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1. HaumeHoBaHUE QM CIUATIIHHBI
MonekysipHast (pU3HKa ¥ TEPMOTUHAMIKA

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hanpasnenue: 28.03.01 HaHOTEXHOIOTHM M1 MUKPOCUCTEMHASI TEXHUKA

HampaBlIeHHOCTh MaTepuasbl MUKPO- 1 HAHOCUCTEMHON TEXHUKU



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoeHus aucuuiuiiebl MosekyasipHast pu3nka 1 TepMOAHMHAMHUKA y 00y4aronierocs
JOJDKHBI OBITH C(HOPMHUPOBAHBI CIEAYIOMINE KOMIIETCHIINN:

28.03.01 HaHOTEXHOJIOTHH ¥ MUKPOCUCTEMHAs TEXHHUKA (HAIIPaBICHHOCTD : MaTepuaibl MUKPO- U
HaHOCUCTEMHOMN TEXHHUKH )

OIIK.3 CriocobeH npuMeHsITh 0a30BbIC 3HAHUS B 00JIACTH MaTEeMAaTHKH, (U3UKU U APYTHUX HAYK B
npodeccuoHanbHOM NesSTEIbHOCTH, B TOM YHUCIIE Ui IPOBEICHUS HAYUHbIX UCCIIeI0BaHUM, aHaI13a 00BbEKTOB,
CHUCTEM, IIPOLIECCOB, SBJIEHUIN U METO/I0B, X IKCIIEPUMEHTAIBHOIO U TEOPETHUECKOTO (BKIIOYAsl IOCTPOSHHE
UX Ka4e€CTBEHHBIX U KOJMYECTBEHHBIX MOJIENICH) N3YUEHHUS U JJI UCIIOJIb30BAaHUS IIOJyUYEHHBIX Pe3yIbTaTOB Ha
MIPaKTHKE

HNuaukaTopsl

OIIK.3.1 Ilpumensier 6a30BbIe 3HAHUS B 00JaCTH MaTeMaTHKH, (U3UKU U IPYTUX HAYK B
npoeCCUOHATILHOM 1A TETbHOCTH

OIIK.3.2 [Tonumaet ¢pu3nvecKrue METOIbl TEOPETUIECKOTO M SIKCIIEPUMEHTAIBHOTO U3YUCHHUS CHCTEM,
SBJICHUH U NIPOLIECCOB B IIPUPOJIE U IPUMEHSET UX HA IIPAKTUKE



4.

O0beM U coepkaHue TUCHHUILINHBI

HanpasyeHusi noAroToBKu 28.03.01 HanoTexHONIOrMM ¥ MUKPOCUCTEMHAs TEXHUKA
(HampaBJIEHHOCTH: MaTepHalibl MUKPO- U HAHOCHCTEMHOM TEXHHUKH )
¢opma o0yuenus OYHas
NeNe TpumecTpoB, 2
BbI/ICJICHHBIX 1JIS1 U3y4YeHUS
AUCHMILINHBI
O0beM AUCIHUILIMHBI (3.€.) 5
O0beM JUCHUILIMHBI (AK.YaC.) 180
KonTakTHasi padora ¢ 70
npenoaaBartesieM (aK.4ac.),
B TOM 4HcCJIe:
IIpoBenenue JeKIUOHHBIX 42
3aHATHH
IIpoBeneHne NpakKTHYECKHUX 28
3aHATHI, CECMHMHAPOB
CamocTrosiTesbHast padoTa 110
(ak.4ac.)
®opMbI TEKYLIET0 KOHTPOJIA HtoroBoe koHTposbHOE Meponpustue (1)
[TucemenHO€ KOHTPOJIBHOE MeponpusTue (3)
DopMbI IPOMEKYTOUYHOM DK3aMeH (2 TpuMecTp)
arrecTaumMu




5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

MouJexkyasipaasi GU3NUKa ¥ TEPMOTUHAMUKA.
"MonexymnspHas Gu3nuka U TepMOJUHAMUKA" 3TO pa3zien Kypca oomieil pu3nku, ynTaeMslil ocie Kypea
"Mexanuka".
OcHOBHOE BHIMaHHE B 3TOM Kypce YAEISIETCS ONMMCAHUIO CUCTEM, COCTOSIINX U3 OOJBIIOrO YHCIIA YACTHII.
JlnHamMudeckuii moxxo Ha 6a3e 3aKOHOB MEXaHUKH B 3TOM CITydae He TOAUTCS, M PENOoAaBaTeNb TOKEH
yIIeIUTh OOJBIIOE BHUMAHHE CTATUCTHUECKOMY MOAXOY M (PU3MUECKUM MOJEISIM, HAallpUMep, MOJICIH
WJIeaJIbHOTO Ta3a Wiy ra3a Ban-nep-Baanbca.
Bropas yacTp Kypca 6azupyercst Ha TEpMOJHHAMHYECKOM METO/E OMHCAHMSI CUCTEM U COAEPKUT ONMCAHUE
3aKOHOB TEPMOJIMHAMUKH 1 (ha30BbIX IMepexoaoB. Taxke onucanbl pu3ndeckue 0COOEHHOCTH KUIAKOCTEH U
TBEPJIBIX TEJI.

OcCHOBHBIE 0J102KE€HUSI MOJIEKYJISIPHO-KUHETHYECKOIl TeOpHH.
B pa3znene uznararorcs ocHoBHbIE nojioxkeHust MKT

ArperatHble cOCTOSIHUS BenecTBa. Macca u pa3mepbl MoJieKky.1. BzaumoeiictBue MoJieKy.JI.
OO0cyxmaroTcs TOHATHS - MOJISIPHASI Macca, YUCJIO ABOTapo, B3aUMOJICHCTBUE MOJICKYJI, SHEPTHUS
B3aMMO/ICHCTBHUS

JAnHaMuyecKuid, CTATUCTHYECKHUI, TEPMOAMHAMHUYECKHU METOAbI ONMCAHMS CHCTEM U3 MHOTHX
JaCTHIIL.
[Toka3zpiBaeTCsl, YTO AMHAMUYECKOE OMMCAHUE CUCTEM M3 OOJIBIIIOTO YKCIIa YACTUI] HEBO3MOXKHO. [loaTomy
HpI/IMeHﬂIOTCﬂ CTaTI/ICTI/I'-IeCKI/Iﬁ n TCpMOI[I/IHaMI/I‘-IeCKI/Iﬁ METOAbBI OITMCAHUS.

HNpeanbubiii ra3. Pacnpenesnenne boabumana. Pacnpenenenue Makcpesia
BriBoautcs ocnoBHoe ypaBHeHre MKT - p = nkT u noka3eiBaeTcs, 4TO Takue MOHATHUS KaK TeMIepaTypa u
JTABJICHUE CBSA3aHBI C TEIJIOBBIM JIBHXKEHHEM MOJIEKYJI C UX CPEeIHEH dHeprueit

OcHOBHOe YypaBHeHHE MOJIEKYJIAPHO-KMHETHYECKOH TEOPUH HI€ATbHOI0 ra3a. OnbITHbIE Ta30Bble
3aKOHBI.
[IpocnexuBaeTcs CBSI3b ONMBITHBIX FA30BBIX 3aKOHOB ¢ uaesMu MKT

I'a3 B cuiioBom noJsie 3emiin. bapomerpuyeckasi gopmyJia u ciieIcTBUs U3 Hee.
PaccMoTpen nepBblii MpUMEpP CHIIOBOTO BO3/ICHCTBHS HA Ta3.

