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1. TeQMOQMHaMMKa dHblKTaMaJ1apPbl XX9HE
CblHbINTAMAChI

TepMmoauHaMuka TaburatTarbl XUMUSNbIK, MEXaHUKarnblK, U3NKa-XUMUATbIK
KyObINbICTap GenikTepiH kKaMTuabl, 3HEPrUsIHbIH 63apa e3repiciH 3epTrena.

TepmoagnHamumKka Kagsipri keseHae yL benimre beniHen,:

1. XKannbl mepmoOuHamuKka Hemece ¢pu3ukarblK mepmMooOuHamuka. KaTTbl, CYMbIK,
rasropi3gec AeHernepae dHeprusaHblH TYpreHyiH, ap TYpsi AeHEHIH cayneneHyiH,
MarHUTTIK XKaHe 3neKTp KyObinbicTapbl NPOoLECTEPIH 3epTTendi, TepMognHamMunKarnbIk
LIamManap apacbliHaarbl MaTeMaTukanblk 6annaHbICTbl 6benrinenai.

2. XumMusinblK mepMooOuHamuKa — XUMUSASbIK XbITyNbIKTbl, U3NKa-XUMUATbIK
npouecTepai, Tene-TeHaik NeH CbIPTKbI XXarganablH Tene-TeHaikke acepiH 3epTtTena.
3. TexHukarsbIlK mepMoOUHaMUKa — XblnyOblH XXYMbICKa e3apa TYpPreHYIHIH
3aHablbIKTapbiH KapacTblpagbl. 2Kblfy XXaHe My34aTKbIlW MalunHanapaa XXypeTiH
XbINYIbIK, MEXaHUKaSbIK XXoHEe XUMUASbIK MpoLecTep apackiHaarbl 63apa
GannaHbICTbl OPHbIKTbIPaAbl, ra3 6eH byaa eTeTiH npouecTepai, apTypni pusnkanbIk
Xafgannapga ocbl AeHenepaiH KacueTTepiH 3epTrena.



2. TepMmogMHaMUKaHbIH _HETi3ri 3aHaapbl

TepmMmoguHamMuKa Heri3ri eKki 3aHfa XyriHegl — TepmMoanHamMuKka
bacTtaynapblHa.

-TepmoOuHamukaHbIH 6ipiHwWi 6acmaybl — 3HEPTUAHBIH
TYPJIEHY XB8He caKTasny 3aHblH KepceTte/l.

TepmoOuHamuKaHbIH eKiHwi 6acmaybkl — benweKkTepaiH Ken
MernLlepiHeH TypaTbIH Xyuenepaeri MakpoCKONUAnbIK
npouecTtepaid, 6arbITbiH, OflapAbliH XXy3ere acy wapTTapbiH
aHblkTandbl. COHAObIKTaH, eKiHLi bacTaybl LWeKTeyri
KonaaHbinagbl.



3. QHeprua Tvpnepi KaHe
XYMbICLWbI AieHe Typanbl VFbIM

TaburatTa aHeprnsa oTbiHHbIH, CYObIH, XXenAdiH, KYHHIH, SapOonbIK SHeprnsa TypiHae
oonagbl.

TyblHAObI )X8HEe TY3INeTiH SHeprus:

* OTbIHAbI XXafy apKblSbl Xbly SHEPINACLIH anambi3, Of1 Heri3iHeH aeHenepai
Kbl3OblpyFa nanganadbinagbl.

* CTAHOKTapAbl, MaluMHanapabl, ywakrapasbl XaHe T.0. KosfanbIicka KenTipy YLWiH
MexaHuKanblk aHeprma Tanan etineai. On oTbIH XaHfaH ke3ae 6eniHeTiH Xbinyabl
MeXaHUKarblK 3Heprusira TYpneHaipeTiH Ko3ranTKbllUTapaaH ansbiHagbl.

* KO3fariblCTarbl CyAblH, XXeNAiH, XblynblK XXoHe 94P0NblK SHEPTUSHbI ANEKTP
SHEPrUsICbIH any YLWiH KongaHaabl; SHepPrusiHblH, Oyn Typi TEXHMKaAa, TipLinikre
KeHIHeH KongaHbinagbl, OHbl KalUbIKTbIKKA XEeTKi3y OHaW, cbiMaap KemMeriMmeH.

SﬂeKTp(BHepFI/IFleIH apHaﬁbI MallnHallap MeH afrnaparrtapaa KanTagaH KblJTYJ1bIK
HeEMECE MEeXaHNKallblK SHEPIrndra Typner,ipyre 60]'Ia,EI,bI.




