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1. COAJEP>XAHUE ITPOI'PAMMBbI

MexaHHKa

[TouaTus cusel U Macchl. 3aKOHbI HBIOTOHA ¥ PUHLIMIT OTHOCUTEeILHOCTH ['anunes.

3aKOH M3MEeHeHUS U 3aKOH COXPaHeHUsI UMITyJ/IbCa CUCTEMbI MaTepHaJIbHbIX TOYEK.

JlarpamxeBa MexaHWuKH, O000I11[eHHbIe KOOPAWHATHI, TIPUHI[UI HAUMEHBIIIEro JeMCTBUS, QYHKIIHS
Jlarpawxka. YpaBHenus Jlarpawka. Llukmuueckue KoopauHaTbl? CdopMyaupylTe 3aKOHBI
coxpaHeHus1 000OIIEHHOTO UMMy/Ibca W 00001eHHOM 3Hepruu. Cummerpuu. Teopema Hetep.
3aKOHBI COXPaHEeHHUs SHePruM, UMITYJ/IbCa, MOMEHTa UMITY/IbCa.

I/IHTEFPI/IpOBaHI/Ie ypaBHEHI/Iﬁ ABH>KEHMA. O,I[HOMEPHOQ ABYDKEHHE, TIpUBEeAEeHHadA MaCCa, JBH)KEHHE
B I€HTPa/IbHOM IIO0JIE. ,Z[BI/I)KEHI/IE B I€HTPA/IbHO-CMMMETPHUUYHOM I10J/1€, MHTEr'PaJibl ABU>KEHMHSI.

Ynpyrue CTOJKHOBEHHSI U pPacIiafi YacTHI], ceueHue paccesHusi, popmysia Pesepdopga.

Marnbie kKonebaHus. CBOOOZHbIE W BBIHY)K/I€HHBbIe OJHOMEDHbIe KosiebaHus, KojebaHWS TIpU
Ha/muuyd  TpeHus. Orpefie/ieHWe pe30HaHCa, TPUMeEpPhbl (U3UUYECKUX CHUCTEM, B KOTOPBIX
HaO/mojaeTcss pe3oHadc. KonebaHusi cMCTeM €O MHOTMMH CTeleHsSIMA CBOOO/BI, HOpMajibHbIe
KOOP/IMHATHI.

[IBr>keHWe TBepAbIX Tesl. YTJ/IOBasi CKOPOCTb, MOMEHT WHEPLIMA ¥ MOMEHT KOJMUYeCTBa /IBU)KeHUsI
TBep/bIX TeJsl. DiIepOBbI YIJIbl M YpaBHeHUs Jiepa.

TamMUIbTOHOBa MexaHuKa. O000IieHHast SHeprus, MocTpoeHre GyHKIMK ['aMUIbToOHA U3 QYHKLIUU
Jlarpanxa, npumepbl (GyHKIUM ['amunibToHa. KaHOHMUECKWe ypaBHEHHUsI [BWDKEHHsS, CKOOKH
[TyaccoHa, fAeiicTBHe Kak (DYHKIMST KOOpPZMHAT, TeopeMa JIMyBuiis. YpaBHeHue. ['aMuIbTOHa-
Axobwu.

[Tpuniyn  otHOCuTenbHOCTH. CKOPOCTH — paclpoCTpaHeHWsl B3auMoZeucTBuM. VIHTepBarn,
cobcrBeHHOe BpeMms. IIpeoOpasoBanue JlopeHija. IIpocTpaHcTBO MUHKOBCKOTO, pesiiTUBUCTCKast
MeXaHUKa.

Teopus noJis

3apsi, B 3/IEKTPOMarHUTHOM TioJjie. UeTbipeXMepHbIN TMOTEHLMaa T0Jis. YPaBHEHUS ABWKEHUS
3apsiila B T0Jie, KaJiMOpoBouHasi (TpaflueHTHAasi) WHBAPHUAHTHOCTb. TEH30p 37eKTPOMarHUTHOTO
niosist. ITpeobpa3oBanue JlopeHija /st ToJisi. IHBapHaHThI 37IEKTPOMArHUTHOTO TTOJISI.

[HeticTBYe /17151 37IEKTPOMAarHUTHOTO TI0JIsSl. Y paBHEHUs 3JIeKTPOMarHUTHOTO 1oJisi. YeTbipexmMepHbIv
BEKTOP TOKa. YpaBHeHUEe HemnpepbiBHOCTU. [IJIOTHOCTh M TOTOK 3HEPruy. TeH30p >SHepruu-



HUMITYJIbCd. TEH3OP SHEPTUU-UMITYJ/IbCa 3JIEKTPOMAI'HUTHOTI'O T10JIA.

[TocTosiHHOe 371eKTpoMarHuTHOe rose. 3akoH KysioHa. DJieKTpocTaTuyeckass SHeprusi 3apsifjoB.
JunonbHelid MOMeHT. My/bTUIONbHBIE MOMeHThI. CHcTeMa 3apsijoB BO BHeLIHeM IIOJe.
[TocTosiHHOE MarHUTHOe ToJie. MarHUTHBI MOMeHT. Teopema Jlapmopa.

