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

OBJIQJICHHE METOJaMH MaTEeMaTHUYECKOI0 TMTO3HAHKUS U METOJ0JI0THEel PaboThI ¢
MaTeMaTHYeCKUMH OOBEKTaMH B KOHTEKCTE WX MPUMEHCHUs JUIsl pelIeHUs
npodeccuoHaIbHO-OPUEHTUPOBAHHBIX 3a/1a4 B 00JIaCTH MOKapHOU 0€30MacHOCTH.

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

OIIK-3 CrocobeH pemate NOpPUKIAAHBIE 3aJadyd B 00JacTH oOecreueHHs
MoKapHOW  O€30MacHOCTH,  OXpaHbl  OKpYXKAlImEed  cpeapl |
9KOJIOTHUYECKOH  OE30IMacHOCTH  WCHOJB3Ys TEOPHI0 M METOJBI
(yHIaMEeHTaIbHBIX HAYK

3agauy JAMCUUILIHHDI:

— (dopMupoBaHHE MpEACTABICHUNH 00 OCHOBHBIX IOHATHUSX YpaBHEHUH
MaTeMaTHYECKON (PU3MKH Ha OCHOBE IMOJIOKCHUM, 3aKOHOB U METOJIOB €CTECTBECHHBIX
HaYK N MATCMATHUKHU M BO3MOXHOCTIAX HUX HCIIOIB30BAHUA B O6JIEICTI/I HO)KapHOﬁ
0€30I1aCHOCTH,

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

2. [lepeyeHb NJIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUsI JUCHUNINHBI,
COOTHECEHHBIX ¢ IUIAHUPYEMBIMU pe3yJabTaTaMH OCBOeHHs1 00pa30BaTeJIbHOI
MpPOrpamMMbl

NupaukaTopbl JOCTUKEHUST KOMIIETEHITUI [Tnanupyemsbie pe3yabTaThl 00yUeHUSs 10
TUCLUILINHE

3HaHME OCHOB BBHICIICH MareMaTuku, Gu3nku, | 3HaeT

XVUMHH, DJIEKTPOTEXHUKH, BBIYMCIUTEIBHON | OCHOBHBIE ITOHATHS OCHOB BBICIICH

TEXHUKHU U TIPOrPaMMHUPOBAHMS MaTeMaTuKku, QU3NKH, XUMUH,

OIIK-3.1. 3JIEKTPOTEXHUKH, BEIYUCIUTEIbHON TEXHUKHU U
MPOrpaMMUPOBAHMS JIJIs1 PEIICHUS YpaBHEHU

MaTeMaTU4eCKOu (PU3UKU.

Ymeer

KJaccu(UUUpOBaTh TUN YpPaBHEHUS U THUII
KPAaeBBIX YCJIOBHUM JUIsl PELICHUS MPUKIATHBIX
3ama4y B 007MacTH oOOecCrHeueHus: MoKapHO
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




MAaTEMaTUYCCKOIro aHajin3a 1 MOACIIMPOBAHUA

OIIK-3.2.

VYmeer

Pewmats cranmapTHbIe 3a1a4¥ MaTEMaTUYECKON
GU3MKH  TpH  TOMOIIM  KOMIIBIOTEPHOI
cuctremel MathCad wu  ananusupoBathb
NOJyYCHHBIC PEHICHHs, YYHUTHIBAs OICHKU
JOCTOUHCTB 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 MPOU3BOJHBIX BTOPOTO TOPSAIKA IS
pelieHusi TPHUKJIAIHBIX 337a4 B O0JIACTH
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

JucuurivHa oTHOCUTCS K (aKyJlIbTaTUBHOM YacTH OCHOBHOM mpodeccruoHaIbHOM
00pa3oBaTeIbHON MPOrpaMMbl CIIeIHaINTeTa o HampaBieHuio noarorosku 20.05.01
[ToxxapHas 6e3omacHOCTb, cnenuanu3amnus «lloxapHas 0€30MacHOCTb TOCyAapCTBay.

4. CTpyKTYypa M CcOIepKaHUEe TUCHHUILIHHBI

OO6mmas Tpy10eMKOCTh TUCITUILIMHEBI COCTABIIACT 2 3aUCTHBIC CIMHUIIBI /2 dYaca.

4.1. PacnipenesieHre TPYA0eMKOCTH Y4eOHOM TUCHMIIMHBI 110 BUAAM padoT

1o ceMecTpaMm M popmamM 00ydeHUst

JJI 04HO# popMBbI 00yUeHUsI

TpyoeMKoCTh
. o
Bun yueOro# pabore! 3.e. qac. cemMecTpam

7
OOmas TPyAOEMKOCTh IUCHUIUIMHBI TIO0 y4eOHOMY 9 79 79
TUIaHy
KonrtakTHas paboTta, B TOM 4HCIIE: 36 36
AyIMTOPHBIE 3aHATHS 36 36
Jlexnmu (JI) 8 8
[Ipaktuueckue 3ausatus (I113) 16 16
Cemunapckue 3ansatus (C3)
JlaboparopHbie padoTsl (JIP) 12 12
CamocrosiTesasnast pagora (CPC) 36 36
B TOM YHCJIE:




TpynoeMKOCTh
. 1o
Bz yuebroH pabo! 3.e. qac. cemMecTpam
7
KOHCYJIbTAIlUU Mepe]l IK3aMEHOM
KypcoBast paboTa (IpoeKT)
3aver + +
JK3aMeH
JJIS1 3209HOI (pOpMBI 00y eHUA
TpynoeMKocTh
Bun yaeOHo# paboThl se. e, o KgpcaM
OOmiass  TPyAOEMKOCTh  JWCIMIUIMHBI IO
y4eOHOMY TUTaHy 2 2 2
KonrakTHas paboTa, B TOM YHCIIE: 12 12
AyIUTOpPHBIE 3aHATHS 12 12
Jlexm (JI) 2 2
[IpakTuueckue 3anarus (I113) 10 10
JlaGopatopusie paboTsl (JIP)
CamocrosiTesasnast pagora (CPC) 60 60
B TOM YHCJIE:
KOHCYJIbTAILINH TTEPE]] SK3aMEHOM
3ayer + +

4.2. Conep:kaHue IMCHUIIMHBI, CTPYKTYPHMPOBAHHOE 10 TeMaM (pa3jenam)
€ YKa3aHHEM OTBEJICHHOI0 HA HUX KOJINYEeCTBA aKaJeMHYeCKHUX YaCOB U BUI0B
Y4eOHBbIX 3aHATHH
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Paznean 1.
YpaBHeHust MaTeMaTH4YecKol pu3nku
U MeTOJbl UX peleHust
1 | Tema 1. 12 2 2 2 6




| 2

OCHOBHBIE TUIIBI YPAaBHEHUI
MaTeMaTu4ecKoi (U3UKHU U
KJIACCUYECKUE METO/Ibl UX PEICHUS

Pa3zpnen 2.
I'mnep0osinyecKkue ypaBHeHU sl

Tewma 2.
YpaBHeHHsI CBOOOIHBIX KoeOaHui
CTPYHBI

12

Tema 3.
YpaBHEeHUsI BBIHYKJIEHHBIX KOJI€OaHH
CTPYHBI

10

Paznea 3.
DIIMNITHYECKHEe YPABHEHM I

Tema 4.
VYpaBuenus Ilyaccona u Jlamnaca

18

10

Paznea 4.
IMapa6ojnyecKkue ypaBHeHUs

Tema 5.
YpaBuenune Oypoe

20

10

3auer

+

Hroro 3a 8 cemectp

72

36

3a04Hasi popMa 00yUueHUs1

n/n

HaumMmeHoBaHuUsi pa3aesioB U1 TEM

Bcero uacos

KoanuecTBo 4acoB mo
BHIAM 3aHATHA

IIpakTHYeckue 3aHATHS

w

o | JlaGopaTopHble 3aHATHS
~| Koncyabranuu

& | Jleknuu

o1

©| KoHTpoJb

(o}
CamocrosiTeabHasi padora

%
3

(o]

Paznen 1.
YpaBHeHus: MaTeMAaTH4YECKOM
(pM3MKH U MeTO/ABI UX peLleHHs

Tema 1.

