depepasibHOE TOCyJapCTBEHHOE 610/pkeTHOe 06pa3oBaTesibHOe
yupexx/ieHHue BbIcLIero o6pa3oBaHusa
MockoBCKUM rocyiapcTBeHHbI M yHUBepcuTeT uMeHU M.B. JloMoHOCOBa

CDaKy'J'leET BBIYMCJIUTE/IbHON MaTeMaTUKU U KI/IGGpHETI/lKI/I
OUINAIIMI'Y B I'. J1Y, i

YTBEPXIAIO

MockosCKOr0
o et O TAPEKTOPA
paa MI'Y B r./lyone
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Z24» mapra 2024 1.

PABOYAA MNPOI'PAMMA JUCHHUIT/IMHBI

HaunMmeHoOBaHHue AHCIOHUIIJ/IMHBI:

AudPepeHnuanbHble ypaBHEHH I B IPUKJIAAHbIX 3aJa4ax

YpoBeHb BbICIIEro 06pa3oBaHuUs:
mazucmpamypa

Hanpags/ieHue noAroToBKU / CnenruaJibHOCTb:

01.04.02 "lIpuknaagHasa MaTeMaTuka 1 uHpopmaTtuka" (3++)

HanpasieHHocTb (mpoduib):

MeToAbl U TEXHOJIOTUH 06p360TKl/l AAHHBIX B reTeporeHHbIX BbIYU CJIMTEJ/IBHBIX Cpeaax

®opma 06yueHHU:
O4YHasi

Jy6Ha 2024



Pabouyass mnporpamMma AUCUMIUIMHBI (MoAyJsis) pas3paboTaHa B COOTBETCTBUU €
CaMOCTOSITE/IbHO yCTaHOBJeHHbIM MIY o6pasoBaTenbHbIM cTta”gaprtom (OC MIY) ana
peasu3yeMbIX OCHOBHBIX MNpodeccHOHaNbHbIX 06pa30BaTeJbHbIX MPOrpaMM BbICIIETO
obpa3oBaHus mno HanpaBjaeHuio noArotoBku 01.04.02 "[IpuksajgHass MaTeMaTHKa U

MHPOpMaTHUKA" MporpaMMbl MaruCTpaTypbl B peJJlakliuu npukasza MI'Y ot 20 T.



1. Mecto gucuumInHbI (MoAyJs) B ctpykrype OIIOII BO:
JucuunuivHa oTHOoCcUTCS K 6a3oBou yactu OITOIT BO.

2. BxoaHble Tpe6GOBaHUS AJIS1 0CBOEHUS AU CIMIJIMHBI (MOAYJIs), NIpeABapUTe/JbHbIE YCI0BUA
(ecnu ecThb): 3HaHUS HAa YPOBHE KJIACCUYECKUX YHUBEPCUTETCKUX MaTEMATHUYEeCKUX Ky pPCOB:
MaTeMaTUYeCKUM aHa/IN3, IMHeWHasa ajrebpa U aHaJluTHYecKasi reomeTpus, AudpepeHaibHble

ypaBHEHHUS.

3. Pe3ysbTaThbl 060y4eHUs MO AUCUUIIMHE (MOAYJIIO):

[InaHupyemsblie pe3y/IbTaThbl 06yYeHHUs 0 JUCIHUTIMHE
(moay0)

CozepkaHue U KO,
KOMIIETEHL M H.

UHauKaTop (moka3sareJib)
AOCTHXKEHHMs KOMNeTeHIUH

[l1aHupyeMble pe3y/ibTaThl 06y4YeHHUs 1o
JAVCLUILINHE, CONPSI)KEHHbIE C
UH/AUKATOPAMH

JAOCTHXKEHHsI KOMINeTeHIM i

YK-1. Criocoben
OCYILIECTBIISATh KPUTUUECKHUI
aHaJM3 MpoOIeMHBIX
CHUTyalMi Ha OCHOBE
CHCTEMHOTI'0 ITOJX0/1a,
BbIpadaThIBaTh CTPATErHIO
Jeicreuii, popmynupoBarb
Hay4HO 00OCHOBAHHbBIE
TMIIOTE3bI, IPUMEHSTh
METO/I0JIOTHUIO HAy4YHOT O
MO3HAHUS B
npodeccuonanbHoOM
JeSITCIIHOCTH.

YK-3. Criocoben
pa3padarbIBarb,
peasn30BbIBAaTh U YIPABIIATH
MPOEKTOM Ha BCEX JTarax ero
JKM3HEHHOTO [IMKJIa,
npejycMaTpuBaTh U
YUHMTBIBATh MPOOIEMHbBIE
CHTYallMH U PUCKH MPOEKTA.

3HaTh U yMETh IPUMCHSATh
METO/Ibl KPUTHYECKOI'O
aHasM3a, BLIPAOOTKH
000CHOBAHHOM CTpaTeruv Ha
OCHOBE METO/I0JIOTUH HAy4HOTO
MO3HAHUS [IPU PELLICHUH 3a/1a4
B 1poheccHOHaIbHOM
JIeSITEIbHOCTH

3HaTh BUJBI PECYPCOB U
OrpaHUYECHUI U METO/bI
OIIEHKHW BO3MOIKHBIX
aJbTEpHATHB PEILICHUS
IIOCTABJICHHBIX 3a/1a4

3HaeT ¥ yMeTbh MPHUMEHSTH METO/IbI
KPUTHYECKOI'0 aHAJIM3a, BBIPAaOOTKH
00OCHOBAHHOM CTpaTeruv Ha OCHOBE
MeTOoA0IOruH AU epeHInaaTbLHOro
MCYHCIICHHS IIPH PEIICHHHU 3a/]ay B
npodeccuoHaIbHON JesSTEeIbHOCTH.

3naer Hanbosee NonyJspHbe MPUMEHEHHS
JquddepeHnnanTbHOro HCYUCIEHUS B psiie
MOMYJISIPHBIX COBPEMEHHBIX MPHKJIAIHBIX
3aj1a4u, UMEET NPAKTHKY CaMOCTOSITEIbHOTO
MPUMEHEHHSL.

