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1. LLlenu ocBoeHUs AMCLUUMIUHDI

LlensiMmn ocsoeHuns aucumnnuHbl "Teopetnyeckas uasmka" asnsTcs

- N3y4EeHMe OCHOBHbIX NOHATWIA, 3aKOHOB, 3aa4a4 ANEKTPOANHaAMUKN N cneuvanbHoOn Teopun
OTHOCUTENbHOCTU N MOLeNnen, MCcnonb3yeMblX ONng peweHns 3anayd a1IekKTpoanHaMnNKn;,

- U3y4YeHne prsanyeckmnx OCHOB U MaTemMaTn4eckoro annapara KBaHTOBOW Teopun
HEPENATUBUCTCKOINro U KBa3npenaTnBnUCTCKOro AsmM>XeHns 4actumubl BO BHEWHEM MoNe, Teopun
KBaHTOBbIX NMepexon0os, OCHOB TEOPUK aToOMa 1 XNMUYECKOW CBA3N, OCHOB KBAHTOBOW
ANEKTPOANHAMUKN;

- N3y4YeHne OCHOBHbIX METO40B, 3aKOHOB U MOJeNen CTaTUCTUYECKOM (PU3NKU 1 TEPMOONHAMUKN,
pacnpeneneHuin paBHOBECHOW CTaTUCTUYECKON OU3UKN, OCHOB Teopuu pnykTyauuin, aNeMeHTOB
Teopuun (pasoBbiX Nepexon0B, 3N1EMEHTOB HEPaBHOBECHOM TEPMOANHAMUKMN.

2. MecTo OUCLMMN/NHDbI B CTPYKTYpe OCHOBHOM 06pa3oBaTtesibHOM NPorpaMmbl BbiCLLIEro
npodpeccruoHanbHoro o6pa3oBaHus

LaHHas yyebHas oucumnnunHa BkodeHa B pasgen "b1.6.15 OucumnnmHbl (Moaynm)" OCHOBHOM
obpasoBaTtenbHol Nnporpammbl 16.03.01 TexHuyeckas omamka n oTHoCUTCS K 6a30BoiA
(obwenpodheccroHanbHoi) Yactn. OcBanBaeTcs Ha 3, 4 kypcax, 5, 6, 7 ceMecTpbl.

[nsi 0CBOEHUSI ANCUMMNANHBI HEOOXOANMbBI 3HAHUS AUCLUMMANH: MaTEMaTUYECKUIA aHanna,
aHanuTn4yeckas reoMeTpus, nuHenHas anrebpa, MonekynspHasi ouanka, aNeKTPrMYecTBOo 1
MarHeTn3Mm, TeopeTnyeckasi MexaHmka 1 MexaHuka cnnowHbix cpea. OcBoeHue aMcumMnnnHbl bynet
crnocobcTBOBATL YCMELWHOW NPOGECCMOHANbHON 0eATENbHOCTM, MO3BOUT B faNibHEWIIEM U3yYaTb
OMCLMNNNHBI OCHOBHOW 06pa3oBaTtenbHOl NporpamMmbl Hakanaspuara u MarucTpartypbl.

3. KomneteHuuu obyyarowerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pes3ynbTarte 0CBOEHUSA OUCLUMINHBI POPMUPYIOTCS crneaylowme KOMNeTeHUNn:

Lincpp komnereHuyu npuoﬁpepral:::ag?laﬁg:ﬁ;enuuu
OK-7
(0bLweKynbTypHbIE CMOCOBHOCTb K CaMoopraHnaaumm n camoobpasoBaHumto
KoMMeTeHuunn)
OrlnK-1 CNoCcOBHOCTb NCMONb30BaTb (PyHOAMEHTalbHble 3aKOHbI
(npodbeccmoHanbHble NPUPOLbI N OCHOBHbIE 3aKOHbI €CTECTBEHHOHAYYHbIX
KOMneTeHuunn) ONCLUMNAWH B NPOPEeCCUOHANbHON AeATENbHOCTH

B pes3ynbTaTe 0CBOEHUS OUCUMUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

3aKOHbl MUKPOCKOMUYECKON 1 MaKpPOCKOMMUYECKOI 3NEKTPOANHAMUKM U CAPEePbl UX MPUMEHEHMS,
NONOXEHNS CneLmanbHOM TEOPUM OTHOCUTENBHOCTU Y PENSITUBUCTCKON 3NEKTPOANHAMMKM, OCHOBBI
KBAHTOBO-MEXaHN4eCKOro ONMCaHNst COCTOSIHUIA OM3NYECKNX CUCTEM 1 MaTEMATNYECKOro annapara
KBAHTOBOW TEOPUN, METOLbI TEPMOANHAMUMKMN N CTATUCTUYECKON (PU3MKM.
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2. IONXeH yMeTb:

ncnonb30BaTb Nojly4eHHble 3HaHNA 0714 NOCTaHOBKU N peleHnA 3a4a4 no Teopun
ANEKTPOMarHUTHbIX nonem, dbopmynunpoBaTb 1 foKa3bliBaTb OCHOBHbIE pe3y/bTaThbl KBAHTOBOW
Teopun, ncrnob3oBaTb METOObl TEPMOONHAMUKU U cTatucTnyeckom don3nKn

3. DONXeH BnaaerTh:
Brnanetb HaBblkamu peLieHnst 3a0a4 MUKPOCKOMMYECKOM 1 MakpOCKOMUYECKOM SNeKTPOANHAMUKMA.

Bnanetb HaBblkaMu peweHuns I'IpOCTGVILLII/IX 3adayd 0 HaxoXAeHU aHepreTn4eckKoro cnekTpa n
BOJIHOBbIX C*)yHKLl,VIVI KBAHTOBbIX CUCTEM U BbIHNCNTIEHNA BepOFITHOCTeVI nx nepexonos B gpyrune
COCTOsSAHNA noa BnnsaHneMm BO3MYLI.I,eHVII7I,

Bnanetb HaBblkaMu BblHUCNEHNS MakKpOCKOMNYeCKNX XapakTepucTtnk CUCTeMblI.

4. DOnXeH O0eMOHCTPUPOBaTb CNOCOHBHOCTb Y FOTOBHOCTb:
[leMoHCTpUpoBaTh CNOCOBHOCTL K AanbHenweMy 0by4eHnto

4. CTpyKkTypa 1 cogepXxaHvue OUCLUNMUHBI MOAyNs
Obwas Tpya0EMKOCTb ANCLMMNIIMHBI cocTaBnseT 9 3a4eTHbix(ble) eanHnL(bl) 324 yaca(os).

dopma NPOMeXyTO4YHOro KOHTPONSA OMCUUNINHBIL: 3a4eT B 5 ceMecTpe; 3a4eT B 6 CeMecTpe; aKk3aMeH
B 7/ CeMecTpe.

CyMMapHo No aMcumMnanHe MoxHo nony4ntb 100 6anno., n3 HMx Tekylwas paboTta oueHmBaeTcsl B 50
6annoe, nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANsl AOoMnycka K 3a4eTy
28 6annos.

