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1. I{esiu OCBOECHUSA TMCHUTNIUHBI

Lenstmu 0CBOEHMSI TUCHUIUIMHBI ' JIUCKPETHBIE MHTETPUPYEMBIE CUCTEMBI' SIBIISIOTCS:

- BBEJICHHE B TEOPHIO JUCKPETHBIX HHTETPUPYEMBIX CUCTEM;

- O3HAaKOMJICHHE C PA3JIMYHBIMH OIPENEICHUSMH WHTETPUPYEMOCTH CHUCTEM YpPaBHEHUH B
YACTHBIX PA3HOCTSIX U METOJaMH UX PELICHMUS;

- TPEeNOCTaBICHUE CTYACHTAM ONbITa C HCIOJB30BAaHHEM MAKETOB IPOrPaMMHOTO
obecrieuenus (Wolfram Mathematica, Maple) mns pereHuss COBpEMEHHBIX 3aJad B 00JIaCTH
JUCKPETHBIX HHTETPUPYEMBIX CUCTEM;

- TMPUBJICUEHUE CTYICHTOB K HAY4YHBIM HCCIEJIOBAaHUSAM IO O0OJACTH JUCKPETHBIX
UHTETPUPYEMBIX CUCTEM.

2. MecTo TMCHUILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOI MPOrpaMMbl

JuctumianHa — «/{MCKpeTHbIE  WHTETpUPYEMBIE  CHCTEMbBD»  OTHOCHUTCA K  YacTH
00pa3oBaTeNbHOW TPOTPaMMBbl, (OPMHPYEMO y4YaCTHHKaMU OOpa30BATEIbHBIX OTHOLICHHUU, U
SIBJISIETCSI JICKTUBHOW TUCHUILTHHOMN. Teoprs HHTErpUPYEMBIX CHCTEM UCIIOIb3YEeT HHCTPYMEHTHI U3
BCEX KIJIACCHMYECKMX oOyiacTeid marematuku. lloaTomy, Aisi OCBOEHHS ITaHHOW JMCIUIUTUHON
CTYZIEHTBHI IOJDKHBI UMETh 3HAaHHS JUCLIUILTHH «MaTeMaTH4ecKui aHann3», «AJredpa 1 reoMeTpus»,
«Auddepennmansapie ypaBHEHU» U «Y paBHEHHS MaTeMaTu4eckoil ¢pusukmny». Tounee, TpeOyroTcs
3HAHMS aHanW3a (QYHKIUH MHOTHX TEPEMEHHBIX U OJHON KOMIUIEKCHOW IEPEeMEHHOH, OCHOBHBIC
METO/BI PEUICHNUS CUCTEM OOBIKHOBEHHBIX TU(GEepeHINaIbHBIX YPaBHEHUN U TU(PepeHIInaTbHBIX
YPaBHEHUH C YaCTHBIMHU MPOU3BOJHBIMHU, BKJIIOYAs METOJbI JIMHEHHOW anreOpsl M aHATUTHYECKOM
TeOMETPHH.

[Tonyuennsle B kypce «JMCKpeTHBIE HHTETPUPYEMBIE CUCTEMBbI» 3HAHUS HEOOXOAUMBI IS
NOJYyYCHUs] HAy4YHBIX pE3yJbTaToB B  00JaCTH  JMCKPETHBIX HHTETPHPYEMBIX  CHCTEM
MaTeMaTUIECKON (H3HKH.

3. llnanupyemblie pe3yJbTaThl 00y4YeHHs MO AUCHUILINHE, COOTHECEHHBIE ¢ MJIAHMPYEMBIMH
pe3yJbTaTaMH OCBOCHHS 00pPa30BaTeJIbHOI MPOrpaMMBbI

IIponiecc u3ydeHus MUCLMILIMHBI HAIPaBJiIeH Ha (JOPMUPOBAHUE CIEAYIOLUIMX KOMIETSHIUH
B cooTBeTcTBUU ¢ ®T'OC BO, OOII BO 1n npuodpeTrenus cieayomunx 3HaHui, yMEHUH, HaBbIKOB U
(unu) ombITa ACSITENEHOCTHU:

Dopmupyemas
KOMMNeTeHIHs
(kox M popMyTHPOBKA)

HNaankaTop 10CTHKEHUSA
KOMIIeTeHIIN U
(kox u hopMyJIIPOBKA)

Ilepeyenn
IUIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHus

IIpodeccnoHanbHbIe KOMIIETEHINH

nK-2

CnocoOeH MoHUMaTh,
COBEpIIICHCTBOBATh U
IIPpUMCHATH
COBPEMEHHBIN
MaTeMaTHYECKUI
amnmapar

HU-11K-2.1

O0nazaeT yCTOMYNBBIMH
3HAHUSMH B 00JIaCTH
OCHOBHBIX
MaTeMaTUYECKUX
JUCIMILINH, UX armapara
U pe3yNbTaToOB

HU-11K-2.2

OO0J1amaeT crocoOHOCThIO
MIPUMEHSATH COBPEMEHHBIN
MaTeMaTUYECKUH armapar
B PEIICHUH Pa3INIHBIX
3a1a4

3HaTh:

- OCHOBHBIE OIPEICIICHUS HHTETPUPYEMOCTH
YpaBHEHUI B YaCTHBIX PA3HOCTSIX;

- CBOWCTBA CHCTEM B KBaJpaTax;

- 00paTHBIE METOJIBI IIOCTPOSHUS PEIICHHIA
HUHTETPUPYEMBIX CUCTEM.

