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1. ]_le.JIb H 3aav9y JUCHUIIINHDbI
He.]'ll) OCBOCHMA TUCHUIIMHBI:

OBJIQJICHHE METOJaMH MaTE€MaTUUECKOTO MO3HAHUSI U METOIO0JIOTHEH pabOoThI ¢
MaTeMaTHYeCKUMH OOBEKTaMH B KOHTEKCTE WX MPUMEHEHHS [JIs PpelIeHUsI
npodeccuoHaIbHO-OPUEHTUPOBAHHBIX 3a/1a4 B 00JIaCTH MOKapHOU 0€30MacHOCTH.

Ilepeyenb KoMneTeHUMH, GOPMHPYEMBIX B IPOLECCe H3YYEHHUS IUCIUILIHHBI
Komnerenuuun Coaep:xkanue

OIIK-3 CrocobeH pemate NOpPUKIAAHBIE 3a7adyd B 00jJacTu oOecreueHHs
MoKapHOW  O€30MacHOCTH,  OXpaHbl  OKpYXKAlImEed  cpeapl |
JKOJIOTUYECKOW  0€30MacHOCTM  MCIONIb3Ysl TEOpUI0 UM METOJbI
(yHIaMEeHTaIbHBIX HAYK

3agauy JAMCUUILIHHDI:

— (dopMupoBaHHE MpEACTABICHUNH 00 OCHOBHBIX IOHATHUSX YpaBHEHUH
MaTeMaTHYCCKON (PU3MKN Ha OCHOBE IMOJIOKCHUM, 3aKOHOB U METOJIOB €CTECTBECHHBIX
HaYK U MATCMATHUKHU M BO3MOXHOCTAX HX HCIIOJIB30BAHHIA B O6JlaCTI/I HO)KapHOﬁ
0€30I1aCHOCTH,

—  ¢opMmupoBaHUE  yMEHHUU OCHOBHBIX  IIPUHIIUIIOB IIOCTPOCHUSA
MaTeMaTHUYECKUX W  KOMIIBIOTEPHBIX  Mojeled  3ajad  npodecCHOHAIbHOM
NEATCILHOCTH JJII TPOTHO3MPOBAHHUSA Oyaylield CHUTyalldd W IPEIOCTABICHHUIO
OCHOBHBIX PEKOMCH/IAIMK 110 BEACHHUIO JCATEILHOCTH B 00JIACTH MPETYIPEIKACHUSI U
mukBuAanud YC mpupoIHOro ¥ TEXHOIEHHOI'0 XapakTepa.

2. [lepeyeHb NJIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUsI JUCHUNINHBI,
COOTHECEHHBIX ¢ IVIAHUPYEMBIMHU Pe3yJIbTATAMHM 0CBOEHHs 00pa30BaTeIbHOM
MpPOrpamMMbl

NupaukaTopbl JOCTUKEHUST KOMIIETEHITUI [Tnanupyemsbie pe3yabTaThl 00yUeHUSs 10
TUCLUILINHE

3HaHME OCHOB BBHICIICH MareMaTuku, Gu3nku, | 3HaeT

XVUMHH, DJIEKTPOTEXHUKH, BBIYMCINUTEIBHON | OCHOBHBIE ITOHATHS OCHOB BBICIIECH

TEXHUKHU U TIPOrPaMMHUPOBAHMS MaTeMaTuKu, QU3NKHU, XUMUH,

OIIK-3.1. 3JIEKTPOTEXHUKH, BEIYUCIUTEIbHON TEXHUKHU U
MPOrpaMMUPOBAHUS JUIsSI PEILICHUS YPaBHEHUN

MaTeMaTU4eCKOu (PU3UKU.

Ymeer

KJaccu(UUUpOBaTh TUN YpPaBHEHUS U THUII
KPAaeBBIX YCJIOBHUM JUIsl PELICHUS MPUKIATHBIX
3amau B oOnacTu oOecreueHus MoKapHOU
0€3011acCHOCTH, OXPaHbl OKPYXKAIOIIEeH cpebl U
9KOJIOTHUYECKON 0€30MacHOCTH.

Ymenue pemiaTh CTaHJapTHHIC | 3HAET

npodeccUOHATIbHBIE 33J]aud C NPUMEHEHHUEM | IOCTAHOBKM  OCHOBHBIX  KpaeBBIX  3ajad,
€CTECTBEHHOHAYYHbIX ¥ (YHJaMEHTAJIbHBIX | OCHOBHBIC ~ METOJAbI WX  pCIICHHS IS
HayK, OOIIEMH)KCHEPHBIX 3HAHUI, METOJOB | pa3pabOTKH 0a30BOM KOMITbIOTEPHON MOICITH




MaTEeMaTUYCCKOIro aHajin3a U MOACIIMPOBAHUA

OIIK-3.2.

VYmeer

Pewmats cranmapTHbIe 3a1a4¥ MaTEMaTUYECKON
GU3MKH  TpH  TOMOIIM  KOMIIBIOTEPHOI
cuctremel MathCad wu  ananusupoBathb
NOJyYCHHBIC PEHICHHs, YYHUTHIBAs OICHKU
JIOCTOUHCTB M HEJJOCTATKOB.

Bnagenve HaBbIKAMU TEOPETHUYECKOTO U
AKCIIEPUMEHTAIILHOTO WCCIICIOBAHUS
OKpY Karomiei cpenbl u 00BEKTOB

poeCCUOHAIBHON NIeATETLHOCTH
OIIK-3.3.

3Haer

Teopuio U depeHINaNbHbIX YpaBHEHUH B
YaCTHBIX NMPOU3BOJHBIX BTOPOTO TOPSIKA IS
pelieHust TMPHUKJIATHBIX 3a7a4 B 00JacTu
oOecrieyeHuss  MOKapHOM  OE30MacHOCTH,
OXpaHBI OKpY>Karomien cpenbl u
9KOJIOTHYECKOH O€30IMacCHOCTH.

VYwmeer

HCCIIe1I0BaTh runepOoInIecKue,
IUTUNTAYECKUE U apabondecKie ypaBHEHUS
U TpPUMEHATh HMX B HpodecCHOHATBLHOU
JESITETbHOCTH.

3. MecTo 1MCUMIIMHBI B CTPYKTYpPe OCHOBHOM NpodeccuoHanbHOi
o0pa3oBaTeJIbHOM NMPOrpaMMbl

I[I/ICI_[I/IHJ'H/IHa OTHOCHTCA K

dbakynbTaTUBHONW  4YacTU

npodeccuoHaIbHON 00pa30BaTEbHON MPOrpaMMbl CHEIUAIUTETA M0 HAMPABICHUIO

noarotoBku  20.05.01 IlokapHas 0Oe30MacHOCTB,

«IToxapoTryuenue».

HaIpaBJIeHHOCTh (TIpOdUIIb)

4. CTpyKTypa U coepKaHue TUCHUILTHHBI

0611135{ TPYAOCMKOCTb JUCHUIIIIMHBI COCTABJISACT 2 3a4eTHBIE CAHMHUIIBI 72 yaca.

4.1. PacnipenesieHne TPYJA0eMKOCTH Y4eOHOM TUCHMILIMHBI 110 BUAaM padoT

1o cemecTpam u ¢popmam o0ydeHust

NJI1 04HOi popMBbI 00yUeHUsI

OCHOBHOU

TpynoeMKoCTh
. o
Bup yseGHoH paboTs: 3.e. Jac. cemMecTpam

7
OOmas TPyAOEMKOCTh JTUCIHUIUIMHBI TI0 Yy4eOHOMY 9 79 79
TUTaHy
KoHrakTHas paboTa, B TOM YHUCIIE: 36 36
AyIMTOPHBIE 3aHATHS 36 36
Jlexnuu (JI) 8 8
[Ipaktuueckue 3ausatus (I113) 16 16
Cemunapckue 3anarus (C3)
Jlaboparopusie pabotsl (JIP) 12 12
CamocrosiTesbHast pagora (CPC) 36 36




TpynoeMKOCTh
. o
Bu yue6HOH padoTs: 3.€. qac. cemMecTpam
7
B TOM YHCJIE:
KOHCYJIbTALUU MepeJT IK3aMEHOM
KypcoBasi paboTa (poeKT)
3aver + +
JK3aMeH
JJIS1 3209HOI (pOpMBI 00y eHUA
TpynoeMKoCTb
Bun yuebHoit paboThl se. e, o szcaM

O0mas  TpPyAOEMKOCTb  JMCLUHUIUIMHBI IO

2 72 72
y4eOHOMY TIIaHy
KonrakTHas paborta, B TOM YHuCIe: 12 12
AyIUTOpPHBIE 3aHATHUS 12 12
Jlexuuu (JI) 2 2
[Tpaktuyeckue 3ansatus (113) 10 10
JlaGopatopusie paboTsl (JIP)
CamocrosiTesasHast pagora (CPC) 60 60
B TOM YHCJIE:
KOHCYJIbTALIUU NIEPe]] SK3aMEHOM
3auer + +

4.2. Conep:kaHue TUCHUIIHHBI, CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3jaeiam)
C YKa3aHHeM OTBEJICHHOI0 HA HUX KOJIMYECTBA aKaJeMHUYeCKHX YacoB U BHI0B
Y4eOHBbIX 3aHATHH

ouyHas popma 00yueHUs
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Paznea 1.
YpaBHeHHs1 MATeMATH4eCKOH (PU3UKHU
M MeTObI X PelIeHus!




