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Spocnasnb



1. e ocBoeHus1 TUCHUILINHBI «/{HCKpeTHbIE HHTErpHpYyeMble CHCTEMbD)

i. BBeieHre B TEOPHIO MTUCKPETHBIX HHTETPHPYEMBIX CHCTEM.

ii. O3HaKOMHTBCS C PANTUYHBIMU OIpPEIEICHUSIMA WHTETPHUPYEMOCTH CHUCTEM YypaBHEHUU B
YAaCTHBIX PA3HOCTSAX U METOJIaMH MX PEIICHUSI.

iii. [lpegocTaBuTh CTyZieHTaM OMBIT ¢ UCHOJIB30BAHUEM IMAKETOB MPOTPaMMHOTO OOeCIeYeHMsI
(Wolfram Mathematica, Maple) nns pemeHuss COBpeMEHHBIX 3a7ad B 00JIACTH JTHUCKPETHBIX
MHTETPUPYEMBIX CHCTEM.

iv. llpuBieueHwe CTYACHTOB K HAY4YHBIM HCCIICJIOBaHUSM 10 OOJACTH JIMCKPETHBIX
WHTETPUPYEMBIX CHCTEM.

2. MecTo TUCHHUILJIMHBI B CTPYKTYpe 00pa30oBaTeJbHOIl MPOrpaMMbl

JucimminHa «J[uckpeTHbIE MHTETPUPYEMBIE CUCTEMBI» K BapHuaTUBHON "acTh bioka 1 u
SIBJISIETCS] KyPCOM T10 BBIOOPY.

Teoprss MHTETPUPYEMBIX CHCTEM HCIOJIB3YET MHCTPYMEHTHI M3 BCEX KIIACCHYECKHUX
obOnacteit marematuku. [losTomy, Nl OCBOEHHUS NAHHOW NHUCHUIUIMHON CTYAEHTHI JIOJKHBI
UMETh 3HaHUS JUCHUIUIMH «Marematudeckuii aHanmuz», «Anredpa u TEOMETPHUSD?,
«Iuddepentmansubie ypaBHEHUS» W «YpaBHEHUs MaremMatudeckod  ¢usukm». Tounee,
TpeOYIOTCS 3HAHWS aHaW3a  (QYHKIMA MHOTHX TIIEPEMEHHBIX W OJIHOM KOMIUIEKCHOM
MEPEeMEHHOM, OCHOBHBIE METOJBI pEIIEHUS CUCTeM OOBIKHOBEHHBIX U (epeHITnaTbHBIX
ypaBHeHMA 1 udQepeHInaTbHBIX YPAaBHEHUH ¢ YaCTHBIMH MTPOU3BOJIHBIMH, BKITFOYAS METOIBI
JTUHEHHOU anreOpbl U aHATUTHYECKOW TeOMETPHH.

[Tosyuyennsie B Kypce «JlMCKpeTHbIE MHTEIpUpPYEMbIE CHUCTEMBD» 3HAHHSI HEOOXOIMMBI
JUTSE TIOJTYYeHHs] HAYYHBIX pPe3yJbTaTOB B OO0JAcTH JUCKPETHBIX HWHTETPUPYEMBIX CHCTEM
MaTeMaTHYeCKON (DU3HKH.

3. [IlnaHupyemMblie  pe3yJabTaThl  00ydeHHs 10 JUCHHUILVINHE, COOTHECEHHbIE ¢
IVIAHUPYEeMbIMHU pe3yJIbTATAMH OCBOCHHSI 00pa30BaTe/IbHOI MPOrpaMMbI

[Iponiecc u3yueHUs: TUCIUIUIMHEI HAMIPaBJIeH Ha (popMHUpOBaHUE CIIEMYIONINX AIIEMEHTOB
komreteHImit B cootBeTcTBUH ¢ ®I'OC BO, OOII BO u mpuoOpeTeHus cleayronmx 3HaHAH,
YMEHWA, HAaBBIKOB ¥ (WJIH) OTIBITA IEATETHbHOCTH:

Dopmupyemas NuaukaTop pocrmxenus Mepeuenn
KOMIIeTeHI U KOMIeTeHI T IVIAHUPYEMBIX Pe3yJIbTATOB 00y4eHus
(xox n popmyaupoBKA) (xoa u popMyIHPOBKA)

Ob6menpodeccuonabHble KOMIIETEHITHH




OIIK-1

CnocobeH npuMeHsITh
0a30BbIC 3HAHUS B
obnacTtu pu3uko-
MaTeMaTUYCCKHUX U
(W) ecTeCTBEHHBIX
HayK B cdepe cBoeit
podecCHOHATEHOM
JICSTeTbHOCTH

HNJA-OIIK-1_2
Ocy1uecTBgeT MOCTaHOBKY
3a7ayu, BEIOMpaeT crnocod
ee perIeHus

3HaThb:

- OCHOBHBbI€ OIpe/IeIeHHs HHTETPUPYEeMOCTH
YpaBHEHMI B YaCTHBIX Pa3HOCTIX;

- CBOICTBa cUCTeM B KBaJ-rpadax;

- oOpaTHBIC METO/IbI IOCTPOCHUS PeLICHHI
WHTETPUPYEMBIX CHCTEM.

