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AHHOTANMA

B pamkax xypca OymeT m3ydeHa Teopusi (UIyKTYallMOHHBIX SIBJCHHH, CBS3aHHBIX C MAaKpOCKOIMYECKUMHU
creneHsaMu cBoOozabl. Hapsny ¢ KpUTHYECKHMU SIBICHUSAMH, UMEIOIIMMHI MECTO BOIM3H (ha30BbIX NEPEXOA0B
BTOPOTO POAa M KPUTHUYECKUX TOUYEK, OyIyT pacCMOTPEHbI pa3indHble (a3bl KOHJCHCHPOBAHHOTO COCTOSHHUS,
rae QIyKTyaly UTPparoT BaKHYIO poib. Takxke OyneT u3iioxkeHa TeopHus AMHAMHYECKUX (IyKTyalui, KoTopas
MIPUMEHSETCS KaK K pABHOBECHBIM, TaK U K HEPaBHOBECHBIM CHCTEMAaM.

1. leau u 3apauu

Meap AUCUMNIMHBI

- U3y4YeHHE TEOpUH (IYKTYalHOHHBIX SIBICHUH, CBS3aHHBIX C MAaKPOCKOIMMYECKHUMH CTEICHIMHU
cBoOonbl. Hapsimy ¢ KpUTHYECKMMH SIBICHHSMH, HMEIOIIMMH MECTO BONM3M (ha30BBIX IEPEXOI0B
BTOPOTO POAAa M KPUTHYECKUX TOUEK, PACCMATPHUBAIOTCS pa3iuyHble (a3bl KOHIEHCHPOBAHHOTO
COCTOSIHMS, Iie (MIyKTyalluy UTParoT BayKHYIO pOJIb;

- U3y4YCHUE TECOPUU TUHAMHUYECKUX (IIYKTyaluid, KOTOpas MPUMEHSAETCA KaK K PaBHOBECHBIM, TaK H K

HCPAaBHOBCCHBIM CUCTCMaM.

33]13‘[1/[ JAUCHUIIINHBI

- TIO3HAKOMUTH CTY/AEHTOB C OCHOBHBIMHU MOHATHSMHU U UICSIMHU B 3TOH 00JacTH, C IOCTAHOBKOH 3a/1a4
U MOAXOAAMHM K uX pemieHusM. [Ipenmonaraercs, 4To Mpociymas 3TOT Kypc, CTYAE€HThI CMOTYT YATaTh
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 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HaHUS B 00JacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cmocoben 00001maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHT
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCHOHaTBHON e TEBHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHONW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH 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 CrocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHTEIHLHBIMHU
METOJaMH 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
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 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThdueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaThl

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

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
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:

- MaTreMaTHU4YECKUM U MOHSITHHHBIM afraparoMm Hu METOAaMU PICCJ'IEIIOB&HPIIZ, COCTaBJIAIOIINMU

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.
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WIWIWIWIAR]RAR|W[R]|R|W
WIWIWIWIAR|RRWIRIPDIW

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.

WuTterpupoBanue 1no OBICTPbIM NEPEMEHHBIM. YpPaBHEHHUS PEHOPM-Tpymmbl. MacmTabupoBaHue 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.

OnykTyay HampaBiIeHHWs HAMarHU4YeHHOCTU. YpaBHEHHsI peHopM-Ipymmsl. [Ipegen OGombmioro
Ylciia KOMIIOHEHT HAMarHUY€HHOCTH.

8. duzuka MmeMOpaH.

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



9. ®azossrit nepexon bKT.

leneparop pansi KOppeIUISILHMOHHBIX (DYHKIMHA BUXps. YpaBHEHHs peHOpPM-Tpymmbl. [lapHas
KOppeJsIIuoHHast (pyHKIHS

BUXPS U TEIJIOEMKOCTH.
10. Kputnueckas q1uHaMuka.

OddexkTnBHOE AEWCTBUE M NPEACTABICHHE HMHTErpana IO TpaeKTopuu. JuarpamMmHas TexXHHKa
VYanpna. YpaBHEHHsI p€HOPM-TPYIIIbL.

