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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

Mporpammy oucumnnvHbl paspaboTan(a)(n) npodeccop, a.H. (npodeccop) Koyenaes b.U. Kagpenpa
TeopeTuydeckon gomankn OtaeneHne comsnkn , Boris.Kochelaev@kpfu.ru ; BOUEHT, K.H. (AOLEHT)
NapwnoHos A.J1. Kadenpa teopeTtundeckon puankn OtaeneHne pusnkin ,
Alexander.Larionov@kpfu.ru ; 3aBegyownin kagoenpoi, a.H. (npodpeccop) MpowwnH KO.H. Kadgeapa
TeopeTuydeckomn gomankn OtTaeneHne omsnkn , Yurii.Proshin@kpfu.ru ; 4OUEHT, K.H. (OOUEHT) XaM3uH
A.A. Katpenpa teopeTtunyeckoin puaunku OtoeneHme puamnkm , Ajrat. Hamzin@kpfu.ru

1. LLlenu ocBoeHnUs AUCLUMNJIUHDI
Llenamu ocsoeHns gucumnnuHbl "TeopeTndeckas puamka" aBnaoTcs

- N3y4eHne OCHOBHbIX MOHATUIA, 3aKOHOB, MOAENen U ypaBHEHU OBUXEHUSA TEOPETUYECKON
MEXaHWKW;

- U3y4eHne OCHOBHbIX MOHATUIA, 3aKOHOB, 3a4a4 9N1eKTPoOANHAMUKN N cneumanbHOn Teopun
OTHOCUTENbHOCTU N MOLENEN, UCMONb3YEMbIX AN PeeHNsa 3a0a4 9N1eKTPOoaMHAMUKN,

- N3y4eHne n3N4eCckx OCHOB 1 MaTeEMATMYECKOro annapara KBaHTOBOW Teopun
HEepPensaTMBMCTCKOro U KBa3PENSTUBMCTCKOrO ABMXEHNS YacTuLbl BO BHEWHEM MNofe, Teopun
KBAHTOBbIX MEPEX00B, OCHOB TEOPUMN aToMa N XMMWYECKOI CBSI3M, OCHOB KBAHTOBOW
9NEKTPOANHAMUKN;

- N3y4eHne OCHOBHbIX METOO0B, 3aKOHOB 1 MOLENen CTaTUCTUYECKON PUINKN N TEPMOLANHAMUKMN,
pacnpeneneHnin paBHOBECHOM CTaTUCTUYECKON CPU3NKN, OCHOB TEOpUN GONYKTyaLUr, 3N1EMEHTOB
Teopun pa30BbIX NepPexonoB, 31EMEHTOB HEPABHOBECHON TEPMOANHAMUKM.

2. MecTo OUCLMNNHDbI B CTPYKTYpe OCHOBHOM 06pa3oBaTtesnibHOM NPorpaMmbl BbiCLLEro
npodpeccrmoHanbHoro o6pasoBaHus

JaHHas yuebHas aucumunnnHa BkntodeHa B pasgen " 51.B.00.12 OucumnnmHbl (Mogynn)" OCHOBHOM
obpasoBaTefbHol Nporpammbl 28.03.01 HaHOTEXHONOrMM 1 MUKPOCUCTEMHAS TEXHMKA N OTHOCUTCS K
obszatenbHbiM gucuunanHaM. OceavBaeTcs Ha 2, 3, 4 kypcax, 4, 5, 6, 7 ceMecTpbl.

[ns 0CBOEHUS ANCUMNNNHBI HEOBXOAUMBI 3HAHWS AUCUMMNIMH: MaTeMaTUYeCKUiA aHanus,
aHanuTU4eckas reoMeTpus, MnHeHas anrebpa, andgepeHumnanbHble ypaBHEHUS, TEOPUS OYHKLIMN
KOMMNNEKCHOrO NepeMeHHOro, BEKTOPHbI 1 TEH30PHbIV aHanna, ramnka, aNeKTpn4YecTBo u
marHetuam. OcBoeHne aucumnnunHbl 6ynet cnocobcTBoBaTh YCMELWHOW NPOECCMOHANbHOM
LNEeSTeNbHOCTU, NO3BONUT B AalbHEWIWEM n3y4aTtb KypCbl OCHOBHON 06pa3oBaTenbHON NporpaMMmbl
b6akanaspwuara.

3. KomneteHuuu obyuaroLerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS AUCLUMIUHDI
/mopynsi

B pesynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

PacwmdppoBka
LLincpp komnereHumu npuobpeTtaemMor KOMNETEHLUN
OMK-2 CMOCOBHOCTb BbISIBNSATE €CTECTBEHHOHAYYHYIO CYLWHOCTb
(NPOCHECCMOHaNbHbIE npobnem, BO3HMKAOWMUX B X04€ NPOGECCUOHANIBbHOW
KOMMeTeRLMN) NeaATenbHOCTU, NPUBIEKaTb ONg NX peleHnsa CoOOTBETCTBYIOWNIA

PU3nKo-maTeMaTnyeckuii annapat

B pesynbtate 0CBOEHUS ONCUMMNUHBI CTYOEHT:
1. DONXeH 3HaThb:

3HaTb TeopeTnyeckme oCHOBbl, OCHOBHbIE MOHATUNA, 3aKOHblI U MOLOENN TeopequeCKoM MeXaHUKu;
MMeTb npencrtaeiieHne o COBpeMeHHOM COCTOAHUK 3TOro pasgena TeOpeTVI'-IeCKOVI pur3unKn.
3HaTb 3aKOHbI MI/IKpOCKOI'II/ILleCKOI‘/'I n MaKpOCKOHI/Il-IeCKOVI ANeKTpoaMHaAMUKKK N cdpepbl NX

NPUMEHEeHUA, NoNoXeHnA crneumnanbHoun Teopun OTHOCUTENTIbHOCTN N peﬂﬂTVIBVICTCKOVI
ANeKTpoaAnNHaMUKN.
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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

3HaTb OCHOBbI KBAHTOBO-MEXaHNYECKOro ONMCcaHns COCTOAHWIA C*)I/I3I/I'-IeCKI/IX CNCTEM N
MaremMatTn4eckoro annapara KBAHTOBOW Teopun;

noHMMaTb METOAbl TEPMOANHAMUKA N cTaTUCTU4eckom Pur3nKn.

2. DONTXEH yMeTb:

YMeTb NoHUMAaTh, uanaratb U KpUTUYECKM aHanm3nmposaTb 6a30By0 00LWen3nyeckyio
MHPOPMALLMIO; NONBb30BATLCS TEOPETUYECKMMM OCHOBAMUN, OCHOBHBLIMW MOHATUSAMW, 3aKOHAMU 1
MOENsSIMMN TEOPETUYECKO MeEXaHMKWN; (OOPMyNMPOBaTh 1 fOKa3blBaTb OCHOBHbIE pe3ynbTaTthl
TEOPETNYECKON MEXAHVKM, 3aNUCbIBATb OCHOBHbIE YPABHEHUS ABUXEHMUS NPOCTbIX MEXAHNYECKMX
CUCTEM,

obnagatb TEOPETNYECKMMUN 3HAHUSAMU 06 OCHOBAax TEPMOANHAMMKM U CTATUCTUYECKOWN COU3MKM
YMeTb hopMynnpoBaThb U OoKa3blBaTb OCHOBHbIE Pe3ynbTaTbl KBAHTOBO TEOPUN

YMeTb ncnonb3osatb nony4yeHHble 3HaHNA On4 NOCTAHOBKU U pelleHns 3a,40a4 no Teopunn
ANEeKTPOMarHNTHbIX nonem.

3. OOMXEeH BnageTb:

Bnapnetb HaBblkamMy pelleHns 3a4ay 0 ABUXEHUN MPOCTbIX MEXAHNYECKUX CUCTEM, HAXOXAEHUN UX
3aKOHOB [BUXEHNS N TPAEKTOPUIA.

BnapneTtb HaBblkamy pelleHns 3a4a4y MMKPOCKOMMYECKOM 1 MaKPOCKONNYECKON SNEeKTPOANHAMUKMN.

Bnanetb HaBblkaMu peweHuns I'IpOCTGI7ILLII/IX 3adayd 0 HaxoXAeHUN 3HEePreTn4HecKoro cnekTpa n
BOJIHOBbIX prHKLl,VIﬁ KBAHTOBbIX CUCTEM N BbIHNCNTEHNA BepOFITHOCTeIZ nx nepexonos B gpyrune
COCTOsAHNA noa BNnsaHnNeEM BO3MyLI.I,eHI/II7I,

BnaneTb HaBblkamMy BblHUCNIEHUS MakKpOoCKOMM4eCKnxX xapakTepucTtnk CUCTeEMbI.

4. nONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
K QanbHenweMy oby4eHunto

4. CTpyKkTypa 1 cogepxaHve AUCLUNMUHBI MOAyns
Obwas Tpyao0eMKOCTb AUCLMMNIMHBI cocTaBnseT 18 3ayeTHbix(ble) eanHuL(bl) 648 yaca(os).

dopma NPOMEXYTOYHOrO KOHTPONS AUCLUMNANHBI 3K3aMeH B 4 CEMECTpPE; 9K3aMeH B 5 ceMecTpe;
9K3aMeH B 6 CEMECTPE; 9K3aMeH B 7 CEMeCTpe.

CyMMapHo no aucumnanHe MoxHo nony4ntb 100 6annos, 13 HMX Tekywas paboTta oueHusaetcs B 50
6annos, utorosasi dopma KoHTpons - B 50 6annos. MMH1MManbHoe KONMYecTBO ANs Aonycka K 3a4eTy
28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);
71-85 6annos - "xopowo" (xop.);
55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);
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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

54 6anna n MeHee - "Hey1OBNETBOPUTENbHO" (Hey..).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHou paboTbl No gucuunamHe/ MOAynto
TemaTtnyecknn nnaH gUcCUMUNIUHbI/MOAYNS

Bugabl n yachbl
Paagen ayauTopHOM paborThbl,
Henens WX TPy A0EMKOCTb Tekywue copmbl
NI Auewnrmuel - (CeMeCcTPovecTpa (8 wacax) KoHtpons
Nex ““I'IpaKmqecmeHaﬁopaToprle
L 3aHATUSA paborbl
KOHTpONbHas
Tema 1. TeopeTtuyeckas paboTta
MEXaHnKa 1 OCHOBbI NMUCbMEHHOE
1.[ME&XaHWKKN CNNoWHbIX 4 1-17 36 36 0 noomauwHee
cpen 3apjaHue
YCTHbIIA ONpocC
YCTHbI ONpocC
Tema 2. KOHTPONbHas
dnekTpoanHammnka u paboTta
2.|0CHOBbI 5 1-18 54 36 0 NMUCbMEHHOE
9NEeKTPOANHAMUKMN nomallHee
CMNNOWHbIX cpen 3apaHue
YCTHbI ONpocC
KOHTpO/bHas
paboTa
g|1eua 3. Kearosas 6 | 117 | 54 54 0 |nucbmennoe
P nomalHee
3apaHve
YCTHbI ONpocC
Tewa 4. KoHTpOaHas
4 |TEPMOLNHAMMKA 1 7 | 1-18 | 54 54 0 |nucomennoe
crTatuctmyeckas TOMAILIHES
punka 3apaHue
Tema . Itorosas 4 0 0 0 9K3aMmeH
" |dopma KoHTponSA
Tema . Itorosas 5 0 0 0 9K3ameH
" |doopma KOHTpONSA
Tema . Itorosas 6 0 0 0 9K3aMmeH
" |doopma KOHTpoONsA
Tema . Itoroeas v 0 0 0 9K3aMeH
" |dopma KoHTpoOnNA
Ntoro 198 180 0
4.2 CopepxaHue oUCLUNMUHbBI
Tema 1. TeopeTuyeckasi MeEXaHUKa U OCHOBbI MEXAHUKMW CMIOLLHbIX cpen,
JNleKLMoHHoe 3aHsiTne (36 4aca(os)):
PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Bl VHHBEPCHTET

