[loKyMeHT noan /i 371EeKTPOHHOIMIDT@BPHA YK POCCUN
NHdogmaums DeepanbHOG rOCyIapCTBEHHOE OI0/KETHOE 00pa30BaTebHOEe

(Dl/lo ]—aCKa neprBMLI YUpEKAEHUE BBICIIETO 06pa30BaHI/I${

Tonxdocts: PekToD «HensOunckyit rocynapcrBeHnslil yausepeuret» (PI'bOY BO «Henl'Vy)

[arta rlognucanus: 07.04.2026 15:19:36
YHUKa 1@%@?%%%%@9%%%“““3“%1 "MOJ‘[CKyJIﬂFHaSI ¢u3mka" Mo HaMpaBICHUIO MOATOTOBKH (crenuanbrocTr) 03.03.02

.1
04c19kd8bfb98f3b6ch77a486h958 34l 3 3gpaBnenHpeTy (mpopuimo) Pusuka CIEOY BO «denl'Vy P

PaGouas nporpamMma TUCHMILIMHBI (MOXYJIs)™
MonexynspHas puzuka

HamnpasieHue nmoaroToBku (CrenuaibHOCTD)

03.03.02 Pusuka

HanpasnenHocTs (mpoguiib)

dusuka

[IpucBanBaemas kBau@ukanus (CTENEHb)

OakaaB

®opma 00yueHust

O4Hasin

['on(s1) HaGopa 2026

*Paboyas nporpamMma I CHUIIIIMHBL (MOI[y.]'IH) aZlaliITUpOBAHA JJIS1 HHKIIFO3UBHOT'O 06y‘IeHI/I${ HWHBAJIWJI0B
" JI41 C OTpaHUYCHHBIMH BO3MOKHOCTSAMU 300POBb

Yemsounack 2026 .

© ®I'BOY BO «Henl'V»



MHMNHOBPHAYKU POCCUN
\)} denepanbHOE rOCyIapCTBEHHOE OI0JUKETHOE 00pa30BaTeNbHOS
@ y4pexKAEHUE BbICIIEro 00pa3oBaHus

«Yenabunckuii rocynapctBeHnbii yausepcuret» (PI'bOY BO «Henl'Vy»)

Pabouas nporpamma nucuuiuinHb! "MonekyispHas GU3MKa" M0 HampaBleHHIO TOAT0TOBKH (crenuansHocTH) 03.03.02

"®usuka" HanpasieHHOCTH (poduiro) Puzuka PI'BOY BO «Henl'V» ctp. 2

Conepxanue

1. Ilean 0CBOCHMS TUCLUILIMHBI

2. Mecro mucumminsbl B ctpykrype OITOIT

3. Komnerenuuu oby4aromerocs, GopMUpyeMbI€ B pE3yJIbTaTe OCBOCHUS TUCLUTITHHBI
(Momyst)

4. O0BbeM JUCHUTIIMHBI (MOTYJIS)

5. CtpykTypa u cofepKaHue JUCIUTUTHHBI (MOTYIIs)

6. ®OHJ OIICHOYHBIX CPEACTB

6.1. IlepeueHpb BUJIOB OLICHOYHBIX CPEJICTB

6.2. TunoBble KOHTPOJIBHBIE 3aJJaHUSI K UHbIE MaTEPHUAaIbI JIJIs1 TEKYILIEH aTTecTaluu
6.3. TuoBbIe KOHTPOJIBHBIE BONIPOCHI U 3aaHUS U1l IPOMEKYTOYHOM aTTECTAlUN

6.4. Kputepun onieHUBaHUA

7. YueOHO-MeToANYECKOE U HMHPOPMAITMOHHOE 00ECTICUCHUE TUCITUTIIIMHBI (MOTYIIs)
7.1. PekomeHnayemas nureparypa

7.2. Ilepeuenb pecypcoB HH(HOPMAIIMOHHO-TEIEKOMMYHUKAITMOHHOM ceTu "MuTepHet"
7.3. Ilepeuenb nHOOPMATMOHHBIX TEXHOIOTUI

8. MarepualibHO-TEXHUUYECKOE 00eCIeUeHUE AUCITUTLIIUHBI (MOTYJIs)

9. MeTtoanueckue ykazaHus JUisl 00y4aroIuXcsl 10 OCBOCHUIO JUCIHMILIUHBI (MOTYJIs)
10. CnenuanibHble YCIOBUS OCBOCHUS AUCIUILIMHBI 00YYAIOIIUMUCS ¢ MHBAIUIHOCTBIO U
OrpaHU4YECHHBIMU BO3MOKHOCTSIMU 3/I0POBbSI

© ®I'BOY BO «Henl'V»




MHNHOBPHAYKH POCCUN
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"®usuka" HanpasieHHOCTH (poduiro) Puzuka PI'BOY BO «Henl'V» ctp. 3

1. HEJIX OCBOEHUMA TUCHUTIINHBI

Lenb aucuuruiuabl «MonekyssipHas Gpu3nka» cOCTOUT B (POPMHUPOBAHUH Y CTYICHTOB €CTECTBEHHOHAYYHOTO MUPOBO33PEHUS U
(dhyHIaMeHTanbHO# 6a3bl 3HAHUH B 0071aCcTH QU3HKH.

OCHOBHBIE 33J1a4H JUCITUTLUIHHBI: N3YyUYCHUE CTYACHTAaMHU OCHOBHBIX MMOHATHUN U 3aKOHOB TCPMOJANHAMHUKHA U MOHeKyH}IpHOﬁ (bH?;HKPI.
3HAKOMCTBO C OCHOBHBIMH METOJaMH PICCJ'IeZ[OBaHPIfI, HCIOJIb3yEMBIMHU B (1)I/I3I/IKC.

Pe3yJ’ILTaTI)I 06y'-IeHI/I$I 10 JUCHUIITIMHE HAIIPABJICHBI HA TOCTHKCHUEC NHAUKATOPOB!:

OIIK-1.1. O6nanaeT 6a30BBIMU 3HAHUSMH, TIOJTYYCHHBIMH B 001aCTH (PU3UKO-MaTEMATHUECKUX U (MITH) ECTECTBCHHBIX HayK.

OIIK-1.2. leMoHCTpHpYET YMEHHUE pelaTh 3a1a4u, GopMyJIUpyeMble B paMKax (U3UKO-MATEeMaTHUECKUX U (MJTH) €CTECTBEHHBIX
HayK.

OIIK-1.3. MImeeT HaBBIKK MCIIOJIH30BAHUSI OCHOBHBIX TOHSITHH, 3aKOHOB (PU3MKO-MaTeMaTHUECKUX U (MJIM) ECTECTBEHHBIX HAYK JUIS
pemieHus 3a/1a4 NpopecCHOHANBEHOMN NeSTeTbHOCTH.

TIK-1.1. Obnanaer 3HaHUAMH 00 OCHOBHBIX METO/IaX IPOBEACHNUS HAyYHO-HCCIIC0BATEIBCKUX Pa3paboToOK B 001aCTH (HH3NUECKUX
HayK; 0 coco0ax MIaHNPOBAHNS M OPTaHN3AIIH HCCIETOBAHMIL.

TIK-1.2. JleMOHCTpUpYET YMEHHUS: TIPOBOAUTH MTOKCK, H3ydeHUE 1 0000IIECHIE HAYYHOTO OIbITA B COOTBETCTBYIOIICH 001aCTH
UCCIIE0BAHUM; ONpeesATh LeIH U 3a7a4H IIJIaHUPYeMbIX HCCIIeJOBaHUH U pa3pabOTOK; IPOBOJUTH UCCIEJOBAHUE, COCTABIIATH €0
ormcaHue, HOPMYIHPOBATH BHIBOJBI 0 TIOJyIEHHBIM Pe3yIbTaTaM.

[1K-1.3. MimMeeT npakTU4ecKuil ONBIT (HaBbIKH) B 00J1aCTH (prU3MUECKUX HAYK: IPOBEJCHUS HAyUHBIX HCCIIEIOBAaHUN B COOTBETCTBUU
C MIOCTABJICHHOM LI€JIbIO; COCTABIIEHUS OTYETOB II0 TEME U 10 pe3yJIbTaTaM IPOBEIEHHBIX HAyUHO- UCCIEJOBATENbCKUX Pa3pabOTOK.

2. MECTO JUCHUIITMHBI B CTPYKTYPE OIIOII

Hwuxi (pazper) OITOIT: b1.0.10

2.1 TpeGoBaHus K NpeJBapUTeIbHOI NOATOTOBKE 00y4aloLIerocs:

MexaHuka

2.2 I[I/ICIII/IHJII/IHLI H MPAKTHKH, VIl KOTOPBLIX OCBOCHUE JAHHOM TUCIHILIHHBI (MO)IyJISI) He00X0AUMO KaK npeamecTByrmiee:

DNEeKTPUUYECTBO U MarHeTU3M

OnTuka

ATtomHas dusnka

Tepmonnnamuka

Crarucruueckas Gpuznka

3. KOMIIETEHLIIM OBYYAIOIETOCSl, ©OPMUPYEMBIE B PE3YJIbTATE OCBOEHMS JUCLIATITAHBI
(MOJYJIST)

OIIK-1: CnocobeH npuMeHsSITH 0a30Bble 3HAHUA B 00J1acTH (PU3NKO-MAaTEMAaTHUYECKUX U (WJIM) eCTECTBEHHBIX HayK B cdepe
cBoeil mpogeccHOHATBLHOI /1esITeILHOCTH;

3HaTh:

st moctmxenust OITK-1.1: ucmonp30BaTh 6a30BbIe TEOPETHYESCKUE 3HAHUS 110 MOJIEKYIISIPHOM (DH3UKE TS peLICHUS
npo¢eCCHOHABHBIX 33/]a4; IOHUMATh, U3J1araTh U KpUTUYECKU aHAJTM3HPOBaTh 0a30BYI0 00LIePH3HYECKYI0 HH(OpMAIIHIO;
HOJIB30BATHCSL OCHOBHBIMH TIOHSATHSIMH, 32KOHAMH U MOJIEIISIME MOJIEKYJISIPHOM (GH3UKH B MPO()ECCHOHATBHON AESTEIBHOCTH

YMmeTnb:

Jns noctmwxenus OITK-1.2: ucnonb3oBaTh 0a30Bble TEOPETHUECKUE 3HAHUS 110 MOJIEKYJIAPHON (HU3KKE; TOHUMATb, U3J1araTh 1
KPUTHYECKH aHATM3UPOBATh 0a30BYI0 001IehU3HMIECKyI0 HH)OPMALHIO; TI0JIB30BATHCSL OCHOBHBIMHU MOHATHAMH, 3aKOHAMH U
MOJIEIISIMH MOJICKYIISIPHOH (pu3HKH

Baaners:

Jns noctmwkenns OITK-1.3: HaBBIKOM peleHus KOHKPETHBIX (U3MUECKUX 3a/1ad; MeToAaMH 00pabOTKH U aHAIHM3a
SKCIIEPUMEHTAIBHON U TEOPETUUECKOH hH3UdecKol HHPOPMaALUU

ITIK-1: Crioco0eH npuMeHATh cleluaIn3uPOBaHHbIe 3HAHMS, OJIYYeHHbIe B 00J1acTH (PU3NYECKUX HAYK, IPH NPOBEACHHH
HAY4YHO-HCCJIeJ0BATEIbCKHX Pa3padoTok
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cTp. 4

3HaTb:

TCOPETUICCKUE OCHOBBI, OCHOBHBLIC ITOHATH L, METOAbI U MOACIIA MOJ'IGKyJ'ISIpHOfI (1)I/I3I/IKI/I

YMeTn:

pelIaTh TUIOBbIE 3a1a4H [0 MOJICKYIIAPHON (H3HKE; HCIIOIB30BaTh 0a30BbIe TEOPETHUESCKUE 3HAHUS 110 MOJIEKYJLSIPHOM (DHU3HKeE.

Baapers:

HaBBIKOM PELICHHs] KOHKPETHBIX (QU3MYECKUX 3a/1ad 110 MOJIEKYIIPHOH (HH3UKe

B pe3ybTaTe 0CBOCHUS JUCHHMILIMHBI 00y4AIOLIMIiCs 10 KeH

3.1|3unarth:

3.1.1|ucnonb30BaTh 6a30BbIC TEOPETHUECKHE 3HAHHS MO MOJICKYJISPHOH (pU3KKe A perieHns NpoQecCHOHATBHBIX 337134,

IIOHUMATh, 3JIaraTh U KPUTHUECKH aHAIM3UPOBATh 0a30BYI0 00medu3nieckyro HHHOpMAIIHIO; NOJIb30BATHCS
OCHOBHBIMH ITOHATHSAMH, 3aKOHAMHU 1 MOJIEIISIMH MOJIEKYIISIPHOH (DM3UKHU B IPO(ECCHOHATIBHON IeSITENEHOCTH

3.2|Ymertn:

3.2.1|ucnonb30BaTh 6a30BbIC TEOPETHUECKHE 3HAHUS MO MOJICKYJISIPHOH (pHU3KKe; TOHUMATh, N3JIaraTh U KPUTHYCCKH

MOJIETISIMU MOJIEKYJISIPHOHN DU3UKH

aHATM3UPOBaTh 0a30BYI0 00IIe(HU3NIECKYI0 HHPOPMALIUIO; TT0JIL30BATHCS OCHOBHBIMU MOHATHSIMH, 3aKOHAMH U

3.3|Baanern:

3.3.1|HaBBIKOM pellieHHsT KOHKPETHBIX (PU3MYECKHX 3a]1ad; METOIaMHi 00paOOTKH U aHaJIK3a YKCIIEPUMEHTAIbHOMN 1

TeopeTHYecKol Gusnueckoil nHdopmau

4. OFbEM JUCIHUIIIMHBI (MOIY.JIsT)

OOwas TpyaoemMKoCcTb 33ET

Yacos o yuebHOMY Tutany : 108 Buner konTponst B cemecTpax:

B TOM YHUCJIE :
ayIUTOpPHBIC 3aHATUS : 68 9K3aMEeHEI 2
camocTosTenbHas padota : 18,7
4acoB Ha KOHTpoJb : 18
KOHTakTHast pabora: 71,3

HKP: 3,3

5. CTPYKTYPA U COJIEP)KAHUE IV CHUILIMHBI (MOLY.JIS)

Kon HaumeHnoBanue pa3jiesioB U TeM /BUA 3aHATHS/ Cemectp | YacoB JlutepaTtypa
| 3aHATUS [ Kvpc

Paznen 1. MosiekyJIsipHO-KHHeTHYEeCKAsl TEOPHS H1eaJbHOI0 raza

11 IIpeamMer u3ydeHus: MOIEKYJIAPHON GU3NKU. MOJIEKYIBI, UX XapaKTEPUCTHKU: 2 12 (JI1.1J11.2 J11.3 J11.4
pa3Mepsbl, MOJIEKYJISIpHAs U MOJIIpHAs Macca, KoaudecTBo Moeil. MieanbHblil JIT.5 JI1.6 JI1.7
ras, 3aKOHbI HJieaJbHOro ra3a. Temneparypa. Ypasnenue Knalinepona— JI1.8J12.1 JI12.2 JI2.3
MenpeneeBa. OcanoBHoe ypaBHeHne MKT uneansnoro raza. Uncino creneneit J12.4 J12.5 J12.6J13.1
CBOOOBI MOJICKYII. DJIEMEHTapHbIE CBEJCHUS U3 TEOPUU BEPOSITHOCTEH. JI3.2JI3.3
Pacnipenenenne Makcemia u MakcBemna-bonsiimana. bapomerpraeckas D132 33 34 35 236
(dhopmyna. OneiTHoe o60ocHOBanne MKT. JlnnHa cBobonHOrO npobera 37
Mosekyd. /JIex/

12 Pemenne 3aad ¢ ucnonap3oBaHNEM OCHOBHBIX 3aKOHOB U ypaBHeHUH MKT 2 12 |JI1.1J11.2 J11.3 J11.4

uaeansHoro rasa /TIp/

JI1.5J11.6 J11.7
JI1.8J12.1 JI2.2 JI2.3
J12.4 J12.5 J12.6J13.1

JI3.2J13.3
013233 24 35 26
97
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crp. 5

13

MOJ'IeKyJ'IprHI)Ie HpeZ[CTaBJ'IeHI/IH O BCIIECCTBE. XapaKTepI/ICTI/IKI/I MOJ'IeI(yJ'I.
3aKOHLI UICaJIbHOI'O rasa. OCHOBHBIC pacnpez[eneHI/Iﬂ JJII 1ACAaJIBHOTO ra3a.
/Cp/

JI1.1J11.2 J11.3 JI1.4
JI1.5J11.6 J11.7
JI1.8J12.1 JI12.2 J12.3
J12.4 J12.5 J12.6J13.1
JI3.2J13.3
013233 34 35 26
97

Paznen 2. TepmoanHaMuKka WaeaabHOro ra3a

2.1

OCHOBHBIE NIOHATUSA TePMOAMHAMUKY. IlepBoe Hayaa0 TepMOJUHAMUKY,
pabota u Temnora. TelmIoeMKOCTb, €€ CBSI3b C YHCIOM CTeNeHel cBOOOIbI
MOJIEKyJ1. YpaBHEHUs] TEPMOAUHAMUUYECKUX IpolieccoB. Bropoe Hauano
tepmoauHamukn. L{ukn Kaprao u reopemsr Kapuo. Hepasenctso Kiaysuyca.
OHTponus. DHTPOIHS U BEPOATHOCTh. TepMoauHamMudeckue pyHkuu. /JIex/

