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1. lleam u 3aaa494 AUCHMIIJIMHBI

1.1 Heap aAuCHUNIUHBI - GOPMUPOBAHNUE KOMIIETEHIIUN B OOJIACTH CaMOCTOSITEIILHOTO
OCYIIIECTBIICHUSI HAYYHO-HUCCIIEI0BATENIbCKON JeSTeIbHOCTH B (PyHIAMEHTAJILHOM U MPUKIIAAHON
MaTeMaTuke; (QOPMUPOBAHHWE COBPEMEHHOW TEOPETHUECKOH 0a3pl  mpodecCHOHATBHON
JESATENIbHOCTH B 00JacTH Teopuu AuddepeHlranbHbIX YpaBHEHHM, TEOPUH JWHAMUYECKHX
CUCTEM, TEOPUU ONTUMAIILHOTO YIPABJICHHUS;, BRIPAOOTKA MPAKTUICCKIX HABBIKOB MCCIICTOBAHUS
OOBIKHOBEHHBIX AU depeHIIaTbHbIX  ypaBHEHUH, (DYyHKIMOHAIBHO-AH(dEepEeHITNATBEHBIX
ypaBHEeHU; (OPMUPOBAaHWE YMEHUW ¥ HABBIKOB PEIICHUS NPUKIATHBIX 3a1ad ¢
UCIIOJIb30BaHUEM MaTeMaTUYECKUX METO/IOB.

1.2 Buawbl 1 3a1a4u npogecCHOHATBHOM J1eSITeJIbHOCTH MO TUCIHUILINHE:

Hayuno-uccienoBatenbekas JesTEIHOCTh B 00JIaCTH (PYHAAMEHTATBLHOW M TTPHUKJIATHOM
MaTeMaTHUKH, MEXaHUKH, ECTECTBEHHBIX HAYK:

- OCBOEHHE OCHOBHBIX METOI0B HAYYHBIX UCCIIEAOBaHUMH;

- OCBOGHHE HOBBIX TCOPHH M MPUMEHEHHE K TIOCTPOCHHIO MaTEeMaTUUECKUX MOJICIICH;

- y4acTH€ B IPOBEICHUH MAaTEMAaTHUYECKUX MCCIICOBAHUHN 110 3aJJaHHON TEMATHKE;

- ydactue B 00pabOTKE TMONYYEHHBIX pEe3yJlbTaTOB HAy4YHBIX HCCICIOBaHUA Ha
COBPEMEHHOM YPOBHE;

- pabota ¢ Hay4HOH JaHMTEpaTypod C WCIOJIB30BAHHEM HOBBIX HH()OPMALMOHHBIX
TEXHOJIOTHIA;

- 3HAKOMCTBO C OCHOBaMH OpPTraHU3allUY U TUIAHUPOBAHUS HAYYHBIX UCCIICIOBAHMUIA;

- y4yacthe B MH(OPMAIMOHHOM M TEXHMYECKOW OpraHU3allMi HAYYHBIX CEMHHApOB U
KOH(EpeHIIHIA;

- y4acTue B HAMCAHUH U OOPMIICHUH HAYYHBIX CTATEeH U OTYCTOB.

[IpenomaBaTenbckas e TEILHOCTh B 00JACTH MAaTEMATUKH, MEXaHUKH, HHPOPMATHKHU:

- MOATOTOBKAa M IMPOBEJIEHUE YYEOHBIX 3aHATUNA B y4eOHOM 3aBEJIEHUU BBICIIETO
poeCCHOHAIBHOTO 00pa30BaHUsI.

1.3 B pe3yabTare O0CBOCHMS [JMCUMIUIMHBI Yy OOy4amommxcsi HOJAKHBI OBITH
copmMupoBaHbI CieayOIMe KOMIIETCHINH

Kon u HammeHoBaHue I[InanupyeMble pe3yJbTaThl 00yUeHHS M0
komnerenuun PI'oC BO AUCHHUILINHE, He00X0auMbIe 1151 (popMHUpPOBaAHUS
KOMIETEeHIIUH
OIIK-1 CriocoOHOCTh | 3HAeT M MOHMMAeT:
CaMOCTOATENIBHO OCYILECTBIATh | — OCHOBHOM KpyT npobiemM (3amau),
Hay4YHO-UCCIIEN0BATEIbCKYIO BCTpeYaronuxcsi B u30paHHOU cdepe HaydHOU
JEATENBHOCTh B COOTBETCTBYIOLIEN JIeATETLHOCTH, W OCHOBHBIC CIIOCOOBI (METOJIBI,
npodeccuoHanbHOM obnactu c anroput™mbl) ux pemienns Kox 31(OITK-1)
HCIIOJIB30BaHUEM COBPCMCHHBIX | — (QCHOBHBIE HCTOYHMKH W  METOIbl IOMCKA
METO/0B UCCIICI0BaHU u HayuHoi nHdopmanmu Kox 32(OIIK-1)
MH(pOPMALOHHO- Ymeer (cnoco0eH MpoIeMOHCTPUPOBATD):
KOMMYHHKAIHOHHBIX TEXHONIOTUH — HaxoauTh (BBIOMpaTh) HambOomnee > eKTHBHBIC

(MeToaBpl) pElIeHUsT OCHOBHBIX THIIOB MpoOieM
(3amau), BcTpewaroumxcs B HM30paHHOU cdepe
Hay4Ho nestensbHOCTH Ko Y1 (OIIK-1)

— aHaIM3HUpOBaTh, 000OIIATH U CUCTEMATHU3UPOBATH
MepeoBble JOCTHXKEHUS HaydHoW Mbicau Kopa
Y2(OIIK-1)

— cobupars, oTOUpaTh " HCIIOJTh30BATh
HE00X0IMMbIe JTaHHbBIE u 3P PEeKTUBHO
HPUMEHSATh KOJIMYECTBEHHBIE METO/IbI UX aHAIM3a
Koa Y3(OIIK-1)
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Baapneer:

— COBPEMEHHBIMH METOJAMH, WHCTPYMEHTAMH U
TEXHOJIOTHEN  HAyYHO-HCCIIEOBATENbCKOW U
MPOEKTHON  JEATETbHOCTH B  OMNpPENEICHHBIX
obmactsax matematuku Ko B1(OIIK-1)

[IK-1 T oToBHOCTE  HCIIOJIB30BAThH
COBpPEMEHHBIC MaTeMaTUYECKHE
METOIbI HUCCIIEIOBAHUS

muddepeHaIbHbBIX  YpaBHEHUH U
BKJIIOUCHHUH, TUHAMHYECKHX CHUCTEM,
3aJa4 ONTUMAIILHOTO YIPABICHHS

3HaeT M MOHUMAET:
— COBpeMeHHOC COCTOAHHUEC U TCHACHIINN pa3BI/ITI/I$I

teopun  nudepeHIUATBHBIX  YpaBHCHHA U
BKJIIOUEHUHM,  TUHAMUYECKHX  CHCTEMBl U
ontumanbHoro ynpasienus Kox 31(ITK-1)

— OCHOBHBIE TIPUHIIMIIBI UCCIIeIOBaHUS

nuddepeHIMaTbHBIX YPAaBHEHHIA W BKIFOUCHUIA,
JMHAMHYECKHX CHCTEM M 3a1ad ONTHMAIbHOT'O
yrpasienus Kox 32(ITK-1)

Ymeer (cnoco0eH NPOAEMOHCTPHPOBATH):

— IMPUMEHATH COBPEMEHHbIE METOJbl PpEUICHUS U
uccienoBanusi UG (GHEepeHIMATBHBIX YPAaBHCHHIMA
U BKJIKOYEHUH, JUHAMHUYECKUX CHUCTEM M 3aJa4
ontumaibHoro ynpasienus Kon Y1(ITK-1)

Baageert:

— HaBblKaMM OTOOpa UM aHanu3a Yy4yeOHOH U
Hay4yHOU JUTEPaTyphl B obnactu
T depeHIMaIbHbIX YPaBHEHUH, TUHAMUYECKUX
CHCTEeM H ONTHMaNbHOro YympasieHusi Kopa

B1(IIK-1)

— HaBBIKAMH BBIOOpA u HCIIOJIb30BaHUS
3G (PEKTUBHBIX ~ METOJOB  pEeHIeHUs  3ajaad
pazIuyHON CIIOKHOCTH B obnactu

nudepeHIaNbHBIX YPaBHEHUH, JTUHAMUYECKUX
CUCTEM WU ONTUMalbHOrO ynpasieHuss Kog
B2(I1K-1)

[1K-2 Crioco6HOCTD K
CaMOCTOSITENIBHOW ~ IIOCTAaHOBKE U
PELICHUIO TEOPETUUECKUX U
OPUKIAIHBIX  337ad B 00JacTH
T epeHIaIbHbIX YPaBHEHUH,
TMHAMAYECKUX CHCTEM "

ONITUMAJIBHOT'O YIIPABJICHU

3HaeT U MOHMMAET:

— OCHOBHBIC aKTyaJbHbIE BOMPOCH W HEpEIICHHBIE
3ajaun B oOmact  AuQQepeHIHaTbHbIX
YpaBHEHMI, JTMHAMUYECKUX CHCTEM U
ontumanbHoro ynpasienus Ko 31(ITK-2)

— obOmactu  npuMeHeHus — aAuddepeHInaNTbHBIX
YpaBHEHHIA, JTMTHAMAYECKHUX CHCTEM "
ontuManbHoro ynpasinenus Kox 32(ITK-2)

Ymeer (cnoco0eH MpoIeMOHCTPUPOBATD):

— HCKaTh M NPOBOAMTH KOMIUIEKCHBIM aHaIu3
MOCIEAHUX JOCTUKEHUN B o0nactu
mudepeHIMaNbHbIX YpaBHEHUHN, JUHAMUYECKUX
CUCTEM M ONTHUMalbHOro ympasieHus Kop
Y1(IIK-2)

Baageer:

— HaBBIKAMH BBIOOpA  TOJIXOISIIAX METO/IOB
peIIeHUsT TEOPEeTUYCCKUX W MPHUKIIAJIHBIX 3a/1ad,
MPUBOISAIINX K g epeHnaTbHbIM
YpaBHCHUSM, JIMHAMHYECKUM  CHCTEMaM |
ontuManbsHoMy yrpasienuto Kox B1(ITK-2)

— HaBBIKAMH M3JIOKEHUS TIOJYUYCHHBIX PE3YJIHTATOB




HAyYHOTO HCCIEAOBaHMSA, B TOM UHCIE WX
nyOonukanuu B pedepupyeMbix kypHanax Kopa
B2(ITK-2)

1.4 CoriacoBanue MeXIMCUUIVIMHAPHBIX CBsI3ed JUCUUIUIMH, NPAKTHUK, HAyYHBIX
UCCIIEIOBaHM, 00ECTIEYMBAIOIINX OCBOCHHE KOMIIETECHITHH.

HucuuiuinHa — «AuddepeHunanbuple  ypaBHEHMs, JIMHAMUYECKHE  CHCTEMBl U
ONTUMAIILHOE YIPaBJICHUE)» JIOTHUECKH CBS3aHA C TAaKUMHU JUCUUIUIMHAMH, TPAKTHKaAMH,
HaY4YHBIMH UCCIIEIOBAaHUSAMM, KaK:

OIIK-1 — Teopus ¢pynkunonanbHO-Au(pHepeHInaIbHBIX ypaBHeHUH, [Ipor3BoIcTBEeHHAS
IPaKTUKa (MIPAKTHKA IO MOJIYYEHHUIO MPO(eCCHOHAIBHBIX YMEHUHN U OnbITa IPohecCHOHATBLHON
nesTenbHOCTH),  HaydHo-uccnenoBarenbckas — JIesTEIbHOCTb,  [loAroTroBKka  Hay4dHO-
KBAJM(PHUKALIMOHHOHN paboThI (JUccepTalui) Ha COMCKaHUE YYEHOM CTENICHU KaH/u1aTa HayK.

I[IK-1 - Teopus ¢yHkunoHansHO-Iu(PepeHunanbubIX — ypaBHeHud, Teopus
GyHKLIMOHATBHO-TU((HEPEHIUAIBHBIX  BKIIOUYEHUH U 3a7aud  ynopasieHus, Teopus
0TOOpaKEHHI TOTYYMOPSAOYCHHBIX TPOCTPAHCTB, BRIMYKIIBbIN aHANN3 B 3aa4ax ONTHMH3AIINY,
MHoOro3HauHbli aHATU3.

[1IK-2 - Ilpuxmagaeie MeToIbl (YHKIMOHAIBHOTO aHajiu3a, leopus (yHKIHMOHAIBHO-
T depeHMaIbHbIX — BKIIOUEHHUH W 3aJauyd  yOpaBieHus, Teopuss OTOOpakeHUit
MOJYYTIOPAJOYCHHBIX ~ MPOCTpaHCTB, [loAroToBKa  HAayYHO-KBATHM(HUKAIMOHHONW  PabOTHI
(IuccepTanuy) Ha COUCKaHUE YYCHOM CTENeHH KaH/u1aTa HayK, MHOrO3HauHbIi aHAIU3.

2. Mecto nucunininibl B ctpykrype OII acnupaHTypbl:

Huctumumba  «Auddepennnanbupie  ypaBHEHHs, JHHAMHYECKHE  CHCTEMBl U
ONTUMAJILHOE YIpaBJIEHUE)» OTHOCUTCA K BapuaTMBHOM uactu ydeOHoro miaHa OIl mo
HanpasyieHuto noarorosku 01.06.01 MaremaTrka U MeXaHMKa, HAlPaBJIEHHOCTh (MPOQMIIb) —
Juddepenunanbable ypaBHEHHsI, AMHAMUYECKUE CUCTEMbI U ONITUMAJIBHOE YIIpaBJIEHUE

Hucuummuna — «/duddepennuanbuple  ypaBHEHHS, JAMHAMHUYECKHE  CUCTEMBl U
ONTUMAJILHOE YIIPABJIEHUE» U3Yy4aeTCsl BO 2 U 3 CEMECTpE.

