degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo TUCHHUIIJIMHE: Huddepennmanbapie ypaBHEHHS
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpoduJIb MOATOTOBKH: VYrpasneHue HHHOBAIMAMU B OM3HECE

dusrex-1koia OU3Heca BEICOKUX TEXHOJIOTHI
kadeapa BbICIICH MaTeMaTUKN

Kypc: 2
KBaJIMpUKALS: GakanaBp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 3 (OCEHHUH) - DK3aMeH

AynutopHbIX yacoB: 104 Bcero, B TOM 4HCIIE:
nexuuu: 52 gac.
ceMuHapsl: 52 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 46 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4
KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2
[Iporpammy cocraBuiu:

A.M. bumaes, 1-p ¢u3.-Mar. HayK, CTAPIIUI HAYYHBIH COTPYIHUK, JTOIICHT
A.E. YMHOB, 1-p TexH. HayK, ipodeccop, mpodeccop

[Iporpamma obcyxneHa Ha 3acefanuy kKadeapsl Beiciieid maremaruku 21.04.2022



AHHOTANMA

[IporpaMmma  IUCHMIUIMHBI ~ CONEPXKHMT  CTaHJApTHBIE  pas3fensl  oOmel  Teopud  OOBIKHOBEHHBIX
Qg QepeHIaTbHBIX YPABHEHUH, DJIEMEHTHI TEOPUHU JTUHEHHBIX YPAaBHEHUN C YaCTHBIMH MPOU3BOAHBIMH 1-TO
HOpsKA, a TAKXKE 3JIEMEHThI BApPUALMOHHOTO UCUUCICHMUS.

CBezieHHs U HaBBIKY, [10JIyYEHHbIE B PE3yJIbTaTe€ OCBOCHUS JaHHON AUCLUIUINHBI, UCIIONb3YIOTCS B Kypcax
YpaBHEHUIl MaTeMaTH4eckod (HU3MKM, TEOPETHYECKOW MEXaHUKH, MPH W3YyYCHHUH JPYyTruX AUCLUILUIMH

MaAaTeMaTH4YCCKOIO U (bPISI/I‘{eCKOFO ITUKJIOB.

1. leau u 3apauu

eap AUCUMNIIMHBI
O3HAKOMJICHHE CITyIIaTeNield ¢ ocHOBaMH auddepeHInaibHbIX YPAaBHEHUH U MOJATOTOBKA K M3yUEHUIO

JIPYTHMX MAaTeMaTHYeCKHX KypCOB — TEOpPHHM (YHKIMH KOMIUIEKCHOTO II€PEMEHHOIO, ypaBHEHUM
MaTeMaTH4ecKor (PU3MKH, ONTUMH3AIMHA ¥ ONTUMAIBHOTO YIPaBiIeHHs, (YHKIHOHAIBHOTO aHAJIN3a U
Ap.

3anauu QUCHUTNIHHBI
*  npuoOpeTeHHEe CIyIIATeIIMU TEOPETHUSCKUX 3HAHUH M TPAKTHYCCKHX HABBIKOB B 00JacTH
petreHus npocrermux auddepeHInanbHbIX YpaBHEHHM, JIUHEHHBIX MU GEpeHNaTbHBIX YPaBHEHUH
W CHCTEeM, 3aja4 BapUAIlMOHHOTO WCYHCICHUS, HMCClienoBaHus 3anad Ko, mcciieoBaHUM OCOOBIX
pelIeHni, MOCTPOCHHUs M MCCIeNoBaHMs (PAa30BBIX TPACKTOPHH aBTOHOMHBIX CHCTEM, HAXOXKICHHS
MIEPBBIX HMHTETPAJIOB M PEUICHUS C UX IOMOIIBI0 HETMHEHHBIX CHCTEM W YPaBHEHHH B YaCTHBIX
NPOU3BOJIHBIX, PELICHHS JIMHEHHBIX YPAaBHEHHUI U CUCTEM C NIEPEMEHHBIMHU KO PUIIHEHTaMHU;
* MOATOTOBKA CIIyIIaTeIel K N3YYEeHHIO CMEXHBIX MaTeMaTHYECKUX JUCLHUILINH;
*  MpHOOpETEeHHE HABLIKOB B NMPUMEHEHHH METONOB jauddepeHnnaibHbIX ypaBHEHUH B (QU3UKE H
JIPYTHX €CTECTBEHHOHAYYHBIX AUCIMIUINHAX.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BBIIENISSA 3TAbl €€ PELICHNUS,
JIEHCTBUS IO PELIEHUIO 3a1a41

VYK-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYET M BBHIOMpAeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! OCTaBICHHON
3a7a4n

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,

MIPUMEHSITh CUCTEMHBIN TOAXO ISl peLIeHUs

VYK-1.3 PaccmarpuBaeT pas3iH4YHBIE BapHUaHTHl PELICHUS
[TOCTAaBJICHHBIX 3a/1a4

3a/1a4i, OLICHUBAET UX NMPEUMYIIECTBA U HEIOCTATKU

YK-1.4 I'pamotHoO, JIOTUYHO, apryMeHTHPOBAHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VK-6.2 CnocobeH  mjaHUpPOBaTb  CaMOCTOSTEIIbHYIO
NEATEIPHOCTh B pEIICHHH Npo(ecCHOHANBHBIX —3ajad;
MOJBEprarh KPUTUUYECKOMY aHAIW3y IMpOAETIaHHYyI0 padory;
HAaXOIUTh U TBOPYECKH HMCIOJIb30BaTh MMEIOIIUICS ONBIT B
COOTBETCTBHUH C 3aJa4aMH CaMOPa3BUTHUS

YK-6 CriocoGeH ynpaBiiTh CBOUM BPEMEHEM,
BBICTPAaMBaTh U PEaIM30BBIBATH TPACKTOPUIO
caMopa3BUTHS Ha OCHOBE NPUHIIAIIOB
00pa30oBaHusl B TCUCHUE BCEH )KU3HH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




YMETB:

[Ipocrefimme  Tumbl  gud@epeHInanbHbIX  YpaBHEHMH,  METOIbl  IOHIKCHHMS  IOpAIKa
muQQepeHIaTbHBIX YPaBHEHUH.

OcHoBHbIE (OPMYITBI OOIIET0 U YAaCTHOTO PEIICHUS JIMHEHHBIX CHCTEM M YPaBHEHUH C MOCTOSIHHBIMHU
ko3 punmenTaMu, onpeaesneHIe U CBOMCTBA MATPUYHOM SKCIIOHEHTHI.

VYenoBust CymiecTBOBaHMS M €AMHCTBEHHOCTH pemlleHus 3agadu Komm Ui HOpPMalbHBIX CHCTEM
muQQepeHIManbHbIX YPaBHEHUH W IJI1 ypaBHEHHSA N-TO MOPsJIKa B HOPMAajbHOM BHIE, XapakTep
3aBHCHMOCTH PEUICHHI OT HaYalbHBIX yclIoBHiA. [loHsATHE 0CO0O0TO penieHuUs.

[locTanoBKy 3a/1a4 BapHallMOHHOTO HCUHCIICHUS.

OcHOBHbIE TOHATHA M CBOWCTBAa (DAa30BBIX TPACKTOPHH ABTOHOMHBIX CHCTEM, KIacCU(pHUKALUIO
MOJIOKEHNUH paBHOBECHS JTMHEHHBIX aBTOHOMHBIX CHCTEM BTOPOTO TOPSIIKA.

[TonsiTHE MEpBOTrO MHTErpaja HEJIMHEWHBIX cucTeM AuddepeHInaIbHbIX ypaBHEHUH, UX IPUMEHEHNE
JUI pEIICHUI ypaBHEHHWH B YACTHBIX MPOU3BOAHBIX IEPBOrO MOPSAKA, YCIOBHS CYILIECTBOBAaHHS H
eIMHCTBEHHOCTH peIleHHs 3a1auu Ko 171 ypaBHEHHS B YaCTHBIX IIPOU3BOIHBIX IEPBOTO MOPSIKA.
CrpykTypy 0OLIero pemeHus JUHEHHBIX CHUCTEM C IIEPEMEHHBIMH KOA(PQPHUIHMEHTAaMH, CBOHCTBA
ompenenutens Bponckoro, ¢opmyny Jlmysumns-Octporpanckoro. CpolicTBa HyleH pemieHUHA
mQQepeHanbHbBIX YpaBHEHUH Broporo nopsizika (reopema Ll typma).