10

JI1.1J11.2 J11.3 JI1.4
JI1.5J11.6 J11.7
JI1.8J12.1 JI12.2 J12.3
J12.4 J12.5 J12.6J13.1
JI3.2J13.3
01392 33 54 35 26
97

2.2

Pemenue 3ana4 o TepMoguHaMuKe uaeansHoro rasa /Ip/

10

JI1.1J11.2 J11.3 J11.4
JI1.5J11.6 J11.7
JI1.8J12.1 J12.2 J12.3
J12.4 J12.5 J12.6J13.1
J13.2J13.3
301 32 33 2435 26
97

2.3

IlepBoe Hawano TepmoaHAMHUKH. TemmoeMKocTs. BTopoe Hagamo
TepMOIMHAMUKHU. DHTponua. TepmoanHamuueckue yHkuuu. /Cp/

JI1.1J11.2J11.3 J11.4
JI1.5J11.6 J11.7
JI1.8J12.1 J12.2 J12.3
J12.4 J12.5 J12.6J13.1
JI3.2J13.3
321 32 33 B4 35 D6
97

Pa3nen 3. SIBsiennst nepenoca

3.1

TennonpoBogHOCTh, BHYTpEHHEE TpeHHe U AU y3usi, ypaBHEHHUS ITHX
npoueccos. KoaddunnenTts! TemnonpoBoaHOCTH, BA3KOCTH U Juddy3un s
naeabHoro rasa. /JIex/

JI1.1J11.2 J11.3 J11.4
JI1.5 JI1.6 JI1.7
JI1.8J12.1 JI12.2 J12.3
J12.4 J12.5 J12.6J13.1
JI3.2J13.3
013233 34 35 26
97

3.2

Penrenue 3a/1a4 Ha sIBICHHE NIEPEHOCA
Mp/

JI1.1J11.2 J11.3 J11.4
JI1.5 JI11.6 JI1.7
JI1.8J12.1 J12.2 J12.3
J12.4 J12.5 J12.6J13.1
JI3.2J13.3
0132 33 54 55 26
97

3.3

SIBneHus nepeHoca. SBjIeHUs epeHoca B ybTpapa3psHkeHHbIX razax /Cp/

4,7

JI1.1J11.2J11.3 J11.4
JI1.5 J11.6 JI1.7
JI1.8J12.1 JI12.2 J12.3
J12.4 J12.5 J12.6J13.1
J13.2J13.3
013233 54 25 26
97
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"®usuka" HanpasieHHOCTH (poduiro) Puzuka PI'BOY BO «Henl'V» ctp. 6
Paznen 4. PeasibHble ra3pl 1 ;KMIKOCTH
4.1 Cuuibl B3aUMOJICHCTBUS MEXKAY MOJIEKyJIaMu. Y paBHeHUe ra3a Ban-nep- 2 8 JI1.1J11.2 J11.3 J11.4
Baansca, n3orepmsl peanpHoro raza. [loBepxaoctHoe HaTspkeHne. DazoBbIe JIT.5 JI1.6 JI1.7
nepexonsl, ypaBHeHue Kialinepona-Knay3uyca. CmaunBanue u JI1.8J12.1 JI12.2 J12.3
HeCMaurBaHUe, KpaeBol yroi. JlononmHuTensHOe TaBiIeHne Hal J12.4 J12.5 J12.6J13.1
UCKPUBJIEHHOU TIOBEPXHOCTBIO XKUIKOCTH. KanuuisipHele sBIeHU. JI3.2J13.3
Ucnapenue n xunenne xunkocteil. /[aBnenne HaCHIIEHHBIX TAPOB. 2132033543556
Ieperperas »)UIKOCTb, IEpeOXIaXCHHbIH nap /JIex/ 97
4.2 Pemenne 3aa4 Ha BEIUMCIIEHNE TAPaMETPOB PEATbHBIX Ia30B, 2 6 JI1.1J11.2 J11.3 J11.4
MMOBEPXHOCTHOE HATSDKEHUE ¥ KaNWULSIPHBIC SBICHUS JIT.5 JI1.6 JI1.7
Mp/ JI1.8J12.1 JI12.2 J12.3
JI2.4 J12.5 J12.6J13.1
JI3.2J13.3
0122 33 54 25 D6
97
43 Peanbnsie razel. XKXungkocru. /Cp/ 2 5 JIT.1 J11.2 JI1.3 JI1.4
JI1.5 JI1.6 JI1.7

JI1.8J12.1 J12.2 J12.3
J12.4 J12.5 J12.6J13.1

J3.2J13.3
D192 33 54 35 26
37
Pa3znen 5. Unasi koHTaKTHasi padoTa
5.1 |MunuBunyaiabHble KOHCYIbTAIUU, TEKYIUH KOHTpois /MKP/ 2 33 [J1.1J1.2J11.3J11.4
JI1.5 J11.6 J11.7

JI1.8J12.1 J12.2 J12.3
J12.4 J12.5 J12.6J13.1
JI3.2J13.3
013233 54 35 26
o7

6. POHJ1 OHEHOYHBIX CPEJICTB

6.1. ITepeyeHb BHI0OB OLICHOYHBIX CPEACTB

OTyer o NpakTUYECKUM 3aJaHUAM.
KonTponbHble BOnpocsl.

6.2. TunoBbIe KOHTPOJIbHBIC 3aIaHUAl U HHBIC MaTePHaJIbI 1/ TeKyI_[Ieﬁ aTreCcralumu

TumnoBsie KOHTPOJIBHBIC 3aJaHUA U UHBIC MaTCpHaJIbl IJI TeKyLL[efI aTTECTAllUU IIPEACTABJICHBI B HpI/IHO)KeHI/II/I 1.

6.3. TunoBpie KOHTPOJIbHbIE BONPOCHI U 3aJaHUA /15 POMEKYTOYHOH aTTecTaluu

TumnoBsie KOHTPOJIbHBIC BOIIPOCHI U 3aJaHU JJI HpOMe)KyTO‘IHOfI aTTECTAllUU IMPEACTABIICHBI B HpI/IHO)KeHI/II/I 2.

6.4. Kputepun oneHuBaHus

3anaHus K MPaAKTHYECKUM 3aHATHSAM CTYJICHTHI BBITIOJIHSIOT B TEUEHHE CEMECTpa Ha MPAKTHYECKUX 3aHATUSX U B (hopme
CaMOCTOSITENILHOU PaboTHI. 3aa4 CrpyIIHUPOBaHBI IO TEMaM NPaKTHIECKUX 3aHATHH. [lo dKk3aMeHa y cTy/leHTa JTOJKHA OBITh
3a4TeHa KaXkaas U3 6 00s3aTeTIbHBIX TEM MPAKTHUECKUX 3aHATUH 1-ro ypoBHS CiI0KHOCTH. 10 Kax 10l TeMe CTyJEeHT MOoIyJaeT
3a/laHue, COCTOSAIIEE U3 5 TEOPETUIECKIX BOMPOCOB U & 3anad. [lepBbie Tpy TEOPETHUECKUX BOTIPOCA SBISIOTCS 00s3aTEIHHBIMU.
Ecnut cTyeHT npaBUiIbHO OTBETHII HA MEPBBIE TPH BOIIPOCA U PEIIWI 5 3a71a4, TO TEMa CUUTACTCS 3a4TEHHOM. 3a KaXIyIo
3aUTEHHYIO TEMY CTYJIEHT MOIyJaeT ONpeAeSICHHOE KOJIMIeCTBO OAJUIOB, KOTOPOE 3aBUCHUT OT YHUCIIA TIPAaBUIBHO PEIISHHBIX 3a71a9 U
OT TOTO, ObLJIA JIW IaHHAs TeMa 3auTeHa BoBpeMsl. [1o TeMaM npakTHYECKUX 3aHATHIA TaKKe MPEAyCMOTPEHBI 3a1auu OoJiee
BBICOKOTO YPOBHSI CJIOKHOCTH U JIOTIOJTHUTEIbHAS TeMa MPaKTUIEeCKOTo 3aHsATUs «PeanbHble ra3eny. 3aaun o JaHHBIM TeMaM
CTYACHT MOXKET peliaTh U TUCTAHIIMOHHO.

Kpurepun onienrBaHus 3aJaHMi 110 TEMaM MPAKTHYECKUX 3aHITHIA:

- 3adTeHsl Bce TeMBI 1-ro 1 60siee BEICOKHX YPOBHEU CII0KHOCTH, JOMOJIHUTENbHAS TeMa - 5-6 06aios;
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- 3auTeHBI BCE TEMBI 1-TO YPOBHS, TEMBI O0Jice BEICOKUX YPOBHEH! CIIOKHOCTH, TOIOJHUTENIBHAS TeMa 3a4TeHbl YaCTHYHO - 2 -4
0alIoB;
- 3aureHsl TeMbl 1-ro ypoBHs - 1-2 Gaa;
- He 3aurtensl Temsl 1-ro ypoBHs - 0 Gayuios.

Kputepnu orieHHBaHHs 3K3aMEHAIIMOHHOTO TECTA!

- OTBeUaeT Ha BCe TEOPETHYECKHE BOIPOCH! U MOXKET 000CHOBATH OTBETHI, BOCIIPOU3BEIS COOTBETCTBYIOIINE MATEMATHUCCKUE
BBIKJIAJIKH U JJOTUYECKHE PAcCyXKJICHUS, pellaeT 3aJauy U MPaBUILHO 000CHOBBIBAET IPHUHSTHIE PEIIeHUs. BO3MOXHEI
HECyIleCTBeHHbIEe oMOKU - 17-20 6anos;

- CTyZmeHT TBepIO 3HaeT MaTepuall, OTBEYaeT Ha TEOPETHUECKUE BOIIPOCH! M MOXKET 000CHOBATh OTBETHI, BOCIIPOU3BE IS
COOTBETCTBYIOIIME MATEMATUUCCKHIE BBIKIIAJIKU H JIOTHYECKUE PACCYKACHHS, pelIaeT 3a1a4i 1 000CHOBBIBACT MPUHSATHIC PEIICHHUSI.
JlomyckaroTcsi HerpyOble OIMOKH TIPU PEIICHUH 331a4K WK 000CHOBAaHHH OTBETOB HAa TEOPETHUYECKHE BOMPOCHl - 14-16 Gaiios;
- 3HAeT «TEOPETUICCKUI MUHUMYMY, T.€. OTBEYAET Ha BOMPOCHI 0A30BOTO YPOBHS M 3HAET OCHOBHbIC MIOHSTHS, COOTHOIIICHHUS,
Ha3BaHME M (PU3NYECKUN CMBICT BEMYHH. PellieHUn 3a1a4 BbI3bIBacT OoJbliie 3aTpyaHenus - 11-13 Gamios;

- He MoxeT oTBeTHTH Ha Bompoc 6a3oBoro ypoBHs - 0-10 6amios.

IIpu monBeIeHNH UTOTOB YUHUTHIBAIOTCS PE3yIbTAThl TEKYIEH aTTecTanuy. [1omydeHHbIe 32 TEKYIYIO aTTeCTallUIo0 OaJIbl
CYMMHPYIOTCS C OaJlIaMu, TOJyYCHHBIMH IIPH MPOXOXKICHHU IIPOMEIKYTOYHOMN aTTeCTAINN:

Kpurepun onieHuBaHUS SK3aMeHa:

- HeyjoBneTrBoputenbHo - 0-10 Gaywios;

- ynoBieTBoputesibHO - 11-13 Gamos;
- xopomo - 14-16 Gamos;
-ormaHO - 17-20 Ganios.

7. YHEBHO-METO/JMYECKOE H HTHO®OPMAIIMOHHOE OBECIIEYEHUE JUCIUIIJIMHBI (MOAYJIST)

7.1. PekoMeHyeMasi JiuTepaTypa

7.1.1. OcHoBHas aUTEpaTypa

ABTODBI, COCTaBUTETHN 3arnaBue WznarensctBo, TO| Pecypc

JI1.1 |Kossipes A. B. TepMoauHaMuKa U MOJIEKYJIIpHas (HU3UKa: yueOHOe mocobue Tomck : ToMckuit 9BC
(https://biblioclub.ru/index.php?page=book&id=208984) rOCYIapCTBEHHBbIIH
YHHBEPCHTET
CHCTEM
YIIPaBICHHS 1
PaaOdICKTPOHHK
u, 2012

JI1.2 |bapcykos B. U., MonekynspHas pU3HKa U Hayaia TePMOANHAMUKH: y4eOHOE Tam60B : 9BC
Jmurpues O. C. nocobue TamOGoBcKuit
(https://biblioclub.ru/index.php?page=book&id=444634) rOCYIapCTBEHHBIH
TEXHUYECKUI
YHHUBEPCUTET
(Tr'TY), 2015

JI1.3 |Ky3nenos C.U. MonekynspHas ¢pusuka. TepmoauHaMuKa: yueOHOe mocobue Tomck : 9BC
(https://znanium.com/catalog/document?id=158014) HanmonanbHbIi
HCCIIeI0BATEIbCK
uit Tomckuit
TTOJIUTEXHUYECKU 1
yHusepcurert, 2007

JI1.4 |Cknsposa E.A., Kypc neximii no ¢pusuke: MonekynspHas pusuka. Tomck : 9BC
Cemkuna JIL.U., Tepmoanaamuka: yaeOHOE TocoOme HanuonaneHerin
Kysnenos C.U. (https://znanium.com/catalog/document?id=344725) HCCIICJOBATEIBCK

uii ToMckuii
MOJUTEXHUUCCKHU U
yHuBepcuteT, 2016
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ABTOpBI, COCTABUTEIH 3arnaBue W3znarensctBo, rox| Pecype

JI1.5 |MBanos B. K. @uszuka. MonekyispHas ¢pu3HKa: yueOHOe 1ocoOue Ui By30B Cankr- [lerepbypr | OBC
(https://e.lanbook.com/book/450839) : JIaub, 2025

JI1.6 |Kuxoun A. K., Kukoun |MonekynsapHas ¢pusuka: yueOHOe 1ocoOHe Ui By30B Cankr- [letepbypr | OBC

n. K. (https://e.lanbook.com/book/448688) : JIans, 2025

JI1.7 |1BanoB A.E. MonekynspHas ¢pusuka u TepMoauHamuka. Tom 1: yueOHOE Mocksga : Pycaitac,| 9BC
nocobue 2016
(https://book.ru/book/921547)

JI1.8 |MBanoB A.E. MonekynspHas ¢pusuka 1 TepMoauHaMuKa. Tom 2: yueOHOe Mocksa : Pycaitae,| 9BC
nocobue 2016
(https://book.ru/book/921548)

7.1.2. lonoiHUTEIbHAS JTUTEPATypa
ABTODEI, COCTaBUTEIHN 3ariaBue WznarensctBo, ron| Pecypc
JI2.1 |MarseeB A. H. MonexynspHas ¢puzuka: yaeOHOe HocoOUe IS CTYACHTOB By30B Mocksa : OHHKC ,
2006

J12.2 |Tuns3oypr B. JI., Jleun |CO0pHUK 33124 10 0011eMy Kypcy QU3UKH: COOPHUK 337124 U Mockaa : 9BC

JI. M., PabunoBud M. |ympaxkHeHuit Ousmariur, 2006

C., Cusyxun /1. B., (https://biblioclub.ru/index.php?page=book&id=75704)

CusyxuH /[. B.

J12.3 |CuByxun . B. OO0mwmit kypc pu3uKH: yaeOHOoe mocobue Mockaa : 3BC
(https://biblioclub.ru/index.php?page=book&id=82981) Duzmariurt, 2002

J12.4 |bakueBa . P., T'opaees |MonekynspHas ¢pusnka. TepMoauHAMUKA: 1a00paTOpHBINH Wourkap-Ona : 3BC

M. E., I'puropses JI. MIPaKTUKYM: PAKTUKYM [ToBomxckuit
A., Koxxkunosa I'. 10., [(https://biblioclub.ru/index.php?page=book&id=483704) rOCYIapCTBEHHBIH
Kozses E. @., 'opnees TEXHOJOTHYECKUI
M. E., MacneHHHKOB yHuBepcurer, 2017
A. C.
JI2.5 |Kucees B. M., MonekynsipHas pu3HKa: T1a00PATOPHBIH MPAKTUKYM: TPAKTHKYM ExarepunOypr : 9BC
Bepecues C. A. (https://biblioclub.ru/index.php?page=book&id=699041) W3naTenscTBO
Ypanbckoro
YHUBEPCUTETA,
2020
J12.6 |@pum C. D., Tumopesa |Kypc obuieit ¢pusuku. B 3 Tomax. Tom 1. duznvecknue OCHOBBI Cankt- [letepOoypr | OBC
A.B. MexaHuku. MonekynsapHas Guszuka. Konebanus u Bonubl: yueOnuk |: Jlans, 2025
IUTSL BY30B
(https://e.lanbook.com/book/463463)
7.1.3. MeTroauueckne pa3paboTKu
ABTOpBI, COCTaBUTEIH 3arnaBue WzparensctBo, ron| Pecypc
JI3.1 |'ycenbuukos B. /1., W36panHble BOIIPOCH! ¥ 337a4H 110 Kypcy "MonekynspHas ¢uzuka': |YensOuHck :
[Mepmmu B. K., fnosen [MeTonudeckne yka3zaHus [UensOunckuit
A TL roCyJiapCTBEHHBII
YHUBEPCHUTET],
1989
JI3.2 [MuponoBa I'. A., MonexynspHas pu3uKa 1 TEpMOJMHAMUKA B Borpocax 1 3agadax  |Cankr- IlerepOypr [ 3bC
Bpauar H. H., (https://e.lanbook.com/book/210875) : Jlans, 2022
Canenxuit A. M.

