degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
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JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: Teopus ¢pa30BbIX IEpPexon0B
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kageapa npodiieM TeopeTHIecKor GU3NKN

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 45 vac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: B.B. JleGenes, n-p ¢u3.-MaT. HayK, CTapIIui HAYYHBIH COTPYIHUK

[Iporpamma obcyxneHa Ha 3aceqanuu Kadenpsl npodieM Teoperuueckoi puznku 26.04.2021



AHHOTANMA
B pamkax xypca Oyaer m3ydeHa Teopus (DIyKTYallMOHHBIX SIBICHHM, CBS3aHHBIX C MaKpOCKOITHYECKUMH
CTeNeHsIMU cBOOONbI. Hapsiay ¢ KpUTHYECKUMU SBICHUSMHU, HMEIOIIMMH MECTO BOJIM3U (a30BBIX MEPEX00B
BTOPOTO POja U KPUTHUYECKHUX TOUCK, OYIYT PacCMOTPEHEI pa3indHble (pa3bl KOHIEHCUPOBAHHOTO COCTOSHUS,
rae GiykTyanuy UrparoT BaKHYIO poiib. Takke Oy/ieT U3NoKeHa TeOpHs JMHAMUYECKUX (IIyKTyaluid, KoTopast

MNPUMCHACTCA KaK K PaBHOBCCHBIM, TadK U K HCPABHOBCCHBIM CUCTCMaM.

1. leau u 3apauu

Meap AUCUMNIMHBI

- HU3y4deHHE TeopuH (IYKTYalHMOHHBIX SBJICHHH, CBA3aHHBIX C MAaKPOCKONMUYECKUMH CTEICHSIMHU
cBoOonbl. Hapsiny ¢ KpUTHUECKMMH SBICHUSMH, MMEIOUIMMH MecTO BOIM3M (Da30BBIX HEPEXO/I0B
BTOPOTO POAAa M KPUTHYECKUX TOUEK, PACCMATPHUBAIOTCS pa3iuyHble (a3bl KOHIEHCHPOBAHHOTO
COCTOSIHMS, Iie (MIyKTyalluy UTParoT BayKHYIO pOJIb;

- U3y4eHHUEe TeOpUH AMHAMHUYECKHX (IyKTyanuii, KoTopas IpUMEHsSeTCsl KaKk K PaBHOBECHBIM, TaK M K

HCPAaBHOBCCHBIM CUCTCMaM.

33]13‘[1/[ JAUCHUIIINHBI

- TIO3HAKOMUTbH CTY/IEHTOB C OCHOBHBIMHU MOHATHSMHU U UAEAMH B 9TOH 007acTH, C ITIOCTAHOBKOW 3a/1a4
U MOAXOAAMH K HX pemeHusaM. [Ipeanonaraercs, 4To NpOCIyIIaB 3TOT Kypc, CTYAEHTBl CMOTYT YUTaTh
Y TIOHUMATh TEKYIOILIYI0 HAyYHYIO IEPUOAMKY B ITOH o0acTu.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANFHOW ~ JIeATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 UmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCHOHaTBHON e TEBHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBaHUH B o0jacth  cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHONW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben aHanmu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN




OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATH 3HaHHA B ob0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (puKaIy, MpodeccuoHaTbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHMUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaIKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHraTb  THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBIICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI HCCIIEOBAHUI K KOHKPETHOM
HayyHON 3ajade W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThl

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeI0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETaMU TPUKIIAQTHBIX
MporpaMm) B n30paHHON ITPEIMETHOM 00IacTH

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynberare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- OCHOBHBIC ITOHATHSA I10 TEMC JUCIHUITIIIMHEIL.

YMETB:

- [IOJIB30BATbHCA PA3BUTBIMU B PaAMKaX JUCHUINIMHBI MCTOAAMU UCCICAOBAHUA, PCLIATh 3aJa4H 110 TCMC

IUCIUTUIAHEL.
BJIAJIETh:

- MaTreMaTH4YeCKUM W MOHATHUHBIM amnmaparoMm U METoAaMu PICCJIGI[OBZIHPIIZ, COCTaBJIAIOIIMMHU

COACPIKAHUC NUCHUILJIMHBI.

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

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 Teopus Jlannay. 1 4 4
Teopust BO3MYLIEHUIA. 1 4 4
3 [TapkeTHBIE qUarpaMMBl. 1 3 3




Penopm-rpymmna, 31CHUIIOH-pa3I0KEeHHUE.

Cnabas kprcTam3amusi.

JIByMepHbBIe (heppOMarHeTHKH.