Pemate npocreiinme angdepeHnnanbHble ypaBHEHNS, IPUMEHATh METO/IbI OHMKEHUS TIOPSAIKA.
Pemiars nHeiHbIE YpaBHEHUS! U CUCTEMBI C TOCTOSIHHBIMU KO3(puLimeHTaMu, NpUMEHSITh MaTPUIHYIO
9KCIIOHEHTY K PELICHUIO CHUCTEM JINHEWHBIX YPAaBHEHUH C ITOCTOSHHBIMH KOG GHUIINECHTAMH.
UccnenoBary 3amauy Komm. Haxomuts ocoOble pelieHusi ypaBHEHHS IEpBOrO MOpPAIKa, He
Pa3peleHHOT0 OTHOCUTEIBHO IIPOU3BOAHOM.

Uccnenoars pa3nuyHbIE 337a4i BApHALOHHOTO UCUHCIIEHUS.

Haxonuts nosoxeHust paBHOBECUs], CTPOUTH JIMHEAPU30BAHHBIE CUCTEMBl B OKPECTHOCTHU II0JI0KEHUH
paBHOBECHSI, OMPENENATh TUI TOJOKEHHUS PaBHOBECHSI M CTPOUTH (ha30BbIE TPACKTOPUH JIMHEHHBIX
CHCTEM BTOPOIO HOpPsAKA.

Haxonute nepBble nHTErpansl cucreM AnddepeHnnanbHbIX YpaBHEHUH, IPUMEHATh UX JAJIS1 PEIICHUS
[POCTEUIINX HENMHENHBIX CUCTEM. Peliars JIMHEWHbIE YPABHEHHS B YACTHBIX ITPOU3BOAHBIX IIEPBOTO
opAJIKa.

[Tpumensars ¢Gopmyny JlnyBunias-OCTporpajckoro M MeETOJ BapHalWd TOCTOSHHBIX JUISL pEIICHUS
YpaBHEHHUI BTOPOTO MOpsiAKa ¢ NepeMeHHbIMH Kod(duuueHtamu. MccnemnoBare CBOWCTBA pelICHUI
i depeHIanbHBIX ypaBHEHUI BTOPOTo OpsAIKa ¢ OMoIIbio TeopeMsl LTypma.

BJIAJIETD:

JloruveckuM MBIIIIEHHEM, METOJaMH J10Ka3aTeNbCTB MATEMAaTHUECKUX yTBEPKACHHIA.

Haprikamu penienus u uccnenoBanus qudhepeHIMaIbHBIX YPaBHEHUH U CHCTEM B MAaTEMaTHIECKUX H
(UBNIECKUX TPUITOKEHUSIX.

YMeHreM Nob30BaThCsl HEOOXOAUMMOH JINTEpaTypoil.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 [Ipocreitmme tunsl nuddepeHnnanbHbIX 6 14 4
ypaBHEHUH
Jluneiinsie TuddepeHIanbLHbIe
2 YPaBHEHHS U CHUCTEMBI C IIOCTOSHHBIMU 16 12 6
ko3 punmenramu
3 DneMeHTHl BapUalMOHHOTO HCUUCICHHS 7 5 8
4 Uccnenosanue 3agaun Komm 5 4 10
5 ABTOHOMHBIE CHUCTEMBI 7 5 6
T epeHIanbHbIX YpaBHEHUH




IlepBble  uHTErpajbl W JIMHEHHBIE
6 OJHOPOAHBIE YpPaBHEHUSA B 4YaCTHBIX 7 5 6
IIPOU3BOJHBIX NIEPBOIO MOPSAIKA

JIuneiitnble muddepeHanbHbIe
YpaBHEHUS W  JIMHEHHbIE  CHCTEMBI
7 - 4 7 6
muQQepeHanbHbIX  YpaBHEHUH ¢
MepeMEeHHBIMU K0P PUIIHEHTAMH
Wroro yacos 52 52 46
ITonroToBka k 3K3aMeHy 30 gac.
OObwas Tpy1oEMKOCTb 180 4ac., 4 3au.exn.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 3 (OceHnwii)
1. Ilpocteiimue Tunbl AuddepeHnraibHbIX ypaBHEHHH

OcHoBHble TOHATHS. [IpocTeiimme THUNBI YypaBHEHHWH MEPBOTO TMOpPsAKA: ypaBHEHHS C
pa3fesIOIIMMUCS  [IEPEMEHHBIMH,  OJHOPOJHbIE,  JIMHEWHBIE, YpPaBHEHUS B  IOJHBIX
muddepennuanax. MHTErpupyomuil MHOXHUTEIb. MeToq BBeOeHHMS NapamMeTpa JUisl ypaBHEHHS
[IEPBOI0 IOPSAJKA, HE PA3PEIIEHHOI0 OTHOCUTEIBHO IPOU3BOAHON. MeTonbl MOHMKEHUS IOpsIKa
Qg QepeHIManbHBIX YpaBHEHUH. Vcnonb30BaHne OJHONApaMETPUUECKUX TPYMIl mpeodpa3zoBaHUit
IS TIOHWKEHUS TTopsiika 1 depeHInalIbHBIX YPaBHEHHH.

2. Jlunetinbie nuddepeHnnanbHble ypaBHEHUS U CUCTEMbI C TIOCTOSIHHBIMU KOA(hGUITEHTaMU

@opmyna oOmiero pemeHus: JIMHEHHOTO OJHOPOAHOTO YpaBHEHUS n-ro mnopsaka. OTbICKaHHE
pelIeHNs] JIMHEHHOTO HEOJHOPOJHOTO B Clydyae, KOrja IpaBas 4YacTb YPAaBHEHMS SIBIIAETCA
KBa3WUMHOTO4WICHOM. YpaBHeHHe Ditniepa. MccnenoBanre KpaeBbIX 3a7ay ISl TUHEHHOTO YpaBHEHUS
BTOPOTO MopsiAKa (B 4aCTHOCTH, NMPHU HAJTUYHUK MAJOro NapameTpa MpH CTapiield MPOU3BOIHOM).
dopmyna o0IIEro pernieHdss JUHEWHOW OIHOPOJHONH CHCTEMbl YPaBHEHHUH B Cily4ae MPOCTBIX
COOCTBEHHBIX 3HAYCHHMH Marpuilbl KOA(pQHUIMEHTOB CUCTEMBI. TeopeMa O NPUBEACHUU MAaTPHLIBI
JTUHEHHOTro TpeoOpa3oBaHusl K KopaaHoBou (opme (6e3 nokaszarenbcrBa). Dopmyna obriero
peleHus JIMHEHHONH OJHOPONHOM CHUCTEMBl B Cilydae KpaTHBIX COOCTBEHHBIX 3HAYEHHUH MaTpHIIbI
ko3 uuueHToB cucreMbl. OTBICKaHME pPEIICHUs JHUHEHHON HEOIHOPOIHOM CHUCTEMBI B Cllyyae,
Korga CBOOOJHBIC WICHBI YpPaBHEHHH SBIISIOTCA BEKTOP-KBa3UMHOTOWIeHaMu. MarpuyuHas
9KCIIOHEHTA M €€ HCIIOIb30BaHHE Ul MONydeHHs (popMylbl OOLIETO pelieHnsl U pelieHUs 3aadu
Komm 1 nTMHENHBIX OTHOPOAHBIX U HEOJHOPOIHBIX CUCTEM.

3. DaeMeHTEI BApHUAIIMOHHOI'O UCYHUCJICHU

OcnoBHbie noHsTHs. llpocTeiimas 3agada BapHalMOHHOTO HMCYHMCICHMA. 3ajadya cO CBOOOIHBIMU
KOHIIaMU; 3aja4a JUIsl (yHKIIMOHAJIOB, 3aBUCSIINX OT HECKOJIbKMX HEM3BECTHBIX (YHKIMH, U 3a7a4a
i (QYHKIHOHAJIOB, COAEP KAIIUX MPOU3BOJHBIC BBICIIMX MOPSIKOB. M3omepumerpuueckas 3agaqa.
3anava Jlarpamxa.

