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Размещенное изображение


1. Ileau ocBOEHUS TUCHUILIHHBI
K OCHOBHBIM HeJaam OCBOCHUS JTACIATIIINHEI «Texanueckasa
TEPMOJMHAMUKA» CIIENYET OTHECTU:

— ¢dopMHpOBaHNWE 3HAHWK O COBPEMEHHBIX 3aKOHAX TEPMOJAMHAMUKHA W
MOJIEKYJISIPHO-KUHETHYECKON TEOPUH Ta30B, 00 OCHOBHBIX TEILIOTEXHOJIOTUYECKHUX
U TETUIO(OU3UIECKUX TTapaMeTpax COCTOSHUS U IIPoIiecca;

— W3yYCHHE CTMOCOOOB MOBBIMIECHUS D(DEKTUBHOCTH TEMIOPU3NIECKUX U
TEIUIOTEXHUYECKUX IPOIECCOB W CHCTEM, BBIPAaOOTKA HABBIKOB Yy CTYJCHTOB
CaMOCTOSITENILHO (hOPMYJIMPOBATh M PeIIaTh 3aJa4M OLICHKHU TEIIOTEXHUYECKUX U
TeII0(hU3NIECKUX MapaMETPOB YHEPTETUUCCKUX CUCTEM;

— TOATOTOBKA CTYJAEHTOB K JCATEILHOCTH B  COOTBETCTBHM C
KBaJIU(UKAIIMOHHON XapaKTEePUCTUKONU OaKajaBpa Mo HaIlpaBJICHUIO, B TOM YHUCJIE
dbopMUpOBaHUE YMEHHUM IO BBISABICHUIO HEOOXOJMMBIX yCOBEPIICHCTBOBAHUN M
pa3paboTke HOBBIX, 00jee 3PHEKTUBHBIX METOJOB OIEHKH TEIUIOTEXHUYECKUX U
TeI10(hU3NYECKUX MAPaAMETPOB YHEPTETUUECKUX CUCTEM.

K ocHoBHBIM 3agayaM  OCBOCHHMS  JUCHUIUIMHBI  «TexHuueckas
TEPMOJMHAMUKA» CIEAYET OTHECTH:

— BBIpa0OTATh HABBIKU Y CTYJACHTOB CAMOCTOATENIBHO (POPMYJIUPOBATH 33/1aUn
OMPENICNICHUS] U OLEHKU TEIUIOTEXHUYECKUX M TeIIo(U3NYECKUX MNapamMeTpoB
HYHEPreTUUYECKUX CUCTEM;

— HAay4YUTh MBICJIUTh CUCTEMHO Ha MPUMEpaxX MOBBIIICHUS YHEPreTHUECKOM
3G ()EKTUBHOCTH OOBEKTOB HSHEPIeTUKH C YYETOM TEIIOQU3HUYECKUX U
TEIJIOTEXHUYECKUX XapaKTEPUCTUK;

— HAYYUTh aHAJIM3UPOBATh CYILIECTBYIOUIME METOAbI ONPEACIICHHUS U OLIEHKH
TEIJIOTEXHUYECKUX M TEIUIOPU3UYECKUX MapaMeTPOB IHEPreTUUYECKUX CHUCTEM,
pa3pabaTbiBaTh U BHEAPSITH HEOOXOAUMBIE U3MEHEHUSI B UX CTPYKTYpPE C MO3UIIUN
NOBBIIIEHUS 3(PPEKTUBHOCTU U IHEPTrOCOEPEKEHUS;

— JaThb HHQOPMAIIMIO O HOBBIX METOJAaX OMNPEACNCHUs] W  OICHKU
TEIUIOTEXHUYECKUX M TEII0(PU3NUECKUX MapaMETPOB IHEPTETUUECKUX CHUCTEM B
OTEYECTBEHHON M 3apyOeXHOU MpaKTHUKe, pa3BUBaTh CIHOCOOHOCTH OOBEKTHUBHO
OIICHUBATh MPEUMYIIECTBA U HEIOCTATKU TaKUX METOJIOB, KAK OT€UECTBEHHBIX, TaK
U 3apyOeKHBIX;

— HAYYWTh AaHAJIM3UPOBATh pE3YyJIbTAThl OMNPEACIICHUS U  OICHKHU
TEIJIOTEXHUYECKUX M TEIIOPU3UYECKUX MapaMeTPOB JIHEPIEeTHUYECKUX CHUCTEM,
MPOU3BOJIUTh MOUCK ONTHUMHU3AIMOHHOTO PEIICHHUS C MOMOILIBI0 BCEBO3MOMKHBIX
METO/I0B (PyHIaMEHTATbHOW U MPUKIIATHON HAYKH.

2. Mecto aucuuiuinabl B crpykrype OOII 6akanaBpuara
HucunmuinHa «TexHudeckas TEepMOJIWHAMHMKa» OTHOCUTCS K YHUCIY

npodeCCUOHANIBHBIX ~ Y4EOHBIX  JUCIUIUIMH  0a30BOM  4YacTM  OCHOBHOM
oOpa3oBaTeabHOI NporpaMMbl OakagaBpuaTa.



«TexHuueckas  TEpPMOJAMHAMUKA» B3aMMOCBSI3aHa  JIOTUYECKU U
COJEPKATENBHO-METOANUECKH CO CICAYIOUMMH AUCHMILUTUHAMH U TPAKTHKAMHU
OOII:

— OO0mMe BONpPOCHl SHEPTETUKH;

— I'mpporazonuHamuka,;

— dusukKa;

— TenmomaccooOMeH.

3. IlepeyeHb MUIaHUPYEMBbIX Pe3yJIbTATOB 00y4eHHS MO JTUCHMILINHE
(MoxyJ110), COOTHECEHHbIE C IIJIAHMPYEMbIMHU Pe3yJIbTaTaAMM OCBOCHHS
00pa3oBaTe/IbHOI MPOrPaAMMBbI

B pesynpraTe oOCBOEHHS JUCHMUIUIMHBI (MOIYds) Yy OOydYaromuxcs
dbopMUpYIOTCS  CIACAYIOUIME KOMIIETCHIIMM U JOJDKHBI OBITh  JOCTUTHYTHI
CIICAYIOIINE Pe3yiabTaThl OOy4YeHUsl Kak 3Tan (OPMHUPOBAHUS COOTBETCTBYIOIIUX
KOMIICTCHITUM:

Kona B pe3yabTare ocBOCHUSA Ilepeyenb mIaHMpyeMbIX Pe3yJbTATOB
KOMIIeTeHIINH oOpa3oBaTeILHOM 00y4yeHusi 10 TUCHHILINHE
NPorpamMmbl
00y4YaKOLIHIiCS 10JIKEH
00/1a1aTh

OIlK-2 CIIOCOOCH MPUMEHSTh 3HATh:
COOTBETCTBYIOIIUN (PU3UKO- e MeToabl BBISBIICHHS
MaTeMaTUYECKU anmnapar, €CTECTBEHHOHAYYHOU CYLIHOCTH
METO/Ibl aHAJIU3a U npo0JieM, BO3HUKAIOIIUX B X0
MOJICTIMPOBAHHS, npodeCCHOHAIBHON JeATEIHbHOCTH
TEOPETUYECKOTO U yMeTh:
IKCIIEPUMEHTATILHOTO e OO0ecneunBaTh NPUMEHEHUE IS
HCCIICAOBAHHUA IIPH PCIICHUH pELICHUS €CTECTBEHHOHAYYHBIX
NpO(ECCUOHATILHBIX 3a/1a4 po0JIeM OCHOBHBIE 3aKOHBI

€CTECTBO3HAHMS, METOIbI
MaTeMaTU4eCKOro aHaJIn3a 1
MOJIEJIMPOBAHUS, TEOPETUUECKOTO U
AKCTIEPUMEHTAIBHOTO UCCIEAOBAHUS
BJIAJIETh:

e MeTomamMu MaTeMaTHYECKOr0 aHaJIN3a
Y MOJICIIUPOBAHUS, TEOPETUUECKOTO U
SKCNEPUMEHTAIIBHOTO UCCIEAOBaHUS

OIIK-3 Croco0eH JEMOHCTPUPOBAThH | 3HATH:
MIPUMEHEHHE OCHOBHBIX ® METOJUKH cOOpa M aHaIM3a UCXOTHBIX
CTIOCOOOB TTOTyYCHHS, JAHHBIX JUJIS POSKTUPOBAHUS
npeoOpa3oBaHus, 9HEProOOBEKTOB U UX JIICMEHTOB B
TpPaHCIIOPTA U COOTBETCTBUH C HOPMATHUBHOM
WCIOJIb30BaHUS TETUIOTHI B JOKYMEHTaIuen
TCINNIOTCXHUYCCKUX YMETh:
YCTaHOBKaX M CHCTEMax e coOupaTh M aHATH3UPOBATH UCXOTHbBIE

JAaHHBIC JIA MIPOCKTUPOBAHUA
BHCPFOOG’BCKTOB 1 UX 3JICMCHTOB B




COOTBETCTBUU C HOPMAaTUBHOU
JIOKYMEHTAIUEH;
BJIA/IETh:

e MeromaMu cOOpa M aHAIH3a
HMCXOJHBIX JaHHBIX JJIS
MIPOEKTUPOBAHUS YHEPTOOOBEKTOB U
HX DJICMEHTOB B COOTBETCTBUH C
HOPMAaTUBHOM JOKYMEHTAIMEN

4. CTpyKTYypa " coepKaHue TUCHUILTHHbI

OO0m1as TpyJ0€MKOCTb JUCITUTIIIMHBI COCTABIIACT 6 3a4€THBIX €AUHMIIL, T.€. 216
akajeMuueckux daca (u3 Hux 196 yacoB — camocTosiTenpHas paboTa CTYICHTOB).

CrpyKTypa u cojiepKaHue TUCHUILUINHBI « TexHuyeckas TepMOJAMHAMUKAY 110
CpOKaM M BUAaM paboThl oTpaxeHsl B [Ipunoxennn 1.

Conep:kanue pa3ieioB JUCHUUILIHHBI

Tema 1. BBenenue

[Ipenmer, 3amaum W coAepKaHHWE JUCUUILUIMHBIL. Poib TeXHUYECKOU
TEPMOJMHAMHUKHA B OCBOCHHMH cHEIIUCIUIUIMH. Kiaccudukanus HampaBlIeHHH,
M3y4aeMbIX B TEPMOJIMHAMUKE.

Tema 2. OCHOBHBIE IOHATHS W ONPeAeIeHUs

OcCHOBHBIC TEPMOJIMHAMUYECKHUE apaMeTphl COCTOSIHHSI.
Tepmoaunamuueckas cuctema. TepmoaunHaMuueckuit mporiecc. Temnora u padora.
TepMoMHAMHUUYECKOE PAaBHOBECHE.

Tema 3. CocTosiHue U1eaIbHOIro raza

OcCHOBHBIE 3aKOHBI HJICAIBHBIX Ta30B. YPaBHEHHE COCTOSHUS HACaTBHOTO
rasa.

Tema 4. Cmechb njaeaJbHbIX I'a3oB

OcHOBHBIE CBOMCTBA ra30BbIX cMecel. ['azoBas nocrossHHas cMmecu. CpenHss
MoJIsipHasi Macca cmecu. [lapuuanbHbie TaBIeHHUS.

Tema 5. PeanbHble ra3nsl

VYpaBHeHnue cocrosiHusa Ban-nep-Baansca. Ypasaenune M.II. Bykanosuua u
N.N. HoBukoBa. CMecH pealibHbIX Ta30B.

Tema 6. IlepBblii 3aK0H TEPMOAMHAMHUKH

Buytpennsis sneprusi. Paborta pacumpenus. Temnmorta. AHanutHueckoe
BBIPKEHHUE MTEPBOTO 3aKOHA TEPMOJUHAMUKHU. DHTAJIBITHS.

Tema 7. TensioeMKoOCTb ra30B. JHTPONHUA

OcHoBHBIC oOmpeacieHUs. YelbHas (MaccoBas), oObeMHass M MOJIbHAs
TEIUIOEMKOCTH Ta30B. TeIIOEMKOCTh B HM30XOPHOM M HM300apHOM IIpolieccax.
MonekyaspHO-KMHETHYECKass U KBAHTOBasl TEOpUU TerioeMKocTH. VcTuHHaAs u
CpelHsisl TEMJIOEMKOCTU. 3aBUCUMOCTh TEIJIOEMKOCTH OT  TeMIepaTyphl.
OTHOLIEHWE YHEIbHBIX TEIUIOEMKOCTEM ¢, M C,. llokazatenp aaunadaThl.
Omnpenenenne q, U q, VI UOCANBHBIX ra3oB. TeIIOEMKOCTh CMECH HAEAIbHBIX
ra3oB. DHTPOIHSL.

Tema 8. TepmoguHaMu4yeckue Mpouecchl HaeaJIbHbIX ra3oB



OcHoBHbIe onpenencHus. M3oxopubiii mporecc. M3o0apHbiii  mporiecc.
N3orepmudeckuii iporiecc. AnuadaTHeii poriecc. [loauTpornHbie mpoIecChl.

Tema 9. Bropoii 3aK0H TepMOAUHAMUKHU

OcHoBHBIE NON10)KeHUA. KpyroBble TepMOIMHAMUYECKUE MPOUECCHI (LIUKJIBI).
Tepmuueckuit KITJI n xonoauneHeiii ko3gdunueHT nukioB. [Ipsmoii oOpaTumslii
ks Kapro. O6patabiii 00patumMbiii ki KapHo. Martematndeckoe BBIpaKCHHE
BTOPOrO0 3aKOHA TEPMOJMHAMHKHU. V3MeHeHue HSHTponuu B OOpaTUMBIX U
HEO0OpaTUMBIX IpoIleccax.

Tperuii cemectp

Tema 1. Xapakrepucruueckne (GYHKIHMH M TepPMOJAUHAMUYECKHE
NOTEHHAJbI PABHOBECUE CUCTEM

Xapaktepuctuieckue GyHKIHUU COCTOSIHUA. DUBNYECKUI CMBICI U30XOPHO-
M30TEPMUYECKOTO 151 1300apHO-U30TEPMUUECKOTO MTOTEHIIMAJIOB.
TepMmoannaMuueckoe ydyeHue o paBHOBecu. OOlIMe YCIOBUS PaBHOBECHS
TEPMOJIUHAMUYECKON CUCTEMBI.

Tema 2. Boasinoi map

OCHOBHBIC MOHATHUS U OMPENECICHUA. P, V-AUarpaMma BOJsHOTO mapa. T, s-
JyarpaMmMma BOJISSHOTO Tapa. 1, S-auarpaMmma BOJSTHOTO Iapa.

Tema 3. UcTreyeHnne ra3zoB v napos

[IepBbIil 3aKOH TEPMOJAMHAMUKHU B IIPUMEHECHUH K IIOTOKY JBUKYIIETOCS rasa.
PaGota nporankuBanus. Pacrionaraemas pabota. AnuabaTHbIN MPOIECC UCTEUEHUS.
Hcreuenne w3 cyxuBarwomerocs coma. lcredenue wuaeanbHOro rasa u3
KOMOMHUpPOBaHHOTO coruia JlaBas.

Tema 4. /IpoccesimpoBaHue ra3oB u nNapos

HpoccenupoBanue rasa. M3ameHeHue yJIenbHOW SHTPOIIMM U TEMIIEPATYpPhl
MIpU IpOCCeMpoBaHuu. [[poccenrpoBanue BOASTHOTO napa.

Tema 5. Bia:kublil BO31yX

[TapameTpbl COCTOAHMS BJIQXHOTO BO3ayxa. Jluarpamma COCTOAHUS
BJIQYKHOT'O aTMOC(EpPHOTO BO3IyXa.

Tema 6. Tenuiocu0BbIe NAPOBBIE HUKJIBI

[uxn Kapno. Hukn Penkuna. BnusHue ocHoBHbIX mapamerpoB Ha KII]
uukiaa PeHkvnHa. BnusiHMe HavyanbHOrO JaBiieHU Tapa. BivsHue HayanbHOU
TeMIeparypoel napa. BiusHue KOHEUYHOro JaBiieHUsI B KOHjaeHcarope. Llukn ¢
BTOPHUYHBIM MEpErpeBOoM Mapa. PerenepaTuBHbIN UK MapOTYPOUHHON YCTAHOBKH.
TemnodukanmoHHbIE TUKIIHIL.

Tema 7. IlukJbl TeNJIOBBIX ABUTaTE/IEH ¢ Ta3000pa3HbBIM PAa004YHUM TEJIOM

[ukael mopiIHEBBIX ABurateneil BHyTpeHHero cropanus (JIBC). L{ukibl
JIBC ¢ monBomoM TemuioTel mpu moctossHHOM oObeme. Lukn JIBC ¢ moaBomom
TEIUIOTHI MPU MOCTOSTHHOM JaBiiennu (umki Juzens). [{ukn JIBC co cmemnanHbIM
noABoAOM TerioThl (uuki Tpunkiepa). CpaBHeHHE LMKJIOB MOPIIHEBBIX
JBUTaTeNe BHyTpeHHETo cropanus. [{ukn neurarens Ctupiunra.

Tema 8. Llukabl ra30TypOMHHBIX YCTAHOBOK

Hukn I'TY ¢ mogBoaoOM TEIUIOTHI NMPU NOCTOAHHOM naBiieHud. Llukn I'TY ¢
MOABOJOM TEIUIOTHI MPY MOCTOSTHHOM 00beMe. MeTOIbI MOBBIIIIEHUS] TEPMUUECKOTO
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KIIII'TY. Hukn I'TY ¢ perenepanueit tennotel. [ukn I'TY ¢ mogBoaoM TemioTsl
pu p = const U perenepaurent TemwioThl. [{ukn I'TY ¢ moaBoaoM TemnoTsl pu L =
const U pereHepannen TerioTel. LUK ¢ MHOTOCTyNIEHYaThIM CKaTUEM BO3JyXa U
MIPOMEKYTOUHBIM OXJIAXK/ICHUEM.

Tema 9. IIMKJIbI X0JI0AUJIBHBIX YCTAHOBOK

OcHOBHBIE MOHSATHS O pabOTe XOJOAWIBHBIX YCTAHOBOK. LMK BO3MyIIHON
XOJIOAWIBHON YCTaHOBKH. LIMKII MapOKOMIIPECCUMOHHON XOJOIWIBHONW YCTaHOBKHU.
[ukn mapo’KEeKTOPHOM XOJOAMIbHOM ycTaHoBkM. Ilukia abcopOrmoHHON
XOJIOJUIIBHOM YCTaHOBKH. TeroBoi Hacoc.

5. O0pa3oBaTe/ibHbIE€ TEXHOJIOTUHU

Mertoauka npenojaBaHusi AUCHUILIMHBI « TexHUYecKasi TepMOJUHAMUKA» U
peanu3anus KOMIIETEHTHOCTHOTO MOJIX0/1a B U3JI0KEHUHU U BOCIPHUITHH MaTepuasa
MpeayCcMaTPUBAET UCTOJIb30BAHUE CICIYIONIUX aKTUBHBIX U HHTEPAKTUBHBIX (DOpM
MPOBEJECHHUS TPYNIOBBIX, UHIUBUAYAIbHBIX, ayIUTOPHBIX 3aHITUN B COYETAHUHU C
BHEAYIUTOPHOI paboTOH C 11ebi0 POpMUPOBAHUS U Pa3BUTHS MPODHECCUOHATBLHBIX
HABBIKOB 00YYaIOIUXCS:

— MOJITOTOBKA K BBIMOJIHEHHUIO MPAKTHUECKUX padOT B ayIUTOPUSIX By3a U Ha
MOITHOCTSIX NPEANPUITUI-TTAPTHEPOB;

— 3alldTa W MHAUBUAYaJbHOE OOCYKICHHE BBIMOJHSAEMBIX JTArloB
pacyeTHOro 3aaHMs;

— o0cykaeHue u 3anmura pedepaToB 1Mo JUCHUILIUHE,

— OpraHM3alus W MNPOBEJCHUE TEKYIIEro KOHTPOJSI 3HAaHUM CTYIAEHTOB B
dhopMe 0J1aHKOBOTO TECTHPOBAHHS.

VY nenbHbIN BEC 3aHATHI, MPOBOJAMMBIX B MHTEPAKTUBHBIX (POpMax, orpeieieH
IJIABHOW 1eJIbl0  00pa3oBaTEIbHOM MPOrpaMMbl, OCOOEHHOCTHIO KOHTHUHIEHTA
oOy4Jaroumxcs U coJiep>KaHlueM AUCIHUIUIMHBI « TexHruueckass TepMOJMHAMUKa) U B
HeJIoM M0 JucuuiinHe coctaBiasier 50% ayaIuTOpHBIX 3aHATHN. 3aHATUSA
MPAKTUYECKOTO TUTA COCTABIISIIOT 33% OT 0o0beMa ayAUTOPHBIX 3aHATHM.

