MUWHUCTEPCTBO HAVKH U BBICIIIETO OBPA3OBAHMS POCCUIICKOI
®EJIEPAITIN

®enepajbHOE roCyIapcTBeHHOE ABTOHOMHOE
o0pa3oBaTe/IbHOE YUpesKIeHHe BbIcIIero 00pa3oBaHus
«HaumonaabHbli HccaenoBaTeabcknili Huxeropoackuii rocy1apcTBeHHbI YHUBEPCHTET
uMm. H.W!. Jlo6aueBckoro»

YTBEPXJIEHO
pemrerneM Yuenoro coera HHI'Y

MPOTOKOJI OT
«31» mag 2023 r. Ne6

PaGouasi nporpaMMa qMCUMILTHHBI

CraTucTuueckas cbmmca U TCPMOJWMHAMHKA
(HaMMeHOBaHHE TVCIUIUINHEI (MOYJIs))

Y poBeHb BBICIIEr0 00pa3oBaHUs
OakanaBpHar

(bakamaBpuaT / MarucTparypa / CrieI[HaInTeT)

HaHpaBHCHI/Ie IIOATIOTOBKH / CIICHUAJIBHOCTDH
03.03.02 ®usuxa

(yKaSLIBaeTCﬂ KOl U HAUMECHOBAHUE HAIIPABJICHUA IOATOTOBKU / CHCL[I/IaJ'IBHOCTI/I)

HarmpaBnennocts 06pa3zoBaTeIbHOM MPOrpaMMBbl

npoduins "Teopernueckas pusuka”
(yxazpiBaeTcs mpoduiib / MarucTepckast mporpamma / CrieIaI3aiis)

KBanuduxkanus (creneHp)
OakajaBp

(bakamaBp / MarucTp / CIICIMAIINCT)

dopma o0ydeHus

O4YHas
(ouHas / 04HO-32049Has / 3a09HAA)

"o Hauana oOyueHus
2022

(mns oOyyaromuxcst Kakoro roja Hayaia o0y4deHus pazpaborana Pabodas mporpamma)

Hwxuuit Horopon



1. MecTo 1 nesu gucuuiuiaiabl B ctpykrype OITOIT

Huciumnaa «Cratuctuyeckas (pU3MKa U TEPMOJAMHAMHKA» OTHOCHUTCS K
6azoBoii yactu b1.b 610ka b1 «lucuunianael (MOIyn)», sIBASETCS 0053aTeIbHON
JUI OCBOEHUS, MPENOJIAETCsl HA YETBEPTOM Ioly 0Oy4eHHUsI, B CEAbMOM CEMECTPE.
OCBOEHUIO JIUCUUIUIMHBI TPEILIECTBYET OCBOCHHME JUCLUMIUIMH (MOAYyJieH)
«TepmoguHamuka W MoJIeKyJsipHas (Qu3uka», «Teopus BeposTHOCTEH U
MaTemMaTuueckas cTaTtucTuka», «Teopermdeckas MexaHuka», «KBaHToBas
MEXaHUKay.

Lensmu  ocBoenust  aucuuminHbl  «Crtatuctuyeckas — Qu3nka U

TEPMOJIMHAMMKAY SIBISIIOTCS:

® OBJAJCHHE METOJAMM HCCIEN0BaHUS (PU3MUYECKUX OOBEKTOB M IMPOILIECCOB B
OKpY’KalollleM MHpE, OCHOBAaHHBIX HA 3aKOHAX M MPUHLHUIAX TEPMOJUHAMUKHU
U CTaTUCTUYECKON PU3UKHU;

® OCBOEHHE CTYACHTaMHU MaTeMaTUYECKOro ammnapara JaHHOM JUCIUIUIMHBL,
3HAHUS 3aKOHOB U MPUHIUIIOB CTATUCTUYECKON (PU3UKHU U TEPMOJUHAMUKHY;

® BbHIpa0OTKAa Yy CTYJIEHTOB MPAKTUYECKUX HABBIKOB OINMCAHMS CIIOKHBIX
IPOLIECCOB U 3aKOHOMEPHOCTEW (PU3MKM Ha S3bIKE AJCKBATHBIX M XOPOILIO
U3BECTHBIX MOJIEIIEH.

2. CTpyKTYypa ¥ coaepkaHue TUCHUILTUHbBI

O0beMm jmuctmmuinHbl - «CTaTucTHYecKass (U3WMKA W TEPMOJIUHAMUKAY
cocTaBisieT S5 3ayeTHbIX eauHul, Bcero 180 wyacoB, M3 KOTOphIX 83 waca
COCTaBJIsIeT KOHTaKkTHas paboTa oOywaromierocs ¢ mpenojaratenem (3 daca —
MEPOIPUATHS IPOMEKYTOUHON aTTecTaluu; 48 4acoB 3aHATUS JIEKIIMOHHOI'O THUIIA,
32 yaca 3aHATHS CEMHUHAPCKOro TUMa (MPAKTUYECKUE 3aHSATHs), B TOM 4YHCIE 2
yaca — MEPONPUATUSI TEKYIIEro KOHTPOJISI yCIEBAEMOCTH), 97 4acoB COCTaBIsET
camocTosaTenbHas pabora oOyuaromerocs (61 wac camocTosiTenbHas pabora B
TEYeHHEe ceMecTpa, 36 YacoB caMOCTOsITeNbHAas paboTa MpU TMOATOTOBKE K
MPOMEKYTOUYHOM aTTECTALINH ).




