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65.YpaBHeHue KnanenpoHa-Knaysuyca

dp L

YpasHeHue KnanelipoHna-Knaysuyca: —_— =
ar 17, -")

nosgonseT
onpenenuTb HaKIOHbI KPUBbLIX PAaBHOBECHSI.

3pecs L — Tennota ¢hasoBoro nepexofa (Hanpvmep, B criyyae nnaBfieHUs —
yoenbHasi TennoTa nnaenenws), (V, —V;)— uameHeHne obbema BellecTBa npw

nepexode ero u3 nepeon pasbl BO BTOpyl, I — TemnepaTtypa nepexoaa
(Hanpumep, B criyyae nnaereHusi — Temnepatypa nnasnenus T, ).

Mockonbky L n T Bcerna NOMOXWTENbHbI, TO HaK/IOH Kpueol pasHOsecusi
onpedensemcsi 3Hakom (V, — V). Tak npu ucnapeHuu u cybnumayuu o6bem Bcerga

BospacraeT, nostomy dp/dT > 0.

lMpu nnaseneHuu y 6onNbINHCTBA BeLlecTB 0O0beM BO3pacTaeT, crnegoBaTternbHO
dp/dT >0, T.e. ygenudyeHue daeneHusi IPUEOOUM K MOBLILIEHUIO MeMrepamypb!
nnasneHus (cnnowHas Kl Ha pucyHke).

Ans Hekomopbix eewjecme (Boga, Ge, YyryH) o6bem Xuakon gasbl MeHbLle
obbema TBepaoit daskl, T.e. dp/dT <0; cneposaTensHo, yeenuueHue OagneHus

cornpoeoxdaemcsi MOHUXeHUEeM memrnepamypb MaasneHus (LUTPUXoBas NUHUSA Ha
PUCYHKE).

66. AHan13 guarpaMmMbl COCTOSIHUSA.

ﬂwarpamma COCTOAHUA, NO3BONAET CyAUTb, B KaKOM COCTOAHUM HaxoauTCA
AaHHOEe BeLWeCTBO Nnpu onpefeneHHblX p u T, a TakKkKe Kakune Cba3OBbIe nepexogbl

OyayT npoMcxoanTb B TOM UM MHOM npoLecce.
Hanpumep, npu ycnosusx, 0603HaYEHHbIX:
P‘} ) TO4KOM 1 BELECTBO — B TBEPAOM COCTOSAHWM (TT), 2—
T 10 1L~ Bra3oo6pasHoM (I'), 3— OJHOBPEMEHHO B XUAKOM (K)
1 razoobpasHoM.
Mpn wn3obapHom HarpeBe 4-5-6 B Touke 5
HauMHaeTcsi NnaBneHne, 6— KuneHve.
Mpn un3obapHom HarpeBe 7-8 TBepgoe Teno
npeBpaLlaeTcs B ras, MUHys Xuakyo casy.
Mpn unsotepmmyeckom cxatum 9-10 BeliecTBO
—»  NPONAET TPU COCTOSHMS: ra3—KMAKOCTb—KpUCTanm.
T Kpueas ucnapeHusi 3akaH4Yueaemcsi
Kpumuyeckoli moykol (K). [10o3ToMy BO3MOXeEH
HeNpepbIBHLIN NEpPexoa BellecTBa M3 XMOKOrO COCTOSHWS B ra3oobpasHoe u
obpaTHoO B 00X04 KpUTUYECKOM Touku, 0e3 nepeceyeHust KpPUMBOM MCMapeHus
(nepexoag 11-12), T.e. Takow nepexod, KOMopbIl He cornpogoxdaemcs a3oebIMu
npespaweHuUsIMU.
3TO BO3MOXHO MOTOMY, YTO pas3nuuue Mexay ra3om W XUOKOCTbIO siBRsieTcs
YUCTO KONMYECTBEHHBIM (06a 3TV COCTOSIHUS, HANPUMEP, SBMSOTCS U30TPOMHBLIMK).
Mepexon e KpUCTannImM4eckoro COCTOSIHMSA B XMAKOE Unn ra3oobpasHoe MoXeT
ObITb MOJILKO CKaykoobpasHbiM (B pesynbTaTte as3oBOro nepexoa), Mo3ToMy
KpUBble NNaBneHuns u cybnumauum He moaym obpbi8ambCsi, Kak 3TO UMeeT MeCTo
ONS KPMBOW MCNAPEHNsi B KPUTUYECKOW TOYKE.
KpuBas nnaBneHuns yxoauT B GECKOHEYHOCTb, a KpuBasi cybnumaumu mgeT B
Touky, rae p=0u T =0.

A.H.Orypuos. flekyuu no gusuke.

VINNVHUITOWdIL U VINEND BYHABLUANILUON

A.H.Orypuos

NEKUMUKN NO PU3UKE

MOJNEKYNAPHAA ®U3UKA U TEPMOOUHAMUKA

«Ecnu 6bl B pesynbTaTte Kakon-To MMPOBON KaTtacTpodbl Bce
HaKoMNMeHHble HayYHble 3HAaHUS OKa3anucb Obl YHUYTOXEHHBLIMU U
K rpS4yLUMM MOKOMEHUSAM XUBbIX CyLWEecTB nepeluna Obl TONbKO
ofgHa @pasa, TO Kakoe YTBEepXAdeHuWe, COCTaBfieHHoe U3
HauMeHbLUero Konu4yecTBa CroB, npuHecno 6bl HambonbLlyto
nHdopmaumio? A cuutalo, YTO I9TO — amomHass eaunomesa
(MoxeTe HasbiBaTb €€ He rMnoTe3on, a hakToM, HO 3TO HUYEro He
MEHSIET): 6ce mena CoCmoam u3 amomoé — MATCHbKUX
meney, KOmopule HAX00AMCA 6 DeCHPEPLIBHOM OBUICEHUU,
RPUMAZUBAIOMCA HA HEDOILUIOM PACCHOAHUU, HO OMMAJl-
Kueawmes, eciu OOHO U3 HUX NIOMHee HPUNCAMb K
opyzomy. B opHoi atoin dpase, Kak Bbl YBUAUTE, COAEPXKUTCS
HEeBEepOsiITHOE KONMMYeCTBO MHOpMauMM O MUpe, CTOUT MuLlb
NPUNOXUTb K HE HEMHOTO BOOBPaXeHUS 1 YyTb COOBpaKeHUsI».

Puuyapg ®enHman

5" ed., 2002
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MOﬂeKyﬂﬂpHO-KUHemu‘-leCKaﬂ meopus udeasibHbIX 2a308

1. CTtatUCTMYeCKUA U TepMOAMHAMUYECKUI MeTodbl MCCriedOBaHUS.

MonekynspHas ¢pusuka u mepMoOUHaMuKa — pasfens! U3NK1, B KOTOPbIX
U3y4aroTca 3aBUCUMOCTM CBOMCTB TEM OT UX CTPOEHMUS, B3aUMOLENCTBUSI Mexay
yacTuuamu, U3 KOTOpbIX COCTOSIT Tena, U Xxapakrepa ABWKEeHUs YacTu.

Ona  vccrnegoBaHus  (PU3MYECKMX  CBOWCTB  MaKPOCKOMWUYECKUX  CUCTEM,
CBA3AHHBIX C OrPOMHBLIM YMCIIOM COAEPXKALUMXCA B HUX AaTOMOB W MOMEKYI,
NPUMEHSAIOT ABa KaYeCTBEHHO pPas/iuyHbiX W 83auMHO OOMOMHSWUX ApYr Apyra

MeTopa: cmamucmud4veckul (I MOJIEKYIISIPHO-KUHeMu4ecKull) n
mepmModuHamMu4ecKudl.

CTaTMCTUYECKUMA MeTod — 3TO MEeTofd UcCneaoBaHusi cucteM M3 GonbLUoro
yMcna  vacTuy, OnNepupylowuin  cmamucmu4ecKuMu  3aKOHOMEPHOCTSIMU  ”
cpedHUMU (yCpeaHEHHbIMM) 3HAYEHUSIMU (PUBNYECKMX BENUYMH, XapakTEPU3YHLLMNX
BCIO CUCTEMY.

3OTOT MeToa NeXuT B OCHOBE MOJIEKYJIsipHOU ¢hu3uku — pasgena usmnku,
M3y4yalwLlero CTPOEHME W CBOWCTBA BeLleCTBA MUCXOAA U3 MOJIEKYJISIPHO-
KuHemu4eckKux npeacTaBleHUN, OCHOBLIBAKLIMXCA HaA TOM, 4YTO Bce Tena
COCTOAAIT U3 aTOMOB, MOJIEKYJSl UM WOHOB HaxoAsALWMXCA B HeNpepbiBHOM
XaoTUYECKOM ABUMXEHUN.

B panbHelwem mbl GygeMm ucrnonb3oBaTb TepMUH "Mosiekyna” vmes BBuay
MenbyanLlyo CTPYKTYPHYIO eanHULY (3N1eMEHT) 4aHHOro BeLlecTBa.

TepmoguHamuyeckui MeTod — I3TO METOA4 WCCNeaoBaHUsi CUCTEM U3
OonbLIOro  4YMcna 4YacTul, OMnepUpYLMA  BENUYMHAMK, XapaKTepusylLmMn
cuctemy B UenoM (Harnpumep, dasrneHue, obbem, memnepamypa) nNpu pasnuyuHbIxX
NpEeBPaLLEHUsIX 3HEPrMn, MPOUCXOAALMX B CUCTEME, HE Yy4YuTbiBas Mpu 3TOM
BHYTPEHHErO CTPOEHMUS N3ydaeMbIX TEN U XapakTepa ABUKEHUSA OTAENbHbIX YacTul,.

OTOT MeTon nexuT B OCHOBE mMepMOOUHaMuKu — pasgena  usmku,
nsyyawowiero obLime CBOWCTBA MaKpPOCKOMUYECKUX CUCTEM, HaXOAAWMXCS B
COCTOSIHUN TEPMOAMHAMMUYECKOTO PaBHOBECUS, M MPOLIECChI Nepexofa Mexay aTuMmn
COCTOSIHUSIMW.

2. TepmogmMHamMu4yeckas cucTema.

TepmoamMHamvka uMeeT f[eno c mepmMolduHamMu4veckol cucmemol —
COBOKYMHOCTbKO ~ MaKPOCKOMUYECKMX  Ten, KOTopble  B3auUMOAENCTBYIOT U
ob6MeHMBaloTCA 3Heprnen Kak mexay cobon, Tak U C ApyrMMu Tenamu (BHELUHeW
cpepnown).

TepmoanHamuyeckue cucTembl, He 0BMEeHUBaLWMECS C BHELLUHEW cpefoi Hu
3HEeprvemn, H1 BELLECTBOM, Ha3blBalOTCA 3aMKHYMbIMU.

OcHoBa TepMOOMHAMU4YECKOrO MeToga — OMnpederieHne  CcoCMmoOsIHUS
TEpMOANHAMUYECKON CUCTEMBI.

CocTosiHe cucTeMbl 3ajaeTcs mepMoOuHaMu4yecKuMu napamempamu
(napamempamu cocmosiHUSI) —  COBOKYMHOCTbI  (PM3NYECKUX  BENUYUH,
XapaKTepusytoLmnx CBOWCTBa TepMoAMHaMuyeckon cuctembl. O6bIMHO B KayecTBe
napameTpoB COCTOsIHWS BblbupatoT memnepamypy, 0asneHue u obbem.

MapameTpbl COCTOSIHUS CUCTEMbI MOTYyT U3MeHaTbes. Jlioboe u3meHeHue B
TepPMOONHAMUYECKON CUCTEME, CBSI3AHHOE C M3MEHEHMEM XOTsi Obl OOHOrO K3 ee
TEPMOANHAMMYECKUX napameTpos, Ha3blBaeTCs mepModuHaMu4ecKum
npouyeccom. Ecnn ana OaHHOW CUCTEMbI 8HEWHUE YCrI08USI HE U3MEHSIOMCS W
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63. Pa3oBble nepexonbl.

®da3on HasblBaeTCcsl TEPMOAMHAMUYECKU PaBHOBECHOE COCTOsIHME BeLLecTBa,
oTnuyaioLeecs nNo U3MYECKUM CBOMNCTBaAM OT APYrNX BO3MOXHbLIX PaBHOBECHbLIX
COCTOSIHMI TOrO e BellecTsa.

Mepexon BewecTtBa U3 ogHon hasbl B Apyryio — ¢ha3oesnili nepexod —
BCerfa CBA3aH C Ka4YeCTBEHHbIMU U3MEHEHMAMW CBONCTB BELLECTB.

®Pa3oBbIV_nepexod NepBoro poga — 3TO Mepexod, COMPOBOXAAMLMACS
nornoweHnem unm BblAENeHnem TEnnoThI (Hanpumep, nnaenexve,
Kpuctannusaums). OH  xapakTepusyeTcsi MOCMOsIHCmeoM  memrepamypbi,
u3MeHeHUsIMU 3HMPonuu u obrema.

®Pa3oBbIV Nepexon BTOPOro poaa — Nepexos He CBsI3aHHbIV C NOrnoLleHnemM
WnM BblgeneHnem Tennotbl U M3MeHeHueM obbema. OH  xapakTepusyeTcs
nocmosiHcmeoM obbema U 3HMPOMUU, HO CcKaykoobpasHbIM U3MeHeHuUeM
mernoemMKocmu.

®a3zosble nepexodbi 8Mopoeo poda cesi3aHbl C U3MEHEHUEeM CUMMempUU:
BblLLle TOYKW Nepexofa cuctema obnagaet 6onee BbICOKOW CUMMETPUEN, YEM HUXE
TOYKM Nepexoaa.

Mpumepbl ha3oBbIx NEPEXOAOB BTOPOro poaa: nepexop eppoMarHUTHbIX
BELECTB MpU OnpeferneHHbIX [AaBMneHusiXx W TemnepaType B MapamarHuTHoe
COCTOSIHME; Mepexod MeTanfioB W CNnaBoB MpU  HU3KMX TemnepaTypax B
CBEpPXMNPOBOAsLLEE COCTOsIHME; NpeBpalleHne OObIKHOBEHHOMO >XWAKOro renvsi B
CBEPXTEKYYMN.

64.dunarpamma COCTOSIHUSA.

Ecnu cuctema sBnsieTcsl 0OHOKOMMOHEHMHOU, T.€. COCTOSILLEN U3 XUMUYECKN
OOHOPOAHOrO BeLUecTBa WU ero CoeduHEeHWs, TO MoHsamue ¢hassbl cosnadaem ¢
MOHSIMUeM agpe2amHo20 COCMOSIHUS.

Ona  HarnsgHoro  m3obpaxeHuns  a3oBbixX
npespaLleHni ncnonb3yetcs duazpamma
cocmosiHusl, Ha KoTopo B koopauHatax (p,T)

3ajaeTcs  3aBMCMMOCTb  Mexay  TemnepaTypow
da3oBoro nepexoga W AaBfeHWeM B BUOE KpPUBbIX
ucnaperusi (KH), nnaenenusi (KII) w cybnumayuu
(KC), paspenswowmMx nofie Jauvarpammbl Ha Tpu
obnactu, COOTBETCTBYIOLLME yCrnoBusaM
cywecTtBoBaHus TBepgon (TT), xugkon (K) wn
. rasoobpasHon (I') das.
?. KpvBble Ha gmarpamme HasblBAKOTCA KpUBbIMU
@as308020 pasHosecus, Kaxpas TouKa Ha  HUX
COOTBETCTBYET YCNOBUAM paBHOBECUS ABYX COCYLLECTBYIOLMX has.
TpoMHOM TOYKOW Ha3biBAeTCs TO4ka, B KOTOPOW MepecekarTCs KpuBble
(ha3oBOro paBHOBECUSI W KOTOpas, CredoBaTenbHO, OnpeaenseT  YCroBusi

(temnepatypy T, W paenedne  p. ) OOHOBPEMEHHOZO  PABHOBECHOZO

cocyujecmeosaHusi mpex ¢ha3 sewjecmsa.

TpoiiHass moyka eodbl cooTBETCTBYET TemnepaTtype 273,16 K (unu 0,01°C no
wkane Llenbcus) 1 aABnsieTcsl OCHOHOU pernepHol moYkol ONsi MOCTPOEHUs
TEepMOANHAMUYECKON TeMNepaTypHOW LUKasbI.

pA

o]
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T.e. paBHa CyMMe aTOMHbIX TEMNnoeMKOCTel 3MEeMEHTOB, COCTaBMAIWMX 3TO
COeNHEHNS.