YmMmers:

- BOCIIPOU3BOJIUTH AlNreOpo-reoMeTpruUecKre
[PUEMBI, UCITIOJIb3YEMbIE TTPU MOCTPOECHUHU
peLIEHHUA HEJTMHEWHBIX YPAaBHEHWI B YaCTHBIX
Pa3HOCTSIX;

- OMpenessiTh UHTEIPUPYEMOCTh HEJTMHEUHBIX
YPaBHEHUH B YACTHBIX Pa3HOCTAX MO
pa3/IMuHbIM ONpPENEJICHUSIM UHTETPUYEMOCTH;

nA-OIIK-1_3
IIpumenser
MaTeMaTUYEeCKUU anmnapar,
Y TEOPHUHU IJ1s1 PELUEHUS
MPUKIIAIHBIX U
TEOPETUYECKUX 3a1a4.

- CTPOUTH COJIMTOHHBIE pEeLLeHUs AJIs
KOHKPETHBIX TMCKPETHBIX HHTETPUPYEMBIX
CHCTEM;

- CTPOMTH pellleHHs C TIOMOILBIO
npeobpazoBanmii bakmyHna.

- OTIPEeNATh HeTIPEPhIBHBIC TIPE/ICITbI.

Baagers HaBbIKaMu:

- MOCTPOCHHUE COJIMTOHHBIX PEeLIeHUH 11s
JUCKPETHOTO NOTEHLMANBbHOIO ypaBHEHUs
Kopresera—/le ®pu3za;

- MOCTPOCHUE COTMTOHHbIX PELICHUH A5
JIMCKPETHO cuctembl Annepa-mMuiosa;

- MPaKTUYECKOro MPUMEHEeHUs1 MeToa
npeobpa3oBanuii baknyHa s nocTpoeHus
peLIEHN HEJIMHEVHBIX YPABHEHUIN
MaTeMaTH4yecKoil (pU3MKu;

- pabotsl ¢ maketoMm Wolfram Mathematica;
- MOJy4aTh HEMPEPbIBHbIC UHTErPUPYEMbIE
CHCTEMbI Yepe3 HeNpepbIBHbIE MPEAEIbI.




4. O0beM, CTPYKTYpA H coiepKaHue TUCIUTLTHHBI

O6IJ.[8.$I TPYAOCMKOCTb JUCHUILIIMHBI COCTABJIACT 3a4YCTHBIX €AUHUI,

aKaJl. 4acos.

Ne
n/n

Tembl (pa3aeb)
JHCIHIJIHHBI,
HX coJep:KaHue

Bujabl yueOHbIX 3aHATHIA,
BKJIIOYASl CAMOCTOSAITEILHY IO
padoTy CTYA€HTOB,

H UX TPY0€MKOCTh
(B akajeMIYeCKHX 9ACaX)

DopMBbI TEKyIIEro
KOHTPOJISI yCIEBAEMOCTH

®opma NpOMeKYTOUHOM
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Beenenue. YpaBHeHus B 3
ajaHus s
YaCTHBIX Pa3HOCTAX U .

1 P 1 4 0.5 3.5 | camocTosaTenbHOM paboTh
naketr Wolfram
Mathematica.

[Tapei Jlakca s Sananms as
2 |AuCKpeTHBIX 1 4 0.5 3.5 o
CaMOCTOSITeNbHOM padoThl
HUHTErPUPYEMBIX CHCTEM.

3 CBOWCTBO TPEXMEPHOM 1 4 0.5 35 3anmanus ans
COBMECTUMOCTH. ) ) CaMOCTOSITENTbHOM padoThI
Hpyrue cneacreus Sananns s

4 |cBoiicTBa TpexMepHOI 1 4 0.5 3.5 CAMOCTOSTEILHON PAGOTH
COBMECTHMOCTH. P
Pewienue auckpeTHbIX
WHTETPUPYEMBIX CUCTEM,

5 |koTopble HE UMEIOT 1 4 0.5 3.5
CBOMCTBO TPEXMEPHOMU
COBMECTHMOCTH.

0.3
ITocTpoeHue COMTMTOHHBIX
CLICHUN IS
p o 3anaHus ans

6 |uHTEerpHpyeMbIX CHCTEM B 1 4 0.5 3.5 CAMOCTOSTENbHON PAGOThL
YaCTHBIX Pa3HOCTSIX. p
HenpepbiBHBIE Npeaensbl.

I'paccMOHOBBI paciuvpeHust
HUHTErPUPYEMBIX CUCTEM. Sananms s
7 |HexommyTaTHBHbIE 1 4 0.5 3.5 o
CaMOCTOSITeNTbHOM padoThI
aHaJIOrM JUCKPETHBIX
HUHTErPUPYEMbIX CUCTEM.
JuckpeTHble

g |MHTerpupyembie CCTEMbI 1 4 0.5 32 3aganus ans
otoOpaxkenus SHra- ’ ™ | camocTosATeNIbHOW paboThI
Bakcrepa.




DK3aMeH

Bcero 3a 8 cemecTp 8 | 32 4 27.7
72 yaca

UTOro

Copeprxanue pa3aeoB THCHUILTHHBI:

1. BBeaenue. Ypaeuenua ¢ uacmmuix paznocmax u nakem Wolfram Mathematica.
1.1. JIunelinble U HETMHEHHBIE YPABHEHUS B YACTHBIX PA3HOCTSIX.
1.2. O3HaKoMIIEHHUE C MTAKETOM CUMBOIIMYeckoro obecnieuenus: Wolfram Mathematica.