3. O0béM u coaep:kaHue THCITUTTHHBI
3.1 O0beM QM CHUNITHHBI

Ounas hopma oOyuenust: 4 3.e.

3aouHas popma oOyueHus: 4 3.e.

Ounas ¢popma | 3aounas popma
. oOyueHus oOyueHus
Bun yae6HO# paboTh (l}gclero (l};zero
4acoB) YacoB)
OO0masi TpyA0EMKOCTb 1M CHUILIIHHbBI 144 144
Koumaxmnas paboma (no yuebnvim 3ausmusim) 32 8
Jlexumn (JI) 14 8
[TpakTnueckue (cemunapckue) 3anarus (I13) 18 -
JlaGoparopusie 3ausaTus (JI3) - -
Camocmosmenvras paboma (CP) 76 100
3auem
Kanouoamcxuil sxzamen 36 36




3.2 ConepixkaHue Kypca:

No | Ha3zBanue Bun yuebnoli paboThl, yac. DopMBI TEKYIIETO

Te | pasjena/TeMsl (ouHast/3a04Hast) KOHTPOJIS

MBI

J 13 J3 CP

1. | OOBIKHOBCHHBIE 6/3 6/- - 24/36 | KourponbHas paboTa.
g depeHImaIbHbIe Joxiiag Ha ceMuHape
ypaBHEHHUSI.

2. | YpaBHeHUs ¢ 4/3 6/- - 26/32 | loxiax Ha ceMuHape
YaCTHBIMU
POM3BOIHBIMH.

3. | Jlunamuueckue 4/2 6/- - 26/32 | KourponbHas paboTa.
CHCTEMBI U WuauBuayanbHOe
ONTUMAJIBHOE JIOMallHee 3a1aHKe
yIpaBJICHUE.

Tema 1. OObikHOBeHHbIC H(BdepeHIANbHbIC YDABHCHUS
Jleknusi. Teopema cCymIeCTBOBaHMS M E€OUHCTBEHHOCTH pemleHHs 3afgadun Komm it
cucTeMbl OOBIKHOBEHHBIX TU(depeHIMaIbHbIX ypaBHEHUN. [ 1agkocTs pemenus 3agaun Komm

[0 HayaJbHBIM JAaHHBIM W IapaMeTpaM, BXOJSIIMM B IIPaBble YaCTU CUCTEMbl YpaBHEHUU.

[Tponomxenne pemenus. OOmas Teopus JIMHEHHBIX YypaBHEHUH U cucteM (o0nacTh

CylIIeCTBOBaHMSA pemieHus, (QyHmamentanpHas wMartpuna Komm, ¢dopmyna JlnyBumis-

Octporpazckoro, MeToJl BapuallMd IOCTOSHHBIX M JIp.). ABTOHOMHBIE CUCTEMbI ypaBHEHUH.

[Tonoxxenuss paBHOBecus. IlpenenbHble HUKIBL YcTOM4YMBOCTH 10 JlanmyHoBy. Teopema

JIssmyHoBa 00 YCTOWYHMBOCTH TIOJOXEHHS PAaBHOBECHS MO TIEPBOMY NPUOIMKEHHUIO. 3anadu

onTUManpHOro ympasiaeHus. I[lpuHumun makcumyma IloHTpsAruHa, NpUIOKEHHE K 3azadam

ObicTpoAeicTBUs A JUHEHHBbIX cucteM. KpaeBas 3ajmada s JMHEMHOrO ypaBHEHHS WU

cucrembl ypaBHeHMH. ®Dynkuus ['puna. IlpencraBneHue pemieHus KpaeBoil 3ajaud. 3ajgada

[rypma-JInyBuis 1isi ypaBHEHUs: BTOporo mnopsiika. CBoicTBa COOCTBEHHBIX (DYHKLIHH.

Cuctembl OOBIKHOBEHHBIX AHM(depeHInanbHbIX YpaBHEHUH C KOMIIJIEKCHBIMH apryMEHTaMH.

Jloka3aTenbCcTBO TEOPEMBl CYHIECTBOBAHUS M EIMHCTBEHHOCTH AHAJIMTHUYECKOTO pElIEHUs

METOI0M MakopaHT. [[uddepeHiuanbable ypaBHEHUs ¢ pa3pbIBHOM IpaBoil yacTbio. Teopema

CyIIECTBOBAaHUS M E€IMHCTBEHHOCTH pelleHus npu ycnoBusx Kapareomopu. JIuneiHsle u

KBa3WJIMHEWHBIE YPABHEHUS C YACTHBIMM IIPOM3BOJHBIMU IIEPBOTO MOPsAKA. XapaKTEPUCTHKU.

3amauya Ko, Teopust ['amunbToHa-Ako0m.
IIpakTH4eckoe 3aHATHE.

1. Omnpenenenue pemieHus CUCTEMbl OOBIKHOBEHHBIX AU QepeHtnanbabix ypaBueHuit (OY).

VYcnoBus cylecTBOBaHUSA U IIpoJopkaeMocTH pemenus 3agaun Komm s OAY. [Ipumep

HEEJMHCTBEHHOCTH pelIeHus 3anaun Komm.

VYcnoBus cylecTBOBaHUS M €IMHCTBEHHOCTHU peweHus 3agaun Komm i cuctems OZ1Y.

3. YcioBusi HENPEpPHIBHOW 3aBHCUMOCTH pelreHus 3anaun Komw 1o HadalbHBIM JaHHBIM U
napaMeTpam, BXOASIIUM B IIPAaBbIE YaCTH CUCTEMbI YPaBHEHUI.

4. VYcnoBus THaAKoCTH pemeHus 3aaauu Komu mo HavyanbHBIM JaHHBIM U IapamMeTpam,
BXOJISILIIUM B IPABbI€ YAaCTH CUCTEMBl YPAaBHEHUH.

5. Bompocbl o0mieit Teopuu JHMHEHHBIX YpaBHEHMH U cucteM (007acTh CYIIECTBOBAHUS
peeHus, GpyHIaMeHTalbHas MaTpHIla PelIeHU 0THOPOAHOTO ypaBHeHUsI, pyHkims Ko,
dbopmyna JInyBuis-OcTporpaackoro, METO BapuaIiii MOCTOSTHHBIX H JIP.).

6. Bomnpocsl Teopun naMHEHHBIX KpaeBblx 3amad ans OY. HeoOxomumble W J0CTaTOYHBIE
yCIIOBUSL OJTHO3HAYHOM paspemmoctd. yHkuus ['puna. 3amaua Hltypma-JlnyBusist st
YPaBHEHHUS BTOPOI'O NOPSAKA.

7. Tlepmomuueckasi KpaeBas 3a/1a4a. Y CJIOBHsI CYIIECTBOBAHUSI MIEPUOJMICCKUX PEIICHUH.

8. Ilpu Kakmx ycioBuaX Ha KOd(pGUIMEHT a, ypaBHeHme x +ax = f(t) a1 mo6oii

N
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nepuoauieckoil pynknuu f(t), MeeT eTMHCTBEHHOE IEPUOIUUECKOe perieHre?
9. Tlpwm kakux ycnoBusx Ha T- mepumommdeckyro ¢pynkmuio f(t) ypaBHenne x = f(t) mmeer

T — mnepuomnueckoe pemenue? Kakas W3 TNPUBENCHHBIX HIDKE JBYX (DYHKIHI
yJOBIeTBOpAeT »TuM ycnoBuam: a) f(t) = cos?t;  6) f(t) = sin2t? Haiigure 51O
pelieHue.

10. ITpumepst HaxoxaeHus Gpynkun Komm u pynkiuu ['puna.
11. ABTtoHOMHBIE cucTeMbl ypaBHeHUM. [lonoxenns paBHoBecus. [IpenenbHble HUKIIBL.
12. VYcroitunBocte mo JlsnynoBy. Teopema JlsmyHoBa 00 YCTOWYMBOCTH IOJIOKEHHS
pPaBHOBECHSI 110 IEPBOMY MTPUOITHKEHHUIO.
13. 3agaum omtuMmanbHOro ympasineHus. [IpuHmmn makcumyma IIOHTpsATHHA, MPUIIOKEHHE K
3a7iauyaM ObICTPOAEHUCTBUS JUIsl TMHEHHBIX CUCTEM.
14. Omnpenenuts IMHENHOE ONTUMAIBHOE YIIPABICHHUE ISl CHCTEMBI
xl = X3 (t);
X, = —x,(t) + U,
15. JluneliHble W KBa3WIMHEHHBbIE YPAaBHEHMsI C YAaCTHBIMU MPOMU3BOJHBIMHU MEPBOTO MOPSAKA.
Xapakrepuctuku. 3agadya Komm.
16. Teopus 'amunbpToHa-AK00M.
3agaHus 1J151 CAMOCTOAITEILHOMH padoThI:
1. TIIpopaboTka KOHCIIEKTOB JIEKLIUH U BOIPOCOB, BBIHECEHHBIX HA CAMOCTOSITENIbHOE N3YUYEHHE
OCHOBHOM M JIOIIOJIHUTEIBHOM JINTEPATYPHI.
[TonroroBka K JOKIany.
3. BrnonHeHne HHIUBUAYATBHBIX JOMAIIHUX 33 JaHHMA.

no

Tema 2. YpaBHeHHS ¢ YACTHBIMM NIPOU3BOAHBIMU

Jleknusi. Cucrembl ypaBHEHHW C 4YacTHBIMM TpoU3BOAHBIMU THHA KoBasieBckoil.
Ananutnueckue pemenus. Teopuss Komm - KoaneBckoit. Kiaccudukanus nMHEHHBIX
YpaBHEHUW BTOPOrO TOpsAJIKA Ha TUIOCKOCTHU. XapaKTepUCTUKHU. 3amaya Komum u HavyallbHO-
KpaeBble 3aJlayd I BOJHOBOTO YpaBHEHHsS M MeTOAbl UX pemeHusd. CBoiicTBa peleHui
(XapakTepuCTUYECKHII KOHYC, KOHEYHOCTh CKOPOCTH pacHpOCTpPaHEHHUs BOJIH, XapakKTep
NepeHero W 3aJHero (poHTOB BONHBI M Ap.) 3amauu Jupuxne u Helimana ans ypaBHEHHS
[Tyaccona u metonasl ux peumieHus. CBoilcTBa pemieHUM (MPUHIUI MaKCUMyMa, TJIaJKOCTh,
TEOpEeMBl O cpeAHeM U Ap.). 3ajada Komm u HayanbHO-KpaeBble 3a7aud A ypaBHEHUS
TEIUIONPOBOAHOCTH M MeTonabl uUX pemeHus. CBoiicTBa pelleHUu (NMPUHIMUI MaKCUMyMa,
OeckoHeuHasi CKOPOCTh paclpoCTpaHeHus], GYHKIMS UCTOUHUKA U Jip.) OO00ImEeHHbIe QYyHKIUH.
Ceeprka 00600mmeHHbIX (yHKIMH, npeoOpasosanne Dypoe. IIpoctpanctea Cobomesa W,"
Teopembl Broxenus, ciensl Gynkimii u3 W," Ha rpanuie o6mactu. OGOOIIEHHBIE PENICHHUS
KpaeBbIX 3a/ad JJIsl AJUIMITHYECKOrO YpPaBHEHMsI BTOPOro MOpsAKa. 3aJaud Ha COOCTBEHHbBIE
¢dbyHkuuu u cobctBeHHble 3HaueHus. [lceBno nuddepeHnnanbHple onepaTropsl (onpeneneHue,
OCHOBHbIE cBolcTBa). HenuHueliHple runep6onuueckue ypaBHeHHs. OCHOBHBIE CBOMCTBA.
MOHOTOHHBIE HENMHEWHBIE JJUIMNTHYECKHE ypaBHEHMs. OCHOBHBIE CBOWCTBA. MOHOTOHHBIE
HeJHUHEeWHbIe napabonuyeckue ypaBHeHusl. OCHOBHbIE CBOMCTBA.

IIpakTH4Yeckoe 3aHATHE.
1. [doxaxwure, 4dYTO CHEKTp AUPPEepeHInanbHOro oOmepaTropa SBISETCS 3aMKHYTHIM

MHOECTBOM.
2. JloxaxwuTe, 4TO BCAKUI CaMOCOIPSKEHHBIN omeparop P, YIOBIETBOPSIOMIUN YCIOBHIO

P2 = P, ecTb oneparop NpOEeKTHPOBAHUS.

3. Haiitm coOcTBeHHBIC 3HaueHWs W COOCTBeHHbIE (YHKIHMH omepatopa T = —-—
0671acThIO OmpeneneHus, cocrosmeii u3 Beex dynxumit f(x): f(x), f® — a6comorHo
2
nenpepsiBusl Ha [0,1], f(0) = f(m) =0, Z—x]; € L%[0,2m].
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T
0671acThIO OmpeneneHus, cocrosmeii u3 Beex dynxumit f(x): f(x), f® — a6comorHo
nenpepsBubl Ha [0,1], f(0) = f(2n) =0, f'(0) = f'(2n), % € L?[0,2m].

5. Cucrembl ypaBHEHUM C YaCTHBIMH MPOM3BOJAHbIMU Tuna KoBaneBckoil. AHanmuTHuecKue
pemienusi. Teopust Ko - KoBaseBckoid.

6. Kunaccudukanus TMHEHHBIX ypaBHEHUH BTOPOTO MOPSAIKA HA TUIOCKOCTH. XapaKTEPUCTHKH.

7. 3apgaua Komu M HavaabHO-KpaeBble 3aJauyd JJIsi BOJHOBOIO YPaBHEHHS U METOAbl HUX
pemeHus. CBoiicTBa peleHUN (XapaKTepUCTUUYECKUH KOHYC, KOHEYHOCTb CKOpPOCTHU
pacnpocTpaHeHHs BOJH, XapakTep MEepeaHero u 3aJHero (ppoHTOB BOJIHEI U 1p.) [Ipumepst
pEIIEHUs] BOJIHOBOTO YPaBHEHMUSI.

