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YuebHas Iporpamma cocTaBieHa Ha OCHOBE 00pa3oBaTeIBHOrO CTaHL[apT.’:I OCBO
6-05-0533-07-2023 u yuebHoro mrana Ne 6-5.4-55/04 ot 15.05.2024.

COCTABUTEJIM:

M.H.Bacuneguu, nouenr xahenps Au(pepeHIUaNbHEIX YPaBHEHUH W CHCTEMHOTO
aHajn3a MEXaHHKO-MaTeMaTHIeCKOro (hakynsTeTa Belopycckoro rocyapcTBeHHOro
YHUBEPCUTETA, KaHIUAAT (PU3NKO-MATEMATHIECKHX HAYK, HOLEHT;

B.H.I'pomax, mpodeccop xadenpsl muddepeHumanbabIx YPaBHEHUN M CHCTEMHOIO
aHaI3a MeXaHHKO-MaTeMaTHIeCKoro (akyisreTa bemopycckoro rocyapcTBeHHOro
YHHBEPCHUTET, IOKTOP (PU3HKO-MATEMATHYECKUX HAyK, IPO(heccop;

H.A.A3apoe, crapumii npenonasates Kadenprr nudbepeHINANEHEX YpaBHEHUH U
CHCTEMHOTO aHalIu3a MEXaHHKO-MaTeMaTH4eckoro ¢akynsreta Bemopycckoro
rOCyIapCTBEHHOT'O YHUBEPCUTETA,;

A.B.Kywinepoe, crapiuuii iperofaBares Kadenpsl nupdepeHInaNEHEX ypaBHeH i
¥ CHCTEMHOTO aHalM3a MEXaHHWKO-MaTeMaTWyeckoro ¢axynsreta Bemopycckoro
TOCyIapCTBEHHOI'O YHUBEPCUTETA

PEIIEH3EHTBI:

E.K.Makapoe, 3aBenyrommii oTaenom nuddepeHIHaTbHEIX ypaBHEeHHMI HucturyTa
Mmarematuku HAH Benapycu, nokrop gusmko-mareMatnyeckux HayK, Iipodeccop;
A.A.Jlesaxos, mpodeccop xabenpsl  DyHAAMEHTANBHON  MATEMATHKE u
MHTEJIEKTYalbHBIX CHCTEM (paKynbTeTa MPUKIAJHON MaTeMaTUKH U UH()OPMATUKU
Benopycckoro rocynmapcrsenroro ymBepcurera, JOKTOp (HU3UKO-MaTEMATHYECKIX
HayK, Ipodeccop

PEKOMEHJIOBAHA K YTBEPKIEHUIO:

Kadenpoit nuddeperuuansupx ypasaenuii u cucteMsoro ananza BI'Y
(mpotoxon Ne 14 ot 05.06.2025)

Hayuno-metomuuecknm coBerom BI'Y
(mpotokon Ne 11 ot 26.06.2025)

3aBenyromuit kadenpoit yfc&i/ JI.JL.T omyGesa
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HOACHUTEJIBHASA 3AIINCKA

ey 1 321241 y4eOHOH JUCUHMIIUHBI

Heap yueOnoit nucuumumbel  «/uddepeHunansupie  ypaBHEHUS»  —
dbopMupoBaHUEe 3HAHUI 1 MPAKTUYECKUX HABBIKOB MO 3()PEKTUBHOMY HUCIIOIH30BAHUIO
OCHOBHBIX METOJIOB TeOpUH AU PepeHIInaNbHbIX YPaBHEHUN.

3agaum y4eOHOM M CUMIUINHBI:

1. [IpuoOperenne  CTyaeHTaMH  3HaHWKA B~ O0NacTH  TEOpUU
nruddepeHIanbHbIX YpaBHEHUH.
2. [IproOpereHne TPAKTHUECKUX HABBIKOB PEIICHUS MaTeMaTHYeCKUX

3a/lay, TOCTPOEHUS M aHajdu3a MaTeMaTU4YeCKUX MOJeNiel, OIUChIBAEMbIX
nudepeHnanbHBIMU YPAaBHEHUSIMHU.

MecTo yueOHOM IMCHUIIHHBI B CUCTEME ITOATOTOBKH CIELUAINCTA C BBICIIUM
00pa3zoBaHUEM.

VYuebHasg aucHUIUIMHA OTHOCUTCA K  moayaw «JluddepeHnuanbHbie
YPaBHEHUS» I'OCYIapPCTBEHHOTO KOMITIOHEHTA.

CBs134 C IpyruMu y4eOHBIMU AUCHUTIIIMHAMMU, BKIIOUAsl Y4€OHBIE TUCITUTUTMHBI
KOMITOHEHTA YUPEKIEHUS BhICILIEr0 00pa30BaHus, TUCIMILIMHBI CIIEHUATU3ALMH U JIP.

VYyeOHass mporpamMma COCTaBJIIEHa C YYETOM MPOrpaMM IO JUCHUILIMHAM:
«MaremaTruecKkuil aHaIu3», «Anredpa U TEOpHs YUCETD.

TpeOoBaHusA K KOMIIETEHIIUAM

OcBoenune yueOHOM nucturivHbl «/uddepennpanbabie ypaBHEHUSY JTOKHO
obecnieunTh (POPMUPOBAHUE CIETYIOIINX KOMIETEHIINNA:

bazoevie npogpeccuonanvnvie Komnemenyuu:

Crpouth W  aHanmu3WpoBaTh JOU(PEepeHINAIbHBIE MOJCIH  PEATbHO
IIPOUCXOSIINX SIBJIEHUN U IIPOLECCOB.

B pesynpraTe nzydueHus: yueOHOU JUCHUIUIMHBI CTYACHT JOJIKEH:

3HATh:

— AJIEMEHTApPHbIE TPUEMBbI HUHTETPUPOBAHUS;

- IIOCTaHOBKY 3a1auu Komwy;

- TEOPEMBI CYIIECTBOBAHMS U €IMHCTBEHHOCTH;

- OCHOBHbIE  TIOHSITUS W TeOopeMbl  OOlIEeH  TEOpuHh  CUCTEM
mudepeHnanbHbIX YpaBHEHUH;

- OCHOBHBIE TIOHSITUS U TEOPEMBI TEOPUU YCTOMUMUBOCTH 1O JIAMyHOBY;

yMeThb:

- pelaTh OCHOBHBIE TUITBl YPABHEHU MEPBOTO MOPSIIKA;

- CTaBUTb HauaJIbHbIE U KPAEBBIE 33]]a41, pELIaTh BOIIPOCHI CYIIECTBOBAHUS
Y €IMHCTBEHHOCTH PEIICHUSI HAaYaJIbHbBIX 3a/a4;

— pemiath JIMHEWHBbIE YPAaBHEHUSI W CHUCTEMbl C  MOCTOSIHHBIMHU
ko3 dunreHTamMu;

- IIPUMEHSATH OCHOBHBIE TEOPEMBI BTOPOIro MeTo1a JISIyHOBA )1 peLIeHUs
BOIIPOCOB YCTOMYHMBOCTH JIBHIKEHHSI, ONPEAEIIATh TUIBI OCOOBIX TOYEK ABTOHOMHBIX
CUCTEM Ha IUIOCKOCTH;



HMETh HABBIK:
- HCIIOJIb30BaHUsl OCHOBHBIX MPHEMOB MOCTpoeHUst U depeHantbHbIX
MOJENEN PEATBHO MMPOUCXOISIINX SBICHUN U ITPOLIECCOB.

Crtpykrypa yueOHOH QU CHUILINHBI

HucnuruinHa uzydaetcs B 3 v 4 cemectpax. B cooTBeTCTBUM ¢ y4eOHBIM IJIAHOM
BCEr0 Ha wu3ydeHue YyueOHou auctuiumbbl «/luddepeHunansubie ypaBHEHUS»
OTBEJICHO JJIsl 0YHOM (pOPMBI MTOTyUYEHUS BhICIIero oOpa3zoBanus — 314 yacos, B TOM
gucie 140 ayautopHbIx yacoB, jeknuu — /0 4dacoB, mabopaTopHbie 3aHsATUS — [0
yacoB. 13 Hux:

3 cemecmp:

Jlextmm — 30 wacoB + 6 JIOT, maGoparopusie 3anstus — 24 gaca + 6 J1OT,
ympasisiemasi camocrositensHas padora (YCP) — 6 gacos.

TpynoeMKoCcTh y4eOHOM TUCIUTUIMHBI COCTABISIET 3 3aYETHBIC €TUHUIIBL.

dopma NpOMEKYTOUHOU aTTECTALUN — 3a4ET.

4 cemecmp:

Jlexiuu — 28 gacoB + 6 JIOT, nmabGopatopusie 3ansaTtus — 24 gaca + 6 JIOT,
ynpasisiemasi camoctosrenbHas padora (YCP) — 4 yaca.

TpynoeMKOCTh yueOHOM TUCHIHUIIITUHBI COCTABISET 6 3aUETHBIX CMHMII.

dopMa MPOMEKyTOYHOM aTTeCTallMK — 3a4€T, IK3aMEH.



COJEPXAHUE YYHEBHOI'O MATEPHUAJIA

Paznen 1. JludpPepennuanbHbie ypaBHEeHHS IEPBOTr0 MOPSAKA

Tema 1.1. BBegenue B Teopuio 1u(pepeHInAIbHBIX YPABHEHHUIA.

