Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

MWHUCTEPCTBO OEPA30OBAHWSA 1 HAYK POCCUNCKOW dEOEPALN
denepanbHoe rocyaapcTBEHHOe aBTOHOMHOE yYpeXaeHune
BbICLIEr0 NPOJECCMOHaNbHOro 06pa3oBaHus

"KasaHckuin (Mpusonxckuin) doenepanbHblin yHuBepcutet"
NHCTuTyT comsnkn

*-!-*“ 'I'E-'G"-Fp

20 r.

nognucaHo SﬂeKTpOHHO-LlMCppDBOﬁ noganncero

I'Iporpamma ANCUUMNINHDbI
Teopetnyeckasa dpumsunka 63.B.5

Hanpasnenue nogrotosku: 222900.62 - HAHOTEXHONOrNW U MUKPOCUCTEMHAS TEXHUKA
[Mpodhunb NOArOTOBKW: HE NPEeayCMOTPEHO

KBanndomkauus BeinyckHmka: 6akanasp

dopma 0byyeHns: g4HOoEe

S3bIk 06y4eHNS: PyCCKuMiA

AsTtop(bl):

Koyenaes B.W. , Jlapnonos A.J1. , MpouwwH KO.H. , XamanH A.A.

PeueH3eHT(bl):

MankuH B.3.

COIMACOBAHO:

3asenyowunii(as) kadpenpoi: MNMpowwnH HO. H.

lMpoTtokon 3acenaHusa kagoenpbl No or" " 201_r
Y4yebHo-MeToamn4eckas komuccms MHcTuTyTa qomsvmm:

Mpotokon 3acenaHns YMK No or" 201 _r

PeructpaunoHHbiin No 616718
KasaHb
2018

KTPOHHB H
BEPCPITET

TAHECAAR CHTTEMA Ky

DAE
PervcTtpaunoHHblii Homep 616718 BEE YH H

ARl | AL O



Mporpamma gucumnnuHel "TeopeTtudeckas usuka"; 222900.62 HaHOTEXHONOrMN 1 MUKPOCUCTEMHAS TEXHMKA; Npodheccop, O.H.

(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

ConepxaHue
1. Llenn ocBOeHUS oucCUMnInHbI
2. MecTo ancumnnvHbl B CTPYKTYpe OCHOBHOM 06pa3oBaTeNibHOM Nporpammbl
3. KomneTteHumm obyyatouerocs, (oopMmnpyeMble B pe3dynbTate 0CBOEHUS AMCLMMANHBI /MOaYNS
4. CTpyKkTypa 1 cogepxaHve oUCLMnAnHbI/ Moayns
5. Obpa3zoBaTtenbHble TEXHONOMMK, BKNIOYAS UHTEPAKTUBHBIE (OOPMbI 00y4eEHNS

6. OLeHOoYHble cpeacTBa Ons TEKYWEero KOHTPONS YCrNeBaeMoCT, MPOMEXYTOYHOW aTTecTauun no

MTOraM OCBOEHUS ANCUMMINHBI 1 y4eBHO-MeToanYeckoe obecrneyeHne caMocToATENbHOM PadoThl
CTYyLLEHTOB

7. Nlutepatypa
8. HTepHeT-pecypchbl

9. MatepuranbHo-TexHN4Yeckoe obecneyeHne AUCUMNINHBI/MOAYNS COrNacHO YTBEPXAEHHOMY
y4yebHOMy nnaHy

PernctpaunoHHbin Homep 616718 5AE
CtpaHnua 2 ns 23. ins yHlf[

A 5 (1,

KETPOHHBH
B_EPCHTET

SHHO AHATVTAHES AR CHCTEMA Kby



Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

Mporpammy oucumnnvHbl paspaboTan(a)(n) npodeccop, a.H. (npodeccop) Koyenaes b.U. Kagpenpa
TeopeTuydeckon gomsnkn Otaenenne comsnkn , Boris.Kochelaev@kpfu.ru ; ctapwwmin npenogasaTens,
K.H. (moueHT) JNlapuoHos A.J1. Kachenpa TeopeTtndeckon conamkm OtaoeneHne gousmku ,
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. Uenn ocBOEHNS AUCLUMINHBI

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 aucuunnnHa BkntodeHa B pasnen " 53.B.5 MNpodgeccroHanbHbIn" 0CHOBHOM
obpasoBaTenbHol Nporpammbl 222900.62 HaHOTEXHONOMMM U MUKPOCUCTEMHAS! TEXHUKA M OTHOCMUTCS
K BapmatmeHon Yyactn. OcsamBaeTcs Ha 2, 3, 4 kypcax, 4, 5, 6, 7 cemecTpbl.

OucumnnunHa (B3.5.8) Bxoant B 6a30Byt0 YacTb NpodpeccroHanbHoro umkna (b.3). [ns ocBoeHus
AVNCUMNVHBbI HEObX0ANMbI 3HAHWSI AUCLIMMNIIMH: MaTeMaTUYecKuin aHanua, gudpdpepeHumnancHole 1
NHTErpasnbHble YpaBHEHNS, BApUauMoHHOE NCHUCNEHNE, TEOPUS CDYHKLUUIA KOMMIEKCHOIO
NnepeMeHHOro, BEKTOPHbIA 1 TEH30PHbIN aHanM3, MexaHuka. JBnsetcst 6a3oBol AMCUMNANHON Ans
N3y4YeHUs Opyrmx KypcoB TEOPETUYECKON om3nKun (SnekTpoamHammnka, KsaHToBas Teopus,
TepmoanHamuka. Ctatuctnyeckas gousuka. dPumamdeckas knHetnka). OcBoeHe ancUmMnInHbl bynet
cnocobCcTBOBATb YCMEWHOW NPOECCMOHANBbHOM 0eATeNbHOCTM, MO3BONNT B AaNbHEWEM M3y4aTb
KypCbl 061WeHay4YHOro 1 NpodeCCUOHaNbHOro LNKNOB OCHOBHOM 06pa3oBaTenbHOM NporpamMmbl
H6akanaspuara n MmarucTpartypsbl.

OucumnnnHa "OnekTpoanHammka" BxoamT B 6a30Byto YacTb npodoeccunoHansHoro uvkna (b.3). Ons
OCBOEHNS OMNCLMMNIVHBI HE0OXOAMMbI 3HAHMS OUCLUUMNINH: MaTeEMaTUYECKNIA aHann3, MMHENHas
anrebpa, amgepeHLmanbHbIe ypaBHEHUS, SNEKTPUYECTBO N MAarHeTn3Mm, KonebaHns 1 BOJHbI,
onTuka, TeopeTnyeckas mexaHuka. OcBoeHve gucumnnmHel byaet cnocobCcTBOBaTL YCMEWHON
npodpeccrnoHanbHom AeSTeNbHOCTH, NMO3BOMUT B AallbHEMWeEM n3yyaTb Kypcbl 06LeHay4YHoro n
NpogheccnoHanbHOro LKI0B OCHOBHOW 06pa3oBaTtenbHON NporpaMmbl MarncTpaTypbl.

OucumnnnuHa "KBaHToBas teopus”

BXOOMT B 6a30BYI0 YacTb nNpodpeccumoHanbHoro uukna (b.3). [ng 0CBOEHUS AMCUMNMANHDI
HeobXxoaMMbl 3HAHWA ONCLUMMAWH: MaTeMatnyecknini aHanua, ougepeHuanbHbIe ypaBHEHNS,
TEeopns BEPOSATHOCTEN, Knaccmyeckas MexaHuka, anektpoguHammka. OcsoeHvne gucumnnvHel bynert
CrnocobCTBOBATb YCMEWHOW MPOECCMOHANBHOM OEATENbHOCTY, MO3BONNT B JaNlbHENWEM M3y4aTb
KypcCbl 06LeHay4yHOro n NpogoeccnoHanbHOro LMKI0B OCHOBHOM 06pa3oBaTenbHON NporpamMmsl
marmcrTparypbl.

OucumnnnHa "TepmoanHamuka. Ctatnctnyeckas pusuka. dusundeckas kmHetnka" (6.3.6.11)
BXOAMT B 6a30BYI0 HaCTb NpodoeccroHanbHoro umkna b3.

TpeboBaHUs K BXOOHbIM 3HAHMSIM - 3HAHWE OCHOB aHaNNTUYECKO MEXaHWKM, KBAHTOBOW MEXaHWKN,
TEopuY BEPOATHOCTEN, SNEMEHTOB MOJIEKYISIPHON COU3VIKMN.
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

OVcumnnuHbl, NS KOTOPbIX OCBOEHWE OAHHOW OMCUMMINHBI HEOOX0AMMO Kak NpedlecTByollee:
BCe pa3genbl PU3NKM MaKPOCKOMNYECKMX CUCTEM.

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

B pesynbrate 0CBOEHNS AMCUMMIMHBI (OOPMUPYIOTCS Cneayowme KOMNeTEHUUN:

Pacwucposka
LLincpp komnereHumu npuobpeTaemMon KOMNeTeHL N
OK-1 CNocobHOCTb BNaaeThb KynbTypPOi MbIlWNEHUS, CNOCOBHOCTb K
(0bLwekynbTypHbIE 0606LeHunto, aHannay, BOCMPUSATAIO MHOOPMaLMK, MOCTAHOBKE
KOMMNeTEeHLMW) Lenu 1 Bolbopy nyTei ee NOCTUXEHUS
CNOCOBHOCTb MCMONb30BaTb OCHOBHbIE 3aKOHbI
OK-10 €CTECTBEHHOHAYYHbIX OUCLUMMINH B NPOCPEeCCOHaNbHOM
(06WeKyNbTypHbIE LNEeSTeNbHOCTU, NPUMEHSTb MeTOAbl MaTeEMaTMYECKOro aHanmaa
KOMNeTeHLMK) 1 MOLENVNPOBAHNS, TEOPETUYECKOTO M 3KCNIEPUMEHTANBHOIO
nccnenoBaHus
MK-9 CNOCOBHOCTbIO MPOBOANTL PU3NKO-MATEMATNYECKOE U
N3MKO-XMMUYECKOE M npoBaHue u MbIX N B
(NPOECCHOHANBHbIE hr3mKo €CKoe MOLENNpPOBaHne ncecnenye pouecco
1 06EKTOB C UCMONb30BAHNEM COBPEMEHHBIX KOMMbIOTEPHbIX
KOMMeTeHuun) o
TeXHONorui

B pes3ynbtate 0CBOEHUS OUCUUMANHbLI CTYOEHT:

1. DONXEH 3HaThb:

3HaTb TeopeTnyeckmne OCHOBbI, OCHOBHbIE MOHATUS, 3aKOHbI 1 MOLENN TEOPETUYECKOA MEXAHUKM;
UMeTb npencrasneHne 0 COBPEMEHHOM COCTOSHUM 3TOrro pasaena TeopeTnyeckon OU3nKu.

3HaTb 3aKOHbl MI/IKpOCKOI'II/IHGCKOVI n MaKpOCKOFII/I‘-IeCKOVI ANeKTpoaMHaAMUKK N cdpepbl NX
NPUMEHEeHUA, NoNoXeHnA crneumnanbHoun Teopun OTHOCUTEJTIbHOCTN N peﬂﬂTVIBVICTCKOVI
ANeKTpoANHaAMUKN.

3HaTb OCHOBbI KBAHTOBO-MEXAaHNYECKOro ONMcaHmns COCTOSAHWIA Cpl/l3|/|'-IeCKI/IX CNCTEM N
MaremMatn4eckoro annapara KBAHTOBOW Teopun;

noHMMaTb METOAbl TEPMOANHAMUKA N CTaTUCTUYEeCKOomn Pur3nKn.

