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1. ean, 3a1a4n ¥ NJIAHUPYEMble pe3yJIbTaThl 00yYeHHs 0
AUCHMILIHHE

K OCHOBHBIM yesnsam 0CBOCHUS JUCLUIUIMHBIL «Y paBHEHHUS MAaTEMAaTUUYECKON QU3UKN» Clieny-
€T OTHECTHU:

- BOCIIUTaHHE y CTYJEHTOB 00Iell MaTeMaTHYeCKON KyIbTYphbI;

- IpUOOPETEHNE CTYJEHTaMH IIMPOKOI0 Kpyra MaTeMaTUYeCKUX 3HAHUM, YMEHUN U HaBbl-
KOB;

- pa3BUTHE CIIOCOOHOCTHU CTYACHTOB K HHIYKTUBHOMY M JIEAYKTUBHOMY MBIIIIJICHUIO HAPSTY
C pa3BUTHEM MaTEMaTUYECKON UHTYULIUU;

- YMEHHUE CTYICHTAaMH Pa3BHUBATh HABBIKW CAMOCTOSTEILHOTO N3YUEHHs YIeOHON U HAy4YHOU
JUTEPATYpPBI, CONEPKALICH MATEMAaTUYECKUE CBEICHUS U PE3YJIbTATHI,

- MOJITOTOBKY CTYACHTOB K JIEATEIHOCTH B COOTBETCTBUU C KBANH()UKALMOHHOM XapakTe-
PHUCTUKOI OakajlaBpa IO HaIpaBIEHUIO, B TOM 4uciie (OPMUPOBAHNE YMEHUH HMCIIOIb30BaTh OCBO-
SHHbIC MATEeMaTHIECKHAE METO/IbI B TPO(PECCUOHATFHON AEATEIBHOCTH.

- MIOJATOTOBKY BBICOKOKBANIU(UIUPOBAHHBIX KaJPOB, BOCTPEOOBAHHBIX B YCIOBHSIX LU(PO-
BOH TypOyJIGHTHOCTH U BBICOKHX TE€XHOJOTHUECKUX PUCKOB COBPEMEHHOHN I (PPOBOI SIKOHOMHUKH.

K OCHOBHBIM 3a0auam OCBOEHHs NUCUUIUIMHBI «YPaBHEHUS MaTeMaTHYecKOW (UMK
CJIelyeT OTHECTH:

- OCBOCHME CTY/AECHTaMH OCHOBHBIX MOHATHUI, METOA0B, (POPMHUPYIOIIMX OOLIYI0 MaTeMaTH-
YECKYI0 MOATOTOBKY, HEOOXOUMYIO JUIsl YCIEIIHOTO PEeLIeHMs] IPUKIIaIHbIX 3a/1a4;

- (popmupoBanue y cTyieHTa TpedyeMoro Habopa KOMIETEHIHUH, COOTBETCTBYIOILUX €ro
HAIPaBJICHUIO TIOJATOTOBKU M 00ECIIEUNBAIONINX €T0 KOHKYPEHTOCIIOCOOHOCTh Ha PBIHKE TPY/Ia.

OOyueHnue 1Mo TUCIHIUTHHE «Y PaBHEHUS MaTeMaTHYecKor (PU3MKN» HAIPaBJIeHO HAa (HOPMUPOBAHHE
y oOyuaromuxcsi cieayromux komnereHuuid B coorBerctBuu ¢ @I'OC 15.03.03 (ypoBenb Oaxa-
naBpuata) o HarpasieHuio noarotoku 15.03.03 Ilpuknannas MexaHuKa, yTBEPKAEHHBIM MTPHKa-
30M MunoOpnayku Poccun ot 09.08.2021 Ne729:

KO)_I ¥ HAUMEHOBAHHE KOMIIETEHIIMH I/IH)_II/IKaTOI)bI AOCTUKCHUA KOMIIC-

TeHLMH

OIIK-1. CnocoGeH nmpUMeHsTh €CTECTBEHHO-
HayYHbIE U OOIIENH)KCHEPHbIE 3HAHUS, METO-
JIbl MAaTEMaTHYECKOTO aHalIu3a U MOJIEIIMPO-
BaHUS B MPO(ECCHOHAIBHON AEATEITbHOCTH

NOIIK-1.1 ITpuMeHseT eCTECTBEHHOHAYUYHBIE
1 0OIIIENH)KEHEPHBIC 3HAHUS

NOIIK-1.2 ITpumeHseT MeTo1bl MaTeMaTH4e-
CKOI'0 aHaJlu3a U MOJIeJIMpOBaHus B podec-
CHOHAJILHOM JESATEIIbHOCTH

2. MecTo AMCUMILIMHBI B CTPYKTYpe 00pa30BaTeIbHOM MPOrpaMMbl

Z[I/ICI_[I/IHJII/IHa OTHOCHUTCS K oOs3aTenbHOM yactu Onoka bl: MOIIYJ'IL «MaTemMaTH4ecKue U ecTe-

CTBCHHO-HAaY4YHbIC TUCHUILIINHBI.

I{I/ICHI/IHHI/IHa 6a3preTc51 Ha CJICAYIOIINX, HpOﬁHCHHBIX JUCHUILINHAX.

- INHEWHas anredpa;
- MaTeMaTHYeCKUN aHaAIN3,

- muddepeHIanbHble YpaBHEHUS U KOMIUIEKCHBIN aHau3.

I[I/ICI_[I/IHJII/IHa «ypaBHCHI/Iﬂ MaTeMaTH4eCKOi (bI/ISI/IKI/I» JIOTUYCCKHU CBfA3aHa C MOCICAYIOIIUMU OUC-

OUITNIMHAMMU:
B obazamenvnou yacmu:
- pusmka;
- CONPOTHUBJIEHUE MAaTE€pPHAJIOB,;




- aHAJTUTHYECKAs TMHAMUKA U TeOpus KoJeOaHuil,
- METOJT KOHEUHBIX HJIEMEHTOB,;
- mudepeHnraIbHbIe YpaBHEHHUS U KOMILICKCHBIN aHaN3,
- OCHOBBI BapUAIIMOHHOTO UCYUCICHUS.
B yacmu, ¢hopmupyemou yuacmuuxkamu oopazoeamenbHblX OMHOUEHUL:
- TEOpUsl YIIPYTOCTH,;
- OCHOBBI (PM3UKU TPOYHOCTH M MEXAHUKHU pa3pyIICHUS;
- I POBBIE TEXHOJIOTHH BBIYUCIUTEILHON MaTeMaTHKY,;
- YCTOMYMBOCTh MEXAaHHUUECKUX CHCTEM,
- IMHAMHKA MallWH,
- OCHOBBI a3POTUAPOYIPYTOCTH;
- MEXaHHWKa KOMIIO3UTHBIX KOHCTPYKLIHIA;
- CTpOMTENIbHAs MEXaHUKa MAIIIHH.
B yacmu anexmusHwix oucyuniun:
- YHCJICHHbIE METO/IHI;
- JJIEMEHTHI MaTEMaTHYECKOTO MOJICITUPOBAHUS (PU3NIECKUX TPOLIECCOB.
- (hu3nYecKy HeNMMHEeHas MeXaHuKa 1e()OpMUPYEMOTO TBEPIOTO Tela.

3. CTpyKTypa U cofep:KaHue IUCUUIIINHBI

OO01mmas TpyI0eMKOCTh TUCIUIUTHHBI COCTABISIET 3 3a4eTHBIC eMuHUIIBI -108 gacos.

3.1. Buabl yueOHOI padoThl U TPYA0EMKOCTh

n/n Bup yueOHoii padoThl Koawecrso Cemectp 4
4acoB
AyIMTOpHBbIE 3aHATHS o4 o4
B Tom uncne:
Jlexun 18 18
1.
CeMmuHapcKue/mpakTHYeCKUe 3aHATHS 36 36
2.
JlaGopaTopHble 3aHATHUS - -
CamocrosiTesibHas paboTa o4 o4
IIpomMe:kyTOoUHasi aTTECTALUSA
3K3aM€EH iC) C)
Hroro 108 108

3.2. TemaTruyeckuii MiIaH U3y4eHHU s TUCHUTITHHBI

Pazmenién B mpuioxenuu 1 k padodeii mporpamme.
3.3.  Copepxanue pa3aejoB IUCHUIIMHBI

BBenenune

[Ipeamer, 3agaun u copep:kanre TUCUMILUIMHBI. OCHOBHBIE 3Tallbl Pa3BUTUS TUCUMILIAHBL. CTpyK-
Typa Kypca, €ro MeCTO ¥ pOJib B IOJATOTOBKE CIEIUATNCTA, CBSA3b C IPYTUMHU TUCITUTITTMHAMH.

Pa3nen 1. 'apmonnvecknii aHaus.



Tema 1. llenp u3ydeHus paszena — MOATOTOBKAa HEOOXOIMMOI0 MaTeMaTHUECKOTO ammapara
IUISL PELICHUs] ypaBHEHUH MaTeMaTHYeCKon (PU3UKH.

ITocraHOBKa OCHOBHOM 3a7auu rapMOHHUYECKOro aHayin3a. OpTOroHaJILHOCTb TPUTOHOMETPH-
yeckux ¢yHkuuid. Paznoxenue B psag @ypre ¢pynkumii ¢ nepuogom T =27 . opmyiel kKodhpum-
entoB dypre. Ycaous upuxie. Teopema 0 paszioXHUMOCTH MEPUOAUYECKUX (YHKIHUHA B P
@ypbe. Psag Oypbe i 4eTHBIX U HEYeTHHIX (QyHKIMA. Paznoxenue B psag Oypre GyHKUUH € po-
U3BOJIBHBIM MeproZoM. OCOOEHHOCTH pa3iokKEeHUsl HENepuoaudeckux (YHKLUH, NOHATHE UX Iie-
puonuyeckoro nponoipkenus. [Ipumenenue psaaos Oypee 1 peleHUs KpaeBbIX 3a1ad.

Tema 2. O600ménnsIii pag @ypre. OpTOHOPMHUPOBAHHBIE CHCTEMBI () yHKITHA.

Pazgen 2. YpaBHeHuss MaTeMaTHYeCKOM (PU3UKH

Tema 1. OcHoBHBIE MOHATHS U onpeaeneHus. Knaccudukanus mmHedHbIX nuddepeHmans-
HBIX YPaBHEHHMH C YaCTHBIMM IIPOM3BOJHBIMU 2-TO mopsiaka. OCHOBHbBIE ypaBHEHHs MaTeMaThye-
ckoii (pu3uku. IlocTaHOBKA KpaeBbIX M HAYAIIbHO-KPAEBbIX 3aj1au AJIsl HUX, UX (PU3NYECKHI CMBICIL.

Tema 2. BpiBoa BOJHOBOrO ypaBHEHHUs. PeleHne oJHOPOJHOIO TUIEpOOINYECKOIO ypaBHe-
HUS C OJZHOPOAHBIMU I'DAaHUYHBIMHU YCIOBHSMH METOIOM Pa3JelICHUs NIEPEMEHHBIX. 3aauyd O Ma-
JIBIX CBOOOIHBIX KOJIEOAHUSIX CTPYHBI, O TPOAOIBHBIX KOJICOAHUAX CTEPHKHS.

Tema 3. Pemenue HEOAHOPOAHOTO T'MIIEPOOIUYECKOr0 YpaBHEHUS C OJHOPOAHBIMHM I'paHHUY-
HBIMHU YCJIOBUSIMH METOJIOM PA3JIOKEHHSI IO COOCTBEHHBIM (DYHKITHSIM OJHOPOIHOM 3a1aun. 3amaua
O BBIHY)KJIEHHBIX KOJIEOAHMSIX CTPYHBI IIPU OTCYTCTBUM HauyalbHBIX BO3MYILLIEHUN U MPU HEOJHO-
POIHBIX HAaYalbHBIX YCIOBUSAX. Penykuus oOuiell HadaabHO-KpaeBOM 3aaayu s HEOJHOPOAHOTO
rUNepOOINYECKOr0 YPaBHEHNUS K 3a/1a4€ ¢ OJTHOPOJAHBIMU IT'PAaHUYHBIMU YCIIOBUSIMH.