11. IMpobnema KPZ.

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

12. JIBymepHas ruipoJuHaMHKA.

VYpaBuenne Hasne-Ctokca, cuinbl JlamkeBeHa. CBOOONHO TMOJABEIICHHBIE IUICHKH. [ ameHue
GuryKTYauii THIAPOIUMHAMHYECKUAX MO/,

13. IlaccuBHBII cKaJsIp.

Mogens Kpaiixnana, cranuoHapHasi CTaTHCTHKA. DBOMIOIMS MacCUBHOTO cKaigpa. Pacnpenenenue
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, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOW CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTare U3yUCHHUA AUCHUIUIMHBI CTYACHT AOJIKCH 3HAaThb OCHOBHBIC ONPCACIICHUSA NUCHUIIINHBI,
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 y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX LIS
CaMOCTOSTENBHOTO U3yUEHUS;

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

— IPU HEOOXOAUMOCTH MOATOTOBKY K MPAKTUYECKUM 3aHITHSAM, KOJJIOKBHYMaM, YK3aMEHY.
ITokazareneM BIQAEHUS MaTepUaoOM CIYXKHUT YMEHHE pemars 3aaadu. Jns GpopMHpOBaHHS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIMMO peliaTh KaKk MOXKHO OoJbIIe
3ajad.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY WJIU MPENOJIaBaTeI0, BEAYIEMY NPAKTUIECKHAE 3aHATHS.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.

Jns Oomee TIyOOKOTO OBNAJICHHUSI MaTepUAIIOM CTYIEHT MOXKET O3HAKOMHUTBCS €O CleAylonen
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. 1. Jlannmay, K Teopun azoBsix nepexomnos, XKITD 7, 19-32 (1937); XKOTD 7, 627-632 (1937);
L. D. Landau, Phys. Z. Sowjet., 11,26 (1937).

5. B. H. IlonoB, KontunyanbHble MHTErpaibl B KBAHTOBOW TEOPHUU TOJSI M CTATUCTHUECKOU (DU3HKE,
Atomm3znat, Mocksa, 1976.

6. A. A. Cnasnos u JI. /. ®annees, Beenenue B KBAaHTOBYIO TEOPHIO KaJTMOPOBOYHBIX MoJiel, 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
kadeapa nmpobiem TeopeTndeckon HU3NKU

Kypc: 1

kBaTuuKkanus: 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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHMTEIHLHBIMHU
METOJaMH 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
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 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,
po(eCCHOHATBHOMY M IMYHOCTHOMY 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

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX PE3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3paboTaHHOU
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3ybTaThl




[K-3 Cnocoben mpodeccuonanbuo padorark ¢ |[IK-3.3 CnocobeH olleHMBAaTH TOYHOCTh TOJTYYEHHBIX
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:
- MaTeMaTW4eCKUM U TMIOHATHUIHBIM amnmapaToM H METOJaMH HCCIICIOBAHHMA, COCTABISIOIIUMU
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 COOTBETCTBUH C MPOIEMOHCTPUPOBAHHBIM YPOBHEM HOATOTOBKH;
OLICHUBaHHE TMPOU3BOAUTCS HA YCMOTPEHHs JK3aMeHaropa B COOTBETCTBUU C OCOOCHHOCTSIMH
JUCLUIUIMHBL U CICLYIOIIUMU KPUTEPUIMU:

Onenka "ommunao" (10 OGaiios) BBICTABIISIETCSI  CTYJCHTY, I[IOKa3aBIIEMYy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYeOHOW NPOrpaMMbl IHCHUILIMHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YECHHBIC 3HAHHWSA Ha NPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh IOJyYeHHbIe 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOUHOCTEH.




Omnenka "ynoBrneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, MOKaszaBlieMy (parMEeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapyULIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN TPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIC pa3eibl Y4eOHOH MporpaMMbl, HEOOXOAUMBIE JUIS JalbHEUIIero oO0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka "ynosierBoputenbHO" (3 Oayiia) BBICTABISIETCS CTYACHTY, MOKa3aBIIieMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0OBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

