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1.061acTh NMPUMEHCHUA U HOPMATHBHBIC CCBIJIKH

[Iporpamma  BCTYNUTENBHOTO  HCHBITaHUs CcGOpPMHpOBaHA Ha OCHOBE  (hemepasbHBIX
rOCyJIapCTBEHHBIX 00pa30BaTe/IbHBIX CTAaHAAPTOB BHICIIEr0 00pa30BaHMs IO MPOrpaMMaM CIelHaIuTeTa
WJIM MarucTparyphl.

2. CTpyKkTypa BCTYNIMTEIBHOI0 IK3aMeHAa
BerynurensHoe MCHbITaHHE OCHOBHOM 00pa3oBaTeNbHOM MPOrpaMMbl BBICHIETO 0Opa3oBaHUS —
MpOrpaMMbl MOATOTOBKM HAyYHO-TEIArorMYeCKUX KaJpoB B acnupantype mno Hampasienuto 03.06.01
«Du3KKa U aCTPOHOMHS» COCTOMT M3 JABYX 4YacTed: OLEHKU HHAWBUYAIBHBIX JTOCTHKEHUH (KOHKYpC
nopTdOM0) W OICHKH 3HAHWU IO HampaBleHHOCTAM (OJoKaM), Kaxmas U3 KOTOPBIX COOTBETCTBYET
HAyYHOH CIIeMATLHOCTH OyyIIel HaydHO-HCCIIeI0BaTeILCKOM PaboThl (IuccepTanun) abuTyprueHTa.

2.1. OneHka MHAUBUAYAJBHBIX J0CcTHKeHUIT. CTpyKTypa noprgosmo

OO6mas cymma 0atoB He MoxeT mpeBbimars 40 6amtoB. bayisl Ha3HAYAIOTCS B COOTBETCTBUU C
TabIUIeH Ipy NPeIO0CTaBICHUH NOATBEPKIAIOIUX JOKYMEHTOB.

Jnst ygactusi B KOHKYPCE€ WHAWBHIYAIBHBIX JOCTIXEHHU (TMOPTQHOINO) aOMTYpHEHT MOXKET
IPEJOCTAaBUTh CIETYIOIUE TOKYMEHTHI:

1. Pestome (CV), BriIoYammee CHUCOK IyOJIWKAIMi, CBEACHHS 00 ydYacTUu B
KOH(epeHL X, MIKOJIaX, UCCIe0BATeIbCKUX MTPOEKTaX, HayuyHbIX IPAHTaX, ONbITe paboThl U T.A. Pe3tome
MOXET OBITh COCTABJICHO HAa PYCCKOM WJIM aHTIIMIICKOM SI3BIKE I10 YKEJIAaHUIO a0UTYpUCHTA.

2. Komus nokymeHnra 06 o0pa3oBaHMM C MEpEYHEM MPOMJIEHHBIX JUCLMILIMH M OLIEHOK IO
THM JUCHHMIUIMHAM. Ecin aOuTypueHT eme He TONYyYWIH JUIUIOM CIEIHauCTa WM Marucrpa,
HEOOXOMMO MPHUJIOKHUTh O(PUIHATBHYIO KOIHMIO TOJHOTO CHHUCKAa YK€ MNPOMIEHHBIX TUCHUIUIMH C
OLICHKaMH.

3. PexomennarenbHOE MUCbMO OT MOTEHIMATBHOTO HAYYHOTO PYKOBOJIUTENS IUIAHUPYEMOTO
IMICCEPTAIMOHHOTO HWCCIICIOBAaHHUSA, B KOTOPOM OTPKEHO €ro COIacue BBICTYIUTh HAYYHBIM
PYKOBOJIUTENEM a0UTypUEHTA B aCIIUPaHTYpe.

4. CoOcTBeHHbIE HayYHbIE TyOINKALIUH.

5. OnmbIT ydacTHssi B POCCHHCKHX UM MEXKIYHAapOAHBIX KOH(EpeHLUHUsAX C yKazaHHEM
nH(popMauu 0 KOHPEpEeHIIMN U TEMbI TOKJIaJla, €ClIi TaKOBble UMEIOTCS (CIHUCOK KOH(epeHInil B BUIE
¢aitna PDF co cceimkamu Ha caiiThl KOH(epeHLnHt).

2.2. Kpurepuu oueHku nopr¢oJimo

Jlok/1aib1 HA MeKAYHAPOIHBIX WM BHYTPEHHUX KOH(pepeHumnsx He Oosiee S5 0aJls10B
YCTHBIA JTOKJIA 5 6aimioB
CTEHJIOBBIN JJOKJIA] 3 Gamna

PexomenaaresibHOE MHCHMO OT MOTEHUHAJIBLHOIO HAYYHOT'O 20 6an10B

PYKOBOIHTEJISI € COIVIACHEM HA PYKOBOJACTBO B aCIIHPaHType

[Myonukauuu B :KypHanax no ¢pusuke, nnaexkcupyemoix Web of He Oosiee 15 0ansioB

Science uau Scopus
*KypHai 1-ro kBaptuia mo WoS nim Scopus 15 6amnoB
KypHaJl 2-ro kBapTwiid o WoS unu Scopus 10 GamnoB
KypHaJ1 3-ro kBapTuiisg o WoS i Scopus 3 Gamna




MuHuMadbHBIH 021 (HEyI0BJIeTBOPUTEIbHAS OlleHKA) 3a mopTdoauo — 10 19 GaioB
BKJIIOYUTENbHO. /151 yyacTusi B KOHKypce N0 MTOraM OLEHKH WHAUBHMAYAJIbHBIX JOCTHKEHUIl
Heo0X0auMo HAOpaTh cymMmMapHoO He MeHee 20 6aJ10B.

2.3. Crpykrypa ® 1npoueaypa IMpPOBeJCHHUSI OUNECHKHM 3HAHMHA 10 HAYYHOH

ClIcHUAJBbHOCTH
Jljis MOATOTOBKM KO BTOPOM YacTH BCTYMHUTENBHOTO HCHBITAHUS (OLEHKE 3HAHUN MO HaydHOU
CHEIUAJIbHOCTU) AOUTYpUEHT BHIOMpAET OJUH U3 IATH OJIOKOB BOIIPOCOB M3 IPEICTABICHHOM HUXKE
POTPaMMbl, COOTBETCTBYIOIIMN HAaYyYHOW CHENMATBHOCTH OyAylleld HaydHO-HCCIIEN0BAaTEIbCKON paboThI
(muccepranun).

Onenka 3Hanuii mo HampabieHHOCTAM 01.03.02 «Actpodu3uka W 3Be3Has aCTPOHOMUS,
01.04.05 «Ontuka», 01.04.09 «®usuka HU3KkUX Temmeparyp», 01.04.07 «Puznuka KOHIEHCUPOBAHHOTO
COCTOSIHUSI» TPOBOJUTCS B (POpME YCTHOTO OTBETA HA BOIPOCHI IK3aMEHALIMOHHOM KOMHUCCHUH.

B pamkax orneHuBanus 3HaHui no HampaBineHHocTH 01.04.02 «Teopernyeckas Qusnukay
MIPOBOJIUTCSL KOHTPOJIbHAS paboTa C MOCIEAYIOIMUM H3JI0KEHUEM pe3yiabTara perieHHs MPeIIoKeHHbIX
3aJlad U OTBETOM Ha JIONOJIHUTENbHbIE TEOPETUUYECKUE BOMPOCHl 3K3aMEHAIIMOHHOM KOMHUCCHH.
KontponpHass pabora BKIIOYAET 3a4aud [0 MaTeMaTUKe, KBAaHTOBOM MEXaHUKE, TEOPUM IOJs,
CTaTUCTUYECKOM (u3MKe. 3areM NPOUCXOTUT H3IOKEHHE TMONYyYEHHBIX TOCTYMAIIUM pPEIIeHUuN
9K3aMEHAIIMOHHOW KOMUCCHUH.

B xone oOcyxaeHMsl MOCTymaroIieMy MOTYT ObITh 3a/laHbl BOIPOCHI U3 BCEX pa3lesioB OJoKa
[IPpOrpaMMbl 110 COOTBETCTBYIOLIEH HampaBieHHOCTH. Takke aOuTypueHTa MOryT CHPOCUTH O
MPEIIECTBYIOIIEH HCCIe0BaTeNbCKOM paboTe, HampuMep, MarucTepCKOM HMCCIEOBaHUM, WIH O
IJIAHUPYEMOM JUCCEPTALlMOHHOM HCCIIE0BAHNU.

Ouenka ypoBH# 3HaHUH (0a/J1bI):
Hroroas orieHka BricTaBisieTcs mo 60-0amibHOM 1IKane.

MuHuMaabHOEe KOJMYECTBO 0aJI0B, He0OXoAMMoOe JJIsl Yy4acTHA B KOHKYypce MO0 HMTOram
OllEHKHM 3HAHUI 10 HANPABJIEHHOCTH, COOTBETCTBYIOLEH HAYYHOIl CHeUMATbHOCTH Oynyluei
HAYYHO-HCCJIe10BATENbCKOM padoThl (Tuccepraunu), — 10 6anos.

Kpurepun onenuBanuns

BricTaBnsiercs ycpenHEHHas OLlEHKa 110 OTBETaM Ha BCE BOIPOCHI HK3aMEHALMOHHONW KOMHCCHHU 110
HaIIPaBJICHHOCTH, YKa3aHHOW B 3asBJICHUU O MOCTYIUIEHUH B aCIUPAHTYPY M COOTBETCTBYIOLIEH HAyYHOU
CHEIMaIbHOCTHU Oynylliel HayqHO-UCCIIe0BaTeNIbCKOM paboThI (ArccepTaly) aOUTypHUEHTA.

Kpurepuu oneHuBanus baer
OTBeT NOJNHBIHM, 6€3 3aMeYaHui, MPOAEMOHCTPUPOBAHBI OJTHBIE 3HAHUS 46-60
OTBeT MOJHBIN, C HE3HAYUTEIHHBIMY 3aMCUaHUIMM 31-45
OTBET HETOJIHBIH, CYIIIeCTBEHHBIE 3aMEYaHUs 11-30
OTBeT Ha NOCTABJIEHHBIN BONPOC HE IaH 0-10




3. Conep:xkanne
buaok 1. Hanpasaennocts 01.03.02 «AcTpodgu3uka v 3Be31HAA ACTPOHOMM S

Paznen 1. O01mme BONpPoOChl ACTPOHOMUM, He0eCHASI MeXaHUKA

1. OcHOBBI MEXAHUKHN OBUKECHUS.
2. 3aKOH BCEMUPHOTO TATOTEHHUsI, 3aKoHbI Keriepa. 3aiavya 1ByX TeJ, THIbI JBI)KEHUN B 3a1a4e 2-X Tell.