OJleKTPOMarHuTHbIe BOJIHBL. BosHOBoe ypaBHeHue. I[lnockve BosHBL MOHOXpOMaTHuecKast
miockast BosiHa. CrieKTpajbHOe passiokeHHe. Ilo/sipu3aljioHHble XapaKTePUCTHKU H3/TyuyeHUs.
Pas3sioykeHre 371eKTPOCTaTUYeCKOTO T0JIsi TI0 TUIOCKUM BOJIHaM, COOCTBeHHbIe KoeOaHusl 1oJIsl.

[Tone aBwKyIMXCS 3apsifjoB. 3ara3jbiBaroiue noteHuasbl. [ToreHimansl JlInenapa— Buxepra.
N3nyuenne »sn1eKTpoMarHUTHbIX BOAH. [lose cucremMbl 3apsloB Ha [aJeKUX pPaCCTOSHUSIX.
MynbTUTIONBHOE U3MyueHHe. PaccesiHue 3/1€KTPOMAarHUTHOM BOJHBI Ha CBOOOJHBIX 3apsiiax.
W3nyueHue ObICTPOABIKYLErocsi 3apsifa. M3nmyuenue BaBumoBa — UepeHKOBa, ero CIEKTp U
aMIUIUTYHO-YTJIOBbIe XapaKTepUCTUKH.

[Br>keHWe yacTULbl B TPAaBUTAL[MOHHOM Ti0jie. YpaBHEHUsS] TPaBUTAl[MOHHOTO mMojsi. TeH3op
KpUBU3HBI. [leiiCTBHe /il T'DaBUTAIMOHHOTO T10Ji. TeH30p 3SHepPruu-wMITyJ/ibCa. YpaBHEHUs
OHUHINTeNHA.

HepenaruBucrckuii  mpefien  ypaBHeHMM  OWHIITeliHa. 3akoH Hbrotona. lleHTpasbHO-
CMMMeTpPUYHOe TpaBUTaliMOHHOe nose. Metpuka [lIBapimmibsga. ['paBUTal{MOHHBIN KOJIIAMC.

Habntomaembie  3ddektei OTO B  HBIOTOHOBOM U TOCTHBIOTOHOBOM  MPHUO/IVDKEHUU
(rpaBUTALIMOHHOE KpAaCHOe CMellleHWe, OTKJIOHeHHe Jlyua CBeTa, 3a/lep)KKa CUTHasa, MpeLeccust
T'MPOCKOTIIa, TIperjeccysi opouT miaHeT). I'paBUTAlMIOHHBIE TUH3BI.

PensrtuBucTckasi kKocMosiorusi. OTKpbITasi, 3akpbiTas M IUIOCKasgs Mofenu. 3akoH Xabb6ia.
Pacumpenyvie BceneHHoO# Ha cTa/iusiX ZJOMUHUPOBAHUS U3/yUYeHHs], Bell{eCTBa U BaKyyMma.

®dusnueckre TIpollecCbl B paHHel ropsiueli BceneHHoW. 3akanka HeMTpuUHO. IlepBUYHBIM
HyK/eocuHTe3. PekombuHal[usi, peTMKTOBbIe (DOTOHBI. TemMHast SHeprusi U TeMHasi MaTepusl.

KBanToBas ¢usuka

OCHOBHBIE TIONIO’K€HUSI KBAHTOBOW MexaHWKW. [IpuHumMn HeoripenesneHHOCTH. [IpuHLMMN
cyneprio3utiuv. Omneparopbl. [IWCKpeTHbIA U  HeNpepbIBHBIM  CreKTpbl. ['aMUIbTOHUAH.
CraroHapHble COCTOSIHUSA. [etizeHOeproBCcKoe Tripe/iCTaBJ/IeHUe. CooTHomeHus
HeoIpe/ie/IeHHOCTH.

YpaBHenve Ilpeagunrepa. OcHoOBHble cBolcTBa ypaBHeHusi Illpeaunrepa. OpHOMepHOe
aBwkeHre. OpHOMepHbIM ocuwuiATop. IlnoTHOCTh moOTOKAa. KBasukiacchueckasi BOJTHOBast
byukuys. TTpoxoxkaeHue uepes bapbep.



MomeHT KomuuecTBa ABWKeHHs. CoOCTBeHHble (YHKIUM U COOCTBEHHbIE 3HAUeHHsT MOMEHTa
KosyecTBa /iBwkeHus. YeTHOCTh. CrioxkeHre MOMeHTOB. Pa3noxxkenne Krebia-I"opana.

HOewkenve B 1leHTpasibHOM moje. Cdepuueckre BoMHBL. Pa3no)keHue TIJIOCKOM BOJHBI.
PapuaneHoe ypaBHeHue Illpesunrepa. AToMm Bogopoza.

Teopust Bo3MyllleHMI. Bo3myllleHus, He 3aBucslue oT BpeMeHU. [leprosryeckre BO3MYyILLeHUS.
KBasuknaccuueckast Teopysi BOSMYILIEHUH.

CriuH, omepatop crvHa. ToXJeCTBeHHOCTb YacTull. BTopuyHOoe KBaHTOBaHWe /i1 O030HOB U
dbepmroHoB. OOMeHHOe B3aMMO/eHCTBHE.

AtoMm. CocTosiHMe 3/IeKTPOHOB aToMa. YPOBHM 3Hepruy. CamocorsacoBaHHOe Tiojie. Y paBHeHue
Tomaca—®epmu. ToHKasi CTpPyKTypa TOMHBIX YpOBHel. [Tepuogruueckasi cuictema MeHiesieeBa.

L B>KeHre B MarHUTHOM mioJie. Y paBHeHue LlIpeavHrepa i/is ABWKEHHS B MarHUTHOM T10J1€.

