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AHHOTANMA

[Iporpamma siBisleTCss COCTaBHOM 4YacTblo Kypca oOmmed QU3WKW, NpeAHAa3HAYeHHOTO JUIsi OCBOCHUS
CTygeHTaMu crenuanbHocTH "MH(popMatnka M BBIMUCIUTENbHAs TEXHUKA' MHCTUTYTAa adPOMEXaHUKH H
netarenbHO TexHUkH (MAJIT). OHa mpennonaraet 3HAKOMCTBO OOydaromuxcsi ¢ 0a30BBIMU MOHSATHSIMH U
pe3ynbTaraMd  MOJICKYJSIPHO-KMHETHYECKOM TEOpHHM BEIIECTBA M KJIACCUYECKOH  TEePMOOMHAMUKH.
IIporpammoii npeaycmarpuBaercss ayAMTOPHOE 4YTEHUE JIEKLUH, NPAKTUYECKUE 3aHATUS - CEMHHapbl U
3aHATHUS B JIabopaTtopusix (u3npakTukyma. M3yueHne JUCHUIUIMHBI HAaYWHAETCS CO 3HAKOMCTBA CTYICHTOB C
XapaKTepHBbIMU 3HAYEHUSAMU Pa3IMYHbIX MUKPOCKOIIMYECKUX U MaKpOCKONMYECKUX IIapaMETPOB BEILIECTBA B
pa3IMYHBIX arperatHeIX COCTOSHUSX. bonplmioe BHHMaHHE B Kypce YIENseTcs YCTaHOBJICHHIO CBSI3U
MaKpOCKOIIMYECKUX XapPaKTEpUCTHK BELIECTBA TAaKHUX, KaK IapaMeTpbl COCTOSHUS, TEIIOEMKOCTb,
TEIUVIOPU3NYECKIUX MNapaMeTpoB M T.II. C OCOOCHHOCTSIMH CTPOEHHUS M 3aKOHAMH MEXMOJICKYJISIPHOTO
B3aMMOJICHICTBUSI OIPOMHOIO KOJIMYECTBA MUKPOUACTHULL, COCTABIAIOLINX €ro. I 3TUX Lieei UCIoIb3yTCs
Haunpocrelmue (HU3MKO-MAaTeMaTHYECKUE MOAETH MOJICKYSIPHBIX Ta30B: HACaJbHBIA ra3 W Ta3
Ban-nep-Baanbca. M3nararorcss 0CHOBOIONAraronye 3aKOHbl TEPMOAMHAMMKHY (Hadaa) U UCHOMNB3YIOMUX UX
MaTeMaTHU4YeCcKui amnmapar TUCHMIUIMHBL. 3HAYUTeNbHash 4acTh MPOTPaMMbl MOCBSIIEHA BOIPOCAM HAYYHOTO
00BbsSICHEHUS HAOIOIAEMbIX HA TIPAKTHKE SBICHH.

JUJis yCcTIenTHoro 0CBOEHHsI Kypca CTyACHT JAOJDKEH 3HAaTh 3aKOHbI TEPMOAMHAMUKHU M MOJIEKYJSIPHOIN (U3UKHU B
o0beMe MporpaMM CpeaHel IKOIbI, a TAKXKe BIaJeTh HAYaJIbHBIMH CBEACHUSIMU U3 KypCOB MaTeMaTH4eCKOro
aHanu3a, Teopuu 1udepeHInaNbHbIX YPAaBHEHUH 1 BEKTOPHOTO HCUHCICHHS.

1. leau u 3apauu

eap AUCUMNIMHBI

OcBoeHue cryaeHTamMu 0a30BBIX 3HAHMW B OOJIACTH TEPMOJUHAMHMKH U MOJIEKYISIPHON (U3UKU IS
JaTbHENIIEro N3y4eHus Ipyrux pazaeaoB GU3HKH

3agauu AU CHUILIHHBI

* (QopmupoBanue y oOyuaromumxcs 0a30BbIX 3HAHHWH B OOJACTH TEPMOJAMHAMUKUA M MOJEKYISPHON
¢$uznku,

. (¢bopMupoBaHHE YMEHHIl M HABBIKOB IPUMEHSTH HW3yYEHHBIE TEOPETUUYECKHE 3aKOHBI U
MaTeMaTHYeCKHE HHCTPYMEHTHI [UIs PEIIeHHs Pa3INYHbIX (U3NUECKUX 3a/1ad,

. (dopmupoBanre 00MIEPUINIECKON KyJABTYpBl: YMEHHs BBIIEIATH CYIIECTBEHHBbIE (QH3MUECKHE
SBJICHUS M IpeHeOperarb HeCYUIECTBEHHBIMU; YMEHHS IPOBOIUTH OLEHKH (PU3NYECKUX BEIHYHH;
YMEHHUS CTPOHUTDH MPOCTEHIINE TEOPETUUECKNE MOIEIH, OTMCHIBAOIINE (PU3HUECKUE TPOLIECCHI.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CriocobeH oCyIIecTBISTh [TOUCK, VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HH(OpMaLny, |MOCIEICTBUS BOZMOXKHBIX BApUAHTOB PELICHUS 3a1a4H
MPUMEHATh CUCTEMHBIH MOIXO/ ISl PEIICHUS
MOCTaBJICHHBIX 3a/1a4

OIIK-1 CniocobeH npuMeHSITh OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
(dyHIaMEeHTaIbHBIC 3HAHUS, IOTYYCHHBIC B MPOHU3BOIUTH KOJIMYECTBEHHBIC PACUETHI U OLICHKH

obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH

[MK-1 Criocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIIOTE3BI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |MareMaTHUECKUEe MOACTH Ui ONHCAaHUS — H3ydaeMBIX
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN SIBJICHUH ¥ MTPOLIECCOB, OLICHUBATh KAa4e€CTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HAThb!



YMETB:

- ¢pyHIaMEHTANbHbIC 3aKOHBI U MIOHSATHS TEPMOAWHAMHUKHU U MOJICKYIAPHON (DU3MKH, a TAK)KE TPaHULIBI
UX IPUMEHUMOCTH;

- OCHOBHBI€ 3aKk0HbI TepmMonuHamuki (0,1, 2, 3 «Hagana»);

- IIOHATHME O PABHOBECHBIX U HEPABHOBECHBIX IIpoleccaX, TEPMOAUHAMUYECKOE OIpeAeIeHHUE
SHTPOINH, 3aKOH BO3PACTAHUS YHTPOIIUH, SHTPONHS UACATHLHOTO Iasa;

- OCHOBBI MOJICKYJSIPHO-KMHETHYECKO Teopuu (ocHoBHOe ypaBHeHue MKT, mimHa cBOOOAHOTO
npobera, pacnpenenenus boirsumana, Makcseia);

- OCHOBBI CTATHCTHYECKOM (PM3MKHU (CTAaTUCTUYECKUI CMBICI SHTPONHHM, TOHATHE O paclpeieieHun
I'u60ca);

- OCHOBBI KBaHTOBOM TEOpHMHM TEIUIOEMKOCTH (CTemeHH CBOOOIBI M HMX  BO30yXIeHHe,
XapaKTEepUCTHYECKUE TEMIIEPATYPhI);

- OCHOBBI TeopuH (a3oBbIX MepexonoB ((a3oBble JUArpaMMbl, TEIJIOTHI IEPEXOO0B, YpaBHEHHE
Knaneiinpona-Knaysunyca);

- OCHOBBI TEOPHH MPOLECCOB MepeHoca: AUQQy3us, TEIIONPOBOTHOCTh, BA3KOCTh. KoadduimeHTs
nepeHoca B ra3oBBIX cpelax. BpoyHOBCKoe IBMXKEHHE, 3aKoH OiHmTeiHa-CMomyxoBckoro. CBs3b
MEX]ly TOJBMKHOCTHIO 1 Ko dutimeHToM quddysnu;

- 3aBUCHMOCTb JaBJICHUS HACBHIIEHHOTO [1apa OT TeMIIEPaTyphbl, TEIUIOEMKOCTh HACHIILIEHHOTO 11apa;

- OCHOBHBI€ I10JIOKEHUS CTALlHOHAPHON AMHAMUKHU OJIHOMEPHBIX TEUEHUH CXKMMAaeMON KUJIKOCTH.

- TPUMEHATh W3y4YCHHBIE OOLIMe (U3MYECKHE 3aKOHBI JUIA peIIeHHS KOHKPETHBIX —3a/1ad
TEPMOANHAMUKHU ¥ MOJIEKYJISIPHON (PU3UKHU;

- MPUMEHSTH 3aKOHBI COXPAHEHHS Ul PacdéTa MPOIECCOB CHKATUS/PACIIUPEHHS T'a30B, B TOM YHCIIE:
IUIS pacIIMpeHHs Ta3a B IyCTOTy; MCTEUEHHE Ta30B M3 MAJoOro OTBEPCTHSA; TEUCHUE B YCIOBHUSAX
addexra [xoynsa-TomcoHa;

- paccuntbiBath KIIJ| paBHOBECHBIX IMKJIOB TEMJIOBBIX M XOJOIWJIBHBIX MAIIUH, B TOM YHCIIE
3aJaHHBIX B KoopauHaTax TS;

- paccunThIBaTh M3MEHEHHE SHTPONMU B HEPABHOBECHBIX IPOIECCAX, A TAKKE MAKCUMAaJbHYIO U
MUHHAMAIIBHYIO paOOThI CHCTEM;

- paccuMThIBaTh TEIUIOBBIE IPOIECCHl C Yy4éToM Haiauuus (Ha3oBBIX MEpexofoB U 3P QeKToB
MOBEPXHOCTHOTO HATSKCHHUS

- PacCUUTHIBATH TEIJIOBBIE MPOLIECCHI U HeUeanbHbIX Ta30B (1711 ypaBHeHus Ban-nep-Baansca);

- TIOJIb30BaThCS BEPOSTHOCTHBIMH pACIPENCIICHHSAMH, YMETh BBIUUCIATH CPEJHHE 3HAUCHHS U
CpeIHEeKBapaTUYHbIE OTKJIOHEHHMS T[apaMeTpoB [uId CiIydaeB pacmpenesneHuid bompivana u
MakcBeinia;

- paccuMThIBaTh CTaTUCTUYECKMH BEC W HSHTPOIHUIO HAa OCHOBE CTAaTUCTUYECKOH TEOpHUH IS
MPOCTEHIINX CHCTEM C TUCKPETHBIMU SHEPTeTUUECKUMH YPOBHSIMH;

- paccUMTHIBaTh CKOPOCTH TIepeHoca BellecTBa (MK Tera) npu Juddy3un (WId TeTIoNPOBOJHOCTH) B
CTAalMOHAPHBIX ¥ KBA3HCTAIIMOHAPHBIX CITy4asix;

- aHAJIN3UPOBATh (PU3UUYECKHE 3a]]a4H1, BHIICISS CyIIECTBEHHbIE U HECYIIECTBCHHBIE ACTIEKTHI SBICHHS,
M Ha OCHOBE NPOBEIACHHOTO aHANW3a CTPOUTH YNPOIIEHHBIE TEOPETUYECKUE MOICTH (PU3MIECKHX
SIBIICHU;

- TNPUMEHSTHh pa3IMYHbIE MaTeMaTHUECKUEe HMHCTPYMEHTHI peIleHHs 3agad  HCXOIsd M3
c(OpPMYIUPOBAHHBIX (U3NUECKUX 3aKOHOB, M IPOBOJUTH HEOOXOIMMbIE aHATUTHYECKUE U YHUCIICHHbIE
pacy€Thl.