2. DONIXEH yMeTb:

YMeTb NoHUMaTh, nadnaratb U KpUTUYECKM aHanm3nmposaTb 6a30By0 00LWen3NYeCcKyio
MHOPMALLMIO; NONBb30BATLCSH TEOPETUYECKMMM OCHOBAMU, OCHOBHBLIMW NMOHATUSAMW, 3aKOHAMU 1
MOOENSMN TEOPETUYECKO MEXaHMKWN; (OOPMYNMPOBaTh 1 [OKa3blBaTb OCHOBHbIE pe3ynbTaTthl
TEOPETNYECKON MEXAHWKM, 3aNUCbIBATb OCHOBHbIE YPABHEHMNS ABUXEHMNS NPOCTbIX MEXAHNYECKMX
CUCTEM,

obnafnatb TEOPETUHECKUMUN 3HAHNAMUN 06 OCHOBAX TEPMOANHAMUMKM U CTATUCTUYECKON CPU3MKK
YMeTb chopMynnpoBath U AOKa3biBaTb OCHOBHbIE Pe3y/bTaTbl KBAHTOBOW TEOPUM

YMeTb ncrnonb3oBatb MOAy4YEHHbIE 3HAHUSA ONS NOCTAHOBKM 3a4a4 Mo TEOPUN SNEKTPOMarHUTHbIX
rnonen.
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

3. 0ONXeH BnageTb:

BnaneTb HaBblkaMu peweHns 3a0ay O ABMXEHUN NPOCTbIX MEXAHNYECKMX CUCTEM, HAXOXAEHUN UX
3aKOHOB OBWXEHWS 1 TPAEKTOPWUIA.

BrnamneTtb HaBblkamMu pelieHnsi 3a0a4 MUKPOCKOMMYECKOR 1 MakpOCKOMMYECKON SMEeKTPOAVHAMUKM.

Bnagetb HaBblkaMu peweHuns I'IpOCTGI?ILLII/IX 3adayd 0 HaxoXAeHUN 3HEePreTn4ecKoro cnekTpa n
BOJIHOBbIX C*JyHKLl,VIVI KBAHTOBbIX CUCTEM U BblHNCNTIEHNA BepOﬂTHOCTeVI nx nepexonos B gpyrune
COCTOSAHNA noa BNnsaHneM BO3MYLI.I,eHVII7I,

NPUOBPECTV HaBbIKMN BblYMCNEHMS (B MPOCTLIX 3a4a4ax) MakpOCKOMUYECKNX XapakTePUCTUK
CUCTEMDI.

4. nONXeH OEeMOHCTPUPOBaTb CNOCOOHOCTb M FTOTOBHOCTb:
K QanbHenweMy oby4eHunto

4. CTpyKTypa U cogepxaHve AUCLUNMUHBI MOAyNs

Obwas Tpya0eMKOCTb AUCLMMNIMHBI cocTaBnsieT 18 3a4eTHbix(ble) eanHunu(bl) 648 yaca(os).

dopma NPOMEXYTO4YHOro KOHTPONSA OMCUUNINHBI 3K3aMeH B 4 CEMECTpe; 3K3aMeH B 5 CEMeCTpe;
9K3aMeH B 6 ceMecCTpe; 9K3aMeH B 7 ceMecTpe.

CyMMapHo No AMcumnanHe MoxHo nony4ntb 100 6anno., U3 HMx Tekylwas paboTta oueHmBaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANst AOoMnycka K 3a4eTy
28 b6annos.

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

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

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

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

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl N0 AUCLMNIMHe/ MOAYNIO
Tematuyeckuin nnaH AUCUUNNUHBI/MOAYNSA

Buabl n yachbl
Pasgmen ayauTopHOM paborThbl,
UX TpynoeMKoCTb
N Bwousnn  Comeotpcc 2O, (s saca) oo
Nekuun MpakTnyeckuelllabopatopHbie
3aHATUA paﬁoTbl
KoHTponbHas
Tema 1. TeopeTnyeckas paboTta
MexaHuKa 1 OCHOBBbI MucbmeHHoe
1.[MeXaHUKKN CNOWHbIX 4 1-17 36 36 0 nomalHee
cpen 3agaHue
YCTHbIN onpoc
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

Buabl n yachbl
Pasgmen ayauTopHOM paborThbl,
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")""’;'_r;"”b'/ C("w'echcemecrpa (B yacax) \ll(omp(c)t:mp
Ay Nek ImI'Ipal('rw-lecmeJ1a60pa1'opH|>|e
u 3aHATUA pa601b|
YCTHbIA onpoc
Tema 2. KoHTponbHas
OnekTpoanHamuka v paboTta
2./ocHoBbI 5 1-18 48 42 0 [NMncbmeHHOE
3NeKTPoANHAMUKN JomauiHee
CMJIOWHbIX Cpen, 3agaHue
KoHTponbHas
paboTta
Tema 3. KBaHTOBas NMncbMeHHoEe
3. Teopus 6 1-17 48 42 0 oomauiHee
3agaHue
YCTHbI onpoc
Tema 4 KoHTponbHas
TepMO,E-I,VIHaMVIKa n pabora
4. cTaTucTmnyeckas 7 1-18 54 36 0 Eg;;mﬁggoe
Gpuanka 3agaHue
Tema . UTorosas Ok3aMeH
) 4 0 0 0
doopma KOHTponsA
Tema . Torosas OK3aMeH
. 5 0 0 0
doopma KOHTpons
Tema . UTorosas Ok3aMeH
) 6 0 0 0
doopma KOHTponsA
Tema . Toroesas SOK3aMeH
) 7 0 0 0
doopma KOHTpons
NToro 186 156 0

4.2 CopepxaHvue oUCLUNMUHDI
Tema 1. TeopeTnyeckasi MexaHmMKa u OCHOBbl MEXaHWUKU CMOLLHbIX cpen,
neKkunoHHoe 3aHsiTne (36 yaca(oB)):

OCHOBHbIE MOHATUSA, 3aKOHbI N YPaBHEHUS OBUXEHNS KNACCUYECKOM MEXAHUKWN; 3aKOHbl N3MEHEHWS
N COXPaHEHMS UMMYNbCa, MOMEHTA UMMYNbCA U SHEPTUX U NHTErpanbl ABuXeHns; OCHOBHbIe
MOJENN KNacCU4EeCKON MEXaHVKN (OAHOMEpPHOE ABUXEHWNE, OBUXEHNE B
LieHTpanbHO-CMMMETPMYHOM Nnone, npobnema OByx Ten, NOHATME O paccesHuM Yactul); MexaHuka
yacTuL, CO CBA3SIMU, ypaBHeHus JlarpaHxa; Manble konebaHns MexaHM4eckmnx CUCTEM; DNEMEHTI
aHanNNTUYECKOM MeXaHUKKN (MPUHLMN HAUMEHbLUEro AeNCcTBuS, ypasHeHUs MaMnnbToHa,
KaHOHMYeckune npeobpasoBaHus, ypaBHeHne MamunbToHa-Akobu, Teopema Jinysnnns)

npaxkTudeckoe 3aHsitne (36 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbin Homep 616718 5AE
il YHH

Crpanuua 6 us 23. — o

o



Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

VHTerpmnpoBaHue ypaBHeHWIA OBUXEHWS B Cllydasx YacTHbIX BUOOB CUN (rapMOHNYECKNiA
ocuunnaTop, ABMXEHWE B cpedax C TPEHUEM, OBMXEHME B NONe TAXECTU, ABUXEHNE 3apSXEeHHOW
4acTuubl B OOHOPOLHOM MarHUTHOM MOJIE U B CKPELLEHHbIX OAHOPOAHbBIX 3M1EKTPUYECKOM U
MarHMTHOM MONAX, NPOCTPAHCTBEHHbIA OCUMNNATOP, ABUXEHNE B rPaBUTaLNOHHOM (KyJIOHOBCKOM)
none u 1.4.). [BUXeHne MatepranbHOR TOYKM B LEHTPaNbHO-CUMMETpUYHOM none. Obwee
peleHne: TpaekTopus OBUXEHNS U 3aKOH ABUXEHUS YacTuLbl N0 TpaekTopun. Ycnosune
3amMkHyTOCTM TpaekTopumn. Oblee peweHne 3anayqn Kennepa: ABMXEHWE YacTuLbl NOL OEACTBUEM
cunbl, 06paTHO NPONOPLIMOHANbHOM 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 0606wweHHbIX
KoopauHart. PeweHve 3anay B popmanname ypasHeHu JlarpaHxa: rapMOHUYECKUA OCLUINATOP,
LBVXEHWE B LIeHTpanbHOM none, cBoboHble Yactuubl. Cruna, AeicTByowas Ha CUCTeMy
3aPSKEHHbIX YaCTULL BO BHELWHEM 3/IEKTPOMArHUTHOM MNofe kKak npuMep 06061WeHHO NoTeHLManbHoM
cvnbl. JlnHeapraauns ypaBHEHU OBUXEHNS 1 PELLEHNE 3aaa4m O NMMHERHbIX KonebaHusix ¢ 04HOM
cTeneHbto cBoboabl. JIMHENHbIE 0AHOMEPHbIE KonebaHus B NPUCYTCTBUN CUM TPEHUS.
BbIHy>XA€HHble NMHElHble 0AHOMEPHbIe KonebaHust B NpucyTcTBum cun TpeHust. KonebaHus npw
HanM4ynm cun TPEeHNs N Nepnoan4eckon (Mo 3aKoHY KOCKHYCa) BbiHyXXOatowen Cusibl, pe30HaHC.
NnHeapn3auns ypaBHEHU OBUXEHNS 1 pelleHne 3aaaqm 0 CBOOOAHbIX NTMHENHbIX konebaHnsx
MEXaHN4YECKON CUCTEMbI CO MHOTMMM CTeneHsIMn cBoboabl, HAXOXAeHNE COBCTBEHHbIX YacToT U
HOPManbHbIX KOOpAMHAT. 3aadya 0 YacToTax U HopMasbHbIX KoNebaHNaX CUCTEMbI U3 TPEX
MartepuasbHbIX TOYEK Ha rMafKoM CTEpPXHe, CBA3aHHbIX NPYXMHAMN O4MHAKOBOW XECTKOCTMW.
HaxoxneHvne pyHkuMy [[aMmunbToHa ONS MEXaHUYEeCKMX CUCTEM: rapMOHNYECKNIA OCLUMNNSATOP,
LBVIXXEHWE B LIeHTpanbHOM none, cBoH60oAHbIE YacTuLbl. YpaBHeHUs FaMunbToHa 1 UX peleHme.
3agaym ons npakTu4ecknx 3aHatuin ctyaeHtos: 1. Jleywun A.M., Hurmatynnun P.P., MNpowwuH KO.H.,
TeopeTnyeckas puauka. MexaHuka (npakTU4ecknii Kypc) 3agadHunk onga gusnkos, sn. ?Mactep
NainH?, KasaHb, 2003. 2. Onbxosckuii N.W., Maenexko HO.I"., KyabmeHkos J1.C. 3agaym no
TEOPETNYECKON MexaHvke ans gouaunkos, M3a. 2-e, C.-M16., laHb, 2009.

Tema 2. AnekTpoAMHaAMMKa U OCHOBbI 3/IEKTPOANHAMUKU CMJIOLLHbIX cpep,
NekKuMnoHHoe 3aHsiTne (48 yaca(os)):

OCHOBHbIE 3aKOHbI U YpaBHEHUA MVIKpOCKOFIVI‘-IGCKOI?I aANnekTpoanHamMukn. MI/IKpOCKOFIVI‘-IeCKaﬂ
ANEeKTpocTaTunka. MI/IKpOCKOI'IVI‘-IeCKaFI MarHMToctaTumka. I/I3nyl-|eH|/|e ANEKTPOMarHUTHbIX BOJH.
PaccesiHne ANEKTPOMarHnTHbIX BONH. OcHoBbl crnieunanbHoOM Teopnnn OTHOCUTENBbHOCTW.
Pengatusucrckas aneKkTpoanHammka. OCHOBHbIE 3aKOHbI U ypaBHEHUA MaKpOCKOﬂVI‘-IeCKOVI
ANEKTpPpoaANHaAMUKN. MaKpOCKOI'IVI‘-IeCKaﬂ aNeKTpocTartuka. MaKpOCKOI'IVI‘-IeCKaﬂ MarHMToCTaTuka.
PacnpOCTpaHeHme ANEKTPOMArHUTHbIX BOTH B ON3NEKTPUKaX N NPOBOOHUKAX.

npakTnyeckoe 3aHsitne (42 4aca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbin Homep 616718 5AE
il YHH

Crpanunua 7 us 23. — o

o



Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH 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
neKumnoHHoe 3aHsiTne (48 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 (42 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
BONTHOBAsA (PyHKUMS paBHa A*exp(-a*(x 2+y2)-ib*z).

