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1. Kog n HammMeHoBaHue cneunanbHOCTH:
14.05.02 ATOMHbIE CTaHLUWN: NPOEKTUPOBaHME, IKCNITyaTauna u NHXUHUPUHT
2. Cneumanusauus:
[MpoeKkTnpoBaHue 1 aKcnnyaTaums aTOMHbIX CTaHLNN
3. KBanudumkauusa BbINyCKHUKA: HXEHep — PU3MK
4. dopma oBy4eHuUs1: o4Has
5. Kacheppa, oTBevarowasn 3a peanusauuio AUCLUNIIUHDBI:
TeopeTnyeckon PU3nNKn
6. CocTtaBuTENM NpOrpaMmmbil:
K.d.-M.H., goueHT Kpbinoseukasa TatbsiHa AriekceeBHa

7. PekomeHpaoBaHa:

HayyHO — MmeTogMyeckum coBeToMm punanyeckoro cakynbTeTa, npotokon Ne6 ot 14.06.2023 r.

8. YuyeOHbIN rop: 2025 - 2026 CemecTp(bl): 4



9. Uenu n 3apauum y4e6HOM ANCLUNIIUHBI

Llenb — cpopmmpoBaTh y CTyAEHTOB 3HAaHMS 06 OCHOBHbIX MAEAX U MaTeMaTUYeCKUX Me- Tofax
TEPMOAMHAMUKMN N CTAaTUCTUYECKON (PU3UKM, a TaKKe BblpaboTaTb HaBblK UCMOSb- 30BaAHUS 3TUX
METOO0B AN PELLUEeHNs] KOHKPETHbIX 3aaau.

3agayn Kypca: No3HaKOMUTb CTYAEHTOB C OCHOBHLIMW MOLENAMU MaKPOCKOMUYECKUX CU- CTEM,
NCMOMNb3yeMbIX B pamMKkax TEpMOOMHAMUKMA U CTAaTUCTUYECKON (PU3MKK, NPOLEMOH- CTPUPOBATb
aencteme  U3MYECKMX 3aKOHOB, a Takke nokasaTtb 3(P@eKTMBHOCTL METO- 0B
TEPMOANHAMMYECKOIO W CTaTUCTUYECKOr0 OMUCaHUS pPaBHOBECHbIX W HEpPaBHOBECHbIX
NpoLLEeCCOB B MaKpOCKOMUYECKUX CUCTEMAX Ha NpuMepax pasfinyHbiX MogenNen.

10. MecTto y4yebHOM AaucuunnuHbl B cTpyktype OOIl: aBnaetcsa gucumnnvHon 6GasoBow
yactu. [Ina ocBOeHUsA Kypca HeobxoouMmo MCnonb3oBaTb MaTepuan BCEX MaTreMaTUyecKkux
avcumnnmi 6asoBon Yactn « Matematukay, a Takxke gucumnnuH 6asoBon Yactu «dusnka».

11. NMnaHupyeMble pe3ynbTaTbl 00y4YeHUsi MO AucuUnnuHe/Moaynio (3HaHUA, YMeHwus,
HaBbIKM), COOTHECEHHbIE C NNaHUPyeMbIMU pe3yfibTaTaMu OCBOEHUsI o6pa3oBaTenbLHOM

nporpamMmmbl (KOMneTeHLIM'iIMVI) n MHAUKaTopamMum ux AOCTUXEeHUA:

Kog Ha3BaHwne kom- Koga(bl) NHamkaTop(bl) MnaHnpyemble peaynbTaTbl 0by4YeHus
neTeHumm
OrK-1 CnocobHocTb OlK-1.2 | 3HaeT OCHOBHbIE 3HaTb: OCHOBHbIE MOMOXEHUST U MeTOAbl TEPMO-
NCrnonb30BaThb MOHATUSA W 3aKOHbI OVNHaMWKN U CTaTUCTUYECKON DU3NKY;
6a30Bble 3Ha- MEXaHWUKM XUOKOCTU
HUA eCTeCTBEH- n rasa, Tensiomac-

HOHay4HbIX coobMeHa; ypaBHe- | YMeTb: uMCMosnb3oBaTb B MNpodrecCcMoHanbHOM
ONCUMNIVH B HUI HEpa3pbIBHO- OEATENbHOCTN 3HaHUA O CBOWCTBAX MUKPO- U
npodeccuo- CTUW, OBUXEHMSA, CO- | MaKpOCMCTEM, a TakKke MeTodax MX uccnegosa-
HanbHoW ges- XpaHEHUS SHeprm HUA, NPUMEHSATb NOJSIyYEHHbIE 3HAHWS O OCBO-

TENbHOCTH, NPYMEHNTENBHO K €HUsA NpodUIbHBIX ANCUUMAVH WU peLIeHns npo-

NPUMEHATb Me- NOTOKaM; OCHOBHblE | (beccroHanbHbIX 3a4avy;
TOAbl MaTema- 3aKOHbI TEXHUYE-
TMYECKOro aHa- CKOM TEpMOANHaMU-
nn3a u mogenu- Ky BnapeTtb: cOBpeMeHHbLIM annapaTomM TeopeTuye-
poBaHua, Teo- | OMK-1.5 | OueHuBaeT YnCneH- | CKOM U MaTemMaTu4eckon usmnku, HEobXoaUMbIM
peTMYeCcKoro u Hble 3Ha4YeHus Be- ONns peleHus 3aga4y TePMOAVMHAMUKN U CTaTu-
3KCrepuMeH- NNYMH, XapakKTtep- CTUYECKON (DU3NKM.
TanbHOro nc- HbIX OS5 pa3nnYHbIX
crnepoBaHus pa3nenoB ecTecTBo-
3HaHus
OlK-1.7 | CtpouT matematu-
yeckue moaenv gns
NPOCTENLLMX CUCTEM
1 MpoLEeCccoB B
€CTeCTBO3HaHUM 1
TEXHUKE

12. O6beM AgucuMNUHbI B 3a4eTHbIX eAuHMUax/yac. —4/144.

Popma NPoMeXXyTOYHOM aTTecTalMn. 3a4eT C OLLeHKOM




TpyaoemkocTb No BUAam y4yebHom paboTbl

TpyooemMKoCTb
Bua yuebHom paboTbl Bcero Mo cemecTpam
4 cemecTtp Ne cemecTpa
AyauTopHbIE 3aHATUSA 50 50
nekuum 34 34
B TOM Yncne: npakTnyeckue 16 16
nabopaTtopHble
CamocTosnTtensHas paboTa 58 58
B TOM uucrne: KypcoBas paboTta (NpoekT)
®dopma NPOMEXYTOYHOW aTTecTaumm Bauem ¢ Bavem ¢
(8ayem c ouyeHkol — yac.) oueHkoli - 36 oueHkoli - 36
WUToro: 144 144

13.1. CopgepkaHme QUCLMNIINHBI

Peannzaums
HaumeHoBaHue pasgena pasfena - anc-
Ne n/n CopepxaHve pasgena gUCUMnIvHbI UMMAWHBI C Mo-
OVNCLUMMINHDBI o
MOLLIbKO OHJ1TaUH-
Kypca, QYMK*
1. Nekuun
1.1 TepmoanHamMuka U cTaTucTudeckas usmka kak | https://edu.vsu.r
Teopusa Makpockonuyeckux cuctem. Makpockonu- | u/enrol/index.ph
BBeneHue YecKoe U MMUKPOCKOMNYECKoe onucaHme pusmde- | p?id=29188
Ckux cuctem. [1Ba cnocoba onucaHua Makpocwu-
ctem. CooTHoLWEHE MeXAY TEPMOANHAMUKON n
CTaTUCTUYECKOWN (PU3UKOWN.

