TennomexHUKa

190603 Cepeuc mpaHCnopmMHbIX U MexHOJ/102UYeCKUX MaluH
u obopyooeaHuss (AemomMobusibHLIU mMpaHciopm)

llpeseHmauus
y4ebHO020 Kypca

CoctaBun goueHT Kacheapbl CTIA,
FOxumeHko Bnagumup ®egopoBuv

Kypc yumaemcsi cmydeHmamu e me4dyeHue 1 cemecmpa e o6beme 64 4aca
ayoumopHbIx 3aHamuu (32 4yaca nekyuu, 16 yacoe s1abopamopHbIx pabom u 11
Yyacoe rnpakmu4eckux 3aHamuu) u 36 yacoe 0s151 caMocmosimesibHO20 U3yYeHusi

Mamepuarna.



BeedeHue

« TerinomexHuka» Aerssemcs obuweuHxeHepHou
oucuunsuHou, rno3sorsrweu cghopmuposams y
cmyOeHmo8 Co8peEMEHHOE ripedcmasrieHue 0 Memoodax
rosly4eHus, ripeobpasosaHus, nepedayu u
UCIrosib308aHUsT MernsioeouU dHepauU, a makxe o MawuHax
u anrapamax, 8 KomophbIX meriyiogbie rnpoueccsl
rpoucxoosim.

M3r10)xeHbl OCHOBHbIE 3aKOHbI MePMOOUHaMUKU U
meriiomaccoobeHa, ceoucmea pabo4yux mer,
mepMoOUuHamMu4ecKue rpouecckl, mepmMoouHaMu4yecKue
UUKITbl menrnsoebix 0gueamersiet U Xor1o0uribHbIX MalWUH;
npuseodeH aHasnu3 paboms! KOMripeccopa, OCHO8bI
pacyema merisioobMeHHbIX arinapamos, 80rpPochl
3HepaocbepexxeHus, cucmemMbl mernocHabXXxeHUus.



Llenu u 3ada4yu usy4yeHusi
ducUUrnuHbI

= Teopemuy4yecKku U npaKkmu4eckKu nod2omoeumab
6yodywux cneyuasucmoe MmemoodaM roJs1y4eHus,
npeobpa3soesaHusi, nepedayu U UCIOJIb308aHUSs
mensiombl 8 makou cmerneHu, Ymobbl oOHU Moanu
eblbupamsb u 3Kcrnislyamupoeamb Heobxodumoe
mexHoJsiocu4yeckoe obopydoeaHue npu
MaKcuMaJsibHOU 3KOHOMUU MOrnJ/iu8Ho-
3Hep2emu4YecKux pecypcoe u Mamepuarsos,
UHMeHcuguKkauyuu mexHos102Uu4ecKux rnpouyeccoe u
8bIsieJIeHUSsI UCMOJIb308aHUs1 BMOPUYHbLIX
3Hepaopecypcos , 3aWumbl OKpyxaroujel cpeosbl.



3HaHUs1, YMEeHUSI U Ha8bIKU, KOmopble
doJIKeH npuobpecmu cmydeHm 8
pe3ysibmame U3y4YeHusi OUCUUNIUHBbI.

= CmydeHm OoJ1XKeH 3Hamb OCHOBHbIEe 3aKOHbI
mepmMooOuHaMUuKu u mernsioobMeHa, crnocobmnl nepeHoca
mensiomsl, NIPUHUUNbLI detdcmeausi U ycmpolcmeo
mens1I006MeHHbIX annapamos, mMensocusioebIX
yCmaHO8O0K U Opyaux menjomexHuU4ecKux ycmpoticme,
NpPUMeHsieMbIX Ha mpaHcrnopme; ymemsa
paccyumbieamb mepMoOOUHaMu4ecKue rnpouecchbl U
UUKbl, mensioobmMeHHbIe npoyecchl, annapamsi U
dpyaue mexHuU4YeckKue ycmpoucmea, ornpeoesisimb Mepbl
rno mensioeol 3aujume u op2aHu3ayuu cucmem
oXJlaXXOeHUsi; UMemb HaebIK 8 rnposedeHuU
mensiomexHuU4YecKux uccsiedoeaHudl.



PA3/EJ 1.
TexHu4Yeckasi mpmoOuHaMUKa.

TEMA No 1. [IpeOMem mexHuU4YeCcKolU mepMoOUHaMUKU.
Paboyue mena.

1.1. TEXHUYECKAA TEPMOOUWHAMUKA KAK TEOPETUYECKAA
OCHOBA TEIJIO3HEPIETUKA

B knaccuyeckou (¢heHomeHonoau4eckou) mepMoOUHaMuKe U3y4aromcesi
3aKOHbI 83aUMHbIX rpespawieHuUl pasru4dHbix U008 sHepauu. TexHu4YecKas
mepMoOUHaMuUKa paccmampusaem 3aKOHOMEPHOCMU 83aUMHO20
npespauweHus merisiomsi U pabomel. 30ecb paspabameisaemcs meopusi
meriioebix 0gu2amersieu U 0aromcs rnymu ux ycogepuweHCcmeogaHUus.

