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65.YpaBHeHue KnanenpoHa-Knaysuyca

dp L

—_— = no3BondeTt
dT 10, 1)

YpaeHeHue KnanetipoHa-Knay3uyca:

onpeaenuTb HaKIOHb! KPUBbLIX PAaBHOBECHSI.

3pecb L — Tennota ¢asoBoro nepexopa (Hanpumep, B Criyqae nnaeneHuns —
yaenbHasi Tennota nnaenenus), (V, —V;) — usmeHeHne ob6béma BelliecTBa npu
nepexofe ero U3 nepeoi casbl Bo BTopyto, 1 — Temnepatypa nepexofa (Hanpumep,
B CIyyae nnaeneHns — Temnepartypa nnasnenna T, ).

Mockonbky L u T Bcerga MonoXuTenbHbl, TO HaK/IOH Kpueol pasHo8ecusi
onpedensemcs 3Hakom (V, — V). Tak npu ucnapeHuu u cybnumayuu o6bém Bcerga

Bospacraer, nostomy d p/d7 >0.

lMpu nnaenerHuu y 6onblIMHCTBA BellecTB 06bEM BO3pacTaeT, crieqoBaTensHO
dp/dT >0, T.e. ysenuderue dagneHus MPUEOOUM K MOBLILIEHUIO MEMIepamypbi
nnaeneHus (cnnowHas Kl Ha pucyHke).

Ans Hekomopsbix eewecme (Boaa, (Ge, YyryH) 06bEM XUAKON pasbl MeHbLue
obbéma TBépo (hasbl, T.e. d p/ dT <0; cnepoBaTenbHo, ysenuyeHue OaeneHus

cornpogoxdaemcsi NMOHUXeHUeM memrepamypb! rnnasaeHus (LUTpMXoBas NUHWUA Ha
PUCYHKe).

66. AHannM3 guarpamMmmbl COCTOSIHUA

,Elmarpamma COCTOAHUA, NO3BONAET CyAuUTb, B KakOM COCTOAHUMN HaxoaUTCA
AaHHOe BeLwlecCTBO Mnpu OﬂpeﬂeﬂéHHle pwn T, a TakKkKe Kakue (*)aSOBbIe nepexoabl

OyayT npoucxoamTb B TOM UM MHOM npoLecce.

Hanpumep, npu ycnoBusix, 06GO3HAYEHHbIX:
Toykon 1 BewecTBo — B TBEpPAOM coctosHun (17),
2 — B razoobpasHom (I°), 3 — O4AHOBPEMEHHO B XWAKOM
(K) v razoobpasHom.

Mpn wusobapHom HarpeBe 4-5-6 B TOouyke 5
HayMHaeTcs nNnasnexHue, 6 — KuNeHve.

[Mpn wun3obapHom HarpeBe 7-8 TBEpAoOe Teno
npeBpaLlaeTcs B ra3, MUHys Xuakyto gasy.

Mpn wnsotepmuyeckom cxatum 9-10 BelecTBO
P NponaéT TPY COCTOSIHUA: ra3—KMOKOCTb—KpUCTarn.

T Kpueasi ucnapeHusi 3akaH4ueaemcsi Kpumu-
geckoli moykol (K). MNo3ToMy BO3MOXEH HeENpepbIBHbIM Mepexos BellecTBa M3
XMOKOrO COCTOsIHUSI B ra3oobpasHoe M ob6paTHO B 0OXOA KPUTUYECKOW TOYkM, Oe3
nepeceyeHns KpuBon ucnapeHus (nepexop 11-12), T.e. Takom nepexod, Komopsbil
He cornposoxdaemcsi ha308bIMU NPespayeHUSIMU.

3TO BO3MOXHO NOTOMY, YTO pasnuune Mexay rasom n XuOKOCTbio ABNsSeTcs
YNCTO KONMYECTBEHHBIM (06a 3TN COCTOSHMSA, HAaNpPUMeEp, SABMNAOTCA U3OTPOMHBLIMM).

Mepexoa xe KpUCTanImM4eckoro COCTOSHMS B XXMOKoe Unn razoobpasHoe MoxeT
ObITb mMosbko ckaykoobpasHbiM (B pesynbTate a3oBOro nepexoga), MO3ITOMY
KpuBble NNaBneHus n cybrnumauum He moeym obpbigambCsi, Kak 3TO UMEET MECTO
O5S KpYBOW UCNAapeHUs B KPUTUYECKON TOUKE.

KpuBasi nnaBneHus yxogut B GECKOHEYHOCTb, a KpuBas cybnumauum ugét B
Touky, rae p=0unT=0.

A.H. Orypuos

OU3UKA ONA CTYOAEHTOB

YacTb 2

MOJEKYNAPHAA ®U3UKA U TEPMOOUHAMUKA I

A.H. OrypuoB. ®@u3suka 0551 cmydeHmMos

OUTLINE of PHYSICS for STUDENTS

X

«Ecnu 6bl B pesynbTaTe KakoW-TO MUPOBOM KaTacTpodbl
BCE HAKOMMEHHbIe Hay4Hble 3HaHUSA OKasanucb Obl YHWUYTO-
)KEHHBIMW W K rPsgyLIMM MOKOMEHMSIM XXMBbIX CYLLECTB MepeLuna
Obl TONMLKO 0OAHa hpasa, TO kKakoe yTBEePXAEHWE, COCTaBNEeHHOE 13
HauMeHbLUero KonuyectBa CroB, MpuHecrno Obl HanbonbLuyto
nHdopmauu? A cuutal, YTO 3TO — amoMHasi eaurnomesa
(MoXeTe HasbiBaTb €€ He rmnoTe3on, a PakToM, HO 3TO HNYEro He
MEHSET): 6ce mena COCMmoAm U3 amomoe — MAaJIeHbKUX
meney, KOMopvle HAX00AMCA 8 DECHPEPbLIGBHOM OBUINCEHUU,
NPUMAZUGCAIOMCA HA HEDOILUIOM PACCHOAHUU, HO OMMAJ-
Kuearomces, eciu 00HO U3 HUX NIOMHee NPUICAms K 0py20-
Mmy. B ogHon aton dopase, Kak Bbl yBUAOUTE, COOEPXUTCA He-
BEPOATHOE KONMYeCcTBO WHoOpMauuM O Mupe, CTOMT fullb
NPUNOXUTb K HE HEMHOTO BOOBPAXEHUS U YyTb COODPaKEHNSA.

Pvyapg ®enHman

https://sites.google.com/site/anogurtsov/lectures/phys/
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MonHoe nnm YacTniHoe KONMpPOBaHME 1 TUPAXMPOBAHME TEKCTa B HEKOMMEPHECKUX 06pa3oBaTenbHbIX LIENAX paspeLaeTcs u npuBeTcTByeTcs. ABTOP.



MOﬂeKyﬂﬂpHO-KUHemuquKaﬂ meopusi udeasibHbIX 2a308

1. CTaTUCTUYECKUA U TepMOoaNHAMUYECKNI MeToObl uccriegoBaHust

MonekynsipHasi ¢puzuka u mepmoduHamMuka — pasfernbl HU3NKK, B KOTOPbIX
M3y4yalTCs 3aBMCMMOCTM CBOMCTB TeN OT WX CTPOEHUSl, B3aMMOLEWCTBUS Mexay
YacTuuamu, U3 KOTopbIX COCTOSIT TENa, U XapakTepa ABVXKEeHUs YacTul,.

Ons  uvccnegoBaHusi  PM3UYECKMX  CBOWCTB  MaKPOCKOMWYECKUX — CUCTEM,
CBSI3@HHLIX C OIPOMHbLIM YMCMIOM COAEPXKALUMXCA B HUX aTOMOB W MOMEKYI,
NPUMEHSIOT ABa KauyeCTBEHHO pa3fiu4yHbiX U 83aumMHO OOMOMHSWUX OpYr Apyra

meTtoga: cmamucmud4veckul (vnn MOJIEKYJISIPHO-KUHeMuU4ecKull) n
mepmoduHamu4eckull.

CTaTucTMyeckuil Metod — 3TO MeTod WUCCReAoBaHUs cUCTeM U3 GonbLIoro
yucna YacTuu, OMepupyLM  cmamucmuyYyecKUMU  3aKOHOMEPHOCTSMU U
cpedHuMU (YCPEOHEHHBIMW) 3HAYEHNAMN DU3NYECKNX BENUYUH, XapaKTepU3yoLLInMx
BCIO CUCTEMY.

OTOT MeTod NEeXUT B OCHOBE MOJIEKYynsApHOU ¢hu3uku — pasgena usunku,
M3yyarwllero CTPOEeHVWE W CBOWCTBA BELIECTBA WCXOAS U3 MOJIEKYJISIPHO-
KuHemu4YecKux npeacTaBrieHUA, OCHOBLIBAKOLIMXCH Ha TOM, 4TO Bce Tena
COCTOAAT U3 aTOMOB, MOJIEKYN WSIM MOHOB HAaXOAALWMUXCA B HenpepbiBHOM
XaoTUYECKOM ABUXEHUM.

B panbHenwem Mbl 6ygem ucnonb3oBatb TepMUH "Mosiekyna” vmes BBuay
MenbYanLLyo CTPYKTYPHYIO €AMHMLY (3NEMEHT) AaHHOTO BeLLecTBa.

TepMoauHamuyecku Metog — STO METOA WCCMEdoOBaHUS CUCTEM K3
GonblIOro uYMcra YacTWl, OfnepupyllWuiA  BENMYUMHaMKM,  XapaKTepusyoLmmu
cuctemy B Uenom (Harpumep, GasneHue, 06bEM, memnepamypa) Npyu pPasnnyHbIX
NpeBpaLleHVsiX SHepruu, MPOUCXOAsLUMX B CUCTEME, He Y4YuUTbiBas Mpu STOM
BHYTPEHHErO CTPOEHMS N3y4aeMbiX TeN U XxapakTepa ABUXKEHUSI OTAENbHbIX 4acTuL.

OTOT MeTod nexuT B OCHOBE mepMoOuHaMuKu — pasgena usnku,
n3yvatollero oblimMe CBOMCTBA MAaKpPOCKOMMYECKUX CUCTEM, Haxofsumuxcs B
COCTOSIHUN TEPMOLANHAMUYECKOrO PABHOBECUSI, U MPOLIECCHI Nepexoia Mexay 3TUMu
COCTOSIHUSIMMU.

2. TepmoguHamuueckasa cuctema

TepmoanMHamuka wumeeT pJeno ¢ mepmoduHamu4veckoli cucmemol —
COBOKYMHOCTBIO ~ MaKpPOCKOMMWYECKMX  Ten,  KOTOpble  B3aWMMOLEWCTBYIOT U
obmeHMBalOTCA dHeprnen kak mexgy cobol, Tak U C APYrUMW Tenamu (BHELLHeWn
cpepon).

TepmMogMHaMuyeckne cucTembl, He 0OMEHMBaKOLWMECS C BHELUHEW CPEenov HU
3Hepruen, HM BELLECTBOM, Ha3blBalOTCA 3aMKHYMbIMU.

OcHoBa TepMoaMHaMM4eckoro MeToga — OfpederieHue CcocCmosiHUS
TepMOANHaAMMNYECKON CUCTEMBI.

CocTosiHMe cuCTeMbl 3adaéTca  mepmMoOuUHaMu4YecKUMu rnapamempamu
(napamempamu  cocmosiHUsI) —  COBOKYMHOCTbIO — (PUBUYECKUX  BEMUYUH,
XapakTepusyLmnx CBONCTBa TepMoauHammnyeckon cuctembl. OBbIMHO B KayecTBe
napamMeTpoB COCTOSHUS BbIOMpaOT memnepamypy, 0asneHue u 06bEMm.

MapameTpbl COCTOSIHUS cUCTeMbl MOryT u3MeHaTbes. Jlioboe u3meHeHue B
TepMOANHAMUYECKON CUCTEME, CBSI3AaHHOE C M3MEHEHMEM XOTsi Obl OOHOrO M3 eé
TepMoaNHaAMUNYECKNX napameTpoB, Ha3blBaeTcs mepMoOOUHaMU4eCcKUM
npoueccom. Ecnn ana OaHHOW CUCTEMbI 8HEWHUE yCriosusi HE U3MEHSIIOMCS W
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63. dDa3oBble nepexoabl

®da3oin Ha3blBaeTCs TepMOAUHAMMYECKN PaBHOBECHOE COCTOSIHWE BeLLecTBa,
oTnnyaroweecs no (U3N4eckMm CBOMCTBAM OT APYrMX BO3MOXHbIX PaBHOBECHbLIX
COCTOSIHWI TOTO e BellecTsa.

Mepexopn BellecTBa M3 ogHOW hasbl B Apyryto — ghasoenili nepexod — Bceraa
CBfi3aH C Ka4E€CTBEHHbIMWN M3MEHEHNSIMWN CBOWCTB BELLECTB.

®da3oBbIV_nepexon NepBoro poga — 3TO Nepexod, COMPOBOXAANLLMICS
NnornoLweHneM unu BbigeNeHneM TennoTbl (Hanpumep, nnasneHne, Kpuctannusa-
uust). OH xapakTepusyeTcsl MOCMOSIHCIM8OM memMrepamypbl, U3MeHeHUsIMU
sHmponuu u obbéma.

®Pa3oBbIi Nepexon BTOPOro poaa — Nepexof He CBA3aHHbIA C NornoweHnem
UNN  BblAeNeHneM TenmnoTbl W u3MeHeHvem ob6béma. OH xapakTepusyeTtcs
nocmosiHcmeoMm o06béma U  3HMPONUU, HO CKaykoobpasHbIM U3MeHeHuUem
mernnoémKocmu.

®a308ble nepexodbl 8mopo2o poda cesi3aHbl C U3MEHEHUeM CUMMEempuu:
Bbllle TOYKM nepexopa cuctema obnagaet Gonee BbICOKOW CUMMETPUEN, YEM HUXe
TOYKM nepexoaa.

Mpumepbl a3oBbIX NepexofoB BTOPOro pofa: nepexoq geppuMarHUTHbIX
BELeCTB Npu oOnpedenéHHbIX [AaBfneHnsax W TemnepaType B napamarHutHoe
COCTOsiHME; MNepexod MeTannoB UM ChnaBoB MPU  HU3KMX TemnepaTtypax B
CBepXnNpoBoAsLiee COCTOsiHME; npeBpalieHne OObIKHOBEHHOrO >XMAKOro renuns B
CBEPXTEKY4YMN.

64. Quarpamma coCcTosiHUs

Ecnu cuctema sBnsieTcsi 0OHOKOMMOHEHMHOU, T.€. COCTOSILLEN U3 XUMUYECKN
OAHOPOJHOTO BELLECTBA WU €T0 COeAUHEHUsl, TO MOHsIMuUe hasbl cosrnadaem c
MOHAMUEeM azpeaamHo20 COCMOSIHUS.

Ons  HarnagHoro  m3oGpaxeHust (has3oBbIX MPEBPALeHUin  MCMonb3yeTcs
duazpamMma cOCMOsIHUSI, Ha KOTOPON B KOOpAUHATAxX
(p,T) 3apaétcs 3aBUCMMOCTb Mexay TemnepaTypoii

da3oBoro nepexoga W AdaBneHWEM B BUOE KpUBbIX
ucnapeHusi (KH), nnasneHus (KII) w cybnumayuu
(KC), paspgenswowux none auvarpammbl Ha Tpu
obnacti, COOTBETCTBYIOLUME YCNOBWSIM CyLLECTBOBa-
Hus teBéppon (TT), xupkon (K) n rasoobpasHon (I)
das.

KpuBble Ha AuarpamMme HasbiBalOTCH KpusbIMU
@a308020 pasHosecusi, kaxpas Touyka Ha  HUX
COOTBETCTBYET yCrnoBusaM paBHoBecusi OByx
cocyLecTByOLWMX das.

TpoWHOW TOYKOM Ha3bIBaeTCA TO4YKa, B KOTOPOW MepecekarTcs KpuBble
as3oBOro paBHOBECMS W KOTOpas, CcregoBaTenbHO, OnpeaensieT  ycrnosus

(TemnepaTtypy TTp N [aBneHue pr) 00HOBPEMEHHO20  PaBHOBECHO20

cocywiecmeosaHusi mpéx ¢ha3s sewecmsa.