1.2 | OCHOBHblE MNOHATUA U MoctynaTtbl TepmMoavHamukn. TepmoguHamude- | https://edu.vsu.r
3aKOHbl TEPMOAUHAMUKN | CKUE CUCTEMBI. u/enrol/index.ph

p?id=29188

13 MeToapl TepMoAMHaMUKK (MeToA KpyroBbix npo- | https://edu.vsu.r

LeCCOB, MeTof, TEPMOAMHAMUYECKUX noTeHuua- | W/enrol/index.ph
MeToabl 1 NpunoxeHua nos). O6wwwme ycnosua paBHOBECUS N YCTONYUBO- p?id=29188
TEPMOLMHAMUKN CTU TepMOOUHAMMUYECKMX cuCcTeM. TepmopauHa-

MUYecKkne HepaBeHcTBa. MexaHnyeckoe n ctatu-

CTUYecKoe onucaHve mMakpocuctem. PazoBoe

npocTpaHcTBO. Teopema Jlvysunnda. Oproguye-

ckas npobnema. MukpokaHoHM4Yeckoe pacnpege-

neHne. KaHoHun4yeckoe pacnpepeneHue [nbbca.

CeovicTBa napameTpoB KaHOHMYECKOro pacrpe-

AeneHus.

1.4 | OcHoBHble NpeacTaBne- | CBA3b SHTPOMMM C BEPOSITHOCTLIO. BepoATHOCT- | https://edu.vsu.r
HWUSI CTaTUCTUYECKON (OM- | HbIM CMbIC/T BTOPOro Hayana TepmoamHamuku. | u/enrol/index.ph
31Kn dyHKuus pacnpepeneduss ans aHeprun. Cesasb | p?id=29188

KaHOHNYECKOr0 U MMKPOKAHOHMYECKOro pacnpe-
aenexHvn. MigeanbHbll n3otepmMmuyeckuin ras. lMa-
papgokc ['nb6ca.
1.5 Teopema 0 paBHOMEpPHOM pacnpeaeneHnn KuHe- | https://edu.vsu.r|
TUYECKON 3HEPrnm no creneHsam csoboppl u Teo- | u/enrol/index.ph
Knaccuyeckasi ctTatuctu- | pema o Bupuane. Knaccuyeckass Teopust tenno- | p?id=29188
yeckasn (pusnka paBHo- eMKocTu TBepgoro tena. OgHovacTuyHble pac-
BECHbIX CUCTEM npeneneHns. Pacnpegenexne MakcBenna-
BonbumaHa gna vageanbHOro rasa. YpaBHeHue
BaH-gep-Baansca.
1.6 KBaHTOBOE KaHOHMYecKoe 1 6onbluoe KaHoHu4e- | https://edu.vsu.ru

KBaHTOBaga cTatuctuye-
ckasa pusurka

CKoe pacnpegerneHus. KsaHToBasa Teopus Tenso-
€eMKOCTK TBepAablx Ten. KBaHToBble pacnpeaene-
HUS ona vaeanbHbix ra3oB. Pacnpepenenuns Bo-
3e-OnHwTterHa n ®epmu-fupaka. Ycnosue Bbl-
POXAEHNA naeanbHbIX ra3oB. YpaBHEHNE COCTO-

/enrol/index.php?i
d=29188
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SIHMSA KBAHTOBbIX ra3oB. Cnaboe BbipoxaeHne 60-
3e- n epmu-ra3oB. CUNbHOBLIPOXAEHHbIN 603e-
ra3. bose-OnHwTenHoBCKaa koHaeHcauua. [MNpu-
MEHEHNe cTaTUCTUKN bose-OnHwTenHa K Tenno-
BOMY pPaBHOBECHOMY WU3My4eHUi0. BblpoXaeHHbIN
3NEKTPOHHbIN ra3. 3nNeKTPOHHas TEemnI0eEMKOCTb
MEeTarros.

https://edu.vsu.ru
/enrol/index.php?
id=29188

1.7 o OcHOBbI Teopun HepaBHOBECHbIX Mpoueccos. | https://edu.vsu.r]
CHOBbI KUHETVKN 9 .
HEPABHOBECHBIX NPOLIEC- OnemMeHTbI (PU3NYECKON KUHETUKIN. KuHeTuyeckoe u/gniolllndex.ph
ypaBHeHue BonbumaHa B npubnuxeHun penak- | p?id=29188
coB cauumu.
2. Mpakrnyeckue 3aHATUA

2.1 OcHoBHble NoHATHA Tep- | [ocTynatel TepmoamHamuku. Mepeoe n BTOpoe | https://edu.vsu.r]

MOANHAMUKN Havana TepmoavHamukn. Metop TepmopauHamu- | u/enrol/index.ph
Yyeckux noteHumanoB. CBoboaHasa aHeprua. Tep- | p?id=29188
MOAMHAMUKa AU3NEKTPUKOB M MarHeTUKoB. Tep-
MOAMHaMMKa CUCTEM C NEPEMEHHbIM YUCIIOM Ya-
ctmy. Teopusa a3oBbIX NepexonoB MepBoro u
BTOPOro poaa.

2.2 | OcHoBHble NpeacTasne- https://edu.vsu.r
HUA cTaTucTudeckon u- ?())ail?;%?(gg?;;?)i:ggao. Teopema luysunna. 3p- u/enrol/index.ph
31K A : p?id=29188

23 | Knaccuyeckasn ctatuctu- | MukpokaHoHuyeckoe pacnpegenenune. Ceasb aH- | https://edu.vsu.r
yeckas (pusnka pasHo- Tponun M BepoATHOCTU. KaHoHm4eckoe pacnpe- | u/enrol/index.ph
BECHbIX CUCTEM peneHve. VpeanbHbin ras. Pacnpepenenue | p?id=29188

Makcsenna v bonbumaHa. bonblwoe KaHoHWYe-
Cckoe pacnpegeneHve. Knaccuyeckaa Teopus
TENNOEeMKOCTU TBEpAbIX Ten

24 | Ctatuctnyeckasa teopuss | PelueHune TMNOBbIX 3a4a4 Ha pacyeT ctatuctmye- | https://edu.vsu.r
naeasnbHbIX CUCTEM CKUX XapaKTepuUCTUK naeanbHoro rasa u/enrol/index.ph

p?id=29188

25 | Cratuctnyeckas gusmka KBaHTOBOEe KaHOHMYecKoe pacnpepeneHue. Pac- | https://edu.vsu.r
KBaHTOBbIX CUCTEM npepeneHne depmun-Ldupaka. TemnepaTypa Bbl- | u/enrol/index.ph

pOXAeHUA. BbIpoXAeHHbI 3MEeKTPOHHbIA ras. | p?id=29188
OnekTpoHHaa TenynoeMkKocTb MeTannos. Pacnpe-

penenve bose-OnHwTenHa. HABneHue 603e-
KoHAeHcaumn. PaBHOBecHOe TennoBoe usnyye-

Hue. ®opmyna NnaHka.