OcCHOBHBIE TUTIBI ypaBHEHUI
MaTeMaTH4eCcKou (PU3UKHU U
KJIACCUYCCKUC MCTOJbI UX PCIICHUA

12

10

Paznea 2.
I'mnep6osnyeckue ypaBHeHU sl

Tema 2.
VYpaBHeHHst cBOOOIHBIX KoeOaHu
CTPYHBI

12

10




1 2 3 4 5 6 7 8 |9

3 Tema 3. 12 2 10
YpaBHEHUsI BBIHYKICHHBIX
KoJIe0aHUH CTPYHBI
Pasnen 3.
DJUIMIITHYECKHE YPABHEHHUS

4 Tema 4. 24 4 20
YpasHenus Ilyaccona u Jlannaca
Paznen 4.
Ilapaboanyeckue ypaBHeHHU S

) Tema 5. 12 2 10
VpaBuenue Oypobe
3auer + +
Hroro 3a S kype 72 2 10 + | 60

4.3. TemaTu4ecKuil IUIaH A1 00y4AIOLIUXCH:
04YHOM (popMBbI 00yUeHHUA
Pa3znen 1. YpaBHeHus1 MaTeMmaTH4ecKoil GU3MKN U MeTOABI UX pPelIeHUs

Tema 1. OcHOBHBIE THIIBI YPABHEHNH MaTeMaTU4eCcKoil PU3NKH U
KJIACCHYeCKHe MeTOAbl UX pelleHust

Jekyuna. Onucanue 3anad, TpUBOAAIUX K AU} depeHIMaANIbHBIM YpaBHEHUIM
NEepPBOro MOpsiIKa C YACTHBIMU MPOM3BOJAHBIMHU. OmHcaHUE 3a4ad, TPUBOASIINX K
muddepeHInanbHbBIM YPaBHEHHUSIM BTOPOTO MOPSIAKA C YACTHBIMU MPOU3BOIHBIMH.

Ilpaxkmuueckoe 3anamue. ViccienoBanue MOJICIH B3aUMOIEHCTBUS TOYECUHBIX
cBeToBbIX yukoB B MathCad.

Jlabopamopnas paboma. Pemienvie 3anauu lllrypma-Jlnysuins B8 MathCad.

Camocmoamenvnasn paooma. OcHOBHBIE 1000)205000%000 aHaJIM3a
MaTeMaTHYEeCKUX MOJIEJIEH pealbHbIX CUCTEM.

Pexomendyeman numepamypa:

ocHoBHas [1, 2];

JornonHuTensHa [ 1, 2].

Pa3znen 2. 'unep6osinyeckue ypaBHeHUs

Tema 2. YpaBHeHuUs1 CBOOOAHBIX KOJeOaHUI CTPYHBI

Jexkyua. TloctaHoBKa KpaeBbIX 3a/au JJid YpaBHEHUs CBOOOJHBIX KoJeOaHUMN
oeckoHeuHOl cTpyHbl. Dopmyna lanamOepa i pelieHus ypaBHEHUS CBOOOIHBIX
KojeOaHuii OECKOHEYHON CTpyHBL. MeETOJbl pelIeHUs YpaBHEHHUS CBOOOIHBIX
KoJe0aHUN OrpaHUYEHHON CTPYHBI.

Ilpakmuueckoe 3anamue. Pelienne ypaBHeHUN runepO0IMYecKoro TUIA.

Jlabopamopnasa paboma. PeuieHne ypaBHEHHS CBOOOJTHBIX KoOJIeOaHUN
ctpynbsl B MathCad.



Camocmoamenvnasa padoma. AHanmu3 ypaBHEHHUSI CBOOOJIHBIX KOJI€OAHUUN
CTPYHBL.

Pexomenoyeman numepamypa:

ocHoBHas [1, 2];

nornonHuTeNbHa [ 1, 2].

Tema 3. YpaBHeHHs BBIHY:K/IE€HHbIX KOJ1€0aHUH CTPYHBbI
Ilpakmuueckoe 3anamue. Penienue ypaBHEHHUM B YaCTHBIX MMPOU3BOIHBIX.
Jlabopamopnaa paboma. PenieHue ypaBHEHHS BBIHYKICHHBIX KOJeOaHUM

ctpynbsl B MathCad.
Camocmoamenvnan paboma. AHanu3 U pelieHUE BOJHOBBIX YPABHEHUM.
Pekomenoyeman numepamypa:
ocHoBHas [1, 2];
JonoaHuTeNnbHas [1, 2].

Paznen 3. DajunTuyeckue ypaBHeHHs

Tema 4. YpaBuenus Ilyaccona u Jlanmiaca

Jexyua. 1locranoBka 3anau upuxne u Heitmana nns ypaBHenusa Jlamnaca.
@opmyna ['puHa u €€ HCHOIB30BAHHME JJISI HAXOXKICHMS PEIICHHS YpPaBHEHUS
Jlarnaca. Pemenue 3amaun qupuxie.

Ilpaxkmuueckoe 3anamue. PenmieHne KpaeBbIX 3a1a4.

Jlabopamopnaa padoma. PeunieHne ypaBHEHMI SJUIMITUYECKOTO THUIA B
MathCad.

Camocmoamenvnaa padoma. Ananu3 (PyHIaMEHTAJIbHOTO  pEIICHUS
ypaBHenus Jlamnaca. Vcnonb3oBanne ¢ynkiuu ['puHa as pelieHdus ypaBHEHUS
Jlanmaca.

Pexomendyemasn numepamypa:

ocHoBHas [1, 2];

nomnonaHuTensHas [1, 2].

Pa3nen 4. [lapaGosnyeckue ypaBHeHUs

Tema 5. YpaBHenue ®@ypnbe

Jlexkyua. IloctaHOBKa KpaeBbIX 3aJa4 M METOAbl PEUICHUS Il ypaBHEHUS
TEIJIONPOBOJHOCTU B HEOTPAHUYEHHOM U OFPaHUYEHHOM CTEpIKHE.

Ilpakmuueckoe 3anamue. PenieHue ypaBHEHUs TENJIONPOBOJHOCTH METOIOM
Dypse.

Jlabopamopnaa paboma. Penienue ypaBHeHUN mapaboJIMYECKOro THUMA B
MathCad.

Camocmoamenvhan padoma. IlpuMeHeHne HHTErPaTILHOTO Ipeodpa3oBaHus
®dypbe a1 perieHnus: ypaBHEHUs! TeTIONPOBOAHOCTH.

Pexomenoyeman numepamypa:

ocHoBHas [1, 2];

nononHuTenbHas [1, 2].



3a04HOI popMbI 00yUEeHHA
Pa3nea 1. YpaBHennss MmaTeMaTn4yeckoil PU3NKU U MeTObI X pelIeHUs

Tema 1. OcHOBHBIE THIIBI YPABHEHHH MaTeMaTH4eCKOi PU3NKH U
KJIACCHYEeCKHe METOAbI X pelleHus

Jekyua. Onucanue 3anad, TpUBOIAIIUX K AU(PPEepeHINAIBHBIM YPaBHEHUAM
NEPBOTrO MOPSIIKA C YACTHBIMU NPOM3BOJAHBIMU. OmnucaHue 3anad, NPUBOASIINX K
g depeHuaIbHbIM YPaBHEHUSAM BTOPOTO MOPSAAKA C YACTHBIMU MTPOU3BOJIHBIMU.

Camocmoamenvnaa padoma. ViccienoBaHue MOIENH B3aUMOJEUCTBUSA
TOYEUHBIX CBeTOBBIX NMy4ukoB B MathCad. Pemenue 3amaum Iltypma-JIlnyBuins B
MathCad. OcHoOBHBIC NpPUHIMIIBI aHAIN3a MaTEMaTHYECKHX MOJCICH pealbHBIX
CUCTEM.

Pekomenoyeman numepamypa:

ocHoBHas [1, 2];

JononHuTenbHas [1, 2].

Pa3nen 2. F'unep6onuyeckue ypaBHeHUsI

Tema 2. YpaBHeHus1 CBOOOAHBIX KOJeOaHUI CTPYHBI

Ilpakmuueckoe 3anamue. PelieHue ypaBHEHHS CBOOOJHBIX KoOJeOaHUMI
ctpyHsl B MathCad.

Camocmoamenvnan padoma. IlocTaHOBKAa KpaeBbIX 3a7ad ISl ypaBHEHHUS
CBOOOJIHBIX KosieOanuii OeckoHeuHol cTpyHbl. Dopmyna JlanamOepa myis penieHus
ypaBHEHHUsSI CBOOOAHBIX KoJeOaHUNW OECKOHEYHOM CTpyHbl. MeToabl pelieHus
ypaBHEHUsI CBOOOJHBIX KOJICOAHWM OTrpPaHUYCHHOW CTPYHBI. AHAIU3 YpaBHCHHS
CBOOOJIHBIX KOJeOaHuil cTpyHbl. Perienne ypaBHEHU M runepOoInyecKoro Tura.

Pexomendyeman numepamypa:

ocHoBHas [1, 2];

nomnonaHutensHas [1, 2].

Tema 3. YpaBHeHHsI BIHYKAEHHBIX KOJ€0aHUH CTPYHBI

Ilpakmuueckoe 3anamue. PenieHue ypaBHEHUsI BBIHYXKJICHHBIX KoJieOaHUM
ctpynbsl B MathCad.

