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Ha3panue nucuuiuiudbl: TepMoaMHAMHKaA M cTaTHCTHYeCKas: (PU3HKA.
1. Ilean u 331241 OCBOEHHS JUCIHHILIHHDI:

Lenb: naTh CTYACHTY CHCTEMAaTHYECKOE M3JIOKEHHE CTaTUCTUYECKOW (pU3MKH BMecTe ¢
TEPMOJIMHAMUKONW M 0OYYUTh COOTBETCTBYIOIIMM METO/IaM OCHOBAHHBIX Ha CTaTUCTHYeE-
CKOM U ()eHOMEHOJIOTUYECKOM PACCMOTPEHUH Pa3IUYHBIX (PU3NUECKUX SIBICHHM.

33,[[3‘11/11 Pa3BUTHC Y CTYACHTOB HABBIKOB (bI/I3I/I‘IeCKOFO MBIIIUICHUA U YMCHHA CTABUTH U
pemaTth 3aga4u O MOBEACHUH CJIOKHBIX CUCTEM, UCITIOJIB3Yyd MCTOABI CTaTUCTUYCCKOMH (1)1/1-
3UKHW U TCPMOJUHAMUKH.

TpeGoBanus K pe3yibTaTaM 0CBOEHHS COAEPKAHUA TUCHMUILINHBI:
B pe3ynbpTaTe 0CBOCHMS AUCIUIUIMHBI 00YJarOITUICS JOJIKEH:

3HAaTh: OCHOBHBIC 3aKOHEI U 3aKOHOMCPHOCTU TCPMOANHAMUKHU U CTaTUCTUYCCKOM
q)HSI/IKI/I, CII0COOBI aHATUTHYECKOTO MMpCACTABJICHHUA OTHUX SaKOHOMepHOCTCﬁ.

Ymerb: GpopMynupoBaTh KOHKPETHBIE 33J]a4l HA OCHOBE 3aKOHOB M 3aKOHOMEPHOCTEH,
OCBOGHHBIX B Kypc€ TEPMOJUHAMHUKUA M CTAaTHCTUYECKOW (DM3HMKHU; MOIy4aTh IaHHBIE,
MIPOBOJIMTH X MaTEMaTHYECKYI0 00padO0TKy, 0000MIaTh MOJYICHHBIC PE3YIIbTATHI.

Baajgerb: pacueTHBIMH METOJAMU DCEIICHMS 3aJay, HaBbIKAMH IIOMCKAa [AaHHBIX B
OTKPBITHIX UCTOYHHKA (B TOM YHCIIE, B MHPOPMAIIMOHHBIX 0a3ax MaHHBIX) U MPUMEHSThH
UX IPU PELICHUH NPAKTUYECKUX 3a1a4.

IIpuoGpecTn onbIT 1eATEIBLHOCTH: B aHAIN3€E, GOPMYJIMPOBKE U PEIIEHUH KOHKPETHBIX
3ajjay, UHTEPECYONX QyHAAMEHTAbHYIO HAyKy U MPAKTHKY.

3. CoaepxaHue M CTPYKTYpa IMCHMILIMHBI

3.1. Conmepxanue pazzuenoB aucturuinHbl (K — kommokBuyMm, T — mpoBepoyHasi caMOCTOS-
TenbHas padora (Tect), PK - pyOexnas koHTposbHas padora, /3 — nomamiHee 3ananue, PI'3
— pacueTHO-TpadUIeCcKoe 3a/1aHHE)

Ne Haumeno- Coneprxanue pasjaena ®opma
pasz- | BaHHE pas- TEKYIIETO
Jena Jena KOHTPOJIA

1 OcHoBHbIE | OCHOBHBIE TOJIOKEHUSI TEPMOJMHAMHUKH, OCHOBHOE 113, PK
TIOJIOXKEHUSI | YpaBHEHUE TEPMOJMHAMHKHU JJIi PAaBHOBECHBIX TMIPO-
TEpPMOJIHA- | [IECCOB, PHTPOMHs, napamgokc ['modbca.

MHKHA

2 Bropoe Bropoe Hauano TepMOAMHAMHUKY JUIsi HEPAaBHOBECHBIX
HAyYajio Tep- | MPOIECCOB, MPEIEIbl MPUMEHUMOCTH BTOPOTO 3aKOHA
MOJIMHAMH- | TEPMOJIMHAMMKH, TPETUM 3aKOH TEPMOJIUHAMUKH,

K1 CJIEICTBUSl TPETHETO 3aKOHA TEPMOJMHAMHUKH, BBI-
YHUCJICHHE SHTPONHMHU W TOBEICHHE TEIJI0OEMKOCTEMN
pu T—0 K.

3 Tepmoau- TepMoarHaAMHUYECKHE TIOTEHIUABI, IPEOOpPa30BaHKE
Hamuueckue | Jlexxannpa, skoOWaHbl, COOTHOIICHHWs MakcBena,
MOTEHIMA- | TEPMOJIUHAMHYECKUE CUCTEMBI.

JIBI
4 Y eIOBHS chovBH;I TEPMOJIUHAMHYECKOTO PAaBHOBECHS U }
TepMOH- YCTOMYHUBOCTH, YCH?BHH paBHOBecHs IBYX(Da3HOM
HaMmecKo.- | O/VHOKOMIIOHEHTHOH CHCTEMBI, COOTHOMICHHS Omnca-
repa, npuHuun Jle [larense — bpayHa.




T'O paBHOBE-

CHsl
5 Tepmonu- | TepMoauHaMuKa TrajdbBaHUYECKMX U TOIIMBHBIX
HaMUKa AIIEMEHTOB, OXJAXKACHUE ra3a Mpu oOpaTuMOM U He-
raJibBaHU- | 0OpaTUMOM aauabaTHBIX pacHIUpeHusX, SPPexT
yeckux u | Jxoyns—TomcoHa.
TOIJIMBHBIX
HJIEMEHTOB

6 yPaBHEHHA OCHOBHBIE YpaBHEHHS] TEPMOJUHAMUKHU JJI TUIIICK-
TepMOIH- TPUKOB, YPaBHEHUSI CUCTEM B MArHUTHOM I10JIE.
HaMUKU JJIs
JUDJIEKTPU-

KOB
7 PaBHOBECHE PaBHOBeCI/IE: TOMOT€HHOM CUCTEMbI, PABHOBECHE re-
cHCTEM TEPOTeHHOM CUCTEMBI, MpaBmiio ¢a3 ['md6ca, Tpoii-
Has TOYKa, paBHOBECHE OMHAPHBIX CHCTEM, KIIACCH-
¢dukanus $Ha3oBbIX IEPEXO/I0B, KPUTUUYECKUE U 3a-
KPUTUYECKHE SIBJICHUSI.