OcHoBHbIE MOHATHUS Teopuu auddepeHmanbHbIX ypaBHeHui. [Ipocteiimme
MaTeMaTHYeCKHUEe MOJIEIH, OMIChIBaeMble Tu(depeHIINaTbHBIMA YPaBHEHUSIMHU.

Tema 1.2. YpaBHeHus IePBOro NOPAIKAa B HOPMAJIbHOU (opme.

I'eomeTpuueckuii cmbicn ypaBHeHus y =f(x,y). BektopHoe none. M30KIuHEIL
Pemenus. Materpansaeie kpusble. 3agaya Komm. ABTOHOMHBIE cucTeMbl. OcoObIe
touku. Ma3zoBoe npocrtpancTBo. Tpaekropuu. MuTerpan. Teopema cyiiecTBOBaHUS U
eAUHCTBEHHOCTH.  JuddepeHunanbuple  ypaBHEHUs  NEpPBOro  NopsAiKa B
CUMMETPUYHOHN (opMe.

Tema 1.3. MeToabl HHTErPUPOBAHUS NMPOCTEHIINX CKAJISAPHBIX YPABHEHH.

VYpaBHEHUs C pa3AEIAIOMMMUCS IepeMeHHbIMU. ODHOpPOJHBIE YpAaBHEHUS.
YpaBHEHUS, NPUBOAAIIMECA K YPABHEHUAM C Pa3ICIAIOIIMMUCS IIEPEMEHHBIMU U K
OJIHOPOJHBIM YPaBHEHUSIM.

Tema 1.4. JIuHeliHbIe yPABHEHHS IEPBOT0 MOPSAAKA M ypaBHeHUus1 Pukkarm.

JIvuHenHble ypaBHEHUS IEPBOTO NOPsAKA. MEeTO bl MHTETPUPOBAHUS JIMHEWHBIX
YPaBHEHMM MEPBOro mopsaka: Meron JlarpaHxka, MeEToJ HMHTETPUPYIOLIETO
MHOXUTENSA. YpaBHeHUe bepHymnu. YpaBHenue Pukkatu. CBoiCTBa pelIeHUN
ypaBHEHUs PUkkaTu.

Tema 1.5. YpaBHeHus B 0JHBIX AuddepeHnuagaax.

VYpaBHeHus B mnonHbIx AuddepeHnmanax. HHTerpupyronmii MHOXUTENb.
CneunanbHble  KJIAcChl ~ MHTETpUpYHOIIMX  MHOXuTenerd.  CyliecTBOBAaHUE,
€IMHCTBEHHOCTb U OOIIUI BUJI MHTETPUPYIOLIETO MHOKHUTEJIS.

Tema 1.6. [AuddepeHunanbHble yYpaBHeHHs IEPBOro  MOPAIKA,
pa3pelieHHble OTHOCUTEJIbHO MPOU3BOAHOM.

N3oknuubl. MuTerpanbHbie  KpuBble. 3amaya Komu. YpaBHEHHs C
pazmensomuMucad  nepeMeHHbIMU.  OJIHOpOJHBIE  ypaBHEHUS. Y paBHEHMS,
IIPUBOJAILIMECS K YPABHEHUAM C Pa3ACIIIOLIMMHUCS MEPEMEHHBIMUA U K OJHOPOIHBIM
ypaBHeHUsIM. [ 'eomeTpruueckue u pusndeckue 3a1aun. JInHeHHbIE ypaBHEHUS TIEPBOTO
nopsiaka. YpaBHeHue bepHyiu. YpaBHeHue Pukkatu. YpaBHEHHS B IIOJHBIX
muddepenunanax. MHTerpupyomumii MHOXKHUTEIb.

Tema 1.7. YpaBHeHus nepBoro nopsiika, He pa3pemiéHHbIe OTHOCUTEIBHO
NMPOU3BOHOM.

YpaBHEHUSI IEPBOTO MOPSAAKA, HE PA3PEIIEHHBIE OTHOCUTEIBHO MPOU3BOIHOM.
3anauya Komm. Teopema cyliecTBOBaHUS U €IMHCTBEHHOCTH perieHus 3anaun Komm.
Hemnomnneie ypaBHEHUS.

Tema 1.8. YpaBHeHus nepBoro nopsiika, He pa3pemiéHHbIe OTHOCUTEIbHO
npou3BoaHOM. O01Mil MeTOX BBeeHUsI MapaMeTpa.



OOmuit Meton BBeAeHUs IapaMmeTrpa. YpaBHeHus Jlarpawxka. YpaBHeHUS
Knepo. P u C-puckpumuHanTHbIE KpHBbIe. OCOObIE pelIeHUs] YPAaBHEHHI MEPBOIro
MOPSAKA, HE PA3PEIIEHHBIX OTHOCUTEIBHO MPOU3BOIHOM.

Paszgesn 2. O0mme Teopembl Teopuu AU PepeHunaTbLHBIX YPABHECHUI

Tema 2.1. Teopema IIukapa cynmecTBOBaHHUS U €IJMHCTBEHHOCTH PelIeHUSA
3agaumn Komm aj1s1 ypaBHeHusl.

Teopema Ilukapa cymiecTBOBaHUSI M €AMHCTBEHHOCTH penieHus 3anadu Komm
JUISL YPAaBHEHHUsI NIEPBOrO mopsiaka. YcnoBue Jlunmmua. Meroa mociaenoBarenbHbIX
NpUOJIMKEHUH JOKa3aTeabCcTBa Teopembl [Inkapa cylmecTBOBaHUs U €IMHCTBEHHOCTH
pemienuss 3anaun  Komwm 111 ypaBHEHHMs NEpBOro mnopsiaka. MeTon ckaTbhIX
OoTOOpakeHU JoKa3zarenbcTBa Teopembl [lukapa. Teopema Ilukapa mnga cucrem
muddepennnansubix ypaBHeHui. Teopema [leano.

Tema 2.2. Teopema Komm CymecTBOBaHMST M €IMHCTBEHHOCTH
rosoMmop¢dHoro pemenus 3axa4yu Koumu 11 ypaBHeHus.

Teopema Ko cymiecTBOBaHUS U €IMHCTBEHHOCTH TOJIOMOP(HOTO PEIICHUS
3amaun Komm ypaBHEHUSI.

Tema 2.3. HempepbiBHasi 3aBHCHMMOCTb peHICHHI OT NapaMeTpPoOB H
HAYAJIbHBIX JAHHBIX.

HenpepriBHast 3aBUCUMOCTD pElIEHU OT TapaMeTPOB 1 HayaJbHbIX TaHHBIX.

Pa3znes 3. YpaBHeHus BHICIINX NMOPAIKOB

Tema 3.1. YpaBHeHHs BbICHINX MOPSAKOB.

VYpaBuenus Boicux nopsiakoB. OO1me moHsATHs, onpeaenenus. 3agada Komu.
Teopema cyliecTBOBaHUSI U €AMHCTBEHHOCTH pemieHus 3anauu Komm. YpaBHeHus
BBICIIIUX TOPSJIKOB, HHTETPUPYEMbIE B KBaApaTypax M JOMYCKAIOIINE MOHWKECHUE
nopsiaKa.

Paznea 4. Cucremsbl nudPepeHunaIbHbIX yPaABHEHHU

Tema 4.1. Cucremsl 1udpPpepeHunaIbHbIX YPABHEHHUI.

Cucrembl auddepeHuuanbHbiX ypaBHeHU. OOIIMe MOHSATHUSA, ONPEICICHMUS,
aBTOHOMHBIE M TaMUJIBTOHOBBI CHCTeMBbl. OOIIMe CBOWCTBA PEIICHUH CHUCTEM
nuddepeHranbHbIX YpaBHEHUH.

Tema 4.2. Cucremsl aupdepeHunaibHbix ypaBHeHuid. ba3uc mnepBbIx
HHTErpajioB cucremMsl M depeHunaIbHbIX YPABHEHH M.

WNurerpan, mnepBblii M 0OOmMIA HMHTErpall CUCTEMbl AU epeHIIuaTbHBIX
ypaBHeHu#. Cuctema B cCUMMETpU4dHOU popme. basznc nepBbIX HHTETPATIOB CUCTEMBI
nudepeHnnanbHbIX ypaBHEHUH.



Paznen 5. ludpepeHnuaibHble ypaBHEHUS U CUCTEMBbI ¢ YACTHBIMU
NPOU3BOIHBIMHU IIEPBOI0 MOPAIKA

Tema S.1. OgHopoaHbBIe JIMHEHHbIE YPABHEHUS B YAaCTHBIX NPOM3BOIHBIX
NepPBOro NOpPsiAKa.

JInHEelHOE OJHOPOJHOE YPABHEHHUE B YACTHBIX MPOU3BOJIHBIX MIEPBOrO MOPAIKA
U €T0 CBSI3b C CUCTEMOM OOBIKHOBEHHBIX Au(depeHInaibHbIX ypaBHeHU. CTpyKTypa
obmero pemenus. 3agada Komm.

Tema 5.2. HeoxHopoaHbl€e JIHHEHbIe YPABHEHUS B YACTHBIX NMPOU3BOAHBIX
NepPBOro NOpPsiAKa.

XapakTEepUCTUKU U UHTErpAIIbHBIE TOBEPXHOCTH. Teopema CylecTBOBaHUSA U
€MHCTBEHHOCTH perieHus 3aaa4a Ko (B ciiydae 1ByX HE3aBUCHMBIX IEPEMEHHBIX )
(6e3 nokazarenncTBa). YpaBuenue [ldadda.