4. Uccnenosanue 3amaun Ko

Teopema cylecTBOBaHUS M €QUHCTBEHHOCTH pellleHus 3azauud Komm a1 HOpMajbHBIX CHUCTEM
Qg QepeHIMaTbHBIX YPABHEHUH W U1 ypaBHEHHs N-TO MOpsIKa B HOPMalIbHOM BHzE. Teopema o
IIPOIOJKEHUH PELICHUH HOPMaJIbHBIX CUCTEM. XapakTep 3aBUCUMOCTU peleHus 3agadu Komwu ot
napaMeTpoB M HadajbHBIX HAHHBIX: HENPEPBIBHOCTh, IuddepeHuupyeMocTs. 3amada Komm ams
YpaBHEHUS NIEPBOTO MOPSAIKA, HE PA3PEIICHHOTO OTHOCUTEIBEHO POU3BOAHOM. OCcOObIe pereHus.

5. ABTOHOMHBIE CHCTEMBI TU(PepeHIINaTbHBIX YPAaBHEHUN




OcHOBHBIC TOHATHSL W CBOWCTBa (a3oBbIX Tpackropuil. Kiaccubukanus monoxeHuld paBHOBECHS
JMHEHHBIX aBTOHOMHBIX CHCTEM YPaBHEHHH BTOPOrO MOpSIKA. Xapakrep IMoBeneHUs (pa3oBbIX
TPAeKTOpUIl B OKPECTHOCTH I10JIOKEHUSI PaBHOBECHSI aBTOHOMHBIX HEJIMHENWHBIX CUCTEM ypaBHEHUM
BTOPOT0 MOpAJKA. YCTOMYMBOCTP M ACHMIITOTUYECKAs YCTONYMBOCTH IOJOXKEHMS PaBHOBECHUS
ABTOHOMHOW cHCTeMBI. JloCTaTOuHBIE YCIOBUS ACUMIITOTUYECKON YCTOMYUBOCTH.

6. IlepBble MHTErpajibl M JIMHEHHBIE OJHOPOAHBIE YPaBHEHUS B YACTHBIX IIPOM3BOJHBIX IIEPBOIO
nopsiaKa

OcHOBHBIEC MOHATUS W CBOWcCTBa (a3oBbIX Tpaeckropui. Kimaccudukanus monoxeHUld paBHOBECHUS
JMHEHHBIX AaBTOHOMHBIX CHCTEM YpPaBHEHHMH BTOPOTO TMOpsAIKa. Xapakrep MOBeACHUS (Pa30BBIX
TPAaeKTOPUN B OKPECTHOCTHU IOJIOKEHUS PABHOBECHS aBTOHOMHBIX HEJIMHEHHBIX CUCTEM YPAaBHEHM
BTOPOIO IOpsAKa. YCTOWYMBOCTh U ACHUMITOTHYECKAs YCTONYMBOCTb IIOJIOKEHUSI paBHOBECHUS
ABTOHOMHOM CUCTEMBI. J0CTaTOUHBIE YCIOBHS ACUMIITOTHYECKON YCTOWYMBOCTH.

7. Jluneiinpie aupepeHnnaNbHbIe ypaBHEHHS M JIMHEHHBIE cUCTeMbl A (depeHIHanbHbIX
ypaBHEHUI ¢ iepeMeHHBIME K03 punimenramMu

Teopema CymiecTBOBaHHUS M €AMHCTBEHHOCTH pelleHMs 3aqadu Komm i HopManbHBIX JTMHEWHBIX
CUCTEM YpaBHEHUH M JJI1 YpaBHEHUS N-I0 IOpsAAKa B HOpMalbHOM Buie. DyHIamMeHTabHas
cucreMa ¥ (yHAaMEHTaIbHAs MaTpulla PEIICHU JIMHEHHON OXHOPOTHOW CHUCTEMbI YpaBHEHUH.
CrtpykTypa O0OIero pemeHus JWHEHHONW OTHOPOAHON W HEOAHOPOIHOW CHCTEMBl YpaBHEHUH.
Omnpenenurens Bponckoro. ®opmyna Jlnysumis-Octporpaackoro. Metoa Bapuanuy MOCTOSHHBIX
JUTSL JIMHEWHON HEOJHOPOJHOW cHucTeMbl ypaBHeHHUU. CIeACTBHUS Ui JIMHEWHBIX YpaBHEHHM n-TO
nopsanka. Teopema LllTypMma u crieacTBUs U3 Hee.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0MMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, OCHAIllEHHAs! MyJIbTUMEANA IIPOEKTOPOM, 3KPAaHOM U MUKPO(OHOM.
6.IlepeuyeHnb pexoMeHYeMOM JIMTEPATYPHI

OcHoBHas nuTeparypa

1. O6bikHOBeHHBIE AU depenHunanbable ypaBHeHus [Teker] : [yued. nocodue amns By3os] / JI. C.
[Houtpsirun .— 6-e u3n. — M. ; Mxesck : Perymspuas u xaotnueckas nruHamuka, 1982, 2001 .— 400
C.

2. Kypc nuddepenHnmanbHpIx ypaBHEHUH W BapualiioHHOTro ucurncienus [Tekct] : yue0. mocobue st
By30B / B. K. Pomanko .— 2-e u3n. — M. : Jla6. 6a30Bsix 3HaHuH, 2000, 2001, 2002, 2006, 2011 .—
344 c.

3. Coopnuk 33124 10 AudepeHInaIbLHBIM YPABHEHUSIM U BapHALIMOHHOMY HcYHciIeHuto [ Tekcr] :
yue0. mocobue s By3oB / B. K. Pomanko, H. X. Araxanos, B. B. Bnacos, JI. 1. KoBanenko ; moj pen.
B. K. Pomanko .— M. : IOHI/IMEI[I/IACTAPUI : ©®m3mariurt, 2002, 2006 .— 256 c.

4. Coopnuk 3ama4d o quddepeHImanbapM ypaBaeHusM [Teker] : [yde0. mocooue s By3oB] / A. O.
®Ounmunmnos .— 6-e¢ u3g. — M. : IEHAHJI, 2015 .— 242 ¢



Ouannmos, A. O.

Beenenwne B Teoputo quddepeHansabix ypaBHeHuit [ Teket] : yueOHuk st By3oB / A. @. Oununmnos
—4-em3n. — M. : JEHAH/], 2015 .— 240 c. — (Knaccuueckuit yueOauk MI'Y). - bubnuorp.: c.
234-236. - [Ipenm. ykas.: c. 237-239. - ISBN 978-5-9710-2029-5 (B niep.) .

VMmHOB, A. E.

OcHOBBI TeOprH OOBIKHOBEHHBIX U depeHIHuaIbHBIX YpaBHeHUH [ Teker] : yueb. mocobue ass By30B /
A. E. YmHOB, E. A. YMHOB ; M-Bo 00pa3oBanus 1 Hayku P®D, Mock. ¢u3.-TexH. uH-T (ToC. YH-T) .— M.
: MOTH, 2016 .— 293 c. - bubmuorp.: c. 287. - [Ipeam. ykas.: ¢. 288-292. - 200 3k3. - [SBN
978-5-7417-0618-3 .— Tlonnsiii Tekct (Joctyn u3 cetu MOTHN).

®enoprok, M. B.

Oo6bikHOBeHHBIE AuddepeHunansabie ypaBHeHus [ Texcr] : yueOHuk 1u1st By30B / M. B. @enoprok .—
3-e m3n., crepeorunt. — CII6. : Jlanp, 2003 .— 448 c. — (YueOnuku ains By30B. CriennanbHas
nuTeparypa). - bubmuorp.: ¢. 445-447. - 3000 5k3. - ISBN 5-8114-0491-3 (B miep.)) .

