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1. KOMHeTeHIII/II/I H HWHIUKATOPbBI HUX [JdOCTH)KCHHUS, MNMpOBEepACMbIC¢ JTaHHLIMH
OLCHOYHBIMU MaTepUaiaMu

Lenbto OCBOEHMSI JUCHIUIUIMHEI SBIsIETCS (POPMHUPOBAHKE CIIEAYIOMIUX KOMIIETSHIUI:

[1K-4 Crioco6eH yrpaBisiTh MOTy4eHHEM, XpaHEeHUeEM, nepeadeid, o00paboTKoi 00bIInX
JTAaHHBIX.

VYK-1 CnocoGeH ocyniecTBIATh KPUTUUECKUN aHaIN3 MPOOIEMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTI'0 TI0JIX0/1a, BBIPA0aThIBaTh CTPATETUIO ACUCTBUIA.

Pe3ynpTaTramMu ocBOEHUS IUCUUIUIMHBI SIBISIOTCS CIEAYIONINE WHANKATOPBI JOCTHKEHUS
KOMIIETECHLIUM:

NIIK-4.1 OcymecTBiaseT MOHMTOPUHI W OIIEHKY HPOM3BOAMTEIBLHOCTH 00pabOTKH
OOJBIINX JAHHBIX

NIIK-4.2 Hcnonb3yeT METOAbl M HMHCTPYMEHTBHI TOJYYEHHWs, XpaHEHUs, Iepenadu,
00paboTKH OONBIINX TAHHBIX

UIIK-4.3 PazpabatpiBaeT TPEATIOKEHHS IO TOBBIIICHUIO TMPOU3BOIUTEILHOCTH
00paboTKH OONBIINX TAHHBIX

NVYK-1.1 BeisgBiser mnpoOJeMHYI0 CHUTyallldi0, Ha OCHOBE CHCTEMHOrO IOAX0ja
OCYILECTBIISIET €€ MHOTO()aKTOPHBIN aHAJIN3 U JJUATHOCTHKY.

NVYK-1.2 OcyumectBisger MNOUCK, OTOOp M CUCTEMaTH3alUil HHQOpPMAIUKU IS
OTIpeJIeNIeHUs allbTePHATUBHBIX BAPUAHTOB CTPATErMUECKUX PELICHUN B MPOOIEMHON CUTYaIUH.

NVYK-1.3 IIpennaraer 1 000CHOBBIBAET CTPATETUIO JCHCTBHI C y4eTOM OrpaHUYECHHH,
PHCKOB ¥ BO3MOXHBIX ITOCJIEICTBUI.

2. OneHo4Hble MaTepHUaJIibl TEKYIIECI0 KOHTPOJA U KPUTCPUHU OLICHUBAHUSA

DJIEeMEHTHI TEKYIIETO KOHTPOJIS:
— TECTBHI,
— KOHTpOIIbHas paboTa;

Tecer 1 (YK-1, UYK-1.2)

Br1Opats npaBUiIbHOE OMUCAHUE HETIPEPHIBHONW MATEMATUUECKON MOJIEIH:

a) OTo NpUONIKEHHOE OIMMcaHHe OObEKTa Ha S3bIKE MaTeMaTUKH, NPU 3TOM peaibHble
HepEMEHHbIE, UCTIONIb3yEMBIE JIJIsl OTIMCAHUSI OOBEKTA, MOTYT OBITh IBYX THUIIOB — AUCKPETHBIE, KOT/1a
TOYKa, OTBEYAIOLIAsl 33/JaHHOMY COCTOSTHHIO O0BEKTa, BCET/la MMEET OKPECTHOCTh, HE CO/IEPIKAIIyTO
HUKAKUX JIPYIMX COCTOSIHAM JTOM NEPEMEHHOM M HENpEephIBHBIE — KOTAA MEPEMEHHAs IIPUHUMAET
BCE 3HAUEHMs U3 HEKOTOPOrO0 MHTEpPBaJIA. 3HAUEHMs COCTOSIHUM MOXHO IepeHymepoBaTh. Eciu B
ONMCAHWE MOJENN BXOAWUT BpPEMEHHAas IEPEMEHHAas, TO OHAa MOXXET ObITb JWCKPETHOM WIn
HEIPEPBIBHOM.