KoagpgbuuueHm ucrnionb3oeaHusi moriniuga 8 bornbuwiuHcmee ompacrieu
rnpombiwneHHocmu obbi4HO He npesbituaem 30 ... 35%. B ces3u ¢ amum 8
Hacmosiwee 8peMsi cmaesumcsi 80rpoc 0 co30aHuu
3HEepP20MexXHO/I02UYECKUX az2peaamos, 8 Komopbix mpebosaHus
mexHosioauu U aHep2emuku 83auMHO OOrosiHANU bkl Opy2 Opyaa.



= Pa3pabomampb 3Hep20MeXHOI02UK, co30amb HempaouUUOHHbIE U
ycogepuwieHcmaeogeame cyulecmsyrouue cucmemal
3HepaocbepexeHusi, oueHUMb UX 3¢hgheKmu8HOCMb MOXXHO /1Ulb C
MMOMOLWbO MepMoOUHaMu4ecko20 aHanusa. 'loamomy Ons
UHXXEeHepa—3Hepaemuka mepmMoouHaMuKa s6r1s1emcs
meopemu4ecKkoll 0CHOBOU e20 rpakmu4yeckou 0esimesibHocmu.

= [lpu usy4yeHuu mepmoouHaMuKku ocoboe 8HUMaHuUe criedyem
yoesriume yC80EHUK mepMoOUHaMu4YecKoa2o Mmemoda
uccriedosaHUsl, Komopbiu umeem criedyroujue ocobeHHocmu.

= Bo—8mopbix, mepmMoOuHaMuKka umeem 0esio mMosibKoO C
MaKpocKoru4yeckumu senuduHamu. Mukpocmpykmypa sew,ecme
30ech He paccmampusaemcs. 3mo ¢ 0OHOU CMOPOHbI
obecriequsaem oocmogepHocmb 0bwUX 851860008 MepMOOUHaMUKU,
a ¢ opyaou — ripusooum K HeKomopou ee ogpaHu4eHHocmu u
mpebyem ripueriedeHuUs O0rnoTHUMesbHbIX cee0eHUU U3 hu3uku,
xXumuu u m.o. Y, HakoHeu, ornucaHue rnpoueccos 8 mepmMoouHaMuKe
OCHO8bIBAEMCS Ha MOHSMUU O MaKpOCKOMNUYECKOM pasHo8ecuU.
[lpouecchl 30eck paccmampuearomcs Kak HeripepbleHast
rocrie0o8amersibHOCMb COCMOSHUU pasHOB8EeCUS
(Keazucmamu4yeckue rpouecchsl).



1.2. OCHOBHBbIE TEPMOANHAMUWYECKUE NAPAMETPbI
COCTOSHUA

KaxxOoe pagHo8ecHoe cocmosiHue mepmMoOuUHamMu4ecKkol cucmemb|
xapakmepu3syemcs orpeodesnieHHbIMU hu3u4ecKuUMU 8eriuqduHamu —
pasHOBECHbLIMU napaMmempamu CoOCmosaHus. BHympeHHuUe
napamMmemphbl Xxapakmepusyrm 8HYyMmpeHHee COCMOosTHUE cUCMeMbI.
K HUM omHocsimcsa dasneHue, memMmnepamypa, obbem u op.
BHewHue napamempsbl Xxapakmepu3yrm r1ofiIoxXeHuUe cucmems
(KoopOuHamabl) 80 8HEWHUX CUJIO8bIX INOJISIX U €€ CKOPOCMb.

BHympeHHUe napamempsl, 8 800 o4epeldb, Moopal3oerisomcs Ha
UHMEHCUBHbIE U 3KCMEHCUBHbIE. IHMEeHCUBHbIE — 3MO me
napamempal, 8esiU4UHa KOmMopbIX HE 3as8ucum om pasmMepos
(Maccel) mena. Hanpumep, dasrnieHue, memnepamypa, yoesbHbIU
o0bbeM, HO He 0bbeM, yOoeribHasi mernoeMKoOCmMb. DKCMEHCUBHbLIE
napamempabl 3a8UCSIM O0mM Koriudecmea eeuwjecmea 8 cucmeme
(obbem, macca u 0p.).

B mepmoduHamuke cywecmayem makxxe oesieHue rnapamempos Ha
mepmu4yeckue (0aerieHue, memrepamypa, o0bbem) U Kariopudeckue
(yOernbHas aHepaus, yoeribHas mersioemMKocms, yoeribHble
CKpblimble meriomsl pa308bIx r1epexodos).




Lnsa xapakmepucmuKku KOHKpemHbIX ycriogull, 8 KOmophbIX
Haxodumcs OaHHasi cucmema, unu rpouecca, udyuieao 8 cucmeme,
Heobxo0umo, ripexoe ecea0, 3HamMb maKue 8HympeHHUe
napamempbl COCMOSIHUSA, Kak yOerbHbIU 0bbeM, abcornromHoe
daerneHue, abcoromHas memrepamypa.