CronkHoBeHus yactutl. Obmmasi Teopust. Popmyna bopa. PesoHaHcHOe paccesiHre. CTONKHOBeHHE
TOXK/EeCTBeHHbIX YaCTULl. YTIpyroe paccessHUe MPU HaJW4YUM HeyIpyrux mpoLeccoB. Matpura
paccessHus. @opmyJia bpelita-Burnepa.

CrarucTuyeckasi pusuka

OCHOBHbIE TIPUHLIAIBI CTaTUCTUUECKOH MexaHuKH. DYHKI[US pacripeie/ieHdsi W MaTpHiia
rwioTHOCTH. CTaTUCTAYeCKash He3aBUCUMOCTh. TeopeMa JInyBus. 3aKOH BO3PACTAHUS SHTPOITHH.
MMKpPOKaHOHHYECKOE pacrpe/ie/ieHre, KaHOHMUeCKOe W 0OJIbIIoe KaHOHUYEeCKOe PacIpe/ieIeHus
T'ub6ca.

TepMoavHaMUUecKre BesqMuuHbL. Temrepatypa. Pabota u kommuecTBo Teruia. IlepBoe u BTOpOe
Hauasia TepMmoguHaMuKu. Teopema HepHcra. CBoOogHasi 3Heprus, XUMHUECKWH MOTEeHLMAI,
Jpyrve TepMOAUHamMUyecKye MOTeHLManbl. TepMmofvHaMuueckue HepaBeHcCTBa. IIpunnun Jle-
[Tartesnse.

da30Bble repexo/pl U KpUTUUeckue siByieHust. Pa3oBbie Tiepexo/ibl BTOPOTO poja, Teopust JlaHay.
Kputnueckrie uWHAeKCh. MacmrabHass WHBApHAHTHOCTh. DyKTyal[uMi B  OKDPECTHOCTU
KPUTHUYECKOW TOYKH.

Pacripenenenvie  MakcBemnia-bosibiMana.  TepMoavMHaMMKa  MeajibHbIX ra30B, Teopema
paBHOpacnpegenenusi. CToJKHOBeHHe MoJieKysa. HepaBHOBeCHBIM HjeanbHbIM ra3. KuHeTuueckoe
ypaBHeHHe bosibliMaHa v ero craiuoHapHoe perieHue. H-reopema bosibijMaHa.

Pacnipesienenuss ®epmu-/lupaka 1 bose-DiiHiTeliHa. BbIpoKaeHHBIM HjeanbHbId (epMu-ras.
WpeanbHbll (pepMU-ra3, ypaBHeHHE COCTOSIHUSI W OOJbLIMAHOBCKUM TIpejiesl. BBIPOKIeHHBIN



3JIEKTPOHHBIM Ta3 M €ero TepMOJVHAaMHKa B HEpPEeJSTUBUCTCKOM U YJ/bTPapensiTUBUCTCKOM
npefenax. Posib BBIPOXKJEHHOTO 5/IEKTPOHHOTO Tra3 B YCTOWYMBOCTM  THPOCTaTUUECKOTrO
paBHOBeCHsI 3Be3/IbI J6€/I0r0 KapJiuKa.

3aKOHBI H3/1ydeHus abCoJII0THO UEPHOI'O TeJla. Pacnpe,qeneHHe IInanka mn ABd €ro KjIdaCCU4YeCKUX
npenesjia, TepMOAMHAMHKA PABHOBECHOI'O q)OTOHHOFO rasa.

TBep/pie Tena, KoyiebaHUsS PeIIeTKH, B3aUMO/IEMCTBHE 3/IEKTPOHOB C PelleTKo, OHOHBI U IpyTHe
KBa3WyacTUIpl. Mojenb OWHINTeMHa W Mofenb [ebass TeTUIOEMKOCTH TBEpAOTO Tejla.
BrIpokieHHBIN 003e-ra3, KoHzeHcals bo3e-OiiHmretina. CiiaboHenaeanbHbId 603e-ra3. Mojenb
Boromto6oBa. CriekTp Bo306yxaeHuii. CBepxTeKydyecTb. KBaHTOBbIE BUXDU.

CeepxmnipoBogumocTb. KymnepoBckoe criapuBaHue. Teopusi Bapauna—Kynepa—Illpuddepa
(BKIII). Teopus Jlonponos. Teopusi ['mH30ypra-Jlangay. CBepXIpOBOJHUKY TIEPBOTO U BTOPOTO
poaa. Oddekr [Ixo3edcoHa.

Cucrembl pa3mnuHbiX yactui]. [IpaBuno ¢a3. Cnabeie pactBopel. CMech uieanbHBIX ra3oe. CMech
M30TOMOB. XUMHYeCKHe peakluu. YCJIOBUe XUMMUEeCKOTrO paBHOBeCHsi. 3aKOH [AeUCTBYHOIIUX
macc. Teniorta peakiyu. ToHU3alMOHHOE pPaBHOBECHE.

CranjgaptHas Mopenb (KBaHTOBasi Teopus IoJiei)

JlarpawkuaH ypaBHeHHUSI [IBWKeHUsI CBOOOJHBIX mosied. CHMMMeTpUU JiarpaH)KuaHa U Teopema
Herep. CkansipHble mons, ypaBHeHue KrneiiHa-I'opgoHa. KBaHTOBaHHe CBOOOJAHBIX TIOJIEH.
Anrebpa TokoB. [IuckpetHbie cuMMeTpuH. CBsi3b CIiHa co cTatucTukol, CPT-Teopema.