6. OnleHOYHBbIE CPeICTBA JAJIM TEKYIIEero KOHTPOJISl YCIIeBAeMOCTH,
NMPOMeKYTOUYHOI aTTeCTAlMU 110 UTOTAM OCBOEHUS TUCIUIJIMHBI U YU4eOHO-
MeToMYecKoe o0ecneyeHue caMoCTOsITe/IbHOI padoThI CTY1€HTOB

B mponecce oOydeHUs HCHONB3YIOTCS CIEAYIOIIME OLEHOYHBIE (POpPMBbI
CaMOCTOSITETIbHOM pa0OThl CTYJACHTOB, OIIEHOYHBIE CPEACTBA TEKYIIETO0 KOHTPOJIS
YCIIEBAEMOCTH U MTPOMEKYTOUHBIX aTTECTAIUN:

— 00CYKIeHHE BOMPOCOB 10 U3YUYCHHBIM TEMaM;

— cobeceioBaHue / YCTHBIN OMPOC;

— pEIIeHHBIC 3a]1a4H;

— TECTUPOBAHHE;

— BBITIOJTHEHHBIE WHIUBUIYyaJIbHBIE JOMAITHUE PAOOTHI.

OLeHOYHBIE CpeICcTBA TEKYLIEr0 KOHTPOJS YCHEBAEMOCTH BKJIOYAIOT
KOHTPOJIbHBIE BOMPOCHI W 3aJaHus B (QopMe OJaHKOBOTO TECTHUPOBAHUS JIS
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KOHTPOJII ~ OCBOCHMA  OOyYarOIIMMHUCA  PA3AEIOB  JUCLUUIUIMHBI,  3aIIMTa
WHIMBHUIYaIbHBIX JOMAIIHUX Pa0oT.

OOpasupl TECTOBBIX 3aJaHUM, 3aJaHU PACUETHBIX PAOOT, KOHTPOJBHBIX
BONPOCOB M 3aJaHUil [AJis MPOBEIEHHUS TEKYIIEr0 KOHTPOJIsA, MPHUBEACHBI B
IIPUJIOKEHUH 2.

6.1. ®oH/1 OLIEHOYHBIX CPEICTB JISl MPOBeIeHUS MPOMEKYTOUYHOM ATTEeCTALNH
00y4aromuxcs no JMCHUIJINHE (MOIYJII0)

6.1.1. Ilepeyenb KOMIETEHUM C YKa3aHUEM ITAaNoB ux GopMupoBaHus B
npoiecce 0CBOEHNUs 00pPa30BaTEeIbHONH MPOrPaMMBbl.
B pe3ysabTarte ocBOeHMS IMCHUILIUHBI (MO1YJIs1) GOPMHUPYIOTCS cJIeqyIoNIue

KOMIIeTeHIIUH
Kon B pe3yabTare ocBoeHHs 00pa30BaTe/IbHON POrpaMMBbI
KOMIIETEHIIUU 00yvaloImiicsa 10JKeH 00J1a1aTh
OIIK-2 CIoco0eH MIPUMEHATH COOTBETCTBYIOLINI ¢busuKo-

MaTeMaTUYECKUH ammapar, METO/Ibl aHAIN3a U MOJCIUPOBAHUS,
TEOPETUYECKOTO U OIKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS TpU
penieHnn npodecCUOHaANIbHBIX 3a7a4

OIIK-3 CIoCcOO€eH JIEMOHCTPUPOBATh MPUMEHEHHE OCHOBHBIX CITIOCOOOB
MOJIy4EeHHsI, MPeoOpa3oBaHusi, TPAHCIIOPTa W HUCIOJIb30BAHUS
TEIJIOTHI B TEMJIOTEXHUYECKUX YCTAHOBKAX U CHCTEMAX

B nporiecce ocBoeHust 00pa3oBaTebHOM NPOrpaMMbl JaHHbIE KOMIIETEHIIUH,
B TOM YHUCJIE€ HMX OTAEJIbHbIE KOMIIOHEHTBI, (POPMUPYIOTCS MOATAHO B XOJE
OCBOCHHSI OOYYAOMIMMUCS AUCHUIUIMH (MOJYJel), TPaKTUK B COOTBETCTBUM C
y4eOHBIM TUIAHOM U KaJIEHJapHbIM rpaguKkoM yueOHOTO Ipolecca.

6.1.2. Onucanue nokasarejed 1 KPpUTEPUEeB OLCHUBAHUS KOMIICTCHIIMH,
(popMHpyeMBIX 110 HTOTaM OCBOCHMS IMCHHUILIHHBI (MO1YJIs), ONMUCAHUE KA
OLICHUBAHMS

[TokazaTenemM OIICHMBaHUS KOMIETCHIIMI Ha pa3IUYHBIX dTamax uX
dbopMmupoBaHusS  SIBISIETCS  JOCTIKEHHWE ~ OOyYalONUMHUCS  TJIAHUPYEMBbIX
pe3ynbTaTOB 00YUYEHUS M0 JUCIUIUIUHE (MOIYIIIO).

OIIK-2 - cioco0eH MPUMEHSITh COOTBETCTBYIOIIMII (PM3UKO-MaTeMaTHYECKMIl annapaT, MeToAbI
aHAJIN3a W MOJAEJHPOBAHMSA, TEOPETHYECKOr0 M 3KCIEPUMEHTAIBHOI0 MCCJICJOBAHMS NPH
pemieHnu nNpogeccHOHAIBHBIX 32124
IToka3zaren Kputepun ouennBanus
Ouenka Ouenka OueHka «xopoumo» Ouenka
«HEYIOBJICTBOPHUTEJ | «yAOBJIETBOPHTEJI (3a4TeHo) nian «OTJIIUYHO»
bHO» (He 32a4TEeHO0) bHO» (324TEHO) NMOBbILIEHHBIH (3auTeHO)
WIH OTCYTCTBHE WJIN HU3KOM YPOBEHb OCBOEHHS WIN
YPOBEHb KOMIIETCHIINH BBICOKHI1




c()opMHPOBAHHOCTH OCBOEHHA YPOBEHb
KOMIIeTeHIIMH KOMIIeTeHIIHH 0CBOEHHS
KOMIIETeHIIH
i
3HATh: OO0yuarormuiics OO0yuarormmiics OO6yyvaromuiicss | OGygaromnmiics
Mertonpt JIEMOHCTPHPYET JIEMOHCTPHPYET JIEMOHCTPHPYET | JEMOHCTPHPYET
BBISIBIICHHS MOJTHOE HETIOJIHOE YaCTUYHOE MOJTHOE
€CTECTBECHHOHAY | OTCYTCTBUE WJIH COOTBETCTBHE COOTBETCTBHE COOTBETCTBHE
YHOW CYITHOCTH | HEJOCTaTOYHOE CIICTYIONINX 3HAHUI: | CIIEAYIOIINX CIIe Ty IOIINX
npo0iem, COOTBETCTBHE METO/IbI BBISIBIICHUS 3HAHMI: METONIBI | 3HAHMI: METOJIBI
BO3HHKAIOIIUX B | CIEIYIOIIUX €CTECTBCHHOHAYYHOH | BBISBICHUS BBISIBIICHHS
xoze 3HAHMI: METOBI | CYIIHOCTH MPOOJIEM, | €CTeCTBEHHOHAY | €CTeCTBEHHOHAYY
npodeccnoHans | BBISBICHHS BO3HHUKAONIHX B XOJIC | YHOW CYIIHOCTH | HOHM CYITHOCTH
HOM €CTeCTBEHHOHAy4Y | MpodeccHoHATBHON mpobiem, npoOiem,
JeSITENIbHOCTH HOU CYIIHOCTH JEeSITeIBbHOCTH. BO3HHUKAIOIIUX B | BOSHUKAIOUINX B
mpooiem, Homyckarorcst x0J1e X0J1e
BO3HHKAIOIINX B 3HAYUTENLHBIE npodeccuoHans | npodeccHoHaIbH
XoJe OIITHOKH, HOH on
npoeCCHOHANBHO | MPOSBISIETCS JeATeITbHOCTH, JeATeITbHOCTH,
i esaTenbHOCTH HEJIOCTaTOYHOCTh HO JIOITCKAIOTCsL | CBOOOIHO
3HAHMM, 110 pALy HE3HAYUTEIbHBIC | OIIEPUPYET
MOKa3aTeleH, OIINOKH, MIPUOOPETEHHBIM
oOyyaromuiics HETOYHOCTH, 1 3HAaHHUSMHU.
HUCIIBIThIBACT 3aTPpyAHCHHUA
3HAYUTCIIbHbIC Ipu
3aTpyIHEHUS IPU aQHAINTHYECKUX
OIEpUPOBAHUUN orepanusx.
SHAaHUAMU IIPU UX
HepeHoce Ha HOBBIE
CHUTYaIHH.
yMeThb: OO0yuarorutics He | OOydaronuics OOyuaromuiics | OOyvaronuiics
Ob6ecneunBath YMEET WK B JEMOHCTPUPYET JEMOHCTPUPYET | IEMOHCTPUPYET
NPUMEHEHHUE ISl | HEeJOCTaTOYHOU HETIOJIHOE YaCTHYHOE HIOJTHOE
pelieHus CTEIIEHN yMeeT COOTBETCTBHE COOTBETCTBHE COOTBETCTBHE
€CTECTBEHHOHAy | oOecreuyuBarthb CIIEZYIOIINX YMEHUH: | CIeqYyIONHX CIIEAYIOIINX
YHBIX IPOOJIEM NpUMEHeHHue Uil | o0ecreunBaTh YMEHHI: YMEHHI:
OCHOBHBIE pelIeHust NPUMEHEHUE IS obecrieunBaTh obecrieunBaTh
3aKOHBI €CTCCTBCHHOHAYY peUICHUA IMPUMCHCHUC I | IPUMECHCHUC IJIA
€CTECTBO3HAHHMS, | HBIX MPOOIEM €CTECTBEHHOHAYYHBIX | PELICHUS pemeHus
METOJIBI OCHOBHBIE 3aKOHBI | IPOOJIEM OCHOBHBIE €CTECTBEHHOHAY | €CTECTBEHHOHAYY
MaTEMATHYCCKOI €CTCCTBO3HAHUA, 3aKOHbI YHBIX HpOGHeM HBIX HpO6HeM
0 aHanmM3a u METO/IBI €CTEeCTBO3HAHMS, OCHOBHBIE OCHOBHEIC
MOJICTTMPOBAHUS, | MATEMAaTHYECKOTO | METOJIbI 3aKOHBI 3aKOHBI
TEOPETHYECKOTO | aHaJIH3a U MaTeMaTHYECKOTO €CTECTBO3HAHHMS, | €CTECTBO3HAHMS,
u MOACIIUPOBaHUA, aHaJlu3a u METOABI METOABI
OKCIIEPUMEHTAIb | TEOPETUYECKOTO U | MOACINPOBAHUS, MaTeMaTHYECKOT | MaTeMaTHYECKOT
HOTO OKCIIEPUMEHTAIBH | TEOPETUYECKOTO U 0 aHaNM3a u 0 aHaNIM3a U
WCCIIEIOBaHHUS OT0 UCCIIEIOBAHUS | DKCIIEPHUMEHTAIBHOTO | MOJICIIMPOBAHNUS, | MOJCTHUPOBAHUS,
UCCIIEIOBAHUSI. TEOPETUYECKOTO | TEOPETHUECKOTO
Homyckatorcs u u
3HAYHUTCIIbHbBIC OKCIIEPpUMEHTAJIb OKCIIEPpUMEHTAJIb
OIINOKH, HOTO HOT'O
MPOSIBIISIETCS HCCIICI0BaHMSI. UCCIIeIOBaHUSI.
HEI0CTaTOYHOCTh Ymenus CBoOos1HO
YMEHHUH, 10 psy OCBOEHBI, HO OIepUpyeT
noKasareJieH, JIOITy CKaIOTCS MpHOOPETEHHBIM
oOyyaromuiics HE3HAUMTEIbHbIE | U YMEHUSIMH,




UCTIBITHIBAET omuoKHy, MIPUMEHSIET UX B
3HAYUTEJIbHbIE HETOYHOCTH, CUTYyaLUsIxX
3aTpyIHEHHS IPU 3aTpyAHEHUS MOBBIIICHHOM
OTIepUPOBAHUH npu CIIO’KHOCTH.
YMEHUSMHU [IPU UX AHATTUTUIECKUX
NepEeHOCe Ha HOBbIE oTepaLusix,
CUTYyalUH. repeHoce
yMEHUH Ha
HOBBIE,
HECTaHAAPTHHIC
CUTYyalluH.
BJIA/IETh: OOyuarommiicst He | OOy4Jaromuiics Obyuaromuiicss | OGygaromuiics B
Metonamu BJIaJCeT WIN B BJIaJ€eT METOaMU YaCTUYHO IIOJIHOM 00BbeMe
MaTeMaTHUYECKOT | HEJOCTaTOYHOU MaTeMaTHYeCKOTO BIIaseeT BJIaJecT
0 aHanM3a u CTCTICHU BlIaJieeT | aHalu3a U METOAaMHU METOoAaMHt
MOJICJINPOBAHUS, | METOJAMHU MOJICJIUPOBaHH, MaTEeMaTHYECKOI' | MAaTeMaTHYECKOT
TEOPETUYECKOTO | MAaTeMaTHYECKOTO | TEOPETHYECKOTO 0 aHanu3a u 0 aHanmu3a u
u aHallu3a u SKCIICPUMECHTAJILHOT'O MOACIIUPOBaHUA, MOACIIUPOBaHUA,
9KCHEPUMEHTANIb | MOACIUPOBAHUS, | MCCIEIOBAHUS B TEOPETUYECKOTO | TEOPETHYECKOTO
HOTO TEOPETUYECKOro U | HEIOJIHOM 00beMe, u u
WCCIICIOBaHUS 9KCIIEPUMEHTAIIBH | JIOMYCKAaIOTCs 9KCICPUMEHTANb | IKCTIEPUMEHTANb
Oro UCCIIEIOBAHUS | 3HAUYUTEIIbHbIC HOTO HOTO
omnoKH, HCCIIEeI0BaHUS, HCCIIeI0BaHNS,
MPOSBIISACTCS HaBBIKA CBOOOIHO
HEIOCTATOYHOCTh OCBOEHBI, HO NpUMEHSET
BJIaJICHHUS HABBIKAMH | JOITyCKalOTCS IIOJTyYCHHBIE
10 pPsiAy MOKa3areyiel, | He3HAYUTEIbHbBIE | HaBbIKU B
OO0yyaroruiics OIIIHOKH, CUTYaIUsIX
UCTIBITHIBAET HETOYHOCTH, MTOBBIIIEHHON
3HAYUTENbHBIC 3aTpyAHEHUS CJIO’KHOCTH.
3aTpyAHEHUS IIPH IIpH
IPUMEHEHUHT AHATTUTUIECKUX
HaBBIKOB B HOBBIX oTepaLusix,
CUTyalusx. IEpeHOCe
yMEHUH Ha
HOBBIE,
HECTaHAAPTHHIE
CUTYaIUH.
OIIK-3 - cnocoGeH [eMOHCTPHPOBATH TIPMMEHEHHE OCHOBHBIX CIOCO0OB IIOJIyYCHHS,
npeodpa3oBaHusi, TPAHCIOPTA U MCHOJb30BAHUS TEIJIOTHI B TEMJIOTEXHUYECKHX YCTAHOBKAX M
cucTemMax
3HATH: OOyuarommuicst OOyuatomuics Obyuaromuiicss | OOyuaromuiics
METOAMKH cOopa | IEMOHCTPUPYET JEMOHCTPHUPYET JEMOHCTPHUPYET | AEMOHCTPUPYET
U aHaIn3a MIOJTHOE HETIOJIHOE YaCTUYHOE MIOJTHOE
HCXOOHBIX OTCYTCTBUE WUJIN COOTBETCTBUEC COOTBETCTBUC COOTBETCTBUC
JAHHBIX JUIS HEJI0OCTATOYHOE CIIEeYIOIINX 3HAHUN: | CIIEAYIOIINX CIIeTYFOIINX
MPOEKTUPOBAHUSI | COOTBETCTBUE METOAMKH cOopa u 3HAHUI: 3HAHUM:
9HEPTOOOBEKTOB | CIETYIONINX aHaIN3a UCXOIHBIX METOJIMKH cOOpa | METOAMKH cOopa
1 UX 2JICMEHTOB 3HAHUMU: JAaHHBIX JJIA 1 a”HaJIn3a 1 aHalIn3a
B COOTBETCTBHU | METOJIMKHM cOOpa M | MPOEKTUPOBAHUS HCXOJIHBIX MCXOTHBIX
C HOpMaTHBHOW | aHanM3a 9HEPrOOOBEKTOB U UX | JAHHBIX JUIS JaHHBIX JUIS
HOKYMGHTaHHeﬁ HUCXOOHBIX DJICMECHTOB B MPOCKTUPOBAHUA | IPOCKTUPOBAHUA
JaHHBIX JUIS COOTBETCTBHH C 9HEProOOBEKTOB | IHEPrOOOHLEKTOB
NPOEKTHPOBAHMUSI | HOPMAaTUBHOMN U UX 3JIEMEHTOB | M UX 3JIEMEHTOB
3Hepr006’beKTOB u )IOKYMeHTa]_[PIeﬁ. B COOTBETCTBUU B COOTBETCTBUHU C
HX DJIEMEHTOB B Homnyckatrorcst C HOPMaTHBHOW | HOPMAaTUBHOM
COOTBETCTBHH C 3HAYUTENbHBIC JOKYMEHTalMed, | JOKyMeHTauuei,




HOPMaTHUBHOM OLIHOKH, HO JIOMYCKAaIOTCSl | CBOOOJHO
JOKyMEHTaIHei HPOSBISETCS HE3HAYNUTEIIbHBIEC | OTIEPUpPYyET
HEJ0CTaTOYHOCTb omnoKHy, NpUOOPETEHHBIM
3HAHWH, 10 pSAY HETOYHOCTH, Y 3HAaHUSMH.
MOKa3aTelieH, 3aTpyAHEHUS
oOyJaroruiics pu
UCTIBITHIBACT AQHAJIUTHYECKUX
3HAYUTENLHBIE oTepanusx.
3aTpyIHEHUS IPU
OTIepUPOBAHUH
3HAHUSIMH TIPH UX
HepeHoce Ha HOBEIE
CHUTYaIHH.
yYMeTh: OO0yuaroruiics He | OOy4Jaromuics OOyuaromuiics | OOyvaronmiics
cobuparpb u yMeeT U B JEMOHCTPHPYET JEMOHCTPHUPYET | AEMOHCTPUPYET
aHAIN3UPOBATh | HEAOCTATOYHOMN HETIOJTHOE JaCTHIHOE TIOJTHOE
HUCXOJIHBIE CTETIeHN yMeeT COOTBETCTBHE COOTBETCTBHE COOTBETCTBHE
JaHHBIC JIJIS coOupaTh u CIIEIYIOMIUX YMEHUH: | CIeIYIONIHNX CIICAYIOIINX
MPOEKTUPOBAHMS | AaHATH3UPOBATH cobupars u YMEHHI: YMEHHI:
SHEPTrOOOBEKTOB | MCXOIHBIE aHAIM3UPOBATH coOuparp u coOuparp u
1 UX 3JICMEHTOB JaHHBbIC IJIA HUCXOJHBIC JaHHBIC AHAJIM3UPOBATH AHAJIM3UPOBATH
B COOTBETCTBHH | MPOCKTHPOBAHMS | JJIS IPOCKTUPOBAHMS | MCXOJHBIC HCXOJHbIC
C HOPMaTHBHOH | SHEProOOBEKTOB U | SHEPrOOOBEKTOB U HX | JaHHBIC IS JTaHHBIE IS
)IOKyMCHTaHI/ICI‘/'I HUX 3JICMCHTOB B DJIEMCHTOB B IMPOCKTHUPOBAHUA | IIPOCKTUPOBAHUA
COOTBETCTBHH C COOTBETCTBHH C 9HEProO0BEKTOB | IHEPrOOOBHEKTOB
HOPMaTHBHOMH HOPMaTHBHOMH U UX DJIEMEHTOB | U MX JJIEMEHTOB
JIOKYMEHTalen JIOKYMEHTAUEH. B COOTBETCTBUU B COOTBETCTBHUHU C
Homyckarorcs C HOPMaTUBHON | HOPMAaTUBHOU
3HAUYUTEIbHbIE JOKyMEHTAlUEH. | TOKyMEHTaluueH.
OIINOKHU, YmMmenus CBo0OO0aHO
MIPOSIBIISIETCS OCBOEHBI, HO orepupyeT
HEJIOCTATOYHOCTh JIOTTYCKatOTCSI PUOOPETEHHBIM
YMEHHH, 10 PAILY HE3HAYNTEIbHBIE | U YMEHHUIMH,
ToKa3aTese, omuoKwy, MIPUMEHSET UX B
oOyJaronuics HETOYHOCTH, CUTYaIHNsIX
UCIIBITHIBACT 3aTpyJHEHHS HOBBIIICHHOM
3HAYUTEIIbHBIE npu CIIOYKHOCTH.
3aTpyaAHCHUA IIPpU AHAJIMTHYCCKUX
OIIEPUPOBAHHUN orepanusix,
YMEHHSMH IIPU UX nepeHoce
IIEPEHOCE HAa HOBBIE YMEHUH Ha
CUTyallluu. HOBBIC,
HeCTaHJapTHBIE
CUTYyalluH.
BJIA/IETh: Ooyuatomuiicst He | OOyuarommics Ob6yuaromuiics | OOyuaromuiics B
METOJIaMH BJIaJICET WK B BJIaJICET METOJAMU YaCTHYHO HIOJTHOM 00BeMe
cOopa M aHalM3a | HEZOCTATOYHON cOopa u aHanmm3a BIIaJICeT BIIAJICET
HNCXOOHBIX CTCIICHU BJIAJICCT HUCXOOHBIX JaHHBIX METOJaMU METOAaMU C60pa
JAHHBIX JUIS MeToaMu cOopa | JJIsl MPOEKTHPOBaHUsS | cOopa M aHalu3a | ¥ aHalu3a
NPOCKTUPOBAHMS | M aHAJIHM3a IHEProOOBEKTOB U UX | UCXOIHBIX MCXOHBIX
3HepFOO6BeKTOB HUCXOOHBIX DJIECMECHTOB B JaHHBIX IJIs1 JaHHBIX TJI
1 UX 2JICMEHTOB JaHHBIX JIA COOTBETCTBUHU C NMPOCKTUPOBAHUA | IPOCKTUPOBAHUA
B COOTBETCTBUU | IPOCKTUPOBAHMUSA | HOPMATHBHOM 9HEProOOBEKTOB | IHEPrOOOHLEKTOB

