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1 ]_le.]'ll/l H 3aJa4Y1 OCBOCHUA JUCHHUITIJIMHbI

eanb (eH) OCBOCHHS TUCITATUIMHBI:

O3HAKOMJICHHE CTYJCHTOB C OCHOBHBIMH  pe3ylbTaTaMd IO TEOPHH  OOBIKHOBEHHBIX
mudepeHIMaTbHBIX YPABHCHUH M CUCTEM, KJIACCHYECKUMHM METOJIaMU HMX PEIICHUS W WCCIICJIOBAaHMS Ha
yCTOfI‘-IHBOCTB; OCHOBAMH TCOPpHUH HHTCTPAJIbHBIX ypaBHeHI/IfI U BapUalUOHHOI'O0 HCUHCJICHUA,
(dhopMHUpOBaHKE BO3MOXXHOCTH HCIIOIB30BAaHUS TIOJYYCHHBIX 3HAHUW TPH HW3YYCHHH ITOCIICAYIOIINUX
MAaTCMAaTUUYCCKUX U CICHHUAIBHBIX AJUCHUINIMH, a TAKXC IIPU IMOCTPOCHHUHU MATCMATUYCCKUX MOI[eHef/'I,
HCCaeayeMbIX (PU3HUECKHUX MPOIIECCOB U SBICHUH.

3agaun:
o I/I3yquI/Ie OCHOBHBIX HOHHTHfI, OHpeIICHGHI/IfI, TeopeM nu METOOL0B TCOpI/II/I O6BIKHOB€HHBIX
mudQepeHIMaNbHbBIX YPAaBHEHHA M CUCTEM, TEOPUM WHTETPAJbHBIX YpPAaBHEHHH M BapHALMOHHOTO
HCYHCIICHMUS,
o OTpa6OTKa HaBBIKOB HpI/IMeHeHI/ISI KIIACCUYCCKUX HpI/IeMOB U MCETOOOB pemeHI/m O6BIKHOB€HHBIX
Qg QepeHInaTbHbIX YPABHEHUH H CUCTEM U MCCIIEJOBAHUS Ha YCTOMYUBOCTB;
® 03HAKOMJICHHE C OCHOBHBIMH MpPUEMaMH PEHICHUN WHTETPAIbHBIX YPAaBHEHUN M KJIACCUYECKUX 3a/1ady
BapUAIMOHHOTO UCYHUCIICHHUS:
e (opmupoBaHWE TPEICTABICHUNH O BO3MOXHOCTSX HCIIOJIB30BAHUS METOJOB TEOPUU OOBIKHOBEHHBIX
muddepeHIaTbHBIX YPAaBHEHUH, TEOPUH HHTETPAIbHBIX YPAaBHEHUW M BAPUAI[MOHHOTO WCYHMCICHHUS IS
pelieHus 3a/1ay TEOPETUIECKOTO U MPUKIIATHOTO XapaKTepa;
e T[pUOOpPETeHHWE MPAKTUUYECKOrO OMbITa NPUMEHEHUS HWHCTPYMEHTOB TEOPHH  OOBIKHOBEHHBIX
muddepeHIMaTbHBIX ypaBHEHUN, TEOPUHM MHTETPalIbHBIX YPaBHEHHI M BapUallMOHHOTO HCYHCIEHUS TPU
pelIeHN  3a/1a4 MPUKIIAIHOTO XapaKTepa.

2 MecTo AUCHUILUIMHBI B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

JucnunimHa oTHOcUTCA K 0a30Boit yactu 0110ka 1 «{ucuumanHbl (MO )».

[IpepexBusutel aucuuruiubbl: b.1.5.10.1 Mamemamuueckuii ananus, b.1.5.10.5 Bexmopuwviu u
MEH30PHbLU AHATIU3.

[ToctpexBu3utThl  aucturuiuHel:  b.1.5.10.5 Bexmopuvui u menszopHuiti  anaius, b.1.5.19
Teopemuueckasi mexanuka u Mmexanuxka cniownwvlx cped, b.1.5.20 Onexmpoounamuxa, b.1.5.21
Tepmoounamuka, cmamucmudecxkas guzuxa u guszuueckas kunemuka, b.1.5.23 Keanmosas mexanuxa.

3 TpeOoBaHus K pe3yabTaTaM 00y4eHHS MO JUCHHUIINHE

[Tpouecc u3yueHus: AUCUUILIMHBI HAaNpaBJieH Ha (pOpMHUpOBaHUE CIAEAYIOUINX PE3YIbTAaTOB 00YUEHHUS .

[Tnanupyemsble pe3ynbTaThl 00y4eHHs 110 JUCHUIUIMHE, XapaKTepU3yollne

. ®opmMupyemMble KOMIETEHIIUN
sTanbl GOPMUPOBAHUS KOMIETEHITHHA

3HaTh: 0 MeToAax W crmocobax mowcka Heooxoammon uHpopmanuu, o|OK-7 CIIOCOOHOCTBIO K
MaTEeMaTHUeCKUX pecypcax Oubmuorek u cetm HTepHET 1O |caMOOpraHU3aIiH u
mudpepeHIMaTbHBIM | WHTETPATbHBIM YPAaBHEHUSM W BapUallMOHHOMY | CaMOOOPa30BaHHUIO.
HCYHUCIICHUIO.

YMeTh: TOJIb30BaThCA CIPABOYHOM MATEMaTUYECKOM JUTEpPaTypou IO
muddepeHIMaTbHbIM U HUHTETPATFHBIM YPaBHEHUSIM W BapUAIMOHHOMY
WCYHUCIICHUIO U COOTBETCTBYIOIIMMH pecypcamu ceTu VHTepHeT.




[Tnanupyemsble pe3ynbTaThl 00y4eHHs 110 JUCHUIUIMHE, XapaKTepU3yIoIre
sTanbl GOPMUPOBAHUS KOMIIETEHITHA

DopmMupyeMbIE KOMIIETEHLIMU

3HaTtb: (QuU3WYECKW  CMBICT  OCHOBHBIX TMOHATHA ©  (paKTOB
i QepeHIManbHbBIX W HHTETPANbHBIX YpPaBHEHHM M BapHallMOHHOTO
UCYHCIEHUS U cephl UX TPUMEHEHHUSI.