4
5
6 TerutoBble (QIyKTyaluy B CMEKTHKAX.
7
8

dusnka meMOpaH.

9 ®azossrii nepexox bKT.

10  |Kputnueckas nMHaMHUKa.

11 [Mpo6nema KPZ.

12 |ABymepHas rTUAPOAUHAMUKA.

N[ =N === = | = | —
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13 |[laccuBHBIif cKasp.

Hroro wacos 15 45 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)
1. Teopus Jlangay.
[Mapamerp nopsiaka. Paznoxenue Jlanmay. Teopus cpennero noist. HuzkoremneparypHhas gasa.
2. Teopust BO3MyIIEHUH.

Paznoxenue mno mnapamerpy B3auMoAcUCTBHsA. Teopuss BO3MYILIEHHW IpU TEMIIEpaType HUKE
Temneparypsl pasoBoro nepexona. MacmradbupoBaHue.

3. ITapkeTHbIEC JUATPAMMBI.

@nyKTyallMOHHBIE TIONPABKH B YETHIPEXMEPHOM IHpPOCTpaHCTBe. IlepeHOpMHpPOBKA BEIHYHH.
Tpolinas Touka.

4. PeHOpM-TpyIHIIa, SMICHIIOH-PA3JI0KEHHUE.

WuterpupoBanue 1mo OBICTPHIM MEPEMEHHBIM. YpaBHEHHsI PEHOPM-Ipymnmbl. MacmrabupoBanue B
TepMHUHAX SICUIOH-PA3IIOKEHU.

5. Cnabas xpucTammu3anusl.

Oynkunonan Jlannay. @nykryaunonssie siBieHus. @a3oBbie AUarpaMMsl ¢ PIyKTyalusIMU.
6. TerunoBeie QuIyKTyalliu B CMEKTHKAX.

dankuuonan Jlanaay. CTpyKTypHBIH (HakTop. YpaBHEHUS! peHOIM-Tpymiibl. JAucIoKaum.
7. ABymMepHBIE (heppOMATrHETHKHY.

OnykTyal HanpaBiICHHsS HAaMarHMYEHHOCTH. YpaBHEHHS peHOpM-rpynnsl. [Ipemen OGombimoro
Ylciia KOMIIOHEHT HAMarHUY€HHOCTH.

8. duzuka MmeMOpaH.

OHeprust MeMOpaHsl B )kuaxkocTu. Onykryannu Gopmbl MEMOpaHbl. YpaBHEHUS! pEHOPM-TPYIIIIHI.




9. ®azossrit nepexon bKT.

leneparop nis KOppEIUTSIIMOHHBIX (YHKIWUHA BUXpS. YpaBHEHUs peHopM-rpymmbl. [lapras
KOppeJsIIuoHHast (pyHKIHS

BUXPS U TEIJIOEMKOCTH.
10. Kputnueckas q1uHaMuka.

OddexktnBHOE ACWCTBUE W NPEACTABICHUE HHTErpajga IO TPaeKTOpuHu. JlmarpammHas TEXHHUKa
VYanpna. YpaBHEHHsI p€HOPM-TPYIIIbL.

11. IMpobnema KPZ.

VpaBuenne KPZ (Kardar-Parisi-Zhang) wu ¢nykryanuu. VYpaBHeHHS PEHOPM-TPYIIBI |
Mmaciutadbuposanue. [Ipeobpazosanue Koyna-Xonda.

12. JIBymepHas ruipoJuHaMHKA.

VYpaBuenue HaBoe-Crokca, cunbel JlamkeBeHa. CBOOOIHO TIONBEUICHHBIC TUICHKH. [ arneHwue
GuryKTYauii THIAPOIUMHAMHYECKUAX MO/,

13. IlaccuBHBII cKaJsIp.

Mogens KpaiixHana, cranimoHapHasi CTaTHCTHKA. DBOJIOIMS MMAaCCUBHOTO cKalsipa. Pacripenesnenue
BEPOATHOCTEH JJINH MOJIMMEPOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIIeCTBICHHUS 00Pa30BATEJILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, 10CKa, TP HEOOXOAUMOCTH MEHAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. @nykryanmonusie 3gdexrsl B Makpoduzuke [Tekct] : [Kype neknmii st By3oB] / B. B. Jlebenes .—
M. : MIITHMO, 2004 .— 256 c.
2. Teopernueckas ¢puznka [Texcr] : B 10 T. T. 5, Y. 1 : Craructudeckas ¢pusuka : yue0. mocobue st
yu-toB / JI. /1. Jlanmay, E. M. JIndmmu ; nox pen. JI. I1. IluraeBckoro .— 5-e u3a., crepeotun. — M. :
®usmamut, 2001, 2002, 2005, 2010 .— 616 c.
3. R. Kubo, Thermodynamics, North-Holland, Amsterdam, 1968.
4. R. Ellis, Entropy, Large Deviations and Statistical Mechanics, Springer Verlag, 1985.
5. A. A. Belavin, A. M. Polyakov and A. B. Zamolodchikov, Nucl. Phys. B 241, 333 (1984).

