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AHHOTANMA

B kypce paccmarpuBaroTCsl KIIIOYEBBIE INOHATHS W METOIbl JUCLHUIUIMHBI « YpaBHEHHMsS MaTeMaTHUYeCKOH
¢uzukn». OCHOBHOM Lenbio sBIsieTcs GopMUpOBaHUE 0a30BBIX 3HAHWN, YMEHHN UM HAaBBIKOB HCIIOJIB30BaHUS
CTaHAApPTHOTO MAaTEMAaTH4eCKOro armapara, NpeIHa3HaueHHOTO Ui ONUCAHUS (HU3HMUECKUX MPOLECCOB,
3aBHCALINX OT ABYX U OoJsiee yucia nepeMeHHbIX. [Ipexne Bcero BBOAUTCS OCHOBHOE JUIsl Kypca Onpee/icHHe
JTUHEHHBIX An(pdepeHInanbHbIX YPaBHEHUH ¢ YaCTHBIMU MPOM3BOIHBIMHU BTOPOTO IMOPSIIKA M ONpeeisieTcs
noHatue pemeHus. OnpenensioTcss TUNBI  ypaBHEHWH (  DJUIMNTHYECKHE, THUIEpOONIMYECKHEe U
napabonuueckue, ynpTparunepbonuueckue). PaccmarpuBaercss 3amada  Komm  is ypaBHEHUS
TEIUIONPOBOAHOCTH. A Takke 3amada Komwm nas BOJHOBOro ypaBHEHHS B Cllydyae OIHOW, JBYX M TpPeX
[IPOCTPAHCTBEHHBIX IIepeMeHHbIX. Mccnenmyercss paclnpocTpaHeHHME BOJH B cilydae TpeX M JBYX
MPOCTPAHCTBEHHBIX TEpEeMEeHHbIX. Psin  nexkumit MOCBSIIEH CMEIIAHHBIM KpaeBbIM 3a7adaM st
napabonuueckux ( ciyyal ypaBHEHHs TEIUIONPOBOAHOCTH) M rumepOoinudeckux ( ciaydaidl BOJHOBOTO
ypaBHEHHS), B YACTHOCTH IOCTPOCHUIO pemieHnd MetopoMm Dypne, a Takxke o0ocHOBaHHIO MeTona Dypee.
OtnenbHas TeMa Kypca 3TO TapMOHMYECKHe (DYHKIMHM M UX CBOMCTBAa. A Takke OCHOBHbBIE KpaeBble 3a/auH (
3agaya [dupuxne u 3amada Helimana) nnst ypaBHeHMH syumnrtuueckoro tuma ( ypaBHeHu#d Jlammaca u
[Tyaccona)

I'maBHOW menpl0 Kypca cleAyeT CYUTaTh BBEICHHE B KIACCHYECKHE IMOAXOABI K KIIACCHYECKHM 3ajjadyaM
MaTeMaTU4eCKou (PU3UKU, KOTOPHIC

BOCIIPUHHMMATh CKOpee Kak Hambojiee MPOCTHIC W TOHATHBIE 00pasibl M NPUMEpPHI, Ha KOTOPHIE MOXXHO U
HY)KHO OpPHECHTHPOBAThCS HCCIICAOBATEII0, CTABSIIEMy W PEIIAIOIIEMy aKTyalbHbIC 3a/ladll COBPEMEHHOM
MaTeMaTH4ecKON QU3UKH.

JUis yCHEIIHOro yCBOEHMs Kypca CIIyLIaTeNlro eJarelbHO 3HaTh W BIAJETh OCHOBaMHM Maremaruieckoro
Ananmza, uddepenunanbHpix YpaBHEHUH, a Taxoke JIuHeiHo# Anreopsl.

1. leau u 3apauu

eap AUCUMNIMHBI

KoHeyHO#l 1enpl0 TUCHMIUIMHBI «YpaBHEHUS MareMaTHYecKol (DU3MKW» SBISETCS (POPMUpPOBAHUE
0a30BBIX KOMIIETCHLIMII BMECTE C JIeXKAlIUMH B WX OCHOBE 3HAHMUSAMH, YMEHHMSMH U HaBBIKAMU
UCTIONIb30BaHMsI CTAaHAApPTHOTO MAaTeMaTH4YeCcKOro ammapara, IpeJHa3HAYeHHOTO Ui ONHCAHHs
(bU3MUECKUX MPOLECCOB, 3aBUCSIINX OT ABYyX M OOJNbILIEro yucia nepeMeHHbIX. Kak mpasuio, Takue
MPOLIECCHl OMUCHIBAIOTCS AU PEpEeHINATEHBIMI YPaBHEHUSIMHI B YacTHBIX MPOM3BOAHBIX. W XOTS B
HanOolee WHTEPECHBIX CIIy4dasX ypaBHEHHUS OKAa3bIBAIOTCS HEIMHEHHBIMM, IMPOCTEHIINH MHyTh K
MOCTPOCHHUIO TEOPHU Ja)Ke HEIMHEHHBIX YpPaBHEHHH B YAaCTHBIX INPOU3BOIHBIX BTOPOTO W Ooiee
BBICOKOTO MOPSIIKA HAYMHAETCS C JIMHEApH3allui TaKUX YpaBHEHWH. B CBs3M ¢ TeMm, 4yTO BBEIEHHE B
TEOPHI0 KBAa3WJIMHEHHBIX YypaBHEHUH B YACTHBIX MPOM3BOJHBIX IE€PBOTO MOPSJAKAa BOLUIO B
MPEIIECTBYIONUI Kypc OOBIKHOBEHHBIX au(depeHIInanbHbIX YpaBHEHUH, 00Ias Ieib BBOJHOTO
Kypca B 0a30BbIii MaTeMaTHYECKHi armapar ONMWCAHUS MHOTOMEPHBIX (DU3MYECKHX MpPOLECCOB
TPAJULMOHHO CBOAUTCA K U3YYCHHIO METOJOB pEIICHHS KOPPEKTHO MOCTaBICHHBIX 3ajad
MareMaTH4eckoil (u3nku, cHOpMyTMpOBaHHBIX KaK 33Jaud C HAYaJbHBIMH, KpAaeBBIMH H
HAa4YaJIbHO-KPACBBIMM YCIOBUSIMH Ul JIMHEHHBIX Jau(QepeHInalbHbIX YpPaBHEHUH B YaCTHBIX
MPOM3BOIHBIX BTOpOro mopsinka. [Ipw 3TOM ypaBHEHUs MOpsAKa BBIIIE BTOPOrO, Kak IPaBHIIO,
OCTalOTCA 3a MpeJeslaMy CTaHJapTHOTO BBOJHOTO Kypca, HEB3Mpas Ha MX BAKHOCTh, HAIIPUMEp, JUIL
MEXaHUKHU CIUIOIIHBIX CPell U TEOPHH YIPYTOCTH. [TaBHOW LIENbI0 TaHHOTO BBOAHOTO Kypca SBIISIETCS
OCBOCHHE OCHOBHBIX KJIACCHYECKHX TIOAXOAOB K pELICHHI0 KOPPEKTHO IIOCTABIECHHBIX 3ajad,
UCTIONB3YS TIPU STOM KaK aHAJIUTHYECKUE METOJIBI PELICHUS, TOTIOJTHEHHBIE JJIEMEHTAMH COBPEMEHHBIX
METOJIOB, TaK M KaueCTBEHHbIC METO/bl AHAJIN3a UCKOMBIX PEIIEeHHH, TPUMEHUMBIE ke TOT/a, KOrna
aHAJMTUYECKUI BHJ] CaMUX pEIICHWH He M3BeCTeH. PemaeMbie B Kypce KIACCHUSCKUMH METOJaMU
KOHKPETHBIE KJIACCHYECKHE 3a/1a4Hl He ClieyeT BOCIIPMHUMATh YUCTO YTUINTAPHO, KaK PEIICHNs HEKUX
3a7a4, KOTOpBIE K 4YEeMy-TO MOXKHO, a K YeMY-TO W HeJb3s MPUIOKUTh HEIMOCPEICTBEHHO.
OcHoBononararomieil MOTHBallMell JaHHOTO Kypca CIeIyeT CYUTaTh BBEICHHE B KIIACCHUECKHUE
MOAXO/BI K KIIACCHYECKUM 33/1auaM MaTeMaTU4eCcKON (H3HKH, KOTOPBIE CIIEAYET BOCIIPUHUMATH CKOpEe
Kak HauOojee MpOCThIE W TMOHATHbIE O00paslbl W MHpPUMEpHl, Ha KOTOPhIE MOXHO U HYXHO
OPHEHTHPOBATHCS MCCIIEOBATENI0, CTAaBSIIEMYy M PEUIAIONIEMYy aKTyajbHBIC 3a/ladll COBPEMEHHOM
MaTeMaTH4ecKor QU3UKH.