2. Hapwei Jlakca 014 OUCKpemHbIX UHMEZPUPYEMbIX CUCHIEM.

2.1. YUto Takoe MHTETpUPyeMOCTh?

2.2. YpaBHeHUS B KBaJ-Tpadax.

2.3. ITapsl Jlakca.

2.4. Ypasuenne dpKdV (auckperHoe moTeHnuaapbHoe ypaBHeHus Knd).
2.5. llpunoxenust B Wolfram Mathematica.

3. Ceoiicmeo mpexmepHoIl cOeMecmUMOCMU.

3.1. CBOHCTBO TpeXMEPHON COBMECTUMOCTH U MHTETPUPYEMOCTb.

3.2. Ilpunoxenne B ypaBaenue dpKdV.

3.3. Iloctpoenme mnapel Jlakca nans CHCTEM, KOTOpbIE HMEIOT CBOMCTBA TpPEXMEpPHOU
COBMECTHMOCTH.

3.4. llpunoxenus B Wolfram Mathematica.

4. /lpyzue cnedcmeus ceoiicmea mpexmepHoil CO6MeCmUMOCHU.
4.1. [TocTpoenue npeoOpazoBanus bakmyHa.

4.2. IlpeobpazoBanue bakmynna nis ypasaerust dpKdV.

4.3. [TocTpoenue conmuronHoro pemrenus s dpKdV.

4.4. Ilpunoxenus B Wolfram Mathematica.

5. Pewienue OUCKpeMHbIX UHMEZPUPYEMBIX CUCHIEM, KOMOpble He UMEIOm CE0ICmEo
MpPexXMepHOIL COBMeCHUMOCHIU.

5.1. Jluckpetnsle mpeoOpa3zoBanus JlapOy.

5.2. Tloctpoenue mpeoOpa3oBanuit bokimyHma I8 HWHTETPUPYEMBIX CHCTEM B YaCTHBIX
pa3HOCTSX.

5.3. [Ipunoxenue B ypaBHeHuEe Amiepa-SAmuinona.

5.4. llpunoxenus B Wolfram Mathematica.

6. Ilocmpoenue conumoHHbIX peuwieHUNl OJ1A UHMEZPUPYEMbIX CUCMEM 6 HACHIHbIX
PpazHocmax.

6.1. ConuToHHBIE pelIeHUs] CUCTEMBI Aiepa-AMuiosa.

6.2. Conmuronnsle pemenus ypasuus Hirota KdV.

6.3. [Ipunoxenus B Wolfram Mathematica.



7. HenpepuigéHoie npeoeiibl.
7.1. HenipepbIBHBIE MPEIEIbI ISl PA3HOCHBIX YPABHEHUM.
7.2. HenpepbiBHBIH npenen ypaBHenus dpKdV.

8. I'paccmonoébl pacuiupenus unmezpupyemvix CUCHEM.

8.1. I'paccmanona anwredpa.

8.2. I'paccmanoBo pacmupenne otoopaxenus J{apOy.

8.3. [locTpoeHune rpacCMaHOBBIX PACIIUPEHHUN JUCKPETHBIX HHTETPUPYEMBIX CUCTEM.
8.4. I'paccmaHOBO paciupeHue cucteMbl Annepa-SMumnona.

9. HekommymamueHble AHAN02U OUCKPEMHBIX UHMEZPUPYEMBIX CUCHIEM.

9.1. IlpeoOpazoBanus JlapOy B HEKOMMYTaTHBHOM TeJIe.

9.2. llocTpoeHue TUCKPETHBIX UHTETUPYEMBIX CUCTEM B HEKOMMYTATUBHBIX TeJax.

9.3. HexomMMyTaTHBHBIE aHAJIOTH W3BECTHBIX WHTerpupyembix cuctem (NLS, Boussinesq u

JpyTHe).

10. fluckpemnuie unmezpupyemoie cucmemol u omoopaxcenusn Anza-baxcmepa.

10.1. ITocTpoenune orodpaxenwmii SIHra-bakcrepa yepe3 ciMMeTpHi ypaBHEHHI B KBaA-rpadax.
10.2. Iloctpoenne otoOpaxenuit SHra-bakcrepa uepe3 mnpezcraBieHue Jlakca AMCKpPETHBIX
WHTETPUPYEMBIX CHCTEM.

5. O6pa3oBare/ibHbIE TEXHOJOTHH, B TOM 4YHC/J€ TEXHOJOTHH 3JIEKTPOHHOT0 00ydeHHS H
JUCTAHIIHOHHbIE O00pa3oBaTe/IbHbIe TEXHOJOTHH, HCHOJb3yeMble MPH OCYIIeCTBJICHHH
00pa3oBaTeIbHOI0 MpoIecca Mo TUCIHIIHHE

B nporecce 00yueHns: UCTIONB3YIOTCS CIIEIyIOINE 00pa30BaTeIbHbIE TEXHOJIOTUH:

BBoanas Jieknmsi — 1aeT TepBOE IENOCTHOE TMpEJICTaBI€HHE O JUCHUIUIMHE U
OPHEHTUPYET CTYJICHTa B CHUCTEME H3YUeHMs NaHHOM IuCIMIIMHBL CTyJEHTBI 3HAKOMSTCA C
Ha3HAUYeHUEeM U 3aJavyaMM Kypca, ero poJIbl0 U MECTOM B CHCTEMe Y4eOHBIX AMCIUIUIMH U B
cucTeMe IOATOTOBKH B IejioM. [laercs kpaTkuii 0030p Kypca, UCTOpHS Pa3BUTHUS HAyKH U
MPAaKTUKH, TIOCTUKEHUS B 3TOH cdepe, IMeHa U3BECTHBIX YUYEHBIX, U3JIAraloTcsl MePCHeKTUBHBIE
HalpaBjieHus uccienoBaHuid. Ha 5Toil  jekmuuM  BBICKA3bIBAIOTCA  METOAMUYECKHE |
OpraHu3aIiOHHBIE OCOOCHHOCTH padOThl B paMKaX [aHHON IUCHUIUIMHBL, a TakXe JaeTcs
aHaJIN3 PEKOMEHyeMOH Y4eOHO-METOAMIECKON TUTEPATYPHI.