Pacnpenesienue MoJieKyJ1 B CHJII0BOM 1oJie (pacnpenenenue boabumana)
[Toka3zpiBaeTCsl, KaKk pacrpeaessiioTCs MOJIEKYJIbl B CUIIOBOM I10JI€

Pacnpenesienune mosiekyJ1 mo ckopoctsim (Makcgesia). XapakTepHble CKOPOCTH MOJIEKY.JI.
Hauunaercs paccMoTpeHue 3aKkoHa HOPMaJIbHOTO pacipeiesieHus ¢ pacipeieICHUsI MOJIEKYJI IO KOMIIOHEHTaM
ckopocreit. Jlanee npousBoauTcst 00001IeHNE 10 pacupeneiaeHus Makcpea.

JKcnepuMeHTaIbHOEe 000CHOBAHUE MOJIEKYJISAPHO KHHETUYECKOI TEOpHH.
Baxno nokazate, ytro MKT Xopo1io noarsep:xaeHa npsiMbIMHA 3KCIIEPUMEHTAMH.

BbpoyHnosckoe nuxenue. OnbiThl [leppena mo onpeneseHno Yncjaa ABoraapo.
PaccmaTpuBaercs nepBbiii mpuMep HAOTIOACHHS 3a ABH)KEHHUEM MOJIEKYJI, Uepe3 TeIIOBOE ABUKEHHE
OpOYHOBCKHUX YaCTHII.

HN3mepenue ckopocreit moJiekya (onsIT LllTepHa, onbiT JlammepT, onbIT
I tepna-Uctepmana-Cumncona)
BaxHo nokasartb, Kak Ka4ecTBO 3KCIEpUMEHTa pocsio. OT MpocToro HalIIOACHUS, YTO CKOPOCTH Y MOJIEKYJI



Pa3HbIC, 10 MPAMOTO IIOATBCPIKACHUA PACIIPCACICHUA Makcaeiia

CToJIKHOBEHMSI MOJIEKYJI ra3a. SIBjieHUus epeHoca B ra3ax.
Baxmuo II0Ka3aTh, 4YTO AJIMHA CBOGOI[HOI‘O np06era MOJICKYJIbI HC KOHCTAHTAa, a CquaﬁHaﬂ BCINYMHA, UMCIOIIIaAa
AKCIIOHEHIIMAJIbHOE pacpeesIeHne

Cpennsist JVIMHA CBOOOIHOI0 NPodera MoJieKy.1, ee 3aBUCUMOCTDb OT JaBJICHUS U TeMIepaTyphbl.
Hano nokazats, Kak cpeiHss AJMHA CBOOOIHOrO MpoOera MoJIeKyJI 3aBUCHUT OT JAABJICHUS U TEMIIEPATyphbl

TenjionpoBOHOCTH ra30B. Y paBHEHHE TEMJIONPOBOIHOCTH (3aK0H Dyphbe)
Baxno mokasarte, 4TO mpupo/ia SBJICHUI epeHoca enrHa (TEerIoNpPOBOTHOCTD, BA3ZKOCTb, MU Gy3us) U
CBSI3aHA C TEIUIOBBIM JBUKCHUEM U CTOJKHOBEHHUSIMHU MOJIEKYI.

BuyTpeHnHee TpeHune B ra3ax. YpaBHeHHe CHJIbI BHYTPEHHEI 0 TPeHHsI.
BaxxHo mokasare, 4To MpUpoa ABICHHI NepeHoca eauHa (TEeTIONPOBOIHOCTD, BI3KOCTD, 1 dy3us) u
CBA3aHa C TEIUIOBBIM JBUKEHUEM U CTOJKHOBEHUSIMU MOJIEKYII.

Anddys3us B razax. Ypasuenue nudpdy3un (3akon ®uka).
Baxxno mokasarsk, 4TO Ipupoaa SIBJICHUHN TIEpeHoca eauHa (TeTUIONPOBOIHOCT, BA3KOCTh, MU dy3us) U
CBfA3aHAa C TEIJIOBBIM JBUKEHUEM U CTOJKHOBEHUSIMU MOJIEKYII.

Hepnoe HA4YaJ10 TEpMOJIUHAMUKH.
Hauano pasaciia, rac riiaBHbIM ABJIACTCA TepMOI[I/IHaMI/ILIeCKI/II\/’I noaAXoJ K OITMCAHHUIO CUCTEM M3 0OJIBIIIOTrO
YHCJia 4aCTHI]

BHyTpeHHsisl SJHeprusi TepMoAMHAMHYECKOi cucTteMbl. Pabora. KosimuecTBO Temiorsbl.
Hano onmupatscst Ha monsTus, BBeAeHHBIe B MKT (cpemHsis sHepTrust MOJIEKYJIbI, YMCIIO ABOTAIpO U T.I1.) M B
MeXxaHHKe (paboTa CHIIBI)

TensoemkocTs naeaabHoro ra3a Cv u Cp . YpaBuenne Maiiepa.
BaxxHO aKIleHTHPOBaTh U3JI0’KEHHE HA MpUYKHA pa3HUIbl Mexay Cv u Cp, U Ha (U3NIECKOM CMBICIIE
YHUBEPCAIbHOM ra30BOM ITOCTOSIHHOM.

Bropoe Hauajio repmoaunamuku. TennoBbie 1BUraTe u.
BaxxHo nmoguepkHyTh, 4TO pedb UJET HE O TEXHUYECKHUX YCTPOICTBaX, a 0 PyHIaMEHTAIbHOM 3aKOHE MPUPO/IbI

HNneanbubiii TemiioBoii Apurarensb. LHuka Kapno. KIT{ nnkiaa Kapuo. XosoguiabHas MamimHa.
Baxkxno momguepkHyTh, uTo dopmyna mis KITJ] nmukina Kapro, coBceM He sSBIsSeTCS YHUBEPCATBHOM, a
IpPUMEHNMA TONBKO [ MeadbHOro UK. Eie BaKHO, OTMETHTS, YTO B M30TepMUdeckoM mponecce BCE
TEIUIO TpeBpalaercs B paboTy, HO 1 pa3, a MBI XOTUM HEMIPEPHIBHBIN, ITUKIMYECKHUNA MPOIIECC IPEBPAIICHHS
Teria B pabory.

Tepmoaunamuyeckasi TemnepatypHas mkaJja. [Ipakruyeckas reMnepatypHas mKkaJa
MIITII-90.
TepMonnHaMuyeckas TemrepaTypHas 1IKajga UMEET OJIHY PENEPHYIO TOUKY, a IPAKTUYECKH JIOTOBOPUIIHNCH
MIOJIb30BATHCS SN0 ceprelt perepHBIX ToueK (JIMOO TeMIiepaTypa TPOMHBIX TOYEK BEIIECTB, JIUOO
TemIepaTypa (pa3oBbIX IEPEXOI0B)

Peanibubiii ra3. Ypasuenue Ban-nep-Baaubca.
Monens raza, yYuThIBaroIas B3aUMOICHCTBHE MOJIEKYI.