8. 3amaum Jlupuxne u Heiimana nns ypaBHeHus Ilyaccona m meroapl ux pemieHus. CBoicTBa
pemeHui (MpUHIUI MAaKCUMYMa, IJ1aIKOCTh, TEOPEMBI O CpelHEM U 11p.). IIpumepsr.

9. 3apaua Komwu u HauanbHO-KpaeBbIe 3a/a4dl JJI YPaBHEHUS TEIJIONPOBOJHOCTU U METOIbI
ux pemenus. CBoHCTBa pemieHWd (IPUHIMII MaKCUMyMa, OECKOHEYHas CKOPOCTb
pacnpocTpaHeHus1, PYHKIIHS UCTOYHUKA U Jp.)

10. OGoO6mennbie GpyHKIMH. CBepTKa 00001EeHHBIX (QYHKIIHH, Tpeodpa3oBanue Dyphbe.

11. TIpocrpanctBa CoGonesa W," . Teopemsl Broxkenus, ciaenpl Gynkiumii uz W," Ha rpanuiie
o0nacTH.

12. OGoOuieHHbIE pelIeHHs KPAeBbIX 3a/1a4 7S JUTUIITUYECKOTO YPaBHEHHSI BTOPOTO MOPSIKA.

13. 3agaum Ha cobcTBeHHBIE QDYHKIMH M cOOCTBeHHBIC 3HaUeHUs. [IceBno nuddepeHnmanpabpie
orepaTopsl (orpeaeneHne, OCHOBHBIE CBOMCTBA).
3agaHusA 1J151 CAMOCTOAITEILHOMH padoThI

1. TIpopaboTka KOHCIEKTOB JIEKIIUI U BOIPOCOB, BHIHECEHHBIX Ha CAMOCTOATEILHOE U3yUCHHE

OCHOBHOM M JIOIIOJIHUTEIBHOM JINTEPATYPHI.

[ToaroroBka K JOKIALy.

3. BrmonHeHHe HHIUBUAYATBHBIX JOMAITHUX 33 JaHHMA.

4., Haiitu coOCTBEHHBIC 3HAYECHHS M COOCTBEHHbIE (YHKIMHU omeparopa T = — c

no

Tema 3. luHaMu4YecKue CHCTEMbI M OITUMAJbHOE YIIPABJIEHUE
Jlekuusi. AOCTpakTHbIE TOIOJOTHYECKUE JUHAMHUYECKHUE CHUCTEMBI: OIpelEICHHE,

OCHOBHBIE CBOMCTBA, Pa3JIMYHbIE KJIACCHI JIBMKCHUN B JUHAMHUYECKMX cucTemax. IIpenenbHble

CBOMCTBA JUHAMUYECKUX CHUCTEM: IIPEIEIbHBIE TOYKM U MHOXKECTBA, WHBAPUAHTHOCTD.

MuHUManbHOCTP MHOMKECTBA M PEKYppeHTHble nBukeHHs. Teopembl bupkroda. Iloutu

NEPUOJUYECKUE JBWXKEHUA. YcrowumBocTh Mo JlamynoBy. Teopemsl Mapkosa. Iloutu

nepuoAnYeckue M pekyppeHTHele ¢(yHkuuu. OcHoBHble cBoiicTBa. Teopema boxnepa.

JluHaMuueckas cucrema CIBUTOB.

IIpakTH4Yeckoe 3aHATHE.

1. AOCTpaKkTHbBIE TOIOJIOTUYECKHE JWHAMHYECKUE CHUCTEMBI: OIIpENIEIICHUE, OCHOBHBIE
CBOMCTBA, pa3JIMYHbIE KJIACChl JBWKEHHW B JIWHAMHYECKMX cucTemax. lIpumepst
KOHKPETHBIX IUHAMUYECKUX CUCTEM.

2. llpenenpHble CBOMCTBA JMHAMHYECKHMX CHUCTEM: TMpPEAEIbHbIE TOYKM M MHOXECTBA,
WHBAPUAHTHOCT. MUHUMAaIBHOCT MHOJKECTBA M PEKYPPEHTHBIE MABMKEHUsA. TeopeMbl
bupxkroda.

3. Omnpenenenne NOYTH NEPUOINIECKUX JBMKEHUN. Y ClIOBUSA cyliecTBoBaHUs. [Ipumepsl.

4. VYcroitunBocth 1o JlsnmyHoBy. IlpuMepsl uccnenoBaHus yCTOWYMBOCTH 1O JIAMyHOBY
JUHAMHUYECKUX CUCTEM.

5. Teopemsl MapkoBga.

6. Iloutn nepuommveckue M pekyppeHTHble (yHkiuu. OnpeneneHue. OCHOBHBIE CBOICTBA.
IIpumepsl.

7. Teopema boxnepa.

Jnnamuueckas cucrema ciBUroB. MccienoBanne HEABTOHOMHBIX JTUHAMUYECKHX CUCTEM.

9. JluHaMHu4ecKasi CCTeMa CIBUTOB B IPOCTPAHCTBE MHOTO3HAYHBIX (DYHKITHIA.

o
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3aganus AJ151 CAaMOCTOATEILHON padoThI

[TpopaboTKka KOHCIEKTOB JEKIIUH U BOIIPOCOB, BEBIHECEHHBIX HA CAMOCTOSITEIFHOE N3YUCHUE
OCHOBHOM M JIOTIOJTHUTEILHOU JINTEPATYPHI.

[ToaroroBka Kk JOKIany.

BrinosiHeHne MHIMBUAYAIBHBIX TOMAIHUX 3aJaHUMN.

4. KoHTpoJIb 3HAHUI 00yYalomIuXxcst
4.1 ®opMbI TeKyl1ero KOHTPOJIsi padoThl ACMIUPAHTOB
Jloknazn Ha ceMUHape, KOHTPOJIbHAs pa0oTa, MHIAMBUAYAIbHOE JOMAIlIHEe 3aJaHKe.

4.2 TunoBble 3aJaHUA TEKYIIEr0 KOHTPOJIsI

TunoBbie TEMBI AOKJIAT0B HA CCMHUHapeE

Tema 1. Ooviknosennvie ougpepenyuanvhvle ypasHeHus.

1.

5.
6. YpaBaenue DmMjeHa- Daynepa.

YCTOI‘;I‘{I/IBOCTB, OTPaHUYCHHOCT MW ACHMIITOTHYCCKOC IIOBCIACHUC peI_HeHI/Iﬁ JIMHEUHBIX
CHCTCM.

2. CYH_IeCTBOBaHI/Ie Hn CANHCTBCHHOCTD peI_I_ICHI/Iﬁ HEJIMHEHHBIX CUCTEM.
3.
4. ACUMIITOTHYECKOE IIOBCACHUC peH_IeHI/Iﬁ HCKOTOPLBIX HEJIMHEHHBIX ypaBHeHI/Iﬁ IICPBOIro

Y CTONYMBOCTD pelIeHni HEMUHEHHBIX MU (hepeHIInaTBHBIX YPaBHEHHIA.

MOpsI/IKa.
Jluneitnoe nuddepeHnunanbHOe ypaBHEHUSI BTOPOTO MOPSIIKA.

Tema 2. Ypasnenus c vacmuovimu npou3e00HbIMU.

1.
2.
3.
4.

MeTtoapl Teopuu OTEHIMAIIA.

Mertobl pa3nokeHus 10 COOCTBEHHBIM (QYHKILIUSM.
MeTto/1bI UHTETpAIbHBIX IPEOOPA3OBaAHUM.
Merons! pellieHNs HEIMHEWHBIX YPAaBHEHUMN.

Tema 3. Henuneiinvie OounamuueckKue CUucCmemsl u onmumailbHoe ynpaejiieHue

1.

wn

N A

—

®a30Bo€ MPOCTPAHCTBO U (Pa30Bble NOPTPETHI TUHAMUYECKUX CUCTEM.

[Toctpoenue (ha30BBIX MOPTPETOB C UCIOIH30BAHUEM TOBEPXHOCTEH.

Uccnenopanne AMHAMUYECKOM YCTOMYMBOCTH MPAMBIM METOAOM JIAMyHOBA M METOAOM
rapMOHHMYECKOU JIMHEAPU3ALINH.

OrnpezienieHne yCTOMUUBOCTH CUCTEM YIIPABJICHUS, aHAIN3 KaueCTBA YIIPaBICHUSI.
OrnpezeneHre ONTUMAIbHOTO YIIPABIECHUS BapUALIMOHHBIM METO/I0M;

Ornpezenienre ONTUMAIBLHOTO YIIPABICHUS C TOMOIIIBIO TPUHITUNIA MakcuMyMa [loHTpsiruHa;
Ornpezenenre ONTUMAIBHOTO YIIPABICHUS] METOJIOM JUHAMUYECKOTO TPOTrPaMMUPOBAHUS;
Omnpenenenne MarucTpaii.

TunoBble KOMILUIEKTHI 32IaHUI JISI KOHTPOJILHBIX padoT

KoMmieKkT 3agannii 1)1 KOHTPOJLHOM padoThl Nel.

JlaHbI ypaBHEHHS COCTOSIHHSI CHCTEMBI
X = x,(¢),
xl(o) = le(O) = 0.

Haiitn pemenne ypaBHEHHI COCTOSIHUSA, 3aIIUCATh BBIPAXKEHUE IS IEPEXOTHON MaTPHIIBI.

2.

3a/laHbl ypaBHEHUS CUCTEMBI YIIPABICHUN
X = AX + BU
Y =CX + DU
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N P

HapucoBath CTpyKTYpHYIO CXEMY CHCTEMBI yIIPABIICHUSI.
3. 3a1aHO ypaBHEHUE CUCTEMBI YIIPaBJICHUS

X=AX+BU, Y=CX.
10 10
A= , B=[1, 1 C= .
01 01
OnpenenuTts yrnpaBiisieMOCTh M HA0II0JaeMOCTb CUCTEMBI.
4. Haiitn ¢yHKIWIO, YAOBJICTBOPSIONIYIO TPAHUYHBIM YCIOBUSM: TIPH t=0 x=0, npu

t=1 X(1) =1 u MunuMusupytowyI0 QYHKIHOHAL
1
1
]=Lx%w+1“

5. OnpenenuTh THHEHHOE ONTUMAIBHOE YIIPABICHHE IS CHCTEMBI
X1 = x,(t),
X, = —x,(t) + U,
IIPUHMMAs BO BHUMAHHUE [TOKA3aTellb KauecTBa

J:ﬂ}ﬂn+xﬁo+%uafjm
0

Oteer: X(t) =t.

Y TPaHUYHBIE YCIIOBUS X(O) =Xp, X(OO) =0.
Otser: U = —2.00X1 —1,83X2.

KoMmiekT 3aganuii 1,1 KOHTPOJLHOH padoThl No2.

1. JIng KaxJIoro U3 CleIylollUX ypaBHEHUN HAMTH HEMOJABHM)KHBIE TOUKH, ONPENEIUTh UX THII,
HapucoBaTh (ha30BbIN MOPTPET, HAUTH OOIIee pelIeHne U U300pa3UTh HECKOJIBKO MHTEIPAIbHBIX
KPHUBBIX Ha I0JIC HAIlpaBJICHUM.

(@) x'=x*-3x; (6) x' =sin’x; (B) X' =[1-x?[; (r) X'=ax+2 (a—uncno).

2. Jlns cleAylolMX YpaBHEHHMH HAaWTH TNOTEHLHANbl M C HUX IIOMOIIBIO HCCIIE0BaTh
HETIOABIKHBIC TOYKH Ha YCTOWIHBOCTD.

(@) X'=(1-x)x; (6) X' =1-sin2x.
3. B Kax10M UX CIEYIONMX ypaBHEHHH HATH OM(YypKalMOHHOE 3HAUEHHE, ONPEACIUTH THUI
O6udypkanuu 1 HapucoBaTh OM(PYPKALMOHHYIO TUATPAMMY.

Y . px
(@) X'=pxX*—2ux+3X; (6) x'=——=—X.
X +7

4. WccnemoBaTh CHUCTEMY C «HEMOJHbIM» mapamerpom K. HapucoBath OubypkannoHHbIC

muarpammbl ypasaerus X' =X>—uX+K mpu k<0, k=0wuk >0. M306pasuTh Ha IIOCKOCTH
(n,k) obmacTi, COOTBETCTBYIONME PA3MAIHBIM THIIAM (a30BBIX ITOPTPETOB.

5. UccnenoBaTh cUCTeMy Ha HaJIM4YUE/OTCYTCTBHE MepUOAMYECKUX OpOuT. Da3oBbI MOpPTpET
JI0Ka3aTeIbCTBOM HE SIBIISIETCS, @ TOJIBKO IOATBEPHKICHUEM.

X" =yCcosx
y' =sinx

6. OnpenenuTh TOYKH PaBHOBECHUSI CUCTEMBI U HATH MHJIEKCHI 3TUX To4eK. [locTpouTs (azoBblii

IIOpPTpeET.
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X/:XZ_yZ

y'=2xy
7. OnpenenuTh TOYKU PaBHOBECHSI CUCTEMBI U HAMTH MHAEKCHI 3THX To4ekK. [locTpouTh (a3oBblii
HOPTpET.