0) DTo mpuOMMKEHHOE ONHMCAaHWE OOBEKTa Ha SI3bIKE MATEeMAaTHKH, TPH TOM peaibHbIC
HIepEMEHHBIE, MCIOJIb3yeMble /IS OIMMCAHUSI 00BEKTa, MOTYT OBbITh OJHOIO THIIA — HENPEPHIBHbIE
(3TO KOrZIa mepeMeHHash NPUHUMAeT BCE 3HAYEHHST M3 HEKOToporo wuHTepBaia). CocTosHus
IIEPEMEHHOM MMEIOT MOIIHOCTh KOHTHHyyMma. Ecnm B ommcaHue MOJEIM BXOOUT BpEMEHHas
HepeMEHHasl, TO OHa JI0JDKHA OBbITh HEMPEPHIBHOM.

B) OTO NpuOIMKEHHOE ONMCaHHWEe OOBEKTa Ha SI3bIKE MAaTEeMaTHKU, MPH 3TOM peaibHble
HIEPEMEHHBIC, HCTIONIB3YEMbIEC Ul OMUCAaHHUs OOBEKTa, JOJDKHBI OBITh IMCKPETHBIMH, T.€. TOUKA,
OTBEYarollas 33J]aHHOMY COCTOSIHUIO OOBEKTa, BCErga HMEET OKPECTHOCTb, HE COJCPIKalllylo
HUKAaKUX JPYTMX COCTOSHHN 3TOM NEpeMEHHOW. 3HAaueHHsl COCTOSIHUH MOXHO NEpEHyMEpOBaTb.
Ecnu B onMcaHue Mojeny BXOIUT BPEMEHHAs NEPEMEHHasl, TO OHa MOXKET ObITh AUCKPETHOW HJIH
HETPEPHIBHOM.

r) 910 NpUOIKEHHOE ONUCaHHe OOBbEKTa Ha sI3bIKE MAaTEeMaTUKH, IPU 3TOM pealibHbIe
HEpEMEHHbIE, UCIIONb3yEMbIE JUI OIUCAaHUsI O0BEKTA, JOJDKHBI ObITh HENPEPBIBHBIMU (3TO KOT/Aa
HIepeMeHHasl IPUHUMAET BCE 3HAYEHUsI U3 HEKOTOpOro HHTepBaia). COCTOSHUS IEPEMEHHON UMEIOT
MOIIIHOCTh KOHTHHYYMa. Eciii B onmcanne Mozenu BXOAUT BPEMEHHAS IEPEMEHHAs, TO OHA MOXKET
OBITh TUCKPETHOM MIT HETIPEPHIBHOM.



1) OTO NpHOIMKEHHOE ONMCaHHe OObEKTa Ha sI3bIKE MATEMAaTHKH, NMPU 3TOM peallbHbIC
MIepEMEHHBIE, HCIIONb3yeMble JISi ONMUCAHUS OOBEKTa, JOJKHBI OBITh AUCKPETHBIMH, T.€. TOYKa,
OTBEYarolas 33J]aHHOMY COCTOSIHUIO OOBEKTa, BCErJa HMEET OKPECTHOCTh, HE COJCPIKaIllylo
HUKaKHX JPYTUX COCTOSHUM 3TOM INEPEMEHHOW. 3HAYEHMsI COCTOSHUN MOYKHO INEPEHYMEpOBaTh.
Ecnu B onucanye Mosiesiu BXOAUT BpeMEHHas IepeMEHHast, TO OHa JI0JKHA OBITh HETIPEPHIBHOM.