Pasznea 6. JIuneiinbie 1ud¢epeHuna bHbIe YPABHCHUSA

Tema 6.1. JIuneiinbie fudgepeHuHaTbHbIC YPABHCHUS.

JIuneiinple ypaBHEHUA n-TO nopsiaka. OOKe MoHATUA, ONpeneTeHus. 3aiaJa
Komm wu kpaeBas 3amaua. OJHOPOJHBIE JIMHEHHBIE YpaBHEHUS N-TO MOPSIKA.
BpoHckuaH u nuHeitHas He3aBUCUMOCTh CKaSIpHbIX (yHKUMHA. [loHMmkeHne nopsaka
TuHENHBIX Aud depeHunanbHbiX ypapHeHuil. @opmyna JInyBuis.

Tema 6.2. @OyHaaMeHTaJbHAs  CHCTEMAa  pelICHUH  JIMHEHHOro
AU(pPepeHInaTbLHOI0 YPaBHECHUS.

dyHaaMeHTallbHas CHUCTeMa peIICHUN JMHEeWHoro auddepeHnanibHOro
ypaBHeHus (OCP). Hauansnas matpuiia. Kpurepuit @CP. Jluneiinbie ypaBHEHUS N-TO
MOPsIJIKa C BEMIECTBEHHBIMH KO3(PPUITMEHTAMH.

Tema 6.3. JluHeiiHble ypaBHEHHSI N-TO MNOPSAKA € MOCTOSHHBIMH

KO3 puLHEHTAMM.
JIuHeliHpie ypaBHEHUS N-TO TOPSAKA C TMOCTOSHHBIMH KO3(PUIIMEHTaMHU.
Meton Ditnepa. dyHIaMeHTalIbHAs cucTemMa pelIeHun JIMHEWHOTO

mudpepeHInanbHOTO YpaBHEHUS N-r0 MOpsAJIKa ¢ MOCTOSSHHBIMU KO3 PUImeHTamu.
Heonnoponneie nuHeitHble auddepeHiranbHble ypaBHEHUST N-ro MOpsSaKka ¢
NOCTOSHHBIMU KO3 (PUIIMEeHTaMl M CHNEeUMATbHOM mpaBod 4acThio. [lpunimn
JIMHENMHOM CYIIEPIIO3ULINH.

Tema 6.4. /IuneiiHbie HEOAHOPOAHBIE TUPPepeHIMATbHbIC YPABHEHHUS N-T0
NnopsAKa.

Meron Bapuanuu IIPOM3BOJIBHBIX ITOCTOSIHHBIX PEIIEHUS HEOAHOPOIHBIX
TUHEHHBIX nuddepeHnranbHbpIX  ypaBHeHUN (MeTon Jlarpamka). Meron Komm
OTpEENICHUs] YaCTHOTO PEIICHUs HEOJHOPOJHBIX JMHEMHBIX U (depeHInaTbHbIX
YPaBHEHUM.

Tema 6.5. JIuHeiiHble ypaBHeHHSI BTOPOr0 NMOPSiAKa M KoJedaTeJbHbIE
SIBJICHMS.



JIuneiiHple ypaBHEHUSI BTOPOro TMOpsAKAa U KojeOaTelnbHble —SIBICHUS.
KonebaTenbHble CBOWCTBA pEHICHUN JMHEWHBIX YpPaBHEHUH BTOPOro MOpSAKa.
Teopema llITypma u Teopema cpaBHeHus1. JIuHelinbie ypaBHeHUs Diiepa u UeObiéna.

Tema 6.6. UuTerpupoBanue JUHEHHbIX JUPPepPeHIHATbHBIX YPABHEHHH
IPHY MOMOUIU CTENEHHbIX U 00001IEHHBIX CTENEHHBIX PSAOB.

WuTerpupoBanue JUHEHHBIX AUPPEpEeHIUATbHBIX YPaBHEHUM MPU MOMOIIU
CTENICHHBIX U OOOOMIEHHBIX CTEMEHHBIX psioB. Teopembl Komm m dykca. Meton
®dpobennyca. YpaBaenue Diipu u beccensa. @ynkiuu beccens.

Tema 6.7. J/IuHeiinble pa3HOCTHBIE (IMCKPETHbIE) YPABHEHHUSI.

JIuHeitHble pa3HOCTHBIE (TUCKPETHBIE) YPaBHEHUS

Tema 6.8. JIuneiinbie Tu(pepeHuaIbHbIC YPABHEHUS.

Jluneiinple ud¢epeHumansHple  ypaBHeHus. KomnebOarenbHble CBOWCTBa
pELIEHN JINHEWHBIX YPABHEHUI BTOPOIo nopsaka. Marerpuposanue psaamu.

Paznen 7. JInnennbie nud¢epeHuualbHble CUCTEMbI

Tema 7.1. JIuneiinbie u¢depeHnnaIbHbIE CHCTEMbI N-T0 MOPAIKA.

JIuneiinple nuddepeHanbHble CUCTEMBI N-T0 nopsiaka. OO0mue NOHATHA
onpenenenus. 3anada Komm. OnHopoaHbie TuHelHble 1 PepeHuanbHbIe CUCTEMBI.
Oo6mmue cBoiicTBa perieHui. JInHeltHas HE3aBUCUMOCTh BEKTOp (PyHKIMI. BpoHCckuaH.

Tema 7.2. @DyHaaMeHTAJbHAsT MATPpMLIA OAHOPOJHON JIMHEHHOH
AU(pPepeHInATbHON CUCTEMBbI.

MatpuuHoe nuHelHOe auddepeHuuanbHoe ypaBHeHue. DyHaameHTanbHas
MaTpula U o0llee pemeHue OAHOPOIHON JUHEHHON AuddepeHnanbHOi CUCTEMBI.
®opmyna JlnyBuiig 11t TMHEWHBIX TU(DPEpeHIIMATBHBIX CUCTEM.

Tema 7.3. Cucremsl Jlanmo-/lanuieBckoro.

®yukiuu ot Marpui. Matpuisl EXp(A), Ln(A). dynnameHTanbHas MaTpuia
JUTSL TIAHEWHBIX TuddepeHmranbabix cucteM. Teopema Jlanmo-J{anuneBckoro. Metos
Oinepa and  JMHEWHBIX  AU(QepeHLraTbHbIX CHCTEM C  IOCTOSHHBIMHU
koahpurenTamu.

Tema 7.4. CtpykTypa PyHIAaMEHTAIBLHON MATPHUIIbI.

CtpykTypa QpyHIaMEHTaIbHON MaTpuIlbl. MaTpUUHBIN METOI MHTETPUPOBAHUS
JTUHENHBIX quddepeHITnaTbHbIX CUCTEM.

Tema 7.5. BBenenue B Teopuro djoke.

JIuneitnpie auddepeHIuanbHble CHUCTEMBl C TEPUOJUYECKON MaTpulei
ko3 uimenToB. Marpuia MOHOJIPOMHH, MYJIbTUIIIUKATOPBI U XapaKTEPUCTUUECKHE
MOKA3aTeN.

Tema 7.6. Heonnopoanbie iuHelHbIe TU((epeHInaTbHbIEC CHCTEMBbI.

Heoanoponneie nunelinbie auddepenuuanbabie cucteMbl. Meton Jlarpanxka.
Jluneltnpie HEOAHOPOIHBIE TTepuoandeckue nuddepennmanbupie cuctemsl. [lonsTre
0 KpaeBoi 3a/1aue /it TuHeHHbIX quddepennmnanbubix cuctem. Oynknus ['puna.



Pa3znes 8. ABTOHOMHBIE ccTeMbl JH(depeHuaIbHbIX YPABHEHUN U
TEOPHUsl YCTOHYHUBOCTH

Tema 8.1. OcHOBHBIE IOHATHUA U CBOMCTBA TEOPUU TUHAMUYECKUX CHCTEM.

OCHOBHBIE MTOHSATHUS U CBOKWCTBA TEOPUH TUHAMUYECKUX CUCTEM.

Tema 8.2. IloBenenwe TpaekTOpHMHd JIMHEHHBIX M  HEJUHEHHBIX
nuddepeHIMAIBHBIX CHCTEM BTOPOI0 MOPSAKA.

[loBenenue TpaekTopuid JUHEHHBIX JUd(EpeHIUaTbHBIX CHUCTEM BTOPOTO
nopsizika. HeBbIpoxkieHHbIEC U BBIPOKICHHBIE city4yau. [Ipobiema pa3iauuenus 1eHTpa
u dokyca.

Tema 8.3. YcroiyuBocrs no JIanmyHoBy pemeHuid auepeHumaibHbIX
YPABHEHHH.

OCHOBHBIE TMOHATUS TEOPUU YCTOMYMBOCTH MO JIAMYHOBY pelieHHi
mupdepeHuranbHbIX ypaBHeHUH. [Iprumepbl. Y CTOMYMBOCTD JIMHEWHBIX CUCTEM N-TO
nopszika. Teopembl 00 yCTOMUHUBOCTHU MO EPBOMY MPHOIUKEHUIO.

Tema 8.4. ®ynkuuu JsimyHosa.

Oyukuuu JlsanynoBa. Teopembl JlsimyHoBa 00 yCTOMYMBOCTH peUIEHUI
muddepeHnnanbHbIX ypaBHEHUH.

