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ABSTRACT

Bachelor’s degree in 14.03.02 "*Atomic Physics"

Course title: Molecular physics

Basic (variable) part of Block 1, 5 credits

Instructor: (Makogina E.I.)

At the beginning of the course a student should be able to based on the initial
knowledge obtained in the course of studying such disciplines as "Mathematics" in
the volume of one previous semester of training (derivative, differential of a
function of one and many variables, integral, differential equations).

Learning outcomes: (npusoosimcsi hopmynuposxu popmupyemvix KomnemenyuiL)
Course description:

The program of the course is aimed at the formation of scientific thinking among
undergraduates, from a position capable of current knowledge to understand,
interpret and evaluate the situation in the analysis of the problem and decide on the
use of physical and chemical methods for the solution of specific problems. One of
the innovations of this program is the emphasis on the need for a significant
activation of self-study undergraduates in understanding and analysis methods,
taking into account the study subjects performed undergraduates.
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AHHOTANUA

PaGouast mporpamma aucturummabl «Monekymsipaas ¢usnukay paszpadoTaHa
JUTSL CTYZIEHTOB 2 Kypca Hampasiienus 14.03.02 «Sneprabie pu3nka U TEXHOIOTHI,
cneruanu3anun «DOu3uka aTOMHOTO SApa U YaCTHID).

Kypc «Monekynsipaas ¢usuka» otHocutcs Kk paszaeny b1.5.08.04 6azoBoii
4acTH y4eOHOro IJIaHa.

OO0mast TpyTI0EMKOCTh AUCITUIUIMHBI COCTABIISIET 5 3adeTHBIX enunwmi, 180
yaca. Y4eOHbIM IUITAHOM MpPEAYCMOTpeHbl JieKiuu (36 yac.), IpakTUYECKue
3ansaTusa (18 uac.), maboparopHsie 3aHsATUA (54 4Yac.) U camocTosITeabHas paboTta
(72 4ac., u3 Hux 36 4acoB OTBEACHBI HA MOATOTOBKY K SK3aMeHY). JIMCIUILINHA
peanuzyercs B 4 cemecTpe 2 Kypca.

MonekynspHasi ¢pu3nka Kak paszien Kypca o0mieil pu3nku u3ydaercs mocie
KJIACCUYECKOM MEXaHUKU U SABJISIETCSI OCHOBOM COBPEMEHHOW CTAaTUCTUYECKOM
bu3MKn W TepMOoAMHAMUKH. [J1aBHO€ BHHMaHHE YACISICTCS HM3YyYCHHIO
0COOEHHOCTEN MOJIEKYJSIPHON (DOPMBI IBHKEHHS U OBIAJICHUIO CTATHCTUYECKUMHU
METOJIJaMHU OTHMCAHUS CHUCTEM MHOTUX YacTHUI[ (CTATUCTUYECKHE 3aKOHOMEPHOCTH)
U OBJIQJICHUIO TEPMOJWHAMUYECKHMMH METOJAMH Ha TPHUMEpPE MOJICKYJISIPHBIX
CHCTEM.

MonekynapHas (u3HKa HUCXOAUT W3 TPEACTaBICHHUA 00 AaTOMHO-
MOJIEKYJISIPHOM  CTPOGHHMH  BEIIECTBA M  paccMaTpuBaeT TEIUIOTY  Kak
OecriopslouHoe  JABM)KEHME  aToMOoB M Mojekyldl.  COOTBETCTBEHHO
paccMaTpHUBAIOTCSI CBOWCTBA U CTPOCHUE OTAEITBHBIX MOJIEKYJ U aTOMOB.
CraTucTUYECKMI METOJ] YCTAHABJIUBACT CBSI3b MAaKPOCKOMHYECKUX CBOWCTB
U3Y4aeMbIX CHCTEM OOJBIIIOr0 YHCJIa YacTUIl CO CBOMCTBAMU W 3aKOHAMU HX
newkeHud. [Ipy 5ToM BO3MOXHA Kak 3ajladya HAXOXKICHUS MaKpOCKOIMMYECKHX
CBOMCTB CHCTEMBI MO M3BECTHBHIM CBOMCTBAM COCTAaBISIOIMIMX €€ YaCTHI[, TaK U
oOpaTHas 3a7ada, HaXOXJACHUE CBOWCTB YACTHI], COCTABISIONINX CHUCTEMY, IO €€
MaKpPOCKOMMUYECKUM CBoMcTBaM. [loaToMy MOJIEKYJISIpHO-KHHETHYECKasl TeOopus
BEILIECTBA MOXET OBITh TOJILKO CTATUCTUYECKON TeopHeil, OCHOBHOU ee ujieei
SIBIISIETCSI cCTEMa OOJIBIIIOTO YHCIIa YaCTHII, KOTOpasi U3MEpseTCs mapameTpaMu 1
XapaKTepU3yeTcs 3aKOHOMEPHOCTSIMHU, MIMEIOIIUMU CTAaTUCTHUECKUN XapaKTep.

B ciydyae paBHOBeCcHs] MaKpOCKOTMHYECKON CHCTEMBI 3aKOHBI U CPEIHUX
BEJIMUMH, OTPEICNIIeMble CTATUCTUUYECKAM METOJOM, COBMAJAIOT C 3aKOHAMH
TepMOJUHAMHUKHU. TakuM 00pa3oM, CTATUCTUYECKHE 3aKOHOMEPHOCTH SIBIISIIOTCS
TEOPETUUYECKHUM 000CHOBAaHHEM TEPMOJIUHAMUYECKIX 3aKOHOMEPHOCTEH.

BaxxHoe HayyHOE 3HAUCHHE UMEET M3yYeHUE MOHSITHS DHTPOMHH, KOTOPOE
cerofHsi sBisieTCS (yHIAMEHTAIbHBIM TIOHSATHEM — YHHUBEPCAIBHOW MeEpoit
pa3snTuYHBIX (OPM JIBUKEHUS MAaTEPUH, MEPOU KOJTUYECTBA MH(POPMAIIHH.

OOyuyeHue  JaHHOM  JUCIUIUIMHE  OCHOBAaHO  HA  TPAJUIMOHHBIX,
aKaJeMUYECKHUX CIOco0ax U3ydyeHus! PU3NIeCKOr HAyKU.

Huctumnuaa «MonekynspHas ¢U3MKa» JOTHYECKH € COICPKATEIIbHO
CBsA3aHa C JPYrUMU HU3y4aeMbIMHU JucUUIIMHAMU: «MexaHukay, «JluHeitHas
anredpa», «AHAIUTUYECKASI TEOMETPUs», «MaTeMaTUUeCKUN aHAIH3.

3HaHus, MOJYYEHHBIE IPU U3YYEHUHN TUCHUIUIMHBL «MonekynspHas husuka»
OyIyT UCIOJIb30BAThHCS MpHU JIH000N podeccCHOHaTbHON AesATENbHOCTH: B HAYYHO-



HCCIIEIOBATENIbCKOM CTYACHYECKOW KYPCOBOM W JUILUIOMHOM paboTe, B HAy4YHOU
CaMOCTOSITENILHOM paboTe, B paboTe B KaUe€CTBE YUUTENS IIKOJIBI M MPEoIaBaTess
BBICIIIETO y4e€OHOTO 3aBE/ICHUS.

Leab: Ha OCHOBE MPECTaBICHUNA 00 aTOMHO-MOJIEKYJIIPHOM CTPOEHHUH U 00
0co00if (opMe MOJICKYJISIPHOTO BIKCHUS OOBSICHUTH (U3MYECKUE CBOMCTBA
BEIIeCTBA B Ta3000pa3HOM, >KHUAKOM M TBEPIOM COCTOSHHUSX; OINUCATh U
OOBSICHUTH SIBICHUS TEpexXoJa M3 OJHOTO COCTOSHHUS B JApYyroe; Omucarb u
OOBSACHUTH (HU3UYECKUE TIPOIECChI, MPOXOMASIINE B BEUIECTBE NPHU BHEIIHUX
BO3JEUCTBUIX.

3agaum:

e M3YyYUTh AaTOMHO-MOJIEKYJISIPHOE CTPOEHHE BEIeCTBA B Pa3IMYHBIX
arperaTHbIX COCTOSIHUSX;

e H3YYUTh MOJICKYJIAPHYIO (DOPMY TBUKEHUS U €€ 3aKOHOMEPHOCTH;

e H3Y4YUTh TEIUIOBBIX CBOMCTB BEIIECTBA OT CTPOEHUS MU MOJEKYJISIPHON
(bOpMBI ABUKEHUS;

e W3YYUTh TMPOLECCHhl, BO3HUKAIOIIME B BEHIECTBAX IMPU BHEIIHUX
BO3JICHCTBUSIX — MEXaHUUECKUX, XUMUYECKUX U TEPMUUECKUX;

e W3Y4YUTh SBJEHUS Ha TpaHMUIAX pas3felia Pa3IUYHbIX arperaTHbIX
COCTOSIHMU BEILIECTBA;

e H3YYHUTh MPOLIECCHI IEPEX0AA U3 OJTHOTO (ha30BOr0 COCTOSIHUS B JPYTOE;

e OBJIAJIETh METOJJAMH CTATUCTUYECKUM U TEPMOJAMHAMUYECKUM C MOMOILIBIO
MaTeMaTUYECKOro ammapara: TEOPUU CIyYalHBIX BEJIWYMH U MPOLIECCOB, TEOPUU
nudepeHnanbHbIX YPaBHEHUN U YPABHEHHUH B YaCTHBIX MPOU3BOTHBIX.

Jlnst  ycmemrHoro wu3y4yeHus JUCHUIUIMHBL  «MonekynspHas Qusukay y
CTYJIEHTOB JOJDKHBI OBITh CQOPMUPOBAHBI CIEAYIONIME IPEIBApUTEIHHBIC
KOMIIETEHIINH:

¢ OK-1 BnageHueM KyJabTypOill MBIIUIEHUS, CIOCOOCHHOCThIO K 0000LIEHUIO,
aHaNKM3y, BOCHPUSITHIO HMH(OpPMALMU, TMOCTAHOBKE IEJM M BBIOOPY MyTeW ee
JIOCTUKECHUS;

e OK-2 cniocoOHOCTHIO JJOTHYECKH BEPHO, apTYMEHTHUPOBAHHO U SICHO CTPOUTH
YCTHYIO U MUCbMEHHYIO PEUb;

¢ OK-6 rOTOBHOCTBIO K CAMOPA3BUTHIO, TIOBBIIICHUIO CBOEH KBaM(UKAIIUU U
MacTepCTBa.

B pesynpraTe uW3ydeHUs JAHHOM JUCHHMIUIMHBI Yy  OOydYarommxcs
dopmupytoTcs  crienytomne — oOmenpodeccuoHanbHbie/  MPOQPECCHOHATBHBIE
KOMIETEHIIUH (3JIEMEHTHI KOMIIETEHIINMN ).

Koa u Jranbl GOPMHPOBAHUS KOMIICTCHIMHU

¢popmympoBka

KOMIIETCHIH U
OIIK-1 3Haer OCHOBBI MOJIEKYJIIPHO-KMHETUYECKON TEOPUH BEIIECTBA
CHOCOOHOCTBIO Y UJICaJTbHOTO ra3a Kak MpOoCTeWIlned MOJENH BEUleCTBa,
UCIIO0JIb30BaTh CTATUCTUYECKUA M JAMHAMUYECKUN METOJbI, NMPUHLIHIIBI
OCHOBHBIE 3aKOHBI TEPMOJIUHAMUKHU, BUJIbI COCTOSTHUNA TEPMOJIMHAMHYECKUX
€CTECTBEHHOHAYYHBI cucteM, (a3oBble cOCTOSHUS U (Da30BbIE TEPEXOJBL,
X JUCLHUILINH B cooTHomieHUs: MakcBemna u  ¢yHknum — ['ub6ca-
podeCCHOHATBHON ['enpmromnbIa.




JIeSITENLHOCTH,
MIPUMEHSTHh METO/IbI
MaTEMaTHYECKOTO
aHaju3a u
MOJICJIMPOBAHUS,
TEOPETHYECKOTO 1
AKCIIEPUMEHTAIBHOTO
HCCIIEN0BaHUs

Ymeer

IIpuMeHATH CTAaTUCTHYECKU Y TEPMOAMHAMUYECKUN
METOJIbl K  pelleHu0  (QyHAaMEHTaJbHBIX  3ajay
MOJICKYJISIPHON (PU3UKU: BBIBOJUTH OCHOBHOE YpaBHEHHUE
MKT, ocHOBHOE ypaBHEHHUE COCTOSHMS UACAIBHOIO rasa,
pacnpenenenne MakcBemia, bonenmana, Makcsema-
boneuimana, dopmyny  DiHmTelHA-CMOIYyXOBCKOTO,
3aKOHBI IIPOLIECCOB IIEPEHOCA B Tra3ax M KHUJIKOCTSX;
paccuuTaTh pabOTy HUICaTbHON  TEIIOBOM MAalIUHBI,
MOJIyYUTh  YPaBHEHMsI  BCEX  M3OMPOLECCOB U
MOJIMTPOIIHBIX IIPOLIECCOB, HA OCHOBE TeopeMm Kiaysuyca
(dbopMyIMpoBaTh BTOPOE HAYAIO TEPMOJAUHAMUKH U
3aKOH BO3pACTaHHsl DSHTPOIMHU, BBIBOJUTH (QOPMYITY
bonpumana, ypaBHeHue Ban-nep-Baanbsca s peanbHbIX

ra3os, s ekt Jxoynsa-TomcoHa, ypaBHEHUE
Knanelipona-Kiaysuyca.
Bnageer | 3nanusmu, YMEHUSIMU, HaBbIKAMU YPOBHS
MOJICKYJISIPHOH (DM3WKU T perieHus] GU3HUYSCKUX 3a7ad
KaK TEOPETUYECKHX, TAK U IKCIIEPUMEHTAJIbHBIX.
[TK-3 roToBHOCTHIO K | 3HAET OcHOBHBIE METO/BI 1 TPUEMBI TIPOBEICHUS (PU3UIECKOTO
MIPOBEACHUIO OKCIIEPUMEHTA, W JJIEMEHTAapHbIE CIOCOOBI 00pabOTKH
bu3nIECKUX SKCIIEPUMEHTAJIbHBIX JIaHHBIX;
3KCHEPUMEHTOB 10 YCTPOMCTBO M MPUHIUIBI  JIEHCTBUS  (PUINYECKUX
3aJJaHHOW METOJIMKE, prOOPOB U AIIEMEHTOB;
COCTaBJICHUIO HamOojee BaxHbIE U (yHIAMEHTAIbHBIE IOCTHUKCHUS
ONMUCaHus (u3nuecKoil HayKu;
MIPOBOJIUMBIX CBs3b (DM3HKU C TEXHHKOW, MPOU3BOACTBOM, IAPYTUMHU
WCCIIEI0BAHUM 1 HayKaMu
aHaJIu3y pe3yJbTaToB | YMeeT dopMynHpoBaTh 1eib MPaKTUYECKON paboThl,
COCTAaBJSITh ~ OTYET IO  TpoJeiaHHOW  pabore,
aHAJIM3UPOBATH X0 paboThl U JAeNaTh COOTBETCTBYIOIINE
BBIBOJIBI.
Bnaneer MeToIuKON U METOIOIOTUEN TPOBEAEHHUS IKCIIEPUMEHTA

C T[OMOIIBIO METOAUYECKUX JIEKITHH,

y4eOHMKOB M PECYpCOB UHTEPHETA.

YKa3aHWH,

Jlist hopMHUpOBaHUS BBILIEYKAa3aHHBIX KOMIIETEHIIMI B paMKaX JTACHUTLTAHBI
«MonekynsipHast Qu3nMKa» MPUMEHSIOTCS CIEAYIOIMIME METOJbl AKTHUBHOTO/
WHTEPAKTUBHOIO OOy4YeHHs: MpOOJIEMHBbIE JEKIMH, WHIAUBUIYyaJlbHAs paboTa Ha
KOHCYJIbTALIMSIX, pa00Ta B MaJIbIX Ipynmax.

|. CTPYKTYPA U COJEP)KAHUE TEOPETUUYECKOM YACTHU KYPCA

Paznen |. Mosiekyasipuas ¢pusuka. Ctaructudecknii meron (16 uac.)

Tema 1. Cocrosinue BemecTBa. TepMoaMHAMHYECKHE MAapaMeTphbl.
MoJiekyasipHO-KHHEeTHYeCKas Teopusi BemecTBa (6 yac.)

[Tpenmer u 3amaun MOJIEKYJSIpHON (u3uku. MosekynspHO-KHHETHYeCKast
TEOpHsI BEUIECTBA. XAapPaKTEPUCTHUKKA MOJEKYJI M KOJMYECTBA BEIIECTBA.



ArperaTHble COCTOSIHHSI BEIIeCTBA M UX Mpu3Haku. CTaTUCTUYECKUH W
TEPMOJMHAMHYECKUNA METO/IbI B MOJICKYJISIPHON (PU3HKE U TEPMOJAMHAMUKE.

OMIIMpUYECKHE Ta30BbI€ 3aKOHBI: 3aKOHbI [lanbToHa, boins-Mapuorra, I'eii-
JIroccaka, apma, Ilackans, Aoraapo, MeHnneneeBa-Knaneipona, TemioBoe
pacmMipeHre TBEpAbIX Tel. WmeanpHBI Ta3 Kak MOJEHb Ta3000pa3HOTO
COCTOSIHUA. MOJIEKYJIIpHO-KUHETHYECKasl TeOopUsl HIealnbHOro rasa. JlaBieHue
uaeabHOro rasa. BwiBog ocHoBHoro ypaBHenuss MKT wupeanbsHOro rasa.
OproTtudeckas runore3a boiaplmana.

Temneparypa u ee (Qu3MYECKUil CMBICI B MOJEKYJISIPHO-KMHETHYECKOU
teopun. TemnooOMeH U TepMOAMHAMUYECKOE paBHOBecHE. TepMOMETpHYEcKOoe
CBOMCTBO, TEpPMOMETpHYECKas  BEIWYMHA. [epMOAMHAMH4YEcKas  IIKaja
temriepatyp. Teopema boipiiMaHa O paBHOBECHOM paCIpEACIICHUH 3HEPTUU I10
cTeneHsM cBoOoAbl. UYucio creneHel cBOOOABI. 3aKOHBI HACATBHOIO rasa.
N3orepmuyeckuii KO3((PUIMEHT CKUMAEMOCTH, TEMIIEPATypPHbIA KO3(PPUILIUEHT.
['paduueckoe nmpeacTaBieHE 3aKOHOB UICAIBHOTO ra3a.

Tema 2. DiieMeHTbl TEOPUM BEPOATHOCTH, CTATHUCTHYECKMH MeETOX M
cTaTHCTHYeCKHUe pacnipeneseHus (6 yac.)

Cxopoctr ra3oBbIX MOJIEKYJ. M3MepeHne CKOpOCTH ra30BbIX MOJIEKY. OmbIT
[lIrepra, METOA MOJIEKYJSIPHBIX ITyYKOB. OJEMEHTBl TEOPUH BEPOATHOCTH.
Yactotra ® BEpOATHOCTh. JIMCKpPETHOE ©  HENPEPBIBHOE pacIpeelICHUE
BEPOATHOCTU. IIIOTHOCTH BEPOATHOCTU. YCIOBHE HOPMHUPOBKU. Teopemsl
CIIOXeHUsI U yMHOXKeHus. CpeHue 3HaYeHUsl CIydyalHbIX BEJMYMH, (PIIyKTyarus.
Pacnpenenenne  MakcBeiia  (moctaHoBKa — 3amauyu). BwiBom  QyHKIUuM
pacnpenesieHus MOJIEKYJ MO0 MNPOEKUUsIM CKOpocTerd. DOUMYECKHM CMBICI
napameTpa PyHKIIMU pacrpeesieHus U MOCTOSTHHON HHTETPUPOBAHMS .

Omnpenenenve (GyHKUUU paclpeneseHusT MOJEeKyJl 1o alOCONOTHOMY
3HAUYEHUIO CKOPOCTH. ['€OMeTpHMYecKOoe HCTOJIKOBAHUE MOJYYEHHOH (QYHKUHUU.
Pacnpenenenne Makcgesia B BEKTOpHOU (popMme U B IpUBEACHHOM BUE. PacueTsl
XapakTepHBIX CKOPOCTEW MOJIEKYJl IIPU HMX XAOTHYECKOM  JIBUKEHUU:
HaWBEPOSTHENMIIEN CKOPOCTH, CpPEOHEW W CPEIHEN KBaIpaTUYHOM CKOPOCTEM,
CPENHEN CKOPOCTH IO MPOEKIMUH, CPEIHETO MOAYJIS CKOPOCTH MO IPOEKIIHH,
CpPEIHEN OTHOCUTEIBHON CKOPOCTH, M CBA3U MEKIY HUMHU.

bapometpuueckas ¢opmyna u BeIBOA 3akoHa bosnbiimana. CBs3b MEXIy
pacnpenenenusiMu MakcBemma U boneumana. Pacmpenenenue MakcBesia 1o
3HAUCHHUSIM KHHETHYEeCKOW HHepruu. Pacnpenenenne Makcsenna-bonbsumana.
Pacnipenenenne bonplmaHa i JIHCKPETHOTO CIEKTPA 3HAYEHUW DSHEPIUU
(caMOCTOSITENBHO).

bpoynoBckoe  nBukenue. Pacuer cpenHero - kBaapara  CMEUICHUS
OpoyHoBckoit yactuibl. opmyna DitHiTeitHa-CMOITyXOBCKOTO.

Tema 3. HepaBHoBecHble npouecchl. [Iponeccsl mepenoca B rasax (4 gac.)

DJIEMEHTBI MOJIEKYJIIPHO-KMHETUYECKOW TEOPUU HEPABHOBECHBIX MPOLECCOB.
PaBHOBECHOE W HEPABHOBECHOE COCTOSIHHA. PellakcallMOHHbIE TIPOLIECCHI U
saBieHuss nepeHoca. DhPeKTUBHBIN nuaMeTp U 3PGHEKTUBHOE CEUEHUE MOJICKYI
raza. Cpemusis jnauHa cBoOOogHOro mpobOera. IloreHuuanbHas — KpuBas
MEKMOJIEKYJIISIPHOTO B3aUMOJECHCTBHUS. TemneparypHas 3aBUCHMOCTb



() PEKTUBHOTO CEUEHUs] MOJICKYJI M CpeaHed JUIMHBI CBOOOJHOIro mpooera s
ra3oB u xxuakoctend. Dopmyna Cesepnenna. OO1iast Teopus MepeHoca B ra3ax.

Hudodysus. Camomuddysus. Koabounument nuddysun, 3aBUCHMOCTD
koddummenTa nuddys3uu oT TeMIepaTyphl U TaBICHHUS.

Bsiskocte wim  BHyTpeHHee TpeHne. KoahduUIMeHT BA3KOCTH H  €ro
3aBUCUMOCTh OT TEMIEpaTypbl W JaBleHWsA. Pa3auume TemmepaTypHBIX
3aBUCUMOCTEMN BSI3KOCTU Ta30B U KHUIKOCTEH.

TemnonpoBoanocts. KoadduiMeHT TemaonpoBOAHOCTA Ta30B U €ro
3aBUCUMOCTh ~ OT  Temmeparypbl W  naBieHus. COOTHOILIEHHE  MEXKIY
ko3 dunreHTaMu rnepeHoca.

Pazgen  2.0cHOBHble  NpPUHOMOBI  (Ha4ajga)  TEPMOAUHAMMKH.
Tepmonmnamuueckmii Mmeron (20 yacos)

Tema 1. HyneBoe um mepBoe Hayajao tepMoaMHAMuUKU. U3ompoueccsl,
noJMTponusbie mpoueccol. Kitaccnueckas teopusi remoemkoctu (6 gac.)

HyneBoe Havamo TtepmoauHaMuKu. TepMOAMHAMHYECKHE IPOLECCHI:
PABHOBECHBIC MJIM KBa3UCTATUUECKUE, 0OpaTUMbIE U HEOOpaTUMBbIE, KPYTOBbIE WIIN
HUKINYeCKue.  BHyTpeHHsis ~ sHeprus,  pabora,  TeIJIOTa. [TpunIMI
HKBUBAJIEHTHOCTH TEILIOTHI U padOThI, onbIThl Maiiepa u J>xoyiis. BeiBox nepBoro
HayaJia TEpPMOJAUHAMUKH.