Camocmoamenvnaa padoma. 1locTaHOBKa KpaeBbIX 3a4ad Ui ypaBHEHUS
BBIHYKJIEHHBIX KosieOanuil ctpyHnsl. Gopmyna Jlanambepa ayist pelieHus: ypaBHEHUS
BBIHY)KJICHHBIX KOJICOAHMI CTpPyHbl. AHalIM3 U PEIICHHE BOJIHOBBIX YPaBHEHHIA.
Pemienne ypaBHEeHMI B 4aCTHBIX MPOU3BOHBIX.

Pexomenoyeman numepamypa:

ocHoBHas [1, 2];

nononHuTenbHas [1, 2].

Paznen 3. DajiMnTuyeckue ypaBHeHHs



Tema 4. YpaBuenus Ilyaccona u Jlanmiaca

Ilpakmuueckoe 3anamue. PelieHue ypaBHEHHUM DJIUIMNTUYECKOTO THMNA B
MathCad.

Camocmoamenvnasa padoma. llocranoBka 3anad Jlupuxie u Helimana niis
ypaBHeHus Jlanmaca. @opmyna ['puHa m €€ MCHONB30BAHUE IS HAXOXKICHUS
pewenus ypaBHenus Jlamnaca. Pemenune 3anaun Jupuxie.

AHanmu3 QyHmaMeHTambHOro pemieHus ypaBHeHus Jlanmnaca. Mcnonb3oBanue
dbyukuun I'puna nis pemenus ypaBHenus Jlamnaca. Pemenue kpaeBbix 3a1ad.

Pekomenoyeman numepamypa:

ocHoBHas [1, 2];

nononHuTeNnbHas [1, 2].

Pasznea 4. Ilapa6osinyeckne ypaBHeHHs

Tema 5. YpaBHenue ®ypnbe

Ilpakmuueckoe 3anamue. PellieHne ypaBHEHUN Napa0dOJMYECKOro THUIA B
MathCad.

Camocmoamenvnas padoma. IlocTaHOBKa KpaeBbIX 3a/1a4 U METO/bI PEIICHUS
JUISl ypPaBHEHU S TEMJIONPOBOAHOCTHA B HEOTPAHUYECHHOM U OTPAHUYEHHOM CTEPIKHE.

[IpumeHnenne UWHTErpajdbHOTO TMpeoOpaszoBanus Dypbe ISl peHICHUs
ypaBHEHUS TEMJIONPOBOAHOCTU. PellieHne ypaBHEHUs TEIJIONPOBOJHOCTH METOJIOM
dypre.

Pexomenoyeman numepamypa:

ocHoBHas [1, 2];

JornonHuTensHas [ 1, 2].

5. MCTO}II/I‘ICCKI/IB PEKOMEHIALMA M0 OPTaHU3ANUUA U3YUCHUSNA NTUCHUIIIIUHBI

[lpn peamu3anuu TpPOTpaMMBbl JUCIUIIIMHBI HCHOJIB3YIOTCS JICKIMOHHBIE,
NPaKTHYECKUE U JIaDOpaTOPHBIC 3aHATHS.

OO0mUMHU LIENIMU 3aHIATUH SIBIITIOTCS:
— 0o000I1IeHue, cUcTeMaTu3alus, YriyoJleHue, 3aKperieHHe TEeOPETUYECKUX
3HaHUU TI0 KOHKPETHBIM TeMaM JTUCITUTIIAHBL;
— dopMHpOBaHUE YMEHUW NPHMEHATH TOJYYCHHBIC 3HAHHWS Ha IIPAKTHKE,
peanu3arys eAMHCTBA MHTEIUICKTYaIbHOW U MTPAKTUYECKON JCSTETbHOCTH;
— BBIPA0OTKA TP PEIICHUN TTOCTABICHHBIX 33134 MPO(ECCHOHATHHO 3HAYUMBIX
Ka4eCTB:  CaMOCTOSITCJIbHOCTH,  OTBETCTBEHHOCTH,  TOYHOCTH,  TBOPYECKOH
WHUITUATUBBI.

[ensmMu JIEKITUU SABIISIOTCS:
— dbopMUpOBaHUE CUCTEMATU3UPOBAHHBIX HAYYHBIX 3HAHUN 11O JUCIUTIIIMHE C
aKIICHTOM Ha HamOoJiee CIIOXHBIX BOIPOCAX IMOCTPOCHUS MATEeMATHYSCKUX MOJCICH
(U3NIECKUX POIIECCOB U SBICHUN;
— CTHMYJIHPOBAHHME aKTHBHOW MMO3HABATEIBHOMN JACATEILHOCTH 00yJaroIInXxcs,
CHoCOOCTBYIOMIEH (HOPMHUPOBAHUIO MX TBOPUESCKOTO MBIIIICHHUS.



B xome mnpakTuyeckoro 3aHATUS O0ECIEYUBAETCS MPOLECC aKTHBHOIO
B3aMMOJICHCTBHSI 00YUYAIOIIUXCS C MPENoaBaTesieM; MPUOOPETAIOTCS MTPAKTUIECKUE
HaBBIKM M YMEHHs. Llenb mpakTUuecKoro 3aHsATHs: YINIyOUTh M 3aKpENuTh 3HAHUS,
MOJIy4YE€HHbIE Ha JIEKUUU, (POpPMHUPOBAHUE HABBIKOB HCIOJIb30BAHUS 3HAHUU s
peIICHUsT TMPAKTUYECKUX 3a7ad; BBINOJHEHHWE TECTOBBIX 3aJaHUN 110 MPOBEPKE
IIOJIy4YECHHBIX 3HAHUN U YMEHUU.

[enbto 11a0OpaTOPHOrO 3aHATHS SIBISIETCSl YCBOCHHE TEOPETHUUYECKUX OCHOB
JUCIUIUIMHBI U TIOJYyYeHHE MPAKTUUECKUX HABBIKOB UCCIIEIOBAHMS TyTEM MOCTaHOBKH,
IpPOBEACHUs, OOpaOOTKU W MPEICTaBICHUS PE3YJIbTATOB 3KCIEPUMEHTAa Ha OCHOBE
MIPAKTUIECKOTO HCIIONIB30BAHUS PA3IMYHBIX METOAO0B (HAOIIOACHNUS, CPAaBHEHUS U JIp.),
pUOOpPETEHUSI HABBIKOB OMbITa TBOPUYECKOM JESITEIILHOCTH.

JlabopaTopHas paboTa — CaMOCTOSITEIbHOE BBIMOJHEHUE KaKIbIM O0YyJarOITMCS
y4eOHOW TpyHIbl SKCIIEPUMEHTAIILHOTO 3aJaHus Ha jJabopartopHoMm 3aHsTuu. llpu ee
MPOBEACHUM KaXIbIM OOYYAIOIIMMCSI OCYIIIECTBIISIETCS CaMOCTOsITEIbHAas 00padoTKa 1
IpeCTaBICHUE PE3YIbTATOB B BUJIE OTUETA I10 JIAOOpaTOPHOM padoTe.

CamocrosaTenbHass pabora 0O0y4yalrIIMXCS HaNpaBlieHa Ha YIUIyOJeHUE U
3aKperUieHue 3HAHUM, MOJYUCHHBIX Ha JICKIMSIX M APYTHUX 3aHATHUSAX, BBIPAOOTKY
HABBIKOB CAMOCTOATENIBHOTO AKTUBHOTO NPUOOPETEHUS HOBBIX, JOMOJHUTEIbHBIX
3HAHUH, MOArOTOBKY K MPEACTOSIINM 3aHATUSIM U IMPOMEXKYTOYHOM arTecTaluu, Ha
pa3BUTHE TBOPUYECKOIO MOTEHIIMAJA IPU HAMTMCAHUH pedepaToB.

6. OIIeHO‘lH]:Ie MaTepHuaJdbl IO JTHCHUILIMHE

Texyumii KOHTPOJIb yCIIEBaEMOCTH 00ECIIEUNBACT OIICHHUBAHHUE XO/1a OCBOCHHSI
JTVCHUTUIIMHBI, TIPOBOIUTCS B COOTBETCTBHH C COACPKAHHEM JUCIHUILIMHBI MO BHIAM
3aHATUI B (GopMe ompoca, TECTHPOBAHMS, 3aUIUTHl OTYETOB IO Ja0OPaTOPHBIM
paboTtam, HanucaHus pedepaTos.

[IpomexxyTouHast aTTecTanusi 00ecleYnBacT OLEHUBAHUE MPOMEXKYTOUHBIX U
OKOHYATENbHBIX PE3yJbTaTOB OOYYeHHs IO AMCHUIUIMHE, MPOBOAHUTCA B (opme
3ayera.

6.1. [IpumepHbIE OLlEHOYHbIE MATEPHUAJIbI:
6.1.1. Texymero KOHTpoJIst

IIpumepHbie TeMbI 1J1s1 pedepaToB:
XapakTep ri1aJKoCTy pelieHu ypaBHEHUM runepOoInYecKoro TUma.

3anaua ['ypca.

dyHIaMeHTaIbHbIE PEIICHUs TMHEHHBIX MU} dhepeHIINATbHBIX ONIEPaTOPOB.
Oynknus ['puHa oneparopa Jlamaca.

