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OAKYJIBTET ITPOBJIEM ®U3UKU U DJHEPT'ETUKH
HAIIPABJIEHHOCTD: 01.03.04 INTAHETHBIE UCCJIEJJOBAHUS

1. DnemeHThl GU3UKH IUIAHETHBIX aTMOchep
1.1. BeptukanbHas cTpyKTypa IutaHeTHeIX atMocdep. Tponocdepa, crparocdepa, mesochepa,
tepmocdepa. ['omocdepa u rerepocthepa. Dx3ochepa. CpaBHUTEIBHBIM aHAIN3 CTPOCHHS
atmocdep Benepsr, 3emn, Mapca u FOmurepa.
1.2. OOmas uUpKyIsUMs IUIAHETHBIX —aTMocdep. VYpaBHEHHS THIPOJUHAMUKA — HA
Bpamtatomieics chepe. JIBa pexxrma oOmieit mupKyasuu. Sueiiku X311 U CTpYHHBIC TCUCHHUS.
Tepmuueckuii Berep. IlnanerapHslii morpaHudHbId ca0W. [IoHATHE O TMAPOAMHAMUYECKHX
MOJIeJIAX IJIAaHETHBIX aTMocgep.
1.3. Boxsbl B armocdepe IuiaHeThl. bapoTporHbeie u OapOKJIMHHBIE MOABL. BHyTpeHHHE
I'paBUTALIMOHHBIE BOJIHBL. ['paBUTAIMOHHBIE M TepMUYecKUe NpuiuBbl. Bonusl PoccOu.
1.4. TypOynentnoe nprwkenue B atmochepax. Kommoroposckuii cnexkrp. KoHBekTHBHas u
caBuroBas HeycroMuuBocTh. Yucno Puuapncona. TypOyneHTHBIH NOTpaHUYHBIA — CIIOM.
TypOynentnsie ko puieHTs 0OMeHa.
1.5. Cnekrpockomnusi arMocepHbix Ta3oB. OCHOBHbIC 3aKOHOMEPHOCTH BpAalllaTEIbHBIX,
KoJsie0aTeNbHO-BPAIATENIbHBIX U AJIEKTPOHHBIX CHEKTPOB MoJieKyJl. CeKkTpocKkonuyeckue 06asbl
naHHbIX. [Ipoliecchl M3IydeHus! U MOTJIOMIEHHUS, MEXaHU3Mbl YIIUPEHUs JIMHUHM B atMochepax
11aHeT. JIokaabHOE TEPMOANMHAMUYECKOE PABHOBECHE.
1.6. AspoHommus. XuMMHUECKHE TIpOLIECCHI B IUIAHETHBIX armocdepax. [luccorumanus.
Nonnzanus. Ctpoenue BepxHux atmocgep mianet. onocdepsi.
1.7. AbsposonbHas cpena B IUIAHETHBIX atMocdepax. O0aka, adpo30JbHas IbIMKA, UX THIIBI,
nporecckl o0pa3oBanusi. Mukpoduzndeckre nporeccsl.

2. ChoexkTpopaaroMeTpUYeCKue METOIbI UCCICIOBAHUS ITAHET
2.1. Tlepenoc m3nyuenusi B nuHun. Kpusbie pocta. ICTHHHOE TOIJIONMICHUE U pacCesiHUE Ha
Pa3IMYHBbIX YPOBHIX arMoc@epbl. POpMUPOBAHUS CIEKTPA YXOSIIErO TEIJIOBOIO MU3ITyYEHUS
IIJIAHETHI.
2.2. Onrtuveckue CBOWCTBa 00JIaKOB U adpo3odeil. Teopus Mu
2.3. TlpuGopsl i AWUCTAHIMOHHOTO 30HIMPOBAHUS IUIAHET B ONTHYECKOM JHAMa30HE
cuektpa. Ilpuemuuku wuznydenus Y@, Bugumoro u WK nuanazonos. JludpakunoHHble
ciekTpoMeTpbl.  Dypbe-CrieKTpoMeTphl.  AKyCTOoNnTHYecKas  (QUIbTpamMs  M3JIydeHHs.
Kaprupytomue cnekrpomerpsl. CHEKTPOCKONHUS BBICOKOTO pPa3pelIeHUs IS UCCIIEIOBAHUS
IUTaHeT:  Oeiie-crieKTpoMeTpsl,  uHTeppepomeTpsl  Pabpu-Ilepo,  rereponuHHBIE
CHEKTPOMETPHI.

3. OO0bexTbl CONHEYHON CHCTEMBI
3.1. Mepkypuii. OpOuTanbHbie XapaKTepuCTUKU. [IOHATHE O TUIAHETHOW PAJAMOJIOKAIIUH, €€
posib B ucciaenaoBanuu Mepkypus. [loBepxHocTe Mepkypusi, OCHOBHBIE OCOOCHHOCTH €€
ctpoenus. KocMnueckue sxcnennuun Mapunep-10, Meccenpxep.
3.2. Benepa. IloBepxHocTh. CocTaB M BepTHKaJIbHOE CTpoeHHE aTtMmocdepbl. OCHOBHBIC
XapaKTepUCTUKH 00JauyHOro cnosi. TeruioBod pexuM HukHeH arMmocdepsl. JuHamuka
atmMocdepsl. Pammomsnyuenue. Bepxusis atmocdepa. [Ipobimema »sBomonMM KiIMMara.
Kocmuueckue skcnienunuu k Benepe ot Beneprl 4 no «Benepsl-Okcnpece».
3.3. 3emus kak tiaHera. [loHstne o TekroHHMKe. Llupkymsaius armMocdepsl M OKeaHa.
I'mapocepa u Ouochepa. MX BiaMAHME Ha XapaKTePUCTUKU aTtMochepbl M KIMMAara.
[TapauxoBsiit a3pdekt. [Ipobrema cTabMIBHOCTH KIMMATA.
3.4. Jlyna. CTpoeHue u SBOJIONHMS MOBEPXHOCTH. [ umote3bl npoucxoxaenus JIynsr. [Ipodonema
neryunx. OTKpbITHE BOASHOro Jpaa Ha Jlyne. MccnenoBanue JlyHbl, mporpaMMa «Amoiiioy,
COBpEMEHHBIE uccieoBaHus kocmuueckumu anmnaparamu (LRO, HYannpass, JIyna-Pecypc)



3.5. Mapc. Penbed, moBepxHOCTh, MOJEIH BHYTpeHHEro cTpoeHus. CoctaB aTMocdepsl, ee
BEPTUKAJIBHOE CTPOCHHE M JAWHAMHKA. ATMOC(EpHBIH a’3po30iib, 0ONaKa, MbUIEBBIE OYpH.
[Ipo6nema naneoknumara. Mccnenosanne Mapca npu NoMoIy KOCMUYECKHX annaparoB.

3.6. IOmutep. CocraB u crpykrypa armocdepsl. Ilpuponma obmaynoro cnos. DazoBoe
cocrosiHue Heap. Junamuka atMocdepsl, mosica ¥ 30Hbl. CTonkHOBeHUEe koMeThl [lomeiikepa-
JleBu ¢ FOnmurepom. Maraurtochepa. Muccuu «Bosimxepy, «I amuneo».

3.7. TamuneeBbl cnyrtuuku IOmwmrepa: Mo, Espoma, I'ammmen m Kammmcro. Mx opOHTHI,
MOBEPXHOCTh, aTMOC(EpPbl, MOJAEIH BHYTPEHHETO CTPOCHHUS. IK30C(hepbl TalUIeeBBIX
cnyTHukoB Onmrepa

3.8. Carypn. Mozenu BHyTpeHHero crpoerus. Oco0eHHOCTH TuHaMuKU atMocdepbl. Cuctema
koJien] 1 cnyTHUKoB CatypHa. Muccuu «Boskep» n «Kaccunmy.

3.9. Cnyrauku CatypHa. TuTtaH: cocraB, BEepTUKAJIbHAS CTPYKTYpa M JUHAMUKA aTMOC(EPHI.
Anspo3zonbHas komrnoHeHTa atMochepsl Tutana. [lonarue 06 yriaeBonopoaHoM nukie. Muccus
«[roitrency. DHuenan: opoura, MOBEPXHOCTh, BHYTPEHHEE CTPOCHUE, KPUOBYIIKAHHU3M.

3.10. Ypan u HentyHn. OcoOeHHOCTH TEIUIOBOTO OajlaHca, AMHAMUKHA atMocdep, BHYTPEHHETO
cTpoeHusi. MarautHsle nosst. CUcTeMbl KoJiel ¥ CllyTHUKOB. Muccus «Bosmxep».

3.11. Masble maanetsl. I aBHbIi mosic. J{BmkeHue, Touku Jlarpanxa, pe30HaHCHI.

3.12. Komertsl, ux knaccudukarms. CoBpeMeHHbIC MPEACTaBICHH O siapax komeT. O061ako
Opta. Koitneposckuit nosic. Cuctema Ilnyron-Xapon. MccinenoBanuss KOMET KOCMUYECKUMU
arnmaparamu. Muccuu «Beray, «/[xorroy, «Pozertay.

4. BHecoJIHEUHbIE ITAHETHBIC CHCTEMBI
4.1. CoBpemeHHBIe TpenacTaBileHus O (opmMupoBaHMHM W paHHEW sBomounu CoJXHEYHOU
CUCTEeMbI. XapaKTePUCTUKU 3B€3/1, 00J1aJal0IUX [IAHETHBIMU CUCTEMaMHU.
4.2. BHecoNHEuYHbIC IUIAHETHbIC CHUCTEMbl. MeToapl  OOHApYKCHUs] ¥ TUIHYHBIC
XapaKTePUCTHKH BHECOJTHEUHBIX IUTaHET. Moenu aTMocdep dK30IIIaHeT.
4.3. Tlonsarue oduTaemMoii 30HbL. [1OMCK BHECOTHEYHBIX [IAHET 3€MHOTO TUIIA.

Jlureparypa

1. Bakymun I[1.U. u np. Kypc o6meit actponomun. M., «Hayka», 1983 (5-e u3n), M. «Dauropuan
YPCCx», 2001 (6-e u3x) (rn. 7u 9).

2. Ban e Xrwncr I'. Paccesnue cBera mansiMu yactunamu. M., MJI, 1961.

3. Burases A.B., Ileuepuuxkos I'.B., Capponos B.C., [Inanetsi 3emHoii rpynmnsi, M., Hayka, 1990.

4. Tepubepr I'. CnekTpbl U CTpOCHUE IBYXaTOMHBIX MoJieky:t, M., MJI, 1949 (tx. 1 - 4).

5. Tomunen I'.C. BBefieHne B tuHaMHKY TUiaHeTHRIX atMocdep. JI., Tuapomereonsmar, 1973.

6. Topekaesiit H.H., ®puaman A.M. ®usnka mnaneTHsix Koaeu. M., Hayka, 1994

7. Tymu P. Atmocdepnas paguaius. M., Mup, 1966.

8. Tymm P., Ixx Yokep. Atmochepst. M., Mup, 1975.

9. Xapxos B.H. BHyTpeHHee ctpoenue 3emin u miaHet. M., Mup, 1978.

10. Xapxkos B.H. u Mopo3 B.U. ITouemy Mapc? IIpuponaa, Ne 6, 58-67, 2000

11. WUnaror C.1. Murpanus nHebecusix Tea B ConHeunoi cucreme. M., «auropuan YPCCx», 2000
(rm. 1).

12. Kocmonaptika, Juuumkioneaus. Ilox pea. B.IL. Imymko. M., Hayka, 1978, «CoBerckas
SHIMKJIONEaus», 1985.

13. Kpacnononsckuii B.A. ®otoxumus atmochep Mapca u Benepsr. M., Hayka, 1982.

14. Mopo3 B.W. ®usuka mianer. M., Hayka, 1967 (t1. 1 u paznen 4.3).

15. Mioppeii K., depmort C. Innamuka Connevnoii cucrembl, MockBa, ®uzmatmut, 2009.

16. Cob6oines B.B. Ilepenoc uznyuenus B armocdepax 38e3 u mwianet. M., T'TTU, 1956.

17. CoGomnes B.B. Paccesinue cBera B atmocepax mianer. M., Hayka, 1972.

18. Coo6omnes B.B. Kypc teopernueckoii actpodusuku. M., Hayka, 1975.

19. Tsepckoii I1.H. Kypc mereoponoruu (puszuka armocdepsr), J1., 'unpomereonsaar, 1962.

20. Yem6epnen /Ix. Teopus mianetHsix armocdep. M., Mup, 1981.



21.

22.
23.

24.

25.
26.

217.

®usuka kocmoca. Manenwskass s>Huukinoneaus. Ilon pea. P.A. CronsieBa, M., «CoBerckas
SHIMKIJIONEaUs», 1986.

JleBanToBckuii B.K. Mexannka kocmuueckoro nosiera. M., Mup, 1975.

Encyclopedia of the Solar system (second edition), edited by McFadden L.-A., Weissman P.R.,
Johnson T.V., Elsevier, 966, 2007.

Irwin P. Giant planets of our Solar system. Atmospheres, composition and structure. Springer,
403c., 2009 (2006 — first edition).

Imke de Pater, Jack J. Lissauer, Planetary sciences, Cambridge University press, 528 c., 2004
Sanchez-Lavega A., An Introduction to Planetary Atmospheres, CRC press: Taylor & Francis,
629 c., 2010.

Taylor F.W. Planetary atmospheres Oxford University Press, 261 c., 2010

JlonoHUTeILHAS JTUTepaTypa

1.

2
3.
4.
5

o

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

28.
29.

30.

Anekcannpos FO.B. Beenenue B pusuky minanet. Kues, Buia mkoma, 1982.

Bbapcykos B.JI. (pen) [Inanera Benepa. M., Hayka, 1989.

Bosipuyk A.A. (pen) Yrpo3sa ¢ Heba: pok unu ciydaiiHocth? M., Kocmoundopm, 1999.

I'ynu P. Atmocdepras pagunanus. M., Mup, 1966.

Jeiimenmxan . Paccesinue ANEKTPOMArHUTHOTO U3ITy4eHUS cheprueckumMu
MOJIMAUCTIEPCHBIMU YacTuliamu. M., Mup, 1971.

EnpsmeBny M.A. AtoMHas u MosekyisipHas ciektpockonusi. M., Hayka,1962; M., Dautopuan
YPCC, 2001 (2-e uzn).

XKapxos B.H. u Tpyounun B.I1. ®usuka manetnsix Heap. M., Hayka, 1980.

Kocmoxumus Jlynsl u uianer. M., Hayka, 1975.

Kpacnononbckuit B.A. ®usnka ceeuenust armochep mianet u komet. M.,Hayka, 1987.

. Kcandomanutu JI.B. [Inanera Benepa. M., Hayka, 1985.
. Kcanpomanuru JT.B. Ilapan maner. M., Hayka, 1997.
. Kcandomanurtu JI.B. Ilennsrit nap nebecHoii mexanuku. «Bcenennas u Mbi», 2001, Ne 4, ctp.

14.JIyna. C6. nox pexn. I'. FOpuu. M., Hayka, 1985.

Mapounuk JT.C. CBuganue c komeroil. M., Hayxka, 1985.

Mapog M. ITnanerst Comneunoit cucremsl. M., Hayka, 1986.

MounuH A.C. n HInmkos F0.A. Uctopus knumara. JI., 'magpomereonsnar,1979.

Mopo3 B.1. ®uszuka mianetst Mapc. M., Hayka, 1978.

ITnanets! u ciytHuku. CO. mox pen. Jx. Koitnepa u b. Muanxepcra, M.,Mup, 1963.
ITpoTo3se3ns! u ianetsl. CO. nmox pen. T. I'epenca. M., Mup, 1982.

Cumonenko A.H. Acrepouast. M., Hayka, 1985.

Conneunas cucreMa. Ilep. nox pen. B.M1. Mopo3sa. M., Mup, 1978.

Cypxos 0.A. Kocmuueckue ncciaenoBanus TUiaHeT u ciyTHUKoOB. M., Hayka, 1985.

[Iaponos B.B. Ilpupona mianer. M., ®usmarrus, 1958.

[ynsman JI.M. Snpa komer. M., Hayka, 1978.

KOnurep. C6. mon pen. T. I'epenca. M., Mup, 1978.

Yannpacekap C., Ilepenoc myuucroii snepruu. M., JI, 1953.

Bougher, S\W., D.M.Hunten, and Phillips, R.J., Venus Il, The University of Arizona Press,
Tucson, Arizona, 1997.

Coustenis A., Taylor, F.W., Exploring an Earthlike World TITAN. 2 Ed, Series on Atmospheric,
Oceanic and Planetary Physics, World Scientific, 393 c., 2008

Houghton J., The physics of atmosphere (3 Ed.), Cambridge University press, 320 c., 2005
Hunten D.M., L. Colin, T.M.Donahue, and V.I.Moroz, EDS. Venus, The University of Arizona
Press, Tucson, Arizona, 1983.

Jacobson M.Z. Fundamentals of atmospheric modeling, CAMBRIDGE UNIVERSITY PRESS,
813 c, 2005



31.

32.

33.

34.
35.

Jupiter. The planet, satellites and magnetosphere, Edited by F. Bagenal, T.Dowling,
W.McKinnon, CAMBRIDGE UNIVERSITY PRESS, 719 c, 2006.

Kieffer H.H., Jakosky, B.M., Snyder C.W. and Matthews M.S., eds. 1992, Mars (Tucson and
London, The University of Arizona Press).

Lewis J.S. Physics and chemistry of the Solar System. International Geophysics Series, v.87.
Elsevier, 2004. 655p.

McBride N., Gilmour I., An introduction to the solar system, Cambridge Univ pr, 412 c., 2004.
Rodgers C.D. Inverse methods for atmospheric sounding. Theory and practice. World scientific,
240 c., 2000.



HAIIPABJIEHHOCTD: 01.04.02 TEOPETUYECKAS ®U3UKA

1. Mexanuka

VYpaBuenus naBuxeHusi. OO0OLICHHBIE KOOPAMHATHI, MPUHLIUI HAaUMEHBLIETO JEHUCTBUS,
¢dbynkums Jlarpamka. Cummerpun. Teopema Herep. 3akoHBI COXpaHEHHsI SHEPTUHU, UMITYJIbCA,
MOMEHTA UMITYJIbCA.

WNHurerpupoBanue ypaBHeHHMI ABukeHusa. OZHOMEpHOE IBUKEHUE, NMPUBEICHHAs Macca,
JBUKEHHE B LIEHTPAJILHOM I10JIE.

Pacnag wactun, ympyrue cronkHoBeHus. CeueHue paccesHus dyacTull, ¢opmyna
Pesepdopna.

Manbie konebOanusi. CBOOOJHBIE U BBIHYXKICHHbIE OJHOMEpPHBIE  KojeOaHuS,
napameTpudeckuii pesoHanc. Konebanus cucreM co MHOTUMH CTEHICHSIMUA CBOOO/IBI, MOJISIPHbIE
KoopauHaThl. Konebanus npu HaTMYUK TPEHHUSL.

JIBukeHue TBEpABIX Tel. YIJIOBas CKOPOCTb, MOMEHT MHEPLUUU U MOMEHT KOJIMYECTBA
JIBH>KEHUS TBEPABIX TEJ1. DUJIEPOBHI YIJIbl M ypaBHEHHE DJiepa.

Kanonnueckue ypaBHeHus, ypaBHeHue ['amumnbTona, ckoOku Ilyaccona, aeiicTBue Kak
byHKIMs KoopAWHAT, Teopema JluyBwins, ypaBHeHue. [amunbroHa—SkoOu, paszaencHue
[IEPEMEHHBIX.

[Ipunuun otHocurenbHOCTH. CKOPOCTh pacHpoCTpaHEHUs B3auMojeicTBuil. MHTepBai.
CobctBennoe Bpems. [IpeobpazoBanue Jlopenia. [IpeobpazoBanue ckopoctu. UeTbipexmepHbie
BEKTOpHI. UeTblpexmepHasi CKOpPOCTb.

PenstuBucrckas mexanuka. [IpuHIMO HauMeHbIIETO ACUCTBUS. DHEPrus M HMITYJIbC.
Pacnan wactun. Ynpyrue cTOJIKHOBEHHS YaCTHIL.

2. Teopwust mosns

3apsn B SJEKTPOMAarHUTHOM Iosie. YeTbIpeXMEpHBIM MOTEHIMaNl MOoJiA. YpaBHEHUs
JIBWOKEHMSI 3apsiia B 1ojie, KainuOpoBoyHas (TpaJuMeHTHasl) HMHBAapUAHTHOCTb. TeH30p
anekTpomaruutHoro nous. [Ipeobpazosanue Jlopenua i nosst. UHBapuaHThI MOJS.

JeiictBue I DNEKTPOMATHUTHOIO TIOJA. YPaBHEHHUS DJIEKTPOMAarHUTHOIO — ITOJIA.
UeTblpexMepHbIA BEKTOP TOKA. YPAaBHEHUE HENPEPBIBHOCTU. [IIOTHOCTP M MOTOK 3HEPruM.
Tenszop sneprun-umiyibsca. TeH30p S3HEPTUU-UMITYJIBECA JIEKTPOMArHUTHOTO MOJIS.

[TocrosiHHOE 2neKTpOMarHuTHOE moje. 3akoH Kymona. Onekrpocratmdeckas 3HEPIUs
3apsanoB. JunonbHblii MOMeHT. MynbTHIOIbHBIE MOMEHTHI. CHcTeMa 3aps0B BO BHEIIHEM
nosne. [loctosHHOe MaruuTHOE nosie. MaruuTHbIM MOMeHT. Teopema Jlapmopa.

DneKTpoMarHuTHbIE BOJIHBL. BonmHoBoe ypaBHeHue. [Inockue BoaHbl. MoHOXpOMaTndeckas
miockas BosiHa. CriekTpalibHOE paszioxeHue. [1onsapu3annoHHbIe XapaKTEepUCTUKU U3ITYy4ECHHUS.
Pa3noxxeHne a51eKTpoCcTaTuYecKoro mois.