3agaun AU COMIIHHBI
OcBOMTH BCE ATAIIBI PEIICHHS 337a4l MaTeMaTH4eCKON (PM3UKH MO TIOJIHON CXeMe:



«KIaccuuKaIms 3a7ja4u — aHAITU3 KOPPEKTHOCTH MMOCTAHOBKH — BEIOOP IMOAXOISINETO aHATHUTHYECKOTO
METOJa PeUIeHUs] — PElIeHre 3a/laud — aHaJM3 HalWJeHHOTro pemeHus». OCBOUTH TaKKe BCE ITalbl
aHanm3a 3a7a4u MaTeMaTHIeCKON (PMU3MUKH 00IIEero BU/a M0 HEMOTHOM CXeMe:

«KJIacCUUKAIMS 33/1aud — aHaJlM3 KOPPEKTHOCTH TOCTAHOBKM — Ka4eCTBEHHBIM aHAIM3 CBOWCTB
HCKOMOTO PELICHUS» B Ccllydae, Korja 3ajada He NOAJAeTCsl aHAIUTHYECKOMY PEIICHUIO B SBHOM BUJIE,
YTO JIJIsl yPABHEHHI B YaCTHBIX MPOU3BOIHBIX SIBIISIETCS CKOpee OOIIMM MPAaBUIIOM, YeM HCKIIOUCHUEM.
Ha mpaxTtuke Takodi aHanmW3 TO3BOJSET OBICTPEE OMPENCIHUTH IMPABHWIBHOE HAINpaBIEHUE IOWCKA
KaKHX-TMO0O HMHBIX CPEJICTB pEIICHUsS 3a/1a4yd, MOMHMO AaHAJIWTHYECKHX, TAaKWX, HampuUMmep, Kak
MPUOIIKEHHBIE U YUCIICHHBIE METOBI, XOTS U OCHOBAHHBIX Ha Kypce YM®D, HO BBIXOIANIUX 32 €ro
TPaJUIIOHHBIE PAMKH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)

€CTECT

npodecCuoHaTbHON e TENHHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1auy,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHue MOJENH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

BCHHBIX HAYK, 1 UCIIOJIb30BAaTh UX B

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETb:

- OCHOBHBIE TUIIBI TU(PEepeHIINATBHBIX YPABHEHUH B YaCTHBIX IIPOM3BOIHBIX;

- OINpeeNIeHNE XapaKTEPUCTUYECKON TOBEPXHOCTH;

- OCHOBHBIE KpaeBble 3aJaud Ul YPaBHEHHMH THIEpOOIMYECKOro THUIA, MapaboMdyecKoro THIIA,
SIUTUIITUYECKOTO TUIIA;

- ¢opmynsr Janambepa, [lyaccona, Kupxroda permenns 3agaun Koiu 1t BOTHOBOTO YpaBHEHUS;

- TPUHLUIIBI MAKCUMYMa JJ1s1 TapaOOIMUeCKUX U SJUITMIITUYECKUX YPaBHEHUH;

- Meron PDyppe NOCTPOEHUS KIACCHUUYECKUX PELICHUH HayaJbHO-KPAeBBIX 3ajad AJsl ypaBHEHMs
TEIUIONPOBOAHOCTH U BOTHOBOTO yPaBHEHHUS,;

OCHOBHBIC CBOWCTBA TAPMOHHYECKUX (DYHKIIHIA;

dhopmyny Ilyaccona pemenust 3anauu Jupuxie nis ypaBHeHus Jlannaca B mape;

tdopmyny Ilyaccona pemenust 3aaun Hetimana juis ypaBaenwust Jlamnaca B miape.

onpenensaTh TUM JudQepeHInaIbHbIX YPaBHEHUH B YACTHBIX MIPOM3BOIHBIX; IPUBOIUTH YPABHEHUS
2-ro mopsiiKa ¢ HepeMEHHBIMH KOG GHUINEHTaMH K KAHOHHYECKOMY BUILY;

- pemars METOAOM XapakTtepucTuk 3agaun Komm u ['ypca anst runepOonnyeckoro ypaBHEHHUS Ha
IUIOCKOCTH;

- pelaTh CMEIIaHHbIE 3a/1a4K Ha MOJyOCH AJI1 OMHOMEPHOIO BOJIHOBOTO YPABHEHMS;

- pewats 3aaa4y Koiu a1t BOJIHOBOIO ypaBHEHUS;

- pemars 3aaa4y Komm amst ypaBHEeHUS TETIONPOBOJHOCTH;

- IPUMEHATH MeTol Dypbe NPU PEIICHUH CMELIAaHHbIX 3ajiad JUIsl BOJTHOBOIO YPaBHEHUS U yPaBHEHMUS
TEIJIONPOBOAHOCTH;

- pemiath KpaeBble 3aJa4uu 15 ypaBHeHus [lyaccoHa B KpyroBBIX M IIAPOBBIX O0NACTAX.

BJIAJIETD:

- METOAAMH W TIOAXONAMH TEOPUM YPaBHEHHH B YaCTHBIX INPOU3BOAHBIX, OPUEHTHPOBAHHBIMH Ha
pelIeHne MUPOKOTro Kpyra NPUKIAJHbIX 3a/1a4 B 00JIaCTH MEXaHUKH, (GU3UKU U SKOHOMUKH U JIp;

- 3HAHMSMH, YMEHMSAMU M HaBBIKAMH, MPHOOPETEHHBIMH B XOJ€ H3Yy4EHHUS Kypca YpaBHECHHUI
MaTeMaTHYeCKOM (HU3UKH, TO3BOJIIONIMMU KOPPEKTHO (opMynupoBaTh M peliaTh KpaeBble U
HayaJbHO-KpaeBhIE 33Jayd, BO3HMKAIONIME TIPM MAaTEMaTHYECKOM MOAEIUPOBAHUU PEAbHBIX
MPOLIECCOB B paMKax pa3IMYHbIX 001acTel HAyKN M TEXHHUKH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH



TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 lapmonnueckne  GyHKUIMM U HX 6 4 12
CBOMCTBA.
2 3anava Komu /1 BOMHOBOTO ypaBHEHHUS. 7 11 23
3 3amaga Komn JUTST ypaBHEHUS 6 6 12
TEIUIONPOBOAHOCTH.
4 Knaccuduranums YpaBHEHUIA. 6 > 3
XapaKTepUCTHUKHU.
Meron ®Dyppe peleHns CMEIIaHHbIX
5 3a7a4 I BOJIHOBOIO YPaBHEHUS U 6 11 26
YpaBHEHUS TEIJIOIPOBOJHOCTH.
Ob6nactn BHemHero Ttuma. Kpaesble
6 3amaun yia  ypaBHeHus Jlammaca B 7 5 12
00JIaCTSIX BHEILIHETO THUIIA.
Pewenne 3amaum lupuxie u 3amauu
7 Helimana mia ypaBHeHus Jlammaca B 7 6 12
Kpyre U B ILape.
Hroro yacos 45 45 105
[TonroToBka k 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 225 yac., 5 3ad.en.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 6 (Becennuit)
1. F'apmoHnyeckue QyHKIMH U UX CBOWCTBA.
lapmonnueckue ¢ynkaun. @OyHnameHTanpHOoe peuieHne ypaBHeHusi Jlammaca. IloreHumans
mpocToro W ABoMHOro  cioeB. OObeMHBIH  (HBIOTOHOB)  TIOTeHNHMAald.  beckoHeuHas

muddepeHpyeMocTb rapMoHndeckux ¢yHkuuid. Teopembl o cpenneM. Teopema 00 ycTpaHneHuUH

ocobennoctu. [Ipunnun makcumyma. Teopema JlnyBuiis.

2. 3agaga Komm 11t BOTHOBOTO ypaBHEHHUSI.

