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IIpeaucioBue Ko BTOpOMYy U3JIaHUIO

ITepsoe usmanue mocobus [1] oo B 1994 r. u B jgasbHeiimeM 1o-
CJTY7KUJTO OCHOBOI COOTBETCTBYIOIIErO pas3fiena (PU3TEXOBCKOTO yIeOHMKA
«Ocuoser pusukn» [2] (Pasgen maroit, ra. 1-4). Tem me Menee moTpes-
HOCTb B aBTOHOMHOM TOCOOWH MO TEPMOJWHAMUKE, HECKOJIBKO Oojiee mpu-
ommxennom K mporpamme MOTU, we ormaga.

IIpu moaroToBKe BTOPOro M3JaHUs B OCHOBHOM IPOBE/IEHA PEIAKIMOH-
Hasl MPABKa, BKIIOYAs MEPEHOC 3HAYUTETHHON JaCTH MATEPUAJIa JOTMOTHE-
HUUA B OCHOBHOI TEKCT.

B cBsi3u ¢ BBIXOJOM HOBOTO (bU3TEXOBCKOTO 3aJaIHAKA [3] ¢ IeIbio co-
XPaHEeHUsI KOMIIAKTHOCTH OCOOUST U3 HErO UCKJIFOYEHbI 3a1a491. HEeCKOIbKO
pacmumpen marepuas as vV u VI

st nanbHERnIero O3HaAKOMJIEHHsI C [IPEJMETOM ABTOP PEKOMEH/LyeT,
KpoMe yImoMsHyTOro y4uebuuka « OCHOBBI (DUBUKU», CIAETYIOIINEe KHUTH:

Cusyxun J1.B. «O6mmit kypc dusukus, 1. II [4] — moapobHOe n3imoxe-
HUE MaTepHuaJIa, 0COBEHHO MAKPOCKOIMYECKONH TEPMOJIMHAMUKH.

®. Peiid. Crarucruveckas dusuka [5] — Kak cienyer u3 Ha3BaHU, B
OCHOBHOM DPaCCMATPUBAETCS CTATUCTHYECKUH MOXO/.

Oeitaman P., Jleitton P., Cauac M. «®PeitnmanHoBCKMe JieKuu 10 (HU3M-
Ke» [6], Bbim. IV (1. 39-46) — KHUra IPUBJIEKAET OPUTHHAIBHBIM B3TJISI0M
Ha MPEIMET, sIPKUM, 0OPA3HBIM sI3BIKOM; M3-33 HEKOTOPOi 6ECCUCTEMHOCTH
TPyJHA /ISl IEPBOHAYAIBHOIO O3HAKOMJIEHHS C MATEPUAJIOM; HACTOATE b~
HO peKoMeH/yIo npouurarb . 46 (XpamnoBuk u cobadka), COAEPKAILLYIO
raybokwmit ananu3 Broporo magasa.

Koporkos II.®. «MosekyssipHas GU3NKa ¥ TepMOJHHAMEKAY [7] — 110~
JIe3HA B KAYECTBE KOMITAKTHOTO CIIPABOYHOTO MOCOOUST; COMEPIKUT MOAPOD-
HO AHHOTUPOBAHHBIE OCHOBHBIE MOJIOKEHU ¥ (POPMYJIbI, & TAKZKE IPUMEPDI
pelennst 3a,/1a4.

Baukun . A. Durponus [8] — TOHKMI aHAJIM3 [OHATUS <IHTPOLUSY,
MPEUMYIIECTBEHHO CO CTATUCTUIECKON TOYKM 3peHus. Kpurudeckuii pas-
0Op COOTHOIIEHUS] MEXK/Iy YHTpONmei u wHMOpManeit

Asrop uckpenne Gmaromapur JI.A. Anekcangposa u H.C. Bepiosnesy
3a BCECTOPOHHIOI MOMOIIb B pabore Has BropbiM u3ganuem, FO.M. Koure-
coBa, C.M. Kopmrynosa, A.B. Cremanosa, FO.M. Ilunenioka 3a mose3nbie
3aMevaHMS.

3 npeaucsoBus K MepBOMY H3JaHUIO

OCHOBO#T HACTOSIIErO MOCOOUS MOCITY KU JIEKIIAU, [TPOYUTAHHBIE AB-
TOpOM B MOCKOBCKOM (DU3UKO-TEXHUIECKOM WHCTUTYTE.

Ot16op MaTepuasia B OCHOBHOM OIPEIEISICS MPOrPaMMOil Kypca, CJIO-
JKUBIIEHCS B PE3yJbTaTe MHOrOJeTHeil pabOThl JIEKTOPOB M BCEX MPEMO-
naparesieil kageapol o0ieit pusuku MOPTU. Aprop crapaJics 3aTpOHYTb
BCe TEMbI, BKJIIOYEHHBIE B IIPOIPAMMY COOTBETCTBYIOIIEro pas/ena. B ie-
JITX COXPAHEHWsI MPUEMJIEMOTO O0BbEMA MOCOOWS OMYIIEHBI TPOMEXKYTOY-
HBIE BBIKJIAJKN, 3aMETHO COKDAIIEHO 1O CPABHEHUIO C JIEKIIUSIMUA YHUCJIO
KOHKDPETHBIX TTPUMEPOB U3 (DU3NKUA U TEXHUKU, OTCYTCTBYIOT OIMUCAHUS JIe-
MOHCTPAIMOHHBIX OIIbITOB, KOTOPBIMU COIIPOBOZK/IAJIUCH JIEKIIUU.

IIpu wu3sokenmm aBTOP PYKOBOJCTBOBAJICH H3BECTHBIM adOPU3MOM
B. Baeiika: «ctuny Henb3s paccKa3aTh TakK, 9TOObI €€ MOHSIN; HAI0, ITO-
ObI B HE€ MOBEPUJIN.» 33/1a49a 00JIerdasach TeM, 9TO 3HAYUTE/bHAS JaCTh
pabOoThI HAJL MATEPUAJIOM, B XO/€ KOTOPOI TOJHKO U MPUXOIUT MOHUMAHUE,
oraecena B MOTU na cemuHapckue 3aHATHA U HA 00CY2K/1eHMe JTabopaTop-
HBIX PaboT.

Agrop Gmaromapen I'P. Jlokmmny, dbakTUYeCKd HHUIUUPOBABIIEMY
nanucanue kuaurw; A.B. Hlenaruny, FO.M. Konecosy, H.C. Bepronesoii,
A.C. Kunrcerny, 0poYdTaBIIAM DYKOIKUCH U CJAEJABIIAM HEMAJIO CIPABEI-
JIMBBIX 3aMeYaHWil, 9aCTh KOTOPBIX yuTeHa aBTopoMm; JI.B. YepHoBoit, mpo-
Aenaieil 60biIyI0 pabory Mo 0pOPMIIEHUIO PYKOIIKCH.

Hocrouncra Kauru, Oyae TAKOBbIE UMEIOTCS, — B 3HAYUTEIHHON Mepe
TLTOJT, KOJUTEKTUBHBIX yCUJIHIA.

OTBeTCTBEHHOCTH 33, BCE HEIOCTATKU JIEXKUT TOJHKO HA, aBTODE.



BBenenune

Q®uznka — eauHas Hayka. EE ejleHre HAa MEXAHWUKY, TEPMOIMHAME-
KY, 9JIeKTPOMArHeTu3M | T.JI. 0OyCJIOBJIEHO OTYACTH UCTOPUIECKH CJIOKHUB-
MIAMUCS TPAIUIAIMEA, HO B 3HAYNTEIHLHON Mepe TaKkKe HeOoOXOTUMOCTHIO
HEKOI CHCTEMATHIHOCTH IPH 3HAKOMCTBE C IIPEIMETOM.

Tak, B Kypce MeXaHHKH Mbl H3yJaJ JABUKEHHE TEJI O[] JIeHCTBHEM
B OCHOBHOM TPEX THIIOB CHJI — TATOTEHUsI, YIPYTOCTH, TPEHHS, U B OT-
JEeIbHBIX 33a9aX — BJIUSIHNAE 3JIEKTPUIECKOrO WM MATHHTHOTO ITOJIsSI HA,
JBUKEHVE 3apsKeHHBbIX Tejl. MexKay TeM U ympyrocTb, U TPEHHe — 3ITO
MaKpPOCKOIIMIECKHUE MPOSBICHNST TOTO YKe 3JEKTPOMATCHUTHOIO B3aUMOIEii-
CTBUSI.