2.6 | HepaBHoBecHas TepMo- | PelueHne TMNOBbIX 3afa4 Ha pacdeT KuHetude- | https://edu.vsu.r
OVHaMuKa. Pusmdeckas CKNX KO3 MUNEHTOB u/enrol/index.ph
KMHeTVKa p?id=29188

13.2. Tembl (pasaenbl) AUCLUNIIUHBI U BUALI 3aHATUN
Buppl 3aHATMI (KONNYECTBO YacoB)

Ne HanmeHoBaHune Tembl TaBopa-

n/n | (pasgena)aMcuunnuHbl | Jekumu MpakTuyeckue TopHble CamocTosTensHasa pabota | Bcero

1 | BBegeHue 2 2

OCHOBHbIE MOHATUSA U

2 | 3aKOHbl TEpMOAVHAMU-

K1 2 2 4 8
3 MeToabl u NpunoXxeHus
TEPMOLMHAMUKN 4 2 10 16
OcHoBHble NpeacTas-

4 | neHna cTaTMCTMYECKOM
HU3NKN 4 2 6 12




Knaccuyeckasa ctatu-
5 | cTnyeckas pusmka

paBHOBECHbIX CUCTEM 8 4 14 26
6 KBaHTOBasA CTaTUCTW-
yeckasn usmnka 10 4 14 28

OCHOBbI KUHETUKMU
7 | HepaBHOBECHbIX Mpo-

LleccoB 4 2 10 16
lMpomexyToyHas 36
aTtrecTauus

Mmoeo: 34 16 58 144

14. MeToaun4yeckue ykasaHusa Ansi oby4arowmxcsa no OCBOEHUIO AUCLUNSIUHDI:

Mpn OCBOEHMM NEKLUMOHHOro MaTepuana obyvalwlmMcs HeobXoAUMO MOoHMMAaTb CBSi3b
Ka)XgoW neKkuun c npeabiaywmu, ee MecTo U pornb B TeKyllel [fnaBe; Ha 3aHATUsAX
peKkoMeHayeTcs 3adaBaTb YTOYHSOLWME BOMPOChbl Mpe- noaasaTenio, AoMallHue 3afaHus
crnenyeT cMcTeMaTUYeCKM BbIMOSHATD.

15. NepevyeHb OCHOBHOM U [ONOJIHUTENIbLHON NUTEpaTypbl, PECYPCOB UHTEPHET, HEOOXO-
OUMbIX ONsi OCBOEHUS1 AUCLMNIINHDI

a) OCHOBHas nuteparypa:

Ne n/n NcTouHmK

AHcenbm, A. V. OCHOBbI CTaTUCTUYECKON PU3MKN U TepMOAMHaMUKK : y4ebHoe nocobue / A.
W. AHcenbm. — 2-e n3g. — CaHkT-lNetepbypr : JlaHb, 2022. — 448 c. — ISBN 978-5- 8114-
1 0756-9. — TeKCT : 9NEeKTPOHHbLIN // JlaHb : 9NEeKTPOHHO-OMBNMOTEYHasa cuctema. —

URL: https://e.lanbook.com/book/210215 (nata obpawyeHus: 28.09.2023). — Pexum po-
cTyna: Ans aBTopus. Nornb3oBaTtenen

Jlanpay, J1. O. Teopetnyeckasa dmauka : yuebHoe nocobue : B 10 Tomax / J1. [1. NaHgay, E. M.
JIndbwuy ; noag pegakumen 1. 1. Nutaesckoro. — 6-e u3g., ctepeot. — Mockea :
PUBMATIINT, 2021 — Tom 5 : Ctatuctmnyeckas omamka. B 24. 4. 1 — 2021. — 620 ¢c. —
ISBN 978-5-9221-1510-0. — TeKCT : aNeKTPOHHbIN // JlaHb : 311eKTpOHHO-6MbnnoTevHas
cuctema. — URL: https://e.lanbook.com/book/185665 (nata obpalueHus: 28.09.2023). —
Pexum goctyna: ansa asTopus. norb3osaTenen.

©) pononHuTenbHasa nuTepatypa:

Ne n/n NcTouHnK
TepmoguHaMmKa n Knaccmyeckasa cratucTnyeckas gumsmka : yuebHoe nocodue ans sysos/ A.H.

1 An- manues, U.B. Konbitnh, C.1N. Mapmo, T.A. YypakoBa .— BopoHex : U3patenbckuin gom BIY. —
2015.—71c.

2 KBaHTOBasi U HepaBHoBecHas ctatucTtuka / A.H. Anmanmnes, .B. KonbiTnH, C.W. Mapmo, T.A.
YypakoBa .— BopoHex : UMLU BI'Y.— 2010 .— 47 c.

3 Jlekummn no TepmMoamMHaMumke, CTaTucTMYeckon unsnke n msn4eckon KMHeTHKe : ydebHoe nocobue.

Y. 1. TepmoanHamuka n Krnaccmyeckasa cratuctudeckas dumsuka / A. H. Anmanues, C. N. Mapmo,
T.C. CapaHueBa .— BopoHex : N3patensckuin gom BI'Y, 2019 .— 104 c.

4 Ilekuyn no TepMoanHaMumKe, CTaTUCTUYECKON M3NKe U (DM3NYECKON KUHETUKE : yuebHoe nocobue.
Y. 2. KBaHTOBas CTaTMCTUKa, (PriyKTyaummn, OCHOBbI TEOpUK HepaBHOBECHLIX npoueccos / A. H.
Anmanues, C. . Mapmo, T. C. CapaHueBsa .— BopoHex : MsgaTtenbckui gom BI'Y, 2020 .— 107 c.

B) MH(OPMALIMOHHbIE 3MIEKTPOHHO-06pa3oBaTerbHble pecypchl (0duumanbHble pecypcbl MHTEPHET)™:
Ne n/n Pecypc
3 https://lib.vsu.ru/

16. lMepeyvyeHb y4ebHO-MeTOANYECKOrO obGecneyeHns AN CaMoOCTOATeNIbHON paboTbl
1. OpraHusauusa caMocTosTeNnbHON paboThl CTYAEHTOB | METOANYECKUE pekoMeHaaunn ans
npenogasartenen By3os / KO.A. lToH4apoBa ; BopoHex. roc. yH-T .— BopoHex : UIML, BIY, 2007 .— 28 c.,
Tabn. — bubnuorp.: c. 26-28 .— <URL:http://www.lib.vsu.ru/elib/texts/method/vsu/m07-202.pdf>.



http://www.lib.vsu.ru/elib/texts/method/vsu/m07-202.pdf

17. Obpa3soBaTenbHbleé TEXHOJNIONMU, UCMONb3yeMble NpU peanusauuum y4eOHOW AucCUM-
NNUHbI, BKNOYass AUCTaHUMOHHbIe obpasoBaTenbHble TexHonoruu (OOT, anekTpoHHoe
obyueHue (30), cmewaHHoOe oGy4eHue):

Auncumnnuna peanusyetcs ¢ npumeHeHne JOT https://edu.vsu.ru/course/view.php?id=29188

18. MaTepuanbHO-TeXHU4YecKoe obecnevyeHne AUCLUUNIIUHbBI:

YyebHas ayamTopus Ans NpOBEAEHUS 3aHATUI NEKLUMOHHOrO TUNna, NPakTMYeCcKoro TMna, TEKYLLLEro KOHTPOns 1
NPOMEXYTOYHOW aTTecTaumnm