Omnenka "HeymoBneTBopuTeNnbHO" (2 0ajya) BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAET OOJNbIIeH
YacTH OCHOBHOTO COJICPXKaHWS Y4EeOHOH MpOorpaMMbl TUCHUIUIMHBI, JAOMyCKaeT rpyOble OMIMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHHS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "HeynosierBoputenbHo" (1 6aymun) BeICTaBIAETCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[Tpu npoBeneHUH OIICHWUBAHUS 3HAHWI OOy4aromeMycs MPEAOCTABISETCS BPEeMs Ha MOATOTOBKY Ha
ycMOTpeHue sk3aMmeHaropa. Ompoc oOyuaromerocs 1o OWieTy He JOJDKEH IIPEBBIIIAaTh OIHOTO
acTpoHOMHYeCKOro 4aca. OIeHWBaHHE 3HAHUHN NPOU3BOAMTCS B COOTBETCTBHU C BBIIICYKa3aHHBIMU
KPUTEPUSAMH B COOTBETCTBUH C COJIEPKAHUEM AUCIUIIIIMHBL.



Teopus ¢a3oBbIX nepexonos

IIpumepsl 3amauy (¢ pelmieHUsIMH) JJIs1  TPOBeJeHHs] TNPOMEKYTOYHOW aTTecTalNU
00yYarIMuXCcs

1 JluHeiiHbIe 3BOJIIOLMOHHBIC YPABHECHM S

Haiimu pewenue 3a0auu Kowu 0ns ypasnenus 0.x + yx = ¢ npu Hy1e6bIx HA4anIbHbIX YCI0GUSX
u ¢ = exp(—at), a > 0. Kax gvienssoum pewerue npu & = y?

Pemenue. Mcnonb3yeM BepaxkeHue yepes GyHKIHIO I puna:
x(t) = fot ds exp(—yt +ys — as)

= [exp(~at) — exp(~y1)]. ©

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

Haiimu  gynkywio  Tpuna  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 J0JDKHBI HAWTH pelleHns f 0JHOPOIHOrO ypaBHenus. Jlis oneparopa Ly
MBI JIOIDKHEI pemmth ypaBHeHume (d/dx —x)f = exp(—x2/2), rae mpaBas 49acTh YAOBIETBOPSAET
ypasnenmio (d/dx + x)exp(—x2/2) = 0. YpaBHeHue 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 He 3aBUCHUT OT KoopauHaThel. OyHkuws [ puHa CTpOUTCS Temeph B COOTBETCTBHH C (HOPMYIION JEKITHH.

AHanornyHo peraercs 3agada ajs omeparopa L,. B 3ToM ciiydyae mpaBoe U J€BO€ peLICHUs
HMEIOT 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
(00}
f@®) =J, dxJo(x)exp(—t/x)
TIPH MaJIBIX B OOJIBIIHX t.

Pemenue. Ilpu t =0 »skcroHeHTa paBHa efuHmie ¥ Mbl HaxomuM f(0) = 1. Ilompamka
MOJTy4YaeTCsl Pa3jioKCHUEM 3KCIIOHEHTHI MO ¢, TEPBBIA WieH KOTOporo paBeH —t/x. B pesynbrare Mbl
TNOJTyYaeM JIorapu(pMUYECKHI HHTErPal M0 X, KOTOPbIi CBepXy oOpesaercs Ha x: 1, rae dynkums J,(x)
HaYWHAET OTKIIOHATHCS OT CIIUHMIIBI, & CHU3Y Ha X: t, TJIe TIepecTacT paboTaTh Pa3lioKEHUE IKCIIOHCHTHI.
Takum 006pa3om, IPU MaITBIX t

f= 1—t1n%.

[pu Gonpmmx t? 1 murerpan onpenensercs Oonpmumu ke x? 1. Tlostomy B Kauectse J(X) MOKHO
WCIIOJIb30BaTh aCHMIITOTHYECKOE BhIpaxkeHre GpyHkun beccemnst. B pesynprare Haxoaum

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

OTOT MHTErpaJl MOKET OBITH BBIYMCICH METOJOM IepeBana. B maHHOM ciydae nepeBaibHas TOUKa Xg =

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

f = VZexp(—VZt)cos(V2t).

4 JluHaMUYeCKHe JJUHEHHBbIE MOJIS

Haiimu 3aeucumocms om épemenu cmeujeHus nNo8epxXHOCmu 800bl U, eClu 8 HaUalbHbLL 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/|q])"*exp(—Iql)-

Kombunamums pemenuii, kotopas pasna (m/|q|)Y/?exp(—|q|) npu t = 0 u IpoU3BOAHAS KOTOPOI MO
BpeMeHH paBHa Hy:to nipu t = 0 umeeT BUI

i = (n/|ql)"*exp(—lql)cos(y/glql t),

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

o d o
u=Re [~ e " (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. Penaxcanmonnsie ypapaenus ¢ Gynkmueii F = xy? umeror By
dx/dt = —y?, dy/dt = —2xy.