YoernbHbit 06beM (V. M3/K2) — 3mo obbeM eOuHUUbI Macchl Urnu
geriuyuHa, ornpeodernisseMass omHoweHueMm obbema K e20 macce

: (77)V/m

20e V — 0b6bemM rpou3soribHO20 Kou4yecmsea sewiecmea, M3; m —
mMacca 3moao seujecmea, Ke.

Benu4uHa, obpamHas yoeribHoMy 06beMy, Ha3bieaemcsi
M/10MHOCMbLHO (I, Ka/M3),; uriu 3mo ecmbk mMacca seujecmea,
cooepkalwasics 8 eOuHUye obrema.

(1.2)
p=m/V =1y




= [lasneHue — eeriu4uHa, ornpeoderisiemasi OmHOWEHUEM CUsbI
(HopMmaribHOU cocmasrsouwlel cusbl), dedcmeyrowel Ha
rnosepxHocme, K ririowadu amou rnogsepxHocmu (p, lNa=H/m2),

p=F/S

(1.3)

e20e FH — HopmarnbHas cocmasrisowas cunel, H; S — nnowadsk
rnogsepxHocmu, HopmasibHou K deucmeyrouieu cure, M2.

= CoenacHo Mexx0dyHapodHou cucmeme eduHuy (CH) OaeneHue
3amepsrom 8 HeromoHax Ha 00uUH KeadpamHbiu memp (H/m2). Oma
eOuHuua usmepeHus 0aerneHus Hasbieaemcs lNlackanem (l1a). OOuH
Mmezarnackarib paseH 106 lNa (1 Mla = 106 [a).



Pa3nuyarom OaeneHus ammocghepHoe, u3bbimoyHoe U paspexeHue
(eakyym). AmmocghepHbIM Ha3bligaemcsi 0agrieHUe ammocghepHOo20
8030yxa Ha yposHe Mopsi. 3a eeriuduHy ammocgepHo20 0aerieHus
npuHumaemcs daesrnieHue cmosba pmymu ebicomou 760 MM (0OOHa
gusudeckas ammocghepa — obo3Ha4aemcs amm). Takum obpasom,
1 amm = 760 munnumempos8 pmymHoao cmosnba (Mm. pm. cm.).

LaeneHue, komopoe 6orbwe ammocghepHo20, Ha3bleaemcsi
Uu3bbIMOYHbIM, @ KOmOopoe MeHbWe — paspexeHuem. s
u3MepeHuUsi 0asrieHUs nMPUMEHSIIom MaHoMempabl, ammMocghepHO20
oaerieHuss — bapomempsbl, paspexxeHusi — 8aKyyMmmempsl.

TepMoOuHaMu4YeCcKUM napamMempoM COCIMOSHUS S8/19€mCcs MOoribKO
abconrmHoe daerieHuUe, Komopoe omcyumaieaemcs om
abcoriromHo20 Hyns 0aeneHus uau abcomomHo20 8aKyyMa.

N36b1moyHoe OaesrieHuUe U 8aKyyM He Se/irmcs napamempamu
COCMOSIHUSA, MakK KaK OHU rpu 0OHOM U MOM e abcosiromHOM
daesrieHUuU Moaym rpuHUMame pas/uyHble 3Ha4eHUs 8
3asucumocmu om eesiu4uUHbl ammMmocgbepHo20 O0aasrieHUs.




MN36bimoyHoe OaerieHuUe U 8aKyyM He A8M150Mmcs rnapamMempamu cCOCMOosSHUS,
mak Kak OHU rpu 0OHOM U moM e abcortomHoM 0asrieHuu Mmoaym
MpUHUMamb pa3sfiuyHble 3Ha4eHUs1 8 3a8UCUMOCMU OM 8€/1UHUHbI
ammocghepHO20 0asrieHUs.

B mexHuKe rnipumeHsemcs docmamoyHO 6osibwoe YUcio eOUHUU U3MePEeHUS
OaerieHusi. CoomHoweHUs1 Mexx0y HUMU rpusedeHbl 8 mabruue [1].

EonHuua Bap Mackanb | Pusunyeckasn TexHun4yeckas MunnumeTpsl MunnumMmeTp
N atmocdepa, armocdepa, am PTYTHOro bl BOOSIHOrO
Ma aTMm (k[ /cm?) cTon6a, MM pT. cTon6a, Mm
(H/m2) CT. BOA.CT.
1 6ap 1 10° 0,987 1,02 750 10200
1 H/m? 10° 1 - - - -
1 atm 1,013 101300 1 1,033 760 10330
1 am 0,981 98100 0,968 1 735,6 10000
1 MM pT. CT. 0,00133 133 0,001316 0,00136 1 13,6
1 Mmm BoA.
CT.(1 KFIMZ) 9,81 10° 9,81 9,68 107> 10+ 0,0736 1




Temnepamypa (1. K) — eenuyuHa, xapakmepu3syroujasi cmerneHb
Hazpemocmu meri. OHa npedcmasrnsem cobolu mepy cpedHeu
KUHemu4eckou aHepauu rnocmyrnamesibHo20 08UXEHUS Moriekyn. Yem
boribwe cpeOHsIsi CKOpOoCMb O8UXXEHUST MOJIEKYI1, meM 8bille
mewmriepamypa merna.

