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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUPORONIOAO00HBIX, IJIA3MEHHBIX H
siiepHbIX TexHoJoruii um. N.B.
KypuaroBa

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: Juddepennmanbabie ypaBHEHHS

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
Kadenpa matemaTHky 1 MaTeMaTH4eCKUX METOIOB PU3UKU

Kypc: 2

KBaJIMpUKALUS: GakanaBp

Cemectpbl, HOpMBI IPOMEKYTOUHON aTTECTAIHH:
3 (ocenHuit) - Dxk3aMeH

4 (BeceHHwmil) - Dx3aMeH

AynutopHbIX yacoB: 120 Bcero, B TOM 4HcIIE:
nexuun: 60 gac.
ceMuHapsl: 60 gac.
nabopatopusie 3ansaTus: 0 gac.

Camocrostenbnas padora: 180 gac.
[TonroroBka k 3x3ameny: 60 yac.
Bcero gacos: 360, Bcero 3ad. ef.: 8

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocrtaBui: AN. AnnunyeBa, kaHa. (Gu3.-MaT. HayK, JOLEHT

[Iporpamma obcyxneHa Ha 3acefannn Kadenpbl MareMaTuky 1 MaTeMaTHIeCKUX MeTofoB ¢pusnku 29.03.2024



AHHOTANMA
B xkypce «Jduddepennuansapie ypaBHEHHsD» CTYIEHTBl H3y4YalOT OCHOBBI TEOPUM OOBIKHOBEHHBIX
i depeHManbHBIX  YpaBHEHMH W IPUOOPETAIOT NPAKTHYECKHE HAaBBIKM AHAJMTHYECKOTO PpEIICHHS
pa3IMYHBIX KIAccoB ypaBHEHWH. M3maraioTcsi OCHOBHBIE TeopeMbl oOmieil Teopum auddepeHnrnaIbHbIX
YpaBHEHUH M METOJbI, JekKalue B UX OCHOBE. [loIpoOHO HM3ydaroTCs, KaKk € TEOPETUYECKOM, Tak M C
MPaKTUYECKOM TOYEK 3pEHHUsA, JMHEHHBIE YpaBHEHMS M CHUCTEMBI C IIOCTOSHHBIMH, NEPEMEHHBIMH U
nepuoandeckuMu  kodddunuentamu. 3HauMTENBHAs YacTh Kypca IIOCBSAIICHA JIOKAJIBHOH Teopuu
HEJIMHEVHBIX YPaBHEHMM W METOJaM TEOpPUH BO3MYLIEHUS: YCTOWYMBOCTBH TIIOJIOKEHWH PpaBHOBECHS U
noBezieHNE (Da30BBIX TPACKTOPUIl B HMX OKPECTHOCTSX, HOpPMajbHbIE ()OPMBI, YCTOWYMBOCTH U TEOPHS
BO3MYIICHUHA TEPUOJUYECKUX PELICHUH, TeopHsl yCpenHEeHHd M T. . M31I0KeHBI OCHOBBI KauyeCTBEHHOM
Teopun IudQepeHINANbHBIX YPAaBHEHHH M DJIEMEHTHl BapHUAIlMOHHOIO HCYMCIeHHs. VI3ydaroTcs
MHOTOYHCJICHHBIE TpUMEpPbl  Au(QQepeHINaNbHbIX  ypaBHEHHH, WMEIOUIMX NPUKIAJHOE 3HAYCHHE:
napamMeTpudeckuii pe3oHaHc, ypaBHeHue Llpeaunrepa, ypaBHEHHs, ONMCHIBAIOIIME KoJIeOaHHS B
UIEKTPUYECKUX LETAX, JUHAMUYECKUE CUCTEMBI U3 SKOJIOTHUH.

1. leau u 3apa4u

eap AUCUMNIMHBI
- OCBOEHHE CTylAeHTaMHu (YHIaMEHTAIbHBIX 3HAHWH B 007acTH OOBIKHOBEHHBIX JuddepeHnnanbHbIX
YpaBHEHUH, H3y4eHHE CIIOCOO0B MCCIEIOBAHHS U pelieHHs AU PepeHINAIBHBIX YPAaBHEHHH, a TaKKe
UX IPaKTUYECKOTO IPUMEHEHUSI.

3anauu QUCHUNIHHBI
- (opmupoBaHue 0a30BBIX 3HAaHWH B o0nacTé auddepeHInaIbHbIX YpaBHEHUH KaK JAMCIHILTHHBI,
obecrieunBarolIeil Hay4Hble OCHOBBI COBPEMEHHBIX MOJIEIICH OKPYXKAIOIIEro MUpa M TEXHOJIOTHYECKUX
HPOLIECCOB;
- 0o0y4YeHHE CTYyIEHTOB METOAaM pelIeHUs Iu(pQPepeHINATBHBIX YpaBHEHUI H BBIABICHHS HUX
0COOCHHOCTEH U CIIEIU(PUIECKUX CBOICTB;

- (QopmupoBaHHEe TOAXOMOB K  BBIIOJHEHUIO CTYIEHTaMH HCCIECJOBaHMH B  oOmacTtu
Qg QepeHIaTbHBIX YPaBHEHUH B paMKax BBITYCKHBIX Pa0OT Ha CTETIEHb OakagaBpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

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

OIIK-1.1 CriocobeH aHanmM3upoOBaTh MOCTABICHHYIO 3ajady,
HaMeuaTb IIyTH €€ PEeLCHUs