BJIAJIETh:

- OCHOBHBIMH METOJIaMH PELICHHS 33/1a4 TEPMOJMHAMUKHI U MOJICKYJISIPHOU (pU3UKHY;
- OCHOBHBIMH MAaT€MaTHYECKUMH WHCTPYMEHTAMH, XapaKTepHBIMH IS 33aa4 TCPMOIUHAMUKH M
MOJIEKYISIPHON (DU3UKH.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Tema (pazmen) TUCITUTUIHHEL
Camocr.

Mowvrroao (Contoancr TTaAAnaT naAnTLT




Jivnunn | cumnuepon | siauupai. peuuio pabora

1 Pacnipenenenue Monexys B IpOCTPaHCTBE 4 6 10
Pacnipenenenus T'aycca u Ilyaccona.

2 OnyKTyaliy 4Kciia 4acTHI[ B 3aJlaHHOM 2 4 8
obbeme

3 Pacnipenenenue Makcsenna 2 8

4 [110THOCTH MOJEKYISIPHBIX TOTOKOB 2 2 8

5 JlaBnenue B HjicajJbHOM rase. 4 10
Pacnpenenenune bonpimana

6 IIepBoe Ha4wao TEPMOAUHAMUKHI 4 6 10

7 @YHKIIMY COCTOSHHSA 2 4 8

] IIpoueccsl  mepeHoca.  bpoyHOBckoe 5 ] 9
JBYDKEHHE

9 Bropoe Ha4ano TePMOIMHAMUKA H €ro 4 ]
CTaTUCTHYECKUN CMBICIT

10 |Pa3oBBIEC IEpEXOABI 2 6

1 OneMeHTapHas TEPMOIMHAMHKA Ta30BBIX 5 5
[IOTOKOB

Nroro gacos 30 30 90

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 2 (Becennuit)

1. Pactipenesnenue MoJeKys B IPOCTPAHCTBE

IIpeaMeT 1 OCHOBHBIE 3a/la4Ml MOJIEKYJSIPHONH (U3MKHM M TepMOAWHAMUKHA. OCHOBHBIC IOJIOKEHHS
MoJeKynsapHo-kuHeTndeckoid Teopuu BeuiectBa (MKTB). OcnoBuble mapamerpst B MKTB u
HOPSAKA MX BEJIWYMH. VMeanpHbIi U HEUICAIBHBIA TIa3bl; pa3peKCHHbI ra3. bHHOMUHaIbHOE
pacnpenenenue. HopmupoBka. Cpennue BenuuuHbl M gucrnepcuu. DiykTyanum dmciaa 4acTul] B
3a7]aHHOM O0BeMe.

2. Pacnpenenenus ['aycca u [Tyaccona. dnykTyanuu 4ncia 4acTuIl B 3alaHHOM 00beMe

Pacripenenenuss Taycca wu Ilyaccona. HopmupoBka. CpenHue BeIMYMHBI U JUCHEPCHUU
pacnpeneneHuid. OnyKTyanuu.

3. Pacnpenencuue MakcBesia

[lonsTue o pacnpeeIeHUN MOJIEKYJI pa3peKeHHOr0 rasa Mo CKopocTsM. [ urmores3a o «MOJEKyISIpHOM
xaoce». Bpemst cBoOomHOro mpobera Monekyn rasza. [lpuHnum paeranpHoro Oananca. BwiBon
PaBHOBECHOTO paclpelesieHusl o ckopocTsaM (QyHKIUM pacnpeneieHrs MakcBeiia) U3 IpUHIUIA
neranpHOTrO O6ananca. OCHOBHBIC CBOWCTBA (PYHKIMM pacrpenenenns MakcBesuia. ['a3okuHeTHIecKast
Temneparypa. XapakTepHble CKOPOCTH MOJICKYJ.

4. [InotHocTH MOJICKYJIIPHBIX ITIOTOKOB

OmnpezneneHue IIOTHOCTEH MOJIEKYJSIPHBIX IOTOKOB MAaccChbl, UMILYJIbCA U DHEPIUU B Pa3perKeHHBIX
razax Cc MNOMOIIBIO (YHKUMH pacrnpeneneHuss mno ckopoctaMm. OOmme BwipakeHus. JlaBienue
UJCAJIbHOTO a3a Ha CTEHKY.



5. JaBnenue B uneansHoM rase. Pacnpenenenue bonsnmana

OcHOBHOE ypaBHEHHE MOJEKYIIPHO-KHHETHUYECKOW Teopun Ta30B. 3akoHbl boinsg-Mapuorra,
I'eii-JIroccaka, Illapnsa, ABoraapo u [ansrona. MpeanbHo-ra3oBwiid TepMomeTp. Pacnpenenenue
bonbiiMaHa B OAHOPOAHOM IpaBUTALIMOHHOM Tosie (Gapomerpuueckast popmyna). CpenHss sHeprus
MOJIEKYJT HJ€aIbHOTO HM30TEPMHUYECKOTO Ta3a B OJNHOPOAHOM TIpaBUTAllMOHHOM mnone. Teopema o
paBHOpAacIpeleIecHHd 3HEPTUU M0 CTeNeHsIM cBoOonmbl (0e3 jaokazarenbcTBa). CpemHsisi dHEprus
MOCTYNATEJIbHBIX, BpalIaTelIbHBIX M KOJEOAaTENbHBIX CTENEHEH CBOOOABI JIMHEHHBIX MOJIEKYII
UAealbHOrO  Tra3a.  Xapakrepucruueckue  Temneparypbl. OrpaHMYEHHOCTb  TEOPEMBI O
paBHOpacIpeeIeHNH.

6. IlepBoe HaYaI0 TEPMOJIUHAMUKHU

1. Temnora, BHyYTpeHHssI »dHeprusi, pabGora M HdHrTanbmus. OCHOBHbIE TerIO(QU3NYECKHE
XapaKTEepUCTHKH BEIIECTBA: TEIUIOEMKOCTh U TepMUueckue kodddunuentsl. CooTHomenue Maiiepa
IS TEIUIOEMKOCTEH M1eaIbHOTO rasa.

2. KBaszucrarnueckue mpouecchl ¢ HacaabHbIM ra3oM. IlonmTponnyeckuii mpouecc u ero 4acTHbIE
cillydau. YpaBHEHHME IOJUTPONBI M €ro 4YacTtHele ciydan. [paduyeckoe u300pakeHHe
KBa3UCTATHYECKUX IPOLECCOB. 3aMKHyTble (KpYroBbl€) KBa3UCTATHYECKOE TIIPOLECCHl U UX
MPAaKTUYECKOE 3HAYCHHE.

3. Huxkn KapHo. DHTpomnusi paBHOBECHOTO HIEAIbHOIO Ta3za. TepMoaMHamMHueckas IIKajia
temneparyp. CBsi3pb TEepMOAMHAMUYECKOM IIKAJIbl TEMIIEPATyp CO IIKAJIOH MICaIbHO-Ta30BOTO
TEepMOMETpa.

7. DyHKIMU COCTOSIHUS

OO01mue npecTaBlIeHU 0 METOJIE TEPMOIMHAMUYECKUX (QYHKIUI (TOTEHIIMAIOB) U METO/IC IIUKIIOB B
PaBHOBECHOH TepMOAUHAMUKE. BBIBOJ OCHOBHOTO TEPMOAMHAMUYECKOTO TOKIECTBA.

8. ITpouecchl mepenoca. bpoyHoBCkoe qBHXKEHHE

OOpatuMbele M HeoOpatumble mporecchl. HepaBHoBecHble mporecchl. Ilpomeccsl mepeHoca B
JIOKaJIbHO-PaBHOBECHBIX ~ cpefax. OCHOBHbIE  OTIMYUSL B~ MAareMaTHYecKOM  ONHCAaHUU
KBa3HCTATHYECKUX M HEPABHOBECHBIX Ipoueccos. Jnddysus, BI3Koe TpeHHE U TEIUIONPOBOJHOCTD —
OCHOBHBIE cBefieHHA. Kunernueckue kodp¢unuentsl. XapakTepHble BpemeHa. l[Ipumepsi.
BpoyHoBckoe nBmkeHue. OOBsICHEHHE 3aKOHOMEpPHOCTEH OpOYHOBCKOTO JBMIKCHHUSI C TTO3WIHIA
MOJIEKYJIIPHO-KMHETHYECKOW TEOpUN BEIIECTBA.

9. BTOpOG Ha4aJI0 TCPMOJUHAMUKHU U €TI0 CTaTUCTUYCCKUI CMBICT

1. Obmas wmaremarnyeckas (OpPMYIHpPOBKa BTOPOTO Hadana TepMoauHaMHKHA. OObenTuHEHHOE
yYpaBHEHHE ITIEPBOrO M BTOPOTO Hayajd TepMOIMHAMHMKH. CTaTUCTUYECKHH CMBICI BTOPOTO 3aKOHA
tepmoanHamuku. Popmyna bonbiMana u guykryarmu. M3MeHenue sHTponuu npu Audy3nOHHOM
CMeIlIEHUH UeallbHBIX Ta30B U napaaokc [uboca.

2. Tperbe Hauano TepMoAMHAMHKH. [loBeIeHHE TETUTOPU3MYECKIX XapaKTEPUCTUK BEIIECTBA BOIM3N
abcomoTHOrO Hyis. V3MEHEHHe SHTPONHMU M TEIUIOEMKOCTH NPU TNPHOIMKEHHH TEMIIepaTyphbl K
abcomrorHOMY Hyir0. Teopema HepHera (TpeTbe Ha4aao TEPMOAMHAMHKH).

10. daszoBble EPEXOIBI

1. PeanpHble ra3sel, ra3 BaH-nep-Baansca. YpaBHeHue BaHn-nep-Baansca. ®dusnueckuil cMbICH €ro
yieHoB. Kpuruueckue napamerpsl BEIIECTBA U 3aKOH COOTBETCTBEHHBIX COCTOSIHUM.

2. Tepmomunamuueckue cBoWcTBa ra3a Ban-nep-Baanbca: BHyTpeHHSST »HEprusi, 3HTPONUS,
termnoeMkocTs. [Iponece [xoynsa-Tomcona.

3. dazosrle mepexonsl. M3otepmbl raza Ban-gep-Baansca u ux CBs3b C M30TEpMaMU peaIbHOTO
BemecTa. Pa3oBbple IMEPEXOABl «Ta3-KUAKOCTh». Termnora mnepexoma. IlpaBmno Makceemna u
IIPaBUJIO pblyara.



4. YcnoBus ¢azoBoro paBHoBecHus U ypaBHeHHe Kianeipona-Kiaysuyca. XuMudeckuil moTeHIIAAT
¢a3bl. Da3oBble TUArpaMMbl.

5. 3aBHCHMOCTD JaBJICHUS HACBHIILIEHHOTO M1apa OT TeMIepaTypbl. Tem1oeMKOCTh HACBILICHHOTO Mapa.
Kunenne, konaeHcanus 1 MeTacTaOMIbHBIE COCTOSHHUSL.