JomonanTtenyHas uTeparypa
1. Teopernueckas ¢usuka [Texer] : B 10 T. T. 9, Y. 2 : Craructuueckas ¢puznka. Teopus
KOHJICHCHPOBAHHOTO COCTOSIHUS : y4e0. mocooue s By3oB / JI. JI. Jlanmay, E. M. JIudmmn .— M. :
®usmatiut, 2000-2005 .— 496 c.
2. KBanToBas anekrponunamuka [Tekcr] : yue6. mocoOue aist cTyneHToB ¢us. crem. yH-ToB / B. b.
Bepecrenkwii, E. M. JIudmu, JI. I1. [TutaeBckuii .— 4-¢ uzn., ucnp. — M. : @usmariur, 1989, 2001,
2002, 2006 .— 720 c.
3. Teopernueckas ¢pusuka [Tekcr] : B 10 T. T. 6 : ['maponunamuka : y4e0. mocoOue JUist By30B : peK.
M-Bom ob6pazoBanus Poc. ®eneparuu / JI. JI. Jlaunay, E. M. JIndmmn ; mox pen. JI. I1. ITutaeBckoro
.— 5-e u3j., crepeoTHIl. — 3-€ u3fl., nepepad. — M. : dusmarnut, 1986, 1988, 2003, 2006 .— 736 c.
4. KsanroBble nonsi [Texer] / H. H. Boromo6os, /1. B. Illupkos - M.®uzmarnuT,2005
5. Benenue B kBaHTOBYI0 Teoputo o [Tekcr] : [yueOnuk mis By3oB] / M. [leckun, /1. lpenep ;
nep. ¢ aum. mof pen. A.A. benasuna, A. B. bepkoBa .— M. ; MxeBck : PerynsipHas u xaoTudeckas
nuHamuka, 2001 .— 784 c.



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

caiit chair.itp.ac.ru

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

[TpencraBnenue MaTepuaia Ha JOCKE W/WIIN TP MIOMOLIH MeuanpoekTopa. Bo3MokHO ncnonbp30BaHue
1O 11t CUMBOJIBHBIX /WM YUCIICHHBIX BBIYUCIICHHN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTaTe U3YUCHHUS AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBIC OIPCACIICHUA AUCHUIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3a/a4.

VYenemHoe  OCBOeHHE Kypca TpeOyeT HampsHKEHHOW CaMOCTOSTENbHOW paboThl  CTyJeHTa B
COOTBETCTBHUU C JJAHHBIMH B pabodeii mporpamme. CamocTosTeNbHas padoTa BKIFOYAET B ceOsl:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl,

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, IpeAaracMbIX CTYIEHTaM Ha JIGKIUAX U IPAKTUYECKUX 3aHATHSIX,

— IPU HEOOXOAUMOCTH MOATOTOBKY K MPAKTUYECKUM 3aHITHSAM, KOJJIOKBHYMaM, YK3aMEHY.
ITokazaTteneM BiaJeHUsI MaTepUaOM CIYXKHMT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHATh TEOPETUUYECCKUE 3HAHMS HA MPAKTHKE CTYACHTY HEOOXOAMMO pellaTh Kak MOXKHO OoJibIIe
3ajad.

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHanus. llpu
3aTPYHEHUU H3y4YEeHHS OTIENBbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTalUAMH K
JIEKTOPY WJIU MPENOJIaBaTeI0, BEAYIEMY NPAKTUIECKHAE 3aHATHS.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEILICHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.

Jns Gonee TIyOOKOTO OBJIAJCHUS MaTEpPHaliOM CTYJACHT MOXET O3HAKOMHTHCS CO CIIEAYIOIIeH
JIUTEpaTypoi:

1. P. bakcrep, TouHo peliaeMble MOACIH B CTaTUCTUYECKOW MexaHuke, MockBa, Mup, 1985.
2. Abrikosov A. A., Khalatnikov I. M., and Landau L. D., Nuovo Cimento, Suppl., 3, 80 (1956).
3. H. W. Wyld, Ann. Phys. (N.Y.) 14, 134 (1961).