BonHoBoe ypaBHeHHEe B cioyyae JBYX M TpeX IPOCTPAHCTBEHHBIX IepeMeHHBIX. [lmockue
XapaKTePUCTUKH BOJHOBOTO ypaBHEHUS, cBeTOBOM kKoHyc. [locTtanoBka 3amaun Komm. 3amaua Ko
JUIs  BOJIHOBOTO ypaBHeHHMA. HeoOxXoaumble yCiOBUSL Al CYLIECTBOBAaHHMS pELICHUS. 3aKOH
COXPaHEHMS SHEPTUU U €AMHCTBEHHOCTH perieHus 3aaaun Komm. CyniecTBoBaHUE peIIeHHs 3a/1auu
Komm B cnmywasix Tpex mpocTpaHCTBEHHBIX mepeMeHHbIX (popmyna Kupxroda). CymectBoBanue
pemeHus 3a1aun Ko B ciryyae ByX IpOCTPaHCTBEHHBIX NepeMeHHBIX (popmymna Ilyaccona, meton
ciycka). HenpepbiBHas 3aBUCHMOCTh PELICHUS OT Ha4aJbHBIX (DYHKIHH.

PacnpocTpaneHue BOJH B Ciiy4ae IBYX M TPEX HMPOCTPAHCTBEHHBIX mepeMeHHbIX. O nuddys3uu BoiaH
B CJIy4ae /IByX IIPOCTPAaHCTBEHHBIX [IEPEMEHHBIX.

3. 3apava Komwu 11 ypaBHEHHS TETITIONPOBOAHOCTH.



3amaua Komm miisi ypaBHeHMs TeruionpoBoaHOCTH. HeoOxommmblie ycinoBus Ui CYLIECTBOBaHHS
peweHus. PyHAAMEHTAIBHOE PELICHNE YPaBHEHUS TEIJIONPOBOJHOCTH. EAMHCTBEHHOCTh pelleHus,
OTPaHUYEHHOTO B KaXJAOW XapakTepucTudeckod moioce. Kimacc eauHCTBEHHOCTH THXOHOBA.
Pemenne 3amaum  Komm  anms  OJHOPOJHOTO — ypaBHEHMS — TEIUIONPOBOAHOCTHU-(PopMyIna
[lyaccona.beckoneunas nuddepenuupyeMocts pemenus. [lpuHuun makcumyma. HenpepbiBHas
3aBUCHMOCTD pelIeHUs OT HadalbHOH QyHKIMU. OTCYTCTBHE HENPEPHIBHONW 3aBUCUMOCTH PEILCHUS
3agaun Komm 1yt ypaBHeHuUs1 «00OpaTHON TEIJIONPOBOIHOCTIY (IpuMep Axamapa).

4. Knaccudukanusi ypaBHeHUH. XapaKTePUCTUKH.

Huddepenumanbaple ypaBHEHMS B 4YacTHBIX NPOM3BOAHBIX. JInHelHble auddepeHranbHbIe
ypaBHeHus. Knaccuduxarys ypaBHEHUI BTOPOro MOpsIKa.

XapaKkTepuCTUKN ITMHEWHBIX ypaBHEHHWH BTOporo mopsiaka. OOBIKHOBEHHOE IuQQepeHIranbHoe
ypaBHEHHE IS XapaKTEPUCTHK B JIBYMEPHOM Cilydae. XapaKTepUCTUKHA BOJTHOBOTO ypaBHEHHUS.
BonHoBoe ypaBHEHHE B ciiyyae OJHOU mpocTpaHCTBEHHOUW mepeMmenHou. [TocranoBka 3amaun Komm
(B 4acTHOCTH, JIOKaJM30BaHHOW 3anaum), popmyna Jlamambepa. OOmacTh 3aBUCUMOCTH PEIICHUS
3agaun Komm. HenpepbiBHas 3aBUCHMOCTD pelieHus OT HadaibHbIX (pyHKOmid. [Ipumep oTcyTcTBuUs
HETpephIBHOM 3aBUCUMOCTH B ciiydae ypaBHeHus Jlamnaca (mpumep Anamapa).

5. Meron ®yppe pelleHHs CMELIAHHBIX 3aJad M BOJHOBOI'O YpaBHEHHUS M YPaBHEHUS
TEIJIONIPOBOAHOCTH.

CMmemranHasi 3ajgaya IJii OIHOMEPHOTO YPaBHEHHS TEIUIONPOBOAHOCTH Ha KOHEYHOM OTPE3KE.
Heob6xoauMele yciaoBusl pa3pelIMMOCTd 3afadn (YCJIOBHS IVIAJKOCTH IIPAaBOM 4YacTH YpaBHEHHS U
HAyaJIbHON W rpaHWYHBIX (QYHKLUUH M yCIOBHA MX cortacoBanus). [IpuHIMI MakcuMyMa M Teopema
eIMHCTBEHHOCTU. Teopema O HEempephIBHOW 3aBUCHMMOCTH PELICHUS OT Ha4aJdbHOM M I'PAaHMYHBIX
(GyHKUIUH.

Merton ®ypbe n0Ka3aTeNbCTBA TEOPEMBI O CYIIECTBOBAHUU PELICHHUS.

CwMmenranHas 3aj1a4a JJisl OJHOMEPHOI'O BOJIHOBOTO YPaBHEHHUSI Ha KOHEYHOM oTpe3ke. HeoOxoaumebie
YCIIOBUSL Pa3peIlMMOCTH 3a1aud (YCJIOBHMS TIAJKOCTH HPAaBOWH YacTH ypaBHEHUS M HA4aJIbHBIX U
IpaHUYHBIX (YHKUMH M YCIOBUS HMX coriacoBaHus). Teopema €IMHCTBEHHOCTH M Teopema o
HETPepbhIBHON 3aBUCUMOCTH PELICHUS OT Ha4alIbHbIX (QYHKIMH (3aKOH COXPAaHEHUS SHEPTHN).

Merton ®ypbe noKa3zaTenbCTBa TEOPEMBI O CYIIECTBOBAHUU PELIEHHUS.
6. O6nactu BHemHero tuna. Kpaesble 3agaun ai1st ypaBHenus Jlamnaca B 001acTSX BHEIIHETO THIIA.

Ob6nactu BaemHero tumna. [IpeobpazoBanue nHBepcuu u ero cpoiicta. IIpeobpazosanue Kenbpuna.
PerynsipHocTh TapMoHWuYeckol QyHKIMM Ha OECKOHEUHOCTH. [IpHUHIMII MakcuMyMma JJist
rapMOHUYECKON (DyHKIIMK B OOJIACTH BHEIIHETO THUIIA.

3anaua Jupuxne g ypaBHeHus Jlammaca B oOmactu BHemiHero Tuma. HeoOxomumeie ycrnoBHS
pa3pelmMocTy 3a1a4u. Teopema eqMHCTBEHHOCTH pelieHus. Teopema 0 HellpepbhIBHOM 3aBUCUMOCTH
pemieHusi oT rpaHuuHON (yHKuuMu. Pemenue 3amaun [Jupuxne ans ypaBHeHus Jlammaca Bo
BHEIIHOCTH 11apa -popmyna [lyaccona.

7. Pewenue 3anaun Jupuxite u 3anaun Helimana 11 ypaBHeHus Jlaruiaca B kpyre U B ape.

3anaua [Qupuxne mia ypaBHenus llyaccona B orpanmueHHoi obnmactu. Heobxomumele ycnoBus ee
paspemuMocTy. EIMHCTBEHHOCTh pEIIEHUs; HENPEPbIBHAS 3aBUCHMOCTb PELICHUS OT IPaHUYHOMN
¢ynkuuu. Pemenne 3agaun Aupuxie mia ypasHenus Jlamnaca B mape-dopmyna [lyaccona.

3amaua Heiimana ans ypaBHenus [lyaccona B orpaHmueHHON oOmacth. HeoOxomumbie ycIoBHsI
paspemmoctu. Teopema 00 obmem Buzae pewmeHus 3anadd. Pemenue 3amaun Heiimana s
ypaBHeHus Jlamiaca B mape.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

CranpaptHas yueOHasi ayIuTOPHSL.



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa
Muxaiinos, B. I1.
Jlexnuu o ypaBHeHUsIM MaTeMaTrueckor ¢pusuku [Tekcr] : yue6. mocodue : pek. Yued.-MeToI.
coseroM MOTH / B. I1. Muxaitnos .— M : @usmariut, 2001 .— 206 c. — (Jlekuuu kadeaps! BeicLIei
Maremarukut MOTHU). - bubmumorp.: c. 202-203. - [Ipeam. yka3.: c. 204-206. - 10003k3. - [ISBN
5-94052-026-X) .

