. AHanu3 yCTOMYMBOCTH HEMPEPHIBHBIX MAaTEMAaTUUECKUX MOJICIICH ¢ 3ama3IbIBaHuH.
2. Cnabast u cuibHasi TeopeMbl XapUTOHOBA.
3. ATTpakTopbl AMHaAMUYeCKuX cucteM. OrnpeneneHne 0coObIX TOUYEK.

OTBeThl Ha BCE BOIPOCHI JOJKHBI COAEPKaTh (HOPMAIbHYIO TOCTAHOBKY 3a/ad, €e
pelleHre 1 MHTEPIPETAIIIO TOTyUYEeHHBIX BBIBOJOB.

HNudopmanus o pazpadboTunkax

Cwmarun Banepuii WBanoBuY, n.T.H, mpodeccop, mnpodeccop kadeapbl MPUKIATHON
marematukn HU TT'Y.