HN3orepmbl Ban-nep-Baanbca. Kpurnueckoe cocrosinne. Kpurnueckue nmapamMmerpbl.
BaxxHo paccMOTpeTh KPUTHIECKOE COCTOSTHUE, KaK COCTOSTHUE ¢ KAUECTBEHHO WHBIMU (PHU3UYECKIUMHU
CBOMCTBAaMH, YEM Y T'a3a U Y )KUIKOCTH

BHyTpenHsist 3Heprus raza Ban-nep-Baaabca. OnbiT K0y,
[Ipumep TOrO, KaK B3aUMOIEHCTBUE MOJIEKYJI IPOSBISETCS MPU MAaHUMYJISIUAX C CHIIBHO CHKaThIM ra3oM

da3oBble Mepexo/ibl MEPBOro U BTOPOro poja.
Baxno nokasatp, 4To (a30BbIil Iepexo 1 MepBOro pojia NPOUCXOAUT MPHU MOCTOSTHHON TeMIepaType u
COIPOBOXAAETCS CKAYKOM IUIOTHOCTH U (Pa30BOro 00beMa, U CBsI3aH C BBIACIEHUEM, THOO MOTJIOICHHEM TeIlia

Tepmoaunamuveckue GyHkuuu. BHyTpeHHss 3Heprusi, CBo0OAHASI JHEPTUs, SHTAJIBIIUS,
TEPMOAMHAMHYECKHUI MOTEHIIHAJL.
Tepmonunamuueckue GyHKIMHA 00JIeTYAIOT OOIIMI aHATIU3 TEPMOAMHAMUYECKUX CUCTEM. B Hamem cirydae, Mbl
HCIIONIBb3YEM UX JUIs BbIBOJAA ypaBHeHUs Knanelipona-Knaysuyca

da3oBble nMepexoabl NepBoro poaa. YpasHenue Kinaneiipona - Kiaysuyca. ®a3oBblie nepexojabl
BTOPOI0 poja.
VYpaBaenue Knaneripona - Kitay3uyca BBIBOIUTCS C UCIIOJIB30BAHUEM MOHATHS TEPMOANHAMHYECKUM
MOTEHITHAT

Kuakoctu. Oco0eHHOCTH JKHAKOT0 COCTOSHMA.
Crnenyet paccMOTpeTh OCOOEHHOCTH KHIKOCTEH, OTIMYAIOIINE UX OT Ta30B

IToBepxHOCTHAs SHeprusi MoJiekyJl. [loBepXHOCTHOE HATSIZKEHHE.
Baxxno nokasaTb Kak SHEpreTU4ecKuid Moaxo ] K ONUCAHUIO MOBEPXHOCTH KUIKOCTH, TaK U CUIIOBOM

ZKuakocTh Ha rpaHuIe ¢ IPYTroi *KUIAKOCThI0 M TBepAbIM TeioM. CmauuBanue. KpaeBoii yroJ.
Hano nmoka3atk, 4TO BaXKHO HE TOJILKO MOBEPXHOCTHOE HATSXKEHUE KUJKOCTH, HO U TO, C KAKUMU APYTUMHU
BCIICCTBAMH OHA KOHTAKTHUPYCT.

JlaBJieHHe M0/{ HCKPUBJIEHHOH MOBEPXHOCTHIO KUAKOCTH, hopmya Jlamnaca. Kanuaiasipubie
SIBJICHHSI.
[Tpumep MpakTUYECKOTO MPOSBICHHUS MIOBEPXHOCTHOTO HATsDKeHMs. He muiHM OyeT cooOmuTh 0 poin Tak
Ha3bIBAEMBIX KaNWUIAPHBIX 3aTBOPOB (KaMUJUIAp MEPEeMEHHOT0 ceueHus ) B 100brue Hedtu. [Touemy nonoBuHa
HE(PTH OCTAETCs B TUIACTAX.

Teepablie Tega. AMOp(pHBIE U KPUCTAINYECKHE BelleCTBA
[TposicHuTh pasHuily Mexay aMop(HBIMU (HATPUMED,CTEKIIO) M KPUCTALNTHYECKUMHE (HaIpUMep,KBapir)
BEIIECTBAMHU

TemnoeMkocTh KpUCTALIHYECKHUX TeJl. 3akoH Jrononra u Iltu. 3akon Ixoyas - Konna.
BaxHo 1mokasath pazHUIly MEXIy MOJIEKYJIOH ra3a, KOTopas CBOOOIHA U MOJIEKYJION KpHCTaslia, KOTopas
COBEpIIAET TEIUIOBbIE KOJIEOaHUs B y3/1aX pPELIETKH.

IlonsiTHE 0 KBAHTOBOW TEOPUH TENIOEMKOCTH KPUCTAILI0B. POHOHBI
[Tpumep Toro, kak MKT He cMoria 00bACHUTH TEMIIEPATYPHYIO 3aBUCUMOCTh TEINIOEMKOCTH, @ KBAHTOBAsI
TEOpHUs CMOIJIA.



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. Kop3yn, U. H. MonekynspHas ¢puszuka. Yacte 1 : yueoHoe mocoodue / M. H. Kopayn. — Anmatsr : Kazaxckmii
HallMOHAJIBHBIM YHUBEpcUTET UM. anb-Dapadu, 2014. — 92 ¢. — ISBN 978-601-04-0461-8. — Tekcr :
AIEKTPOHHBIN // DiekTpoHHO-O0ubmoreunas cucrema IPR BOOKS : [caiiT].
http://www.iprbookshop.ru/58713.html

2. CoopHuUK 3a1a4 1o o0uiemy Kypcy ¢usuku.B 5 kH..-MockBa:@PU3MATIIUT : Jlans,2006.KH.
2. TepmonuHamuKka u MosekyisipHas pusuka/B. JI. ['un3Oypr [u ap.] ; pen. [. B. CuByxun.-2006.-176, ISBN 5-
9221-0603-1

3. CuyxwuH /1. B.O6muii kypc ¢pusukn.yuebHOe mocodue 1 Gu3nuecKux crenuarbHocTel By30B T.
2. TepmonuHamuKa u MojekyisipHas ¢usuka//l. B. CuByxun.-5-e uzn., ucnp..-Mocka: ®@U3MATIJINT,2006,
ISBN 5-9221-0601-5.-544

JdomosHuTeILHAS:

1. Uponos U. E. ®usuka makpocucteM. OCHOBHBIE 3aKOHHI : yueOHoe nocooue / Y. E. UponoB. — 4-e u3n. —
M.: BUHOM. Jlaboparopus 3Hanuii, 2009. — 207 c. : un. — ISBN 978-5-9963-0004-4. — Texcr :
AJIEKTPOHHBIH // DNeKTpoHHO-OnbmoTeunas cucrema bubnuoTex : [calT].
https://psu.bibliotech.ru/Reader/Book/8636

2. 3Be3guna H. A. Monekymsipraas ¢usuka. TepmoamHamuka: Y4e0HO-METOINYECKOE TTOCOOHE TTO BHIMIOTHEHHUIO
MHAUBUAYAIbHBIX JOMAIIHUX 3a/iaHuil o ¢pusuke/3se3auna H. A..-ExatepunOypr:Ypanbckuil ¢penepanbHblil
yauBepcuret, O6C ACB,2015, ISBN 978-5-7996-1394-5.-44. http://www.iprbookshop.ru/68260.html

3. Uponos U. E. 3amauun no obmeit pusuke : yueoHoe mocodue mist By30B / U. E. UponoB. — 8-e m31. — M. :
BUHOM. Jla6opatopust 3uanwmii, 2010. — 431 c. : un. — ISBN 978-5-9963-0280-2. — TekcT : 2IeKTpOHHBIH //
DnekTpoHHO-O0nbHoTeuHas cucrema bubnuoTex : [caiiT]. https://psu.bibliotech.ru/Reader/Book/8678



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

https://lectoriy.mipt.ru/course/Physics-Thermodynamics-09L Kypc "TepmoanHamuka u MoJeKyJsspHast
¢duzuka"
https://lectoriy.mipt.ru/collection/Physics-Thermodynamisc-15D/lectures J/lemoHcTpauu.
TepmonnHaMuka u MoJiekysipHast Gu3nka
10. Ilepeyenb UHGPOPMAIUOHHBIX TEXHOJIOTHIA, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa30BaTeJIbHOI0 MpoIecca Mo AMCHUIINHE

OO6pazoBaTenbHbIH Mporiece Mo quciuiuinae MoJsiekyJ/isipHasi Gu3nKa U TEPMOIMHAMMKA MIPEANONIaracT
WCTIOJIB30BaHUE CIICIYOIIETO MPOrPaMMHOT0 00ecTiedeHUsI M MH()OPMAIIMOHHBIX CIIPABOYHBIX CUCTEM:
- IPE3CHTAI[MOHHBIC MaTEPHATBI (CITAN Bl TI0 TEMaM JICKIIMOHHBIX M MPAKTUICCKHUX 3aHITHN);
- IOCTYT B pexxuMe on-line B DiekTpoHHyI0 6nbimmortednyro cuctemy (9bC);
- IOCTYTI B 3JICKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTEeILHYIO CPEly YHUBEPCUTETA,
- HHTEPHET-CEPBUCHI M 3JICKTPOHHBIC PECYPCHI (IIOMCKOBBIC CHCTEMBI, JJICKTPOHHAS 110YTa, IPOPECCHOHATBHBIE
TEMaTUYECKHE YaThbl U OPYMBI, CHCTEMBI ayIM0 U BUI€0 KOH(EpEeHINi, OHJIaliH SHIMKIONEANN U T.1I.).