CneunanuampoaHHas mebernb

KomnbtoTepHbIn Knacc, ayamtopus Ans rpynnoBbiX U MHAMBMAYaNbHbIX KOHCYMNbTauWi, NoMeLleHne ans
camMocTosiTeNbHON paboTbl

CneumnanunsuposaHHas Mebernb, KOMMbIOTEPbI C BO3MOXHOCTLIO NMOAKIIOYEHUS K ceTh « IHTepHEeT» 1 obecnedyeHrem
[I0CTyNa B 3NEKTPOHHYI0 MHAOPMALIMOHHO-06pa3oBaTenbHYI0 cpeay yH1uBepcuTeTa

Microsoft Windows 10, LibreOffice, Adobe Reader

19. OueHou4Hble cpeacTBa ANA NpoBeAeHUSA TeKyLlerM U NPOMeXyTOYHOWN aTTecTauum

MopsAaoK OUEHKM OCBOEHUA obydyalwumnca yvyebHoro matepuana onpeaensercs co-

epxaHuem cnenywoumx pasgenos ANCUUNINHDbIL

No HaumeHoBaHue paspe- KoMne- Nuankatop(bl)
nn | haancumMnnnHbl (mopy- TeHUnA(M) OOCTUXEHMSA OueHouHble cpeacTea
ns) KoMneTeHumn
y Paspenbl 1.1 -1.7, OMK-1 OlnK-1.2, OnK- KOHTporbHasa paboTa 1,
"1 21-26 1.5, OMNK-1.7 KOHTposibHan paboTa 2.
TecTMpoBaHue No 3aaHnsam C
OTKPbITbIM U 3aKPbITbIM OTBETOM MO
n.21 ®0C

lMpomexyToyHas aTTecTaums
dopMa KOHTPOSS - 3a4ET C OLLEHKOM

Cnuncok BONpOCOB K 3a4eTy

20. TunoBble OLEHOYHbIe CpeacTBa U MeToauYeckme maTepuansi, onpegensiowme npo-
uenypbl oLleHMBaHUSA

20.1. TeKywWMI KOHTPOSb yCreBaeMocTun

KOHTpOJ'Ib ycneBaemMoCTu Nno ancuunimnHe ocyLecTBnaeTcAa C NOMOLLbIO creayroLnXx OLLeHOYHbIX

CPeACTB: KOHTposbHasa paboTa 1, KoHTponbHas pa6oTa 2.

Mpumep BapnaHTa KOHTPONbHOM PaboThI 1.

1.

HanTn BenuunHy cTaTMCTMYECKOro Beca Ans U30upoBaHHOW cucteMbl N HEB3aMMOOencTBYyIO-
LLMX JIMHEVHBIX FaPMOHUYECKNX OCLMINIATOPOB, NOMELLEHHbIX B OQHOPOAHOE SNEKTPUYECKOe No-

fle HanpsAXeHHOCTU € (4acToTa ocuunnsaTopa o, 3apsag e, macca m).

HanTn BHYTPEHHIO 3HEPrn0 U ypaBHEHME COCTOSHUA ONA UAeanbHOro M30TEPMUYECKOro rasa
n3 N monekyn B o6beme V, MONeKynbl KOTOPOro MMEIOT 3HEPruto, NPOMNOPLMOHANBHY MOAYI0
nmnyneca: Hi = c|pj|.

MpeanbHbI 0gHOATOMHbIN ra3, coctoawmn n3 N yacTtuu, maccom m, 3akroyeH B 6€CKOHEYHO Bbl-
COKMWI UUNUHAP M NOMELLEH B O4HOPOAHOE rpaBuTauuoHHoe none. Cuctema HaxoamuTca B COCTO-
AHUN TEPMOAUHAMMYECKOro paBHoBecusi Npu temnepatype T. Bbluncnutb cBOGOAHYO 3HEPTUIO
cucTtemMbl F 1 TeNNoemMKocTb Cy.

MmeeTca npgeanbHbin ras, coctosawmn n3 N ogHoOaTOMHbIX MOMEKYI, HAaXoOALMXCA Npy Temnepa-
Type T. Bbluncnutb HanBepoaTHeKnLee 3Ha4eHne NosIHON SHEPTM CUCTEMbI.

Mpumep BapnaHTa KOHTPONbHOM PaboThI 2.



HainTn naBneHne anekTpoHHOro rasa npu ycrnosum KT<<[L.

[na ynbTpapensTMBUCTCKOro 9MeKTPOHHOMO ra3a HauauTe CBA3b MeXAy AaBfieHNneM U NOAHOM

3Hepruen npu temnepatype T =0 K.

3. Hanpute uncno oToHOB PaBHOBECHOIO U3NyYEHUS B €AMHULLE 06BbEeMa C ASIMHON BOSHbI B UH-
TepBane A , A+ dA.

4. HawnTtun oTHoweHne Yucna vactuy, 6o3e-rasa Ny, Haxogsawmxca B 603e-KoHaeHcaTe, K NOIHOMY

uncny yactuy, N npu temnepatype T< To (To - Temnepatypa 603e-KoHAeHcauun).

N —

OnucaHne TexHoNornM NpoBeAeHNst
Ha pelueHune 3agaHnii KOHTPONbHbIN paboThbl BbiAENsAeTca 2 akageMnyieckmx yaca. MNpuv peweHun 3agay
CTYOEHT MOXET Nofb30BaTbCA 3apaHee NoAroToBNEeHHbIMU METOANYECKUMIN MaTepranamu.
TpeboBaHUA K BbINOSIHEHNIO 3a4aHNN (MW LKabl U KPUTEPUUN OLEEHMBAHNSA)

OueHKa «OTNUYHON: [100pobHbIe U Be3ouwuboYHbIe pelueHUs 8cex 3aday, OoryCKalmcsl He3HaqYumerbHbIe 8bl-
YucumersibHble HemoYHOCMU.

OueHKa «xopoLlo»: [TodpobHbie pelueHus 8cex 3aday, 8bI60p MpasubHO20 x00a peuwleHuUs O1s 8cex 3adady.
Llonyckaromces 8blqUCIUMETIbHBIE HEMOYHOCMU, @ MaKXe HErnosIHOe 8bINoIHEHUE 0mOesibHbIX 3adaHudl.

OueHKa «yaoBNeTBOPUTENbLHOY: peweHue omoesbHbix 3adad, O0MyCcKamcsi He3HayumesibHble HemoYHo-
cmu 8 ebibope memoda u xoda peuweHus 3ada4u.

OueHKa «<HeyA0BNEeTBOPUTENbHO»: omcymcmeue rpasusibHO peueHHbIX 3adad, UCrob308aHUe OWUGOYHbIX
Memodo8 u rpuemos Oris1 peleHUs nocmassieHHbIX 3aday.

20.2. NpomexyToyHas aTrecTaums

MpomexyToyHasa aTtTecTauus No AUCLMIIIMHE OCYLLECTBNSETCS C MOMOLLbIO CreAyLWmMX oLe-
HOYHbIX CPeACTB:
Cnmncok BONpoCcoB Afs NPOBeIeHNs 3K3aMeHa
(HauMeHo8aHue OUeHOYHO20 cpedcmea NPoMeXymoyHol ammecmauuu)

1. MNocTynatbl TepMoaMHaAMUKN (TEPMOANHAMUNYECKME CUCTEMbI, COCTOAHNE TEPMOANHAMUNYECKOrO paB-
HoBecus, NOCTynaT agAuTUBHOCTKM, TeMnepaTtypa, 3 Hayana TepMogMHaAMUKN).

