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1. OBIIUE ITOJIOKEHUSA

CnenuanbHocth  «®du3uka  BBICOKMX  JHEPTU»  HalpaBi€HAa  HA  MOJTOTOBKY
BBICOKOKBAJTU(UIIMPOBAHHBIX CHEIIMAUCTOB, CIIOCOOHBIX CaMOCTOSITEIbHO BECTH TEOPETHUUECKUE
U SKCIEpHUMEHTAJIbHbIE HCCIe0BaHus B 00JacTU (PU3MKU BBICOKHUX SHEPIrui, BKIOYass (U3HUKY
KOCMHUYECKHUX Jy4del, ¢u3uky panHHeil BcenenHoli, ramma-acTpoQu3uKy W HEUTPHUHHHYIO
acTpodu3uky. OKOHUMBIIHE ACIUPAHTYPY CMOTYT Yy4acTBOBAaTh B pabOTax 1Mo CO3AaHHUIO OOJBIINX
JETEKTOPOB KOCMHUYECKOTO H3JIYyUYCHHUS! BBICOKON SHEPTUH, MPOBOAUTH IKCIEPUMEHTHI B COCTaBE
OONBIIOTO0  KOJUICKTUBA HAyYHBIX pa0OTHHUKOB, Yy4YacTBOBaTb B 00pabOTKe U aHaM3e
SKCHEPUMEHTAIbHBIX JAaHHBIX. ACHHpPaHTBl HMMEIOT BO3MOXKHOCTh BbIOpaTh HalpaBlIeHUE
MOJITOTOBKH, OPUEHTHPOBAHHOE HA OKCIIEPUMEHTAJbHbIE W TEOPETUUYECKHE HCCIIE0BaHus,
00paboTKy JaHHBIX HKCIIEPUMEHTOB Ha KpyrmHoMaciTaOHbIX yctaHoBKax Tunka-HiSCORE, Baikal
GVD.

OCHOBY JaHHOW MPOrpaMMBbl COCTABWIJIM KJTFOUEBHIC MOJOXKEHUS CIEIYIOIINUX Y4eOHBIX
JUCLMIUIMH: MEXaHUKa, TEOpHs IO0JIs, SJIEKTPOIUHAMUKA U MEXAaHUKA CIUIONIHBIX Cpell, KBAHTOBAs
MEXaHWKa, CTaTHCTUYecKass (U3UKa, KBAHTOBAas Teopws IOJisA, siaepHas ¢u3nka u (uszmka
aJIeMEHTapHbBIX 4YacTul. lLlenp sKk3aMeHa - YCTaHOBUTh YpPOBEHb INPO(ECCHOHAIBHBIX 3HAHHM
MOCTYMAIOIIET0 B AacHUpPaHTYPY, YPOBEHb IOJATOTOBJIEHHOCTH K CaMOCTOSITEJIbHOM Hay4dHO-
uccieqoBarenbckoi padore. Craua BCTYNHUTEIbHBIX 3K3aMEHOB 00s3aTeNbHa /IS MOCTYIJICHUS B
acIHpaHTypy.

J1ist pa3paboTKK HACTOSIIECH MPOrpaMMBbI ObLIa HCIIOJIb30BaHA MPOrPaMMa BCTYMUTEIBHOTO
sk3ameHa MI'Y s HanpasieHus "®usnka u actpoHomus” (kox 03.06.01)

http://aspirant.phys.msu.ru/for _intrants/ekzameny/fizika.htm
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2. COJEPKXAHUE ITPOI'PAMMBI

ITPOI'PAMMA

BCTYITUTEIHHOTO K3aMEHA B aCIIUPAHTYPY IO CIEIHATBHOCTH «DU3HKa BRICOKAX SHEPTHI»
(pu3uKo-MaTeMaTHIECKUE HAYKH)

MexaHuka

[TonsiTust cuinbl 1 Maccbl. 3akoHbl HbI0TOHA M MPUHLIMIT OTHOCUTENbHOCTHU ["anunest.

3aKOH U3MEHEHHUS U 3aKOH COXPAHEHUS UMITYJIbCA CUCTEMbI MaTepUAIbHBIX TOUEK.

JlarpanxxeBa Mexanuku, OO0OIICHHBIE KOOPAMHATHI, IPUHIIAI HAUMEHBIIIETO NEHCTBUS, (PYHKIIHS
Jlarpamxka. VYpaBuenus Jlarpamxka. [uxnwdeckue xkoopauHatel? ChopmMymupyiTe 3aKoHBI
COXpaHeHHUs1 0000IIeHHOTO UMMyJIbca U 00o00menHoi >Heprun. Cummerpuu. Teopema Herep.
3aKOHBI COXpaHEHUs IHEPTUH, UMITYJIECA, MOMEHTA UMITYJIbCa.

WuTerpupoBanue ypaBHeHUH ABMKeHUSA. OJTHOMEpPHOE IBUKEHUE, IPUBEIECHHAs Macca, IBUKEHHUE
B LICHTPAJIbHOM IOJI€. /[BHJKEHME B LICHTPAIBbHO-CUMMETPUYHOM I10JI€, UHTEIPAJIbI IBHKCHUS.

Yrupyrue CTOIKHOBEHUST M pacmaj YacTHII, CeYeHue paccesHus, popmyna Pesepdopra.

Manbie konebanus. CBOOOJHBIE W BBIHYKICHHBIC OIHOMEpHBIC KOJEOAaHWs, KOJICOaHHS MpH
Hamuuu  TpeHus. OnpeneicHre pe3oHaHca, NpUMEpbl (U3MYECKHX CHUCTEM, B KOTOPBIX
HaOmoaercs pe3oHanc. KonebaHus CHUCTEM €O MHOTHMMH CTEMEHSMH CBOOOMBI, HOpPMAalbHBIC
KOOPIUHATHI.