YMmerh:

- BOCTIPOU3BOUTH AJITeOPO-TEOMETPHISCKIEC
TIPHUEMBI, HCIIOJIB3yEeMbIC TIPH MIOCTPOCHUH
pelIeHU HeMMHEUHBIX YPABHEHUH B UaCTHBIX
pa3HOCTSX;

- OTIPENIEIIATh HHTETPUPYEMOCTh HETMHEHHBIX
YpaBHEHUI B YaCTHBIX PA3HOCTSIX MO




pa3IMYHBIM OMPENCICHUSIM UHTETPUPYEMOCTH;
- CTPOUTH CONIUTOHHBIE PEIICHUS IS
KOHKPETHBIX IUCKPETHBIX HHTETPUPYEMBIX
CUCTEM;

- CTPOUTH PEIICHHUS C TIOMOIIHI0
npeoOpaszoBanmuii bakmynna.

- OMPEIEIATh HEMIPEPHIBHEIC NPEEIbI.
Baagers HaBbIKaMu:

- IOCTPOCHHUS COTUTOHHBIX PEIICHUH IS
JUCKPETHOTO MOTEHIIUATBHOTO YPaBHEHUS
Kopresera [le ®pusa;

- IOCTPOCHHUS COTUTOHHBIX PEIICHUH IS
JIUCKPETHOM cucteMbl Ajiepa-SIMuiona;

- MPAaKTUYECKOr0 MPUMEHEHUS METO1a
npeoOpazoBanuii baxuryHna st moCcTpoeHHS
pelIeHU HETMHEHHBIX YPaBHEHUN
MaTeMaTHYECKON (PHU3HKH;

- paboTsl ¢ makerom Wolfram Mathematica;
- TIOJTy9eHUST HETIPEPHIBHBIX HHTETPUPYEMBIX
CHCTEM 4Y€pe3 HENPEPBIBHBIE MPEIEIEI.

4. O0béMm, CTPYKTYpa U coJep:KkaHue TUCHUTLIUHBI

O6mas TpyA0EMKOCTh TUCHUIUIHHBI COCTaBIsIeT 2 3a4ETHBIX eIUHUIIBI, /2 aKaj. Jaca.

Ne Tembl (pa3aebl) Buabl yueOHbIX 3aHSITHIA, DopMbI TEKYLLIETO
n/m AUCIHUTLINHBI, BKJIIOYASl CAMOCTOAITETbHYIO KOHTPOJIs
HX co/iep:KaHne padoTy CTy1eHTOB, ycmeBaeMocTH
U UX TPYA0EMKOCTH
(B akaieMUYECKHX Yacax) dopma
o NPOMeKYTOYHOM
5 KonTakTHas padora aTrecTalMu
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1 |BBonHas neknus. YpaBHEHUS SagaHus s
B YaCTHBIX PAa3HOCTSX U MakeT | 8 4 3 |camocTosATenpHOMN
Wolfram Mathematica paboThI
2 |apsr Jlakca Juist TUCKPETHBIX Saganus i
WHTETPUPYEMBIX CHCTEM 8 4 1 3 |camocTosATenpHON
paboThI
3 |CBoiicTBO TpeXMepHOU 3agaaus s
COBMECTUMOCTH 8 4 3 |camocTosTENBbHOI
paboThI
4 |dpyrue caencTBus CBOWCTBa 3ananus nmis
TPEeXMEpPHOH COBMECTUMOCTH | 8 4 1 3 |camocTosTENBbHOI
paboTHI
5 |Pemenune quCcKpeTHBIX 3ananus s
CHUCTEM, KOTOPBIC HE UMEIOT 8 4 3 |caMOCTOATENbHOM
paboThI




CBOMCTBO TpeXMepHOH

COBMECTHMOCTH

6 [[TocTpoeHHE COTUTOHHBIX 3aganust s
peleHus st CaMOCTOSTEIBHO
WHTETPUPYEMBIX CHCTEM B 8 1 4 1 3  |pabothl

YaCTHBIX Pa3HOCTIAX.
HenpemeHme MMPpCacibl

7 |['paccMOHOBBI PACIIUPCHUS 3aganust s
HWHTETPUPYEMBIX CHCTEM. CaMOCTOSTEIHHOM
HexoMMyTaTHBHEIC aHATIOTH 8 1 4 3 |paboth
JHMCKPETHBIX HHTEIPHPYEMBIX
cUcTeM

8 |/luckpeTHBIC HHTEIPUPYEMBIC 3ananus s
CUCTEMBI 1 OTOOpaKCHHUS 8 1 4 1 3 |camocTosTenbHOM
Sura-bakcrepa paboThI

0,3 | 3,7 [3auer
HUTOr'o 8 | 32 4 03] 277

Coneprxanue pa3aeoB THCHUILTMHBI:

1. BBoaHasi iekuusi. YpaBHeHHs B YaCTHBIX pasHocTAX U naker Wolfram Mathematica.
1.1. JIuneliHble U HEIMHEHHbIE YpAaBHEHUS B YACTHBIX Pa3HOCTSIX.

1.2. O3HaKOMIIEHHE C TTAKETOM CUMBOIMYecKoro odbecneuenuss Wolfram Mathematica.

2. ITaps1 Jlakca A7t AUCKPETHBIX HHTETPHPYEMBIX CHCTEM.

2.1. Yro Takoe MHTErPUPYEMOCTh?

2.2. YpaBHeHus B kBaj-Tpadax.

2.3. ITapsi Jlakca.

2.4. Ypauenue dpKdV (auckpernoe noteHuuansHoe ypaBuenus Knd).

2.5. [Mpunoxenus B Wolfram Mathematica.