Tema 4. Pemenue oJHOPOJHOIO BOJHOBOIO YPABHEHHUS B KPYroBOW 00yiacTH. YpaBHEHUE U
¢bynkuun beccenst. OcecumMmeTpuyHble KOJeOaHHst KpYTrOBO MEMOpaHHBI.

Tema 5. Pemienus HauanbHO-KPaeBbIX 3a/a4 JJIs1 OJHOPOJHOIO U HEOJHOPOJHOTO Mapadoiu-
YECKOI0 ypaBHEHUS ¢ OJHOPOJHBIMU M HEOJHOPOJHBIMM I'PaHUYHBIMH yciaoBusamu. Cioyyail cTanu-
OHAPHOM HEOJHOPOIHOCTH.

Tema 6. [ToctaHoBKa KpaeBbIX 3a/1a4 i ypaBHeHUs Jlamiaca. @yHaaMeHTalbHbIE PELICHUS
ypaBHeHus Jlamiaca. Pemenue 3anaun Jupuxine st ypaBHenus Jlamnaca B npsAMoyrosibHO# o0na-
CTH JJI Pa3jIMYHbIX BapUAaHTOB I'PAHUYHBIX YCJIOBUH. PelieHne HEOJHOPOIHOTO AILIUITHYECKOIO
YPaBHEHUs C OJHOPOJHBIMYM I'PAHMYHBIMU yCIOBUsMU. Pemenne 3anaun [{upuxie g ypaBHEHUA
[Tyaccona B mpsAMOYTroJibHOM 00J1aCTH B ABOMHBIX TPUTOHOMETPUYECKUX psAaax Dypbe.

Tema 7. YpaBuenne ['enbmronbia. Pemenne B kpyroBoit o6sactu. 3amaya Ha COOCTBEHHBIE
3HAUEHUS C YCIOBHEM IEPUOJUYHOCTH. burapmonnyeckoe ypaBHeHue. Pemenune HaBbe HeonmHO-
POJIHOTO OMTapMOHMYECKOTO ypaBHEHUS — 3a/1a4a 00 U3rude mapHUPHO ONEPTON MIAaCTUHBI.

3.4. TemaTnka npakTHYeCKUX 3aHATHH MO JMCUUILIUHE
«YpaBHeHHsI MaTeMaTH4YeCKO Ppu3nKm»

Ne Tema 3ausarus

/i

1 Pasnoxxenue B psin Oypbe YETHBIX U HEUYETHBIX MEPUOANMYECKUX (YHKIUI C MEepHOI0M
T=2r.

2 Pasnoxenue B psii @ypbe QyHKIMHI ¢ TPOU3BOIBHBIM NEPUOIOM.

3 [Tpumenenue psnoB @ypbe K PEHICHUIO KpaeBbIX 331a4 A1 OOBIKHOBEHHBIX TU(hepeH-
[{AAJIbHBIX YPABHEHUM.

4 KoHnTtponbHOE TecTupoBanue no psgam Oypee.

5 Pemenue 3ama4 0 ManmbIX CBOOOIHBIX MOMEPEUHBIX KOJCOAHUSIX CTPYHBI KOHEUYHBIX Pa3-
MEpOB MPHU PA3INYHBIX HAYAJIbHBIX BO3ZMYIICHUSX.

6 Pemenne 3amaun 0 MaiabIx CBOGOI[HBIX MMPOAOJIbHBIX KOJICOaHMSX YIIPYroro CTCp>KH:.

7 PemeHHe HeO)IHOpOJIHOFO BOJIHOBOT' O ypaBHeHI/IH C OJIHOpO)IHI)IMI/I I‘paHI/I'-IHI)IMI/I yCJ'IO-
BUSMU METOJIOM Pa3NIOKEHHUs MO COOCTBEHHBIM (PYHKIHSIM MPU PA3IUYHBIX BHEIIHUX
BO3J€MCTBUAX.




Pemienue 3a1aun 0 BEIHYKJICHHBIX KOJI€OaHUSX CTPYHBI C yU€TOM HayaJlbHBIX BO3MYILE-
HUW Pa3Iu4HOrO THIIA.

9 KonTtposabHas paboTa 0 ypaBHEHUSIM rHIepOOIMYECKOr0 THUIIA.

10 | Pemenue HayanpHO-KpaeBOM 3a4a4H I OJJTHOPOJHOTO MapabOInIecKOr0 YpaBHEHUS C
OJIHOPOJHBIMU IPAaHUYHBIMU YCIIOBUSIMU METOJIOM pa3JieieHus nepeMeHHbix. Ciyuait
CTallMOHAPHON HEOJHOPOJIHOCTH.

11 | PemieHue OAHOPOAHOrO ypaBHEHMs TEIUIONPOBOAHOCTU CTEPXKHS AJIS ClIydasl CTalho-
HapHOW HEOJHOPOAHOCTH.

12 | PemieHue HEOJHOPOJHOIO YPABHEHUS TENJIONPOBOJIHOCTH CTEPKHSI.

13 | KontposbHas paboTa 1o ypaBHEHHSIM IMapaboIHMIeCKOro THIIA.

14 | Pemenue 3amaun upuxiue ais ypaBHeHus Jlamnaca B IpsAMOYrojibHOM o0nacTu MeTo-

JIOM pa3JiesIeHus IEPEMEHHBIX JUIsl pa3HbIX BAPMAHTOB IPAHUYHBIX YCIOBHM.

15 | Pemenue 3amaun Jupuxie s ypaBHeHus Jlammaca B mpsMOYrojibHOW 00JacTH METo-

JIOM pa3/ieleHus IePEMEHHBIX JUIsl pa3HbIX BApUAHTOB IPAHUYHBIX YCIOBUHN (IIPOJIOIIKE-
HUE).

16 | [IpumeHeHHe ABOMHBIX TPUTOHOMETPUUECKUX PSJIOB K PEIICHUI0 HEOIHOPOIHOIO ypaB-
Henus Jlanaca B mpsIMOYToJIbHOM 001aCTH.

17 | O630pHOE MPaKTHUECKOE 3aHSTHE.

18 | KonTpospHOE TECTUPOBAHHE.

4, Y4eOHO-MeTOAMYECKOE U MH(POPMALIMOHHOE o0ecriedeHue
4.1. HopmartuBHble 1o0kyMeHTbI H [OCThI

1. ®IOC 15.03.03. «IIpuknannas Mexanukay. 2021. Ilpukaz Munobpuayku Poccun ot
09.08.2021 Ne729.

2. Axagemuueckuid y4eOHBIN MUIaH 1Mo HampasieHuto nmoarotoBku: 15.03.03 IlpukiagHas MmexaHu-
ka. [Ipoduis: [IporpaMmmupoBanme u (P pPOBHIE TEXHOJIOTUU B IUHAMUKE U ITpoyHoCcTH. Dopma
oOyueHus — ounas. 2023.

3. Marpuna pacnpenencaust komrnerenuuid 15.03.03 Ipuknannas mexanuka (IIporpammupoBanue
1 iU pOBbIE TEXHOJIOTUH B TUHAMUKE U TPOYHOCTH) 2023 ..

4. Vxa3 Ilpesunenta Poccuiickoit ®epepanuu ot 01.12.2016 Ne 642 «Crparerun HaydHO-
TexXHosIorn4eckoro passutus Poccuiickoit denepanum».

5. Ilpuka3 MunucrepcrBa oOpa3oBanusa u Hayku Poccuiickoit ®@enepauun ot 23.08.2017 Ne 816
«O06 yrBepxkaeHuu [lopsaka NpUMeHEHUs! OpraHU3aUsIMH, OCYIIECTBIISIOIUMHI 00pa3oBaTeb-
HYIO JI€ATEIbHOCTh, JIEKTPOHHOTO O0yUY€HUsl, JUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI
IIPU peann3anuu o0pa3oBaTeIbHbIX TPOTPaMM)».

4.2. ocHOBHAasI JIuTepaTypa

1. bepxos H.A., Munocues B.b., [lymkaps E.A. Kypc maremMaTHKu Ui TEXHHYECKUX BBICHIMX
y4eOHBIX 3aBesieHuit: YueoHoe mocooue. Yacts 3. M.: MI'T1Y, 2011. 505 c. 400 »k3.

2. Jlecun B.B. YpaBHenus matemaruueckoil pusuku: Yueounuk M.: Uzn-Bo «MHDOPA-M», 2017.
240 c.

4.3. NoNoJTHUTEJIbHAA JIUTEPATypa
1. Apamanosuu WU.I'., Jlesun B.M. YpaBuenust marematuueckoit ¢puszuxku M.: Hayka, 2-e uzzg. 1969,
288 c.
2. Koran E.A., Jlonanunbe E.A. Psaner @ypee n quddepernnanpabie ypaBHEHHSI MaTEMaTHIECKON

q)HSI/IKI/I. YueOHOe mocobue 1o JUCHUILIMHE «MaTeMaThkay It CTYACHTOB BCCX CIICHIUAJIBHO-



CTEH W HANpPaBJICHUI MOATOTOBKH JUIIJIOMUPOBAHHBIX CIIESIIUAIIMCTOB U OaKalaBpOB OYHOTO OT-
nenenus. M.,2012. 400 »ks3.
3. Uneun A.M. VYpaBHeHHs MareMaTHueckoil ¢usuku: ydeOHoe mocobme. Pusmartmur, 2009.
http://www.knigafund.ru/books/207365.
TuxonoB A.H., Camapckwuii A.A. YpaBHeHus maTemarndeckort pusuku. M.: Hayka, 2007.
bynak b.M., Camapckuii A.A., TuxonoB A.H. CoopHHK 3a1a4 110 MaTeMaTHueCKoi (usuke (3-¢
u3a.). - M.: Hayka, 1979.
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4.4, DiekTpoHHBbIe 00pa3oBaTe/ibHbIe PeCYpPChl

[TpoBenenue 3aHATHI M aTTeCTalMid BO3MOXKHO B TUCTAHIIMOHHOM (opMare ¢ MPUMEHEHHEM CH-
cTeMbl AucTaHImoHHoro ooy4yenus: yausepcutera (CI1O-LMS) Ha ocHoBe paspaboranHoro kade-
poii «MareMaTtukay 3JEeKTPOHHOTO o0pa3oBarensHOro pecypca (DOP):

VYpaBHEHUS MaTEeMaTHYECKOM https://online.mospolytech.ru/course/view.php?id=3313

buzuKu

Pa3paborannsiii DOP BKiIrOYaeT UTOTOBBINA TECTHI.
[Topsiiok mpoBeneHus padoT B TUCTAHIIMOHHOM ()OpMaTe YCTAHABIMBACTCS OTACIBHBIMH PacIopsi-
KEHHUSIMH IPOPEKTOpa Mo yueOHOI paboTe U/Uiu IEHTPOM y4eOHO-METOAUYECKOM pabOTHI.

Ka;mmﬁ CTYACHT 066CH€‘I€H HHAUBUAYAJIbHBIM HCOIPAHNUYCHHBIM JOCTYIIOM K 9JI€KTpOHHOI71 61/16—

JINOTCKEC MOCKOBCKOT'O ITOJIMTEXA

https://online.mospolytech.ru/course/view.php?id=7621&section=1 .

WuTepHeT-pecypchl BKIIOYAIOT y4€OHO-METOJWYECKUE MATE€pUalIbl B 3JEKTPOHHOM BHJE, NpEa-

CTaBJICHHEIE Ha CaUTE mospolytech.ru B pa3aciic: «I.IeHTp MATEMATUYCCKOI'O 06pa30BaHI/I$I»

(http://mospolytech.ru/index.php?id=4486,

http://mospolytech.ru/index.php?id=5822);

[Tone3nbie yueOHO-MeTOAUYECKHE U MH(DOPMAIITMOHHBIE MaTepUaIbl IPEACTABICHBI Ha calTax:
http://exponenta.ru, http://eqworld.ipmnet.ru/ru/info/mathwebs.htm.