OTknoHeHnst oT 3akoHa [toroHra u Mt (0co6eHHO Npu HU3KMX TeMnepaTypax)
0BGBACHAITCA UCXOASA U3 KBAHTOBBIX NMPeACTaBMNEHM.

62. A3meHeHMe arperaTHOro COCTosiH1SA.

W B xupkocTsx v B TBepablX Tenax Bcerga ecTb
ra3 HEKOTOpPOE YMCIO MOJEKYS, SHEPrnsi KOTOPbIX AOCTaToYHa
AN NPeoAoneHust MPUTSDKEHUST K APYrUM Monekynam, u
KOTOpble CMOCODOHbI MOKUHYTb MOBEPXHOCTb XUAKOCTU WK
TBEpAOro Terna. Takow Mpouecc Ans XUAKOCTU HasbiBaeTcst
ucnapeHuem (VN napoobpasoeaHueM), ONsi TBEPObIX Ten
— cy6numayueli (Mnn 80320HKOL).

KoHOeHcayueli Ha3blBaeTcs nepexon  BellecTBa
BCMNEACTBUE €ro OXJIaXAEHUsI UMK CxXaTusi U3 razoo6pasHoro
COCTOSIHWS! B XWUKOE.

Ecnn uucno monekymn, noOKMaalLWMX >XUAKOCTb 3a
edVHVLY BPEMEHU Yepe3 eAMHUYHYH MOBEPXHOCTb, PaBHO
yucny MOMeKyn, nepexofsyx W3 napa B XWAKOCTb, TO
HacTynaet JuHamuyeckKoe pasHosecue mMexagy
npoweccamu ucnapeHus u koHaeHcauuu. flMap, Haxogswmiics
B PaBHOBECUM CO CBOEW XWUAKOCTbIO, Ha3blBAeTCS HaCbIWeHHbIM.

lMnaeneHuem Ha3biBaeTCs nNepexoq BeLWecTBa W3  KPUCTannMyeckoro
(TBEpPOOro) cocTosiHuA B xuakoe. [naBneHve npoucxoauT npu ornpedesnieHHol,

BO3pacTatoLlen c yBenuyeHnem
T a) T 6) BHELUHEro AaBrfeHusl, memnepamype
nnaenenus T, .

T B npouecce nnaeneHus Tennota
v Q, coobllaemas BellecTBy, MOeT Ha

coBeplUeHne pabomsl 10 paspyweHUro

e Kpucmannu4eckoul pewemku, "

5 ik nostomy 7T, =const (puc.(a)) Ao
pacnnaBneHus BCero Kpuctanna.

KonunyectBo Tennothl L, HeobGxoaumoe AOns pacnnaBneHus 1kr BelecTsa,
Ha3blBaeTCs yAenbHOW TeNnoToi NnaBrneHus.

Ecnu xnpakocTb oxnaxaaTtb, TO npolecc noigetr B obpaTHOM HamnpaBfieHun
(puc.(6), Q'— konnyecTBo TennoTbl, OTAABaeMOe TeNoM Mpy KpucTannmaaumn):
CHayana TemnepaTypa J>KMAOKOCTU TMOHWXKaeTcs, 3aTtemM npu  NOCTOSIHHOM
TemnepaType, paBHon T, , HAYMHAETCs Kpucmasnau3sayusl.

i’

Ons  kpuctannusauum  BelwlecTBa  HeobGXOAWMMO — HanuyMe  YyeHmpos
Kpucmannusayuu — KpWUCTannmn4yeckvx 3apopbiliel, KOTOpbIMM MOryT ObiTb Kak
KpucTannukn obpasylolierocs BeLecTBa, Tak M Nobble MHOPOAHbIE BKIOYEHUS.
Ecnn B uncTOM XMAKOCTM HET LEHTPOB KpucTannusauum, TO OHa MoXeT ObiTb
oxnaxjeHa OO TemnepaTtypbl, MeHbLUEN TemnepaTtypbl Kpuctannusauum, obpasys
npu 3ToM nepeoxnax0eHHY xudkocms (puc.(6) — NyHKTUP).

AMopdHble Tena ABMATCSH NepeoxnaXxaeHHbIMU XUOKOCTAMM.

o
s
I
@
-9
©
c
7]
=

XUOKOCTb

cy6numaums (Bo3roHka)

nnaenexHve

TBEPAOE TEJNIO

T [ X Kl Kpueran-{ TT'

A.H.Orypuos. flekyuu no gusuke.
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COCmosiHUe cucmembl C meyeHuem e6peMeHU He MeHsemcsd, TO 3Ta cucrtema
HaxoguTca B mepMOduHaMu'-leCKOM pasHoegecuu.

3. Temnepartypa.

TeMnepaTtypa — OLHO M3 OCHOBHbIX MOHATWIA, UrPaOLLMX BaXKHEWLLYO pofb B
du3nke B Lenom.

Temnepamypa — du3ndeckasi BenuyMHa, XapakTepuaylllasi COCTOsiHUe
TEpPMOONHAMMUYECKOTO PaABHOBECUS MAKPOCKOMUYECKOW CUCTEMBI U OnpeaenstoLasi
HanpaBneHue TennoobmeHa Mexay Tenamu.

B HacTosiee Bpems UCNONb3yloT ABE TeMNepaTypHbIe LKarnbl.

MexayHapoaHaa npaktuyeckas wkana (wkana Llenbcus ) rpagyvpoBaHHasi B
rpagycax LUenbcna (°C) no pBym pernepHbIM mo4YkaM — Temnepatypam
3amMep3aHns U KuneHust Bofbl npu AaeneHun 1,013:10° Ma, KoTopble NPUHUMAIOTCS
cooTBeTcTBeHHO 0°C 1 100°C.

TepmoavHamuyeckas TemnepaTtypHasi wkana (wkana KenbsuHa),
rpagyvpoBaHHas B rpagycax KenbsuHa (K) onpegensierca no ogHoM penepHon Touke
— mpolHol moYyke 600bI — TeMmnepatype, Npu KOTOPOW nen, Boga W
HacbllWeHHbI nap npu aaeneHun 609 Ma HaxoasTcs B TepMOAMHAMUYECKOM
paBHoBecun. TemnepaTypa 3TOM TOYKM MO [AaHHOW LWkKane paBHa 273,16 K.
Temnepatypa T =0 K HasbiBaeTca Hynem KenbeuHa.

TepmoauHamunyeckass  Temnepatypa (7)) wu  Temnepatypa (f) no

MexayHapoaHOWM NpakTU4eCcKoW LKane cBa3aHbl COOTHOLLEHNEM
T=27315+t

Hopmanshsie yenoeusi: T, =273,15K=0°C, p,=10132511a.

4. NpeanbHbIN ras.

Pusmyeckaa Mmogenb, COrnacHoO KOTOPOWA:

1) coGCTBEHHbIN 06BEM MONEKYn rasa npeHebpexnmo man no CpaBHEHUO C

ob6bemom cocyaa;

2) mexagy Morekyrnamu rasa OTCyTCTBYIOT CUibl B3aUMOAEWCTBUS;

3) CTONKHOBEHWsi MONeKyn rasa mexagy cobo K co CcTeHkamu cocyda

abconoTHO ynpyrue.

Mcxodst M3 3TOro maeanbHbIM ra3 MOXHO paccMaTpuBaTb Kak COBOKYMHOCTb
6ecnopsaoyHO ABMXKYLLMXCS MOSEKYm-LLapukoB, UMEILWNX npeHebpexumo manbin
COBCTBEHHbIV 0OBEM M HE B3aMMOAENCTBYIOLLMNX APYT C APYrOM Ha pacCTOSHWMN.

3akoHbl, onucbiearoujue nosedeHue udeasnbHbIX 2a308 — 3aKOHbI Boins-
MapuoTTta, ABoragpo, flanbTtoHa, Nen-Jlroccaka.

5. 3akoH Bounnsa-MapuoTtTa.

Ona paHHOW Maccbl rasa m  NpW NOCTOSHHOW
Temnepatype T npousBefeHve AaBneHus p Ha obvem V' p
€CTb BeNMYMHa NnocTosiHHas:

pV =const npn T =const n m = const

KpuBasi, nsobpaxatoLias 3aBUCUMOCTb Mexay p u V',
XapakTtepusylollias CBOWCTBA BeLLeCTBa MpU  MOCTOSHHOW
TemnepaTtype, HasblBaeTcs wu3oTrepmon. WM3otepmbl —

rmnepborbl, pacrofiokeHHble Ha rpaduke TeMm Bbille, 4YeMm
BbllLE TemnepaTypa NpouCXOAsALLEro npoLecca.

T pactet

MornekynsipHas cusnka 1 TepmMoanmHamuka
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6. 3akoH ABoragpo.
KonunyecTBo BellecTBa V — usnyeckasl BenMuYMHa, onpenensiemasi YMCcriom

cneumpmqecmx CTPYKTYPHbIX 31EMEHTOB — MOJeKyn, atoMoB WM WOHOB, W3
KOTOPbIX COCTOUT BELLECTBO.
Edunuqa KoJslu4ecmea eeuwjecmea — MOJIb — KONMMYeCTBO BellecTBa

CUCTEMBbI, CO,EI,Gp)KaLLLeVI CTOJIbKO Xe CTPYKTYPHbIX 31TIEMEHTOB, CKOJIbKO COLEPXKUTCA
B 0,012 kr usoTona yrnepoga 'C.

1
B ogHom mone pa3nnyHbIX BewleCTB COOAEepPXUTCA NA =6,022~1023

OAHO U TO e uucro monekyn N ,, Ha3biBaeMoe YMCMOM MOTh
Asoragpo.
3akoH ABoragpo: mosu nobbix 2a3oe npu oGuHakoeol memnepamype u
daeJsieHUU 3aHUMarom oOUHaKoeble 06bLeMbl. 3
- 3 M
Mpu_HopmanbHbix ycnosuax (7' =T1;, p = p,) 70T V,=22,41-10 I

o6bem V# (MonsipHbIM 06bEM) paBeH:

m m
MOHHEHaH Macca ‘l.l = — — 3TO MacCa O4HOro Mos4 BeLllecTBa. OTCPO,Ela: V=—
v u

EduHuya monsipHOU Maccbl — KUNOrpaMM Ha Morb (Kr/Monb).

7. 3akoH [lanbToHa.

MapuyuanbHoe OdaeneHue — [aBrieHne, KoTopoe npoussoaun 6Obl ras,
BXOOALWMIA B COCTaB rasoBoil CMecu, ecrnu Obl OH OAMH 3aHUMMan o6beM, paBHbIN
06beMy cmecw Mpu Tol e TeMrepaTtype.

3akoH [lanbToHa: AaBrieHWe CMecu uaeasribHbiX ra3oB paBHO CymMMe
napunanbHbIX JaBneHni p,, p,,..., P, BXOASALWMX B Hee rasos:

p=pi+prt..+p, wwm  p=Yp,

8. 3akoH en-occaka.

o P A _
1) [aeneHve p [aHHOW Macchbl m rasa npu NOCTOSHHOM ¥, = const
06bemMe N3MeHAEeTCs NIMHENHO C TemnepaTypon £ :
p=po(1+or), npn V =const, m=const . Vi = const
2) O6bem V paHHOM Macchbl m rasa Mnpu MOCTOSIHHOM
[OaBMNeHUN U3MEHSIETCS NIMHENHO C TemnepaTypoun ¢ : /j vy
e >
V=V,(1+at), npu p=const; m=const. L2 L,
0
) -lla O t,°C
rme a=%,K', Vy n p, — obbem n fasnexve npu VA
o p, = const
t=0°C;
Mpouecc, npoTekawLuii rnpu nocmosiHHoOM 0assieHuU, = const
Ha3blBaeTcs M306apHbIM. Ha avarpamme B koopavHaTax P
(V,t) atoT npouecc usobpaxaeTcs NPsSIMOiA, Ha3biBAaeMOK
- ]
nsobapon. 7 4
. 54 P> P,
Mpouecc, npoTekawwWwwmii fApu MOCMOSIHHOM 0bbeme, 17’ 5 >
-1/a t, °C

Ha3blBAeTCs M30XOPHbIM. Ha guarpamme B KoopauHaTax
(p,t) oH usobpaxaeTcsa NPsSIMON, Ha3biBAEMOW N30XOPOMU. RV > K
M306apbl 1 M30XOpbI NepecekatoT ocb TemnepaTyphbl B '
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60.dedrekTbl B KpucTannax.

Oedektamy  KpUCTanNNMYECKOW peLleTKM Has3blBalOTCA  OTKMOHEHWS OT
yrnopsiioMEHHOTO PacnorioKeHUst YacTul, B y3nax peletku. JedekToel genarca Ha
MakpocKornuyeckue, BO3H/KaloLme B npoLecce o6pa3oBaHUs 1 pocTa KpucTannos
(HanpumMep, TpeLUWHbI, MOpPbl, WMHOPOAHbLIE MAaKPOCKOMUYECKME BKMOYEHMS), U
MuKpockKonu4eckue, OOYyCNoOBMNEHHbIE MUKPOCKOMUYECKUMU  OTKIMOHEHUAMU  OT
nepuoanNYHOCTH.

MwukpogedekTbl OensaTca Ha mMo4YeyHble WU JIUHelHbIe. TovedHble aedekTb
ObIBalOT Tpex TMnoB: 1) BakaHCUsA — OTCYTCTBME aToOMa B Yy3rie KpWUCTamnnm4eckomn
(a) (b) (c) pelleTkn (a); 2) MexaoysenbHbl aToMm
P —9— - < — aTom, BHePVBLLUIACS B
< MexpgoysenbHoe npocTpaHcTBo (b); 3)
) o NPUMECHbIN _aToM — aToM npuMecH,
)@ L + ¢ nmbo 3amellalOWMii  aTOM  OCHOBHOIO
BellecTBa B KpUCTannMyeckon pelueTke
(npumecb  3ameuwjeHusi (c)), nwmbo
BHEAPUBLLUICA B  MEXOOy3enbHOEe MPOCTPAHCTBO (Mpumechb B8HeOpeHus).
ToueuHble gedekTbl Hapywarom TONbKO 6UXHUL MOpsAG0K B KpUcTannax.

JluHenHble aedekTbl Hapywatrom OanbHul nopsidok. Ocoboe MecTo cpeawn
NVHEeNHbIX  OedeKkToB  3aHMMalT AUCHOoKauuuM — JNUHEnHble  AedekThbl,
@) 6 __ Hapywaiowme  npaBuibHOe  YepeoBaHue

aTOMHbIX NfocKocTen. PasnuyaloT kpaeebie
(kpali amomHoU nnockocmu, obpbigaroujelics 8
Kpucmarnne (a)) n euHmoebie (amoMHbIe
nrnockocmu obpa3syom 8UHMO8YH0
rnosepxHocms (6)) ducsiokayuu.

@-

61. TennoemkocTb TBepAbIX TeN.

PaccMoTpuM unpeanbHyld KpUCTanfMYEcKylo peLleTKy, B Yy3nax KOTOpOu
YacTuubl, NMPUHMMaEMbIe 3a MaTepuaribHble TOYKKU, KOoNebnoTcs BONU3N NONOXEHWI
paBHOBecUss B Tpex B3aWMHO MEPrNeHAUKYNSPHbIX — HanpaBneHusix  (Tpu
konebartenbHble CTeneHy cBoboabl, Kaxaas U3 KoTopbix obnaaaet aHepruein kT ).