Tema 8.5. Jluneiinble aud@PepeHUNATIBbHbIE CHCTEMbI MW TEOPHUA
YCTOMYHUBOCTH.

Jluneitnsie quddepennnansubie cucteMsl. [loBeneHne TpaeKTOpui JIMHEHHBIX
mudpepeHnanbHbIX CUCTEM BTOPOTO TMOpPsAKA. YCTOMYMBOCTH MO JIAyHOBY
pemennit nuddepeHnranbHbIX ypaBHeHud. @ynkiuu JIsmyHoBsa.



YUYEBHO-METOJUYECKAS KAPTA YUYEBHOM JUCHUIJIAHBI

Ounas ¢hopma MOTyUYEHHUS BBICIIIETO 0Opa30BaHMsI C MPUMEHEHUEM TUCTAHITMOHHBIX 00pa3zoBarenbHbIX TexHomorui (J1OT)
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Bcero 70 60 10
3 cemect

1 | IuddepeHnuajibHble ypaBHEHHUsI TEPBOro MOPsAKa 16 16 2

1.1 | Beenenue B Teoputo quddepeHInalbHbIX YpaBHEHUN 2 2 YcTHBIN onpoc

1.2 | YpaBHEHHsI IEPBOTO NMOPSIKA B HOPMAJIBHOH hopMme 2 2 Y cTHBIHN onpoc
MeTobl MHTETPUPOBAHUS IPOCTENIINX CKAISIPHBIX .

1.3 /BT MHTCTPHIP P p 2 2 YcTHbIM onpoc
yYpaBHEHHIA
JIvHeiHbIe ypaBHEHUS MIEPBOro MOPSIKA U YPABHEHUS 2 2 .

14 yp P A yp VYcrHbI onpoc
PukkaTtu (10T) (40T)

1.5 | YpaBuenust B monHbIX auddepennnanax 4 2 YcTHBIN onpoc

uddepeHImaNbHBIC YPaBHCHHS IEPBOTO TOPSIIKA

1.6 Hugdepenn yp p HopAAKa, 2 2 KonTponsHas pabora
pa3pelieHHbIe OTHOCUTENILHO MPOU3BOIHON
YpaBHeHUs IEPBOTO MOPSIIKA, HE pa3pelIEHHbIE .

17| 7P p pALia, HE pasp 2 2 YcrHbI onpoc
OTHOCHUTEIJIPHO TIPOU3BOTHOM
YpaBHEHUS IEPBOTO MOPSI/IKA, HE pa3peIIEHHbBIE

1.8 | orHOCUTENBEHO TPON3BOHONU. OOIINI METO/T BBEICHHUS 2 2 YcrHbIl onpoc
napamerpa.

2 OO0mme Teopemsbl Teopuu AuddepeHnATbHBIX 8 4
YPaBHEHU

10




Teopema [Iukapa cymecTBOBaHNs U €IUHCTBEHHOCTH .
2.1 p pa eyt A 4 2 VYcTHBIN ompoc
pemienust 3aaaun Komm i1s ypaBHeHuUs
Teopema Komm cyniecTBoBaHUS M €AUHCTBEHHOCTH .
2.2 p Y A 2 1 VYeTHBI onpoc
rosioMmopgHoro pemenus 3anauu Ko aist ypaBHeHHs
HenpepbiBHas 3aBUCUMOCTD PEIICHUH OT MapaMeTpoB U .
2.3 pep p P p 2 1 YcTHBIN ompoc
HAYaJIbHBIX JaHHBIX
3 | YpaBHeHHUsI BBICHINX MOPSAIKOB 4 4
3.1 | YpaBHEeHUS BBICHIUX MOPSAKOB 4 4 KonTtponsnas padora
(A0T) (A0T)
4 | Cucrembl 1updepeHunaNbHBIX YPABHEHUH 4 2
4.1 | Cuctemsl quddepeHInaNbHBIX YpaBHEHUH 2 1 VYcrHbIl onpoc
Cucremsl nuddepeHimaibHbIX ypaBHeHu. basuc
4.2 | mepBbIX UHTETPAJIOB CUCTEMBI MU PepeHIInaTbHBIX 2 1 VYcrHbIl onpoc
YpaBHECHUU
5 JuddepeHnuajbHble YPABHEHHUS U CUCTEMBbI € 4 4
YACTHBIMHU NPOU3BOIHBIMHU NEPBOT0 NMOPSAKA
OaHOpOHBIE INHEHBIE YPABHEHHS B YACTHBIX .
5.1 | ~AHOPOA yp 2 2 VYerHbll onpoc
MIPOU3BOIHBIX MEPBOTO MOPSIKA
59 HeonHopoaHblie nuHElHBIE YpaBHEHHS B YaCTHBIX 5 5 KonTposnbnas
"~ | IpOU3BOIHBIX IEPBOTO MOPSIAKA pabora.
4 cemect
6 | JIuneiinbie nud¢epeHuHATbHbIE YPABHEHUS 14 12
6.1 | JIuneiinble fuddepeHnranbHble ypaBHEHUS 2 1 YcTHBIT onpoc
@yHIaMEeHTalbHasl CUCTEMA PEUICHUN JIMHEWHOTO .
6.2 | Y P 2 1 VYeTHBI onpoc
b hepeHITMAIBHOTO YPaBHEHHUS
Jlunelinpie ypaBHEHUS N-TO MOPSIIKA C TTOCTOSTHHBIMHU 2 .
6.3 yP P 4 VYeTHbIi onpoc
KordbduLreHTaMu
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JIuneitHble HEOTHOPOAHBIE AP DHEepEeHIAIbHbBIE 2 2 .
6.4 VYcTHBIN ompoc
ypaBHEHHUSI N-TO MOPsSIKA (10T) (10T)
JIvHeiHbIe ypaBHEHUSI BTOPOrO MOPSIAKA U .
6.5 yp p A 2 1 YcTHBII onpoc
Kosie0aTeIbHbIE SIBJICHUS
HuTerpupoBanue TUHEHHBIX AU(hepeHIInaTbHBIX 2 2
6.6 | ypaBHEHHMIA TPU TOMOIITN CTETICHHBIX U 0000IIEHHBIX (JIOT) (IOT) VYcTHBIN ompoc
CTETICHHBIX PSJIOB
. 2 .
6.7 | Jluneitable pa3HOCTHBIEC (AMCKPETHBIC) YPABHEHUS 1 YcTHBI onpoc
6.8 | JIuneitapie mudhepeHnnanbHbIE YpaBHEHUS KonTponsnas pabora
7 | JIuneiinbie nuddepeHunaIbHbIE CHCTEMBI 12 10
. 2 .
7.1 | JIuneiinble tudpepeHnnanbHble CUCTEMBI N-TO MOPSAIKA 1 YcTHBI onpoc
dyHIaMeHTalbHasi MaTPULIA OJHOPOJHOM JIMHEWNHOU .
7.2 YHA MaTpHta OHOpOs 2 1 VYcrHbIl onpoc
JubdepeHInanbHON CUCTEMBI
2 2
7.3 | Cucremsl Jlamnmo-/lanuneBckoro YcTHBIM onpoc
! (ZOT) (1om) P
7.4 | CtpykTypa GyHIaMEHTAITLHON MATPHUIIBI 2 2 VYcrHbll onpoc
7.5 | Beenenue B Teoputo duoke 2 2 VYerHbll onpoc
Heonnopoausie nunelinbie 1upPepeHInaIbHbIE .
7.6 AHOPOA Auddepenn 2 2 VYcrHbll onpoc
CUCTEMBI
3 ABTOHOMHBIE cHcTeMbI AU depeHIHATbHbIX 8 8
YPABHEHUI M TEOPUS YCTOMYMBOCTH
OcCHOBHBIE MTOHATHUS U CBOMCTBA TEOPUU TUHAMUYECKUX .
8.1 P 2 2 YcTHBI onpoc
CUCTEM
IloBeneHre TPaEKTOPUI JTUHEMHBIX U HETUHEUHBIX .
8.2 A P P 2 2 VYeTHBI onpoc
T depeHITMaNTBHBIX CHCTEM BTOPOTO MOPSJIKA
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8.3

YceroinuuBocTh 110 JISImyHOBY pemeHni
nuddepeHIMaIbHbIX YPaBHCHHM

Y cTHBIN onpoc

8.4

@Oynkimu JlsmyHoBa

Y cTHBIN onpoc

8.5

JIuneitnsle AUQdepeHInalIbHbIE CUCTEMbBI U TEOPHS
YCTOMYUBOCTHU

KonTtponsnas padora
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NHO®OPMAINMNOHHO-METOANYECKASA YACTDH
OcHoBHasi iMTEpaTypa

1. bubukos, 0. H. Kypc 06bikHOBeHHBIX Tu(dHepeHIINaTbHBIX YPABHEHHH :
yaeOHnoe mocodue / F0. H. bubukos. - U3zx. 2-e, crep. - Cankr-IlerepOypr ; Mocksa ;
Kpacnopap : Jlanb, 2023. - 303 c. - URL.: https://reader.lanbook.com/book/210617.

2. Onwcronel, JI. O. uddepenuuanbHbie ypaBHEHHS : YYEOHHK ISt
busnueckux u (uUMKo-mMareMaTtuyeckux GakyiabTeTOB yHuUBepcutetoB / JI.
0. Dnwcronsll. - U31. cTep. - Mocksa : URSS, 2023. - 309 c.