3apaua [ltypma — JInyBuLs.

MeToa moTeHIIMAJIOB.

Bapuanyonnsie METOBI.

Mertoa UHTErpaJibHBIX TPeoOpa3oBaHUM.

N O WNE



9. Meroa KOHEUHBIX pa3HOCTEH.

10. HekoppeKTHO MoCTaBJICHHbIE 3a7ayu.

11. Meton ¢ynkuuit ['puna.

12. Humuaapuaeckue ¢yHKIAN.

13. Cepuueckue GyHKIIUU.

14. Jlunetinpie quddepeHImanbHbple YPaBHCHHUsI TIEPBOTO TMOPSAKAa B YaCTHBIX
IPOU3BOJIHBIX.

15. Pemenne ypaBHEHHUM MaTeMaTH4eckol (U3MKH HA OCHOBE TEOpHUU
TPUTOHOMETPUUYECKUX psA1oB Dyphe.

16. PacnpocTpanenue Teruia B npocTpancTse. CTalioHapHOE TEIUIOBOE TOJIE.

17. Onucanue NOTEHIIMATBHOIO TEYEHHUS MKUJIKOCTH C MOMOIIBIO ypaBHEHUU
MaTeMaTH4YEeCKON (U3UKH.

18. 3anmava /Iupuxie nns ypaBuenus [lyaccona.

19.3agaua Heitmana nnst ypaBuenus [lyaccona.

20.YpapHenus KonmoropoBa i CTOXaCTHYECKUX MPOIIECCOB.

21. Tuddepennumanbabie MOASTH AJISI CTOXaCTUYECKUX MTPOLIECCOB.

22. CMmemianHas 3a/1a4a Juisd ypaBHEHHUS JIOTHOCTH aKIIUM.

23.Brruncienrie GyHKIMM CTOMMOCTH omniioHa u3 ypaBHenus bika-Illoynca.

24. Ypasaenue Caylkoro B TEOpUU NOTPEOICHHUS.

25. [lapabonmdeckoe ypaBHEHUE TCHE)KHBIX HAKOTUICHH.

Tunossie BONpPOCHI 1J1s onpoca:
1. BonHoBoe ypaBHeHue B R

2. VpaBHEHHE TEILIONPOBOIHOCTH B R

3. Omeparop u ypasrenue Jlamaca R

4. JIsyMepHbIi onepaTtop Jlamiaca B MOJIAPHBIX KOOpAUHATAX

5. OgHOoMepHOE BOJHOBOE YpaBHEHHE C HAMCAaHHEM HaudallbHBbIX YCJIOBUM, 3aMEHBI
NEPEMEHHBIX U YKa3aHUEM KaK10r0 mapameTpa BXOISIIEro B ypaBHEHUE

6. IlocranoBka 3amaum Illtypma-JInyBunns: oOblkHOBeHHOE AuddepeHIranbHOe
ypaBHEHUE 2-TO TOpsjKa, TPaHWYHBbIC YCJIOBHS (MareMarudeckas (opma 3aIucw,
cioBecHasi OpMyIUPOBKA)

7. Teopema o cBOMCTBaX COOCTBEHHBIX YHCEN U COOCTBEHHBIX (DYHKIIUM 3a1auu
[ITypma-JInyBuis.

8. Teopema CrekJioBa.

9. HUnes wnaxoxneHus oOmiero HeHyneBoro pemenus miut OIY 2-ro mopsaka
MeToa0M Dypee.

10. Drambl obmIel cxembl MeTos1a Dyphe.

11.06muit Bua ypaBHEHHs MapaOoIMYEcKOro TUIA C TPAHWYHBIMU M HayajJbHBIMU
YCJIOBHUSIMHU, €r0 METO]T PELICHUS

12. Maremarudeckas (opma 3anicH THIIEPOOTMISCKOr0 YPAaBHEHUS M €T0 CIIOBECHAs
dbopmyIupoBKa



13. Marematudeckas popma 3amucu SITUNTHYECKOTO YPAaBHEHHS M €r0 CIOBECHas
dbopmynupoBKa

14. Maremaruueckasi popmMa 3anucu napadOIMYECKOro YpaBHEHHS U €ro CI0BECHas
dbopmynrpoBKa

15. Maremaruueckasi popMa 3anucu U clioBecHast GOpMYyJIHPOBKa KpaceBOM 3aauu
16. OnpeneneHre yCTOMUUBOTO PEIICHUS

17. Onpenenenue GyHIaMEHTAIBHOTO PEIICHUS

18. Onucanne punyeckor MOIENIN B3aUMOJIEUCTBUS BCTPEUHBIX CBETOBBIX MMyYKOB C
PUCYHKOM.

19. Vnes MeTona «mpuCTpesIKu» IS pelieHus Kpaesbix 3a71au B MathCad

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

21. AITOpuT™M METO/1a IPUCTPETKU (KPaTKOE OMMUCAHUE)

22. Oyuknus sbval: the use and syntax. Camas BakHasi CTpOKa JIMCTHUHTA IPH
ucnoip3oBaHuu GyHKIUU sbval? OcoOEHHOCTH alropuT™Ma MPUCTPEIKU B QYHKIUU
sbval?

23. IlpeumymiectBa pynkuuu rkfixed?

24. Anamu3 rpaduka pelieHus Mo MaTeMaTUYeCcKo Mojenu GU3MIeCcKoro mnpoiecca
B3aUMOJCICTBHUSI ~ BCTPEUHBIX  CBETOBBIX  MNYYKOB  (KpaTkas  (¢usnueckas
UHTepIpeTanus rpadguka GyHKIMH 110 TOYKE MEPECEUEHHUs ¢ OChI0 Y) .

25. Marematuueckoe yCIOBHE 3aJlaHHMd  peajbHbIX MapaMeTpoB  MOJEHU
B3aUMOJICICTBHSI BCTPEUHBIX CBETOBBIX MYUYKOB JJIsi BO3AYIIHOW cpeabl. K uemy
MPUBOAUT CYIIECTBEHHOE yBeNUYeHUE KOdPPULIneHTa ociIa0aeHus?

26. IlpumeHeHue «KeCTKUX» cHcTeM. Kakoil Meron peanmn3oBaH B OJIOKe
Given/Odesolve mis pemeHus «okecTkux» cucteM? B uem Hemocratok MathCad nis
HAXOXKJICHUSI HEOCTAIONIMX HA4aJIbHBIX YCIOBUHN JJISI <CKECTKUX» KPAEBBIX CUCTEM ?
27. Ilpumepsl pu3MUeCcKUX 3a7a4 Ha COOCTBEHHBIC 3HAUCHUS

28. CyTh MeTO1a IPUCTPENKH i pemenus 3anaqdu Ltypma-JInyBums

29. Kakune ¢ynkmuun B MathCad ucmonbs3yroT 11 penieHus 3aaad Ha COOCTBEHHBIC
3HayeHus1? B yeM cocTouT 0COOEHHOCTh 3a7jaHus IEPBOroO aprymeHTa?

30. Kakoit ¢yuknueir B MathCad mnons3yroTcss mis mocTtpoeHus rpaduxa
coOcTBeHHOM (DyHKIUN?

TunoBble 3agaumn;
1. beckoHeuHasi CTpyHa, MMEIOILAsl BOJHOBOW MapaMmeTp a2=4, B HaYaJILHBIN

MOMEHT BPEMEHHU OTKJIOHEHa, Kak Ha puc. 11. 3nauenus Uy U ¢ NpUHATH paBHBIMU

2c 3a 4a

) C
enunuie. Halitu npoduiib cTpyHBI 1711 MOMEHTOB BpEMEHH — , — ,— , —.
a a C C



Us |---

-5¢ -1.5¢

1:6¢ 5¢ %

Puc. 1

. 2
2. beckoHeuHass HEOTKJIOHEHHAs CTpyHa, MMEIOIIasi BOJHOBOHM mapamerp a’=3, B
HayaJdbHBII MOMEHT BPEMEHU IMOJy4aeT CKOpPOCTh, KaK IMOKa3aHO Ha puc. 12.