JIBU>KEHHME TBEPJbIX TeJ. YTIJIOBasg CKOPOCTb, MOMEHT MHEPLUU M MOMEHT KOJMYECTBA JBUKECHUS
TBEPABIX T€J. DUIEPOBHI YIJIbI U YpaBHEHHUs DUiepa.

INamunbpTOoHOBa Mexanuka. O000ImEeHHas YHEPTU, TTocTpoeHUe GyHKIMK ['aMuIbTOHA U3 PYHKITUN
Jlarpamxka, mpumepsl ¢yHkuud [ammnpToHa. KaHOHWYEcCKWe ypaBHEHHWS IBHKCHHUS, CKOOKH

ITyaccona, neiictBue kak (DyHKIHMsS KOOpAuHAT, TeopeMma JlmyBwmnsa. YpaBHeHue. ['amuibToHa-
Sxo06m.

[Ipunmun  otHocuTeNbHOCTU. CKOPOCTH  paclpoCTpaHEHUs  B3auMoJeWcTBUU. MHTepBan,
cooctBenHoe Bpems. IIpeoOpaszoBanue Jlopenua. IIpoctpaHncTBO MHHKOBCKOTO, peNsiTUBHCTCKAs
MEXaHHKa.

Teopus moJs

3apsa B AJEKTPOMArHUTHOM TMoJie. YeTbIpeXMEpHBI MOTEHIMAT MOJs. YPaBHEHUS JIBUKEHUS
3apsiia B 1osie, KaauOpoBouHast (TpaJueHTHasl) MHBAPHMAHTHOCTh. TEH30p 3JEKTPOMAarHUTHOTO
noist. [Ipeobpazosanue Jlopenna st nosst. THBapuaHTHI 3JIEKTPOMAarHUTHOTO OIS,

JlencTBrE IS 3JIEKTPOMArHUTHOIO MOJISA. Y PaBHEHHUs 3JIEKTPOMArHUTHOTO OJIsA. YeThlpexMepHbIi
BEKTOp TOKa. YpaBHEHHE HENMPEPHIBHOCTU. [[MOTHOCTP M MOTOK SHepruu. TeH30p H>HEprum-
uMmnyibsca. TeH30p sHeprun-umMmysbca 3J€KTPOMarHUTHOTO TOJIS.

[TocrosinHOE B3neKTpoMarHuTHOE moJie. 3akoH KynoHa. DiekTpocTaTuyeckasi SHEPTrUsl 3aps/ioB.
JunonpHbld MOMEHT. MynbTUNIONBHBIE MOMEHTHI. (CHCTEMa 3apA/l0B BO BHEHIHEM IIOJIE.
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ITocrosiHHOE MaruuTHoOE 1osie. MarautHbii MOMeHT. Teopema Jlapmopa.

DJIeKTpOMarHuTHbIE BOJIHBL. BosiHOBoe ypaBHeHue. I[lmockue BoaHbI. MoHOXpoMaTHueckas
wiockasg BojiHAa. CrektpanbHoe pasznoxeHue. llonaspusaniioHHbBIE XapaKTEPUCTUKU H3ITY4YECHHUS.
PaznoskeHne 3JIeKTpOCTaTHIECKOTO MOJIS 10 MJIOCKHM BOJTHAM, COOCTBEHHBIE KOJICOAHMUS MOJIS.

[Tone mBwxymmxcs 3apsaoB. 3ana3apiBatoiive noreHuuansl. [lotenunansl Jlnenapa— Buxepra.
I/I3nyquHe Z-).HGKTpOMaFHI/ITHBIX BOJIH. HOJIG CUCTCEMBI 3ap$[;[013 Ha JAJICKHUX paCCTOHHI/IHX.
MynbTHIIONBHOE U3Ty4YeHue. PaccesHue SJIeKTPOMAarHUTHOW BOJIHBI Ha CBOOOJHBIX 3apsjax.
Wznydyenune ObIcTpoaBIOKYyIIeTOCs 3apsga. Mzmydenme BaBmiioBa — YepeHkoBa, €ro CIEKTp |
aMILTUTYTHO-yTJIOBBIC XapaKTEPUCTHKH.

JIBM>KeHHE 4YacTHIBl B TI'PAaBUTALIMOHHOM IIOJIE. YPAaBHEHHsA T'PABUTALMOHHOIO MOiA. TeH30p
KpUBM3HBL. [lelicTBHE I TPAaBUTALMOHHOIO IOJI. TEH30p HHEPrUU-UMITYJIbCA. Y pPaBHEHUS
OHHIITEWHA.

HepensatuBucrckuii  npenen  ypaBHeHuM  OuHiuTelHa. 3akoH Herotona.  IleHtpasbHo-
CHUMMETPUYHOE TpaBUTAMOHHOE noJie. Metpuka [lIBapumunsaa. ['paBuTaliMOHHBIN KOJLIIATIC.

Ha6monaembie addektst OTO B HBIOTOHOBOM W TIOCTHBIOTOHOBOM  MPUOIMKEHUU
(rpaBUTAIIMOHHOE KPACHOE CMEIICHUE, OTKJIOHCHHE JIyda CBETa, 3aJIep)KKa CUTHAJIA, TPEIeCCUs
TUPOCKOTIA, TIperieccrst OpOUT MIaHeT). [ paBUTAIIMOHHBIC TUH3BI.