Muxaiinos, B. I1.

COopHHK THITOBBIX 3aJlad 110 Kypcy "YpaBHeHus: Mmaremarudeckoi ¢pusuku" [Teker] : yueb. mocodue
s By3oB / B. I1. Muxaiinos, T. B. Muxaiinosa, M. 1. [llabynun ; M-Bo oOpa3zoBanus u Hayku Poc.
®deneparnun, Mock. ¢pu3.-texH. uH-T (roc. yH-T .— M. : M3n-Bo M®TU, 2007 .— 128 c. - 800 ax3. -
ISBN 5-7417-0206-6.

COopHHUK 33124 110 ypaBHEHHUSIM MaTeMarndecko ¢pusuku [Teker] : yued. nocobue ais By3oB / B. C.
Bnagumupos [u ap.] .— 5-e uzn., nepepad. u gon. — M. : DUIMATIIUT, 2016 .— 520 c. -
Bubnuorp.: c. 516-517. - 1500 sx3. - ISBN 978-5-9221-1692-3 (B nep.) .— Ilonusrii Texct (Pexxum
nocTyna : noctyn u3z cetu MOTN).

Brnagumupos, B. C.

VYpaBuenus maremaruueckoii ¢puzuku [Tekcr] : yaeOnuk ans sy3os / B. C. Bnagumupos, B. B.
XKapunoB .— 2-e uzg., crepeorun. — M. : @uzmatnut, 2000, 2004, 2008 .— 400 c. - bubnuorp.: c.
399. - 3000 3k3. - ISBN 5-9221-0310-5 (8 nep.) .— [Homnslit Teket (Joctyn u3 cetu MOTU /
VYraneHHbIN TOCTYT).

VYpoes, B. M.
YpaBHeHus mareMatudeckoi ¢usuku [Tekct] : yuebd. mocodue it By30B / B. M. Ypoes .— M. : fly3a,
1998 .— 373 c. - 5000 3k3. - ISBN 5-88923-026-3

JomnonHurensHas aureparypa
Tuxonos, A. H.
VYpaBuenus maremaruueckoit puzuku [Tekct] : yueOnuk ans By30B / A. H. Tuxonos, A. A. Camapckuit
; Mock. roc. yH-T uM. M. B. JlomonocoBa .— 7-e uzn. — M. : U3n-Bo MI'Y : Hayka, 2004 .— 798 c.
— (Kimaccuyeckuii yHUBEpCUTETCKHN yIeOHUK :1TOCBAM. 250-1eTri0 MOCKOBCKOTO YHUBEPCUTETA). -
Bubmuorp.: c. 791. - TIpenm. ykas.: c. 792-798. - 5000 ax3. - ISBN 5-211-04843-1 (B mep.)

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

1. http://math.stackexchange.com — MexxayHaponHbI 00pa30BaTeIbHBIA MaTeMaTHUECKUNA CailT, Ha
KOTOPOM TIpE/ICTABIICHBI TOYTH BCE Pa3/esibl MaTeMaTHKH, BKItouas pde (=partial differential
equations); Jydilee U3 UMEIOLINXCSI B UHTEPHETE CPEACTB OECINIaTHOTO MaTeMaTnyecKoro
camMo00pa30BaHMs; yCHEIHO (QyHKIIMOHUPYET Oarofapsi y4acTHIO CTYAEHTOB U IperojaBarenei
YHUBEPCUTETOB BCETO MHUPA: CTYACHTHI UIIYT U HAXOAAT IIOMOIIb B PELICHUH 3a/1a4, a [IPEToaBaTeiIn
MOJTY4aloT JOCTYH K OTPOMHOM 6a3e 3a/1a4 K JII000MY CTaHIapTHOMY MaTeMaTH4ecKoMy Kypcy B
paMKax YHUBEPCUTETCKOI MpOorpaMMbl OT OakiaBpuaTa 10 aCHUPAHTYPbI, IPUYEM CBEXHE 3a1a4l
MOCTYIAIOT Ha CAlT KPyIJIOCYTOYHO HEMPEPHIBHBIM IOTOKOM; METOMYECKHE PEKOMEHIALNH 10

3¢ EeKTUBHOMY HCIONB30BAaHUIO caiiTa CM. HIbKE B paszene 10;

2. http://eqworld.ipmnet.ru/ — ucTouHUK HH(DOPMALIUY TIO TUHEHHBIM U HETMHEHHBIM

T QepeHIanbHbIM U (QyHKIIMOHAILHBIM YPAaBHEHHUSM C OHJIAKH JIOCTYIIOM K y4eOHUKaM H
CHpaBOYHHUKAM 10 MaTeMaTHKe, MEXaHUKE U (PU3HUKE U CO CCHUIKAMHU Ha IPyTUe MOA00HbBIE HCTOUHUKU
UHTEPHETa;

3. http://www.wolframalpha.com/ — HOBBI crtIOCOO TOOBIBATH 3HAHUS U TIOJIYYaTh OTBETHI HA
BOIIPOCHI: HE TOMCKOM B MHTEpPHETE, a TOJIyYHB JOCTYI K OHJIAH MCIIOIb30BAaHHUIO OOIIUPHBIX 0a3
JAHHBIX, AJITOPUTMOB U METOJIOB;

4. http://www.encyclopediaofmath.org — Maremarudeckast SHIMKJIONEANS, 3laHHAs B MOCKBe Ha
pycckoM B 5 ToMax uznatenbcTBoM «CoBeTckas DHIMKIone us» B 1977 rofdy, u 3aTeM nepen3gaHHast
Ha aHrmiickoM uzaaresnbetBoM Kluwer Academic Publishers B 2002 rogy ¢ KoMMeHTapusMu
JKCIIEPTOB.



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

He npexycmorpeHo.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneniHoe ocBOoeHUE Kypca TpeOyeT HanpshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca yKa3aHO BpeMsl Ha CaMOCTOSITEIbHYIO PadOTy, MUHHMAJIbHO HEOOXOAMMOE sl TMOJHOLEHHON
pabothl cTynenTa Haj TeMoit. CaMmocTosiTeIbHas padoTa BKIIIOUAET B ce0s:

— YTEHHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW M Hay4yHOW JHUTeparype),
[IOATOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX JJISI CaMOCTOSTEIbHOIO H3yuYeHMs,
JIOKa3aTeJIbCTBO OTACIBHBIX YTBEPKICHUH, CBOMCTB;

— pelieHue 3a/1a4, IpeAaracMblX CTYIEHTaM Ha JIGKIUAX U IPAKTUYECKUX 3aHATHSIX,

— MOATOTOBKY K MPaKTHYECKUM 3aHSATHSIM.

PykoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTylIeHTa ocylecTBiseTcs B Qopme
HUHAUBUYaJIbHBIX KOHCYJIbTAlUM.

ITokazareneM BIIQAECHUS MaTepUaIoOM CIYXKHUT YMEHHE pemars 3aaadd. Jns GpopMUpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha MPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIie
3amad. [lpum permenun 3agaq Kaxaoe aeicTBIE HEOOXOAMMO aJICKBaTHO apryMEHTHPOBaTh, CChUIASICh HA
YK€ YCBOCHHBIE TeopeTHueckue cBeaeHusl. OONeryuTh pelieHue 3aJa4d  [OMOXKET XOpOILO
BBITIOJIHEHHBIN PUCYHOK, OTPAYKAOIIMMI YCIOBUSA 3a4a4U.

[Ipy moaroToBke K MPaKTHUYECKUM 3aHITHAM HEOOXOAMMO MOBTOPSTH PaHEe M3yUYEHHBIE OCHOBHBIC
omnpezaeneHus, GopMynupoBku TeopeM. OOBIYHO NPHUACPKHUBAIOTCS CIEAYIOUIEH CXEMbl: U3y4YeHHE
Marepuaia JEeKIUH MO KOHCIEKTYy B TOT XK€ JeHb, Koraa Obuia mpociymana jekuus (10-15 munyT);
MOBTOPEHHE MaTepuasia HakaHyHe cieayromeid nexkunuu (10-15 munyT), mpopaboTka ydeOGHOTO
Marepuajga MO KOHCIEKTaM JIeKLHiH, y4eOHOH W HaydyHOW JUTeparype, IOATOTOBKAa OTBETOB Ha
BOIPOCHI, MNpEeAHA3HAYEHHBIX JUII CaMOCTOSTENIbHOro wu3ydeHus (1 wac Hememo), MOATOTOBKAa K
MPaKTUYECKOMY 3aHATHIO, pemieHue 3agad (1 wac). BakHo n0OMTBbCS MOHMMAHUS HM3y4aeMOTrO
Marepuaja, a HE MEXaHUYECKOro ero 3anoMuHaHus. [Ipu 3aTpyaHEHUM U3y4YeHMs OTAEIbHBIX TEM,
BOIIPOCOB, cjeqyeT oOpamarbcs 3a KOHCYJIbTalMAMU K JIGKTOPY HJIM MPENoJaBarelio, BeXyLeMy
[IPAKTUYECKUE 3aHSITHUS.