[Tepedyens pecypcoB MH(POPMAIMOHHO-TEICKOMMYHHKAIMOHHON ceTn «VHTepHEeT» Uisi OCBOCHMUS

IMCHUIUTMHBL: WWW.matematikalegko.ru>studentu, www.i-exam.ru.

4.5. JIuueH3u0HHOE U CBOOOHO pacipocTpaHsieMoe IPOrpaMMHoe odecrnevyeHmne

Ne| HammenoBanue | Pazpabotuuk [1O | Hoctynmuocts (u- [ Ccbuika Ha Equnbliii peectp
(mpaBooOana- LIEH3UOHHOE, CBO- | POCCHUUCKHUX NPOrpaMM IS
TEJb) 060HO pacmpo- OBM u BJ] (npu Hannumm)
CTpaHseMoe)
1 [Astra Linux | OOO JIutieH3nOHHOE https://reestr.digital.gov.ru/ree
Common Edition [ "PYCBUTEX- str/305783/?sphrase_id=9540
ACTPA" 36
2 | MoitOduc OO0 "HOBBIE JIueH3noHHOE https://reestr.digital.gov.ru/ree
OBJIAYHBIE str/301558/?sphrase_id=9433
TEXHOJIOT " 75

4.6. CoBpemMeHHbIe NpodeccHoHAIbHBIE 0a3bl JAHHBIX U HH(POPMALIMOHHBIE CIPABOY-

HbI¢ CUCTEMBbI



https://online.mospolytech.ru/course/view.php?id=7621&section=1
http://mospolytech.ru/index.php?id=4486
http://mospolytech.ru/index.php?id=5822
http://exponenta.ru/
http://eqworld.ipmnet.ru/ru/info/mathwebs.htm
http://www.i-exam.ru/
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/305783/?sphrase_id=954036
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375
https://reestr.digital.gov.ru/reestr/301558/?sphrase_id=943375

Ilepedenn pecypcoB cetu UHTepHeT, JOCTYNHBIX 1JIs1 OCBOCHHS IMCIUIIUHBI:

HanmenoBanue Ccblika Ha pecypc JocTymHocTh

NudopManinoHHO-CIIPABOYHbIE CHCTEMbI

Hocrtynna B cetn UH-
TepHET 0e3 orpaHuye-
HUH

https://stackoverflow.co

Stack Overflow
m/

Nudopmanmonnsie pecypesl Cetn

Koncysbrantlloc http:// www.consultant.ru | ToctymHo

ITopran @enepanbHbIX rocynap-
CTBEHHBIX 00pa3oBaTenbHBIX cTad- | http://www.fgosvo.ru. JlocTymHO
JTapTOB BBICLLIET0 0Opa30BaHUs

JIeKTPOHHO-0HOJINOTEYHbIE CHCTEMBbI

Jlanb https://e.lanbook.com/ HocrtynHa B cet UH-
TEepHET 0e3 orpaHuye-

HUU
IPR Books https://www.iprbookshop | docrynua B cetu Un-
ru/ TepHeT Oe3 orpaHuye-

HUU

Ipodeccnonanbubie 0a3bl JAHHBIX

baza maHHBIX HAYYHOU DIIEKTPOH- http://www.elibrary.ru JocTymHo
HOM OMOIMOTEKN

(eLIBRARY.RU)

Web of Science Core Collection — | http://webofscience.com | JoctymHo
HoJUTeMaTHuecKas peepaTuBHO-
o6ubnuorpaduueckas u
HayKoMmeTpHuueckas (OubamomeTpu-
yeckast) 6aza TaHHbBIX

5. MarepuajibHO-TeXHHYECKOe o0ecredeHne TUCIMTITUHbI

MartepuanbHO — TeXHUYecKas 0aza yHHBEpCUTETa 00eCleYrBaeT MPOBEICHUE BCEX BUJIOB
SaHSITI/Iﬁ, IpeaAyCMOTPCHHBIX yqe6HBIM IJIaHoOM, U COOTBETCTBYCT HeﬁCTBYIOHIHM CaHUTApHBIM U
MIPOTUBOIMOKAPHBIM MPABUIIAM U HOpPMaM.

Kadenpa «Marematnka» He pacmoiaraeT COOCTBEHHBIM ayJAUTOPHBIM (DOHJIOM U UCTIOJB3Y-
€T y4eOHbIC ayIUTOPUHU U3 00IIero POH/Ia YHUBEPCHUTETA.

HpI/I HGO6XOJII/IMOCTI/I AJid TPOBCACHUA HWHTCPAKTHUBHBIX IMPAKTUYCCKUX 3aHATHNI HCIIOJIB3Y-
FOTCSI KOMIIBIOTEPHBIE KJIACChl YHUBEPCUTETA.

6. MeToauyeckne peKOMeHIauU


http://www.consultant.ru/
http://www.elibrary.ru/
http://webofscience.com/

6.1. Meroanueckue peKoMeHIANUM ISl IPeNnogaBaTe/is
10 OPraHu3anuu 00y4eHust

[Tpexne Bcero, cienyer oOpaTuTh BHUMaHHUE CTYIEHTOB Ha TO, YTO IPAKTUYECKHU BECh U3Y-
JaeMblii UMH MaTepuall BJISETCS UI1 HUX HOBBIM, HE M3Yy4aBIIMMCS HU B IPOrpaMMeE CpeaHEH
IIKOJIbl, HU B KJIACCMUECKUX pa3jiesiaX BbICIIEH MaTeMAaTUKU Ha MepBOoM Kypce. OJJHaKO OH BIIOJIHE
MOYKET OBITh YCIICHIHO M3y4YeH, €CIU CTYJEHTHI OyJyT MOCEmaTh 3aHSATHS, CBOEBPEMEHHO BBIIOJ-
HATH JIOMAIlIHUE 33/1aHUs U T0JIb30BATHCS (P HEOOXOIUMOCTH) CHUCTEMOH IUIAHOBBIX KOHCYJIbTa-
LM B TEYEHUE KAXKIOTO CEMECTpA.

Bomeamue B kype psaasl @ypbe U ypaBHEHUsI MaTeMaTUYECKON (PU3MKH MPAKTUUYECKU UMe-
10T OYEHb UIMPOKOE PACIPOCTPAaHEHUE AJIsl PELLIEHUS Pa3HOIO POJia €ECTECTBEHHOHAYUYHBbIX 3a7a4. Mx
OCBOEHHE ITOMOXET CTY/E€HTaM YCIEIIHO IPUMEHATh HAKOIUICHHbIE 3HaHUS B MPO(ECCHOHATBHOM
JESITEIbHOCTH.

Heo6xonumo ¢ camoro Havasa 3aHATHI PEKOMEHJI0BATh CTYJE€HTaM OCHOBHYIO U JIONIOJIHU-
TEJIbHYIO JUTEPATYpPy, @ B KOHIE CEMECTPA JaTh CIIMCOK BOIIPOCOB ISl IOATOTOBKH K 3K3aMEHY.

Ha nepBoM 3aHATHM IO AMCLUIUIMHE 00s13aTeIbHO MPOUH(OPMUPOBATH CTYACHTOB O BHJIE U
(bopme MPOMEKYTOUHOM aTTeCTAIMH 110 TUCHUIUIMHE, CPOKaX €€ MPOBEICHHS, YCIOBUAX JIOMyCKa K
IIPOMEXYTOUHOM aTTecTaluy, IPUMEHSIEMBIX BUAAX IPOMEKYTOUYHOTO KOHTPOJIS.

Coo0OpaxkeHus: 1 peKOMEHAalluy, IPUBEIEHHbIE B I1. 9 paboyell mporpamMmbl AJ1s CTYACHTOB,
JIOJKHBI OBITH YETKO CPOPMYJIMPOBAHBI U U3JI0’KEHBI MMEHHO IIpEnojaBaTesieM Ha JeKIUAX, Mpak-
TUYECKUX 3aHATUAX U KOHCYJbTAlUSX.

W3noxxeHne TEOPETUYECKOTr0 Marepuaja JIOJKHO CONPOBOXKIATHCS WIUIIOCTPATUBHBIMU
IpUMEpaMu, TUIATEIbHO OTOOPAaHHBIMU MpenojaBaTeleM TaK, YTOObl TEXHUYECKHUE TPYJHOCTH U
BBIKJIQ/IKU IPU PEILIEHUH 3aJ]a4ul HE OTBJIEKAJIM OT IJIaBHOT'O: OCMBICIIEHUSI WJEH U CYTH IIPUMEHsIE-
MBIX MeTo10B. ClieflyeT Bcerzia yKa3plBaTh IPUMEPBI IPAKTUYECKOTO IIPUMEHEHHS PACCMOTPEHHBIX
HA 3aHATUAX YPAaBHEHHUHA U (OPMYIL.

[IpakTudeckue 3aHATHSA JTOJDKHBI ObITH OPraHM30BaHbI IpeErojaBaTeleM TaKUM 00paszoM,
4TOOBI OCTABAJIOCh BPEMs Ha MEPUOJUYECKOE BBINOJHEHHE CTYyJIEHTaMU HEOOJBIION caMOCTOs-
TEJNBbHOM paboThI B ayIUTOPHUHU JJIsl IPOBEPKU YCBOCHHUS U3JI0KEHHOT0 MaTepuaa.

[IpenogaBarens, Beaylui IPaKTUYECKUE 3aHATHUS, JODKEH COITIaCOBBIBATh Y4eOHO — TeMa-
TUYECKUH TUIaH 3aHATUH C JIEKTOPOM, HUCIOJIb30BaTh €AUHYIO CUCTEMY 0003HAYEHUH.

[IpenogaBaremnto ciaeayeT AOOMBATHCS CUCTEMATHUYECKON HENpepbIBHON pabOThI CTYJEHTOB
B T€UECHUE CeMeCcTpa, HeOOXOMMO BBISBIIATh CHIIBHBIX CTYJEHTOB U MPUBIEKATh UX K HAY4YHOH pa-
00Te, K y4acTHIO B Pa3HOTO poja OJIMMIIMAIAX M CTYJAEHYECKHX HAayYHO-TEXHHUYECKUX KOH(EepeH-
LUSAX U KOHKYpCax.

CTyneHT JOKEH OIIYIIaTh 3aMHTEPECOBAHHOCTh IPEI0AaBaTess B JOCTUKEHUH KOHEUYHOTO
pe3yiabTara: B MPUOOPETEeHUH O0y4aroIUMUCS NMPOYHBIX 3HAHUN, YMEHHH U BIIaJ€HUS HAKOIJICH-
HOM nH(popManmen i pereHus 3ajad B IpodecCuoHaIbHOM 1eATEeIbHOCTH.

5.1.1. Oopa3oBaTe/bHbIE TEXHOJIOTHH

[IpoBeneHue 3aHATUN M aTTECTAllMid BO3MOXKHO B JUCTAHIIMOHHOM (popmaTe ¢ MpUMEHEHUEM CH-
CTeMBI JUCcTaHIIMOHHOTO 00y4yeHus ynusepcuteta (CAO-LMS) Ha ocHOBe pazpaboTaHHOTO
kadenporr «MaremaTrkay 3JIEKTPOHHOTO oOpaszoBarenbHOTO pecypca (DOP) mo Bcem paznenam
nporpammsl (cm. 1. 4.4).

[Topsimox mpoBeneHUs: pabOT B AMCTAHIMOHHOM (hOopMare yCTaHaBIMBAETCS OTHEIbHBIMU
pacropsHKeHUsMHU POPEKTOopa 1Mo yueOHol paboTe W/uiK EHTPOM Y4eOHO-METOAMYECKONH PabOTHI.