PenstuBuctckass kocmoisorus. OTKpbITas, 3aKpeiTas W IUIOCKas Mojenu. 3akoH XaO0ma.
Pacminpenue BeesleHHOM Ha cTaausX JOMUHUPOBAHUS U3JIy4EHMs], BEILECTBA U BaKyyMa.

®usnyeckue TMpolecchl B paHHEW ropsuyeil BcenenHoil. 3akanka HeWTpuHo. IlepBuuHBI
HyKJIeOCUHTe3. PekoMOnHanus, peaukToBble (POTOHBI. TeMHast SHEPIrys U TEMHAsi MaTepHs.

KBanToBas ¢pusuka

OcCHOBHBIE TIOJIOKEHHMSI KBAHTOBOM MexaHMku. IlpuHumn HeompeneneHHoctu. IIpunHnmn
cynepnio3uriuu.  Omnepatopbl. JIUCKpETHBI W  HENPEPBIBHBIA  CHEKTPHl. ['aMUIBTOHHUAH.
CranuoHapHbie COCTOSIHUSL. I'eiizenOeprosckoe IIpEJICTaBJICHHUE. CootHomeHus
HEONPEIETIEHHOCTH.

Vpasnenue [Ipeaunrepa. OcHoBHBIE cBOMcTBa ypaBHeHUs Llpennnrepa. OqHOMEpHOE ABUKEHHE.
Onnomepnblid  ocuyuisTop. IlmotHocTe moroka. KBasukiaccuyeckas BOJHOBas —(YHKITHS.
[IpoxoxaeHue uepes dapnep.

MowmenT konmdecTBa ABWKeHUs. CoOCTBeHHBICE (YHKIIMM U COOCTBEHHBIE 3HAUYCHHUS MOMEHTa
KojudecTBa ABkeHus. YetHocTh. CokeHne MoMeHTOB. Paznoxenue Knebmra-I'opaana.

JBmwxenue B ueHTpansHoM mnoie. Chepuueckre BoJaHbI. Pas3niokenue miockoit BonHsl. PaanansHoe
ypaBHenue lllpenunrepa. ATom Bogopoja.

Teopus Bo3mymieHuid. Bosmynienus, He 3aBucsmue ot BpemeHu. [lepuoaudeckue BO3MYILCHUS.
KBazuknaccuueckast Teopys BOZMYIIECHHUH.

Crnun, omepaTtop crnuHa. TOXXIECTBEHHOCTh YacTHIl. BTopuuHOE KBaHTOBaHHME Ui OO30HOB MU
dbepmuonoB. OOMEHHOE B3aMO/ICICTBHE.
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Atom. CocTosiHUE 3JIEKTPOHOB aToMma. YpoBHM 3Hepruu. CamMocoriacoBaHHOE MoJie. Y paBHEHHE
Tomaca—®Pepmu. ToHKas cTpykTypa TOMHBIX ypoBHel. Ilepuonnyeckas cucrema Menaeneesa.

JIBrm>keHue B MarHuTHOM 1osie. YpaBHenue lllpenunrepa 1ist JBUKEHUSI B MATHUTHOM I1OJIE.

CronknoBenus yactuil. O6mas teopusi. @opmyna bopa. PezonancHoe paccesaue. CTOJIKHOBEHHE
TOKJIECTBEHHBIX YacCTHUL]. YIIPYroe paccesHHe INpH HAIUYMM HEYNpyrux InpoieccoB. Marpuna
paccesnus. ®opmyna bpeiita-Burnaepa.

Cratncruyeckas pU3NKa

OCHOBHbBIE TPUHIMIBI CTAaTUCTUYECKOW MeXaHukH. DyHKUMSA pacmpelneieHuss W Marpula
wioTHocTU. CratucTudeckasl He3aBUCUMOCTh. Teopema JInyBuiis. 3aKoH BO3pacTaHUS SHTPOIUHU.
MUKpOKaHOHUYIECKOE pacIpeieiCHHe, KAaHOHMYECKOEe U OOJIBIIIOe KAaHOHWICCKOE pacIpeIeICHHS
I'n606ca.

TepmoaunaMuueckue BenuuuHbl. TemmnepaTypa. Pabora n xommuectBo Teruia. IlepBoe m BTOopoe
Hayayia TepMmoauHaMuku. Teopema Hepucra. CBoOomHas »HEprus, XHUMHYECKHUH ITOTEHIIHAI,
Ipyrue TEpMOJAMHAMUYECKUE IMOTEHUMaNbl. TepmoanHamuueckue HepaBeHcTBa. llpmunun Jle-
[[Tarenbe.

®da30BbIC NEpEXOAbl U KpUTHYECKHUE sABIEHUSA. Da3oBbIe NIEPEXOABI BTOPOTo pona, Teopus Jlannay.
Kputnueckne wuHzaekcel. MacmtaOHass HMHBApHAHTHOCTh. DIyKTyallud B OKPECTHOCTH
KPUTUYECKOU TOYKH.

Pacnpenenenne  MakcBemna-boneiimana.  TepMoauHamuiKka  HIEaJbHBIX  Ta30B, TeopeMa
paBHOpacnpeaeneHusi. CTonkHOBeHUE MoJieKysl. HepaBHOBeCHBIN UaeanbHbli ra3. Kunernueckoe
ypaBHeHue bonbimaHa u ero cranuoHapHoe pemenue. H-reopema bonbimana.