2. MeTop TepMOANHAMUYECKUX NOTEHLMNANOB (BHYTPEHHAS SHEprus, cCBO6oAHAs 3HEPrns) aHTanbnNus,
3Heprus Nmbbca Kak TepMoanHaMUYECKne NoTeHumnansbl).

3. Ycnosusi paBHOBECUS U YCTONYMBOCTU CUCTEM (M30NMPOBAHHAA CUCTEMA, CUCTEMA C NMOCTOSIHHbIM
o6beMoM B TepMmocTaTe, cuctema npu NOCTOAHHOM AiaBfieHMu B

TepmMmocTaTe).

4. MukpokaHOoHu4Yeckoe pacnpeneneHue (reoMeTpu4ecKnin CMbICiT HOPMUPOBOYHOIO MHOXMUTENS, BbIBOS,
OCHOBHOMO TEPMOANHAMNYECKOrO TOXAECTBA N3 MUKPOKAHOHMYECKOro pacnpeaeneHuns, pacyeT Tepmo-
AVHAMUYECKUNX BESIMYMH, nAaeanbHbI U30IMPOBaHHbIN ras).

5. KaHoHun4yeckoe pacnpegeneHne N'mb6ca (BbIBOA, KAHOHUYECKOrO pacnpeneneHuns

N3 MMKPOKAHOHNYECKOr0) CBOMCTBA NapamMeTpoB KAHOHNYECKOrO pacnpeaeneHns, pacyeT TepMoguHa-
MMWUYECKUX BESNTUYUH).

6. DyHKUNSA pacnpeaeneHusa ang aHeprum (pacnpeaeneHme no 3Heprum B U3oNnMpoBaHHOM 1 M30TEPMU-
4YecKOoun cMcTeMax, CBA3b KAHOHNYECKOro U MUKPOKa@HOHNYECKOro

pacnpeneneHun).

7. QHTpONUA 1 e€ CBA3b C BEPOATHOCTLIO COCTOAHMA. CTaTUCTUYECKMIA CMbICI BTOPOro Havarna TepMo-
ANHAMUKK (TepMOAUHaMUYecKas BEpOSATHOCTb, NpuHUmMN bonbumaHa).

8. ipeanbHbin n3oTepmuyeckui ras. NMapapgokc M'b6bca.

9. PeanbHbin ra3. YpaBHeHve BaH-aep-Baanbca (BMpuanbHoe pasnoxeHue, SHeprusa B3aMMoaencTBums
MOJIEKYS, CMbICN MNONpaBoK B ypaBHeHUn BaH-gep-Baanbca).

10. Teopema o0 paBHOpacnpeaeneHnm KUHETUYECKOM SHEPTMK NO CTeNEHAM cBoboapbl. Teopema o BUpK-
ane (npumMmepbl NPUMEHEHNS: OQHOATOMHbIV U ABYXaTOMHbIN UAaeanbHbI ra3, CUcTeMa rapMOHUYECKUX
OCLMNNATOPOB).
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11. Knaccunuyeckasn Teopusi TENIOEMKOCTY TBEPAbIX TeN (NpubnuxeHne manbix konebaHui, 3aKoH
LtonoHra—T1Tn, oTKNoOHeHe pacyeTHOM TemMnepaTypHON 3aBUCUMOCTU TENNOEMKOCTHU

OT 3KCNEepUMeEHTarnbHON).

12. OgHoyacTuyHble pacrnpenenenuns (pacnpeneneHne Makcsesnna no NPoekumsm n

abCconTHLIM 3HAYEHNSIM CKOPOCTK, pacnpeaenenne bonbumana).

13. TepmognHamMuka CUCTEM C NEPEMEHHBIM YMCNIOM HacTUL, (XMMUYECKUIA NOTEHL AN, CBA3b C NOTEH-
umnanom 'm66ca, Npom3BOAHbBIE XMMIMOTEHLMAnNa no AasneHuio 1 TeMnepatype, 6onbLuon TepMoauHa-
MUYECKWU noTeHuman).

14. CtaTncTMyeckoe onncaHne CUCTEM C NepeMEHHbIM YMCITOM YacTuy, (bonblLioe KaHOHUYeCKoe pac-
npeneneHvne, pacyeT MakpornapameTpoB U CPeAHEero 3Ha4eHns Yynucna

YyacTuu, naeanbHbl ra3 ¢ nepeMeHHbIM YACIOM YacTuL).

15. ®az3oBoe paBHoBecue. Da3oBble Nepexonbl NepBoro poaa (ycnosme paBHOBECHUS

¢ra3 B OAHOKOMIMOHEHTHOM AByxda3Hon cucteme, gudpdepeHumnanbHoe ypaBHeHne

KpuBoW ha30Boro paBHosecuss — ypaBHeHue KnanenpoHa—Knayasuyca, pasHoBecue

Tpex has, TponHasa To4Ka).

16. ®azoBble nepexoabl BTOPOro poAa (CKavyku TensI0eEMKOCTU) CKMMAEMOCTU U

KO3 puumeHTa TENMOBOro paclUMpeHns) CBA3b MeXAy HUMn) anddepeHumansHoe

ypaBHEHME KpnBOM ha30BOro nepexona - ypaBHeHne IpeHdecTa).

17. KBaHTOBblE KAHOHN4YEeCKOe 1 6onbLIOe KaHOHNYECKOE pacnpeaeneHust (BepoITHOCTb HAXOXAEHUS
CUCTEMbI B CTALMOHAPHOM COCTOSAHWUM 1 B COCTOSAHUMN C JA@HHOM

3Hepruemn, CMbICi napaMmeTpoB KBAHTOBOrO KAHOHUYECKOro pacnpeaeneHus, pacyet
TEpPMOANHAMUNYECKNX XapaKTEPUCTUK CUCTEMbI).

18. MNepexoa K HenpepbIBHOMY CNEKTPY IHEPrnii Npu CTaTUCTUYECKOM OMUCaHMK

KBaHTOBbIX CUCTEM ((pa30BbI 06BEM, MPUXOAALLMACA Ha OAHO KBAHTOBOE COCTOSIHNE,

pacyeT 9HepreTM4ecKom NIOTHOCTU COCTOAHWUN).

19. KBaHTOBbIN OCUMNIATOP (PacyeT CpefHen 3Heprum ocumMnnsaTopa, o6nacTi BbICOKON U HU3KON TEM-
nepatypbl, Teopua SMHLWITENHA TEMNOEMKOCTM TBEPAbIX TeN).

20. KeaHToBas Teopus Tennoemkoctn [ebas (pacnpeaeneHme ocunnnisaTopoB no

yacTtotam B mogenu [leban, pacyeT cpefHen aHeprusa Kpuctanna, noBeeHne TEMI0EMKOCTH Npu BbICO-
KMX U HU3KNX TemnepaTypax).

21. KBaHTOBblE pacnpeaeneHns ansa naeasnbHblX ra3oB (TOXAECTBEHHOCTb YacTul,

0QHOYaCTU4HOE OnucaHne naearnbHbIX CUCTEM, YUCNA 3anoSIHEHMS).

22. PacnpepeneHus bosze—3nHwrenHa n ®epmn—[upaka (CpegHvue 3Ha4eHusa Ymcen 3anofiHeHns B
cnctemax 6030HOB 1 PEPMMNOHOB, pacyeT CPeaHEN SHEPTUN, YCITOBUE HOPMUPOBKK).