Tpaekropuu (XapakKTEpUCTHKH), KOTOPbIE MOXKHO HaWTH U3 cooTHomieHus dy/dx = 2x/y, SBIAOTCA

runepGonamu x2 = y?/2 + C, rae C -- mpou3BosibHas KoHcTanta. Ecmm x > |y|/v/2, To TpaekTopuu
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 ¢ epanuynviv
yenosuem u(0) = 1. Cpasnumov e2o0 ¢ MOYHBIM peuteHuem 3mo2o YPasHeHUs.

Pemenne. IlpeneOperas wuieHOM ¢ &, HaXOOUM peIICHHE Uy = exp(—)yx), KOTOpoe
YIOBIIETBOPSICT TPAHMYHOMY YCJIOBHIO. [10ICTaBIIsAs 3TO BBIPQKEHUE B YIICH C €, HAXOAUM ypaBHEHHE IS
nomnpaBku Uq: 0,U; + yuq + exexp(—yx) = 0. Pemenne 3Toro ypaBHEHHUS, KOTOPOE YIOBIETBOPSET
IDaHAYHOMY YCJIOBHMIO Uy +uU; = 1, mmeer Bua u; = —(1/2)ex’exp(—yx). TouHoe peluleHHe
YpaBHEHHsS MOYKHO HAWTH pasjieleHHeM IepeMeHHBIX, OHO uMeeT BUI U = exp(—yx — &x2/2).
[MonpaBka uq SIBISIETCS IEPBBIM WICHOM PA3JIOKEHHUS 3TOTO PEIICHHS 110 €.

7 HesmHeHHBIE MOJIEBbIE YPABHECHU A

Buvisecmu coomnowenue Tanawnosa.

Pemenne. BeruncnuM nepByro NpOU3BOAHYIO OT [ 110 BpEMEHMU:
S1=i dre? (' o — pay")
= 2idN + 4i [ dry(xV)y*.

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

1 =—4[ dar[apaV)y" - p(V)ay]
=8 [ dr[Y[pI>(V)Y* — V)" [PID)]. 2



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

4f dr@V)|yp|* = —4d [ dr|p|"
HuTerpupoBanme 1Mo 4acTsM B IEPBOM CJIaraeéMoM B (2) IPUBEIET €T0 K BUY:

—8 [ drypdyp* =8 [ dr|Vi|2.

8 CuneuunaabHble ciay4au

Haiimu popmy anmucummemuunozo gponma ons ypasnenus d,u + 3u’du — aiu =0.

Pemenne. JlanHOoe ypaBHEHHE CHMMETPUYHO OTHOCHTEIILHO TPEOOpa3oBaHuii U — —uU u t — —t,
x = —x. IloaTOMy OHO JONyCKaeT pelleHHe B BUJE pacrpocTpaHstomerocs gponra u(t,x) = w(x —
V't), rae pynknus w anTrcumMMmerpuyHa: w(x) = —w(—x). Mbl OyaeM HcKaTh HMEHHO TaKoe pelIcHHe.
[MoncranoBka u(t,x) =w(x —Vt) B mnpuBeJeHHOE YypaBHEHWE JaeT cooTHomenue —V d,w +
3w20,w— 03w =0, xoTropoe NpUBOAMT K mepsomy wuHTerpany —Vw +w3—02w=C. s
AHTUCUMMCTPUYHOTO PpCIICHUA, KOTrAa W BbBIXOJUT Ha paBHBIC 110 36COH}OTHOI>'I BCIIMYHUHE, HO
MPOTHUBOIIOJIOXKHBIE [0 3HAaKy 3HadeHuss npu x — too, koHctanta C = 0. IloaToMy mnpenenbHbIe

3HAYeHHs W npu X — 0o paBHbl ++/V. Ypasuenue —Vw + w? — 02w = 0 uMeeT nepBblii HHTErpan
(0,w)? + Vw2 —w*/2=V2/2,