JomnonHurenbpHas auTeparypa

1. Jlekuuu o Teopun 0OBIKHOBEHHBIX Au(depeHunanbubx ypaBHeHuid [Tekct] : [yueOHuK 11st By30B]
/ . T. llerpoBckuit .— M. : ®uzmarnut, 2009 .— 208 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://lib.mipt.ru/catalogue/— snexrponnas 6udnmmorexa dusrexa, paznen «uddepenimansasre
YpaBHEHUS.

2. http://www.exponenta.ru — 00pa3oBaTeIbHbII MAaTEMAaTHYECKUH CAMT.

3. http://mathnet.ru — oOmepoccuiicknii MaTeMaTU4ECKHiA TOPTAll.

4. http://www.edu.ru — penepanbHbiil mopran «Poccuiickoe 00pazoBaHue).

5. http://benran.ru —6ubnMOTEKA MO €CTeCTBEHHBIM HaykaMm Poccuiickoii akajJieMuH HayK.

6. http://www.i-exam.ru — enuHbId IopTan MHTEpHET-TecTUpOBaHMS B chepe oOpazoBaHusl.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpE3EHTALNN.

B mporecce caMmocTosTenbHON padoThl 00YJaIOIIUXCS BO3MOYKHO UCIIOJIb30BAaHUE TAKUX TPOTPAMMHBIX
cpencts, kak Mathcad, Scilab u mp.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUNIMHBI (MOXYJIs1)

HpI/IBG,I[eHLI B CXKXCTOJHO paSpa6aTLIBaeMBIX JOMAIIHUX 3aJaHUAX.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€éMaTruka u (1)I/I3I/IKa

IIpO(l)I(l.]Ib NMOATOTOBKMU: praBJ'ICHI/IC HWHHOBAallUsMU B OusHece
dusrex-1kona Ou3Heca BBICOKUX TEXHOIOTHI
kadeapa BbICIICH MaTeMaTuKU

Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaspaGorunkm:

A.M. bumaes, 1-p ¢u3.-Mar. HayK, CTAPIINI HAYYHBIH COTPYIHUK, JTOIICHT
A.E. YMHOB, 1-p TeXH. HayK, ipodeccop, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

YK-1 Criocoben oCyIIecTBISATh MTOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,

MNPUMCHATH CHCTEMHBIN noaxon Ajisd pCIICHUA

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
MOCTaBJICHHBIX 3a/1a4

3alauu, OICHUBACT UX MPCUMYIICCTBA U HCAOCTATKU

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VK-6.2 CnocobeH  MIaHUpOBaTh  CaMOCTOSITEILHYIO
NeSITebHOCTE B PEIICHUH NPOQPEecCHOHANBHBIX —3ajad;
MOZABEPraTh KPUTUYECKOMY aHAINM3y HPOAETIaHHYI0 pabory;
HAXOJUThb U TBOPYECKH HCIIOJIb30BaTh UMEIOLIUICS OMBIT B
COOTBETCTBUH C 3a/1a4aMU CaMOPa3BUTHS

YK-6 CriocoGeH ynpaBisTh CBOUM BPEMEHEM,
BBICTPAMBAaTh U PEAIN30BbIBATH TPACKTOPHUIO
cCaMOpa3BUTHS Ha OCHOBE NPUHIIUIIOB
00pa3oBaHMs B TeUEHUE BCEH KU3HU

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare nzyuenus aucuuiuinHbl «Angdepennnansabie ypaBHEeHUD 00ydatOUHCS JOIKEH:

3HATb:

[Ipocrefimme  Tumbl  gud@epeHInanbHbIX  YpaBHEHMH,  METOIbl  IOHIDKCHHMS  IOpsAIKa
muQQepeHIaTbHBIX YPaBHEHUH.
OcHoBHbIE (OPMYIIBI OOIIET0 U YACTHOTO PEIICHUS JIMHEHHBIX CHCTEM M YPaBHEHUH C MOCTOSIHHBIMHU
ko3 punmenTaMu, onpeaesneHIe U CBOMCTBA MATPUYHOMN SKCIIOHEHTHI.
VYenoBust CymiecTBOBaHMS M €AMHCTBEHHOCTH pelleHus 3agadu Komm Ui HOpPMalbHBIX CHCTEM
muQQepeHIManbHbIX YPaBHEHUH W IJI1 ypaBHEHHSA N-TO MOPsJIKa B HOPMajbHOM BHIE, XapakTep
3aBHCHMOCTH PEUICHHI OT HaYalbHBIX ycIIoBHiA. [IoHsATHE 0CO0O0TO penieHuUs.
[locTanoBKy 3a/1a4 BapUallMOHHOTO HCYHUCIICHHUS.
OcHOBHbIE TOHATHA M CBOWCTBAa (DAa30BBIX TPACKTOPHH ABTOHOMHBIX CHCTEM, KIacCHU(HUKALUIO
MOJIOKEHNUH paBHOBECHS JTMHEHHBIX aBTOHOMHBIX CHCTEM BTOPOTO HOPSIIKA.
[TonsiTHE MEpBOrO MHTErpaa HEJIMHEWHBIX cucTeM AuddepeHnaIbHbIX ypaBHEHUH, UX IPUMEHEHNE
JUI pEIICHU ypaBHEHHWH B YACTHBIX NPOU3BOAHBIX IEPBOrO MOPSAKA, YCIOBHS CYIIECTBOBAaHHUS H
eIMHCTBEHHOCTH peIleHHs 3a1a4u Ko 171 ypaBHEHHS B YaCTHBIX IIPOU3BOIHBIX IEPBOTO MOPSIKA.
CrpykTypy 0OLIero pemeHus JUHEHHBIX CHUCTEM C IIEPEMEHHBIMH KOA(PQPHUIHMEHTaMH, CBOHCTBa
ompenenutens Bponckoro, ¢opmyny Jlmysumns-Octporpanckoro. CpolicTBa HyleH pemieHUMA
Qg QepeHIManbHBIX YpaBHEHUH BToporo nopsizika (reopema Ll typma).

yMeThb:

Pemate npocreiimme angdepeHnnanbHble ypaBHEHUs, IPUMEHATh METO/IbI OHMKEHUS TOPSIKA.
Pemrats nHeiHbIE YpaBHEHUS! U CUCTEMBI C TOCTOSIHHBIMU KO3(puLineHTaMu, NpUMEHSITh MaTPUIHYIO
9KCIIOHEHTY K PELICHUIO CUCTEM JINHEWHBIX YPAaBHEHUH C TOCTOSHHBIMH KOG GHUIINCHTAMH.
UccnenoBary 3amauy Komm. Haxomute ocoOble pelieHusi ypaBHEHHs IEpBOrO MOpPAIKa, He
Pa3peleHHOI0 OTHOCUTEIBHO IIPOU3BOAHOM.
Uccnenoarh pa3nuyHbIE 33a4i BApHALOHHOTO UCUHCIIEHUS.
Haxonuts nosoxeHust paBHOBECHsI, CTPOUTH JIMHEAPU30BaHHBIE CUCTEMBl B OKPECTHOCTHU II0JI0KEHUH
paBHOBECHSI, OMPENENATh THUI TOJOKEHUS PaBHOBECHS M CTPOUTH (ha30BbIE TPACKTOPUH JIMHEHHBIX
CHCTEM BTOPOIO HOpsAKA.
Haxonute nepBble nHTErpainsl cucreM AnddepeHnnanbHbIX YpaBHEHUH, IPUMEHATh UX JAJIS1 PEIICHUS
MPOCTEHIINX HENMHENHBIX CUCTEM. Pelars JIMHEWHbIE YPABHEHHS B YACTHBIX ITPOU3BOAHBIX IIEPBOTO
opAJIKa.
[Tpumensars Gopmyny JlnyBunias-OCTporpajickoro ¥ MeTOJ BapHalWd TOCTOSHHBIX JUISL pEIICHUs
YpaBHEHHUI BTOPOTO MOpsiAKa ¢ NepeMeHHbIMH Kod(duuuentamu. MccnemnoBare cBOWCTBA pelICHUI
i depeHImanbHBIX ypaBHEHUI BTOPOTo Ops/IKa ¢ IOMoIbio TeopeMsl LHTypma.