OIIK-1 CIIOCOOHOCTBIO
HCIIOJI30BaTh B
npo¢eCCHOHATBHON

JIeSITEILHOCTH 0a30BEIE

€CTECTBEHHOHAYYHbIC 3HAHMS,
BKJIIO4Yas 3HAHUA O MMPCIAMETC U
00BbEeKTaxX H3YYCHHS, METOJax
UCCJICIOBAHHS, COBPEMEHHBIX
KOHLIENIHUAX, TOCTHKCHUSIX H
OTpaHUYCHHUAX €CTECCTBCHHBIX
HayK (Ipexkae BCEro XHMHH,
OMOJIOTHH, SKOJIOTUH, HAYK O
3eMJIC U YEIIOBEKE).

3HATb: OCHOBHbIC TOHSTHS, TEOPEMBbl M METOABI TU(PEpEeHINATBHBIX H
UHTETPAJIbHBIX YPABHEHMM M BAapUAlMOHHOIO HCYHCICHUS U ux
IIPUIIOKEHUS.

YMeTh: 10Ka3bIBaTh OCHOBHBIE TEOPEMBI U PEIIATh KIACCHUYECKUE 3a1a4u
mudQepeHIMaTbHBIX W HWHTETPAIBHBIX YpaBHEHHH ¥ BapHALMOHHOTO
UCYHCIICHUS.

Baajgerb: HaBblKaMM  HCIOJB30BaHUS HMHCTPYMEHTOB M CPEACTB
mudQepeHIManbHbIX M HMHTETPAIbHBIX YpaBHEHHM M BapHallMOHHOIO

HUCUYHUCIICHUA npu MOACIUPOBAHUHU W HUCCICAOBAHUUN (1)I/ISI/IIICCKI/IX
MIPOLIECCOB U SIBJIICHUH (TMIOCTPOEHUE MOJENH, HWHTEpIpeTalus U OLIeHKa
pe3yIbTaTOB).

OIIK-2 CIOCOOHOCTBIO
UCIIOJIb30BaTh B
npodeccHoHATBLHOM
JESTENIbHOCTH 0a30BbIE 3HAHUSA
(yHIaMEHTAJIbHBIX  pa3/esioB
MaTEMaTHKH, CO3/1aBaTh
MaTeMaTUYECKHe MOJIeNH
TUIOBBIX MPOQPECCUOHATBHBIX
3alady ¥ MHTEPIPETUPOBATH
MOJIyYEHHBIE  pe3YyJibTaThl C
Y4€TOM TpaHull MPUMEHUMOCTH
MOJeIeN.

4 CTpyKTYpa U colepKaHue TUCUUIINHBI

4.1 CTpyKkTypa IUCHUILIMHBI

OO61mas TpyA0€MKOCTh AUCHHUIUINHBI COCTaBIsET 5 3aueTHhIX equHuIl (180 akajgeMuyecKux 4yacos).

TpynoemMkocTs,
Bug paboTst aKaJIeMUYEeCKHX YacoB

3 cemecTp 4 cemecTp BCETO
OO0masi Tpy10éMKOCTh 72 108 180
KonTakTHas padora: 34 35,25 69,25
Jlextmm (J1) 18 18 36
[Tpaktuueckue 3ansatus (I113) 16 16 32
Koncynbranun 1 1
ITpomerxyTouHas arrectanus (3a4eT, SK3aMeH ) 0,25 0,25
CamocrosiTesibHas padoTa: 38 72,75 110,75
- CaMOCTOSITEIbHOE H3y4YeHHE (JI0KA3aTEeNbCTB TEOpeM 00
YCTOMYMBOCTU pelleHud TuddepeHanbHbIX YpaBHEHUNH H
cucreM, cBOMCTB (yHkiuu JlsmyHoBa, CBOWCTB HMHTErpaia
Jlamnaca, mpuMeHeHHE SKCIIOHEHIIMAIBHOTO MPeoOpa3oBaHus
®ypsbe, cunyc U Kocunyc-peodpazoBanus Oyprwe);
- CaMoIoAroToBKa (MpopaboTka M MOBTOPEHHUE JIEKITMOHHOTO
MaTepHalia U MaTepraia yaeOHUKOB U y4eOHBIX TOCOOUIA;
- IOJITOTOBKA K MPAKTUYECKUM 3aHSTHIM;
- IOJITOTOBKA K PyOEKHOMY KOHTPOJIIO U T.I1.).
Bua uToroBoro KOHTpoJIA (3a4eT, IK3aMeH, IK3aMeH
auddepeHupoBaHHbIN 3a4€T)




Paznensl nUCIUIIIMHGL, U3y4aeMble B 3 cEMeCTpeE.

KonnuectBo yacos
Ne ayUTOpHAast
paszena HanmenoBanue pasnenos Beero paora BHEAY/I.
T 113 | JIp pabota
1 OCHOBHBIE TIOHSATUS H OMNPEICICHUS TEOPUH 8 2 0 - 6
T epeHaIbHbIX  YPAaBHEHHH. Teopemsl
CYIIECTBOBAHHMS M €AMHCTBEHHOCTH PELICHUH.
2 OCHOBHBIE KJIACCHI YPAaBHEHHI MEPBOTO MOPSAIKA U 13 3 6 - 6
CBOJISIIITUXCSI K HUM.
3 JIuneiiHble ypaBHEHMsI N -TO MOPsIIKA. 17 S) 4 - 6
4 Hopmanbeuele  cuctemsl  audQepeHnmnambHbIX 8 2 2 - 4
YpaBHEHUH.
S) Cucremsl JUHENHBIX mddepeHIranbHbIX 14 4 2 - 8
YpaBHEHUU.
6 Teopust yCTOMYMBOCTH. 12 2 2 - 8
Hroro: 72 18 | 16 38
Pa3nenbl muctMIUIMHbL, H3ydaeMble B 4 ceMecTpe.
KomuecTBo yacos
Ne HaunmenoBanue paszaennos ayuropHad BHEAy/.
paznena BCETO pabota
T 13 | 1P paboTta
7 OcHOBHbIE IOHATHS TEOPUU UHTETPATILHBIX 6 2 0 - 4
YpaBHEHUU.
8 WuTerpanbuble ypaBHeHus BoabTepa. 28 4 4 - 20
9 WuTerpanbubie ypaBHenus Opearonpma. 30 4 6 - 20
10 [IpruMeHeHne MHTErPATBHBIX MPEOOPa30BaHUMA IS 14 2 2 - 10
pelIeHUs] HHTETPAIBHBIX YPaBHEHUH
11 OCHOBHBIC TIOHATHS W METOJBl BAPHALMOHHOTO 30 6 4 - 20
VCUHUCIICHUS
Hroro: 108 18 | 16 | - 74
Bceero: 180 36 | 32 | - 112