1| 2 3 4 5 | 6]7] 819
1 | Tema l.
OcHOBHbIE TUIIBI yPaBHEHUI 12 5 5 2 5
MaTeMaTu4ecKoi (PU3nKu u
KJIACCUYECKUE METOJIbl UX PEIICHUS
Paznea 2.
I'mnep6osinyecKkue ypaBHeHH sl
2 | Tema 2.
YpaBHeHHs CBOOOIHBIX KOJIeOaHUI 12 2 4 2 4
CTPYHBI
3 | Tema 3.
YpaBHEHUs BBIHYKACHHBIX KOJIeOaHMIA 10 2 2 6
CTPYHBI
Paznen 3.
DJUITUNITHYECKHE YPABHEHHUS
4 | Tema 4.
18 2 4 2 10
VYpasnenus Ilyaccona u Jlamtaca
Pa3znen 4.
ITapaboanyeckne ypaBHeHU
5 | Tema 5.
20 2 4 4 10
Ypasuenue Oypne
3aver + +
Hroro 3a 8 cemectp 72 8 16 | 12 + | 36
3a04Hasi popmMa o0yueHust
KouanuyecTBo yacos no
BUJIaM 3aHATHIA ~
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S kype
Pa3zpgen 1.
YpaBHeHUs1 MATeMAaTH4Y€eCKOM
(u3uKM M MeTOIbI MX peleHusl
1 Tema 1. 12 2 10
OcHOBHbIE TUITBI YpaBHEHUN
MaTeMaTUIeCKOH (PU3UKHU U
KJIACCUYECKUE METObl MX PEIICHUS
Pa3zpnen 2.
I'mnep0osinyeckne ypaBHeHHUs!
2 Tema 2. 12 2 10
YpaBHeHHsI CBOOOIHBIX KOeOaHU




CTPYHBI
3 Tema 3. 12 2 10
YpaBHEHHsI BBIHYKIEHHBIX
KOJIeOaHUI CTPYHBI

Pasnen 3.

DJUITUNITHYECKHE YPABHEHHUS
4 Tema 4. 24 4 20
Ypasnenus Ilyaccona u Jlamtaca
Paznea 4.

Ilapaboanyeckne ypaBHeHHU s

5 Tema 5. 12 2 10
Ypasuenue Oypne

3ayer + +
Hroro 3a S kype 72 2 10 + | 60

4.3. TeMaTu4ecKkui MJIaH AJs 00y4aroIUXCH:
04HOM popMBbI 00yUeHHUHA
Pazgen 1. YpaBHenusi MaTeMaTu4ecKoi (PU3MKN U METObI UX pellleHusl

Tema 1. OcHOBHBIE THIIBI YPABHEHUI MaTeMAaTHYeCKOH (PU3NKH U
KJIaCCHYeCKHe MEeTOAbI UX pelleHust

Jekyua. Onucanue 3a1a4, IPUBOIAIIUX K U PepeHInanbHbIM ypaBHEHUSAM
MEepPBOTro MOPsIIKA C YACTHBIMU TPOM3BOMHBIMU. OmucaHUe 3aad, MPUBOIAIINX K
muddepeHIuanbHbBIM YPaBHEHUSIM BTOPOTO TTOPSIAKA ¢ YACTHBIMU MPOU3BOIHBIMH.

Ilpakmuueckoe 3anamue. ViccnenoBanvie MOAENIH B3aUMOAEHCTBHS TOUEUHBIX
cBeTOBBIX IMyukoB B MathCad.

Jlabopamopnasa paboma. Pemienue 3anauu llrypma-JInysumis 8 MathCad.

Camocmoamenvuasn paoboma. OcHoBHBIE OPUHIUIIBI aHajauza
MaTeMaTH4YEeCKUX MOJEJEN pealbHbIX CUCTEM.

Pekomenoyeman numepamypa:

ocHoBHas [1, 2];

nonojaHuTenbHas [1, 2].

Paznen 2. 'unep6onuyeckue ypaBHeHUs!

Tema 2. YpaBHeHHsI CBOOOAHBIX KOJTe0aHUHA CTPYHBI
Jlexyusa. IlocraHoBKa KpaeBbIX 3ajiay JJisl YypaBHEHUS CBOOOJHBIX KOJIeOaHUMU
oeckoHeuHOU cTpyHbl. @opmyna Jlanambepa aiisi penieHUs ypaBHEHHUS CBOOOJIHBIX
KojeOaHuit OECKOHEYHOM CTpyHbl. MeTOoabl pelieHus ypaBHEHUS CBOOOIHBIX
KOJICOaHWI OrpaHUYEHHON CTPYHBI.
Ilpakmuueckoe 3anamue. Penienue ypaBHEHUM runepOOIMYeCcKOro TUIa.



Jlabopamopnaa paboma. PenieHne ypaBHEHHS CBOOOJHBIX KOJeOaHUM
ctpynsl B MathCad.

Camocmoamenvnaa padoma. AHanmu3 ypaBHEHHUS CBOOOJIHBIX KOJIeOaHUMN
CTPYHBI.

Pexomenoyeman numepamypa:

ocHoOBHas [1, 2];

nonojaHuTenbHas 1, 2].

Tema 3. YpaBHeHHsI BIHYKIEHHBIX KOJ1€0aHUH CTPYHBI
Ilpaxkmuueckoe 3anamue. PenieHre ypaBHEHUN B YACTHBIX IPOU3BOJIHBIX.
Jlabopamopnaa paboma. Pemienue ypaBHEHHUS BBIHYXKJIECHHBIX KoJieOaHUN

ctpyHbl B MathCad.
Camocmoamenvuasa padoma. AHanN3 U peuieHUE BOJHOBBIX YPaBHEHUH.
Pexomendyeman numepamypa:
ocHoBHas [1, 2];
JornosHuTeabHas [ 1, 2].

Paznen 3. DajmnTuyeckue ypaBHeHHs

Tema 4. YpaBuenus Ilyaccona u Jlanaca

Jlexyusa. IlocranoBka 3agau dupuxne n Helimana mima ypaBHeHus Jlamaca.
Q@opmyina ['puHa U €€ HCMIOJB30BaHUE UL HAXOXKICHUS PELICHUS YPaBHEHUS
Jlarnaca. Pemienue 3amaun upuxie.

Ilpakmuueckoe 3anamue. PenieHne KpaeBbIx 3a1a4.

Jlabopamopnaa pab6oma. PemieHne ypaBHEHHU DJIUIMNTUYECKOTO THIIA B
MathCad.

Camocmoamenvnaa paboma. Anam3 (QyHIaMEHTAIBLHOTO  pelIeHUs
ypaBHeHust Jlamnaca. Vcnons3oBanue ¢GyHkuuu ['puHa [jsi pemieHusl ypaBHEHUS
Jlanmaca.

Pexomenoyeman numepamypa:

ocHoBHas [1, 2];

nononHuTenpHas [1, 2].

Pasznea 4. Ilapa6osiuyeckne ypaBHeHHs

Tema 5. YpaBHenune ®@ypbe

Jekyun. TlocraHoBKa KpaeBBIX 3aJad W METOJbl PEUICHUS IJs ypaBHEHUS
TETJIONPOBOJTHOCTH B HEOTPAHUYEHHOM U OI'PAaHUYECHHOM CTEPIKHE.

Ilpakmuueckoe 3anamue. Peuienrue ypaBHEHUS TEMJIONPOBOJIHOCTH METOJIOM
Dypsbe.

Jlabopamopnaa paboma. Penienue ypaBHEHHN MNapaOOJUYECKOrOo THIIA B
MathCad.

Camocmoamenvnas paboma. lIpuMeHeHre UHTETPaILHOTIO MPEeoOPa30BAHUS
dypbe 1715 pelieHus: ypaBHEHUSI TENIOMPOBOIHOCTH.

Pexomenoyeman numepamypa:



ocHoBHas [1, 2];
nonosHuTenbHas [1, 2].

3204HOi opMbI 00yUeHUsI
Paznen 1. YpaBHeHnust MaTeMaTnueckoii QU3UKM U MeTOAbI UX PelIeHus

Tema 1. OcHOBHbBIE THIIBI YPABHEHUH MATEMATHYECKONH (PU3UKH H
KJIACCHYECKHEe METOAbI UX pelleHus!

Jexkyua. Onucanue 3a1ad, NPUBOIAIIUX K AU PepeHIIMaIbHbBIM YPaBHEHUSIM
MIEPBOr0 MOPSIAKA C YAaCTHBIMU MPOU3BOAHBIMU. OnucaHuE 3a]ay, NPUBOISAIIMX K
muddepeHIuanbHbBIM YPaBHEHHUSIM BTOPOTO MOPSAKA C YACTHBIMU MPOU3BOIHBIMH.

Camocmoamenvnaa paboma. ViccienoBaHue MOJEIH B3aUMOJICHCTBUA
TOUYEeUHBIX CBETOBbIX MyukoB B MathCad. Pemenune 3amauu lltypma-JlnyBuiis B
MathCad. OcHOBHbBIE NPUHIMIBI aHAIW3a MaTEMaTHYECKHUX MOJENeH peabHbIX
CHCTEM.