BHYTpeHHSAst aHeprus Mons TBepAoro Tena Uu =3N kT =3RT

rae N ,— uucno ABoragpo, R — MonsipHasi ra3oBasi NoCTOsHHas.
MonsipHas TennoeMKocTb TBepAoro Tena:
Jx
MoJIb - K
MOJISIPHasi MensioeMKOCMb XUMUYECKU NPOCMbIX mes 8 Kpucmasiu4yecKoM
cocmosiHuu oduHakoea (paBHa 3R) u He 3aeucum om memmnepamypsl.
Ecnu TBepaoe Teno ABNAeTCA XMMUYECKUM coeamHeHneM (Hanpumep NaCl), To
4MCIO YacTuL, B Mone paBHo nN ,, rae n— 4ucno atomos B mornekyne (ans NaCl

— 3akoH [lronoHra u Ntn —

du,
C,=—*"=3R=25
dT

uncno vacTuy B Morie pasHo 2N ,, mockonbKy B ogHoM more NaCl cogepxutes N,

atomoB Na u N, atomos Cl).
MonsipHas TennoemKocTe meepadbix XUMUYEeCKUX COeQUHeHUl

C, =3nR=25.n—2% _
Moib - K

MornekynsipHas cusnka U TepMoanMHamMuka
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ONS KUOKOCTEW, XapaKkTepeH 6sIuXHuUll nopsiOOK B PacrofioKeHUM YacTul, Ho, B
oTnuyune ot )KI/IJJKOCTeVI, nods8uXHoCcMb YyacTuu B HUX OOBOJIbHO mara.
OpeaHuyeckue amopdHble Tena, MONeKyrbl KOTOPbIX COCTOAT U3 GosbLIOro
yucna OAMHaKOBbIX ASIMHHBLIX MOMEKYNSPHBLIX LENOYeK, COeanHEHHbIX XUMMUYECKUMM
CBSI35IMU1, Ha3bIBAOTCS MosiuMepamMu (Hanpumep, Kaydyk, NoNMaTUIEH, pe3nHa).

59. Tunbl KPUCTANNOB.

B 3aBucMMOCTM OT poda 4acTul, PacrnofiOKEHHbIX B y3nax KpUCTansim4eckon
pelleTkn, W Xxapaktepa CWn  B3aMMOAENCTBMA  MeXZy HWMU  KpucTanmbl
noapasgensioTcd  Ha  YeTblpe  TUna: WOHHbIe, aToMHble, MeTannuyeckue,
MOSEKYTSIPHbIE.

WoHHble KpucTannbl. B y3anax KpucTannMyeckon peLleTku pacrnonaratTcs
nooYepeaHo MOHbI  NPOTUMBOMOSOXHOMO  3Haka.
CTpyKTYphI peLueTok OByx Haubonee
XapakTepHbIX WOHHbIX Kpuctannos — NaCl
(peweTka nNpeacraBnseT cobow ABe OQUHAKOBbIE
rpaHeLEeHTPUPOBaHHbIE  KyOM4ecKMe peLueTku,
BMOXEHHblE ApYr B ApYyra; B y3nax O4HOW N3 aTUX
peLIeToK HaxoasaTcs WoHbl Na', B yanax Apyron —
moHel CI') m CsCl (kybuueckas ob6bEMHO-
LEeHTpUpoBaHasa pelleTka — B LEHTPe KaXdoW SMNeMeHTapHOW SYerku HaxoauTcs
WOH) — MnokasaHbl Ha pucyHke. CBa3b, 0DyCnoBrneHHas KyrnOHOBCKUMW Cuamu
NPUTSHKEHNS MEXAY PAa3HOMMEHHO 3apSHKEHHLIMW MOHAMU Ha3bIBaEeTCS UOHHOU.

AToMHble KkpucTannbl. B y3nax kpucrannuMyeckon pelueTku pacnonaratTcs

r HenTpanbHble aTOMbl, YAEPXUBAIOLWMECH B y3nax peLlueTku
KoeasieHmMHbIMU ceasamu KBaAHTOBO-MEXaHN4YEeCKOro
npoucxoxaeHuss (y cocegHux aToMoB 0606u4eCTBanTcs:|
BaneHTHbIE 3MEKTPOHbI, HaMMeHee CBSA3aHHbIE C aTOMOM).
Mpumep aTOMHbIX KpucTan-
4 nos — anmas u rpaguT.
B anmase kaxabli atom
yrnepoga CBsi3aH C 4eTbipbMs
TakKUMW xe aToMamu, KOoTopble
pacnonaraloTcs Ha OAMHAKOBbLIX PacCTOSHUAX OT Hero B
BeplwMHax TeTpasgpa. B rpadwte aTtombl yrmepoaa
ynakoBaHbl B MfOCKME CIOMW, CBA3aHHble Mexay cobon
cnabbiMn BaH-Aep-BaanbCoBbIMU CUNAMMU.

MeTtannuyeckue kpuctannbl. B y3nax Kpuctannuyeckom  peLueTku
pacnonaralTCs  MONOXMUTENbHble  MOHbI  MeTanna. Mpn  obpasoBaHum
KpUCTannmnyeckon pelueTku BaleHTHble SMeKTPOHbl, cnabo cBA3aHHble C atomamm,
OTAENSTCSA OT aTOMOB M KONNEKTUBM3MPYIOTCA: OHU YXXe MpUHaanexat He OgHOMY
aToMy, Kak B Cfllydae MOHHOW CBSA3M, M He nape cocedHMX aToOMOB, Kak B Cryyae
KOBarneHTHOWN CBA3U, a BCEMY KpUCTanmy B LEfoM.

MonekynsipHble kKpuctannbl. B y3nax kpuctannumyeckon peLueTku
pacnonaralTcs HelTpanbHble MOMEKynbl BeLlecTBa, Cuilbl B3aMMOAENCTBUS MexXay
KOTOpbIMW OBYCMOBMEHbI HE3HAYMTENMbHBIM B3aUMHbLIM CMELLEHUEM 3NEKTPOHOB B
ANEKTPOHHbIX 060NoYKax aToMOB. OTW CUIbl Ha3bIBaOTCH 8aH-0ep-8aasibCoO8bIMU,
TaT KaK OHW UMEIOT Ty Xe MpUpoay, YTO U CUNbl NPUTSHKEHUS MexOy Morekynamu,
NPUBOASILLUMMUN K OTKIMOHEHWIO Tas3oB OT uaeanbHocTU. [Mpumepbl MOMNEKYNSIPHbIX
KpUCTanmnoB — opraHu4eckue coeauHeHus (Hanpumep, napadwviH), MHEpPTHbIE rasbl
(Ne, Ar, Kr, Xe) n atmocdepHble rasbl CO,, Oy, N2 B TBEpAOM COCTOSIHUM, Nneq, U T.4.

2R ,/////,,

AR R
z/////f///f///////// {{/Z//ﬁ//

YL GG e
) T ,///?//'{/ G228
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Touke ¢ =—) =-273°C. Ecnu Havarno otcyeTa CMECTUTL B 3Ty TOUKY, TO MOJSTy4UM
wkany KerbeuHa (TepmopnHamudeckyto Temneparypy): 7=t + Y.

B TepmoauHaMuyeckon LiKane Temnepartyp:
V=V,1+at)=V,oT, p=po(1+ot)=pal

OTtkyga:
h_T1
—=—unn —=const npu p=const; m=const
v, T, T
1 1 P
—=— wunum — =const npu ¥V =const; m=const (3-H Wapns),
p, T

roe vMHaekcbl 1 M 2 OTHOCATCS K MPOMU3BOMbHLIM COCTOSIHUAM, NeXalum Ha
ofHoit nsobape unu n3oxope.
9. YpaBHeHWe COCTOSIHUA UaeanbLHOro rasa.

YpaeHeHueM COCMOSIHUS TEPMOAMHAMUYECKOM CUCTeMbl Ha3sblBaeTcs
ypaBHeHWe, KOTOpOe CBA3blBAET AaBneHve p, obbem V' wu Temnepatypy T

TEPMOANHAMNYECKON CUCTEMbI, HaxoasLencs B COCTOSAHUW TepMOAMHaMUYECKOro

paBHOBeCHUS:
f(p.V.1)=0
rae Kaxaasi U3 nepemeHHbIX SBRsSeTcst PYHKUMEN ABYX APYIWX.
.y MycTb HekoTopas macca rasa 3aHumaeT obbem V),

VMeeT [aBneHue p; W HaxoguTcs npu Temnepatype 7.
OTa xe Macca rasa B OpyromMm NpPOU3BOSIbHOM COCTOSIHUM
xapaktepusyeTcsi napametpamu p,,V,,T,. Tlepexon w3
coctosHmns 1 B  COCTOsiHME 2  ocyllecTBnsercs

R P> ¥, T nocrenosatensHo nsotepMuueckuM (1-1') U M30XOPHBIM
2 (1’-2) npoueccamu.
2 PVt Mo 3akoHam Bonna-MapwuoTTa u len-Jlioccaka.
’
I _ n_TL
1 |3 4 pVi=pls, T
D> 2
Wckntovas pl', nony4ynMm ypaeHeHUe cOCMOsIHUSI udeaslbHO20 2a3a:
V, V. V
Py Pa¥y unm s = const
S T

Mo 3akoHy ABoragpo, npu oavHakoBblX p M T MONM BCex rasoB 3aHUMaroT
OOVMHAKOBbLIA  MOMSPHBIN  06beM V#' YpaeHeHue cocmosiHus pOna  mons
naeanbHoOro rasa: pV# =RT, roe koHcTaHTa R =8,31 [x/(Monb-K) — HasbiBaeTcs

YHueepcasibHOU 2a3080U MOCMOSHHOU.

OGvem rasa maccel m: V =vV, =ﬂV#. Ortciopa pV = ﬂpVy =" RT =VRT

M M H
YpasHeHue MeHOeneesa-KnanelipoHa — ypasHeHUe COCMOSsIHUSI [N
maccbl m vheanbHoro rasa:
m
pV =—RT
u

MornekynsipHas cusnka 1 TepmMoanmHamuka
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R _ K
Ecnu ucnonb3oBaTb mocmosiHHyro bonbymana: k = N— =138-10 z H—

A
TO ypasHeHuUe COCMOsHUsA NpuMmeT BUa:

RT kN, T
p=—-=—"A"=nkT
Vu Vu
N N,
roe n=;=V— — KOHUeHmpauyusi MOJIeKysl — Y/UCNO MOMNEKyn B eauHuue
u
obbema.

Takum obpasom:
1) OaeneHue wvpeanbHOro rasa npu [JaHHOW  TemnepaTtype MpsiMO
nponopyuoHanbHO KOHUeHmMpayuu ero Monekyr,
2) npv OAMHAKOBLIX TEMMNepaType W AaBrneHUM BCe rasbl cogepxaT 8 eQuHuye
ob6bema 0OUHaAKOBOE YUCIIO MOEKYIT.
Uucnio Mornekyn, copepxalumxcst B 1M° rasa npu HOpMAarbHbIX YCAOBUSX,
Ha3blBaeTcs yucsiom Jlowmudma:

N, =P =268.10%
kT,

0 M

1
o3

10.0cHOBHOE _ypaBHEHWE MOJIEeKYNSAPHO-KUHETUYECKON Teopuu uaeanbHbIX
rasos.

Myctb B cocyne o6bemMom V' HaxoguTcs umoeanbHbld ra3 maccow m,
coctosimin U3 N Monekyn Maccon m,, [ABWKYLUIMXCA C  OAMHaKOBBLIMM
ckopocTAMM U . KOHLEHTpauusi MOrneKyn B ra3e no onpeaeneHuno n = N/V.

Ecnu npu coyaapeHusix co cTeHkamu 3a Bpemst Af anemeHTapHon nnowagke
AS' cTeHku cocyna nepegaetcst umnynsc AP, To daesieHue rasa, okasbiBaemMoe UM

Ha CTeHKy cocyda p AAS

Mpu kaxgom coyfapeHWn Momekyna, ABWXKYLLAsCS NepreHanKynsipHO CTeHKe,
nepenaert en umnynsc 2myL . B cpefHeM Mo HanpaBreHuio Kk CTEHKE ABUKETCH Y
yacTb Bcex monekyn. (Ecnm paccmoTpeTb Tpu B3aUMHO NeprneHanKYNspHbIE OCU, TO
B CPEAHEM TOMbKO Y4 Morekyn ABUXETCS! BAOMb OAHOM U3 OCEil M TONIbKO MOMNOBUHA

n3 Hux Y (}4) Boonmb AaHHoro Hanpaenewwsi.) Moatomy, 3a Bpemsi Af nnowwagku

1 1
AS pocturHyT gnASUAt Morekyn 1 nepefagyT e umnynsc AP = ganUZASAt.

[aeneHue, okasbiBaeMoe ra3oM Ha CTEHKY cocyaa: p = gnmovz.

Ecnu ras B o6beme V' copepxut N Monekyn, ABWKYLUMXCA CO CKOPOCTSIMM
V;,V;,...,Uy, TO UenecoobpasHo paccmaTpuBaTb CpedHI Keadpamu4Hyio
cKopocmb, KOTOpast ONpeaenseTcs Kak

N Vmnax
<st>2 = %zviz :% jvszv
i=1 0

1 XapaKTepr3yeT BCIO COBOKYMHOCTb MOJIEKyI rasa.

A.H.Orypuos. flekyuu no gusuke.
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57.KanunnsipHble ABNeHUs.

Kanunnapamu HasbiBalOTCS y3KME LUNMHAPUYECKME Tpybku C avameTpom
MeHee MunnuMeTpa.

KanunnapHocmbio Has3biBaeTCA SABMEHNE W3MEHEHUS YPOBHS KWAOKOCTU B
Kanunnspax.

XugkocTb B Kanunnsipe NoOAHUMAETCA UMM OMyCcKaeTcs Ha Takylo BbicoTy /i,
npu KoTopoi AaenexHue cronba kuakoctn (2udpocmamuyeckoe OaesieHue) pPgh

ypaBHOBeLIMBaeTCA N30bITOYHLIM JaBMNEHNEM Ap :

20

=~ poh

R pg

BbicoTta nogHATuA (rmybuHa onyckaHus)
XKMOKOCTW B Kanunnspe:
20 20
h=-—-=——cos0

PgR  pgr

rae P — NAOTHOCTb XWOKOCTU, »r— pagunyc
Kanunnapa, R— pagnyc KpBmU3HbI MEHUCKA, g — YCKOpeHue cBoboaHOro nageHus.

BbicoTa nogHATMS  (OmMyckaHusl)  KMOKOCTUM B Kanunnape  o6paTHo
nponopumMoHarnbHa ero paguycy.

58.Kpuctannuyeckue un amopdHbie TBepable Tena.

TBepabiM  TenoM HasblBaeTCsa  arperaTtHoe  COCTOsSlHME  BellecTBa,
XapakTepusyloLeecsi MNOCTOSHCTBOM opMbl 1 obbema, npuyeM TennoBble
OBWKEHNA 4YacTuL B HUX npeactaBnsoT cobon xaoTudeckue konebaHus yactul
OTHOCUTESBHO MOSIOXEHUI paBHOBECKS.

TeepAable Tena noapasfaensioTca Ha KpucTannmyeckme u amopdHeble.

Kpuctannuyeckue Tena — 370 TBepAble Tena, MMelLme ynopsaoveHHoe,
nepuoanYeckn NOBTOPSIOLLEECS PACTONOXeHNEe YacTuL,.

CTpyKTypa, ANsi KOTOPOW XapaKTepHO peryrnsipHoe pacrnorioXeHne 4acTul C
nepuoamnyeckomn NOBTOPSIEMOCTbIO B Tpex  M3MepeHwusx, HasblBaeTcs

O @0 @ 0o e o Kkpucmannuyeckol pewemkod.

TouYkK, B KOTOPbIX PacnorfioXeHbl YacTuupbl, @ ToYHee
— cpegHVe paBHOBECHBIE MOMIOXEHUS, OKOMO KOTOPbIX
YacTuubl coBepLlalT konebaHus, HasblBAlOTCA y3namu
Kpucmannu4eckol pewemku.

XapakTepHo OCOGEHHOCTbIO KPUCTanmoB SABMNSETCA
X aHU3O0TPOMHOCTb — 3aBMCMMOCTb (PU3NYECKNX CBONCTB
(ynpyrux, MexaHU4ecKuX, TEeMmroBbIX, 3MEKTPUYECKMX,
MarHWTHbIX, OMTUYECKMX) OT HampasneHusi. AHU30TPONUs
KpucTannoB OOGbACHAETCA TeM, YTO NMOTHOCTb PacrofoXeHUs YacTul, No pasHbIM
HanpaeneHWsIM He oaMHAaKOBA.