TpoiiHass moyka eodbl cooTBETCTBYET Temnepatype 273,16 K (unm 0,01°C no
wkane Llenbcust) n aBnsetcs OCHO8HOU pernepHOolU MOYKOU NS NOCTPOEHUs
TepMOANHAMMNYECKON TEMNEepPaTypHOW LUKarnbI.
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T.e. paBHa CyMMe aTOMHbIX TENMOEMKOCTEN 3MEMEHTOB, COCTaBMSALWMX 3TO
coeauHeHus1.

OTKMOHEHMs oT 3akoHa [tonoHra u MTn (0co6eHHO NpW HU3KMX TeMnepaTypax)
0OBACHATCA UCXOASt U3 KBAHTOBBIX NPEACTaBNEHUN.

62. A3MeHeHMe arperaTHoOro COCToAHUsA

M B XuakocTax M B TBEPAbIX Tenax Bcerga ecTb
HEKOTOpOe YMCNO MOMEKYs, 3Heprus KOTopbIX AoCTaToYHa
AN NPeofoNeHns MNPUTSHKEHUS K APYrMM  Moriekynam, u
KOTOpble CMOCOOHbI MOKMHYTb MOBEPXHOCTb KMAKOCTU WU
TBEPAOro Tena. Takon Npouecc Ans XWOKOCTU HasblBaeTcs
ucnapeHuem (W napoobpa3soeaHueM), AnNst TBEPAbIX Ten
— cybnumayueli (N1 e0320HKOU).

KoHOeHcayueli HasbiBaeTCcs nNepexof BellecTsa
BCNeACTBMUE ero OXNaXOEeHWUst N cxaTus n3 razoobpasHoro
COCTOSIHUSA B XUAKOe.

Ecnu uvcno monekymn, nOKMAAlLWKMX >KUAKOCTb 3a
eavHULYy BpEMEHU Yepe3 eAVHUYHYH MOBEPXHOCTb, pPaBHO
4Yucny Mornekyrn, Nepexopsdwmx M3 napa B KWAOKOCTb, TO
HacTynaet duHamu4eckKoe paeHosecue mexay
npoLieccamu ucnapeHus n kosgeHcauuu. fap, Haxogswmines
B PaBHOBECUW CO CBOEN XWAKOCTbIO, HAa3blBaETCA HaChbIWeHHbIM.

lMnaeneHuemM HasbiBaeTCsi Nepexof BellecTBa W3  KPUCTaNfM4ecKoro
(TBEpOOro) cocTtosiHMsA B xuakoe. [naeneHve npoucxogut npu onpedesnéHHOU,
BO3pacTatoLewn c yBenm4yeHvem

ucnapetme

XKNOKOCTb

cy6numauus (Bo3roHka)

nnasneHuve

TBEPAOE TEJIO

T a) T 6) BHELUHero [aBrieHns, memMmnepamype
nnaenenus T, .

T , B npouecce nnaeneHus TennoTa

bl v Q, coobljaemasi BeluecTBy, UAET Ha

coseplUeHne pabombl 10 Pa3pyLeHUIo

JLE K X 'f.’,’.'iﬁm T Kpuc;annuqeﬁc):f(oa peLﬁémplg/u, "

o 5 nosatomy 7T, =const (puc.(a)) Ao
pacnnaBreHunsl BCero kpuctanna.

KonuuecTtBo Tennotel L, Heobxoaumoe Ansi pacnnaeneHust 1kr BellecTsa,
Ha3blBaeTCs yAenbHOM TeNS0TON NnaBneHus.

Ecnu xnpkocTb oxnaxagaTb, TO npouecc noiaét B obpaTHOM HampaBrieHun
(puc.(6)), Q' — Konu4yecTBO TENNOTbl, OTAABAEMOE TEMOM MpU KpUcCTannmsaumm):
CHayana TemnepaTypa >KMAOKOCTW  TMOHWXAeTcs, 3aTteM npu  NOCTOSIHHOM
TemnepaType, paBHoi T, , HauMHaeTCcs Kpucmasusayus.

w1’

Ons  kpuctannusauum — BellecTBa  HeoGXOAMMO — HanuuvMe  YeHmpos
Kpucmannusayuu — KpUCTannu4ecknx 3apofpllleil, KOTOpbIMWU MOryT ObiTb Kak
Kpuctannuku obpasytollerocsi BellecTBa, Tak U niobble MHOPOAHBIE BKIIOYEHMS.
Ecnu B uniCTOW XMAKOCTW HET LEHTPOB KpuCTannusauuu, TO OHa MOXeT ObiTb
oxnaxpjeHa [0 TemnepaTypbl, MeHbLUel TemnepaTypbl KpucTannmsauum, obpasys
npv 3TOM nepeoxnaxdEHHY0 udkocmb (puc.(6) — MyHKTUP).

AmopdHble Tena SABMATCS NEPEOXNAKAEHHBIMU XNAKOCTAMM.
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COCMosiHUe cucmembl C me4yeHueM epeMeHU He MeHsemcs, TO 3Ta Ccucrtema
HaxoauTcqa B mepMOduHaMll"leCKOM pasHoegecuu.

3. Temnepatypa

TemnepaTtypa — OOHO U3 OCHOBHbIX MOHATWI, UrpaloLmnxX BaXHENLWY pofb B
bu13mKe B LESOM.

Temnepamypa — du3anyeckass BenuuMHA, XapakTepusylowass COCTOsIHWE
TepMOANHaMUYECKOro paBHOBECUSI MaKpPOCKOMUYECKOM CUCTEMbl U onpeaenstowas
HanpaeneHvne TennoobMeHa Mexay Tenamu.

B HacTosiee Bpemsi MICNOMb3ytoT ABE TemrnepaTypHble LKanbl.

MexayHapoaHasa npaktnyeckas wkana (wkana Llenbcusa ) rpagyMpoBaHHas B
rpapycax Lienbcus (°C) no ABym pernepHbIM moYykaM — TeMmnepatypam 3amep3aHunsi
W KuneHus Boabl Npu  AaBneHuu 1,013-10° MNa, KOTOpble  MPUHUMAOTCA
cootBeTcTBeHHO 0°C 1 100°C.

TepmoamnHamuyeckas TemneparypHas wKana (wkana KenbBuHa),
rpagyvpoBaHHas B rpagycax KenbsuHa (K) onpeaensietcsi no ogHow penepHomn Touke
— mpolHol mo4yke 800bI — TeMnepaType, Npu KOTOpow NéA, BoAa W HaCbILLEHHbIV
nap npu pgaeneHun 609 [la HaxogaTca B TepMoOAMHAMUYECKOM pPaBHOBECUMU.
Temnepatypa 3TOi TOYKM NO AaHHO LWKane paBHa 273,16 K. Temnepatypa T =0 K

Ha3sblBaeTcs Hyném KenbeuHa.
TepmoauHamunueckass  Temnepatypa (') wu  Temnepatypa (f) no

MexayHapoAHON NpaKTUHECKOiA LKane cBsi3aHbl COOTHOLLEHUEM
T=27315+¢.

HopmansHsie yenosusi: T, =273,15K=0°C, p,=101325T1a.

4. WpeankHbiii ras

Pusmyeckasa Mogenb, COrnacHoO KOTOPOW:

1) cobCTBEHHBLIN O6BEM MONEKYN rasa npeHebpexnmo man no CpaBHEHWO C

o6bvémoM cocyaa;

2) Mexagy Mornekynamu rasa OTCyTCTBYHOT CUIMbl B3aMMOAENCTBUS;

3) CTONKHOBEHWMs MOMNeKyn rasa mexgy cobo u co CTeHKkamu cocyda

abcontoTHO ynpyrue.

Mcxopa u3 atoro maeanbHbIli ra3 MOXHO paccMaTtpuBaTb Kak COBOKYMHOCTb
6ecnopsaoYHO ABWXKYLLMXCS MOMEKYS-LUapyKkoB, UMELUX NpeHebpexmnMo Marnbivi
COBCTBEHHBIN O6BEM 1 HE B3aUMOOENCTBYHOLLUX APYr C APYTOM Ha PacCTOSIHUM.

3akoHbI, onucblearouwue nosedeHue udeasibHbIX 2a308 — 3aKOHbl Bonns-
MapwuoTTta, ABoragpo, flanbToHa, len-Jltoccaka.

5. 3akoH Bonns-Mapuorra
Ons paHHOM Maccbl rasa m  NpW NOCTOSIHHOM
Temnepatype I npowsBeaeHve AaBrneHuss p Ha obbém V' p
€CTb BenunymHa NocTosiHHas
pV =const npu T =const n m = const.
KpuBasi, usobpaxatoLiasi 3aBMcMMoCTb Mexay p u V,

XapakTepusylllass CBOWCTBa BellecTBa MNpy MOCTOSTHHON
TemnepaType, HasbiBaeTcqd u3oTrepmon. W3otepmbl —
rmnep6ornbl, pacrnonoXeHHble Ha rpaduvke TeM Bbille, YEM
BbllLEe TeMnepaTypa NpPoMcxXoasLLero npowecca.

T pactér
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6. 3akoH ABoragpo

KonunyectBo BewectBa v — (bVISVILIeCKaH Benn4ynHa, onpeaendemaa 4Yucriom
CNeundUYEcknX CTPYKTYPHbIX 3MIEMEHTOB — MOJeKyrn, aToMOB WIW WOHOB, U3
KOTOPbIX COCTOUT BELLECTBO.

EduHuua konu4ecmea eewjecmea — MOMb — KONMMYECTBO BELLECTBA
CUCTEMbI, CofepXallieil CTONbKO e CTPYKTYPHbIX NEMEHTOB, CKOJIbKO COAEPXUTCS
B 0,012 kr u3oTona yrnepoga '*C.

B ogHoM Mone pasnuyHbIX BELeCTB CoaepXutcs N =6.022.108 1
OfIHO 1 TO e uncno monekyn N ,, HasblBaEMOe YUCIIOM 4 ’ MOJIb
ABorazpo.

3akoH ABoragpo: mosu mobbix 2a3oe npu oduHakoeol memnepamype u
daeJsieHUU 3aHUMarom oOUHaKoeble 06LEMBbI.

Mpu_Hopmanbhbix ycnosusax (7 =T;, p = p,) 70T

) L Vv, =22,41-10"
0O6BEM Vu (MonsipHbIN 06BLEM) paBeH K MOJIb

m m
MonspHas macca L =— — 3TO Macca ogHoro Mons Bellectea. OTcioga: v=—
v [

EduHuuya monsipHoli Maccbl — KANIOrpaMM Ha Morb (Kr/Monb).

7. 3akoH JanbToHa

lMapyuanbHoe OJdaenieHue — [aBlieHNe, KOTOpoe npoussoaun Obl ras,
BXOASALLMIA B COCTaB ra3oBOW cmecu, ecnv Obl OH OAWH 3aHMMarn OObEM, paBHbIN
06BEMY CMecK Mpu TOK XKe TeMneparype.

3akoH [lanbToHa: [JaBreHWe CMecuM MuAaeanbHblX [a3oB pPaBHO CymMMe
napuuanbHeiX AaBNeHWA p|, p,,..., P, BXOASALMX B HE€ ra3os:

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

8. 3akoH len-Jlloccaka

. PA _
1) [aBneHve p paHHOW Maccbl m rasa npu NOCTOSAHHOM V, = const
006bEME N3MEHSIETCS NMHENHO C TeMnepaTypon ¢
p=py(l+at),npn ¥V =const, m=const. Vi = const
2) O6bém V paHHOM maccbl m rasa npu MNOCTOSIHHOM /
OaBMNeHnn N3MeHsIeTCs NIMHENHO C TemnepaTypown ¢ ]
z” V>
V =V,(1+at), npu p =const; m = const. Vi >
. -laa O t °C
rme a=Y%,K", V, n p, — o6bém u paeneHve npw VA
o p, = const
t=0°C.
Mpouecc, npoTekaloLWwuin npu NOCmMosiHHOM 0asfieHuU, - const
Ha3blBaeTcs mM3o06apHbIM. Ha guarpamme B koopamHaTtax p
(V,t) atoT npouecc M3obpaxaeTcs MpsIMOi, Ha3biBaeMOM /
o ]
nsobapown. 7
o = /// p[ >p2
Mpouecc, npoTekawLwWmii mpu NOCMosiHHOM 06béme, 17’ > > oc
o f

Ha3blBaeTCA M30XOPHbIM. Ha avarpamme B koopauHaTax
(p,t) oH nsobpaxaeTtcs NPsSIMON, Ha3blBaEMOV U30XOPOMN. , L >
MN306apbl 1 130XOpbl NepecekaloT ocb TeMMepaTypbl B
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60. edbekTbl B KpUcTanaax

Hedektamy  KpuCTannnyeckom pelétkn Has3blBalOTCA  OTKMNOHEHWS  OT
YNOPSAOYEHHOro PacnonoXeHus vacTuy B y3nax pelwéTkn. Jedektsl gensarca Ha
MakpockKonuyeckue, BO3H/KaloLmMe B npouecce o6pa3oBaHns 1 pocta Kpuctannos
(Hanpumep, TpewwuHbl, MOpbl, WHOPOAHbIE MAaKpPOCKOMWYECKME BKIOYEHUS), W
MuKpockonu4eckue, OO6YCNOBMEHHbIE MWUKPOCKOMUYECKUMU  OTKIMOHEHUSAMU  OT
nepuoanyYHoOCTH.

MukpoaedekTbl AenATCa Ha MmoYeyHbie N JIUHelHble. ToyeyHble gedekTbl
GbiBalOT TPéx TUMOB: (1) BakaHCUA — OTCYTCTBME aTtoma B y3rne KpUCTannnyeckomn

(a) (b) (c) pelwéTku (a); (2) mexnoysenbHbIA aToM

—-9— < — aToM, BHEAPUBLLUMICH B MeEXAoy3enb-

re Hoe npocTtpaHcTeo (b); (3) mpumecHbIN

l o ° r atom — atom npumecu, nuMbo 3amella-

L * P ¢ IOWMA aToM OCHOBHOrO BelllecTBa B

@ KpUCTannuyeckon pewéTke (mpumechb

3ameuwjeHus (c)), Nnbo BHeOpPUBLLMICA B

MEX0Yy3enbHOEe MPOCTPAHCTBO (MpumMecb eHedpeHusi). TouveuHble aedekTbl
Hapywarom TOnbKo 6/1UXHUL Mopsi0OK B KpUCTannax.

JluHenHble pedekTbl Hapywarom OanbHul nopsidok. Ocoboe MecTo cpeau
TNIMHENHBbIX AeheKTOB 3aHMMalOT AUCNIOKaUUUN — NMHENHbIE AedeKTbl, HapyLlatoLme

npaBunbHOe YepedoBaHWe aTOMHbIX MIOCKOC-

q - o - g
) 6 Te. PasnuuaioTr kpaeeble (kpal amomHol
nnockocmu, obpbigaowelics 8 Kpucmarnnie
(puc.a) 1 euHmMoeble (amoMHbie MI0cKocmu

obpasyrom 8uUHMOo8YK Mo8EPXHOCMb (pnc.0)
ducnokauuu.

61.TennoéMKoCTb TBEPAbIX TeN
PaccMoTpMM unpaeanbHylo KpucTaniuMyeckylo pelléTtky, B Yy3rax KOTopow
YacTuubl, NMPMHMMaeMble 3a MaTepuarbHble TOYKKM, KonebnoTcs BGNN3N NONOXeEHNN
paBHOBECUSI B TPEX B3aUMHO  NEPNEHAVKYNSIPHbIX  HamnpaBneHusx  (Tpu
konebarenbHble CTeneHy ceBoboabl, kaxaas U3 Kotopbix obnagaet aHepruen k7).
BHyTpeHHAs aHeprua Monsa TBEpAoro Tena Uu =3N kT =3RT

roe N, —uncno ABoragpo, R — MonsipHas rasoBasi NOCTOSIHHAS.
MonsipHas TennoémkocTb TBEPAOro Tena:

N Jox

Cy = =3R=25—— — 3aKkoH [ltonoxra u Mm —
dTr Mouib - K

MosisipHasi mensoéMKOCMb XUMUYECKU MPOCMbIX Mesl 8 KpucmasiuyeckoMm
cocmosiHuu oduHakoea (paBHa 3R) u He 3asucum om memnepamypabi.