YacTo Mbl MPUMEHS/IA 33aKOH COXPAHEHUS SHEPIUH — CyMMa KHHETHU-
YeCKOI HEepPruu JABUKEHUA TeJl U HOTCHUUAJIbHONR SHEPruu UX B3aUMOJEH-
crBus Hem3MmeHHa. OMHAKO MPYW HAJUYUN TPEHUS CyMMa KWHETHYIECKOH u
MOTEHIUAJIFHOM IHEPrUuil TeJl B OOBIMTUHCTBE CIy4aeB m3Mensiercs. V3me-
HAETCS OHA U IIPU HEYIPYTUX CTOJKHOBEHUSIX.

Mpbr TOBOpHIN, 9TO YaCTh SHEPIUH IIEPEXOIUT B TEmjo. TeM caMbIM
BBOJIUJICS €I€ OJINH BUJI, SHEPIUHA — <«TEILIOBAs», WM KOPPEKTHEEe — BHYT-
pEHHSIST dHepTus Tejl. B KOHIe KOHIIOB 3TO TOXKEe KHHETUIECKas SHEPTHUsi
JIBUKEHUS W TOTEHIUAJbHAS HEPIUsl B3aUMOIeHCTBYs (B OCHOBHOM 3JIEK-
TPOMArHUTHOIO), HO YK€ KaKUX-TO MUKPOCKOIIMYIECKUX YaCTEH TeJl.

Hac ke B MexaHHKe HHTEPECOBAJIM B OCHOBHOM <«BHEIITHUE» XaPaKTEPH-
CTHKH O0BbEKTOB — Macca, pa3mep, popma tesa. Mbl modTH He 3aTparnBaJjIn
BOITPOCHI BHYTPEHHET'O CTPOEHUS TEJI.

Ilepexon MexaHW9eCKOH YHEPTUU BO BHYTPEHHIOI U OOPATHO, BHY TPEH-
Hee CTPOEHHUE TeJI Ha, MUKPOCKOITUIECKOM YPOBHE KaK Pa3 U SABJISIIOTCS IIPE/I-
METOM pa3/eiia PU3NKKH, KPATKOMY H3JI02KEHHIO OCHOB KOTOPOI'O ITOCBSIIE-
HO HacTodlee 11ocodue.

I'iiaBA 1

IIpeamer TepmomHAMUKNT

«KII/, kak y mapoBo3a» — He caMasl JIECTHASA XapPAKTEPUCTUKA, [BUTA~
Tens. A mouemy y maposoro gasuraresns uesbicokmit KII/[? Kakoit Moxker
OBITh MAKCHMAJIbHO BO3MOKHAS BEJIMIHHA ITOTO CAMOTO KOI(MDPUINEHTA,
moJie3Horo aeiicreust! Kak ero moBbicUTh?

[IpumepHo TakuMu Bompocamu 3ajajics dpanmy3ckuit nnxenep Camu
Kapuo B magane XIX Beka. @PopmyaupoBas OH UX, IPABJA, COBCEM B IPy-
rux Boipaxenusnx. Camoro noustus KIIJL emg we cymecrBoBasio. He 6b11
OTKPBIT 3aKOH COXPAHEHNS YHEPTUH, UCITOIb3y s KOTOPBIH, MbI TEIIePh JOKa-
3piBaeM TeopeMbl Kapuo. U Bcé ke mmeHHO «Pa3mbIienus o IBUKYyIIei
Cujie OrHsI» CTAJIA TEM 3€PHOM, M3 KOTOPOrO BBIPOC/IA OfHA U3 HauboJiee
0011uX TEOpUil COBPEMEHHOIO €CTECTBO3HAHUS — TEPMO/UHAMUKA. 1eM 2Ke
3aHMMAETCsl ITa HayKa?!

§ 1. Cucrema, cocTogHHE, MPOIIECC

3aKOHBI TEPMOAMHAMUKY OLUCHIBAIOT [IOBEJACHUE
CUCTEM, COCTOSIIIUX U3 OOJIBIIOrO YIMCJIa TACTHII.
Lowc. Y. I'ubbe

Tak B HEMHOTHX CJIOBaX OXapaKTEPU30BaJ MPEJIMET TEPMOIUHAMUKHI
BBICIIIKIT aBTOPUTET B 3TOi objacTu 3HaHmil. MTak, TepMOINHAMUKA, Pac-
CMATPHUBAET IOBEJEHWE CHCTEM, TO €CTh OOBEKTOB, MO-BHIMNMOMY, COCTO-
AMAX U3 HEKUX JJIEMEHTOB, YaCTHI]; Haubosee OOMUM HA3BAHUEM I CO-
CTaBHBIX YaCTEll CHCTEMBI OyIeT moIcucTeMa,. Jalre BCero B KA4eCTBE TAKUX
3JIEMEHTOB WJIM TOJCUCTEM MbI OyI€M pacCMaTpuBaTh MOJEKyJabl. Ho 310
coBceM He 00s13aTesibHO. K mpuMepy, CyIecTBYOT U MPEICTABIISIOT HHTEPEC
33/1a49M, B KOTOPBIX HacejeHue Halleil [aJJakTUKU MOXKHO pacCMaTpPUBATh
KaK ra3, YaCTUIAMA HUJIA SJIEMEHTAPHBIMHU HOJACUCTEMAMU KOTOPOTO ABJIfA-
1ores 3Be3apl. C Apyroit CropoHbl, B MOHU30BAHHOM ra3e (Iuia3Me) HapsiLy
C MOHAMHU, ATOMAaMU, MOJIEKYJIaMU, B Ka9eCTBe PABHOIIPABHBIX MOJACUCTEM
BBICTYTIAIOT OTHEJIbHBIE 3JIEKTPOHBIL.



10 TytaBA 1. IIpedmem mepmodunamuru

Broppim 04eBUIHBIM CBOHCTBOM CHCTEMBI JOJIZKHA SBJISATHCH €€ BbLIE-
JIEHHOCTb, OTTPAHUYEHHOCTb OT BCEr0 OCTAJIbHOI'O, OT TOI'O, YTO MbI HA30-
BEM OKpYy2Karomumu Tejaamu wiu cpenoit. IIpome rosops, m1omkHO ObITH
SICHO, 9TO SIBJISIETCS 9aCThIO CUCTEMBI, 8 YTO K Hell He MpWHAJIeXUT. 1u-
MMAYHBINA TPUMED CUCTEMbI, K KOTOPOMY MBI YaIlle BCEro u OyaemM oOpalmarh-
Ccs — ra3 B 3aMKHYTOM COCY/IE.

Hawm ocramoch ob6paruTh BHUMAaHUE HA TOT (PAKT, ITO CHCTEMA, TOJIKHA,
COCTOSITH U3 BOJIBIIONO YUCIA 9ACTHL,. B 9€M CMBICJ TOrO yCaoBuUs?

3akoubl HhiOTOHA B MPUHITUIE MO3BOJISIOT PACCIUTATDH JIBUYKEHUE JIEO-
00if 9acTuIipl, Ji1000H cOBOKymHOCTH dacTuil. Ho 310 B mpuaImume. PeanbHo
HETPYIAHO PEIIUTD 3339y O JBUKEHUHU JBYX B3aAMMOIEHCTBYIOITUX TACTHUIL.
A Bor yke 3a/a4a TPEX eI MOXKET ObITh PEIIeHA JI0 KOHIA TOJIBKO B HEKO-
TOPBIX CIENUAJIbHBIX CIIy4asax. UTO 2Ke CKa3aTh O ThICHYE, MUJIMOHE, MUJI-
JIMApIe YACTHUIL!

Komeuno, Kora roBOpUTCsi O HEBO3MOYKHOCTH TTOJTHOTO aHAJINA3A 331491
TPEX TeJI, UMEIOTCS B BUJY aHAJIUTHYECKHE MeTobl pernenns. CoBpeMeH-
HbIE BBIYUCJIUTEIbHBIE MAIIUHBI IO3BOJISIOT YHCJIEHHBIMUA METOIAMHU IIPO-
CJIEUTD JIBUKEHUE MHOIUX THICAY B3aUMOIEHCTBYOIMIUX YACTHUL B T€IEHUE
JOCTATOYHO MPOIOJIKUTETHBHOIO BPEMEHH.

C apyroit cTOpOHBI, y4€T KBAHTOBBIX 3(D(DEKTOB B IOBEIEHUN MUKPOUIA-
cTurt mesiaeT 6ECCMBICIIEHHBIM pelierne ypaBruenuit HpioToOHA /a2xke B CIty-
4ae /IByX TeJl.