23. TemnepaTtypa BbIPpOXOEHUA U NEPEXO, K KNacCu4eckKom cTaTUCTUKe (ycrnosue

nepexoa KBaHTOBbIX pacrnpegeneHni B KNnaccu4yeckoe, ero uHTeprnpeTauns, oueHka

TemnepaTypbl BbIpOXAEHUA A8 BO3A4yXa NPU HOPMarnbHbIX YCIIOBUAX U 3N1IEKTPOHHOIO ra3a B MeTasnse).
24. YpaBHeHMe COCTOAHNSA KBAHTOBbIX MAeasbHbIX ra30B (pacyeT 60MbLLIOro TEpMOAUHAMNYECKOrOo No-
TeHumMana v BbIBOA YpaBHEHUA COCTOAHUSA).

25. CnbHOBbLIPOXAEHHbIN 603e-ra3. bo3e-anHWTEeNHOBCKan KoHAeHcaums (noBegeHne xumnoTeHunana
NpY NOHUXEHUN TeMNepaTypbl, ABNeHne 603e-KoHAeHcauuw,

TemnepaTypHas 3aBUCMMOCTb SHEPTUM 1 A@BIEHMA B yCNOBUsX 603e-KoHaeH CaLmMN).

26. ONeKTPOHHbIN ra3 B MeTansne npu Hyneson TemnepaTtype (3Heprus depmu, CpeaHsan aHeprust n fas-
neHne B MOSTHOCTBIO BbIPOXAEHHOM 35IEKTPOHHOM ra3e, pacnpegeneHne ®epmu-Lupaka npn Hyneson
TemnepaTtype).

27. OCHOBbI TEOPUN HEPABHOBECHbIX MPOLLECCOB ((PEHOMEHOSOMMYECKMIA 1 MMKPOCKOMMUYECKUI NOAXO-
Abl). KuHetnyeckoe ypaBHeHne bonbumaHa (ypaBHEHNE Ha OOHOYACTUYHYIO (PYHKLMIO pacnpegeneHus
B pa3peXeHHOM ra3se npu yyeTe napHbIX CTONIKHOBEHUN).

28. KnHeTtnueckoe ypaBHeHME B penakcalMoHHOM NpUOnXeHumn (3ameHa HeNMMHENHOTO CTONKHOBU-
TENbHOro YNeHa Ha NMMHENHbIN penakCauOHHbIR).

29. NpuMeHeHNe KNHETUYECKOTrO ypaBHEHMA BonbuMaHa B penakcaunoHHOM NPUGITMXKEHUN K ONUCAHWUIO
3NEKTPONPOBOAHOCTMN INIEKTPOHHOrO rasa (pacyeTt KoaduumeHTa 3NeKTPONPOBOAHOCTH, 3aKOH Bupae-
MaHa — ®PpaHua).

Cnucok 3agay ans ak3amMeHa.




1.HainTtn ga3oBbi 06beM, OrpaHUYEHHBIN TMNEPNOBEPXHOCTLIO 3Heprun H(g,p) = E, 1 NNOTHOCTb CO-
CTOSIHUI (CTaTUCTUYECKMI BEC) ANnA aamabaTnyeckn n3onmpoBaHHOro naeanbHoro rasa us N ogHoaTom-
HbIX MOEKYN C 3Hepruen E B obbeme V.

2. Ana N HeB3anmMo[encTBYOLLMX JIMHENHBIX FaPMOHUYECKNX OCLMITIATOPOB C 3Hepruen E cnpaseanueo
MUKPOKaHOHUYECKOoe pacnpeaenenme. BeruncnuTe ans aton cuctemsl pa3oBbi 06beM [, SHTponuio S
Temnepatypy T.

3.Hantn ypaBHeHWe COCTOSAHMA U TEMNOEMKOCTb 1A KIaCCUYECKOoro yrnbTpapensaTUBMCTCKOro rasa c
3aKOHOM Jucnepcum € = cp, rae ¢ - CKOpocTb cBeTa. [[a3 HaxoauTcs Nnpu NOCTOAHHOM TemnepaTtype T.

4. [1na n3oTepMmMYeCcKoro 0 AHOATOMHOro naeanbHoro rasda na N Monekyn, 3aknio4yeHHoro B obveme V,
BbIYNCNUTb BHYTPEHHIOK 3HEPIUt0, TennoemMkocTb Cy 1 NonyYnTb YpaBHEHNE COCTOSHUA.

5. Hantn cpegHee 3Ha4yeHne obpaTHON BENUYMHBLI CKOPOCTM MOMEKYNbI B ra3e. a3 noaaepXxmnBaeTcs
npy NOCTOAHHOW TemnepaType T. Macca ogHon Monekysbl m.

6. Hantu ueHTp TaxecTn 6eckoHeyHoro ctonba naeansHOro raza B O4HOPOAHOM MOJie TAXECTU, eCnu
ycKopeHue cBob6oHOro NnafgeHnst g, macca Mosiekysnbl m. Temnepartypa T.

7. B knaccmyeckom ynbTpapenaTMBUCTCKOM naeanbHOM ra3e HauTn cpefiHue n HamBepoATHeNLW e 3Ha-
4YeHunss UMMysnbca M 3Heprun Yactuubl. Temnepatypa rasa T. B ynbmpapensimusucmcKkom duarna3oHe
3Hepausi cesizaHa ¢ UMIYIbCOM (3aKoH ducriepcuu) COOMHOWEHUEeM & = cp.

8. Vicxops w3 pacnpepenenns Makcsenna-bonbumaHa, HanTy BHYTPEHHIOW 3HEPTUI0 U TEMOEMKOCTb
B pacyeTe Ha ogHy Mornekyny 6eckoHevHoro ctonba naeanbHOro rasa, HaxoasaLwWwerocs B rpaBUTaLMOH -
HoMm none. TemnepaTtypy rasa T cuntaTb U3BecTHon. Macca monekyn m, yckopeHne cBo604HOro nage-
HUA g.

9. CncTema MeeT HEBLIPOXAEHHbIN cnekTp En=ne (N =10,1,2,.....p-1).

OnpepnenuTb CPeaHIo 3HEPrn TaKon CUCTEMbI M UCCeaoBaTh e€é noBeaeHne B 3aBUCMMOCTU OT TEM-
neparypsil.

10. Haintn cBo60AaHY0 3HEPIUIO U SHTPOMNUIO Afst N30TEPMUYECKON cucTeMbl N3 N He3aBUCUMbIX JIMHEN-
HbIX KBQHTOBbIX OCLMIAATOPOB. YacToTa ocumnnaTtopos — w, Temnepatypa — T.

11. [nA cny4vaa HU3KUX TemrnepaTyp BblYUCUTL CYMMY COCTOSIHUMN, CPELHIOK SHEPIUIO U TEMNNIOEMKOCTb
Ans cuctembl N KBaHTOBbIX NNOCKMX poTaTopoB. Onepatop MamunbToHa Ans NI0CKOro potatopa ¢ Mo-
MEHTOM uHepumum |.

