IIpunoxenue 4

MUWHNCTEPCTBO HAYKHM U BBICIHIEI'O OBPA30BAHMSA POCCUMCKOW ®EJEPALINN

(eaepanbHOe rocyjlapcTBeHHOE AaBTOHOMHOE
oOpa3oBaTe/IbHOE yUpe)KJeHHe BhICIIero 00pa3oBaHMs_
«HanuoHaibHbIN HCC/Ie/JoBaTeTIbCKUil HKeropoackuii rocy/japCTBeHHbIN YHUBEPCUTET
uMm. H.W. JTo6aueBcKkoro»

I/IHCTI/ITYT I/IHCl)OpMaL[I/IOHHbIX TEXHOHOFHﬁ, MdTeMdTHUKHU U MeXdaHUKH

YTBEPXXIEHO

pelleHreM npesuaryMma YueHoro cosera HHI'Y

npoTokoa Ne 1 ot 16.01.2024 r.

Pa6ouasi nporpaMma AMCLMIUITAHBI

MaremaTtruueckue MOJe/In COBPEMEHHOI'O €CTeCTBO3HAHUA

YpoBeHb BhICIIETO 0Opa30BaHUs
bakanaBpuar

HaripaBneHvie moAroToBKY / CeLUaIbHOCTh
01.03.02 - IpukiagHasi MaTeMaThka U UHGOpMaTUKa

HamnpaBneHHOCTb 06pa3oBaTeTbHON MPOrPaMMbI
MarteMaTHueCKoe MO/ie/IMPOBaHKe U BBIUUCIUTeTbHAs MaTeMaTHKa

dopma oOyueHUs
OYHast

r. Hwknauii HoBropog,

2024 rop Havasa rmoAroToBKU



1. Mecto pucyuninHsbl B cTpyktype OITIOII

Oucournimaa b1.B.[1B.04.01 MaTtemMatrueckrie MOZie/id COBPEMEHHOI'0 eCTeCTBO3HAHUS OTHOCUTCS K
yacTtH, hopMupyemMoli yuacTHUKaMH 006pa30BaTe/IbHbIX OTHOIIIEHHH 00pa30BaTe/IbHOM MPOrpaMMBbl.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

Mamemamu4eckozo u
KOMNbIOMEepHO20
uccnedosaHus npu
aHanuse 3a0au Ha
OCHOBe

3HaHull
¢yHOameHmanbHbIX
Mamemamuyveckux u
KOMNbIOMEPHbIX HAYK

meopemuyecKue OCHO8bl,
Heobxo0umble 0/
uccne008aHusl Hay4HbIx
npobnem

IIK-4.2: Ymeem
CcamocmosimenibHO NPUMeHsINMb
no/yueHHble 3HaHus 05
aHanuza obsekma
uccnedosaHus, onpedensimb
yeau u 3aoadu uccnedo8aHusl,
a makoice 8blbUpamb
KOppeKMmHblii Memoo
UCcAe008aHust HaQy4Holl
npobnembi

T1IK-4.3: meem
npakmuyeckuil onbim Hay4Ho-
uccnedosamenbckoll
desimenbHOCMU, A UMEHHO
DeuwleHuUst HaQy4HbIX 3a0ay 8
coomeemcmauu ¢
nocmaeneHHol yeabto u

8blOpaHHOU MemoOuKoli

¢yHOameHManbHbIX Pu3UKO-
mamemamuyeckux OUCYUNAUH U

6pyeux eCmeCcmeeHHbIX HayK.

IIK-4.2:

Ymems aHanusupoeams u
pewiamb cmaHoapniHble
npocgeccuoHanbHble 3a0ayu ¢
npumeHeHuem
(hyHOameHmManbHbIX 3HAHULL
mamemamuku, ¢pu3uxu u opyaux
ecmecmeeHHbIX HAayK, d makoice
8blIOUpPampb KOppeKmHbili Memoo
uccne008aHust Hay4Holl
npobnembl

IIK-4.3:

Baademb onbimom Hay4Ho-
uccnedoeamenbCKoll
OesimenbHOCMU, NPUMEHeHUS!
¢yHOameHmanbHbIX pasodenos
Mamemamuku, 6a308bix 3HaHuUll
ecmecmeeHHOHayyHo20 U
mMamemamuyecko2o Yuk/aos npu
pelieHuU cmaHOapmHbIX

npogeccuoHanbHbIX 3a0ay.

®dopmupyemsbie IInaHupyemMble pe3yabTaThl 00yueHus mo gucouiuinHe | HanveHoBaHMe OI€HOYHOI0 CPeACTBA
KOMIIeTeHI{UH (Moayn10), B  COOTBETCTBMM C HHAMKATOPOM
(xop, cofepykaHve | AOCTHIKeHHs KOMIIeTeHI[UH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHI[UH MO JUCLHIIIHHE KOHTPOJIA NMPOMeKyTOYHOH
(xopm, cofiepkaHue ycrneBaemMoCTH arTecTanuu
VHAWKATOpa)
IIK-4: CnocobeH IIK-4.1: 3naem IIK-4.1: 3aodauu
npumeHsimb Memoosb! | hyndamenmanbHbie u 3Hamb 0CcHOBbI Onpoc 3quém:

KoumposnbHble
80NpOCh!
3aoauu

3. CTpyKTypa U cojep)kKaHHe AUCIUITUHBI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

OYHasdA




OO011as TPY/J0EMKOCTD, 3.e. 3

YacoB 1o yueoHOMY IJIaHY 108

B TOM 4ucCJ/e

ay/JUTOpHbIE 3aHATHSA (KOHTaKTHas padoTa):