Pexomendyeman tumepamypa:

ocHOBHai [1, 2];

nonoaHuTenbHas [1, 2].

Paszpnen 2. I'unepOosinyeckne ypaBHeHUS

Tema 2. YpaBHeHHsI CBOOOAHBIX KOJTeOAHMHA CTPYHBI

Ilpakmuueckoe 3anamue. Peuienue ypaBHEHHS CBOOOJHBIX KoyeOaHUM
ctpynbl B MathCad.

Camocmoamenvnan padoma. 1locTaHOBKAa KpaeBbIX 3a7ad JUisl ypaBHEHUS
cBOOOIHBIX KoneOaHuii 6eckoHeuHoi cTpyHbl. Dopmyna JlamamOepa s perieHus
ypaBHEHUSI CBOOOAHBIX KoOJeOaHUNW OECKOHEUYHOM CTPYHbl. MeToabl pelieHus
YpaBHEHHUs] CBOOOJHBIX KOJI€OAHUN OrpaHUYEHHON CTpyHbl. AHAIM3 ypaBHEHMS
CBOOOJIHBIX KOJIcOaHU CTpYHBI. Perenne ypaBHeHU TUIIEPOOIHIECKOT0 THIIA.

Pekomenoyeman numepamypa:

ocHoOBHas [1, 2];

JmonojaHuTenbHas [1, 2].

Tema 3. YpaBHeHHsl BbIHYKICHHBIX KOJIe0aHUH CTPYHBI

Ilpakmuueckoe 3anamue. PemeHue ypaBHEHUsI BBIHYXKJICHHBIX KoJieOaHUM
ctpynbl B MathCad.

Camocmoamenvuasa padoma. llocTaHOoBKa KpaeBbIX 3a7ady JJsl yYpaBHEHUS
BBIHYXJAEHHBIX KoJiebanuil ctpynbl. ®opmyna JlanamOepa Ay pemieHus: ypaBHEHUS
BBIHY)KJICHHBIX KOJICOAaHM CTpyHbl. AHalIM3 U PEIICHHE BOJIHOBBIX YPaBHEHHIA.
Pemienue ypaBHEeHU B 4aCTHBIX MPOU3BOHBIX.

Pekomenoyeman numepamypa:

ocHoBHas [1, 2];

nonojaHuTenbHas [1, 2].



Pa3znen 3. DnannTuyeckue ypaBHeHUs

Tema 4. YpaBuenus Ilyaccona u Jlanaca

Ilpakmuueckoe 3anamue. PelieHre ypaBHEHUM DJIUIMNTUYECKOTO THIIA B
MathCad.

Camocmoamenvnaa padoma. llocranoBka 3anau Jupuxne u Helimana s
ypaBHeHus Jlanmaca. @opmyna I'puHa U €€ HCIONB30BaHUE UL HAXOXKICHUS
peuienus ypaBHeHnus Jlanmaca. Pemenue 3anauun upuxie.

Ananmu3 (yHmameHTaldbHOrO pelieHus ypaBHenus Jlanmaca. Mcnonb3oBaHue
dbyukuuu ['puna nis perenus ypaBHenus Jlamnaca. Penenue kpaeBbix 3a1ad.

Pexomendyeman tumepamypa:

ocHoBHas [1, 2];

nonojaHuTeabHas [1, 2].

Paspnea 4. [lapaGonnvyeckue ypaBHeHUsA

Tema S. YpaBHenue ®@ypbe

Ilpakmuueckoe 3anamue. PelieHne ypaBHEHUN NapabOIUYECKOro TUMA B
MathCad.

Camocmoamenvnas padoma. IloctTaHOBKa KpaeBbIX 33/1a4 U METOJIbI PELICHUS
JJIsl ypaBHEHU S TEMJIONPOBOAHOCTHA B HEOTPAHUYECHHOM U OTPAaHUYEHHOM CTEPIKHE.

[Ipumenenne wuHTErpadbHOro ImnpeodpazoBanusst Dypbe IS pelIeHUs
ypaBHEHHUS TEIJIONPOBOAHOCTU. PellleHne ypaBHEHHUs TEIJIONPOBOJHOCTH METOJIOM
dypse.

Pekxomenoyeman numepamypa:

ocHoBHas [1, 2];

nonosHuTenbHas [1, 2].

5. MCTO}]I/I‘-IGCKI/IC PECKOMCHIANMA 110 OPraHmM3allui U3YIYCHUA THCIHUILIMHBI

[Mpu peamusanuu TporpaMMmbl AUCIUIUIMHBI HMCIOIB3YIOTCS JIEKIIMOHHBIE,
MPAKTUIECKUE U JTa0OpaTOpPHBIC 3aHATHS.

OO0mUMH LIEIIMU 3aHIATUH SIBIISTIOTCS:
— 0000I1IeHNe, CHUCTEeMaTHu3aIus, YriyOJIeHHe, 3aKpeIJICHHEe TEeOPETHUYSCKUX
3HAHWUW 1T0 KOHKPETHBIM TeMaM JTUCIIATLINHBL,
— dbopMupoBaHME yMEHHI NPUMEHSTh TOJYYCHHBIC 3HAHWS Ha TMPAKTHKE,
peanm3anus eAMHCTBA MHTEIUIEKTYaIbHOW U MPAKTUYECKON e TeTbHOCTH;
— BBIPA0OTKA TP PENICHUHU MOCTABJICHHBIX 3a7a4 MPOPECCUOHATHPHO 3HAYUMBIX
Ka4eCTB:  CaMOCTOSATEIILHOCTH,  OTBETCTBCHHOCTH, TOYHOCTH,  TBOPYECKOU
WHUITUATUBEI.

[ensmMu JIEKITUU SABIISIOTCS:
— dbopMupOBaHNE CUCTEMATU3UPOBAHHBIX HAYYHBIX 3HAHUH O TUCIHUILINHE C
aKIEHTOM Ha HauOoJiee CIIOKHBIX BOMPOCAX MOCTPOCHUS MAaTEMaTHUYECKHX MOJCICH
(GU3NYIECKUX TIPOIIECCOB U SIBICHUMN;
— CTUMYJIMPOBAHKME aKTUBHOW MTO3HABATEILHOMN JACITEIBHOCTH 00YYaroIHXcs,



CrocoOCTByOIIEH (OPMUPOBAHUIO UX TBOPUYECKOT'O MBIIILICHHUS.

B Xxome mpakTHyeckoro 3aHATHS O00ECIeYMBaeTCS MPOIECcC aKTHBHOTO
B3aMMOJICHCTBHS 00YUYarONIUXCS C MperoiaBaTeieM; MpUuoOPETatoTCsl MPaKTUIECKHUE
HaBBIKM M yMeHUs. Llenb mpakTUuecKoro 3aHsTUS: YIJIyOUThb W 3aKpEluTh 3HAHUS,
MOJIy4eHHbIE Ha JICKIIUU, (OpPMHPOBAHUE HABBIKOB HCIOJIB30BAHUS 3HAHUW IS
pelIeHUsT TPAKTUYECKUX 3aj1ad; BBIMOJHEHWE TECTOBBIX 3aJaHUN 110 TPOBEPKE
ITOJIYYCHHBIX 3HAHUN U YMEHUM.

[enbto 11a0OpaTOPHOrO 3aHATHS SIBISIETCSl YCBOCHHE TEOPETHUUYECKUX OCHOB
JUCHUIUIMHBI U MOJTY4€HHE TPAKTUUECKUX HABBIKOB MCCIIEIOBAHMS IIYTEM IIOCTaHOBKH,
poBefieHUs,, O0OpaOOTKU W TPENCTaBICHUSI PE3YJIbTaTOB JKCIEPUMEHTAa Ha OCHOBE
MIPAKTUYECKOTO HCIIONh30BAHUS PA3IMYHBIX METOAOB (HAOIIOACHNWS, CPAaBHEHUS U JIP.),
PUOOPETEHUS HABBIKOB OMBITa TBOPYECKOU €A TEIBHOCTH.

JlabopaTopHas paboTa — CaMOCTOSITEIBHOE BBIMOJHEHUE KAXKIbIM O0YyJarOITMCS
y4eOHOU TpyHIbl SKCIEPUMEHTAILHOTO 3ajaHus Ha jJabopatopHoMm 3ausatuu. [Ipu ee
MIPOBEICHUM KaXKJbIM 00YyJarolUMCsl OCYIIECTBIISIETCA CaMOCTOsTEIbHAs 00paboTKa U
MpeJCTaBICHUE PE3YIbTATOB B BUJIE OTUETA IO JTaOOpaTOpHOU padoTe.

CamocrosaTenbHass pabora oOyyarIIMXCs HampaBjieHa Ha yriyOJieHHe Hu
3aKpervieHue 3HaHUM, MOJYYEHHBIX Ha JIEKUMSAX W APYTUX 3aHATUAX, BBIPAOOTKY
HABBIKOB CAMOCTOATENBHOTO aKTUBHOTO NPUOOPETEHHS HOBBIX, JOMOJHUTEIbHBIX
3HaHWH, TOATOTOBKY K MPEICTOSAIIUM 3aHITHAM M MPOMEXKYTOYHOM aTTecTalluu, Ha
pa3BUTHE TBOPUYECKOIO MOTEHIIMAJA IPU HAMMCaHUH pedepaToB.