[Tone pBmxymmxcs 3apanoB. 3amnasipiBaromye noreHuuansl. [lorennuaner Jlnenapa—
Buxepra. M3mydyeHue 5>I€KTpOMarHuUTHBIX BOJH. Ilosle cucrembl 3apsAoB Ha JANEKUX
paccTosHUAX. MynbTUIONBHOE M3NydyeHHe. M3mydeHune OBICTPOJBMIXKYILErocs —3apsja.
Paccesinue cBOOOIHBIMU 3apsiiaMu.

JIBukeHne  9acTMnbl B IpaBHUTalMOHHOM  mone.  Mertpuka.  KoBapuantHOE
mudppepenumponanue. CumBonbsl Kpucropdens. JlelictBue ains 4acTUIbl B TPaBUTALIMIOHHOM
ToJIE.

YpaBHEHHS TPaBUTALMOHHOTO NOJIA. TeH30p KpuBU3HBL. JleficTBUE I TPaBUTALMOHHOTO
noJis1. TeH30p SHEpruM-uMITyJIbca. Y paBHEHUS DUHIITEWHA.

HepensatuBucrckuil npenen ypaBHeHHd OuHIITeWHA. 3akoH HerotoHa. IleHTpasibHO-
CUMMETPUYHOE TpaBUTallMOHHOE noje. Metpuka [lIBapummibiaa. I'paBUTalinOHHBIN KOJIIAIIC.

Ha6mronaembie 3ddextst OTO B HBIOTOHOBOM U TOCTHBIOTOHOBOM TPHOJMIKEHUN
(rpaBUTalIMOHHOE KPACHOE CMEILIEHUE, OTKIIOHEHHE JIyda CBETA, 3aJI€p’KKa CUTHAJIa, IIPeLeccus
TUPOCKOMa, Mpereccus OpOuT MmiiaHeT). [ paBUTaIllMOHHbIE TUH3HI.



PenstuBuctckas kocMmonorus. OTKpbITas, 3aKpbITas M TUIOCKash MOJENH. 3aKoH XaOoua.
Pacminpenue BceeneHHOM Ha paJualMOHHO-IOMHUHHMPOBAHHOM, IIBUIEBUIHOM U BaKyyM-
JOMHHHUPOBAHHOM CTAUAX.

®usnyeckue 1mpoueccel B paHHed Bceenennoil. 3akanka HelTpuno. IlepBuuHBIif
HyKJIeocuHTe3. PekoMOMHaIus, peTUKTOBbIE (DOTOHBI.

DNeKTpoANHAMUKA CIUTOIIHBIX CPEJl

DIEKTPOCTaTUKA JUAJIEKTPUKOB U IPOBOAHMKOB. JIMANEKTpHUYecKas MPOHHULAEMOCTb U
IIPOBOJAMMOCTb. TepMOIMHAMMKA JUAJIEKTPUKOB. MaruutHsle cBoMcTBa. IlocTosiHHOE
MarHMTHOE 1oje. MarHuTHOE IoJIe NMOCTOSHHBIX TOKOB. TepMOIMHAMUYECKHE COOTHOLICHMS.
Jua-, napa-, peppo- u aHTU(EpPOMarHETHKH.

CBepxnpoBoAHUKH. MaruuTHbie cBokicTBa. CBepXmpoBoasiuil Tok. Kputudeckoe nose.

YpaBHEHUsSI 3JIEKTPOMAarHUTHBIX BOJH. YPaBHEHUS MOJsI B OTCYTCTBUE JUCIEPCHU.
Hucnepcus nusnekTpudeckor nponunaeMoctu. CootHomenus Kpamepca—Kponura. [lnockas
MOHOXpOMaTH4Y€eCKasi BOJHA. PacmpocTpaHeHHe >3I€KTpOMarHUTHBIX BOJH. OTpaxeHue Hu
npesomieHue. [IpuHnun B3auMHOCTH.

DJEeKTpPOMarHUTHBIE BOJIHBI B aHMU3OTPOMHBIX cpemax. Oddexter Keppa n Dapazes.
IIpocTpancTBeHHas aucnepcus. EcrecTBeHHas ONTHYECKash aKTUBHOCTb.

MarnutHas ruapoauHamuka. MI'JI-Bonusl. [Ipobiema qunamo.

Henuneitnas ontuka. Henuneiinas nponunaemocts. CamogoxycupoBka. ['enepauus
BTOPOU FapMOHHMKH.

HoHunzanumonnele moTepu ObICTphIX wactul. M3mydenume YepenkoBa. PaccesHue
2JIEKTPOMArHUTHBIX BOJIH B cpeax. PaneeBckoe paccesHue.

MexaHMKa CIUIOIIHBIX Cpesl U pU3UUecKasi KWHETHKA

WneanpHas )KUIKOCTb. Y paBHEHUE HENIPEPHIBHOCTU. Y paBHeHHE Diinepa. [loTok sHeprum.
ITorox wmmnynbca. CoxpaHeHHe UMPKYISALUMM cKOpocTH. [loTeHnumanbHOe OOTEKaHHE Tel:
MPUCOCIMHEHHAs Macca, CHJia COnpoTuBiieHus, 3pdext Marnyca.

Bs3kasg JXKHOKOCTb: ypaBHEHHUs IBHKEHUS BSI3KOM XUAKOCTU. JlUccumanus SHEPIUU B
HECKUMAEMOM KUAKOCTH.

[Tepexon k TypOynentHoctu. HeycroitunBocty namMuHapHbiX TedyeHuid. Teopus Jlannay—
Xonga. Tunsl arrpaktopoB. Crpannblii arTpakTop. Ilepexon k TypOYJIEHTHOCTH MyTeM
yIBOEHUs Nepuo10B. PazButas TypOyneHTHOCTh. CrieKTp TypOyJIEeHTHOCTH B BI3KOM UHTEpBAJIE.
KonmMoropoBckuii criekTp.

3BYK. 3ByKOBBIE BOJIHBI. ['eoMeTpHuuecKas akyCTHKa.

OpnHoOMepHOE J[BHJKEHUE C)KUMaemMoro rasa. Xapakrtepuctuku. MuBapuantel Pumana.
IIpocras BomHa Pumana. OGpa3oBaHue yJqapHbIX BOJIH. ¥YaapHas aauabara. CinalOble pa3phiBbI.
Teopus cHIBHOTO B3pBIBA.

VY napHble BOJHBI c1a00i HHTEHCUBHOCTH. Y paBHeHue broprepca.

3ByKOBbIE BOJIHBI €O ciaboi gucnepcueit. YpaBuenue KJIB. ComutoHsl u wux
B3aMMOJEICTBUE. becCTOIIKHOBUTEIbHBIE YJAPHBIE BOJIHBI.

I'mppoaviHaMHUKa CBEPXTEKYYEH KUIKOCTU. JIByXKUIKOCTHOE ONHUCAHUE.

Kunernueckast teopusi razoB. Kunermueckoe ypaBHeHuwe bonpumana. $H$-teopema.
TemnmonpoBoiHOCT M BSI3KOCTh ra3oB. CHMMETpUM KHHETHYECKHX KO3 (ULIMEHTOB.
Huddysnonnoe npudmxenue. Ypasaenue Gokkepa—IInanka.

beccronkHoBHUTENBHAA IIa3Mma. YpaBHeHMs BracoBa. /[uanextpudecas NpOHHUIIAeMOCTh
0eCCTONKHOBUTENBHONW IU1a3Mbl. 3aryxanue Jlanmay. JIGHIMIODOBCKHE M HOHHO-3BYKOBBIE
BoHBI. [lydukoBasi HEyCTOMYMBOCTH: THJIpPOJMHAMHYECKAass M KUHETHYECKas CTaauu.
KBa3ununeiinas teopusl.

CronkHoBenust B 1uiazme. Muterpan cronkuosenuit Jlannmay. JnuHa mpoOera vactull B
asMe.

KBanTOBas MexaHuka

OcHOBHBIE TOJIOKEHMSI KBAaHTOBOM MexaHMKHU. IIpuHumn HeonpexneneHHocTu. [IpuHumn

cynepriozunui. Omnepartopsl. JIMCKpeTHBII W HENpPEpBIBHBIM CHEKTphl. [ aMUIbTOHHAH.



CranuoHnapHbie COCTOSIHHSI. ['eit3enGeproBckoe MpEICTaBICHUE. CooTHoleHus
HEOIIPEIEICHHOCTH.

VpaBuenue lllpenunrepa. OcHoBHbIE cBolcTBa ypaBHeHus llpenunrepa. OgHomepHoe
nBukeHne. OpHoMmepHbI octuuisaTop. IlnoTtHocTs moroka. KBasukiiaccuueckass BOJHOBAs
dbynkuums. [IpoxoxaeHue yepes 6apbep.

MowmeHT KkomuyectBa JBMKEHUs. CoOcTBeHHBbIE (YHKIMM M COOCTBEHHBIC 3HAYCHHS
MOMEHTa KoJin4yecTBa JABIMKEHUA. UeTHOocTh. CroxxeHne MoMmeHTOB. Pasznokenue KieGra—
l'opnana.

JBuxenue B 1eHTpanbHoM moie. Cdepuueckue BoiHbI. Pa3znoxeHue MIOCKOH BOJHBI
PanuanbHoe ypaBHenue Lllpeaunrepa. ATom Bogopoja.

Teopuss Bo3MyuleHuil. Bo3myiienusi, He 3aBucsiue OT BpemeHu. Ilepuoanueckue
Bo3MyIeHusA. KBazukinaccudeckas TeOpyst BO3SMYIICHUH.

Cnun. Oneparop crnivHa. ToHKast CTpYKTypa aTOMHBIX YPOBHEH.

ToxnectBeHHOCTh yacTull. CUMMETpUs MpU IEPECTAHOBKE dacTull. Bropuunoe
KBaHTOBaHUeE AJis1 6030HOB U (pepMuoHOB. OOMEHHOE B3aUMO/JICHCTBUE.

AtoM. CocTosiHME 5JIEKTPOHOB aroMa. YpoBHU sHepruu. (CamocoriiacoBaHHOE IIOJI€.
VYpaBuenue Tomaca—®epmu. ToHKast CTpyKTypa TOMHBIX ypoBHeH. Ilepunonnueckas cucrema
Meneneesa.

JIBukeHue B MarHUTHOM noJie. YpasHeHue [llpenunrepa nis 1BnKeHUs: B MarHUTHOM I10JIE.
[1n0THOCTH OTOKA B MArHUTHOM TIOJIE.

CronkHoBenus uactuu. OOmas teopus. Popmyna bopa. Pe3onancHoe paccesHue.
CTOJIKHOBEHHE TOXJECTBEHHBIX YAaCTUL. YIPYroe paccesHUe IpU HAIWYUM HEYIPYrHx
npoueccoB. Marpuua paccesnusi. @opmyna bpeiitta—Burnepa.

Cratuctuueckas pusnka

OcHoBHbIE NPUHIUNBI CTaTUCTUKUA. (DyHKIUSA pacHpefesIeHus M MaTpULla IUIOTHOCTH.
Cratuctuueckass He3aBUcUMOCTb. Teopema JInyBusuid. Posnb sHeprum. 3akoH BO3pacTaHMs
sHTponuu. MuKpokaHoHUYeckoe pacmpenenenue. Pacnpenenenue ['mb0ca. Pacmpenenenue
I'n66ca c mepeMeHHBIM YHCIIOM YacTHII.

Tepmoaunamuyeckue BenuuyuHbl. Temmeparypa. PabGora u  KoimudecTBO — Terwia.
TepMoanHaMuyecKue MNOTEHUUANBI. TepmoauHamMuueckue HepaBeHcTBa. [Ipunnumn Jle-
Hlarense. Teopema Heprera. CucteMsl ¢ nepeMeHHbIM 4KCiIoM dacTuil. CBOOOAHAs SHEPIUs B
pacnipenenenuu ['u66ca. BeiBog TepMOIMHAMUYECKUX COOTHOIIIEHUH.

TepMmonnHaMuka uneanbHbIX ra3oB. Pacnipenenenue bonprMana. CTOJIKHOBEHUE MOJIEKYIL.
HepaBHoBecHbII uieanbHbIN Ta3. 3aK0H paBHOpachpeneneHus. OqHOaTOMHBIN UAeadbHbIN Tas3.

Pacnipenenenne ®epmu u bosze. BeipoxneHHblt uaeanbHblii ¢gepmu-raz. CpoiicTBa
BellecTBa MpHU OONbIINX IUIOTHOCTSAX. BbIpoxknaeHHblt 0o3e-ra3. Kongencauus boze—
OnHiuTeiiHa. PaBHOBecHOe TemoBoe u3nydenue. @opmyna [lnanka. CBeTUMOCTb aOCONIOTHO
YEPHOI'O Tea.

HeuneanpHple ra3sl W KOHJAEHCUPOBaHHbIE cpenbl. @DOHOHHBIE  CHEKTPBl WU
TepMOJAVHAMUYECKHE  CBOMCTBA rasza. TepMOOMHAMHYECKHE  CBOWCTBA  HMJCAIBHOTO
KJIACCHUYECKOI0 rasa.

PaBnoBecue ¢a3. Popmyna Knaneiipona—Knay3uca. Kputnueckas Touka.

Cuctemsl! ¢ pa3nuuHbIMH yacTuiaMu. [Ipasmito ¢a3. Cnalsie pacTBopbl. CMech UaeaIbHbIX
razoB. Cmech M30TONOB. XMMHUYECKHE PEAKIMH. Y CIIOBUE XMMUYECKOIO PaBHOBECHA. 3aKOH
neiictByromux mMace. Ternora peakiuu. IoHM3allMOHHOE paBHOBECHE.

Cnaboneuneansupiii  603e-ra3. Mogens  boromo6oBa. Crektp  Bo30yXIEeHUH.
CaepxrtekyuecTb. KBaHTOBBIE BUXPH.

Teepasie Tena. Kpucranmnmueckue crpykrypsl. IToBepxnocte @epmu. 30HHAs CTPYKTypa.
KBazuuacrtuupl.

Konebanus pemerku. Teopus ynpyroctu. 3Byk B TBepAbIx Tenax. [Ipoueccsl pacnaaa u
cnusiHus (oHOHOB. PaccestHue poHoHOB Ha mpuMecsx. Kunetnueckoe ypaBHeHuUe /it JOHOHOB.
TennonpoBoIHOCTS.



CrepxmpoBoaumocTtb.  KymnepoBckoe  cnapuBanue. Teopuss  bapauna—Kynepa—
Mpuddepa (BKIL). Teopust Jlongonos. Teopus ['muzOypra-Jlangay. Tok, kamuOpoBouHas
MHBAapHUAHTHOCTh, KBAHTOBaHUE MOTOKA. CBEPXIPOBOJHUKHU MEPBOTO U BTOPOro pojaa. Iddekt
JIxxo3edcona.

Onykryauuu. Pacnpenenenune ['m66ca. DnykTyalldd OCHOBHBIX TEPMOJMHAMUYECKUX
BeimmunH. QPopmyna Ilyaccona. Bpemennsie ¢uykryanuu. CUMMETpUM KHHETHYECKUX
ko3¢ dunrenToB. OIyKTallMOHHO-AUCCUIIATUBHAS TEOPEMA.

®dazoBble Iepexoipl BToporo poaa. Teopus Jlanaay. Kputuueckue unaexcel. MacirabHas
WHBApUAHTHOCTh. DIIYKTyallul B OKPECTHOCTH KPUTUYECKON TOUKH.
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HAIIPABJIEHHOCTb: 01.04.03 PAIUO®U3UKA

1. Teopwus xonebanui

Jlunelinple KoneOaTeNbHBIE CHCTEMBI C OAHON cTeneHblo cBoOOAbl. CuioBoe W
napaMeTpruuecKkoe Bo3AecTBYE Ha JIMHEWHbIE U Cl1a00HeNnHEeHHbIe KOIeOaTeIbHbIE CUCTEMBI.

ABTOKOJIe0aTeIbHAS CHCTEMA C OJTHOM CTETIEHBIO CBOOOIbI. JHEPTETUUECKHUE COOTHOIICHHUS
B aBTOKOJIEOATENbHBIX CUCTEMaX. MeTo/Ibl pacueTa aBTOKOJIeOATEIbHBIX CUCTEM.

BoszneiictBue  rapMOHHMYECKOrO  CHUTHaja  Ha  aBTOKOJEOAaTelbHBIE  CHUCTEMBI.
CunxpoHuszanus. SIBjaeHus 3aTSIruBanus u ramenus kojaedanuii. [[pumenenue 3atsarupanus s
CTa0MIIN3aLUH YaCTOTHI.

AHalnUTHYECKHE W KAYeCTBEHHBbIE METOJbl TEOPUU HEIMHEMHBIX KojeOaHuh. AHanu3
BO3MOKHBIX JIBHKEHHUH U Ouypkanuii B (ha30BOM IMPOCTPAHCTBE: METOJ Majloro MapameTpa,
meron Ban—pep—Ilons, wmeronq KpsuioBa—boromo6oBa. YKOpoueHHBIE ypaBHEHHS.
YcpeaHenue B CUCTEMaX, COJCPKALIUX OBICTPBIC M MEAJICHHBIC TBUKCHUSI.

KonebatenbHble cucTeMBbl C ABYMsT M MHOTHMMH CTEHEeHSIMH cB0OOIbl. HopmanbHbie
KoJieOaHus. BeinykieHHbIe KOeOaHusl.

ABTOKONE0aTEeNIbHBIE CUCTEMBI C JByMst W Oonee cremneHsMu cBoOOAbl. B3aumuas
CUHXPOHHU3AIMS KOJIeOaHU IBYX reéHepaTOpOB.

[TapameTpuueckoe ycuiieHHE€ M MapaMmerpudeckas reHepauus. [lapamerpuueckue
YCWJINTENH U TeHepaTophl. JleeHne 4acToThI.

YCTOWYMBOCTD CTAllMOHAPHBIX PEKUMOB aBTOHOMHBIX M HEABTOHOMHBIX KOJeOaTeIbHbBIX
cucteM. BpemeHHbIe U CIEKTPaIbHbIE METO/Ibl OLIEHKU YCTOMUMBOCTH.

CoOcTBeHHbIE W BBIHYXKJCHHBbIE KOJEOAaHUA JUHEHHBIX paclpeieNeHHbIX CHCTEM.
CoOcTBeHHBIE (PYHKITMH CHCTEMBI (MOJIBI). Pa3iioxkeHre BRIHYKICHHBIX KOJICOAHHH 110 CUCTEME
COOCTBEHHBIX (DYHKIIHIA.

Pacnipenenennsle aBTOKOJEOaTENbHBIE CUCTEMBI. Jlazep Kak mpuMep TAaKOW CUCTEMBI.
YcnoBus camoBo30yxaenns. OQHOMOIOBBIM U MHOTOMOJIOBBIN PEeKUMBI T€HEPAIUH.

XaoTtuueckue KoyiebaHus B AMHAMUYeCKUX cuctemax. [loHsaTue o xaoTuyeckoM (CTpaHHOM)
aTTpakTtope. BosMoXkHBIE TyTH MOTEPU YCTOMYMBOCTH PETYISPHBIX KoJieOaHUIl U mepexoa K
Xaocy.

2. Teopwus BomH

[Tnockue oJHOpPOIHBIE U HEOAHOPOAHBIE BOJIHBI. [ITOCKHE aKyCTHUECKHE BOJIHBI B BS3KOM
TEIUIONPOBOJAIIEH Cpele, YNpyrue IMpOJOJIbHBIE U IIONEPEYHBbIE BOJHBI B TBEPIAOM TEIIE,
AJIEKTPOMarHUTHBIE BOJIHBI B Cpefie ¢ MpoBOAUMOCTRIO. [ToTok sHepruun. [lonspuzanus.

Pacnipoctpanenue curnana B nucneprupytouieid cpene. Ilpocreiime gpusnueckue Mmoaenu
JUCHEPrUpYyIOMNX cpel. BonHOBON mnakeT B MEpBOM M BTOPOM HNPUOIMIKEHUU TEOPUH
mucriepcun. Pas3oBas M rpynmnosas ckopocTd. [lapaGonuueckoe ypaBHEHHE Ul Orudaroei.
PacnnpiBanne m kommpeccus uMmiyiabcoB. llone B cpemax ¢ BpemeHHOH. /lucnepcuoHHBIE
cootHoweHus Kpamepca—Kponura v npuHIMNI NIPUYUHHOCTH.

CBolicTBa 2JIEKTPOMAarHUTHBIX BOJIH B aHMU30TPONHBIX cpenax. OnTuyeckue KpUCTALIbI,
ypaBHeHHe DpeHenst, OObIKHOBEHHAss U HEOOBIKHOBEHHAs! BOJIHBI. MarHUTOAKTUBHBIE CPEJbI.
Tenzop AMAIEKTPUUECKON MPOHUIIAEMOCTH IUIa3Mbl B MarHUTHOM I10JI€; HOPMaJIbHbIE BOJIHBI,
UX TOJISIpU3ALHSL.

Bonubl B mepuoaMueckux CTpyKTypax. MexaHuWdeckue ILEeNOoYKH, AaKyCTUYeCKUue |
ontudeckue (hoHOHBI. Il070CH MpONMyCcKaHUs M HEMPO3PAYHOCTU. DJIEKTPUUECKUE IEMOYKH,
CIUIOIIHAS cpeJia Co CIa0bIMU MEPUOINYECKUMU HEOAHOPOJHOCTAMHU. CBsI3aHHBIE BOJIHBI.

[TpubnmxeHne reoMeTpuvecKoil OoNnTUKU. YpaBHeHHUs »diikoHana. uddepennmansHoe
ypaBHeHHUE Jyda. JIydu U 1osie BOJIHBI B CIOMCTO-HEOJHOPOIHBIX Cpeaax.

ONEKTPOMarHUTHbHIE BOJIHBI B METAJUINYECKUX BOIHOBOAAX. J(ManekTpudyeckue BOTHOBOABI,
CBETOBO/IbI. JINH30BbIE INHUU U OTKPBIThIE PE30HATOPHI. ['ayccoOBCKHE MyUKH.