4. KynaiH Herisri TepmoaMHaMuKanbIkK
napameTpnepi Typanbl YFbIM XXdHe onapAablH
MaTeMaTuKanblK cunatranybil

[eHeHiH pusnkanblk Kyni, oCbl Kynai cunatTanTbiH KENOIp LWamanapMmeH
aHblKTanagbl, onap — Kyu napamempriepi. bipkatap wamanap Kym
napameTpriepi 6ona anaabl: MEHLUIKTI Kenem, abCcontoTTiK KbICbIM,
abCconTTIK TeMnepartypa, iLWKi 3Heprusl, aHTanbNUa, 3HTPOMNUS,
KOHLEHTpauusa, N30Xopa-n3oTepmMuarblk NOTEHUKMAN XaHe T.6.

Ky epici bonvaraH keaae (rpaButaumnsinbik, NEeKTPMarHUTTIK XXoHe T.0.)
BipTEKTI AEHEHIH KYWi TEK YL NapaMeTpMeH faHa aHbiKkTanagbl. Onap
TEXHUKanbIK TepMognHaMmMKaa:

MEHLLIKTI Kerem,
abCconTTIK TemnepaTtypa,
KbICbIM.

byn yw napameTp, Heri3rinep Aen atanagbl, onap Tayerncis wamanap
eMecC XoaHe e3apa benrini 6ip maremartukanblK ToyenainikrepmMmeH
OannaHbicagbl.




4. KynaiH Heri3ri TepMoanHaMUKanbIK NapamMmerpnepi
Typanbl VFbIM XX9He onapablH MaTeMaTukanblk

cunaTtTanybl

BIPTEKTI 3aTThlH MEHLUIKTI Kenemi — KeyieMHiH, Mmaccara KaTblHaCcbIMEH
aHbIKTanaTtbIH Wama, enwem Bipniri — M3 /Kr :

v =V/m, (1)

MyHOafrbl V - 3aT MenwepiHiH kenemi, M3
M — OCbl 3aTTbIH Maccachl, Kr.
3aTThlH ThIfbI3AbIfbl - MACCaHbIH KenemMre KaTbiHaCbIMEH OsLLIEeHETIH Wwama, Kr/m3

p=m/V. (2)
MeHLUIKTI Kenem TbIfbl3abIKKa Kepi Wwama, aFHu.

v=1/p;, p=1N vp=1.



4. KyuaiH Heri3ri TepMoanHaMUKanbIK NapamMeTprepi
Typanbl VFbIM X9He onapablH MaTeMaTUKanbIK

cunaTttTanybl

- KbicbiM - MOJIEKYISpIIbIK-KUHETUKAIBIK TEOPUS TYPFBIChIHAH
KapaFaHJa, KbICBIM Y31KC13 XaOCThl KO3FalbIcTa OOJIaThIH Ia3
MOJICKYJIACBIHBIH, bIJIBIC KAOBIPFaCchlHA COKTHIFBICYBIHBIH OpTallla
HOTHIKEC1 JKOHE KYIITIH KaObIpFara NEPICHIUKYIISP
KYpaylLIbICBIHBIH, OCT ayJlaHblHA KaTbIHACKIMEH aHBIKTaNabl, SFHU

p=F /4

MYHAafbl P — KbICbIM;

F, — HopmanbAi Kypayuubi Kyw; |

A — acep eTyLli KyLLKe nepneHaukynap 6eTTiH ayaaHbl
KbicbiM H/M? Hemece [Ma enweHeq.



4. KynaiH Heri3ri TepMmoanHamMuKanbIK

napameTpnepi Typanbl YFbIM XXaHe onapabiH
MaTeMaTukanblk cunarranybl

KynaiH TepMmogmHamukanblk napameTpi Tek abCcontoTTiK KbiCbIM 6onaabl, SFHU KbICbIMHbIH,
abCconoTTiK HeNiHEH HeMece abCosOTTIK BaKyyMHaH ecenTesieTiH KbICbIM.

ABCOnIOTTIK KbICbIMAbI @aHbIKTay €Ki Xafganaa xypeai:
1) blabicTafbl KbiICbIM aTMOCeparbIKTaH XXofapbl XXaHe
2) On aTmocdoeparnbiKkTaH TOMEH.