JI3.3 |Akcenosa E. H. Oomas ¢pusnka. TepmoarHamuka U MoJiekysipHas ¢pusuka (rmaspl  |Cankr- [lerepOypr | OBC
Kypca) : Jlans, 2022
(https://e.lanbook.com/book/212687)

7.2. IlepeyeHb pecypcoB HH(OPMALMOHHO-TeJIeKOMMYHHKAaMOHHO¥ ceTn "UHTepHeT"
31 |3BC «Yuusepcurerckas oubmuorexa onnaite» http://biblioclub.ru/
22 |9BC uzmarenscrBa «Jlanb» https://e.lanbook.com/
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93 |9BC uzparenscrea «UHdpa-M»  http://znanium.com/

D4 |9BC «IOpaiit» https://biblio-online.ru/

D5 |Hayunas snektponHas 6ubanoreka Poccuiickoit Akagemun Hayk http://wwwe.elibrary.ru

D6 |Hayunsle n Hay4HO-TIOMy IspHBIE JTekitnn http://elementy.ru

37 |YuebHo-meroaudeckuii caiit «IIpenogasarensm u crynenram» http://teachmen.csu.ru

7.3 IlepeueHb HHGPOPMALMOHHBIX T€XHOJIOTHii

7.3.1 IIporpammHoOe oGecneyeHue

Adobe Reader

WinDjView

LibreOffice

Adobe Connect Acrobat

LMS Moodle

7.3.2 IlpodecconabHbIe 0a3bl AAHHBIX U HH(POPMALUOHHO-CIIPABOYHbIE CHCTEMbI

1. DnexkTpoHHbIH KaTanor HayyHoi oudnuoTeku Yenl'Y [DnekTponHbIN pecypc] : 6a3a nanHbix / Yenso. roc. yH-T. — UensOuHCK,
1992.

2. APS JOURNALS. Physical Review Letters, Physical Review X, Physical Review, and Reviews of Modern Physics : xypHais
American Physical Society : caiit. — URL.: http://journals.aps.org/about — 5I3. anrit. — Pexxum 10CTyma: TOIBKO U3 CETH
yHUBepcHTeTa. — TeKCT : JIEKTPOHHBIH.

3. Web of Science : mymsTuancuuIuinHapHas pedepatuBHas 6a3a JaHHBIX / KOMIIaHus Thomson Reuters. — Pesxxum goctyma: st
3apeructpup. noas3opareneil Uenl'Y. — TekcT : 37€KTpOHHBIN.

4. Scopus : pedepatuBHas 6a3a nanubix / Elsevier BV. — URL: http://www.scopus.com/ — SI3. auri. — Pexxum nocTyna: s
3apeructpup. nmonp3opareneit YenlY. — TeKCT : 271eKTpOHHBIH.

5. Springer Link : [caitt]. — URL: http://link.springer.com/ — £I3. auri. — Pesxum gocTyma: s 3aperucTpup. moss3osatereii Yenl'Y.
— TeKcT : 3NeKTPOHHBII.

6. KOHCITEKTHI JIEKIMI ¢ IEMOHCTPAIMAME ¥ BUPTYaIbHBIMHU JTAOOPaTOPHBIMH DKCIIEpUMEHTaMu Ha caiite http://teachmen.csu.ru

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHbBI (MOYJIST)

I[J'lﬂ peanm3al JUCHUIIINHBI UCIIOJIB3YIOTCA y‘{C6HbI€ AyAUTOPUU ISt IPOBEACHUA 3aHATUH JICKHUOHHOTO THIIA, TPAKTUYCCKUX
3aHATHI, TPYNIIOBEIX 1 HHAWBHIYATbHBIX KOHCYIBTAlMH, TEKYIIETO KOHTPOJIS U MIPOMEXKYTOTHOH aTTECTAINH, a TAKXKE TOMEIICHUS
JUISL CAMOCTOSATENIbHON paboTHL.

VueOHbIe ayANTOPUH YKOMIUIEKTOBAHEI CIIEIHATN3UPOBAHHON Me0ENbI0 M TEXHUIECKHUMH CPEACTBAMHU 00yIeHHS -
MYJIbTUMEANHHBIM 000pyI0BaHUEM (IKpaH, HOYTOYK, IPOEKTOP, KOJIOHKH).

Jlnst mpoBeaieHNs 3aHATHH JIEKIIMOHHOTO TUIA NPEJIaraloTcst Habopbl JEMOHCTPALMOHHOTO 000PYA0BaHUS U yueOHO- HATJIAHBIX
noco6uit (MyIbTHMEHITHBIC IPE3CHTAINH).

Hcnonp3yeTcs 3eKTPOHHBINA YUTANIBHBIN 321 HayuyHOH Oubnuotexu Yenl'Y (ayautopust 206) 11t caMOCTOSTEIbHON pabOThI
CTYJIeHTa, OCHAIIIEHHBII IIePCOHATBHPIMU KOMITBIOTEpaMH, MYyJIbTUMEUIHHOM anmaparypoil. B aynuropun obecrnedeH qocTy K
Pa3IMYHOM CIIPaBOYHOI JTUTEpATYypE, SHIUKIONEIUSIM, ONOIHOrpad)MuecKiM U IMOJTHOTEKCTOBBIM 0a3aM JTaHHBIX,
MH()OPMAIIMOHHBIM pecypcaM «HTepHeT.

9. METOAUYECKHUE YKA3ZAHUSA JJIS1 OBYYAIOIIUXCSA 11O OCBOEHUIO JUCHUTIIJIMHBI (MOZAY JIST)

OcBoeHue coiepKaHus yIeOHOW TUCIUILTHHBL « MomneKyisipHas GU3MKa» OCYLIECTBISIETCS Ha JIEKIHUAX, TPAKTUUECKHUX 3aHATHIX U
B TIPOLIECCE CAMOCTOSTEIbHOHN yueOHOW ACATEILHOCTH CTYACHTOB.

JlexMOHHBIE 3aHATHS 00ECIIEYNBAIOT TEOPETUUECKOE N3YyUeHHE NUCIUIUTMHBL. OCHOBHBIMU METO/aMH 00y4YEeHHUS SBIISIOTCS
UHPOPMAIIOHHO-00BICHUTENBHBINA 1 MPOOIeMHBINH. Ha JIeKIusaX u3araeTcsi OCHOBHOE COJICPKAHUE TEM ITPOrPaMMBbI, TPOBOJUTCS
aHaJM3 OCHOBHBIX MOHATUH U pacCMaTPUBAIOTCS IPHUMEDPHI.

HCKHHOHHBIﬁ MaTepuall sBJIACTCA BaXXHBIM, HO HC €IUHCTBCHHBIM JUUIsI YCBOCHU A y‘{C6HOﬁ JAWUCILIMITIJIINHBI. Ero O6ﬂ3aTCJ'IbHO
HEOOXOJMMO JIOTIOTHUTh MaTepPHUaioM OCHOBHOI U JIOTIOJIHUTEIBHOM JIUTEpaTyphl 10 TeMe. IIpakTiHueckue 3aHATUS CITyXKaT JUIs
3aKpCIVICHUS TCOPETUICCKUX OCHOB, U3JIara€MbIX B JICKIIUAX. Ha MPAaKTUICCKUX 3aHATUAX O6y‘laeMbIC OBJIaACBAOT OCHOBHBIMHU
METOJaMH U MPUEMaMH PELICHHS 3a1a4.

BaXHBIM MOMEHTOM NIPH M3YYEHHH 000! TUCIUIUINHEI SBIAETCS OpraHU3aLus caMocTosATeIbHON paboTsl. [Ipu ocBoeHNI
Marepuaia He ClelyeT CTPEMHUTHCS K MEXaHUUECKOMY 3allOMHHAHHMIO IPUBEICHHBIX ONpeAeieH I, GOPMYIHPOBOK U TIOJIOKESHUH,
ecnu TpeboBaHus K Bam mpsMo He yKa3bpIBaIOT Ha 3TO.
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Brnonze 3¢ ¢deKkTUBHON MOXKET 0Ka3aThCs MOINBITKA OHATh CYTh SIBJICHUS, BBIPAa00OTaTh CBOE OTHOIIEHHUE K HEMY, OIIMPAsACh Ha
Marepual, CoaepKaluiics B peKOMEHIOBaHHOM JIuTepaType. Takke peKOMEHIYeTCsl pABHOMEPHO paclpeeNisiTh Harpy3Ky
CaMOCTOATEIBHOr0 00y4eHHs B TEUEHHUE CEMECTPa.

B ciiygqae nprMeHeHHs Ipy 00yYeHNH UCIUIUIMHEL DIEKTPOHHOTO 00Yy4YeHHs, AUCTAaHIMOHHBIX 00pa30BaTeNbHBIX TEXHOIOTHI
o01eHue 00y4aroIUXCsl U IPENoAaBaTes OCYIECTBIETCS B PEXUME PEabHOTO BpeMeH! (OHIaiH-IeKIuy (BeOUHAPEI), YaThl,
BH/I€0-KOH(EPEHINHU U Ap.) WK OTJIOKEHHOTO BpeMeHH (cucTeMa aucraHnuonsoro ooyqenus Moodle, MS Office365, dopymsi,
3JIEKTPOHHAS TI0YTa | JP.).

ITpu 0Oy4eHHUH JIUL C OTPaHUYEHHBIMU BO3MOXKHOCTSMU 3[J0POBbs 3JIEKTPOHHOE 00ydeHHUE, TUCTAaHIMOHHbIE 00pa30BaTeIbHbIC
TEXHOJIOTHH NPeIyCMaTPHBAIOT BO3MOKHOCTD IpHeMa-Iiepead HHHOPMAaIMU B JOCTYITHBIX U1 HUX (opMax.

Peanu3anus AUCLMILIMHEI C IPUMEHEHUEM 3JIEKTPOHHOI0 00yUYeHUs], IUCTaHIIMOHHBIX 00pa3oBaTeIbHbIX TeXHOIOr Uil (nanee — 20,
JOT) ocymectusercs: Ha OCHOBaHHH «I10JI0KEHUS 0 pean3alii OCHOBHBIX M JOTIOJHHUTEIBHBIX 00pa30BaTeIbHEIX IPOrPaMM C
IPUMEHEHUEM 3JIEKTPOHHOI0 00y4eHHs M AUCTaHIIMOHHBIX 00Pa30BaTENbHBIX TEXHOJIOIHH B (heiepallbHOM IoCyJapCTBEHHOM
Or0PKETHOM 00pa30BaTEIHLHOM YUPEXKICHUH BRICIIETO 00pa3oBaHusl « HesIOMHCKIIA TOCyJapCTBEHHBIH YHUBEPCUTETY,
«[TonoxxeHus o mopsiike 3a4era 00y4arolUMUCS 10 OCHOBHBIM NPOGECCHOHAIBHBIM 00pa30BaTelbHbIM IPOrpaMMaM BBICIIETO
obpazoBanus B DI'BOY BO «Uenl 'Yy pe3ysnbTaToB OCBOCHHS B OPraHH3ALHUAK, OCYIICCTBISIFONINX 00pa30BaTEIbHYIO
JIeATeNIbHOCTD, Y4eOHBIX IPEAMETOB, KypCOB, JUCLUIIMH (MOAYJIEH), IPaKTUK, JONOIHUTEIBHBIX 00pPa30BaTEIbHBIX IPOrPaMM)»
MOCPEICTBOM 3JIEKTPOHHOH HHpOpMaIMOHHO-00pa3oBarenbHoi cpeibl PTBOY BO «Uenl Vy». B HCKIIOYUTENBHBIX CIyYasx
(opc-maskop u T.1.) IpH peanusanuy 00pa3zoBaTeIbHON AeaTenbHocTH ¢ npuMeHeHneM D0, IOT MoryT IpuMeHsTh KOMIIOHEHTH,
He BXOJUSIINE B IEPeUeHb dJICKTPOHHONH HHPOPMAIIMOHHO- 00pa30BaTeIbHOM CPe/IbL.

10. CIIEIIMAJIBHBIE YCJIOBUS OCBOEHMS JTUCIUIIJIMHBI OB YYAIOIIUMUCSH C HHBAJIMTHOCTBIO 1
OI'PAHUYEHHBIMUA BO3MOXHOCTSIMHU 3JO0POBbs

OcBoeHNe JUCIMIUIMHBI HHBAJIHIAMH U JIMLIAMU C OTPAHHYEHHBIMH BO3MOKHOCTSIMH 3[JOPOBbBS OCYIIECTBILIETCS C MCIIOIb30BAHUEM
CIELUANbHBIX TEXHHUYECKUX CPEICTB U HMH(OPMALMOHHBIX TEXHOJOTHUH, NpeaocTaBisieMblX PecypcHbIM yuyeOHO-METOANYECKHM
LEHTPOM 10 OOYYEHHIO WHBAJIWIOB W JIHI C OTPAaHHYCHHBIMH BO3MOXKHOCTSAMH 310poBbsi Yenl'Y mo 3ampocy oOydarorierocs
(MOOMIIBHBIE CIIEIMAIBHBIE TEXHUYECKHE CPEICTBAa VIS JIMI C HApYIIEHWSMH 3pEHHsS M C HapyLIeHHEM CJIyXa, acCHCTHBHBIC
UH()OPMAIIMOHHBIE TEXHOJIOTHN).

IIpn HEoOXOmMMOCTH A OOYYalOIIMXCS C HApYIICHUSMH 3peHHs Ha pabouyMx MecTaxX sl NPOBEACHUS MPAaKTHYECKUX WIIH
71a00paTOPHBIX 3aHATHH YCTAHABIMBAETCS CIELUATIbHOE NMPOrpaMMHOE oOecredeHHe (IIporpaMMa peueBOil HaBUTAIUU, PEUEBbIC
CHHTE3aTOPbI, SKPaHHbIE JIYIIBI).

B yuebOnble aynutopun obecniednBaeTcss OECIPENSITCTBEHHBIH JOCTYI AJsl 0OYYaIOMIUXCS ¢ WHBAJIMIHOCTHIO M C OIPaHUYCHHBIMU
BO3MOKHOCTSIMH 30pOBBsl. B Kask10ii aymutropuu, riue 00y4aroTcss HHBTUIBI U JIUIA C OTPAaHMYEHHBIMU BO3MOKHOCTSIMH 37I0POBB,
IpeyCMaTPUBAETCSI COOTBETCTBYIOLIEE KONUYECTBO MECT ISl 00YJaIOIUXCs ¢ YI€TOM HapyIIEHUH UX 340POBBSL.

Jns ocBoeHMs AWCUWIUIMHBI WHBAJIWAAM W JIMLIAM C OTPAaHHYEHHBIMH BO3MOXKHOCTSMH 3[0POBbS NPENOCTABISIETCS TOCTYI K
MEeYaTHBIM UCTOYHUKAM, UMEIOIUMCS B HayyHOU 6ubmnorexe YenlV, ¢ mOMOLIBIO CHENUATIBHBIX TEXHUUECKHUX CPEJCTB; AOCTYII C
TIOMOIIIBIO CHEUUATBHBIX TEXHUUECKHX M TPOTPAMMHBEIX CPEACTB K OJJIEKTPOHHBIM HCTOYHWKAM, IPEACTAaBICHHBIM B (opme
AJIEKTPOHHOTO JOKyMEHTa B ()oHJe Hay4yHOU Oubnmorexkn UenlY uim 3neKTpOHHO-OMOIMOTEYHBIX CUCTEMAX.
Y4eOHO-MeTOIMUEeCKHE MaTEepUaIIBl Ul OOYYArONIUXCsl M3 YMCIa WHBAJIHUAOB U JIUI C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 310POBbS
IPEeOCTaBIAIOTCS B OpMax, alaliTHPOBAHHBIX K OTPAHUUCHUSM UX 3I0POBbSI U OCOOCHHOCTSIM BOCTIPUATHS HH(GOPMAILIUH.

J171s1 M”HBAJIM/IOB ¥ JIUII C OTPAHUYEHHBIMHA BO3MOKHOCTSIMHU 3[J0POBbSI OCBOCHUE TUCLIUILTHHBI MOXKET OBITh YACTHYHO WITH TIOJTHOCTBIO
OCYIIECTBIICHO C UCTIOIb30BAHUEM AUCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOIOTHH.

Ilpn mnpoBeneHWH NPOMEKYTOUHOW AaTTECTAMU [0 AWUCHMIUIMHE OOyYaomMMCS C WHBAIMAHOCTBIO M C OTpaHMYCHHBIMU
BO3MOXKHOCTSIMH 37I0pPOBbsl 00ECHEUMBACTCS 10 MX 3asABJICHHUIO IPEIOCTAaBICHHE B JOCTYHNHOH (hopMe B 3aBUCHUMOCTH OT HUX
WHIUBUAYAJBHBIX OCOOCHHOCTEH HMHCTPYKIHMH O TIOPS/AKE IPOBEICHHS NPOMEXYTOYHOM aTTecTaluH, OIEHOYHBIX CPEICTB U
BO3MOXKHOCTH OTBETOB Ha 3a/laHus (IHMCbMEHHO Ha Oymare, HaOOp OTBETOB Ha KOMIIbIOTEpe, MUChbMeHHO wmpudtoM bpaiind, c
WCIIOJIb30BAHUEM YCITYT ACCUCTEHTa, YCTHO).