HcmouHuku KomnemeHyull — 06pasosamenvHbulll cmaHdapm u npo@duo.
HHOukamopwl u pe3yibmamsl 06y4eHUs PopMyAUpyroOmcsi agmopom paboyeli nNpozpammol

4. 06 beM AWCLMIIJIMHBI COCTaBJAET 3 3.€., B TOM 4YHCiIe 72 aKaJeMHYECKHX YacOB, OTBEAEHHBIX Ha
KOHTAaKTHYIO0 paboTy o0yualomuxcs ¢ mpenojaBareseM, 36 akaJeMHYECKHX 4acOB HA CaMOCTOSITEJIbHYIO

paboTy o0yuarommxcs.




5. CogeprkaHue JUCHMILIMHBI (MOAYJIfA), CTPYKTYPUPOBaHHOE MO TeMaM (pa3jesiaM) C
yKa3aHMeM OTBeJlé HHOI0 HA HUX KOJIMYeCTBA aKaJeMHUYeCKHUX YacOB U BU/bl y4YeOGHBIX

3aHATHH:

5.1. CTpyKTypa AMCUMIIMHBI (MOAYJ/is1) MO TeMaM (pa3jesaM) € yKa3aHUEM OTBeJEHHOTO0 Ha
HHMX KOJIMYEeCTBA aKaJieMUYECKHX YaCOB ¥ BH/bl y4€GHbIX 3aHATHI (B CTPOrOM COOTBETCTBHH

C y4eOHBIM NJIAHOM)

HauMeHoOBaHMe pa3/ie/iOB U TEM

HoMmuHa/ibHbIE TPpyAO3aTpaThbl

AUCHUIUIMHBI (MoAy ), oGyyamierocs
KoHTakTHas pa6oTa 8 3
dopma npomMeKyTOYHOM (pa6oTa BO & =)
aTTeCcTal My MO AUCUMIIIMHE B3aUMO/JAEUCTBHH C : E' x
(Moay.0) npenojasaresiem) CamocrosiTe | = S EE
< (5] [
Bu/ibl KOHTAKTHOM JipHasA ) R-I
pa6oThl, pa6ora Z S 2 =
aKajemMuyeckue yacp | OOydawomer | = i 2 2
ocs, =8 L=
© e g 6=
= 5 . § akajemuyec | X g >
=T S S KHe 4achbl o =
& o B £ a s = o
SEE | ZEE 2 |8
&S 2 8 = &
2 8
Pazpgeu 1. [IpocTerimue 6 6 6 18 T, 3*
auddepeHManbHble ypaBHEHUS
Pazzen 2. Kpusbie 6 6 6 18 T, 3*
npecJie/loBaHusl
Paspen 3. 3agauu 4 4 4 12 T, 3*
reoMeTpU4YecKOr ONTHUKH
Pazzen 4. YpaBHeHHUsI BTOPOTo 2 2 2 6 T, 3*
nopsiika
Paspen 5. paBUTalMOHHbIE 4 4 4 12 T, 3*
3a/jayu
Pazznen 6. Kosie6aTebHbIE 6 6 6 18 T, 3*
CUCTEMBI
Pazpen 7. [lonyasiyuoHHbIE 4 4 4 12 T, 3*
MOJieJIU
Paspnes 8. Xumuueckue Moiesu 2 2 2 6 T, 3*
Pazznen 9. BapuanuonHsle 2 2 2 6
MOJeJIU
Jlpyrue BUibl CAaMOCTOSITEJIbHOM
paboThbl (OTCYTCTBYIOT) B o -
[IpomexxyTOouHas1 aTTecTaln s
(ak3ameH)
HToro 36 36 36 108 —

*T — TEeCTUPOBaHHE, 3— peuieHre 3a/1a4 Ha CEMUHAPCKHUX 3aHATHUAX



5.2. Coaep:xaHue pa3jesoB (TeM) AU CHUILINHbBI

Nen/n

HaumeHoBaHue pa3/esioB (TeM)
JAMCIUIIJIMHBI

CopeprxkaHue paszeoB (TeM) AUCLUIIIMH

1.

Pazgen 1. [IpocTeitiine
auddepeHManbHbIe yPaBHEHUS

Mogenu, npuBoAsiliHe K TPOCTEHILIUM
0OBIKHOBEHHBIM AU PepeHI MabHbIM
ypaBHEHUSIM, YpaBHEHUSIM C pas/ieisioLUMUCs
nepeMeHHbIMU U IMHEUHBIM YPaBHEHUSM
NepBOro Nnops/iKa: BpalleHH’e XXUJKOCTH, My paBen
Ha JieHTe, 3aKoH Pebepa-PexHepa, BOJsAHbIE YaChl,
peakTHUBHOe JBUXKEHUE, KBaJ[paTHbIe K0JIeca,
H6apoMeTpuyeckas ¢opMyJia, paJUOAKTUBHbBIN
pacnaj;, 3a/lauu Ha pacTBOPbI, TENJIOBble BOJIHBI.

Pazpen 2. Kpuble npecsiejoBaHusA

PazjinyHbIe MO/ie/IU MTpec/ieJ0BaHUs -YKIOHEHUsT:
TPaKTPHUCHI, 3a/ja4a 0 YeThIPEX KYKax, UTpa B
NPATKH, 0XOTa Ha MOBOAHYIO JIOJIKY, 3a/ja4a O
IJIOBLle, KpUBasi IOTOHH, JIOKCO/IPOMa.

Paspgen 3. 3agauu
reoMeTpU4YeCcKO ONTUKHU

Mojeny, ocHOBaHHbIE Ha SIBJIEHUAX OTPaXKeHUs U
NpeJIOMJIEHUs CBeTa: MaTeMaTHU4ecKas BblIIKMBKa,
KayCTHUKHU oTpaxeHus, lllyxoBckas 6aLiHs,

KpUBOJIMHEHHbIE 3epKaJjia, acpepHuyecKue JUH3bI.

Paspges 4. YpaBHeHUsA BTOPOTro
nopsjka

Mojesny, NpuBoOAsAIIHE K TPOCTEHIIUM
AudpdepeHIMATbHBIM yPpaBHEHUAM BTOPOTO
nopsi/ika: nepexo/iHble KpUBbIe, KJIOTOU/Q, LleMHas
JIMHUSI, KPUBasi CKaKaJIKM.