COI[GD)KaHI/Ie JUCTTMITIIMHBI «CraTtucTuueckas (I)I/I3I/IKa U TCPpMOAMHAMUKAY

HanmeHoBaHUe H KPaTKoe cOAepsKaHue
Pa31esI0B H TeM TUCHUTLIUHBI

Bcero
(uachl)

B TOM YHUCIJIC

KOHTaKTHas padora (padora Bo

B3aMMO/IefiCTBHM C MpenojgaBarTejieM) B

TEYECHHUE ceMeCTpa, 4achl,

N3 HUX

3anaTus
JeKIMOHHOI'0

THIIA

SaHaTusa
CEMHHAPCKOT0
THIIA

3ansaTus
JIa0opaToOpHOro

THIIA

Bcero

CamocTosiTeibHasi padoTa

B TCUYCHHE CEMECTPA, YaAChI

1. BBenenue. ®@a3oBoe NPOCTPAHCTBO.
MuxkpokaHOHHYECKOe pacipeae/ieHue.
®da3oBoe MpPOCTpaHCTBO. Teopema
JInyBuiuist. MUKpOKaHOHHUYECKOE
pacmnipeaenenue. CoctosiHue
TEPMOJANHAMUYECKOTO PABHOBECHSI.
OHTponus. Marpuiia njI0THOCTH.
VYpaBHeHHE 3BONIOLUNHU JUIsI MATPULIBI
IJIOTHOCTH.

10

2. KanoHn4eckoe pacnpeaesjieHue
I'nd0ca.

Kanonnyeckoe pacnpeznenenue ['n6oca.
OHTponus U CBOOOHAS YHEPTHUS.
Pacnpenenenne Makcseina.

10

3. OcHOBHBIE NOJIOKEHUS
TePMOIMHAMMKH.

[TepBoe Havyano TEPMOJUHAMUKH.
OcHOBHEIE TCPMOAUHAMHUYCCKUC
noteHuuansl. OdpaTumbie U
HeoOpaTuMbIe Tporiecchl. Bropoe Havano
TepMoauHaMuKu. TpeTbe Hayano
TePMOJIUHAMUKH, Teopema HepHera.

10

4. boubloe KAHOHUYECKOE
pacnpenenenue I'ndoca.

CucreMsl ¢ MNEPEMCHHBIM YHUCJIOM YaCTHUIIL.
Bonbiioe kaHOHMYECKOE pacipeiesieHIe
I'n66ca. HeoOxoaumeble ycaoBust
TCPMOANMHAMHUYCCKOT'O PABHOBCCHUS.

12

5. Knaccnyeckmii maeajdbLHBIH ra3.
Knaccuuecknii ueanbHbIN ras.
Pacnpenenenue bonbimana. OCHOBHBIE
TEPMOANHAMUYECKUE BEIUYUHBI JITIS
WJICAJIBHOTO Ta3a. Y paBHEHUE
Kianeiipona.

10

6. ®aykTyanum TepMOIANHAMHUYECKHX
BeJIUYHH.
MakcumanbHas pabota. JloctaTounbie

12




YCIIOBUSI TEPMOIMHAMUYECKOTO
paBHOBecus. DayKTyaun
TEpMOJIMHAMUYECKUX BeIn4yuH. ['ayccoB
3aKOH pacmpezeneHus Ans GayKTyanui
OJIHOM BeTWYHHBEI. MuHHIMAaIbHAS
pabota. OayKTyaruu TeMnepaTyphl,
00bEMa M SHEPTHH.

7. Pacnpenenenuss ®epmu-/Aupaka u
Boze-Jiinmreiina.

Pacnpenenenus ®epmu-/Iupaka u bose-
Oiinirelina. OCHOBHBIE
TepMOAMHAMUYECKUE BeInUnHbl. DepMu-
ra3 npu HyJIEBOU TeMIIepaType.
VYpaBHeHue coctostHusl. @epmu-ras npu
KOHEYHOM HU3KOHM TeMIepaType.
[TonpaBkH K 3HEPTrUU U TEMIOEMKOCTb.
bo3ze-ra3 npu HU3KKUX TemrepaTypax.
SIBnenue 603e-KOHCHCAIIHH.

11

8. TenioBoe n3nydeHue.

Termnosoe usnyuyenue. Pacnpenenenue
[Inanka. TepmoarHAMUYECKHE BETNYUHBI
JUTSl TETJIOBOTO M3ITy4YEeHUsI. 3aKOH
Kupxroda u 3akon Credana-bonbpimana.

9. Tenj10eMKOCTH TBEPIABIX TeJl.
TennoéMKkocTh TBEPABIX TeJl. DOHOHBI.
Teopus [lebast.

10. BemecTBO B MATHUTHOM 10JI€.
BemectBo B MmaruuTHOM 11os1e. Popmyia
JlanxeBeHa JI11 HAMarHUYEHHOCTH
KJ1laccuueckoro raza. KBanroBas teopust
MarLetusma. JlnamMarHuTHbIN 1
napaMarHUTHBIA BKJIa/Ibl B
HAaMarHM4eHHOCTb rasa.

11. HenneanbHble ra3nl U pasoBblie
nepexoabl NepBOro poja.
Hewnneanpubie rassl. YpasHenue Ban-
nep-Baanbca. @a30Bbie epexoIbl
nepsoro poja. Ypasnenue Knanelipona-
Kiaysuyca. [1paBuno ['n66ca mst
MHOT'OKOMIIOHEHTHOU CHUCTEMBI.
da30BbIE IEPEXOABI B MOJEINH,
ONMCBIBAEMOU ypaBHEHHEM BaH-z1ep-
Baanwsca. Kputnueckas Touka.

10

12. Kunernka. Kunernueckoe
ypaBHenue boabnmana.

Kuneruka. Kunetnueckoe ypaBHeHHe
Bonsimana. PenakcanmmonHoe
npubimxenue. H-teopema bonpimana.
JlokanpHO paBHOBECHOE pacIpeiesICHHUE.

12

13. Kunernueckne ko3¢ puuneHTs! U
TepMO3JIeKTPHUYeCKHe ABJICHHA.
Pacuér ko punmentor nuddysun u

10




anekTpornpoBogHocTu. Popmyna pyne.
YacTHble ciiyyau ypaBHEHHUM IS
TEPMODIIEKTPUUECKUX SBJICHUM:
TEIUIONPOBOAHOCTD,
AJIEKTPONPOBOTHOCTH, 3P PEKTHI
TomcoHa u [lenbThe.