IIpu npoBeneHNH NIPOLEAYPH! OLICHUBAHMS PE3yIbTaTOB 00yUESHHUs] HHBAJIUIOB U JIUI C OTPAaHMYECHHBIMUA BO3MOXKHOCTSIMU 37I0POBbS
MpeyCcMaTpHUBaeTCs UCTIONIb30BaHKe npenocTaBieHHbIX YenlyY i coOCTBEeHHBIX TEXHUUECKUX CPEICTB, HEOOXOIUMBIX UM B CBSI3U
C MX MHIUBHIYAJIbHBEIMU 0cOOeHHOCTSIMU. [Ipn HEOOXOJUMOCTH MHBANINAAM U JIMIIAM C OTPAaHUYCHHBIMH BO3MOKHOCTSIMH 37I0POBbS
MIPEJOCTABISIETCS AOMOIHUTENFHOE BpeMs JUIsl MOJITOTOBKY OTBETA Ha 3a/1aHUsl, MPOLelypa OLEHUBAHUS PE3YJIbTATOB 00y4YEeHHUs MO
JUCIUIUINHE MOXKET MPOBOIUTHCS B HECKOJIBKO ITAIOB.

© ®I'BOY BO «Henl'V»




IIpunoxenue 1

IIpuMepbl BADHAHTOB 3aIaHUN K NMPAKTHYECKUM 3aHATHAM

Pazgen 1. MOJ’[eKyJ'[ﬂpHO-KHHeTI/I‘leCKaﬂ TEOpUA UA€AJTBHOIO rada

NneannHblid ra3

baszoewviit yposens

Ne DopmyJIMpOBKa BOIIPOCa BapuanTel oTBETOB

n/n

1 IIpn kakux yCIOBUAX CBOMCTBA peajbHBbIX | 1. B yCJI0BHUSX, HE CJAUIIKOM

ra3oB MOKHO OIIMChIBATb 3dKOHAMH | OTIHYAKIIUXCH OT HOPMAJBbHbBIX

UJeanbHOro raza’? 2. IpY HU3KUX TEMIIEpaTypax
3. cpeau OTBETOB HET IPaBUIJIBHOIO
4. ipy GOJILIIUX TABJICHUSIX
2 Kak m3MeHHTCs NaBiIeHHE HACAIBHOrO Trasa, | 1. ocTaHeTcs HEeM3MEHHBIM
€CIi I[P  HEW3MEHHON  KOHILEHTpalUH | 2. yBEIUYMUTCA B 2 pa3a
CpelHsAs KBaJpaTU4HAas CKOPOCTb MOJIEKYIN | 3. yMEHbIIUTCS B 4 pas3a
YBEJIUYUTCS B 2 pasza? 4. yBeqinunres B 4 paza
5. yMeHbIIUTCS B 2 pasza
3 Omun  Mmons B cucreMe CU  sBisercs | 1. KoonyecTBa MOJIEKYJT B €IUHULIC
€AVHUILIEH N3MEPEHUS: o0beMa
2. aTOMHOM Macchbl
3. MOJIEKYJIIPHOM MaccChl
4. KoJIMYecTBA BellecTBa
5. IpaBUIILHBIN OTBET HE IPUBEJIECH
4 PaBHBIE Macchl kuCiIOpoOaa, a3ota U Bogopoza | 1. Bogopoaom
INOMECTHJIM B  OJMHAKOBBIE COCYAbl U | 2. BO BCeX cocynax OyaeT 0JlMHaKOBOE
coJiepsKaT MpH OJHOM U TOM ke TemrepaType. | AaBlieHuE, T.K. TEMIEpaTypa ra3oB oJHa
HauOons1iee naBiaeHue OyneT B cOCyze C... U Ta XKe
3. a30TOM
4. Kucinopoaom
5 UtoOb1 B m300apHOM mporiecce oobem raza | 1. yBenuuuth Ha 200 K
YBEJIMYUIICS BABOE IO CPABHEHUIO ¢ 00BEMOM | 2. yBeauunTh Ha 273 K
npu 0°C, Temrieparypy raza HyKHO: 3. yBennuuTh Ha 546 K
4. yBenuuuth Ha 372 K
5. ymenpmuTh Ha 200 K

1. Kakyio TemmepaTypy HMeIOT 2 T MOJIEKYISpPHOTO a30Ta, 3aHUMAromero oobem 820 cm®
npu pasiennn 0.2 MITa? Oteer paiite B °C. (276,3 K)

2. JlaBiieHre BO3yXa BHYTPHU IUIOTHO 3aKyIOPEHHO# OyThUTKH TipH Temiieparype 7°C ObLI10
100 xIla. IIpu HarpeBanuu OyTHUIKM mMpoOKa BhuIeTena. [lo Kakoil Temmeparypbl Harpemu
OyTBIJIKY, €CIIM M3BECTHO, UYTO MpoOKa BBUIETENAa MpPH JaBlIeHUM Bo3ayxa B OyTeuike 130
klla? (364 K)

3. B 6annone naxomumock 10 kr raza mpu nasnenun 10 MIla. Kakyto maccy raza B3sui u3
OaJuioHa, eciu JaBjieHue ctaino paBHbIM 2.5 MIla? TemnepaTypy rasa cuuTaTh MOCTOSHHOM.
(7,5 xr)

4. Haiinure maccy Bo3ayxa, 3alOHAOIIETO ayJIUTOPUIO BBICOTOM 5 M U ILIOIIAJABIO IOJIA

200 m?. Jlanenne Bo3myxa 100 xITa, Temmeparypa momemenus 17°C. MonspHas macca
Bo3ayxa paBHa 0.029 xr/mons. (1,2 T)




Bo CKOJIBKO pa3 IUIOTHOCTH BO3IyXa, 3alOJHSIONIEro moMerneHue 3umoi (t1 = 7°C),
OosbIie ero mwioTHOCTH JieToM (t2 = 37°C)? JlaBineHue raza MOKHO CUHTATh MMOCTOSHHBIM. (B
1,1 paza)

Cocyn oTkayaH 10 JaBJICHUS 1.33-10° Tla. Temmeparypa Bosayxa 15°C. Haiinure
IJIOTHOCTH Bo3ayxa B cocyze. (1,61-10714 kr/m®)

Cuuras, uyto B BO3ayxe conepxkutrcsa 23.6% xucinopoma u 76.4% azora (mo macce),
HAWNUTE MapUaibHOE JABICHHE KUCIOpOJa mpu Temmeparype Bo3ayxa 13°C u maBieHun
100 kIla. (21277 I1a, 78722,31 Ila)

Kakoe umciio MoneKysl HaxoauTcs B komHaTe oobemom 80 M° mpu Temmnepatype 17°C u
nasnernu 100 xI1a? (2-10%7)

Cpeonuii yposens

1.

ITo razonpoBoaHON TpyOe MeT YIIeKHCHIbIA ra3 nmpu masienuu 5 10° IT1a m Temmeparype
17°C. KakoBa CKOpOCTh JIBMKEHHS Ta3a B TpyOe, €Ciid 3a T = 5 MHH IpOTeKaeT m = 2.5 Kr
YITIEKHCIIOTO Ta3a M €CIIM IUIOMIAAb CedeHns KaHana Tpyosl S = 6 cm?? (0,00001 m/c)
OrmpeenuTe MWIOTHOCTH cMecH 4 T Bogopoaa u 32 r kuciaopoaa mpu temreparype 7°C u npu
naBnernu 700 MM pr. crT. (0,48 kr/M°)

B 3amasHHON ¢ OAHOTO KOHIIA CTEKIISTHHOW TpyOke mmmHOM 90 cM, HAXOAUTCA CTOJIOMK
BO3/lyXa, 3aMepPThIil CBEPXY CTOJIOMKOM PTYTH BbICOTOW 30 CcM, JOXOMALIMM JO BEPXHEro
Kpast TpyOku. TpyOKy OCTOpPOKHO IEpEeBOPaYMBAIOT, MPHUYEM YACTh PTYTH BBUIMBACTCS.
KakoBa ctonbuka pTyTH, KOTOpBI OcTaHeTcs B TpyOke, eciu arMochepHOe aBJICHHE
COOTBETCTBYET JABJIEHUIO CTOJI0a pTyTH BbIcOTOM 75 cM? (3 cM)

banmnon BMecTuMOCThIO V=5 1 COAEpXKHUT CMECh Teius U BOAOpoaa mpH aaBieHuu p=600
klla. Macca m cmecu paBHa 4 1, MaccoBas Aois wirenus paBHa 0,6. OmnpenenuTtsb
temneparypy T cmecu. (259 K)

B cocyne BmectumocTthio V=15 11 HaxoauTcs cMech a30Ta M BOAOpPOJa MpPU TEMIEpaType
t=23 °C u pmasnenun p=200 klla. OmpenenuTes Maccbl CMECH U €€ KOMIIOHEHTOB, €CIH
MaccoBas 710yt W1 a3ota B cmecu pasna 0,7. (4,81 1, 2,06 )

Boicoxuii yposens

1.

Monp Takux Ta30B, KaKk Teldil, BOAOPOA, a30T, KHUCIOPOJ, 3aHUMAeT MPH HOPMAIBHBIX
yeaoBusax (t=0 °C, p=1013 rlla) oOwvem, paBublil 22,4 1. Uemy paBHO B 3TOM cllyyae: a)
YHUCJIO N MOJIEKYJI Ta3a B €IMHUIIE 00beMa, 0) CpeIHee pacCTOsTHUE <a> MEXTY MOJIEKyJIaMu?
CpaBnurte 310 paccrosHue ¢ quamerpom monekyinsl d. (0,3 uM, 330 Hm)

B cocyae HaxoauTces cMech KUCI0poJa v Bogopoa. Macca m cmecu paBHa 3,6 r. MaccoBast
noast wi kacinopoaa cocrasisier 0,6. OnpeenuTh KOJUYECTBO BELIECTBA V CMECH, ViU
V2 Kaxa0ro rasza B otaenpHocTh. (0,0675 moinb, 0,72 MOIIb)

bannon BMectumocTbio V=30 11 COJIEpXKHUT CMECh BOAOPOAA U TelUi NpPU TemIeparype
T=300 K wm paBmennmn p=828 klla. Macca m cmecu paBHa 24 1. OnpeaenuTb Maccy
M1 BoJopoa u Maccy m renus. (8 1, 16 1)

Cyxoif BO3IyX COCTOMT B OCHOBHOM M3 KHCIIOpOJa U a3oTa. Eciu npenedpedb oCTaIbHBIMU
COCTaBHBIMH YaCTSIMH BO3/yXa, TO MOXKHO CUUTATh, YTO MACCOBBIE JIOJIHM KUCIOPOJA U a30Ta
coorBercTBeHHO W1=0,232, W>=0,768. OnpeseanTh OTHOCUTEIHHYIO MOJIEKYJISIPHYIO Maccy
M Bozmyxa. (28,9 r/mob)

B cocyne BMectHMOCcThI0 V=0,01 M° COEPKHUTCS CMeCh I'a30B — a30Ta MAacco mi=7 T u
BozopoJa Maccod me=1 r — npu temneparype T=280 K. Onpenenuts aaBiieHuEe p cMECH
ra3oB. (175 kIla)



MoJiekyJIsIpHO-KHHETHYeCKasl TeOpHs NAeaJbHOI0 ra3a.

baszoeviit yposens

No dopmyJIMpOBKa BOIpOCca BapuanTel oTBETOB

/1

1 Mornekynbsl Kakux Ta3oB - KUCIOpoAa, | 1. Bomopoaa

BOJOpPOJAa WM a30Ta, HaxXoAdIIUecs B | 2. CKOPOCTH MOJIEKYJ BCEX ra30B
BO3/1yX€ KOMHATBI, - IBUKYTCS ObICcTpee? OJIMHAKOBBI
3. Kuciopoja
4. npaBUJIbHBIA OTBET HE MPUBEIIEH
5. aszora
2 Kakue siBneHus! AOKa3bIBalOT, YTO MOJIEKYJBI | 1. KpucTaym3anus
HAXOMATCS B HENPEPHIBHOM XAOTUYECKOM | 2. HCHApeHHe KHIKOCTH
IBIDKEHUU? 3. OpoyHOBCKOe IBH:KEHUE
4. n3menenue o0bEMa MpU HarpeBaHUU
5. IpaBUJILHBIN OTBET HE MIPUBEJIEH
3 T[Topsi10K AuaMeTpa MOJIEKYIIHI ... 1.10%m
2.10%m
3.10%m
4.1010m
S. NpaBUJIbHBINA OTBET HE IPUBEJICH
4 CpenHsisi KMHETHYECKasi 3HEprusi TEIJIOBOro | 1. He M3MEHWIOCH
JBUKEHHUSI MOJIEKYJI HEKOTOPOTO HJEABbHOTO | 2. yMEHbIIMWIOCH B 2.25 pa3a
raza yeeinuumiacb B 1.5 pasa npu | 3. yBenmuwiocs B 1.5 paza
OJTHOBPEMEHHOM YMEHBIIEHUH | 4. yMeHbIIWJIOCH B 1.5 pa3a
KOHLEHTpauuu MoJekyn B 2.25 pasza. Kak | 5. ysenuumiocs B 2.25 pasa
W3MEHUJIOCH JaBJIE€HUE 3TOr0 raza’?
5 CpaBuure pgaBneHuss pi1 Bogopoxa u pz2 | l.p2=8p1
KHCJIOpPOJa, €CIIM KOHLEHTpalus ra3oB U ux | 2. pz2 = 16 p1
CPEIHEKBAIpaTUYHbIE CKOPOCTHU OJIMHAKOBBL. | 3. P2 =4 p1
4. p2=p1
5. IpaBUJIbHBINA OTBET HE MPUBEIEH

1. Onpeznenute cpeHIOW apHU(PMETHUYECKYI0 CKOPOCTh MOJIEKYJ ra3a, €ClM M3BECTHO, UTO
cpenHsis KBagpaTruaHas ckopocth ux 1000 m/c. (0,92 xm/c)

2. [Tpu moxbeme BepTOsIeTa HA HEKOTOPYIO BBICOTY OapOMeTp, HaXOIAIIMNCS B €ro KaOuHe,
n3mMeHun cpoe nokasanue Ha 90 klla. Ha kakoil BbICOTE JIETUT BEPTOJIET, €CIM HA B3JIETHOU
wiomazake 6apomerp nokassiBan 100 I1a? TemnepaTypy Bo3ayxa cuMTaTh HMOCTOSHHOW U
pasHoit 17° C. (892 m)

3. KakoBa mI0THOCTh BOJIOPOJIa, €CIM CPEAHsAsA JUIMHA CBOOOAHOro mpolera ero MoJyieKyl
0.1 cM? (9,54 10 xr/m®)

4. Mukpockonuyeckass NbUIMHKa yriepoga oOmagaer maccoit 0.1 wr. Omnpexpenurte, u3
CKOIBKMX MOJIEKYT OHa cocTouT. (5 10°)

5. B cocyne BmectumocTeio V=20 1 HaxoAWUTCs ra3 KOJUYECTBOM BemiecTBa v=1,5 KMOJb.
OnpenenuTh KOHIIEHTPAINIO N MOJIEKyl B cocyae. (4,52 1078 m3)

Cpeonuii yposens

1. B Oamnone BMeCTUMOCTBIO V=5 1 HaxomuTcs a3oT maccod m=17,5 r. Onpenenutsb
KOHIIEHTPAIMIO N MOJIEKYJ a30Ta B 6amnowe. (7,52 102 m3)

2. B 1ByX OIMHAKOBBIX 10 BMECTHMMOCTH COCYJaX HAXOAATCSA pa3Hble Ias3bl: B MEPBOM —




BOJIOPOJI, BO BTOpOM — KHcJopoa. Haiitu oTHomieHHe ni/N2 KOHLEHTPAIMI Ta30B, €CIU
MacChl Ta30B OJIMHAKOBHI. (16)

I'a3 maccoit m=58,5 r Haxomutcs B cocylne BMecTUMOCThIO V=5 1. KoHuenTpauus n
MoJeKy ra3a pasHa 2,2*10%° 3. Kakoii 5o ras? (Kucnopo)

Onpenenuth KOHLEHTPALMIO N MOJIEKYN HAeainpHOro rasa npu temneparype T=300 K u
naBnernu p=1 mlTa. (2,42 10 m3)

CKOJIbKO MOJIEKYJN Ta3a COAepKHUTCA B OaisioHe BMecTUMOCThI0 V=30 1 mpu temueparype
T=300 K n napnenuun p=5 MITa? (3,62 10%)

Buicokuii yposens

1.