4.2 ConepxxaHue pa3iesioB JUCHUNIHHBI

1 OcHoBHBbIe MOHATHSI U ompenedeHusi Teopun AuddepeHunaNbHbIX ypaBHeHuii. Teopembl
CYHIIECTBOBAHMS U €IMHCTBEHHOCTH pelleHu i

OCHOBHBIE TIOHATHS U OIpeJesIeHUs:: OOBIKHOBEHHbIE AU depeHnnanbHble ypaBHEHUs Topsaka N,
peuieHue, HWHTErpajibHas KpHBas; YpPaBHEHHE IOpsAKa N, pa3pelieHHOE OTHOCUTENIBHO CTapuen
npou3BoaHON. Ilpumepsl Bo3HUKHOBeHUs AupdepeHIuanbHbIX ypaBHeHUH. 3agava Komm: moctaHoBKa,
reoMeTpuueckuil cmbica. Juddepenunanbable ypaBHEHUS 1-ro mopsika: Moje HalpaBlIeHUN, U30KJIUHBI,
JoMaHble Dinepa, ypaBHeHHue Buaa Yy’ = f(x): dopmyna nng obmiero penenus U pemenus 3anaun Komm,

JOCTaTOYHBIE YCIIOBUS CYIIECTBOBAHUSA W €IWHCTBEHHOCTHM pemeHus 3anadn Komm mius ypaBHEHHS
! 1%

y'= f(X,Y), nousrue o61ero u YacTHOTO perueHuii s ypaBHEHHUs TIEPBOTO TIOPSIKA, TIOHATHE OOIIETO

M YaCTHOIO MHTErPajoB, YpaBHEHHs, HHTETpUpyeMble B KBaapaTypax. JlocTaTouHble YCIOBHS

CYHICCTBOBAHMS M €AMHCTBEHHOCTHM  pemieHMs  3amgayn  Komm g ypaBHeHMs — BUAa:
n ' n-1 o

y( ): f(x,y,y ,...,y( ) [ToHATHE OOLIEr0 M YacCTHOrO pEUIEHHH I YpaBHEHUS N-TrO MOpsIKA.

Teopema o CyIIeCTBOBaHHHM U €IUHCTBEHHOCTH Js AU(PPEPEHINATHHOTO YpaBHEHUS, HEPa3pPEIIeHHOTO
OTHOCHUTEILHO MPOM3BOAHON. OcoObIe pemeHus.



2 OcHOBHbBIE KJIAaCChl yPABHEHUI IePBOr0 NOPSAAKA M CBOAALIUXCA K HUM
VpaBHEeHHsI C pa3lleICHHBIMH W pa3JIESIOMUMHUCT TMEPEMEHHBIMU W MPUBOJAIIMECS K HUM.

Vpapuenns suna Y = f (y/ X) U npuBoAsiurecs K HuM. Jluneinsle nuddepeHnmanbupie ypaBHeHus 1-ro

Mopsi/IKa, ypaBHEeHUE bepHymwin. YpaBHeHUs B MOJHBIX AudQepeHnnanax, HHTETPUPYIONIHA MHOXHUTEIb.
WNHTterpupoBanne ypaBHEHHI, HEPA3PEIIEHHBIX OTHOCUTEIBHO IPOU3BOJHOM, IIyTEM BBEICHUS IapaMeTpa.
VpaBnuenus Jlarpanxka u Knepo. YpaBHeHus, 10MyCKarOKUe MOHUKEHHUE OPAIKA.