14. In¢dp¢py3nonnbie siBICHNUS. 12 4 2 — 6 6
OCHOBHOE KHHETUYECKOE YpaBHEHUE.

VYpaBHenue DiHTeiHa-DOKKepa-
IInanka. YpaBHeHue DUHIITEHHA-
®dokkepa-Ilnanka amns 6poyHOBCKOI
yacTulpl. Popmyna DUHIITENHHA IS
aucrnepcuu KoopauHatel. COOTHOIIEHHE
DiiHImTelHa 114 KO3h(HUIIMEHTOB

U Gy3un U MOABMKHOCTH. Y paBHCHHE
JlamxeBeHa st OpOyHOBCKOW YaCTULIBI U
€r0 aHaJIoT B AIEKTPUYECKOM LIETH.
®opmyna HalikBucra.

B 1.4. TeKymuii KOHTPOJIb 2 2 _

[IpomexyTouHas arTectalus — 3a4eT M IK3aMeH

3. O0pa3zoBaTesibHbIE TEXHOJIOTHH

1) Urenue nekiui;

2) conpoBOKICHHUE JIEKINI HAMCAHUEM U BBIBOJAOM (POPMYJI, HOCTPOECHUEM
rpaduKoB, H300paKeHUEM PUCYHKOB Ha JI0CKE;

3) MeTouKa «BOMPOCHI U OTBETHIY;

4) BBINIOJIHEHHE NMPAKTUYECKOT0 3aJaHus Yy TOCKU;

5) uHauBUayalbHAs padoTa HaJl IPAKTUYECKUM 3a/IaHHEM;

6) paboTa B mapax HaJi MPaKTUYECKUM 3aJ[aHHEM;

7) paGoTa B MajbIX rpynnax HaJ IPAKTUYECKUM 3a/IaHUEM;

8) MEeTOIMKa «MO3TOBOM IITYpPM).

4. YuyeOHo-MeTOOAMYECKOE  oO0ecledYeHHME  CAMOCTOSATEIbLHONH  padoThI
o0y4yarommxcst

CamocrositenbHast  paboTa  oOydaroluxcs  OpeanojaraeT  HM3ydyeHHUe
KOHCIIEKTOB JICKIIMM, BBIJCICHHBIX PA3JE€lIOB OCHOBHOW JIMTEpPATyphl, a TAKKE
JNOTNIOJIHUTEIIBHOW ~ JINTEPATypbl,  BBIIOJIHEHUWE  IIPAKTUYECKUX  3aJlaHMM,
OTBEYAIOIINX U3Y4aeMbIM pa3/esiaM JUCLHHUIUIAHBI, [IOATOTOBKY K IIPOMEXYTOUYHOU
aTTECTALlAH.

Ilepeuenn OCHOBHOM u JNOTIOJIHUTEIIBHOM ~ JIMTEPATYypPhI U1
CaMOCTOATEJIbHOIO M3Y4YEeHHs MPUBENEH B I. 7 HacrosAwed Pabouell mporpamMmsl
JVCHUTUIAHBI.

KoHTponpHbIE BONpPOCHl Uil MPOMEXKYTOYHOW AaTTECTAlWH, NPUMEPHI
NPaKTUYECKUX 3aJaHui TpuBeAeHbl B M. 6.3 Hactosei Paboueil mporpamMmbl
JUCLHUTUIAHBI.




5. Ilnanupyemble pe3yabTaThl 00y4YeHHsl MO AMCHUIIAHE, COOTHECEHHbIE C
IUVIAHUPYEMBbIMH Ppe3yJbTaTaAMH OCBOEHHSI 00pa30BaTeJbHOM TNPOrpamMMbl
(koMIeTeHUMSIMHM BBINIYCKHUKOB)

I[lnanupyembie pe3yJbTaThbl 00y4eHHS MO
@DopMupyeMble KOMIETEHIINH
JTHCITHIIJIHHE
OMK-1: CnocobeH npumeHsTb 6a3oBble JemoHcTpaLma cnocobHOCTU NPUMEHATD
3HaHMA B 061aCTU PU3NKO-MATEMATUYECKMX U | Ba3oBble 3HaHWUsA B 061acTn GU3MKo-
(nnn) ectecTBeHHbIX HayK B cdepe cBoel MaTeMaTUYeCcKMX 1 (Mn) ecTecTBEHHbIX HayK B
npo¢$eccMoHaNbHOM AeATENbHOCTU chepe cBoel NpodeccnoHabHON AeATENbHOCTU

6. @oHI OIEHOYHBIX CpPEeACTB /sl NPOMEKYTOYHOH aTTecTAlMH IO
JTUCIHUILINHE

6.1. Onucanue 1mKan OUEHUBAHMS PE3YJIbTaTOB OOYUYEHHMS MO JUCLHUIUIMHE

[TpomexyTouHOM aTrTecTanuei Jist TUCHUIUIMHBI «CTaTUcTHUecKas (hu3nKa
Y TEPMOJVHAMUKA SIBIISECTCS 3a4eT U IK3aMeH.

IIo wroram 3adera BBICTAaBISIOTCS OIcHKM «He 3aureHo» (03Ha‘laCT
OTCYTCTBHUC aTTGCTaHI/II/I) WM «3a4TSHOY (03H3‘I3€T MMPOXOKACHUC IICPBOI'0 dTalla

IPOMEXKYTOUHOM aTTecTallud — 3adeTa). B cioydae MNpoXOoXkKAEHHs 3ayeTa
oOy4Jaronuiicss TOMyCcKaeTcss KO BTOPOMY 3Taly MPOMEXYTOYHOM aTTecTaluu —
JK3aMEHY.

ITo mToram »sK3aMeHa BBICTABIIICTCS OIIEHKA II0 CEMUOAJIBHOW IIIKaJe:
oueHku «Ilimoxo» n «HeynoBIeTBOpUTENBLHO» O3HAYAIOT OTCYTCTBUE aTTECTALIUU,
OLCHKN « Y IOBJIIETBOPUTEIBHO», «Xopomo», «OueHb xopomo», «OTIUYHO» H
«ITpeBOCXOIHO» BBICTABIIAOTCS IPU YCIICIIHOM IIPOXOKICHUU aTTECTALNH.