XI — X2
, .
y=-y
X'=-x+y(x+a)-b
8. Jlmsa cucremsl , , rae a,b,c momoxurenbHble KOHCTaHTBHL U D >a Ha
y'=—cx(x+a)

X+b
obmactu D= {X eR*:x<-a u \ <—} JI0Ka3aTh, YTO HE CYLIECTBYET IEPUOAUUYECKUX

X+a
OpOUT, MPOXOASIIMX Yepe3 HEKYI0 TOuKy obsactu D .
X' =ax+ yx
9. s cucteMsl § " , Tne a,b,C monoxuTensHble KOHCTAHTHI U C>a Ha 00JacTH
y =bx"—-Cy

D= { XeR?*:y> o} JI0Ka3aTh, YTO HE CYIIECTBYET MEPUOANICCKUX OPOUT, MPOXOISAIINX Yepe3
HEKYI0 TOUKy obnactu D .
X'=y 0, |X| >1

, , » 3,b>0, g(x)= .
y'=—(2b—g(x))ay —a’x kx| <1

[Mokasatp, uto npu K <2b He cymectByert, a mpu K >2b - cymiecTByroT neproudyeckme
OpOUTBHL.

10. PaccMoTpeTs cuctemy

TunoBoi KOMIVIEKT 3aJaHuii A5l MHIANBHAYAJIbHBIX JOMALIHUX 3aIaHUI
-10

4
1. Jana cuctema X'=A-X , e Az[l 3

j . Havitu:

(a) »xopaaHoBy dopmy;
(6) maTpuiry nepexona M;
(B) marpurty Al mns cucrembl X'= Al- X, momydaromieics U3 MCXOAHOW TOCHEe ee

T
HIOBOPOTA HA YTOJ -

2 2

X'=X"-y
2. Jlana cucrema y . HaifT HemoABM>KHBIE TOUKH U ONIPEEIIUTh UX THII.

y' =xy-1
3. Onpenenutph, Kak MEHSIIOTCS IJIaBHbIE HalpaBlIE€HUS (IUPEKTPUCHI) CEIJIOBOM TOUKH (O; O)

o X' =X+ X
HEJIMHENHOM CHCTEMBI | 10 OTHOILIEHUIO K €€ JINHeapUu3aIiH.
y =X+Yy

4. Uccnenosars muddepeHnuanbaoe ypaBHeHne X =-—X+ Ftanhx. Haiitn OudypkannonHoe
3HA4YEHHUE, MOCTPOUTH TUArPaMMy U OMPEIEITUTh THTT ON(ypKaIIH.

X'=-2X+Yy
y'=p+x -y

OM(pypKaMOHHYIO AHarpammy.
6. Iloctpouts hazoBbI MOPTPET U omMpeneiauTh Tunm Oudypkamuu npu =0 11 CHUCTEMBI

5. UccnenoBath cuctemy . Haititu u onpenenuts Tin 6udypkarmuu. Hapucosats

X' = ux—y+xy?
Y =X+uy—x
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X =x(x(1-x)-y)
7. Paccmorpers Mozenb , tne X>0 - momymsuust xeptB, y>0 -
y'=y(x-a)
HOMyJISALus XUIMHUKOB U & >0 - mapamerp. Haiitu un xiaccuuimpoBaTh HEMOBUKHBIE TOYKH
cucreMbl. OnpenenuTs OupypKaIMOHHOE 3HAYCHUE U TUTT Ou(ypKaIuy.
8. Onpenenuts OMPYypKAMOHHOE 3HAYCHHUE U THIT 0N ypKAIIUU JJIT CUCTEMBI

X'= ux+y+sinx
y'=x-y
B Hauasie koopauHar. Iloctpouts (ha3oBble HOPTPETHI sl 3HAUYCHUH 4 B OKPECTHOCTH [y, .

X' =—x+2y*-2y*
9. Ucnonw3ys ¢yHkuuto JlanmyHoBa, MOKa3aTh, 4TO CHUCTEMA , HE HMeeT
y=-X=-Yy+Xy
npeeNbHBIX UKJIIOB.
X' =—X—y+ x(x2 +2y2)
10. Haiitu neprouyeckue pemeHus: CUCTEMbI .

Yy =X-Yy+ y(x2+2y2)

X' =u(y-F(x)) X+2, Xx<-1,
11. PaccmoTpeTh cucteMy 4§ | X , e F(X)=4-X, |X| <1, HmerTcsa au y 3TOM
y7; X—2, x=>1.
CHCTEMBI iepuouieckue pemreHusi? Iloctpouts Gpa3oBblil MOPTpET.
X' =—4x+y° .
12. Paccmotperp  cucremy . HaiitTu  HenmoABWKHBIE TOYKH U
y'=-3x-y+y

kinaccupuupoBars ux. Haiitn nHBapranTHbie JMHUH. [locTpouTh (ha3oBbIil MOPTpET.
13. Iinst ypasuenus X' = X — uX(1—X):
(a) HAlITH HETIOABM)KHBIE TOUKHU U UX XapaKTep;
(0) HaiiTh OudypKalMOHHOE 3HaUeHHE U TUIl OudypKaluy;
(B) mocTpouTh OM(YpKALIMOHHYIO THarpaMMy.
X =—uy+x(1-x* - y?)
14. Jloka3zaTh HanU4yMe NPEAETbHOrO IUKJIA Y CUCTEMbI U TIOCTPOUTH
y'=pux+y(1-x" - y*)
ee (a3oBBbIii MOPTPET.

x'=x(y2—x)

!

y'=-y(y°*-x)

15. HaliTh MOJOXHUTEIbHO HWHBAPUAHTHOE MHOYKECTBO JUISI CHUCTEMBI

HOCTPOUTH €€ (Pa30oBbIi MOPTPET.

4.3 TIpome:kyTOYHAsl aTTecTalMsl MO JAWCHUILUIMHE NPOBOIUTCS B (hopme 3adera BO 2
CeMecCTpe U KaHIUAATCKOro SK3aMeHa B 3 ceMecTpe.

Bonpocsl 3auera

1. Teopema cymiecTBOBaHMS M €IMHCTBEHHOCTH pelleHHs 3anaun Komm ams cucTeMsl
OOBIKHOBEHHBIX U (HepeHIINATBHBIX YPaBHEHHI.

2. TI'mankocTh pemieHus 3amaun Komm mo HavaJbHBIM JaHHBIM U TapamMeTpam, BXOISIIUM B
MIpaBble YaCTU CUCTEMbI ypaBHEeHUH. [Ipookenue penienus.

3. OOmas Teopus JIMHEHHBIX ypaBHEHMH M cucTeM (00JIaCTh CYLIECTBOBAHHS pELICHHUS,
¢bynnamentanbHag matpuna Kommu, gopmyna JInyBumis-Octporpaickoro, METo/1 BapHaluu
MOCTOSIHHBIX H JIp.).

4. ABTOHOMHBIC cucTeMbl ypaBHeHUH. [lonoxeHust papHoBecus. [IpenenbHbIe ITUKITEL.
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YceroitunBocth 1o JlamyHoBy. Teopema JlsmyHoBa 00 yCTOWYMBOCTH  TTOJIOKEHUS
PaBHOBECHSI 110 TIEPBOMY MPHOIMIKEHHIO.

3ajmaun  onTUManbHOro  ympamineHus. [lpunnun  makcumyma  Ilontpsruna  (6e3
JI0Ka3aTeNIbCTBA), IPUIIOKEHHE K 3a7a4aM ObICTPOAECHUCTBUS [yl TUHENHBIX CUCTEM.

KpaeBas 3agava s TMHEHHOrO ypaBHEHHMS WJIM CHCTEMbl ypaBHeHUU. DyHkuus ['puHa.
[IpencraBienue pelieHns KpaeBoi 3a1aun.

3amaua llrypma-JImyBwimis juisi ypaBHEHHs BTOporo mopsiika. CBolcTBa COOCTBEHHBIX
GyHKIHH.

Cucrembl 0OOBIKHOBEHHBIX (D (PepeHIINATbHBIX YPABHEHUH C KOMIUIEKCHBIMU apTryMEHTaMHU.
Jloka3aTenbCTBO TEOPEMBI CYIIECTBOBAHUS M €AMHCTBEHHOCTH AHAJIMTHUYECKOIO PpEIICHUS
METOJ0M MaKOPAHT.

Juddepenunanspabie ypaBHEHHS C pa3pbIBHON MpaBoil 4acThio. Teopema CymiecTBOBaHUS U
€AMHCTBEHHOCTH pellIeHus pu ycnoBusax Kapareonopu.

JluneliHble M KBa3WJIMHEHWHbBIE YPAaBHEHHS C YaCTHBIMH IPOU3BOJHBIMU IEPBOTO MOPSIKA.
Xapaxtepuctuku. 3agaua Komm. Teopus 'amumnbTona — SIkoou.

Bonpochl KaHAWIATCKOI0 IK3aMeHa
Teopema cCymiecTBOBaHUS M E€IUHCTBEHHOCTH peleHus 3anadd Komm it cucTeMbl
OOBIKHOBEHHBIX U pepeHITaTbHBIX ypaBHEHUI.
I'maaxocth pemieHus 3agaun Komm mo HavaigpHBIM JaHHBIM M IIapaMeTpaM, BXOISALIUM B
IIPaBbI€ YaCTU CUCTEMBI ypaBHeHUH. [Ipooinkenue pemenns.
OOmast Teopust JIHMHEHHBIX ypaBHEHHH M cucTeM (00JacCTh CYHIECTBOBAHMS PEIHICHUS,
bynnamentanpHas Mmatpuua Kommu, ¢opmyna JlnyBwiist — OcCTporpaickoro, MeTon
BapHallM IMOCTOSHHBIX U JIp.).
ABTOHOMHBIE cucTeMbl ypaBHeHUH. [Tonoxxenns paBHoBecus. IIpenenbuble UKL
VYcroituuBocth mo JlsamynoBy. Teopema JlsmyHoBa 00 YCTOMYMBOCTH —MOJIOKEHUS
paBHOBECHSI 110 IEPBOMY NPUOINKEHHUIO.
3amaun  onTUMaibHOro  ympamneHus. Ilpunoun  makcumyma  [lontpsruna  (6e3
JI0Ka3aTeNbCTBA), MPUIIOKEHHE K 3a7a4aM ObICTPOAEUCTBUS U1 TMHEHHBIX CUCTEM.
KpaeBas 3amauya Ui JIMHEHHOTO ypaBHEHUS WJINM CHCTeMbl ypaBHeHui. DyHkuus ['puna.
IIpencraBienue penieHus KpaeBou 3a1aunl.
3anaua ltypma — JlmyBuiuia Ui ypaBHeHHs BTOporo nopsijaka. CBoicTBa cOOCTBEHHBIX
(GyHKIHIA.
Cucrtembl 0OBIKHOBEHHBIX UG HEpEeHIINATbHBIX YPAaBHEHUH C KOMITJIEKCHBIMU apTyMEHTaMH.
Jloka3aTenbCcTBO TEOPEMBI CYIIECTBOBAHMS M €IWHCTBEHHOCTH AHAJIMTHYECKOTO PEUICHUs
METOJIOM MayKOpPaHT.
JuddepenumanpHbple ypaBHEHUS C pa3pbIBHOM MpaBoil yacThio. Teopema CylecTBOBaHUS U
€MHCTBEHHOCTH pelIeHus IpH ycioBusax Kapareonopu.
JluHeiiHble M KBAa3WJIMHEHHBIE YpPaBHEHHS C YaCTHBIMU IPOU3BOJHBIMH IEPBOrO MOPSAKA.
Xapakrepuctuku. 3anada Kommu. Teopust 'amunbTona —SAko6wu.
CuctemMbl ypaBHEHHH C YaCTHBIMH TPOM3BOIHBIMH Tua KoBaneBCKOW. AHaTUTHYECKHE
pewmenus. Teopust Ko — KoBanesckoil.
Knaccudukanus mTMHEHHBIX ypaBHEHUI BTOPOTO MOPSJIKA HA TUIOCKOCTH. XapaKTEPUCTUKH.
3amaga Komm ¥ HavanpHO-KpaeBble 3aJaud JJIsl BOJHOBOTO YPaBHEHHS U METOABI X
pemenus. CBolicTBa pelieHUN (XapakTepUCTUYECKHUH KOHYC, KOHEYHOCTh CKOpPOCTH
pacrpoCcTpaHeHHs BOJIH, XapaKTep NEPeaHEro U 3aHero (pOHTOB BOJIHBI U JIP.).
3agaun {upuxne u Heitmana mist ypaBHenus [lyaccona m Metronsl ux pemieHus. CBoicTBa
peneHuii (MPUHIMIT MaKCUMYyMa, TJIaJIKOCTh, TEOPEMBI O CPETHEM H JIp.).
3amada Komu n HayaJIbHO-KpaeBbIe 3a/1a4M U1 YPAaBHEHHSI TEIUIONPOBOIHOCTH M METOJIBI MX
pemenus. CBoiicTBa  pemieHM  (OIPUHIUI —~ MaKCUMyMa, O€CKOHEYHas CKOpPOCTb
pacnpocTpaHeHus], PYHKIMS UCTOUYHUKA U JP.).
O606mennsie pynkimu. CBepTka 0000IIEHHBIX QYHKIHUI, mpeobpa3oBanue Dypoe.
[pocrpanctea Co6onesa W," . Teopembl Biokenus, cieapl Gpynkmmii u3 Wyp" Ha rpanuie
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obmnacTtH.

OO0001IeHHbIE peNIeHUs KPAeBBIX 3a7ad I AJUTUNTHYECKOTO YpaBHEHUSI BTOPOTO MOPSIIKA.
3anaun Ha cOOCTBEHHBIE (DYHKIIMU U COOCTBEHHBIC 3HAUCHHUS.

[IceBno muddepennuanbHbe onepaTopsl (ONpeiesIeHne, OCHOBHBIE CBOWCTBA).

