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)

10 JUCHHUILIMHE: VYpaBHeHHs1 MaTeMaTH4eCcKol (pU3NKU
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadeapa BbICIICH MaTeMaTUKN

Kypc: 3
KBaJIMpUKALS: GakanaBp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
5 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

6 (BeceHHMI) - DK3aMEH

AynutopHbIX yacoB: 135 Bcero, B TOM 4HCIE:
JIeKIH: 75 vac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

Camocrostensnas padora: 150 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 315, Bcero 3au. ex.: 7

KonuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 4

[Iporpammy cocTaBui: B.U. 3y6oB, 1-p ¢huz.-MaT. HayK, nmpodeccop, mpodeccop

[Iporpamma obcyxneHa Ha 3acefanuu kKadeapsl Beiciiei maremaruku 21.05.2020



AHHOTANMA
B kypce u3ydaioTcsi OCHOBHbBIE KpaeBble 3a/aull MaremaTudyeckoi ¢usuku. lIpuBomuTcs kinaccudurarus
JTMHEHHBIX Au(d(depeHIHaTbHBIX YPaBHEHUH C YAaCTHBIMHU IPOW3BOJHBIMH BTOPOTO MOPSIKA, OCHOBaHHAs Ha
UX NPUBEJCHUU K KAHOHUYECKOMY BHy. BBOANTCS MOHATHE XapaKTepHCTUUECKOI TOBEPXHOCTH.
[TonpobHO paccmarpuBaeTcs Kiaccuueckas 3afada Komm juis ypaBHeHUs kKosieOaHWi cTpyHBI. BriBomuTCs
dopmyna Jlanambepa, onpeznessiercss 001acTh 3aBUCUMOCTH KJIACCHMYECKOTO PEIIeHUs] OT HAauyaJIbHBIX JIaHHBIX,
JOKa3bIBAaeTCs KOPPEKTHOCTH 3a/1auk. PaccMarpuBaeTcs cMenanHast 3a1a4a sl oJTyOeCKOHEYHOH CTPYHBI.
PaccmarpuBarorcst dmeMeHTBl TeopuH 000OMEHHBIX (yHKIMIA: mpeodOpazoBanne Dypbe U CBEPTKA U
0000ménnbIx pyHkuuii, nuddepenuupoBanue npeodpasoBanusi Pypre U CBEPTKM 0OOOMIEHHBIX (YHKLIUH.
Beoautcs monsitue 06o6ménHoro mo JI. [IBapiy pemienus nuHeiHOTO AudQepeHnaIb-HOr0 ypaBHEHHS ©
MOCTOSTHHBIMU KOY()(UIIMEHTaMU B 33JJaHHOW OOJACTH M €r0 BBIYHMCICHUS C MOMOIIBI0 (pyHIaMEHTaIbLHOTO
pemenus. [TocranoBka 0000meEnHON 3amaun Komm anst nuHeiHOTOo AuddepeHnnarbHOro ypaBHEHUs C
YaCTHBIMH TIPOU3BOTHBIMH C IIOCTOSTHHBIMH KOA(PHUIIUCHTAMH.
dyHIamMeHTalbHOE pelIeHHe TPEXMEPHOrO BOJIHOBOrO ypaBHeHMs. O000méHHas 3amada Komm s
TPEXMEPHOTO BOJHOBOTO ypaBHeHUsI, (popmyna Kupxropa. EqMHCTBEHHOCTh KIIAaCCHUECKOTO PEIICHHUS 3a1a4n
Komm.
dyHnamMeHTallbHOE pelIeHHe ypaBHEHUs TeruonpoBogHoctu. @opmyna [lyaccona 0000mEHHOTO pemeHus
3agaun Kommm i ypaBHEHHS TEIIONPOBOTHOCTH KaK CBEPTKA MCTOYHHUKA C (yHIAMEHTAJIBHBIM PEIICHUEM.
[TpuHIMI MakCUMyMa ¥ €IMHCTBEHHOCTh PEUICHUS [T YPaBHEHHS TEITIONPOBOIHOCTH.
Krnaccuueckast 1 0000mEHHAs TTOCTAHOBKM CMENIAHHOW 3a7a4d Ui OJJHOMEPHOTO BOJHOBOTO ypPaBHEHUS H
ypaBHEHUS TEIUIONPOBOAHOCTH Ha oTpe3ke. Pemenne atux 3agau merogom Oypee.
Cnektp u coOcTBeHHbIE (yHKIMH omneparopa Jlammaca B Kpyre NpH TPUBHAJIHHOM TPAHUYHOM YCIIOBHUHU.
VYpaBuenue u Qynkiun beccens. Meroq ®@ypbe moctpoeHuss 0000MEHHOTO pENICHUs] CMEIIAaHHON 3a7ia4d O
KOJIEOaHUSIX 3aKPETUIEHHOMN KPYIIIOi MeMOpaHBI.
Cnextp u cobctBeHHbIe (QyHKIHMH oreparopa Jlammaca—benbsrpamu Ha chepe TpEXMEPHOTO MPOCTPAHCTBA.
Cdepuueckue dpynkumu. Meton @ypbe nocTpoeHus: 0000IIEHHOTO pelieHus 3a1a4n JIupuxJie B mape.
HNuterpanbubie ypaBHeHuss @pearonsma BToporo poga. Teopembl @penroiapMa il MHTETPAIbHBIX YPAaBHEHUN
C KBaJPaTUYHO-UHTETPHUPYEMBIM SIPOM.
I'apmonnueckue (GyHKIUHM U UX CBOMCTBA. Teopema 0 cpeqHeM M NPUHIMI MAaKCUMyMa Ul TapMOHUYECKUX
GyHKIMIA B TpEXMEpHOM mpocTpaHcTBe. [I0TeHIMANbl, UX MPUMEHEHHE IS PEIICHUS OCHOBHBIX KPaeBbIX
3amad A ypaBHeHus Jlamnaca.

1. lean u 3apa4un

]_le.]'lb JAUCHUIIINHBI

HU3YUCHUC KOPPCKTHBIX ITOCTAHOBOK KPACBBIX 3aJa4 AJII OCHOBHBIX ,Z[I/I(i)(i)epeHLII/IaIIBHLIX ypaBHeHI/Iﬁ C
YaCTHBIMH NPOU3BOAHBIMU, OCBOCHHUEC AHAJITUTUYCCKUX MCETOAOB PCHICHUS 3THX KPACBLIX 3a4a4 U HUX
MPUIIOXKCHUC K 3a/la4aM THAPOJAUHAMUKH, A3POAUHAMUKU, TCOPUHN TCILJIOIIPOBOAHOCTH U J1P.

33]13‘[]([ JAUCHUIIINHBI

*  WU3y4YCHHE DPA3IUYHBIX THUNOB Au((EepeHUUaNbHbIX YPaBHEHHWH C YaCTHBIMH MPOU3BOJHBIMU H
CBOMCTB pELICHUI KPaeBbIX 3a/1a4 ISl ’TUX YPABHEHUM, XapaKTEPHBIX ISl KaXKOro THUIIA;

. U3y4YEeHUE KOPPEKTHBIX ITOCTAHOBOK KpaeBBbIX 3amad At JuddepeHnunanbHbIX ypaBHEHHH ¢
YaCTHBIMU IPOU3BOAHBIMH PA3HOTO THIIA;

. OBJIQJICHUE AHATUTHYECKUMH METOJaMM pEIIeHHUs KpaeBbIX 3amau uid JuddepeHIHanbHbIX
YpaBHEHUH ¢ YaCTHBIMU IIPOU3BOAHBIMH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 Criocoben npuMeHSTh HAMEUATh TIyTH €€ PENICHHs

(byHIaMeHTaIbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

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

OIIK-1.3 CnocobeH omnpeensTh TpaHHIlbl MPUMEHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)

B pesynbrare ocBoeHUS TUCIUIUTHHBI 00y4YaronInecs JOJKHBI

3HAThb!
[J OCHOBHBIE THITHI JU(PepeHINATBHBIX YPABHEHUH B YACTHBIX MPOU3BOAHBIX;
[l ompeneneHue XapaKTepUCTUUECKOI TOBEPXHOCTH;
[J  OCHOBHBIE KpaeBble 3a/aud U1 YPaBHEHUI THIEpPOOIMYECKOro THUIMA, MapaboJMuecKoro TUIa,
SJUIMNTUYECKOTO THIIA;
0  ¢opmynsr Hanambepa, Ilyaccona, Kupxroda pemenus 3agaun Ko 1y BOTHOBOTO ypaBHEHHUS,
[l dopmymny Ilyaccona pemenus 3agaun Komy 11 ypaBHEHHS TEIUIONPOBOJHOCTH;
O METOJ] HMHTerpaja »JHEpPruu JUIS BOJHOBOTO YpaBHEHHS W TPUHIUI MaKCHMyMa IS
apaboIMYEeCcKOro ypaBHEHHUS;
0 merox Dypbe peuieHHs CMEIIAHHBIX 3afad Uil YPaBHEHHsS TEIJIONPOBOJHOCTH M BOJIHOBOTO
YpaBHEHUS;
[J rapMoHHYECKHE (PYHKLIUHU U UX CBOWCTBA;
[0 ¢opmyny [lyaccona pemenus 3agaun Jupuxie st ypaBHeHus Jlamnaca B mape;
[J ocCHOBHBIE CBOMCTBa oneparopa Jlamnaca npu OIHOPOAHBIX KPACBBIX yCIOBHSIX;
[l umHTerpaigbHble ypaBHeHHs Dpearoiabma BTOPOro poja co ciaabo MONSAPHBIMU SIPAMHU, TEOPEMBbI
®penroapMma.

YMETB!
- onpeneniarty TN IuddepeHIraNbHbIX YPaBHEHUH C YacTHBIMH IPOW3BOIHBIMHU; TPUBOIUTDH
yYpaBHEHUS 2-TO MOPAAKAa K KAHOHUYECKOMY BUJLY;
- pemaTh METOJOM XapaKTEPUCTUK KpaeBble 3a/1auu Ha miockocTy (3anaun Komw u I'ypea);
- pemats 3a1auu Ko a7 BOJIHOBOTO YpaBHEHHMS;
- pemath CMEUIaHHbIC 3aJa4H ISl TOyOeCKOHEYHON CTPYHBI;
- pemats 3a1auu Ko ass ypaBHEHHUS TEIUIONIPOBOAHOCTH;
- NPUMEHATH MeToll Dypbe NMpH PeIIeHUN CMELIaHHbIX 3ajiad JUIsl BOJTHOBOIO YPaBHEHUS U yPaBHEHHUS
TEIUIONPOBOAHOCTH; MPUMEHTh (GYHKIMK beccenst mpu pereHnn 3a1ad 11t KpyroBbIX o0acTeif;
- wucnonb3oBarb Meton Dypbe mpu pelmeHur KpaeBbIX 3alad il AUIMITHYECKUX YpaBHEHHMH,
MPUMEHSTH cepudeckre (GYHKIIMU TPU PEIICHNH 3a1a4 JJisl 00JIacTei co chepruuecKoil CHMMETpHEH;
- crpouth ¢QyHkuuto I'puHa 3amaun upuxie A nmpocTedmx obnacTedl W HCIONb30BaTh €€ NpU
pelIeHnN KOHKPETHBIX 3a]1a4;
- pewiats UHTErpaibHble ypaBHeHUsI Dpearoabma BTOPOro poja ¢ BEIPOKICHHBIMU SIIPaMU;
- CBOOWTh K HMHTErpajJibHOMY YpaBHEHHUIO KpaeByl0 3ajauy ¢ momolbpio (yHkumm I'puna mis
COOTBETCTBYIOLIETO AU PepeHINaIBLHOTO ONepaTopa;
- BBIYHCIATH 3HAYCHUS OOBEMHBIX MOTEHILMANIOB, MOTEHIMAJIOB MPOCTOrO CJIOS M JBOWHOIO CIIO,
HCIOJIb30BaTh UX MPH PEIICHUH KPAEBBIX 3a/1a4.