AxageMuYecKasi JeKIHUs ¢ 3JIeMEeHTAMH JIeKIHU-0eceIbl — TOCIIE0BATEIEHOE HU3II0-
KEHUEe MaTepHualla, OCYIIECTBIIIEMOE IPEHMYINECTBEHHO B BHJE€ MOHOJOIa IPENOAABATEIS.
DONeMeHTHl JIeKIUHU-0ecebl 00eCNeUnBAIOT KOHTAKT IIPENoJaBaTelsl C ayIUuTOpPHEH, dYTO
MO3BOJISIET NPUBJIEKaTh BHUMAHUE CTYJIEHTOB K HamOoyiee BAKHBIM TeMaM JUCHUIUIMHBL,
aKTHBHO BOBJEKAaTh MX B Y4eOHBIH mpoliecc, KOHTPOJIHPOBATH TEMI HU3JIOXKEHUS y4eOHOTO
MaTepHalia B 3aBUCUMOCTHU OT YPOBHS €0 BOCIPUSTHSL.

IIpakTHyeckoe 3aHsITHE — 3aHATUE, MOCBSIICHHOE OCBOCHUIO KOHKPETHBIX YMEHHUH U
HaBBIKOB I10 3aKPEIICHUIO NTOJTyYeHHBIX Ha JIEKLIIUU 3HAHUH.

Koncyabramum — BHJ yueOHBIX 3aHSATHH, SIBISIOUIMKACS OAHOM M3 (OpPM KOHTPOJIS
CaMOCTOSITENIbHOW ~ paboThl  CTyJIeHTOB. Ha KoHCynbTamusix 1o IpockOe  CTYyJIEHTOB
paccMaTpUBarOTCsl Hanbojee CIOXKHBIE MOMEHTHI TP OCBOCHMM MaTepualia JIUCHUIUIAHBI,
IIpernoiaBaTeslb OTBEYAET HAa BOIPOCHI CTYJIEHTOB, KOTOpPBIE BO3HHKAIOT Y HHUX B IIpolecce
CaMOCTOSITENTEHON PaOOTHI.



6. IlepeuyeHnr JHIEH3NOHHOTO W (WMJHM) CBOOOTHO PACHPOCTPAHSIEMOr0 MPOrPAMMHOIO
o0ecrnieueHusi, HCHOJb3YeMOIr0 NpPH OCYHIeCTBJICHHH 00pa30BaTeJbHOr0 Mpomecca II0
AHCHUILINHE

B mpomecce ocymectBieHuss 0o0pa3oBaTeNBRHOTO — IMporecca MO JTUCITUTUIAHE
HCIOJIB3YIOTCS:

Ut (hOpMHUPOBAHUS MATEPHATIOB ISl TEKYIIETO0 KOHTPOJISI YCIEBAEMOCTH U TPOBEICHUS
MIPOMEKY TOUHOM aTTeCTaIlH, sl JOPMHUPOBAHUS METOINICCKAX MATEPUAIIOB TI0 JIACIUILIIHE:

- m3garenbckas cucteMma LaTex;

- MaKkeT mporpaMmHoro obecnieueHus: Wolfram Mathematica;

- Adobe Acrobat Reader.

7. llepevyeHb cOBpeMEHHBIX NpPO(decCHOHAJBHBIX 0a3 MJAHHBIX H HH(OPMALHMOHHBIX
CIIPABOYHBIX CHCTEM, HCIOJIb3YeMbIX MPHU 0CYIeCTBIeHHH 00pa30BaTeIbHOI0 Mpoiecca mno
AUCUHILINHE (TPH He00X0JMMOCTH)

8. [lepeyenr OCHOBHOII ¥  JOMOJHUTEIbHOH Yy4YeOHOH  JIHTEPATYphl, PecypcoB
HH(POPMALINOHHO-TEJIEKOMMYHHKAIIHOHHOI ceTHn «HMHTepHeT» (IpH Heo0X0aAMMOCTH),
PEeKOMEHIYEMbIX IS OCBOCHHUS I CIUTIIHHBI

a) OCHOBHAaf JUTepaTypa

1. J. Hietarinta, N. Joshi and F.W. Nijhoff, «Discrete Systems and Integrability», Cambridge
Texts in Applied Mathematics (2016). DOI: https://doi.org/10.1017/CBO9781107337411
2.10. b. Cypuc u A. . bobenko «Jluckpernas auddepennunanbaas reoMeTpus.
WNuTerpupyemast cTpykrypa», VHCTUTYT KOMIBIOTEPHBIX HCCIEIOBaHU, PeryspHas n
xaotnueckas guHamuka (2010). ISBN: 978-5-93972-798-3

0) Hay4Has JuTepaTypa (cTaThu)

1. X. Fisenko, S. Konstantinou-Rizos and P. Xenitidis, "A discrete Darboux—Lax scheme for
integrable difference equations," Chaos, Solitons and Fractals, vol. 158, 112059 (2022).
https://arxiv.org/pdf/2109.10372.pdf (31exTpoHHBIH pecypc)

