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ABTOp nporpammbl: JKykoBckuii EBrenunit CeMeHOBUY, TOKTOP (PH3NKO-MaTeMaTHUECKUX
HayK, mpodeccop

PabGouast mporpamma cOCTaBJIeHa B COOTBETCTBHHU C (pellepaIbHBIMH T'OCYAapCTBEHHBIMU
TpeOOBaHUSAMH K CTPYKTYpE MPOrPaMM IMOATOTOBKM HAYYHBIX M HAyYHO-TIEIarOTMYECKUX KaIpoB
B acIUpaHType (ABIOHKTYpE), YCIOBHSIM UX PEaln3alii, CPOKaM OCBOCHHS ITHX IPOTPAMM C
Y4ETOM Ppa3NUYHBIX (GopM o0OydeHus, 00pa3oBaTENbHBIX TEXHOJOTHMA W OCOOEHHOCTEH
OTAEJBHBIX KaTeropuii aCnMpaHToB (abIOHKTOB) (IprKka3 MuHoOpHayku Poccuu ot 20 okTs10ps
2021 r. Ne 951).

PabGouast mporpamma mnpuHsTa Ha 3acemaHuu Kadeapsl (QYHKIMOHAIBHOTO aHAIHM3a
«09» maprta 2022 rona ITporoxomn Ne 6.
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1. Ieau u 321244 AMCHUTLTHHBI

1.1 Heap AUCHMIUIMHBI — (OPMHUPOBAHHE Yy AaCIHUPAHTOB YIIyOJEHHBIX TEOPETUUYECKHX
3HaHu# B obsact AudQepeHnnanbHbIX YpaBHEHUH U MaTeMaTHYeCKON (PU3MKH, MPAKTHIECKUX
HaBBIKOB B PEUICHUU W MCCJICIOBAHUU PA3JIMYHBIX THUIOB OOBIKHOBEHHBIX TH(PEepeHIIHaTbHBIX
YpaBHEHMI W YpaBHEHH B YAaCTHBIX TNPOM3BOIHBIX, PEHICHUS MPHUKIATHBIX 3a7ad ¢
UCTIOJIb30BAHUEM MAaTEMAaTHYECKUX METOJIOB.

1.2 3apayu AMCUUILINHBIL .

- yriyOJeHHOEe H3yYeHHE TEOpUM OOBIKHOBEHHBIX IH(QPEepeHINaNbHbIX YpaBHEHUH U
YPaBHEHUH C YaCTHBIMH ITPOU3BOIHBIMU;

- OCBOCHHE COBPEMEHHOIO ammapara KayeCTBEHHBIX, AHAJUTUYECKUX U BapHUAIMOHHBIX
METOJIOB PEIICHUs] YPaBHEHUH MaTeMaTHYeCKOH (M3MKH M YMEHHE YCIICIIHO MX NPHUMEHSTH K
UCCIICIOBAaHUSAM aKTyalbHBIX IPUKIIAJHBIX POOIIEM,

- TIOJIy4CHUE aCIUPAaHTaMH OCHOBOIIOJIATAIOIIUX MPECTABICHHH 00 OCHOBHBIX IOJIXO/AaX K
OTIHMCAHHIO PEATTHHBIX MPOIECCOB U SBIICHUIA;

- (¢opMHpOBaHME Yy AaCHHPAHTOB CHUCTEMATHYECKMX 3HAHUH O METOoJaX pelICHUs
NPaKTUYECKHX 3a/1a4 €CTECTBO3HAHMS Ha OCHOBE COBPEMEHHBIX MaTeMaTHYECKUX MOJIEIICH.

1.3 TpedoBaHus K pe3yJIbTaTaM OCBOEHUSI JUCHHUILINHBI
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI ACHIUPAHT JOJDKEH:

3HaTh:
- COBPEMEHHOE COCTOSHHE M TEHJEHIMU Pa3BUTUS TeopuH AuddepeHnnanbHbIX YpaBHEHUN U
MaTeMaTU4eCKON (PU3HKH;
- OCHOBHbIE€ MPUHIMIBI HUccienoBaHMA AuddepeHUualbHbIX  ypaBHEHMM M 3a7a4
MaTeMaTHU4eCKON (PU3HKH;
- OCHOBHBIE aKTyaJibHbIE BONPOCHI M HEpELIeHHbIE 3ahauu B obmacth auddepeHnnantbHbIX
ypaBHEHUN U MaTeMaTU4YECKON (PU3UKH;
- obinactu mnpuMeHeHus udQepeHINaTbHbBIX YpaBHEHUH: CcBA3b AuddepeHInaIbHbIX
YpPAaBHEHUN C TUAPOJUHAMUKOW, TEOPUEH YIPYTOCTH, AKYCTHKOM, 3JIEKTPOJWHAMMKOH, C
JPYTUMHU pa3zenamMu (U3MKU U MPUKIATHBIMU HayKaMH;

Ymersn:
- HaxonuTh (BeIOMpaTh) Hambosiee 5(QexkTUBHBIE (METOMBI) pPEIICHUS Pa3TUYHBIX THUIIOB
muddepeHIMATBHBIX YpaBHEHUH U 3a/1a4 MaTeMaTU4eCKON (PU3HKHY;
- IPUMEHSTh COBPEMEHHbIE METO/Ibl PELICHUs U HcciieqoBaHus AuddepeHnanbHbIX ypaBHEHUH
U 3aJ7]a4 MaTeMaTU4eCcKoil pU3UKH;

Biaagern:
- HaBBIKAMH BBIOOpa M HWCMOJIB30BaHUS 3(PPEKTUBHBIX METONOB pEIICHUS 3a/1ad Pa3InIHON
CJIO)KHOCTH B 00s1acTH AudpepeHnanbHbIX ypaBHEHUH 1 MaTeMAaTHYEeCKON (PU3HKHY;
- HaBBIKAMH BBIOOpa TOJXOMASAIIMNX METOJOB PEIICHUS TEOPETUYECKUX M MPUKIAIHBIX 3ajad,
NPUBOAALINX K AU (HepeHIHATBHBIM YPAaBHEHUSM.

2. MeCTO AMCUMIIMHBI B CTPYKTYpe NPOrpaMMbl aCIUPAHTYPhI:
Hucuunnmuna «/luddepenunansuple ypaBHEHN U MaTeMaTuuyeckas (pu3uKa» OTHOCHUTCS
K 00pa30BaTelbHOMY KOMIIOHEHTY «J{MCIUIUIMHBI (MOZYNH)» MPOrpaMMbl aCIHUPAHTYpPhl IO
HayyHoOM cnienuanbHocTH 1.1.2. Tuddepennuanbrbie ypaBHEHUs U MaTeMaTuyeckas pu3uka.
HucuumumHa «lnddepennnanbapie ypaBHEHUsT M MaTeMaThdeckas (pu3nKa u3ydaercs B
3 cemecTpe.

3. O0béM U conep:kaHue TUCHUTITHHBI
3.1 O0beM TUCHUNIHHBI
Ounas hopma oOydenus: 4 3.e.



. Ounas popma 00ydeHust

Bun yuebHo# paboThl (Boero uacos)
O01mast Tpy10€MKOCTh THCHUTITHHBI 144
Konmaxmnas paboma (no yuebHvim 3aHAMUAM) 32
Jlexuuu (JI) 14
ITpaktnueckue (cemurapckue) 3ausatus (113) 18

Jlaboparopusie 3anstus (JI3) -

Camocmosmenvnas paboma (CP) 76
Kanouoamcxuii sx3amen 36

3.2 ConepxaHue TMCUUIIHHBI.

No Haszpanue Bun yuebnoli paboThbl, yac. DopMBbI TEKYIIETO
T paszena/TeMsl (ounas popma) KOHTPOJIS
VP! i) 113 13 | CP
1. Paznmen 1. 8 9 - 36 KonTpoapHas padora.
OOBIKHOBEHHBIE Jloknag Ha ceMuHape
nuddepeHIraIbHbIC Bremonaenue
ypaBHEHUs WHIUBHUIYaJIbHBIX
JIOMAIIHUX 3aJaHui
2. Pazgen 2. YpaBaeHus ¢ 6 9 - 40 Jloknaa Ha ceMHUHape
YaCTHBIMU Bremonaenue
MIPOU3BOTHBIMU WHIUBHUIYaJIbHBIX
JOMAaIIHUX 3aJaHnui