Ecnu kpuctannuueckoe Teno COCTOMT M3 eOUHCMBEHHO20 KpucTasnna, OHO
Ha3blBaeTCs MOHOKpucTannom. Ecnv TBeppoe Teno cocTtouT M3 MHOXeCTBa
6ecnopsgoyHO  OPMEHTUPOBAHHBIX  KPUCTaNNMYeCcKux 3epeH, OHO HasbiBaeTcs
nonukpuctanaom. B nonukpuctannax aHusoTponus Habniogaetcs TONbKO Ans
OTAENbHbIX MENKUX KPUCTarUKOB.

TeBepable Tema, uU3MYeckne CBOMCTBA KOTOPbIX OAMHAKOBbI MO BCEM
HanpasneHWsM (M30TPOMHbI), Ha3bIBaOTCS aMOPAHbLIMU. NS aMOPMHBIX TeN, KaK 1

o e O ¢ O @ O
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55.CmaumBaHue.

CmayueaHueM Ha3blBaeTCs ABMIEHNE UCKPUBNEHUA c80600HOU nosepxHocmu
XKMOKOCTW NPU CONPUKOCHOBEHUW XNAKOCTU C NOBEPXHOCTLIO TBEPAOro Tena.

MoBEPXHOCTb XWAKOCTW, WCKPUBIIEHHAs Ha rpaHuue C TBepablM Teriom,
Ha3bIBaE€TCS MEHUCKOM.

JIMHUS,, NO KOTOPO MEHWUCK MepecekaeTcsi C TBepAbIM TerioM, HasblBaeTcs
nepuMempom cMa4yueaHusi.

SIBNeHWe CMauMBaHUs XapakTepusyeTcs KpaeebiM yaiom O  mexay
NMOBEPXHOCTbIO TBEPAOro Tena U MEeHWUCKOM B TouKax MX nepecedveHusi (B Toukax
nepumeTpa  cMaumBaHus).  XKmakocTb
HasblBaeTcs cmayquearowjeli TBephoe
Teno, €ecnM KpaeBOW Yrom OCTPbIN:
0<0<7/2 (puc.a) n Hecmaduearowell,

ecrm T/2<6 <7 (puc.6).

Ecrm 6 =0, cmaunBaHve cuutaetca
udeanbHbIM (MonHbiM). Cnyyan 0 =1 —
3TO udearsbHoe (NOMNHOE) HecMayueaHue.

Ecnn cunbl  npumsikeHusi  mexoy
Monekynamu meepdo2o mena u xudkocmu 6Gonblue, YeM CUnbl MPUTSXKEHUS
MOMEKyn >XWUOKOCTM Apyr K Apyry, TO XuakocTb OydeT cmadusarowein. Ecnu
MOIEKYIIsIPHOE MPUMSDKEHUE 8 XUOKOCMU NPEBbLILLAET CUMbl NMPUTSHKEHUS MOMNeEKYn
XMOKOCTW K MOMEKyIam TBepAoro Tena, To XMOKOCTb He CMaynBaeT TBepAOe Teno.

56.JaBneHue nog UCKPUBIIEHHOW NOBEPXHOCTLI XUAKOCTHU.

chepmquKaﬂ eblnyKnas NOBEPXHOCTb npon3soanT Ha XNOKOCTb
OONOoNHUTEeNbHOE OaBlieHue, Bbi3BaHHOE CUNMaMy BHYTPEHHEero HaTsaXeHus,

o
HanpaBneHHbIMM BHYTPb KMOKOCTH, ApzZE, roe R— paguyc cdepbl. Ecnn
NMOBEPXHOCTb KWAKOCTU 802Hymasi, TO pe3ynbTupylolas curna MOBEPXHOCTHOro
o
HaTSHXKEHWSI HaNpaBneHa 13 XUAKOCTU U JaBreHVe BHYTPU KXuakocTn Ap = —25.

U36bimoyHoe OdaesieHue 6HymMpu MbIIbHO20 ny3bips paguyca R
Bbi3blBaeTCA [AencTBMeM 060oMX MOBEPXHOCTHBIX CMOEB TOHKOM Ccdepuyeckon

MbInbHOI nneHkn: Ap =40/R .

B obwem cnyyae un30bITOMHOE [aBrneHne Ans
R<0 NMPOM3BONbLHOM  MOBEPXHOCTU  KMAKOCTU  ONMCbIBaeTCs

dopmynon Jlannaca:

1 1
=0l —+—
o R R
roe R, n R, — paauycbl KpuBWU3HbI OBYX moObIX

B3aMMHO  MEPNEHOMKYNSPHbIX ~ CEYEeHUA  MOBEPXHOCTU
XWUOKOCTW B AaHHOW TOYKE.

Pagunyc KpvBK3HbLI NOMOXWTENEH, €CINU LEHTP KPWBWU3HbI COOTBETCTBYHOLLENO
CEYEHNS HAXOOWUTCA @HYmMpU XWOKOCTW, W OTpuuaTeneH, ecriv LEHTP KPUBU3HbI
HaxoaUTCA @HEe XWUOKOCTU.

A>0
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OcHoBHOe ypasHeHUe MOJIEKY/ISIPHO-KUHemuYeckoli meopuu udeasibHbIX
2a3oe:

1 2 1 2
p=§nm0<vm> pV—gNm0<vr<e>

Opyrve BapuaHTbl 3anvMcu 3TOro ypaBHEHUS C | m <v > 2
yueTom cooTHowenut n=N/V v m=Nm, —> pV=-N2-2l _“F

3gecb £ — cymMapHasi KuHeTuyeckasi aHeprusi 3 2 3
NnocTynaTenbHOro ABMXEHNSI BCEX MOJIEKyn rasa, Vy— v =lm<v >2

K6

MOnsipHbIN 06beM, U — MonsipHasi Macca. 3

Mcnonb3ays aBHeHne  KnanelpoHa-MeHge- 1 2

Y! yp p )il pVﬂ :§H<Um>

1 2
neesa, nonyuum RT = g.u<vm> , OTKyAa :D/

11.CpeaHAsa KBagpaTUyHas CKOPOCTb MOJIEKyNn uaeanbLHOro rasa:

3RT 3kT
<UK6> = =
H m

roe vcnonbsosaHo U =myN, u k=R/N .
CpedHsis KUHemu4Yeckasi aHepausi nocmynamesibHo2o0 OeuxkeHusi 0OHoOU
Mornekynbl udeasnibHO20 2a3a:

E m0<vK‘6>2 3
== =0/ T
(eo) N 2 2k

OTctoga cneayet, YTo <£0>:0 npu T =0 K — npekpalwaetcss OBWXeEHUEe

MoreKyn rasa.

MonekynsipHo-KMHeTMYeckoe TONKoBaHWe TeMmnepaTypbl: TepMoAMHaMUYecKas
Temnepatypa — €CTb Mepa CpefHel KMHETUYECKOW 3HEeprum nocTynaTenbHOro
[BUKEHUA MOMEKyr rasa.

12.3akoH MakcBenna o pacnpegeneHuy MONEKyn wugeanbHOro rasa no
CKOPOCTAM.

B rase, HaxogsweMmcsi B COCTOSIHUM pPaBHOBECUS MPW OaHHOW Temrnepatype,
yCTaHaBMMBaEeTCA HEKOTOpoe CTauuoHapHOe, He MeHsolWeecs CO BpeMeHeM
pacnpepeneHve MofeKynl MO CKOpoCcTAM. JTO pacrnpeferneHne onucbiBaeTcs
dyHkuvern  f(V), HasbiBaemon pyHKyuel pacrnpedesieHUsl MOJIeKysn 1o

CKopocmsiM, KOTOpada onpegender OTHOCUTENIbHOE 4YKUCIIoO MOneKyn, CKOpPOCTU

KOTOPbIX Nexat B UHTepBane oT U Ao U + dv, T.e. fw)
dN(v) .
N = f(v)dv, i<,
3akoH MakcBenna:
3
m 2 my»>
v)=4dr| —2 | v?exp| -2 =
SO =47 ST P ur o >

OTa hyHKUMS YOOBNETBOPSIET YCI08UI HOPMUPOEBKU: J. f)dv=1
0

A.H.Orypuos. flekyuu no gusuke.

MornekynsipHas cusnka 1 TepmMoanmHamuka
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13.Hanbonee BeposiTHasi CKOPOCTb MONEKYN uaeanbHOro rasa.
CkopocTb, Npu KOTOpon (OYHKLUMSA pacnpefeneHus Monekyn maeanbHOro rasa
MO CKOPOCTAM MakcuMarbHa, HasbiBaeTcs HauboJsiee 8epOsSIMHOU CKOPOCMbIO V.

df (v) 2kT  [2RT
MNpupaBHAB ——— Hymio, Nony4Yaem: v, = |—— = |[——
dv m, u

C nosbllLeHeM TeMnepaTypbl U, pacmem.

14.CpeaHAsA CKOPOCTb MONEKyJbl ra3a (cpefHas apucdmeTmyeckas CKOpocThb)

v = Torondo [T — [BRT
<v>—N'0[de(v) ~(l).vf(v)alv — o

15.CKOpOCTH, XapaKTepu3yloLimne COCTosiHUe rasa.

Haunbonee BeposTHas
CKOpOCTb D,

CpepnHssi cKopoCTb <v>

CpegHsasi kBagpaTuyHas
CKOPOCTb <v,\.3>

2RT
u

B

(v)= 8RT _ 1,13v,

i

(V)= 3RT_ 1,220,

u

16. BapomeTpuyeckas cdopmyna.

B opgHopogHoM none TAroteHuss 3eMnu  TENSIOBOE ABWMKEHUE  MOIEKyn
NPUBOAUT K HEKOTOPOMY CTaLMOHapHOMY COCTOSIHUIO rasa, npu KOTOPOM AaBneHue
rasa c BbicOTOM ybbiBaeT. [laBneHve Ha BbiCOTE /i rasa C MOMSIPHOW Maccon U

OTHOCUTEJSTIbHO YPOBHSA MOpPS, rAe AaBneHne p, cHnTaeTcsa HopMalribHbIM, paBHO

pgh
P=PpoCXp| —
RT
17.PacnpegeneHue BonbumaHa.
Wcnonbsyss cooTHowenust p=nkT, HU=myN ,, mygh
n=ngexp| —
R =kN ,, nonyyaewm: kT
Tak kak mygh=W — noTeHUnanbHas 3Heprus
MOJIEKyIIbl B Nore TAroTeHusl, crieqosaTenbHo: n=n,exXp _k7
Takoe pacnpeaeneHne Ha3biBaloT pacnpedesieHUeM
BonbumaHna (pacnpefeneHve Yactuu no  3Havenuam | _ exp| — W, -w,
noTeHuManbLHow 3Hepruun) ans BHELLHero | p, kT

nmomeHyuanbHO20 Nons.

M3 Hero crielyeT, YTo Npu NOCTOSIHHOW TemnepaType rnIomHocmes 2asa 6osbuie
mam, 20e MeHblue nomeHyuanbHas aHepausi e2o Monekysna. Ecnu yacTvubl nmetoT
OJMHAKOBYIO Maccy U HaxoOsaTCs B COCTOSIHUM XaOTUYECKOro TEMoBOro ABWXEHMS,
To pacnpedeneHue bonbuymaHa cnpaeednueo 8 o6oM 8HeWHEM MOMeHYUanbHOM
r1o/ie, a He TOSILKO B MOS1e CUIT TSHKECTY.

18.CpeaHsaa anvHa cBo60ogHOro npobera Monekysn.
MyTb, KOTOpbIA B CpegHeM NpPOXOAAT  MOMEKynbl  Mexay  OBYMS

nocrnefoBaTeNlbHbIMM  CTOSIKHOBEHUSIMM  HasblBaeTcs  cpedHel  OnuHol
c80600H020 npobeza MOsIeKyJl.

A.H.Orypuos. flekyuu no gusuke.
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53.XKugkocTtu n ux onucaHue.

JKugkoctb siBnsieTCA arperatHbiM COCTOSIHUEM BELLECTBA, MPOMEXYMOYHbLIM
mMexay raszoobpasHbiM M TBepabiM. B rasax HeT 3akOHOMEPHOCTW BO B3aUMHOM
pacnonoXeHnn Mornekyn (xaoTudeckoe pacrionioxeHve). B Teepdblx Tenax
HabniogaeTcs JanbHUA _NOPAAOK — MOJeKynbl 00pasyloT KpucTaniuyeckyo
pelleTky. B XWAOKOCTAX AanbHUIA NOpsAoK OTCYTCTBYET, a MMeeT MeCTO GnvKkHUK
NopsAAoK B pacriofioXeHUW MOJIeKys1 — WX YNopsAoYeHHOe pacrionoXeHue
NOBTOPSIETCA Ha PaCCTOSIHUSAX, CPABHUMbIX C MEXAaTOMHbIMW. TennoBoe ABWXeHne
MOreKynbl B XMAKOCTU 3TO ee KonebaHWe OKOMo onpeaenieHHOro MorioXeHus
paBHOBECUS B TeYeHWe HEKOTOPOro BpEeMEHW, MOoCfne Yero Morekyrna CKaykom
NepexoauT B HOBOE MOJIOXKEHWE, OTCTOsILLEE OT UCXOAHOTO Ha PaccTosiHMe nopsiaka
MeXaTOMHOro.

Paduyc r MonekynspHozo delicmeusi — pacctosiHue (nopsigka 10° m), npu
KOTOPOM MOXHO NpeHebpeyb curmamu NPUTSHXKEHUS MEXAY MOJeKynaMmu XugKocTu.
Cdepa paguycom r HasbiBaeTcs cghepoll
MoJsieKynsipHo20 delicmeusi.

Cunbl, pencteylowme Ha Monekyny A
BHYTPM 0Obema XMOKOCTU CO CTOPOHbI OKpY»Kato-
LUMX MOFeKyr, B CpeaHeM CKOMMeHcupoBaHbl. Ans
Monekynbl B, pacrnonoXeHHON Ha MOBEPXHOCTH,

paBHoAeWcTByloWas cun R HanpaBneHa BHYTPb
Xugkoctu. PeaynbTupytowime cunbl BCeX MOreKyn
NMOBEPXHOCTHOIO CIOSi OKa3blBalOT Ha XWOKOCTb
MoneKynsapHoe (HympeHHee) 0aeieHue.

I

54.[MoBepXHOCTHOE HaTsHXKEeHMe.

Monekynbl  NMOBEPXHOCTHOrO  CMNosi  XWAKocTM  obrnagatwT  66nblien
NoTeHUManbHOW 3HEPTMEN, YEM MOJEKYIIbl BHYTPU XUOKOCTU. Ta OOMOMHUTENbHASNA
3Heprusi, HasblBaeMasi MoeepxHoCcmMHoU 3Hepauel, NponopuMoHarnibHa nrowaan
nosepxHocTu: AE = 0AS, rne 0 — noeepxHOCMHoOe HamsixeHue.

Tak Kak  paBHOBECHOE  COCTOSIHME  XapakTepusyeTcs  MWUHUMYMOM
NMoTEHUManbHOMW SHEprMu, TO >KUAKOCTb MpPU OTCYTCTBMM BHEWHMX cun Byget
NpUHMMATL Takyto opMy, YToObl NpY 3afaHHOM 06bemMe OHa MMena MUHVMMAanbHY
MOBEPXHOCTb, T.€. hopMy Liapa.

[TOBEPXHOCTHBIN ~ CMOW  XWAKOCTU  aHanorumyeH
pacTAHYTON YNpYyron nieHke, B KOTOPOW AEeNCTBYIOT CuIbl
Ax HaTsXXeHus.

MycTb Nnoa AencTBUEM CUI MOBEPXHOCTHOIO HaTshKe-
HWS1 MOBEPXHOCTb XXWOKOCTU CTSIHYMachb (CM. pUCYHOK), npu
3TOM cunbl, AencTBylowWwMe Ha anemeHT Al KoHTypa,
coBepLiatoT paboty A4 = fAIAx, roe f— cuna noeepx-
HOCTHOIO HaTshKeHMWsl, AeWCTBYyOWas Ha eavHuUy OnvHbI
KOHTYpa NOBEPXHOCTU uakocTu. Mockonbky aTa paboTta
coBepluaeTcs 3a CYET YMEHbLUEHUS MOBEPXHOCTHOM
aHeprun AA=AE, T0 0= [, T.e. noeepxHOCMHOe HamshKkeHUe O PaBHO cure

NOBEPXHOCTHOIO HaTSXXEHWUS MPUXOASLLENCS Ha eAMHULY ANWHBI KOHTYpa, OrpaHnyuu-
BaIOLLEro NOBEPXHOCTb.