Ecnn TBEpAOE TENO ABNAETCS XMMMUYECcKkuM coeamHeHnem (Hanpumep NaCl), To
4ucro yactul B Mone pasHo nN ,, roe n — uucrno atomos B Monekyne (ans NaCl

4ucro vactu B mone pasHo 2N ,, nockonbky B ogHoM Mone NaCl copepxutest N

atomos Na un N, atomos Cl).
MonsipHas TennoémkocTb meépadbiX XUMUYEeCKUX COeOUHeHUl

C, =3nR=25.n 2 _
moJib - K

MonekynsapHas usmka n TepmognuHamMmmka
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OpeaHuyeckue amopdHble Tena, Monekyrnbl KOTOPbIX COCTOAT U3 6OrbLIOro
yncrna OAMHAKOBbLIX OSNIMHHBIX MOMEKYNSPHbIX LEenoYeK, COeAUHEHHBIX XMMUYECKUMM
CBA3AMW, Ha3blBalOTCA nmosiuMepamu (Hanpmmep, Kay4dykK, NOJIN3TUNEH, pe3|/|Ha).

59. Tunbl KpUCTaNNoB

B 3aBucuMoCTM OT poga YacTul, pacroroXeHHbIX B y3nax Kpuctannmyeckomn
pPEeWweTkn, W XapakTepa CuI  B3aUMOAEWCTBUS  MeXZy HUMMKM  KpucTannbl
noapasgensioTcs  Ha  YeTblpe  Tuma: WOHHble, aTOMHble, MeTannuyeckue,
MOMEKYNsPHbIE.

WoHHble kpucTtannbl. B y3nax kpuctannuyeckonm pellétku pacnonarakTcs
nooYepéaHO WOHbI MPOTMBOMOSOXKHOIO 3Haka.
CTpyKTypbl peLéTok AByX Hanbonee
XapakTepHbIX MOHHbIX kpuctannoB — NaCl
(pewéTka npencTaBnseT cobow ABe oanHaKOBbIE
rpaHeLEeHTPUPOBaHHbIE  KyBuueckue peLuéTku,
BMOXEHHbIE ApYr B ApYra; B y3nax O4HOW U3 3TUX
pelL&ToK HaxoaaTcs MoHbl Na', B yanax apyroit —
moHel CI') n CsCl (kybuyeckass 06BLEMHO-
LEHTPUPOBaHHasi pelléTka — B LEHTPE KaXJOoW 3fieMeHTapHOW SiYEerKM HaxoauTcs
MOH) — nokasaHbl Ha pucyHke. CBs3b, 0OYCrOBMEHHasi KyNOHOBCKMMMW CuUNaMu
NPUTSXKEHNA MEXAY Pa3HOMMEHHO 3apsPKEHHbIMU MOHaMW, Ha3blBAETCA UOHHOU.

AToMHbIe KpucTtannbl. B y3nax kpuctannuyeckon pellétku pacnonararorcs

r HelTpasnbHble aToOMbl, YAEPXMBaKOLWMECA B y3nax peLuETKM

KogaJsIeHMHbIMU cesassiMu KBaHTOBO-MeXaHU4YeCKoro

NpouCXoXaeHns (y cocedHux aToMOB 0606I.Ll,eCTBJ'IF|}OTCF|
Bare€HTHbIE 3MEKTPOHBI, HAMMEHEE CBSA3aHHbIE C aTOMOM).

[Mpymep aToMHbLIX KpucTan-
noB — anmas v rpacuT.

B anmase kaxgbii artom
yrnepoga CBfi3aH C 4eTblpbMs
TakuMyM e aToMamu, KoTopble
pacrnonaratoTcs Ha OAMHAKOBbIX PACCTOSIHUAX OT Hero B
BeplwMHax TeTpasgpa. B rpacdmre atombl yrnepopa
ynakoBaHbl B MIOCKME CfiOM, CBSAA3aHHble Mexay cobow
cnabbiMu BaH-Aep-BaanbCoBbIMU CUNAMU.

MeTtannuyeckue kpuctannbl. B y3nax Kpuctannuyeckom  peLuétku
pacnonaralTca NonoXuTernbHble WMOHbl MeTanna. [Mpu obpasoBaHum Kpuctannu-
YeCKOWN PeLLETKN BaNEHTHbIE 3NEeKTPOHbI, crabo cBA3aHHbIe ¢ aTomMamu, oTAeNsoTCA
OT aTOMOB U KONNEKTUBU3UPYIOTCA: OHU YXXe MpUHagnexat He 0gHOMY aToMy, Kak B
crnyyae WMOHHOW CBSA3W, M He Mape COoCedHMX aTOMOB, Kak B Criydae KOBaneHTHOW
CBsi31, @ BCEMY KpUCTarnny B LEnom.

MonekynsipHble _kpuctamnbl. B  y3nax kpucrtannumyeckon  peLuétku
pacnonaralTcsi HeTparbHble MOMEKYMbl BELLECTBA, CUIbl B3aMMOAENCTBUA MexXay
KOTOpPbIMM OBYCMNOBMEHbl HE3HAYUTENbHLIM B3aUMHbLIM CMELLEHUMEM 3NEKTPOHOB B
3NEKTPOHHLIX 060Io4Kkax aTOMOB. DTU CUSlbl Ha3bIBalOTCS eaH-0ep-8aaslbCcoebiMU,
TaT KaK OHW UMEIT Ty XXe MpUpoay, YTO U CUMbl NPUTSKEHUS MeXOy MOreKkynamu,
NPVBOAALLMMM K OTKIIOHEHWIO rasoB OT uaeanbHOCTU. [puMepbl MOMekynspHbIX
KPWUCTanmnoB — OpraHuvyeckue coeaunHeHus (Hanpumep, napadwvH), UHepTHble rasbl
(Ne, Ar, Kr, Xe) n atmocepHble rassi CO,, O,, N, B TBEPAOM COCTOSHWM, NEA,
UT. o

72 27
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Touke ¢ =—) =-273°C. Ecnu Hauarno otcyéTa CMECTUTb B 3Ty TOUKY, TO MOMy4UM

wkany KenbBuHa (TEpMOAMHaMUYECKYHO TemMnepaTypy) T=t+ % .
B TepMoanHaMM4yecKo WKane Temneparyp:
V=V,1+at)=V,aT, p=po(l+at)=pal
OTtkyna cnegyet

nT, 4
—=— wm —=const npu p =const; m =const,
v, T, T

T; P
L unn — =const npu V =const; m = const (3akoH Wapns),
p, I, r

roe MHAekcbl 1 M 2 OTHOCATCSA K NPOM3BOSIbHLIM COCTOSIHUAM, NeXallum Ha OOHOM
n3obape nnm nsoxope.
9. YpaBHEHME COCTOSIHUSA ugeanbHOro rasa

YpaeHeHueM cOCMOSIHUSI TEPMOOMHAMUYECKOW CUCTEMbI Ha3biBaeTcs
ypaBHeHWe, KOTOpOe CBsi3blBaeT fAaBreHve p, obbém V' u Temnepatypy T

TepMOANHAMMNYECKON CUCTEMbI, HaxoAsiLLeNcss B COCTOSIHUM TepMOAMHAMUYECKOro

paBHoBecws!
f(p,V.,T)=0,

roe Kaxaasi U3 nepeMeHHbIX BNsSeTcst PyHKUMEN ABYX OPYTruX.

MycTb HekoTopasi Macca rasa 3aHumaeT o6bém V),

“MeeT AaBreHne p, U Haxogutcs npu Temnepatype 7.
OTa Xe Mmacca rasa B [OpYyroM MNPOM3BONMbLHOM COCTOSHUM
xapaktepusyeTcsi napametpamu p,,V,,T,. Mepexoa u3
coctosHMss 1 B cocTosiHMe 2  OCYLIecTBRsieTcs

P> ¥%.T, nocneposaTenbHo u3oTepMuyeckum (1-1') U M30XOPHBLIM
(1’-2) npoueccamum.

PVt Mo 3akoHam bownns-MapwuotTa u Nen-Jlioccaka
’
_l—.l._» _ ’ &_5
4 i, ¥V pVi=plVs, T
P> 2
Vicknioyas p;, MornyyuM ypaeHeHue cocmosiHusi udeanbHoz2o 2asa
|4 V. V
Py _ Py unm PP _ const.
T T, T

Mo 3aKOHY ABora,qpo, npy OOWHAKOBbIX p WU T monu Bcex rasoB 3aHMMatoT

O[VHAKOBbIN  MONSPHbIN  OOBEM Vu' YpaeHeHue cocmosiHuss [p[na  Monsi

naeanbHoro rasa: pVILL = RT, rge koHcTaHTa R =8,31 x/(Monb-K) — HasbiBaeTcs
yHueepcasibHOU 2a3080U MocmosiHHoU.

m m m
OGvém rasa maccel m: V' =vV, =—V,. Ortciopa pV' =—pV, =—RT =VRT.

[ H H

YpaeHeHue MeHOeneesa-KnanelipoHa — ypaeHeHue cOCMOSIHUS [Nsi
Macchbl m vaeanbHoro rasa

pV="1RT.
u
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R _ K
Ecnu ncnonb3oBaTte MocmMosiHHyio bonbymaHa k = N_ =1,38-10 23 I[?

A
TO ypaeHeHUe cOCMOsIHUSI NPUMEeT BUA
RT kN, T
=—— =24° — T
Vu Vu
N N,
roe n:7:7 — KOHUeHmpauusi MOJIeKYyJsl — Y/CINIO MOMNeKyn B efuHuue
n
obbéma.

Takum obpasom:
1) OaeneHue wupeanbHOro ra3a npW [aHHOW TemnepaType MpPsIMO
MponopyuoHasbLHO KOHUeHmpayuu ero Monexyn,
2) npv oAMHAaKOBbLIX TEMMNepaType M AaBneHNU Bce rasbl cogepxaTt 8 eduHuye
06béMa 0OUHaKOBOE YUCIIO0 MOJEKYIT.
UMcro Monekyn, copepxaluuxcsi B 1M rasa Npy HOPMAasibHbIX YCHOBUSIX,
Ha3biBaeTcs yucsaom Jlowmudoma

NL:&=2,68-1025L3.
kT, M

10.0CHOBHOE YypaBHEHMEe MOJIeKYNSPHO-KMHETUYECKON Teopun unaeanbHbIX
rasoBs

Myctb B cocyge o6bémom V  Haxogutcs wgeanbHbld ras maccon m,
coctositmit U3 N Momekyn Maccol m,, ABWXKYLUIMXCS C  OAMHaKOBbLIMM

CcKOpOCTAMM VL. KOHLEHTpaums Morekyn B rase no onpegenexuio n= N/V .

Ecnu npu coyaapeHusix co cTeHkamu 3a Bpemsi Af aneMeHTapHoi nnoLlyasike
AS' cTteHku cocyna nepepaétca umnynsc AP, To daesnieHue rasa, oka3biBaeMoe UM

Ha CTeHKy cocyaa p = TAS .
t

Mpu kaxxgom coyfapeHuy Morekyna, ABWKYLLAsCs NepreHanKynspHO CTeHKe,
nepenaért en umnynbc 2myb. B cpefHem No HanpaeneHwio K CTeHke ABUXETCH Y
YyacTb Bcex monekyn. (Ecnu paccmoTpeTb Tpy B3aMMHO NeprneHanKynsipHble ocu, To
B CpeAHEeM TOMbKO Y, MOreKyn ABWXETCS BLAOMb OAHON U3 OCeil U TOMbKO MoroBuHa

us Hux % (%) Boonb faHHoOro Hanpasnewus.) Mostomy, 3a Bpemst A nnowagku

1 1
AS pocturHyT gnASvAt Monekyn v nepegagyT e umnynsc AP :gnmovaSAt .

1
HaeneHue, okasbiBaeMoe rasoM Ha CTEHKY cocyaa p= —nmovz.

Ecnn ras B o6béme V' comepxut N MOnekyn, ABWXKYLIMXCH CO CKOPOCTSIMM
Up,Uy,...,Uy, TO LENecoobpasHo paccMaTpusaTb CPedHIo  KeadpamuyHyio
cKopocmb, KOTOpas onpefensaeTcs Kak

N Unmax
2 1 1
(Vo) =— D07 =— I vidN, .
N N
i= 0
11 XapaKTepuayeT BCIO COBOKYMHOCTb MOMeKyn rasa.
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57.KanunnspHble ABneHus

Kanunnspamu HasbiBaloTCs y3kue UunuHOpudeckue Tpybku C avameTpom
MeHee MunnumMeTpa.

KanunnspHocmbto HasbiBaeTCA SBMEHWE U3MEHEHWS YPOBHHA >XMOKOCTU B
Kanunnspax.

XugkocTb B Kanunnsipe NOAHUMAETCA WM OMyCKaeTCs Ha Takytlo BbicoTy /i,
npu KOTOPOW AaBneHWe cTonba XUAKOCTU (2udpocmamu4deckoe daesieHue) pgh

ypaBHOBeLUMBaeTCA M36bITOYHBIM JABNEHNEM Ap

2c
—=pgh.
R pPg
BbicoTa nogHATuA (rmybuHa onyckaHus)
XKMOKOCTW B Kanunnspe:
hzz—czz—ccos\(},
pegrR  pgr
rae p — MAOTHOCTb XXWAKOCTW, » — paguyc

Kanunnsipa, R — pagnyc KpyBM3HbI MeHUCKa, g — yCKkopeHue cBoBOAHOro NageHus.

Bbicota nogHATMA  (OMycKaHWsl)  XKMOKOCTM B Kanunnspe  obpaTtHo
nponopumMoHarnbHa ero paguycy.

58. Kpuctannuuyeckue n amopdHbie TBEépable Tena

TBépabiM TenoM HasblBaeTCs arperaTtHoe COCTOsIHME BELLEeCTBa, Xapakrepu-
3yloLeecs NOCTOSAHCTBOM popMbl 1 06BbEMA, NPUYEM TENsoBble ABMXEHUS YacTul, B
HUX NPeAcTaBnsOT CcoboM  xaoTuyeckue konebaHust 4acTul, OTHOCUTENBHO
NONOXEHNN paBHOBECKS.

Teépable Tena NoApasfAensioTca Ha KpucTanmyeckme n amopdHble.

Kpuctannuyeckue Tena — 370 TBEpAble Tena, MMeloLWMe YnopsgovyeHHoe,
nepuoanyeckn NOBTOPSIOLLEECS PACMONOXEHMNE YacTuLl.

CTpyKTypa, ANs KOTOPOW XapaKTepHO perynspHoe pacrnofioXeHue 4Yactuu C
nepvoguyeckon NOBTOPSAEMOCTbIO B  Tpéx N3MepeHunsix, HasblBaeTCcs

O e 0 e 0o e o kpucmannuyeckoi pewémkod.

TouykK, B KOTOPbIX PACNOMOXEHb! YacTULibl, @ TOYHee —
cpefHWe paBHOBECHbIE MOMOXEHWNs,, OKOMO  KOTOPbIX
YacTuubl coBepLualT konebaHus, Has3bIBAOTCA y3namu
Kpucmasniu4yeckol pewémku.

XapakTepHo 0COGEHHOCTBIO KPUCTanmoB SBNSETCA
X aHU3OTPOMHOCTb — 3aBUCUMOCTb (PU3NYECKUX CBONCTB
(ynpyrmx, MexaHuW4ecKkux, TENsOoBbIX,  JNEKTPUYECKUX,
MarHuTHbIX, OMTUYECKMX) OT HampaBneHus. AHM3OTpONUs
KpUCTanmnoB OBBACHAETCA TeM, YTO MNOTHOCTb PAaCMONOXEHNS YacTul, Mo pasHbIM
HanpaBneHnsiM He OAMHaKOoBa.