- 3aHATHSA JIEKIJTUOHHOI'0 THUIIA 16

- 3aHATHUS CEMHHAPCKOI0 TUMNA (MpaKTHYecKue 3aHATHS / TabopaTopHbIe padoThbi) 16

- KCP 1

caMocTosATe/IbHasA padoTa 75

ITpomexyTouHas arrecTanus 0
3auér

3.2. CozepxaHWe JUCLUIIIMHbI

(cmpmeypupoeaHHoe no memam (pa3a€ﬂCIM) C YKdsdHuem 0MmMBe0eHHO20 HA HUX Koauuecmed

akademuuecKux udcos u 8uobl yuebHbIX 3aHamutl)

HaumeHoBaHUe pa3/ie/sioB U TeM JUCLMIUIUHBI Bcero B TOM UHC/Ie
yachl
( ) KonTakTHast pabora (pabota Bo
B3aUMO/IeHCTBUY C Ipero/iaBaresiem),
Yyackl U3 HUX
3aHATHS CamocrosTenbHas
CeMHUHapCKOro paGora
3aHATUA THNa o6yuarowerocs,
JIEKIIMOHHOTO | (TIpakThyeckue | Bcero Hacel
THUMA 3aHsATUs/abopa
TOpPHbIE
paboThI), Uacel

b b o d ¢

0 0 0 0 0
Baegenue 4 1 1 2 2
[eTepMUHHPOBaHHbIE Y BePOSITHOCTHBIE MO/Ie/! 15 1 2 3 12
[uHaMHuyecKyie CUCTeMbI C JUCKPEeTHBIM U HellpepbIBHbIM BpeMeHeM 14 2 1 3 11
PaBHOBecHasi 1 HepaBHOBeCHasl TePMO/JJIHaMUKa 23 4 4 8 15
CucreMbl C pacnpe/ie/ieHHbIMU IapaMeTpamMu. Y paBHeHue 8 1 1 9 6
TEIJI0NPOBOJHOCTH, BOJTHOBOE YpaBHEHHe.
DJIeKTPOMarHUTHOe ToJjie 14 2 2 4 10
Martemartuueckre MOZeI MUKPOMUPa 17 3 3 6 11
PenaruBHCcTCKas MexaHUKa 12 2 2 4 8
ATTectarust 0
KCP 1 1
WTtoro 108 16 16 33 75

Conep)KaHue Pa3je/ioB 1 TeM JUCHUIIIMHBI

1. ITonstue MOeJn. ITo3HaBaTenbHas POJib MO eJIN. MarTemMaTHKa Kak S3bIK ONMCaHUs MpUPOABI U A3BIK

TOYHBIX HayK. [InHamuueckas cucreMa. ©a30Boe POCTPAaHCTBO, N306pakaroiijasi TOUKa, (ha30Bast TPAeKTOPUSI.

OBO/IOLMOHHBIE TIPOLIECCHI U JUHAMUYeCKre cucTemMbl. @a30Bbiii nopTpeT. COCTOSIHUS paBHOBeCHS
JWHAaMUYeCKOl cucTeMbl. ATTpakTop. Pemnesiep.
2. Ananu3 pasmepHocTeii. [1- Teopema. [leTepMUHUPOBaHHbBIE U BEPOSITHOCTHBIE MO/IETH.




3. CnyuaiiHble BeinuMHbL. PacmipefeneHue ckopocTei MoJsieKy B rase (pacripefiesieHde MakcBesna).
PacnipesienieHre MoJieKy/I ra3a B CHJIOBOM ToJie (pacnipesienieHue bosbiimana). Pacripesesienve I'n66ca.
Bbapometrpuueckast ¢opmyna. O TersioBoM pacivpenun Ten. ®@nykryanuu. CpefHeKBagpaTAdHas v
OTHOCHUTe/IbHas (UIyKTyaluu

4. [JuHaMUuyeCcKye CUCTeMBI C JUCKPeTHbIM BpeMeHeM. Jluarpamma Jlamepest.

5. JluHaMHueCcKre CUCTeMBI C HellpephIBHBIM BpeMeHeM. DKCIIOHeHLMa/IbHble IIPOLeCcChl. DKCIIOHeHIMa/IbHast
¢byHkuus. [Teprosl yaBoeHUs U nosypaciaza. IIpuMepsl 3KCIIOHeHIManbHbIX [POLIECCOB: Pa/jM0aKTUBHBIM
pacraji, mpoLecc pa3psiia KOHAEeHCaTopa, TOPMOXKeHHe MapalliloTUCTa, OCThIBAHKE Tell, 0ciadieHne
VHTEHCHBHOCTH W3JTy4eHUs [IPU NIPOXOKAEeHNH Yepe3 MOIJIOLAIIYI0 cpefy. PocT HaposioHaceneHys, pa3BuTre
TPOM3BO/ICTBA, 5SKOHOMMKH, HayKH, HAKOIJIEHUe 3HaHUH.

6. Jlorrctryeckas Mofienib. Y paBHeHHe DepxtosbeTa. IIprMepbl 6HM0MOrMUecKrX U COLaIbHBIX 00BEKTOB.
3aziaua 006 3BOJTIOIMY UKC/Ia PeIO B BOZOEME B 3aBUCHMOCTH OT MHTEHCUBHOCTH PHIOOJIOBCTBA. 3aZiayua o
TJTAaHUPOBAHUU C 00PaTHOM CBs3b0. Mo/ieNb XUIITHUK->KePTBa.

7. MaremaThueckast MOZieJ/Ib 3aCOJIEHHUS BOJ0eMa C 3a/IMBOM CTOUYHBIMU BOJIaMU C PaCTBOPEHHBIM
3arpg3HuTesieM. PaBHOBECHBIN BOJHBIN peXXUM U PaBHOBECHAs! COJIEHOCTb. BO3MOKHOCTh HelpeicKa3yeMbIX
CMeH paBHOBeCHOr' 0 ypoBHsl. 3aragxu Kacnuiickoro mopst

8. ABToKosIe6aHus. Pa3priBHBIE KO/lebaHMsT TOPMO3HOM KosoaKU. KosilebaHusi CKpUITUYHOM CTPYHBI.
Jonroneprosuyeckye U3MeHeHUs YIJI0BOM CKOPOCTU BpalljeHus 3eMIu.