OIIK-1 CnocobeH npuMeHSITh

(bYHZ[aMeHTaHLHLIG 3HaHUWA, ITOJTYYCHHBIC B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJIENH,
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)

MPOU3BOAUTDH KOJIMYCCTBCHHBIC PACUCTHI U OLICHKHA

CCTCCTBCHHLIX HAYK, U UCIIOJIB30BAThH UX B

MPODECCHOHATBHOM MEATETBHOCTH OIIK-1.3 CnocoOeH omnpenensiTs T'paHHULbl MPUMEHUMOCTH

IIOJIyYEHHBIX PE3yJbTaTOB

3. [lepeyens mIaHUPYeMBIX Pe3yJbTATOB 00y4eHUs 10 AUCHHILUINHE (MOIYJII0)
B pe3ynbrare 0CBOCHUS AUCIMIUTMHBI 00yYatOINecst JOJDKHBI
3HATh:

- METOJIbI TEOPUHU OOBIKHOBEHHBIX Ju(epeHInaibHbIX ypaBHEHHH.

YMETb:

- MPUMEHSTH Ha MPAKTUKE METOJbI TCOPUHU OOBLIKHOBEHHBIX MU (PepeHITnaNbHBIX YPaBHEHUH.
BIAJCTh:

- METOIIOJIOTHEH U HAaBBIKAMU PEIICHHS HAYYHBIX U MPAKTUYSCKUX 3a7a4.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA




TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 JuddepeHnmanbHbie ypaBHEHHS IEPBOTO 3 3 30
HOpSIIKA.
2 JIluneliHble ypaBHEHUS U CUCTEMBI. 12 12 30
OOmass Teopust  nuddepeHInanTbHbIX
3 was - Teopu  AupPepeni 10 10 30
YpaBHEHHUIA.
MHAMUYECKHE CUCTEMBI M  TeOopus
g (A P 12 12 30
YCTOWYHMBOCTH.
JInnelHble ypaBHEHMsI C IIEPEMEHHBIMHU
5 P P 10 10 30
ko3 punmeHramu.
6 DneMeHTHl BapUallHIOHHOTO HCYHCIICHHS. 8 8 30
Hroro yacos 60 60 180
[TonroToBka K 3K3aMeHy 60 gac.
Oobmas TpynoEMKOCTb 360 gac., 8 3au.ex.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszeniam)

Cemectp: 3 (Ocennuii)

1. Inddepenunanbapie ypaBHEHHs IEPBOTO MOPSIKA.

OObIkHOBEHHBIE TU(depeHIaIbHbIe YPaBHEHHS U CUCTEMBI IIepBOro mnopsaka. [lonarue perneHus.
VYpaBHEHUS € pa3feNAIOIIMMHUCI HEPEMEHHBIMH. TeOopeMbl CYIIECTBOBAHUS W EIUHCTBEHHOCTH
pelieHuss A ypaBHEHMS C  pa3fesIIOIIMMUCS IIEPEMEHHBIMHM. YPaBHEHUS B  IIOJIHBIX
muddepeHranax 1 UHTErpupyroue MHOXHUTEIH. OIHOPOAHBIE U KBAa3MOJHOPOAHBIC ypaBHEHHS.
VYpaBHenuss bepHymu u Pukkatu. YpaBHEHUs, HE pPa3pelI€HHbIE OTHOCUTEJIBHO IPOU3BOIHOMN.
VYpaBHEHUS, TOMYCKAIOIINE TOHKEHNE TIOPSAIKa

2. JIuneiiHble ypaBHEHUS U CUCTEMBI.



OKCIIOHEHTa JIMHEHHOro oneparopa. OnpeaeauTeb SKCIIOHEHThI. DKCIIOHEHTA XKOPAAaHOBON KIIETKH.
CucreMbl JIMHEHHBIX OTHOPOAHBIX ypaBHEHHMH € MOCTOAHHBIMU Kod(¢uumentamu. IIpoctpancTBo
peweHnid. OyHIaMEHTAIbHASI CUCTEMAa pelleHUM. XapaKTepUCTHYECKOE ypaBHEHHE. PaznoxeHue
(a30BOro MpOCTpPaHCTBA B MPSIMYIO CyMMY HMHBapHaHTHBIX HoampocTpaHcTB. OOliee peleHue.
JluneiiHoe OOHOPOJHOE YpaBHEHHE N-OT0 TOPAAKa C TOCTOSIHHBIMH — KO3(h(HUIHMEHTaMu:
MPOCTPAHCTBO pELICHUH, XapaKTepUCTHYECKOEe YpaBHEHHE, obmee pemenue. Krnaccuduranms
0COOBIX TOYEK JIMHEWHBIX CHCTEM Ha TIUIOCKOCTH W UX ¢a3oBble MopTperhl. JlnHeiHbie
HEOAHOPOJIHBIE CHUCTEMBbl YPAaBHEHHH C MOCTOSHHBIMU KO3(duuueHTamu: oOIIMe CBOWCTBA, METOJ
BapHUalluy MOCTOSHHBIX, YaCTHOE PELIEHHWE CHCTEMBI C IIPaBOM 4YacThiO B BHUJE KBa3UMHOI'OWIEHA.
JluneiiHoe HEOAHOPOOHOE YPaBHEHHE N-Or0 MOPSJKA C MOCTOSHHBIMU Kod(h(duIueHTaMu: oouue
CBOWCTBa, METOJl BapuallMM IIOCTOSHHBIX, YACTHOE PELICHHE YPABHEHUS C IIPaBOM 4acTbiO B BUJE
KBazuMHoOrowieHa. lIpocTpaHCTBO penieHuil TMHEWHON OMHOPOAHOHN cucTembl. DyHIaMEHTAIbHAS
cucTeMa peuleHud, (QyHZaMeHTaJbHas  Marpulia, OmpenenuTenb Bponckoro,  ¢dopmyna
JInyBumns—Octporpaackoro. JIuHelHble HEOIHOPOIHBIE CHUCTEMbl YPaBHEHHH C IEPEMEHHBIMU
koo duimenTamMu: oOIMe CBOWCTBA, METOJ] BapHallid MOCTOSHHBIX. JIMHeiHOe omHOpOAHOE
ypaBHEHHE N-TO MOpsAAKa C IMepeMeHHbIMH Ko3(duumeHTamu: oOIIMEe CBOMCTBA, MPOCTPAHCTBO
peleHnii, JuHeWHas HEe3aBUCHMOCTh M 3aBHCUMOCTh pELICHUH, (yHIaMEHTalbHas CHCTeMa
pemieHuii, ompenenutens  BpoHckoro, ¢opmyna  JlmyBumns—Octporpaackoro.  JluHeiHoe
HEOJJHOPOJIHOE YPaBHEHHUE N-TO TIOPsSAKAa C MepeMEeHHBIMH KoddduimeHTamu: oOIue CBONCTBA,
METOJ BapHaluy MOCTOSHHBIX, (opmyna Komm asist obero pemeHust.