Crpanuua 5 us 20. B, o D AT A CHTEM K



Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

OCHOBHbIE MOHATUS, 3aKOHbI U ypaBHEHNS OBUXEHUS KNACCUYECKON MeXaHWKN; 3aKOHbl UBMEHEHMS
N COXPaHEHNS UMMYNbCa, MOMEHTA UMMYNbCa U SHEPTUN U HTEerpanbl ABuXeHns; OCHOBHble
MOJENN KNnacCu4yeCcKon MexaHukn (04JHOMepHOe ABUXEHWNE, OBUXEHNE B
LLeHTpaNbHO-CMMMETPUYHOM Mone, Npobnema AByx TeN, NOHATME O paccesiHuM YyacTul); MexaHvka
4acTuL CO CBSA3SIMU, ypaBHeHUs JlarpaHxa; Manble konebaHusi MexaHM4eCcKnx CUCTeM; DNEMEHTbI
aHanNTU4YeCckom MexaHnkn (MPUHLMN HAaUMeHbLUEero OencTens, ypasHeHus [raMnnbToHa,
KaHOHMYeckune npeobpasoBaHus, ypaBHeHne MaMunbToHa-Akobu, Teopema Jlinysnnns)

npakTnyeckoe 3aHsitne (36 yaca(os)):

VHTerpmnpoBaHue ypaBHEHWI OBUXEHWS B Clly4asx YacTHbIX BUOOB CUN (rapMOHNYECKNIA
ocuunnaTop, ABMXEHME B cpedax C TPEHUEM, OBUXEHME B NONe TAXECTU, ABUXEHNE 3apSXEeHHOWN
4acTuubl B OOHOPOLHOM MarHUTHOM MOJie U B CKPELLEHHbIX OAHOPOAHbBIX 3M1EKTPUYECKOM U
MarHMTHOM MOMAX, NPOCTPAHCTBEHHbIA OCUUNNATOP, ABUXEHNE B rPaBUTaLNOHHOM (KyJIOHOBCKOM)
none u 1.4.). [BUXeHne MatepranbHON TOYKM B LEHTPaNbHO-CUMMeTpUYHOM none. Oblwee
peleHne: TpaekTopus OBUXEHNS U 3aKOH ABUXEHUS YacTuLbl N0 Tpaektopun. Ycnosume
3amMkHyToCTM TpaekTopumn. Oblee peweHne 3anayqun Kennepa: ABMXEHWE YacTuLbl NOL OeACTBUEM
cunbl, 06paTHO NPONOPLIMOHANBbHOM KBaapaty paccTosHus (noteHuman U = —a/r), , HaxoxoeHue
TpaekTopumn, KoCMUYeckme ckopocTn. 3akoHbl Kennepa. PeweHune 3agay ¢ NOMOLbIO YypaBHEHWIA
NarpaHxa nepBoro poaa. Toyka OTpbiBa YacTWLbl NPY cockab3biBaHUM Mo napabone.
OuHamunyeckunii npuHumn Janambepa v ypaBHeHUs JlarpaHxa BTOporo poaa ans 0606LwweHHbIX
KoopauHart. PeweHve 3anay B popmanuame ypasHeHun JlarpaHxa: rapMOHUYECKUA OCLUNNATOP,
LBVXEHWE B LIEeHTpanbHOM none, ceBoboHble Yyactuubl. Cruna, AeicTByoWwas Ha cuctemy
3aPSKEHHbIX YaCTULL BO BHELWHEM 31IEKTPOMArHUTHOM MNofe kak npuMep 06061WeHHO NoTeHLManbHOM
cvnbl. JlIuHeapraauns ypaBHEHN OBUXEHNS U PELLEHNe 3aaa4m 0 NMHERHbIX KonebaHusix ¢ 04HOM
cTeneHbto cBoboabl. JIMHENHbIE 0AHOMEPHbIE KonebaHust B NPUCYTCTBUM CUM TPEHUSI.
BbIHyXA€HHble NMHElHbIe 0AHOMEPHbIe KonebaHust B NpucyTcTBum cun TpeHust. KonebaHus npw
HanM4ynmn cun TPEHNs N Nepnoan4eckon (Mo 3akoHy KOCKMHYCa) BbiHyXOatowern Cusbl, pe30HaHC.
NnHeapn3auns ypaBHEHU OBUXEHNS 1 pelleHne 3aaaqm 0 CBOOOAHbIX NTMHEHbIX KonebaHnsx
MEXaHN4YeCKO CUCTEMbI CO MHOTMMM CTeneHsIMn cBoboabl, HAaXOXAeHNe COBCTBEHHbIX YacToT U
HOPManbHbIX KOOpAMHAT. 3aadya 0 YacToTax U HopMasbHbIX KoNnebaHNsaX CUCTEMbI U3 TPEX
MartepuasbHbIX TOYEK Ha rMafkoM CTEpPXHe, CBA3aHHbIX NPYXMHAMN O4MHAKOBOW XECTKOCTMW.
HaxoxneHvne pyHkuMM [[aMmunbToHa ONS MEXaHNYEeCKMX CUCTEM: FrapMOHNYECKNIA OCLUMNNSATOP,
LBVXEHWE B LIEHTPanbHOM none, cBoH60oAHbIE YacTuLbl. YpaBHeHUs FaMUnbToHa 1 UX peleHme.
3agaym ons npakTu4ecknx 3aHaTuin ctygeHtos: 1. Jleywun A.M., Hurmatynnun P.P., MNpowwuH KO.H.,
TeopeTnyeckas puauka. MexaHuka (npakTU4ecknii Kypc) 3agadqHunk onga gousnkos, Msan. ?Mactep
NainH?, KasaHb, 2003. 2. Onbxosckuin N.W., Maenexko KO.I"., KyabmeHkos J1.C. 3agaym no
TEeopeTn4eckoin mexaHmke ans pusnkos, N3o. 2-e, C.-M6., laHb, 2009.

Tema 2. AnekTpoaMHaAMMKa U OCHOBbI 3N1EKTPOAUHAMUKU CIIJIOLLHbIX cpen,
JNIeKLMOHHOoe 3aHsiTne (54 4aca(os)):

OCHOBHbIE 3aKOHbI U YpaBHEHUA MVIKpOCKOFIVI‘-IGCKOI?I ANnekTpoanHamMunkn. MI/IKpOCKOFIVI‘-IeCKaﬂ
ANeKTpocTaTunka. MI/IKpOCKOI'IVI‘-IeCKaFI MarHMToCctaTuka. I/I3nyl-|eH|/|e ANEKTPOMarHUTHbIX BOJNH.
PaccesiHne ANEKTPOMarHnTHbIX BONH. OcHoBbl crnieunanbHOM Teopnn OTHOCUTENBbHOCTW.
Pengatusucrckas aneKkTpoanHamumka. OCHOBHbIE 3aKOHbI U ypaBHEHUA MaKpOCKOﬂVI‘-IeCKOVI
ANEKTPOoANHaAMUKN. MaKpOCKOI'IVI‘-IeCKaﬂ aNeKkTpocTartuka. MaKpOCKOI'IVI‘-IeCKaﬂ MarHMToCTaTuka.
PacnpOCTpaHeHme ANEKTPOMArHUTHbIX BOTH B ON3NEKTPUKaX N NPOBOOHUKAX.

npakTnyeckoe 3aHsitne (36 4aca(os)):
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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

[MpakTnyeckne 3aHATUS POPMUPYIOTCA HA OCHOBE 3a4a4vHuka [4] 3 crimcka OCHOBHOW nuTepaTypbl.
[MpunmMepsbl pewaembix 3a8ay: 1) Hantn noteHuman n HaNPAXEHHOCTb 3NEKTPOCTATUYECKOro Nons,
C03[,aBaeMOro KpyrosbiM LMAMHAPOM paanyca R, paBHOMEPHO 3apsiKeHHbIM MO 06BEMY U MO
NMOBEPXHOCTM (3apsl eOuHULbI OINHBI LMNMHAPA 3a4aH). 2) Haintn noteHuman n HanpsXéHHOCTb
9N1eKTPOCTaTMYEeCcKOoro rnons, co3gasaemoro wapom paguyca R, 3apsan g kotoporo pacnpenenéH
PaBHOMEPHO MO 06BEMY 1 MO NOBEPXHOCTM Wapa. HaiTn anekTpuyeckyro aHepruo ans aTux
pacnpeneneHuin. 3) To4YeyHbI 3apsn g PacrnonoXeH Ha NNOCKOoM rpaHuue pasgena aoByx
0OHOPOAHbIX HECKOHEYHbBIX ONANEKTPUKOB C 3a4aHHBIMW AN3NEKTPUYECKUMUN MPOHNLAEMOCTSIMU.
Harity noteHumnan, HanpsXXEHHOCTb U MHOYKUWIO 9N1eKTpruyeckoro nons. 4) LleHTp nposoasiwmi wap
panuyca R ¢ 3aps00M g pacnonoXeH Ha nioCcKon rpaHnue pasaena oByx OOHOPOLHbIX
6eCKOHEYHbIX ANINEKTPUKOB C 3a4aHHbIMM OM3NEKTPUYECKUMUN NPOHMLAEMOCTAMN. HainTu
noTeHuman, HanpsXEHHOCTb U NHAYKLMIO anekTpuyeckoro nons. Onpenenmtb NOBEPXHOCTHYHO
MNOTHOCTb 3apsaaa Wwapa v NoBepPXHOCTHYIO MNOTHOCTb CBA3aHHbIX 3apsA0B, BOSHUKLWNX B
LN3NeKTPrKe Ha NOBEPXHOCTM wapa. 5) MNpoctpaHcTBO Mex oy obknaakamun cpepuyeckoro
KOHAEeHcaTtopa 4YaCTUYHO 3aronHEHO ONSNEKTPUKOM, PacronoXeHHbIM BHYTpU TenecHoro yrna W ¢
BEPLWMHON B LeHTpe 0bknaaok. Pannycbl 06knanok a u b, npoHMUaeMocTb AnanekTpuka sagaHa.
HanTtn éMkocTb KOoHOeHcaTtopa. 6) 3anncatb AekapToBbl KOMAOHEHTbI BEKTOpPOoB E 1 H ang nnockon
MOHOXPOMATUYHON 3NEKTPOMarHUTHOM BOJIHbI HACTOTbl W, PACNPOCTPaHSAIOWENCS B cpele C
3aJaHHbIMU OM3NEKTPUYECKOM N MArHUTHOW NPOHMLIAEMOCTAMU B NMONTIOXMUTENbHOM/OTPULLATENIbHOM
HanpasneHn ocun X/y/z n NONSPN30BAHHONM NO KPYry BNPaBO/BNEBO (HanpasneHne nonspusaunm
"BNpaBo", "BNeB0" onpenensercd BpalleHneM npasoro BUHTa, HanpasneHHOro no BOIHOBOMY
BEKTOPY.)

Tema 3. KBaHTOBas Teopus
neKkumnoHHoe 3aHsiTne (54 yaca(os)):

OCHOBHble MOHATUS KBAHTOBOW Teopun VIaMeHeHne CoCTOsIHUI BO BpeMeHu Teopus npencrasneHun
OnHoMmepHoe asunxeHune [BnxeHne 4acTuLbl B None LeHTpanbHbIX cui Teopusi BO3MyLLEHNIA
BapuaumoHHbiin MeTon KBasuknaccuyeckoe npubnmxernme CnvH; cnoxeHne MOMeHTOB CuCTeMb
OQMHAaKOBbIX YacTuL, MHOrosnekTpoOHHbIE aTOMbl U MONeKyNbl BBeneHne B KBaHTOBYIO
anekTpoanHamuky OCHOBbI PENATUBUCTCKOM KBAHTOBOW TEOPUMN.

npakTnyeckoe 3aHsitne (54 4yaca(os)):

[MpakTuyeckne 3aHATUS OPMUPYIOTCS HA OCHOBE KHUT [8-10] N3 cnncka OCHOBHOW NUTepaTypbl.
[MpuMmepsbl pewaembix 3a8a4: 1. Belancnntb kommytaTtop [pz,1z*2], roe |z - onepaTtop npoekum
MOMEHTA NMNY/NbCa, U PZ - KOMMOHEHTbl UMMNyNbCca 4YacTuLbl B 4eKapTOBOW CUCTEME KoopaunHar. 2.
Halitn 3HaveHne pyHkumm F(x)=exp(ia*px)*(x-2)"2 npu x=1 (px - onepaTop Npoekumm nmnynbca Ha
ocb Xx). 3. HanTtn cpenHee 3HaYeHne KMHETUYECKON SHEePrum anekTpoHa B aToMe BOLOopoLa B
OCHOBHOM cocTosiHUK. 4. Onepatop ["aMunbToHa YacTumubl CO CNMHOM S=1/2 paBeH H=a*Sx+b*Sy,
BOMHOBAs (PyHKLMS YacTuupbl paBHa (A; B). C kakon BEPOSATHOCTbIO YacTuLa HaxoauTCs B OCHOBHOM
cocTosHUN? 5. Haintn pacnpeneneHne BeposaTHOCTEN AN KOMNOHEHT UMMNyNbCca 4YacTuLbl, ecnu eé
BO/THOBAs (pyHKUMS paBHa A*exp(-a*(x*2+y”2)-ib*z). Ha npakTuyeckmx 3aHATUSX NPOBOAATCA
KOHTPONbHbIE PaboThl, NPUMEpPBI 3a4ay AN KOTOPbIX MPUBELEHDI B M.6.