9. Mogenb Jlopenua. CTpaHHbIi aTTpakTop JlopeHLa

10. N3ospoBaHHbIe, 3aKpbIThle OTKPBITHIE NPoLiecchl. TepMoArHaMUuecKoe paBHoBecue. HepaBHOBecHOe
cocrosiHue. Heobpatumbliii 1 06paTrMblii ripotieccel. [IpeiMeT TepMOAMHAMUKY: K1acCHueckKast, IMHeHas
HeJVHelHas TepMOJUHaMUKa.

11. Hayka 0 paBHOBeCUsIX ¥ paBHOBECHBIX Ipolieccax. AKCHOMBI KJ1acCUUeckoi TepMOMHAMUKHY. 1 akcroMma.
Temneparypa. @yHKIMs cOCTOSTHUS U QyHKIHS Tiporjecca. [ToHsTHs paboThI U TETIOTHI. 2 aKCHOMa.
BryTtpenHss sHeprusi. IlepBoe Hauano TepMOAUMHAMUKY. 3 akcMoMa. BTopoe Hauasio TepMOIHaMUKHU.
Ourporusi. CooTHorneHne ['nb66ca. 3aKoH Bo3pacTaHusi SHTPOIIMK. DHTPOIIHS H/eaIbHOTO rasa.
CraTucThuecKoe TOJIKOBaHHE SHTPOIUU. 4 akcuoMa. TpeThe Hayaao TepMOAMHAMUKH. AJabaTiuecKuil 1
TIOJIMTPOITHBIH MPOLIeCCh] M/lea/IbHOro rasa.

12. Anmapat K/1acCU4eCKON TepMOSUHAMUKH. Y DaBHEeHUs COCTOSAHUSA. TepMoguHaMUuecKue oTeHLabl.
Kpurepyy Hanuuusi paBHOBeCUs U €r0 yCTOMUUBOCTH.

13. HepaBHoBecHbIe npoLecchl. JIoOKalbHOe TepMOJAUHAMUUeCKOe PaBHOBEeCHe. DBOJIIOLIMOHHBIE IIPOLIeCChl B
OTKPBIThIX cucTeMax CamoopraHv3alys. JJuccunaTriBHbIe CTPYKTYPHI sueliku beHapa, peakius benoycoga-
’KaboruHckoro.

14. Cuctemsl C pacripe/ie/leHHbIMU I1apaMeTpaMu. Y paBHeHUe TellJIONpPOBOSHOCTU. Bo/IHOBOe ypaBHeHuUe.
Bonua. ®ponT BosHeL [1I10cKas BoHa. ®@a3oBas CKOPOCTh BOJHLL Jlucnepcus. [IycriepCioOHHOe ypaBHeHue.
I'pynmnosast CKOpoCThb

15. DnekTpoMarHuTHOe T10/ie. BeKTOp HanpsyKeHHOCTU 37IeKTPUUeCKOro MOJIsi U BeKTOP MarHUTHOW MHAYKIUU.
YpaBHeHus1 MakcBesjia. DneKTpOMarHuTHasi BoJiHa

16. Beryiijie BOJIHBI ¥ UCIIEPCUOHHOE ypaBHeHUe. 3a/jaua 00 W3MeHeHUH TeMriepaType MOBepXHOCTHOIO CJI0s
3eMJIH TOI, BIIMSTHUEM CYTOYHBIX U FOZIOBBIX KoebaHuii TemriepaTypsl Hag Hell. CKopocTh 00pa3oBaHus /bja
Ha IT0OBEPXHOCTU BOJ0eMa.

17. MaremaTtuueckue MoZiend 06beKTOB MUKpoMupa. KopryckyisipHble cBoiicTBa cBeTa. @OTOH.
dotosnexTpuueckuii 3¢ dext. BosnHs fe Bpoits.

18. Tlcu-pynkiums. YpaBHenue Llpegunrepa. @opmanu3M OTHICKaHUSI BO3MOKHBIX 3HaUeHWN HU3NUeCKOon
BeJIMUVHBI U BEPOSITHOCTH, C KOTOPBIMU OHA NIPUHKUMAaeT 3TU 3HaueHus. IIpyHIMN Heonpeie/IeHHOCTH.

19. [IBrKeHre KBAaHTOBOW YaCTHUIILI B HEKOTOPBIX TIPOCTBLIX OTHOMEPHBIX MosixCBOOOIHOE BIKEHHE
KBaHTOBOM yacTuibl. HacTuila B 6eCKoOHeUHO ri1yb0KOoM NoTeHIManbHOH sMe.

20. CnenlanbHas TeOpHUsl OTHOCHUTENIBHOCTH. IIpUHIMI OTHOCUTeTbHOCTH. Kitaccuueckast MexaHVKa,
nipeobpa3oBanus ["anvmes. TIpUHLUN CyliecTBOBaHMS HaubOO/IbIIeH CKOPOCTH pacrpoCTpaHeHust
B3aUMoJelcTBuUs PelsITUBUCTCKas AMHAMUKA.



21. IIpeobpa3oBanue Jlopenua. Kunemaruueckue 3¢ deKThl «3amMe |IeHus» BpeMEHH U «COKPAILeHUsT IIMHBI».
Cno>xeHre CKOpOCTeH.
22. Umnynbc. PensSTUBUCTCKas JUHAMUKA. DHEPrusl.