C HOPMATHUBHOM

HEProOOBEKTOB H

HOKYMGHTaHHCﬁ B

1 UX 3JICMCHTOB

" UX 3JICMCHTOB

JMOKyMEHTAIMEeH | WX 2JIEMEHTOB B HEIIOJIHOM 00beME, B COOTBETCTBHM | B COOTBETCTBHHU C
COOTBETCTBUH C JIOITy CKaloTCA C HOPMAaTUBHOH | HOPMAaTUBHOM
3HAYUTEILHEIC JOKYMEHTAIMeH, | TOKyMEHTaIueMH,
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HOPMAaTUBHOH omnoKH, HABBIKH CBOOOJHO
JOKyMEHTaIuen IPOSIBIISIETCS OCBOEHbI, HO IpUMEHSET
HEJOCTaTOYHOCTb JOITyCKalOTCSl NOJTy4YEeHHBIE
BJIaJICHHUS HABBIKAMH | HE3HAUWTEIbHBIE | HABBIKU B
10 Psoy IOKa3aTenel, | omuoKu, CUTYyalusix
OO0yuarormmiics HETOYHOCTH, TTOBBIIIICHHOMN
WCTIBITHIBAET 3aTpyAHEHUS CIIO’KHOCTH.
3HAYUTENLHBIE npu
3aTpyIHEHHS IpU AHATTUTUIECKUX
NpPUMEHEHUT oTepanusix,
HaBBIKOB B HOBBIX nepeHoce
CUTYyaLUsIX. yMEHUH Ha
HOBBIE,
HECTaHAAPTHHIC
CUTYyaluHu.

[IIxanel OlIGHWBAHUS PE3YyJBTATOB MNPOMEXKYTOYHOM aTTeCTallud W HUX
OTMCaHME:
®opmMa MPOMeKYTOYHOM aTTecTAlUN: IK3aMeH (3 cemecTp)

[IpomexxyTouHas arrectanus oOy4daromuxcsa B GopMe 3K3aMEeHa MPOBOJAUTCS
10 pe3yJibTaTaM BBIIIOJIHEHHUS BCEX BUIOB y4eOHON padOThl, MPEayCMOTPEHHBIX
y4eOHBIM IIJIJAHOM MO AAaHHOW JMCUMIUIMHE (MOJYJIIO), MPU 3TOM YUHUTHIBAKOTCS
pEe3yJbTaThl TEKYLIETO KOHTPOJIA YCIEBAEMOCTH B TedueHue cemectpa. OleHka
CTENEHU JTOCTHXKEHHUS O0Y4YaroIIMMUCS IUIAHUPYEMBIX pe3yJbTaTOB OOYYEHHUS IO
JUCHUIUIMHE (MOJYJI0) MPOBOAMUTCS IMpernojaBaTesieM, BEAYIIMM 3aHSTHS IO
JUCHUILTMHE (MOJTYJII0) METOA0OM dKCIIEPTHOM olleHKHU. [1o ntoram npomeKyTOUHOM
aTTecTalluyd 10 JUCUUIUIMHE (MOAYJIO) BBICTABIISIETCA OLIEHKA «OTJIMYHOY,
«XOPOLIO», KYAOBIECTBOPUTEIBLHO» WA «HEYIAOBICTBOPUTEIBLHO.

K mpomMexytouHoi arrecrauMu  JOMYCKAKOTCS  TOJBKO  CTYICHTHI,
BHITIOJIHUBIIINE BCE BHJBI y4eOHON paboOThl, NpPEIyCMOTPEHHbIE paboyeii
nporpaMMoil 1o AucuuiuinHe «TexHudeckass TepMOAMHAMHKA»  (IIPOILIN

MPOMEKYTOUHBIH KOHTPOJIb, BBIMOJHUIN BECh 00BEM 3aJaHUM HAa CEMUHAPCKHUX
3aHSTUAX, BBICTYIIUJIU C JOKJIaJ0M Ha CEMUHAPCKOM 3aHSITHH )

IIxajna oneHUBaAHUA Onucanne

BrimonHeHsl Bce BUABI Y4eOHOH paOOTHI, MperyCMOTPEHHBIC YUeOHBIM
m1aHoM. CTyJIEHT IEMOHCTPHPYET COOTBETCTBUE 3HAHUM, YMEHH, HABBIKOB
MIpUBEIECHHBIM B Ta0IWIaX MoKa3aTeneH, Oomepupyer NpHOOpPETEeHHBIMH
3HaHUSAMU, YMEHHUSAMH, HAaBbIKAMM, IIPUMEHIET MX B CUTyalUsX
JIOITYLIEHBI

HC3HAYUTCIIBHBIC OHII/I6KI/I, HETOYHOCTH, 3aTPYAHCHUA IIPHU aHAJIUTUYCCKUX

OTinyHO

MOBBIIICHHON  CJIO0KHOCTH. HpI/I 9TOM  MOTI'yT OBITH

orepanusax, IMepeHOoCce 3HAaHUH U yMeHI/Iﬁ Ha HOBBIC, HCCTAHAAPTHBLIC

CUTYAaIUH.
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CTygeHT TOKa3bIBaeT JOCTATOYHBIM  ypOBEHb TEOPETUYECKUX U
MIPaKTHYECKUX 3HAHWH, CBOOOIHO ONEpHpPYET KaTerOPHAIbLHBIM alliapaToM.

XopouIo
P YMeeT aHanu3upoBaTh NPAKTUUECKUE CUTYaLUH, HO TOIIyCKAaeT HEKOTOPhIE
norpetrHoctd. OTBET MOCTPOEH JIOTUYHO, MaTepHall U3JlaraeTcsi TpaMOTHO.
CTyIeHT MOKa3bIBa€T 3HAHWE OCHOBHOIO JICKIIMOHHOTO U MPaKTUYECKOTO
VY 10BIIETBOPUTEILHO MaTepuaia. B oTBete He Bceraa mpuCyTCTBYET JIOTHKA N3N0KeHUs. CTyIeHT

WCIIBITHIBACT 3aTPYIHEHHS TP IPUBEICHUH ITPAKTHUECKUX ITPHAMEPOB.

He Brimonmaen oauH mim 6onee BUAOB yueOHOM padoThI, TPeIyCMOTPEHHBIX
yueOHbIM TuUTaHOM. CTYACHT JEMOHCTPUPYET HEIOJHOE COOTBETCTBHE
3HaHWH, yMEHWH, HABBIKOB MPHUBEJACHHHIM B TaOJHMIAX MOKa3aTeleH,
HeynoBnerBopuTenbHO | MOMYyCKAIOTCS 3HAYHMTENBbHBIE OIMIMOKH, MPOSBISIETCS OTCYTCTBHE 3HAHWH,
YMCHHIA, HaBBIKOB [0 PsAAy TOKa3aTelicd, CTYIEHT WCIBITHIBACT
3HAYUTENbHBIC 3aTPYAHECHUS TPU ONEPHUPOBAHHUH 3HAHUSAMH M YMEHHSIMH
IIPH UX MEPEHOCE Ha HOBBIC CUTYAIIHH.

@oHABl OLICHOYHBIX CPEJCTB NPEACTaBICHBI B MPWIOKEHHUSIX K pabouei
IpOTrpaMMe.

7. YueOHO-MeTOAM4YeCKOe U HH(POPMAIHOHHOE 0O0ecTiedeHue
AUCIHUANIMHBI

a) OCHOBHAs JMTepaTypa:

1. MuponoBa, I'.A. MonekymsipHas (pu3nKa U TEpMOJIMHAMUKA B BOIIPOCAX U
3a7a4ax. [DIEKTpOHHBIN pecypc]: yueb. mocodue / I'.A. Muponosa, H.H. bpaunr,
A.M. Caneukwuii. — Dnextpon. aas. — CI16.: Jlans, 2012. — 480 c.

2. AdanaceeB, 10.0. TexHuueckas TepMOAMHAMUKA M TEIUIOTEXHHKA
cOOpHUK 3aj71a4. [ DNEeKTPOHHBIN pecypc]: yueb. nmocodue / F0.0. Adanacwes, 1.1.
JBopoBenko. — DnektpoH. aaH. — KemepoBo: Ky3['TY umenu T.D. I'opbOauera,
2011.-96 c.

3. HoBukos, N.U. Tepmonunamuka. [ IaeKTpoHHBIN pecypc]: yuebd. mocodue
— DOnekTpoH. naH. — CII6.: JIans, 2009. — 592 c.

4. IlsetkoB, O.b. TepmonnHamMuku W Temionepenaya: Merosa. ykazaHus K
KOHTPOJIBHBIM paboTaM [JIsi CTYJICHTOB. [DJEKTPOHHBIA pecypc]: y4ued.-MeTo.
nocobue / O.b. [IBetkos, F0.A. Jlante. — Dnekrpon. gan. — CI16.: HUY UTMO,
2008. - 52 c.

5. BanoBa, N.B. COopHUK 3324 ITO TEXHUYECKOU TEPMOMHAMUKE: YueOHOE
nocoobue i CTYJAEHTOB OYHOU (popMbl 00yUeHMs. [DIEKTPOHHBIN pecypc]: yueo.
nocodbue — DnektpoH. nan. — CI16.: CIIOTJITY, 2012. — 168 c.

0) 10MOJIHUTEILHAS JIUTEepaTypa:

1. Caxun, B.B. TepMoaunaMuka 3HepreTHUYECKUX CUCTEM: YueOHOe rmocodue
115t By30B: KHura 2: Texuudeckas TepMoIMHaMUKA. [ DJIEKTPOHHBINA pecypc]: yueo.
nocobue — DnextpoH. AaH. — CII6.: BI'TY "Boeamex" um. J[.®. Yctunona, 2014. —
226 c.

2. CoOopHuk mabopaTopHeix paboT 10 Kypcy «TepmMoanHaMuKay.

12



[DnexTpoHHBIN pecypc]: yued. mocodbue — DnekTpoH. gaH. — M.: MI'TY um. H.O.
baymana, 2012. — 67 c.

3. JlaxmakoB B.C., Kopotunckuii B.A. OCHOBBI TEIUIOTEXHUKH U
ruapasiuku. — PUIIO, 2015. - 220 c.

4. TTaBnoBa, .b. MeToapl TepMoauHAMUUECKOTO aHann3a 3(h(HEeKTUBHOCTH
TEIUIOPHEPTeTUUECKUX YCTAaHOBOK: yuel. mocodue mo Kypey «TepMoauHaMuKay.
[DnexkTpoHHBIN pecypce]: yuel. mocodbue — Dnektpod. gaH. — M.: MI'TY um. H.O.
baymana, 2011. — 108 c.

5. Hauwana tepMoauHaMUKH TEOpHs, BOIPOCHI, 3aJadyl: METOJ. MOCoOHe.
[DneKkTpoHHBIN pecypc]: yuel. mocobue — DnekTpoH. aaH. — Y da: BI'TIY umenu M.
Axmyiel, 2006. — 40 c.

8. MaTepuajibHO-TeXHHYECKO0e o0ecrevyeHue JUCHUIINHbI

CrneunanusupoBanHas yudeOHas jaboparopusi kadeapsl «lIpombluieHHas
Tero3nepretuka» Ayn. AB2406, ocHaiieHHas 1a00paTOPHBIMU YCTAHOBKAMMU:

- «Omnpeaenenue ko3PppuiiieHTa TEMIEPATYPONPOBOIHOCTU CTAIIM METO0M
PETYISIPHOTO PEXKUMAY;

- «Onpenenenne Ko3(ppuiueHTa TemIonepenayd MpHU BbIHYXKICHHOM
TEYEHUU )KUJIKOCTH B TpyOe (TpyOa B TpyOe)»;

- «Omnpenenenrne KO3 PUIMEHTA TEIUIONEPEeNaud METOJIOM PETYIISIPHOTO
pexuMay;

- «Onpenenenne ko3p(UIUEHTa TEIJIOOTAAYU NPU My3bIPbKOBOM KHUIIEHUU
XKUIKOCTHU Ha LIWIHHPEY;

- «Onpenenenue korppuIeHTa TEIIONPOBOIHOCTH TBEPABIX TEI METOIOM
LHUJIUHAPUYECKOTO CIIOSD.

MynpTUMenniitHas ayuTopus Kaeapol «IIpombineHHas
TemnosHepretukay Aya. AB2415, ocHalleHHas OpPrTEXHUKOM W MYJIbTUMEOHUa
cpeactBamu (ripoektop, [IK u np.), skcnepuMeHTaibHast kKoTenabHast Ha 6aze OAO
BTN (na ocHoBanuu JloroBopa o corpyanuuectBe) ¢ cucremoil KUII u
aBTOMATHUKH.

9. MeToanyeckue peKoOMeHAaluu AJIs1 CAMOCTOATEIbHOU PadoThI
CTY/ICHTOB

Kopnees C.JI., Mapromun JI.A., AdanacseBa E.B. Meroanueckue ykazanus
M0 OpraHMu3alliu CaMOCTOSATENIBHOM paboThl MO AUCHUIUIMHE «TexHudeckas
TepMoauHaMmuKka»: Kpyroseie mporeccel. Hampainenue noarotoBku: 13.03.01
«TemmosHepreTnka W TEIUIOTEXHUKa», mnpoduns  «TemmodHepreTudeckue
YCTaHOBKH, CUCTEMbI H KOMIUICKCBIY.

10. MeTtoauyeckne peKOMeHAAMHU IJIs TIPenogaBaTeas

[IpenomaBanue qucUUIUIMHBL « TeXHUYECKAsT TEPMOJAUHAMUKA» UMEET CBOEU
I[EJIbI0 03HAKOMUTH CTYACHTOB C JOCTHXKEHUSIMU B 00JIACTU NMPUKIATHON PUBUKU U
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€CTECTBEHHBIX HAyK, JOOUTBHCS VYSACHEHUS HMMH OCHOBHBIX METOJIOB pacueTa
MapaMeTpPOB TEIUIOIHEPTETUUECKUX CUCTEM, MOPAJIKA X MPUMEHEHUS, IPUBUTH UM
MPAaKTUYECKUE HABBIKM  HCHOJIb30BAaHHUS 3THUX 3HAHUHM K  KOHKPETHBIM
MIPOU3BOJICTBEHHBIM CUTYaIUSIM.

[IpenonaBanue TUCUUILIMHBI ocyniecTBisieTcst B cootBercTBur ¢ PI'OC BO.

[]envio METOIUYECKUX peKoMeHaanun SIBJISIETCA MOBBIIIIEHUE
2 ()EKTUBHOCTH TEOPETUYECKUX W TMPAKTHYCCKUX 3aHATUNA BCIEICTBHE OoJjee
YeTKOM WX OpraHu3aliy MpernojaBaTeieM, CO3/aHUs IIeJIEBBIX YCTAaHOBOK IIO
KOKJ0M TeMe, chcTeMaTu3allii Marepuaia 1Mo Kypcy, B3auMOCBS3M TEM Kypca,
MOJIHOTO MAaTEPHAIbBHOTO M METOJUYECKOTO oOecredeHus: o0pa3oBaTeIbHOTO
npoiiecca.

Cpedcmea obecneueHust 0C80eHUsT OUCYUNTIUHDBL

[Ipn u3ydeHUM AUCHUIUIMHBI PEKOMEHAYETCS HCIOJIb30BaTh CIEAYIOIINE
Cpe/CTBa:

— PEKOMEHIyEMYI0 OCHOBHYIO U JIOTIOJHUTEILHYIO JIUTEPATYPY;

— METOJIMYECKHE YKa3aHUs U TOCOOuS;

— KOHTPOJIbHBIC 3aJaHus JIsl 3aKPEIUICHUSI TEOPETUUECKOT0 MaTepuaa;

— DJIEKTPOHHBIE Bepcuu (peiepalibHbIX 3aKOHOB, YUEOHUKOB U METOAUYECKUX
yKa3aHUM JJ1s1 BBIMIOJIHEHUSI MPAKTUYECKUX PabOT U CaMOCTOSTEIbHOW pPalOOThI
OakanaaBpoOB.

Memoouueckue pekomeroayuu no Opeanu3ayuu U3y4eHus OUCYUNIUHbL

JIns MakCUMalIbHOTO YCBOEHMSI JUCUUILIMHBI PEKOMEHIYETCS U3JIOKEHUE
JICKIIMOHHOTO MaTepHalia ¢ DJIEMEHTaMH 00CYKJICHUS.

B kadecTBE METOAMKH TMPOBEACHUS MPAKTUUYECKUX 3aHATHUH MOKHO
MPEIIOKUTD

1. Cemunap — o0cyxeHHE CYIIECTBYIOIIMUX TOUYEK 3pEHUs HA MPoOJieMy U
MyTH €€ PEIICHUs.

2. Temaruueckue JOKJIAJbl, TMO3BOJISIIOIINE BbIPAOATHIBATH HABBIKU
MyOJIMYHBIX BBICTYIIJICHUH.

JIs MakCUMAaJIbHOTO YCBOEHUS JMCIUIUIMHBI PEKOMEHIyeTCs MpPOBEACHUE
MHUCHbMEHHOTO OMpoca (TECTUPOBAHME) MAruCTPOB MO MarepuajaM JICKUUH |
npakTudeckux padot. [logdopka BONpoCcoB [Jisi TECTUPOBAHUS OCYIIECTBIISACTCS Ha
OCHOBE M3YYEHHOI'O0 TEOPETHYECKOro marepuana. Takod Moaxojd MO3BOJISET
MOBBICUTh MOTHBAIMIO OakKajJaBpOB TMPU KOHCIEKTUPOBAHUU JIEKIIMOHHOTO
Marepuana.

JInsi OCBOEGHMSI HABBIKOB NOMCKOBOM M HMCCIIEIOBATEIBbCKOM AECATEIBHOCTU
OakanaBp MUIIET KOHTPOJIbHYIO pabOTy WM pedepar mo BEIOpaHHON (CBOOOIHON)
TEME.

Jlexyuu TpOBOJATCSI B OCHOBHOM IOCPEJACTBOM METOJa YCTHOT'O M3JI0KEHHS
C DJIEMEHTaMHU MPOOJIEMHOTO MOAX0/1a U OeCeIbI.

CemuHnapckue  3aHAmMuUs MOTYT HUMETh pa3Hble  ¢opmbl (pabota ¢
HCCJIEN0BATEIILCKON JTUTEPATYPOM, aHAJIN3 JTAHHBIX HOPMATHUBHOM M CIIPABOYHOM
JUTEpaTyphbl, CIylIaHWE JOKJIaJ0B W [ip.), BBIOMpaeMble IMpernojaBaTeieM B
3aBUCUMOCTH OT UHTEPECOB 0aKaaaBpOB U KOHKPETHOMN TEMBI.