11. DneMenTapHast TEPMOAMHAMHUKA Ta30BbIX TOTOKOB

VYpaBHEHHUS CTalMOHAPHOTO ABMXXEHUS a7nabaTHOrO OJHOMEPHOTO MOTOKA C)KMMAEMOTO HEBSI3KOTO
rasa ¥ UX MHTerpajibl. Pa3ron moroka raza 1o cBepXx3ByKOBBIX ckopocTei. Comuto JlaBans. OcHOBHBIE
0COOCHHOCTH CBEPX3BYKOBBIX TCUCHMH. YIapHBIE BOJHBI CXKAaTHsl B CBEPX3BYKOBBIX IIOTOKax rasa B
CBETE BTOPOI0 Hayanaa TEPMOAVMHAMMKH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIEeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

* Ayauropusi, OCHaIIEHHAs KOMMYHUKAIIMOHHBIMHU CPEJICTBAMH C BBIXOIOM B MIHTEpHET U
000pyIOBaHUEM ISl KOJUIGKTUBHOTO IPOCMOTPA BUICOJICKIIHH.

* VueOHbIC ayTUTOPUH, OCHAIIEHHBIE JTOCKOH.

* Jloctyn k 6ubnmoTekaM y4eOHOH TeXHUUECKOM JTUTEPaTyphl, B TOM YHCIIE JIICKTPOHHBIM,
HEOOXOUMBIH JJIsl OCYIIECTBICHHUS] CAMOCTOSTEILHOW PA0OThI 00YUarOIIIUXCSI.

6.IlepeyeHnb pekoMeHyeMOIi JTUTEPATYPbI

OcHoBHas 1uTeparypa
1. O6umwii kype ¢pusuku [Tekcr] : B 5 1. T. 2 : TepmoanHamuka u MoJeKkyisipHas (u3uka : y4eO.
nocobwue st By3oB / 1. B. CuByxun .— 5-e m3n., ucnp. — M. : @usmarnur, 2005, 2006, 2011, 2014
— 544 c.
2. OcHoBol pusuku [Teker] : Kype obmieii ¢pusnkn : B 2 T. T. 2 : yueOHUK Ju1st By30B. KBaHTOBas 1
craructuueckas ¢usuka. Tepmopnnamuka / B. E. benonyukun, J{. A. 3aukun, 0. M. [lunexiok ; nox
pen. FO. M. llunentoka .— 2-e u3a., ucnp. — M. : ®uzmaraut, 2007 .— 608 c.
3. Kparkuii kypc repmonunHamuki [Tekct] : yue6. mocobue nist By3os / B. E. benonyukun ; M-Bo
oOpazoBanus 1 Hayku Poc. @enepanuu, Mock. pus.-TexH. uH-T (TOC. YH-T .— 2-€ U3]1., iepepad. u Jo1I.
— M. : M®TH, 2010 .— 164 c.
4. TepMonMHaMUKa, CTATUCTHUYECKAsI M MOJIeKy sipHast gusuka [Tekct] : yued. mocobue amns By3os / H.
A. Kupuuenko .— 4-e uzn., ucnp. u fon. — M. : ®usmarknwura, 2012 .— 192 c.
5. Coopruk 3a7a4 o obmemy kypey ¢usuku [Texct] : B 3 4. U. 1 : Mexanuka. TepmonnHaMuka u
MoneKyispHas puzuka : yued. mocobue ains By30B / mof pea. B. A. OBunHknHa .— 3-€ U3]1., UCTIP. U
nor. — M. : ®uszmarkaura, 2013 .— 560 ¢
6. CoopHuK 3a/1a4 110 001ieMy Kypey ¢usuku [Teker] : B 3 4. Y. 1 : yue6. mocoOue i1l By30B.
Mexanuka. TepmonuHamMuka U MoseKyssipHas ¢usuka / mon pea. B. A. OBunHkruHa .— 4-€ U37., HCIIp.
— M. : ®usmarkuura, 2016 .— 560 c.

JlononHuTeNbHAS TUTEpATypa
1. MonekynsipHas ¢pusuka u repmogauHamuka [ Tekct] : OCHOBHBIC TIOJIOKEHUS U pelIeHHe 3a/1a4 : y4ueo.
nocobwue st By3oB / [1. @. KopoTtkoB ; M-Bo oOpa3oBanus u Hayku Poc. @enepanun, Mock. ¢pu3.-TexH.
uH-T (TOC. YH-T .— 3-€ u31., ucnp. u pon. — M. : MOTH, 2009 .— 168 c.
2. Metonsl perieHus 3a1a4 B o01meM Kypce ¢pusnke. TepmoauHamuka 1 MoJiekyssipHas ¢pusuka [Tekcr]
: [yue6. nmocodue ans By3os] / B. I1. KopsiBoB .— M. : Beiciias mikona, 2009 .— 358 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://mipt.ru/education/chair/physics/S II/method/ — meromudeckuii pa3men caiita kKageapsl
Oo0meit huzuku

2. http://lib.mipt.ru/catalogue/1412/?t=750 — anexrponnas 6udnuoreka MOTU, pazaen «O0mas
¢duznkar»



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

1.http://mipt.ru/education/chair/physics/S_II/method/ — meronuueckuii pasnen caiita kadeapsl
Oo0meit puzuku

2. http://lib.mipt.ru/catalogue/1412/?t=750 — sanexrponnas 6ubimoreka MOTH, paznen «O6mas
¢duznkar»

3. https://mipt.ru/education/chair/physics/records/thermodynamics/ -- Buaeo3anvcu JeKuit
9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Crynent, nzyuaromuii Kypc «O0mas Qusnka: TepMOIUHAMHUKA U MOJICKYJISIpHAST (PU3UKa», TOJKEH He
TOJIBKO U3YUYHTH 001IHe GU3NUECKUE 3aKOHBI M TOHATHS, HO HAYYUTHCS IPUMEHSATh UX Ha MIPAKTHUKE.

YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsTENLHOM padoThl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOE BpeMs s pabOThl CTYJeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— npocMoTp Ha IIK pekoMeHI0BaHHBIX BUAEO3ANNUCEN JTEKIINHT,
— YTE€HHE U KOHCIIEKTUPOBAHHUE PEKOMEHIOBAHHON JIMTEPATYPHI,

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIUH, y4eOHOW M HaydyHOW JHUTeparype),
[IOJrOTOBKY OTBETOB Ha BOIIPOCHI, IIPEAHAa3HAYEHHBIX JUIsl CAMOCTOSITEIbHOIO U3y4EHUs,

— pelIeHHe 3a/1a4, MPeAIaraeMbIX CTYJCHTaM Ha MPAKTHYECKUX 3aHATHSX,
— pelIeHHe 3a4a4 U3 3aaHui, BKIIF0Yasi 3a]1a4u, peIHa3HaYeHHbIC U1 pa30opa Ha ceMUHapax;
— TMOJATOTOBKY K BBITIOJTHEHHUIO J1a00paTOpHON PabOTHI;

— 00paboTKy pe3yNbTaToB J1aboparopHO paboThl U 0OHOPMIIEHHE OTYETA;

— MOJITOTOBKY K 3aIllUTe PE3yJILTaTOB Jab0paTopHOil paboThI;

— MO/ITOTOBKY K CEMHHAPCKHM 3aHATHSM, KOHTPOJIBHBIM paboTaM, caue 3a1aHui, SK3aMeHY.

PykoBOACTBO M KOHTPOJIb 3a CAMOCTOSITENLHOW pabOTON CTYNEHTOB OCYyIIECTBIseTcss B (opme
cobeceoBaHUMN, MPOBEPKOM U MPUEMOM 3aJ]aHUi, IPOBEJCHUEM TPYIIIOBBIX KOHTPOJIBHBIX pPadoT.

[MokazareneM BiaJeHUs MaTepUANOM CIYXHUT yMEHHWE pemiath 3aaadd. Jias GopMupoBaHUS yMEHHS
MPUMEHATh TEOPETUUECKUE 3HAHUS Ha MPAKTUKE CTYIACHTY HEOOXOIMMO pellaTh KaK MOXKHO OOJIbIIIe
3anau. [Ipu penrennn 3a1aq Kaxaoe IeHCTBIE HEOOXOAUMO apTyMEHTUPOBATh, CChUIAsACH HA H3BECTHBIC
TEOPETUYECKHUE CBEACHUS U NIPOBOIUTH BCE HEOOXOAMMBIE BBIYUCIICHHUS, JOBOMS 33]1ady /0 KOHEYHOTO
oTBeTa. 3ajaya CUMTAeTCs PEIIEHHOH, €CIM OHAa COACPKUT OOOCHOBAaHHOE pEIlCHWE: CCHUIKH Ha
MpUMeHseMbIe PU3NIESCKUE 3aKOHBI I KOPPEKTHBIE BBIKJIAIKH, a TAKXKE TMPaBUIILHBIA YACICHHBIA OTBET
(ecnu B 3aade eCTh YUCIOBBIC JaHHEIC).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: IIporpammuas nHXEeHEpHs

nepeaoBasi HHKeHepHast LIKOJIa PaJUOIOKALH, PAJUOHABUTALIMN U TPOrPAMMHON
UH)XEHEpUU

kadenpa oomieit pu3nku
Kypc: 1
KBaJIMpUKALUS: GakanaBp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: B.®. Ko3nos, kaux. ¢pus.-mMaT. HayK, JOLEHT, 3aMECTHTEJIb 3aBEIYIOLIET0
kageapoit



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.5 Ormpenenser ¥  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 33/1a491

OIIK-1 CrocobeH npuMeHSTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAEIM Ul OIHUCAaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3ysbTare M3Yy4YCHHUA AUCHUILUINHBL «06]]_[35{ (1)I/IBI/IKaI TCPMOJMHAMUKA W MOJICKYJIIIpHAA (1)I/ISI/IKa)>

00yJaromuiics JOmKeH:

3HATb:

- Q)YHHaMeHTaJ'IBHBIe 3aKOHbI U MOHATUA TCPMOANHAMUKHU U MOJ'IeKyJ'ISIpHOI\/’I (1)I/I3I/IKI/I, a TAKIKC I'paHUIIbL

HUX IPUMEHUMOCTH,

- OCHOBHBI€ 3aK0HbI TepmonuHamuki (0,1, 2, 3 «Hagana»);

- IIOHATUE O PABHOBECHBIX W HEPABHOBECHBIX IIpoleccaX, TEPMOJUHAMUYECKOE OIpeAeIeHUE
SHTPOIINH, 32KOH BO3paCTaHUs SHTPOIHH, SHTPOIUS UACAIBHOIO rasa;

- OCHOBBI MOJICKYJSIPHO-KMHETHYECKO Teopuu (ocHoBHOe ypaBHeHue MKT, mimmHa CcBOOOAHOTO
npobera, pacnpenenenus boinsumana, Makcseia);

- OCHOBBI CTATHCTHYECKOM (PM3MKU (CTAaTUCTUYECKUI CMBICI SHTPONHHM, MOHATHE O paclpeieieHun

I'u60ca);
- OCHOBBl KBAaHTOBOM TEOPHUU
XapaKTEepUCTHYECKUE TEMIIEPATYPhl);

TEeNJI0EMKOCTH

(cremeHn cBOOOABI W WX BO30YyXJEHUE,

- OCHOBBI TeopuH (Pa3oBbIX MepexonoB ((a3oBble OUArpaMMBbl, TEIJIOTH IEPEXOO0B, YpaBHEHHE

Knanettnpona-Knaysuyca);

- OCHOBBI TEOPHH TPOLIECCOB MepeHoca: AUQQy3us, TEIIONPOBOTHOCTh, BA3KOCTh. KoaddurmeHTs
MepeHoca B ra3oBBIX cpelax. bpoyHOBCkoe IBWKeHHE, 3aKOH JiHITelHa-CMoayxoBckoro. CBs3b
MEX]y TOJBMKHOCTHIO 1 Ko durimeHTom auddysnu;