Tema 4. TepMmoanHaMmka u cTatucTmyeckasa comsuka
JNIeKLMOHHOe 3aHsiTne (54 yaca(os)):

OCHOBHblE MNPUHUMMbI CTATUCTMYECKON cprn3nkmn. Obwme MeToabl CTaTUCTUYECKON MEXAHVIKM.
TepMoanHaAMNYECKME BEMNYUHBI U TEPMOANHAMNYECKME COOTHOWEHNS. VineanbHble rasbl.
Knaccunyeckuin ngeanbHboli ra3. KBaHToBbIN naeanbHbin ra3. HenpgeanbHble radbl. PasHoBecue goas
1 dpasosble nepexogbl. Teopusa donykKTyaunia.

npakTnyeckoe 3aHsitne (54 yaca(os)):
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[MpakTnyeckmne 3aHATUS OOPMUPYIOTCSH Ha OCHOBE KHUMM [11] n3 cnncka OCHOBHOM NUTeparypbl.
Mpumepsbl pelwaemblx 3ana4y: 1. Haintv gpaszosyto Tpaektoputo a) cBoboaHOM MaTepuanbHol
yacTuupl; 6) YacTuubl, cBO6OAHO Nagatowei ¢ BbiIcoTbl h. Kak 3MeHUTCS TpaekTopust Npu yyete
COMPOTUBEHNS OBUXEHUIO CO CTOPOHbI Cpebl (a)? npu y4eTe HeynpyroctTu coyaapeHus Yactuupl ¢
noBepxHOCTbio 3emnu (6)? 2. [1ns yactuubl ¢ Maccoit m, auratoweiics B kybe ¢ pebpom L,
NCMbITbIBASA YNpPYyrne CoynapeHnst Ha CTeHKax, HanTu YACO KBAHTOBOMEXaHNYECKUX COCTOSAHUI C
SHEeprusiMn, MeHblMMK E, n cpaBHWUTb €ro ¢ COOTBETCTBYIOWMM 06 bEMOM (0a30BOro NPOCTPAHCTBA.
MokasaTtb, YTO NocneaHuii SsBnsieTcs aanabaTtnyeckM NHBAPUAHTOM, T.€., HE MEHSIETCS MpW
MeONEHHOM paclMpeHn nnn cxatum Kyba. 3. Haiitn pacnpeneneHve BeposiTHOCTeElN Ans
KMHETMNYECKOI SHEPrM MONEKYbI MaeanbHOro rasa. Beluncnutb cpenHee un Hanbonee BeposTHOE
3Ha4YeHNs KNHETUYECKOW aHeprun. 4. HanTn 4ucno Monekyn naeanbHoro rasa, CtankusarLWmxcs B
eVHNLY BPEMEHUN C €ONHNLEN NOBEPXHOCTU CTEHKU, CKOPOCTb KOTOPbIX B HAMPAaBIEHUM HOpMau K
CTeHke npesblwaeT v0. 5. Hantn ypaBHeHNEe COCTOSHUS naeanbHOro rasa B KnacCu4yeckom
NPMONNXEHNM C YHETOM NEepPBbIX MONPABOK HA HAYano BbIPOXAEHUS. 6. DHEPrns aNeKTPOHOB B
mMeTanne pasHa e = (px2+py2)/2m1+pz2/2m2. Hantn sHepruto @epmu. Boiumncnutb <vz2> npm T= 0.
7. Hantn TemnepartypHyo 3aBMCUMOCTb OaBNeHNs HaCbIWEeHHOro napa Hag TBepabiM Tenom (nap
paccMaTpuBaTtbh Kak naeanbHblil ra3, TEMI0EMKOCTI ra3a 1 TBepOoro Tena NocTosHHbIE). JHeprus
CBSA3M MONeKyn B TBepAoM Tene pasHa €0. 8. HanTtu kputnyeckme nokasarenu ons rasa
BaH-nep-Baanbca.

4.3 CTpyKTypa 1 comepXxaHue camocTosiTeslbHoM paboTbl AUCLMNNNHBI (MOOYNS)

Buabi
N Paspnen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb mﬂﬁbﬁgﬁﬁgﬂ
AvcuvnnuHbl pcemeCTpa paboTbl (B yacax) 260TbI
CTYyOEeHTOB P
noaroToBK
ngﬂa?ugerc? 24 fomalliHee
Tema 1. TeopeTnyeckas 3an0aHns 3afaHue
MexaHuKa u OCHOBbI
1.|MexaHnKun crnoLwHbIX 4 1-17 [|NOAroToBKa K KOHTpONbHas
cpen KOHTPO/bHOW 6 26072
P pabote P
noaroToska K -
THbIA On
YCTHOMY Onpocy 6 ye onpoc
noaroToBk
oo | 1 Jrovaunes
HU
'gema 2. 3afaHus sananne
NeKTpoaMHamMmka u
2.|0CHOBbI 5 1-18 Egﬂogﬁiﬁivf 4 KOHTpOnbHas
3NeKTPOANHAMUKY 26 OE o paboTta
CMNOLWHbIX Cpen P
MoAroToska K > -
THbIA On
YCTHOMY Onpocy ye onpoc
noaroToBka
MaLlH
JomatHero 30 g;_)ﬂ:HVI : ©
Tema 4. 3apaHns
TepmoanHammka v MoAroToska K
4. cratuctmyeckas / 1-18 KOHTpONbHOMN 16 Kca)lg;gc;anaﬂ
usnka paboTe P
noaroToska K o
THbIA On
YCTHOMY Onpocy 8 ye onpoc
Ntoro 108

5. O6bpa3oBartenbHble TEXHONOIMU, BK/IOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs
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Buabl yuebHol paboTbl: NeKumn, NpakTUYeckue 3aHSTUS, KOHTPONbHbIE paboTbl, caMoCcTosATeNbHas
paboTta CTyOQeHTOB.

6. OLeHOYHble CpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOW
aTTecrauum rno MToramMm OCBOeHUsi AUCLUIMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTeNIbHOM paboTbl CTYAEHTOB

Tema 1. TeopeTMyeckasi MexaHMKa U OCHOBbI MEXaHUKM CIIJIOLLHBIX Cpen,
LoMalHee 3afnaHne , NpUMepPHbIe BOMPOCHI:

CaMocTosTENbHOE U3yYeHUe Creayowmx TeM: SNeMeHTbl MexaHuky TBepaoro tena; OCHOBHblE
MOHATUS MEXaHWKM CMNOLWHbIX cpel. BoinonHeHne gomaluHnx paboT, caMoCToSTENbHbIA pa3bop
peweHHbIX 3a4ay U3 KHUr [1-3] n3 cnncka OCHOBHOWM NUTEpPaTypbl HA OCHOBE METOONYECKUX YKA3AHWUI
Ha canTe KadgoeLpbl TEOPETUHECKON OU3UnKK: CTpaHnyka npodeccopa MNpownHa
http://mrsej.kpfu.ru/pro/ind_TM.htm. 3anaun ons caMocTosiTENbHOM PaboThl CTYAEHTOB NPMBEOEHDI
Ha cTpaHuue http:/mrsej.kpfu.ru/pro/Tests_10.htm

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

KP1: HetotoHOBCKMIA coopmanmam. KP2: JlarpaHxes goopmannam 1 manble konebaHms. KP3:
"amunbToHOB doopmanuam Mpumepsl 3agad ona KP1: 1. Marematnyecknin MasTHUK NepeMEHHOM
LNVHbI KONebneTcs B BEPTUKANBbHOW MAIOCKOCTM MO rapMOHNYECKOMY 3aKOHY. HailTn 3aBMCMMOCTb OT
BPEMEHN KOMMOHEHT CKOPOCTU 1 YCKOPEHUS U BENNYMHBI CKOPOCTU TOYKM A, ecnn anuHa | yactu OA
HUTU YMEHbLIAETCS MO NMHEeNHOMY 3aKOoHy. 2. HYacTuua aBmxeTcs B nnockocTn z = 0 no runepbone.
CekTopHas CKOpOCTb NOCTOSHHA. HalTn nHTepsan BpeMeHu, 3a KOTOpbI YacTmua CMEeCcTUTCS n3
TOYKM C KoopamHaTom x1 B TOUKy € KoopanHatoi x2. 3. Hanpasnstowas OC Bpauwaercs B
rOPW30HTANIbHOM NAOCKOCTN Xy BOKPYr To4kn O ¢ MOCTOSIHHOW YrNOBOW CKOPOCTbO. B aToi
nnockoctu Baonb OC noctynaTenbHO C NOCTOSIHHOM CKOPOCTbIO ABUXETCA cTepXeHb AB annHom |.
CrepxeHb 0bpasyet npsiMoi yron ¢ Hanpasnsiowein OC. HainTn 3aBUCMMOCTb BENNYUHBI CKOPOCTM 1
BENIMYMHbI YCKOPEHNS TOYKU B cTepXxHS oT BpemeHu, ecnu npm t=0 To4ka A cosnagana c toukon O.
4. Toyka OBUXeTCS B MNOCKOCTU TaK, YTO Yron Mexay BEKTOPOM CKOPOCTU 1 pagnyc-BeKTOPOM BCE
BpeMs asunxeHns paseH f. Haltu ypaBHeHne Tpaektopuu Toukn. MNMpumepsl 3anad ans KP2: 1. Toyka
noaseca naocKoro MasiTHUKa AVHOM | ABMXETCS N0 OCK X MO 3a4aHHOMY 3akOoHYy. CKONbKO CTeneHen
cBoboapl y Takoit cuctembl? CocTaBnTb ypaBHeHne JlarpaHxa 2-ro poga ans yrna ¢. 2. Toyka
MacCoi m MOXET ABUraTtbCs No KpuMBon y=x"3 nog AencTenem cunbl Taxectn. Cnucrema koopamHat
Xy NOBEPHYTA Ha Yron a no YacoBOW CTpesKe (T.e. yron Mexy OCbio y U BEPTUKa/bO PaBeH a).
PewwnTb 3apady o manbix konebaHnsx To4kn. Bce nonoxeHns paBHOBECKSt OTMETUTb HA PUCYHKE. 3.
Mexay OByMS HEMOOBUXHbIMM OONHAKOBbLIMUY 3apsaamMy €, pacCTOsiHME MexXay KOTOPbIMU PaBHO a,
Nno NPSIMON, COeaNHSOWEN UX, OBMXETCSA To4Ka MacCon m, Hecylasa Takon Xxe 3apsag e. Pewntb
3agavy 0 Manbix konebaHusx Toukm 4. Toyka Maccbl m ABUXETCS B LeHTpanbHoM none. CocTtaBnTb
doyHKUMIO JlarpaHxa, B ka4ecTBe 0000WEHHbBIX KOOPAMHAT BbIOpaB cqpepunyeckmne KoopanHatol r, 6 n
. BbinucaTtb nHTErpan ABnXxeHns, COOTBETCTBYIOWMI LMKINYECKOM KoopanHaTe. Boinucatb
ypaBHeHue JlarpaHxa, CoOOTBeTCTBYyOWee KoopauHaTe r. [pumepbl 3aga4y ana KP3: 1. Hantu
doyHKuuio JlarpaHxa cuctembl, yHKUns rlamMmnbToHa KOTOPOM UMEET BUL,
H=q1*p2-g2*p1+a(p12+p2"2). 3anncartb ypaBHeHns ["ammnnbToHa. CocTaBuTb ypaBHEHME
MamMunbTOoHa-AK00OM 1 ynpocTutb ero. 2. MNonb3ysch ToNbKO cBoCTBaMm CKobok lNMyaccoHa,
BblyMCNUTb {p1*p3+p2°2, q1*g2}.