Homn. nmureparypa:
1. Cobones C.JI. YpaBuenus maremarndeckort ¢usuku. M.: TUTTIL, 1973.

2. Oneitank O.A. Jlexiuu 00 ypaBHEHHUSIX ¢ YacTHBIMU Npou3BogHbIMU. M.: BUHOM, Jlabopatopus
3HaHuit, 2005.

3. 3y6os B.U. ®ynkiuu beccens: yaedHO-MeToauaeckoe nocooue.M.:M®DTH,2007
4. INanbues b.B. Chepuueckue Gpynkuun: yuedHo-Meronuueckoe nocooue.M.:MDTH, 2004.
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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 HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMUCCTBECHHBIC PACYCThI U OLICHKU

C€CTCCTBCHHBIX HAYK, U UCIIOJIb30BaTh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA
B pesynbrare uzydeHus JUCIUILIMHEL « YPaBHEHHS MaTeMaTHISCKON (PU3NKI» 00yUYaIONTHIICs TOJDKEH:

3HAThb:

OCHOBHBIE THITBI AU (HepeHINANBHBIX YPAaBHEHUH B YaCTHBIX IPOU3BOAHBIX;
OTIpEZIENIEHNE XapaKTEPUCTUYECKON TOBEPXHOCTH;
- OCHOBHBIE KpaeBble 3aJaud JUIl YPaBHEHMH THIEpOOIMYECKOro THUIA, MapaboMdyecKoro THIIA,
SIUTUIITUYECKOTO TUIIA;
- ¢opmynsr Hanambepa, [lyaccona, Kupxroda permenns 3agaun Koy 11t BOTHOBOTO ypaBHEHUS;
- TPUHLUIIBI MAKCUMYMa JJ1s1 TapaOOoIMUeCKUX U SJUITMIITUYECKUX YPaBHEHUH;
- Meron PDyppe NOCTPOEHUS KIACCHUUYECKUX PELICHUH HayaJbHO-KPAeBBIX 3ajad AJsl ypaBHEHMs
TEIUIONPOBOAHOCTH X BOTHOBOTO yPaBHEHHS,;
- OCHOBHBIE CBOHCTBA FApMOHUYECKUX (DYHKIINH;
tdhopmyny Ilyaccona pemenus 3anauu Jupuxie nis ypaBHeHus Jlannaca B mape;
- ¢opmyny [lyaccona pemenus 3agaun Helimana aist ypaBHenus Jlarnaca B mape.
YMeThb:

onpenensaTh TUl JudQepeHIaIbHbIX YPaBHEHUH B YACTHBIX MIPOU3BOIHBIX; IPUBOIUTH YPAaBHEHUS
2-ro mopsiiKa ¢ HepeMEHHBIMH KO PHUINEHTaMH K KAHOHHYECKOMY BUILY;
- pemars METOOOM XapakrepucTuk 3agaun Komum u ['ypca anst runepOonnyeckoro ypaBHEHHUS Ha
IUIOCKOCTH;
- pelaTh CMEIIaHHbIE 3a/1a4H Ha MOJyOCH AJI1 OMHOMEPHOIO BOJIHOBOTO YPABHEHMS;
- pewats 3aaa4y Komu ass BOJIHOBOIO ypaBHEHUS;
- pemats 3aaa4y Komm a1 ypaBHEHHS TEIIONPOBOAHOCTH;
- IPUMEHATH MeTol Dypbe NPU PEIICHUH CMELIAHHbIX 3ajad JUIsl BOJIHOBOIO YPaBHEHUS U yPaBHEHMUS
TEIJIONIPOBOAHOCTH;
- pemiath KpaeBble 3aJa4uu 15 ypaBHeHus [lyaccoHa B KpyroBBIX M IIAPOBBIX O0NACTAX.

BJIaJeTh:
- METOAAaMH W TIOAXONAMH TEOPUM YPaBHEHHH B YaCTHBIX NPOU3BOAHBIX, OPUEHTHPOBAHHBIMH Ha
pelIeHne MUPOKOTro Kpyra NPUKIAJHbIX 3a/1a4 B 00JIaCTH MEXaHUKH, (PU3UKU U SKOHOMUKH U JIp;
- 3HAHMSMH, YMEHMSMU M HaBBIKAMH, MPHOOPETEHHBIMH B XOJ€ MH3YyYEHHUS Kypca YpaBHEHUI
MaTeMaTHYeCKOM (HU3UKH, TO3BOJIIONIMMU KOPPEKTHO (opMynupoBaTh M pelIaTh KpaeBble U
HayaJbHO-KpaeBble 3aJa4M, BO3HMUKAIOIIUME MPH MaTeMaTHYeCKOM MOJICIUPOBAHUM peabHBIX
MPOLIECCOB B paMKax pa3IMYHbIX 001acTel HAyKN M TEXHHUKH.

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

Texkymuii KOHTPOIb OCYIIECTBISCTCS HAa OCHOBe OamnbHO-pelTuHroBoi cuctembl (BPC) onenku
3HaHUWA 10 u3y4aemMod mucuuiuiiHe. BPC y4yuThIBaeT BBINOJIHEHHE CTYIEHTAMH COBOKYITHOCTH
JOMAalIHUX 33/laHUi ¥ KOHTPOJBHBIX pPabOT B COOTBETCTBUM C Yy4eOHBIM IIIaHOM. JlaHHBIE O
MOCEIIAEMOCTH U TEKyIIeW YCIeBaeMOCTH BHOCSATCS MPENOAABATeISIMU B CIICIUAIBHBIC KYPHAIBI U
yuutbiBatorca B bPC.

Texymuii KOHTPOJIb HA OCHOBE JOMAIIHUX 3a/IaHUH OCYIIECTBIISICTCA B TEUEHUH Y4eOHOro cemecTpa B
CPOKH, YCTaHOBJICHHBIC YUeOHBIM YIPABICHUEM, B COOTBETCTBUHU C YUEOHBIM IJIAHOM.




Jns cmaum 3agaHus CTYyAEHT 00s3aH INPEeJOCTaBUTh pELICHHE 3aJadd JOMAIIHEro 3aJaHus B
MUCBMEHHON (hopMe, OTBETHUTh Ha BOMPOCHI MPENOAaBaTelNsi M HaNWCaThb KOHTPOJIBbHYIO padoTy o
3a1aHUI0, TI0 KOTOPOU MPOBEPSIOTCS 3HAHUE NOHATUN M YTBEPKIACHUN IO TEMaM CIAaBAEMOTO 3aIaHUS
Y YMEHHIO pellarh 3aJauu.

Bo BpCMs  BBIIIOJHCHUA KOHTpOJ'IBHOﬁ pa60TLI HCJIB3d TIIOJIb30BATHCA IIOMOIINBKO JPpYyrux JIMII,
BBIYMCIUTEILHON TEXHUKH U MOOHMIIEHBIMH TeHe(bOHaMI/I.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
oOyuaroumuxcst

1. JIuneitHOE ypaBHEHHE BTOPOTO MOPsAKa C TOCTOSHHBIMU KO3 dunuentamu. Knaccuduxanms.
2. IlpuBeneHne K KAHOHUYECKOMY BUY.
3. YpaBHenus Jlamnaca, Ilyaccona, BOTHOBOE ypaBHEHHE, TEILUIONPOBOJHOCTH U APYTHE.

4. O6ume pemenus. [IpeoOpa3zoBaHus, cCOXpaHSOUIME BUA ypaBHEHHA. [IpHMHLIMI CymepHo3uLUU
pELIEHUI.

5. TupaxupoBaHue peuieHuil. ABTOMOeNnbHbIe pemienus. [Ipumepsr.
6. JIuneitHoe ypaBHEHHE BTOPOTO MOPSIIKA C IEPEMEHHBIMH KOG GHUINECHTaMU.