3. OnpeneneHne OCHOBHBIX IJIOCKOCTEN: TOPU30HTA, HEOECHOIO 3KBATOPa, SKIMITUKHU, TaTaKTHYECKOro
skBaropa. CucreMbl HeOecHBIX KoopauHar. [Ipeneccus, HyTanus, abeppanus (CyrouHasi U TOTUYHAs).

4. OcHoBbl MaTeMaTH4eckou craructuku. Pacnpenenenus [lyaccona, ['aycca. MeTonbl mpoBepKH TUIIOTE3

U OICHKMA [apaMeTpoB. MeTOol HaWMEHBINUX KBaJAPaToOB. BBIUUCICHHE CPEIHEKBAAPATHUHBIX
otkyioHeHHA. [TepeHoc ommooK.

Paznen 2. Ha0monareabHbIe M IKCIIEPUMEHTAJIbHbIE METOABI aCTPOPU3NKHU

1. OnTuyeckue TENEeCKONbl U UX OCHOBHbIE MapaMmeTpbl. OCHOBHBIC THUIIBI TENECKONOB (pedpaKTopsbl,
pedIIeKTOPDI, 3epPKATIbHO-THH30BbIE CUCTEMBI, TEIECKOIIbI C aJaNTUBHOM ONTHKOHN). ACTPOKIHNMAT.

2. PannoTeneckomnsl. OCHOBHBIC TUIIBI U napaMeTpbl aHTCHH. HHTep(i)epOMeTpI/IH.

3. Meronsl BHeaTMOC(epHOW acTPOHOMHH. JIeTeKTOpbl W ONTUKA Ui YABTPapHOIETOBOTO U
PEHTTEHOBCKOT0 1nana3oHoB. [1omynpoBOAHUKOBBIE JETEKTOPBI.

Paznen 3. O0mas actrpodpusuka

1. 3Be3nbl: mIKana 3BE3AHBIX BEIMYMH, OTOMETPUUECKHE CUCTEMbI. BunnMbie U aOCOMOTHBIE 3BE3AHbBIE
BeMUYMHBI. Temmeparypa 3Be3/, IIKaua 3Be3AHbIX Temmeparyp. CHeKTpbl 3Be3[l U UX Kiaccu(urarms.
Hunarpamma I'epummnpynra-Paccena.

2. CoOcTBeHHBIC JBW)KCHUS 3BE3J, JydeBbIe CKOPOCTH 3Be3, JBIKeHHE CONHEYHOW CHCTEMBI B
T'amaktuke.

3. MieuHblii TyTh W €r0 CTpOEHHWE. 3BE3IHbIC CKOIUICHHs. Mexk3Be3mHas cpeaa. Mex3Be3aHoe
MHOIVIOIICHUE CBETA.

4. TanmakTiku ¥ WX KiIaccupUKalKsi, METOABI OINpENeNeHHs PAcCTOSHUN J0 TanmakTuk. KpacHoe
cMenienne. Paguoranakruku. KBazapsl

5. CkomuieHus ranaktuk. Bunumas u ckpbitas Macca. [opsumii ra3 B CKOIUIEHUSIX TalakTHK. DPdexT
CronsieBa-3enp10BUYA.



Pa3nea 4. CotHeuHass cucTeMa

1. Conuue (pa3mepsl, Macca, CBETUMOCTh, TeMIieparypa, crekrp). dorochepa, xpomocdepa, conHeyHast
kopoHa. ConHe4Hast akTUBHOCTb. COJIHEUHBIH BeTep.

2. 3emuis kak ma"era. Atmocdepa 3emin, ee cocraB. Bepxusis armocdepa, nonocdepa, sxkzochepa.

3. [NoBepxHOoCTh U opMa 3emiu. MarHuTHOE ToJIe 3eMJIH, AIIEMEHTHI 36MHOTO MarHeTusMma. [lonstue o
BHYTPEHHEM CTPOEHUU 3EMIIH.

4. ITima"eTsl ¥ Majbie TEIa COJTHEYHON CUCTEMEL.
Paszaea S. Teopernueckasi acrpopusuka

1. Atomubie crekTpel. CrekTp aroma Bopopoxaa, jauHusS 21 cMm. CromH, ToHKas cTpykrypa. Crektp
MOJIEKYJbl  Bofopofa. BeposTHocTH mepexonoB. MonekynspHble CHEKTpbl. BpamiarenbHble U
BpalareIbHO-KoJIeOaTeTbHbIE TIOJIOCH.

2. 3Be3nnbie poTtochepsl. OCHOBHBIE TOHATHS O TEOPHH HM3IydeHHs (KO3()(UIMEHTHI MOIIOMICHUS U
U3JTyYeHHs, Pa3IMYHbIC MEXaHU3MBbI TIOIVIONICHUS B KOHTUHYYMe). YpaBHeHHe nepenoca. ['unoresa JI.T.P.
Anpbeno.

3. TopMO3HOE M3ITydeHUE, U3ITy4YeHHE ONTHYECKH TOHKOW M ONTHUYECKH TOJCTOH Tuia3Mbl. CHHXPOHHOE
W3JIy4YEHHUE.

4. TloHsATHe O BHYTPEHHEM CTPOEHHHM 3B€3/J M MX OHBOJIOLUUU. BBIPOXKIEHHBIA 3JIEKTPOHHBIN Tas3.

CrpoeHue 3Be3]] TIIaBHOUM MoOclenoBaTeNbHOCTH. KpacHble TUraHThl U Oenble Kapauku. OCHOBBI TEOpUH
IBOJIFOLIMH 3BE3]I C IIOCTOSITHHON MacCCOi.

Paspnen 6. CiennajibHbIe BONPOCHI ACTPO(PU3IUKH

1. CepxHoBble U uX Kiaccudukanusa. OCTaTKU BCIBIILIEK CBEpPXHOBbIX. KpaOoBHuaHAs TyMaHHOCTb
(cTieKTp, KOMIIOHEHTBI CBEYEHHSI, OCHOBBI TEOPHUH).

2. 3Be3nHble OCTaTKU: Oenble KapiuKHU, HEUTPOHHBIE 3Be3bl M uepHble AbIpbl. Ilynbcapel. Ilpenen
YCTOWYMBOCTH O€JIOro Kapiuka U HEeHMTpOHHOW 3Be3zbl. OlpenesieHue Macchl KOMIIAKTHOTO OOBEKTa B

JIBOMHOM cHCTeMe N0 U3MEPEHHIO JOIIIEPOBCKOIO CMEILEHUS CIIEKTPAIBbHBIX JIMHUH.

3. OcHOBBI TCOPHUU AKKPCIUU Ha HeﬁTpOHHBIC 3BC31IbI 1 YCPHBIC IBIPHI. C(pCpI/I‘-ICCKI/I CUMMCTpUYHAsA 1
AUCKOBasd aKKpCUus.

4. MexaHu3Mbl PEHTIEHOBCKOTO M ramma-usinydeHus. QDopMHpOBaHHE CIEKTPOB KOMIAKTHBIX
PEHTIE€HOBCKUX UCTOYHUKOB.

5. BHeranakTuueckue HCTOYHUKHU PEHTI'CHOBCKOI'O U3JTy4YCHHUA. KocMmudaeckne raMma-BCIIIICCKH.



6. OcHoBbl KocMojoruu. HabmiomarenbHbIE OCHOBBI KOCMOJIOTHH: OIHOPOIHOCTH pacrpeesieHus
Marepuu B caMmbIx OonblIuX MaciTabax; 3akoH XaO06ma. Bo3HuKHOBeHHE CTPYKTypbl BceneHHoil.
YckopenHoe pacuuupenue Beenennoi. TémHas Marepust U TEMHas SHEPTHSL.

Pexomenayemas qureparypa

. Kononosuu 2.B., Mopo3 B.W. O6mmuii kypc actponomuu. M.:YPCC, 2011.

. bucnosareiii-Koran I'.C. ®uznueckue BOnpochl TEOpUM 3Be3HOM »Bosonnu. M.: Hayka, 1989.
. Cypaun B.I". 3Bé3nb1, M.: ®usmatiut, 2009

. 3acoB A.B., IToctaoB K.A. O6mias actpodusuka, 3-¢ uznanue, Bek 2, 2015.

. Uepenamryk A.M., TecHble aBoOIHBIE CUCTEMBI, B 2-X ToMax, M.: ®uzmariaut 2013

. Co6ones B.B. Kypc Teopernueckoii acrpodusuku. M.: Hayka, 1975.

. 3enpnoBuu A.b., HoBukoB W.[] Teopus Tsrorenus u 3Bostonus 38e31. M.: Hayka, 1971.

. 3enpnoBuu A.b., HoBukoB U.J1. Ctpoenue u 3omtonust Becenennoii. M.: Hayka, 1975.
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. 3enpaoBuu f. b., Paitzep FO.I1. ®usuka ynapHbIX BOJIH U BHICOKOTEMIIEPATYPHBIX (HHU3HUECKUX
apinennii. M.: ®usmaraurt, 2008.

10. Mapteinos [I.5. Kypce mpaktuueckoii actpodusuku. M.: Hayka, 1977.

11. ®ynnameHTabHbIe KOcMUYeckue uccnenoBanus, 1.1 Actpodusuka, M.: @uzmaraut 2014

12. Zombeck M. Handbook of Space Astronomy and Astrophysics, Cambridge University Press, 2007
13. ®usuka xocMoca: Manenskas sunukionenus. Pen. P. A. Crousaes. M.: Cos. DHiukonenus, 1986.
14. knosckuit .C . 3Be3bl: UX poxACHUE, )KU3HB U cMepTh. M.: Hayka, 1984.