86 6annos 1 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetTBopuTENbHO" (YA0B.);

54 6anna n MeHee - "HeyOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucuunIMHe/ MOaynto
TemaTuyeckun nnaH AUCUUMNINHBI/MOAYNSA
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Buabl n yachbl
Pasgen ay,oMTOpHOM paboThbl,
Henens MX TPYA0EMKOCTb Tekywme copmbl
'D'"Kn"g:lr;;}:;"b'/ Ce"":"‘:T':’cemecrpa (B yacax) KOHTpOns
Nexumn MpakTnyeckuelllabopatopHbie
3aHATUA pa601b|
Tema 1. lMucbMeHHoe
OnekTpoanHammka u nomalHee
.|oCHOBbI 5 1-18 36 0 0 3afaHue
3NeKTPOoANHAMUKN YCTHbIN onpoc
CMJIOWHbIX Cpen,
lMuncbmeHHoe
oMallHee
Tema 2. KBaHTOBas A
'T(So o <. heanTosa 6 | 1-17 | 54 0 0 3a0aHme
P YCTHbI onpoc
Tema 3. YCTHbIN onpoc
TepmognHammka. [MncbMeHHoe
.|Ctatnctuyeckas 7 1-18 54 0 0 nomatHee
gomauka.Pusnyeckas 3ajaHve
KNHETnKA.
Tema . Torosas 5 0 0 0 3aver
" |dopma KoHTpOnNA
Tema . Itoroeas 6 0 0 0 3aver
" |doopma KoOHTpOnSA
Tema . Itorosas - 0 0 0 Ok3aMeH
" |dopma KoHTpOnNA
NToro 144 0 0

4.2 CopepxaHue JUCLUMNMUHbI
Tema 1. dnekTpoanHaMMKa U OCHOBbI 3/1EKTPOAUHAMUKM CINOLLHBbIX Cpep,
JNIeKLMOHHoe 3aHsitTne (36 4aca(os)):

OCHOBHbIEe 3aKOHbI 1 YpaBHEHU4 MI/IKpOCKOFlI/I‘-IeCKOVI ANEKTPOANHAMUKN. MI/IKpOCKOFlI/I‘-IeCKaFI
ANeKTpocTaTunka. MI/IKpOCKOI'II/I‘-IeCKaFI MarHMTocTtartuka. I/I3ny'-|eH|/|e ANEeKTPOMArHNTHbIX BOJH.
PaccesHune 9NNEeKTPOMarHnTHbIX BOJH. OcHoBbl cneunanbHom Teopunm OTHOCUTENBbHOCTHW.
Pengatusucrckas aneKkTpoanHamumka. OCHOBHbIEe 3aKOHbI 1 YpaBHEeHU4 MaKpOCKOﬂI/I‘-IeCKOVI
ANeKTpoaAnNHaMUnKN. MaKpOCKOI'IVI'-IeCKaH 9NleKTpocTaTuka. MaKpOCKOI'IVI‘-IeCKaFI MarHnTocTaTtuka.
PacnpOCTpaHeHme ANEeKTPOMarHnTHbIX BONMH B OU3NEKTPUKax 1 npoBogHUKax.

Tema 2. KBaHTOBas Teopusi
JNeKLMoHHoe 3aHsiTne (54 yaca(os)):

OCHOBHbIE MOHSATUNSI KBAHTOBOI Teopun. N3MeHeHne coCcTosHMI BO BpeMeHW. Teopus
npeacTtaeneHunii. OfHoMepHoe ABMXeHue. [1BMXeHne YacTuLbl B Nofe LeHTpanbHbIX cun. Teopus
BO3MyLLEeHWiA. BapraunoHHbiii meTon. KBasuknaccumyeckoe npubnuxenne. CnvH; cnoxeHune
MOMEHTOB. CMCTEMbI 0AMHAKOBbIX YacTu1L,. MHOro3nekTpOoHHbIE aTOMbl 1 MONekynbl. BeeneHve B
KBaHTOBYO aneKkTpoanHamuky. OCHOBbI PENSTUBUCTCKON KBAHTOBOW TEOPUN.

Tema 3. TepmoouHamuka. Ctatuctmyeckas cpmsmka.Pusnyeckas KuUHeTuKa.
neKkumnoHHoe 3aHsiTne (54 yaca(os)):

OCHOBHbIE NPUHUWMbI CTATUCTUYECKOW on3nkn. Obwme MeToabl CTAaTUCTUYECKON MEXAHWKM.
TepMmognHaMmyeckmne BeNnYMHbI U TEPMOLAMHAMUYECKUE COOTHOWEHUS. neanbHble rasbl.
Knaccnyeckunin ngeanbHbliil ra3. KBaHTOBbIN naeanbHbi rasd. HempeanbHble rasbl. PaBHoBecue goas
1 pasosble nepexonbl. Teopus onyKTyauuni.

4.3 CTpyKTypa 1 copepXxaHume caMOCTOSITe/IbHOM paboTbl AUCUMMIUHBI (MOLYNSA)
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Buabi
Paspen Cemect Hepens | camocTtositenbHon [TpyAoeMKoCTb :;‘:g::y;g:;gzga
JOuCLMNANHDBI Pcemectpa pa6oTbI (B yacax) a6oTbl
CTYLEHTOB P
Tema 1. noaroToBka noMaLHee
dnekTpoanHammka u AOMalIHEro 27 3anaHme
.[ocHOBbI 5 1-18 |3a4aHu4
9NEeKTPOANHAMMKN noaroToBka K -
CMNOWHbIX cpen YCTHOMY Onpocy 27 yCTHBI Onpoc
noaroToBka noMaLHee
- 5 K JoMallHero 27 sanaHne
» [Tema 2. KeaHToBas 6 1-17 |3apmanus
Teopus noaroToBka K
27 THbIW on
YCTHOMY Onpocy ye onpoc
Tema 3. noaroToBka noMaHee
TepmoavHamuika. AOMalHero 27 sanaHme
3.|Ctatuctunyeckas 7 1-18 [3apaHuns
dounaunka.Pusnyeckas MOAroToBKa K o
KNHeTuKa. YCTHOMY Onpocy 27 yCTHBIV ONpoC
NToro 162

5. O6pa3oBatenbHbie TEXHONOrMW, BK/IIoYasi MHTepPaKTUBHble (pOpMbl 06yYeHuns
Buabl yuebHol paboThl: NeKUMM, KOHTPONbHbIE PaboThl, caMocTosiTeNbHasA paboTa CTyAEHTOB.

6. OueHOUYHble CpeacTBa OJ1sl TEKYLLLero KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4e6HO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. SﬂeKTpO,DMHaMVIKa U OCHOBbI 3/1IEKTPOAMHAMUKUM CMJTOLWUHBIX cpen
JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:
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JomalwHne 3anaHms OopMUPYOTCS Ha OCHOBE 3adadHuka [1] 3 cnucka OCHOBHOW nuTepaTtypbl.
Mpumepsbl pewaembix 3anay: 1) beckoHeuHbI uunMHAp paguyca R 3apsixeH no ob6bemy ¢
NNOTHOCTbIO A*r*n, roe A - NOCTOSIHHAS, r - PaCCTOSHWE 40 OCK umnnHapa. Hamtn noteHuman u
HanNpPsSXEeHHOCTb 3NEeKTPNYECKOro nons BO BCEM MNPOCTPAHCTBE, a TakXe 3NeKTPOoCTaTNnYecKyto
SHEpPruo, NoKanu3oBaHHY0 BHYTPY (hparMeHTa umnuHapa anvHel h. B otBeTe KOHCTaHTy A BbipasuTb
yepes 3apan eanHnUbl onuHbl umnnHopa. 2) Wap paomyca R 3apsxeH no 06beMy ¢ MNOTHOCTbIO
A*r*n, roe A - NOCTOsIHHAS, r - pacCTosHWE 00 UeHTpa wapa. Hantn noteHuman n HanpsXeHHOCTb
9N1EKTPMYECKOro Nons BO BCEM MPOCTPAHCTBE, a TakXe 3M1IeKTPOCTaTMYEeCKyO sHepruio. B oTBeTe
KOHCTaHTy A BbIpasnTb Yepes 3apsn wapa q. 3) 3apsan pacnpenenéH cqepuyeckn-CMMETPUYHO BO
BCEM 0O BbEME (MNOTHOCTD - 3a4aHHas (PYHKLMS PacCTosHNS r). BbipasnTtb anekTpoctaTmyeckumii
noTeHuman n HanNPSXEHHOCTb 3NEKTPUYECKOro Nnons B BUAE OOHOKPATHbIX UHTErpanos no r. 4)
OLHOPOOHBI ON3NEKTPUYECKMiA Wwap pagnyca R paBHOMEPHO 3apsiXeH No 06beMy, NOJHbIN 3apsa
€ro paBeH g, NPOHMLAEMOCTb Wapa n3BecTHa. [1poHMUaemMoCcTb OKpyXatoLwen cpeabl pasHa Ar, roge A
- MOCTOSIHHAS, I - PACCTOSHME [0 LUeHTpa wapa. Hantn HanpsXeHHOCTb 31eKTPUYeCcKoro nons Bo
BCEM NPOCTPAHCTBE M pacnpeneneHne CBA3aHHbIX 3apsiaoB B cucteme. 5) ToyeyHbl 3apsa g
HaxoguTCs B OOHOPOLHOM AM3NEKTPUKE C 3a0aHHOW NPOHNLAEMOCTbIO HA PACCTOSIHUK a OT MNOCKOW
rpaHvLbl 6ECKOHEYHO NPOTSXEHHOIrO NPOBOAHMKA. HaiT noTeHuman n HanpsXX&HHOCTb
9N1EKTPMYECKOro Nons B AN3NeKTpuke, pacnpeneneHe nHoyumpoBaHHbIX 3apsaoB Ha rpaHuLe
ON3neKTpuka n NPpoBOAHUKA, CUNy, OENCTBYIOWYIO HA 3apsd g. 6) HanTtn aHepruio B3anMoaencTems
OBYyX ONMNONER 1 cuny, OEeACTBYIOWYIO HA OAMH U3 HUX CO CTOPOHbI ApYyroro. 7) Hantn marHuTHoe
none, MarHUTHYIO MHOYKLUMIO N BEKTOPHBIA NOTeHUman NnpsMonnHenHoro 6eCKoHe4YHoro Toka J,
TEKYyWEro B cpefe ¢ 3afaHHON MarHUTHOM NpoHuLaeMocTblo. 8) B npoBoasuen cpene
pacrnpocTpaHsaeTcs Nnockas MOHOXpPoOMaTyHas Bo/HA. BblumcnuTb cpenHnin NOTOK SHeprum Yyepes
MOBEPXHOCTb Kyba, pébpa KOTOpOro napannenbHbl HANPaBNEHUIO PACNPOCTPAHEHWUS BOJHbI.
[MokaszaTtb, 4TO STOT NOTOK PaBEH CpeaHeNn MOLWHOCTM NOTePb Ha AXoyneso Tenno. 9) Beipasutb
UMMYNbC P PENATUBUCTCKON YacTuLbl Yepes3 €€ KMHETUYECKYIO SHEPTMIO.