2. F. Nijhoff. 2002 Lax pair for the Adler (lattice Krichever-Novikov) system Phys. Lett. A 297
49-58.
https://arxiv.org/pdf/nlin/0110027.pdf (3meKTPOHHEIH pecypc)

3. F. Nijhoft, J. Atkinson and J. Hietarinta. 2010 A Constructive Approach to the Soliton
Solutions of Integrable Quadrilateral Lattice Equations Commun. Math. Phys. 297 283-304.
https://arxiv.org/pdf/0911.0458.pdf (351eKTpOHHEIH pecypc)

4. A. Bobenko and Y. Suris. 2002 Integrable systems on quad-graphs Int. Math. Res. Notices 11
573-611.
https://arxiv.org/abs/nlin/0110004 (3:1eKTpOHHBIN pecypc)

9. MaTepuajabHO-TeXHHYeCKAas 6a3a, He0OXoqUMAS VISl OCYIeCTBJIEHHS 00pa30BaTeILHOTO
npoiecca mo JMCUUIIHHE

MarepuanpHo-TexHUYECKas 0aza, HeoOXoaumMas sl OCYIIECTBICHUS] 00pa30BaTEILHOTO
rpoiiecca Mo JUCIUIUIMHE BKIIIOYAET B CBOM COCTaB CIIEIUANIbHBIE TTOMEIICHHUS:



- y4eOHBIE ayJUTOPHH C TIPOEKTOPOM, TOCKOH M KOMIIBIOTEpaMH, OCHAIIEHHBIMHU
MakeToM IporpamMmHoro ooOecneuenus Wolfram Mathematica, nas TpoBelNeHHs 3aHATHN
JIEKIIMOHHOTO THIIA;

- y4eOHBIE ayJUTOPHUH C MPOEKTOPOM, JOCKOH M KOMIBIOTEpAaMHU, OCHAIECHHBIMHU
MakeToM IporpamMmHoTo obecnieueHus: Wolfram Mathematica, niis TpoBeNeHUs] TPAKTUUECKIX
3aHITHN (CEeMHHAPOB);

- y4eOHBIE ayJIUTOPHH C MPOEKTOPOM, IOCKOW W KOMIBIOTEpaMH, OCHAICHHBIMH
akeToM mporpamMmHoro oOecneuenuss Wolfram Mathematica, 1 TpoBeleHHs] TPYNIIOBBIX U
WH/IMBUAY TbHBIX KOHCYJIbTAIIHI;

- y4eOHBIE ayAWTOPUM JUISI TPOBEACHUS TEKYIIEro KOHTPOIS W MPOMEKYTOUYHOMN
aTTeCTAIlHu;

- OMEIIEHHUS ISl CAMOCTOSITENTFHON PabOTHI;

- MOMEMICHAS ISl XpaHeHWs W TPOQUIAKTHUECKOTO OOCITy)KUBAaHHUS TEXHUYCCKAX
CpeNCTB O0yUYEeHHS.

CrienmabHBIe TIOMEIIEHHST YKOMITJIEKTOBAHBI CPEJCTBAMU OOYUYCHHUS, CITYKAIIAMHU IS
npecTaBieHus yaeOHo# nHpopmanmu GOIBIION ay TUTOPHUH.

ABTOD:

JoueHt kadeapbl
HEJIMHeWHOM NMHAMUKH, K.(.-M.H. C. Koncrantuny Puzoc

OONHCHOCMb, YUEHAs! CHENeHb noonucey H.0. Damunus






IIpnnoxxenne No. 1 Kk paboueil mporpaMme TUCITUILITHBI

“JluckpeTHble HHTErPUPYEMbIe CUCTEMBI

DoH/T OIIEHOYHBIX CPEJICTB
JUUTST TIPOBEJIEHNS TEKYIIero KOHTPOJIA yCIIeBaeMOCTH
7 TIPOMEXKYTOYIHONM ATTECTAIINN CTY/IEHTOB
110 JUCIUILIIHE

1. Tunosnrie KOHTPOJIbHBIE 3a/laHNd W MHbIE MaTepUuaJibl, UCIIOJIL3YyEMbIC B IIPOLECCE TEKYIICI'O
KOHTDPOJIA YCIIEBAE€MOCTHU

BajaHns I CAaMOCTOATETbHOM PAbOTHI
(laHHBIE 3a/1aHUST BBIMOJHAIOTCS CTYJIEHTOM CAMOCTOSATEIHHO
U IPOBEPSIOTCS [IPEIOIaBATEIEM )

Sajanng 1o Teme “Bpejierne. Y paBHeHNsT B YaCTHBIX pa3HoOCTsX 1 makeT Wolfram Mathematica:”
 Ilycrb auckpernoe ypaBHeHne Pukkaru:
n(n = 1)yne1yn + 0 ype1 + (n = Dy, +n(7—6n) =0, y=y(n), neZ

Cpnenas 3ameny y, +n/(nl) =: w,/wy,1, cBejieM 3TO ypaBHEHHE K JUHEHHOMY Tudepenim-
aJIbHOMY YPaBHEHHMIO BTOPOT'O IOPs/IKa W HaiijieM o0Ilee perieHue MmocjaeHEr0 ypaBHEHU .
[TokazaTh, 9TO pelreHre 3aBUCUT TOJBKO OT OJIHON MOCTOSHHON MHTEIPUPOBAHUSA.