15. lIanupo C., Terokoncku C. YepHble AbIpbI, O€ible KapIUKU U HEUTpOoHHBIE 3Be31bl. M.: Mup, 1985.
16. Jlonreiip M. Actpo¢u3srka BeIcOKUX 3Hepruil. M.: Mup, 1984.

17. AkkpermoHHbIe niporiecchl B actpodusuke, noxa pena. H.W.1lakypsr, M.: ®uzmariur 2016

18. Topoynos /1. C., Py6akoB B. A. Beenenue B Teoputo panHeir Beenennoii: Teopus ['opsiuero
6onbioro B3peiBa. M.: U3a-so JIKU/URSS, 2008.

MPUMEP DK3AMEHALIMOHHOIO BWIETA GAJAHUI YCTHOIO
SK3AMEHA)

Bonpoc 1. 3akons! Kennepa. JIBukeHue miaHer.

Bonpoc 2. Topmo3Hoe © CUXpOTPOHHOE wu3inydeHHe. @DOpMUPOBAHME CIEKTPOB KOMIIAKTHBIX
PEHTTEHOBCKUX UCTOYHHKOB.

Bonpoc 3. Bo3HukHOBeHME CTpYKTyphl BcenenHoil. YckopenHoe pacmmpenue Bceenennoi. Témuas
Matepusi U TEMHAsi SHEPTHUs.



baok 2. Hanpasiaennocts 01.04.02 «Teopernueckas pusuka»

Pa3nea 1. KBanToBass MexaHHuKaA.

OcHOBHbBIE BONIPOCHI.

1.

10.

OCHOBHBIE TIOJNOKEHUSI KBaHTOBOM MexaHWKH. [IpuHmmm Heompeaen€HHOCTH. [IpuHIMI cymepro3umuy.
Omneparopbl. JIUCKpEeTHBIN W HENpEepbIBHBIA CHEKTphl. ['amunpToHMaH. CTalMOHApHBIE COCTOSHUSL.
[eitzenOepropekoe npencrarieHue. COOTHOIICHUST HEONPEACIEHHOCTH.

VYpaBuenue Illpenunrepa. OcHoBHblEe cBoiicTBa ypaBHeHus Illpeaunrepa. OpHOMEpHOE ABHXKEHHE.
OnnomepHbidd ocuiaTop. IlnorHOCTE MoToKa. KBasuknaccudeckast BoiHOBass QyHKIHA. [Ipoxoxknenne
yepes dapbep.

MowmenT konmudecTBa ABrkeHHs. CoOCTBeHHBIE (PYHKIIMU M COOCTBEHHBIE 3HAYCHHSI MOMEHTA KOJIMYECTBA
newkenus. YerHocts. CrioxkeHrne MoMeHTOB. Pasznoxenue Knebmra-I'opnana.

Hewkenne B ueHtpanbHoMm moine. Chepuyeckue BoiHBL. PasnokeHune miockodd BONHBL PanmansHoe
ypaBaenue lllpenunarepa. ATom Bogoposa.

Teopust Bo3MymieHUWil. Bo3myimieHusi, He 3aBUcAmUEe OT BpeMmeHHU. llepumoamueckwe BO3MYIIEHUS.
KBazuxiaccuueckast TeOpusi BO3MYIIICHHA.

Crun. Oneparop ciiHa. TOHKasi CTPYKTypa aTOMHBIX YPOBHEH.

ToxnectBeHHOCTh YacTul. CHMMETpHsl NPH INEPECTAHOBKE YaCTHL. BTOpHYHOE KBaHTOBAaHWE IS
0030H0B 1 (epmMroHOB. OOMEHHOE B3aUMOJIEICTBHE.

Atom. CocrosiHME IEKTPOHOB aToMa. YpoBHU 3Hepruu. CaMocorilacoBaHHOE Iojie. YpaBHeHue Tomaca-
®epmu. ToHKast CTPYKTypa TOMHBIX ypoBHEH. [lepuonnueckas cuctema Menieneesa.

I[BI/I)KCHI/IG B MAarHuTHOM IIOJIC. ypaBHeHI/Ie Hlpez[I/IHrepa T ABMOKCHHA B MArHUTHOM IIOJIC. [InoTHOCTH
IIOTOKa B MAarHuTHOM IIOJIC.

CronkHoBenus yactuil. OOmas teopusi. dopmyna bopa. PesonancHoe paccesaue. CTOIKHOBEHHE
TOXKACCTBEHHBIX YaCTHUIl. YIPYroe paccesHue MPU HaJIWMYWU HEYNPYTUX MpOoIeccoB. MaTpuiia paccesHusl.
®opmyna bpeitta-Burnepa.

Pexomenayemas iureparypa

1.

Jlanpay JI.JL., JIudgumn E.M. KsantoBas mexanuka. Hepenstuuctckas teopus. M., ®MJL, 2001.



2.

lamumkuit B.M., Kapraakos b.M., Koran B.U., 3amaun mo kxBanTOBO# Mexanuke. M., Hayka, 1992.

Paznea 2. Teopust moJisi.

OcHOBHbBIE BOIIPOCHI.

1.

3apsin B 3JIEKTPOMArHUTHOM Ioiie. UeThIpEXMEpHBI MMOTEHIMAN MOJs. YPaBHEHUS IBIKCHMS 3apsia B
noje, KaauOpoBo4yHas (TpaAMeHTHAs) WHBAapUAHTHOCTh. TEH30p  2JIEKTPOMArHUTHOTO  IOJIS.
[TpeoGpazoBanue Jlopenna st nonst. IHBapuaHThI MOJIL.

JleicTBUE 1)1 AIEKTPOMArHUTHOTO TOJIsl. YpaBHEHHUA 3JIEKTPOMArHUTHOIO TOJIsI. YeThIpEXMEPHBIN BEKTOP
TOKa. YpaBHEHHE HENPEpbIBHOCTU. ILMOTHOCTH M MOTOK »HEpruu. TeH30p sHepruu-uMmiynasca. TeH3op
OHEPTHUU-UMITYJIECA JICKTPOMAroHuTHOI'O IOJIA.

IloctosinHOE onexTpomarHuTHOe Tmone. 3akoH Kymona. OrexkTpocTarndeckass 3SHEprus 3apsioB.
JunonbHerit MoMeHT. MynbpTHIONRHBIE MOMEHTHL. CHCTeMa 3apsifoB BO BHemmHeMm Tmojne. IlocTosiHHOE
MarHutHoe moinie. MarautHelii MOMeHT. Teopema Jlapmopa. /[BmkeHne 3apspKeHHBIX YacTHIl B Ci1abo
HEOAHOPOAHOM MAaruvMTHOM II0JIC.

ONeKTpOMarHuTHEIE BOJHBL. BomHoBoe ypaBHeHue. Ilmockue BomHBL MoHOXpoMaTHueckas ILIOCKas
BosHa. CrnekTpanbHoe pasnoxeHue. Ilomspu3alioHHBIE XapaKTEpPUCTHUKU W3My4yeHHs. PasnoxeHue
AIIEKTPOCTATUYECKOrO MOJISL.

[lone pBMXyHMXcs 3apsAoB. 3anaszapiBatoniue noreHuuansl. [lorennuansl Jluenapa-Buxepra. Uznyuenue
OJICKTPOMArHuTHBIX BOJIH. ITone cuctemel 3apsA/10B Ha ):[aJIéKI/IX PacCTOSAHHUAX. MYJII)TI/IHOJILHOC H3JIYUYCHHC.
N3iryyenue ObICTpOABIDKYILETOCs 3apsiia. PaccessHue cBOOOTHBIMHU 3apsiiaMH.

Pexomenapyemas aureparypa

1.

2.

Jlannpay JIJI., JIndmm E.M. Teopus nons. M., Hayka, 2003.

Tonteirus, U. H. (2002). CoBpeMeHHas 3IeKTpOAMHAMUKA, 4acTh 1. MUKpockonudeckas Teopus. MockBa-
Mxesck: PX]]

Pazgen 3. Crarucruyeckasi pusuka.

OcHOBHBIE BOIIPOCHI.

1. OcHOBHbBIE MNPUHIUAIIBI CTATUCTHUKH. (DYHKL[I/ISI pacrnpeacyicHud U MaTpuia IJIOTHOCTH. CraTuctuyeckas

He3aBUCUMOCTh. Teopema JlnyBusuia. Pones sHeprun. 3akoH Bo3pacTaHusl SHTPONHH. MUKPOKaHOHIHYECKOE
pacnpenencuue. Pacnpenenenue ['m60ca. Pacnipenenenue ['nO6ca ¢ nepeMeHHBIM YHCIIOM YACTHII.

TepmonnHaMuveckue BelWYUHBL Temmeparypa. Pabora um konmuecTBo Temuia. TepMoanHaMU4ecKHUe
MoTeHIHMANEL. TepMonnHamudeckue HepaBeHcTBa. [Ipuammm Jle-1llarense. Teopema Heprcra. Cructems! ¢
MEPEMEHHBIM  YHCJIOM  YacCTHII. CpoOomHass »sHeprusi B pacnpenenenun [ub0ca. BeiBoa
TEPMOJUHAMUYECKUX COOTHOILICHUH.



3. TepmonuHamMmMKa mMAealbHBIX Ta3oB. Pacmpenenenue  bonbivana.  CTONKHOBEHHE — MOIEKYIL
HepaBHoBecHBII naeanbHbli ra3. 3akoH paBHOpacnpeaeneHus. OqHOATOMHBIN HaeanbHbI ras.

4. Pacnpenenenne ®Pepvu u Bose. BhIpoxIeHHEBIH wnueanbHbli (epmu-ra3s. CBONCTBA BEIIECTBA IPHU
OONBIIMX TUIOTHOCTSX. BrIpokaeHHBIN 003e-ra3. Konaercarms boze-DitHmreiina. PaBHOBECHOE TEIIIOBOE
nznydenne. ®opmyna [Inanka. CBeTUMOCTH a0COMIOTHO YEPHOTO TeTa.

5. HewuneansHbie ra3el u KOHACHCHUPOBAHHBIC CPEbI. ®DOHOHHBIC CHEKTPBI U TCPMOANHAMUYCCKHUEC CBOMCTBa
rasa. TepMOI[I/IHaMI/I‘ICCKI/Ie CBOMCTBA HEHJICATLHOI'O KJIACCHISCKOT0 rasa.