B Hacmosiwee epemMs ucrosib3yromces 08e memrepamypHble WKaribl.

Mexx0yHapoOHas ripakmu4yeckass memriepamypHas wkana Llenbcus (°
C), 8 KomopoU 3a OCHOB8HbIE PernepHbIe MOYKU rMpuUHUMarmcs moyka
masiHus niboa (t0 = 0°C) npu HopmaribHOM ammMocghepHOM daerieHuUuU
(p0 = 760 MM pm. cm.) U mo4ka KUurneHus 800kl rpu mMom xe
OaerneHuu — tk = 100°C. PasHocmb rnokasaHuu mepmomempa 8 08yx
amux moykax, deneHHas Ha 100, npedcmaesnsaem cobou 1° rno wkare
Llenbcus.

TepmoOuHamu4ecKasi wkana memrepamyp, OCHo8aHHas Ha 8MmopoM
3aKoHe mepMoOuHamMuku. Hayarnom omcyema 30eck S8/159emcs
memnepamypa T0 = 0K= - 273,15°C. UamepeHue memrepamyp 8
Kaxxoou u3 amux 08yx WkKall Mo)em rpou3eooumsbCsi KakK 8
KenbeuHax (K), mak u e epadycax Llenbcus (°C) e 3agucumocmu om
MPUHAMO_20 Hadasia ome4yema.




= Temnepamypa (1. K) — eenuquHa, xapakmepu3syrouw,asi cCmerieHb
Hazpemocmu meri. OHa ripedcmasrissiem cobou mepy cpedHel
KUHemu4ecKou aHepauu rnocmyriamesibHo20 O8UXXeHUSI MOJIEKYI.
Uem 6oribuwe cpedHsIsi CKopoCcmb O8UXXEHUSI MOJIEKYIT, mMeM 8biuie

memnepamypa merna.

= Mexdy memrnepamypamu, ebipaxxeHHbIMU 8 KernbeuHax u epadycax
Llenbcus, umeemcs credyrouee coomHoweHue. ( 1.4)

TK =273,15+¢°C

= B mak Ha3bisaeMoU mpouHoU moyke, 20e xudkasi, meepdas u
2a300bpa3Has padbl HaX005IMCs 8 ycmou4u8oM pasHo8ecuU,
memnepamypa 8 KenbeuHax pasHa T=273,16K, a e epadycax
Llenbcus t = 0,01°C.




= 1.3. TEPMOGWHAMUYECKWU IMPOLECC

» [lo0 mepmModuHaMu4yecKuM npoueccoM nNoHUMaemcsi CO80KYMHOCMb
rnocriedogamersibHbIX COCMOSHUU, Yepe3 Komophble rnpoxooum
mepmMoOuHamMuyeckas cucmema ripu ee ezaumooeucmasuu ¢
OKpy»Kkarouieu cpedodl.

= CocmosiHue mepmMoOuHamMuyeckou cucmembl Moxem b6bimb
pPaBHOBECHBIM U HEpPaBHOBECHbLIM. PaBHOBECHbIM Ha3bI8arM makoe
COCMOsIHUEe cucmeMsbl, rpu KOmMopoM 80 8ceX mo4ykax ee obbema sce
napamempbl COCMOSIHUS U chu3sudecKkue ceolicmea 00UHaKo8hbl
(OaeneHue, memrepamypa, yoesrbHbIlU 0b6bem U Op.). B
mepMoOuUHaMUuKe rnocmynupyemcs, 4mo u3ofuposaHHas cucmema c
me4deHuUeM epeMeHu ecezada rpuxooum 8 cCOCMOosiHUe
mepmMoOUHaMUYEeCKO20 paBHoBecUs U HUKo20a He MoXem
Ccamoripou380/ibHO 8bIUMU U3 HEZ0.

= Bce npoueccsl, npoucxodsuue 8 mepMoouHaMu4eckol cucmeme,
rnoopas3o0erisomcs Ha pasHOBECHbIE U HEPABHOBECHALIE.
PasHogecHbIMU Ha3bI8aKMCH maKue rnpouecckl, koeda cucmemMa 8
Xo0e ripouecca rnpoxooum psio riocrie0o8amersibHbIX PasHOBECHbIX
COCMOoSsIHUU.




Ecnu npouecc npomekaem HacmoribKo MeO/IEHHO, YMO 8 KaXK0obil
MOMEHM 8peMEHU ycmaHaeiugaemcs pasHogecue, mo makue
rpouecchl Ha3blearomcs Keasucmamu4deckumu. Omu rnpoueccsl
obriadarom ceoticmeamu obpamumocmu.

