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IMPOI'PAMMA-MUHUMYM
KaHauaaTckoro k3amena o cnenuaibHocT 01.04.02 [Teopernueckas pusunkal
10 (PU3UKO-MaTEMaTHUECKUM HayKaM
BBenenue
B ocHOBY naHHO# 1P OTpaMMBI TIOJI0KEHBI CIIETY FOITUE TUCIIUILIMHBL: MEX aHHUKA,
TEOpHsl TOJISI, DJIEKTPOJMHAMUKA M MEXaHUKA CIUIOIIHBIX Cpel, KBaHTOBas

MCXaHHKaA, CTATUCTUYCCKA (1)I/I3I/IKa, KBAHTOBAs TCOP KA IIOJIA.

1. Mexanuka

YpaBHenus aBmwxeHusi. O600111eHHbIe KOOPAUHATHI, TP MHLIUI HAUMEHbIIEro
neicrBusi, ¢yHkuus Jlarpamka. Cummerpun. Teopema Herep. 3akoHbl
COXpaHEHUs DHHEPTUH, HMITyJIbCa, MOMEHTa uMIyJibca. HWHTErpupoBaHue
ypaBHEHU 1BMxKeHUA. O THOMEPHOE JBUKEHUE, ITP UBEJECHHAS Macca, IBUOKEHUE B
LEHTP AJILHOM ToJie. Pacnaj yactul, yrp yrue CToJIKHOBeHHs . CeueHue paccessHus
yacruil, popmyina Pezepdopaa. Manbie konebanus. CBOOOIHBIE U BEIHY K ICHHBIC
OJIHOMEpHbIe KoyieOaHus, mapamerpuueckuii pezonanc. Konebanus cucrem co
MHOTHUMHU CTENIEHAMH CBOOO1b1, OJISIpHBIE KOOpAUHATHI. Konebanus np v Hanu4uu
TpeHusl. J|ByKEeHre TBEP AbIX TEII. YTI0Bas CKOP OCTb, MOMEHT UHEPIMM U MOMEHT
KOJIMYECTBA JIBMKCHHUS TBEPJIBIX TENl. DWIEPOBBI YIJIBI U ypaBHEHHE Duiepa.
Kanonuueckue ypaBHeHus, ypaBHeHue ['amunbToHa, ckoOku [lyaccona, neficteue
KaK (QyHKIUS KOOpAUHAT, Teopema JInyBunms, ypaBHenue. ['amunbrona Skoowu,
pas3leneHue  Iep EMEHHBIX. [IpyuHIM ~ OTHOCHUTENBHOCTH. CxopocTb
pacrpoctpaHeHuss  B3ammopeictBuii.  MHrepBan. CoOcTBeHHOE  BpeMms.
[Ipeo6paszoBanue Jlopenmna. IlpeoOGpa3zoBanue ckopoctu. YerbipexmepHbIe
BEKTOpBI. YUeTblpexmepHasi CKOpOCThb. PemstuBucTckas mexanuka. [IpuHiun
HAaUMEHbIIEro JeicTBUs. OHeprus W umnyiabc. Pacnan wacrun. Ympyrue
CTOJIKHOBEHHSI YaCTHULL.

2. Teopusi moJsi (Pazoen 015 cneyuaiucmos no meopuu noJis)
3apsa B AJIEKTPOMArHUTHOM MoJie. YerblpexMepHbId MOTEHIHAT MOJIA.

YpaBHeHUs JABWXKEHUS 3apsana B 1oJie, KaJluOpoBouyHasi (IpaJUeHTHAas)


http://biblior.ru/catalog/spr/specialties/index.php?code=01.04.02

WMHBAap MAHTHOCTh. TeH30p 35ekTp oMarHUTHOTO 1oJis. [IpeoOpa3oBanue Jlop enna
ana nond. VHBapuanTtel mons. /JlelicTBHE IS 3JIEKTP OMATHUTHOTO  ITOJIS.
YpaBHEHHUS JIEKTP OMarHUTHOTO NOJ1s. YeThIp EXMEPHBI BEKTOP TOKA. YpaBHEHUE
HEnp epbIBHOCTU. [IMOTHOCTP M MOTOK 3HEpTUU. TEH30p 3HEPTUU-UMITYJIbCA.
TeH3zop  dDHEpPrUM-UMITYJIbCA  BIEKTPOMArHUTHOro  mnojis.  IlocrosHHOE
DIIEKTP OMarHuTHOE noJie. 3akoH KyioHa. DiiekTpocratnyeckasi SHEpTHUs 3aP s 0B.
JIunoJibHBI MOMEHT. My IbTUIIOJIEHBIE MOMEHTBI. CUCTEMA 3ap S10B BO BHEIIHEM
nose. [loctossHHOE MarauTHOE Nos1e. MarauTHei MOMEHT. Teopema Jlapmopa.