3 JIuHeiinble ypaBHeHHs N -0 NOPSIKA

Jluneilinsle nuddepeHnnanbHble ypaBHEHH N-To NOpsAKa: ONpeeseHUe, TeopeMa CyIeCTBOBAHUS U
€IMHCTBEHHOCTU pemieHus 3aaaun Komm. JluneitHsle ogHOpoaHble nudQepeHnnanbable ypaBHEHHS N-TO
Mopsi/Ika:  OmpeiesieHue, MPOCTEUIINEe CBONCTBA PEIICHUH. [loHsiTHe JMHEWHOW 3aBUCUMOCTH
(me3aBucuMoOCTH) cucTeMbl (GYHKIUH Ha wuHTepBaie. Onpenenurens BpoHCKoro: ompeaencHue,
JOCTaTOYHbIE YCJIOBHMsSI OOpaTUMOCTH  OIpENEeJUTeNs B HyJIb Ha HHTepBayie. JlOCTaTOYHbIE YCIOBUS
JMHEWHOW HE3aBHCUMOCTH CHUCTeMbl (YHKUMH Ha uHTepBaie. Kpurepuil nmHEHON He3aBUCUMOCTH N
pelIeHUi JTUHEHHOro OJHOPOJHOIO ypaBHEHMs N-ro mnopsaka. Teopema o CTpyKType OOIIEro peleHus
JUHEWHOTO OJHOPOAHOrO Iu(depeHInaIbHOr0 ypaBHeHuss N-ro nopsaaka. [lorsrtue o GpyHmaMeHTanIbHON
CHCTEME PELICHUH JIMHEHHOro 0AHOpoAHOro AU depeHInalIbHOr0 ypaBHEHHs N-ro Mopsjika, TeopemMa o eé
CYIIECTBOBaHMHU. TeopeMa O CBOWCTBE YAaCTHBIX PEHICHUH JMHEHHOTO OJHOPOIHOTO IU((HEepeHINATBHOTO
ypaBHeHHUs N-ro nopsaka. [loHmwkeHne nopsaka JMHEHHOTO 0OHOPOIHOTO AU(PepeHIINaTbHOIO YPAaBHEHUS.
Onpenenenne TUHEHHOTO OAHOPOAHOTO U PepeHITnaIBEHOTO ypaBHEHUsT 10 (yHIAMEHTAIBHON CHCTEME
pewennii. dopmyna Octporpaackoro — Jluyeunsa. Teopema o CTpyKType OOILEro peueHus JUHEHHOro
HeoqHOpoaHoTo auddepeHnnanbHOro ypaBHeHUss N -ro mopsaka. OThICKAHWE YaCTHBIX pEHICHUH
JUHEWHOTO0 HEOJHOPOIHOro JU(GGEPEeHIMATBFHOIO YpPaBHEHMsT ~ METOJOM BapualMM MPOU3BOJIBHBIX
MOCTOSIHHBIX. Merton cyneprnosunun. JIuHelHsie omHopoaHble audQepeHnnanbHble ypaBHEHHS — N-TO
Hopsiika C MOCTOSHHBIMU KO3((ULUEHTaMU: OIpeesieHHe, MOHATHE XapaKTepUCTHUUYECKOI'O YypaBHEHUS,
IIpaBWJIO BbIOOpa (yHIaMEHTAIbHOM cucTeMBbl pemieHuil. Bun olmiero pemeHus IMHEHHOTO OJHOPOIHOTO
audQepeHIManbHOr0 ypaBHEHUs: 2-TO MOPAJKAa C HNOCTOSHHBIMU KOA((HUIMEHTAaMH B 3aBUCHUMOCTH OT
KOpHEN XapaKTEpUCTUUECKOTrO ypaBHEHUsA. [locTpoeHHWe YacTHBIX PEHIEHUN JIMHEHMHBIX HEOIHOPOIHBIX
muddepeHManbHbIX YPaBHEHUH N-TO HOpsiIKa METOAO0M HEOIpeJesIeHHBIX KO3(p(HUIMEHTOB B cllydyae

npagoii wactn crienmansroro suna: f(x)=e”PR,(x); f(x)=e™ (P,(x)cos fx + Qy,(X)sin fx)).

4 HopmasnbHble cucTembl U@ ¢epeHInaIbHbIX YPABHECHHUI

HopmanbHbie cucTeMbl 0OBIKHOBEHHBIX JU((GEepeHIINATbHBIX YPAaBHEHUN: OCHOBHBIE ONIPEAEIEHUS U
noHatus (pemenue, 3anaya Komm). Teopema cyiiecTBoBaHMSI M €IMHCTBEHHOCTH peleHus 3agaun Komm
JUIs. HOpMaJIbHOM CHCTEMbI OOBIKHOBEHHBIX TU(depeHInanbHbIX ypaBHeHUH. [loHdTHEe 00111ero u yacTHOrO
peleHnii A HOpMalbHOM cucTeMbl AU depeHIuaNbHBIX ypaBHEeHUH. MaTpuuHas ¢opma 3amucu
HOpMaJbHOW CUCTEMBl AUQQEepeHInanbHbIX ypaBHeHHNH. Dusndeckas uHTeprperauus. MHTerpupoBanue
HOpPMAaJIbHBIX cUCTeM TU(depeHIINaTbHBIX YPAaBHEHUI METOJIOM CBEJCHHS K 0JHOMY AuddepeHnnanbHoMy
ypaBHEHHIO OoJiee BBICOKOTO Mopsiika. PerieHne HopManbHbIX cuUCTEM U (EepeHIMATbHBIX YpaBHEHUN
METOZOM HMHTErpupyembix koMOuHanuil. [loHsTHE O mMepBOM MHTerpajie: ompeaeieHHe, Te€OMETPHUECKUil
cmbici. Cummerpuueckast popma 3anucu cucteMbl JuddepeHIMaIbHbIX ypaBHEeHUH. CrnocoObl MoyuyeHus
MHTETPUPYEMBIX KOMOMHaluil. 3aBHCUMOCTh peuieHuid audQepeHnnanbHbIX ypaBHEHHH U CHCTEM OT
HavyaJIbHBIX 3HAUYCHUN U TTapamMeTpoB. Teopema o auddepeHIMpyeMOCTH PEIICHHI 10 TTapaMeTpam.

