degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TeXHOJIOTUH

T.E. I'puropses

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: Teopus konebaHUil 1 ACUMIITOTUYECKUE METO/IBI

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: CUHXPOTPOHHBIE U HEUTPOHHBIE METO/IBI UCCIICIOBAHHI
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
Kadenpa matemaTHky 1 MaTeMaTH4eCKUX METOIOB PU3UKU

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - Dxk3aMeH

2 (Becennuil) - luddepeHpoBaHHblii 3a4€T

AynutopHbIX 4acoB: 90 Bcero, B TOM 4HCIIE:
nexuuu: 60 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

Camocrostensnas padora: 105 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 225, Bcero 3ad. e1.: 5

KonuecTBo KOHTPONBHBIX pa0oT, 3a1aHuil: 4

[Iporpammy cocTaBui: C.IO. JoOpoxoToB, aA-p ¢us.-mar. Hayk, mpodeccop, 3aBenyroniuil kKadeapoit

[Iporpamma obcyxneHa Ha 3aceqanun Kadenpsl MareMaTuky U MaTeMaTiueckux MetofoB ¢pusnku 20.03.2023



AHHOTANMA

Kypc «Teopusi koiebaHMii M aCUMIITOTUYECKHE METOIbD» IIOCBAIIEH H3YYCHHIO TEOPETHYECKUX OCHOB U
METOJIOB KJIACCCHYECKOM TeOopruu Bo3MymIeHui. [1ogpoOHO n3nokeHa Teopust yCpeaHEHHS Tl OOBIKHOBEHHBIX
audepeHIMaNbHbPIX YPaBHEHHH € MEIUICHHBIMH IIEPEMEHHBIMH M OBICTPHIMH (pa3aMH B OJHOYACTOTHOM
ciydae. OOCYKHAIOTCSI TPWIOKECHUS STOH TEOPUH K ACHMITOTHYECKOMY HCCIICIOBAHUIO HEITMHEHHBIX
KOJICOAQHMI: HAXOXK/ICHHE 3aBUCHMOCTH YacTOTHl OT AMIIIMTYIbI, HOMCK aBTOMOJCIBHBIX PEUICHHH M HUX
NepUooB M T. 1. V3ydaeTcs MHOro4acTOTHas TEOPHsl YCPEIHCHHsS W BO3HHKAIOIIME B HEH MPOOIEMBI
PE30HAHCOB M MalbIX 3HaMeHaresieil. Pa30uparoTcss BONPOCHI TEOPUHM 4YUCEN, CBS3aHHBIE CO CBOMCTBAMH
IO(AaHTOBBIX YacTOT. 3HAYUTENbHASL YaCTh Kypca MOCBSANICHA FaMHJIBTOHOBOW TEOPUH BO3MYILEHHIA: METOX
Jluamrenta u llednens, npuiokeHue K 3aaadaM HeOECHOW MeXaHWKH, ocHOBBI Teopuu KAM, nuddysus
ApHomnb/1a, TeopHs aanadaTHYecKHX MHBAapUAHTOB. M3moxeHa acumnroThueckas teopus Kysmaka-Yuzema n
ee CBS3b C U3JI0KEHHBIMU METOAMH TCOPHH YCPETHEHHS.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- OBJIaJ€HUEC TIoAXOAaMH K ACUMITOTHYCCKOMY HHTCIPUPOBAHUIO

CUCTEM OOBIKHOBEHHBIX

Qg QepeHIaTbHbBIX yPaBHEHUH, OCHOBAaHHBIMU Ha PA3JIMUHBIX METOAAX ycpenHEeHHs (B YacTHOCTH,
metone KpeutoBa-boromo6osa, meronie Kysmaka, Teopunt KAM, Teopun HOpMallbHBIX GopM U T.1.), a
TaK)Ke HaBBIKOM MPUMEHEHUS 3TUX METOOB K 3aa4aM HeJIMHEHMHOHN (PU3HKHN 1 MEXaHHUKH.

33]13‘[1/[ JAUCHUIIINHBI

- U3YUCHUC MCTOA0B YCPCAHCHUA B OJHOYACTOTHBIX CUCTCMAX;

- U3yYEHHUE METOAOB YCPETHEHHS B CUCTEMaX C OAHOM ObICTpOH (ha3oii;

- U3YUCHUC MCTOA0B YCPCAHCHNA B MHOI'OYACTOTHBIX CUCTCMAX U 3JICMCHTOB KAM—TeOpI/II/I;

- U3YyUCHUA MCTOAOB YCPCAHCHN A, OCHOBAHHBIX HA TCOPHUU HOPMAJIbHBIX q)OpM;

- OPUMCHCHHUC MCTOAOB, M3JIO’KCHHBIX B IMPCABIAYIIHUX ITYHKTaX K HCKOTOPBIM 3aJadaM HEJIMHEITHOM

(U3KKH U MEXaHUKU .