6. Pasnosecue (a3. Popmyna Knaneitpona-Knaysuca. Kpuriaeckas Touxa.

(. Cucremsl ¢ pa3nuunbIME dactuiamu. IIpasuio ¢as. Crabbie pactBopbl. CMech HaeanbHbIX ra3oB. CMech
U30TONOB. XUMHUYECKHE PEAKUUU. YCIOBHE XUMHUYECKOTO PABHOBECHUS. 3aKOH JEHCTBYIOIIMX Macc.
Temnora peakunu. MloHN3aIIoOHHOE paBHOBECHE.

8. CnaGo-nenneanwubiit 6o3e-ras. Mogens boromobosa. Crektp Bo30YxaeHHil. CBEpPXTEKYydeCTb.
KBaHTOBBIE BUXPH.

9. Teépapie Tena. Kpucraminueckue crpykrypsl. [loBepxHocTs @epmu. 30HHaAsA CTpyKTypa. KBazugacTuIisl.

10. Kone6anus pemérku. Teopust ynpyroctu. 3Byk B TBEpABIX Tesax. [Iporecchl pacnana v CIHUSHUS
¢ononoB. Paccesame ¢QoHoHOB Ha mpmmecsx. Kunernmueckoe ypaBHeHHE i (DOHOHOB.
TennonpoBOAHOCTG.

11. CeepxripoBoauMocth. KymepoBckoe cnapuBanue. Teopus bapmuna-Kynepa-Ilpuddepa (BKII).
Teopus Jlonmonos. Teopuss ['mu3Oypra-Jlanmay. Tok, xanumOpoBOYHas WHBAPUAHTHOCTH, KBAaHTOBAaHUE
noroka. CBepXIPOBOIHUKH IIEPBOTO M BTOpPOro poaa. dddext Ixozedcona.

12. Onykryaunu. Pacnpeneneane ['m60ca. OnykTyaniu OCHOBHBIX TEPMOJUHAMUYECKUX BEIUYMH.
®opmyna Ilyaccona. Bpemennsie duykryanuu. CHMMETpPUHM KHHETHUECKHMX  KOA(PQHUINUEHTOB.
OnyKTyallMOHHO-TUCCUIIATUBHAS TEOpeMa.

13. @a3zoBble mepexoabl Broporo pona. Teopust Jlammay. Kputnueckue wunHnexcel. MacmtaOHas
WHBapHaHTHOCTb. DIIyKTyalu B OKPECTHOCTH KPUTUYECKOM TOUKH.

Pexomenayemas iureparypa
1. Jlanpmay JI.J., Jiudpmmn E.M. Craructuyeckas ¢pusuka. U.1. M.: ®MJI, 2001.

2. Ky6o P. (1967). Craructuueckas Mmexanuka. Mup.

Paznen 4. Maremaruueckue MeTOAbI (PU3UKH.

OcHOBHBIE BOIIPOCHI.



1. Teopwus pyHKIMI KOMIZIEKCHOTO TIEPEMEHHOTO.

2. BrlunciieHre HHTErPAIOB BEIYCTAMH.

3. Pemienue ypaBHeHHH ¢ TOMONIBIO KOHTYPHBIX HHTETpajioB (Meton Jlamaca).
4. BBIUKCIICHNUE AaCUMIITOTUK UHTETPAJIOB.

5. Crneuuansusle Gynkuun (JIexxanapa, beccens, snnuntudeckue, runepreoMeTpuIecKie, raMmma-(pyHKIIH).

Pexomennyemas ureparypa

1. Jaepentser M. A., Illa6ar b. B., MeToxs! Teopuu (yHKIM# KOMIUIEKCHOro mepemenHoro, Jlans, CII,
2002.

2. Cwupuos B. 1., Kypc Beicmeii Matemaruku, Jlans, CIT. 2008.

3. Beiirmen I, Opneitn A., Beicime TpaHcuieHAeHTHBIE (yHKImY, Jlans, CI1, 2001.

INPUMEP DK3AMEHAIIMOHHOI'O BUWIETA (3aganuii KOHTPOJbHOI padoThl)

33,[18‘13 1. Haﬁ,I[I/ITe ANICKTPHUYICCKYTO NOJSIPU3YECMOCTh aTOMa BOAOPOJd, HAXOAAICTOCSA B OCHOBHOM COCTOSHUU.

— —

3agaua 2. MarautHei qunons A u anexrpuueckuii qunons 0 mpuKpenieHs K TOYeUHOMY 0OBEKTY 1

.o A=Tgcos(wt) d=d,cos(wr) foLdy
KoneomoTces ¢ yactoror ¢, 0 , U=Uo , @ MX HarpaBJIeHHs1 opToroHanbHbl, Ho-+Yo .
UYemy paBHa cuia (e€ cpeiHee 110 BpeMEeHH 3HaUeHHE ), He0OX0auMas sl yliep KaHHs B TIOKOE 3TOr0 00bEKTa, eCiu
MIOJTHAst MOIITHOCTH W3TydeHus paBHa 1I'BT (MOIIHOCTB TeHepalyy OHOr0 aTOMHOTO peakTopa)?
K,=P%/Py (P
3amaua 3. Beruuciuth KOHCTaHTY paBHOBecHst '~p— ' N/T N, (
N, Z2N

— JIABJICHHUE) PEaKIIUU JUCCOIHAIIAN

N

Morekyn azota pu 5000° K B crieayronux npeArnoIoKeHUsIX: KBaHT KOJIeOaHNH MOJIEKYITBI - 2

6,=3.35-10°°K . y
paBeH B K€JIbBUHAX paBeH v - , a MUHUMAJIbHBIU KBAHT BpaHIaTeJ'II)HOI/I 3Heprpm COCTaBJIACT
o] —
2.84°K . DHeprus AMCCOINalun DO 169. 3xran! momw (c yuéToM monpaBKy Ha SHEPTUIO HYJIECBBIX

kojiebanuii). OCHOBHOE AIIEKTPOHHOE COCTOSTHUE MOJIEKYJIbI N, HEBBIPOXKIEHO, HO OCHOBHOE COCTOSIHHE aToMa

a30Ta UMEET YEThIPEXKPATHOE BBHIPOXKICHHE, O0YCIIOBICHHOE JIEKTPOHHBIM CITUHOM.

_~1
3agaua 4. Iloctpouts oproHOpMHpOBaHHBINA Oa3uc mia omeparopa Ulpenunrepa H—73X+exp (x) ,

onpezendunoro Ha npsmoii XER .



baok 3. Hanpasiennocts 01.04.05 «Ontuka

Pazgen 1. Kitaccuueckasi 3J1eKTPOMAarHUTHAs TEOPUS CBETA

1. Ombitel ®u3o u Maiikenbcona. [IpeoOpazoBanus Jlopenna. ITpogoabHbIi 1 onepevHbI
s dextsr Jomnepa.

2. VYpasuenus Makcsesia. Bektop YmoBa-IloitnTunra. BonnoBoe ypaBHenue. [lmockue u
chepudeckre BOIHEIL.

3. U3nydenue nunons. bivkaee u janpHee nojge. MarHuTo-aunojabHOE U 3JIEKTPO-
KBaJIpYIIOJIbHOE U3JIy4YEHUE.

4. Tlonspuzauus ceera. JBoitHoe ydyenpenomiieHue. [lonspuzaropsl. DIeKTPOONTUUECKUE
s dexrer Keppa u [Tokkenbca. OnTudeckast aktTuBHOCTh. Dhdexr Dapasest.

5. OtpaxeHue u IpeIoMJICHHE CBETa Ha TPaHMIIE pa3jiesia H30TPOMHbIX cpel. DopMysibl
O®peneis. [lonHoe BHyTpeHHee oTpaxkeHue. Yrou bprocrepa.

6. Ontuka meramioB. CKUH-3() exT.

7. Hucnepcus cBeta. JudnekTpuyeckasi MpOHUIIAEMOCTb B Pa3HBIX 001aCTIX CIIEKTpA.
AnomanpHas aucnepcusi. @azoBasi ¥ rpynnoBasi CKOpOCTH cBeTa. Jlucnepcus mia3mebl.

Paznen 2. 'eomeTpuyeckasi onruka

1. Ilpunuun ®@epma. BonHoBo#t GpoHT u nydeBas kapTuHa. [[oHATHE ONTHYECKOTO

n3o0paxenus. [lapakcuaibHOE MPUOIMIKEHHE.
2. IlpenommneHune Ha MIOCKUX U chepuuecKUX NoBepXHOCTAX. JIMH3a, Mpu3Ma, TeIeCKOI, MUKPOCKOT.
Abeppaluu ONTHYECKUX CUCTEM.
3. I'ma3 u 3penue. ®oToOMETpUUYECKUE MOHATHUS U €IUHULIBL. SIPKOCTh U OCBEIIEHHOCTh ONTHUYECKOTO
N300paxeHus.

Paznen 3. Untepdepennus u 1uppakius CBeTa, CIEKTPAIbHbIE PUOOPHI

1. UnTepdepentus Boan. Kiaccuueckue nurepdepeHIMOHHbIE ONBITH (IByX- U MHOTO-
JTy4eBble). BnusHue creneHrn MOHOXPOMAaTHYHOCTH M pa3MepOB HCTOYHUKOB Ha
UHTEP(PEPEHIINOHHYIO KapTUHY.

2. UnrtepdepomeTpsl aBynyueBble U MHOTOIYy4eBbIe. HTephepomerp Pabpu—Ilepo u ero
paspemaromias cnocooHocts. MaTEpdepomeTp Maiikenpcona. Dypbe-CIeKTpOMETP.
MHOroca0iMHbIE TOKPHITHUS.

3. Ilpunnun Ioiirenca-®penens (Kupxroda). 3ousr Openens. Judpakuus Opaynrodepa u
Openens.

4. Nudpaknuonnas pemerka. Jmenon MaiikenbcoHa. Pa3pemaromast cmocoOHOCTh
CHEKTPaIbHBIX IPUOOPOB.

5. Tonorpadus.



PaSIleJI 4. KBanroBas TECOPUA U3JTYUYCHHUS U B3aHMOI[ei/'ICTBHSI cB€Ta C
BCIICCTBOM

1. CnonranHoe uznydeHue. CKOpOCTh CIIOHTAHHOTO pacnaaa. MeracTaOuiIbHbIe COCTOSTHUS.
CrnexTp coHTtanHoro usinyderus. Iddexr Homnepa u apdext ormaun.