4. YueOHO-MeToANUYeCKOe 00ecrieyeHHe CaMOCTOSITe/TbHOW Pad0ThI 00yJarouxcst

CamocrosiTenibHasi paboTa 00yYaroIuxcsi BK/IrOUaeT B Ce0si MOATOTOBKY K KOHTPOJIbHBIM BOMPOCAM U
3a/IlaHUsAM [IJIS1 TEKYILEro KOHTPOJI W TPOMEXKYTOUHOM aTTeCTaldd MO UTOraM OCBOEHHMs JUCLIUT/TUHBI
TIPUBE/IEHHBIM B II. 5.

B pamKkax AuCIUIUIMHBI PeJyCMOTPEeHbI CIeYIOIIYe BUbl CAMOCTOSITE/TBHOM PaboThI (MOPSIOK UX
BBINO/IHEeHUS], (h)opMa KOHTPOJIs):

. TIOBTOpeHHe MaTepualia, MPONeHHOr0 Ha 3aHATHSIX JIEKIJMOHHOT'0 TUTIA (B TeUeHHe BCero
CeMecTpa, OTPOC Ha 3aHATUSX JIEKLMOHHOT'O ¥ CEMUHAPCKOTO THUTIA),

. CaMOCTOsATe/IbHOE U3yueHHe OT/lebHbIX BOIPOCOB NporpamMmsl (1 pas B cemecTp, ONpoc Ha
3aHSITUSIX CEMUHAPCKOT0 TUTIA),

. MO/IrOTOBKA K 3aHATHUSM CEMHMHApCKOro THIIa, pellleHre 3a/jay [0 CIUCKY, PeJCTaBIeHHOMY
ripero/iaBaTesieM (B TeueHHe BCEro CeMeCTpa, OMPOC Ha 3aHATHSIX CEMUHApPCKOTO TUIIA),
. MO/IFOTOBKA K NTPOME)XYTOUHOMY KOHTPOJIIO YCIIeBaeMOCTH (3ayer).

5. @®OoHJA OLEHOYHBIX CPEJCTB //Ii TEKYIero KOHTPOJIA YCIeBaeMOCTH W HNPOMEXYTOYHOM
aTTecTalyy Mo JUCIUILIMHE (MO/Y/II0)

5.1 TunoBble 3ajjaHusA, HEOOXOAUMBIE /I OLEHKH Pe3y/J1bTaTOB 00yuyeHHs NPH MPOBeJeHHH
TeKYILero KOHTPOJIsl yCIieBaeMOCTH C yKa3aHHeM KpUTepHeB X OLleHUBaHMsA:

5.1.1 TunoBble 3ajjaHus (OLEHOYHOEe CPeACTBO - 3ajiauH) AJIA OIeHKH C(HOPMHPOBAHHOCTH
komnerennu ITK-4:

1. OmnpepenuTts JanbHOCTD TT0JIETA My/IM S C TOMOIIBIO MeTo/la pa3MepHocTeii. [1yns BbimyllieHa
TOPH30HTAabHO CO CKOPOCThIO Haj 3emiieid.

2. Haiitu cTaTuCcTHUeCKUi BeC Harboiee BepPOSITHOTO pacrpe/esieHuns: 10 0IMHAKOBBIX MOJIEKYT TI0 IBYM
OJVHAaKOBbIM I10JI0BUHaM cocyza. Ornpe/iesuTh BepPOSITHOCTb TAKOT'O pacIpeziesieHusl.

3. Kakoe KOM4eCTBO Teryia HeoOX0[UMO COOOIUTE MAaKPOCKOTIMUYEeCKOW CHCTeMe, HaXOILeiCst ITpy
T=290 K, uTOObI ee CTaTUCTUUECKUM BeC yBeuuuics Ha 1%? HailTu n3MeHeHre SHTPOINU MOJISI
W/leabHOTO Ta3a MpY U30X0PUYeCKOM, N30TePMUUYECKOM M M300apryeCcKOM MpOoLieccax.

4. Haiitu crieKTp COOCTBEHHBIX KOJie0aHUI BO3YILHOTO CTO/I0A B TpyOe MyIMHOM | C OHUM 3aKPBITBIM
KOHLIOM.

5. Haiitu criekTp coOCTBeHHBIX KOeOaHMi BO3ZAYLIHOTO CT0/0a B TpyOe AyiiHOM [ ¢ OTKPBITHIMU
KOHLIaMHU.

Kputepumu orjeHnBaHus (0L{eHOUHOE CPeACTBO - 3afaun)

OueHka KpuTtepuu orjeHMBaHYS

OTBeT IMOJIHBINA U TIPaBU/IBHBIN Ha OCHOBAaHUM W3YUeHHOUW TeOpPHH; TeOPeTHUeCKU MaTepral u
pellieHre MTOCTaBIeHHBIX 3a/iay W3JI0XKeHbI B HeOOXOAMMOM JTOTHUeCKOU TIoCIe0oBaTe/TbHOCTH,
3auTeHo . . .

I'PaMOTHBIM HayUHbIH 53bIK; OTBET CAMOCTOSITE/IbHBIN. MOryT ObITh /I0MyIIeHbI [Be-TPU

HecylIieCTBeHHbIe OIIMOKU, UCTIPaB/IeHHbIe 10 TPeOOBaHMIO MPerozaBaTers.




OueHka Kputepun ouieHnBaHus

OtBeT 0OHapy’KMUBaeT HEIIOHUMaHHe CTY/JeHTOM OCHOBHOTO CO/iep>KaHUsI y4eOHOTr0 MaTepHaa Win

He
AOITyIleHbI CyLljeCTBEHHbIE O]_L[I/I6KI/I, KOTOpbI€ HE MOT'YT OBLITH HCITIpaBJ/IEHBI TIPDU HABOAALNX

3auTeHo
BOITpPOCax Mpero/jaBaresist

5.1.2 TunoBble 3afaHusa (OLeHOUHOe CpeACTBO - Ompoc) AN OLeHKH C(opMHPOBAaHHOCTHU
xkomnerenuuu ITK-4:

1. dunamuueckas cucrema..®a30Boe MPOCTPaHCTBO, M300paXkaroas ToUkKa, pa3oBasi TPAeKTOPHSI.
OBOJTIOL[MOHHBIE MPOLIECCHl U TUHaMUYeCKue crcTeMbl. Pa30BbIi MOPTpET.