B kon6e BMectMocThio V=100 cM3 comeputcs HEKOTOpBIHA ra3 mpu Temmeparype T=300
K. Ha ckonpKko NMOHU3WTCS AaBIICHHE P Ta3a B KOJOE, €CIM BCIEICTBHE YTEUKH W3 KOJIOBI
seriiner N=10% monexyn? (4,14 xITa)

Onpenenuth cpeHee 3HAYEHHE <&> IOJIHOM KHHETUYECKOW SHEpPruu OJHOM MOJIEKYJIbI
renus npu Temmnepatype T=400 K. (8,28 102! JIx)

Jljig oy4eHus BBICOKOTO BaKyyMma B CTEKJISTHHOM COCYJie HE00X0JUMO MPOrpeBaTh €ro npu
OTKauKe C IIeNIbI0 YAaIUTh aJicopOMpoBaHHbIe Tra3bl. ONpenennuTh, Ha CKOJIbKO MOBBICUTCA
JaBeHHEe B cdepuueckoM cocyme pamuycom R=10 cM, ecimu Bce aacopOMpOBaHHBIC
MOJIEKYJBl Tepeayr co cTeHoK B cocyd. Cioii Molekyl Ha CTEHKaxX CYUTaTh
MOHOMOJIEKY/IAPHBIM, CedeHHe G OHOH Monekyasl pasHo 107° cm? Temmeparypa T, mpu
KOTOPOM MPOM3BOAUTCS oTKavka, papHa 600 K. (2,4 Ila)

Onpenenuts Temnepatypy T Boaopona, pu KOTOPOM CpeAHsisi KHHETUYECKask SHEPTUs <&x>
MOCTYNATEeNbHOTO JIBIXKEHUS MOJIEKYN JAOCTAaTOYHA JJIsl MX PACIICIUICHUS HA aTOMBI, €Cld
MOJISIpHAst SHEprus gucconuanuu Bogopoaa Wm=419 k/lx/mons. (33,6 kK)

IIpu xakoii Temmneparype T MOJIEKYIbl KHUCIOPOAA MMEIOT TaKyl XK€ CpPEIHION

KBaJPAaTUUHYIO CKOPOCTh <Viz™>, KaK MOJIEKYJBI Bojgopona mpu temmeparype Ti1=100 K?
(1600 K)

Pazpnen 2. TepmoannaMuka uaeajbHOro rasa.

ITepBoe Haya0 TepMoagnHAMUKH. TepMoanHAMIYECKHE TPOLECCHI.

baszoeuviit yposens

Ne ®opMmyaupoBKa BoIpoca Bapuants! oTBETOB
/11

1 Kakoe komuuectBo TemnoTel moayueHo | 1. 3.5 xJlx

WJICATbHBIM OJIHOATOMHBIM Ta3oM, ecinu 3a | 2. 5 kJx

BpeMsI YMEHbUIEHMs JaBieHus B 4 pasza npu | 3. 3 xJlx

M30TEPMUYECKOM MPOIIECCE Ta3 COBEPIIWI | 4. IpaBUIIbHBIA OTBET HE MPUBEIIEH
paboty 5 xJx? 5.7.5 x]Ix

2 Kakoe BbIpakeHHE COOTBETCTBYeT mepsomy | 1. AU=A
3aKOHY TEpMOAMHAMMKHU JUIsi aguabatHoro | 2. AU=0
nporecca? 3. AU=-A
4. AU=Q
5. AU=Q-A
3 B kakom mpormecce wuaealbHBIM  ra3 | 1. TakoW mpouecc HeOCYIEeCTBUM
OXJIaXKIAeTCs, coBepmias NP 3TOM | 2. B ©300apuYeCKOM
TTOJIOKHUTEIBHYIO paboTy? 3. B UI30XOPUYECKOM

4. B UI30TEPMHUYECKOM
5. B aimabaTnyeckom




4 MenHoi U CTalbHOW THUPbKaM OJMHAKOBOW | MeIHas
Macchl ~ IEpefaJid  PaBHbIE  KOJUYECTBA
TEIUIOTHL. Y KakoW TUPBKU TemIepaTypa
W3MEHHUTCS CHIIbHEE?

5 WneanbHelil ra3 nepeBogsaT u3 coctosuus 1 B | 1. 2poVo
cocTosiHue 3 Tak, KaKk Moka3zaHo Ha rpaduke | 2. poVo
3aBUCUMOCTH JaBJICHHMS ra3za oT o0ObeMma. | 3. poVo/2
Macca rasa IIOCTOSIHHA. Pabora, | 4. mpaBusbHBII OTBET HE NPUBEAEH
COBEPIIICHHAsI Ta30M, PaBHA ... 5. 4poVo

2p, 1
|
:
Fo :_ P 3
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1. Haiitn ynenpHYI0 TEIIOEMKOCTH Cp TA30BOM CMECH, COCTOSIIEH W3 KOJIUYecTBa vi = 3
KMOJIb aproHa U KOJM4ecTBa V2 = 2 KMoJb azota. (684,63 Jx/(xr K))

2. [110THOCTH HEKOTOPOTO ABYXaTOMHOTO Ta3a HPU HOPMAIBHBIX YCIOBHAX p = 1,43 kr/ve,
Haiiti ynenbHbIE TEMIOEMKOCTH Cy U Cp 3TOro Taza. (905,5 63 JIx/(kr K), 648,8 63 Jx/(kr
K))

3. Kucnopon maccoit 320 r HarpeBaroT Npu NOCTOSHHOM nasiaeHun ot 373 nmo 473 K.
Onpenenuth KOJIMYECTBO TEILIOTHI, MOTJIOMIEHHOE Ta30M. (29,1 kJIx)

4, Kucnopon maccoit 2 kr 3anuMaetr oobem 1 M° 1 Haxomutes o nasierneM 0.2 MITa. T'a3
OBIT HATPET CHAYasa TIPH MOCTOSHHOM JaBJICHHH 10 00BeMa 3 M, a 3aTeM IPH TTOCTOSHHOM
oobeme 10 nasienus 0.5 Mlla. Haiinute n3menenue BHyTpeHHel sHepru rasa. (3,25 M/Ix)

S. B 3akpsitom cocyne Haxomutcs 20 r azora u 32 r kuciaopoxa. Haligute usmeHeHue
BHYTPCHHEW SHEPTUH 3TON cMecH ra3oB npu oxiaxaeHun ee Ha 28°C. (1 k[{x)

Cpeonuii ypogens

1. Omnpenenuth ynenbHYyI0 TEIUIOEMKOCTh Cv CMECH Tra3oB, cojepxamieil Vi=5 1 Bogopoaa u
V2=3 1 renus. ['a3pl HAX0AATCA MPU OAMHAKOBBIX ycloBUsX. (6,4 kJIx/(kr K))

2. OnpenenuTb yIeNbHYIO TEIJIOEMKOCTh Cp CMECH KHCIOpOJa M a30Ta, €CIU KOJIMYECTBO
BELIECTBA V1 IEPBOTr0 KOMIIOHEHTA PaBHO 2 MOJIb, @ KOJMYECTBO BEIIECTBA V2 BTOPOI'O PAaBHO
4 monb. (993 [Ix/(xr K))

3. Haiitn noka3zatenb aawabaThl Y JUIS CMECH Ta30B, CoJepiKamield remui maccoi mi=10 T u
BoAOpoa Maccoit my=4 1. (1,51)

4. Bonopoa maccoit m=4 r Obu1 HarpeT Ha AT=10 K npu nocrosHaom nasienun. OnpenaenuThb
paboty A pacuupenus raza. (166,2 JIx)

5. Tlpm agmabatHOM CKaTWHM KHCJIOpoja maccod m= 1 kr cosepmieHa padota A=100 x/[x.
Onpenenuts KOHEUHYIO TemrepaTypy T2 rasa, ecim 10 CKaTHS KUCJIOPOA HaXOOWiICsS IPH
temneparype T1=300 K. (454 K)

Buicokuii yposens

1. Tas3, 3anumaBmmii 06bem Vi=12 1 mox gaBinenuem p1=100 xlla, 611 n300apHO HArpeT OT
temmneparypsl T1=300 K 1o T>=400 K. Onpeznenuts padoty A pacmupenus raza. (400 /Ix)

2. Ilpu ammabGaTHOM cCxaTuu raza ero obObeM yMmeHbmmwics B n=10 pa3, a paBicHUE




yBenmumioch B k=21,4 paza. Onpenenuts otHomeHne Cp/Cy Teroemkocteit razos. (1,33)

3. Asor maccoit m=2 r, umeBmmii Temreparypy T1=300 K, O6p11 annabaTHO C)KaT Tak, 4YTO €ro
o0beM ymenbimics B n=10 pa3. OnpenenuTs KOHEUHYIO TemnepaTypy T2 rasa u padory A
cxarus. (754 K, 674 [1x)

4. Kucnopon, 3anumaBmmid o6weM Vi=1 1 monm paienueM pi1=1,2 MIlla, aamabGaTHO
pactpmiics 10 oobema V=10 1. Onpenenuts padoty A pacmupenus rasza. (1,81 kJIx)

5. Ilpu M30XOpHOM HarpeBaHUM KUcIopoja o0beMoM V=50 51 naBieHue ra3a U3MEHUIOCh Ha
Ap=0,5 MITIa. Haiitu komudecTBO TEIIOTHI Q, coobmieHHoe razy. (62,5 [[x)

Bropoe Haya/10 TepMOAUHAMUKH. JHTPOIHUSA.

ba3zoewtii yposens

Ne | ®opmynupoBka Bompoca BapuanTel oTBETOB

n/m

1 KIIJI TenmoBoil MmamuHbl, paboraromeii 0e3 | 1. 1Be H30TEPMBIL, IBe a1MA0AThI

MOTEPh DHEPI'HH, SBISETCS MAKCHUMAIIbHBIM, €CiH | 2. ABE aauadathl, 1B U30XOPbI
e€ pabounii UKII BKITFOYAET ... 3. ABE U30XOpHI, 1BE U30TEPMBI
4. nBe n300apbl, ABE U30XOPHI
2 KakoBa pazmepHocTb 3HTpONIMU? 1. JIx/kr
2. JIx/c
3. JIx/(kr+K)
4. Ix/K
3 Temnepatypy Harpeparens M XOJOAWIBHHMKA YMEHBIIWINA Ha | 1. yBeJIHYHTCS
AT= 50 K. Kak wsmenutcsa KIIJ[ wmaeanpHOro TEmioBOro | 2. He U3MEHUTCS
JIBUTATENS? 3. YMEHBIIUTCA
4. Henb34 cKa3aThb, HE
3HAas UCXOJHBIX
TEMIIEPATYP
4 Kakoli M3 mpemIokeHHBIX HIKE TrpapuKoB MPaBWIbHO | 3
otpaxaer nuki Kapno B koopaunarax T, S?
Y | T TA
1 2 3 4
z} -1 2 |2 3 xf 1 2 1) 2 3
T, 3 ot 4 g4 3T 4
s, s, 's s s,’s s s, s s, s, °s
5 VYkaxkuTte nUKI, KOTOpoMy cooTBeTcTBYeT MakcumanbHoe KIIJI | 1. [uzens
TEIJIOBOTO JABUTATENS. 2. Xamppu
3. OtTO
4. Bpaitrona/J>xoymns
5. Kapno

1. WneanbHas TemsoBas MalmiuHa; paGotaromas rno uukiy KapHo, coBepIiaer 3a OJUH LUK
paboty A = 73,5 xJIxx. Temmnepatypa HarpeBateins t1 = 100 °C, TemmnepaTypa X0J0IUJIbHAKA
t> = 0 °C. Haiitu k. 1. 1. n) uukia. (26,8%)

2. WneanbHas TeruioBas MalinHa; paboraromas no uukiy KapHo, coBepiaeT 3a OIuH ITUKI

pabory A = 73,5 x/Ix. Temneparypa narpesareins t1 = 100 °C, remnepaTypa X0JI0AUIbHUKA
to= 0 °C. Haiitu komm4ecTBO TeruIOTHI Q1, MOJIydyaeMoe MAaIIuHOW 3a OJWH ITUKI OT
HarpeBaTelsi, 1 KOJIMYECTBO TEIUIOTH Q2, OTAaBaeMoe 3a OJHU IUKJI XOJoauiIbHUKY. (0,274
M]Ix, 0,2 M/Tx)




3.

4.

Haiinure n3menenune AS sHTponuu npu npeBpamieHun m=10r appa (t= 20°C) B map
(t=100°C). (88 dx/K)

Macca m = 10 r xuciaopoja HarpeBaeTcst oT Temneparypsl t1 = 50 °C no temneparypsl tz =
150 °C. Haiitu nusmeHenue AS >HTpONUH, €CIIM HArPEBaHHUE MTPOMCXOIUT: a) U30XOPUUCCKU;
0) uzobapuyecku. (1,75 Ix/K, 2,45 JIx/K)

CoBepiuiass 3aMKHYTBIA MPOLIECC, Ta3 MOJIYYHUI OT HarpeBaress KOJUYeCTBO TermaoTel Q1=4
k/[x. Onpenenuts paboTy A rasa mpu NpoTEKaHUHM LUKJA, eciu ero tepmuueckuii KITJ]
n=0,1. (400 Ix)

Cpeonuii ypoesenw

1.

WNneanbHplii  JBYyXaTOMHBIA Ta3, COJAEpXkKAIIMKA KOJIMYECTBO BemiectBa v=1 Moib U
Haxojsammiica noxa aasieHueM p1=0,1 Mlla npu temneparype T1=300 K, HarpeBator npu
MOCTOSSHHOM oObeMe n0 naBineHus pp=0,2 MIla. Ilocine sToro ra3z Hu30TEpMUYECKU
paciiipwics 10 Ha4aJbHOTO JaBJICHUS U 3aTe€M M300apHO ObLI CKAT /10 HA4aJbHOro 00beMa
V1. Iloctpouts rpaduk nukina. Onpenenuts Temneparypy T rasza JUis XapaKTepHBIX TOUYEK
nukia u ero repmuyeckuit KIT 1. (0,099)

WneanbHblii ra3, coBepmatomuii uki Kapno, 2/3 konuyectBa TemnoTsl Q1, MOTYYEHHOTO OT
HarpeBatessi, oTAaeT oxyagurento. Temneparypa T2 oxnagurens paBaa 280 K. Onpenenutsb
temreparypy T1 nHarpeBarens. (420 K)

Nneansnebiii ra3 coepmaer nukia Kapao. Temneparypa Ti HarpeBarens B Tpu pasa BbllIe
temreparypsl T2 oxnaaurens. HarpeBatens nepenan rasy KoandecTBO TerioThl Q1=42 kJIx.
Kaxkyro paboty A coBepimi raz? (28 x/Ix)

B pesynbrare u30XOpHOrO HarpeBaHUs BOAOpOJa Maccod m=1 T pgaBleHue p Tasa
YBEITUYWIOCH B JIBa pa3a. Onpenenuts u3Menenne AS sarponuu raza. (7,2 x/K)

Kycok npna maccoir m=200 r, B3saThiii mpu Temnepatype t1=-10 °C, Obl1 Harper 1o
temneparypsl t2=0 °C u pacruiaBiieH, mociie 4yero odpaszoBaBlIasicsi Boja Obula Harpera J0o
temneparypsl t=10 °C. Onpenenuts H3MeHeHHE AS OHHTpPONMM B XOJE€ YKa3aHHBIX
nporieccoB. (291 JIx/K)

Boicoxuii yposens

1.

NneanbHplii MHOTOATOMHBIA a3 COBEPIIACT LUKJ, COCTOSIIMM M3 JBYX HM30XOp M ABYX
n300ap, mpuyeM HauOousblllee JaBlieHWE ra3a B JBa pas3a OoJibllle HAUMEHBLIEro, a
HauOOoJIBIINKM 00BEM B UETHIPE pa3a OoJibiiie HauMeHsbInero. Onpeaenuts Tepmudeckuii KITJ]
n mukna. (0,11)

Wneanbnsbiii a3z coepmaer nuukia Kapno. Temmneparypa T2 oxnaautens paBHa 290 K. Bo
ckosbko pa3 yBenuuutcs KIIJI nmkia, ecnm TeMreparypa HarpeBaTelsl MOBBICHTCS OT
T1'=400 K mo T1"=600 K? (1,88)

Bonopon maccoit m=100 r 6bu1 n300apHO Harper Tak, YTO OOBEM €ro yBEJIWYMICS B n=3
pasza, 3aTeM BOJ0OpPOA OB U30XOPHO OXJIAXKIEH TakK, YTO JaBJIEHUE €0 YMEHBIIMWIOCh B N=3
pasa. Haiitu uamenenue AS sHTponuu B Xo7ie yka3zaHHbIX mporecco. (457 J1x/K)

Kycok meau maccsl mi1 = 300 r npu Temniepatype t1 = 97 °C nomecTwiii B KaJTOPUMETP, TAE
HaxoguTcst Boja Maccel mz = 100 r mpu Ttemmepatype tz= 7 °C. Haiitu npupaimenue
SHTPONUM CHCTEMbl K MOMEHTY BBIpaBHUBaHUS TemrmepaTyp. TernaoeMKoCTh KaJlopuMeTpa
npenedbpexxumo Mana. (4,4 J1x/K)

WNneanbHpiii Ta3 B KOIMYECTBE Vv = 2,2 MOJd HaXOIUTCS B OJHOM U3 JABYX
TETJIOU30IMPOBAHHBIX COCYIOB, COSTMHEHHBIX MEX1y co00i TpyOKoil ¢ kpaHoMm. B npyrom
cocyne — BakyyM. KpaH OoTKpbLIM, U Ta3 3amoyHWI 00a cocya, yBEJIMYUB CBOM 00BbEM B N =
3,0 paza. Haiftu npupamenue sutponuu rasa. (20 x/K)



Paznen 3. SIBjienus: mepeHoca.