DJIeKTpOMarHuTHele  BOJHBI. BonHoBoe ypaBHeHuwe. Ilimockue  BOJIHBIL
MoHoxpomaTtnueckass  Iuiockass — BoJiHA.  ChekrpaiabHOE — pasyio)KEHHUE.
[Tomstpu3zanmoHHbIE Xap aKTEp UCTUKH W31y YEHUS. Pa3znoxenue
ANEKTpOocTaTHUYecKoro moisA. [losie aBmKymuxcd 3apsSa0B. 3amna3bIBAIOIINE
noreHuuanel. [lorenunanel Jlnenapa Buxepra. M3mydeHue 351eKTp OMarHuTHBIX
BoJIH. Ilone cucrembl 3apsIOB Ha JAJIEKUX PacCCTOSAHHUAX. MyJIbTHIIOIBHOE
usnyuenue. M3nydenune ObICTp OABIKYIIErocs 3apsaa. PaccessHue cBOOOTHBIM U
3apsagamu.  J[BuKeHME dYacTMIbl B TIPaBUTALMOHHOM mone. Merpuxka.
KoBapuantHoe nuddepenmmupoBanne. CumBonsl Kpucroddens. JetictBue s
YAaCTHLBI B TP aBUTALMOHHOM I10JIE€. Y PaBHEHU I'PABUTALIMOHHOT O oJIsl. TeH30p
KpUBU3HBI. J[eWCTBUE 1Sl TPaBUTALIMOHHOTO TOJIsI. TEeH30p 3HEP UM -UMITyJIbCa.
YpaBHenus OuHIITerHa. HepensaTMBUCTCKUEI Npenen ypaBHEHUM ODWHINTEHHA.
3akoH HproToHna. L{eHTp anbHO-CUMMETP MMHOE I'PaBUTAMOHHOE TIoJ1e. MeTpHka
[IBapimu npaa. 'paButanmonnslii kosanc. Ha6momaemeie adpdextsr OTO B
HBIOTOHOBOM M TIOCTHBIOTOHOBOM TMPHUOJMKEHUH (TPaBUTAIMOHHOE KpacHOE
CMEIIIEHUE, OTKJIOHEHHUE JIydya CBETa, 3aJ€prKKa CUTHaja, MpEeUeccusi Tup OCKOIa,
npeueccust opOuT miaHer). [paBurtanMoHHBIE JUMH3BL.  PensTuBUCTCKas
kocmotsiorusi. OTKphITas, 3akpbiTas M IUIOCKasg Mojenu. 3akoH XaOO0ra.
Pacmupenne BceeneHHod Ha paguanMOHHO-AOMUHHP OBAHHOM, NBUIEBUAHOM H
BAKYyM-IIOMHUHHUPOBAaHHOM cTaausaX. OU3nyeckue Ip OeCcchl B paHHer BeeneHHou.
3akanka HeWTpuHo. [lepBUuHBIN HykieocuHTe3. PekoMOMHaLMs, PETUKTOBbIE

(GOTOHBL.



3. DJIEeKTPOANHAMUKA CIIOHIHBIX CPeJ

DJEeKTpOCTaTUKA JUAJIEKTPUKOB M TPOBOJHUKOB. JIMAJIEKTpUUecKas
TP OHUIIAEMOCTh U P OBOIUMOCTh. T epMOJMHAMUKA TUAJIEKTPUKOB. MarHuTHbIE
cBoiicTBa. [locTositHHOE MarHUTHOE MoJie. MarHuTHOE MOJI€ MOCTOSIHHBIX TOKOB.
TepMoanHamMuyeckue COOTHOIICHHSI. Hua-, napa-, dbeppo- U
aHTU(Ep P OMArHETHKH. CBepXnp OBOJHUKH. MarunutHble CBOMCTBA.
CeepxnpoBoasmuii Tok. Kputndeckoe noje. YpaBHEHHs 3JE€KTPOMATHUTHBIX
BOJIH. YPAaBHEHUS IOJISI B OTCYTCTBHUE AUCIIEP CUU. [HcTiep crusl AUAIEKTP HUECKOU
1P OHULIAEMOCTH. CooTHo1IeHUs Kpamepca Kponwura. [lmockas
MOHOXPOMATHYECKasi BOJIHA. PacmpocTpaHeHHWe 3IIEKTPOMATHUTHBIX BOJIH.
OTtpaxenue u np enomiieHue. [Ip tHIUIT B3aUMHOCTH. DJIEKTP OMarHUTHBIE BOJIHBI B
aHM30TpomnHbIX cpenax. Dddexkrel Keppa u ®apanaesa. IlpoctpanHcTBeHHAs
nucrep cus. EcTecTBeHHAst onTHYecKas akTUBHOCTh. MarHuTHas TP OJMHAMUKA.
MI'I-Bonnbl.  IIpoGOnema nunamo. Henuneiitnass ontuka. Henunelinas
nponuraeMocts. CamodokycupoBka. ['eHepammsi BTOpOW  TrapMOHHKH.
HNonm3anmonnbie moTepu OBICTpBIX Yactull. M3mydenne UepenkoBa. Paccesnue