3 Tepmomi- TepMO,HI/IHaMI/I‘leCKI/IeUCBOﬁCTBa ne;u)eoxnancz[eHHoﬁ

Hammueckue | BOAPL TEOPHs BTOPOH KPUTHHECKOH TOYKM BOJBL;
cBoiicTRa | AHOMANMH yIETBHOTO o0bema, TEII0EMKOCTH, K.T.P.
BOJIEI U C)KUMAEMOCTH ISl IEPEOXIIAKICHHON BOJIBI.

9 Teopus Teopus Jlannay ¢a3oBbIX NMEpexo/I0B BTOPOTO poia,
Jlangay da- | TepMoaMHaMUUECKUiT TTOTEHIIMAN, (a30BbIE MEPEXO0-
30BBbIX IIe- | Bl BTOPOTO POJAa B CErHETONIEKTPUKAX, CYNEPUOH-

pexonoB | HbIE (ha30BBIC MEPEXOIBI.
BTOPOTO
poxa

10 Pacnpene- | O0mue MeToAbl PaBHOBECHOM CTaTHCTUYECKOM Me-

nenus ['m6- | xanuku. Pacnpenenenune ['mO6ca, pacmpeneneHue
Ocau MakcBena; cBoOO/IHasi 3HEPrUsl B paclpe/ieleHun
MakcBemna | ['u60ca, pacnpenenenue ['nb0Oca ¢ mnepeMeHHBIM
YHMCJIOM YacTHII.

11 Pacnpene- | Teopus nupeansHbix cucreM. Pacnipenenenue boubii-
JIeHHUe MaHa, CBOOOAHAsE PHEpPrusi OOJBIIMAHOBCKOTO HJe-
bonbumana, | anbHOrO raza, CTaTHCTUYECKOE YpPaBHEHHE COCTOS-

HUS UJI€ATBLHOTO Ta3a.
12 Pacnipene- | Cratucrtuyeckas Teopusi HEUACAIbHBIX cucTeM. Teo-
JICHUA pus ¢daykryanuil. bpoyHOBckoe IBHXKEHHE M CIy-
@®epmu u | yaliHble npouecchl. Pactipenenenne depmu, pacmpe-
boze nenenne bose, BBIPOXKIECHHBIN AJIEKTPOHHBIA Tras,

TEIJIOEMKOCTh DJIEKTPOHHOI'O Tra3a, BBIPOKICHHBIN
boze-ra3, xounmencanus bo3ze — DiHIMTETHA, TEILIO-
€MKOCTb KPUCTAJNIMYECKON PEIIETKH, KJIACCUYECKast
MOJIEJIb JUIsl BBIYMCIIEHUSI DHEPTUH PEIIETKH, MOJEb
OiHmreitHa, Monens JleGast (HU3KHE TeMIepaTypsbl),
(bIYKTyaruu SHEPrUu.

3.2. CTpyKTypa TUCIMILITHHbI




OO01mmas TpyA0eMKOCTh TUCHHUIUTHHBI cocTaBisier 134 daca, U3 HUX JIEKIIUH — 68 4acos,
cemuHapsl — 34 yaca, camocTosiTelbHas pabora — 32 Jaca.

Bun pabotsl Cemectp 7 Cemectp 8 Bcero
O0111as1 TPY/10€MKOCTh 72 62 134
AynuTopHasi padora: o4 48 102
Jlexumnu (JI) 36 32 68
ITpaktuyeckue 3ansatus (I13) 18 16 34
JlabopaTopubie padorsi (JIP) | 0 0 0
CamocrosiTejibHas padoTa 18 14 32
Buj nTOroBoro KOHTpoJIst 9K3aMeH 9K3aMeH
Pa3nenpl AMCHMILTUHBI IO CEMECTpaM
No pa3- | HaumeHnoBanue pasjaena KomnmuecTBo yacoB
nena Bcero AynuropHas pabota | BHeayauropnas
JI 113 JIP pabota
1 o 18 8 4 6
CHOBHBIE MTOJIOKEHUS
TEPMOIMHAMUKH
2 Bropoe Havano repmo- 18 8 4 6
JTITHAMUKHI
3 TepmonnHaMuveckne 14 8 4 2
MOTEHLUABI
4 v 8 4 2 2
CJIOBHS TEPMO/IMHA-
MHYECKOT0 PaBHOBECHSI
5 T 8 4 2 2
€pMOIMHAMHKA TalTb-
BaHWYECKUX U TOTLITUB-
HBIX DJIEMEHTOB
6 8 4 2 2
ypaBHEHUS TEPMONHA-
MUKH JUTSI TUDJICKTPUKOB
7 p 8 2 2
aBHOBECHE CHUCTEM
8 T 8 2 2
€pMOJIMHAMHYECKHE
CBOMCTBA BOJIbI
9 Teopus Jlannay dazo- 8 4 2 2
BBIX TIEPEX0/I0B BTOPOTO
pona
10 Pacnpenenenns ['n66ca 14 8 4 2
n Makcsemia
11 P 8 4 2 2
acripenenenue bonbir-
MaHa,
12 Pacnpenenenus @epmu 14 8 4 2
u bose
Hroro: 134 68 34 32
3.3. [IpakTrueckue 3aHATUS (CEMUHAPHI)
| Nopas- | Nesa- | Tema | Kon-Bo