Camocmosmenvras paboma 0axkanaBpa BKJIOYaeT B ce0s DJIEMEHTHI
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pedepupoBaHusl ¥ KOHCTICKTUPOBAHUSI HAYYHO-HCCIIEAOBATEIBCKONW JIMTEPATYPHI,
MOATOTOBKM ¥ HAMHWCAHWS HAYYHBIX TEKCTOB, OTPaOOTKY HABBIKOB YCTHBIX
MyOJUYHBIX BHICTYIIJICHUH.

[IpoBepka kauecTBa yCBOCHHUS 3HAHUI B TEUEHUE CEMECTPa OCYIIECTBISAETCS
B YCTHOU (opme, ImyTeM OOCYXIeHUsS TpPoOJeM, BHIBOJUMBIX Ha CEMHHApax M
MMMCEMEHHOM, ITyTEM BBITIOJHEHUS O0aKaTaBpaMu pa3HbIX M0 (OPME U COIEPIKAHUIO
paboT ™ 3amaHWi, CBS3aHHBIX C TMPAKTHUYECKHUM OCBOCHHEM COJCpIKAHUS
TUCIMIUTMHBL.  bakamaBpbl JIEMOHCTPUPYIOT B XOAC TPOBEPKH yMCHHE
aHAJIM3UPOBATh 3HAYMMOCTh U BBISIBISITh CIICIIM(PHUKY PAa3TUIHBIX MPOOIEM U TEM B
pamMKax M3ydyaeMOW TUCIUIUIMHBI U €€ KOMIIOHCHTOB, 3HAaHUE HAYYHOU W yueOHO-
METOJIMYECKON JUTepaTyphl. TeKylnas mpoBepka 3HAHUN M yYMEHHH OakalaBpoOB
TaK)Ke OCYIIECTBISETCS Yepe3 MPOBEACHUE Psiia IPOMEKYTOUHBIX TECTUPOBAHHIA.
HToroBas arTecTanus 1o JUCIUTUIMHE TPEIoaraeT YCTHBIA 3a4eT WM DK3aMEH,
Ha KOTOPBHIX IPOBEPSICTCS YCBOCHHE MaTepuaga, YCBOSCHHE Oa30BBIX IMOHSITHI
JUCITUTITHBI.

[Iporpamma cocrtaBiieHa B cooTBeTcTBUU ¢ TpeboaHusiMu ®I'OC BO ¢ yuerom
PEKOMEH 1Al [TpOOIT BO 11(0) HAIPaBJICHUIO MOJATOTOBKH
13.03.01 «TemnosHepreTka U TEIVIOTEXHUKA» U TPOPUI0 « DHEpProodecneyeHme
PEANPUATUID)

ABTOpBI

[Tpodeccop xadenprl «[IpoMbIICHHAS TCIUIOAHEPIeTHKAY
I.T.H., mpodeccop C.J. Kopnees

JHouent kadenps! «I[poMbIlieHHAs TETIIOIHEPTETHKA
K.T.H., JIOLICHT JLLA. MaprouuH

[Iporpamma  oOcyxnena Ha  3acemanud  kKadeapbl  «lIpombinieHHas

terosHepreTrka». IIpotokoin ot 30 aBrycra 2021 r. Ne 1

3aenyrommii kaheapon «IIpoMbITIeHHAs TETTOIHEPTETHK A

K.T.H., JIOLIEHT JILA. MaprommH

PykoBomutens OOII E.A. Yyraes
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[Ipunoxenue 1
CTpyKTypa U coiepkaHue TUCUMILINHBI « TeXxHnYecKas TEepMOIMHAMHUKAY 10 HANPABJIEHUIO MOATO0TOBKHU
13.03.01 «Tenio3HepreTUKa U TEIIOTEXHUKA

Buapr yaeOHoO# paboTHI,

Bunbr caMmocTosiTenbHON paboThI

®opMbl

o | 5 § BKIIOYas CAMOCTOATEbHYIO
Pasnen 3 q;) E paboTy CTYJIEHTOB, U CTYJCHTOB aTTecTaluu
3 2 TPYJIOEMKOCTb B Yacax
o d
1 | e | a6 | cPC | KCP | KP. | KT | Teer | AOMBIEAR | o | 5 | 3
pabora
Tperuii cemecTp
Tema | Jlekuus 0,5
11 +
1 CeMHHapCKOE 3aHATHE 1
Tema | Jlekuus 1
11 +
2 CeMHHapCKOE 3aHATHE 1
Tema | Jlekuus 1
10 +
3 CeMuHapckoe 3aHATHE 2
Tema | JIekuus 1
11 +
4 | CemuHapcKoe 3aHATHE 1
Tema | JIekuus 0,5 10 N
5 CeMHHapcKoOe 3aHsATHE 1 +
Tema | Jlexuus 1
10 +
6 | CemuHapcKoe 3aHATHE 1 +
Tema | Jlekuus 1
11 +
7 CeMHHaApCKOE 3aHATHE 1
Tema | Jlexkuus 1
11 +
8 CeMHHaApCKOE 3aHATHE 1
Tema | Jlexkuus 1
11 +
9 CeMmuHapcKoe 3aHSATHE 1 +
dopma aTTecTalnn C)
Bcero yacoB no gucuumimnHe B 216 | 8 10 196
TPEThEM CEMECTPE
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[Tpunoxenue 2

MUHUCTEPCTBO HAYKU U BLICUIETO OBPA30BAHUS POCCUNCKON OEIEPAILINU
DEJIEPAJIBHOE TOCYIAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE YUPEXIEHUME BBICIIIEI'O OBPA3OBAHUS
«MOCKOBCKHI TTIOJIMTEXHAYECKWI1 YHUBEPCUTET»
(MOCKOBCKMI1 TOJIATEX)

Hamnpasnenune noarorosku: 13.03.01 Temnosnepreruka u TEMIOTEXHUKA
OII (mpomitp): «DHEproodecneUeHNE MPETPUATHI
dopma 00ydeHwUs: 3a09Has

Kadenpa: «I[IpomblnieHHas TEMI0 HEPreTHKA

®OH/I OHNEHOYHbLIX CPEJACTB
O AMCIUITVIMHE

«Texnuueckan TEPMOJINHAMUKA»

. [Tacnopt (hoH1a OLIEHOYHBIX CPEJICTB

. O1leHOYHbIE Cpe/ICcTBA

. Jomanrusst paboTa 1o AUCIUIIINHE

. Metoauueckue peKOMEH AU U YKa3aHus JJ1s BbiloaHeHus [P
. Boripocs! k 3auety (BTOpoii cemecTp)

. DK3aMeHAaI[MOHHBIE BOMIPOCHI (TPETUi ceMecTp)

. [Ipumepsl 3ama4 11 NPaKTUYECKUX 3aHATUN

. [IpuMepsb! TECTOBBIX 3aJaHUI

Mocksa
2021



1. ITacnopt ¢oHaa OLIEHOUYHBIX CPEICTB

TexHn4eckan TCPMOANHAMHUKA

OI'OC BO 13.03.01 TermioTeXxHUKA U TeNJI0IHEPreTHKA

KOMIIETEHIIUH Ilepeyenb komnoneHToB | TexHoJsorus ®opma Crenenu ypoBHeil 0CBOEHHUS
NMHIEKC OOPMYJINPOBKA (popmupoBanus OLICHOYHOI'0 KOMIIeTeHI M
cpeAcTBa
OIIK-2 | cocoOeH NpUMEHSTh 3HATh: METO/IBI Jlekius, 3ayer, SK3aMeH, bazoBblit ypoBeHb: criocoOeH
COOTBETCTBYIOIINH PHU3HKO- BBISBIIEHUSA CEMHHapCKUE BBITTOJTHEHHE JEMOHCTPHUPOBATh 0a30BbIC 3HAHMS B
MaTeMaTHYECKHH anmapar, €CTECTBEHHOHAYYHOU 3aHSTHS, JIOMalIHe padoThl | 00J1aCTH €CTECTBEHHOHAYYHBIX
METOIIbI aHATT3a 1 CYLIHOCTH IIPOOIIEM, 71abopaTopHbIE |10 JMCLUILINH, TOTOBHOCTD BBISBIISATD
f;(fg’;ii%iii?g’n BOSHHKAIOIINX B XO/e 3aHATHS, VH]IUBUYAJIbHOMY | €CTECTBEHHOHAYYHYIO CYILIHOCTh
SKCTIEPHMEHTATHOTO npodeccuoHanbHOM peuieHue 3a/1aHHUIO0 npobiiem, BOSHHMKAIOIUX B XOJI€
HCCIIE/IOBAHKS TIPH PENICHHH JIEATEIIbHOCTH CUTYallMOHHBIX po(heCCUOHATILHOM e TeILHOCTH;
MPOdeCCHOHATBHBIX 32721 yMeThb: 00ecreynBaTh 3aj1ad, NPUMEHSATD JUIsl UX pa3pelieHus
npumenenue st peuienusi CPC OCHOBHBIE 3aKOHBI €CTECTBO3HAHUS,

€CTECTBEHHOHAYYHBIX
po0JIeM OCHOBHBIE
3aKOHBI €CTECTBO3HAHUS,
METOAbI MATEMATHUYCCKOI'O
aHanm3a u
MOJICTTUPOBAHUS,
TEOPETUUECKOT0 U
SKCIICPUMCHTAJIIBHOT'O
WCCIICIOBAHHUS

BJIAJIeTh: METOJIaMU
MaTeMaTHUYECKOTO aHalnu3a
U MOJCIIMPOBAHUA,
TEOPETUIECKOTO U
OKCIICPUMCHTAJIBHOT'O
WCCIICIOBAHHUS

METO/Ibl MATEMAaTHYECKOTO aHAIN3a U
MOJIEITUPOBAHMS, TEOPETUIECKOTO H
9KCHEPUMEHTAIBHOTO UCCIIEJOBAHUS B
CTaHAAPTHBIX NPOU3BOJACTBCHHBIX
CUTYyalMsix

[loBbILIEHHBIN yPOBEHB: CIOCOOEH
JIEMOHCTPUPOBATh Oa30BbIe 3HAHUS B
00JacTl €CTECTBEHHOHAYYHbIX
JMCLUIUIMH, TOTOBHOCTBIO BBISIBIISTD
€CTeCTBEHHOHAYYHYIO CYIIHOCTb
npo0JseM, BO3HUKAIOIUX B X0/1€
npoeCCHOHATBHON IEATETLHOCTH;
MPUMEHSTH JUI UX pa3perieHus
OCHOBHBIE 3aKOHBI €CTECTBO3HAHMS,
METObl MATEMaTUYECKOTI'0 aHaJIN3a 1
MOJICIIUPOBAHUS, TEOPETHYECKOTO U
9KCHEPUMEHTAIBHOTO UCCIIEJOBAHUS B
HECTAaHJAPTHBIX MPOU3BOJCTBCHHBIX
CUTYalMSX C UX MOCIETYIOIUM
aHaJTN30M




OIIK-3

CHOCOOCH AEMOHCTPUPOBATH
HPHUMEHEHHE OCHOBHBIX
CIOCOOOB MOJTYy4eHUS,
npeoOpa3oBaHusl, TPAHCIIOPTA U
MCIIOJIb30BaHUSI TEILUIOTHI B
TEIUIOTEXHUYECKUX YCTaHOBKAX
U CHUCTEMax

3HATh: METOJIBI
IpoBeieHus paboT 1o
OLIEHKE TEXHUYECKOTO
COCTOSIHUSL M OCTATOYHOTO
pecypca 000py10BaHUs B
OpraHu3aliM; METOJIbI
POBEICHUS
IpOPUIAKTUYECKUX
OCMOTPOB U TEKYIIETO
peMoHTa 000py10BaHUSA
yMeTh: 00€CIeunBaTh
npoBesieHue paboT 1o
OLIEHKE TEXHUYECKOTO
COCTOSIHUSL M OCTaTOYHOTO
pecypca 060py10BaHUS B
OpraHu3aluy; NPOBOAUTH
npoUIaKTUYECKHE
OCMOTpBI U TEKYIIHAN
PEMOHT 000py10BaHUS
BJIa/IeTh: METOJAAMHU
npoBesieHus paboT 1o
OIIEHKE TEXHUYECKOTO
COCTOSIHUSL M OCTaTOYHOTO
pecypca 060py10BaHHS B
opranu3zaiuu; HaBeikamu
NIPOBEICHUS
IpOoPUIAKTUIECKUX
OCMOTPOB U TEKYIIETO
peMoHTa 000pyI0BaHUs

Jlexius,
CEMHHapCKHe
3aHSTHSI,
nabopaTopHbBIC
3aHSTHS,
pelieHue
CUTYaIlMOHHBIX
3azad,

CPC

3ayer, SK3aMeH,
BBITIOJTHEHUE
JoMaIHei paboTbl
o
WHAUBUTYAJTBHOMY
3aJ]aHUI0

Bba3oBeIii ypoBeHb: cIOCOOCH
y4acTBOBaTh B COOpE M aHAIH3E
HMCXOJHBIX JAHHBIX IS
MIPOCKTUPOBAHMS YHEPTrOOOBEKTOB U UX
9JICMCHTOB B COOTBETCTBHHU C
HOPMAaTHBHOMN JOKYMEHTAIIUEH B
CTaHJapTHBIX MPOU3BOICTBEHHBIX
CUTYaIUAX

[oBbIlIEHHBIN YPOBEHB: CIIOCOOCH
y4acTBOBaTh B cOOpe U aHallu3e
UCXOAHBIX JAHHBIX IS
MIPOCKTUPOBAHKS YHEPTrOOOBEKTOB U UX
9JICMCHTOB B COOTBETCTBHHU C
HOPMaTHUBHOMN JOKYMEHTALIUEN B
HECTaHJAPTHBIX MPOU3BOJICTBEHHBIX
CUTYalUAX C UX MMOCIETYIOIINM
aHaAJIU30M




2. OueHoYHbIE CpeaCcTBa

HaumenoBanue [IpencraBnenue
Ne OLIEHOYHOTO Kparkas xapakrepuctruka OleHOYHOTO OLICHOYHOTO CPE/ICTBA B
0C cpencTsa CpeacTBa ®OC
Pa3nuuaroT 3a1a4u U 3a1aHUS:
Pa3HprOBHCBBIe a) PECOPOAYKTUBHOI'O YPOBHA, MTO3BOJIAIONINUC
1 3aJa4n OLCHHMBAaTh W JUArHOCTUPOBATH 3HAHHUC PagHoypoBHeBHe 3aJa4n
(P3) (haKTUYECKOTO Marepuaia (6a30BbIC
MOHSTHSI, AITOPUTMBL, (AKThl) U YMEHHUE
CpencTBO TPOBEPKHM YMEHHUM TMPUMEHSTH
[OJIyYEHHBIE 3HAHUSA o 3apaHee Kommuiekr 3aganuit aiis
2 Jlomanssi pabora ONPEAECICHHON METOAUKE [JIsi PELICHUS BBITIOJIHEHUS TIOMAIIHEH
(HP) pea vﬂ pi | p AOMallIHE
3a7ad  WIM 33JaHU [0 MOIAYIK WIH paboThI
ITACIIUTIIIMHE B 1[EJIOM.
CpencTBO KOHTpPOJIS, OPraHW30BaHHOE Kak
crenuanbHas ~ Oecelna  MEAAroruyeckoro
YcTHbIM onipoc  [paboTHUKAa ¢  OOydaroluMCs Ha TEMBI, Bomnpocsl no
3 cobece0BaHUE, [CBSI3aHHBIE C HM3y4aeMOW JAMCIHUILIMHOW, | TeMam/paszenam
(YO) PACCUMTAaHHOE Ha BHIACHEHHE 00beMa 3HAHMM JUCLUILIAHBI
00y4aroIerocs Mo Onpere’IeHHOMY pasJeny,
reme, mpobiaeme U T.11.
Cuctema CTaHAAPTU3UPOBAHHBIX 3aJIaHHM,
4 Tect [103BOILIOMIAs aBTOMATH3HPOBATh POUENYDY | gy recTOBEIX 3aMAHMUi
(T) M3MEPCHUSI YPOBHS 3HAHWUM W yMEHHM

oOy4arorerocs.




3. JomamHss padora no JuCuMIINHE

Jlomarasist paboTa HampaBiieHa Ha (OPMUPOBAHUE YMEHHM U HABBIKOB IO
pacyery IO pacuery TEPMOJMHAMUYECKHX IPOLIECCOB M ILIMKJIOB, Ha OLIEHKY HX
IHEPreTHYecKoil 3PPEeKTUBHOCTH.

Pe3ynbpTaTom paboThI SIBISIOTCS BBIYUCICHUS TEIIO(PU3NIECKUX TApaMETPOB
IIPSAMOT0 TEPMOJIMHAMUYECKOIO IIMKJIA ¢ onpenenennem ero KII/I.

Jiis  BemonHeHuss JIP  CTyAe€HTBl PYKOBOACTBYIOTCA METOJUYECKUMHU
PEKOMEHIALMAMY U YKa3aHUSIMH JIJIs1 IOJTOTOBKU K BBIINOJIHEHUIO MPAKTUYECKUX
3agaHuil « TexHnuyeckas TepMoauHaMuKa. Kpyrossie mpoueccs»



4. MeToauvecKkue peKOMEHAAUMH U YKA3aHUSA /IS BbIoJIHeHus [P

L[CJ'II)I-O HaCTOAINNX MCTOANYCCKUX YKa?)aHI/Iﬁ ABIKICTCA O3HAKOMIICHHC
CTYACHTOB C MCTOOaMH aHAJIM3a U paCdCTa KPYI'OBBIX IIPOOCCCOB U IIOJYUYCHHUC
IMPAKTHYCCKHUX HABBIKOB l'IOI[06HI>IX PacucToOB.

1. BUJbI KPYT'OBBIX IPOIIECCOB

KpyroBeim mporieccoM (IIMKJIOM) Ha3bIBaIOT TaKOW MPOIECC, B pe3ysibTaTe
COBEpIICHUS  KOTOPOrO0  TEPMOJMHAMHUYECKAs CUCTEMa, MpPEeTeprneB  Psif
NOCJIEIOBATEIbHBIX M3MEHEHUN CBOEr0 COCTOSIHMS, BO3BPAILAETCS B HCXOJIHOE
COCTOSIHUE. 3HAYMUT, BCE MapaMEeTPhl COCTOSHHUS CUCTEMbl B UTOrE MPUHUMAIOT
nepBoHavaibHOe 3HaueHue. [loaTomMy, Ha JuarpaMmax COCTOSIHUSI KpPYTOBOM
mpoliiecc M300paxkaeTcsi 3aMKHYTOM KpUBOW. TepMOJIMHAMHYECKYIO CUCTEMY, HaJ
KOTOPO# COBEPIIIAETCs KPYroBOM IMPoIIece, MPUHATO HA3bIBATh pA00YHM TEIIOM.

Ilpamoit u oopamuwlii Kpyzoevle npoueccol

[Ipumep n300paskeHHs: KPyroBoro mpoiecca B p —v u T — S auarpammax
COCTOSIHUSA MOKa3aH Ha puc. 1.1.

Ecnu HekoTopas TepMOJMHAMUYECKAsl CUCTEMA, HUCIOJb3yeMas B KauecTBE
pabouero Tejma, WMeNa B  HayaJbHBII MOMEHT BpPEMEHU COCTOSIHHE,
cooTBeTcTBYIOIIEe Touke 1 (puc. 1.1a), To, mociie mpoBeneHUs Haa HEW psaa
npoiieccoB 1-2-3-4-1, ona MOKeT ObITh BO3BpAIlleHa B CBOE UCXOJTHOE COCTOSTHUE 1.
[IpuueM, paccmaTpuBas p — ¥ AMarpaMmy, MOKHO 3aMETUTh, YTO Mpouecchl 1-2-3
COMPOBOXK/IAIOTCS YBEJIMYEHUEM 00beMa TEPMOIMHAMUYECKON CHUCTEMBI.