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HaumMeHoBaHHE KOMIIETEHIINHA

WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1 CriocoGeH ocynecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
CHUCTEMHOTO TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

YK-1.1 Ananuzupyet npoOIEMHYIO CUTYAIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOWCK BapuUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEeMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HOpeABUIS PE3ydbTaT KaKAO0T0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOM
NesITeIbHOCTH

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)

B PE3YIBTATC OCBOCHUA JUCHUTIIINHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HAThb:




- IPUHIUITBI METOJIOB OCPEIHECHUS B HEIMHEHHBIX 3a]ja4aX (M3UKU U MEXaHUKH.
YMETb:
- TMPaBWIBHO OCPEIHSITH CHCTEMBI OOBIKHOBEHHBIX NU(D(EepeHIINANbHBIX ypaBHEHHUH C OBICTPBIMH H
MeUICHHBIMH TIEPEMEHHBIMH.
BIIAJICTh!
- METOJJaMU OCPEIHEHUsI IPU MX MPUMEHEHUH B 3a7a4aX HETMHEHHON (PU3NKN 1 MEXaHUKH.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAst
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Ycpennenue B MHOTOYaCTOTHBIX
1 Pel 15 10 30
cucTeMax.
2 YcpenHeHne B OTHOYACTOTHBIX CUCTEMAX. 15 5 30
3 Hopwmanbsabie hopmbl. 15 10 20
4 VYepenHenue B raMUIIBTOHOBBIX CHCTEMax 15 5 75
U aaradaTHuecKue NHBAPHAHTHI.
Hroro yacos 60 30 105
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 225 yac., 5 3ad.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. YepenHenune B MHOTOYaCTOTHBIX CHCTEMAaX.

Cucrtembl ¢ MOCTOSHHBIMHM 4acToTamMH. [IpoOieMbl pe30HaHCOB W MajbIX 3HamMeHaresed. TouHoCTh
MeToJa YCpPEIHEHHS B MHOIOYACTOTHBIX CHCTEMax C IIOCTOSHHBIMM 4YacTOTaMH B 0O0IIeM
HEPE30HAaHCHOM ciiydyae. TOYHOCTh MeTofa YCPEJHEHUS B MHOIOYACTOTHBIX CHCTEMAax C
MOCTOSHHBIMU 4aCTOTaMU B cllydae JHOo(aHTOBa BEeKTOpa yacToT. [Iporerypa HCKITI0UeHUs OBICTPBIX
YITIOBBIX TEPEMEHHBIX B MHOTOYACTOTHBIX CHUCTEMAax C IIOCTOSHHBIMH 4YacToTaMu. J[IBmxkeHue
3apsDKEeHHON YaCTHIBI HA IUIOCKOCTH B OOJBIIOM MAarHUTHOM IIOJI€ M 3JIEKTPUYECKOM MOTEHIHAE.
VYcepenHenne B NEpEMEHHBIX JelcTBHe- yroi. llpuMepsl Bo3pacTammUX W MNEPUOIUYECKHX
MOTEHIMANOB. [eoMeTpruyecKkas MHTEPIpETalns TPACKTOpUH Ha OcHOBe Teopun Mopca u rpadsl
Puba. Ycpennenue u pe3oHaHCH YCpeIHEHHE B MHOIOYaCTOTHBIX HEJIMHEWHBIX CHCTEMax. 3axBaT B
pe3oHaHC. YCpelHEHHE B OBICTPO-MEUICHHBIX CHUCTEMax IMPH IProJUYECKOM OBICTPOM JBHIKEHHH.
VYepenHenre BO3MYIIEHUI HHTETPUPYEMBIX T'aMHJIBTOHOBBIX CHCTEM: HEBBIPOKICHHBIA CIydaH,
YaCTHYHOE YCpeIHEeHNE BOIU3U pe30HaHca, ciay4ail COOCTBEHHOTO BBIPOXKICHHUSI.