HepagsHoB8eCHbLIMU Ha3bI8arOMCs makue ripouyeccsl, ripu ripomekaHuu
KOMmopbIX cucmemMma He Haxooumcsi 8 COCMOsIHUU pPaeHOBECUHA. Hpouecc
nepexoda cucmemsbl U3 HepasHOBECHOcO COCMOAHUA 8 paBHOB8ECHOE
Ha3bleaemcs penakcauueu, a 8PpeMA nepexoda 8 COCMOoAHuUe
pasHoBEeCUA — 8peEMeHeM periakcauuu.

Bce pearibHbie rpouecchl, rnpomekaroujue 8 rnpupoode, sSerstomcs
HepasHOBECHbLIMU. QMO oripederiiemcs mem, 4mo rpu rnpomexkaHuu
rpouecca ¢ KOHe4YHOU ckopocmbko 8 pabodyem merie He ycriegaem
ycmaHo8UMbCS PaBHOBECHOE COCMOSIHUE.

OdHako mepMoOuHaMUuKa 8 riepsyro o4epeodb paccmampusaem
PaBHOBECHbLIE MPOUECCHI U PABHOBECHbLIE COCMOSHUS, MmaK Kak moJsibKo
pasHoBECHbIE COCMOSHUSA Mo2ym bbimb orucaHbl KOJIU4eCcmeeHHO ¢
MOMOWbIO ypasHeHUlU cocmosiHUA. Jluwb pa8HOBECHbIE MPOUECCh]
U3MEHEHUS COCMOSIHUS mMepMOOUHaMU4ecKol cucmembl MOXXHO
u3lobpaxkame 2paghuyecKu.




= BcsiKoe rpou380/1bHO 835Moe paBHOB8ECHOE COCMOSIHUE 8 MPEXOCHOU
cucmeme KoopOuHam pvT uzobpaxkaemcs mo4Ykou, a COBOKYNHOCMb
3MUX MOYEK rpuU HErnpepbIBHOM U3MEHEHUU COCMOSTHUSI — HEKOMOpPOoU
Kpusou, rnpedcmasrisrouel cobol epaghudyeckoe usobpaxeHue
pasHo8eCHO20 ripouyecca.

= (QOHakKo ucrosib308ambe MPEXOCHYK cucmemy KoopouHam
3ampyOHUMEIbHO, M03MOMY Ha MpakmuKe rosib3ymcs rnpoeKyusamu
KpuebIX mMPexoCcHOU cucmemMbl Ha ry1ocKkocmu 8 rpsiMoy20sibHouU
cucmeme KoopOuHam. B mexHu4Yeckol mepmMoOuHaMuKe Osisi
uccriedoeaHus paBHOBECHbLIX MePMOOUHaMUYECKUX MPOUECCO8
Haubosiee Yyacmo rnpuMeHsitom 08yX0OCHYH cucmemy KoopoOuHam p—v. B
amou cucmeme KoopOuHam sepmukarsib U3obpakaem U30XOpHbIU
rpouecc, 2opu3oHmarb — u3obapHsblu, Kpuesas suda auriepboribi —
uzomepmuyeckud (puc. 1.1).




= Kpome mozo, 8 mepMoOUHaMUKe paccmampusaromcesi rpouyeccsl
aduabamHsblU, cogeplwarowutcs npu omcymemaeuu mernoobmeHa
(dqg=0) u nonumponHkiu, obobwarowul rnpoyecc, YacmHbIMU
C/lydasiMu Komopoz2o SeJISomcs repeable Yemaeipe rpouecca.

P4

I=const

v =const

p=const

L

21

<Y

Puc. 1.1.
Jlrobou napamemp cocmosiHUs A8/15emcsi makxe gbyHKuuel coCmosiHUS,
makK Kak e2o UaMeHeHue 8 /itoboM mepmMoOuHaMu4eCcKoM rpouecce He
3asucum om suda ripouecca, a orpeoesisemcs fullb HaqdarbHbIM U
KOHEYHbIM COCMOSIHUSIMU.



* K mepmMoOuUHaMu4ecKUM ripoyeccaM OmMHOCUMCS makxe Kpy2080U
fpouecc unu yukn. L{uknom Ha3bieaemcsi CO80KYMHOCMb
fpoyeccos, so3spalyaroljux cucmemy 8 rnepe8oHayasibHoe
coCmosHuUe.

= Ha Ouacpammax YUk uzobpaxkaemcs 3aMKHymbIM KOHMYpPOoM, suo
KOmopoao MosIHOCMbHO orpeodesiaiemcs 4Yucsiom u gpopmou
cocmaserisirowux YUKI rpoyeccos.

= [pachuyecKkoe uslobpaxxeHue u uly4yeHue UUKIIos 8
rnpocmpaHcmeeHHoU cucmeme KoopouHam bbir1o bkl ewe boree
mpyOHbIM, YeM u3obpaxxeHue omoesribHbIX rpouyeccos. Noamomy
UUKIT MOYHO makxKe rnpoekmupyemcsi Ha 00Hy U3 KOOPOUHamMHbIX
rnriocKkocmed.