A A q — q L
p / ]]_2_3 T \ I 4-1-2
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Puc. 1.1. IIpssmoit kpyroBoii npouecc Bp — v u T — s nuarpamMmmax

PaGota, coBepiaemasi HaJl OKPYXKalOIIEH CPeoil B MPOIECCE PACITUPEHUS
CHUCTEMBI



li2-3 = f1_2_3 pdv, (1.1)
OyJleT COOTBETCTBOBATH ILIOIIAAM MOJT KPUBOI Mpoliecca, T. €. Iiomaau a-1-2-3-0.
B cBow ouepenp, npouecc 3-4-1 conmpoBOXKAAETCS YMEHbIIEHHEM OOBEMa
TEPMOJIMHAMHYECKOU cucTeMbl. PaboTa, coBepiaeMasi OKpyKaromiei cpeaon HaJ
CHUCTEMOM
l3-4-1 = [,_, ,pdv, (1.2)
COOTBETCTBYET IIomaau a-1-4-3-6. Anredpanyecku, MpOCyMMHPOBAB YKa3aHHbIE
paboThl, MOKHO HalTH MOJIE3HYIO paboTy, OJYYEHHYIO B pe3yJIbTaTe COBEPILICHUS
KpyTroBOTO Iporiecca (IIUKJIa):
L=J_, ,pdv+[,_, pdv=9¢ . .  pdv, (1.3)
KOTOpasi B p — v AuarpaMme COOTBETCTBYET muiomaau Gpurypsl 1-2-3-4-1.
3a cuer yero coBepmaercsa padora muKiIa? OTO CTAHOBUTCS SICHO, €CIH
MIPOUHTETPUPOBATH YPABHCHHUE TIEPBOTO 3aKOHA TEPMOJUHAMUKH IO 3aMKHYTOMY
KOHTYpY 1-2-3-4-1:
S151—2—3—4—1 dq = Sﬁ1—2—3—4—1 du + 951—2—3—4—1 pdv. (1.4)
B cBs3u ¢ TeM, 4TO BHYTpEHHSISI DHEPTHsl pabouero Tea sBISIEeTCS apaMeTpoM

COCTOsAHMA, a, CIICA0BATCIIBHO, HOTGHHH&HBHOﬁ Q)YHKHHGI\;I
du = 0. (1.5)

sﬁ1—2—3—4—1
B cBoro ouepenp,
$ 5o, dq=/[,_, ,Tds+ [ ,  Tds. (1.6)
CMBICIT TIOCEAHETO ypaBHEHUSI YJOOHO MOSICHUTH C MOMOIIb0 puc. 1.16.
[Ipoueccol 4-1-2, mpoucxoasiive ¢ YBEIUYEHHUEM BSHTPONHUM paboyero Tena,
COTPOBOK/IAFOTCS MOJBOJOM K HEMY TEIUIOTHI:

¢ =/, , ,Tds, (1.7)
rie g, — TeIUIoTa, MOJBeJCHHas K paboueMy Teiay IpPU COBEPIICHUHU IUKIIA,
COOTBETCTBYET IuIommamau c-4-1-2-d.

B cBoto ouepenp, nporiecchl 2-3-4, MPOUCXOISIINE C YMEHBIIIEHUEM SHTPOIHH,
COTIPOBOYKJIAFOTCS OTBOJOM TEIUIOTHI OT pabodvero Teja:

92 =—), ,_,Tds, (1.8)
rie g, — TeIoTa, OTBEACHHAs OT pabodero Teja MPU COBEPIICHUM IUKIIA,
COOTBETCTBYET Iuiomaau c-4-3-2-d. Panee, mpu paccMOTpeHUU MEPBOTO 3aKOHA
TEPMOIUHAMHKHU, OBIJIO OTMEUEHO, YTO MOJIOKUTEILHON MPUHATO CUNTATH TEIIOTY,
MOJIBEICHHYIO K TepMOAMHaMu4eckoit cucreme. [Ipu aHanm3e KpyroBbIX IPOIECCOB
MPUHATO MCIIOIB30BaTh MOHITHE TEIUIOTHI OTBEACHHOM OT pabouero Ttema. ITo
COOTBETCTBYET CMEHE 3HaKa, T. €. MOSIBJICHUIO 3HAKA «MHUHYC» MEpe] MOCIEeIHUM
MHTETPAJIOM.

B pesynbTrare nosie3nas pabota, mojrygaeMas B pe3yjibTaTe COBEPIICHUS UK

lq =dq1 — 4>z, (19)

T.€. TIOJIe3Has paboTa, mojydyaeMasi B pe3yJibTaTe COBEPIIICHUSI KPYyTOBOTO TIpoIiecca,
COOTBETCTBYET PA3HOCTH MOABEICHHON U OTBEICHHOM TEILIOTHI.

B paccmMoTpeHHOM ~ KpyroBoM  mporecce  pabota  pacumpeHus

TEPMOIMHAMHYECKOW CUCTEMBI MPEBHITIaNa paboTy, 3aTpauyuBaeMyIo Ha €€ C)KaTue.



COOTBETCTBEHHO, TEIUIOTA, MOJBEACHHAsA K CUCTEME, IPEBbINIANA OTBEICHHYIO
TemnoTy. Takoi mpouecc Ha3pIBAIOT NPSIMBIM KPYTOBBIM IIpo1ieccoM. B nuarpammax
COCTOSIHMSI OH M300pa)kaeTcs 3aMKHYTOM KPHBOWM C HaIlpaBJICHUEM TMPOTEKaHHS
IIPOLIECCOB I10 YaCOBOU CTPEJIKE.

[IpsiMO¥ KpYyroBOM MPOLIECC UCTIOJIB3YETCS B TEILIOBBIX ABUTATEAX-MAIIMHAX
JUIs TipeoOpa3oBaHusl TEIUIOTHI B paboTy. CyIIHOCTH TEMJIOBOTO JIBUTATENIsi MOXKHO
OTOOpPAa3UTh CXEMOM, MPEICTaBIEHHON Ha puc. 1.2a. 3geck 2 — 310 padoyee Telo,
HaJl KOTOPBIM COBEPILIAETCS KPYroBOM IMPOLECC, HANPHUMEpP, T'a3 B LWIUHJIPE
nBuratens. [{ns Toro yToObl MOJABECTU TEIUIOTY G K pabodeMy Tery, HeoOX0auM
ropsiMMM HCTOYHUK | — TepMOAMHAMHYECKas CUCTEMA, OTAAIOMIAs TEIUIOTY
pabouemy Teiy. UTOOBI OTBECTH TEIUIOTY ¢, OT pabouero Tteina, HEOOXOIUM
XOJIOJHBIA HCTOYHUK 3 — TEPMOJMHAMUYECKAS] CUCTEMA, MOTYYaIolasl TEMIOTY OT
pabouero Tena.

™~ 1 T~ 1

q, /l L, q, /T Iy
4> 2 q> 2
\l 3 \T 3

a 6

Puc. 1.2. CxeMbl opranuzaiuu npsiMoro 1 0OpaTHOro KPyroBbIX MPOIECCOB

JIsl OIIEHKW COBEPIICHCTBA TEIJIOBOTO JBHUTATENS HCIIOJIB3YIOT TTOHSATHE
«TepMUYECKHA KOA(D(DHUIIMEHT TMONE3HOTO MEHCTBHS TEIJIOBOTO JBUTATEIS» —
OTHOIIIEHUE PadOTHI, MOTyYaeMOW B PE3yJIbTaTe COBEPIICHUS ITUKIA K TEIUIOTE
MOABE/ICHHON K pabodyemMy Tely.

L d1—4> qz
= 172 _q_12 1.1
e qi1 qi1 qi1 ( 0)

Tepmuueckuii KO3QQPUUMEHT MOJE3HOTO JAECUCTBUS TEIJIOBOTO JIBUTaTess
MOKA3bIBAET, KaKasl JIOJIsl TEIUIOThI, OTJAHHOW TOPSYUM MUCTOUHHKOM, MOXKET OBITh
npeoOpa3oBaHa B paboTy.

Kpome mpsiMoro KpyroBoro Ipoliecca, BO3MOXXHO OCYIIECTBICHHE U
oOpaTHOro KpyroBoro Ipoliecca, H300pakeHue KOToporo B p—v u T — s
JTUarpaMMax COCTOSTHUS MpejicTaBieHo Ha puc 1.3. B o6paTHOM KpyroBoMm mporiecce
pabora, 3arpaunBaeMasi Ha CkaTtwe padouero Ttena l;_,_3, COOTBETCTBYIOIIAS
romanu ¢urypsl a-3-2-1-b (puc. 1.3a) 6ombiie paboThl l3_,_ 1, MOJTy4aeMOU npu
ero pacmupeHu (mwiomanb GUrypel a-3-4-1-b). 3HaUUT, A OCYIIECTBICHUS
oOpaTHOrO KpPYyroBOTO IMpoliecca HEoOXOoAuMo 3aTpatuth padboty. B oOpatHOM
KpPYTrOBOM IIpoliecce, Kak BUHO U3 puc. 1.30, MOABO TEMIOTHI §5_3_4 K pabouemy



TEIy MPOUCXOAUT MPU CPABHUTEIHHO HU3KOW Temrmeparype, a OTBOJ TEIUIOTHI
(4—1— OCYUIECTBIISIETCS IIPU BBICOKOM TemmepaTrype. 3HauuT, IPOUCXOAUT TO, YTO
CXEMAaTHUYHO MOKa3aHo Ha puc. 1.20: TeraoTa OTBOAUTCS OT XOJIOJHOTO UCTOUYHUKA
3 u, B pe3yibTaTe COBEpUICHUSI OOpaTHOTO KPYroBOTO IIpoliecca MepeaaeTcs
ropsiyeMy HCTOYHUKY 1, umeromieMy OoiblIylo Temmeparypy. Takum oOpa3zom
OCYUIECTBJISICTCS IIUKII XOJOAWIBHON YCTAHOBKH, 1€JIbI0 KOTOPOTO SBJISIETCS OTBO/I
TEIJIOTBl OT XOJIOJHOTO WCTOYHUKA, HalpuMep, OT Kamepbl XOJOJHIbHON
YCTaHOBKHU.

p ‘ 7] \ 4 =441
1 —
b 4
2
/ 3
. 4, =4, 34 .
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Puc. 1.3. O6patHsbIit KpyroBoii nporecc Bp — v u T — s Auarpammax
Huxn Kapno

Kak mpsimoit, Tak 1 0OpaTHBIN KPYroBbI€ MPOLIECCHI, MOTYT OBITh COCTABJICHBI
13 BJIEMEHTAPHBIX MPOILIECCOB, PACCMOTPEHHBIX B [3]. ®paHuy3ckuiil yuensiii Canu
KapHo BmepBble NpemIOKUI U NPOAHAIU3UPOBAT IUKI, COCTOSIIIUMN U3 NBYX
annabaTHBIX W JBYX M30TEPMHUYECKHX TIpoleccoB. Jlamee ™Mbl ompenenum
koadunment noneznoro aerctus (KII) sToro mukia u BEISICHUM, TTOYEMY ITHAKII
KapHo sBisieTcss OCHOBOIOJIAraloImuM MPU CpaBHEHHH 3(PGEKTUBHOCTH IHUKIIOB
TEIUIOBBIX JIBUTaTese. AHanu3 nukia KapHo B HacTosiee BpeMs yao0Hee BCEro
MPOBOJAMTH C TToMoIbio T — s nuarpaMmsl (puc. 1.4).

Pabouee Teno ammabaTHO COKMMAETCS OT COCTOSHMS 1 10 cocTossHud 2. 3aTeM,
Py MOCTOSHHOW TeMmrepatype T; K HEMy NOABOJUTCA TemioTa (mpouecc 2-3).
Hanee cnemxyer aamabatHoe pacimupeHue pabouero tena (mpomecc 3-4). U,
HAKOHEI[, MPOU3BOJAUTCS HM30TEPMUUYECKUN OTBOJ TEIUIOTHI MPHU IOCTOSHHOU
temriepatype T, pabodero tena (mporecc 4-1).
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Puc. 1.4. luxn Kapno 6 T — s ouacpamme.

PaGoTa mukna KapHo cOOTBETCTBYET IUIONIAIA IPSIMOYTOJIbHUKA 1-2-3-4:
L, =Ty = T2)(s; — s1) (1.11)
B cBow ouepenp, TemnoTa, noABeAeHHas B Lukie KapHO, cOOTBETCTByET
IJIOIIA/INA MIPSAMOYTOJIBHUKA S1 — 2 — 3 — S5
q1 = T1(sz — s1). (1.12)
[loacraBnstst ypaBuenust (1.11), (1.12) B ¢dopmyny (1.10) mnomydaem
BBIPKEHHE, OIPEACISIONIee TEPMUUECKUI KOA(D(HUIMEHT MOJE3HOro AEUCTBUS
nukia Kapao

hh_1-% (1.13)

T, T,

N3 ypaBuenus (1.13), cnenyet, 4To koaghpuyuenm noneznozo oeticmseus Yukia
Kapno mem svrue, uem gviue memnepamypa T, 2copsaue2o ucmouyHuka u 4em Huoice
memnepamypa T, X0100H020 UCMOYHUKA.

Kpome Toro, cpaBuuBas k03hOUITUEHTHI MOJIE3HOTO AEUCTBUS IIUKIOB, MOYKHO
MoKa3ath, YTO K. N. 0. yukia Kapno 6onvue, yem k. n. 0. 1106020 0py2020 Yukia,
OCYWecmeniemo20 8 mom dice unmepsaie memnepamyp. ITOT BBIBOJI MOXKHO
000CHOBATH CJICAYIOIIMM 00pa3oMm.

PaccMoTpuM  HEKOTOpBIA MPOU3BOJIBHBIM UK TEIJIOBOTO JABUIATENS,
n3o0paxkaemblii B T — s Auarpamme 3aMKHYTOM KpuBoil (puc. 1.5). Paccmorpum B
9TOM K€ juarpamMme LMK KapHo, oCymiecTBisieMbldi B TOM K€ HHTEpBAJIC
temrneparyp (u3orepmbl T; u T, umkia KapHo KacaTeiabHble B TOYKax
MaKCUMAaJIbHOM U MUHUMAJILHON TeMIIepaTyp MpOU3BOJILHOIO 1KMKIa). Kak ciemyer
u3 ypaBHeHus (1.13), k.m.a. mukiaa KapHo 3aBUCHUT TOJIBKO OT TEMIIEpaTyp MoABOAA
¥ OTBOJA TEIUIOTHI OT pabodero Tena. [losromy monokeHue nByx aauadbatr He
BIIMSACT Ha KO3(p(UIMEHT IojJe3Horo aeicTBus I1mkina Kapro. Pacmomoxum
annabaTHBIE TMPOIECChl TakuM oOpa3oM, YTOOBI OHU KacajuCh KPHUBOU
MPOU3BOJIBHOTO IIUKJIA B TOYKAX MUHUMYMa U MaKCUMyMa SHTPOIHUHU.

Nek =
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Puc. 1.5. Cpasuenue npoussonvnozo yuxia c yukiom Kapno.

N3 ypaBHenus (1.10) u u3 3HaHus Toro, yto B T — S quarpamme Iiomiaab noj
KpHUBOI Mpolecca COOTBETCTBYET €ro TemioTe [3], K.M.J1. MPOU3BOJBHOIO IUKJIA

BBIpAXaCTCA 4€PE3 CIACAYIOIHNEC TUIOIIAaH:
d> c+b+d

=1-==1-— a
Mt q1 a+c+b+d ( )

CoOTBETCTBEHHO, 715 IMKJIa KapHO MOKHO 3amucarh:
=1 - (6)

Mere = a+c+b+d+e+f

[TockosbKy

c+b+d>c,a+c+b+d<a+c+b+d+e+f,

C yderom 3THX HEpaBEHCTB, HA OCHOBE ypaBHEHUH (a), (0) momyudaem: 1.y >
1¢, 9TO U TpeOOBAJIOCH JI0KA3aTh.

CnenoBatenbHO, UK KapHO SBISIETCS ATATOHOM, OTPEASIISTFONTAM MAKCUMYM
K.IL.J. TEIJIOBOTO JIBUTaTelisi B 3aJaHHOM MHTEpBAJIE TEMIEpaTyp Tropsuero u
XOJIOJJHOTO HMCTOYHUKOB, C KOTOPHIM MOKHO CpPaBHHBATh IMKJIBl PpPeaTbHBIX
TEIJIOBBIX JBUTATEJICH. DTO MO3BOJISIET CYJIUTh O COBEPIICHCTBE TOTO WM WHOTO
IIUKJIa ¥ BBIOWPATH JIyqIITUH.

KpyroBoii mporiecc MOKET ObITh OCYIIIECTBIICH C UCTIOIb30BAaHUEM PA3THUHBIX
AJIEMEHTAPHBIX TEPMOJIMHAMUYECKHX MpoIeccoB. Eciau BBIMOJHUTH pacuer
napamMeTpOB COCTOSTHUS pabodero Tena, HaWTH TEIJIOTY W paboTy B KaXIAOM H3
TAKHUX MPOIIECCOB, TAK KaK 3TO JAETAJIOCh B [3] TO MOKHO MEPEUTH K ONPECICHUIO
TEPMHUYECKOTO KOIPPHUIMEHTA MTOJIE3HOTO ICHCTBUS UCCIIEyEMOTO IHKIIA, a TAKKE
CpPaBHUTh €ro ¢ Ko3(h(HUIMEHTOM II0Je3HOTO JACHCTBUSA IMkia KapHo,
OCYIIECTBJIIEMOTO B TOM JK€ HMHTEpBaJle Temmeparyp. Pemienuto 3Toi 3amadm
MOCBSAIIECHO JIOMAIlTHEe 3a/JlaHWe, WCXOJHBIC JTaHHBIE W TOPSJAOK BBHITIOJHEHUS
KOTOPOTO MTPUBEICHBI HIKE.



2. PACYET KPYT'OBOI'O IIPOLJECCA

s Toro, 4yTOoOBI ONMPEAETUTH MOJIOKEHHUE XapaKTEPHBIX TOUYEK KPYTOBOTO
Ipolecca, COOTBETCTBYIOIMX IapaMeTpaM COCTOSHUSL pabodero Tena B TOYKax
[IEPECEUCHUs] DJIEMEHTAPHBIX IIPOLIECCOB, COCTABIIAIOIIMX IMKJI, PAacCYUTATh
KOKIBIA U3 YKa3aHHBIX JJIEMEHTApPHBIX IIPOLECCOB U OIPEACIINUTH K.IIJ. LUKIIA
HEOOXOJMM COOTBETCTBYIOIIUNA HAa0Op HMCXOJHBIX JAHHBIX, JEIAIOIIUX PEIICHUE
OTHO3HAYHBIM.

2.1. Hcxoonvie 0annbvie K 6bINOJIHEHUIO pacuema npAamozo Kpyz06020
npouecca

Heo0x0a1umMo BBIMOIHUTH pacueT Hukia TpuHKIepa, KOTOPbIi HCIIOIB3YEeTCs B
psae nBUrareineil BHYTPEHHEro cropanus. M3o00pakeHwe 3TOro mukia B p — U
JyarpamMMe MpeJcTaBlIeHo Ha puc. 2.1.

pl\
Py =P > <

P 1 \\ 4

Po

Puc. 2.1. Huxn Tpunxnepa.

B paccmarpuBaemMoM IMKIIe OT HayalbHOro cocTtosiHusg (O TPOUCXOIUT
MOJINTPOITHOE CxKaTue pabodero Tema 10 cocrosiusa 1. [lokazarens moauTponsl B
ATOM TPOIECCe PaBeH My_q. 3aTEM CJIEAyeT MOABOJ TEIJIOTHl MPH MOCTOSHHOM
o0beme pabouero tena (mporecc 1-2). Crnenyromuii nporecc 2-3 COOTBETCTBYET
MO/IBOTy TEIIOTHI K paboueMy Tely MpH IOCTOSHCTBE ero naBiieHus. Jlamee
MIPOUCXONUT TIPOIECC PACHIMPECHHsI B TIOJUTPOITHOM IIpOIlecce MPH ToKasaresie
TIOJINTPOTIBI PABHOM TN3_,. M, HakoHEI, paboyee TeI0 BO3BpAIIACTCsS B HCXOIHOE
COCTOSIHHME TIOCJIe M30XOpHOTo mpoiiecca 4-0.

B pacueTe nukia mpuHATHI CIEIYIONUE YCIOBHBIE 0003HAYCHUS:

1. Crenens cxxatus

&= UO/vla
2. CreneHb NOBBIIMICHUS JABJICHUS
A =12/,

3. Crenenb npeaBapuTEIbHOTO PACIIUPEHUS



p =v3/V;.
PaGouee Temno, ncmonp3dyemoe B MUKJIE — BO3ayX. Ero repmonnaamMudeckue
CBOMCTBA MIPUHSTHI CIACAYIOIIHMHU:
— T'azoBas nocrosuHas R = 287 Jx/(xr K);
— YjaenbHas TEIIOEMKOCTD:
— P TIOCTOSTHHOM o0Beme ¢, = 718 JIx/(kr K);
- TIPU MOCTOSIHHOM JaBieHuu ¢,= 1005 Jhx/(xr K);

— Ilokasarenb aguadarts! k = 1.4.

Hwxe mpuBoamtcs Tabmmma 2.1, comepkamas HaOOp MCXOHBIX JaHHBIX,
HEOOXOMMBIX JIJIs1 BBIMIOJTHEHUS JOMAIITHETO 3aaHHs.