Pa3nea 1. O0bikHOBeHHBbIe 1M depeHIHATbHbIEC YPABHEHUS

Jleknmsa. Teopema cyniecTBOBaHHS M €IMHCTBEHHOCTH pemeHus 3axauun Komm ms
CUCTEMbl OOBIKHOBEHHBIX IH(depeHnanbHbIX ypaBHeHUd. ['maakocts pemenus 3agaun Komm
[0 HayaJbHBIM JaHHBIM W IapaMeTpaM, BXOISIIMM B IIPaBbIE YaCTU CUCTEMBl YPaBHEHHUH.
[Tponomxenue pemenus. OOmas Teopus JIUHEHMHBIX ypaBHEHUN U cucteM (00JacTh
CylLIecTBOBaHMs pelieHus, ¢QyHaamentanbHas MaTtpuna Komm, ¢opmyna JlnyBums-
OcTtporpaackoro, MeToJl BapHallMd MOCTOSHHBIX U JAp.). ABTOHOMHBIE CHCTEMBbl ypaBHEHUH.
ITonoxenus pasHoBecus. IlpenenbHble UKL YcToWuMBocTh 10 JIamyHoBy. Teopema
JlsnyHoBa 00 yCTOMYMBOCTH TOJOXEHHS pPaBHOBECHS IO IEPBOMY HNPUONMKEHHUIO. 3ajauu
onTUMaiapHOro ymnpasiaeHus. I[lpuHuun makcumyma IloHTpsruHa, HpUIIOKEHHE K 3azadam
OblcTpoAeiicTBUs Ans JUHEHHBIX cucTeM. KpaeBas 3agaua Juisi JTMHEWHOTO YpaBHEHUS WIIU
cuctembl ypaBHeHMd. ®@ynkuus ['puna. IlpencraBnenue pemieHus KpaeBoW 3ajadd. 3ajada
[Mrypma-JInyBuns [isi ypaBHEHUsT BTOporo mnopsiika. CBoCTBa COOCTBEHHBIX (DYHKLIHM.
Cucrtembl OOBIKHOBEHHBIX AU((epeHInalbHBIX YPaBHEHUH C KOMIUIEKCHBIMU apryMEHTaMHu.
Jloka3aTenbcTBO TEOpEMBl CYHIECTBOBAHHS MW €IMHCTBEHHOCTH AHAIMTUYECKOTO pEIICHUS
METOI0M MakopaHT. [luddepeHnuanbiple ypaBHEHUsI ¢ pa3pbIBHOM MpaBoil yacThio. Teopema
CyIIECTBOBaHUS M E€IMHCTBEHHOCTH pelleHHus mnpu ycnoBussx Kapareogopu. JIunHeitHble u
KBa3WIMHEWHbIE YPAaBHEHUS C YACTHBIMM IPOM3BOJHBIMU IEPBOTO MOpsIKA. XapaKTEPUCTUKH.
3amaua Ko, Teopust ['amunbpToHa-AK00M.

IIpakTH4Yeckoe 3aHATHE.
1. Omnpenenenue pemieHns CUCTEMbl OOBIKHOBEHHBIX Au(QepenHtnanbabix ypaBueHuit (OY).
VYcnoBus cymecTBOBaHUs U IpoJoibkaeMocTH pemenus 3agaun Komm ama OAY. [lpumep
HEEMHCTBEHHOCTH pelIeHus 3a1aun Komm.
VYcnoBus cylecTBOBaHUS M €IMHCTBEHHOCTHU peweHus 3agaun Komm g cuctemst OZ1Y.
3. VYcioBusi HENPEpPHIBHOM 3aBHCUMOCTH pelreHus 3anaun Komm 1o HadalbHBIM JaHHBIM U
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napaMeTpam, BXOJSIIUM B TPaBbIe YaCTH CHCTEMbI YPaBHCHHIA.

4. VYcnoBus TIaAKOCTH peuieHHs 3aaayd Komim mo HavalbHBIM JaHHBIM U IapameTpam,
BXO/JISIIIIM B TPABIC YAaCTH CUCTEMbI YPABHCHU.

5. Bompocsl o0mieit Teopuu JHMHEHHBIX YpaBHEHHMH U cucteM (007acTh CYIIECTBOBAHUSA
petienus, GpyHIaMeHTAIbHAS MaTPHIlA PEIICHUN OJTHOPOAHOTO ypaBHeHus, GyHKIus Ko,
dopmyna JInyBumisa-OcTporpagckoro, MeTo1 BapHaliu MOCTOSHHBIX U JIp.).

6. Bompocel Teopun nuHEWHBIX KpaeBbix 3amad ans OJ[Y. HeoOxomumple M JOCTaTOYHBIC
YCJIOBHSI OJTHO3HAYHOHM pazpemmumMocTtd. ¢yHkuus ['puna. 3amava [lltypma-JInyBumns mis
YpaBHEHHUS BTOPOTO TOPSIAKA.

7. Ilepuonuueckast KpaeBas 3a7aya. Y CJIOBHS CYIIECTBOBAHHMSI IEPUOIUUECKUX PEILICHUM.

8. Tlpm kakux ycimoBusx Ha Kod(hduimeHT a, ypaBHenue x' +ax = f(t) mis 000t
nepuoauieckoit pynknuu f(t), IMeeT eMIMHCTBEHHOE IEPUOIUIECKOE PEelICHHE?

9. Ilpu xakux ycnoBusix Ha T- nepuoguueckyto ¢pyukuumio f(t) ypaBuenue x' = f(t) umeer T
— nepuoanyeckoe pemenne? Kakas u3 npuBeIEHHBIX HIDKE JBYX (DYHKIUN yTOBIETBOPSIET
stuM yerosuaM: a) f(t) = cos?t; 6) f(t) = sin2t? Haiigure 3T0 pelueHue.

10. IIpumeps! Haxoxaenus pynkuuu Komm u pynkuuu I'puna.

11. ABroHOMHBIE cHCTeMbI ypaBHeHH. [TotoxkeHus paBHOBecus. [IpenenbHbIe ITUKITB.

12. VYcroiiuuBocts mno JlamyHoBy. Teopema JlsmyHoBa 00 yCTOWYMBOCTH MOJIOKECHUS
pPaBHOBECHSI 10 TIEPBOMY MPHOIHIKEHHIO.

13. 3amaun ontumanbHoro ympapieHus. [Ipunnun makcumyma [loHTpsirHHA, TPUTIOKEHUE K
3a/1a4aM OBICTPOICHCTBUS AJIsl TMHCHHBIX CUCTEM.

14. OmnpenenuTh IMHEHHOE ONTUMAIHLHOE YIIPABICHHUE VISl CHCTEMBI

x1 = %,(t),

X, = —x,(t) + U,

15. JluneiiHble ¥ KBa3WJIMHEWHbIE YPAaBHEHUS C YACTHBIMU MPOU3BOJHBIMU MEPBOTO MOPSIKA.
Xapakrepuctuku. 3agadya Komm.

16. Teopus 'amunbpToHa-AK00M.
3agaHus 1J151 CAMOCTOAITEILHOM padoThI:

1. TIpopaboTka KOHCIEKTOB JIEKIIUN U BOIIPOCOB, BHIHECEHHBIX HA CAMOCTOSATEIHHOE U3yUYCHHE

OCHOBHOW M JIOIIOJIHUTEIBHOM JINTEPATYPHI.

[ToaroroBka K JOKIATy.