[IporpammHuoe obecrnieueHue:

- OTKpBITas onepannonHas cucrema "Anpt O6pazoBanue”

- oducHbI makeT npuioxxkeHuii "LibreOffice";

- IPUJIOKEHHE, TT03BOJISAIOLIEE IPOCMATPUBATh U BOCIPOU3BOIUTH Meana KOHTeHT PDF-¢aiinos;
- IPOrpaMMBbl IEMOHCTPAIH BUJIEO MAaTEPHUAJIOB;

- IPOrpaMMBbI IPOCMOTPA HHTEPHET KOHTEHTA.

[Tpu ocBoeHHMM MaTepHalia U BHITOJHEHHS 3aITaHHI TT0 JUCIUIUINHE PEKOMEHIYETCS HCTIOIh30BaHNE
MaTepuasoB, pa3MemeHHbIX B JImunbix kabuneTax ooyuaromuxcsi ETUC [ITHUY (student.psu.ru).

[Ipu opranuzanuu AMCTaHIIMOHHOMN paOOThI U MIPOBE/ICHUU 3aHATUI B pEeXKUME OHJIAH MOTYT
MCTIOJIb30BAThCS:

cuctema BHIcoKoH(epeHIICBs3H Ha ocHOBE Tuiatdopmel BigBlueButton (https://bigbluebutton.org/).

cucrema LMS Moodle (http://e-learn.psu.ru/), koTopas noaepKxuBaeT BO3MOKHOCTb HCIIOJIb30BAHHS
TEKCTOBBIX MaTEPUAIIOB U MPE3CHTAILINH, ayJHO- U BUJCOKOHTEHT, a TaK )K€ TECThI, IPOBEPSEMbIC 3a1aHMUs,
3a7laHus U1l COBMECTHOM palboTHI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepuaJIbHO-TEeXHUYECKOI 0a3bl, HEOOX0AMMOI JJIf1 OCYIIeCTBJICHUSA
00pa30BaTeJbHOIO MPOoLECcCca M0 JUCUUILIHHE

1. JIekiimoHHEBIE 3aHATHS.

AynuTopusi, OCHaIlIeHHAas! IPE3eHTAMOHHON TEXHUKOU (TIPOEKTOP, SKpaH I MPOEKTOPa,
KOMITBIOTEP/HOYTOYK) C COOTBETCTBYIOIIMM IIPOTPAMMHBIM 00€CTIeYeHHEM, MEJIOBOH (M) WIIM MapKepHOI
JOCKOM.

2. 3aHATHI CEMUHAPCKOTro TUIA (CEMUHAPHI, IPAKTUYECKUE 3aHATHSA).

Ayautopusi, OCHaIlIEHHAs MPE3EHTAIMOHHON TEXHUKOH (IIPOEKTOP, SKpaH JIsl MPOEKTOPa,
KOMITBIOTEP/HOYTOYK) C COOTBETCTBYIOILIUM MPOTPaAaMMHBIM 00eCIIieYeHUEM, MEJIOBOU (1) UITU MapKepHOM
JTOCKOH.

3. 'pynmnoBeie (MHANBUAYAIbHBIE) KOHCYJIbTAIIUH.

AyauTopusi, OCHAIIIEHHAs TIPE3EHTAIIMOHHON TEXHUKON (TIPOEKTOP, IKpaH, KOMIBIOTEP/HOYTOYK) C
COOTBETCTBYIOIINM MPOTPAaMMHBIM 00ECTICYCHHEM, MEJIOBOH (M) MITH MAapKEPHOU TOCKOH.

4. Texymuii KOHTPOJIb.



Aynuropus, OCHallleHHasl MPE3EHTAI[MOHHOM TEXHUKOU (ITPOEKTOp, IKpPaH, KOMIBIOTEP/HOYTOYK) C
COOTBETCTBYIOIIUM MPOrPaMMHBIM 00€CTieYeHHEM, MEIOBOH (1) MIJIM MapKEPHOIl TOCKOM.
5. CamocTosTenbHas padora.
AyauTopus JUisl CaMOCTOSATEIBLHON paOOThl, OCHAIICHHBI KOMITBIOTEPHOU TEXHUKON C BO3MOXHOCTHIO
NoJIKJItoueHus K ceTu «HTepHeT», 00ecneueHHbI T0CTYIOM B 3J1EKTPOHHYIO HH(POPMALIMOHHO-
oOpazoBarenbHyto cpeny yauBepcutera. [lomemenns Hayunoit 6unbnuorexu [I'HUY.

[Tomemenus nayanoi 6mbmuorexku [ITHUY mist oGecrieuenust caMoCcToSITEIbHON paboThl 00yYarOIIMXCS:

1. HayuHo-Oubnuorpaguueckuii otaen, kopm.l, aya. 142. O0opynoBaH 3 nepcoHalbHbIMU KOMIIBIOTEPA C
JIOCTYTIOM K JIOKQJIbHOM U T7100aIbHON KOMIIBIOTEPHBIM CETSIM.

2. YnTanpHbI{ 3aJ1 TYMaHUTAPHOM JUTEpaTyphl, KopI. 2, aya. 418. O6opynoBaH 7 mepcoHaIbHBIMU
KOMIIBIOTEPAMH C IOCTYTIOM K JIOKaJIbHOH M I7T00AIbHOM KOMIIBIOTEPHBIM CETSIM.

3. UuranbHbIH 3a1 €CTECTBEHHOM auTeparypsl, kopm.6, aya. 107a. O6opyaoBaH 5 nepcoHaNnbHBIMU
KOMIIBIOTEPAMH C IOCTYIIOM K JIOKaJIbHOM U INT00AIbHOM KOMIIBIOTEPHBIM CETSM.

4. Otnen MHOCTpAHHOM HUTEpaTyphl, Kopm.2 aya. 207. O6opynoBaH 1 mepcoHaIbHBIM KOMITBIOTEPOM C
JOCTYTIOM K JIOKaJbHOM U T7100aIbHONW KOMIIBIOTEPHBIM CETSIM.

5. bubnuoteka opunuyeckoro axkynprera, kopmn.9, aya. 4. O6opynoBana 11 nepcoHaIbHBIMU
KOMITBIOTEPAMH C JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

6. UnuranbHbli 3a1 reorpadudeckoro dakynaprera, kopn.8, aya. 419. O6opynoBan 6 nepcoHaIbHBIMU
KOMIIBIOTEpPAMH € JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIIBIOTEPHBIM CETSIM.

Bce koMIbloTephl, yCTAaHOBIIEHHBIE B IOMEIIEHUAX HAYYHON OMOIMOTEKH, OCHAIIEHBI CIIETYIOIINUM
MIPOTPaMMHBIM 00€CTICYCHUEM:

Omnepanuonnas cuctema ALT Linux;

Oducnsriit maker Libreoffice.