Teer 2 (MYK-1.1, UYK-1.2, UYK-1.3)
2. JIyis crienyrone CUCTeMbI pa3HOCTHBIM YPABHEHUH C 3aI1a3/1bIBAHUEM

x(k +1) =Ayx(k)+ A4 (k- h),
IIe 4, U A 3aJaHHbIC IIOCTOSHHBIE MaTpHULBl, s — 3ama3zapiBaHue. BbIOpaTh MOAXOAALIYIO

(1)YHKI_[I/IIO HHHYHOBa, KOTOPYHO MOXHO HCIOJIb30BATh IJId aHaJIn3a YCTOI\/'I‘II/IBOCTI/I 3aJaHHOM
CHUCTCMBEI.

Bapuantsl oTBeTOB:
a)
h
V(x(k)) =x(k)" Px(k)+@Q x(k +i)" Ox(k +i),

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

6)
V (x(k)) =x(k)" Px(k) +é x(k= i)' Ox(k - i),

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

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

r)
V (x(k)) =x(k +1)" Px(k +1) +éh x(k = i) Ox(k- i),

i

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

KpnTeplm OICHUBAHUA:. TECT CUHUTACTCA HpOfI)ICHHBIM, cCiin O6y‘IaIOIHI/II>'I OTBCTHUI
IMPaBUJIbHO KaK MMHUMYM Ha IIOJIOBHUHY BOIIPOCOB.

KonTtpoasnas padora (IIK-4, YK-1, UI1K-4.1, UTIK-4.2)
KonTtposnbHast paboTa COCTOUT U3 2 TEOPETUUECKUX BOIPOCOB U 3-X 3a/1a4.

IlepeyeHb TEOPETUYECKUX BOIIPOCOB:

Knaccudukanus MmareMaTHUECKUX MOJIENIEH 1 METOZ0B MOJEIINPOBAHHS.
Knaccudukanus MeTo10B NOCTPOEHUS MOJAETEH.

XapakTepUCTUKA MAaTEMaTUUECKON MOJIEIH.

Knaccudukanus v BUbsl HEIPEPHIBHBIX MATEMAaTHUECKUX MOJIEIIEH.

AHanu3 yCTOMYMBOCTH HETIPEPHIBHBIX MaTEMATUYECKUX MOeNel 0e3 3ana3/ibIBaHNui.
AHanu3 ycTOMYMBOCTH HENPEPBIBHBIX MaTEMaTUYECKUX MOJEIEH ¢ 3ana3AbIBaHHM.

U e



7. PobacTHast ycTOMYHMBOCTh HEMPEPHIBHBIX MATEMATHUECKUX MOJIEIICH.

8. Cnabas u cuibHasi TEOPEMbl XapUTOHOBA.

9. ATTpakTOphl JMHAMHYECKUX cucTeM. OIpeaeIieHHe 0COOBIX TOUYEK.

10. AHamu3 aTTpaKkTOpPOB.

11. Meroas! Diinepa u Pynre-Kyrra.

12. Meton m1aroB g MoJeiIei ¢ 3ama3IbIBaHUsIMH.

13. Meroa Kpanka-HukonbcoHa.

14. Tlpumenenue IIIIII ans yncneHHOro penieHUs] 0OBIKHOBEHHBIX TU(depeHIInaTbHbIX
YPaBHEHUM.

15. OcHOBHBIE  3aKOHBI,  HCHOJB3YyEeMbIE TPH  TOCTPOCHUHU  HEMPEPHIBHBIX
MaTeMaTHUYECKUX MOJIENIEH.

16. Mopenb poboTa-MaHUTTYJIATOPA.

17. Mopenb XUIIHUK-XKEPTBA.

18. Jlunamuyeckasi MOJeb (PUPMBI.

19. Mopenb MUTpaliii HaCEJICHHUSL.

20. Mogenp ympaBiasieMoro noptderns neHHbIx Oymar.

IIpumepsI 3axay4:
3agaua 1 (VK-1, UIIK-4.1, UT1K-4.2)