Henunetlinbie runepbonndeckre ypapHeHUs1. OCHOBHBIE CBOMCTBA.

MoOHOTOHHBIE HETUHEHHBIC AJUIUNITHYECKUE ypaBHEHUsI. OCHOBHBIE CBOMCTBA.

MoHoTOHHbIE HeTTMHEHHbIE mapaboinueckue ypaBHeHUs. OCHOBHbBIE CBOWCTBA.
AOCTpaKkTHBIE TOIOJIOTUYECKUE JMUHAMUYECKUE CHCTEMBI: OIpE/ICIIEHNE, OCHOBHBIE
CBOMCTBA, Pa3jIU4HbIC KJIACCHI IBM)KECHUN B JMHAMUYECKUX CUCTEMAX.

[IpenenbHble CBOWCTBA JAMHAMUYECKUX CHUCTEM: IIpeleNbHbIE TOYKH W MHOXECTBA,
WHBApUAHTHOCTb.

MuHMMaIbHOCTh MHOXKECTBA U pEKyppEHTHBIE BHKeHUA. Teopembl bupkroda.

[TouTn nepuoguyeckue ABUKEHUS. Y CTOMYMBOCTD 1O JIanmyHoBy. TeopeMbl MapkoBa.

[Toutn mnepuoguueckue M pekyppeHtHble (yHKiuH. OcHOBHBIE CBOWCTBa. Teopema
Bboxnepa. /lunamMmuueckasi cuctema CIBUTOB.

Tunosble 3a1aHust 151 KAHIWIATCKOLO IK3aMeHa
Hoctpouts mpumep Gynkumn f(x),x € Q (Q — xommakT), Takoi, uro f(x) € L,(Q),Vp <
1, o f(x) € L., (Q).
Ilokasath oTcyTcTBHE Bi1oxkenus L,(0Q) € HL(Q).
Haiitu mHopmy || f ()| 51 gy, ecmn f(x) = |x|,Q = {x € R*: |x| < 1}.

JIoKaxuTe, 4YTO OTKPBITHIM IIAp B METPUYECKOM IIPOCTPAHCTBE €CTh OTKPBITOE MHOKECTBO,
3aMKHYTBIN [Iap — 3aMKHYTO€ MHOKECTBO.

I[OKEI)I(I/ITG, 4YTO 3aMbIKAHHEC OTKPLITOI'O IIapa B MCTPHUUYCCKOM IIPOCTPAHCTBC COACPIKUTCA B
3aMKHYTOM HIap€, HO MOXKCT C HUM HC COBIIAAAaTh.

ITycte A- mHTEerpanbHblil onepatop Boasreppa
t

Ax(t) = jK(t,s)x(s)ds

a

K(t,s) — wemnpepsiBHO. JlOKa3aTh, 4YTO CYIIECTBYET Takoe uucio m, uro A™ sBisiercs
CKUMaroIM otoopakenneM B Cla, b], u, 3Ha4YMT, I MHTErPAILHOrO ypaBHEHUS BonbTeppa
BTOPOIO POJia CIIPaBeIMBA TEOPEMA CYIIECTBOBAHUS U €UHCTBEHHOCTU PELIEHHS.

16.

17.

18.

19.

20.
21.

B MHOKeCTBe HENPEPHIBHBIX Ha [a, b| pyHKIMIT BBEIEM METPHKY I10 ITPABHUITY:
pp(x,y) = max [x(t) - y(t)|e Pt

Jlokaxxute, 4TO MPU JOCTATOUHO OOJIBIINX [§ MHTErpallbHBIN onepaTtop BonsTeppa
t

Ax(t) = fK(t, s)x(s)ds
a

SABIIAETCS CKUMAIOIIMM OTHOCUTENBHO METPUKH Pg.
Ilycte ¢ynkmus  f(x)ompeneneHa W HENpepblBHA B HEKOTOpOM obmactu G C
R2, conepxarteit Touky (x0, ¥0), v yAOBIETBOPSIET B 3TOW TOYKE YCIAOBHIO JIMMIIHUIIA 1O V.
|f(x,y1) — fF(6, y2)| < My, — y,l.
JlokasaTh, 4TO Ha HEKOTOPOM CErMeHTe |x — x| < d cymiecTByeT, ¥ MPUTOM TOJILKO OJIHO,
pemenne y = @(x) 3amaun Komm: y' = f(x,y), y(xo) = yo.
Hoxaxwute, uto eciau C — BBITYKIIOE MHOXKECTBO, TO JIJISl 000N KOHEYHOU TPaHUYHOU TOUKU
C cymectByer onopHasi k C THIIEPIUIOCKOCTD, MPOXO/IAIIAs Yepe3 3Ty TOUKY.
JIOKaXuTe, YTO IMOTOYEYHAS BEPXHsISI TPaHb CEMEMCTBA MOJIYHENPEPHIBHBIX CHU3Y (YHKIHIA
Oy/IeT MOJyHENPEPHIBHON CHU3Y.
Beraucints 0nopHyo GYHKIUIO €JMHAYHOTO Ky0a ¢ IIEHTPOM B Havajle KOOPIMHAT.
Haiiti npubimmkeHHoe npejacTaBieHue pemenus x(t, €) 3amaun Koy mo cTeneHsM Majioro
napaMerpa JI0 £2 BKIIOUMTENBHO:
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x =-3x2+2e, x(1)=1+e.
Haiiti npubimmkenHoe npejcTabieHue pemenus x(t, €) 3axaun Koy mo cTeneHsM Majioro
napamerpa 10 £2 BKIIIOUMTENBHO:

’

x =§— 5¢t, x(1)=2.
[Ipy Kakux ycnoBusX Ha Kod(ouuueHT a, ypaBHeHme x +ax = f(t) g moboit
nepuoanydeckoil pynkimu f(t), IMeeT eAMHCTBEHHOE Meproudeckoe pemenue? [Ipu kakux
ycnousx Ha T- mepuonmdeckyro ¢ynkimio f(t) ypaBuenme x = f(t) umeer T —
nepuoanueckoe pemieHne? Kakas W3 NpPUBEACHHBIX HUKE MBYX (YHKIMH YIOBIETBOPSET
stuM yenosusaM: a) f(t) = cos?t; 6) f(t) = sin2t? Haiigure 5T0 pelueHue.
Haiimute ¢ TounocTeio 10 0(£?) mepuoauueckoe pemenue x(t,€) ypaBHeHus, OIM3KOE K
HOJIOKEHUIO paBHOBecHs X = 0:

x'+ 3x + x? = 2esint.
Haiiaute ¢ TouHOCTBIO 110 0(£2) mepuomuueckoe pentenue x(t, £) ypaBHeHHS:
x —x =sint+ (x + x?)e.
[Ipy kakux ycnoBusx Ha KodQQHUIMEHT w, ypaBHeHHe x + w’x = f(t) ana moboii
nepuoanueckor Qyukuuu f(t), UMeeT eIWHCTBEHHOEe | - MepHoauvecKoe perieHue?
[okasatk, uto npu w = V2 dynxiums f(t) = sin?t + 1 yqoBIeTBOPSAET ITHM YCIOBUAM H
HalTH 3TO PEIICHHE.
HaiimuTe ¢ TouHoCTBIO 110 0(£2) nepuoaudeckoe pemenue x(t, £€) ypaBHeHHUS:
x" +5x=cost+ (1—x —x?)e.
Haiimute ¢ TouHOCTBIO 110 0(£2) nepuoaudeckoe pemenue x(t, £€) ypaBHEHHUS:
x" —2x"+ 5x = cos 2t + x2e.
Haiimure ¢ Tounocteio 10 0(£?) mepuonuueckoe pemenue x(t, ) ypaBHeHHs, OIHM3KOE K
TOJIO)KEHU IO paBHOBecHs X = 1:
x"—3x + x2 — 1 =esin2t.

Haiiaute ¢ TouHOCTBIO 710 0(£?) mepuomuueckoe pemenne x(t,€) ypaBHEHHs, OIH3KOE K
TIOJIOKEHHIO paBHOBeCHS X = 0:

x" 4 3sinx = esin 2t.

JIoKaxkuTe, uTo CHeKTp AU HepeHINaTEHOTO OIepaTopa ABIAETCA 3aMKHYTEIM MHOKECTBOM.

JIoKa)XuTe, YTO BCAKHM CaMOCOIPSIKEHHBIH Omepatop P, yIOBIETBOPSIONIMIA YCIOBHUIO
P? = P, ecTb onepaTop MpOeKTUPOBAHHS.

) d2
Haiith coOGCTBeHHBIE 3HAUCHHS W COOCTBEHHBIE (GYHKIMH omeparopa T = ——

dx?
0671aCTBIO OmpejeleHns, cocrosimeil u3 Beex byrkimit f(x): f(x),f® — aGcomorHo
d2

nenpepsiBabl Ha [0,1], f(0) = f(m) =0, d—xf € L%[0,2m].

o dZ
Haiitu coGcTBEeHHBIE 3HaUEHUS U COOCTBEHHbIE QYHKIIMK oriepaTopa T = — - © 00J1acThi0

ompenenenns, cocrosmeii u3 Beex pynxumit £(x): f(x), f @ — abcomoTHO HEnpepHIBHEI

wa [0,1], £(0) = f(2n) = 0, £7(0) = f'(2n), 2L e 17[0,2n].

4.4 llIkana oueHMBAHUA IPOMEKYTOYHOM aTTECTALMU

3auer

Onenka Komnerenmuu | Jleckpuntopsl (ypOBHH) - OCHOBHBIE IPH3HAKW OCBOEHUS
(moKazaTenu JTOCTHKEHHUs Pe3yJIbTaTa)

«3aUTEHOY OIIK-1 CdopmupoBaHHbIE, HO, BO3MOXXHO, COJIEp)KAIIUE OTACITbHBIE

po0OeIbl MpeACTaBIeHUsT 00 OCHOBHBIX MpoOIeMax U MEeToaax
WX PEUICHUN.
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CdopmupoBanHble, HO, BO3MOXKHO, COJIEpIKAIUE OTICIIbHBIC
POOEITbI IPECTABICHUS 00 OCHOBHBIX HCTOUYHUKAX U METOJIaX
MOWCKA HAYYHOU WH(OpMAIIHH.

B 1memoMm  ynoBIETBOPUTENbHOE, HO, BO3MOXHO, HE
CHCTEMaTHU3UPOBAHHOE yMEHHUE MOUCKa (BBIOODA)
3¢ (HEeKTUBHBIX PENICHNH OCHOBHBIX 3a7ad.

B menom ycmemHoe, HO, BO3MOXXHO, HE CHCTEMAaTHYECKOE
OCYILIECTBIIIEMOE YMEHHME aHAIM3MpOBaTh, 0000mAaTh U
CHCTEMaTH3HPOBATh NIEPEIOBBIC JTOCTHKCHHS HAYYHON MBICITH.
ChopMupoBaHo B 1eJIOM yCIEIIHOE, HO, BO3MOXXHO, HE
CHUCTEMaTHYECKOE  OCYIIECTBIIsIEMOE yMeHHe oTOopa H
00paboTKM HEOOXOJUMBIX TaHHBIX.

B menom ycmeniHoe, HO, BO3MOXKHO, HE CHCTEMATHYECKOE
BIIQJICHAE COBPEMEHHBIMH METOJaMH, WHCTPYMEHTaMU U
TEXHOJIOTUEH  HAyYHO-UCCIICAOBATCILCKOM M MPOCKTHOU
JIESITCIIbHOCTH.

[K-1

CdopmupoBanbl, HO, BO3MOXHO COJEp)Kallhe OTJeNIbHbIE
po0esbl, MPEACTaBICHUS O COBPEMEHHOM COCTOSIHUM U
TEHIECHIMAX Pa3BUTUSA TEOPUU TP PepeHIIMaIbHbIX YpaBHEHHH
U BKJIIOYEHUH, JAUHAMUYECKUX CHUCTEM M OINTUMAIbHOIO
YIpaBJIEHUS.

CdopmupoBanbl, HO, BO3MOXHO COJEp)KAIIHE OTICIbHBIC
npoOenbl, NpPeACTaBIeHUs O MPUHLUINAX HCCIEIOBAHUSA
g epeHnaIbHbIX YPAaBHEHHIA U BKIFOYCHUH, THHAMHYECKIX
CUCTEM H 33J1a4 ONTUMAJIbHOTO YIIPABJICHHUS.

B menoM ycmemHoe, HO, BO3MOXKHO, HE CHCTEMATHYECKOE
OCYIIECTBIIIEMOE YMEHHUE IPUMEHATh COBPEMEHHBIE METObI
pelieHuss U ucciaeAoBaHus U depeHInaIbHbIX YpaBHEHHH,
JUHAMHYECKUX CUCTEM U 3aJa4 ONTHUMAJIBHOTO YIIPABICHUS.

B nenoM ycmemHoe, HO, BO3MOXXHO, HE CHCTEMaTHUYECKOE
BJaJICHUE M WCIHOJb30BAHME HABBIKOB OTOOpa M aHalIu3a
yueOHoM u Hay4YHOU JINTEPATYPBI B oOnactu
T depeHMaIbHbIX YPAaBHEHUH, JAMHAMHYECKUX CUCTEM U
ONTUMAJILHOTO YIPABJIEHUS.

B menom ycnemHoe, HO. Bo3MOXHO, HE cHcTeMaTHYECKOE
BJIa/ICHE HaBbIKAMU BbIOOpA M HCNOIb30BaHUSA 3(PPEKTUBHBIX
METOOB pPELIeHMs 3a/lad pa3lIUyHOM CII0KHOCTU B 001acTH
mubdepeHIMaNbHBIX YpAaBHEHUN, JUHAMMUYECKHUX CHCTEM H
ONTHUMAJILHOTO YIPABJIEHUS.