AJICKTP OMAarHUTHBIX BOJIH B Cp efax. PaneeBckoe paccesHue.

4. MexaHUKAa CIVIOLIHBIX cped U pu3nyecKasi KHHETHKA

NneanpHas )KUIKOCTb. YPaBHEHUE HENPEPBIBHOCTU. YpaBHEHHUE Duepa.
[Totox »sHepruu. Ilotoxk wumnynbca. CoxpaHEHHE UUPKYJISLUUH CKOPOCTH.
[ToTeHnuansHOE OOTEKaHKUE TEJ: MPHUCOEIMHEHHAs] Macca, CUila COTIP OTHBJICHMUSI,
sahdexkt Marnyca. Bsizkast )KHIKOCTh: YpaBHEHUS JBWIKEHUS BS3KOHW KUIKOCTH.
Juccumnaiysi SHEpTUU B HEC)KUMaeMoi kuakoctu. [lepexon k TypOyneHTHOCTH.
HeycroitunBoctn namuHapHbIX TeueHuid. Teopus Jlammay Xomda. Tums
aTTpakTopoB. CTpaHHbIi aTTp akTop. [Iepexoa k Typ OyaeHTHOCTH Iy TEM Y BOECHUS
nepuonoB. PazButas TypOyneHTHOCTb. CHekTp TypOyJIE€HTHOCTH B BSI3KOM
uHTEp Bajie. KonMoropoBckuii CnekTp . 3ByK. 3ByKOBBIE BOJIHBL. ['eoMeTp nueckas
akyctuka. OJHOMEpPHOE JBWXXEHHE CKHMAEMOIO0 ras3a. XapakTepHUCTHKH.

NuBapuantel Pumana. IIpocras Bonna Pumana. OOpa3oBaHue yaapHBIX BOJIH.



VYnapHas agunabata. Ciiadbie pa3pbiBbl. Teopus CLIILHOTO B3pbIBA. Y JapHBIC BOJIHBI
ciab0oli MHTEHCUBHOCTU. YpaBHeHHE broprepca. 3BYyKOBbI€ BOJIHBI CO Cia0oi
nucniepcuend. YpaBHenue KJ/IB. Conuronsl W HUX  B3aUMOJCHCTBHE.
beccToIKHOBUTENBHBIE yJAapHBIE BOJHBI. [ HApOJMHAMHUKA CBEpPXTEKy4eu
KUJIKOCTU. JIBYXJKMAKOCTHOE€ omnucaHue. KuHeTuueckas Teopus Ta30B.
Kunertnueckoe ypaBHenue boisbimana. H-teopema. TemnonpoBOaIHOCTE U
BA3KOCTh ra3oB. CuMMeTpun KuHeTHUeckux Koddduiuento. Huddy3nonnoe
npubnmwxkenne. YpaBHenue ®doxkepa [lmanka. beccronkHoBUTENbHAS TUTA3MA.
VYpasuenus BrnacoBa. Judnekrpudecasi mpOHUIIAEMOCTh 0€CCTOJIKHOBUTEIHHOM
mwia3mbl. 3atyxanue Jlanpmay. JIGHTMIOpOBCKME W HMOHHO-3BYKOBBIE BOJIHBI.
[IydykoBasi HEYCTOWYMBOCTh: THUAPOJUHAMHYECKAS M KHUHETUYECKAas CTaJuu.
KBaszununeiinas teopus. CTOJKHOBEHUA B mia3Mme. MHTerpajn CTOJIKHOBEHHUI

Jlannay. JlnuHa np obera yacTuil B Iuia3me.