Ecnun kpuctannuyeckoe TeNo COCTOUT U3 eOUHCMBEHHO20 KpUCTanna, OHO
HasblBaeTCs MOHoKpucTannom. Ecnu TBépaoe Tenmo COCTOMT M3 MHOXeCTBa
6ecnopsagoyHO  OPUEHTUMPOBAHHBIX — KPUCTamNMYEeCcKnx 3€peH, OHO HasbiBaeTcsi
nonukpuctannom. B nonukpuctannax aHusoTponus HabniogaeTcs TONbKo Ans
OTAENbHbIX MENKUX KPUCTamMNKOB.

Teépaple Tena, @uanyeckme CBOWCTBA KOTOPbIX OAWHAKOBbl MO BCEM
HanpaBneHVsM (M30TPOMHbI), Ha3biBalTCs aMopdHbIMU. [INs amMopdHbIX Ter, Kak 1
AN XUOKOCTEN, XapakTepeH 6nuxHul nopsi0oK B PacrnonoXeHUW YacTul, Ho, B
OTNINYME OT XKMAKOCTEN, MOOBUXHOCMb YaCTUL, B HAX OOBOMbLHO Masa.

® O @ ©

O ¢ O ¢ O & O
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55.CmauuBaHue

CmayueaHueM Ha3blBaeTCH SBMEHWe UCKpUBNEeHus c80600HOU nosepxHocmu
XXMOKOCTW NPU CONPUKOCHOBEHWM XUAKOCTU C NOBEPXHOCTLIO TBEPAOrO Tena.

MoBEpPXHOCTb XWAKOCTU, WCKPUBMNEHHAS Ha rpaHuiue C TBEPAbIM Tenom,
Ha3blBaeTCA MEHUCKOM.

JIMHuA, No KOTOPOM MEHWUCK nepecekaeTcs C TBEPAbLIM TenoM, HasblBaeTcH
nepumMempomM cMaqdueaHusi.

SIBNeHne CMauMBaHUA XapaKTepusyeTcs KpaeebiM yarioM 3  mexay
MOBEPXHOCTbIO TBEPAOro Tena M MEHUCKOM B TOYKax WX nepeceveHus (B Toykax
nepuMmeTpa  cMauuBaHus).  XKuOKoCTb
HasblBaeTcsl cmaquearouwjell TBEpPOOE
Teno, €ecnu KpaeBOW Yronm OCTPbIN:

T
0<3< 3 (puc.a) M Hecmayuearowel,

ecnu §< 9 < (pnc.6).

Ecm 9 =0, cmaunBaHue cunTaeTcs
udeasnibHbIM (MOMHbIM). Cnyyan $=7 —
370 udeasnibHoe (NOSIHOE) HeCMaYyueaHue.

Ecnu cunbl npumsixeHusi mexoy Monekynamu meép0o20 mena u xudkocmu
Gonblue, Yem Cunbl MPUTSKEHWUS MOSEKYN XWAKOCTU APYr K OPYry, TO XWOKOCTb
6yneT cmaumBatoen. Ecnu monekynsipHoe npumsikeHue 8 )udkocmu npeBbllLaeT
CUIbI NPUTSXKEHNST MOMEKYN XWUOKOCTU K Monekynam TBEpAOro Tena, T0 XWUAKOCTb He
CMayMBaeT TBEpAOE Teno.

56.gaBﬂeHMe noa UCKPUBNEHHOW NOBEPXHOCTbLIO XXUOKOCTU

chepvlquKaﬂ eblinykKnas NOBEPXHOCTb npoussogunT Ha XNOKOCTb
AOoNoNHUTENbHOE  JaBneHue, BbI3BaHHOE CuiaMnm  BHYTPEHHEro HaTdaXeHud,

c
HanpaBneHHbIMW BHYTPb XWOKOCTM, Ap:2E, roe R — paguyc cdepbl. Ecnu
NOBEPXHOCTb XWUOKOCTU @02Hymasi, TO pe3ynbTupylowas curna MoBepXHOCTHOro
G
HaTs>KeHUs! HanpaBneHa K3 XWAKOCTW U JaBleHne BHYTPU Xuakoctn Ap = —2;.

N36bimo4yHoe JdaeneHue eHympu MbUIbHO20 My3bipsi paguyca R
Bbl3blBaeTCA [OencTBMEM 000MX MOBEPXHOCTHLIX CIOEB TOHKOW cdhepuyeckomn
MblfbHON NnéHkN Ap =4c/R .

B obwem cnydyae wu3bbITONHOE [aBneHne Ans
R,<0 NMPOW3BONbLHOM  MOBEPXHOCTU  XKMAKOCTU  OMUCbIBAETCHA

dopmynon Nlannaca

Ap=c L+L ,
R

rae R, v R, — papuycbl KpuBM3HbLI ABYX NOOLIX B3aWMHO
NepneHaMKYNAPHbIX CEeYEHUI MOBEPXHOCTU XKMOKOCTU B
[ aHHOWM TouKe.

Pagnyc KpvBM3HBI NOMNOXWTENEH, €CNWU LEHTP KPUBWU3HbI COOTBETCTBYHOLLENO
CEYEHMS HaXOAQUTCA @HYympu XWAKOCTW, U OTpULATENeH, €Cnn LEeHTP KPUBU3HbI
HaxoAMTCS 8HE XWUAKOCTU.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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OCHOBHOe ypasHeHUe MOJIeKyNIsIpHO-KUHemu4eckoli meopuu udeanbHbIX
2asoe

1 2 1 2
ngnm()(vkg) : szgNm()(vK@)
[pyrvie BapuaHTbl 3anmucyt 3TOrO YpPaBHEHUs C 1 me(ve) 2
yuétom cooTHowenuit n=N/V n m=Nm, —> pV=-N2—1 Kl _ZFp
3pecb E — cymmapHasl KMHETUYeckasi Heprust 3 2 3
nocTynaTemnbHOro [IBWXEHWS1 BCEX MOMekyn rasa, _ 2
Shaia pV =—m(v,,)
Vi, — MonsipHbiit 06b&M, L — MonspHas macca. 3
Mcnonesys  ypaBHeHne  KnanenpoHa-MeHpe- 1 2
pr = §u<vkb’>

1 2
nee.a, NonyyYnmM RT=§H<UK6> , OTKyAa |:J)

11.g@pHﬂﬂ KBaapaTniHaa CKOPOCTb MoOJeKysn unaeanbHOro rasa

/3RT f3kT
(Veg) = | — = [—.
p my

rae ucnonbaosaHo w=myN, u k=R/N ;.
CpedHsisi KUHemuYeckasi 3Hepausi nocmynamesibHo20 OsuxeHusi odHol
MoJeKy bl udeanbHO20 2a3a

2
E  my(v
(e0)=—= o) ~ur
N 2
Otciopa cneayet, uto (g,)=0 npu T =0K - npekpawaeTcs ABWKeHne

MOneKyn rasa.

MonekynapHo-KMHETMYECKOE TONKOBAHUE TEMMEPATypbl: TEPMOANHAMUYECKAS
TemnepaTypa — eCTb Mepa cpedHel KUHEeTUYEeCKOW SHeprnm nocTynaTeribHOro
AOBWXEHNA MONEKyn rasa.

12.3akoH MakcBenna o pacnpegeneHun MONEKyn wugeanbHOro rasa no
cKopocTaM
B rase, Haxogsulemcs B COCTOSHUWM paBHOBECUSA MNPV AaHHOW Temnepatype,
yCTaHaBMMBaEeTCA HEKOTOpOoe CTauuMoHapHOe, He MeHsolWeecs CO BpeMeHeM
pacnpegeneHne MONEKyn Mo CKOPOCTsIM. JTO pacnpenerneHne OonucbiBaeTcst
dyHkumen f(v), HasbiBaeMon ¢byHkyueli pacrnpedesieHUss MOJIEKYs O
cKkopocmsiM, KOTopasi onpefenseTr OTHOCUTENbHOE YMCIO MOSeKyfl, CKOpPOCTU

KOTOPbIX Nnexar B uHTepsane ot v go v+duv, T. e. fw)

dN(®) .

T=f(v)dv- h<T,
3akoH MakcBenna

3
m, A 2 m U2
v)=4n 0 v exp| ——2 . O >
/) (275ij P 2kT >

3Ta YHKUMS YAOBNETBOPSET YC/I08UI HOPMUPOBKU J. f(v)dv=1.
0

MonekynsapHas usmka n TepmognuHamMmmka
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13.HanGonee BeposiTHass CKOPOCTb MOJIEKYN uaeanbHOro rasa
CkopocCTb, Mpu KOTOpoW (OYHKUUSI pacnpedeneHnss Monekyn uaeanbHoro rasa
Mo CKOPOCTAM MakcuMarbHa, HasblBaeTcs Haubosiee 6epOSIMHOU CKOPOCMBIO U, .

MpupaeHsiB m HyIo, nonyyaem: v, = 2k—T = &
dv m n

C nosbllleHeM TemnepaTtypbl U, pacmém.

14.CpeaHAA CKOPOCTb MOJEKYJbl ra3a (cpeaHas apudmeTmyeckas CKOpocThb)

17 T [8KT _ [SRT
<v>:ﬁ.([de(v):'([vf(v)dU: n_m(): e

15.CKOpoCTH, XapaKTepu3yloLime COCTosiHUE rasa

Haunbonee BeposiTHasi CpepaHss KBagpaTuyHas

CpefaHss ckopocTb (U
CKOPOCTH U, peA pocte () ckopocTb (U, )

U = Ml <U>: SR;T:LKSUB <UI\S>: Ml:l’zsz

u ! " n

16. BapomeTpuyeckas dopmyna

B OOHOPOAHOM nMoJie TArotTeHusa 3emnu Tennosoe AOBWXeHne MOoJekyn
NpUBOAWUT K HEKOTOPOMY CTaLMOHApPHOMY COCTOSIHWIO rasa, Npu KOTOPOM AaBreHue
rasa c BbICOTOW yGbiBaeT. [JaBneHue Ha BbICOTE /i rasa C MONSIPHOW Maccon [

OTHOCUTENbHO YPOBHA MOpHA, rAe AaBneHne p, c4MTaeTca HopMmarnbHbIM, paBHO

ugh
= pyexp| ——— |.
P=Dg p[ RT]

17.PacnpegeneHue bonbumaHa

Wcnonbayst cootHowenuss p=nkT, p=myN ,, ( moghj
n=nyexp| —
R =kN ,, nony4yaem BblpaxeHue kT
Tak kak mygh=W - noTeHuManbHas aHeprUs
MOMEKYbI B Mone TAroTeHUs, CreaoBaTerisHo n=no exp(—k—T)
Takoe pacnpefeneHune HasblBaloT pacnpedesieHueM
BonbymaHna (pacnpefeneHve 4acTul N0 3HayeHusm | _ exp(—Wl —sz
NOTEHUMANEHOM SHEPMM) ANS BHELUHETO MOMeHyuans- | ., kT
HO20 nonsi.

M3 Hero cnepyeTt, 4To npu NOCTOSAHHOW TemMnepartype rnjiomHocmse 2a3a bonbwe
mawm, 20e MeHblwe rMnomeHyuarnbHas sHepausi e2o MOJIeKyI. Ecnn yactuupl nmetot
OAMNHAKOBYKO MacCy M HaxoOdATCA B COCTOAHUU XaOTUYECKOro TensioBoro OABMXXEeHUA,
TO pacnpedeneHue GonbumaHa cnpaeednueo 8 /110boM 8HeWwHeM nomeHyuUanbHOM
riosie, a He TOJIbKO B Nosie CUi TAXecCTu.

18.CpeaHsas AnvMHa cBo6oOgHOro npobera Mmonekyn

MyTb, KOTOPbLIN B CPedgHEM NpPOXOOSAT  MONeKynbl  Mexay  ABYMs
nocrnegoBaTenbHbIMU  CTOJIKHOBEHUSIMUM — HasbiBaeTca  cpedHeli  OnuHoU
ce80600H020 npobeaa MosieKys.
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53.2)Kngkoctu n ux onucaHme

XKuakocTb siBNseTca arperatHbiM COCTOSIHUEM BeELLECTBa, POMEXYMOYHbLIM
Mexpy rasoobpasHelM M TBEpAbIM. B rasax HeT 3aKOHOMEPHOCTW BO B3aUMHOM
pacnonoxeHun Monekyn (XaoTuyeckoe pacrnonoxeHue). B TBépAabix Tenax
HabniogaeTca AanbHUWA _ NOPAAOK — MOMEKynbl 06pasyloT  KpUCTanmu4yeckyto
peléTtky. B XnaKocTax AanbHWIA NOpsAoOK OTCYTCTBYET, 8 MMeeT MeCTO ONMXKHUMK
NOpsAnoOK B pPaCMOfIOKEHUN MOJIEKY/1 — WX YNOPSAOYEeHHOe pacriofnoXeHue
NOBTOPSETCA HA PacCTOSHUAX, CPAaBHUMbIX C MeXaTOMHbIMU. TennoBoe ABWXeHue
MOMEKynbl B XWAKOCTU 3TO eé konebaHWe OKono Oonpefaen&HHOro MOMoXeHus
paBHOBECUS B TeYEHWe HEeKOTOPOro BPEeMEHM, MOCre 4Yero Moriekyna Ckaykom
nepexoauT B HOBOE MOSOXEHWe, OTCTosLLEee OT UCXO4HOIO Ha PacCTOsTHNE nopsiaka
MEXaTOMHOTO.

Paduyc r monekynspHozo delicmeusi — pacctosiHue (nopsigka 107~° m), npu
KOTOPOM MOXHO npeHebpeyb cunamy NpUTSHXKEHUS MeXdy MOonekynamu XUOKOCTW.
\ Cepa paguycom 7 HasbiBaeTcs cghepol

( MouseKynsipHoz20 delicmeaust.

Cunbl, peulcteylowme Ha wmonekyny A
BHYTPU OOBbEMA XXMAKOCTM CO CTOPOHbI OKpYXKato-
LUMX MOSIeKyr, B CpeaHeM CKOMMeHcpoBaHbl. Ans
Mornekynbl B, pacrnonoXeHHON Ha MOBEPXHOCTH,

paBHoAencTBytoWas cun R HanpaBneHa BHYTPb
XUOKOCTU. Pe3ynbTupyoLLME CUIlbl BCEX MOJIEKyn
NOBEPXHOCTHOIO Crod OKa3blBalOT Ha XUAOKOCTb
MorseKynsipHoe (8HympeHHee) daesieHue.

Ir

54.TMoBepXHOCTHOE HaTsKeHune

Monekynbl  NMOBEPXHOCTHOrO  CMnosi  XuakocTu  obnagawT  66nbluen
NOTEHUMNANbHOW SHEPTUEN, YeM MOMEKYMbl BHYTPU XUAKOCTU. DTa AOMNONHUTENbHAs
3Heprusi, HasblBaeMasi MoeepxHoCcmMHolU 3Hepauel, NPonopuMoHanbHa nrowaan
nosepxHocTn AE = cAS, rie 6 — noeepxHOCMHOe HamsiKeHue.

Tak Kak paBHOBECHOE  COCTOSIHME  XapakTepusyetcsl  MUHUMYMOM
NOTEHUMANbHOW SHEPrMM, TO >KUAKOCTb NPU OTCYTCTBUM BHELIHMX cun bynet
NpUHMMaTb Takyto opMy, YTOObl NpY 3a4aHHOM 0ObEME OHa UMerna MUHUMAaNbHY0
NOBEPXHOCTb, T. €. hopMy Luapa.

[MOBEPXHOCTHBIN  CNOW  XXMAKOCTM  aHaroruyeH
pacTAHYTON YNpyron nnéHke, B KOTOPOWN AEACTBYIOT CUIbl
Ax HaTsHKeHus.