4. JI. J1. Jlaunay, K Teopun ¢azoBbix nepexonos, KOTD 7, 19-32 (1937); KITD 7, 627-632 (1937);
L. D. Landau, Phys. Z. Sowjet., 11,26 (1937).

5. B. H. IlonoB, KorTnHyanbHble HHTETpAJIbI B KBAHTOBOH TEOPUHW TIONS U CTATUCTHUYECKOH (U3UKE,
Atomm3znat, Mocksa, 1976.

6. A. A. Cnasuos u JI. /I. ®annees, BBeaenue B KBaHTOBYIO TEOPHIO KAJIMOPOBOYHBIX ToIel, MOCKBa,
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NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa npobiem TeopeTrnueckor pu3nku (Teoprpymnma l'oppkoBa)
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: B.B. JleGenes, n-p ¢u3.-mMar. HayK, CTapIIMK HAyYHBIA COTPYIHHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Crocoben aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(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 CnocobeH mnpuMeHATh 3HaHHSA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUIUS

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.2 CnocoGeH  BbLABHraTb  THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl OIMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajade W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3ybTaThl




[IK-3 Cnocoben mpodeccuonanbpuo padorars ¢ |[IK-3.3 CnocobeH oneHHBaTh TOYHOCTh IOJyYEHHBIX
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM OKCTIEPUMEHTAIBHBIX (UUCIICHHBIX) PE3YJIbTATOB
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAHHBIMH TAKETAaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIUIA
B pesynbrare nzyueHus AncHMIUIMHBL « Teopust (ha30BbIX MEPEX00B» 00yHaIOIIUNCS JOIKEH:

3HATh:
- OCHOBHBIC TIOHSATHS 10 TEME JTUCIUTIINHBL.

yMeTh:
- TIOJIb30BAThCS Pa3BUTHIMH B paMKax JUCITUIUIMHBI METOAaMH UCCIIEOBAHMS, pelIaTh 3a7a4uH Mo TeMe
JUCITUILIUHEL.

BJIAJIETh:
- MaTeMaTWYeCKUM U TOHSATHUHHBIM almapaTtoM W METOJaMH HCCIICOBAHUN, COCTaBISIONUMHU
coJiepKaHue TUCIUTITNHBL.

3. IlepeyeHb THNOBLIX (IIPMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

II

Kputepun onennBanus

OOyuatomieMycsi CTaBUTCS OLIEHKa B COOTBETCTBUM C IPOJEMOHCTPUPOBAHHBIM YPOBHEM IOATOTOBKH;
OLICHUBaHHE TPOU3BOIUTCS HA YCMOTPEHHMS 3K3aMEHAaTopa B COOTBETCTBHH C OCOOEHHOCTSIMH
JUCLUIUIMHBL U CICLYIOIIUMU KPUTEPUIMU:

Onenka "ommuno" (10 Gamos) BBICTABIISIETCSI  CTYJIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOHM MpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormnmumuno" (8 0ayioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0anoB) BBICTAaBIISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, rPaMOTHO U
10 CYIIECTBY U3JaraeT €ro, yMeeT NPUMEHATh [10JIyYE€HHbIE 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTH MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIM B PELLECHUM 33]a4 HEKOTOPbIE HETOUHOCTH.

Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepual,
IPaMOTHO M IO CYILIECTBY M3/1araeT €ro, yMeeT NPUMEHATh IOIy4YEHHbIE 3HAHUS Ha IPAKTUKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOUHOCTEH.




Onenka "ymoBneTBopuTedbHO" (4 Oanna) BbhICTABISIETCS CTYICHTY, MMOKa3aBUIeMYy (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasa, HO IPHU 3TOM
OH OCBOMJI OCHOBHBIE pazfiefibl y4eOHOH MpOrpaMMbl, HEOOXOAUMBIE Ul JaJIbHEHIIero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka "ynoBierBoputenbHO" (3 6amia) BBICTABISIETCS CTYACHTY, IMOKa3aBlieMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWU, AOMycKaroulemy omHOKH B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BaTeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3JesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI ajbHENUIIETO 00yUeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

Omnenka "HeyJOBIETBOpUTENBHO" (2 Oaiia) BBICTABISETCS CTYJCHTY, KOTOPBIA HE 3HAET OONbIIeH
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOIMYCKaeT rpyOble OIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "HeynosierBoputenbHo" (1 0aymi) BBICTaBISETCS CTYACHTY, KOTOPBIA HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BbIX MOHATHH AMCLUUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHHS THIIOBBIX NMPAKTHUYECKUX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu mpoBeneHUH OLIEHWBAHUS 3HAHUI OOyYaromeMycs MpPEJIOCTABISIETCS BpeMsl Ha IOATOTOBKY Ha
yCMOTpeHue 5sk3aMeHaropa. Ompoc olyuwaromerocs mo OwieTy He JO/DKEH IPEBBIATh OIHOTO
acTpoHOMHYECKOro vaca. OICHWBaHWE 3HAHUI MPOM3BOAUTCS B COOTBETCTBHUHU C BHINICYKa3aHHBIMHU
KPUTEPUSAMH B COOTBETCTBUH C COJIEPKAHUEM AUCIUIIIIMHBL.