YCTHbIA ONPOC , NPUMEpPHbIE BOMPOCHI:

Bonpochbl Ha nekumsx n npakTn4eckmnx 3aHATUSX no TeMmam: OCHOBHbIE MOHATUS, 3aKOHbI U
YypaBHEHUS OBUXEHNS KNACCMYECKON MEXAHNKWN; 3aKOHbl UBMEHEHMS U COXPAHEHNS UMMNYbCa,
MOMEHTa MMNynbca N 3HEPrnmn n nHtTerpansl ApnxeHns; OCHOBHbIE MOAENN KNAaCCUYECKOM MEXaHWUKM
(omHOMepHOe OBUXEHUe, OBUXEHNE B LLEHTPalbHO-CUMMETPUYHOM none, npobnema aByx Ten,
MOHATME O paccesHUKM YacTuu); MexaHunka 4yacTul Co CBA3SMU, YpaBHEHUS JlarpaHxa; SnemMeHThbl
MeXaHuKn TBepaoro tena; Manbie konebaHns MEXaHNYECKUX CUCTEM; DNIEMEHTbI aHANUTNYECKON
MEXaHWKK (NPUHUUN HaUMEHbLIEro OENCTBUS, ypaBHEHUS [[aMUNbTOHA, KAHOHNYECKMe
npeobpasoBaHusi, ypaBHeHue MamMmnbToHa-Akobu, Teopema Jlnysmnns) OCHOBHbIE MOHSATUS
MEXaHWKM CMOWHbIX Cpea.

Tema 2. 3ﬂeKTpO,DMHaMVIKa N OCHOBbI 3/1IeKTPOAMHAMUKU CIMJIOLLHBbIX Cpen,
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noMalHee 3afaHne , NpUMeEpPHbIE BOMPOCHI:

JomalHne 3aiaHnsa (OOPMMPYOTCS Ha OCHOBE 3aayHuka [4] 3 cnvcka OCHOBHOW NnMTepaTtypbl.
MpuMepsbl pelwaemblx 3anay: 1) beckoHeuHbI unnnHap paanyca R 3apsixeH no o6bemy ¢
NAOTHOCTBIO A*rn, rae A - NOCTOSIHHAS, I - PaCCTOsIHWE O OCK UmMnvHAapa. Hailtm noteHuman un
HaNPS>XXEHHOCTb 3NEKTPUYECKOro Nosisi BO BCEM NPOCTPAHCTBE, a TakXe 3NeKTPOCTaTUYECKYHO
3HEpPruto, NoKaNM30BaHHy BHYTPY hparMeHTa UnnnHapa oivHbl h. B oTBeTe KOHCTaHTy A Bbipasutb
Yyepes 3apsa eavHULbl AnnHb uunvHapa. 2) Wap paauyca R 3apsixeH no 06beMy ¢ NIOTHOCTbLIO
A*r*n, roe A - NOCTOSIHHas, r - pacCcTosiHUE A0 LeHTpa wapa. HaiTi noTeHuman n HanpsixxeHHOCTb
3M1eKTPUYECKOrO MoNsi BO BCEM MPOCTPAHCTBE, a TakXe aNeKTpocTaTUYeCKyto aHepruto. B oteeTe
KOHCTaHTy A Bblpa3uTtb Yyepes 3apsia wapa g. 3) 3apaa pacnpenenéH ceprnyeckn-CMMMETPUYHO BO
BCEM 00 bEMe (NNOTHOCTb - 3alaHHas PYHKLMS pacCTOsIHUS r). Bbipa3nTtb anekTpoctatnyeckuii
noTeHumnan n Hanps>XXEHHOCTb 3NEKTPUYECKOro Mo B BUAE OAHOKPATHBIX MHTErpasnoB no r. 4)
O[QHOPOLHBI fManekTpuyieckuii wap paanyca R paBHOMEPHO 3apsixkxeH No 06beMy, MONHbIA 3apsin
€ro paBeH g, NPOHNLLAEMOCTb Wapa n3secTHa. MpoHMLaeMocTb OKpyXatower cpenbl paBHa Ar, roe A
- MOCTOSIHHASA, I - pacCTOsiHME [0 LeHTpa Wwapa. HaiTn HanpsXXeHHOCTb 9NeKTPUYECKoro nons Bo
BCEM NPOCTPAHCTBE U pacnpeneneHne CBA3aHHbIX 3apsnoB B cucteMe. 5) ToueyHblil 3apsia q
HaxoaMUTCs B OAHOPOLHOM LMANEKTpUKe C 3aaHHOM MPOHMLAEMOCTBIO HA PACCTOSIHUM @ OT NOCKOA
rpaHnLbl 6eCKOHEYHO NPOTSXEHHOrO NPOBOAHMUKA. HaliTn noTeHuman n HanpsXXéHHOCTb
3M1EKTPUYECKOrO MoNs B AM3NEKTPUKE, pacrnpeneneHe NHOyLMpoBaHHbIX 3apsA0B HA rpaHuLLe
LON3NeKTpuKa 1 NPoBOLHUKA, CUNY, AEACTBYIOWYIO HA 3apsa g. 6) HailTn sHepruo B3anMoaencTans
LBYX OMMonew n cuny, AEeNCTBYIOWYO HA OOMH U3 HUX CO CTOPOHbI Apyroro. 7) HaiTn MmarHuTHoe
none, MarHUTHYIO UHAYKLUWIO 1 BEKTOPHBIA NOTEHLMAN NPsIMONMHENHOro 6eCcKoHeYHOro Toka J,
TeKylLero B cpefe C 3aiaHHOW MarHUTHOW NpPoHMLAeMocTblo. 8) B npoBoasiuein cpene
pacnpocTpaHsieTcs Nnockas MOHOXpoMaTUYHast BONHA. BbluMcnutb cpefHuii NOTOK SHeprum Yyepes
noBepXHOCTb Kyba, pébpa KoToporo napanfienbHbl HanpPaBeHWo PacnpPoOCTPaHEeHNs BOMHbI.
Mokazatb, YTO STOT MOTOK PaBEH CPeaHEeN MOLWHOCTU NOTEPb HA AXOyneBo Tenno. 9) Beipasutb
MMMyNbC P PENSITUBACTCKOM YaCcTULLbl Yepe3 eé KMHETUYECKYIO SHEPI .

KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

KP1: matemaTtnyeckumin annapar Knaccu4eckon anekTpoavHamMmnky, 3a4a4qm no MMKPOCKONMYEeCKom
anekTpoctatmke KP2: Mmakpockonnyeckas anektpocrarvka, 3agaym no marumroctatuke KP3:
9NeKTPOMarHUTHbIE BOMHbI U NEepeMeHHOoe aM.-Mar. none, cneunanbHas Teopus OTHOCUTENbHOCTH,
Mpumepbl 3apnay ong KP1: 1) Belancnntb HaNnpsiXXEHHOCTM 3N1EKTPUYECKOro nonsi TO4EYHOro Annons
AMMONbHBIM MOMEHTOM p. HanTn cunoeble NUHUK. 2) HanTn noTeHumnan anekTpocTaTnyeckoro rnons
NMHENHOro KBaLApynons (3apsabl g, -29, q pacnonoxXeHbl HA OCY Z Ha pacCcTosHUKM b gpyr oT apyra) ¢
TOYHOCTbIO [0 KBaAPYNOMbHbIX CnaraeMbix BKAOYNTENbHO. [Npumepsl 3agay ans KP2: 1) Hantu
BEKTOPHbIV MOTEHUManNn 1 MarHUTHoOE nosne, co3nasaeMble ABYMS MPSAMONUHENHbIMU NapanienbHbIMU
TOKaMu 0QNHAKOBOW BENMYMHbI J, TEKYLWMMN B NPOTUBOMONOXHbIX HanpasneHusx. PacctosHne
Mexay Tokamu 2a. MarHutHas npoHuuaeMocTb cpepl 3agaHa. 2) Onpenenntb HaNPAXEHHOCTb
MarHMTHOro rnons NAOCKOCTN, MO KOTOPOW MPSAMONNHENHO TEYET TOK, PaBHOMEPHO pacrnpenenéHHbIv
MO NOBEPXHOCTWN C NOBEPXHOCTHOM NAIOTHOCTbIO i. 3aTeM onpenennTb HanpPs>XXEHHOCTb MarHNTHOrO
nonsl, CoO34aHHOro AByMs rnapannenbHbIMU NIOCKOCTSAMU, MO KOTOPbIM MPSAMONNHERHO TEKYT TOKW C
O[MHAaKOBbIMU NMOBEPXHOCTHbLIMU MIOTHOCTSAMN i, PACCMOTPEB ABa Cnyyas: (a) TOKU TeKyT B
NPOTMBOMONOXHbIX HANPaBneHusix; (6) Tokn HanpasneHbl 0aMHakoBo. Mpumepbl 3agay ons KP3: 1)
YacTtuua ¢ maccori m obnagaet aHepruei E. HailTn ckopocTb v Yactuupbl. PaccmoTpeTs, B
4aCTHOCTU, HEPENATUBUCTCKUIA N yNbTPaPEensaTUBMCTCKUA Npedensl. 2) Hactuua, BMXyLwascs co
CKOPOCTbIO V, pacrnafaeTcs Ha ABa 0OUHAKOBbIX raMMa-kBaHTa. Onpenenntb yron pasneta
ramma-kBaHToB. 3) HacTtuua c aHepruen E n maccoi nokos m HanetaeTt Ha NOKOSLWYCS YacTuly
Takowm Xe Maccbl. HainTn cKopoCTb LeHTpa MHEPLMM CUCTEMbI STUX ABYX YACTUL, OTHOCUTENBHO
nabopaTopHO cUCTEMbI OTCHETA.

YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

BOﬂpOCbI Ha Nekunax n npakTnHecknx 3aHATUAX Mo TeMaM: OCHOBHbIE 3aKOHbI U ypaBHEHUA
MVIKpOCKOI'IVI‘-IeCKOVI ANeKTpoanHamMukn. MVIKpOCKOI'IVI‘-IeCKaﬂ aneKkTpocTaTtunka. MI/IKpOCKOI'IVI‘-IeCKaFI
MarHMToctatTumka. I/I3nyqu|/|e ANEKTPOMarHnTHbIX BONH. PaccesHune ANEKTPOMArHUTHbIX BOJTH. OcHoBbl
crneumnanbHomn Teopnn OTHOCUTENTIbHOCTN. Pengatueucrckas anekTpoanHamumka. OCHOBHbIE 3aKOHbI U
ypaBHEHUA MaKpOCKOﬂVI‘-IeCKOVI ANeKkTpoanHaMuKkn. MaKpOCKOI'IVI‘-IeCKaﬂ ANeKTpocTaTtunka.
MaKpOCKOI'IVI‘-IeCKaFI MarHMToctatTumka. PacnpOCTpaHeHme ANEKTPOMArHUTHbIX BOJTH B OU3NEKTPUKaX U
npoBOAHUKAX.
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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

Tema 3. KBaHTOBas Teopusi
Tema 4. TepmoauHaMuka u cratucTtuyeckasa ousmnka
JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