6. OIIeHO‘IHbIe MaTepuaJlibl IO TUCHUIIIINHE

Tekyumii KOHTPOJIb yCIIEBAEMOCTH 00€eCIeUMBaET OLICHUBAHKUE X0/1a OCBOEHUS
JUCUUILUIMHBI, TPOBOJIUTCSI B COOTBETCTBUU C COACPKAaHUEM AUCIUILIUHBI O BUIAM
3aHATUH B ¢dopMe Oompoca, TECTHPOBAHUS, 3alIUTHI OTYETOB IO J1aOOPATOPHBIM
pabortam, Hanucanus pedepaTos.

[IpomexyTouHas atrectanus oOecreurBaeT OLIEHHMBAHUE MPOMEXYTOUYHBIX U
OKOHYATENbHBIX PE3YIbTATOB OOYUYEHHUS IO IUCHUIUIMHE, TPOBOAUTCS B (opme
3ayera.

6.1. IlpuMepHBIE OLIEHOYHbIE MATEPHAJIBI:
6.1.1. Texymero KOHTpoJIst

IIpumepHblie TeMbl 1J15 pedeparToB:

XapakTep ri1aJKoCTy pelieHui ypaBHEHUM runepOoInYecKoro TUra.
3anaua ['ypca.

dyHIaMeHTaIbHbIE PEIICHUS TUHEHHBIX T} (depeHIINAIbHBIX ONIEPaTOPOB.
Oyukuus ['puna oneparopa Jlamnaca.

3anaua [lItypma — JInyBus.

Meroza moTeHunanos.

Bapuanuonnsie METOBI.

Meto MHTErpaJIbHBIX TPE0OPa30BAHUIA.

ONoGakwNE



9. MeTo1 KOHEUHBIX Pa3HOCTEH.

10. HekoppeKTHO MOCTaBJICHHBIC 3aadyHu.

11. Meton dbynkuuit ['puna.

12. Hunuuapudeckue ¢yHKIHUH.

13. Cepuueckue GyHKIIIH.

14. Jlunetinpie quddepeHImanbHbple YPaBHCHHUsI TIEPBOTO TMOPSAKAa B YAaCTHBIX
MPOU3BOJIHBIX.

15. Pemiennie  ypaBHEeHHUM MaremaTHdyeckod (HU3UKM HA OCHOBE TEOpUU
TPUTOHOMETpUUYECcKuXx panoB dypre.

16. PacipocTpanenue Temia B mpoctpanctBe. CTalioHapHOE TEIIOBOE TMOJIE.

17. Onucanue NOTEHIIMATIBLHOIO TEUYEHUS KUIAKOCTU C TOMOIIBI ypaBHEHUH
MaTeMaTu4ecKor (U3UKH.

18. 3agaua /lupuxmne ans ypaBaenus [lyaccona.

19.3anaua Heiimana nns ypaBaenus [lyaccona.

20.Ypapaenus KonmoropoBa s CTOXaCTUYECKUX ITPOIIECCOB.

21. Iludpdepenimanbapie MOACTH IS CTOXaCTHYCCKUX ITPOIIECCOB.

22. CMmemaHHas 3aja4a JJi YpaBHEHUS TNIOTHOCTH aKIIHA.

23.Berancienne QyHKIIMN CTOUMOCTH ONMIMOHA U3 ypaBHeHus: bimka-Iloynca.

24. Ypasaenue Caynkoro B TEOpUU MOTPEOICHHUS.

25. [lapabonmdeckoe ypaBHEHUE TCHE)KHBIX HAKOTUICHH.

Tunosbie BONpOCHI 11 ONPoOca:
1. BonHoBoe ypaBHeHue B R
2. VpaBHEHHE TeILIONPOBOAHOCTH B R?
3. Omeparop u ypasHerue Jlamnaca R?
4. JIsyMepHbIi onepaTtop Jlamiaca B MOJIAPHBIX KOOpAWHATAX
5. OnHOMEpHOE BOJIHOBOE YpaBHEHHE C HAMMCAHUEM HayaJbHBIX YCJIOBHM, 3aMEHbI
MEePEMEHHBIX M YKa3aHUEM KaKJI0r0 rapameTpa BXOJSIIEro B ypaBHCHHE
6. IlocranoBka 3amaun Iltypma-JInyBunns: oOblkHOBeHHOE Au(depeHIranbHOe
ypaBHEHHE 2-TO TIOpsKa, TPaHWYHBIC YCIIOBHs (MareMarndeckas ¢opma 3aIucH,
cioBecHasi popMyITUPOBKA)
7. Teopema o cBOICTBaX COOCTBEHHBIX YUCET U COOCTBEHHBIX (PYHKIIUN 3a]1a41
[ITypma-JInyBuis.
8. Teopema CrekioBa.
9. Unes nHaxoxneHus oOuiero HenyneBoro pemenus i1 OIY 2-ro mopsiaka
MeToaoM Pypee.
10. Drambl o0mie cxembl MeTos1a Dyphe.
11.06mmit Bun ypaBHEHHsS] MapabOIUYECKOro THIA ¢ TPAHUYHBIMU M Ha4YaJIbHBIMHU
YCJIOBUSIMHU, €0 METO]T PELICHUS
12. Matemarudeckasi popma 3amuc THIIEPOOINIECKOr0 YPABHEHUS B €TO CIIOBECHAs
dbopmynupoBKa
13. Marematuueckas opma 3alucy 3JUTMITUYECKOr0 YPAaBHEHUS U €0 CIOBECHas
dbopmynupoBKa
14. MaremaTtudeckasi ¢popma 3arnucu napadoJIMYecKoro ypaBHEHHs U €ro CI0BECHas
dbopMynupoBka



15. Maremaruueckasi popMa 3anucu U ciioBecHast GOpMyJIMPOBKa KpaeBOU 3a7auu
16. OnpeneneHre yCTOMUUBOTO PEIICHUS

17. Onpenenenune GyHIaMEHTAIBHOTO PEIICHUS

18. Onucanue Gpuanyeckoil MOAEINU B3aUMOIECTBUSI BCTPEUHBIX CBETOBBIX MYyYKOB C
PUCYHKOM.

19. Unest MeToa «IIpUCTPENIKN» I pelieHns KpaeBbix 3agad B MathCad

20. Tlpumenenne Osioka Given/Odesolve: why and when?

21. AnropuT™m MeTO/1a MPUCTPETKU (KPaTKOe OMUCAHUE)

22. ®ynkuusa sbval: the use and syntax. Camas BakHas CTpoKa JIMCTHHIA IPU
ucrnoib3oBaHuu (GpyHkiuu sbval? OcoOEHHOCTH alropuTMa MPUCTPETIKUA B PYHKIUU
sbval?

23. IlpeumymectBa pynkuuu rkfixed?

24. AHamu3 rpaduKa pelIeHus Mo MaTeMaTHIeCKOW Mojelu (GU3UIECKOro MmpoIecca
B3aUMOJICMCTBUSI ~ BCTPEUHBIX  CBETOBBIX  MYYKOB  (KpaTkas  ¢usndeckas
UHTepIpeTanusa rpapuka QyHKIUHU 10 TOUYKE MEPECeYEHUsI C OChI0 Y) .

25. MaremaTnyeckoe YCIOBHE 3aJaHusd  PEajbHBIX [apamMeTpoB  MOJEIHU
B3aUMOJICHCTBUSI BCTPEUHBIX CBETOBBIX MYUYKOB JJIsi BO3AYIIHOW cpeabl. K uemy
NPUBOAUT CYIIECTBEHHOE yBeIUYeHUE KOdPPULIMEHTa OCIa0IeHUs?

26. Ilpumenenue <«okecTkux» cucteM. Kakoili Meroj peanu3oBaH B OJIOKe
Given/Odesolve st pemenus «xecTkux» cucreM? B yem Hemocrarok MathCad ms
HAXO0XKJICHUSI HEAOCTAIONIMX HA4aJIbHBIX YCIOBUH JJISI <OCKECTKUX» KPAEBBIX CUCTEM ?
27. llpumepsl GpU3NUECKUX 3a7a4 Ha COOCTBEHHBIC 3HAYCHUS

28. CyTh MeTO1a IpUCTPENKU JJ1s perenus 3aaaun [typma-JInyBusms

29. Kakue ¢pynkiun B MathCad ucnons3yroT anisg penieHust 3ajad Ha COOCTBEHHBIE
3HaueHus1? B ueM cocTouT 0cOOEHHOCTH 3aJlaHus IEPBOT0 aprymeHTa’?

30. Kakoii ¢yuknueir B MathCad mnons3yroTcss myis mocTpoeHus rpaduxa
coOcTBeHHOM (QyHKUIUN?

TunoBble 3agaumn:
o 2 o
1. beckoHeuHasi CTpyHa, HMMeEIOIIas BOJIHOBOM mapameTp a°=4, B HadaJbHbIN

MOMEHT BPEMEHM OTKJIOHEHa, Kak Ha puc. 11. 3nauenust Uy U ¢ NpUHATH paBHBIMU

2c¢ 3a 4a

) Cc
enunuue. Halitu mpoduib CTpyHBI 1Ji1 MOMEHTOB BpEMEHU -, — ,— , —.
a a C C

U |=--

-5¢ -1.5¢

1.5¢ e =

Puc. 1

o 2
2. beckoneuHas HEOTKJOHCHHAs CTpyHa, MMCIOIIas BOJHOBOM IIapaMeTp a :3, B
HayaJbHBIA MOMEHT BpPpEMCHU IMOJY4YdCT CKOPOCTh, KaK IIOKa3aHO Ha PpHuc. 12.