3. Ounmunmnos, A. @. CoopHuK 3aaa4 o TudPepeHIralbHbIM YpaBHEHUSIM
: [6omee 1400 3amau ¢ orBetamu] / A. @. Gununmos. - 3. 9-e. - Mocksa : URSS .
JIEHAH/, 2022. - 239 c.

4, EropoB A. 1. OGHOBIIEHHBIN Kypc OOBIKHOBEHHBIX IU(DPepeHIInaTbHbBIX
ypaBHEHUH : yuyeObHOe mocobue mist By30B / EropoB A. U. - 3-e usn., crep. - CaHKT-
[etepOypr : Jlanb, 2024. - 472 c. - URL: https://e.lanbook.com/book/359828.

JIOoTOTHUTEIbHAS JIUTEPATypa

1.  Awmenskun, B.B. Iuddepenunanbupie ypaBHeHUs: yued. mocooue st
CTY/l. YUPEKJIEHUH BBICIIL. 00Opa30BaHus 0 MaTeMaTtuyeckuM crietl. / B. B. AMenbkuH.
- Munck: BI'Y, 2012. - 288 c¢. - URL: http://elib.bsu.by/handle/123456789/43871.

2. [IpoxopoBa, P.A. OObikHOBeHHBIC AU epeHIInaIbHble yYpPaBHEHUS:
yue0. mocobue s crya. YBO nmo matematudeckum crient. / P. A. TIpoxoposa; BI'Y. -
Munck: BI'Y, 2017. - URL: https://elib.bsu.by/handle/123456789/205697.

3. bepéskuna, H. C. Huddepenimanbabie
W MHTETpaJIbHbIC YpaBHEHU. TeCThI : yaeOHOE MocoOne I CTYICHTOB YUPEKICHUN
BBICIIIETO 00pa30BaHMS IO MATEMATHICCKUM U (PU3NUECKUM CTICITHATBHOCTSM : B 2 .
/ H. C. bepé3kuna, A. A. I'puns, B. C. Hemen. - Munck : PUBIII, 2021. - Y. 1. - 2021.
- 307 c.

4. bepé3kuna, H. C. Huddepenunanbubie 17}
WHTETpaJIbHBIC YpaBHEHUS. TeCThl ;| ydeOHOEe MOocoOMe IJIs CTYACHTOB YUPEKICHHMA
BBICIIICTO 00pa30BaHMS IO MATEMATHYCCKUM U (PU3NUYECKUM CTICITHATBHOCTSM : B 2 .
/ H. C. bepéskuna, A. A. I'punsb, B. C. Hemen. - Munck : PUBIII, 2021. - Y. 2. - 2021.
-322c.

5. bormanos, 10.C. Kypc nuddepeHimanpHbix ypaBHeHUH: Y4e0. mocodue
Uil cTyd. martematwd. u ¢usmd. crei. Bbicul. y4e0. 3aBen. / 1O.C.bormanos,
C.A.Mazanuk, FO.b.Ceipous. - Mu.: YHiBepciTakae, 1996.

6. HuddepennmansHoe W WHTETPATBHOE HCUMCICHUE (YHKIUNA OTHON WU
MHOTHX nepeMeHHbIX. Juddepenuuanbipie ypaBHeHHs: yue0.-MeToA. ocoOue st
crerl. I crymenu Beicmi. oOpazoBanus / [aBT.: B. B. Ilerenbnuk u ap.]; M-Bo
obOpazoBanus Pecnyonuku benapycs, YO "BI'YUP", ®dak. KOMIBIOTEPHBIX CUCTEM U
cereit, Kad. Boiciieit MaremaTuku. - Munck: BI'YUP, 2018.
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https://e.lanbook.com/book/359828
http://elib.bsu.by/handle/123456789/43871
https://elib.bsu.by/handle/123456789/205697

7. Epyrun, H.I1. Knura nis uyrenus no o0uieMy Kypcy auddepeHinanbHbIX
ypaBHeHuil. - U3x. 3-e, nepepad. u norm. - Munck: Hayka u texnuka, 1979.

8. MateeeB, @ H.M.  Merogsl  HHTETPUPOBAHHUS  OOBIKHOBEHHBIX
muddepeHIIManbHbIX ypaBHEHUN: y4eOHUK JUisi MeX.-MaT. cren. yH-ToB / H. M.
Martsees. - U3n. 4-e, uctip. u gon. - MuHck: Beiusiimas mikona, 1974.

Q. MatseeB, H.M. COopHuK 3ama4 ¥ ymopaKHEHUH MO OOBIKHOBEHHBIM
muddepeHnansHbIM ypaBHeHUsAIM: Yue0. mocodue / H.M. Matsees. - 7-e u3f., 101 -
CII6.: JIans, 2002.

10. Cawmoitnenko, A.M. [uddepeHunanbHpie ypaBHEHUs: MPUMEPHI U
3aiaun: yueo. mocodbue 11 ctyl. By3oB / A. M. Camoiinenko, C. A. Kpupomes, H. A.
[Tepectiok. - U3a. 2-e, mepepad. - Mockpa: Bricmas mkosa, 1989.

11. Crenanos, B. B. Kypc nuddepennnanbHbix ypaBHEHUN: YUeOHUK IS
roc. yH-ToB. - 311. 6-¢. - MockBa: ['oc. U31-BO TEXHUKO-T€OPETUUECKOU JIUT., 1953.

12.  Omecromsn, JI.O. [duddepennunanbupie ypaBHEHUS U BapUallMOHHOE
ucuucieHnue: YueOuuk st ¢pus. u ¢pus.-mat. ¢ak. yH-1oB / J1.O.9abcronbll. - 5-¢ us3.
- M. : YPCC, 2002.

13.  MaprteHos, W.I1. Tuddepennmnansusie ypaBHeHUs U cucteMbl [lennese
tuna / N.I1. MapteiHos, H. C. bepeskuna, B. A. IIponbko; YO "I'poaHeHckuii roc. yH-
T uM. S. Kynaner". — I'poano: I'pI'Y um. . Kynmainsr, 2019.

14.  ®enoprok, M.B. O0bikHOBEHHbIE U dEepeHIINANTbHBIE YPABHEHUS: yU€O.
nocoOue It CTy[. BBICII. TEXHUYECKHUX yueO. 3aBenenuii / M. B. @enoprok. - M3,
ctep. — Mocksa: URSS: JIubpokom, 2017.

IlepeyeHb peKOMEeHYeMBbIX CPEACTB IMATHOCTUKHA U METOAUKA
¢GopmupoBaHusi HMTOrOBOM OTMETKH

OOBEKTOM MUAarHOCTUKH KOMIIETECHIINI CTYJIGHTOB SIBJISIFOTCSI 3HAHUSI, YMEHUSI,
MOJy4YeHHbIE MMM B pe3yJibTaTe HM3y4YeHUs Y4eOHOW MUCIUIUIMHBL. BbIsBiIeHUE
Y4EOHBIX JIOCTHXKEHHM CTYAEHTOB OCYIIECTBIACTCS C TOMOIIBIO MEPONPUSITUI
TEKYIIEro KOHTPOJISI U IPOMEXKYTOUHOM aTTECTallUH.

JI71 IMarHOCTUKYA KOMITETEHLIMM MOTYT MCIIOJIb30BATHCS CIECAYIOIINE CPEACTBA
TEKYIIIET0 KOHTPOJIS: YCTHBIM OMPOC, KOHTPOJIbHAs padoTa.

3afgaHus K 1a00paTOPHBIM U KOHTPOJIBHBIM pabOoTaM COCTaBJISIFOTCSI COTJIACHO
COJIep KaHUI0 y4eOHOTO MaTepHaia.

OTMeTKa 3a OTBETHI Ha JICKIIUAX U JA0OPATOPHBIX 3aHATHUSIX BKJIIOUACT B ceOS
MOJIHOTY OTBETA, HATMYUE ApPTYMEHTOB, IPUMEPOB U3 MIPAKTUKH, TIIyOMHY TOHUMAaHUS
TEPMUHOB, UCIIOJIb3YEMBIX CTYJICHTOM IPU OTBETE HA BOIPOCHI.

[Ipu ompocax Ha a0OPAaTOPHBIX 3aHATUSAX IIEHUTCS 3HAHUE CTYJIEHTOM
TEOPETUYECKUX CBEACHUM, MOJYYEHHBIX Ha JIEKIUU, MOATOMY CTYJIEHTY Nepen
3aHATHEM HEOOXOAMMO MOYHUTATh U Pa300paThesl C JICKIIMOHHBIM MaTEpUaioM, YTOObI
OH OBLJI TOTOB MPOOOBATH MPUMEHSIThH €TI0 Ha MPAKTUYECKUX 3aHATHUSIX.

dopmMoii MPOMEKYTOUHOM aTTecTaluu 1o aucuuruinie «Jluddepennuansabie
ypaBHEHUS» YUE€OHBIM IIJIAHOM IMPEYCMOTPEH 3a4eT U AK3aMEH.
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3ader Mo AUCHUILIMHE MPOXOIUT B (hOpME MUCHbMEHHBIX KOHTPOJIBHBIX PadoT.
Ecnu cTymeHT ycmemHo, HE MEHEe YeM Ha «YEThIpe» Hamucald BCEe KOHTPOJbHBIC
paboThI, TO IOMYCKAeTCs TOJyYeHHE 3adera 0e3 MPOBEICHHUS IOMOTHUTEIBHOTO
ornpoca.

DK3aMeH 10 AUCIUIUTMHE MPOXOAUT B YCTHOH opMme.