6.2. [Tpotuienyphl U KpUTEPUU OIIECHUBAHUS PE3YJIbTATOB O0YUYCHUS MO AUCIUTIIINHE

Jlnst oneHUBaHUSA Pe3yJbTATOB OOYUYEHHS B BHUJE 3HAHUM HUCIOIB3YIOTCS
CJIeIyIOIME POLETyPbl U TEXHOJIOTHU:
® UHAMBUIYyaJbHOE coOeceoBaHue (MPOMEKYTOUHAS aTTECTAIIHS).
KonTpoapHble BOMPOCH! ISl HHAUBUYATBHOTO COOECEIOBaHUs MPEICTABICHBI B
1. 6.3 HacTosmel Paboueli mporpaMMBbl TUCIIATITAHBI.
Jlns olieHMBaHMS pe3ysbTaTOB OOy4YeHUsS B BHUAC YMEHUNW U HaBBIKOB
UCIIOIB3YIOTCS CAEAYIOLIUE MPOIEAYPhl U TEXHOJIOTHU:
® BBHINIOJHEHUE MPAKTHYECKUX 3aJaHUi (TEKYIIH KOHTPOJb, IPOMEKYTOUHAs
aTTecTanus).
[Ipumepbl TpakTUUECKUX 3aJaHUM I8 TPOBEJACHUS TEKYIIEro KOHTPOJSI H
MPOMEXKYTOUYHOM aTTeCTallMM MpeacTaBieHbl B 1. 6.3 Hacrosimeid PabGoueit
pOrpaMMbl JUCHUILIUHBI.

KpurepusiMmn oneHMBaHMS Ha 3a4eTe SBISAIOTCA HAJIMYME YMEHHU U
BJIaJIeHUN (HABBIKOB), MIEPEUYMCIICHHBIX B M. 5 Hacrosuield Pabodeil mporpaMmbl



JUCHUIUIMHBL. KpuTeprusamMu OLEHMBAaHUs HA DK3aMEHE SBIISIOTCS IOJHOTA 3HAHWM,
HaJIMYM€ YMEHUW W BIAJICHUNA (HABBIKOB), MEPEUYMCICHHBIX B M. 5 HacTOALIEH
PaGoueii mporpaMMbl TUCHUILIMHBI.

«He 3auTeHo» — O6Y‘I8.IOHIHIZC$I HC ITOKa3aJl MUHHUMAJIbHO HOHYCTHMBIﬁ YPOBCHb
YMGHHI;'I M HAaBBIKOB BBIIIOJHCHUA ITPAKTUICCKUX 3aHaHHﬁ;

«3auTeHo» — oOyyarolUiiCcs YCIEIIHO MOKa3aJl YMEHHUS W HaBBIKH BBIIIOJHEHUS
NPAKTUYECKUX 3aJaHUI 0a30BOT0 YPOBHS CIOKHOCTH;

«Ilimoxo» — oOyvaromuiics HE NPOAEMOHCTPUPOBAT HHMKAKMX 3HAHU 00
OCHOBHBIX TEOPETHMYECKHX pas3fenax Kypca, HE I0Ka3ajdl HHMKAKUX YMEHHU U
HAaBBIKOB BBIITOJTHEHUS MPAKTUYECKHUX 3aJaHUN;

«HeynoBJIeTBOPUTEJIBLHO»  —  O0OydJarouiuics  HE MIPOJIEMOHCTPUPOBAI
npeACTaBieHusT 00 OCHOBHBIX TEOPETHYECKHX paszleiax Kypca, HE IoKazal
MHUHUMQJIBHO  JIONYCTUMBIA  YpOBEHb YMEHHUM U HABBIKOB  BBIMIOJHEHUS
MPAKTUYECKUX 3aJIaHUM;

«Y10BJIETBOPUTEJIBbHO» — OOYYAIOMIMICS TPOJEMOHCTPUPOBAT H3JIOKEHUE
(bOpMyITMPOBOK OCHOBHBIX TEOPETUUYECKUX TMOJIOKEHUN Kypca M YCIEIIHO MOoKa3al
YMEHUSI ¥ HaBBIKM BBITIOJTHEHUS MPAKTUYECKUX 3aJaHuii 0a30BOTO YpOBHS
CJIO’KHOCTH,;

«Xopoumo» — 00y4aromuiicss MpPOJEMOHCTPUPOBAT CBI3HOE U3JI0KEHUE OCHOBHBIX
TEOPETHUUYECKUX TOJOXKEHUM Kypca M YCIEIIHO I[OKa3aJl YMEHHUSI W HaBBIKU
BBITIOJIHEHUS CTAaHJAPTHBIX MPAKTUUECKUX 3aJaHUM;

«OueHb X0pouo» — 06yanMHﬁCﬂ MMPOACMOHCTPUPOBAJI CBA3HOC HIJIO0KCHHC
MPAKTUYICCKU BCCX TCOPCTUICCKUX MOJI0KCHU I KypCa 1 YCIICIIHO ITOKa3aJl YMCHHUA
W HAaBBIKU BBIIIOJITHCHHUA CTAHAAPTHBIX IIPAKTHYCCKHUX 3az[aHm"1;

«O1au4yHO» — OO0ydYaroImMACS TPOJEMOHCTPUPOBAT CBSI3HOE H3JIOKEHUE BCEX
TEOPETUUYECKUX TMOJOKEHUNW Kypca M YCIEUIHO I[I0Ka3ajJl YMEHHUS W HaBBIKU
BBITIOJTHEHUS MPAKTUYECKUX 3aJaHUM MTOBBIIIIEHHOTO YPOBHS CII0KHOCTH;

«IIpeBocxoaH0» — oOydarOmMiicss TPOJEMOHCTPUPOBAI YPOBEHb 3HAHUI B
o0beMe,  TPEBBILAIONIEM  CTAaHAAPTHYIO  [porpamMMmy  IMOATOTOBKH, U
IIPOJIEMOHCTPHUPOBAI TBOPUYECKUH IMOAXO/ K BBIITIOJHEHHUIO TPAKTHYECKUX 3aJaHUI
HOBBIIIEHHOT'O YPOBHS CJIOKHOCTH.