DU 0OCTOATEIHCTBA, O KOTOPBIX B IIOPY CO3/IAHUS TEPMOJAMHAMUKA HE
MOIJIO OBITH W peYr, HU B KO€il Mepe He ODECIEHWBAIOT HU METO/I0B, HU
OOIIUX BBIBOMIOB ITON HAYKH.

OKa3pIBaeTCs, MPU JIOCTATOYHO OOJIBITOM KOJUYIECTBE YACTHIL OTTIA 1A~
er HeoOXO/IMMOCTb CJIEINTH 33 KaXKJOW u3 HuX B orAenbHOCTH. Hackosib-
KO BEJIUKO JIOJI2KHO OBITh YHCJIO YaCTHI], YTOOBI UX COBOKYIIHOCTH MOXKHO
OBLIO CYNUTATH TEPMOIMHAMUIECKON CHCTEMON — BOIPOC W HEJErKuil, u B
3HAYUTEIHHON MEpEe CXOJIACTUIECKHUil (THUIa — «CKOJBLKO 3EPEH COCTABJIsA-
10T Ky4dy?»). M MbI ayTh noapobuee 3aiimémca B V-VI rnasax. IToka xe
OyJeM CYUTaTh, YTO YCJIOBUE JOCTATOYHO OOJIBIIOrO YUCIIA IACTHUL], COCTAB-
JIAIONIUX PACCMATPUBAEMYIO CHCTEMY, BBIIIOJIHEHO.

Saberas BIepés, OTMETHM, 9TO XaPAKTEPHBIH MACIITAd OTHOCUTEIbHOM
TOYHOCTH MPEICKA3aHUN TePMOJINHAMUKHU HEIOCPEICTBEHHO CBS3aH C HHC-
soM mogcucreM N I 1O MOPSIKY BeJTHYIHHBI 00BIIHO cocTapmsier N~ 1/2,

CraHgapTHBIM IPUMEPOM TEPMOIMHAMUIECKON CHCTEMbI CJIY2KUAT MOJIb
ra3za. Hamomuum, 910 MOJIb — €QMHUIA KOJUYECTBA BEIIECTBA, COMEPIKA-
asi TAKOE 2K€ KOJIMYECTBO CTPYKTYDHBIX €IMHHI[, KAKOE HYUCJIO ATOMOB
comepxuTca B 12 T m3oToma yraepona 2C. OKpyTIéHHOE 3HAMEHHE 3TOTO
umesia — gncaa Asoragpo — Ny = 6-1023 mous L.
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OrMerum, 910 MOJIb — JIAJIEKO HE MUHUMAJBHOE YUCJIO YACTHUIL, KOTO-
pO€e y2Ke MOKHO CYMTATh CHCTEMON B CMBICJIE, BKJIA/IbIBAEMOM B TO CJIOBO
I'u66com. Benomuum npumep ¢ lajiakTukoii Kak «ra3om» u3 38631, A Bejp
B lasakTuke «Bcero» okoso 10! 3B&311 — MeHbIIe TPUJIJIMOHHON JTOJIH MO-
sisi. Jla m BO Bceit BummMoi Beenennoit ux enBa Habepercs 9eTBepTh MOJIS.

Tax BOT, €cit MBI, KaK OOBIYHO B TAKHUX CJIY9IASX TOBOPHUTCS, «BO3bMEM
MOJIb ra3ay, BCE HHTEPECYIOIIUE HAC C [IPAKTUYECKON TOYKHU 3PEHUsi CBOU-
CTBa TAKOI CHCTEMbI — €€ MAKPOCKOIIMYECKNE XaPAKTEPUCTUKH — MOXKHO
ONHUCaTh, HE TOJILKO HE PACCMATPHUBAS MOBEIEHWE OTIEIbHBIX JYACTHUIL, HO
Jake He MPUBJIEKAs MOJIEKY/ISIPHBIX TPEICTABIEHUI O CTPOEHUN BEIECTBA.
Ms1 He DyzmeM CTPOTO CJIEIOBATH UCTOPUIECKOMY IIYTHU MOCTPOEHUS TEPMO-
auHaMA4YecKoit Teopuu. Bostee Toro, yke B 310ii ri1aBe 118 Pa3bsACHEHU U
0060CHOBaHUs CBONCTB K/I€AIBHOrO ra3a Oy/1eT pacCMOTPEHA ero MOJIEKYJIsAD-
Has Mojesb. Ho xoresnoch ObI TOMIEPKHY Th, YTO (PAKTHIECKH BCE CTPOHHOE
3/IaHIEe MAKPOCKOMUYIECKOHN, IMIUPUIECKO, (HPEHOMEHOOIMIECKOM TepMO-
JIVWHAMAKA OBLIO MOCTPOEHO eIé 0 MOOe bl MOJIEKYISPHON TEOPUH.

Hakowner, Mbl B35ty MOJIb I'a3a U IOMECTUJIU ero B cocya. Ham He Tosib-
KO TPY/AHO (rOBOPsi CePbE3HO, HEBO3MOXKHO) LPOC/IEIUTD 33 [IOBEJEHUEM OT-
JAesbHbIX Mosiekysi. Ham 310 u He odenp unrepecHo. Kak npasuso, Biosse
JOCTATOYHO 3HATH MAKPOCKONMYECKUE XAPAKTEPUCTUKHU ra3a. JTO: MACCA
WA KOJIMIECTBO Ta3a, [TaBJIeHNe, 00bEM, TEMIIEPATYPA.

OnHO U3 BaXXHEHIHUX CBONCTB TEPMOIUHAMHUYIECKON CHCTEMBI MOYKHO
chOpMyYIUPOBATH CJELYIOMUM 00pa30M:

JIrobaga cucrema, Oy/Iyyu IIOMEITEHHON B HEM3MeHHbI€ BHEIII-
HUE yCJOBHUs, 00d3aTebHO MPUXOJAAT B HEKOTOPOE COCTO-
siHUEe, B KOTOPOM OHa ¥ OyJeT HaXOAUTHCI CKOJIb YTOJIHO
J0JITO.

Takoe cocrosiHre HA3BIBAECTCS COCTOSTHUEM TEPMOIMHAMUYECKOTO PABHO-
BeCHsl.

CdopmyaupoBaHHOE TIOIOXKEHUE UT-
paeT CTOJIb CEePhE3HYIO POJIb, YTO €My
[IPUCBOEHO CIIEIUAJIbHOE HAa3BaHME: 00-
ee HaYajI0 TePMOAMHAMUKH. A

[ToHsTHE TEPMOIUHAMUIECKOTO PAB-
HOBECHUS — KJIFOYEBOE IMOHATHE BCe Tep-
MoauHAMUKHE. Kak u BCIKOMY OY€Hb 00-
[EMY [OHSATHUIO, MY [IPOCTO HEBO3MOK-
HO JaThb KPATKOE OIpEIe/IeHAE, YI0BIe- Puc. 1
TBOPSIONIEe paBuiiaM Joruku Apucroresis. Ha nporskeHun Bcero Kypea
MBI OyZeM K HeMy BO3BPAIATbCs, yTOYHITD, Pa3biacHAThL ero. Ceidac ke

[T
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HA, OZHOM IIPUMEPE [IOCTAPAEMCH IPOUJIIOCTPUPOBATH /B4 OCHOBHBIX aC-
[IEKTA ITOrO HOHATHS.

1. Monycrum, Mbl 9epe3 Kpan K 3amosauiu mycroil (0OTKadaHHbIi) co-
Cy/l ra3oM u3 Kakoro-to pesepsyapa A (puc. 1). Henmocpezncrsenno nociie
3aKpPbITUS KPAHA BHYTPH COCY/Ia OT/EJIbHBbIE IOPIHUKA Ia3a MOI'YT HMETh
PAa3HYI0 TEMIIEPATYPY, INIOTHOCTh, Oy/lyT y4aCTBOBATH B BUXPEBOM JIBHIKE-
nuy 1 1.1, OJHAKO 4epe3 HEKOTOPOe BPeMsi BCe MAKPOCKOIuIecKue (MO#KHO
J06aBUTH — U TIOJIy MAKPOCKOIMYECKKE) MIPOIECCHI IPEKPATATCS; BUXPH 34~
TYXHYT, IO BCEMY COCY/Y BBIPOBHSIETCS JaBJjieHWe, DOJiee HATPEThIE JaCTU
ra3a mepenaayT 9acTh JHEPIUU MEHee HArPEeThIM — BBIPDOBHSIETCS TEMIIEPa-
typa. Bor reneps Hacrynmio pasaoBecue. CTporo ropopsi, TOJbKO TEIepb
U MOXKHO I'OBODUTH O COCTOSIHMH CHCTeMbL: JaBijieHue P, temmneparypa 7.
1o 3TOro MOMEHTa, y CHUCTEMBI B IIEJIOM IIPOCTO HE OBIJIO ONMpEeIeaEHHOrO
TEePMOIUHAMUIECKOTO COCTOSTHUS.