6.2. MeToauyeckue yKazaHus i 00y4ar0MXCs M0 OCBOEHUIO
AUCHUTTHHBI
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[IprMeHeHre KIacCUYeCKOro METO/1a pelIeHUs JTMHEHHbIX Au(depeHInalbHbIX YpaBHEHHUH
B YaCTHBIX MPOU3BOJIHBIX (M3yYEHHE TaKUX YpPAaBHEHUH BTOPOTO HOPSAIKA U COCTABISET IMpPEIMET
MaTeMaTH4eCKON (PU3UKK) — METO/1a pa3/IeleHHs IEPEMEHHBIX MPe/ioiaraeT UCIOIb30BaHUE TPH-
TOHOMETpUYECKUX PsiioB Dypbe (OAMHAPHBIX U JABOMHBIX). DTOT pa3ied He U3jarajics CTyJAeHTam
Ha MEPBOM Kypce MpU HU3YYEHHUH IUCHUILIMHBI «Maremarnueckuid aHanus». [loatomy uzydyenue
Kypca ypaBHEHHI MaTeMaTH4eCKOH (PM3MKKM HAYMHAETCS C OCHOB TaPMOHHYECKOTO aHaJIN3a — TEO-
puu psanos Oypre.

B stom pazzene xkypca cienyer oOpaTuTh BHUMaHHE Ha 3aMeydaTeNbHYI0 0COOEHHOCTh TPH-
TOHOMETPUYECKUX CHHYCOB M KOCHHYCOB — MX OpPTOTOHAJIbHOCTb, 3HaTh YCJIOBHS Pa3IOKUMOCTH
¢bynkuun B psg Dypbe, YETKO pa3NuyaTh pa3iMyHbe CIy4daW Pa3JIOKUMOCTH (DYHKIUH B DAL
@dypbe B 3aBUCUMOCTH OT BUAa (YHKIIMH, OT MHTEpBajia, HA KOTOPOM OHa ompezeneHa. [lone3no
IIPU 3TOM HAYMHATH C MOCTPOEHUs rpaduka QyHKIHH — TOraa cpasy OyaeT SICHO, SBJSIETCS JIM OHA
YETHOW WJIM HEYETHOU WM IPOU3BOJIBHOTO BUA.

Paznen MaTemMaTuky, NOCBAICHHBIH YPaBHEHHSIM MaTeMaTUYECKON (DU3UKH, SBISETCS Ype3-
BBIYAHO B&KHBIM ISl MIPHIIOKEHUM, TaK KaK OOJNBIIMHCTBO (PU3MYECKHX MPOIECCOB PA3IUYHOU
MPUPOIBI MOJICITUPYETCS WMEHHO ITUHEHHBIMU AU(PEpeHIHATFHBIMA YPAaBHCHUSIMHA B YaCTHBIX
MIPOU3BOIHBIX.

[lpr m3ydeHUM ypaBHEHUH MaTeMaTHUeCKOW (DU3HMKH CIEeIyeT, MpeXae BCero o0paTuth
BHUMaHHUE Ha KJIaccu(pUKauUIo ypaBHeHUN. Bc€ MHOrooOpasue ypaBHeHUN MaTeMaTHUeCKOH (hu3u-
KM MOXET OBITh pa3/ielieHO Ha TPH Kjacca. Y paBHEHHUS KaxkJA0ro kjiacca o0gagaroT oOUUMHU CBOM-
CTBaMHU pEIICHUM. B KakqoM M3 3TUX KIIAaCCOB €CTh MPOCTEiIIEEe YpAaBHEHUE, HA3bIBAEMOE KAHOHU-
yeckum. IIpUHAIEKHOCTh YpPaBHEHUS K TOMY WJIM MHOMY KJIAcCy ONPENENSIETCS COOTHOLIEHUEM
Mexay K03 PUIEeHTaMU TP CTAPILIUX MPOU3BOIHBIX.

Oco6oe BHMMaHMe HAJ0 O0OPATHTH HA NMOCTAHOBKHM HAaYaJIbHO-KPaeBBIX 3aJa4 IJs
YPaBHEeHH# runep00Iu4ecKoro, napadoJn4ecKoro THIOB U KpPaeBbIX 327124 VISl YPaBHEHUH
M THYECKOr0 THIIA.

Jlroboe muddepeHnransHOe ypaBHEHHE MaTeMaTUYeCKOW (U3MKM HMeeT OeCUHCICHHOE
MHOXECTBO peHIeHUH. [ morydeHus: eIMHCTBEHHOTO pPEIIeHUs] HEOOXOAMMO 3aJaHne JAOMOTHH-
TEJBbHBIX YCIIOBHM, KOTOPbIE NO3BOJSIOT OJAHO3HAUHO ONMUCATh KOHKPETHBIA (PU3NYECKUI Mpolecc.
KonnuecTBo u BUA 3TUX YCIIOBUI 3aBUCAT OT XapaKTepa U MOpSAKa MPOU3BOAHBIX, BXOISIIMX B
ypaBHeHHUE, OT (opMbI 00JIaCTH, B KOTOPOH HWIIETCS pelIeHHe YpaBHEHHs, OT XapakTepa B3auMo-
JENUCTBUS pacCMaTpUBAEMOTo Teja (WM Tpoliecca B BBIJICTICHHOM TeJe) C OKpYKarolien cpenoii. B
o01ieM ciayyae TOMOJTHUTENbHBIMH YCIOBUSIMU MOTYT OBITh HaAualbHble N SPAHUUHBIE YCLOBUSL.

HavanbHble yciioBUSI ONMUCHIBAIOT COCTOSIHUE O0BbEKTa B HAYaJIbHBIM MOMEHT BpeMeHH. Jliis
ypaBHEHHUs TUMEPOOTUYECKOTO TUIA CTaBSATCS JABA HAYaJIbHBIX YCIOBHUS COOTBETCTBEHHO BTOPOMY
MOPSAJKY MPOU3BOAHOM 1O BPEMEHHU, BXOJslIel B ypaBHeHUE. OHM XapaKTepU3yIOT BEJIIMYUHBI OT-
KIIOHEHUH U CKOPOCTEHl ToueK 00beKTa (CTPYyHBI, CTEPXKHS U JIp.) B Ha4allbHBIH MOMEHT BPEMEHH.
Jlisg ypaBHEHUs1 apa0OIM4ecKOro THIAa CTAaBUTCS OJIHO HAayallbHOE YCIIOBHE, YTO COOTBETCTBYET
MEPBOMY MOPSAKY MPOU3BOJIHON MO BpeMeHHU (ecnu uckomas (PyHKIHS B ypaBHEHUU TEILIONPO-
BoHOCTH U(X,t) — TeMneparypa B pOM3BOJIBHOM CEYCHUU CTEPIKHS B JIFO00 MOMEHT BpeMeHH t, To
HayaJlbHBIM YCJIOBHEM 3aJa€TCsl pacHpelie]IeHUe TeMIIepaTypbl MO JUIMHE CTEP’KHS B HAadaJIbHBIN
MOMeHT BpemenHu t = 0).

['panuuHbIe ycnoBUs JUIsi BOJIHOBOTO YpaBHEHHUs (€CIIM OHO OINHMCHIBAET, HANpUMEp, IOIe-
peudHble Koue0aHusi CTPYHbl KOHEYHBIX Pa3MEpOB) XapaKTEpU3YyIOT MOBEJEHHE KOHIIOB CTPYHBI B
nporiecce KojebaHuil 1 3aBUCAT OT XapaKTepa UX 3aKperieHHs..

s ypaBHEHUS TEMJIONPOBOJHOCTU CTEP)KHSI T'PAaHUYHbBIE YCIOBUS MMEIOT CYIIECTBEHHO
pa3NUYHBIN BUJ B 3aBUCUMOCTH OT XapaKkTepa TerI000MeHa KOHIIOB CTEPKHS C OKpY»Karollen cpe-
JIOM.

Jlist ypaBHEHUS SJUTUIITUYECKOTO TUTIA, KaK U I ypaBHEHUS MapaOOINdecKoro THIMa, Tak-
e Pa3INyaroT pa3Hble KpaeBble 3aJla4i B 3aBUCMMOCTHU OT YCJIOBHM Ha KOHTYpE paccMaTpUBaeMOi
obacTH.
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Ilosmomy nocmanoexa 3adauu mamemamuieckou Quzuku exuouaem 3adanue ouggpepen-
YUATBHO20 YPABHEHUsL 8 YACTIHBIX NPOU3BOOHLLX, ONUCHIBAIOWE20 UCCTeOYeMblil NPOYecc, a MaKice
8 00WemM cryyae ePAHUYHBIX U HAYATLHBIX YCI08UL, NO3GONAIOWUX NOTYYUUMb OUHCMBEHHOE pelle-
Hue.

Ecnu 3a0aua mamemamuyeckol u3uku nocmasieHa KOPpeKmHo, mo eé peuieHue cyuje-
cmaeyem, eOUHCMBEHHO U YCMOUYUBO K MATIM USMEHEHUSM UCXOOHBIX OAHHBIX.

TpeboBaHKe HENPEPHIBHOW 3aBUCUMOCTH PEIICHUS OT HCXOJHBIX JTaHHBIX O00YCIOBJICHO
TeM, 4TO (PU3UYECKHE JAaHHBIC, XapaKTEPU3YIOIINE HAYAIbHOE COCTOSIHUE CUCTEMBI, OTIPEICIISIOTCS,
KaK IMPaBUJIO, SKCIICPUMEHTAIBHO, U BCEr/Ia ¢ HEKOTOPOil morpemHocThio. [ToaTomy HeoOxomuma
YBEPEHHOCTh B TOM, YTO MaJjiasi MOTPEITHOCTh B UCXOMHBIX JAHHBIX OyIIET MPUBOJIUTH JIUIIb K Ma-
JIOM TOTPEUIHOCTH B PEIICHHUH, TO €CTh PEIICHHE 331a4H HE JIOJDKHO CYLICCTBEHHO 3aBHCETh OT I10-
TPEIIHOCTEN U3MEPEHUI.

M3-3a orpaHuueHHOCTH 00BbEMa Kypca pacCMaTpHBAOTCS, B OCHOBHOM, METOJ pa3J/eieHus
nepeMeHHbIX Dypbe U ero MOAUQUKAIMS Ui PEUICHUsST HEOJHOPOIAHBIX YPaBHEHUH — METOJ pa3-
JIOXKCHHS TI0 COOCTBEHHBIM (PyHKIMAM (oxHOpOaHON 3amaun). CTYAEHTY HaI0 OCMBICIHTH HCIO
METO/Ia pa3eiCHHs MIEPEMEHHBIX — CBEJICHHE 3a/1auu Uil TU(PPEPEHIINATBLHOTO YPaBHEHHS B YaCT-
HBIX TIPOM3BOIHBIX K MPUHIMITHAIBHO 00JIee MPOCTON 3a/1aue PEIICHHUS He3aBUCUMBIX JIPYT OT JIPY-
ra OOBIKHOBCHHBIX JIMHEWHBIX TU(QPEpEHIMAIbHBIX YpaBHEHUH (IPUYEM Ba)KHO, YTO pa3JieiCHUE
MEPEMEHHBIX MTPOUCXOIUT M B IPaHUYHBIX YCIIOBHUAX). Hamo oOpaTuTh BHUMaHKE HAa €IUHCTBO TO/-
XO0JIa K PEIICHUI0 YPaBHCHUN PAa3JIMYHOTO TUMA. Tak, IpU PelICHUH OJHOPOJIHBIX YPAaBHEHUH METO-
JIOM pa3/ieJICHUs IEPEMEHHBIX M IS THIIEPOOTUYCCKUX, U IS MapabOIuIeCKUX U IS JLTUITHYC-
CKUX YpaBHEHHI Ha MEPBOM 3TaIlle PEIICHUE CBOJIUTCS K 3a/1a4e Ha COOCTBCHHBIC 3HAYCHUS (3a/1aue
[rypma-JInyBumis).

[Tpu pemeHNr HEOAHOPOIHBIX YPAaBHCHHH METOJIOM Pa3JIOKEHHUs MO COOCTBEHHBIM (PYHK-
IUSIM TaKKe CHavyalla periaeTcsi OMHOPOIHAS KpaeBas 3a/laua, YTo MMO3BOJISIET HAWTH COOCTBEHHBIC
(GYHKINH, yIOBIETBOPSIOIINE IPAaHUYHBIM ycloBusM. [1o HUM Janee W pacKJIaIbIBAIOTCS B PSIbI
MCKOMBIC (DYHKIIMU U MIPABbIe YaCTH YPaBHEHUH, 4TO MPUBOIUT (IIPH PEIICHUH BOJHOBOIO ypaBHE-
HUS ¥ YpaBHEHUS TEIJIONMPOBOIHOCTH) K 3ajaa4ye Komw st HEOHOPOIHBIX OOBIKHOBEHHBIX JH(D-
(bepeHIHaTbHBIX YPaBHCHHH.