3. CBoiicTBO TpexMepHOH COBMECTUMOCTH.

3.1. CBOICTBO TPEXMEPHOI COBMECTUMOCTH U UHTETPUPYEMOCTD.

3.2. Ilpunoxenue B ypaBHenue dpKdV.

3.3. [loctpoenue napsl Jlakca 11t cucTeM, KOTOpbIE UMEIOT CBOWCTBA TPEXMEPHON COBMECTUMOCTH.
3.4. Ilpunoxenus B Wolfram Mathematica.

4. Jpyrue cjeacTBUsl CBOMCTBA TPEXMEPHOIl COBMECTUMOCTH.

4.1. Iloctpoenue npeodbpazoBanus baknyHaa.

4.2. IIpeobpazoBanne bakmynna mist ypasuenus dpKdV.

4.3. IlocTpoenue conutoHHOro pemtenus st dpKdV.

4.4. ITpunoxxenus B Wolfram Mathematica.

5. Pemienne TUCKPETHBIX HHTEIPUPYEMBIX CHCTEM, KOTOPbIE He HMEKT CBOMCTBO TPEXMEPHOH
COBMECTHUMOCTH.

5.1. luckpetHbie npeoOpa3oBanus apOy.

5.2. [loctpoenue npeodpa3oBanuii bakiyHna a1 MHTErpUPYEMBIX CUCTEM B YACTHBIX PA3HOCTSIX.
5.3. [Ipunoxenue B ypaBHeHue Ajuiepa-SMuiosa.

5.4. llpunoxenus: B Wolfram Mathematica.

6.1. ITocTpoeHne COTUTOHHBIX PelleHHil 1JIsi HHTerpUpPyeMbIX CHCTeM Pa3HOCTAX.

6.1.1. ConuToHHbIE pemieHus cucTeMsl Aepa-SAmMuiosa.

6.1.2. Conurtonnsle pemienus ypasaenus Hirota KdV.

6.1.3. Ilpunoxenus B8 Wolfram Mathematica.

6.2. HenpepbIBHBIE Npe/iebl.

6.2.1. HenpepsIBHBIE ITpEAEIIBI I PA3HOCTHBIX YPABHEHUM.

6.2.2. HenpepsoiBHbIH npenen ypasHenus dpKdV.

7.1. 'paccMaHOBBI paclIMpeHUsI HHTETPUPYEMBbIX CHCTEM.



7.1.1. I'paccmanoBa anrebpa.

7.1.2. I'paccmanoBo pacmmpenue otoOpaxenus Jlapoy.

7.1.3. IlocTpoeHue rpacCMaHOBBIX PACIIUPEHUN JUCKPETHBIX HHTETPUPYEMBIX CUCTEM

7.1.4. I'paccMaHOBO pacHIMpeHHue cucTeMbl Aiepa-SMuiosa.

7.2. HekoOMMYTATHBHbIE AHAJIOTH TUCKPETHBIX HHTETPUPYEMbIX CHCTEM.

7.2.1. IIpeobpazoBanus J[apOy B HCKOMMYTaTHBHOM TeJI€.

7.2.2. ITocTpoeHHe AUCKPETHBIX HHTETPUPYEMBIX CUCTEM B HEKOMMYTAaTHBHBIX TEJaX.

7.2.3. HexomMMyTaTHBHBIC aHAJIOTH HW3BECTHBIX HHTerpupyeMbix cucteM (NLS, Boussinesq u
Ipyrue).

8. JluckperHble HHTEerpupyemMblie cucTeMbl U 0TOOpa:kenust Aura-bakcrepa.

8.1. IlocTpoenue otobpaxenuii SIura-bakcrepa uepe3 CMMMETpHil ypaBHEHH B KBaarpadax.

8.2. Tloctpoenue otobpaxenuii Snra-bakcrepa uepe3 mnpencraBiaeHue Jlakca JAHCKpPETHBIX
UHTETPUPYEMBIX CHCTEM.

5. Odpa3oBaTe/ibHbIe TEXHOJIOTHM, B TOM YHCJIe TEXHOJOIHMH 3JEKTPOHHOIO O0y4YeHUS] M
AUCTAHIMOHHBIE 00pa3oBaTeIbHbIE TEXHOJOTHH, WCHOJb3yeMble NPH OCYIIeCTBJIEHHH
00pa30oBaTeIbLHOIO MpoIecca Mo TUCIUNIHHE

B nporecce 00ydueHus: UCTIONB3YIOTCS Cielyrolue 00pa3oBaTeIbHbIe TEXHOJIOTHU:

BBoaHnas nexuust — gaet nepBoe LEIO0CTHOE MPEICTaBICHUE O JUCLUILIMHE U OPUEHTUPYET
CTYJICHTa B CHCTEME HM3y4eHMs NaHHON AUCHUIUIUHBI. CTYIEHThl 3HAKOMATCS C Ha3HAYEHHUEM U
3a/la4aMM Kypca, €ro poJibl0 U MECTOM B CHUCTEME Y4E€OHBIX TUCLUIUIMH U B CUCTEME MOATOTOBKH B
nenoM. Jlaercst kpaTkuil 0030p Kypca, UCTOPHsI pa3BUTHs HAyKU U MPAKTHKH, JOCTHXKEHHS B 3TOU
cdepe, UMEHA U3BECTHBIX YUYEHBIX, M3J1araloTcsl MEPCIEKTUBHBIE HAllpaBieHUs ucciaenoBaHuil. Ha
9TOM JIEKIIMM BBICKA3bIBAIOTCS METOAMYECKHE M OPraHU3alIOHHbIE OCOOEHHOCTH padOThl B paMKax
JTAHHOW TMCLUIUIMHBI, a TAK)KE AAETCS aHAJIU3 PEKOMEHIyeMOl yueOHO-METOANYECKOMN JIUTEPATyPHI.