BJIaJICTh:

- METOAaMU M MOAXOAAMH TEOPHH YPaBHEHHMH C YACTHBHIMH HPOM3BOJHBIMH, MPHUMEHSEMBIMH TNPH
peleHny 3a1a4 I'UIPOJMHAMUKH, a3pOINHAMUKY, (PU3NKHU, TECOPETHUECKOI (PU3NMKU, SKOHOMHMKH U 1p.;
- 3HaHUSMH, TNPUOOPETEHHBIMH MpPH M3YYCHHH Kypca YpaBHEHMH MaTeMaTHUeCKoW (HU3UKH,
MO3BOJISIOIINME KOPPEKTHO (hOpMyIHpOBaTh KpaeBble 3a7aqyd MPHU MAaTeMaTHUYECKOM MOJEINPOBAHUH
MPOLIECCOB MIIM OOBEKTOB B Pa3IMYHBIX 00IACTSIX HAYKU U TEXHUKH.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora




[IpuBenenue K KaHOHUYECKOMY BHIY
muQQepeHanbHbIX  yYpaBHEHUH ¢
| HACTHBIMM ~ MPOM3BOJHEIMM  BIOPOTO 5 5 5
Nnopsiika C JUHEHHOW cTapiued YacThlo.
Knaccudukanuss  ypaBHeHwidt. 3ajmaua
Komm, MeTox xapakTepUCTHK.
BonnoBoe ypaBuenue 1. 5 5 5
3 BomnnoBoe ypaBHeHue 2. 5 5 5
4 3amaga Komn JUTST ypaBHEHUS 5 5 5
TEIUIONPOBOAHOCTH.
HauanbHupie cBegenus o0 omneparope
5 Jlamaca u o 3ajgade Ha COOCTBEHHBIE 5 5 5
3HaYE€HUS TIPU OAHOPOIHBIX KpPaeBbIX
YCIJIOBUSIX.
6 3ajaua  Jlupuxie I ypaBHEHHUs 5 5 5
Jlannaca B kpyre.
CmemanHas 3afada JUisi  ypaBHEHUS
7 TEIJIONPOBOAHOCTA Ha OTpe3ke. Merton 6 4 18
®Dypse.
] CMmemanHas 3afada Uil ypaBHEHUS 5 3 19
KoJieOaHuil CTPYHBI Ha OTPE3Ke.
Oynkumu beccenst m ux mpuMeHeHHe K
9 pelleHuto  3aJad = Ha  COOCTBEHHBIC 6 4 18
3HA4YEHUS s KPyTIod MeMOpaHsbl.
10 | VYpasuenwus Jlammaca u [lyaccona. 5 3 19
Merton  paszneneHuss IIEPEMEHHBIX B
chepuyeckux KOOpJIUHATaX ISt
11 6 4 18
ypaBHenus Jlarutaca B . Cdepuueckne
(GyHKUIMH.
12 HNuterpanbHble ypaBHEHUS. 5 4 9
13 3anaua [ltypma-JlnyBumis. 6 4 10
14 IToreniuarnbl. 6 4 9
Hroro yacos 75 60 150
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 315 gac., 7 3au.ex.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemectp: 5 (Ocennuii)

1. IlpuBeneHne K KaHOHHUYECKOMY BHUAY JIU(QEepeHIHATbHBIX YpPaBHEHUH C YacCTHBIMH
MPOU3BOJHBIMU BTOPOTO MOpPsAKA C JMHEWHOW cTapuieil wacTeio. Kiaccudukaums ypaBHEHH.
3amava Komm, MeToa xapakTepuCTHK.

BbIBOJT HEKOTOpBIX ypaBHeHHH MareMarmdeckod ¢usuku. [lpruBeseHWE K KaHOHHYECKOMY BHIY B
Touke audepeHINaNbHBIX YPaBHEHUI € YaCTHBIMH TNPOM3BOAHBIMH BTOPOTO MOpPSIKAa OT N
HE3aBUCUMBIX TIEPEMEHHBIX C JIMHEHHOU crapiieii Yacthto. Kiaccudukamnus ypasaenuid. [Tonsarue o
3amade Komm m xapakTepucTHUECKON NOBEpXHOCTH. IIpuBeneHne ypaBHEHHMI BTOPOTo MOpsAKa K
KaHOHWYECKOMY BUAY Ha IUIOCKOCTHU. [IoHsATHE O METO/IE XapaKTEPUCTHUK.

2. BonnoBoe ypaBHenue 1.

OO1ee perieHHe OIHOPOIHOTO BOJHOBOro ypaBHeHus. [locraHoBka u pemreHue 3axauu Kow.
®opmyna Jlanmambepa. O0nacTh 3aBUCHMOCTH pelICHUs 3aqayd Komm OT HavYajabHBIX JaHHBIX.
[Mpumep Anamapa HexoppekTHOH 3anmaun (3agada Komm anst ypaBHenus Jlamnaca). [lonsitue 06
0000111eHHOM (HETJIaIKOM) PEIICHUH.




[MocTaHoBKa U penieHHEe CMENIAHHOW 3aJ1auM JIIsl CMEIIAHHOH 3aj1a4uu JUIsl TI0OJTyOeCKOHEYHOM CTPYHBI
C 3aKpEIUIEHHBIM KOHLIOM. YCIIOBHUS COMNIACOBaHMS HAYaJIbHBIX ¥ TPAHUYHOTO JAHHBIX.

3. BonHoBo€e ypaBHeHueE 2.

®opmynsl Ilyaccona-Kupxroda pemenunst 3amaun Komm aisi ogHOpPOJHOTO BOJHOBOTO YPaBHEHHUSI.
[punmun Iroitrenca. Meron Hroamens pemenus 3amgadu Kommwm 111 HEOZHOPOAHOTO BOJIHOBOTO
ypaBHeHus. O0mast ¢popmyna Kupxroda. 3anaua Komm ans BomHOBOTO ypaBHeHus. Meton ciycka.
®opmyna [lyaccona. Juddys3us BomH. EAMHCTBEHHOCTh KIIACCHYECKOTO pelieHus 3aiaun Komm
(MeTon MHTETpalia SHEPTUHn).

4. 3amaua Komu anst ypaBHEHHUS TETIIONPOBOJHOCTH.

3amava Komm jy1st ypaBHEHHSI TEIIIOPOBOAHOCTH.

ITocranoBka 3amaun Komm. ®Dopmyna Ilyaccona pemenus 3anaun Komwm st omHOpPOJHOTO
YpaBHEHUS TETUIONPOBOIHOCTH, OeckoHeuHast nuddepeHnnpyeMocTs pemennii. GyHaaMeHTanbHOe
pewenue. Meton [roamenss Ajis HEOAHOPOOHOrO ypaBHeHUs. IlpuHiun wmakcumyma JUist
napaboIMYecKoro ypaBHEHHs. EJMHCTBEHHOCTh KJIACCHYECKOTO pemieHus 3agaun  Komwm, eé
KOPPEKTHOCT.

5. HawansHble cBenenus o0 omeparope Jlamnmaca m o 3amade Ha cOOCTBEHHBIC 3HAYCHUS NPU
OJHOPOZHBIX KPAaeBbIX YCIOBUSX.

Hawanbuble cBeneHuss o0 omeparope Jlammaca um o 3agade Ha COOCTBEHHbBIE 3HAYCHHS IIPH
OJHOPOJHBIX KPAEBBIX YCIOBHUSIX.

®opmynsl [puna qs oneparopa Jlammaca. [locranoBka kpaeBbix 3anad [upuxine n Heiimana g
ypaBHeHusi [lyaccoHa B orpanmdeHHO# oOmactu. HeoOxomumoe ycliOBHE pa3pelIMMOCTH 3aJlaud
Heiimana. CUMMETpUYHOCTh M TOJOXKUTEJIBHOCTh OIEpPaTopa « » C OJHOPOAHBIMH YCJIOBUSIMHU
Hupuxie. 3amada Ha cOOCTBEHHBIC 3Ha4YEeHUs. BeIecTBEHHOCTh U MOMOKUTEIBHOCTh COOCTBEHHBIX
3HaueHuil. OpTOroHAIBHOCTH COOCTBEHHBIX (DYHKIIHA.

6. 3agaya [Iupuxne mist ypaBHenus Jlamnaca B kpyre.

3anava Jlupuxie s ypaBHeHus Jlamnaca B kpyre.

[Moctpoenne ¢dopmanpHOoro pemenust 3amaun  [upuxie Meromom Dypee. beckoneunas
T PepeHIMpPyEeMOCTh PElIeHUs] B 00IacTH, Pa3lIOKEHHE €ro M0 TapMOHUYECKUM MHOTOYJICHAM B
ciy4yae ypaBHenus Jlammaca. Marerpan Ilyaccona. CymiecTBOBaHHE KJIACCHYECKOTO PEIICHHS 3aa4n
Jupuxne s ypaBHeHwus Jlarnaca B Kpyre MpH HENPEPHIBHOW TPaHUYHON (YHKIIUH.

Cemecrtp: 6 (Becennuit)
7. CMmemianHas 3ajada JJisl ypaBHEHUA TEIUIOMPOBOJAHOCTH Ha oTpe3ke. Meron Dyphe.

CwMenianHas 3a1a4a AJ1s1 ypaBHEHUs TEIIONPOBOJHOCTH Ha oTpe3ke. Meton Dypbe.

[TocranoBka CMELIaHHOW 3aJauyd HAa KOHEYHOM OTPE3KE C TPaHUYHbIMU yCIOBHsIMU Jlupuxie,
€IMHCTBEHHOCTh pelleHHus. MeTon pasfeseHds MEPEMEHHBIX M 3aJadd C  OJHOPOIHBIMU
IpaHUYHBIMU ycnoBusAMH. [locTpoeHne ¢OpMasbHOTO pEHIeHUs A CIIydyaeB OJHOPOAHOTO M
HEoOHOponHOTo ypaBHeHHi. OOocHOBaHue Metona Dypbe. YcIoBHSA COINIACOBAHUS HAYaJbHOTO U
I'paHUYHBIX ycIoBull. PerieHue cMenmanHoi 3a1auu Ipy HEOHOPOAHBIX I'PAaHUUHBIX YCIIOBUSX.

8. CMerranHas 3aa4a Julsl ypaBHEHUsI KoieOaHui CTPyHBI Ha OTpe3Ke.

CwmemanHas 3a/1a4ya 11 ypaBHEHHUS KoJIeOaHHI CTPYHBI Ha OTPE3Ke.

[TocranoBka cMeElIaHHOW 3aAayu Uil CTPYHbI C 3aKpEIUIEHHBIMM KOHLAMM. EIMHCTBEHHOCTH €€
peweHust (meron wuHTerpaja sHepruu). llocTpoeHue QopmanbHOro pemienus merogoM Dypbe
(cmyyan OAHOPOMHOTO W  HEOJHOPOAHOrO ypaBHeHHWi). (OOOCHOBaHHME METO/AA, YCIOBHS
coracoBanus. CylecTBOBaHUE KJIACCHUECKOTO PELICHHUS.



9. ®ynkuuu beccens n X NpUMEHEHHE K PELICHUIO 3a/a4 Ha COOCTBEHHbIC 3HAYCHUS IS KPYIVIOH
MeMOpaHBbI.

Oynkunu beccens u MX NMpUMEHEHHE K PELICHHIO 33a7Jad HAa COOCTBEHHBIC 3HAYEHUS JUISI KPYIJION
MeMOpaHbI.