CrnpaBouHo-nipaBoBas cucreMa «Koncynprantlinroc»



DoH/IbI OLIEHOYHBIX CPEACTB JJIsl ATTECTAIMHU MO TUCHHUILIHHE
MouekyaspHas Gpu3nka U TEPMOAUHAMHUKA

I[lnannpyemble pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

OIIK.3

Cnoco0eH npuMeHATH 0a30Bble 3HAHUSA B 00/1aCTH MaTeMAaTHKH, (PM3MKHU U IPYTUX HAYK B
npogecCHOHAIBLHOI 1eITeJIbHOCTH, B TOM YHCJIE ISl POBeIeHUsI HAYYHBIX UCC/IeI0BaHUIA,
aHaM3a 00bEeKTOB, CUCTEM, IIPOLIECCOB, SIBJICHUI U METOA0B, X IKCIEPUMEHTAJIBHOIO U
TEeOPeTHYECKOIr0 (BKJIIOYaS MOCTPOEHHE UX KAYeCTBEHHbIX U KOJIMY€eCTBEHHbIX MO/1eJIeil)
HU3YYEHUS M VISl HCIOJIb30BAaHUSA MOJYYEHHBIX Pe3yJibTaTOB HA MPAKTHKE

Komnerennus IInanupyemsie pe3ybTaThl Kpurepun oneHuBaHus pe3y1bTaToB
(MHaUKaATOP) o0y4eHus o0y4eHusn
OIIK.3.2 3HATD: ocHOBHBIE TOHSTHS U HeynosiaerBopurei

[Tonumaer dusznueckue
METO/bl TEOPETUUECKOTO
1 DKCIIEPUMEHTAILHOTO
W3YUYEHUS CUCTEM,
SIBJIEHUW U MPOIIECCOB B
MIPUPOJIE ¥ TIPUMEHSIET MX
Ha IIpaKTUKe

3aKOHBI MOJICKYTISIPHOU (DU3UKU U
TEPMOTMHAMUKH.

BJIAIETD: meTonamu perieHus
3a/1a4 U3 00J1aCTH MOJICKYJISIPHON
(GU3UKY U TEPMOTUHAMHKH.

He 3HaeT OCHOBHBIE IOHATHUS U YTBEPKICHUS
MOJIEKYJISIpHOM (pr3uKH U TepMoarHaMuku. He
BJIaJICET METOJAMHU PELICHHUs 3a7a4 B 00JacTu
MOJICKYJISIPHOM (PU3UKH U TEPMOJMHAMUKHU.
YaoBaerBopuTeabH

Nwmeer o01mmue, HO HE CTPYKTYPUPOBAaHHBIE
3HaHUS OCHOBHBIX IOHATHI MOJIEKYJISPHOU
¢u3uku u repmoarHamuky. I[TokaspiBaeT
(dparMeHTapHOE YMEHUE B PEILICHUH 33a4 110
MOJIEKYJISIPHOM (pr3HKe U TEPMOJMHAMUKE,
MPUBOAALIEE K CEPbE3HBIM OIIMOKAM IIPU
pEelIeHnN 3a1ay.

Xopomuo
Hwmeet chopMHUpOBaHHBIE, HO COAEPIKAILINE
OTJeNIbHBIE MPOOEIIbl B 3HAHUSIX OCHOBHBIX
MTOHATUI MOJICKYJIIPHON (DU3UKHU U
TEPMOJUHAMUKU. B 11€J10M yCIIenHo nIpuMeHseT
OCHOBHBIE METO/IbI PEIICHHUS 3314, HO
JIOMyCKaeT MaTeMaTHYeCKue OUTMOKH B
BBIYMCIICHUSIX.

OTtin4yHo
HMmeeT OTIIMYHBIE CUCTEMATU3UPOBAHHBIC
3HaHUS OCHOBHBIX IOHITHI MOJIEKYJISIPHOU
(GU3UKY U TEPMOAMHAMUKH. DPPEKTUBHO
HCIIOJIB3YET OCHOBHBIE METO/IbI PELICHUs 3a/1a4
Y KOHTPOJIUPYET NPABUIIBHOCTH BBIYHCIICHHM.

OIIK.3.1

[Tpumensier 6a3oBbIe
3HaHUS B 00JacTH
MaTeMaTHKH, (PU3UKH U
JPYTUX HAayK B
npodeccuoHaNbHOM

YMETD: ucnons30BaTh JaHHBLIS
3HaHUS U1l pelIeHus
npohecCHOHANBHBIX 3a71a4,
MIPOU3BOAUTH TEOPETUUECKUE
npeoOpa3oBaHus U BHIBOJBI B
CTaHJIAPTHBIX MTOCTAHOBKAX,

HeynosJierBopuren
He ymeeT npon3BoanuTh TEOpETHYECKUE
peoOpa3oBaHus U BBIBOJbI B CTAHAAPTHBIX
IIOCTAaHOBKAX, 1aBaTh COAEPIKATECIBHYIO
MHTEPIPETALMIO PE3YJIbTATOB BBIYUCICHUM,
KOHTPOJIMPOBATH IIPAaBUIIbHOCTb BBIYHUCIICHUN.




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

JACATCIIbHOCTH

JaBaTh COACPIKATEIHHYIO
WHTEPIPETAINIO PE3YJIHTATOB
BBIYMCIICHHH,

KOHTPOJIMPOBATh MPABUIHLHOCTH
BBIUHMCIICHUM.

BJIAJJIETD: ocHOBHEIM
MOHSATUHUHBIM anmapaToM
MOJIEKYJISIpPHOU (pH3UKH 1
TEPMOIMHAMUKHU

HeynosierBopureJ
JleMOHCTpUpYy€ET HE3HAHUE MTOHATUHHOTO
amnmapara B 00JIacTH MOJIEKYJISIpHOU (pU3UKU U
TEPMOJANMHAMUKH.

YaoBaerBopuTeabH
JleMOHCTpHUpYET YaCTUYHO C(HOPMUPOBAHHOE
YMEHHE IIPOU3BOJIUTH TEOPETUUECKUE
peoOpa3oBaHus U BBIBOJBI B CTAHAAPTHBIX
[IOCTAaHOBKAX, /1aBaTh COJIEPKATEIIbHYIO
WHTEPIPETAIUIO PE3yJIHbTATOB BHIYHCICHU.
[Toka3wiBaeT hparMeHTapHOE YMEHHUE
MOJIb30BaThCS MOHATUUHBIM allapaToM
MOJICKYJISIPHON (DU3UKH U TEPMOTUHAMHUKHU.

Xopomuo
B nienom ycnenino npou3BOUT TEOPETUUECKUE
npeoOpa3oBaHMsl ¥ BBIBOJIBI B CTaHAPTHBIX
MOCTAaHOBKAX, HO JAET HE MOJIHYIO
WHTEPIPETALUIO PE3YJIHbTATOB BHIYMCICHHI.
BiameeT oCHOBHBIM MOHSATUHHBIM alliapaToM
MOJICKYJISIPHON (PU3UKH U TEPMOJTMHAMUKH.