3. Obmas teopus nuddhepeHunanbHbIX YpaBHEHUH.

VYpaBHEHUS M CUCTEMBI NOPSJKA BBIIIE MEPBOIO M MX CBEACHHME K CHUCTEMaM IEPBOrO MOPSAJIKA.
Teopema cyIecTBOBaHMS M €AMHCTBEHHOCTH peLIeHUs Tu(PepeHInaIbHOr0 ypaBHeHUs. TeopeMbl 0
MPOAODKEHNN W HENPEPHIBHOM 3aBHCHMOCTH PEIICHUH OT HAYAJIBHOTO YCIOBHS. MaKCUMaJIbHBIN
UHTEpBaJl CyIECTBOBAHUSA. ABTOHOMHbBIE U HEaBTOHOMHbIC ypaBHEHHA. [[MHaMUYECKHE CHCTEMBI.
leomerpuueckne mOHATHS, cBA3aHHble C AuddepeHunanbHBIME — ypaBHeHUsAMHU. Da3oBoe
MPOCTPAHCTBO U pacipeHHoe (azoBoe nmpoctpancTBo. [lone HanpaBneHni, UHTETPaIbHbIE KPUBBIE.
BexropHoe mone, (azoBeie KpuBble. DazoBBIA HOPTPET, MOJOKEHUS PABHOBECHS, NpeAeibHBIC
kbl [IpeobpazoBanue ciBura BIOIL PENICHUH aBTOHOMHOW W HEaBTOHOMHOMW cucTeMbl. Da3oBbIi
[TIOTOK aBTOHOMHOW CHUCTEMBI.

Cemectp: 4 (Becennuii)
4. JIuHAMUYECKUE CUCTEMBI U TEOPHUSI YCTOMUYUBOCTH.

[lepBble MHTErpaibl aBTOHOMHBIX U HEABTOHOMHBIX CHCTEM. YpaBHEHUE B BapHalUsX U TEOpEMa O
[JIaJIKOM 3aBHCHMOCTH PEIICHUS OT MMapaMeTPOB M HAYAJIBHBIX yCIOBUH. TeopeMbl O BBIPSIMIICHHH
I10JIs1 HAIIPABJICHUNA U BEKTOPHOIO IOJIS.

JlokasbHblEe TEOpPEMBI O NEpBBIX MHTerpanax. lloHsATHEe MHTErpupyeMoCTH B KBajpaTypax. Teopus
[lyankape-benaukcona. YcroituuBocts 1o JlsmyHoBy. OcCHOBHbBIE ONpEAENCHHS: YCTOHYHMBOCTD,
ACUMIITOTUYECKAS] YCTOMYMBOCTD, HEYCTOMUHUBOCTh. YCTOMUYUBOCTD JINHEWUHBIX OJHOPOIAHBIX CUCTEM:
OCHOBHBIEC  ONPEAENICHUSA. YCTOMYMBOCTb CHCTEM C IIOCTOSHHBIMH U  NEPHOAHYECKUMHU
ko3 urmenramMu. YCTOHYMBOCTh M CHIIbHASI YCTOMYMBOCTD JIMHEHHBIX TaMUJIBTOHOBBIX CHUCTEM C
MOCTOSIHHBIMH  K03(purimenTamu. PacrnonokeHre W CTPyKTypa MHOXKECTBA COOCTBEHHBIX YHCEIL.
YCTONYMBOCTh U CUIIbHAS YCTOMYMBOCTH JIMHEHHBIX TaMUJIBTOHOBBIX CUCTEM C INEPHOAMYECKHMHU
ko3 punmenramu. Pacronoxenue u CTpyKTypa MHOKECTBA MYJIBTUILIMKATOPOB. Ilapamerpuueckuii
pe3oHaHc. XapakTepucTtuieckue nokaszarenu JlsmyHnoBa. Crextp JlsmyHoBa NTMHEHHOM CHCTEMBI C
HenpepbIBHOW  orpaHuueHHOM wMarpuneid. @Dynkuumm JlsmyHoBa. Teopema JlamynoBa 00
ycroitunBoctH. Teopema JlsmyHoBa 00 acumnTormueckod ycronWumBoctu. Dynkims Yeraesa.
Teopema YeraeBa o HeycroitunBocTu. Teopema 06 ncciaeq0BaHUU PaBHOBECHS HA aCUMIITOTUYECKYIO
YCTOHYHUBOCTH MO TUHEHHOMY MPHUOINKESHUIO.