3anaua Ha coOCTBEHHBIC 3HAUEHUsS] U cOOCTBEHHBIE (DYHKLUMHU AJIs omeparopa Jlamiaca B Kpyre mpu
OJTHOPOIHOM KpaeBoM ycioBuu Jlupuxie. Pasnenenme mnepemennbix. Juddepenumansroe
ypaBHeHue beccens. @ynkumm beccens mepBoro poma M ux cBoiictBa. Pynkuum beccens,
HEOrpaHWYEHHbIC B Hyje. BbIpaxkeHue ainst cOOCTBEHHbIX (DYyHKIMH U COOCTBEHHBIX 3HAYECHUI
Kpymiol MeMmOpaHbl C 3aKpelyIeHHBIMH KpasmMu uepe3 ¢yHkuumu beccens. OproroHanbHOCTb
coOcTBeHHBIX (QyHKIMH W QyHkiuit beccens. IlomHora cuctembl coOcTBeHHBIX (GyHKIUN (Oe3
JIOKa3aTeJIbCTBA).

10. YpaBuenus Jlantaca u Ilyaccona.

VYpasuenus Jlamnaca u [lyaccona.

WHrerpansHoe mnpezacraBieHue pemieHuil ypaBHeHMH IlyaccoHa wn Jlammaca B OrpaHW4eHHON
obnactu.

[IpocTpancTBO OCHOBHBIX (QyHKIUHA. [IOHATHE CXOJMMOCTH TMOCIEAOBATEILHOCTH (QYHKITHIA.
[IpoctpancTtBo 0000mEHHBIX (yHKOMHA. JlokanbHO wuHTErpupyeMble (GYHKUUHM W PeryisipHbIE
0000ménnsie  pynknun. JIuddepennupoBanne 0000mEnHbIX QyHKIMA. DyHIAMEHTaIBHOE
pemenne ypaBHeHus Jlaruiaca.

lapmonnueckre QyHKIMH B M UX CBOWCTBa. beckoHeuHas nud@epeHIupyeMOCTb TapMOHUYECKHUX
¢ynknuii. Teopema o cpeanem [TpuHIUN MakcUMyMa 1 MUHUMYMa.

3anaua dupuxine nns ypaBHeHus IlyaccoHa, eIMHCTBEHHOCTb KIJIACCHUYECKOTO perieHus. DyHKuus
I'puna 3anaum J{upuxie, pemenune 3agaun Jupuxie ¢ nomomsto Gpyaknuu ['puaa. CHMMETPUIHOCTh
¢ynkuun I'puna (6e3 mokaszarenbcrBa). Oynknus [puna mis mapa. @opmyna Ilyaccona pernenus
3amaun upuxine s ypaBHenus Jlammaca B mape. Teopema JlmyBwiis, Teopema o0 ycTpaHUMOMN
ocoOeHHoCTH [t rapMoHnyeckux ¢yHkuuil. [IpeodpazoBanue KenpBuna. PerynsipHocts noBeaeHus
rapMOHHUYECKO QyHKIMH Ha OECKOHEUYHOCTH.

ITocranoBka BHemwHHMX KpaeBblXx 3agad Jlupuxsme u Helimana g ypaBHenus Jlamaca.
EnuncTBeHHOCTH pemenns BHEIIHUX 3ana4 Jupuxne n Helimana.

11. MeTon paszueneHusl MEPEeMEHHBIX B c(EepUYeCKUX KOOpAWHATaX sl ypaBHeHus Jlammaca B
Cdepuueckue pyHKINH.

Meton pasgeneHus HepeMEHHBIX B c(epuuecKknx KOoOpauHaTax i ypaBHeHus Jlamiaca.
Cdepuueckue GpyHKINH.

VpaBHenne Jlarutaca B cdepuyecknx koopamHarax. Cdepuueckue (QYHKIHH KaK COOCTBEHHBIC
¢ynkuuu omeparopa Jlammaca-benbrpamMu Ha eamHW4HOM cdepe . IllapoBele  dyHKIMH
(rapmonmueckue MHOrowienbl). CoOcTBeHHbIe 3HaueHHs oreparopa Jlammaca-bensrpamu.
Huddepenumansioe ypaBHenue Jlexxannpa. [lonunomsl Jlexannpa u npucoequHEHHbIE (QYHKIHH
Jlexannpa. Beipaxkenue cepuyecknx GyHKINH B c(hepuIecKoi CUCTEME KOOP/IHHAT.
OproroHasibHOCTh W MONHOTa (0e3 Joka3zarenbcTBa) cdepudeckux ¢yHKuui. Pemenue 3amau
Jupuxne u Heiimana B mape U mapoBoM clioe B (hopMe ps0B MO HIAPOBBIM (PYHKITHSIM.

12. aTerpanbHble ypaBHEHUS.

WuTerpanpHble ypaBHEHUS.

WNHrerpansuble ypaBHeHuss Opearonsma BToporo poaa. HempepbIBHOCTh MHTETPAIbHBIX ONEPATOPOB
C HENpEephIBHBIMM M MOJSAPHBIMM  siApamMud B npocTpaHcTBe . Coro3HOEe ypaBHEHHE.
XapakTepucTHYecKue Yyuciia 1 cOOCTBEHHbIE (PYHKIIMHM HHTETPAJILHOTO OIepaTopa.

VYpaBHEHUS C BBIPOKICHHBIMU siipaMu. CBEIECHHME HX K CHUCTEME JIMHEHHBIX alreOpanyecKux
ypaBHeHMil. TeopeMbl @pearonsMa B 3TOM Cilydae. YPaBHEHHUS C HENPEPBIBHBIMU U MOJIIPHBIMH
siApaMy. YpaBHEHHUE C MalbIM 110 HOpMe oriepatopoM. Pan Helimana.

CeeznieHue ypaBHEHUI C MOJSIPHBIMU SiApaMM K YPAaBHEHUSIM C BBIPOKICHHBIMM sifipamu. Teopembl
OpearonpMa B 0011IEM cyyae.



VYpaBHEHUSI ¢ 3PMHUTOBBIMHU sapaMu. CHMMETPHUYHOCTh HHTEIPAJIBHOIO OIEparopa € SPMUTOBBIM
sipoM. TeopeMa 0O CylIecTBOBaHHM XapakTepucTuieckux uncen. Teopema ['mnbbepra-IlImuara mst
YPaBHEHM C HENTPEPBIBHBIMHA SPMHUTOBBIMHU IpaMH.

13. 3apaua Hltypma-JInyBusis.

3anaua [ltypma-JlnyBumis.

Oynkuus  Ipuna  3amaum rtypma-JlmyBuiuis; €€ CylIeCTBOBaHUE, CHUMMETPUYHOCTD,
HenpepbiBHOCTh. CBenenue 3anaun L typma-JInyBUiuIs K MHTETpaJbHOMY YPaBHEHHUIO C SPMUTOBBIM
spoM. CBoMCTBa criekTpa U cobcTBeHHbIX (hyHKImA. Teopema Creknosa.

14. IToTeHIHAIIEI.

IToreHnmanel.

OOBEMHBIN TOTEHIMAI M ero cBoicTBa. [loTeHNmMan MPOCTOro CIos, €ro HENpPEePhIBHOCTS.
[Torenuman asoiiHoro cios. @opmyna ['aycca, ckadok MOTEHIHaNa JABOWHOTO €O IPH IMEpPEXOIe
yepe3 MOBepXHOCTh. [IpaBuibHAs HOpMalbHAs MPOM3BOAHAS MMOTEHIMANA IPOCTOro cios, Gopmyna
CKauKa.

Csenenue 3amau Jupuxne u Heitmana mng ypaBHeHus Jlammaca mocpeAcTBOM MOTEHIIHMAIOB K
WHTErpaJibHBIM ypaBHEHHsIM Ppearoabsma BTOpOro poaa Ha rpanune. OgHoO3HaYHAas pa3pelinMoCThb
BHYTpPEHHEM 3a7aun Jlupuxie u BHeIHeN 3aaaun HelimaHa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaATEILHOTO
npouecca 1no JUCHUILInHe (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIETHMEAUAIIPOEKTOPOM U SKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. COopHUK 3a/1a4 110 ypaBHEHHSIM MaTeMaTHYECKOH PU3UKHU, DIEKTPOHHAS BEPCHS TIEUYaTHOM
nyonukanuu / B. C. Bnagumupos, B. I1. Muxaiinos, T. B. Muxaitiosa, M. U. [1laGynun. — Mockaa,
OU3MATIINT, 2016

2. YpaBHeHus maremaruaeckon ¢puzuku [Tekct] : yueOHUK A5t By30B : peK. M-BoM oOpa3oBanust PO /
A. H.Tuxonos, A. A. Camapckuii ; Mock. roc. yH-T uM. M. B. JlomonocoBa .— 7-e uza. — M. : U3n-Bo
MI'Y ; Hayka, 2004 .— 798 c.

3. YpaBHeHust matematrueckor ¢pusuku [Tekcr] : yue6. mocobue s By3oB / B. M. Ypoes .— M. :
Ayza, 1998 .— 373 c.

JomnonHurensHas aureparypa

1. YpaBHeHUs MaTeMaTHUeCKol (U3NKH, DIIEKTPOHHAs BepcHs edaTHol mybnukanuu / B. C.
Bnagumupos, B. B. XKapunos. — Mocksa, @uzmaraut, 2000

2. Jlekuuy 1o ypaBHEHHAM MareMarndeckoil Gpusuku [Tekcr] : yueb.mocodue:
pek.Yueb.-meron.cosetom MOTU / B.I1.Muxaiinos .— M : @usmariut, 2001 .— 206 c.

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

1. http://lib.mipt.ru/catalogue/1604/?7t=492 — snexrponnas 6ubnuorexa dusrexa, paznen « YpaBHEHUs
MaTeMaTH4eCcKON QU3UKNY.

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

3. http://mathnet.ru — obmepoccuiicknii MaTeMaTH4ECKHiA TOPTAll.

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

5. http://benran.ru —6ubnMOTEKA MO €CTEeCTBEHHBIM HaykaMm Poccuiickoii akajJieMUuH HayK.

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



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha neKunoHHBIX 3aHATHAX MOTYT HCIOJIB30BATHCS MYJIBTUMEIUIHBIC TEXHOJIOTHHU, BKITFOUAs
JIEMOHCTPALMIO PE3EHTALUMN.

JU71st KOHTPOJISL ¥ KOPPEKIMU 3HaHUT 00ydaronyecss MOTyT UCIIOIb30BaTh KOMIIBIOTEPHOE
TECTHPOBAHKE, B TOM YHCJIEC Ha OPTaIe WWW.i-exam.ru.

B nporiecce camocTosTeNbHOM PabOThl 00YYatOUIMXCsl BO3MOKHO HUCIIOJIb30BAHUE TAaKUEX
MPOrpaMMHBIX CpeIcTB, kak Mathcad, Scilab u ap.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4YalOLIMi Kypc YpaBHEHHS MareMaTW4ecKOM (HU3MKH , NOJDKEH C OJHOH CTOpOHBI,
OBJaJeTh OOLIMM MOHATUHHBIM ammapaToM, a C APYToil CTOPOHBI, JOKEH HAyYUThCS NPHUMEHSTH
TEOPETHUYECKUE 3HAHMSI HA TIPAKTHKE.

B pesynsrate u3yueHHWs AMCUUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIC OIIPEICNICHUS TEOPHH
ypaBHEHUH ¢ YaCTHBIMU IIPOU3BOAHBIMU, TUIIbl YPaBHEHUH, I0CTAHOBKY OCHOBHBIX KPaeBbIX 3ajay JUlsl
YpaBHEHUI C YacTHBIMHU NPOU3BOAHBIMHM, OCHOBHBIE CBOWCTBA PELICHWH 3THUX 3a4a4, NMPUMEHSATH
[I0JIyYEHHbIE 3HAHUS AJIs PELIECHUs pa3IMyuHBbIX 3a/au.