YCTHbIA ONPOC , NPMMEPHbIE BOMPOCHI:

YpaBHeHusi Makceenna-JlopeHua v ypaBHeHne HenpepbliBHOCTM. Mukpockonuyeckas
anekTpocTaTuka u MarHuTocTaTmka. Makpockonuyeckas anekTpoanHamuka. beictponepeMeHHble
aneKTpoMarHuTHole nonsi. CneuvanoHas Teopmst OTHOCMTENbHOCTH.

Tema 2. KBaHTOBas Teopusi
JoMallHee 3afaHune , npuMepHble BOMpPOCHI:

JomalwHne 3anaHns OOpPMUPYIOTCS Ha OCHOBE KHUT [5-7] U3 cnucka OCHOBHOW nuTepaTtypbl.
[MpumMepbl pewaembix 3a8ady: 1. Hantu pacnpeneneHne BeposaTHOCTEN 18 KOMIMOHEHT UMMynbca
NIMHENHOr0 rapMOHNYECKOro ocumMnnaTopa ¢ Maccom m 1 YacToToM W B OCHOBHOM COCTOSHUN. 2.
Hartu pacnpeneneHne BeposaTHOCTEN A1 KOMMNOHEHT UMIy/bCa IMHENHOro rapMOHMYECKOro
OCUMNNIATOPA C Maccol M 1 4YacTOTON W B MepBOM BO30yXAEHHOM COCTOSIHUW. 3. HailTn aHepruto
COCTOSIHUI C HYNeBbIM MOMEHTOM MMMyNbCca A5 YacTuLbl C MAcCo m, eCnu noTeHumanbHasa saHeprus
yacTuLbl paBHa HyNO BHYTPW cdpepbl C paanycom a n 6eckoHe4Ho bonblias BHe 9Toi cdpepsl. 4.
Haiitn BeposiTHOCTb NpebblBaHUS 9NEKTPOHA B KNnaccuyeckn 3anpeleHHor obnactu (T.e. B obnactu,
B KOTOPOW ero nosiHasi 3Heprus MeHblue noTeHunanbHON SHeprum) B OCHOBHOM COCTOSIHUKM aTtoMa
Bogopoa. 5. Hantu ypoBHM aHeprum n BONHOBbIE (PYHKLUKW YaCTULbl C MOMEHTOM uMnynbea I=1,
€CNnu raMuibTOHWaH Yactuubl paseH H=b*1z"2+b*(Ix*2-ly*2), roe a u b - noctosiHHbIE. 6. HaiTu
cpelHee 3HayeHne NoTeHUManbHOW 3Heprum anekTpoHa B atoMe Bogopoaa B OCHOBHOM COCTOSIHUW.
7. Hantn KoadopmumneHT oTpaxeHums 4acTuubl C Maccor m OT NOTEHUMANbHON SMbl (NOTEHUManbHas
SHEeprys YacTuubl Npu ABUXEHUM BLOMb OCK X paBHa Hysto Be3ae, Kpome obnactn O<x<a, rae oHa
pasHa -U, U>0).

YCTHbI ONPOC , NPUMEpPHbIE BOMPOCH!:

OCHOBHble MOHATUS KBAHTOBOW Teopun. Teopus NpeacTaBneHnin. IBONOLNS KBAHTOBbLIX COCTOSHUINA
BO BpemeHu. YpasHeHue WpeanHrepa. OgHoMepHoe aBuxeHue. [[apMOHMYeCcKnin ocumnnnsaTop.
LBnXxeHne B LeHTpanbHO-CUMMETPUYHOM none. AToM Bogopoaa. Teopus Bo3MyLeHUA. SddekT
Wrapka ons atoma Bogopona. COOTHOWEHME HeONPeaAeNneHHOCTN ANS SHeprumn n sBpemMeHun. Teopus
paccesaHus. BapyaumoHHblin metod. OCHOBbI KBAHTOBOW 3M1E€KTPOANHAMMKA. OCHOBbI PENSTUBUCTCKOM
MEXaHWUKW.

Tema 3. TepmoauHaMmuka. Ctatuctmyeckas cpmaunka.dmanyeckas KMHeTuKa.
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oomatllHee 3aaaHue , NPUMepHbIE BOMPOCHI:

JomawHue 3agaHns oopMUpyoTCS Ha OCHOBE KHUMM [8] M3 cnvcka OCHOBHOW nuTepatypbl.
Mpumepsbl pelwaemblx 3a8a4y: 1. Hantv dpazoByto TpaekToputo a) cBoboaHOM MatepuanbHO YacTuLbl;
6) yacTuupl, cBoboaHO Naparoweit ¢ BoicoThl h. Kak M3aMeHUTCS TpaekTopus Npu yveTte
COMPOTUBAEHNS OBUXEHUIO CO CTOPOHbI Cpebl (a)? npu y4eTe HeynpyroctTu coyaapeHus Yactuupl ¢
noBepxHOCTbo 3emnu (6)? 2. [1ns yactuupbl ¢ Maccoil m, apuratoweics B kybe ¢ pebpom L,
NCNbITbIBAS yNpyrue coynapeHnst Ha CTeHKax, HanTn YNCNO KBAHTOBOMEXAHNYECKNX COCTOSHUM C
SHEeprusMmn, MeHblwMK E, n cpaBHNUTb €ro ¢ COOTBETCTBYIOWMM 06 bEMOM (PA30BOro NPOCTPAHCTBA.
MokasaTtb, YTO NocnenHuii SBNsSeTCS aanabaTtnyeckm NHBAPUAHTOM, T.€., HE MEHSIETCS MpW
MeONEHHOM paclMpeHn nnn cxartum kyba. 3. Haiitn pacnpeneneHve BeposiTHOCTEN ANns
KMHETMYECKOI SHEPTrM MONEKYbI MaeanbHOro rasa. Beluncnutb cpenHee un Hanbonee BepoOSATHOE
3HaYeHUS KNHETUYECKOM aHeprun. 4. Hamtu 4yucno Monekyn ngeanbHoro rasa, CtanknBatoWwmxcs B
e[VHULY BPEMEHMU C eANHMLEN NOBEPXHOCTN CTEHKN, CKOPOCTb KOTOPbIX B HAMPaBieHUN HopManm K
cTeHke npesblwaet V0. 5. Hantu ypaBHeHWe COCTOSHMA naeanbHOro rasa B KnacCu4eckom
NPMONNXEHNM C YHETOM NEPBbLIX MOMNPABOK HA HAYano BbIPOXAEHUS. 6. DHEPrns aNEKTPOHOB B
MeTanne pasHa € = (px2+py2)/2mi+pz2/2m2. Hantn aHepruio depmu. Boluncnuntsb <vz2> npu T= 0.
7. HanTtn TemnepaTypHyo 3aBUCMMOCTb AaBNEeHNS HACbIWEHHOro napa Hag TBepabiM TEoM (nap
paccMaTpmBaTtbh Kak naeanbHblid ra3, TENI0EMKOCTN ra3a 1 TBepaoro Tena NocTosiHHbIE). dHeprus
CBSA3U MONeKyn B TBepaoMm Tene pasHa €0. 8. HanTtn kputnyeckue nokasarenu ang rasa
BaH-nep-Baanbca.