. TermoBoe m3nyuenue. 3akonsl Kupxroda, Crepana—bonsimana u Buna. @opmyna Ilnanka.

. MapynupoBanHoe usnydenue u nornomenune. Koapdunuents! DitHimrelina. CeueHnue
MHIYLIUPOBaHHBIX NIepexo10B. dopMa JIMHUYU NOITIOLIEHUS.

4. IlpaBuia or6opa A U3IYYSHHs] U MONIOIIEHUS. DIEeKTPOIUIONBHOE PUOIIKEHHUE.
[IpaBuma or6opa 1Mo YETHOCTH U YIIIOBOMY MOMEHTY. [Ipubnmxennsie npaBuia oroopa
JUISL aTOMOB U MOJICKYJI.

. KorepenTtHoe n3nyuenue aromHoro ancamoiis. Cynepno3uiMoHHbIE COCTOSHUS.

Maxkpockonuueckas nosisipusanus. UHTEeHCUBHOCTD U (ha3a KOTEPEHTHOTO U3IIy4eHUSI.
Judpakmonnas pacxonumocts. CBepxusinyueHue Jluke.

6. KorepentHoe Bo30yX/IeHUE IBYXypOBHEBOU cUCTeMBI. [IpubnmxeHne Bpaaromneincs: BOIHBI
(pe3onancHoe npudmmwkenue). Ociwuianun Pabu. BiusiHue penakcaiMOHHBIX MPOIIECCOB.

7. MuorodotonHsIi pe3onanc. [lItapkoBckuii caBUr ypoBHeil. MHOorogotonHas yactota Padu.
burapmonmnueckoe Bo30yxIeHUE.

8. Ympyroe paccesnue cera. Kombunannonnoe (pamanosckoe) paccesiuue (KP). [IpaBuna
otOopa. AnbTepHaTuBHBIN 3anpeT. CTOKCOBO U aHTUCTOKCOBO KP. BeiHy)aeHHOE
paccesiue. [ unepkoMOMHALIMOHHOE pacCesHUE.

9. KoprmyckymsipHble CBOWCTBA AIEKTPOMArHUTHOTO n3nydeHus. ®otorddexr u ero
oOBsicHeHHe. DHeprus u umMnynsc ¢porona. dpdexr KomnroHa.

W N

W

Pasznen 5. CratucTnueckass 1 KBAHTOBAS ONTHKA

1. BpemeHHast 1 IPOCTPaHCTBEHHAsI KOTEPEHTHOCTh CBETOBBIX NoJiel. Koppensaunonusie
(YHKIMY TIEPBOTO U BBICIIUX MOPsIKOB. KorepeHTHOCTh EpBOTo U BTOPOTO MOPSIKOB.
CrnexrpanbHoe npeacraBieHue. Teopema Bunepa—XuHunHa.

2. Unrepdepomerpus nrencuBHocteil. OnbiT bpayna—TBucca.

3. PaznuuHble KBAHTOBBIE COCTOSIHUSI CBETOBBIX MOsIed. CBONCTBA KOTEPEHTHBIX COCTOSHUM.
®DOKOBCKOE, KOTEPEHTHOE U CKaToe cocTostHus noiis. Pacnipenenenne boze—3iHmTeliHa.

4. CratucThueckue CBOICTBa Ja3epHOro u3nydeHus. 3akoH Kupxroda u nrymbl KBAHTOBBIX
ycunutenen csera. KoppensiuonHas crieKTpockonusi. DPpGeKTrl IpyNnupoBKU U
AHTUTPYITTUPOBKHU (POTOHOB.

5. IlyaccoHoBcKasi, CyOIyacCOHOBCKAS U CYTEPITyacCOHOBCKasl CTaTUCTHKA (PoTOHOB. CBA3h
cTatucTUK (poToHOB U PpoTooTcueToB. Dopmyna Mannens ans pacnpeaeneHus GoTooTcyé
TOB. JIpoOGOBOI IITyM.

Pa3jesn 6. ATOMHAasl CIEKTPOCKONUSA

1. Arom Bonopona. KBaHTOBBIE UKcIa. YPOBHM U CIEKTP U3JIYUYEHHUS aTOMa BOAOPO/A.
JI>MOOBCKHUH CIABHL.
2. CnuH snekrpoHa. [Tpunuun Iaynu. [lepuognueckast cucrema s3nemMeHToB MeHeneesa u



w

CTPYKTYpa 3JICKTPOHHBIX 000sI0ueK. BanerntHocts. M3oronmuecknii 3 dekr.

. Cucremaruka CIICKTPOB MHOTI'O3JICKTPOHHBIX aTOMOB. OHpeI[CJ'ICHI/Ie Ha60pa TCPMOB.

MynbTUILIETHAS CTPYKTYpPA.
Punbeprosckue arombl. BogopoaononoOHbie ypoBHHU.

. Tonkas ctpykrypa. CiuH ¥ KBaJAPYIOJbHBIN MOMEHT sijipa. CBEpXTOHKAsI CTPYKTYpa.
. Oddexrol 3eemana u lllTapka. dddexr [Tamena—baka. Dddexr IlTapka y Bomoposa.

Pazngen 7. MoJieky/JsipHasi CIIEKTPOCKOIMS

. Anmabarnueckoe npubmkenue. I pynmnsl cumMeTpun Monekyn. Knaccuduxarms

HOPMAaJIBHBIX KOJICOAHH IO THUIIaM CHMMETPHH.
[IpaBuna or6opa B KojeOarenbHBIX cIeKTpax. D PeKTs anrapMoHn3Ma. Pesonanc @epmu.

. KBanToBanwue Bpamenus TBEporo tena. BzaumosnelictBre koneOaHuid U BpaleHUs

MosteKkyibl. KoprosmncoBo paciieruieHue.

. KonebarenbHblie CIICKTPbI IMOITIOIICHUA U KOM6I/IH3.I_II/IOHHOFO pacceaHuAa CBETA.

BpamarensHas cTpyKkTypa KonebaresIbHbIX I0JI0C.

. QHGKTpOHHLIe CIICKTPbI MOJICKYII. KJ'IaCCI/I(bI/IKaLII/IH QJICKTPOHHBIX COCTOSIHUM ABYXAaTOMHBIX

MoJekyin. Kiaccuduxanus 3eKTpOHHBIX COCTOSHUI MHOTOATOMHBIX MOJIEKYII.

. DnexkTpoHHO-KoNebaTenbHO-BpaliareabHbie ciekTpsl. [Ipuninun @panka—Koungona. [peauc-

conuanus.

Paznen 8. Onruka v CieKTPOCKONUS TBEPAOTO Tejia

4.

5.
6.

. Tunsl cBsi3elt B kpuctamiax. CummeTpust KpucrauioB. Teopema brnoxa. ObparHas

pemérka. 30Hb! bpriosHa.

. HpOBOI[HI/IKI/I, H30JIATOPEIL, ITOJTYIPOBOAHHUKH. 3H€KTpOHHLI€ 30HBI. Hepexomﬂ nmoJg

JIECTBHEM CBETA B UACAITLHOM KpucraJuie.

. ®@ononbl. Mogens [lebas. Aurapmonudeckue 3¢pdextsl. BzanmopeiictBue ceera ¢

(OHOHHOI MoCHCTEMOH, MOMIOIIEHHE CBETa B MH(PAKPACHON 00JIacTH CIIEKTpa.
JusnexTpuueckas 1 MarHUTHas BOCOIPUUMYUBOCTH. DPexTuBHoe nosne. Jucnepcus
audeKTprudeckoil nmponunaeMoct. Cootnomenust Kpamepca-Kponura. @opmyina JlopeHTi-
Jlopenua. HopmainbHas u aHOManbHast [ucnepcuu. 3anpeiéHHas 30Ha 1 001acThb
IIPO3PAaYHOCTH B TUAIEKTPUKAX.

Oxcutonbl Banbe—Mortra u @penkens. [lonsTre o nonsgpuroHax u miaazmMoHax. [lomspoHsl.
®oronHbIe KpucTaLIbl. KBaHTOBBIE siMBl. KBaHTOBBIE IPOBOJIOKH. KBaHTOBBIE TOUKH.

Pasznen 9. Metoabl Jia3epHOil CIEKTPOCKONUHU M HEJIMHEHHOH ONTUKH

. [Ipuntun pabots! nazepa. MaBepcus Hacen€anoctu. Cxembl Hakadyku. CBOMCTBA JIa3ePHBIX

MyYKOB.

. Tumns! nazepos. Pexumsbl paboTsl s1a3zepoB. CuHXxpoHu3aius Moa. ['eneparus

YIBTPAKOPOTKUX UMITYIIbCOB.

. KorepenTtnoe antucrokcoBo paccessaue ceera (KAPC). UeTbpEXBOTHOBOE CMEIIIEHNE.

YenoBue ¢azoBoro cuaxporm3ma. OTpakeHue OeryIiei BOJHbI OT cTosuel (oOpaiieHue



BOJIHOBOTO (hpOHTA).

4. Tp€xBOIHOBOE CMEILIEHNE B HELICHTPOCUMMETPUYHBIX cpeaax. [ eHepanus cymMapHoii u
pa3HoCTHOM YacToT. [ enepanus rapmonuk. [lapamerpuueckoe paccesiHue.

5. CnekTpocKonus CBEpXBbICOKONM YYBCTBUTEIBHOCTHU: (DIIyOpECIEHTHAsI CIIEKTPOCKOIIH S,
¢dboToroHM3aMOHHAs CTIEKTpOCcKomus. CIIEKTPOCKOHUS U ICTEKTHUPOBAHNE OJMHOYHBIX
aTOMOB U MOJIEKYIL.

6. MoaynsuoHHBIE METObI a0COPOIIMOHHOMN CIIEKTPOCKONIUHU: HHTEp(EepOMEeTpHsi, YacTOTHAS
MOZYJISILIUSL, IITAPKOBCKAsK CHEKTPOCKOMIMS, MATHUTHBIA PE30HAHC, OIS pU3allMOHHAs
CHEKTpOCKOMHS, (papageeBcKasi CIIEKTPOCKOIIHS.