MpakTnyeckoe 3aHaTMe €1. 3apaum 1.1, 1.4, 1.6, 1.9 na [11]. MNpakTnyeckoe 3aHATME @2. 3ana4un
1.14,1.16, 1.17, 1.18, 1.20 n3 [11]. lMpakTnyeckoe 3aHatne €3. 3anaum 2.1, 2.3, 2.5 na [11].
MpakTnyeckoe 3aHATMe €4. 3apaum 2.6, 2.7, 2.13 (a,c), 2.15 n3 [11]. [NpakTnyeckoe 3aHaTNE V5.
3apaun 2.17, 2.18, 2.22 n3 [11]. NpakTnyeckoe 3aHgaTne €7. 3agaym 3.1,3.7 (1, 3, 5, 7), 3.10 n3
[11]. MpakTnyeckoe 3aHaTHe €8. 3anaym 3.12 (a, B), 3.13 (a, d) us [11]. NpakTnyeckoe 3aHaTHEe V9.
3apaym 3.16, 3.17, 3.18 n3 [11]. NpakTnyeckoe 3aHaTne €10. 3anaym 3.19, 3.20, 3.21 n3 [11].
MpakTnyeckoe 3aHATMe €11. 3anaum 4.2, 4.3, 4.5, 4.7 n3 [11]. lNpakTnyeckoe 3aHATMe €12. 3agaun
4.8,4.12,4.13, 4.15 n3 [11]. lNpakTtnyeckoe 3aHatme €13. 3anaum 4.16, 4.17, 4.19, 4.21 n3 [11].
MpakTnyeckoe 3aHaTe €14. 3anaum 4.25, 4.39 na [11]. 3anaun 4.28, 4.32, 4.33, 4.35 n3 [11].
MNpakTuyeckoe 3aHATUE €16. KoHTponbHas pabota no 3aHaTusam 1-16. MNpakTuyeckoe 3aHATUe €17.
3apaum 5.1, 5.2, 5.3 n3 [11]. lNMpakTtnyeckoe 3aHatne €18. 3anaym 5.8, 5.9 ua [11]. MNpakTryeckoe
3aHgaTue €19. 3apaum 6.1, 6.2 na [11]. MNpakTnyeckoe 3aHaTne €20. 3anaun 6.4, 6.5, 6.6 ns [11].
MpakTnyeckoe 3aHATME €21. 3anaum 6.8, 6.9, 6.10 na [11]. MNpakTnyeckoe 3aHATNE €@22.
KoHTponbHas pabota no 3aHsATusM 17-22. MNMpakTudeckoe 3aHsATue €23. 3anaun 7.1, 7.2, 7.5, 7.9 u3
[11]. MpakTnyeckoe 3aHaTUe €24. 3anaum 7.11 7.12, 7.14, 7.15 n3 [11]. NpakTnyeckoe 3aHaTHE
€25. 3apaym 8.1, 8.2 us [11]. MNpakTuyeckoe 3aHaTne €26. 3anadn 8.4, 8.6 n3 [11]. NpakTnyeckoe
3aHaTe €27. KoHTponbHas paboTa no 3aHatnsam 23-27.

KOHTpOnbHas paboTa , NpUMepHbIe BOMPOCHI:

MpumMepbl 3apay ons KOHTPONbHbIX paboT: 1. Haitn sHTponuto cnctembl N TMHERHBIX OCUUNNATOPOB
C 4acToTon *, TeMnepatypy Kak goyHKUUIO SHEePrum, a Takxe SHEPruo, SHTPOMUIO U XMMUYECKNIA
noTeHuman Kkak coyHKUMIO TeMneparypbl. HapucosaTb cooTBeTCTBYIOWME rpadomkin. 2.Monekynbl
noeanbHoOro rasa aacopbvpyoTcs NOBEPXHOCTbIO, UMetowwen N nornowarwmnx LeHTPOB. Vicnonb3ys
60nblOe KAHOHMYECKOE pacnpeneneHmne, HanTn KoaMUUMEHT aacopbunn a (OTHOWEHNE CpeaHEero
yucna agcopbupoBaHHbix Monekyn kK N ), ecnv aHeprus Mmonekynbl Npy aacopbumm yMeHblaeTcs Ha
BENNYUHY e. HanTn 3aBMcuMOoCTb € oT faeneHus rasa p (XIN noeanbHoro raza m = Tinp/p0). 3.
Jlokazatb, 4TO NepeceyeHre AByx KBasucTaTnieckmx aamabaTr HEBO3MOXHO, Tak Kak 9TO NPUBOANT K
HapylweHuo NnpuHuuna ToMmcoHa. 4. Haintn paboTy, Npon3BoaMMYIO HaL UAEANbHbLIM ra3oM, U
KONM4YecTBO Tenna, nony4yaeMoe UM, Korga ra3 cosepliaeTt KpyroBow npouecc, COCTosIWmMN U3 a) OByx
N30XOPHbIX 1 ABYX N306apHbIX MPOLLECCOB, 6) ABYX N30XOP U OABYX M30TEPM, B) ABYX M30TEPM U OBYX
agmabar, r) oByx n3obap u AByx U3otepm, o) AByx n3obap n AByx agmnabart. 5. Bolumcnntb 60nbLyto
cTatCcymMMy Ons uaeanbHOro rasa B KnacCu4eckom pexume. Haintu 6onblioin TepMoanHaMmyeckmii
noTeHuman, aHTpPonuio, CpegHee YnCno YacTuu U gaeneHune rasa. [lokasartb, 4TO Aucnepcus ymcna
yacTtuy ynosnetsopseT pacnpegeneHuto lNyaccoHa. 6. Bblyncnntb NnoTHOCTb cocTosiHui D(e) B
cnyyae OfHO- 1 IBYMEPHOr0 ABUXEHWI A CBODOAHOW YacTuLbl Maccbl m. 7. HaiTm nonpaeku NnepBoro
nopsaka K rTepmoanHamuyeckum pyHkumsam E, S, G, F n Tennoemkoctam CV, Cp paspexeHHoro
peanbHOro rasa no CPaBHEHWM0 C COOTBETCTBYIOWMMI BENMYMHAMN NOEeanbHOro rasa.

YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

Bonpochkl Ha nekumsax n NpakTM4ecknx 3aHATnsx no temam: OCHOBHbIE MPUHLMMBI CTATUCTUYECKOM
pusnkn. Obwme MeToabl CTAaTUCTUHECKOW MEXAHUKN. TepMOANHAMMNYECKNE BENNYNHDBI L
TEPMOANHAMMYECKNE COOTHOWEHNS. VneanbHble rasbl. Knaccuyeckuii naeanbHolii ra3. KsaHToBblIi
noeanbHblil ra3. HempeanbHble rasbl. PaBHoBecue has 1 pasosble nepexodbl. Teopus onykTyaumii.

Tema . UToroBasi oopma KOHTpOns
Tema . UToroesasi popma KOHTpons
Tema . UToroeas doopma KOHTpons
Tema . UToroBas coopma KOHTpoOns

MpuMepHbIEe BONPOCHI K 9K3aMEHY:
MpuMepHble 3a8a4n Ans KOHTPOMbHbLIX PaboT NO KBAHTOBOW TEOPUN:

1. MNokasaTb, YTO COOCTBEHHbIE PYHKLIMN SPMUTOBA OrepaTopa OPTOroHanbHbl, €Cnv NpuHaanexart
pasHbiM COOCTBEHHBLIM 3HAYEHUSIM.
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Mporpamma ancumnnuHbl "Teopetuyeckas cunsnka"; 28.03.01 HaHoTexHONOrMM N MUKPOCUCTEMHAS TEXHWKA; Npodieccop, A.H.
(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

2. [NokaszaTtb, 4TO ecnu ABa apMuToBa onepartopa A, B yoosneTtsopstoT cooTHoweHuio AB=BA, 10
OHW MMEIOT 06LLYH0 CUCTEMY CODCTBEHHbBIX PYHKLIMIA.

3. HaiAitn cobcTBEHHbIE PYHKLUNU 1 COOCTBEHHbIE 3HAYEHUS onepartopa umnynbca aong cnydas
KOHEYHOro o6bema CMCTEMBI. HOpMI/IpOBKa Ona cnydas H6eckoHe4YHoro obbema.

4. Oneparop NpoM3BOLHOM MO BPEMEHW ONS MPOM3BONIbHON OU3NYECKON BENNYUNHDI.
5. Haittn onepatop ckopocTu ans cBo60AHOro PensiTUBUCTCKOrO 3NekTpoHa.

6. HanTtn onepatop ycKkopeHus ons NMHENHOro rapMOHNYECKOro ocumnnnatopa

7. HanTn onepatop CKOPOCTW 3NeKTpoHa B atoMe BOAOopoaa.

8. MokasaTb, Kakme MHTerpanbl ABUXEHUS SBAAIOTCSA CNeACcTBUEM OJHOPOAHOCTM U N30TPOMHOCTY
NpoCTpaHCTBa.

9. BonHoBas oyHKkUMS YacTuubl ¢ macconn M pasHa Cexp(-r/p). HainTtn cpenHee 3HaveHue
KWHETUYECKOW 3HEePrnn YacTtumubl.

10. NoTeHumanbHas sHeprus YyacTuubl ¢ Mmaccon m pasHa V(x)=a|x|. OueHnTb 3Heprnto OCHOBHOIO
COCTOSIHWSA, NCNONb3YS COOTHOLWEHNE HEONPEAENEHHOCTH.

11. FaMMNbTOHMAH YacTuuUbl B 3N1EKTPOMarHUTHOM none ¢ noteHumanamm A(r,t), phi(r,t) paseH
H=(p-eA/c)"2/2m+e*phi. HanTn onepaTtop yckopeHns 4acTuubl.
Bonpochbl kK ak3ameHy "TeopeTnyeckas MexaHnka n OCHOBbl MEXaHWKW CMOWHbIX cpen”

1. MNpenMeT TeopeTmyeckor MexaHukn. MpocTpaHCTBO 1 BPeMs U 1x cBoicTBa. MoHsTHe
MaTepuanbHOM TOYKW.

2. KuHematmka matepuanbHoi Touku. Npenmet knHematukn. OCHOBHbIE NMOHATUS: paanyc-BEKTOP,
3aKOH ABUXEHUS, TPAEKTOPMS, CKOPOCTb, YCKOPEHUE, CEKTOPHAs CKOPOCTb. PasnoxeHune
yKa3aHHbIX BEJIMYUH B 1eKaPTOBO CUCTEME KOOPAUHAT.

3. PasnoxeHve paanyc-BekTopa U CKOPOCTU B LIUINHAPUYECKORA 1 CPepmnyeckor cuctemax
KOOpAMHaT.

4. EctecTBeHHble KoopauHaTbl. CKOPOCTb 1 YCKOPEHMNE B ECTECTBEHHbIX KoopanHaTtax. Paanyc
KPVBM3Hbl, HOPManbHOE N TAHreHUMaNIbHOE YCKOPEHNS.

5. MNoHsATMe o cune n macce. VIHepumnanbHas n HeMHepumanbHas CUCTEMbI OTCHETA.
MpeobpasoBaHue Manunes.

6. 3akoHbl HbtoToHa. MpeameT amHammku. Mpsimas n obpaTtHas 3agayn avHamukuy. MpuHUMn
OoTHOcuTenbHoCTK ["anunes.

7. HavyanbHble ycnosuma n npuHUMNn NnpUn4nHHOCTU B Knaccu4eckom MexaHuke.

8. PaboTa cunbl, MOWHOCTb cuibl. Knaccudpmkaums cun: ctaumoHapHbie noTeHumnanbHble,
HecTauMoHapHbIe NOTeHUManbHbIe, FMPOCKOMNMYECKME N ANCCUMNATUBHBIE CUITbI U X paboTa.

9. 3aKoHbl COXpaHEeHnsa n NSMEHEHUA NONHOW MexaHN4ecKom 3SHeprnm MaTepmaanoM TOYKWN.

10. CBolicTBa OLHOMEPHOr0 ABMXEHUS B NOTEHUMANBHOM none. TOYKN OCTaHOBKU. PUHNTHOE 1
NHPUHWUTHOE OBUXEHME. 3aKOH ABUXEHNS. MNepron MHUTHOrO ABMXEHUSI.

11. IHTerprvpoBaHne ypaBHEHW ABUXEHNS B CNyYasix, KOraa cuna siBNsieTcst ToNbko oyHKLMEN
BPEMEHMN UM TONbKO (OYHKLIMEN COOTBETCTBYHOLLEA KOMMOHEHTbI CKOPOCTH.

12. ToHsITUE 0 NepBbIX M BTOPbLIX MHTErpanax ABMXeHUS.
13. 3aKOHbl COXPaAHEHNS N UBMEHEHUS UMMNYNbCA U MOMEHTA UMMY/bCA MaTEPUANIbHOW TOYKM.