3HayeHusa Vo U ¢ IIPHUHATH PaBHBIMHU 1. Haiitu HpO(bI/IJ'H: CTPpYHBI OJIs1 MOMCHTOB
¢ 2c¢ 3a 4a

BPpEMCHHU —, — ,— , —.
a a c¢ c

A 3
AAAA 2

YvYyyYyYY

-V,

Puc. 2

o 2 o
3. beckoHeuHnass cTpyHa (BOJHOBOW mapameTp a°=6) B HauyadbHBIH MOMEHT
BPEMEHH OTKJIOHEHA U MOJy4aeT CKOPOCTh, Kak moka3aHo Ha puc. 13. 3nauenus U,
Vo ¥ ¢ IpuHATH paBHBIMU eauHuIle. HaiiTu npodunas CTpyHBI 11 MOMEHTOB BPEMEHH

¢ 2c¢ 3a 4a

’ ’ ' .
a a C C

Uo

b ke YN Y

2.5¢ 3:5¢ X

S 1

Puc. 3

4. Pemnts 3aaun 11 ypaBHeHus Jlamiaca B mpsMOYroJibHUKE:

41. u +u =0, O<x<a, 42. u +u =0, O<x<a,
XX yy XX vy
O<y<b; O<y<b;
u|X:O:O’ Xx=a:O’ 0<y<h, uxx=0: , XX:a:O’OSy<b’
ul,,=0,u[  =f(x), 0<x<a. u ,=A, u, _ =B, 0<x<a

5. Pemuth 3anaun qupuxiie n Heitmana s kpyra v KojibLa:

82u+18_u+ 1 9%

5.1. — — =0, >1, 0<o@<2n;
op® pop ptog’ P ?
u|p:l:coszgo, 0< @< 2m.

o’u 10u 1 % _

5.2. . — =0, O0<p<R,0<¢p<2n;

J— +_2 2_
op° pop p°Op



=sinp, 0<¢@<2r.
pp:R

2 2
53 o‘u 1adu 1 o°u

+ o4 = =0, l<p<2,0<9p<L2n,
op' pdp p’op’

u ,=l+cos’p, u| ,=sin®¢, O<o<2m.

Tunosble 3a1aHusA AJIl TCCTUPOBAHMA:

Bonpoc Ne 1. Kakoe u3 mpexacraBieHHBIX auddepeHIHanIbHbIX YpaBHEHUH C
YaCTHBIMM ~ [POM3BOAHBIMM  IIEPBOrO  MOPSAKA  OTHOCHTENBHO  (DYHKIHHN
u (X, Y) SIBJIAETCS JIMHEWHBIM ?

1. 2xyu; —=5u; —=8x =0,
r\2 '
2. (Uy)"—u,-1=0,

3 2u;—uu’y+y:0_

Bonpoc Ne 2. VYpaBHeHuss XapakTepucTuk st Aud@epeHInaibLHOro

' 2,7
YpaBHCHHA C 4YaCTHBIMHA IIPOU3BOAHBIMH IICPBOro IOpAOKa XUX - y uy = 2

OTHOCHUTEJIbHO (PYHKIIUH u (X, y) UMEIOT BU/I:

dx_dy _du
x y> 2
2. xdx:—d—gzzdu_
y
dx__dy _du

Bonpoc Ne 3. Pemenue 3anaun Komm nis nuddepeHnaibHOro ypaBHEHUS C

!
yaCTHbIMU npon3BoaHbIMU mepsoro mopsiaka Uy —3U =0 ornocurensuo dynkuun
u — y?2 o
U(X, ¥) npu ycnosun x=0" Y npencrasneno GyHkiueit

1. u(x,y) = 2ye*.

2. Uu(x,y)=y’e™



3. u(x,y)=y’e™

Bonpoc Ne 4. Kakoe u3 npeacraBieHHbIX A depeHInaIbHbIX YpaBHEHHH B

YACTHBIX IIPOU3BOHBIX IIEPBOTO MOPSIKA OTHOCUTENbHO QyHKIMH U (x,1)
Ha3bIBaeTCsl ypaBHeHUEM Xormda?

1. u/+u, =0
2. U/ +uu, =0
3. U/ +uu;, =1

Bomnpoc Ne 5. [Ipu kakoMm ycioBuu JnHEHHOE Tu(depeHnaibHOe YpaBHEHUE
C YaCTHBIMU IIPOU3BOJHBIMUA BTOPOI'O NOPAIAKA

u(x, y)uy +2b(x, y)uy, +c(x, y)uy, +F(u,ul,u,x,y)=0

OTHOCHUTEIILHO
dyrxuan U(X, Y) umeer runepGonudeckuii Tum?

1. (b(X1 y))2 - a(X, y)C(X, y) = O
2. (b(x,¥))* —a(x, y)e(x, y)(0.
3. (b(x, ¥))* —a(x, y)c(x, y))0.

Bonpoc Ne 6. Kakoe u3 npeacraBieHHbIX AuddepeHnaibHbIX YpaBHEHUN €

YaCTHBIMHK IIPOM3BOJHBIMH BTOPOIro IOpAAKa OTHOCHTCIBHO (I)YHKI_II/II/I U(X; y) HC
ABILICTCA YPAaBHCHHUEM DJUIMIITHICCKOI'O THma?

1. Uy +a’uy, =0,
2. Uy =a’uy .

3. u),('x+u;y_ f(X,Y):O.

Bonpoc Ne7. Jlunueit mapabonuyHocTu AudQepeHnanibHOr0 ypaBHEHUS C
" 4 4
YACTHBEIMU IIPOM3BOAHEIMH BTOporo mopsaka U, — 2XUXy + Yyu,, + 5x =0

oraocurensao pyuxiun U(X, Y) semsercs
1. OKpy>KHOCT®.
2. BeTBb runepOobl.

3. Iapabomna.



Bonpoc Ne 8. VYpaBnenue xapaktepuctuk mist Aud@epeHuaibHOro
ypaBHEHUS C YaCTHBIMU MIPOU3BOITHBIMH BTOPOTO nopsiaKa

a(X, y)uy +2b(x, y)ug, +c(X, y)ug, + F (U, U, U, X, ¥) =0 ornocurensio

byuxuun U(X, Y) umeer s
1. a(x, y)(dy)* — 2b(x, y)dxdy +c(x, y)(dx)* =0
2. a(x, y)(dx)* —2b(x, y)dxdy +c(x, y)(dy)* =0
3. a(x, y)(dy)® —b(x, y)dxdy +c(x, y)(dx)* =0

Bonpoc Ne 9. Pemienne 3anaun Kommwm niis quddepeHmanbHOro ypaBHEHHUS ©

"
YACTHBIMU TIPOM3BOJHBIMU BTOpOro Topsiaka Uy, = 2 orHOCHTENBHO (yHKLIHMH
14
u (X y) u =1 Uy =X e
y HpI/I YCJ_IOBI/IHX y — 0 ) y — O Hpe):[CTaBJIeHO (bYHKHI/IeI/I

1. u(x,y)=1+y?
2. U(Xy)=1+xy+y’
3. u(X,y) =1+xy.

Bompoc Ne 10. 3amaya 0 CTalMOHApPHOM  TEIUIOBOM  COCTOSIHUM
paccMaTpruBaeTCs ¢ MOMOLIBIO UCCIIEN0BAHUS

1. BonrHOBOro ypaBHEHHUSI.
2. YpaBHEHUS TEIJIONPOBOJAHOCTH.
3. YpaBuenus Jlammnaca.

Bompoc Ne 11. Kakoe #3 NEpEeUYUCICHHBIX YpPABHCHUW OIMMUCHIBAECT
BBIHYKJICHHBIC KOJICOAHUS CTPYHBI?

1. Ul —a‘u! =0
2. ur—a‘ul = f(xt),
3. u/ —a’u” = f(xt),

Bompoc Ne 12. Kakoil BuA NpUMET YpPaBHEHHE TEIUIONPOBOJHOCTH B
OJIHOPOJIHOM CTEpXkHE, eclii KO3(DP(PUUMEHT BHYTPEHHEW TEerJIONpPOBOJAHOCTH

k=05 , TEIJIOEMKOCTH BemecTBa C = 1 , INIOTHOCTh BellecTBa L = 27



L. Ui = Uo
4 "

2. U, =4u’
1

3. UtZEU;’X_

Bonpoc Ne 13. CoOctBeHHbiMu umciamu 3amgaud  Lltypma-JlnyBuims
X"(X)+cX(X) =0 X(0)=X(2) =0 spusrores uncna
1. 7°n* n=12,...

z°n?

— n=12,...
2' 4 ) )
3. 47°n*> n=12,...