2. YcpenHeHHe B OAHOYACTOTHBIX CHCTEMAX.



[IpuHLIMT OCpenHEHUs M ACUMIITOTUKH, PETYISIpHAs U HEPETYIsIpHasi TeOpHs BO3MYILIECHHUH. 3a1auu ¢
MaJIbIM TapaMeTpoM sl OOBIKHOBEHHBIX Iu(QepeHINANbHBIX YPaBHEHUH. ACHMITOTHYECKHUE
pemenus. [IpsMble TOAXOABI M MOIXO/bI, OCHOBaHHBIE HA 3aMEHE KoopAWHAT. [IpuHIMN ycpeaHeHus.
OO0ocHOBaHWE TPHUHIMIIA YCPEJHEHHS B OJHOYACTOTHOM ciydae. YpaBHeHue Ban-mep Ilomns.
[IpenenbHple MKIBI U WX YCTOMYMBOCTH. 3aBUCHMOCTb YacCTOTHI OT aMIUIMTYAbl B HEITMHEWHBIX
KoJieOaHusIX. Briciive monpaBKy T€OpUH BO3ZMYIIICHUH

Cemecrtp: 2 (Becennuit)
3. HopmanbHbie GOpMBL.

Hopmanbhast ¢opma cucrembl TuddepeHIMalbHBIX YPaBHEHUH B OKPECTHOCTH PaBHOBECHS
(pe3oHaHCHBIH W HEpe30OHAaHCHBIM ciydaw), [Ipomeaypa mnpuBeneHHs K HOpPMalbHOH (opme,
budypkanus [lyankape-AnaponoBa-Xomnda U ee HccieJOBaHUE C MOMOIIbI0 HOPMAILHOW (OPMBI.
Msirkass u kecTkas motepst ycrtoitumBoctH, Hopmambaas Qopma cuctemsl auddepeHnnaibHbIX
YpaBHEHUII B OKPECTHOCTH IIEPHOIUYECKOr0 peIIeHHs, HOpMasibHas (opma OTOOpakeHUs B
OKPECTHOCTH HEMOJABMKHOM TOYKM (PE30HAHCHBIA M HEpe30HAHCHBIN ciydan).HopmasabHbIe (HOpMBI
TaMIJIBTOHOBBIX CHUCTEM B OKPECTHOCTHU IIOJIOKEHUS! paBHOBECHs (PE30HAHCHBIN M HEPE30HAHCHBIH
cllydau.)

4. preI[HeHI/IC B raMHMJIBTOHOBBIX CUCTEMAX U a,Z[I/Ia6aTI/I‘leCKI/Ie HWHBApPUAHTHI.

Merton JluHamrTeaTa MCKIIOYEHUS OBICTPHIX YIJIOBBIX HNEPEMEHHBIX B I'aMUJIBTOHOBBIX CHCTEMaX.
OnemenTtsl Teopuu Koiamoroposa — ApHonbaa — Mo3zepa: mpolneaypa yCKOPEHHOW CXOAUMOCTH I
MOCTPOCHHUSI MHBAPUAHTHBIX TOPOB, HHBAPUAHTHBIC TOPHI BO3MYLICHHBIX T'aMUJIBTOHOBBIX CHCTEM B
CITy4asiX HEBBIPOXKICHHOCTH, H309HEPTETUYECKON HEBBIPOXKAEHHOCTH M COOCTBEHHOT'O BBIPOXKICHHUS;
cilydail JByX CTeneHeil cBoOonmbl. AnuabaTndyeckue HWHBAapHaHTHL. AnnadaTnueckue HWHBApUAHTHI
OZHOYACTOTHBIX TaMMJIBTOHOBBIX CHCTEM (CIydyal CHCTEM C MEUIEHHO W3MEHSIONMMUCS
napaMeTrpaMu M OBICTPO-MEIUICHHBIX CHCTEM). Anuadarhdeckass Teopusi BO3MYIICHUH st
OZHOYACTOTHBIX TaMMJIBTOHOBBIX CHCTEeM (CIydyal CHCTEM C MEUIEHHO W3MEHSIONMMUCS
napaMeTrpaMd H OBICTPO-MEIJICHHBIX CHCTEM). YCpeIHEHHE HEIMHEHHOT0 aHrapMOHHYECKOrO
ocuniiAtopa M Meron Ky3maka AcUMNTOTMYECKOE HHTEIPUPOBAaHUE YPABHEHUS HEJIMHEHHOro
AQHrapMOHHMYECKOTO OCLIJUIATOpPAa C MEJICHHO MEHSIOIMUMCS MOTEHIMAJOM B IEPEMEHHBIX
neiicreue-yron. Merog Kysmaka (nenuueitnbiii meroq BKDB) mis  «cnaGoHennHEHHBIX» U
«CUJIIBbHOHEIIMHEHHBIX» CHUCTEM. AcuMNTOTHYECKOE MHTETPUPOBAHHUE HEJIMHEIHOTO
aHrapMOHMYECKOI'O OCLIULIATOpa C MEAJCHHO MEHSIOLIMMCS IOTeHIManoM U TpeHueM. Ilpumep
YpPaBHECHHMSI  MasTHUKa C MEPEeMEHHOM  4acTOTOM. YCTOMYMBOCTH M  HEYCTOMYMBOCTh
ACHMITOTHYECKOTO HHTETPUPOBAHUSA. AnMabaTHYECKHEe WHBAPHAHTHI TaMHJIBTOHOBBIX CHCTEM C
MEAJICHHO U3MEHSIOIIUMHUCS MTapaMeTpaMu P 3PTOAUMYECKOM ObICTPOM JBHKCHHU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