- 3aBUCHMOCTb JIaBJICHUS HACHIILIEHHOTO T1apa OT TeMIEePaTypbl, TEINIOEMKOCTh HACHIIICHHOTO 11apa;

- OCHOBHBIC MOJIOXKEHHSI CTAIIMOHAPHOM JAUMHAMUKH OHOMEPHBIX TEYCHHH CKMMAEMOM JKHKOCTH.

yMeTh:




- TPUMEHATh W3y4YCHHBIE O0OLMe (U3MYECKHE 3aKOHBI JUIl peIIeHHs KOHKPETHBIX —3a/1ad
TEPMOJIMHAMHKH U MOJICKYIISIPHON (PU3UKH;
- TIPUMEHSTH 3aKOHBI COXPAaHEHMs Ul pacuéTa MPOIECCOB CXKATUs/PAaCIIMPEHHs I'a30B, B TOM YHCIIE:
JUIA paclIMpeHHs] raza B IyCTOTY; WCTEYCHHE ra30B M3 MaJlor0 OTBEPCTHUS; TEUCHHE B YCIOBHSIX
addexra Jxoynsa-Tomcona,
- paccuutbiBarh KII/| paBHOBECHBIX LMKJIOB TEIUIOBBIX M XOJIOAWJIBHBIX MAallWH, B TOM 4YHCIE
3a/laHHbIX B KoopauHaTax TS;
- paccuuTHIBaTh HM3MEHEHHE SHTPONHMHM B HEPABHOBECHBIX MPOLECCAX, a TAKKE MAaKCHUMAJIbHYIO M
MHUHHUMAJIbHYIO pabOThI CHCTEM;
- paccuMThIBaTh TEIUIOBbIE NPOIECCHl € Y4€TOM Haiduyusi (a3oBbIX HepexomoB U 3P eKToB
MOBEPXHOCTHOTO HATSKCHMUS;
- paccUHUTHIBATH TEIJIOBBIE MIPOLIECCHI AJISl HeUJeaIbHBIX ra30B (U1 ypaBHeHus Ban-nep-Baansca);
- TIONIB30BaTbCs BEPOSTHOCTHBIMH pACIpENeICHUSAMH, YMEThb BBIUUCIATH CPEJHHE 3HAYCHUS U
CPEAHEKBAIpaTUUHbIE OTKIOHEHHMs MapaMeTpoB MJisi ciydaeB pachpeneineHuil bonsimana u
MakcBeia;
- paccuMThHIBaTh CTAaTUCTHYECKUH BEC W HHTPOINMIO HA OCHOBE CTAaTHCTUYECKOW TEOpHUU JUIS
MPOCTEHIINX CHCTEM C TUCKPETHBIMU 3HEPIeTHUECKUMH YPOBHSIMH;
- paccUMTHIBaTh CKOPOCTH IIepeHoca BeulecTBa (Win Temia) npu Juddy3un (WM TemIonpoOBOJHOCTH) B
CTAlMOHAPHBIX ¥ KBA3UCTAIMOHAPHBIX CITydasx;
- aHaJM3UPOBaTh (HYU3UYECKUE 3a7a4H, BBIICISISI CYLIECTBEHHBIC U HECYILIECTBEHHBIC aCIIEKTHI SIBJICHU,
U Ha OCHOBE MNPOBEIEHHOIO aHAIN3a CTPOUTH YNPOIIEHHBIE TEOPETUYECKUE MOAETH (PU3NIECKHX
SIBIICHU;
- TPUMEHATHh pa3lIMYHble MaTeMaTHUeCKHWEe HMHCTPYMEHTHl peIleHHs 3ajad  HCXOIsd M3
c(hOpMyYIIUPOBAaHHBIX (PUZNUECKUX 3aKOHOB, H IPOBOAUTH HEOOXOAMMbIE aHAIMTHUECKHUE U YHCIICHHBIC
pacy€Thl.

BJIA/IeTh:

- OCHOBHBIMH METO/IaMH PELICHUS 3a7a4 TEPMOJUHAMUKH U MOJICKYJSIPHOM (DH3HKH;
- OCHOBHBIMH MareMaTW4eCKUMM WHCTPYMEHTaMM, XapaKTE€pPHbIMM Ui 3aAad TEPMOAMHAMUKU U
MOJIEKYISIPHON (PU3UKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0ro Marcepuraja npoBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHATUA 110 TCMC ITPOULIIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Kputepun onennBanus

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Meroandeckne MaTepualsl, OTHOCSIIUECs K Kypey "OOmas ¢pusuka: TepMOInHaAMUKa 1 MOJICKYJISIpHAsT
¢uznka", HaXOJSTCS Ha caiite Kadeapsl oOrei ¢buznkn M®TU:
https://mipt.ru/education/chair/physics/S_II/method/



3. [lepeyeHb THMOBBIX KOHTPOJIbHBIX 3aJaHMi, MCHOJIb3yeMbIX JAJA OLEHKH 3HAHWIA,
YMeHUii, HABbIKOB

[TpomexxyTounas arrectanus no aucuumimie «O0mas pu3rka: TepMOIMHAMUKA U
MOJIEKYJIsIpHas pU3UKa» ocyllecTBisseTcs B popme nuddepeHnpoBaHHOrO 3aueTa U HK3aMeHa.
3ayeT mpoBOIUTCS B yCTHOMU (hopMe, a IK3aMEH — B IMCbMEHHOM U YCTHOH (opme.

JuddepeHupoBaHHbIN 3a4er

Jis nmonydenus 3a4éTa CTyIGHTY HE0OX0IUMO B YCTAaHOBJIEHHbIE Y4€OHBIM Ipa)UKOM CHATh
JIBa 3aJIaHUS U BHIIIOJIHUTH YCTAHOBICHHOE YY€OHBIM TpauKOM KOJIUYECTBO J1a00PaTOPHBIX
paboT. BreinonHeHne Kax a0l paboThl U3 HHIMBUYaJILHOTO CEMECTPOBOTO rpaduka
1abopaTopHBIX paboT (MapuIpyTa) 00y4JaroMIerocss COCTOUT U3 YETHIPEX ATAIOB:

1. [loaroroBka K BHIIOJHEHUIO paboThl. OHA MPOU3BOIUTCS, KaK MIPaBUIIO, B TEUCHUE HEJIENH,
IPEIIECTBYIONICH JIaOOPaTOPHOMY SKCIEPUMEHTY, M BKIIOYAaeT B ceOs M3ydeHUE OMHMCAHUS
paboThl M PEKOMEH/IOBAaHHOM B ONMHUCAaHUU Y4eOHOI TUTEpaTyphl, B KOTOPOW H3J1aracTcsi Teopus
UCCIJIETyEMOT'O SIBJIEHUS, a TaKKe O(POpPMIIEHHE B COOTBETCTBUU C JECUCTBYIOUIMMH IpaBUIIaMU
71ab0paTOPHOTO KypHaja CTyACHTA.

2._JKCIIepUMEHTAILHBIC H3MEPEHUs B JTA00paTOPUHU. ITOT ITAll HAYUHACTCS C JAOIMyCKa
CTyJEHTa K paboTe mpernoaaBaresieM, MPOBOISIINM B 1a00paTOpUN 3aHITHUS YUeOHOU TPYIIIbI.
OH nosapa3zyMeBaeT MPOBEPKY TOTOBHOCTHU CTY/ICHTA K BBIIIOJHEHUIO PAOOTHI, BKIIIOYAs €T0
OTBETHI Ha KOHTPOJIbHBIE BOMPOCHI, C BBICTABICHUEM OIICHKHU B KadeapaabHOM KypHale
yaeOHo# rpynnsl B rpady «lloaroroska» (mo 10-6amnsHoi cucteme). B ciiydae HEroTOBHOCTH K
MIPOBEJICHUIO U3MEPEHUI CTYIEHT HE JJOMYCKAETCs K BHITOIHEHHIO J1a00paTOpHOM paboThL, O
YeM JeNIaeTCsl COOTBETCTBYIOIIAs OTMETKA B KadeapaibHOM KypHalie yueOHOU Tpynbsl. B
JaIbHENIEM, 10 Mepe TOTOBHOCTH, OH BBIMOIHIET U3MEPEHUS BO BHEYPOUHOE BPEMsI.

JonymeHHplii Kk paboTe CTYIEHT 0 OKOHYAHUU H3MEpPEHUIN MpPEeNbsBISET pPe3yibTaThl
MpernojaBaTeNo, a TOT MpeAjiaraeT €My BBINOJIHUTh KOHTPOJBHBIM pacueT MapaMmeTpoB B
COOTBETCTBUU € pabounmu (opMysnaMu Uid OJHOM - JBYX 3KCIEPUMEHTAlbHbIX Touek. Eciu
pe3yNbTaThl pacyeTa COOTBETCTBYIOT MPOTHO3HPYEMbIM 3HAUEHHUSM — MpernojaBaTellb CTaBUT
CBOIO MOJNHKCH B JIAOOPATOPHOM JKypHaJe CTYAEHTA, a TAK)KE OLEHKY B Ka(eapalbHOM KypHalie
yuebHoii rpynnel B Tpady «lloaroroBka», ecnum — HET, TO MPEANPHUHUMAIOTCS MeEpbI IO
BBISICHEHMIO MIPUYMH PACXO0XK/I€HUS, BKIII0UYasi IOBTOPHbIE U3MEPEHUSI.

3. O6paboTKa pe3yabTaTOB Ja0OPATOPHOIO SKCIIEPUMEHTA MMPOU3BOAUTCS CTYAEHTOM
CaMOCTOSITEJIbHO B COOTBETCTBUU C JACHCTBYIONTUMU TIpaBUIaMu (CM.: «JlabopaTopHbIi MPaKTHKYM
o obmeit pmsuke: B 3 T. T. 1 : TepmoauHaMuka u MoJeKyspHas (u3nka : yued. mocodue ass By30B /
nox pex. A. JI. Tnagynay. — M.: MOTH, 2012). TTo 3aBepiieHnn 00pabOTKH pe3ysIbTaToOB
00yyaroImuics 10JKEeH MOJArOTOBUTHCS K 3allUTe JabopaTopHoi paboThl. Takast moaAroToBka
BKJIIOUYAET B c€051 CAaMOCTOSITENIbHYIO IPOBEPKY U aHAJIU3 PE3yJIbTaTOB 00pabOTKH, TOATOTOBKY
OTBETOB Ha KOHTPOJIbHBIE BOIPOCHI U3 OMMCAHUS JabOpaTOPHOI pabOThI, a TaKXkKe MPOpadOTKY
M0 PEKOMEH/I0BaHHBIM B OIIMCAHUU YY€OHMKAaM TEOPETHUUECKOT0 MaTepuaia, OTHOCSIIETOCs K
U3y4aeMoil TeMe.

4. 3amuTa JJabopaTOpHOU paboThl 00YUYaIOIUMCS IPOU3BOJUTCS B KOHTPOJIbHBIE CPOKH,
yKa3aHHbBIE B €r0 MHUBHUIYaJIbHOM CEMECTPOBOM Ipaduke 1abopaTOpHBIX padoT, BO BpeMs
3aHATUH B 1a00OpaTOpPUH COTIIACHO JIEUCTBYIOMEMY pacnucanuto. JlabopaTtopnas pabora, He
IpeJCTaBIeHHAs K 3alllUTe B TEUEHUE MECSAIA MOCIIe JIaDOPaTOPHOTO HIKCIIEPUMEHTA,
aHHYJIMpYeETCs MpenojiaBareneM. BMecto Hee CTyIeHTy Ha3HayaeTcsl pyras U3 UMEIOIIEerocs
nepeyvHs J1adopaTopHBIX paboT.