BJIaJeTh:




Jloruveckum MBIIIIEHHEM, METOJaMH J10Ka3aTeNbCTB MATEMAaTHUECKUX yTBEPKACHHIA.

Haprikamu penienus u uccnenoBanus qudGepeHIMaIbHBIX YPaBHEHUH U CHCTEM B MAaTEMaTHIECKUX H
(UBNYIECKUX TPUITOKEHUSIX.

YMeHreM Nob30BaThCsl HEOOXOAMMOH JINTEPaTypoil.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Texymuii KOHTPOJh OCYIIECTBISICTCS HAa OCHOBe OaimbHO-peiiTmHroBoii cuctemsl (bPC) omnenkun
3HaHMM 10 u3ywyaemol naucuuiuimHe. BPC yuuThiBaeT BBINONHEHHE CTYIEHTaMH COBOKYIHOCTH
JOMAIlHUX 3aJaHUd M KOHTPOJIBHBIX paboOT B COOTBETCTBUM C Y4eOHBIM IuTaHOM. J[laHHBIE O
MOCEMIAeMOCTH U TEKYIEH YCIeBaeMOCTH BHOCSTCS MPENoJaBaTeNisIMU B CHEIHAIbHBIE JKYPHAIBl U
yuntsiBatorcs B bPC.

Texkymuii KOHTPOJIb HA OCHOBE JOMALIHHUX 33JaHUN OCYLIECTBISICTCS B TEUEHUH Y4eOHOTO ceMecTpa B
CPOKH, YCTaHOBJICHHBIE Y4eOHBIM yIPaBICHUEM, B COOTBETCTBUH C YUEOHBIM IIAHOM.

Jns coaum 3amaHus CTyAEHT O0Os3aH IPEJOCTaBUTh pEIIeHHE 3aJayd JOMAIIHero 3aJaHus B
MUCBMEHHOHM ()opMe, OTBETHTHb Ha BOIMPOCHI IMPENOJAaBaTeiIsi M HaMKCaTh KOHTPOJIBbHYIO paboTy IO
3aJaHUI0, TI0 KOTOPOU MPOBEPSIOTCS 3HAHUE NOHATUN M YTBEPKIACHUM IO TEMaM CIAaBa€MOIO 3aJIaHMs
Y YMEHHIO peliarh 3aJ1auu.

Bo Bpemsi BbINONHEHUS KOHTPOJNBHOM pPabOTBI HENb3s IOJIb30BaTbCs IOMOIIBIO APYTUX JIWI,
BBIYMCIIUTEIEHON TEXHUKU U MOOMIBHBIMU Tele(hOHAMH.

4. lepeyenb TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. IIpocreiimue TUIIBl ypaBHEHUI MEPBOrO IOPsIKA: YPAaBHEHUs C Pa3AeisIOIIUMUCS IIEPEMEHHbBIMU,
OIHOPOIHBIE, JHHEHHBIC, ypaBHEHHS B MHONHBIX OuddepeHunanax. WHTErpupyommi MHOXUTEINb.
VYpasueHnus bepryinu u Pukkary.

2. Meroz BBeleHMs IapaMeTpa JUlsl ypaBHEHMs IIEPBOIO IOps/KA, HE Pa3pelleHHOI0 OTHOCUTEIBHO
MIPOU3BOJHOM.

3. MeTtos! HOHMWKEHUS MOpsaKa A7l 1udepeHInaNIbHbIX YpaBHEHUH.

4. OOmiee pelieHWE JMHEHHOTO OJHOPOJHOTO ypaBHEHUS $n$-ro mopsaka ¢ TOCTOSHHBIMU
ko3 punmeHramu.

5. OOmiee peuieHHe JUHEHHOTO HEOIHOPOAHOrO ypaBHeHMs $n$-ro mopsiika ¢ MOCTOSHHBIMH
k03¢ pumeHTaMy ¥ paBod YacThI0 YpaBHEHHUS B BUI€ KBa3UMHOTOWICHA.

6. OOmee pemieHHE HOPMAIbHOW JHMHEHHOW OMHOPOTHOW CHCTEMBI YpPAaBHEHHH C IOCTOSHHBIMHU
ko3 uImeHTamMu B cirydae, Korjia CyIecTByeT 0a3uc u3 COOCTBEHHBIX BEKTOPOB MaTPHUIIbI CUCTEMBI.
7. Obmee pemieHHE HOPMaIbHOW JIMHEHHOW OMHOPOTHOW CHCTEMBI YPAaBHEHHH C IOCTOSHHBIMHU
koo duimenTaMn B ciydae, KOTJa HE CYIIECTBYeT 0a3nc M3 COOCTBEHHBIX BEKTOPOB MAaTPHIIBI
CHCTEMBI.

8. OTbICKaHUE peUICHUH HOPMaJIbHOW JTMHEHHON HEOIHOPOJHON CUCTEMbI YPaBHEHUHN € ITOCTOSHHBIMH
KO3 GHULIEHTaMH B ClTy4yae, KOTia CBOOOHbIN UICH SBISETCS BEKTOPHBIM KBa3UMHOTOUICHOM.

9. DKCTIOHEHTa KBaJpaTHOW MaTpUIlbl; MaTpUYHbIE (GOPMYIBI peneHus 3a1adu Komm 11 HopMaabHbIX
JIMHEHHBIX CHCTEM C MOCTOSIHHBIMH KO3(h(HUIIUEHTaMU.

10. ITpocreiimas 3aga4a BApUalMOHHOTO UCUUCIICHHUSL.

11. O600menus mpocTeiineii 3aj1a4d BapUAMOHHOTO MCUYHCICHHS: 3aJlada cO CBOOOIHBIM KOHIIOM,
3amaya a5 (YHKUMOHAJIOB, 3aBUCAIIMX OT HECKOJIBKMX HEM3BECTHBIX (YHKIMHA, W 3amada is
(YHKIIMOHAJIOB, COAEPIKAIINX POU3BOIHBIC BBICIIMX MOPSAAKOB.

12. N3onepumMerpuyeckas 3ajaya.

13. TeopeMsl CylIeCTBOBaHUS U €IMHCTBEHHOCTH peuleHus 3anadn Komm uis HOpMasbHBIX CHCTEM
i depeHIranbHbIX YpaBHEHUH 1 171 ypaBHEHUS $n$-ro mopsiika B HOpMaJIbHOM BUJIE.

14. Teopema O NPONOHKEHUH PELICHUHA HOPMAIBHBIX CHCTEM OOBIKHOBEHHBIX IM((epeHIHaIbHBIX
YpaBHEHUI U CIEACTBUA U3 HEe.

15. HenpepbiBHasi 3aBUCUMOCTh OT MapaMeTpoOB pelieHus 3agaun Komwm ajsi HOpMajibHBIX CHCTEM
OOBIKHOBEHHBIX Ju(depeHnanbHbIX ypaBHeHHH. JuddepeHmpyeMocTh pemeHns Mo napameTpam,
ypaBHEHHUE B BapHaLIUX.



16. Teopema cyliecTBOBaHHMS M €IUHCTBEHHOCTU pelleHus 3afauu Komwn [uid ypaBHEHUS NEPBOIO
HOPSIIKA, HE Pa3pelleHHOT0 OTHOCUTENBHO Ipou3BoaHON. Ocoboe peleHue.

17. ABroHOMHBIE cucTeMbl auddepeHIranbHbIX YypaBHeHUH. CBoicTBa (Ha30BBIX TpaeKTOpU
HOpPMAJIbHBIX aBTOHOMHBIX cHcTeM. TeopeMa O BBIIPSIMIIEHUH TPacKTOpUH.

18. Knaccudukauus TONOXKEHUH pPAaBHOBECUS JMHEWHOW aBTOHOMHOW OJHOPOJHOW CHCTEMBI
T QepeHIanbHbIX YPaBHEHUH BTOPOTo TOpPsAKA. XapakTep MOBeleHUs (a3oBBIX TPACKTOpUU B
OKPECTHOCTH TOJIOKEHHsI PAaBHOBECHS JJIsl aBTOHOMHBIX HEJIMHEHHBIX CUCTEM BTOPOTO MOpPSAKA.