Tema 4. TepMoauHaMMKa N ctatuctTuyeckasa cousmka

JNIeKLMOHHOe 3aHsiTne (54 yaca(os)):

OCHOBHble NPUHUMMbI CTaTUCTMYECKON cprn3nkmn. Obwme MetToabl CTaTUCTUYECKON MEXAHVIKM.
TepMoanHaAMNYECKME BENNYUHBI U TEPMOANHAMNYECKME COOTHOWEHNS. VineanbHble rasbl.
Knaccunyeckuin ngeanbHbli ra3. KBaHToBbIN naeanbHbin ra3s. HenpgeanbHble radbl. PasHoBecue goas
1 dpasosble nepexogbl. Teopusa donykKTyaunia.

npakTnyeckoe 3aHsitne (36 4aca(os)):
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

[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 m%%%;?:;ﬁﬁgﬂ
AducumnnuHel pcemeCTpa pabotbl (B yacax) a60TbI
CTYAEHTOB P
noaroToBK
ngﬂa?ugerc? 24 fomallinee
Tema 1. TeopeTtnyeckas 3an0aHns 3afaHue
MexaHuKa 1 OCHOBbI
1.|MexaHnKun crnoLwHbIX 4 1-17 [|NOAroToBKa K KOHTpONbHas
cpen KOHTPO/bHOW 6 26072
P paboTe P
NoAroToBka K o
THbI/ On
YCTHOMY Onpocy : ye onpoc
noaroToBK
OAroTOBKA nomatuiHee
JomauwHero 10 sanaHne
'geMa 2. 3aaHns
NneKTpoanHamuka u
2.|0CHOBbI 5 1-18 Egﬂogﬁiﬁivf 4 KOHTpOnbHas
3NeKTPOANHAMUKY 26 OE o paboTta
CMJIOWHbIX Cpen P
NoAroToBka K > o
THbIV On
YCTHOMY Onpocy ye onpoc
noAaroToBK
ngﬂaﬁuﬁerg 1 Aomallnee
3ajaHve
3 Tema 3. KBaHTOBas 6 117 3apaHus
‘(Teopus NoAroToBka K
KOHTPONbHOW 1 Kca)lg;gc;anaﬂ
paboTe P
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

Buabl
N Pasnen Cemecr Henens | camoctositenbsHon [TpymoeMKOCTb g‘:ﬂ%’:::;?:’:gzga
AducumnnuHbl pcemeCTpa paborthbl (B yacax) 260TbI
CTYLEHTOB P
nonroToeka
JoMallHero 102 AOMALIHEE
3agjaHuve
Tema 4. 3anaHus
TepMoanHammka v noaroToBka K
4. 7 1-1 -
cTatucTnyeckas 8 KOHTPONbHOW 16 Kc;ggp;ganaq
usnka paboTe P
noaroToBska K -
THbI on
YCTHOMY onpocy 8 ye onpoc
Ntoro 180

5. O6pasoBarenbHble TEXHONOIMU, BK/IOYAA MHTEPaKTUBHbIE hOpPMbl 06yUeHUs

Buabl yuebHol paboTbl: neKumMmn, NpakTUyeckue 3aHATUS, KOHTPONbHbIE paboTbl, CaMOCTOATENbHAS
paboTta CTyneHTOB.

6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOWM
aTTecrauum rno MToramMm OCBOeHUsi AUCLUMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTeNlbHOM paboThbl CTYAEHTOB

Tema 1. TeopeTnyeckasi MexaHuKa U OCHOBbl MEXaHUKMW CIJIOLLHBIX Cpe.,
noMalHee 3afnaHue , NpUMepHbIe BOMPOCHI:

CaMoCTOoSATENBHOE U3YYEHUNE CeyoWmX TEM: DNEMEHTbI MexaHnkn TBepaoro tena; OCHOBHble
MOHATMS MEXAHWUKW CNNOWHBIX cpen. BoinonHeHne gomMawHux pabot, camocTosTENbHbIA pa3bop
peLlWeHHbIX 3aaa4 U3 KHUr [1-3] n3 cnncka OCHOBHOM NUTEpPaTypbl HA OCHOBE METOANYECKUX yKa3aHWi
Ha canTe Kadgoefpbl TEOPETUHECKON OM3UnKK: CTpaHuyka npodeccopa lMNpownHa
http://mrsej.kpfu.ru/pro/ind_TM.htm. 3agayn ons camocTosATENbHON PaboTbl CTYAEHTOB NPUBEAEHDI
Ha cTpaHuue http://mrsej.kpfu.ru/pro/Tests_10.htm

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

KP1: HototoHOBCKMiI doopmanuam. KP2: NarpaHxes coopmanvam 1 manbie konebaHus. KP3:
"amunbToHOB Goopmanuam MNpumepsl 3agad ona KP1: 1. Marematunyecknin MasgsTHUK nNepeMeHHom
LJ/IVHbl KonebneTtcs B BEPTUKANbHOM MIOCKOCTA MO rapMOHNYECKOMY 3aKOHY. HaiTn 3aBnCUMOCTb OT
BPEMEHUN KOMMOHEHT CKOPOCTU 1 YCKOPEHUS U BENNYMHBI CKOPOCTU TOYKM A, ecnu anuHa | yactu OA
HWUTW YMEHbLaeTCs No NMHERHOMY 3akoHy. 2. YacTuua asmxeTcs B nnockocTu z = 0 no runepbone.
CekTopHas CKOpOCTb NOCTOSIHHA. HanTn nHTepBsan BpeMeHu, 3a KOTOpbI YacTmua CMecTuTCca nua
TOYKM C KoopanHaTtor x1 B TOUKy ¢ koopauHaTon x2. 3. Hanpasnsiwowasa OC BpalwaeTtcs B
FOPU3OHTANIbHOM MNOCKOCTU Xy BOKPYr TO4KM O C MOCTOSAHHOW YrnoBOW CKOPOCTbi0. B aTom
nnockoctu Baonb OC noctynaTenbHO C NOCTOSIHHOM CKOPOCTbIO ABUXETCA cTepXeHb AB anvnHom |.
CtepxeHb 0bpasyeT npsMoii yron ¢ Hanpasnsiowein OC. HaliTn 3aBUCUMOCTb BENNYMHbBI CKOPOCTA U
BENMYMHbI YCKOPEHNS TOYKU B cTepxHS oT BpemeHu, ecnu npm t=0 To4yka A cosnagana c toukon O.
4. Toyka OBUXeTCS B MNOCKOCTU TaK, YTO YroN Mexay BEKTOPOM CKOPOCTU U paanyc-BeKTOPOM BCE
BpeMms OsunxeHns paseH f. Halitu ypaBHeHne Tpaektopuu Touku. MNMpumepsl 3anad ans KP2: 1. Toyka
noaseca naocKoro MasiTHUKa ANHOM | ABMXETCS N0 OCY X MO 3a4aHHOMY 3aKOHY. CKONbKO CTeneHen
cBoboabl y Takoi cuctembl? CocTaBnTb ypaBHeHMe JlarpaHxa 2-ro poga ans yrna ¢. 2. Toyka
MacCoi m MOXeT ABUraTtbCs No KpMBon y=x"3 nog encTeneM cunbl Taxectn. Cucrema koopamHar
Xy NMOBEPHYTA Ha Yron a no YacoBOW CTPesiKe (T.e. yron Mexy OCbio y U BEPTMKa/bo PaBeH a).
Pewntb 3apady o Mmanbix konebaHusix To4ku. Bce MonoxeHns paBHOBECUS OTMETUTL Ha pUcyHke. 3.
Mexay OByMS HEMOOBUXHbIMM OONHAKOBbLIMY 3apsamMun €, pacCTosiHME MexX .y KOTOPbIMU PaBHO a,
no NPSIMON, COeaMHSOWEN NX, OBMXETCS TOYKa MacCcoil m, Hecywas Takon xe 3apsag e. Pewntb
3apady o Manbix konebaHusx Todky 4. Toyka Maccbl m OBUXETCS B LieHTpanbHOM none. CocTaButb
oyHKUMI0 JlarpaHxa, B ka4ecTBe 0600WEHHbIX KOOpAUHAT BbibpaB cpepuyeckne KoopamHaTtol r, 6 v
. BbinucaTtb nHTErpan oBnxeHunsl, COOTBETCTBYIOWMI LMKNINYECKOW KoopamHaTe. Boinucatb
ypaBHeHue JlarpaHxa, cCooTBeTcTBylolWee koopanHare r. [pumepbl 3agad gna KP3: 1. Hantu
doyHKuuio JlarpaHxa cuctembl, yHKuns ramMmnbToHa KOTOPOM MeeT BUL,
H=q1*p2-g2*p1+a(p12+p2"2). 3annucartb ypaBHeHns ["ammnnbToHa. CocTaBuTb ypaBHEHME
ramMnnbToHa-AKobM 1 ynpocTuTb ero. 2. MNonb3ysicb TONbKO cBoCTBaMM ckobok NyaccoHa,
BblyMCNUTb {p1*p3+p2°2, q1*g2}.

YCTHbI ONPOC , MPUMEpPHbIE BOMNPOCHI:

Bonpochbl Ha nekUMsx 1 NpakTNYeckmnx 3aHATUSX No TeMam: OCHOBHbIE MOHATUS, 3aKOHbI U
YypaBHEHUNS OBUXEHNS KNACCMYECKON MEXAHNKWN; 3aKOHbl UBMEHEHMUS U COXPAHEHNS UMMNYybCa,
MOMEHTa MMNynbca N 3HEPrnn n HTerpansl ABnxeHns; OCHOBHbIE MOAENN KNAaCCUYECKOM MEXaHWUKM
(ooHOMepHOE ABUXEHME, OBUXEHNE B LIEHTPaNlbHO-CMMMETPUYHOM rofe, npobnema aByx Ten,
MOHATME O paccesHUKn YacTuu); MexaHmka 4yacTul, Co CBA3SMU, YpaBHEHUS JlarpaHxa; SnemMeHThbl
MexaHuku Teepaoro Tena; Manble konebaHms MEXaHNYECKMX CUCTEM; DNIEMEHTbI aHaANMTNYECKO
MEXaHWKM (NPUHUUN HaUMEHbLIEro OENCTBUS, ypaBHEHUS [ aMUbTOHA, KAHOHNYECKne
npeobpasoBaHus, ypaBHeHne FamnnbToHa-Akobu, Teopema Jnysunnst) OCHOBHbIE NOHSATUS
MEXaHWKM CMIOWHbIX Cpea.