3. BrInonHCHUE WHIMBUAYAIBHBIX JOMAITHUX 33IJaHUH.

N

Pa3nen 2. YpaBHeHHs ¢ YACTHBIMHU MPOU3BOIHBIMHU

Jleknusi. Cucrembl ypaBHEHHW C YacTHBIMM HPOM3BOAHBIMM Tula KoBaneBCKOM.
Ananmutnueckne pemenus. Teopuss Komm - KosaneBckoit. Kiaccudukanuss muHEHHBIX
YpaBHEHUH BTOPOro MOpAJIKa Ha IUIOCKOCTU. XapaKTepUCTUKHU. 3anaya Komm u HavalbHO-
KpaeBble 3aJlaydl I BOJHOBOTO YpaBHEHUS M METOAbl WX pemieHus. CBOHCTBa pelieHui
(XapakTepuCTUYECKHII KOHYC, KOHEYHOCTh CKOPOCTH pAacCIpOCTpPaHEHHUs BOJH, XapakTep
nepeaHero U 3agHero (poHTOB BOJHBI U jAp.) 3amaun Jupuxne m Heiimana myis ypaBHEHHS
Ilyaccona u mMeroasl ux pemieHus. CBoWCTBa pelleHU (MPUHIMI MAKCUMyMa, TJIaJKOCTh,
TEOpEeMbl O cpeaHeM U Jp.). 3amada Komum u HavYalbHO-KpaeBble 3a/aydl IS YpaBHEHUS
TEIJIONPOBOJHOCTY M METOAbl UX pemieHus. CBoWcTBa penieHud (IpUHLUN MaKCUMyMa,
OecKkoHEYHasi CKOPOCTh PacIpOCTpaHeHus, PYHKINS HCTOYHUKA U JIp.) O000mEeHHbIe (PYHKITUH.
CeepTka 0600mmeHHbIX (QyHKIMH, npeobpasoanue Dypbe. Ipoctpanctea Cobonesa W,"
Teopembl Broxkenus, cneapl Gynkuuii u3 W," Ha rpanune o6nactu. OGOGIIEHHBIE PENIEHHUS
KpaeBbIX 3a/lad JJsl AJUTMITHYECKOTO YPaBHEHHSI BTOPOTO MOpsAKa. 3aJadyd Ha COOCTBEHHBIE
dbyakuun ¥ coOcTBeHHBIC 3HaueHHs. IlceBmo mauddepeHimanpabie onepaTopsl (ompeneneHue,
OCHOBHBIE cBoWcTBa). HenuueliHpie runepOonuveckre ypaBHeHHs. OCHOBHBIE CBOMCTBA.
MoOHOTOHHBIE HETWHEWHBbIE AJUIUNTHYECKUE ypaBHEHUs. OCHOBHBIC CBOMCTBA. MOHOTOHHBIC
HeJUHEeWHbIe mapabonuueckue ypaBHeHUs. OCHOBHBIE CBOMCTBA.

IIpakTH4Yeckoe 3aHATHE.




1. [oxaxwure, 4dYTo cHekTp AuQepeHInanbHOr0 OmepaTropa sBISETCS 3aMKHYTHIM
MHOYECTBOM.

2. JIoKaXWTe, YTO BCSIKHW CaMOCOMPSDKCHHBIA omeparop P, yAOBIETBOPSIONIMKN YCIOBHIO
P2 = P, ecTb oneparop NpOEKTHPOBAHHUS.

o d2
3. Haiitu coOcTBeHHBIC 3HAa4YCHHWsS U COOCTBEHHBIC (YHKIMH omepatopa T =—— , ¢
dx?
00JIacThIO OmpeieNicHus1, cocroseii u3 Beex Qyukuuit f(x): f(x), f ') — aBcomoTHO
dz
nenpepsisubl Ha [0,1], £(0) = f(m) =0, d—x]; € L?[0,2m].
o d2
4, Haiitu coOCTBEHHBIC 3HAYCHHMsI M COOCTBEHHBIE (yHKIMU omepaTtopa T = —— 3 C
00JIacThIO OMpeieNieHus1, cocTosmted u3 Beex Qynkuuit f(x): f(x), f ') — aBcomoTHO

nenpepsiBubl Ha [0,1], £(0) = f(2m) =0, f'(0) = f'(2n), % € L?[0,2m].

5. Cucrembl ypaBHEHUM C YaCTHBIMH MPOU3BOJAHbIMU Tuna KoBaneBckoil. AHanmuTHuecKue
pemenusi. Teopust Ko - KoBaneBckoii.

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

7. 3amgaua Komm u HavadpbHO-KpaeBble 3aJauyd JAJsi BOJHOBOIO YPaBHEHHS U METOABI UX
pemenus. CBoMcCTBa pelleHUH (XapaKTEepUCTHUECKUH KOHYC, KOHEYHOCTb CKOPOCTH
pacrpocTpaHeHHs BOJH, XapakTep MepeIHero u 3aaHero ppoHTOB BONHEI U 1p.) [Ipumepst
pelIeHNs BOJTHOBOTO YpaBHEHHUSI.

8. 3Bamauum {upuxine u Helimana nns ypaBHenus [lyaccona u meroas! ux pemenusi. CBoiicTBa
pelieHui (MPUHLIUIT MaKCUMYMa, TJIaJAKOCTh, TEOPEMBI O CpeHEM U Ap.). [Ipumepsl.

9. 3apaua Komwu u HavanbHO-KpaeBbIe 3a/a4dl JJI YPAaBHEHUS TEIIONPOBOJHOCTU U METOJIBI
ux pemenus. CBOHCTBa pemieHWd (IPUHIMII MaKCUMyMa, OECKOHEYHas CKOPOCTb
pacnpocTpaHeHus1, QYHKIHS UCTOYHUKA U Ap.)

10. OGoO6mennsbie GpyHKIIH. CBepTKa 00001IEHHBIX (QYHKIIHH, Tpeodpa3oBanue Dyphbe.

11. TIpocrpanctBa CoGonesa W," . Teopemsl Bioxkenust, ciaenpl Gynkimii uz W," Ha rpanuiie
o0nacTH.

12. O6o0u1ieHHbIe pelIeHHs KpaeBbIX 3a/1a4 JJIs JUIMIITHYECKOT0 YpaBHEHHs BTOPOTO MOpsAKa.

13. 3agaum Ha cobcTBeHHBIE QYHKIMH M cOOCTBeHHBIC 3HaueHUs. [IceBno muddepeHnmanpabpie
orepartopsl (oIpeaesieHle, OCHOBHbBIE CBOICTBA).
3agaHusA 1J151 CAMOCTOAITEILHOMH padoThI

1. TIpopaboTka KOHCIIEKTOB JIEKIIUH U BOMPOCOB, BBIHECEHHBIX HA CAMOCTOSITENIbHOE N3YyUYEHHE
OCHOBHOW M JIOIIOJIHUTEILHOM JINTEPATYpHI.

2. TlonroroBka K JOKJIamdy.

3. BrmonHeHHe HHIUBUAYATBHBIX JOMAITHUX 33 JaHHMA.

4. KoHTpoJIb 3HaHUI1 00yUYaromIuXxCcs
4.1 ®opMbI TEKYIEro KOHTPOJIsI pa0oThl ACMUPAHTOB: JIOKJIAJ Ha CEMUHApE, KOHTPOJIbHAs
pabora.

4.2 3apanus TEKymero KOHTPOJIs

Tembl TOKIa70B HA cCEMUHApe
Tema 1. Ooviknosennwvie ougpepenyuanvhvle ypaguenus.
1. YcroitunBocTh, OTpaHMYEHHOCTh M ACUMITOTHYECKOE TIOBEJEHHE pEIIEHUN JIMHEHHBIX
CUCTEM.
Cy1iecTBOBaHUE U €IUHCTBEHHOCTD PELLICHUI HEMUHEHHBIX CHCTEM.
Y CcTOHUMBOCTD pelieHnH HeMMHEHHbIX AU depeHnanbHbIX ypaBHEHUH.
4. ACUMINTOTUYECKOE TIOBEJCHHE PpEIICHUH HEKOTOPhIX HEIMHEWHBIX YPaBHEHUH IEpPBOrO
HOpsAJKA.
Jluneitnoe nudpepeHnnanbHOe ypaBHEHUS BTOPOTO MOPSIJIKA.
6. YpaBuenue Dmaena-daynepa.

wn
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Tema 2. Ypasnenus c uacmuovimu npou3600HbIMU.