Kakum ke Oyz1eT cocTosinue paBHOBECHUS!? A 9T0 3aBUCUT OT TOI'O, KAKO-
BbI BHEIIHUE yCJjioBusi. Eiciin MbI TOJIBKO CKa3aJ/1u, YTO ra3 3aI0JHUII COCY/L,
BHEITHIE YCJIOBUSA eIé He onpenenenbl. Hamo 3uaTh mo KpaitHeit Mepe eré
JBa 00CTOATEILCTBA: MOXKET JI CMEMAThCS MOPIIeHb, OTIE/ISIOMNI ra3 B
COCyJIe OT OKPYZKAIONIEro BO3/lyXa, U MPOBOJAT JIM CTEHKHU COCyAa (U mop-
LIEHb) TeILIO.

OT NOABMAKHOCTY WJIA HEMTOABUKHOCTHY TIOPIITHS 3aBUCHT, OYIET iU JaB-
JIGHUE B COCYyIe TaKUM K€, KaK CHAPYKW, WU OHO OIPEIEJIUTCS CBOWCTBA-
MH CaMOTO ra3a. TemmonpoBosiiue CBOMNCTBA, CTEHOK COCY/Ia PEIIA0T, YTO
OLpeeIsier TEMIIEPATYPY ras3a.

2. TepMonuHaAMUYIECKOE PABHOBECHE — 3TO, OYEBUIHO, PABHOBECHUE V-
HaMu4IecKoe. MOJIeKy/ibl HE HAXOMATCs, KOHEYHO, B mokoe. OHu maxke He
JBUKYTCS, KAK, HAIPUMED, IIJIAHETHI COJITHEIHON CHCTEMBI, IT0 HEKOTOPBIM
paBHOBecHBIM opOuTamM. MoseKy bl OECIPEPBIBHO IIPU COYIAPEHUIX OOMe-
HUABAIOTCH CKOPOCTAMH, OBICTDBIE CTAHOBATCH MEIJIEHHBIMH KU HA0DOPOT;
MOJIEKYJ1a, KOTOpas CefvYac HAXOIUTCS y IHHUINA COCYAa, depe3 KaKOe-TO
BpeMs MOXKET CMECTUTHCs K MOPIINHIO; B OOIIEM, TBUKEHNE OT/IETbHBIX MO-
JIEKYJT Xa0TUYIHO, T.€. IPAKTUIECKU HEIIPeICKA3YeMO.

Ho upwu Bceil ciyvaliHOCTH, XAOTUYHOCTH [IBUKEHUS OTEJIbHBIX MOJIE-
KyJI HOIKQKAX MaKPOCKONMYECKUX W3MEHEHUN He TOJBKO B CHCTEME, HO U B
OTJEIbHBIX €8 JacTaX He mpoucxoauT. B Kakoii Obl 9acTw cocyna u B Ka-
KO OBl MOMEHT BPEMEHHU IMOCJIe YCTAHOBJIEHWS PABHOBECHSI MBI HU B3si/iU
1 cm® 06béma, B HEM, eCJIH ITO BO3YX IIPH HOPMAJBHBIX YCIOBUSAX, OyaerT
2,7-10'° mosekys, npuuéM a3ora Oyzer BIpoe GOJIbIIE YeM KHCJIOPOIA, H
Jlazke, K LpuMepy, MoJieKyJl co ckopocrsamu or 500 10 600 m/c B st060it
opIUH ra3a OymerT OaUHAKOBOE KOJIUYIeCTBO. M 9TO mIpu TOM, 9TO KaXK/IYIO
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CeKyH Ly TaKoii 06bEM Iokuaaer 6osibire Mo (mpuvepro 2-1024) monexyar.
Ha ux mecro mpuxomsT apyrue u ¢ BbICOKOI CTEIEeHbI0 TOYHOCTU B TAKOM
ke Kosmdecrse. KOHEYHO, HEKOTODPbBIE yXO/IAT U BHOBb BO3BPAIIAIOTCs, HO
pedb He 00 TOM, a O TOM, UTO BCE BpeMsi C BBICOKOIl CTEINEeHbI0 TOYHO-
CTU TIOJEPXKUBAIOTCS OJMHAKOBBIE YCIOBHUS BO BCEX YACTSX MPUIIEIIIeH B
paBHOBECHE CUCTEMBL.

K&k 310 BCce Tak 3aMedaTesIbHO M0y YaeTCsd — IPEAMET MOJIEKYIISPHO-
KAHETUYECKOUW TEOPUH, WK MNP, CTATUCTUIECKON (DU3UKHU, KOTOPas U 00-
OCHOBBIBAET 3aKOHBI MAKPOCKOIMYIECKOM TEPMOINHAMUKY HA, MUKDPOYPOBHE
U OTIPEJIE/ISIET TPeIe/ibl IPUMEHUMOCTHU ITUX 3AKOHOB.

Ho Bor paBHOBecue B cucreMe yCTAHOBHJIOCH, & BHEIIHHE YCJIOBUS Me-
HeaoTCst. HadunaaeT, KOHEYHO, MEHAThCS W COCTOsSIHWE CuCTeMbl. B obmem
CAydYae pacCMaTpPUBATH MPOIECC MEPeX0/1a CUCTEMbI U3 OIHOIO COCTOSTHUS
pPaBHOBECHUS B JPYroe UPE3BBIYANHO TPYIHO. /ljist TOro 9robbl K aHAIU3Y
[IOBE/IEHUs CUCTEMbI B T€YEHUE IIPOIECCA ObLIM B IIOJHOM MEpe IPUMEHU-
MBI METO/Ibl TEPMOUHAMUKHM, [IPOIECC JI0/KEH ObITh KBA3UCTATUYECKHUM,
KBA3WPABHOBECHBIM. JTO O3HAYAET, YTO MPOIECC MPOUCXOIUT BEChMA ME/I-
JieHHO (B 1pejiesie — GeCKOHeYHO MejjIeHHO). Torma MOXKHO CUUTATh, 9TO B
KaXKJIplii MOMEHT BPEMEHU COCTOSHUE CHCTEMBI MTPAKTUIECKN COBIAIAET C
DPABHOBECHBIM COCTOSHUEM, COOTBETCTBYIOMIUM YCJIOBUAM, CYIIECTBYOIIUM
B 3TOT MOMEHT.

KBazucrarndeckue mporecchbl 00/13,1a10T BasKHBIM CBONCTBOM — OHHU STB-
JISTIOTCsT OOPATUMBIMHU, TO €CTh, BO-IIEPBBIX, CUCTEMa, MOXKET TPOUTH depe3
Te 2Ke COCTOsIHUS, B KOTOPBIX OHA, [I0OBIBAJIA BO BPEMSI IIPSIMOI'O IIPOLIECCA, U
BEPHYTHCS B UCXO/HOE COCTOSIHUE, U, BO-BTOPBIX, /I TOTO, YTOOBI [IPOIECC
1o1ésl B 06paTHOM HALIPABJIEHUH, JIOCTATOYHO HEHOJILIIOrO (B 1IPeIeJbHOM
ciydae — GECKOHEYHO MAJIOrO) U3MEHEHUsl BHEIIHUX yCIOBUIA.

Obparumcst k¥ puc. 1. Ob6a kpana 3akpeirbl. OcBobogum cromop C,
9T00BI MOPIIEHb MOI' CBOOOJIHO IepeMemarbcsa B cocyae. Jloxaemcs, Ko-
& YCTAHOBUTCS PABHOBECHE, U MIOMECTUM HA TOPIeHb rupo. PaBHOBecue
Hapymutcs. [Ipomecc mepexoma mOpIHs B HOBOE IMOJIOXKEHUE DPABHOBECUsT
OyJeT siBHO HEKBA3UCTATHIECKUM. DTO OCOOEHHO HATJISITHO BUIHO, €CJIU CO-
CyJl, TEIIOn30MPOBaH. Torma mocsie CHATHs I'MPH [IOPIIEHb HE BEPDHETC B
HUCXO/IHOE COCTOSIHUE — IIPOU3O0ILIN HEOOPATUMBIE IIPOIECCHL.