Crnenyer Takke OOpaTHUTh BHUMaHHE Ha TO, YTO PEHICHHE METOIOM pa3JIeliCHHs MePeMEHHBIX
BO3MOYKHO HE BCEI/Ia, a BO MHOTHX CIIydasX MPUBOJUT K TaK Ha3bIBAEMBIM CICIHAIBHBIM ()yHKIIH-
SIM, HallpUMeEp, TIPHU PEIICHUN YPaBHEHUH MaTeMaTU4ecKol (PU3NKU B KPYTOBBIX 00JIACTSX.

7. DOHJ OLIEHOYHBIX CPEJACTB

@oH/ OLICHOYHBIX CPEACTB npecTabieH B [Ipunoxenun 2 k paboueil mporpaMmme M BKIIOYAET pa3-
TETIBI:

1. MeTo bl KOHTPOJIS U OLIEHUBAHMSI PE3YyJIbTaTOB 00yUEHUS.

2. lllkana 1 KpUTEPUH OIICHUBAHUS PE3yIbTaTOB O0YUICHHS.

3. OueHouHBIE CPEICTBA.

3.1. Tekymuii KOHTPOJIb.

3.2. IIpoMexxkyTOUHas aTTeCTalus.
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Ilpunooscenue 1
CtpykTypa u coiepx’aHue AUCIUTLIUHbI
«YpaBHeHUS] MATEMATHYECKOU (PUIUKN»
10 HAMPABJICHUIO MO OTOBKH
15.03.03 «IIpuxaagHasi MexaHUKAa»
[Tpodunp
«IIporpammupoBanne U nu¢poBble TEXHOJOTHN B ITMHAMHUKE U MPOYHOCTH»
KBanmudukanus BBITyCKHHKA!

(bakanasp)
ouHas opma oOydeHuUs
I'ox Habopa 2023/2024
Buabi yueOHoli padorsl,
- . DopmbI
S | x & BKIIOYAH CAMOCTOSTENLHYIO Buasbl camocrosiTe/1bHON padoThI ATTe-
P S | 3 § padoTy CTYyIeHTOB, CrynenrToB
aszgen S | 5 CTAMH
5 &a = H TPYAOEMKOCTh B Yacax
n/n ©|17C CP | KC
J | I/C | JIa6 C P K.P. | K.II. | PT'P | Pedepar | K/p | D 3
YerBepThlid cemecTp
Pa3nes 1. TapmMoHnyeckuii aHaus.
[TocTranoBka OCHOBHOM 3a7auu T'apMOHH-
4yeckoro aHanusza. OpTOroHajIbHOCTb TpHU-
roHomerpudeckux (yHkuuid. Paznoxenue
B pian @Dypbe ¢GyHKUMIA C TepuoIoM
1 | T=27r. ©opmynsl  kodpdunuenros | 4 1 2 2 3 +

Oypee. YcmoBua upuxine. Teopema o
Pa3IO0KUMOCTH TEPUOANYECKUX (DYHKIMH
B psn Dypee.

Bbinaua nepsoii yactu PI'P nmo psagam
Dypobe




Pag ®ypre miisi 4YETHBIX M HEYETHBIX
¢bynkuuid. Pasnoxenne B psag  Dypwe
GYHKIMA C  TPOU3BOJIBHBIM  IEPUOIOM.
OcoOeHHOCTH DPA3JIOKEHHs] HETepUoanYe-
CKMX (YHKIUH, TMOHATHE HMX IEPUOINYC-
CKOTO MPOIOKCHUS.

[Ipumenenue psagoB Dypbe s pelICHUs
KpaeBbIX 3aJ1a4.

O606ménnsbIit psg Oypoe. OpToOHOPMUPO-
BaHHBIC CUCTEMBI (DYHKITUH.
CamocrositesibHas padora Nel (B ayau-
TOpUN) O psgam Dypobe

Pazpnen 2. Iudpepennuaibubie ypaBHe-
HHUA MaTeMaTH4yeckol ¢pu3nkn. OCHOB-
Hble NOHATHS U onpenenenus. Knaccudu-
Kalus JIMHEWHbIX 1uddepeHnanbHbIX
YPaBHEHUI C YaCTHBIMU ITPOU3BOIHBIMHU 2-
ro nopsifika. OCHOBHbIE YpaBHEHHs MaTe-
MmaTtuuecko ¢pusuku. IloctanoBka kpae-
BBIX U HauaJbHO-KpPAeBbIX 3aj]1ay, (puznue-
CKHI CMBICJI HAYaJIbHBIX U TPAHUYHBIX
YCJIOBHUH.

Boigaua Bropoii yactu PI'P o ypaBHe-
HUSAM MATeMAaTH4YeCKOil PU3nuKHu

BriBO1 BOJTHOBOTO ypaBHEHUSI Ha TIPUMEPE
3aa4d O CBOOOIHBIX MAaJIBIX KOJICOAHUM
cTpyHbl. Pemenne omHOpoaHOTO THIIEPOO-
JIMYECKOTO YpaBHEHUS C OJHOPOJIHBIMHU
TPAaHUYHBIMU YCJIOBHSIMH METOJOM pasjie-
JICHUS NTEPEMEHHBIX.

du3zndeckoe UCTOIKOBAHNIE pEeICHUA

3aaa4u O COOCTBEHHBIX KOJICOAHHIX CTPYHBI.

Crostune BoHbI. [locTaHOBKA M penieHne
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3aJlavu O IMMPOJOJIbHBIX KOJIEOAHHIX CTCPIKHA

Pemenune HeonHOpoaHOro rumnepbonnye-
CKOTO YPaBHEHHsS C OIHOPOJHBIMH Ipa-
HUYHBIMU YCJIOBUSMH METOJIOM pa3jioxe-
HUS 110 COOCTBEHHBIM (PYHKLUAM. 3a1a4a o
BBIHY)KJICHHBIX KOJICOaHUAX CTPYHBI HpHU
OTCYTCTBMM HAa4YaJIbHBIX BO3MYILECHUN

3amagya O BBIHYXKJICHHBIX KOJEOAHUIX
CTPYHBI C Y4YETOM HAYaJbHBIX BO3MYIIIE-
Huil. Penyknus oOmiell HauaabHO-KpaeBOil
3aJ]auu JUIsl HEOTHOPOHOTO TUIepOoHye-
CKOTO YPaBHEHUS C HEOTHOPOJHBIMH Kpae-
BBIMH yCJIOBUSIMHU.

10

Pemenre OJHOPOIHOTO BOJHOBOTO YpaB-
HEHMs B KpyroBoi oOiactu. YpaBHEHHE U
¢bynkuun beccens. OcecummeTpraHbIE KO-
ne0aHusi KpyroBoil MEMOpaHHbI.

10

11

BeiBon  ypaBHEHHMS  TEIUIONPOBOAHOCTH
cTepxHs. Pelienne HayalbHO-KpaeBOM 3a-
Jadd JUis OJAHOPOJHOIO MapaboInYecKoro
YPaBHEHUS C OJHOPOJHBIMH TPaHUYHBIMU
YCIOBUSIMH METOJIOM pa3ZelICHHs Iepe-
MeHHBIX. Cllydall CTallMOHapHON HEOAHO-
POIHOCTH

11

12

Pemrenne HEOHOPOJHOTO ypaBHEHUs TeM-
JIOTIPOBOJTHOCTH CTEP>KHS METOJIOM PasJio-
KEHHS TI0 COOCTBEHHBIM (DYHKITUSM OJHO-
pPOAHOM 3a/1a4u.

12

13

IlocraHoBKa KpaeBBIX 3adad A ypaBHeE-
Hua Jlammaca. @yHIaMeHTAIBHBIE pellle-
HUs ypaBHeHus Jlamiaca B mpocTpaHCTBE U
Ha IiockocT. Pemenus 3amaun upuxie
Ui ypaBHeHus Jlannaca B ciiydae LIMJIMH-
JTPUYECKON 1 chepruecKkoil CHMMETPUN

13

15




14

Pemenuie 3anaun J{upuxie mist ypaBHEHUS
Jlarutaca B mpsiMOYTOJIBHOM 00J7aCTH METO-
JIOM pa3ziesIeHus] NePEeMEHHBIX.

14

15

Pemenue 3amaun upuxmne uisi ypaBHEHMUsI
[Tyaccona B mpsMOYyrojapbHOH oO01acTH B
JIBOMHBIX  TPUTOHOMETPUYECKHX  Psiax
dypbe

CamocrositesibHast padora Ne2 (B ayauTo-
pun)

15

16

VYpasHenue I'enpMroubna. Penienue B kpy-
roBoil obnactu. 3ajgadya Ha COOCTBEHHBIE
3HAYEHMsI C YCIOBHEM NEPHOJUYHOCTH

16

17

burapmonndeckoe ypaBHEHHE. Y paBHEHUE
Codu-Xepmen — Jlarpanxka. Pemenne Ha-
BbE 3314l 00 M3rude MapHUPHO ONEepTON
IUIACTUHBI B JIBOMHBIX TPUTOHOMETpHYE-
ckux psagax Pypee

17

18

KOHTpOHbHOC TCCTUPOBAHUC

18

(Dopma ammecmauuu

21

Bcero yacoB nmo gucuuninHe
B TPeThEM ceMecTpe

18

36

54

PI'P

caM.
pao.
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[Tpunoxenue 2

®OH/I OHEHOYHbBIX CPEJICTB
MO JUCHMILINHE

«YpaBHEeHHMSI MATEMATHYCCKON PUUKI

Hamnpasnenue noaroroku: 15.03.03 «[Ipuknannas MexaHukay.
[Mpoduns: «[IporpammupoBanue u NU(POBBIC TEXHOIOTUN B JUHAMHUKE H TPOYHOCTH Y.
®dopma 00ydyeHUsI: OUHasl.

Kadenpa: «Marematnkay

1. MeToabl KOHTPOJISI M OLIECHUBAHUSA Pe3YJIbTATOB 00y4YeHH s
JU1 KOHTPOJIS YCIIEBaeMOCTH M KaUeCTBAa OCBOCHUS JUCLUIUIMHBI HACTOSILIEH POrpaMMoin
[IPEyCMOTPEHBI CIIEAYIOIINE BUbI KOHTPOJIS:
- KOHTPOJIb TEKYIEH ycrieBaeMOoCTH (TEKYLIUIl KOHTPOJIb);
- IPOMEKYTOYHAs aTTecTalus (3K3aMeH).

2. lllkaya ¥ KPUTEPHH OLCHUBAHUA Pe3yJIbTATOB 00y4YeHHs
®opmMa NPOMEKYTOYHOH ATTECTALMHU: IK3AMEH

[TpomexxyrouHas arrectanus oOydaromuxcs B popMe 3K3aMeHa MPOBOAUTCS 10 pe3yJibTa-
TaM BBITMIOJHEHHS BCEX BUJIOB Y4eOHOU pabOThI, MPEAyCMOTPEHHBIX yYEOHBIM IUIAHOM MO JaHHOU
JTUCHUTUIMHE, TIPU 3TOM YYHUTBIBAIOTCS PE3YJIbTaThl TEKYIIETO KOHTPOJS YCIEBAEMOCTH B TEUCHUE
cemectpa. OlleHKa CTENeHHU JOCTIKEHUS 00yJaloMMUCS TUIAHUPYEMBIX Pe3yJIbTaTOB 00YUEeHHUS 110
JTUCIUTIIMHE MPOBOAUTCS MPEroaBaTeIeM, BEAYIIUM 3aHATHS 110 JUCIUILUIMHE METOIOM IKCIIEPT-
HOM oneHkH. [To uToram mpoMeKyTOuHOM aTTeCTallUy MO JAUCHUIUIMHE BBICTABIISETCS OLIEHKA «OT-
JIUYHO», «XOPOILI0», «YAOBIETBOPUTEIHHO» UIIU «HEYIOBIETBOPUTEIBHOM.