BipiHwWi Xxaraanaa bigbicTarbl abCONOTTIK KbICbIM MAHOMETP MeH bapomeTpaiH
KepCETKILLUTEPI KOCbIHAbICbIHA TEH, :

Pabc = PapTt + Patm (3)

Erep 6apomeTpnik KbICbIMHbIH, LLAamMachl 6enrici3 6onca, oHaa KbicbiMabl bapmeH
ernwiereHae abcontoTTiK KbICbIM

Pa6c = Papt + 1 — re TeH. (4)

EkiHwine — 0apoMeTpAlH KOPCETKIIIIHEH BaKyyMMETP KOPCETKIIII
aJbIHAIbI:

Pa6c = PaTtm — PBak (5)



4. KynaiH Herisri TepMmoanHaMuKanbIK
napamMeTpnepi Typanbl YfbIM XXKoHe onlapAblH
MaTeMaTuKasnbIK cunarranybl

Temmieparypa JeHEHIH KbI3Y TOPEKECIH CUMATTalIbl, MOJICKYJIaIap
KO3FaJIBICBIHBIH OpTallla KapKbIHABUIBIFBIH KepceTe/ll. KaHambIKThI
MOJIEKYJIa KO3FaJIBICHIHBIH KbUIIAM/IBIFbI 5KOFapbl 00JICa, ICHEHIH
TeMIIepaTypackl Ja >korapbl 0071a/1bl. MoJIeKyJIaHbIH YaeMelTl
KO3FaJIbICBIHBIH OpTallla KHHETUKAJIBIK SHEPTUsICbl mMw2/2 MeH
a0COJIIOTTIK TEMIIEpaTypa apachiHja TiKeJIeh OailnaHbIC Oap:

mw2/2 = 3/2KT, (6)

MYH/JIaFbl M — MOJIEKYJIa MacCachl; W — MOJICKYJIAHBIH, YAEMEII KO3FaJIbICHIHBIH

opTaiiia KBaJIpaTThIK KbUIAaMIbIFbl; T — a0COMIOTTIK TeMneparypa; k —

bonbimMan Typakteichl, o1 1,38-1023 Ix/K TeH.

ABCOnOTTIK TeMNepaTypa ap KallaHaa oH wama. Temnepatypa T=0 kesiHae
MoneKynanapablH XKblynblK Kosfanbicbl ToKTangbl (W = 0). byn wekTi MuHumann
TemnepaTtypa xeHe abconoTTik TeMnepaTtypaHbl ecenteyain, 6actamackl. TexHukaaa

TemnepartypaHbl eriley YLiH AeHenepaiH apTypni kKacnueTTepi KonaaHblnaasbi.
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5. TepmoanHamMuKanbIK XXyNe XXdHe npouecc
Typanbl aHblKTamManap

KybbinbiCTapabl TepMoanHaMunKkanblk 3epTTey KesiHae, 3epTTey OObeKTICI
peTiHae aeHenepaiH 6ip Tobbl, He aeHe Bipniri Hemece OHbIH Bip Geniri
anbiHaabl. 3epTTeniHETIH 0OBbEKT mepmoduHaMuKarsIK Xyue, an ogaH CblpT
XaTkaHgap — KopuwaraH opma gen atanagbl. [epmMoOuHamMuKarbIK XKyue—
bip-bipiMeH e, KopLuaraH OpTaMeH e 3Heprusa anmMacTtblpaTbiH
MaKpOCKOMUANbIK AEHENEPAIH XXUbIHTbIFbI.

Erep TepmognHamukanslk XXyrue KopLlaraH opTaMeH ellkaHaan apekeTke
Tycnece, oHaa on okKwayraHraH HeMece myubIKmarfaH XKyue.

KopmaFaH opTaMeH XblJlyanimacy 6OJ'IMal7ITbIH, a,EI,IAaGaTTbIK Kaybl36eH KopuwarfaH
KYWe XblyokKlayrnaHraH Hemece aanadaTtThik )Kyne_ aen aranagbl.

©3iHiH bapnblk benikTepiHae bipaen Kypam MeH usmnkanbslK Kacnetrepae
bonaTblH Xyne gusukasnsiK bipmexkmi xyue gen, an iwiHnge deniHy 6eTTiri
XOK BipTekTi TepMoanHamMmKanblK XXymne 2omoz2eHdoi (Mbicanbl: My3, CY,
rasgap), an aptypni dgusunkanblk kacnettepi 6ap, bipHewe MakpOCKOMUANbIK
benwekTepaeH TypaTbiH, Dip-OipiHEH KOPIHETIH BeriHy beTTepiMeH
aXkplpaTblfFaH Xyne (Mbicasbl: My3 OeH cy, Cy MeH Oy xaHe T.6.)
cemepozeHOl aen atanagsl.
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5. TepMoauHaMuUKanbIK XXyYNe XXaHe
npouecc Typanbl aHblKTamanap

backa 6GeniktepiHeH 0eniHyaiH, KepiHETIH OeTTIKTepiMeH aaparnaHfaH
XYWEeHiH romoreHai 6eniri chbasa gen atanagbl.