6.3. TunoBble KOHTPOJBHBIC 3aJaHUsI VUM WHBIC MaTepHasbl, HEOOXOIUMBIC IS
OIICHKH PEe3yJIbTaTOB 00yUYSHUS



6.3.1. Ilpu mpoBeneHNU dK3aMeHa OOYYAIOIMUMCS TPEIIAraroTCsl CIEAYIOIIHE
KOHTPOJIBHBIE  BOMNPOCHI,  OXBAaTBIBAIOIIUE  MPOTPaMMy  JTUCIUIUIMHBI
«Craructuueckas Qpusrka U TepMOJUHAMUKAY:

1. d®a3oBoe nmpocTpancTBO. TeopeMa JInyBuiiss. MUKpOKaHOHUYECKOE
pacrpeneneHue.

2. CocrosiHHE TEPMOJNHAMUYECKOTO PABHOBECHS. DHTPOMHUSL.

3. Marpuia mioTHOCTU. Y PaBHEHUE SBOIIOLMH JI1 MATPULIBI INIOTHOCTH.

4. Kanonmueckoe pacnpeaeneaue ' m66ca. DHTponus u cBOOO HASA
DHEPIusl.

5. Pacnpenenenune Makcseia.

6. llepBoe Hauano repmoauHamMuku. OCHOBHBIE TEPMOJIMHAMUYECKUE
ITOTEHLIAAJIBI.

7. Ob6parumsbie 1 HeoOpaTuMbIe mporecchl. Bropoe Hauamno
TEpMOJAMHAMMKHU. TpeTbe Hauamo TEpMOIMHAMUKH, TeopeMma HepHcTa.

8. CucrteMsl ¢ IEPEMEHHBIM YUCIIOM YaCTHIl. bOJbIlI0€ KAHOHUYECKOE
pacnipenenenue ['mooca.

9. Heobxomumbie yciaoBUS TEPMOJUHAMUYECKOTO PABHOBECHSI.

10.Knaccuueckuii uaeansHbiii ra3. Pacnpenenenue bonbiumana.

11.OcHOBHBIE TEPMOAMHAMUYECKUE BEJIMUMHBI 1Sl UACATBHOTO ra3a.
VYpaBnenue Kianenpona.

12.MaxkcumanbHas padoTa. JloctaToyHble YCIOBUS TEPMOJIUHAMUYECKOTO
PaBHOBECHSL.

13.®nykTyanuu TepMOIMHAMUYECKUX BEJIUYMH. ['ayccoB 3aKOH
pacripeneneHus st GIyKTyaluii OTHON BEIMYUHBI.

14. MunumainbHas padota. @IyKTyaluu TEMIIEPATypbl, 00bEMA U SHEPTUU.

15.Pacnpenenenns @epmu-/lupaka u boze-DitHmreiHa. OCHOBHBIE
TEPMOJIMHAMHUYECKUE BEIIMUUHBI.

16.®epmu-ras npu HyJIEBOU TemMIiepaType. Y paBHEHUE COCTOSHUS.

17.®epmu-ra3 npu KOHEYHON HU3KOM TeMrieparype. llonpaBku kK sHEpruu u
TENJIOEMKOCTB.

18.bo3e-ra3 npu HU3KUX Temneparypax. JABieHune 003e-KOHICHCAIUH.

19.TennmoBoe uznyuyenue. Pacnpenenenue Ilnanka.

20.TepmonnHaMUYECKUE BETUYUHBI JJIsl TEIUIOBOTO U3ITy4YeHUs. 3aKOH
Kupxroda u 3axon Credana-bonpimana.

21.TenmoémkocTs TBEPABIX Ten. Teopus Jlebas.

22.BemiectBo B MarHuTHOM nozie. opmyna JlanxeBeHa ns
HaMAarHWYEHHOCTH KJIACCUYECKOTO Ta3a.

23.KBaHTOBas TEOpUs MArHETU3MA. /[MaMarHUTHBIN U MapamMarHUTHBIN
BKJIaJIbl B HAMAarHUYE€HHOCTD rasa.

24.HeupneanvHble ra3pl. Y paBHeHue Ban-nep-Baanbca.

25.®@a30BbIe MEepexoibl epBOro poaa. Y pasHenue Knaneitpona-Knaysuyca.
[TpaBuio ['n60ca 115t MHOTOKOMIIOHEHTHOM CUCTEMBI.



26.®Da30BbIC NEPEXOIBI B MOJAEIH, ONIMCHIBAEMON YpaBHEHHEM BaH-nep-
Baansca. Kputnueckas Touka.

27.Kuneruka. Kunernueckoe ypaBHenue boinbiimana. Perakcannonnoe
npuOIMKEHHE.

28.Kuneruka. H-teopema bonbsumana.

29.Kunetuka. JIokalbHO paBHOBECHOE pacIpeAcIICHUE.

30.Kuneruka. Pacuér koaddurmentoB nuddy3un u 3JeKTPONpPOBOIHOCTH.
®opmyia pyne.

31.YacTtHble caydyan YpaBHEHUMN U1l TEPMODIICKTPUUECKHUX SABICHUM:
TEIMJIONPOBOTHOCTD, JIEKTPOMPOBOTHOCTH, 3P dekTh ToMcoHa n
ITenbTheE.

32. Juddys3uonnsie siBnenrs. OCHOBHOE KHUHETUYECKOE YpaBHEHHE.
YpaBaenue Oiinmrenna-Pokkepa-IInanka.

33.VYpaBHenue DitHiureiina-Dokkepa-Ilnanka 1 OpOyHOBCKOM YaCTULIBI.
®opMmyna DHIITEHHA 1S AMcepcud KoopauHaThl. COOTHOLIEHUE
OliHITeNRHa A1 Ko3ppuuuenToB 1udpdy3un U NOABUKHOCTH.