Ixana oueHuBaHUA Onucanue

BrimonHeHs! Bce o0si3aTesIbHbIE YCJI0BHSI MOATOTOBKM CTY-
JAEHTA K INPOME:KYTOYHOM aTTeCTAalluH, INPEIyCMOTPEHHBIE
nporpaMMoil quctuIuinHbel. CTyIeHT I€MOHCTPUPYET COOTBET-
CTBHE 3HAHUU, YMEHUH, HABBIKOB [TOKA3aTENIAM, [IPUBEICHHBIM B
OtnuuHO TabynLax, onepupyeT NpuoOPEeTEHHbIMU 3HAHUSMH, YMEHUIMU,
HaBBIKAMH, IIPUMEHSET UX B CUTyalUsAX IOBBIIIEHHON CIOKHO-
ctu. [Ipy 3TOM MOTYT OBITH TOMYIIEHB! HE3HAYUTEIbHBIE OIIHO-
KM, HETOUHOCTH, 3aTPYAHEHUS IIPU NIEPEHOCE 3HAHUM U YMEHUI
Ha HOBBIE, HECTAHIapTHBIE 3aJa4H.

BrimonHeHs! Bce o0si3aTesibHbIE YCJI0BHSI MOATOTOBKM CTY-
JAEHTA K INPOME:KYTOYHOHM aTTecTalli, NPEIyCMOTPEHHBIE
porpamMmon JTucuuIuiMHbl. CTyJIeHT AEMOHCTPUPYET COOTBET-
CTBHE 3HAHUU, YMEHUH, HABBIKOB IT0OKA3aTEJISIM, [IPUBEICHHBIM B
TabynLax, onepupyeT NpuoOPEeTEHHbIMU 3HAHUSAMH, YMEHUSIMU,
HaBbIKaMH. B TO ke BpeMs IIpu OTBETE JAOIYCKAET HECyIle-
CTBEHHBIEC IOTPEIIHOCTH, 33Ja4d pEIIaeT C Helo4YeTaMH, He
BJIMSIFOIIMMU Ha OOIIUI XOJ1 PELICHHUS.

Xoporo




BrimonHeHsl Bce o0si3aTesbHbIE YCJI0BHSI NMOATOTOBKHM CTY-
AEGHTA K NPOMEKYTOYHOH AaTTeCTalluM, MPEIyCMOTPEHHBIE
nporpaMMoil quciuIuinHbel. CTyIeHT IEMOHCTPUPYET COOTBET-
CTBUE 3HAHUM, YMEHUI, HABBIKOB ITOKA3aTENSIM, [IPUBEICHHBIM B
TabIUIax, ONepUPYyeT MPUOOPETEHHBIMU 3HAHUSAMH, YMEHHUSIMH,
Y 10BIETBOPUTEIBLHO HaBbIKaMu. Ho moka3piBaeT HernyOoKue 3HaHUS, IIPU OTBETE HE
JIOMyCcKaeT rpyObIX OIMOOK WM IPOTHBOPEYHA, OJHAKO B
(bopMyIUpPOBaHUN OTBETa OTCYTCTBYET IOJIKHAsI CBSI3b MEXKIY
AQHAJIN30M, apryMEHTAlel U BbIBOJIAaMH, B PEILIEHUU 33a7a4 MO-
T'YT COJIepKaThCs rpyOble omuOKU. [ moayyeHus: mpaBUIbHO-
ro OTBETa TPEOYIOTCS YTOUHSIONINE BOTIPOCH.
He BbinonHEeHb! 00513aTe/IbHBIE YCJI0BHS MOATOTOBKH CTY/1€H-
Ta K NPOMEKYTOYHOM AaTTeCTALMHU, IIPEIYCMOTPEHHbIE IIPO-
rpammont qucuuniausel, MW crygeHT neMOHCTpUpyeT Hemodl-
HOE COOTBETCTBUE 3HAHUW, YMEHMI, HABBIKOB IIPUBEACHHBIM B
HeynosnerBopurenbHo
TabynLax, AOMYCKAIOTCS 3HAUUTEIbHbIE OMIMOKH, MPOSBISETCS
OTCYTCTBHME 3HAaHUW, YMEHUM, HABBIKOB IO POy IOKa3aTelei,
CTYJEHT UCHBITHIBAET 3HAUUTEIIbHBIE 3aTPYAHEHUS MPU ONEPU-
POBaHUU 3HAHUSIMU U YMEHUSIMU.
3. OnleHOYHBIE CPeACTBA
HaumenoBanue [IpencraBnenue one-
Ne Kparkas xapakTepucTiKa OLIEHOYHOTO
[y | OUeHOUHOro cpen- cpesicTea HOYHOI'O CPE/CTBA B
CTBa DdOC
1 Kontponbnas (ca- | CpenctBo mpoBepku yMeHui npumeHsth | KoHTponbHbIE 3a1a-
MOCTOSITEJIbHAS) [IOJIyYE€HHBIE 3HAHMS ISl pELIeHMs 3a4a4d | HUS
pabota OIIPEAEIIEHHOTO THIIA 110 TEME WM pa3Jie-
(KP) my
2 | PacuerHo- CpenctBo npoBepkn ymMeHMM npumeHsaTh | Kommiiekr  3aganuii
rpaduueckas pa- MOJIyYE€HHbIE 3HAHMS 10 3apaHee onpenae- | A BBITIOJTHEHU S
6ota JIEHHOW METOJUKE U1 PELIEHUs 3ajJad | pacuyeTHO-
(PTP) WIK 33JaHUi 10 MOAYNII0O WM JAMCHU- | Tpaduueckoi paboTsl
IUIVMHE B LIEJTIOM.
CpencTBo KOHTPOJIS,, OpraHU30BaHHOE Kak
crenuanbHas Oecefa IMeAaroruyeckoro
VcrHblii onpoc | pabOTHMKAa ¢ OOydaromMMCs Ha TEMBI, Bomnpocsl no
3 co0ecesloBaHUE, | CBSI3aHHBIE C U3y4aeMOW TUCLUIUIMHOM, U TeMam/paszzenam
(YO) paccuMTaHHOE Ha BBIACHEHHE O0bema JIACTTUTLTAHBI
3HaHUN 00yYaroIerocs: Mo OnpeaeseHHO-
My paszJelny, TeMe, mpobiaeme U T.11.
CucremMa cTaHAapTU3MPOBAHHBIX 3a/1aHUH,
Tecr MIO3BOJISIIOIIAS aBTOMAaTU3HUPO-
4 Bapmuant tecta
(T) BaTh MPOLEAYPY U3MEPEHUS YPOBHS 3Ha-
HUI 1 yMeHHH 00yJaromerocs.
5 | Dk3amenannonHbie | CpecTBO MPOBEPKH 3HAHWUM, YMEHWM, | DK3aMEHAIIMOHHbBIE
OuneTH HaBBIKOB. MOXKET BKJIIOYAaTh KOMIUIEKC | OMIIETHI
(3b) TEOPETHYECKUX BOIMPOCOB, 3ajad, MPAKTH-

YeCKUX 3aJIaHUH.
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3.1. Tekyuiuii KOHTPOJIb

OrneHouHBIE CpEICTBA TEKYIIET0 KOHTPOJIS YCIIEBAEMOCTH BKJIIOUAIOT KOHTPOJIbHBIE BOIPO-
Chbl M 3a/laHus B (popMe OJIAaHKOBOI'O TECTUPOBAHMS JUIsl KOHTPOJIS OCBOEHUs 00y4aroIllMMUCS pas-
JIeJI0B TUCUHUILINHEL, ipueM PI'P.

Coaepixanue pacueTHO-TpaguuecKux padoThl.

Yacts 1. Paabl @ypbe [Ipumenenne psagoB @ypbe K HHTErpPUPOBAHUI0 00BIKHOBEHHBIX
AU(ppepeHInaTbHBIX YPABHEHUI.

E€ kpatkoe conepxanue:

paznoxenue B psn Pypbe Heneproanveckon GpyHkimu Ha otpeske [—l, |]; npumenenue psaoB
®ypbe A pelIeHns KpaeBbIX 3aa4; pas3iiokeHue B 0000mEHHbIN psag Pypse QyHKIIUN HA OTpe3Ke
[, 1]; Haxoxxnenne coOCTBEHHBIX (YHKIMIA MapabOIMYecKOro, rHIepOOTMISCKOr0 UIH AIUTHIITH-
YECKOT'0 YPaBHEHHS;

PacuerHo-rpadguyeckas padora Ne 1.
Yacrp 2. PemieHne ypapHeHUil MaTeMaTH4ecKoil pu3uku.

E€ xpaTkoe conepxaHue:

[Toctpoenue pemenuii B Buzae o0oOmeHHoro psaa dypbe OJHOPOAHOTO M HEOJHOPOIHOIO
ypaBHEHHI MapaboIMYecKoro, THIepOOTMYECKOTO M AJLTUITUYECKOTO TUIIOB C Pa3IMYHBIMU BapH-
aHTaMM KPaeBbIX yCIOBHH.

TecToBOE 3a1aHHE
M0 JUCHUIUIMHE «Y pABHEHUSI MATEMATHYECKOH (PU3UKH»

BAPUAHT
3AJIAHHUE 1
Jlns pynxiuu T (X) ¢ nepuogom T =4 cnipaBenyinBo paBeHCTBO
BAPUAHTBI OTBETOB: 1) f(x/4)=f(x) 2) f(4x)=f(x)
3) f(x+4)="1(x) 4 f(x+2)=1(x).
3AJIAHUE 2

VkaxuTe QYHKIHH C IEPUOOM | = 2 W3 MepEeUNCIEHHbIX HIKE.
BAPUAHTBI OTBETOB:

1) y=sin2zx 2) y=ctg2zx  3) y=cosax 4) y=tg(nx/2).
3AJTAHME 3

Kakas u3 nepeuncieHHbIX HIDKE (DYHKIIMN OMHUCHIBAET TAPMOHUYECKHE He3aTyXarolue Koneoanus?
VKaKKTe CMBICH apameTpos: A, @, Q.

BAPUAHTBI OTBETOB: 1) f(X) = Acos(w X+ @)
2) f(X)=Allwx+¢) 3) f(X)=Awx+p) 4 f(X)=Awx+e).
3AJTAHME 4

dynximsa T (X) npu X €[0, 277] u eé nepuouyeckoe npojomKeHNE TOKA3aHBI HA PUCYHKE
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N

/ /
Vi S /
/ /// y
/ /S By

-4n -2m 0, 2m 4m Xx

Torna psin @ypbe 115 3TOM PYHKIIUU UMEET BU/T

o0 ; a o0
BAPUAHTBI OTBETOB: 1) f(x)= > b sinnx 2) f(x)= ?°+ > a, cosnx
n=1 n=1

3) f (X) =a—2°+ S (a, cosnx+h, sinnx)  4) f(x):a—2°+ §1bnsin nx.
n=

n=1

3AJAHHUE 5

Jlana ¢ynkmus T (X) =2X2, Xe[-I,1]. Torma xosdpdurment b, pasnoxenus Qynxuum
f(X) Bpsn @ypse pasen

| OtBer ‘ ‘
3AJIAHHE 6
Pasnoxuts B psag Oypse pynxumo T (X) = {_1 P L=x ’
1  npu 0<x<1.
| OtBer ‘ ‘
3AJJAHHUE 7

Haitnure pemenue xpaesoii 3amaun Y' =((X), Yy(0)=0, Yy(2)=0 s sune pana ®ypse, ec-
m q(X) =g, =const.
| OtBer | |

3AJIAHME 8

K kakomy Tumy oTHOcHUTCS JUHEHHOE nAudQepeHnanbHOe YpaBHEHHE B YaCTHBIX MPOM3BOAHBIX
BTOPOTO MOPAIKA