7. Metoasl nBoiiHOTO pe3oHanca. Dpdext Xanne. Meron KBaHTOBBIX OueHH. POTOHHOE 3XO.

8. CyOnormiepoBcKasi CIIEKTPOCKONUA. Y3KHE PE30HAHCHI B CIIEKTPOCKOIIMU HACHIIIICHUSI.
JI>MO0BCKuU# TTpoBaJl. Y3KUI PE30HAHC B CTOSUCH BOJIHE HA IBYX()OTOHHOM TIEPEXOJIE.

9. IlpuMeHeHHEe aTOMHBIX M MOJICKY/ISIPHBIX MTYYKOB, OXJIKIEHHBIX MOJIEKYISIPHBIX CTPYH.
JlazepHoe oxy1a)kJIeHne MOHOB B JIOBYIIKaX. 3aMEIJICHUE U OXJIAXK/ICHHE aTOMHbBIX ITyYKOB
PE30HAHCHBIM CBETOBBIM JaBJICHHEM. JIa3epHble JTOBYIIKH ISl aTOMOB.

10. ITponérnoe ymmpenue nuauid. Cxema Pam3u A ycTpaHeHus: TpOJAETHOTO YIIMPEHUS B
MHUKPOBOJTHOBOH crieKTpockoruu. Moaudukammst cxembl Pam3u i1 onrtudeckoid odmact —
METO]1 Pa3HECEHHBIX JIA3EPHBIX MOJIEH.

PexomeHayemMas JinTeparypa

Oomas ¢pusuka

1. Cusyxun JI.B. O0mmii kypc pusuku. Ontuka. M.: Hayka, 1980.

2. Jlanac6epr I.C. Ontuka. M: @uszmariut. 2003.

3. Tamm H.E. OcHoBBI TeOpuu 3nekrpuuectsa. M.: @uzmarnut, 2003.

4. ®eiiaman P, Jletiton P., Conac M. @elitnMaHoBCKHE JieKIuu 1o ¢usmke, TT. 3, 5, 6, 8, 9.
M.: Mup, 1966.

bopu M., Bonbd 3. Ocuossl ontuku. M.: Hayka, 1973.

6. Payruan C.I. Benenue B pusnueckyro ontuky. M.: JInubpokom. 2009.

b

Teopernyeckas pusnka

7. JleBnu B.I". Kypc Teopernueckoit ¢pusuku, Tom 1. M.: Hayka, 1971,

8. Jlanmay JI.JI., JTudmmn E.M. Teopus nons. M.: @usmarnut 2016; KBantoBas MmexaHuka.
M: ®usmarnut 2016; Cratuctuueckas ¢pusuka. M.: @usmariur 2013; DnekTpoauHaMuka
crutomiHbIX cpen. M.: @usmaraut 2005.

KBanroBasi onTuka

9. Mannens JI., Boasd 3. OnTHueckast KOTepeHTHOCTh M KBAHTOBAsI ONITHKA.
M.: ®m3mariut, 2000.

10. Cxkammu M.O., 3y6aiipu M.C. KBanroBas ontuka. M.: ®uzmariut, 2003.

11. Jloynoun P. KBantoBas Teopus ceera. M.: Mup, 1976.

CoBpeMeHHasi ONITMKA M CIIEKTPOCKOIHUS
12. lemtpénep B. CoBpemenHas na3epHas crekrpockonus. M.: Untemnexr, 2014.
13. lllen U.P. [Ipuniuner HenuHelHOM onTuku. - M.: Hayka, 1989.



14. bynkep J1., Kum6enn /1., JeMwuis [{. AromHas (u3uka: 0CBOSHUE Uepe3 3a1a4yi. -
M.: ®uzmaraurt, 2010.

15. JletoxoB B.C., UebotaeB B.I1. Henuneiinas 1a3epHasi CIEKTPOCKOIHS CBEPXBBICOKOTO
pazpemenus. M.: Hayka. 1990.

16. Knpriko JI.H. ®dusndeckrue 0CHOBBI KBAHTOBOMH 3MekTpoHuku. M.: Hayka, 1986.

17. AxmanoB C.A., KoporeeB H.1. MeToibl HETMHEMHOM ONTUKUA B CIEKTPOCKOIIMHU PACCEIHUS
ceera. M.: Hayka. 1981.

18. Canex b., Tetix M. OnTuka u (OTOHUKA: MPUHIIMITBI U TPUMEHEHUS, TT. 1, 2.
M.: UuaTennekt, 2012,

CrnieKTpocKONMs aTOMOB, MOJIEKYJI H KOHA€HCMPOBAHHBIX Cpe/l

19. Cob6enbman .M. Beeaenue B Teoputo aToMHBIX ciekTpoB. M.: Hayka, 1977.

20. Enpsmeuu M.A. AtomHas u MonekyisipHas cnektpockonus. M.: YPCC. 2001.

21. Tepubepr I'. KonebGarensHbie 1 BpamaTenbHbIe CIIEKTPhl MHOTOATOMHBIX MOJIEKYII.
M: NJI, 1949.

22. 3aitman [Ix. [Ipunnuns! Teopun TBepaoro tena. M.: Mup, 1974.

23. HaseinoB A.C. Teopus TBepaoro tena: M.: Hayka, 1976.

Kuaaccnueckue MoHorpapuu

24. Manpaensitam JILW. Jlekiiuu 1o onTuke, TEOPUU OTHOCUTEIBHOCTH U KBAHTOBOM MEXaHUKE.
M.: Hayka, 1972.

25. Tlaiitnep B. KBanroBas teopus uznydenus. UJI. M.: 1956.

HNPUMEP DK3AMEHAIIMOHHOI'O BUJIETA
BAJAHUM YCTHOI'O DK3AMEHA)

Bonpoc 1. @opmynsr @penens. [lonHoe BHyTpeHHEe oTpakeHue. Yroa bprocrepa.

Bomnpoc 2. TeroBoe nznydenue. 3akonsl Kupxroda, Crepana—bonsiimana u Buna. ®opmyna
IInanxa.

Bonpoc 3. Cy6nomiepoBcKkast CIIEKTPOCKOIHUS. Y3KHUE PE30HAHCHI B CIEKTPOCKOTTHHI
HacbleHus. JIsMOoBCckuit poBasl. Y3KHil pe30HaHC B CTOSUEH BOJIHE Ha

IBYX(OTOHHOM Iepexose

OOBIYHO OJIH U3 BOIIPOCOB OTHOCUTCS K TEME pabOT MPEeANoIaraeMoro pyKoBOAUTENs acliipaHTa.



baox 4. Hanpapiaennocts 01.04.07 «®u3duka KOHIEHCHPOBAHHOIO COCTOSTHHS»
(pu3uko-mareMaTHyecKHe HAYKH)

Pasnen 1. Cuiibl CBSI3H B TBEPABIX TeJax
OcHOBHbBIE BONIPOCHI.

1. DNeKTpoHHAas CTPYKTypa aToMoOB. XHMHUYECKas CBs3b WU BaJCHTHOCTh. THIBI CHJI CBS3U B
KOHJIGHCUPOBAaHHOM COCTOSIHMM: BaH-/I€p-BaalibCcOBa CBs3b, MOHHAS CBS3b, KOBAJCHTHAas CBS3b,
METaJNINYECKasi CBA3b.

2. Xumuueckas cBsS3b U OmmkHMUA mopsnok. CTpykTypa BellecTBa C HEHampaBlIEHHBIM
B3auMojielicTBreM. [IpuMepsl KPUCTAUIMUECKUX CTPYKTYpP, OTBEUAIOIIMX IUIOTHBIM YITAKOBKAM
mapoB: npocrtas kyouueckas, OLIK, I'LIK, T'TIY, ctpykrypa tuma CsCl, tuna NaCl, ctpykrypa
tuna neposckuta CaTiO3.

3. OcHOBHbIE CBOWCTBa KOBaJEHTHOW CBsi3u. CTPYKTypa BEIIECTB C KOBAJICHTHBIMH CBS3SIMH.
CrpykTypa BellecTB TuIa cejeHa. [uMOpuau3anusi aTOMHBIX opOuTanell B MoJIeKyJaaxX U
kpuctamax. CTpykTypa Tuna anmasa u rpadura.

Pasznen 2. CumMeTpus TBepAbIX TeJl

1. Kpucrammmueckue u amopdHbIe TBepAble Tena. TpaHCIAMOHHAs WHBApUAHTHOCTH. baszuc n
KpUCTaJLINYeCcKasi CTpPyKTypa. ODineMeHTapHas sdeiika. Suelika Burnepa - 3eiitua. Pemerka
Bbpase. O003HaueHus y3/10B, HapaBJIeHUH U MI0ocKocTel B Kpuctamie. OOparHas peleTka, ee
cBoiicTBa. 30Ha bpuiuttosna.

2. DneMeHThl CHUMMETPUHM KPHUCTAJJIOB: IOBOPOTHI, OTPAXEHUS, WHBEPCHs,, HHBEPCUOHHBIE
MOBOPOTHI, TpaHCsIuu. Onepanuu (Mpeodpa3zoBaHusl) CHMMETPHUH.

3. DyeMeHThl TEOpUU TpyII, IPyHNbl CUMMETpUU. Bo3MOXHBIE MOPSIKKM MOBOPOTHBIX OCEH B
kpuctauie. IIpocTpaHCTBEHHBIE M TOYEUHBIE TIPYNIbl  (KPUCTAIMUECKHUE  KIIACChI).
Knaccudukanus permerok bpase.

Pazpnen 3. lepekThI B TBEPABIX TEJIAX

1. Toueunsie nedekTbl, UX oOpazoBanue u aupdy3us. BakaHcuu U MeXy3enbHBIE ATOMBI.
Hedextsr @penkens u HloTTku.

2. Jluneiinwie nedextrl. KpaeBble M BUHTOBBIC AMCIOKAIMK. POk AUCIOKaNU B TIIACTUYECKON
nedhopmarnu.

Paznen 4. Inppakuus B Kpucramiax

1. PacmpocrpaHeHue BOJH B KpucTaiax. Judpakuus peHTTeHOBCKUX Jy4yeil, HEWTPOHOB U
ANIEKTPOHOB B KpHUCTaJIE. YIPYroe U HEYIPyroe paccessHue, UX 0COOEHHOCTH.