19. IlepBble MHTETpasibl aBTOHOMHBIX cUCTeM Iu(depeHIralbHbIX ypaBHeHud. Kpurepuii nepsoro
uHTerpana. [IpuMeHeHue nepBbIX HHTErPAJIOB Ul IOHUKEHUS IIOPsIIKA CUCTEMb] YpaBHEHUH.

20. Teopema 0 ynclIe HE3aBUCHUMBIX IEPBBIX MHTETPAIOB aBTOHOMHON cHCTeMBI AU depeHaIbHbIX
YpaBHEHUN.

21. JluneiiHoe OOJHOPOAHOE ypaBHEHHE B YACTHBIX MPOM3BOJHBIX NEPBOro MOpsiaKa; (GopMysia 00mero
pewenus. TeopeMa CylecTBOBaHUS U €JUHCTBEHHOCTHU penleHus 3agauu Koy,

22. Teopembl CyLIECTBOBAaHUS M €MHCTBEHHOCTH pelleHus 3a1a4u Komm /Ui HopMallbHBIX JIMHEHHBIX
cUcTeM OOBIKHOBEHHBIX TU(PPEpEeHIINATLHBIX YPAaBHEHUH C MEepeMEHHBIMH KOA(QOUIIMCHTaMU U IS
JTuHEHHOTO ypaBHeHHs $n$-ro mopsaka.

23. ®ynaaMeHTaNbHAs CUCTEMA pelleHni, (yHJaMeHTalbHasg MaTpUlla U CTPYKTypa OOIIEero pereHHs
HOpMAJIbHOW JIMHEWHOW OJIHOPOJHON CHCTEMBbI YpaBHEHUH C MepeMeHHbIMH Kod(dduimeHramu.
@dyHaaMeHTalbHAs CUCTEMa pEIIeHHWH M CTPYKTypa OOLIero pelieHus] JMHEHHOr0 OJHOPOAHOTO
ypaBHeHus $n$-ro mopsizika.

24. Omnpenenurens Bponckoro u ¢opmyna JlnyBumis--OcTporpaackoro i pelieHH HOPMaJIbHOM
JINHEWHOW OAHOPOJHOW CHCTEMBl YPABHEHUH W Ui PELICHUH JMHEWHOIO OJHOPOIHOIO YPAaBHEHUS
$n$-ro mopsiaxa.

25. Merop Bapuanyy NOCTOSTHHBIX JUIsI HOPMAJIBHOM JIMHEHHON HEOTHOPOMHON CUCTEMBI YpaBHEHUH U
ISl TAHEHHOTO HEOHOPOAHOTO ypaBHeHus: $n$-ro mopska.

26. Teopema lllTypma u crieZicTBUS U3 HEe.

27. YctoWumBOCTh 1O JIAMyHOBY IIOJNIOKEHUSI PABHOBECHS aBTOHOMHOM cHcTeMbl. JlocTaTouHbIe
YCIJIOBUS aCUMITOTHYECKON YCTOWYMBOCTH TOJIOKEHHUS PABHOBECHUSI aBTOHOMHOM CHCTEMBI.

28. I'pynmoBsie CBOICTBa pelIeHUI aBTOHOMHBIX cucTeM AuddepeHunanbubiXx ypaBHeHui. [lonstue
dazoBoro oovema. ®opmyna Jlnysuis. Teopema [Tyankape.

[Mpumepst [TrucbMenHOTO 3K3aMeHa B ipuKperuieHHoM Qaiine ([Tucbmennsiii Jx3amen.pdf)

[IpumMepsl 3K3aMEHAIIMOHHBIX OUJIETOB (YCTHBIH YK3aMEH ):

buner Ne 1

[MpuHIUT CKUMAFOIIIUX OTOOPAKEHHH.

buner Ne 2

ABTOHOMHBIE CHCTEMBI T epeHInanbHbIX ypaBHeHH. CBOMCTBa peleHni 1 (pa30BbIX TPACKTOPHIA.

Kpurepun onennBanus

Onenka «ommmyHo (10)» BBICTaBIsieTCSl OOyYalOIIEMyCsi, €CIM OH I[OKa3aJl BCECTOPOHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

oueHka «omim4HO (9)» BhIcTaBIAETCS O0OyyaromeMycs, €clid OH II0Ka3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HOPUHATBIX PELICHUH, HO MpHU 3TOM OBUIM JOMYIIEHbl HEOOJbIINE HETOYHOCTH, KOTOPHIE OBLIH
CaMOCTOATEIBHO OOHAPY>KEHBI U HCIIPABIICHBL;

oueHka «omiM4yHO (8)» BhICTaBiIAETCS O0OyyaromeMycs, €cld OH II0Ka3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PEIIeHUH, HO IMpPHU 3TOM OBIIM JOMYIIEHbl HEOONbIIME HETOYHOCTH, KOTOPbIE MOCie
yKa3aHUs 9K3aMEeHAToOpa ObUIM CaMOCTOSTEIIBHO UCIPABIICHBI;

OLIeHKa «xopomIo (7)» BBICTABISIETCS 00y4aromeMycsl, €CJIM OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U IO
CYLIECTBY H3JIaraeT €ro, yMeeT IPHUMEHATh IOJlyueHHbIE 3HAHHWSA Ha MPAKTUKE, HO JOIyCKaeT
HETOYHOCTH B OTBETE MJIM JETIAaeT HECYIIECTBEHHbIE OIIMOKH IPH PEIICHUH 3a/1a4;



OLIEHKA «X0pomIo (6)» BBICTABISIETCS] 00yYarOIEeMyCsi, €CJIM OH TBEPJIO0 3HAECT MaTepHrall, FPaMOTHO H IO
CYIIECTBY H3JaraeT ero, ymeeT IPHUMEHATh IOJy4YEeHHbIC 3HAHMA Ha IPAKTUKE, HO [OIYCKaeT
HeOoJIbLIMe OMMOKH B OTBETE U (WJIN) IPH PEILICHUH 3a]1ay;

OLICHKA «X0pomIo (5)» BBICTABISIETCS 00yUaromEeMycsl, €CJIM OH TBEP/O 3HAET MaTepHuall, IPaMOTHO U MO
CYIIECTBY WH3JIaraeT €ro, yMeeT NpPUMEHATh IIOJyYCHHbIC 3HAaHWS Ha MPaKTHKEe, HO OTBEYaeT
HEYBEPEHHO U (WJIH) JI0ITycKaeT OMMOKY NIPpU PEelIeHUH 3a71ad;

OLICHKA «YJIOBJETBOPHUTENBHO (4)» BhICTaBIseTCs OOydaromeMmycs, MOKa3aBIleMy (parMeHTapHBbIH,
pa3pO3HEHHBIN XapakTep 3HAHWI, HETOYHbIE (OPMYIMPOBKH 0a30BBIX MOHSATHH, HapPyLIICHUS
JIOTMYECKON TOCIEA0BATEILHOCTH B U3JIOKEHUH ITPOrPAMMHOI0 MaTrepualia, €Ciiy Ipy 3TOM OH BIIaJeeT
OCHOBHBIMH pa3/iellaMi y4eOHOW MpOrpaMMbl, HEOOXOAMMBIMU JUIS AaJbHEHIIET0 OOyYEeHHS U MOXKET
HMPUMEHSATH NOTYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallny;

OLICHKA «YJIOBJIETBOPHUTENBHO (3)» BhICTaBiseTcs OOydaromeMmycs, MOKa3aBIleMy (parMeHTapHBbIMH,
pa3pO3HEHHBIN XapakTep 3HAHWI, HETOYHbIE (OPMYIMPOBKH 0a30BBIX MOHSATHH, HapPyLIICHUS
JIOTMYECKOW MOCJEOBaTeIbHOCTH B M3JI0KEHHUHM IPOrPaMMHOIO Marepuana, He BIAJCIOLIEMy
HEKOTOPBIMH pa3lieliaMi y4eOHOW MpOorpamMMbl, HO YMEIOIIEMY NPHMEHSTH NONXyYeHHbIC 3HAHHS IO
o0pasity B CTaHAAapTHOM CUTyalny;

OIICHKA «HEYJIOBJICTBOPUTEIHHO (2)» BBICTABISAETCS OOydarolmeMycs, KOTOPBI HE 3HaeT OOJbIIeH
YacTH OCHOBHOTO CONEpPKaHUSl Y4eOHOW MpOrpamMMbl JHCUUILIMHBL, JOIyCKAaeT IpyOble OMHMOKU B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OIYYECHHBIC 3HAHUS MIPU
PELICHNH TUTIOBBIX MPAKTUYECKUX 3a/1a4;

OLICHKA «HEYIOBJIETBOPHUTENBHO (1)» BBICTaBIsETCS 00ydYarolmeMycs, MoKa3aBlUIeMy MOJHOE HE3HAHHE
y4eOHO porpaMMbl JUCLUTUTHHEI.