yCTHbIVI onpoc , npMMepHbiEe BOMPOCHI:

OCHOBbI CTAaTUCTNYECKOr0 METOA4A UCCNef0BaHNA MakpoCKOonMyecknx cuctem. OCHOBHbIE
pacnpeneneHns CTatucTMYeCcKon MexaHK paBHOBECHbBIX CUCTEM.DHTPOMNUS. TeMneparypa,
donyktyauuun. Bropoe Havano tepmoamHamuku. bonbluoe kaHoHnyeckoe pacnpenenerHne. GyHkumm
pacnpeneneHus ®epmu-Lupaka n bose-ditHwTetHa. ObpaTMble 1 HeobpaTMble NPOLIECCHI.
OCHOBHOE ypaBHEeHNe TepMoaANHaMUKN ONs KBasuctaTmyeckux npoueccos. Limkn KapHo.
TpeTunit3akoH TepmoanHamuk. Agnabatuydeckmne npoueccol. MneanbHble rasol. Teopus Oebas.
HewnpeanbHble cnctembl. YpaBHEHNE COCTOSHUA peanbHoro rasa. PasHoBecue (pas. Pasosbie
nepexobl. ®asosbie anarpammbl. Teopus JlaHoay gpasosbix nepexonos BTOPOro pona. Teopus
donykTtyauui. [[ayccoBo pacrnpeneneHne BeposaTHOCTU Manbix dpryktyaumin. PaccesiHie ceeTa.
dopmyna Panesi.OnemeHTbl TEpMOANHAMMKN HEOOPATUMBIX MPOLLECCOB. DNEMEHTbI (PU3NYECKONA
KnHeTukun. KnHetuyeckoe ypasHeHne bonbumaHa. CnydaiHble MapkOBCKME NPOLLECCHhI.

Utorosas ¢popmMa KOHTponsi
3a4eT 1 9K3aMeH (B 7 cemecTpe)
UtoroBas cpopmMa KOHTpons
3a4eT 1 9K3aMeH (B 6 cemecTpe)
Utorosas ¢popMa KOHTpons
3a4eT 1 9K3aMeH (B 5 cemecTpe)

[MpnmepHbIe BONPOCHI K

MpuMepbl 3aaay ons KOHTPOMbHbIX PaboT No pasaeny "OnekTpoanHaMmKa 1 OCHOBbI
9N1EeKTPOANHAMMKIN CMIOWHbIX cpen”

1) Bbluncnntb Hal'lpﬂ)KéHHOCTI/I SNIEKTPNYECKOro nong To4e4Horo gunond ¢ annoibHbIM MOMEHTOM p.
Hantn cunosble nuHUN.

2) Haiitn noTeHumnan anekTpocTatnyeckoro nonsa NMHENHOro KBaapynons (3apsasl g, -29, q
pacronoXxeHbl HA OCK Z Ha PacCTOSHMW b Oapyr OT Apyra) C TOYHOCTbIO 40 KBaApPyrobHbIX
crnaraembix BK/THOYUTENbHO.

3) Hantn BeKTOprIVI noteHunan n MarHMTHoe rnoJjie, co3gaBaemble OBYyMA I'IpFIMOﬂI/IHeVIHbIMI/I
napanie/ibHbIMi TOKaMu OANHAKOBOW BENNYUHDI J, TEKYWMMIN B NPOTUBOMONMOXHbIX HAMpaBIEHUAX.
PaccTtosiHme MeX Oy ToOKaMun 2a. MarHuTtHas NnpoHMUaeMOCTb Cpelbl 3anaHa.
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4) OnpenennTb HaNPSXEHHOCTb MArHUTHOIO NOMS MAOCKOCTU, MO KOTOPO NPSAMONMHENHO TEYET
TOK, paBHOMEPHO pacnpenenéHHblin Mo NOBEPXHOCTN C NOBEPXHOCTHOM MAOTHOCTbLIO i. 3aTem
onpenennTb HanpPsaXEHHOCTb MAarHNTHOMO MoNs, CO34aHHOro ABYMS napannefbHbIMU NI0CKOCTAMN,
MO KOTOPbIM MPSMOMIMHENHO TEKYT TOKU C OANHAKOBbLIMY MOBEPXHOCTHBIMU MAIOTHOCTAMMN |,
paccMOTpPEB ABa cry4yas: (a) TOKM TEKYT B MPOTUBOMONIOXHBIX HanpaBneHmsx; (6) Tokum HanpaeneHbl
O0JMHAaKOBO.

5) YacTtuua ¢ maccoit m obnapaet aHeprueii E. Halitn ckopocTtb v Yactuubl. PaccmoTpeTsb, B
Y4ACTHOCTU, HEPENATUBUCTCKUI 1 yNbTPapPEenaTUBMCTCKWIA Npenensi.

6) Yactuua, OBUXYLASCS CO CKOPOCTbIO V, pacrnanaeTcs Ha ABa OAMHAKOBbIX raMMa-KBaHTa.
OnpenennTtb yron pasneTta raMMa-kBaHTOB.

7) HacTtuua ¢ sHepruen E n Maccon nokosi m HaneTtaeT Ha NOKOSLWYKOCS YaCcTULy Takon Xe MacChbl.
HaiTn ckopocTb LeHTpa MHepLUUN CUCTEMbI 3TUX OBYX 4acTUL, OTHOCUTENbHO nabopaTopHOi
CUCTEMbI OTCYeTa.

MpumMepbl 3aaay Ans KOHTPONbHbIX paboT no pasaeny "KeaHToBas Teopus”

1. MNoka3zaTtb, 4TO COOCTBEHHbIE PyHKLIMM 3pMUTOBA Ornepartopa OpToroHasbHbl, €CNu NpuHagnexar
pa3HbiM COOCTBEHHBIM 3HAYEHUSIM.

2. [NokaszaTtb, 4TO ecnu ABa apMmuToBa onepartopa A, B yoosneTtsopstoT cooTHoweHuo AB=BA, 10
OHW MMEIOT 06LLYH0 CMCTEMY CODOCTBEHHbBIX PYHKLIMIA.

3. HaiAitn cobcTBEHHbIE PYHKLUNU N COOCTBEHHbIE 3HAYEHUS onepartopa umnynbca aong cnydas
KOHEYHOro o6bemMa CMCTEMBI. HOpMI/IpOBKa Ona cnydas H6eckoHe4YHoro obbema.

4. Onepartop Npon3BO4HON MO BPEMEHW OIS MPOM3BOSIbHON OU3NYECKON BENNYUNHDI.
5. Haittn onepatop ckopocTu ons cBo60AHOro PeNsTUBUCTCKOrO 3NekTpoHa.

6. HanTtn onepartop yckopeHus ons NMHENHOro rapMOHNYEeCKOro ocumnnnatopa

7. HanTn onepatop CKOpOCTW 3neKTpoHa B atoMe BOAOopoaa.

8. MNokaszartb, Kakune UHTerpanbl OBUXEHUS SBNAOTCS CNeacTBneM 0OHOPOOAHOCTA U U30TPOMHOCTY
NPOCTPaHCTBA.

9. BonHoBas tpyHkums Yactuubl ¢ Mmaccon M pasHa Cexp(-r/p). HanTtu cpenHee 3HaveHne
KWHETUYECKOW SHeprum Yactuupl.

10. NoTeHumanbHas sHeprus YacTuubl ¢ Mmacco m pasHa V(x)=a|x|. OueHnTb 3Heprnto 0OCHOBHOIO
COCTOSIHWSA, NCNONb3YS COOTHOLEHNE HEONPEAENEHHOCTH.