5. JIuneiiHple ypaBHEHUS C IEPEMEHHBIMU KOAPPHUIIMEHTAMH.



JluneiiHoe OOHOPOAHOE ypaBHEHHE 2-0T0 MOpPSAKAa C MEPEeMEHHBIMH KO3 (HUIMEHTaMHU: Teopema
[typma o mepemexxaemoctu Hyned pemenuil. Teopema cpaBHenus llltypma, Teopema Kuesepa.
3amaua Iltypma—JlnyBumis, cymecTBoBaHue OECKOHEUHOM IMOCIEAOBATEIbHOCTH COOCTBEHHBIX
yucen. JIuHelHble ONHOPOAHBIE CHCTEMBl YpPaBHEHHH C NEpHOANYECKUMH KO3 (uimeHTamu.
Omneparop  MoHOApoMHH. MynbsTuIUIMKaTOpbl.  Teopus  @noke—JlsmyHoBa:  oOmmii  Buf
(dyHIaMEHTaNbHON MaTpHIBl JIMHEHHON NepUONUeCKONCUCTEMBI, MPUBOAUMOCTh K CHCTEME C
MOCTOSIHHBIMH K03()(hUITHEHTaMU.

6. DneMeHTEI BApHUAIIMOHHOI'O UCYHUCJICHUS.

OcHOBHBIC TIOHATHS. TPOCTEHINas 3a7ada BAPUAIMOHHOTO MCUYUCICHUA. 3ajlada O OpaxUCTOXpOHE.
3amaua co CBOOOJAHBIMH KOHIAMH. 3ajada Juisi (YHKIMOHAJIOB, 3aBUCSIIUX OT HECKOIBKUX
HEW3BECTHBIX (YHKIUH, W 3amada Juis (YHKIIMOHAJOB, COAEPKAIMUX TPOWU3BOAHBIE BBICIIHX
nopsnkoB. M3onepumerpuyeckas 3aaava.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Yuebnas AyAUTOpHA, OCHALICHHAA MYJIbTUMCAUA IIPOCKTOPOM U S3KPAHOM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1.

Oo6wikHOBeHHBIE MU epeHnnansabie ypaBHenus [ Tekcr] : [y4ue0. mocobue mms By3oB] / B U.

ApHonba .— 4-e uzn., uctp. — M. : MITHMO, 2012 .— 344 c.

2.

OO0bIkHOBeHHBIE AU depeHnnanbabie ypaBHenus [Tekcer] : [yue6. mocodue ans By3os] / JI. C.

[Houtpsirun .— 6-e u3n. — M. ; Mbxesck : Perymsapaas u xaotnueckas nruHamuka, 1982, 2001 .— 400

c.
3.

Coopuuk 3a7a4 1o AuddepeHnnansHbIM ypaBHeHUAM [ Texct] : [yue0. mocobue s By30B] / A. ©.

®Ounmunmos .— 6-e¢ u3g. — M. : IEHAHJI, 2015 .— 242 ¢

4. Jlekumu 1o TeopuH OOBIKHOBEHHBIX TU(GEepeHITNaNbHBIX ypaBHEeHUH [ TekcT] : [y4eOHUK AJs By30B]
/ W. T llerpoBckmii .— M. : ®uzmariut, 2009 .— 208 c.

®onp auTeparypsl Kadeaps

5.

Hemunosuu B.I1. Jlekiinu no maremaruueckoi Teopun ycroitunBoctu. — M.: Hayka, 1967.

JomnonHurenbHas aureparypa

1.

JlomomHUTEbHBIE TTIaBBI TEOPHH OOBIKHOBEHHBIX U PepeHIaNbHBIX ypaBHeHHH [ TekcT] : yueo.

nocobue st By3oB / B. M. Apnonsn .— M. : Hayka, 1978 .— 304 c.

2. Maremarnueckue MeTO/IbI KiIacCudeckoi Mexanuku [ Tekct] : [yueb. mocobue ans By3os] / B. U.
ApHonba .— 5-e uzf., crepeotunt. — M. : Oauropuan YPCC, 2003 .— 416 c.

3.

Juddepennmansabie ypaBHEHUS U BapHaliMoHHOe ucurcienne [Texcr] : yue0. mocodue ist By30B /

JI. 3. Onbcronsn .— 2-e u3n., crepeorurt. — M. : Hayka, 1969 .— 424 c.

®onp nuteparypsl Kadeaps

4. Yeraes H.I'. YcroriunBocts aBrwxenus. — loctexusmar. 1955.

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

1.

http://lib.mipt.ru— snexTponnas 6ubnuorexka dusrexa.

2. http://www.Sci-lib.com — bonbias HayyHast GubnmnoTexa.

3. http://physics.nglib.ru/catalog.jsp?rubric=14— nmureparypa no pusuke B 3MEKTPOHHOI

bubnmuorexe Texuuueckoit Jluteparypel «HedTs u ['azy.
4. http://arXiv.org— CornellUniversityLibrary — bubnmmorexka Kopaensckoro Yausepcurera,

3NIEKTPOHHBIN pecypc arXiv.