2 2 2
6a lzj+8 ou +8a L;+8_u+28_u+3u:0?
OX oxoy oy OX

| OtBer | |
3AJIAHUE 9
d%u 4 0% _
VpaBHeHue P =10 Py (u(x,t)[m]; 0<x<I, t>0) onuceisaer mainsie cBOGOHBIE
X

norepeyHsle Konebanust cTpyHbl. KOHIBI CTpYyHBI 3aKperuieHbl HemoABMKHO. Haiiaure ocHOBHYIO
yactoty @ [1/cex] cobersennbix konebanuit ctpynsl, eciu amuna ctpysst | =50 .

| OtBer | |

3AJTAHUE 10

. 2 2
Haiinute koddduiment temneparyponposonsoctd &~ [M° [ cex] B ypaBHEHHH TemIONpOBOIHO-
CTH CTEPKHS

2
a_“:aza_;‘, (0<x<l, t=0),
ot OX
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ecu kod(duument teronposoanoctu Matepuana K =50 e /(m - epaod - cex) , ynenvnas ten-

noemkocts  C=500/rc/(ke - 2pad),  ynmenbHas — WIOTHOCTH — MaTepuana  CTEPIKHS
p =7000 k2 / u°

| Otger | |
3AJAHHUE 11

OOmmee pelieHue HavyaJIbHO — KPaeBOW 3ajaudl Ul OZHOPOJHOTO YPABHEHHs T'MIEPOOIMYECKOro
TUIA

2 2
OU_229U (0<x<l, t>0)

B
U(O,t) = 07 U(I,t) = O, U(X,O) = f (X), 8ug:,0)

=o(X)

7zatj n;zx
|

n
umeer Bua  U(X,t) = Z(A] cosTﬂa+ B, sin o sin —

rac An n Bn - IIPOU3BOJIbHBIC ITOCTOAHHBIC!

| |

A = g] f (X)sin n—ﬂxdx, B, = ij(p(x)sin N ix.
lo I Nz o |

Sanumute perienne 3agaun npu a=4, 1=2, f(x)=1 ¢@(x)=0.

| OtBer ‘ ‘

3AJJAHHUE 12

o’u . 0%
JlaHO HEOTHOPOTHOE BOJTHOBOE YpaBHEHHE o 16; + f(X,t) mpu OJHOPOIHBIX IPAHUYHBIX

HavYaJIbHBIX YCJIOBUAX

u(0,t) =u(8,t)=0, u(x,o>=%=o.

HaiinuTe (C TOYHOCTBIO O MHOKHTENSI) COOCTBEHHBIE (DYHKLIUU 33/1a4H.
| OTtBer \
3AJIAHHE 13

OOmiee perleHue Ha4aJIbHO — KPAeBOH 3aJauul Uil OAHOPOJHOIO YpaBHEHUS MapabOIMUECKOro TH-
na

%“:aZZTL;, 0<x<l, t>0) u(0,t)=0, u(l,t)=0, u(x,0)= f(x)

(E)zt . Nzx A

UMEET BUJ ux,t)y=>Ae " sin R rae . - TPOM3BONIbHAs TOCTOSIHHAs
n=1

|
A = IEI f (x)sin %dx. Banummte pemenue 3anaun npu a=11=1 f(x) =1.
0

| OtBer |
3AJJAHUE 14
JlaHO OJHOPOIHOE YpaBHEHHE TEIIONPOBOJHOCTH CTEPHKHS
N _2%U  (0<x<l, t>0).
ot OX
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Ha «xoHmax crepkHsS 3agaHbl I[IOCTOSHHBIE W  PA3JIMYHBIE HEHYJEBbIC TEMIIEPATYypPHI
u(0,t) =15, u(Lt)=25, nauansnoe ycnosue: U(X,0) = 20X +5.

[on6epure HoByto bynkuuio V(X,1), ceasannyio ¢ uckomoit pynxmeit U(X,t) Tak, urobb ams
He€ TpaHUYHBIC YCIOBUS CTAIM OJHOPOIAHBIMH. Kakoil BUI MpUMET MPU 3TOM HAYAIIbHOE YCIOBUE

v(x,0) ?

| Otser ‘
3AJJAHHUE 15
o’u 0%
Ob6mee pemenue 3anaun Jupuxmie nias ypaBHenus Jlamaca PVl + W =0
X

npamoyroisHoit obnacty D:0<x<a, 0<y<Db, npu onHOpoaHBIX rpaHUYHBIX YCIOBHAX HA
BepTuKaTbHBIX croponax obmactu U(0,y) =0, u(a,y)=0

A U,(x)

D

0 \N\U | (X) a x

® nz(b—vy) nayl. nm( , na\"
umeer B U(X,Y) =2 | a,sh +b,sh sin sh ,
n=1] a a a a

e a, ZE?Ul(X)Sin "ix, b, :g?UZ(x)sin X ix .
ao a ao a

Haitnure 3nauenue ¢pynkuuu U(X, Y) B nentpe obmactu mpu a =6, b =4, ecrm

X n 0<x<3,
U,(x) = w . Uy (x)=0.
6-X mpu 3<X<6,

| OtBer |

KoMmiexkT 3aganuii 1J19 BBINOJIHEHUSA
pacueTrHo-rpadpuyeckux pador (PI'P)
110 AUCITUIIJIINHE

yDaBHCHI/IH MaTeMaTUYeCKON (1)I/I3I/IKI/I
(HauMEeHOBaHHUE AUCITUILTHHBI)

Bapuant Nel
1. Paznoxute QyHKIHIO

0 mpu -3<x<0
y=492x/3 mpu 0<x<3/2
0 mpu 3/2<x<3
B psan Dypse:
- IOCTPOUTH I'pauK 3aJaHHON (QYHKIIMM Ha OTpe3Ke e€ onpeaeIeHs;
- BBIUUCIIUTH KO3 UIMeHTsl e€ psaa Dypbe;
- 3anucath psag Oypee nms 3anaHHON QYHKIHH;
- MIOCTPOUTH IrpapUK MOIyUeHHOTO psiia Pyphbe HAa OTPE3KE ONpeAeTIeHHs 3aJaHHON PYHKIUH.
2. B Buge psina @ypobe HaiiTi pemenue Y = Y(X) KpaeBoi 3a1a4n
y"'=q(x), (0<x<3), y(0)=0, y(3)=0,

rae ((X) — orpaHuueHHas, KyCOuHO-HenpepbiBHas Ha otpeske [0, 3] dyHkus
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_J2x/3 mpm 0<x<3/2
971 0 mpum 3/2<x<3,

. Paznoxuth pyHkumio Yy = X/2 Ha otpe3ke 0 < X < 2 B 0000mEnHBIN psag Dypbe MO CUCTEME O-
TOTOHAJIBHBIX Ha 3TOM OTpe3Ke (QYHKIUI, B Ka4eCTBE KOTOPBIX B3STh COOCTBCHHBIC (YHKIIUU
3aJauu Ha COOCTBEHHbIE 3HAYCHUS

o'+ XPp=0, (0<x<2, 120), ¢(0)=0, ¢(2)=0,

IIPEIBAPUTENILHO MPOBEPUB UX HA KBAJAPATUUHYIO0 HHTETPUPYEMOCTh U OPTOTOHAJIIBHOCTb.
. Haiit petienne U = u(X, t) HayaapbHO-KpacBoOil 3aa4u JUisi THIIEPOOIUYECKOTO YPaBHEHUS

o’u 0%

—=9—-, (0<x<3 t20),

ot? o ox? ( )

X mpu 0<x<3/2, 6u(x,0)
u(0,t)=u(3,t)=0, u(x,0)= ——=0.
0H=uBY (x0) {3—X mpu 3/2<x<3, ot

. Haiitu perrenue U = U(X, t) Ha4aIbHO-KpaeBOW 3aa4uM JUIsl MapaboInIecKOro ypaBHEHHUS B BUJIC
0006mménHOTrO psina ypbe
ou o%u }
—=16—+(2-x)e", (0<x<2, t>0),

ot o
u(0,t) =0, %:o, u(x,0) = 0.

Bapunant Ned

. Paznoxute GpyHkuuio
0 mpm -4<x<0
y=<Xx/2 mpu 0<x<2
3—-X mpu 2<x<4
B psan Dypee:
- IOCTPOUTH IpaduK 3aJaHHON (HYHKIIMH Ha OTpe3Ke e€ ompeaeIeHIS;
- BBIUUCIUTH KO3 uimeHTs! € psiaa Oypobe;
- 3anucatb psaja Oypbe A 3a1aHHON (PYHKIMU;
- IOCTPOUTH rpaduk noiaydeHHoro psjia Oypee Ha OTpe3Ke orpeiesIeHus 3alaHHON (HYHKIIHH.
. B Buzne psina @ypoe Haiiti pemenue y = Y(X) KpaeBoi 3a1a4n

y'=qa(x), (0<x<4), y(0)=0, y(4)=0,
rae g(X) — orpaHHYeHHas, KyCOYHO-HenpepbiBHast Ha otpeske [0, 4] byHKums
_Jx/2 mpm 0<x<2
q_{3—x mpn 2<x<4.

. Paznoxurs pyHkuio Yy =X — 1 Ha orpeske 0 <X <2 B 0000mEHHBIN psag Dypbe MO cucreMe
OpPTOTOHAJIBHBIX Ha 3TOM OTpe3Ke (YHKIMI, B KaueCTBE KOTOPHIX B3ATh COOCTBEHHBIE (DYHKIIMH
3aJ1a4 Ha COOCTBEHHBIEC 3HAYEHUS

o'+ Pp=0, (0<x<2, 1>0), ¢0)=0, ¢(2)=0,

MIPEABAPUTENLHO IPOBEPUB UX HA KBAAPATUYHYIO HHTErPUPYEMOCTh X OPTOrOHAJIBHOCTb.
. Haiitu perrenune U = u(X, t) HagaapHO-KpaeBoOit 3a1aun A1 MapaboIMIecKOro ypaBHEHHUS

ou o%u
bl et

=R, (0x<2 t20),
X

u(0,t) =0, GG =0, u(x,0)=2x
OX

B BUJIe 00001EHHOTO psina Dyphe.
. Haiitu perenune U = u(X, t) HagaapbHO-KpaeBoOil 3a1a4u 1 THIIEPOOTUYECKOTO YPaBHCHHUS

23



2 2
OU _OU  a_x)sin2t, (0<x<1 t>0),

o oxd
ou(x,0)

u(0,t)=u(@,t)=0, u(x,0)= 0.

OneHka «0TJINYHO» BbICTaBIseTCs cTyAeHTY 3a 90 — 100% npaBUIbHBIX OTBETOB,
OLIEHKA «XOPOILIOY» - 32 HE MeHee 75% MpaBUIIbHBIX OTBETOB,;

OILICHKA «YJOBJIETBOPUTEIHLHO» - 32 HE MeHee 50-60% mpaBUIbLHBIX OTBETOB;
OLIEHKA «HEYJOBJIETBOPUTEIILHOY - 32 MeHee 50 % MpaBUIIbHBIX OTBETOB.

Jlis mpoBeeHUsT TEKYLIEr0 KOHTPOJS 3HAHWK CTYICHTOB B IMCTAaHIMOHHOM (opmare B

pazpabotanHoM Kadeapoit «MaTemaTukay OHJIAHH-KYpCe HMMEIOTCS MPOMEKYTOUYHBIC (IMPOOHBIC)
KOHTPOJIbHBIE paOOTHI.

3.2. IIpoMesKyTOUHAS ATTECTALUSA

[TpomesxyTouHas aTTecTanus - (9K3aMeH) MPOBOIUTCS TI0 OMiIeTaM B YCTHOU (opMme.
Bpems a1 noAroToBKM OTBETA HA BOIPOCH! He Oosiee 45 MUH.

buner BKIIIOYaeT TeOpeTHUECKHUA BOIIPOC U 3a/1a4H.

KommiekTsl 9K3aMeHallMOHHBIX OUJIETOB XpaHATCA Ha Kadenpe «MaTemaTukay.
TunoBble BApHAHTHI ONJI€TOB MPUJIATAIOTCS.

A .

2O 0N W

11.
12.
13.
14.
15.