SIBJjieHus mepeHoca.

baszoewviit yposens

No dopmyJIHMpOBKa BOIpOCa BapuanTel oTBETOB

/1

1 BsskocTb CBS3aHa €  MepeHocoM | 1. sHepruu

MOJIEKYJIaMH Ia3a ... 2. UMIyJibca

3. Macchl
4. MOMEHTAa UMITYJIbCa

2 KakoBa  pasmepHocTh  kod3(bdurmenta | 1. m%/c

TETJIONPOBOTHOCTH? 2. Br/(m K)

3.1Tac
4. 310 K03 (HUIIUEHT, ITOITOMY OH
pa3MEepHOCTH HE UMEET

3 ['pagrieHT KOHLEHTpALUH - 3TO ... 1. mpou3BOIHAs KOHLIEHTPALMH 110 BPEMEHU
2. pa3HOCTb KOHIIEHTPALIMU B ABYX TOUKaX
3. Ipou3BOHAs KOHLIEHTPALMH [10 BPEMEHU
B JJAHHOM HampaBlIeHUU
4. npou3BO/IHASI KOHIEHTPAIIUM B JAHHOM
HAINlpaBJIEHHHU

4 Bepno nu, uTo mryda rpeet yenoBeka? 1. KOHEUHO, BEPHO, ATO 3HAET KAXbIA, KTO
HajieBal U1yoy
2. HeBepHO, Iy0a JUIIb COXPaHseT Tel1o0
4eJIOBEYECKOro Tesia
3. rpeeT nuuIb Xopouas 1nryda us
€CTECTBEHHOI'0 MeXa
4. nm1yObl U3 CUHTETUKHU HE TPEIOT

5 VYKkaxuTe BEpHOE YTBEPKICHHE. 1. BSA3KOCTB ra3a ¢ pocToOM TeMIepaTyphbl
BO3pacTaer
2. BA3KOCTh raza o0paTHO
MPOMOPLUOHANIbHA €T0 CKOPOCTHU
3. TypOyJeHTHOE JBM)KEHUE 00YCIOBIEHO
Xa0THYECKUM TETIJIOBBIM JBIKEHUEM
MOJIEKYJT
4. BSI3KOCTb T'a30B C POCTOM JIaBJICHUS
YMEHBIIAETCS
5. yem OombIne 3QpHEeKTUBHOE CEUCHUE
COyZIapeHusi MOJIEKYI, TeM OOJbIle
BA3KOCTb rasa

1. Cpennss ninvHa cBOOOAHOrO Mpodera aTOMOB Teius MpU HOPMAJIbHBIX ycJIoBHsIX paBHa 180

uM . Onpenenuts kodhduuuent muddysun remus. (72 106 m?%/c)

Haiitu koappunuent nudpdysuu D Bo3ayxa npu nasnenuu p = 101,3 xlla u Temnepatype t =
10 °C. Jluametp mMoneky: Bo3ayxa o = 0,3 am. (1,46 107 m/c?)

Koapdunment muddy3un u BA3KOCTH BOAOPOAA NPH HEKOTOPBIX YCIOBHUSAX paBHBI D =
1,42-10* m%c u 5 = 8,5 mxIla-c. HaiiTi unciio N MoJeKyn Bofoposa B exunuie oobema. (1,8

1025 M-3)

Haiitu Maccy M a3oTa, mpolesero seneacTaie auddysuu yepes mwiomanxy S = 0,01 m? 3a
Bpems t = 10 ¢, ecnut TpaJUeHT IJIOTHOCTH B HAIPaBJICHNH, EPHEHUKYIIIPHOM K IUTOIIA IKE,




Ap/AX = 1,26 xr/m*. Temneparypa aszorat= 27 °C. Cpemnsis aiuHa cBoGOIHOro mpodera

MOJIEKYJI a30Ta Z= 10 mxm. (0,2 1)
Kucnopon mHaxomurcs mnpu Ttemmeparype T=300 K mon naemenmem p=1,00%10° I1a.
Onpenenuts CpeiHIO ITMHY cBOOOHOTO TIpodera Momnekyi. (0,076 Mkm)

Cpeonuii yposens

1.

[Tycth o dt — BepOSITHOCTH TOTO, YTO MOJIEKYJIA T'a3a UCTIBITHIBAET CTOJKHOBEHUE B TEUCHUEC
BpemeHn dt, o — mocrosHHAas. HailTu BEpOSATHOCTH TOTO, YTO MOJIEKYJIa HE HCIIBITACT
CTOJIKHOBEHUS B TE€UEHHE BpeMeEHH t. (e™)

[Tycth 0. dt — BepOATHOCTH TOTO, YTO MOJICKYJIa I'a3a UCIBITHIBACT CTOJIKHOBCHUE B TCUCHUE
BpeMeHu dt, o — mocrosinHas. Haiitu cpegHee Bpemst Mex Iy CTOJIKHOBEeHUsAMH. (1/cat)

Haiitu cpemHioro ummHY CBOOOJHOTO TpoOera M CpeaHee BpeMsi MEXKIY CTOIKHOBCHHSIMH
MOJIEKYJ Ta3000pa3HOTo a30Ta, HaXOAIIErocs Mpu HopMaabHbIX ycaoBusx. (0,06 mxMm, 0,13
HC)

Buoicoxuii yposens

1.

Haiitn cpennroro mimHY CBOOOJHOrO TIpoOera MeXIy CTOJKHOBEHHUSMH MOJICKYII
ra3oo0pa3Horo a3ora, Haxozsierocs npu Temnepatrype t = 0° C u nasnenuu p = 1,0 ulla. (6
Mwm)

JIBa OOMHAKOBBIX MApPAJJICJIBHBIX AMCKA, OCH KOTOPBIX COBIAJAIOT, PACIIONIOXKEHBI Ha
paccrossHun h gpyr ot nmpyra. Pammyc kaxkmoro mucka a, mpudeMm a >> h. OguH IUCK
BpalaoT ¢ HEOOJBIIOM YrIoBOM CKOPOCTHIO M, APYroi AUCK HemoABMkeH. Hailtu MoMeHT
CWJI TpEHMsI, JEHCTBYIOIIMN Ha HEMOJABMKHBIM JTUCK, €cid KOA((UIMEHT BSI3KOCTU Tasza
Mexty nuckamu paset 1. (N = 1,57nma’/h)

OauH KOHeI CTEep KHsI, 3aKJII0YEHHOIO B TEIJIOM30JUPYIOLIYI0 000JIOUKY, MOAJIEPKUBAETCS
npu temneparype Ti1, a qpyroit koHen, — npu Temmneparype T2. CaM cTepKe€Hb COCTOUT U3
JIBYX 4YacTel, JUIMHBI KOTOpBIX 11, U 12, 1 K03 PuIreHTh! TEmI0onpoBOAHOCTH Y1 U 2. Halitn
TEeMIepaTypy MOBEPXHOCTH COMPUKOCHOBEHHs 3TuX vacteit crepikas. ((x1 T1 2+ x2 T2 l1)/(n

2 + 2 1))

Paznen 3. PeajbHbIe ra3bl M "KUJIKOCTH.

Kuakoctn
ba3zoewviit yposens
No DopmyIIHpOBKa BOIIpPOCa BapuanTel oTBETOB
/1
1 B cocya ¢ XomomHOW BOJOM ONYIIEHA | YMEHBIIUTCS

KamwuisipHas TpyOka. Kak wu3MeHuTCS
YpOBEHb BOJIbI B TPYOKEe MpU HarpeBaHUU

BOJBI?
2 KakoBa pasmepHocts  kod¢¢ummenta | 1. 3To Ge3pa3mepHast BeJIHMUNHA, Pa3IndHas
MOBEPXHOCTHOT'O HATSXKEHUS KUJIKOCTH? JUTSL pa3HBIX KHUAKOCTEN
2. JIx/m?
3.H/™m
4. 3T0 Oe3pa3mepHas BEIUYMHA, OJIMHAKOBAS
U1 BCEX JKUOKOCTEN
3 CTexNIIHHYI0 IUIACTUHKY IOABECHIM K | 1. ams pryTtH

JTIUHAMOMETDY. ITocne 3TOr0 €10 | 2. moKazaHusl OyayT OJUHAKOBBI




IIPUKOCHYJIUCh K IOBEPXHOCTHU KUIAKOCTH | 3. 1JIsl BOJBI

U OTOpBaNiK OT Hee. JJis KakoW >KUIKOCTHU | 4. 1Jig KepOCUHa
PTYTH, BOJBI UM KEPOCHHA — JTUHAMOMET]
MOKA)XET B MOMEHT OTPBIBA CHITy OOJIbIIIe?

4 CuTto, cienaHHOE U3 BOJIOKOH, KOTopbie HE | /laBienune Jlamiaca
CMa4HuBaIOTCS BOJIOH, OKa3bIBaeTCs
HEMIPOHMIIAEMBIM ISl BOJBI, XOTS Yepe3
Hero cBOOOJHO MPOXOoauT Bo3ayXx. KakoBa
MIPUYMHA YKa3aHHOTO SIBJICHUS?

3) B cTeKIIIHHOM cTakaHe HaJIUTO HEKOTOPOE | miap
KOJINYECTBO PTYTH. Kak OHa
pACIOJIOKUTCS, €CIM CTaKaH C PTYTbIO
HOTAJIET B YCJIOBUSI HEBECOMOCTH?

1. Haiitu gaBieHue B y3bIpbKE BO3ayXa JHaMETPOM 4 MKM, KOTOPBIM HaXOAHUTCSA B BOJE HA
ry6uae 5 M. ATMochepHoe napienue HopmanbHoe. (2,23 10° I1a)
2. PryrHeiii Gapomerp umeer auamerp TpyOku 3 MMm. Kakyro mOIpaBKy & B ITOKa3aHHs

O6apoMeTpa Ha/lo BHECTH, €CIM YUHTHIBATh KamWUIIpHOE omyckanue prytu? KoaddummeHnt
MMOBEPXHOCTHOTO HaTspKeHus prytu 510 mH/m. (5,1 Mm)

3. Kakyto cuny F Hy)KHO PUIIOKUTH K TOPHU3OHTATHPHOMY aTFOMUHHUEBOMY KOJIBITY BEICOTOM
h = 10 mm, BHyTpeHHNM auameTpoM d1 = 50 MM u BHemHUM auaMeTpoM d2 = 52 MM, 4TOOBI
0TOpBaTh €ro OT MOBepXHOCTU BOAbI? (63,5 MH)

4. Ha ckonbko Harpeercs Kamisi pTYTH, NOJY4YEHHas, OT CIUSHHMS JBYX KaIelb
panuycom I = 1 mm xaxaas? (1,65 10 K)
S. Kakyto paboTy A mpoTHB CHJI NOBEPXHOCTHOTO HATSXKEHHsI HAJ0 COBEPILIMTH, YTOOBI

paznenuTh chepuueckyro Kario pTyTH paauycoM R= 3 MM Ha J1Beé OJMHAKOBBIC Karliu?
(1,47 10° Ix)

Cpeonuii yposeno

1. B nHe cocyna co pTyThio nMeeTcs Kpyrioe oTBepetue auamerpa d = 70 mxm. [Ipu kakoit
MaKCHUMaJIbHOM TOJIIIMHE CJI0sI PTYTH OHA e1le He OyJeT BhITeKaTh uyepe3 3To oTBepcTue? (21 cm)
2. Mexnay n1ByMsi TOPU30HTAIBHBIMU CTEKJISITHHBIMH TJIACTUHKAMU HAXOJUTCS Karuisl pTyTH
B ¢Qopme nemnemku pamuyca R u Tommuubel h. Cumras, uro h << R, Haiitu maccy m rpy3a,
KOTOPBI HAJ0 TMOJIOKHUTh HAa BEPXHIOK MIACTHUHKY, YTOOBI PACCTOSHHUE MEXKAY TUIACTUHKAMU
YMEHBIUIOCH B n pa3. KpaeBoit yron 9= 135°. Beraucnute m, eciiu R =2,0 cm, h = 0,38 MM, n =
2,0. (0,73 kr)

3. JIBa cTeKJIIHHBIX AMCKa pagnyca R = 5,0 cM cMOYMIM BOJIOM U CIIOXKHUIIM BMECTE TaK, YTO
TOJIIIMHA COS BOJABI MeXAy nuckamu h = 1,9 mxm. Cunrtas cMauyuBaHUE MOJTHBIM, HAUTH CHUITY,
KOTOPYIO HY>KHO MPUIIOKUTH MEPIICHANKYISIPHO K MIIOCKOCTH JUCKOB, 9YTOOBI OTOPBATh UX JIPYT
ot apyra. (0,6 kH)

Buvicokuit yposens

1. Kakywo paboTy A mpoTUB CHJI TOBEPXHOCTHOTO HATSXKEHUS HAJ0 COBEPIIUTH, UYTOOBI
YBEJIMYUTH BABOE 00BEM MBUIBHOTO MY3BIps paguycoM I = 1 cMm? [ToBepXHOCTHOE HATSKCHHE
MBUILHOTO pacTBopa o = 0,043 H/m. (6,35 107 [Ix)

2. Haiitn naBienue p Bo3ayxa B BO3AYIIHOM my3bipbke aumamerpom d = 0,01 wmm,
HaxomsmieMcss Ha rmiayomHeh= 20 cM 10X TOBEPXHOCTBIO BOIBL.  ATMOC(epHOE
nasnenue po = 101,7 kIla. (132860 I1a)




3.

JlaBneHue Bo3yxa BHYTPH MBUIBHOTO MMy3bIps HAa Ap = 133,3 Ila Gombiie aTMocgepHoro.
Haittu muamerp d myssips. TIoBepxXHOCTHOE HaTsbKEHHE MBUIBHOrO pactBopa o = 0,043 H/m.

(2,58 Mmm)
PeanbHble ra3ol
baszoewviit yposens
No dopmyJIMpOBKa BOMpOCa BapuanTel oTBETOB
/1
1 VYpaBuenuem Ban-nep-Baansca craeayer | 1. npu 60bIIKX JaBJIe€HUsIX Ta3a
MOJIb30BATHCA ... 2. Ipyu MaJbIX 00BEMAX Ta3a
3. mpu O6oabIIMX 00bEMaxX rasa
4. mpy MaJbIX JABJICHUSX ras3a
2 [TonmpaBka "a" B ypaBHeHun Bau-gep- | 1. TpeOoBaHHMEM BBINOJIHEHHUS 3aKOHA
Baanbca o0ycnosieHa ... COXpaHEHMsI SHEpPruu IpU COYAAPEHUU
MOJIEKYT
2. pealbHBIMH pa3MepaMu MOJIEKYJI
3. HAJIMYHEM MeKMOJIEKYJIAPHBIX CHJI
B3aHMO/JeHCTBUA
4. 3aKOHOM COXPAaHEHHUS UMITyJIbCa MPU
COYZapEHUU MOJIEKYJI
3 KakoBa pa3mepHocTh moctostHHOW "b" B | 1. M/MOJIB
ypaBHeHuu Ban-nep-Baanbsca? 2. 910 O6e3pa3MepHasi BeJIMYnHA
3. M?/MOTIB?
4. n/monb
5. m%/moan
4 Mosxer M mepecTtarb  CyLIECTBOBAaTH | 1. MOMKET, MPH MOBBINIEHUN TEMIEPATYPbI
pasHHIIAa MEXIY )KUJIKAM M ra3000pa3HbIM | BEIECTBA 10 KPUTHYECKOI 1 BhIIIe
COCTOSTHHEM BelllecTBa’? 2. HET, HE MOYKET HUKOT1a
3. MOXET, IPU MOHUKEHUU TEMIIEPATYPHI
BEILIECTBA JI0 KPUTHYECKOW U HIXKE
4. st OTHUX BELIECTB MOXKET, JIsl APYTUX —
HET
5 Ha  pucynke  wu3obpaxeH  rpadux | 1. razoo0pasHomy
ypaBHeHus Ban-nep-Baanbca. Kakomy | 2. aByxda3Hol cucTeMe KUAKOCThHIap
COCTOSIHUIO  BEILIECTBA  COOTBETCTBYET | 3. TBEpAOMY
y4dacTok rpaduka ab? 4. KUaKOMy
i E
1. B cocyne oovemom V = 10 1 Haxoautcs macca m = 0,25 Kkr a3ora npu Temmeparype t =

2.