Tema 2. nekTpooMHaMUKa U OCHOBbI 3N1IEKTPOAMHAMUKW CIUJIOLLHbIX Cpes,
nomallHee 3afaHve , NpUMepHble BOMPOCHI:
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

JomawHne 3agaHna goopMmpyroTCSa Ha OCHOBE 3aaavHuka [4] n3 cnnucka OCHOBHOWM nuTeparypbl.
Mpumepsbl pelwaemblx 3ana4: 1) beckoHeuHbI uMnMHap paguyca R 3apsixeH no o6bemy ¢
NNOTHOCTbIO A*r*n, roe A - NOCTOSIHHAS, r - PaCCTOSHUE 40 OCK uunuHapa. Hantn noteHuman u
HanpPs>XEeHHOCTb 3MeKTPUYECKOro nonsg BO BCEM MPOCTPAHCTBE, a TakXe 3NeKTPOoCTaTnyeckyto
SHEpruo, NoKanM30BaHHYI0 BHYTPY (hparmMeHTa umnuHapa gnvHel h. B otBeTe KOHCTaHTy A BbipasuTb
Yyepes 3apsa eavHULbl onnHbl uunuHapa. 2) Wap paauyca R 3apsixeH no 06beMy ¢ MIOTHOCTBIO
A*r*n, roe A - NOCTOSAHHAS, r - pacCTOSIHME 00 UeHTpa wapa. Hanti noteHumnan n Hanps>XeHHOCTb
9N1EKTPMYECKOro rNons BO BCEM MPOCTPAHCTBE, a TakXe 3M1eKTPOCTaTMYeckyto sHepruio. B oTeete
KOHCTaHTy A BbIpasnTb Yyepes 3apsi wapa q. 3) 3apsan pacnpenenéH cqepuyeckn-CMMMETPUYHO BO
BCEM 06 BbEMe (MNOTHOCTL - 3a4aHHas PYHKLMS PacCcTosHNS r). BblipasnTtb anekTpoctaTmyeckuii
noTeHuman n HanNPAXEHHOCTb 3NEKTPUYECKOro Nnons B BUAE OOHOKPATHbBIX UHTErpanos no r. 4)
OLHOPOAHbI OMBNEKTPUYECKMiA Wwap paanyca R paBHOMEPHO 3apsikeH No 06beMy, NMONHbIN 3apsaq
€ro paBeH g, NPOHMLAEMOCTb Wwapa n3BecTHa. [1poHMUaemMocTb okpyXxatowen cpenbl pasHa Ar, roe A
- MOCTOSIHHAS, I - PACCTOSHWE 00 LUeHTpa wapa. Hantn HanpsXeHHOCTb 31eKTPUYeckoro nons Bo
BCEM NMPOCTPAHCTBE M pacnpeneneHne CBA3aHHbIX 3apsaoB B cucteme. 5) ToyeyHbl 3apsa g
HaxoOuTCs B OOHOPOLHOM AM3NEKTPUKE C 3a0aHHOW NMPOHNLAEMOCTbIO HA PACCTOSHUN a OT MNOCKOWA
rpaHuLbl 6eCKOHEYHO NPOTSXXEHHOro NPoBOAHMKA. HaliTh noTeHuman n Hanps>XXéHHOCTb
9NIEKTPMYECKOro Nons B AN3NEKTpUKe, pacnpeneneHe nHoyumpoBaHHbIX 3apsa0B Ha rpaHuLe
ON3neKTpuka n NpoBOAHUKA, CUy, OEACTBYIOWYIO HA 3apsd g. 6) HainTn aHepruio B3anMooencTeums
OBYyX OWMNONER 1 cuny, OeACTBYIOWYIO HA OAMH U3 HUX CO CTOPOHbI Apyroro. 7) Hantn marHuTHoe
none, MarHUTHYI MHAYKUMIO U BEKTOPHBIA NOTEHLMAN NPAMONNHEAHOro 6ECKOHEYHOrO ToKa J,
TeKylero B cpefe C 3afaHHON MarHUTHOM NpoHMUaeMocTblo. 8) B nposoasiwen cpene
pacrnpocTpaHsaeTcs Nnockas MOHOXpoMatuyHas Bo/HA. BblumcnuTtb cpenHnin NoTOK SHeprum Yyepes
NOBEPXHOCTb Kyba, pébpa KOTOPOro napannefbHbl HanPaBNEHUO PacNpPOCTPaHEHWS BOSHbI.
[MokasaTb, 4TO 3TOT NOTOK PaBeH CpefHEN MOLWHOCTN NOTEPb Ha AX0oyneso Tenno. 9) Boipasutb
UMMYNbC P PENATUBUCTCKON YacTuLbl Yepe3 e€ KNHETUYECKYIO SHEPTMIO.

KOHTpO/bHas paboTa , NpUMepHbIe BOMPOCHI:

KP1: matemaTtnyecknin annapar Knaccu4eckom anekTpoanHaMmnkuy, 3agadm no MMKpPOCKoONMYeCcKom
anekTpoctatuke KP2: makpockonnyeckas anektpocrartuka, 3agadm no marHutocratmke KP3:
9N1EeKTPOMarHUTHbIE BOMHbI M MEPEMEHHOE 3/1.-Mar. none, cneunanbHas Teopus OTHOCUTENbHOCTH,
Mpumepsbl 3anay ons KP1: 1) Boiynenutb HaNpsaXXEHHOCTM 9M1EKTPMYECKOro Nons TOYEeYHOro Aunons ¢
ONNONbHBIM MOMEHTOM p. Haiitu cunoeble nnuHWW. 2) HainTn noteHuman anekTpoctTaTu4eckoro nons
NMHENHOro KkBaapynons (3apsabl g, -2d, g PacnonoXeHbl Ha OCKU Z Ha paccTosaHun b opyr ot gpyra) ¢
TOYHOCTbIO [0 KBALAPYMNONbHbIX CnaraemblX BKIOYNTENbHO. [prMepsbl 3agay ansa KP2: 1) HanTtu
BEKTOPHbIV MNOTEHUMan n MarHUTHOE nose, co3nasaemble ABYMS NPSAMONVUHENHbIMU NnapanienbHbIMU
TOKaMn 0OVHAKOBOW BEMYUHBI J, TEKYLWMMI B NPOTUBOMONOXHbLIX HanpasneHnsax. PacctosiHve
Mexay Tokamu 2a. MarHutHas npoHUUaeMocTb cpepl 3agaHa. 2) Onpenenntb HaNPAXEHHOCTb
MarHMTHOro Nons NAOCKOCTU, NO KOTOPOWN NPAMONNHENHO TEYET TOK, PABHOMEPHO pacnpenenéHHbIn
MO MNOBEPXHOCTN C NOBEPXHOCTHOM NAOTHOCTbLIO i. 3aTeM onpenennTb HaNPsSXEHHOCTb MArHUTHOIO
nons, CO34aHHOro AByMS napanfienbHbIMUA MNOCKOCTAMU, MO KOTOPbIM NMPSIMONMHENHO TEKYT TOKU C
OLMHaKOBbIMU NOBEPXHOCTHBIMW MIOTHOCTAMU i, PACCMOTPEB ABa Cly4as: (a) TOKN TeKyT B
NPOTMBOMONOXHbIX HanpaBneHusix; (6) Tokn HanpasneHbl oaMHakoBo. Mpumepbl 3apay ons KP3: 1)
YacTuua ¢ maccoit m obnapaet saHeprueii E. Haitn ckopocTb v Yactuubl. PaccmMoTpeTsb, B
4aCTHOCTWN, HEPENATUBUCTCKUI N YNbTPAPENATUBUCTCKUIA Npegensbl. 2) Hactvua, OBMXYIWAacs co
CKOPOCTbIO V, pacnafaeTcs Ha ABa 0OUHAKOBbIX raMMa-kBaHTa. Onpenenntb yron pasneta
ramma-kBaHToB. 3) HacTtuua c sHepruei E n maccom nokos m HaneTtaeTt Ha MOKOSALWYCS YacTuuy
TakoW Xe Maccbl. HanTn ckopoCTb LeHTpa MHEPLIN CUCTEMbI 3TUX ABYX YACTULL OTHOCUTENbHO
nabopaTopHOt cucTeMbl oTcHeTa.

YCTHbI/A ONPOC , NPUMEPHbIE BOMPOCHI:

Bonpocbl Ha neKumsx 1 NpakTU4ecknx 3aHaTusix no temam: OCHOBHbIe 3aKOHbI U YPaBHEHUS]
MUKPOCKOMMUYECKOM anekTpoamHaMukn. Mukpockonuyeckas anektpoctatvka. Mukpockonmyeckas
MarHuTocTaTuka. anyyeHue anekTpoMarHuTHbIX BOfH. PaccesiHne anekTpoMarHUTHbIX BOfH. OCHOBBI
cneumnanbHoOM Teopumn oTHOCUTENbHOCTU. PensituencTtckas anektpoauHamuka. OCHOBHbIE 3aKOHbI U
yPaBHEHUSI MAKPOCKOMNYECKOW 3NeKTpoanHaMmku. Makpockonuyeckas anekTpocTaTuka.
Makpockonuyeckasi MarHuTocTaTvka. PacnpoctpaHeHne anekTpoMarHUTHbIX BOSIH B AM3NEKTPUKaX U
NPOBOAHYKAX.

Tema 3. KBaHTOBas Teopus
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

noMalHee 3afaHne , NpUMeEpPHbIE BOMPOCHI:

JomawHve 3agaHns oopMmnpytoTcsa Ha ocHoBe KHUT [8-10] M3 cnmncka OCHOBHOWM nuTepatypbl.
[MpuMmepbl pewaembix 3a8a4y: 1. Hantm pacnpeneneHne BepoATHOCTEN AN KOMMOHEHT UMMy bCca
NIMHENHOro rapMOHNYECKOro OCUMnNATopa C Macco M 1 YacTOTON W B OCHOBHOM COCTOSIHUW. 2.
HanTtn pacnpegneneHne BeposATHOCTEN ONS KOMMNOHEHT UMMynbca MMHEHOro rapMOHUYECKOro
ocuMnNIATOpPa C Maccol M 1 4acToTON W B NePBOM BO30yXOEHHOM COCTOSHUW. 3. HainTn aHepruto
COCTOSIHUI C HyNeBbIM MOMEHTOM MMMy bCa ANS YaCcTuLbl C MACCOM M, ecnv nNoTeHumanbHas sHeprus
4acTWLbl paBHA HYNO BHYTPW CHpepbl C paamycom a n 6eckoHevHo bonblias BHe 3ToM cdepsl. 4.
Haitn BeposTHOCTb NpebblBaHNS 9NeKTpOoHa B KNacCcnyeckn 3anpeLeHHor obnactu (T.e. B obnactu,
B KOTOPOM ero nonHas aHeprus MeHble noTeHunanbHOoM SHeEPrum) B OCHOBHOM COCTOSIHMM aToMa
BogopoAa. 5. Hantn ypoBHM sHeprum n BONHOBbIE (OYHKLMM YaCTMLbl C MOMEHTOM MMMynbea l=1,
€Cnn raMunbTOHMaH Yactuubl paseH H=b*Iz"2+b*(Ix"2-ly"2), roe a n b - nocTosiHHbIE. 6. HanTn
cpefHee 3Ha4YeHne NoTeHUManbHOM SHePrum aneKTpoHa B aToMe BOLOPOLAa B OCHOBHOM COCTOSIHUW.
7. HanTtn Koahou1LMEHT OTpaXeHWs 4acTuLbl C MACCON M OT NOTEHUNanbHOM AMbl (NOTEHUManbHas
SHEeprns YacTuubl NpU ABUXEHUM BLOMb OCU X paBHa Hymio Be3ae, Kpome obnactn O<x<a, rae oHa
pasHa -U, U>0).

KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

Mpumepbl 3aay ANst KOHTPONbHbIX paboT: 1. MNMokasaTtb, 4To COOCTBEHHbIE (PYHKLIMN 3PMUTOBA
ornepaTopa OpToroHaNbHbl, ECNN NpUHaANexar pa3HbiM COOCTBEHHBIM 3Ha4YeHusM. 2. MNMokasaTb, 4To
ecnu nBa apMuToBa onepartopa A, B yooBneTBopsitoT cooTHoweHnto AB=BA, To oH1 nmetoT 0bLwyto
cucTemy cobCTBEHHbIX QyHKUMIA. 3. HaitTn cobcTBEHHbIE OYHKLIMM U COOCTBEHHbIE 3HAYEHUS
ornepaTtopa uMnynbca ons cnydyast KoHe4Horo obbema cuctemol. HopmmpoBska ans cnyyas
6eckoHeyHoro obbema. 4. Onepartop NPOM3BOAHON MO BPEMEHUN AN NPOV3BONLHON ON3NYECKON
BENUYUHBI. 5. HaiiTn onepaTtop CKOpocTn ANnsi CBOBOAHOro pensiTMBMCTCKOro 3NnekTpoHa. 6. Haitu
onepaTop YyCKOPEHUS A5 NMMHENHOrO rapMOHUYECKOro ocumnnsatopa 7. Hantn oneparop ckopocTtu
9NeKTpoHa B atome Bogopoa. 8. [Nokasartb, Kakme nHTerpanbl ABUXEHUS SBNAIOTCA CNeACTBUEM
OLHOPOOHOCTM M M30TPOMHOCTU NpocTpaHcTea. 9. BonHoBas doyHKUMS YacTumubl ¢ Maccon M paBHa
Cexp(-r/p). Haintn cpenHee 3Ha4yeHne KMHeTn4eckom aHeprum yactuubl. 10. lNoTeHumanbHasa aHeprus
yacTuubl ¢ Maccor m pasHa V(x)=a|x|. OueHUTb 3HepPrm OCHOBHOIO COCTOSIHWNS, NCMONb3Y4
COOTHOLWEHME HeonpeaeneHHocTu. 11. MaMnnbTOHMaH YacTuLbl B 9N1EKTPOMarHUTHOM Mosne ¢
noteHumanamm A(r,t), phi(r,t) paseH H=(p-eA/c)*2/2m+e*phi. Haintn oneparop yckopeHus 4actuupbl.

Tema 4. TepMmoanHaMmka u cTatucTmyeckasa comsuka
JoMallHee 3afaHune , NpuMepHble BOMpPOCHI:

MpakTuyeckoe 3aHATMe €1. 3apgaum 1.1, 1.4, 1.6, 1.9 n3 [11]. MNpakTudeckoe 3aHATME €2. 3a0a4m
1.14,1.16, 1.17, 1.18, 1.20 n3 [11]. lNpakTnyeckoe 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 3aHsaTne €7. 3anaym 3.1, 3.7 (1, 3,5, 7), 3.10 n3
[11]. MpakTnyeckoe 3aHsaTHe €8. 3anaym 3.12 (a, B), 3.13 (a, d) us [11]. NpakTnyeckoe 3aHaTNE V9.
3apaun 3.16, 3.17, 3.18 n3 [11]. NpakTnyeckoe 3aHaTue €10. 3apaym 3.19, 3.20, 3.21 n3 [11].
MpakTuyeckoe 3aHaTne €11. 3apnaum 4.2, 4.3, 4.5, 4.7 n3 [11]. MNpakTudeckoe 3aHaTMe €12. 3agaym
4.8,4.12,4.13, 4.15 n3 [11]. lNMpakTtnyeckoe 3aHaTme €13. 3anaum 4.16, 4.17, 4.19, 4.21 n3 [11].
MpakTnyeckoe 3aHsaTne €14. 3anaum 4.25, 4.39 n3 [11]. 3anaum 4.28, 4.32, 4.33, 4.35 n3 [11].
MpakTuyeckoe 3aHATME €16. KoHTponbHas pabota no 3aHsaTusm 1-16. MNMpaktuyeckoe 3aHATME €17.
3apaun 5.1, 5.2, 5.3 n3 [11]. lNMpakTtnyeckoe 3aHsatne €18. 3anaum 5.8, 5.9 na [11]. MNpakTnyeckoe
3aHaTne €19. 3apaum 6.1, 6.2 n3 [11]. MNMpakTuyeckoe 3aHaTne €20. 3anaym 6.4, 6.5, 6.6 n3 [11].
MpakTnyeckoe 3aHaTMe €21. 3anaum 6.8, 6.9, 6.10 na [11]. MNpakTnyeckoe 3aHATNE €@22.
KoHTponbHas pabota no 3aHatusm 17-22. NpakTnyeckoe 3aHsATre €23. 3anaun 7.1, 7.2, 7.5, 7.9 n3
[11]. MpakTnyeckoe 3aHaTne @24. 3anaun 7.11 7.12, 7.14, 7.15 na [11]. NpakTnyeckoe 3aHATmE
©25. 3apnaum 8.1, 8.2 na [11]. MNpakTuyeckoe 3aHATNE €26. 3anaun 8.4, 8.6 n3 [11]. MNpakTnyeckoe
3aHsTUE €27. KoHTponbHas paboTta no 3aHsATusaM 23-27.

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

MpuMepbl 3aaay Anst KOHTPONbHbIX paboT: 1. Haitn aHTponuto cnctemMbl N IMHERHbBIX OCLUUNNATOPOB
C 4acToTON *, TeMnepatypy Kak oyHKLUIO SHEPrum, a TakxXe SHEPTU0, SHTPOMUIO U XMMUYECKUIA
noTeHumMan Kak coyHKUMIO TeMnepatypbl. HapucosaTb cooTBeTCTBYyIOWME rpadomkin. 2.Monekynbl
noeanbHoro rasa aacopbvpyoTcs MOBEPXHOCTbIO, UMetowwein N nornowarowmnx LeHTPOoB. Vicnonbays
60nbloe KaHOHMYECKOe pacnpeaeneHme, HakTn KoagUUMEHT aacopbunn a (OTHOWeHNe cpeaHero
yucna agcopbupoBaHHbix Monekyn kK N ), ecnv sHeprus Monekynbl Npy aacopbummn yMeHblaeTcs Ha
BENNYMHY e. HainTn 3aBMcuMOCTb € OT gasneHus rasa p (XIN noeanbHoro raza m = Tinp/p0). 3.
JlokazaTb, 4TO NepeceyeHre AByx KBasucTaTnieckmx aamabaTt HEBO3MOXHO, Tak Kak 3TO NPUBOANT K
HapylweHuto npuHuMna ToMcoHa. 4. Hailtn paboTy, Npon3BoaMMYIO HaL UAeanbHbIM ra3oM, U
KONMYeCTBO Tenna, Nony4yaeMoe UM, Korfa ra3 coBepliaeTt KpyroBor npoLecc, COCTOSWMA U3 a) AByX
N30XOPHbIX 1 ABYX N306apHbIX MPOLLECCOB, 6) ABYX N30X0P U ABYX M30TEPM, B) ABYX N30TEPM U OBYX
agmnabar, r) aByx ns3obap u OByx U3oTepm, ) AByx n3obap v OByx agmnabart. 5. Bolumcnuntb 60nbLyto
cTatcymMMy Ons uaeanbHOro rasa B Knaccuyeckom pexume. Hantu 6onbluoin TepMoanHaMnUyeckuii
noTeHuman, aHTPonuo, CpeaHee YNCNo YacTuu U gaeneHune rasa. [lokasartb, 4TO Aucnepcus ymcna
YyacTuu ygoBneTteopseT pacnpeneneHuio NyaccoHa. 6. Bolumcnutb NAOTHOCTb cocTosiHUI D(e) B
cnyyae OfHO- 1 IBYMEPHOro ABUXEHWUIA CBODOAHOW YacTuLbl Maccbl m. 7. HainTu nonpasku NnepBoro
nopsaka K rTepmoanHammuyeckmum pyHkumsam E, S, G, F n Tennoemkoctam CV, Cp paspexeHHoro
peanbHOro rasa no CPaBHEHMO C COOTBETCTBYIOWMMI BENMYMHAMN NOEanbHOro rasa.

yCTHbIVI onpoc , npnMepHble BOMNPOCHI:

Bonpochkl Ha nekumusix n NpakTUYecKux 3aHsSTnsx no temam: OCHOBHbIE MPUHLMMbBI CTATUCTUYECKOM
pusnkn. Obwme MeToabl CTaTUCTUHECKOM MeXaHUKN. TepMoanHaMMYecKne BENUHNHbI 1
TepMoANHaMmM4eckne cooTHoweHus. ineanbHble rasbl. Knaccuyeckuin ngeanbHolii ra3. KsaHToBbli
noeanbHblil ras. HempeanbHble rasbl. PaBHoBecue has 1 gpasosble nepexonbl. Teopus donykTyaumii.

Tema . UToroeasi popma KOHTpons
Tema . UToroBasi oopma KOHTpOns
Tema . UToroesas popma KOHTpons
Tema . UToroBasi oopma KOHTpOns

[MpvMepHble BOMPOCHI K 9K3aMeHy:
Bonpocbl kK 9k3aMeHy "TeopeTnyeckas MexaHnka u OCHOBbl MEXAHUKIM CMNOWHbIX cpen”

1. MpenmeT TeopeTnyeckor MexaHnku. MpocTpaHCTBO M BpeMs 1 Ux cBocTBa. [MoHsaTMe
MaTtepuanbHOW TOYKW.

2. KuHematumka matepuanbHoi Touku. MNpenmet knHematukn. OCHOBHbIE NMOHSATUS: paanyc-BeEKTOP,
3aKOH ABUXEHUS, TPAEKTOPMS, CKOPOCTb, YCKOPEHNE, CEKTOPHAs CKOPOCTb. PasnoxeHune
yKa3aHHbIX BE/IMYMH B 1eKapPTOBO CUCTEME KOOPAUHAT.

3. PasnoxeHve paanyc-BekTopa U CKOPOCTU B LIUINHAPUYECKOW N Chepmnyeckor cuctemax
KOOpAMHaT.

4. EctecTBeHHble KoopanHaTbl. CKOPOCTb 1 YCKOPEHMNE B ECTECTBEHHbIX KoopanHaTtax. Paanyc
KPVBW3Hbl, HOPManbHOE N TaHreHUMaNbHOE YCKOPEHNS.

5. MNoHsiTne o cune n macce. VIHepumnanbHas 1 HevHepumanbHas CUCTEMbI OTCHETA.
MpeobpazoBaHue Manunes.

6. 3akoHbl HbtoToHa. MpeameT auHammkuy. Mpsmas n obpatHas 3agadn guHaMukn. MNpuHLmn
oTHOocuTenbHocTy [anunes.

7. HavyanbHble ycnosusa n npuHUMN NpU4NHHOCTU B Knaccun4eckom MexaHuke.

8. Pabota cunbl, MOWHOCTL cunbl. Knaccudoukaums cun: ctaumoHapHble noTeHumnanbHble,
HecTaLMoHapHble NoTeHUManbHble, TMPOCKONUYECKME U ANCCUMNATUBHbBIE CUNbI U X paboTa.

9. 3aKOHbI COXPaHEHUS U U3BMEHEHMNS MONMHON MEXAHNYECKON SHEPrUMN MaTepuanbHOM TOUKM.

10. CBolicTBa OLHOMEPHOr0 ABMXEHUS B NOTEHUMANBbHOM none. TOYKN 0CTaHOBKU. DPUHNTHOE 1
NHPUHWUTHOE OBUXEHMe. 3aKOoH ABUXEHNS. MNepron OMHUTHOrO ABMXEHUSI.

11. VIHTerpmpoBaHue ypaBHEHWN OBUXEHNS B Cydasix, KOraa cuna SBnsetcs ToNbko oyHKLMEN
BPEMEHW NN TONbKO CPYHKLIMEV COOTBETCTBYIOWE KOMMOHEHTHI CKOPOCTH.

12. MoHATME 0 NEPBbIX 1 BTOPbLIX MHTErpanax ABUXEHMS.
13. 3aKOHbl COXPaHEHNS N UBMEHEHUS UMMNYNbCA U MOMEHTA UMMY/bCa MaTePUANbHOM TOYKM.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbin Homep 616718 5AE
CtpaHnua 14 n3 23. 111 VHI:I

S OEMALIGH
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MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

14. LleHTpanbHas cmna. CBocTBa OBMXEHMWS NOL OEACTBUEM LLEHTPANbHOW CUMbl: MNOCKOE
OBUXeHWe, NOCTOSAHCTBO CEKTOPHOM CKOPOCTU, MOHOTOHHOCTb U3MEHEHUS NONSPHOro yrna.

15. LleHTpanbHo-cuMMeTpuyHas cuna. CBoMCTBa ABMXEHUS NOL OEACTBUEM
LIEHTPaNIbHO-CMMMETPUYHOW CWbl: NEPBbLIE U BTOPbLIE UHTErPasbl ABUXEHMS, 3aKOH ABUXEHUS,
ypaBHEHVe TpaekTopuun.