3amurta 1abopaTopHOi PabOTHI MOAPA3YMEBAET, MPEKIE BCETO, TPOBEPKY
mpernoaaBaTenieM pe3yabTaToB 00paboTKU JAHHBIX SKCIIEPUMEHTAIBHBIX U3MEPEHH Ha UX
COOTBETCTBUE TEOPETUUYECKON MOJENN N3y4aeMoro sIBICHUS WIN (PU3NYECKOro mpolecca. 3a
odopmiieHne oT4eTa U KauecTBO 0OPaObOTKHU pe3ysIbTaTOB MPEINo1aBaTelb MPOCTABIISAET TPETHIO




OLIEHKY B KaeapaabHOM KypHane yueOHol rpynnsl B rpady «Iloaroroska». Eciau okaxercs,
YTO pe3yabTaThl 3HAYUTEIHHO PACXOAATCS C TAOJMYHBIMU 3HAUCHUSIMH U3MEPEHHBIX
apaMeTpoB, U MIPUUUHY PACX0XKIEHHUS OOHAPYKUTh U YCTPAHUTh HE YJAETCs, CTYAEHT MOXKET
OBITH HAIPABJICH MPETIOIaBATENIEM Ha BBIITOJHEHHUE TTOBTOPHBIX U3MEPEHUN H ITepecyeT
pe3yJbTaTOB.

B ciydae HeynoBiI€TBOPUTENEHOTO OPOPMIICHHS OTYETA IO PE3YJIbTaTaM U3MEPEHUN
CTYZAEHT TaK)K€ MOXET ObITh OTCTPAHEH MPENOoaBaTeIeM OT 3alUThl Pa0OThI Ul yCTPAHEHUS
HEJIOYETOB 0 CJIEAYIOIIETO 3aHATHS 10 PACIIUCAHHIO.

OO0s13aTenbHBIM NIPH 3aLUTE PE3YIIBTATOB J1a00PATOPHOM pabOTHI SBJIAETCS YCTaHOBIICHUE
CTETIEHU OCBOCHUS CTYJIEHTOM TEOPUHU HCCIETyEMOT0 SBICHHUS WK (U3NYEecKoro npouecca. s
9TOr0 IpenoJaBaTelb MOXKET HCII0JIb30BaTh CIUCOK KOHTPOJIBHBIX BOIPOCOB U3 OIUCAHUS
nabopaTopHoii paboTsl. [IpenogaBaTens Takke MOXKET MPEIOKUTh CTYIEHTY BBIITOJIHUTD
OLIEHKY BKJIaJIa B IOTPELIHOCTh U3MEPEHUN (PaKTOPOB, HE YUTEHHBIX B HCIIOJIb3YEMbIX IIPU
pacuerax pabounx opmyax.

I[To uToram 3amuThl pe3yabTaToOB pabOThI IPENOAaBaTellb CTABUT B KadeapalbHbIi
KypHaJ y4eOHOH TpYIIIbl YeTBEPTYIO OILICHKY B KadeapaabHOM KypHaye yueOHOM Irpymiibl B
rpagy «Iloarorokay». Mrorosas onenka (o 10-0anpHoi 11Kalie) 3a BBIIOJIHEHHYIO CTYACHTOM
1abopaTopHyIO paboTy onpeaenseTcs Kak 1/6 (C OKpyTIeHHeM JI0 1EJI0r0) OT CyMMBI Y€ThIPEX
HEPEYHCIICHHBIX BBIIIE OLIEHOK, IIPU TOM YETBEpTasi OL[EHKA 3a KAYeCTBO YCBOCHUS CTYIEHTOM
TEOPHH UCCIIEAYEMOTO SIBICHUS WU (PU3HMUECKOTO MpoIiecca J0JDKHA ObITh YMHOXKEHA Ha
Kod(purmeHT «3».

ITo OKOHYaHUU ceMecTpa Ka)KJ1bIA oOyuaromuiics JIOJKEH IIOJIy4YUTh
T depeHIMpoBaHHbI  3aueT 1o JgucuuiuinHe «OOmas (usuka: TepMOJMHAMMKA MU
MonekyisipHas ¢usuka». K crade 3auera JOMyCKalOTCS TOJIBKO CTYACHTHI, YCHEIIHO CIIABIIHE
JIBa 3aJaHMs, BBINOJHMBIIKE W YCIEUIHO 3alUTUBIINE B COOTBETCTBUU C WHIMBUAYAJIbHBIM
rpadukoM Bce JIabopaTopHble paboThL. MTOroBas OIEHKAa ONpenersieTcss Kak Moiycymma (c
OKpYyIJIEHHeM J10 1ejoro 3HadeHus no 10-0ayipbHOM cucTeMe) cpedHUX apu(MeTHUecKux
0a)UTOB  OLIEHOK 3a 3aJlaHMsl W 3a JJabopaTopHbie pabOThl. B UCKIIOUUTENBHBIX CIy4Yasx CO
CTYAEHTOM, JIOIYCKaBIIMM B TE€YEHUE CEMecTpa HapylleHHs y4yeOHOro rpaduka, MOKeT ObITh
MIPOBE/ICHO JIOTIOJHHUTEIBHOE COOECEeJOBaHNE C IIETbI0 YCTAHOBJICHUS CTENICHH OCBOCHUS MM
IpOTrpaMMbl TUCLIUITIIMHBI.

IK3aMeH
CemecTpoBbIil 3K3aMEH COCTOMUT U3 JIBYX YacTEW: MHUCbMEHHOM U YCTHOM, MpUYEM B
HK3aMEHAIMOHHYIO BEIOMOCTb U 3a4E€THYIO KHUXKKY CTY/JIeHTa 3K3aMEHATOPOM CTaBUTCS OJHA
oOmtas oueHka. CTyieHThl, He uMeroIue Au¢HepeHIMPOBAaHHOIO 3a4eTa M0 TUCHUIUINHE
«O61mas ¢pu3uka: TepMOIUHAMUKA U MOJIEKYJIIpHast (PU3HKa», K YCTHOMY 3K3aMeHY He
JIOIYCKAIOTCS.
Ha nucbMeHHOM 3K3aMeHe CTYAEHTY IpejularaeTcs peluTb 5 3a1ad B TedeHue 4 4acos.

Temaruka 3ajay MOJTHOCTBIO COOTBETCTBYET IIporpamMme Kypca, OJHAKO BCe 3ajauu
MHACbMEHHOTO dK3aMeHa SIBJISIOTCS MOJTHOCThIO OPUTHHAIBLHBIMU. C IIpUMepamMu 3a/1ay MPOILTBIX
JIET MOXKHO O3HAaKOMHTHCA Ha caiiTe kadeapsl oOmiei ¢u3nku B paszzene dK3aMeHAIIMOHHBIX

MmarepuasioB 3a 2-ii cemectp https://mipt.ru/education/chair/physics/S_Il/ekzams/. Tlo uToram

MACbMEHHOTO DK3aMeHa CTYJIEHTY BBICTABIISETCS MMPOMEXKYTOUHAsI OlleHKa. OJIMH U3 BO3MOXHBIX
BApUAHTOB OIPEJICIICHHS TAKOW OIEHKH MPEICTABJICH B HIIKE MPUBEJACHHOM TabymIe (MTOToBas
oIleHKa 3a paboty (mo 10-0annbHOI mIKane) onpenensiercs Kak cyMMa 0ajuioB MO BCeM 3ajadyaM

C OKpyTJIeHHeM JI0 Oymkaiinrero (cBepxy) 11eJI0ro):


https://mipt.ru/education/chair/physics/S_II/ekzams/

MHCTPYKIO WM OJIA ITPOBEPSIOIINX

3anava pelreHa BepHO (T. €. IIPUBEIEHO 000CHOBAHHOE TIPABVIBHOE PeIlIeHE).
+ | 4 | Bo3aMOXXHO HayIM4aMe MeJIKVIX HEJIOYETOB (HeCyIecTBeHHbIe apudMeTdecKrie
OTIIVIOKM)

SaLLaqa perieHa IIpaBIbHO, HO OTCYTCTBYeT UYMCJIEHHBIN OTBET, VWJIM YMCIIeHHBI OTBET
Ha IIOpsI0K 1 Dostee oTyIMUaeTCs OT IIpaBMJIBHOI'O

H+
w

3ayiaua He pellieHa, HO OCHOBHBIe (pU31UecKIe 3aKOHBI, HeOOXOIVIMBIe ISl pellleH s,
cdopMyIIMpOBaHbI IIPaBWJILHO (IIPY 3TOM BBIKJIQJIKV HavaTkl, HO He J0BeIeHbl 110
KOHIIa, JI100 B BBIKJIAJIKaX eCTh CyIlleCTBeHHBIe OIIMOKY, IIpUBeIIie K HeBepHOMY
PpeleHnIo)

+/2 | 2

3amayda He perrieHa. OcCHOBHBIe (PU3ITYeCKVIe 3aKOHBI, HeOOXOAMMBIe IS PeIeH s,
cdopMyIMpOBaHbI IPaBVIILHO. BEIKITamK 11100 OTCYyTCTBYIOT, 100 OHM M3HaYaJIbHO
HeBepPHBI

+l
—

— 0 | 3amaua He pellleHa, HO ObUTa Oe3yclIelTHasl IIOMBITKA PEINTh

0 | O | IToneITKM permmTh 3a/1a4y He ObUTO

Maxcumym 3a 3amady — 4 ouxa. MTorosas omeHKa 3a paboTy OIIpemesisseTcss UCXOas U3
CYMMEI 0AJIJIOB X II0 BCEM 3a0aYaM.

IIprmegarmme. 3a pemeHnda 3agau ¢ SBHBEIMU IPU3HAKAME CIIMCHIBAHNA cTaBuTca 0
0aJLIIoB.

Tabnuia cOOTBETCTBUS:

) 0-1 (2-3|4-5|6-7| 8-9 |10-11|12-13| 14-15 |16-17| 18-20
Orenka 1 21314 5 6 7 8 9 10

HEyA. | YAOBIL X0p. OTII.

B panpHelinieM OHa y4YMTBIBA€TCS Ha YCTHOM 3K3aMEHE IPU BBICTABICHUM WTOTOBOU
9K3aMEHALIMOHHOW OLIEHKH 10 AUCLUIUIMHE.

Ha ycTHOM »9K3aMeHe CTyZIEHT [JOJDKEH U3JIOKUTh OJK3aMEHATopy Marepual
HK3aMEHalMOHHOro Omiiera (ciay4yailHpIM 00pa3oM BBIOpAaHHBIM BOIPOC M3 MPOrpaMMbl) U Tak
Ha3bIBaEMBI «BOIPOC MO BbIOOpPY». Ero cTyneHT roToBUT 3apaHee. DTO MOXKET ObITh JIMOO
yriayOleHHOe M3JI0KEHHE OJHOr0 U3 BOIPOCOB MporpamMmbl  Kypca, JuOO  BOIpOC,
OTCYTCTBYIOIIMH B IIpOrpaMMeé Kypca, HO HMEIOIIUN HEMOCPENACTBEHHOE OTHOLIEHHE K
M3y4aeMoil TUCHUIUIMHE, a TakKXKe M3JI0KEHHE U 3allUTa pe3yabTaToB J1adopaTOpHON paboThl,
IPOJIETAHHOM CTYJIEHTOM B Ja0OpaTOPHOM MPAKTUKyME B KAaueCTBE JOMOJHHUTEIHHON PabOTHI.
Ha otBeT mo «Bompocy mo BEIOOpY» CTYAEHTY MpeaocTaBiseTcs He 6oee 10 MUHYT.