KanmbpoBouHasi WHBAPUAHTHOCTh KakK JUHAMWUYECKMM TIPUHLIAI  TIOCTPOEHUsST TEOPHH
B3aMMO/IEMCTBUSL  YaCTHML W Tojiell. DJeKTPOoJWHAMUKA KakK KanuOpoBOUHasl — Teopws,
6e3maccoBocTb oToHA. JIarpaH)KHaH U ypaBHEeHUs KIaCCUUYeCKOU 31eKTpoArHaMUKU. KBaHTOBast
snekTpojuHaMuKka. [IpaBusna PeiiHmaHa. PacueThl TpoiieccoB B KBAaHTOBOW 3/IeKTPOJMHaMUKe:
KOMITTOH-3()(eKT, TOPMO3HOE U3TyUeHHe, POXKAeHHe e e™-Tap.

JlokaneHasi HeabenmeBa cummetpuss SU(2). Ilons Sura-Mwmiica. CrioHTaHHOe HapyllieHHe
CcUMMeTpuH, MexaHu3M Xwurrca. CTaHapTHasi MOZe/Tb 3/IeKTPOC/IabbIx B3auMoeicTBuid. ObIjas
CTPYKTYypa JlarpaHkMaHa 3J1eKTpPOoC/iaboro B3aMMO/IeNCTBYSI, CBOMCTBA KamMOPOBOUHBIX O030HOB,
COOTHOLLIeHUSI MeXXY KOHCTaHTaMU CBSI3U YaCTHLI.

CooTBeTCTBHE MeX/y JIeITOHAMU ¥ KBapKaMH, YMC/I0 MoKojeHnd. Heo6X0AMMOCTb CMeIlBaHus
KBapkoB, marpuila Kabub66o-Kobasiimm-MackaBa. Hapymienne CP-WHBapHaHTHOCTH B pacriaziax
HeUTpanbHbIX KAOHOB

CrieKTpOCKOIKsI aZjpOHOB, YHUTApHasi CUMMETPUS U a/IpOHHbIE MYJIbTUILIEThI. ['MioTe3a KBapKOB.



['myboko-Heynpyroe paccesiHve 371eKTPOHA Ha IPOTOHe, CTPYKTYpHbIe GyHKIMHU. KBapK-TlapToHHAst
MOJle/lb CW/IbHOB3aMMOJIEHCTBYIOIMX 4YacTUll, rurore3a LBera. KBaHTOBas XpOMO/JVHAaMMKa,
KBapKU U IJIFOOHBI, KBAHTOBOE YHC/0 “LiBeT”. D¢ (eKTUBHbIN 3apsi/ B KBAHTOBOW 3/1eKTPOAVHAMUKE
u KX/I. AcumnroTuueckasi cBo060/1a U KOH(halHMEHT.

®du3uKa aTOMHOI0 AApPa U 3/1IEMEHTAPHBIX YdCTHI]

OcHOBHbIe XapaKTepUCTUKUA aTOMHBIX si/iep. KBaHTOBbIe XapaKTePUCTUKH SiZIePHBIX COCTOSTHUM.

SlnepHble cunbl U MX CBoMcTBa. Mogenu siiep: mMofenb 000si0uek, KarejbHasi MO/iesib, MOJeslb
depmu-raza. OCHOBHBIE  TIOJIOXKEHUs  sIIEPHOM  Mofenu  000JI0YeK,  JKCIIepUMEHTHI,
TIOATBEPyKAaroIIe 000I0UeuHy0 Mojienb siapa. OJHOUAaCTUYHbIE U KOJITIEKTUBHBIE BO30YKIeHUs

sapa.

PajyoakTUBHBIe MpeBpallleHus sjep, -pacnaj, -pacrafl, -usaydyeHue. Pe3oHaHCHOe MOIJIOLeHUe
-KBaHTOB sifipamu, 3¢ ekt Meccbayapa.

[enenvie u cuHre3 snep. fAnepHas sHeprus. Peakropbl. fizepHble peakiuu Moj AeWCTBUEM -
KBAaHTOB, IPOTOHOB, HEUTPOHOB M - YacTul]. [JelTPOH U ero CBOMCTBaA.

SnepHble B3aMMO/1eliCTBUS TIPU BBICOKUX SHEPrusixX. B3auMozieiicTBYe sijepHbIX YaCTUL] U -KBAHTOB
C BeIeCTBOM, HepreTuueckKre roTepy YaCTUL] TIPU MPOX0XKAEHUU uepe3 BeleCcTBO.
Kocmuueckue nyuu, IpoxXoskJeHre KOCMUUeCKUX Jiyueil uepe3 atMocdepy 3eMu.

SlnepHble peakliy B 3Be3flaX U SBOJIIOLMU 3Be3fl. Peakiyy 1o, AeiiCTBMEM HEWTPOHOB, I- U S-
TMpPOLIeCChl, BHYTPU3BE3HbI CUHTE3 XUMUUYECKUX 371eMeHTOB. TepMosiiepHble peakiiuu Ha ComHie,
CBETHMOCTh U HeUTpUHHOe u3nydyeHue CoJHIIA.