OT4eT 0 BBINIOJIHEHUHU JOMAIIIHETO 3a7aHusi opopMIIsieTcs Ha JucTax popmara
A4. OdopmiieHrEe TUTYJIBHOTO JUCTA (JUCT 1) JaHO B MPUITOKEHUH.

Ha BTOpo#l cTpaHuile NPUBOASATCS «UCXOOHblE OAHHbIE», COOTBETCTBEHHO
BApUAHTy WHJMBHUAYAJIbHOTO 3ajaHusl. J[OJDKHBI OBITh NPUBENCHBI CBEICHUS,
ykazaHHble B maparpade 2.1. (Bximtouas puc. 2.1). U3 Tabmuuer 2.1. npuBoauTcs
TOJIBKO OJHA CTPOKA, B COOTBETCTBUM C BAPUAHTOM 3aJaHUS.

Ha tpeTbeli cTpanulie naercs 3arojioBoK: « 1. Pacuem napamempos cocmosinus
6 xapaxkmepuvlx mouykax yukiaay. 1log STUM 3arojlOBKOM MOCIEIOBATEIBHO
IPOBOJSATCSA PacyeThl aOCOIIOTHOTO AABJICHUS, YIAEIBHOIO 00beMa, TEMIEPaTyphl,
BHYTPEHHEHN 3HEPIHH, SHTAIBIIUU U SHTPONUU padouero tena B Toukax 0, 1, 2, 3, 4.
Pesynbratel pacuera cBogsaTcs B Tabauny 1. [pumep odopmiieHns 3Toi TaOJIULIBI
JIaH HUXKE.

2.2. Cooeprcanue u nopa0OK 6bINOJIHEHUA OOMAUHE20 3A0AHUA

3aTeM, Ha CleAyIOUIed CTpaHMIIE OTYEeTa MPUBOJIUTCA 3aroJoBoK: «2. Pacuem
mepmoounamuieckux npoyeccoe». Ilol 3TUM 3arojoBKOM il KaXIOro U3
IPOLIECCOB, COCTABJISIFOIIMX IUMKJ, PAaCCUUTBHIBAKOTCS HW3MEHEHUE BHYTPEHHEU
sHeprun Au, u3MeHeHue SHTanbnuu Ah, TEMIO0EMKOCTh IMpollecca ¢, N3MEHEHUE
sHTponHH A4S, TETUIOTAa Mpoiiecca q U padota mporiecca .



Bapuanmuot 0omawinezo 3adanus

Taomuma 2.1

to, °C

Ne Bap. | po, 6ap € A p No-1 3.4
1 0,8 0 6,0 1,60 1,35 1,3 1,4
2 0,85 5 6,3 1,72 1,15 1,35 1,52
3 0,9 10 6,7 1,30 1,20 1,3 1,45
4 0,95 15 7,0 1,37 1,18 1,4 1,47
5 1,0 20 7,3 1,05 1,30 1,32 1,4
6 1,05 25 7,7 1,55 1,09 1,34 1,57
7 1,1 30 8,0 1,25 1,15 1,4 1,45
8 0,8 -15 8,4 1,20 1,35 1,3 1,4
9 0,85 -10 8,8 1,37 1,25 1,4 1,52
10 0,9 -5 9,0 1,14 1,17 1,35 1,4
11 0,95 0 9,3 1,24 1,18 1,40 1,50
12 1 5 9,6 1,30 1,21 1,32 1,40
13 1,05 10 9,8 1,35 1,18 1,35 1,40
14 1,1 15 10,0 1,20 1,12 1,3 1,47
15 0,8 20 10,4 1,45 1,15 1,40 1,45
16 0,85 25 10,8 1,20 1,08 1,3 1,4
17 0,90 30 11,2 1,38 1,15 1,35 1,52
18 0,95 -20 11,7 1,40 1,20 1,3 1,45
19 1 -15 12,0 1,25 1,15 1,4 1,47
20 1,05 -10 8,8 1,50 1,30 1,32 1,4
21 1,1 -5 9,0 1,65 1,25 1,34 1,57
22 0,8 0 9,3 1,25 1,10 1,4 1,45
23 0,85 5 9,6 1,35 1,19 1,3 1,4
24 0,90 10 9,8 1,18 1,25 1,4 1,52
25 0,95 15 10,0 1,24 1.12 1,35 1,4
26 1 20 10,4 1,65 1,25 1,40 1,50
27 1,05 25 10,8 1,25 1,10 1,32 1,40
28 1,1 30 11,2 1,35 1,19 1,35 1,40
29 0,8 -10 11,7 1,18 1,25 1,1,3 1,47
30 0,85 5 12,0 1,24 1,12 1,40 1,45
Tabnuuya 1
lMapamempbl COCMOSIHUSI 8 XapaKmepHbIX MOYKax yukna

Touku nuKia J2 v, MY/KT T, |t u, xJIx/kr h, s, kJIx/(xr.K)
Oap K | °C kJK/KT
0
1
2
3
4

[Tocne pacyera Bcex yKa3aHHBIX BEJIMYHH JJIsl OJJHOTO MpoIecca, HE00X0IUMO
C/IeNIaTh IPOBEPKY, YIOBIETBOPSIOT JIM PE3yJIbTATHI pacyeTa TpeOOBaAHUSM TIEPBOTO
3aKOHA TEPMOAUHAMUKHU:

q=A4u+1,
¥ TOJIBKO TIOCJI€ ATOTO MEePEXOAUTD K pacueTy CIEAYIOIIETo MpoIiecca.




Pe3ynbTarsl BhIUMCICHUI HEOOXOAUMO CBECTH B Tabmuiy 2. B mocnenHioro
CTPOKY TaOJHIIBI CIEAYEeT BIIMCATh CyMMapHble U3MEHEHUS BeUUuH Au, Ah, As 3a
LUKJ, a TaKXe CyMMAapHYI TEIUIOTY ¢, W paboTy uMkna /,, MpocyMMHUpPOBaB
COOTBETCTBYIOIIHE BEJIMYUHBI 110 BEPTUKAJIH.

Tabnuya 2

Pacuem mepmoduuamuqecmtx npoueccoe

Bennunnel Au, KJIxK/KT Ah As q [

ITporecc kJK/KT kJx/kr.K kJK/KT kJx/Kr
0-1
1-2
2-3
3-4
4-0

3a 1UKI:

Ha cnenyromein ctpanune ordeTa AAeTCsA 3arojioBOK «3. Pacuem u ananus
Ko3(ppuyuenma  nonesnoco  Oeticmeus  yuxkiay. Jlanee  pacCUUTBIBAETCS
TEPMHUUYECKUN KOAIP(ULIUEHT MOJIE3HOrO JEHCTBUS LIUKIIA:

e =1-4q2/q:.
3necb qq — TEIUIOTa, IMOABEIACHHAsA B LUKIE: CYMMHUPYIOTCS IOJIO)KMTEJIbHBIC
TEIUIOTHI IIPOLIECCOB; (, — TEIUIOTAa, OTBEAEHHAS B LIUKJIE: MOAYJIb AJIreOpandecKon
CYMMBI TEILIOTBI T€X IPOLECCOB, B KOTOPBIX BEIWYMHA ¢ OTpULATeNbHA. Bcee
yKa3aHHbIE YMCJIEHHbIE 3HAUECHHUSI MPOIIIE BCETO BbIOPATh U3 TaOIUIIBI 2.

Jlanee paccuuThIBaeTCs TEPMUUYECKHN KOA(DPUIMEHT MOJIE3HOTO JEHCTBUSA
nukiia KapHo, BBIIOJTHEHHOTO B TOM K€ MHTEPBAJe TEMIEepaTyp:

T .
T’tk — 1 _ mm’
Tmax

r71€ Tonin»> Tmax — COOTBETCTBEHHO, MUHMMAaJIbHAsI M MaKCUMaJIbHAsI TEMIIepaTypa B
XapaKTEPHBIX TOUKAX IUKJIA. DTH TEMITepaTyphl MPOIIE BCETO BHIOPATH U3 TAOIHITBI
1.

Crnenyromuii mar — BBIYUCICHUE OTHOCUTENIBHOTO KOA(PhUIIMEHTa MOJIE3HOTO

JNIEUCTBUS IUKJIA:

_ Mt
No = —

Ntk
JHanee HeoOxoaumMo n300pa3uTh LUK B Maciitade B p - v U T - s nuarpammax.

2.3. Ilpumep pacuema yukna

[IpoBenem pacuer HUKIIA Ul BApUAHTA «30» momamnrgero 3aganus. B kauecTse
pabouero Tena B3AT BO3ayX. [lapameTpsl 1ukiia HaX0UM B CTPOKe ¢ HoMepoM No =
30 Tabnune 5.1:
po = 0,85 6ap = 0,85-10° Ila; t, =5°C; e=12; A=1,24; p=1,12;

nO—l = 174 s N3y = 1,45



1. Pacuem napamempos coCmosaHus 8 XapaKmepHbulX MOYKax YUKkid.

Boruncienus mapaMeTpoB paboyero Tejaa HAUMHAKTCS ¢ TOUKHU «0», TaBaeHue
¥ TeMIIepaTypa B KOTOPOH MPUBEICHBI B 33JJaHUU. 3aTEM aHAJIOTUYHBIC BEIYUCICHUS
MIPOBOJIATCS VIS OCTATBHBIX TOYEK KA. [Ipy BRIMOTHEHUN BCEX TIEPEUNCICHHBIX
HIDKE pacyeToB YyAOOHO BOCIHOJB30BaThCS (HOpMyIaMH, MPHUBEACHHBIMH B
MeToanuecknx ykaszanmsx [3]. Ecim 3a ccpimkoit Ha dopMmyny HMKe Oyner
CJIeJIOBaTh 3TOT HOMEP, TO (hopMyJia paccMOTpeHa B 3Toi padbote. Hanpumep, eciu
yuTaeM: «COOTBETCTBEHHO, ynenbHas sHTanbnus (3.20) [3]», To 3TO cchblika Ha
dbopmyny (3.20) u3 pabotel [3] W3 cmucka JuTepaTypbl. [Ipu BBIMOJHEHHUH
JIOMAIIHETO 3aJ]aHusl TI0JIE3HO BBITIOJIHSTH PACUYETHI, UCIIONIB3YS U T€ METOJUYECKUE
yKa3aHusl, KOTOpPbIE BBl ceyac UYMTaeTe, U METOIMYeCKHe yKkazanus [3].

1.1. Buluucnenue napamempos cocmosiHus paboye2o mena 8 mouxe «Oy.
JlaBiieHre U TeMIiepaTypa U3BECTHBI 0 UCXOAHBIM TAHHBIM:
po = 0,85 6ap = 0,85 - 10° Ia; t, = +5°C;
AOcomoTHas TeMiiepatypa
To =ty +273 =5+ 273 =278K
VY enbHbI 00bEM OMpeesieTcsl U3 YPABHEHHsI COCTOSIHUS HJICAIbHOTO rasa
(1.8) [3]. CooTBeTcTBEeHHO, yaenbHas 3HTaNbIus (3.20) [3]:

RT, 287-278 M3
0 ="~ =(0,939—.
Ke

Vo =" = 085100
VY nenpHble BHYTPEHHSISI SHEPT s, SHTAJIBIUS U SHTPOIHUS paboyero Tejia Mory
OBITH OMPEICIICHBI C TOUHOCTBIO JI0 MPOU3BOJIBHBIX MOCTOSHHBIX. [[J1s1 UleaibHOTO
raza MPUHUMAETCS, YTO ITH BEJIMYMHBI OOpAIAIOTCA B HYJb MPU HOPMaIbHBIX
ycIoBusXx, T.e. npu ¢, = 0° C u gaBnenun p, =760 MM. pr.cT. wiu p,=101325I1a. U3
ypaBHeHus (3.19) [3] ¢ yueToM npUHATOTO HAYAIBLHOTO YCIOBUS HAXOIUM, YTO:

u = c,t.
CooTBeTCTBEHHO, yaenbHas sHTanbnus (3.20) [3]:
h = cpt.
CraenoBaTeabHO, B TOUke «O»:
Jhic
Uy = Cpyty =718 -5 = 359OK—2.
I
ho = Cpto = 1005 . 5 = 5025_.
Ke

UToOB! BRIUUCIUTH 3HAYCHHUE YACITHHON SHTPOMHUH, HY>KHO BOCITOJIb30BATHCS
dbopmynont (2.27) [3]. CumTas 3a HyJdb OTCUETa DHTPOIMHU COCTOSHHE raza IpHu
HOPMAJIBHBIX YCIIOBUSIX, HAXOIUM:

T, [4
So=¢cyIn>—Rin—=.
Th Pn

[ToacTaBum B 3Ty (hOpMyITy 3HAaUEHUE TABJICHUS U TEMIIEpPaTyphl B TOUKe «0»,
a TaK)Xe 3HAYCHHE TeMIepaTypbl U AaBICHUSI MPU HOPMAIBHBIX YCIOBUSX, U
HaliJieM, 4TO B TOUke «0»

278 0,85 o
So = 1005 In(=—==

573 ~ 287 (o) = 321 ¢




[anee B mpuMepe pacuera BBIYMCICHUE BHYTPEHHEH >HEPTUH, SHTAIBIIUU U
SHTPOIHUM B KAXKJOW TOUKE HE MOBTOpsiETCA. B gomamiHem 3agaHuM 3TH PacyeThl
HYXHO JI€TIaTh.

[TapameTpbl HaYaIBHOM TOYKH Py, f9 U BBIYUCICHHBIEC BEIIMUUHBI 17, Vo, Ug, No, So
3aHOCATCS B IEPBYIO CTPOKY TaOIUIBI 1.

1.2.  Buviuucnenue napamempog cocmosiHus paboue2o meia 8 mouxe « 1 ».
VenpHbld 00beM B TOUKE «1»:
v, = v/ = 0,939/12 = 0,0782 m3/xkr.
[Tepexon u3 coctostnust 0 B cocTosiHue 1 — MOTUTPOMHOE CHKATHUE, T.€. MPOIECC
JIJIs1 KOTOPOTO:
pv" = const.
[Toka3zarens nonutponsl B npouecce 0-1 ny.; = 1,4. U3 ypaBHEHUS OIUTPOIIBI
(3.7) [3] cnenyer, uToO:
povo" = pivi",
Otkyna:

n

p1 = po(z—j)" = Po€
Crenienn cxatus € = 12, caenoBaTeabHO:
p, = 0,85(12)Y* = 27,56 6ap.
TemnepaTypy MOXHO HalTH U3 ypaBHeHHs cocTosiHus (1.8) [3]:

v 27,6-10°-0,0782
T, =081 = = 752,5K.
R 287

[locne TOro kak TmapaMeTpbl COCTOSAHMS 1 YCTAHOBIIEHBI, YIEIbHBIE
BHYTPEHHSISI DHEPTHUS, SHTAJBIINS U SHTPONUS BBIYUCISAIOTCS TAKKE KaK U B TOUKE
«0» ¥ 3aHOCSTCS BO BTOPYIO CTPOKY TaOIHIIbI 1.

1.3. Bviuucnenue napamempos cocmosinusi paboue2o meia 8 mouke «2y.
B cocrosinue 2 paGodee Teno MepexouT M0 U30X0pe, a CTENEHb MOBBIIICHUS
nasienns A = 1,24. CieqoBaTellbHO:
v2=vi=0,0782 M¥/kr; p, = 1+ p; = 1,24 - 27,6 = 34,2 Gap.
Temmnepatypa MOXeT ObITh HaijieHa U3 YpaBHEHUS COCTOSIHUSI UJI€AJIbHOTO
ra3a (1.8) [3]:

v 34,2-105-0,0782
T, = 222 = =932,5K.
R 287

1.3.  Buiuucnenue napamempos cocmosiHus paboue2o mejia 6 mouke «3».

N3 cocrosinust 2 B coctosiHue 3 pabouee TeNO MEPexXoJUT Mo u3odape co
CTEINEHbIO TpeABapuTenbHOoro pacmupenus p=1,12. CrnenosarenbHo, p3;=p,=34,2
6ap; v; = p - v, = 1,12-0,0782 = 0,0876 m>/kr.

N3 ypaBHEHUS COCTOSIHUS CIICAYET:

p3Vs _ 34,2:10°-0,0876
T3 = =
R 287

= 1044 K.

1.4.  Bwiuucnenue napamempos cocmosiHus pabodezo meia 6 mouke «4».



[Ipouiecc pacmmpenusi pabouyero Tejaa OT COCTOSHUS 3 0 COCTOAHUS 4
MPOXOUT MoJUTponHO. [Tokazarens monutponsl 7;.4~1,45. Y aenbHbIN 00bEM v, =
vy =0,939 m¥/xkr.

N3 ypaBHenus (3.8) [3] cnenyer:

0,0876

P+ = P3 (Z_z)n =342 ( 0,939 )1'45 = 1,1 6ap.

Temneparypa B KOHIIE NpOLECCAa PACIIMPEHHS MOXKET ObITh HaljeHa W3
YPABHEHUM COCTOSTHHUSL:

Dav 1,1-105-0,939
T, = 2= = 360 K.
R 287

PGSYJ'IBTEITLI BCEX BBIMOJHCHHBIX BBIYMCICHUN 3aHOCSITCSA B Ta6JII/II_Iy 1,
KOoTOpas TCICpb JOJLKHA OBITH ITOJIHOCTBIO 3aIl0JIHEHA.

2. Pacuem mepmoounamuyeckux npoueccos

2.1. Ilpoyecc 0-1 — aduabammnuwiii
N3menenue BuyTpeHHei suepruu (hopmyna (3.19) [3]):
Auy_1 = ¢,(Ty — Ty) = 718(752,5 — 278) = 340690/ Jorc/xe.
N3menenune >aTansnuu (hopmyna (3.20) [3]:
Aho_y = cp(Ty —Ty) = 1005 - (752,5 — 278) = 476870/ oic/xe.
Pabota mporiecca (hopmyna (3.14) [3]):
R (T,—-T) = 2871 (278 — 752,5) = —340450 Jix/kr.

1,4—
TennmoemkocTs mporuecca ¢y = 0, Tak Kak npouecc aauadaTHbIN
(ng—1 = k). DTOT BBIBOJ MOXKET OBITh MOJYUYCH U YKCTO (HOPMATILHBIM ITyTEM,
ucxojs u3z opmysl (3.18) [3]:
Ng_1 —k 1,4—-14
Co—1 = cv—no_1 1" 722—1’4 —1
TemnnoTa npolecca MOXKeET ObITh onpesiesieHa Ha ocHoBe dhopmyisl (3.17) [3]:
qo—1 = Co-1(T; — Ty) = 0(752,5—-278) =0
N3meHeHune HTPONTUU MOKHO PacCUMTaTh ¢ TOMoIbl0 ypaBHenus (3.21) [3]:
T, 752,5
ASy_1 = Cy—q lnT—O =0-In 78
Tpu nocnennux napamerpa npouecca 0-1 MoxHO ObLTO ObI ONpeneTuTh U 0€3
UCIIOJIb30BaHUsl PacueTHBIX (OpMyJI, a JHILb BCIIOMHUB, 4YTO Ng_q = k, T. €. 4TO
npouecc anuabaTHeii. DopMalbHBIA pacyeT MPUBENEH JUIsl TOro, 4YTOOBI
MOJYEPKHYTh, UYTO MCMOJb3YyEMbIE YPAaBHEHHS] YHHMBEPCAJIbHBI M MPUTOJIHBI IS

pacueTa Jr00T0 Mmporecca, KpoMe U30TePMHUYECKOTO.

ln_ . =
0-1 =7

2.2. Ilpoyecc 1-2 — uzoxopHuwiii.
N3menenune BuyTpenHneii suepruu (hopmyna (3.19) [3]):
Auy_, = c,(T, — T;) = 718(932,5 — 752,5) = 129240/ Joc/xe.
N3menenue >aTaNbnuu (hopmyina (3.20) [3]:
Ahy_p = ¢, (T, — Ty) = 1005 - (932,5 — 752,5) = 180900/orc/xe.
TennoeMKOCTh MPOLIECCA: C1_y = Cyp



N3meHneHnne 3HTponuu HaXO,Z[I/IM u3 ypaBaenus (3.25) [3]:
932,5 O e

As{_5 —cvln—— 718 - ln n__——-= 153,
TemnnoTa noBeA€HHAS B MPOLIECCE, B COOTBETCTBUHU C ypaBHeHHeM (3.27) [3],
pacxoayeTcsl Ha yBeTUUCHUE BHYTPEHHEH YHEPTUH :
q1-2 = Auy ;.
Pabora mporecca: [;_, = 0.