Ecyiz Temeps HAPYITUTH TEIION3O/ISITHIO COCYIA M OTBECTH OT I'a3a HEKO-
TOpPOE KOJIMYECTBO TeIJia, ero BCe K& MOYKHO BEPHYTh B MCXOIHOE COCTOSI-
nue. JacTo Takue Iponecchl HA3bIBAIOT OOPATHUMBIMEU B IIMPOKOM CMBbICJIE
caoBa. Cucrema BO3BPAIIAETCS B MCXOIHOE COCTOSIHUE, HO IPOMEXKYTOY-
HbIE COCTOSIHUS HA, IPAMOM M 0OpATHOM IyTaX pa3siudsbl. IIpomeccer xke,
KOTOPBIE MOT'YT OBITH OCYIIIECTBJIEHBI TAK, YTO HA OOPATHOM IIyTH CHCTEMA,
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[IPOXOJIUT T€ YKE CAMbIE COCTOSIHUSI, 9TO M B IPSIMOM IIPOIECCE, HA3BIBAIOT
TOr1a, OOPATUMBIMU B Y3KOM CMBICTIE. SIPKUM MPUMEPOM IIPOIECCOB, HEOO-
PATHMBIX JIAXKe B IIUPOKOM CMBICJIE CJIOBA, SIBJISIIOTCS YKU3HEHHBIE IIPOIIEC-
cbl. MOXKHO U3 3epHa BBIPACTUTH DACTEHUE, SBJISIIONIEeCs: TOYHOU KOmuei
POAMTETHECKOTO, HO MOrudIee, OTXKUBIIEE PACTEHNE BOCCTAHOBHUTH HEBO3-
MOKHO.

Bo u3bexamnune 3arpoMOKI€HNAS PEIH Mbl OOBITHO Oy/1eM HA3bIBATH IIPO-
1eCChl, OOpATUMBbIE B y3KOM CMBICJIE — IIPOCTO oOpaTuMbiMu. IIporeccsr,
KOTOPBIE MOXKHO CUUTATh OOPATUMBIMY TOJIBKO B IMITUPOKOM CMBICJIE, MBI OY-
JIeM OTHOCHTBH K HEOOPaTUMbIM. 3a0JHO OTMETHM, YTO KBA3UCTATUIECKUE,
KBa3UPABHOBECHBIE IIPOIECCHI Mbl 9aCTO OY/I€M HA3BIBATH [IPOCTO PABHOBEC-
HBIMU.

Kak :xe mposecru obparumbliii npouecc? Bmecro Toro, 4robsr mocra-
BUTb HA TIOPIIIEHb TMPIO, OyJeM He CIelna KJACTh HA HEro Mo MeCYrHKe,
MOKa He HAabOepeTcs KOJIMYEeCTBO IMECKa, MO Macce paBHoe rupe. Hapyre-
HUE PABHOBECHS IPU JODABICHUU KaXKJIOW MMECYMHKU OyJeT HUYTOKHBIM.
laz Bce Bpemsi OyeT HAXOAUTHCS HOYTH TOYHO B PABHOBECHOM COCTOSIHHH.
Eciu Teniepb Tak ke, 0 OJHON MEeCIUHKE, yOpaTh rpy3, HOBOE COCTOSHUE
CUCTEMBI OyJIeT MPAKTUIEeCKH HEOTJIUIUMbIM OT ucxoauoro. Ham ymacres
B OY€HBb XOPOIeM MpUOJINKEHNN OCYIIECTBUTh KBA3UCTATUIECK I, 00paTu-
MbIit poriece. Ecu 661 ymanocs HaOpaTh OECKOHEYHOE YUCI0 OECKOHETHO
MAJIEHbKUX IECIYMHOK ¥ XBATUJIO TEPIEHHs UX 110 OJHON MOJIOKUTh HA TIOP-
IeHb, IPOTEecC ObLT ObI B TOYHOCTH paBHOBecHbIM. HO Ha Takyio nmporneaypy
noTpedyeTcs OECKOHEYIHOE BPEMS. ..

JI1060i1 peaJbHBIA MPOIECC, €CIN MOMKHO TAaK BBIPA3UTHCS, HE COBCEM
KBa3UCTATUYICH, XOTs Obl 9yThb-4yTh HeoOparum. He obecrienuBaer i 310
00CTOATEIHCTBO BBIBO/IBI TEPMOJIMHAMUKN, KOTOPAsi YIIOPHO HPEIOYATAET
KCCIe10BaTh 00paTUMBbIE IIPOLECCHI, KOTOPbIX B LpUpPoje He ObiBaer? Mbl
HEOHOKPATHO OyJeM BO3BPAIAThCA K ITOMY BOIPOCY, HO Cpa3y CJemyer
OTMETHUTH s BAXKHBIX 00CTOATEIHLCTB. Bo-nIepBbIX, HEpEenKM CIydau, KO-
T TPOIECC, 3aBEIOMO HEOOPATUMBbIiA, eC/I TMOIXOIUTh K BOIIPOCY YHUCTO
dopMaIbHO, HEKBA3UCTATHIECKUI, B JNEHCTBUTEILHOCTH HACTOJBKO MAJIO
OTIMYaeTcs 0T ODPATUMOrO, 9TO [0 CBOUM IPAKTHYECKHUM DPE3yJIbTaTaM
HU TIPU KAKO# PEabHO JOCTUKUMOM TOYHOCTH HE OTJIHIAM OT 0OpPATHUMO-
ro. Bo-BTOpPBIX, CpABHUTEIBHBIN aHAIN3 PAOOTHI PEAJHHBIX YCTPOUCTB U
YCTPOUCTB «HI€AJbHBIX», PADOTAIUX HA 0OPATUMBIX MPOIECCAX, TO3BO-
JISIET OIEHUTH, OKYISTCS JIA TPYAbL IO COBEPIIEHCTBOBAHUIO ITOIO YCTPO-
CTBa, MO3BOJILIOMIEMY PUOIU3UTHCS K HIeAJIbHbIM HapaMerpaMm. Hakowerr,
HE UMesl BO3MOXKHOCTH IOIPOOHO IMPOAHAJIU3UPOBATH HEOOPATUMBIH IIPO-
1IeCC, TEPMOAMHAMHUKA BCE YK€ MOXKET BO MHOTHX CJIydJasiX IPeICKa3aTh ero
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pe3ynbrarel. Tak, B mpuMepe ¢ pa3MeleHneM Ha MOPIIHE U MOC/Ie/IY IOIIIM
CHATHUEM I'MPpHU BIIOJIHE MO2KHO IIPDEACKA3aTb, PAaCCIUTATb KOHEIHOE COCTOLA-
HHE ra3a, XoTd O KOHKPETHBIX JIeTaJIAX IIPOIECCOB MOZKHO CKa3aTb CO BCelt
OTIPEJIETIEHHOCTHIO, MOXKAJIYH, TOJBKO OTHO: B KaXKIOM HOBOM OIIBITE 3TH
aeraju OyayT Pa3JInIHBIMA.

JIumauit pa3 moa9epKHEM: KOTAa MBI TOBOPUM O MEJKHUX JETAJIAX, TO
HE mMeeM B BU/Yy IIOBEACHNE HEKHUX OTAEJIbHO B3ATbIX MOJIEKYJI — HUX IIOBE-
JeHue He MOXKeET 6bITI) npeaCKa3aHO U B KBA3UCTATUIECKOM Cjryvae. Pe‘{b
uAET O COCTOsHUM ra3a (JABJIEHUU, TEMIeparype, IJIOTHOCTH, XapaKrepe
JIBUKEHUS KaK [EJIOro) B HEOOJBIIUX, HO BCE el COJEePKAIIUX IPOMaI-
HOE KOJIMYECTBO MOJIEKYJ 00bEMax — K MPUMEPY, MACIITaba KyOudeckKoro
MUJIJIUMETPA.

§ 2. [TapameTpsl U ypaBHEHUsI

Ilemoe mpomie yacTu
Lowc. Y. I'ubbe

Kak yke ynoMuHAJIOCh, 9TOOBI OMUCATH COCTOSIHUE CUCTEMbI B IIEJIOM,
€CJM OHA HAXO/UTCS B PABHOBECHH WJIM YYaCTBYET B KBA3UPABHOBECHOM
[IPOLIECCe, BIOJHE JOCTATOYHO HEDOBIIONO YUCIA, TAPAMETPOB.

KosmnuecrBo BerecrBa — 4ucio Mojeit v (uwau Macca m). MHorna yuo0-
HEE MOJIb30BAThHCS IUCIOM JACTHI N, CBSI3AHHBIM C 9HUCJIOM MOJIEH OYeBU/I-
HbIM cooTHOmmenueM N = N, - v.