5. KBaHTOBasi MEXaHUKA

OcHoBHbIE MOJIOKEHUS KBaHTOBOM MEXaHUKHU. [TpuHIMn
HeonpeneneHHoctu. [lpunmun cynepno3unuu. Omnepatopbl. JUCKpETHBIA U
HENpPEpbIBHBIA  CcreKTpbl. ['amwinbToHMaH. CTalMOHApPHBIE  COCTOSHHS.
['eitsenOeproBckoe  mpencrabiaeHue.  COOTHONIIEHUST — HEONP EJIETCHHOCTH.
VYpaBuenue Illpenunrepa. OcHoBHbIE cBoiicTBa ypaBHeHus Illpegunrepa.
OnnomepHoe nBwkenue. OpHOMEpHbIM ocwuiATop. I[[MOTHOCTH mMOTOKA.
KBasukinaccuueckas BoaHoBas pyHkuus. [Ipoxoxnenue uepe3 6apbep. MomMeHT
KonuyectBa JABWKeHUs. CoOOCTBeHHbIE (DYHKIIMM W COOCTBEHHBIE 3HAYCHUS
MOMeEHTa KoJindecTBa ABIDKeHUs. YerHocTh. Ci0keHHe MOMEHTOB. Pa3ioskenne
Knebma I'opnana. [IBwkenme B 1meHTpanpbHOM Tone. Cdepryueckne BOJIHEL.
Pa3znoxenue mmockor BoaHbl. PammansHoe ypaBHenue lllpemunrepa. Atom
Bojopoaa. Teopus Bo3MmylleHui. Bo3mylleHHs, HE 3aBHUCSIIIAE OT BPEMEHMU.
[Tepuoandeckue Bo3my1ieHus. KBazukiiaccuueckasi reopus BO3MyiieHui. CIuH.
Onepatop cnuHa. TOHKasi CTpYKTypa aTOMHBIX ypOBHEH. TOXKIECTBEHHOCTb

HYaCTHII. CI/IMMeTpI/ISI InpHu 1nCpCCTaHOBKEC YaCTHI. BTOpI/I‘-IHOG KBAHTOBAHUC IOJIA



0030HOB u (¢depmuoHoB. OOMeHHoe B3aumojeictBue. AToMm. CocCTosiHHE
AJIEKTPOHOB aToMa. YpOBHHU 3Heprur. CaMOCOTIIaCOBAHHOE MOJIE. YPaBHEHUE
Tomaca ®epmu. ToHkas CTp yKTypa TOMHBIX yp OBHEH. [lepuoanueckas cucrema
MenpneneeBa. JIBrmxkeHue B MarHuTHOM mnose. YpasHeHue llpemunrepa nms
JIBUKEHUSA B MarHuTHOoM mnoJie. [[IOTHOCT TOTOKa B MArHUTHOM MOJIE.
CronknoBenus gactuil. O6mias teop ust. Dopmyna bopa. PesonancHoe paccessaue.
CTOJIKHOBEHHE TOXIECTBEHHBIX YAaCTUI. YINPYroe paccessHue MpU HAIUYUHU

HEyIp yrux np oueccoB. Marpuna paccessuusi. @opmyna bperita Buraepa.

6. CtaTucru4yeckas pusnka

OCHOBHBIE€ MPUHIUIBLI CTATUCTUKU. DyHKIMS paclpeIeIeHUs] U MaTp Uila
m10THOCTH. CTaTUCTUYECKAsl HE3aBUCUMOCTh. Teop ema JInyBusuis. Poss sHeprum.
3aKOH BO3pacTaHus JSHTPONUHU. MHKPOKAHOHMYECKOE  PaclpeaeicHue.
Pacnipenenenne ' mo66ca. Pacnpenenenue 'n60ca ¢ mep eMEHHBIM YUCIIOM YaCTHII.
Tepmonunamudeckue BenuuuHbl. TemmnepaTypa. PaboTa m koiauwdecTBo Teruia.
TepmoanHaMmudeckue MoTeHManbl. Tep MoguHaMuyeckre Hep aBeHcTsa. [Ip naiun
Jle-lllatenve. Teopema Hepucra. Cucrembl ¢ MepEMEHHBIM YHUCIOM YaCTHII.
CBoOonnast sHeprust B pacnpeaeneHun ['m66ca. BbiBoa TepMoAMHAMIYECKUX
cooTHoIIeHHn!. TepMoMHaMIKa ueanbHbIX Ta30B. Pacnipenenenrne bonsumana.
CronkHoBeHne  MoJeKkyjd. HepaBHOBECHbIM  uAcalibHBIM  Ta3.  3aKOH
paBHopacnpeaeneHusi. OHOaTOMHbBIN UeanbHbIM ra3. Pactipenenenue ®epmu u
bo3ze. Beip oxxieHHBIN HaeanbHbIN (pep Mu-Ta3. CBOKCTBA BEIIeCTBA TP U 00JIBIITUX
IOTHOCTAX. BreIipoxnaeHnsri  0o3e-ra3. Konaencanus bose-DiHmITeiHa.
PaBHOBecHOe TemoBoe n3nydenue. opmyna [Mmanka. CBeTHMOCTh aOCOTFOTHO
yepHoro Ttena. HewpeanbHble ra3pl U KOHJAECHCUPOBaHHbIE Cpeabl. DOHOHHBIE
CHEKTPBI U TEPMOJIUHAMUYECKHE CBOMCTBA Tra3a. TepMOIUHAMHYECKUE CBOWCTBA
UealbHOTO Kilaccuueckoro rasza. PaBHoBecue ¢(a3. dopmyna Krnameiipona-
Knay3uca. Kputnueckas touka. CUCTEMBI C pa3iuyHbIMU YacTuiiaMu. [IpaBuiio
¢da3. Cnadbie pacTtBOpbl. CMech uacaabHbIX Ta30B. CMECh U30TOMOB. XUMHUYECKHUE