MycTb Nnoa AeNCTBUEM CU MOBEPXHOCTHOIO HaTshKe-
HUS MOBEPXHOCTb XUOKOCTU CTSIHYNachb (CM. pUCYHOK), Npu
3TOM Cwnbl, AeWcTBylOWMe Ha anemMeHT Al KoHTypa,
cosepluatoT paboty A4 = fAlAx, roe f — cuna noeepx-
HOCTHOIO HaTsPKEHUS, AeNCTByOLWaa Ha eauHULY ONVHbI
KOHTYpa MOBEPXHOCTW XuakocTw. Mockonbky ata pabota
CoBepLIaeTCsi 3a CYET YMEHbLUEHWUS MOBEPXHOCTHOM
aHeprum AA=AFE, T0 6= f, T.e. moO8epxXHOCMHOe HamsiXeHuUe O PaBHO cure

NOBEPXHOCTHOIO HaTSKEHUS NPUXOAALENCa Ha eAnHULY ONUHbI KOHTYpa, orpaHuyu-
BaloLL,ero NoBepxXHOCTb.

EduHuya noeepxHOCMHO20 HamsDKeHUSI — HblOTOH Ha meTp (H/m) wunm
[KOYTb Ha KBaZPaTHbI MeTp (Ox/M>).

AN
B
~

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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Mpu Beicokux Temnepatypax (7 > 71, ) n3oTepma pearbHOro rasa oTiMyaeTcs
OT U30TEPMbI UAeanbLHOro rasa ToSfIbKO HEKOTOPbLIM UCKaXeHUeM hopMbl.

Mpy HekoTopoi Temnepatype 1, — KpuTuue-
CKOW _TemmnepaTtype — Ha M30TepMme MosBnsieTcs
Touka nepermba K — kpumuueckas moyka. CooT-
BETCTBYIOLUME 3TON Touke 06bEM V), 1 pasneHune

D) HasblBaloTCca KpuTuyeckumm. Msotepma npu T,
Ha3bIBaeTCa Kpumu4yeckKol uzomepmodul.

Mpn T <7, vypaBHeHuio BaH-gep-Baanbca
cooTBeTCTBYeT kpuBasa 1-2-3-4-5-6-7. OpgHako, Ha
yyactke 5-3 cxaTue BellecTBa COMPOBOXAAETCs
YMEHbLUEHNEM [aBreHusl, crneaoBaTenbHO B 3TOW
o6nactu BellecTBO pacrnagaetcs Ha gee dasbl —

XNOKOCTb M nap.

®a3za — 37O COBOKYMHOCTb BCEX YacTel cucTembl, obnagarowmx OAMHaKOBbIM
XMMUYECKUM COCTaBOM W HaxXOoAsAWMUXCA B OAMHAKOBOM TepMOAMHAMUYECKOM
COCTOSIHUN

VCTUHHBIE [OKpUTUYECKME U30TepMbl pearnbHOro rasa umetot sBug 1-2—-6-7 un
ABMSAKOTCA KPMBBIMW HEMNpepbIBHOTO nepexoda Bewectsa M3 ra3oobpasHoro
coctosHus (') (yvactok 6-7) B xugkoe (JK) (ydactok 2-1). Yuyactok 6-2
COOTBETCTBYET PaBHOBECHOMY COCYLLECTBOBAHUIO XUAKOCTM U rasa.

BellectBo B razoobpasHOM COCTOSHUM MPU TemnepaType HWKe KPUTUYEeCKon
HasbiBaeTcs mapom (I1), a nap, HaxoAsLMIACS B PaBHOBECUM CO CBOEW XMOKOCTbIO,
Ha3biBaeTcs HacblwjeHHbiM (K +11). Map npu UM30TEepMUYECKOM CXaTum
npeTepneBaeT npolecc cxkwkeHus. a3 npu Temnepatypax T >T, He mMoxeT 6bITb

npeBpaLLéH B XMOKOCTb HU NpW kakoM aasnexHun (17).

Mpy HEeKoTOpbIX YCNOBUSX MOryT ObiTb peanu3oBaHbl MemacmabusibHble
cocTosHua 5-6 un 2-3. YyacTtok 2-3 nsobpaxaet nepespemyio xudkocmp, 5-6 —
nepecbiweHHbIlU nap.

52. BHYTpEHHSASA 3Heprusa peanbLHOro rasa

BHYTpEHHsIS1 3Heprusi peanbHOro rasa cknagblBaeTcsl U3 KUHETUYECKOW SHEPTUM

TENMOBOrO  ABWXEHUST  MOJIEKyn (G, T) M NOTEHUManbHOM  SHepruu

. a a
MEXMOMEKYMSPHOro B3auMoaencTans | —— |: U,=GT—-—.
il i

Ecnn ra3 pacwwupsietcs 6e3 TennoobMeHa € Okpyxawllenh cpenow
(apnabatnyeckn, T.e. 80 =0) n He cosepwaer paGoTbl (Tak Ha3biBaemoe
paclwupeHue rasa B Bakyym, T. e. 04 =0), U3 nepsoro Hayana TepmMoaMHAMUKM
(00 =(U, -U,)+34) cnegyer, yto U, =U,.

lMpu aduabamuyeckom pacwupeHuu 6e3 coeepweHusi eHewHel pabomabl
8HYMPEHHSISI IHepausi 2a3a He MeHsIemcsl.

Ons udeansHozo rasa 310 o3HavaeT 7| =T, (TemnepaTtypa He n3MeHsEeTCH).

a(l 1

Anst peansHozo rasa U = C, T —a/V ,nostomy I} - T, =—| — ——
CANARE

PeanbHbil ras npy aduabamuyecKoM paclUMpeHN B BaKyyM oxJsiaxdaemcs.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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MuvHMManbHoe paccTosiHMe, Ha KOTopoe CcOnuxaltoTcs Mpu  CTONKHOBEHWUM
LieHTPbI ABYX MOJIeKysl, HasblBaeTcs aghghekmueHbIM duamMempom MoseKynbl d .
Tak kak 3a 1 ¢ MOneKkyna npoxoauT NyTb, paBHbIA cpeaHen apudpmeTnyeckon

ckopoctin (), u ecnu (z) — cpedHee YUCNIO CMONMKHOBEHUIl, UCTbITHIBAEMbIX
OAHON MOMEKyroN rasa 3a 1c, To cpefHsist AnnHa cBo60aHOro Npobera

3 1
\/End n
19. QKCnepuUMEHTbI, NoATEEePXAaloLNe MONEKYNAPHO-KUHETUYECKYIO TEOPUIO

1. BpoyHoBckoe aBuxkeHue. [liobble YacTuLbl Manblix pa3mMepoB, B3BELLEHHbIE
B rase WM >XMOKOCTW, COBEPLUAIOT CMOXHOE 3uraaroobpasHoe [ABWXKEHUE.
BpoyHOBCKOE [OBWXEHME B3BELUEHHbIX YacTuL, BbI3bIBAETCA yAapamMu MOJeKyn
cpedbl, B KOTOPOM 4acTuubl B3BelleHbl. [loOmeepxdeHue 2aunome3bl O
Xaomu4ecKoM mernsioeoM O8U)KeHUU MOJIEKYJT.
2. OnbiT_LTepHa. [1Ba koakcuanbHbIX LMIMHAPA CUHXPOHHO
BpawalTca B Bakyyme. ATOMbl cepebpa, ucnapscb ¢
NPOBOSIOKN,  PacnosfioXeHHON BAOMb  OCU  BHYTPEHHEro
LMNuHApPa, BbINeTalT Yepes LWenb U 0cedaloT Ha BHYTPEHHeN
CTEHKE  Hapy)XHOro  uMnIMHAapa. Wccnegyss  TonwuHy
OCaXX[AEHHOr0  Crosi, MOXHO OUEHUTb pacrnpedesieHue
MOJIEeKYJ1 N0  CKOpOCMSsIM, KOTOpOe  COOTBETCTBYeT
MaKCeeJs1/108CKOMY pacrnpeneneHuio.
3. OnbIT_JlammepTta. Mexay MCTOYHMKOM MOMEKYNAPHOrO Myyka M MPUEMHUKOM

MoxHo nokasaTb, YTo <z> = \/Ertdzn <U> oTKyAa: <l>

Monewyrgonsii N\ AN Jofyume CVHXPOHHO  BpallaloTcs [Ba Aucka ¢
A =5 pagvanbHeiMM  wenamu. W3 uucna
YHoK MOreKysl, NPONeTeBLINX 4Yepe3 MNepByio

enb, MponeTaT 4epes BTOPOM AOWUCK
TONMbKO Te, KOTOpble MOANETAT K HeMy B
TOT MOMEHT, Kora Ha nyTu ny4ka BcTaHeT
npopesb BO BTOPOM aucke. WameHss
YITOBYIO CKOPOCTb BpalleHusl, MOXHO WCCeaoBaTh pacrpedesieHue MOJIeKyl Mo
cKOpoCMSsIM.

20.ABneHus nepeHoca

SleneHussMu  nepeHoca  HasblBalTCA  HeobpaTumble  npoueccbl B
mepMOOUHaMUYeCKU  HEPaBHOBECHbIX cucmemax, B KOTOpbIX MpoucxoguTt
NPOCTPaHCTBEHHbIW MEPEeHOC dHepauu (TennonpoBOAHOCTL), mMacchl (Anddysns),
umnynbca (BHyTpeHHee TpeHue).

[ns npocToTbl OorpaHMYMMcst 0OHOMEePHbIMU CrlydasiMun, BbibpaB
OCb X Tak, 4ToObl OHa Obina HanpaBneHa 8 Harpas/ieHUU rnepeHoca.

Byoem paccmatpuBaTb MNOTOKM 3SHEpPrvu, BeLlecTBa WM MMNynbca
YNOPSAOYEHHOrO ABWXKEHUS 4acTuL, Yepe3 eauHWUYHYK NnoLaaky X
(S =1), nepneHaukynspHyio ocu X, AN ugeanbHoro rasa

MI0MHOCMbIO P, Y KOTOPOrO

<v> — CpedHsIsi CKOPOCMb MEMI08020 O8UXEHUS MOSEKyr,

<l > — cpeldHsiss OnuHa ceob00HO20 npobeaa.

MonekynsapHas usmka n TepmognuHamMmmka
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21.TennonpoBOAHOCTb

Ecnu B ogHoli obnactu rasa cpeaHAAa KnHeTunyeckaa aHeprma Monekyn bonbLue,
4yem B ,ClperPI, TO C TEYEHMEM BPEMEHW BCMEACTBME MOCTOSHHbIX CTOJSIKHOBEHWW
MOMeKyn npoUCXoAMT MPOLIECC BbIPAaBHUBAHUSA CPEAHWX KUHETUYECKUX SHEeprum
MONEKyJ1 — BblpaBHUBaHMWE TemMnepartyp.

lMepeHoc 3Hepeuu (B opme TenmnoTbl) OnucbiIBaeTcH ., dT
3aKkoHOM Dypbe. JE=~ dx
3pecb  j, — mIOMHOCMB Menj08020 [MOMoKa —

TEnnoBasi 3Heprusl, nepeHocumas 8 eOUHUUY 8PeMeHU 4yepe3

e0UHUYHYI0 nnowadky, neprneHOUKYSPHY ocu X,
A — Ko3ghpuyueHm mennonpoeodHocmu, A= ECVP<U><Z >
dex — rpagueHT TemnepaTypbl — CKOPOCTb W3MEHEHWSI

TemnepaTypbl HA eaUHULY AMWHBL X B HanpaBlieHU HopMmanu K 3To nnoLlagke,
¢y — yoOenbHas mennoémKocms 2a3a npv NOCTOAHHOM 06béme (Konmn4ecTso
TennoTkl, Heobxoammoe Ans HarpeBaHus 1 kr rasa Ha 1 K).

22. Andbbysnsa

SeneHue dughgpy3zuu 3aknioyaeTcsi B TOM, YTO NPOUCXOAMT CamONpOU3BOSib-
HOe MpPOHWKHOBEHVE W MNepemMeLInBaHWe Y4acTul, ABYX COMPUKacaloLMXcs ra3os,
XUOKOCTEW W Oaxe TBepablx Ten; auddysus cBogutcs Kk obMeHy 4vacTuuamu
(nepeHoCc Macc) mMexgy STUMKM Tenamu, BO3HMKAeT W MNpPOJOSKAETCs, [loKa
cyuecmsayem epadueHm niomHocmu.

lMepeHoc macchl (ouddysnsa) ona XMMUYeckn ogHopoa- -_D @
HOro rasa noA4YnHsieTcs 3aKoHy duka. Im = dx
30eck j, — NNOTHOCTbL MNOTOKa MacCbl — Macca
BellecTBa, AuddyHaupyowero 8 eouHulyy 6peMeHU 4Yepe3
eOuHUYHYo nnowadky, neprneHOUKYSPHY ocu X , 1
D — koagppuyuenm dugpgpysuu, D= §<U><l )

d%x — rpaMeHT NNOTHOCTU, PaBHbIA CKOPOCTU U3MEHEHMSI
NAOTHOCTW Ha eAWHWLY ANWHBI X B HanNpaBrieHUW HOpManu K 3TON NnoLLajke.

23.BHyTpeHHee TpeHue (BA3KOCTb)

Bcnepncrtere xaoTnyeckoro TenmnoBoro ABWXXEHUS MOMeKyn Npoucxoamnt obmMeH
MONneKynaMmum Mexay CnosMu rasa ABWXKYLMMUCA C pPasnnyHbiMU CKOPOCTAMW, B
pesynbTate 4ero WMNynbC Cnosi, ABMXYyLlerocs ObicTpee, yMeHbLlaeTcs, a
OBWXYLLErocs MearneHHee — yBenuumBaeTcs (MpoUCXoauT rnepeHoc umnysibca OT
ofHOro crnosi Kk Apyromy). 3TO NPUMBOOWUT K MOPMOXKEHUK CINOs, ABWXYLLErocs
ObICTpee, N YCKOPEeHUIo CIos, ABUXKYLLErocst MeasieHHee. dv

BHympeHHee mpeHue onuncbiBaeTcs 3akoHoM HbroToHa. J p = N7

3pecb j p — MIOMHOCMEL MOMOKa uMnynkLca — NOHbIN dx

UMMYIbC, MePeHOCUMbIU 8 eOUHULY 8PeMeHU 8 MOMOoXUMEeTbHOM
HanpasneHuu  ocu X  yepe3  eOUHUYHYI0  rouwadky, 1
reprieHOUKYIISIPHYIO OCU X , n= —p<v> <l >
1 — QuHaMuYeckas esI3KOCMb, 3
d%x — rpagmneHT CKOPOCTM, NOoKa3biBaOLWMIA ObICTPOTY U3MEHEHMST CKOPOCTU B

HanpaBneHun X, NepneHauKynsapHOM HanpaBeHuio ABMKEHUS CNOEB rasa.
BHewHee cxo0cmeo MaTeMaTUYEeCKNX BbIPaXKEHUI, OMUCLIBAIOLLMX SIBMEHUS
nepeHoca, o0O6Yyc/iI08/1€6HO O6GWHOCMbLIO TEXallero B OCHOBE  SABMEHUN

2-23

MoTeHumanbHas aHeprust B3aumonencTeust monekyn U MuHUManbHa B COCTOSIHUM
YCTONYMBOrO paBHOBECUS NpU ¥ =1, .

CootHouenvie mexay U, .. n kT siBnsieTcs kpumepuem

A n
F \\FO pa3snuy4HbIX _aspesamubix _cocmosHuld. U onpegendaert

min
\ paboTy, KOTOPYIO HY>KHO COBEPLUNTb MPOTUB CUN MPUTSHKEHUS,
F éﬁo"’: n 4TOGbl pasbeauHUTb MOMeEKyIIbl, HaXOASLLMECS B PaBHOBECUM
S (r=ry). kT onpepensieT ynBOEHHYIO CPEOHIO SHEPruIo,
ZZ"r,m TPVUXOAALLYIOCA Ha OfHY CTeneHb CBOBOAbI TeMnosoro
/7 OBVXEHNUA MOTEeKyn.
/ Fn Opu U, <kT  eewecmeo Haxodumcsi e
/ 2a3006pa3HOM COCMOSIHUU, T.K. TEMNoBOe [BWKeHWe
MONeKyll  MpensiTcTByeT — COoeAuHeHuo  (KoHAeHcauuu)
U MOneKyrn.

\ 107 Opu U, > kT eewecmeo Haxodumcsi 8 meépdom
J\ ocmosHuu, T.K. TEMMIOBOW 3HEPTUM HEJOCTAaTOUHO, YTOBbI
’ oTOpBaTL" MONEKYbI APYT OT Apyra.