Jist  dopMHpOBaHWS HUTOTOBOW OTMETKM MO Y4YEOHOW  JUCIIUTIINHE
UCITOJIB3YETCSI MOAYJIbHO-PEHTHHTOBAsI CHCTEMa OILICHKW 3HAHWM CTYJIEHTA, Narolas
BO3MOXKHOCTh TPOCIEAUTh U OIEHUTh JTUHAMHUKY TMpoIlecca IAOCTHXKEHHUS IIesen
oOyuenusi. PelTMHTOBast cucTemMa MpeaycMaTpUBAET MCIOIB30BAHUE BECOBBIX
K03 PUIIMEHTOB /TSl TEKYILEH U TPOMEKYTOUHOM aTTeCTAllMK CTYIEHTOB 10 y4eOHOM
JTUCIUTUTHHE.

dopMUpOBaHUE HTOTOBOM OTMETKA B XOJI€ TNPOBENEHUS KOHTPOJIbHBIX
MEpOTIPUATUIA TEKyIed aTTecTanuu (MpUMEpHbIE BECOBBIE KOIPDUIIUEHTHI,
OTIPENCISIIONTNE BKIAJ TEKYIIeH aTTecTalldd B OTMETKY TMpU IPOXOXKICHUN
MIPOMEKYTOYHOM aTTECTAINH):

- ycTHbIH orpoc — 50 %,

- KOHTpoJbHas pabota — 50 %.

WrtoroBas oTMeTKa MO IUCHMIUIMHE PACCUUTHIBACTCS HAa OCHOBE HTOTOBOM
OTMETKHU TEKYIleH arrecTanuu (PEHTUHTOBOM CUCTEMBI OLIEHKH 3HaHu#) - 40% u
sK3aMEeHaIMOHHOM oTMeTKH - 60 %.

IIpuMepHbIH NepevYeHb 3aIaHUi /151 YIPABJIAEMO CAMOCTOATEIbHOMN
patdoThI 00y4YaOIIUXCH

Tema 1.6. [IuddepeHunajbHbie ypaBHEHUS MNEPBOr0  MOPSIAKA,
pa3pelieHHble OTHOCUTEJIbHO MPOU3BOAHOM. (2 4.)

N3oknuubl.  MuTerpanbable  KpuBble. 3amada Komum.  YpaBHeHHs C
pa3ierAlomMMAC  nepeMeHHbIMA.  OIHOpPOAHBIE  ypaBHEHMS. Y PaBHEHWS,
IIPUBOJAILIMECS K YPABHEHUSAM C Pa3ACIAIOLNIMMHUCS IEPEMEHHBIMU U K OJHOPOIHBIM
ypaBHeHUsIM. [ 'eomeTpruueckue u pusndeckue 3a1aun. JInHeWHbIE ypaBHEHUS IIEPBOTO
nopsiika. YpaBHeHue bepHyium. YpaBHeHune Pukkatn. YpaBHEHHS B IOJIHBIX
muddepennuanax. UHTErpupyommiit MHOKHUTEb.

[Ipu n3ydyeHun nepBoro pasjena CTyIEHT YUUTCS pellaTh 3a4a4u Ha JICKLUX,
MMPAKTUYECKUX 3aHATHUSIX U JIOMA, BBIMOJIHSASA JOMAIIHUE TPAKTUYECKUE YIIPAKHECHUS.
[Tocne uzydenust nuddepeHuanbHbBIX ypaBHEHUI NEPBOro MOpsAIKa, pa3pelieHHbIX
OTHOCUTEIBHO MIPOU3BOJAHOM, CTYJEHT MUILIET KOHTPOJIbHYIO padoty Nel. [Ipumepnbie
BapUaHThI KOHTPOJIbHOU paboThl Nel MoxkHO HaiiTh B [4], §10.

dopMa KOHTPOJISI — KOHTPOJIbHAs padoTa.

Tema 3.1. YpaBHeHHs BbICIINX IOPAIAKOB. (2 4.)

VYpaBHeHuUsI BbICIIMX NOPsAKOB. O0IMe NoHATHS, onpeAeseHus. 3agadya Komm.
Teopema CylmeCcTBOBaHUSA M €AVMHCTBEHHOCTH pemeHus 3agauu Komm. YpaBHeHus
BBICIIMX TOPSAAKOB, MHTETPUPYEMBIE B KBAAPATypax M AOIYCKAIOIIME ITOHMKECHHE
MOPSAKA.
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[Tocne uzydeHus: BTOPOro U TPEThEro Pa3iesioB CTYJIEHT MUILIET KOHTPOJIbHYIO
paboty No2. [IpumMepHble BapuaHThl KOHTPOJIbHON paboThl Ne2 mMoxHO HaWTH B [4],

§18.
®opMa KOHTPOJISL — KOHTPOJIbHAs padoTa.

Tema 5.2. HeoqHopoaHble JiMHeiiHbIe YPABHEHHSI B YACTHBIX MPOU3BOIHBIX
NepBoro nopsiaka. (2 u.)

Cucremsl auddepeHnmaibHbIX ypaBHeHUH. JInHelHbIe YpaBHEHUSI B YaCTHBIX
MPOU3BOJAHBIX MEPBOr0 MOpsAaKa. XapaKTEPUCTUKU U WHTErPajbHbIE TOBEPXHOCTH.
TeopeMa cyliecTBOBaHUS U €IMHCTBEHHOCTH peleHus 3aaada Komwu (B cirydae AByX
HE3aBUCUMBIX MepeMeHHbIX) (0e3 moka3arenscTBa). Ypasuenue [lpadda.

[Tocne n3yyeHus 4eTBEPTOro U MATOrO Pa3/IesioB CTYAEHT MUIIET KOHTPOJIbHYIO
paboty Ne3. [IpumepHbie BapuaHThl KOHTPOJbHON paboThl Ne3 MOKHO HaWTH B [4],
§18.

dopMa KOHTPOJISI — KOHTPOJIbHAs padoTa.

Tema 6.8. J/Iuneitnbie 1udPpepeHuaIbHbIe ypaBHeHHS. (2 4.)

JIuneitnpie nuddepenunansupie  ypaBHeHusa. KorebarenbHble CBOMCTBa
pelIeHn IMHEWHBIX YPABHEHU BTOPOro nopsaka. Mlarerpuposanue psaamu.

[Tocne uzydyeHus mecToro pa3ienia CTyeHT MUIIET KOHTPOJIbHYIO padoTy Ne4.
[IpumepHbIe BapuaHThl KOHTPOJIbHOU paboThl No4 MokHO HaTH B [4], §26.

dopma KOHTPOJISl — KOHTpOJIbHAs paboTa.

Tema 8.5. Jluneitnble audPepeHuInAIbHBbIE CHCTEMbI MW TeEOPHUA
YCTOMYMBOCTH. (2 4.)

Jluneitnsie quddepennmansubie cuctemsl. [loBeneHne TpaeKTopuil JTMHEHHBIX
mudepeHInanbHbIX CHUCTEM BTOPOIro MOpsSAKa. YCTOMYMBOCTH MO JIAMyHOBY
pemiennii nuddepenmanbabix ypaBHeHul. Oynkuun JlsmyHnosa. [locne nzydyenus
CEeAbMOr0 M BOCBMOTO pa3leJiOB CTYACHT MHUIIET KOHTPOJIbHYIO paldoTy NeS.
[IpumepHbIe BapuaHThl KOHTPOJIbHOU padboThl NoS5 MokHO HaTH B [4], §35.

dopMa KOHTPOJIsI — KOHTPOJIbHAs padoTa.

OnucaHde HHHOBAMOHHBIX MOJAX0A0B H METO/I0B K NMPeNnoaaBaHUI0
YueOHO# JUCHMILTHHBI

[Tpu opranuzamuu 06pa3oBaTEIHLHOTO MPOIIECCa UCTIONIB3YETCS I8PUCHUYUECKUT
n00X00, KOTOPBIA TMPEINoJiaraeT JEMOHCTPALMI0 MHOTO00Opaswsi  peleHuin
OONBIIMHCTBA TPO()ECCHOHATIBHBIX 3a/1a4 M )KH3HEHHBIX MTPOOJIeM.

[Ipu opranmszanuu 00pa30BaTEILHOTO TPOIECCAa HUCIOJIB3YETCS HPAKHUKO-
OPUEHMUPOBGAHHBLII NOOX00, KOTOPHIN TMPEANoiaracT OCBOCHHUE COACpXKaHUS depes
pEIICHUs TPAKTUIECKHUX 3a71ad.

[Ipu opranmzarnmu 00pa30BATEIHLHOTO TPOIECCA UCHONbIYIOMCA MEmOoOobl U
npuemsl pazeumus KpPUMuU4ecKkozo MblulleHUs, KOTOPbIE MPEACTaBISIOT COOOM
cucteMmy, (OPMHUPYIONIYIO HaBBIKM pabOThl ¢ MHQOpPMAIMEH B Mpolecce YTCHUS U
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INUucCbMa, IIOHMMAaHHH I/IH(bOpMaLII/II/I KaK OTIpaBHOro, a HE KOHCYHOI'O0 ITYHKTa
KPUTUYICCKOI'O MBIIJICHHA.