12. Cuctema coctouT n3 N HEMOABUXHbIX YACTUL, C BHYTPEHHUMU CTENEHSAMU CBOOOAbLI. QHEpPrus Kax-
A0W YacTuLUbl MOXET NPUHUMATL TOMbKO [iBa 3HAYEHUSA: €, U £1. KpaTHOCTM BbIPOXAEHUA aHEpreTnye-
CKMX ypoBHeW paBHbl 1 (crnekmp He 8bipoxdeH). TemnepaTtypa cuctembl T. HaT BHYTPEHHIO SHEPruto
N TENNI0EMKOCTb CUCTeMBI. lccnenoBaTb NoBeAeHVEe TEMNMOEMKOCTM Kak PyHKLMIO TemMrepaTypsbl.

13. Inqa cny4yas HU3KNX TeMnepaTyp BblYUCIIUTL CTAaTUCTUHECKYHO CYMMY, BHYTPEHHIOI 3HEPruto u Ten-
NOEMKOCTb Af151 CUCTEMbI YacTuL, B 6ECKOHEYHO rnyboKon NoTeHunanbHoM ame WnpuHon a. Macca ya-
CTULbI M.

14. HanTu rpaHnyHyIO 1 CPEAHIO 3HEePrun naeanbHOro Af1IeKTPOHHOro rasa B MeTarnse npu temnepary-
pe T = 0 K. O6bem cuctemsol V.

15. [Ins ynbTpapensaTMBMUCTCKOro 3N1EKTPOHHOr o ra3a B MeTasnse

HaMaMTE NOSTHYIO N CPEOHIOK SHEPrUi0 OAHOM YacTuubl Nnpy Temnepatype T= 0 K.

16. Onpepenutb foM0 CBOOOAHbBIX 3NEKTPOHOB B MeTarnre npu temnepaTtype T = 0 K, kuHeTuyeckas
SHeprusa KOTopbiX 6OMbLLE NONOBMHBI MaKCUMaNbHOW.

17. OnpepnenunTb YNCNO COCTOAHUN g(g)dg, rPaHNYHbIN UMMYNLC Po N 3Hepruo epmu Lo Npu

abcontoT- HOM Hyne TemnepaTypbl Af1S YNbTPapensiTUBUCTCKOrO 3N1eKTPOHHOro rasa us N yactuy B
ob6beme V. DHeprvsa YacTuubl CBsiI3aHa C MMMNYSIbCOM P COOTHOLLEHUEM & = Cp, FAe C — CKOpPOCTb CBeTa.
18. HanTtun oTHOWEHME Yncna Yactuy 6o3e-rasa N, Haxoaswmxcs B 603e-KoHAeHcaTe, K NONTHOMY YMCHy
yacTtuy N npu temnepatype T < T, (T, — TeMnepaTtypa 603e-KoHAeHcauun).

19. [1nqa BblpoxaeHHoro 603e-rasa, Haxogsilerocs npu temnepartype T < T, (T. — TemnepaTtypa 603e-
KOHAEHCAaLMK), BbIMUCNTb TEMMNEPATYPHbIE 3aBUCMMOCTU 6ONbLLIOrO TEPMOAMHAMUYECKOrO NOTEHLMana
Q, aHeprun E, pasneHus P, TennoemkocTn Cy 1 3HTponuu S.

20. PaccuuTaTb CTauuoHapHyo yHKUMIO pacnpegenenus f ons anekTpoHoB NPOBOAMMOCTU BO BHELL-
HEeM OHOPOLHOM 3eKTpUYecKuUM nosiemM E. KOHUEeHTpau Mo 3NeKTPOHOB cYMTaTb MOCTOAHHOMN, a
paBHO- BECHOe pacnpepaerneHue f, — MakCBEeNnoBCKUM.
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OnucaHve TexHonornm NpoBeaeHns
OK3aMeH rnpoxoauT B YCTHou chopme. CTyaeHTy npeanaraeTtca 2 BONpOCOB U3 NOSIHOMO CAMCKa BOMpo-
COB, Ha KOTOPble OH AOMXEH AaTb pa3BEPHYTbIN OTBET B TEYEHME OAHOro akageMmn4eckoro yaca. B cny-
Yyae, ecnun CTYAEHT MMEET OLEHKY «HEYAOBIETBOPUTENBHO» MO OQHOW U3 KOHTPOJSbHBIX PaboT TekyLen
aTTecTauummn, eMy Takxe npegnaraetca ogHa U3 3agayun U3 COOTBETCTBYHOLLEN KOHTPOSIbHOWN paboThl.

TpeboBaHUS K BbINOMHEHWIO 3aaHWUI, LLIKAMbl U KPUTEPUN OLIEHNBAHUS

«OTnuyHox: 1odpobHbie u 6e3owuboyHbIe omeemsl Ha OCHO8HbIE U OOMOIHUMEIbHbIEe 80rPOChI, MOJI-
Hoe roHumaHue u ceobodHoe sriadeHue MamepuasioM, yMeHuUe pewams rnpakmudyeckue 3adadu
«Xopowo»: [ToOpobHbie omeembi Ha MOCMaesieHHbIE 80MPOChI C MESIKUMU owubkamu, He3Ha4yumersib-
Hble npobesibl 8 3HaHUU Mamepuara, yMeHue pewams rnpakmu4yeckue 3adadqu
«YpoBneTtBoputenbHoO»: HeydosrnemeopumersibHblie omeemsl Ha 0OUH U3 OCHOBHbIX goripocos KMMa u
Hekomopble 00MosIHUMEbHbIE 80MPOChl, HEMOIHOE 3HaHUE UU NMOHUMaHuUe Mamepuarna, HU3Kue
HaebIKU peweHus npakmu4yeckux 3aday

«HeypoBneTBOpUTENbLHOY: 1/10X0€ 3HaHUe Mamepuarna, HeydoernemeopumersibHble 0Mmeembl Ha 80-
npockl KMMa u 6onbwuHcmeo 0onosiHuUmersHbIX 80MpPOCO8, OMCYmMcmeue HadblKo8 peuweHuUs rnpakmu-
yeckux 3aday

TecTbl

1. Kakne u3 TepMoaMHaMUYecKnx BeNUYMH (obbem, Temnepartypa, XMMUYECKUA MoTeHuuan,

JaBrneHune, 3HTpOI'II/IFI) SABNSAKOTCHA UHTEHCUBHBLIMU?

Omeem: a) Temnepatypa u gaerneHue, 6) ob6bem 1 gaBneHue, B) 3HTPONUsS 1 Temnepatypa.

2. LJemy paBHa noriHaAa aHeprunA Kriaccuyeckom cuctemol N HeB3aI/IMOD,eIZCTByI-OLLI,VIX NMHENHbIX

rapMOHMYECKNX OCLMMNATOPOB, HAaXOASLNXCS Npy Temnepatype 77?2
Omeem: a) E= 3/2NkT, 6) E= 1/2NkT, B) E= NkT.

3. B kakux npegenax M3MeHAEeTCA cpegHee 4Yucno 4actuy € nonyuenbiM CNMHOM B OOHOM

KBQHTOBOM COCTOSIHUW C 3aaHHON aHeprmen?
Omeem: a) [0,1], 6) [1,0), B) [0,0).

4. KakMmMun OCHOBHbIMW CBOWMCTBaMu 0b6riagaeT XMMWYECKU NoTeHuuan g KBaHTOBOW CUCTEMbI

YyacTuy C uenbiM CMHOM?
Omeem: a) u>0,0u/0T7T<0;06) u>0,0u/0T >0;B) u<0,0u/0T <O0.