IK-2

HmeroTcsi, BO3MOKHO, HEIOJIHbIE MPECTaBIECHNS 00 OCHOBHBIX
aKTyaJbHBIX BOIIPOCaX M HEPELICHHBIX 3aJadyax B 00JacTu
muddepeHIMaNbHbIX YpaBHEHUN, IMHAMUYECKUX CHCTEM H
ONTUMAJIBHOTO ympaBieHUs VMerTcs, BO3MOYKHO, HEMOJIHBIE
IIPEJICTaBICHHUS 00 o0nactax MIPUMEHEHUSI
muddepeHMaIbHbBIX YpAaBHEHUH, JAMHAMHYECKUX CUCTEM U
ONTUMAJILHOTO YIPaBIEHUS.

B nenoMm ycnemmHoe, HO, BO3MOYKHO,HE CHCTEMAaTHYECKOE
OCYIIECTBIISIEMOE YMEHHE MCKaTh M MPOBOIAUTH KOMIUIEKCHBIN
aHaJIN3 HOCIEAHUX JOCTUKEHUN B o0nactu
muddepeHIMaNbHbIX YpaBHEHUN, IMHAMUYECKUX CHCTEM H
ONTUMAJILHOTO YIPABJICHUS.

B nenom ycnemHoe, HO, BO3MOKHO, HE CHCTEMaTHYECKOE
BJIaJICHHE HaBBIKAMU BHIOOpA MOIXOMSIINX METOJOB PEHICHHUs
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TEOPETUYECKMX W NPUKIAIHBIX 3a4a4, NPUBOJANIMX K
nuddepeHIaIbHbBIM YPaBHEHUSAM, TUHAMUYECKUM CHCTEMaM U
ONTHUMAJILHOMY YIIPABJICHHUIO.

B nenom ycnemHoe, HO, BO3MOXHO, HE CHCTEMAaTHYECKOE
BIIQJICHAE HAaBbIKAMHU H3JIOKEHUS IIOJYy4YEHHBIX PE3yJIbTaTOB
HAy4yHOT'O HCCIICJIOBAHMS, B TOM 4MCIE HX NyOIMKanuu B
pedepupyeMbIX XKypHanax.

VYenemHoe M CUCTEMaTUYECKOE  BIIAJICHHE  HAaBBIKAMH
U3JI0KEHUS IIOJIy4YEHHBIX pE3yJIbTaTOB HAy4YHOTO
UCCIICIOBAaHMS, B TOM YHMCIIE UX MyONHMKanuu B pedepupyeMbIx
KypHaJIax.

«HC 3a4YTCHO»

OIlK-1

OtcyTcTBHE 3HAHUM WM ()parMEeHTapHbIE MPEICTaBICHUS 00
OCHOBHBIX MpoOieMax M METOAax pEUIeHWH WIM HENOJIHbIe
IpeJCTaBICHUs 00 OCHOBHBIX MPOOIeMax U METOAAX PEIICHHM.
OtcyrcTBHE 3HAHUHM WM (parMEeHTapHbIE MpeiCTaBIeHUs 00
OCHOBHBIX HCTOYHHKAX M METOJaX IIOMCKAa Hay4HOU
uHGOpMALlMU WJIM HEIMOJIHbIE NPEeACTaBICHUs 00 OCHOBHBIX
MCTOYHHKAX U METO/IaX MOKMCKa HAyYHOH HH(pOpMAIIH.
OtcyrcTBHE yMEHHMH WM YacTMYHO OCBOEHHOE YMEHHE
HaxoauTh (BbIOMpaTh) Hambonee d(pdeKkTuBHBIE (METOIbI)
pEIICHUs] OCHOBHBIX THUIIOB MpoOJieM (3a1ay4).

OtcyTcTBHE YMEHMH WM YaCTHYHO OCBOCHHOE YMEHHE
aHaJIM3UPOBaTh, 0000IATh U CHUCTEMATH3UPOBATh IMEpEOBbIE
JOCTH>KEHUS] HAYYHOU MBICIIH.

OTtcyTcTBHE YMEHUH MM YaCTMYHO OCBOEHHOE YMEHHE 0TOOpa
1 00pabOTKH HEOOXOJMMBIX JAHHBIX.

OTcyTcTBHE  HAaBBIKOB WM  (pparMEHTapHOE  BIIAJICHUE
COBPEMEHHBIMH METO/IaMH, WHCTPYMEHTAMH W TEXHOJIOTHEH
HAY4YHO-HMCCIIEJOBATEIbCKON M MPOSKTHOM 1€ TEIbHOCTH.

[1K-1

OtcyrcTBUE 3HaHUM WM (parMeHTapHble NPEICTaBIECHUS O
COBPEMEHHOM COCTOSSHUM U TEHACHUUAX Pa3BUTUA TEOPUHU
muddepeHIMaTbHBIX YPaBHEHU U ONTUMAIBHOTO YIIPaBICHUS
WO MMEITCS, BO3MOXKHO, HEIOJIHBIE IPEACTABICHUSA O
COBPEMEHHOM COCTOSSHHUM W TEHACHUUSAX Pa3BUTUS TEOPHUH
T depeHMaIbHbIX YPaBHEHUH  ONTUMAJIBHOTO YIIPaBJICHUS.
OtcyrcTBUE 3HAHUM WM (QparMEHTApHblE WJIM HEMOJIHbIE

IIPEJICTaBICHUS 0 INPUHLIHAIIAX VICCIIEJOBAHMUS
mubdepeHIMaNbHBIX  ypaBHEHUH M 33/Jad  ONTHUMAaJbHOIO
yIpaBJIEHUS.

OtrcyTcTBME YMEHMI WM YAaCTHYHO OCBOCHHOE YMEHHE
IIPUMEHSATh COBPEMEHHBIE METOJbI PEIICHUS U HCCIEN0BAaHUSA
muddepeHIMaNbHbIX YpaBHEHUN, IMHAMUYECKUX CHCTEM H
3a]1a4 ONTUMAJIbHOTO YIIPABJICHUS.

OTcyTcTBHE  HaBBIKOB WM  (parMEHTapHOE  BJaJIeHUE
HaBBIKAMHU 0TOOpa U aHAIM3a y4eOHOM U HAyYHOH JIUTEpaTyphl
B oOmactu auddepeHnnanbHbIX ypaBHEHUH, JUHAMHYECKUX
CUCTEM U ONTHUMAJILHOTO YIIPABJICHUS.

OtcyTcTBUE  HaBBIKOB WM (parMEHTapHOE  BIaJCHUE
HaBBIKAMU BBIOOpAa U UCHOJIb30BAHUSA APPEKTHUBHBIX METOIOB
pelieHus  3aJad  pa3IMYyHOM  CIOKHOCTM B o0jacTu
T depeHMaIbHbIX YpaBHEHUM, IMHAMUYECKUX CHUCTEM U
ONTUMAJILHOTO YIPABIEHUSI.
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[1K-2

OtcyTcTBHE 3HAHWH WM ()parMEHTapHBIC MPEACTABICHUS 00
OCHOBHBIX aKTyalbHBIX BONpPOCaX U HEPEUICHHBIX 3a7a4ax B
obmactn nuddepeHMaNbHBIX YpPaBHEHUN, JIUHAMHYECKUX
CHCTEM M ONTUMAJIBHOTO YIIPABJICHUS.

OtcyTcTBHE 3HAHWH WM ()parMEHTapHBIC MPEICTABICHUS 00
o0nacTsX IpPUMEHEHUS TuddepeHnaIbHbIX  YpaBHEHUH,
JUHAMAYECKHX CHCTEM U ONTUMAIILHOTO YIPABIICHHUS .
OTcyTCcTBHE YMEHHMI MM YaCTUYHO OCBOGHHOE YMEHHUE HCKATh
Y TIPOBOJIUTHh KOMIUICKCHBIN aHAJIN3 TOCIEJIHUX TOCTHIKCHUH B
obnactu nuddepeHMANTBHBIX  YPaBHCHHM, TUHAMHYECKHX
CHCTEM M ONITHUMAJIBHOTO YIIPaBJICHUSI.

OTcyTcTBHE  HaBBIKOB UAM  (parMEHTapHOE  BIIAJICHUE
HaBBIKAMH ~ BBIOOpAa  MOJXOJSIINX METOZIOB  PCUICHHS
TEOPETUYECKHX M MPUKIAAHBIX 33434, M[PHUBOMAIUX K
T hepeHIaIbHBIM YPABHEHUSIM, TUHAMUYECKUM CHCTEMaM U
ONTUMAIIEHOMY YIIPABJICHUIO.

OTcyTcTBME  HaBBIKOB WM  (parMEHTapHOE  BIaJICHUE
HaBBIKAMU HW3JIOKEHHS TIOJIyYEHHBIX PpE3yJbTaTOB HAYYHOTO
UCCIICIOBAHMSI, B TOM YUCJIC UX IyOJIHKAIUU B pedeprupyeMbix
KypHaJIax.

KangmnnaTrckuil bx3aMeH

Orenka

Komnerenuuun

Heckpuntopsl (ypoBHH) - OCHOBHBIE MPHU3HAKH OCBOCHHS
(mokasarenu JOCTHXKEHUS Pe3ysIbTaTa)

«OTJIUYHO»

OIlK-1

CdopmMupoBaHHBIE CHCTEMAaTHYECKHE TMPEICTaBICHUS 00
OCHOBHBIX MTpo0JIeMax U METO/IaX MX PEIIeHUH.
CdopMupoBaHHbIE CHCTEMAaTHYECKUE TIPEICTaBICHUS 00
OCHOBHBIX HCTOYHHKaX W MeETOJax T[OUCKAa HayYHOU
MH(pOpMaLINH.

CdopmupoBanHoe yMeHUE TMOHUCKa (BbIOOpa) 3(PPEeKTUBHBIX
pelIeHnit OCHOBHBIX THIIOB ITpo0iieM (3a1au).
CdopmupoBaHHOE yMEHHE aHAJIM3UPOBaTh, 0000IaTh WU
CUCTEMATH3UPOBATh TIEPEIOBHIC TOCTIKEHUS HAYYHOU MBICITH
CdopmupoBaHHOE YMEHHE OCYIIECTBIATH OTOOP U 00pabOTKy
HEOOXOIUMBIX JTAHHBIX.

YcnemHoe W CHUCTEeMaTH4eckoe TPHUMEHEHHWE HAaBBIKOB
BJIQJICHUS COBPEMCHHBIMH METOJAaMH, WHCTPYMCHTAMH U
TEXHOJIOTUEN Hay4YHbIX MCCIEIOBAaHUM U NPOEKTHOM
JIESITEIILHOCTH B OMPEJICIICHHBIX 00J1aCTsIX MAaTEMATHKH.

[K-1

ChopmupoBanHble  cHUCTEMAaTHYECKHE  MPEJACTABICHHUS O
COBPEMEHHOM COCTOSIHUM W TEHICHIUSAX PAa3BUTHS TEOPUHU
TuddepeHMaIbHbIX YPAaBHEHUH U BKIIOYSHUH, THHAMUYECKUX
CUCTEM U ONTHUMAJILHOTO YIIPABJICHUS.

ChopmupoBanHble  cHCTEMAaTHYECKHE  MPEACTABICHHUS O
NPUHIUIAX HCCIEeNOBaHUs UG (EpEeHITNATBEHBIX YPAaBHEHHIA U
BKJIIOYCHUH, JWHAMHUYECKUX CHUCTEM M 3a/ad ONTHUMAaJIbHOTO
yIpaBJICHUSL.

CdopmupoBanHOE yMeHHE MPUMEHSATh COBPEMEHHBIE METOMbI
pelieHuss U ucciaeAoBaHus U epeHIHaIbHbIX ypaBHEHHH,
JUHAMUYECKUX CUCTEM U 337a4 ONTHUMAaJIbHOIO YIpPaBICHHUS
VYcneniHoe ¥ cUCTEMaTHYECKOE BJIaJICHUE HaBbIKaMU 0TOOpa U
aHamm3a y4eOHOW W HAaydyHOW JMTEpaTypbl B 00IacTH
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muddepeHManbHBIX  ypaBHEHUH, IWMHAMHYECKHX CHCTEM U
ONTUMAJIHOTO YIIPABIICHHUS.

VYcnemHoe u CUCTEeMaTH4ecKoe BiIaJIeHHE HaBBIKAaMH BBIOOpA U
UCTOJNB30BaHUST  A(PPEKTUBHBIX METOJIOB pEIICHUs 3ajad
pPa3MUYHON  CIOKHOCTH B obmactu  auddepeHnnanTbHbIX
YpaBHEHHH, JWHAMHYECKUX CHCTEM M  ONTUMAJIBHOTO
yIIpaBJICHUSI.

[1K-2

CdopMupoBaHHBIE CHCTEMAaTHYECKHE TMPEICTaBICHUS 00
aKTyaJbHBIX BOIIPOCAaX M HEPEIICHHBIX 3a/layax B 00JacTh
muddepeHIMaTbHBIX YPaBHEHUH, IWHAMHYECKUX CHCTEM H
ONTUMAJIHOTO yIIPABIICHHUS.

CdopmupoBaHHbIE CHCTEMAaTHYECKHE TMPEICTaBICHHUS 00
00J1acTAX TMPUMEHEHUS nuddepeHIaIbHBIX  YPaBHCHHH,
JTUHAMHYECKHX CHCTEM U ONITUMAJBLHOTO YIIPABICHUSI.
CdopmupoBaHHOE YMEHUE HCKaTh U MPOBOJUTH KOMIUIEKCHBIN
aHau3 HOCIIETHUX JOCTHKCHHM B obnactu
T GepeHIaIbHbIX YPAaBHCHHM, JIMHAMHYECKUX CUCTEM U
ONTHMAJILHOTO YIIPABIICHUSI.