3HayeHusa VoiH C IIPpUHATDH paBHBmHI]J:HaﬁTH HpO@HHL CTPpYHBI OJIs1 MOMCHTOB
c 2c¢ 3a 4a

BpCMCHHU — , — ,—, —.
a a c C

AAAAA 2

YYYYY

RYA

Puc. 2

) 2 )

3. beckoHeunass cTpyHa (BOJHOBOW mapameTp a°=6) B HaudadbHBIH MOMEHT
BPEMEHH OTKJIOHEHA U MOJy4aeT CKOPOCTh, Kak Mmoka3aHo Ha puc. 13. 3nauenus U,
Vo ¥ ¢ mpuHATH paBHbIMU eauHUIe. HaliTu npoduib cTpyHbI 1J1s1 MOMEHTOB BpEMEHU
c 2c 3a 4a

’ ' ' '
a a C C

Uo

B <Ak YWY X

2.5¢ 3.5¢ X

RN P

Puc. 3

4. Pemntsh 3a1aum A1 ypaBHeHuUs Jlamiaca B mpsMOYroJIbHUKE:

4.1. uxx+uyy=0, O<x<a, 4.2. Uxx“’w:o’ O<x<a,
O<y<b, O<y<b;
u|X:0=O’uxx:a:O’ OSySb’ uXx:OZO’UX‘x:a:O,OSySb;

ul, ,=0,u , =f(x),0<sx<a, u  =A, u =B, 0<x<a.

y=0 y=b



5. Pemuth 3anaun qupuxiie n Heitmana ais kpyra v KoJibLa:

0'u  10ou 1 o°u _

5.1. = — =0, >1, 0<¢<2rm;
op* pdp p°oy’ P ?
u|p=l=coszgo, 0<p<2m.

2 2
l1ou 1

5.2. auz+——+—zauz=0, 0<p<R,0<¢<2n;
op” pdp p°ogp
u =sinp, 0<¢<2m.

p,=R
2 2
lou 1
5.3. 8u+ —+ au:o, l<p<2,0<@<2m;

0p* pop ptog’
U|p:1=1+cosz¢)’ U|p:2=5in2(p, 0<op<2m.
Tunosble 3aaHud VI TECTUPOBAaHUSA:

Bonpoc Ne 1. Kakoe wu3 mpencraBieHHbIX IudPepeHInaNbHbIX YpaBHEHUN C
YACTHBIMH  TPOMU3BOAHBIMU  TEPBOrO0  MOPsSAKAa  OTHOCHUTEIBHO  (PYHKIUHU

U(X,Y) sensercs muneitHbIM?
1. 2xyu; —5u; —8x=0,
2. (uy)*—u;,—1=0.

3. 2ux—uuy+y:0_

Bonpoc Ne 2. VYpaBHeHuss XapakTepucTuk it Aud@epeHinaibHOro

' 2,1
YpaBHCHHA C 4YaCTHBIMHU IIPOU3BOAHBIMH IICPBOro IMOpAOKa XUX - y uy = 2

OTHOCHUTEJIbHO (PYHKITUU u (X, y) AMEIOT BUI;

dx _dy _du
X y* 2
2. xdx=—d—32l:zdu_
y
dx dy du

X y 2



Bonpoc Ne 3. Pemienne 3anaun Komwu niis quddpepeHmaabHOro ypaBHEHHUS C

YaCTHBIMH TIpou3BoaHbIMA nepBoro mopsaka Uy —3U =0 ornocurensno ¢pynxmum
U(X, Y) npu ycnosuu % 0~ y’ NPEACTABICHO QPYHKIHEH

1. u(x,y) =2ye™.

2. u(x,y) =y’e™.

3 u(xy)=ye™

Bomnpoc Ne 4. Kakoe 13 nipefcraBieHHbIX AU PepeHInaibHbIX YPABHEHUN B

YACTHBIX IPOU3BOIHBIX IIEPBOTO MOPAIKA OTHOCUTENBHO (QyHKuu U (x,1)
Ha3bIBaeTCsl ypaBHeHUEM Xormda?

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

Bonpoc Ne 5. [Ipu kakoM yciaoBUM JIMHEHHOE TU(PepeHInaIbHOE YpaBHEHUE
C YaCTHBIMH MPOU3BOAHBIMU BTOPOTO MOPSIKA

(X, Y)uy +2b(x, y)ug, +c(x, y)uy, + F(u,,ui,u,x,y) =0

OTHOCHTENILHO
dyrxuman U(X, Y) nmeer runepGonuueckmuii Tun?

1. (b(x,y))* —a(x, y)e(x,y) =0,
2. (b(x, ¥))* —a(x, y)c(x, yX0.
3. (b(x, )" —a(x, y)e(x, ))0.

Bonpoc Ne 6. Kakoe u3 npeacTaBieHHBIX Tu]depeHInabHBIX YPABHCHUH C

YACTHBIMH NPOM3BOAHBIMH BTOPOro mopsiaka otHocutenso dyrkumu U(X, Y) me
ABJSIETCSL yPaBHEHHUEM DJUIUIITHYECKOrO THIIA?

1. Uy +au), =0

" 2,1

2. Uy, =a‘uy, .

4 4

3. Uy +Uy, — T(Xy) =0,



Bonpoc Ne7. Jlunueil mapabonuyHoCTH AUdPepeHnanibHOr0 ypaBHEHUS C

YAaCTHBIMM TPOM3BOAHBIMH BTOPOTO IOPSIKa Uy, — 2XU)'('y + yu;'N +5x=0
otrocurensHo Gpyukuun U(X, Y) seasercs

1. OKpYy>KHOCTb.

2. BeTBb runepOoibl.

3. Iapabomna.

Bonpoc Ne 8. VYpapHenue xapakTepucTuk il aud@epeHInaIbHOro
ypaBHEHUS C JaCTHBIMU MIPOU3BOTHBIMH BTOPOTO nopsiaKa

a(x, y)ug, +2b(x, Y)U;,y +c(X, Y)u;y + F(U;au;a U, X, ¥) =0 ornocuremsuo

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. Pemenue 3anaun Komm niis nuddepeHnnanibHOro ypaBHEHUS €

qaCTHBIMHU HpOI/ISBOI[HBIMI/I BTOpOFO HOpSIIIKa u;:y = 2 OTHOCUTCIIBHO (bYHKI_II/II/I
u(x,y) Y -1 Y = X i
) IpH YCIOBUAX /vy — () =+, y=0 npeacTaBiaeHo QyHKIHEH
1. u(x,y) =1+y?.
2. u(X,y)=1+xy+y>
3. u(X,y)=1+xy.

Bompoc Ne 10. 3amaya o0 CTalMOHApPHOM  TEIUIOBOM  COCTOSIHUH
paccMaTpUBaETCs C TTOMOIIBIO UCCIEIOBaAHUS

1. BonrHOBOro ypaBHEHHUS.
2. YpaBHEHUS TEMJIONPOBOAHOCTH.
3. YpaBuenus Jlammnaca.

Bompoc Ne 11. Kakoe #3 NEpEeUYUCICHHBIX YPABHCHUW OIMCHIBAECT
BBIHYKJICHHBIE KOJI€OAHUS CTPYHBI?



1. uy —a’ul, =0

XX
2. uf —a‘ul = f(x,1).

3.u/ —a’u” = f(xt).

Bompoc Ne 12. Kakoil BuA NIpUMET YpaBHEHHE TEIUIONPOBOJHOCTH B
OJIHOPOJIHOM CTepXkHE, eclii KO3()(PUIMEHT BHYTPEHHEH TErIONPOBOAHOCTH

k=05 , TEIJIOEMKOCTD BemectBa C = 1, IJIOTHOCTH BemiecTBa O = 2 ?

! 1 "
1. ut :Zuxx.

' "
2. U = 4uxx-

!/ 1 "
3. ut :Euxx.

Bonpoc Ne 13. CoOctBenHbimMu uuciamu 3amgaun  typma-JIlnyBuims
X”(X) +cX(x) =0 , X(0) = X(2) =0 gpnarores uncna
1. 7°n*> n=12,..

°n?

Z  n=12,...
2. 7 1Ly,

3. 47z'2n2, n=12,...

Bompoc Ne 14. Merton pasneieHHsT NEPEMEHHBIX PELICHUS YpaBHEHUM
MaTEeMaTUYECKON (PM3HUKHU TaKKe Ha3bIBAETCA

1. Metonom lupuxie.
2. Meronowm IlyaccoHa.
3. Meronom @yphe.

Bonpoc Ne 15. B uem 3akmtouaercss (pU3MUECKUN CMBICI OJHOPOIHOCTHU
IPaHUYHBIX YCJIOBUI?

1. 'paHUYHBIE TOYKU HETIOJBHXKHBI.
2. ['paHWYHBIE TOYKH MTOJIBUKHBI.

3. FpaHI/I‘IH]':;Ie TOYKHN MCHAIOT ITOJIOKCHHUC 110 3aJaHHBIM 3aKOHAM.



Bonpoc Ne 16. Kpaeoit 3agaueil 1151 ypaBHEHHs MaTeMaTUYeCKOW (pU3MKU
Ha3bIBACTCS

1. 3agaya Komm (3a1a4a ¢ Ha4albHBIMU YCIOBUSIMH).
2. 3ajada ¢c TpaHUYHBIMU YCIOBUSIMU.
3. 3aaya ¢ HauaNbHBIMU U TPAHUYHBIMU YCIIOBUSIMU.

Bomnpoc Ne 17. Kakoii Bug umeet popmyna JlamamOepa penieHus: ypaBHEHUS
2
CBOOOIHBIX KOJIeOaHUT OECKOHEYHOM CTPYHBI: ug =4uy, , u(x,0) =x°,

u, (x,0) =cosx?