27 °C. Kakyro dYacTh JaBJIGHHsS Ta3a COCTaBIIICT JaBlieHHWE, OOYCIOBJIICHHOE CHJIaMHU
B3auMo/ieiicTBus MoJiekyin? (4,87%)

B cocyne oovemom V = 10 n Haxomutcs macca m = 0,25 kr a3ora npu Temmeparype t =

27 °C. Kakyro yactb 00beMa cocy/ia COCTaBIseT coOCTBEHHBIN 00beM Mounekyi? (0,86%)




3. KomuuectBo v = 0,5 KMOIb HEKOTOpOro rasa 3amumaer obbem Vi= 1 . Ilpu

pacmmpenun raza g0 oovemaVe= 1,2 M30Obuia coBepmieHa paboTa NPOTHB  CHII
B3auMoeicTBus mMoJiekyn A = 5,684 x/[x. HaliTu MOCTOSHHYIO @, BXOJSIIYIO B YpaBHEHHE
Ban-nep-Baansca. (0,1364 ITa M® mons2)

Cpeonuii ypoesenw
1. Macca m = 20 kr a30Ta anuabaTUUECKH pacIIMpsieTcs B BaKyyM oT oobema V1= 1 M° 10

obvema Vo= 2 Mm% Haiitu mnonmxenue AT TeMrepaTypbl HpH 3TOM PACIIMPEHHH, CUHTAS
M3BECTHOM JIJIs a30Ta MOCTOSIHHYIO ¢, BXOJIAIIYIO B ypaBHeHUe Ban-nep-Baansca. (-2,339 K)

2. Kakoe maBiieHue p HagO0 TPHWIOKUTH, YTOOBI YTIEKUCTBIA Ta3 MPEBPATHTH B KHUIKYIO
YIIIEeKUCIIOTY npu Temiepatypax t1 =31 °C u t, =50 °C? (7,38 MIla)
3. HaliT TI0THOCTB pi TENTUST B KPUTUYECKOM COCTOSIHMH, CUUTAs W3BECTHBIMH IS TEITHS

KpHUTHYecKue 3HaueHus TxkH px. (56,91 xr/m°)

Buvicokuii yposens

1. KomuyectBo v = 1 kmonb kuciopoga 3aHuMaer oobem V = 56 1 npu naBinenuu p = 93
MIIa. Haiitu Temniepatypy t raza, mosis3ysch ypaBHeHueM Ban-nep-Baanbca. (348,9 K)

2. Konmaecto v = 1 kMo renmus 3aauMaeT oobem V = 0,237 m° npu Temnepatype t = -200

°C. Haiitn nmaBneHue p ra3a, MONB3yICh YypaBHeHHEM Ban-nep-Baanbca B TIpHBEIEHHBIX
BenuuuHax. (2,78 Mlla)

3. Bo ckonbko pa3 maBineHue raza OoJiblIe €ro KPUTHUYECKOTO JABJICHHS, €CIIH HU3BECTHO,
4TO ero 00bEeM U TeMIIEpaTypa BIBOE 0OJIbIle KPUTHICCKUX 3HAYCHUN ITUX BelHuuH? (2,45)



Bonpocsl k 3k3ameny

1. XapakTepUCTUKUA MOJICKYJI: pa3Mepbl, aTOMHas M MOJeEKyJsapHas Macca. KoinuecTtBo
BEILIECTBA — MOJIb. ATperaTHbI€ COCTOSIHUSI BEIIECTBA.

2. WNneanbHpiii a3, 3akoHBl HACATBLHOrO Ta3a. YpaBHeHuwe Kiaitnepona—MeHneneeBa.
TemmepaTypHbIE IIKaJbIL.

3. OCHOBHOE YypaBHEHHUE MOJICKYJISIPHO-KUHETUYECKOW TEOPUU HJICAIbHOIO Tas3a, €ro
BbIBOJ. MOJIEKYISIpPHO-KMHETUYECKUN CMBICIT TEMIIEPATYPHI.

4, Crenern cBOOOIBI MOJICKYJ. Pacripenenenne 3HEpruy Mo CTENEeHSIM CBOOOIbI. DHEPTHs
MOJIEKYJIbl. BHYTpeHHsIs1 3HEprus U1eaibHOTo Trasa.

5. Pacnpenenenne MakcBeruia AJisi MOJIEKYJI Ta3a IO CKOPOCTSAM: 1O KOMIIOHEHTE CKOPOCTH,

[0 MOAYJIO CKOpPOCTHU. XapaKTEpHbIE CKOPOCTH MOJIEKYJI: CPEIHssA, CpEIHss KBaJpaTHuHasd,
Hau6Oosee BepostHas. OnwiT [lTepHa.

6. Pacnpenenenne MoseKys B MOTEHIMAILHOM TI0JIe: OapoMeTpudeckas hopmyIa.

7. OcHOBHbIE TOHATHUS: TEPMOJAMHAMUYECKAs CHCTEMa, MapaMeTpbl CHCTEMbI, COCTOSHUE
CUCTEMBI, PABHOBECHBIC U HEPABHOBECHBIC MIPOIECCHI, 00pPATUMBIC U HEOOpaTHMbIE TIPOIIECCHI.

8. Buytpennss sueprus. Temnora u padora. dyHkuuu mporecca u cocrossHus. [lepsoe
HAYaJI0 TEPMOIUHAMUKH.

9. Temnoemkocth, ypaBHeHHe Maiiepa. TemnoeMKOCTh M UYHMCIO CTENEHEH CBOOOIBI.
DKCTIepUMEHTAIbHAS 3aBUCHMOCTh TEIIOEMKOCTH BOJIOPOIa OT TEMIIEPaTYPHI.

10.  AnuabGaTHBIN U MOJUTPOIHBINA MPOLECCHI, UX YPABHEHUS.

11. Pabora uaeansHOro raza B pa3JIMuHBIX MPOIECCaX.

12.  Huxinueckue mnporecchl. IlepBoe Hayano TEpMOAMHAMUKH ISl  LUKIMYECKUX
npoueccoB. TemtoBbie MamuHbl. KIT/[ TEIoBBIX MallvH.

13.  Bropoe nauano trepmonunamuku B ¢popmynupoBkax Tomcona (KenpBuna) u Knaysuyca.

XoJIoIuIILHAS MallluHa.

14.  Iuxu Kapno. KII/] uukna Kapro. Teopemst Kapho.

15.  HepasenctBo Kiay3suyca. DHTponus Kak QyHKIMs cOCTOAHUS. POpMyIHpPOBKa BTOPOTO
Hayajia TEPMOJIMHAMUKHU C UCIIOJIb30BaHUEM MOHATHUS SHTPONHMSL. Bbrurcienue 3HTponuu.

16. TepMmonnHamMuyeckue QyHKIMH.

17. CBs3bp SHTPONMM C BEPOSTHOCTHIO. TepMoaMHAMHUECKasi BEPOSTHOCTb COCTOSHUS.
®opmyna bonpiiMana. CTaTUCTUYECKUI CMBIC BTOPOI'O Hayajia TEPMOJINHAMUKH.

18. VYpaBuenne Ban-nep-Baanbca. WM3orepmsl raza Ban-nep-Baaneca. Kpurtuueckue
napaMeTpbl. 3aKOH COOTBETCTBHUS COCTOSIHUM.

19.  H3orepMbl peaJbHBIX TIa30B, UX CpaBHEHHE C H30TepMaMu ra3a Ban-nep-Baanbca.
Kputnueckue cocTosiHUS.

20.  dazoBbie mepexoabl 1-ro poma. YpasHenue Kiaitnepona-Knaysuyca. ®a3oBble
JarpamMMmbl.

21.  MexXMoneKyssipHbIe CHJIBI B3aUMOJECICTBHS. ITorenunanbHas SHEPrus
MEXMOJIEKYJIIPHOTO B3aUMO/IEHCTBUSI.

22.  SlBneHus mepeHoca B raszax OKCIIEpHUMEHTaJIbHbIe 3aKOHBI (3akoHbl Puka, HpioToHa,
dypne).

23.  CTONKHOBEHHS MOJIEKYJ], YHCIO CTOJIKHOBEHUH B eAMHHUIY BpeMeHU. CpenHsis UIMHA
CcBOOOTHOTO TIpodera.

24.  TlonmyyeHue ypaBHEHMH TI€peHOCa KHHETHYECKUM METOAOM. BplpakeHus amns

kodp¢unmenToB auddy3nun, BHYTPEHHETO TPEHMsS], TEIUIONPOBOAHOCTH, CBSI3b MEX]Y HUMHU.
SBneHus nepeHoca B yabTpapa3psKEHHBIX razax.

25.  SlpneHHWe TOBEPXHOCTHOTO HATSDKEHHUS. YCIOBHS paBHOBECHS Ha TpaHUIE JBYX
KUAKOCTEH, Ha TPAHULIE )KUJIKOCTh — TBepaoe Teno. Kpaesoii yrou.

26.  JIONOJHMUTENBHOE JIaBJICHUE B KHUIKOCTH IOJ MCKPUBJIEHHOW MOBEpXHOCTHIO. Dopmyra
Jlanunaca. KanwinsipHble sIBIEHUS.

217. Ucnapenue u kunenwe xuakocteil. JlaBieHue HachlllleHHBIX TMapoB. Ileperperas
KHUAKOCTb, IEPEOXIIAKICHHBIN Iap.



IIpumep BapuaHTa 3K3aMeHAIlHOHHBIX BOIIPOCOB

No dopmyJIHMpOBKa BOMpOCca BapuanTsl oTBETOB
/1
1 B Gayutone HaxomuTes 5 moseil BemectBa. | 1. 4-10%°
KoJ114ecTBO MOMeKys1 B GaloHe 2.6:10%
MIPUMEPHO PABHO ... 3.5-10%
4.3-10%
2 B HekoTOpoM mponecce Temneparypa ra3a | yYMeHbIIUTCS
yYMEHbILIAeTCH, a ero 00beM
yBenuuuBaeTcs. Kak u3MeHUTCs naBlieHUe
IIpU NIOCTOSIHHOM Macce rasa?
3 BuyTpennsis sHeprusi raza ckiansiBaercs | 1. Exu E; >0
3 Ex — cymmapHoit kuHernueckoil | 2. Ex>>Eq
sHepruu Mosiekyl u En — notennmansHo | 3. Ex<<Ej
sHeprum ux B3aumojeictBus. [Ipu kaxom | 4. Ex u En He 70KHBI ObITH CBSI3aHBI
cootHoweHUH Mexay Eq u E; cocTosiHMe | HUIKAKUM COOTHOILIEHHEM
raza MoOXeT ObITb omucaHo ypaBHeHHeM | 5. Ex=Eq
MenneneeBa-Kiaitnepona?
4 [Topsimok nuamerpa mpOCThIX MOJIEKYI ... 1.10%m
2.101%m
3.10%wm
4.10%m
S. NpaBUJIbHBINA OTBET HE IPUBEJICH
5 K HekoTtopoli Macce wupaeanbHOro rasa |2
MOJIBEIEHO  OJAMHAKOBOE  KOJINYECTBO
TEIJIOTHl - OJIMH pa3 MpU NOCTOSHHOM
JABJIEHWW, a JAPYrodW - TPH TOCTOSHHOM
oowveme. [lpu kaxom mporecce (1 wnu 2)
TIOBBIIICHHE TEMIIEPaTyphl OyeT 6ombIe?
6 IIpu wn30xOopHOM mpouLecce BHYTpPeHHsA | 1. yBeJuyuBaeTcsi
SHEpPrusi OJHOATOMHOI'O HJEAbHOTO Ta3a | 2. U3MEHSETCs B 3aBUCUMOCTHU OT
IIpU YBEJIMYEHUU JABJICHUS ... UCXO/IHOTO 00BEMa
3. yMeHbIaeTcs
4. He u3MeHseTcs
7 AnrabaTUYecKuid porece - 3TO TMporiecc, | 1. BHYTpeHHSS YHEPTUSI CHCTEMBI HE
IIPU KOTOPOM ... U3MEHSIETCS
2. He MPOMCXOIMT TENJI000MeHa MeKIY
CHCTEMOM U OKPYKaLuei cpeaoi
3. cuctema He coBepuIaeT paboTy MPOTUB
BHEILIHUX CHUJI
4. HajJ cUCTEMOI He CoBepIIalOT paboTy
BHEILIHUE CUJIBI
5. TemnepaTypa CUCTEMbI He U3MEHsIeTCs
8 Breibepute mpaBuIbHBIE  yTBEPXKIAEHUSA, | 1. 3HTpOMUA - 3TO DYHKIIUS TIpoiiecca

OTHOCSIIIIUECS K OHATHIO "sHTponus'":

2. B M30JIMPOBAHHOI CHCTEeMe SJHTPONUSA
He MO’KeT yObIBATh

3. B U30JIMPOBAHHON CUCTEME PHTPOIUS HE
MOJKET BO3pacTarh

4. B N30JIMPOBAHHON CUCTEME SHTPOIUS HE
U3MEHSETCS

5. 3HTpoONUS - ITO PYHKIUS COCTOSTHUSA




KIIJI TemmoBoii MammHbl, paboTaromein
0e3 0TEPh SHEPIuH, ABJIETCS
MaKCHMaJIbHBIM, €CIH €€ pabOYui MK
BKJIIOYAET ...

1. nBe N30XOpPHI, JBE N30TEPMBI

2. nBe aauadatkl, IBE U30XOPHI

3. 1Be U30TEePMbI, IB€ aAMa0aAThI
4. nBe n306apwl, 1BE N30XOPHI

10

Temnepatypy HarpeBaTels u
XOJIOAWIbHUKA  TEIUIOBOTO  JIBUTATEls
NOHM3WJIA Ha OJMHAKOBOE KOJUYECTBO
rpagycoB. Kak usmenuncs npu stom KII/]
IBUTATENS?

1. ymeHbIImiIcs

2. HE U3MEHUJICS

3. OTBET HE OJJHO3HAYEH
4. yBeanumJjcst

11

3aBUCHT M OT  IUIOTHOCTH
KOd(pUImEeHT BA3KOCTH?

rasa

HET

12

KoadduimeHt BHyTpeHHETO TPEHHS - 3TO
dusnueckas BEJINYMHA, YHCIICHHO
paBHasl...

1. uMIynbCy, IEPEHOCUMOMY B €IMHUILY
BPEMEHU, Yepe3 eIUHUILY IIJI0Ia 1 B
HaIlpaBJIEHUH, IEPIICHAUKYISIPHOM
CKOpPOCTHU

2. cpeau OTBETOB HET MPABHIIBHOTO

3. cuje BHYTPEHHETO TPEHUs], EUCTBYIOLEH
MEXY CJIOSIMU KHIKOCTH Ha €IUHUILY
TJIOIIAAN UX COMPUKOCHOBEHUS TIPHU
W3MEHEHUHU CKOPOCTH 32 €IMHUILY BPEMEHU
4. cujie BHyTPEHHEr 0 TpeHusl,
NeHCTBYIOIIEH MeKIY CA0AMH KUTKOCTH
¢ IVIOIIAAbI0O UX COMPUKOCHOBEHUS,
PaBHOIi eMHNILIE, IPU I'PaJHEHTE
CKOPOCTH, PABHOM €IMHMLIE

13

HckpuBieHre NOBEPXHOCTH KUJIKOCTH
CO3/1aeT  JIOMOJIHUTEIbHOE  (JIaIIacoBo)
naBieHue. BcenenctBue 3TOro jaaBiieHHE
BO3[yXa B MBIIBHOM ITy3BIPE HECKOJIBKO
oompmie  armocdepnoro. IloBwimenHOE
JaBJICHUE CYLIECTBYeT W B  Kallle.
Nmerorcst ogHOro JauaMmerpa Karmis |
MBUIBHBIA IIY3bIPDb U3 OJHOM M TOU XK€
xuakoctu. ['ne naBieHwe MeHblle -
BHYTPH I1y3bIPsl WJIM BHYTPU Karuiu?

Kaljis

14

KakoBa  pa3mepHocTh KO3 duIMEeHTa
MIOBEPXHOCTHOT'O HATSYKEHUS KUJIKOCTH?

1. aT0 6e3pa3MepHast BeTUINHA, OJJUHAKOBAS
JUTSL BCEX YKHJIKOCTEH

2. 910 O6e3pa3MepHasi BETUYNHA, pa3IMIHas
JUTSL PA3HBIX KHUAKOCTEH

3. Jax/m?

4. H/'m

15

Haiinute maccy BO3ayxa, 3amoOJIHSIONIETO
ayIuTopuio BhIcOTOM 3.1 M mIomaabo
nona 89 m2. Jlanenne Bo3ayxa 100 kIla,
TeMneparypa MTOMEILIECHUS 10°C.
Monsipaas macca Bo3gyxa pasHa (.029
KI/MOJTb.

m=340 kr

16

KakoBa cpenHsis KBaapaTudHasi CKOPOCTb
MOJIEKYJI HEKOTOPOTO rasa, €CJIh U3BECTHO,
YTO IJIOTHOCTH ero 26 r/M°, a nasjeHwe,
OKa3bIBAEMOE€ MM Ha CTEHKH cocyna, 3.7
klla?

V=653 m/c




17

[InoTHOCTH ~ HEKOTOpOro  ra3a  Ipu
HOPMAJBHBIX YCJIOBUAX paBHa 1.2 Kr/m>.
OTHOIIEHHE YAENbHBIX TEIJIOEMKOCTEH
1.4. Onpenenure yaenbHyI TEIJIOEMKOCTh
rasa IpH IOCTOSIHHOM 00BbeMe.

Cv=773 Jik/(kr-K)

18

WneanpHas TEII0Bas MallMHa,
pabotaromias no nukiay Kapho, momyyaet
3a KaXJpld LUKI OT HarpeBatens 3.9 k/[x
temia. Temneparypa HarpeBarens 408 K,
temneparypa xonogwibHuka 308 K.
Haiinure KOJIMYECTBO TEIJIOTHI,
OTJIABaEMOE XOJIOIUIIbHUKY 32 OJMH LIHKIL

Q2=2.94 xJIx

19

B cocyne oOwbemom 4.5 1 HaxoguTcs
3.10%2 wMomeKkynm JBYXaTOMHOTO TIa3a.
Koadduiment TemaonpoBOAHOCTH Tasa
paBeH 0.02 Bt/(Mm.K). Haiinure
koddunment auddy3un raza mNpu STUX
YCIIOBUSIX.

D=8.7-10° m?/c

20

Haiinute no6aBouyHOE MAaBlieHHWE BHYTPU
MBUIBHOTO ITy3bIps JuameTpoM 13 cm, ecnu
koaurmeHT MTOBEPXHOCTHOTO
HATSDKEHUS MBUIBHOM Boabl paBeH 40
MH/m.