5 Cucrempl JinHelHBbIX AU ¢ epeHIHANbHBIX YPABHEHUH

CucteMbl TMHEHHBIX TU(GEpeHIMaTbHBIX YPaBHEHUI: OCHOBHbIE ONPEENICHHS U MOHATHS, TeOpeMa
CYLIECTBOBAHMSI M €IMHCTBEHHOCTH pelleHus 3anaun Komu st muHelHol cucteMbl nuddepeHIantbHbIX
ypaBHEeHMH, MaTpuuHas popma 3anucu. OnHOpOHAS CUCTeMa JIMHEHHBIX AU depeHInanbHbIX ypaBHEHUH,
ONpeeICHUE, MPOCTEHIINE CBOMCTBA pelieHui. JIMHEeHO 3aBUCUMBIE U JIMHEWHO HE3aBUCHUMBIE CUCTEMBI
BEKTOpPOB (BeKkTOp-pyHKuuit). Onpenenurens BpoHckoro as cucreMbl BEKTOPOB (BeKTop-¢yHKuuid). Ero
CBOMCTBA (OCTaTOUHBIE YCJIOBUSA OOPAaTUMOCTU B HYJb, IOCTATOYHBIE YCIOBHS JIMHEHHON HE3aBUCUMOCTHU
cucreMbl QyHKuui). Kputepuit nuHeWHOW HE3aBHCHMOCTH CHCTEMBbl pEIleHUH JTUHEHHOW OIHOPOJHOM
cucreMmbl. DyH/IaMEHTalbHAsl CUCTEMa pellleHuH, pyHIamMeHTanbHas marpuua, e€ cpoicTBa. Teopema o
CTPYKType OOIIero pemeHus JIMHEHHON 0JHOpOoAHOM cucTeMbl AuddepeHnanbHbIX ypaBHEeHHH. Teopema o
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CTPYKTYpe OOIIEro pemieHuss JHHEHHOW HEOMHOPOIHON CcHCTeMBbl au(depeHInaTbHbIX YpaBHECHHUH.
[TocTpoeHne YaCTHBIX PEIICHWH JIUHEHHON HEOMHOPOMHOW cHCTeMbl auddepeHIInaIbHbIX YpaBHCHUM
METOZOM BapHallMd TPOU3BOJBHBIX IOCTOSHHBIX W METOAOM cymneprno3uiuu. CHCTeMbl JHMHEHHBIX
mudpepeHIMATBHBIX YPaBHEHUH ¢ TIOCTOSHHBIMUA KOA()PUIIMEHTaMU: OCHOBHBIC OINPECICHHUS U TTOHSTH.
OnHOpoIHBIE CHCTEMBl JMHEHHBIX AuddepeHInaNbHbIX YpPaBHEHHH C TOCTOSHHBIMH KO3 UIIUCHTAMU:
XapaKTepUCTHUECKOE YPaBHEHHE, AaJIFOPUTMbl TOCTPOCHHUS JIMHEHHO HE3aBUCHMBIX pEUICHHH, B
3aBUCUMOCTH OT CBOWCTB KOpHEHW XapaKTEpUCTHUECKOTO YpaBHEHHA: (AEHCTBUTEIBHOCTb, KPATHOCTH).
AJTOpUTMBI TMOCTPOCHMSI YACTHBIX PEIICHUH JIMHEHHBIX HEOJHOPOJHBIX CHCTEM C IOCTOSHHBIMU
KO3 PHUIHEHTAMU METOI0M HEOTPEIEICHHBIX K03 (PUIIUEHTOB.

6 Teopus ycToiiuuBOCTH

Teopuss ycTOMUMBOCTU: OCHOBHBIE ONpEAEiIeHHUs U NOHATHSA (ycTroiumBocTh 1o JIsAmyHOBY,
aCUMIITOTUYECKAs] yCTONYMBOCTh PEIICHUS CUCTEMbI U CUCTEMBI.). AJITOPUTM CBEIEHUS HCCIIEOBAaHUS Ha
YCTOMYMBOCTb PEILIECHUS CUCTEMBI K MCCIEA0BAHNIO HA YCTOMYMBOCTD HYJIEBOTO PELIEHUS BCIIOMOTIaTEIbHOM
cucrembl. [loHsaTHE O TOUKE MOKOSI cucTeMbl AU depeHInaTbHbBIX YpaBHeHUH. Ornpenenenue yCTOWIMBOCTH
no JlanyHoBy (acHMOTOTHMYECKOM yCTOMYMBOCTH) TpUBHAIbHOro pemeHus. Kpurtepun ycroitumBoctu
pelIecHUN JIMHEMHOW HEOJHOPONHOM cucTembl.  Kpurepuili yCTOMYMBOCTH JIMHEWHOHW HEOAHOPOIHOM
cucteMbl auddepeHuaTbHbIX ypaBHeHHH. KpuTepwii acHMITOTHYECKOM YCTOWYMBOCTH JIMHEHHOM
HEOAHOPOAHON cucTeMbl. Kpurepuil yCTOMYMBOCTM OJHOPOJHOM JIMHEWHOW cuctembl. Kpurepuit
aCUMITOTUYECKON yCTOMYMBOCTH OJHOPOJHOM CHCTEMBl JMHEMHBIX ypaBHeHHH. Kpurepuil ycrolunBocTu
JIMHEWHOM OJHOPOAHOW CHUCTEMBI C TOCTOSHHBIMH Kod(duuueHramu. JlocTaTOYHBIE —YCIIOBHS
aCUMIITOTUYECKON YCTOMUMBOCTU (HEYCTOWYMBOCTH) TPUBHUAIBHOTO pPELICHHUs] JIMHEHHOW OJHOPOAHOM
cucreMbl auQQepeHInanbHbIX YpaBHEHUH C TOCTOSHHBIMU Ko3(dduumentamu. HccnenoBanme Ha
YCTOMYMBOCTh IO NEPBOMY NPHOIMKEHHIO: OCHOBHBbIE NOHATHS. Teopema JlsnmyHoBa. MccnenoBanue Ha
YCTOMUYUBOCTH C MOMOIIBI0 (DyHKIMIA JIAITyHOBA: OCHOBHBIE OHATHS M ompeneseHus. Teopema JlamyHoBa
00 ycroituuBoctu. Teopema JlsnmyHoBa o0 acumnrToTruueckoil ycroiWumBoctH. Teopema JlsamyHoBa o
HeycronunBocTH. Teopema UeraeBa 0 HEYCTOMYMBOCTH.

7 OCHOBHbIE IOHATHS TEOPUU MHTErPAIbHBIX YPABHEHUMI

WHTerpanbHble ypaBHEHMs: OCHOBHbIE TOHATHS W OIpelesieHus, Kiaccudukauus. 3anadd,
MPUBOSIINE K HHTETPAIbHBIM ypaBHEHUsIM. [locTaHOBKA OCHOBHBIX 337]ad MaTeMaTHYeCKON (PU3UKH B BHJIE
MHTErpajbHbIX ypaBHEeHUH. JIuHeiHble MHTErpanbHble YPaBHEHUS: ONpeaeIeHne, Kiaccudukanus (IepBoro
pola, BTOPOro poja, TPEThEro poja); KiIacCHU(UKalMsg B 3aBHCHUMOCTU OT CBOWCTB sAnpa (Ppearosnbma,
Bonbreppa, cunrymnsipusie). IlpeacraBienne TUHEHHBIX YpaBHEHHI MEPBOTO W BTOPOTO pojia Ha OTpeE3Ke.
[lonsTHE 0 MapaMeTpe IMHENHOTO UHTETPAIbHOTO YPAaBHEHHUS.