ITpyu MOArOTOBKE K YCTHOMY 3K3aMEHY PEKOMEHIYETCSI UCIIOJIb30BATh CJIETYIOIINN
CIIMCOK 3K3aMEHAI[MOHHBIX BOIIPOCOB:

1. HpeL[MCT 1 OCHOBHBIC 3aJayu MOJ'IeKy.]'ISIpHOfI (I)I/I3I/IKI/I U TCPMOJHUHAMUKH. OCHOBHBIC TTOJIOKEHHS

MoJIeKyJIsipHO-KrHeTHYeckor Teopun BemectBa (MKTB). OcnoBuble napamerpsl B MKTB u nopsiaku ux

BenuuuH. MeanbHblil 1 HeUAeallbHbIN Ta3bl; pa3peKeHHBIN Ta3.




2. PacmipeniesieHrie MOJIEKYJ Pa3peKEHHOTO raza B IPOCTPAaHCTBE. BHHOMHMHANBHOE pachpeielicHue.
Hopwmuposka. Cpexgaue BenmnuuHbI U quctepcui. GryKTyaldy 9rcia YacTHIl B 3aJJaHHOM 00beMe.

3. Pacnpenenenns TI'aycca u Ilyaccoma. HopmmpoBka. CpennHue BenMUMHBI W JUCHEPCHU
pacnpeaeneHui.

4. Pacripenenenre MOJIEKYJ pa3peKEeHHOTO raza mo ckopoctsiMm. [loHsTHe 0 pacupeneneHN: MOJIEKYI
pa3pekeHHOro Ta3a Mo CKOPOCTSM. | Mmore3a o «MONEKYJSIpHOM Xaoce». Bpems cBoOomHoro mpobera
MoJiekyn Taza. [lpuHiun gerampHOro OanaHca. BBIBOJ PaBHOBECHOIO PACIPECIICHUS IO CKOPOCTSAM
(bysknmm pacnpenenennss MakcBesia) W3 TPUHIMIA JeTaabHOro OamaHca. OCHOBHBIE CBOWCTBA
¢byakmm  pacnpeneneHuss MakcBemna. ['a3okmHeTHUeckas TeMmIepaTypa. XapakTepHbIE CKOPOCTH
MOJIEKYIL.

5. TIMOTHOCTH MOJIEKYJSIPHBIX IMOTOKOB MACChl, UMIyJbca M 3Hepruu. OmnpeaeleHue IUIOTHOCTEH
MOJICKYJIIPHBIX MOTOKOB MAacChl, UMIYJhCa U DHEPTHH B Pa3pEKEHHBIX Ta3ax C MOMOIILI0 (PYHKIIUU
pacmpeneneHus mo ckopoctsm. O0mue BelpakeHus. JlaBiaeHue uaeaqbHOro raza Ha creHKy. OCHOBHOE
YpaBHEHUE MOJECKYJSIPHO-KMHETHYECKON Teopun ra3oB. 3akoHbl boitms-Mapuorra, ['eii-Jlroccaxa,
[Tapns, ABoraapo u JansTona. UneanbHO-Ta30BBINM TEPMOMETP.

6. CpenHsis SHEprus MOJICEKYJ MHOTOaTOMHOTO HCalbHOrO Ta3a. Pacmpenenenue bonbiiMaHa B
OJIHOPOJIHOM TpaBUTAIIMOHHOM Tmone (Oapomerpudueckas ¢opmyna). CpemHss SHEPrus MOJIEKYI
UAEaFHOTO H30TEPMHUYECKOTO Ta3a B  OJHOPOIHOM TpaBUTAllMOHHOM TMone. Teopema o
paBHOpACHpENEICHUN JHEPrUH IO CTemeHsM cBoOoabl (0e3 mokaszarenbcTBa). CpenmHsisi SHEPrus
IMOCTYIMATCIIbHBIX, BpAallaTCIIbHbIX U KOJ'IC63T€J'H>HBIX cTerneHeun CBO6OILI)I JIMHEHMHBIX MOJICKYJI HACAJILHOTO
ra3a. XapakTepuCTHIeCKHe TeMIeparypbl. OrpaHHYeHHOCTh TEOPEMBI O PABHOPACITPEIEIICHUH.

7. IlepBoe Ha4yajIO TePMOAWHAMUKHU. Temora, BHYTPEHHs SHEeprus, padora u suTansnus. OCHOBHbIE
TeroQu3nyecknue XapaKTePUCTUKH BEUIECTBA: TEIJIOEMKOCTh W TepMUYecKue Kod(pQUIUEHTHI.
CootHoueHue Maiiepa 11 TETUIOEMKOCTEN UIeaJbHOro rasa.

8. KBasucrarmueckue mporiecchl ¢ uaeambHbIM Tra3oM. [lomuTponmudeckuii MpoIecc W ero 4YacTHhIC
ciydad. YpaBHEHUE MOJUTPONBI U €ro YacTHhIEe ciydau. [ paduueckoe n3o0paxeHne KBa3HCTaTHICCKUX
MpoILeCCOB. 3aMKHYTBHIE (KPYTOBBI€) KBa3UCTATHUECKOE MPOLIECCHI M UX NMPAKTHUYECKOE 3HAUEHHE.

9. Luxn KapHo. DHTponus paBHOBECHOTO MIEAJIBHOTO ra3a. TepMoIuHaMUYecKas IIKajla TeMIIEpaTyp.
CBs13p TEPMOJIMHAMHYECKOM HIKAJIBI TEMIIEPATyp CO HIKAIOH HAeaIbHO-Ta30BOI0 TEPMOMETPA.

10. Xapaxrepuctuueckue (GYHKIUHM H TepMOJMHAMHYECKHE TOTeHIUabl. OOIIMe MmpencTaBIeHus O
MeToJe TEePMOAMHAMHYECKMX (yHKIMHA (MOTEHIMAIOB) W METOJAEe IHMKIOB B DPaBHOBECHOM
TepMOANHAMUKe. BBIBOJT OCHOBHOTO TEPMOIMHAMUYECKOTO TOXK/IECTBA.

11. OGpatumbeie U HeoOpaTtmMmble Tpoliecchl. HepaBHoBecHBIE mporiecchl. I[Iporecchl mepeHoca B
JIOKaJIbHO-PABHOBECHBIX cpefax. OCHOBHBIE OTIMYMS B MAaTEMATUYECKOM ONMCAHUN KBa3UCTATUYECKUX U
HEepaBHOBECHBIX MporeccoB. Jduddysus, BsI3koe TpeHHE U TEIJIONPOBOJHOCTh — OCHOBHBIE CBEICHMS.
Kunernyeckue koaddunmentsl. XapakTepHble BpeMmeHa. [Ipumepbl. bBpoyHOBckoe —JBIKEHHE.
OOBsiICHEHHE 3aKOHOMEPHOCTEH OpOYHOBCKOTO JIBW)KGHHUS C TO3WIHMNA MOJICKYJISPHO-KHHETHYECKON
TEOpUH BEILECTBA.

12. Bropoe Hauano tepMmoamHamukd. OOmias maremaTuyeckas (HOpMYJIMPOBKAa BTOPOrO Hauaia
TepMonuHaMuki. OObeAMHEHHOE ypaBHEHHWE TIEPBOrO ¥ BTOPOrO Hayal TEPMOJWHAMHKH.
CTaTHCTHYECKUI CMBICT BTOPOTrO 3akoHa TepMmoauHamuku. Popmyna bonpumana u  uaykryanum.
Wzmenenne suTponuu npu AudQy3noHHOM CMEIICHUH WACANBHBIX ra30B U napajokc ['udoca.

13. Tperbe Hauasmo TepMoTUHaMUKH. [loBeieHre TEIUIOPU3NUECKIX XapaKTEPHCTHK BEIIECTBA BOIM3H
abcomoTHOrO HyJs. VI3MEHeHHe OSHTPONHMU W TEIUNIOEMKOCTH IpH TNPHUOIMKEHUH TEMIeparypsl K
abcomoTtHoMY Hymo. Teopema HepHcra (TpeThe Ha4ano TepMOANHAMUKH).

14. PeanwsHble Ta3bl, Ta3 Ban-nep-Baannsca. YpaBHenne Ban-mep-Baanbca. ®@usmueckuil CMBICH €T0O
YJICHOB. KpI/ITI/I'-IeCKI/Ie nmapaMeTpbl BENICCTBA U 3aKOH COOTBETCTBCHHBIX COCTOSTHUH.

15. Tepmonunamuueckue CBOWCTBa raza BaHn-nep-Baanbca: BHYTpeHHSs SHEprus, SHTPOIUS,
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TermoeMkocTh. [Ipornecc JIxxoynsa-Tomcona.

16. dasopbie mepexoanl. M3orepmbl raza Ban-mep-Baanbca m MX CBS3b ¢ HM30TEPMaMH PEaabHOIO
BemecTa. Ma3oBeie Mepexoabl «ra3z-KUAKOCTHY. TemnoTa nmepexona. [IpaBuno MakcBemia U mpaBUiio
phluara.

17. Ycnosus ¢a3oBoro paBHoBecus u ypaBHeHue Knameipona-Knaysmyca. XuMHUECKHH TOTEHITHAT
¢da3el. ®a3oBbIc TUATPAMMEL.

18. 3aBucumocTn AAaBJICHUA HACBIIICHHOTO ITapa OT TEMIIEpAaTypbl W TCIUIOCMKOCTH HACBIIIECHHOTO
rnapa. KI/IHCHI/IC, KOHJACHCaIIUA 1 METacTaOUIbHBIC COCTOSHHS.

19. DneMeHTapHas MEXaHUKA M TEPMOJIMHAMHKA TIOTOKOB CKMIMAeMOTO HEBSI3KOTO Tasa.
VYpaBHeHHSs CTAI[MIOHAPHOTO JBMKCHHS aqrabaTHOr0 OJJHOMEPHOI0 IIOTOKA CKHMAeMOI'0 HEBSI3KOI'O Ta3a
W MX MHTErpajbl. Pa3roH moroka rasa o CBEpX3BYKOBBIX ckopocteil. Cormno JlaBans. OcHOBHBIC
0COOCHHOCTH CBEPX3BYKOBBIX TCUCHHH. Y IApHBIC BOJHBI CKATHSI B CBEPX3BYKOBBIX MTOTOKAX ra3a B CBETE
BTOPOr0 Hayajia TePMOIUHAMUKH.

[IpumMepbl 3K3aMeHANMOHHBIX ONJIETOB

BUJIET Ne 01
1. Bonipoc 1o BeIOODY.
2. Pacnipenenenus [aycca u [Tyaccona. Hopmupoka. CpejiHue BEJIMUUHBI M TUCTIEPCUH
pacrnpeeneHui.
BUJIET Ne 02
1. Boripoc o BeIGOpY.
2. Peanbhble Tassl, ra3 Ban-nep-Baansca. Ypasaenue Ban-nep-Baanbca. OU3HUeCKuii CMBICI €10

YJICHOB. KpI/ITI/I‘IQCKI/Ie napaMeTphbl BEMICCTBA U 3aKOH COOTBETCTBCHHBIX COCTOSIHUH.