Pazzen 5. 'paBUTalMOHHbIE
3a/layu

PazivyHble MO/ie/11, OCHOBaHHbIE HA 3aKOHE
BCEMUPHOTO0 TAroTeHusa HeroToHa: BTOpas
KOCMHYecKasl CKOPOCTb, U3 1KY Ha JIyHy,
rpaBUTALMOHHBIN JUPT, 3a1a4 ¥ N Tes U 3aKOHbI
Kensepa.

Pasznen 6. Kosie6aTeibHbIEe
CUCTEMBI

Moiesiu rapMOHHUY €CKUX, 3aTyXal0UIUX U
BbIHY>X/IEHHbIX KOJIeOaHU M, a TaKKe
aBTOKoJieOaTeJbHbIe MO/Ie/IU: MasiTHUKH,
MEeTPOHOM, 3aTyXallhe U BbIHYK/IeHHbIe
KoJie6aHuUsl, CBSI3aHHble Masi THUKHU, TayTOXPOHHasI
KpHBasi, pe30HAHC B 3JIEKTPUYECKHUX Ll eMnsX,
ocuusATop Bau aep I[losd.

Pazpen 7. [lonyasiniuoHHbIE
MO/IeJIU

Mopenu nonysiiMOHHOW JUHAMUKU: MO/JieJb
eCTeCTBEeHHOTO0 pocTa, Mojieib PepxrobCeTa, coop
ypoxas, mozesb JIoTku-BosibTeppsl,
3NuJEeMHUOoJIOru4ecKkue Mmojesy, npuHuun ay3e.

Paspen 8. Xumuuyeckue Moienu

Moiesiu XUMHYEeCKOH KUHETHUKHU: 3JIeMEeHTapHbIe
XUMUYECKHe peaKLMu U UX CUCTEMbI, [|elHast
NOJIMMepH3alusi, OprccessiTop.

Paszes 9. BapuanmonHbie Mozenu

3a/jau¥ ¥ MOJieJIM BApUALJMOHHOTO UCYUCIEHHUS:
OpaxMCTOXPOHA, reo/ie3udyecKue JUHUH,
u3ornapaMeTpuyecKas 3ajjaya.




6. ®oHa oueHOYHBIX cpeAcTB (POC, oneHOYHbIE U METOAMYECKHE MaTepHUaJIbl) A
OLleHUBAHMA pe3y/IbTaTOB 00y4YeHUs N0 AUCHUIIIMHE (MOAYJII0).

6.1. TunoBbie KOHTPOJIbHbI€ 3aJaHUA HJIK UHbBI€ MaAaTepUuaJibl AJIA INPOBEeAE€HHUA TEKyllero
KOHTPOJIA YCII€EBAE€MOCTH

le/lMep TeCTOBOTI'O 3a/laHHA:

1.

10.

OT™MeTbTE BCe BEpHBIE YTBEPKICHHS OTHOCHTEIBHO 3JIEMEHTAPHOH XMMUYECKOH peakiuu
A+B+C—2D: a) nopsaok peakiuu paseH 3; 0) MOJIEKYJISAPHOCTb peaKIMKH paBHa 5; B) CKOPOCTh
peakiu paBHa kabc; ) yobuib BemecTBa A paBHa yOblin Beniectsa C.

Kakyto cKkopocTh MMEET XUMHUECKas peaklus TpeTbero nopsjaka 2A+B—C?

PaccMOTpUM XMMHYECKYIO peakiuio TpeTbero nopsaka 2A+B—C. ITycTe ee ckopocTh paBHa V.
Kaxk Oyner BoIrsaaets cucteMa AuQQepeHunanbHbIX YpaBHEHHH U1 KOHLICHTpaumit a, b u ¢
seniectB A, B u C cooTBeTcTBEHHO?

PaccMOTpUM XMMHYECKYIO pPEakIHIo MepBoro nopsjaka A->B ¢ koHcTaHTol ckopoctn £=0.1
(BpeMst u3MepsieTcsl B CEKyH/1ax ). 3a Kakoe BpeMsi KOHIICHTPALUs BEIIECTBA A CHU3MTCS B JIBa
paza?

Kaxoii Bua umeer auddepennunanbHoe ypaBHEHHE, OMUCHIBAKOIIEEe KOHLIEHTPAIMIO ¢(f) BEleCTBa
A B 00paTUMOi 3/1IeMEHTapHOH XUMHUYEeCcKoi peakimn A— B, B—A?

Yemy paBHO npeobpa3oBanue L[1+2x]?

Yemy paBHO obpatHOE npeobpasosanue Jlammaca L™ [2/(s*+4)]?

IpumenuTe npeobpasopanue Jlamaca y HauanbHOl 3a1aue y'-2y=e>, y(0)=-1 u BBIpa3uTe U3
MOJTY4YEHHOr0 paBeHCcTBa 00pa3 pynkiun y(x) — dpynkuuio z(s)=L[y].

OTMmeTbTE BCE KOPPEKTHBIC MPUMEHEHUs npeodpa3zoBanus Jlanmaca: a) L[2y-3z]=2L[y]-3L[z];

6) Lyz]=L[y]z+yL[z]; B) Ly*J=2L[y]; r) L[-z]=-L[z].

Kaxoii Tun Oyaet uMeTh TOUKa MoKost B Mojienu Oproccensatopa npu a=0.6, b=1.4: a) ycToitunssIii
¢dokyc; 0) HeycTOHUMBBIN (HOKYC; B) YCTOHUMBBIN y3€II; T') HEYCTOMYUBBIH y3e?

TeMbl 3alaHUM /11 CEMUHAPCKUX 3aHATHH:

1.

O NOU A WN

=R
~ O

[EE Y
w N

14.
15.
16.