Bompoc Ne 14. Meron pasgeneHuss NEPEMEHHBIX PEUICHUS YpPaBHEHUM
MaTeMaTHYeCKON (PU3UKHU Tak)Ke Ha3bIBACTCSI

1. Metonom Jlupuxie.
2. Meronowm Ilyaccona.

3. Metonom Dypse.

Bonpoc Ne 15. B dem 3akimtouaercss (PU3MUECKHUNA CMBICT OJHOPOIHOCTH
TPAHUYHBIX YCIOBUI?

l. rpaHI/IqHBIC TOYKH HCIIOABHKHBI.
2. rpaHI/I‘{HLIC TOYKH ITOABUKHBI.
3. FpaHI/IqHBIe TOYKH MCHSAIOT ITOJOXCHHUC 110 3aJaHHBIM 3aKOHAaM.

Bonpoc Ne 16. Kpaeoii 3agadeil s ypaBHEHHUs] MaTeMaTU4eCcKol (DU3UKU
Ha3bIBaCTCs

1. 3agaua Kommu (3a7a4a ¢ Ha4aJIbHBIMU YCIIOBHUSIMU).
2. 3ajaya ¢ TpaHUYHBIMU YCIIOBUSIMU.

3. 3aaya ¢ Ha4aIbHBIMU U TPAHUYHBIMU YCIIOBUSIMU.



Bomnpoc Ne 17. Kakoit Bug umeet popmyna JlamamOepa pernieHust ypaBHEHUS
2
CBOOOJTHBIX KOJeOaHUI1 OECKOHEUHON CTPYHBI: Ug =4uy u(x,0) = x ,
u; (x,0) = cosx?

1. u(xt) = (x-1)° ;(XH) +jcoszdz

X—t

. 2 2 X+2t
2 u(x,t)=(X 2) ;(X+2t) + Jcoszdz_

X—2t

_ 2 2 X+2t
(x—2t) er(x+2t) N Jcosz 2dz

x—2t

3. u(x,t) =

Bonpoc Ne 18. B kakom ciyyae BO3HUKAeT SIBJICHUE MPSMOM M 0OpaTHOM
BOJIHBI TIPH CBOOOIHBIX KOJIEOaHUAX OECKOHEUYHOM CTPYHBI?

1. HayanpHBIN UMITYJILC PABEH HYIIIO.
2. HaganpHOE CMeEIIEeHNE PABHO HYJIIO.
3. O6a HauanbHBIEC YCIOBHS HEHYJIEBHIE.

Bonpoc Ne 19. OOmiee penieHue YypaBHEHUSI CBOOOJHBIX KoJieOaHUM
OTPAaHUYEHHON CTPYHBI

=9uy , u(0,t)=u(z,t) =0 npeacraumo B Buze:

1. u(x,y)= Z(An cos3nt + Bnsin 3nt)sin nx_

n=1

2 U(Xx,y)= Z(An cosnt + Bnsin nt)sin nx

n=1

3 u(x,y)= Z(An cos3nt + Bnsin 3nt)sin znx

n=1
Bonpoc Ne 20. Kakoif Bunx umeer popmyia I[aﬂaM6epa pelleHus ypaBHEHUS
BBIHYKICHHBIX KONIeOaHmil 6eckoHednoit crpynsr: Uy =Un +xt | U(X,0) =sin x
u, (x,0) = xe™*

X+t t X+(t-7)

jze-z dz+= j j}zd}dr

OX(t 7)

sin(x —t) +sin(x +t) 1
2

1. u(x,t) =



sin(x—t) +sin(x-+t) 1 L)

sin(x—t)+sin(x+t) ¢, t x+(t=7)
3. uxt) = > v [zedz+ | [yaddde
x—t 0 x—(t-7)

Bompoc Ne 21. IIpu pemennn merogom Pypbe ypaBHEHHS BBIHYXKIECHHBIX
KoJe0aHUN CTPYHBI, 3aKPEIJICHHON ¢ 000UX KOHIIOB, HEOOXOIUMO

1. VckaTh penieHre Kak CyMMy CBOOOJHOTO KOJIE0ATEIbHOIO JBMKEHUS U
YUCTO BBIHYXKJIEHHOTO K0J1€0aTeIbHOTO IBUKCHUSI.

2. HenocpencTtBeHHO TPpUMEHATh MeTo Dypbe 11l HAX0XKACHUS PEIICHUS
HCXOJHOIO YpaBHEHUSI.

3. Uckatp perieHne TOIbKO COOTBETCTBYIONIETO OJHOPOIHOTO YPaBHEHUS
(ypaBHEHUSI CBOOOHBIX KOJIEOAHUN OTPAaHUYEHHON CTPYHBI).

Bonpoc Ne 22. B ciiyyae konebaHuid CTpYHBI O] JEUCTBUEM TapMOHUYECKU
KOJIEOJIOIIENCS BBIHYKAIOIEH CUJTBI IBJICHUE PE30HaHCa BOZHUKAET, €CIIU

1. YacToTa BRIHYK1AIOIIEH CUJIBI HE COBNAAAET HU C OJIHOM U3 4acTOT
COOCTBEHHBIX KOJI€OAHHI CTPYHBI.

2. YacToTa BRIHYKIAIOIIEH CUITBI MPUOTUKAETCSA K OJTHON U3 4aCTOT
COOCTBEHHBIX KOJI€OAHUI CTPYHBI.

3. Yacrora BBIHY>KJAI0IIEH CUJIbl paBHA OJTHOM M3 YaCTOT COOCTBEHHBIX
KOJIeOaHUM CTPYHBI.

Bompoc Ne 23. Ilpu kakux COOTHOIICHUSIX MEXAY IapaMeTpamu a,b,c

byrxmuas U(X, Y) = ax’ + bxy + Cy2 ABIIAETCA TAPMOHNYECKOi?
1.a=b,
2. a=—C.
3.a+b+c=0 b=0

Bonpoc Ne 24. Kpaepas 3anaua Heiimana nns ypasuenus Jlammaca AU =0,
roe pynxums U(M) samana B obmacth, orpanmdenHoii mosepxuocTeio (S), mmeer

1 () fi9)=00m.

BUA:



2. U/(S) =p(M).

ou
3. 2 J(9)= M),
n
Bomnpoc Ne 25. VpaBHenue Jlannaca Ha MNJIOCKOCTA B IOJISIPHOW CHCTEME
KOOpJMHAT MPEICTABUMO B BUJIE:
ou 1 ou 1 du
e Tt 2T
op° popdp p° op
82u+18u+ 1 0%
“ 7 pop p°og’

0.

O .

o’u .\ ou
3- apZ 8(02

0.

Bompoc Ne 26. ®ynkuuio U(,O, (P) , TADMOHUYECKYIO BHE Kpyra paguyca a ¢
3aJIaHHBIM YCIIOBUEM Ha €ro I'paHulle, CIeAyeT UCKaTh Mo (hopMye:

1. U(p, @) = A, +i(%j (A cosnp+B, sinng)

o0

2. U(p,p)=A +Z[§jn(& cosng+B, sinng) .

n=1

3. U(p,p) = i(%) (A, cosng+ B, sinng)

Bonpoc Ne 27. Kakoe rpaHu4HO€E yCJIOBUE B KpacBOW 3ajiaue JJisl ypaBHEHUSA
TEMJIONPOBOJHOCTH B OIHOPOJAHOM CTEPKHE COOTBETCTBYET JIYUEHCITYCKAHUIO B

OKPYIKAIOILYIO CPEAY 3aaHHOI TeMIIEpaTyphI?
1. u(0,t) =0,
2. u(0,t) =p(t) #0.
3.U,(0,t)+h(u(0,t)—u,) =0,

Bonpoc Ne 28. Kakoe ¢usndeckoe sBICHHUE HENb3s OINMUCATh C ITOMOIIBIO
ypaBHEHUS TEIJIONPOBOAHOCTU?

1. ®uibTpanuio JXKUIAKOCTH U Ta3a B MIOPUCTOU CpELE.



2. CTanuoHapHOEe TEMJI0BOE COCTOSIHUE 00BEKTA.

3. Auddys3uio B3BEIICHHBIX YaCTHUIl B ABUKYILEHUCS Cpejie.

Bonpoc Ne 29. PemieHue ypaBHEHHUS TEIJIONPOBOAHOCTH B OJHOPOIHOM

CTepKHE 3as1aeTcs narerpanom I[lyaccona, ecnu

1. CrepxeHb OrpaHUYEH C OJHOTO KOHIIA.

2. CtepkeHb OTpaHUYEH ¢ 00OMX KOHIIOB.

3. CTepKeHb HEOIPAHUYEH.

Bonpoc Ne 30. OGuiee penieHre ypaBHEHHUs TEILUIONPOBOJHOCTH U; = &
OJTHOPOJTHOM CTEp)KHE JJIMHOW |, Ha KOHIIaX KOTOPOTO MOJCPKUBACTCS HYJIEBas

TeMIepaTypa, UMEeT BUI:

_a272p2

1. u(xt)= iAne

o u(xt) =Y Ae ™" sinanx
=1

—a%z%n?

3. u(xt)= iAne

sinnx

. 7mn
sin—=x.

OTBETHI K TECTAM

Ne Borpoca | OtBernl | Ne Bonpoca |  OtBeThI
1 1 16 3
2 3 17 2
3 2 18 1
4 2 19 1
3) 3 20 3
6 2 21 1
7 3 22 2
8 1 23 2
9 2 24 3

10 3 25 2
11 2 26 1
12 1 27 3
13 2 28 2
14 3 29 3
15 1 30 1
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28.
29.