11. [aMUNbTOHMAH YacTuLbl B 31EKTPOMArHMTHOM none ¢ noteHunanamu A(r,t), phi(r,t) paseH
H=(p-eA/c)"2/2m+e*phi. HainTn onepartop yCKopeHus 4acTuLbl.

MpumMepbl 3aaay ons KOHTPONbHbIX paboT no pasaeny "TepmoanHamuka. Ctatuctnyeckas
domsunka.Pusnyeckasa kmHetmka. "

1. Hantn aHTponuio cuctembl N MHENHbIX OCLUMANSATOPOB C YaCTOTOM *, TeMnepatypy Kak qoyHKLMIO
SHeprun, a Takxe sHepPruto, 3HTPOMUIO U XMMUYECKUIA NOTEHUMaN Kak OYHKUMIO TeMneparypbl.
HapuncoBaTtb COOTBETCTBYIOWME rpagpuKm.

2.Monekynbl naeanbHoOro raza agcopbumpyoTcs NOBEPXHOCTLIO, UMetowen N nornowarowmx
LeHTpoB. icnonb3ys 60nblioe KAHOHNYECKOE pacnpeneneHme, HanTn KoagguUneHT agcopbuunn a
(oTHOLWeEHWE cpeaHero Yncna ancopbrpoBaHHbix Monekyn K N ), ecnu sHeprust Monekynbl Npu
ancopbuunn ymeHblaeTcs Ha BeNnMYmHy e. Haiit 3aBMcmMMOoCTb € OT AaBneHns rasa p (X1
ngeanbHoro raza m = TInp/p0).

3. [lokazatb, 4TO NepeceyeHne AByX KBasncTaTMyecknx agnabar HEBO3MOXHO, Tak Kak 370
NPMBOAUT K HapyLEeHUO NpuHLMNa ToMCcoHa.

4. Haiitn paboTy, Npon3BoanMy0 Hal naeanbHbIM ra3oM, U KONMYECTBO TENNa, Nony4yaemMoe 1M,
Korpa ra3 coBepliaeT KpyroBow NpoLecc, COCTOAWMIA 13 a) ABYX N30XOPHbIX 1 ABYX N3006apHbIX
npoueccos, 6) ABYX N30XOP U ABYyX M30TEPM, B) ABYX N30TEPM U ABYX aamabar, r) AByx nsobap u
LBYX N30TepM, 4) AByx n3obap n asyx agmabar.

5. Bblumcnntb 60nblyo cTatcymMMy AN UaeanbHOro rasa B Knaccuieckom pexmme. Hantu 6onbuuoi
TEPMOANHAMMYECKUIA MOTEHLMAN, SHTPOMMIO, CPELHEE YMCNO YacTul, 1 fasneHve rasa. lNokasatb,
4TO AUCNEPCMS YMCna YacTul, YoOBNeTBOpSeT pacnpeneneHuio NyaccoHa.
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6. BbluncnmTb NnoTHOCTL cocTosiHuin D(e) B cnyyae oOHO- 1 ABYMEPHOrO ABMXEHWIA CBOBOAHOM
4acTuubl Maccbl m.

7. HanTtn nonpasku nepsBoro nopsiaka K TepMoguHammyecknm goyHkumam E, S, G, F n
TennoemkocTtam CV, Cp paspexeHHOro peanbHoro rasa rno cpaBHEHUIO C COOTBETCTBYOWMMM
BENMYMHaMN ngeanbHOro rasa.

Bonpochbl k 3a4eTy "OnekTpoanHaMmKa U OCHOBbI 31EKTPOANHAMMKM CNOWHbIX cpen "

1.YpaBHeHns MakcBenna B Kakoi doopMe - AndodoepeHUmnanbHOn M UHTErpanbHOM - SBNSIHOTCS
oonee oOWMMU N B KaKOM cMmbicne?

2.P13NYECKNIA CMbICT YPaBHEHUS HEMPEPLIBHOCTH.
3.INoTHOCTbL 3HEeprun sNeKTPOMarHNTHOro Nons B BaKyyMe 1 CrIOWHON cpeae.
4.T1NOTHOCTb NOTOKA 3NEKTPOMArHUTHON SHEPrumn 1 NAIOTHOCTb UMMYbCa 3MEKTPOMAarHUTHOro Nons.

5.3Hepr|/|$| SNEKTpnYeCcKoro amnons B anekTpn4eckom none n MarHNTHOro MOMeHTa B MarHUTHOM
none.

6.MocTynatbl OnHwWTENHA.
7.0npeneneHne pensTMBMCTCKOro MHBapmaHTa.
8.PensatmBncTckne nHBapmaHTbl 9NeKTPOMarHUTHOrO Mons.

9.Pun3nyeckunin cmoicn Hal'lpﬂ)l(eHHOCTeIZ ANEKTPUNYEeCKOoro n MarHMTHOro nonemn s MI/IKpOCKOI'II/I‘-IeCKOVI
neKkTpoanHamumke.

10.Pn3n4eCKnn CMbICN BEKTOPOB NONSpu3aLmm n HamarHM4eHHOCTH.

11.DPU3NYECKNiA CMbICN HAMPSXEHHOCTEN N UHAYKLUMIA 3NEeKTPUYEeCKOro U MarHUTHOro Nonewn B
MaKpOCKOMMYEeCKON 3neKTpoamnHaMmKe.

12.®Pun3nyeckas NnpuymHa 3atyxaHus SNeKTPOMarHUTHbIX BOMH B MPOBOAHMKAX.
13.4T10 Takoe penaTnBuCTCKUin nHTepsan?

14.3akoHbl Oma n Ixoyns-JleHua ong o4HOPOAHOMO N30TPONHOMO NPOBOAHMKA B
AndpdpoepeHumanbHom popme.

15. TOMCOHOBCKOE 1 paneeBcKkoe paccesiHNe aNeKTPOMarHUTHbIX BOJH.

16.410 Takoe pesoHaHCcHas conyopecueHunsa?

17.410 Takoe 04HOPOAHOE M HEOOHOPOOHOE YWMPEHUE CNEKTPanbHbIX TUHNIA?
18.4T0 Takoe ecTeCTBEHHAS WMPMHA CAEKTPasbHbIX IMHUIA U yCTpaHUMa v oHa?

19.4eM oTnmnyaoTcs cunbHOMarHUTHbIE BeleCcTBa (heppoMarHeTukm n aHTudeppomMarHeTukm) ot
cnaboMarHuTHbIX (OMaMarHeTMku 1 napamMarHeT1kun) BeLwecTs?

20.KakoB chmanyeckuii cmbicn Temnepatypbl Kiopn?

21.KakoBa npuynHa cnpaBeniMBoCcTy 3akoHa Kiopy 1 ons onanekTpuyeckoin BOCIPUUMYNBOCTY
NONSAPHbIX AN3NEKTPUKOB, U 411 MArHUTHON BOCMPUMMYMBOCTM NapaMarHeTMkoB?

22.3akoH Kiopu-Bericca ons MarHUTHON BOCAPUMMYMBOCTMW.
23.B yeM 3akniovaetcs adhdoekT MenccHepa?
23.MprHUMN NPUYMHHOCTK 1 3ana3gbiBarolne NoTeHumanb.

24.BekTop OMNONbHOr0 MOMEHTA M TEH30P KBAAPYNONbHOrO MOMEHTA CUCTEMbI HEMPEPBIBHO U
LMCKPETHO pacnpeneneHHblX B MPOCTPaHCTBE 3apsiA0B.

25.BeKTop MarHMTHOro MOMEHTa 06 BEMHOIO TOKA U CUCTEMBI ABUXYLIMXCS TOYEYHbIX 3aps40B.
26.410 Takoe opbuTanbHOe rmpoMarHUTHOE OTHOWEHWE, YEMY OHO PaBHO?