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha JIeKIIMOHHBIX 3aHATHSIX HUCIOIB3YOTCS MEPCOHATBHBIC KOMIIBIOTEPHI C IOCTYIIOM B HHTEPHET.
Microsoft Office, Adobe Rider,

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

JIsl yCHenHoro 0CBOEHHsI Kypca, IOMUMO MTOCELIeHNUS JIEKIUI 1 CEMHUHAPOB, OT CTYIEHTOB TpelyeTcs
camocrosTeNnbHas pabora B 00beMe HE MEHEE YeM T€ Yachl, KOTOPbIE YKa3aHbl Ui KaXKAOTO paszena
nporpamMmbsl. B 0OCHOBHOM, 3TO BpeMsi OTBOAMTCS Ha CaMOCTOSITEIbHOE pEIEHHE 3a1ad, BXOASAILIUX B
YeTblpe KOHTPOJIbHBIE paboTbl. CaMOCTOSITENbHBIC 3aHSATHS BKIIIOYAIOT B ce0sl TakKe IOBTOPEHHE
Marepuajga JICKUUH, CEMMHAapCKUX 3aHSATUH M IOAIOTOBKY K IIPOMEXYTOYHBIM TECTHPOBAHUSM,
KOTOpBIE TPOBOIATCS JIi TEKYIIEro KOHTpPOJIi 3a ycBoeHHeM Martepuana. CTyAeHTBI, YCIEUIHO
npouremue Bce GOpMbl IPOMEKYTOYHOTO KOHTPOIIA, TOMYCKAIOTCS K CAaue 9K3aMeHa 10 AUCIUIUINHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 2

KBaJIMpUKALUS: GakanaBp

Cemectpbl, HOpMBI IPOMEKYTOUHON aTTECTAIHH:
3 (ocenHuit) - Jxk3aMeH

4 (BeceHHwmil) - DK3aMeH

Pa3zpatGoTunk: AWM. Annunyesa, kaHa. Gu3.-MaT. HayK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CriocobeH npuMeHsTh HAMEATh TIyTH €e PENICHHs

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA
B pesynbrare uzydenus quciuIuivHbl «luddepeHnnansapie ypaBHeHHs 00yJaronuics JOIDKEH:

3HATh:
- METO/BI TEOPUHU OOBIKHOBEHHBIX AU depeHInanbHbIX ypaBHEHHU.

YMeThb:

- IPUMEHATH Ha MPAKTUKE METO/bI TEOPUH OOBIKHOBEHHBIX AU ((epeHInaIbHbIX YpaBHEHUI.
BJIaJeTh:

- METOOJIOTHEN U HAaBBIKAMU PELICHUS HAyUHBIX U IPAKTUYECKUX 3a7ad.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

B nensx Tekyluero KOHTpOJIs yCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpeAbLAyIIHX
3aHATHH 110 TEME MTPOLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHOMN TeMe.



3. IlepeyeHb THIOBBIX KOHTPOJIBHBIX 33aHUIH, HCNOJAb3yeMbIX /A OLEHKH 3HAHWH,
YMeHHii, HABLIKOB

[Ipomexxyrounass  arrectauusa 1o  jaucuumiuHe  «Juddepenunanbubie  ypaBHEHUS
ocyuiecTBisieTcs B popMme 3k3ameHa B 3 u 4 cemecTpax. K3aMeH MPOBOJIUTCS B YCTHOM popme.

IlepeyeHb KOHTPOJIBLHBIX BONIPOCOB /ISl C1a4U IK3aMeHa B 3 cemMecTpe:

1. HuddepennumansHoe ypaBHeHUEe |-ro mopsaka. YpaBHEHHE C pPa3AesSIONIIMUCS
nepeMeHHbIMU. JlOKa3aTb TeopeMy O CYIIECTBOBAaHMM U E€IMHCTBEHHOCTU pELICHUS
3anaun Koum ais ypaBHEHUS ¢ pa3aesaolUMUACA IEPEMEHHbBIMHU.

2. HWurerpanpHbie KpuBble auddepeHnuanbHoi 1-hopmbl. YpaBHEHHE B IOJHBIX
muddepennmanax. MHTErpupyOUIHiA MHOKHUTEb.

3. YpaBHeHuUs1, HE pa3pelICHHbIE OTHOCUTENIBHO CTapIlIe MPOU3BOIHOM.

4. Cucrembl auddepeHIHAIbHBIX YypaBHEHHHA. TeopeMa O CyIIECTBOBAaHUH H
€IUHCTBEHHOCTH  pewmeHus  3amaun  Komm.  MHTerpanpHOe  ypaBHEHHE,  METOJ
MOCJIEI0BATENbHBIX TpUOMKeHui. [TpuHIUNI cKaThIX 0TOOPaKEHUH.

5. Tlonatne NOpOAOKEHUs pEUIeHUH, HEnpoaoJKaeMoro pemieHus. Teopema o
IIPOJIOJDKCHUM DPEIICHWM 10 TpaHMIBl C KOMIAKTOM, €€ cieAcTBus. llpumepsl pemieHwii,
HEIPOI0KAEMbIX HEOTPAHUYEHHO 110 BPEMEHHU.