EduHuuya noeepxHOCMHO20 HamMSKEeHUs] — HbITOH Ha MeTp (H/M) wunm
[PKOYMb Ha KBagpaTHbI MeTp (Ihi/m>).

A
&

MornekynsipHas cusnka U TepMoanMHamMuka
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Mpu Bbicokux Temnepatypax (7 >7,) usoTepma peanbHOro rasa oTiMyaeTcs
OT 130TEepPMbI MAeanbHOro ra3a TorNbKko HEKOTOPbLIM UCKaXEHWEM (DOPMbI.
Mpu HekoTopoii Temnepatype 7, — Kputuye-

CKOW TemnepaTtype — Ha M30TepMe MNosiBRsieTcs
Touka nepermba K — kpumuuyeckasi mouyka. Coot-
BeTCTBylOLME 3TON Touke obbem V), u paBneHue

P, HasblBaloTCA Kputuveckumu. Msotepma npu 7,
HasblBaeTCsl Kpumu4eckol uzomepmoul.

Mpn T <T, ypasHeHno BaH-gep-Baankca
CcooTBeTCTBYEeT kpuBas 1-2-3-4-5-6-7. OpgHako, Ha
yyacTke 5-3 cxaTue BellecTBa COMpPOBOXAaeTcA
yMeHbLUEHVEM [aBfieHus, crnefoBaTenbHO B 3TOW
obnacTtu BelLlecTBO pacnagaetcs Ha aBe dhasbl —

XWUAKOCTb U nap.

®Pa3a — COBOKYMHOCTb BCEX YacTew cucTembl, obrnagarowmx oaMHaKOBbIM
XUMUYECKMM COCTaBOM W HaxOASALWMXCS B OAMHAKOBOM TepMOAMHAMUYECKOM
COCTOSIHUM

VCTUHHBIE JOKpUTUYECKME M30TEPMbl pearnbHOro rasa umetot sug 1-2—-6-7 um
SABNATCA KPMBbIMU  HEMPepbiBHOMO nepexoga BewecTBa M3  rasoobpasHoro
coctosHusa (I7) (ydactok 6-7) B xuagkoe (JK) (yyactok 2-1). Yuyactok 6-2
COOTBETCTBYET PaBHOBECHOMY COCYLLECTBOBaHWUIO XXMUAKOCTM 1 rasa.

BelectBO B razaoobpasHOM COCTOSIHUM MpU TeMMepaType HUXE KPpUTUYECKON
HasblBaeTcs mapom (1), a nap, HaxoOsALWMIACSA B paBHOBECUW CO CBOEM XWUAKOCTbLHO,
HasblBaeTca HacblweHHbiM (JK +11). Map npu M30TEepMUYECKOM CXaTum
npeTepnesaeT npouecc cxkwkeHns. a3 npu Temnepatypax 7 >T, He mMoxeT bbITh
npeBpaLleH B XUAKOCTb HY NpU kakoM gasneHun (17).

Mpn HekoTOopbIX YCroBMAX MOryT ObiTb peanu3oBaHbl MemacmabusbHble
cocTosHusA 5-6 1 2-3. Yyactok 2—3 nsobpaxxaeT nepezpemyro Xudkocmb, 5-6 —
nepecbiW,eHHbIU nap.

52. BHYTpEeHHAA 3Heprusa peanbLHOro rasa.

BHYTpeHHSAs1 aHeprns peanbHOro rasa CkrnaabiBaeTCst U3 KUHETUYECKON SHEPrMmn

TENNOBOrO  ABMXXEHWUS  MOMeKyn (C,T) N noTeHuuanbHOW  3Heprum

. a
MEXMOIEKYNSIPHOrO B3aUMOAENCTBUS (— a/Vy ): U,=CT—-—
%

Ecnn ras pacwwupsietcs 6e3 TennoobmMeHa € OKpyxawllen cpenow
(agnabatndeckn, T. e. 60 =0) u He coeepwaeT paboTbl (Tak HasblBaeMoe
pacluMpeHve rasa B Bakyym, T. e. 04=0), U3 nepsoro Hayana TepMOANHAMUKM
(00 =(U, —U,)+ 6A4) cnepyet, uto: U, =U,.

lMpu aduabamu4yeckomMm pacwupeHuu 6e3 coeepuweHusi eHewHel pabombl
8HYMPEeHHSIs1 3Hepausl 2a3a He MeHsIemcs.

[ns udeansHozo rasa 310 o3HavaeT 7, =T, (TemnepaTtypa He U3MeHseTcs).

a(l 1

Onsa peanbHozorasza U =C, T —a/V ,noetomy I, - T, =—| — ——
v / y 41 =1, o \v

PeanbHbIii ra3 npu aduabamuy4yecKkom pacLUMPEHNM B BaKyyM oxsiaxkdaemcsl.

A.H.Orypuos. flekyuu no gusuke.
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MuHUManbHOe paccTosiHMe, Ha KOTOpoe CONMXalTCs NpU  CTONKHOBEHWM
LIeHTPb! ABYX MOMEKYr, HasblBaeTcs aghghekmueHbIM Ouamempom MoneKy bl d .
Tak kak 3a 1c mMonekyrna npoxoauT MyTb, PaBHbIA CpeaHen apudmeTnyeckon

ckopoctnt (V), u ecrin (z) — cpedHee YUCNIO CMOMKHOSEHUL, CTbITHIBAEMbIX
O[HOW MOrekynou rasa 3a 1c, To cpegHas agnuHa ceoboaHoro npobera

_ 1
2rd*n
19. OKCNepUMEHTLI, NOATBEPXKAAIIWMNE MOEKYNSAPHO-KMHETUYECKYIO TEOPUIO.

1. BpoyHoBckoe aABWMxeHue. Jliobble YacTuLbl MarbiX pasmMepoB, B3BELLEHHbIE
B rase WM >KMOKOCTW, COBEPLUAIOT CMOXHOe 3ursaroobpasHoe [OBWXEHUE.
BpoyHoBCckoe [OBWXeHWe B3BELUEHHbIX YacTul BbI3blBAETCA ydapamu MOIeKyn
cpefdbl, B KOTOpoW 4acTuubl B3BelleHbl. [lodmeepdeHue aunomesbl O
Xaomu4ecKoM mersio8oM O8UWXKEHUU MOJIEKYII.
2. OnbiT_LUTepHa. [1Ba koakcuanbHbIX LUIUHAPA CUHXPOHHO
BpallaloTcs B Bakyyme. ATOMbl cepebpa, ucnapsicb C
NPOBOJSIOKN, ~ PACMOMOXEHHOW  BOOMb  OCU  BHYTPEHHEro
uMnuHApa, BbINETalT Yepes Lenb U 0ceJaloT Ha BHYTPEeHHeN
CTEHKe  HapyxHoro  uunuHgpa. Vccnegysa — TOMLWMHY
OCaXOEHHOro  Crosi, MOXHO OUEeHUTb pacnpedesieHue
MOJIeKys1 N0  CKOpPOCMSIM, KOTOpOe  COOTBETCTByeT
MaKcees/1o8CKoMy pacrpeaeneHuto.
3. OnbiT_JlammepTa. Mexay MCTOYHMKOM MOJEKYNSAPHOrO Myvka W MPUEeMHUKOM
CMHXPOHHO BpaljalTcs ABa Aucka C
pagvanbHbiMu  wenamu. U3 yncna
MOSeKyr, nporeTeBlMX 4epes MnepBylo
wenb, MponeTaT 4epes BTOPOM AUCK
TONbKO Te, KOTOpble MOANETAT K HeMy B
TOT MOMEHT, KOra Ha nyTu ny4ka BctaHeT
npopesb BO BTOPOM Jucke. W3ameHss
YINOBYIO CKOPOCTb BpaLlEeHWsl, MOXHO WCCrefoBaTb pacnpedesieHue MOJIEKYI Mo
cKopocmsim.

MOoXHO nokasaTb, 4To: <z> = «/Eﬁdzn<v>, oTkyga: <l>

Moneryngprssi ™\

Aobyuna
=

4o

20.5BneHuns nepeHoca.

SleneHusiMu  nepeHoca  HasbiBalOTCsi  HeobpaTuMmble  npouecchbl B
mepmMoOUHaMUYeCKU  HepasHOBECHbIX CcUCMeMax, B  KOTOPbIX MNPOUCXOAUT
MPOCTPAHCTBEHHbIN NEPEHOC 3Hepauu (TennonpoBOAHOCTL), Macchl (Auddysns),
umnynbca (BHyTpeHHee TpeHue).

[ns npocToTbl OrpaHNYNMcs 0OHOMEepPHbLIMU CriyHasiMu, BbiOpas
OoCb X Tak, YyTobbl OHa Obina HanpaBneHa 8 HarpasneHuU nepeHoca.

Bynem paccmaTtpuBaTb MOTOKM 3Heprum, BellecTBa M MMMynbca
yNopsifoYeHHOro [ABMXKEHWS YacTuL, Yepe3 eAuHUYHYH nrnolagky X
(S=1), nepnengukynspHylo ocu X, ANs ugeanbHOro rasa

MIOMHOCMbIO P, Yy KOTOPOro

(V) — cpedwss ckopocmb menoeozo deUKeHUs Monekyn,

(I) — cpedHss dnuna ce0600HO20 npobeza.

MornekynsipHas cusnka 1 TepmMoanmHamuka
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21.TennonpoBOAHOCTb.
Ecnu B ogHon obnacTtu rasa cpefHsis KMHeTUYeckas aHeprus monekyn 6onblue,
YemM B [pYyroil, TO C TEYEHUEM BPEMEHU BCMEACTBME MOCTOSIHHLIX CTOIIKHOBEHWUIA
MOMEKyT MPOUCXOAMT MPOLECC BblpaBHUBAHWA CPEOHWUX KUHETUYECKUX 3HEeprun
Monekyn — BblpaBHUBaHWE TeMMepaTyp.
lMepeHoc 3Hepauu (B ¢opme TennoTbl) ONuChbiBaeTCs . dT
3aKoHOM Dypbe: JE= _AE
30ecb jp— nnomMHocmMb mMensi0eo020 I[OMoOKa —
TENnoBasi 3Heprusi, nepeHocumas 8 eOUHULY BPeMEHU 4Yepes
e0UHUYHYI0 nrowadKy, neprneHOUKYISPHY ocu X , 1
A — KoaghgpuyueHm mennonposodHocmu, A= 3 CVP<U><Z >
T/ — rpagueHT TemnepaTypbl — CKOPOCTb W3MEHeHUs
TemnepaTypbl HA €AUHULY ANWHBI X B HanpasreHUn HopManu K 3Tow nnoLuagke,
¢, — yOenbHas menjoeMKocmb 2a3a npu NocTosiHHOM obbeme (Konm4ecTso

TennoTel, Heobxoanmoe Ansa HarpeBaHusa 1kr rasa Ha 1K).

22.n 3uA.

SeneHue dughghy3uu 3aknoyaeTcs B TOM, YTO MPOUCXOAUT CaMONpPOU3BOSb-
HOe MPOHVKHOBEHVE W MepeMellVBaHve YacTul [BYX COMPUKacaloLMXcsl rasos,
XugkocTen u paxe TBepablx Ten; auddysuma ceoguTcs K 0oOMeHy dacTuuamu
(nepeHoc Macc) Mexay 9TMMKM Tenamu, BO3HMKAeT W NpoAoSKaeTcs, roka
cywecmsyem epadueHm naomHocmu.

lMepeHoc maccshl (ouddy3nsa) ons XMMUYECKU OAHOPOA- i —_D dﬁ
HOro ra3a NnoAYMHsIeTCsi 3akoHy duka: Im = dx
3pecb j,— MNNOTHOCTL MOTOKa Maccbl — Macca
BellecTBa, AnddyHaupylowero 68 eduHuuy 6peMeHU 4epe3
eOuHuUYHYyto nnowadky, neprneHOUKYSPHY ocu X , 1
D — koagbpuyuenm dugpgbysuu, D= §<v><l >

d%x— rPaAMEHT MIOTHOCTU, PaBHbI CKOPOCTU U3MEHEHUsI
NAOTHOCTW Ha eAMHWLY ANWHBI X B HaNpPaBreHnM HoOpManu K 3Tol nnoLiagke.

23.BHyTpeHHee TpeHue (BA3KOCTh).

Bcnepcteue xaoTudeckoro TENMOBOrO ABMXEHWUA Monekyn npovcxoamt obmeH
MoMekynamy Mexay CrnosiMU rasa ABWXKYLUMMWUCS C PasfUYHbIMU CKOPOCTSMM, B
pesynbtate 4ero WMMynbC Cros, [ABWXyLlerocs ObicTpee, yMeHbluaeTcs, a
[ABWXYLLErocs MeasieHHee — yBenuumnBaeTcs (MPOVCXOAWT MepeHoc umrysibca oT
OfHOro crosi kK Apyromy). OTO MPUBOAUT K MOPMOXEHUIO Crosl, OBWXKYLLErocs
6bICTpee, N yCKopeHUIo Crosi, ABMXYLLErocs MeaneHHee. dv

BHympeHHee mpeHue onvcbiBaeTcs 3akoHoM HbloToHa: Jp="N—

3pecb j,— MIOMHOCMB MOMOKa UMIYNbCa — MOIHbIN dx

UMNYNbC, NePeHOCUMBIL 8 eOUHULY 8PeMeHU 8 MOMOXUMETbHOM
HarfpaeneHuu ocu X  4yepe3  eOUHUYHYl0  rnouwadky, 1
repreHOUKYIISIPHYIO OCU X , n=-— p<v><l >
1] — OuHaMuyYecKasi 8513KOCMb, 3
dy/, — rPafMeHT CKOPOCTW, NOKa3bIBAIOLWMIA BLICTPOTY U3MEHEHWSI CKOPOCTH B
HanpasneHnn x, nepneHankynAaApHoOM HanpasneHUo ABUXKXEeHUA CNoeB rasa.
BHewHee cxodcmeo MaTeMaTUHeCKUX BbIPaXEHUIN, ONUCHIBAIOWMX SBMEHNS
nepeHoca, O6YC/I06/IEHO O6WHOCMbLIO FEXALero B OCHOBE  SIBMIEHUIA
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MoTeHumanbHasa Heprna B3aMMOOENCTBUS Monekyn U MuHumanbHa B COCTOSIHUU
yCTOl7I'~WIBOFO paBHOBECUA NpU ¥ =17 .

CooTtHolenue mexay U, .. 1 kT sBnsetca kpumepuem

n

A
\ -
F \FO pasnuyHbIX _aepeeamHbix cocmosHuld. U . onpegensder

min
\ paboTy, KOTOPYIO HYXHO COBEPLUMTL NPOTUB CUIT MPUTSHKEHNS,
F=Ko*Fn 4TOObI Pa3beuHNTL MOMEKYIbl, HAXOASLIMECS B PaBHOBECUM
—9
o SN10” (r=1,). kT onpenenseT yOBOEHHYI CPEOHIO0 3HEPruo,
Z=r,m TPUXOASLLYIOCH Ha OAHY CTereHb CBOBOAbI TEmnnoBoro
s [BVXXEHNS MOMeKyI.
/Fn Opu U, <<kT  eewecmeo Haxodumcsi @
/ 2a3006pa3HOM COCMOSIHUU, T.K. TENnoBoe [B/XeHue
\ MOIieKyNl  MpensiTcTBYeT — COeAMHEHUIo  (KOoHAeHcauuu)
7 MOreKy’l.
\ 10 Opu U, >>kT eeutecmeo Haxodumcsi 8 meepdom
N, ~
4 €COCMOsIHUUY, T.K. TEMNOBOW 3HEPrMM HedoCTaTo4HO, YTOObI
* M "oTopRaTH" MOJEeKyrbl Apyr OT Apyra.

Opu U, =kT eeuwiecmeo Haxodumcsi & XKudKoMm
€OCMOsIHUU, T.K. B pe3ynbTaTe TennoBoro ABVMXEHNS MOMeKyrbl NepemMeLiaoTcs B
npocTpaHcTBe, OGMEHMBasicb MeCTamMi, HO He pacXofsicb Ha PacCTOsHMS,
npeBbILIALOLLMNE 7.