OneMeHTapHble 4YacTULbl U WX B3aumogelcTtBus. Knaccudukaims uactul] [IpocTpaHCTBeHHO-
BpeMeHHble CUMMETPUU (HempepbiBHbIE U AUCKPETHbIE) U JIOPEHL-WHBAPUAHTOCTh, BHYTPEHHHE
CUMMETPWU Y BHYTPEHHMe KBaHTOBble uucsia (CMWH, W30CIHH, JIENTOHHbIE YKC/Ia, OaproHHOe
YMCJI0, apOMAT, LIBET), 3aKOHbl COXPaHEeHHs.

PensgTuBMCTCKasi KBAHTOBasi MeXaHHUKa 371eKTpPOHA. Y paBHeHue [lrpaka, Hepe/lsiTUBUCTCKUM Tpesien
ypaBHeHUs1 [lupaka. D/eKTPOH B MarHUTHOM TI0jie, CIIMH 3J/IeKTpPOHa. YpaBHeHWe Beiins,
JByXKOMITOHEHTHOE HEUTPUHO.

deHomeHoorus C1abbix B3auMogelicTBrid, Teopusi Pepmu. Hecoxpanenme P- u C-yeTHOCTH B
cs1abbix B3auMo/ieiicTBusix. (V-A)-Teopus, CTPYKTypa C1abbix TOKOB, C/1a0blii KBADKOBBIM TOK.

Cnabble pacriaZibl JIENITOHOB M a/[pOHOB. HecoxpaHeHHe CTPaHHOCTH B C/1a0BIX pacriaziaX, TMIoTe3a
Kabub6o. T'mmoTe3a cyllecTBOBaHUSI UYeTBEPTOro KBapKa, MexaHW3M [smoy-Unuornysioca-
Maiianu mofiaBieHHst C1a0BIX pacriafioB KaOHOB. 3apsDKeHHble W HeWTpasbHble JIeMTOHHBIE U
KBapKoBble TOKU. OTKpbITUe W-, Z-0030HOB W HeUTpa/lbHBbIX TOKOB. OJKCIIePUMEeHTaTbHOe
T TBePXK/IeHHe CyIecTBoBaHUS 0030Ha Xurrca (125 I'3B). Pacnazibl HeUTpabHBIX KAOHOB. YTJIbI



cMervBanus Kabn66o. OCLuIALMU CTPAHHOCTH, pereHepalysi KaOHOB. MaTpuija CMeIlUBaHHUsS
kBapkoB Kabn660-Kobasmm-Mackaga.

Cnaboe B3aumogerictBue. Crabbie pacriazibl JeNTOHOB, Me30HOB W 0aproHOB. PeHOMeHOIOoTHs
3/1eKTPOCTa0bIX B3aUMO/IEHCTBHUM, TPOLIECCHI C 3apPSPKEHHBIMU M HEMTPaIbHbIMU TOKAMH.

®du3rKa HEUTPUHO: MacChl, CMeEIVBaHWe, OCLWUISILMA. PaccesHre HEWTPUHO Ha 3/I€KTPOHAX,
HYKJIOHAX U SifIpax.

AcTtpodu3snueckue HWCTOYHUKU HEUTPUHO. Pojb HEMTPUHO B acTpo(u3MKe BBICOKHMX 3SHEprui.
ConHeuyHble HEWTPUHO U HEUTPUHO OT CBEPXHOBBIX. MeToJbl perucrpanuu acTpopu3nuecKux
HEUTPHHO.

CunbHOe B3aUMO/IeICTBHE. N3otonunueckas VHBapHUaHTHOCThb HYKJIOH-HYKJIOHHBIX
B3auMo/ieiicTBuid. CH/IbHOB3aMMOZEHCTBYIOI[E YaCTUI[bI — aJpOHbl (0apyUOHBI, Me30HBI,
pe3oHaHChl) U sifpa. IIpuMepbl CWIBHBIX, CMa0BIX W 3/IEKTPOMArHUTHBIX pacrajoB aZJpOHOB.
CriekTpockomnusi afipoHOB. KBapkoBasi CTPyKTypa aJpoHOB. lIBeT — cuibHBIA 3apsy, KBapKOB,
TJIFOOHBI KaK MepeHOCYMKY CUJIBHOTO B3aMMO/IeMCTBUSI KBapKOB. [1oTBep)K/jeHre CyllleCTBOBaHUs
I[BETOBBIX CTereHel CBOOO/AbI KBapKoB (M WX [JPOOHBIX 3aps0B) B JKCIepUMeHTax II0
AHHUTWISILIUM e'e — U’ e’e” - hadrons.

[TpyHIMIIBI ¥ MeTOABI YCKOpPEHMsI 3apsDKeHHBIX 4YacThll. MeTofpl [eTeKTMpOBaHUSl 4YacCTHLI.
[TprMepb! ypaBHeHWW [ABWKEHUs PeTUBUCTCKOM 3apsDKeHHOM 4YaCTULIbl B 3/1eKTPOMarHUTHOM
nosie. JIvHeNHble Y LMK/IMYECKHe YCKOPWUTEeIW 3/1eMeHTapHbIX 4YacTul W spaep. LluknoTponHas
4yacToTa, CUHXTPOHHOE U3/y4YeHue. Y CKOpUTe/IU Ha BCTPeuHbIX Myckax (Kosularzepsl). bosbiion
aZIpOHHBIN KOJlIanzep.