[IpakTHyecKkas peaJm3alis U UCCIIel0BAaHHE MOJIEIN BPAILICHHUS KUIKOCTH

[IpakTHuecKas peaJm3alis U UCCIIeI0BaHHE MOJIEIIN BBITEKAHHS HIKOCTH

[IpakTHuecKkas peaJm3anus U UCCIIEA0BAHNE MOJIEIU JIEMEHTAaPHOM XMMUYECKON peakiuu
[IpakTHyecKas peaJn3alys U UCCIIe0BaHHE 3aau O YETHIPEX JKyKaxX

[IpakTHueckas peajn3anus U UcclieoBaHle OapoMeTpUYecKoil 3a1a4u

[IpakTHyeckas peaJm3als U UCClIelOBaHHE MO/IeNIeil €CTECTBEHHOI'0 U JIOTUCTUYECKOr0 pocTa
[IpakTHyeckas peajn3anus U UCClIeI0BaHHE 3aaun TadyMpoBaHus (PyHKIMN

[IpakTHyecKkas peaJn3alis U UCClIeI0BaHHE 3a1a4H MIOCTPOCHUS OPTOrOHAIBHBIX TPASKTOPUI
[IpakTHueckas peaJn3alis U UCCIIe0BaHHE 3aa4u MOCTPOCHUS KayCTHKH OTPakeHUs
[IpakTHYeckas peayu3aiys U KCCIIeI0BaHHE MOJIENICi KPUBOJIMHEHHBIX 3epKall

[IpakTHyecKas peaJm3alis U UCClIel0BaHHE I'PaBUTALIMOHHBIX 3a/1a4

[IpakTHyeckas peajn3anus U UCClIeI0BaHHE MOJIENN KoJIeDaHUui MeTpoHOMa

[IpakTHyecKkas peaJn3alys U UCClIelOBaHHE MOJIeNIeH 3aTyXaloUMX U BBIHYK/ICHHBIX KOJIeOaHui
NPYKHHHOT O MasiTHUKA

[IpakTHyeckas peaju3anus U ucciepoBanue moaenu JIorku-BoabTeppsl

[IpakTHyeckas peajn3alis U UCClIel0BaHHE 3a1a4 XUMHUYECKOH KMHETHKH

[IpakTHyecKas peaJn3alis U UCCIIe0BaHHE 3aauu MIOCTPOCHUS Ie0e3NYeCKUX JIMHUH



6.2. TunoBbie KOHTPOJIbHBI€ 3a/IaHUA WJIH UHBbIE€ MaTEepHaJibl AJIA NPOBEACHUA
ﬂpOME)KYTOqHOﬂ aTTeCTallii 0o AU CHUIIJIMHE, KPUTEPUH U IKAJIbl OU€HUBAHUA

Bonpoch! k 9k3amMeHy

1.

Mosenb BpaleHUs dKUAKOCTH

2. 3apaya o MypaBbe Ha JIEHTe

3. Mogpaesb BOJSAHBIX 4acOB

4.  bapomerpuueckas Gopmyna

5.  Moaenb paanoakTUBHOIO pacnaja

6. 3ajjayy Ha pacTBOPbHI

7.  3ajaya 0 YeThbIpEX )KyKax

8.  Mopenu TpakTpuc

9. 3apaya o npecJieloBaHUHU NOJBOJHOM JIOAKHU
10. 3ajaya o nJoBLEe

11. Mojenu MaTeMaTHU4YE€CKOW BbIILIUBKHU
12. KayCTuKH OTpa)KeHus

13. Mojenu KpUBOJIMHEMHBIX 3epKaJl

14. T'paBUTallMOHHBIE 3a/a4HU

15. Mogenb rpaBUTallMOHHOTO JIUPTA
16. 3akoHbl Kenuepa

17. 3apaya MHOTHX TeJl

18. [lepexojHble KpUBbIE

19. llenHas JUHUA

20. KpuBasi cKakaJKHu

21. KosebaTesbHble CUCTEMbI

22. Pe3oHaHC B 3JIeKTpUYECKUX LeNAX
23.  Ocuumarop Ban aep Iosasa

24. llonyssiLilMOHHbBIE MOJEJIM POCTA

25. Mogenb JloTku-BosibTeppsl

26. IJNUAEMUOJIOTUYECKUe MOJe/ U

27. Mogaesb 1eNHOM NOJIMMepHU3aL U
28. bproccensaTop

29. KpuBas Hauckope#uiero cnycka

30. Teope3uyeckue JIUMHUU

IIKAJIA U KPUTEPUU OLIEHHMBAHUA pe3yabTaToB 06ydyenus (PO) no aucuunauHe
OueHka | 2 (He 3a4TeHO) 3 (3auTeHO) 4 (3auTeHO0) 5 (3auTeHoO)

BU/IbI

OLl€HOYHBbIX




CpeACcTB
3HaHuA OTcyTcTBHE ®parmeHTapHble O6uiue, HO He CdopMupoBaHHbIE
(8udvt 3HaHUU 3HaHUS CTPYKTYPHUPOBaHHbIE | CUCTEMAaTHYECKHE
OYEHOYHBIX 3HaHUSA 3HaHUA
cpedcmas: onpoc,
mecmbl)
YMeHus OTcyTcTBHE B nesom ycnewmHoe, | B nesiom ycnemiHoe, YcnemHoe u
(8udwut YMeHUH HO He HO cofiepKaliee cUucTeMaTH4yecKoe
OYEHOYHBIX CUCTeMaTH4yecKoe | OTJeJibHble IPo6eJbl yMeHHe
cpedcma: yMeHHe yMeHHe (JonycKaeT
npakmuyeckue HETOYHOCTH
3adaHus) HeNnpUHIMIHAJbHOT

0 XapakTepa)
HaBbiku OTtcyTcTBUE Hasnuue B nesom, CdopmupoBaHHbIE
(B1apenus, HaBbIKOB OT/leJIbHBIX chOpMUpPOBaHHbIE HaBbIKH
ONBIT (BnaseHui, HaBbIKOB (HaJIMuMe | HaBBbIKM (BJaJleHUs), (Bnapenus),
AesATeJIbHOCTH) onbITa) ¢dparmeHTapHOrO HO UCNOJIb3yeMble He IIpUMeHsieMble
(8udwut OmbITA) B aKTUBHOU popme NIPU pelieHuHr
OYEHOYHBIX 3aja4
cpedcmae:
8bINoJIHEeHUEe U
3awuma
Kypcosoll
pabomsl, omyem
no npakmuke,
omyem no HUP
um.n.)

7. PecypcHoe obecnieuenue:
7.1. IlepeyeHb OCHOBHOI M 10MOJTHHUTEJIbHOMH JHTEPATYPBbI
OcHoBHas nuTEepaTypa
1. Epmos H. M. /lu¢pepenumanbusie ypaBHeHHS B pukiIaaHbixX 3agavax. — JIMK Ilpecc Mockaa,

2020. — 364 c.