Jist cnenyroieit cucteMbl U@ QepeHInaIbHbIX YPaBHEHUI:

Be=x- 2xy- x2,

B=-2y +xy,

OIUCBHIBAIOILIEH HEMPEPHIBHYIO MAaTEMAaTUYECKYIO MOJIENb, HAITH 0COObIE TOUKH aTTPaKTopa
U OIIPEEIUTD UX THIL

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

Jlnst cnefyronieii cucteMsl AUdpepeHIManbHBIX YPaBHEHMUIA:

Le=x- xy- X2,

Bi=-2y +xp,

OINKCHIBAIONIEH HENPEPHIBHYIO MATEMATHUECKYIO MOJIEITb, HAWTH 0COObIE TOUKH aTTPaKTOpa
" ONPCACIIUTD UX THUII.

OTtBeThI:

1. Mognens umeeT 3 ocoObie Touku: a) (1 0) — ycToitunBas Touka; 0) (0 0) — cenyoBas
Touka; B) (2 -0,5) — cennoBas Touka.

2. Monens umeet 3 ocoObie Touku: a) (1 0) — yctoitunBas Touka; 0) (0 0) — cemnmoBas
TouKa; B) (2 -1) — ceanioBas Touka.

Kpurepun onenuBanms:

Pe3ynbraTtel KOHTPONBHOI PabOTHI ONMPEAENSAIOTCS OLUECHKAMH «OTIUYHO», «XOPOIIO»,
«yJIOBIICTBOPUTEIBHOY, «HEYIOBJICTBOPUTEIBLHOY.

OueHKa «OTJIMYHO» BBICTABISICTCS, €CJIM JaHbl IPaBWIbHBIE OTBETHl Ha BCE
TEOPETUYECKHE BOTIPOCHI U BCE 3a]1a4l PELICHbI 03 OIIMOOK.

OueHka «XOpOUIO» BBICTABISICTCS, €CIM JaHbl IPaBWIbHBIE OTBETHl Ha BCE
TEOPETHYECKHE BOIIPOCHI, HO OJ[HA 3a/1a4a pellieHa ¢ OIMUOKOI.

OueHKa «yIOBJIETBOPUTEIHGHO» BBICTABISCTCS, €CIM JaHbl NpPaBHJIBHBIC OTBETHl Ha
MOJIOBUHY TEOPETUYECKUX BOIPOCOB, HO OJIHA 33/1a4a pellieHa ¢ OIINOKOI.

OueHKka «HEYyJOBJICTBOPUTEILHO» BBICTABISICTCS, €CNIM JaHbl NPaBHJIBHBIC OTBETHI Ha
MEHEee YeM IOJIOBUHA TEOPETHYESCKUX BOIIPOCOB U 33]]a4y PELICHBI C OIIMOKAMHU.



3. OneHo4YHbIe MATEPHAJIbI HTOTOBOI0 KOHTPOJS (MPOMEKYTOYHON ATTeCTAlUM) U
KPHUTEPUH OLICHUBAHUA

DK3aMeHAI[MOHHBIN OUJIET COCTOUT U3 TPEX YacTeH.
[TepBast yacTh npeAcTaBIsIeT CO00i TeCT U3 5 Bompocos, nmposepstomux MYK-1.1.

OTBeThI Ha BOIIPOCHI EPBOI YaCTH JAIOTCS MMyTeM BbIOOpa U3 CIIMCKA MPEATIOKEHHBIX.
Bropas gacTte conepkuT oauH Bonpoc, nposepsronmi MYK-1.2.

OTBeT Ha BOIIPOC BTOPOI YacTu JaeTcst B pa3BepHyTOH hopme.