nena

HATHUA

JacoB

OCHOBHBIC TIOJIOKEHUS TCPMOANHAMUKNU

BTOpOC Ha4daj10 TCPMOJUHAMUKN

TepMOI[I/IHaMI/I‘-IeCKI/Ie INOTCHI M AJIbI

VcaoBus TEPMOIMHAMHUYCCKOI'0O paBHOBCCHUA

gl hlWIN| -

g1l hIWIN|

TepMOI[I/IHaMI/IKa TaJIbBAHUYCCKUX U TOIINIMBHBIX 3JICMCH-

TOB

N N>

ypaBHeHI/Iﬂ TEPMOAMHAMUKHU JIA TUDJICKTPHUKOB

PaBHOBecue cucreMm

TCpMOI[I/IHaMI/ILIeCKI/Ie CBOMCTBaA BOJEBI

O 0| Nl o

©| 0| N O

Teopus Jlangay ¢a3oBbIX Iepexo10B BTOPOro pojia

10

10

Pacnipenenenus [ m66ca u MakcBeia

11

11

Pacnipenenenue bosbnmana,

12

12

Pacnipenenenus @epmu u bosze

BN BN NN

3.4. CaMocCTOITEABLHOE N3YUCHUC pa3JaCJIOB JUCIUIIIINH

Nepasz- | NeBo- | Bompochl, BBIHOCHMBIE HA CAMOCTOSITEIILHOE U3Yy4e- Kou-Bo vacos
Jena poca HUE
1 1 YpaBHEHHE COCTOSIHUSI. 2
2 3aKOHbBI TEPMOJIMHAMUKH. 2
3 OHTponusl. 2
2 4 TepMmonrHaMuUecKue MOTEHITUANBI, Pe0Opa3oBaHNe
Jlexxannpa, skoOuaHbI 2
5 CootHomienus MakcBenia, TEepMOJUHAMHYECKHE
CUCTEMBI 2
6 VYCIIoBUSL  TEPMOJAMHAMHYECKOTO  PABHOBECHS U 2
YCTONYUBOCTH
3 7 TepMoaMHaMKMKa TalbBaHUYECKHMX M  TOIUIMBHBIX 2
DIIEMEHTOB
4 8 S¢dexr [xoynsi—Tomcona 2
) 9 OcHOBHbBIE YpaBHEHHS] TEPMOJUHAMUKHU JJISl TUJIEK- 2
TPUKOB.
6 10 PaBHOBecHE TOMOTEHHOW CHUCTEMBI, PABHOBECHE Te- 2
TEpOreHHON cHcTeMbl, npaBuio (a3 ['uddca, Tpoii-
Has TOYKa, PABHOBECHE OWHAPHBIX CHUCTEM, KIJIACCH-
¢bukanus (azoBBIX NEPEeX0a0B, KPUTHUECKHE U 3a-
KPUTHYECKHE SBIICHUS.
7 11 TepMoaMHAMHUUYECKHE CBOWCTBA NEPEOXJIAXKIECHHOU 2
BOJbl, TEOpUs BTOPOM KPHUTHUYECKOW TOYKH BOJBI;
AHOMAQJIUM  yJeNbHOro 00BbeMa, TEIJIOEMKOCTH,
K.T.P. u cxxumaeMocTH i MEPEOXJIAXKIECHHOU BO-
JTBL.
8 12 Teopus Jlangay ga3oBbIX mepexo10B BTOPOTO poa, 2

TEPMOJIMHAMHYECKUI MOTEeHIHA, (pa30BbIe IEPEX0-
ZIbI BTOPOTO POJiIa B CETHETOIJIEKTPHUKAX, CYIEPHOH-
HbI€ (pa30BbBIE IEPEXOIBI.




9 13 Craructudeckoe pacrnpeaenenue. PazoBoe mpo- 2
crpancTBo. DazoBas TpaekTopus. CTaTUCTUUECKAS
HE3aBHCUMOCTh. DHTPOIMHUS

10 14 Pacnipenenenne ['u66ca, pacnpenenenue Makcsen- 2
Ja; cBOOOTHAS SHEPTHS B pacnpeencHuu [ nooca,
pacripenenenue [ m66ca ¢ mepeMEeHHBIM YHCIIOM Ya-
CTHII

11 15 Bonbimana, cBoO01HAS SHEPTHS OOJIBIIMAHOBCKOTO 2
U/ICabHOTO ra3a, CTAaTHCTUYECKOE YPaBHEHHE CO-
CTOSIHHSI HJICATBHOTO Ta3a.

12 16 Pacnipenenenne depmu, pacnpenencaue bose, BbI- 2
POKJICHHBIN JIEKTPOHHBIN I'a3, TEINIOEMKOCTD JJIECK-
TPOHHOTO Ta3a, BEIpOKIeHHBIH bo3e-ra3, koHaeHca-
uus boze — DitHITeHA, TEMITOEMKOCTh KPUCTAIITH-
YeCKOW pelIeTKy, KJIaccuuecKas MOJIesb 7Sl BBIYHUC-
JICHUS SHEPTUU PELEeTKH, MOJIe)Ib DUHIITEHA, MO-
nenb [lebas (Hu3kue TeMneparypsl), GIyKTyaruu
DHEPIHUU.

4. Oopa3oBarejibHbIe TEXHOJOTHHU

41. I/IHTepaKTI/IBHHe O6p330BaTeHBHLIC TCXHOJIOTUH, UCIIOJIb3YCMBIC B AyAUTOPHbBIX 3aHATH-

X
Cemectp | Bun 3ans- | HuTepakTuBHBIC 00pa30BaTeIbHbIC TEXHOJIOTHH Koi-Bo yacoB
TS
7,8 Jlexiun, MYJIbTUMEANINHBIN POEKTOP, MPE3EHTALIMS, 102
CEMHUHAphl | MHTCPAKTUBHAS JJOCKA
Hroro 102

5. OueHoYHbIE CPeICTBA IS TEKYLIero KOHTPOJISA YCIIeBAeMOCTH M IIPOMEKYTOYHOM
aTTecTaluu

1) TunoBble BapuaHThI (2 6UI€TA) KOHTPOJILHON PaGoOTHI MO TEPMOTUHAMHKE.

Bbuier Nel.
1. HaiiTu muioTHOCTE P MOPCKO# BOJIBI HA TITyOMHE SKM, €CJIM Ha TOBEPXHOCTH OKeaHa
TIOTHOCTH Po=1,03 r‘p/cM3 , @ CKIMaeMOCTh BOJIBI B ITpeJiesiax JaBJICHUN OT laTM 110

500aTt™ nOCTOSIHHA U COCTABIISET 3(247,4)(10'6 atM™.

2. Tloka3atb, 94TO ecim B HEKOTOPOM COCTOSHUH (07/0S), = 0, TO 1 yCTOHYMBOCTH TaKOTO
COCTOSIHUS JI0JKHA OJTHOBPEMEHHO 00paIlaThCsi B HYJIb TaK)Ke M BTOpasi POU3BOIHAS
2 2
(0°T/0S%), = 0, a (0°T/0S%), >0.

3. Tepmomuuamudeckuii moreHIa G 0JTHOTO MOJISI HEKOTOPOTO BEIIECTBA JaeTCs BBIpa-
KEHUEM

I'me A=kowucr. Haiitn Teruoemkocts Cy 3TOro Belecrsa.



Buser Ne2.
1. XuMHYecKH MOTEHIMAT OMHOKOMIIOHEHTHOTO HICATLHOTO ra3a UMeeT BU

4= o(T)+ kT In| 2D

[TonyuuTh BeIpayKeHUE Ik OOJIBIIOTO TepMoanHamMudeckoro notenimana Q(T, V, p)

2. TemmneparypHasi 3aBUCUMOCTb 3. [I. C. HEKOTOPOTO 3JIEMEHTA 3a/1aeTCsl POpMYIIoi
U(BousT) = 0.96446 + 1.74(T-25)10 + 3.8(7-25)% 10”/

Onpenenutp, Kakasi 4acTh 3. J. C. JJIEMEHTA JIOCTABJIAETCS TEIIOBBIM PE3EPBYAPOM U YEMY
paBHa TerioTa peakuuu npu 25° C.