N

Matemarrueckoe u pusnueckoe MofienvpoBadue. [1- Teopema.

3. BeposiTHOCTHBIE MOZeu. PacripesieieHre CKOPOCTel MOJIeKyJ1 B rase (pacripefesienve MakcBesina).
Pacnipesienenne MoJsiekys ra3a B CUJIOBOM IoJie (pacrpesieneHue bonblvana).

TernsioBoe pacivpeHue TeJl.

dnykryauuu. CpefiHeKBaipaTUUHasi U OTHOCUTeNbHAs (DIyKTyaluu.

JrHamuyeckue CUCTeMBI C JUCKPeTHBIM BpeMeHeM. /[Iuarpamma Jlamepest.

OKCIIOHeHLIMa/IbHbIe [poLieccsl. IIprMepsl 3KCIIOHeHIMaIbHBIX TIPOL[eCCOB.

© N

YpaBHenune @epxronbeTa. [IpuMepsl 6UOMOTrUYECKUX 1 COLMABHBIX 00bEKTOB. 3afiada 00 3BOJIOLUH

yKcsa peib B BOJJ0EME B 3aBUCMMOCTH OT MHTEHCUBHOCTH PbIO0J/IOBCTBA.

9. M3onupoBaHHbIe, 3aKpbIThle OTKPBITHIE MpoLiecchkl. TepMoguHaMuueckoe paBHoBecue. HepaBHOBecHoe
cocrosiHMe. [IpeameT TepMOAWHAMUKU: KIacCHUecKasl, TMHelHas HeJTMHelHas: TepMO/JUHaMUKa.

10.Hayka o paBHOBeCHSIX U paBHOBECHBIX TTpoLieccax. AKCMOMBI KJITaCCUUeCKOW TepMOIUHAMUKMU.

KpuTepun oneHuBaHus (o0LieHOUHOe cpeACcTBO - Onpoc)

OueHka Kputepun orjeHMBaHNA

OTBeT MoJIHBIN U NPaBU/IbHBIN Ha OCHOBaHUM W3YUeHHOM TeopuH; TeopeTHUeCKUil MaTepuail u
pellieHre MOCTaBIeHHBIX 33/Ia4 U3JI0)KEeHbI B HeOOXO0ZIMMOM JIOTHUeCKOU TI0C/Ie/I0BaTe/TbHOCTH,
IPaMOTHBIM HAayYHBIN S13bIK; OTBET CAMOCTOSATENbHBIA. MOTYT OBITE OTYILEHBI [BE-TPU
HeCyIIleCTBeHHbIe OIMMOKH, UCTIPAB/IEHHbIE TI0 TpeOOBAHUIO MPero/iaBaTesis

3a4TeHO

OTBeT 0OHapy>KUBaeT HEIOHUMAaHHe CTYJeHTOM OCHOBHOTO CO/lep>KaHUsl y4eOHOro MaTepuasa uin
He
JIOTyILeHbI CyIleCTBeHHbIe OMMOKM, KOTOpPbIe HEe MOTYT ObITh MCIpaB/ieHbl TIPH HAaBOASIINX

BOIIPOCax rperogaBaTesisd

3a4TeHO

5.2. OnucaHue MIKaJI OIeHUBAaHUA Pe3y/IbTaTOB 00yueHHs MO0 JUCIUIIMHE IPH TPOMeXyTOUYHOMH
arrecTanyu

IIIkana oueHBaHUsA C()OPMHUPOBAHHOCTH KOMIIETEeHI[UI

Yposen
b

chopmu Hey/0BJIETBOP | Y/JO0BJIETBO O04YeHb
IJIOXO X0poiio OT/IHYHO NPeBOCX0/{HO
POBaHH HUTEe/IbHO PHTEe/IbLHO X0poIIo
0CTH
KOMIIeT
eHIHI
(uHANK
aTopa