P2=2.46 I1a




IIpunoxenne 2

TunoBbie KOHTPOJIbHBIC BOIIPOCHI JIsA I[pOMe)KyTO‘{H()ﬁ aTrTeCcTalumn

1. XapakTepuCTUKHU MOJIEKYJI: pa3Mepbl, aTOMHAasi U1 MOJIEKYJsipHas macca. KonumdyecTBo BemecTBa —
MOJIb. ATrperaTHble COCTOSIHUS BEIIECTBA.

2. NneanbHplii  ra3, 3aKkoHbl MACaIbHOTO Ta3a. YpaBHeHnue Kralinepona—Menpeneena.
TemneparypHble IKaJIbI.

3. OCHOBHOE ypaBHEHHE MOJEKYISIPHO-KMHETUYECKON TEOpPUU HJICAJIbBHOTO Ta3a, €ro BbIBO/I.
MounekyIIpHO-KUHETUYECKHUM CMBICII TEMIIEPATYPBL.

4, CreneHn cBOOOABI MOJEKY/l. Pacrpenenenne SHEPrHWM IO CTENEHSAM CBOOOJBI. DHEPrus
MOJIEKYJIbl. BHYTpEeHHSIs1 SHEpTUsl U1€abHOTO ra3a.

5. Pacnpenenenne MakcBeiia 18 MOJIEKYJ ra3a MO CKOPOCTSIM: MO KOMIIOHEHTE CKOPOCTH, IO

MOJIYJII0 CKOpPOCTH. XapaKTEpHbIE CKOPOCTH MOJEKYJ: CpeIHss, CpelHsAs KBaJpaTuyHas, Hanbosee
BepositHas. OnbiT HlTepHa.

6. Pacnpenenenne MoneKkys B MOTEHIMAIBHOM ToJie: OapomeTprueckas popmyia.

7. OCHOBHbIE TOHATHUS: TEPMOJMHAMHUYECKAsT CUCTEMA, MapaMeTpbl CUCTEMbl, COCTOSIHUE CUCTEMBI,
PaBHOBECHbBIE M HEPABHOBECHBIE MPOIIECCHI, 00paTUMBbIE U HEOOPATUMBIE ITPOLIECCHI.

8. Buytpennsis sHeprus. Temora u pabora. dyHkumu mporecca u coctosHud. IlepBoe Hauano
TEPMOJIMHAMHUKH.

0. Temnoemkocth, ypaBHeHHe Maiiepa. TemnoeMKocTb ¥ 4YHMCIO  CTENEHEH  CBOOOJBI.
DKcrnepuMeHTalIbHAsL 3aBUCUMOCTb TEIIJIOEMKOCTH BOJIOPO/A OT TEMIIEPATYPBI.

10.  AnuabaTHBIN U MOJUTPOITHBIN MPOLIECCHI, UX YPABHEHHUS.

11. Pabota naeanbHOro raza B pa3JIMuHbIX MPOIECCaX.

12. Huknuueckue mnpoueccel. llepBoe Hayano TEPMOAMHAMMKUA JUISl IUKIMYECKHUX IPOLIECCOB.
Termmosble MammHbl. KIT/[ TemioBsIX MalvH.

13. Bropoe Hawanmo TepMonuHamuku B ¢opmynupoBkax Tomcona (KensBuna) u Kiaysuyca.

XonoaunpHas MallyHa.

14, [Mukn Kapno. KII/I uuxna Kapao. Teopems! KapHo.

15.  HepaBenctBo Knay3umyca. DHTponus kak ¢yHKIUsS cocTossHud. DopmynupoBka BTOpOro Hayasia
TEPMOJUHAMHKH C MCIIOJIb30BAHUEM IMTOHTHSI SHTPONUs. BpIuncCiIeHne SHTPONHH.

16. TepMmoanHamMuyeckue QyHKIUH.

17. CBs3p SHTpPONIMHM C BEPOATHOCTHIO. TepMmoamHammuueckas BEPOSATHOCTb cocTosiHUA. Popmyna
Bbonbimana. CtaTuCTHUECKU CMBICT BTOPOTO Hayajla TEPMOAMHAMUKH.

18. VYpaBHenue Ban-nep-Baanbca. M3orepmbl rasa Ban-pep-Baanbca. Kputnueckne mnapamerpsl.
3aKOH COOTBETCTBHUS COCTOSTHUH.

19. M30TepMbI peanbHBIX ra3oB, UX CpaBHEHHE ¢ M30TepMamu ra3a Ban-nep-Baanbsca. Kputnueckue
COCTOSIHHSL.

20. ®da3zoBble nepexobl 1-ro pona. YpasHenue Knaitnepona-Knaysnyca. @a3zoBble JuarpamMmmel.

21. MexMoneKkysapHble  CWIIBI  B3auMoJeHcTBHs. [loTeHnnanpHas SHEpPrus MEKMOJEKYJISIPHOIO
B3aUMOJICHCTBUS.

22. SIBnenus nmepeHoca B razax DKCIIEpUMEHTAIbHBIE 3aKOHBI (3akoHbl Puka, HetoToHa, Dyphe).

23. CTONKHOBEHHUS MOJIEKYIJI, YUCIIO CTOJKHOBEHUH B eIUHHILY BpeMeHHU. CpeqHss JJIuHa CBOOOHOTO
npobera.

24, [Tonydyenue ypaBHEHUH NepeHOCAa KHMHETHYECKUM METOA0M. BbipaxkeHus s KOd(PPHUIMEHTOB

muddy3un, BHYTPEHHETO TPEHUs, TEIUIONPOBOIHOCTH, CBSI3b MEXKIYy HHUMH. SIBIEeHUS TepeHoca B
yIbTpapa3psKEHHbIX razax.

25.  SIBneHWE MOBEPXHOCTHOTO HATSHKCHHS. YCJIOBHS PaBHOBECHS HAa TPAHUIIE JABYX KHJIKOCTEH, Ha
TpaHMIIe JKUJIKOCTh — TBepaoe Teno. Kpaesoit yroa.

26. JlonmomHUTENbHOE JABJICHUE B KUJKOCTH MOJ UCKPUBJICHHON MOBEpXHOCTHIO. @opmyrna Jlamnaca.
Kanunnspusie siBienus.

27. Ucnapenne u kunenwe xujakocteil. JlaBneHue HachIIEHHbIX NapoB. lleperperas >KUIKOCTb,
MIEPEOXIIaXKICHHBIN T1ap.



TunoBbie KOHTPOJIbHBIC 3a1aHUA 1JIA l'lpOMC)KyTO‘lHOfI aTTeCTaliuu

Ne DopmyJIMpOBKa BOIIPOCa BapuanTel oTBETOB
/1
1 B Gannone Haxoautcs 5 Moneii BemiecTsa. | 1. 4-10%°
KonnyecTBo Mosiekyn B 6aijioHe 2.6-10%
IIPUMEPHO PABHO ... 3.5-10%
4.3-10%
2 B HekoTopoMm mpouecce TemrepaTypa ra3a | yMeHbIIHTCS
yYMEHbILIaeTCs, a ero o0BeM
yBesnnuuBaeTcs. Kak n3mMeHuTcs 1aBieHUE
IIpY IOCTOSIHHOW Macce rasza’?
3 Buytpennss sHeprus rasa ckiaabiBaercs | 1. Ex u Eq >0
n3 Ex — cymmapHoii kuHernueckou | 2. Ex>>Ey
sHeprun Mosiekyn u E, — nmotenmuansaol | 3. Ex<<E;
sHepruu ux B3aumojeincTBus. [Ipu kakom | 4. Ex u E; He JOMKHBI OBITH CBSI3aHBI
cooTHowmieHUH Mexay Ex u En cocTosiHMe | HUKAKUM COOTHOILIEHUEM
raza MOXeT ObITb omucaHo ypaBHeHueM | 5. E=E;
MenneneeBa-Knaiinepona?
4 [Topsimok AuaMerpa MPOCThIX MOJIEKYI ... 1.10%m
2.101%m
3.10%wm
4,102 m
5. IpaBUJILHBIN OTBET HE MIPUBEJICH
5 K HekoTtopoii Mmacce wunaeanbHOro rasa |2
MIOJIBEIEHO  OAMHAKOBOE  KOJIMYECTBO
TEIUIOTHl - OJUH pa3 MpH IOCTOSHHOM
NABJIEHUHU, a JPYTOM - IpPU MOCTOSIHHOM
o0Beme.
IIpu xakom mpouecce (1 wumm  2)
TIOBBIIICHUE TEMIIEPATyphl OyieT Oobie?
6 IIpn wn30xOopHOM ImpoLEecceE BHYTPEHHsAS | 1. yBeJnuMBaeTcs
SHEPrusi OJJHOATOMHOTO HJCAIbHOTO Ta3a | 2. U3MEHSETCS B 3aBUCHMOCTH OT
MIPU YBEJIMYEHUHU JABJICHUS ... UCXO/IHOTO 00BEMa
3. yMeHbIIaeTcs
4. He U3MeHseTcs
7 Anmnabatudeckuil mpouecc - 3T0 Mpouecc, | 1. BHyTpeHHSs JHEPIHsi CHCTEMBI He
IIPH KOTOPOM ... U3MEHSETCS
2. He MPOMCXOIMT TENJI000MeHa MeKIY
CHCTEMOM U OKPYKaKILei cpeaoi
3. cuctema He coBepuIaeT paboTy MPOTUB
BHEILIHUX CHUJI
4. Haj cUCTEMOI HE CoBepIIAlOT paboTy
BHEILIHUE CUJIBI
5. TemnepaTypa CUCTEMbI HE U3MEHsIeTCs
8 Breibepute npaBuibHBIE  YTBEp)KIAEHHS, | 1. 3HTpomus - 3TO QYHKIMS Mpoliecca

OTHOCAILIMECS K TOHATHIO "dHTponus":

2. B M30JIMPOBAHHOI CHCTEeMe SJHTPONUSA
He MO’KeT yObIBATh

3. B U30JIMPOBAHHON CUCTEME PHTPOIHUS HE
MOJKET BO3pacTarh

4. B N30JIMPOBAaHHON CUCTEME SHTPOIUS HE
U3MEHSETCS

5. 3HTpoONUS - ITO PYHKIUS COCTOSIHUSA




KIIJl TemoBoit MamuHbl, paboTaromein
6e3 oTeph SHEPTUH, SBIISICTCA
MaKCUMAaJIbHBIM, €CJIi €€ pabo4uid IIHKII
BKJTIOYAET ...

1. 1Be M30XOPHI, 1BE H30TEPMBI

2. nBe aauadatel, IBE U30XOPHI

3. 1Be U30TEePMbI, IB€ aAMa0aAThI
4. nBe n3006apwl, 1BE H30XOPHI

10 Temnepatypy HarpeBaTes u | 1. ymenpumics
XOJIOIWJIbHUKA  TEIUIOBOTO  JABUTIaTens | 2. He U3MEHUIICS
MOHU3WJIM Ha OJUHAKOBOE KOJIMYECTBO | 3. OTBET HE OJJHO3HAYEH
rpanycoB. Kak n3smenuncs npu srom KIIJI | 4. yBeauuunsics
nBurareis’?
11 3aBUCUT JM  OT  IUIOTHOCTH  Ta3a | HeT
K02 PUIMEHT BA3KOCTH?
12 KoadduureHnt BHyTpeHHET0 TpeHUs - 3T0 | . UMIyNbCy, NIEPEHOCUMOMY B €AHHHUILY
¢du3nueckas BeIWYUHA, YUCICHHO paBHAas | BPEMEHH, Yepe3 €ANHHUILY IIOIAIU B
HaIpaBJICHUH, IEPIEHAUKYISIPHOM
CKOPOCTH
2. cpenu OTBETOB HET MPABUIILHOTO
3. cuje BHYTPEHHETO TPEHHUs], IeHCTBYIOLIEH
MEXy CJIOSIMH JKUJKOCTHU Ha €AUHULLY
IUIOIIA/IA UX COMPUKOCHOBEHHUSI IPU
M3MEHEHUHU CKOPOCTH 3a €IMHUILY BpEMEHU
4. cuiie BHYTPEHHEI0 TPEeHusl,
AelicTBYIOLIEH MEXKIY CIOSIMHU KUAKOCTH
¢ IJIOIIAIbI0 MX CONPUKOCHOBEHMS,
PaBHOI elMHMIIEe, IPU I'PA/IMEHTE
CKOPOCTH, PABHOM eIMHHIIE
13 HckpuBneHne MOBEPXHOCTU IKUJKOCTH | KATJIA
co3/laeT JOMOJIHUTENbHOE  (JIariaacoBo)
naBieHue. BcenencTBue »TOro naBieHue
BO3[lyXa B MBUIBHOM ITy3BIPE HECKOJIBKO
6onpiie  armoceproro. IloBwimeHHOE
JaBJICHHE CYyLIECTBYeT M B  Kallle.
Nwmerorcs opgHOro naumamMerpa Kamisl |
MBUIBHBIM IYy3bIpb W3 OJHOM U TOW XK€
xuakoctu. ['ne naBieHue MeHblue -
BHYTPH My3bIPS HIIM BHYTPH Karuiu?
14 KakoBa  pasmepHocth  ko3ddunuenta | 1. 3To 6e3pasmepHas BeJIHMUrMHA, OJUHAKOBAs
[IOBEPXHOCTHOT'O HATSKEHUS KUJIKOCTHU? JUTS BCEX JKMJIKOCTEN
2. 310 Ge3pa3MepHas BETUUMHA, Pa3IUYHAs
JUTSL PA3HBIX KHUAKOCTEH
3. Jax/m?
4. H/'m
15 Haiinure maccy Bo3myxa, 3amomastomero | m=340 kr
aynuroputo BbicoTOM 3.1 W mIomanpio
nona 89 M. JlaBnenne Bosmyxa 100 xITa,
TeMIeparypa ITOMEILIEHUS 10°C.
Monsipnass macca Bo3ayxa pasHa 0.029
KI/MOJIb.
16 | KakoBa cpenHsis KBaapaTHyHas CKOpocTh | Vie=653 m/c

MOJIEKYJI HEKOTOPOTO Ta3a, €ClIi U3BECTHO,
YTO TUIOTHOCTH ero 26 r/mM°, a naBicHHe,
OKa3bIBa€MO€ MM Ha CTEHKH cocyna, 3.7
klla?




17

[InoTHOCTH ~ HEKOTOpOro  raza  IpH
HOPMAJIBHBIX yCJIOBHAX paBHa 1.2 kr/m®.
OTHOLIIEGHHE YAEIbHBIX TEIMJIOEMKOCTEH
1.4. Onpenenute yaeabHyIO TEINIOEMKOCTh
ra3a npu NOCTOSSHHOM OObeMe.

Cv=773 Jik/(kr-K)

18

WneanbHas TEII0Bas MalllHa,
paboratomiast mo uukiay Kapho, momyuyaet
3a KaXIpld LUK OoT HarpesBatensd 3.9 k/[x
teria. Temmneparypa HarpeBarens 408 K,
Temneparypa xonogwibHuka 308 K.
Haiinure KOJIMYECTBO TEIIOTHI,
OTJJAaBAEMOE XOJIOIUIBHUKY 3a OAMH LIUKIL

Q2=2.94 xJIx

19

B cocyne oOwvemom 4.5 1 HaxoguTcs
3.102 wMosexkyn JBYXaTOMHOTO TIa3a.
Koaddunment TtennonpoBogHOCTH Ta3a
paBeH 0.02 Bt/(m.K). Haiinure
kodddunment auddy3un raza Opu ITUX
YCIIOBUSIX.

D=8.7-10° m?/c

20

Haiigute poGaBouHOE MAaBiieHHWE BHYTPH
MBUIBHOTO MY3bIpsl 1uameTpoM 13 cm, ecinu
kodurmeHt MTOBEPXHOCTHOTO
HaTsDKEHUST MBUIBHOM Boabl paBeH 40
MH/Mm.

P2=2.46 Ila




03.03.02 ®usuka, HanpaBJaeHHOCTh (Mpoduiib) «Puszuka», PIIJI no nucuuniaunne «MoJiekyasspHas
¢puzuka», 2026 rox Hadopa, ouHas ¢popma o0yueHus

PaGouas nporpaMmma qucuMNJIMHBI (MO1YJ1s1) 0100peHa U PeKOMEHI0BaHa:

ITpopekTop 1o yueOHOH paboTe yTBepxkaeHo 27.02.26 A.A. CanamaToB
Y4eHbsIM cOBETOM (hU3NIECKOTO (PaKyabTeTa

ITporokon 3aceqanust Ne 04 ot 05.02.2026

[Ipencenarens YdeHoro coBera

(husmueckoro paxkynpTeTa COIJIaCOBaHO M.A. 3arpeOun
3acenanuem kadgeapnl o0uIeli U TeopeTHYecKoi (PU3NKH

ITporoxon 3acenanust Ne 06 ot 05.02.2026

3aBenyromui kapenpoi COITIaCOBaHO A. E. Maiiep

ABTOD (COCTaBUTEIIH) O. B. EpetHoBa

CTpykTypa padoueii mporpaMMbl co00TBeTCTBYeT mpukasy pekropa ®I'bOY BO «Ueal'¥» ot «13»
anpeas 2021 r. Ne 274-1