Meton Kupxropa B Tteopunm nudpakuuu. Pynkuuu [puna. YcinoBus HU3IydeHUs.
Judpaxius B 3oHe Openens u @paynrodepa. XapakTepUCTUKH MOJSI B POKYCE JTUH3HI.
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Bonnbl B HenmMHEHHBIX cpenax 6e3 mucrepcuu. OOpa3oBaHue pa3phIBOB. Y TapHBIC BOJIHBI.
VYpaBHeHue broprepca Uil JUCCUIIATUBHOM CpelIbl U CBOWMCTBA €ro pelleHui. I'eHepanus
TFAPMOHUK HCXOJHOTO MOHOXPOMATHYECKOTOo CUTHajia, 3(PQPEKThl HEIUHEHHOTO IMOIJIOUICHN,
HACBILLEHUS U IETEKTUPOBAHUS.

VYpaBuenue Kopresera—ne—Bpusa u cunyc — ['opgona. CranronapHbsie BosiHbL. [loHsiTHE O
COJINTOHAX. B3anmonencTBys IUIOCKUX BOJIH B JUCHEPTHPYIOUIUX cpenax. ['eneparnus BTopoit
rapMoHMKU. [TapameTprueckoe yCuiIeHnEe U TeHepanus.

CamoBo3zfeiictBue BOJNHOBBIX IydkoB. CamodokycupoBka cBera. [lpuGnmxenus
HEJIMHEWHON KBAa3MONTHKU M HEIMHEHWHOH reoMerpuueckoil ontuku. OOpallieHue BOJIHOBOIO
¢ponTa. IHTEeHCUBHBIE aKYCTHUYECKHE ITyYKH; TapaMETPHUECKUE U3ITydaTelIn 3ByKa.
Cratuctuyeckas paguopusnka

Crnyyaiinple BeTMYMHBI M MPOLECCH, CIOCOObI X onucaHus. CTalMOHAPHBIA CITy4aiHbINH
npouecc. CTaTUCTUYECKOE YCPEAHEHUE U YyCPEAHEHHE BO BPEMEHU. DProaudHocTs. M3Mepenue
BEPOSITHOCTEN U CPEHUX 3HAYCHUM.

KoppemsiiMoHHbIE M CHEKTpalbHBIE XAPAKTEPUCTHKM CTALIMOHAPHBIX  CIy4YalHbIX
npoueccoB. Teopema Bunepa—XunHunHa. benslli mym M JIpyrue NpUMEPBHI CIEKTPOB H
KOPPENSLUOHHBIX (PYHKIUI.

Mopenu ciy4alHbBIX IPOLECCOB: T'ayCCOBCKHMM ITPOLIECC, Y3KOIIOJIOCHBIM CTallMOHAPHBINA
IIyM, UMIYJIbCHbIE CITy4aiiHbIe IPOLIECCHI, APOOOBOM LIYM.

OTKJIMK JIMHEHHOM CHUCTEMBbl Ha LIyMOBBIE BO3AeUCTBUS; (pyHkius ['puHa, mHTErpan
Hroamens. JlelictBue myma Ha KoseOaTelabHbI KOHTYp, ¢uibTpauus iyma. HenmuHelinble
npeoOpa3oBanusi (YMHOXEHHS YacTOTHl M aMIUITUTYIHOE JETEKTHPOBAHUE Y3KOIOJIOCHOTO
ryma).

Mapxkosckue u quddy3noHHbIe npouecchl. Y paBaeHne oxkepa—Ilnanka.

bpoyHnoBckoe nBukenHue. dayKTyallmOHHO-AMCCHUIIALMOHHAS TeopeMa. TeruioBoil myw;
KJIAaCCUYECKHIA ¥ KBaHTOBBIN BapuaHThI (popmyisl HalikBrcra. TernoBoe nsiny4eHne abComoTHO
YEPHOTO TeJla.

Cnyuvaiinpie monsi. IlpocTpaHcTBeHHass M BpeMEHHas KOTrepeHTHOCTh. Judpaxims
cinydaiinbix BosH. Teopema Ban Llutrepra—ILlepuuke. [udpakius peryispHOil BOJHBI Ha
cimy4daitHoM ¢a30BOM dKpaHe. TermioBoe aIeKTpoOMarHuTHoe 1mosie. TeopeMa B3auMHOCTH.

PaccesHue BoJIH B ciy4aiiHO-HEOHOPOJHBIX cpeiax. bopHOBckoe mpuOIMKeHne, MeToj
IJIaBHBIX BO3MYIIEHUH. PaccessHue BoJIH Ha mepoxoBaToi moBepxHocTH. [Tonstre 00 oOpaTHoit
3a/1a4e paccesiHus.

B3anmopeicTtBue ciydallHbIX BOJIH. ['eHepanuss BTOpPOM ONTHYECKOW TapMOHUKH,
caMO(OKYCUPOBKAa U CaMOMOJYJISLUMS YacCTUYHO KOTEPEeHTHBIX BOJH. IIpeoOpazoBanue
CIEKTPOB IIYMOBBIX BOJIH B HEJIMHEWHBIX cpejax 0e3 AucCIepcu.

[IpyHIMIIBI yCUIIEHUS], TEHEPALMU U YIIPABJIECHUS CUTHAJIaMU

[TpuHIMI paboOThI, YCTPONUCTBO U apaMeTphl Ja3epoB (IpUMEpHI: TeIuii-HEOHOBBIH J1asep,
Ja3ep Ha pyOHHe, MOITYyIPOBOJHUKOBIH Ja3ep).

OnTuueckue pezoHatopsl. Pezonatop ®abpu—Ilepo, koH(DOKaTBHBINA U KOHIEHTPUYECKUI
pe3oHatopsl. HeycroituuBbiii pezonarop. IlpononbHble M TONEpedyHble THIBI KOJIeOaHHM.
CrieKTp 4acToT U pacxoJAUMOCTb U3NlyuyeHus. JJoOpOTHOCTb.

PexxuMbl pa®oThl J1a3epOB: HENPEPBHIBHBIN PpEXHUM TE€HEpalud, PEKUM MOIYISIHUN
JOOPOTHOCTH PE30HATOPA, PEXKUM CHUHXPOHHU3aUUU MoJ. CBepXKopoTkHe UMITYJbChl. LIlymbl
na3epoB, popmyna TayHca U npeaenbHast CTaOMIBHOCTD YacTOThl. ONTHYECKHE KOMIIPECCOPHI U
noyiydeHue GeMTOCEKYHTHBIX UMITYJIbCOB.

MonexynsipHblii reneparop. KBaHTOBBIE CTaHAAPTHI YaCTOTHI (BPEMEHN).

BoaHOBOIBI, JIMHHBIE TMHUU U pe30HATOpbl. KpuTndeckas yacToTa M1 KpUTUYECKAs IJIMHA
BoHOBOAa. TE-,TH- u TEM-Bonubl.  Jludnextpuueckue BOMHOBOABL.  [lepuomudeckue
CTPYKTYPBI U 3aMELJIAIOIINE CUCTEMBL. BOJTHOBOE COITPOTHUBIICHUE.

Yeunurenu CBY-auanazona (pe3oHaTopHbIM, Oerymieit BoiHbl). Ilonoca mpomyckaHus
ycuiuTenst Oeryuieil BOJIHbI.
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I'enepanust BotH B CBY-guanasone. [IpuHiun paboThl U yCTPOMCTBO JIaMIibl Oeryiiel u
oOpaTHOW BOJIHBI, MarHeTpoHa U KiucTtpoHa. OrtpunarensHoe auddepeHnnanbHoe
conpotusieHne 1 reueparopsl CBY Ha mosieBbIX TpaH3UCTOpaX, TYHHENbHBIX AUOAAX, THOJAX
I"anHa ¥ TaBUHHOMPOJIETHBIX quoaax. Dddext Jxo3edcona.

B3auMopeiicTBue BOJH  MPOCTPAHCTBEHHOIO  3apsga ¢  aKyCTUYECKHM  IIOJIEM,
aKycroanekrpuueckuii 3¢ ¢dexr. [IpuHIMOBl pabOTBl  aKyCTOAJIEKTPOHHBIX  YCTPOMCTB
(ycunurtenu ynpTpa3ByKa, JUHUHM 3aJ€PKKH, (QUIBTPHI, KOHBOJBBEPHI, 3allOMUHAIOIINE
YCTPOMCTBA).

B3aumopeiictBus cBera co 3BykoM. [udpakmus bparra m Pamana—Hara. I[lpuniumnst
paboThI YCTPOWCTB aKyCTOONTHKH (MOIYJISTOPHI M Je(IIEKTOPBI CBETA, MPpeoOpa3oBaTesin CBET—
CUTHaJI, aKyCTOONTHYECKHE (PUIBTPHI), aHATU3ATOPBI CIEKTPA U KOPPEIATOPHIL.

JIMHEWHBIN AJIEKTPOONTUYECKUN U MAarHUTOONTUYECKUN FPPEKTH U UX MPUMEHEHHE IS
YIPaBJIEHUS CBETOM.

AHTEHHBI U pacIpOCTPAHEHNE PATUOBOIH

Bubpatop I'epua. bivkusst u nansHss 30861 Jlparpamma HanpaBieHHOCTH. Koaddunuent
ycuieHus u ko3 duuuent paccestuus anteHHbl. AHTeHHBI 115 [IB-, CB- 1 CBU-auanazoHoB.
[TapaGonuueckass anteHHa. Pa3upoBaHHbIE aHTEHHBbIC pemeTKU. DdQeKkTHBHAS MIOMAIL U
LIyMOBAasi TeMIIepaTypa NPUEMHON aHTEHHBI.

['eomeTrpuyeckoe U audpaKIMOHHOE TNPUOTMKEHHUS TPHU aHAIKW3E PACIPOCTPAHECHUS
panuoBONH. BimsHWMe HEpOBHOCTEH 3€MHOM TOBEPXHOCTH. 3€MHBIE M TporochepHbie
paauoBosHBL. PaccesiHue W TMOTJIOIIEHHE pagvoBONH B Tpomocdepe. Dpdext «3amupanusi».
Tpomnocdepusiii BonHOBOA. Pacnpocrpanenue paanoBoiaH B uoHocdepe. [lucnepcuss u
MOTJIOLIEHUE PaguoBOJIH B MoHOC(hepHOoU miuazMe. Monocdepnas pedpakuusa. Xoa myued B
[10JIBOJTHOM 3BYKOBOM KaHaJI€ U TPONOC(hEepHOM pasiiOBOIHOBO/IE.

Brigenenue curnanoB Ha ¢poHE TOMeX

3ajaud ONTHMAJIBHOTO IIpUEMa CUTHaja. AMOCTEpUOpHAs IUIOTHOCTh BEPOSITHOCTH.
Oyukuus npasaononodus. Ctatuctuueckas nposepka runores. Kputepuu baiieca, Helimana—
[Iupcona u Banba npoBepKu rUnoTes.

ArmnpuopHble CBefieHMs O curHaie u uryme. HaOmrogenwe u cooOuieHue. 3amayu
MHTEPIOJSIIMY, GUIBTPALIUU U SKCTPATIOIISALIH.

Jluneiinas ¢unpTpanus KonMoropoBa—BuHepa Ha OCHOBE MMHUMH3AIMH JIHUCHEPCUU
omnOKku. IlpuHIMIT OpTOroHaNbHOCTM OIIMOKKM K HaOmoAeHus. Peanmuszyemble JuHEIHBIE
¢unbTpel U ypaBHeHue Bunepa-Xonda. Beinenenue curnana uz myma. CoriacoBaHHBIM
buabTp.

Jluneiinpiii  ¢punbTp Kanmana—DbBeiocu. CtoxacTuyeckue ypaBHEHMS JUISL  MOZEIH
coobmenuss u wyma. Juddepennuanbupie ypaBHeHUS (UIbTpa. YpaBHEHHE IS
arnocTepuopHoi nHpopmanuu B popme ypaBHeHus: Pukkatu. CpaBHeHHE QUIBTpallii METOJIOM
Konmoroposa—Bunepa n Kanmana—bsrocu.

OcHOBHBIE 3312711 HETMHEHHON (QUIIBTPALlUN U CUHTE3a CHCTEM.
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HAIIPABJIEHHOCTb: 01.04.05 OIITUKA

10.

11.

12.

13.

14.

15.

3akoHbl reomeTpuyeckod ontuku. KopnyckynspHas teopusa. BosHoBas npupona csera.
KBanrtoBble cBoiicTBa cBeTa. @OTOHBL. DHEprus U umnyisc. [llkana 31eKTpOMarHUTHBIX BOJIH.
Pemienne ypaBHeHuit MakcBemia Il UMACATU3UPOBAHHOM — JUAJIEKTPUUYECKON  Cpelibl.
[Tonspuronsl. Ilonspusanus 3J€KTPOMarHUTHOW BOJIHBI B MaTe€pUaIbHOU cpene. BripakeHus
JUI JUDJIEKTPUYECKON NPOHMLIIAEMOCTH W JIMHEWHOH IOJISPU3YEMOCTH. DJIEKTPOMAarHUTHBIE
BOJIHBI B CETHETOYJICKTPUKAX M B IIa3Me. MArKue Mo/bl BOJU3U TOYEK CTPYKTYPHBIX (ha30BBIX
IIEPEXOI0B.

KorepentHsie MCTOUYHUKH BOJNH. SIBieHue wuntepdepenuuu. MHTEphEpEeHIIMOHHBIE CXEMBI.
WNuTepdeHuronHble  CBETOQMIBTPHl U MPOCBETIAIOLIIME  HOKPBITUA.  MHOrocioiiHble
JURJIEKTPUUECKHE 3epKala.

Hudpakuus Ha mead U KpyrjioM oTBepcTuu. Mukpockon u Tteneckon. JudpaxnuoHHas
pemérka. ['onorpaduyeckue peneTku.

OtpaxkeHue ¥ NIpeJOMIICHUE CBETA HA TPAHULIE U30TPOIHBIX IUIIEKTPUKOB. Popmyiiel Dpenens.
[TonHnoe BHyTpeHHee oTpaxeHue. Yron bprocrepa. OTpakeHue U NPETOMIICHHE CBETa Ha
rpaHuIle: BaKyyM-(OTOHHBIH KpUCTaLI.

W3myuaTenbHas U MOTJIOMATEIbHAS CIIOCOOHOCTh. 3akoH Kupxroda. AGCOMIOTHO YepHOE TEIo.
®opmyna Panes-/xunca. @opmyna [Inanka. 3akon Credana bonpimana. 3aKkoH CMeIleHUs
Buna. TernnoBoe uznyuenue GOTOHHOTO KpUCTAILIA.

CrHeKTphl U3J1y4eHHs aTOMOB, MOJIEKYJI U KOHIEHCUPOBAaHHBIX CPEll. DIEKTPOITOMUHECIICHIINS.
Panunomromunecuennus. dotomoMuHeceHIUA. [[nuTenbHOCTh TroMuHeceHu. Pocopsl.
JIroMUHECIICHTHAsd CIIEKTPOCKONMS M aHaJIuTH4eckue wmeroabl. Mzmyuenue BasuioBa-
Yepenkona. [lepexojHOE U CHHXPOTPOHHOE U3JIyYEHUE.

MHBepcHast 3aCElIEHHOCTh U METOABI €€ co3nanus. [Ipunnun nelicteus nasepa. TBepaoTenpHble
na3epbl. ['a3oBble sa3epbl. YIpaBieHHE IapaMeTpaMu Ja3epHOro u3aydeHus. l'eHepauus
CBEPXKOPOTKHUX UMITYJIbCOB.

Cnekrporpagpl ¥ MOHOXpoMmaTopbl. CHEKTpOMETpbl KOMOMHAIMOHHOTO  PacCEsHHUS.
JIFOMMHECIIEHTHBIE ~ CIIEKTpOMETphl. JltoMuHecueHTHbIE Mukpockon. KomOuHaMOHHBIH
MuKpockorn. ®Dypbe-crieKTpoMeTpbl. AKYCTOONTHYECKUI creKTpoMeTphl. [lonuxpomaropsl.
[Tpuémuuku uznyuenus. Cuctemsl crpodupoBanusi. O6paboTKa CeKTpalbHONW HH(pOpPMAIIHH.
CrionTaHHOe W BbIHYXJAEeHHOe u3nydeHue. Koapouuumentst OinHmureitHa. [lonstue o cuie
ocmIIATOpoB. Ilepexonpl pasnuyHOM MYNbTUIUIETHOCTH, IpaBHia OTOOpa A DIEKTPO-
JUTOJBHOTO, MAarHUTHO-IUIONBHOTO U AJIEKTPO-KBaApYyMnoiabHOro wusnydeHus. llupunsl
JHEPreTUYECKUX YPOBHEW U CHIEKTPAJIBHBIX JIMHUM.

KorepentHoe B3aumoneiictBue. Pe3onancHoe mnpubnmxenue. [amMuiIbTOHMAH aroma B
JJIEKTPOMAarHuTHOM nosie. JluHammyeckoe mnosieBoe ymupeHue. Hyranuu. KorepentHoe
3aTyxaHue. MeToa Me/UIeHHbIX aMIUIMTYA. [1/2 u [J -UMITyJIbCHI.

@DOTOHHOE X0 U CAMOMHAYLIMPOBAHHAS TPO3payHOCTh. [lonspusanus npyu BO3AEHCTBUU ABYMS
KOPOTKMMH pE30HaHCHBIMU uUMIyiabcamu. OOpatumas pacdazupoBka. JJIUTENTbHOCTh CUTHANA
sxa. Cunyc-ypaBHeHue I'opnona. ABromonenbHoe pemeHue. 2 [-umiynbe. CONUTOHBI.
CrieKkTpbl BOAOPOJA U LIEIIOYHBIX METAJIJIOB. Y POBHM SHEPTUU U CIEKTphl. TOHKas CTpyKTypa
ypoBHell. BakyymHblii casur. CrieKTpaibHble CEpUH HIETOYHBIX MeTaJI0B. KBaHTOBBIHN 1e(eKT.
JyOneTHast CTpyKTypa ypOBHEH.

[TpubnuxeHne UEHTPAILHOTO TMOJIA. DJIEKTPOCTATHUECKOE M MAarHUTHOE B3aMMOJCHCTBHE
anekTpoHoB. Tumbl cBsizeil. LS-cBsa3p. Omnpenenenune Habopa TepMOB i KOHQUTYpalul c
HEIKBUBAJICHTHBIMA M SKBHBAJIECHTHBIMHM IEKTpOHaMHU. VcxomHble Tepmbl. MylbTUIIIETHAS
CTpYyKTypa TepMoB. CBsI3b THUTIA jj, CBA3B THTA jl.

JIByxaToMHble MOJEKyJbl. Anuabatuueckoe npubmmkenue bopHa-OnmenrediMepa ams
OINMCAHUs SACPHOU U AJEKTPOHHBIX MojAcUcTeM MOjeKy. KpuBble MOTeHIMANbHOM SHEPTUH U
3JIEKTPOHHBIE TEPMBI MOJIEKYJIBI (CBSI3aHHbIE U OTTAIIKUBaTeNbHbIe). CTPYKTypa KosiebaTenbHO-
BpalllaTelbHBIX YPOBHEH sHEpruu. MysibTUILIETHBIE TEPMBL: ciiydad a, b, ¢ u d. Cummerpus
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16.

17.

18.

19.

20.

21.

22,

23.

24,

MOJIEKYJIIPHBIX TepMOB. [l-ynBoenue. lIpenncconnanus. M3nydeHre NByXaTOMHBIX MOJIEKYJI
(a7ekTpoHHBIE, KoyebaTenbHble M BpamiaresnbHble crekTpbl). [IpaBuna ordopa. Ipuniun
®panka —Kongona. M3oronnueckuii 3 dexr.

[lonsTe HMU3KOTEMIEpPATypHOW IUIAa3Mbl, 3a7auyd JUArHOCTHKU. PaBHOBECHas IUIa3Ma:
pacmpesnesieHndsl 4acTULl IO JHEPrusM, IUIOTHOCTH HEUTPAIBbHBIX M 3apsDKCHHBIX YacTHL,
TEIUIOBOE M3JIydeHHE. Mozenu paBHOBECHS U CBS3aHHBIE C HUMM MapaMETphl: JIOKAJIbHOE
TEPMHUYECKOE paBHOBECHE, YAaCTUYHOE JIOKaJbHOE TepMuyeckoe paBHoBecue (UJITP),
kopoHaibHas Mozens (MKP), cronkHOBUTENbHO—painallnOHHAsE MOJIeb. ONTUYECKUI CEKTP
Y IIJIa3MEHHBIE [TapaMeTPBbI.

[InoTHas BbICOKOTEMIIEpATypHasl IUla3Ma M HMHEPLUAJIbHBIN yrpaBisiemblid cuHTe3. CedeHus
TEPMOSIZICPHBIX ~ peakiuil. VHepuuanbHbI  TepMOsAepHBbId  cuHTe3. IluHu  2ddekT.
Anunabatuueckoe cxxkarue. PaHoBecue bennera. CBs3b TOKa U TEMIEPATYPHI IJIa3Mbl TMHYA.
Yckopurenu  3apsokeHHbIX  uyactull.  Kiaccudukauus. Ilpumenenus.  CHIBbHOTOUYHBIE
ycKopuTend. 3apsbkeHHas miia3ma. OCHOBHBIE MOHSATUS U XapakTepHble 3HaueHus. CrocoObl
onucanus. Heo0xoaumMocTs caMoCcoriacoBaHHOTO OIXO/A.

CHUIIBbHOTOYHBIE 3JIEKTPOHHBIE M HMOHHBIE YCKOPUTENH. Y3JIbl CUJIBHOTOYHBIX YCKOPUTEJEH.
Cxembl 10108 1t GOPMUPOBAHUS YUYKOB C PA3IMYHBIMU NTapameTpaMu. OU3ndecKue MOJICIH.
OcHoBHbIE (PaKTOPBI, BIUSIOLINE HA XapaKTEPUCTUKHU AUOO0B U BEIOOP MOJIEEH.

®usznueckue MpoOUEeCChl HAa  MOBEPXHOCTU. THUIBI  3MHUCCHM:  TEPMOXJIEKTPOHHAS,
aBTOXJICKTPOHHAS, B3pbIBHAs DJJIEKTPOHHAsA, (OTORJIEKTPOHHAsA, BTOPUYHAS 3JIEKTPOHHAs
SMUCCUHU, SMUCCHUS C IOBEPXHOCTU CETHETORJIEKTPUKOB.