Teopus ¢a3oBbIX nepexonos

IIpumepsl 3amauy (¢ pelmieHUsIMH) JJIS1  TPOBeeHHs] TPOMEKYTOYHON aTTecTAlNU
00yYarIMuXCcs

1 JluHeiiHbIe 3BOJIIOLMOHHBIC YPABHECHM S

Haiimu pewenue 3a0auu Kowu 0ns ypasnenus 0.x + yx = ¢ npu Hy1e6bIX HAUAIbHbIX YCL0GUSX
u ¢ = exp(—at), a > 0. Kax svienssoum pewerue npu & = y?

Pemrenue. Mcnonb3yeM Bepaxkenue uepes pynkiuio ['puna:
x(t) = fot ds exp(—yt +ys — as)

= [exp(~at) — exp(~y1)]. ©

B npenene a — y naxogum x = texp(—yt).
2 Cratnueckue JHUHEHHBIE MOJISA

Haiimu  ¢ynkywio  Ipuna  onepamopos Ly = (d/dx + x)(d/dx —x) u L, = (d/dx —
x)(d/dx + x) na unmepsane (—1, +1) ¢ nHynesvimu epanuunbiMU yCr108UAMU.

Pemenne. CHauama Mbl JI0JDKHBI HAWTH pelleHns f OJHOPOIHOrO ypaBHenus. Jlis oneparopa Ly
Mbl JOJKHBI pemuth ypaBHenue (d/dx —x)f = exp(—x?/2), rae npaBas 4YacTh YAOBIETBOPSET
ypasnenmio (d/dx + x)exp(—x2/2) = 0. YpaBHeHHe Ha f pemiaeTcsi METOJOM BAPHAIMK TIOCTOSHHOIA.
Jleroe u npaBoe peleHue, 00paInaroIecs B HOJIb Ipu X = —l u x = [, UMEIOT BUJ

u(x) = exp(x®/2) [7, dy exp(=y?),
l
v(x) = —exp(x?/2) [, dy exp(=y?).
BpoHcknaH 3THX penieHuil paBeH

l 2
W= [, dy exp(=y?),
OH HC 3aBUCUT OT KOOPJAUHATHI. (DyHKI_[I/IH FpI/IHa CTPOUTCHA TCIICPb B COOTBECTCTBUU C (l)OpMyHOﬁ JICKIIUH.

AHanmornyHo peraercs 3ajada ais omeparopa L,. B 3ToMm ciydae mpaBoe U J€Boe pelIeHUus
AMEIOT BH]]

u(x) = exp(—x2/2) [*, dy exp(y?),

v(x) = —exp(—x2/2) [, dy exp(y?).

Ux BpoHCKHaH paBeH

l
W= [, dy exp(y?),

OH He 3aBUCHUT OT KoopauHaTbl. @yHkwms [ puHa cTponTCs Temeph B COOTBETCTBHH C (POPMYIION JEKITHH.



3 CnenuajbHble yHKUIMHU

Haiimu acumnmomuueckoe nogedenue unmezpana
(0]
f@®) =J, dxJo(x)exp(—t/x)
TIPH MaJIBIX B OOJIBIIHX t.

Pemenne. Ilpm t =0 skcmoHeHTa paBHa eauHuie W Mbl HaxoauMm f(0) = 1. IlompaBka
MOJTY4aeTCsl Pa3IoKEHUEM SKCIOHEHTHI 1O ¢, MEPBBIM 4ieH KOTOporo paBeH —t/x. B pesynbrare Mol
TNOJyYaeM JIorapu(pMUYECKHI HHTErPal M0 X, KOTOPbIi CBepXy oOpesaercs Ha x: 1, rae dynkums J,(x)
HAYMHAET OTKJIOHATHCS OT SAMHHIBI, @ CHU3Y Ha X: t, T/Ie TIepecTaeT paboTaTh pa3ioKeHHe IKCIIOHEHTHI.
Takum 06pazom, MpU MaJbIX t

f= 1—t1n%.