peakuuu. YCI0BHE XHMMHUYECKOTO PABHOBECHS. 3aKOH JEUCTBYIOIIHMX Macc.



Temnota peakuuu. MonuzanmonHoe paBHoBecue. CnaboHenaeanbHbli 003€-ras.
Mogens boromtoboBa. Crnektp Bo30yxaeHui. CepxrTekydectb. KBaHTOBBIE
Buxpu. TBepasie tena. Kpucramnumueckue crpykrypsl. [loBepxHocte Pepmu.
3onHas crpykrypa. KBasuuactunpl. Konebanus pemerku. Teopust ynpyrocru.
3ByK B TBepAbiX Tenmax. Ilpouecchl pacnana u cnusiHusi GoHOHOB. PaccesiHue
dboHOHOB Ha mpuMecsax. KwuHermueckoe ypaBHeHHWE 1 (DOHOHOB.
TemnonpoBoaHocTh. CBepXxmpoBoauMocTh. KynepoBckoe ciapuBanue. Teopus
bap nuna-Kymnepa-Illpuddepa (BKIL). Teopus Jlonnonos. Teopust ' mu3Oypra-
Jlanpay. Tok, kanuOpoBOYHasi HMHBAPUAHTHOCTh, KBAaHTOBaHUE IOTOKA.
CBep XMpOBOJHUKY ITEP BOr0 M BTOpOro poa. dddext Jxo3zedcona. draykryauuu.
Pacnipenenenne ' m66ca. @ayKTyanuu 0CHOBHBIX TEP MOJIMHAMUYECKUX BEIUYHH.
®opmyna Ilyaccona. Bpemennbie @uykryanuun. CUMMETpUM KUHETUYECKUX
ko3 dunirenToB. ONyKTAIMOHHO-IUCCUTIATUBHAS TeopemMa. Da3oBbie Mep €XO bl
Broporo pojga. Teopus Jlanmay. Kpurtudeckue wunHmekcel. MaciitaOHas

VHBAP MaHTHOCTh. DIyKTyalluy B OKP ECTHOCTH KP UTUYECKOU TOUKH.

7. Teopusi peIsITHBHCTHYECKAS ACTPOPU3NKa U KOCMOJ10Tus (Paszoden o5
CReyuaIucmos no meopemuieckol acmpogusuxe)

PenaruBucrckast actpo(u3nka KOMIAKTHBIX T'pPaBUTALIMOHHBIX OOBEKTOB:
HEUTpOHHBIE 3BE3/bl, O€Nble KapJIWKU M YEpHBIE ABIPHI. DBOJIOLMS 3BE3].
CaoiictBa BemiecTBa npu Oosbiux IIOTHOCTAX. I[lpemen Yanmpacekapa.
YpaBHEHHE COCTOSIHUS BEIlleCTBA MpHU OOJIBIINX IJIOTHOCTAX. PaBHOBEcHe Ten ¢
OONIBIION Maccod. ODHeprus TpaBUTUPYIOIMIETO Tena. TepMoaUHAMHUKA U
AIIEKTP OJAMHAMHKKA YEPHBIX AbIP. YacCTUIBI U N0 B OKPECTHOCTH YEPHBIX JIBIP.
JIBrkeHue 3ap SHKEHHBIX YaCTHUI] B OJJHOP OAHOM MarHUTHOM IOJI€ OKOJIO YEP HBIX
nelp . I3Bneuenue snep run uep Heix JbIp: 3 ekt [lenpoysa, ad ekt Xoykunra,
apdexr bmdundopna-3naiieka. CBepXMacCUBHBIE YEpPHBIE IbIPHI B LIEHTPE
raJIakTUK. AKKp €LHsI BELIECTBA U aKKP €LIMOHHBIE TUCKU BOKP YT PENSITUBUCTCKUX
KOMITAaKTHBIX OOBEKTOB. ['paBuTaliiOHHBIE JHUH3BI. [lynbcapbl U MarHuraphbl.