He 3a4TeHO 3a4YTeHO




JAOCTHK
eHust
YpoBeHb
OtcyTcTBUE YpoBeHb poset
o N 3HaHMi B
3HaHUU MuHuManeH | 3HaHWU B obBeme YpoBeHb
TEOPeTHUEeCKOTO o obbeme, ’ 3HaHWH B
YpoBeHb COOTBETCTBY YpoBeHb
MarepHaa. N JOIYCTUMBI | COOTBETCTBY obneme, N
3HaHUI HIKe L I0IL[EM 3HaHWH B
HeB03MOKHOCTB 1 ypoBeHb 1011eM COOTBETCTB
MHHHUMaJ/IbHbIX o rporpamme obneme,
3HaHUS | OL|EHUTb MOJHOTY . 3HaHWH. rporpamme yrolem
N TpeboBaHMH. TIO/ITOTOBKH TPEBBIILIAOLLE
3HaHUH [HomnymeHo | MOArOTOBKU nporpamMme
Vmenu mecto . HorymieHo M [IPOrpamMMy
BCJIE[ICTBHE MHOT0 . Jony1eHo TMO/ITOTOBK
rpy0bie OIIHOKK HECKOJIbKO TIO/ITOTOBKH.
OTKasza HerpyObIx HECKOJIbKO u. Oumbok
HecylILecTBe
obyuarorierocsi ot omboK HerpyobIx HHEIX HeT.
oTBeTa oImb0oK
ombok
IIpogemoHc
TPUPOBAaHBI
IIpogemoHC Pup
IIpogemoHc | Bce
ITposieMOHC | TPHUpPOBaHbI
TPHUPOBAHbI | OCHOBHbIE
TPUPOBaHbl | BCe
BCE yMeHUSI. ITpozieMOHCTp
OCHOBHBbIE OCHOBHBbIe
OrcyTcTBHe OCHOBHBIe PelrteHsl HPOBaHbI BCe
ITpu perLieHNH yMeHUsl. YMeHHUsI.
MHMHHMMAJIbHBIX YMeHWUsI. BCe OCHOBHbIE
o CTaHJAPTHBIX Pemenst Pemiens! Bce
YMeHHH. PeliteHbl Bce | OCHOBHbIE YMeHUsl.
3a71au He THITOBBIE OCHOBHEIE
HeBo3M0XHOCTB OCHOBHBIE 3a/lauu C PetiieHs1 Bce
TIPOJIEMOHCTPUD | 3afjau¥ C 3a71auu C
OL|eHUTh HalnuuKe 3a/jauH. OT/le/IbHBIM | OCHOBHBIE
Ymenus N OBaHb! HerpyObIMH | HerpyObIMU
yMeHHH BrInosiHeHbl | U 3ajiaun.
OCHOBHbIE omMbKaMu. | ouMOKamH.
BCJIe/ICTBUE BCe 337laHMsI | HecylecTB | BoirmosHeHbI
yMmenus. Vimeny | BeinonHeHsl | BbimonHeHbl
OTKaza B T10JIHOM €HHBIMU BCe 33/]aHUs, B
MecTo rpy0Obie BCE BCe 3aaHus
obyuarolerocs ot obbeme, HO | HezjoueTaM | IMOJIHOM
OIIMbKH 3a/laHusl, HO | B IOJIHOM
oTBeTa HEeKOTOpble | U, obbeme 6e3
He B obbeme, HO
c BBITIOJIHEH | HeZI0YeTOB
TIO/THOM HEeKOTOpble
HeJjoueTaMH | bl BCe
obbeme c
3a/laHuisl B
HeJjoueTaMu
TIOTHOM
obbeme
Nwmeetca
OtcyTcTBUE [IpogemoHc IIpogemonc
MHMHHMMaJ/IbH ITposeMoHC
6a30BbIX ITpu pereHNM o TPHUPOBaHBI TPUPOBAHBI
bl Habop TPUPOBaHBI ITpozeMOHCTP
HAaBBIKOB. CTaHZJAPTHBIX 6asoBble HaBBIKH
HaBbIKOB 6a3oBbie HpOBaH
HeB03MOKHOCTB 3a/1au He HABBIKH TIPH npu .
1St HaBBIKU NIPU TBOPUYECKUI
OL|eHUTh HallMuKe | TPOJEMOHCTPUD peleHnn peleHnn
Hagbiku pelLeHust pelleH|n MOZIXO[, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZApTHBI HecTaHJapT
CTaHJapTHBI CTaHAApPTHBI PELLEeHHI0
BCJIE[ICTBHE HaBbIKU. VIMenu X 33714 C HBIX 3a/1a4
X 3a7iau C X 3azay 6e3 HeCTaHapTHBI
OTKasza MecTo rpybbie HEKOTOPBIM 6e3
HEKOTOPBIM omuboK 1 X 3374
obyuatorierocsi OT | OMIKUOKK u OLIMOOK U
u HeJloueToB
oTBeTa HefloueTaMu HeJJ04eToB
HeJloueTaMu
IITkasa oneHMBaHUA MPH IIPOMEKXYTOUHOH aTTeCTalH
OueHka YpoBeHb NOJrOTOBKH
TIPEBOCXO/{HO Bce KommereHUMM (Y4acTW KOMIIETEHLMH), Ha (OPMHDOBaHME KOTOPbIX HarpaBjeHa
MUCLIMIUIAHA, COPMHPOBAHBI HAa YpPOBHE HE HIDKE «IIPEeBOCXOAHO», MPOJEMOHCTPHUPOBAHbI
3HAHWs, YMEHHUs, BAJIEHUs [0 COOTBETCTBYIOLIMM KOMIIETEHLIUSIM Ha YPOBHE BBIIIE
MpelyCMOTPEHHOT0 TIPOrpaMMOoi
OT/INYHO Bce kommereHUMM (4acTM KOMIIeTeHLMH), Ha (OpPMHpDOBaHME KOTOPBIX HarpaB/eHa
3a4YTeHO
JMCLUIUIMHA, COPMHUPOBaHBI HA YPOBHE He HIXKe «OT/IUYHO».
OUYeHb XOpOLI0 Bce KommereHUWM (Y4acTW KOMIIETEHLMH), Ha (OPMHPOBAHME KOTOPbIX HarpaB/eHa

JUCLIMIUINHA, chOPMUPOBAHBI HAa YPOBHE He HIDKE «0UeHb XOPOLIOo»




XOpOI1110 Bce komrmeTeHIMM (YacTH KOMIlETeHIMM), Ha (OpMUpOBaHME KOTOPLIX HarpaBjeHa
JUCLIMTUTAHA, CHOPMHUPOBAHBI HAa YPOBHE He HIDKE «XODPOLIO».

yaoBjieTBopuTenb | Bce komreTeHIMM (UacTd KOMIIETeHIMH), Ha (OpMUpOBaHMEe KOTODLIX HarlpaBjeHa
HO JUCLIIUIAHA, C)OPMHPOBaHLI HA YPOBHE He HIDKE «Y/IOBII€TBOPUTEIBHO», TP 3TOM XOTS OBI
O/iHa KOMITeTeHIMs1 ChOPMHPOBaHa Ha YPOBHE «Y/IOBJIETBOPUTENIBHO»