7. 3aMeHa HE3aBUCUMBIX [I€PEMEHHBIX U IPUBEACHUE K KaHOHUYECKOMY BUJY YpPaBHEHUs C JIByMs
HE3aBUCUMBIMH [TEPEMEHHBIMHU.

8. Kimaccudukanus B Touke U B 00gacTu. XapaKTepUCTHKH.

9. IlocraHnoBka 3a1a4 MareMarnieckoi pusuku. Tunnunele 3agaun. Kpaesbie 1 HauaabHbBIE YCIOBHSL.
10. 3agaun: Komy; kpaeBbie; CMeMIaHHBIE.

11. MuoromepHslie onepatopsl casura. Cpoiictsa. [Ipumenenust.

12. 3apaua Komm u mpeicraBieHHe ee pemieHWsl Ui JIMHEHHOrO YypaBHEHHUS C YaCTHBIMHU
[IPOU3BOJHBIMY [IEPBOTO IOPSIIKA.

13. Pemenne 3amaun Komwm (BONHOBOE YypaBHEHWE; YpaBHEHHE TEIUIONPOBOJHOCTH)  JIst
KBa3UMHOTOUWICHHBIX BXOIHBIX TaHHBIX.

14. 3apada Ko i ypaBHeHus kosieOanuii ctpyHsl (n=1). ®opmyna Hanambepa.
15. 3apaun ans monyorpaHUYEHHOM MPSIMOH.
16. 3apaua Komm a1t BomHOBOro ypaBHenus (n=3). @opmyna Kupxroda.

17. 3amauya Komm s ypaBHeHUs konebanuii memOpanbl (n=2). ®opmyina Ilyaccona (Metox crmycka).
EnuncrBenHocts perenus 3agaun Komm.

18. JluneiiHoe rumnepOoIMYECKOe ypaBHEHHE C YAaCTHBIMHM IPOM3BOJHBIMH BBICOKOTO IOPSAKA M C
IBYMS HE3aBUCUMBIMH TlepeMeHHbIMU. 3aada Komm u npencraBieHue ee pereHus. XapakTepUCTHKH.

19. JIuneitnas runepbonuyeckasl CHCTEMa YPaBHEHUH ¢ YaCTHBIMU IMPOU3BOJHBIMU MEPBOTO TOPSAIKA U
C [OByMs HE3aBUCHUMBIMH TIepeMEHHbIMH. 3amada Komm W mpeacraBieHHEe €€  pelieHus.
XapaKTEepUCTHUKHU.

20. CmermanHas 3a/1a4a JUIs ypaBHEHHs KolIeOaHuil CTpyHBI Ha OTpe3Ke. EMMHCTBEHHOCTh pelieHHs.
21. IlpuHuMI CyNEeprno3uLy PELLICHUH U METO]| pa3AeieHUs IEPEMEHHBIX.

22. 3ajada ¢ JaHHBIMU Ha XapakTtepucTuke (3amaqa ['ypca).

23. 3apmaua Ll typma--JInysunns Ha otpeske. @ynkuus [puna oneparopa Htypma--JlnyBusis.

24. YpaBuenns Jlamnaca, [Tyaccona u ['enpmronbiia. [apMornyeckre QyHKIIUN U UX CBOWCTBA.

25. Ipunnun makcumyma. [Ipeobpazosanue Kenbpuna.

26. JlarutacuaH B MOJISIPHBIX, IIMIMHAPHUUECKUX U C(HepUIeCcKUX KOOpANHATAX.

27. dynnameHranpHble penienus (n=1, n=2, n=2, n\geq4) u Aensra-QyHKIHS.

28. OcHOBHBIE KpaeBbIe 3a/lauu (BHyTpEHHHE; BHENIHKE): 3a1ada J{upuxie; 3aqa4a Helimana.

29. Teopems! enuHcTBeHHOCTH. DopMynsl ['puna. @yukius [puna 3agaun Jupuxie.

30. IlpencraBnenue pemieHus 3afauu  Hupuxmne (B Kpyre © mape, B TMOJYIUIOCKOCTH U
MOJTYTIPOCTPAHCTBE) Yepe3 KpaeBble 3HAUCHHUS.

31. KondopmHble oTOOpakeHHs M HMX HWCIOJNB30BaHUE IS peuieHus 3agaud Jlupuxie u s
nocrpoenus: GyHKuuu [puna.

32. Meron pa3zneneHus IepeMEHHBIX U pellieHUe KPaeBbIX 3a7a4d B R™2.

Kpurepun onennBanus



Onenka «ormmuHo (10)» BhICTaBIsAETCS OOydaromieMycsl, €CIId OH TIOKa3all BCECTOPOHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

oueHka «omm4HO (9)» BhICTaBIAETCA OOy4YalOIIEMyCsl, €CJIM OH IIOKa3aJl BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HOPUHATBIX PELICHUH, HO IMPHU 3TOM OBUIM JOMYIIEHBl HEOOJbIINE HETOYHOCTH, KOTOPbIE OBLIH
CaMOCTOATEIBHO OOHAPY>KEHBI U HCIIPABIICHBL;

OLICHKa «OoTIM4YHO (8)» BhICTABIAETCA OOydYalOIIEMyCs, €CJIM OH IIOKa3aJl BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
NPUHATBIX PpEIIeHWH, HO NPH 3TOM OBUIM JOMYyINEHBI HEOONbIINE HETOYHOCTH, KOTOpHIE IOJICE
yKa3aHUs 3K3aMEeHAToOpa ObUIM CaMOCTOSTEIBHO UCIPABIICHBI;

OLIEHKA «xopomIo (7)» BBICTABISIETCS 00yUaromeMycs, €CJIM OH TBEPJO 3HAET MaTepHual, IPaMOTHO U IO
CYIIECTBY H3JIaraeT ero, yMeeT IpPHUMEHSATh IOJy4YCHHbIC 3HAHHS Ha IPAKTUKE, HO [OIMYCKaeT
HETOYHOCTH B OTBETE MJIM JETIAaeT HECYIIECTBEHHbIE OUIMOKH MPH PEIICHUH 3a71a4;

OLIEHKa «XOpoIIO (6)» BBICTABIAETCS 00Y4aIOMEMYCsl, €CJIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U O
CYIECTBY H3JaraeT €ro, ymeeT IPHUMEHATh IOJIy4YEeHHbIC 3HAHMA Ha IPAKTUKE, HO [OIYCKaeT
HeOoJbLIMe OMMOKH B OTBETE U (WJIM) IPH PEILICHUH 3a]1ay;

OLICHKA «X0pomIo (5)» BBICTABISIETCS 00yUaromeMycs, €ClIi OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U O
CYLIECTBY H3JIaraeT €ro, yMeeT MPHMEHATh MOJYYCHHbIC 3HAHHWS Ha TNPAKTHUKE, HO OTBEYAET
HEYBEPEHHO U (WJIH) JI0TycKaeT OMMOKH TIpY PEelIeHUH 3a71ad;

OLICHKA «YJIOBJIETBOPHUTENBHO (4)» BbICTABIsAETCS OOy4aromeMmycs, MoKaszaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIA XapakTep 3HAHWH, HETO4YHble (OPMYIMPOBKM O0a30BBIX MOHITHH, HAPYLICHUS
JIOTUYECKON IOCIIeI0BATEIbHOCTH B N3JI0KEHUH [IPOrPaMMHOI0 MaTepuasa, €CiId IIPU 3TOM OH BJIaieeT
OCHOBHBIMH pa3fiesiaMu y4eOHOW MporpamMmbl, HEOOXOAMMBIMH IS JaJIbHEHIIEro OOydYeHUsI 1 MOXKET
MPUMEHSATH MOJIYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallly;

OLICHKA «YJOBJETBOPHUTENbHO (3)» BbICTaBIsAETCS OOy4aromeMmycs, MoKaszaBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HAHWH, HETO4Hble (OPMYIMPOBKM O0a30BBIX MOHITHH, HAPYLICHUS
JIOTUYECKOHW II0CJIEZ0BAaTEIbHOCTY B H3JIOKEHUU IIPOIPaMMHOIO Marepuaia, He BIaJCIOIIEeMy
HEKOTOPBIMH pazieflaMi Y4eOHOH MpOrpamMMbl, HO YMEIOIIEMY NPUMEHSTH MOJY4YCHHbIE 3HAHUA II0
o0pasity B CTaHAAapTHOM CUTyalny;

OLICHKA «HEYIOBJIETBOPUTEIHHO (2)» BBICTABIAETCS O0ydaromeMycsl, KOTOPbIM He 3HaeT Oonbliel
4acTH OCHOBHOIO COJIEp)KaHHUS y4eOHOW NpOorpaMMbl TUCHMIUIMHBI, JOMYyCKAaeT TpyOble OMMOKM B
(bopMyIHPOBKaX OCHOBHBIX MOHATHI TUCHUIUINHBI X HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAHHS [IPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

OLICHKA «HEYIOBIETBOPUTENHHO (1)» BBICTaBIsSETCS 00ydaroIeMycsi, TOKa3aBlIeMy IOJIHOE HE3HaHUE
y4eOHOM porpaMMbl JUCLUTLTHHEI.