[Ina3zmenHast Mmaraurocepa HEUTp OHHBIX 3Be3/. JIMHeap M30BaHHbIE YpaBHEHMUS



OiiHiTeliHa. ['paBUTAlIMOHHBIE BOJIHBI U UX u3idyuyeHue. IIpoOnemMsl nmonyka u
0OHapy>KEeHUs TPABUTALIMOHHBIX BOJIH. DJIEMEHThI KOCMOJIOTUU. PensaTuBucTCcKas
kocMmoutorus. M3otpomnHoe np ocrpanctBo. Merpuka ©PY. [1inockas, 3akpeiTas u
OTKpBITast HM30TPOINHBIE KOCMoJiornueckue wmozaenu Ppuamana-Jlemerpa-
PoGeptcona-Yokepa. Kocmonornyeckoe kpacHoe cmernienue. 3akoH XaO6:a.
Pacmmpenne BceneHHOM Ha paJualOHHO-IOMHAHUPOBAHHOM, IBUICBUIHOW W
BaKyyM-JOMUHHP OBAHHOW CTaausiXx. TeMHas SHEPTUS U TEMHOE BEIIECTBO. PoJib
M3JyYEHUs, BEIIECTBA W TEMHOM SHEPTUM HA PA3JMYHBIX OdTanax 3BOJIOLUA
Bcenennoil. dusnueckue npouecchl B panHell BeeneHHoil. 3akanka HEWTpMHO.
[lepBuuHblii  HykjeocuHTe3.  PekoMOuHamusi,  peIHUKTOBBIE  (POTOHBI.

AJIBTep HAaTUBHBIC TCOP MU I'P aBUTAILIUU.

8. Teopusi KOHAEHCUPOBAHHOI0 COCTOSIHUA (Pa3zden onis cneyuanucmos no
meopuu meepoozo meia)

Hewnneanwuerii 603e-ra3. CumMeTpus BOJTHOBOW (DYHKITUH CUCTEMBI 0030HOB,
0o3e-konaeHcaT. CnaboHenaeanbHbld 003e-ra3. Moaens boromoboBa. CrekTp
B030yxneHuid. CBepxtekydecTtb. [[ByxkuakoctHoe onucanue. Kpurepuii Jlangay.
Teopusa @elinmana. KBantosbsle Buxpu. Koppensiuu B 1oy105keHUn 4acTul] 003e-
raza. Tunel U cuMmmerpus TBepabIX Tel. Kpucramnumyeckue CTpyKTypHI.
Cummerpust kpuctamioB. CpoiictBa oOpaTHOM pemierkd. 3oHa bpunitosHa.
Teopema biioxa. 30HHas CTp yKTypa U TUIIbI CBsI3U. KBa3znuacTuipl. Dj1eKTpOHHAs
TeroeMKocTb.  IloBepxHocTh @Pepmu. JMaMarHUTHBIA W LMKJIOTP OHHBIN
pe3onanc. OtkpwiThie opOuThl. KBanToBanume opoOut. Dddexkr ae ['azaBan
AnbdBena. Konebanus pemerku. Teopust ynpyroctu. 3ByK B TBEP/ABIX Telax.
AKycCTHYECKHE M onTHYecKre BeTBU. Mogens [lebas. YaenpHash TEIIOEMKOCTh
pemerku. KBantoBanue (poHOHOB. AHrapMOHHM3M U TEIUIOBOE PaCIUIUpEHHE.
®axrtop [ebas-Yonnepa. [Ipouecch pacnana u cnusinust ponoHoB. Paccesnue
(oHOHOB Ha npumecsx. Kunernueckoe yp aBHeHHE 7151 POHOHOB B TU3JIEKTP UKE.
TemnonpoBOHOCTb. DIJIEKTpOH-(GOHOHHOE B3auMMOJEHCTBUE U Tpobiema