MeToanyecKkue peKOMeHAaluH 110 OPraHU3alH CaMOCTOATEIbHOI
PadoThI 00y4arOLIUXCH

Jlns  opraHu3ald  CaMOCTOSITENIBHOM pabOThl CTYJEHTOB MO Yy4eOHO
JTUCHUIUIMHE PEKOMEHJOBAHO Pa3MECTUTh HAa 00pa30BaTEIbHOM IMOPTaJie WM CaiTe
Kadeapbl y4eOHO-METOJIMYECKUE MaTepHUalibl: KYpChl JIGKIMHA | J1abopaTopHbIe
MPaKTUKYMbI, METOAMYECKUE YKa3aHUsl K JJAOOPATOPHBIM 3aHATUSIM, BOIPOCHI JIs
MOATOTOBKM K 3a4e€Ty W DK3aMEHY, IIepeYeHb PEKOMEHAYEMOW JUTEpaTyphl,
UH(OPMAIMOHHBIE PECYPCHI.

CamocTosiTenpHass paboTa CTyJeHTa BKJIOYaeT B cebs paboTy ¢ ydeOHOM
JUTEpPaTypold MO 3aJaHHBIM TeMaM JUCLUUIUIMHBI, MOWCK HOBEWIlew ydeOHOU u
Hay4YHOM MH(pOpMalUU B yKa3aHHBIX 00JIACTAX 3HAHUN U 3HAKOMCTBO C HEH, a TaKxKe
BBITOJIHEHUE MMOCTABJICHHBIX 3aJJaHU.

IIpuMepHBIN epeYeHb BONPOCOB K 3a4ETy

1. Huddepenunanpuple ypaBHEHHsS MEPBOTO TMOPSAKA, pa3pelieHHbIC
OTHOCHUTENBHO MPOU3BOAHON. OCHOBHBIE IOHSATHUS, CBA3aHHBIE C HUMHU.

2. Huddepennmansubie ypaBHEHUS C Pa3ACNSIONIMMUCS TEPEMEHHBIMU,
MeTon pemenusd. [Ipumep Y ¢ pazaensromuMucs NepeEMEHHbBIMU C PEILIEHUEM.

3. Onnoponanbie nuddepeHIaibHble YPaBHEHUS TIEPBOTO MOPSAKA, METO/T
pewmenus. [Ipumep onHopoanoro 1Y ¢ pemenueM.

4, YpaBHEHUs, CBOJAIIMECS K OAHOPOIHBIM.

S. YpaBuenue bepnyun.

6. VYpaBuenue Pukkaru.

7. JIuneitnpie nudQepeHnranbHble YpaBHEHHS] MEPBOrO MOPSAKA, METO.
WHTETPUPYIOIIETO MHOXKHUTEJIS, IPUMED.

8. Onpenenenue  auddepeHMaTbHOr0  YpaBHEHUS B TOJIHBIX

mupdepennnanax. Kpurepuit npunagnexsocta k Y B monaHsix nuddepeHimanax.
Meron pelienusi, npumep.

9. WNHurerpupyromuii MHO)UTENb. Dopmyia mia ero HaxoxaeHus. Cioyyan
u(Y)=u(x) u uxy)=uly). Ipumep: (-x°y)dx+x’(y—x)dy=0, Haiitu
VMHTErPUPYIOLINIT MHOKUTEb.

10. uddepennuansuble ypaBHEHHS, HE pa3pelieHHbIE OTHOCUTEIHHO
MPOU3BOAHOM. MeTo 1 BBEICHUS TapaMeTpa.

11. duddepeHunanbHble ypaBHEHHsS, HE pa3pelieHHblE OTHOCUTEIBHO
npousBogHoit. Ciayuam x=f(y,y) u y=f(x,y). pumep: x=(y')*, pemmrts Y
METOJIOM BBEJICHMSI IApaMeTpa.

12.  Juddepennuansusie ypasuenus Kiepo. [Ipumep:y =xy'+(y')’, pemursb

Y.
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13.  Juddepennmansapie ypaBHenusi Jlarpamka. Ilpumep: y=xy'+(y')?,
pemts 1Y.

14. Ocoboe pemenue. JIMCKpUMUHAHTHAs KpuBas. Ilpumep:y=xy'+(y')?,
HalTH 0c000€ pelICHUE.

15.  OrubGarormas ceMeicTBa KpUBBIX. [IprMep: Y = XC +C¢*, HalTH OrMOaromIyo

CEMENCTBA.

16. Teopema Ilukapa cyiiecTBOBaHHS M €AMHCTBEHHOCTH PEIICHUS 3a/1adu
Komm JIY mepBoro mopsaka, pa3pemieHHOr0 OTHOCHUTEIBHO IMPOU3BOIHOM.
dopMyIHpOBKa, CXeMa J0Ka3aTeIbCTBA.

17. Meton nocneaoBaTeIbHBIX TPUOIMKCHUI.

18. uddepenuuansuble ypaBHEHHUS BBICHIMX TMOPSJIKOB, pa3perieHHbIC
OTHOCHUTEIHHO MPON3BOAHOW. OCHOBHBIE TIOHSTHS, CBI3aHHBIC C HUMH.

19. Juddepenuunansuoe ypapuenue supa y" = f(x). Ilpumep: y© =1/x,
pemts Y.

20. uddepennmanbapie ypaBHeHHS Buma F(x,y,y")=0 u F(y,y,y")=0.
[Ipumep: 2yy” +(y')* =0, petmts Y.

21. Cuctemsl nuddepeHiralbHbIX YpaBHEHUH IepBoro nopsijaka. OCHOBHBIC
MOHSTHS, CBS3aHHBIE C HUMHU.

22. Ilepmblii uHTErpasl cuctembl TudepeHInanTbHbIX YPaBHEHUN MEPBOrO
TOpsIIKA.

23. Teopema o cymecTBOBaHMHM N (DYHKIMOHAIHLHO HE3aBUCUMBIX ITEPBBIX
WHTETPAJIOB CUCTEMBI.

24. ABTOHOMHBIE CHCTEMBI W €¢ (DYHKIIMOHAJIIBHO HE3aBHCHMBIC IIEPBBIC
uHTerpansl. [Ipumep: cucrema dx/dt=-y,dy/dt=x, HaliTH Bce ee (YHKIMOHAIBHO

HE3aBUCUMBIE IIEPBBIE UHTETPAJIBI.

25. Teopema Ilukapa cyiecTBOBaHHUS M €IUHCTBEHHOCTH PEIICHUS 3aJa4u
Komm pans cucremsl 1uddepeHUMaNbHBIX YpaBHEHMH NIEpBOro MOpsAKa U
nudepeHnnanbHOTO YPaBHEHHSI N - TO MOPSIKA.

26. 3apmaya Komu 1j1s JIMHEHHOrO OJHOPOJHOTO YpPAaBHEHHUS B YACTHBIX
MIPOU3BOJIHBIX 1-r0 nopsAaka. AIropuT™ penienus 3agauu Komm.

27.  JluHeliHble HEOIHOPOJHBIE YPAaBHEHUSI B YACTHBIX MPOU3BOAHBIX 1-T0
nopsiika M HMX CBSI3b C JIMHEHHBIMM OJHOPOAHBIMM YPaBHEHUSMH B YaCTHBIX
MPOU3BOAHBIX 1-T0 mopsiaka.

28. 3agaua Komu ans AMHEHHOro HEOJHOPOAHOTO YPABHEHUS B YACTHBIX
MIPOU3BOJIHBIX 1-ro nopsAaka. AIropuT™ penieHus 3agauu Komm.

IIpumepHbIN NepevyeHb BOMPOCOB K IK3aAMEHY

1. Hubdepennmansuble ypaBHEHHS TEPBOTO TMOPSIKA, pa3pelieHHBIC
OTHOCUTEIBHO MPOU3BOAHOW. OCHOBHBIE IMOHATHUA, CBA3AHHBIE C HUMU: PEIICHUE,
3anaya Ko, o01ee penieHre, 4aCTHOE pelieHUe, MHTErpaibHasi KpUBasl.

2. Huddepenumanbible ypaBHEHUSI € Pa3ACNAIONIMMUCS TEPEMEHHBIMU,
meron pemenus. [Ipumep Y ¢ paznenstomuMucs nepeMeHHbIMU C PEILIEHUEM.
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3. Onnopoanble nuddepeHiaibHble YpaBHEHHS NIEPBOT0 MOPSAKA, METOT
pemenus. [Ipumep onnopoanoro 1Y ¢ pemennem.

4.  Jlunevnple nuddepeHuanbHble YpaBHEHHUS IIEPBOTO MOPSIKA, METOJ
UHTETPUPYIONIETO MHOKHTEJIS, IIPUMED.
5. Ompenenenne  auddepeHMaIbHOT0  ypaBHEHHS B IOJIHBIX

mudpepennmanax. Kpurepuit npunaanexxunocta k 1Y B nonubix nuddepenimanax.
Meron penienusi, npumep.

6. NuTterpupytommii MHOXUTENb. PopMysia Ay ero HaxoxaeHus. Ciaydan
u(y)=u(x) w  uxy)=uly). Ipumep: (-x*y)dx+x’(y—x)dy=0, Haiitu
VHTETPUPYIOLIMNA MHOXKHUTEIIb.

7. Huddepenumanpuble ypaBHEHHs, HE pa3pelIeHHbIE OTHOCHUTEIIBHO
npous3BogHOM. Metoa BBeaeHus napamerpa. Choywan x=f(y,y) u y=f(xyYy).
[pumep: x=(y')?, pemutsb Y MeT00M BBEIEHHS TapaMeTpa.