3. JlaBieHue 3JICKTPOMAarHUTHOTO U3JTyYeHHS, IPEOBIBAIOIIETO B TEIJIOBOM PABHOBECHH C
BEIIECTBOM, J1aeTCsl (hOPMYIIOH:

P=oT* TIe O-IIOCTOSTHHAS.
Omnpenenuts dHepruto U Takoro u3IydeHus B 3aJaHHOM 00beMe.

2) TunoBble BAPUAHTHI (2 OWJIeTa) 3a4eTHOI KOHTPOJILHOI M0 TePMOIMHAMUKE U
crarusunke.

Buaer Nel.

1. Monb renust 3anumaetr oobem V = 0,1 1 u Haxoautcs npu temneparype T = 0°C. U3mepenue
BenmuunHbI [Cp/CV — 1] B 3TUX ycIOBHAX MOKAa3alo, YTO OHa IpeBbImaeT Ha 3 % cBoe 3HaYCHHE
JUISL pa3pekeHHoro (uaeanbHOro) raza. HaliTu nmocTossHHYIO a AJis renusl, UCIOJb3ysl ypaBHEHUE
Ban-nep-Baanbsca. Unenamu Bbiciiero nopsiaka (IpornopuuoHaaIbHbIMU a’, ab, b?) npeHedpeys.
2. OnpenenuTs U ©300pa3uTh (Ga30BYIO0 TPACKTOPHIO JUIsl YACTUIIBI MACCOM M € AIEKTPUISCKUM
3apsIOM -€, IBIKYIIENCS 0/ IEHCTBUEM KYJIOHOBCKOM CHJIBI IPUTSKEHUS K HEMIOABUKHOMY
3apsiy +eq. HauanmpHOe paccTosiHue MeXTy 3apsaaMu I M HadallbHasi CKOPOCTh YacTHUIls! Vo = 0.
3. Haiitu uncno mukpococrosinuii dI'(E) ¢ sneprueii E B unrepsane E + E+dE s yactuis! ra-
3a, PHEPTHUsl KOTOPOH CBsA3aHA ¢ UMITYJILCOM COOTHOIIEHUEM E = cp (rae c-cKkopocTh cBeTa B Ba-
KyyMme).

4. BeIYMCIIUTB CPEHIOO U CPETHEKBAIPATUYHYIO CKOPOCTH CBOOOJAHBIX 3JIEKTPOHOB B METAJUIH-
yeckoM cepedpe ipu T = 0 K, ecniu u3BecTHO, 4TO KOHIIEHTPAIHS CBOOOIHBIX JIEKTPOHOB B Me-
TAJJTMYECKOM cepedpe paBHa 5x10% em™.

5. XuMHuecKUi MOTEHINAII OJHOKOMIIOHEHTHOTO NACATLHOTO ra3a NMEET BH]T

=Ty + k7210 PO

[TonyuuTh BeIpaXkeHHe T O0NIBIIOT0 TepMoarnHamudeckoro norennuana Q(T, V, )

Buier Ne2.
1. TTokaxkuTe, 4TO B Clly4ae OJHOPOTHON U3OTPOMHON CHCTEMBI JJIsi YACTHBIX MPOU3BOTHBIX JH-
TPOITH CIPABETHBHI CIICTYIOIINE COOTHOIICHHUS:

[@j _&(@_Tj sy G

ov), TV, op), T \op),

2. Ilonb3ysack pacupeneneHueM bosbiMaHa, HaATH CPEHIO NOTEHLUUAIBHYIO SHEPTUI0 MOJIE-
KyJ BIealibHOTO Ta3a B mojie U(X) = ax?,a>0.



3. HaiiTu cTaTUCTUYECKUN MHTETpan HUJIeaJbHOTO OJHOATOMHOTO ra3a, MOJYUHSIOIIETOCs pac-
npeaeeHnio MakcBesia 1 pacCuYuTaTh CBOOOTHYIO SHEPTHUIO TAKOTO Ta3a.

4. HaiiTu BepOSITHOCTb TOTO, YTO MOJIEKYJIa UMEET YIIIOBbIE CKOPOCTH M1, M2, O3 BPAILICHUS BO-
KPYT IJIABHBIX OCEH MHEPIIMH M3 UHTEPBAIOB M1 + W1+ dw1; @2 + o+ dwy ; 03 + w3+ dws, ecin
TJIABHBIE MOMEHTBI MHEPIIMH PaBHBI COOTBETCTBEHHO |1 , |2, 3. BHyTpMONEKysipHBIME KONIEOa-
HUSIMH aTOMOB ITPEHEOPEYb.

5. Haiitu k.m.j. 1uKia, u300pakeHHOro Ha puc. Bee mporecchl momutpornmueckue u To=2Tj.
Ypauenue coctossaus padouero Bemiectea HE 3AJTAHO!!!

3) Cniucok 3K3aMeHAIHOHHBIX BOIPOCOB.

N

o &

o

10.

11.
12.
13.
14.

15.

16.
17.

[TepBblii 3aKOH TEPMOAMHAMUKH. Y paBHEHHE COCTOSHUS PEalbHBIX T'a30B (TEPMUUYECKOE
U KaJOpUYECKOE).

Kputnueckas Touka Tumna xuaKocTh-map.

Btopoe Hayano TepMOIMHAMUKY IS PABHOBECHBIX M HEPABHOBECHBIX IMporieccoB. Lk
Kapno u Teopema Kapuo. Temneparypa.

Tperbe Hauano TepmoauHamuku. [loBenenne Tepmudeckux kospduunentos npu T—0 K.
TepMoanHaMUUECKHE MOTEHIUAIBI CIOKHBIX CUCTEM U CHCTEM C NMEPEMEHHBIM YHCIIOM
YaCTHII.

TepMoanHaMuKa TadbBAaHUYECKHMX M TOIUIMBHBIX 3JeMEHTOB. Oddekt J[xoyns—
Tomcona. Touka MHBEpPCHUM.

TepMoanHaMHKa AUAIIEKTPUKOB. 3aBUCHMOCTD MOJISIPU3ALUN MOJIAPHBIX JUAJIEKTPUKOB
OT TeMIIEPaTypPHI.

YpaBHEeHHs cUCTEM B MarHUTHOM Mojie. MarHutokanopudeckuit 23 exT.
Knaccudukanmst ¢Ga3zoBbIX MmepexooB. YCIOBHS TEPMOIMHAMHUYECKOTO PABHOBECHS W
YCTONYUBOCTH.

PaBHOBECHE TOMOTEHHBIX M TeTeporeHHbIX cucteM. [IpaBuno ¢a3 ['mb66ca. TpoitHas Tou-
Ka.

TepmonrHaMuuecKue MOTEHIINANBI U TipeoOpazoBanue Jlexxanapa. SIkoOnaHsbl.

Teopus Jlangay ¢ha30BbIX EPexX010B BTOPOTO POJia B CETHETOIEKTPUKAX.