5. Kak 3aBucut ot Temneparypbl 3Heprua £, usnydyaemas B paBHOBECHbIX YCIOBUAX abcontoTHO

YépHbIM Ternom? (3akoH CtedaHa-bonbumaHa).
Omeem: a) E~ T2,6) E~T3,B) E~T*.

6. Kak 3aBucCUT OT uyumcna Yactuy, cuctembl N OTHOCUTESNbHast cbnyKTyau,mn 3Heprum oF B

Knaccu4eckon n3oTepMmnyeckomn cucteme?
Omeem: a) VN, 6) 1/V N, B) N2 .

7. Kakumu OCHOBHbIMW CBOMCTBaMM obnagaeT XMMUYECKUI MoTeHuunan U KBAHTOBOW CUCTEMBI

yacTuL, ¢ uenbiM CnnHomMm?

Omeem: ;< 0; 6_,u<0_
or

8. Kak, 3Has dyHKuM [amMunNbTOHa UW3ONMPOBAHHOWM CUCTEMbl H(gpa), BblYUCIUTL ee

SHTPONUIO?
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9. Banuwwute obWKUIN BUA MUKPOKAHOHMYeCKoro pacnpegeneHus 'mbbca.
10. 3anuwnTe BbIpaxeHue NS HTerpana CoCTOAHUSA KIlacCUYeCKON U30TEPMUYECKON CUCTEMBI.
11.C TOYHOCTbIO A0 KOHCTaHTLI 3anuwmTe pacnpegeneHme Makcsenna no Mogysnto CKOPOCTMU.
12. 3anvwuTte B 06WwemM Buae BblpaxeHue ans 60nbWoro TepMoguHaMmnyeckoro noteHumana Q
N30TEPMMUYECKON CUCTEMbI C MEPEMEHHBIM YMUCIIOM YacTuLL.
13. 3anuwmnte ansa obuiero crnyvyas HOpMUPOBaHHOE pacnpeeneHne bonbumana.
14. 3anuwmnTte ypaBHeHne KnanenpoHa — Knaysuyca.
15. 3anuwute pacnpegeneHve bose — AnHwWTenHa. Kakve 3Ha4YeHUs MOXeT NpUHUMaTh cpeaHee

YUCJ10 YaCTUL B HEKOTOPOM 3SHEepreTtn4eckKkom COCTOSIHUKN?

3apaun
1. Ccbopmynupyiite nepBoe Ha4vano TepMOANHaAMUKMN.

Omeem: 6Q =dE+0W . E — BHyTpeHHAs 3Heprus cuctembl, Q — KONU4ecTBO Tenna,

coobuieHHoe cucteme, W — paboTta cuctemsil.

2. CdhopmynupyiTe TpeTbe Hayano TepmMmogMHaMuKu.
Omeem: T[lpn cTpemMneHun TemnepaTtypbl K HYMO 3HTPONUA CUCTEMbI CTPEMUTCH K
NOCTOSAHHOMY Mpeaeny, He 3aBUCALLLEMY OT ee HavyarnbHOro COCTOSIHUS.

3. Kakomn CMbICI1 nmeet noripaska a B ypaBHeHUn BaH-pgep-Baanbca
(p+a/V2)(V- b)=NkT?
Omeem: NonpaBka a obycrnoBrieHa B3aMMO4ENCTBMEM MOSEKyS rasa.

4. Cdopmynupynte Teopemy 0 paBHOMEPHOM pacnpeaeneHnn cpegHen KNHETUYECKON SHeprum
no cTeneHam csoboabl 1 TeEOpeEMy O Bupuane.
Omeem: Ha kaxayto cTeneHb cBoboabl B CPEeAHEM NPUXOAUTCH KMHETUYecKasa aHeprua k7/2.
Ha kaxgbin Bupran npuxoauTcs B cpeaHem aHeprusa k7/2.

5. Wcnonb3ys Teopuio [ebasa, 3anuwmte TemnepaTypHyl  3aBUCMMOCTb  KBaHTOBOM
TENSI0EMKOCTM TBEPAOro Tena npu HU3KUX Temnepartypax.
Omeem: Cv~ T3.

6. Kakue BennuyuHbl TEPNAT paspbiB NpU paBHOBECHOM (ha30BOM nepexoae BTOporo poga?
Omeem: Cka4ykoobpasHO M3MeHsIloTCa Npu hasoBbiX Nepexogax BTOPOro poga TennoemMKocTb

Cp, CKUMaEMOCTb fr, TemnepaTypHbln KO3(MPUUNEHT pacwumpeHus ar. MOXHO Kopoye —

BTOPbI€ NPOM3BOAHbLIE XMMUYECKOrO NOTeHUnana.

7. Yem onpepnensietcsi uameHeHne cBOOOAHOM SHEPTUN B U30TEPMUYECKMX NpoLieccax?
Omeem: pabotoun cuctemol ( SW).

8. Kakue u3 tepmoguHamudecknx BenuuuH (obbem, TemnepaTypa, XUMUYECKUA noTeHuuan,
[AaBreHne, SHTPONKUA) ABNATCA UHTEHCUBHBIMN?

Omeem: TeMneparypa n gasrneHue.
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9. B kakmx npepenax WM3MeEHSETCA cpedHee 4YMCro 4vacTuy C nomnyuenbiM CrMHOM B OOHOM
KBaQHTOBOM COCTOSIHUW C 3aaHHON aHeprnen?
Omeem: N npuHMMmaeT 3HaveHuns B uHTepaane [0,1].

10. N3BecTHa BenunumHa ¢asoBoro obvema I' nsonmMpoBaHHoOM cuctembl. Kak HanTu gaBnenune?

Omeem: 8%\/ :
P=ar
oE
11. 3anuwute ypaBHeHue ['Mb6ca-Ienbmronsua.

Omeem: E:F—T(a—Fj .
ot ),

30ecb E — BHYTPEHHSAA aHeprus cuctembl, F — cBobogHas aHeprug.
12. 3anuwnTte BblpaxeHue gna asoBoro obbema I N30fIMPOBAHHOM CUCTEMbI C 3Heprnen E.
®dyHkuma MamunbToHa cuctemsl H(g,p,a) M3BecTHa.
Omeem: :
I'= I dqdp
{H(a,p.a)<E}
13.3anuwunTte Gonbloe kaHOHMYeckoe pacnpegeneHne mbbca. (MIsoTepmuyeckas cuctema c
nepemMeHHbIM YUCNIOM YacTuu,).
Q+uN—H“qp)’
KT

Omeem: W(q’ P, N ) — %exp

roe Q — 60nbLION TepMOAUHAMUYECKUIA MNOTEeHUMan, u — XMMUYeCKUA NoTeHunan cuctemsl, Hy
— (pyHKUMA [amMuUnbTOHa CUCTEMBI.
14. 3annwnTe KBaHTOBOE KaHOHMYecKoe pacrnpeeneHune. Obo3HavyeHus NoACHUTE.

Omeem: BepoaTHocTb OOHapyXeHuWs CUCTEMbI B  COCTOSSHUM C  3Heprmen E,

W. =g exp(ﬂj, rAe gn — KPaTHOCTb BbIPOXOEHWE COCTOAHMA C aHepruen En F —
E, n

cBoboaHasa aHeprust CUCTeMbI.

15. 3annwimnte 0OCHOBHOE TEpMOANHaMUYECKOe TOXAECTBO.
Omeem: TdS = dE + PdV .