34.YpaBuenue JlanxxeBeHa jisi OpOyHOBCKOM YaCTUIIBI M €70 aHAJIOT B
anexkTpudeckont nenu. opmyia Harksucra.

6.3.2. Ilpu npoBeaeHuU 3adeTa OOYYAIOIMIUMCS MPEIJIAraroTcs CIeayIoIne
BOITPOCHI:

MukpokaHOHUYECKOE pacnpeziesieHne, BhlYuciieHne (pa3oBbIX 00BEMOB.

Kanonnueckoe pacnpenenenue ['n66ca.

bonbmmoe kanoHnueckoe pacrupeneneHue [ 'nooca.

TepMoauHaMuKa H1€aJIbHOTO T'a3a, IPOLECCH C UEaTbHBIM Fa30M.

@yKTyaluu OCHOBHBIX TEPMOJIMHAMUYECKUX BEJIMYHH.

Pacnpenenenns @epmu-/lupaka n bose-Ounmrennna. @epmu-ras npu

HYJIEBOU TEMIIEPATYPE.

7. TemnoBoe uznyudenue, pacupenenenue [nanka, 3akon Credana-
bonapiMana.

8. Kunernueckoe ypaBHeHue bosnbliMaHa B pernakcalmoOHHOM

IPUOJIMKCHUH.

SN S

6.3.3. IlpuMepbl MNpPaKTUYECKUX 3aJaHUN [JI1 NPAKTUUECKUX 3aHATHM,
CaMOCTOATENLHON padOThl 00yYarONIUXCsl, MPOBEACHUS TEKYIIETO KOHTPOJIS H
IIPOMEKYTOYHOU ATTECTALINU:

1. Haiitu ¢a30Bbii 00BbEM I 4aCTHLBI C 3aKOHOM aucnepcuu E = ap?,
HaxoJsIIencsa B 00béMe V.

2. OnpenenuTs U HAYEPTUTH (HAa30BYIO TPACKTOPHIO JJIsl YACTHULIBI C 3aPSA0M
—(@, ABWXKYIIYIOCS B I10JI€ APYTOM, HEMOABUKHOM 3apSKEHHON YaCTUILIBI
C 3apsgoM +q, .HadanpHoe paccrosHue MexAy 4YacTULUAMU T,

HavaJIbHas CKOPOCTb paBHA HYJIIO.



Jloka3aTp, 4yTO JJI CIIy4YalHOW BEJIMYMHBI X C 3aKOHOM pacCIIpeleIeHUs
p(X)  BEpOSATHOCTb COOBITHSA, NPU KOTOPOM X OKaXeTrcs OoJblie

HEKOTOPOTO 3HA4YeHHWS a, YAOBIETBOpSET HepaBeHCTBY UeObiména

w(x >a)< ;/az ,TIe X2 = f:: x%p(x)dx.

Onpenenuts  CpPEeIHIO  DHEPTHUIO E U OTHOCHUTEJIbHYIO

2

CpPEeAHEKBAAPATUYHYIO (QIYKTYaIHIO JUISl KBAHTOBOT'O OCLMJIISATOpA

—2
E
C YpPOBHAMH JOHCPIUH liZ::ha)n, HaxXoaAImCrocsa B KOHTAaKTC C

TepMocTaToM nipu Temreparype 7 . Kak BBITISAST pe3ysibTaThl B Ipeese
BBICOKHX Temrieparyp kT >>hw ?

Omnpenenuth yobuts duTporMu AS u aucnepcuio A@? yria OTKIOHEHUS

(uepe3 BBIYMCIEHWE MHHHMAIbHOM pabOThIAR ), BO3HUKAIOMICH MpH
CaMONPOMU3BOJIBHBIX ~MajbIX KOJE0AHUSAX C aMIUIMTYIou ¢ <<l

MaTEMaTUYECKOr0 MasgTHHUKA JJIMHBI / C TPy30M MAacChl /1 B MOJE CUIIbI
TSOKECTU g TP Temreparype tepmocrarta 7 .

PaspesxeHHbIN ra3 HAXOAUTCA B COCYJIe IIPU JABJICHUU p W TEMIEPAType
T. OnupeneianTs CKOPOCTh HCTedYeHHWs raza v,, =—dN/dt B Bakyyme

yepe3 HeOOJbIIOE OTBEPCTHE IUIOW@AM S TMPU  MaKCBEIOBCKOM
pacrupeieieHud MOJIEKYJ Tra3a II0 CKOpocTsM. BocmnonbszoBaThes

COOTHOIIICHHEM (0OBsICHUB ero buznIecKuit CMBICI):
3/2 o w  mv?
m _mv”
—dN=dt-n-S-| — | . ,
dN =dt-n-S v.dv_ e **"dv dv roie  n o ecTh
2xkT o s
0 )

KOHILICHTPALM MOJIEKYJI Ta3a.
Haiitu neHTtp TsbKecTH z, cTojda M1eaJbHOro ra3a B OJHOPOJHOM IOJIe

TSOKECTH, €CIIM W3BECTHBI YCKOPEHHE CBOOOJHOTO TaJcHHUS g, Macca
MOJIEKYJIbI Ta3a m, Temieparypa 7.

JlokazaTb, 4TO M30TEpMa HE MOXET JBaXIbl Iepeceub aauadary.
Bocrnonb3oBatbes MeTosIoM pacuéra paboThl MpU KPYroOBOM Ipoliecce,
MOCTPOEHHOM Ha Y4YacTKaX M30TEPMbI U aauadaThl, MePeCceKaronuXcs 1Mo
NPEANOJIOKEHUIO B IBYX PA3INYHBIX TOUKax A U B.

2

o m(v
Haiitn cpeaHIor0 KHHETHYECKYHO DHEPruio (E)= <2> u HauOoiee
mvé
2 b
pacnpeneneHuss MakcBeia Mo MOIYJISAM CKOPOCTEH Ui HIECAIBHOTO

BEPOSITHYIO DJHEpruro E, = rae Yo ecTb TOYKa Makchumyma

rasa.
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10.N dactun wuaeanbHOro rasa 3aHuMaroT o00béM V. Ilpoucxoaut
¢uykTyarus, B pe3yibTaTe KOTOpOil BCe YacTHIbI raza coOuparorcs B
o0béMe V/2. HaiiTu BEpOSTHOCTh TaKOM (IIyKTyallUH.