CuUIbHOTOYHBIE NMYYKH B ra3ze W IJia3Me. Y CJIOBUS BO3HUKHOBEHHSI TOKOBOM HEHTpaau3aluu
mydyka B Iula3Me. XapakTepHble MacmTalbl MpolieccoB. HecrtanmoHapHble SIBICHHUS MPH
MHXEKIUY ITyYKa B [1a3My. HectanimonapHas HOHU3alMs IPU HHKEKIUU TyYKa B HEHTPaJIbHBIN
ra3. ®u3nyeckue Mpouecchl Npyu B3aUMOACHCTBUU MyUYKa ¢ HEUTPAJIBbHBIM ra3oM. 3apsioBas u
TOKOBAsi HEMTpanu3alus my4xa B rase.

MoHOXpOMaTHYECKOE 3JIEKTPOMAarHUTHOE W3JIYyYEHUE PEIATUBUCTCKUX YacTHUL. Y CIOBUE
YEepEeHKOBCKOT0 pe3oHaHca. [lnmHa ¢popmuposanus. M3nydeHue peasiTHBUCTCKOTO OCIHIUIATOPA.
Hopmanbnbliik 1 aHoManbHbI dddext Jlomnepa. HanmpaBineHHOCTh W YacCTOTHBIA CIHEKTP
U3JTy4YEHUs PEISATUBUCTCKUX YACTHIl B pACPEIEIIEHHBIX BOJIHOBOJIHBIX CTPYKTYypax.
W3nyuenne paBHOMEpPHO JABIKyIlerocs 3apspa. HMsnydenne Basunosa-UepeHnkoBa B
OJIHOPOJIHOM AUCHEPrUpYyIoIeH cpene. M3mydenre B 3aMarHi4eHHOM IJIa3MEHHOM BOJIHOBOJIE.
Ilepexognoe wusnydeHue. CoOOCTBEHHbIE BOJHBI B TEPUOAMUYECKHX CTPYKTypax U HX
BO30YKJE€HHE ABIKYIIUMCS 3aps/1oM. YepeHKOBCKOE U3ITy4E€HUE B IEPUOUYECKUX CTPYKTYpax.
Jlazeppl Ha cBOOOAHBIX 3nekTpoHax. JICD — renepatop: CTpyKkTypa MOJsl B ONTHYECKOM
pezonarope. Koaddumuent ycuneHus U MOPOr CaMOBO30YXKIEHMs. Y CTaHOBUBIIUECS
KosnebaHusg M BbIXOJAHass MomHocTh. JICD — ycunurens: Haceimenne n audpaxipoHHbIE
s¢dextsl. BoaHOBOJHBIE CBOWCTBA 3JEKTPOHHOTO Iydka. PeXUM yCHIIEHHS CIOHTaHHOTO
U3JIy4EHUs B HEMPEPBIBHOM ITYUKE U B KOPOTKOM CT'YCTKE.
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HAIIPABJIEHHOCTD: 01.04.07 ®U3UKA KOHAEHCUPOBAHHOI'O COCTOAHUA

1. Cuabl cBSI3M B TBepABIX Tes1ax

DNEeKTpOHHAs CTPYKTYpa aTOMOB. THIIBI CUJI CBSI3U B KOH/IEHCUPOBAHHOM COCTOSIHUU: BaH-JEP-
BaaJgbCOBA CBfA3b, HMOHHAsA CBSA3b, KOBAJICHTHAs CBs3b, MeETa/UIMYeCKas CBs3b. [Ipumepsl
KPUCTANINYECKUX CTPYKTYp, OTBEYAIOIIMX IUIOTHBIM YIAKOBKaM IIApOB: IpocTas KyOWueckas,
OLK, I'lIK, I'TIVY.

2. CumMmeTpus TBepAbIX TeJ

Kpucramnnueckue u amopdHbie TBepable Tena. TpaHCIsAIMOHHAs WHBapUaHTHOCTh. basuc n
KpUCTaJIJIMYECKasi CTPYKTypa. DiieMeHTapHas sdeiika. fuelika Burnepa — 3eiitua. Pemerka bpase.
OO6o3Ha4yeHUs y3JI0B, HAMPABICHUN U TJIOCKOCTEW B KpucTauie. OOpaTHas perieTka, ee CBONCTBA.
3oHa bpumitosHa. DnIeMEHTBHl CUMMETPUM KPUCTAJJIOB: IIOBOPOTBHI, OTPaKEHUS, HWHBEPCHUS,
MHBEPCUOHHBIE IOBOPOTHI, TpaHCsuU. Onepanuu (Ipeodpa3oBaHus) CHMMETPHH.

3. edeKThl B TBepIAbIX TeJaX

Toueunsle nedektsl, ux oOpasoBanue M aAuddy3us. BakaHcuM M MeXKy3eIbHbIE aTOMBI.
Jluneiinsie nedextsl. KpaeBble W BHHTOBBIC AMCIOKANWU. PONb AMCIOKAIUMi B IUIACTHYECKOW
nedopmariuu.

4. JInppakuus B KpucTaaLiax

Pacnpoctpanenue BonH B KpucTaiax. /ludpakuus peHTreHOBCKHUX Jydei, HEMTpOHOB WU
NIEKTPOHOB B KpUCTaie. YIPYroe M HEYNpyroe paccesHue, MX ocoOeHHOCTH. bparrosckue
OTpakeHUs. ATOMHBIN U CTPYKTYPHBII (aKTOpPHI.

5. KoJuiedanus pemerku

KonebaHnus KpucTayulnyeckoi peleTky. Y paBHEHUs IBUKEHUs aToOMOB. IIpocras u cioxHas
OJIHOMEpHBIE 1LIETIOYKH aTOMOB. 3aKOH JMCIIEPCUHM YIPYIHMX BOJH. AKYCTUYECKHE M ONTHYECKHE
konebanus. KBantoBanue kone6anuii. ®OHOHBI.

6. TemioBble CBOICTBA TBEPABIX Tell

TemnoeMkocTs TBEpABIX Tel. PemerouHas TEMIOEMKOCTb. ODJIEKTPOHHAS TEMJIOEMKOCTb.
TemreparypHasi 3aBUCMMOCTb PEIIETOYHONM M 3JIEKTPOHHOM TerioeMKOCTH. Kitaccuueckast Teopust
TEIUIOEMKOCTH. 3aKOH pPaBHOMEPHOI'O paclpeleieHusi SHEpruM IO CTEeNeHsM CBOOOAbI B
Kjlaccuueckor ¢usuke. ['paHunpl crpaBeaauBOCTH Kiaccuueckod Teopuu. KsaHTOoBast Teopus
TeIIoeMKocTH 1o DiHmTeiiHy u JlebGato. [IpenenbHble ciiydyad BBICOKMX M HU3KHX TEMIIEparyp.
Temmnepatypa Jlebas.

7. DJeKTpOHHBbIE CBOICTBA TBEPAbIX TeJ

DONEeKTpOHHbIE CBOWCTBA TBEPAbIX TEJI: OCHOBHBIE JKCHEPHUMEHTalbHbIE  (DAKTHI.
ITpoBomumocts, 3¢pdexkr Xomma, TepmoIAC, (GoTOmpoBOAUMOCTh, ONTHUYECKOE MOIJIOIIECHHE.
Tpyanoctu o0bsicHeHUs 3TuX (AKTOB Ha OCHOBE Kiaccuueckod teopuu J[lpyne. OcHOBHbIE
npubnmxeHnus 30HHOM Teopuu. ['pannunsle ycnoBuss bopna — Kapmana. Teopema broxa.
brnoxoBckue ¢ynkunu. KBazuumnynesc. 30Hbl Bpuiitosna. DHepretuueckue 30HbL. bparrosckoe
OTpPaKEHHE DJEKTPOHOB IPH JABWKEHMM MO KpucTamry. I[IpuOirmkeHHe CHIbHOCBA3aHHBIX
ANeKTpOHOB. CBS3b IIMPUHBI Pa3pEIIEHHON 30HBI C MEPEKPHITUEM BOJHOBBIX (DYHKIUH aTOMOB.
3akoH nucnepcud. TeHzop oOpaTHbIX >PQekTuBHbIX Macc. [IpubimxeHue ModTH CBOOOJHBIX
3JIEKTPOHOB. BparroBckue oTpakeHus 3J1EKTPOHOB.

3anojHEHWe JHEpreTM4eckux 30H daekrpoHamu. IloBepxnocts @epmu. IlnmoTHOCTB
COCTOSIHMM. MeTauibl, AUJIEKTPUKU U OJYyIpOBOAHUKH. [lomymeTrasisl.

8. MarHuTHbIe CBOIICTBA TBePABIX TeJl

HamaranueHHOCTh M BOCHPUMMYHUBOCTb. JIMaMarHeTHKH, MapaMarHeTUKU U (heppoMarHeTUKH.
3axons! Kropu n Kropu — Belicca. [lapamarseTsM u quamMarHeTU3M 3JIEKTPOHOB MPOBOJWMOCTH.
[Ipupona dpeppomaruernsma. Pa3oBelii epexoa B peppoMarHuTHoe cocrosiHue. Poinb oOMeHHOro
B3auMojieiictBus. Touka Kiopu 1 BocnpuumMunBocTh peppomarneTuka. GeppoMarHuTHBIE JTOMEHBI.
[Ipuunaer mosiBneHust aoMeHoB. Jlomennbie rpanuinel (bmoxa, Heems). AntudeppomarneTruku.
MarnutHas  cTpykTypa. Touka  Heens.  BocnpuuM4mMBOCTH — aHTH(eEppOMarHeTHKOB.
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®eppumarHeTuky. [[BukeHHMe MarHUTHOTO MOMEHTa B MOCTOSIHHOM U MEPEMEHHOM MAarHHUTHBIX
MOJIAX. DJIEKTPOHHBIN apaMarHUTHBIN pe30HaHC. SIIepHbI MarHUTHBIA PE30HAHC.

9. OnTHYecKHe H MATHUTOONITHYECKHE CBOWCTBA TBEPBIX TeJ

KommiekcHast AuaIeKTpryecKas IpOHUIIAEMOCTh U ONITUYECKUE MOoCcTOsTHHbIE. KoaddummenTs
norjomeHuss u orpaxenus. CootHomenus Kpamepca—Kponura. Ilorjomenuss cBera B
MOJTYIIPOBOTHUKAX (MEK30HHOE, IPUMECHOE MOTJIOMICHHUE, MOTIIONICHUE CBOOOHBIMI HOCUTEIISIMH,
pemietkoit). OmnpenerneHre OCHOBHBIX —XapaKTEPUCTUK TMOJYNPOBOJHUKA U3  ONTUYECKUX
uccnenoBanuii. Marauroontuyeckue dPdextel  (3pdextsr  Dapanes, Doxra u  Keppa).
[IpoHMKHOBEHHE BBICOKOYACTOTHOTO MOJS B MPOBOAHMK. HopManbHBIA M aHOMAaJbHBIM CKHH-
a¢dekrl. TommuHa CKUH-CIIOS.

10. CBepxnpoBoguMOCTh

CBepXnpoBOAUMOCTb. Kputnueckas TeMIeparypa. BeicokoTeMnieparypHbie
cBepxnpoBogHukh. Dpdext Mericuepa. Kputrueckoe mosie 1 KpuTHIecKuid TOK. CBEpXIIPOBOTHUKH
MEPBOTO U BTOPOro poaa. Ix MarautHbie cBolicTBa. Buxpu AbpukocoBa. ['myOrHa MPOHUKHOBEHUS
MarHuTHoro moyisi B oOpasen. Oddexr Jxo3edcona. Kymepockoe cmnapuBanue. JlmmHa
KOI'€pEHTHOCTU. DHEPreTUIecKas Ielb.

Jlureparypa
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HAIIPABJIEHHOCTD: 01.04.08 ®U3UKA IIJIA3MBbI

1. TepmoauHaMUKa IUIa3MBbI

[Tonatne mIa3Mbl, KBa3HHEUTPAIbHOCTb, MHKPOIIOJS, /1€0aeBCKUN paauyc, HeanbHas WU
HeuJcalbHas IUIa3Ma. YCJIOBHE TEPMOJMHAMHUYECKOIO PAaBHOBECHUS, TEPMHMUYECKas HOHU3ALNS,
¢dopmyna Caxa, KOpOHAJIbHOE pPaBHOBECHE, CHI)KEHHE IOTECHIMAla HOHHU3AIMU. BbIpoxneHue
ma3mel, ctatuctuka boneiimana u ®epmu—/upaka, moaens Tomaca—Depmu.

2. DrneMeHTapHbBIC POIECCHI

CTOJNIKHOBEHHs ~ 3apsUKEHHBIX  YaCTHL,  JAJBbHOACWCTBHE, YacTOThl  CTOJIKHOBECHMH,
CTOJIKHOBEHHS AJIEKTPOHOB C aToMaMu (yNpyrue U HEyNpyrue), CTOJIKHOBEHUS TSKEJIbIX YacTHLL.
Wonnzanus, pekoMOMHaLus, epe3apsiika 1 npuwinnanue. Bo30yxaeHue u Auccouuans MoJeKyl
JJIEKTPOHHBIM YAAPOM.

3. ®usnyeckas KMHETHKa

VYpaBHeHus bonbivana u BriacoBa, MHTErpan CTOJIKHOBEHUM, BpeMs MAaKCBEIUIM3AaLMM U
CKOpOCTb BBIPAaBHUBAHMsSI TEMIIEPATYP PA3JINYHBIX KOMIOHEHT Iu1a3Mbl. CKOpOCTh HOHOOOPa30BaHUS
U pEeKOMOMHALIUM 3JEKTPOHOB U HOHOB, 00pa3oBaHHE U pa3pylleHHE BO30YXKIECHHBIX aTOMOB
(uoHOB). SIBNIEHMs mepeHoca B IJIa3Me, 3JEKTPONPOBOAHOCTb, AUGD(yY3us U TEmIonpoOBOIHOCTh
YacTHULl IPU HAIMYUH U OTCYTCTBUM MarHUTHOTO 1osist. KuneTrka Bo30y» A€HHBIX MOJIEKYJI B IIJIa3Me.

4. JluHamuKa 3apsDKEHHBIX YacTHUI] B 3JIEKTPUUYECKOM U MAarHUTHOM IOJISIX

JIBI>KEHHE B CKPEHICHHBIX 3JEKTPUYECKOM W MarHUTHOM moiisix. JpeiidoBoe npubnmxenue,
Pa3sHOBUIHOCTH JIpei(OBOro ABMKEHU. 3apsKEHHAs 4aCTHIIA B BHICOKOYACTOTHOM moJie. [Tonstue
an1adaTUYeCKOro MHBApUAHTA.

5. MarnuTHas ruipoAMHAMHKA I1J1a3Mbl

VYpaBHeHMs] JBUKEHMs IUIa3Mbl B MarHUTHOM I10Ji€, MPOHUKHOBEHHWE MAarHUTHOIO IOJS B
IJ1a3My, BMOPOKEHHOCTh MAarHUTHOT'O IOJIS. 3aKOHBI COXPAaHEHUs B MJICAIBHON OJIHOKUIKOCTHON
MI'/I. IByX>KuaKOCTHOE IpUOIHIKEHUE.

6. HeycToiiuuBOCTbH MIa3MbI

PaBHOBecHBIE KOH(UTYpaIMK IJ1a3Mbl B MAarHUTHOM ruapoAnHaMuKe, nuH4. HeycroitunBocth
IUIa3Mbl, BHMJbl  HEYCTOMYMBOCTHM, IIEPETpeBHasl W  HOHM3ALUUOHHAs]  HEYCTOMYMBOCTH.
Oueprerudeckuil npunmn MI'J[-ycroitunBocTu.

7. Konebanus u BOJHBI B IJ1a3Me

OcHoBHbIE THUINBI KOJI€OAHUN M BOJH B IUIa3Me: JIDHTMIOPOBCKHME 3JIEKTPOHHBIE U MOHHBIE,
3JIEKTPOMArHUTHBIE,  MOHHO-3BYKOBBIE, = MAarHMTO3BYKOBble,  aib(BeHOBckHe. [lokazarens
MIPEIOMIIEHUS [1JIa3Mbl, IPOCTPAHCTBEHHAs M BPEMEHHas iucnepcus, (pazoBast U TpyNIoBas CKOpOCTU
IJIa3MEHHBIX BOJIH.

8. BsammopelicTBHe 3apsHKEHHBIX YaCTHUIl C BOJTHAMH B IIJIa3Me

Bo30yxenue u 3aryxaHue BOJH B IJIa3Me, YEPEHKOBCKOE U3IydeHue, 3aTyxanue Jlannay.
Packauka miazmeHHbIX Kosebanuil myukamu. KBazuianHelHoe npuOinxeHue.

9. BsaumopelcTBHE MEKTPOMArHUTHBIX BOJIH C IJIa3MON

PacnipocTpaneHne 3J€KTPOMAarHUTHBIX BOJH B HEOJHOPOJHOM IIIa3Me, I'e€OMETpUYECKas
OITHKA, TUIa3MEHHBIA PE30HAHC, IUKIOTPOHHBIM pe3oHaHc, JuHelHas TpaHchopmanus. OCHOBHbIE
HEJIMHEWHbIE IPOLECChl B3aWMOJAEWCTBUA BOJIH, HEYCTOMYMBOCTh IUIa3Mbl B  CHJIBHOM
3JIEKTPOMArHUTHOM 1osie. PaccessHue u TpaHcopmanus BOJIH.

10. M3nyveHwue mia3Mel

DneMeHTapHbIE PaIUallMOHHbIE MPOLIECCH], UHTEHCUBHOCTD CIIEKTPAJIbHBIX JTMHHUM, CIUIOIIHbBIE
CIEKTPBbI, BEIHYXIEHHOE ncmyckanue. [Ipoderu nuzmyueHus, nepeHoc u3y4yeHus B Cpefie, ONTUYECKU
IIpO3pavyHasi U HEMpo3padHas I1a3Ma, JIyducTas TEIIONPOBOIHOCTD.

11. JIlmarHocTHKa mia3mMbl

30HI0BBIE METO/IBI, ONITHUECKHE MeTO1bI, CBY-MeTo1bI, KOPIYCKYJISIPHBIE METO/BI, JTa3€PHOE
paccesiHie, MarHUTHbBIE U3MEPEHUSI.

12. DnexTpuyeckuil pa3psj B razax
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OcHOBHBIE BHU[BI pa3pslia: TICIOUIMN paspsii, UCKpa, syekTpuueckas ayra, BU-, CBU- u
ONTUYECKUH pa3psAl. YCIOBUS CTALMOHAPHOCTHU pa3psAla, U3JIy4arolui pa3psa B INIOTHOM I1a3Me,
IJJA3MEHHO-ITYYKOBBIA pa3psl.

13. T'uapoarHAMHYECKUE U TEIJIOBHIC SBJICHHS B TIa3Me

VY napHble BOJIHBI B [IJIa3M€, CKAYOK YIIJIOTHEHUS, PEITaKCALMOHHBIHN CII0M, N3] yUYEeHUE YAAPHBIX
BOJIH, HEJIMHEWHBIE BOJIHBI TEILIONPOBOIHOCTU. TOKOBBIE CIIOU.

14. TTpuknagasie MpoOIeMbl GU3UKH TLTa3MbI

YpaisseMblil TEpMOSAEPHBIN CUHTE3, MArHUTHOE yJI€p’KaHUE U HArpeB IJ1a3Mbl B MATHUTHBIX
JIOBYILIKaX U UHEPLUHAJIbHBIX CUCTEMAX.

l'eopusuueckue u acTpou3muecKkue IUIa3MEHHBIE SBICHUS — HOHOchepa 3emin,
MEXIIJIAaHETHAs IJ1a3Ma, 3BE3/1bl.

[1na3meHHbIe UCTOYHUKHU U3TydeHUs], Ia3MeHHas CBU-anexkTpoHuka.

[IpeoOpaszoBanue TEIIOBOM SHEpPruM B dekTpuieckyro: MI'J[-npeobpazoBarenu, TEIIOBBIC
npeoOpa3oBaTeIy.

B3anmMopeiicTBre ma3Mbl ¢ HOBEPXHOCTBIO TBEPABIX Ted. [1a3MeHHbIe TEXHOIOTUH.
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HANPABJIEHHOCTbD: 01.04.16 ®U3UKA ATOMHOI'O SIIPA M DJEMEHTAPHBIX
YACTHI]

1. KBAHTOBAA TEOPHUA I1OJIA

OJIEMEHTAPHBIC YACTULIBI U MTOJIS

Tunbl QyHIaMEHTaTBHBIX B3aUMOJICHCTBUIA: TPAaBUTALIMOHHOE, HJIEKTPOMArHUTHOE, CHIIBHOE,
cnaboe. Knaccupukanus wyacTui: agpoHsl M JIENTOHbI, (OTOH U INPOMEXKYTOYHBIE OO30HBI.
Knaccudukanuss aaponoB, OapuoHbl W Me30HBL. KBaHTOBBIE UMCIA, XapaKTepU3YIOIIHE
JJIEMEHTapHbIE YaCTULIBI. AJNIUTUBHBIE U MYJIbTUIUIMKAaTUBHBIE KBAaHTOBbIE yKcia. CIMH, 4ETHOCTD
P, C u T. M3oTonn4eckas MNHBAPUAHTHOCTh CHUIIBHBIX B3aumMozeicTBuid. [loHsTHE 00 M30TONICITUHE.
CooTHOIIEHN MEXIy aMIUIMTyJaMH pa3jIu4HbIX IpoueccoB. KuHemarnueckue OrpaHUyYeHUs B
peakuusX  B3aUMOJCUCTBHs  dyieMeHTapHbIX  4actui.  SU(3)-MHBapUAHTHOCTh  CHJIBHBIX
B3aumopeictBuii. CtpanHocte 1 SU(3)-MynbTHIUICTBI dIeMeHTapHbIX vacTll. CocraBHas
CTPYKTypa aapoHoB. Mojenb apoOHO3apsaHbiX KBapkoB ['enn-Manna - [Iseiira. Tpu mokoneHus
JIENTOHOB M KBapKoB. O0001meHne popmyel ['emi-ManHa - HUImmkume! 17151 KBAaHTOBBIX Yucen C,b
u t. S-marpuna. CBs3b BEpOSTHOCTH IPOLIECCa ¢ MATPUYHBIMU AJIEMEHTaMU S-MaTpullsl. [IpaBuma
@eiinmana. dellHMaHOBCKUIM Mporaratop, KaauOpoBOYHAsh HMHBAPHMAHTHOCTh. KoMITOHOBCKOE
paccesinue. @opmyna Kneitna-Humumer ns ceuenusi. Paccessnue ee — ee B KOJ[. Uerbipéx-
dbepMmuoHHOE c1aboe B3aMMOJCHCTBHE. B-pacaj HeHTpoHa U TUIIEPOHOB. OCHOBBI AJIEKTPOCTIA00H
teopun BaitnOepra-Canama. CrHoHTaHHOe HapylleHME CHUMMETpud. Bo3HHKHOBEHHE Macc
kanubpoBouHbXx 0030HOB W u Z. Helitpanbshbie Toku. CoiictBa W, Z-6030H0B, pactiaast W — v u
Z — vv. Uucino copToB HEUTpUHO U3 IWIMPHUHBI pacnaga Z-0030HOB B HEBHUJUMBIE MOJIBI.
XurrcoBckuii 0030H u ero cpoiictBa. KoHcrantsl cBsi3u U mmpuHa pacnaga H — |l Beryme
KOHCTaHThl CBSI3U (YHIAMEHTAJIbHBIX B3aUMOJCHCTBUN 1, o2, o3. OCHOBHbBIE HJEH BEIMKOIO
oobenaunenus (GUT).