AxageMuyeckasi JeKIHUs € 3JIeMeHTAMH JIeKIHH-0ecebl — IIOCIIEI0BaTEIbHOE H3JI0-
JKEHUE MaTepuaia, OCYIIECTBISEMOE MPEUMYILIECTBEHHO B BHJI€ MOHOJIOTA IPENoJIaBaTesl.
DeMeHTHI JIeKIMU-0ece bl 00ecTeurBa0T KOHTAKT MpenojaBareis ¢ ayAuTOpUe, 4TO MO3BOJISIET
IpUBJIEKaTh BHUMaHUE CTY/IEHTOB K HanboJiee Ba)KHBIM TeMaM JTUCIUIUIMHBI, aKTUBHO BOBJIEKATh MX
B y4eOHBIIl mpoliecc, KOHTPOJIMPOBATh TEMII M3JI0KEHHUSI y4eOHOro mMarepuaia B 3aBUCUMOCTH OT
YPOBHS €r0 BOCTIPUSATHS.

IIpakTnyeckoe 3aHsAiTHE — 3aHATUE, INOCBSAIIEHHOE OCBOCHUIO KOHKPETHBIX YMEHUH H
HAaBBIKOB 10 3aKPEIJICHUIO MOJTYYEHHbBIX Ha JIEKIIUU 3HAaHUM.

KoHcyabTanum — BHJ y4uyeOHBIX 3aHATUH, SBISAIOLIMKCA OAHOM M3 (OPM KOHTPOJIS
CaMOCTOSITENbHOM paboThl cTyAeHTOB. Ha KOHCYNbTalusAX 110 MPOChOE CTYIEHTOB pacCMaTPUBAOTCS
HaunOoJiee CI0KHbIE MOMEHTHI IPU OCBOCHUU MaTepHaja JUCIMILIMHBI, IpernoaBaTeib OTBEUaeT Ha
BOIPOCHI CTYJIEHTOB, KOTOPbIE BOZHUKAIOT Y HUX B IIPOLIECCE CAMOCTOSATEIbHON PabOTHI.

6. IlepeyeHb JIMUEH3NOHHOIO H (MJIM) CBOOOJHO PACHPOCTPAHSIEMOIr0 IPOrPaAMMHOIO
o0ecrneyeHusi, MCHOJIB3YyeMOr0 IIPH OCYLIECTBJIECHUHM 00pa30BATEJIbHOI0 IHpouecca Mo
AUCHHUIINHE

B niporiecce ocyrecTBieHust 00pa30BaTeIbHOTO MPOIecca Mo AUCIUILIMHE UCIOTb3YOTCS:

st (OPMHPOBAHMS MATEPHAIOB ISl TEKYIIEro KOHTPOJIS YCIIEBAGMOCTH U TPOBEICHUS
POMEKYTOUHOM aTTECTAINH, T (POPMUPOBAHUS METOAMYCCKAX MATEPHUAIIOB IO JUCIUILIHHE:

- mporpammel Microsoft Office;

- u3marenbcekas cucrema LaTeX;

- maket nporpammuoro oboecnieuenus Wolfram Mathematica;

- Adobe Acrobat Reader.



7. IlepeyeHb CcOBpeMEHHBIX MNPO(PecCHOHAIBHBIX 0a3 JaHHBIX M HHGPOPMAIMOHHBIX
CIIPABOYHBIX CHCTEM, HCHOJb3yeMbIX MPH OCYLIECTBJEHUN 00Pa30BaTeIbLHOIO Mpolecca mo
AUCUUIJIMHE (TPH HEOOXOAMMOCTH)

B nporuecce ocymecTBieHus 00pa30BaTELHOTO MPOIiecca Mo AUCHUIIIMHE UCIOIb3YIOTCS:

- ABroMartm3upoBaHHas OuOmmuoreyHo-uHPoOpmManmonHas cucrema «BYKM-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

- DnekTpoHHO-0nOMoTedHas cucrema «HOpaiit» https://urait.ru

- DnekTpoHHO-0nbIHnoTeuHas cucrema «Jlauw» http://e.lanbook.com/

- DnexTpoHHO-0nbanoTeunas cuctema «Koncynprant CTyneHTay.
https://www.studentlibrary.ru/

8. IlepeyeHb OCHOBHOIi U 1ONOJIHUTEIbHON YueOHOH JTUTEPATYPHI, pecypcoB HH(POPMAIIUOHHO-
TeJeKOMMYHUKAIMOHHOH ceTH «UHTepHeT» (IpM HEO0XOAMMOCTH), PEKOMEHAYyeMbIX IJIs
OCBOCHHUSA TUCIHHUILINHEI

a) OCHOBHA JIUTEepaTypa
1. J. Hietarinta, N. Joshi and F.W. Nijhoff, «Discrete Systems and Integrability», Cambridge
Texts in Applied Mathematics (2016). https://doi.org/10.1017/CB0O9781107337411
2. 0. b. Cypuc, A. WN. bobenko [Huckpernas guddepeHranbHas TeoMeTpHsl.
WNHurerpupyemass crpykrypa», - MxkeBck, HMHCTUTYT KOMIIBIOTEPHBIX HCCIIEIOBAHMM,
Perynspnas u xaornueckast nuaamuka, 2010. https://www.rfbr.ru/rffi/ru/books/o_26770#1
0) 10MOJIHUTE/ILHASA JIUTEpaTypa
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
2. F. Nijhoff. Lax pair for the Adler (lattice Krichever-Novikov) system Phys. Lett. A 297 49-
58, 2002 https://arxiv.org/pdf/nlin/0110027.pdf
3. F. Nijhoff, J. Atkinson and J. Hietarinta. A Constructive Approach to the Soliton Solutions
of Integrable Quadrilateral Lattice Equations Commun. Math. Phys. 297 283-304, 2010
https://arxiv.org/pdf/0911.0458.pdf
4. A. Bobenko, Y. Suris. Integrable systems on quad-graphs - Int. Math. Res. Notices 11
573-611, 2002 https://arxiv.org/pdf/nlin/0110004.pdf