Teopus Jlannay ga3oBbIX mepexo10B BTOPOTO po/ia B CETHETOAICKTPHUKAX.
Craructuueckoe pacnpenenenue. @azopoe npoctpancTBo. Pa3zoBas Tpaektopus. CraTtu-
CTHUYECKast HE3aBUCUMOCTb. DHTPOMHSI.

Pacnipenenenne ['n66ca. Pacripenenenne ['u606ca ¢ mepeMeHHbIM 4rcioM dacTull. CBo-
OontHast SHEprus B pacnpeneneHuu [ ndoca.

Pacripenenenne ['u60ca (20ii BEIBON).

Pacnipenenennie bonprmana. CBoOoaHast sHEprus OONBIIMAHOBCKOTO HJICATHLHOTO Tasa.
YpaBHEHHE COCTOSTHUS UEAIBHOTO rasa.



18. Pacnipenenenne MakcBesuia. CpefHsisi CKOPOCTb, CPEIHss SHEPTusl, CpeHee YHCIO yra-
pOB.

19. Muoroaromusle ra3el. Bpamienne monekynn. 3akoH paBHOpacHpesencHHs. YpaBHEHHE
COCTOSIHUS ¥ CTATUCTUYECKUN MHTETPaI ABYXaTOMHOTO ra3a.

20. Pacnpenenenne @epmu-/upaka (o Jlannay). Beipoxaenusiii anekTpoHHbiid ra3. Temo-
€MKOCTh JICKTPOHHOTO ra3a.

21. Pacnpenenenune ®@epmu-/lupaka (201 BbIBO).

22. Pacnipenenenue boze- Diinmreiina (o Jlanaay). Beipoxaennsiii boze-ras.

23. Pacnpenenenne bo3e- DiiHmrelina (20i BHIBOX).

24. Kounencanus bosze — DiiHIITEHA.

25. Teopus TEIUIOEMKOCTH KPHCTAJIMYECKOTO Teja: KJacCH4yecKash MOAEb, MOAETb DiH-
HITeiHa.

26. Teopus TEMIOEMKOCTH KPUCTATMIECKOTO Tena: Moeinb Jlebas. DiryKTyaliuu SHEPTHH.

6. YdeOHO-MeTOAMYECKOE o0ecreYeHUue TUCIUIIIUHDBI

7.1. OcHoBHas nuTEpaTypa
1. LI1. Bazapos. Tepmoaunamuka. M.: Beicias mxosna. 1991.- 376 c.
2. P.Ky6o0. Tepmonunamuxka. [lox pen. J[.H.3y6apesa u E.E.Tapeesoii, U3narenscTBo
«MUP». 1970. — 400 c.
3. Jlannay JI.J1., JTudmmn E.M. Cratuctuueckas ¢usuka. T.5 Teoperuueckoii Guszuku.
Hayxka, 1976.

6.1. JlononHuTENbHAS IUTEPATYPA

4. B.A.Ctpyxos, A.Il.JIeBantok. du3nyeckre OCHOBBI CETHETOIIEKTPUUECKHX SBJICHUM B
kpuctaiine. Mocksa, Hayka, «®usmariur». 1995 — 304c.

5. Y.Kurrens. Beenenue B ¢pusuky tBepnoro rena. [lox pen. A.A.I'ycesa, «Hayka» M.,
1978 — 792c.

6.2. UaTepHeT-pecypcsl

http://allphysics.ru/
7. MaTepl/IaJII)HO-TeXHI/I‘IeCKOC odecmeyeHue AUCIHUIIJINHBI

JlexiMOHHBIE ~ 3aHATUS TMPOBOMATCS B  CHENHAIBHO OOOPYIOBAaHHOW  ayAHTOPHH C
MYJIBTUMEIUIUHBIM 000pyI0BaHHEeM. BcrmoMorarenbHbld MaTepual B BHUAC MPE3CHTALMN U
AIIEKTPOHHBIX YUeOHBIX MAaTEPUAIOB JOCTYIECH CTYJeHTaM Ha caiiTe aKynbTeTa.



Title discipline: Thermodynamic and statistical physics.

1. Goals and objectives of development disciplines:

Goals: To give students the systematical statement of statistical physics along with thermody-
namics and educate them by corresponding methods based on statistical and phenomenological
considerations of different physical phenomena.

Objectives: To develop physical experience of students and skill to formulate and solve tasks
about complicated system behavior using statistical and thermodynamics approaches.

2. A discipline Place in structure OOP VPO

The discipline concerns block V-PD in a preparation direction «Applied mathematics and phys-
ics»

Structural element of OOP BIIO - BM (the bachelor of the Moscow State University) in a prepa-
ration direction «Applied mathematics and physics»

The discipline concerns to parts of variability of an educational cycle.

3. Requirements to results of development of the maintenance of discipline:

(1) universal (OK):

General scientific:

Possession knowledge of a subject and objects of studying, methods of research, modern con-
cepts, achievements and restrictions of natural sciences: physicists, chemistry, biology, sciences
about the earth and the person, ecology; possession of bases of methodology of scientific
knowledge of various levels of the organization of a matter, space and time; ability, using inter-
disciplinary system communications of sciences, independently to allocate and solve the basic
world outlook both methodological natural-science and social problems for the purpose of sus-
tainable development planning (OHK-1);

Possession of methodology of scientific researches in professional area, knowledge of bases of
business dialogue (OHK-4);

Readiness to use knowledge as tools for the complete decision of informative and professional
problems (OHK-5);

Possession of base sections of mathematics, physics, chemistry, computer science and the pro-
gramming, necessary for the decision of problems in professional area (OHK-6);

Ability to use in professional work base knowledge in area of mathematics, physics, chemistry,
computer science and programming (OHK-7);

Ability to create mathematical models of typical professional problems and to interpret the re-
ceived mathematical results, possession of knowledge of restrictions and borders of applicability
of models (OHK-8);

Possession of knowledge in area of technics, technology and innovation, necessary for practical
development of modern technical systems and technologies, for the decision of research and
practical problems in professional area (OHK-9);

The tool:

Possession of norms of Russian literary language and functional styles of speech; ability to show
in speech dialogue personal and professional culture, spiritually-moral belief; ability to put and
solve communicative problems in all spheres of dialogue to operate processes of an information
exchange in various communicative (MK-1 environments;

Possession of skills of use of software and work in computer networks, uses of resources the In-
ternet; possession of the basic methods, ways and means of reception, storage, information pro-
cessing (UK-3);

Ability to use modern computer facilities and the specialized software in research work (MK-4);
Possession of the basic methods of protection of the industrial personnel and the population from
possible consequences of failures, accidents, acts of nature (MK-7);
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Possession of means of independent, methodically correct use of methods of physical training
and health strengthening, readiness for achievement of due level of physical readiness for
maintenance high-grade social and professional work (MK-8);

Possession of methods of patent search and knowledge in the field of the patent researches, nec-
essary in professional work (MK-9);