5. MeTonuyeckne MaTepuaJbl, onpeaesome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[MuchbMeHHBIM SK3aMeH TPOBOAMTCS MO EAWHON NMHChbMEHHOW 3K3aMEHAIIMOHHOW paboTe Juis Bcex
cneunaibHOCTel (4 BapuanTta) B TedueHue 3 yacoB. OLeHKa 32 MUCHbMEHHBIN SK3aMEH SIBIISIETCS YacThIO
oO11el OLIEHKH 3a TPEIMET.

[Ipu npoBeneHN yCTHOTO 3K3aMeHa 00yYaromeMycsl IPEI0CTaBISCTCS OMH Yac (ACTPOHOMHYECKHU)
Ha MoAroToBKy. Onpoc oOydaromerocs mo OUIeTy Ha yCTHOM 9K3aMEHE He JIOJDKEH HPEeBBIIIATh ABYX
YacoB.

Bo Bpems npoBeneHus 5Kk3aMeHa 00y4daloIecst MOTYT MOJIb30BATHCS MPOrPaMMON AUCLHUIUIAHBL.



«COI'JTACOBAHO»
[IpopexTop o yuebHoit paboTe

A. A. BopoHoB
« » 2022

bajibHO-peliTUHIOBAas CMCTEMA OLEHKH 3HAHUH CTYJACHTOB
Hucuumnuna: AudpepeHunaibHbie ypaBHeHUs, 2 Kypc, 3 CEMECTp, SK3aMeH

Kadenpa Briciieit MaTeMaTHKH

Ne Bun 3ansTuii Cymma 6a/i10B

1. | KoutponbHas pabora Ne 1 o cnade 1 3amanus 0-9

2. | KonrponsHas pabota Ne 2 1o cade 2 3a1aHus 0-9

3. | 3aganue No 1 (TeTpanpb u ee 3a1mra) 0-3

4. | Baganne Ne 2 (TeTpaap U ee 3aIIuTa) 0-3

5. | IIpoBepka TeopeTHYeCKUX 3HAHUN 0-3

6. | Pabota Ha cemrHapax 0-3

/. | Ilucemennas pabora 0-30

8 | IToroBslii KOHTPOJIb. DK3aMeH(YCTHBIN OTBET) 0-60
HUTOIO 0-120

Cymma GayutoB 3a ycTHBIA oTBeT Haumcisercs mo (opmyne N*6, rne N = 3 — mpenBapurtenbHas

OIICHKA 32 YCTHBIN OTBET IO JecaTuOauibHoli mkane. Ecim N=I1, 2, To uToropas orieHKa COBIAAACT C
N.

CooTBeTCTBHUE OIIEHOK UTOTOBON aKaJIEeMHYECKON yCIIeBaEMOCTH OAJUTBHO-PEHTHHTOBOM CHCTEMBI

Bbanasl BPC Ouenku
112—-120 10
103 -111 9 OTJINYHO
94 —-102 8
85— 93 7
76 — 84 6 XOpOLIO
67 — 75 5
54 — 66 4
i1 _ 53 3 YIOBJIETBOPUTEIHHO
28 — 40 2
0 _ 27 1 HEY/I0BJIETBOPUTEIBHO

Pel"J'IaMeHT MNPUHATHUA AOMAIIHUX BaﬂaHI/Iﬁ U NOPOBCACHHA 3a4CTa OIPCACIIACTCA «ITonmoxxeHuem o
TCKYLICM KOHTPOJIC YCIIEBACMOCTU U npOMemyTquoﬁ arTTeCTalluu CTYACHTOB Ha Ka(beﬂpe BBICIIICH
MAaTCMaTHUKH).

3aB. kadenpoit I'.E. UBanoB




9K3AMEHAIINMOHHAA PABOTA

JduciyunianHa ’ AuddepennmnanbHble ypaBHEHUS ‘

Kypc Cemectp

Damuamda CTygeHTa Ne rpynimsr
Cymma 6asion Ounenka
Qamuiing Damuius
IIPOBEPSIOIETO sK3aMeHaTopa

1. 3 Pemwmrs ypasaenue 22y -2y +2y =22, =>0.

2. @ Kakoit HanMeHbI# BO3MOXKHBI MMTOPSIJIOK MOXKET NMETh JINHEHHOe 0JIHOPO/IHOE YPABHEHWE C TTOCTOs H-

HEIMI K03 (DHUIMEeRTAMN, TMEIOIIee Perenns y; = 2e>%, y = xe® sin 2? HaiiTn xapaKTepueTHIecKnii MEOTOMIeH

TAKOTO YpaBHEHWS.

3. (2) Marpuna A B Gasuce hy, ..., hg uveer sug A’ =

O O OO N
O O O N
O O N = O
O = OO
W o O OO
O O O OO

00000 3
BrIpasuTh obliee pellieHne CUCTeMbl ypaBHeHHit T = AT uepe3 coOOCTBEHHBIE 3HAUEHUA MATPUIbI A U BeKTOPHI

hi,..., hg.

4. (6) Pemmts 3amauy Komm y" cosy —y'siny (y' + ) =0, y(0)=0, ¥'(0)=1.

cos?y

5. (6) Pemurs ypasenne 3zy" + (6x+ 1)y + 3z + 1)y =%, x>0.

6. @ HaiiTi mo/I02KeHnst PAaBHOBECHST CUCTEMBl 4 = y> —y—2, 9 = —2y—3y> -2 B mosymiockoctn 4 > 0,
OIIPEeJIe/IUTh UX XapakTep. 306pa3uth ¢a3oBbie TPAEKTOPUH COOTBETCTBYIONINX JTHHEAPU30BAHHBIX CUCTEM.

7. (5) Pewwurs ypasaenue (z+y+ z)@ -2y—+(z—-y+ z)% =0.
Ox oy 0z

8. @ Haiitu gomycrumbie SKCTpeMasin BapUaInOHHOM 3a/1a9u

2 3
Jw) = [ Lde, y()-1.

1

9. (3) Kakoii HANMEHbIINIT BO3MOKHBIH TIOPSI0K MOXKET HMETb ypaBHEHUE y(”) = f(x,y,y',...,y("*l))
¢ "enpepbiBHO auddepennupyemoii pynknueir f, nMmeroiiee permrenus y; = ¢, Yo = sinax? CocTaBUTh TaKOe
yPaBHEHHUE.

MOTIN — 11
«/lcnonb3oBaHmne 3NEKTPOHHbBIX CPEACTB HOObIX TUMOB U BCNOMOraTebHbIX MaTEPMANOB 3anpeLLeHo s

C nonoxxeHnem 03HaKOMJIEH: (Mognuck cTypenTa)




9K3AMEHAIINMOHHAA PABOTA

JduciyunianHa ’ AuddepennmnanbHble ypaBHEHUS ‘

Kypc Cemectp

Damuamda CTygeHTa Ne rpynimsr
Cymma 6asion Ounenka
Qamuiing Damuius
IIPOBEPSIOIETO sK3aMeHaTopa

1. @ Pemmrs ypasnenne 22y - 3zy’ + 4y =222, x>0.

2. @ Kakoit nanmeHbInit BO3MOYKHBIN MOPSIOK MOYXKET WMETh JIMHEHHOe OJHOPOIHOE YPaBHEHHE C II0-

CTOSHHBIMI KO3 DUIMEHTAMN, NMeIoIee permenns y; = r°e2%, yy = €% cos ba? HaiiTn xapakTepucTuaeckmnii

MHOT'OYJIEH TaKOT'O YPDAaBHEHUA.