_ 2 2 X+t
1. u(x,t):(x ) ;(XH) +_[coszdz_
X—t
_ 2 2 X+2t
2. u(x,t)=(x 2)” + (x+2t) + Icoszdz_
2 X—-2t
_ 2 2 X+2t
3 u(x,t) = (x=21) er(x+2t) + J'cos.2 zdz.
x—2t

Bonpoc Ne 18. B kakom ciiyyae BO3HHMKaeT siBJIeHWE MPSIMOM U oOpaTHOM
BOJIHBI IIPU CBOOOJIHBIX KOJIEOaHUsAX OECKOHEUHON CTPYHBI?

1. HauanbHbI UMIYyJIBC PABEH HYIIIO.
2. HavanpHOE cMeEllIEHUE PaBHO HYIIIO.
3. O0a HayaJabHbIE YCIOBUS HEHYJIEBBIC.

Bonpoc Ne 19. OOmiee peuieHue ypaBHEHUSI CBOOOJHBIX KoJeOaHUU
OTPAHUYEHHOU CTPYHBI

ug =9uy,, U(0,t)=u(r,t) =0 npencraumo B Buze:

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

n=1

o U(X,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. Kakoit Bun umeer popmyna JlanamOepa peuieHus: ypaBHEHUS
BBIHYKJICHHBIX KOJeOaHui GeCKOHEeuHOW cTpyHbl: Uyg =Uj + Xt U(X,O) =3SIn X,

u;(x,0) = xe™™
X+t tX+(t 7)
L u(X’,[)_sm(x t);sm(x+t) 1-“262 dz+t J~ I}zd}dr
OX (t-7)
sin(x—t) +sin(x+t) 1 (P
2. u(x )= )2 by, +2[ [z,
OX (t-7)
- . - t x+(t-7)
u(x, ) = SN t);S'“(X”) j 2 dz+| [Mdddr
0 x—(t-7)

Bompoc Ne 21. Ilpu pemennn merogoM Pypbe ypaBHEHHS BBIHYXKIECHHBIX
KoJIe0aHUN CTPYHBI, 3aKPEIIICHHON ¢ 000UX KOHIIOB, HEOOXOIUMO

1. ckaTh pernieHne Kak CyMMy CBOOOHOTO KOJI€0aTEIbHOTO ABMKEHUS U
YUCTO BBIHYXKJIEHHOTO K0J1e0aTeIbHOTO IBUKCHUSI.

2. HCHOCPCI[CTBCHHO NPUMCHATb MCTOJ d)ypbe I HAXOKACHU S PCUHICHU A
HCXOOHOI'0 YpaBHCHUA.

3. Mckath penieHue TOIbKO COOTBETCTBYIOIIEr0 OJHOPOAHOIO YPaBHEHUS
(ypaBHEHUSI CBOOOIHBIX KOJIEOAHUI OrpaHUYE€HHOM CTPYHBI).

Bomnpoc Ne 22. B cinydae kosne0aHuil CTpYHBI IO IEUCTBUEM rapMOHUYECKU
KOJIEOJIOIIEN Sl BBIHYKAOIIEH CUJIBI SIBJICHUE PE30HAHCA BOZHUKAET, €CIIU

1. HactoTa BRIHYXJAIOIICH CUJIbI HE COBIAIACT HU C OJHOM M3 YaCTOT
COOCTBEHHBIX KOJIEOAHUN CTPYHBI.

2. YacToTa BRIHY>K/JAIOIIEH CUIIbI MPUOTUKACTCA K OJTHON U3 4aCTOT
COOCTBEHHBIX KOJIEOAHUI CTPYHBI.

3. YacToTa BRIHY>KJal0IIeH CUJIbl paBHA OJJHOM U3 4aCTOT COOCTBEHHBIX
KOoJicOaHUM CTPYHBI.

Bonpoc Ne 23. Ilpu KakuX COOTHOLICHHSX MeXIy mapamerpamu a,0,C

2 2
byaxmas U(X, Y) =ax” +bXy +CY* spnsercs rapmonnueckoii?
1.a=b,
2. a=—C,

3.a+b+c=0 b=0



Bonpoc Ne 24. Kpaepas 3anaua Heiimana ans ypasnenus Jlammaca AU =0,
rae dyuxops U(M) 3agana B o6mactu, orpanmueHHOi moBepxHOCThIO (S), MMeer

. @Jﬁ“j /(S) — p(M)

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

BUJI:

ou
2 & /(S) — p(M).

Bompoc Ne 25. VpaBHenue Jlanmaca Ha IIJIOCKOCTH B IOJIIPHOM CHCTEME
KOOpAMHAT MPEACTABUMO B BUJIE:

o’u 1 du 1 %
1. > t— T 2
op°  pOopop p° Op

ou lou 1 0u

0 .

+——+ =0
“op? pop pogt
o’'u  d%u
3. 2275220
op- Op

Bomnpoc Ne 26. Oyukiuio u(po,9) , TADMOHHMYECKYIO BHE Kpyra paaudyca a ¢
3a/IaHHBIM YCJIOBHEM Ha €ro rpaHuIle, CIeIyeT UCKATh 10 (hopmyie:

1. Uu(o,p) = A +i(%j (A, cosng+B sinng)

2. U(p,p)=A +Z(§JH(AH cosng+ B, sinng) .

n=1

n
—( a .
3. u(p,¢)=z(—j (A, cosng+B, sinng).
n=1 ,0
Bomnpoc Ne 27. Kakoe rpaHn4HO€E yCJIOBUE B KpacBOW 3ajade Uisl ypaBHEHUSA
TEILUIONPOBOJHOCTH B OJHOPOJHOM CTEpP)KHE COOTBETCTBYET JIYUEUCITYCKAHUIO B
OKPYXAIOIIYIO Cpely 3aJaHHON TeMIIepaTypbl?

1. U(O,t) :O.



2.U(0,t) =¢(t) 0.
3.u,(0,t)+h(u(0,t)—u,) =0,

Bonpoc Ne 28. Kakoe ¢usnueckoe sBICHUE HENb3s ONUCATh C IOMOIIBIO
YpaBHEHUA TEIJIONPOBOAHOCTH?

1. ®unbTpanuio KUJIKOCTH U ra3a B IOPUCTOM cpeae.
2. CtaniMoHapHOE TEIJIOBOE COCTOSTHUE 00BEKTA.
3. Auddy3uto B3BEIIEHHBIX YaCTHI] B ABMXKYIIEHCS cpeie.

Bonpoc Ne 29. Pemienne ypaBHEHHS TEIUIONPOBOAHOCTH B OJHOPOJIHOM
CTepKHEe 3aj1aeTcs uurerpaiom I[lyaccona, ecnu

1. CTepkeHb OrpaHUYEH C OJTHOIO KOHIIA.
2. CTep>keHb OTpaHUYEH C 00OMX KOHI[OB.

3. CrepxkeHb HEOIPAHUYEH.

2
Bonpoc Ne 30. O6uiee perieHne ypaBHEHHs TEIIONpoBogHOCTH U =AUy, B

OJTHOPOIHOM CTEp)KHE JUIMHOW |, HA KOHIIAX KOTOPOro MOIIEPKMBACTCS HYJIeBas
TeMmIeparypa, UMEET BU/I:

-a%z%n?

- P/ |
Lou(xt)=> Ae ! sin ==X
n=1

o u(xt)=>" Ae " sin nx
n=1

-a%z%n?

0 é t ]
3 u(x,t)=> Ae " sinnx
n=1

OTBETHI K TECTaM

Ne Bonpoca | OtBernl | Ne Bonipoca |  OTBeThI
1 1 16 3
2 3 17 2
3 2 18 1
4 2 19 1
5 3 20 3
6 2 21 1
7 3 22 2




ok w

10.
11.
12.
13.
14,
15.
16.
17,
18.
19.
20.
21.
22.
23.
24,

Ne Bonpoca | OtBernl | Ne Boripoca |  OTBeThI
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

6.1.2. [IpomMekyTOUYHOI aTTeCTANUU

IIpumepHBIii epevYeHb BONPOCOB, BLIHOCHMBIX HA 3a4€T B 5-0M CeMecTpe

Teopernuyeckune BONpocyl

MaremaTtnueckue mojenu ¢usnueckux mporeccoB. OCHOBHBIE ypaBHEHUS
MaTeMaTH4ecKon (PU3uKu.

Knaccudukainus ypaBHeHH B YaCTHBIX MPOU3BOAHBIX IEPBOrO MOPAJIKA.
[Tonepeunbie Masbie KOIEOaHUs CTPYHBI.

3anaya o pacpOCTpaHEHHUH TEILIa.