OnmHMM M3 OCHOBHBIX METOIOB TEOPUH YpPaBHEHHH MaTeMaTH4ecKod (HU3MKH, KOTOPBIH HEoOXOAnMO
OCBOUTH CTYHCHTY, sBisieTcst Meron Dypre. Meton dypbe COCTOMT B TOM, YTO pEIIEHHE KpaeBoOil
3a7la4y WIIETCSl B BUIE pAAa MO COOCTBEHHBIM (PyHKIHMSAM CTalMoHapHOro omeparopa. Cuia merona
@Dypbe 3aKII0YaeTCs B €ro NPOCTOTE M aJTOPUTMHYHOCTU — MeTo] Dypbe CBOOUT pelieHue KpaeBoil
3a7a4y Uil ypaBHEHUS C YAaCTHBIMU IPOM3BOIHBIMH K PELICHUIO Oojiee MPOCTHIX 3a4ad (Yacto, K
KpaeBbIM 3afadaM Uil OOBIKHOBEHHBIX JU(QepeHIranbHblX ypaBHeHUi). s Toro 4roObl
M0JIb30BaThCsl MeToaoM Pypbe, HeOOXOIUMO YMETh OINpPEeNsATh COOCTBEHHbIE YHCIIA U COOCTBEHHBIE
(yHKUIMHM OTepaTopoB, HaIIpuUMep, oneparopa Jlamnaca.

OueHb Ba)XHBIMHU SIBJISIFOTCS. METO/IbI, [T03BOJIAIOIIKE peniaTh 3aaa4u Koy [y ypaBHEHUH ¢ 4aCTHBIMU
MPOU3BOJHBIMU TUIMEPOOIMUECKOr0 M MapaboIu4YecKOro THUIOB: METOA XapaKTepUCTHK, METOX
Kommu-KoBanesckoil, MeTos pa3ieneHus IepeMeHHbIX U T.1I.

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca IpUBEAeHO MUHUMAIILHO HE00X0IUMOE BpeMsl Il pabOThI CTy/IeHTa HaJ TEMOU.
CamocrosiTenbHas padoTa BKIIIOYAET B ce0s:

— YTEHHE U KOHCIIEKTUPOBAaHNE PEKOMEHIOBAHHOMN JINTEPATYPBI,

— TpopaboTKy ydeOHOro marepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW JHUTeparype),
MOATOTOBKY OTBETOB HAa BOINPOCHL, MPEIHA3HAYEHHBIX JJIS  CaMOCTOSTEIBHOTO  H3y4YeHHs,
JI0Ka3aTeJIbCTBO OTIEJbHBIX YTBEPKIECHUM, CBOMCTB;

— pellieHue 3a/1a4, IpeAIaraéMblx CTyIEHTaM Ha JIEKLUAX U IPAKTUYECKUX 3aHATHSIX,

— MOArOTOBKY K NPaKTUUECKUM 3aHATHSIM, KOJUJIOKBUYMaM, 3a4€Ty U 3K3aMEHY.

PyKoBOJCTBO ¥ KOHTPOJIb 32 CAMOCTOSITEIILHON pabOTOM CTy/IEHTa OCYIIECTBIISIETCS B popme
UHAUBUYaIbHBIX KOHCYJIbTALUM.

ITokazareneM BIQAEHUS MaTepUaloOM CIYXKXHUT YMEHHE pemarh 3aaadu. Jns GpopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [Ipu pemennu 3a1a4u Kaxkaoe JeiicTBHE HEOOXOMMO apryMEHTHPOBATh, CChUIASICh HA U3BECTHBIC
TEOPETHUYECKUE CBEACHUS. 3HAYUTEIHHO OOJNErYuTh PELICHUE 3aJadd MOXKET XOPOIIO BBHINMOJHEHHAS
[IOCTAHOBKA 3a/1a4H.

[Ipu moaroToBke K MPaKTHUYECKUM 3aHITHAM HEOOXOAMMO MOBTOPSTH PaHEe M3yUYEHHBIE OCHOBHBIC
orpejiesieHus, GOPMYITUPOBKU TeopeM. B Havane 3aHATHS, KaK PaBUIIO, MPOBOAUTCS KopoTkuit (10-15
MHUHYT) OIPOC 10 MaTepuaty MPOIIeIIINX 3aHsITUH B YCTHON MJIM MUCbMEHHOH (opme.

OOBIYHO NPUICPKHUBAIOTCA CIIEAYIONIEH CXeMbl: U3yYeHHe MaTrepHaja JCKIUH 10 KOHCIIEKTY B TOT JKe
JIeHb, Korna Obuta nmpociymana jekius (10-15 MuHyT); moBTOpEeHHE MaTepuaia HakaHyHe CIeqyoIei
nexuuu (10-15 MunyT), mpopaboTka yueOHOro Marepuaa 1o KOHCIIEKTaM JIEKLIUH, yaeOHON 1 Hay4HOH
JUTeparype, oAroTOBKA OTBETOB HA BOIPOCHI, IIPEIHA3HAUEHHBIX JUIsl CAMOCTOSITENIbHOrO u3yueHus (1
yac B HEJNENI0), MOATOTOBKA K MPAKTHUECKOMY 3aHATHIO, pemieHue 3anad (1 uac). Baxkno moOuTbes
[IOHHMaHMUs H3y4yaeMOro Marepuana, a He MEXaHWYEeCKOro ero 3amnomuHanus. [lpu 3arpynHeHun
W3yYEHUs] OTHENBHBIX TEM, BOIMPOCOB, CIEAyeT oOpamarbcs 3a KOHCYJIBTALMSAMH K JIGKTOPY HIIH
[IPETIOaBaTeNI0, BEAYIIEMY [IPAKTUUECKUE 3aHSITHUS.



OO0s13aTennbHBIM TPEOOBAHUEM SIBIISIETCSl BBIIOTHEHUE JOMAITHUX PabOT, KOTOpble OQOPMIISIOTCS B
CHelHaIbHO OTBEIEHHON ISl 3TOTO TETPAAX M CUCTEMATHUECKH CAAIOTCA Ha MPOBEPKY.
[IpomexxyTOuHBIH KOHTPOJIb 3HAHUKH MPOBOOUTCS B BHUJAE KOJUIOKBUYMOB, Ha KOTOPBIX CTYIEHTY
[Ipe/ylaraercss MUCbMEHHO OTBETUTh Ha TEOPETUYECKUH BONPOC M PELIUTh ABE 3ajJadd II0 TeMe
KOJUIOKBUYMA, a TaK)KE€ CTYIEHTY B XOJ€ OCBOCHHUS Kypca HEOOXOIMMO BBIIIOJHUTH YETHIPE JOMAIIHUX
MHIUBHULyaJIbHBIX pabOThI C X HMOCIEAYIOIIEH 3alUTOM!:

1) «Knaccudukarys ypaBHEHUH ¢ YaCTHBIMU ITPOM3BOAHBIMU BTOPOT'O MOPSIIKA, METO/] XapaKTEPUCTHK,
3agaya Komm u cMemranHas 3a1ada ai1st BOJIHOBOTO ypaBHeHus, popmyna Kupxroday.

2) «3agaga Komm g ypaBHEHHUS TeIUIonpoBogHOCTU. KpaeBble 3afaud UIsl DIUIMOTHYECKUX
ypaBHEHUi1 B kpyre U Konblie. Chepriaeckue QpyHKII».

3) «CmemanHas 3aa4a ¢ Ha4aJbHBIMU YCJIOBHUSMHU Ha OTPE3Ke M B MpsiMoyronbHUKe. Meton Dypse.
Oynknuu beccens W uX NpUMEHEHHE MPH PEIICHUM 3ajad JUisl KpYIIod MeMmOpaHbl. YpaBHEHUs
Jlanumaca n ITyaccona B nmpoctpanctse. @yHkius ['puna 3agaun Jupuxiey.

4) «Murerpanbubie ypaBHenus. 3agada Lltypma-Jlnysumms. [loreHuuans.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa BbICIICH MaTeMaTuKU

KYpC: 3

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
5 (ocennwuii) - luddepeHpoBaHHbIH 3a4eT

6 (BeceHHMI) - DK3aMeH

Pa3zpaGoTunk: B.U. 3y6oB, n-p ¢huz.-MaT. HayK, nmpodeccop, mpodeccop



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 pesynabrare u3yueHusT OUCUMIUIMHBI «YpaBHEHUS MareMarnyeckod ¢u3uku (cTaHn.)» oOydaromuics
JIOJKEH:

3HATb:

[J OCHOBHBIE THITHI JU(PepeHIINATBHBIX YPABHEHUH B YACTHBIX MPOU3BOAHBIX;
[l ompeneneHue XapaKTepUCTUUECKOI TOBEPXHOCTH;
[J  OCHOBHBIC KpaeBble 3a/aud U1 YPaBHEHUI THUIEPOOIMYECKOro THUIA, MapaboIMuecKoro TuIa,
SJUIMNTUYECKOTO TUIIA;
O ¢opmynsr Hanambepa, Ilyaccona, Kupxroda pemenns 3agaun Ko 1y BOTHOBOTO ypaBHEHHUS,
[l ¢opmymy Ilyaccona pemenus 3agaun Komy 11t ypaBHEHUS TEIUIONIPOBOJHOCTH;
O METOJ] HMHTerpaja »SHEpPruH JUIS BOJHOBOTO YpaBHEHHS W TPUHIUI MaKCHMyMa IS
napaboIMYEeCKOro ypaBHEHHUS;
0 meroxn Dypbe peuieHHs CMEIIAHHBIX 3a7ad Uil YPaBHEHHS TEIJIONPOBOJHOCTH M BOJIHOBOTO
YpaBHEHUS;
[J rapMoHHYECKHE (PYHKLIUHN U UX CBOWCTBA;
[0 ¢opmyny [lyaccona pemenus 3agaun Jupuxie 1uist ypaBHeHus Jlamnaca B mape;
[J ocCHOBHBIE CBOMCTBa omeparopa Jlamnaca npu oIHOPOAHBIX KPACBBIX YCIOBHSIX;
[l umHTerpajgbHble ypaBHeHHs Dpearoiabma BTOPOro poga co ciabo MOISAPHBIMU SIPAMHU, TEOPEMBI
®penroapMma.

yMeThb:
- onpeneniarty TN IuddepeHIraNbHbIX YPaBHEHWH C YacTHBIMH IPOW3BOIHBIMHU; HPUBOIUTH
yYpaBHEHUS 2-TO MOpsAAKAa K KAHOHUYECKOMY BUJLY;
- pemaTh METOJOM XapaKTEPUCTUK KpaeBble 3a/1auu Ha miockocTy (3anaun Komw u I'ypea);
- pemats 3a1auu Ko a7 BOJIHOBOTO YpaBHEHHUS;
- pemarh CMEUIaHHbIC 3aJa4M ISl TOyOeCKOHEYHON CTPYHBI;
- pemats 3a1auu Ko ass ypaBHEHHUS TEIUIONIPOBOAHOCTH;
- NPUMEHATH MeTol Dypbe NMpH PEeIIeHUN CMELIaHHBIX 3ajiad JUIsl BOJTHOBOTO YPaBHEHUS U yPaBHEHHUS
TEIUIONPOBOAHOCTH; MPUMEHTh (YHKIMK beccerns mpu pereHnn 3a1a4 st KpyTroBbIX o0acTeif;
- wucnonb3oBarb Meron Dypbe mpu peleHur KpaeBbIX 3alad il AUIMINTUYECKUX YpaBHEHHH,
MPUMEHSThH chepudeckre (GYHKIIMU TPU PEIICHNH 3a1a4 JJIsl 00JIacTe co chepruuecKkoil CHMMETpHEH;
- crpouth ¢QyHKuuto I'puHa 3amaun upuxie A mpocTedmx obnacTedl W HCIONb30BaTh €€ NpU
pelLIeHNN KOHKPETHBIX 3aJ1a4;
- pemiats UHTErpanbHble ypaBHeHUsI DOpearoabma BTOPOro poja ¢ BEIPOKICHHBIMU SIIPaMU;
- CBOOWTH K HMHTErpajibHOMY YpPaBHEHHUIO KpaeByl0 3ajauy c momoinbpio (yHkumm I'puna mis
COOTBETCTBYIOLIETO AU epeHINaIBLHOTO ONepaTopa;
- BBIYHCIATH 3HA4YCHUS OOBEMHBIX MOTEHILMANIOB, MOTEHIMAJIOB MPOCTOrO CJIOS M JBOWHOIO CIIOS,
HCIOJIB30BaTh UX MPH PEIICHUH KPAEBBIX 3a/1a4.