OTau4yHO
YBEepeHHO TPOU3BOJIUT TEOPETUUECKUE
npeoOpa3oBaHMsl M BBIBOJIBI B CTaHAPTHBIX
MMOCTAHOBKAX, JAET COACPIKATEIBHYIO
WHTEPIPETALUIO PE3YJIbTATOB BBIYUCIICHU,
CaMOCTOATENIBHO MOJy4aeT HOBOE 3HAHUE.
BrnaneeT OCHOBHBIM MTOHATHIHBIM aIllIapaToM
MOJICKYJISIPHON (DM3UKH U TEPMOJIMHAMUKH.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema gocTaBku ;. ba3zoBas

Buja meponpusaTHs NPOMEKYTOYHON aTTEeCTALMH : DK3aMEH
Cnoco0 npoBeieHHs MEPONPUATHS MPOMEKYTOUHOI aTrTecTannu : OlEHKa M0 JUCIHUIUIMHE B pAMKaX
MIPOMEKYTOUHOM aTTeCTaIlH ONpPEeNsIeTCs Ha OCHOBE 06a/ioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIBHBIX
MEPOTNPHUITHUSIX, IPOBOIUMBIX B TEUEHHE YUEOHOTO IEPUO/A.
MaxkcumMajabHoe KoJmuecTBo 0ayioB : 100

KonBepranusi 6a/U10B B 0TMETKH

«oTianyHo» - ot 81 1o 100
«xopowo» - ot 61 1o 80

«YJ0BJIETBOPUTEJBbHO» - 0T 49 10 60
«HEeYI0BJICTBOPUTEIbHO» / «<He3aYTeHo» MeHee 49 Oaina

Komnerenuus Meponpusitue KonTposnpyembie 3jieMeHTBI
(mHaUKaTOP) TeKYILero KOHTPoJIs pe3yJbTaToB 00y4eHHs
OIIK.3.2 Huddysus B razax. Ocnouble nonoxenunst MKT, nneanbHbIit

[Tormmaet (pu3mUECKre METOTBI
TEOPETUIECKOTO U
AKCIIEPUMEHTATHLHOTO N3YUCHHSI
CUCTEM, SIBJICHUU U IIPOLIECCOB B
MPHUPOJIC U TIPUMEHSIET UX Ha
MIPAKTUKE

OIIK.3.1

[Tpumensier 6a30BbIe 3HAHUS B
o01acTu MaTEeMaTHKH, PU3UKU U

JIPYTUX HayK B MPoQeccuOHAIbHON

JACATCIIbHOCTH

VYpaBHenue quddy3un
(3axoH Duka).

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

ras, pacupenenenus Makcseia u
bonpiiMaHa, CKOPOCTH MOJIEKY, SIBIICHUS
IIEpEeHOCca B rase

OIIK.3.2

IToHnmaer ¢puznyeckue METOAbI
TEOPETUYECKOI0 U
AKCTIEPUMEHTAIBHOTO U3Y4YCHUS
CUCTEM, SIBJICHUI U IIPOLIECCOB B
NPUPOJIE U IPUMEHSIET UX Ha
NPaKTUKE

OIIK.3.1

[Tpumensier 6a3oBbIe 3HAHUS B
00JIaCTH MaTeMaTUKHU, PU3UKH U

JpYTUX HayK B Mpo(ecCHOHATbHON

JACATCIIbHOCTH

TemnoeMKoCTh HAEAILHOIO
raza Cv u Cp . YpaBHeHue
Maiiepa.

ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTie

VYMmenue pemats Gpu3nueckue 3a1auu 1no
cienyromuM temaMm: ocHoBbl MKT
U7ealbHOTO rasa; TeMIepaTypa, 1aBjIeHHe
U CIIOCOOBI MX U3MEPEHUI;
OapomeTrpuueckas opmyJa;
pacnpenenenue bonbumana;
pacnpezenenue Makcsea; iepBoe
HAYaJI0 TEPMOJUHAMUKH; TETUIOEMKOCTD U
MOJIUTPONTUYECKUE MPOIIECCHI.




Komnerenuus Meponpusitue KonTpoaupyembie 3jieMeHTbI

(MHaOMKATOP) TeKYILero KOHTPOJIs pe3yIbTaTOB 00y4eHHs
OIIK.3.2 JlaBneHue noja YMeHue pemarh GU3HIECKUE 3a]1a4H 110
[Tonumaer Gpu3uvecKue METOABI | MCKPHUBIICHHON CJICIYIOIIMM TEMaM: BTOPOE HAa4yayo
TEOPETUIECKOro 1 IOBEPXHOCTBIO XKUIKOCTH, | TEPMOIMHAMUKU U TEIUIOBBIC MAlIVHBI,
9KCICPUMEHTAJILHOIO U3YICHUA dbopmyia Jlammaca. SHTPONUA U €€ U3BMEHEHHE B
CHCTEM, SIBIICHUN ¥ IPOLECCOB B | KapuIspHbIC SBIICHHL. TEPMOJAMHAMUYECKUX IPOLIECCAX;
HPUPONC M NPUMCHACT UX Ha IMucbLMeHHoe KOHTPOIbHOE | PEabHBIC Ta3bl U UX YPABHEHUS
HPaKTHKE MepONnpHUsATHE COCTOSIHMS; TIOBEPXHOCTHOE HATSKEHHE,

OIIK.3.1
[Ipumensier 6a30BbIC 3HAHUS B
00JIaCTH MaTeMaTUKH, PU3UKHU U

CMa4yMBaHUE MTOBEPXHOCTEN U JaBJICHUE
MOJ1 UCKPUBJIEHHON OBEPXHOCTHIO

. KUIKOCTH.

JpPYTUX HAyK B MPO(heCcCHOHATBEHON

JIEATEIbHOCTU

OIIK.3.2 IlonsTHE O KBAaHTOBOM IlepBoe u BTOpOE HA4YaI0 TEPMOJUHAMUKHY;
[Tonnmaetr Gpusuveckue METOIbI TCOPHUM TCILIOCMKOCTH peanbHBbIi ra3; ypaBHCHHE
TECOPETUIECKOrO U KpucTauioB. DOHOHBI Ban-nep-Baanbca; ¢a3oBbie nepexoss
IKCIICPUMCHTAILHOTO U3y ICHHUA HNTorosoe KOHTpPOJIbHOE MEPBOTO ¥ BTOPOTO POJia; 0COOCHHOCTH
CHCTEM, SIBJICHUH ¥ IIPOLIECCOB B | MeponpHsiTHE KHMJIKOTO COCTOSTHUSL; aMOp(HbBIE U
IIPUPOAC U IIPUMCHACT HX Ha KPUCTAJUIMYECKUE BEIIECTBA.

IIPaKTHUKE

OIIK.3.1

ITpumensier 6a30BbIe 3HAHUSA B
o0nacTv MaTeMaTHKH, PU3UKU U
JIpYTruX HayK B IpOoQeccuOHaIbHON
JIESITEIIbHOCTH

Cneunpukanusa MeponpusTHH TEKyIIero KOHTPOJIS

Au¢¢y3us B razax. Ypapaenue 1updys3nu (3akoH @Puka).

ITpoaomKUTENTEHOCTD TPOBECHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTeCTallUU: 2 yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ay/IMTOPHOM padoThI

MaxkcumanbHbIH 0ai, BEICTAaBIsIEMbIi 32 MEPOIPUATHE TPOMEKYTOUHOM aTTectanuu: 20
[Tpoxoanoii 6amm: 10

IToxa3zaTesm oneHUBAHUS Banabl

JlaH pa3BepHyThIN OTBET HAa OAUH U3 17 BOMPOCOB cIMCKa BOIPOCOB K 3k3amMeHy OTBET COAEPKUT 10
TEKCTOBOE OIMCAHME ABJICHUS, 3aKOHA WJIM SKCIIEPUMEHTA, a HE TOJIbKO Habop Gpopmyn.OTBeT

CHa0XeH pUCYHKOM (TIpH HEOOXOIUMOCTH) BCE IJIEMEHTBI KOTOPOTro 0003HA4YCHBI, HA3BaHBI U
MOSICHEHBI.

Pemena nmpocras 3aaa4da 1o teme Bonpoca. PeneHue coiep>KUT TEKCTOBBIM KOMMEHTAPHIA, 6
0OHapy’KUBAIOIINNA TOHUMAHUE CTYAEHTOM TEMBI

Bce ucnomnsizyemele B popMynax GpU3HIECKHUE BETUYUHBI 0003HAYEHBI, Ha3BAaHbI M YKa3aHbI UX 4
pa3MepHOCTH

Tensoemkocts naeaabHoro raza Cv u Cp . YpaBuenue Maiiepa.