1. MeTonpl TeOpUHU MTOTEHITHAIA.

2. MeTopl pa3iokKeHHsI 0 COOCTBEHHBIM () yHKITUSIM.
3. MeTo/1pl HHTErpaIbHBIX MPEOOPAZOBAHUIA.

4. MeTo/bl pelieHUs] HEMMHEWHBIX YPaBHEHUH.

KoMmuiekT 3a1auuii uid KOHTPOILHONU pabOThL

—

. JlaHbI ypaBHEHHSI COCTOSIHUS CUCTEMBI
X1 = x,(0),
Xy = —2x1(t) — 3x,(t) + 2;

x1(0) = x1,(0) = 0.
Haiiti pemenune ypaBHEHUI COCTOSHHUS, 3aIIMCATh BRIPAKCHUE VIS TIEPEXOAHON MaTPHIIBL.
2. 3aiaHbl ypaBHEHUS CUCTEMBI YIIPABICHUM
X=AX+BU
Y =CX + DU

NS L P

HapucoBaTtb CTpyKTYypHYIO CXEMY CHCTEMBI YIIPABIICHHUS.
3. 3az[aHo ypaBHeHI/IC CUCTCMBI ynpaBJ'IeHI/I}I
X = AX + BU, Y = CX.

A:B ﬂ B=[ 1] C:Ll) (ﬂ

OnpenenuTs yrnpaBiisieMOCTh M HA0II0JaeMOCTb CUCTEMBI.
4. Haittn ¢ynxumo, yaosiersopsiontyio rpanndusiM yenopusam: mpu £ =0 X=0, npn

t=1 X(l) =1 u MurnMIBHpYIOIIYIO DYHKIHOHAL.

1 1
J=| ——<——dt
jo x2(t) +1
Orser: X(t)=t.

5. Onpenenuts TMHEHHOE ONTUMABHOE YIIPABICHUE 1JI CUCTEMBI

x1 = x2(0),

.9.C2 = _xZ(t) + U,
IIPUHUMAs BO BHUMaHUE I10Ka3aTellb Ka4eCTBa
o0

J= j(xf (t) + X5 (t) + %u (t)zj dt
0
W I'paHUYHBIE YCIIOBHS X(O) = Xp X(OO) =0.

Oteer: U =-2.00%; —1,83X,.

KoMIuiexT 3agaHuii JUIsl MHIMBUAYAILHBIX JOMAITHUX 3aJaHUH
4 -10
1 -3

1. lana cuctema X'= A-X ,rme A=[ j Haiitu:

(a) :xopnaHoBy popmy;
(0) matpuny nepexozaa M;



(B) marpunry Al mia cucrempl X'= Al- X, noigyyarouieiicss U3 UCXOJHOW IOCIIE €€

T
IMOBOPOTA HA yIroJi _E .

2 2
X'=X"—
2. Jlana cucrema y . HaliTi HenoABUKHBIE TOYKH U OIIPEIEIUTD UX THII.
y'=xy-1
3. OnpenenuTh, KaKk MEHAIOTCS TNIaBHbIE HATIPaBJIECHHS (IMPEKTPUCHI) ceaoBoit Touku (0;0)
o X' =—X+X°
HEJIMHEHHON CUCTEMBI 4 10 OTHOIIEHUIO K €€ JINHeapUu3aIliH.
y =X+y
4. Uccnenosare nuddepeHumanbHoe ypapHeHue X =-—X+ Ftanhx. Haiitu 6udypkanmnonnoe
3Ha4YeHHE, IOCTPOUTH JUArpaMmy U ONpeAeTuTh TUIl OudypKaluu.

X'=-2X+y
y'=p+xi -y

OM(ypKaIMOHHYIO JHArpamMmy.
6. IlocTpouts ha30BbIi MOPTPET M onpeAenuTh TUll Oudypkamuu npu g =0 AIT CHCTEMBI

5. UccnenoBath cuctemy . Haiitu n onpenenuts Tvn oudypkamnuu. HapucoaTth

X' = ux—y+xy’
Y =x+uy-x
X' =x(x(1-x)-y)

7. PaccMoTpeTh MOJCIb , , tne X>0 - momynsuust keptB, y=>0 -
y'=y(x-a)

HOMYJISAIMS XUIMHUKOB U & >0 - mapamerp. HaliTu 1 Ki1acCH(pHUIIMPOBATH HEIMOIBUKHBIC TOUKU

cuctembl. OnpeaenuTs OUPypKaMOHHOE 3HaYCHHE U THUI OuypKaiuu.

8. Onpenenuts OMPypKATMOHHOE 3HAYCHHUE U THIT OMypKALIUU JJIT CUCTEMBI

X'= ux+y+sinx
y'=x-y
B HavdaJI€ KOOpAWHAT. HOCTpOI/ITB (1)8.30BLIC MOPTPECTHI IJIA 3HAUCHU U M B OKPECTHOCTH [, .

X' =—x+2y>-2y*
9. Ucnonb3ys ¢ynkuuto JlsmyHoBa, moka3aTh, YTO CHCTEMaA , HE HMeEeT
y==X=-Yy+Xy
IIPEJENbHBIX LIUKIIOB.
X' =—X—y+ x(x2 +2y2)
10. Haiitu neproguueckue pemeHus: CUCTEMbI .
Yy =X-Yy+ y(x2 +2y2)

X'=pu(y-F(x)) X+2, x<-1,
11. Paccmotpers cucteMy § X ,tae F(X)=4-x, |x|<1  Hwmetorcs m y sroit
)7 X—2, x>1.
cucTembl iepuoanueckue pemeHus? [loctpouTs Ga3oBbIid MOPTPET.
X' =—4x+y° .
12. PaccmoTpers  cucTeEMy . HaiiTu  HenmojaBWO)KHBIE  TOYKH U
y'=-3x-y+y

kiaccupuupoBars ux. Haiitu nHBapuanTHbie JTWHUH. [locTpouTs (ha3oBbIil MOPTpeET.
13. Iins ypauenus X' =X— uX(1—X):
(a) HAITH HETIOABIMKHBIE TOUKHU U UX XapaKTep;

(0) HaiiTi OudypKanMOHHOE 3HaUEHHE U TUIl OudypKaluy;
(B) mocTpouTh OM(YpKALIMOHHYIO THarpaMMy.



X' =—yy+x(1—x2 —y2)
14. JlokazaTe HalM4yue NPEAeIbHOrO IUKIIA Y CUCTEMBI U TIOCTPOUTH

y'=ux+y(1-x"—y?)
ec (a3oBBIi TOPTPET.

x'=x(y2 —x)

15. HailTu mMo0JIOKUTEIBHO HHBAPUAHTHOE MHOXECTBO [UISI CHCTEMBI u

y'=-y(y’-x)

MOCTPOUTH €€ (Pa30BBIN MOPTPET.

4.3 IIpoMexxyTo4yHasi aTTeCTalUsl MO JUCUMIIMHE TIPOBOJIUTCA B (opMe KaHAMIATCKOTO
9K3aMeHa.

Bonpock! bk3amMeHa

1. Teopema cyiiecTBOBaHUSI U €IMHCTBEHHOCTH pelieHus 3agaud Komwm 11 cuctemsl
OOBIKHOBEHHBIX U PepeHITNaTbHBIX YpaBHEHUI.

2. TI'mapkocts pemenus 3amaur Kol mo HavalbHBIM JaHHBIM W TIapamMeTpaM, BXOMISIIUM B
IIPaBbI€ YaCTU CUCTEMBI ypaBHeHUH. [Ipooinkenue pemenns.

3. OOmas Teopus JMHEWHBIX YpaBHEHHWH M CHCTeM (00JacTh CYIIECTBOBAHHS PELICHHS,

dbynaamenTanpHas Marpuna Komm, gpopmyna JInysumis—OcTporpaackoro, METo 1 Bapualiu

MOCTOSIHHBIX U JIp.).