Pacnpenenenns ®epmu-/lupaka u boze-DiiHimrelina. BruipokaeHHbIN ueanbHbI QepMu-ras.
WNneanpHblil (epMu-Ta3, ypaBHEHHE COCTOSHHUS W OOJBIIMAHOBCKHI Tmpesen. BBIpoKIeHHBIN
3JIEKTPOHHBIA Ta3 M €ro TEPMOJMHAMHUKA B HEPESITUBUCTCKOM U  YJIbTPApEIATUBUCTCKOM
npenenax. Poap BBIPOXKIEHHOIO 3JIEKTPOHHOIO Tra3 B YCTOMYMBOCTH  T'HMAPOCTATUYECKOTO
paBHOBECHS 3BE3/bl —O€JI0r0 KapiukKa.

3akoHbl M3MydYeHUs abcomoTHO uepHoro Tena. Pacmpenenenue [lnanka m nBa ero KiiacCH4ecKux
npenena, TepMOAMHAMHIKA PaBHOBECHOTO (JOTOHHOIO Tasa.

TBepable Tena, KoIeOaHUs PEUISTKH, B3aUMOJICHCTBHE AJIEKTPOHOB C PELIETKOM, POHOHBI U Apyrue
KBa3uvacTuilbl. Mogmenp OifHmTeitHa u  Mojenb Jlebas TEIIOEMKOCTH TBEPIOTO Tena.
Briposknennsiii 603e-ra3, konaeHncanus boze-Oitnmreiina. CnabonenaeanbHbiil 603e-ra3. Mojenb
boromto6oBa. Criektp Bo30ykaeHuii. CBepxTekyuecTb. KBaHTOBBIC BUXPH.

CeepxmpoBonumocts. KynepoBckoe cmapuBanue. Teopuss bapauna—Kynepa—Illpuddepa
(BKII). Teopus Jlonnonos. Teopus ['mu3bypra-Jlangay. CBepXIpOBOJHUKH MEPBOIO U BTOPOTO
pona. Db dext IxozedcoHa.

Cucrems! paznuunbix yactull. [IpaBuio ¢a3. Cnabsie pactBopbl. CMech uaeanbHbIX ra3os. Cmech
M30TOMOB. XUMHYECKHUE PEaKIUH. YCIOBHE XMUMHUYECKOTO PaBHOBECHSA. 3aKOH JCHCTBYIOIIMX
Macc. Termnora peakunu. MOHM3alIMOHHOE paBHOBECHE.
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Crannaptaas Moaeab (KBAHTOBasi TeOPHs IoJieit)

JlarpamxuaH ypaBHEHHS JBUXKEHHS CBOOOIHBIX mosied. CHUMMeTpHuM JlarpaHkMaHa W Teopema
Herep. Ckanspueie momns, ypaBHeHue Kieiina-I'opmona. KBanToBaHume CBOOOIHBIX TOJIEH.
Anrebpa TokoB. Jluckpernsie cummerpun. CBs3b crimHa co cratuctukoit, CPT-teopema.

KanuOpoBouHass WHBapMAHTHOCTh KaKk JUHAMUYECKUH MPUHLUUI TOCTPOCHHUS  TEOPUHU
B3aMMO/JICHCTBUS YAaCTHUI] U MOJIeH. DIEKTPOJUHAMUKA KaK KalnOpoBOoUHas Teopusi, 0€3MaccoBOCTb
¢orona. JlarpamkuaH W  ypaBHEHHMS  KJIACCHMUYECKOW  3JeKTpoauHamMuku. KBaHTOBas
anektpoarHamuka. [IpaBuna ®deiinmana. PacueTbl mpoiiecCOB B KBAaHTOBOW 3JIEKTPOJUHAMMKE:
KOMITOH->((EKT, TOPMO3HOE H3TydeHHE, POKICHHUE € € -[ap.

JlokanwHnas neabeneBa cummerpuss SU(2). Iloms Srra-Mumica. CrnioHTaHHOE HapylieHHE
CUMMETpUH, MexaHu3M Xwurrca. CtaHaapTHas MOJIENb 3JIEKTPOCciIaldbIx B3auMoaeicTBuid. Obmast
CTPYKTYpa JlarpaHkKhaHa 3JIeKTpociIaboro B3aMMOJICHCTBHS, CBONCTBAa KaJTUOPOBOYHBIX 0030HOB,
COOTHOILICHUS MEX/1y KOHCTAHTAMH CBSI3H YaCTHI.

CooTBeTcTBHE MEXY JENTOHAMHU M KBapKaMM, YUCI0 mokojeHuil. HeoO0xoaumMocTs cmemmBanus
KBapKkoB, marpuna Kabu606o-Kobasmm-MackaBa. Hapymenne CP-MHBapHaHTHOCTH B pacragax
HEUTpAIbHBIX KAOHOB

CrieKTpoCKONHUs aJpOHOB, YHUTapHAash CUMMETpPHs M aJIpOHHbIE MYJIbTHUILIETH. [ MIOTe3a KBapKOB.
I'myOoko-Heynpyroe paccesHue 3J1eKTpoHa Ha MPOTOHE, CTPYKTypHbIe pyHKIMHU. KBapk-napToHHas
MOJIENIb CUJIbHOB3aMMOJICHCTBYIOIIMX 4YaCTHUIL, TUMOTe3a IBeTa. KBaHTOBas XpOMOJMHAMHKA,
KBapKHU U TJIFOOHBI, KBAHTOBOE YUCIIO “1[BET’. D(PhEKTUBHBIN 3apsi] B KBAHTOBOH AJIEKTPOIUHAMUKE
u KX/I. Acumnroruueckas cB0001a U KOHPAHHMEHT.