BUJIET Ne 03
1. Bonpoc 1o BEIOODY.

2. SHGMeHTapHaH MCXaHHKa U TCPMOANHAMHUKA ITOTOKOB C)KUMACMOT'O HEBA3KOT'O I'a3a..

4. Kputepuu oueHUBaHUs

OrneHKa 3a MUCHbMEHHYIO YacTh AK3aMEHa OMpeeliieT MaKCUMaIbHYIO UTOTOBYIO OIIEHKY 3a
9K3aMEH. B HCKIIOUMTENBHBIX Cly4yasx, €ClM Ha YCTHOM YacTh »HK3aME€Ha CTYIEHT
JIEMOHCTPHUPYET TPEBOCXOJHBIE TEOPETHYECKUE 3HAHUS M YPOBEHb IOHUMAHHUS IIPEIAMETa,
UTOTOBAsl OIIEHKA C COTJIacUs JIEKTOpa Kypca MOKeT OBITh MOBBINIEHA, HO HE Oojee yem Ha 2
6aa (mo 10-6aymtpHOM HTKane).

Ha yctHOM 5K3ameHe mpenoaaBaTellb OIEHUBAET OTBET CTY/IEHTA B 1IEJIOM M BBICTaBJISET
OIICHKY COTJIaCHO TPUBEACHHBIM HIDKE KPUTEPUSM U HU3JIOKEHHBIM BBIIIEC 3aMEYaHUSIM
KacaTeJIbHO MMChMEHHOM YacTH dK3aMeHa:

e Ouenka «orau4Ho (10)» BbICTaBIsAETCS CTYIEHTY, II0OKa3aBIIEMY BCECTOPOHHHE
CHCTEMAaTHU3UPOBAHHBIC TIIYOOKHE 3HAHUSI Y4eOHOW TMporpaMMbl M 3a €€ Mpeaenamu, a TakkKe
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YMEHHUE YBEPEHHO IIPUMEHATh UX Ha MPAKTUKE NP PEIICHUH CI0XKHBIX HECTAaHIAPTHBIX 3a/1a4.

e OrueHka «oTaM4YHO (9)» BBICTABISETCS CTYACHTY, [OKa3aBIIEMY BCECTOPOHHHE
CHCTEMaTU3UPOBAHHbIE ITyOOKHE 3HaHUS y4eOHOM MpOrpaMMbl U YMEHHE YBEPEHHO IPUMEHSTh
UX Ha IPAKTHKE IPU PELICHUU HECTAaHIAPTHBIX 3ajau.

e OueHka «OTJIHYHO (8)» BBICTABISETCS CTYAEHTY, IIOKa3aBLIEMY BCECTOPOHHHE
CHCTEMaTU3UPOBAHHbIE ITyOOKHE 3HaHUS y4eOHOW MporpaMMbl U YMEHHUE YBEPEHHO NPUMEHSATh
UX Ha NPAaKTUKE IpPU PELIEHUH HECTAaHJApTHBIX 3a/ad, OJHAKO JONYCTHUBIIEMY HEKOTOpPbIE
HETOYHOCTHU IIPU OTBETE.

e OneHka «xopowo (7)» BBICTaBIAETCS CTYAEHTY, €CIM OH MPOJEMOHCTPUPOBAI TBEPAOE
3HaHUE W YBEpEHHOE IOHMMAaHUE MaTepuaja y4eOHOH mporpaMMmbl W YMEHHE CBOOOIHO
OPUMEHATh (PU3UYECKHE 3aKOHBI Ha ITPAKTUKE IIPU PELIEHUN TUIIOBBIX 3a]1ay.

e OneHka «xopowo (6)» BbICTaBIAETCS CTYAEHTY, €CIM OH MPOJEMOHCTPUPOBAI TBEPAOE
3HaHHWE MaTepuajia y4eOHOW MporpaMMbl M yMEHHE MNPUMEHATh (PU3MYECKHe 3aKOHBI Ha
IPAaKTUKE IPU PELICHUHU TUIIOBBIX 33/]au.

e OreHka «xopommo (5)» BBICTABISIETCS CTYICHTY, €CIIH OH IPOAEMOHCTPUPOBAI TBEPIOEC
3HaHHWE W TIOHMMAaHWE Marepuaja y4eOHOW IMporpaMMbl M yMEHHE NPUMEHATh (U3NYECKHE
3aKOHBI Ha MPAKTHKE MIPU PEIIEHUH TUIOBBIX 3a]a4, 0OJHAKO JOIyCTUII IPU OTBETE psi IpyObIX
HETOYHOCTEH.

e OleHKa «yAOBJIETBOPUTENbHO (4)» BBICTABISETCA  CTYACHTY, IIOKa3aBIIEMY
(dparMeHTapHbli XapakTep 3HaHUMN, JAONYCKABLIEMY HETOUYHOCTH B (POPMYJIHMPOBKE OCHOBHBIX
3aKOHOB U 0a30BBbIX MOHSTHUM, HO MPU ATOM IPOJEMOHCTPUPOBABLIEMY CIIOCOOHOCTH pEIaTh
IPOCTHIE 3a/1a41 U BJaJICHME OCHOBHBIMU pa3jiellaMi y4eOHON PpOorpaMMbl, HEOOXOAUMBIMHU IS
JabHENIEero o0y4yeHusl.

e OleHKa «yJAOBJIETBOPUTENbHO (3)» BBICTaBISIETCS CTYIEHTY, MOKa3aBLIEMY CHJIBHO
(dparMeHTapHbIi XapakTep 3HAHWH, JOIycKaBlleMy TIpyOble omMOKH B (OPMYIMPOBKE
OCHOBHBIX 3aKOHOB M 0a30BBIX MOHSATHI, HO TIPH 3TOM MPOJAEMOHCTPUPOBABIIEMY CITIOCOOHOCTH
pewiatb MPOCThIE 3aJayd M BIAJEHUE OCHOBHBIMM pas3elaMM Y4eOHOH NpOrpaMMsl,
HEOOXOUMBIMHU U1 JAJIbHEUIIETr0 00yUYeHHUSI.

e OleHKa «Hey/10BJIeTBOPUTEJIbHO (2)» WK «Hey10BJeTBOpuTeJbHO (1)» BricTaBIseTCS
CTYIEHTY, KOTOpBbI HE 3HaeT 3HAUUTEIbHYIO YacTh OCHOBHOIO COJEP)KAHUS MPOTPaMMBbI,
CHUCTEMaTHYeCKH JOMYyCKaeT rpyOble OomMOKM MpH (OPMYIMPOBAHUU OCHOBHBIX (DU3NYECKUX
3aKOHOB MJIM HECIOCOOEH KOPPEKTHO MPUMEHATh (PU3MUECKHE 3aKOHBbI JaXKe IJsl pelleHus
IIPOCTBIX 3a7ad.

5. MeTonnyeckne MaTepuaJibl, onpee/siionme nNpoueaypbl OeHUBAHUS 3HAHUI, YMEHUI,
HABBIKOB M (MJIM) ONBITA 1eATEJIbLHOCTH

ITopsinok npoBeeHusi NMCbMEHHOI0 IK3aMeHa.

Bpems mpoBeneHus NMHCBMEHHOM 4acTH JK3aMe€Ha COCTaBIseT 4 acTpoHOMHUYecKuX daca. Ha
9K3aMEHE Npe/IaraloTcs JJs PelIeHUs] 5 OpUTrMHANbHBIX 3a]a4. TeMbl COOTBETCTBYIOT T€MaM
CEeMMHApCKHUX 3aHATHHA. 3ajjauya CUUTAETCS PEHIEHHOW, €CIM OHAa COJAEPKUT OOOCHOBAHHOE
pelIeHNe: CChUIKA Ha MpUMeEHsieMble (PU3MYECKHe 3aKOHbI M KOPPEKTHBIE BBIKJIAJKU, a TAKXKe
NpaBUIbHBIM UYHCIEHHBIH OTBET (€ciM B 3ajade ecTh 4YHCcIoBble jaaHHbIe).Ha »sk3amene
pasperraercsi MoJib30BaThCsl JIOOBIMH 3aMUCAMH U Y4eOHBIMH MOCOOMSIMH B OyMa)KHOM BHJIE.
Kareropuuecku 3ampemiaercsi BKIIOYaTh JHOOBIE YCTPOMCTBAa, KOTOpbIE MOTYT CIIYXKHTb
CpeACTBaMHU CBSI3M — HOYTOYKH, IUIaHIIEThl, TenedoHsl M T.m. Hapymwurenun ypanstoTcs c
9K3aMEHa C OLIEHKON «HEYIOBIETBOPUTEIbHO». Pasperiaercs monb30BaThCsl KaJbKYJIATOPAMHU.
3ampenaercs MoJIb30BaATHCSA KAIBKYJIATOpPAMH B MOOMIIBHBIX TeleoHaX, HOyTOYKax M T.II.

IHopsiaok npoBeaeHNsI YCTHOTO IK3aMeHA.



DK3aMeH NPOXOJUT B TPAAMLMOHHOW (popme Oecenpl MpernoaaBaressi CO CTYIEHTOM IO TeMe
HK3aMEHAIIMOHHOTO Oujera. DK3aMEHAIMOHHBIA OHJIET COACP)KUT J[Ba IYHKTA: «BOMPOC IO
BBIOOPY» U OJIMH BOMPOC U3 MPOTpaMMbl Kypca.

«Bonpoc mo BbIOOpY» CTYIEHT TOTOBHT CaMOCTOSATENBHO A0 dK3aMeHa. BbIOOp TeMsl
OCYIIECTBIISIETCS TPU KOHCYNbTALIUKA MPENoAaBaTess, BEIyIIEro CEMHUHApCKUE 3a/laHusl.
Bonpocom mno BbIOOpY MOXeT ObITh 1) yrayOlieHHOE HW3JI0KEHHE OJHOTO M3 IYHKTOB
porpaMMel, 2) BOIPOC WM 3aJada, HEMOCPEICTBEHHO CBSI3aHHBIE C TEMATUKOW Kypca, OJJHAKO
HE 3aTpOHYTble B HEM, 3) H3IOXKEHHE M 3alluTa pe3yJbTaToB JabOpaTOpPHOH paboTHI,
MPOJIEJIAaHHOM CTYAEHTOM B JIaOOPaTOPHOM NMPAKTUKYME B Ka4eCTBE JOIMOJHUTEIbHON PabOTHI.
Ha otBet mo «Bompocy 1o BEIOOPY» CTYACHTY MpeaocTapisieTcs He 6onee 10 MUHYT.

Ha monroroBky k orBeTy mo Omiery cryaeHty maércs ot 30 mo 45 munyt. B TeueHue
JK3aM€Ha CTYJIEHTY HE Pa3pelIaeTCs IOJb30BAThCS BBIUUCIUTEIIBHON TEXHUKOM, JTUTEPATypOU,
3apaHee  IOATOTOBJICHHBIMH  COOCTBEHHBIMU  3allUCAMU M JIPYTUMH  MarepHallaMu,
OTHOCSILIUMMCS K TIPEAMETY, KPOME 3K3aMEHAILMOHHOM MpOorpamMmbl Kypca.