ITpoaomKUTENTEHOCTD TPOBEICHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTeCTalluU: 2 yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ay/IMTOPHOM padoThI

MaxkcuMaibHbIi 0aJu1, BEICTABIIIEMBIH 32 MEPONIPUSATUE IPOMEKYTOUHON aTTecTauuu: 25
[Tpoxoanoii 6amm: 12

IToxa3zaTean oneHMBaHUA

Baaasl

Pemena 3amaua o teme "bapomerpuueckas ¢popmyia, pacupeneneHue boiasivana u
Makcgesna". 3afgaua cuutaeTcs peli€HHOM, €CI PaBUIIbHO BBITIOJIHEHBI U ONMCAHbl OCHOBHBIE
IYHKTBI peleHus: 1) npuBeaeHbl 001I1e 3aKOHbI U 3aKOHOMEPHOCTH; 2) CIeNIaH BBIBOJ
KOHKPETHBIX 3aKOHOMEPHOCTEH U3 yCIIOBUH 3a/1auyl (COCTaBJIEHA CUCTEMA yPAaBHEHUH,
TOKAECTBO, UHTErpa); 3) MPOBEICHBI BCE HEOOXOAUMBIE BEIUMCICHHSI U TIOTY4YEH IPaBUIIbHBIN
pesyabrarHanmuue ommboK B pelieHny NPUBOAUT K CHIDKEHHIO Oana 3a 3agady. Eciu

COBepIlIeHa 0/1Ha OIIMOKa, TO 3a/1a4a olleHuBaeTcs B 4 6amta. Eciau coBepieHo ABe OmuOKH, TO
3a/aua oreHuBaeTcs B 3 6amia. Ecnu coBepiieno 6osee AByX ommrOoOK, TO 3a/1a4a OICHUBACTCS B
0 6am10B.

5

Pemena 3amaua mo teme "Temneparypa, 1aBaeHHEe U CIOCOOBI MX MU3MEPEeHH". 3a1aua CYUTACTCs
PELIEHHOM, €CIIH NPaBUIIBHO BBIIIOJIHEHBI U ONMCAHBl OCHOBHBIE ITYHKTHI PEIICHHUS: 1) IpUBEACHbI
o0111e 3aKOHBI U 3aKOHOMEPHOCTH; 2) ClIeJIaH BbIBOJI KOHKPETHBIX 3aKOHOMEPHOCTEN U3 YCIIOBUHN
3a7jauu (COCTaBJIEHA CUCTEMa YPAaBHEHUM, TOXKIECTBO, HHTETpai); 3) NpoBeIeHbI BCE
HE0OXO0JUMbI€ BBIYHUCIICHUS U MTOJIy4EH IPaBUIbHBIN pe3ynbrarHanuune ommnbok B perieHuu

NPUBOJIUT K CHIDKEHHIO Oaia 3a 3amady. Eciu coBeprieHa ogHa ommoKa, TO 3aa4a OIeHUBACTCSI
B 4 Ganna. Ecnu coBepiieHo nBe omuOKy, TO 3a7a4a olieHuBaercs B 3 6amna. Eciu coBepiieHo
Oonee IByX omMOOK, TO 3a7a4a orieHuBaeTcs B () 6ayuios.

Pemena 3anaga no reme "OcuoBbl MKT u ypaBHeHune coctossHUs naealbHOro ra3a'. 3agada
CUMTAETCS PELIEHHOMN, €CJIM IPABUIILHO BBIIOJIHEHBI U OIMCAHbl OCHOBHBIE ITyHKTHI pereHus: 1)
IPUBEJICHBI 00II1E 3aKOHBI U 3aKOHOMEPHOCTH; 2) CJIeJIaH BbIBOJI KOHKPETHBIX 3aKOHOMEPHOCTEH
U3 yCIIOBUH 3a/1a4¥ (COCTaBJIEHA CCTEMAa YPaBHEHUH, TOKIECTBO, MHTErpall); 3) IpOBEJCHBI BCE
HE00X0IMMbI€ BBIYUCICHHS U TIOJTYYEH NpaBWIbHBINA pe3yiabTaTrHannuue ommboK B pereHun

MPUBOIUT K CHIDKEHHUIO Oana 3a 3agady. Ecnu coBepiieHa ofHa ommoKa, To 3a/1a4a OI[CHHUBACTCS
B 4 6anna. Ecnu coBepiieHo 1Be ommOKy, TO 3a7a4a olieHnBaercs B 3 6amna. Eciu coBepiieHo
OoJiee ABYX OMMOOK, TO 3a7a4a orieHuBaeTcs B ) Gaios.

Pemena 3anaua no teme "Temno€MKOCTh U IOTUTPONMUECKHE MTpoLiecchl. 3aaua CUUTAeTCs
PELIEHHOM, €CJIN MIPaBUIIBHO BHITTOJHEHBI U ONMCAHBl OCHOBHBIE ITYHKTHI PEIICHHS: 1) MpUBEACHBI
o01I1e 3aKOHBI ¥ 3aKOHOMEPHOCTH;, 2) CAETaH BBIBOJ KOHKPETHBIX 3aKOHOMEPHOCTEH U3 YCIOBUI
3a71a4M (CocTaBlIeHa CHCTEMa YpaBHEHHH, TOXKIECTBO, MHTETpai); 3) MpoBeICHBI BCE
HE0OXOIMMBbIE BBIYUCIICHHS U TIOJTYYEH MPaBMWIbHBINA pe3yibTaTrHanmuue ommboK B pereHnn

NPUBOJIUT K CHIDKEHHIO Oaia 3a 3agady. Eciam coBepiieHa ogHa ommoka, TO 3aa4a OIeHUBASTCS
B 4 O6ayuta. Eciu coBepinieHo aBe ommOKH, TO 3a1a4a oreHuBaercs B 3 Oamia. Eciu coBepiieHo
Oosee IByX OMMOOK, TO 3a/1a4a oreHuBaeTcs B 0 6ayioB.

Pemiena 3aymaya o teme "llepBoe Havano TepMoguHaMUKU". 3aja4a CUMTAETCA PEIIEHHOM, €CIIN
MIPaBUJILHO BBITIOJHEHBI M OMKUCAHbl OCHOBHBIC IMTYHKTHI pellieHus: 1) mpuBeeHbl 0011IHe 3aKOHBI U
3aKOHOMEPHOCTH; 2) clieJlaH BBIBOJ KOHKPETHBIX 3aKOHOMEPHOCTEH M3 YCIOBUH 3aa4H
(cocraBiieHa cucTeMa ypaBHEHHH, TOXKIECTBO, MHTErpal); 3) MPOBEACHBI BCE HEOOXOIUMBIE
BBIYHCIICHHSI M TIOJTYY€H IPAaBUWIIBHBINA pe3yibTaTHanmmune ommOoK B pelieHuH TPUBOINT K




CHIDKEHMIO Oaiia 3a 3ajauy. Ecim coBepiuena ogHa omOka, To 3a/1a4a olleHuBaeTcs B 4 6asna.
Ecnm coBepiieno nBe ommoOKu, TO 3a7a49a orieHuBaeTcs B 3 6ayuia. Eciiu coBepiieHo 6osee aByX
omInOoK, TO 3a7a4a oreHuBaeTcs B 0 0ajIoB.

JlaBjieHUe 0] HCKPUBJIEHHOM MOBEPXHOCTBIO KUAKOCTH, popmyaa Jlamiiaca. KanuniasipHble

ABJICHUA.