Pdu3zuka aTOMHOI0 sjapa 1 3JICMECHTAPHbIX YaCTHIY

OCHOBHBIE XapaKTEPUCTUKH aTOMHBIX siiep. KBaHTOBbBIE XapaKTEPUCTUKHU SEPHBIX COCTOSHUM.

SlnepHble cUJIBl U UX CBOWCTBA. Mojenu siaep: Mozenb 000JI0ueK, KalelbHas MOJENb, MOJENTb
¢depmu-raza.  OCHOBHbIE  IIOJIOKEHUS  SJEpHOM  Moaenu  O0OJOYEeK,  AKCIEPUMEHTHI,
MOJTBEPKAAIOUINE 000JI0YEYHYI0 MOAETb siapa. OJHOYACTHUHBIE U KOJUIGKTUBHBIE BO30YXKIACHHUS

spa.

PagnoakTuBHBIE TIpeBpamieHus sAep, o-pacman, [-pacman, y-usdydeHue. Pe3oHaHCHOE
TIOTJIONICHHE Y-KBAaHTOB sigpaMu, d3hdext Meccbayapa.

Henenuve u cuHte3 siaep. SAnepHas sHeprus. PeakTopsl. SAnepHble peakiuu 1moj ACHCTBUEM Y-
KBaHTOB, IPOTOHOB, HEUTPOHOB U O.- YaCTUL. JIEUTPOH U €ro CBOMCTBA.

SnepHble B3aUMOACUCTBUS IIPU BBICOKHUX DJHEPrusax. B3aumonencTBue sAEpHBIX YacTUL U Y-
KBAaHTOB C BEIIECTBOM, YHEPI€TUYECKUE TIOTEPH YACTHLL IIPU MPOXO0KIECHUH Y€PE3 BELIECTBO.
Kocmuueckue mydn, mpoxokaeHne KOCMAYECKHX JTy4uel yepe3 armocdepy 3emitn.

SlnepHble peakiuy B 3B€3/aX M SBOJIOIMHU 3Be37. Peakuuu 1moj AeWCTBUEM HEHUTPOHOB, I- U S-
IIPOLIECCHI, BHYTPU3BE3IHBIM CUHTE3 XUMUYECKUX 3JIEMEHTOB. TepMosaepHble peakuuu Ha ComHIE,
CBETUMOCTb U HEUTpUHHOE n3nyueHue CoaHua.
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OneMeHTapHbIe 4YacTHIBI M UX B3auMonaencTBus. Knaccudukanms dvactun I[IpocTpaHcTBEHHO-
BPEMEHHBIE CHUMMETPUU (HETPEpBbIBHBIE U JUCKPETHBIE) M JIOPEHL-MHBAPHUAHTOCTb, BHYTPCHHHE
CUMMETPUU M BHYTPEHHHE KBAHTOBBIC YHcla (CIIHMH, W30CHUH, JIENTOHHBIE YHCla, OApHOHHOE
YHCII0, ApOMAT, LIBET), 3aKOHbI COXPaHEHUS.

PensaTuBUCTCKas KBaHTOBAasi MEXaHUKaA JJIEKTPOHA. YpaBHEHUE [upaka, HEpEIATUBUCTCKUN MPEIei
ypaBHeHUsa Jlupaka. OJEKTpOH B MAarHUTHOM TMOJIe, CIHH JJICKTpOHA. YpaBHeHue Beins,
JBYXKOMIIOHEHTHOE HEUTPHHO.

denomeHosorus ¢nabbIx B3aummojehcTBuii, Teopus Pepmu. Hecoxpanenne P- m C-ueTHOCTH B
cl1abbIX B3aUMOJIEUCTBHSIX. (V-A4)-TeopHs, CTPYKTypa ClIa0dbIX TOKOB, CJIa0bIil KBAPKOBBIH TOK.
Cnalple pacniajsl JENTOHOB U aipoHOB. HecoxpaHeHue cTpaHHOCTH B €1a0bIX pacnaaax, THIoTe3a
Ka6u660. I'nnoresa cymiecTBOBaHUs YETBEPTOro KBapka, MexanusM I mmoy-Unnonynoca-Maitanu
MOJIaBJIEHUS CJa0BIX pPAaclaJoB KAOHOB. 3apsyKE€HHbIE M HEUTpalbHbIC JIEITOHHBIE U KBapKOBBIE
Toku. OTKpbiTHE W-, Z-0030HOB M HEHTpaNbHBIX TOKOB. DKCHEPUMEHTAIbHOE MOATBEPXKICHUE
cymectBoBaHusi 0030Ha Xwurrca (125 I'B). Pacnagsl HEMTpanbHBIX KAOHOB. YTUIBI CMENIMBAHUS
Ka6u660. Ocummisinuu CTPaHHOCTH, pereHepanys KaoHOB. MarTpuia CMEIIMBaHUS KBapKOB
Kab6un660-Kobasmmu-Mackasa.

Cnaboe B3zammogeiictBue. Crabble pacmajbl JISITOHOB, ME30HOB M 0apnoHOB. DEHOMEHOJIOTHS
AJIEKTPOCIIA0BIX B3aMMOACHCTBHM, MPOLECCH C 3apsSKEHHBIMUA U HEUTPATbHBIMH TOKAMH.

@u3uka HEUTPUHO: MACCHI, CMEIIMBAaHUE, OCUWLIALMUA. PaccesHue HEUTPUHO Ha DJIEKTPOHAX,
HYKJIOHaX U Spax.