daszanapblHblH CaHblHA Kapaw reteporeHaik Xynenep ekxighasasibl XoHe
vwchasansl (ra3 Topiddec, CYWblK >XoHe KaTTbl KyW) Oona anagbl.
TepmoOuHamuKkarblK XKYUEHIH KOMIIOHEHMI — Aen Ke3 KenreH XUMuanbiK
BipTekTi XXyneHi atayra donagebl.
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5. TepMoauHaMuUKanbIK XXyne XXaHe
npouecc Typasnbl aHblKTamanap

BipTekTi oeHe KymiHiH Heri3ri TepMoguHamMuKanblk napameTprepi p, v xaHe T Oip-
BipiHe Tayenai XaHe e3apa MaTeMaTuKarblK TEHLEYMEH 6pHEKTenei:

f(p, V, T)=0, (7)
OHbl TEpMOAVHaAMUKaaa Kyu meHoeyi aen atangbl.
Erep, kyn TeHgeyi 6enrini 6onca, oHAa KkapananbiM XXYWEHIH KyNiH aHblKTay YLUIiH —
BipTekTinep »aHe yakbIT, Macca, Kypambl boMbliHLWA TypaKTbiniap (bipdasagaH
TYPaTbIH XX8HE XUMUATIbIK ©3repMenTiH) — yLLeYyaiH, iliHEeH eKi Tayenci3 aybiCnarnbiHbl
Biny >XeTKISIKTI:

P=f (v, T); V=f2(p’T); T=1f,(v,P) (8)

Erep TepmoonHammkarnblk XKYWEHIH CbIPTKbI Xafdanbl e3repce, oHaa XXYMEHiH Kyui ge
esrepeni. TepmogmnHamMumKarnblK XXYMEHiH Bip Tene-TeHAiK KYNAEH eKiHLi Tene-TeHaiK
Kynre eTyi KesiHaeri Kyn e3repiciHiH XUbIHTbIFbl mepMoOuHaMukKarssIK rnpouecc nen
atanagbl. Erep npouecc tene-tTeHAIKTI Kynae eTce, oHaa on mere-meHoIKmi

ripouecc.
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5. TepMoauHamMukanbIK XXyne KaHe
npouecc Typanbl aHblKTamanap

[eHeHiH Tene-TeHaIKTI Kyui — OHbIH, KenemiHiH bapnblk HyKTenepiHge
KbICbIMHbIH, TEMMepaTypaHblH, MEHLUIKTI KOJIEMHIH, )XaHe backa
domsukanblK kKacnettepaiH bipaen 6onysbl.

>Kyune KymiHiH e3repy npoueci Tene-TeHaikTi XXeHe Terne-TeHaiKci3
bona anagbl.

Erep npouecc Tene-TeHAiKTi Ky apKblfibl 6TCe, OHA4a On Tere-
TeHOIKTI.

HakTbl npouecTepaid Tene-TeHci3airi, onapablH CbIPTKbI XXargannap
aCepiHEeH TYMKINIKTI XblngamablKneH eTyiMeH XXaHe XXYMbICLUbI
OeHepne tene-TeHOiKTi KYNaiH OPHbIFbIN yIIrepMeyiMeH aHbikTanagbl.
Mblcanbl: UuMNUHAOP MOPLUEHI acTbliHAAFbI ra3ablH, XKblfl4aM KEHEIOI
MEH CbIfbllybl KE3IHAE XXYMbICLUbI AEHEHIH KenemiHaeri spTypni
HYKTenepaeri Temnepartypa MeH KbicbiM Dipaen bonvanasl, aFHAU
Tene-TeHCI3 Ky OpbIH anadsbl, an npoLecc tene-teHci3 bonaabl.
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6. TepMmoauHaMuUKanbIK npoLecrep
TYpnepi XXKaHe onapAablH reoMeTpUanbIK

TYCIHAIpINyi
TepmMmoonHamMmunkanblk npouecTep Typnepi:
Kyn Tenaeyi f(p,v,T) = 0 XXyMEHIH YLl OCbTi KoopauHaTacblHaa p, v xoaHe T kenbip
6eTTi cnnattanabl, byn 6eTTiKk mepmoduHamukasabik bem aen atanagpl.