30.
31.
32,

6.1.2. IlpoMeKkyTOYHOI aTTeCcTAIMI

HpI/IMepHLIﬁ MEPEICHb BOIIPOCOB, BLIHOCUMBIX Ha 3a4Y€T B 5-om ceEMECTPE

Teopernyeckue BONpoChI

Maremarnueckue Mojenn (uiznueckux mnporeccoB. OCHOBHBIE ypaBHEHUs
MaTeMaTH4ecKon (PU3nKHU.

Knaccudukaiys ypaBHeHH B YaCTHBIX MPOU3BOAHBIX IEPBOIO MOPSAJIKA.
[Tonepeunsie Manbie K0JIeOaHUS CTPYHBI.

3ajada 0 pacIpOCTPaHEHHUH TEMJIA.

3agava o IBMKEHUHU HEC)KMMaeMoi xkuakoctu. [Ipomecc o0Tekanus.
Knaccudukanus nuddepeHnanbHbIX ypaBHEHUM 2-TO TOpPSAKAa B YaCTHBIX
MPOU3BOIHBIX.

Hudbdepennmanbuble  ypaBHEHUS JJUIMOTHYECKOrO TUMAa U (U3HYECKUE
MPOLIECCHI, TPUBOISIIIUE K HUM.

HNuddepennmansubie  ypaBHEHUST TUMEPOOIMYECKOr0 TUMA U (U3UIECKHUE
MPOLIECCHI, TPUBOISIIUE K HUM.

Hudbdepennmanpuble ypaBHEHUsT MNapa0OIMYeCcKOro TUNa U (U3UYECKUE
MPOIIECCHI, TPUBOSIIIIUE K HUM.

Kanonnueckuii BUJ ypaBHEHUM C IBYMS HE3aBUCUMBIMU ITEPEMEHHBIMU.
Meron XxapaKTepUCTHUK.

[TocTanoBKa KpaeBbIX 3a/1ady MaTeMaTHIECKOU (PUBHUKH.

['pannuHBIE M HAYAJIBHBIE YCIOBUSI. BUIBI TPaHUYHBIX YCIOBHM.
Knaccudukanus kpaeBbix 3a1a4. 3anaya Komu.

Kpaesble 3anaum 17151 ypaBHEHUM 3JUIMNITHYECKOrO ThNa. 3agava {upuxie.
KpaeBbie 3a1aum Aj1s1 ypaBHEHUN SJTUIITUYECKOrO TUMa. 3ajadya HelimaHa.
CwmemianHas 3aada i1 ypaBHEHUM runepooInyecKoro Tumna

CwmemianHas 3a1aua i1l ypaBHEHUM mapaOoaudecKoro THra.

Meron pazneneHus NEpEMEHHBIX.

®opwmyia ['puHa.

lMapmonnueckue QyHKIIUN.

CBoiicTBa rapMOHUYECKUX (PYHKIUH.

dyHIaMeHTa bHbIe pelieHus U GyHKuu ['pruna.

Merton ¢hyunkuuii I'puna.

[TocTpoenne ¢pyHkuuii I'puHa Ha MIOCKOCTH U B MIPOCTPAHCTBE.

[TocTpoenne ¢pyHkuuit I'puna B mpocTpaHCTBe.

Pemenne 3anauu Jlupuxisie 1jist HEKOTOPBIX 00JIaCTEH.

Meroa ®ypre-nipeodpa3oBaHHiA.

Paznenenne  mepemenHsix B Merone  Dyppe  ans ypaBHEHUSA
TEIJIONPOBOHOCTH.

Pemenre 0OCHOBHBIX KpaeBbIX 3a1a4 MeTOA0M Dyphe.

Merox pacnpOoCTpaHEHHUs BOJIH.

BonnoBoe ypaBuenue. ®opmyna Jlanambepa.



33.
34,
35.
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50.

51.

52.

53.

54.

55.
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57.

Bonnosoe ypaBuenue. Meron Ilyaccona.

CBobOonnbIe Konebanusa. MeTos cynepro3uiinm.

CBo0OonHbIe KOeOaHUs CTPYHBI.

O6mras cxema Mmetona dypee.

Brinyxnennsie konebanus. @opmyna [lyaccona.

VYpaBHeHue Kojiebanuii B mpocTpaHcTse. 3anada Komn.

HuTerpanbHOe MpecTaBiIeHUE PEIICHUSI B HEOTPAHUYEHHOM MPOCTPAHCTBE.
OcoOeHHoCTH pemienus 3ana4u Koy Ha MiI0CKOCTH.

KonebGanus orpannyeHHBIX 00HEMOB.

Ocob6ennoctu 3anauu [ltypma-Jlnysuis.

[locTaHoBKa U pelIeHne OCHOBHBIX 3aJ1a4 JJIs1 YpaBHEHUS TEMJIONPOBOIHOCTH.
[lepBas kpaeBas 3amaya A ypaBHEHUS TEMIOMPOBOIHOCTH.

[TpuHIHMIIBI MAKCUMyMa U MUHUMYMa.

dynagamenTaiabHoOe perienue 3aaaun Komm.

HNuTerpanpHOE nipecTaBieHue pemenus 3aaaun Komm.

Meron @ypbe s HEOAHOPOAHBIX AU (EepeHIaNbHbIX  ypaBHEHUUN
napaboIMYecKoro THIIA.

Heonnopoanesie nuddepeHuuanbuple ypaBHEHUs MNapabOIMYecKoro THUIA.
OyYHKIIMY UCTOYHHKA.

Heonnopoaubsie auddepenuuanbable  ypaBHEHUs] NapaOOMYecKoro THIIA.
OO6mwmit cmyyai.

Uness meroma «mpuUCTpENKW» I pernieHust KpaeBbix 3agady B MathCad.
Anroputm metona npuctpenku [Ipumenenue 61oka Given/Odesolve.

Cytb MeTona «mpucTpenku» nans pemeHus 3aaauu  Llrypma-JlnyBuis.
Oyuknuu, ucnoiab3dyembie B MathCad, s peuieHust 3ajad4 Ha COOCTBEHHBIE
3HaueHusi. OcoOeHHOCTh  3amaHusi  mepBoro  aprymenta. DyHkuus,
ucnons3yeMast B MathCad, nist moctpoenus rpaduka coOCTBeHHON (DYHKITHH.
Onucanvie ¢GU3NUYECKOH MOJEIN B3aUMOJICHCTBUS BCTPEUHBIX CBETOBBIX
MY4KOB C PUCYHKOM. AHalu3 rpaduka peuieHus no MareMaTUu4ecKol MoJienu
¢uznyeckoro rmporecca B3aUMOJEHCTBUS BCTPEYHBIX CBETOBBIX ITyYKOB
(kpatkass ¢Qusudeckas wuHTEpHperanus rpaduka QGYHKIHUA 10 TOYKE
nepecevyeHus ¢ ochio Y).

MaremaTnueckoe yCJIOBHE 3alaHUS  pEaNbHBIX [MapaMeTpOB  MOJENH
B3aMMOJICHCTBUS BCTPEYHBIX CBETOBBIX MYYKOB [JIi BO3AYIIHOM CpEHIBI.
[TocnencTBus cynecTBEHHOro yBenudeHus ko3 pduimenta ocnadieHus.
[IpuMenenue «okecTkux» cucteM. Onucanue metona B 6soke Given/Odesolve
s pemeHust <«okectkux» cucreM B MathCad. Hepocratok MathCad s
HAXOXJICHUS HEIOCTAIOIINX HAYaIbHBIX YCIOBUH I (GKECTKHUX» KpPaeBBIX
CUCTEM.

DTanbl pelieHus: KpaeBon 3aa4u [l BOJHOBOTO YPABHEHUSI C HAYAJIbHBIMU U
rpannyHbiMH ycnoBusiMu B MathCad npu nomoum 6moka Given/Pdesolve.
Hasnauenue pynkuuu CreateMesh.

Otanbl penieHus: 3aJadyd O CBOOOAHBIX KOJEOAHHSX KpPYIJiod MeMOpaHbl B

MathCad ¢ mnpumenennem ¢yukuii beccens. Ha3nauenue cucteMHon
nepemenHoit FRAME.



58. DOranml pemenus aud@epeHnuanbHbBIX ypaBHEHHH B YaCTHBIX MPOU3BOTHBIX
ammntrdeckoro tuna (ypaBHenus Ilyaccona) B MathCad ¢ ucnons3oBanueM
¢bynkuu multigrid.

59. DOransl pemenus nuddepeHInaTbHBIX YPaBHEHUN B YaCTHBIX MPOU3BOAHBIX
napabonuueckoro tuna B MathCad npu momoru 61okxa Given/Pdesolve.

60. Dtanbl pemenus nuddepeHInalIbHBIX YPaBHEHHH B YAaCTHBIX MPOU3BOAHBIX
rutniepoonuueckoro tuna B MathCad metogom ®@yphe.