AcTtpodusndeckue MUCTOUYHUKH HEUTpuHO. Ponb HEHTpUHO B acTpodu3WKE BBICOKHUX JHEPTHUH.
ConHeuHble HEUTPUHO M HEHUTPUHO OT CBEPXHOBBIX. METOJBI PEruCTpaliil acTpou3MUECcKuX
HEUTPHUHO.

CunpHoe B3aMMOJICHCTBHE. N3oTonnueckas MHBAapHUaHTHOCTh HYKJIOH-HYKJIOHHBIX
B3auMoieicTBuii. CHUJIBHOB3aMMOJICHCTBYIOIINE YaCTUIBI — agpoHbl (OapHOHBI, ME30HHBI,
pe3oHaHChl) U sApa. [Ipumepsl CHIBHBIX, €lIa0BIX M 3JIEKTPOMArHUTHBIX paclazoB aJpOHOB.
Crnekrpockonust aapoHoB. KBapkoBas cTpykTypa aapoHOB. LIBeT — cuibHBIA 3apsii KBapKOB,
[IFOOHBI KaK NEPEHOCUYMKHM CHIBHOTO B3aMMOJEUCTBUSA KBApKoB. IlonTBep:kIeHNE CyIIECTBOBAHUS
[[BETOBBIX CTereHell CBOOOIBI KBAPKOB (M WX JPOOHBIX 3apsijioB) B OSKCIEPUMEHTaxX IO
AHHUTWIIMK € € —> 11 e'e” — hadrons .

[IpyHIMIBI M METOIBI YCKOPEHMs 3apsDKEHHBIX 4acTHLl.  MeToabl IETEKTUPOBAaHUS YacCTHII.
IIpuMepsl ypaBHEHUN IBHKEHMS DPEISATHUBUCTCKOM 3apsyKEHHOM YacTULBl B 3JIEKTPOMAarHUTHOM
nosie. JIMHEWHbIE M LMKJIMYECKHE YCKOPUTENH DJJIEMEHTApHBIX 4YacTull U snep. LukimorponHas
4acToTa, CHHXTPOHHOE M3JIy4E€HHE. Y CKOPUTEIM Ha BCTPEUHbIX MycKax (Kosuaiiaepsl). bosbiioi
aJpOHHBIN KOJUTaAep.

Kocmuueckue myun n ux B3aumozeiicTBue ¢ armochepoit 3emiu. [llupokue armocdepHbie JIUBHU.
Pe3ynprarhl 3KCIEPUMEHTANIBHBIX HCCIEAOBAHUN JHEPreTUYECKOrO CIEKTpa U 3JIEMEHTHOrO
COCTaBa KOCMHUYECKUX Jydel. HazeMHble yCTaHOBKU ISl UCCIEA0BAHUSI KOCMUYECKUX JIY4EH.
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10.

11.

12.

13.

14.

15.

16.

17.

3. HEPEYEHbB BOITPOCOB JJIA ITIOAT'OTOBKH K
BCTYIIMTEJIBHOMY 2K3AMEHY

VYpaaenust nBuxkeHusi. OO000IIEHHBIE KOOPUHATHI, IPUHIUI HAUMEHBIIETO ICHCTBHSI,
byakuust Jlarpanxka. Cummerpuu. Teopema Herep. 3akoHbl cOXpaHEHUS DHEPTHUH,
MMITYJIbCa, MOMEHTA UMITYJIbCA.

Pacnag wactun, ynpyrwe croinkHoBeHus. CedeHHe paccestHUS dacTull, ¢opMmyna
Peszepdopna.

Manbie, konebanusi. CBOOOAHBIE U BBIHYXKICHHBIE OJIHOMEpPHBIE KojeOaHUs,
napaMmerpuueckuii pesoHanc. KonebaHusi cucTeM cO MHOTMMHU CTENEHSIMU CBOOOBI,
noJisipHbIe KoopAuHATHL. KonebaHus mpyu HaTM4uu TPEHUS.

Kanonnueckue ypaBHeHusi, ypaBHeHue ['ammiibToHa, ckoOku Ilyaccona, nelicTBue Kak
¢ynkuus KoopauHat, Teopema JlmyBwiuia, ypaBHeHuwe. [amumnbroHa—SKOOWH,
paszeneHne nepeMeHHbIX.

[IpeoOpaszoBanue Jloperma. PensTuBuCTCKas MEXaHUKA.

3aps B AJEKTPOMArHUTHOM MoJie. YeThIpeXMEpHbId MOTEHIMAN MOJid. Y paBHEHUS
JIBYOKCHHS 3apsifa B TOJIe, KamuOpoBOuHas (TpaJleHTHAs) MHBAPUAHTHOCTh. TeH30p
aNeKTpoMarHuTHOro noss. [lpeo6pazoBanue Jlopenua ams noss. IHBapuaHThI OIS,

VYpaBHEHUS BJIEKTPOMATHUTHOTO TOJs. YeThIpeXMEpHBI BEKTOp TOKa. YpaBHEHHUE
HENPEpbIBHOCTH. [IIIOTHOCTP M MOTOK 3Hepruu. TeH30p 3HEpPruu-uMiryjiabca. TeH3op
SHEPIUU-UMITYJIbCA HIEKTPOMATHUTHOIO MOJIS.

[Tocrosannoe 3nexkrpudeckoe noje. [locTosHHOE MAarHUTHOE 110J1€. MarHUTHBIM MOMEHT.
Teopema Jlapmopa.