14. LleHTpanbHas cmna. CBocTBa OBMXEHMWS NOL OEACTBUEM LLEHTPANbHOW CUMbl: MNOCKOE
OBUXEHNE, NOCTOSHCTBO CEKTOPHON CKOPOCTU, MOHOTOHHOCTb M3MEHEHUS NOASPHOrOo yrna.

15. LleHTpanbHo-cuMmMeTpuyHas cuna. CBOMCTBa ABMXEHUS NOL OEACTBUEM
LLEHTPaNbHO-CMMMETPUYHOW CWMbl: NEPBbLIE U BTOPbIE UHTErPasbl ABUXEHMNS, 3aKOH ABUXEHUS,
ypaBHEHVE TPaekTopuu.

16. 3apnayva Kennepa, cnyqan npuTsSXXeHUs: ypaBHEHNS BCEX TUMOB TPaeKToOpUK, Nepurenui,
napameTp opbuTbl, 3KCLEHTPUCUTET.

17. 3apaya Kennepa, cnyqan NnputsxXeHNs: 3aKOH ABUXEHUS MO 3NNNTUYECKON TPaeKTOpuK,
TpeTui 3akoH Kennepa.

18. 3apava Kennepa, cnyyan oTtankvMBaHms: ypaBHEHNE TPAEKTOPUMN.
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K.H. (BoueHT) Xam3uH A.A.

19. 3apava OBYyX TeJl: 3ada4a O ABMXEeHUN LUeHTpa Macc, 3anaya 0 oBnXxeHnn M-4acTtunubl.
TpaeKTopvm M 3aKOH OBVXEHNSA pealibHbIX HaCTUL.

20. 3aKoHbl COoXpaHeHnsa n NAMeHeHnd nmnynbca N MOMeHTa UMMNyJibCa CUCTEMbI MaTepualibHbIX
TO4ek.

21. 3aKOHbI COXpaHEHUS N NBMEHEHNS NMOSTHON MEXAHNYECKON SHEPTM CUCTEMbI MaTepUasnbHbIX
TOYeK.

22. MNoHaTre o0 cBA3sIX. Y OoepXuBatowme ronoHoMHble cBsi3n. CTtaumoHapHbie U HeCTaUuNOHaPHble
cBsi3n. OcHOBHas 3ajaYa AMHAMUKN HeCBOOOAHO CUCTEMDI.

23. [leiicTBUTENbHbIE, BO3MOXHbIE 1 BUPTyalbHble NEPEMELLEHNS U YPaBHEHWS, KOTOPbIM OHM
ynooeneTBopsitoT. MoHATUE 06 naoeanbHbIX CBS3SX.

24. YpaBHeHus JlarpaHxa 1 poga. 3akOHbl COXpaHEHUS N U3BMEHEHUS UMMYNbCa, MOMEHTa
MMMynbca 1 NOMHON MeXaHW4eCKo SHeprum HeCBObBOAHON CUCTEMbI MaTepuanbHbix Touek. Obwee
ypaBHEHNE MeXaHUKW.

25. TNoHATE 0 He3aBUCKMbIX 0000LEHHBIX KOOPAMHATAX 1 YiCne CTeneHen ceoboabl. YpaBHEHUS
NarpaHxa 2 poga. O6o6uieHHble cunbl. PyHkUMS JlarpaHxa.

26. Linknnyeckme koopamHathbl. [lokasaTenbCTBO TOro, H4T0 K doyHKUMM JlarpaHxa MOXHO npubaBuTb
MOJSHYIO NPOM3BOAHYO NTF0OOI GOYHKLMM 0O0BLWEHHbBIX KOOPAMHAT U BPEMEHMN.

27. CTpyKTypa KNMHETUYECKOI SHEPrn B ypaBHeHMAX JlarpaHxa 2 poaa.

28. O606wWeHHbI uMnynbc. CTpykTypa 0606WeHHOro MMNynbca. 3aKOHbl COXPaHEHUS! 1 M3MEHEHNS
0606LeHHOro nMnynbca.

29. Ob606weHHas aHeprus. CTpykTypa 0000WeHHOM SHEPrun. 3aKOHbl COXPAHEHUS N N3MEHEHNS
00606LEeHHO aHeprumn.

30. Manble konebaHnsi cuCTeMbl C OHOI CTeneHbio cBobOabl Mo AEACTBMEM NOTEHLUMANbHbBIX CUN.

31. Manble konebaHnsi CUCTEMbI CO MHOTMMM CTENEHSIMN cBOOOAbI NOA OEACTBUEM NOTEHUMNANBbHBIX
cun. KpVITepVII7I yCTOVIHMBOCTM NOJNNIOXEHUA paBHOBECUA, COOCTBEHHbIE 4acCTOTbl, aMNNnTyObl
KOHGGaHVIVI, HOpMalibHble KOOpAUHAThI.

32. OnHOMepHble konebaHns NPy HANMYMKN TPEHMUS: aHaNM3 Pa3nnYHbIX Cy4aes.

33. O,EI,HOMeprIe BbIHYXXEHHbIE KonebaHms npn HaNnn4nm TpeHun4. I'IpMMep: BblHy>Xdaowas cuna,
N3MEHAWaNACA Nno rapMoOHNYECKOMY 3aKOHY, ABNEeHNEe pe3oHaHca.

34. Oenctaune. [NpuHLUMN HAUMEHDbLLEro OeNCTBUS 019 CUCTEMbl C NOTEHUMANbHBIMU CUNaMn n
naeanbHbIMU FOIOHOMHbLIMU CBA3SIMU. Ero aKBMBANEHTHOCTb ypaBHeHUsM JlarpaHxa 2 poaa.

35. ®dyHkums NamunbToHa. YpaBHeHUs aMunbToHa. 3aKOH N3MEHEeHNs doyHKLUMK ["aMnnbToHa.

36. Ckobku lNMyaccoHa u nx ceorictea. PyHOAaMeHTanbHble ckobkn NyaccoHa. 3aKoH M3MEHEeHMs
NPON3BONbHOM GOYHKLMM KOOPAUHAT, MMMYNbCOB M BPEMEHU Yeped ckobku NyaccoHa. Teopema
MyaccoHna.

37. HeiicTBre Kak pyHKLMS KOOPAUHAT U BPEMEHN.

38. lNpuHUMN HanMeHbLUero OencTens B pacWwpeHHoM (pa3oBoM nNpocTpaHcTee. Ero
9KBVBAJIEHTHOCTb YpaBHEHUAM [[aMunbToHa.

39. KaHoHunyeckune npeobpaszosaHusi. Nponasoaswme yHKLMM KaHOHNYECKUX NpeobpasoBaHuii:
pasniMyHble BapuUaHThI.

40. ViHBapmnaHTHOCTb cKoOOK yaccoHa npu kaHoHUYecKoM npeobpasoBaHmun. Heobxogumoe u
LNOCTATOYHOE YCNOBME KaHOHUYHOCTU Npeobpa3oBaHus.

41. YpaBHeHue MamunbToHa-Akobu. Teopema Akobu.

42. Bo3MOXHble ynpoLeHns ypaBHeHUst MamunbToHa-Akobu. Meton pasneneHns nepeMeHHbIX U ero
obocHoBaHuMe.

43. Teopema Jlnysunns.

Bonpochbl kK ak3ameHy "9nekTpoamMHamMmKa U OCHOBbI 9M1EKTPOAMHAMUKN CNIOWHbIX cpeq "

1.YpaBHeHus Makceenna B Kakoi doopme - andpdpepeHLmanbHOM U MHTErpanbHONM - SBASIOTCS
6onee o6WUMK 1 B KAKOM CMbicne?

2.DU3NYECKUA CMbICT YpaBHEHUS HEMPEPLIBHOCTH.
3.[1NOTHOCTb SHEPrN SNEKTPOMArHUTHOrO NONS B BaKyyMe U CMOWHOW cpese.
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K.H. (BoueHT) Xam3uH A.A.

4.TnoTHOCTbL NoTOKa SﬂeKTpOMaFHMTHOVI SHEeprnn n NNOTHOCTb MMNyNbCa 3NEKTPOMarHNTHOro nons.

5.3Hepr|/|;| SNEKTpn4YeCcKoro amnons B anekTpn4eckom none n MarHNTHOro MOMeHTa B MarHUTHOM
none.

6.MocTynatbl OnHwWTENHA.
7.0npeneneHne pensTMBMCTCKOro MHBapmnaHTa.
8.PensatmBncTckne MHBapmaHTbl 9NeKTPOMarHUTHOrO Mnons.

9.PU3NYECKNIA CMbICN HAMPSAXEHHOCTEN SNEKTPUYECKOro U MArHUTHOrO Noner B MUKPOCKOMUYECKOW
aneKTpoanHaMuKe.

10.Pun3nyeckunii CMbICN BEKTOPOB Nonsapuaaumm n HamarHM4eHHOCTI.

11.DPU3NYECKNiA CMbICN HAMPSAXEHHOCTEN N UHAYKLUMIA NEKTPUYECKOro U MarHUTHOro Nonewn B
MaKpOCKOMMYEeCKON 3neKTpoamHaMmKe.

12.Punamnyeckas npmymHa 3aTyxaHms aNeKTPOMarHUTHbIX BOMH B NPOBOAHMKAX.
13.4T10 Takoe pensaTnBuUCTCKUin HTepsan?

14.3akoHbl OMa n [1xxoynsa-IleHua ons 0oQHOPOAHOro M30TPOMHOro NPOBOAHMKA B
andbgoepeHumnanbHon opme.

15. TOMCOHOBCKOE 1 paneeBcKkoe paccesiHNe aNeKTPOMarHUTHbIX BOJH.

16.470 Takoe pe3oHaHCcHas hnyopecueHuma?

17.470 Takoe 0AHOPOOHOE N HEOOHOPOAHOE YWMNPEHNE CNEKTPANbHbIX TMHUA?
18.4T0 Takoe ecTeCcTBEHHAS WMPMHA CAEKTPasbHbBIX IMHUIA U yCTpaHnMa v oHa?

19.YeM oTnnyatoTCs CUNbHOMarHUTHbIE BewecTBa (oeppoMarHeTukn 1 aHTugeppomMarHeTukn) ot
cnaboMarHuTHbIX (oMaMarHeTvku 1 napamMarHeT1kun) BeLwecTs?

20.KakoBs chmsnyeckuii cmbicn Temnepartypbl Kiopn?

21.KakoBa npuynHa cnpaseniMBoCcTy 3akoHa Kiopy 1 ans onanekTpuyeckoin BOCIPUUMYNBOCTY
NONAPHbIX AN3NEKTPUKOB, U 411 MArHUTHON BOCMPUMMYMBOCTM NapaMarHeTMkoB?

22.3akoH Kiopu-Bericca ons MarHUTHOM BOCMPUMMYMBOCTMW.
23.B yeM 3akniovaetcs adpdoekT MenccHepa?
23.MprHuUKMN NPUYMHHOCTK 1 3anasgpbiBalolwmne noTeHumans.

24.BekTop OMNONbHOr0o MOMEHTA M TEH30pP KBaAPYNONbHOrO MOMEHTA CUCTEMbI HEMPEPBIBHO U
LVCKPETHO pacnpeneneHHblX B MPOCTPaHCTBE 3apsia0B.

25.BeKTOop MarHMTHOro MOMEHTa 06 BEMHOrO TOKA U CUCTEMBI ABUXYLIMXCA TOYEYHbIX 3aps40B.
26.410 Takoe opbutanbHoe rmpoMarHUTHOE OTHOWEHWE, YeMY OHO PaBHO?

27.KakoBa B 06wWeM cnyyae nonspusaumns MOHOXPOMAaTUYeCKMX NNOCKNX 3NEKTPOMArHUTHbIX BOJH B
ananekTpukax? Yto Takoe Kpyroas, nMHenHas, npasas, ne-sas nonspusauns?

28.YpaBHeHua Makcsenna B 4eTbipéxMepHon popme.
29.4Yto ytBepxaaet Teopema VpHwoy?
30.MMoyemy NOBEPXHOCTb NPOBOAHMKA SABNSETCS 9KBUMOTEHLMANBHOK?