Kocmuueckue nyur v Ux B3auMogielicTBUe ¢ aTMocdepoid 3emu. [llupokue atmocdepHble JMBHU.
Pe3ynbTaThl 3KClIepUMEHTA/TbHBIX MCC/Ae[0BaHUN SHEPreTUYecKOro CrHeKTpa U 3/eMeHTHOro
COCTaBa KOCMHYeCKUX jyuyeld. HazeMHble yCTaHOBKM [i/1s1 UCC/IeJl0BAHUS KOCMUYECKUX JTyYeu.
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2001.

16. OxkyHs JI.b. KBapku u sienitoHel. M.: Hayka, 1990.

17. TetpuHa, [. f._ KBaHToBas Teopusi nonst. - M. : Jlubpokowm, 2014.

18. Muukcon K., 3106ep 2K.-b. KBanrosasi Teopus rosisi. B 2 7. M.: Mup, 1984.

19. Patifiep JI. DnemeHTapHble YaCTULlbl U ciMMeTprd. M.: Hayka, 1983.

20. Knoys @. Keapku u naprossl. Beesenue B Teoputo. M. Mup, 1982
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22. Yenr T.-I1, JIu JI.-®. KammbpoBoyHsie Teopun B (pr3vKe 3/1eMeHTapHbIX YacTul]. M.: Mup,
1987.

JTonoJIHUTeILHAad JUTeparypa:

1. npyparin @. KBanToBas xpomoguHamuka. M.: Mup, 1986.
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5. Myxun K.H. DxkcriepumeHTanbHas siepHas ¢usvka. T3. ®usuka sneMeHTapHbIX yacTull. C-
[Tetepbypr-MockBa-KpacHogap: Jlaub, 2008.
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3. POPMA ITPOBEJEHNA BCTYIINTEJIBHOI'O NCITBITAHNA

DK3aMeH MpOBOAUTCA YCTHO I10 ouneram.

4. IIEPEYEHD BOITPOCOB JIA ITOAI'OTOBKHU K
BCTYIIMTEJIbBHOMY OK3AMEHRY

YpaBHeHust aBKeHUs1. O000IeHHbIe KOODUHATHI, MPUHLIAIT HaMMEHBIIIEero JIeHCTBYS,
¢ynkuus Jlarpanwka. Cummerpun. Teopema HeTep. 3akoHbl COXpaHeHMsSI 3HEpPIUH,
HMMITy/IbCa, MOMEHTa UMITYJ/IbCa.

Pacnag uvactui, ynpyruve crtonkHOBeHMsl. CedeHue paccesiHUsI 4YacTull, (opmysia
Pesepdopa.

Marnbie, Kosiebanus. CBoOOgHBIE W  BBIHY)KJEHHble OJHOMEpHble KoyiebaHwUs,
rapameTpuueckuii pe3oHaHc. KosebaHusi cucTeM CO MHOTHUMM CTeTieHSMUA CBOOO/BI,
ToJIsIpHbIe KoopAuHaThl. KosiebaHust 1py HalMuuy TPeHusl.

KaHoHnYecKue ypaBHeHUs, ypaBHeHHe ['amuibToHa, ckoOku IlyaccoHa, felicTBue Kak
¢byHKIMsST  KoopAuHAT, TeopeMa JIuyBwins, ypaBHeHWe. ['amuiabroHa—SIKOOH,
paszienieHue repeMeHHbIX.

ITpeobpa3oBanue JlopeHiia. PesisiTUBUCTCKasi MeXaHHKa.

3apsi;, B 3/IeKTPOMAarHUTHOM Tiosie. YeTblpexMepHbIM MOTeHLMan MoJs. Y paBHEHUS
JBIDKEHUsI 3apsifa B I0J/ie, KaauOpoBOYHas (rpajiieHTHasl) WHBAPHMAHTHOCTH. TeH30p
3/1eKTpOMarHuTHOro mosisi. [Ipeobpa3zoBanue JlopeHtia Ayist 1osisi. VIHBapyaHTHI MMOJIS.
YpaBHeHHs1 3/7eKTPOMAarHUTHOrO Iouisd. YeTblpeXMepHbIM BEKTOD TOKAa. YpaBHeHHe
HemnpepbIBHOCTH. [I71OTHOCTE M MOTOK 3Hepruu. TeH30p 3Hepruu-ummysbca. TeH3op
SHEepPryUr-KUMITy/IbCa 3JIEKTPOMarHUTHOTO MOJIS.

[TocTostHHOE 3/1eKTpUUeckoe mosie. [TocTossHHOe MarHUTHOe Tosie. MarHUTHBIA MOMEHT.
Teopema Jlapmopa.

[Tone pBWXYIIMXCA 3aps/ioB. 3amnasfblBarollye rnoreHuuansl. [loTeHnuans!l JlneHapa—
Buxepra. V3nyuyeHue 31eKTpOMarHUTHbBIX BO/H. [lose cuctemsbl 3apsioB Ha JaneKux
pacCTosIHUSX. My/bTUTIONBHOE W3/TyueHUe. V3jmyueHre OBICTPOJBIDKYIIETOCS 3apsifa.
PaccesiHre cBOOOZHBIMU 3apsilaMHu.

HopwmasnbHast ¥ aHOMasibHas ucrepcrs. M300pasurte KapTUHY AMCIIEPCHH, TIOyYaeMyro
B CKpellleHHbIX Tpu3Max. [losiyuuTe B TIepBOM TIPUOJMKEHUH TeOpUW [JUCTIEPCUA
BbIpa)KeHUe [/ OTHMOAIoL[ell CBEeTOBOTO WMITyJibCa W TPYMIOBOM CKOPOCTH B
JICTIeprupyIoLLel cpefie.