1.4. YPABHEHUE COCTOSIHUA

= YpasHeHue, ycmaHaeriugarujee cesi3b MeXX0y 0agrieHUeM,
memrnepamypou u yoesribHbIM 06bemMoM cpelbl MoOCMOosIHHO20 cocmaaea,
Ha3bleaemcsi mepMu4yeckuM ypasHeHUemM cocmosHus. Obuwuu euo
3Mo20 ypaeHEHUS.

(1.5)

f(pv.T)=0

YpasHeHue (1.5) 8 npocmpaHcmee omobpaxkaem rnogepxHocme,
Komopasi xapakmepu3syem 8ce 803MOXHbIE PaBHOBECHbLIE COCMOSIHUS
O0OHOPOOHOU mepMoOUHaMu4YeckoU cucmemMbl. dma rnoeepxHocmsb
Ha3blgaemcsi mepMoOUHaMU4eCKoU No8epXHOCMbIO UsU M08EPXHOCMbHO
cocmosiHus. Ha mepmoouHamu4veckol rnogepxHocmu Kaxxoomy
COCMOSIHUIO cucmeMbl coomeemcmeyem orpeoerieHHas mo4yKa.



= Teopus ypasHeHUS COCMOSHUS MoKa pa3pabomaHa rnuwb 0sis
udearibHO20 2a3a, 0/15 2a308, uMerouwux Heborbwyro rnIomHocms, U 8
MeHbwel cmerneHu Oris MI0MmMHbIX 2a308.

= YpaeHeHuUe cocmosiHUSI udearibHO20 2a3a 8rnepeable bbiro rnosy4YeHo
KnanetpoHom 6 1834 2. nymem ob6beOUHEHUS ypasHEHUU 3aKOHO8
bouns—Mapuomma u let—/Troccaka — pv/T = const. Obo3Hayas
KOHCmMaHmy 4yepes R, rnony4yum

pv=RT

20e R — yOeribHasi 2a308asi NocmosiHHas, OmHeceHHas K Macce 2a3sa,
paesHou 1 ke; [Dx/(ke.K).

= YpasHeHue (1.6) 3anucaHo 0ns 1 ke 2asa. [ m K ypasHeHue
cocmosiHusi bydem umems euo

pV =mRY

20e V — obbem 2a3a, m3.



= [a3, cocmosiHue Komopo20 MOYHO oriucbieaemcs ypasHeHuem (1.6),
Ha3blgaemcs udearsibHbIM. MHo2ue pearibHble 2a3bl rpu MaribixX
MI0MHOCMSX U rpu 0ocmamo4YyHO 8bICOKUX memriepamypax rno ceoum
ceoucmeam rpubnuxxaromces K udearsibHbIM. [Toamomy Orisi ux pacyemos
Moxxem bbimb rpumeHeHo ypasHeHue (1.6).

= YMHOXxas 0be yacmu ypasHeHuUs (1.6) Ha MOneKynsapHbIU 8eC M r1o1y4UM

pVH(F—g),uRT

eoe — Vu = VU o0bbewm, 3aHuMaeMbIl 0OHUM MoJsieM 2a3a.

= MonekynspHbiU eec rnpedcmasrissem cobou cymmy amoMHbIX 8eC08
amomos, obpa3syrowux monekyny. CredogamesibHO, MOMEKY sPHbIU 8ec
xapakmepu3syem Maccy MOSIEKYIbl.

= Kosriuyecmeo 2a3sa, 8ec KOMmMopoeco 8 KusioepamMmax HYuc/ieHHO paeeH eco
MOJIeKYIIAPHOMY 8€cCYy, Ha3bleaeimcsA MosieM usiu KUusioMOJIeM.

= B coomesemcmeuu ¢ 3aKoHoM Agoz2adpo rpu oOUHaKo8bIx 0aerieHusxX u
memriepamypax 8 KaxOoM Morsie 2a3a cooepxumcsi 00UHaKog8oe
Konu4decmeo mornekyrn NA = 6,022 1023 mornbk-1 (nocmosiHHasi Ago2adpo).



= Ecnu, Haripumep, MOosieKyrsapHbIU eec 800o0poda

ILLH :2 ’

2

asoma My, =28 | kucropoda i1, = 32

J

mo, 83518 3mMu 2a3bl COOMBEMCMBEHHO 8 Koriudecmeax 2 Ke, 28 Ke U 32 ke

rnpu oOUHaKo8bIx memMrepamype u 0asrieHuu, rnosry4yum, 4mo obbembl 3mux
Kornu4yecme 2a308 PasHahl.

= Obbem 00HO20 MOrIS 2a3a Mpu HopmasibHbIX ¢hu3Uu4ecKUX yCrio8uUsIX
(T0 =273,15K, p0 = 101332 lla) Vo = VU = 22 4146 - 10—3 M3/MOTrb.
U b

[lodcmaernss amy eenu4duHy 8 (1.8), nonyyum [Dx/(mornb K),
1.8a)
PV (
° 1 —8,3143
1 0

20e — yHueepcaribHas 2a308as IocmosiHHasi, oOuHaKkoeas 0risi ;106020
2aasa.