Tperbs yacth conepkut 2 Bompoca, nposepsmomux UYK-1.3 u obopmiennsle B Buze
IPAaKTHYECKUX 3a1ad. OTBETHl Ha BOIPOCHI TPEThEH YacTU MPEANOJararT pelleHHE 3ahad U
KpPaTKyH MHTEPIPETALNIO OJYyYECHHBIX PE3YyJIbTaTOB.

[IepeyeHp TEOPETUYECKHUX BOIIPOCOB:

1. XapakTepucTuKu MaTeEMaTUUECKON MOJEIH.

2. PobacTHas ycTOMUYHMBOCTH HEMPEPHIBHBIX MAaTEMATHUECKUX MOJIENIEH.
3. AHanu3 aTTpakToOpOB.

[Tpumeps! 3anay:
3agaua 1
Jnist cnenyroineit cucteMbl qudQepeHIInanbHbIX YPaBHEHHA:

Be=x- 2xy- x2,
B=-2y +xy,

OHI/ICLIBaIOH_Ieﬁ HCTIPEPLIBHYIO MATEMATUYCCKYHO MOJCIIb, HaWTH 0COOBIE TOUKH aTTpaKTopa
" ONPCACINUTD UX TUIIL.

3anaua 2
s cieyromeit cuctemsl qudhepeHIInaIbHBIX YPaBHEHUI:

Le=x- xy- X2,
B=-2y +xy,

OIHMCHIBAIOIIECH HETIPEPHIBHYIO MaTEMAaTHUECKYIO MOJIENb, HAUTH 0COOBIE TOYKH aTTpaKTopa
Y OIIPEIEIIUTD UX THIIL.

OTtBeTsI:

1. Monens umeet 3 ocoOwie Touku: a) (1; 0) — ycroitunBas Touka; 6) (0; 0) — cemnoBas
Touka; B) (2;-0,5) — cenyoBast Touka.

2. Mognens umeet 3 ocoOwie Toukw: a) (1; 0) — ycroitumBas Touka; 6) (0; 0) — cemnoBas
TouKa; B) (2; -1) — ceayioBas ToUKa.

Kpurepun oueHuBaHus:

Pe3ynbpTaThl KOHTPOJBHON DPAOOTHI OMPEAENSIOTCS OIEHKAMU «OTIMYHOY», «XOPOIIOY,
«YIOBJIETBOPUTEIBHOY, «HEYIOBIECTBOPUTEIHHOY.

OI_IGHKa «OTJIMYHO»  BBICTABJIACTCA, CCJIM OaHbl IMPAaBUJIBHBIC OTBCTBI Ha BCC
TEOPETHYECKUE BOTIPOCHI M BCE 3aJ]a4M pelIeHbI 0€3 OTHOOK.

OI_ICHKa «XOpoHio»  BBICTABIIACTCA, C€CJIM OAaHbl IHPaBUJIIBHBIC OTBCTBI Ha BCC
TEOPETUUECKHE BOIIPOCHI, HO OJ[HA 3a/1aya pelIeHa ¢ OLIUOKOM.



O1neHka «yJOBJIECTBOPUTEIBHO» BBICTABISACTCS, €CIM JaHbl MpPAaBUJIbHBIE OTBETHl HA
MOJIOBUHY TEOPETHUUYECKUX BOIIPOCOB, HO OJIHA 3a/1a4a PELICHA ¢ OUIMOKOIA.

O1eHKa «HEYyIOBJIETBOPUTEIHHO» BBICTABISIETCS, €CIM JAaHbl MPAaBUJIbHBIC OTBETHI Ha
MeHee YeM IMOJIOBUHA TEOPETUYECKUX BOIIPOCOB U 3a/1a4Ml PEIICHbI C OIIMOKAMHU.