[Tone aBmxymuxcs 3apsAoB. 3ama3asiBatoniue noreHuuansl. [lorenmuansr Jluenapa—
Buxepra. N3nyyeHue snekTpoMarHuTHBIX BOJIH. [loje cucTteMbl 3apsiioB Ha JAEKUX
paccrosiHUSAX. MyNbTUIIONBEHOE H3JIydeHue. V3mydeHne OBICTPOIABMKYIIETOCS 3apsijia.
Paccesitnue cBOOOIHBIMU 3apsiIaMu.

HopMmanbHas u anoManbHas aucrepcus. FM3o0pa3ute KapTUHY AUCIIEPCHH, TOTYIaeMYyIO
B CKpeLIeHHBbIX mpu3Max. [lomyuute B mepBOM MNpUOIMKEHHUH TEOPHUH IJUCIIEPCUU
BbIpaXXEHHE JUJIsi OruOaromieil CBETOBOTO HUMIYyJbCa U TPYIMIOBOH CKOPOCTH B
JIMCTIEPTUPYIOLLEH Ccpelie.

CranmapTHass KOCMOJIOTHYECKass MoJienb. 3akoH Xab60ma. Pacmmpenne BceneHHoit Ha
CTaAUSAX JTOMUHUPOBAHUSL BaKyyMa, U3JIyUCHHs U BEIIECTBA.
®dusnyeckue mnpoueccbl B paHHed Bceenennoil. 3akanka HelTpuHO. [lepBHYHBINM
HYKJICOCHHTE3. DTOoXa pEKOMOHWHAINS, PETUKTOBBIC (DOTOHBI, PEIIMKTOBBIE HEUTPHHO.

OCHOBHBIE TTOCTYJIaThl KBAHTOBOW MexaHUKU. [IpuHimn HeonpeneneHHocTu. [IpuHuun
cynepno3unuu. Oneparopbl. JMCKpETHBIM M HENpPEpBIBHBINA CIEKTPbl. ['aMUIbTOHUAH.
CranuvoHnapHble  cocTosiHus.  ['elizeHOeproBckoe  mpencrtaBieHue. COOTHOIIEHUS
HEOIPEIEIECHHOCTH.

Vpasuenue lllpeaunrepa. OcHoBHbIE cBoMicTBa ypaBHeHus Llpenunrepa. OnHoMepHoe
nBwxenue. OpHoMmepHblt  ocrwuiarop. IlnorHocts mnoroka. KBasukiaccuueckas
BosHOBasA ¢yHkuus. [Ipoxoxxaenue uepes 6apwep.

MowmeHT konuuecTBa ABMKEeHUA. COOCTBEHHbIE (YHKIMH U COOCTBEHHBIE 3HAUEHUS
MOMEHTa KoiudectBa ABWxkeHUs. YerHocts. CnoxkeHne MOMEHTOB. PaznoxxeHue
Kne6ma-I"opnana.

JIBmwxeHune B HeHTpajdbHOM mose. Cdepuueckue BodHBI. Pa3inokeHne MIOCKONH BOJIHBL
PanunansHoe ypaBHenue [lIpeaunrepa. AToM Bogopoa.

Teopusa Bo3MylieHuil. Bo3mymieHus, He 3aBHUcCAIIME OT BpeMeHW. llepuonmueckue
Bo3MylieHus. KBa3ukinaccuueckas TeOpus BO3MYIIECHHIA.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Cnun. Oneparop cnuHa. TOHKas CTPYKTypa aTOMHBIX YPOBHEH.

ToxaecTBeHHOCT, 4YacTul. CUMMETpHsi TpU TMEPECTAaHOBKE dYacTull. BTopuuHoe
KBaHTOBaHUE /7151 0030HOB U pepMuOHOB. OOMEHHOE B3aUMO/ICHCTBHE.

Atom. CoCTOSIHME AJIEKTPOHOB aroMa. YpPOBHHU 3Hepruu. CaMoCOTiiacOBaHHOE IIOJIE.
VYpaBuenue Tomaca—®@epmu. ToHKasg CTpPyKTypa aTOMHBIX YypOBHEW. J[BH>KEeHHE B
MarHuTHOM noJie. YpapHenue lllpeaunrepa A 1BUKEHUSI B MATHUTHOM I10JIE.

CronknoBenus yactun. OOmas teopus. @opmyna bopa. PezonancHoe paccesHue.
CTOKHOBEHME TOKJECTBEHHBIX YaCTHUL. YIPYroe paccessHue MpU HAIMYUHU HEYNPYTHX
npoueccos. Marpuua paccesnus. @opmyita bpeiita—Buraepa.

[IpuHuunbel  cTaTUCTUYECKON MexaHukd. DyHKIMS paclnpeiesieHuss M MaTpula
IUIOTHOCTU. YpaBHeHME M Teopema JlnyBwiuid. 3akoH BO3pacTaHus DSHTPOIUU.
MukpokaHoHnueckoe pacnpenenenue. Kanonnueckoe pacnpenenenue ['mdoca.

Tepmonunamudeckue BeaudyuHBL. Temrepatrypa. Pabota um koimuecTBO Teria.
TepMoanHaMUYECKUE OTEHIUAIIBI.

TepMmoauHamuka ujeanbHbIX Ta3oB. Pacnpenenenne Makcsemia-bonsimana. Teopema
paBHOpaCIpPEEIICHNUS.

Pacnipenenenns bo3ze-Diinmrelina u ®epmu-/lupaka. 3akoHbl HU3IIy4eHHUS] aOCOITIOTHO
yepHoro Ttena. Pacmpenenenue Ilnanka M gBa  €ro KJIACCHYECKUX IIpelena,
TEpPMOJMHAMHKA PaBHOBECHOTO (POTOHHOIO rasa.