He 3a4TeHO

HeyjoB/eTBopuTe | X0Ts Obl OHa KOMIIeTeHLMsE CHOPMHUPOBaHA Ha YPOBHE «HEY/|OBIE€TBOPUTEIBHOY.
JIBHO

TJI0XO0 XoTs1 6bI 0/JHA KOMITIETeHLUs1 ChOPMHUPOBAHA HA YPOBHE «ILIOXO»

5.3 TunoBble KOHTPOJ/IbHBIE 3aflaHUsl WM HWHbIe MaTepHa/ibl, He00XoAWUMBbIe A/ OLIEHKHU

pe3y/JIbTaTOB O0y4yeHHs HA NPOMEXYTOYHOH aTTeCTallMi C YKa3aHHeM KpHTepHeB HX
OLIeHUBAHMA:

5.3.1 TunoBbie 3apaHusa (oreHOUHOe CpeAcTBO - KOHTpo/sibHbIE BOMPOCHI) A/ OLIEHKH
copmupoBanHocTu KomnereHiuu [1K-4

1.

N

N s

10.

Iwunamuueckas cucrema..®a30Boe POCTPAaHCTBO, M306parkaroiijasi TOuKa, (ha30Bast TPAEKTOPUSI.
OBOJTIOIMOHHBIE TIPOIIECChI ¥ IMHAMUUeCKHe cUcTeMbl. Pa30BbIi MOPTPeT.
Marematryeckoe U Gu3snyeckoe MofienvdpoBanue. I1- Teopema.

. BeposiTHOCcTHBIE Mozieny. PacripesienieHre ckopocTell MoJieKy/1 B rase (pacripeZiesieHre MakcBesia).

Pacripefenienne Moneky:1 rasa B CUJIOBOM TioJ1e (pacripefiesieHye bosbiiMaHa).

TernioBoe pacivipeHue TeJl.

Onykryaruu. CpefiHEKBaIpaTUUHasi U OTHOCUTE TbHAST (DTYKTYarum.

JvHamyueckye cuCTeMBI C AUCKPETHBIM BpeMeHeM. [luarpamma Jlamepes.

OKCIOHeHLMa/IbHbIe MpoLecchl. [IprMepsl 3KCOHeHLIMAaTBHBIX POL[eCCOB.

YpaBuenue @epxrobeTa. [IpuMepsl 6HUOIOIrMUYECKUX U COLMAIBHBIX 00beKTOB. 3aiaua 06 3BOJIIOL[HUH
yrcra peib B BOZIoEMe B 3aBUCUMOCTH OT MHTEHCUBHOCTH PhIOOIOBCTRA.

N3onmmnpoBaHHbIe, 3aKpbIThIEe OTKPBITHIE MTPOLIeCChl. TepMoAruHaMUueckKoe paBHOBecre. HepaBHOBecHOe
coctosiHUe. [IpeameT TepMOJVWHAMMKU: KlaccuuecKas, TMHeliHas HeJTMHeliHasi TepMO/JUHaMUKa.
Hayxka o0 paBHOBecHsIX U paBHOBECHBIX IpoLieccax. AKCHOMbI KIaCCUYeCKON TepMOAUHAMUKHU.

Kpurepuu oueHuBanus (orjeHoOYHOe cpecTBO - KOHTPO/IbHBIE BONPOCHI)

OuleHka Kpurepuu orjeHrBaHUS

3a4TeHo YpoBeHb 3HaHWI B 00beMe, COOTBETCTBYIOILEM MTPOrpaMMe MOJr0TOBKH, 6e3 orboK

He 3a4TeHO YPOBeHb 3HaHWM HIDKe MUHUMAJIbHBIX TpeboBaHu. ViMenn MecTo rpy0bie ommbKu

5.3.2 TunoBble 3ajaHus (OLleHOYHOe CPeACTBO - 3ajfauM) /JIA OLeHKH C(hOPMHPOBAHHOCTH
xKomnerenuuu [1K-4

OmnpeaenuTs JambHOCTH T0JIeTa MU S € TIOMOII[BI0 MeToZia pa3MepHocTeid. [1ys BbIMyIiieHa
TOPU30HTAIBHO CO CKOPOCTBIO Haf, 3eMJei.

Haiitu cTaTrcTHUECKUi Bec Haubosiee BePOSITHOTO pacripeiesienrs: 10 0TUHAKOBBIX MOJIEKYJI 110 IBYM
OJMHAKOBBLIM TIOJIOBUHaM cocyza. OrpeJe/uTb BepOSITHOCTL TAKOTO pacIipezeieHusl.



¢ Kakoe KonmM4ecTBO Teryia He0OXOAMMO COOOIIUTH MAaKPOCKOTIMUECKOH CUCTeMe, HaXOsIIeicst Tpy
T=290 K, uTo6bI ee cTaTUCTHUECKUH BecC yBeamunics Ha 1%? HaiiTi u3mMeHeHre SHTPOIHUN MOJIS
U/leaTbHOTO Ta3a NPy U30X0PUYEeCKOM, U30TePMUUYECKOM M U300apryeCcKOM MpoLieccax.

¢ Haiitu criekTp cOOCTBEHHBIX KO/Ie0aHUM BO3/YIIHOTO CTOJ0a B TPyOe AJTMHOM | C O[HUM 3aKPBITHIM
KOHL|OM.

* HaiiTu criekTp cOOCTBEHHBIX KoslebaHWi BO3/yIIHOrO cTos0a B TpyOe /MHOM | C OTKPBITBIMU
KOHLIaMH.