16. 3apnava Kennepa, cnyyaim npuTsXXeHns: ypaBHEHNS BCEX TUMOB TPaeKToOpUKN, Nepurenui,
napameTp opbuTbl, 3KCLEHTPUCUTET.

17. 3apava Kennepa, cnyqan NnpuTsXeHNs: 3aKOH ABUXEHUS MO 3NNNTUYECKON TPaeKTopuK,
TpeTui 3akoH Kennepa.

18. 3apava Kennepa, cnyyan oTtankmeaHus: ypaBHEHNE TPAEKTOPUMN.

19. 3apgava OBYyX TeN: 3ada4va O ABMXEeHUN LEeHTpa Macc, 3anaya 0 ABNXEeHNUN MKO-4aCTuLbl.
TpaeKTopvm N 3aKOH OBUXEHNA pealibHbIX HaCTUL.

20. 3aKOoHbI coxXpaHeHnsa n n3aMeHeHnsa nmnynbca n MOMeHTa nMnynbCca CUCTEMbl MaTepualibHbIX
TO4eKk.

21. 3aKOHbl COXpaHEHNS 1 MBMEHEHNS MOMHOW MEXAHNYECKOW SHEPTM CUCTEMbI MaTepuanbHbIX
TOYeEK.

22. NoHATME 0 cBA3SX. Y oepXumBatowme ronoHoMHble cBA3n. CTtaunmoHapHbIe U HECTaAUMOHAPHbIE
ces3un. OCHOBHas 3agaya AUHaMMKN HECBODOLHOW CUCTEMBI.

23. [eicTBUTENDHbIE, BO3MOXHbIE M BUPTYyabHble NEPEMELLEHNS N YPABHEHMUS, KOTOPbLIM OHU
ynoBneTBopstoT. [oHATUE 06 naoeanbHbIX CBSA3SX.

24. YpasHeHus JlarpaHxa 1 poga. 3akoHbl COXPaAHEHUS N UBMEHEHNS UMMYNbCa, MOMEHTA
MMMNyNbCa 1 NOMHOM MEXaHWYECKOI 3Heprum HeCBObOAHOM CUCTEMbI MaTepmanbHbix Tovek. Oblee
ypaBHeHNEe MEXaHWKMW.

25. MMoHsTNE 0 HE3aBMCKMbIX 000OLEHHBIX KOOPAMHATAX U YACNE cTeneHel cBoboabl. YpaBHEHNS
NarpaHxa 2 pona. O6o6bueHHble cunbl. PyHkums JlarpaHxa.

26. Linknnyeckme koopamHatbl. [lokazaTenbCTBO TOro, YTO K GoyHKLMK JlarpaHxa MoXHo npubaenTb
NONHYO NPOW3BOAHYIO Nt0HOI PYHKUUM 0O0BIWEHHBIX KOOPAMHAT U BPEMEHMN.

27. CTpyKTypa KNHETUYECKOM SHEPrnn B ypaBHeHusX JlarpaHxa 2 poaa.

28. 0606wWeHHbIn nmnynbe. CTpykTypa 0606WeHHOro MMNynbca. 3akoHbl COXPAHEHMS 1 U3MEHEHNS
0606LWeHHOro nMnynbea.

29. O606LueHHas aHeprus. CTpykTypa 0606IWEHHON aHEpPrn. 3aKoHbl COXPaHEHNS N U3MEHEHNS
06006LLEeHHON aHepruu.

30. Manble konebaHnsi CUCTEMbI C OHOI CTEeNeHbo cBOOOAbI MO AEACTBMEM NOTEHLMANbHbBIX CUN.

31. Manble konebaHns CUCTEMbI CO MHOTMMM CTeneHsMn cBoboapl No4 AeCTBMEM NOTEHUMANbHbIX
cun. Kputepuii ycToA4YMBOCTI NONOXEHNS PaBHOBECKS, COBCTBEHHbIE YACcTOTbl, aMNInTyabl
KonebaHuii, HopManbHble KOOPAUHATbI.

32. O,EI,HOMeprIe KonebaHus npn HaNNM4nm TpeHns: aHanma pas/inyHblX cny4vaes.

33. OLHOMepHblEe BbIHYXAEHHble KonebaHus npu Hanuy4um TpeHns. MNMpumep: BbiHyX Jatowas cuna,
N3MEHSOLWAsACS N0 rapMOHNYECKOMY 3aKOHY; SIBNEHME pe30oHaHca.

34. [encTaue. anIHLI,I/II'I HaMMeHbllero OencTBms 41 CUCTEMbl C NOTEHUMaNnbHbIMU CUnamMn u
naeanbHbIMU FOIOHOMHbLIMU CBA3SMU. Ero aKBMBANEHTHOCTb YpaBHEHUAM ﬂarpaHxa 2 poaa.

35. ®yHkums NamunbToHa. YpaBHeHUs MaMunbToHa. 3aKOH N3MEHEHNS dOYHKLUMK [TaMnnbToHa.

36. Ckobku lNMyaccoHa un nx ceorcTea. PyHOAaMeHTanbHble ckobkn NyaccoHa. 3akoH M3MeHeHMWs
NPOWN3BONbHON CPYHKLUM KOOPAMHAT, UMMYNbCOB 1 BpEMEHM Yeped ckobku lMNyaccoHa. Teopema
MyaccoHa.

37. HencTtere Kak PyHKUMNS KOOPAUHAT N BPEMEHW.

38. lNprHUMN HanMeHbllero OenCTBus B paclMpeHHOM ¢pa3oBoOM NpocTpaHcTee. Ero
9KBMBANIEHTHOCTb ypaBHEHUAM [[aMUnbTOHA.

39. KaHoHnyeckme npeobpasoBaHus. MNponssoasiume PyHKLUUN KAHOHNYECKUX NPeobpas3oBaHNii:
pasnunyHbie BapuaHThbl.

40. VMiHBapmnaHTHOCTb ckoBOK yaccoHa npu kaHoHUYeckoM npeobpasosBaHmun. Heobxoaumoe u
L[OCTaTO4YHOE YCNoBME KAHOHUYHOCTY NpeobpasoBaHmsl.
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41. YpaBHeHue MamunbToHa-Akobu. Teopema Akobu.

42. Bo3MOXHble yrnpouleHns ypaBHeHUsi MamunbToHa-Akobu. Meton pasneneHns NepeMeHHbIX U ero
obocHoBaHue.

43. Teopema Jlnysunns.

Bonpocbl kK 3k3aMeHy "OnekTpoanHamMmka 1 OCHOBbI 31EKTPOAMHAMUKU CNIOWHbIX cpeq "

1.YpaBHeHna Makceenna B kakon doopme - oudpdpepeHumnanbHOn Unm MHTerpanbHom - SBNAKOTCS
6onee 06WUMKN 1 B KAKOM CMbIcne?

2.PU3NYECKNiA CMbICN YypaBHEHMS HEMPEPbLIBHOCTN.
3.IMNoTHOCTb 3HEeprum aNeKTPOMarHMTHOro NOns B BaKyyMe 1 CMIOWHON cpese.
4.T1INOTHOCTb NOTOKA 3NEKTPOMArHUTHON SHEPruun 1 NAOTHOCTb UMMYNbCa 3NEKTPOMarHMTHOroO Nons.

5.3Hepr|/|9| SNEKTPnYEeCKOro omnons B anekTpn4yeckom none n MarHNTHOro MOMeHTa B MarHUTHOM
none.

6.MocTynatbl OnHwWTENHA.
7.0npeneneHne pensaTMBNCTCKOro MHBapMaHTa.
8.PensatmBncTckne MHBapmaHTbl 9NeKTPOMarHUTHOro Mnons.

9.®P13NYECKNA CMbICT HAMNPSAXEHHOCTEN 3NEKTPUYECKOr0 N MarHUTHOIO MOMen B MUKPOCKOMMYECKOM
aNneKTpoanHaMuKe.

10.Pun3nyeckunii cmbicn BEKTOpOB nondpmndaunn n HaMarHM4eHHOCTH.

11.Pn3NYECKUN CMbICN HANPSAXEHHOCTEN N NHOYKLUNIA 3NEKTPUYECKOr0 U MarHUTHOrO Nonen B
MaKpOCKOMMYECKON 3NeKTpoamHaMmKe.

12.®Pun3nyeckas NnpuyYmHa 3atyxaHms SNeKTPOMarHUTHbIX BOMH B MPOBOAHMKAX.
13.4T10 Takoe penaTnBuCTCKUiA nHTepsan?

14.3akoHbl OMa n [Ixoynsa-JleHua ons 0OHOPOAHOro M30TPOMHOro NPOBOAHMKA B
andogoepeHumnanbHon oopme.

15.TOMCOHOBCKOE 1 pPaneeBckoe paccesHne aNeKTpoMarHUTHbIX BOSH.

16.410 Takoe pesoHaHcHas conyopecueHuns?

17.470 Takoe 0AHOPOOHOE N HEOOHOPOAHOE YWMNPEHNE CNEKTPANbHbIX TMHUIA?
18.470 Takoe ecTeCcTBEeHHas WUpKHA CNeKTPanbHbIX TMHWA U yCTpaHuMa nm oHa?

19.YeM oTnnyatoTCst CUbHOMarHUTHbIE BelwecTBa (heppoMarHeTukn 1 aHTugeppomMarHeTukn) ot
cnaboMarHuTHbIX (oMaMarHeTMku 1 napamMarHeT1kun) BelwecTs?

20.KakoB chmsnyeckuii cmbicn Temnepatypbl Kiopu?

21.KakoBa npuyrHa cnpaBeanneocTy 3akoHa Kiopy 1 ons AnanekTpruyeckon BOCNPUMMYMBOCTM
NONSIPHbIX ON3ANEKTPUKOB, U AN MAarHUTHOW BOCMPUUMYMBOCTY NapaMarHeTnkos?

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

24 .BekTop AMNONbHOr0 MOMEHTA M TEH30P KBAAPYMObHOrO MOMEHTA CUCTEMbI HEMPEPBIBHO 1
OUCKPETHO pacnpefeneHHbIX B MPOCTPaHCTBE 3apsiioB.

25.BeKTop MarHMTHOro MOMeHTa 06 bEMHOro TOKa 1 CUCTEMbI ABUXYLIMXCA TOYEYHbIX 3apsO0B.
26.410 Takoe opbutanbHOe rmpoMarHUTHOE OTHOWEHWE, YEMY OHO PaBHO?

27.KakoBa B 06leM cnyyae nonspmaaumns MOHOXPOMAaTUYECKMX NNOCKMNX 3NEKTPOMArHUTHbIX BOJH B
ananekTpukax? Yto Takoe Kpyroas, nMHenHas, npasas, ne-sas nonsgpmusauns?

28.YpaBHeHus Makceenna B 4eTbIPEXMEPHON chopMe.
29.4Yto ytBepxaaet Teopema NpHwoy?
30.IMoyemMy NOBEPXHOCTb MPOBOAHMKA ABNSETCS SKBUNOTEHLNANBHOK?

BOTINPOCbI K 9K3AMEHY "KeaHToBas teopusa”
1. CBowcTBa onepaTopoB PU3NYECKNX BENNYUH
2. CobCcTBEHHDBIE (OYHKLIMMN 1 COBCTBEHHbIE 3HAYEHNS ONEPaTOPOB
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3. CobCTBEHHDBIE (YHKLIMN KOMMYTUPYIOLWMX ONepaTopoB.

4. MatpuyHoe npencrasneHme onepaTopos

5. CooTHolleHUs1 HeonpeaeneHHocTel Mein3eHbepra

6. Teopus npencrTaBneHnin

7. BonHoBoe ypaBHeHue WpennHrepa

8. MnoTHOCTb NOTOKA BEPOSATHOCTH.

. Oneparopbl CKOPOCTEN U3MEHEHMNS (PUNYECKNX BENNYNH

10. CTaumnmoHapHble COCTOSAHUS

11. Ycnosus cylwecTBoBaHUS UHTErpanosB ABUXEHNS

12. NpenacTaeneHne ei3eHbepra.

13. [BM>XeHWe YacTuupbl B NPSMOYroNbHOM SIMe.