TermnoeMKoCTh HI€aTBFHOTO Ta3a. TenIoeMKOCTh MPU MOCTOSHHOM 00beMe U
naBineHuu. OHTanbmus. BeiBoxg ypaBHenuss PoOepra-Maiiepa. Ilpumenenue
MEepPBOTO Havyasia TEPMOAUHAMUKH K U30IPOIeccaM UACAIbHOTO raza. AnnadaTHbI
nporiecc. BeiBoa ypaBHenus Ilyaccona. Pabora uaeanpHOTo raza nmpu aguadbaTHOM
npouecce. [lomuTponHsii npouecc. BeiBoa ypaBHEHUS MTOJIUTPOIIHI.

Kitaccuueckast Teopusi TEMIOEMKOCTEN Ta30B U TBEPABIX TeJ (YUCIO CTENEHEN
cB00OIbI, TEOpeMa bosbliMaHa 0 paBHOpacpeneeHu KUHETUUECKOM SHEPTUU T10
creneHssM cBoOobl). 3akoH [rononra-IItu. Hemoctatkm kinaccuyeckod Teopuu
TEIUIOEMKOCTH TBEPABIX TEJN. OJIEMEHThl KBAHTOBOW TEOPUU TEINIOEMKOCTH.
BeiBog dpopmyinsl DiiHiurelina. Hengoctatku Teopun DHIITEHHA.

Teopus Ttennoemkoctn TBepAbix Ten Jlebas. Heckonbko cimoB 0
TEIUIONPOBOJAHOCTH TBEPJAbIX Tei. BriBoa 3akona [lebas. Xapaktepuctuueckas
TeMIiepaTypa TBepAoro Ttena wid Temieparypa JleGas. Pa3Butue Teopuu
TEIJIOEMKOCTH TBEPJIBIX TEJ U3 IpeIcTaBlieHus 0 (GPOHOHAX U (POHOHHOM rase.

Tema 2. Bropoe Hauyano tepmoauHamuku. Teopembl KapHo u Teopembl
Kunay3uyca (2 yac.)

Bropoe Hawano tepmoauHamuku. DOpMyJHpPOBKM  BTOPOTO  Hadalia
tepmoauHamuku Knaysuyca, KensBuna u [1nanka. Lukn Kapuo. BeiBon paboTs! u
k..4. uaeansHoro nukia Kapuo. IlepBas m BTOpas teopembl Kapno. Teopema
Knaysnyca o mpuBeneHHON TEIUIOTE. DHTPONUA U TEPMOJUHAMUYECKUN CMBICI
SHTPOINMU B HACATILHOM O0OpaTMMOM Ipoliecce. MaTemMaTH4ecKoe BbIpaKEHUE
BTOPOIr0 Hauajga TePMOJUHAMUKU JJI1 0OpAaTUMbIX KBa3UCTATUYECKUX IMPOIIECCOB.
T-S nquarpammel.



CraTtucTUYeCKHil CMBICT BTOPOTO Hauaja TepMOAMHAMUKU. BbIBOJ (popMyIibl
bonpuMmana s sHTponuu. 3aKOH Bo3pacTtaHus 3HTponuu Kiayzmyca. DHTponus
HEOOPAaTUMBIX MTPOLIECCOB.

Tema 3. T'asbl ¢ MeXKMOJICEKYJISPHBIM B3auMoJeiicTBHeM (peajibHbIe
rasel) u ;kuakoctu (6 yac.)

Peanvubie rasel. BeiBog ypaBHeHus: Ban-nep-Baanbca. @usnyecknii CMBICIT
IIOCTOSIHHBIX BEJIWYMH ypaBHeHUs Ban-nep-Baanbsca. Teopernueckne n30TEpMBbI
raza Ban-nmep-Baanbca. Kputnueckue mapameTpbl COCTOSIHHSI BEIIECTBA. 3aKOH
COOTBETCTBEHHBIX COCTOSIHUW. TepMOAMHAMHKA pPEalbHOTO Ta3a. BHyTpeHHss
SHEprus U paboTa peasibHOro rasa.

Oddexr Jxoyna-Tomcona. Tepmomunamuka sddexra Jxoyns-Tomcona.
KpuBass  unBepcun  muddepenmuanbioro  sddekra  Jxoymns-TomcoHa.
Wurerpanbubiii agdext Jxoynsa-Tomcona.

[ToBepXHOCTHOE HATSHKEHHE U TEPMOJMHAMHMKA TOBEPXHOCTHOTO HATSKECHHMS.
Kpaesbie yribl. CMaunMBaHuEe W HeCMaduWBaHHWE. Pa3HOCTh MABJICHHM IO pa3HbIC
CTOPOHBI U30THYTOM NOBEPXHOCTH KHUAKOCTH. Dopmymna Jlarmaca.

Tema 4. @a3zoBble paBHOBecHs U (pa3oBbIe NpeBpalneHus (2 yac.)

®da3pl U (a3oBbie MPEBpAIlCHHS. YCIOBHS paBHOBecHs (a3 XUMHUUYECKH
OJTHOPOJHOTO BEILECTBA.

BrBon ypaBnenus Knanenpona-Kmaysuyca. @a3oBble Nepexoabl HEPBOTO
pona. Mcnapenne m kKoHnaeHcauus. IlmaBienne um kpucramumszanus. J(marpammel
COCTOSIHUS Y TPOMHBIE TOUKHU.

dazoBbIe Mepexo bl BTOPOro poaa (ooume GopMyITupoBKH).

Tema S. TepmoanHamnyeckue PyHKIUM U YCJIOBUSL TEPMOIUHAMHUYECKOMN
ycroiiunBoctu (4 yac.).

Meron TEpMOAMHAMHUYECKMX MOTCHIHMAIOB WIM  XapaKTEPHUCTHYEKHUX
¢bynkuuid. TepmoanHamMuueckuil noteHuuan wid pynkuus ['m66ca. CooTHomeHUS
Makcgemna. OCHOBHOM KPUTEPUN TEPMOJIMHAMUYECKON YCTOMYNBOCTH.

1. CTPYKTYPA U COJIEP’KAHUE MPAKTUYECKOM YACTH
KYPCA

Ipakruuyeckue 3ansiTus (18 yac.)

3ansaTue 1-2. MneaabHblii ra3. YpaBHeHHe COCTOSIHHSI HAeaJbLHOr0 rasa.

3akon JlanbToHa. 3akoH ABoraapo. 3akon Ilackansi, 0apomerpuueckasi

¢opmy.a (4 yac.)

1.1. CBs3b MEXIYy OCHOBHBIMM KHHETHYECKHUMHU XapaKTEPUCTHUKAMH Ta3a:
OTHOCHUTEJIbHAsI MOJIEKYJISIpHAsh Macca, MOJIIpHasi mMacca, 4ucjio ABOTajipo,
yucino Jlommuara, KOHIEHTpauus, IUIOTHOCTh. (CMech ra3oB. 3akoH
HanproHa. MosnspHbie U yaenbHble BeauduHbl (NeNe 2.1. — 2.6 mo WN.E.
Hponosy, NeNe2.1 — 2.8 mo N.B.CapenbeBy).



1.2. Tepmomerpus. TepMOMETpUYECKOE TENO, TEPMOMETpPUYECKAs BEIUYMHA.
Mkana Temnepatyp ( NeNelO — 15 mo J.T. CaxapoBy, NeNe627 — 632 mox
pen. JI.B. CuByxuna).

1.3.  YpaBHEHHE COCTOSHUS UIeaTbHOTO Ta3a. [Iporecchl. YpaBHEHUS MIPOIIECCOB
B HHTerpaipHOM u nuddepennumanborn gopme (NeNe2.7 — 2.13 mo
N.E.NUponoy, NoNe2.27 —2.31 no 1.B.CaBenbeBy).

1.4. JlaBmenue ra3za. 3akoH I[lackams, G6apomerpuueckas (opmyna. ['pamgueHt
TEeMIIepaTyphbl MO BHICOTE CTOJ0A Ta3a B OJHOPOIHOM IIOJIE CHUJ TSXKECTH
(NoNe2.14 — 2.21 no U.E.Upoaony).

3ansatue 3-4. MoJgexkyasspHo-KuHeTHYecKasi Teopusi. Pacnpenesnenue

MakcBesuia u Boabimana (4 yac.)

2.1. OyHKUMSA pacnupeAcseHUs BEPOATHOCTEH NHCKPETHBIX M HENMPEPBIBHBIX
3HAYECHHUM CIy4YallHOM BEJIWYWHBL. BBIUMCIEHHE OCHOBHBIX XapaKTEPUCTHUK
¢ynkun pacnpenenerus (NeNe2.85 —2.86 mo U.E.MpoaoBy, NeNe2.74 — 2.78
o U.B.CagenbeBy).

2.2 Pacnpenenenue MakcBena MO MNPOEKIUAM CKOPOCTEH, MO aOCOTIOTHBIM
3HAQYEHUSIM  CKOpPOCTEH, B  «IIPUBEICHHOM»  BHjAE.  BbruucieHue
XapakTepucTuueckux ckopocteir (NeNe2 .88 — 2.104, 2.108 — 2.109 mo
N.E.NUponoy, NoNo2.79, 2.78, 2.84, 2.87 no 1.B.CaBenbeny).

2.3. ®OyHKUUS pacOpeAciiCHUsT MOJIEKYJl MO KHHETUYECKHUM SHEPIHUsIM.
Bpruncnenne  XapakTepUCTHUUECKMX JHEPrMMd U CpPaBHEHHE UX C
xapaktepuctuaeckumu ckopoctsamu (NeNe2.105 — 2.107 mo W.E.Mponony,
NeNe2.90 o 1.B.Cagenbeny).

2.4. Pacnpenenenne bonbimana. PacnpeneneHre MoJIEKyll B OJHOPOIHOM
MOTEHIIMAIIBHOM T0Jie, B mojie uHepruaibHbix cuil (NeNe2.109 — 2.121 mo
N.E.Uponory). Pacnpenenenue bonbiiMana st JUCKPETHBIX 3HA4YCHUUN
sHepruu (Ne2.100 mo N.B.CagenneBy).

3ansTHe S. J1eMeHTbl MOJICKYJIAPHO-KUHETHYECKON TEOPHUH HEPABHOBECHBIX
npoueccoB. SIBjieHust mepeHoca (2 yac.)

3.1. OTHOcHUTENBbHOE YHCIO MOJEKYNT Trasza, MpoJIeTAIIMUX NyTh S 063
CTONIKHOBeHHH.  CpenHsisi  aJMHA  CBOOOJHOrO  mpobera  MOJEKYII.
Pacnpenenennie cBOOOMHBIX TIpoOeroB dYacTull. Id(PEKTUBHOE CeUCHUE
B3auMoOAeHCcTBUST MoJiekyn (NeNe2.235 — 2.239, 2242 - 2.243 1o
N.E.Uponosy).

3.2. BszkocTh, TEmIonpoBoaHOCTh U quddy3us razoB. KoaddummeHTs! BI3KOCTH,
TeronpoBoaHOCTH U auddy3um (NeNe2 250 — 2.255, 2.266 — 2.272 mo
N.E.Uponosy)

3ansaTue 6. IlepBoe Havaso TepmoauHaMukH. TemiI0eMKOCTb. YpaBHEHHA
NMPOLECCOB HA OCHOBE MEPBOI0 HAYAJIA TEPMOAUHAMMKY ISl UA€ATbHBIX
ra3os (2 vac.)

4.1. PabGora, TeminoTa, BHYTPEHHSSI OHEPruss B  HUHTErPAIbHON U
mupdepenunansHoit  popme. BplunciaeHue ATUX  TEPMOAMHAMHYECKHUX



bynkmuit (NeNe2.25 — 2.43 o N.E.UponoBy, NeNe2.10 — 2.13, 2.41 — 2.56 1o
N.B.CaBenneBy).

4.2. TernnoeMKocTb. Yucio  creneHed  CBOOOJBI. Hcnons3oBanue
audepeHnranbHoi (GOpMBI 3allMCH MEPBOTO Hayasla TEPMOJWHAMUKU IS
HAXO0XJICHUs ypaBHEHHUs Mpolecca M TeruioeMKocTH raza (NeNe2.44 — 2.56,
2.69 — 2.84 mo U.E.lponoBy, NeNe2 58 — 2.62 o 11.B.Casenneny).

3ansatue 7. Bropoe Hauano tepmoamnamuku. HepasencrBo Kiaysmyca.
OuTponus (2 yac.)

5.1. Pacder K.M.J1. TEIUIOBBIX M XOJIOAWJIBHBIX MAIlIMH, B KOTOPBIX H/IC€AJIbHBIN Ta3
COBEpILAET IUKJbI, COCTOSLIME W3 PA3IMYHBIX H3OMPOIECCOB (HAMpPUMEP:
mukiel Juzens u Otro). Huxn Kapao m kg, nuxna KapHo (NeNe2.122 —
2.135 no U.E.MponoBy, NeNe2.154 — 2.160 no U.B.CaBenneBy).

5.2. HepaBenctBo Kinaysuyca. W3meHeHue HHTponuu TpU  OOPATUMBIX
KBa3MCTATUYECKUX MPOLECCaX WA OCHOBHOE YpaBHEHHE TEPMOJMHAMHUKU
JUTsT OOpaTHMBIX TPOIECCOB B HaealbHBIX razax (NeNe2.137 — 2.146 mo
N.E.NUponosy).

5.3. CBoOomnas »sHeprusi ['enbmronelia u paboTa uHIEaIbHOIO Traza B
KBa3MCTATUYECKOM H30TepMuyeckoM mpouecce (NeNe2. 162 — 2.165 mo
N.E.NUponosy).

5.4 Cratuctuyeckuid cmbici sHTpornuu. ®opmyna bonasimana (NeNe2.164 — 2.170
o V.E.UponoBy, NoNe2.106 — 2.109 no 1.B.CaBenbeBy).

3ansaTue 8. PeasbHble ra3pl. YpaBHenne Ban-nep-Baanbca. Tepmoaunammnka
peajbHOro rasa (2 gac.)

6.1. YpaBHeHUE cOCTOSIHUS BaH-Aep-BaanbcoBcKoro rasza. [locrosunsie Ban-gep-
Baanbca u ux ¢usnueckuii cMpici. KuHeTuka nmpoueccoB B peasibHbIX Ta3ax
(NeNo2.22 — 2.24, 2.212 — 2.224 no WN.E.UponoBy, NeNe2.162 - 2.165 mo
N.B.CagenneBy).

6.2. [IpumeHeHre MepBOTr0 Haydaida TEPMOJUHAMHKHU JJIsS PEIICHUs 3ajad C BaH-
Jep-BaaibCOBCKUM razom (NeNe2.57 — 2.62, 2.225 — 2.227 no U.E.Mpoxogy,
NoeNo2.166 — 2.171 o 1.B.CaBeinbeRy).

6.3. Oddexr [Ixoyns-Tomcona. Bbeluucienwe mnpupamieHusi TeMIIEpaTyphbl
BcneacTBue 3¢ dexra hxoyms-Tomcona (NeNe2.63 — 2.65 no WU.E.Mponosy,
NeNe2.172 — 2 175 no U.B.CaBenneBy).

6.4. VI3MeHeHHe HHTPONMU TPHU KBA3UCTATHMUECKUX OOpaTHMBIX MpoIlleccax —
OCHOBHOE€ YpaBHEHHE TEPMOJMHAMUKH JJIsl BaH-IEpP-BaajbCOBCKOIO ra3a B
uHTerpanbHoll u auddepeniumanbHoin  dopme (NeNo2.147 — 2.148 mo
N.E.Uponosy).

3ansarue 9. Kuakocru. Kanunisipuble siBjieHus (2 yaca)

7.1. JobGaBouHoe (KamwUIIpHOE) AAaBICHHE B KUAKOCTH TIOJ MPOU3BOJILHOM
noBepxHocThI0. Dopmyna Jlammaca (NeNe2.171 — 2.191 o U.E.ponoBy).

7.2. Tlpupaienre cBOOOTHOM APHEPIHM MOBEPXHOCTHOTO CJIOS KUIKOCTH. Pacuer
KOJIMYECTBa Telja, HEOOXOAMMOro mjisi 00pa3oBaHUsS EIUHUILI IUIOIIAIN



MOBEPXHOCTHOTO CJIOA KHUAKOCTH TIPU HU30TEPMHUUYECKOM YBEIMYCHUU ¢
nmoBepxHOCTH (NeNe2.192 — 2.197 mo U.E.Mponosy).

JlaGopaTopusie padorsl (54 yac.)

Jlabopatopnasi padora Ne2.1. M3yueHue teMrepaTypHON 3aBUCUMOCTH BSI3KOCTH
KUIKOCTHU MPH MOMOIIH BUCKO3UMETpPA C MaJA0IINM IapuKkoM (5 vac.).
JlaGopaTopHuasi padora Ne2.2. DkcriepuMeHTalIbHAas IPOBEPKA ra30BOT0 3aKOHA
boiinsg-MapuotTa ¢ mpuMeHenreM ycranoBku Cobra3 (5 gac).

Jlabopatopuass padora Ne2.3. OmnpexneneHue K03(p(UIMEHTa MOBEPXHOCTHOTO
HATSOKEHUSl JKUJIKOCTU METOJIOM OTpbIBa KOJbI[Aa C NPUMEHEHHEM YCTaHOBKHU
Cobro3 (5 gac).

JlabopaTtopnas paGora Ne2.4. OnpejeneHre TeII0EMKOCTH MeTalIoB (5 yac).
JlaGoparopnasi padora Ne 2.5. PacnpeneneHune MOJIEKYJ Tra3a IO CKOPOCTAM
(pacnpenenenne MaxkcBesa) (5 vac).

JlaGoparopHasi padora Ne2.6. MoiennpoBaHue pacnpeaeaeHus] KOHIIEHTPaluu
MOJIEKYJ ra3a B FPaBUTAIIMOHHOM ToJie 3eMiu (6apoMeTpuueckas BrIcoTa) (5 dac).
JlaGopaTopnasi paGora Ne2.7. Onpenenenre kKodpQuilieHTa MOBEPXHOCTHOTO
HaTsoKeHUs (5 yac).

Jlabopatopnasi padora Ne2.10. Ompenenenue kodpduimeHTa BI3KOCTH U
CpellHel JUTMHBI CBOOOIHOTO TIpobera MoJIeKyJ1 Bo3ayxa (5 gac).

JlabopaTopnass pabora Ne2. 14. Omnpenenenue Kod(pduimeHTa TEMIOBOTO
paciMpeHust MeTajijioB (5 Jac).

JlabopaTtopnast paGora Ne2.12. CHsiTHE KPUBOM TUIABJICHUS] U KPUCTAIIIU3AIUN
runocynbdura (5 gac).

JlaGopaTopnas padora Ne2.17. OnpeneneHue OTHOILICHUS TEIJIOEMKOCTEH MpH
MOCTOSTHHOM JIaBJICHUH M TOCTOSTHHOM oObeme MetojoMm Kiemana u Jlesopma (4
yac).

Jlabopatopnass paGora Ne2.18. Ompenenenve Kod(ppuueHTa BHYTPEHHETO
TpeHuUst )KUAKOCTH 110 MeToay Ctokca (5 4dac).

I11.  YYEBHO-METOJUYECKOE OBECIIEYEHHE
CAMOCTOATEJBHOU PABOTHI U151 OBYYAEMBIX

Y4ebHO-MeTOAMUECKOe oOecrieueHue CaMOCTOSITEIIbHOM paboTHI
oOydaroruxcst 1o auctuiuinae «MosekynsipHas (Qu3ukay MpeacTaBiIeHO B
[Tpunoxenuu 1 u BKIrOYaeT B ceOsl:

m1aH-TpadyK BHITIOJHEHUS CaMOCTOATEILHON paboThI 1O JUCITUIUIHHE, B TOM
YHCIIC PUMEPHBIC HOPMBI BPEMEHHU Ha BBITIOJIHGHUE 110 KaXKIOMY 3aJIaHHIO;

XapaKTepUCTUKA 3aJaHuN JIJII CaMOCTOATENbHOM pabOThl OOydYaroOUIUXCs U
METOJIMYECKIE PEKOMEH/IAINHY TI0 UX BBITTOJIHEHUIO;

TpeOOBaHUS K  MPEACTAaBICHUI0O W OQOPMIICHHIO  PE3yJbTaTOB
CaMOCTOSITETLHOUN PaboThI;

KPUTEPUH OIICHKH BBITIOJIHEHUSI CAMOCTOSITEITLHOU PabOTHI.



IV. KOHTPO.JIb JOCTHXXEHUS IEJENH KYPCA

Ne | Kontponupyemsie Koppb! 1 aTamns: OueHouHsble CpeCcTBa
n/m pasziessl / TeMbI hopmupoBaHus
FHCITHILTHHET KOMIICTCHITHH TEKYIIUI KOHTPOJIb IPOMEKYTOUHAs
aTTecTanus
1. | Arperarssie 3Haer KonTposnbnas DK3aMeHAIMOHHBIE
COCTOSIHUS OIlIK- pabota mo Teopuu | Borpocs 1-3
BEIIECTBA M UX 1 Nel (TIP-2)
MPU3HAKH IIK-3 | Ymeer YcTHbIi orpoc
(YO-1) u oruer no
nabopaTtopHoOit
pabote Ne2.12, | TectupoBanue Nel
Ne2.14 (ITP-6) (TTP-1)
Brnaneer KonTponbhas
pabora o
pelieHuo  3ajaad
Ne2 (T1P-2)
3HaeT Jlom. 3agaHue: | Dxk3aMeHallMOHHbBIE
peuieHue 3aj1a4 | Bompocsl 4-7
Ne2.7-2.13
VYcrHbii onpoc | TectupoBanue Ne 1
Vmeer (YO-1) ; oruer mo | (ITP-1)
71a00pPaTOPHBIM
pabotam No2.2
MomnexyssipHO- (TTP-6)
KMHETHYEeCKast
TeopHs BEUIECTBA, OIIK-
2. | MONEKyJIApHO- 1
KHUHETHYECKast IK-3
TEOpHs UJCATBHOTO
rasa
Bnaneer
3HaeT YcrHas 3ammTa | JK3aMeHallMOHHbIE
Pacnipenenenue .
MaKCEeILIA. OIK- pelreHni BOTIPOCHI 8-16
WHUBUIYaIbHBIX
3 gacnpeneneHHe L 3agad (YO-1); Tectuposanue Ne 1
OJIBIIMAHA U T1K-3
6aDOMETDIUCCKAs OTt4eTs u | (ITP-1)
poMeTpHuuec




dbopmyna. Ywmeer TEOPETUUECKUI
Pacrnipenenenue orpoc 1o
Makcaenia- 1a00paTOPHBIM
Bonsimana. paboram Ne2.5,
BpoynoBckoe Ne2.6 (I1P-6),
JBUKEHHE U OTYET IO 3a4ETHBIM
bopmymna Bnaneer 3ajauam
OWHIITEWHA-
CMOI1yX0BCKOTO.
Db dexTuBHBIIH 3Haer OTtuersl U | DK3aMeHaIlMOHHbBIE
TUaMETp U TEOPETHYCCKHUE BOmpockl 17-21
s dexkTrBHOE OTIPOCHI o
CeueHHUE MOJIEKYIL. Ymeer 1ab0paTOPHBIM TectupoBanue Ne 2
Cpennee amcio paboram Ne2.1, | (TTP-1)
CTOJIKHOBEHHH H Ne2.10, Ne2.18
mHa cBoboaroro | OIIK- (YO-1),  (ITP-6),
npoOera. 1 OTYETHI o
HepaBHoBecHbie I1K-3 pEILIEHNIO
MIPOLIECCHI U Braneer 3a4ETHBIX 3a7a4
SIBJICHHSI TIEPEHOCA
(cpbysms,
BSI3KOCTH H
TETJIONPOBOTHOCTh
)
3Haer Kontponbnas DK3aMeHaIlMOHHbIE
paboTa 1O TEOpHH | BOMPOCH 22-26
Ne3, konTponbHas
Hynesoe u nepsoe pabora o | TecrupoBanue Ne 3
Haqajo pewenuro  3amgay | (ITP-1)
TEPMOIUHAMUKHU. Ned (TTP-2)
Temmora u paboTa. Ymeer ,OTYET 110 TEOPHH H
BryTpennss OIIK- SKCIEPUMEHTY
SHCPTHs 1 1 1abopaToOpHOIA
sHTanbmus. Yucno | [1K-3 paGoThI Ne2.17
CTEIEHENR CBE)60,ZIBI. (VO-1), (TTP-6),
AﬂHa6aTHHHVH Brnaneer OTYET MO PEIIEHUIO
HOJUTPOTIHBIN 3QYETHBIX 33/1a4
MIPOLIECCHI.
Knaccuueckas 3HaeT KonTponpHas DK3aMeHaIMOHHBIE
Teopust OIIK- paboTa 1O TEOpHH | BOMPOCH 27-28
TETUIOEMKOCTH 1 (ITP-2), otuer moO
ra3oB U TBEPIBIX I1K-3 TEOPUH u | TectupoBanue Ne 3
Ten (Teopust AKCIIEPUMEHTY (ITP-1)




rononra-Iltn). Ymeer nabopaTopHOi
DJIEeMEHTBI pabotsr Ne2 .4
KBaHTOBOM TEOPUHU (YO-1), (ITP-6)
TEIJI0OEMKOCTH
TBEPJBIX TE
(Teopus Bnaneer
DWHIITeHHA U
teopus Jlebas).
3Haer KonTponbHas DK3aMeHaIlMOHHbIE
pabota mo Teopuu | Bompock 29-33
Bropoe nauano Ne5, koHTpoOJIBHAS
TCPMOAMHAMUKH. pabora no | TectupoBanue Ne 4
Teopembi Kapno. pemenutro  3amau | (ITP-1)
Teopemer Ne6 (IIP-2), otuer
Knaysmyca. o TEOpUHU u
JHTPOINA U ee Ywmeer IKCIIEPUMEHTY
TEPMOMHAMUMECK | e 11a60pATOPHOIE
HH CMBICIT B 1 paboter Ne2. (YO-
UJcATEHOM 1), (TIP-6)
obpaTuMom K-3
npotrecce.
Craructuueckuit
CMBICII BTOPOT'O Bnaneer
Hayana
TEPMOIUHAMUKH,
bopmyna
bonpnmana.
PeanbHbIE rassbl. 3Haer Otyer 1o | DK3aMeHalMOHHbIE
OKClepUMEHTAIIBH PEIIECHUIO Borpockr 34-35
bIC U 3aYeTHBIX  3ajad,
TEOPETUYECKUE YmMmeer VYeruwiii onpoc 1o | Tectupoanue Ned
HU30TEPMBI TEOpHH. (TIP-1)
peaNbHBIX Ta30B. OIIK- (YO-1)
YpaBHenue Ban- 1
nep-Baainbca.
Meracrabunpabie | [1K-3
COCTOSIHUSI. Braneer
Kpurnueckoe
COCTOSTHUE
CUCTEMBI U €T0
napaMmeTphl.
MounekynspHbie 3Haer Otuer o Teopun 1 | DK3aMEHAMOHHBIE
cuiel B xkuakoctsax. | OIIK- AKCIIEPUMEHTY Bompocs! 37-39
SIBnenus Ha 1 nabopaTtopHoOit
rpaHuIe Ymeer paboTEI Tectupobanue Ned
AKUJIKOCTH. [1K-3 Ne2.3,Ne2.7 (TTP-1)

CMmauynBaHue U

(YO-1), (ITP-6)




HECMayuBaHUE.
Kanunnspueie
ABICHUSI, (hopMyIa
Jlannaca.