6. HenpeppiBHAs 3aBUCUMOCTD PELIECHUS OT Ha4aJIbHOT'O YCIOBUSI.

7. Cucrembl nuHeWHBIX  guddepeHIHanbHbIX  ypaBHeHui.  CyllecTBOBaHUE,
€MHCTBEHHOCTb, IIPOJIOJIKEHUE PEIICHUH.

8. OpmnoponHas cucteMa JuHEHHBIX auddepeHInanbHbIX ypaBHeHUU. JluHeliHoe

MIPOCTPAHCTBO peLIeHHH, (dbyHIaMeHTaIbHAS cucreMa pELICHUN. Onpenenurens
Bponckoro " €ro CBA3b JIMHEHHON 3aBHCHUMOCTBIO. dopmyia JInyBuis-
Octporpaackoro.

9. HeonHopoanas cucrema nuHEHHBIX AuddepeHnnanbHbix ypaBHeuil. Oolee pelieHue,
METO/1 BapUaLIMH MTOCTOSTHHOM.
10. OgnopogHoe nuHeitHoe muddepeHInansHOoe ypaBHEHHE n-TO mopsanaka. JluneiiHoe

IPOCTPAHCTBO  pelleHud,  (QyHAaMeHTanbHas  cuctema  pemeHuid.  OmnpenenuTens
Bponckoro u  ero  cBA3b  JIMHEWHOM  3aBUcuUMOCTbIO.  Dopmyna  JImyBwinisa-
Octporpaackoro.

11. HeonnopoaHoe nuHeiiHoe nu¢depeHnuanbHoe ypaBHeHHE n-ro mnopsiaka. OOmiee
peneHue, MeToI BApUalluK IIOCTOSTHHOM.

12. Hopma omepatopa u ee cBoiicTBa. (DYHKIMOHAJIBHBIN ONEPaTOPHO3HAYHBIA P,
MaxkopaHnTa. Teopema BeliepmTpacca o Maxopupyemo cxoaumoct. [IpousBoaHas
orepatopHo3HauyHON GyHKIMHU. Teopema o MOUwIeHHOM Ju(PepeHIIMPOBAHUY PAAA.

13. TlousTue sxcnoHeHThl onepatopa. Ee cBoiicTBa. [IprMepsl BHIYMCIEHUS SKCIIOHEHTHI:
JKOpJAHOBAa KJIETKA, JUaroHagpHas Marpuua. Pemenuwe 3amaun Komm [yt JmHeHHOU
OJIHOPOAHOM cucTeMbI (D pepeHInaIbHBIX YPABHEHUH C IOCTOSTHHBIMU KO3 PUIIMEeHTaMH.

14. Pasnoxenune Rn B mpsiMyr0 CyMMy MHBapHUaHTHBIX MOAIPOCTPAHCTB omeparopa etA.
Bupn pemenus B ciaydae NpOCTBIX M KPaTHBIX BEIIECTBEHHBIX KOPHEH.

15. Kommiekcudukanuss JTUHEHHONH OJHOPOJHOM cucTeMbl. Buj pemenuss B ciydae
IIPOCTHIX M KPATHBIX KOMIUIEKCHBIX KOPHEH.

16. CneactBus [uid JIMHEHHBIX YPaBHEHHMH nN-TO MOpsaKa. XapaKTepUCTHYECKOE
ypaBHeHue. JKopmaHoBa Qopma B ciydae KpaTHBIX KOpHEH  XapaKTepUCTHYECKOIO
MHoOrowieHa. Masbie KonebaHusl.

17. HaxoxJieHue 4aCTHOTO PEIIeHUs CUCTEMbI TMHEWHBIX qU((epeHIINaTbHBIX YpaBHEHUI
C TOCTOSHHBIMH KoO3((UIIMEeHTaMH C MpaBoil yacThio crenuagbHoro Buaa. Crencrsue
JUIsl YypaBHEHHM N-TO MOPsI/IKA.

IlepeyeHb KOHTPOJIBLHBIX BOIIPOCOB /ISl C1a4U IK3aMeHa B 4 cemecTpe:



1. ABTOHOMHBIE cucTeMbl. Da3zoBoe TpPOCTpaHCTBO. PacmmpenHoe ¢a3zoBoe

npoctpaHcTBo.  Da3oBble UM HHTErpaJIbHbIE  KPUBBIE. @®a30BbIl  TOPTpET
KOHCEPBATUBHON MEXaHUYECKON CUCTEMBI.

2. HuddepennmanbHoe ypaBHEHHE Kak BeKTOopHOE 1moje. Pa3oBblii MOTOK. Teopema
0 BBIIpsIMIIEHUU (0€3 10Ka3aTeNnbCTBA).

3. OcoOble TOUkH BEKTOPHOro nojsi. OcoOble TOYKU JIMHEHHOTO BEKTOPHOTO MOJIS Ha
I0CKOCTH. Pa30BbIe KPUBHIE HETMHEHHBIX CHCTEM B OKPECTHOCTH OCO0OM TOUKH.

4. Teopema o r1agkoil 3aBUCUMOCTH perieHus TuddepeHInalbHOT0 ypaBHEHUS OT
napametpa. CBs3b C IIaAKON 3aBUCUMOCTBIO OT HauaJIbHbIX YCIOBUM.

5. TeopeMa 0 BBIIPSIMIIEHUH MOJIs1 HAITPABICHUN U BEKTOPHOT'O MOJIS.

6. VYpaBHeHHE B BapHalUsAX. DJIEMEHTbI TEOPUHU BO3MYILIEHUM.

7. [IpousBognas BAOAb BekTOpHOro nmojs. I[lepBeiid uHTerpan. Teopema o
JIOKAJIbHBIX MEPBbIX UHTETpaJIaX.