Erep TepMoanHamMukansik 6eTTi KoopanHaTa ecTepiHe napannesb Xa3blKTbIKkTapMeH
Kuca, oHaa 6eTTe KUcblkTap nanaa bonaasi:

* v = const Xa3bIKTbIFbIMEH KMMack! p, T koopauHaTtanapbiHOarbl TeMmneparypara
Toyenai KbICbIMHbIH, ©3repy NpoueciH cunatTanTblH Ty3yai 6epeai; ocbl TY3yMeH
cunaTTanaTblH NPOLECC TypaKTbl kKeniemae eTefi XXaHe u3oxopasibiKk aen atanagbl
p = f(T);

« p = const Xas3bIKTbIFbIMEH KMMAChbI Vv, T KoopauHaTanapbliHOarbl TemnepaTtypara
Toyenai KenemHiH e3repy npoueciH cmnaTTanTbiH Ty3yai 6epeni; ocbl Ty3yMeH
cunatTanaTtbiH NpouUecc TypaKTbl KbiCbiMAa eTefi XXeHe u3obapasibiK aen atanaibl
v =f(T)

» T = const XXa3blKTbIFbIMEH KMMaCbl usomepmusineik gen atanagbl P=f(v) kepcetesi.
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6. TepMmoaMHamMuKanbIK NpoLecTep Typrepi XaHe
onapabliH reoMeTpuUanbIK TyCciHAIPINyi

TexHuKanblk TepMoanHamMmnkaga Tene-TeHaikTi TepMmognHamMukarnblK npouecrtepai
3epTTey YLiH KebiHece ekKi ecTi p, v KoopAuHaT Xyneci nanganaHagbl: abcuucca
eci OOMbIHLLA MEHLLUIKTI Kenem, an opamHata eci boMbIHLLIA KbICbIM canblHaabl.

p, V — KoopAauHarT XyuneciHaeri

TiK CbI3bIK TYPaKTbl Kenemaeri n3oxXopsbl MPOLECTI,

kenbey cbI3blK TYPaKTbl KbiCbiMAarbl M306apnbIK NPOLECTi, an

KMCbIK runepbona TypiHaeri cbi3blK (ra3 Topi3aec Kym yLliH) Temnepartypa TypakThbl
bonfaH Kesgeri N30TepMUANbIK NPOLIECTI KepceTeai.

TepmoanHamuKanblk npouectepai 3epTTey KesiHae myusiKmariraH Hemece
auHasnkbiMObl Aen atanaTtbiH NPoLUEeCcTep epekLue OpblH anaabl, Oyn keaae xyne
bipkaTap 6ipi3ai kynnepaeH eTe oTbIpbin, bacTankbl Kynure kamta opanagbl.
AnHanbIMAbl npouecc LUk aen atranagsl. [NapameTtpnep XKyneHiH, MaccacblHa
Toyenai ae, Teyencis ae 6ona anagbl. XXyMeHiH MaccacbiHa Tayernai eMec Kym
napamMeTprepi KapKbIHObI napamempriep (KbiCbiM, TeMnepartypa, 1.6.), an MoHi
XKYWEHIH MaccacbiHa nponopuuoHan bonaTtbliH napameTpnep adoumusmik
HeEMece aKcmeHcusmik napamMmeTpriep (Kenem, aHeprug, SHTPonua xoHe T1.6.) aen
aranagsbl.
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0N Oh WON -

9.

bakbinay cypakrapbil:

. TexHukanslK TepMognHaMmnKa noHi XaHe OHbIH MaHbI3bl.
. TepmognHammka Hewwe Genimre 6eniHeni?
. TepmoanHammkaHbiH BipiHLWwi 6acTaybl?

. TepMmoanHammKaHbIH, ekiHLWi bacTaybl HeHi benrinenai?

. 7KymMmbiCcLWbl AeHe, aHblKTamMachl.

. KynaiH Herisri TepmoanHamMmukanbsik napameTpriepi.

. TepMmogmMHamMuKanbIK XXymne aereH He?

. TepmoanHammKanblk Npouecke aHblkTama bepiHi3.

Tene-TeHAIKTi XXaHe Terne-TeHA4iKCi3 TepMOognHaMuMKarblK rnpouecrep.

10. TepmoanHamMmukanslk Terne-TeHaix.
11. TepmogmHamMuKanbIK NPOLIECTIH rpadukanbIk KECKiH.
12. TepMognHamMuKarnblk npouecTtep KyWiHiH, oyHkumusnapsbi.
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