8 UnTerpanbHbie ypaBHeHus1 BoibTeppa

WuTerpanbHble ypaBHeHUs BonbTeppa 2-T0 poJa: OCHOBHbBIE ONPEEIICHUS U NOHSTHS, CBSA3b MEXIY
JTUHEHHBIMU U] epeHInaIbHBIMU YPaBHEHUSIMU U MHTETPAJIbHBIMM ypaBHEHUsIMU BombTeppa, penieHue
METOAOM CBelieHHs K JuddepeHIMaIbHbIM ypaBHEeHUAM. Pe301bBeHTa WHTETrPaJbHOTO YPaBHEHUS
Bonpereppa. Pemenune MHTErpaabHOrO ypaBHEHMsS C IIOMOLIBIO DPE30JIBBEHTHL. PelieHne HHTerpalbHBIX
ypaBHeHMI BonbTepa BTOporo poja MeETOJOM MOCJIENOBATENbHBIX NpuOIMKeHui. HHTerpaabHble
ypaBHeHUs BonbTeppa 1-ro pona: oCHOBHBIE MOHATHS M onpeaeneHus. MHTerpanbubie ypaBHeHUsT AbGens,
o0o0mmeHHoe ypaBHeHHe AOens: ompexaeneHue, ¢opmynaa Ui MOCTPOEHUs pelieHuil. Pemenue
MHTETPAIBHBIX YpaBHEHNH BoibpTepa nepBoro poaa METOA0OM CBEACHUS K YPABHEHHSIM BTOPOIO POJa.

9 UnTerpanbHbie ypaBHeHus1 Ppearojibma

VYpaBHenue Ppenroiabma 2-ro poja: OCHOBHBIE ONPEICIICHUS U IOHATHUSA, IOCTPOEHHE PELICHUN
MeToJioM omnpenenureneid Ppearonsma. MrepupoBannHsie sigpa. [locTpoeHne pe30abBEHTHI C MOMOIIBIO
UTEPUPOBAHHBIX sfep. IHTerpanbHble YpaBHEHHUs C BBIPOXKACHHBIM SAPOM. XapaKTEPUCTUYECKHUE YUCIA U
coOctBeHHble (pynkuuu. 3anaya ltypma-JInyBums. PerieHue ogHOPOIHBIX MHTETPAIbHBIX YPAaBHEHHMH C
BBIPOXKJIEHHBIM si7ipoM. HeotHoponHble cuMMeTpuuHble ypaBHEHMs. AnbTrepHatuBa @penronbma. OyHKuus
I'puna: onpeneneHne, MOCTPOCHHE, NPUMEHEHNE K PEIIECHHUIO KPAEBBIX 3a7a4, CBEJCHUE K MHTETPaIbHBIM
YPaBHEHUsIM KpaeBbIX 3ajad, cojepkauux mnapamerp. MHrerpansHble ypaBHeHus ®pearonsma 1-ro popa:
OCHOBHBIE ompezaeneHuss U noHatus. Teopema Ilukapa. Merox mnpousBomsmmx ¢yHkiuil. Ilonarue o
KOPPEKTHBIX U HEKOPPEKTHBIX 3a7a4ax.



10 IIpyMeHeHNe HHTEIPAJBHBIX NIPe00pa30BaHM 1JIS PellleHUs HHTErPaJbHbIX YPABHEHUI
[IpuMeHeHrne SKCIOHEHIIMAILHOTO TpeoOpazoBanusi Dypre, CHHYC U KOCHHYC-TIpeoOpa3zoBaHUs
dypre, mpeodpazoBanus Jlamaca.

11 OcHOBHbIE MOHATHS M METOAbI BAPMALMOHHOI0 UCHHUCICHUS

BapuanvoHHOE HCUHCICHUE: OCHOBHBIE OIpENeiIcHUus W NOHATHA. [loHATME O KOpPpPEKTHO u
HEKOPPEKTHO ITOCTABJICHHBIX 3anadax. [Ipumepsl n npunoxenus. Bapuanus u e€ cpoiictBa. O yHKIIMOHAIIBI
U MX CBOMCTBa. Bapuanmonnsle 3ajjauu B mapamerpuyeckoii opme. HeoOxoaumMple U 10CTaTOYHBIE YCIOBUS
JKCTpeMyMa (PYHKIMOHANA, 3aJa4d Ha YCIOBHBIM JKCTpPEMYM, 3a/laud C 3aKPEIUIEHHbIMU TI'paHULAMU U
MOJBMKHOM Tpanuneil. [IpsMble MeTOAbI B BapHAlMOHHBIX 3aj1adax. [loHsATHE O MPUOIMKEHHBIX METO/aX
pEelLIeHNs BapMallMOHHBIX 3aJad.

4.3 llpakTuyeckne 3aHATHS (CEMHHAPbI)

No Kou-Bo
3aHSAT Tema
pasnena 4acoB
usi
1 2 VYpaBHEHUsSI C pa3lENCHHBIMU U PA3ACISIOUMMUCA MEPEMEHHBIMU U 2
CBOJISIIIIMECS K HUM.
2 2 JIuueliHnble ypaBHEHHUs IEPBOIrO NOpsiAKa. Y paBHeHHe bepHyuin. YpaBHeHuUs 2
B NOJHBIX Ju(depeHnnanax.
3 2 VYpaBHeHUs1, TONyCKAOLME TOHMKEHUE TOPSIKA 2
KonTponbHas pabora.
4 3 JIuneliHple OOHOPOAHBIE YpPAaBHEHHS N-TO TMOpPsSAKAa C IOCTOSHHBIMHU 2

K03 (HUIIMEHTAMH: TIOCTPOSHUE OOIINX M YaCTHBIX PEIICHUH.
JluHeiHbIe HEOJHOPOAHBIC YPAaBHEHHUS N-TO MOPsAKA: MOCTPOCHHE PEIICHUI
METOJIOM BapHallMK MOCTOSIHHBIX.