yueOHas ayTUTOpHsl, OCHAIEHHAs! MyJIbTUMEINA IIPOEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. Maremaruieckie METO/IBI Kilaccuueckoi MmexaHukH [ Tekct] : [y4ue0. mocobue st By3oB] / B. U.
Apnonbn .— 5-e u3a., crepeorurt. — M. : Dauropuan YPCC, 2003 .— 416 c.

2. Teopernueckas ¢puznka [Tekcr] : B 10 T. T. 3 : KBantoBast Mexanuka. Hepenstusrcrckas Teopus :
yue6. mocobue i By30B: pek. M-Bom obpazosanus PO / JI. J1. Jlanpay, E. M. JIndmmun ; nox pex. JI.
I1. ITuraeBckoro .— 6-e u3A., ucnp. — M. : ®uzmariut, 2008 .— 800 c.

JomnonHurensHas aureparypa



®onp nuteparypsl Kadeaps

Crarbu:

1. S.Yu. Dobrokhotov, D. S. Minenkov , On Various Averaging Methods for a Nonlinear Oscillator
with Slow Time-dependent Potential and a Nonconservative Perturbation , Regular and Chaotic
Dynamics, 2010, Vol. 15, No. 2-3, pp. 285-299.

2. J.Bruening, S.Yu.Dobrokhotov, K.V.Pankrashkin, The spectral asymptotics of the two-dimensional
Schroedinger operator with a strong magnetic field. Russian J. of Math. Physics, 2002, v.9, N 1,
pp-14-49, N 3, pp.400-416.

3 Cole, J.D. and Kevorkian, J., Multiple Scale and Singular Perturbation Methods, Appl. Math. Sci.,
vol. 114, New York: Springer, 1996

4. Bprouur, 1., lo6poxotos C.10., Morepsixun M.A., YcpeiHeH e raMIIETOHOBBIX CHCTEM C OJHOM
ObIcTpoii (hazoit u manoit amruutynoi, Mar.3ametku, 2001, 1. 70, N 5, C. 660-669

5. A.B.,boncunoB ®omenko A.T. BaeneHue B TONOJIOTUIO HHTEr "pH Py "€ "MBIX
ramMmiIb—TOHOBbIX cucTteM. M.: Hayka, 1997.

6. Cebexeii B. Teopust opout: OrpannuenHas 3anada tpex teia. M.: Hayka. ['naB. pen. ¢us.-mar. nur.,
1982.

7. H. H. boromto6og, 10. A. Mutpononbckuii, ACHMITOTHYESCKHE METOMIBI B TEOPHH HETUHEHHBIX
konebanmii— M.: Hayka, 2005.

8. Mapcnen [Ix., Mak-Kpaken M., budypkanus poxxaenus nukmna u ee npuioxkenus. M.: Mup, 1980.
9. Apnonsa, B.1., Koznos B.B., Heitturant A.J. Matemarnyeckue acrieKThl KIIacCUYECKO U
HebecHoi MexaHuku. M.: Dnutopuan YPCC, 2002.

10. Tabop M. Xaoc 1 MHTErpUPYEMOCTh B HelMHEHHOW auHaMuke. M.: Dnutopuan YPCC, 2001.

11. Apnonsa B.U. I'eomMerpuueckue METObI B TEOPUU OOBIKHOBEHHBIX AU(QepeHInaIbHbIX
ypaBHenuil. Mxesck: PX/I, 2000)

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

Mathematical Equations - EQWorld ®wusuko-maremarndeckas 6ubnmoreka. Kauru B popmare DjVu u
PDF.eqworld.ipmnet.ru

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nekiimoHHbIX 3aHATUSAX IEMOHCTPUPYIOTCA NPE3EHTALMU C TOMOILBIO MYJIbTUMEANINHBIX
TEeXHOJIOTHH.