2. bporrosckue orpaxeHus. ATOMHBIM U CTPYKTYpHBIM QakTopsl. JAudpakuus B amMOppHBIX
BELIECTBAX.



Pasnen 5. Konedanusi pemieTku

1.

Konebanus KpUCTAITHYECKON pelieTKU. YpaBHEHUsI IBM>KeHHsI aToMOB. [IpocTas u cioxHas
OJHOMEpPHbIE LIETIOYKM aTOMOB. 3aKOH JUCHEPCUU YIPYIMX BOJH. AKYCTHYECKHE U
onTtudeckne KojeOanus. KmanTtoBanume komeOanuit. @DOHOHBI.  DIEKTPOH-(HOHOHHOE
B3anMMOJICHCTBHE.

Paspen 6. TenioBbie CBOMCTBA TBEPABIX TeJl

1.

2.

TennoeMkocTs TBepabIX Ted. PemeTrodHas TEmIOEMKOCTb. OIEKTPOHHAs TEIUIOEMKOCTb.
TemmneparypHas 3aBUCUMOCTb PELIETOYHON U NIEKTPOHHOHN TEIUIOEMKOCTH.

Kiaccuueckast Teopusi TEIJIOEMKOCTH. 3aKOH PaBHOMEPHOIO PACHPENENICHUS HEPIHH II0
CTENEeHsIM CBOOOABI B KJIACCUYECKOM (Qu3uke. ['paHUIBl CIpaBeIIMBOCTH KJIACCHUYECKON
TEOPHUH.

KBanrtoBas Teopus temnoemkoctu no JiiHiTelHy u Jlebato. [IpenenbHble ciyyan BHICOKHX U
HU3KUX Temneparyp. Temneparypa JleOas.

TerutoBoe pacmmpenue TBepabix Ten. Ero ¢usndeckoe mpoucxoxaeHne. AHTapMOHUYECKHE
KoJ1e0aHMs.

TenonpoBoAHOCTh pelIeTOYHAass M 3JeKTpoHHas. 3akoH Bupgemana - @panna as
JIEKTPOHHOM TEIUIOEMKOCTH M TEIIJIONPOBOIHOCTH.

Pa3znesn 7. DiieKTpOHHBIE CBOMCTBA TBEPABIX TeJl

1.

o

DJEeKTpOHHBIE  CBOWMCTBA TBEPABIX TEJI: OCHOBHBIE  AKCHEPUMEHTAaJbHbIE  (PAKTHI
ITpoBoaumocTs, 3¢dexr Xomna, TepmoI/C, HoTonpoBOoANMOCTb, ONTUYECKOE MOIIOLICHHUE.
TpynHocT 00bscHEHUs ATUX (PAKTOB Ha OCHOBE KJIaccudecKkor Teopuu pyne.

OcHoBHbIE TpUOIMKEHHUs 30HHONW TeopuH. ['pannunsle ycinoBus bopha - Kapmana. Teopema
bnoxa. bioxosckue ¢pynkiuu. Kpazunmmnynbsc. 30061 bpuiitosHa. DHepreTH4eckue 30Hbl.
bparroBckoe oTpaxkeHHE SJIEKTPOHOB IPH ABMXKEHHMU IO Kpuctamry. Ilomocarslii cnekTp
SHEpPTrUH.

[TpubnuxeHue CHIBHOCBS3aHHBIX 3JEKTPOHOB. CBfA3b INIHMPHUHBI pPa3peIIeHHONH 30HBI C
MEPEKPHITUEM BOJTHOBBIX (PYHKIIUH aTOMOB. 3aKOH JHCTEepcud. TeH30p 0O0paTHBIX
3 PEeKTUBHBIX Macc.

[Tpubnmxenue nouTy cBOOOIHBIX AEKTPOHOB. bp3rroBckre oTpaxeHust INEKTPOHOB.
3arnoNHEeHne DJHEPreTUYecKuX 30H ekTpoHamu. [loBepxHocTs @epmu. IlnoTHOCTH
COCTOSIHMM. MeTasuisl, AMIEKTPUKH U ITOITYyIPOBOAHUKH. [lomymeTasbl.

Paznen 8. MaruuTHbIe CBOMCTBA TBEPABIX TeJl

1.

HamarumyeHHocTs ¥ BOCIHPUMMYMBOCT. JlnamMarseTuky, [apaMardHeTUKu U
dbeppomarnetuku. 3axkonsl Kiopm m Kropum - Beiicca. [lapamarmetnsm u auaMarHeTH3M
UIEKTPOHOB IIPOBOJUMOCTH.

IIpupona ¢eppomarnerusma. Das3oBbiii nepexox B GeppoMarHUTHOE cocTosHue. Pounb
obmeHHoro B3aumojeicTBus. Touka Kiopu u BocnmpuuM4YuBOCTh (peppOMarHeTuKa.
®eppomarHuTHble JOMeHbI. [Ipuunnbl mosBieHUs aomeHOB. JlomeHHble rpanunsl (bioxa,
Heens).



4. AntudeppomarHeTukd. MarHutHas ~ cTpyktypa. Touka Heems. BocmpuuMyuBocTh

aHTu(eppoMarueTukoB. deppruMarHeTuku. MarautHasi CTpykTypa (peppuMarHeTHKOB.

CnuHOBBIE BOJIHBI, MArHOHBI.

6. /IBr)K€HHME MAarHUTHOIO MOMEHTa B IIOCTOSSHHOM UM II€PEMEHHOM MAarHUTHBIX IIOJIAX.
DJEeKTPOHHBINA NapaMarHUTHBIN PE30HAHC. SIAepHbIii MarHUTHBIN pe30HaHC.

o

Pazgen 9. Onruyeckue 1 MATHUTOONITHYECKHUE CBOMCTBA TBEPAbIX TeJl

1. KoMmmekcHas ~ JWUIEKTpUYECKass  NPOHMIIAEMOCTh M ONTHYECKHE  ITOCTOSIHHBIE.
Koappunmentsr nornomienus u orpaxenus. Coornomenus Kpamepca-Kponura.

2. IlomnomeHus cera B MOMYINPOBOJHHUKAX (MEK30HHOE, IPUMECHOE MOMIOLIEHHE, OIIOLICHNE

CBOOOZHBIMH  HOCHUTENSIMH, pemeTkoi). OnpeneneHne  OCHOBHBIX — XapaKTEPUCTHUK

IIOJIyNIPOBOAHMKA U3 ONITUYECKUX UCCIIENOBAHUM.

Maruauroontudeckue 3pdextsl (3pdexter Papanes, Poxra u Keppa).

4. IIpoHMKHOBEHHME BBICOKOUACTOTHOIO IT0JI B IPOBOAHUK. HOopMasIbHBIN U aHOMaJIbHBIA CKHUH-
a¢dekThl. TommmHa CKHH-CII0S.

w

Paspnen 10. CBepxnpoBoaumMocTb

1. CBepxXmpoBOIUMOCTb. Kputnueckas TeMIeparypa. BricokoTemneparypHbie
cBepxnpoBonHUKU. Dpdext Meiicuepa. Kpurnueckoe mosie 1 KpUTUYECKHUH TOK.

2. CBepXIIpOBOIHUKH MEPBOTO U BTOpPOro poaa. Mx marHUTHBIE cBoiicTBa. Buxpu AOpHKOCOBa.
I'myGuHa MPOHMKHOBEHHSI MATHUTHOTO TIOJISI B 00pasell.

3. Dddexr Ixo3edcoHa.

4. Kymneposckoe criapuBanue. [iinHa KOTepeHTHOCTH. DHEPreTHYECKast MElb.

Pexomenayemasi iureparypa

Kurrens Y. Beenenue B ¢puzuky tBepaoro tena. M.: Hayka, 1978.

Amkpodt H., Mepmun H. ®usuka tBepaoro tena. T. |, 1. M.: Mup, 1979.

Vopr U., Tomcon P. ®usuka tBepaoro tena. M.: Mup, 1969.

3aiiman k. [TpuHnuns! Teopun tBeproro tena. M.: Mup, 1974.

[TaBnos I1.B., XoxyoB A.®. ®uszuka tBepaoro tena. M.: Beicur. k., 2000.
Boncosckuit C.B. Marnerusm. M.: Hayka, 1971.

Bonu-bpyesuu B.JI., Kanamaukos C.I. ®usuka nomynpoBogaukos. M.: Hayka, 1979.
HImunar B.B. Beenenue B ¢pusuky ceepxnpoBoaumoctu. ML HMO, M., 2000.

MPUMEP DK3AMEHAIIMOHHOTO BHWJIETA GAJAHMII YCTHOIO
YK3AMEHA)

Bomnpoc 1. KBanToBasi Teopust TeruioeMkocTy o DiHmTeny u Jlebato. [IpenenbHbie ciiydan BBICOKUX U
HU3KUX Temneparyp. Temneparypa [lebas.

Bomnpoc 2. OcHoBHbBIE TTpUOMKEHUS 30HHOU Teopuu. ['panununbie ycnoBus bopHa - Kapmana. Teopema
broxa. bioxosckue ¢pynkiuu. Kpazunmmynbsc. 30Hb1 bpuiiosHa. DHepreTH4ecKue 30HbI.



Bonpoc 3. CBepXMIpOBOIHUKN NEPBOTO U BTOPOro poaa. MIx MarHUTHBIE CBOicTBa. Buxpu AOpHKOCOBa.
I'my6uHa NPOHMKHOBEHHSI MArHUTHOTO 110JI B 00pasel.

OOBIYHO OJIMH U3 BOIIPOCOB OTHOCUTCS K TeMe paboT MPEaoIaraeMoro pyKoOBOJUTENs aCIUpaHTa.



buaok 5. Hanpasiaennocts 01.04.09 «@u3nka HU3KUX TeMIlepaTyp»

Pasnen 1. Metroabl mosty4yeHusi HU3KHUX TeMIIepaTyp

1. WneanbHblil mpoliecc OXXKMKEHUS Ta30B U MUHUMaJIbHAsL Pad0Ta OXKUKECHHUSL.
2. OXMXKCHHE BOIOPOJIa U TeIIHSI.
3 4 3 4
3. OxnaxneHue myrem oTkadku rnapoB “He u "He, Mmetomom pactBopenust “He B "He. Oxnaxxnenue ¢
ucnonb3oBanueM dpdexra [Tomepanuyka u auadaTHueCcKOro pa3MarHMYUBaHUS.
4. TepMmomeTpus IpHU HU3KUX TEMIEpaTypax.