5. MeTonu4eckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bpemst nipoBenieHNsI NHCHMEHHOTO 9K3aMEHa COCTAaBIISIET YEThIPE aCTPOHOMHMYECKMX 4aca. Bo Bpems
MPOBEICHUS TUCbMEHHOTO dK3aMeHa 00yJaroIrecss MOTYT MOJIb30BaThCS TOJIBKO PYUKOH, KapaHIaIIoM
u Oymaroii.
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Buanl 3anaTui Cymma 0as110B

KonTtpoasnas padorta Ne 1 o caade 1 3aganus 0-9
KontponbHas padora Ne 2 1o cmade 2 3agaHus 0-9
3amanue Ne 1 0-3
3amanue Ne 2 0-3
0-3
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IIpoBepka TEOpETHUECKUX 3HAHUN
PaboTta Ha cemuHapax

©|N|o| 0 WM

[TucemenHas paboTa 0-30
HToroBelii KOHTPOJIb. DK3aMeH (YCTHBINA OTBET) 0-60
HUTOI'O 0-120

Cymma 6auioB ) MpOMEKyTOYHOM aTTeCTAI[H BEIYUCIIACTCS 110 popMyIie

Y =>1+>2+>3<120,tme ) 1- 3a paboty B cemectpe, (0<)1<30); ) »- 32 MUCbMEHHYIO
paboty; ) o= 3K, 1<K<10, K-ouenka 3a nuceMennyto paboty. Eciu nuceMenHas pabota
Hanucana Ha 0 6amnos, To ) 2=0. )'3- 3a ycTHBIN 9k3ameH; Y 3= 6-n, 3<n<10, rae N-oleHka
3a ycTHBIN 3k3ameH. Eciu N=1 nim 2, To uTOroBas oleHKa COBIaAaeT ¢ N, MPH 3TOM ) 3
HE BBIYUCIISIETCS.

CooTBeTCTBHE OLIEHOK UTOTOBOM aKaJeMHUYECKOM yCI€eBa€MOCTHU 6&HHBHO'pCﬁTHHFOBOﬁ
CHUCTCMEI.

Banner BPC OneHkn
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103-111 9 OTJIMYHO

94 —102 8

85— 93 7

76 — 84 6 XOpOIIO

67 — 75 5

54 — 66 4

41 — 53 3 YJIOBJICTBOPUTEIIEHO
28 — 40 2

0 - 27 1 HEYJIOBJICTBOPHTEILHO

Pernamenr npunstus moMamHMx 3agaHuii M [IPOBENEHHMS OK3aMeHa OIPENENAETCS
«[lonoxeHneM O TEKyIIEM KOHTPOJIE YCIEBAEMOCTH M MPOMEXKYTOUHOM aTrrectaluu
CTYJEHTOB Ha Kadeape BhICIIEeH MaTeMaTUKU».

3aB. kadempoii I'.E. BanoB




3. [lepevyeHb THMOBBIX KOHTPOJbHBIX 3aJaHHii, HCMOJb3yeMbIX /JI1 OI€eHKH 3HAHUI, YMeHUH,
HABBIKOB

[IpomexyTouHas arrecTanmusi MO JAUCHUIUIMHE «_ YpaBHEHUS MaTeMaTH4ecKoW (GU3HKU  »
ocymiecTBisieTcss B ¢popme 3k3ameHa (6 cemecTp). DK3aMeH MPOBOJUTCS B MHCHMEHHOW M YCTHOU

dhopwme.

Ipumepvl KOHMPONLHBIX BONPOCOS.

1. Harp ompenenenue 3amauun Komu M XapakTepUCTHYECKOW MOBEPXHOCTH. B yem cyTh MeTona
XapaKTepUCTUK?

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

3. B uem coctout npunuun I roiirenca?

4. CdopmynupoBarh 3amauy Komm ans ypaBHeHus tersionpoBogHocTu. [Ipuectu ¢dopmyiy,
naronryto ee pemenue. Kak popmynupyercs npuHIMI MakcuMyMa JIJIsl TapaboIudecKoro ypaBHEHHS ?
5. CdopmynupoBath KpaeBbie 3agaun Jupuxie u Helimana s ypaBHEHHs! SJUTMIITUYECKOTO THIA U
JIaTh ONPEIEICHUE UX PELICHUM.

6. Kakue metonsl Bam u3BecTHbI Ans peuieHus 3aaauu upuxiie mist ypaBHeHus Jlamnaca B kpyre?
Uro Takoe unTerpan [lyaccona?

7. Kak ¢opmynupyeTcsi cMellaHHas 3aja4a JAjsl YpaBHEHHs TEIUIONPOBOIHOCTH Ha oTpe3ke? B uem
cytb Mmerona dypre?

8. ChopmynupoBaTh CMEIIAHHYIO 33a4y JUJIsl ypaBHEHHS KOJIeOaHHUM CTPYHBI Ha OTPE3KE.

9. Mlarp ompeneneHue rapMoHuueckoi ¢pyHkuuu . Kakue cBoiictBa stux QyHkiumii? B wem cocrout
MPUHIMIT MaKCUMyMa UM MUHUMyMa Juisi rapMmoHudeckux (ynkumii? Kak dopmynupyercs 3amaya
Jupuxie s ypasaenus [lyaccona?

10. JHatp ompeaeneHue O0OIACTH BHEHIHETO TUMA. PeryiaspHOCTh TapMOHMYECKOW (YHKIMM Ha
O6eckoneuHoctd. Yto Takoe mnpeoOpa3zoBanue KenpBuHa. [lpuBeanTe KOPPEKTHYIO MOCTAHOBKY
BHEIIHUX KpaeBbIX 3a1ay Jupuxie u Helimana niusa ypaBHenus Jlamiaca. Pemenue 3anaun upuxne
BO BHEIIIHOCTH 111apa.

HDUM@Dbl KOHMPOJIbHblX 3a0aHULL.

I9K3AMEHALIMOHHASA PABOTA

JucuMiiinHa: YpaBHeHus: MATEeMAaTHYeCKOH (PU3MKH

Pemuth 3amauy u ykazarh HauOOJbIIYIO 00J1aCTh, B KOTOPOH pEIICHHE OIpeNeIeHO

1 opHO3HA4YHO:

x'u_ —y“uyy +2x°u, —2y3uy =0, (x>0,y>0)

u\xyzlzl, (1< x<?2), u\yzx =x?, (0.25<x<1).
Haiitn pemenne cvemanroii sanaum: 16U =u_ + 72t (x>0, t>0),
2 ul,_, =12x, utLo —-3, (x>0), (“_“x)‘x:o —3e'-15, (t>0).
PelnTs CMeIaHHyIo 33/1a4y: u, = 4uXX , (0<x<3m, t>0),
3 ul,_, =cos(x/2), ut‘zozx—Bn, (0 < x < 3m),
ul . =sint, ul_, =0, (t>0).