5 3 [TocTpoeHne 4acTHBIX peLICHUI TUHEHHBIX HEOJHOPOAHBIX YPaBHEHUH N-TO 2
MOPSAJIKA C TIOCTOSHHBIMU KOA()(PHUIIMEHTaMHU METOJOM HEONpeAeICHHBIX
K02 (QUIIMEHTOB U METOJIOM CYNEPIIO3ULIUH.

6 4 WNuTerpupoBanne HOpMalbHBIX cHCTEM JU(pdepeHINaTbHbIX YypaBHEHUN 2
METOZOM CBEICHMs K IudQepeHnnanbHOMy YpaBHEHUIO Oojiee BBICOKOTO
MOPSAJIKA U METOJIOM UHTETPUPYEMBIX KOMOMHAIUH.

7 ) [TocTpoenue pemieHnii cucteM TMHEHHBIX MU (epeHIINaIbHBIX YpaBHEHUN C 2
MOCTOSIHHBIMH KO3(ppULIneHTaMu

8 6 HccnenoBanue cucreM nuddepeHnmanbHbIX ypaBHEHUH Ha YyCTOWYHBOCTB. 2

9 8 ITocTtpoeHne pemenuil ypaBHeHuUl Boisbrepa BTOpPOro pojaa MeETOAOM 2

cBeieHUsI K TudepeHnalbHOMY YpaBHEHUIO.
ITocTtpoenue penieHuit ypaBHeHus: AGes.

10 8 [TocTpoenue pemenuii ypaBHeHuii BoibTepa BTOpOro poja ¢ MOMOIIBIO 2
PE30JIbBEHTHI U METOAOM IOCJIEA0BATENbHBIX MPUOTHKEHHH.

11 9 [Toctpoenue penieHnit ypaBHeHH PpeAroapMa BTOPOrO poJia METOIOM 2
ONPEACIUTENEH.

12 9 [loctpoenne pemenuil ypaBHeHuid @pearoiabma BTOpPOro poaa ¢ 2

BBIPOKIEHHBIM ssipoM. OnHopoaHble ypaBHEeHHs Ppearonbma BTOPOro
poJia: XapaKTePUCTUUIECKUE YUCIIAa U COOCTBEHHBIE ()YHKIIUH.

13 9 Ypaaenust @penroapma nepBoro poja. 2

14 10 |Ilpumenenue npeobpazoBanus Pypbe u Jlamaca i peneHus 2
WHTETPAIbHBIX YPAaBHEHUH

15 11  |Hcnonb3oBaHue HEOOXOAUMOTO YCIOBUS HKCTPEMYMa MPH pEeIIeHUH 3a/1a4 2
BapHAIMOHHOTO MCYUCIICHUSI.

16 11  |Hcnosb30BaHUe JOCTATOYHOTO YCIOBUS HKCTPEMYMa IPH PEIIeHUH 3a/1a4 2
BapHAIMOHHOTO MCYUCIICHUSI.
Hroro: 32




5 Y4yeOHO-MeTOAMYECKOE 00ecTIeUeHHe TUCITHIIINHBI
5.1 OcHoBHas auTEpaTypa

Banbko, B. . BapuannoHHoe HCYHUCIICEHWE U ONTHUMAJIbHOE yrpaBieHue [TekcT] : yuyeOHHK yis
BTy30B / B. . Banbko, O. B. Epmommuna, I'. H. KyBeipkun; mox pea. B. C. 3apy6una, A. II.
Kpumenko.- 3-e u3n., ucnp. - M. : MI'TY um. H.O. baymana, 2006. - 488 c. - (Maremaruka B
TEXHUYECKOM YHUBEpPCHUTETE ; BhITl. X V). - bubnuorp.: ¢. 475-479. - [Ipeam. ykas.: c. 480. - ISBN 5-
7038-2484-2.

BacuaneBa, A. b. VnTerpansubie ypaBHenus [Tekcr] : yue6. musa By3oB / A. b. Bacunbesa, H. A.
TuxonoB .- 2-e¢ m3n. - M. : ®usmaraut, 2004. - 160 c. - (Kypc Bbicumieii mMareMaTHKd |
MaTteMatuueckoit pusuku / mox pea. A. H. Tuxonosa, B. A . Uneuna, A. I'. CBemHukosa ; Beim. 7). -
bubnmorp.: c. 156-157. - ISBN 5-9221-0275-3.

Anddepennuaibubie 1 UHTerpajibHble ypaBHeHusi. Bapmaumonnoe ucuunciaenune [Texker] : B
npuMepax u 3agauax / A. b. Bacunsera [u ap.] . - M. : ®mmatiur, 2003. - 432 c. - (Kypc Breiciei
MaTeMaTHKH W Maremartmdeckod ¢usuku / mog pea. A. H. Tuxonosa, B. A. Wnbumna, A. T.
CeemnukoBa ; Beim. 10). - bubmmorp.: c. 430-431. - ISBN 5-9221-0276-1.

dascroabl, JI. 3. Auddepenumansusie ypaBaenus [Tekcer] : yueOnuk / JI. O. Dnbcronsn .- 7-e uzn. - M. :
JIKH, 2008. - 309 c. - (Knaccuueckuii yueOnuk MI'Y). - bubnmorp.: ¢. 306. - I[Ipenm. ykas.: ¢. 307-309. -
ISBN 978-5-382-00638-3.