8. Huddepenunansupie  ypaBHenus Kiepo wu Jlarpamxa. Ilpumep:
y=xy'+(y")?, pemnts Y.
9. Ocoboe pemenne. JuckpuMuHanTHas kpubas. [Ipumep:y=xy'+(y')?,

HaWTH 0c000€ pelieHue.

10.  Orwubarommas cemeiictBa KpuBbIX. [IpuMep: y = XC+ %, HAWTH OrUOAIOIILYO
CEMENCTBA.

11. Teopema Ilukapa cyIiecTBOBaHUS M €IUHCTBCHHOCTH PEIICHUS 3aa9d
Komm JIY mepBoro mopsiaka, paspemeHHOrO0 OTHOCHTENBHO MPOU3BOJHOM.
dopmynIHpoBKa, cCXxeMa J0Ka3aTeIbCTBA.

12. Meron mocinenoBarellbHBIX IpuOmmKenuii. Ilpumep:y = y?, y(0) =0.
HaiiTy mepBbie 1Ba MOCIEI0BATEIbHBIC PUOIFKCHHS.

13. uddepenuunansuble ypaBHEHHUS BBICHIMX TMOPSJIKOB, pa3perieHHbIC
OTHOCHUTEJIHHO MPON3BOAHON. OCHOBHBIE TIOHSTHS, CBSI3aHHBIE C HUMHU.

14. Jubdepenumansuoe ypapuenue Bupa y" = f(x). Ilpumep: y® =1/x,
pewnts Y.

15. uddepenuuansubie ypaBHeHus Buaa F(x,y,y")=0 u F(y,y,y")=0.
[Mpumep: 2yy" +(y')* =0, pewuts Y.

16. JlunHeiiHas 3aBUCUMOCTh M HE3aBUCHUMOCTh (yHKIMH. BpoHCKuaH.
HeoGxonmumoe  ycioBue  juHeWHOW — He3zaBucumoctu  GyHkiui.  [Ipumep:
f(xX)=x% f,(X)=x|x|, HaWTH WX BPOHCKMAH W TOKa3aTh, YTO OHH JIMHEHHO

HE3aBUCHUMBI.

17.  Opnopomnoe nuHerHoe /Y n - ro nopsaka. dyHmpameHTaabHas cUCTEMa
petenuii. TeopeMa o CTPYKType OOIIero penieHus.

18. ®opmyna Octporpaackoro- JIMyBUIIs U ee NPUMEHEHUE ISl PEIICHUs
OIHOpOAHOro JiHeHoro Y 2- ro nopsaka. Ilpumep: y"-2y'+y=0,y, =€*- €ro
pemenne. Haiitu oOmiee pemnienune.

19. Heomnoponmnoe muueitHoe Y n- ro mopsiaka. Teopema o CTpyKType
OOIIETO peIIeHuUs.
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20. Meroa BapuanMu TPOU3BOJIBHBIX IMOCTOSHHBIX (MeTon Jlarpana)
pEIEHNUsT HEOAHOPOAHOTO JIMHEUHOTO JIY n - ro mopsaaka. [lpumep: y"=x, HAUTH €ro
pemenne MmeroaoM Jlarpanxka.

21. OpsopomHoe smHEWHOEe JIY n- 1O TOpsiAKa C TMOCTOSHHBIMH
kodhdumentamu. Meron Dinepa. Ciyuyail momapHO pa3HBIX JIEHCTBUTEIbHBIX
KOpHEH XapaKTepUCTHUYECKOro ypaBHeHMs. lIpumep: y’-3y'+2y=0, HaWTH €ro
peElIeHHE.

22. OpHopomHoe usmHeWHoe JIY n- 1O mopsaka € TMOCTOSSHHBIMHU
koadunmentamu. Meton Ditnepa. Ciydail KpaTHBIX KOPHEH XapaKTepUCTUIECKOTO
ypaBHenus. [Ipumep: y"—2y'+y =0, HATH €TO PEIICHUE.

23. OpHopomHoe smHEWHOEe JIY n- TO TOpsiAKa C  TMOCTOSHHBIMH
kKod(ppunreHTamu. Merton Ditnepa. Cinyyaii  KOMIUIEKCHBIX  KOpPHEH
XapaKTepUCTUUECKOTO ypaBHEeHU. [Ipumep: y”+y =0, HAUTH €T0 PEIICHUE.

24.  Cucrembl TUHEHHBIX TU(depeHIMATBHBIX YPaBHEHUI IEPBOTO MOPSAAKA.
OcCHOBHBIE MOHATHS, CBA3aHHbIE ¢ HUMU: 3a1aya Koim, oOiiee pemieHne, 4acTHOE
pelIeHHe.

25. OpHopomHas cucTeMa JHHEWHBIX U depeHINaTbHBIX YpaBHEHUIN
nepBoro nopsiaka. DyHpaMeHTanbHas cUCTeMa pelieHuid. Teopema O CTPYKType
00I1IeT0 pelIeHHUS.

26. HeomnopomHas cuCTeMbl JMHEHHBIX Iud(epeHInaNIbHbIX ypaBHEHUH
NepBOro nopsaka. Teopema o CTpyKType OOIIEro peeHusl.

27. OpnHopomHas auHeiHas cucteMa JIY ¢ mocToSHHBIMU KO3 DUITMEHTAMH.
Ee npencraBiieHre B MAaTpPUYHOM BUJIE.

28. OpnHopojaHas nuHeiHas cuctema IV ¢ moctossHHBIMU KOA(hOUITMEHTaAMH.
Cnyyail momapHO pa3HbIX JEUCTBUTENBHBIX KOPHEH  XapaKTepUCTHYECKOIO

01
ypaBHeHus. [Ipumep: dX /dt=AX, A= (1 OJ’ HAWUTH €€ pelICHUE.

29. OpmuoponHas nmuHEiHas cuctema 1Y ¢ mocTosHHBIMUA KO3 OHUITUESHTAMH.
Cimy4yallT KOMIUIEKCHBIX KOpPHEH XapakKTepUCTHUYECKOro ypaBHeHus. [Ipumep:

01
dX /dt = AX,Az( 1 OJ’ HAWTH ee pellICHUE.

30. Opnnoponnas nuHeiHas cuctema 1Y ¢ moctossHHBIMU KO3 UITUEHTaAMHU.
Crnydaii KpaTHbIX KOpHEH XapaKTepUCTUYECKOTrO ypaBHEHHs. MaTpuyHblid crocod

01
pewenus. [Ipumep: dX /dt= AX, A= [O OJ , HATY pEIIECHHUE.
31. Meron Bapuanuu MPOUW3BOJBHBIX TMOCTOSHHBIX (MeTon Jlarpanika)
pelieHust HEOJTHOPOIHOM JIMHENHOU CHUCTEMBI V. [Tpumep:
01 0
dX /dt=AX +F(t),A= [1 Oj’ F(t)= [t } HAWTH ee peleHrue MeTo1oM Jlarpanaxa.

10
32. Marpuunas skcrioHeHTa. Meton ee Haxoxnenus. [Ipumep: A:[Olj’

HaTH e”?
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33. AtoHomHbIe cuctembl JIY Ha mmockoctu. Tpaekropuu. HampasieHnue
JIBM>KEHUS 10 Tpaekrtopuu. [Ipumep: dx/dt=-y,dy/dt=x. OnpeaenuTs HanpaBIECHUE
JBYDKEHUS 110 TpaekTopuu B Touke (-1,-2).

34. Knaccudukanus ocoObIX TOUEK TUHEHHBIX cucTeM Y Ha miockocTu.
[Ipumep: dx/dt =—y,dy/dt=x. [locTpouTh TpaeKTOPUH B OKPECTHOCTU OCOOON TOUKH.
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IMMPOTOKOJI COTJIACOBAHUSI YYEBHOM IPOTPAMMEI YO

Ha3zpanue yuebHoii | Ha3Banue Ilpemnoxenns | PemieHue,  OpHHATOE

JVCLIUIUINHEL, Kadeapsl 00 m3MeHeHusx | xadeapoii,

¢ KOTopoit B CcoOJepKaHuu | paspaboraBiieit

TpedyeTcs y4eOHOIA y4eOHyI0 MporpaMmy

COIJIACOBAHUE IIPOrpaMMBI (c yka3aHueM JaThHl U
YBO II0 | HOMepa MPOTOKOJIA)
yueOHO
JTCLIUIIIIHE

YueOHas

IMCLUIUIAHA He

TpebyeT

COTJIaCOBaHMS

3asenyromuii kadenpoii audpepeHInaTbHIX ypaBHEeHHH
¥ CHCTEMHOTO aHaJn3a

KaHIuOaT (pU3NKO-MaTeMaTHIECKUX HayK, TOIEHT

05.06.2025
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JIOMTOJTHEHUA U UBSMEHEHHSA K YYEFHOM ITPOTPAMME YO
Ha / y4eOHBIN TOJ

No

i JlonmoaHeHUs U U3BMEHEHUS OcHoBaHne

VYyebHas nporpaMma rnepecMoTpeHa u 0100peHa Ha 3aceTaHuu Kadeapbl

(mpoTokoi Ne OT 202 r.)
(Ha3BaHue kadeapsl)
3aBenyrommii kadeapon
(y4eHas cremneHb, y4eHOE 3BaHHE) (N.0.Damumnus)
YTBEPXIAIO
Jlexan ¢akynbrera
(y4eHas cTenieHb, y4eHOE 3BaHHE) (N.0.Damumnus)
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