KBaHTOBBIC 110JIS

Beenenue (nmarpamkeB ¢opManm3M, cummeTpud, Teopema Herep). JleficTBuTenbHOE
CBOOOJHOE CKaJIsipHOE mose. JlarpaH)kuaH, ypaBHEHMs I10JI, CBOMCTBA KJIACCMUYECKUX PELICHUH.
KommuiekcHoe ckamsipHoe mnosie. MaccuBHOE BEKTOpHOE 1osie. JlarpamkmaH u  pemieHus.
Ocobennoctu anekrpoMarautHoro mnois. Ilone J{upaka. [locTpoeHue ypaBHEHUH IBMKEHUS, -
MaTpullbl, PEIATUBUCTCKAs KOBAPHAHTHOCTh, CIIMHOPHOE IIpeACTaBiIeHUEe TIpynnsl JlopeHia.
CpoiictBa pemenuil. Jlarpanxes ¢opmanuzM. besmaccoBoe cnuHopHoe mnone. [IpuHUIMIBI
KBaHTOBaHUs BOJIHOBBIX mojei. KaHoHuueckoe kBaHTOBaHue. OneparopHoe KBaHTOBAHMUE.
IIpencraBnenne lpenunrepa u I'elizenOepra. PensTuBUCTCKas cxeMa  KBaHTOBAaHMS.
IlepecranoBouHble cooTHomeHusi. KBantoBanue mno @Pepmu-lupaky u boze-DitHiTeiny.
AMIUIUTYa COCTOSIHUSA B (JOKOBCKOM IpeacTaBIeHHH. KBaHTOBaHME CBOOOIHOTO CKAJIIPHOTO MOJIS.
KBantoBanue cBOOOJHOrO MacCHUBHOIO BEKTOpHOro 1moisis. (OcoOeHHOCTH KBaHTOBAaHUS
aJIeKTpoMarHuTHoro nojst. Ksanrosanue csoOoiHoro nosst Jupaka. 3apsaoBoe conpspkenue. CPT-
Teopema. JlarpamwkeB popmann3M B TEOpUH B3aUMOJACUCTBYIOMIMX TOyieH. [IpuHIIUIIBI TOCTpOCHMS
JarpaH>kKMaHoOB. KanuOGpoBounas CUMMETPHSL. Mexanuszm Xwurrca. KBantoBanue
B3auMoJieicTBytommx Toned. I[lpencraBieHne B3auMoneHCTBHA. S-MaTpuia, | -TIPOU3BEICHHE
OIepaTropoB, cBoWcTBa S-marpuubl. Teopembl Buka. @ynkuumm ['puHa CBOOOAHBIX MOJEH.
Jlnarpammer @eiiamana. Jinarpammel ®eitavana B KOJ1 u o -Teopnu. Beruncnenne BeposTHOCTEH
[IEPEXO0/I0B.

Oyukuuu ['prHa B KBaHTOBOI Teopuu nosist. MeTo 1 mpou3BoaIMX (GyHKIIMOHAIOB. MeTo b
BbIUMCICHUS (DEHHMAaHOBCKUX HWHTETPANIOB. Y -MpPEACTaBiIeHHE U MeToja (eHHMaHOBCKUX
napamMeTpoB. YIbTpaHroIeTOBbIE PACXOUMOCTH METIEBBIX HHTETPAIOB. METO/bl peryispr3alii.
Perymapusanus [laynu-Bumnapca. Pasmepnas perymspusanusa. CHOuHOpBL W )~MaTpHIbl B
IIPOCTPAHCTBE MPOU3BOJIBHOM pazmepHOcTH. [IpuMepsl BhuncieHnit pelHMaHOBCKUX WHTETPAJIoB.
BBenenue B Teoputo nepeHopMupoBok. CTaHgapTHas cxeMa nepeHopMUpoBKH. Cxema BhIYMTAaHUN
Ha MacCcOBOM TMOBEPXHOCTH B CKaJSIpHOM Teopuu (onxHomersieBoe mnpubmmkenue). BIIX-cxema
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IIEPEHOPMHUPOBOK. BBencHHE B NEPEHOPMHUPOBKY MHOTOIETIECBBIX AMarpaMM. Meton mopacuéra
cTeneHed pacxoaumocteil. IlepeHopmupyemble U HemepeHopMupyemble Teopun. Cxema
MUHUMAaJIbHBIX BbIUUTAaHUN. OCOOEHHOCTH CXEMbl MUHUMAJIbHBIX BbIUMTaHUU. [lepeHOpMUpOBKa B
KBAaHTOBOH 3JieKTpoauHamuke. KannOpoBouHas MHBapHAaHTHOCTh M MEPEHOPMUPOBKH. ToOXKaecTBa
Yopna. Beruucnenue Gpopmdpaxropos anekTpoHa. PeHopmanuzanuonHsas rpynna. PeHopMrpymmnosoe
ypaBHEHHE. BpIunciieHue peHOpPMrpynmnoBeIX Kod(duuueHToB. IlpuMeHEHHs PEHOPMIPYIIIHL
AHanmu3 acuMnToTHYecKoro moBeneHus Gyukouii ['puna. Teopema BaiinGepra. Bemymue
norapudmbl. DPPeKTUBHAS Macca U KOHCTAHTa CBsI3U. Pa3HOBUIHOCTH BBICOKOIHEPTETHUECKOTO U
HU3KO’HEPIreTHUECKOro MoBeAeHusA. AcumnroTrudyeckas cBoboga. CHekTpalbHble MpeAcTaBIECHUS
¢ynkuuii 'puna. Ontuueckass teopema. [Ipencrasnenne Yemnena-Jlemana. IlepenopmupoBka
COCTaBHBIX OIEPAaTOPOB. AHOMAJINY B KBAHTOBOM TEOPHH I10JI1. AKCHAJIbHAS aHOMAJIU.

2. OU3UKA DJIEMEHTAPHbBIX YACTHULL U KOCMOJIOT'UA

Kiraccuueckas reopus

OcHoBbl Teopuu rpynn 1 anredp Jiu. HeaGenessl rinobdanbHbie U KaTMOPOBOYHBIE CUMMETPHUU.
CrioHTaHHOE HapyLICHHE CUMMETpUH. SIBjIeHne Xurrca B HeaOeleBbIX KaTUOPOBOYHBIX TEOPHSIX.
CrangaptHas Mojaenb GpU3MKU 31eMEHTapHBIX YaCTHIL.

KBanToBas teopus

OYHKIMOHANBHBIA HMHTErpal B KBAaHTOBOM MexaHuke. CBoiicTBa ()YHKIIMOHATIHLHOTO
uHTerpana. KsaHToBas Teopuss monsi B (yHKOIMOHANBHOW QopmynupoBke. KsantoBanme
KaTMOpOBOUYHBIX MOJed B QyHKIMOHANBHON (opmynupoBke. [lepeHOpMUpOBKa KaTuOPOBOUHBIX
teopuii. BRST-cummerpun u ToxxaectBa Yopaa.

Kocmonorus

Pannsas Bcenennas u HaOmronarenbHble JaHHble. Moaens ropsueil Becenennoi (merpuka
PobGeprcona-Yonkepa, ypaBHeHue @DpuamMaHa, HCTOpUS SBOMIONUH ropsyeil Bcenennoii).
Nudnsmus. PasorpeB Bceenmennoit mocie wHbmsmun. Da3zoBeie mnepexonbl. bapuoreneswc.
PenukroBbie HeWTpuHo. Hykneocunte3. PenukroBoe TemioBoe wusinydeHue. DopMmHupoBaHUE
KpYIHOMAacCIITaOHO! CTPYKTYpbl BeeneHHoi.

3. O®U3UKA ATOMHOI'O SAIPA

CrpykTypa d1pa

OcHoBHbIE CBOICTBa aTOMHBIX snep. [IpuHIMOBI cuMMeTpUuu B (U3MKE aTOMHOIO sjpa.
Snepusie cunbl. Mogenu snep. OddekTrBHOE HYKIOH-HYKJIOHHOE B3aUMOJEHCTBUE B SIEPHOM
BemiecTBe. HenykioHHBIE cTemeHu cBOOOABI sijpa. JlempTa-mzobapa B siipe. MeE30HHBIE TOKH.
IIpocreimue ssaepHble npespameHus. TepmoanHaMuka saepHOro BemecTsa. Pa3oBbie NEPEXOIBI.

AnepHble peaknuu

IlocranoBka 3amaum o0 paccesHuH dactul. IlomepeuHoe cedeHne B3aUMOJEHCTBUS.
[{eHTpambHO-CHMMETPUYHBIA TOTCHIIMAN. [lapimuanbHble aMIUTHTYABI pacCesHUs. S-MaTpuIa.
bopuosckoe mpubmmxenne. @opmyna Pesepdopna. Paccesnue mennensnsix yactuu. Heynpyrue
CTOJIKHOBEHHS a/IpOHOB CO CIIOKHBIMU siipamMu. Kanainb! peakuuy. OCHOBBI TEOPUU MHOTOKPATHOTO
paccessHUSI Ha COCTaBHBIX pacceuBaressix. JuppakiuroHHoe B3auMoeiicTBUE ObICTPBIX aAPOHOB U
anep ¢ saapamu. Mogens I'maybepa-Cutenko. SlnepHble peakiuu, IPOTEKAOLIUE Yepe3 CTaIUI0
COCTaBHOTO Spa, U MpsIMbIE MPOLECChl. Pe30HaHCHI B SAEpHBIX B3auMoeicTBuUsAX. [IpeacraBnenue
00 onMCcaHUU ME30H-SIEPHBIX B3aUMOJIEHCTBUI B paMKaxX KBaHTOBOI TeopuHu MHOTUX Ted. Merton
¢bynkuuii ['puna. PaccessHue agpoHOB Ha MAaJOHYKJIOHHBIX cHucTeMax. ChnuH-opOuTabHOE
B3aMMOJICMICTBUE HAJETAIOIINX HYKIOHOB C sAnpoM-MullieHbr0. CIMHOBas MaTpula IUIOTHOCTH.
HccenenoBanue CTpYKTYpPBI SIAEP C IOMOIIBIO PACCESIHUSA DIIEKTPOHOB. PaccessHre HEUTPUHO Ha AApaX.
dorosiiepHble peakiuu. Peakiyy BIOMBaHUS HYKJIOHOB U3 sJIep MO JIeHCTBHEM raMMa-KBaHTOB,
AJIEKTPOHOB M aApoHOB. MccnenoBanus Ha mydkaX HeCTaOWIBHBIX sijep. Slapo-snaepHbie
B3aMMOJICHCTBUS MPU MPOMEXKYTOUHBIX M BBICOKHX SHEprusix. B3ammopeiicTBue HecTaOMIbHBIX
YaCTHUI] M aHTUHYKJIOHOB C ApaMu. AJlpoHHBIE aTOMBL. ['unepsapa. Actpopusndeckne MpuaoKeHUs.
OCHOBBI PEIATUBUCTCKON SA/1€PHON (DUBHKH.
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OKkcnepUMeHTalIbHas aepHas pusnka

OcHOBHBIE (U3MYECKHE BEIWYMHBI JUIS ONUCAHHS SJCPHBIX IPOLECCOB. MeTosl
CIEKTPOMETPHUH  3apsDKEHHBIX 4acTHL. MeTox KOMIIEHCAaluu JUCIEPCUU IPU  CO3JIaHUU
CIEKTPOMETPOB. UEpEeHKOBCKHE ACTEKTOPHI IMOJHOro mnoriomeHus. [Ioporoebie 4epeHKOBCKHE
JETEKTOPbl U KOJBLIEBBIE YEPEHKOBCKHE JETEKTOpBL. CIEKTPOMETpUS HEUTPaIbHBIX ME3OHOB.
JleTeKTUpOBaHUE W CHEKTPOMETPHUsS MIOOHOB BBICOKOW JHEpruv. MeToabl IOIYy4eHHMS IIy4KOB
MOJIIPU30BaHHBIX 4yacThll. [lonsipu30BaHHBIE U OPUEHTUPOBAHHBIEC SACPHBIE MMILEHU. Y CTAHOBKHU
JUIsL UCCIIENOBAaHUs POXKACHHUS IM-ME30HOB. MeToauka HCCIeNOBaHUS pPacCesiHUsA INH-ME30HOB
aapaMu. BpeMeHHble 0COOEHHOCTH IPU OOJIBIINX MHTEHCUBHOCTSX ITyYKOB. Y CTAHOBKHU C BBICOKOM
reomerpuueckoir  3dpdexruBHocThio. Co3laHME YCTAaHOBOK JUIi  M3YYEHHUS CTOJIKHOBEHHUH
PEIATUBUCTCKUX SAEP.

SlnepHble peaklUMW Ha IydKax raMMma-KBaHTOB. MeToabl MOHOXpOMaTH3alMu (OTOHHBIX
IIy4KOB. B3auMoeiicTBUE 3IIEKTPOHOB € SAPAMHU IIPU CPEIHUX U BBICOKHUX DHEprusx. OnpenenacHue
panuycoB saaep, MIOTHOCTH U GopMBI aaep. Pe3oHaHCHbIE siaepHbIe peakiMi Ha My4YKaxX MPOTOHOB
IIPOMEXYTOUYHBIX dHEprui. B3zaumonencreue nu-Me30HOB ¢ sapamu. M3ydyeHne NHOH-HYKIOHHBIX
PE30HaHCOB B sapax. Peakuuu ¢ NOJAPHU30BaHHBIMM YaCTULIAMM. MeETOIbl IOJIYy4EHHUS ITy4KOB
MOJIAPU30BAaHHBIX IIPOTOHOB M JEHUTPOHOB. MeToabl MONY4YEHHs NOJSIPU3OBAHHBIX MUIICHEH.
OCoOEHHOCTH HW3Yy4YEHHS] TPOIECCOB C HCIYCKAHMEM HEHTPAIbHBIX IH-ME30HOB M -ME30HOB.
BBenenue B (u3MKy B3auMOJCHCTBUSA PENATUBUCTCKUX sijiep. PokaeHne CTpaHHbBIX YacTULl IpU
CTOJIKHOBEHUSX saep. IloamoporoBoe poxkaeHue aHTUIPOTOHOB. POXIEHHE BEKTOPHBIX ME30HOB
IIPU CTOJIKHOBEHUU siep BBICOKOM 3Hepruu. lIporpamma noucka KBapK-IIFOOHHOHM ILIa3Mbl Ha
yckoputene LHC, ycranoska ALICE.

Metoa Moute-Kapino B siiepHoit pusuke

Beenenune B Meron Monte-Kapio. HenpepblBHbBIE M JUCKPETHBIE CIIy4alHBIE BEIUMYHHBI.
MeTo bl MOAETUPOBAaHUS CIIy4alHbIX BEJIMYMH C 3aJaHHBIM 3aKOHOM paclpeneiacHus. Beruncienue
UHTErpasioB MeronoM Monte-Kapno. Hekortopsle THNHMUYHBIE 33a4M MOJEIMPOBAHUA B SEPHOU
¢usuke. Perucrpauus pe3ynbTaToB  MOJAEIMPOBaHMA. MoJenupoBaHHE MHOIOYACTUYHBIX
IIPOLIECCOB.

4. HEWUTPUHHAS ®U3UKA U ACTPOOU3UKA

dus3uka HEUTPUHO

VpaBuenue J[lupaka. Kmaccuueckass Teopusi cimaboro B3auMojeicTBus. BzaumonencTBust
HEUTpUHO ¢ siApaMu. KBazuynpyrue B3auMoeiCTBUSI HEUTPUHO ¢ HyKJIOHaMU. CBOWMCTBA HEUTPUHO.
Heynpyrue B3aumonelcTBUsS HEUTPUHO C HyKJIOHaMU. HeHTpHHO B KamMOpPOBOUYHBIX TEOPUSX
ciaboro B3auMoJieHcTBUS. HeMTpUHO M KOCMOJNOTHS. DKCIIEPUMEHTaIbHbIe TTOUCKH OCIMILISINI
HelTpuHo. HeliTtpuno B atmMocdepe. BHeatmochepHble UCTOYHUKN HEUTPUHO BBICOKUX SHEPTHM.
Tepmosnepubie peakuuu B Heapax CosHua U HeWTpuHO. HelTpuHO OT Bembiliek CBEpPXHOBBIX.
UccnenoBanue CBONCTB HEUTPUHO B YCKOPHUTEIBHBIX JKclepuMeHTax. lccienoBaHue CBOWCTB
3JIEMEHTAPHBIX YACTHUI] B OKCIIEPUMEHTAX HA aJPOHHBIX U JJICKTPOHHBIX KOJUIAWIepax.

Metoapl IETEKTUPOBAHUS KOCMHYECKUX HEHUTPUHO CBEPXBBICOKHUX DJHEPIHil (YacTHUIILI
acTpodu3uKa)

Bo3MmoxHBIE MEXaHU3MBbl YCKOPEHHS YacTHI] 10 CBEPXBBICOKMX 3HEPIUH. DHEpreTunyeckue
CHEKTPbl U XMMCOCTaB MEPBUYHBIX KOCMHUYECKUX Jydei. CBepXTsmKEIble YacTHIBl (MAKCUMOHBI),
MHHU-YEPHBIE ABIPHI, KOCMUYECKHE CTPUHIM KaK BO3MOKHBIE MCTOYHHUKH KOCMHUYECKHX Jydeu
CYNEpBBICOKUX  dSHepruit  (Tomosnormdeckue aedexTsl). Bo3MmoxkHas BepxXHsisi TpaHUIA
SHEPreTHYECKOro crekTpa. AcTpodu3nueckue HCTOYHHKM TraMMa-KBaHTOB BBICOKHX DHEPIHil.
JleGenp X-3; raMMa-kBaHTHI U HeliTpoHsl oT JleOens X-3. «Fly’s eye» skcriepuMeHT. ATMOChEpHBIC
MIOOHBI M HEUTPUHO; OCOOCHHOCTH WX CIEKTpoB. «lIpsmMbie» MIOOHBI M HEUTPUHO OT pacmaja
YapMUPOBAHHBIX YacTUIl. ACTPOPUZNYECKUE UCTOUHUKH HEUTPHHO.

CunbHble, >3JEKTPOMarHUTHbIE, cialble B3aumopeWcTBus. Pacmanpl wactun. CeueHus
B3aWMO/IEVCTBUI MIOOHOB U HEUTPUHO.
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I'myGokonomzemusie skcniepuMmeHThl B FOxknHoU Adpuxe, Wumum, HWranmu, SAnonuwn.
bakcanckuit HeWTpuHHBIA Teneckon. IIOMCK HEUTPUHHBIX OCHWUIALMA B  IOA3EMHBIX
JKCIEPUMEHTAX.

«CrannapTHas Mozenb» panHell Beenennoil. Pacimpenue Beenennoil. Mogens ®@puamana.
Kpurnueckas mioTHOCTb.

Mopens «Benukoro o0beInHEHHs» CHIIBHOTO (IIBETOBOTO), SJIEKTPOMArHUTHOTO U CIaboro
B3auMojeicTBuil. Macmrab oObenuHeHus. CBepXTsHKENble KamuOpoBouHbIe 0030HBI. Pacman
HYKJIOHA. MarHuTHbIN MOHOIIOJIb. PelnuKTOBBIE YacTUllbl U UX NoUcK. [IpoOaema «CKpbITOI» Macchl
Bcenennoii.

I'my6okoBonHoe nerektupoBanue HetpuHo (mpoektel NESTOR, baiikam). Axycrudeckuid
METOJ JIETeKTUPOBAaHMSA HEHUTpUHO cymepBbicokux sHepruii (mpoekt CAJIKO). PamnoBonHOBOIM
MeTo] AetekTupoBaHus HeUTpuHO (mpoekT RAMAND B AnTapkTuze).

5. YCKOPEHHE 3APSAXKEHHBIX HUACTHUL]

OcHoBbI GUBHUKHN ¥ TEXHUKU YCKOPEHUS 3apSyKEHHBIX YaCTHIL

du3nuecKkrue OCHOBBI YCKOPEHHUSI 3apsKEHHBIX 4acThll. OCHOBHBIE THIIBI YCKOPUTENIEH U UX
0c006eHHOCTH. OCHOBBI AMEKTPOAMHAMUKH YCKOPSIOMUX CHCTeM. /[nHaMuKa 4acTHIl B JTMHEHHBIX
PE30HAHCHBIX YCKOpHTENsX. D(P(HEKThl MPOCTPAHCTBEHHOTO 3apsifa B JMHCHHBIX YCKOPHTEISX.
JluHaMHMKa 4YacTHIl B IUKIMYECKHX YCKOpuTensx. PaauannoHHbie 3PQPEeKThl B IUKIMUYECKUX
YCKOPHUTEIISIX AJEKTPOHOB. [IpOCTpaHCTBEHHBIN 3apsii B UUKIMYECKHX YCKOPUTENSX. MarHuTsl
YCKOpUTENIEH U MX NMUTAaHUE. Y CKOPSIOUIME CHCTEMbl IUKIMYECKHX yckoputeneil. [Ipumenenue
CBEpXIpoBoAMMOCTH. HakonuTenbHble ycTaHOBKU. MHKEKIMS U BBIBOJ YaCTHIL. J[MarHocThKa my4dka
Y CUCTEMBI YIpaBlieHus yckoputeasamu. [Ipumenenue yckoputenei 1t GU3HMYECKUX UCCIEAOBAHUM.
[IpoexTsl yckopuTeseit HoBoro nmokosieHus. HoBbie (KOJIJIEKTUBHBIE) METOABI YCKOPEHHS.