Possession of skills of management of the information for a writing of reports, reports, reviews
and articles (MK-10);

Possession of methods of the tool researches necessary for carrying out of experimental works in
professional area (MK-11);

Ability to the analysis of knowledge and their synthesis in professional work sphere (MK-12);
Ability to the organization and planning of experimental and theoretical researches in profes-
sional work and to forming of strategy of research work (MK-13);

The system:

Ability to creativity, generation of innovative ideas, promotion of independent hypotheses (CK-
1);

Ability to search, the critical analysis, generalization and ordering of the scientific information,
to statement of research objectives and choice of optimum ways and methods of their achieve-
ment (CK-2);

Ability to independent training and working out of new methods of research, to change of a sci-
entific and research-and-production profile of activity; to innovative scientifically-educational
activity (CK-3);

Ability to put knowledge into practice (CK-4);

Ability to working out of projects and their management, ability to leadership (CK-5);

Ability to the initiative and business, ability to work independently (CK-6);

(2) professional (personal computers):

Possession of skills and methodological culture of application of the received fundamental
knowledge in area of mathematics, physics, chemistry and biology for performance of scientific
researches (PC 1);

Ability to work with the modern software, devices and installations to apply experimental and
theoretical methods of researches and to process the received experimental data for performance
of a concrete research and engineering problem (PC 2);

Ability to apply the theory and methods of mathematics, physics and computer science for con-
struction of qualitative and quantitative models (PC 3);

Ability to work with the scientific literature, readiness to compare known experimental and theo-
retical results with the received original

By experimental and theoretical results and to do substantiated conclusions (PC 4);

Readiness to discuss in the scientific environment the received experimental and theoretical re-
sults and to do conclusions; ability to state the received scientific results in the oral form (presen-
tations and reports at conferences) and the written form (articles, reviews, messages) (PC 5).
Possession of skills of planning and control of performance of the established plans in profes-
sional work sphere (PC 6);

Ability to active search of the new information, ability to work with various sources of the in-
formation; readiness to analyze and solve engineering problems with use of the interdisciplinary
approach (PC 7);

Readiness for creation of competitive production on the basis of the received fundamental
knowledge (PC 9);

Ability to participate in working out of breadboard models of products and their modules and to
apply instrumentation to definition of technical characteristics of breadboard models (PC 10);
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Ability to combine research and engineering-industrial activity for working out of the high tech-
nologies providing creation of substances, materials and complex artificial systems with the set
properties (PC 11);

Readiness for search of technical and technological innovations, susceptibility for innovations
(PC 12);

Readiness for carrying out of experimental works on check and development of technical and
technological innovations (PC 13);

Readiness for working out of programs of carrying out of research and engineering-industrial
works on all chain of an innovative cycle (PC 14);

Readiness for commercialization of scientific workings out (PC 15).

Readiness for communications and work as a part of collective of executors in scientifically -
research and engineering-industrial spheres (PC 16);

Possession of skills of management of research and engineering-industrial activity for creation of
a healthy, safe and productive working environment, maintenance of conformity of products of
professional work to the quality standards (PC 17);

Possession of the basic methods of a management: statements and distributions of problems, del-
egation and control, feedback and an estimation of execution, training on a workplace, individual
and group decision-making (PC 18);

Readiness to show in practice aspiration and ability to realize the potential (knowledge, abilities,
experience, personal qualities) the expert of new generation for the economy based on
knowledge, for successful productive activity in professional and social spheres (PC 19);

As a result of the development of the discipline the student must:

Know: the basic laws and rules of thermodynamic and statistical physics, methods, analytical
representation of these laws.

Be able to: formulate specific tasks based on the laws and laws developed in the course of ther-
modynamic and statistical physics to obtain data to carry out their mathematical treatment, sum-
marize the results obtained.

Own: computational methods solving, data retrieval skills in open source (including information
in databases) and apply them to solve practical problems.

Gain experience of: in the analysis, formulation and solution of concrete problems of interest to
the fundamental science and practice.

4. The Content and Discipline Structure

4.1.  The Content of discipline sections (C - Colloquium, T - verifying independent work (the
test), ICW - interim control work, HW - homework, SGT - settlement-graphic task)

Ne section Ne employment The Theme  Ato'clock
7.1.
Section | Name of Section Contents Form
Number | Section monitoring
1 General | General thermodynamic statements, main thermody-

thermo- | namic equation for equilibrium processes, entropy,
dynamic | Gibbs paradox.
state-
ments
2 Second | Second thermodynamic law for non-equilibrium pro-
thermo- | cesses, validity range of the second law, third thermo-
dynamic | dynamic low and consequence from it, heat capacitor
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law and entropy behaviors at T—0 K.

3 Thermo- | Thermodynamic potentials, Legendre transfor-
dynamic | mations, Jacobian determinant, Maxwell’s relations,
poten- thermodynamic systems.
tials

4 The The_c_onditions o_f _thqrmodynam_ic equilibrium and
condi- stability, the equn!brlum condl_tlo_ns of two-phase
tions of | System, Le Chatelier-Broun principle.
thermo-
dynamic
equilib-

rium

5 Galvanic | Galvanic and fuel cell thermodynamics, equilibrium

and fuel | and non-equilibrium adiabatic gas cooling, Joule-
cell Thomson effect.

thermo-

dynam-
ics

6 Thermo- Basic thermodynamig: equatioqs for diel_ect(ic, equa-

dynamic tion of thermodynamic system in magnetic field.
equa-

tions for

dielectric

7 System Homogenec_n_Js system _equilibrium, heter.ogenec_)us
equilib- system equmbrlurr_],_Gl_bbs phase rule, 'gr!ple point,

fium binary system equilibrium, phase transitions classifi-
cation, critical and sub-critical phenomena.

8 Thermo- Thermodyn_amic _properties of supercooled water,
dynamic second critical point of water, anomalo_us of specific
proper- volume_, _thermal expansion, heat capacitor and com-
ties of pressibility of supercooled water.

water
9 Second | Landau theory of second order phase transition,
order | thermodynamic potential, second order phase transi-
phase | tion in ferroelectrics, superionic phase transitions.
transi-
tion
10 Gibbs | Gibbs distribution, Maxwell distribution, ideal gas
and free energy in Gibbs distribution, Gibbs distribution
Maxwell | with variable particle number.
distribu-
tions
11 Boltz- | Boltzmann distribution, free energy of Boltzmann
mann | ideal gas, statistical equation of ideal gas state
distribu-
tion
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12

Fermi-
Dirac
and
Bose-
Einstein
distribu-
tions

Fermi-Dirac distribution, Bose-Einstein distribution,
degenerate electron gas, heat capacitor of degenerat-
ed electron gas, degenerated Bose gas, Bose-Einstein
condensation, heat capacitor of crystalline lattice,
classical model for energy calculation of crystalline
lattice, Einstein model, Debye model (low tempera-
ture), energy fluctuations.