BOINPOCbI K 9K3AMEHY "KsaHToBas teopusa”

. CBoWicTBa onepaTopoB oU3NYECKNX BENNHUH

. CobCTBEHHBIE PYHKLMN 1 COOCTBEHHbIE 3HAYEHMS ONEPATOPOB
. CoBCTBEHHBIE PYHKLIMM KOMMYTUPYHIOLWMX ONEpaTopoB.

. MaTpuyHoe npencraeneHne oneparopos

. CooTHOWeEHNS HeonpeneneHHocTel "en3eHbepra

. Teopusa npencrasneHui

. BonHoBoe ypaBHeHue WpeanHrepa

. [INOTHOCTb NOTOKA BEPOATHOCTM.

9. Onepartopbl CKOPOCTEN N3MEHEHNS OU3NYECKMX BENNHYNH
10. CTaumnmoHapHble COCTOSAHNS

11. Ycnosums cylwecTBoBaHUS UHTErpanos ABUXEHNS

0O NO O~ WND =
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12. NpenacTtaeneHne eizeHbepra.

13. [IBXeHne 4acTuLbl B MPSMOYronbHOM sIMe.

14. TyHHenbHbIN adpdoekT

15. JINHEenHbI rapMOHNYECKNIA OCLUNNSATOP

16. [lBuXeHne B none ueHTpanbHbIX CUN: pasaeneHne nepeMeHHbIX

17. CobCTBEHHbIE COYHKLIMUN 1 COOCTBEHHbIE 3HAYEHNS ONEPATOPOB MOMEHTA |z, 12
18. IMCKpeTHbIN 3HepreTMYecKuin cnekTp artoma sogopoaa

19. Teopus cTaunoHapHbIX BO3MYLWEHUA AN HEBLIPOXOEHHbIX YPOBHEN SHEPTUW.
20. Teopus cTaunmoHapPHbIX BO3MYLLEHUI ONS BbIPOXAEHHOIO YPOBHS SHEPrum
21. Teopust HeCcTauNOHapPHbIX BO3MYLLEHWN

22. KBaHTOBbIE Nepexobl B HEMPEPbIBHOM CrekTpe

23. Teopus paccesaHnsa. Meton BopHa.

24. Keasuknaccuyeckasi BONHOBas oyHKLMA

25. Ycnosusa kBaHToBaHnS bopa-3ommepdbenbaa

26. BonHoBble doyHKUUN CUCTEMbI TOXOECTBEHHbIX YacTuLy

27. Teopus camocornacosaHHOro nons B atomMax

28. Monekyna sogopoga. [oHaTne o XuMn4eckom CBSA3W.

29. Bropu4yHoe kBaHTOBaHWEe. BO30HbI

30. BropuyHoe kBaHTOBaHMe. PepMUOHbI

31. JInHenHbIn rapMOHNYECKNIA OCUMNNSATOP B NPeacTaBieHn BTOPUYHOIrO KBAHTOBAHNS
32. HopmanbHble KoopAMHaThl 3N1eKTPOMarHUTHOro Nons

33. KBaHTOBaHME 3N1E€KTPOMArHUTHOrO Nnons, OOTOHbI.

34. lNornoweHwne n n3ny4eHne POTOHOB aTOMOM.

35. YpaBHeHue KnenHa-doka-l"opaoHa

36. CBobooHOE ABMXEHME BO30HA C HyNEBLIM CMINHOM

37. YpaBHeHue Oupaka

38. PeweHune ypaBHeHus [npaka ons cBoboOHOro anekTpoHa

39. MOMEHT KonmyecTBa ABUXEHNS PENATUBUCTCKOrO 9/1EKTPOHA.

40. YpasHeHue MNaynu. MarHUTHbIA MOMEHT 31eKTPOHa

41. CnnH-opbutanbHoe B3anMoaencTane

42. HenTtpuHo

OK3AMEHAUNOHHbBIE BOIMPOCbI "TepmoanHamuka v ctatuctudeckas gomamka"

1. MaKpOCKOI'IVI‘-IeCKVIe CNCTEMbI, MaKpOCKONnn4yeckmne CoOCToAaHUA, MUKpPpOCKOonMn4yeckmne CoCToAaHNA,
CTaTUCTUYECKUI BEC MaKpOCKOMn4eckKoro CoCTosiHnA, CtatucTnyeckas rmnoresa.

2. ®a3oBoe NPoCTPaHCTBO, Pa3oBast TpaekTopus. GyHKUMS CTAaTUCTUYECKOro pacnpeneneHus.
Crartuctuyeckme aHcambnu.

3. YpasHeHue Jlnysunns, teopema Jlnysmnnns.

4. CtatucTnyecknin onepartop, MaTpuua nnoTHOCTW, CBOACTBA MaTpuLbl MOTHOCTN.

5. YpaBHeHue Jlnysunnga-HenmaHa.

6. MukpokaHoHm4eckoe pacnpeneneHuve.

7. 9proanyeckas runortesa. Keasnaprognieckme CUCTEMbI.

8. CnunHoBas cuctema.

9. CncTtema oanHakoBbIX OCUUINATOPOB.

10. CBSI3b MeXAY YNC/IOM KBAHTOBbLIX COCTOSIHWIA 1 06 EMOM B (ha30BOM NMPOCTPAHCTBE.
11. TepMoanHaMmnyeckmne KOHTakTbl CUCTEM.

12. PacnpeneneHune (KoHGUrypauuns) nonHOM aHeprum no NnogcucTeMaM, BEPOSATHOCTb
pacripeneneHus.

13. OHTponus n Temneparypa. CBoncTBa SHTPOMUN.
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14. DHTpONNS 1 TeMnepartypa CIMHOBOW cUCcTeMbl. OTpuuaTenbHbie TeMNeparypbl.
15. Xumunyecknin noteHuman.

16. bonblwoe kaHOHMYeckoe pacnpeneneHne. bonblasa ctatcymma.

17. KaHoHW4yeckoe pacnpegneneHue. Ctatcymma.

18. Knaccuyeckas goopmMa KaHOHNYECKOro 1 60NbLIOro KAHOHNYECKOro pacnpeneneHui.
19. OKBMBaNEHTHOCTb PABHOBECHbIX aHCaMbne

20. dyHkuns pacnpeneneHns ®epmu-Lunpaka.

21. dyHkuns pacnpeneneHns bose-dnHwTenHa.

22. SHTponuga no bonbumaHy.

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

24. laBneHne v ero CBS3b C SHTPOMNMUEN.

25. O606wWeHHbIE CUMbl, COOTBETCTBYIOWME BHEWHMM NapameTpam CUCTEMBI.

26. OCHOBHOE ypaBHEHVEe TepMOANHAMMKM A5 KBA3MCTaTUYECKMX NPOLIECCOB.
27. Tennota. PyHKUMM npoLecca 1 PYyHKLMM COCTOSAHUS.

28. [NepBbll 3aKOH TEPMOANHAMUKN.

29. TepMoonHaMmyeckme CUCTEMbl BO BHELWHUX SNEKTPUYECKMX U MArHUTHbIX MONSX.
30. Unkn KapHo, Teopembl KapHo.

31. Tennosas MawwnHa. KoatpgununeHT None3Horo 4enCTBUS MallnHbI.

32. HepaseHcTtBO Knayauyca.

33. Bropoi 3akoH TepmoaunHamuku; npuHumn Knayauyca, npuHuun KenbsuHa.

34. TpeTuin 3aKoH TepMoanHaMnkn, Teopema HepHcrta-lnaHka.

35. TennoeMkoCTb CUCTEMBI.

36. OHTanbnus, ceobonHas aHeprusi MenbMronbua, TepMoanHaMuyYecknii noteHuman Mb6bcea,
O0nb-lON NoTeHuman.

37. OKCTeHCMBHbIE (aOAUTUBHBIE) N UHTEHCUBHbBIE PU3NYECKNE BENNYMHDI.
38. YpaBHeHusi 'mbbca-enbmronbua.

39. CBsA3b cBOOOAHON SHEPTUN CO CTATCYMMO.

40. CooTHoweHns B3auMHocTn Makceenna.

41. KoathhnumeHT TENNOBOro paclpeHns, n3oTepMmyeckas CxXnMaemMocTb, aanabartuyeckas
CXMMa-eMOCTb.

42. HekoTopble CBONCTBA SKOBMAHOB 1 UX MPUNOXEHME B TEPMOANHAMUKE.

43. Cesa3b mexay Cp n CV.

44.Ycnosumsa paBHOBECUS TEPMOAUNHAMUYECKUX CUCTEM, HAXOOSAWMXCS B KOHTAKTE C TEPMOCTATOM.
45. MNpuHUMN MakcmanbHom paboTol.

46. TepmoonHaMmnyeckme HepaBeHCTBa.

47. Apnabatuyeckne npoueccol. Micnonb3oBaHne nx Ang nony4eHns HU3KMX Temneparyp.

48. MeTon agnabatmyeckoro pasmarHminBaHusl napamMarHeT1KoB.

49. Cnenctsms TpeTbEro 3aKkoHa TepMOANHAMUKM.

50. HacTtuubl B awmke. BHyTpeHHSAS CTpyKTypa HacTum.

51. Xumnyeckuii noteHumnan, BHYTPEHHAA SHEpPruns, ypaBHEHNE COCTOAHUA KNaCCNYEeCKOoro
noeasnbHOro ra3a.

52. CBoboHas aHeprus, aHTPONMUs, TENOEMKOCTb, CTaTCyMMa UaeanbHOro rasa.
53. KBaHTOBbI 06bEM, €ro ON3NYECKNIA CMbICH.

54. TennoemMKoCTb ABYXaTOMHOroO naeanbHOro rasa.

55. Cmecb noeanbHbiX ra3os.

56. VipeanbHbil ra3 B cMnosom rnone. bapometpuyeckas goopmyna.

57. PacnpeneneHne Makcsenna rno CKOpoCTsM B naeanbHOM rase.

58. PaznunyHble goopmbl pacnpeneneHns Makcsenna-bonbumaHa.
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59. MNnoTHOCTL pacnpeneneHns 04HOHaCTUYHbIX COCTOSIHUI MO SHEPTUAM.

60. BbipoxaeHHbIn naeanbHoln Pepmu-rad. Temnepartypa depmu.

61. TennoemkocTb BblipoXxaeHHOro depmu-rasa.

62. BoipoxaeHHbln Bo3e-ras. bose-koHaeHcauums.

63. ®opmyna NnaHka onsa pacnpeneneHnst MHTEHCUBHOCTU N3y4EeHNS MO YacToTaM.
64. DHeprusa nany4yeHuns, naBneHne N3ny4yeHuns, TeNI0eMKOCTb U3NTyYEHNS.

65. N3nyveHne ns nonoctn. 3akoH CtedhaHa-bonbumaHa.

66. KonebaHuns kpuctannmuyeckoi pewetkn. Mogenb Lebas. Temnepatypa Jebas.
67. TennoeMkoCTb peleTkn NPy HU3KMX 1 BICOKMX TeMnepaTypax.

68. Pa3pexeHHble rasbl. MoaenbHble NoTeHunansl B3aumMoaenctaust 4actuu. MpmbnmxeHrne napHbix
B3aMMOOEeNCTBUA.

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

71. PaBHOBECHbIE YaCTUYHbIE COYHKLIMK pacnpeneneruns. Lienoyka ypaBHeHWA ans paBHOBECHbIX
pyHKLMIA pacnpeneneHns. Cynepno3uumnoHHoe NpubnmxeHue.

72. YpaBHeHNe COCTOsHMS (OaBneHune) peanbHOro rasa.

73. Teopus [ebas-Xiokkens onsi paBHOBECHOW pa3pexeHHon nna3mbl. Paonyc 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 NpubnmxXeHUn MonekynsapHoro nons Belicca.

78. YCNnoBus XMMN4eCKOro paBHOBECUS. 3aKOH AENCTBYIOWNX MACC.

79. TepMmyeckas MoHM3auuns sogopoaa.

80. dopmyna SHWTERHA 4N BEPOATHOCTU (PnyKTyauuni.

81. NayccoBo pacnpeneneHne BepoaTHOCTU ManbixX onyKTyaLmi.

82. dnykTyauumn cucTembl, NOMELEHHOW B TepMoCTar.