ABTOHOMHBIE cucTeMbl ypaBHeHUH. [Tonoxxenns paBHosecus. IIpenenbuble UKL

5. VYcroituuBocts mo JlsmynoBy. Teopema JlamyHoBa 00 yCTOWYMBOCTH TOJIOKEHUS
paBHOBECHSI 110 IEPBOMY MTPUOITHKEHHUIO.

6. 3amaun onTuUManmbHOro  ympamieHus. [lpumHnmn  makcumyma  [lontpsruna  (6e3
JI0Ka3aTeIbCTBa), MPUIIOKEHHE K 3a7a4aM ObICTPOAECHCTBYS Ul TUHEHHBIX CUCTEM.

7. KpaeBasg 3amaua 11l JTMHEMHOrO YpaBHEHMsI WM CUCTeMbl ypaBHeHHU. DyHkius [puHa.
[TpencraBneHue peleHus: KpacBou 3a1a4H.

8. 3amaua Illtypma—JluyBuiuts i ypaBHEHHS BTOpOro mopsiaka. CBoWCTBa COOCTBEHHBIX
GbyHKLINH.

9. Cucrembl 0OBIKHOBEHHBIX U (HEPEHITNATBEHBIX YPABHEHUH ¢ KOMIUIEKCHBIMHU apryMEHTaMHU.
Jloka3aTenbCTBO TEOPEMBI CYIIECTBOBAHUS M E€IUHCTBEHHOCTH AHAIUTHUYECKOTO PEIICHMUS
METOJIOM MayKOpPaHT.

10. Muddepennnanbuple ypaBHEHUs ¢ pa3phIBHOM MpaBoit yacThio. Teopema cyliecTBOBaHUS U
€IMHCTBEHHOCTH pelleHus pu ycioBusx Kapareomopu.

11. JIuneiiHble ¥ KBa3WJIMHEHHbIE YpaBHEHHsI C YaCTHBIMU IPOM3BOJHBIMU IEPBOTO MOPSIKA.
Xapaxtepuctuku. 3anada Komm. Teopus ['amunbTona —Sko6u.

12. Cuctembl ypaBHEHUH C 4YaCTHBIMH NpPOM3BOJHBIMU THMa KoBaneBckoi. AHamUTHUYECKHE
pemenus. Teopusa Komn — KoBaneBckou.

13. Knaccugukaius THHEHHBIX YpaBHEHUI BTOPOTo MOpsAKa Ha TNIOCKOCTH. XapaKTEPUCTUKH.

14. 3anaya Komm u HayanbHO-KpaeBble 3a7aud AJii BOJIHOBOTO YPAaBHEHHMSI U METOJBl HUX
pemenus. CBoiicTBa pemeHMH (XapaKTePUCTUUYECKUH KOHYC, KOHEYHOCTh CKOPOCTH
pacrpocTpaHeHHs BOJIH, XapaKTep NEPeTHEro U 3aiHero ()pOHTOB BOJIHBI U JIP.).

15. 3anaun upuxne u Heiimana st ypaBHenus Ilyaccona u metons! ux pemieHus. CBoicCTBa
pemieHuit (MpUHIUI MaKCUMYMa, TJ1aIKOCTh, TEOPEMBI O CPEJTHEM U JIp.).

16. 3agaua Komm 1 HauanbHO-KpaeBbIe 3a7auyl JUIsl ypaBHEHUS TEIUIONPOBOJHOCTH U METO/bI UX
pemienus. CBoiicTBa  pemieHMd  (MPUHIMII —~ MakCUMyMa, OECKOHEYHas CKOpOCTb
pacrpocTpaHeHus, GyHKINS UCTOUHUKA U IP.).

17. O606mennsie pynakuu. CBepTka 00001IeHHBIX QyHKIHI, Mpeodpa3oBanue Dypne.

18. IMpoctpanctea CoGonesa W," . TeopeMbl BioxeHus, caeasl Gynkuuii u3 W," Ha rpanuie
obnacTH.

19. O600mIeHHbIE penIeHns KPaeBbIX 3aay sl SJUTMITHYECKOTO YPAaBHEHUSI BTOPOTO MOPSIKA.

&



20.
21.
22.
23.
24.

25.
26.

27.
28.

10.

11.

3anaun Ha COOCTBEHHBIE (DYHKIIMM U COOCTBEHHBIC 3HAUCHHS.

[lceBno nuddepennnanbHbIe onepaTopsl (ONpeaeieHre, OCHOBHBIE CBOMCTBA).

Henuneiinsle runepbonuyeckue ypaBHeHus. OCHOBHBIE CBOICTBA.

MOHOTOHHBIE HEJIMHENHBIE AIUTUIITUYECKHE YpaBHEHUs. OCHOBHBIE CBOKCTBA.

MoHOTOHHBIE HETMHEWHHBIE mapabonuueckue ypaBHeHus. OCHOBHBIE CBOICTBA.
AOCTpakTHBIE TOIOJIOTUYECKHE JMHAMHYECKHE CHUCTEMbI: OINpeesieHHe, OCHOBHBIC
CBOICTBa, pa3jIMuHbIE KJIACCHI JBMKEHUM B TUHAMUYECKUX CUCTEMAX.

[IpenenbHble CBOWCTBA JAMHAMUYECKHUX CHUCTEM: IIPENEIbHbIE TOYKM W MHOXKECTBA,
MHBAapUAHTHOCTb.

MuHNMaIbHOCTh MHOXKECTBA U PEKYPpPEHTHBIE IBMKEeHUs. TeopeMbl bupkroda.

[TouTn nepuoguyeckue ABUKEHUSA. Y CTOMYMBOCTD 1O JIanmyHoBy. Teopembl MapkoBa.

[Tourn mnepuomuueckne W pekyppeHTHble ¢GyHKIMH. OCHOBHBIE CBOWCTBa. Teopema
boxnepa. /luHamuyeckas cucrema CIBUIOB.

3amanus JUId DK3aMeHa

Hoctpouts mpumep Gpynkumn f(x),x € Q (Q — xommakT), Takoi, uro f(x) € L,(Q),Vp <
1, Ho f(x) € Lo (Q).

Ilokasath oTcyTCTBHE BiIoxkenus L,(0Q) € H(Q).

Haiitu mHopmy || f ()| 51 gy, ecmm f(x) = |x|,Q = {x € R*: |x| < 1}.

JlokaxxuTe, 4TO OTKPBITHIM IIAp B METPUYECKOM IIPOCTPAHCTBE €CTh OTKPBITOE MHOKECTBO,
3aMKHYTBIN 1IAp — 3aMKHYTO€ MHOXECTBO.

Jlokaxxure, 4TO 3aMBIKAHUE OTKPBITOrO IIapa B METPUYECKOM IIPOCTPAHCTBE COJEPIKUTCS B
3aMKHYTOM IIape, HO MOXKET C HUM HE COBIIJIaTh.

[Tycts A — uHTErpasIbHBIN OnIepaTop BonbTeppa
t

Ax(t) = fK(t,s)x(s)ds
a
K(t,s) — uenpepsiBHO. J[0Ka3aTh, 4TO CYIIECTBYET Takoe 4uciao m, uro A™ sBisiercs
CKUMaronM otobpaxkennem B Cla,b], u, 3HAYMT, I HHTETPATBHOTO YPaBHCHUSI
BonsTeppa BTOpPOro poja CrpaBeIiBa TEOPEMa CYIIECTBOBAHUS W €IUHCTBEHHOCTH
pereHus..
B MHOeCTBe HENpePHIBHBIX Ha [a, b| QyHKIMII BBEIEM METPHKY IO TIPABHITY:

= —_ -pt
pp(x,y) trer%%]lx(t) y(@®)le

Jlokaxxute, 4TO MPU JOCTATOUHO OONBIIUX [§ MHTErpalIbHBIN onepaTtop BonbTeppa
t

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

SABIISAETCS CKUMAIOIIMM OTHOCUTENBHO METPUKH Pg.
ITycte ¢yukmus  f(x)ompeneneHa W HENpepbiBHA B HEKOTOpPOM obmactu G C
R2, coneprxaieit Touky (Xo,Yo), ¥ YJAOBIETBOPSIET B JTOH TOYKe YCIOBHIO JIMMIuna 1o
yilf oy — f(o )l < Mly, — yal.
JlokasaTh, 4TO Ha HEKOTOPOM CErMeHTe |x — x| < d cymiecTByeT, ¥ MPUTOM TOJILKO OJIHO,
petrerne y = @(x) 3amauu Kommm: y' = f(x,y), y(x9) = yo-
Hoxaxwute, uto eciau C — BBITYKIIOE MHOKECTBO, TO VISl TFOO0W KOHEYHOU TPAaHUYHOU TOUKH
C cymectByer onopHas K C THIEPIUIOCKOCTh, MPOXOISIIAs Yepe3 3TY TOUKY.
JIOKaXuTe, YTO IMOTOYEYHAS BEPXHsISI TPaHb CEMEMCTBA MOJIYHENPEPHIBHBIX CHU3Y (DYHKIUIA
Oy/ieT MOTyHENPEPHIBHON CHU3Y.
BbraucinTh onopHyo GyHKIHIO eIMHAIHOTO Ky0a ¢ IIEHTPOM B Havajie KOOPAMHAT.