* IloBrOopuTh NpUBEIEHHBIE BhIle BhIunucjeHns B Mathematica.



e IlycTh ypaBHEHHE B YaCTHBIX PA3HOCTSIX:
Yum = VYn+l,m2 t SYn+2,m4-
Jokazarh, 94T0 IOCJIE 3aMEHbI IIEPEMEHHBIX 3TO yPaBHEHUE MOXKHO IEPEIUCaTh B BUJIE:
Wil =TWiyll + SWiy2 1.
Haiitu obmiee pemenne HCXOAHOTO ypaBHEHUSL.
* (Juckpernsamus ypasuenus Jlamnaca) [lycrs ypaBHenue:
Uy + Uy = 0.

[TocTpouTsb JUCKPETUAIMIO 3TOTO YpaBHEHUS:

1

Upnm = Z(un+l,m +Up—1m T Unm+l T un,m—l)'

i HOCTpOHTb JAUCKPETU3AIIUIO KpaeBOI?'I 3aJa'41:
Uxx — U = 0,

C yCJIOBUAMMA

u(x,0) = f(x), u;i(x,0) = g(x).

Saganus 1o Teme “Tlapor Jlakca jijist TUCKPETHBIX UHTEIPUPYEMbBIX CUCTEM.”
e IlycTh ypaBHenue B KBaJI-rpadax
O (u, u10, uo1, U113 a, b) =0,
a Takxke marpuiel L = L(u, ujo;a,1) u M = M(u, ugy; b, 1). Jlokazars, 910 ypaBHEHNE
L(uor, u11;a, L(u, uo1; b, A) = L(uio, ur1; b, YL(u, u10; a, 1),
siBjiiercs mapoii Jlakca ypasuenus Q(u, uyo, U1, ui1;a, b) = 0.

* JlokazaTb, 4TO JIUCKPETHOE MOTEHIMAa/IbHOE ypaBHenue Kid

(u —uy1)(uor —uio) = a—b,

u A—a- uuilQ
1 —Uui0 '

UMeeT IIPUBEJICHHOE BbIle TpejicTaBienne Jlakca g L =M = (



* IloBrOopuTh NpUBEIEHHBIE BhIle BhruucjeHns B Mathematica.

» Jlokazats, uro ypaBuernune SKdAV

a®(uyy — uor) (uro — u) = b*(ury — u10) (o1 — u),

_ A2 _up A2 ujou
2 — 2 —
UMeeT IIPUBEJICHHOE BbIle TpejicTaBienne Jlakca g L =M = JP e
_p uj—u 1 + a_zulo—u
* JlokazaTh, 4TO auckperHoe cucrema Amiepa—sMuiona,
a->b N a->b
por=pPio———P P 4qor=4q10t /411,
1+ pgu 1+ pgu
A+a+
umeer napy Jlakca L = M(p, g10;a, ) = q 9410 117
10

Bamanmst 1o Teme “CBONWCTBO TpeXMEpHO coBMecTuMOCTH.”
 JlokasarTb, 9TO JUCKPETHOE IOTeHIMalbHoe ypasHenne Kiad
(0 = uy1)(uor — u10) = a — b,
numMeeT CBOﬁCTBa TpeXMepHOﬁ COBMECTHUMOCTH.

* Hamucars guckpersoe noreHrmasibHoe ypapHerume Kia® (u — wuyq)(ugr — u19) = a — b Ha
HUZKHEH, nepeHeil u JeBOi I'paHdx U OIPEEJIUTh C IIOMOIIbI0O 9TUX ypPaBHEHUI 3HAYCHULA
uio, U101 1 upr1- Jlokazarb, 9T0 MOXKHO 3 CIIOCODAMU TIOJIYIUTH 3HAYEHUE U|(], U TIOITOMY
ypaBHeHUE UMeeeT CBOHCTBO TPEXMEPHOIT COBMECTUMOCTH.

* [loBToputh puBe/ieHHbIE BhIe BhruucaeHus B Mathematica.

* [lokazaTb, 9TO UCHO/IB3Yd CHMMETPUHU JIMCKPETHOT'O ITOTEHITNAILHOTO ypaBHenud Kiad mox-
HO JOKa3aTh CBOWCTBO TPEXMEPHONH COBMECTHMMOCTH C HOMOIIBIO TOJIBKO OJHONW W3 BEpX-
Heil /3a/1Hell /TIpaBoil rpamHeit.

e [Ipocrpour mapwl Jlakca JuCKpeTHOro mHOTeHIMaJIbHOrO ypaBHeHus Kia® wucrosib3ysd ero
CBOIICTBO TPEXMEPHON COBMECTUMOCTH.

Samanug 1o Teme “/Ipyrue ciegcTBusg CBOWCTBa TPEXMEPHO COBMECTUMOCTH.”



* [locTpouts npeobpazoBanue bakyHaa /i JUCKPETHOrO MOTEHIMAIbHOrO ypaBuenusa Kid
HUCIHOJIB3Yyd €r0 CBOMCTBO TPEXMEPHON COBMECTUMOCTH.

o HaiiTi TpUBHAJIBHBIE PEIIEHNs IICKPETHOTO MOTeHIHaIbHOr0 ypasaenns Kiad B sume a'b¥.

* JluneapuzoBaTh mpeobpasoBaHne BakiyHa i JUCKPETHOIO HMOTEHIIUAILHOIO YPaBHEHUS
Knd.

e Haunnaga c TPpUBaJIBHOI'O pE€IIEHUA, IIOCTPOUTDL COJIMTOHHOE pEIIHUE JIJIA JUCKPETHOI'O IIOTEH-
O1aJ/JIbHOI'O YpaBHEHU A K,ZLCD Harmmcarn ManI/I‘{HbIﬁ BUJ[ COJIMTOHHOI'O pelIC€HMrA.