9. MartepuanbHo-TexHH4YecKasi 0a3a, HeoOXoaAMMAsl IS OCYLIECTBJIEHUSI 00Pa30BATEIHLHOIO
npouecca no JUCHUIINHE

MarepuanbHo-TeXHUYECKass 0a3a, HEOOXOoauMasi JJIT OCYIIECTBIEHUs 00pa30BaTEIbLHOTO
mpoliecca 1o AUCHUUIUIMHE BKIIIOUAeT B CBOM COCTaB CIielIUaTbHbIE TTOMEIICHHS:

- y‘-Ie6HBIe AYJUTOPUH IJIA TPOBCACHUS 3aHSATHU JICKIIMOHHOI'O THIIA,

- y4eOHBIC ayIUTOPUU AJIsl IPOBECHUS MPAKTUYECKUX 3aHITHI (CEMHHAPOB);

- y‘-Ie6HBIe AYJAUTOPUHN IJIA TPOBCACHUSA I'PYIIIOBBIX U MHAUBUAYAJIbHBIX KOHCYHBTaHI/Iﬁ;

- yueOHBIC ayTUTOPUU JIJISl POBEACHUS TEKYILIErO KOHTPOJIS U POMEKYTOUHOM aTTeCTalllu;

- IIOMEIIEHUS JIJISl CAMOCTOATEILHON pabOTHI;

- TIOMENICHHSI JJIsl XpaHEeHUsI U MPO(UIAKTUIECKOTO 00CTYKUBAaHUSI TEXHUYECKHX CPENICTB
00yJeHUsI.


http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php
https://urait.ru/
http://e.lanbook.com/
https://www.studentlibrary.ru/
https://doi.org/10.1017/CBO9781107337411
https://www.rfbr.ru/rffi/ru/books/o_26770#1
https://arxiv.org/pdf/2109.10372.pdf
https://arxiv.org/pdf/nlin/0110027.pdf
https://arxiv.org/pdf/0911.0458.pdf
https://arxiv.org/pdf/nlin/0110004.pdf

[TomemieHuss A CaMOCTOSATENBHOW pPabOThl OOYYAIOUIMXCS OCHAIIEHBI KOMITBIOTEPHOM
TEXHUKOM C BO3MOYKHOCTBIO MOAKIIOUEHHMS K ceTH «lHTepHeT» M oOecreueHHeM JocTyna K
AIIEKTPOHHON MH(POPMAIMOHHO-00pa3oBarenbHoM cpeae Apl'Y.

ABTOp:

HoteHT kadenpsl HEMTMHEHHON JUHAMUKH,
K.(.-.M.H. C. Koncrantuny Puzoc



IIpunioxenne Nel k padoueii mporpaMme ¥ CUMIIIMHbBI
«AKTYyaJIbHbIE 321241 HEeJJUHEHHON TUHAMUKID)

@DoH/1 OLIEHOYHBIX CPECTB
JJIs1 IPOBeeHUs TeKyllell U MPOMeKYTOYHOI aTTecTalliu CTY/AeHTOB
N0 AUCHUIIHHE

1. TunoBbIe KOHTPOJIbHBIE 32JaHUsI WJIH HHbIE MATEPHAJIbI,
HCMOJIb3yeMble B Mpollecce TeKYIero KOHTPOJIs YCIeBaeMOCTH

3aganus 1J151 CAaMOCTOATEILHON padoThI
(n1aHHBbIE 32/1aHUS BHINOJIHSIOTCA CTYIEHTOM CAMOCTOSITE/ILHO M IPOBEPAIOTCS
npenogaBaresiemM)

Bajanug 1o TeMe “Brejienne. ¥ pasHenns B yacTHRIX pasHocTdax 1 naker Wolfram Mathematica:”
¢ Ilycers anckpernoe ypapHenne PHkkarTn:
n(n—1)ypva+ nzy,m +(n=Dy,+n(7-6n)=0, v=y(n), neZ.
Crenas sameny v, +n/(nl) = w,/w,|, ¢Bejiem 310 ypasaenue x auneitnomy auddpepenrim-

AJIbHOMY VDPaBHEHWUIO BTOPOrO HOPHIKA H Il{iflrﬂ..('ZM O(JLLL.(ZC pellneHye mocjieHero ypasnenn:.
H(JK'&B&TI), HTO pelleHue 3aBHCHT TOJIBKO OT U,H.IIUI:‘i IOCTOAHHOI HHTeIrPUPOBaHIEA.

. ].—IUB'I'UI)H'I'IJ MPHBCICHHLIC BRIINC BLIMHCICIIHA B h"l&],thﬂl_'[l{-lti(:&.
hd ]._.[I}"C"I.'b }"paﬁll(ﬁll}lﬂ B YACTHBIX I)ﬂ'3lLOC'l'§1K:
Yaun = F¥Yusl,m2 + SVn+2.md-
,H,OK‘&BC"I-TL, HTO I1ocje 3aMeHbl [epeMeHHEIX 3TO YpaBHEHHE MOMHO IepermcaTk B BHIe:
Wil = Wil +SWia2 ).