2. Epmos H. M. IlpakTnueckoe BBeieHHE B pelieHne U depeHnaibHbIX ypaBHeHHi B Python. —
JAMK Ilpecc Mocksa, 2022. — 176 c.

JlonoHuTenpHas IuTepaTypa
1. Dnbcroasu JI.O. luddepenunanbreie ypaBHeHUs: YUeOHUK A1 GU3HUECKUX U (PU3HKO-

MaTeMaTHYECKUX (PaKyJIbTETOB YHUBEPCUTETOB / Dibcrobll JIeB DpHecToBHY. - 8-¢ U3/, - M.:

Uz narensctso JIKU, 2014. - 312c¢.

2. Amenskun B.B. [luddepennnanbubie ypaBHEHHS B IPUIOKEHUIX / AMenbkuH Biagumup
Bacuibesuu. - M.: Hayka, 1987. - 160c.

3. DOppoycmut JI. OGbikHOBeHHbIC AU PepeHIanbHbIe ypaBHeHHs. KauecTBeHHas TeopHs ¢
npunoxerusmu / ppoyemur J1., [Taeiic K.; ITox pea.H.X. Po3oga; Ilep. ¢ anrn.T.Jl. Benruens. -
Bonrorpaxa: ITJIATOH, 1997. - 243c.




7.2. IlepeyeHb JIMIEH3UOHHOIO IMNpPOrpaMMHOro o6ecne4yeHus, B TOM 4YHUCJe
0Te4YeCTBEHHOI0 NpOU3BOACTBA
[Ipy peanusauuy JUCUUIUIMHBI MOXET OBbITh HCIOJIb30BAHO CJeJylollee IMporpaMMHOe
obecnevyeHue:

1. Onepaumonnas cucrema Ubuntu 18.04.

[Tporpammuslit npoaykt Dev-C++ Bloodshed Software

[Tporpammusiii npoaykt CodeBlocks The Code::Blocks Team

[Tporpammuslit mpoaykT Free Pascal 3.0.0 Free Pascal Team

w ok~ WL

[Tporpammuslii npoaykt Python 3.5.1 (64-bit) Python Software Foundation

7.3. ITlepeyeHb npodeccuoHaIbHbIX 6a3 AAHHBIX U HUHPOPMAILMOHHBIX CIPABOYHBIX
CUCTEM
1. http://www.edu.ru — mopran MunicTepcTBa 00pa3oBanus U Hayku PD
2. http://www.ict.edu.ru — cucrema ¢denepanpHpix oOpa3zoBarenbHbIX ToptanoB «UKT B
o0Opa3oBaHHM»
3. http://www.openet.ru - Poccuiickuii mopTaj OTKpeITOro o0pa3oBaHus
4. http://www.mon.gov.ru - MunucrepctBo odpa3oBanus U Hayku Poccuiickoit denepanun
5. http://www.fasi.gov.ru - ®enepanbHOe areHTCTBO M0 HAyKe ¥ MHHOBAIMAM
7.4. IlepeyeHb pecypcoB HUHPOPMALMOHHO -TeJIEKOMMY HUKAIlMOHHOM ceTH « UHTepHeT»
1. Math-NetRu [3s1eKTpoHHBIH pecypc] : o0OLIEPOCCUHUCKMH MaTeMaTHYeCKUH nmopran [/
MaTtemaTtuyeckuid HHCTUTYT UM. B. A. CreksioBa PAH ; Poccuiickas akagemusi Hayk, OTpaeneHue
MaTeMaTHYeCKUX HayK. - M. : [6. u.], 2010. - 3arJ1. c TUTYJL. 3KpaHa. - b. 11.
URL: http://www.mathnet.ru
2. YHuBepcuTeTckas OubJsiMoTeka Online [3/1eKTpOHHBIM pecypc] : 3JIeKTpoHHast GUOJIMOTeYHast
cuctema / 000 "Jupekt-Meaua" . - M. : [6. n.], 2001. - 3arn. ¢ TuTya. 3kpaHa. - b. .  URL:
www.biblioclub.ru
3. YuuBepcasibHbIe 6a3bl AaHHbIX East View [JsiekTpoHHbIN pecypc] : uHopMalnmoHHbIN pecypc / East
View Information Services. - M. : [6. 1.], 2012. - 3arJ1. ¢ TUTYJL. 3KpaHa. - b. 11.
URL: www.ebiblioteka.ru
4. HayyHnas anektpoHHas 6Gubsuoreka eLIBRARY.RU [dnexkTpoHHbIH pecypc] : MHGOPMALMOHHbBIH
noptas / 000 "PYH3B" ; CankT-IleTepOyprckui rocyapcTBeHHbIA yHUBepcuTeT. - M. : [6. u.], 2005. -
3arJ. ¢ TUTYJL. 3KpaHa. - b. 11.
URL: www.eLibrary.ru
7.5. OnucaHue MaTepHaJIbHO-TEXHUYECKOro o6ecne4yeHusl.
Ouman MI'V B r. JlyOHe, OTBeTCTBEHHBIH 3a peanusanuio jaaHHOM [Iporpammel, pacnomaraer
COOTBETCTBYIOIIEH MaTepHAJIbHO-TEXHHYECKONH 0a30i, BKIIOYash COBPEMEHHYIO BBIYHCIUTEIBHYIO
TEXHUKY, OOBEIUHEHHYI0 B JIOKAJbHYIO BBIYUCIMTEIBHYI CETh, HMMEIOUIYI0 BBIXOA B UHTepHer.
Hcnone3yloTcss  cnenManu3upoOBaHHbIC  KOMIIBIOTEPHBIE — KJIACcChl,  OCHAIL[CHHBIC  COBPEMECHHBIM
000py10BaHUEM.
MarepuanbHas 6a3za rmojapaseneHus COOTBETCTBYET JCHCTBYIOIIMM CaHHUTAPHO-TEXHUYECKMM HOpMaM M
oOecrieynBaeT IMpPOBEJAEHUE BCEX BUJOB 3aHATUN (J1aOOpPaTOPHOM, NPAKTUYECKOH, AUCUMIUIMHAPHON |
MEKIUCIMIUIMHAPHON  MOJATOTOBKHM) W HAy4YHO-HCCJIEIOBATENbCKOH  paboThl  oOydarommxcs,
NPEyCMOTPEHHbIX Y4€OHBIM IJIAHOM.