14. TyHHenbHbIA agddoekT

15. JINHERHbIA rapMOHNYECKUIA OCLUINATOP

16. [iBM>XeHve B None ueHTpasbHbIX CU: pasaeneHne nepeMeHHbixX

17. CobCTBEHHbIE CPYHKLMUN 1 COOCTBEHHbIE 3HAYEHNS ONEPaToOPOB MOMeEHTA |z, 12
18. [ICKpeTHBIN SHEepreTn4ecknin CnekTp atoma sogopoaa

19. Teopus cTaumoHapHbIX BO3MYLWEHUA AN HEBLIPOXOEHHbIX YPOBHEN SHEPTUW.
20. Teopus cTaunmoHapHbIX BO3MYLLEHUI ONS BbIPOXAEHHOIO YPOBHS 3HEPrum
21. Teopus HecTauNOHapPHbIX BO3MYLLEHWN

22. KBaHTOBblE Nepexobl B HENPEPbIBHOM CNEKTPE

23. Teopus paccesaHuns. Meton BopHa.

24. KBasuknaccuyeckasi BONHoOBas qyHKLNS

25. Ycnosusa kBaHToBaHS bopa-3ommepdenbaa

26. BonHoBble OyHKLUUN CUCTEMBI TOXOECTBEHHbIX HacTuL,

27. Teopusi camocornacoBaHHoOro nons B atomax

28. Monekyna Bogopoga. [1oHATME 0 XMMUYECKO CBA3WN.

29. BropuyHoe kBaHTOBaHue. B030HbI

30. BropuyHoe kBaHTOBaHune. depMmOHbI

31. JInHeiHbI rapMOHNYECKUIA OCLUMNNSATOP B NpeacTaBieHnm BTOPUYHOIrO KBAHTOBAHUS
32. HopmanbHble KOOpAMHATbI 3N1EKTPOMArHUTHOrO rnons

33. KBaHTOBaHMe 3n1eKTPOMarHUTHOro Nons, OTOHbI.

34. lNornoweHne n nany4eHne gOOTOHOB aTOMOM.

35. YpasHeHue KneniHa-®Poka-lropaooHa

36. CBo60aHOE OBUXEHUE BO30HA C HYNIEBBLIM CMINHOM

37. YpaBHeHune Oupaka

38. PeweHne ypasHeHus Oupaka ons cBob60LHOro anekTpoHa

39. MomeHT Konu4yecTea ABUXEHNS PENATUBMCTCKOrO 3M1eKTPOHA.

40. YpasHeHue MNaynn. MarHUTHbIA MOMEHT 3neKTpoHa

41. CnuH-opbutanbHoe B3anMooencTane

42. HenTpuHo

IK3AMEHAUNOHHBIE BOTNPOCbI "TepmoanHamuka v ctatuctudeckas gomamka"

1. MaKpOCKOI'II/I'-IeCKI/Ie CuNCTeMbl, MakpocKkornmnyeckmne CoOCTosAHUA, MMKpPOCKONMn4yeckmne CoCTosAaAHNA,
CTaTUCTUYECKN BEC MaKpOCKOMn4eCckKoro CoCTossHnA, ctatucTnyeckas rmnortesa.

2. ®azosoe NPOCTPAaHCTBO, oa3oBas TpaekTopus. CDYHKLI,I/ISI CTaTUCTUHECKOro pacnpeneneHuns.
CraTtucTtuyeckmne aHcambnu.

3. YpasHeHue Jlnysunns, Teopema Jlnysmnnns.
4. CtaTncTnyeckumi oneparop, MaTpuua nnoTHOCTM, CBOMCTBA MATPULbl NAIOTHOCTW.

©
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5. YpaBHeHue Jlnysunnga-HenmaHa.

6. MnkpokaHoHu4eckoe pacrnpeneneHve.

7. 9proanyeckas runotesa. Keasnaproonyeckme CUCTEMbI.

8. CnuHoBas cuctema.

9. Cuctema 0aMHaKoBbIX OCLUUNNSATOPOB.

10. CB5I3b MEXAY YNC/IOM KBAHTOBbBIX COCTOSIHWIA 1 06 BEMOM B (Ha30BOM NMPOCTPAHCTBE.
11. TepMoanHamMn4eckme KOHTaKTbl CUCTEM.

12. PacnpegneneHune (KoHUrypauus) nofHoN aHeprum no noacuctTemam, BEpOSTHOCTb
pacnpeneneHuns.

13. OHTponus n Temnepartypa. CBONCTBA SHTPONUN.

14. DHTpONNS 1 Temnepartypa CrMHOBON cucTeMbl. OTpuuaTenbHbie TeMneparypbl.
15. Xummnyeckuin noteHuman.

16. bonbluoe kaHoHMYeckoe pacnpenenenune. bonbwasa crarcymma.

17. KaHoHn4yeckoe pacnpeneneHune. Ctatcymma.

18. Knaccuyeckas popma KaHOHMYECKOro 1 60bLIOro KAHOHNYECKOro pacnpeneneHuii.
19. OKBMBaNEHTHOCTb PABHOBECHbIX aHCaMbnen

20. ®dyHkums pacnpeneneHna depmu-Lupaka.

21. dyHKkuns pacnpeneneHns bose-dnHwTenHa.

22. OHTponuga no bonbumaHy.

23. ObpaTnMble (paBHOBECHbIE) 1 HEODpaTMMble (HEPaABHOBECHbIE) MPOLECCHI.

24. laBneHve v ero CBs3b C 9HTPOMNMEN.

25. O606wWeHHbIE CUMbl, COOTBETCTBYIOWME BHEWHMM NapameTpam CUCTEMbI.

26. OCHOBHOE ypaBHeHVEe TEPMOAMHAMUKN A1 KBA3UCTaTUYECKNX MPOLLECCOB.
27. Tennota. ®yHKUMM Npouecca 1 PYHKLUMN COCTOSHUS.

28. lNepBbll 3aKOH TEPMOOANHAMUKN.

29. TepmoanHaMmnyeckme CUCTEMbl BO BHEWHMX SNEKTPUYECKMX U MArHUTHBIX NONSX.
30. LUukn KapHo, Teopembl KapHo.

31. Tennosasa mawuHa. KoapdpuumneHT nonesHoro 4encTsmns MalnHbl.

32. HepaeeHcTBO Knayauyca.

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

34. TpeTtuih 3aKOH TepMoanHamMukm, Teopema HepHcta-lNnaHka.

35. TennoemMkoCTb CUCTEMBI.

36. OHTanbnus, ceobooHas sHeprusa 'enbMronbLa, TepMoaNHaAMUYeckuin noteHuman Mb6ea,
O0nb-lOM NoTeHuman.

37. OKCTEHCMBHbIE (aOANTVMBHBIE) M UHTEHCUBHbBIE PU3NYECKNE BENNYMHDI.
38. YpaBHeHust 'mbbca-lenbmronbua.

39. CBsi3b CBOOOAHOW 3HEPrUM CO CTATCyMMOIA.

40. CooTHoweHnst B3ammHoctn Makceenna.

41. KoadhgpULMEHT TEMNNOBOro paclupeHns, 3oTepMuyeckas cxXmnmaemocTb, agmabarmyeckas
CXUMa-eMOCTb.

42. HekoTopble CBONCTBA SKOBNAHOB M UX NPUNOXEHME B TEPMOONHAMUKE.

43. Cesa3b mexay Cp n CV.

44.Ycnosmsa paBHOBECUS TEPMOANHAMUNYECKUX CUCTEM, HAXOOSAWMXCS B KOHTAKTE C TEPMOCTaTOM.
45. MpnHUMN MakcuManbHol paboTbl.

46. TepmoonHaMmnyeckmne HepaBeHCTBa.

47. Apnabatunyeckne npoueccol. Micnonb3oBaHue nx ANns NONy4eHMs HU3KUX TeMnepartyp.

48. MeTon agnabatmyeckoro pasmarHminBaHus napamMarHeT1KoB.

49. Cnencrteumg TpeTbero 3akoHa TEPMOANHAMUKMN.
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50. YacTtuubl B silumke. BHYTPEHHSIS CTPYKTYpa YacTuLl.

51. Xumnyeckuii noteHumnan, BHYTPEHHAA SHEPIrn4, ypaBHEHNE COCTOAHUA KNaCCNYECKOro
noeanbHOro ra3a.

52. CBoboHas aHeprus, SHTPONMUs, TENOEMKOCTb, CTaTCyMMa UaeanbHOro rasa.
53. KBaHTOBbI 06BEM, €r0 PUINYECKNIA CMbICTT.

54. TennoeMKoCTb ABYXaTOMHOro naeanbHOro rasa.

55. CMecb ngeanbHbIX ra3os.

56. MipeanbHbii ra3 B cMnosom none. bapometpuyeckas oopmyna.

57. PacnpeneneHne Makcsenna rno CKOpoCTsM B naeanbHOM rase.

58. PasnuyHble hopmbl pacnpeneneHms Makcsenna-bonbumana.

59. lNnoTHoCTb pacnpeneneHns 04HO4aCTUYHbIX COCTOSIHUIA MO SHEPTUSM.

60. BblpoxXaeHHbIn naeanbHbin depmu-ras. Temnepatypa depmu.

61. TennoeMkoCTb BblpoXaeHHOro depmMu-rasa.

62. BoipoxaeHHbin bose-ras. bo3e-koHaeHcauums.

63. dopmyna lNMnaHka ong pacnpeneneHms UHTEHCUBHOCTY U3NYy4EeHUS MO YacToTaM.
64. SHeprusa n3ny4yeHns, gaBneHne n3nyyeHns, TenN0eMKOCTb N3NYYEHUS.

65. N3nyveHne n3 nonoctn. 3akoH CtedpaHa-bonbumaHa.

66. KonebaHns kpuctannmyeckor pewetkn. Mogens Lebas. Temnepatypa Jebas.
67. TennoeMKoCTb peleTkn NPU HU3KMUX U BbICOKUX TemnepaTypax.

68. Pa3pexeHHble rasbl. MoaenbHble NoTeHumansl B3ammMoaencTaus Yyactuy. MpmbnmxeHme napHbix
B3aMMOOEeNCTBUN.

69. BupmanbHoe pasnoxeHue ypaBHEHUsI COCTOSHUS.
70. YpaBHeHve BaH nep Baanbca.

71. PaBHOBECHbIE YaCTUYHbIE CPYHKLMK pacnpeneneruns. Lienoyka ypaBHeHWA onsi paBHOBECHbIX
oyHKLMIA pacnpeneneHns. Cynepno3uumnoHHoe NpubnmxeHme.

72. YpaBHeHVe COCTOSIHUS (OaBneHne) peanbHOro rasa.

73. Teopus [lebasi-Xiokkens st paBHOBECHOI pa3pexeHHon nna3mbl. Paonyc debas-Xiokkensi.
74. Ycnosusa cocyuwectsoBaHusa goas. daszosble nepexonbl. YpasHeHue KnanenpoHa-Knayauyca.
75. Kputnyeckas toyka. TponHasa Toyka. Pasosble auarpammel.

76. Mpaenno ¢as Mmbbca.

77. deppomarHeTnam B NprbnuxeHnn MonekynsapHoro nons Belicca.

78. YcnoBus XMMn4eckoro paBHOBECUS. 3akKOH AENCTBYIOWNX MacC.

79. TepMmyeckas MoHM3aunsa sogopoaa.

80. d®opmyna SnHWTENHA ANs BEPOATHOCTU (onyKTyauni.

81. ["ayccoBo pacnpeneneHne BepoaTHOCTU Manbix onykTyaLmni.

82. dnykTyaumm cUCTeMbl, MOMELLEHHON B TepMocCTaT.