O6bém V — Besmaumna reomerpuyeckas. KoMMvenTapuu 31eCh W3/IUITHNA.

Ilousitve maByieHWsT KaK CHJIBL, MEHCTBYIOMIEH HA, €IUHUILY ILJIOMIAIH,
3HAKOMO HaM 10 Kypcy MexaHuku. QJIHAKO 3/€Ch HEKOTOPbIE KOMMEHTA~
puu ymecTHbI. B KOHIIE KOHIIOB, ra3, He OyaeM 3a0bIBATH, — TO IPOMATIHOE
KOJIMYECTBO XQOTUIECKH IBUKYIIAXCS B COCyIe Moyiekyst. Kaxkmas Mosexy-
Jia BpeMs OT BPEMEHU COy/IapsAeTcs CO CTeHKON U MepelaéT eii HeKOTOPDIit
nMIyabc. B obrem ke KaxKIyi CEeKyHIy MPOUCXONAT TPUJLIMOHBI TPUJI-
JINOHOB COY/IAPEHUI HA, KaXKJIOM KBaJIpaTHOM caHTuMerpe. VIMEHHO moaTo-
My #3-3a HEBOOOPA3UMO OOJIBIIION 9aCTOTHI HEYJIOBUMO CJA0bIX COYAaPEHMIT
JIIOOOH MaKPOCKONUYECKUH IPUOOP HE 4yBCTBYET JUCKPETHOIO XapaKTepa
repeiadn UMIIYJIbCa CTEHKE, a TOJBKO PErnuCTPUPYET HEKYIO CPEIHIOI CH-
Jly, JefiCTBYIOILYIO Ha OBEPXHOCTh. KaKk/as MoJieKysa COOOIIaeT CTeHKe
UMITYJIbC, PABHBIN U3MEHEHUIO e€é cOOCTBEHHOro mMirysibca — Amu;. B pe-
3yJIbTATE CTEHKA UCIBITBIBAET nasierme P = > Amu;/S.

Hakownern, remueparypa — [MOHATHE YUCTO TEPMOIUHAMUYECKOE, HPH-
MEHMMOE TOJIbKO M MMEHHO [0 OTHOLICHWIO K CHCTEMaM, COCTOSIIUM W3
OOJIBIITOTO YUCJIA TACTHII,
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Ha sMmumpuueckoM, MOXKHO CKa3arb, ObITOBOM yPOBHE TeMIleparypa
«olpeiedeTcsa» Kak Mepa creneHud Harperocru Tesi. He Biasasch B uc-
TOPUIO BOBHMKHOBEHMH M Pa3BUTUS Pa3/IMYHbIX 3MIMPUYECKMX TeMiepa-
TYPHBIX IIKAJ, 0OPATHMCS Cpa3y K MACAJbHOTA30BOH TEMIIEpaType.

Kak mokaspIBaeT OIBIT, B IPOMAaJHOM OOJIBIIUHCTBE CIIYYaeB Ha, IPaK-
THKE JOCTATOYHO 3HATH 3HAYEHUS JBYX MAPAMETPOB, YTOOBI MOJHOCTHIO
OIMCATH COCTOSHUE JAHHON MAaCChI JAHHOTO BEIIECTBA. SHAYCHHE TPETHErO
[apaMeTpa MOXKHO OlLIpe/le/UTh, UCIO0Jb3Ysl (PyHKIMOHAIbHYIO CBI3b MEXK-
Jly TTApaMeTpaMyu — YPABHEHHE COCTOSTHHS.

K npumepy, B 3JeMEHTAPHBIX 33/1a9aX TMIPOAMHAMAKE KAJIKOCTD CHUH-
Taercd HecKuMaeMoil (06bEM He 3aBUCUT OT JABJIEHUS) U, KPOME TOro,
npeHeOPEraeTCsl TEMIIEPATYPHBIM PACIIMPEHHEM KuAKocTu (00béM HE 3a-
BUCHUT OT TEMIIEPATYDbL). ¥ DABHEHUE CBOAUTCH K COOTHOLIEHUIO V' = const.
IIpu anajuze HOBeIEHUs JOCTATOYHO Pa3pPezKeHHbIX [Aa30B BIIOJIHE y/0BJle-
TBOPUTEILHON OKA3BIBACTCA MOIENIb HICAILHOTO Ta3a.

YpaBHeHne COCTOSTHUS UICAJBLHOTO ra3a,

PV =vRT (1.1)
MOZKHO, IIEPEINCAB B BUJIE
PV
T=" 1.2
. (1.2

paccMarpuBaTh B KAYECTBE OILIPEEIIEHHUS TEMIIEPATYPBI.

Tenepp ocraércs B34Tb HEKOTOPYIO MACCy Ia3a, JOCTATOYHO XOPOLIO
[IOYHUHSONIErOCH YPABHEHUIO COCTOSIHUAS MMEHHO HJEAJBHOIO ra3ad, Bbl-
OpaTh OIMOPHYI0 — TaK HA3BIBAEMYIO penepHyl) TOUYKY, TPUIUCATH ITOMH
«TOYKe» HEKyI0 TeMmieparypy 1o, m3meputhb FoVy. Hanee, m3amepsia B
MMPOU3BOIBHBIX ycjoBusx PV, camraem, 9ro Temmeparypa pasaa 1 =
= To(PV/PyVy). Obparum BHUMAHME HA TO, YTO B JAHHOM CJly4ae HAM
HeobxonuMa (1 Z0CTaTOYHA) O/HA PerepHas ToYKa. B kadecrse Takoii onop-
HOI TeMIeparypbl MPUHATA, TEeMIIEPpaTypa TPONHOU TOYKYM BOIbI, KOTIA B
PABHOBECUU HAXOSATCS JIE, KUIKAsA BOJA W BOISHBIE TTAPBI — ITON TOUKE
npunucana temmeparypa 273,16 K. Bpemenne sMnuprudecKux TeMuepaTyp-
HBIX IIKAJ TPeOyeT HOCTY/IMPOBaHud /BYX pernepos: B mikaJse Ilenbcus, or
KOTOPOI HCTOPUYECKH [IPOU3OILIA yroTpediisieMast HAMH U OLUCAHHAS BbI-
mre mKajga KenbBuHA, TAKUME TOYKAMU OBLIN TEMIIEPATYPHI TASTHUS JIbIA
(0 °C) u xunennst Bozapt (100 °C) npu HOpMAITLHOM aTMOCGhEPHOM JaBie-
HUU.

TyT, KOHEYHO, BO3SHHKAET HEKWi MOPOYHBbIH Kpyr. ZlcHO, 9T0 6e3 Tep-
MOMETPA HeJIb3s BBISCHUTH, KaK 1poussenenue PV 3aBucur or remiepa-
Typbl. BBeneHne uaeasibHOra30BoOM TeMIIEpaTyPhl HEBO3MOKHO Oe3 HaJu-
Y Kakoi-mb0 (HampuMep, Kak 3T0 ObLIO MCTOPUYECKU, SMIUPUIECKON )
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TeMieparypHoil mkasbl. OKOHYATEIBHO BO BCEM 3TOM pa300parThes maér
BO3MOKHOCTb BTOPO€ Ha4aJjl0 T€PMOJIMHAMUKHN.
Beprémcst K ypaBHEHUIO COCTOSIHUS U 3AIMUIIEM €r0 B ODIIEM BHIE:

F(P,V,T) = 0. (1.3)

MOKHO HONBITATHCA PA3PEMNTh 3TO yPaBHEHHE OTHOCHTEIBHO KaKOIO-
aubo napaMeTrpa W LOJYYUTb B ABHOM BHUJE €r0 3aBUCHMOCTb OT OCTaB-
muxesd AByX (B Cilydae UJIeaJbHOIO ra3a ITO COBCEM HECJIOKHO, U MbL ITO
TOJIBKO YTO MMPOJIEJIAJIN JJist TeMIiepaTypbl). Hampumep, pasperias ypapHe-
Hre (1.3) oTHOCHTENbHO 06bEMA, HOIYYUM HEKOTOPOE BBIPAXKEHHe

V =f(P,T), (1.4)

TO €CThb 3aBHCHUMOCTb O0ObEMA OT TEMIIEPATYPbL U JaBJjeHus. [Ipucmorpum-
cs K 9TOMY BbIpazkeHuto. Hanpumep, Kak 06bEM 3aBUCUT OT TEMIIEPATYPbI?
BcernoMHuM pacxoxkee BbIpaXKEHME — «T€J1a 1P HAIPEBAHUM PACLIUPSIOT-
csi». [IpoBepuM: HAJABUM Ha MOPIIEHD, ITOJT KOTOPBIM B COCY/I€ HAXOIUTCS
ra3. ['a3 marpeercs. Temneparypa yBeInduniach, 00bEM YMEHbBIIAJICS.