noispoHa. Marnerusm. OOMeHHOE B3auMMOJIEMCTBHE. MarHuTHbBIE CBOMCTBA



u3osrpoBanHoro atoma. [Ipasuno Xynna. 'amunberonuas ['eitzenoepra. Moaensp
Xab66apaa. [Ipupona maruetuzma merasioB. CMHOBBIN napaMmarueTusm [laynu u
opOutanbHbli auamarHeTusMm Jlangay. MarHuTHbele TpUMeCH B MeETallje.
OOMeHHOE B3anMoielcTBUE uepe3 eKkTp oHbl npoBoauMoct (PKKHN). Dddexr
Konno. Marautssiii nop simok. @eppomarseTrsm v antudep pomaraerusm. Merton
cpenHero mnojsa ans ¢eppomarHetuka. JlomeHHas crpykrypa. ['mcrepesuc
¢deppomarnerukoB. CrnuHOBbIE BOJIHBI (MarHoHbl). KBaHTOBBIE (pryKTyanuu u
CIIMHOBBIE BOJIHBI B aHTU(eppomarteTuke. Bkinajg MarnoHoB B T€p MOAMHAMUKY
MarHeTukoB. J[MHaMHKa MarHUTHOTO MOMEHTa B (peppOMarHeTuke. YpaBHEHUE
Jlanpay-JInpmmuma. CepxnpoBogumocts. KynepoBckoe cnapuBanue. Teopus
bap nuna-Kynepa-lllpuddepa (BKI). Teopus JlonmonoB. HenokanbHas
AJIEKTP OJMHAMUKA CBEP XIIPOBOIHUKA: JIOHTOHOBCKUW M IUIIIAP JOBCKUU CIydail.
D@ dexThl 4eTHOCTH YKCIIa 3JIEKTP OHOB B CBEP XIIP OBOAHUKAX MAJIBIX Pa3MEPOB.

Teopust cBepxmnpoBoaumoct [ 'mH30ypra Jlammay. Tok, kanuOpoBouYHAs
WHBAP MAHTHOCTh, KBAHTOBAHUE MOTOKA. CBEpXMp OBOJAHUKH MEPBOTO U BTOPOTO
pona. BepxHee u HmKHee KpuTHyeckue mnoJis. Buxpeas pemerka. Dddext
Ixo3edpcona. Dddexkr Onuzoctn. dnykryarnuonnsie ddexTer  BOMU3H
CBEpXMPOBOAANIEr0 mnepexoaa. TyHHenbHble 3()(eKTsl B CBEpXIpPOBOIHUKAX.
®ynkuuu ['puna. Koppensunonusie pyHkuuu. TepmMoanHaMUYECKUl Npenen u
kBasucpenHue. OCHOBHBIE MPUHUMIIBI JUAarpaMMHOM TEXHUKH. YpaBHEHHE
Havicona. Bepmunnas ¢yskuus. Muorouactuunele ¢yHkuuun ['puHa.
JnarpamMmMHas TEXHUKA TP U KOHEYHBIX TeMIep arypax. Kunetnueckue yp aBHEHH .
JlnHamMuka KpUTHYECKHUX SIBJICHWH. YpaBHEHHS peHopMrpymmbl. OcoOeHHOCTH
AIIEKTPOHHBIX CBOMCTB CHUCTEM IOHWKEHHOW pPa3MEPHOCTH. DHEPTEeTUYECKHUE
CHEKTPBl W IUIOTHOCTh KBAHTOBBIX cOCTOSTHWMA. KBaHTOBBIM 3dexT Xoima B
JIBYMEPHOM 3JIEKTPOHHOM ra3e. DPQeKTbl JTOKaIU3aluu FIEKTPOHOB B OJHO - U

ABYMCP HbIX CUCTCMAX, IICP KOJIAUOHHBIC ABJICHHA.

9. KBanToBasi Teopus moJieii (Pazoen 011 cneyuaiucmos no meopuu

NIEMEHMAPHLLX YACUY, ATMOMHO20 A0PaA U (hU3UKe 8bLCOKUX IHEPSUTL)