Bnaneer

10.

®da3oBbIe
paBHOBECHS U
¢bazoBbie
Mepexo/ibl.
JnarpaMmsbl
COCTOSIHUSI.
TpoliHas To4ka.
da3zoBbIe
Mepexo/ibl MePBOro
Y BTOPOTO poja.
3aBUCUMOCTh
TEeMIIEPATypPhI
¢dazoBoro
nepexoja ot
JTaBJICHUS.
YpaBHeHue
Knanelipona-
Knaysuyca.

OIIK-

I1K-3

3Haer

VYwmeer

Bnaneer

Otuer 1o Teopuu u
IKCTIEPUMEHTY
nabopaTopHOi
paboThI Ne2.12,
YCTHBIM OIpPOC IO
TEOPHUHU.

(YO-1), (ITP-6)

DK3aMeHaIlMOHHbIE
Borpockl 31, 39

11.

TepMoanHaMU4eCK
W€ WIn
XapaKTEPUCTHUECK
ne QyHKIIIH.
CooTHomICHHS
Makcaeia.
YpaBHeHus
I'ub6ca-
I'ensMmromsia.

OIIK-

I1K-3

3Haer

VYmeer

Bnaneer

VYerHBI onpoc 1o
TEOpUHU, OTYET IIO
PEIIECHUIO
3a4ETHBIX 3a7ad4.
(YO-1)

DK3aMeHaIMOHHbBIE
Borpockl 40

KonTtponbHas pabora
(TTP-2)

12.

Dddext Jxoyns-
Tomcona.
TepmoanHamuka
addexra xoyns-
Tomcona. Kpusas
MHBEPCHUH

Qg depeHIraIbHO
ro adexra
Jxoynsa-Tomcona.
NHTerpanbHbi

s dext xoyns-
Tomcona.

OIIK-

I1K-3

3Haer

VYmeer

Bnaneer

Otuer 1o
PELICHUIO
3a4€THBIX  3ajad,
YCTHBIM ONpOC IO
TEOPUHU

(YO-1)

DK3aMeHaIMOHHBIE
BONpOCHI 36

KonTtponbHas pabora
(TTP-2)

MPOLETYPBI

OLICHUBAHUA

3HAHMHU,

TurnoBble KOHTPOJbHBIE 3aJaHUs, METOIMUECKUE MaTepHUAIIbl, OTIPEACIISIIOIINE
YyMEHUM ¥ HaBBIKOB H (WJIM) OIbITA

ACATCIIBHOCTH, a TaKXC KPUTCPHUH M I10KA3aTCIIN, HCO6XOI[I/IMBI€ JJIs1  OICHKH

3HAHUMH,
KOMIIETEHIIU B

YMEHUM,

npoiiecce

HAaBBIKOB MW  XapaKTCPHU3YIOLIHUC
OCBOCHUA

npenacrasiieHsl B [Ipuioxenun 2.

ATaIbl
oOpazoBaTeIbHON

dbopmupoBaHUs
IPOTPaMMBI,




V. CHHCOK YYEBHOM JIUTEPATYPbI H MTH®OPMAIIMOHHO-
METOINYECKOE OBECIHHEYEHHUE JUCHUIIJINHBI

OcHoBHas JuTEepaTypa

1. Kuxown U.K., Kukonn A.K. Monekynspnas pusuka./ U3m.4-e crep. —
CII6: «JIanby., 2008. — 480c.

2. CapenbeB U.B. Kypc ¢usuxu: Tom 1. MonekynsapHas duszmka: —
CIIO6.: U3n-Bo «Jlauwy, 2008r.-352c.

3. http://e.lanbook.com/books/38/ Bamumes M.I'., IToB3uep A.A. Kypc
obmeit ¢u3uku : YueOHoe mocobue. 2-¢ m3na., crep. — CII6.: M3nmarenbcTBO
«JIaaby, 2010. — 576c.

4. http://e.lanbook.com/books/163/ Heaue A.JI. Pusuka : YdueOHOe
nocobue. 2-e uza., ucnp. — CII16.: U3marensctBo «Jlanby, 2009. — 672c.

5. http://e.lanbook.com/books/239/ Kypc ¢usuku: YueOHHK 1151 By30B: B 2
T. T. 2. 6-¢ u3n., ucnp. u jgon. / Ilox pen. B.H. Jlozosckoro. — CI10: M3narenbcTBO
«JIanby, 2009. — 608c.

6. http://e.lanbook.com/books/236/ Kypc ¢usuku: YueOHnuk mist By30B: B 2
T. T. 1. 6-¢ u3n., ucnp. u gon. / Ilox pen. B.H. Jlozosckoro. — CI16: M3narenbcTBO
«JIanby, 2009. — 608c.

JlonoJHUTeIbHAS JIUTEPATypa

1. benonyukun B.E., 3aukun JI.A., llunentoxk KO.M. OcHoBBI ¢u3uku,
1.11, M.: ®usmarmut, 2007.

2. MatseeB A.H. MonekynsipHas ¢usuka, M., Beicas mkona, 1987, -
360 c.

3. Kukoun A.K., Kukoun WN.K. Monekynsipnas ¢usuka: ydeOHOE
nocobue sl CTyeHTOB (u3nyeckux crnenuanbHocteid By30B/A.K. Kukoun, 1.K.
Kukoun. — Mocksa, «Hayka», 1976. -480c.

4, Tpodumona T.U. Kypc ¢pusuku: yueoHoe nocooue / T.U. Tpopumona
— Mocksa, «Bricmras mkoia, 1985.- 432 c.

S. CagenbeB M.B. Kypc obmei ¢uszuku, T.l: yuednoe nocobue / 1.B.
CasenbeB, Mockga, «Haykay, 1987. — 432c.

6. HUpono U.B. 3amauu mo oOmieit ¢usuke: yduedHoe mocoodbme /M.B.
HponoB — Mocksa, «Haykay, 2004.-416c¢.

7. CaxapoB JI.1. CoOopauk 3amad mo Qusuke: ydeOHoe mocodue /
Mockaa, [Ipocsemienue»,1967. — 287c.

IIepeyens pecypcoB HHPOPMALMOHHO-TEJIEKOMMYHUKAIUOHHOM CeTH
«HTEepHET»

1. www.lectoriy.mipt.ru...

2. www.window.edu.ru

3. www.dic.academic.ru


http://e.lanbook.com/books/38/
http://e.lanbook.com/books/163/
http://e.lanbook.com/books/239/
http://e.lanbook.com/books/236/

Iepeyenb MHGPOPMAUMOHHBIX TEXHOJIOTHI
U IPOTPAMMHOT0 0OecrevYeHust

[Tpu ocymecTBiIeHNN 00Pa30BATEIHLHOTO UCTIONB3YETCS CASAYIONIEE MPOTPAMMHOE
obecreucuue: MicrosoftOffice (Excel, PowerPoint, Word u T. 1), OpenOffice,
Skype, mporpaMMHOe oOecIiedeHIe ICKTPOHHOTo pecypca caiita J[BOY,
BKkrouast DbC JIBDY.

MeTonnueckue mocoOwst IJis1 BRITOJHEHUS Ta00paTOPHBIX pabOT pa3MeIICHbI B
UHTETPUPOBAaHHON TIaThopme 3ekTponHoro ooyuenus Blackboard JIBDY.

VI. METOJUYECKME YKA3AHMS IO OCBOEHUIO
JUCHUTILIAHBI

Cooeporcanue memoouuecKux yKa3aHuil 6Ka04aem:

® pCKOMEHJAIMU TI0 IUIAHUPOBAHWIO W OpPraHU3AllMA BPEMCHH,
OTBEJICHHOTO Ha M3y4YeHUE AUCITUILUINHEI;

® ONHUCaHUE IMOCJIEeI0BATEILHOCTH JCHUCTBUI CTYIEHTA, WJIA alITOPUTM
U3YYCHUS AUCITUTUIHHBL;

® pEKOMEHJAIUU 10 paboTe ¢ IUTEPaTypPO;

® METOAMYECKHUE YKa3aHUS K BBIMOJHEHUIO JAOOPATOPHBIX padoT

® METOAMYCCKHE YKa3aHMsI K PEIICHUIO 3a/1ad.

VIl. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYUEHHUE
JAUCHUIIJIINHBI
JlabopaTopHbie paOOThI BBIMOJIHSIIOTCS HAa COBPEMEHHOM OOOpPYIOBaHUU B

CHEIUATN3UPOBAHHON Ta00paTOPUHU, OCHAIIICHHOMN CIIENYIONIUM 000PYy10BaHUEM:
W3MepuTeNbHOE KOJIBLO VIS OIPEAEIEHNS TIOBEPXHOCTHOTO HATSKEHUS
ba3oBas ycranoBka cucremsl Kobpa3

HUctounuk nutanus, 12 B

Nndpopmannonusiii kadenp tTuna RS 232 1

[Tporpammuoe obecnieuenue amns natunka Cunbl/Tecna cucremsl Kobpa3
N3mepurensHbiii Moaynb, HeroTon Jlatunk HeroToHa

[TpstmoyronbHbIi 3akUM «PASS»

Tpenoxuuk «PASS»

Crepxenb mratuBHbIi «PASSy, npsimoyroneHslit, | =250 Mm
JlabopatopHas mogpeMHast miardopma, 160 X 130 MM

Yamka [Terpu, d = 200 MM, cTekio

TIK ¢ cucremoii Windows® 95 unu Beie

Arnmapar Juis U3y4eHHs] KHHETUUECKON TEOpHUHU Ia30B

HcTounuk nutanus, peryi., 15 B nepem. ok / 12 B moct. Tox / 5 A
CaeToBOI1 Oapbep cO CYETYUKOM

Hcrounuk uranus 5 B moct. Tox / 2,4 A

Crpobockorn ¢ M(pPOBHIM HHAUKATOPOM

Cexynnomep, 1UQpoBoii

CrexisiHHbIC apuku, d=2 MM, 10000 mIT.

Cranbnbie mapuku, d=2 mm, 1000 mT.

Tpenoxuuk «[TACC»

[ratus «ITACCy, nmpsimoyronbHbii, 1=400 MM

[Tpstmoyronbusli 3axumM  «ITACCy



CoenrHUTENbHBIN HYP, 750 MM, KpacHBII
CoenuHuTenbHbIN mHYp, 750 MM, CHHUT
Bucko3umeTp ¢ majaronmm mapuKom
Tepmomerp, 24..+51°C, i BUCKO3UMETpA C MAJAOIIUM LIAPUKOM
[TorpyxHnoii Tepmoctat TC10
Hab6op npucnocobnenuii ajist TepMocTara
Banna ans TepmocTara, MakpoJIoH
[MoxcraBka mox petopty, 210x130 MM, h=750 MM
YHUBepcaabHbIN 3aKUM C IIAPHUPOM
[TuxkHOMETp, KAMMOPOBAHHBIH, 25 M
Mepnas kon6a, 100 M, NS12/21
Mensypka, Boicokas, 150 My, cTekIsiHHas
Mensypka, Hu3kas, 250 M1, CTeKJIsTHHAs
[Tunetku Ilactepa, 1=145 mm, 250 mrT.
Pe3uHOBbIC HAKOHEYHUKY /7Sl TUIETOK, 10 miT.



[Ipunoxenue 1

MUHHUCTEPCTBO OBPA3SOBAHNS U HAYKU POCCUMCKON ®EJEPALINNA
depepanbHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHUES
BBICIIIET0 TPOQECCUOHATILHOTO 00pa30BaHUS

«/lanbHeBOCTOYHBIN (eaepaibHbIil YHUBEPCUTET)
(IBDY)

IIKOJIA ECTECTBEHHBIX HAYK

YYEBHO-METOJUYECKOE OBECIIEYEHME CAMOCTOSITEJIbLHOI PABOTDI
OBYUYAIOLINUXCS

no aucuuiviuie «MouekyasipHas pusuka»
Hanpagssenue noaroroBku 14.03.02 «SInepnas ¢pu3uka U TEXHOJIOT N
Mpopuiab «@uU3MKa AaTOMHOI0 SIIPA U YACTHID)
®opmMa MOATOTOBKH OYHAS

BiaaaguBocTok
2015



Ilnan-rpaduk BoINOJHEHUS CAMOCTOSITEILHOM PAa00THI MO JUCHUIJINHE

Ne
n/n

JlaTta/cpoxkn
BBINOJTHEHHS

Buja camocrosiTeILHOMI
padoThI

IIpumepHbIe
HOPMBI
BpPEeMEHH Ha
BBINOJIHEHHE,
yac

dDopMa KOHTPOJIA

3 Henmena
cemecTpa

[ToaroroBka k
MPAKTUYECKUM U
71a00pPaTOPHBIM 3aHSITHSIM,
CaMOCTOSITENIbHOE
pelieHue 3aaa4.

4

KontponsHas padora
o Teopun Nel.

5 Henensa
cemecTpa

IToaroroska k
TECTUPOBAHUIO IO TEME:
«MKT uneanpHoro rasa.
Pacnpenenenue
Makcaemnaa.

Tectuposanue Ne.1 (5
3a/1aHui)

6 Henmens
cemecTpa

Pemenue
WHJUBU1yaJIbHBIX 33]1a4
o Teme: «Pacnipenenenue
Makcsenia,
pacrpeiesieHie
boapnmanay

3aiuTa pereHun
VHIIBHTyaJIbHBIX
3a7a4 Ha
KOHCYJIbTAI[H

7 u 8 Henenu
cemecTpa

IloaroroBka k
MPaKTUYECKUM U
1ab0paTOPHBIM 3aHATHUSM,
CaMOCTOSITCIILHOE
peLIeHne 3a1a4 110 TEME:
«IIepBoe Hauano
TEPMOJMHAMUKH U €T0
MIPUMEHEHUE K
M30IIpoIIECCaM»

3anuTa penieHui
WHIUBUTYAJIbHBIX
3agau

9 Henensa
cemecTpa

IToaroroBka k
TECTUPOBAHUIO 110 TEME!
«Pacnpenenenue
Makcaenna-boinbimana.
OO61mast Teopusi IPOIECCOB
nepeHoca B razax»

TectupoBanue Ne2 (5
3a/IaHH )

10 u 11 venenu
ceMecTpa

ITonroroBka k
TECTUPOBAHUIO 110 TEME:!
«IIepBoe Hauano
TEPMOJIMHAMUKH.
Kitaccnueckas reopust
TEIJIOEMKOCTH.
DJ1eMEHThI KBAaHTOBOU
TEOPHUH TETIOEMKOCTH.

Tectuposanue Ne3. (5
3a/1aHHi)

12 Henensa
ceMmecTpa

Pemenne
WHUBUIyaJIbHBIX 337124
o teme: «Pacyer K.II.1.
HICAIIbHBIX TEIIOBBIX
MaIlH

3anuTa penieHui
WHNBUIYyaJIbHBIX
3a7a4 Ha
KOHCYJIbTAIlUU




13 Henensa
cemecTpa

IToaroroBska K
KOHTPOJIbHOM paboTe 1o
TeMe: « JHTPOIMUSL.
TepMoguHaMU4eCKUil 1
CTAaTUCTUYCCKUM CMBICIT
SHTPOIUN

KontponsHas padora
No2(Teopus)

14 u 15 Henenun
cemecTpa

IToaroroBka K
MPAKTUYECKUM U
1a00paTOPHBIM 3aAHITUSIM
«PeanbHbIE raspl.
YpaBHenue Ban-nep-
Baannca».
CaMOCTOSTEIIbHOE
pelIcHUE 3a1a4.

3amuTa pereHun
VHIIBHTyaJIbHBIX
3ajau.

10

16 Henens
cemecTpa

ITonroroBka k
TECTUPOBAHUIO T10 TEME
«BTopoe Havaino
TEPMOJIMHAMUKH.
Peansnble ra3el. @a3oBbie
paBHOBecus U (pa30BbIC
MIPEBPALLICHUS.

TectupoBanue N4
(53amanmuii)

11

17 Henensa
cemecTpa

IloaroroBka k
MPAKTUYECKUM U
71a060pPaTOPHBIM 3aHATUSAM
10 TEME
«Tepmonunamuueckue
(GYHKIIUH U YCIIOBUS
TEPMOJIUHAMUYECKOMN
YCTONYUBOCTH

Hrorosoe
TECTUPOBAHUE

12

OK3aMeH

36

XapakTepucTHKA 3aJaHUH VISl CAMOCTOSATEILHON PadoThI CTY/ICHTOB U
MeTOAUYECKHE PEKOMEHIALUM 110 UX BBINOJTHEHHIO
CamocTosiTenbHast paboTa CTy/ICHTOB HalpaBjieHa Ha PellIeHUE CISAYIOIUX 3a/1ay:
- CTUMYJHUpPOBaHHE PUTMUYHONW y4eOHOW, TMO3HABATEIbHOM U TBOPUYECKOM

JEATEIIbHOCTH B TEUEHUE BCETO CEMECTPA;

- COBEpILEHCTBOBAaHUE HAaBBIKOB IOMCKAa HEOOXOIMMOM HAaydHOH U Yy4eOHO-
METOIMYECKOU JINTEPATYPBI;

- COBEPIICHCTBOBAaHME YMEHUW peliath (PU3NYECKUe 3aJayd PazIMyHOTO YPOBHS
CJIO)KHOCTH;

- Pa3BUTHE AaHATUTUYECKOTO MBIIIUIEHUSI © KOMMYHUKATUBHBIX CITOCOOHOCTEM.

[Ipy mOAroTOBKE K MPAKTUYECKUM 3aHATHIM CTYJICHTHI H3Y4YarOT HAYYHYIO,
y4E€OHYI0O M METOJUYECKYIO JINTEpPATypy IO COOTBETCTBYIOIIEH TeMe (CM. TEMBI
3aHSTUNA MPAKTUYECKOW YACTU Kypca).

1. PaboTa ¢ TeopeTH4eCKHM MATEPHAJIOM.




Heap: noxyunts XOpoIlIKe 3HAHUA M0 AMCLUILIIMHE U HAYYUTbCS paboTaTh
CaMOCTOSATEIBHO.

3agaun:

- IpHOOpETEHNE HABBIKOB CAMOCTOSITEIbHON pabOThI C JICKIIMOHHBIM
MaTepHaIoM;

- TpUOOPETCHHE HABBIKOB CAMOCTOSTEIIBHOW pabdOThl C OCHOBHOU U
JOTOJHUTENBHOU JTUTEPATYPOM, MTOJIB30BATHCS HHTEPHET — PECYPCAMU;

- YMEHHME aHaJU3UpOBATh MPAKTUYECKHUE 3aJa4M, CTaBUTh U peLIaTh
aHaJIOTUYHbIE 3a]]a4u.

Pabota ¢ TeopeTnyeckuM MaTepuanoM JI0JI)KHA OCYILECTBISATHCS HA OCHOBE
JEKIMOHHOTO Kypca AMCHUUIUIMHBL. {151 3TOro CTyIEeHT AOKEH BECTU KOHCIIEKT
JEKIUH U yMETh paboTaTh C HUM.

PabGora c murepaTypoll mpeanojiaraeT CaMOCTOATENbHYIO paboTy cC
y4eOHUKaMH, KHHIaMH, Y4Y€OHBIMU IOCOOMSIMH, Yy4E€OHO-METOJUYECKUMU
NOCOOUSIMH T10 BBITIOJIHEHHUIO KypPCOBOM PabOThI M BBIITYCKHOW KBaJIH () UKATMOHHOU
paboThl, C HOPMATHUBHO-NPABOBBIMU HWCTOYHHUKaMU. llepedeHb IUTEpaTYpBHI:
OCHOBHOM, JONOJIHUTEJIBHOW, HOPMATUBHOM M HHTEPHET-PECYPCOB IIPUBEICH B
paznene V «Yd4eOHO-METOAUUECKOE OO0ECleUeHUe UCIUIUIMHBD) HACTOSIICH
paboyeit mporpaMmel.

CamocrosiTenbHass paboTa ¢ JUTEPATYPHBIMH HCTOYHUKAMH TpPEOyeT OT
CTYAECHTA YCUIUYUBOCTH, TEPIIEHUS U COCPEIOTOYEHHOCTU. YTOOBI Jydllle MOHATh
CYILLECTBO BONPOCA, JKEJIATEJIBbHO 3aKOHCIIEKTUPOBATH H3Yy4YaeMblil MaTepual,
CHEJIaTb HYXXHbIE IIOMETKH, OTMETUTh BOMNPOCHI I KOHCYJBTAlUH C
IIPEMNOIaBATEIIEM.

2. IToAroToBKAa K KOHTPOJbLHBIM padoTam.

Heapb: noxyyuts XOpollre 3HaHUA MO AMCLUIIMHE U HAyYUTbCS paboTaTh
CaMOCTOSATEIBHO.

3anayu:

- IpuOOpETEHNE HABBIKOB CAMOCTOSITEIbHON paOOThI pelIeHUs 3a/1a4;

- TpUOOpPETEHHE HABBIKOB CaMOCTOSITEILHOM pabOThl C OCHOBHOM U
JOTIOJTHUTENBHOU JTUTEPATYPOU, TOJIb30BATHCS UHTEPHET — PECYPCAMU;

- YMEHHE aHaJu3UpOBaTh IMPAKTUYECKHE 3a7aud, CTAaBUThb M pelIaTh
aHaJIOTMYHbIE 33]1a4H.