Bricoko4acTOTHAS 3JE€KTPOAMHAMUKA

YpaBHenuss Makcgesia. MOHOXpOMaTHYECKUE TTOJISI U KOMILJIEKCHBIE aMIUTATYbl. BoaHOBOE
ypaBHeHue. I[loTenumansl snexkTpoMarHuTHoro mnousd. Ilmockue Bomubl. Teopus ckun-3ddexTa.
I'pannunoe  ycnoBue  lllykmua-JleontoBuua.  Llwnmuapuueckue  BOJHBL. — BoiHOBOABI
MPSIMOYTOJIBHOTO U KPYTJIOTO ceueHuil. BOTHOBOIBI ¢ IBYXCBSI3HOM (POPMOIA MOMEPEYHOTO CEUCHUS.
[ToTtepu B BomHOBOaX. MeieHHbIE BONIHBI. J(MadparMupoBaHHBIN BOJTHOBOA. Pe30HaTOPHI MPOCTHIX
dopm. OOmas teopus pe3onaropoB. Cdepuueckrue BOIHBI U UX BO30OyxIeHue; nemma Jlopenna.
Oyukuust ['puHa W HHTErpupoOBaHUME HEOJHOPOJAHBIX ypaBHeHHMH MakcBemta. BozOyxiaeHue
BOJIHOBOJIOB U pe30HaTOpoB. MaTtpuua paccessnusa. HEonHOpOAHOCTH B BOJIHOBOAAX U PE30HATOPAX.
Metoasl Teopun (GYHKIMA KOMIDIEKCHOTO TMEPEMEHHOI0 B AJIEKTpoJauMHaMmuke (meton Bunepa-
Xonda-Doka, 3a1aya Pumana-I uns6epra).

JIuHeHbIE YCKOPUTEIHN

Ob6nacTi NpUMEHEHUsl TUHEHHBIX yckopuTteneil. OOt 0030p UCTOPUM Pa3BUTUS TUHEHHBIX
PE30HAHCHBIX YCKOPUTEIIEH U UX CUCTEMBI. ICTOUHUKY 3apSKEHHBIX YACTHUI. Y CKOPSIOIIAs CUCTEMA.
Y ckopsirolre CUCTeMBbI ¢ Oeryiiei U cTosuei BomHoi. CBepXIPOBOIAIINE YCKOPSIIOIINE CTPYKTYPHI.
Cucremsl BU nutanus JIY. 'enepatopsl u yeunutenn CBY. Knuctponst @okycupytomias cucrema.
Bakyymnas cucrema. CunbHoTouHbIe JIY 117151 HEUTPOHHBIX UCTOYHUKOB. [ [pMeneHune yckoputeneit
B /IEpHOI 2HepreTuke. MeTos BCTpeuHbIX mydkoB. JInuneitHsle komnaiinepsl. ERL.

6. MCCJIEAJOBAHUE BEIIECTBA

HeliTpoHHBIC HICTOUYHHKHY M UCCIEIOBAHUS HA HEUTPOHHBIX TYIKAX

HelitponHo-nniporoHHass Mozens snapa. HeWrponsl m kocmoronus. Heltpor u «Benukoe
oObenuHeHue». VccnenoBaHue CBOWCTB siiep C IMOMOIINBI0 HEUTpoHOB. CBOICTBa HEWUTPOHA.
SnepHble peakiiy ¢ UCITyCKaHUEM HEUTPOHOB. DHEPreTUUECKUE CIIEKTPhI HEUTPOHOB. 3aMeJICHUE
HeiitponoB. Juddysus Heitrponos. [enenue Tsokénbix saep. Llennas peakus nenenus. KackanHo-
ucnaputenbHbid  nponecc. Kananckuit npoekt. dortojeneHne KaK WHTEHCUBHBIA HCTOYHHMK
HEUTPOHOB. Pa3Ban 1eMTOHOB Ha JErKKUX A1pax KaKk UICTOYHUK HEUTPOHOB. Peakuus TepMosiiepHOro
cuHTe3a. TexHHWKa 10 BpEeMEHHM Mpoi€Ta B HEUTPOHHBIX MCCIEN0BaHUAX. (OTEU4EeCTBEHHOE
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HAaIIPaBJICHUE B CO3JAHUHM HMHTEHCUBHBIX HMMIIYJIbCHBIX HMCTOYHHMKOB HEUTPOHOB. MMmynbcHbIE
VCTOYHUKH MENJICHHBIX HEHTPOHOB HAa OCHOBE YCKOPUTEJIEW IMPOTOHOB M OTPULATENIBHBIX MOHOB
Boziopozia. IlepBoe 1 BTOpoe MOKOJIEHHUS] UMITYJIbCHBIX MCTOUHHUKOB HEUTPOHOB. [ MOpuaHbIE CXEMBbI
HCTOYHUKOB Ha OCHOBE OycTepoB. ['MraHTCKHE OAMHOYHBIE UMIIYJIbChl HEUTPOHOB. [IpakTuueckoe
MpUMEHEHHUE HEUTPOHOB. OCHOBBI HIKCIEPUMEHTAIBHON TEXHUKH. J[OMyCTUMBIE TO3bI U3TYYEHUM.

B3anMoencTBrE U3JIYYEHUS C BELIECTBOM

[IpoxoxaeHne TSKEIBIX YACTULl 4Yepe3 BEIIECTBO: COOTHOIIEHUE MEXAy IpoOeromMm u
SHEpruei; CBsA3b MEXAY NOTEpSIMH SHEPTUUM W HOHU3AIMEN; pa3z0opoc MpoOeroB, ompeaescHHe
CpeAHero mpobera Mo 3KCTPANOJMPOBAHHOMY IIPOOETyY; YIPYroe U HeYIpyroe paccesHue TsHKEIbIX
4acTULl AaTOMaMHU.

[IpoxoxxaeHue [-yacTULl 4Yepe3 BEIIECTBO: MOTEPU SHEPIUU; MHTEHCUBHOCTb M YIJIOBOE
pacripesielieHue HM3JIy4eHUs, HCIyCKaeMOro OBICTPHIMH 3JCKTPOHAMHU; BTOPHUYHBIC 3JIEKTPOHBI;
YIPYTO€ pacCessHUE DJIJIEKTPOHOB AaTOMaMH; MHOTOKPaTHOE pacCesiHUE 3apsDKCHHBIX YACTHULL
POXOKJICHHE Yepe3 (Oibru, U3MEPEHNUE SHEPTUH.

[TpoxoxaeHne p-U3MydeHus dYepe3 BemecTBO: (HOTOAIPGEKT; KOMITOHOBCKOE pacCesHUE;
o0pa3oBaHue Nap; NOJHOE CEYCHUE MOTTIOLEHUS; ApYyrue 3P (EeKThI.

Paguanuonnelie gpusnyeckue nccie10BaHus

Kpucrannuueckass cTpykTypa TBEpAbIX Teld. TodeuHble U NPOTSKEHHbIE NeQeKThl DHeprus
obpaszoBanus AedexkToB. OCHOBHBIC TPEACTABICHUS O B3aHMMOACHCTBUU SIICPHOTO H3IYUEHHS C
BemiecTBoM. Ilepuunsie npoueccsl. 3. Ilepenaun sneprum aromam obiaydaemoil cpensl. Kackasbl
aTOMHBIX cMenleHni. CKOpOCTh paJuallMOHHOTO NOBPEXACHUS B MeTallIaX, 00JydyaeMble B IMyYKax
IIPOTOHOB U HEUTPOHOB. HepaBHOBECHBIE PaCTBOPHI TOUEUHBIX Ae()EKTOB B 001TydaeMbIX MeTaslax.
Oo6pa3zoBanue mpocreimux KomiuiekcoB. [IpoGiema 3apokaeHuss U pocra KiactepoB. KuHernka
(g Qy3HOro pacnazia nepechlleHHbIX TBEPbIX PaCTBOPOB. BakaHCHMOHHOE pacliyXaHHe METaslloB
noj obmydenneM. Kunernka oOpa3oBaHUSI TUCIOKAIIMOHHBIX TETENbh B OOJIydaeMbIX MeTajulax.
Croxactuyeckue (QIyKTyallud B OTKPBITOM JAMCCUIIATUBHOW CHUCTEME PAJAMALMOHHBIX IEe(EKTOB.
[Ipoueccel camoopranuzalyy B MeTaUIax U CIUlaBax MoJ o0siydeHueM. Peierka nop B 006ydyaeMbIx
Metaiax. lIpomeccsl paaMallMOHHO-MHAYLMPOBAHHOM cerperaiu B ciulaBax. @®a3oBble
IIpEBpaLICHMs B CIUIaBax MoJ oOnydeHueM. YncieHHble METOAbl MOJIEIUPOBAHUS PAIUALIMOHHOTO
noBpexJaeHus. IIpoOneMbl paguallMOHHOTO MaTepUAOBEICHHUs SACPHBIX U TEPMOSIEPHBIX
peakTopoB. KitoueBble mpoOiemMbl aTOMHOW 3HEpreTUKU. Bo3MOXKHOCTH M3yyeHUS HAa CTEHIaxX U
AJIEPHBIX UCCIIEN0BATEIBCKUX YCTAHOBKAX.

HelTpoHHBIE METO/IBI HCCIEI0BAaHUS KOHIEHCUPOBAHHBIX CPEJl

@dusnueckue MPEeANoChUIKM HCHOJIb30BAHUSA HEUTPOHOB B (PHU3HKE KOHIEHCHPOBAHHOTO
cocTtostHUsl. OCOOEHHOCTH B3aUMOJICHCTBUSI HEHTPOHOB C BEIIECTBOM, BOJIHOBBIE CBOICTBa
HelTpoHa. SlnepHoe W MarHUTHOE paccessHue HeHTpoHOB. JBaxkabl TudepeHIuaIbHOe CeUYeHHe
paccessHAsT HEUTPOHOB. KOrepeHTHOe M HEKOIepEeHTHOE paccesHre HEMTPOHOB. KoppensunoHHbIe
¢ynkuuu. [peumyniecTBa U HEIOCTATKU paccessHUSI HEUTPOHOB 110 CPAaBHEHHIO C APYTMMHU BUJAMH
U3JIy4eHUH U 9acTull (3J1eKTPOHBI, (POTOHBI, MIOOHBI). PU3NUECKUE 3a/1a4H, PEIIaeMbIe C TOMOIIbIO
paccessHUSI HEUTPOHOB. OCOOEHHOCTH MCTOYHHUKOB HEMTPOHOB, UCHOJIb3YEMBIX JJIsI UCCIEIOBAHUS
KOHJICHCUPOBAHHOI'O COCTOSIHUSA. POpMUpPOBAaHUE MYYKOB HEMOJISPU3OBAHHBIX M IMOJISIPU30BAHHBIX
HEHUTPOHOB. MOHOKpDUCTAJIBHBIE M BPEMSIPOJIETHBIE YCTaHOBKU. OCHOBHBIE THIIBI HEWTPOHHBIX
puOOpPOB: TUPPAKTOMETPHI, CIIEKTPOMETPHI HEYIIPYTOrO pacCesHUs HEUTPOHOB, peIeKTOMETPHI,
YCTAHOBKH JUISI MAJIOYTJIOBOTO PacCesHusi, CIIMH-3XO0 CIEKTpOMeTphl. OCHOBHBIE MOHATUS (PUUKU
KOHJICHCUPOBAaHHOI'O COCTOSIHUS, BaXKHbIe JII HEHUTPOHHBIX HcchenoBaHuid: Kpucramnmueckue
cTpyktyphl. IlpsimMas u oOpartHas pemerka. KBa3uuyacTuiel M 3J€MEHTapHbIE BO30YXIEHUS B
KOHJICHCUPOBAHHBIX cpeAax. MeToabl HcciieoBaHUs KBa3HYacTUIl. YCIOBUS Ha oOpasle B
HEHUTPOHHBIX MCCIIEA0BAaHUAX KOHIEHCUPOBAHHBIX Cpell. MeToaNKa MOIy4YeHHsI BBICOKUX JTaBICHUM,
HU3KHUX W BBICOKMX TEMIepaTyp, BBICOKHX MAarHuTHBIX mojeill. CTpykTypHas W MarHuTHas
HEHTpoHHas Ju(pakTOMeTpus. OKCIEPUMEHTAIbHAs TEXHUKA Ui HEHUTPOHHOM Audpaxiuu.
Metoasl ananuza HeiiTpoHorpaMM. Helitponnas cnektpockonusi. OCHOBBI TEXHUKH SKCIIEPUMEHTA
Ha CHEKTPOMETpax [0 BPEMEHU IpojieTa. TpeXOCHBI KPUCTAIIIMYECKHH CIIEKTPOMETP:
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YHHUBEPCAJIbHBI MHCTPYMEHT UCCIIEOBAHUS CIIEKTPOB 3JIEMEHTAPHBIX BO30YXIEHUH KPHUCTAJJIOB.
HelitpoHHast CHIEKTPOCKONHsS C BBICOKMM DJHEPreTHMYECKUM paspeuieHueM. Mcronbs3oBaHue
HEHTPOHOB MJIs1 M3y4EHUs AaTOMHBIX KoseOaHuil. OmnpeneneHue (GyHKIUM MIOTHOCTH (POHOHHBIX
COCTOSIHMI B BemiecTBe. VccrmemoBaHUs JUCTIEPCUOHHBIX KPHUBBIX JIs (DOHOHOB B KpHCTAILIax.
Hcnonp30BaHne HEUTPOHOB Ul HCCIENOBAaHUM 10 AMHAMHMKE MarHUTHOIO MOMEHTA B PAa3IMYHBIX
matepuanax. CHEKTPOCKONUS MAarHUTHBIX BO30YXXJACHWH B  MAarHUTOYHOPSIOYEHHBIX U
napaMarHuTHBIX cpefax. MarHuTHelil popmdakTop. PusHuecKkue 3a1auy, peuraeMple ¢ MOMOLIbIO
IIOJISIPU30BAHHBIX HEUTPOHOB. MeETOAbl pa3leleHus sIepHOM M MarHUTHOW COCTAaBIAIOLIECH B
JKCIIEPUMEHTAIbHBIX HEUTPOHHBIX clIeKTpax. [IlepcriekTuBbI M HanpaBiIeHUs Pa3BUTHS HEUTPOHHBIX
METO/0B B (HU3UKE TBepAOoro Ttena. Vcrmonb3oBaHue paccesiHUs HEUTPOHOB JUIS HCCIIEAOBAHUS
CHUCTEM C CHJIBHBIMHM 3JIEKTPOHHBIMU KoppeasiuusMu. Tsokenble (epMUOHBI, HeCTaOMIIbHAs
BaJICHTHOCTh, HEOOBIYHAS CBEPXIPOBOJMMOCTh, MArHETU3M MOHKEHHOH pa3zMepHOCTH. OCHOBHBIE
HAIIPABJICHUS DPAa3BUTUS HEUTPOHHBIX METONOB HMcCcClenoBaHUs BeniecTBa. COBEPILIEHCTBOBAHUE
HKCHEPUMEHTAIbHOM 0a3pl. KoMIsieMeHTapHOCTh C JPYTUMHU METOJaMH.
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HAIIPABJIEHHOCTD: 01.04.21 JIABEPHAS ®U3UKA

1. OcHoBHbIe IpoLecchl B3aUMOACHCTBHUS J1a3ePHOI0 U3J1y4eHHUsI ¢ BellleCTBOM

OCHOBHBIE ITPOLIECCHI, BO3HUKAIOLIUE IIPY B3aUMO/ICHCTBUHU U3JIyUYEHUS MaJIOl UHTEHCUBHOCTHU
c aroMapHbIMM yacTulamMu. CBOOOAHBIM 3JIEKTPOH B IOJ€ BOJIHBL. Bo3MmylleHHe CTPYKTYphI
aTOMapHBIX YaCTHIl MOJ JACHCTBUEM IIOJIS JIa3epHOTO U3IydeHHUs. MHOropOTOHHBIE MPOLECCHl U
(byHIaMeHTaJIbHbIE 3aKOHBI KBAaHTOBOU (pr3uku. MHOro()oTOHHOE BO30YK/I€HHE aTOMapHbIX YaCTHUL.
Teopuss mpouecca HEIUHEMHOM MOHM3AaLMM AaTOMApHBIX 4YacTull. Hepe3oHaHCHBIA mpolecc
MHOro()OTOHHON MOHM3AaLMM aTOMAapHbIX YacTHl. Pe30HaHCHBIM Ipolecc MOHM3ALUMU aTOMAapHbIX
yacTull. TyHenbHas MOHM3ALUsA aTOMapHbIX 4acTUL. HenuHelnHoe paccesHue J1a3epHOro U3Iy4eHus
atoMaMmu. [laBieHHE JIA36pHOrO U3JIy4EHUsl Ha aToMapHble 4acTulbl. OpUeHTanus MOJIEKYJ B I10Je
Ja3epHOro U3IydeHus. Jlucconnanus MOJISKyI B IOJIe JJa3epHOro u3inydeHus. O0pa3oBaHHE MIa3MBbI
IIPY B3aUMOJICHCTBUH JIA3EPHOTO U3JIyYEHUS C Fa30M.

2. OcHOBHbIE NOHATHUSI KBAHTOBOW MEeXaHMKHU

VpaBuenue llpeaunrepa n unTeprperanus BosHOBOM (yHkiuu. Portoddpdexkr B aTomax.
[ToBepxHOCTHBIII W 00BeMHBIH (oTodhdekT B Meramax. MHOTOPOTOHHOE BO30YXKIEHHE U
noHu3anuss atoMoB. CocTaBHblE MaTpUYHBIE 3JIEMEHTHI, AuHamuueckuil s¢dext ITapka,
JUHAMHYECKasl IOJIAPU3YEMOCTh aroMa. JIByXypOBHEBass CHCTEMa B PE30HAHCHOM IIOJE.
[Tpubmmkenue Bpamaromelics BojaHbl. YacTora u octwuisanun Padu.

3. CamoBo3jieiicTBHE U3/Ty4YeHHS C BelIeCTBOM

D¢ dexThl caMOBO3AECHCTBUS CBETa C BEIIECTBOM, (a3oBas camomoxyisiuus. Hemunelinoe
B3aMMO/ICHICTBME MHTEHCUBHOI'O U3JIy4eHUs ¢ BelecTBoM. HenmHelnas 3aBUCUMOCTD MOJISIPU3ALAN
OT HaIpsHKCHHOCTH IOl CBETOBOM BOJHBL. HenuHelHas BOCHPUMMYMBOCTD JJIEKTPOHHAsS
HEJIMHEHAass BOCIPUUMYHUBOCTH, 3(deKr keppoBckoil IHH3BI, 31eKTpoHHBIH 3hdexkr Keppa,
opHeHTalMOHHbIN pdexT Keppa. DiekrpocTpukuus, 3ieKTpokanopudeckuii 3¢dekr, TernoBoi
spdext. BruHyXIeHHBIE paccesHUs. BpiHyXIeHHOe KomOuHanmonHoe paccesaue (BKP).
Bremnyxkaennoe paccesuue Mangensintama-bpumnioona (BPMB). Henuneitnas pedpakums.
Camo(okycrupoBka Ja3epHOT0 H3IydeHus. Kpurudeckas MOIIHOCTH caMO(OKYyCHPOBKH, UIMHA
camopoKkycupoBKU. CaMOMOIYJISLMS Ja3€pHOTO U3IYYECHUs B HEIMHEWHBIX cpesiax.

4. Jlazepbl

ba3oBas cxema nasepa. AKTMBHas Cpela, MHBEPCHAs HACENEHHOCTb. CHCTEMBI ypOBHEHN
sHepruu. TpexypoBHEBas  cxemMa  JIa3eépHOM  IEHEepalud, 4YeTBIPEXYpPOBHEBas  CXeMa.
CamoorpaHu4eHHbI mepexon, ero ocobeHHocTu. IIporecchl Hakauku: 3JIEKTPOHHBIN yrap,
XUMHUECcKas, ra3oJnHaMuyeckas, ontudeckas. OCOOEHHOCTH M OTJIMYUS ONTUYECKON HAaKauyKH C
MIOMOUIBI0 MH)KEKIMOHHBIX JIa3€pOB OT JIAMIIOBOM Hakauku. OnNTHYecKHe pe30HATOpbl. Buabl
PE30HAaTOPOB. YCTOMYMBBIE PE30HATOPBI, JHWarpaMma YCTOMYMBOCTH pEaJbHOTIO pPE30HATOpA.
[TnockonmapayuienbHbIl  pe30HATOp,  KOHIEHTPUYECKHH  pe3oHaTop,  KOH(OKAJIbHBI U
MOJIYKOH(OKAaJIbHBII pe30HaTop.

5. TI'eHepanusi KOPOTKUX HMIYJIbCOB

[Mpunmuns!r renepauuu YKUM. Merton cuHXpoHM3aluu MOJ, (aKTMBHOW W MACCHUBHOM).
MexaHu3Mbl JeHCTBUS OBICTPOrO U MEJUIEHHOTO HACBIIIAIOLIETrocs MOriIoTUTeNs. MIcKycCTBEHHBIN
(Oe3bIHEepLIMOHHBINM) MOMNIOTUTENb. KOrepeHTHOCTh NPOCTPAHCTBEHHAs M BpPEMEHHas, METOMbI
U3MEpPEHUs] M TPUMEPHl HCIOJIb30BAHUS JIA3€PHBIX HCTOYHUKOB C Ppa3JIMYHONW CTEIEHBIO
KorepeHTHOCcTU. OCOOEHHOCTH BPEMEHHON KOT€pEeHTHOCTH H3JIyueHUs J1a3epoB (HEMTOCEKYHIHBIX
UMIIYJIbCOB HempepbIBHOrO JeiicTBua. HenuueitHbsle 3¢ ¢exTsl caMOBO3AEHCTBUS HHTEHCHBHBIX
HMITYJIBCOB B CpeJIe.