Opu U, = kT eeujecmeo Haxodumcsi e xudkom
cocmosiHuU, T.K. B pe3ynbTaTe TEMoBOro ABWXEeHWsI MOJEKyIbl NepeMeLLaoTcs B
NpocTpaHCcTBE, OOMEHMBasiCb MeCTaMW, HO He pacxofsicb Ha  pacCTOsHUWS,
npeBbiLLAoLLMNE 7, .

70

V) 'min

50.YpaBHeHue BaH-gep-Baanbca

BHecéM B ypaBHEHME COCTOSIHUA WAeanbHOro rasa pr:RT nonpaeku,

YUYNTbIBAOLLME COOCTBEHHbI OOBLEM MOMEKYNn W CUMbl  MEXMOIEKYNSPHOro
B3aNMOAENCTBUS.
dakTnyecknn o6bEM peanbHoOro rasa Oyger Vu—b, rae

/ . v b — 06béM, 3aHMMaeMblit camumn Mosekynamu. [1se mosekyribi
! paguyca r He MOryT CONM3UTLCS Ha paccTosHUE MeHblue 27,
N <@ /' cnepoBaTenbHO, [ANA LEHTPOB [ABYX MOMeKysnl HedoCTyneH
TemTTee chepuyecknin o6bEM pagunyca 2r. AToT 06bEM b B BoceMb pas
6onble ob6bEMA OAHOW MoOnekynbl M B pacyéTe Ha OfHY

MOMeKyny paBeH y4eTBepEHHOMY 0GBbEMY MOMEKyIbl.
YUéT cun  MeXMOINeKynspHOro MPUTSKEHUS] OCYLLIEeCTBNSIeTCS BBeAeHUEM
[OMNONMHUTENLHOTO AaBneHns p' Ha ras, HasbiBaeMoro eHympeHHUM OaesieHueM,

a
p' = —5 . TAe a — NocToAHHas BaHn-gep-Baanbca.

n
yEaBHeHVIe BaH-gep-Baanbca ona mMonda rasa — ypaeHeHue COCmosiHusi

peasibHbIX 2a308: (p + a/VH2 )(Vu - b) =RT. [ns npov3BonbHOM Macchl rasa

2
p+\;/—2a -(V—vb)=VRT, roe v:ﬂ, V=vl,.

u

51.U30TepMbl peanbHbIX ra3oB

MN3oTepma peanbHoro rasa npefctaBnsieT cobol 3aBUCHMOCTb MOSSIPHOTO
o6bEMa rasa oT AaBneHVst NpY NOCTOSIHHOW TemnepaType.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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49. Uvkn KapHo
pA 7 Visorepmut HaqGonee 3KOHOMU‘{HbIl7 obpamumbll
Kpy2oeoli rpouyecc, COCTOALWMIA U3 ABYX U30TEPM U
w Anvabarel ngyx aguabar.
<l PaccmoTpum npsimol yukn KapHo, B KOTOPOM
B kayecTBe paboyero Tena  ucCnonb3yeTcs
uaeanbHbIi  ras, 3aKMiYEHHbI B cocyd C
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TennonposogHoCTH, Anddy3Mm U1 BHYTPEHHEro TPEHWs  MOJIEKY/ISIPHO20
MexaHu3Ma nepeMeLLnBaHnS MOreKyn B NPOLECCe UX XaoTU4ECKOro ABMKEHUS.
®opmyribl Ansi koaghgpuyueHmos A, D u m cessbigalom Ko3aghpuyueHmsI

repeHoca u xapakmepucmuKku mersiogoco O8UXeHUSI MOJIeKyI.

CooTHoenus mexay A, D u n: n=pD —=1

OcHoebl mepmMoOuHaMuKu

4 3 NOABMXKHBLIM MOPLLUHEM.
Jer MocnedosamenbHble mepModuHamuvecKue
> npoyeccsl B umkne KapHo
|4 1-uzorepma-2-aanadara-3-uzorepma-4-aauadara-1:
M3oTepmuyeckoe paclumpenue 1—2 m Vs
T =const; V,>V, Ap = RLIn T2 =0,
=const; V> >V, M 4
AgnabaTnyeckoe paclumpeHve 2—3 m
] Ay =——C, (T, - T7)
5Q — 0’ T2 < T1 23 i yi£2 1
m v,
M3oTepmumyeckoe cxatue 3—4 Ay, =" RT, 4 - 0,

T =const; V,</V; ;

AnnabaTtudeckoe cxatue 4—1
80=0; T,>T,

m
Ay = _;CV(E —T)=—4y

Pabota, coBepluaemasl B pesyribTaTe KpyroBoro npouecca
A=A+ A+ Ay + Ay =0+ A -+ 453=0,-0,.
Ons anuaGar 2-3 u 41 ypasrenns Myaccowa V)~ =LV, 17 =10,
otkyna V[V, =V3/Vy.
Wcnonbaysa ato, mepmuyeckul Kl yukna KapHo

M Rr 2 M RT3
T]:Ql_szll i u Vo _5L-T)
o} ﬂRTllnﬁ T
u 4

OencTBuTensHo onpegenaeTca TONbKO TemnepatypamMu HarpesaTtena n Xxonogwusb-
HUKa.

24.BHYTPEHHASA 3Heprua TepMoaguHaMUYECKON CUCTEMbI

BHympeHHssi 3Hepauss U — 3TO 3Heprus XaoTW4ecKoro (TemroBOro)
OBWKEHNS MUKPOYaCTULL CUCTEMbI (MONEKYN, aTOMOB, 3IEKTPOHOB, siAep U T. A4.) U
3Heprus B3anMogencTBus 3TUX Yactul.

K eHympeHHel 3Hepeuu He OMHOCSIMCS KWHETUYECKAs SHEPrUsi OBMKEHUSI
CUCTEMbI KaK Lierioro 1 noTeHumnanbHas 3Heprus CUCTEMbI BO BHELLHUX MONSX.

BHympeHHsIs1 3Hepausi — OOHO3Ha4yHasi (OyHKUUsi mepMoOUHaMUHYeCKo20
COCMOSIHUSI CUCMeMbl — B KaXOoM COCTOSIHAM cucTema obnagaet BnomnHe
onpeaeneHHon BHYTPEHHEN 3Hepruen.

[MosToMy, eHympeHHsIsi 3Hepausi He 3agucum OT TOro, Kakum obpa3om
cucTeMa npuLlna B JaHHOE COCTOSIHME.

lpu nepexode cucmembl W3 OJHOTO COCTOSIHUS B [Opyroe U3MeHeHue
8HympeHHel 3Hepauu onpefensaeTcs mosibKo pa3HOCMbIo 3Ha4YeHUl BHYTPEHHeN
3HEepPrumn 3TUX COCTOSIHUIA U He 3agucum om fmymu repexooda.

25.4ucno creneHen cBoboabl

Yucno cmeneHeli ce0600bI — 3TO YUC/IO HE3aBUCUMbIX MEPEMEHHbIX,
MOJHOCTbIO ONPEAENSIOLLMX NOMNOXEHNE CUCTEMbI B MPOCTPAHCTBE.

Yucno cmeneHel c80600bI O udeanibHO20 2a3a XKECMKUX MOJIEKY/T.

PeanbHbie 2a3bl, )udkocmu u meépobie mena

Yuncno creneHen . . .
OpHoaToMHbIV ra3d | [ByxaTOMHbIN ra3 | MHOroaTOMHbIN ras
cBoboabl
MocTynartenbHbIX 3 3 3
BpaluarenbHbIx — 2 3
Bcero 3 5 6

Mpy paccMOTpeHUN peasibHbIX ra3oB HEObXOOMMO YUYMUTbIBaTb COOCMEEHHbIL
06BEM MOIEKY U CUTTbI MEXXMOSIEKYTISIPHO20 83aumodelicmeausi.

Cunbl MeXMoseKynsipHo2o e3aumModelicmeusi — KOPOTKOAEWCTByOLIME —
OHY NPOSIBNSIOTCS HA paccTosiHMsX MeHee 107 M. Cuna B3auMoaencTaus Monekyn —

3TO paBHOAeVCTBYIOWAsA Cun NpuTshkeHna Fpp (oMM npeobnagaroT Ha GonbLumx

PacCTOSHUSAX) U cun oTTankueaHua Fy (OHM AOMWHMPYIOT Ha MarblX PaCcCTOSHUAX).
Ha pacctosaHum 7 =17, 3T1 cunbl ypaBHOBELUMBAIOT Apyr Apyra u F=0. Takum
obpasom, paccTosHue 7, — 3TO pagHOEeCcHOe pacCmosiHUe Mexndy Mornekynamu,
Ha KoTOopoM 6bl OHW HaxoAunUCb B  OTCYTCTBME TEMNMIOBOrO  [BUXEHUS.

B peanbHbIx mMonekynax HeT >XECTKOM CBSA3W Mexay atomamu B Morekyrne,
noaToMy HeobXoAMMO y4uuTbIBaTb Takke cTeneHn cBobogbl konebaTenbHoro
[OBWKEHNS aTOMOB BHYTPU MOSEKYIbI.

HesaBucumo ot obLero uicna creneHelt cBo6oAbl MOMeEKyIbl, mpu cmeneHu
ceob600bl ecezda nocmynamersbHbie. Ha kaxaylo M3 HUX NpuUxoauTcs TpeTb

KuHemuyeckol 3Hepauu nocmynamesnbHo20 08UXeHUs] MOMEKY bl <80>

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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26.3akoH bonbLuMmaHa 0 paBHOMEPHOM pacnpeaeneHun 3Heprum No cTeneHsam
cB060abl (3aKOH paBHOpacnpeneneHus)

[na cucmembl, Haxodswelcss 8 COCMOSIHUU — MepMOOUHaMUYeCKO20
pasHosecusi Ha_kaxOyto rnocmynamesibHy0 U spawamersibHylo cmerneHb c80600b!

npuxodumcsi 8 cpeOHEM KUHemu4ecKasi 3Hepausi, pasHasl kT/, a Ha_kKaxoyr

koneGamersibHyr0 cmeneHb c80600bI — 8 cpedHem aHepaus, pagHas kT .

OHeprusi konebartenbHbIX CcTeneHen cBoboabl BABoe Oornblue, MOCKOMbKY
konebaTenbHas cuctema obnagaet paBHbIMU MO BeNWYMHE CPEAHMMM 3HaYEeHUAMU
KaK KNHETUYECKOW, TaK 1 NOTEHUMANbHON SHEPTUN.

Taknm obpa3om, cpedHsist 3Hepausi MOJIEeKY bl <8> = %kT ,
roe i — cymMMa yucra nocTynaTenbHbIX, Y/cna BpallaTerbHbIX U YABOEHHOro Yucna

kone6arenbHbIX cTeneHei cBo60abl MONEKYNbL: i =iy oo + lpay + 2 Iges -

B knaccuyeckon Teopum paccMaTpvBalOT MOMeEKynbl C XXEcmKoU CBA3bIO
MeXay atomamu; Anst HUX [ COBMafaeT C YMCIIOM CTeneHe cBo6oablI MONEKy bl.

B wupeanbHoM rase monekynbl Mexgy cobol He B3aMMOLEWCTBYHOT M UX
noTeHumanbHas aHeprus pasHa Hymto. M03TOMy BHYTPEHHSIA 3Heprust 00HO20 MOoris
ngeanbHoro rasa Up U npouseornbHol maccel m raza U GynyT COOTBETCTBEHHO

i i m i i
U,=(e)N,=—kTN,=—RT ~w  U=—=—RT=v—RT.
w= (@) 2 AT w2 2

27.MepBoe Ha4Yano TepmMoaANHaMUKU

MepBoe Hayano TepMOAMHAMMKM — 3TO 3AKOH COXPAHEHWS U MpeBpaLleHus
3HEpPrMn B TepMOAMHAMUYECKMX NpoLieccax.

MN3MeHUTb BHYTPEHHIOW SHEPTUKD  CUCTEMbI MOXHO ABYMs crnocobamu:
cosepuwas Ha0 cucmemoli pabomy (Hanpumep, CKumasi ra3 B LUMUHAPE C NOMOLLbIO
MOpLWHS) unu coobwasi cucmeme mensnomy (Hanpumep, HarpeBass ra3 B
repMeTn4HOM cocypae).

PaccMoTpuUM  3aMKHYTYHO, MaKpOCKOMUYECKU HEMOOBWXHYID CUCTEMY, He
HaXOASILLYIOCS BO BHELUHUX CUIOBBIX MOMSIX U MpoaHanvavpyem C 3HepreTuyeckon
TOYKN 3pEeHUs paeHOBECHbIU npouyecc rnepexoda CUCTEMbI U3  KaKoro-nnéo
HayanbHOro cocTosiHusi 1 B Apyroe coctosiHue 2.

N3meHeHne BHyTpeHHen 3Heprum cuctembl AU =U,-U; B Takom
npoLecce paBHO pasHOCTU Mexay Kosiuyecmeom mennomsi (), NONyYeHHbIM
cuctemon, u pabomol A, coBepLIeHHOW CUCTEMON MPOTUB BHELLHMX CUI

AU=0Q-A4 vmm O=AU+4.
NepBoe Hayano TepmoAuHaAMWKWU: mersioma, coobujaemasi cucmeme,

pacxodyemcsi Ha U3MeHeHuUe eé eHympeHHell 3Hepauu U Ha coeeplieHue et
pabombi npomue eHewHUx cuil.

B onddepeHumansHoi hopme 30 =dU +04,
roe dU (nonmbiii andpdbepeHuman) — 6ECKOHEYHO Manoe M3MEHEHWEe BHYTPEeHHel
aHeprun cuctembl, 04 — anemeHTapHas paborta, 00 - GeckoHeuyHo Maroe

KonuyecTso TennoTbl. 84 u 8Q He ABMSAIOTCA NOMHLIMU AU dEpeHLUanamu.

[Jeno B TOM, YTO éHymMpeHHsIs1 IHepausi cucmeMb! sigisiemcsi 0OHO3Ha4YHoU
yHKyuel cocmosiHusi cucmembl. OTcioga cregyeT, YTo Npu COBEpLUEHUM
CUCTEMOI MPOU3BOMBHOMO TMpolecca, B pe3ynbTate KOTOPOrO OHa BHOBb
BO3BpALLaeTcsl B UCXOLHOE COCTOSIHWE, MOMHOE M3MEHEeHWe BHYTPEHHEN 3Hepruu
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47.TennoBble ABUraTeny U XxonoaubHbIe MallnHbI

Tennoeoli deuzamenb — 3TO NepuUOANYECKU [EWCTBYIOLMIA OBUraTenb,
coBepLualLwmin paboTy 3a CHET NONyYEHHOW U3BHE TEMMOThI.

TepmocTatoM HasbiBaeTcs TepMoauHammyeckasi CMCTeMa, KoTopasi MOXET
obmMeHMBaTbCA TEnnoToM C Tenamu npakTudecku 6e3 naMeHeHuss COBCTBEHHOW
TemnepaTypbl.

Paboyee Teno - 3TO Teno, coBepLlalollee KpPyroBoM mpouecc U
o6MeHUBalOLLLEECS SHEPTUEN C APYTMMU TeNaMMU.

[puHyun pabomsi menmnogoeo dguesamens: om TepmocTaTa ¢ bornee BbICOKON
TemnepaTypoli 1;, Ha3bIBaeMoro HazpeeameJsieM, 3a LMK OMHUMaemcsl Konuye-

cTBO Tennotel O, a TepmocTaty ¢ Gonee

v ~
HU3KON TemMnepaTtypou TZ’ Ha3blBaeMomy

Q Qs XxonodunbHUKOM, 3a UUKN repedaémces
Tennosoii |A XonopuneHas [/A  Konu4yecTso TennoTel (),, Npu  3TOM
psuraTens Malna cosepwaemcsi paboma A= 0, —0,.