ITpoaomKUTENTEHOCTD TPOBEICHUS MEPONIPUATHUS IPOMEKYTOUHOM aTTeCTallUU: 2 yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOM padoThI

MaxkcumanbHbIH 0ai, BEICTAaBIsIEMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTecTanuu: 20
ITpoxoanoii 6amt: 10

IToxa3zaTesn oneHUBAHUSA

Banabl

Pemena 3anaya no reme "BTopoe Hayano TepMOJAMHAMUKY U TEIUIOBbIE MalIMHbI". 3a1a4a
CUMTAETCs PEUIEHHOM, €CIIM MPaBUIIBHO BHITIOJIHEHBI U ONMCaHbl OCHOBHBIE IYHKTHI peleHus: 1)
IIPUBEIEHBI 00ILIKE 3aKOHBI U 3aKOHOMEPHOCTH; 2) C/IeJaH BbIBOJ KOHKPETHBIX 3aKOHOMEPHOCTEN
U3 yCJIOBUH 3a/1auM (COCTaBlIeHAa CUCTEMA YPaBHEHUH, TOXKIECTBO, MHTErpail); 3) MpOBEACHbI BCe
HE0OXO0JMMbI€ BBIYHUCIICHUS U MOJIy4YEH IPaBUIbHBIN pe3ynbraTrHanuune omubok B perieHuu

NPUBOJUT K CHIDKEHHIO Oaia 3a 3ajauy. Eciam coBepiieHa ogHa ommOKa, TO 3a/1a49a OIICHUBACTCS
B 4 Gamna. Ecnu coBepieHo nBe omuOKy, TO 3a7a4a olieHuBaercs B 3 6amna. Eciu coBepiieHo
Oomee IByX omMOOK, TO 3a7a4a orieHuBaeTcs B ) 6ayuios.

Pemena 3ana4a no reme "PeasibHble ra3bl U UX ypaBHEHHS COCTOSIHUSA." 3a/aua CUNTAETCS
PEIIEHHOM, eCiIH MPaBUIIbHO BHIIIOIHEHBI U ONKMCAHbl OCHOBHBIE MTYHKTHI pEIICHUs: 1) MpUBEACHbI
oO111e 3aKOHbI M 3aKOHOMEPHOCTH; 2) CZeIaH BbIBOJ KOHKPETHBIX 3aKOHOMEPHOCTEN U3 yCIOBUI
3aja4M (CocTaBleHa CUCTEMA YpaBHEHHM, TOKIECTBO, MHTETpal); 3) MPOBEACHbI BCE
HE00X0/IMMbI€ BBIYUCICHHS U TIOJIYYeH NpaBWIbHBINA pe3yiabTarHannuue ommbok B peleHun

MPUBOJIUT K CHIDKCHHUIO Oasia 3a 3ajgady. Ecim coBepiiieHa ofiHa OMIMOKa, TO 3a/1a4a OICHUBACTCS
B 4 6ayuta. Eciu coBepiieHo aBe ommoOKH, TO 3a1a4a oreHnBaercs B 3 6amna. Eciu coBepiieno
Oosee IByX OMIMOOK, TO 3a1a4a orieHuBaeTcs B (0 6ayioB.

Pemiena 3amaua o reme "DHTponus U €€ M3MEHEHHE B TEPMOIMHAMUYECKHX Mpoiieccax'. 3amaya
CUMTACTCS PENIEHHOM, €CITU MPABUIILHO BBITIOJTHEHBI U ONTUCAHBI OCHOBHBIC TTYHKTHI pelIeHHUs: 1)
MIPUBEIEHBI OOIIME 3aKOHBI M 3aKOHOMEPHOCTH; 2) CJIeJIaH BBIBOJI KOHKPETHBIX 3aKOHOMEPHOCTEM
U3 yCJIOBUH 3a/1aui (COCTaBlIieHa CUCTEMa YPaBHEHUH, TOXKIECTBO, HHTErpal); 3) MPOBECHBI BCE
HE0O0XO0JMMbI€ BBIYHUCIICHHS U MTOJIy4YEH PaBUIIbHBINA pe3ynbraTHanuune ommnbok B pelieHnu

NPUBOJIUT K CHIDKEHHIO Oaia 3a 3agady. Eciau coBepiieHa ogHa ommoKa, To 3aa4a OIleHUBACTCS
B 4 O6ayuta. Eciiu coBepiieHo aBe ommOKH, TO 3a1a4ua oreHuBaercs B 3 Oama. Eciiu coBepiieHo
Oosee IBYX OMMOOK, TO 3a/1a4a oreHuBaeTcs B 0 6ayioB.

Pemena 3anaya no teme "lloBepXxHOCTHOE HATsHKEHHE, CMAauMBaHKUE MTOBEPXHOCTEH U 1aBlICHUE
[10J1 UCKPUBJIEHHON IIOBEPXHOCTHIO KUAKOCTH". 3aaua CUNTAETCSI PEIIEHHOM, €CIIN IPAaBUIBHO
BBITIOJTHEHBI ¥ OMMCAaHbl OCHOBHBIE MyHKTHI pelIeHus: 1) MpUBeaeHbI 00IIKe 3aKOHBI U
3aKOHOMEPHOCTH; 2) C/IeTaH BbIBOJ KOHKPETHBIX 3aKOHOMEPHOCTEH U3 YCIOBUIl 3a1auu
(cocraBnieHa cucTeMa ypaBHEHHH, TOXKIECTBO, MHTErpal); 3) MPOBEACHBI BCE HEOOXOIUMBIC
BBIYUCIICHUS U TIOJYYEH MPaBMWIbHBIN pe3yiabTaTrHannmuue ommboK B pelieHny IpUBOIUT K

CHIDKeHHIO Oana 3a 3amady. Ecnu coBepiiena ofHa ommoka, To 3a7a4ya olleHuBaeTcs B 4 Oaa.




Ecnu coBepiieno nBe ommoOKy, To 3a/1a4a oneHuBaetcs B 3 6amta. Eciu coepieHo 6oee AByX
oImnOOK, TO 3a7aya olleHuBaeTcd B 0 0ajoB.

IloHsiTHE 0 KBAHTOBOM TEOPHHU TENJI0EMKOCTH KPUCTALI0B. DOHOHBI

[TpoaomKUTET HOCTD MTPOBECHUS MEPOTIPUATHS IPOMEKYTOUHOM aTTeCTalluu: 2 yaca
YcnoBus mpoBeaeHUS] MEPOTIPUATHUS: B HAChI ayINTOPHOH padoThI

MakcumanbHBIH 0ajul, BRICTABISEMBIN 32 MEPOTIPUATHE MPOMEKYTOUHOM aTTecTauu: 35
[Tpoxoxnoii 6amr: 17

IMoka3aTe/n oneHNBaAHUS Banabr
JlaH pa3BepHYTHII OTBET HAa OAMH U3 20 BOIIPOCOB U3 CIKCKA BONPOCOB K 3K3aMeHy OTBET 18
COJICPKHT TEKCTOBOE ONMMCAHHE SABJICHHS, 3aKOHA UM SKCIIEPUMEHTA, a He TIPOCTO HAbop
bopmyn.OTBET CONEPKUT MOSICHIIOMNN PUCYHOK (MTPU HEOOXOAMMOCTH) ¢ 0003HAUYCHHUEM,
OITMCAHUEM €TO0 IIEMEHTOB.
Pemena ofHa nim JBe MpoCThIE 33/1a4M 10 TeMe Bonpoca. PenieHne cHabxkaeTcst MOsSICHIOINM 12
TEKCTOM, KOTOPBI IEMOHCTPUPYET MIOHUMAHNE CTYICHTOM COOTBETCTBYIOIICH TEMBI
Bce ucnonb3oBaHHbIe (PU3MUECKUE BETMYUHBI HA3BaHBI, ONMCAHbI M yKa3aHa UX Pa3MEepHOCTh 5