KonTponbHble paboThl MO3BOJIAIOT 3aKPENHUTh TEOPETUUYECKUN MaTepual
Kypca. B mpouecce uzydeHus: GU3MKU CTYyIEHT JOJDKEH BBINOJHUTH B KaXKIOM
ceMecTpe TpH KOHTpPOJIbHbIE paboThl. PemieHne 3amay KOHTPOJIBHBIX padoOT
SBJIIETCSI NIPOBEPKOW CTENEHH YCBOEHHUS CTYJEHTOM TEOPETHYECKOro Kypca, a
OLIEHKa IMpernojaBaTesis Ha paboTy MOMOralT eMmy AopaboTaTb W NPaBUIBHO
OCBOUTH pa3lIMYHbIC pa3jenbl Kypca pusuku. Ilepes BrimoaHEHHEM KOHTPOJIBHON
paboThl HEOOXOAMMO BHUMATEILHO O3HAKOMHUTBCS C MPUMEpPaMU pEIIEHUs 3ajad
10 JaHHOW KOHTPOJIbHOM paboTe, ypaBHEHUSIMU U (OpPMyJIaMH, a TaKXKE CO
CIPaBOYHBIMU MaTEpUATAMH.

MeToauvecKkue yKa3aHus K BbINIOJHEHUIO KOHTPOJIbHOI padoThl.

KoHTponbHyt0 paboTy cieayeT BBINOJHATH akKypaTHo. J[ns mosicHeHus
pelIeHus 3alayd TaM, I/I€ 3TO HYXHO, aKKypaTHO CJEJlaTh YEpTeX; pELICHHE



3a/layd U MCHOJIb3yeMble (OPMYIbl JODKHBI COMPOBOXKIATHCA MOSICHEHUSIMU; B
MOSICHEHUSAX K 3aJ]ade HEOOXOIMMO YKa3bIBaTh T€ OCHOBHBIC 3aKOHBI M (hOPMYIIHI,
Ha KOTOPBIX Oa3upyeTcs pelieHuEe NaHHOM 3aJaud; IPHU IMOJIYYEHUH PacYeTHOU
dbopMyIBl IS penIeHUS KOHKPETHOW 3aJadd TPHUBOJUTH €€ BBIBOM;, 3aJady
PEKOMEHYeTCsl pEelIMTh CHauyajla B OOLIEM BHUJIE, T. €. TOJbKO B OYKBEHHBIX
0003HAUEHUSAX, TOSACHSSI TMPUMEHSEMbIC TpH HamucaHuu (Hopmys OyKBECHHBIE
00O3HAYEHHUS; BBIYUCICHUSA CIEAYeT MPOBOAWTh C TOMOIIBbIO IOJICTAHOBKU
3aJlaHHbIX YHUCJIOBBIX BEJIIMYMH B pacyeTHyr @opmyrny. Bce HeoOxonumbie
YUCJIOBbIE 3HAYEHHS BEJIMYMH JIOJDKHBI OBITh BbIpakeHbl B cucteme CU (cm.
cCIpaBouHble Marepuainbl). [lo oOKOHYaHHME peElIeHHs] MPOBEPUTH EIUHUIIBI
MOJIYYCHHBIX BEJIMYMH MO pacyeTHOW (opMmysie U TEM CaMbIM IMOJTBEPAUTH €€
MPaBUILHOCTh; KOHCTAHTHI (PU3MYECKUX BEITUYUH U JPYTUe CIPABOYHbBIC JTAHHBIC
BBIOMpATH U3 TAOIUII.

BoinosiHeHue 1a00paTOpPHBIX PadoT.

esb: NOJyYUTH XOPOIIKE 3HAHUS MO JUCUUIUIMHE U HAYYUThCA paboTaTh
CaMOCTOSATEIBHO.

3agauu:

- TpUOOPETEHHE HABBIKOB CAaMOCTOSITEILHOM palOOThl TMPHU BBIMOJHEHUU
7a00paTOPHOTO TMPaKTHKyMa 3HAKOMCTBO C YCTPOWCTBOM U MNPUHIUIIAMHU
nercTBU (PU3nYecKux NpruOOPOB U UX IJIEMEHTOB;

- TpUOOPETEHHE HABBIKOB CaMOCTOSITEIbBHOW pabOThl C OCHOBHOM U
JIOTIOJIHUTEIBHOM JINTEPATYPOil, MOJIb30BATHCSI MHTEPHET — PECYPCAMHU;

- YMEHHE aHAIU3UPOBATh PE3YNIbTATHl (PU3NUECKOTO IKCIIEPUMEHTA, CTABUTH
Y peniaTh aHaJOTUYHbIC 3a/1a4H.

[Ipu mpoxokaeHun J1aOOPATOPHOTO MPAKTUKYMa KaXKIbIi  CTYACHT
BBITIOJIHSET  HECKOJbKO  jabopatopHbix  pabor. Ilepen  BbIMoJHEHUEM
JabopatopHON pabOThl CTYAEHT JOKEH O3HAKOMHUTCS C METOJAMYECKUMHU
yKa3aHUsIMU K JaHHOW padoTe, NOArOTOBUTHCS K YCTHOMY ONpPOCY MO
TEOPETUYECKOMY MaTepHally, KOTOPbIM TaM MPUBENEH, pa300paTbcs C METOJIMKOU
MpoBeJeHUsST (PU3NUECKOTO HDKCIEpUMEHTa W OO0pabOTKU HKCIEPUMEHTATBHBIX
JTAHHBIX; OTBETUTh Ha KOHTPOJIbHBIEC BOMPOCHI, COCTABUTH OTYET.

Bonpocsl k 1adopaTopHbIM padoTam

Bormpocsl k mabopaTopHbIM paboTaM IPUBEACHBI B IPUITIOKEHUH 2.

Ilpumepot 0oomauwtnux KOHMPOJIbHLIX 340aY

1. 6 r yraekucioro ra3a (C02) u 5 r 3akucu azota (N20O) 3anoiaHsoT
cocyn oobemoMm B 2-10° M3. KakoBo oOlee faBiaeHue B cOCye IPU TEMIIEPaType
127° C?

2.  HaiiTu cpeHIO0 KBaJpaTUYHYI0 CKOPOCTh MOJIEKYJI Ta3a, INIOTHOCTh
KOTOPOT'o IpH AaBiaeHuu 750 MM. pT. cT. paBHa 8,2- 10° r/cm®. 2) Uemy paBHa



Macca OJJHOr0 KUJIOMOJIA 3TOTO ras3a, €CJIM 3Ha4Y€HHUE INIOTHOCTU JAaHO JJIS
temriepatypsl 17° C?

3. 7 T yraeKkuciaoro ra3za 0puio HarpeTo Ha 10° B ycloBHsIX CBOOOIHOTO
pacmmpenus. Haiitu paboTy paciumpeHus ra3a 1 U3MEHEHUE €ro BHYTPEHHEN
SHEPIUU.

4.  HWneanpHas XOJIOAWIbHAS MaIIMHA, padOTaroIIas M0 0OpaTHOMY
uukiny Kapno, coBepiiiaer 3a onuH ki padory, paBuyto 3.7 xk/[x. [Ipu sTom ona
OepeT Terio OT Teja ¢ TeMmneparypoit p =-10° C B mepemaer Temio temy ¢
temnepatypoii +17° C. Haiitu: 1) k. 1. 1. IMKJIa; 2) KOJUYECTBO TEIUIA, OTHITOTO
y XOJIOJTHOTO TeJia 3a OJIMH IMKIT; 3) KOJIMYECTBO TEIUIA, IIEPEIaHHOTO TOPSIUEMY
TEJy 332 OAWH LUKII.

5. bamion emkocThio 12 51 HamosiHEH a30ToM Tipu AaBiaeHuu 8,1 Mlla u
temriepatype 17° C. Kakast Mmacca a30Ta HaXouTcsi B OaioHe?

6. Haiitn yaenpHyI0 TEIIOEMKOCTD ITPY ITOCTOSTHHOM JABJICHUH Ia30BOM
CMECH, COCTOSIIEN U3 3 KMOJIEH aproHa u 2 KMOJIEH a30Ta.

7. J1o xakoi1 TemIiepaTypsl OXJIAAUTCS BO3YX, HAXONALIUNCS IPH
temriepatype 0°C, ecnu oH pacumpsieTcst anuadaTudecku oT oobema Vi 110
oovema V =2V;?

8. NneanbHas TerioBasi MalliiHa, padoTaroias no uukiay Kapho,
MOJTy4aeT 3a KaKIbI LUK OT Harpesarend 2,512 k/[x. Temneparypa HarpeBaTesns
400° K, remneparypa xonommibauka 300° K. Haittu paboTty, coBepiaemyo
MAaIllMHOM 3a OJIUH LIUKJI, U KOJUYECTBO TEIJIa, OTAABAEMOT0 XOJIOIUJIbHHUKY 32
OJIVH IUKIL

TpeOoBanust K npeacTaBjIeHUI0 U 0(pOPMJIICHHIO JIADOPATOPHBIX
padot

N3yueHne METOAMKU BBINOIHEHUS PabOThl MPOU3BOJIUTCA CTYACHTaMHU 0
Hayayla 3aHATH CaMOCTOSITENIbHO U BKIIIOYAET B ce0sl u3yueHue (Pu3nyeckon cyTu
UCCIENYEMOTO SBJICHHMS M NPUHIUIHAIBHOW CXEMbl 3KCHEPUMEHTAIbHOU
YCTaHOBKU. [[7s 3TOro B Havajle KaXJAOro METOJUYECKOrO YKa3aHWUs UMeEeTCs
KpPaTKMM TEOPETHYECKUM Marepuan. J[ONOJHUTENbHBIA MaTepual MOKHO
NOJIyYUTh, H3y4dass Y4yeOHYI0 U Hay4yHYI0 JIUTEpaTypy, CIUCOK KOTOPOWU
OPUBOJMUTCS B  KaXIbIX METOIMYECKHX  yKa3aHuax. llocne  wu3ydyeHus
TEOPETHUYECKOr0 MaTepuana CTYIAEHT JOJDKEH 3HaTh OTBETHl HAa KOHTPOJbHBIC
BONpOCHL. B TeTpanu s nabopaTopHOro mpaktTukyma (padoyast TeTpajb) T0JKHBI
OBITh TOATOTOBJICHBI pacyeTHbIE (POPMYJIbI, TAOIUIIBI AJS 3aMUCH HW3MEPEHHBIX
3HAYEHUH, BbIYEpUYECHA ANEKTpUYECKas NpUHIUIHATbHAS cxema
DKCIEPUMEHTAJIBHON YCTAaHOBKH.

Otuet no nabopaTopHOM paboTe JOJIKEH BKIIIOYATH CIAEAYIOIINE Pa3/IeIbl:

1) Ha3zBaHue 1abOpaTOPHOM pabOTHI, €€ HOMED;

2) 11e71b PaboTHI;

3) mepeueHb  UCHOJB3YEMBIX  NPUOOPOB,  MPUHAMICKHOCTEH U
000py10BaHUS;

4) npyHLMIIHATIbHAS CXEMA YCTAaHOBKHU;



5) pacueTHble POPMYJIbL, XapAKTEPUCTUKHU HCIIOIb3yEMbIX IPUOOPOB;
6) TabJINLIBI C pe3yJbTaTaMU U3MEPEHHUI;

7) rpaduueckoe mpecTaBICHHE PE3yIbTaTOB;

8) pacdeTsI MOTPENTHOCTEH N3MEPEHUS;

9) oKOHYAaTeNbHBIN PE3yJIbTaT C y4ETOM NOTPEIIHOCTEN U3MEPEHHUS;
10) BBIBOJIBI IO paboTeE.



[Ipunoxenue 2

MUHHUCTEPCTBO OBPA3SOBAHIS U HAYKU POCCUMCKON ®EJEPALINN
desepanbHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHUES
BBICIIIEr0 IPO(PECCUOHATILHOTO 00pa30BaHUS

«/lanbHeBOCTOYHBIN (eaepaibHbIil YHUBEPCUTET)
(IBDY)

IIKOJIA ECTECTBEHHBIX HAYK

®OH/J ONEHOYHbLIX CPEJACTB
no aucuuiviuie «MouekyasipHas pusuka»
Hanpasiaenue noarorosku 14.03.02 «SInepHas pusuka u TeXHOJIOTHN)
IIpodpuiab «PuU3uKa ATOMHOIO SIAPA M YACTHUID)
dopMa NOATOTOBKU OYHAA

BaaauBocTok
2015



MMacnopt ®OC

Kon u Jranbl GOpMHPOBAHUS KOMIIETEHIMHU
¢popmysupoBka
KOMIIeTeHIIUH

OIIK-1 3Haer OCHOBBI MOJIEKYJIIPHO-KMHETUYECKON TEOPUH BEIlIECTBA

CIIOCOOHOCTBIO U WJEAIBHOIO ra3a Kak IIPOCTEHIIEl MOJEIU BEIECTBA,

UCII0JIb30BATh CTaTUCTUYECKUA U JAMHAMUYECKUU METOJbI, MPHUHIIUIIBI

OCHOBHBIE 3aKOHbI TEPMOAMHAMMKH, BUJIbI COCTOSIHUN TEPMOJANHAMUYECKUX

€CTECTBEHHOHAYYHbI cucteM, (a3oBble coOCTOSHUS U (Da30BbIE TEPEXOJBL,

X JTUCLIUILINH B cooTHomeHus: MakcBemna u  ¢yHkuu — ['ubO6ca-

npodecCHOHATbHON ['enpMrosba.

JIEeATEIIbHOCTH, YmMmeer [IpuMeHATh CTAaTHUCTHYECKUI M TEPMOJAMHAMUYECKUN

MIPUMEHSATH METObI METOJIbl K  pelleHu0  (QyHAaMeHTaJdbHBIX  3ajad

MaTeMaTUYeCKOI o MOJIEKYJISIPHON (PU3UKHU: BBIBOJUTH OCHOBHOE YpaBHEHHE

aHaiau3a u MKT, ocHOBHOE ypaBHEHUE COCTOSIHUS UICAIHOIO ras3a,

MOJEIINPOBAHUS, pacupenenenne Makcseiia, bonpnmana, Makcsena-

TEOPETHYECKOT0 1 bonbimana, ¢opmyny  OiiHmTeitHa-CMOIYyXOBCKOTO,

AKCIEPUMEHTAIBLHOTO 3aKOHBI IPOLECCOB IIEPEHOCA B Ta3aXx M >KUJIKOCTIX;

UCCIIEI0BAHUS paccuuTaTh paboOTy HUICAlbHON  TEIUIOBOM MAaIIHHBI,
MOJIyYUTh  YPaBHEHMsSI  BCEX  M3OIPOLIECCOB U
MOJIMTPOIHBIX IIPOLIECCOB, HA OCHOBE TeopeMm Kiaysuyca
(dbopMyIHpOBaTH BTOPOE HAYajI0 TEPMOJUHAMUKH |
3aKOH BO3pACTaHHsl DHTPOIUHU, BBIBOJUTH (QOpPMYITYy
bonpnmana, ypaBHeHne Ban-nep-Baanbsca s peanbHbIX
rasos, ekt [xoyna-Tomcona, yYpaBHEHHUE
Knanelipona-Knaysuyca.

Bnageer | 3HaHusAMH, YMEHUSIMU, HaBbIKAMU YPOBHS

MOJIEKYJISIPHOH (PU3HKY Ui pereHust GU3NYECKuX 3a1ad
KAaK TEOPETUUYECKUX, TAK U DKCIEPUMEHTAJIbHBIX.

[1K-3 roToBHOCTBIO K | 3HaeT OcHOBHBIE METO/BI M TPUEMBI TIPOBEICHUS (DU3UIECKOTO

IIPOBEJCHUIO 9KCHEPUMEHTa, M 3JIEMEHTapHbIE CIIOCOOBI 00pabOTKU

buznyecKux AKCIIEPUMEHTAJIbHBIX JIaHHBIX;

HKCIEPUMEHTOB 10 YCTPOHCTBO M  HPUHLUIBI  JEHCTBUS  (U3NYECKUX

3a/IaHHON METOUKE, prUOOPOB U IJIEMEHTOB;

COCTaBJIEHUIO Hauboyiee BakHble M (yHAAMEHTAIbHBIE JOCTHXKEHUS

ONHUCaHUs (bu3nueckoil HayKu;

IIPOBOANMBIX CBSI3b (PM3MKHM C TEXHHKOW, MPOHM3BOJCTBOM, APYTHMH

HUCCIEeNOBaHUN U HayKaMu

aHaJIU3y pe3yJbTaToB | YMeeT DopMyIMpOBaTh Henb  MpakTHYeckod  paloTsl,
COCTaBIATh  OTYET IO  MpOJENaHHOM  padore,
aHaJIM3UPOBATh X0/ pabOThI U JIeNlaTh COOTBETCTBYIOLIHE
BBIBOJIBI.

Bnaneer | MeTtoaukoil 1 METO0JIOTHEN TPOBEACHUS SKCIIEPUMEHTA

C IIOMOIIBIO MCTOANYCCKHUX HCKHHﬁ,

y4eOHUKOB U PECYpCOB MHTEPHETA.

yYKa3aHuH,




No | Kontponupyembie Kopp! 1 atamnst OueHouHbIE CpeACTBA
n/m pasziessl / TeMbI dhopmupoBaHus
FUMCITUTHHEL KOMICTCHITHH TEKYIIUI KOHTPOJIb IPOMEKYTOUHAS
aTTecTanus
1. | ArperarHsle 3Haer Kontposbnas DK3aMeHaIMOHHbIE
COCTOSIHUSI OIIK- pabota mo Teopuu | BOmpock 1-3
BEIIECTBA U UX 1 Nel (TIP-2)
MIPU3HAKU IIK-3 | Ymeer YcTHbIi onpoc
(YO-1) u oruer no
nabopaTopHOH
pabote Ne2.12, | TectupoBanue Nel
Ne2.14 (T1P-6) (TTP-1)
Brnaneer KonTponbhas
pabora o
pelieHnto  3ajaad
Ne2 (T1P-2)
3HaeT Jlom. 3aganue: | Dxk3aMeHallMOHHBIE
peuieHue 3aj1a4 | Bompocsl 4-7
Ne2.7-2.13
VYcerHbii onpoc | TectupoBanue Ne 1
Vmeer (YO-1) ; oruer mo | (ITP-1)
1a00pPaTOPHBIM
pabortam No2.2
MomnexyssipHO- (TTP-6)
KHUHETUYecKas
TeOpHs BEUIECTBA, OIIK-
2. | MONEKyJIApHO- 1
KUHETHYECKast IK-3
Teopus UIealbHOTO
rasa
Bnaneer
3HaeT Vceraas 3amuTa | K3aMeHaIllMOHHbBIE
Pacnpenenenune .
MakcBeuia perieHunit BOMpOCHI §8-16
i WHIMBUTYTbHBIX
Pacnpenenenune ,
BosbiMana 1 3agad (YO-1); TectupoBanue Ne 1
Otuetsl u | (TTP-1)
O6apomerpuueckas | OIIK- .
3 TEOPETUYECKUIT
.| dopmymna. 1
YmMmeer omnpoc o
Pacrnipenenenue I1K-3
M 1a60paTOpPHBIM
aKcBeJUIa-
Bonbvana pabotam Ne2.5,
B ' Ne2.6 (TTP-6),
POYHOBCKOE
OTYET IO 3a4ETHBIM
NBUKEHHE U




dbopmyna Bnaneer 3a/1auyam
OWHIITEWHA-
CMOI1yX0BCKOTO.
DddexkTrBHBIHI 3Haer OtueTsl U | DK3aMeHaIMOHHBIE
JUaMeTp U TEOPETUYECKUE Bompock! 17-21
s dexTuBHOE OTIPOCHI o
CcedeHHe MOJIEKYJL Ymeer 1a60paTOPHBIM Tectuposanue Ne 2
Cpennee uncio paboram Ne2.1, | (TTIP-1)
CTOJIKHOBEHHH U Ne2.10, Ne2.18
nrHa cBobogaHoro | OIIK- (YO-1), (TIP-6),
npobera. 1 OTYETHI 1o
HepaBHoBecHbIe I1K-3 pEIIEHUIO
IPOLECCH U Braneer 3a4eTHHIX 337124
SIBJIGHUS TIEpEeHOCA
(mbdysus,
BSI3KOCTH U
TEIUIOTPOBOJHOCTD
)
3HaeT KonTponbshas DK3aMeHAIMOHHbBIE
pabota 1m0 Teopuu | BOMPOCH 22-26
Ne3, kouTponbHas
Hynesoe u neproe pabota no | TectupoBanue Ne 3
Haqaio pemennro  3amay | (ITP-1)
TEPMOTUHAMUKH. Ned (TTP-2)
Temnnora u pabora. Ywmeer ,OTUET 110 TEOPHH H
BryTpenHsis OIIK- SKCIIEPHUMEHTY
OHCPTHs 1 1 71ab0paToOpHOIA
suTanbmus. Yucno | [1K-3 paGoTHI No2.17
cTeneHei cBoOObL. (YO-1),  (IIP-6),
AHHa6aTHHﬁVH Bnaneer OTYET MO PEIIEHHUIO
HOJIMTPOITHBIN 3QUETHBIX 3aj1a4
TIPOIIECCHI.
Krnaccuueckas 3Haer KonTponbnas DK3aMEHAIMOHHBIE
Teopus pabota mo Teopuu | Bompockl 27-28
TEIIOEMKOCTH (ITP-2), order mo
Ta30B U TBEPIBIX OIIK- TEOPUHU u | TectupoBanue Ne 3
e (TeopHs 1 SKCIIEPUMEHTY (TTP-1)
Hrononra-Iltn). Ymeer 1n1abopaTopHOM
JNeMEeHThI IK-3 paboTsl Ne2 .4
KBaHTOBOH TEOpUHU (YO-1), (ITP-6)
TEIIOEMKOCTH

TBEPABIX TECJI




(Teopust Bnaneer
OWHIITENHA U
teopus Jlebas).
3Haer KonTponbsHas DK3aMeHaIlMOHHbIE
pabota mo Teopuu | Bompock 29-33
Bropoe nauano Ne5, koHTpoOJIBHAs
TEPMOAMHAMUKH. pabora no | TectupoBanue Ne 4
Teopembi KapHo. pemenutro  3amau | (ITP-1)
Teopem! Ne6 (IIP-2), otuer
Knaysmyca. o TEOpUH u
OHTponWs 1 ee Ywmeer IKCIIEPUMEHTY
TEPMOMHAMUMECK | (e 11a60paTOpHOI
HH CMBICIT B 1 paboter Ne2. (YO-
UeaTbHOM 1), (TIP-6)
obpaTuMom IK-3
npotrecce.
Craructuueckuit
CMBICJI BTOPOT'O Brnaneer
Hayana
TEPMOIUHAMUKH,
dbopmyna
bonpnmana.
PeasibHbIe rassbl. 3Haer Otyer 1o | DK3aMeHalMOHHbIE
DKcrepuMeHTalIbH PEIIECHUIO Borpockr 34-35
bl U 3aYeTHBIX  3ajad,
TEOPETHUECKUE VYmeer VYeruwiii onpoc 1o | TectupoBanue Ned
M30TEPMBI TEOpHH. (TIP-1)
pEaTbHBIX Ta30B. OIlIK- (YO-1)
VYpaBueHnue Ban- 1
nep-Baainbca.
Mertactabunpasie | [1K-3
COCTOSTHUSI. Bnaneer
Kpurtnueckoe
COCTOSTHUE
CUCTEMBI U €T0
MapaMeTphl.
MounekynspHbie 3Haer Otuer 1o Teopun U | DK3aMEHALMOHHBIE
CHJIBI B JKUIKOCTSIX. AKCIIEPUMEHTY Bompocs! 37-39
SIBnenus Ha nabopaTtopHoOit
rpaHuIe OIIK- | YMeer paboTs TectupoBanue Ned
KUKOCTH. 1 Ne2.3,Ne2.7 (TTP-1)
CMauunBaHue U (YO-1), (ITP-6)
HECMa4YMBaHHUE. IIK-3 | Bnageer
Kanunnsipusie

ABIICHUSI, (hopMyTIa
Jlamaca.