CraHzapTHasi KOCMOJIOTUYECKasi Mofiesib. 3aKOH Xa0b6sa. Pacmmpenne BceneHHol Ha
CTafusIX JOMUHUPOBAHUS BaKyyMa, U3/y4yeHHUs U BelecTBa.

dusnueckre Tpolecchl B paHHed BceneHHoW. 3akaska HeWTpuHO. [lepBUUHBIN
HYK/IeOCHHTe3. Jroxa peKOMOMHaLMsl, peIMKTOBbIe (POTOHBI, PeJTMKTOBbIE HEMTPUHO.
OcHoOBHbIE TOCTY/IaThl KBAHTOBOW MexaHWKM. [IpuHIMN HeomnpezeneHHOCTU. IIpuHLMN
cynepno3unyy. OnepaTopel. [JMCKpeTHbIM W HeNpepbIBHBIM CIEKTPbl. ['aMU/IbTOHMAH.
CraioHapHble  cocTosiHusi.  [eiiseHOeproBckoe — mipeActaBieHye.  COOTHOIIEHUS
Heornpe/e/IeHHOCTH.

YpaBHenue Illpegunrepa. OcHoBHbIe cBoMcTBa ypaBHeHus1 lllpenunrepa. OgHoMepHOe
nBwkeHre. OpHOMepHbIM ocuwsATOp. [lnoTHocTh moTOKAa. KBasuknaccuueckas
BosiHOBas (pyHKuus. [TpoxoskieHue uepe3 6apbep.

MomeHT KosimuecTBa ABWKeHHs. CoOCTBeHHble (GYHKIMM U COOCTBEHHbIE 3HAUeHHs
MOMeHTa KoiuuecTtBa [JBWkeHUs. YerHocTb. CriokeHMe MOMEHTOB. PasjioxeHue
Kne6wa-I"opaaHa.
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[BwxeHue B 1jeHTpanbHOM Tosie. Cdepuueckre BoJIHBL. Paso)keHue MI0CKOW BOJIHBI.
PaguanbHoe ypasHeHue [llpeguHrepa. ATom Bof0Opoza.

Teopusi Bo3myleHUH. Bo3myieHus, He 3aBucsive OT BpeMeHH. [lepuoguueckue
BO3MyllleHUsl. KBasuknaccrueckast TeOpusi BO3MYILLEHUM.

CnivH. OnepaTtop cnivHa. TOHKasi CTPYKTypa aTOMHBIX YPOBHEH.

ToxpgectBeHHOCT, 4yacTull. CHUMMeTpuUs IIpU IlepecTaHOBKe 4acTull. BropuuHoe
KBaHTOBaHUe [iyisi 6030HOB U epMroHOB. OOMEHHOe B3auMO/IeHCTBHE.

AtoMm. CocTosiHUe 3/IeKTPOHOB aroma. YPoBHU 3Hepruu. CamocorsacoBaHHOe IIOJe.
YpaBuenrne Tomaca—®epmu. ToHKasg CTpyKTypa aTOMHBIX YpPOBHeW. [IBiykeHue B
MarHuTHOM noJjie. YpaBHeHue llIpeaunrepa /i [BUKeHHsI B MAarHUTHOM I10J1€.
CronkHoBeHusi vactui]. OOmjas Teopus. ®opmysna bopa. Pe3oHaHCHOe paccesiHue.
CTONKHOBEHHE TOXKJECTBEHHBIX YaCTUL|. YTIpyroe paccesiHue INPU HaJIAYMU HeyIIPYTUxX
nporjeccoB. Marpuua paccessuust. @opmyiia bpelita—Burnaepa.

[IpyHLMIIBI ~ CTaTUCTUUECKOM MeXaHWKU. DyHKIUSI pacrpefeneHds W MaTpula
IUVIOTHOCTU. YpaBHeHWe U Teopema JInyBu/ig. 3aKOH BO3pacTaHUs SHTPOIUU.
MuKpokaHOHHUecKoe pacripesierieHre. KaHoHnueckoe pacripeziesieHre ['n66ca.
TepMoguHaMHUeckre BeluuMHbL. Temmepatypa. Paborta W KO/JIMYeCTBO Terla.
TepmogrHaMUueCKue TIOTeHLUasIbI.

TepmoauHamuka ujeanbHbIX ra3oB. Pacripenenenve MakcBessia-bonbumana. Teopema
paBHOpAcIIpe/eeHusl.

Pacripeenenust bo3ze-OiiHinTeliHa 1 ®epmu-/Inpaka. 3aKOHBI H3/TyueHHs] aOCOTFOTHO
yepHoro Tesna. Pacmpesenenue IlnaHka ¥ JBa ero KjJacCUYeCKUx IIpefera,
TepMOJMHAMKKa paBHOBECHOTO (DPOTOHHOTO rasa.

TBep/ple Tesa, KosiebaHWs pelleTKH, B3aUMO/IeCTBHE IeKTPOHOB C PeIeTKOU, (POHOHBI
W Jpyrde KBasuuacTWlbl. Mojens  JWHIUTeliHa W Mofenb [lebasi TeryioeMKOCTU
TBEp/OT0 Tejla. BhIpoXKIeHHbIN 003e-Ta3, KOH/jeHcalus bo3e-DHHINTelHHa.