3HAUYEHHUE KOTOPOTO (V2/2) ompenenseTcss NpeAesbHbIMU 3HaueHusMU Ww. HaliieHHoe ypaBHEHHe
MIEPBOT0 MOpPsAKa UMEET pelieHne

w = +VV tanh[{/V/2 (x — xo)],

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

9 UuterpajbHble YpaBHEHHS

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

Pemenne. B gaHHOM cilydae sApO TMPEACTaBISICTCS B BUAC INpou3BeacHus (QyHKiuin K =

y(£)x(s), x(t) = y(t) = exp(—t?). Boruucnsas ® u M B cooTBeTCTBUM ¢ POPMYTaMH JEKIUH, 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 mensoproe npoussedenue S = D X
D, 20e D -- 0gymepnoe npedcmasnenue epynnvl cummempuu keaopama D 4?

Pemenne. XapakTepbl 4eThIpEX OJHOMEPHBIX MPEACTABICHUN I'PyHIbl CUMMETPUH KBanpara Dy
UMEIOT BUJT x(9) =(1,1,1,1,1,1,1,1), X, =01111,-1,-1,-1,-1), X3(9) =
(1,-11,-1,1,1,-1,-1), )(4(g) = (1,-1,1,—-1,—1,—1,1,1) u xapakTepbl ABYMEPHOT'O NPEIACTABICHHSI
pasubl  x.(g9) = (2,0,—2,0,0,0,0,0). Tlockonbky S SBIAETCS TEH30PHBIM MPOM3BEICHUEM JIBYX
JIByMEPHBIX TPE/ICTABICHUMH, €T0 XapaKTEPhl MOTYT OBITh BBIYUCIEHBI, KaK KBaApaThl Yc(g), TO €CTh

Xs(9) = (4,0,4,0,0,0,0,0). Bbruucaas Temepb COOTBETCTBYIONIME CYMMBI, MBI HAaXOJMM, HYTO
npeacTaBiIeHHe S PacKIaIbIBacTCsl Ha OJHO OJHOMEpPHOE IpelcTaBleHHe 1, OXHO OXHOMEpHOE
Npe/CTaBICHHe 2, OJHO OJHOMEPHOE NPEICTaBICHHE 3, W OJHO OJHOMEpPHOE IMpEeACTaBlIcHUE 4.
JIByMEpHOTO K€ MPE/ICTABIICHUS B PA3JIOKCHUH S HET.

JK3aMeHANMOHHbIE BOMPOCHI:

Teopus Jlannay

Teopus BO3MyILIEHUI

[TapkeTHble qUarpaMMsl
Penopm-rpynna, sncuiioH-pas3noxeHue
Cnabas kpucTranmu3anus

TernoBbie GIyKTyaliu B CMEKTHKAX
JIBymepHBbIe (heppOMarHeTUKH
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ITaccuBHBIN CKAILAP

IIpumep BapuaHTa NMCbMEHHON YaCTH IK3aMeHA

3agaya 1 (2). Kak Bemer ceOs ammauryaa kojeOaHuii a Ha OONBLIIMX BpeMEHax s
HEJIMHEHHOTO MasTHUKA, KOTOPBIHA OMKUCHIBACTCS yPAaBHEHHUEM

afx +x= —sxz(atx)g,

rmeld<e=17



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

2expx
u=———"—
1+expx

VYka3zaHue: BocHob3yiTech npeodpazoanueM Koyna-Xomnda.

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

2 2 242 4
S = dtdx [(at;m _(0x2¢) +m2¢ _/1%],

raem > 0 u A > 0 HEeKOTOpBIE KOHCTAHTHI.
(1) TonyunTte ypaBHEHHE ABUKCHHUS, KOTOPOE CIEAYET U3 YCIOBHSI SKCTPEMyMa 3TOTO ICHCTBHUS.

(1) HaiiguTe 3aKOHBI COXPAHEHUSI SHEPTHH M MMITYJIbCA, KOTOPBIC CBS3aHbI C HHBAPHAHTHOCTHIO
JEeHCTBUSI OTHOCUTEJILHO BBIOOpa Hayasia OTCUeTa BPEMEHH U CIBUra Hayaja KOOpAWHAT.

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

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

F© = 2[" ds K, 5)f(s) = g(©),

Ha uHTepBae (—0o, +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