Kputepuu oueHnBaHus (0OL[eHOYHOE CPe/ICTBO - 3afauH)

OuleHka Kpurepuu orjeHrBaHUS

OTBeT MOJIHBIA U HpaBI/IJII:Hblf/'I Ha OCHOBAHHWH HBYHEHHOﬁ TE€OpUH; TEOPETI/I"IECKI/Iﬁ MaTepuaa
pellieHre II0CTaB/I€HHBIX 3a/ida4 W3/10’KEHEI B HEOGXO,Z[HMOﬁ JIOTUYECKOi mocie0BaTe/IbHOCTH,
3a4TeHO o o o
I'PAMOTHBIW HAayUYHBbIN A3bIK; OTBET CAMOCTOSATE/IbHBIN. MOFYT OBITE AOMYIeHbI ABe-TPprU

HeCylleCTBeHHbIe OI_LII/I6KI/I, HCIIpaBJ/IeHHbIE 110 TPE6OBaHI/II-O nperojiaBaTesis.

OtBeT 0OHapy’KMUBaeT HEIIOHUMaHHe CTY/JeHTOM OCHOBHOTO CO/iep>KaHUsI y4eOHOTro MaTepyaa Win
He

AOITyIleHbI CyLljeCTBEHHbIE O]_L[I/I6KI/I, KOTOpbIE€ HE MOT'YT OBITH HCITIpaBJ/IEHBI TIPDU HABOAALNX
3a4UTeHO

BOITpPOCax Mpero/jaBaTesist

6. YueOHO-MeTOANUYECKOE U HH()OPMALIMOHHOE 00ecreueHne JUCIUTUTHHBI (MOAYJIs)

OcHOBHasi uTeparypa:

1. Hetimapk FOpwmit McaakoBuu. MaTeMaTHuecKre MO/Ie/IM B eCTeCTBO3HAHUM U TeXHHUKe : yueO. Ji7is
CTYZIeHTOB BY30B, oOyuatoruxcs 1o HarpasiaeHuto 510200 "TIpuksiafHasi MaTeMaThKa U MHpOpMaTHKa"
u crieguaabHocTu 010200 "TIpukiagHasi MaTeMaTrka U uHpopMartuka" / HHI'Y. - H. Hosropog, : I31-Bo
Hwxerop. yn-Ta, 2004. - 401 c. - ISBN 5-85746-496-X : 80.00., 156 3k3.

[ononHuTenbHas TUTepaTypa:

1. FOgoeuu BukTtop Mocudosru. MareMaTHuecKue MO/Ie/Ii €CTECTBEHHBIX HayK : yueb. mocobwue. -

CII6. ; M. ; KpacHogap : JlaHb, 2011. - 336 c. : ui. - (YuebHuku /15 By30B. CrieljdanbHasi TUTepaTypa). -
ISBN 978-5-8114-1118-4 : 678.42., 2 3Kk3.

2. Bnexman Unbst V3panneBuu. MexaHWKa W MPUK/IaHast MaTeMaTHKa : JIorMka 1 0COOeHHOCTH MPUKII.
MaTeMaTHKHU. - 2-e U3[., UCTIp. U for1l. - M. : Hayka, 1990. - 356 c. : ui. - ISBN 5-02-014002-3 : 5.50., 2
9K3.

3. AnuirieHko B. C. 3HaKOMCTBO ¢ HeJTMHeHHOW AMHAMUKOM : JIEKLIUM COPOBCKOT0 Tipodeccopa : yuel.
rocobue. - M. ; V>keBck : IHCTUTYT KOMITbIOTEPHBIX HcciefioBanuid, 2002. - 144 c. - ISBN 5-93972-116-
8:88.30., 1 3ks3.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypChl (B COOTBETCTBHUU C CO/IePXKaHUEM JIMCIUTIIAHBI):

http://eqworld.ipmnet.ru/ru/library/mechanics.htm
http://eqworld.ipmnet.ru/ru/library/mechanics/theoretical.htm
http://eqworld.ipmnet.ru/ru/library/mechanics/thermal.htm



CopocoBckuit 06pa3oBaTebHbIN XKYPHa/I. SeKTPOHHBIN XKYPHa/I. PeXXUM JOCTyTIa K CTaThsIM:
www.issep.rssi.ru/cgi-bin/rubr.pl

7. MaTepHa/ibHO-TeXHHYeCKoe ofecreyeHUe JUCLUIIMHBI (MOY /1)

YueOHble ayUTOPUM [i/isI TIPOBeJIeHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa3oBaTe/bHOM
MPOrpPaMMOM, OCHAIleHbl MYJIbTUMeAUWHBIM 000pyJ0BaHHeM (TIPOEKTOpP, 3KpaH), TeXHUYeCKUMHU
cpezicTBaMH 00yueHUsl, KOMIIbIOTePaMH, Crel{ia/M3MpOBaHHbIM 000pY0BaHEeM: ITPOEKTOP, SKPaH

[MTomelijeHust 151 CaMOCTOSITeIbHOM paboThl 00YyYarOLMXCsl OCHAIL|eHbl KOMITbIOTEPHON TeXHUKOW C
BO3MO)KHOCTBIO TIOJK/IIOUeHUs1 K ceTd "VHTepHer" u obecrieyeHbl [OCTYTIOM B 3/IEKTPOHHYIO
MH(pOpMalMOHHO-00pa3oBaTe/IbHYI0 Cpejy.

ITporpaMma cocTtaBfieHa B cooTBeTcTBHM ¢ TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIO
nogrotoBky/crienaabHocT 01.03.02 - TIpuknagHas MaTeMaTHKa U MHGOpPMaTHKa.

Agstop(b1): HoBrkoB Banepuii BsiueciaBoBuu, JOKTOp (pH3UKO-MaTeMaTUYeCKUX HayK, JOLIeHT.
3aBeayroumii kadeapoii: IrymHoB Jleonn, AyleKcaH/ipoBrY, JOKTOP (PU3MKO-MaTeMaTHUeCKHX HaykK.

ITporpamMma oz006peHa Ha 3ace/jlaHUM MeToAnuecKoi Komuccuu ot 13.12.2023, mpoTtokon Ne 3.
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