8. VYceronuuBocTh 10 JISIMyHOBY. ACUMITOTHYECKAs] YCTOMYHUBOCTh. Y CTOMYMBOCTD
HYJIEBOTO PEIICHHSI TUHEHHONW CUCTEMBI C MOCTOSIHHBIMU K03 puimeHTamu.

9. Oynknus JIsnynosa. Teopemsl JlsmyHOBa 00 YCTOMYMBOCTH M aCUMITOTHYECKOM
yctoitunBoctu. Teopema Jlarpanka 00 yCTOMYMBOM paBHOBECHH.

10. Teopema Yeraera. Teopema JIamyHOBa O HEYCTOMUYUBOCTH.

11. Oynkiusa JlanyHoBa i1 JMHEWHOW CHUCTEMBL. YCTOMYMBOCTH IIO IEPBOMY
MIPUOJIMKESHHUIO.

12. Teopuss ®noke. OyHmameHTaabHas MaTpuIla, MaTpuila MOHOApoMHH. OCHOBHAS

TeopeMa. MyJbTUIUIMKATOPBI, XapaKTepucTUUeckue Tmokazarenu. lIpencraBienue
®noke.  CymiecTBOBaHHWE  MEPUOAMYECKUX  PEIICHUA  JIMHEWHOW  CHCTEMBI €
MEePUOIUYECKUMHU KO3 DUIIHCHTaAMHU.

13. [Tapamerpuueckuii pe3oHaHC. 30HBI HEYCTOMYMBOCTH B Cllydae KyCOYHO-
MOCTOSTHHOTO

MEePUOIUYECKOT0 BO3MYIIICHHUS.

14. Y CTOMYUBOCTD MOJIOKEHUSI PABHOBECHSI JIMHEWHON CHUCTEMBI C MEPHOINYECKIUMHU

Koa(pumeHTamMu. Y CTOWYUBOCTD MEPUOJUUYECKUX PEIICHUN HETUMHEHHBIX CUCTEM.

15. Teopembl paznenenuss u cpaBHeHus Lltypma. OrneHka uucna Hylned peleHHs
JUHEeNHoro auddepeHnnaIbHOr0 ypaBHeHus 2-ro mnopsaka. Teopema Kaesepa 00
OCLMJUIMPYIOIINX YPABHEHMSIX.

16. 3amayga llItypma-JInyBris.

17. ®ynknus I'puna. Ee cymiecTBoBaHHMe W €AMHCTBEHHOCTh. PelieHue KpaeBoW 3anadu
JUISL TUHEHHOTO HEOTHOPOAHOTO YPaBHEHUSI.

18. Cnabpiif ®  cunbHBIM  3KcTpemMyM  ¢GyHKIMOHana. Bapuamus — ¢yHKUIMOHAmA.
Heobxonumoe ycioBue 3kcTpeMyma.

19. Ilpocreiimass 3ajaya BapUallMOHHOTO HCYUCIeHHMs. Bua Bapuauum ¢yHKIHMOHATA.
VYpaBHenue Ditnepa.

20. YcnoBHbIH 3kcTpeMyM (DyHKIMOHANIA. M30nepuMeTpuieckue 3a1a4H.

3.1. IIpumepsI 3K3aMeHALIMOHHBIX OWJIETOB
Buier Nel
1. JuddepenunanbHoe ypaBHeHHE Kak BekTopHoe 1mosie. Da3oBblii motok. Teopema o
BBINPAMIICHUH (0€3 J0Ka3aTeNbCTBA).
2. 3apaya ltypma-JlnyBusis
3.Teopema YeraeBa. Teopema JIssmyHOBa 0 HEYCTOMYUBOCTH.
Bunaer Ne2
1. Teopema 0 BEIIPSIMIIEHUH TOJIL HAIIPABIECHUN U BEKTOPHOTO TOJIA.
2. IlponsBogHas BoJIb BEKTOpHOTO mnouis. IlepBoiil nHTerpan. Teopema O JOKaIbHBIX MEPBBIX
UHTETpaax.



3. YcnoBHbIi 3kcTpemMyM pyHKIImoHaNa. M3omepuMerpudeckre 3a1aun.

4. Kputepuu oneHuBaHus

Ornenka

bamer

Kpurepun
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BricTaBnsiercss  CTyleHTy, IOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTH3UPOBAaHHbIE, INIyOOKHE
3HaHHMA y4eOHOM mIporpamMmbl  JHUCLUIUIMHBI,
IIPOSBIIAIOIEMY HMHTEPEC K JAHHOW NpPEeAMETHON
o0nacTv,  IPOAEMOHCTPUPOBABILIEMY  YMEHHUE
YBEPEHHO M TBOPYECKM IPUMEHATh MX Ha
IIPAaKTUKE TIPU pEUICHUU KOHKPETHBIX 3azad,
cBOOOJIHOE U MPABUIIBHOE OOOCHOBAHUE MPUHATHIX
peLICHU.

OTJIMYHO

BricTaBisieTcss  CTyACHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TIyOOKue
3HaHUS Y4eOHOH MporpaMMmbl JUCUUIUIMHBL U
YMEHHME YBEPEHHO NPUMEHSATh UX HA MPAKTUKE NPU
pelIeHUMH KOHKPETHBIX 3ajad, CBOOOJHOE U
IIPaBUJIbHOE OOOCHOBAHUE NMPUHSATHIX PELICHUH.