[pu Gonpmmx t? 1 unrerpan ompenensercs Gonpuumu ke x? 1. Tlostomy B Kaectse J(X) MOKHO
WCIIOJIb30BaTh aCHMIITOTHYECKOE BhIpaxkeHre GpyHkun beccemnst. B pesynprare Haxoaum

f(t) ~ Re [, dx \/gexp(ix —in/4 —t/x).

OTOT MHTErpaJl MOKET OBITH BBIYMCICH METOJIOM IepeBana. B maHHOM ciydae mepeBanbHas TOUKa X =

e/ 4\/2. Hcrons3ys BeIpaXKeHHE I CENIOBOTO HHTErPaja, HaXOIUM
Y s

f = VZexp(—VZt)cos(V2t).

4 JluHaMUYeCKHe JJUHEHHBbIE MOJIS

Haiimu 3aeucumocms om épemenu cmewjeHuss NOGepxXHOCmu 800bl U, eClu 8 HaUalbHbIIL MOMEHM
epemenu (npu t = 0) u = Re (1 +ix)"Y/2, d,u = 0 u deudicenue noGepxHOCMIU MOICHO ONUCHIEAMb 6
PAMKAX 2pasUMAyUOHHbBIX BOTH.

Pemenwue. [Ipoussoas omaomMepHoe Dyphe-TipeoOpazoBanue, HaxoauM mpu t = 0

i = (n/|ql)"*exp(—lql)-

Kom6unamums pemenuii, kotopast pasna (7/|q|)Y/?exp(—|q|) npu t = 0 u nPoU3BOLHAS KOTOPOH IO
BpeMeHH paBHa Hy:to nipu t = 0 umeeT BUI

i = (n/|q])"*exp(—lql)cos(y/glql t),

IJie Mbl KCIOJB30BAIA 3aKOH JWCIEPCHUU TPABUTAIMOHHBIX BOJH @ = ./g|q|. Temepp Mbl JOIDKHBI
BBEIYHCIIUTE 00paTHOEe Dyphe-TipeodpazoBaHme

o d .
u=Re [;” e 4 (n/q)"*exp(~q)cos(y/gq t).

Hepexozm K HepeMeHHOﬁ \/a W BBIYUCIIAA HOJIy‘lPIBHII/IfICH HUHTCIrpaJl, HAXO0AUM



_ 1 _ gt?
u=Re Vitix exp( 4(1+ix))'

5 ABTOHOMHBIC HEeJIMHEHHBIC CHCTEMBbI

Kax evienaoum ¢haszosvlii nopmpem cucmemsl, KOMOPAs ONUCHIBAEMCA PeNaAKCAYUOHHBIM
ypasnenuem ¢ 06yms nepemennvivu u F = xy??

Penrenme. Penakcanmonnsie ypapHenus ¢ Gynkmueii F = xy? uMeror B
dx/dt = —y?, dy/dt = —2xy.

TpaexTopun (XapakTepUCTUKH), KOTOPbIE MOKHO HAaWTH M3 cooTHoueHus dy/dx = 2x/y, sBusioTCA

runepGonamu x> = y?/2 + C, rae C -- mpousBoibHas KoHcTanta. Ecmm x > |y|/v/2, To TpaexTopuu
NpUOIMKAIOTCS K OcH X U OCTaloTCsl BOMM3H (UKCHPOBAHHON TOYKH, B IPOTUBHOM CIy4ae TPACKTOPUHU
YXOIAT OT (PUKCHPOBAHHON TOYKH.

6 IIpudauKeHHbIE pelieHus

Haiimu nynegoii u nepewiti no € unenvl pewenus ypasienus 0,U + yu + exu = 0 ¢ epanuynvim
yenosuem u(0) = 1. Cpasnumov e20 ¢ MOYHBIM peutenuem 9mo2o yPasHeHUsl.

Pemenne. IlpeneOperas wieHOM ¢ &, HaXxOQUM peIICHHE Uy = exp(—yx), KOTOpoe
YIOBIIETBOPSIET TPAHMYHOMY YCJIOBHIO. [10/ICTaBIIsAS 3TO BBIPAKEHUE B WIICH C €, HAXOAUM ypaBHEHHE IS
nomnpaBku Uq: 0,U; + yuq + exexp(—yx) = 0. Pemenne 3Toro ypaBHEHHS, KOTOPOE YIOBIETBOPSET
IDaHAYHOMY YCJIOBHIO Uy +uU; = 1, mmeer Bua u; = —(1/2)ex’exp(—yx). TouHoe peluleHue
YpaBHEHHsS MOYKHO HAWTH pasjieleHHeM IepeMeHHBIX, OHO uMeeT BuI U = exp(—yx — &x2/2).
[MonpaBka U SIBISIETCS IEPBBIM WICHOM PA3JIOKEHHUS 3TOTO PEIICHHS 110 €.