BJa/IeTh:
- METOAaMHU M MOAXOAAMH TEOPHH YPaBHEHMH C YACTHBHIMHM HPOM3BOJHBIMH, MPHUMEHSEMBIMH NPH
pelIeHny 3a1a4 I'UIPOJMHAMUKH, a3POINHAMUKY, (PU3NKHU, TECOPETHUECKOI (PU3NKU, SKOHOMHKH U 1p.;
- 3HaHUSMH, TNPUOOPETEHHBIMH MpPH M3YYCHHH Kypca YpaBHEHMH MaTeMaTHUeCKoW (HU3UKH,
MO3BOJISIOIINME KOPPEKTHO (hOpMyIHpOBaTh KpaeBble 3a7aqyd MPHU MAaTeMaTHUYECKOM MOJEINPOBAHUH
MPOLIECCOB MIIM OOBEKTOB B PA3IMYHBIX 00IACTIX HAYKU U TEXHUKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0



Texkymuii KOHTPOIb OCYIIECTBISIETCS HAa OCHOBe OamnpbHO-peliTuHroBoi cuctembl (BPC) orenku
3HaHUWA 10 u3y4aemMod mucuuiuiiHe. BPC y4YuThIBaeT BBINOJIHEHHE CTYIEHTAMH COBOKYITHOCTH
JIOMAalIHUX 33/laHUi ¥ KOHTPOJBHBIX pPabOT B COOTBETCTBHUM C Yy4eOHBIM IIaHOM. JlaHHBIE O
MOCEIIAEMOCTH U TEKyIIel YCIeBaeMOCTH BHOCSTCS MPENOAABATeISIMU B CIICIUAIBHBIC KYPHAIIBI U
yuutbiBatorca B bPC.

Texymuii KOHTPOJIb HA OCHOBE JOMAIIHUX 33/IaHUH OCYIIECTBIISICTCA B TEUEHUH Yy4eOHOro cemecTpa B
CPOKH, YCTaHOBJICHHBIC YUeOHBIM YIPABICHUEM, B COOTBETCTBUHU C YUEOHBIM IJIAHOM.

Jns cpaum 3amaHusl CTYOEHT 00s3aH IPEJOCTaBUTh pEIICHHE 3aJaud JOMAIlHEero 3aJaHusl B
MUCbMEHHOM (hOopMe, OTBETUTh Ha BOINPOCHI NPENnofaBaTelsl W HaKUcaTh KOHTPOJIBHYIO padoTy 1o
3a/IaHUI0, TI0 KOTOPOU MPOBEPSIOTCA 3HaHWE TIOHATHN M YTBEPKICHHUM IO TEMaM CIaBaeMOIo 3aaHus
U YMEHMIO pelliaTh 3a/lauu.

Bo Bpems BBINOMHEHUS KOHTPOJBHOM pabOThl HENb3sl MOJNB30BATHCS IMOMOINBIO JPYTHX JIMIL,
BBIUMCIIUTEIBHON TEXHUKU U MOOUIILHBIMH TEIe(POHAMH.



3. [lepevyeHb THMOBBIX KOHTPOJbHBIX 33JlaHHil, HCMOJIb3yeMbIX /JI1 OIeHKH 3HAHWI, YMEHUIH,
HABBIKOB

[IpomexyTouHas  arTecTanus 1O JAWCHUIUIMHE  «YDPaBHEHMs] MaTeMaTH4ecKoh  QU3UKu»
ocymectBisieTcss B gopme 3auera (5 cemectp) u dk3ameHa (6 cemecTp). DK3aMEeH MPOBOAMTCS B
MMUCbMEHHOM U YCTHOU (opMe.

Ipumepol KOHMPONLHBIX BONPOCOS.

1. Harp ompenenenue 3agauu Komu M XapakTepUCTHYECKOW MOBEPXHOCTH. B yem cyTh MmeTona
XapaKTepUCTUK?

2. Hammcarp ¢opmyny [amambepa. Pemenue kakoit 3amaum onHo nmaer? Kakx dopmymupyercs
CMeIIaHHasl 3ajada Jjs MOJIyOeCKOHEYHOW CTPYHBI C 3aKperiéHHbIM KoHIOM? Co CBOOOIHBIM
KOHIIOM?

3. B uem coctout npunnun I roiirenca?

4. CdopmynupoBarh 3amauy Komm ans ypaBHeHus terionpoBogHocTu. [IpuBectu ¢dopmyiy,
narorryto ee pemenue. Kak popmynupyercs npuHIMI MakcuMyMa JIJIs TapaboIMdecKoro ypaBHEHUs?
5. Kak onpenensercs oneparop Jlamiaca npu onqHOpoAHBIX KpaeBbix ycinoBusax? Kak ompexpensitorcs
ero coOCTBeHHbIE 3Ha4YeHHUs1 M coOcTBeHHbIe (yHkumu? Hamucats dopmynsl ['puna mis omeparopa
Jlarumaca. CopmynupoBats kpaeBble 3amaun Jupuxie u Heiimana ans ypaBHEHHS 3JUTHITHUYECKOTO
THUIIA.

6. Kakue metonsr Bam u3BecTHbI Ans pemienus 3amauu upuxiie mist ypaBHeHus Jlamnaca B kpyre?
Uro Takoe unTerpan [lyaccona?

7. Kak ¢opmynupyeTcss cMellaHHas 3ajjada Jjisl ypaBHEHUS TEIUIONMPOBOIHOCTH Ha oTpe3ke? B uem
cytb Mmerona Dypre?

8. ChopmynupoBaTh CMEIIAHHYIO 337a4y JIJIsl ypaBHEHUS KOJIeOaHH CTPYHBI Ha OTPE3Ke.

9. Yro Takoe pynkuuu beccenst mepBoro poxa? Kakossl ux cBoiictBa? I'ne onn npumensitorces? Kakne
npyrue nuinHapudeckue GyHkiuu Bel 3Haete?

. 3 . .

10. Jlate onpenenenme rapMmonudeckoi dymkumu B R”. Kakue cpoiictBa stux (yHkumii? B gem
COCTOUT HPHUHIMUI MAaKCUMyMa M MHUHUMyMa Juid rapMoHuyeckux ¢ynkuuit? Kak dopmynupyercs
3anava Jupuxiue mia ypaBHeHus [lyaccona? [lpuBeanre KOppeKTHYIO OCTAaHOBKY BHEIIHUX KPAEBbIX

3anau Jupuxne u Heitmana niis ypaBHenus Jlamiaca B R®.

11. aiiTe onpeneneHue chepuiyeckux yHKIUH, MapoBbIX GyHKUUN. [ 1€ OHM UcTIoNb3yroTCS?

12. Kakue ypaBHEHHs Ha3bIBAIOTCS MHTETPATBHBIMH ypaBHeHUsMH Dpenronbsma Broporo poma? Uro
TaKoe S1p0 MHTerpaipHoro ypaBHeHus? Kakue sapa HazpiBatoTCs BeIpokaAeHHBIMU? Chopmynupyiite
Teopemsl Ppearosnbma.

13. Kakas 3amadya HocuT Has3BaHue 3amauu lltypma-JlmyBuiuia? Kak cBectu 3amauy IlItypma-
JInyBWIIIS K MHTETPAIbHOMY YPaBHEHHIO C 9PMHUTOBBIM SIApOM? 3aueM 3TO HYKHO?

14. Ilate onpeneneHne o0bEMHOrO MOTEHIMANA, TOTEHLMAIA IPOCTOTO CJI0s, MOTEHIMAaja IBOMHOTO
ciosi. Kakue cBoiicTBa 3TuX noteHunanos Bam nsBecTHsI?

HDUM@Dbl KOHMPOJIbHblX 3a0aHUlL.

I9K3AMEHALIMOHHASA PABOTA

JAucuumimna: YpaBHeHus MaTeMaTH4YeCKOH PU3UKH




Pemmte 3amauy u yka3arb HauOOJBIIYIO 00acTh, B KOTOPOI pElICHHE ONPEIEICHO

1 OJIHO3HAYHO:
x'u_— y“uyy +2x°u —2y? u =0, (x>0,y>0),
u\xyzl =1, (l<x<2), u\y:x =x%, (0.25<x<1).

Haiitu pereHue cMeIIaHHOMN 3a1auH: 16Utt =u_+ 72e (x>0, t>0),
2

ul_, =12x, ut‘tio =-3, (x=0), (u—ux)‘ . =3¢ -15, (t=>0).

PelmuTh cMemaHHyIo 3a/1a4y: u = 4u " (0O<x<3m, t>0),
3 ”L:o =cos(x/2), ut‘_ =x-3n, (0<x<3n),

u =sint, u_, =0, (t>0).
X|x=0 X=om

Penmts 3anaay Komu: u = Au—12sh2t-shy, ((x,y,2) e R, t> 0),

4
ul,_, = x’shy +(2x+y)cos(l+y +2x) - yze 2" ((x,y,2) e RY).
Pewts 3anauy:
5 Au=20r’sin6p, (r<l, 0<o@<2n),
(3u +ur)\  =11sin 6p—5c0s 7¢+3.
Haiitu xapaktepucTtuyeckue uucia W COOCTBEHHBIE (YHKIMU SJIpa HWHTErPAJIbHOTO
6 ypaBHeHI/IfL PCHII/ITI) I/IHTeraJIBHOC ypaBHeHHe HpI/I BCEX BO3MOXHBIX 7\, .
u(x) =2x-[ [msin x + (1—2cos x)cos yJu(y) dy +1-6cosx,
0
u(x) e C[0,x].
Haittu pemenue cMemanHom 3a1a4uu:
7 @ (5)
U =2Au+J ?r Cos2¢+2J, ?r sin 59, r<3,0<¢<2n,
t>0,
@)
_ 1 - <3.0<0p<
“Lo—‘]l?r sin 50, r<3,0<¢<2nm,
u‘73:0, 0<p<2m,t>0,

m ) )
rae Hi ) MHHHMAJBHBI ONOKUTENBHBIN xopenb Gpynkuu beccens J . (r).

Tpumepol 3a0ay, ucnoavzyemvix npu coaye 3a0aHuil’

1. Pemuts 3amauy Komm:
9u, =Au, (x,y)eR* t>0,

X

ul_, =3cos2x+e” “siny, (x,y) eR?.



2. Haiitu U(0,0, X3) it Xy >0, roe u(xl, X, , X3) - pemieHue 3anaun Jupuxie:
Au=0 mpu X,>0,
2, 2 2
u\ L xg +x; <R7,

010, X +x5=R?.

3. Haiitu ¢pynkuunio U(X), rapMOHHMYECKYIO B miape I =,/ X12 + X22 + X32 <1 u rakyro, uto

ou sin?0 /.
u+— =27~ (sin 20 +3v2).
or N2 ( ® )

r=1

4. Pemnts 3a7auy:

AU =96X%7, (u—ur)‘  =12sin 2¢, r=yx’+y><1, 0<¢<2n.
r=
5. HaiiTi XapaKTepUCTHYCCKHUE YMCIIa, COOCTBECHHBIC ()YHKIIUU HHTETPAJILHOTO OIlepaTopa u

PeIIMTh IpH BCeX JOMYCTUMBIX A, A u D uHTerpansHOe ypaBHEHME

1
u(x):xj((1+3x)y—yz)l(y)dy+ax3+bx2, —1<x<+1.
0
6. CBecTU K HHTErpajlbHOMY YPaBHEHUIO 33a4y
—x?y" —xy' =Ly +COSX, 1<x<2,
y@-In2-y'@)=0, y(2)=0.