83. Koppensumsa dnyktyauuin Bo BpemeHun. Teopema BuHepa-XuH4mHa.

84. MprHLMN CUMMETPUN KUHETUYECKUX KOIGDAMLMEHTOB (COOTHOWeEHNS OH3arepa).

85. MoToku n 0606wWweHHbIe cunbl. Teopema OH3arepa.

86. TepmomexaHmnyeckunin acopekT.

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

88. KuHetnyeckoe ypasHeHve bonbumaHa. lNpyvHumn netanbHOro paBHOBECHUS.

89. Teopust 6poyHOBCKOro ABMXeHUS. YpaBHeHne JlaHxeseHa. MpnbnuxeHune "6enoro wyma".
90. Ondpcpysns 6poyHoBCKMX HacTul. Popmyna SiiHWTERHA 4Ns KoadhdpuumeHTa amggysnu.
91. OcHOBHOE KMHETNYEeCKoe ypaBHeHUe (ypaBHeHne banaHca). H - Teopema bonbumaHa.

7.1. OcHoBHas nuTeparypa:

1. Nanpay J1.0., lncpwny E.M. TeopeTtnyeckasa domsuka. T.1 MexaHuka , M., dusmarnut, 2007.- 224
c. http://e.lanbook.com/books/element.php?pl1_id=2231
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(npodpeccop) Kouwenaes B.W. , noueHT, k.H. (zoueHT) JlapnoHos A.J1. , 3aBegytownii kadenpoi, o.H. (npodeccop) MpowwH HO.H. , noueHrT,
K.H. (BoueHT) Xam3uH A.A.

2. Nanpay J1.0., Indpwwny E.M. Teopus ynpyroctu, M., dusmatnut, 2007.- 264 c.
http://e.lanbook.com/books/element.php?pl1_id=2233

3. HukuntuH H.H. Kypc TeopeTtunyeckomn mexaHunku. JlaHb, 2011, 720 c.
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=1807

4. batbirvH B.B., TonTbirvH. .H. C60pHMK 3a8a4 no anekTpoaMHaMmmnke 1 cneumnanbHon Teopum
oTHocuTtenbHocTu. CI16. JlaHb. 2010. - 480 c.

http://e.lanbook.com/view/book/544

5. Nangay /1.0, NMugowmu E.M. SnektpoanHamuka cnnowHbix cpen. M. duamarnut. 2005. - 651 c.
http://e.lanbook.com/view/book/2234

6. Bacunbes A.H. Knaccuuyeckas anektpoanHamuka. Clr6. EXB-lMetepbypr. 2010. - 276 c.
http://znanium.com/bookread.php?book=350602

7. KanuknHckuin N.N. SnexktpoanHammka. HALL Hppa-M. 2014. - 159 c.
http://znanium.com/bookread.php?book=406832

8. Kouenaes b.W. KeaHToBas Teopus: koHcnekT nekumii / B. U. Kodyenaes; KazaH. dpenep. yH-T, IH-T
domankn, Kad TeopeT. usnku.-[2-e nsg., nepepad., gon. n ncnp.].-KasaHb: [KazaHckuin
yHusepcuteT], 2013.-222 c.

9. Conoebes O.B. 3agayn no KBaHTOBOW MeXaHWKe: BONHOBbIE (DYHKLMKW U onepaTopsbl (y4.-MeToq.
nocobue). - 2013. - KasaHb. - KM®PY.http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi
mehanike.Volnovie_funkcii_i_operatori.pdf

10. OaebigoB A.C. KBaHTOBasi MexaHuka: yuebHoe nocobue. - Cl6: BXB Metepbypr, 2011. - 704 c.
http://znanium.com/bookread.php?book=351130.

11. AMuHoB, J1.K. TepmognHammka n ctatnctmyeckas omsnka: KOHCMNeKTbl NeKunin 1 3agadv : ons
cTyneHToB domanyeckoro dpakynoteta / J1.K. AMuHoB; KasaH. roc. yH-1, dun3. gpak.-KasaHb:
WNapatenbctBo KasaHckoro rocynapcTtBeHHOro yHusepcurera, 2008.-179 c.

12. Nanpay, N1.4. Ctatuctnyeckas gouauka: Yueb.nocobve ans ctyn.yH-tos / J1. . NlaHpay, E. M.
Nvcowwny ; non pea. J1. T, MNMuraesckoro.-M.: ®dusmatnut, b.r..-(Teopetuyeckas gomsnka;T.5).
Y.1.-5-e n3n.,ctepeotnn.-2005.-616 c. http://e.lanbook.com/view/book/2230/

13. AHcenbm A.N. OCHOBbI CTaTUCTUHECKON OUINKM U TEPMOLAMHAMUKN. - U34. JlaHb. - 2007. - 448c.
http://e.lanbook.com/view/book/692/

7.2. JlononHuTenbHasa nuteparypa:

1. Ctpenkos C.I1. MexaHuka. JlaHb, 2005, 560 c.
http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=589

2. CO0pHMK KOPOTKMX 3a4ad No Teopetudeckoin MexaHuke. Mon pen. Kene O.3., ispatenbcTBo:
INaHb, ISBN:978-5-8114-0826-9, 3-e naa., ctep., 2009, 368 cTp.
http://e.lanbook.com/books/element.php?pl1_id=183

3. Anekcees A.WN. CoopHUK 3amay no knaccuyeckoin anektpoanHamuke. Cr6. JlaHb. 2008. - 320 c.
http://e.lanbook.com/view/book/100

4. lncbwumy E. M. TeopeTunueckas pmsmka : yuebHoe nocobve ans By3os : B 10 Tomax T. 9:
Cratuctuyeckas comsuka. Y. 2. Teopus KoHAeHcupoBaHHoro coctosHns / E. M. Nndpwwu, J1. T1.
MuTaesckuii .- N3paHue 4-e, ucnpasnenHoe .- Mocksa : PUSMATIINT, 2004 .- 496 c.

5. Kongpatbes A.C., Parropoackuii [.A. 3agayn no TepMoanHammnke, CTaTucTM4eckom omnsnke n
KuHeTnyeckom teopuun, M.: duamatnut. 2007. - 254 c. http://e.lanbook.com/view/book/2209/

7.3. UHTepHeT-pecypcChbl:

Bubnnoteka Library Genesis - http://gen.lib.rus.ec

MeToaunyeckmne matepuansl kadpenpbl T -
http://kpfu.ru/physics/struktura/kafedry/kafedra-teoreticheskoj-fiziki/metodicheskie-materialy
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ObpaszoeatenbHblii npoekT A.H. BapruHa - http://www.ph4s.ru/index.html
OnekTpoHHas bubnuoteka - http://www.newlibrary.ru/genre/nauka/fizika/
AnekTpoHHas bubnnoteka MexaHMKo-MaTemMaTnyeckoro goakynobteta MY - http://lib.mexmat.ru/

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMUNINHbI(MOAYNS)

OcBoeHune ancumnnuHbl "Teopetnyeckas omuanka" npeanonaraet NCNONb30BaHNE CleayowWwero
MaTepuanbHO-TEXHNYECKOro obecneyeHms:

MynbTumMeguiiHas ayantopus, BMECTUMOCTbO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMON YyNpaBneHns, OCHaWeHHas
COBPEMEHHBIMX CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobo Bnaeo n ayamo
NHpopMaLUK, NONy4EHNS 1 Nepenadn dNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnnekTaums
MyNbTUMEANIAHON ayanTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTopPa, aBTOMAaTU3NPOBAHHOIO
MPOEKLMOHHOr0 9KpaHa, akyCTMYEeCKON CUCTEMBI, a TAKXe MHTEPAKTMBHOW TPpMOYHbI MpenonaBaTens,
BK/IOYAoLWeN Tay-CKPUH MOHUTOP C AnaroHasnbio He MeHee 22 OI0MOB, NepCOHaNbHbIn KOMMbIOTEP
(C TexHUYecknMmn xapaktepuctmkamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHdpepeHL-MUKPOOoH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaBneHus 060pynoBaHNEM, UHTEPGECHI
noaknoyeHms: USB,audio, HDMI. HTepakTnBHas TpnbyHa npenonaBaTens SBnseTcs KNo4YeBbiM
9NEMEHTOM yrNpaBneHns, 06 beANHSAOWNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, 1 CNYXUT
MONHOLUEHHbIM paboynm MecToM npenogasartens. [Npenonasarenb MMeET BO3MOXHOCTb NErko
yrnpaBnsiTb BCE CUCTEMOWN, HE OTXOAS OT TPMOYHbI, YTO NO3BONSIET NPOBOAMTDL NEKLMN, NPaKTU4eckmne
3aHATUSA, Npe3eHTaunm, BebrnHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
oby4vatowmxcs B yaoOHON 1 AOCTYNHOW ONsi HUX POPME C MPUMEHEHNEM COBPEMEHHbIX
MHTEPaKTMBHbIX CPeACTB 0Oy4eHMs, B TOM YMCNE C MCMONb30BaHMEM B NpoLecce 0byyeHns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus TakXke oCHaleHa WupoKOnonoCHbIM
LOCTYNOM B CeTb MHTEepHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NIMLLEH3NOHHOE NPOrpaMMHoOe obecneyeHue.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMINHBI UIMEETCS B HAIMYUN B
3NeKTPOHHO-6ubnnoTeyHol cucteme "ZNANIUM.COM", poctyn K KOTOPOW NpefoCTaBNeH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT nponsseneHnst KpynHENWmnxX POCCUNCKNX Y4EHbIX, PYKOBOOUTENEN
rocynapCTBEHHbIX OpraHoB, Npenogasartener BeayLwmx By30B CTpaHbl, BbICOKOKBANNGULMPOBAHHbIX
CMeunanncToB B pasnunyHbix cdoepax brusHeca. PoHL 6nbnmMoTekn chopMMpPOBaH C y4ETOM BCEX
N3MEHEHMN 0Bpa3oBaTENbHbIX CTaHAAPTOB M BKKOYAET y4ebHMKM, yyebHble nocobus, YMK,
MOHOrpadun, asTopedoeparbl, guccepraumm, SHUUKNONEaNn, CAOBapy U CPaBOYHNKN,
3aKkoHo4aTeNbHO-HOPMATMBHbIE OOKYMEHTbI, CreunanbHbie Nnepnognyeckme n3gaHms n n3naHus,
BbiNyckaemble nsgatenbcrsamm By30B. B HacToswee spems 965C ZNANIUM.COM cooTteetcTBYyeT
BceM TpeboBaHMsaM hefepanbHbIX roCyAapCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasoeanust (PrOC BI1O) HoBoro nokoneHus.

Y4yebHo-mMeToanyeckas nutepatypa ons 4aHHOW OMCUMNIVHBI UMEETCS B HANNYUN B
9NEKTPOHHO-bMbNMoTeyHom cnucteme MiaparenbcTea "/laHb" , BOCTYN K KOTOPOW NpenocTaBneH
ctyneHtam. O6C Mapatenbctea "[laHb" BkNtoYaeT B cebst aNeKTPOHHbIE BEPCUUN KHUT N3OaTenbCcTBa
"laHb" 1 opyrux BeOylwmnx N3natenbCcTB y4ebHOM nMTepaTyphbl, a Takke 3N1eKTPOHHbIE BEpCUn
Nepnoanyeckmnx N3aaHnim No eCTECTBEHHbIM, TEXHUYECKNM U r'yMaHUTapHbiM Haykam. OBC
N3patenbctBa "[laHb" obecneymBaeT 4OCTYN K HAy4HOW, y4ebHON nuTepaTtype N Hay4HbIM
nepuoan4yecknm n3oaHmsam no MakCManbHOMY KONMMYECTBY NPOOUbHbLIX HanpasneHui ¢
cobnoneHneM BCeX aBTOPCKMX N CMEXHbIX Npas.

YyebHble ayamTopun Ans NPOBeAEHNS NEKLMOHHbBIX U NPaKTUYECKMX 3aHATUA. MynbTmMeonitHoe
obopynoBaHue (HOyTOyK, MPOEKTOP, NPE3EHTEP, SKPaH, KOMOHKM).

Mporpamma coctaeneHa B cootBeTcTBumn ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbiM nnaHoM no
HanpaeneHuo 28.03.01 "HaHoTexHoNnornm n MUKPOCUCTEMHAs TexHMKA" U NPOOUNI0 NOArOTOBKU He
npenycMOTPEHO .
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