®da3oBbIe 3Haer Otuer 1o Teopuu u | DK3aMEHAMOHHbIE
paBHOBECHUS U AKCIEPUMEHTY Borpockl 31, 39
¢bazoBbie nabopaTopHOi
MEePEXO/Ibl. paboThI No2.12,
Jnarpammsbl YCTHBIA ONpPOC 10
COCTOSHHSI. Ymeer TEOPHUH.
Tpoiinas ToYKa. (YO-1), (ITP-6)
da3oBbIe OIIK-
10, | Tepexozbl nepsoro 1
1 BTOPOTO pojia.
3aBUCHUMOCTh [IK-3 | Bmageer
TEeMIIEPATypPhl
¢dazoBoro
nepexojia ot
JTaBJICHUS.
YpaBHeHue
Knanelipona-
Knaysuyca.
TepMoIMHAMUYECK 3Haer VYerHplt onpoc 1o | DK3aMeHalMOHHBIE
He Win TEOpUU, OTYET 110 | Bompochl 40
XapaKTEPUCTHICCK | e Ymeer PCLICHUIO
ue QyHKIHH. 1 3a4EeTHBIX 3a7au. KonTponbnas pabora
11. | CooTHOIIEHUS (YO-1) (TIP-2)
Makcsemia. K-3 |Braseer
YpaBHeHus
I'nG6ca-
I'ensMronsua.
Oddexr Hxoymns- 3HaeT Oruer 1o | DK3aMEeHaLlMOHHBIE
TomcoHna. PELICHHIO BOTIPOCHI 36
TepmoauHaMuka 3aUeTHBIX  3ajad,
addexra xoyns- YMeer YCTHBIM OMPOC 10
Tomcona. Kpusas | OIIK- TEOPUHU KonTponbHas pabora
1o | MHBEpCHH 1 (YO-1) (TTP-2)
" | mddeperumnansHO Bnazeer
ro apdekra I1K-3
Jxoyns-ToMcona.
NHTerpanbHbi
spdext xoymns-

TomcoHa.




IIkana oueHUBaHUS YPOBHS C(POPMHUPOBAHHOCTH KOMIIETEHIIMIA

Koa u Jransl popMUPOBAHHS Kpurepun IToxa3zaTenu
(opMyaHpoB | KOMIETEeHIUH
Ka
KOMIIeTeHIIMH
OIIK-1 OCHOBBI MOJIEKYJISIPHO- | 3HAHHE OCHOB Crioco6HOCTB
CIOCOOHOCTBIO KUHETHYECKOH TEOPHH | MOJIEKYJISIPHO- chopmynupoBaT
HCIOJIb30BaTh BEIIECTBA U KHHETHYECKON b OCHOBHBIE
OCHOBHBIE UEATBHOTO I'a3a KaK TEOPHH BEILECTBA M | MOJIOKCHUS
3aKOHBI npocTelIel Moenu HAeaTbHOTO Ta3a MOJIEKYJISIPHO-
€CTECTBEHHOH BEILIECTBA, Kak IIpocTenniein KHUHETHUYECKON
ay4HBIX CTaTUCTUYECKUHU U MOJIEJIN BELIECTBA, | TEOPUH
JVCLUIUINH B JUHAMUYECKU I CTaTUCTUYECKUH U | BEIIECTBA U
npodeccuoHan METOMBI, IPUHLIUIILI JUHAMAYECKHUM HJI€AILHOIO ra3a
BHOU TEPMOJUHAMUKY, BUABl | METOJBI, Kak Mmpocrenmeit
NeSITeNbHOCTH, COCTOSIHUH MIPUHLMIIBI MOJIeNn
MNPpUMCHATH TEPMOANHAMUYCCKUX TCPMOJNHAMUKHU, BC€IICCTBA,
METOAbI CHCTEM, (1)33OBI)IG BHUbI COCTOSIHUM CTaTUCTUYECKUN
MaTeMaTH4YecK | 3HaeT cocTosAHUs U (a3oBble | TEPMOAMHAMHYECK | U AWHAMUYECKUN
oro aHanuza 1 | (MMOPOrOBBI | MEPEXOJIBI, HUX CUCTEM, METO/IbI,
MOJICIMPOBAHU | i YPOBEHB) | COOTHOIICHHS (hazoBbIe MPUHLIMIIBI
s, MakcBesia 1 QyHKIHU | COCTOSIHUS U TEPMOIUHAMUKH,
TEOPETHIECKOT I'm66ca-I'enpmronena. | ¢azoBbie BUJIBI COCTOSTHHH
ou NEpEXOanbl, TCPpMOAHAMNYC
9KCHEPUMEHTA COOTHOLLCHHUS CKUX CHCTEM,
JIBHOTO MakcBernia u (azoBbie
WCCIIeIOBaHUS ¢ynkumu ['ub6ca- | cocrosHuUs U
I'enpmronbia. (dazoBble
Hepexobl,
COOTHOILICHHS
Makcsemia u
hyHKIIH
I'ub6ca-

I'enpmromnsia.




[TpumensTh yYMEHHE Ha OCHOBE | CIIOCOOHOCTh
CTaTHCTUYIECKUH U (hr3mueckux pemunTh 33139y,
TEPMOTUHAMUYECKU T 3aKOHOB PelIaTh BOCITOJIb30BABILH
METOABI K PELICHHIO 3aJauu; yMCHUE Cb OCHOBHBIMHU
(GhyHIaMEHTATBHBIX HCIIONH30BaTh (hU3UIeCKUMHU
3a/1a4 MOJIEKYJISIPHOM METOJIbl ¥ IPUEMBI | 3aKOHAMHU;
(U3UKHU: BEIBOJUTD MPOBEICHUS CIOCOOHOCTH
OCHOBHOE ypaBHEHHE ¢uznveckoro POBECTU
MKT, ocHOoBHOE SKCIIEpPUMEHTa U hu3mIecKuit
YpaBHEHUE COCTOSIHUSL | CLIOCOOBI 9KCIEPUMEHT H
W/IeaNbHOTO Ta3a, 00paboTKn OCYILIECTBUTh
pacrpenencHue 9KCIIEPUMEHTANBHEI | 00paboTKy
Makcaemna, X IJaHHBIX; YMEHHE | OKCIIEPIMEHTANb
Bonbimana, MIPUMEHSITh HBIX JIaHHBIX;
MakxkcBema- JIOTUYECKHE Hay4JHO
Bonprmana, popmyy TIPHEMBI 000CHOBHIBATh
OWHIITeHHA- MBIIUICHUSA - [IPUHUMACMBIC
CMOITyXOBCKOTO, aHaliN3 ¥ CUHTE3 METO/IBI
ymeer 3aKOHBI TIPOIIECCOB IIPH PEIIeHUN penreHus
(npoBuHy nepeHoca B ra3ax u 3a1a4; npodeccuoHallb
o KUAKOCTAX; paCCYUTATh | HAYYHO HbIX 3aaa4
TLIH) paboTy uaeanpHOU 000CHOBHIBATH
TEIJIOBOM MaIITNHEI, MIPUHUMAaEMBIC
IMMOJIy4YUTh YpaBHCHUA MCETOJbI PCIICHUA
BCEX M30IPOIIECCOB U poecCuOHAThHBI
MOJTUTPOITHBIX X 33/1a4
MPOIIECCOB, HA OCHOBE
teopem Kaysuyca
(hopMyITUpOBaTH BTOPOE
SEREN ()
TEPMOAMHAMUKU 1
3aKOH BO3pacTaHUs
SHTPOTIHH, BBIBOJUTH
¢dopmyny Bosbimana,
ypaBHeHue BaH-znep-
Baanwca mist peanbHBIX
ra3oB, a¢ ekt Jxoys-
TomcoHa, ypaBHEHHE
Knaneiipona-
Knaysuyca.
3HaHUSAMU, YMCHUSIMH, | BJIaJICHHC CITOCOOHOCTH
HaBbIKaMH1 YPOBHSA HaBBIKAMH BBI60pa IIPOU3BECTHU
MOJIEKYJISIPHOH (PM3UKH | ONTUMAaJILHOTO BBIOOD
JJ1d pECIICHUA IyTHU PpECUICHUA OIITUMAJIBHOT'O
¢du3nUecKux 3a1a4 Kak | 3aj1a4 U IPUEMOB criocoba
TEOPETUYECKUX, TaK U MIPOBEICHUS peleHus 3aad,
9KCIEPUMEHTAIBHBIX. ¢uznveckoro CIOCOOHOCTH
BJIaJieeT 9KCTIEpUMEHTA U UCTIOJIb30BaHHUS
(BBICOKMIT) croco0oB BBIYHCIIUTEIbHBI
00paboTKu X MIPOrpamMMm Hpu
IKCIIEPUMEHTANBHBI | 00paboTKH
X JAHHBIX C OKCIICPpUMCHTAJIb
HCHOJIb30BaHHEM HBIX JaHHBIX TPU
BBIYHCIUTENBHBIX | MPOBEACHUH
[IPOrpaMM; (hU3HUECKOro

OKCIICPUMCHTA,




OCHOBHEBIE METOABI U YMeeT Ha OCHOBE Criocoben
MIPUEMBI IPOBEICHUS 3HAaHWUU YCTPOMNCTBA | MMOATOTOBUTHCS K
¢uzngecKoro 1 IPUHLIUTIOB IPOBENICHUIO
9KCTIEPUMEHTA, U JeHCTBUS yueOHOTrOo
3JIeMEHTapHBIC (hmzmueckux 9KCIIEPUMEHTA U
c1Iroco0bI 00pPabOTKH TIPHOOPOB U BBITIOJTHUTH €TI0 C
9KCTIEPUMEHTAIILHBIX 9JIEMEHTOB, 3HAHUH | cOOIIONEeHIEM
JTAHHBIX; MIPUEMOB METOAUKU
sHaCT YCTPOMCTBO U MPOBEICHUS
(MOporoBs! MIPUHIIUIIBL JCHCTBHS JKCIEpUMEHTA
M pOBeHL) ¢u3nueckux NpubOpPOB | MPOBECTH
yp Y 3JIEMEHTOB; IKCIIEPUMEHT
TK-3 HauboJee BaXXKHBIE I
¢byHaaMeHTaIbHbIC
TOTOBHOCTBIO
K DOBECHIIO JTIOCTHKCHHS
o E - (hU3UYIECKON HAYKH,
M3UYECKUX
CBsI3b (PU3UKH C
JKCIIEPUMEHTO .
o 3ATAHHO TEXHHUKOH,
B Il
eTOTIKe MIPOU3BOACTBOM,
METOJT!
coc ;[ o i o JPYTUMH HayKaMU
TaBIICHU
OpMYJIMPOBAThH LIENb MeeT nocoOeH
OTIHCaHUS Popwmy Y C 0
HIPOBOIMBIX MPaKTHYECKOH paboThl, | popmymnupoBath aHAIM3UPOBATH
I/IECJIG opannii | vmeer COCTaBIISITh OTYET IO [IeJTh MMPAKTHIECKOH | X0
u aHanm {n J— MpoJIeIaHHON padoTe, paboThI, JKCIICPUMEHTAb
pes nLTa}TIOB le)ﬁ) Y aHATU3UPOBATH X0 COCTaBIISITh OTYET HOU paboTHI 1
M paboTHI U 1enaTh T10 TIPO/IEITAHHOM JIeNaTh
COOTBETCTBYIOIINE pabote COOTBETCTBYIOIIL
BBIBO/IBI. 1e BBIBOJIBI
€TOJINKOH 1 MeeT MOCOOeH
M v C 0
METOJIONIOTUEH TTOJIE30BAThCS MIPOBECTH
MIPOBEICHHSI METONYECKUMHU IKCIIEPUMEHT
IKCTIEPUMEHTA C yKa3aHHUSIMH, BIIaJIest
BIIaJIeCT MTOMOTIIBIO y49eOHUKaMH U METOJIUKON 1
(BBICOKMIT) | METOIMYECKUX pecypcamu METO/I0JIOTHUEN
YKa3aHUH, JIEKLWH, UHTEpPHETA IIpU IIPOBEICHHUSL
Y4eOHUKOB M PECYPCOB | TIOATOTOBKE K JKCIIEpPUMEHTA
WHTEpHETA. IIPOBEICHUO
JKCIEpUMEHTA

MeToauveckue peKOMEHAALNH, ONpeeAIne NPoueaypbl OlleHUBAHUS
pe3yJIbTATOB OCBOEHMSI JUCHUIJINHbBI

[IpomexxyTouHast arrectanus oOydYarolmuxcsli MO Y4YeOHOW JUCIUIUIMHE
OCYILECTBIISIETCS B paMKax 3aBEpPIICHHUS W3Y4YEHUs JAaHHOW JUCLMIUIMHBI U
IIO3BOJIAET ONPEACIIUTh Ka4eCTBO M YPOBEHb €€ OCBOEHHs. IIpeameroM oneHkn
OCBOCHUS SBJISAIOTCS YMEHUS U 3HAHUS.

[TpomexyTouHas arrectanusi OOY4YalOIIMXCS OCYIIECTBIIsIETCS B (opMme
PK3aME€Ha W  TMO3BOJIAET ONPEACNIUTh PAa3BUTHE OOMMX  KOMIIETECHIIUH,
npenycMoTpeHHblx s OINOIL. YcenoBueM pomycka K 3K3aMEHY SIBIISIETCA
YCIIEITHOE OCBOEHUE 00YUYaAIOLUMUCS BCEX 3JIEMEHTOB AUCLUILINHBI (BBITOJIHEHHE
U c/laya BCeX KOJUIOKBUYMOB U KOHTPOJIBHBIX padoT).

Texymmii KOHTPOJIb YCIIEBAEMOCTH OCYLIECTBIISIETCS B XOJI€ IIOBCEIHEBHOM
yueOHOW paboThl MO KypCy AUCUUIUIMHBIL. JlaHHBINA BUA KOHTPOJSI CTUMYJIUPYET Y



06yanOHII/IXCH CTPEMJICHHUEC K CHUCTEMAaTHYECKOM CaMOCTOSTEIbHOU pa60Te 110
HN3Y4YCHHUIO y‘-I@6HOI>i JUCHUITIINHBI, OBJIaACHHUIO 06IHI/IMI/I KOMIICTCHIIMAMM.

OneHovHbIe cpeacrea aJjas HpOMe)l(yTOqHOﬁ arrecranmmmu

BOHpOCBI K IK3aMCHAalluUOHHBIM oumjieTam.

1.

2.

MounekyIIpHO-KMHETUYECKAss TEOPHUS BEIIECTBA. XapaKTEPUCTUKH MOJIEKYII
Y KOJIMYECTBA BEILIECTBA U CBSI3M MEKIy HUMM.

ITocTostaable ABoragpo u Jlommmuara. TensiaoBoe IBHKEHHE MOJEKYII.
[ToTeHnmanbpHas KpuBas MEKMOJIEKYJIIPHOTO B3aUMOICUCTBUS.

ArperatHple COCTOSIHHs BellecTBa M UX Npu3Haku. CTaTUCTUYECKUA H
TEPMOJMHAMHYECKUNA METO/IbI B MOJIEKYJISIPHON (PU3HUKE.

OMIUPUYECKHE Ta30BbIE 3aKOHBI, PAaCIIMPEHUE TBEPAbIX Ten. MmeanbHbIn
ra3. MoneKyJIsIpHO-KMHETHYECKAS] TEOPHSI UICATBHOTO Ta3a.

JlaBiieHHE HWIEABHOTO Ta3a. BBIBOJ OCHOBHOTO YpaBHEHHSI MOJIEKYJISIPHO-
KMHETUYECKOW TEOPUHU UICATBHOIO rasa.

Temneparypa u ee pusndyeckuid (CTaTUCTUYECKUN) CMBICT B MOJIEKYJISIPHO-
KHUHETUYECKOW Teopuu. TermnooOMeH M TepMOJIUHAMUYECKOE PaBHOBECHE,
TEPMOMETPUYECKOE  CBOMCTBO M TEPMOMETPUYECKAs]  BEIWYMHA.
TepmoanHaMuueckas MKajia TEMIIEpaTyp.

BriBon ypaBHEHHS COCTOSIHHS WACAJIBHOIO I'a3a Ha OCHOBE MOJIEKYJISIPHO-
KHHeTH4YecKo Teopuu. WM3ompomeccol. M3orepmuueckuii ko3P humeHT
C)KMMAEMOCTH, TeMIlepaTypHble KOI(PPHUIIMEHTH 00BEMHOTO PACHTUPEHUS U
JABJICHUS.

Ckopoctu Monekyn rasa. M3mepeHue ckopocTed MOJEeKyad ra3a (OIbIT
[lITepHa, METOJT MOJIEKYJISIPHBIX ITyYKOB).

DNeMEHTbl TEOpUM BEPOSTHOCTH: CIy4ailHble COOBITUA M CIIyYailHbIe
BEJIMYMHBI, YaCTOTa MW BEPOSATHOCTb, JUCKPETHOE M HEINPEPBIBHOE
pacrpeneneHue  BEPOSATHOCTH,  IUIOTHOCTb  BEPOATHOCTH,  YCJIOBHE
HOPMHUPOBKH, TEOPEMBI CIIOKEHUS M YMHOXKECHHUS, CpPEIHHE 3HAYCHUS
CIIy4ailHBIX BEJTUYMH, (PIyKTyaluu.

10.Pacnpenenenne Makcgemnina. BeiBoa pyHKIMM pacnpenesieHus] MOJIEKY 10

MPOEKIUsAM ckopocTeil. ['paduk dyHKIMH pacnpeneneHns MOJICKYT TI0
MIPOEKIUAM CKOPOCTEM.

11.Pacnipenenenne MaxkcBemna. BeiBon QyHKITMM pacnpeneneHuss MOJICKYJ 1Mo

aOCOJIIOTHBIM ~ 3HAUEHUSIM CKOpocTel. ['eomeTpuyeckoe HCTONKOBaHHE
NOJTy4YeHHOU (PYHKIIHU.

12.Pacnpeneneane MakcBeiia B IPUBEACHHOM BHJIe. XapaKTEPHBIE CKOPOCTH

MOJIEKYJT B pacrpeielieHndn MakcBenia: HauBEpOSTHEHIas CKOPOCTb,
CpelHsisi U CpPEIHssl KBaJpaTU4YHAs CKOPOCTH, CPEIHsII CKOPOCTh IO
NPOEKIMU, CpelHee 3HAYEeHHWE MOAYJS MPOEKIUU CKOPOCTH, CPEIHSs
OTHOCHUTEJIbHAs! CKOPOCTh. CBSA3b MEX/Y XapaKTEPHBIMU CKOPOCTSIMH.

13.3akon Ilackams u BwIBOA OapomMerpuueckoit dopmyinbl. Pacnpenenenue

bonbeiimana u 3akoH bosibiiMana (BBIBO).



14.Pacnipenenenne MakcBenia MO KHHETUYECKUM HHeprusiM. CBsi3b MEXIY
pacnpenenenuamu MakcBemia U bonenmana. Pacnipenenenne MakcBesa-
bonbimana. Pacnpenenenue bosbiMana i1 JUCKPETHOTO  CHEKTPA
3HAYEHUUN DHEPTHHU.

15.bpoyHoBCckOoe  aBmwkeHHE. Pacuer cpegHero  KBajgpara — CMELICHUS
OpOYHOBCKOM yacTHIIbI (BBIBOJ (opMyIibl CMOTYXOBCKOTO-DHHIITEHHA).

16.OneMeHTBI  MOJEKYISIPHO-KMHETHYECKOM  TEOPHH  HEPaBHOBECHBIX
MPOLIECCOB: PABHOBECHOE U HEPABHOBECHOE COCTOSIHMS, ITPOLIECCHI
pernakcalyy 1 mpolecchl IepeHoca.

17.3¢dextuBHblil quametp U 3¢G(HEKTUBHOE CEeUeHHE MOJIEKYJ rasza. BwiBoj
CpellHEel JIMHBI CBOOOJHOrO mpobera M pacnpeleleHue CBOOOIHBIX
poOEroB YacTHIL.

18.1loTeHnumanbpHas  KpuBas  MEXKMOJIEKYJISAPHOTO  B3aUMOJICHCTBUS U
3aBUCUMOCTh 3()PPEKTUBHOrO AMAMETpa U CpPEAHEH [JIMHBI CBOOOJHOIO
npoOera MoJIeKyJ OT TEMIIEPATyphl U JABJIECHUS JUIsl Ta30B U AKUIKOCTEH.

19.06mas Teopwus mpormeccoB mepeHoca B razax. Auddysus u camoauddysus.
Koadduument auddy3uun u ero 3aBUCUMOCTh OT TEMIIEPATyphbl U JTaBJICHMUS.

20.00m1as Teopusi TPOIIECCOB MEpPEeHOCa B razax. BS3KOCTh WM BHYTPCHHEE
TpeHue. KoappuiueHT BSI3KOCTH U €ro 3aBUCUMOCTh OT TeMIEpaTyphl U
JTABJICHUS.

21.00mas Teopus TMpOLIECCOB IepeHoca B raszax. [emionpoBOAHOCTb.
KoaddummeHT TenmonpoBoAHOCTH M €ro 3aBUCUMOCTH OT TEMIEPaTyphl U
JIaBJICHHSI.

22.HyneBoe Havalo TEepMOJUHAMUKH. TepMOIMHAMUYECKHAE MPOIIECCHI:
PaBHOBECHbIE WJIM KBa3UCTaTUYECKHE, OOpaTUMble U HEoOpaTHMBIE,
KPYT'OBBIE WJIH LIUKIIMYECKUE.

23.IlepBoe Ha4ano TEPMOAMHAMHUKHU. BHYTpeHHsIsI SHEpTHUs, paboTa U TEIUIOTA.
[IpyuHUIMT SKBUBAJICHTHOCTH TEIIOTHI U Pa0OTHI.

24. TerI0eMKOCTh Tela, yJelabHass U MOJSPHAsl TEIUIOEMKOCTU. TerIoeMKOCTh
ra3a rnpu MOCTOSIHHOM 00beME U OCTOSHHOM JIaBJI€HUHU. DHTabnus. Yucio
cTerneHeit cBo0obl. BeiBoj ypaBHenus Pobepra-Maiiepa.

25.AnuabatHeii  mpouecc. BoeiBox  ypaBHenust Ilyaccona. Paborta mnpu
aauabaTHOM TIpoIiecce.

26.ITomuTponHsIil mporiecc. BeiBox ypaBHEHUS TOJUTPOIIBI M €T0 aHAIH3.

27.Knaccuueckasi Teopwsi TEIJIOEMKOCTH Ta30B M TBEPABIX TeENI. 3aKOH
Hronmonra-IItu. HemocraTku KiacCuuecKoOr TEOPUU TEINIOEMKOCTH.

28.05eMeHThl KBAaHTOBOW TEOpUM TEIUIOEMKOCTH TBEPIbIX Tein. Teopus u
dopmyna DunmreitHa. Teopust u 3akoH Jlebas. Temmneparypa [lebas u ee
(bu3UYeCcKuil CMBICT.

29.Btopoe Hauanmo tepMmoauHamMuku. OOpaTuMble U HEOOpaTUMBbIE TTPOIIECCHI.
DopMyJIUPOBKH BTOPOTO Hayana TepmoauHamuku Knaysumyca, KenbBuHa u
ITnanka. KIIJI TermioBoit ¥ XOJOAUIBHOM MAIIIMHBL.

30.Uneanpubiit  oOpaTtuMblii  (kBazucTaTudeckuii) mnponecc. I{ukn Kapno.
BriBon pa6ots! u KIIJ riukina Kapho.



31.Teopema Kiay3uyca 0 TpUBEIEHHON TEIUIOTe. OHTPONMUS U €€
TEPMOJIMHAMHYECKHUI CMBICIT B UAEATBHOM 00paTHMOM IPOLIECCE.

32.MaTtemaTHyecKoe OMUCaHHE KBA3UCTATHUECKHX H3OMPOIIECCOB HAa OCHOBE
BTOPOTO Hayaaa TEPMOJUHAMHKH. T-S AHArpamMMbl.

33.CTaTUCTHYECKHI CMBICII BTOPOTO Hayana TEpMOAMHAMHUKH. BwiBoA
dopmynel bonmbliMaHa IS SHTPONMHU. 3aKOH BO3pACTaHHsl JHTPOINUU
Knay3uyca. DuTpomnus HeOOpaTUMBIX IPOIECCOB.

34.Peanbublie ra3sl. YpaBHeHue Ban-nep-Baansca. Pacuer nonpaBok Ha o0beM
U JJaBJICHUE peasibHOrO raza. Gusndyeckuil CMbICI OCTOSIHHBIX B YPaBHEHUU
Ban-nep-Baanbca.

35.TeopeTtnueckre U30TEPMBbI pealibHOTO Ta3a Ban-nep-Baansca. Kputnueckoe
COCTOSIHAE BEILECTBA W KPUTUYECKHE IapaMETpbl COCTOSIHUS BELIECTBA.
OnanecreHnus. 3aKOH COOTBETCTBEHHBIX COCTOSIHUM.