Q; Q Tepmuueckun KN asuratens
9 O G

Yrto6bl KM 6bin paBeH 1, Heobxoaumo, 4tobel O, =0, a aTo 3anpeLleHo

BTOPbIM Ha4yanom TepMoaAnHaMUKK.
[Mpouecc, o6paTtHbIV NponcxoasiieMy B TENJOBOM ABUraTtene, ucnosib3dyemcs

8 xonodunbHoli MawuHe: OT TepmocTaTta ¢ Gonee Huakol Temnepatypoi 7, 3a

LMK OTHWMaeTcs konuyecTBo Tennotel (O, u otgaétcs TepmocTaty ¢ Gonee

Bbicokoi Temnepatypont 7, >T,. Mpuatom O=0, -0, =4 vwm O, =0, + 4.
Konuyecmeo mennomai Ql, omdaHHoe cucmemoli mepmocmamy T1 b6onbuwe

konudecmea mennomsl (J,, nofny4yeHHo20 om mepmocmama T, Ha eenuyuHy

pabomei, cosepuieHHol Had cucmemod.
OpdekmueHocmb XONOANINBHOW MallWHbl XapakTepusyeT Xos100usbHbIU
KoagppuyueHm T — OTHOWEHWe OTHSATOM OT TepMmocTata ¢ 6onee HU3KOM

TemnepaTtypoi konuyectsa TennoTel O, k pabote A, koTopasi 3aTpaunBaeTcs Ha
npuBeAEHNE XONOANSIBHON MaLUMHbI B AENCTBME

n! :% — QZ
4 0-0,
48.Teopema KapHo
M3 Bcex nepvoguyvecky [OEeWCTBYIOWMX mMensioebiX MaWuH, WMELNX
oduHaKoeble TemnepaTypbl Harpeeatenein 1; n xonoaunsHukos 7, , Hau6osbwum

Krng ob6nadarom obpamumbie mawuHbl. TMpn atom KO obpaTtumbix MaLlUuH,
paboTalowmx nNpu OAMHAKOBbLIX TeMnepaTypax HarpeBaTeniel M XOonoAWNbHUKOB,
paBHbl ApYr Opyry U He 3aeucsim om npupodbi pabo4ye2o mesa, a onpeaensoTcs
TONbKO TemMnepaTypamMu HarpeBaTensi U XonoaunbHUKa.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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43.CTaTUCTMYECKOE TOJIKOBAaHMWE 3HTpONUU

TepmoOuHamuyeckasi eepossmHocmb W cocmosiHusi mena unu cucmemsl
— 370 uucno cnocoboB, KOTOPbIMKU MOXET BbiTb peann3oBaHO AAHHOE KOHKPETHOE
TepMoaMHaMMUYECKOE COCTOsIHUE (MakpococmosiHue). ViHade roBopsi, 3TO 4KUCIO
BCEBO3MOXHBIX MUKpopacrpedeneHul 4actul, Mo KoopAuHatam W CKOpPOCTAM
(MukpococmosiHull),  KOTOpPbIMA  MOXeT  OblTb  OCYLUECTBMEHO  AaHHOe
MaKpOCOCTOSIHUE.

Dopmyna BonbumaHa S=kInW,
roe k — nocrosHHasa BonbumaHa.

OHTpONUs cUCTEMbI onpeaensieTcs norapudMoM 4Yucna MUKPOCOCTOSIHUIA, C
MOMOLLbIO KOTOPbIX MOXET ObiTb peanvM3oBaHo AaHHOE MaKpPOCOCTOSIHUE.

Oumponus sensiemcsi mepoli Heyrnopsi0oYeHHOCMU cucmeMbl, — Y4eM
Gorblle 4YMCNO MMUKPOCOCTOSIHUMA, peanusylowmnx OaHHOEe MaKpOCOCTOsIHWE, TeM
bonblue 3HTponuS.

44.MNpuHUMN BO3paCTaHWUA IHTPONUM

Bce npouyeccbi 8 3aMKHymol cucmeme eedym K yeesluvyeHur eé
3HmMponuu. B 3amMkHyTOW cucTeme uayT B HamnpaBhAeHUW OmM MeHee 8epOsimHbIX
COCTOSIHUI K 6oriee 8eposiMHbIM, OO TeX MOop, Moka BEPOATHOCTb COCTOSHUSI He
CTaHeT MakcumanbHoi. B cocTosHuM paBHOBecusi — Haubornee BeposSTHOIO
COCTOSIHUSI  CUCTEMbI — YUCMO MWKPOCOCTOSIHUA  MakCUMarnbHO, MpW  3TOM
MakcMmarbHa ¥ SHTPONusi.

45.BTopoe Havyano TepMoaAuHaAMUKN

Jio6on HeoGpaTUMbIA NMpoLecc B 3aMKHYTOM CUCTEME MPOMCXOAMUT TaK,
YTO 3HTPONUA CUCTEMbI NPU 3TOM BO3pacTaeT (3aKOH 803pacmaHusi SHMpPOonuu).
lMepeoe Hayarno TEPMOOAMHAMMKMA  BbIpaXKaeT 3aKOH COXpPaHeHus U
npeBpaLleHnst SHepruy NPUMEHUTENBHO K TEPMOAMHAMUYECKUM NpoLeccam.
Bmopoe Havano TepMoAMHaMWKM OMpeaensieT HanpaBneHue nNpoTeKaHus
TepMoaNHaMNYECKNX NPOLECCOB, yKa3blBasi, Kakve NpoLecchl B NpMpoae BO3MOXHbI,
a kakue — Her.
CywectBytoT ewé ase OPMYyNMPOBKM BTOPOr0 Hayana TepMoAMHaMKKM,
9KBMBAIEHTHbIX 3aKOHY BO3pacTaHWUsi SHTPONUK:
1) no KenbeuHy: HEBO3MOXEH KpyroBoW npouecc, eOUHCMBEHHbIM
pesynbmamomM KOTOPOro SIBMNSIETCS MpeBpalleHVe TennoTbl, MNoyYeHHON
OT HarpeBsaTensi, B 9KBUBaNeHTHyo el paboTy;
2) no Knay3uycy: HeBO3MOXEH KpyroBOW Mpouecc, eOUHCMEEHHbIM
pesynbmamoM KOTOpPOro sIBMSIeTCA nepefjada TennoTbl OT  MeHee
HarpeToro Tena k Teny 6onee HarpeTomy.

46.TpeTbe Ha4yano TepMoguHaMUKN

Tpembe Hayano mepmoduHamuku — Teopema HepHcrta-lnaHka
— MOCTYNUpyeT MOoBeAeHUe TepMOAUHAMUYECKNX CUCTeM MpU Hyne | [imS =0
KenbBnHa (abCoONOTHOM Hyse): 3HTPONUA BCEX Tenl B COCTOSIHUU T—0
paBHOBecUsi CTPeMUTCS K Hyn No Mepe NpUGNMKeHUs
TemnepaTypbl K Hynto KenbBuHa.

Tennoémkoctn Cj, 1 Cp npu T =0 K paBHbI HYMt0, NOCKOMbKY

Lc (rdr
dSzS—Q; C—d—Q; S(p:const,T):I—p( )
0

C,(T)dT

T
= ; S(V =const, T) =
T dr ( ) -([ T

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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CUCTEMBl PaBHO HyIO (quU=0). Hu pabGoTta, HM TenmoTa He ABNSAIOTCA

PYHKLIMAMM COCTOSIHUSA CUCTEMBI.

Bce BenuuuHbl BXoAsLwMe B NepBOe Hayano TepMOAMHAMUKA MOTYT BbiTb Kak
nonoxumernbHbIMU, Tak U ompuuamesibHbIMU.

Ecnu k cucteme nodeodumcsi mennoma, 10 60 >0; ecnu oT cucTembl

omeodumcs mennoma, 70 60 <0.

Ecnn cucmema cosepluaet paboTy Hag eHewHumu mesnamu, 10 A >0,
ecrnu xe Had cucmemoli BHeLWHWE cUnbl coBepluatoT paboTy, To 84 < 0.

Opyras dopMynupoBka NepBoro Havyana TepMOAMHAMMUKM CBA3aHa C TeM, YTo
ecnu cucteMa nepuoaMYecky BO3BpallaeTcss B MNepBoHayarnbHOEe COCTOsiHWE, U
cnepgosatenbHo AU =0, mo A=0Q), 1. e. se4HbIli dsuzamesnb nepeoz2o pooda —
niepuoduyecku delicmeyrowuli 0guzamersib, KOmopbil coeepwan 6bl 6061buWyto
pabomy, yemM coobWEHHAsT eMy U3BHE HepaUsi, — HE8O3MOXKEH.

28.PaboTa rasa npu ero paclimpeHuu

Ecnu Haxogswmincs nop NOpLIHEM B LMAVHOPUYECKOM
cocyge, ras, pacwuvpsiicb, nepeasuraeT MoOpLIEHb Ha
pacctosHne d/, TO npousBoguT Hag HuUM  pabomy
0A=Fdl=pSdl=pdV, roge S — nnowaab nopLuHs.

AT

MonHas pabota A, coBepliaemas rasom "
Mpy M3MeHeHun ero obbéma ot ¥ fo V,: A= jpdV
V
PaBHOBeCHble _Mpouecchl — 3TO MPOLEcchl, COCTosME U3 !

NnocnefoBaTeNlbHOCTU  PaBHOBECHBIX  COCTOSIHMIA.  OHM  MpOTeKawT TaK, u4To
PA M3MeHeHNe TepMOAMHaMUYECKUX NapameTpoB 33 KOHEYHbIN
NpPOMEXYTOK BpemMeHu BGeckoHeuHo marno. Bce peasnbHble
npoueccbl HepaeHOBECHbI, HO B psde  Clyyaes
(mocTaTOYHO MefneHHble MPOLECChl) HEPABHOBECHOCTLIO
. peanbHbIX NPOLECCOB MOXHO NpeHebpeyb.

PaBHOBeCHble npoLeccbl MOXHO M3obpaxaTb epaghu-
yecku B koopauHaTax (p,V). Tak paGora 04=pdV
—3 onpefensieTcs Nnowaablo  3allTPUXOBAHHOW MONIOCKW, a

av v nonHas pabota — nrowageto nog kpuson mexay ¥y n V.
Mpu HepaBHOBECHbLIX MNpOLECCax 3HA4YeHUs! MapamMeTpoB B pasHbIX 4acTaX
CUCTEeMbl pasfnyHbl U He cywectsyeT (p,V)-Touek, XapakTepuaytoLwmx CoCcTosiHMe

BCe cuctembl. [oaTomy rpadmyeckoe n3obpaxeHne HepaBHOBECHOIO npolecca
HEBO3MOXHO.

v

29.TennoémKocTb

YOenbHasi mennoéMmkocmb eeuwjecmea C — BENUYMHA, 50
paBHasi KONMYeCTBY TEMMOTbl, HEOOX0ANMMOMY ANns HarpeBaHus 1 kr =—
BewecTBa Ha 1 K. EQuHuya ydenbHol mennoémkocmu — Oox/(kr K) mdT

MonsipHasi mennoémkocmsb Cu — BenuuMHa, paBHas Komu- | ~ _ 30

u
YecTBY TennoTbl, HeO6XoANMOMY AN HarpeBaHus 1 Monb BellecTBa vdT
Ha 1 K. EQuHuya monspHou mennoémkocmu — [x/(monk K).

Ceszb mexdy C, u c: C,=cn

MonekynsapHas usmka n TepmognuHamMmmka
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PasnuuaioT mennoémkocmu (yaenbHyl0 U MONSIPHYIO) MPU MOCMOSIHHOM

o6néme (¢, n Cy) U npu NOCMOsIHHOM daeJieHuU (cp nC p), ecnu B npovecce

HarpeBaHusa BellecTBa ero 06BEM Mnu aaenexHve nogaepXXnBarTcA NOCTOAHHbIMUA.

30.MonsipHas TENNI0EMKOCTb NPU NOCTOAHHOM 06 bLEME
W3 nepeoro Hauana tepmoanHamukn 0Q =dU + 34, ¢ yuétom 34 = pdV u

W= v6dQT , Ana 1 Monb rasa nony4nm deT = dUp + pqu.

Mpu V =const pa6oTta BHewHux cun OA paBHa Hymwo U coobliaemas rasy
M3BHE TennoTta MAET TONMbKO Ha yBENUYEHWNE ero BHYTPEHHEN SHeprum
C _dﬂ
v = .
dr
C, paBHa M3MeHEeHWo BHYTPEHHel 3Heprun 1 Monb rasa npu MOBLILEHUM €ro
TemnepaTtypbl Ha 1 K.

Mockonbky dUH :éRdT, TO
i
CV :ER

31.MonsipHas TeNNI0EMKOCTb NPU NOCTOAHHOM AaBneHuun. YpaBHeHne Mawnepa
Ecnu ras HarpeBaeTcd npu p =const, To

30 dU+pdV_dUp+pde
P VdT vdT dr 4T

du,

dr

3aBUCUT HU OT p, HMN OT V, a onpegendetca TOJNbKO T) N Bcerga pasHa CV

He 3aBUCUT OT BMAa npouecca (BHyTpeHHﬂﬂ JHeprna mnaeanbHOro rasa He

OndbdpepeHumpys ypaBHeHne KnaneipoHa-MeHgeneesa pr:RT no 7 npwu
p = const, nony4nm

C, =Cy + R — ypaBHeHune Maitepa.
Cp Bcerga Gonblie C), Ha BeNWYMHY yHUBEPCAnbHOMN ra3oBOM MOCTOSHHOMN.

370 O0ObsCHAETCS Tem, YTO NpU HarpeBaHWW rasa mApu MOCMOSIHHOM
daeneHuu TpebyeTcs eweE OOMNONHUTENBHOE KOMMYECTBO TEMMOTHl HA COBEpPLUEHWE
paboTbl paclMpeHus rasa, Tak Kak MOCTOSIHCTBO [JaBneHusi obecreumBaeTcs
yBenunyeHvem obbEma rasa

C,=ir+r="T2p
2 2

Mpy paccMOTPeHUM TepMOAMHAMUYECKUX MPOLIECCOB BaXHY Pponb urpaet

BENMYMHa

KOTOpasi Ha3biBaeTcs koaghgpuyueHmom llyaccoHa.

C, i+2

2-19

CnepoBatenbHo, NoAbIHTErpanbHOe BblpaXKeHne eCTb NOnHbI anddepeHumnan
HEKOTOPOM (OYHKLMKN, KOTOpas OnpefensieTcs TOMbKO HayanbHbIM WM KOHEYHbIM
COCTOSIHASIMU CUCTEMbI U HE 3aBUCUT OT MyTW, KakMM cucTema npuwina B 3TO
COCTOsHME.

AHTponuen S HasbliBaeTCH PYHKLUMS COCTOSIHUSE CUCTEMbI, AMddepeHLmanom
koTopoit aensetca 8Q/T :

45232
T
T. 0. nepeoe Hauyano TepmoamHamukn 6Q =dU + 84 moxHo 3anucaTb B BUOE
TdS=dU +d4,
otkyga 64=7dS -dU =d(TS)-SdT —dU =—d(U -TS)-SdT =-dF - SdT.
®yHkumsa F =U — TS aBnsetca dyHKUMEN COCTOSHUSI CUCTEMbI 1 Ha3blBaeTcs
aHepauell Nenbm2onbya N ceo600HOL 3Hepauell.

42.3meHeHUe 3HTponum

B samkHyTOI cucteme anst o6patumblx npoueccos AS =0; gna HeobpaTUMbIX
uuknos AS >0.

HepaBeHcTBO Knaysuyca: awmponus 3aMkHymoli cucmembl
moxem nubo Bospactatb (B crydae HeobpaTumbix npoueccos) su6o | AS >0
0CTaBaTbCH MOCTOAHHON (B Criydae 06paTMMbIX NPOLIECCOB).

Mockonbky dS v 8Q UMEIOT OAUH U TOT Xe 3HaK, TO N0 XapakTepy W3MEHEHUs
SHTPOMUM MOXHO CYAWTb O HaNpaBneHWu npolecca Tennoobmena. Mpy HarpeBaHUm
Tena 00 >0 u ero aHTponust Bo3spactaer dS >0, npu oxnaxgeHum 80O <0 u
aHTponusa Tena y6bisaet dS <0.