83. Koppensuuns cnyktyaumii Bo BpemeHn. Teopema BuHepa-XvH4nHa.

84. [MprHUMN CUMMETPUN KUHETUYECKUX KOIAMLMEHTOB (COOTHOWeHNSA OH3arepa).

85. MNoTokn n 0606weHHbIe cunbl. Teopema OH3arepa.

86. TepmomexaHmnyecknin agopekT.

87. KuHetnuyeckoe ypaBHeHue B MPUBNMXEHNN BPEMEHMN penakcauun. SNeKTPOHHbIN ra3 B
NOCTOSIH-HOM 371EKTPUYECKOM Mone.

88. KuHetnyeckoe ypaesHeHne bonbumaHa. lNpuHuUMn getanbHOro paBHOBECHUS.

89. Teopmsa 6poyHOBCKOro asmxeHus. YpasHeHue JlaHxeseHa. Mpubnnxexue "6enoro wyma".
90. Ouncppy3ns 6poyHOBCKMX YacTul,. Popmyna diiHWTenHa ans KoadodouumneHTa anddysun.
91. OcHOBHOE KMHETNYECKOe ypaBHeHUE (ypaBHeHne banaHca). H - Teopema bonbumaHa.
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

7.1. OcHoBHas nuTeparypa:
1. Nanpay J1.0., Nndowwny E.M. TeopeTtuyeckas puaumka. T.1 MexaHuka , M., duamatnut, 2007.- 224
c. http://e.lanbook.com/books/element.php?pl1_id=2231

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

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

4. BatbirvH B.B., TonTbirvH. I.H. C60pHMK 3a8a4y no anekTpoarHaMmnke 1 cneumnanbHon Teopum
oTHocuTtenbHocTm. CI16. JlaHb. 2010. - 480 c.

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

5. Nanpay .4., Nncowwmu E.M. OnekTpoanHammka cnnowHblx cpeg. M. ®duamartnumt. 2005. - 651 c.
http://e.lanbook.com/view/book/2234

6. Bacunbes A.H. Knaccuueckas anektpoanHammka. Cl6. BXB-IMetepbypr. 2010. - 276 c.
http://znanium.com/bookread.php?book=350602

7. KanuknHckuin N.N. SnektpoanHammka. HAL UHgppa-M. 2014. - 159 c.
http://znanium.com/bookread.php?book=406832

8. Koyenaes b.. KeaHToBas teopus: koHcnekt nekunin / b. . Koyenaes; KasaH. dpegep. yH-T, UH-T
usnkun, Kad Teopet. pusmkm.-[2-e n3a., nepepad., non. n ncnp.].-KasaHb: [KazaHckuii
yHuBepcuteT], 2013.-222 c.

9. Conosbes O.B. 3agayn no KBaHTOBOW MeXaHMKe: BONHOBbIE GOYHKLUK K onepaTopbl (y4.-MeToa.
nocobue). - 2013. - KasaHb. - KM®PY.http://kpfu.ru/docs/F1064181181/Zadachi po kvantovoi
mehanike.Volnovie_funkcii_i_operatori.pdf

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

11. AMuHoB, J1.K. TepmognHamumka n ctatmctmyeckas omsnka: KOHCMNeKTbl NeKunin 1 3anadv : ons
cTyneHToB domanyeckoro dpakynoteta / J1.K. AMuHoB; KasaH. roc. yH-T, ®un3. gpak.-KasaHb:
NapatenbctBo KasaHCckOro rocynapcTtBeHHOro yHnusepcureta, 2008.-179 c.

12. Nanpay, J1.[0. Ctatuctnyeckas gouauka: Yueb.nocobue ons ctyan.yH-tos / J1. . Nanpay, E. M.
Nudowwny ; non pea. J1. I, MNMurtaesckoro.-M.: dusmatnut, b.r..-(Teopetuyeckas gomsnka;T.5).
Y.1.-5-e n3g.,ctepeotnn.-2005.-616 c. http://e.lanbook.com/view/book/2230/

13. AHcenbm A./. OCHOBbI CTATUCTUYECKOW (PUBMKN 1N TEPMOANHAMUKW. - U304, J1aHb. - 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. CHOpHMK KOPOTKUX 3a4a4 no Teopetudeckoin MexaHuke. Mon pen. Kene O.3., ispatenbcTBo:
NaHb, ISBN:978-5-8114-0826-9, 3-e n3g., ctep., 2009, 368 cTp.
http://e.lanbook.com/books/element.php?pl1_id=183

3. Anekcees A.. CbopHUK 3aay no knaccuyeckoi anektpoanHamuke. Cr6. Jlanb. 2008. - 320 c.
http://e.lanbook.com/view/book/100
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

4. NIncowwmu E. M. TeopeTtunyeckas domsumka : y4ebHoe nocobue ans sy3os : B 10 Tomax T. 9:
CraTtuctunyeckas guamka. Y. 2. Teopusa koHaeHCUpoBaHHOro coctosHus / E. M. Jlucowwu, 1. T1.
Mutaesckuii .- IapnaHne 4-e, ucnpaeneHHoe .- Mockea : PUSMATIINT, 2004 .- 496 c.

5. Kongpatbes A.C., Panropoackuii [.A. 3agayn no TepMoanHamnke, CTaTucTM4eckom omnsnke n
KnHeTunyeckom teopun, M.: dusmatnut. 2007. - 254 c. http://e.lanbook.com/view/book/2209/

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

MeToamnyeckme marepuansl kagenpbl T -
http://kpfu.ru/physics/struktura/kafedry/kafedra-teoreticheskoj-fiziki’/metodicheskie-materialy

ObpaszoBaTenbHbin NpoekT A.H. BapruHa - http://www.ph4s.ru/index.html
CtpaHuupbl npenogasartenen kadenpsbl: MNMpowwnHa KO.H. - http:/mrsej.kpfu.ru/pro/
OnekTpoHHas bnbnnoTteka MexaHnKo-mateMmaTnyieckoro gakynoteta MI'Y - http://lib.mexmat.ru/

8. MarepumanbHo-TexHU4YecKoe obecrneyeHme oUCLUNAUHbI(MOAYNSA)

OcBoeHune ancumnnuHbl "Teopetnyeckas omanka" npeanonaraet NCNONb30BaHNE CleayowWwero
MaTepuanbHO-TEXHNYECKoro obecneyeHms:

MynbTumMeguiiHas ayantopus, BMECTUMOCTbIO bonee 60 yenosek. MynbTumMeauiiHas ayamtopums
COCTOMT U3 UHTErpUPOBAHHBIX NHXEHEPHbIX CUCTEM C €OUHON CUCTEMON ynpaBs/ieHns, OCHaLWeHHas
COBPEMEHHbBIMU CPENCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboin Buaeo n ayamno
NHpopMauun, Nony4eHNs 1 nepenadn dNeKTPOHHbIX JOKYMEHTOB. TNoBas Komnnekraums
My/lbTUMELVIHON ayanuTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOIO
NPOEKLIMOHHOr0 9KpaHa, akyCTUYeCKON CUCTEMBI, a TAKXEe MHTEPaKTMBHONW TpMbyHbI Npenoaasartens,
BK/IOHAIOLWEN Tay-CKPUH MOHUTOP C AMaroHanblo He MeHee 22 [O0MOB, NePCOHaNbHbIA KOMMbIOTEP
(c TexHn4ecknmmn xapaktepuctmkamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHpepeHL-MUKPOOOH, 6ecnpoBofHOM MUKPOMOH, 610K ynpaBneHus 060opynoBaHNeEM, UHTEPGECHI
noakntoueHmns: USB,audio, HDMI. MiHTepakTmBHas TpmbyHa npenoaaBaTtens SBnseTcs KnoyeBbiM
9NEMEHTOM yNpaBneHns, 06 beANHSIOWNM BCE YCTPONCTBA B €OMNHYI0 CUCTEMY, U CIYXUT
NONMHoLEHHbIM paboymm mecToM npenogasatens. lNpenogasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSET MPOBOANTL NEKLMMW, MPAKTUYECKNE
3aHATMA, Npe3eHTaunn, BebrHapbl, KOHPEPEHLNM 1 Opyrve BUObl ayAUTOPHON Harpy3Ku
obyyarowwmxcs B yA06HON 1 OOCTYNHOW ANS HAX POPME C NMPUMEHEHNEM COBPEMEHHbIX
MHTEPAKTMBHbIX CPeACTB 0Oy4eHMs, B TOM YMCNE C MCMONb30BaHMEM B NpoLecce 0byyeHns Beex
KopropaTtusHbIX pecypcoB. MynbTuMeouinHas ayamtopust Takxke oCcHaleHa WMPOKOMOIOCHbIM
LOCTYNOM B CETb MHTEPHET. KoMnbloTepHOe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NPorpaMmMHoe obecneyeHue.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HANIMYUN B
3NeKTPOHHO-6nbnmnoTeyHol cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpenoCTaBNeH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT NnponsseneHnst KpynHENWmnxX POCCUNCKNX YYEHBIX, PYKOBOOUTENEN
rocynapCTBEHHbIX OpraHoB, Npenogasartener Beaywmx By30B CTpaHbl, BbICOKOKBANNGULMPOBAHHbIX
CrneunanncToB B pasnunyHbix cdoepax brusHeca. PoHL 6nbnmoTekn chopMMpPOBaH C y4ETOM BCEX
N3MEHEHW 0BpasoBaTeNbHbIX CTaHAAPTOB M BK/OYAET y4ebHMKM, yuebHble nocobus, YMK,
MOHOrpadun, asTopedoeparbl, guccepraLmm, SHUUKNONEaNn, CAOBaPU U CIPaBOYHNKN,
3aKkoHo4aTeNbHO-HOPMATMBHbIE JOKYMEHTbI, CNeunanbHbie Nnepnognyeckme n3gaHms n n3naHus,
BbiNyckaeMble nsgatenncrsamm By30B. B HacToswee spems 95C ZNANIUM.COM cooTteetcTBYET
BceM TpeboBaHMsaM penepanbHbIX rocyaapCTBEHHbIX 0O6pa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BI1O) HoBoro nokoneHus.
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Mporpamma ancumnnuHbl "Teopetudeckas dpmnanka"; 222900.62 HaHoTEXHONOrMU 1 MUKPOCUCTEMHAS TeXHMKa; npodeccop, A.H.
(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe MapatenbcTea "flaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbctea "/laHb" BKOYaET B cebs aNEeKTPOHHbIE BEPCUMUN KHUT U3AaTENbCTBA
"IlaHb" 1 Opyrnx Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, @ TakXXe 9NeKTPOHHbIE BepCUm
nepuoanyecknx N3aaHuim no eCTeCTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneynBaeT LOCTYN K HAy4HO, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3naHmam no MakCManbHOMY KONMMYECTBY NPOOUIbHbLIX HanpasneHui ¢
cobntoeHneM BCeX aBTOPCKUX M CMEXHbIX Npas.

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

Mporpamma coctaeneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BIO n yyebHbiM nnaHoM no
HanpasneHuio 222900.62 "HaHOTeXHONorMmM n MMKpPOCUCTEMHASA TEXHUKA" 1 MPOdOMI0 NOArOTOBKN He
npenycMOTPEHO .
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Mporpamma gucumnnuHel "TeopeTtudeckas usuka"; 222900.62 HaHOTEXHONOrMN 1 MUKPOCUCTEMHAS TEXHMKA; Npodheccop, O.H.

(mpodpeccop) Koywenaes B.W. , ctapwwuin npenopasarens, K.H. (ooueHT) JlapnoHos A.J1. , 3aBemytowmii kadheopon, a.H. (mpodpeccop)
MpowwuH KO.H. , noueHT, K.H. (BoueHT) XamanH A.A.

ABTOpP(bI):
Kouyenaes bB.U.
JTapuonos A.J1.
MpowwH KO.H.
Xam3nH A.A.
" 201 __r.

PeueH3eHT(bl):
ManknH B.3.
" 201 __ .
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