36.9pdexr JLxoyms-Tomcona. BHyTpeHHsiE »HEprusi peajsbHOTO Tasa.
Tepmonunamuka 3¢ ¢ekra Jxoynsa-Tomcona. Pacuer nuddepeHumranibHOro
apdexra xoynsa-Tomcona. UnTerpanbubiii 3¢ dext Jxoynsa-Tomcona.

37.5IBneHre KpUBHU3HBI TOBEPXHOCTH KUAKOCTH. [loBepXHOCTHas SHEprus u
MOBEPXHOCTHOE HATSKEHHE. JlaBieHue noJl M30rHyToN MOBEPXHOCTBIO.

38.CmaumnBanue n HecMaunBanue. Kammspasie sinenns. @opmyia Jlamaca.

39.®0a30Beie paBHOBecHS! U (a30BbIE MEPEXObl. 3aBUCUMOCTh TEMIIEPATyphI
¢dazoBoro mepexona OT AaBieHusa. YpaBHeHue Kianeiipona-Knaysuyca.
Juarpammbl (ha30BbIX COCTOSIHUN. TpoliHas TovKa.

40.Xapakrepuctuueckue ¢ynknun. CooTHomeHuss MakcBenia. YpaBHEHUS
I'n66ca-I'enbmrobia. [lepsoe u BTopoe TdS.

Oobpa3zen 3x3aMeHALIMOHHOTO OUJIeTa

MUHUCTEPCTBO OBPA30OBAHUS U HAYKH POCCUMCKOM ®EJEPALIMNA
DenepanbHOE FOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHUE
BBICIIETr0 MPO(eCCHOHAIBHOI0 00pa30BaHU
«/lanbHEeBOCTOYHBIN (eaepaibHbIil YHUBEPCUTET)
[IIkonaecTecTBEHHBIX HAYK
OOIT 03.03.02-®wusuka
Hucnumuimaa _MonekynspHas Gpu3nka
®opma o0ydeHns1 _odHas
Cemectp 2 2015 -2016_  yueGHoro roja
Peamusyromas kadenpa Obmeit Gpuznkn
JK3aMeHAlMOHHBIN Outer Ne 1

1. MonekynsipHO-KMHETUYECKAasi TEOpHsl  BeEIlIeCTBA. XapaKTEPUCTUKHU
MOJIEKYJI M KOJIMYECTBA BEIIECTBA U CBSI3U MEXKAY HUMH.

2. OOmras Teopus MPOIIECCOB MepeHoca B razax. TermionpoBoIHOCTb.
KoaddurmenT TemnonpoBofHOCTH U €T0 3aBUCUMOCTD OT TeMITEPaTypPhl

1 JaBJICHUS.
3aBeayromuit kadeapoit Kopouenres B.B.

Kpurepuu BpicTaB/IeHHs OLEHKH HA JK3aMeHe 10 JUCHHMIIUHE
«MouexkyasipHas pusuka»



Banabl

OneHka ’K3aMeHa

TpebdoBanus Kk cpOpMHPOBAHHBIM
KOMIIeTeHIIUSIM

86-100

«OMIAUYHO»

OneHka «OTIIMYHOY BBICTABIISETCS CTY/ICHTY,
€CITM OH ITYyOOKO U TIPOYHO YCBOMII OCHOBHOE
CoJIepKaHue TUCIUTIINHBI, BIJICET TEXHUKON
BBIBOZIA u3nueckux Gopmyi, odaagaet
YCTOHYMBBIMU HABBIKAMU PEIICHUS (PUINICCKUX
3aj1a4, yMeeT IPUMEHSTh €CTECTBEHHOHAYYHBIC
3aKOHBI JIJIsl pelieHws MpodeccrnoHaIbHBIX 33/1a4.

75-85

«xopouo»

O1eHKa «XOpOII0» BBICTABISETCS CTYACHTY,
€CJIM OH TBEPAO 3HAET MaTepuall, BIaleeT
KYJbTYPOUl YCTHOW M TUCbMEHHON peYH, UMEET
HE3HAYUTEJIbHbIC 3aMEUaHUs 110 CYILIECTBY
U3JTI0’KEHUS MaTepualia WiK PelIeHUIo 3a/1a4
(HeTOHBIN BBIBOJ (POPMYJIBI MITH 3aMEYaHUs 10
PEIICHUIO 3a/1a4).

61-74

«y0081€MBOPUMENLHOY

OneHka «yI0BICTBOPUTEIIHHOY BBICTABIISACTCS
CTY/ICHTY, €CITM OH 00JIa/IaeT 3HAHUSMU OCHOBHOTO
MaTepuaia, HO IPU 3TOM HE BIIAJICET TEXHUKOM
BbIBOJIa pusznueckux Gopmyi, He obanaer
YCTONYMBBIMU HABBIKAMU PEIICHUS (PU3NICCKUX
3ajau.

Memnee 61

«Heydoeﬂemeopumeﬂbﬁo»

OneHka «Hey/10BIETBOPUTEILHO
BBICTaBIISIETCS CTY/I€HTY, KOTOPBIH HE OCBOMII
komreteniuo (OI1K-1): He 3HaeT 3HAYUTEILHON
YaCcTH MPOrpaMMHOI0 MaTepHaia rno Gpusmke,
JIOTTYCKAaeT CYIIECTBEHHbIE OIIMOKHU IIPU PELICHUN
3ajay, He o0J1aZjaeT HaBbIKaMU MIPUMEHSTh
€CTECTBEHHOHAYYHbIE 3aKOHBI JUIsl pEIICHUS
npodeccHOHATIBHBIX 33j1ay.

O1eHOYHBIE CPEICTBA TEKYIIel aTTeCTAIlUH

TectupoBanme Ne2
Tema «Pacnpenenennst MakcBesia u boasnmana. Oouiasi Teopusi NpoueccoB

nepeHoca»

Vkazanue: maxcumanvnoe uucio 6ainos 3a Kadxcowii eapuannt mecnioe 55

oannos; yucio oannoe Ha zauem = 30.
Bapuanr 1

Teopernueckuil BOIpocC:
Pacripenenenne MakcBemna. BwiBon GyHKIMHM pacnpeneiieHus MOJEKYJ TI0
aOCOIOTHBIM 3HAUEHUAM CKopocTel. ['paduk (yHKIMH pacripenesieHuss MOJICKYJ
110 a0COJIIOTHBIM 3HAYEHUSAM CKOPOCTEH 1 ero aHamus. (20 0aaoB)

TecToBbIe BOIPOCHI:




C nmnomompl pacmpeneneHue MakcBella  PacCUYUTAMTE  CPEIHIOO
OTHOCHUTENFHYIO CKOPOCThH TEIIOBOTO JABMKCHHS MOJIEKYN HACATbHOTO rasa
U CPaBHUTE €€ CO CPEIHEH CKOPOCTHIO. (5 6anoB)

Yrto B MOJIEKYISIpHOM (pU3KKE HA3bIBACTCA CTOJIKHOBEHHEM MoJieKyn? Jlaiite
ompeneneHue 3(PGHEKTUBHOMY auamMeTpy U 3(PPEKTUBHOMY CEUEHUIO
MoJIeKyI. (5 6anoB)

Ha 4yeM ocHOBaH BBIBOJI OOIIIETO YpaBHEHHS ITporieccoB nepenoca? (5
0aJIoB)

Kakwue nporiecchl B MOJIEKYISIPHON (PU3HUKE HA3BIBAIOTCS
penakcanmoHHBIMUA? Bpems penakcaiiuu u ero omnpesesieHue. (56amo)
Chopmynupyiite puznueckuii cMmbici 3akoHa bonbsiimana. (5 6anoB)

Bapuanr 2

TeopeTndecknii BOIpoc:
bapomerpuueckas ¢opmyna (BeiBoa). Pacnpenenenune bosbliMana W 3aKkoH
bonbsumana. Pacnipenenenue Maxkcpemia-bonbiimana. (20 6anoB)

TecToBbIE BOIIPOCHI:

1.

C nmomMompl pacnpeneneHus MakcBeia  pacCUMTAWTE  CPEIHION0
KBaJIpaTHUHYIO CKOPOCTh TETJIOBOTO JIBHKEHHS MOJIEKYJ HMICATbHOTO ra3a.
(5 6anoB)

Uro B MOJIEKYISIpHON (U3KMKE Ha3bIBAIOT OPOYHOBCKUM JIBHIKEHHEM.
Chopmynupyiite  ¢usznueckuit  cmbicn  Gopmyisl  CMOITYXOBCKOTO-
DiHinTeiHa. (5 0a10B)

[lepeuncnure BHIBI TPOLECCOB MEPEHOCA, 3alHIIWTE WX YypaBHEHUS U
YKa)KUTE MPUUMHBI UX BO3HUKHOBEHHUS. (5 0aoB)

[lonyunte pacmpeneneHue CBOOOJHBIX  NIPOOEroB  Mojekysl. — YUto
yCTaHaBJIMBAET ATO pacnpenesenue? (5 6aaon)

YeMm pa3nuuaroTcs MEXaHU3Mbl CTOJKHOBEHUI MOJIEKYJ HI€aJbHOTO ra3a u
peanbHOro raza? OnpenenuTe NOHATUE CTOJIKHOBEHUS. (5 6aioB)

Bapuanr 3

Teopernueckuil BOIpoC:
bpoyHoBckoe aBmxeHue. Pacuer cpemHero kBaapaTa CMEIICHUS OpPOYHOBCKOM
qacTHUIlsI (BBIBOA (hopMyiibl CMOTyXOBCKOTO-DuHIITEHA). (20 6aoB)

TecToBbIE BOIIPOCHI:

1.

2.

3.

C momoripio pacripenesieHuss MakcBeljia pacCUMTalTe CPEIHIOI CKOPOCTh
TEIJIOBOTO JIBFXKEHHSI MOJIEKYJT MJI€aTbHOTO Ta3a. (5 6aioB)

Kak 3aBucuT cpeaHsiss JjuHAa CBOOOJHOTO TMpoOera MOJICKYJbl OT
TEeMIIepaTyphl AJisl Ta30B U kuakoctei? OTBeT 000CHOBaTh. (5 6anoB)

Kakue siBneHusi HocsT oOlllee HazBaHUE — «sBJICHHS TiepeHoca»? [loyemy
OHM UMEIOT o011ee Ha3BaHue? (5 6ajoB)

3anumuTe pacnpeneneHue bosbiiMaHa u omnpenenuTe e€ro (U3UYECKUM
cMBICI. (5 6ayioB)



5.

Hapucyiite rpaduk 3aBUCHMOCTH (YHKIIMH PACHpPENEICHUS MOJEKYT TI0
aOCOJIIOTHBIM CKOPOCTSIM OT CKOPOCTH. UTO SBIAETCS OCOOCHHOCTBHIO ITOTO
rpaduka? Uto cuntaetr GyHKIHS paclpeaeeHUs] MOJICKYJI 0 aOCOTIOTHBIM
ckopocTsam? (5 6aoB)

Bapuant 4

TeopeTndecknii BOIpoc:

O¢ddextuHbiii quameTp U 3¢ (PEeKTUBHOE ceueHre MOJIEKYI ra3a. BeiBoa cpeaHeit
JUTMHBI CBOOOJHOTO TIpoOera MOJIEKYJ Ta3a | paclpeleieHHus CBOOOIHBIX
npoberoB MoJiekyJ rasza. (20 6ajon)

TectoBbIe BOIIPOCHI:

1.

2.

C nomoripio pacripeaenienuss MakcBeiia pacCUuTaiTe CpeIHIOl CKOPOCTh
M0 MIPOEKIIMU TETUIOBOTO JIBMXKEHUS MOJIEKYJI UealbHOro rasa. (5 6aaon)
Kak »KkcrmepuMeHTaTbHO M3MEPSIOTCS CKOPOCTH TEIJIOBOTO JIBMKCHHS
mosiekynn raza? (OmeiT LllTepHa WM METOJI MOJICKYJISIPHBIX ITydkoB). (5
0aoB)

BeiBenure Oapomerpuueckyro (opmyidy U ONpenenute ee (pUu3Hn4ecKuil
CMBICI. (5 6ayioB)

[Ipm Kakux YCIOBHSX BO3HHKAIOT TIPOIECCHI PEIAKCAIMd W IPOIECCHI
nepeHoca B razax u KuakocTsax? (5 6anoB)

3anummre pacnpenencHue boribiMaHa i TUCKPETHOTO psifia 3HAYCHHI
HHEPTUU YACTHI] M OTNIPeIeNIuTe ero Gu3ndeckuid cMbICI. (5 0ajoB)

Bapuanr 5

Teopernueckuil BOIIpOC:

[ToTennumanpHas KpuBas MEXKMOJEKYISPHOTO B3aWMOJCHCTBUS W 3aBUCHMOCTH
s dexTrBHOTO AUaMeTpa, d3PHEKTUBHOTO CEUCHUSI U CPEHEN JUTMHBI CBOOOHOTO
npoOera MoJIEKyJI OT TeMITepaTyphbl U IaBJICHUS JIJIs Ta30B U skuakocteit. (20)

TecToBbIE BOITPOCHI;

1.

o b

C momomipio pacripenesicHnss MakcBelljla pacCUMTalTe CpeHee 3HAUYCHHE
MOAYJIS MPOCKIIMA CKOPOCTH TEIJIOBOTO IBMIKEHUS MOJICKYJ HJICaIbHOTO
raza. (5 6anoB)

Janre OIIpEAEIICHUS TEPMOJIUHAMHUYECKOMY  PaBHOBECHOMY u
HEPAaBHOBECHOMY COCTOSIHUAM CHCTEMBI. (5 0a0B)

N3o0pa3ute rpaduueckud pacnpenaeieHus MakcBeiia 1Mo aOCOIIOTHBIM
CKOpPOCTAM Al OByX Temmeparyp 1;#7, U OOBSCHHTE IOIY4YEHHBIN

pesyabTar. (5 6ayoB)

Yro Ha3bIBaeTCs OPOYHOBCKHUM JIBH>KeHHEM? (5 6asioB)

YeM OTIMYAIOTCS MEXAaHU3MBI MepeHoca (GU3NYECKON BEIMUYUHBI B ra3zax u
KUAKOCTAX? (5 6aoB)

Bapuanr 6

TeopeTndecknii BOIpoc:



TepMoauHaMUYECKOE€ HEPAaBHOBECHOE COCTOSTHUE CHCTEMBI: pPeIaKCalliOHHBIC
MpoIecCchl W siBIeHUs TiepeHoca. OOmas Teopus MPOIECCOB MEPEeHOca B rasax.
BriBog oOmiero ypaBHEHHsS IIpollecca IEepeHoca Ha OCHOBE MOJICKYJISIPHO-
KuHeTu4yeckoi Teopuu. (20 6anon)

TecToBbIe BOIPOCHI:

1. C nmomompto pacnpeaeneHuss MakcBeuia pacCuuTaiTe HAMBEPOSTHEUIIYIO
CKOPOCTb TEIJIOBOTO JIBKEHUSI MOJIEKYJT UJI€aIbHOTO Ta3a. (5 6ayioB)

2. Yro ycraHaBnuBaet pacnpeaeincuue Makcseia-bonsiimana? (5 0anoB)

3. Kak 3aBucut sr¢pdextuBHbIN quamerp ¥ 3pHEKTUBHOE CEUCHUE MOJIEKYJ OT
TeMIepaTyphl JJI ra30B U kuaKocTen? (5 6ayioB)

4. MN3obpasute rpaduuecku pacrpeneracHue MakcBemia 1Mo aOCONIOTHBIM
CKOPOCTAM, YKQKUTE XapaKTePHbIE CKOPOCTH U UX COOTHOIIEHUS. (5 0aioB)

5. BanummTe OapomeTpudeckyro (opMyiny u omnpenenure ee (puznueckui
CMBICI. (5 6asioB)

Il. MakcuMaibHOEe KOJHYECTBO 0AJIJIOB 3a pellleHHe WHIAWBHIYAJIbLHOM
3aga4u — 20. 3auTeHO cTAaBUTCS NMPHU KoJnM4yecTBe 0a/LioB = 10, He 3aUTeHO —
npu kojunvectse 6a/ioB < 10.

I1l. MakcumajibHOe KOJHUYECTBO 0AJJIOB 32 KOHTPOJbLHYI0O pPadoTy Mo
Teopun — 20. 3a4TeHO CTAaBUTCS NMPHU KoJauvecTBe 0anoB = 10, He 3auTeHO —
npu kojuyectse 6aLioB < 10.

V. MakcuMaibHOEe KOJMYECTBO 0AJJIOB 32 KOHTPOJbLHYI0 padoTy mo
pemenuto 3aaa4 (2 3apaun) — 20. 3a4TeHO CTABUTCHA NMPH KOJHYECTBe 0AJJIOB
= 15, He 3auTeHO — NPHU KoJInvYecTBe daLIoB < 15.

V. JlononHuTe/IbHbIE BONPOCHI M 33241 JJISl CAMOCTOSITeIbHON PadoThl
IPH MOATOTOBKE K JK3aMeHY (OTBeT HAa KaxKIbIi BONPOC OLCHHUBAETCH IO
NATHOAJUILHOM 1IKaJIe):

e BriBenure GpopMyiy cBsizu MeXAy KOIPPUIUEHTOM JUHEHMHOTO o U
00BEMHOTO £ paCUIUPEHHs] OJJHOPOAHOTO U U30TPOIHOTO TENA.

e BriBenure ¢opmyny A 3aBUCUMOCTU TUIOTHOCTH p OJHOPOJIHOTO U
W30TPOITHOIO T€Ja OT €ro TEMIIEPATypHI.

e BriBenure popmyny mayis paboThl UAEaNbHOrO ra3a B aauabaTuyeckoM
npoLecce.

e BriBenuTe ypaBHEHUE NOJUTPOITHOTO MPOLIECCA NACATBHOTO rasa.

e Breaure ¢opmyny ans paboThl HIEaIbHOIO Ta3a B MOJIUTPOITHOM
IpoLecce.

e BriBeaure GpopMysly 3aBUCUMOCTH IOKa3aTenst aauadaTel y OT 4Mcia
aTOMOB N B MHOTOaTOMHOW MOJIEKYJIE B paMKaX KJIACCUYECKOH TEOPUHU
TEIJIOEMKOCTH.



e OOBsicHUTE, NOYEMY MOJISIpHAs TEIUIOEMKOCTh MPU IMOCTOSSHHOM
o0beme raza SO, OOJbIlIe, YeM Y HEKOTOPBIX JPYTUX MHOTOATOMHBIX

ra3osn, Takux kak CO,, H,0, CH,?

e OOBsicHUTE, MNOYEMY 3HAYEHUE MOJSPHOM TEIJIOEMKOCTH C, MJIA
JIBYXaTOMHBIX U MHOI'OATOMHBIX T'a30B YBEIUYHUBAETCI C POCCOM HX
MOJIEKYJISIPHOTO Beca?

e BBIUNCINTE U CPABHUTE KUHETHYECKYIO DYHEPIrUIO MOCTYNATEIbHOTO U
BpaI[aTEIbHOTO ABMXKEHUS MOJIEKYJIBI O, IIPU HOPMAJIBHBIX YCIOBHUAX
(cpennee paccTosHue MEXay atoMaMu | =1*107""u, yriioBas CKOPOCTh
BpalIeHus o, =2,0%10% pao/c).

e Brsenure Gopmyny s ko3¢ dUIIMEHTA TOJIE3HOTO JICUCTBUS LMK
Orro.

e JIOKaXHTE, YTO TEIIOEMKOCTH Tell c,(T) n c,(T) CTpeMATCS K HYJIIO

IIPU CTPEMJIEHUU TEMIEPATYPHI K A0COMIOTHOMY HYJIIO T —0.

e BriBenutre Qopmyny s BHYTpEHHEH HHEPrUM TOHKOW MBUIBHOU
IIJICHKH.

e Haitu mocrosiuHbie ypaBHeHus1 Ban-nep-Baanbca a, u b, s asora,

ecau T, =149,9°C, P, =33,55amu.

o IlpuHumas  mocTossHHYO  a,  Ban-mep-Baambca  juini BOmBI
paBHO¥ 5,45*10° ammcm® | mons® , HAWIUTE BHYTPCHHEE IaBJICHHUE BOIBI.

e BriBenutre Qopmyny s MOCTOSHHBIX A W a JUHEHHOW (QyHKIIUU
INIOTHOCTH BEPOSAITHOCTH ¢(V, ).

e BriBenure ¢opMmyny nans  HauOojee BEpOSTHOM Vv cpenHen

eep 2
apudmerndeckoil (v) W cpemHell KBaApaTUYHOH CKOPOCTH 1/<v2>

pacnpeneneHus MakcBeiia 1o aOCOIIOTHOMY 3HAYEHUIO CKOPOCTH
MOJIEKYI.
Memoouueckue ykazanusi:
XapakTepucTuyeckue CKOPOCTH TENJI0OBOI0 ABUKEHHSI MOJIEKYJT
H/1eaJIbHOT0 ra3a

HNurerpanamu I[lyaccona Ha3pIBarOTCS HHTETPANIBI BUAA

0

Iefax2x2n+ldx

0

% 2
J.e—ax X2ndX
0

I[HH BBIUMCJICHUS 000HUX THUIIOB HHTCTPAJIOB HGO6XOI[I/IMO 3HATh TAOJMYHBIC
SHAYCHUA I CIACAYIOMUX IBYX MHTCIPAJIOB!:
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Pacnpe;[eneHHe MOJICKYJI HACAJIBHOI'O Ia3a IIO a0COJIFIOTHBIM 3HAYECHUSIM
CKOpOCTeﬁ IIpU AaHHBIX mo -MaCCC MOJICKYIJIbI U T-TeMHepaType rasa

3 mov

f(v)=4n(_L T)ZVEZkT.