KoneuHo, MBI B IIEPBYIO OY€pE/b YBEJIMYUIJIM JABJIEHUE, & B IIPUBEIEH-
HOM BbIIIIE€ BbICKA3bIBAHUKM MOJIYAJIUBO I0/Pa3yMEBaJIOCh, YTO JABJIEHUE
OCTAETCs HEeM3MEHHbIM (MJIM MEHSIETCS TaK CJabo, 4TO ITO HE BJIUIET Ha
pe3yibrar). BoT ecid mpou3HECTH BCJIyX 3TU CJAOBA — IPU IIOCTOSHHOM
JIaBJICHUN, TO HAIEe YTBEP:KIEHNE 0OPETAeT SICHBIN CMBICI. Brpodyem, ecth
BayKHOE UCKJII0YeHre — Boza npu HarpeBanuu ot () 710 4 °C maxke npu mocro-
sSIHHOM JIaBJIEHUU yMeHblaercs B 00béme. Ho, Hanpumep, jijisd uaeaibHOro
ra3a 00bEM U TeMIlepaTypa IIPH IOCTOSHHOM JIAaBJIEHUU [IPOIIOPLUUOHAIbHbL
JPYT APYTY.

Wrak, noguepkHéM eé pa3: CBsi3b U3MEHEHUI JBYX 11apaMeTpPOB COCTO-
sIHUsl BIIOJIHE OJHO3HAYHA, JIMIIb TOL/A, KO/ M3BECTHO, KAK BeJer ceds
Tperuil napaMerp. MbIC/Ib BIIOJIHE TPUBUAJIbHA, HO HEPEIKO YCKOJIb3AK0-
masi OT BHUMAHUSI.

Becbma 110J1€3HbIME, €CIM HE CKA3aTh — CAMbIMHU BaXKHBIMU, SBJISIIOTCS
CBA3U KaKUX-1100 JBYX [apaMerpoB Ipu (GUKCUPOBAHHOM 3HAYEHHH TPe-
Thero. COOTHOIIEHNE MEXK/y M3MEHEHUsIMU [1apPaMETPOB B TAKUX CJIy4asdx
OTKCHIBAIOTCS YACTHBIMEU TPOU3BOAHBIMU. Hampumep, u3MeHUM HEMHOTO
(na Bemuuuny dT') temneparypy. Kak u3amenurcs oObéM, eciiu JaBjieHue

IOCTOAHHO?
oV
dVp = =— | dT.
: <6T>P
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Ternepp U3MeHUM [1ABJIEHUE [IPU [IOCTOAHHON TEMIIEPATYPE:

ov
dVr = (3_P> ; dP.

A ecnu u3MEHWIINCH U JIABJIEHUE, U TEMIIEPATYPa, TO

ov ov
dV =dVp +dVr = <W>PdT + <ﬁ>TdP.

ITousaTHO, 9TO MHAEKCHI IPU YACTHBIX [IPOU3BOJHBIX [TOKA3BIBAIOT, KAKAs
XapaKTEPUCTUKA, KAKOU MapaMeTp OCTaBaJICA HEM3MEHHBIM, MOCTOSHHBIM
B PACCMaTPUBAEMOM IPOIecce (4acTu MpoIecca, Tak Kak Mbl (haKTUIeCKU
pa30uum TpoIece Ha B3 — U3MEHUJIU OT/EJbHO TEMIIEPATYPY MPU MTOCTO-
SAHHOM JIABJICHUHM, & 3aT€M JABJEHUE [P IIOCTOSHHOM TeMueparype).

B uacrrocTu, paccMOTpPUM TAKOM [IPOIECC, B PE3YIIBTATE KOTOPOrO 00b-
&M He u3MeHW/IC (MJIU BEPHYJICS K MCXOIHOMY 3HAUEHUIO):

% %
dV = <W>PdTv + <ﬁ>Tde =0.

3ameruM, 94TO MBI paccMaTpuBaeM Hebosbinue (B mpeueie — OECKOHEYHO
MaJible) U3MEeHeHus napaMeTpoB. MHade caMu 4aCTHBIE IPOU3BOJHbIE B XO-
Jie TPOIECca MOI'YT U3MEHUTHh CBOM 3HAYEHUS.

Temeps mpeobpaldyem mociegHee paBeHCTBO. [Ipu 3TOM yaTéMm, 9TO KO-
HEYHbBI 00bEM paBEeH HAYAJIBHOMY — HOITOMY-TO y Besuant d1' u dP crout
COOTBETCTBYIOIIUI WHIEKC, 3 3HAYUT, OTHOIIEHUE ITUX BEJIMINH OIPE/IeIsi-
€TCcsI COOTBETCTBYIONIE JacTHOW Npou3BOiHON. B pesynbrare nosydaem
BECbMa, MHTEPECHOE U I0JIE3HOE PABEHCTBO:

<Z_¥>p (g_i)T (%)V =L (1.5)

IlepBoe, BIOJIHE OYEBUIHOE CJIEICTBHUE MOy I€HHOTO COOTHOIIEHNUSI: TPU
IIPOU3BOAHBIE HE MOT'YT OZHOBPEMEHHO 6I)ITb IIOJIOZKUTEJIbHBIMMU.

Bupodem, oka3piBaeTCs, MOXKHO YCTAHOBUTH 0OJiee KECTKUE YCJIOBUS.
Heno B Tom, uro npoussonnas (OP/OV)r Bcerna orpunaresbua. s mo-
Ka3aTeJbCTBa IIPEAIIOJIOZKHM IIPOTHUBHOE. I/I BOT HyCTb IO, ITOPIITHEM y HaC
BELLECTBO C LOJIOKUTENbHO npoussoguoit (0P/0V)r, a cuapyxu 1ocro-
SHHBI TeMIIeparypa u gAasiaenue. [Iycrb B KAKOHW-TO MOMEHT yCTAHOBUIOCH
pasHOBecue. Temepp 4yTb-d9yTb CABHHEM IOPIIEHD; I ONPEAeIEHHOCTH
nycTb 00béM yMmenbiuscs. Ho Torja 10KHO YMEHBIIUTHCS U JaBJIEHUE.
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Cuuta, jeiicrByionias Ha LOPLIEHb CHU3Y (CO CTOPOHbI BEIIECTBA B COCY-
Jie), craneT MeHblie BHeuHeil cuiibl. Ilopiiens Jadibiiue CABUHETCS BHYTPb
COCy/1a, yMEHBbIIUTCA O0bEM, YMEHbIIUTCH JABJIEHHE U TAaK JAJIee, [OKA...
IIoka, ecim TOBOPUTH CEPHE3HO, HE M3MEHUTCS yPABHEHUE COCTOSTHUS, WJIH
KOHKDETHee, He U3MEHUTCH 3HAK IIPOU3BOIHOI.

Cocrosiaus ¢ HoOKUTENbHBIM 3HadeHueM (OP/0V)r meycroiiausbl.
Cuenyer 1HoJ4epKHyTh — abCOJIOTHO Heycroidusbl. BerecrBo, Teso, cu-
cTeMa MOI'yT HEKOTOPOE BPEMs HaXOJAMThCs B OTHOCUTEIbHO HEYCTORIMBOM
cocrostHuM. VIHOrIa 3TO BpeMs MOXKET ObITh BeCbMa OOJILIINM WU JIAaKe C
[IPAKTUYIECKON TOUKH 3PEHUs DECKOHEUHBIM — TAKUE COCTOSHUS HA3LIBAIOT-
csa meracrabuiabHbiME. HeoOXoquMo JOCTATOYHO SHEPIUIHOE BO3AeficTBIE
Ha cucTeMy, YTOObl OHA [EPELLIa B CTaDU/IbHOE, JIeHCTBUTE/NbHO yCTOWYN-
BOE, IIOJJIMHHO PABHOBECHOE cocTosiHue. U B iF000M OTHOCUTE/ILHO HEYCTOM-
9UBOM COCTOSIHHK HEOOXOINMO KAaKOe-TO BHEIHEee BO3IEHCTBHUE IJIs Iepe-
X072 B paBHOBecue. B abCOMIOTHO HEYCTONYMBOM COCTOSHUU JTOCTATOYIHO
GECKOHEYHO MAJIOrO M3MEHEHUs (BbI3BAHHOIO BHEITHUMY MPUYUHAMUA HJIU
CaMOIIPOU3BOJILHOI'O), 4TOObL CUCTEMA YLLIA U3 HTOrO COCTOAHUS.