B mporecce caMmocTosTENn HON paboThl 00yJaOIUeCs] MOTYT UCIIOIb30BaTh MPOTPaMMHBIE CPE/ICTBA
MATLAB, Mathcad, WolframMathematica.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

JInst yCHenHoro 0CBOEHHsI Kypca, IIOMUMO MTOCEHICHUS JISKIUH 1 CEMHHAPOB, OT CTYICHTOB TpeOyeTcs
caMocTosITeNIbHasl paboTa B 00beMe He MEHEe YeM T€ Yachl, KOTOPBIE YKa3aHbI JUIs KaKI0TO pasieina
nporpammbl (Bcero He meHee 20 wacoB B cemecTp). CaMOCTOSATENbHbBIC 3aHSATHS BKIIOYAIOT B CEOS
HOBTOPEHUE MaTrepHaia JICKIHUH, CeMUHAPCKUX 3aHATHH M IOATOTOBKY K KOHTPOJIBHBIM padoram,
KOTOpPbIE MPOBOASATCS JUIS TEKYIIETOo KOHTPOJIS 32 yCBOCHHWEM MaTepuaia. Bcero mpeamonaraercs
IPOBECTH B KaXJIOM CEMECTpe JBE KOHTPOJIbHbIE PadoThl. CTYAEHTBHI, YCHEHIHO MNPOLICAIINE BCE
(OpPMBI TIPOMEKYTOYHOTO KOHTPOJIS, TOIMYCKAIOTCS K caade dK3aMeHa B OCEHHEM CeMecTpe, JMOo
T PepeHITMPOBAHHOTO 3a4€Ta B BECCHHEM CEMECTpE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: CUHXPOTPOHHBIE U HEUTPOHHBIE METO/IBI UCCIICJOBAHHUI
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuatosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - Dxk3aMeH

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

Pa3zpadorunk: C.1O. lo6poxoToB, a-p ¢puz.-mMaT. Hayk, npodeccop, 3aBenyronuii kapeapoi



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeld Kak IOCJICAOBAaTEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIIbHOCTH U Ha B3aMMOOTHOIICHUS YYAaCTHMKOB ITOH
JesITeIbHOCTH

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPaTyphl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mnpuMeHSTh 3HaHUS B o0JacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIbTATC MU3YUCHUA AUCHUIIINHBI «TeOpI/ISI KOJICOAHHI M ACHMIITOTHYCCKHUE MECTOABD» 06y‘lalOH.[HﬁC9[

JOJIKCH:

3HATb:

- IPUHIUIIBI METOAOB OCPEIHCHUS B HEJIMHENHBIX 3aJ1adax (1)I/I3I/IKI/I N MCXaHUKH.

yMeThb:

- TMPaBWIBHO OCPEIHSITH CHCTEMBI OOBIKHOBEHHBIX NU((EepeHINANBHBIX ypaBHEHHUH C OBICTPBIMH H

MCIJICHHBIMHA ICPEMCHHBIMU.
BJIad€Th:

- MCTOJAaMH1 OCPCAHCHUA NTPHU UX IIPUMCHCHHUU B 3a/ja4ax HEJIMHEITHON (I)I/IBI/IKI/I 1 MCXaHHKHU.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHHM ONPOC MO TeEMaM MPEbIIyIINX
3aHATUHI 110 TEME IPOLLION JIEKI[MU WU B KOHIIE 3aHATHS 110 [IPOMJACHHON TEME.



3. llepeyeHb THUMOBBIX KOHTPOJIBLHBIX 3aaHMii, MCHOJb3YeMbIX /IJs OLEHKH 3HAHMIA,
YMeHUil, HABbIKOB
[Ipomexyrounas arrectauus no gucuuiuinHe «Teopust konebGaHMii W ACUMITOTHYECKHE

METOJIBI» OCYIIECTBIISIETCS B opMe dk3ameHa B 9 cemectpe u nudepeHIpoBaHHOTO 3a4eTa B

10 cemectpe. AuddepenurpoBanHbIil 3a4€T U SK3aMEH MPOBOISATCS B yCTHOU opme.

HepequL KOHTPOJIbHBIX BOIIPOCOB JJI CAa4Yr 5K3aMCHa B 9 CEMECTPE:

1. [IpuHUIMI OCpEeTHEHHS B OJTHOYACTOTHOM CIIy4ae.

2. O0ocHOBaHUE MPUHIUIIA YCPETHEHUS B OJJTHOYACTOTHOM ClIydae.

3. YpaBuenue Bau-nep I[ons.

4. IlpenenbHble UKIBI U UX YCTOMYUBOCTD.

5. 3aBHCUMOCTH YaCTOThI OT aMIUIUTY/ bl B HEJTMHEHHBIX KOJICOAHUSX.

6. To4HOCTH METO/a YCPEAHEHHUSI B MHOIOYACTOTHBIX CUCTEMAX C MOCTOSTHHBIMU
YacTOTaMH B 00IIEM HEPE30HAHCHOM CIIydae.

7. TOYHOCTh METO/AA YCPEAHEHHUSI B MHOTOYACTOTHBIX CUCTEMAX C MOCTOSTHHBIMHU
YacTOTaMH B ciy4ae 1uo¢daHTOBA BEKTOPA YacTOT.