4. Kpurepuu oneHUBaHUS

Ouenka «ormnuHO (10)» BbICTaBiIsIeTCS OOy4aroUIEMyCsl, €CIM OH IOKa3al BCECTOPOHHHE,
CHCTEMaTH3MPOBAHHBIC, TIyOOKHE 3HAHWs y4eOHOHW MporpaMMbl JUCHUIUIMHBI U YMEHUE YBEPEHHO
OPUMEHATh MX Ha NpPaKTUKEe MpPU PEUICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHNE PUHSTHIX PEIICHUH,

oreHKka «oTau4yHO (9)» BBICTABISIETCS OOYYArOLIEMYCs, €CIM OH IOKa3al BCECTOPOHHHE,
CHCTEMaTH3HPOBAHHBIE, TIyOOKHE 3HAHUS y4eOHOW MporpamMMbl AMCHUIUIMHBI U YMEHHUE YBEPEHHO
OPUMEHATh MX Ha NpPaKTUKEe MpPU PELICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHWE MPUHATHIX PEIICHUH, HO TIPU 3TOM OBLTH JIOYIIEHBI HEOOIbIITNEe HETOYHOCTH, KOTOPHIE
ObUIN CAaMOCTOSITETILHO OOHAPYKEHBI U UCIIPABJICHBI,

oneHKka «oTauuHO (8)» BBICTAaBIsAETCS OOYUYAIOMIEMYCs, €CJIM OH ITOKa3al BCECTOPOHHHE,
CHCTEMaTU3HpPOBAHHBIE, TTyOOKHE 3HAaHUS y4eOHOW MporpaMMmbl AMCHUMIUIMHBI U YMEHHE YBEPEHHO
NPUMEHSATh WX Ha TpPaKTUKEe TpPU PEHNICHWHM KOHKPETHBIX 3ajad, CBOOOJHOE W MPaBHIBHOE
000CHOBaHUE MPUHATHIX PEIICHUH, HO IPU 3TOM OBLTH JIOMYIIEHbI HEOOIbIINEe HETOUHOCTH, KOTOPbIE
mocJyie yKa3zaHHsI SK3aMeHATOpa OBUTH CAaMOCTOSITENIbHO UCTIPABIICHBI,

OlleHKa «xopomo (7)» BBICTABIAETCS OOydYalOMIeMyCsi, €CIM OH TBEpJO 3HAeT Marepual,
IpPaMOTHO W TIO CYHIECTBY H3JIaraeT €ro, yMeeT NMPHMEHSTh MOJydYeHHbIC 3HAHWS Ha MpPaKTUKE, HO
JIONyCKAaeT HETOYHOCTH B OTBETE WJIU JIeJaeT HECYIECTBEHHbIE OIIMOKH MTPH PELIeHUH 3a/ay,

olleHKa «xopomio (6)» BbICTaBIsSETCS OO0ydYarOMIEeMyCs, €CM OH TBEpJO 3HAeT Marepual,
IPaMOTHO U MO CYIIECTBY M3JIaraeT €ro, ymMeeT MPHUMEHSTh IMOJIydeHHbIE 3HAHMsS Ha MPAKTHUKE, HO
JIOTTyCKaeT HeOOobIINe OIIMOKHN B OTBETE U (WJIM) IIPU PEILIEHUH 3a7ay;



OlLleHKa «Xxopouo (5)» BBICTABIAETCS OOYdYalOMIEMYCsl, €CJIM OH TBEpJO 3HAeT Marepual,
IPAMOTHO M IO CYIIECTBY H3JIAraeT €ro, yMeeT NPUMEHSTh MOJy4YEHHbIE 3HAHWS HA MPAKTUKE, HO
OTBEYAET HEYBEPEHHO U (WJIM) JIOMYCKAeT OIIMOKH MPH PEILICHUHU 3a]1ay;

OllCHKA  «YJOBJICTBOPUTEIBHO  (4)»  BBICTABISIETCS  OOydaroIeMycsi,  IOKa3aBIIEeMY
(dbparMeHTapHbI, pa3po3HEHHBIA XapakTep 3HAHWI, HETOYHbIC (OPMYITUPOBKH OA30BBIX MOHSTHIA,
HapyLIEHUs JIOTUYECKOM IMOCIIEeI0BATEIbHOCTH B M3JI0)KEHUHM IPOrPaMMHOTO Marepuasna, €Clu IpH
3TOM OH BJAJICET OCHOBHBIMH pa3jeiaMy Y4eOHOW MporpaMmbl, HEOOXOAMMBIMU IS JaJIbHEHIIETO
o0yueHUsl U MOXKET MPUMEHSATH MOJTyYSHHbIE 3HAHUS 110 00pa3ily B CTaHAAPTHOM CUTYyallUH;

OLIEHKA  «yAOBJICTBOPUTENBHO  (3)»  BBICTABIsIETCS  OOydaroleMycs,  IOKa3aBIIEMY
(dbparMeHTapHbIil, pa3po3HEHHbIH XapakTep 3HAHWM, HETOYHbIE (HOPMYIHPOBKU 0Oa30BBIX MOHATHUH,
HapyLIEHHUs JIOTUYECKOW IIOCJIEOBATEIbHOCTH B M3JIOXKEHMHM IPOTPaMMHOIO MaTepuana, He
BJIQ/ICIOIIEMY HEKOTOPBIMU pa3ziesiaMu yueOHOU MporpaMMbl, HO YMEIOIIEMY MPUMEHSTh OTy4YeHHbIE
3HaHU 10 00pa3Ily B CTAaHJAPTHON CUTYyalluy;

OlICHKA «HEYIOBJICTBOPUTEIHHO (2)» BBICTABIACTCS OOYy4arOIEMyCs, KOTOPBI HE 3HaeT
OoyblIel YacTH OCHOBHOTO COAEp)KaHUS y4eOHOH MpOorpaMMbl JUCIHILIMHBI, JOIYCKAeT TpyOble
omnOKU B (POPMYJIUPOBKAX OCHOBHBIX MOHATHI AUCHUIUIMHBI U HE YMEET UCII0JIb30BATh MOJYyYCHHbIE
3HAHUS [IPU PEIICHUN TUIOBBIX IPAKTUYECKUX 33]1a4;

OlLICHKa «HEYHOBIeTBOpUTENbHO (1)» BBICTABISIETCS 00yYaromIeMycs, MMOKAa3aBIIEMy IOJIHOE
HEe3HaHUEe y4eOHOH IpOorpaMMbl JUCIIUILINHBI.

OLICHKA «3a4TE€HO» BBICTABIIAECTCS CTYACHTY 110 UTOTaM TEKYILEW yCIIEBA€MOCTH, IIPU YCIOBUH,
YTO OH CZaJl BCE 3a/IaHusl, MPEAYCMOTPEHHBIC MPOTrPAMMON TUCIMILIMHBI, HATUCAT TIPOMEXYTOYHBIC
KOHTPOJIbHBIC pa0OTHI  HAOpaJ MOPOrOBOE KOJINIECTBO OAUIOB;

OLICHKAa «HE 3a4TCHO» BBICTABJSICTCS OOydaromeMycs, €ClIM OH He Ha0paJ MOpOroBOe
KOJMYECTBO 0aJLIOB.

5. Meroauyeckue MaTepuajbl, onpeae/siiolliue NPouUeIypPbl OLEHUBAHHUS 3HAHMI, yMeHMI,
HABBIKOB M (MJIM) ONBITA 1EATEIbHOCTH

3adeT MPOBOIMUTCS MO UTOTaM TEKYIIEH YCIEBAeMOCTH M CHA4M 3aJaHUM, MPETyCMOTPEHHBIX
MPOrpaMMOil TUCIUIUIMHEL, ¢ y4eTOM HaOpaHHBIX 0ukoB 1o bPC.

Bpems npoBeneHuss MMCbMEHHOTO JK3aMEHa COCTAaBISET YETBIPE aCTPOHOMMYECKHX Yaca. Bo
BpeMs IPOBEJIEHUS MHUCBMEHHOIO 3K3aMeHa 00ydaroIiuecs MOTYT I0JIb30BaThCsl TOJBKO PYUKOH,
KapaHJaloM U Oymarou.

[Tpu mpoBeseHUH YCTHOTO dK3aMeHa 00ydJaromieMmycsi mpenocTaBisercs | acTpOHOMUYECKHM
yac_ Ha moArotoBky. Onpoc oOyuaromerocs 1mo OUieTy Ha YCTHOM 2K3aMEHE HE JOJKEH MPEBHIIIATh
JIBYX aCTPOHOMHYECKHX 4acoB. Bo BpeMs mpoBeAeHHs dK3aMeHa 00yJarolmecs MOTYT MOJIb30BaThCs
TOJBKO NPOTrpaMMOM TUCITUTIIUHBI.
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Haittu pemenue cMemanHom 3a1a4uu:
7 @ (5)
U =2Au+J ?r Cos2¢+2J, ?r sin 59, r<3,0<¢<2n,
t>0,
@)
_ 1 - <3.0<0p<
“Lo—‘]l?r sin 50, r<3,0<¢<2nm,
u‘73:0, 0<p<2m,t>0,

m ) )
rae Hi ) MHHHMAJBHBI ONOKUTENBHBIN xopenb Gpynkuu beccens J . (r).

Tpumepol 3a0ay, ucnoavzyemvix npu coaye 3a0aHuil’

1. Pemuts 3amauy Komm:
9u, =Au, (x,y)eR* t>0,

X

ul_, =3cos2x+e” “siny, (x,y) eR?.



2. Haiitu U(0,0, X3) it Xy >0, roe u(xl, X, , X3) - pemieHue 3anaun Jupuxie:
Au=0 mpu X,>0,
2, 2 2
u\ L xg +x; <R7,

010, X +x5=R?.

3. Haiitu ¢pynkuunio U(X), rapMOHHMYECKYIO B mape I =,/ X12 + X22 + X32 <1 u rakyro, uto

ou sin?0 /.
u+— =27~ (sin 20 +3v2).
or N2 ( ® )

r=1

4. Pemnts 3a7auy:
AU =96X%7, (u—ur)‘ _ =12sin 2¢, r=yx’+y><1, 0<¢<2n.

5. Haiitu xapakTepucTiHueckue 4rcia, cCOOCTBeHHbIEC (YHKIIMU UHTETPATILHOTO ONepaTopa u

PeIIMTh IpH BCeX JOMYCTUMBIX A, A u D uHTerpansHOe ypaBHEHME

1
u(x):xj((1+3x)y—yz)l(y)dy+ax3+bx2, —1<x<+1.
0
6. CBecTU K HHTErpajlbHOMY YPaBHEHHUIO 3a7a4dy
—x?y" —xy' =Ly +COSX, 1<x<2,
yO-Ih2-y'@0)=0, y(2)=0.