HR =

= OmcroOa ypasHeHUe cOCmMOosiHUSA Orii 0OHO20 MOJIs udearibHo20 2a3a bydem

oV =83143"T

= YpasHeHue (1.9) 6biro ebieedeHo [.U. MeHOeneeabim 6 1874 200y u
Ha3bleaemcs ypasHeHuUem cocmosiHusi KnanetpoHa— MeHderneeaa.



1.5. TASOBbBIE CMECH

= B mexHuKke 0080/1bHO Yacmo rpuxooumcs UMemsp O€sio C
2a300bpa3HbIMU geuwlecmeamu, rpedcmasnsarwWumMu MexaHU4YeCcKyo
cMecb O0mOeribHbIX 2a308, 110 C80UM ceolicmeaM rpubrnuxarowyrocs K
udearibHbIM 2a3am.

= Hanpumep, ammocgepHbIl 8030yx rnpedcmaessisiem 2a3o8yr CMECh,
8KJ/IHOHaIOW Y0 a30m, KUCII0POO0, yareKucrbil 2a3, 800siHbIe rnapkl U psio
dpyaux 2a3o8. OripederieHue napamempoe HeobxooumMo 0ris pelweHuUs
MHO2UX rpakmuyecKux 3adad.

» [Qa3080U CMeChbi Ha3blBaemcsi CMecb 0moOeribHbIX 2a308, XUMUYECKU He
peaaupyrowux Mmexxoy cobol, m.e. KaxO0bIl 2a3 8 CMecU MNoJIHOCMbHO
coxpaHsiem 8ce ceou cgolicmea U 3aHUMaem 8ecb 06bEeM CMeCU.
LaesrneHue, komopoe co3darom MOsieKy bl KaxX0020 omoesibHO20 2a3a
CcMecu, rpu ycrioguu, 4mo 3mom 2a3 Haxooumcsi OOUH 8 MOM XXe
Konudyecmee 8 mom xe obbeme U rpu mou xXe memrepamype, 4mo u 8
CMecu, Ha3blgaemcs napuyuarbHbIM (YacmuyHbIM) 0asrieHuUem.

= Bbydem cyumame, 4mo KaxxObili omaoesibHbIU 2a3 cMecu Moo4YUHSAemcs
ypasHeHuto (2.7), m.e. sensemcs uoeasibHbIM 2a3om. [loamomy
napamempbl 2a3080U cMecU makK e Mo2ym bbimb 8bI4UCIIEHbI 10
ypaesHeHuto KnaneupoHa

pV =mRT ’

20e 8ce 8eslu4UHbI 8 3MOoM ypaeHeHUU OMHOCAMCA K CMecU 2a3086.



= CoenacHo 3aKkoHy [anbmoHa obwee 0asrieHue cmecu udearsibHbIX 2a308
pasHo cyMme rnapuuarsibHbix 0asneHul 2a3o8, 8X005WUX 8 CMeCh

p=p+p+..+tp,=>p ,
i=1

20e p — daesrieHue cmecu; p1, p2,..., pbn — napyuarbHbie 0asrieHuUsl
omoesibHbIX 2a308 CMECU.

= [a308as cmecb MoxXem bbimb 3a0aHa macco8biMu, 06beMHbIMU U
MOJISIPHBbIMU OOJSISIMU.

= Maccosas 0osrns — omHoWweHuUe Macchl Ka)xo0o20 omoeribHO20 2as3a K
cyMMapHoU macce cMecu m m, m

8 &) T ;
m m m

2oe g1, g2,..., gh — maccoeblie 0osiu omOesibHbIX 2a308, M — CyMMapHasi
macca ecel cmecu :
m=m +my+..tm, =) m
i=1 X
= Cymma maccosbix doreu pasHa eOuHuue & +&+..t8, = Zgi =1

i=1

ObrbemHas 0ornsi — omHoweHue rapyuarnbHoz2o (npusedeHHo20) obbema
Kaxd0020 2a3a K obujemy obbemy cmecu V v, v

n

e I A

4 2 7
edert, r2,..., rn — obbemHble Oonu; V1, V2, Vn — napyuarnbHbie 06beMbl
Ka)xk0oeo0 2asa; V— obbem cmecu 2a308.



[NapyuanbHbil 06beM — 3mo obbeM, Komopblil 3aHuUmar bbl 2a3, ecriu bbi
e20 0aerieHue u memrepamypa pasHsNuCk napamempam cMecu 2a308.

lMapuyuanbHeIl 06bem Kax0020 2a3a npu NocmossHHoOU memrepamype
Haxodumcs ro 3akoHy bouns-Mapuomma

V
I/l — pl_V; I/Z :M; .“; Vn — pn

p p p

Crioxue rnoyYsrieHHo amu ypasHeHUSs, rnosy4Yum, 4mo cymma rnapuyuarbHbIX
obbemoe pasHa obbemy cmecu (3aKkoH Amaza)

VAV, +. 4V, =) V.=V
i=1

Ecnu cnoxxumb ob6beMHbie dosiu, mo rnosy4um

et il e i :Zrl. =1
i=1

N3 3akoHa bourns-Mapuomma (rnpu nocmosiHHoU memriepamype)
cnedyem p,/p=V,/V  .Omcwda p;V = pV,

uru p:i=pV,/V=rp

[locriedHss chopmyria rno3eorsiem onpeoesiasme rnapuuarsbHbele 0aerneHusi
KOMIMOHEHMO8 CMecU, ecriu u3eecmeH ee 0b6beMHbIU cocmas.