27.KakoBa B 0obLiem cnyyae nonsipnaanmsi MOHOXPOMAaTUYECKUX NMNOCKMX ANEKTPOMArHUTHbBIX BOSIH B
onanekTpukax? Yro Takoe Kpyrosasi, IMHeHas, npasasi, fe-sas nonsipus3auuns?

28.YpaBHeHua Makcsenna B YeTbIpEXMEPHOM POpMeE.
29.4Yto ytBepxaaet Teopema VpHwoy?
30.MMoyemy NOBEPXHOCTb NPOBOAHMKA SABNSETCS 9KBUMOTEHLMANBHOK?

BOIMPOCHI K BAYETY "KBaHToBas teopus”
1. CBoWicTBa OnepaTopoB Pr3nN4ECKUX BENNYNH
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9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

. CobCTBEHHBIE PYHKLMN 1 COOCTBEHHbIE 3HAYEHMS ONEpPaTopoB
. CobCTBEHHBIE PYHKLIMIN KOMMYTUPYHOLWMX ONEPaToOpPOB.

. MaTpunyHoe npencraeneHne oneparopos

. CooTHOWeEHNSs HeonpeaeneHHocTel en3eHbepra

. Teopus npencrasneHun

. BonHoBoe ypaBHeHue WpennHrepa

. [1NOTHOCTb NOTOKA BEPOATHOCTM.

OnepaTtopbl CKOPOCTEN N3MEHEHNS PU3NYECKMX BENNHNH

CraumoHapHble COCTOSHUS

Ycnosus cywectBOBaHMS UHTErpanoB ABMXEHNS

MpencTaeneHne Mein3eHbepra.

[BuXeHre YacTumubl B MPSMOYrOnbHOM sIME.

TyHHEnNbHbIN acpdhekT

JIVHEMHbIN rapMOHNYECKNIA OCLMNNSATOP

IBuXeHve B none LeHTpanbHbIX CUN: pasaeneHme nepemMeHHbIX
CobcTBEHHbIe hyHKLUMM U CODBCTBEHHbIE 3HAa4YEHUsI OnNepaTopoB MOMeHTa Iz, 12
LcKpeTHbI 3HepreTnYecKkuin cnekTp atoma sogopoaa

Teopus cTaunoHapPHbIX BO3MYLWEHWI 015 HEBLIPOXAEHHbIX YPOBHEN aHepruu.
Teopusa cTaunmoHapHbIX BO3MYLEHWI ONS BbIPOXAEHHOMO YPOBHS SHEPrum
Teopusa HecTauMOHapPHbIX BO3MYLLEHWUIA

KBaHTOBbIE NEpexobl B HEMPEPbIBHOM CEKTpe

Teopwus paccesHus. Meton bopHa.

KBasnknaccuyeckas BONHOBas qoyHKLMSA

Ycnosus kBaHToBaHNsA Bopa-3ommepdenbaa

BonHoBble oyHKUUN CUCTEMbI TOXOECTBEHHbIX YaCTUL,

Teopusa camocornacosaHHOro nosns B atomax

Monekyna sogopoga. [MoHaTne 0 XMMUYECKOWN CBA3MW.

BTopuyHoe kBaHTOBaHue. BO30HbI

BTropnyHoe kBaHTOBaHMe. PepMUOHbI

JINHEenHbIA rapMOHNYECKNA OCUNNSATOP B NPeACTaBNEHUN BTOPUYHOIO KBAHTOBaHNS
HopmanbHble KoopaMHaThl 31EKTPOMarHUTHOrO Nons

KBaHTOBaHWMe 31€KTPOMarHMTHOro rnons, POTOHbI.

MornoweHne n nany4yeHne gOTOHOB aTOMOM.

YpaBHeHue KneinHa-Poka-l"opooHa

CBoboaHoe aBMXeHne 6030Ha C HyNeEBbLIM CMINHOM

YpaBHeHve Oupaka

PeweHne ypaBHeHus dupaka ons cBO6OAHOrO 9NeKTpoHa

MoOMeHT KonnyecTea OBUXEHUS PENATUBMCTCKOrO 3N1eKTPOoHa.

YpasHeHue lNaynu. MarHUTHbI MOMEHT 3N1eKTpOoHa

CnuH-opbutanbHoe B3anMonencTane

HenTtpuHo

BOIMPOCbI K BAYETY "TepmoanHamumka un ctatuctudeckas gomamka”

1. MaKpOCKOI'IVI'-IeCKVIe CNCTEMbI, MakKpocCKonnyeckmne CoCToAaAHnA, MMKpOCKOonMn4yeckmne CoCToAHNA,
CTaTUCTUYECKNIA BEC MaKpOCKOMn4eCcKoro CoCTtosHmnsA, ctatuctnyeckasd runortesa.

2. d®a30Boe NPOCTPAHCTBO, dha3oBasi TpaekTopus. GyHKUUS CTAaTUCTUYECKOro pacnpeneneHusi.

Ct

aTUCTUYECKMEe aHcambnu.

3. YpasHeHue Jlnysunns, teopema Jlnysmnnns.

Peruct
CtpaHn
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4. CtatucTnyecknin onepartop, MaTpuua ninoTHOCTW, CBOACTBA MaTpuLbl MAOTHOCTN.

5. YpaBHeHue Jlnysunnsa-HerimaHa.

6. MukpokaHoHM4eckoe pacnpeneneHue.

7. dproanyeckas rmnoresa. KBasanaprogmyeckme CUCTEMbI.

8. CnuHoBas cuctema.

9. Cuctema 0anHaKOBbIX OCLIMNNSATOPOB.

10. CBA3b MeXy YMCNOM KBAHTOBbIX COCTOSIHUIA 1 06 EMOM B (pa30BOM MPOCTPAHCTBE.
11. TepMoanHaMmyeckme KOHTaKTbl CUCTEM.

12. PacnpeneneHve (KOHpUrypauus) NofHoM 3Heprum no noacMcTeMam, BEPOSITHOCTb
pacnpeneneHus.

13. OHTponus n Temneparypa. CBoncTBa SHTPOMUN.

14. SHTpPONNS 1 Temnepartypa CrMHOBON cucTeMbl. OTpuuaTenbHble TeMneparypsbl.
15. XviMuyeckuin noteHumarn.

16. bonblwoe kaHOHUYeckoe pacnpeneneHve. bonblas cratcymma.

17. KaHoHWn4yeckoe pacnpeneneHue. Ctatcymma.

18. Knaccuyeckas popma KaHOHMYECKOro 1 60MbLIOro KAHOHMYECKOr0 pacnpeneneHuii.
19. OKBMBANEHTHOCTb PABHOBECHbLIX aHCambnen

20. dyHkuns pacnpeneneHns depmu-upaka.

21. ®dyHkums pacnpeneneHns bose-OnHwrenHa.

22. OHTponusa no bonbumaHy.

23. ObpaTnMble (paBHOBECHbIE) U HEOOpaTUMbIE (HEPABHOBECHbIE) MPOLIECCHI.

24. [laBneHne 1 ero CBSA3b C 3HTPOMNUEN.

25. O606LWeHHbIE CUNbl, COOTBETCTBYIOWME BHEWHMM NapameTpam CUCTEMbI.

26. OCHOBHOE ypaBHeHVEe TepMOAMHAMUKN O151 KBA3UCTaTUYECKNX MPOLLEeCCOB.
27. Tennota. ®yHKUMM Npouecca U PYHKLUMUN COCTOSHUS.

28. lNepBbll 3aKOH TEPMOOANHAMUKN.