6. JlazepHasi CIEKTPOCKONMA

KAPC cnekrpockomnus. CieKTpockonust IByX(OTOHHOTO MOTJIONIEHUS B Cpe/lax ¢ UEHTPOM U
6e3 nentpa cummerpun. Criekrpockonus CKP u BKP-ycunenus (ocnabnenus) B cpeax ¢ HEHTPOM
u 6e3 IIeHTpa CUMMETPHH.

7. OCHOBBI BOJIOKOHHOW ONMTHKHU
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CTtpykTypa, OCHOBHBIC TIapaMETPhI U THITHI BOJIOKOHHBIX CBETOBOJOB DOTOYYBCTBUTEIHLHOCTh
BOJIOKOHHBIX CBETOBOJIOB U BOJIOKOHHBIE PEIIETKH MTOKA3aTeNs MpeioMieHus HennHelnble sBieHus
B BOJIOKOHHBIX CBETOBOJaX BrIHyX1eHHOe KomOuHanmoHHOoe (PamaHOBCKOE€) paccesiHHe CBETa B
CTCKJISTHHBIX BOJIOKOHHBIX CBETOBOJAX SIBJICHHE AJICKTPOCTPUKIHMU B BOJIOKOHHBIX CBETOBOAX.
OCHOBHBIC TIPUMEHEHUST BOJIOKOHHBIX CBETOBOJIOB.

8. HaHocTpyKTypbI

Uro Takoe HAHOCTPYKTYPHI, HX KJIaCCH(HKAIHsA, CaMble OOIIME CBOWCTBA, CHOCOOBI
nu3rotoBneHus. [1oynmpoBOTHUKOBBIE KBAaHTOBBIC SIMBI. [10TyIIPOBOJHUKOBBIC KBAHTOBBIC HUTH H
Toukd. HaHoCTpykTypsl Ha ocHOBe yriepoaa (dymwiepeHsl, HaHOTpYOKH). CrocoObl
IKCIIEPUMEHTAILHOTO UCCIICIOBAHUS HAHOCTPYKTYP (ONTHKA, MATHUTOOITUKA, 3NieKTpoHHas 1 CTM
MHUKPOCKOTIHS).

9. TemoBoe neilicTBUE JIA3€PHOT0 U3TyYeHUsI

Tepmoymnpyrue aedopmaruu, co3gaBaeMbie JIa3epHBIM HW3Iy4YeHUEM. BrwusHue ¢a3oBbix
MEPEXOJIOB «TBEPJOE TEIO—KUAKOCTH» Ha IUHAMHKY Ja3epHOro HarpeBa. CTUMYyIHUpOBaHHBIC
Ja3epHBIM HW3IYYCHUEM TeTepOreHHbIE XUMHUYeckhe peakinuu. JlazepHas ounctka. JlazepHoe

3axuranue MetamuioB. JlaszepHast abmsius. JlazepoxuMHUYecKoe OCaKICHHE BEIECTBA M3 Tra30BOU
¢azs1 (LCVD).
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HATIPABJIEHHOCTD: 01.04.14 TEIIVNIO®U3UKA U TEOPETUYECKAS
TEIINIOTEXHHUKA

VI.

OBILIASd  CUCTEMA  VYPABHEHWH  JIBUXKEHUS  THUAPOJUHAMHKUA U

TEIUIOITEPEHOCA. UAEAJIBHAA XKUAKOCTD

1. IlpenmeT rugpoAMHAMHUKH. 3aKOHBI COXpAaHEHUS MacChl, UMITyJIbca 1 3Hepruu. BoiBoa oOmieit
CUCTEMBbI YPaBHEHUH IBUYKEHUS HEUJCAIbHOM *KUIKOCTH (YpaBHEHUI HenpepbhIBHOCTH, HaBbe-
Crokca u termomnepeHoca). [ pannynbie yciaoBusL.

2. UneanpHas sxuakocTh. CHcTeMa YpaBHEHHH JBUKCHHS U TPAaHUYHBIC ycaoBus. [ mupocraTuka.
N3sHTpOonnueckue TeueHus. 3aBUXpeHHOCTh. Teopema ToMcoHa.

3. [NorennuanpHOe TeueHue. Hecoxnmaemas skuakocTh. YpaBHenne beprymmm. [ToteHnmansHoe
oOTekaHue HeC)KMMaeMo# kxuakocThio. [lapanoke Jamambepa.

4. YcnoBus IPUMEHUMOCTH TPUOIIKEHUST HECKUMACMOMN JKUIKOCTH. | paBUTAIIMOHHBIC BOJTHBI.

3BYK.

. BA3BKAS XXUIKOCTD

1. VpaBuenune Haspe-Ctokca. 3agauM O MHPOCTEHIIMX TUIAX TEYEHUS BSA3KOM KHJIKOCTH.
ITyazeiineBo Teuenue. KonebarenbHoe ABMKEHUE BA3KOM HKHUJIKOCTH.

2. 3axonbl mogobust. Yucna Peiinonsaca, @pyna u Crpyxana.

Teuenus npu Manbix yncnax Pelinonbaca. @opmyna Crokca.

4. JlamuHapHble T€UeHHUs IpU O0JbIIMX unciax PeitHonbaca. JlamuHapHbIi ciea. 3aTomieHHas
cTpya. JlamuHapHbIi morpaHuyHbIN ciioi. Cuiia COnpOTHBIICHUS.

w

TYPBYJIEHTHOCTb

1. 3amaga 00 YCTOHYMBOCTH CTalMOHApHOTO NBMXeHUs. HeycroiumBoctu Pames-Teiinopa u
KensBuna-I'easmromnsia. Ilepexon k TypOyJI€eHTHOCTH.

2. PasBuras typOynenTHOCTh. Mogenb Konmoroposa-O0yxoBa.

3. Typbynentnas crpys. TypOynentnsiii cien. Jlorapudpmudeckuit mpoduinb cKOpocTeil mpu
TypOYJIEHTHOM T€USHHH BIOJIb HEOTPAHUIEHHOHN TNTIOCKOHN MTOBEPXHOCTH.

4. TypOyneHTHbI morpaHuuHblii cioi. TypOynentHoe Teuenue B TpyOax. Koadduuumenr
conpoTuBiieHUs. Kpusuc conpoTusieHus npu TypOyIeHTHOM O0TEKaHUH TBEPABIX TEIL.

I[TOBEPXHOCTHBIE SABJIEHUA

1. ®opmyna Jlammaca. Mexanndeckoe paBHOBECHE COMPUKACAIOIINXCS TETI.

2. Kammuisipaeie  BoNHBL.  PaccackiBaHMe  TEPHOAWYECKH  MOJIYJIHPOBAHHOTO  TPOGUIIS
ITOBEPXHOCTH JKUJIKOCTH.

TEIIJIOIIEPEHOC ITPY BBIHYKJIEHHOM KOHBEKIINU

1. VpaBHeHue nepeHoca teria. TermonpoBoAHOCTh B HEC)KUMaEMOn KuaAKocTu. KoHBekIus.

2. 3akoH moaobus Juid Terutonepenadd. Teronepeaaya B MOrpaHUYHOM cioe. TypOyreHTHbIe
MyJbCAllUU TEMIIEPATYPBHI.

3. TemooOMeH npu JaMUHAPHOM T€YEHUH B TPyOax M KaHajax.

4. TemnooOMeH npu TypOYJIEHTHOM T€UEHUH B TpyOax M KaHaax.

CBOBOAHAA KOHBEKIMA B XUAKOCTU BE3 BHYTPEHHUX NCTOYHUKOB TEIUIA

1. TermoBoe pacmmpenue. CBoOojHass KOHBEKLHMsA. 3aKOHBl mojao0us. JlamuHapHBII
CcBOOOTHOKOHBEKTHBHBIN MOTPaHUYHBIN CJION Ha BEPTUKAIbHON CTEHKE.

2. TypOyneHTHBIi CBOOOJIHOKOHBEKTUBHBIA MOrpaHUYHBIA c10H. CBOOOJTHOKOHBEKTHUBHBIE
CTpYH.

3. KoHBEKTHBHAs HEYCTOWYMBOCTh T'OPU30HTAIBHOIO IUIOCKOMAPAIUIETBHOTO CIIOS KHUJKOCTH,
nogorpeBaemoro cHusy. Konseknus Panes-benapa.
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4. TypOynentHas kouBekius Panes-benapa. Msirkas u skectkast TypOyJI€HTHOCTb.
5. TemnooOMeH, COTPOBOKIAEMBIi (ha30BBIMU MPEBPALICHUAMU. PaguanoHHbIH TEII000MEH.

VIIl. TEIUDIOOTHAAYA 3HEPFOBBII[EJI}HOH_[EI7I KUIAKOCTU (BBX)
1. Meroapl M COBPEMEHHOE COCTOSHME HcchenoBanui  rtemmoornaun  OBXK. Meron
AHAIMTUYCCKHX OIICHOK.
Pexxumel Termoornaun OBXK. TennooTnaya B aCUMITOTUYECKOM PEKUME.
[IpenenbHble YrIOBbIE XapaKTEPUCTUKU TerutooTaun DBXK.
Tennmootrnauya DBXK B KBa3uByMEpHOI r€OMETPHUH.
Oco0eHHOCTH TEIJIOOTAaYU OCTHIBAIOIIEH KUAKOCTH 0€3 BHYTPEHHUX HCTOYHHKOB TEIUIA B
KBa3UCTAILIMOHAPHOM PEKHUME.

arwn
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HAIIPABJIEHHOCTb: 01.04.01 TIPUBOPBHI U METO/Ibl SKCIIEPUMEHTAJILHOM
POU3NKHU

1. MeTOI[BI HU3MEPCHHA OCHOBHBIX (1)I/I3I/I‘ICCKI/IX BCJIIMYHUH

1.1. Meroabl u3MepeHHs BPEMEHHU, MOTPEIIHOCTH W3MEPEHHH, STaJOHBL. YUYeT 3(PPEeKTOB
o0111elt TEOPpHH OTHOCUTEIBLHOCTH (3aBUCUMOCTD X0/1a YaCOB OT YCKOPEHHUS U TPABUTALINH).

1.2. WM3mepenue yacToT B paguoauanasone. CTaHAapThl YaCTOTHI.

1.3. Meroabl ¥ HOrPEHIHOCTH M3MEPEHUI KOOPAUHAT, YIJIOB, JJIMH. MUpPOBBIC CTAHIAPTHI U
3TaJIOHBI.

1.4. Metoapl n3MepeHHs TEPMOANHAMUIECKUX BEJIINYHH.

1.5. Paamocnekrpockonus (3G ekt 3eemana, saAepHbIii MArHUTHBIN PE30HAHC, TOMOTpadus).

1.6. DnextpoMarHUTHBIC H3MepeHUs (CHOCOOBI PErUCTPAllMU PAJHOM3IYYCHHUS, METOIbI
pEerucTpayy B ONTUYECKOM Jauana3oHe: (GoToanuo b, (OTOYMHOKHUTEIH, YEPEHKOBCKHE
JETEKTOPBI).

1.7. Perucrpanust yacTUIl M paJUOAKTHBHBIX M3DIy4CHHH (MOHM3ALMOHHBIC KaMepsbl,
ra3opaspsHble CUETUYUKH, IPONOPLUOHAIBHBIE CUETYUKH, CTPUMMEPHBIE U HCKPOBbBIE
KaMephl, IIOJIYIIPOBOJHUKOBBIE JETEKTOPBI, CUUHTHIUISILIMOHHBIE CYETYUKH, Ty3bIPbKOBBIE
KaMepbl, YepEHKOBCKHE CYETUHKH, TCpHBIE (OTOIMYIHCHH).

1.8. lymbl 1 mOMEXH IPU U3MEPEHHH DIICKTPHUYCCKUX, AKYCTHUCCKUX M ONITHYECKUX BETHYHH

1.9. duddepenumanbubie, HHTEPHEPOMETPHUCSCKHUE H APYTHE METOIbI H3MEPEHUIA.

1.10. HaHOTeXHOJIOTHH B U3MEPHUTEIILHON TEXHUKE

1.11. Jlo3umeTpuvecKkue U3MEPEHHUsT M JO3UMETPUYECKUE CIAMHUIB;, KO3 UIMECHTHI,
YUUTBIBAIOIINE BIUSHUE paJUalliy HA )KUBbIE OPIraHU3MbI, SKBUBAJICHTHAS 1034.

N3mepenus

2.1. Cucremsl eauuun. Enmnas cuctema eamuui (CH). YHHBepcalibHbIe HOCTOSHHBIC U
€CTECTBEHHbIE cUCTeMbI equHUL. [Ipor3BOAHbIE €IUHUIIBI U CTAHIAPTHI.

2.2. [IlpsiMble, KOCBEHHBIC, CTATHCTHYECKHE U IUHAMHUYECKHe u3MepeHus. OLeHKU
MOTPEIIHOCTEN KOCBEHHBIX U3MepeHuil. Y ciaoBHble usMepenus. [Ipodiema koppensuuil u
YPaBHOBEIIMBAHKUE YCIOBHBIX M3MepeHHil. IIpuHIunuansable orpaHMueHusl Ha TOYHOCTh
n3MepeHuil (pusndeckue npeaessl).

2.3. Meropl u3MepeHui GU3NUSCKUX BEJTHMYHH B HCCIICAYEMOW 00JIaCTH (DH3HKH.

2.4. OCHOBHBIC TIPHHIMITBI TOCTPOCHUS MIPUOOPOB ISl M3MEPEHUI (PU3MYCCKUX BEIHYHH B
3aJlaHHOM 00J1aCTH (PU3UKH.

2.5. DyHpaMEHTaIbHbBIC [IIYMbI B U3MEPHTEIBHBIX YCTPOUCTBAX.

2.6. TemmoBoii mrym. ®opmyia Haiiksucra. Teopema Kamtena—Benbrona. J[po6oBoii miym B
ANIEKTPOHHBIX U oNTH4ecKuX npudopax. Lymsr 1/1.

2.7. KsanroBbie 3)(dexThl B GU3NUESCKUX U3MEPEHHSX. Y CIIOBHS, KOT/Ia KJIACCUYECKHI TOIX 0T
CTaHOBUTCS HEIPUMEHHM.

2.8. COOTHOIICHUSI HEOMpPEACICHHOCTH. Poiib 00paTHOro (IIYKTYallMOHHOTO BIHSIHUS
npubopa. CTaHgapTHBIE KBAaHTOBbIE Mpesesbl. KBaHTOBbIE HEBO3MYIIAIOIINE U3MEPEHHUS.
KBanToBBIE ATAIOHBI eAMHUI] PU3NUECKUX BeMUUH (mpuMepsl). Dddext Jxozedcona u
CBEpPXIMPOBOSAININE KBAHTOBbIE HHTEP(PEPOMETPHI.

Kpurepun TouHOCTH M3MepeHn

3.1. Cayuaitabie coObiTus. [loHsITHE BEepOSTHOCTH. Y CIIOBHBIE BEpOATHOCTH. PacmpeneneHue
BEpOATHOCTH. [ITOTHOCTH BEPOATHOCTH. MOMEHTBI.

3.2. ChenuainpHble pachpeieieHUs] BEPOATHOCTEH M WX KCIOJb30BaHHE B (PU3HKE.
bunomuanbHoe pacmpenenenue, pacnpenenenue Ilyaccona  (apoOoBoil  1ym),
SKCIIOHEHIIMANIbHOE pacrpeaeneHue. HopMmanbHoe pacmpeneneHne M LEHTpajbHas
IpezieabHas TEOpeMa.

3.3.  MHoromepHbIe pacrpeieieHus BeposiTHocTel. Koppensiuuu ciydaifHbIX BETNYHH.
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3.4. CnyuyaiiHple TpOIECCHl. DProAMdHOCTh. KoppenasuuoHHas (GYHKIUSA —CIy4aiiHOro
npouecca. CranuoHapHble citydaiiHble nporecchl. CrekTpanbHas IUIOTHOCTh. Teopema
Bunepa—XwuHuuHa.

3.5. OrmeHka mapaMeTpoB CIIyYaiHbIX BEJIMYMH. BBIOOPOUYHBIC CpEIHHE W JUCIICPCUHU.
Bri0opounsle pacnpeaenenus.t- pacnpeaeneHue CTbloAeHTa, (2- pacupeaeneHue.

3.6. OmpeneneHne CpeAHUX 3HAYCHUIH H3MEPSIEMBIX IMAapaMETPOB W HUX MOIPEITHOCTEH B
IPSIMBIX U KOCBEHHBIX U3MEPECHUSX.

3.7. TexHHKa OLICHKHU TaPaMETPOB MPH PAa3HBIX PACIPEICICHUX TOTPEUIHOCTEH U3MEPECHUIA.
CpenHue M BEpOATHBIC 3HAYEHUs IEPEMEHHBIX. TE€XHHMKA OLEHKUM IapaMeTpoB IIPH
aCUMMETPUYHBIX  pacHpeleseHusx mnorpemHoctedi. CyMMHpOBaHHE — pe3yJIbTaTOB
pasnuuHbIX u3MepeHuil. PobGactHele onenku. [lapamerpuueckue m HemapameTpudeckue
OLIEHKH.

4. Meroas! aHanu3a GU3HYECKUX U3MEPEHHUN
4.1. Amnanmutuyeckas anrnpoKCUMAIs pe3yIbTaToB U u3MepeHuid. Murepnossiuus (IMHenHas,
KBaJpaTU4YHas, KyOu4ecKas ! T.I1.)
4.2. dypbe-ananus. [uckperHoe mpeodpasoBanue Pypne. boictpoe mpeodpasoBanue Pyphbe.
BoiiBnernsliii aHanmus.
4.3. CraTtuctuyeckas npoBepka rumnore3. Kpurepuu corsiacusi 1 METO/bI MX UCIOIb30BaHMUSL.
Kpurepuii 42, CmupnoBa—Kosnmoroposa, Koimoroposa.
4.4. Tlpsmele u obparHble 3amaun. HekoppekTHbie 3agaun. OOpaTHBIC 3a/1a4d MPH aHAIN3E
Pe3yJIbTaTOB U3MEPEHUN U METOABI UX PEIICHUS.
4.5. Meroa MakCUMaJIbHOTO MPABAOINOA00US U €r0 MPUMEHEHHE.
4.6. Metoa HAMMEHBIIINX KBAPATOB.
5. MopenupoBanue GpU3NIECKUX MPOLIECCOB
5.1. AmnHanmuTHYecKoe onmucaHue GU3NUCCKHUX MPOIIECCOB.
5.2. [lnaHupoBaHUE HKCIIEPUMEHTA, BEIOOP METOA U TEXHUYECKHX CPEACTB, METO/IbI OLCHKU
OKUJJAEMbIX PE3YJIbTaTOB U UX MOIPEUIHOCTEN.
5.3.  MeroJ CTaTHCTHYECKUX MCIBITAHUI, METOMKA €r0 IPUMECHCHUSL.
5.4. Hcnonw3oBanue Mojemnel GU3NUECKUX MPOIIECCOB.
5.5. Vuer BamsHus mnpubopa Ha pe3ynbTaThl U3MEpeHHUH. MOJCTUPOBAHUE C YYETOM
0CcO0EHHOCTEH UCTIOIb3yEMBIX IETEKTOPOB.
6. ABTOMaTH3aIMs SKCIIEPUMEHTA
6.1. Co3znanue KOMIUIEKCHBIX ycTaHOBOK. OOimue tpedoBanus. O0padoTka MHOPMAIMU «B
auHUIo» (on-line).
6.2. Cmoco0bl mpeobpa3oBaHus H3MEPEHUIA IS TIepeAavn Ha 3HAYUTEIIbHBIC PACCTOSHHUSL.
6.3. KouTposb mpoieccoB H3MEpeHuil B peabHOM BPEMEHH.
6.4. Cmoco0bl BBIBO/Ia MH(POPMALIUK B pealbHOM BpeMeHHU. HakorieHne SKCepuMEHTaIbHBIX
JaHHBIX, CO3/JaHie OAHKOB JIaHHBIX.
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9. A. H. UrnaroB. OnTosneKTpoHHBIE TPHUOOPHI U ycTpoiicTBa. DKko-Tpenas, 2006

10. Teopus BeposTHOCTEM 1 MaTemMaTuueckas ctaructuka. [lox pemakmueit A.H.I1IupsieBa,
A.B.JIebenesa. M.: Jlenann, 2015

11. K. I'pynen. [etekTopsl aneMeHTapHbIX yacTull. Cubupckuii xponorpad, 1999

DJIEKTPOHHBIE pecypchl
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HAIPABJIEHHOCTb: 01.03.02 ACTPO®U3UKA U 3BE3THASL ACTPOHOMUA

1. OOmas yactb: acTpoMeTpus, HeOecHass MEXaHUKa.
1.1. OcHOBBI MEXaHUKH JBH>KCHHUSI.
1.2. 3akoH BcemMHpHOro TAroTeHus, 3akoH Kermepa. 3amaya AByX Tell, TUIBI JBHKEHUI B
3aaue 2-X Tenl. DneMeHThl opOuT. [loHsATHE 0 BO3MYIIAIONIMX CUJIaX B 33/1a4€ ABYX TEI.
1.3. /IBM>KeHHE UCKYCCTBEHHBIX CIIyTHHKOB 3€MJIM U XapaKTEPUCTUKHU UX OPOUT.

2. Hexotopsle 00m1rie BOMpOChl aCTPOHOMUH.
2.1. OrmpeneneHre OCHOBHBIX IUIOCKOCTEH: TOpU30HTa, HEOECHOTO AKBATOpA, SKIUITUKHU,
rajJJakTH4ecKoro skBaropa. Cucremsl HeOecHBIX KoopauHaT. [Ipeneccus, HyTamus, abeppaus
(cyrounas u roauuHas). [IpuHOUOBI TOCTpOeHHS cHCTeM KoopauHaT. [IpuHIMIBI
THPOCTAOUIIM3aMA M ACTPOOPUEHTAIMH KOCMUYECKUX MPHOOPOB (TUPOCKOIBI, 3BE3/HBIC H
COJTHEYHBIE TATYUKH).
2.2. Ormpenenenue BpeMeHH. BcemupHoe Bpems, 3BE3JHOE BpeMs, COJHEYHOE BpeMs
(ucTuHHOE, CpeaHee, MOSACHOE, ICKPETHOE).
2.3. OcHOBBl MaremarHyeckod cratuctuku. Pacmpenenenus Ilyaccona, I'aycca. Meronsr
MIPOBEPKU TUIOTE3 M OLEHKH NapaMeTpoB. MeTol HaWMEHBIIMX KBaJpaToB. Brruucienue
CPEIHEKBaIpaTHYHbBIX OTKJIOHEHUH. [lepeHoc ommobok.