7 HesmHeHHBIE MOJIEBbIE YPABHECHU A

Buvisecmu coomnowenue Tanawnosa.

Pemenne. BerunciiiM nepByro Npou3BOAHYIO OT [ 0 BpEMEHHU:
SI=if dre? (' o — pay")
= 2idN + 4i [ dry(xV)y*.

3necsk d -- pazmepHocTh npocTpancTBa. [Iponuddepenunpyem [ eme pas mo BpeMeHH, yUuThIBasi, uto N
-- MHTETPaJl IBWKEHUS, TO €CTh IIPOU3BOJIHAS OT HETO paBHA HYIIIO:

1 =—4[ dr[apaV)y" - p(aV)ay’]
=8 [ dr[Y[pI*(xV)P* — V)" [PID)]. )



BrlpaskeHne B KBaJpaTHBIX CKOOKaX BO BTOpoM crmaraeMoM B (2) ects —(rV)|y|*/2, Tak uto 3t0
ciiaraeMoe B IIeJIOM PaBHO:

4 dr(rV)[p|* = —4d [ drlyp|*
HuTerpupoBanme 1Mo 4acTsM B IEPBOM CJIaraeéMoM B (2) IPUBEIET €T0 K BUY:

—8 [ drypdyp* =8 [ dr|Vi|2.

8 CuneuunaabHble ciay4au

Haiimu gpopmy anmucummemuurozo ¢ponma ons ypasnenus 0,u + 3ud, u — aiu =0.

Pemenne. JlanHOe ypaBHEHHE CHMMETPUYHO OTHOCHTEIILHO TIPEOOpa3oBaHuil U — —u u t = —t,
x = —x. IloaTOMy OHO JONyCKaeT pelIeHHe B BUJE pacrpocTpaHstomerocs gponra u(t,x) = w(x —
V't), rae pynxknust w antTucummerpuyHa: w(x) = —w(—x). Mbl OyaeM HcKaTh HMEHHO TaKoe pelIcHHe.
[MoncranoBka u(t,x) =w(x —Vt) B mnpuBegeHHOE ypaBHEHWE JaeT cooTHomenue —V d,w +
3w20,w— 03w =0, xoTopoe HpUBOAUT K mepBomy wuHTerpany —Vw +w3—02w=C. s
AHTUCUMMCTPUYHOTIO PpCIICHUA, KOTraa W BbBIXOJUT Ha paBHBIC 110 a0COIMIOTHON BCIIMYHUHE, HO
MPOTHUBOIIOJIOXKHBIE [0 3HAaKy 3HadeHuss npu x — Foo, koHctanta C = 0. IloaToMy mnpenenbHbIe

3HAYeHHs W Npu X — 00 paHbl +V/V. Ypasrenne —Vw + w? — 92w = 0 umeer nepBblii HHTErpa
(0,w)? + Vw2 —w*/2=V2/2,

3HAUYEHHUE KOTOPOTO (V2/2) ompenensieTcss NpeAesbHbIMU 3HaueHussMu W. HaliieHHoe ypaBHeHuHe
TIEPBOTO TOPSAKA UMEET pelIeHne

w = +V/V tanh[{/V/2 (x — xo)],

TJIe X -- MPOU3BOJIbHAs KOHCTaHTa. HalileHHOe pellieHre ONMChIBaeT JIBIKEHHNE PPOHTA CO CKOPOCTHIO
V w mupunoit 1/VV, acuMrtorndeckue 3HaueHUS 1MoJist U paBHbl vV V.

9 UuterpajbHble YpaBHEHHS

Haiimu pewenue ypasnenus @pedzonvma 6mopozo poda Ha unmepeane (—oo,+00) o1 cayuasn
K = exp(—t? —s?), g(t) = t%.

Pemenne. B manmHOM ciydae sapo TPEACTaBISIETCS B BUAE Tpom3BeAcHHs GyHKIUNA K =

y(£)x(s), x(t) = y(t) = exp(—t?). Boruucnsas ® u M B cooTBeTCTBUHM ¢ OPMYTaMH JTEKIUH, HAXOIUM

NG
2—2m A

& =+n/2, M=,m/2, C=

N
f=t*+ 2_\72_n/1exp(—t2).




10 Teopus rpynn

Ha rakue nenpusooumvle npedcmagienus packiaovbléaemcs menoproe npoussedenue S = D X
D, 20e D -- 0gymeproe npedcmasnenue epynnvl cummempuu keaopama D 4?