8. [Ipouenypa UCKITIOYEHUST OBICTPBIX YIIIOBBIX MEPEMEHHBIX B MHOTOYACTOTHBIX CUCTEMAX
C IOCTOSIHHBIMH YaCTOTAMH.

9. JIBmkeHure 3apsHKEHHOM YacTHIIBI HA TJIOCKOCTH B OOJIBIIIOM MarHUTHOM TI0JIE U
3JIEKTPUYECKOM MOTEHIIHATIE.

10. Ycpennenue B mepeMEHHBIX ACHCTBUE- YTOJL.

11. T'eomeTpuueckast UHTEpIpETAIUS TPAeKTOpUd Ha ocHOBe Teopur Mopca u rpadsl Puba.
12. YcpenHenue IBy4aCTOTHOW CUCTEMBI C TOCTOSIHHBIMU YaCTOTaMH B PE30HAHCHOM
ciyyae.

13. 3axBar B pe30HaHC.

14. PaccesiHre Ha pe30HAHCE.

15. YcpenneHnue B ObICTPO-MEIJICHHBIX CHCTEMaX P 3PTOAMIESCKOM OBICTPOM JIBHIKESHUH.
16. Ycpennenre BO3MYILIEHH HHTETPUPYEMBIX TAMUIIBTOHOBBIX CUCTEM: HEBBIPOKICHHBIHN
ClIy4aii, YaCTUYHOE ycpeHEeHHe BOIM3U pe30HaHca, ciy4yail COOCTBEHHOIO

BBIPOKICHUSI.

[TepedyeHb KOHTPOIBHBIX BONIPOCOB Ul cAauK U depeHIupoBaHHOTO 3aueTa B 10

CEMECTPE:

1. Meron JIunamrenTa UCKIIOUEHUS OBICTPBIX YTIIOBBIX MEPEMEHHBIX B TaMUJIBTOHOBBIX
cucreMax.

2. OcHoBHas Teopema KAM-Teopun B cirydasix HEBBIPOXKICHHOCTH, N309HEPTETHUECKON
HEBBIPOXKIEHHOCTH U COOCTBEHHOTO BBIPOKACHUS

3. Cnencreust u13 KAM-Teopun /Uit TaMUIIBTOHOBOM CUCTEMBI B IBYMSI CTETICHSIMHU
cBoOoabl. OTcyTcTBHE MU dy3Un.

4. AnunabaTuyeckue MHBAPUAHTHI OJJHOYACTOTHBIX TAMUJIbTOHOBBIX CUCTEM (Cllydan
CHCTEM C MEIJICHHO U3MEHSIOIUMHUCS NTapaMeTpaMH U OBICTPO-MEIJICHHBIX CHCTEM).

5. Anunabartuueckas TEOpHUsi BO3MYILEHUH A1 OJHOYACTOTHBIX TAMUIIBTOHOBBIX CUCTEM

(cmy4yau cucTeM C MEJIEHHO U3MEHSIOIIUMUCS MapaMeTpaMu U OBICTPO-MeJIEHHBIX

CUCTEM).

VYcpenHenne HeMMHENHOTO0 aHFApMOHMUYECKOT0 ocluiuIATOpa u Metof Ky3maka.

7. AcUMNTOTHYECKOE MHTETPUPOBAHHUE YPAaBHEHUS HETMHEHMHOIO0 aHTapMOHUYECKOTO
OCLIMJLIATOPA C MEJUIEHHO MEHSIOIIUMCS ITIOTEHIUATIOM B [IEPEMEHHBIX ACHCTBUE-YTOI.

o



10.
11.
12.
13.

14.

Meron Ky3maka (Henuuelinblii Metoa BKB) mis «cnaboHeTMHEHHBIX» U

«CUJIbHOHEJTMHEWUHBIX) CUCTEM.

AnnabaTtuyeckre UHBapUAHThI TaMUJIBTOHOBBIX CUCTEM C MEIJIEHHO U3MEHSIOIUMUCS
rapamMeTpamMH MpH dPTOTUIECKOM OBICTPOM JIBHIKCHHH.
Hopwmainbnas ¢popma [lyankape cucreMsl auddepeHnaibHbIX YpaBHCHUH B

OKPECTHOCTH paBHOBeCHsI (PE30HAHCHBIN U HEPE30HAHCHBIA CITydan)

[Tpouenypa npuBeaeHus K HopMalIbHOH Gopme. budypkanus [lyankape-AHapoHOBa-
Xoma u ee uccie0BaHue ¢ MOMOIIBIO HOPMAIBHON (DOPMBI.
Msirkas u )KecTKast HOTEPs] yCTOMYUBOCTH.