YcnemHoe U CUCTEMaTHYECKOE BIaJICHUE HaBbIKAMH BbIOOpa
IO IX OJTSTITAX METOJIOB  PCHICHUS TEOPETUYECCKUX U
NPUKIAJHBIX 3334, OPUBOAAIMX K aupdepeHIualIbHbIM
YPaBHCHHSM, JWHAMUYCCKUM CHCTEMaM U ONTUMAIBHOMY

YIpaBJICHUIO.
Ycneninoe n CHUCTCMATHUYCCKOC BJIaJICHUC HaBbIKaMH
HN3JI0KCHUA IMMOJIYYCHHBIX pEe3yIbTaTOB HAay4YHOI'O

MCCIICIOBAaHMS, B TOM YUCIIC UX IMyOIMKauu B pedeprupyeMbix
JKypHaJax.

«XOPOIIIO»

OIlK-1

CdopmupoBaHHbIE, HO COJEp)KalllM€ OTIEIbHBIE MPOOEIHI
npefcTaBiIeHus 00 OCHOBHBIX HpoOJeMax W MeToJax HX
peLIeHUi.

CdopmupoBanHble, HO cojJepXkalie OTAeIbHbIE MPOOesbl
NPEJICTaBICHNUS 00 OCHOBHBIX MCTOYHMKAX M METOJaX IMOWCKa
Hay4YHOI MH(pOopMaIuu.

B memnom ymoBIeTBOpHUTENBHOE, HO COJAEpIKallee OTIeNbHBIC
npobensl ymMeHue mnoucka (BbIOOpa) 3¢p(eKTUBHBIX pelieHni
OCHOBHBIX THUIOB ITpo0JieM (3a7ay).

B nenom ycnemHoe, HO conepiaiiee OTHAENbHbIE NpPOOesbl
YMEHHE aHATU3UpOBaTh, 0000MmATh ¥ CHCTEMATH3HPOBATH
nepeaoBble JOCTHKEHHSI HAyYHOH MBICIH.

B menmom ycnemHoe, HO conepiKaiiee OTHENbHBIE MpPOOeibI
yMeH#e 0Toopa u 00paboTKH HEOOXOJUMBIX TaHHBIX.

B menmom ycnemHoe, HO conepiKaiiee OTHENbHBIE MpPOOeibI
NPUMEHEHHE HaBBIKOB BJAJICHUS COBPEMEHHBIMH METOJaMHU
HAYYHBIX HCCJIEJOBAHUM.
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[1K-1

CdopmupoBaHHBIE, HO COJEp)KalMe OTICIbHBIC MPOOEIHI
nNpeaACTaBJICHHUA O COBPCMCHHOM COCTOSAHUU U TCHACHIUAX
pasBuTHs ~ Teopur  IUPPEpEeHIMATBHBIX  YpaBHEHHH U
BKHIOHGHHﬁ, JUHAMHUYCCKUX CUCTEM n OIITUMAJIBHOI'O

yIpaBiIeHUSI.
CdopmupoBanHble, HO CcoOAepXallue OTACIbHBIE MPOOEIBI
MpeJICTaBICHUS 0 MPUHIIUIIAX W CCJIEIOBAHUS

g epeHnaIbHbIX YPAaBHEHUHA U BKIIOYSHUH, THHAMHYECKIX
CHCTEM U 3aJ1a4 ONTHMAJIEHOTO YIIPaBIICHHUS.

B nenom ycnemHoe, HO cojepikaliee OTAEIbHbIE NPOOEIBI
yYMEHHE TPUMEHSATh COBPEMEHHBIE METOJABl pPEUICHUS W
UCCJIEJOBAHMUS Qg QepeHIaIbHbIX ypaBHEHUH,
JMHAMHYECKUX CUCTEM U 33/1a4 ONTUMAIBHOTO YIIPABICHUS .

B nenom ycnemHoe, HO cojepikaliee OTAEIbHbIE NPOOEIBI
BJIaZICHUE HaBBIKAMH OTOOpAa M aHajIM3a y4eOHOH M HaydyHOH
auTepatypel B obOnmactu  audQepeHINaIbHbBIX YpaBHEHHIA,
JMHAMHYECKHX CUCTEM U ONTHMAIBHOTO YIIPaBICHHS.

B menom ycnemHoe, HO cojepikaiiee OTAEIbHBIE NPOOEIBI
BJIaJICHUE HaBBIKAMH BBIOOpA M MCIOIB30BaHUS d(PeKTHBHBIX
METOJIOB PELICHUS 3a/a4 PAa3IMYHON CIOXHOCTH B 00JacTé
muddepeHManbHbIX  ypaBHEHUH, JMHAMHYECKUX CHUCTEM H
ONTUMAIIHOTO YIIPABIICHHUS.

[1K-2

CdopmupoBanHbie, HO COAEpXKAILUE OTAEIbHBIE MPOOEIBI
MPEJICTaBICHUS] 00 AaKTyaJdbHBIX BONPOCaX M HEPEIICHHBIX
3ajayax B obmact  aud@epeHIuanbHBIX  YpaBHEHHIA,
JTUHAMHYECKHX CHCTEM U ONITUMAJIBHOTO YITPABICHHUS.
CdopmupoBanHbie, HO COJAEpXKAILUE OTAETbHBbIE MPOOEIHI
NpeCTaBIICHUS 00 obmacTsax MIPUMCHCHHUSI
muddepeHIManbHbIX YpaBHEHUH, IMHAMUYECKUX CHCTEM H
ONITHMAJILHOTO YIIPABIICHUSI.

B menom ycrmemHoe, HO cojepikaliee OTIAeNbHbIE MPOOesbI
YMEHHE WCKaTh W TIPOBOJUTH KOMIUICKCHBIH  aHAIU3
MOCNEAHUX JIOCTIKEHUH B obmactu  nuddepeHImanbHbIX
YpaBHCHUW, JIWHAMHYECKUX CHCTEM U  ONTHMAJIBHOTO
yIpaBICHUS .

B menom ycnemHoe, HO conepiKaiiee OTHENbHbIE MpPOOeibI
BJIaJICHUE HAaBBIKAMHU BBIOOpA MOIXOJSAIINX METOIOB PEIlIeHUs
TEOPETUYECKNX W TPHKIATHBIX 3a7a4, NPHBOANINX K
muddepeHIaTbHBIM YPaBHEHUSIM, JUHAMHUUECKUM CUCTEMaM U
ONITHMAJILHOMY YITPABJICHHUIO.

B menom ycrmemHoe, HO cojepikaiiee OTIAeNbHbIE MPOOesh
BJIQJICHAC HaBBIKAMU W3JIOKEHUS TOJNYUECHHBIX DPE3yIhbTaTOB
HAyYHOTO WCCIICJIOBaHMS, B TOM YHCIE HX MNyOIHKaluu B
pedepupyeMbIX JKypHaAJIax.

«YHOBJICT-
BOPUTCIIBHO»

OIIK-1

Henonuble mnpencraBieHus o0 OCHOBHBIX mpobiemax u
METOJIaX PEIICHUN.

Henonuble mnpenacraBieHuss 00 OCHOBHBIX HCTOYHUKAX U
MeTOJIaX NMOUCKa HayYHOU HH(pOpMaIUH.

B 1enoM ynoBIETBOPUTENBHOE, HO HE CHUCTEMATHU3MPOBAHHOE
yMeHHE MoHcKa (BbIOOpa) 3(P(PEKTUBHBIX pPEHIEHUH OCHOBHBIX
3ajay.

B nenom ycnemHoe, HO He CHCTEMaTHYECKOE OCYILIECTBIsIEMOE
YMEHHE aHAJIM3HPOBaTh, 0000MIATh W CHCTEMATH3UPOBATH
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nepeIoBble JOCTUKEHHSI HAYYHOM MBICIIH.

B nenom ycmenrHoe, HO He CHCTEMaTHIECKOE OCYIIECTBIISIEMOE
yMeHue oToéopa u 00paboTKH HEOOXOUMBIX TAHHBIX

B menom ycnemiHOe, HO HE CHCTEMaTHYECKOE BIAJICHUE
COBPEMEHHBIMH METOJaMU, WHCTPYMEHTAMU U TEXHOJIOTHEH
HAaY4YHO-UCCJIEN0BATEIbCKON U MTPOEKTHOM IESITENbHOCTH.

[1K-1

HenonHble mpencTaBieHUss O COBPEMEHHOM COCTOSHHUHM U
TEHCHIIUSIX Pa3BUTHUS TEOPUH AU PepeHITUATBHBIX YPAaBHCHUIMA
Y ONTHMAJIBHOTO YIIPaBJICHHUS.

Henonubeie mpencraBieHus O NPUHIUNAX HCCICIOBAHUS
T epeHIMaIbHbIX ypaBHEHUH ¥ 3aJa4  ONTUMAILHOTO
yIpaBICHUSI.

B mesnom ycreniHoe, HO He CUCTEMaTHYECKOE OCYIIECTBISIEMOE
YMEHHE TPUMEHSATh COBPEMEHHBIC METOABl pEIICHUS U
UCCIICIOBAHMSI i depeHIaTbHbIX ypaBHCHHIA,
JTUHAMHUYECKHX CHUCTEM U 33]1a4 ONTHMAILHOTO YIIPABIICHUSI.

B memom ycmemiHoe, HO HE CHCTEMAaTHYECKOE BIIAJICHHE U
UCTIOJIb30BAaHUE HABBIKOB OTOOpa M aHanm3a Y4YeOHOH U
HAy4yHOW JMTepaTypsl B obnactu  auddepeHIranIbHbIX
YpaBHCHUW, JIWHAMHYECKUX CHCTEM U  ONTHMAJIBHOTO
yIIpaBJICHUS.

B memom ycmemHoe, HO HE CHCTEMAaTHYeCKOE BIIAJCHUE
HaBBIKAMU BBIOOpA M UCMOJIb30BaHUS 3(PPEKTUBHBIX METOIOB
pemieHust  3a1a4  pa3iiYHOM  CIOKHOCTH B 00JacTu
T GepeHIaIbHbIX YPAaBHEHHM, IMHAMUYECKUX CHUCTEM U
ONITHMAJILHOTO YIIPABIICHUSI.

[1K-2

Henonuble npeacraBiaeHus 00 OCHOBHBIX — aKTYyalbHBIX
BOIpOcax U HEpelleHHBIX  3a7a4ax B  00JacTH
T depeHMaIbHbIX YPAaBHEHUH, JAMHAMHYECKUX CUCTEM U
ONTUMAJILHOTO YIPaBJIECHUS .

Henonuble mpencrtaBieHust 00  00JacTsX  NpUMEHEHUs
mubdepeHIMaNbHbIX YpaBHEHUN, IUHAMMYECKHUX CHCTEM U
ONTUMAJILHOTO YIPABIICHUS.

B nenom ycnemniHoe, HO He CUCTEMaTHYECKOE OCYILIECTBISIEMOE
YMEHME HCKAaTb W TPOBOJUTH KOMIUIEKCHBIM  aHaIu3
MOCIEAHUX JIOCTHXKEHU B obOinactu  nuddepeHnranbHbIX
YPaBHEHHH, JWHAMHYECKUX CHCTEM U  ONTHUMAJIbHOIO
yIpaBJICHUSL.

B wmenom ycnemmHoe, HO HE CHCTEMaTHYECKOE BIIAJCHHE
HaBbIKAMU  BbIOOpa  MOAXOMASIIUX METOJIOB  pELICHUS
TEOPETUYECKMX W MPUKIAJHBIX 3a4a4, MNPUBOJALNIMX K
muddepeHIMaTbHBIM YPaBHEHUAM, JUHAMUYECKUM CUCTEMaM U
ONTUMAJILHOMY YIIPABJICHHUIO.

B menom ycnmemHoe, HO HE CHCTEMAaTHYECKOE BIIAJCHUE
HABBIKAMHU H3JI0)KEHUS TOJIYYEHHBIX DPE3yJIbTaTOB HAYYHOI'O
UCCJIEIOBaHMsI, B TOM UYHCIIE UX MyOIMKaIu B peepupyeMbix
KypHaJIax.

«HCYIOBJICT-
BOPUTCIIBHO»

OIlK-1

@®parmMeHTapHble NMpeAcTaBIeHUsI 00 OCHOBHBIX MpoOieMax u
METO/axX peIIeHUH.

dparMeHTapHBIE TPEICTABICHUS 00 OCHOBHBIX MCTOYHHKAX U
METOJIaX MOUCKa HAyYHOU WH(POPMAIIUH.

YacTdHO OCBOCHHOE yMEHUE HaXOJIuTh (BHIOMpaATh) Hambosee
sddekTuBHBIE (METOJIBI) PENICHUST OCHOBHBIX THIIOB MPOOIIeM
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(3amav).

YacTHYHO OCBOCHHOE YMEHHE aHaJIM3UpOBaTh, 0000IATH U
CHCTEMAaTH3UPOBATh MIEPEIOBBIC JOCTHKEHUS HAYYHON MBICITH
YacTHuHO OCBOGHHOE YMEHHE oTOopa u  00paboTKU
HEOOXOMMBIX TaHHBIX.

@parMeHTapHOe  BJaJ€HHE  COBPEMEHHBIMH  METOJAMH,
MHCTPYMEHTAMH U TEXHOJIOTHEH HAayYHO-HCCIIE0BATEIBCKON U
MPOEKTHOM S TEIbHOCTH.

[1K-1

@parMeHTapHbIe NPEACTABIECHUS O COBPEMEHHOM COCTOSIHUM U
TEHJCHIMX PAa3BUTUS TeOpUU T PepeHINATbHBIX YpaBHEHUN
Y ONITUMAJIBHOTO YIIPABJICHUS.

@parMeHTapHbIe NPEACTABICHUSA O IPUHLMUIIAX HCCIECIO0BAHUS
JupdepeHManbHbIX  ypaBHEHUH M 3aJad  ONTUMAaJIbHOTO
YIIPABJICHUS.