H‘dﬁTI’I U()II[{?O PEIHICHHEe HCXOJIHOTO YPaBHCHHA.

* (JIuckpernsanms ypasHenus Jlamnaca) Ilycrs ypasHeHne:
Uy + 1ty = 0.

]._.[('JL"I.']JOI»I’I.'L JAUCKPeTH3AIHIO 3T0I0 VPaBHeHHA:
1
Upm = Z{unﬂ.m +Up—1n T Upmsl + ”J‘T.rr:—l)-
. HOC"I.‘_LJOH"I.‘L JAHCKPeTH3allnn K_[}B.L'Bolui 3aJla"aH:
Uyy — Uy =0,

C YCITOBHAMM
u (X, U) = ‘f(x)i Iy (xa (}) = g(x]'



Bajanus o Teme “[laper Jlakea pis THCKPETHBIX HHTEIPUPYEMBIX CHOTEM.”
* Ilycrh ypapHenue B KBaJ-rpadpax
O (u, uyo, ugr,up1;a, b) =0,
a Takye marpuiel L = Liw, uip;a, ) 1 M = M(u, upy; b, A). Joxkazars, uro ypapnenme
L(uor, uris a, A)L(u, uor; b, ) = L(uro, ur1; b, YL(u, uro; a, 1),
apigeTcea napoit Jlakca ypasnenna Q(u, uyg, Uy, uy;a, b) = 0.
* JloxazaTh, UT0o JHCKPeTHOE IOTeHIHAIbHOe ypaBHeHne IKad
(u = w1 )(uor — ui0) = a—b,

u /l—a—uum)

HMeeT IIpUEBe/IeHHOe BRIIIe IIpeacTaB/IeHe Jlakca JLITE L=M= (] U
]

* TloBTOpPUTEL NpUBEJEHHLIE BhINIe BRIYECcIeHns B Mathematica.

« Jlokazare, uro ypaeHerne SKdV

a*(uyy = ug) (uio — u) = b*(uyy — uo) (ugy — u),

_ A w2 wieu
2 — 1 —.
HMEeT HpUBeIeHIoe Bhime upeacrasienne Jlakea jgisa L =M = X "I' o~ a {“2‘" ::
C!_EH[{]—N 1 + FHH}—H’
+ Jlokasarn, yro jauckpetioe cucrema Apinepa—syuiosa,
a—>b a—b
Por =P — P2, 4qo1 =4+ qi1,

1+ pqn 1+ pgi1

umeer napy Jlaxca L = M(p, q10;a.4) = ( q |
10

A+a+qqip p)

Basanns 1o reme “CpoiicTBo TpexMepHOil coBMecTHMOCTH.”
+ Jlokazarb, 9TO JUCKPETHOE MMOTeHI[HAILHOe ypasHeHnue KM
(0 —uyy)(uoy —uyp) =a—b,
AMeeT CBOHCTBA T])e}(MepHDfI COBMECTHMOCTH.

* Hanmcars mauckpernoe norennuanasioe ypaeenne Kia® (u — wy)(uor — uyo) = a — b na
IIH)KHEI‘:I, 116[.)8,«‘.1,[[81‘71 U JIeBOIl l‘I.)alI.HX H OIII)B,JLLBJIH’].‘L) C IIOMOIILIHY 3THX IYI]HBH&HHH 3Ha4YeHnns
U110, U101 ¥ Upli. Jokazars, 9To MoKHO 3 crocobaMi HOJIYYIUTE 3HAYEHHE U111, U ITOITOMY
VPaBHEHHE HMeeeT CBOMCTRO TPEXMEPHONH COBMECTHMOCTH.

. HOBTOI)HTL-» IMPHUBCCHHLIC BBINC BLIMHC/ICHAA B Mathematica.

hd HUK&S&'J.‘L), HTO HCHOWIL3YH CHMMETPHH JUCKPEeTHOI'O HOTCHIHAILHOIO YpaBHenHH K,'_T.(I) MO
HO JIOKA3aTh CBOHCTBO TPEXMEPHOH COBMECTHMOCTH € IOMOIIBIO TOJIBKO OJHOH W3 BEPX-
Heil/3a/1Heil / IpaBoii rpaHeii.

. Hlﬁ)OCTI)OHT 1apLl -H%.‘I,K(.'a JAUCKPeTHOTO HMOTCHIHAILHOTO VPaBHCHHIH K,.T_[(I) HCIIOJIL3YVHA ero
CBOICTBO 'l‘pE‘-KMEpHOﬁ COBMEeCTHMOCTH.



Bananng mo Tesme “/Ipyrue e eTBHA CBORCTBA TPeXMepPHoi copMecTHMocTH.”

* [Toctpouts npeobpasosarie BaknyH a 18 TUCKPETHOTO TTOTEHITMATBHOTO VpasHenus Kid
ACIIOIB3YA €r0 CBOHCTBO TPEXMEPHOH COBMECTHMOCTH.

* HaiiTi TpUBHAILIbIE PEIICHHs JHICKPETHOr0 NoTeHmaibaoro ypasuenus Kad B e a' b*.

* Jluneapuzorare npeocdpazopanne BakIyHa 108 THCKPETHOrO MOTEHITHATRHOIO YPABHEHHA

Kn®d,

* Haunnag c TPHEAJIEHOI'O Delenn:d, MOCTPOUTE COTHTOHHOE DelllHue /18 JUCKPeTHOrO ITOTeH-
HNHAJLHOIO VpaBHenHHd K,Ll(b Hamucarn MATPUYHBIH BHJL COJUTOHHOIO PELHICHHS.