4. OueHo4yHbIe MaTepHaJIbl AJIst NpoBepPKH 0CTATOYHBIX 3HAHMH
(chopMHUPOBAHHOCTH KOMIIETEHIIMA)

Tecr
[ cnenyromeit cuCcTeMbl pa3HOCTHBIM YPaBHEHHH C 3aI1a3/IbIBAHAEM

x(k +1) = Agx(k) + A4, (k - h),

r1e 4, U A, 3a/laHHbIe MOCTOSIHHbIE MaTPHIIbI, /1 — 3ama3abiBaHue. OCyIIeCTBUTh aHAIH3
YCTOMUMBOCTHU MyTEM pelIeHHsI MAaTPUYHOTO HEPABEHCTBA (CYILIECTBOBAHUE CPEIU
penIeHnii MaTPUYHOIO HEPABEHCTBA MOJI0KUTEIbHO-ONPEAEICHHBIX MaTpuL P u Q
SBIISICTCS HEOOXOAUMBIM U IOCTATOYHBIM YCIIOBUEM YCTOMYUBOCTH CUCTEMBI).
AHaIUTUYECKU TIOTYYUTh MAaTPUYHOE HEPABEHCTBO. BrIOpaTh MpaBUIIbHBIN BapHUaHT:

é4,PA," - P+Q PAT U

a) éAO ; AO Tl l:|>0,
& APA, APA" - 0§
é4,PA," - P+Q  APA" U

0) ¢ r r_ 00,
& APA, APA" - Qg
€4,PA" - P+Q  APA" U

B) & 0" ‘%0 . 0 Tl l:l>0a
& APA, APA" - O
-P 0 40

r)g 0 -Q+P AITH>O,
g4, 4 P
-P 0 40
e u

ma 0 -0 4" ;>0,
g4 A4 -PY
&@-P 0 4, U
é Tu

e)é 0 Q AI l:l>0
g4 4 P

Kirou: a) u ).

3agaun:

3agaua 1

s cnenyromeit cuctemsl ) GepeHInanbHbIX YPaBHEHUH:

Be=x- 2xy- X2,
Be=-2y +xy,



OIHMCHIBAIOIIECH HETIPEPHIBHYIO MaTEMAaTHUECKYIO MOJIeIb, HATH 0COOBIE TOYKH aTTpaKTopa
Y OIIPEJIENINTh UX THIIL.

3anaua 2

[Tpoepsiemas kommerentwsi: OITK-4 ¢cmocoOHOCTHIO UCTIONB30BaTh U IPUMEHSTh
yrayOJeHHbIE 3HAaHUS B 00JIaCTH MPUKIIATHOW MATEMATHKU U UH(DOPMATUKH.

Jns cnenyromeit cuctemsl qudhepeHINaIbHBIX YPABHEHUI:

A=x- xy- x2,
J&:_Zy"'xy’

OIMCHLIBAIONIEH HCHPCPLIBHYIO MATEMATUICCKYIO MOJCIIb, HAaWTH 0COOBIE TOUKHU aTTpaKTOpa U
OIIPCACIINTL UX THUIIL.

Teopernyeckue BONPOCHI:

1. AHau3 yCTOMYMBOCTH HEMPEPHIBHBIX MAaTEMATHUECKUX MOJIEJICH ¢ 3ama3/IbIBaHUN.
2. Cnabast u cuibHasi TeOpeMbl XapuTOHOBA.
3. ATTpaKkTOpBl AMHAMHYECKUX cucTeM. OnpesesieHne 0COObIX TOUeK.

OTBeThl Ha BCE BOMPOCH JIOJDKHBI COJEPKaTh (OPMalbHYIO TMOCTAHOBKY 3ajaad, ee
pelleHre 1 UHTEPIPETAIUIO TOTYyYEHHBIX BBIBOJIOB.
HNudopmanus o paspadoTunkax

Cwmarun Banepuii MBanoBu4, n.T.H, mpodeccop, mpodeccop kadeapbl MPUKIATHON
marematukn HU TT'Y.