* IIpoaemocrpuposarsh B Mathematica, 4ro 310 JIeficTBUTEILHO COJIMTOHHOE PEIIeHIee.

Sasanns o Teme “Perrierue MMCKpPeTHBIX MHTETPUPYEMBIX CUCTEM, KOTOPBIE HE NMEIOT CBOHCTBO
TPEXMEPHOI COBMECTUMOCTH.”

* JlokazaTh, uTO auCKpeTHOe cucreMma Amnepa—AmMuiona,

a—-b N a—->b
por=pio—7——P, qo1r=qio+r—
1+ pgn 1+ pgn
He UMeeT CBOIMCTBO TpeXMepHOﬁ COBMECTHUMOCTH.

* TlocTpouts npeodbpasoBanne BaxkayHaa 11 cucreMmbl A gaepa—smuiosa.

o Haiitu TpuBHaIbHbIe permenns cucteMbl A repa—nvmnosa suga p(n, m) = al'a®', g(n,m) =
0wu p(n,m) =0, g(n,m) = aa*.

* C IOMOIIBIO 3TUX TPUBUAIBHBIX PEIeHNI CTPOUTH HOBbIE HETPUBUAIBHBIE PEIIEeHUS.

Saganns o teme “TlocTpoeHne COMMTOHHBIX PENTeHnit JIJIsT MHTEIPUPYEMbIX CHCTEM B UaCTHBIX
paszHocTax.”

e C moMoIpo JuarpaMMbl BbsSTHKI ¢TpOUTH 1-COMMTOHHOE peIlleHue I CUCTeMbl A gaepa—
Amusiosa.

e C moMoIpio 1-COJIMTOHHOIO peIleHrs MOCTPOUTH 2-COJIUTOHHOIO PEIIeHHMs JIJIsi CHCTEMbI
A nepa—dAvmosa.



Sajanus o Teme “HempepsiBHbIe mpeiesibl.”’
 JluneapuzoBarb MOAUMPUIMPOBAHHOE Pa3HOCTHOE ypaBHeHue Kad
a(vvor — vigvi1) = b(vvio — vo1vii)
BOKDYT peIleHnd vy, = 1, a ypaBaenne Kn1®@ IlIsapra

(w—wo1)(wio—wi1) _ a?

(w—wio)(wor —wi1) b2

BOKDPYT PelleHust w, ,, = woo + (n/p) + (m/q).

* Yepes HempepbIBHBIE TIPE/IEJIbl BOCCTAHOBUTH IIOJIHOCTHIO COOTBETCTBYIOININE HEIPEPHIBHBIE
ypaBHEHUA /I HOJIYJIUCKPETHBIX yPaBHEHUI

V-1 = VN U T = 27Zn-1—Znn

0. InVy = , V4
Ao N Vn-1+ Vs N

aZn1—Zya

Sajanug o TeMe “I'paccMOHOBBLI pacIInpennst KHTErPUPYEMbBIX cucTeM.”

A+a+qqio p

q10 1
PaCCManHBaQM FpaCCMaHOBO paCIHI/IpeHI/Ie 3TOM ManHHbI:

* Ilycrs marpura Jlakca M(p, g10;a,d) = ( ) Juisi cucreMbl A jiytepa—flMuosa.

A+a+qqio+0d10 p 6

L(p,q10,0, ¢10;a, ) = q10 1 0],
b10 0 1

rjie 6, ¢19 — HedeTHbIE JeMeHThl aareOphl. C MOMOIIBIO ITON MATPHILBI, TTOCTPOUTH I'PAC-
CMAHOBO paciimpenne cucrteMbl Ajiepa—fvmnosa. /lokazars, 1m0 GO30HHBINA IIPEJIET 9TOM
cucTeMbl — 3TO cucrteMa A jjepa—fmusona.

* [locTpouTh rpaccMOHOBO pacIIUpeHne JUCKPETHOrO IIOTEHITHAILHOTO YpaBHeHuss KopreBera—
ne Ppusa gepes IpacCMOHOBO pacIiupeHne ero mnapse! Jlakca.

Sajiaans 1o TeMe “HekoMMyTaTHBHBIE AHAJIOTH JIMCKPETHBIX HWHTEIPUPYEMBIX CHCTEM.”

* IlocTponTh HEKOMMUTATHBHBI aHAJIOT TpeobpasoBanust JlapOy jjist HeJIMHEHOTO ypaBHEH s
MIpemunrepa (HYII).



* PaccMaTpuBaTh COBMECTUMOCTD BOKPYT KBaJjpaTa JIByX npeoopasoBanuii /lapoy tuna HYIII
1 TIOCTPOUTH HEKOMMYTATUBHBIH aHaJIOT cucteMbl Aepa—sMuiosa.

® HOCTpOI/ITb HEKOMMUTATUBHBIN aHAaJIOT JAUCKPETHOI'O YpaBHEHUA Boussinesq.

Saganug 1o Teme “JlukperHble HHTErpUPyeMble CUCTeMbl U oTobpaxKenus fAnra—Bakcrepa.”

e Mcnonb3ys cuMMeTpUR JIMCKPETHOrO MOTeHInabHoro ypapaenns Kia®, mocrpouTs orobpa-
xenne fura—Bakcrepa Amepa.

* [locrpouth orobpakenue fAura—Bakcrepa tuna Kad® u orpaHmyuTb €ro K JUCKPETHOMY
noreHnuaj bHoMy ypaBuennio Kid.