4.2.  Discipline Structure

Total labor discipline is 4 credits (144 hours), of which 0.89 - lectures on optics (32 hours), 1.33
- seminars (48 hours), 1.78 - independent work of students (64 hours) and 2 credit units (72
hours), laboratory work, 0.86 - self-preparation for laboratory work (31 hours).

Type Term 7 Total
Total labor 3 (108) 3 (108)
Class work: 2 (72) 2 (72)
Lectures (L) 1 (36) 1 (36)
Practical classes (PC) 1 (36) 1 (36)
Laboratory work (LW)
Independent work 1 (36) 1 (36)
View the final control test, exam
Discipline Sections per Semester
Section Name of Section Number of hours
Number Total Class work Extracurricular
L PC LW work
1 Equations of state. 4 5 4
Thermodynamic laws.
Entropy.
2 Thermodynamic poten- 4 6 4
tials, Legendre trans-
formations, Jacobian
determinant, Maxwell’s
relations, thermodynam-
iC systems.
3 The conditions of ther- 2 2 1
modynamic equilibrium
and stability, the equilib-
rium conditions of two-
phase system, Le Chate-
lier-Broun principle.
4 Galvanic and fuel cell 2 1 1
thermodynamics, equi-
librium and non-
equilibrium adiabatic
gas cooling, Joule-
Thomson effect.
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Basic thermodynamic
equations for dielectric,
equation of thermody-
namic system in mag-
netic field.

Homogeneous system
equilibrium, heteroge-
neous system equilibri-
um, Gibbs phase rule,
triple point, binary sys-
tem equilibrium, phase
transitions classification,
critical and sub-critical
phenomena.

Thermodynamic proper-
ties of supercooled wa-
ter, second critical point
of water, anomalous of
specific volume, thermal
expansion, heat capaci-
tor and compressibility
of supercooled water.

Landau theory of second
order phase transition,
thermodynamic poten-
tial, second order phase
transition in ferroelec-
trics, superionic phase
transitions.

Statistical distribution.

Phase space. Phase tra-
jectory. Statistical inde-
pendence. Entropy.

10

Gibbs distribution,
Maxwell distribution,
ideal gas free energy in
Gibbs distribution,
Gibbs distribution with
variable particle num-
ber.

11

Boltzmann distribution,
free energy of Boltz-
mann ideal gas, statisti-
cal equation of ideal gas
state

12

Fermi-Dirac distribu-
tion, Bose-Einstein dis-
tribution, degenerate
electron gas, heat capac-
itor of degenerated elec-
tron gas, degenerated
Bose gas, Bose-Einstein

10
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condensation, heat ca-
pacitor of crystalline
lattice, classical model
for energy calculation of
crystalline lattice, Ein-
stein model, Debye
model (low tempera-
ture), energy fluctua-

tions.
Total: 36 36 36
4.3.  Seminars

Number | Number Theme Number of

section | classes hours

1 1 Equations of state. Thermodynamic laws. Entropy. 5

2 Thermodynamic potentials, Legendre transformations, 6
Jacobian determinant, Maxwell’s relations, thermodynam-
iC systems.

3 The conditions of thermodynamic equilibrium and stabil- 2
ity, the equilibrium conditions of two-phase system, Le
Chatelier-Broun principle.

4 Galvanic and fuel cell thermodynamics, equilibrium and 1
non-equilibrium adiabatic gas cooling, Joule-Thomson
effect.

5 Basic thermodynamic equations for dielectric, equation of 2
thermodynamic system in magnetic field.

2 6 Homogeneous system equilibrium, heterogeneous system 2
equilibrium, Gibbs phase rule, triple point, binary system
equilibrium, phase transitions classification, critical and
sub-critical phenomena.

7 Thermodynamic properties of supercooled water, second 4
critical point of water, anomalous of specific volume,
thermal expansion, heat capacitor and compressibility of
supercooled water.

8 Landau theory of second order phase transition, thermo- 4
dynamic potential, second order phase transition in ferroe-
lectrics, superionic phase transitions.

9 Statistical distribution. Phase space. Phase trajectory. Sta- 4
tistical independence. Entropy.

10 Gibbs distribution, Maxwell distribution, ideal gas free 6
energy in Gibbs distribution, Gibbs distribution with vari-
able particle number.

3 11 Boltzmann distribution, free energy of Boltzmann ideal 4
gas, statistical equation of ideal gas state

12 Fermi-Dirac distribution, Bose-Einstein distribution, de- 4

generate electron gas, heat capacitor of degenerated elec-
tron gas, degenerated Bose gas, Bose-Einstein condensa-
tion, heat capacitor of crystalline lattice, classical model
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for energy calculation of crystalline lattice, Einstein mod-
el, Debye model (low temperature), energy fluctuations.

4.4.  Course work (possible topics)

4.5.  Independent study sections disciplines

Section | Issue Issues for independent study Number of
number | number hours
1 1 Equations of state. 1
2 Thermodynamic laws. 2
3 Entropy. 1
2 4 Thermodynamic potentials, Legendre transfor-
mations 2
5 Maxwell’s relations, thermodynamic systems. 2
6 The conditions of thermodynamic equilibrium and 1
stability.
3 7 Galvanic and fuel cell thermodynamics 0,5
4 8 Joule-Thomson effect 0,5
5 9 Basic thermodynamic equations for dielectric. 1
6 10 Homogeneous system equilibrium, heterogeneous 1

system equilibrium, Gibbs phase rule, triple point,
binary system equilibrium, phase transitions classifi-
cation, critical and sub-critical phenomena.

7 11 Thermodynamic properties of supercooled water, 2
second critical point of water, anomalous of specific
volume, thermal expansion, heat capacitor and com-
pressibility of supercooled water.

8 12 Landau theory of second order phase transition, 4
thermodynamic potential, second order phase transi-
tion in ferroelectrics, superionic phase transitions.

9 13 Statistical distribution. Phase space. Phase trajectory. 2
Statistical independence. Entropy.
10 14 Gibbs distribution, Maxwell distribution, ideal gas 2

free energy in Gibbs distribution, Gibbs distribution
with variable particle number.

11 15 Boltzmann distribution, free energy of Boltzmann 4
ideal gas, statistical equation of ideal gas state
12 16 Fermi-Dirac distribution, Bose-Einstein distribution, 10

degenerate electron gas, heat capacitor of degenerat-
ed electron gas, degenerated Bose gas, Bose-Einstein
condensation, heat capacitor of crystalline lattice,
classical model for energy calculation of crystalline
lattice, Einstein model, Debye model (low tempera-
ture), energy fluctuations.