11.Haiitu pacnpenenenne BepostHocterr W(w,,w,,w;,) s yriaoBBIX
CKOPOCTEH BpaIICHUSI MOJEKYJIbl B OTCYTCTBMU BHEIIHHX IOJIEH MpPH

z
Iywg
2

fz‘-'-’%

_|_

. Iy
temneparype 7, ecnu e€ KUHeTHYecKas YHEeprusl € = 12 4+ . .

rae I; 53 - TIaBHBIC MOMEHTBI HHEPITUH.

12.Yactuupl, obOnajgaromide CHOUHOM %2 W MarHUTHBIM MOMEHTOM U,
HAXOJATCA B TMOCTOSIHHOM MarHuTHOM mojie H. Cuutas, 4TO 3HEprus
YaCTHUIIbl B MArHUTHOM MOJI€ [JI1 HNapaJUIeIbHOIO0 C MarHUTHBIM MOJIEM
cnuHa JAéTcs 3€EeMaHOBCKMM ClIaraéMbiM &, = £, — puH, a 1pu
aHTUNAPAIJIENBHOM - £, = £, + uH, rae £, ecTb dHEpPrus B OTCYTCTBUU
MarHUTHOTO TOJII, HAWTH OTHOILICHHE M,/M, 4YHCIa YacTUI[ C
napauieIbHbIMU ¥ aHTUTIApaUIeIbHBIMU CIMHAMU TpU TemmepaTtype 7.

13.Halitu u3menenue sHTponuu tena AS npu ero pacmmpennu Ha AV

av
(BBITIOJIHSETCS YCTIOBUE 5 & 1) npu nocrosinHoM naBieHuu P. CUuTarh

M3BECTHBIMH TEINIOEMKOCTh Cp, TEIIOBOM KOX()GHMLIMEHT paclIMpeHHs

av
(E) ) 151 BBIPAKCHUC JIIs OHTPOIINHU nACAJIbHOTO rasa
P

§=—-NkInP+Nc,InT.

E
14 IlonyunTs  ypaBHEHHUE  COCTOSIHUS PV=E Ui TIOJTHOCTBIO

BBIPOXKJIEHHOTO (7=() 3JIEeKTPOHHOrO YJIbTPAPEIATUBUCTCKOTO Ta3a ¢
3aKOHOM Jucriepcu £(p) = ep.

15.Hatitu TemnoéMKOCTh OJHOro i1 N dYacTHIl HJICaJIbHOTO TIasa,
HaxXOoJSIIMXCS B OJHOPOJHOM IIOJE TSDKECTH BHYTPU IWIMHApPA C
TUIOMIAIbI0 OCHOBAHUS S, ¢ OECKOHEYHO BHICOKUMH CTEHKaMHU.

16.Halitu coBepiiaeMyto HajJ HACAIbHBIM Ta3oM pabOTy U KOJIUYECTBO
TEIUIa, TOJy4yaeMoe UM NpU CKaTuu oT o0véma I, no obovéma V, mpu
nonuTponuueckom npouecce PV" = a

17.BeiBectu pacnpenenenue bonbuMana sl INIOTHOCTU UAEAIBHOTO Ta3a B
OJIHOPOJTHOM T10JI€ TSYKECTH M3 KHHETUYECKOTO YpaBHEHHUs, TpeHeOperas
CTOJIKHOBEHHSIMU MOJIEKY.

18.lna ra3za Ban-mep-Baanbca HaWTH U3MEHEHHWE TEMIIEPATYphl MpHU
pacHIMpeHny B BakyyMm oT o0béMa V; 1o oobéma V.
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6.4. Meroanueckne MaTepHuabl, ONPEACISIIOIINE TPOLEAYPbl OLICHUBAHUS

1. Ilonoxenune «O MNpoOBENEHHMH TEKYILIETO KOHTPOJSA YCIEBAEMOCTH U

IPOMEKYTOUHOM arrectauuu obyuaromuxcs B HHI'Y», yTBepxknennoe npukazom
pexkropa HHI'Y ot 13.02.2014 Ne55-O/1.

2. Tlonoxkenue o (OHAE OLIEHOYHBIX CPEACTB, YTBEPXKIECHHOE MPHUKA30M

pexropa HHI'Y ot 10.06.2015 Ne247-O/1.

7. YueOHO-MeTOAM4YecKOe U MH(POPMALIMOHHOE o0ecriedyeHHue TUCUUIIIMHBI

a) OCHOBHAs AUTEpaTypa:

l.

JLA. Jlampay, E.M. Jlupmmu. - Teopermueckas ¢usuka. T. 5.
Craructnueckas ¢usuka. Yacts 1. — M.: Hayka. — 1976. — 584 c. ®onn ®b
HHI'Y, 20 »k3.

http://www.lib.unn.ru/php/details.php?Docld=430424.

JLI. JJannay, E.M. JIugmmn. — Teopetnueckas ¢puszuka. T. 10. duznueckas
KHHCTHKA.

(M.: Hayka. — 1979. — 527 ¢. ®oun ®b HHI'Y, 29 3k3.
http://www.lib.unn.ru/php/details.php?Docld=72315;

M.: DUSMATIIUT. — 2001. — 536 c. Douxg ®b HHI'Y 3 sks3.
http://www.lib.unn.ru/php/details.php?Docld=46230)

. B.I'. JIeBuu. — Kypc teopernueckoii puzuku, Tom [. — M.: Hayka. — 1969. —

910 c. ®oux ®b HHI'Y, 20 »k3.
http://www.lib.unn.ru/php/details.php?Docld=72316.

Jleuu B.I'., Baosun 0.A., Mamnun B.A. — Kypc Teopernueckoii hpusuku,
Towm II. — M.: Hayxka. — 1971. — 936 c. ®oug ®b HHI'Y, 20 k3.
http://www.lib.unn.ru/php/details.php?Docld=72317.