MN303HTPONUIHLIM Ha3bIBaeTCs Mpouecc, npomekarowull Mpu nocmMosHHoU
aHmponuu (S = const).

B obpatumom agmabatuyeckom npouecce 6Q =7dS =0, Tak uto dS=0 un
S = const , noaToMy agrnabaTyeckuili NPOLLECC ABNAETCA 30IHTPOMUNHLIM.

PaccMoTpum ans npuMepa uaearnbHblii ra3, KOTOPbIA COBEPLUAET PaBHOBECHbIN
nepexopn u3 coctosiHus 1 B coctosiHve 2. MIameHeHne ero aHTponum

2 2
00 dU+d4
AS =8-S =|—=|—.
152 =92 791 '1[ T T
T.
Venonbaya dU =2C,, dT; 84 = pdV_—RTd—V R=C,-Cyn bh P2
n u v L, p
AS, ., =2C, far + 2R v _m ¢z rml2 |- ¢, 122 21C, nl2
BT Voo T ) u P V1
U3meHeHue aHmponuu e npoyeccax udeasnbHO20 2a3a
M3oxopHbIn M3ob6apuryeckui M3oTepmuyecknin AnnabaTnyeckui
(V' = const) (p = const) (T = const) (S = const)
AS="C 2 5 As:ﬂcplnﬁ AS =" RIn "2 AS =0
M h H " N

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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Lvkn HasbiBaeTCs MpsIMbIM, €CNU 3@ LMK COBEPLUAETCS MONOXUTENbHas
pabota 4= qudV >0 (UMKN NpOTeKaeT MO YacoBOWA CTPENKE — PUCYHOK (A)).

Limkn HasbiBaeTCsi 06pamHbIM, €CN 3a LMK COBEpLUAETCA OoTpuuaTenbHas
pabota A= CJSpdV < 0 (umkn NpoTekaeT NPOTUB YACOBOW CTpenku — pucyHok (B)).

Mpamoi umkn ucnonb3yeTcsi B mersioebix deu2amessix (CoBepLiatoT paboty
3a CYET nMOmnyyYeHHOW u3BHe TennoTtbl). OOpaTHbIM UMK  UCNOoMb3yeTcs B
X0J100UNIbHLIX MawuHax (3a CY4ET paboTbl BHELUHMX CWI TEnnoTa NepeHocuTcs K
Teny c 6ornee BbICOKOW TeMnepaTypoit).

39.KMNAO kpyroBoro npouecca

B pesynbTate kpyroBoro mnpoliecca cucTema BO3BpallaeTcs B WCXOQHOe
COCTOsIHME, CrefoBaTenbHO, NOMHOE U3MEHEHWNE BHYTPEHHEN SHEPTUN PABHO HYIIO.
Moatomy Q=AU + A= A, T. e. paboTa, coBepLlaemasi 3a LK, paBHa KONMMYECTBY
MomnyyYeHHON M3BHe TenmnoTel. Ecnu B xofe KpyroBoro npouecca cucteMa He TOJSIbKO
nosny4aeT KonM4ecTBo TennoTel (), HO 1 TepsieT (0TAAET) konnyecTso TennoTel O,

10 0=0-0,.

Tepmuyeckuli koaghgpuyueHm nonesHo2o OJdelicmeusi 0N Kpy208020
npouyecca — 3T0 BENWUYMHA, paBHasi OTHOLLEHWNIO paboTbl, COBEPLUEHHOW CUCTEMON, K
KONMYeCTBY TENSOTbI, NONy4YEHHOMY B 3TOM LIMKIE CUCTEMOW:

1,]:i:Ql_QZ :1_%
Q1 Ql Ql

40.06paTUMbIN U HEOBPaTUMbIN NpoLecChl

TepmoaMHaMuyeckuii NpoLecc HasbliBaeTcs 06pamuMbiM, €CNIN OH MOXET
npoucxoauTb Kak B MPAMOM, Tak U B 0b6paTHOM HarpasneHuu. Mpuyém, ecnu Takomn
npouecc NpoucxoauT CHayana B NPsSIMOM, a 3aTeM B OOpaTHOM HanpaBneHun u
cucTema BO3BpaLLaeTcsi B UCXOOHOE COCTOsIHWE, TO B OKpYXKalollen cpeae u B 9Toun
CUCTEME HEe MNPOUCXOAMT  HUKaKMX  u3MeHeHun. Bcecsakmi  npouecc, He
YOOBMNETBOPSIOLLMIA 3TUM YCIOBUSAM, SIBIISIETCS HEO6pamumbIM.

PeanbHble npoueccbl HeobpaTumbl, B HWUX Bcerga MpPOMCXOAMT Auccunauums
(noTeps) aHeprum (u3-3a TpPEHUs, TEMMOMPOBOAHOCTM WU T. A.). O6pamumsbie
npoueccbl — 3mo u3udeckass Modesib — 3mMoO udeanusayusi peasibHbIX
npoyeccos.

41.3HTponusA
Konuuectso Tenna 80, KOTOpoe AOIKHO GbiTb [OCTaBMEHO CUCTEME WM

OTHAITO y Heé npu nepexode OT OAHOMO COCTOSIHUS B [pyroe, He onpenensietcs
OAHO3HA4YHO Ha4danbHbIM N KOHEYHbIM COCTOAHUAMU, HO CYLLEeCTBEHHO 3aBUCUT OT
crnocoba ocyLLecTBneHus aToro nepexoda (00 He siBNAeTcs YHKUMEN COCTOSIHUS

cuUCTeMbI).
OpHako, npueedéHHOe Kosiu4Yecmeo mensiombl — OMHOWEHUE Meniomsl
80 k memnepamype T cucmembi npu 6eCKOHEYHO MarslbiX U3MEHEHUSIX COCMOSIHUS

cucmembl — eCTb (PYHKUMSI COCTOSIHUS cucTembl. B no6om obpatumom Kpyrosom

npouecce
gSS—Q =0.
T
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M30OMPOLIECCbLI. PaccmoTpym paBHOBECHble MNPOLECChl, Mpoucxoasiume C
TEPMOAUHAMUYECKMMU  CUCTEMAMM, MPU  KOTOPbIX OOWH W3 OCHOBHbIX
napaMeTpOB COCTOSIHUSI COXPAHAETCA NOCTOSHHbIM.

32. N3oxopHbI npouecc (V7 = const)

[OuarpaMma aToro npowecca — usoxopa — B KOOpAMHaTax
p (p,V) wnsobpaxaeTcs npsiMoW, NapannencHol ocu opauHaT
(ocb p). Mpouecc 2—1 — M30XOPHbLIN Harpes, npouecc 2-3 —
V30XOPHOE OXNaXaEeHMe.

3 Mpu usoxopHoM npouyecce 2a3 He coeepwiaem pa6omy
——>  Hag BHewHumun Tenamu (84=pdV =0) u Bca Tennota,
v cooblyaemas rasy, WAET Ha yBenUYEHWe €ro BHYTPEHHeN

aHeprum (3Q =dU). Mockonbky dUu =C), dT, To Ans Npou3BosbHOI Macckl rasa

2

s0="2C,dT.
1)

33.U306apHbIv npouecc (p = const)

Ovarpamma aToro npouecca — usobapa — B koopauHatax (p,V) wnsobpa-
»aeTcsl NpsiMoi napannensHoi ocu abeuuce (ock V). MNpu n3obapHom npouecce
pabota rasa npu ysenunyenun obxéma ot ¥} no V, paBHa

Vs
1 ) A= [ pdv =p(t,-7)),
> z
n onpegaenseTcsa nnowasbio  3alTPUXOBAHHOTO
npsMoyrorbHMka.  Mcrnonbays  ypaBHeHue — KnaneiipoHa
pV ="/ RT , nonysaem V, —V; ="%/ (T, -T,), otciopa
4 v

A="R1,-T).
u

DuU3nNYECKUIN CMbICIT YHUBEPCanbHOW ra3oBoW NOCTOAHHOW: R YUCMNEHHO
paBHa paboTe n3obapHoro pacwmpeHust 1 Mona naeanbHOro rasa npu HarpeBaHuu
ero Ha 1 K.

34.U3oTepmuyeckuii npouecc (7 = const)

Iunarpamma aToro npouecca — M3oTepma — B koopauHa-
p 1 Tax (p,V) npepcrasnser coboi runepGony. W3otepmu-
YecKM npouecc onucbiBaeTcs 3akoHom bBbovina-MapuoTTa
(pV =const).
PaboTa n3oTepMmMyeckoro paclumpeHus rasa
£ £
A= pdv = jﬂRTd—V=ﬂRT1nﬁ=ﬁRT1nﬂ.
7 A non 12
Tak kak npu T =const eHympeHHsis dHepausi udeanbHO20 2a3a He
usMeHsiemcsi, TO U3 NepBoro Havana TepmoauHaMuki criegyet, yto 00 =84, To
ecTb 8ce Kosu4yecmeo mernsaomsi, coobwjaemoe 2a3y, pacxodyemcsi Ha
coeepuwieHue um pabomsl NPOMuUe HeWHUX CUuJl.

V
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Moatomy, Ana Toro, 4Tobbl NpU paclWMpeHun rasa memrepamypa He
MOHUXanach, K rady B TEYEHWEe M30TEPMUYECKOrO npoLiecca Heobxo0umo nodeodums
KOJIUYeCmeo merniomal, 3KBMBaJIeHTHOE BHELLHEN paboTe paclumpeHus.

35. AauabaTtuueckuit npouecc (60 =0)

Aduabamuyeckum Ha3biBAeTCsl MPOLECC, MpU KOTOPOM omcymemsyem
mennoo6meH Mexay cucTemon U okpyxatoLen cpegon (80 =0).

K apgunabatnyeckum npoLeccam MOXHO OTHECTU 8ce bbicmpornpomekaroue
npoyecchb! (TennoobMeH He ycrneBaeT COBEPLUMTLCS), Hanpumep, pacnpocTpaHeHne
3ByKa B Cpee, LMKMbl PACLUMPEHNS U CKaTUsi B ABUraTensix BHYTPEHHENO CropaHusi,
B XOJSI0AMSIbHbIX YCTAHOBKaX U T. A.

N3 nepBoro Hauana TepmMoaMHAMUKM criedyeT, YTo Mpu agvabaTuyeckom

npouecce O04=-dU. Wcnonesys 04=pdV u dU:%CVdT, nony4umM

pdV:—%CVdT (1. C ppyroii cTopoubl, us pV ="/ RT cnenyet
pdV+Vdp =’”uRdT (2). Pasgenue (2) Ha (1) nony4mm

+V R C,-C C
pdV—dp:__:_p—V nnn d_p:_yd_V‘ rﬂ'e y:_p_
pdV c, c, p V Cy
koacppuumeHT MNMyaccoHa. NHTerpupoBaHue aToro ypaBHeHus AaéT
InV"+Inp= ln(const), oTkyaa cnepyeT ypaBHenue lMyaccona | pl¥ =const

— ypaBHeHMWe aguabaTuyecKkoro npowecca:

Wcronedysi ypasHenne Menpeneesa- | rpv-1_ oo
. _m .

KnanetipoHa pV —ERT, nony4aem: Typl—y — const

Ovarpamma  aguabaTudeckoro — mpouecca  —
aguabara - B koopauHatax (p,V) wu3oGpaxaetcs

rmnepbonon. AgnabaTta pVy =const Gonee kpyTa, 4em
, v, ’V usotepma (pV =const). To 0ObACHAETCS TEM, YTO MpU

agmabaTtnyeckom oxatum 1-3 yBenuyeHve JaBneHus rasa
06YCroBneHo He TOMbKO YMEHbLUEHWEM ero 06bEéma, HO M  MOoBbiLEHWEM
TemnepaTypsbl.

36.Pab6ora raza B aguabartuyeckom npouecce

B agmabatuyeckom npouecce 84 =—dU , noatomy 84 = —ECV dT . Ecnuras

agnabatnyeckn paclumpsieTcs oT obwéma V¥, go V,, To ero Temnepatypa
ymeHbluaetcsi ot 7; no T, v pabota paclumpeHus naeansbHoro rasa

T
A4=-"¢, [dT="C,(T;-Ty).
ko u

y-1 -1
L P _RLmly T ,  VCronbays

OTkyga nonyvaem
y—1 Yy y-lp Vy
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m
ypaBHeHue MeHpaeneesa-Knaneipona pV =—RT .

Pabota apunabatuueckoro pacwumpennss 1-2 (3awTpuxoBaHHas nMowaap)
MeHblUe, YeM MpU M30TEPMUYECKOM mnpouecce. OTO OOBLSACHAETCS Tem, YTO npu
aamabaTMyeckoM pacLUMPEHVMM MPOWCXOAWUT OXMaxdeHue rasa, Torga Kak mnpu
M30TEPMUYECKOM pacLUMPeHUn TemnepaTypa noaaepXMBaeTcs NOCTOSAHHOM 3a CYET
NpUTOKa N3BHE SKBMBANEHTHOTO KONIMYECTBa TENMOThI.

37.Nonutponuyeckue npoueccsl (C = const)

Mpouecc, B KOTOpOM TennoémkocTb ocTaétcs noctosiHHon (C = const)

Ha3bIBaETCS MOAUMPONUYECKUM.
PaccMoTpeHHble  Bbille  M30XOPHbIA,  M30TEPMUYECKUA, K306apHbIN 1
agnabaTnyeckuin NpoLecchl — 3TO YacTHbIE Crly4an NONMTPOMHOro npolecca.
YpaeHeHue nonumponsli

pV" =const,

-C
rae KoaPPULMEHT 1n = ——L- HasbIBAETCS MoOKaszamesnemM MoaumMpornsI.
-4y
3HaueHns1 TennoéMKOCTU M MokKasaTens MonUTPOnbl AMsS pasHbIX MPOLIEeCCoB
npvBedeHbl B Tabnuue.

TennoémKocTb Mpu mn3oTepMuye-

Mpouecc C n CKOM rnpouecce BGeCKOHEUYHO BEnvKa,
AnnabaTtunyeckuin | C =0 n=y nockoneky d7 =0, B TO Bpems kak
MN3otepmunyeckuii | C =00 n=1 00 #0.

Waobapuueckuin | C = C,, n=0 TennoémkocTb npu agunabatnye-
. _ _ CKOM MpOLIECCe paBHA HyMo, MOCKOMbKY
MN30x0pHbIN C=C n =z
P r 30 =0, B 10 Bpema kakd T = 0
38.KpyroBo#u npouecc (umnkn)
(A) (B) KpyzoebiMm npouyeccoM (Unu YuUKIIOM)
? 1 p 1 HasblBaeTCs npouecc, MNpU  KOTOPOM
a b cucTema, nponas Yepes psid COCTOSIHWNM,
BO3BpALLAETCs B WCXOAHOE COCTOsIHME.
P Ha (p,V)-pnarpamme uukn wusobpaxa-
2 a 2 eTCs 3aMKHYTO KPUBOIA, rae yyacTok 1-2
> > COOTBETCTBYeT pacwupeHuo, a 2-1 —
Vi v,y W Vi p yer pacump

cxaTumio rasa.

Pa6oma pacwupenusi A, (nnowaab durypsl 1a2V,V|1) nonoxurensHa: 4, >0.

Pa6oma cxxamusi A, (nnowagp durypsl 261V,V,2 ) otpuuatensha: 4, <0.

Pa6boma 3a yukn A onpefensieTcs nnowaapio, 0XBaTbIBaeMON 3aMKHYTON KpUBOW:
A=A+ 4,

Takum obpa3oM, paboma — 3TO QYHKUWA HE MOMbKO COCMOSIHUS
mepmMoOuHamu4yeckol cucmembl, HO U euda rpouecca, KOTOPbIA MNPOUCXOAUT.
MosaToMy paboma He siensiemcsi 0OHO3Ha4YyHOU ¢hyHKyueli cocmosiHusi (TakoMn,
KaK BHYTPEHHSIS 3Heprusi). M3 nepBoro Havana TepMoAMHaMWKu cregyeT, 4To
mennoma (), Tak xe kak u pabota A, siensemcs yHKyuel npoyecca, KoTopbIi

NPOUCXOANT C CUCTEMON.

MonekynsapHas usmka n TepmognuHamMmmka
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