Pacnpenenenne MoONEKya HWIOEATBHOrO Ta3a MO 3HAYEHUSAM NPOCKUUN
CKOpOCTEM

i

= 2
2 MoVi

i g 2 i=X.y,z.
)= (Zﬂ'kT j > 1A y

1. Onpenenenue cpemHero 3HAYCHHS aOCONIOTHOW CKOPOCTH TEIIOBOTO
JIBYOKCHUS MoneKyn

3 3
© moy - — -2
<v>=47r( j Ie 2T 1,8y = 47[( 0 jz 12: 4 (mo jzl M _ 8kT.
27kT 2kT ) 2a® Jz\2kT ) 2\ 2kT m,

2. OmpeneneHre cpeaHeld KBaApaTHYHON CKOPOCTH TEIUIOBOTO JBIDKEHUS

MOJICKYT
5
3 ( m, j_z _3kT
2\ 2KT m, '

3 2 3 \/—
<V2 >= 47[( jz J.e 2kT 4dV 4 ( mo jz 3 72; :( mo ]
27kT J \ 2kT 5\ 2kT

222
/ 2KT
O4YE€BUIHO, UTO < V2 >= [—
m
0

3. OHpelICJ'IeHI/Ie Cp€aAHCTrO0 3HAYCHHA IIPOCKIHHM CKOPOCTH  TCIIJIOBOI'O
JABHKCHU A

L 2 1 mov? w  myv?
<Vi >=( jzje 2levidvi: Ty je 2T v.dv, +Ie 2T v dv, ¢ =
27KT 27KT

1
= Mo |° —i+i =0.
27kT 20 2a

N w




4. OmnpeneneHue CpeAHEro MOAYJS MPOEKUUU CKOPOCTH TEIJIOBOTO
JIBIKCHUS

1 1 1
e mov - = -1
<|vi|>:( Mo J Zje ATy dv, = ( Ty JZZ 1. 1 (mo )2( moj = E
27KT 27KT ) " 2a  Jx\2kT ) \ 2kT m,

OYCBHUIHO, UTO <V >=2< ‘Vi‘ >,

5. OmpeneneHue CpeIHEr0 KBajapara MPOCKIMU CKOPOCTH  TEILIOBOTO

JABHXKCHUA MOJICKYJI
1 0 mov 1 1 ,§

<V >=( e J Zfe 2T vidv, _( T jzz */;3 :l(ﬂjz(_mo ] Pk

27KT 27kT )~ 3 2\ 2KT ) \ 2KT m,

OYEBHJIHO, UTO <V’ >=3<V? >,

6. OHpCIIGJ'IeHI/IC CpGI[HGﬁ OTHOCHUTEJIBbHOM CKOpPOCTH TCINIOBOI'O OIBUKCHUA
MOJICKYJIL. I[BI/I}KGHHG ABYX OJHOATOMHBIX MOJICKYJ C MacCCaMH ml u m2

OKBHBAJICHTHO JIBHXCHHIO OI[HOﬁ MOJICKYJIbI C HpI/IBeI[CHHOﬁ Maccou
mm,
m, +m,
TOFI[EI q)YHKIII/ISI pacinpcaciCHuAa MOJICKYJI nacajabHOIO raza IIO
OTHOCHUTCIIBHBIM CKOPOCTAM UMCCT BU

My

m= . Ecim m, =m, =m,, To npuBeneHHasg Macca paBHa M= >

w

MV

omu

m, 2
4KkT
f(v,,,) =47 ( - ) e V2, 1, COOTBETCTBEHHO,

3
S 472'( ] Je 4k(:|"nH VodeV \/E E - \/E <V >
47KT m,

e Uem oOycnaBiIvBacTCs CyIIECTBOBAaHUE MaKCMMyMa Ha KpHUBOH
pacnipenenenus MakcBemra F(v) ?

o Kakumu  ocobeHHOCTSIMU  pacmpejaeneHuss  MakcBesia F(v)

00yclaBiIMBaeTcs TOT (DaKT, YTO CPeHsis apu(pMETHUECKass CKOPOCTh
(v) Momekyn Oomblle, 4eM HaHBEPOATHEWINas, HO MEHBIIE, UYeM

CpeaHsisi KBagpaTUyHasi?

e B 3akpeiToM cocyae oO0bema V, B OTCYTCTBUM CHJIOBBIX TOJIEH
HaxoauTcs N, MOJIEKyJd uaeanbHOro raza. Onpeaenure cpeHee YUCiIo
Monekyn (N), HaxoasAImxcs B sT4eiike oObeMa V , sBISoIIeiics Manoi
4yacTbio o0bema V.

e Brluyuciaure TmNOCTOSHHYIO n, pacnpeneneHuss bonblimMaHa rasa,

HaxOJSIIEMCA B TEIUIOM30JUPOBAHHOM COCYAE BBICOTHI H, KOTOpBIii
MOJABEIIECH B BEPTUKAJILHOM IOJIOKEHUH B OJTHOPOJHOM TOJIE€ TSXKECTH.
TeMmneparypa ra3a B cocyJie Be3/ie OJIMHAKOBa U paBHaA .



e VTBEpKIAIOT CIENyIOlIee: MOCKOIbKY MOJIEKYJBl BO31yXa B 3€MHOH
atMocepe ABMXKYTCS BBEpX C YMEHBIIAIOUIUMUCS CKOPOCTSIMH, a
JBUKYIMECS] BHA3 YBEIUYHUBAIOT CBOU CKOPOCTH IO ACHCTBUEM CHIIBI
TSKECTH, TOT/IA CPEIHHE CKOPOCTH MOJIEKYJ HaBepXy, a CHUMH U
TeMIlepaTypa BO3AyXa JOJDKHBI ObITh MEHbIIIE, YeM BHU3Y! OOBsICHUTE,
[IOYEMY 3TOT NapaIOKCaIbHbBIN BBIBOJ IPOTUBOPEUYUT TEPMOAUHAMUKE.

e Temnon30JMpPOBAHHBIN COCY] C MI€aTbHBIM I'a30M IOJBEIIEH HAa HUTHU
B I0Jie TsbKecTu. M3-3a nelicTBUS CUIIBI TSKECTH IUIOTHOCTD rasa y JHa
cocyna Oosblie, yeM HaBepxy. HuTp mepexuraror, u cocys cBOOOIHO
nagaer. Cuuras, 4To BO BpeMs NAJEHUS ra3 yCHeBaeT MPUNTH B
COCTOSIHUE PaBHOBECHS, ONIPEIETUTE, KAK U3MEHUTCS TEMIIEpaTypa rasa
U NaieHUH (YBEIUYUTCS, YMEHBIIUTCS WM OCTAHETCS TPEXKHEN )

e Haiitn BelpakeHUe JUIS ITOJHOTO YKMCJIA CTOJKHOBEHHUM MOJIEKYJI ras3a B
€IMHUYHOM 00bEME B €IMHHUILY BPEMEHHU.

V1. Bonipocsl K J1a00paTOpHBIM padoTam
MouiexkyaspHass pU3UKA U TEPMOAUHAMUKA
2.1 W3yyeHue TeMmepaTypHOH 3aBHCHMOCTH BSI3KOCTH IPHU MNOMOIIH
BHCKO3MMeTPA ¢ NAJAI0IIUM IAPUKOM
1. SBnenue Ba3kocTu. I[IpuumHa BO3HMKHOBEHHS BSI3KOCTH B IKHUJIKOCTH?
MexaHnu3M BS3KOCTH B JKHIKOCTH. YeM OT/IMYaeTcss MeXaHM3M BSI3KOCTH B
JKHUJIKOCTH OT MEXaHW3Ma BSI3KOCTHU B razax?

2. BriBog 0011ero ypaBHeHus nepeHoca. 3akoH HproToHa A1 )KuakocTu (rasa)
(BeIBONT). DH3MyeCcKuid CMbICT KO3PPUIIMEHTA BA3KOCTH.
3. ®opmyna Openkenst (BbiBoA). Kak ko3(p(ULIMEHT BA3KOCTU 3aBUCHUT OT

temneparypbl?  CpaBHHUTE  TOJYYEHHBIH  pe3ysbTaT C  TeMIepaTypHOU
3aBUCUMOCTBIO BSI3KOCTBIO Iasa.

4, 3akon Crokca (BeiBox). Kak wampaBiena cuna Crokca? ['panutisi
MpUMEHUMOCTH 3akoHa CTOKca.
5. DHeprusi akTUBU3aIlUU. 3aBUCUMOCTh KOd(h(PUIIMeHTa BA3KOCTH OT SHEPTUU

akTUBalMU. UTO MPOUZOUIET C BA3ZKOCTHIO KUIAKOCTHA MPU YMEHBIICHUU WU TPH
YBEIIMYEHUH SHEPTUU aKTUBAIUU?

6. [ToHsaTHE MOTEHIMAIBHOM SIMBI M TOTEHIIMAILHOTO Oaphepa sl MOJEKYJ
KUJKOCTH. YCJIOBHE TIPEOJIOJICHUS MOJIEKYJIONH TOTEHIUAIBHOTO Oapbhepa Hu
BBIXOJIa €€ U3 MOTCHIIMAILHOM SIMBI.

1. UeMm peanbHas XUIKOCTh OTIMYAETCS OT HAeanbHOW >kuakoctu? Ilpu
JIBVDKCHUM B KAKOM XKUAKOCTH — PEAIbHOW WM HUACAIBHOU — MEXKIAY CIOSIMHU
BO3HUKAET CUJIa BHYTPEHHETO TPEHUS?

8. [lepeuncnuTe OCHOBHBIE OTJIMYUTEIBHBIE CBOMCTBA XKUAKOCTH OT rasza H
TBEPAOTO Tena. UeM TeIIoBOE NBUKEHUE MOJIEKYJ JKUIAKOCTH OTIAYAECTCS OT
JIBH>KEHUSI MOJIEKYJI T'a3a U TBEPJOro Tena’?

9. UeMy paBHa [JIuMHAa CKayKa MOJIEKYJbl KUJIKOCTH? UYUTO Ha3bIBaIOT
«BPEMEHEM OCEIJION >KU3HW» MOJICKYJbI KUIAKOCTU? V300pazutre TpaeKTOpUIO
JBVDKEHUSI MOJIEKYJIbI T'a3a, MOJIEKYJIBI )KUAKOCTU U MOJIEKYJIbI TBEPAOTO TENA.



2.2. DJKcnepuMeHTAJbHAsi MpoBepka 3akoHa boiasa-Mapuorra ¢
npuMeHeHneM ycTaHoBku Cobro3
1. ChopmymupyiiTe OCHOBHBIE TIOJIOKCHHSI  MOJIEKYJISIPHO-KHHETHICCKOM
TEOpUU HJIeaIbHOTO Ta3a. [Ipu Kakux yCIOBHUSAX peajbHbIA ra3 MOKHO CUUTATh
ujeaabHbIM?
2. Monens ctpoerus atoma no Pesepdopmy. Uem momekymna oTaudaeTcss OT
aToma?
3. BriBenute ocHoBHoe ypaBHeHue MKT wupeanbHoro raza. Chopmynupyiite
(bu3MYecKuil CMBICI AaBJICHUS UICATILHOTO ra3a U TEMIEPATYPHhI.
4, Ha ocnoBe MKT BbIBenuTe ypaBHEHHE COCTOSIHHS HJICAIBHOTO ra3a Wid
ypaBHeHue MenneneeBa-Knanelipona. Hcxons W3 ypaBHEHUS COCTOSIHUS,
ONPENICIIUTE BUIbI TEPMOAMHAMHYECKUX CUCTEM: TEIIOU30JIMPOBAHHOM, 3aKPBITON
Y OTKPBITOM.
5. N3  ypaBHEHHMST COCTOSIHMSI HWJEaJbHOIO Ta3a  BBIBEJUTE 3aKOHBI
u3omnporeccoB. M3o0pazute rpadukud H30MPOIECCOB U MPOBEAUTE HMX IOJHBINA
aHaJIN3.
6. Chopmynupyitte ¢dusnueckuit cmpicn  chaenytromux nouatuit  MKT:
OTHOCHUTEJIbHAs aTOMHas (MOJIEKYJIsIpHAasi) Macca BEIIECTBA, KOJIMYECTBO BEUIECTBA,
MOJIb BEIIECTBA, MOJIApHAs Macca, YHUBEpcajbHas ra3zoBasd mnocrosiHHas. Kakx
CBS3aHbI MEXKy COOOM IMJIOTHOCTh BEUIECTBA, KOHUEHTPALMS U Macca MOJIEKYJIbI?
EnuHunbl u3mMepeHus: yKka3aHHbIX BEJTNYUH.
7. BriBo paboueit popmyiibl.

2.3. Onmnpenenenne KoOIPPHUIHEHTA MOBEPXHOCTHOTO  HATSKEHUS
JKHJIKOCTH METOJ0M OTPbIBa KOJIbIIA ¢ MPUMeHeHneM ycTanoBku Cobro3

1. Onpenenure TOHATUA. PAAUYC MOJEKYJIApHOro JedcTBUS U cdepa
MOJIEKYJIIPHOTO AeUCcTBUSA. OTBET MOSICHUTE COOTBETCTBYIOLIUM PUCYHKOM.
2. Uro Ha3piBalOT B TEPMOJMHAMHKE CBOOOJHOM MNOBEpPXHOCThIO? UYem

OTJIMYAETCSI COCTOSSHUE MOJIEKYJbl B IOBEPXHOCTHOM CJIO€ OT COCTOSIHUA
MOJIEKYJIBI B 00beMe XKUAKOCTU? ONUIINTE XapaKTep B3aUMOJEHCTBUS MOJICKYJI B
KUJIKOCTH.

3. Onuiure MEeXaHW3M BO3HUKHOBEHHUSI TMMOBEPXHOCTHOTO HATSDKCHHUS U CHJI
MOBEPXHOCTHOTO HaTskeHUs. K dYeMy MNpuiioKeHbl CHJIBI  TOBEPXHOCTHOTO
HATSDKEHUS! M KaK OHU HaIlpaBJICHbBI?

4, Kak m moueMy cuiibl MOBEPXHOCTHOTO HATSKEHUSI CTPEMSITCA U3MEHUTH
IoMaasr TOBepXHOCTHOTO ciosi? Kakyro ¢opMy mpuMer Kamuis >KHUIKOCTH B
OTCYTCTBUU JPYTUX CUJI (B HEBECOMOCTH) U MOYEMY?

S5. Chopmynupyiite Guzndeckuii cMbICT KOIPGUIIUEHTa TMOBEPXHOCTHOTO
HaTsDKeHHs. JlalTe €ero SHEPreTMYeCKyr W CHIIOBYKO TPAKTOBKY. YKaXHWTE
€UHULIBI U3MEPEHUs KOd(PPUIIMEHTA TOBEPXHOCTHOTO HATSXKCHHUS.

6. OnummTe TeMrepaTypHyl 3aBUCUMOCTb KO3(D(HUIIMEHTa MOBEPXHOCTHOTO
HaTspkeHus. [Ipu kakoii TeMiiepaType ero 3HaueHue paBHO HYJ0?
7. Onpenenute  Qusnueckuii  (TEPMOAMHAMHYECKUN)  CMBICT  TOHSATHS

CBOOO/THOM MOBEPXHOCTHOW SHEPTHUHU.



8. Onpenenure ¢ NOMOIIbIO PUCYHKA MOHATHE KpaeBoro yria. KakoBel ero
3HAYEHHUS B CITy4dae MOJHOIO0 CMAYMBAHMS U MIOJHOTO HECMAaYMBaHUA?

Q. OnummTe  MEXaHW3M  BO3HMKHOBEHHUS  SIBJIGHHS  CMAayuMBAaHHUS U
HecMayuBaHud. MOXET JIM CMauyWBaHUE WJIM HECMAuYWBaHUE MPOUCXOJUTH IS
JBYX KUIKOCTEH?

10. 3anummre ycioBHE PAaBHOBECHS Kallld XUAKOCTH, JIEKallled Ha TBEpAOU
NMOBEpXHOCTU. BeIBeanTe (GopMyibl Al KpaeBbIX YIJIOB B Clyd4ae CMAauyMBaHUA U
HECMAaUMBAHUSA KUJKOCTHIO JAHHOTO TBEPOIO Tea.

11. BreiBenute ¢popmyiy Jlamnaca nis pacueTa JONOJHUTEIBHOTO AABJICHUS O]
UCKPUBJIEHHON IMOBEPXHOCTHIO XHAKOCTU. Omnpenenure BXoAsmue B (Hopmyiy
¢uznyeckue BenuuuHbl. KanusispHele sBICHUS.

12. Kak HampaBieHa cuja THOBEPXHOCTHOTO HATSXKEHUS B MOMEHT OTpPbIBA
KoJbp1a? OTBET NOSICHUTE PUCYHKOM.

13. OObBscHuUTE CyTh MeTO/Ma W3MEpeHHs Kod(h( HUIMEHTa MOBEPXHOCTHOTO
HATSDKEHUS, UCII0JIb3YEMOI0 B IaHHOM padoTe.

14, MoxHo 1M onpeaenuTb Ko3()PUIMEHT TOBEPXHOCTHOIO HATSKEHUS
METO/JOM OTpbIBa KOJblLA, €CIH JKUJIKOCTb HE CMauyuBaeT KoJapluo? OTBer
HOSICHUT.

15. BeiBog  paboueit  QopMynbl i1 BBIYMCIEHHS KO3 (ULIHEHTa
MOBEPXHOCTHOT'O HATSHKEHMUSI.

2.3. Onpeaenenne KoOIPPUUMEHTA TNOBEPXHOCTHOIO  HATSKEHUS
JKHIKOCTH METO0M OTPbIBAa KOJIbIIA ¢ MPUMeHeHueM ycTaHoBKH Cobro3
1. Onpenenure TMOHATUA paguyca MOJICKYJISIPHOTO JEHCTBUS H  cdepsl
MOJIEKYJISIPHOTO AeicTBUSA. OTBET MOSCHUTE COOTBETCTBYIOIINM PUCYHKOM.

2. Uto Ha3pIBaeTCs CBOOOJIHON MOBEPXHOCTHIO? UeM OTIMYAeTCs] COCTOSHHE
MOJIEKYJIbl B TMOBEPXHOCTHOM CJIO€ OT COCTOSIHUSI MOJIEKYJbl B OOBEMeE
*KuakocTtu? ONUIINTE XapaKTeP B3aUMOICHUCTBUS MOJIEKYJI B KUJIKOCTH.

3. OnummTe MEeXaHW3M BO3HUKHOBEHHS IMOBEPXHOCTHOTO HATSKEHUS W CHII
MOBEPXHOCTHOTO HaTsKeHUs. K demMy mpHIIOKEHBI CHUJIbI OBEPXHOCTHOTO
HATSDKCHUS M KaK OHU HaIpaBJICHBI?

4. Kak u modyemy CTpeMsTCS U3MEHUTH ILJIONIAb TOBEPXHOCTHOTO CJIOSI CHJIBI
MOBEPXHOCTHOTO HaTskeHus? Kakyro dhopMy mpuMmeT Karuisi KUJIKOCTH B
OTCYTCTBUU JPYTUX CUJI (B HEBECOMOCTH) U MOYEMY?

5. Chopmynupyiite ¢Gu3ndeckuii cMbICT KOI(PGUIIUEHTa TMOBEPXHOCTHOTO
HaTsDKEHHs. J[aiTe ero 3HEpreTUYECKyr0 M CHUIIOBYHO TPAKTOBKY. Y KaXHWTE
SMHUITBI U3MEPEHHS K0dPDUIIMEHTA TOBEPXHOCTHOTO HATSHKCHHUS.

6. OnummTe TeMIepaTypHyl 3aBHCHUMOCTh KOd((HIIMEHTa MOBEPXHOCTHOTO
HaTsokeHus. [Ipu kakoil TeMiieparype ero 3HadeHUe paBHO HYJIO?

7. Onpenenure  ¢u3nyeckuid  (TEPMOAUHAMUYECKUNA) CMBICI  TMOHSATHUSA
CBOOO/THOM MOBEPXHOCTHON SHEPTHUHU.

8. Omnpenenure ¢ MOMOIIBIO PUCYHKA MOHATHE KpaeBoro yria. KakoBel ero
3HAYEHUS B CIIy4ae MOJHOIO CMAYMBaHMS U TIOJIHOTO HECMAYUBAHUSA ?



9. OnummTe  MeXaHW3M  BO3HUKHOBEHHUS  SIBJIGHMSI  CMayuMBaHUs U
HecMayuBaHug. MOXET I CMauyMBaHWE WM HECMAauyWBaHHUE MPOUCXOIUTH
JUISL ABYX JKUJIKOCTEH?

10.3anummTe ycioBHME PaBHOBECHS KarUId >KHIKOCTH, JICXKAIEH Ha TBEPIOH
MOBEPXHOCTH. BpiBemute QopMynbl Uisi KpaeBbIX VIJIOB B  Cllydae
CMa4YMBaHUs U HECMAYMBaHUS )KUIKOCTHIO TAHHOTO TBEPAOTO Tea.

11.BriBenute hopmyiy Jlammaca qyist pacdera JOMOTHUTEIHHOTO TABICHUS MO
HMCKPHUBJICHHON TIOBEPXHOCTBIO KHUAKOCTU. Ornpenenure BXOMSIIHE B
dbopmyny dhusnyeckue BeauuruHbl. ONMUIINATE KaWUISIPHBIC SIBJICHUS.

12.Kak HampaBiieHa cWjIa TOBEPXHOCTHOTO HATSKEHUSI B MOMEHT OTphIBa
KoJb1a? OTBET MOSICHUTE PUCYHKOM.

13.00bscHUTE CyTh MeETOJa H3MepeHHs Kod(PPHUIIMEHTa TOBEPXHOCTHOTO
HATSDKEHUS, UCII0JIb3yeMOro B IaHHOU padoTe.

14 MoxxHo 1M omnpenenuTs Ko3((UIHEHT MOBEPXHOCTHOTO HATSHKEHUS
METOJIOM OTphIBa KOJIbIIA, €CIU >KUJIKOCTh HE CMauuBaeT KoJibllo? OTBET
MOSICHUT.

15.BeiBOog ~ paboueid  (opmynbl A BBIUMCIEHHS — Ko3(duuueHTa
MTOBEPXHOCTHOTO HATSHKCHUS.

2.4. OnpenesieHne TEMJI0EMKOCTH METAJLIIOB

1. TennoemMkocTh Tena. YieJbHAs TEIUIOEMKOCTh M MOJISIPHAsI TEMJIOEMKOCTb,
CBSI3b M€y HUMH.
2. OCHOBHBIE MOJIOKEHUS KJIACCUYECKON TEOPHUM TEIJIOEMKOCTH ra3oB. HYucio

cTerneHeil cBo0oIbl M COOTBETCTBYIOIIME UM Koddduimentsl [lyaccona. I'panuiibt
IIPUMEHUMOCTH KJIACCUYECKOM TEOpUU TEIUIOEMKOCTH ras3oB. TemieparypHas
3aBHCUMOCTbH TEIJIOEMKOCTH BOJIOPOAA U €€ OOBSICHEHHE.

3. OCHOBHBIE TOJIOKEHUSI KIACCUYECKOW TEOPUHU TEIUIOEMKOCTH TBEPABIX TEIL.
BriBog 3akona lrononra-IItu. HepoctaTtku kiaccuueckod TE€OPUM TEILNIOEMKOCTH
TBEPIBIX TEI.

4, DJIEeMEHTHI NEPBOM KBAHTOBOW TE€OPUHU TEIJIOEMKOCTH TBEPIBIX Tell. BriBOA
dbopmynbl DitHITeHA 1 ee aHanu3. Kakyro 00iacTh TeMnepaTypHOi 3aBUCUMOCTH
TEIJIOEMKOCTH TBEPJbIX Tel ONuchiBaeT Qopmyna ODitHmreitHa? HenmoctaTku
TEOPHUU TEIJIOEMKOCTH DUHIITEHHA.

S. OCHOBHBIE TIOJIO)KEHHMSI KBAaHTOBOW TEOPHM TEIUIOEMKOCTH TBEPABIX TEN
Jle6as. BoiBon 3akona Jle0asi, aHamu3 MOJy4E€HHOTO pe3ybTara.
6. Henoctatku KBaHTOBOW Teopuu TerioeMKocTH TBepAbix Ten Jlebas. Ilyth

YCOBEPIICHCTBOBAHUSI KBAHTOBOW TEOPHUH TEILIOEMKOCTH TBEPBIX T€N: (POHOHBI U
(OHOHHBIN Ta3.

1. Omnpenenenue xapaktepucTuueckoil Ttemmeparypbl Jlebas. Kakyio poib
temrniepatypa JleGass urpaer B TeMIepaTypHOH 3aBUCHUMOCTH TEIUIOEMKOCTU
TBEPIBIX TENI?

8. OnummTe CyTh METO/a ONPEACIICHUS YACIbHOW TEIJIOEMKOCTH METAIJIOB B
JlaHHOM paboTe.
9. BreiBog paboueidi GopMysbl IS ONpeneNieHUs YICAbHON TEMI0EMKOCTH

MCTAJIIIOB.



2.5. PacnpegesieHHe MOJIEKYJ ra3a M0 CKOpPOCTSM (pacnpeejieHue

MakcBeJsuia)

1. Kiaccuueckast Teopusi uaeanbHOTO ra3a U OCHOBHBIEC IMOJIOKEHUSI B HEUM O

XapakTepe paclnpenesieHus MOJIEKyJd 1o ckopocTsMm Makceemwta. Ilpu kakmx

YCJIOBUSIX  pacOpelielieHMe MOJIEKYJl Ta3a [0 CKOPOCTSIM  OINKCHIBAETCA

pactipenenenueM MakcBemia? Ilouemy pacnpenenenne MakcBea Ha3bIBalOT

PaBHOBECHBIM pacIpeAeIeHuEM?

2. 3anumure QYHKIUU pacnpeiesICHUs: MOJIEKYJI M0 MPOEKIUIM CKOPOCTEH U

chopmynupyiTe PU3NUeCKUid CMBICT JaHHBIX (PYHKIIHM.

3. Hapucyiite n npoananusupyiite rpaduk pacnpeneneHus MOJEKYI MO OJHOM

Y3 IPOEKIUN CKOPOCTH.

4, BriBeguTe pacnpeneiieHME MOJIEKYJ IO ckopocTsaM. Iloctpoiite wu

MPOAHANM3HUPYITE rpadUK NOTYyYEHHON (QYHKINUH:

o QDu3nyecKU CMBICI IUIOMIAAM, OrPAaHUYEHHOM KpuBOWM  rpadukxa
pacrpeieNeHrs MOJIEKYJI IO CKOPOCTSIM U OChbIO a0CITUCC;

e OrnpeneneHrue HAMBEPOSITHEUILIEH CKOPOCTH TEIJIOBOTO JBHIKEHUS MOJIEKYJI
(BBIBON);

e OmnpeneneHue CpeIHEN MW CPEIHEN KBAJAPATHUYHOW CKOPOCTH TEIJIOBOTO
JIBH>KCHUSI MOJIEKYJI (BBIBOJ);

e (COOTHOIIEHUE MEXKY XapaKTEPUCTUUYECKUMU CKOPOCTAMH pPACHpPEICIICHUS
MakcBena;

e BiusHue TeMmeparypbl TEPMOJMHAMUYECKOW  CHCTEMBbI Ha  BUJ
pacnipenenenus MakcBemia (mocTpodTe Tpaduk g JBYX Pa3IMYHBIX
TEeMIIepaTyp);

e BiusiHue Macchl MOJEKYJ HJCabHOIO Ta3a Ha BHJ pPacHpeacsICHUs
MakcBesta (moctpoite rpaduk At ABYX MOJIEKYJT Pa3IMuyHON MacChl).