* TIpogemoctpuporars B Mathematica, 1to 3T0 gelicTBUTEILHO COMHTOHHOE pelleHnee.

Bamaaus 1o reme “Permenne JMCKPeTHBIX HHTEIPUPYEMBIX CHCTEM, KOTOPBIE He MMEIOT CBOHCTBO
TPEeXMEePHOI coBMecTHMOCTH.”

e JlokaszaTh, 9TO JUCKpeTHOe cucTeMa Aiepa—syuiosa,

a—>b a—>b

Pot =pPio— 7P, qo1 =4q10t T——q11,
1+ pgn 1+ pgn

HC HMECT CBOICTBO Tp(.‘XM(!pll()ﬁ COBMCCTHUMOCTH.
¢ [TocTponth npeodbpazoBanmne BakiyHaa s cucreMbl Ajnepa—fdmMuiosa.

* Haiiti Tpusnaibubie pentenus cuctems! Ajtepa—sauiosa suja p(n,m) = a''a®', g(n,m) =
Ou p(n,m)=0, g(n,m) = aba*2.

e C noMOIIBIO 9TUX TPUBHAJIBHBIX PEIICHHH CTPOUTH HOBLIC HETPUBHAJILHLIC PEHICHUS.
Baganrus 1o Teme “TlocTpoenne COMMTOHHBIX PereHnii U1 HHTerPHPYeMBIX CHCTeM B 9aCTHBIX
paznocTax.”

¢ (' IOMOIIBIO JHATPAMMEl BEAHKH ¢TPOUTE 1-cONMTOHHOE pellleHne 11 CHCTeMBI Ajmepa—
Avumosa.

* C noMompo 1-COMTOHHOTO peleHns: HOCTPONTL 2-COJMHTOHHOTO PeIIeHis I CHCTeMbI
Atepa—flvmiosa.

3{-1,7&1111'13 10 TeMe “FIJH.C(?I\'IOII()BI)T PacIiupPeHIEa HHTCrPHPYCEMBIX cruecrem.”

A+a+qqun p

q10 1
Pacemarpusaem rpaccManoBo paciiuperie 3Tol MATPULIbL:

» Ilycrs marpnia Jlakca M(p, q10;a,1) = ( ) it cuctembl Ajepa—slauiosa.

A+a+qqp+6dp p 6
L(p.q10,0, ¢10;a,1) = q10 1 Of,
10 0 1

rae 6, ¢1p — HeweTHble 3MeMeHThl aaredpsl. C MOMOIIBIO 3TOH MaTPHIBI, TTOCTPOATH I'Pac-
CMAHOBO pacmapenne cucteMmbl Atepa—fvmnosa. JlokazaTs, 910 G030HHBI Ipeiesn 3Toi
CHCTeMbI — 39T0 cucrema Ajutepa—fmunosa.

* [locTporTh rpaccMOHOBO PACIIUpPEeHHe JHCKDPETHOO HOTeHIHAIBHOIO ypasHenns Kopresera—
Je Ppusa yepes3 rpaccMOHOBO paciiHpeHne ero napel Jlakca.



Bananus no teme “HenpeprsiBHble mpeeis.”
e JIuneapnsopaTh MOJAMMHIMPOBAHHOE pa3sHOCTHOE ypaeHenune Kid
a(vvor = viovi1) = b(vvip = vorvin)

BOKDYT pelieHns vy, = 1, a ypasnenne Knxd [leapna

(w=wo)(wig—wn) _a

(w—wio)(wor —wi1) b2

BOKPYI PeLIeHus Wy, = wog + (n/p) + (m/q).

. IlepeB HellpepelBHEIe ITpe/Je/Ibl BOCCTAHOBHTE IMOJMHOCTEI COOTBETCTBYIONIHEe HellpepLIBHLIe
YpaBHeHnsd I HMOJVIHCKPeTHRIX }'l){-].BHCHITﬁ

V-1 = Vs . 2ZN-1—Znn
_— H Z = _—

Vivo1 + Viva alyn-1— Znsi

-Bi-ljl,i-lI[H}I 110 TeMEe il.[‘l(’.I‘[()l’\-ll"«-l_‘y’"l‘%l'_l‘I»[BvIIbI[‘ AHAJTOTH JHCKPETHBIX HHTCIPHPYCMBIX cucrem.”

» [locTponTh HEKOMMUTATHBHEI aHa0r npeobpasopanns JapOy Ui HeJInHeHOTO ypaBHeHHsT
pemuurepa (HVILI).

PaccemarpusaThk cOBMECTUMOCTE BOKPYT KBaJpaTa AByX Npeobpazopanuii Japoy tuna HVIIL
H IIOCTPOHTE HEKOMMYTATHBHBIN aHasor cucreMel Ajrepa—symiora.

b H(’J{J'l‘p()}l’l.‘b HEKOMMUTATHUBHBII alajior JUCKPETHOrO YpPaBHeHHA BOUSSiIlCS(].

3amanns 110 TeMe “IUKpeTHBIE HHTErPHPYEMBIe CHCTEMEI I 0ToOpazkeHust Aura-Bakcrepa.”

* cnonb3ys cHMMETPHE JIMCKPETHOIO HoTeHIna bHoro ypasaenns Ka®, nocrponts orobpa-
skenne flara—Bakcerepa Aiepa.

* [locTpouts orobpaxkenne fHura—Bakcrepa Tuna Ka® m orpaHdunThs ero K AHCKPETHOMY
HOTeHIMaTBEHOMY ypaBHeHno Kad.