8. Educational Technology
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8.1. Interactive educational technology used in the classroom

Semester | Name of Interactive Educational Technologies Number of
classes houers
multimedia projector, presentation, interactive 72
whiteboard
Total 72

6. Evaluation tools for monitoring progress and interim certification

1) Questions to intermediate Colloquium

Two typical example of control work on thermodynamic.

Test 1.

1. To find the density of the sea water at the depth of 5 km, if the ocean surface density is
po=1,03 rp/cm® and the compressibility of water in the range of pressures from 1 atm to at con-
stant and is y=47,4x10°® arm™.

2. To show that if a state (07/0S),, = 0, then for the sustainability of such status must be equal to
zero and also the second derivative (0°7/0S%), = 0, and (0°7/0S°), >0.

3. Thermodynamic potential G of one mole of a certain substance is given as feared

5
=BT uf A7)
2 p

Where A=const. To find the heat capacity Cy of this substance.

Test 2.
1. The chemical potential of single-component ideal gas has the form

p=p(T)+KT In{p(T)}

0
Get the expression for large thermodynamic potential Q(T, V, p).
2. The temperature dependence of the electromotive force certain element is defined by the for-

mula
U(Volt) = 0.96446 + 1.74(T-25)10™ + 3.8(7-25)* 10°’

To determine which part of the electromotive force item is delivered with a thermal reservoir and
what is the heat of reaction at 25° C.

3. The pressure of electromagnetic radiation, staying in thermal equilibrium with matter, is given
by the formula:
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P=aT* where o is constant.
Determine the energy U of such radiation in a given volume.

2) Questions to final Colloquium

Two typical example of control work on thermodynamic and statistical physics.

Test 1.

1. Mol helium occupies a volume of V = 0.1 I and is at the temperature T = 0°C. Measure
[Cp/Cv — 1] in these conditions, showed that it exceeds 3 % of its value for the sparse (ideal) of
gas. Find the permanent and helium, using the equation of van der Waals forces. Members of the
highest order (proportional to a%, ab, b?) can be neglected.

2. To define and to portray the phase trajectory of a particle of mass m and electric charge e
moving under the action of the Coulomb forces of attraction to still charge +el. The initial dis-
tance between the charges r0 and elementary particle velocity vo = 0.

3. To find the number of microstates dI'(E) energy E in the range E + E+dE for gas particles, the
energy of which is connected with pulse ratio E = cp (where C is the speed of light in vacuum).
4. To calculate the mean and the mean speed of free electrons in metallic silverat T =0 K if it is
known that the concentration of free electrons in metallic silver equal 5x10% cm™,

5. The chemical potential of single-component ideal gas has the form

1= (T) + kT2 In{@}

Get the expression for large thermodynamic potential Q(T, V, p)

Test 2.
1. Show that in the case of homogeneous isotropic system for partial derivatives entropy fair the
following relations:

),-7(5), (5),-%(5)
ov), Tlav), \op), T lap),

2. Using the Boltzmann distribution, find the mean potential energy of the molecules of an ideal
gas field U(x) = x2, a > 0.

3. To find statistical integral ideal monatomic gas obeys the Maxwell distribution and calculate
the free energy of such a gas.

4. Find the probability that a molecule is the angular velocity 1, ®2, W rotation about the princi-
pal axes of inertia of the intervals w; + w1+ dw;; 0, + w2+ doy ; ®3 + w3+ dos, if the principal
moments of inertia are equal, respectively, I, , I, I3. Intramolecular vibrations of the atoms are
ignored.

5. To find the efficiency of the cycle, depicted in Fig. All processes are polytropic and T,=2T} .
The equation of state of working substance is NOT SET!!!
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List of exam questions.

1. The first law of thermodynamics. The equation of state of real gases (thermal and caloric).

2. A critical point type liquid-vapor.

3. The second law of thermodynamics for equilibrium and nonequilibrium processes. The circle
and the theorem Carnot. The temperature.

4. The third law of thermodynamics. The thermal behavior of the coefficients at T—0 K.

5. Thermodynamic potentials of complex systems and systems with variable number of particles.

6. Thermodynamics of galvanic and fuel cells. The Joule-Thomson. Point inversion.

7. Thermodynamics of dielectrics. Polarization polar dielectrics on temperature.

8. Equations systems in a magnetic field. Magnetocaloric effect.

9. Classification of phase transitions. Conditions of thermodynamic equilibrium and stability.

10. The balance of homogeneous and heterogeneous systems. The Gibbs phase rule. Triple point
here.

11. Thermodynamic potentials and the Legendre transformation. Jacobians.

12. Landau theory of phase transitions of the second kind in ferroelectrics.

13. Landau theory of phase transitions of the second kind in ferroelectrics.

14. Statistical distribution. The phase space. The phase trajectory. Stati-statistical independence.
Entropy.

15. Gibbs Distribution. Gibbs distribution with a variable number of particles. The-free energy in
the Gibbs distribution.

16. Gibbs distribution (2nd conclusion).

17. The Boltzmann Distribution. The free energy of a Boltzmann ideal gas. The equation of state
of an ideal gas.

18. The Maxwell Distribution. The average speed, average energy, the average number of strikes.
19. Polyatomic gases. The rotation of the molecules. The law of raversbeuren. The equation of
state and the statistical integral diatomic gas.

20. The distribution of Fermi-Dirac (Landau). A degenerate electron gas. Heat capacity of the
electron gas.

21. The distribution of Fermi-Dirac (2nd conclusion).

22. The distribution of Bose - Einstein (Landau). Degenerate Bose gas.

23. The distribution of Bose - Einstein (2nd conclusion).

24. Condensation Of The Bose - Einstein.

25. The theory of the heat capacity of crystal body: the classical model, the model Ein Stein.

26. The theory of the heat capacity of crystal body: the Debye model. Fluctuations of energy.

7. Educational-methodical maintenance of discipline

7.1. Basic literature

1. Bazarov [.P. Thermodynamics. “Visshaya shkola”, 1991.

2. Kubo R. Thermodynamics. North-holland Publication, 1968.

3. Landau L., Lifschiz E. Statistical physics. Thejretical physics, Vol.5, Nauka, 1976.

4. Strukov B.A., Levanyuk A.P. Physical basis of ferroelectrics phenomena in crystal. Nauka,
1995.

5. Kittel Ch. Introduction to solid state physics. The University of California at Berkeley, 1996

7.3. Periodicals
7.4. Internet resources

http://allphysics.ru/
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7.5. Guidelines for laboratory work

7.6. Methodical instructions for practical exercises are located on site -

7.7. Methodological guidelines for coursework and independent work are located on site -
7.8. Software of modern information and communication technologies

Training programs for:

located on sites and

8. Logistics discipline

Lectures are held in specially equipped classrooms with multimedia equipment . Settlement
workshop performed in a special room, each student has an individual workplace and individual
tasks . Supporting material in the form of presentations and training materials is available to stu-
dents in the faculty site.
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