3amaua 0 ABMXKEHUU HEC:KMMaeMou xukoctu. [Iporecc o0Tekanusl.
Knaccudukarmus nuddepeHnnanbHbIX ypaBHEHUH 2-TO MOPSAJAKAa B YACTHBIX
IPOU3BOJIHBIX.

Hudbdepennmanbuple  ypaBHEHUS JJUIMOTHYECKOrO TUMa U (U3HYECKUE
MPOLIECCHI, MPUBOJIAIINE K HUM.

HNuddepenimansuple  ypaBHEHUsI TUNEPOOIMYECKOrO TUMA U (U3UYECKHE
MIPOLIECCHI, TPUBOISAIINE K HUM.

Hudbdepennmanpuble ypaBHEHUsT Napa0OIMYeCKOTo TUNAa U (U3HYECKUE
MPOLIECCHI, TPUBOJIAIINE K HUM.

Kanonunueckuii B ypaBHEHUN ¢ JBYMSI HE3aBUCUMBIMU MTE€PEMEHHBIMU.
Merop XapakTEepUCTHK.

[TocTaHoBKa KpaeBbIX 3a/1a4 MAaTEMATUYECKOU (PUBHUKHU.

['paHn4HBIE U HAYAJIBHBIE YCIOBUsA. BHUIBI rPaHUYHBIX YCIOBUM.
Krnaccuduxanus kpaeBbix 3aaa4. 3agaya Komm.

Kpaessie 3a1aun 111 ypaBHEHUM JUIMIITHUECKOro TUma. 3ajgada Jupuxie.
KpaeBbie 3agaum Aj1s1 ypaBHEHUM SJUTMIITHYECKOTO TUma. 3afada HelimaHa.
CwmemnranHas 3a1a4da iyl ypaBHEHHU TUNepOOIMIecKOro TUma

CwmemianHas 3a1a4da i1l ypaBHEHUM mapadoaudecKoro THUma.

Meron pa3aeneHus NEPEMEHHBIX.

®opmyna ['puna.

lMapmonnueckue QyHKIHUHU.

CBoiicTBa rapMOHUYECKUX (PYHKITUH.

dyHaaMeHTadbHbIe pelieHus u pyHkuuu [ puHa.

Meron dynkuuit ['puna.



25,
26.
217.
28.
29.

30.
31.
32,
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

49.

50.

5l.

52,

53.

o4,

[TocTpoenne ¢pyHkuuii 'puHa Ha MIOCKOCTU U B TPOCTPAHCTBE.

[Toctpoenne ¢pynkiuii ['puna B mpocTpaHcTBe.

Pemenue 3anaun Jupuxiie 1uis HEKOTOPBIX 00JIacTeH.

Meron ®ypre-nipeodpazoBaHmil.

Paznenenne  mepemeHHbix B Merone  Dypre I ypaBHCHHS
TETJIOMPOBOTHOCTH.

Pemrenne ocHOBHBIX KpaeBbiX 3a1a4 MmetonoM Dypre.

Merox pacnpOoCTpaHEHHUsI BOJIH.

BonHoBoe ypaBuenune. @opmyna JlanamoOepa.

Bonnosoe ypaBuenne. Merop Ilyaccona.

CBoOoaHbIe KOebaHusi. MeTos Cyneprno3uiuu.

CBo0OoaHBIE KOJEOAHUS CTPYHBI.

O6mras cxema Mmetosia dypebe.

Brinyxaennsie konebanus. @opmyna [lyaccona.

VYpaBHeHue kojiebanuii B mpocTtpadcTBe. 3aaada Komu.

HuTerpanbHoe MpecTaBiIeHUE PEIEHUsI B HEOTPAHUYEHHOM MPOCTPAHCTBE.
Ocobennoctu penieHus 3aaaun Ko Ha MIOCKOCTH.

Kone6anus orpaHuyeHHBIX 00 BEMOB.

Ocob6ennoctu 3anauu typma-JInyBuis.

[TocTanoBKa M pelIeHrE OCHOBHBIX 3a/1a4 JIJIsl YpaBHEHUSI TETIOTPOBOIHOCTH.
[TepBast kpaeBast 3amaya Aj1s1 ypaBHEHUS TETLIONPOBOTHOCTH.

[IpuHIUITBI MAKCUMYMA U MUHUMYMa.

dyHmaMmeHTaapbHOe penienue 3anaun Komu.

HuTerpanpHOE MpeacTaBiaeHre pernieHus 3aaaun Koy,

Meron @ypbe s HEOAHOPOAHBIX AU (EepeHIaANbHBIX  ypaBHEHUN
napaboJIuyecKoro TUma.

Heonnoponnesie muddepeHnmanbaple ypaBHEHHS MNapabOIMdYecKoro THIIA.
OYHKIIUU UCTOYHHKA.

Heonnoponubsie auddepeHnraibHple ypaBHEHHS MapaOOIMyecKoro THIIA.
OO0uuii ciryyai.

Wness mMeroma «IpUCTPENIKW» IJIA perieHus KpaeBbliX 3agad B MathCad.
Anroput™m Metona nipuctpenku [Ipumenenue 61okxa Given/Odesolve.

Cytp MeTona «mpucTpenku» s pemeHus 3amaud Itypma-JInyBuis.
®Oynkuun, ucnonbzyembie B MathCad, mist pemenust 3amad Ha cOOCTBEHHBIE
3HaueHus. OcOOEHHOCTh  3ajaHusl  MEpPBOTO  apryMmentra. @DyHKuwus,
ucnonbizyeMas B MathCad, nis noctpoenus rpaguka coOCTBEHHON (DYHKIIMH.
Onucanve GU3MYECKOM MOJIEIM B3aUMOJEUCTBHUS BCTPEUHBIX CBETOBBIX
MY4KOB C PUCYHKOM. AHaln3 rpaduka penieHus no MareMaTUuuecKol MoJienu
dbu3nuecKoro mpolecca B3aMMOJACHCTBUS BCTPEYHBIX CBETOBBIX ITYUYKOB
(kpatkast ¢Qusmyeckas wuHTEpHperanus rpadpuka QYHKIUM 1O TOYKE
MEPECEUEHUs C OChIO Y).

Marematrueckoe yCJIOBHE 3aJaHUsl pPEAbHBIX TMapaMeTpoB  MOJEINIU
B3aUMOJCICTBHUSI BCTPEUYHBIX CBETOBBIX IYYKOB [UJII BO3AYIIHOM CpPEIbI.
[locnencTBus cyuiecTBEHHOTO yBenuYeHus K03 huimenta ocnadieHusl.



55.

56.

S7.

58.

59.

60.

[Ipumenenue «oxectkux» cucteM. Onucanue meroga B 6yoke Given/Odesolve
g pemenust «kectkux» cucreM B MathCad. Hepocrarok MathCad s
HaXOXXJICHHSI HEJIOCTAIONIMX HAYalbHBIX YCIOBHH IS OKECTKUX» KpaeBBIX
CHCTEM.

DTansl pelieHns KpaeBou 3a7auu [l BOJHOBOTO YPaBHEHHS C HaYaJbHBIMHU U
rpanngHbiME ycnoBusimu B MathCad mpu momomu 6Gmoka Given/Pdesolve.
Haznauenne pynknuu CreateMesh.

DTanbl peuieHus 3aJadyd O CBOOOJHBIX KOJEOAHUAX KPYrioil mMeMOpaHbI B
MathCad c¢ mnpumenennem ¢yHkuuii beccens. Hasnadenue cucTemHOM
nepemenHoit FRAME.

Oranbl pemiennst quddepeHInaTbHbIX YPaBHEHUNW B YaCTHBIX MPOU3BOIHBIX
sammanTudeckoro tuna (ypasHenus Ilyaccona) B MathCad ¢ ucnons3oBanuem
dbynkuu multigrid.

Oranbl pemeanst quddepeHInaIbHbIX YPAaBHCHHH B YaCTHBIX IMPOU3BOIHBIX
napabonmueckoro tuna B MathCad npu momoru 6;10xa Given/Pdesolve.
Otanbl pemernst auddepeHnmanbHbIX ypaBHEHUN B YaCTHBIX MPOU3BOIHBIX
runepoonuyeckoro tuna B MathCad merogom @ypee.