12.

13.

14.

15.

16.

17.

Haiiti npubimmkenHoe npeacrapicHue petenus x(t, €) 3amaun Koy mo cTeneHsM Majioro
napameTpa 10 £2 BKJIIOUHTENBHO:

x'=-3x*+2¢e, x(1)=1+ce.

Haiiti npubmmkenHoe npejacTaBieHue pemenus x(t, €) 3agaun Koy mo cTeneHsM Majioro
napamerpa 10 £2 BKJIIOUHTENBHO:

2
x' = ~= 5¢t, x(1) = 2.
JTokaxkuTe, 4TO CIIeKTp AU HepeHIIMAIBLHOTO OlepaTopa ABIACTCS 3aMKHYTHIM MHOYKECTBOM.

OKQ)XUTE, YTO BCSIKUU CaMOCOIIPSKEHHBIM omepatop P, yOOBJIETBOPSIOINNU VYCIOBHUIO
2 b
P? = P, ecTb onepaTop NpOeKTHPOBAHHUS.

o dZ
Haiitn coOGCTBEeHHBIE 3HaueHMs W CcOOCTBeHHbIE (yHKUUH omeparopa T = ——3
o0nacThi0 ompezeeHus, cocrosmei u3 Beex ¢yukumi f(x): f(x),f ') — aGcomoTHO

dZ
nernpepbisubl Ha [0,1], £(0) = f(w) = 0, d—xf € L%[0,2m].

o dZ
Haiitu coGcTBEeHHbIE 3HaUEHUS U COOCTBEHHbIE (QYHKIIMU onepaTtopa T = — - © 00J1acThIO

omnpenenenus, cocrosmeii u3 Beex Gyukmmii f(x): f(x), f'® — aBcomoTHO HEmpepHIBHEI
! ! dZ
ma [0,1], £(0) = f(2m) = 0, £/(0) = f'(2m), 2L € L2[0,27].

4.4 lllkana oueHNBAHUS MPOMEKYTOUYHOI aTTecTANMHU

Onenka OcHOBHBIE OKA3aTeJIN JOCTHKEHHUS Pe3yJibTaTa

«OTJINIHO» CdhopmupoBaHHbIe CHCTEMAaTUYECKHE MIPECTABICHUS 0
COBPEMEHHOM COCTOSSHUM M TEHACHUUSAX Pa3BUTUSA TEOPHH
Qg QepeHInaIbHbIX YPAaBHEHUH M MaTEMAaTHIECKON (U3UKH.
CdopmupoBaHHbIe CHCTEMAaTHYECKHE MPEICTABICHHS O MTPUHIIUIIAX
uccrnenoBanus  aupdepeHnuaNbHBIX  YpaBHEHWH M 3a7ad
MaTeMaTH4ecKoi GpUu3mKH.

CdopmupoBaHHbIe CHCTEMaTUYECKHUE MPEICTABICHUS 00
aKTyalbHbIX BONPOCAX M HEpeIIeHHBIX 33ajadax B 00JacTu
nudepeHIaTbHBIX YPaBHEHUNH U MaTeMaTUIeCKOU (PU3UKH.
CdopmupoBaHHbIe cUCTeMaTHYECKUe MpPEACTaBIeHUs 00 o0nacTsax
MpUMEHEHUs U} PepeHInanbHbIX YPaBHEHUH.

CdopmupoBanHOEe yMeHHUE ToHcKa (BbIOOpA) pelIeHUH pa3irnuHbIX
TUNOB MU QepeHINaTbHbIX YpaBHEHUH W 3a7ad MaTeMaTHYeCKOU
¢bu3uKu.

ChopMupoBaHHOE yMEHHE TPUMEHSATH COBPEMEHHBIE METOJIbI
peleHust 1 uccienoBanus auddepeHnnanbHbIX YpaBHEHUH U 3a1a4
MaTeMaTHYeCKON (QU3HKH.

VYcnemHoe M cucTeMaTHYecKoe BIIAJICHWE HaBbIKaMHM BblOOpa WU
WCTIOJIh30BaHUs dPPEKTUBHBIX METOJIOB PEIICHUS 3a7a4 Pa3TUIHON
CIIO)KHOCTH B oOnactu JudQepeHIHanbHbIX YpaBHEHUH H
MaTeMaTH4eCKON (U3HKH.

VYcnemHoe W cHCTEMaTH4YecKoe BJaJ€HHE HAaBBIKAMH BBIOOpa
MOIXOASIINX METOMOB PEIICHHUS TEOPETUYECKUX W TIPUKIATHBIX
3aja4, NPUBOIINX K TU(PepeHIINaTbHBIM YPABHEHUSIM.

«XOpOUIO» ChopMupoBanHble, HO COJIEp)KallUe OTIACIbHBIE  MPOOEIHI
MIPEICTABICHUSI O COBPEMEHHOM COCTOSHUM M TEHICHIMSX
pa3BUTHUSA TEOPUHU b depeHIaTbHBIX YpaBHEHUI u
MaTeMaTH4eCcKoi PpU3MKH.

ChopmupoBaHHble, HO COJEp)Kallle OTIENbHbIE MPOOEIbI
MPEICTABICHUS O NMPHHIUIAX HCCIeA0BaHMs TU(epeHIMATbHBIX




Onenka

OcHoBHbIE NTOKAa3aTeJaHn AOCTHIKCHHUS PE3yJabTaTa

yYpaBHEHMH U 33/1a4 MaTEMaTUYECKON (PU3UKH.

CdhopmupoBaHHble, HO COAEp)KallMe  OTHAENbHbIE  MPOOEIbI
MPECTaBICHUA 00 aKTyaJbHBIX BOIPOCAX M HEPEIICHHBIX 3aJadax
B oOnactu auddepeHIHanbHBIX ypaBHEHMH M MaTeMaTH4eCKOM
¢bu3nKy.

CdhopmupoBaHHble, HO COAEp)KalllM€  OTIEJbHBIE  IMPOOEbI
MpeacTaBiIeHus 00 00yacTaxX nmpuMeHeHus — TudepeHInaTbHbIX
ypaBHEHUH.

B menom xopoiee, HO coneprKaliee OTAeNbHBIE MPOOETbl YMEHHE
roucka (BpIOOpa) pemeHnid pa3IudHbIX TUTIOB U PepeHITNATBHBIX
yYpaBHEHMH U 3a/1a4 MaTeMaTUYECKOHN (PHU3HUKH.

B nenom xopoiee, HO coaepikailee OTAEIbHbIE MPOOETbl YMEHUE
MPUMEHSATh COBPEMEHHBIE METOJbl PELICHUS W HCCICIO0BAHUS
b depeHIMaTbHBIX YPaBHEHHH U 3a/1a4 MaTeMaTHYeCKON (DH3HKH.

B nenom xoporiee, HO coeprKaiiee OTAeIbHBIC TPOOEIbI BIIAJICHUE
HaBbIKAMU BbIOOpa W UCHONB30BaHUS A(P(PEKTUBHBIX METOJIOB
pelieHus ~ 3ajJad  PA3NIMYHOM  CIOKHOCTH B o0iactu
muddepeHIMaTbHBIX YPaBHEHUN 1 MaTeMaTH4eCKON (DU3HKH.