L]

Umin

50.YpaBHeHue BaH-gep-Baanbca.
BHecem B ypaBHeHWe COCTOSIHUS uaeanbHOro rasa pV# = RT nonpasky,

Yy4YTbIBAOLLME COOCTBEHHbI OObEM MOMEKYNn W CUMbl  MEXMOIEKYNSIPHOIO
B3aVMOOEeNCTBUS.
dakTnyecknn obbeM peanbHoro rasa Oyger Vﬂ -b, roe

! paguyca r He MOryT cONMM3UTbCA Ha paccTosiHME MeHblie 27,
S / cnepoBaTenbHO, [Ans LUEHTPOB [BYX MOMeEKyN HedoCTyneH
Tt cthepuyeckuin obbem paguyca 2r. OToT o6bem b B BoceMb pas
G6onbwe obbema OAHOM MorMekyrnbl M B pacyeTe Ha OfHy

MOreKysy paBeH y4eTBepeHHOMY 06beMy MOMeKybl.
YyeT cun  MEXMONEKYNSPHOTO MPUTSDKEHUSI OCYLLECTBNAETCA BBEAEHUEM
[IOMOMHUTENLHOTO AaBneHnst p’ Ha ras, HasblBaeMoro 8HYMPeHHUM dassieHueM:

/ v b — obbem, 3aHMMaeMblii caMMMu Monekynamu. [1Be Monekynbl

2
p'= a/V , roe a — nocroaHHasa BaH-nep-Baanbca.

YpaBHeHue Ban-gep-Baanbca ans Monsa rasa — ypaeHeHUe COCMOSIHUSI
2 y
peasnibHbIX 2a308: (p +a/Vﬂ )(Vy —b): RT . Ina npou3BosbHOM Macchl rasa:

2
p+‘;/—2a -(V —vb)=VRT, e V=", V=v,.

u

51./30TepMbI peanbHbLIX Fa3oB.

N3oTepma peanbHOro rasa npeactaBnsieT coboOW 3aBUMCMMOCTb MOJISIPHOIO
obbema rasa oT AaBreHus Npu NOCTOSIHHOWM TeMrepaType.

A.H.Orypuos. flekyuu no gusuke.

MornekynsipHas cusnka U TepMoanMHamMuka
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49.Uukn KapHo.

pA Vi Haubonee  3KOHOMUYHBLIU  Obpamumbili
Hsorepmer - M
Kpyaoeoli rpoyecc, COCTOSILLMN U3 OABYX M30TEPM U
AnnaGarst OByx aguabar.

<l PaccmoTpum npsimoi yukn KapHo, B KOTOPOM
B KayecTBe paboyero Tena  wucnonb3yetcs
naeanbHbIi  ras, 3akioYeHHbIi B cocyd C

4 NOABWXHBLIM MOPLUHEM.
¢Q2 3 MocnedosamenbHblie mepmoduHamuyeckue
> npoyecckl B uukne KapHo
|4 1-u3oTepma-2-aguadara-3-u3orepma-4-aguadara-1:

2-11

TEennonpoBoAHOCTM, Andy3sMM W BHYTPEHHEro TPEHUS  MOJIEKYJ/ISIPHO20
MexaHu3Ma nepemMeLLnBaHnsa MOMeKyn B NPOLECCe NX XaOTUYECKOro ABWKEHUS.
®opmynbl Ans koaghgpuuueHmos A, D u 1 ceasbigarom KoaghuUUEeHMbI

repeHoca U xapakmepucmuKku mersioeoco 08uUXeHUs MOJIeKyI.

3asucumoctv mexay A, D nn: n=pD A =1

OcHoebl mepMOOUHaMUKU.

M3oTepmuyeckoe pacimpeHne 1—2

_m Vv,
T =const, V,>V, A4, —ERT1 ln?_Ql

1

AanabaTnyeckoe paclumpeHne 2—3

m
60=0; T,<T, AZSZ_HCV(TZ_TI)

M3oTepmmyeckoe cxatune 3—4 m

— Vy _
T:COI’lSt; V4 <V3 A34—ERT2 IHZ_—QZ

AnnabaTtudeckoe cxaTtue
60 =0; I,>T,

m
Ay =_ECV(T1 -T))=-4y

Pa6oTa, coepluaemas B pesynbTaTe kpyroBoro npoLecca,
A=A+ Ay + Ay + Ay =0+ Ay — 0, + 45, =0,- 0,
_ - -1 - =
Ons aguabat 2-3 n 4-1 ypasHenus Myaccona: T,V =TV~ , TV =TV},
otkyma V[V, =V, V.
Wcnonbays ato, mepmuyeckull KM yukna KapHo:

" Rrn 2 "y n s
g0~ U h o w PV G-t
o ﬂRTllnﬁ T

1
OencTBUTENbHO onpedenseTcs TONbko Temnepatypamu Harpesatens u
xonogunbHUKa.

24.BHYTPEHHSAS 3Heprusa TepMoaAUHAMUYECKOW CUCTEMbI.

BHympeHHssi 3Hepausi U — 3TO 3HEPrUS XaOTMYECKOro (TEMnoBOro)
[OBWXEHUS MUKPOYaCTULL CUCTEMbI (MOMEKyn, aTOMOB, 3NIEKTPOHOB, sAep U T.4.) U
3HEeprvsl B3aMMOAENCTBUSA 3TUX YacTuL.

K eHympeHHel sHepauu He OMHOCSIMCSI KUHETUYecKasi 3HEprusl OBWXEHUS
CUCTEMbI Kak Lieforo 1 noTeHumarnbHas 3HePrusi CUCTEMbI BO BHELLHUX MOMSIX.

BHympeHHsis1 3Hepa2usi — OOHO3Ha4yHass (hyHKUUS mepMoOUHaMU4eCKo20
COCMOsIHUSI cuCmeMbl — B KaXOOM COCTOsiHUM cucTtema obnajaeTt BronHe
onpeaeneHHon BHYTPEHHEN aHepruen.

MoaTomy, eHympeHHsIsi 3Hepausi He 3asucum OT TOro, Kakum ob6pa3om
cucTemMa npuna B JaHHOE COCTOsIHME.

lpu nepexode cucmembl W3 OJHOrO COCTOSIHUSI B [Opyroe U3MeHeHue
8HympeHHel 3Hepauu ONpeaenseTCcs MoJsbKO PasHOCMbIO 3HaYeHUU BHYTPEHHEN
3HEPrUM 3TUX COCTOSIHUI U He 3agucum om rnymu repexooda.

25.4ucno cteneHen cBoboabl.

Yucno cmeneHeli ce0600bI — 3TO YUC/IO HE3aBUCUMbIX MEPEMEHHbIX,
MOMHOCTLI0 ONpPeaenstoLLMX NOMOXEHNE CUCTEMbI B MPOCTPAHCTBE.
YHucno cmeneHel ceob00k! Orisi udearnibHO20 2a3a XeCmKUX MOJIEeKy/I.

PeanbHble 2a3bl, Xudkocmu u meepdblie mesna.

Yucno cteneHen OpHoaToMHbIVi ra3 | [ByxaTomHbIn ra3 | MHOroaToMHbIv ra3
cBoboabl
MocTtynarenbHbIX 3 3 3
BpawatenbHbix — 2 3
Bcero 3 5 6

Mpu paccMOTpeHWUN peasibHbIX ra3oB HEOBXOAWMO YYMTbIBATE COOBCMBEHHbIU
06BeM MOIeKys1 Vi CUslbl MEXMOIEKYIAPHO20 83aumModelicmeaus.

Cunbl MexMoJsleKynsipHo20 e3aumodelicmeusi — KOPOTKOAENCTByOLINE —
OHW MPOSBNAITCH Ha paccTosHUAX MeHee 107°M. Cuna B3auMoaencTeus Monekyr

— 3TO paBHOAeVCTBYIOWAs CUN NpuTsxeHna Fj; (oHW npeobnagatloT Ha 6GonbLumx

PaccTOSHUSAX) U CUN OTTankueaHusa F, (OHW JOMWHMPYIOT Ha MarnbiX PACCTOSHUSX).
Ha pacctosiHum r=r, aTn cunbl ypaBHoBewwMBaloT Apyr gpyra u F =0. Takum

0Gpa3som, paccTosiHue 1, — 3TO paéHOBECHOEe PACCMOsTHUE MEXY MOMeKynam,
Ha KOTOPOM Obl OHU Haxoaunucb B OTCyTCTBUE TENNOoBOro AOBWXEHUA.

A.H.Orypuos. flekyuu no gusuke.

B peasibHbIX Monekynax HET >XeCTKOW CBA3M MeXZy aToMaMu B MOMeKyre,
Mo3TOMy HeOOXOAMMO YyuuTbiBaTb Takke cTeneHn cBoboabl konebaTenbHoro
[OBWDKEHUS aTOMOB BHYTPY MOJIEKYJIbI.

HesaBucumo oT obLuero yvicna creneHel cBo6oabl MONeKyrnbl, mpu cmeneHu
ce0600blI ecez2da nocmynamesibHble. Ha Kaxgyl M3 HUX MNpuxoauTcs TpeTb

KUHemuYecKoll SHepauU MocmynamesisHO20 OBUXeHUs MOeKysbl (€, ):

MornekynsipHas cusnka U TepMoanMHamMuka
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26.3akoH bonbLMaHa 0 paBHOMEPHOM pacnpefenieHun 3Heprum Nno CTeneHasMm
cBo6oAbl (3aKOH paBHopacnpegeneHus ).

Ans  cucmembl, Haxolswelics 8 COCMOSIHUU — mepMOOUHaMUYEeCKO20
paeHosecusi Ha_KaxOyto rocmynamesbHyo U _epaulamesibHyo cmeneHb ¢80600bi

npuxodumcsi 8 cpedHeM KuHemudeckasl aHepeusi, paeHas T/, a Ha kaxdyio

KonebameribHylo cmeneHb ce0600b1 — 6 cpedHem aHepaus, pasHas kT .

OHeprusas konebaTenbHbIX CcTeneHei cBoboabl BOBOe Gornblue, MNOCKOSbKY
konebaTtenbHas cuctema obrnagaeT paBHbIMU MO BEMUYUHE CPEAHUMU 3HAYEHUSIMU
KaK KWHETUYECKON, TaK U NOTEHUMANbHON 3HEPTUN.

Takum 06pasom, cpedHsis aHepausi Monekynbr: (€)= kT,

roe i— CymMMa 4ucna noctynaTteslbHbIX, Yucna BpallaTesibHbIX U yOBOEHHOro

yncna konebaTtenbHbIX cTeneHen ceoboapl Monekynbl: 1 =1 .. + pram +2- Lione6 * B

KNaccu4yeckon Teopun paccMaTpuBaloT MOSEKyrbl C JKeCmKoU CBA3bI0 Mexay
aToMamu; Ans HUX [ COBMaAaeT C YMCIOM cTeneHel cBoboabl MOMeKyIbl.

B wupoeanbHoMm rase Monekyrbl Mexgy coBoi He B3aMMOAENCTBYIOT U UX
noTeHuUManbHaa aHeprust paBHa Hymnto. MO3TOMyY BHYTPEHHSIS 3HEPrUst 00HO20 MO
npeanskoro rasa U, u npouseonbHol maccel m rasa U GyayT COOTBETCTBEHHO:

U, =(e)N,=~kIN, =~ RT U="LRT=vLiRT
2 2 ) 2

27.MepBoe Ha4Yano TepMOANHAMUKN.

MepBoe Havano TepMoOAMHAMUKM — 3TO 3aKOH COXPaHEHWUs U MpeBpaLLeHns
3HEPIU B TEPMOANHAMUYECKMX NPOLiECcaXx.

N3MeHUTb BHYTPEHHIOID 3HEPIMI0 CUCTeMbl MOXHO [OBYMsi crnoco6amu:
cosepluasi Had cucmemoli pabomy (Hanpumep, CxUMasi ra3 B LUNUMHAPE C NMOMOLLbIO
MOpLWHSI) unu coobwjasi cucmeme mensnomy (Hanpumep, HarpeBasi ra3 B
repMeTU4HOM cocyzae).

PaccMOoTpuM  3aMKHYTYI0, MaKpPOCKOMWUYECKN HEMOABWXHYI0 CUCTEMY, He
HaxXOAsILLYIOCSl BO BHELUHWX CUIOBBIX MOSISIX U MpoaHanmavpyem C 3HepreTu4eckon
TOYKN 3pEHUs pasHOBECHbIU rnpoyecc repexoda CUCTEMbI U3  KaKoro-nnéo
HayarbHOro CocTosiHWS 1 B Apyroe coctosiHue 2.

U3meHeHne BHyTpeHHeln 3Heprunm cuctembl AU =U,-U, B Takom
npouecce paBHO pasHOCTU Mexay KosnudecmeoM menaomsi (), MNONyYEHHbIM
cucTemomn, u pabomoti A, coBepLIEHHON CUCTEMOWN NPOTUB BHELLIHUX CUI

AU=0-A4 wvmwm Q=AU+ 4

NepBoe Ha4yano TepmMoAMHAMWKU: mernsioma, coobuwjaemass cucmeme,
pacxodyemcsi Ha U3MeHeHue ee eHympeHHel 3Hepauu U Ha cosepuieHue ero
pabomsbl Npomue 8HEWHUX CuJl.

B anddepeHumnansHoin dopme: 00=dU + 064,

rae dU (nonublii  audbdpepeHuman) — 6GECKOHEYHO Marnoe WusMeHeHue
BHYTPEHHEN aHeprun cuctembl, 04— anemeHTapHas pabota, 0Q— 6eCKOHEeYHO
Marioe konmuectso TennoTbl. 04 u 6Q He ABRATCS NOMHLIMU AnddepeHuManamm.

[Oeno B TOM, YTO 8HymMpeHHsA aHepausi cucmeMsbl ferisiemcsi 0OHO3HaYHoU
¢yHKyuel cocmosiHusi cucmembl. OTcloga cnegyet, YTO MpW  COBEPLUEHUM
CMCTEMON NPOM3BOMBLHOIO npolecca, B pe3ynbTaTe KOTOPOro OHa BHOBb
BO3BpaLLaeTCs B UCXOAHOE COCTOSIHWE, MOJSIHOe M3MEHEHWe BHYTPEHHEeW 3Heprum
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47.TennoBble ABAraTenu u XxonogunbHble MalUUHbI.

Tennoeoli deuzamenib — 3TO NEPUOAMYECKU [OEWCTBYOWMIA OBUraTenb,
cosepLuaoLwnin paboTy 3a cHET NOMy4YEHHOW N3BHE TennoThbI.

TepmocTatoM HasbliBaeTcsl TepMoguHaMuyeckass CUCTeMa, KOoTopasi MOXeT
ob6MeHMBaTbCA TENNOTOM C Tenamu npaktuyeckn 6e3 M3MeHeHUss CoBCTBEHHOW
Temnepartypsbl.

Paboyee Teno — 93TO Teno, coBepLialollee KpPyroBol mnpouecc w
06MeHMBaloLLIeeCs SHEPIUEN C APYrMMU TeNamu.

[puHyun pabomsl mennogo2o dguzamesisi: om TepMmocTaTa ¢ 6onee BbICOKON
Temnepatypoii 7;, Ha3bIBaEMOro HazpesameJsieM, 3a LUK OMHUMaemcsi Konuye-

CTBO TennoTbl Ql’ a TepMocTaTy C bonee

v ,
HU3KON TemMmnepatypou T. , Ha3blBaemMmomy

Q Q XOJ100UNIbHUKOM, 32 UWKN nepedaemcs
Tennosoit | A Xorogunekas [/A  KommMyecTBo TennoTel (,, Npu  3TOM
pswrarens matma C:l cosepwaemcsi paboma A=Q, — 0, .

Q; Q; Tepmuueckun KMNO asurarens:
o O o

Yrobel KM 6bin paBeH 1, Heobxoaumo, utobbl O, =0, a aTo 3anpelleHo

BTOpPbIM Ha4YanoM TepMOoANHAMUKN.
Mpouecc, 06paTHbIM NPoncxoasLieMy B TENNOBOM ABuraTene, ucnosnib3yemcs

e xonodunbHoU MawuHe: oT TepmocTaTta ¢ Gonee Hu3koii Temnepatypoit 7, 3a

LMK OTHMMaeTCs KonmuyecTBo TennoTel (), W oTAAeTcs Tepmoctaty ¢ Gornee
Bbicokol Temnepatypont 7, >T,. Mpuatom O0=0, -0, =4 wmm O, =0, + 4
Konuyecmso mennomsr Q,, omdarHoe cucmemoli mepmocmamy T;, 6onbuwe

konuyecmea mennomsi (J,, nofy4eHHo20 om mepmocmama T, Ha eenuquHy
pabomei, cogepuwieHHoU Had cucmemol.