8. MeTOZIIl'-leCKHe pelcomelmauuu nmo opraumauun u3yqeuuﬂ JAUCHHUILJIMHBI
8.1. ®opMbI M METOABI NPENoJgaBaHUA AU CLUILINHbI



(mepe4ucAAIOTCA B COOTBETCTBUH € Tabmuei 5.1.)

Hcnonb3yembie GOpMBI 1 METOABI O0YUCHHUS:

JNeKUUU

CEMHHAPCKUE 3aHATHS

camocTosITe/IbHas padoTa CTYJAEHTOB.

B ponecce npenoaaBaHus JUCHUIIIIMHBI TPENOAABATECIIb HCITOJIB3YET KAK KIIACCUYCCKUE Cl)Oprl J51
MeTO/1bl 00y4YeHHUs (JEKIUU U CEMUHAPCKUE 3aHATHS ), TAK U AKTUBHBIE METO/1bl 00 yUEeHHUSI.

HpPl NPpOBEACHHHU JICKIIMOHHBIX 3aHATHH npenogaBaTCiib  HUCHOJB3YET ayAUOBU3YAJIbHBIC,
KOMITBIOTEPHBIE U MYJIbTHMEAUNHHBIE Cpe/icTBa OOyuYeHHs, a TaKXKe JEeMOHCTPAIMOHHBIC M HArJSIHO-
WLTIOCTPALIMOHHBIE (B TOM YHCIIE pa3JaTOYHbIC) MaTEPHAIIbL.

CemuHapckue 3aHATHS MPOBOAATCA B (opMe MpoOIeMHONH CHTyallMH, KOT/1a HEKOTOPbIH acmekT
pPacCMOTPEHHOM TeMbl HW3JlaraeTcs ImpenojasatesieM Oojee noapodHo. Yactb uHdpopmanuu
KOHCIIEKTUpYyeTcs. bombinas yacTh BpeMEHM BbIJeleHAa Ha paboOTy C HMCMONb30BAHMEM KOMITBIOTEPHOM
TEXHUKH U TTPOI'PAMMHOr0 00€eCIeueHusl.

B pamkax Kypca HCHONB3YIOTCS AKTUBHBIC U MHTEPAKTHBHBIE METOAbl OOy4ECHMs B Ipolecce
npoBeeHus 3aHATUH. OCHOBHBIMH OCOOEHHOCTSAMHU MHTEPAKTUBHBIX 3aHATHH SABISIOTCS WHTEPAKTUBHbIE
NPAKTUYECKUE YITPAKHEHUS U 3aJaHHsl, KOTOPbIE BBIINOJIHIIOTCS 00y4alOIMMHUCS HE TOJIIBKO M HE CTOJIBKO
Ha 3aKpeIJICHUE N3YYECHHOT O MaTepHalla, HO U Ha CaMOCTOSTEIIbHOE U3YyYEHHUE HOBOTO.

8.2. MeTojM4yecKHre peKOMeHJal My NpenojaBaTes o

[Tepen Hayasom H3ydeHUs IUCLUIUIMHBI IIperojaBareslb JOKEH O3HAKOMUTH CTYACHTOB C
BUJIAMU Y4eOHOM M CaMOCTOSITEIbHONH pabOoThl, MEPEYHEM JIMTEPATYPbl U MHTEPHET-pecypcoB, GpopmamMu
TEKyIIeH U MPOMEKYTOYHON aTTECTAllMH, C KPUTCPHUAMH OLICHKH KayecTBa 3HAHWH JJI1 HTOTOBOW OIICHKH
110 JUCLUILIMHE.

[Ipu npoBeaeHuM ek, NpenoaaBaTeb:

1) popmynupyeT TeMy | Lelb 3aHATHS,

2) n3naraer OCHOBHBIC TEOPETHUCCKHUE MOJIOKCHHUS;

3) ¢ MOMOIIBIO MYJIbTUMEAUIHHOr0 000pYA0BaHMS H/UIIH TIOJ] 3aIIUCh J1aeT ONPE/IeJICHHSI OCHOBHBIX
MOHATHH, pacyeTHBIX HOPMYIT;

4) NpoBOAMT NMPUMEPHI U3 OTEUECTBEHHOIO U 3apYOEKHOr0 OIbITA, 1A€T TEKYIHE CTATUCTUYECKUE
JTAHHBIE JIJIS1 HATJIAHOTO M 00pa3HOro MpeICTaBIeHUs U3y4aeMoro MaTepualia;

5) B KOHIIE 3aHATHSA 1a€T BOMPOCHI I CAMOCTOSTEIIBHOTO U3Y4YCHHS.

Jns ceMMHapCKUX 3aHATUI

[ToaroroBka K NpPOBEACHUIO 3aHATUN INMPOBOAUTCA peryisipHo. OpraHuzanus IpernojaBaTenem
CEMHMHAPCKUX 3aHATUH JODKHA YAOBICTBOPATH CICIYIOIUM TPeOOBAHMS: KOIMYECTBO 3aHSATHH JOJDKHO
COOTBETCTBOBATh YUeOHOMY IUIaHy NPOTpaMMBbl, COJICPIKAHUE TUIAHOB JOKHO COOTBETCTBOBATH
nporpamMme, IJiaH 3aHsATHH JOJDKEH CO/IepiKaTh IepeyeHb PacCMaTPUBAEMbIX BOIIPOCOB.

Bo Bpems ceMHMHApCKHUX 3aHATHH MCHOJb3YIOTCA CIOBECHBIE METO[bI OOyueHHs, kak Oecena M
JMCKYCCHs, YTO TMO3BOJIIET BOBJICKATh B y4EOHBIN MPOIECC BCEX CIyIIaTeNel U CTUMYJIMPYET TBOPYECKUI
MOTEHIIHAJ 00Y4arOIIUXCSl.