16.
17.

0.

KommiekT Bonnpocos

Bomnpocs! no psagam ®ypbe

Jaiite onpeneneHre OCHOBHONH TPUTOHOMETPHUYECKOW CUCTEMBI ()yHKITHIA.
TpuroHoMeTpuUdeCKHe CHHYChl ¥ KOCHHYCHI OPTOTOHAIbHBI Ha HpoMexyTke [—7, 7], ec-

Kak craBuTcs OcHOBHas 3ajjJaua TapMOHMYECKOTO aHajau3a ?

Banummre pag Oypoe aig GyHxuii ¢ nepuogom 1 = 277,

VYcenosus upuxie.

Chopmynupyiite TeopeMy 0 pa3nokuMocTH (pyHkuuu B psia Oypre.

Banmmmre pag Pypee a1 yeTHBIX QyHKIUIA ¢ mepuogom 1 = 277 .

Banummte pag Pypee 1 HeueTHBIX (GyHKIUi ¢ mepuogom 1 = 277 .

Barmmmre psax Oypse 11 GyHKIMEH ¢ Tpou3BoabHEIM neprogom 1 = 2I.

3anumute psag Oypbe it 4eTHBIX (PYHKIUN C TPOU3BOJIIBHBIM MIEPUOIOM

T=2I

BanummTe psa Oypbe I HeYeTHBIX (DYHKIMIA ¢ Tpou3BOIbHEIM epuogom | = 2I.

Kax ocymectBnsiercs: paznoxkenue B psaj Oypbe HEIEPpUOANIECKUX PYyHKITANA?

Kaxk ocyrmiectrisieTcs pasnoxenue B psjg Oypbe GyHKIHA, 3a1aHHbIX Ha naTepBase (0, 1), uer-
HBIM 00pa3om?

Kak ocymectrisiercs: paznoxenue B psan @ypbe dyHkuumii, 3ananubsix Ha uHTepBaie (0, I), He-
YETHBIM 00pa3zom?

Jaiite onpenenenue obodmenHoro psana Oypee. 3anummute Gopmyiny UIsl OIpeneIeHust Ko-
s durmenToB o6ob6menHoro psga Oypne.

Cucrema ¢yHKIUI Ha3bIBACTCS OPTOHOPMUPOBAHHOM, €CITHU. ... ..v'eeeeen....

[Ipumenenue psimoB Dypre K peHICHUIO KPaeBbIX 3a/1a4 JJisi OOBIKHOBEHHBIX Ju(hepeHIIn-
QNBHBIX YPaBHEHUU.

Bonpockl o ypaBHeHusIM MaTeMaTU4eckoil pusnkmn
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1. Knaccuduxamus ypaBHEHHIH MaTeMaTHYECKOW (PU3UKH.

2. Ilepeuncnute OCHOBHbBIE YpaBHEHHS MaTeMaTU4YeCKOW (DU3HUKHU U 33/1a4d, K HUM MPUBOJSIIUE.

3. BbIBOA OTHOPOJIHOTO BOJTHOBOTO YPaBHEHHS Ha MIPUMEPE 3aJ1a4M O MAJIbIX COOCTBEHHBIX KOJIE-
OaHMSIX CTPYHBI, OCHOBHBIE JOMYILIECHHUS.

4. TlocraHoBKa HaYaJIbHO-KPAE€BOU 3a/1auu UIsl OJHOPOJAHOTO BOJHOBOTO  ypaBHEHUSI.

5. Pemenue oqHOPOHOTO BOJIHOBOTO YPaBHEHHSI METOJIOM pa3/esieHUs EPEMEHHbIX.

6. ®usnueckoe MCTOJKOBAHHUE PEIICHUS 334l O MAJIbIX CBOOOJHBIX KOJICOAHHSIX CTPYHBI KO-
HE4HbIX pa3MepoB. Ctosure BoHbl. COOCTBEHHBIE YACTOTHI KOJIEOAHUN CTPYHBI.

7. TlocraHoBKka 3ajauu O MPOJOJIBHBIX KOJeOaHUAX cTepxkHs. OmpeneneHue CKOPOCTH Pacipo-
CTpaHEHUs IPOJIOJIBHBIX BOJIH B MAaTepHUaJe.

8. OcecummeTpuuHbIe COOCTBEHHBIE KOJICOAHUSI KPYTOBOI MEMOpPAHBI.

9. Vpasuenue u ¢pynknuu beccens.

10. IToctaHoBKa 3a7aud O BBIHYKICHHBIX KOJEOAHUSX CTPYHBI MPU OTCYTCTBUU HAYaIbHBIX BO3-
MYIIECHUMN.

11. Pemenre HEOMHOPOAHOTO BOJIHOBOTO YPAaBHEHHSI METOJIOM Pa3lIOKEHHUS MO COOCTBEHHBIM
byHKIHIAM.

12. Pemenre HEOMHOPOIHOTO BOJTHOBOTO YPaBHEHHUS IMPH HEOJHOPOJHBIX HAYAIBHBIX YCIIOBHUSIX
(Tpu HAIMYMK HaYaJIbHBIX BO3MYILIEHU ).

13. Pemenne HavaIbHO-KPACBOW 3a/a4yl I BOJTHOBOTO YPAaBHECHHS MPU HEOIHOPOIHBIX TPAHHY-
HBIX yCJIOBUsIX. Penykiius oOueit kpaeBoii 3a/1auu.

14. BbiBox ypaBHEHHUS TEIUIONPOBOJAHOCTH CTEPIKHSL.

15. [TocTaHOBKa HAYabHO-KPAEBOH 3a7auu AJi1 OJHOPOJHOIO ypaBHEHUS TEILIOMPOBOIHOCTH.

16. Pemenne 0fHOPOJHOTO YPaBHEHUS TETUIONPOBOJIHOCTH METOJIOM pa3ICICHHSI ICPEMEHHBIX.

17. Pemenuie OMHOPOJHOTO YpaBHEHHs TEIUIONPOBOJHOCTH MJsl Cllydas CTallMOHAPHON HEOIHO-
POAHOCTH.

18. Pemenrie HEOAHOPOJHOTO YPaBHEHHs TEIUIOMPOBOJAHOCTH METOJIOM Pa3jOXKEHHsS MO Cco0-
CTBEHHBIM (DYHKITHSIM.

19. Ypasuenue Jlannaca. 3anuck B pa3u4HbIX cucTeMax koopauHat. [locTaHOBKa KpaeBbIX 3a1a4
s ypaBHeHus Jlanaca.

20. Pemenune 3amaum Jupuxie nis ypaBHeHus Jlammaca B MpsSMOYTOJbHOMW 00JacTd METOJIOM
paszeneHus MepeMeHHbIX (JIJIs pa3IMYHbIX KOMOMHAINI TPAHUYHBIX YCIIOBUN).

21. Pemenune 3amauu Jupuxie s ypaBHeHus Jlammaca B mpsIMOYTOJNIBHOH OOJACTH € TIOMOIIBIO
JIBOMHOTO TPUTOHOMETpHUUECKOTO psina Dypbe.

22. Pemenue 3anaun [{upuxmne mans ypaBHeHus IlyaccoHa B mpsiMOYToONbHON 0O01acTu.

23. YpaeHenue [enpmrosbna. Permenwe 3agadun Ha COOCTBEHHBIC 3HAYCHUS JUISI OJHOPOJIHOTO
ypaBHeHuUs [ 'enbMrombiia B mpsMOYroJIbHOM 001acTH.

24. Pemenue ypaBHeHHs [ enpMroiblia B KPYroBoil 001acTH METOJOM pPa3J/IeieHuUs IIEPEeMEHHBIX.
[ToctanoBKa 3a1aun Ha COOCTBEHHBIE 3HAUEHUS C YCIOBUEM MEPUOINUYHOCTH.

25. burapmonudeckoe ypaBHeHue. Pemenne HaBbe 3amaunm 00 m3rnbe MIapHUPHO OMEPTOW IuIa-
CTHUHBI.

TunosBbie BapuaHThI OUJIETOB
M0 JUCHHUIUIMHE «Y pABHEHUSI MATEMATHYECKOH (PU3UKI)
MUHUCTEPCTBO HAYKHU U BBICIHIET'O OBPA30OBAHUA
POCCHUMCKOU ®EJIEPALTUN
OEJIEPAJIBHOE TOCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJIEHUWE BBICHIEI'O ObPA3OBAHUA
«MOCKOBCKHH MOJUTEXHUYECKN YHUBEPCUTET»
(MOCKOBCKHWH ITOJIUTEX)
®DaxynpTeT 0a30BBIX KOMIIETEHIINH, kadenpa «MaremaTruka»

25



Jucuummna  «YPaBHEHHS MaTEMaTHICCKON (HU3UKIY
Kypc 2, cemectp 4

3K3AMEHAIIMOHHBIN BUWIET

1. PemieHue ypaBHEHUS MaJlbIX MOMEPEUYHBIX KOJICOAHUN CTPYHBI METOAOM pa3jeieHUs mepe-

MCHHBIX.
2. dyHDaMeHTalbHBIC pelleHus ypaBHeHus Jlamuiaca B MPOCTPAHCTBE M HA IUIOCKOCTH. Penienue

3agaun Jupuxie s ypaBHenus Jlamnaca B ciydae cepuieckoil CHMMETpUH.

d%u
3. Pemmth HavanbHO - KPaeByIo 3a1a4y i QF,
X
u(0.t)=0; u(5,t)=15; u(x,0)=3.
4. Paznoxute B psaa Oypbe yernbiM o6pazom na untepsane (0;3) dynxuuio
f(x)=3-x

YTBepxkaeHo Ha 3acenannu Kadenpsl MareMaTuku «_03» 05 2023 r., mporokon Ne 10

W.o. 3aB. kadeapoii H.B. Bacusbesa / /

MUHUCTEPCTBO HAYKU U BBICUIET'O OBPAZOBAHUS
POCCUIICKOI ®EJIEPAIINN
®EJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJILHOE
YUPEXEHUE BBICILIEI'O OBPASOBAHUS
«MOCKOBCKHUI NOJJUTEXHUYECKNUI YHUBEPCUTET»
(MOCKOBCKHI ITIOJIUTEX)

®daxynpTeT 0a30BHIX KOMIICTCHIIHH, kadenpa «MaremaTuka
Jlucuuniuna Y paBHEHHS MATEMAaTHIECKON (PU3HKI»
Kypc 2, cemectp 3

3K3AMEHAILIMOHHBIN BUJIET

1. PemeHne HEOIHOPOAHOTO BOJIHOBOI'O YPAaBHEHMS NPH OJHOPOIHBIX I'PAHMYHBIX U HAYAJbHBIX YCIIO-
BUSIX METOJIOM PA3JIOKEHHUS 110 COOCTBEHHBIM (DYHKLIUSIM.
2. YpaHenwue Jlamaca u ero 3anuch B pa3IMYHBIX CHCTEMax KoopanHat. [locTaHOBKa KpaeBbIX 33134 JUis
ypaBHenus Jlamnaca.
au o4
3. Pemnth HAYAIBHO - KPaeByo 3a1auy — =2—,
ot ox?
u(0.t)=5; u(2,t)=12; u(x,0)=2-x.
4. Haiitu pemeHune KpaeBoii 3a/1auu:
v ) , _ -2 npu 0<x<1/2,
y© =a(x), YO =y@D=y"(0)=y'@®)=0 qX {2 npu 1/2<x<1

B BUjE psna Oypee.
YTBepxkaeHo Ha 3acenannn kKadeapsl MatemMatuku « 03» 05 2023 r., mporokoi Ne 10

W.o. 3aB. kadenpoit H.B. BacunbeBa / /

Jlns mpoBeaeHHs] TPOMEKYTOUHOTO KOHTPOJIS 3HAHUW CTYAEHTOB B JAMCTAHIIMOHHOM (op-
MaTe B pazpaboraHHOM Kadenpoit «MaTemaTuka» OHJIAH-Kypce «YpaBHEHHs MaTeMaTHYecKOu
(GU3UKM» HMeeTCs UTOTOBBIN TECT.
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