4. Kpurepuu oneHUBaHUS

Ouenka «ormnuHO (10)» BbICTaBiIsIeTCS OOy4aroUIEMyCsl, €CIM OH IOKa3al BCECTOPOHHHE,
CHCTEMaTH3HPOBAHHBIC, TIyOOKHE 3HAaHUS y4eOHOH MpOrpaMMbl TUCHHIUIMHBI U YMEHHE YBEPEHHO
OPUMEHATh MX Ha NpPaKTUKEe MpPU PEUICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHNE PUHSTHIX PEIICHUH,

oreHKka «oTau4yHO (9)» BBICTABISIETCS OOYYArOLIEMYCs, €CIM OH IOKa3al BCECTOPOHHHE,
CHCTEMaTH3HPOBAHHBIC, TIyOOKHE 3HAHWs y4eOHOW MporpamMMbl AWCHUIUIMHBI U YMEHUE YBEPEHHO
OPUMEHATh MX Ha NpPaKTUKEe MpPU PELICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHWE MPUHATHIX PEIICHUH, HO TIPU 3TOM OBLTH JIOYIIEHBI HEOOIbIITNEe HETOYHOCTH, KOTOPHIE
ObUIN CAaMOCTOSITETILHO OOHAPYKEHBI U UCIPABJICHBI,

oneHKka «oTauuHO (8)» BBICTAaBIsAETCS OOYUYAIOMIEMYCs, €CJIM OH ITOKa3al BCECTOPOHHHE,
CHCTEMaTU3HpPOBAHHBIE, TTyOOKHE 3HAaHUS y4eOHOW MporpaMMmbl AMCHUMIUIMHBI U YMEHHE YBEPEHHO
NPUMEHSATh WX Ha TpPaKTUKEe NP PEHICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE W MPaBHIBHOE
000CHOBaHME MPHUHATHIX PELICHUH, HO IPU 3TOM OBUTH JOMYIIEHbI HEOOIbIIINEe HETOYHOCTH, KOTOPbIE
mocJyie yKa3zaHHsI SK3aMeHATOpa OBUTH CAaMOCTOSITENIbHO UCTIPABIICHBI,

OlleHKa «xopomo (7)» BBICTABIAETCS OOydYalOMIeMyCsi, €CIM OH TBEpJO 3HAeT Marepual,
IpPaMOTHO W TIO CYIIECTBY HM3JIaraeT €ro, yMeeT MPHUMEHSTh IOJydeHHbIE 3HAHHWS Ha TPAaKTHUKE, HO
JIONyCKAaeT HETOYHOCTH B OTBETE WJIU JIeJaeT HECYIECTBEHHbIE OIIMOKH MTPH PELIeHUH 3a/ay,

olleHKa «xopomio (6)» BbICTaBIsSETCS OO0ydYarOMIEeMyCs, €CM OH TBEpJO 3HAeT Marepual,
IPaMOTHO U MO CYIIECTBY M3JIaraeT ero, yMeeT MPHUMEHATh MOJyuYeHHbIe 3HAHHMS Ha MPAaKTUKE, HO
JIOTTyCKaeT HeOOobIINe OIIMOKHN B OTBETE U (WJIM) IIPU PEILIEHUH 3a7ay;



OlLleHKa «Xxopouo (5)» BBICTABIAETCS OOYdYalOMIEMYCsl, €CJIM OH TBEpJO 3HAeT Marepual,
IPAaMOTHO M IO CYIIECTBY H3JIAraeT €ro, yMeeT NPUMEHSITh NOJyYCHHbIC 3HAHUS Ha IPAKTUKE, HO
OTBEYAET HEYBEPEHHO U (WJIM) JIOMYCKAeT OIIMOKH MPH PEILICHUHU 3a]1ay;

OllCHKA  «YJOBJICTBOPUTEIBHO  (4)»  BBICTABISIETCS  OOydaroIeMycsi,  IOKa3aBIIEeMY
(dbparMeHTapHbI, pa3po3HEHHBIA XapakTep 3HAHWI, HETOYHbIC (OPMYITUPOBKH OA30BBIX MOHSTHIA,
HapyLIEHUs JIOTUYECKOM IOCIIEeI0BATEIbHOCTH B U3JIOKEHUM MPOrPaMMHOIO Marepuaina, €Ciu IpU
3TOM OH BJAJICET OCHOBHBIMH pa3jeiaMy Y4eOHOW MporpaMmbl, HEOOXOAMMBIMU IS JaJIbHEHIIETO
o0yueHUsl U MOXKET MPUMEHSATH MOJTyYSHHbIE 3HAHUS 110 00pa3ily B CTaHAAPTHOM CUTYyallUH;

OLICHKA  «yAOBJICTBOPUTENBHO  (3)»  BBICTABISIETCS ~ OOydarolleMycs,  IOKa3aBIIEMY
(dbparMeHTapHbIil, pa3po3HEHHbIH XapakTep 3HAHWM, HETOYHbIE (HOPMYIHPOBKU 0Oa30BBIX MOHATHUH,
HapyLIEHHUs JIOTUYECKOW IIOCJIEOBATEIbHOCTH B M3JIOXKEHMHM IPOTPaMMHOIO MaTepuana, He
BJIQ/ICIOIIEMY HEKOTOPBIMU pa3ziesiaMu yueOHOU MPOrpaMMbl, HO YMEIOUIEMY MPUMEHSTh OTy4YeHHbIE
3HaHU 10 00pa3Ily B CTAaHJAPTHON CUTYyalluy;

OlICHKA «HEYIOBJICTBOPUTEIHHO (2)» BBICTABIACTCS OOYy4arOIEMyCs, KOTOPBI HE 3HaeT
OoyblIel YacTH OCHOBHOTO COAEp)KaHUS y4eOHOH MpOorpaMMbl JUCIHILIMHBI, JOIYCKAeT TpyOble
omnOKU B (OPMYIUPOBKAX OCHOBHBIX MOHATHI AUCHUILIMHBI U HE YMEET HUCII0JIb30BATh MOJyYCHHbIE
3HAHUS [IPU PEIICHUN TUIOBBIX IPAKTUYECKUX 33]1a4;

OlLICHKa «HEYHOBIeTBOpUTENbHO (1)» BBICTABISIETCS 00yYaromIeMycs, MMOKAa3aBIIEMy IOJIHOE
HEe3HaHUEe y4eOHOH IpOorpaMMbl JUCIIUILINHBI.

OLICHKA «3a4TE€HO» BBICTABIIAECTCS CTYACHTY 110 UTOTaM TEKYILEW yCIIEBA€MOCTH, IIPU YCIOBUH,
YTO OH CZaJl BCE 3a/IaHusl, MPEAYCMOTPEHHBIC MPOTrPAMMON TUCIMILIMHBI, HATUCAT TIPOMEXYTOYHBIC
KOHTPOJIbHBIC pa0OTHI  HAOpaJ MOPOrOBOE KOJINIECTBO OAUIOB;

OLICHKAa «HE 3a4TCHO» BBICTABISICTCS OOydaromeMycs, €CJii OH He Ha0paJ MOpOroBOe
KOJMYECTBO 0aJLIOB.

5. Meroauyeckue MaTepuajbl, onpeae/siiolliue NPouUeIypPbl OLEHUBAHHUS 3HAHMI, yMeHMI,
HABBIKOB M (MJIM) ONBITA 1EATEIbHOCTH

3adeT MPOBOIMUTCS MO UTOTaM TEKYIIEH YCIEBAeMOCTH M CHA4M 3aJaHUM, MPETyCMOTPEHHBIX
MIPOrpaMMOil TUCIUIUIMHEI, C YU€TOM HaOpaHHBIX 04KOB 110 bPC.

Bpems npoBeneHuss MMCbMEHHOTO JK3aMEHa COCTAaBISET YETBIPE aCTPOHOMMYECKHX Yaca. Bo
BpeMs IPOBEJIEHUS MHUCBMEHHOIO 3K3aMeHa 00ydaroIiuecs MOTYT I0JIb30BaThCsl TOJBKO PYUKOH,
KapaHJaloM U Oymarou.




3. [lepevyeHb THMOBBIX KOHTPOJbHBIX 33JlaHHil, HCMOJIb3yeMbIX /JI1 OIeHKH 3HAHWI, YMEHUIH,
HABBIKOB

[IpomexyTouHas  arTecTanus 1O JAWCHUIUIMHE  «YDPaBHEHMs] MaTeMaTH4ecKoh  QU3UKu»
ocymectBisieTcs: B ¢opme muddepeHpoBanHoro 3adera (5 cemecTp) W dk3ameHa (6 cemectp).
DK3aMeH MPOBOJAUTCS B TMCbMEHHOW U YCTHOU (hopme.

Ipumepol KOHMPONLHBIX BONPOCOS.

1. Harp ompenenenue 3agauu Komu M XapakTepUCTHYECKOW MOBEPXHOCTH. B yem cyTh MmeTona
XapaKTepUCTUK?

2. Hammcarp ¢opmyny [amambepa. Pemenue kakoit 3amaum onHo nmaer? Kakx dopmymupyercs
CMeIIaHHasl 3ajadya Jjs MoJIyOeCKOHEYHOW CTPYHBI ¢ 3akperi€éHHbIM KOHIOM? Co CBOOOIHBIM
KOHIIOM?

3. B uem coctout npunnun I roiirenca?

4. CdopmynupoBarh 3amauy Komm ans ypaBHeHus terionpoBogHocTu. [IpuBectu ¢dopmyiy,
narorryto ee pemenue. Kak popmynupyercs npuHIMn MakcuMyMa Jj1s mapaboIudecKoro ypaBHEHHs ?
5. Kak onpenensercs oneparop Jlamiaca npu onqHOpoAHBIX KpaeBbix ycinoBusax? Kak ompexpensitorcs
ero coOCTBeHHbIE 3Ha4YeHHUs1 M coOcTBeHHbIe (yHkumu? Hamucats dopmynsl ['puna mis omeparopa
Jlarumaca. CopmynupoBats kpaeBble 3agaun Jupuxie u Heiimana ans ypaBHEHUS SJUTMIITUYECKOTO
THUIIA.

6. Kakue metonsr Bam u3BecTHbI Ans pemienus 3amauu upuxiie mist ypaBHeHus Jlamnaca B kpyre?
Uro Takoe unTerpan [lyaccona?

7. Kak ¢opmynupyeTcss cMellaHHas 3ajjada Jjisl ypaBHEHUS TEIUIONMPOBOIHOCTH Ha oTpe3ke? B uem
cytb Mmerona dypre?

8. ChopmynupoBaTh CMEIIAHHYIO 337a4y JIJIs ypaBHEHUS KOJIeOaHHU CTPYHBI Ha OTPE3KeE.

9. Yro Takoe pynkuuu beccenst mepBoro poxa? Kakossl ux cBoiictBa? I'ne onn npumensitorces? Kakne
npyrue nuinHapudeckue GyHkiuu Bel 3Haete?

. 3 . .
10. Jlate onpenenenue rapMmonudeckoi dymkumu B R . Kakue cpoiictBa stux (yHkumii? B gem
COCTOUT HPHUHIMUI MAaKCUMyMa M MHUHUMyMa Juid rapMoHuyeckux ¢ynkuuit? Kak dopmynupyercs
3anava Jupuxiue mia ypaBHeHus [lyaccona? [lpuBeanre KOppeKTHYIO OCTAaHOBKY BHEIIHUX KPAEBbIX

3anau Jupuxne u Heitmana g ypaBHenus Jlarutaca B R®.

11. aiiTe onpeneneHue chepuiyeckux yHKIUH, MapoBbIX GyHKUUN. [ 1€ OHM UcTIoNb3yroTCS?

12. Kakue ypaBHEHHs Ha3bIBAIOTCS MHTETPATBHBIMH ypaBHeHUsMH Dpenronbsma Broporo poma? Uro
TaKoe S1p0 MHTerpabHoro ypaBHeHus? Kakue siyipa Ha3bIBatoTCs BIpoxkaAeHHBIMU? Chopmynupyiite
Teopemsl Ppearosnbma.

13. Kakas 3amadya HocuT Has3BaHue 3amauu lltypma-JlmyBuiuia? Kak cBectu 3amauy IlItypma-
JInyBWIIIS K MHTETPAIbHOMY YPaBHEHHIO C 9PMHUTOBBIM SIApOM? 3aueM 3TO HYKHO?

14. Ilatp onpeneneHne o0bEMHOrO MOTEHIMANA, TOTEHLMAIA IPOCTOTO CJI0s, MOTEHIMAaja JIBOMHOTO
ciosi. Kakue cBoiicTBa 3TuX noteHunanos Bam nsBecTHsI?

HDUM@Dbl KOHMPOJIbHblX 3a0aHUlL.