TBepable Tenma, KojeOaHUS PpEHIETKH, B3aWMOJCHCTBHE HJIEKTPOHOB C PEILETKOMH,
(GhOHOHBI U APyTrUe KBa3U4acTUIbl. Mojens DiHIITeHa U Mozelb Jlebast TermioeMKocTH
TBEPJAOro Tena. BripokaeHHbIN 003e-ra3, KoHaeHcanus bo3e-DiHmiTelina.

UneanpHblii  epMu-ra3, ypaBHEHHE COCTOSHHS M  OOJIBIIMAHOBCKHUU  TIpened.
BBIpOKIEHHBIN DJIEKTPOHHBIA Ta3 W €ro TEPMOJMHAMHMKA B HEPEIATUBUCTCKOM U
yIABTPapeIsITUBUCTCKOM Ipeaenax. Ponb  BBIPOXKAEHHOIO JJIEKTPOHHOIO TIa3 B
YCTOMYMBOCTU THUIPOCTATHUECKOTIO PABHOBECHS 3BE3/bl —0OEIOro Kapiuka.

@azoBble mepexonabl Broporo pona. Teopus Jlangay. Kpurtudeckue HHAEKCHI.
MacmtabHast ”HBapuaHTHOCTh. DIYKTyalluu B OKPECTHOCTU KPUTHUYECKON TOUYKH.
PenaruBucTCcKass ~ KBaHTOBass ~ MEXaHMKa  DJJEKTpoHAa.  YpaBHeHue  Jlupaka,
HEPEJSITUBUCTCKUIM Tpenen ypaBHeHUs Jlupaka. DJNEKTPOH B MarHUTHOM I0OJ€, CIIHMH
JJIEKTPOHA. YpaBHEHHE Beilis, 1ByXKOMIIOHEHTHOE HEUTPHUHO.

KBantoBasi snexrpoguHamuka. IIpaBuna @eliHmana. Pacuer cedyeHM NPOIECCOB
paccessHUSL (POTOHOB Ha 3JEKTPOHAX HU3KHX M BBICOKMX SHEpPruil (KoMOToH-3)deKT u
00paTHBII KOMITOH-3(QDEKT), POKIACHUS e+€ -Tlap, TOPMO3HOTO MU3TyUEHHUS.
I'myGokoHeynpyroe paccesHHEe OSJIEKTpOHa Ha NPOTOHE, CTPYKTYpHbIE (YHKIUU
IPOTOHA, KBApK-IIAPTOHHAS MOJI€JIb, ObepPKEHOBCKHM CKEHIIUHT.

Krnaccudukanus sneMeHTapHbIX 4acTULl, MYJbTUIUIETHl YaCTULl, CAMMETPUN U 3aKOHBI
COXpaHEHHS.

S nepHble B3aMMOAEHCTBUS MIPU BBICOKMX AHEPrusix. BzauMoelicTBrEe SAEPHBIX YaCTHI]
U Y-KBAaHTOB C BEILIECTBOM, DHEPIeTUYECKUE MOTEPHU YACTUIl IIPU MPOXOKICHUHU UYepe3
BeniecTBo. Kocmuueckue Jiydu, MpOXOKIEHHE KOCMHUYECKUX Jydeil uepe3 atmocdepy
3emiu.

TepMmosinepubie peakiuu Ha CoJiHIIE, CBETUMOCTh U HEUTpHHHOE u3nydyeHue CoJiHIia.
Ouenka BpemeHnu xu3nu ColHLa.

KXJI xak kanuOpoBOYHAs TEOPHUS CHIBHBIX B3aUMOJCHCTBUH, aCHMIITOTHYECKAs
cB00Oa ¥ KOH(pAITHMEHT.

CunibHOe B3aumogeilicTBue. I3oTonnueckass WHBAPUAHTHOCTh HYKJIOH-HYKJIOHHBIX
B3auMoeiicTBuil. CriekTpockomnus aapoHoB. KBapkoBasi CTpyKTypa aJipOHOB, IIBETOBBIE
CTENeH! CBOOOJBI KBAapKOB, TIIIOOHBI KaK MEPEHOCYHKH CHIIBHOTO B3aUMOCHCTBUS.
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37.

38.
39.
40.

41.

[TonTBepxIeHNE CYIIECTBOBAHUS [IBETOBBIX CTEMEHEH CBOOOTBI KBAPKOB U APOOHBIX HX
3apsiI0B KBAPKOB B OKCIICPUMEHTAX I10 aHHUTHLIuK € € —> 4 (1 e*e” — hadrons .
denomeHonorus cinadbIXx B3amMmojeicTBuii, Teopus Depmu, V-A-teopus. Crnabbie
pacrnajbl JIENTOHOB, ME30HOB M OapuoHoB. Hecoxpanenue P- m C-ueTHOCTH B claObIX
B3aumojeiicTBusax. Hapymenne CP-uHBapuaHTHOCTH B pacnajax HEMTpalbHBIX KAOHOB.
®u3nka HEUTPUHO: TUPAKOBCKasi U MalOpaHOBKask Macca, CMELIMBAaHUE, OCIIUIUIALINH.
Paccesnue HENTPUHO Ha IEKTPOHAX, HYKJIOHAX U AAPAX.

AcTtpodusnueckue UCTOYHMKU HeWTpuHO. Heittpunnoe m3mydenue ComHna. MeTomabl
peructpanuu acTpoPpu3nIECKUX HEUTPHHO.

Kocmuueckue j1yun, raMMa-KBaHThI BBICOKMX SHEPTUM U METOJIbl UX PETUCTPALUU.
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