= [locrieOHsIs hopMyrna rno3eosisiem orpedensame rnapyuasbHele 0aeneHus
KOMIMOHEHMOo8 CMecCuU, ecriu u3dsecmeH ee 0bbeMHbIlU cocmas.

= 3adaHue cmecu MOsIpHLIMU OOISIMU 3aKto4aemcsi 8 CrieOyroUweM.
CHayvana Haxo0um Korudecmaeo Morsiel Kaxx0o20 KOMIoHeHma cMecu ro

COOMHOWIeHUsIm
ﬁ, M —& ey M :% ’

Hy H, M,

M, =

= 20e M1, M2,..., Mn — konudyecmeo morsieu Kaxxo0o2o KomrioHeHma; mi1, m2,
OO0, MN — MOJIEKYIISIPHbIE 8eca coomeemcmaeyrouUux KOMIMNOHEHMOS8
cCMecuU.

= Omcroda ecsi ea3oeasi cmecb bydem codepxxamb M mornet
M=M+M,+.+M, =) M,

= MonbHbie Oonu yi (i=1,2,3,...,n) Haxo0amcs 8 aude omHouweHul
M, M, M

T

= OyesuUdOHO, YMo MW+ Vstety, =D V=

Takkak M = m/u | mo MonekynspHbIl 6ec cmecy Zm,.
m 6yoem onpedenﬂmbc;q rno gpopmyrie H=—=—




[lony4yeHHoe 3Ha4YeHuUe Ha3blBaemcsi CPeOHUM KaxXyuUMCs 3Ha4eHUeM
MOJIEKYIISIPHO20 8eca cMecU. 3HaHuUe MOJIeKYIspHO20 eeca o38osisiem ro
gopmyne R =83143/u (2.9a) Haxodumb 2a308yt0 MOCMOSIHHYIO CMECU
g)(Hu»(e byoem ripusedeHa chopmyria Osis ornpederieHUss m rno u3gecmyou
[lo 3akoHy Ago2adpo MOribHbIE 06BEMbI Pa3uYvHbIX 2a308 rpuU 0OUHaKO8bIX
daerieHUsIX U memMrepamypax pasHhkl (8 pasHbIx 0bbeMax pas/iuyHbIX 2a308
cooepxxumcs oOuUHaKoeoe Koriudecmeo moriekyri). Omcroda 0risi —20 2a3sa

cMecU Cripasediu8o COOMHOWEHUE .
V. = VMM ;
20e Vm — obbemM, 3aHuUmaembii OOHUM MOJiIeM 2a3a.
[ns eceli cMecu nonyyum Vv =V,M
—— Yy, = 7
Omcroda 178 M unu z g

CrniedosameribHO, MOJibHbIe U 06beMHbIe 001U YUCIIEHHO pasHbl MeX0y
cobod.

Bbigsedem chopmyriy Orisi ornpeodesieHUsi MONEeKYnsipHO20 eeca cMecuU o ee
obbemHoMy cocmasy. U3 ﬂ%eabldyugeeo 0151 —20 KOMIMOHEeHMa MOXHO
= MM

n
3ariucamab L

m = uM

usiu Orig eceu cmecu



= Yyumsbieas, 4mo M,/M = r, ,nony4um L= D L7

=1

= 3ameHss 8 rocrieOHeM ypasHeHUU MOJEKYISPHbIe 8eca UX

rMI0MHOCMbHIO n
£ = E ; £ 7;
7—1
M _ lLtl . A | ILLn
(Ha ocHoeaHuUU 3aKoHa Ago2adpo), rnosy4um — — X \
p pl pn
mak Kak pV =mRT
= B cny4ae, koeda 2a3oeasi cMecb 3a0aHa Macco8bIM cOCmMasoM, mo ¢
MMOMOUWbIO YpaB8HEeHUSI COCMOSIHUS T
= gblpa3uM rnapyuarbHble 0aerieHUss KOMINOHEHMOS8 p; = mR, I
= [lng 0asrieHuUs ecel cMecu 8 coomaemcemaeuu ¢ 3aKoHoMm [anbmoHa
_ Lo rr
nonyqyum ¢opmyny P = ZmiRi . Wnu e ZlmiRi
Yyumesigasi, ymo , Mony4um - n
pV =mRT R=> —LR =) gR
i=1 M i=1

= []o uzeecmHou 2a3080U MOCMOSIHHOU cMecu, ucrionb3ys coopmyny (1.8a),
MOXXHO Halumu MOJeKyrisipHbIU eec CMecCuU.