B nesom xopotiee, HO cozeprkaliee oTaeNbHbIE IPOOEIbl BiaeHNE
HaBbIKaMU BBIOOPA MOIXOISAIIUX METOJIOB PELICHUSI TEOPETUUECKUX
W TPUKIATHBIX 3a/ad, MNPUBOMANMX K AuQQepeHInaTbHBIM
ypaBHEHUSIM.

«YAOBIIETBOPUTEIBHO»

Henonuble nmnpexacraBieHUss O COBPEMEHHOM COCTOSIHUM U
TEHJICHUMIX Pa3BUTHUA TeOpUM TU(epeHIMaIbHbIX YpaBHEHUN U
MaTeMaTHIeCKOi (pHU3HKH.

Henonuble  mpexacraBieHuss O  NpPUHLUIAX — UCCIEIOBaHMSA
nudepeHIMabHBIX YPAaBHEHUM U 33/1a4 MaTeMaTU4eCKOl (PU3UKH.
Henonnble npeacraBieHuss 00 OCHOBHBIX aKTYaJIbHBIX BOIPOCAX U
HEepeIeHHBIX 3ajjauax B 00yacTu nudepeHnanbHbIX ypaBHEHUN 1
MaTeMaTH4eCcKoi GpU3MKH.

Henonubie  mpeacraBieHuss 00 ~ o0iacTaX  HpUMEHEHUs
auddepeHranbHbIX YpaBHEHUH.

B 1menom ycnemHoe, HO HE CHCTEMAaTHYECKH OCYILIECTBISIEMOE
yMEHHE TOuCKa (BbIOOpa) peHIeHWd  pa3NuYHbIX  THIIOB
nudepeHIaTbHBIX YPAaBHEHUM U 33/1a4 MaTeMaTUYeCKON (DU3UKH.
B 1nenom ycnemHoe, HO HE CHCTEMATHYECKH OCYLIECTBIIIEMOE
YMEHHE TMPUMEHATH COBPEMEHHBIE  METOAbl  pElIeHUus U
uccnenoBanus  AuddepeHnnanbHbIX  ypaBHEHWH HW  3a7ad
MaTeMaTH4eCKON QU3HKH.

B nenom ycnemHoe, HO HE CUCTEMaTHYECKOE BJIaJICHUE HAaBBIKAMU
BBIOOpA M HCNOIb30BaHUS IP(PEKTUBHBIX METOAOB pEIICHUs 3a/1a4
Pa3NIUYHOM CIOXKHOCTH B 00sacTu AuddepeHInanbHbIX YpaBHEHUH
Y MaTeMaTU4eCcKOi PU3UKHU.

B nenom ycnemHoe, HO HE CUCTEMaTHYECKOE BIIaJICHUE HAaBBIKAMU
BBHIOOpA TOJIXOJSAIIMX METOJOB pEIHIeHHs] TEOPETHUECKUX U
OPUKIAAHBIX  33/a4, NPUBOMANIMX K  JU(QepeHIraTIbHbIM
YpaBHEHHUSIM.

«HCYHOBJICTBOPUTCIILHO»

@®parMeHTapHbIE MPEACTABICHUSA O COBPEMEHHOM COCTOSIHUM H
TEeHJCHLUSX pa3BUTUS Teopuu AuddepeHIHaTbHbIX YpaBHEHUN U
MaTeMaTH4eCcKoi PU3MKH.

@parMeHTapHble TPEJACTABICHUS O TMPUHININAX MCCIEIOBAHUS




Ouenka OcCHOBHBIE IOKA3aTeJIH TOCTHKEHNS pe3yJibTaTa

Qg QepeHIMaIbHbIX YPaBHEHUH] U 3a/1a4 MaTeMaTH4eCKO (pru3nkH.
@parMeHTapHble MpPEICTaBIE€HUS 00 OCHOBHBIX aKTYyaJbHBIX
BOMPOCAX M HEPEHICHHBIX 33jJa4ax B oOyacTu audepeHnaabHbIX
ypaBHEHU U MaTeMaTU4eCKON (DU3UKH.

@parMeHTapHble TpEACTaBICHUA 00 00JacTIX MNPUMEHEHHS
mudGepeHIMATBHBIX YPaBHEHUMN.

YacTHyHO OCBOEHHOE YyMEHME IIOHMCKa (BbIOOpa) pelIeHUi
pa3nuuHbIX TUNOB Ju(QepeHanbHbIX YpPaBHEHUH M 3axad
MaTeMaTH4eCKO (PU3HKH.

YacTUYHO OCBOEHHOE YMEHME NPUMEHSTh COBPEMEHHBIE METObI
perieHust 1 uccienoBanus auddepeHInalIbHBIX YPaBHEHUH U 337134
MaTeMaTH4eCcKoi pu3MKH.

@parMeHTapHOE BJaJIcHUE HAaBBIKAMH BBIOOpA M HCIIOJIB30BAHUSA
3¢ GEKTUBHBIX METOJOB PELICHMs 3aJad Pa3IU4HOM CIOXKHOCTH B
obnmactn nuddepeHIMATBHBIX YpaBHEHHH W MaTeMaTHYECKON
(buzuku.

@parMeHTapHOE BIAJCHHE HaBBIKAMH BBIOOpA  MOAXOJSIINX
METOZIOB ~ pEIICHUs TEOPeTHUECKUX U MPHUKJIAAHBIX 3374,
NpUBOISIINX K AuepeHnnanbHbpIM ypaBHEHHUSM.

5. YueOHo-MeTOoAMYecKOe U MH(OPMAIIMOHHOE o0ecriedeHne TUCIUNIHHbI

5.1 OcHoBHasi IuTEpaTypa:

1. Xennep, B.K. OOvikHOBeHHBIC mu((hepeHINATBHBIC YpaBHEHUS, BapUAIMOHHOE
HCUHUCIIEHUE, OCHOBBI CIELUANbHBIX (YHKUMH M HHTErpaibHbIX ypaBHeHu# [Tekct] : yuel.
nocooue / B.K. Xennep, T.C. bemnoszepoBa, M.B. Xennep. Cankrt-IlerepOypr ; Mocksa ;
Kpacnonap : Jlanb, 2017. 318 c¢. ISBN 978-5-8114-2592-1.

2. Ily6bwn, M.A. Jlekun 00 ypaBHeHUsiXx Matematndeckoil ¢usuku [Tekcr] / ML.A.
HIy6uH. 2-e u3a., ucnp. M. : MITHMO, 2003. 302 c. ISBN 5-900916-97-9 : 235.18.

3. XKykosckuii, E.C. JInneliHbIe SBOTONMOHHBIE (DYHKIIMOHATBHO-TUGGEpEHITNATEHBIE
ypaBHeHMs B OaHaxoBoM npoctpaHcTBe [Tekcer] : Monorpadus / E.C. XKykosckuii ; Tam0. roc.
yH-T uM.I".P.Jlep>xaBuna .— Tamb6oB : Uzn-so TT'Y, 2003 .— 148 c. — ISBN 5-89016-078-8 :
40.88.

5.2 JlonoJIHUTeIbHAS JIUTepaTypa:

1. Muxaitno B.II. luddepennuanbupie ypaBHEHHs] B YaCTHBIX MPOU3BOAHBIX. M.:
Hayxa, 2006.

2. Tpuxomu @. luddepennmansasie ypaBaenus. M.: Hayka; 2009.

3. Hewmpikuit B.B., CrenmanoB B.B. KauectBenHass Teopus nud¢epeHIuanabHbIX
ypaBHeHui. M.: ®uzmarnur, 2009. 550 c.

4. Jemuposuu B.II. Jlekuuu mo mMaTeMaTH4eckoil Teopuun ycroitumBoctu. M.: Hayka,
2007. 472 c.

5. TuxonoB A. H., BacumseBa A. b., CpemmnukoB A. I'. Jluddepenuuanbapie
ypaBHenus. M.: Hayka, 2005.

6. IlerpoBckumii N.I'. Jlekuuu 00 ypaBHEHHSIX C YaCTHBIMM Npou3BoAHbIMU. M.: Hayka,
2010.

7. Mapruncon JLK., Manos F0.U. [ludpdepenunanbupie ypaBHEHUS] MaTeMaTHUYECKOM
¢usuku. M.: UznarensctBo MI'TY uMm. baymana, 2006.