3. (2) Marpuna A B Gasuce hy, ..., hg uveer sug A’ =

OO OO W
O O O W o
OO W~ O
OO OO
N = O OO
o O O O

00000 2
BrIpasuTh obliee pellieHne CUCTeMbl ypaBHeHHit T = AT uepe3 coOOCTBEHHBIE 3HAUEHUA MATPUIbI A U BeKTOPHI

hi,..., hg.

4. (6) Perrmts 3amany Komm  dy(xy” —y') +y% =0, y(-1)=1, ¢/(-1)=-4.

5. (6) Pemurs ypasuenne 2?(Inz-1)y" —zy’ +y=z(lnz-1)%, z>e.

. .3
6. @ HaiiTy 10/107KeHnst PABHOBECUS] CUCTEMbl & = 22 — 1, 1 = — 111(2:n2 -1) B nomymmockocru x < 0
Y 4 Y

OTIPENIeSIUTh UX XapakTep. M306pa3utsh ¢dhazoBbie TPAEKTOPUN COOTBETCTBYIONINX JTHHEAPUIOBAHHBIX CUCTEM.

7. () Pemurs ypasuenue (y - z)@ +(x - z)@ +(y - x)@ =0.
ox Ay 0z

8. @ Haiitn gomycTtmMmble SKCTpeMasd BapUaIMOHHON 3a/1a49n

2 3
Jw)= [ Lrdw, y(1) =1, y(2)-8

1

9. (3) Kakoii HAUMEHDBIINI BO3MOXKHBIH IOPSIOK MOXKET uMers ypasmerme y(™) = flx,y, ... ,y(”_l)) ¢
HempepbiBHO Auddepenniupyemoii dpyukmnueir f, mMmeroriee pererus y; = €, Yo = € — 17 CocTaBuTh TaKoe
yPaBHEHHE.

MOTUN — 12
«Mlcnonb3oBaHmne 3AeKTPOHHbBIX CPEACTB tODbIX TUMOB U BCMOMOraTebHbIX MAaTEPMANOB 3aMpPeLLeHO»

C nonoxxeHnem 03HaKOMJIEH: (Mognuck cTypenTa)




9K3AMEHAIINMOHHAA PABOTA

JduciyunianHa ’ AuddepennmnanbHble ypaBHEHUS ‘

Kypc Cemectp

Damuamda CTygeHTa Ne rpynimsr
Cymma 6asion Ounenka
Qamuiing Damuius
IIPOBEPSIOIETO sK3aMeHaTopa

1
1. 3 Pemmrs ypasHeHue 22y - 6y = —, x>0,
x

2. @ Kakoit nanmeHbInit BO3MOYKHBIN MOPSIOK MOYXKET WMETh JIMHEHHOe OJHOPOIHOE YPaBHEHHE C II0-
cTostHHBIME KO3hDUIIeHTaM, IMEIOIee PeLIeHns y; = &, ys = ze”, y3 = sindz? HallTu XapaKTepHCTHIeCKIit
MHOT'OYJIEH TaKOT'0 YPDAaBHEHUA.

1 1 0 0 0
01 0 00
3. (2) Marpuma A B 6asuce hy, ..., hs mmeer Bug A'={0 0 2 1 0].
00 0 2 1
00 0 0 2

Beipasuth 0611ee perienne cucreMbl ypasHeruit & = AT yepe3 coOCTBEHHBbIE 3HAYEHUsI MATPUIIBI A U BEKTOPBI

hi,... hs.

1
4. (6) Pemmrs 3anauy Kommn yy" =Ty vty y(1) =1, y'(1)= 3

5. (6) Pemurs ypasuenne zy” - 2(4x - 1)y +8(2x — 1)y = 2e**, x>0.

6. HaiiTn mo10sKeHns paBHOBECHS CUCTEMBI & = e 2273 41, j = arctg(z2-1) B moaymIockocTH < 0
b )
onpee/inTh uX xapakrep. N3006pa3uth ¢pazoBbie TPAEKTOPUH COOTBETCTBYIOMINX JTHHEAPU30BAHHBIX CUCTEM.

0 0 0
7. (5) Pemmrs ypasrenne 228 (z%+y+ 22)_u 2%
ox dy 0Oz

8. @ Haiitnn momycTtmMmble SKCTpeMasn BapuaIrnoOHHON 3a1a49n

3
J(y)=fy’3:v4dx, y(1) =2.
1

9. @ Kaxoil HANMEHDbIIMI BO3MOXKHBIH MOPII0K MOXKET HMeTh ypasHenme y(™) = f(x,y,y’,...,y("_l))
¢ HempepbiBHO audpeperiupyemoii dyukimeii f, nmeromee perennst y; = shx, 1y = x?7 CocraBurh Takoe
ypaBHEHHE.

M®PTUN — 13
«Mlcnonb3oBaHmne 31EKTPOHHbBIX CPEACTB JOObIX TUMOB U BCMOMOraTebHbIX MaTEPMANOB 3aMPeLLEeHO»

C nonoxxeHmem 03HaKOMJIEH: (Mognuck cTypenTa)




9K3AMEHAIINMOHHAA PABOTA

JduciyunianHa ’ AuddepennmnanbHble ypaBHEHUS ‘

Kypc Cemectp

Damuamda CTygeHTa Ne rpynimsr
Cymma 6asion Ounenka
Qamuiing Damuius
IIPOBEPSIOIETO sK3aMeHaTopa

1
1. (3) Pemmuts ypasuenue 22y +3zy +y=—, x>0.
x

2. @ Kakoit HanMenbInii BO3MOXKHBIN TTOPSTIOK MOXKET MMEThH JUHEHHOE OJHOPOIHOE YPABHEHUE C TTOCTO-
SHHBIME K03 (DUIIEHTAMI, HMEIOIIee PEIeHns i =  Cos 2%, Yo = €%, y3 = x2e®? HaiiTu xapakTepucTIaecKuii
MHOT'OYJIEH TaKOT'0 YPDAaBHEHUA.

-2 1 0 0 0
0O -2 0 0 O
3. (2) Marpuma A B 6asuce hy,...,hs mmeersun A'=| 0 0 5 1 0]
0O 0 0 5 0
0O 0 0 0 5

BripasuTh 06Iee perieHne CUCTeMbl ypaBHeHnit T = AT depes coOCTBeHHBbIE 3HAYeHHS MATPHUIL! A U BEKTODHI

hi,... hs.

4. (6) Pemmts 3amaay Komm 22(yy" —y"?) = bxyy’ + 692, y(1)=1, ¢'(1)=-1.

5. (6) Pemurs ypasuenne 22y —x(2® +3)y' + (2 +3)y =2°, x>0.

. . T
6. @ Haiitu nmonoxkenust paBHOBecus cucteMbl & =dx —8y+3, ¢ =In ;, ONPENIEIUTh UX XapaKTep.

N306pazutsh dhazoBbie TPAEKTOPUH COOTBETCTBYIOININX JTUHEAPUIOBAHHBIX CUCTEM.

0 0 0
7. @ Pemmuts ypaBHeHne m—u + 2y—u + (:c2y + z)—u =0.
ox oy 0z

8. @ Haiitu gomycrumbie SKkCTpeMasii BapUaInOHHOM 3a/1a49u

Jw)= [ yPatde. y(1)=0. y(e) =1,
1

9. (3) Kakoii HANMEHDBIINH BO3MOKHBIH MOPSIOK MOXKET MMeTh ypasrerue y(™) = flx,y,y,... ,y("_l)) ¢
HernpepbiBHO Auddepennupyemoii byukimeit f, nveroree pertennst y1 = e* —x, yo = cha? CocraBurh Takoe
ypaBHEHHE.

MOTUN — 14
«Mcnonb3oBaHmne 3NEKTPOHHbBIX CPEACTB JIOObIX TUMOB M BCMOMOraTebHbIX MaTEPMANOB 3aMpPeLLEHO»

C nonoxxeHmem 03HaKOMJIEH: (Mognuck cTypenTa)