. H(]C'l‘p()lin JAUCKDETHOES VDaBHeHHE B()llSSiIiL‘S(] H COOTBOTCBYIONUIES 0’1‘06[)“—1.}}((31111{} Hura—Ba,KL"rcpa.

2. CniucoK BONIPOCOB ¥ (MJIM) 3aaHMIi 1J1s1 IPOBeeHUsI IPOMEKYTOYHOM aTTecTAUM

3auer

3ader craBUTCS CTyaeHTaM, HaOpaBmmM 40 u Gosee 0aIoB MO KaKI0M CaMOCTOATEIbHON

pabore.
OK3aMeH

DK3aMeH MpOBOAUTCS B NHUCbMEHHOW (opme. Ha sk3ameHe mnpoBepsieTcss MOHMMaHHUE
OCHOBHBIX KOHILIENIMM JWCHUIUIMHBL, ONpEeNeNeHnd U TeopeM. Takke, MpPOBEPSIOTCA
BBIYUCIIUTENbHBIE HAaBBIKH CTY/IEHTOB B KOHKPETHBIX 33J1auyaX, a TAK)Ke€ HABBIKU C UCIOJIb30BAHUEM
nakera nporpammHoro obecrneuenuss Wolfram Mathematica. IlponomkutenbHOCTh 3K3aMeHa - 4
Jaca.
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Bonpocsl k 3k3ameny:
1. Uto xakoe MHTETrpUpyeMas CUCTeMa YpPaBHEHHMH B YaCTHBIX pa3HOCTAX. UTO Takoe ypaBHEHHE B
KBaJ-Tpadax.
2. Onpenenenune mapel Jlakca. YcimoBue (IUCKPETHOW ) HYJIEBOM KPUBU3HBI U TIpeicTaBiieHue Jlakca.
3. CpoiicTBa TpeXMEpHOHl COBMECTUMOCTH. TpexMepHas COBMECTHMOCTb JUCKPETHOIO
noreHuuanbHoro ypasuenust Kn® u lsapiuman KnB. Kontp-npumep: Hduckperuzanus HY1II.
4. ITocneacTBus CBONCTBA TPEXMEPHOM COBMECTUMOCTH: CUCTEMAaTHYEKOE ITIOCTpOEHME napsl Jlakca,
nocTpoeHue npeodbpazosanus baknynaa.
5. Ilape1 Jlakca muist muckpeTHoro noreHuuansHoro ypasuenust Kn®, lIsapunan KnB, Xupora KB,
cuctembl Aanepa-SIMuiioBa 1 TUCKPETHOTO ypaBHeHUs! Boussinesq.
6. IIpeoOpa3oBanus bakiyHa A MHTETPUPYEMBIX YPAaBHEHHI B YACTHBIX PA3HOCTAX. JlnarpaMmel
bosaku. [IpeobpazoBanue bakitynna 11st AUCKpETHOTO NMoTeHnuaabHoro ypasHeHus: Kn®d u cucreMsl
Annepa-Smunosa.
7. ITocTpoeHHEe CONMMTOHHBIX PEIICHUH C TTOMOIIBIO peodpa3oBaHuii bakimyHma. 1 u 2-COMMTOHHBIS
peleHus A JUCKPETHOTO NOTeHMaIbHOro ypaBHeHUs: Knd.
8. HenpepbIBHBIE IpeAEIbI.
9. I'paccmanoBa anreOpa. 'paccmanoBo pacmmpenue mapel Jlakca. I'paccMaHOBO paciimpeHue
MHTETPUPYEMBIX CUCTEM YPAaBHEHUH B YACTHBIX PA3HOCTAX. I'paccCMaHOBO pacIIMpPEHUE CUCTEMBI
Annepa-Smunosa.
10. HekoMMyTaTHBHBIEC AaHAJIOTH UHTETPUPYEMBIX CUCTEM B UACTHBIX pa3HOCTAX. HeKoMMyTaTUBHBIN
ananor mpeoOpasoBanusi JlapOy. IlocTpoeHne HEKOMMYTATHBHOTO aHAlOTa CHUCTEMbI Amiepa
SImuitosa.
11. Tloctpoenme otoOpakenuii SIHra-bakcrepa uepe3 CHMMETpUU ypaBHEHUH B KBaarpadax.
Orpanuyenus ypaBHeHUH B kBaarpadax k oroopaxenusim SIHra-bakcrepa ¢ momorpro
npeacrasieHus Jlakca.

3. Cucrema oleHUBaHHUA

CamocrosTenbHble paOOTHI sBISAIOTCA oOs3aTenbHbIMU. Kakmas paGota mpoBepsercs, u
cTyaeHTsl noiayyatot ¢ 0 1o 100 6annoB o kax10il padote. MTtoropas oleHka 1o 3Toil TMCHUIUINHE
BBIUHUCIIsIETCS 10 (hopmyie:

Urorosast onenka = 0.4 X cpennuii 6amn mo camoct. paboram + 0.4 X HUTOrOBBIA Oasi
9K3aMeHa

< 60 - HEeyTOBIETBOPHUTEIHHO.

61-70 - ynoBneTrBopuTensHO (3).

71-90 - xoporo (4).

91-100 - otnuuHo (5).

[TockonbKy OHOM U3 OCHOBHBIX II€JICH ATOTO MpeIMeTa SBISETCS PUBJICUSHHIE CTYACHTOB K
Hay4YHbIM MCCJIEIOBAHUSAM, CTYAEHTHI, KOTOpble BO BpeMsl CeMecTpa MHOJIYYMIIM OpPUTHHAIbHBIC
HayYHBIE PEe3yJIbTATHI, TIOJTYYa0OT aBTOMATHUECKHU OIEHKY OTIHYHO (5).
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