I9K3AMEHALIMOHHASA PABOTA

JAucuumimna: YpaBHeHus MaTeMaTH4YeCKOH PU3UKH




Pemmte 3amauy u yka3arb HauOOJBIIYIO 007acTh, B KOTOPOH pEIIEHUE ONpPeeIeHO

1 OJIHO3HAYHO:
x'u_— y“uyy +2x°u —2y? u =0, (x>0,y>0),
u\xyzl =1, (l<x<2), u\y:x =x%, (0.25<x<1).

Haiitu perienne cMeIIaHHOMN 3a1auM: 16Utt =u_+ 72e (x>0, t>0),
2

ul_, =12x, ut‘tio =-3, (x=0), (u—ux)‘ . =3¢ -15, (t=>0).

PelmuTh cMemaHHyIo 3a/1a4y: u = 4u " (0O<x<3m, t>0),
3 ”L:o =cos(x/2), ut‘_ =x-3n, (0<x<3n),

u =sint, u_, =0, (t>0).
X|x=0 X=om

Penmts 3anaay Komu: u = Au—12sh2t-shy, ((x,y,2) e R, t> 0),

4
ul,_, = x’shy +(2x+y)cos(l+y +2x) - yze 2" ((x,y,2) e RY).
Pewts 3anauy:
5 Au=20r’sin6p, (r<l, 0<o@<2n),
(3u +ur)\  =11sin 6p—5c0s 7¢+3.
Haiitu xapaktepucThyeckue 4Yucia W COOCTBEHHbIE (YHKIHMH SApa HHTETPATHHOTO
6 ypaBHeHI/IfL PCHII/ITI) I/IHTeraJIBHOC ypaBHeHHe HpI/I BCEX BO3MOXHBIX 7\, .
u(x) =2x-[ [msin x + (1—2cos x)cos yJu(y) dy +1-6cosx,
0
u(x) e C[0,x].
Haittu pemenue cMemanHom 3a1a4uu:
7 @ (5)
U =2Au+J ?r Cos2¢+2J, ?r sin 59, r<3,0<¢<2n,
t>0,
@)
_ 1 - <3.0<0p<
“Lo—‘]l?r sin 50, r<3,0<¢<2nm,
u‘73:0, 0<p<2m,t>0,

m ) )
rae Hi ) MHHMMAJTBHBI OIOKHTENBHBII xopenb Gpynkiuu beccens J . (r).

Tpumepol 3a0ay, ucnoavzyemvix npu coaye 3a0aHuil’

1. Pemuts 3amauy Komm:
9u, =Au, (x,y)eR* t>0,

X

ul_, =3cos2x+e” “siny, (x,y) eR?.



2. Haiitu U(0,0, X3) it Xy >0, roe u(xl, X, , X3) - pemieHue 3anaun Jupuxie:
Au=0 mpu X,>0,
2, 2 2
u\ L xg +x; <R7,

010, X +x5=R?.

3. Haiitu ¢pynkuunio U(X), rapMOHHMYECKYIO B miape I =,/ X12 + X22 + X32 <1 u rakyro, uto

ou sin?0 /.
u+— =27~ (sin 20 +3v2).
or N2 ( ® )

r=1

4. Pemnts 3a7auy:

AU =96X%7, (u—ur)‘  =12sin 2¢, r=yx’+y><1, 0<¢<2n.
r=
5. HaiiTi XapaKTepuCTUYECKHE YKMCIIa, COOCTBECHHBIC ()YHKIIUU HHTETPAJILHOTO OIlepaTopa u

PeIIMTh IpH BCeX JOMYCTUMBIX A, A u D uHTerpansHOe ypaBHEHME

1
u(x):xj((1+3x)y—yz)l(y)dy+ax3+bx2, —1<x<+1.
0
6. CBecTy K HHTErpajbHOMY YPAaBHEHHUIO 331a4y
—x?y" —xy' =Ly +COSX, 1<x<2,
y@-In2-y'@)=0, y(2)=0.

4. Kpurepuu oneHUBaHUS

Ouenka «ormnuHO (10)» BbICTaBiIsIeTCS OOy4aroUIEMyCsl, €CIM OH IOKa3al BCECTOPOHHHE,
CHCTEMaTH3HPOBAHHBIC, TIyOOKHE 3HAHWS y4eOHOW MporpamMMbl AWCHUIUIMHBI U YMEHHUE YBEPEHHO
OPUMEHATh MX Ha NpPaKTUKEe MpPU PEUICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHNE PUHSTHIX PEIICHUH,

oreHKka «oTau4yHO (9)» BBICTABISIETCS OOYYArOLIEMYCs, €CIM OH IOKa3al BCECTOPOHHHE,
CHCTEMAaTH3HPOBAHHBIE, TIyOOKHE 3HAHWS y4eOHOW MpOorpaMMbl AMCHUIUIMHBI U YMEHHUE YBEPEHHO
OPUMEHATh MX Ha NpPaKTUKEe MpPU PELICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHWE MPUHATHIX PEIICHUH, HO TIPU 3TOM OBLTH JIOYIIEHBI HEOOIbIITNEe HETOYHOCTH, KOTOPHIE
ObUIN CAMOCTOSITENTLHO OOHAPYKEHBI M UCIIPABJICHBI,

oneHKka «oTauuHO (8)» BBICTAaBIsAETCS OOYUYAIOMIEMYCs, €CJIM OH ITOKa3al BCECTOPOHHHE,
CHCTEMaTU3HpPOBAHHBIE, TTyOOKHE 3HAaHUS y4eOHOW MporpaMMmbl AMCHUMIUIMHBI U YMEHHE YBEPEHHO
NPUMEHSATh WX Ha TpPaKTUKEe TpPU PEHICHWHM KOHKPETHBIX 3ajad, CBOOOJHOE U TPaBHILHOE
000CHOBaHUE MPUHATHIX PEIICHUH, HO IPU 3TOM OBLTH JIOMYIIEHbI HEOOIbIINEe HETOUHOCTH, KOTOPbIE
mocJyie yKa3zaHHsI SK3aMeHATOpa OBUTH CAaMOCTOSITENIbHO UCTIPABIICHBI,

OlleHKa «xopomo (7)» BBICTABIAETCS OOydYalOMIeMyCsi, €CIM OH TBEpJO 3HAeT Marepual,
IpPaMOTHO W TIO CYIIECTBY H3JIaraeT €ro, yMeeT MPHUMEHSTh IMOJyuYeHHbIC 3HAHWs Ha MpPaKTUKE, HO
JIONyCKAaeT HETOYHOCTH B OTBETE WJIU JIeJaeT HECYIECTBEHHbIE OIIMOKH MTPH PELIeHUH 3a/ay,

olleHKa «xopomio (6)» BbICTaBIsSETCS OO0ydYarOMIEeMyCs, €CM OH TBEpJO 3HAeT Marepual,
IpPaMOTHO U MO CYIIECTBY H3J1araeT €ro, ymeeT MPHUMEHATh MOJyuYeHHbIE 3HAHHMS Ha MpPaKTUKE, HO
JIOTTyCKaeT HeOOobIINe OIIMOKHN B OTBETE U (WJIM) IIPU PEILIEHUH 3a7ay;



OlLleHKa «Xxopouo (5)» BBICTABIAETCS OOYdYalOMIEMYCsl, €CJIM OH TBEpJO 3HAeT Marepual,
IPAMOTHO M IO CYIIECTBY H3JIAraeT €ro, yMeeT NPUMEHSTh IOJYYEHHbIE 3HAHUS HA MPAKTHUKE, HO
OTBEYAET HEYBEPEHHO U (WJIM) JIOMYCKAeT OIIMOKH MPH PEILICHUHU 3a]1ay;

OllCHKA  «YJOBJICTBOPUTEIBHO  (4)»  BBICTABISIETCS  OOydaroIeMycsi,  IOKa3aBIIEeMY
(dbparMeHTapHbI, pa3po3HEHHBIA XapakTep 3HAHWI, HETOYHbIC (OPMYITUPOBKH OA30BBIX MOHSTHIA,
HapyLIEHUs JIOTUYECKOM IOCIIEI0BAaTEIbHOCTH B M3JI0)KEHUHM IPOTrPaMMHOIO Marepuaia, €ClId IpH
3TOM OH BJAJICET OCHOBHBIMH pa3jeiaMy Y4eOHOW MporpaMmbl, HEOOXOAMMBIMU IS JaJIbHEHIIETO
o0yueHUsl U MOXKET MPUMEHSATH MOJTyYSHHbIE 3HAHUS 110 00pa3ily B CTaHAAPTHOM CUTYyallUH;

OLICHKA  «yAOBJIETBOPUTENBHO  (3)»  BBICTABIsIETCS  OOydaroleMycs,  IOKa3aBIIEMY
(dbparMeHTapHbIil, pa3po3HEHHbIH XapakTep 3HAHWM, HETOYHbIE (HOPMYIHPOBKU 0Oa30BBIX MOHATHUH,
HapylIEHUs JIOTMYECKOW IIOCIEOBAaTEIbHOCTH B HU3JIOKEHUU MPOrPaMMHOIO Marepuana, He
BJIQ/ICIOIIEMY HEKOTOPBIMU pa3ziesiaMu yueOHOU MPOorpaMMbl, HO YMEIOIIEMY MIPUMEHSTh OTy4yeHHbIE
3HaHU 10 00pa3Ily B CTAaHJAPTHON CUTYyalluy;

OlICHKA «HEYIOBJICTBOPUTEIHHO (2)» BBICTABIACTCS OOYy4arOIEMyCs, KOTOPBI HE 3HaeT
OoyblIel YacTH OCHOBHOTO COAEp)KaHUS y4eOHOH MpOorpaMMbl JUCIHILIMHBI, JOIYCKAeT TpyOble
omnOKu B (OPMYIUPOBKAX OCHOBHBIX MOHSATHH AUCHUIUIMHBI U HE YMEET UCIIOJIb30BATh MOJIYYCHHbIE
3HAHUS [IPU PEIICHUN TUIOBBIX IPAKTUYECKUX 33]1a4;

OlLICHKa «HEYHOBIeTBOpUTENbHO (1)» BBICTABISIETCS 00yYaromIeMycs, MMOKAa3aBIIEMy IOJIHOE
HEe3HaHUEe y4eOHOH IpOorpaMMbl JUCIIUILINHBI.

OLICHKA «3a4TE€HO» BBICTABIIAETCS CTYIEHTY 110 UTOTaM TEKYILEW yCIIEBA€MOCTH, IIPU YCIOBUH,
YTO OH CZaJl BCE 3a/IaHusl, MPEAYCMOTPEHHBIC MPOTrPAMMON TUCIMILIMHBI, HATUCAT TIPOMEXYTOYHBIC
KOHTPOJIbHBIC pa0OTHI  HAOpaJ MOPOrOBOE KOJINIECTBO OAUIOB;

OLICHKAa «HE 3a4TCHO» BBICTABJSICTCS OOydaromeMycs, €CliM OH He Ha0paJ MOpOroBoOe
KOJMYECTBO 0aJLIOB.

5. Meroauyeckue MaTepuajbl, onpeae/siiolliue NPouUeIypPbl OLEHUBAHHUS 3HAHMI, yMeHMI,
HABBIKOB M (MJIM) ONBITA 1EATEIbHOCTH

3adeT MPOBOAMUTCS MO UTOTaM TEKYIIEH YCIEBaeMOCTH M CAAYM 3aJaHUM, MPETyCMOTPEHHBIX
MPOrpaMMOil TUCIUIUIMHEL, ¢ y4eTOM HaOpaHHBIX 0ukoB 1o bPC.

Bpems npoBeneHuss MMCbMEHHOTO JK3aMEHa COCTAaBISET YETBIPE aCTPOHOMMYECKHX Yaca. Bo
BpeMs IPOBEJIEHUS MHUCBMEHHOIO 3K3aMeHa 00ydaroIiuecs MOTYT I0JIb30BaThCsl TOJBKO PYUKOH,
KapaHJaloM U Oymarou.