. A.C. T'apesckuii, B.Il. Mopo3oB. — COOpHUK 3a7a4 1O TEPMOJWHAMUKE H

cratuctuueckoit ¢pusuke. — H. Hosropoa: MUznarenscteo HHI'Y. — 2012. —
91 c. ®oug ©®b HHI'Y, 40 sk3.
http://www.lib.unn.ru/php/details.php?Docld=494059.

COopHuk 3amau 1o Teoperudeckor ¢usuke (aBropel JIL.I'. I'peuxo, B.U.
Cyrakos, O.®. Tomaceuu, A.M. @enopuenko). — M.: Beiciiaga mkosa. —
1972. - 336 ¢c. — ®oug ®b HHI'Y, 20 3k3.
http://www.lib.unn.ru/php/details.php?Docld=72328.

0) IONOJIHUTEIbHAS JUTEPATYpA:

1.

2.

3.

AN. Ancenbm. — OCHOBBI TEPMOJUHAMHUKN M CTATUCTUYECKOW (DUBUKU. —
M.: Hayka. — 1973. — 423 c. ®oux ®b HHI'Y, 12 k3.
http://www.lib.unn.ru/php/details.php?Docld=241568.

SLIL. Tepnenkuit. — Cratuctudeckas pusuka. — M.: Beicmas mkona. — 1973.
— 278 ¢. ®ouxg ®b HHI'Y, 9 »k3.
http://www.lib.unn.ru/php/details.php?Docld=241592.

N.II1. bazapos. — Tepmonunamuka. — M.: Beiciias mkona. — 1991. — 375 c.
®onxg ®b HHI'Y, 15 sk3.
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http://www.lib.unn.ru/php/details.php?Docld=430195.

4. P. Ky6o. — Cratuctuueckas Mexanuka. — M.: Mup. — 1967. — 452 c. ®oup
®b HHI'Y, 12 k3.
http://www.lib.unn.ru/php/details.php?Docld=240644.

5. P. Ky6o. — Tepmoaunamuka. — M.: Mup. — 1970. — 304 ¢. ®oun ®b HHI'Y,
15 7k3.
http://www.lib.unn.ru/php/details.php?Docld=353901.

6. 10.b. Pymep, ML.III. PriBkuH. — TepmonuHamuka, craTuctTuaeckas (pusvka u
kuHetnka. — M.: Hayka. — 1977. — 552 c. ®ong @b HHI'Y, 18 sk3.
http://www.lib.unn.ru/php/details.php?Docld=78042.

7. 3amauyn mO TEpMOAMHAMHUKE M CTaTUCTUYeCKOW ¢usuke, mox pexd. L.
JlanncOepra; nep. ¢ anri. nox pea. . I1. bazaposa. — M.: Mup. — 1974. —
640 c. ®oug ®b HHI'Y, 15 k3.
http://www.lib.unn.ru/php/details.php?Docld=78026.

8. I'. lllmmmuar. — Ctatuctudeckas ¢usnka B mpumepax. — M.: Mup. — 1976. —
431 ¢c. ®oug ®b HHI'Y, 9 7k3.
http://www.lib.unn.ru/php/details.php?Docld=240648.

B) IporpamMmHoe obecrneyenue u MHTepHET-peCcypChl:
Nutepuet-pecypcsl dyHnamenTanbHoM oubdnuorekun HHI'Y
http://www.lib.unn.ru/.

8. MaTtepuajibHO-TeXHUYECKOEe o0ecnevyeHne 1 CIUTTHHbI

MartepuanbHO-TEXHUYECKOE  O0ecleueHue JAUCLUUIUIMHBL  00YCIIOBIEHO
HaJIMYMEM Y4Y€OHBIX ayJIuTOpUA JJI1 TPOBEIEHUS 3aHATHI, OO0OpYJOBaHHBIX
CHEeUATN3UPOBAHHON MEOEIbI0, MEJIOBBIMH MJIM MarHUTHO-MAPKEPHBIMU JOCKaMHU
JUIA TIpeCTaBIeHUs yueOHol nHpopMmaruu Oonbuioit ayauropun. Pecype mena u
MapKepoOB JJIsl JOCKU B yU€OHBIX ayAUTOPUSAX PETYJIIPHO BO30OHOBIISAETCA.

[Tomemennst s caMoOCTOsITeNIbHOM paboThl oOyyaromuxcs (Ha ©Oasze
dynpamentansHoi 6ubnnorexkn HHI'Y) ocHamieHbl KOMIBIOTEPHON TEXHUKOW C
NOAKIIOYeHHEM K ceTu «VHTepHeT» M obecnedeHreM A0CTyrna B DJIEKTPOHHYIO
nHpopMarmoHHo-o0pazoBarenpHyo cpeay HHI'Y.
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[Iporpamma cocTaBie€Ha B COOTBETCTBUU C TPEOOBAHUSIMU CaMOCTOATEIBHO
ycranoBienHoro HHI'Y o6pa3oBarensHOro cranaapra BeIcIIero oOpa3oBaHUs IO
HarnpasiaeHuto noarotoku 03.03.02 dusuka.

ABTOD:
JOLIEHT Kadeapbl TEOpeTUYECKON HU3UKU

buzudeckoro GpakyabTeTa,
K. p.-M. H., TOIIEHT / Xomuukuii J1.B. /

Penensenr:

3aB. kadeapoit TeopeTuueckoi GU3NKH
buzudeckoro GakyabTeTa,
1. ¢.-M. H., IOLIEHT / Bypnos B.A. /

[Iporpamma omoOpena Ha 3acefaHud  Y4UeOHO-METOAMYECKON  KOMHUCCHUU
¢usnueckoro ¢akynpreta HHI'Y ot « » 2021 ropna,
npotokoa Ne 6/H.

[Ipencenarens
VY4yeOHO-MeTOIMUECKON KOMUCCUU
¢usnueckoro pakynbreta HHI'Y / IlepoB A.A. /
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