SpdekmugHocmb XONOAUIBHOW MalUWMHbl  XapaKkTepusyeT Xos100usibHbIU
Koaghgpuyuenm 1’ — OTHOLLEHME OTHSATOI OT TepMocTaTa C Goree HU3Koi

TemnepaTypoit konuyecTtsa TennoTol (J, k pabote A, koTopasi 3aTpayuBaeTcs Ha
npuBeaeHne XonoannbHOW MalUVHbl B AeNCTBME:
O
4 0-0,

48.Teopema KapHo

M3 Bcex nepuognyeckn [OeWCTBYIOLWMX mMernsioebiX MawuH, VIMELNX
oduHakoeble TemnepaTypbl HarpeeaTenen T1 n xonoaunoHukos T, , Hau6onbwum
Krg ob6bnadaiom obpamumbie MawuHbl. Mpu atom KIMO obpaTMmbix MaLuuH,
paGOTGIOLLI,I/IX npy OAOUHAKOBLIX TemnepaTtypax HarpeBaTeneVl n XonoaunbHUKOB,
paBHbI ApYr ApYyry U He 3asucsim om npupodbl paboye2o mesa, a onpeaensTcs
TOJIbKO TeMnepaTtypamMun HarpesaTend n xonogunbHUkKa.

A.H.Orypuos. flekyuu no gusuke.

MornekynsipHas cusnka 1 TepmMoanmHamuka
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43.CTtaTUcTMYecKoe TOJIKOBaHWE SHTPOMNUM.

TepmoOuHamuyeckasi eepossmHocmb W cocmosiHusi mena unu cucmemsi
— 370 uYncno cnocoboB, KOTOPbIMU MOXET OblTb peanu3oBaHO AaHHOE KOHKpeTHoe
TepMoaNHaMMYECKOE COCTOSIHUE (MakpococmosiHue). VlHaye roBopsi, 3TO 4uUCIO
BCEBO3MOXHbIX MUKpopacrpedesieHuli 4acTul, Mo KOOpAMHaTaM W CKOPOCTSIM
(MukpococmosiHuli),  KOTOpPbIMA  MOXeT  ObITb  OCYLUEeCTBNEHO  AaHHOe
MaKpOCOCTOSIHME.

Dopmyna BonbumMaHa: S=klnW

rae k — nocrosiHHas Bonbumana.

OHTponua cucTeMbl onpeaensieTcs norapudMoM Yucria MUKPOCOCTOSIHUI, C
MOMOLLIbIO KOTOPbIX MOXET GblTb peanu3oBaHo AaHHOE MaKpPOCOCTOSIHUE.

Oumponus siensgemcsi Mepol HeynopssGo4eHHOCMU CUCMeMbl, — 4YeM
6onblle 4YMCNO MUKPOCOCTOSHUWA, peanusylowmnx OaHHOEe MaKpOCOCTOsiHWE, TeM
GonblLue 3HTponusl.

44.TpnHunn Bo3pacTaHWA IHTPONUK.

Bce npoueccbl 8 3aMkHymol cucmeme eedym K yeenuvyeHuro eé
aHmMponuu. B 3aMKHYTOM cucTeMe uayT B HanpaBfeHUU Om MeHee 8epOsiIMmHbIX
COCTOSIHUN K bornee 8epOosAMHbIM, 0O TeX Nop, Noka BEpPOATHOCTb COCTOAHUA He
cTaHeT MakcumanbHon. B cocTosHumn paBHOBECUA — Hanbonee BEPOATHOro
COCTOAHUA CUCTEeMbl — YuUcno MI/IKpOCOCTOﬂHI/IVI MaKcumMmarsbHO, npn 3TOM
MakcumaribHa 1 SHTponuAa.

45.BTOopoe Ha4Yano TepMoguHaMUKMU.

Jio6on HeoOpaTUMbIN Npouecc B 3aMKHYTOW cucTeMe NMPOUCXOAUT Tak,
YTO IHTPONUA CUCTEMbI NPU 3TOM BO3PACTAET (3aKOH 803pacmaHusi 3HmMponuu).
lMepsoe Hayarno TepMOOMHAMWKM  BblpaXaeT 3aKOH COXpaHeHUs U
npeBpaLleHns SHEPrum NPUMEHUTENBHO K TEPMOAMHAMUYECKMM NpoLieccam.
Bmopoe Havano TepmMoaMHaMWKM ONpeaensieT HanpaBneHue npoTeKaHus
TEepMOANHAMUYECKUX NPOLIECCOB, YKa3biBasi, kKakMe NpoLecchl B NpUpoae BO3MOXHbI,
a kakve — Her.
CyuwiecTtByloT ewé ase OPMyNMPOBKM BTOPOro Hayana TepmMoAvHaMUKN,
3KBUBANEHTHbIX 32KOHY BO3pacTaHUsl SHTPOMNUK:
1) no Kenb8uHy: HEBO3MOXEH KpPYroBOW npouecc, eOUHCMEEHHbIM
pe3yrnbmamomM KOTOPOro sIBMSeTCs NpeBpalleHue TennoTbl, Nofy4YeHHON
OT HarpeBarTensi, B 3KBUBAsIEHTHYO el paboTy;
2) no Knaysuycy: HeBO3MOXEH KpYyroBOW npouecc, eOUHCMBEHHbIM
pe3ynbmamomM KOTOpOro sBMsieTCs nepefaya TennoTbl OT  MeHee
HarpeToro Tena k Teny 6onee HarpeTomy.

46.TpeTbe Ha4ano TepMOANHAMMUKN.

Tpembe Hayano mepmoOuHamuku — Teopema HepHcTa—TnaHka
— MOCTynMpyeT noBefeHne TepMOAUHAMUYECKUX CUCTEM MPU Hyne | [imS =0
KenbBuHa (abcontoTHOM Hyre): IHTPONMUA BCEX Tesl B COCTOSAHMMU T—0
paBHOBecUsi CTPeMUTCSI K Hynw MNo Mepe NpuUGnMKeHUs
TeMmnepaTypsbl K Hynto KenbBuHa.

Tennoemkoctn C), u Cp npu 7' =0 K paBHbl Hysto, NOCKOSbKY:

LC (T)dT T
dS=6£, C:@, S(p:COﬂSt,T):Jip( ) , S(V:const,T):J.icV(T)dT
T dar 0 T 0 T

A.H.Orypuos. flekyuu no gusuke.
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CUCTEMbI PABHO HYIO ( du =0). Hu pa6oTa, HY TennoTa He ABNSATCA YHKLMUSMM

COCTOSIHUS CUCTEMBI.
Bce BenunuuHbl Bxoaduime B nepsoe Ha4ano TepMoAMHaMUKN MOTyT ObITb Kak
ronoxumesnbHbIMU, Tak U ompuyamesnbHbIMU.
Ecrm k cucteme modeodumcesi mennoma, 1o 6Q >0; ecnm oT cucTembl

omeodumcsi mennioma, 70 60 <0.

Ecnn cucmema cosepluaeT paboTy Haf eHewHumu menamu, 70 0A >0, ecrin
e Had cucmemoll BHELLHWE CUnbl coBepLuatoT paboTy, To 04< 0.

Opyras dopMynvpoBka NepBoro Hayana TepMOAMHAMUKN CBSi3aHa C TeM, YTO
ecnm cuctemMa nepvoaMyecky BO3BpaLLaeTcs B MNepBOHaYaribHOe COCTOsIHUE, U
cnegosatensHo AU =0, mo A=0, 1. e. eeyHblIli dsuzamernsb nepeo2o poda —
nepuoduyecku Oelicmsyrouuli 0guzamesib, Komopbil cosepwasn 6bl 6656wyt
pabomy, yem coobuweHHas eMy U38He IHepausi, — HEeB8O3MOKEH.

28.Pab6oTa rasa npu ero paclumpeHuu.

Ecnu Haxogsawumincsl noa nopluHeM B LMMUHAPUYECKOM
cocyde, ras, pacwupsisice, nepedsuraeT rMoplleHb Ha
paccTosHne dl, TO nNpousBOAUT Han HuUM  pabomy
0A=Fdl = pSdl = pdV , rae S — nnowazab NopLUHs.

AAMTIMTTTNRN

v,
MonHas pa6ota A4, coBepLuaemasi rasom ¢
npu n3ameHeHun ero obbema ot V, go V,: A= J.pdV
"
PaBHOBecHble npoueccbl — 3TO MPOLECChl, COCTOsIUME U3
NoCNeaoBaTerNbHOCTM  PABHOBECHBIX  COCTOSIHWMIA.  OHM  MpoTekaloT Tak, 4To
P‘F N3MEeHeHne TepMoanHaMmn4eCcKnx napameTpoB 3a KOHEYHbIN
NPOMEXKYTOK BpeMeHu GeckoHeyHo Mano. Bce peasibHble
npoyeccbl HepagHOBECHLI, HO B psge  Cryvaes
(DOCTaToOuHO MeffieHHble MPOLECChl) HEepPaBHOBECHOCTbIO
pearbHbIX NPOLECCOB MOXHO NpeHebpeyb.
PaBHOBeCHblE NpoLEecchl MOXHO U3o6paxaTb 2paghu-
yecku B koopauHatax (p,V). Tak pa6ota OA4= pdV
onpeAensieTcs NoWaablo 3aliTPUXOBaHHOW MOMOCKM, a
ar " nonHasi pabota — nrowagsto nog kpuson mexay ¥, n vV, .
Mpn HepaBHOBECHbLIX MpPOLECCax 3HAYeHWsl MapaMeTpoB B PasHbIX YacTsxX
CUCTEMbI pPa3findHbl N HE CyLlecTByeT (p,V)—Toqu, XapakTepusyrLwnx coctosaHune

BCell cucTembl. oaTomy rpaduueckoe u3obpaxeHue HepaBHOBECHOTO Mpolecca
HEBO3MOXHO.

4 v

29.TennoeMKoCTb.

YOenbHass mennoemMkocmb eeujecmea C — BeNUYMHA, 50
paBHas KOnMM4yecTBY TennoTbl, HeobxoaMmMOMy AN HarpeBaHus 1kr | ¢=———
BelecTBa Ha 1K. EQuHuua ydernbHol mernnoemkocmu — [x/(kr K) mdT

Monsipnasi mennoemkocms C,, — BenuuuHa, pasHas Komu- C = @
YecTBYy TennoTbl, HEOOXOAMMOMY AN HarpeBaHus 1Monb BelecTBa *ovdT
Ha 1K. EQuHuya monsapHou mennoemkocmu — [x/(monb K).

Cessb mexdy C, u c: C,=cu

MornekynsipHas cusnka 1 TepmMoanmHamuka
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PasnuyatoT mensoemkocmu (yoenbHyt0 WU MOJSSIPHY) ApuU MOCMOSIHHOM
o6beme (¢, n Cp) n npu nocmosiHHom daenenuu (¢, n Cp), ecnu B npoLiecce

HarpeBaHuA BellecTBa ero obbem unum paBneHne nogaepXXmBarTCcAa NOCTOAHHBIMUA.

30. MonsipHasi TeNJ1I0eMKOCTb NP NOCTOAHHOM O06bLeMe.
W3 nepsoro Hauana TepmoguHamunkn 60 =dU + 84, ¢ yuetom 04 = pdV n
_d0 . _
C# = %dT , AN 1MOSb rasa nosny4Ynm: C#dT = dU‘u +pdVﬂ.
Mpu V =const paBota BHewHnx cun 04 pasHa Hymio M coobliaemasi rasy
W3BHE TeNnnoTa UAeT TONbKO Ha YBENIMYEHNE Er0 BHYTPEHHEN SHEPTUN.

du,
C =
dr

CV paBHa N3MEHEeHUo BHyTpeHHeﬁ Heprnmn 1mornb rasa npu noBbllLeHnn ero

TemnepaTtypbl Ha 1K.
Mockonbky dU, = /4 RdT , To

i
C,=-R
)

31.MonsipHas TeNJ10eMKOCTb NPW NOCTOAHHOM AaBneHuun. YpaBHeHue Mawnepa.
Ecnu ras HarpesaeTcs npu p = const , TO

_80 _dU+pav _dU, pqu
P vdT  vdT dT dT

dUu

He 3aBUCUT OT BuAaa npoiecca (BHyTpeHHﬂH JHeprna naeanbHOro rasa

He 3aBUCUT HM OT p, HU oT V|, a onpepensieTcst Tonbko 7') u Bceraa pasHa C),
OunddepeHumpys ypaBHeHne KnanepoHa-MeHaeneesa pVH =RT no T npwu
p = const , nony4nm

C, =C, + R — ypaBHenue Maitepa

Cp Bcerga 6onbluie C), Ha BENWYMHY YHUBEPCATBbHOMN ra30BOM MOCTOSHHOM.

3710 00bACHAETCSA TeM, 4YTO MNpW HarpeBaHuun rasa npu MnNocmMossHHOM
daesieHUU Tpe6yeTc;4 elle O0MNOoNHUTEeNIbHOE KONMMYeCTBO TennoTbl Ha COoBepLUeHne
paboTbl pacliMpeHuss rasa, Tak Kak MOCTOSIHCTBO [JaBneHusi obecneynBaeTcst
yBennyeHnem obbema rasa.
i+2

2

[Mpn paccmoTpeHun TepmoAMHaMUYECKMX MNPOLIECCOB BaXHYK poflb urpaet

BeNMM4YnHa

R

i
C, = R+R=

C, _it 2
C, i
KoTOpasi HasblBaeTcsl koaghgpuyueHnmom lMyaccoHa.

)
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CnepoBatenbHo, NoAbIHTErpanbHOe BblpaXeHne ecTb NonHbIv anddpepeHuman
HEKOTOpPON (yHKUMW, KOTOpas onpegenseTcss TOMbKO HayanbHbIM UM KOHEYHbIM
COCTOSIHUAIMW CUCTEMbl M He 3aBUCUT OT MNyTW, KakMMm cuctema npuwna B 37O
cocTosiHuMe.

QHTponuen S HasbiBaeTcs PYHKUUA COCTOSIHUS CUCTEMbI, AMddepeHLmanom
koTopoit sensetca 60/T :

1]
ds = Y
T
T.o. nepesoe Havyano TepMognHaMnukmn 5Q = dU + 5A MOXHO 3anucaTtb B Bunae

TdS =dU + 64,
otkyaa 04 =TdS —dU =d(TS) — SdT — dU =—d(U - TS) — SdT = —dF — SdT
®yHkums F =U — TS aBnsetca dyHKUMEN COCTOSHUSI CUCTEMbI 1 Ha3blBaeTcs
aHepauell Nenbm2onbya Unn ceo600HoOL 3Hepauell.

42.V3mMeHeHue 3HTpoNnuw.

B 3amkHyTOI cucTeme ansa oGpatumelx npoueccoB AS =0; ana HeoGpaTUMbIx
uuknos AS >0.

HepaBeHcTBO Knaysuyca: awmponus 3aMKHymol cucmembl
mMoxem nu6o Bospactatb (B cCrnydYae HeoGpaTumblx npoueccoB) su6o | AS >0
OCTaBaTbCs NOCTOSAHHOW (B Cry4ae 06paTMMbIX MPOLLECCOB).

Mockonbky dS 1 60 UMEIT OAMH 1 TOT Xe 3HaK, TO N0 XapakTepy U3MeHeHus
QHTPOMWUM MOXHO CYAWUTHL O HanpaBneHWW npouecca Tennoobmera. Mpu HarpeBaHun
Tena 0Q >0 u ero sHTponua BospactaeT dS >0, npu oxnaxageHun 6Q <0 u

3HTponus Tena y6biaet dS < 0.

N303HTPONUINHLIM Ha3bIBAETCS Mpouecc, npomekarowuli npu nocmosHHouU
aHmponuu (S = const) .