6.2. lllkana oneHUBAHUSA Pe3yabTATOB MPOMEKYTOYHON aTTeCTALIMHU U

KPUTEPHUH BBICTABJICHHUA OLICHOK

Hp OMCKYTOIHAA aTTeCTallnuA: 3a9€T

dopma [Tokazarenun Kpurepuu BoicTaBineHus [Ixana oneHuBaHUS
KOHTPOJISI OLICHUBAHUSA OLICHOK

3a4€eT MMPaBUJIbHOCTb U | AaH HpaBHHBHLIﬁ, MOJHBIA OTBET Ha 3a4TCHO

MOJIHOTA OTBETA | IMIOCTABIICHHBIM  BOIMPOC,  TOKa3aHa
COBOKYITHOCTb OCO3HAHHBIX 3HAHUU T10
JIUCIUIIJIMHE, JI0KA3aTeJIbHO PACKPHITHI
OCHOBHBIEC  TIOJIO)KEHUSI  BOIIPOCOB;
MOTYT OBITh JIOMYIIEHBI HEI0YETHI,
HCTIPABJICHHBIE  CaMOCTOSITEIbHO B
MpoIIeCCe OTBETA; JaH MPaBUJIbHBIN,
HEJOCTATOYHO TIOJIHBIM OTBET Ha
MOCTABJICHHBIA  BOINPOC,  IOKa3aHO
YMCHUEC BBIACINUTE CYIICCTBCHHBIC U

HECYIIIECTBCHHBIE MPU3HAKH,
MMPUYUHHO-CIICICTBEHHBIE CBSI3H;
MOTYT OBITh JIOIYIIEHBI HEI0YETHI,
HUCTIPABJICHHBIE C MIOMOIIIBIO

MpenojaBaTess; JaH HEJ0CTaTOYHO
MPaBUILHBIM U MOJHBIM OTBET; JIOTHKA
W TIOCJIEAOBATCIILHOCTh  H3JI0KCHUS
WMEIOT  HapyILICHUS; B OTBETC
OTCYTCTBYIOT BBIBOJIBI.




OTBET IPE/ICTaBISCT coboit HE 3a4TCHO

pa3pO3HEHHBIE 3HAHUS c
CYIIECTBEHHBIMHU ommOKamMu o
BOIIPOCY; MIPUCYTCTBYIOT
(bparMeHTapHOCTb, HEJIOTUYHOCTb
W3JIOKEHUSI;  JIOMIOJIHUTEIbHBIE U

YTOUYHAIOIIME BOIIPOCHI HC IMPHUBOIAT K
KOPPCKIHU OTBECTA HA BOIIPOC.

7. PecypcHoe obecriedyeHe TUCHUNIUHBI

7.1. JInueH3MOHHOE U CBOOOTHO pacnpocTPaHsieMoe MPorpaMMHoe
odecrmeuyeHue

[lepedeHs AUIEH3MOHHOTO W CBOOOMHO PACIPOCTPAHSIEMOTO MPOTPAMMHOTO
oOecrieueHusi, B TOM YUCIIe OTE€UECTBEHHOTO MPOU3BOJICTBA!

1. MoiiO¢duc Ob6pazoanne [[10-41B-124] - TlonHBIA  KOMILIEKT
pPENAKTOPOB  TEKCTOBBIX JIOKYMEHTOB W  JJEKTPOHHBIX TalJMI, a Takxke
WHCTPpYMEHTapuh J1Jsi paboThl C rpaduyueckumu mnpe3eHtanusmMu  [CBOOOIHO
pacnpoctpansiemoe. Homep B EguHOoM peecTpe poccHiCKMX MporpamMm Jyis
9JIEKTPOHHBIX BBIYHCIUTEIILHBIX MAIIMH U 0a3 TaHHBIX - 4557]

2. Astra Linux Common Edition pemus Open [[10-25B-603] -
OneparnmonHass cucrema obmero HazHadeHust "Astra Linux Common Edition"
[Kommepueckas (Full Package Product). Homep B EnunHoMm peectpe poccuiickux
IpOrpamMM IS JICKTPOHHBIX BBIUM CIIUTEIILHBIX MAIIMH U 0a3 TaHHbIX - 4433]

7.2. IIpogeccuonanbHbIe 0a3bl JAHHBIX U MH(OPMALMOHHbIE CIIPABOYHbIE
CHCTEeMBbI
1. Hayunas snextponnas 6u6nmnoreka «eLIBRARY.RU» [DnekTpoHHBII

pecypc]. — Pexum pocryma: https://www.elibrary.ru/, mocrym TodbKO Mmocie

CaMOCTOSITETTLHOM PErHCTpAINH

2. DnekTpoHHass OMOIUOTEeYHAs CHCTEeMa YHHUBEPCUTETa, 00eCIeunBaIOIIast
WHANBUAYAJIbHBI HEOrPaHWMYEHHBIN NOCTYN M3 JI0O0OOH TOYKH, B KOTOPOH HMeeTcs
noctym k cetu Matepuer: http://elib.igps.ru.

3. DnekTpoHHass OMOIUOTEYHAs CHCTEMa YHHUBEPCHUTETA, 00ECIIeUrBAOIIas
WHJIUBUAYaIbHbIA HEOTPAHUYEHHBIA MOCTYI U3 JIIOOOW TOYKH, B KOTOPOH HMMEETCS
noctyn k cetu MaTeprer: http://www.iprbookshop.ru;

4.  OenepanpHblii mopran «Poccuiickoe oopasoBanue» http://www.edu.ru —

WHJIUBUAYaIbHBIA HEOTPAHUYEHHBIA TOCTYI U3 JIIOOOW TOYKH, B KOTOPOH HMMEETCS
JIOCTYI K ceTu IHTEpHET.

7.3. Jluteparypa
OcHoBHAas:



http://elib.igps.ru/
http://www.iprbookshop.ru/
http://www.edu.ru/

1. Pycak, Banentun HukonaeBuu. Maremaruueckass ¢usuka [Tekcr]: ydeOHOE
nocoowue: [rpud Mun. 06p.] / B. H. Pycaxk, 2006. — 248 c.

2. IMamyesa, . M. YpaBHeHus maTeMaruueckoil pusuku : yaeoHoe nocodue / . M.
[TamyeBa, H. b. VYckoBa, A. H. IllenkoBoii. — Boponex : BopoHnexckuit
roCy/IapCTBeHHBINH TeXxHUUecknii yauBepcuteT, ObC ACB, 2020. — 117 ¢. — ISBN

978-5-7731-0873-3. — TekcT : 2JIeKTPOHHBIN // DNEKTPOHHO-0MOIMOTEUHAs] cUCTEMa
IPR BOOKS : [caiiT]. — URL.: https://www.iprbookshop.ru/108189.html

JlonmosiHUTEIBbHAA:

1. AnameeBa, Enena AmnekcanapoBHa. YpaBHEHHS MaTeMaTH4YeCKOW (pu3uku
[DnexTpoHHBIN pecypc] : YueoHoe mocodue / Anameesa E. A., 2016. — 162 ¢. Pexum
noctyna: http://www.iprbookshop.ru/71896.html

2. llaBnenko, Anekceit — HuxonaeBuu. VYpaBHEHUST MaTeMaTHUYECKOW (PU3HUKHU
[DnexTpoHHbIN pecypc]: yuedHnoe mocodue / [TaBnenko A. H., 2013. — 100 c. Pexxum
noctymna: http://www.iprbookshop.ru/30134.html

3. Kamnuna, Enena  CepreesHa. [IpakTkym 1m0  OOBIKHOBEHHBIM
muddeperuanbabiM ypaBHeHUIM [ Tekcr] : yaueoHoe ocodue / E. C. Kanunauna, A.
B. CaiipynmnoBa ; pen. O. H. Uwmxuxos, 2017. - 248 c. Pexum pgocrtyna:
http://elib.igps.ru/?112&type=card&cid=ALSFR-d4chd95a-5cfc-41a4-9abc-
88095eed5606&remote=false

7.4. MaTepuaibHO-TEXHHYeCKoe odecrevyeHue

s mpoBelneHuss W OOECIEUEHUs 3aHATUNA MCHOJIB3YIOTCS TMOMEIICHHUS,
KOTOPBI€ MPEJCTABISIOT COO0ON yueOHBbIC ayIUTOPUH JJISI TPOBEIACHUS YUEOHBIX
3aHSITHH, NPEIYCMOTPEHHBIX  MPOrpaMMOM OakanaBpuara, OCHAILICHHBIC
000pyZOBaHHMEM M TEXHUYECKUMH CpEJACTBAMU OOYUYEHHUSA: aBTOMATH3WPOBAHHOE
pabouee MecTO mMpernojaBaTessi, MapKepHas I0CKa, MYJIbTUMEIUNHBIN MPOEKTOp,
MOCaI0YHbIE MeCTa 00yUYaroIINXCsl.

Jns  mpoBeneHus J1TaOOPATOPHBIX  pabOT  HUCIHOJb3YyeTcsl  Jiaboparopus
BBIUMCIIUTEILHON TEXHUKH.

[Tomemnienust s CaMOCTOSITENIPHOM pabOThl  OOYyYaroOImUXCS OCHAIICHBI
KOMITBIOTEPHOW TEXHUKOM C BO3MOXHOCTBIO TOJAKIOUEHHUS K cetn «HTepHEeT» M
oOecriedeHreM J0CTyNa K 3JIEKTPOHHON HHGPOPMAIMOHHO-00Pa30BaTEIbHON Ccpefie
YHUBEPCHUTETA.

ABTOpPBI: KaHIMJIAT MEIaroruueckux Hayk, nomneHt Tpopumer E.H.
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