[lpy nNOATrOTOBKE CEMHHAPCKOMY 3aHATHUIO TMIPErojaBaTeNl0 HeOoOXOAUMO 3HATh IUIAH €ro
NPOBEACHUS, MpoAyMaTb (OPMYJIMPOBKU M cojepkKaHHe y4eOHBIX BOIPOCOB, BBIHOCUMBIX Ha
o0CyXKaeHHE.

B Hawane 3aHsTHs 1npenojaBareib JO/DKEH PACKPBITH TEOPETHYECKYI0 M IPAKTUYECKYIO
3HAYMMOCTb TEMBbI 3aHATHUS, ONPEACIUTH MOPSAAOK €ro NMPOBEICHUS, BpeMs Ha OOCYKICHHME Ka)J0ro
yueOHoro Bompoca. B xone 3aHsTHs ciieayeT JaThb BO3MOXHOCTb BBICTYIIMTH BCEM JKEJIAIOIIUM U
MPEIOKHUTE BBICTYITUTh TEM CITYIIATEISM, KOTOPbIC MPOSBISAIOT MACCUBHOCTb.

IlenecoobpasHo, B Xxone 00CykJ1eHUsE Y4eOHBIX BOIPOCOB, 3a7aBaTh BBHICTYMAIOIIUM U ayJAHUTOPHH
JONOJTHUTENBHBIC U YTOYHSIOMINE BOMPOCH! € IENIBIO BBISICHEHUS MX IMMO3ULUHI IO CYIIECTBY 00CYXK/1aeMbIX
npobiieM, a TakKXe IOOUIPATH BBICTYIUICHHME € MeCTa B BHMJE KpaTKuX jgonojHeHui. Ha 3anATusx
POBOAUTCS OTPAbOTKA MPAKTHUECKUX YMEHUH 110J] KOHTPOJIEM IPEernojaBaTess



8.3. MeToauYyecKkHe peKOMEHAALUMH CTyJeHTaM N0 OpPraHu3aludy CaMOCTOATEJbHOM
pa6oThl.

[Ipuctynas kK M3ydyeHUIO HOBOH y4eOHOW JMCUMIUIMHBI, CTYJIEHTBI JOJKHBI O3HAKOMHMTBCS C
yuyeOHOM mnporpaMMoi, y4eOHOM, Hay4YHOM M METOAMYECKOM JIMTEepaTypoi, uMelolleiics B Oubimnoreke
YHUBEPCUTETAa, BCTPETUTHCA C TMpenojaBaTeieM, BEAYIIMM IUCHHUIUIMHY, MOJYYUTh B OuOIMOTEKE
pPEKOMEH/I0BaHHbIE y4eOHMKM U  y4eOHO-MeTOoJMYecKHe MOocoOMs, OCYILEeCTBUTh 3allMCh Ha
COOTBETCTBYIOIIUI KypC B Cpe/ie JIEKTPOHHOr 0 00y4YeHHsI YHUBEPCUTETA.

['nyOuHa yCcBOEHUS AUMCLMIUIMHBI 3aBUCUT OT aKTUBHOM M CHUCTEMATUYECKON paboOThl CTyJEeHTa Ha
JEKIUAX M TPaKTHUECKHUX 3aHATHAX, a TaKKEe B XOJC CaMOCTOATEIbHOW padoThl, MO M3yYCHHIO
PEKOMEHI0BaHHOM JINTEPATY PHI.

Ha JICKIUAX BaXHO COCPEAOTOYUTL BHHUMAHHE Ha €€ COACPKAHUU. DTO IOMOXKET Jqyqdmie
BOCIIPHHMMATh y4eOHbII MaTepuan U ySACHUTh B3aMMOCBA3b IpoOseM 1o Bcel aucuurrHe. OCHOBHOE
cojiepyKaHue JIKIMH 1iesiecoo0pa3Hee 3aluchiBaTh B TETPAJAH B BHJIE KJIIOYEBBIX (ppa3, NOHATUN, T€3UCOB,
0000111eHH, cXeM, OMOPHBIX BbIBOAOB. HeoOxoaumo obpaiath BHUMaHHWE HAa TEPMHUHBI, (POPMYJIHPOBKH,
PacKpbIBAIOLIME COAEPKAHUE TeX WM WHBIX SBJICHHI U MPOLECCOB, HAyYHbIC BBIBOJbI U IPAKTHYECKHE
PEKOMCHAALINH. JKenmatenbHO OCTABISATH B KOHCIEKTaX I0JisI, Ha KOTOPBIX JA€JIaTh IIOMCTKH U3
PEKOMEHIOBAaHHOW  JINTEPATyphbl, JOMOJHAIOLICH MarepHajl MpPOCIYLIAHHOM JIeKIMHM, a TaKKe
MNOAYCPKHUBAIOIIUEC 0CO6yI~O BAa’)KHOCTh TCX HJIM UHBIX TCOPCTHUYCCKHUX nonoxenunii. C HEIBKO YACHCHUS
TCOPETHUECKUX TOJTOKCHUH, pa3pelIeHUs] CHOPHBIX CHTyallMii HEOOXOJMMO 3ajaBaTh IPENoAaBaTellio
yrouHsiomme Bornpochl. st 3akperyieHust copepiaHusi JIEKUUMU B NaMsITH, HEOOXOAMMO BO Bpems
CaMOCTOATENILHOW pabOThl BHUMATENBHO MPOYECTh CBOM KOHCHEKT W JIOMOJHHUTH €ro 3alHucsIMH U3
yu4eOHHMKOB M PEKOMEH/10BaHHOM IHTepaTypbl. KOHCIIEKTHpOBaHNE YNTAEMBIX JIEKLIUHA U UX TTOCIEAYIOIas
nopaboTka crocodcTByeT Oosee rirydOKOMY YCBOCHHMIO 3HAHUM, M MOJITOMY SIBIISIFOTCS Ba)XHOH (opMoi
y4eOHOMH JAeSATeIbHOCTU CTYAEHTOB.