5.2 JlonotHuTE IbHAS JINTEPATypa

3agaum U ynpaxkHeHusi Mo MaTeMaTtudeckomy anaam3y [Tekcr] : ans Bry3oB / nox pen. b. I1.
HemunoBuya.- 10-e uza. - M. : Hayka, 1978. - 479 c. : un

Kpacnos, M. JI. Hurerpansubie ypaBHeHus [TekcT]: 3amauyu ¥ NpuUMEpbl C MOAPOOHBIMHU
pemenusamu: yuebd. mocodue / M. JI. Kpacuos, A. 1. Kucenes, I'. 1. Makapenko.- 3-e u3a., ucmp.
- M. : YPCC, 2003. - 192 c. - (Bcs Bricias MmaTremMaTuka B 3a1auax) - ISBN 5-354-00390-3.
KpacnoB, M. JI. OOsikHOBeHHble auddepennmanbupie ypaBHeHus [Tekcr]: 3amaun u
yIpaXKHEHUS ¢ MOJPOOHBIME pemeHusiMu: yued. mocodue / M. JI. Kpacunos, A. U. Kucenes, I'. 1.
MakapeHko .- 7-¢ u31. - M. : JIu6pokom, 2009. - 253 c. - (Bcs BeicIIas MaTemMaTHKa B 3a/1a4ax). -
[Mpun.: c. 248-250. - ISBN 978-5-397-00206-6.

KpacnoB, M. JI. OnepaunonHoe ucumcienue. Teopus ycronumBoctu [Tekcr]: 3amaum u
MpUMEpHI C MOAPOOHBIMU pemieHusiMu: yuebd. nocodue / M. JI. Kpacnos, A. U. Kucenes, I'. U.
Makapenko.- 3-¢ u3j., uctp. u jgon. - M. : YPCC, 2003. - 176 c. - (Bes Bbicmas maTemMaTuka B
3amavax) - ISBN 5-354-00383-0.

Pomanko, B. K. Kypc  nuddepeHumanbHplx  ypaBHEHMH M BapUalMOHHOTO
ucuncienus [Tekcr] : yue6. mocobue st By3oB / B. K. Pomanko.- 2-e m3a. - M. : Jlaboparopus

6a30BbIx 3HaHWM, 2001. - (Texnuueckuit yHuBepcuter). - bubnuorp.: c. 341-342. - ISBN 5-
93208-097-3.

5.3 llepuoanyeckue U31aHUA

Hcnons3oBanne NEPUOANICCKUX I/ISHaHI/Iﬁ HEC IpeAIrojIaracTcA.

HNuTepHeT-pecypcsl

http://ibooks.ru/ - snexTponHas OMOIMOTEYHAS CHCTEMA,

http://biblioclub.ru/ - yauBepcuterckas 6ubmmoreka ONLANE;

http://e.lanbook.com/ - sekTpoHHast OGHOIHMOTEYHAsT CHCTEMA M3AaTeNbCTBa «JIaHbY;
http://rucont.ru/ - snexrponnas 6udmuoreka PYKOHT;

http://lib.mexmat.ru/- snekrponHas OMOIHOTEKA MEXaHUKO-MaTeMaTHueckoro (akynsrera MI'Y;
http://moodle.osu.ru/ - snexkrponnas cucrema odyuenus OI'Y;



http://ibooks.ru/
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http://e.lanbook.com/
http://rucont.ru/
http://lib.mexmat.ru/-
http://moodle.osu.ru/

http://eqworld.ipmnet.ru/ru/library/mathematics.htm - yueGHO-0Opa3oBarenbHas (HU3NKO-MaTeMaTHUYCCKAs
OuOIHnoTEKA;

www.exponenta.ru — Internet-kmacc mo BeICIIed MaTeMaTHUKE: BCS MaTeMaTHKa, OT TMPEAesioB U
MPOU3BOJHBIX JO METOJOB ONTHMH3AIMW, YypPaBHEHUH MATEMAaTHYSCKOW (U3UKH H  POBEPKH
CTaTUCTHYECKUX TUIIOTE3 B CPE/IC CaMbIX MOMYJIIPHBIX MAaTEMAaTHUCCKUX MTaKETOB;
http://www.wolframalpha.com/ - caiit, rae Mo’kHO MPOBEPUTE pelIEHNE OTPOMHOTO KOJIMYIECTBA 3a/1a4.

5.5 IIporpammHoe obecmnedyeHue, nMpogeccHOHAIbHbIC 0a3bl JaHHBIX M HMHG(OPMAIHMOHHBIE
CIIPABOYHbIE CHCTEMBbI COBPEMEHHbIX HH(POPMALIMOHHBIX TEXHOJIOTIHii

1. Onepaunonnas cucrema Microsoft Windows

2. ITaket nacronpubix npuiaoxenuii Microsoft Office (Word, Excel, PowerPoint, OneNote, Outlook,
Publisher, Access)

3. bonpmas poccuiickas OSHIMKIONEnUs [DIEKTpOHHBIM pecypc]. — Pexum mgoctyma:
https://bigenc.rul/.

6 MaTepuajibHO-TEXHHYECKO€E o0ecnevyeHne JUCHUIIINHBI

VY4eOHble ayIUTOPHH JJIsl MPOBEACHUS 3aHATUH JICKIIMOHHOTO THIIA, CEMHHAPCKOTO THMA, IS
IIPOBEJICHUS] TPYINIOBBIX M WHAMBUAYAJIBHBIX KOHCYJIbTAllMi, TEKYIIEr0 KOHTPOJS U IPOMEKYTOYHOMN
aTTecTaluu.

AyIuTOpUH OCHAILEHBI KOMIUIEKTaMH YYEHUUYECKON MeOeH, TEXHUUECKUMH CPEeICTBaMH O0yUYeHHUS,
CITy’KaIlMMU JUTsI TIPEJICTaBIIeHHs yaeOHOH nH(opMay OONBIION ayAUTOPUH.

[Tomemienue 111 caMOCTOSITEILHOM pabOThl 00yYarOIMXCsS OCHALIEHbI KOMIIBIOTEPHOW TEXHUKOM,
NoJKIIOYeHHOW K cetu "HMHTepHer", m obOecredeHneM JJ0CTyma B DIEKTPOHHYIO HWH(POPMAIMOHHO-
obpazoBaTenbHyto cpeny OI'Y.

K paboueii npocpamme npunazaromcsn:

e @DOHI OIEHOYHBIX CPEACTB IS MPOBEICHUS MPOMEKYTOUYHOM aTTECTallMd OOYYalOIIUXCs IO
JTUCIUTUTNHE;

e Meroanueckue ykazaHus A 00y4aroluXcsi 10 OCBOSHUIO AUCIUILTUHBIL.
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