Penmts 3amauy Komm: 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 R?).
Pemuts 3agauy:
5 Au=20r*sin6p, (r<1l, 0<@<2n),

u-+u =11sin 6p—5c0s7p+3.
3 D 11sin 6¢p—5cos7¢p+3

[pumepul 3a0a4, UCnoOIL3YEeMbLX HPU COAYe 3A0aAHULL:

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

—9x2

ul_, =3cos2x+e" siny, (x,y) e R?.
2. Haiitu U(0,0, X3) s X, >0, roe U(Xl, X, , X3) - peneHue 3anaun Jupuxie:
Au=0 npu X;>0,
1, X +x:<R?
‘XFO :{O, X, + X2 >R%,

3. Haiitu ¢pynkuuro U(X), rapMOHUYECKYIO B mape I =,/ Xl2 + X; + X; <1 u Takymo, uto

ou sin0 .
u+— = (sin 20 + 3v2).
ve38) -T2 inzevai)

4. Pemnts 3a7auy:

AU=96x",  (u-u)|  =12sin2g, r=yx’+y?> <1, 0<¢@<2r.
5.
PeIuTh CMEIIAHHYIO 33734y U, =4, . (0<x<3n, t>0)
ul,_o = cos(x/2) ul, =XTSm o 0<x<3m
u X:O:Sint1 U‘x=3n:0, >0y,

4. Kputepuu oueHUBaHUS

Ouenka «orimuno (10)» BeicTaBisieTcss 00ydaromieMycsi, €Cid OH TOKa3al BCECTOPOHHHE,
CHUCTEMAaTU3UpOBaHHbIE, TTTyOOKHE 3HAHMUS Y4eOHOHM MporpaMMmbl JTUCHUIUIMHBI M YMEHUE YBEPEHHO
OPUMEHSATh MX Ha NpPaKTUKEe NP PELICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE
000CHOBaHNE MIPUHATHIX PELLIEHUM;

oueHka «otanyHO (9)» BbICTaBIsIeTCS OOydYaroUmeMycs, €CIM OH TOKa3al BCECTOPOHHHE,
CUCTEMAaTU3UpOBaHHbIE, TTTyOOKHE 3HAHMUS Y4eOHOH MporpamMmbl JTUCHUILUIMHBI U YMEHUE YBEPEHHO
OPUMEHSATh MX Ha NpPaKTUKEe NpPU PEUICHWHM KOHKPETHBIX 3aJad, CBOOOJAHOE M MpPaBUIbHOE



00OCHOBaHWE MPUHSTHIX PEIICHUH, HO MPH 3TOM OBUIH IOMYIIEHBI HEOOIBIINE HETOYHOCTH, KOTOPHIE
ObUIN CAaMOCTOSITETILHO OOHAPYKEHBI M UCTIPABJICHBI,

oleHKa «oTauyHO (8)» BbICTaBNIsAETCS OOYyYalOUMIEMyCs, €CIIM OH TMOKa3al BCECTOPOHHHE,
CHCTEMaTU3UPOBAHHBIC, TTyOOKHE 3HAHUS y4eOHOW MporpaMMbl AMCLUMUIUIMHBI U YMEHHE YBEPEHHO
NPUMEHSATh WX Ha NPaKTUKE NpPU PEHICHUHM KOHKPETHBIX 3ajad, CBOOOJHOE W MPaBHIBHOE
000CHOBaHUE MPUHATHIX PEIICHUN, HO IPU 3TOM OBLTH JOMYIIEHBI HEOOIbIINEe HETOUHOCTH, KOTOPbIE
MocJjie yKa3aHHsl SK3aMEeHATOpa ObUIH CAaMOCTOSITEIILHO UCTIPABIICHBI,

OlleHKa «xopouo (7)» BBICTABIAETCS OOYdYalOMIEeMYCs, €CIM OH TBEpJO 3HAeT Marepual,
IPaMOTHO W TIO CYIIECTBY HM3JIaraeT €ro, yMeeT NMPHUMEHSTHh MOJIyYCHHbIC 3HAHHS Ha TPAKTUKE, HO
JOMyCKAaeT HETOYHOCTH B OTBETE WJIU JIeJaeT HECYIIECTBEHHbIE OIIMOKH MPH PELICHUH 3a/1a4,

oleHKa «xopoiio (6)» BbICTaBISIETCS OOydYarOMIEMYCs, €CM OH TBEPJO 3HAET Marepual,
IpaMOTHO W MO CYHIECTBY HM3JIaraeT €ro, ymMeeT NMPUMEHSTHh IMOJIyd€HHbIE 3HAHHMS HA MPAKTUKE, HO
JOTTyCKaeT HeOOIbIIME OMMOKHA B OTBETE U (WJIH) ITPU PEIICHUU 33/1a4;

OlLleHKa «Xxopouo (5)» BBICTABIAETCS OO0YdYalOMIEMYCsl, €CIM OH TBEPJO 3HAeT Marepual,
IPaMOTHO W TIO CYIIECTBY H3JIaraeT €ro, yMeeT NMPHUMEHSTh IOJIyYCHHbIC 3HAHHS Ha TPAKTUKE, HO
OTBEYAET HEYBEPEHHO U (MJIM) JIOMYCKAeT OIIMOKH MPH PEIICHUHU 3a]1ay;

OLICHKA  «YAOBJICTBOPUTEIBHO  (4)»  BBICTABIsIETCS  OOydaroIIeMycs,  IOKa3aBIIEMY
(dbparMeHTapHbI, pa3po3HEHHBIH XapakTep 3HAHWI, HETOYHbIC (OPMYITUPOBKH 0a30BBIX MOHSITHIA,
HapYIICHHsI JIOTHYECKOM TOCIIE0BATEIbHOCTH B M3JIOKEHHH MPOrPAMMHOI0 MaTepualia, €Ciu Ipu
STOM OH BJIQJICET OCHOBHBIMH pa3jeiaMy Y4eOHOW MporpaMmbl, HEOOXOAMMBIMH IS JaJIbHEHIIETO
00y4YCeHHS U MOXKET IPUMEHSITh MOJyYCHHBIC 3HAHUS 110 00pa3ily B CTAHIAPTHOM CUTYAIIHH;

OlleHKa  «yaoBjieTBOpuTeibHO  (3)»  BBICTABIsCTCS ~ OOydYaroOmIEMyCs,  IOKa3aBIIEMY
(bparMeHTapHbIi, Pa3pO3HEHHBIA XapaKTep 3HAHWW, HETOYHBbIC (OPMYIHPOBKH 0a30BBIX IOHSATHUH,
HApYIIEHHUs] JIOTHYECKOW TMOCIEeNOBATEIbHOCTH B W3JI0KEHWM TPOTPaMMHOrO MaTepualia, He
BJIJICIONIEMY HEKOTOPBIMU pa3JielaMu y4eOHOM MPOrpaMMbl, HO YMEIOLIEMY IPUMEHSTh ITOTy4YCHHBIC
3HaHUS 10 00pa3Ily B CTAaHJApTHON CUTYyalluH;

OIICHKA «HEYIOBICTBOPUTEILHO (2)» BBICTABIACTCS OOYydarOmEMyCs, KOTOPBI HE 3HaeT
OoybIIeid YacTH OCHOBHOTO COAEp)KaHUS Y4eOHOH NporpaMMbl JUCHUILIUHBI, JOMYCKaeT TpyOble
omuOKu B (POPMYITHMPOBKAX OCHOBHBIX MOHSATHH JUCIHUILTUHBI U HE YMEET UCIIO0JIb30BATh MOJIyYCHHBIC
3HAHUS MPH PEIICHUH TUIOBBIX MPAKTUYECKUX 3314,

OLICHKA «HEYAOBIECTBOPUTENHLHO (1)» BBICTaBIsIETCS O0yYaromeMycs, MMOKAa3aBIIEMy MOJIHOE
He3HaHHUE y4eOHOW MPOTpaMMBbl TUCIIUILITHHEL.

5. MeToauyeckne MaTepHaJibl, ONpeAessiOlIHe MPOUeIypPbl OLEHUBAHUS 3HAHMI, YMEHMIi,
HABBIKOB M (MJIH) ONBITA 1eATEJbHOCTH

Bpemst mpoBeneHUs MUCBMEHHOTO JK3aMeHa COCTABIISIET TPH acTPOHOMHYECKHMX dYaca. Bo
BpeMs TPOBEJCHUS IMHUCBMEHHOIO 3K3aMeHa OO0ydarolluecs MOTYT I0JIb30BaThCS TOJBKO PYUKOMH,
KapaHAaloM U OyMarou.

[Tpu npoBeseHNH YCTHOTO SK3aMeHa oOydarolmeMmycsi mpeaocTasisercss | acTpOHOMUYECKHM
yac_ Ha noarotoBky. Onpoc oOyuaromierocs o OmieTy Ha YCTHOM SK3aMeHe He JJOJDKEH MPEBbIIATh
JIBYX aCTPOHOMHYECKHX 4acoB. Bo BpeMs mpoBeAeHUs dK3aMeHa 00ydaroIuecs MOryT MOJIb30BaThCA
TOJIBKO NMPOrpaMMOMN AUCHUIUINHBIL.