2.3. IIpoyecc 2-3 — uzobapHwiii.
W3menenune BHyTpeHHe snepruu (Gopmyna (3.19) [3]):
Au,_ 5 = ¢, (T3 — T,) = 718(1044 — 932,5) = 80060/orc/xe.
N3menenune >aTaNbnUN (hopmyna (3.20) [3]):
Ahy_3 = ¢, (T3 — T21) = 1005 - (1044 — 932,5) = 112060/ orc/xe.
TemnmoemkocTs Tiporiecca: ¢,_3 = ¢,

N3MeHeHue >HTpOonuu HaXOI[I/IM u3 ypaBaenus (3.30) [3]:
1044

Asy_3 = c, ln— =1005-In = =113 5
Teruiora noaBecHHAs B Hpouecce B COOTBETCTBUU C ypaBHeHueM (3.32) [3],
pacxoayeTcsl Ha YBEIUYEHUE SHTAJIBIINN:
q2-3 = Ahy_3.
Pabota miporiecca, B cootBeTcTBUU ¢ hopmyioi (3.31) [3], paBHa
l,_3 =p(v; —v,) = 34,2-10°(0,0876 — 0,0782) = 32150 JIx/kr.

2.4. llpoyecc 3-4 — nonumponhuwiii
N3menenue BHyTpeHHei suepruu (popmyna (3.19) [3]):
Aus_y = c,(T, — T3) = 718(360 — 1044) = —491110/oc/xe.
N3menenue >aTansnuu (hopmymna (3.20) [3]):
Ahs_y = cp(Ty — T3) = 1005 - (360 — 1044) = —687420/orc/xe.
Pabota mporiecca (hopmyna (3.14) [3]):
—T,) =22 - (1044 — 360) = 436240 JJorc/xz.

TenmoeMKkocTh mpolecca, I/ICXOI[SI u3 (bopMynLI (3.18) [3]:
Ramak LR — 79,78 Jwc/keK.

C3-4 = Cy Msai1 718 1,45-1
TemnnoTa npoliiecca MOXET ObITh onpeziesieHa Ha ocHoBe dhopmyibl (3.17):
q3-41 = C3_4(T4 - T3) = 79,78(360 - 1044) = —54570 ﬂOfC/KZ.

M3MeHeHre YHTPOIUHA MOKHO PacCUMTaTh ¢ MmMoMoIbio ypaBHenus (3.21) [3]:

ASs_y = Cs_4 ln— = 79,78 - In—" = —84,94 Joic/keK.

. —_R
3-4 =

2.5. llpoyecc 4-0 — uzoxopnuiil.
N3menenue BHyTpeHHei snepruu (popmyna (3.19) [3]):
Auy_o = ¢, (Ty — T,) = 718(278 — 360) = —58880/[rc/xke.
N3menenue >aTanemuu (hopmyna (3.20) [3]):
Ahy_g = cp(Ty — T,) = 1005 - (278 — 360) = —82410/orc/xe.
TemnmoeMKoCTh MpoLecca: €4_g = Cy



N3meHenue sHTponuK HaxoauM U3 ypaBHeHus (3.25) [3]:

278 — _185,62%,
360 k2K

TemnnoTa npouecca cooTBeTcTBYET (YpaBHeHuUE (3.27) [3]), COOTBETCTBYET
W3MEHEHUIO BHYTPEHHEH SHEPTUM pabodero Tena:

qa—o = AUy_o.

ASy_o = Gy In =718 In
T

Pabora mporecca: I,_y = 0.

YucneHHble 3HAYCHUSI, HAMJEHHBIE MPHU pacyeTe MPOIECCOB HEOOXOIUMO
3amucaTh B Tabnuiy 2. B mocnemneit cTpoke 3Toil TaOMMIIBI 3amHCHIBAETCS
anrebpanveckas cyMMa BEIMYUH, BXOASIIUX B TAHHBIA CTOJOCII.

3. Pacuem u ananus xoagpghuyuenma none3nozo oeicmeus Yukid.

Tennora, noaBeieHHas K paboyeMy Tely B LUKIIE, ONPEAEISIETCS KaKk CyMMa g
MPOIIECCOB, TEIUIOTAa KOTOPBIX IOJOXKUTENbHA. [ paccMaTpuBaeMoOro IUKJIa
nosydaem: q; = 241300 Jx/kr

PaGora nukna ompenensercss Kak aiareOpanuyeckas cyMma paboT Bcex
IPOLIECCOB, U3 KOTOPBIX OH COCTOMT. JlJi1 paccMaTpuBaeMOro LUKJIA MOJIy4aeM:
l, = 127940 Jhx/xr.

Tepmudeckuii KO3(HUIMEHT MMOJIE3HOTO ACUCTBUS IUKJIIA

ne = 1,/q, = 127940/241300 = 0,53.

MakcuMaiibHas TeMiieparypa B UUKIE Ty, 4, K, @ MunuManenas T,,;, K. Hukin

KapHo, nMeroniuii CoOoTBETCTBYIONIUE TEMIIEPATYPhI MOJIBOAA U OTBO/IA TEIIOTHI OT

pabouero Tena umeeT Kod(PPUIUEHT MOJIe3HOTO JEeUCTBUS

— T'min
Ntk = 1- — 278 _
Tmax=1=15,3=

OTHOCHTENbHBIN KOAP(UIIMEHT MOJE3HOT0 ACHCTBUS PACCUUTAHHOTO LIUKJIIA

No = N¢/Mex = 0,53/0,734 = 0,72.

Ha ocHOBaHMM BBINIOJIHEHHBIX PAacyeTOB MOXHO CHAEJATh BBIBOJ, YTO K.IL.[.
paccuutanHoro uukia Tpunkiepa cocrtasiger 0,72 ot k.m.a. Hukna Kapho,
OCYLIECTBJISIEMOTO B TOM € HHTEpBAJIEC TEMIIEPATyp. DTO CBHUJIETEIBCTBYET O

JIOCTAaTOYHO BBHICOKOHM ((HEKTUBHOCTH PACCUYUTAHHOTO ITUKJIA.

0,734

4. I paguueckoe nocmpoenue yukia.

Heobxoanmo n300pa3uTh pacCUMTaHHBIN LIMKI B P — ¥V U T — S 1uarpaMmmax B
Macmrade. KoopauHaTel xapakTepHbx Touyek nukia 0,1,2,3,4 MOXHO B3SITh W3
tabmuibl 1. Kpome toro, mis onpeneneHus: xapakrepa KPUBBIX, IS KaXI0TO H3
MPOIIECCOB HEOOXOAMMO PACCUUTATH MOJIOKEHHUE XOTS OBl OTHON TPOMEKYTOUHOM
To4KkU. Tak, Hanpumep, MpHU NOCTPOECHUH U30XOphl 1-2 B T — s nuarpaMme HyKHO,
3a[aBIINCh NPOMEKYTOUYHBIM 3HaueHueM temuepatypel 1. = (Ty +T,)/2,
paccuuTaTh MPOMEKYTOYHOE 3HAUYCHUE SHTPOIUHU S, B 3TOM IIpOIlecce.



5. Bonpocel K 3a4eTy (BTOPOH ceMeCTp)

1. Kakyro B3auMOCBSI3b YCTaHABIMBAET TEXHUUECKAsA TEPMOJUHAMUKA?

2. Ha xakux 3aK0HaX OCHOBBIBAETCS TEPMOJUHAMHKA?

3. Kakumu mapameTpamu XapaKTEpU3yeTCs TEPMOAUHAMHUYECKOE COCTOSHHE
CUCTEMBI U KAaKOBO

UX CcoAepKaHue?

4. Yto Ha3bIBACTCSI TEPMOJMHAMUYECKON CUCTEMOM?

5. [laTe onpeneneHne roMOT€HHOW U T€TEPOTE€HHON CUCTEM.

6. Uto mpencraBisieT co0OM TEpMOJAMHAMUYECKUN NPOILIECC W KAaKUM OH
ObIBaeT?

7. B geM paznudmne Mexay abCOTIOTHBIM M MAaHOMETPUUYECKUM (M30BITOUHBIM )
JaBJIeHUuEM ?

8. Kak omnpezensieTcst BbICOTa CTOJI0A )KUIKOCTH JUIsl ©3MEPEHUS TaBICHHUS ?

9. Kakue TeMriepaTypHsbl€ IIKaIbl PUHATHL B Poccun?

10. Yto Ha3biBaeTcs aOCOTIOTHOM TeMmepaTypoi?

11. Onpenenenue yieapHOT0 00beMa U TUIOTHOCTH rasa.

12. KakoBa cBsi3b MEXy HHTEHCUBHBIMU ITapaMeTpaMu COCTOSTHUS?

13. UYro oroOpaxkaeT ypaBHEHHE COCTOSHMS UJCAIbHBIX Ta30B B
MPOCTPAHCTBE?

14. Kakumu nuarpamMmamMu HM300pakaeTcsl COCTOSHHME BEIIECTBA COTJIACHO
TEPMOJNHAMUYECKON TOBEPXHOCTH?

15. 3aueM B TEXHUYECKYIO TEPMOJIMHAMHUKY BBOJAMUTCS MOHATHE 00 HI€aTbHOM
rase?

16. XapakTepuCTHUECKOE YPAaBHEHUE COCTOSHUSA ISl UACAIBHOTO Tra3a.

17. Yto Ha3pIBaeTCs MojieM (KUJIOMOJIeM) ra3a?

18. Onpenenenne nacanbHOro rasa.

19. 3akons! boiins — Mapuotra u ['eit-Jlroccaka: popMynupoBKY U ypaBHEHUS.

20. XapakTepuCcTUYECKOE YPAaBHEHUE COCTOSIHUS JUIsl UACATBHOTO ra3a.

21. Ha xakux 3aKOHaX OCHOBaH BBIBOJI ypaBHEHUs cocTosiHUA Kianeiipona?

22. Pa3MepHOCTh BCEX BEIMYMH, BXOASIIMX B ypaBHeHue Kitaneiipona.

23. Pa3mepHOCTb Ta30BOM MOCTOSTHHOM U €€ (PU3NYECKUI CMBICIT.

24. Yto Takoe ra3oBas CMECh?

25. Kak dhopmynupyercs 3akoH JlaapTona?

26. Uto moHUMaETCs Mo NapluaIbHbIM JaBJICHUEM?

27. Kak BbIpakaroTCs MaccoBas, 00beMHasi U MOJIbHasi JOJU KOMIIOHEHTOB
ra3oBou cmecu?

28. Uto Ha3bIBaeTCs MapLHaIbHBIM (TPUBEAECHHBIM) 00BEMOM JIAHHOTO rasa B
cMmecu?

29. Kak BBIUUCISAETCS CPEAHUNA MOJICKYJISIPHBINA BEC CMECHU?

30. Kakas cyniecTByeT 3aBUCUMOCTb MEK]ly Ia30BOI MOCTOSHHOM CMECH U €T0
MOJIEKYJIIPHOM Maccon?

31. [ToueMy mMoJieKyJIsIpHAasi Macca CMECU HA3bIBAETCS CPEAHEN MOJIEKYISIPHOI
Maccomn?



32. Kak mpou3BOAMTCS TMEpPEecYeT MACCOBOIO COCTaBa B OOBEMHBIA U
00BEMHOT'O B MAaCCOBBIN?

33. Kak ompenensgercss napuraibHOE JaBICHUE ra3a B CMECU IO MacCOBBIM U
00BEMHBIM J0JIsIM?

34. Kak onpefiensitorcs y1eJIbHbIA 00BEM U TJIOTHOCTh CMECH Ta30B?

35. UeM oTiIMHarOTCS peajbHbIE ra3bl OT UICATbHBIX ?

36. Uto Ha3bpiBaeTCs KOAQHUIIMEHTOM C)KUMAEMOCTH ?

37. UTo moyi0’)k€HO B OCHOBY BBbIBOJIa ypaBHEHUs Ban-nep-Baannca?

38. Kakoii cMmbIc uMeeT KoHCTaHTa b ypaBHeHus Ban-nep-Baanbca?

39. Kakas BenuumHa Ha3bIBA€TCA BHYTPEHHUM JaBJICHUEM Ta3a’?

40. YpaBaenue Ban-nep-Baanbca g 1 xr raza.

41. Ilpu Kakux yCIOBUAX MOXHO IIPEBpALIaTh I'a3bl B )KUJIKOE COCTOSHHUE?

42. B yeM 3aKirovaeTcs CUIoBask aCCOLUALMS MOJIEKY?

43. Y10 noJI0KEHO B OCHOBY BbIBOJA YpaBHEHU: cocTossHuA M.I1. Bykanosnua
u .. HoBukosa?

44. Y10 NOHUMAIOT MO YACIbHON TEIIOEMKOCTBIO?

45. JlaTh onpeneneHrue MacCoBOM, 00bEMHOM U MOJIBHOM TEINTIOEMKOCTSIM.

46. UTo Ha3bIBAETCA CPENHEN TEINIOEMKOCTBIO?

47. Yto Ha3bIBAETCA UCTUHHOW TEIJIOEMKOCTHIO?

48. YTo Takoe TEIIOEMKOCTh MIPHU MOCTOSIHHOM 00BEME U TEIUIOEMKOCTh MpHU
MTOCTOSTHHOM JaBJICHUH?

49. Kak 3anucbIBaeTcsl U KakoW CMbICIT ypaBHeHUs] Maiiepa?

50. Kakoii cMbIci moka3aTtess aauadathl k 1 Kak OH OnpeaessieTcs?

51. Tlouemy ynenbHas TEIJIOEMKOCTh MPU IMOCTOSHHOM JAaBIECHUHU BCErIa
O0JbIIIe YIASTBHON TEMJIOEMKOCTH MPU MTOCTOSTHHOM 00beMe?

52. Kakum BBIpaKEHUEM YCTAHABJIMBAETCS 3aBUCUMOCTb HCTHUHHOM
TEIUIOEMKOCTH PEAIbHBIX Ta30B OT TEMIIEPATYPhI?

53. Kakumu ypaBHEHUSIMU BBIUUCIISIETCA CPEAHSA TEMIOEMKOCTh?

54. Yro mnpencraBisieT coOOW TEIJIOEMKOCTh Ta30BOM CMECH M KakK OHa
BBIUUCIISIETCA?

55. NaiiTe onpeneieHue OCHOBHBIM TEPMOJIMHAMUYECKUM IIPOLIECCAM.

56. N300pa3zute rpadpuuecku H30Xopy, n3o0apy, M30TepmMy 1 aauadaty B p, V-
u T, s-KOOpJAHATAX.

57. Hannmure ypaBHEHUS OCHOBHBIX IIPOLIECCOB.

58. Haruiure popmyIibl COOTHOIIEHU I MEKTy OCHOBHBIMU ITapaMeTpamMu st
Ka)KJI0T0 IpoLecca.

59. Hanummre ¢hopMymsl yaenbHONU paboThl U3BMEHEHHsST 00beMa sl KaXK0ro
nporecca.

60. Hanmmure dopmysl pacmnonaraeMoi (1moiae3Hoit) paboThl IS KaKI0TO
npoiiecca.

61. IIpu kakoM YCJIOBMM OCHOBHBIE MPOLECCH HACANBHOrO Ta3a OyayT
MOJIMTPOITHBIMA?

62. Hanummte ypaBHEHUE TOJMTPOIBI M YKAXWUTE, B KaKUX Mpeseax
M3MEHSETCS TOKa3aTelNb MOJIUTPOIIBI.

63. YKaxuTe 3HaYeHUs MOKa3aTesl MOJIUTPOIBI JIJI1 OCHOBHBIX MPOIECCOB.



6. JK3aMeHaIlMOHHBIE BONPOCHI (TPeTHil ceMecTp)

1. M0HO 11 B KpyTrOBOM MPOIECCE MPEBPATUTh BCIO MOBEICHHYIO TEILIOTY
B paboty?

2. OcHoBHBIE (HOPMYTUPOBKH BTOPOTO 3aKOHA TEPMOIUHAMUKH.

3. Kakue TpeOyroTcst yclIOBHS JUIsi CO3JIaHMSl HEMPEPBIBHOIO Mpoliecca
IpEeBpaIIeHUs] TEIIOTH B paboTy?

4. Kakue ObIBarOT UKIBI?

5. Yto HazweiBaeTcs Tepmudeckum KITJ[?

6. BoiBoj Beipaxkenus it repmuyeckoro KIIJI o6parumoro nukna Kapso.

7. B xakux cnydasx tepmuueckui KIIJ mukima KapHo moxxer ObITh paBeH
equuune?

8. MoxHo 1u nonyunTh Tepmuueckuid KIIJ[ mukia TerioBoro aBurarens,
oonpmmii TepMuueckoro KIITJI nukna Kapuo?

9. O6parumsiii nuki Kapho.

10. Yto Takoe X0NO0IUIbHBIA KOAP(UIIMEHT U KaK OH ONpeesieTcs?

11. CroiicTBO 00patumbix 1UkI0B KapHo u nepBbiit unterpan Knaysuyca.

12. CroiicTBa HeoOpaTuMbIX 1TMKIOB KapHo u BTOpoii unterpan Knaysuyca.

13. KakoBO U3MEHEHHE SHTPONUH B 3aMKHYTOW ainabaTHOM cucTeMe, eciid B
HEel IpOoTeKaroT 00paTUMBbIE U HEOOPATHUMBIE MTPOLIECCHI?

14. Yto BbIpaxkaeT TEPMOAUHAMHYECKOE TOXKIECTBO?

15. Kakumu 0ocoOeHHOCTSIMU 00J1a1at0T TePMOJUHAMUYECKUE (PYHKITH?

16. Kakue TepmoguHamMudeckue GyHKIIMU CUATAIOTCSI OCHOBHBIMU ?

17. KakuMu HE3aBUCUMBIMU TIEPEMEHHBIMU ONPEACIACTCS KaxJaas U3
OCHOBHBIX TEPMOJAMHAMUYECKUX QYHKITAN?

18. Yto Takoe N30XOpHO-U30TEPMHUUECKUI MMOTEHIINAN U CBSI3aHHAs SHEPrus?

19. ®usnyecknii CMBICI H30XOPHO-U30TEPMUYECKOTO TOTEHIAATIA.

20. I3 Kakux BEJIUYHMH COCTaBIISIETCA 00Iast SHEPTUSI CUCTEMBbI?

21. VYpaBHeHwe MakcuMmaibHOM paboTel ['nb6ca — ['enpmrosbua mpu
nocTosiHHbIX TV u Tp.

22. Kakue BEeITMYMHbBI HA3bIBAIOTCS TEPMOJIMHAMUYECKUMHU MMOTECHIUAIAMU ?

23. Yro npencrapisier cOO0M XMMUYECKUN TOTEHIHAI?

24. Ha kakue KJIaCChI ACNATCS TEPMOANHAMUYECKUE CUCTEMBI?

25. ®a3oBbIe MpEBpAIllCHUS IEPBOTO M BTOPOTO POa.

26. Kakoe cocrosHuMe = Ha3bIBaCTCd  CTAOMJIBHBIM,  JIAOWJIBHBIM,
MeTacTaOMIbHBIM?

27. Kakue ycioBust He0OX0AUMO OCYIIECTBIISITH JIsl yCTOMYHMBOTO PABHOBECHS
TEPMOJUHAMHUYECKON CUCTEMBI?

28. Uto Ha3bIBAETCS KUIICHUEM, TAPOOOPA30BAHUEM U UCTIapEeHUEM ?

29. Kakue npoliecchl Ha3bIBAIOTCS CyOIMMaIen u 1ecyoIuMarueit?

30. Kakoli map Ha3bIBae€TCsl BJIAKHBIM HACBIIIEHHBIM, CYXUM HACBIIIEHHBIM
MIEpErpeThIM?

31. Yto Takoe CTENEHb CYXOCTH U CTENEHD BIAKHOCTH?

32. N3006pa3uts p, v-nuarpaMmy BOJSIHOTO Tapa.

33. Kakue TOUKH pacronaratoTcsl Ha IOTPaHUYHbBIX KPUBBIX KUJAKOCTH U mapa?



34. YTo OTHOCHUTCS K MapamMeTpaM KPUTHYECKOU TOUKHU?

35. T, s-nuarpaMmma BOJSIHOTO Tapa.

36. i, s-nuarpamma BOJSIHOTO Mapa.

3’7. HanmcaTp ypaBHEHHE IIEPBOr0 3aKOHA TEPMOJAUHAMUKY JJISI IOTOKA.

38. OOBSICHUTH BCE BEIUYMHBI, BXOJAIIME B YPABHEHHUE JJIs1 TOTOKA.

39. Kakue kaHasibl Ha3bIBalOTCS coriamu u quddy3zopamu’?

40. Kakoe cocTosiHME Ha3bIBACTCSl CTAllMOHAPHBIM?

41. Hanucatb ypaBHEHUE HEPA3PBIBHOCTHU JJIS1 TOTOKA.

42. BoiBoJ ypaBHEHHUS pabOThI TPOTATKUBAHUSI.

43. YpaBHEHHE EPBOr0 3aKOHA TEPMOAMHAMUKH ISl TOTOKA C IPUMEHEHUEM
DHTAJIBIINH.

44. BcnencTtBue 4Yero MNPOUCXOAUT HW3MEHEHHE BHEIIHEW KUHETHYECKOMN
AHEpruu padbodyero Tena rnpu aauabaTHOM MPOLecCce UCTEUEHUS?