Pemenne. XapakTepbl 4e€ThIpEX OJHOMEPHBIX MPEACTABICHUN I'PyHIbl CUMMETPUM KBagpara Dy
HAMEIOT BUJ Xl(g) =(1,11,1,1,1,1,1), )(z(g) =(1,111,-1,-1,-1,-1), )(3(g) =
(1,-11,-1,1,1,-1,-1), )(4(g) = (1,-1,1,—-1,—-1,—1,1,1) u xapakTepbl ABYMEPHOT'O NPEACTABICHHSI
pasubl  x.(g9) = (2,0,—2,0,0,0,0,0). Tlockonbky S SBIAETCS TEH30PHBIM MPOM3BEICHUEM JIBYX
JIByMEPHBIX TMPEJICTABICHUMH, €T0 XapaKTEPhl MOTYT OBITh BBIYUCIEHBI, KaK KBaipartbl Y.(g), TO eCTh

xs(9) = (4,0,4,0,0,0,0,0). Bbruucaas Temepb COOTBETCTBYIONIME CYMMBI, MBI HAaXOJUM, HYTO
npecTaBlIeHUe S pacKiIaAblBaeTcsi Ha OJHO OJHOMEPHOE MpelcTaBleHHe 1, OAHO OJHOMEpPHOE
MpeACTaBIeHue 2, OJHO OJHOMEpPHOE IIpelAcTaBlieHHe 3, M OJHO OJHOMEpPHOE IIpeiacTaBiicHue 4.
JIByMEpHOTO K€ MPECTABIICHUS B PA3JIOKCHUH S HET.

JK3aMeHANMOHHbIE BOMPOCHI:

Teopus Jlannay
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IIpumep BapuaHTa NMCbMEHHON YaCTH IK3aMeHA

3agaya 1 (2). Kak Bemer ceOs ammiuryaa kojeOaHuii a Ha OONBIIMX BpeMEHaX Jis
HEJIMHEHHOTO MasTHUKA, KOTOPBIHA OMKUCHIBACTCS yPAaBHEHHUEM

afx +x= —sxz(atx)g,

rmeld<e=17



3agaya 2 (2). Haiftu pemenune ypaBHenus broprepca d,u +ud,u = 6,2(u C HayalbHBIM
yCIIOBHEM

2expx
u=————.
1+expx

VYka3zaHue: BocHob3yiTech npeodpazoanueM Koyna-Xomnda.

3anaua 3 (4). [eiicTBue s ckanspHoro nons ¢ (x, t) umeer Bug

2 2 242 4
S = dtdx [(at;b) _(0x2¢) +m2¢ _A%]’

raem > 0 u A > 0 HEeKOTOpbIE KOHCTAHTHL.
(1) Tonmyunre ypaBHEHHE ABHKEHHUS, KOTOPOE CIEAYET U3 YCIOBHS SKCTPEMyMa 3TOTO ICHCTBHUS.

(1) HaiiguTe 3aKOHBI COXPAHEHUSI SHEPTHH M MMITYJIbCA, KOTOPBIC CBS3aHbI C HHBAPHAHTHOCTHIO
JEeHCTBUSI OTHOCUTEJILHO BBIOOpA Hayasia OTCUeTa BPEMEHH U CIBUIa Hadaja KOOpAUHAT.

(2) HaiiguTe CTAalMOHAPHOE PELICHHE yPABHEHHS JIBIKCHHUS, €CITH H3BECTHO, ut0 ¢ — +m/vA
mpu x — Foo,

3anaua 4 (2). Haiitu pemenue ypaBuenus @pearoibMa BTOPOro poja

f@©) =2[; ds K(t$)f () = 9(©),
Ha UHTepBaJe (—00,+00) JyIs caydast

K = exp(=|t| = |s]), g(t) =t

3agaya S (2). Haiitu nBymepHOEe NpeACTaBIEHHE TIPYyNNbl CHUMMETPHUH, MOPOKIAMOIIAMHA
3JIEMEHTAaMH KOTOPOTO SIBIISIIOTCS IIEPECTaHOBKA IBYX YHCET M W3MEHEHHE 3HAaKa KaXIOro W3 HHX.
ITpoBepUTH BHINOJHEHUE COOTHOLICHUS

¥, x(@I° = G|.

IIpuMmep Ou1€TOB YCTHOM YaCTH:
buner 1.

1. Teopus Jlannay
2. TemnoBble QuIyKTyallixi B CMEKTHKaX

buner 2.

1. Teopus Bo3MyIIEHUH
2. Kputnueckast nuHaMuKa