KBaHnroBanue cBoOOAHbIX moJied. CHMMETpHUM JarpaHxuaHa U Teopema
Herep. Anredpa tokos. Juckp etasie cummerpun. CPT Teopemau cBsi3b ciiHa €O
CTaTUCTUKOM. KBaHToBas AJIEKTP OJMHAMUKA. IIpaBuna  deitHMmaHa.
ITep eHop MUp OBKHWU. Toxnecrsa Yopna Takaxamm. KBaHToBO-
AIIEKTP OJMHAMHUYECKHE PaCUeThl: KOMITOH-3((DEKT, €*, € AaHHUTWISIIHS, P OXKJICHHUE
nap. Topmo3Hoe wu3znydeHue u wuHPpakpacHas Katactpoda. AHOMAaILHBIN
MarHUTHBIH MOMEHT dnekTpoHa. JIamOoBckuii capur. [IpencraBnenue Yennena-
Jlemana. ®opmyna Jlemana-Cumanuuka-llummepmana. AHaTUTUY€CKHE CBOMCTBA
aMIiuTy 1 paccesiaus. [Ip aBuna Kytkockoro. [1pasuna Jlanaay ni1s ocobeHHOCTE I
¢eitHMaHOBCKUX aAuarpaMMm. PeHopmrpymma. b -QyHKUMS U aHOMAaJbHBIE
pasMmepHocTH. Oniep aTOpHOE p a3710KEeHNE. AHOMAJIBHBIE Pa3MEPHOCTH COCTABHBIX
onepartopoB. KanubpoBounsie Teop uu nojis. Ksantoanue no @anneery Ilonosy
nu nyxu. ToxnectBa CnaBHoBa Telnopa. KBaHTOBass XpomMoJMHaAMHUKa H
acumnToTnyeckasi cBo6ona. CIOHTAaHHOE HApPYIIEHUE CHMMETPHUM, TEopema
['onacroyHna, sinenne Xurrca. KBapkoBas Mojienb. CEKTpOCKONMS aJip OHOB U
cocrapisroniue kpap ku. Yapmonwuii, 6orromonnii. KX /]I v kup anbHass CHMMETp Us
CWIBHBIX B3aMMOJEUCTBAN. HaCTUUHOE COXpaHEHUE aKCUAJIbHOTO TOKA. [IMOHBI
KaK TOJIJICTOYHOBCKHE yacThilpl. Kup ansHas anomanus Ajiiepa benna Jlxakusa.
CrannaptHass monenb. W- u Z-0030HbBI, MX pacnajabl. XHUITCOBCKUH OO30H.
[Toxosienust menToHOB W kBapkoB. Matpuria Kabu660-Kobasmu-Mackasa. b -
pacmaj HEUTpOHa, paclaj MIOOHA, pachaabl TSXKENbIX KBapKoB. HenentoHHbie
cnabble pacmaabl. SaepHble CWiIbl W OOIIHME CBOMCTBA SIEPHOTO BEIIECTBA.
Hacellienne saepHbIX CHII W paBHOBECHas IUIOTHOCTh. TBepaas cep/ilieBUHA.
Oueprus cBsizu. Cpenansis 1jiuHa CBOOOIHOTO Tpobdera HykinoHOB. UMmynscHOE
npencraBienue (Moaenb (epmu-raza). OmHOYACTHYHAS MOJEIH O00O0JTOYEK.
Cpennmii ssaep Hlii noteHuumal. [locaenoBaTenbHOCTh OJTHOYACTUYHBIX Y P OBHEH.
CnmH-0p OUTaTBHAS CBSI3B. DJIEMEHTapHAs Teop ust OeTa-raMma rep €Xo/10B, alibda-
pacnanau nenenus saaep . [lpasuna oroopau popma 6era-cnektpa. Paspemenubie
U 3amnpelleHHble Oeranepexoabl. D(M(PekThl HecoOXpaHEHUsT YEeTHOCTH B Oera-

nep exo1ax. DJIEKTp OMarHMTHbIE MYJbTHUIIOJbHBIE Niepexoabl. Hapymenne CP-



MHBAPUAHTHOCTH. OCHWUISIIMM HEWTpPaJbHBIX KAOHOB U TSKEIBIX ME30HOB.
['my0okoHeyIpyroe paccessHue U napTOHHasi Mojienb. Hapyuienue ckeinunra u
ypaBHeHus sBotonnu ['pubosa Jlunatosa Jokmuuepa Antapennu [lapusu. e*, e
AHHUTWJIALMSA B aJIp OHbL. POKI€HNE aIpOHHBIX CTP YW U CyIECTBOBAHUE TNIFOOHO B.
Tononoruueckue cBoiictBa Teopuu noJisi. MHctantoHsl. MoHononu Xoodra-
[TonsixoBa. [lelictBue HoBukoBa-Beca-3ymuno-Burrena. BHe craHmapTHO#M
MOJIENIN: BEIHMKOE€ OOBEAMHEHHE, pachaj MPOTOHA, OCHWUISLUUA HEWUTPHUHO.
Cynep cummerpus. Cynepnosist. CynepcuMMETpUYHbIE JIarpaHXuaHbl. DopMaii3m
bexn-Py>-Ctopa-Trotuna. Teopembr 006 OTCYyTCTBUHM Tiep eHOPp MUP OBOK. Dusunka
yactull U paHHsAsa Bcenennas. Kocmonoruueckue (pazoBbie nepexoapl. TeMHas
MaTep usl, OTPaHUYEHUS Ha CBOMCTBA MACCUBHBIX HEUTP MHO. Pa30BbIE IIEPEXOABI B

KX/I. KBap k-ritooHHas ia3ma.
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