6.2. llIxana oneHNBAHUS Pe3yJbTATOB MPOMEKYTOYHOH aTTECTAIMU H
KPUTEPHUHU BbICTABJICHHUS OLIEHOK

IIpomexyTouHasi aTTECTAIUS: 3a4YeT

®dopma
KOHTPOJIS

Iloka3arenu
OLIEHUBaHUA

Kpurepun BbicTaBlIeHUS
OLIEHOK

IIkana oneHnBanus

3a4€CT

MMPaBUJIBHOCTL U
IIOJIHOTA OTBETA

JlaH IIPAaBWIbHBIM, IOJHBIM OTBET Ha
[IOCTaBJIEHHBII  BONPOC,  IOKa3aHa
COBOKYITHOCTb OCO3HAHHBIX 3HAHUU T10
JUCLMIUIMHE, JOKAa3aTEIbHO PACKPBITHI
OCHOBHBIE  TIOJIOKEHHSI ~ BOIPOCOB;
MOI'yT 6I>ITI) JONMYIICHbI HCAOYCTHI,
HCIIPABJIIEHHBIE  CAMOCTOSITEJIbHO B
MpOLECCE OTBETA; JaH NPABUJIbHBIM,
HEJOCTATOYHO TIOJIHBIA OTBET Ha
IIOCTaBJIEHHBIM  BOINpPOC,  IOKAa3aHO
YMCHUC BLIACINUTE CYIICCTBCHHBIC U
HECYIIECTBEHHbIE MIPU3HAKH,
MNPUYIXMHHO-CJICACTBCHHBIC CBsI3HU,
MOI'yT 6BITB JONYIICHBI HCOIO0YCThI,
WCIIPaBJICHHBIE c MIOMOUIBIO
[IPEnoaBarelisd; JaH HEIOCTaTOYHO
MPAaBWIbHBIM U MOJIHBIA OTBET; JIOTHUKA
U TOCIEAOBATEIbHOCTh  W3JI0KECHHS
AMEKT  HapyLlEeHUs; B  OTBETE
OTCYTCTBYIOT BBIBO/JIBI.

3a4YTCHO

OTBET MIPEJICTaBISET coboit
pa3pO3HCHHBIC 3HAHUS c
CYIICCTBEHHBIMH  OINMOKAaMH IO
BOIPOCY; MPUCYTCTBYIOT
(hparMeHTapHOCTb, HEJIOTUYHOCTD
HU3JT0XKCHUA, JOIIOJTHUTCIIbHBIC n
YTOYHSIOIINE BOMPOCHI HE MPUBOIAT K
KOPPEKIIMU OTBETA Ha BOIIPOC.

HEC 3a4TCHO

7. PecypcHoe obecnieuyeHne TUCHUTNIHHBI

7.1. JInueH3uoOHHOE U CBOOOIHO pacnpoCcTPaHsieMoe MPpOrpaMMHoe

odecmeueHnue

[lepeyeHp AUIEH3MOHHOTO W CBOOOIHO PACHPOCTPAHIEMOTO IPOTPAMMHOIO
obecredeHusi, B TOM YUCJIe OTEYECTBEHHOTO MMPOU3BOJICTRA!




1. MoiiO¢duc Ob6pazoBanue [[10-41B-124] - TlonHBIH  KOMILICKT
PENAaKTOPOB  TEKCTOBBIX JIOKYMEHTOB W  JJEKTPOHHBIX TaOJHMIl, a TaKkxKe
UHCTpYMEHTapuil s paborel ¢ rpaduueckuMu mpeseHtauusmu [CBoOOIHO
pacopoctpansiemoe. Homep B EauHOM peecTpe pOCCHUCKHAX MNPOrpamMMm s
AJICKTPOHHBIX BBIYMCIIUTEIIBHBIX MAIIIMH U 0a3 JaHHBIX - 4557]

2. Astra Linux Common Edition pemus Open [[10-25B-603] -
OnepanuonHas cucrema ooOmero HasHadeHus "Astra Linux Common Edition"
[Kommepueckas (Full Package Product). Homep B EnuHoM peectpe poccuiickux
IpOTpaMM ISl SJIEKTPOHHBIX BBIUW CIIUTEILHBIX MAIIMH U 0a3 NaHHBIX - 4433]

7.2. IlpodeccuonanbHbIe 0a3bI JaHHBIX U MH(POPMALMOHHBbIE CIIPABOYHbBIEC
CHCTEMBI

1. Hayunas snextponnas 6u6nmnoreka «eLIBRARY.RU» [DnekTpoHHBIIM
pecypc]. — Pexum pocrynma: https://www.elibrary.ru/, moctym Toibpko Mmocie
CaMOCTOSITEITLHON PErHCTPAINH

2. DneKkTpoHHasi OMOIUOTEeYHAs CUCTEeMa YHUBEPCUTETA, 00eCeunBaroast

WHJVBUlyaJbHbIA HEOTPAaHUYEHHBIM JTOCTYN U3 JIOOOM TOUKH, B KOTOPOW HMeEeTCs
noctyn k cetu Matepuer: http://elib.igps.ru.

3. DOnekTpoHHass OMOIMOTEYHAsE CUCTEMa YHUBEPCUTETA, 00ecrednBaroas
WHJUBUIyaJbHBI HEOTPAHUYECHHBIM JTIOCTYN U3 JIOOOW TOUKH, B KOTOPOW HMMEETCs
noctym k cetn UaTepuer: http://www.iprbookshop.ru;

4.  OenepanpHblii mopran «Poccuiickoe odpasoBanue» http://www.edu.ru —
WHJIMBUIyaJbHBIA HEOTPAHUYECHHBIM JTIOCTYN U3 JIOOOW TOUKH, B KOTOPOWM HMMEETCs
JOCTYI K cetu MIHTEepHeT.

7.3. Jluteparypa
OcHoBHas:
1. Pycak, Banentun HwukomaeBuu. Marematnueckass ¢usuka [TekcT]: ydeOHOE
nocobwue: [rpud Mun. 06p.] / B. H. Pycaxk, 2006. — 248 c.
2. IMamyesa, . M. YpaBHeHus maTeMaruueckoil pusuku : yaeoHoe nocodue / . M.
[TamyeBa, H. b. VYckosa, A. H. IllenxoBoii. — Boponex : Boponexckui
rocyJaapcTBeHHbI Texuuueckuit yausepcuter, ObC ACB, 2020. — 117 c. — ISBN
978-5-7731-0873-3. — TekcT : 2JIEKTPOHHBIH // DNEKTPOHHO-0MOIMOTEUHAs cUCTeMa
IPR BOOKS : [caiiT]. — URL.: https://www.iprbookshop.ru/108189.html

JlomoJiHUTEIbHAS

1. AmnameeBa, Enena AnekcaHnpoBHAa. YpaBHEHUS MaTeMaTHYCCKOW (PU3UKHU
[DnexTpoHHbIi pecypc] : YuebHoe nmocobue / Anameena E. A., 2016. — 162 ¢. Pexxum
noctyna: http://www.iprbookshop.ru/71896.html

2. IlaBnenko, Amnekceii  HukonaeBudu. VYpaBHEHUS MaTeMaTH4YECKOU (UBUKH
[DnekTpoHHbIN pecypc]: yuebHoe nocodue / [TaBnenko A. H., 2013. — 100 c. Pexxum
noctymna: http://www.iprbookshop.ru/30134.html

3.  Kamununa, Enena  CepreeBHa.  IIpakTukyMm 10  OOBIKHOBEHHBIM
muddeperuanbabM ypaBHeHUAM [ Tekcr] : yaeoHoe mocodue / E. C. Kanmauna, A.



http://elib.igps.ru/
http://www.iprbookshop.ru/
http://www.edu.ru/
https://www.iprbookshop.ru/108189.html
http://www.iprbookshop.ru/71896.html
http://www.iprbookshop.ru/30134.html

B. CaitpynunoBa ; pea. O. H. UYwmxuxos, 2017. - 248 c. Pexum poctymna:
http://elib.igps.ru/?112&type=card&cid=ALSFR-d4cbhd95a-5cfc-41a4-9abc-
88095eed5606 &remote=false

7.4. MaTtepuajibHO-TeXHHYeCKOe o0ecreYeHue

Jlnst mpoBeneHWsT W OOECNEUEHHUs 3aHSATUNA HCIOJB3YIOTCA TOMEIICHUS,
KOTOPBbI€ MPEJCTABISIOT COO0ON yueOHbIe ayJUTOPUHM JJIsI TPOBEIACHUS YYEOHBIX
3aHATUM,  NPEIYyCMOTPEHHBIX  MporpamMMmor  OakajaBpuara,  OCHAILCHHbBIE
000Opy/lIOBaHHEM U TEXHUYECKUMHU CpEICTBAaMU OOY4YEHHs: aBTOMATU3WPOBAHHOE
pabouee MecTO mpemojaaBaTresisi, MapKepHas J0CKa, MYJIbTUMEIUUHBIN MPOEKTOp,
MOCaJ0YHbIE MECTa 00yUYaroIINXCsl.

s mpoBeneHHss  JTaOOpaTOpPHBIX  pabOT  HUCMoONb3yeTcs  jaboparopus
BBIYHCITUTEILHON TEXHUKHU.

[lomemienus [ CcaMOCTOATENbHOW pabOThl OOY4YarOUIUMXCS OCHAILEHBI
KOMIIBIOTEPHOM TEXHUKOM C BO3MOYKHOCTBIO MOJKIKOYEHUS K cetu «lMHTepHeT» u
oOecrieueHreM J0CTyna K 3JIEKTPOHHON HHGOPMAIMOHHO-00pa30BaTeIbHON Cpeie
YHUBEpPCHUTETA.

ABTOpPBI: KaHIMUJIAT MEIarorMuecKux HayK, gomneHT Tpodumen E.H.
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