45. Kakas BeMunHa Ha3bIBAa€TCs pacroiaraeMoi pabotoi?

46. I'paduueckoe n300pakeHUE pacroaraeMou paboThl B p, v-AHarpaMme.

47. YpaBHeHUEe pacrnoyiaraeMo paboThl sl MOJUTPOIHOTO U aauabdaTHOTO
IPOLIECCOB.

48. VYpaBHeHue pacrnosiaraeMoid paboOThl TpH aauabaTHOM IMpolecce ¢
MPUMEHEHUEM SHTAJIBITUH.

49. CxopocTh UCTEUEHUS )KUIKOCTH MPU aabaTHOM IpoLEecce.

50. CkopoCTh UCTEUEHHUS UJICaTHLHOTO Ta3a Mpu aauadaTHOM IpoIiecce.

51. MaccoBblii pacxoj HI€aJIbHOTO Ta3a.

52. OCHOBHBIE YCIIOBUS TEUCHHS IO KaHAJIaM IIEPEMEHHOTO CEYEHUS.

53. Jlatb onucanne KOMOMHUPOBAaHHOTO coruia JlaBass.

54. Kak omnpenensiercs CKOPOCTbh MCTEUEHUS M MACCOBBIM Pacxo]l raza mpu
BbIX0Ji€ U3 coruia JlaBans?

55. Kak onpeaensitoTcs miomaan MUHUMAJIBHOTO ¥ BBIXOJIHOTO CEYEHUM COTIa
JlaBana?

56. Kak onpenensiercs qyiuHa coruia JlaBans?

57. Kakou rponecc Ha3bpIBaeTCs IPOCCETUPOBAHUEM U € OH BCTPEYAETCsA?

58. Kakue BenuuYrMHBI M3MEHAKOTCS W KAaKUE OCTaIOTCS NOCTOSHHBIMHU 3a
Cy>KEHHBIM OTBEPCTUEM?

59. YpaBHeHue npouecca ApOCCETUPOBAHUS.

60. ITouemy mporiecc IpocceTupoBaHus HEIb3s1 Ha3BaTh U30OHTAILITMHHBIM?

61. Kak nu3MeHnsieTcst tTeMieparypa uAeaibHOIO raza npu JIpoCCETUPOBaAHUU?

62. Dddext Ixoyns — ToMcoHa U ero ypaBHEHUE.

63. UYro Takoe guddepeHIMaTbHBIN W UHTETpaidbHBIA  dPdeKThI
JPOCCENNPOBAHUS?

64. JIpoccenupoBaHue peaibHBIX Ta30B.

65. Uto Ha3pIBaeTCA TOYKOW U TEMIEPATYPON UHBEPCHUU?

66. Juddepenumanpaeii  3ddexkr Jxoynas — TomcoHa s rasos,
IIOAYUHAIOIINXCS ypaBHEHUIO BaH-1ep-Baanbca.

67. Korma m mnpm Kakux YyCJIOBUAX TEMIIEpATypa PEAJbHOIO rasza IpH
JPOCCETUPOBAHUH MOBBIIIAETCS, MOHUYKAETCS U OcTaeTcsi 0€3 U3MEHEHU?

68. HccnemoBanue mnporecca APOCCETUPOBAHUSA BOASHOrO mapa mo i, S-



arpaMMe.

69. N3menenne paboToCOCOOHOCTH BOASIHOTO TIapa MpU APOCCEINPOBAHUU.

70. YUTO BXOAUT B COCTaB BJIAXKHOTO BO3/1yXxa?

71. Yto Ha3bpIBaeTCs a0COTIOTHOM U OTHOCUTEILHON BIIaXKHOCTBIO BO3/1yXa?

72. Yto 03Ha4aeT BIArocOAEPKaHUE BO3/AyXa U KaK OHO BBIYMCISETCS?

73. UTO Ha3bIBaeTCs TEMIEPATYPOH TOUYKH POCHI U TEMIIEPATYPOU MOKPOTO
TepMomMeTpa’?

74. Jlns 9ero Ciy’uT npuOop MCUXPOMETP U UTO OH MO3BOJISIET BEIYUCIIATH?

75. UTo O3HAayaeT SHTAJBIIMS BIAXXHOIO BO3yXa M KaK OHA OINpPEIEsAeTCs
AHAJIUTUYECKU?

76. UeM BBI3BaHO CO3/JaHUE Ta30BbIX TypOUH?

77. Hdare onucanue I'TY ¢ ropeHueMm TtommBa npu p = const. BeiBectu
BbIpakeHue 1151 Tepmudeckoro KIT/I.

78. Hatp omucanue I'TY ¢ ropeHuem ToILIMBa MPU L
BbIpaxkeHune 11 repmuyeckoro KIIJI.

79. KakoB xapakrtep 3aBUCUMOCTH TepMuyeckoro u a¢dexrunoro KIIJ I'TY
C MOABOJAOM TEIUIOTHI MPU p = CONSt B 3aBUCUMOCTH OT CTEIEHU MOBBIIICHUS
JTaBJICHUS?

80. KakoBbl MeTo 161 TTOBBIIICHUST TepMuyeckoro KIIJ I'TY?

81. Kak BBIMISANT NPUHLIMIIHAJIBHAS CXEMA U LUK B p, V- u T, S-auarpammax
['TY ¢ nonBoIOM TEIUTIOTHI IPH p = const U pereHEepalue TEMIOTHI?

82. Kak Bemmsggur mukan [TY ¢  MHOrocrynmeH4aTbIM CHKaTHEM W
MPOMEXKYTOUHBIM OXJaXaAeHUuEeM B p, V- u T, S-koopauHaTax? B yeM 0coOeHHOCTD
TAKOTO IMUKJIA?

const. BeiBectu



7. Illpumepsl 3a1a4 AJ1 NPAKTHYECKUX 3aHATHI

3apauva 1: OnpenenuTh CKOPOCTh MCTEUCHUS Tapa W3 KOTJIa B aTMocdepy,
eciu ero maBinenne P; = 12 G6ap m temmepatypa t; = 300 °C. bapomerpudeckoe
nasieHue paBHo Ps = 750 MmmHg.

3amady pemuTh A1 IBYX YCIOBHI:

a) UCTEYCHHE TTPOUCXOANUT Yepe3 UINHAPUIECKOE COILIO;

0) uepe3 paclUpsIONIUecs COILIO.

N306pa3utk mpoliecc ucreueHust B h — S koopauHarax.

Pemenue: OtHomenue pasinenuit Po/Py = 1/12 = 0,0834 < (0,546 = Bip). B
IIEpPBOM CIIydae JaBJICHHUE B BBIXOJHOM CEUYEHHWU HE MOXKET OBITh MeHbIe Py,
KOTOPOE OTPEIEIIICTCS KaK

Powy = PiPxp = 12 Gap - 0,546 = 6,6 Oap.

Torma ckopocTh HCTEUCHHSI OYIET KpUTHIECKOM 1 paBHA (3HAYCHHUE SHTAIIBITHH
HaxoAUTCs 1o Auarpamme h — S.

wip = 44,76,/hy — hyyp = 44,76 X /148 x]Jlx/xr = 545_m/c.
Bo BTOpOM ciyyae JaBi€HUE B BBIXOAHOM CEUYEHHH MOKET OBbITh MEHBIIE
KPUTHYECKOTO, a UMEHHO paBHO aTMocepHomy P, = 1 Gap, u Torma ckopocThb
UCTEYEeHUS OyeT O0JIbIlIe KPUTHYECKOM.

w, = 44,76, [h; — h, = 44,76 X 492_xJlx/xr = 993_m/c.
h

A t; = 200 °C

hy

harp

ha

Puc. 1.

3apaua 2: [lap c gaBinenuem P; = 18 OGap u temmeparypoii t; = 250 °C
npoccenupyercs 10 P, = 10 6ap. Onpenenuts napamMeTpbl U PYHKITUU COCTOSHUS
napa v CTeleHb Meperpena B KOHIIE MpoLecca IPOCCeTUpOBaHHUSL.

Pemenue: [To auarpamme h — S HaxoauM HavaabHOE COCTOSIHHME Napa, TOUKa 1.
[Tpunumas h; = h,, HaxoIUM KOHEUHOE COCTOSIHUE Tapa, TOUKa 2.

Crenenb neperpena mnapa onpeaessieTcs Kak:

Aty =t — th1 =250 °C - 208 °C =42 °C,

Aty =ty — thy =234 °C — 180 °C = 54 °C.

[TapameTps! U GYHKIIMH COCTOSIHUSA Tapa:



vi = 0,125 m/kr; S; = 6,61 xJIx/(xr-K); u; = 2889 xJx/kr; h; = hy = 2911
KJK/KT; vo = 0,225 MP/kT; Sp = 6,86 kJIx/(kr-K); uy = 2887 kJ[xk/KT.

3agaua 3: IlapocunoBas ycraHoBKa paboTaeT Mo LUKIYy PeHKuHaA C
HadaJIbHBIMA TIapameTpamu mapa P; = 20 6ap, t; = 300 °C. JlaBnenuwe B
koHsiencatope P, = 0,04 6ap. Onpenenuts Tepmudeckuii KITJ[ nukia u noctpoutsb
ero B T — S KoopauHaTax.

Pemenue: [lo muarpamme h — S Haxogum SHTANBNNUM TIapa B HaYaJdbHOM W
KoHeYHOM coctosgausax: h; = 3019 xJx/kr; hy = 2036 xJ[x/kr; hy' = 121 xJx/KT.

h
[ |

hy

hz

Puc. 2.

Tepmuueckuit KIIJI nukia onpeaensieTcs Kak:

Nt = (h; —hy) /(h; —h';) = (3019 — 2036) /(3019 — 121) = 0,3392.

3agauya 4: XononuiabHas ycTaHOBKa paboTaeT o uukity Kapno, pabouee Teno
—nap ammuaka. [Tapamerpsl mapa tl =— 10 °C, t2 =20 °C X2 =1 a X3 =0 (cm. puc.
3.4). Onpenenuth XOJOAONPOU3BOIUTEIBHOCTh aMMHAKa, TEIUIOBYIO Harpys3Ky
KOHJIEHCATOopa, padoTy, 3aTPaYeHHYIO B IUKJIE U XOJOAUIbHBIN KO3(PPULIUEHT.

Pemenue: [TapameTpsl napa ammuaka onpeaesnstoTes no taoim. 8 [1].

X07010MPOU3BOJIUTETLHOCTh YCTAHOBKH:

Jo = h1 — h4 = I'1(X1 — X4)

IIpu t; = — 10 °C u r; = 1296,6 x/x/kr npuHumas npoueccbl 1 —2 u 3 — 4
aara0aTHBIM, IMEEM:

S,=S5,=S"+ (S"1 + S'1)'X.

S't = 4,071 xIx/(xr-K), S" =8,944 xJx/(kr-K).

S, =S", = 8,566 kx/(xr-K).

X;=(S",—S")/(S"1—S"1) =(8,566 —4,071) /(8,944 — 4,071) = 0,9224.

Xs=(S"2—S")/(S"1—-S"1)=(4,516-4,017) /4,917 = 0,1015.

CrnenoBartelbHO:

qo=1296,6 - (0,9224 — 0,1015) = 1064,4 xJIx/kr.

TeruioBas Harpy3Ka KOHAEHcAaTOpa:

q=hy—h;=r1,=1186,9 xJ[x/kr.



Pabota, 3aTpaueHHas B IIUKIIE:
l1=q—qo=1186,9 — 1064,4 = 122,5 xJ]x/xkr.
XonoaunpHbIH KO3 UITUEHT:

ex = qo/l =1064,4/122,5 = 8,609.

Puc. 3.

3amaya S: OmnpeaenuTh XOJOAUIBHBIA  KO3(POUIMEHT XOJOAUIBHOMN
yCTaHOBKH, paboTtarouieid mo BiaxkHomy I1ukiy KaphHo, eciu Temmeparypa B
ucnapuresne — 30 °C, a B konaeHcatope 27 °C.

Pemienue:

ex = To/(T —Ty) =(273,15-30) /((273,15 - 27) — (273,15 — 30)) = 4,27.

3agaua 6: OnpeaeauTh KOJIMYECTBO MOTYy4aeMOoro B 1 9 KMAKOrO BO3/IyXa U
HEO0OXOAMMBIE JIJISl TOTO 3aTPaThl MOITHOCTH Tipu TiepepadoTke 200 Kr/4 Bo3ayXa,
cxaroro 10 P, = 200 atm. YcranoBka pabotaet no nukiny Jluage. Temmneparypa
BO31yXa 210 1 nocie kommnpeccopa 25 °C. Bo3ayx apoccenupyercs 1o Py = 1 atm
TIOTEPU XOJIOZIa B OKPYKAIOLIYIO Cpely NPHUHATE B pasmepe 4,19 k/lx na 1 M’
BO3/yXa (Mpu HOpManbHBIX yciaoBusx). Henopexkynepanus S °C. Mg = 0,62.

Pemienne: Cornmacuo [1], dopmynam (10.2) — (10.4), mome3ysice TS
JTarpaMMou JJIsl BO3/1yXa HAXOIUM:

h; = 510 xJIx/xr; hy = 474 x]JIx/kr, hg = 92,1 xJIX/KT,

Qup = CpAt =1,01 - 5 =5,05 xx/kr;

Qo =4, 19/pn =4, 19/1,29 = 3,25 xJIx/kr.
. hy—hy; —(qo +qup) 510—474—(3,25+ 5,05)

= 0,0663.
y Iy — 510 — 92,1
P
RTllnp—f 8,314 x (25 + 273,15) X 1nz—(1)0
Koo 0,62 X 2,896 X 102 X 3600 ~Kr_nep_e
N 0203

= = 3,062 .
y' 00663 TKI_0X_¢e
8. IIpumepsnl TeCTOBBIX 3aJaHUI




1. HazoBuTe TepMOAMHAMHMYECKHE TAPAMETPbI COCTOSTHUA:
1. macca, IOTHOCTB, YAEIBHBIN BEC
2. NaBlieHUE, YJIETIbHBIN 00bEM, TEMIIEpATypPa
3. paboTa, TerI0eMKOCTb, TEIJIOTa
4. MmoJiekyJisipHas Macca, 00beM, ra30Basi MOCTOSTHHAS
[IpaBWIBbHBIN OTBET: 2

2. YPaBHeHI/Ie COCTOAHMSA UICAJTBHOI'O I'a3a 310
1.P1'V1:P2'V2

2.2=0
Py  p2
3. PV = mRT

4. L=R-T-In=
141
[IpaBuiIbHBIN OTBET: 3

3. Ha kakoii u3 quarpamMm u300pa’keH U30TepMUYeCKUH nmpouecc?

1. T 2 2. T

S S
[IpaBUIBbHBIN OTBET: 2

4. Yemy paBHa padoTa B H30XOPHOM npouecce?
LL=m-R-T-In2 2.L=0
1

3.L=m-P-(V,—V,) 4. L="=-(P - Vy =P, V)

-1
[IpaBWIbHBIN OTBET: 2

5. l[.]'lﬂ KaKoro TCpMOAMHAMHUYICCKOI'O Mpomecca CripaBeJinBO COOTHOIIICHUE
Py T
— _?

P; T
1. n3o0apHbIi



2. U30XOPHBIN

3. U30TEPMUYECKUI

4. annaOaTHBIH.
[IpaBWIbHBIN OTBET: 2

6. Kakasi u3 KpuBbIX HAa JUarpamMMe n3o0paxaer aauadaTHbIi npouecc?

Al s .

7 8

2|3 6

S
1. 1-2
2.3-4
3.5-6
4.7-8

[IpaBuibHBIM OTBET: 1

7. B n3006apHOM mpouecce TeMIepaTypa ra3a npu paciiupeHun:
1. ymeHbIaeTcs
2. ocTaercst NOCTOSIHHOM
3. yBEIUYMBAETCS
4. paBua 0
[IpaBuiIbHBIN OTBET: 3

8. Uemy paBHO H3MeHEHHUE BHYTPEHHEH JHEPIMU B H30TEPMHUYECKOM
npouecce?

1.AU =¢, - (T, — Ty)

2.4U =0

3.4U = ¢, - (T, — Ty)

4.4U =c, - (T, — T,)
[IpaBUIbHBIN OTBET: 2

9. Yemy paBHO KOJIHYECTBO TEIIOTHI B aiHa0aTHOM npouecce?
l.g=c, (T, —Ty)
2.q=0
3.q :Cp'(TZ_Tl)
4.q=R-T- ln%

2
[IpaBWIbHBIN OTBET: 2

10. Kakoe cooTHOIEHUE BEPHO?



C C C C
1.2>1 2.2<1 3.22=1 4.L=0
Cy Cy Cy Cy
[IpaBunpHBI OTBET: 1

11. YeMm oTIMUaIOTCS MaccoBasi ¢, 00beMHas ¢’ 1 MOJIbHAas CﬂTeHJIOCMKOCTI/I?

1. Temneparypoii pabodero tena

2. KOJIMYECTBOM TeIlIa, TOABOAUMOrO K padodyeMy Teiry

3. equHULEN U3MEPEHNs KOJIMYECTBA pab0OYero Teia

4. mapamerpamu, IpyU KOTOPBIX MPOUCXOJUT MPOLECC
[IpaBuiIbHBIN OTBET: 3

12. Cnnoco0sbI 3a1aHHsI COCTaBa ra30Boi cMecH:
1. MaccoBBIMH, O0OBEMHBIMH, MOJIbHBIMU JTOJISIMU
2. IO XMMHUYECKOMY COCTaBy KOMIIOHCHTOB
3. 0 KOJUYECTBY aTOMOB, BXOJISIIIIUX B COCTaB CMECH KOMIIOHEHTOB
4. Mo XMMHUYECKOM aKTUBHOCTH KOMIIOHEHTOB
[IpaBuiibHBIM OTBET: 1

13. AHaJMTHYeCKOe BhIPAaKeHHE MePBOro 3aKOHA TePMOJINHAMMUKH:
I.PV=m-R-T
2.Py-V{=P, V5
3.9q=c¢p- (T, —Ty)
4.q =4U +1
[IpaBriIbHBIN OTBET: 4

14. Ha3oBuTe KaJIOpHYeCKHe MapaMeTPbl COCTOSIHUSA

1. Terora, paboTa, TEMIOEMKOCTh

2. BHYTPEHHSA SHEPTUsl, SHTAJBIINS, SHTPOIHUS

3. MOJIEKYJIIpHas Macca, NapuualbHOE JaBJICHHE, TEMIIEpaTypa

4. xoapdunment [lyaccona, mokaszarenb MOJIUTPOIIBI, Ta30Basi MOCTOSTHHAS
[IpaBUIBbHBIN OTBET: 2

15. Kakasi BeJiMuMHA 0CTAeTCSl IOCTOAHHOM B MOJIMTPOIIHOM MpoLecce B
H1eajbHOM rase?

1. naBimenue

2. TeMneparypa

3.TenI0EMKOCTh

4. 00bEM
[IpaBuiIbHBIN OTBET: 3

16. Yemy paBeH nmoka3areJib NOJUTPONBI «N JJI51 H300apHOT0 nmpouecca?

l.n=+w
2.n=20
3n=1
4.n=«

[IpaBWIBbHBIN OTBET: 2



17. Ilnomaas noa KpuBoi npouecca B PV-koopannarax YucJaIeHHO paBHA:
1. Ternore
2. BHTAJIBIUU
3. pabote
4. 00BEMY
[IpaBuiIbHBIN OTBET: 3

18. Ilnomaas moa KpuBoil mpouecca B TS-koopanHaTax 4ncJIeHHO paBHA:
1. pabGote
2. TEI0EMKOCTH
3. TEIUIOTE
4. TeMnepaType
[IpaBuiIbHBIN OTBET: 3

19. Eciin Temio kK rasy noaBOAMTCH, TO IHTPOINUS
1. ymeHnbiaercs
2. yBENIMYHUBACTCA
3. ocTaercst NOCTOSITHHON
4. 3aBUCUT OT U3MEHEHUS TEMIIEPATYPhI
[IpaBUIbHBIN OTBET: 2

20. IIpu yBesanyeHnu o0bEéma raza padora
1. coBepiiaercs
2. 3aTpayuBaeTCs
3. ocTaercsi HOCTOSIHHOM
4. 3aBUCHUT OT JaBJICHUS
[IpaBribHBINM OTBET: 1
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