B obpaTtumom agmabatmueckom npouecce 60 =TdS =0, Tak yto dS=0 u
S = const , noaTomy aguabaTn4yeckuit NpoLecc ABNAeTCH U30SHTPONUNHLIM.

PaccmoTpuMm ana npumepa naeanbHbIn ras, KOTOpbIN COBEPLUAeT paBHOBECHbLIV
nepexop 13 CocTosiHus 1 B cocTosiHue 2. VI3MeHeHve ero sHTponuu

5,-5,= [ _[dU

A.H.Orypuos. flekyuu no gusuke.

AS, ;=
.V,
Wcrnonb3ys dUzﬂC,,dT; A= pdV = —RTd—V R=C,-C,n DN _ P
H u v nv, p
AS, , = deT U jdV 2l e, l—+R1n =2lc,mf24c, Inl2
V1 .U P "
N3meHeHue 3HMponuu e npoyeccax udeasbHoO20 2a3a
MN30xopHbIN M3o06apunyeckuin M3oTepmumyecknin AnnabaTunyeckui
(V = const) (p = const) (T = const) (S = const)
As="c,mL Aszﬂcpmﬁ AS =" rin)2 AS=0
M T M 4 oo

MornekynsipHas cusnka 1 TepmMoanmHamuka
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LlVIKI'I Ha3blBaeTCa MnNpPsMbIM, €Cnn 3a UMUK coBepllaeTcda nonoXuternbHada

pa6oTta A= jgpdV >0 (uMKn NpoTekaeT Mo YacoBOW CTPENKE — PUCYHOK (A)).

LlVIKﬂ Ha3blBaeTcd 06pamelM, €Cnn 3a UMUKI1 coBepluaeTcd oTpuuaTtesbHasa

pa6oTta 4= EfpdV <0 (uMkn nNpoTekaeT NPOTWB YacoBOIi CTPENKU — PUCYHOK (B)).

MpsiMon LMKN ncnonb3yeTcs B mensioebix dguzamernsix (coBepLuaT paboTy
32 CYeT MonyvyeHHoW wu3BHe TennoTbl). OO6paTHbIM UMK UCMONb3yeTca B
X0J100UNIbHbIX MawuHax (3a c4eT paboTbl BHELUHWX CUN TennoTa nepeHocUTCst K
Teny c bonee BLICOKON TeMNEPaTypon).

39.KMNA kpyroeoro npotwecca.

B pesynbTaTe KpyroBoro mnpoLecca CUCTemMa BO3BpalLlaeTcs B WCXOAHOE
COCTOSsiHME, cllefoBaTesflbHO, NOSIHOe U3MEeHEeHWE BHYTPEHHEN SHEPrMn PaBHO HyIo.
Moatomy Q=AU + A= A, T.e. paboTa, coBepLuaemas 3a LUKI, paBHa KOMYECTBY
Nony4YeHHON M3BHe TennoTbl. ECnu B xofe KpyroBoro npouecca cucteMa He TOSbKO
rnonyyaeT KOnU4ecTBo TennoTtbl O, HO 1 TepsieT (oTAaeT) KonmMyecTBo TennoTbl O, ,

10 0=0-0,.

Tepmuyeckuli koaghghuyueHm mnosne3Ho2o OJOelicmeusi OJii KpPy208020
npoyecca — 3T0 BeNMYMHA, paBHasi OTHOLLUEHUIO PaGoTbl, COBEPLUEHHON CUCTEMOI,
K KOJin4eCcTBy T€nnoThbl, NOJTy4eHHOMY B 3TOM LUKIe CUCTEMON:

i:Ql_QZ :1_%
0, 0 o

40.06paTMMbIA U HEOOPATUMbIN NPOLIECChI.

TepmMoaMHaMUuyeckuii Npouecc HasbiBaeTcd o6pamumMbiM, €Cni OH MOXET
NpPOMCXOaUTb Kak B MPSIMOM, Tak U B obpaTHoOM HarnpassneHuu. Mpuyem, ecnm Takon
NpoLiecc MpouCXoauT cHavana B MpsiIMOM, a 3aTemM B 0BpaTHOM HanpaBneHun u
cucTeMa BO3BpaLlaeTCsl B UCXOAHOE COCTOSIHWE, TO B OKpYXKaloLlen cpeae u B 9TOn
CUCTEME He MPOWUCXOOMT  HUKaKMX  WU3MeHeHuin. Bcesikuii  nmpouecc, He
YAOBNETBOPSIOLLMIA 3TUM YCIOBUAM, SIBNSIETCS HEO6pamumbIM.

PeanbHble npoueccbl HeobpaTuMbl, B HUX Bcerga npoucxoauT Auccunauust
(noTeps) aHeprum (U3-3a TPeHWs, TemnsonpoBodHOCTM W T.4.). O6pamumbie
npoyeccbl — 3mo ¢usudeckasi Modens — 3mo udeanuszayusi peanbHbIX
npoyeccos.

41.3HTponums.

Konumuecteo Tenna 60, kOTOpoe AOMKHO GbiTb AOCTABIEHO cCUCTEME UMK
OTHATO Yy Heé Mpu nepexofe OT OAHOro COCTOSsIHWSI B ApYroe, He onpeaensieTcs
OAHO3HA4YHO Ha4valnbHbIM U KOHEYHbIM COCTOAHUAMU, HO CYLUECTBEHHO 3aBUCUT OT
cnocoba ocyllecTBneHust atoro nepexoda (00 He ABNSETCA PYHKLUMEN COCTOSHMUS
CUCTEMBDI).

OpHako, nmpueedeHHOe KO/U4ecmeo mernsiombl — OMHOWEeHUEe Mmerniomsbl
5Q Kk memnepamype T cucmembi Mpu 6€CKOHEYHO MarlbiX U3MEHEHUSIX COCMOSIHUSI
cucmeMbl — €CTb (PYHKLUMS COCTOSIHUSI cucTtembl. B nobom obpatmMoM KpyroBom
npotecce

n:

-0

A.H.Orypuos. flekyuu no gusuke.
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NU3OMNPOLIECCbI. PaccmoTpMm paBHOBECHble MNpoOLEecChl, npoucxoaswne ¢
TepMOAUHAMUYECKMMM  CUCTEMaMK, MPU  KOTOPbIX OAWH W3 OCHOBHbIX
napamMeTpoB COCTOSIHUS COXPAHAETCA MOCTOSAHHbLIM.

32.U30xopHbIn npouecc (V = const).

OuarpamMma aToro npouecca — wusoxopa — B KOOp-
p . avHatax (p,V) usobpaxaetca npsMon, napannensHoi ocu

opauHar (ocb p ). MNpouecc 2—1 — N30XOPHbBIV HarpeBs, NpPoLece
2-3 — n30xopHoe oxnaxaeHue.
Mpu uzoxopHoM npoyecce 2a3 He coeepwaem paGomy
Hag BHewHumn Tenamu (04 = pdV =0) wn BCca Tennota,
coobllaemasi rasy, MAeT Ha YBEIUYEHUE ero BHYTPEHHEN
aneprum (6Q = dU) . Mockonbky dU,, =C,dT , To Ans NpousBorbHoil Maccsl rasa:

so="2c,dr
u

33.M306apHbIi npouecc (p = const).

Ouarpamma atoro npouecca — u3obapa — B koopauHatax (p,V) usobpa-

XaeTcs npamon napannensHon ocu abeunce (ock V). Mpu n3obapHom npouecce
pabota rasa npu ysenunyeHun obrema ot ¥, go V, pasHa:

)
A= {pdv =p(, - 1)

Pl 12 )
L 1
" onpegensieTcs nrowaabo 3aLUTPUXOBAHHOTO
NpsSIMOYronbHUKa.  Mcronbayst  ypaeHeHne — KnaneipoHa
pV =", RT , nonysaem V, =V, =m& (T, —T,), otcropa
> m
4 o A=—R(T,-T)
u

DunU3nyecku cMbicn yHUBepcanbLHOW ra3oBoW MOCTOSAHHOW: R 4uCneHHO
paBHa paboTte m3obapHOro paclmpeHns 1Mons vaeanbHOro rasa npu HarpeBaHWUu
ero Ha 1K.

34.U3oTepmuueckuit npouecc (7 = const).

OuarpamMma aTtoro npouecca — u3oTepMa — B KOOp-
p 1 avHatax  (p,V)  npeactaBnser  coGont  runepGony.
M3oTepmuyeckuii npouecc onucbiBaeTcd 3akoHoM bonns-
MapwuotTa (pV = const) .
PaboTta n30TepMnYeckoro pacluMpeHusi rasa
) )
m__dV m V, m
A= [pdv = j—RT—:—RTln—2=—RT1n&
v 7 A hou P>
Tak kak npu T =const 6HympeHHsisi 3Hepausi udeanbHO20 2a3a He
u3MeHsiemcsl, To U3 NepBOro Hayana TepmoauHamuku criegyeT, yto 00 =04, To

eCTb ece KoJjiudecmeo mernsiomsbl, coonaemoe 2aasy, pacxodyemcn Ha
coeepuweHue um pa6ombl npomue eHewWHuUX cus.

MornekynsipHas cusnka 1 TepmMoanmHamuka
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Moatomy, Ana Toro, 4YToGbl MpWU paclUMpPeHUM rasa memrepamypa He
MOHW)Xanach, K rady B Te4EHME N30TEPMUYECKOTO npoLiecca Heobxodumo nodesooums
Ko/Iu4ecmeo mernsiomsl, 3KBUBaNEeHTHOE BHeLLHel paboTe paclumpeHus.

35.AgnabaTuueckuii npouecc (60 =0).

AduabamuyveckuM Ha3biBaeTCs MpPOLECC, MNpu KOTOPOM omcymcmeyem
menIoo6MeH Mexay CUCTEMON 1 okpyxkatowein cpeaon (60 =0).

K agmabatnyeckum mpoueccam MOXHO OTHecTW ece Gbicmporpomekarouyue
npoyeccs! (TENNOOGMEH He yCreBaeT COBEPLUNTLCS), HanpUMep, pacnpocTpaHeHue
3ByKa B CpeAe, LUMKMbl PacLUMPEHUS U CKaTUA B ABUraTensx BHYTPEHHEro CropaHus,
B XONOAWSIbHBLIX YCTAHOBKAX U T. 4.

M3 nepeoro Hayana TepMOAMHaMUKU CregyeT, 4To npu aguabaTvyeckom
npouecce 04=—dU. MVcnombsya O4=pdV w dU=",C,dT, nonywm

pdV ==n,C,dT (1). C ppyroit cTopoHsl, w3 pV ="/ RT cnenyet
pdV +Vdp = %RdT (2). Pasgenue (2) Ha (1) nonyymm:

+ R Cc -C C
pdV 7Vdp:_7:—7” 2 v dl:—ydl, e y=—" —
pdV c, C, P V C,

koacbmumeHT lMNMyaccoHa. NHTerpupoBaHne 3TOro ypaBHeHUs1 gaet
InV? +In p =Inconst, oTkyna cneayet ypaBHeHue MyaccoHa — pV7" =const

ypaBHeHue aguabaTnyecKoro npotecca.
3 Mcnonb3ys yaBHeHne Menpeneesa-
80=0

TV = const

KnaneiipoHa pV = 2 rr, nonyyaem: | 77 p'7 = const
u

T = const
Ovarpamma  aguabatudeckoro  npouecca —

aguabara — B koopauHatax (p,V) wu3obpaxaeTcs

mmnep6onoit. Agmabata (pV? =const) 6Gonee kpyta,
v, v, ’V yem usotepma (pV =const) . 310 0GBACHAETCS TEM, YTO

npv agmabaTtuyeckom cxatum 1-3 yBenumueHne gaBneHust
raza OOYCMNOBMEHO He TOMbKO YMEHbLUEHMEM ero obbema, HO W MOBbILEHWEM
Temnepartypbl.

36.Pabora rasa B aguabatm4yeckom npouecce.

B agnabatuueckom npouecce 04 =—dU , noatomy 84 = —ECVdT. Ecnu ras

apuabatuyecku paclumpsietcss oT obbema V|, fgo V,, To ero Temnepatypa
ymeHbluiaeTes ot 7; go 7, v paboTa pacluMpeHusi ugearnsHoro rasa

)
a=-"¢, [ar="c,(1;-1,)
monoH

y—1 v—1
A:LVI 1— " _RhLim 1- n ,  ncronb3ys
y-1 v, y-1lu Vs

OTkyga nonyyaem

A.H.Orypuos. flekyuu no gusuke.
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m
ypaBHeHue MeHpeneeBa-KnanevipoHa pV = —RT .

Pabota apguabatuueckoro pacwmpeHnss 1-2 (3awwTpuxoBaHHas nrowanb)
MeHblUe, YeM MpU M30TepMUYECKOM npouecce. JTO OObSACHSETCA TeM, 4YTO Npu
agnabaTtMyeckoMm paclUMpPeHUU MPOUCXOOUT OXMaXAeHWe rasa, Torga Kak npu
N30TEPMUYECKOM PacCLLUMPEHUN TeMNepaTypa NnoadepxuBaeTcs NOCTOSIHHOWM 3a cyeT
NpUTOKa U3BHE 3KBMBASIEHTHOTO KONMYECTBa TENOThI.

37.Monutponuyeckue npoueccsl (C = const).

Mpouecc, B KOTOPOM TEMIOeMKocTb octaetca nocTtosHHon (C = const)
Ha3blBaeTCs MoUMPONUYeCcKUM.

PaccMOTpeHHble  BbILE  W30XOPHbIN,  U30TEPMUYECKUN,  M306apHbIn 1
agmnabaTmyeckuii NpoLeccbl — 3TO YaCTHbIE Crly4Yaun NMONUTPOMNHOro npoLecca.

YpasHeHue nonumponsi

pV" =const
c-C

roe KoadpuumeHT n = ——” HasbiBaeTcs mokazamesnem nosaumponsl.
LYy
3HayeHnss TEnnOeMKOCTU M MokasaTens NonuTponbl Anst pas3HbiX MPOLEeCCOoB
npvBeaeHbl B Tabnuue.

TennoemkocTb npn wm3otepmuye-

Mpouecc C n CKOM npouecce BGECKOHEYHO BenuKa,
Anvabatnyecknin | C =0 n=y nockorkky dT =0, B TO Bpems kak
MN3otepmumyecknin | C =eoo n=1 60=0.

M3obapnyecknin C=Cp n=0 TennoemkocTb npu aguabatuye-
~ _ — CKOM MpoLiecce paBHa HyI, NOCKOMbKY
MN30X0pHBbIN C=C n=t+
P Y = 1 80=0, B 10 Bpems kakdT # 0
38.KpyroBow npouecc (uukn).
(A) (B) KpyzoebimM npouyeccom (U UYUKIIOM)
p 1 p 1 Ha3blBaeTCcA MNpoLecc, npu  KOTOPOM
a b cuctema, nponas yepes psif COCTOSHWN,
BO3BpaLLaeTcsi B MWCXOOHOE COCTOSIHME.
p Ha (p,V)-pnarpamme umkn usobpaxa-
2 a 2 eTCA 3aMKHYTOM KPMBOW, rge yvactok 1-2
> > COOTBETCTBYET pacluuvpeHuio, a 2-1 —
Vi Vy Vi V:y y P P

cxaTuio rasa.

Pa6oma pacwupeHusi A, (nnowanp durypel 1a2V,V 1) nonoxutensHa: 4, >0.

Pa6oma cxxamus A, (nnowagp durypel 2b61VV,2 ) otpuuatensHa: 4, <0.

Pa6oma 3a yukn A onpepensieTcs nnowaapio, OXBaTblBaeMoV 3aMKHYTON KpUBOWA:
A=A4 + 4,

Takum ob6paszom, paboma — 93T0 QYHKUMA HE MOSLKO COCMOSIHUSI
mepmoduHamuyeckoli cucmembl, HO U 8uda rpouecca, KOTOPbIA NPOUCXOAUT.
MosTtomy paboma He siensiemcsi 0OHO3Ha4YyHOU ¢hyHKyuel cocmosiHusi (Takon,
Kak BHYTPEHHSI 9Heprusl). M3 nepBoro Havana TepMoAMHaAMVKW cregyeT, 4To
mennoma (), Tak xe kak u pabota A, siensemcs ¢hyHkyuel npoyecca, KOTopbii
NMPOUCXOAUT C CUCTEMONA.
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