BeicTaBisiercs  CTyACHTY,  IIOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTU3UPOBAHHbIE, TIyOOKue
3HaHUS Y4eOHOH MNporpaMMbl JUCUUIUIMHBL U
YMEHHUE YBEPEHHO IIPUMEHATh X HA MPAKTUKE IPU
pelUICHMH  KOHKPETHBIX  3a7a4d, IIPABUJIBHOE
000CHOBAaHUE MPHUHATHIX PEIICHUN, C HEKOTOPBIMU
HEJOYETaMHU.

BricTaBnsiercss CTyZlEHTy, €cild OH TBEPJO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
U3JIaraeT €ero, yMeeT NPHUMEHATb IOJIyYeHHbIE
3HAHUA HA NMPAKTUKE, HO HEJOCTaTOUYHO I'PaMOTHO
000CHOBBIBAET MOJTYUYEHHBIE PE3YIIbTATHI.

XOPpOLIO

BricTaBnsercs CTyIEHTy, €ClIdM OH TBEpPAO
3HaeT Marepuaig, TPaMOTHO M 1O CYIIECTBY
M3JIaraeT €ero, yMeeT IPUMEHATh IOJIyYCHHbIE
3HAHMS Ha MPAKTUKE, HO JOMYCKAEeT B OTBETE WJIH B
pElIeHNH 33]1a4 HEKOTOPbIE€ HETOYHOCTH.

BricraBnsercs CTYACHTY, €ClIn OH B
OCHOBHOM 3HACT MaTrcepuajl, TIpaMOTHO U IIO
CymeCTBy H3jaract €ro, YyMeCcT JMPUMCHATH
MOJIYYCHHBIC 3HAHUWA HA IIPAKTUKE, HO OOITYCKACT B
OTBCTC WM B PCIICHHM 3aJa4 JOCTAaTOYHO
0OJIBIIIOE KOJIMYECTBO HETOYHOCTEA.

YAOBJICTBOPHUTCIBHO

BricTaBnsiercss  cTyAeHTy, IOKa3aBLIEMY
(dbparMeHTapHBbIi, pa3pO3HEHHBIN XapakTep
3HAHUH, HEJ0CTaTOYHO MIpaBUJIbHbIE
(bopMynUpoBKH 0a30BBIX MOHATHH, HapyIIEHUS
JIOTMYECKOW TIOCJIE0OBATEIbHOCTH B U3JI0)KEHUU
IIPOrPaMMHOI0 MaTepuajga, HO IIpd O3TOM OH
OCBOWJI OCHOBHBIE pa3zielibl y4eOHON MpOrpamMmbl,
HEoOXO/AuMBIE JUIsl JajbHeliero oOydyeHHs, H




MOXXET TPUMEHSATH TOJyYEeHHbIE 3HAHUS IO
o0pa3ily B CTaHAApTHOM CUTYaLIUU.

3 BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
(dbparMeHTapHBbIi, Pa3pO3HEHHBIN Xapakrep
3HAHUH, JOITyCKaIOLIEMy OLIMOKH B

¢dopmynupoBKkax 0a30BBIX IMOHATHN, HApPYIICHHS
JIOTUYECKON IIOCIENOBAaTENBHOCTH B  H3JI0KECHUU
OporpaMMHOTO  MaTepuana, ciabo  BlageeT
OCHOBHBIMHM  pa3JiellaMd  y4eOHOH Iporpammsl,
HEOOXOIUMBIMU JUIsl JajbHEWIero oOydyeHus u ¢
TPYAOM IPUMEHSET IOIYYCHHBIC 3HAHMS IAXKE B
CTaHJIAPTHOM CUTYAIUHU.

2 BricTaBnsieTcst CTy€HTY, KOTOPBIl HE 3HAET
OoublIIel YacCTH OCHOBHOTO COJEpKaHHs y4eOHOM
NpOrpaMMbl  JUCHUIUIMHBL, JIOMyCKaeT TIpyoOble
omMnOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHUHIIAIIOB
U HE yMEeT MWCIOJIb30BaTh IIOJyYCHHBIC 3HAHUS
IIpU pCUICHUHA TUITIOBLIX 3a1a4.

HEYJIOBJIETBOPUTEIBHO =
1 BeicTaBisiercs CTyIEHTY, KOTOPBI HE 3HAET

OCHOBHOTO COJAEpXaHHs y4eOHOM MpOrpaMMbl
JUCHUTUIMHBL, JIOIyCKaeT TpyoOeimre omuOKd B
dbopMynupoBKax 0a30BbIX MOHATHH TUCIUIUIUHBI U
BOOOIIIE HE HMEET HABBIKOB PEIICHUS THUIOBBIX
MPaKTUYECKHX 3a]1a4.

5. MeToauueckue MaTepualibl, OIPEACIAIONINE NMPOUCAYPbI OUCHUBAHUSA 3HaHHﬁ,
yMeHHﬁ, HAaBBIKOB H (I/I.]'II/I) onbITa 1€ATCJIBHOCTH

HpI/I IMPOBCACHNUUN 35K3aMCHa 06yqa}omeMyc51 MPpEeaOCTaBIACTCAd HE MCHCC 40 MHHYT Ha
IMOATOTOBKY. OHpOC 1o 6I/IJ'IeTy M OTBCTHI HA JOMMOJIHUTCIIbHBIC BOIIPOCHI HE JOJKHBI ITPEBLIIATH
ABYX aCTPOHOMHYECCKUX YaCOB. IIo 3aBCPUICHUH OTBCACHHOI'O Ha OIIPOC BPEMCHHU, SK3aMCHATOPD
JOJIXKCH BBICTABUTDH O6y‘-IaI-OHI€M}’C$I OK3aMCHAlIMOHHYIO OLICHKY.