B mpouecce oTBera Ha «BONpOC MO BBIOOPY» pa3peliaeTcsl MOJIb30BaThCA 3apaHee
HOJTrOTOBJICHHBIM IUTAHOM OTBETA W 3apaHee MOJTrOTOBICHHBIMU WILTIOCTpalUsIMU/TpadrKaMu,
IPE/ICTABICHHBIMU B OYMaXHOM BHJE, JIMOO HA 3JICKTPOHHOM HocuTese (TUiaHmer/HOyToyK).
Hcnonp3yembie TpadyKy WK WILTIOCTPAIMH HE JOJDKHBI COJIEPKATh YacTel TeKCTa Mokiana. Ha
MOJTOTOBKY OTBETAa Ha «BOMPOC MO BLIOOPY» (IOBTOpeHHE) AaéTcs He Oosiee 5 MUHYT.

B mpouecce orBera 1o OuiIETy IK3aMEHATOP MOXKET 3a/1aBaTh YTOYHSIIOIIME BOIPOCHI.
[Tocne oTBeTa Mo OWieTy 3K3aMEHATOp BIpPaBE 33/7aBaTh CTYACHTY JIIOObIE JOMOJHUTEIbHBIC
BOIIPOCHI 110 NPOrpaMMe Kypca.

B coBokymHOCTH ompoc 00ydaromierocs Ha YCTHOM SK3aMEHE HE JOJIKEH MPEBBIIIATh
JIBYX aCTPOHOMHYECKHX 4acoB (0e3 yueTra BpeMEHHU Ha OATOTOBKY).

[lpumepbl  TPOCTHIX  3agad, peIIeHHe  KOTOPBIX  HEOOXOIUMO  JUIS  TIOJTYYeHUs
YZIOBJIETBOPUTEIBHOM OLCHKU:

e HaiiTu BHYTPEHHIOIO JHEPrUI0 HACAIBHOIO raza ¢ IOCTOSHHOM TemloéMkocTeio CV,
umeroulero nasiaeHue P u 06bém V.

e  BrIpa3suTh AaBICHUE WICATBHOIO ra3a 4epe3 KOHIEHTPALNIO U CPETHIOK KHHETUYECKYIO
SHEPTHUIO MOCTYNATENBHOTO IBHKEHUS MOJIEKYJI.

e 3ammcarh NEPBOE HAYAIO TEPMOJAUHAMUKHU B TU(PPEpeHITHATHLHOM BHUJIE.
Paccunrare paboTy HeanbHOro raza B M30TePMUYECKOM/aInabaTHyeCcKOM MpOoIIeCCe.
BriBecT ypaBHeHHe aquadaThl H1€aNbHOIO rasa.
[Momyuuts pasnocts CP [1 CV mist uaeanpHOTO Ta3a.
Anmnabarudeckoe ucteuenue ra3os. CKOpocTh 3ByKa

e HaliTu CKOpPOCTh MCTEYEHMS HUICAIBHOIO OJHOATOMHOIO rasa mnpu temmeparype T B
IIyCTOTY 4€pe3 OTBEPCTHE.

e PaccuuTaTh CKOPOCTB 3ByKa B BO3J1yX€ IIPU KOMHATHOW TEMIIepaType.

e  1300pa3uth 1uki Kapao B koopaunatax TS. Yka3zare Ha rpaduke TEIIOTh HarpeBaTess
U XOJIOJIWIIbHUKA, a TaKXKe paboTy B LIUKJIE.

e  [lomyuuts Beipaskenue nus KII/I uneansHoli TerioBoi Mamuusl KapHo.

e Cucreme coobmmnu termio Q npu Temmneparype T. Uemy MokeT ObITh paBHO U3MEHEHHE
sHTponuu dS?

e JlaTb CTAaTHCTHYECKOE ONpEIEICHUE DSHTponuu. YeMm omnpenensercs paBHOBECHOE
COCTOsAHUE?

e HaiiTu M3MEHEHUE DSHTPONMU MOJSA HACAJIBHOIO Ta3a IpU INEPEXOJE MEXAY ABYMs
coCTOAHUAMU € 3aJaHHbIMU Tu V (unu T u P).

e J[Ba TBEpPABIX Tela C M3BECTHBIMM TEIJIOEMKOCTSAMH, HUMEIOUIMX pa3jIM4YHbIC
TEMIEPATypbl, IPUBEIHN B TEIIOBOM KOHTAKT. HaliTh W3MeHEeHHne SHTPOIUHN CUCTEMbI K MOMEHTY
YCTaHOBJIEHHSI PABHOBECHS.
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e Haiitu uW3MEHEHHE SHTPONMM HCATBHOIO Ta3a NPHU HEPABHOBECHOM pAaCUIMPEHUU B
MYCTOTY B TETJIOM30JIMPOBAHHOM 000JIOUKE.

e Hamnucatp muddepeHnnan BHYTpPEHHEM SHEPIrUU/HTAIBIIMN/CBOOOTHOM
SHEPTHH/TEPMOIUHAMUYECKOTO MOoTeHIInana [ 'ndoca.

e [lomyuuTts BbIpakeHUE JUIsl SHTAJIBIUK HUEATBHOIO ra3a ¢ MOCTOSHHON TEIIOEMKOCTBIO
Cp.

e B mnpouecce npu NOCTOSIHHOM JABIEHUM K cucreMe mnoxasenu temiory Q. Haiitu
U3MEHEHHE SHTANIBIINU CUCTEMBI.

e B m30TepMHYECKOM IPOIECCE HAJl CHCTEMOM coBepieHa padora A. HalTh m3MeHeHHe
CBOOOTHOW YHEPTUU CHCTEMBI.

e Yemy paBHO JIaBJICHHE HACBIICHHBIX TAPOB BOABI MpHu Temnepatype 100C?

e [lomyuuTh 3aBUCMMOCTD JABJICHUS HACBILIEHHBIX 1APOB BOJbI OT TEMIIEPATYPHI.

e  M300pa3uth (hazoByro quarpaMmy BOJBI.

e Hanucats ypaBHeHue BaH-nep-Baanbca 1 ykazars GU3N4eCKUil CMBICI BXOJSIINX B HETO
KOHCTAHT.

e B koopaunatax PV u3o0pa3uTh cxemaTuuHO ceMelcTBO n3oTepM rasa Ban-nep-Baanbca
U COOTBETCTBYIOLIMX U30TE€PM PEalbHOIo rasa.

e Hailtu wu3MeHeHue TtemmepaTypsl Taza Bau-nep-Baanbca npu HepaBHOBECHOM
pacIIMpEeHUH B YCTOTY B TEIJIOU30JUPOBAHHON 000JI0UKE.

e  Haiit u3MeHeHue TemMrepaTypsl uacanbHOTo raza B a3 dexre xoyns—TomcoHa.

e  Haiitu naBneHre BHYTPU MBUIBHOTO ITY3bIPSL.

e Haiitu BeicOTy noabéma BObI B KalUJUIAPE C U3BECTHBIM YIJIOM CMaYMBaHUS.

e Beipa3uTh CBOOOJHYIO SHEPrHI0 IOBEPXHOCTH JKUAKOCTH uepe3 KO3 UIMEHT
MOBEPXHOCTHOT'O HATSYKEHUSI.

e Hamnucatp (¢ TOYHOCTBIO JO HOPMUPOBOUYHON KOHCTAHThl) U CXEMAaTUYHO U300pa3uTh HA
rpaduke pacnpeaeneHue MakcBesia no NpoeKusM CKOPOCTH Ha OCb X.

e Hanwucath (C TOYHOCTBIO 10 HOPMUPOBOYHON KOHCTAHTBI) U CXEMATUYHO W300pa3uTh Ha
rpaduke pacnpeaeneHrne MakcBeia o MOy IsIM CKOPOCTEH.

e Hamucare BbIpakeHUs Uil CpeJHEKBAaApaTUYHOW M HauOosiee BEPOSITHOM CKOpOCTei
MOJIEKYII.

e HaiiTn KONIMYECTBO YACTHUL, YAAPSAIOIUXCS B CEKYHAY O IUIOMIAJKY IUIOIAIU S B rase C
teMiieparypoit T u naBienuem P.

e BeiBectu 6apoMeTpuueckyro GopMyIty JUIsl U30TEPMUYECKOM aTMochepsbl.

e DHeprus aroma B BO30YXJIEHHOM cocTossHUM Ha E OGonblue, yem B ocHOBHOM. Haiitu
JIOJIF0 BO30YK/IEHHBIX aTOMOB B cuUcTeMme npu Temmnepatype T. [Ipyrue ypoBHHM SHEpruu He
YUUTHIBATb.

e CdopmynupoBaTb TEOpEMY O PaBHOPACHPEICIECHUH SHEPIHMHM IO CTEMEHSM CBOOOIBI.
Kakast sHeprusi mpuxoIuTCsi Ha OJIHY MOJHOCTBIO BO30YXKIEHHYIO KOJIEOATEJIbHYIO CTENEHb
CBOOO/IbI MOJIEKYJIbI?

e [Iloctpouth cxemMaTHyHO TpapuK 3aBUCUMOCTH MOJspHOM Temnoémkoctn CV
JIBYXaTOMHOTO Ta3a (a30Ta) OT TeMIIepaTyphI.

e (CpeaHee YMCIIO YaCTHUI[ HI€ATHHOIO ra3a B HEKOTOPOM MBICIEHHO BBIJIEJIEHHOM 00BEME
paBHO N. OLIeHUTh CPEAHEKBAIPATUUHYIO (DIYKTyalMIO YUCIIa YACTUIL B HEM.

e Haiitu cpenHEKBagpaTUYHOE OTKJIOHEHUE TIpy3a Ha IMpPYKUHE JKECTKOCTBIO  OT
MI0JIO’KEHUS paBHOBECHs ITpHU TemriepaType T.

e [lonyuntp oneHouHyro (opMyay Ui JIMHBI CBOOOJHOrO IMpoOera MOJEKYd B rase
TBEP/bIX IAPUKOB.

e JlaTh ompezaeneHue IUIOTHOCTM MOTOKAa YacTHIl (TeIuia, UMITylibca) U KodduimeHTa
muddy3un (TEMI0NpPOBOTHOCTH, BI3KOCTH).

e Hanwucats ouenky koaddurpenta aud y3un/TernaonpoBoHOCTH/BIA3KOCTH B UICATbHOM
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ra3e ¢ U3BECTHBIMH ITapaMeTpaMHu.

e Kak Ko3(pQUIMEHT TEIIONPOBOIHOCTH Ta3a B HEKOTOPOM COCYJIE 3aBUCHT OT JABJICHUS
(B TOM YHCIIC TIPH BEICOKOM BaKyyMme)?

e Hammcate ycnoBHe paBHOBECHS MEXIY JABYMS COCYAaMH C HJICAIBHBIM Ta3aMH,
COCTMHEHHBIMA TOHKOW TpPYOKOM, €CM paauyc TPyOKM MHOTO MEHBIIE JJIUHBI CBOOOIHOTO
npobera (3¢ dexr Knyncena).

o  Koapdumuent muddysun gactur; paBeH D. OUeHUTh CpeIHEKBAAPATUYHOE CMEIICHHE
YACTHUIIBI B MPOCTPAHCTBE OT UCXOJHOTO TOJOXKEHHUS 32 BpeM t.

e Jlatp ompeneneHue TOABMKHOCTH YAaCTUIBI M HAMKMCATh CBS3b  IOJBIKHOCTH
OpOyHOBCKOM "yacTuIlbl ¢ Kodddurmentom nuddy3um.