5.3 UHble HCTOYHUKH:
1. Jluonc X.-JI. Hexoropbsle MeTOnAbl pELICHUS HEIMHEHHBIX KpaeBbIX 3amady. M.:
Hayxka, 2009.



2. Tuxynun B.IL, IloxoxaeB CHU. Ilpaktuuyeckuii Kypc 10 ypaBHEHHIM
MareMarnueckon pusuku. M.: Hayka, 2005.

3. Hourpsrun JI.C. OObikHOBeHHBIE auddepeHaIbHbple ypaBHeHus. M.: Hayka,
2008. (1 agpyrue u3gaHus).

4. lloutpsrun JI.C., bonrsuckuii B.I'., T'amkpenumze P.B., Mumenko E.O.
MatemaTruueckasi TEOpHsl ONTUMaIBHBIX TIporieccoB. M.: Hayka, 2007. (u apyrue u3gaHus).

5. TwuxonoB A.H., Camapckuii A.A. YpaBHeHus: matemaruueckoil ¢pusuku. M.: Hayka,
2007. (v ogpyrue u3gaHus).

6. ®enoprok M.B. O6sikHOBeHHBIE MU depeHanbabe ypaBueHus. M.: Hayka, 2010.

7. Karok A.b., XaccenOmar b. BBegeHue B COBpPEMEHHYIO TEOPHS JTMHAMHYECKUX
cucreM. M.: U3n-Bo «®akropuany», 2009. 768 c.

8. Jleeutan b.M., XKuxkop B.B. Ilourm-nepmomumyeckue  QyHKIIMHM  H
muddepennmanbabie ypasaenus. Uza-so MI'Y, 2008. 204 c.

9. Apnonbn B.U. O6sikHOBeHHBIE nuddepeHnanbabie ypaBHenus. M.: Hayka, 2011.

10. Iy6un M.A. IlceBno nuddepeHnnanibHbie OnepaTophl U CIeKTpaibHas Teopus. M.:

Hayxka, 2008.
11. Anocos [.B., Apancon C.X., Apnonbn B.U., bponmreitn N.Y., I'punec B.3.,
Wnpsamenko }0.C. Jlunammueckue cuctembl — 1 // WUrorm Hayku u TtexHuku. Cepus

«CoBpeMeHHbIe npobseMbl MmaTemMatuku. OyHnameHnTanbHble HanpasieHus». T. 1. M.: U3n-Bo
BUHUTHU AH CCCP, 1985. 244 c.

6. MaTepua/ibHO-TeXHHYECKOe olOecledeHue JUCHMILIMHBI, MPOrpaMMHoOe oleclnedveHmne,
npogeccnoHanbHble 0a3bl JAHHBIX 1 HHPOPMALMOHHbIE CIIPABOYHbIE CHCTEMbI

JUis mpoBeneHMs 3aHATUH IO JUCLMILIMHE HEOOXOIMMO ClIeAyHoIlee MaTepuabHO-
TEXHUYECKOE oOOecrneyeHue: IMOMELICHHUsI Il TPOBEACHUS 3aHATHM  JIEKIMOHHOTO U
CEMMHAPCKOro THIa, I'PYNIOBBIX M HMHIMBHYaJdbHbIX KOHCYJIBTALUH, TEKYLIEr0 KOHTPOJIS U
IPOMEKYTOUHOM arTecTaluu, IOMEIIEHUS Ul CaMOCTOSITEIbHON PadOoTHI.

[TomermieHnst  yKOMIUIEKTOBAaHbl — CIELUATU3UPOBAHHONH MeOeNbl0 M TEeXHUYECKHMHU
cpeacTBaMu OOy4eHMsI, CIYKalllUMH JJisi TpencTaBieHHs] y4uyeOHON uH(popManuu OO0JbIIoi
ayIUTOPHH.

Jns  mpoBeneHuss — 3aHATUM  JIEKOUOHHOTO ~ THUIA  HCIHOJB3YIOTCS  HaOOpbI
JIEMOHCTPAIIMOHHOTO  O00OpYJOBaHUs,  OOECHEeYMBAIOIIUE  TEMaTHUYECKUEe  WILIIOCTpAIUU
(mpoexTop, HOYTOYK, SKpaH/ UHTEpAaKTUBHAs JOCKa).

[Tomemenust Ui caMOCTOATENbHOM pabOThl OOYYaIOIIMXCS OCHAIIEHBl KOMITBIOTEPHOM
TEXHUKOH € BO3MOXKHOCTBIO MOAKIIOUEHUS K ceTu «VHTepHeT» M obecriedeHHeM J0CTyra B
AIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTeNbHYIO Cpelly YHUBEPCUTETA.

JIeKTPOHHAasi HH(OPMaLMOHHO-00pa30oBaTeIbHAS Cpeaa
http://moodle.tsutmb.ru
B3aumoneiicTBue mnpenojasaTess W aclUpaHTa B IPOLECCE OCBOEHUS AMCLUIIINHBI
OCYIICCTBIIACTCA MoCpeaACTBOM MYJ'IBTI/IMGJII/II\/'IHI)IX, TUINICPTCKCTOBLIX, CETCBhBIX,
TEJIEKOMMYHHUKAIIMOHHBIX TEXHOJOTUH, HCIONb3YEMbIX B JJIEKTPOHHOH HH(POPMALMOHHO-
o0pa3oBaTeNbHOI cpejie yHUBEPCUTETA.

JInneH3uOoHHOEe POorpaMMHOe olecreyeHue:

Kaspersky Endpoint Security mis 6usHeca — Cranaaptabiii Russian Edition. 1500-2499
Node 1 year Educational Renewal Licence

Microsoft Office IIpodeccuonanpusiii mioc 2007

NudopmannoHHbie cIpaBoYHbIe CHCTEMbI U NpodeccHnoHaNbHbIE 0a3bI JAHHBIX:

| DBC «YHuBepcuTeTcKas GMGINOTEKA OHIANH | http://www.biblioclub.ru



http://moodle.tsutmb.ru/
http://www.biblioclub.ru/

ObC «KoHcynbpTaHT cTyeHTay: MeaumuHaa.
3npaBooxpaHenue, Kommuekt I'ymaHuTapHble HAayKu

http://www.studentlibrary.ru

OBbC «IPRSMART) (cTapoe HazBanue « IPR booksy)

http://iprbookshop.ru

OBbC «¥Opaiit»

http://www.urait.ru

CerteBast 211€eKTpOHHAs ONOIMOTEKA IIelarOrHYEeCKUX
BY30B

https://e.lanbook.com/

Hayunas snektponnas 6uonmoreka eLIBRARY.RU

http://elibrary.ru

['ocymapcTBenHast HH(pOpPMAIIMOHHAS CUCTEMA
«HanmoHnanbHas 3JeKTpoHHAs OMOIHOTEKa»

https://H36.pd

IIpesunentckas 6nbmmorexka umenu b.H. Enprinna

http://www.prlib.ru

DJeKTpOHHBIN cipaBouHUK «MHPOpMHIO)»

www.informio.ru

CnpaBquaﬂ IIpaBoOBasA CUCTEMaA «KOHCYJ’IBT&HT IImrocy

http://www.consultant.ru

ApPXUB HayYHBIX KypHAJIOB 3apyO€)KHBIX U3ATEIbCTB

https://arch.neicon.ru



http://www.studentlibrary.ru/
http://iprbookshop.ru/
http://www.urait.ru/
https://e.lanbook.com/
http://elibrary.ru/
https://нэб.рф/
http://www.prlib.ru/
http://www.informio.ru/
http://www.consultant.ru/
https://arch.neicon.ru/