WpeanvHblii  (epMU-ra3, ypaBHEHWE COCTOSSHUSI U OOJIBLIMAHOBCKWIA  TIpejien.
BBIpOXK/IEHHBIM 3/7eKTPOHHBIM Ta3 U ero TepMOJVHaMUKa B HEpPeISTUBUCTCKOM U
y/IbTPapesITUBUCTCKOM IpefesiaX. Poiab  BBIPDOXKAEHHOIO 3JIeKTPOHHOIO ras B
YCTOMUMBOCTH THAPOCTAaTHUECKOTO PaBHOBECHSI 3Be3/IbI }6€/10ro Kap/vka.

@da3oBble TmepexoAbl BTOporo poga. Teopusi Jlanzgay. KpuTuueckue WHIEKCHI.
MacirabHast ”YHBapUAaHTHOCTb. DJIyKTyallii B OKPeCTHOCTU KPUTUUYECKON TOUKH.
PenatuBuCTCKass ~ KBaHTOBasg ~ MeXaHMKa  3/IeKTpPOHA. YpaBHenue  [lupaka,
HepeJIITUBUCTCKUIN TpeZie/l ypaBHeHUs1 [lupaka. DeKTPOH B MarHUTHOM TMOJje, CIWH
3/IeKTpPOHA. Y paBHeHue Beiisis, JByXKOMIIOHEHTHOE HEUTPUHO.

KBaHToBasi 3nekTpogvHaMmuKa. [IpaBuwia ®eiiHmaHa. PacueT ceueHuii mNpoIECCOB
paccesiHusi (DOTOHOB Ha 3/IeKTPOHAX HU3KUX W BBICOKUX SHepruii (KOMOTOH-3()QeKT u
obOpaTtHbIit KOMOTOH-3()(EKT), poXKAeHUs e+e -11ap, TOPMO3HOTO U3TyUYeHMUs].
['nyboKoHeymnpyroe paccesiHue 37IeKTPOHA Ha MPOTOHE, CTPYKTYPHbIe (DYHKLIUK TIPOTOHA,
KBapK-TIapTOHHasi MO/ie/Tb, ObepKeHOBCKUN CKeMIHHT.

Knaccudukaiusi s/eMeHTapHbIX YacCTHUL], MYJbTUIIETbI YaCTUL], CAMMETPUN U 3aKOHbI
COXpaHeHUsl.

SlnepHble B3aMMO/IeMICTBYSI MPU BbICOKMX SHeprusix. B3anuMoelicTBYe siZiepHBbIX YaCTHUL| U
-KBaHTOB C BeIeCcTBOM, JHepreTvyeckde IIOTepd YaCTUL] IIPU IPOXOXKAEHUU uepe3
BeljectBo. KocMuyeckue yyuu, NMpoxXoK[eHHe KOCMUUECKHX Jiydyell uepe3 aTMmocdepy
3emiu.

TepmosiiepHble peakuyy Ha CorHLle, CBETUMOCTb U HeWTpPUHHOe u3nyuyeHue CosHIa.
OreHka Bpemenu xusHu ComHLa.

KX/I kak KanuOpoBOuHasi TeOpHWsi CW/IbHBIX B3aWMO/IEMCTBUM, aCUMITTOTHYeCKast
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cBo0o/ja ¥ KOH(aHMEHT.

CunpHoe B3auMofelcTBHe. M30TOnMueckass WHBAapUAHTHOCTb HYK/IOH-HYK/IOHHBIX
B3auMozeincTBui. CieKTpOCKONUs a[poHOB. KBapKoBasi CTPyKTypa a/IpOHOB, LIBETOBbIE
cTerieHd CBOOOJBI KBapKOB, T/IFOOHBI KakK TMEPEeHOCUMKH CUIBHOTO B3aWMOJENCTBUS.
[MoaTBepK/IeHNE CYIleCTBOBAaHUS L[BETOBBIX CTereHel CBOOO/bI KBAPKOB M JPOOHBIX HX
3apsZ0B KBapKOB B 3KCIIEPUMEHTAaxX 110 aHHUTW/ISILY e'e” — [, e'e” — hadrons.
deHoMeHOJIOTHST CMabbIX B3aumogeicTBul, Teopuss Pepmu, V-A-teopus. CrabOble
pacmajpl JENTOHOB, Me30HOB U OaproHOoB. Hecoxpanenue P- u C-ueTHOCTH B c/1abbIx
B3aumogencTeusax. Hapymenne CP-MHBapMaHTHOCTH B pacnafiax HeUTPa/IbHbIX KAOHOB.
®du3rKa HeUTPHHO: IMPaKOBCKasl ¥ MaillopaHOBKasi Macca, CMellliBaHue, OCLI/UISLIM.
PaccesitHue HEUTPUHO Ha 3/1eKTPOHAX, HyK/IOHAaX U ifjpax.

AcTtpodu3uueckre UCTOYHUKM HeWTpUHO. HelitpuHHOe u3nyyeHue ConHua. MeTozbl
pervcTpanyy acTpopusnyeckux HeUTPUHO.

Kocmuueckue myum, raMMa-KBaHThI BHICOKMX SHEPIMU U METO/Ibl UX PerUCTpaLvH.

Pa3paboTumku:

(| ( D
\ At K JOKTOp (pu3.-mart. Hayk, npodeccop C.M. CUHeroBckui
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