3. HaOntogarensHble U AKCIIEPUMEHTATbHBIE METOIbI ACTPO(DU3ZHKH.
3.1. AcrpoHoMuyeckas ontuka. AdGeppaiy ONTHYECKHX CHCTEM. TeIeCKOMbl M X OCHOBHBIC
napaMmeTpsl (paspeliaiias CHocOOHOCTb, MoJIe 3peHHs], poHunaroias cuiaa). OCHOBHBIE TUIIBI
TeNecKkonoB (pedpakTopsl, pediueKTOpsl, 3epPKANTbHO-TUH30BBIE CHCTEMBI, TEIECKOMBI C
a/IalITUBHOM ONTUKOMN). TUIIBI MOHTUPOBOK TEJIECKOMOB. ACTPOKJIMMAT.
3.2. Panmmoreneckonsl. OCHOBHBIE THIBI aHTEHH (IUIOJIb, PYIOp, 3€pKajJbHbIC AHTCHHBI,
pEIIeTKH, aHTEHHBI anepTypHOro cuHTte3a). OCHOBHBIE MapaMeTpbl aHTeHH (3¢ (deKkTuBHAs
iouab, JuarpaMma HampaBiICHHOCTH, IIyMOBas Temriieparypa). PagumoactpoHomuyeckue
npueMHHUKHU. Pannomerpudeckuil BeIMrpbiil. bomoMerpudeckuii U reTepOAMHHBIN MpUeM B
panuo u UK- quanazonax.
3.3. OcHoBHBIE mMapaMeTpbl  CIEKTPAIbHBIX  NPHUOOPOB  (paspelieHue, CBETOCHIIA,
reomerpuueckuil (axrtop). CerodunbsTpsl. IIpusmenHsle cnekTporpadsl U CHEKTPOMETPHI.
JudpakimonHsle crieKTpaibHble TpuOopkl. [Tnockas u Boruyras 1udpakiiOHHbIE PEIIETKH.
3.4. TlpueMHHKH ONTHYECKOTO, YIbTPa(UOJIETOBOTO H HH(PPAKPACHOTO  HM3ITyYCHHUS.
®otorpadpuueckas smynbcuss. Dorosrnexrpudeckue npueMHukd. [13C marpunsl. TensoBble
npueMHUKU. OCHOBHbIE MapaMeTpbl NPUEMHHUKOB (UyBCTBUTEIBHOCTb, CIIEKTpalbHas
XapaKTepUCTHKA, LIYMbl, YacTOTHAas XapakTepucTuka). PakTopbl, OrpaHUYMBAIOLIME MOPOT
oOHapyKeHMsI CUTHaJIa B Pa3HbIX JHara3oHax.
3.5. Meroasl BHEaTMOC(hepHOIt acTpOHOMUU. JI€TEKTOPBI M ONITUKA JUISl YIbTPadUOIETOBOTO U
PEHTT€HOBCKOTO JAMANa30HOB (MPOMOPIUOHATIbHBIE CUETYMKH, MUKpPOKAHAJIbHbIE IJIACTHHBI,
TEJECKONBl KOCOrO MAaJCHMs, COTOBBIE M MOAYJISIIMOHHBIE KOJUIMMATOPBI, TEIECKOIBI C
KOJIMpoBaHHOW  ameprtypoii). [lomynpoBomHuKoBble — A€TeKTOpbl.  CHMHTHIIISAIMOHHBIC
neTeKkTopsl. TBepaoTenbHbIe (repMaHueBbie) AeTekTophl. Kanmopumerpsl. MickpoBbie kKamepsbl 171
raMma- Juaras3oHa.
3.6. HM3mepenus TEMIIEPATYPhI MIOBEPXHOCTU IJIaHET (MK-paguomerpus,
paanoacTpOHOMUYECKHE METOJbl). V3MepeHust naBieHMs, IJIOTHOCTHM W TEMIEpaTyphl B
TUTAHETHBIX aTMoc(epax ¢ MOMOIIbI0 KOCMUYECKONW TEXHUKHU (MPSIMbIE METOJIbI, TOPMOXKEHHE
HCKYCCTBEHHBIX CITyTHHKOB, CIIEKTPOCKOIIHSI, PaJNOIPOCBEUNBAHHUE).

4. OOmas actpodusnka
4.1. 3Be3npl: mKana 3BE3IHBIX BENIHUYMH, (hoToMeTpuueckue cuctemsl, cuctema U, B, V u ee
npojoJDKeHne. Bunumble M abCONMIOTHBIE 3BE3JHBIE BEIMUYMHBL. MeETOABl OmpeeNeHHs
paccrostHui 110 3Be31. [Toka3arens nBeTa, M30BITOK 11BeTA. Temmeparypa 3Be31, Kajia 3Be3IHBIX
temneparyp. CnekTpsl 3Be3g M uX kiaccudukauusa. [uarpamma ['eprmmpynra-Paccena.
Ompenenenue Macc 3Be3/1. J|BOITHBIEC 3BE3/IbI.
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4.2. Tlepemenusie 3Be3/bl U MX Kiaccudukanus. [ledhenpr, 3aBUCUMOCTB TEPHUOI-CBETUMOCTbD.
Hosele 3Be3/1b1. CBEpXHOBBIE 3BE3/bl, UX TUIIBI U NPUYHUHBI B3pbIBOB. POJIb paguoakTUBHOIO
u3nydeHus: B GOpMHUPOBAHUU KPUBBIX 0JIeCKa CBEPXHOBBIX.

4.3. CoOcTBeHHbIE IBW)KEHHUS 3BE3[, JY4YEeBBIE CKOPOCTH 3Be3f, ABIKeHHE COJIHEUHOM
cucTeMbl B ['anakTuke.

4.4, MrneuHblii NyThb M €ro CTPOEHHE. 3BE3AHbIE CKOIUIEHUS. PaccesHHble W IIapoBbIE
cKkoruieHus. Mex3Be3aHas cpefa. lanmakTUdeckue TYMaHHOCTH; CBETJIbIE U TEMHBIE.
Me:x3Be3/1HO€E MOTIJIOIIEHUE CBETA.

4.5. Teopus ramakTudeckoro Bpamenus. CriupaibHas cTpykrypa ['anaktuku. CBolicTBa rasa B
o0Jakax ¥ MeX00J1auHOM IpOCTpaHCTBE. THIIBI 3B€3THOTO HACETICHUS U MX KHHEMATHKA.

4.6. TamakTuky U UX KjIaccU(HKaAIUs, METOAbI ONpeAeNeHUs] pacCcTOsIHUI B MeTtaranakruke.
KpacHoe cmenienue.

4.7. PanuoranakTUK{, KBa3apbl, aKTUBHBIC S[pa TalakTHK. YHUQUKAMS aKTUBHBIX sEp
raJIakTHK.

4.8. CxoruieHus ranakTuk. Buaumas u ckpeitast macca. ['opsiunii ra3 B CKOIUICHUSIX TaJTAaKTHK.
Dddexr CronseBa-3enpa0BHYa U ONPEICICHIE MTOCTOSHHON Xa00u1a.

Conneynas cucrema.

5.1. Connue (pa3mepsbl, Macca, CBETUMOCTb, TEMIIEpaTypa, crektp). Potocdepa, xpomochepa,
COJIHEYHass KOpOHa (CHekTp, (usmueckue ycioBus). Pagmo- m peHTIEeHOBCKOE H3IIyueHHE
Connua. Conneunas akTUBHOCTh. COJIHEUHBIN BETEp.

5.2. 3emus kak miaHeta. Atmocdepa 3emid, ee CcOCTaB, BEPTHKAIBHBIN pa3pe3. OOrmas
uupKynsinus B atmochepe. Bepxuss atmochepa, nonocdepa, sxzocdepa.

5.3. TloBepxHocTh U popma 3emin. MarHUTHOE 1oJie 3eMJTH, DJIEMEHTHI 36MHOTO MarHeTH3Ma.
[ToHsiTHE O BHYTPEHHEM CTPOCHUU 3€MITH.

5.4. Ilnanersl 3eMHOH Tpynnbl U UX COyTHUKU. JIyHa: pa3mepbl, 0OCOOEHHOCTH ABM)KEHUS,
CTpOCHHE MOBEPXHOCTH, COCTaB M CTPYKTypa TpyHTa. Mepkypuil (IOBEpXHOCTh, BpallleHUE,
atmocdepa).

5.5. Ilnanetsr 3emuoit rpynmel: Mapc u Benepa. CpaBHUTENbHBIM aHAIU3 XHUMHYECKOTO
cocraBa armochep. Benepa (Bpamenuwe, ee armocdepa, OOJaYHBIN CJIOW, HOHOCHEPA,
MeXaHU3MBbI pa3orpena). Mapc (ero moBepxHocTh, aTMocdepa, noHochepa). MarHUTHbIE OIS U
BHYTPEHHEE CTPOEHUE IUIaHeT 3eMHOM rpynnsl. [LmyToH.

5.6. Ilnanersl-rurantsl. FOmurep. Ctpoenue armocdepsl, TuHaAMHKa aTMoc(epbl, 00JIauHbIH
ciou. Pamuonsnyuenue KOnurepa, MaruuTHOE MoJie 1 MarHuToCcQepa.

5.7. CarypH. Ypan. HentyH. OCHOBBI TEOpHH BHYTPEHHEIO CTPOEHUS IJIAHET-TUT'AaHTOB.

5.8. Marple Tena CONHEYHOH CHCTEMBI: CIYTHUKH TUIAHET, KOJIbILA, acTEPOMJIbI, KOMETHI,
METEOPUTHI, MEXKIUIAHETHAS IbLIb, 30/IMAKaIbHBIN CBET.

Teopernueckas actpopusuka.

6.1. Artomusle cnekTpsl. [Ipupoaa cnektpanbHbix TepMoB. ClIeKTp aToMa BOJ0poJa, JTUHUsA 21
cMm. IIpocTpancTBeHHOE KBaHTOBaHHe. CIIMH, TOHKas cTpykTypa. CHeKkTp MOJIEKyJbl BOJAOPOAA.
CriekTpsl men04HbIX MeTayuioB. CIIEKTpbl aTOMOB U HOHOB C JBYMsI 2JIEKTpOHAMHU. BeposTHOoCTH
nepexonoB. Cwiia ocuwuiatopa, koddduuuentsl DWHmTeHa. Oddexr 3eemana. Dddekr
rapka. M3oronnueckoe cmenenue. CBEpXTOHKas CTPYKTypa.

6.2. MouekynsipHble CHEKTphl. BpamiarenbHble W BpamateilbHO-KOJIEOATEIBHBIE TTOJOCHL.
DNeKTpOHHBIE CHEeKTpbl. MonekymspHas paauocnerpockonus. W3oronuueckue 3¢QexTol.
HNuTencuBHOCTS MMHUNA. BpamarensHas temnepatypa. MazepHoe U3TydeHHE.

6.3. Teopus 3Be3mubIX (oTocdep. HenpepwiBHbl criekTp. OCHOBHBIE NMOHSTHS O TEOPUH
n3nydeHus (ko3 PUIMEHTHI MOTIOMEHUS U U3TyYEHUS, pa3INiHble MEXaHU3MbI TOTJIOLICHHUS B
KOHTHHYYME). Y paBHEHHUE MepeHoca. DIIMHITOHOBCKoe pudmkenue. ['unoresa JI.T.P. 3akon
MOTEMHEHUs JHCKa 3Be3/bl K Kpatro. Bo3OyxiaeHue M HMOHHU3alUs aTOMOB B 3BE3HBIX
aTMocdepax, paccesHHE U HCTHHHOE TOIJIOIIEHHE, CBOOOAHO-CBOOOJHBIE MEPEXObl,
oTpulatenbHble HOHBI Bogoponaa. Otkionenus oT JI.T.P. (comHeyHass KopoHa, TaHETapHbBIS
TymMaHHOCTH). [loHsTue cepoit armocdepsl. Anboeno.
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6.4. OOpazoBaHWe JWMHUW TIOTJIONMIEHUS B CHEKTpax 3Be3l. YpaBHEHWE TEpeHoca s
KOHCEPBAaTUBHOI'O Cllydas. Y4YeT MCTUHHOIO IorjomeHus. JlonmiepoBckoe yIIMpEeHUE H
UCTUHHOE 3aryxaHue. D¢ (deKTbl AaBleHUs, YIIMPEHUE JIMHUN BCIEICTBUE CTOJKHOBEHHIA
aTOMOB.

6.5. OcHOBBI TEOPUHU KPUBBIX pocTa. MeToAbl MOCTPOSHUSI KPUBBIX POCTA MO HAOIIONCHUSM.
TypOyneHTHbIe CKOPOCTH B aTMOc(epax 3Be3Jl, MOCTOSIHHAS 3aTyXaHus. BiusHue Ha nmpoduib
JIMHUW BpallleHUs 3Be3[. MI3MeHeHne KOHTYpPOB JIMHUM OT UEHTpa K Kparo. BiusHue yckopeHus
CHWJIBI TSDKECTH (pa3ianyune CIEKTPOB TMTAHTOB U KapIUKOB).

6.6. HMonu3zamusi aTOMOB H3JIy4€HUEM U 3JIEKTPOHHBIM yaapoM. OCHOBBI TEOPHUH MOHU3ALNU
COJIHEYHOM KOpOHBI. KopoHanbHBIE JIMHMM M HMX OTOXKIECTBJICHHE. HempepbIBHBIN CIEKTP
cosHeuHo# KopoHsI (F u K - komnoHeHTHI).

6.7. 3anperieHHbIe TUHUU B acTpopu3uke. MexaHu3M CBEUCHHsI TNIAHETAPHBIX TYMaHHOCTEH.
Meroa 3aHcTpa A ONpeAesieHus] TeEMIEpaTyp sAep IUIaHeTapHbIX TymaHHocTel. [loBenenue
0aJIbMEPOBCKHX U 3alpeIleHHBIX JMHUH B IJIAHETAPHBIX TyMaHHOCTSAX. LC u L[] u3nyuenue u
ero 1uddy3us B MiIaHETAPHBIX TYMaHHOCTSIX.

6.8. OOsactu MOJEKYISPHOTO, aTOMAapHOTO, MOHHM30BAHHOTO BOJOPOJa U WX H3IYYCHHUE.
Bpewmst pexomOuHanuu u MexaHu3Mbl oxnaxaenus obmnacreit Hl u HIl. Paguyc Crpémrpena.
Hecraunonapuocts obnacreit HIIL.

6.9. OcHoBHBIE MEXaHU3Mbl KOCMHUYECKOTO PaHOU3IIyuYeHUs U OCHOBHBIE XapPaKTEPUCTUKH.
Topmo3HOE u3MyyeHHE, H3JIyYEHUE ONTUYECKHM TOHKOM M ONTHYECKHU TOJCTON IUIa3MBI.
CHUHXpOHHOE H3Iy4YeHUE U MPAKTUYECKOEe MPUMEHEHUE K MCTOYHUKaM. PexoMOMHAlMOHHBIE
paauonuHud. OCHOBBI PAJUO CIEKTPOCKONHMM MOJIEKYJ, 3JEKTPOHHBIE, KOyeOaTelIbHbIE U
BpallaTelbHbIC IEPEX0/IbI, MA3EPHOE U3IIYyUECHHE.

6.10. IToHsiTHE O BHYTPEHHEM CTPOSHHUH 3BE3]l M MX SBOJIOLUUH. BBIPOKICHHBIN 3JEKTPOHHBIH
ra3. CtpoeHue 3Be3] IJIaBHOW MOCIeNOBaTeNbHOCTH. KpacHble TMraHThl M O€Nble KapiuKH.
OcCHOBBI TEOpPUM HBOJIIOLMU 3BE3J C IOCTOSHHOM Maccoil. CBsi3b TEOPUHM SBOJIIOIMH C
Ha0II0/IaeMBIMH TUArpaMMaMH «CHEKTP-CBETUMOCTh» B PACCESIHHBIX U [IAPOBBIX CKOTUICHUSX.
CriennanbHble BOIPOCH! aCTPOPUIUKH.

7.1. OcraTKu BCHBIIIEK CBEPXHOBBIX 3Be3a. Mx knaccudpukanus. KpaboBuaHas TyMaHHOCTb
(crieKkTp, KOMIIOHEHThI CBEYEHHMsI, OCHOBBI TEOPHH). 3BE3AHbIE OCTATKU: HEHTPOHHBIE 3BE3/Ibl U
yepHble AbIpbl. [Iynecapsl. IIpenen ycTounBOCTH HEUTPOHHOM 3BE3/BI U OIIPEACIICHUE MACCHI
KOMIIAKTHOTO O0BEKTa B JBOHHON cHCTEME IO HM3MEPEHHIO JIOIJIEPOBCKOIO CMEIEHHS
CIIEKTPaJIbHBIX JIMHU.

7.2. OCHOBBI TEOpUM aAKKpELMM Ha HEUTpOHHBIE 3Be31bl U uepHble AbIpbl. Cdepuyecku
CUMMETpUYHasl M JHUCKOBas akkpeuws. [IorpaHMuHBIN CIIOM aKKpPELMOHHOTIO JMCKAa W CJIOU
pacTeKaHHUsl BEIIECTBA 110 IOBEPXHOCTH 3Be3Abl. l'Opsune KOpPOHBI M CHEKTp HU3Iy4CHHS
AKKPELIMOHHOI'O JIUCKA.

7.3. PeneeBckoe paccesiHue. PaccessHue, noryomeHne u ocinadieHue MajabIMi YaCTHLIaMHU.

7.4. Mex3Be3aHas cpena. MeToapl HUCCIEIOBAHMS Ta30BOM M TBIJIEBOM KOMITOHEHTHI.
Mounekynsl B MeX3Be31HOM cpene. Kocmuueckue aydn 1 MarHUTHBIE 110718 B [ 'ajakTuke.

7.5. MexaHu3Mbl PEHTI€HOBCKOTO W TamMMa-U3JydeHUs] (TOPMO3HOE U PEKOMOMHAIMOHHOE
U3y4eHUe TopsYel ONTUYECKH TOHKOU IUIa3Mbl, CHHXPOTPOHHOE M3JIydeHHe, (hIyopeclieHIus,
obpatHbiit Komnron-3¢¢ext, pacnan n-Me30HOB). B3aumoseiicTBue peHTIreHOBCKOIO U raMMa-
U3JIy4eHUs C BELIECTBOM (MOHM3AIOHHBIE MOTEPH, (POTOMOIIONIEHHE, KOMITOHOBCKOE
paccesHue, poxjaenue map). Komnronuszamus u (GopMupoBaHHE CIEKTPOB KOMITAKTHBIX
PEHTT€HOBCKHUX UCTOYHHUKOB.

7.6. Knaccudpukanust  HaOMIOAAIOMUXCA ~ KOMIAKTHBIX ~ MCTOYHHKOB  KOCMHYECKOTO
PEHTTEHOBCKOTO M TaMMa-U3NydyeHUsi (OCTaTKM CBEPXHOBBIX, JBOWHBIE PEHTTEHOBCKHE
UCTOYHMKH, OapcTepbl, PEHTT€HOBCKHE MYJIbCapbl, PEHTTEHOBCKHE TPAaH3UEHTHl M HOBBIE,
KaHJIUJAThl B UYepHBIE ABIPbI, MSTKHE raMMa-IIOBTOPUTEIH, MarHETaphl).

7.7. VI30TpomHBIH  pEHTTeHOBCKMH M  ramma-(GoH. BHerajmakTHueckue  HCTOYHHMKH
peHTreHoBckoro m3nydenus. Jlmarpamma logN-logS. Kocmuueckre ramma-BCIIECKH.
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[TocnecBeuenus ramma- BcrieckoB. Helitpunnas actponomus (CosHIIE U CBEPXHOBBIC).

7.8. Wsyuenue nbutu. K- nznydenue obmacteit 38e31000pa30BaHUs MOJICKYIISIPHO MBIIEBBIX
obnakoB, 30H HIl mnaneTapHBIX TyMaHHOCTEH W OKOJIO3BE3JHBIX oOosiodek. Juddysnoe
CBeUEHHE IUIOCKOCTH M 1eHTpa [amaktuku. WMK-u30bITKM B CHEKTpax 3Be3[] U aKTHUBHBIX
raaktuk. MHppakpacHbiii GoH.

7.9. OcHoBbl KOcMoJoruu. HalOmogatenbHble OCHOBBI  KOCMOJIOTHH:  OJHOPOJHOCTD
pacmpezelnieHuss MaTepuM B caMbIXx Oosibliux MacmTabax; 3akoH XaO6ma. Teopus
paciupsitonieiicss BceneHHON (HbIOTOHOBCKHME YpaBHEHUS Ul OJHOPOJHOM H30TPOITHOM
BcenenHoii, 3aKkoH paclIUpeHUs, KPUTUYECKash IUIOTHOCTh). DpuUIMaHOBCKHE MOJEIH
paciupstouieiicss BeceneHHoN: KpuBU3HA 3-X MEPHOIO MPOCTPAHCTBA (3aKPBITHIM, OTKPBITHIH,
IJIOCKUNA MHUD).

7.10. Teopus ropsueit Becenennoii. PenukroBoe u3myuenue. HauanpHble 3Tanbl pacuIMpeHHs.
[TonsiTue o pasnyBaromeiics Beenennoil. [loBeneHne n3nydeHus U BEECTBA HA pAHHUX dTallax
pacumpenusi Bcenennoii. PekomOuHamus BemiectBa. ['paBHTalMOHHAsT HEYCTOHYMBOCTB.
Bo3nukHoBeHue cTpyktypbl Bcenennoil. TéMHas matepusi © TEMHasi SHEPrus. Y CKOPEHHOE
pacmmpennie BeenenHoit (MeToabl U3MEPEHHUS ).
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