Paznen 2. TepmogunaMuka M cTaTUCTHYeCKas PU3MKA.

1. Pacnpenenenus ['m66ca, Makcsemia, bonbiimana.
Bropoe Hauanio TepmoarHaMUKH. TepMOIMHAMUYECKHE TOTEHIMAbl, COOTHOIICHUS MEXIY UX
MIPOU3BOIHBIMU.

3. TepmoaumHamuueckue QyHKIIUU HI€aTIHLHOTO ra3a. Teopema paBHOpACIpeeIeHUs SHEPTUU 110
CTEINEHSM CBOOO/IBI.
Ycnosue paBHoBecus ¢az. Ypasuenue Knaiinepona-Knaysuyca.
Kpurnueckas Touxa.
®da3oBbIe NIEPEX0bl BTOPOro poaa. MzMeHeHne cuMMeTpuu U napameTp nopsaka. Ckadok
TerioeMKocTH. KpuTrueckrne nHIEKCHI.

7. Pacnpenenenus bosze u @epmu. Temneparypa BoIpOXKICHUS.
[Topsiiok BeIMUMHBI TETUIOEMKOCTH BBIpOXkKAeHHOTO Depmu-Tasa.

Paznen 3.Cummerpusi, kpucraaorpagpus

Onpenenenre CTPyKTYpbl KPUCTAIIIOB C MOMOIIbIO PACCEsSHUS PEHTTEHOBCKUX JTy4ei.
Pemerku bpase. OGparHast pemerka, 30Ha bpuuttosHna.

Kpucrannmyeckne cTpyKTyphl IPOCTHIX BELIECTB.

XKunkue kpucTamisl.

PwbdPR

Paznen 4. TensioBble CBOMCTBA JUYIEKTPUKOB

1. TemmoemkocTh: 3akoH [lebast, 3akoH rononra u [Itu. Temneparypa [debast.
2. TennonpoBOIZHOCTh JHANEKTPUKOB. 3aBHCHUMOCTb OT TeMIieparypsl. Poib mponeccos
nepedpoca.

Pazgen 5. MarHuTHbIe CBOMCTBA TUIJIEKTPUKOB

AtoM B MarHuTHOM miofie. J{lnamarnetusm. [Tapamarnerusm. 3akon Kiopwu.
['amunsronnan [eitzenbepra.

MarsaurtoynopsiioueHHbI€ BEIECTBA

®eppomarneruku. 3akoH Kropu-Belicca.

AnTtudeppomarnetuku. IlpononpHas u nonepeyHast BocnpuuM4auBocTb AOM.

g w N



DeppUMarHeTuKHu.

MarHeTHKkH B C1a0bIX U CUJIbHBIX MAarHUTHBIX ITOJISIX.

CnuHOBBIC BOJIHBIL. 3aKOH JAMCIIEPCHH IS Peppo- U aHTU(eppoMarHeTuka.
TemneparypHasi 3aBUCHMOCTh MAarHUTHOTO BKJIAJIa B TEIVIOEMKOCTh MU HAMarHM4€HHOCTHU
dbeppoMarHeTuka B MpuOIMKEHUN TEOPUH CITMHOBBIX BOJH.

10. Pezonancel. IMP, OI1P, DMP, AOMP. O651actu 4acTOT pe30HAHCOB.

O O J o

Pazngen 6. HopmasbHble MeTAJLIbI

1. Mogens cBOOOIHBIX 3EKTPOHOB. DHEPIHsl, UMITYIbC, CKOPOCTh, TeMiieparypa @epmu. [InoTHOCT
COCTOSIHUM

3aKOH JUCIIEPCUU 3JIEKTPOHA B IEPUOANYECKOM OTEHIMAJIE.

DHEpPreTUYeCKUe 30HBI.

3aKkphIThIE U OTKpbITHIE MOBepXHOCTH Depmu.

DneMeHTapHbIe (DOPMYIIBI IS POBOAUMOCTH H TEIUIONPOBOTHOCTH. TeMmrieparypHas 3aBUCUMOCTh
MIPOBOAMMOCTH M TEIUIONPOBOAHOCTH METAIIOB. 3akoH Bunemana-®panua.

Hunamarnetusm Jlannay u napamarserusm [laynu.

AHoManbpHbIN CKHUH-3(Q(GeKT. [IuKI0TpOHHBIN pe3oHaHC.

KBaHTOBBIE OCHMIUTALIMY MArHUTHOTO MOMEHTA U COITPOTUBJICHUA.

g w N
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Paznen 7. CBepXnpoBOAHUKHT

1. U3menenue cBOOOIHON 3HEPrUH, SHTPOINH, TEINIOEMKOCTH MPU NIEPEX0/ie MeTaljIa U3
HOPMAJIBHOTO COCTOSIHHSL B CBEPXIIPOBOASILEE B MATHUTHOM IIOJIE.

2. Cootnomenus BKIII mist kputndeckoit Temmneparypsl T B SHEPreTHYecKo# menu [1. DIeKTpOHHBIN
HHEPreTUUECKUi CIIEKTp BO30YKIEHUI B CBEPXIIPOBOTHUKE U HOPMaIbHOM MeTaie. CBA3b MEXIy
mpuHon menu u He mpu T=0.

3. 3aBHCHMOCTb TEIJIOEMKOCTH U TEIUIONPOBOAHOCTH CBEPXIPOBOAHUKOB OT TEMIIEPATYPHI IPU
HU3KOHM TEMIIepaType

4. JlivHa KOTepeHTHOCTH U INyOMHa MPOHUKHOBEHUs. BbIpaxkeHne 3TuX BEIMYUH Yepe3 MUPHHY
11enu, GepMUEBCKYI0 CKOPOCTh, MacCy U MJIOTHOCTh 3JIEKTPOHOB. KBaHTOBaHHE MarHUTHOTO
noroka. D¢ dexts! xo3zedcona.

5. CsepxmpoBonnuku I u Il pona. Kpussie HamarauunBanusi. CTpyKTypa CBEpXIPOBOJAHUKOB B

CMEIIaHHOM COCTOSIHUU. Buxpu AGpukocosa.

Pasznea 8. I'eaunii-4 u reanii-3

1. ®dazoBas qmarpamma *He u *He.

2. DHepreTHUecKHii CriekTp cBepxTeKydero “He n kpuriaeckas ckopocts Jlamnay. TemmeparypHas
3aBHCUMOCTH ()OHOHHOTO ¥ POTOHHOTO BKJIa/Ia B TETDIOEMKOCTb.

3. Tepmomexarmueckuii sdext. 1-i u 2-i 3Byku. Buxpn B cBepxrexydem ‘He.

4. DepMHU-KUAKOCTH: TEMIEPATypa BBIPOKIACHUS, TEMIIOEMKOCTb, BI3KOCTh, TEIJIONPOBOAHOCTb.

PexomeHayemas Jiureparypa



Y. Kutrens. BBenenue B pusuky TBEpaoro tena; usa. 2-¢, Hayka, 1978.

JIx. 3aiiman. [TpuHiunel Teopuu TBepaoro tena. Mup, 1974.

A.A. AbpukocoB. OcHoBbI TeOpun MeTaioB, Hayka, 1987.

N.M. JInpmmun, M. 4. Az6ens, M.U. Karanos. DnexrponHas Teopus metamion, Hayka, 1971.

abrwnhpeE

JILJ. Jlangay, E.M. JIudmmun. Craructudeckas ¢pusuka, Hayka, 1976. KBantoBas mexanuka, Hayka,

1974. DnexkrpoarHamMuka crulomHbeix cpen, Hayka, 1982.

6. E.M. Jluduun, JLIT. [TuraeBckuii. Craructuueckas ¢pusmka, 4. |, Hayka, 1978. ®uznueckas
KuHeTrka, Hayka, 1979.

7. H. Amkpodt, H. Mepmun. ®usuka tBepaoro tena. M.: Mup, 1979.

8. M.U. Ilomos. Tepmomerpust u kanopumetpus. M.: U3n. MI'Y, 1954.

9. O.B. Jloynacmaa. [IpuHiuns! u MeToas! nonydenus temmneparyp ke 1 K. M.: Mup, 1977.

10. A.C. bopoBuk-PomanoB. Jlekuinu o HU3KOTEMIIEPATYPHOMY MarHeTU3MY.

11.B.B. lllmuar. Beeaenue B cBepxnpoBoaumocts. M.: Hayka, 1982.

12. CnpaBoyHUK 10 (PU3UKO-TEXHUYECKUM OCHOBaM KpHOTeHUKU. MockBa, DHeproatomusaar, 1985 (moxg
pen. MLI1. Mankoga).

13. A. AGparam, M. TonbamaH. SnepHblii MarHeTU3M: MTOPSIOK U Oecropsiok Mocksa "Mup", 1984.

14.D. Vollhardt, P. Wolfle "The Superfluid phases of Helium 3".

15.B.I1. Munees. CBepxTekyuuii renuii-3, BBeaenue B npeamer. YOH 139, 303 (1983).

16. JIx. Tumum u Jx. Tumum. CBepXTeKydecTh U CBepXmpoBoauMocTs. M. 1977, (ecTh pycckuii n

AQHIVIMMCKUM BapUAHTBHI).

NPUMEP DK3AMEHAIIMOHHOTO BHWIETA (GAJAHUHA YCTHOI'O
IK3AMEHA)

Bonpoc 1. TemI0eMKOCTb AUIIEKTPUUECKUX KpUCTALIOB. Temmneparypa Jlebas.

Bomnpoc 2. 3aKoH JHCIEPCHH dNIEKTPOHA B MeTajie. 30HBI bpuiuitosHa. DHepreTuuecKue 30Hbl.

Bonpoc 3. CBepXIIpOBOAHUKH IIEPBOTO U BTOPOTo poaa. Buxpu AGpukocosa.

OOBIYHO OJIMH U3 BOIIPOCOB OTHOCUTCS K TEME pabOT MPEANoIaraeMoro pykoBOAUTENs acliipaHTa.