29. TepmoanHaMmnyeckme CUCTEMbl BO BHELWHMX SNEKTPUYECKMX U MATHUTHbBIX NONSX.
30. Lukn KapHo, Teopembl KapHo.

31. Tennosasa mawuHa. KoapdpuumneHT nonesHoro 4encTsmns MalnHbl.

32. HepaseHcTtBO Knayauyca.

33. Bropon 3akoH TepmoguHamukm; npuHumnn Knaysuyca, npuHumn KenbsuHa.

34. TpeTtunin 3aKoH TepMoanHamumkn, Teopema HepHcera-lnaHka.

35. TennoemMkoCTb CUCTEMDI.

36. OHTanbnus, ceobonHas aHeprus Fenbmronbua, TepMoanHaMuyYecknii noteHuman Mb6bcea,
00nb-lON NoTeHuman.

37. OKCTEHCMBHbIE (AAONTUBHbBIE) N UHTEHCUBHbBIE (PU3NYECKNE BENNYUNHBI.
38. YpaBHeHusi 'mbbca-lenbMronbua.

39. CBs13b CBOOOAHOW 3HEPrUM CO CTATCYMMOIA.

40. CooTHoweHns B3ammHocTn Makcsenna.

41. KoadhgpULMEHT TEMNNoBOro pacluMpeHmns, N3oTepMmyeckas cxXmnmaemocTb, agmabarmyeckas
CXUMa-eMOoCTb.

42. HekoTophble CBOMCTBA AIKOOMAHOB 1 X NPUNOXEHNE B TEPMOONHAMUKE.

43. Cesa3b mexay Cp n CV.

44.Ycnosusa paBHOBECUS TEPMOONHAMUYECKMX CUCTEM, HAXOOAWNXCA B KOHTAKTE C TEPMOCTATOM.
45. MMpnHUMN MakcuManbHol paboTbl.

46. TepMoonHaMmmyeckme HepaBeHCTBA.

47. Apnabatunyeckne npoueccol. Micnonb3oBaHne nx Ans Nony4eHMs HU3KUX Temneparyp.
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48. MeTopn agmabaTnyeckoro pasmarHmymBaHus napamarHeTnKoB.
49. CnencTtBug TpeTbero 3akoHa TEPMOANHAMUKMN.
50. HacTtuubl B awmke. BHyTpeHHSAS CTpyKTypa 4acTuL.

51. Xumnyeckunin noteHuman, BHyTPEHHAS SHeprus, ypasHeHne COCTOSHUS KNacCu4yeckoro
naoeanbHoOro rasa.

52. CBobooHas aHeprus, sHTPoONus, TENTOEMKOCTb, CTaTCyMMa UaeanbHOro rasa.
53. KBaHTOBbI 06EM, €r0 OUINYECKNIA CMbICTT.

54. TennoemMkoCTb ABYXaTOMHOro naeanbHOro rasa.

55. Cmecb naeanbHbiX ra3os.

56. MloeanbHbii ra3 B cunosoM none. bapomeTtpuyeckas popmyna.

57. PacnpepneneHne Makceenna no CKOPOCTAM B naeanbHOM rase.

58. PasnuyHble goopmbl pacnpeneneHna Makcsenna-bonbumaHa.

59. MnoTHOCTL pacnpeneneHns 04HOHaCTUYHbIX COCTOSIHUI MO SHEPTUAM.

60. BbipoxaeHHbIn naeanbHbln Pepmu-rad. Temnepartypa depmu.

61. TennoemkocCTb BblpoXaeHHOro depmu-rasa.

62. BbipoxaeHHbIn Bose-ras. bose-koHaeHcaums.

63. ®opmyna lNnaHka onsa pacnpeneneHnst MHTEHCUBHOCTU N3Ny4EeHNS MO YacToTaM.
64. DHeprusa n3ny4yeHuns, gasneHne nsnyyeHuns, TeNI0eMKOCTb U3NYyYeHUs.

65. N3ny4eHne ns nonoctn. 3akoH CtedhaHa-bonbumaHa.

66. KonebaHuns kpuctannmueckoi pewetkn. Monenb Lebas. Temnepatypa Jebas.
67. TennoeMkoCTb peleTkn NP HU3KKX 1 BbICOKMX TeMnepaTypax.

68. Pa3pexeHHble rasbl. MoaenbHble NoTeHunansl B3aumMoaencTaust 4actuu. MpmbnmxeHre napHbix
B3aMMOOEeNCTBUA.

69. BupmanbHoe pasnoxeHue ypaBHEHUSI COCTOSHUS.
70. YpaBHeHue BaH nep Baanbca.

71. PaBHOBeCHbIE YaCTUYHbIE COYHKLIMK pacnpenenerms. Lienoyka ypaBHeHWA ans paBHOBECHbIX
oyHKLMIA pacnpeneneHns. Cynepno3uumnoHHoe npubnmxeHue.

72. YpaBHeHNe COCTOSHMS (OaBneHune) peanbHOro rasa.

73. Teopus Lebasi-Xiokkens onsi paBHOBECHOW pa3pexeHHon nna3mbl. Pagnyc ebas-Xiokkens.
74. YcnoBusa cocylwectsoBaHns doas. Pasosble nepexonbl. YpaBHeHne KnanenpoHa-Knaysuyca.
75. Kputnyeckas toyka. TponHas Toyka. Pasosble guarpammbl.

76. Mpaenno ¢as MNbbca.

77. ®eppomarHeTmam B NpubnnxXeHUn MonekynsapHoro nons Belicca.

78. YCNnoBus XMMN4eCKOro paBHOBECUS. 3aKOH AENCTBYIOWMX MACC.

79. TepMmyeckas MoHM3auuns sogopoaa.

80. d®opmyna SHWTERHA AN BEPOATHOCTU (onyKTyaLni.

81. NayccoBo pacnpeneneHne BepoATHOCTU ManbiX onyKTyaLmn.

82. dnykTyauumn cucTembl, NOMELEHHOW B TepMoCTar.

83. Koppensumsa dnyktyauuin Bo BpemeHun. Teopema BuHepa-XuH4unHa.

84. MprHUMN CUMMETPUN KUHETMYECKUX KOIGDAMLMEHTOB (COOTHOWeEHNS OH3arepa).

85. MoToku n 0606wWweHHbIe cunbl. Teopema OH3arepa.

86. TepmomexaHmnyeckunin acopekT.

87. KnHetuyeckoe ypaBHeHUe B NpuBIMXEHN BPEMEHN penakcauun. SNeKTPOHHbI ras B
NOCTOSIH-HOM 9NEKTPUYECKOM MOJE.

88. KuHetnyeckoe ypasHeHve bonbumaHa. lNpuHumn netanbHOro paBHOBECHUS.
89. Teopusi 6poyHOBCKOro ABUXeHUS. YpaBHeHne JlaHxeseHa. MpnbnuxeHune "6enoro wyma".
90. Ondpcpysns 6poyHoBCKMX HacTul. Popmyna SiiHWTERHA 4Ns KoadhdpuumeHTa amggysmnu.
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91. OCHOBHOE KMHETMYECKOEe YpaBHeHUe (ypaBHeHne banaHca). H - Teopema bonbumaHa.

7.1. OcHOoBHas nuTeparypa:

1. BacunbeB A.H. Knaccnyeckas anektpoanHammka. Cl6. BXB-letepbypr. 2010. - 276 c.
http://znanium.com/bookread.php?book=350602

2. KanuknHckmin .. OnektpoanHammka. HAL NHgopa-M. 2014. - 159 c.
http://znanium.com/bookread.php?book=406832

3. Kouenaes, B.W. KBaHToBas Teopus: koHcnekT nekunii / b. . Koyenaes. - [2-e n3ga., nepepab.,
non. u ucnp.]. - KazaHb: KasaHckui yHusepcutet, 2013. - 222 c¢. - Pexum gocTtyna:
http://kpfu.ru/portal/docs/F1738320152/Quantum_Theory.pdf

4. NaeblgoB, A.C. KBaHToBasi MexaHuka: yyebHoe nocobue. / A. C. Jasbigos. - ClM16: BXB
Metepbypr, 2011. - 704 c.- Pexum pocTyna: http:/znanium.com/bookread.php?book=351130.