YacTU4HO OCBOGHHOE YMEHHE IIPUMEHATh COBPEMEHHBIE
METOABl peHIeHUusT M HccaenoBaHus AuQQepeHnnarbHbIX
YPaBHEHUH, AMHAMHUYECKUX CHUCTEM M 3aJad ONTHMAaJIbHOIO
YIIPABJICHUS.

@parMeHTapHOe BJaJleHUE HaBbIKaMU OTOOpa M aHalu3a
yueOHoM u Hay4YHOU JINTEPATYPBI B oOnactu
T depeHMaIbHbIX YPAaBHEHUH, JAMHAMHYECKUX CUCTEM U
ONTUMAJIBHOTO YIIPaBJICHUS.

@dparmeHTapHoe BJIaJICHUE HaBbIKaMH BbIOOpa u
UCTIONB30BaHUST  A(PPEKTUBHBIX METOJIOB pEIHICHUS 3ajad
pasIMYHOM  CIOXKHOCTM B obOmactu  AuddepeHnnanbHbIX
YpPAaBHEHUH, JUHAMHYECKMX CHCTEM U  ONTUMAaJIbHOTO
yIpaBJIEHUSL.

[1K-2

@®parMeHTapHbIe MPEICTABICHUS 00 OCHOBHBIX aKTyaJbHBIX
BOIIPOCAax M HEepelleHHBIX  3aJadax B  o0mactu
nudepeHaNbHBIX YPaBHEHUH, IUHAMUYECKUX CHUCTEM |
ONTUMAJIBHOTO YIIPAaBJICHHUS.

@®parMeHTapHble TPEACTaBICHUS 00 00JacTsIX MPUMEHEHUs
muddepeHIManbHbIX YpaBHEHUH, IMHAMHUYECKUX CHCTEM H
ONTUMAJIBHOTO YIIPaBJICHHUS.

YacTUYHO OCBOEHHOE yMEHHE HCKaTb U  I[POBOIAUTH
KOMIUIEKCHBIM aHaJIM3 IOCJIEOHUX HOCTIDKEHHM B 00JIacTH
muddepeHIManbHbIX YpaBHEHUH, IMHAMUYECKUX CHCTEM H
ONTUMAJIBHOTO YIIPAaBJICHHUS.

@dparMeHTapHOE BIAJCHHE HAaBBIKAMH BBIOOpA MOJIXOJSIINX
METOJIOB PEIIEHUS  TEOPETUYECKUX M MPUKIAJHBIX 3aj]ad,
MIPUBOISAIINX K g hepeHIaTbHBIM YPaBHEHHUSM,
JMHAMUYECKUM CHCTEMaM U ONITUMAJIbHOMY YIPABJIEHUIO.
@parMeHTapHOE BJIaJICHUE HABBIKAMU M3JI0KEHUS TIOJIYYEHHBIX
pe3yJbTaTOB HAy4YHOTO MCCIEAOBAaHMUS, B TOM YHCIE HX
nyOnuKaIuu B peeprupyemMbIX KypHaIax.

5. Y4eOHo-MeToaMuYecKoe M HH(POPMALMOHHOE 00ecneuyeHue JUCIUILIMHBI.
5.1 OcHoBHas1 1uTEpaTypa

1. bennman, P. Teopust yctoitunBocTH perieHuil nuddepeHIaabHbIX ypaBHEHUH
[Texcr] / P. bemmman ; Iep. ¢ anrn. A.Jl.Meimkuca .— 2-e¢ u3f., crep. — M. : Enutopuain
YPCC, 2003 .— 215 ¢. — ISBN 5-354-00398-9 : 198.00.

2. Onecronb, JI1.O. [Iuddepennmanbapie ypaBHEHN W BapUAIMOHHOE MCUYHUCIICHUE

[Tekcr] : Yuebnuk / JI.O. Dnbcronsly .— 5-¢ uzn. — M. : Enutopuan YPCC, 2002 .— 319 ¢c. —
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ISBN 5-354-00135-8 : 179.41.

3. KyxoBckui, E.C. Jluneiinsie 9BOJIIOLIMOHHbBIE (yHKIIMOHATIBHO-
nuddepeHnrabHbIe ypaBHEHUST B OaHaxoBoM mpoctpaHcTBe [Tekcr] : Monorpadus / E.C.
XKykosckuii ; Tam6. roc. yu-t um.I'.P.Jlep>xaBuna .— Tam6oB : U3n-Bo TI'Y, 2003 .— 148 ¢. —
ISBN 5-89016-078-8 : 40.88.

5.2 lonosiHATE/ILHAS JIUTEPATypa

1. Muxaitnos B.I1. luddepennnanbabie ypaBHEHHS B YAaCTHBIX MPOU3BOJIHBIX. M.:
Hayxka, 2006.

2. Tpukomu @. Jluddepennuanpasie ypapHenus. M.: Hayka; 2009.

3. Hewmpikuit B.B., CrenanoB B.B. KauectBennas Tteopust auddepeHunanbHbIx
ypaBHeHui. M.: ®uzmariur, 2009. 550 c.

4, HemupoBuuy b.II. Jlekuunm mno maTreMaTHYECKOM TEOPUU YCTOMYMBOCTH. M.:
Hayxka, 2007. 472 c.

S. TuxonoB A. H., BacumeeBa A. b., CemnukoB A. I'. JIuddepennmansabie
ypaBHeHus. M.: Hayka, 2005.

6. [erpoBckmit W.I'. Jleknuu 00 ypaBHEHHSX C YAaCTHBIMH HPOU3BOJHBIMU. M.:
Hayxa, 2010.

7. Maprtuacon  JILK.,, Mamos IO.M.  [uddepenumansueie  ypaBHEHUS
MaTemarnueckoit ¢pusuku. M.: M3garensctBo MI'TY um. baymana, 2006.

5.3 UHble HCTOYHUKH

1. JInonc XK.-JI. HekoTopble METOZIbI pElICHUs HEJIMHEHMHBIX KpaeBbIX 3a1ad. M.:
Hayxa, 2009.

2. ITukymua B.II., Iloxoxaes CHU. IlpakTuueckuii Kypc MO YpaBHEHHIM
MaTemaruueckoil pusuku. M.: Hayka, 2005.

3. [Toutpsirun JI.C. OObikHOBeHHBIE aAupdepeHnnanbuble ypaBHeHus. M.: Hayxka,
2008. (u gpyrue u3aHus).

4. [HonTpsirun  JI.C, bontsuckuit B.I'., Tamkpenumze P.B., Mumenko E.®D.
Marematuueckasi TeOpusi ONTUMAIBHBIX MporieccoB. M.: Hayka, 2007. (u apyrue u3aanus).

S. TuxonoB A.H., Camapckuii A.A. YpaBHeHuss MaremMaTtudeckod ¢usuku. M.:
Hayxka, 2007. (u npyrue uznanus).

6. ®enoprok M.B. OObikHOBeHHbIE auddepeHianbable ypaBHeHus. M.: Hayka,
2010.

7. Karox A.b., Xaccenbnat b. BBeneHue B COBpeMEHHYIO TEOPHs TUHAMUYECKUX
cucteM. M.: U3n-Bo «®axtopuany», 2009. 768 c.

8. Jleeuran Bb.M., Kukos B.B. Ilouru-nepuonuueckue (GyHKIMH U
muddepennmanbubie ypasHenus. Uzn-so MI'Y, 2008. 204 c.

9. Apsonpn B.M. OOGbikHOBeHHBIE nuddepeHnranbHble ypaBHeHus. M.: Hayka,
2011.

10. Hly6un M.A. IlceBno auddepeHnnanbHbie onepaTopbl U CIEKTpaIbHas TEOPHSL.
M.: Hayxka, 2008.

11. AnocoB [I.B., Apancon C.X., Apuonsg B.U., Bpounmreitn N.Y., I'punec B.3.,
Unbsimenko 1O.C. Jlunamunueckue cucrembl — 1 // Wtorm Hayku u TexHuku. Cepus

«CoBpeMeHHbIe MTpobseMbl MaTeMaTuku. DyHaaMeHTalbHble HanpasieHus». T. 1. M.: U3a-Bo
BUHUTU AH CCCP, 1985. 244 c.

6. MarepuajibHO-TeXHMYeCKOe o0ecrevyeHHe NHCHUILUIMHBI, NMPOrpaMMHoOe odecrnedyeHmue,
npodgeccuoHaIbHBbIE 0a3bl JAHHBIX M HH(POPMALMOHHBbIE CIIPABOYHbIEC CUCTEMBbI

Jis mpoBeneHHs 3aHATUH 1O JUCHUIUIMHE HEOOXOIMMO ClEAYyIoIlee MarepuaibHO-
TEXHUYECKOE 00eCIIeYeHHE: CIICIHUAJIBHBIC ITIOMCIICHUS JIS ITPOBECACHUA 3aHATHN JIEKITMOHHOI'O 1
CCMUHAPCKOTO THIIA, T'PYIIIOBBIX U HHIAWBUAYAJIbHBIX KOHCYHBTaHHﬁ, TCKYHICI'O KOHTPOJISA U
IPOMEXYTOYHOM aTTecTaluy, MOMEIIEHUS ISl CAaMOCTOSTEIbHON pabOTHI.
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CrnenuanbHble TOMEHICHHWS YKOMIUIEKTOBAHBI  CHEIHAIN3UPOBAHHONW MeOelplo U
TEXHUYECKMMHU CPEJICTBAMU OOYyUEHUS, CIYKAIIMMU JUIs IPEACTaBICHUs yueOHOH nH(popManun
OOJIBIIION ayTUTOPHUH.

Jns  mpoBeneHHMs ~— 3aHATHA — JIGKIMOHHOTO ~ THMA  HUCIOJB3YIOTCS  HAOOPHI
JIEMOHCTPAIIMOHHOTO ~ O0OpYHOBaHHUS, OOECHEYMBAIOIINE  TEMATHUECKUE  WILIIOCTPALUH
(mpoekTop, HOYTOYK, 3KpaH/ HHTEPAKTUBHAS JIOCKA).

[TomenieHust A CaMOCTOSTENBHONH PabOTHI OOYYAIOIIMXCSl OCHAIICHBI KOMITBIOTEPHOM
TEXHUKOH C BO3MOXKHOCTBIO MONKIIOUEHHUS K cetu «MHTepHeT» u obecreueHreM JI0CTyma B
ANEKTPOHHYIO HH(OPMAITMOHHO-00pa30BaTeIbHYIO Cpelly YHUBEPCHUTETA.

JyieKTPOHHAsi UHGOPMALIMOHHO-00pa3oBaTe/ibHas cpeaa
http://moodle.tsutmb.ru
B3aumopeiictBue mpemnojaBaTenss M aclupaHTa B MPOIECCE OCBOCHUS JIUCHUIUIMHBI
OCYHICCTBIIACTCA moCcpcaACTBOM MYHBTHMeI[HfIHBIX, TUIICPTCKCTOBLIX, CCTCBBIX,
TEJICeKOMMYHUKAIIMOHHBIX TEXHOJIOTUH, HCIOIB3YEMBIX B JJIEKTPOHHON HH(OPMALMOHHO-
00pa3oBaTeNbHON Cpejie YHUBEPCUTETA.

JII/IIIeHIiI/IOHHOt‘, MnporpaMmmMHoe¢ odecreueHmne:
Kaspersky Endpoint Security mis 6usneca — Crangaprabiii Russian Edition. 1500-2499 Node 1
year Educational Renewal Licence
Microsoft Office IIpodeccuonanbusiii mioc 2007

HNudopmanuonnbie cipaBoYHbIe CUCTEMbI H NMpodeccuoHaIbHbIe 0a3bl JAHHBIX (B
TOM 4HcJIe MeKAyHapoaHble pedepaTUBHbIE 0a3bl JAHHBIX HAYYHbBIX M3AHMII):
1. DOnextponnbii kartamor @yHnameHtanbHOM Oubmmoreku TIY — URL: http://

http://biblio.tsutmb.ru/elektronnyij-katalog/

2. Dnextponnas oubimorexka TT'Y — URL: https://elibrary.tsutmb.ru

3. DBC «YuuBepcurerckas oubnmuoreka ownaita» - URL: http://www.biblioclub.ru

4. CerteBas 3JCeKTpOHHAss OMOIMOTEeKA nenaroruueckux By3os - URL: https://lanbook.ru/

5. Hayunas snexrponnas 6udanoreka eLIBRARY.RU - URL: http://elibrary.ru

6. TocymapcrBenHas  uH(popMmanuoHHas  cucteMa  «HammoHanpHass — AIEKTpOHHAS
oubmuoreka» - URL: https://H36.pd

7. Tlpesunentckas 6ubamoreka nmenu b.H. Enpriaa - URL: http://www.prlib.ru

8. DmnekrponHsli cripaBouHuK «MHbDOpMEO» - URL: www.informio.ru

9. B/l uznarensctBa SpringerNature
— URL.: https://link.springer.com/
— URL.: https://materials.springer.com/
— URL.: https://zbmath.org/
— URL.: https://goo.gl/PdhJdo - BT Nano
10. BJI ScienceDirect - URL.: https://www.sciencedirect.com/
11. BJ1 Scopus - URL.: http://www.scopus.com
12. BJ1 Web of Science
- URL:
WOS_GeneralSearch_input.do?product=WOS&search_mode=GeneralSearch&SID
=Q1qfWXIiB25bAcrIBPM&preferencesSaved
13. ApxuB Hay4HBIX KypHAJIOB 3apyOexHbIX u3narensctB URL: https://arch.neicon.ru

14. CnoBapu ABBYY Lingvo x3 EBpomneiickast BepcHsi — yCTaHOBJIEHbI CTAl[HOHAPHO Ha
K TIy
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