Hopwmainbnas ¢popma cuctemsl auddepeHInanbHbIX YpaBHEHUH B OKPECTHOCTH
MEPHONIECKOTO PEIIeHUs, HOpMalibHasl (hopMa OTOOpaKEHHS B OKPECTHOCTH
HETIOABMYKHON TOYKM (PE30HAHCHBIN M HEPE3OHAHCHBIN CITydau).

HopMmanbHbie (hOpMBI TaMUIIBTOHOBBIX CHCTEM B OKPECTHOCTH IOJIOKCHUS PABHOBECHS

(pe30HAHCHBIN U HEPE30OHAHCHBIHN CITyYaH.)

[Ipumepbl 3K3aMeHALMOHHBIX ONJIETOB

Buier Nel

1. HpI/IHI_II/Il'I OCPCAHCHUS B OAHOYACTOTHOM CJrydac.

2. I[BI/I)KCHI/IG SapHX(eHHOﬁ YaCTUILIbI Ha IIJTOCKOCTH B 0O/IBIIOM MAarHUTHOM I10JIE U

SJICKTPUYCCKOM IMOTCHIHAJIC.

Buaer Ne2

1. Ypasuenue Ban-nep Ilomns.
2. 3axBaT B pE€30HAHC.

Buaer Ne3

1. IlpenenbHble HUKIBI U UX YCTOWYUBOCTb.

2. YcpemHeHne B ObICTPO-MEIUICHHBIX CHCTEMAX TPHU 3PTOANIECKOM OBICTPOM

JBUXCHUU.

4. Kputepuu oueHUBaHUs

Onenka bannsl Kpurepun

10 BeIcTaBisiercss  CTyAE€HTY, IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, IIIyOOKHe
3HaHHUA y4eOHOM  mporpaMMmbl  JAMCLUMILIUHBL,
MPOSIBIIAIOIIEMY WHTEpPEC K JAHHOW IIPEIMETHOU
o0nacTd,  NPOJEMOHCTPUPOBABIIEMY  YMEHHE
YBEPEHHO U TBOPYECKUM MPUMEHATH HX Ha
IIPaKTUKE TpPH pEHIeHMH KOHKPETHBIX 3ajad,

OTJINYHO
CBOOOJIHOE U MPABUIIBHOE 0OOCHOBAHUE MPHUHSATHIX
penieHui.
9 BeIcTaBnsgercs  CTyAeHTY, IMOKa3aBIIEMY

BCECTOPOHHME, CHCTEMaTH3UpPOBAaHHbIE, TIIyOOKHEe
3HaHHUA Y4eOHOW MpPOrpaMMbl JUCHUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIpU
pelIeHn KOHKPETHBIX 3aJady, CBOOOJHOE U




MPaBIJIbHOE 0OOCHOBAHNE MPUHSATHIX PEIICHHI.

BricTaBnsiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMAaTU3UPOBAHHbBIE, TITyOOKHE
3HAaHUS Y4eOHOH MporpaMMbl JUCHUILUIMHBL U
YMEHHUE YBEPEHHO IPUMEHSATh UX HA MPAKTUKE MpU
pElIEHNN  KOHKPETHBIX  3ajady, IpaBUJIbHOE
000CHOBaHUE MPHUHSATHIX PEIICHUN, C HEKOTOPBIMU
HEJ0YETAMH.

XOpOLIO

BeicraBisiercss CTyIEHTy, €ClIM OH TBEPHO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
u3jaraeT €ero, yMeeT IPUMEHSTh I0Jy4YeHHbIE
3HAHUS HA MPAKTUKE, HO HEJOCTaTOYHO I'PAMOTHO
000CHOBBIBAET M1OJIyYEHHBIE PE3YJIbTATHI.

BricTaBnsiercss CTyneHTy, €Clii OH TBEPAO
3HAaeT MaTepuall, IPaMOTHO M 10 CYIIECTBY
W3JIaraeT €ro, yMEET IMPUMEHSATH IOJTyYCHHbBIC
3HaHUs Ha IPAKTUKE, HO IOIIYCKAET B OTBETE WJIHU B
pELIEHNUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.

BricTaBnsercs CTYACHTY, €Clin OH B
OCHOBHOM 3HACT Marcpuajl, IrpamMOTHO n II0
CymIeCTBy H3jlaract €ro, YyMeCeT JMPUMCHATb
MOJIYYCHHBIC 3HAHWA Ha NPAKTHUKE, HO JOITYCKACT B
OTBCTC MWJIM B PCIICHUHU 3aJlady J0CTAaTOYHO
00JIBIIIOE KOJIMYSCTBO HETOYHOCTEH.