MeToanyeckue yKa3aHHus JJIsl CAMOCTOATEIbHOM padoThl 00y4aK0IHXCH

[Tpounoe ycBOEHHE M JOJTOBPEMEHHOE 3aKperuieHHe ydeOHOro maTepuaa HEeBO3MOXKHO 0e3
NpPOYMaHHOH caMOCTOATENbHOM paboTel. Takas pabora TpeOyeT OT CTyJeHTa 3HAUUTEIIBHBIX YCHIIH,
TBOpPYECTBA U BBICOKOM OpraHM30BaHHOCTH. B Xoje caMocToATeIbHOW padOThl CTYAEHTbI BBIIOJHSIOT
CIICAYIOIME 3aJa4yM: J0opadaThIBAIOT JICKLIHH, M3YYalOT PEKOMEHJIOBAaHHYIO JIUTEPaTypy, TOTOBATCS K
NPAaKTUYECKUM 3aHATUSAM, K KOJUJIOKBUYMY, KOHTPOJIbHBIM padoTaM IO OTAEIbHBIM T€MaM JUCHHUIUIMHBIL.
[Tpu sTomM >¢dexkTHBHOCTL YyueOHON AEATENPHOCTH CTYJEHTAa BO MHOIOM 3aBHCHUT OT TOro, Kak OH
pacropsAUICs BbIICICHHBIM JJIsl CAMOCTOSATEIBHON PabOThI 010/ IKETOM BPEMEHH.

Pe3ysibTaToM camMoOCTOATENbHONW PadOThI SBJISIETCS [POYHOE YCBOECHHE MATEPUAJIOB IO MPEAMETY
COTJIaCHO MpOrpaMMbl JIUCUHUIUTHHBL. B uTore »Toi paboTsl popmupyroTcs npodeccnoHanbHble YMEHUS U
KOMIIETEHIIUH, PA3BUBAETCS TBOPUYECKUH MOJIXO0/ K PEIICHUIO0 BOSHUKIIUX B XO/e y4eOHOU JesTelbHOCTH
HpO6HCMHbIX 3aaa4, moABJIACTCA CaMOCTOATCIbHOCTH MBIIIJICHH .

Pemenue 3anay

inl CaMOCTOATCIIbBHOM PCHICHHUH 3a1a4 HYKHO 00OCHOBBIBATH K&)I(I[blﬁ dTan peuICHus, UCXOAs U3
TCOPETHUECKUX TOJIOKEHUH Kypca. Ecu ¢cTy1eHT BUANT HECKOIBKO MyTeil penieHus mpoodieMsl (3a1aun),
TO HY)KHO CPaBHHUTb MX M BbIOpaTh caMblii paliMoHasbHBIN. [Tosie3H0 10 Hayana BBIYUCIEHUNH COCTABUTH
KPaTKHUi NJIaH perieHus npodiemsl (3aaaun).

Pemenne mnpoOiieMHBIX 3a7ady WM TNPUMEPOB CIEIyeT H3JaraTb MOAPOOHO, BBIYMCICHHUS
pacronaraTb B CTPOrOM TOPSJKE, OTAEAsA BCIIOMOIaTe/IbHbIC BHIYMCICHUS OT OCHOBHBIX. Pemienus npu
HEOOXOAMMOCTH HYKHO COIPOBOXkAaTh KOMMEHTaPUSIMH, CXeMaMHU, YePTEKAMHU U PUCY HKAMH.

Crnenyer MOMHUTB, 4YTO pELICHUE KaXJA0M Y4eOHOW 3aJauu  JOJIDKHO JIOBOAHUTHCS [0
OKOHYATEJIbHOT'0 JIOTHYECKOr0 OTBETa, KOTOPOro TpedyeT yCIOBHE, H 110 BO3SMOKHOCTH € BBIBOZOM.

[Tony4yeHHbIN OTBET CIEAYET NPOBEPUTH CIOCOOAMM, BHITEKAIOIMMH M3 CYILIECTBA JAHHOHN 3a1a4H.
[Tonesno Ttakke (ecim BO3MOXKHO) pellaTh HECKOJBKMMH Croco0aMu M CpaBHUTH IOJTy4YEHHbIE
pe3yJbTaThl.



Pemienue 3azad JaHHOrO THUIIA HYKHO NPOAOIDKATH 0 NPHOOPETEHUs TBEPIbIX HABBIKOB B HX
PELLICHUH.

3ajaya — 93TO 1eib, 3aJaHHas B OIpPEJCJICHHBIX YCIOBHSAX, pelIeHHe 3adaud — IPOoIecce
JIOCTUIKEHUS IOCTABIICHHOM 1I€JIM, TOMCK HEOOXOAUMBIX Il 3TOr0 CPEJICTB.

ANTrOpUTM peLICHUS 3a/1ay:

1. BHumaTenbHO NpouYMUTATE YCIOBUE 3aJaHUsi U YSICHUTE OCHOBHOH BONPOC, NPEACTaBbTE
MIPOLIECCHI U SIBJICHUS, OTIMCAHHBIC B YCIIOBUH.

2. IloBTOpHO NPOYTHUTE YCIOBUE VI TOro, 4YTOObI YETKO IMPEACTaBUTh OCHOBHOW BOIIPOC,
npoOJieMy, 11eJIb PEeIIeHHs, 3a/IaHHbIC BETMYUHBI, OMUPasCh Ha KOTOPbIE MOKHO BECTH MOUCKH PELICHUS.

3. [TpousBeauTe KpaTKyrO 3alMCh YCIOBUS 3a/laHHS.

4. Ecmu Heo0X0IMMO COCTaBbTE TAOIHUIY, CXEMY, PUCYHOK HJIH YEPTEK.

5. Onpenenure METOJI pelICHHs 3aaHusl, COCTaBbTE IUIAH PELICHMS.

6. 3anuIunuTe OCHOBHbBIE OHATUS, (POPMYJIbI, OMMCHIBAIOLME [IPOLIECCHI, MPEIJIOKEHHbIE 3a1aHHOM
CHUCTEMOM.

7. Haitaure peuienue B 001IEM BH/IE, BbIPa3UB UCKOMbIE BEJIMYMHBI YEpe3 3a/laHHbIE.

9. [TpoBepbTe NPaBUIBLHOCTE PEIICHUS 3aaHUS.

10. IIpon3sBeuTe OLEHKY peajibHOCTH MOJIYYEHHOTO PEeLIECHHUSI.

11. 3anumuTe OTBET.

9. Pa3pa6oTyuK (pa3paGoTYUKH) NPOrpaMMbl.
K.}.-M.H. Epuio H. M.