5. Conoebes, O.B. 3apayHnk ons guankos. Hactb |. [OnekTpoHHbIN pecypc] / O.B. Conosbes, 3.U.
Baiibekos, C./. benos // Y4ebHoe nocobue. KasaHb: KasaHckuit yHueepcutet, 2015. 102 ¢. -
Pexwum goctyna: http://dspace.kpfu.ru/xmlui/handle/net/20301

6. A.B. MokwuH, A.®. XanpytauHosa, P.M. XycHyTamHoB. Ctatuctuyeckas gouamka u
TepMoauHamuka. - KasaHb: KasaH. yH-T1, 2015. - 26 c.

http://dspace.kpfu.ru/xmlui/bitstream/handle/net/23806/06_143 001129.pdf;jsessionid=53BEC12EC03DDF

7. Hosukos N.N. TepmoonHamuka, M.: JlaHb, 2009. - 592 c.
https://e.lanbook.com/reader/book/286/#1

8. CuByxuH [.B. O6wwuin kypc comnanku: YuebHoe nocobue ans By3os: B 5 Tomax Tom 2:
TepmoguHammka n monekynspHas gomsuka / Cusyxun O.B., - 6-e n3g., crep. - M..OUIMATIINT,
2014. - 544 c. http://znanium.com/bookread2.php?book=470190

7.2. JlononHuTenbHasa nuteparypa:
1. Anekcees A.M. COopHMK 3apay no knaccmnyeckoi anektpoanHamuke. Cr6. JlaHb. 2008. - 320 c.
https://e.lanbook.com/reader/book/100/#1

2. batbirvH B.B., TonTbirvH. .H. C60pHMK 3a8a4 no anekTpoaMHaMmnke 1 cneumnanbHon Teopum
oTHocuTenbHocTh. CI6. JlaHb. 2010. - 480 c. https://e.lanbook.com/reader/book/544/#1

3. Nanpay J1.0., Nungpwmu E.M. SnektpoanHamuka cnnowHbix cpen. M. duamarnut. 2005. - 651 c.
https://e.lanbook.com/reader/book/2234/#1

4. bnoxuHues .. OcHoBbl kKBaHTOBOW MexaHukW. 130-8o JlaHb, 2004. - 672 c.
https://e.lanbook.com/reader/book/619/#1

5. OnemeHTbl CTaTUCTNYECKO MEXaHWKW, TEPMOONHAMUKM U KMHETUKN: Y4ebHoe nocobue / N.P.
Werones. - 2-e naa., ncnp. - JonronpynHoini: MHtennekt, 2008. - 208 c.
(http://znanium.com/bookread2.php?book=185400)

6. KpacHonesues E.A. Cneurnasbl onsnkn. Ctatuctnyeckas manka paBHOBECHbBIX CUCTEM /
KpacHonesues E.A. - HoBocunb.:HI'TY, 2014. - 387 c.
(http://znanium.com/bookread2.php?book=556963)

7. K0.M.Benoycos, C.H.Bypmuctpos, A.N.TepHoB. 3anayn no Teopetnyeckon gusnke: YuebHoe
nocobue/t0.M.benoycos, C.H.Bypmuctpos, A..TepHos - LonronpyaHoiit: MHTennekr, 2013. - 584
c. (http://znanium.com/bookread2.php?book=510284)

7.3. UHTepHeT-pecypcChbl:

HoBsas anekTtpoHHas 6ubnuoteka - http://www.newlibrary.ru

Ob6pasoBatenbHeblii NpoekT A.H. BapruHa - http://www.ph4s.ru/index.html

canTt Kkadpenpbl TeopeTnyeckon gnankm - http://www.kpfu.ru/main_page?p_sub=5721
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9BC KHura®oHg - http://www.knigafund.ru

AnekTpoHHas bubnnoteka MexaHUKo-MaTematuydeckoro dpakynbteta MI'Y - http:/lib.mexmat.ru/
9CbBb Znanium com - http://znanium.com

9OCB JMaHb - https://e.lanbook.com

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMNINHbI(MOAYNS)

OcBoeHune gncumnnuHbl "Teopetnyeckas omanka" npegnonaraet NCNoNb30BaHNE CleayowWwero
MaTepuanbHO-TEXHNYECKOro obecneyeHus:

MynbTumMeauiiHas ayoutopusl, BMECTUMOCTbO 6onee 60 yenosek. MynbTumMeauniiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHaLeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCMPOU3BEAEHUS 1 BU3yanv3auum ntoboin Buaeo n ayamno
NHpopMauuu, NoyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMieKTaLms
MyNbTUMEAMNAHON ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOIO NPOoeKTopa, aBTOMaTN3NPOBAHHOIO
NPOEKLIMOHHOrO 3KpaHa, akyCTUYeCKON CUCTEMBI, a TaKXe MHTEpPaKTMBHONM TpMbyHbI Npenonasartens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHasbHbI KOMMbIOTEP
(Cc TexHnyeckmnmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOOoH, 6ecnpoBoaHOM MUKPOGOOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyeHms: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTcs KNo4eBbiM
3N1EMEHTOM yrpaBNieHnsl, 06 beANHSIIOWMNM BCE YCTPONCTBA B EONHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenoaasartens MMeET BO3MOXHOCTb NIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO NMO3BONSIET MPOBOANTL NEKLUMM, MPaKTUYEeCKNe
3aHATUA, Npe3eHTauunn, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA0OHON 1 DOCTYMHOW ANSt HUX CPOPME C NMPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeacTB 0Oy4eHMsl, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce obyyeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHaa ayautopums Takxke oCHaleHa WupPOoKOronoCHbIM
LOCTYNOM B CETb MHTEpPHET. KomMnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToanYeckas nutepartypa ans 4aHHOW ONCLMMNAUHBI UIMEETCS B HAMYUN B
3NeKTPOHHO-6nbnnoteyHol cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpefoCTaBNEH CTyAEHTaM.
9BbC "ZNANIUM.COM" conepXuT nponsseneHns KpynHenwmx POCCUNCKNX Y4EHbIX, PyKOBOOUTENEN
rocynapCTBEHHbIX OpraHoBs, npenogasarener Beaylmx By30B CTpaHbl, BbICOKOKBANN(ULIMPOBAHHbBIX
CMeunanncToB B pasnunyHbix cdoepax brnsHeca. PoHL 6nbnmMoTekn chopMMpPoBaH C y4ETOM BCEX
N3MEHEHMN 06pasoBaTeNbHbIX CTAaHAAPTOB M BKKOYAET y4ebHMKM, yyebHble nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraumm, SHUMKNONEONN, CIOBapu U CPaBOYHNKN,
3aKkoHo4aTeNnbHO-HOPMaTMBHbIE OOKYMEHTbI, CNeunanbHbie nepnognyeckme n3aaHms n n3naHus,
BbiNyckaemble napnartenbcrsamm By30B. B HacToswee spems 965C ZNANIUM.COM cooTteetcTByeT
BCeM TpeboBaHMaM henepanbHbIX rOCyaapPCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe Mapatenbctea "flaHb" , 4OCTYN K KOTOPOW NpenocTaBeH
ctyneHTam. 9bC MN3patenbctia "/laHb" BKOYaET B cebs aNEKTPOHHbIE BEPCUMUN KHUT U3AaTENbCTBA
"IlaHb" 1 Opyrnx Beaywmux n3natenbCcTB y4ebHo nuTepaTtypbl, a TakXXe 9NeKTPOHHbIE BepCUm
Nepuoanyecknx N3aaHnm no eCTeCTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneynBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3naHnsam no MakCManbHOMY KONMMYECTBY NPOOUbHbLIX HanpasneHui ¢
cobntoeHneM BCex aBTOPCKUX M CMEXHbIX Npas.

YyebHble ayamTopun Onsi NPoBeAeHNs NEKLMOHHbIX 1 NPaKTUYecKmx 3aHATuin. MynbTmeonitHoe
obopynoBaHune (HOyTOyK, MPOEKTOP, NPE3eHTEP, 3KPaH, KOMIOHKMN).

MNporpamma coctaBneHa B cooTBeTcTBUM € TpebosaHnamm @I OC BINO un yyebHbiM nnaHom no
HanpasneHno 16.03.01 "TexHnyeckas omamka" n Npouno NOAroTOBKN He NPeayCMOTPEHO .
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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 16.03.01 TexHnyeckas comauka; npodeccop, a.H. (npodeccop) Kovenaes B.U. ,
DOLEHT, K.H. (BoueHT) JlapmnoHos A.J1. , noueHT, k.H. Conoebe O.B. , poueHT, K.H. (goueHT) Xam3nH A.A.

AsTop(bl):
Koyenaes B.U.
JTapuonos A.J1.
Conosbes O.B.
Xam3uH AA.
"o 201 r.

PeueH3eHT(bl):
MankvH B.3.
D 201 r.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PeructpaunoHHbii Homep 868132619
Ctpanunua 16 n3 16.

BAE
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