YAOBJICTBOPUTCIBHO

BricTaBisieTcss  CTyAEHTY, IIOKa3aBLIEMY
(dparMeHTapHbIiH, pa3pO3HEHHBIN Xapakrep
3HAHUH, HEZ0CTaTOYHO IIPABUJIBHBIE
(GopMyIUpOBKM 0a30BbIX MOHATHM, HapyIICHUS
JIOTUYECKON IIOCIEN0BAaTENbHOCTH B H3JI0KEHUU
IIPOrpaMMHOr0 MaTrepuaina, HO TIpHd OSTOM OH
OCBOWJI OCHOBHBIE pa3zielibl yueOHOH MpOorpamMmsl,
HeoOXOoIuMBbIE MJi1 JAallbHEHIIero oOy4eHus, U
MOJKET MPHUMEHATh TOJIY4YEHHBIE 3HAHHUA 110
00pasily B CTaHJAPTHOM CUTYaIUH.

BricTaBnsiercss  CTyAeHTy, IOKa3aBLIEMY
(dbparMeHTapHBbIi, pa3pO3HEHHBIN XapakTep
3HaHUH, JIOMYCKAIOLEMY OIINOKHU B
dopmynupoBKax 0a30BbIX TOHATUN, HapPYLICHHS
JIOTMYECKON TIOCJIEZIOBATEIbHOCTH B HU3JI0)KEHUU
OporpaMMHOr0  MaTepuana, ciabo  BlajgeeT
OCHOBHBIMM paszfielaMd y4eOHOIl INporpaMmsl,
HEOOXOJUMBIMU JIJIsl JlallbHEHIIero o0y4eHus U C
TPYJAOM TpPUMEHSET IMOJTY4YECHHbIE 3HAHMS JaKe B
CTaH/IapTHON CUTYaIUH.

HEYAOBJICTBOPUTEIILHO

BeIcTaBnsercs CTyIeHTY, KOTOPBI HE 3HAET
OoJblIIel YacTH OCHOBHOT'O COJEpKaHHs y4eOHOM
MPOrpaMMbl  TUCHUIUIMHBI, JIOMYCKAaeT TIpyoOble
omMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh ITOJIyYEHHbIE 3HAHUS
IIPU PELLIECHUN TUIIOBBIX 3a/1a4.




1 BricTaBnsiercst CTyaeHTY, KOTOPbIA HE 3HAET
OCHOBHOTO COJCpXaHWsS Yy4eOHOW MPOrpaMMBbI
JTUCIUILIMHBI, AOIMYycKaeT rpyOeimine omuOKd B
dbopMynupoBKax 0a30BbIX MOHATHH TUCIUTUIHEI 1
BOOOIIIE HE HMEET HABBIKOB PEIICHHS THUIOBBIX
MPaKTUYECKHX 3a]1ay.

5. MeToauyeckne MaTepHaJibl, omnmpeaessiioliie NMPoUeIypbl OUEHUBAHHUSI 3HAHMIA,
YMeHHUI, HABBIKOB H (MJI1H) ONBITA AeATeIbHOCTH

[Tpu mpoBeneHnn 3K3aMeHa 00yJaroIeMycs rnpeaocranisercs He Menee 40 MUHYT Ha
noArotoBKy. Onpoc 1o OUeTy U OTBETHI Ha JOMOJHUTEIbHBIE BOIIPOCHI HE TOJDKHBI TIPEBBIIIATD
JIBYX acTpOHOMHUYECKUX 4acoB. [1o 3aBepuieHnn OTBEAEHHOTO Ha OPOC BPEMEHH, YK3aMEHATOP
JIOJDKEH BBICTABUTH 00y4YaOUIeMyCsl 9K3aMEHAIIMOHHYIO OIICHKY.

Bo Bpems mpoBeneHus auddepeHUMpOBAHHOIO 3adeTa OOydaroUlMecs MOTyT
IIOJIB30BaThCS MPOrPAMMON AUCLUIUIMHBI, a TAKXKE CIIPAaBOYHOMU JINTEPATypPOH, BBIYMCIUTEIbHON
TEXHUKOW, KOHCTIEKTaMH JIEKLIAH.

JuddepeHMpoBaHHBINA 3a4€T MOXKET MPOBOAMUTHCS 110 UTOTAM TEKYILEH yCIIeBaeMOCTH M
Clauu 3aJaHMM, WIM IIyTeM OpraHU3alMM CHELUAJIBHOIO OIpOoca, NPOBOJUMOIO B YCTHOH

dbopwme.