5. Bo cKONbKO pa3 u Kak MU3MEHUTCSI CPEAHSST CKOPOCTh JIBHXKCHUSI MOJIEKYJ TIPU
nepexoze OT KHCIOpoJa K BOAopoay?

6. B uem cyTh METO/Ia MOJICTTUPOBAHUSI PACIIPEICIICHUS MOJICKYJI IT0 CKOPOCTSIM B
JaHHOU padoTe?

7. Tlouemy BO BpeMs SKCHEPUMEHTa HEOOXOIMMO TMOACPKUBATH TMOCTOSIHHYIO
IJIOTHOCTh YAaCTHUI] B KaMepe MOJEIUPOBAHMS PaCIpPECICHUS MOJEKYJ IO
CKOpPOCTSIM?

8. Kak B skcmepuMeHTe pacCUMTHIBACTCS CKOPOCTH IIapvKa, MOMAJArOIIeTO B
OJINH U3 IPUEMHBIX OTCEKOB?

9. I'mcTorpamma pacrmpeiesieHuss BEpOSITHOCTEH CIIy9allHOW BEIHYMHBI U €€
XapaKTePUCTUKH.

10.Onmummmte cxemy Otro lllTepHa 1o SKCIEPUMEHTANIBHOM MPOBEpPKE 3aKOHA
MakcBesna o pacnpeeeHUI0 MOJIEKYJT 10 CKOPOCTSIM JIJIs MOJICKYJISIPHBIX U
aTOMHBIX ITyYKOB M BO3MOKHOCTHU IPOBEJICHUS pacyeTa B ’TOM SKCIIEPUMEHTE.

2.6. MoaenupoBaHue pacnpejejieHUe KOHIEHTPAIMM MOJIEKYJ ra3a B
rPAaBUTANMOHHOM I10JIe 3eMJiu (DapoMeTpH4YeCcKas BbICOTA)



1. BoiBog pacnpeneneHus naBiieHHs Ta3a B MoJie TsDKeCTH. bapomerpuueckast
dbopmyia v YCIOBHS €€ TIOTyUCHHUS.

2. OTnuune 3aBUCHMOCTH JTABJICHUS KUJIKOCTH OT BBICOTHI CTOJIOA JKUIKOCTH
(mpu mepexojie OT JHA K BEPXHUM €€ CJIOSM) OT 3aBHUCHUMOCTH JIaBJICHUS
aTMoc(epbl OT BBICOTHI (TIPH TEPEXOe OT MOBEPXHOCTH 3eMIIM K BEPXHUM e
ciosim)? [TpuurHa JaHHOTO OTJIMYMSL.

3. [Touemy wmexanuueckas wmoxaens P.llons ¢ mapukamMmu B JTaHHOM
nabopaTopHOoil paboTe TMO3BOJIIET OYEHb HArJSAHO OOBSCHATH  CMBICI
«bapoMeTpruuecKoin» GopMyIIbI?

4, [Ipu kakux yCIOBHSIX BO3MOXKEH MEPEX0] OT OapoMeTprUUecKoil (opMyIbl K
pacrpe/iefieHHI0 KOHIIEHTpanuu MoJiekya atMmocdepsl mo Beicote? IlpuBenute
rpaduK 3aBUCUMOCTH KOHIICHTPALIUA MOJIEKYJI aTMOC(EpPHI 10 BHICOTE.

5. Chopmynupyiite  Qu3nueckuii CMBICT  TOKa3aTedsl JKCIOHEHTHl B
pacrpeieJieHd KOHLEHTPAIMU MOJIEKYJl aTMOC(epbl MO BBICOTE M OCYIIECTBUTE
nepexo K 3akoHy (wim teopeme) boapiMana.

6. 3akoH wiM TeopeMa bosbliMaHa J1aeT 3HAYUTEIbHOE 00O0OIICHUE NI BCEX
TEPMUUYECKH PABHOBECHBIX MpoIEccOB. B uUeM (Qu3MYECKUI CMBICI 3TOrO
00001eHn?

1. BBuay HCKIIOUMTENBHOW Ba)XHOCTH 3akoHa boiibiiMaHa mnpuBEAUTE e€lIe
OJIUH OOIIUI HArJISAHBIN BBIBOJ 3TOTO YPABHEHUS.
8. Onummute onbIT JX.IlepeHa u BO3MOXXKHOCTH BBIYMCIICHUS Yucia ABOrajpo 1

nocTostHHOM bosibIiMaHa U3 3TOro OIbITA.
Q. BriBo paboueit popmyibl.

2.12.CHATHe KPUBOW NJIABJIEHUS U KPUCTAJUIN3AIUM THIOCYJIb(UTA
1. Jaiite ornpeneneHre NOHATHIO BEIIECTBA, (POPMYIUPYEMOE B MOJIEKYJISPHO-
KMHETHYECKOW TEOpPUH BEIIECTBA. ATpEratHble COCTOSIHHS, BUJIbI arperaTHbIX
COCTOSIHUM, OCHOBHOW KPUTEPUN PA3IUYMS arperaTHeIX COCTOAHMN. OCHOBHOE
CBOIMCTBO arperaTHbIX COCTOSHUM.
2. Tepable Tena u QopMmbl ero cocrossHus. OOUME MaKpOCKOIMUYECKUE
CBOMCTBa KPUCTAJJIOB: OMMKHUM M nayibHUM nopsinok. daza, ¢ha3zoBoe COCTOSIHUE.
CtpykTypa TBEpAOTro TeJa U CBA3b €ro (PU3MUECKU CBOMCTB CO CTPYKTYpPOH.
3. YcnoBus YCTaHOBJICHHS OJIMKHETO 151 JAJIbHETO MOPSAKA.
TepMoguHaMUUeCKU TPUHIIUIT MHHHUMyMa CBOOOJHOW JHEPTUU CHCTEMBI B
YCTAaHOBJICHMM  YCTOMYMBOIO COCTOSIHAS CHCTEMBI W ONpPENEIEHUS €€
KoH(Hrypanmm.
4, dazoBbie niepexoanl | u 1l poga. Onummumre dhazossie nepexost | pona.
S. VYpasuenne Knaneitpona-Knaysuyca u ero ¢usmueckuii cmbicia. dazoBas
Iuarpamma rnepexoja «TBEpIoe TeI0-KUIKOCTb» U €€ 00BsICHEHHE.
6. [InaBnenne u Kpuctasmm3auus. BO3HHKHOBEHHE TNEPEOXIAXKIAECHHOTO
COCTOSIHMSI W TNPUYHAHBI CYHIECTBOBAaHHA TAaKOI'O  COCTOSIHHS. Y CIOBUSA
KPUCTAIUTM3ALUHU U3 IEPEOXTIAKIECHHOTO COCTOSTHUA.
7. Hapucyiite nuarpamMmy IUIaBlI€HUST M KPHUCTAJUIM3alWA TBEPAOrO Tela U
OINMUILIUTE BCE (PU3MUYECKre MPOLIECChl, 0TOOpaXKEHHbIE HA ATOM AUarpamme.



2.10. Omnpenenenne kKodpPuuMeHTa BAZKOCTH H CpedHeill JJIUHbI
cB00OHOI0 Mpodera MoJIeKy.JI BO31yXa
1. Uucno CTONKHOBEHUH U CpeAHss ITTMHA CBOOOAHOTO Mpobera (BhIBO).
2. OddexTuBHplii  auamerp  MoyieKyl U d((EeKTHBHOE  ceueHue
MEKMOJIEKYJIIpHOTO B3aumozeiicTeus. Kak cpennss amuHa cBoOogHOTO mpodera
cBsi3aHa C 3PPEKTUBHBIM CEUCHUEM MOJICKYJIHI?
3. MexMOoneKyJIIpHOe  B3auMojencTBue u  ero mpupona. [lokaxure
rpa@uyueckd 3aBUCUMOCTH CHJIBI  MEXKMOJIEKYJSIPHOTO B3aUMOJCHCTBUS  OT
pacCTOAHUS MEXKIY IBYMsI aTOMaMH.
4. 3aBUCUMOCTh JUITMHBI CBOOOAHOTO TpoOera OT JaBJICHUS U TEMIEPaTyphl.
@opmyna Cesepinenpa. llokaxure Ha NOTEHIMAIBHONM KPUBOM 3aBHCHUMOCTh
JUIMHBI CBOOOJTHOTO Mpo0era OT TeMIIepaTyphl Uil ra3oB U )KuakocTe. OObsicHUTE
pasnnuue 3aBUCUMOCTH A(T) AJIA ra30B U KUAKOCTEMU.

S. BriBo 0011€TO ypaBHEHUS nepeHoca. OMUIIUTE MEXaHU3M BSI3KOCTHU Ia30B.
Hcnonb3yst o0miee ypaBHEHUE TMepeHOca, MoayduTe KOAD(PUIIMEHT BSI3KOCTH st
ra3zoB. CyopMynupyiite puznueckuii cMbIca KO3 GUIIMEHTA BA3KOCTH JIJISl Ta30B.
6. Kak koa(dduimeHT nuHaMHuecKOW BSI3KOCTH CBSi3aH € KO3(DPUIMEHTOM
KMHEMaTU4YEeCKON BSI3KOCTH? 3aBUCUMOCTh KOd(DPUIIMEHTA BA3KOCTH OT JaBJICHUS
U OT TemnepaTtypsl. EqunHuiibl usmepenns korguiueHTa BI3KOCTH.

7. Kakoe nBmxeHue >XuUAKOCTH (ra3a) HasblBaeTcs JamuHapHbIM? Kakumu
napamMeTpaMM omnpenensercs uuciao PelHonbAca W YEeMy OHO pPaBHO JUIS
JaMUHApHOro TeueHus ra3za? Enunauiibsl nusmepenus uncia PeitHonbaca.

8. CranyoHapHOE M HECTALIMOHAPHOE JBUKEHUE >KUJKOCTH WIM ra3a. BeiBox
dbopmysl [lyazeitsia qy1si CTAlMOHAPHOTO ABUKEHUS KUIKOCTH WIIM ra3a.
Q. OObsiCHUTE TPUHIMUI ONBITHOTO OmNpeneneHus Kod3PQuUUEeHTa BI3KOCTU

BO3J/lyXa Ha OCHOBE KanmwuisipHoro merona Ilyaseins. Kakum oOpa3zoMm co3naercs
Pa3HOCTh [AaBJICHUM Ha KOHIAaxXx kKamwuripa? Kakumm cpencrBamm u3mepsieTcs
BEJINYMHA ITIOTOKA BO3yXa Yepe3 Karnmusap?

10. BrBog paboueii hopmyIbI.

2.15. A3mepeHne JHTPONUM NPH IJIABJIEHUH 0JI0BA

1. OObpaTtumble U1 HEOOpaTUMBbIE TpOLECCHl. BTOpoe Havano TepMOJMHAMUKY B
dopmynuposkax Knaysuyca u KenpBuna-Ilnanka.
2. Onpenenure IIOHSATHE TEpPMOAUHAMUYECKAs cucTeMa. Kaxkas

TEPMOJMHAMHUYECKAs CHUCTEMa SIBJISIETCS W30JUPOBAHHOW, 3aKPBITOW, OTKPBITOW?
JaiiTe onpeneneHne paBHOBECHOIO COCTOSIHUSI TEPMOJUHAMUYECKON CUCTEMBI.

3. Onpenenure MOHATHE NPUBEACHHOW TemnoThl. Teopembl Kitaysmyca u
sHTponua. CBoOoaHas sHeprus uiam sueprus [enbmromisua. TepMoanHaMUUEeCKU
CMBICII SHTpOMUH (BbIBOMA). OnpenenuTe NOHITHE CBA3aHHAs YHEPrUsl.

4. Uro o3Hauaet: sHTpomnus sBisiercs (yHkuueil cocrosnua? Ilepeuucnure
W3BECTHBIE BaM (PYHKIIMU COCTOSIHUSI U ONIPEAENIUTE X PU3NYECKUIM CMBICI.
5. amumuTe 0000IIEHHOE YypaBHEHHE TepMoauHamMukud (mwam  1dS -

ypaBHEHHE), TOSICHUB BCE BXOJSIIME B HErO BEIUYMHBI. UTO TMPOUCXOAUT C
SHTPOMHEN B 3aKPHITON CUCTEME MPHU OOPATUMBIX U HEOOPATUMBIX MpOIIeccax?



6. Marematuueckass (OpMyJIUpPOBKAa BTOPOTO Hayajla TEPMOAMHAMUKH —
HepaBeHCTBO Kiay3uyca. 3akOH BO3pacTaHusl SHTPOIIUU.

1. Cratuctuueckuii  cmbici  3HTpornuu. Dopmyna bonbiimMana (BBIBOX).
CraTuCTUYECKHI BEC U TEPMOAMHAMUYECKASI BEPOSATHOCTb.

8. Uto o3HAYaeT: SHTPOMHS SBISICTCS MEPOH paCCEsHUsI WU OOCCIICHUBAHUS
sHeprumn? EAMHUIIBI U3MEpEHUsI SHTPOTIUH.

Q. MexaHu3M MpOIECCOB IUIABJICHUS M KPUCTAILIM3AIMU B TBEPJbIX Teax.
@da30BbIN MIEPEXO] IEPBOTO POJIA.

10. VYaenbHas TemjaoTa IUIaBiACHUS M Kpuctaum3auud. OT Kakux (pU3HUECKHX
XapaKTepUCTUK 3aBUCUT YJENbHAs TEIUIOTAa IUIABIEHUS W KPUCTAILIM3ALUU?
EnuHunb u3mMepeHus.

11. OObscHUTE, KaK M IOYEMY H3MEHSAETCS DHTPOMNUS TP IUIABICHUU U
KpUCTAJUTA3alMU TBEPAbIX Ten. HapucyiiTe KpuBYIO IJIABICHHS U KPUCTAILIA3ALUN
TBepAoro tena. HazoBure ycioBHs KpUCTAIIM3ALMH TBEPBIX TEN.

12. BeiBoj paboueii popmyIbl.

2.17. OnpeaesieHue OTHOILICHUS TEIUIOEMKOCTEH MPH MOCTOSTHHOM
JAABJICHUM U NOCTOSIHHOM 00beMe MeTooM Kiemana u /lesopma

1. TermnoeMKOCTh Tea. yI[@J'IBHaSI TCIINIOCMKOCTb U MOJISIPHAA TCIINIOCMKOCTD,
CBA3b MCXKY HUMHU.
2. TepMOIII/IHaMI/ILICCKEUI CHCTCMaA. TepMOI[I/IHaMI/IIIGCKaH pa60Ta, TCIIIIOTA.

BHyTpeHHsIT »HEprus TEPMOAMHAMUYECKOM CUCTEMBbl. BHYTpeHHsss JHeprus
UJICTbHOTO Ta3a (BBIBOJ). 3aBUCUMOCTh BHYTPEHHEW SHEPTUH HJI€aIbHOTO ra3a OT
Yyciia CTereHel CBOOOMBI U OT TeMmeparypbl. ENUHUIIBI M3MEpEHUs yKa3aHHBIX
BEJIMYMH.

3. [IpuHiun MexaHudeckoro dKBuUBalieHTa TemioTel JIxoyms u PoGepta
Maiiepa. IlepBoe Hayasi0 TEPMOJUHAMUKH (BBIBOJ).
4, [IpumeHenne TepBOro Hayajga TEPMOJMHAMUKM K  HM30IPOLIECCAM.

TermioeMKoCTh IIpru MMOCTOAHHOM 00BbEME M €€ 3aBUCHMOCTHL OT YHCJIa CTEIIEHEH
CBO6OI[BI. Ounraneusgd. TemIoeMKOCThb npn IMOCTOAHHOM HaBJICHHUHM MW €€
3aBUCHUMOCTD OT YHCJIa CTCIICHEH CBO6OI[BI.

5. Cps3p MEXIy TEIIOEMKOCTSIMHU TPU TIOCTOSIHHOM JaBJICHUU W OOBeMe.
VYpaBuenue Pobepra Maiiepa (BbIBON).
6. CpenHsss KUHETHYECKass SHEPrusi IOCTYNATEIbHOIO JBMXKEHUS MOJEKYJ

uaeaapHoOro rasza. UWciio creneHeld cBoOoabl. PaBHOMEpHOE pacmpeaeicHue
KMHETHYECKOW SHEPTUM TEIJIOBOTO JBIKEHUS MOJIEKYJ IO CTEMEHSM CBOOOJbI
(aproauueckas runotesa bojpiiMana).

7. Knaccuueckast Teopusi TEIIIOEMKOCTH ra30B.

8. AnuabatHbiii niporiecc. YpaBuenue [lyaccona st anmabaTtHOTO Tpoiiecca
(BeiBONT). PaboTa maeanbHOro rasa B aguabatHoMm mnpouecce. OU3NUecKuid CMbICIT
koapdummenta Ilyaccona. Ces3p koadduumenra Ilyaccona ¢ yucino creneHei
CBOOO/IBI.

9. BriBoa pabGoueit hopmyIibl.



2.18. Onpenenenue ko3(ppuuneHTa BHYTPEHHEI0 TPEHUSsI KUAKOCTH IO
metToay Crokca
1. C momortiso MoienTu 0OBSICHUTE BOSHUKHOBEHUE CHJIBI COTIPOTUBIICHUS TTPU
JIBI)KCHUU Tel B KUAKOCTIX U raszax. BeiBegute ¢dopmyny Crokca. Kak
HarnpabiieHa cuwia CTokca? YKaKUTe rpaHUllbl IPUMEHUMOCTH 3aKoHa CTokca.
2. KakoB xapakTep TEMIOBOTO JBWXEHUS MOJIEKYJl B Xkuakoctu? KakoBo
COOTHOUIIEHHE MEXIY KHMHETHUYECKOW M MOTECHUUAIBHOM SHEPTUEH I MOJEKYJI
JKUJIKOCTHU?
3. N300pa3ute KpUBYHO 3aBUCUMOCTH IOTEHIMAJBHOW OHEPIHMU JIBYX
B3aUMOJICHCTBYIOINX MOJIEKYJ OT pacCTOSAHUSA MexAay HuMHU. [lokaxute Ha
MOTEHIIMAJIBHOM KPHUBOM OO0JaCTh CYIIECTBOBAHMS BEIIECTBA B  KUIKOM
COCTOSIHUH.
4. MexaHu3M BO3HUKHOBEHHS BS3KOCTH B JKHJKOCTAX. 3aIllMIIATE 3aKOH
HeroToHa aiig Ba3kocT )xkuakoctu. Gusndeckuid cmpicit KO3 (ULIMEHTa BA3KOCTH
JKUJIKOCTH.
5. [Ipn KakKuX yCIOBHSAX MEXKIY CIOSIMU KUJIKOCTH BO3ZHUKAET CUJIA BA3KOCTU?
OT Kakux MapaMeTpoB JBWXKEHHS CJIOEB JKUIAKOCTH 3aBHCHUT BEJIWYMHA CHJIBI
BHYTPEHHETO TPEHUA?
6. Kak kospduiueHT BSI3KOCTH JKMAKOCTH 3aBHUCUT OT TeMIepaTypbl?
3anumute popmyny OpeHKeNs U MOSICHUTE BCE BEJIMUUHBI, BXOJSIINE B GOpMYITy
®penkens. UTo Ha3bIBAC€TCS SHEPrUeH aKTUBALIVK ?
1. 3anuimTe ypaBHEHHE IUHAMUKU IIapuKa, JBUXKYIIErOoCs PaBHOMEPHO B
JKUJIKOCTH, UCTOJIb3Yys PUCYHOK. OnpeieiuTe BCe JEUCTBYIONIME HA IIAPUK CHJIBI.
Chopmynupyiite 3akoH Apxumena.
8. B Bs3K0# KUIKOCTH C OJHON M TOM K€ BBICOTHI 0€3 Ha4aJIbHON CKOPOCTH
HAauYMHAIOT MajaTh JBa IIapUKa OAMHAKOBOro pasMepa. Kakoil mapuk ymaaer Ha
JTHO OBICTpee, eCJIM AapUKU UMEIOT pa3Hyro maccy? Ha kakoil u3 mapukoB Oynaer
JIeCTBOBATH OOJIbINIAs CUJIa BA3KOTO TPEHUS?
Q. BriBo paboueii popmyiibl.

2.19. Onpenenenne ko3(pPpuieHTa TENJIONPOBOIHOCTH TBEPABIX TeJl
1. Uro Takoe Temmora? EauHuubl wu3MepeHus TEIIOTH. YTO Takoe
teriooomen? Ilepeuncnaure cnocoObl TemiooOMmeHa. IlosicHuTe W3BECTHBIE
CIIOCOOBI TIepeIau TEILIOTHI.
2. [ToueMy atombl B TBEpPAOM TEJIE€ MOKHO MPEACTaBUTh B BUJIE CBA3aHHOU
cuctembl? Kakne konebanus Ha3pIBaloTCsa CBsizaHHBIMU? [losicHUTE Ha mpumepe
JIBYX CBSI3aHHBIX MaTEMaTUYECKUX MASITHUKOB, YTO TAKO€ HOPMAIbHBIE KOJICOAHUS
WJIM MOJa KoJeOaHuit.
3. [TosicHuTe MeXaHM3Mbl TEIUIOMPOBOJAHOCTH B ras3ax, >KHUJAKOCTAX U TBEPABIX
tenax. Kakumu XapakTepuCTHKaMU BEIIECTBa ompenensercss KodphuuueHt
TEIUIONPOBOJAHOCTH JIJIsl KQXKOTO arperaTHOro COCTOSHUSI.
4, Kakue arperatHbie cocTosiHMs BelecTBa Bbl 3HaeTe? Kakoe cooTHoIeHue
MEXJy CPEIHUMH 3HAYEHUSMH KUHETHYECKOW U TOTEHIHMAIBHOW DSHEpPruu
BBITIOJTHSETCS JIJIs1 KQK0T0 arperaTHOro COCTOSTHUS.



5. ®oHOHHBII MeXaHW3M TEIUIONPOBOJHOCTH B TBEPABIX Tenax. YTo Takoe
¢donon? Uemy paBHa sneprus ponona? Yem ¢hoHoH oTandaercs ot GoToHa?

6. B kakux TBepIbIX Telax MPUCYTCTBYET PEIICTOYHBIA MEXaHU3M Iepeiadn
Teria? B Kakux — 3JIEKTPOHHBIN?
1. BriBegute oOliiee ypaBHEHHE mpoliecca nepenoca. M3 ypaBHeHusl npolecca

IIEPEHOCA BBIBEIAWTE YPABHEHME TEILUIONPOBOAHOCTH Wi 3akoH Dypwe. Uto
O3HAYaeT 3HAK «MUHYC» B 3aKOHE Pypbe?

8.  Uro moHMMaeTcs MOJ HM30TCPMUYECKOW TMOBEPXHOCTHIO, TEMIIEPATYPHBIM
I'PaJMCHTOM | TEIIJIOBBIM TIOTOKOM B 3aK0HE Dypbe?
9. Chopmynupyiite ¢uzndeckuii cMpici KOd(PUIMEeHTa TEIJIONPOBOHOCTH.

Kak k03¢ duiMeHT TenaonpoBOAHOCTH 3aBUCUT OT JABJICHUSI U OT TEMIIEpaTypbl?
YcranoBute CBA3b  Mexay kodpduuuentamu  auddys3uu, BS3KOCTH U
TEIUIONPOBOAHOCTH.

10. Ot xakux mMmapamMeTpoB 3aBUCHUT KOIPPHUIIUEHT TEIUIONPOBOIHOCTH IS
TBEPJOTO JUAJIEKTPUKA. 3aBUCUMOCTh Kod((HIMEeHTa TErIOmpOBOAHOCTH OT
bu3NYECKUX XapaKTEPUCTHK MaTePUATIOB.

11.  CyTb KaJIOpUMETPUUYECKOTO METO/Ia U BBIBOJ padodeit (hopMyJIbl.