* [TocrponTs auckpeTHoe ypaBHenue Boussinesq n coorBercByioriee orobpazkenne fura—bakcrepa.

3auer

Bauer craBuTca cryaeHTaMm, HabpasiuMm 40 u OoJsiee 6AJJIOB 110 KarKJI0# caMOCTOSATEIbHOMI pa-
oore.

DK3aMeH

DK3aMeH MPOBOJNTCS B nucbMeHHON dopme. Ha sk3amene mpoepsieTcsi MOHMMAHNE OCHOB-
HBIX OCHOBHBIX KOHIICHIIUI JIUCITUILINHBI, OIIpeJiesIeHuil 1 TeopeM. Takke, IPOBEPSIOTCA BHIUUCIIH-
TeJIbHbIE HABBIKU CTY/JIEHTOB B KOHKPETHBIX 3a/la4dax, a TaKyKe HaBbIKU C UCIIOJb30BaHUEM ITaKeTa
nporpammuoro obecriederuss Wolfram Mathematica. IIpomomkuresnocTs sx3aMena — 4 gaca.

Bormpocs! k 3x3ameny:



Yro Kakoe mHTErpUpyeMast CUCTeMa YPaBHEHUI B YACTHBIX PA3HOCTAX. TO Takoe ypaBHEHUE
B KBa/JI-rpadax.

Ompejiesienne napbl Jlakca. YeioBue (JIUCKPETHOl) HyJIeBOii KPUBU3HBI U [PEJICTABIHEHIE
Jlakca.

[Tapsr Jlakca gisg quckpernoro norenruaabuoro ypasuennsa Kia®, [Isaprman KnB, Xupora
KnB, cucremsr Amrepa—fvmioBa n quckperHoro ypasHenusi Boussinesq.

CaoiicTBa TpexMepHOil coBMecTUMOCTH. TpexmepHast COBMECTUMOCTD JUCKPETHOIO IIOTEHIIN-
asboro ypasuenuss Kia® u [MIsaprman KnB. Konrpupumep: /Iuckperuzanma HYIII.

[TocnecTBUs cBOCTBA TPEXMEPHOI COBMECTUMOCTH: CUCTEMATUYEKOE ITOCTPOEHNe raphl Jlak-
ca, IocTpoeHue rpeodpazoBanus BaxyHa.

[Ipeobpazosanus Bakiyna Jijiss MHTErPUPYEMbBIX YpPABHEHUII B 4aCTHBIX pasHocTax. [lua-
rpammbl beanku. [Ipeodpazossauue BakiyHia i IMCKPETHOTO MOTEHITUATIHLHOTO Y PABHEHMS
Kn® u cucremsr Ajyrepa—slvuiona.

[TocTpoenue COUTOHHBIX PEIIeHUi ¢ TOMOIIBIO peobpazoBanuit bakiaynma. 1 u 2-comuToHubie
pelenus Jjisi IMCKPETHOrO MOTeHInabHOTro ypaBHenus Kad.

Hemnpeprnisuble mipe/iesibl.

I'paccmanosa asnredbpa. ['paccmanoBo paciupenue mapbl Jlakca. I'paccmanHoBO paciiupenue
MHTErPUPYyEMbIX CHCTEM YpaBHEHUI B YACTHBIX Pa3HOCTSIX. | pacCMaHOBO paCIIMpPEHHE CH-
crembl Aepa—fmuiosa.

HekoMMyTaTUBHBIE aHAJOMM WHTETPUPYEMBIX CHCTEM B YACTHBIX pasHOCTX. HekommyTa-
TUBHBI aHajor npeobpasosanus lap6y. [TocTpoerre HEKOMMYTATOBHOI'O AHAJIOTA CUCTEMbI
A iepa—Svmionsa.

[TocTtpoenne orobparxkenuit fnra—bakcrepa depes cummerpuii ypaBHeHH# B KBaJl-I'Padax.
Orpanuvenust ypaBHeHHil B KBaJ-Tpadax K orobpaxkenusMm fAnra—Bakcrepa ¢ momorbio
npejicraBienud Jlakca.



Cucrema OleHIBAHUS

CamocTosiTe/IbHBIE PAOOTHI SBJSIOTCS 00sI3aTe/bHbIMEU. Kazkas pabora MpoBepseTcss U CTY-
gerTol noaydaoT ¢ 0 1o 100 6asioB 1o Kaxk1oit pabore. MlToroBasi omneHKa 10 3TOM JUCIUILINHE
BBIYHUCISETCS 10 hOpMYIIe:

Nrorosas onenka = 0.4 X cpeuuii 6as1 1o camoct. paboram + 0.4 X UTOroBbIil Oa/L1 SK3aMeHa

* <60 — HeyJI0BJIETBOPUTEIHHO.

* 61-70 — y1OBIETBOPHUTEIBLHO (3).
* 71-90 — xopormuo (4).

* 91-100 — ommano (5).

[TockombKy OMHOI M3 OCHOBHBIX IIeJIeil 9TOTO MpeIMeTa fABJSEeTCA IPUBJIEYEeHNe CTYIeHTOB K
Hay4HBIM HCCJIEJIOBAHUAM, CTYJIEHTBI, KOTOPbIE BO BPEMd CeMecTpa IOJIyYUIN OPUTHHAJIbHBIC Ha-
YUHBIE PE3YJIBTATHI, TTOJIYYAl0T ABTOMATHIECKH OIEHKY OTINIHO (5).