Harnsaaoit waaocrpanueit onu-
CAHHBIX BAPUAHTOB MOXKET CJIy-
KHUTh MEXaQHUIECKas MOJIENIb, N300~
paxénnasg Ha puc. 2. AGCOIIOTHO
YCTONYUBOE, PABHOBECHOE COCTOSI-
Hre — mapuk B mosoxkerun 1. ITo-
JioxkeHne 4 — mMeracTabuiibHOE CO-
CTOSIHWE; IIAPUK HAI0 JIOBECTH 0
TIOJTIOKEHNS 2, TOJHKO TOT/a OH CO- Puc. 2
CKOJIB3HET B ycroiiuuBoe paBHoBecre. ®OpMaIbHO PABHOBECHBIM SIBJISETCSE
u nosioxkerne 2. Ho oHO abCOTIOTHO HEyCTORYINBO: JOCTATOIHO OECKOHETHO
MAJIOrO CMEIIEHUsI, 9TOObI MAPHUK YIIET U3 TOr0 COCTOsHUA. A BOT 1OJIO-
JKEHME 3 OTHOCUTEJIbHO yCTONYMBO (MJIM OTHOCHUTEJILHO HEyCTORYMBO), HO
Ha3BaTb €ro MeTacTabWJIbHBIM TPYAHO. /locTaTodno, obpa3Ho TOBOpPS, My-
HOBEHHsI BETEPKA, U MIAPUK W3 Hero yuaér. flcHo, 4To pasiudume Mex/1y
METACTAOMIIBHBIM U IIPOCTO HEYCTONYUBO-PABHOBECHBIM COCTOSIHUEM YUCTO
KOJIMYECTBEHHOE. B Pa3HbIX BHEMIHUX yCJOBHUSX OJIHO U TO YK€ COCTOSIHUE
MOKeT OBITh OTHECEHO K Pa3HBbIM U3 3THX JABYX Kareropuil. A Bor ¢ abco-
JIFOTHO HEYCTONYUBBIM UX HE CIIYTAEIlb: TYT OTJUYNE KAIeCTBEHHOE.

Bepuémca x coornomenuio (1.5). Eciu 3HaK 0JHOH U3 IPOM3BOIHBIX
bukcupoBaH pa3 u HABCEr/A, U ITOT 3HAK — MHUHYC, ABE APYIHE IPOU3BO/L-
HbIE JIOJZKHBL BCEI/I4 UMETh OJAMHAKOBBIA 3HaK. Eciu Tena npu narpesanun
pacimpsoTes (MbI Telepb IOMHUM, YTO PA3rOBOD H/IET O MPOIECCe P T10-
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CTOAHHOM JaBienun), 1o ectb (OV /0T)p > 0, o u (OP/IT)y > 0 — ecm
HAIPEBATH TEJIO LPU HOCTOAHHOM O0bEME, BBIPDACTET JIABJICHUE.

Benomanm 06 anomasuu Boapl B puanasone 0-4°C: (0V/0T)p < 0.
He npousBojis 9KCIEpUMEHTa, MOXKHO C YBEPEHHOCTBIO yTBEPXKIATh, YTO U
(OP/OT)y B 3TOM QuMana3oHe TEMIEPATYD Y BOJIbI OTPUIATEIbHA.

CoorHomrenre (1.5) — daxr uncro ma-
TEeMAaTUIECKHUil. DTO HE eCTh CBOMCTBO 00b-
éMa, TeMIeparypsl U gaBiaeHus. 110m00HO-

- ro pojia CB#3b CYIIECTBYET MEXKJY JIHOObI-
MU TPEMs [apaMeTpaMu, €CJIU OHU JOCTa-
TOYHO IOJIHO OIUCHIBAIOT COCTOSHUE TEJIa
(uim eciu gpyrue napamerpbl, BXOJSLIUE
B ypaBHeHUe COCTOsHUA, PUKCUPOBaHbL). Ur0o0bl 9TO yTBEPHK/ICHUE HE Bbl-
[UISIJIEJIO0 CJIUMIIKOM abCTPAKTHBIM, PACCMOTPUM Takoi oibir. C HOMOIIBIO
rpy3a pacTsHeM pe3uHOBBIA muyp (puc. 3). YTobbl yBeJUYUTD JJIUHY DE-
3WHKH, Ha10 yBeandauthb cuity — (01/0f)r > 0. Tenepsb m3MeHuM Temmepa-
Typy — HoAOrpeeM pe3uHKy. Mbl BUAUM, 4TO JIMHA €€ yMEHbUIMIACh —
(01/0T)§ < 0. JoCTaT049HO O9EBH/IHO, 9TO BO3BPALIEHHUE K IIPEXKHEN JIJTHHE
[Ipu HOBO# TeMmneparype Tpedyer ypesmuenus cuiibl: d1' > 0, df > 0, a MmbL
BEPHYJIUCH K npexHeil qymue — (0 f /0T); > 0. I3 Tpéx mpou3BOIHBIX O/THA
orpunarebaa. KojguyecTBentbie u3Mepenus yoeK IaiT, 9T0

(a7), (o), (&),
of Jp\oT ), \ ol ],

Takum 0bpa3om, cooTHOIIEHNE, MOTyYeHHOe /171 Habopa PV'T, oka3b-
Baercs CIpaBeIMBbIM U i napamerpos fIT. B srom ciydae anajorus
mexy [, f, ¢ ogroit cTopousl, u V', P — ¢ Apyroii, I0CTaTOYHO MPO3PaTHA.
B cnygae, k mpumepy, 3JIEKTPUIECKOr0, MATHUTHOTO [TOJIeH, CUJIBI TSKECTH
U T.JI. He Bce ObIBaeT Tak mpocto. U1 Bce ke 0obIe 3aKOHOMEPHOCTH COXPa-
HATOTCSL.

DTO U HO3BOJISET yIPOIIATH BHIBOJ, HEKOTOPBIX COOTHOIIECHUIT, PACCMAT-
puBas JuIib ya00HbBIH KOHKPETHBIH 00beKT. KoHedHo, 3areM HO/2KHA ObITh
BHUMATEJIHHO IIPOCJIE’KEHA IPABOMEPHOCTH OOODOINEHUS ITOJIYYE€HHOrO pe-
3yJIbTATA.

Takum ymo00HBIM OOBEKTOM HaM OyJIET CIIYy2KUTh HACAJTbHBIN ra3.

Puc. 3
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§ 3. Moaenu. UneaabHbIil ra3

Maremaruka — s3bIK

Lowc. Y. I'ubbe

MaremaTnka — $S3bIK €CTECTBEHHBIX HAyK. DTO sI3bIK BEChMa yHUBED-
casibHbIi (HegapoM ckazano . Kanrom: «B ka0l HayKe POBHO CTOJBKO
UCTUHBI, CKOJIbKO B Heil MareMaruku.» ). Ho 970 u a3bIK BecbMa, crerudu-
geckuii. Henb3s npsiMukoM miepeBectu Ha Hero siBjieHust npupoabl. Obsisa-
TEJIbHO CHAYAJIA HAJIO0 IOCTPOUTH JOCTATOYHO SCHYIO, YAOBJIETBOPSIOILYIO
TpeOOBAHUSAM MATEMATHKHA MOJIE/Tb. B KOHIE KOHIIOB, €CJTH ITO3BOJIEHO Oy-
JIeT JIOIYCTUTh HEKOTOPYIO JIEFKOBECHOCTD CYZK/IEHUSI, MOXKHO CKa3aTh, YTO
BCsl HAYKa COCTOUT B HNOCTPOEHUHU (M MOCJEAYIONIEM AHAJIU3E C MOMOIILIO
MaTEMATUKK) MOJIEJIEH.

CMBIC TIOCTPOEHUST MOJIEJIN — BBIIEIUTh T€ YEPThI SIBJICHUS U XapaK-
TEPUCTUKYU O0bEKTA, KOTOPBIE B PACCMATPUBAEMOM KPyT'e COOBITHI UI'DAIOT
CYIIECTBEHHYIO POJIb, OTMeTas BCE HECYIECTBEHHOe, BropocreneHHoe. Ko-
pote roBopsi — YIpOCTUTh. JJ0CTATOYHO OYEBH/IHO, YTO BCIKOE YIIPOIIEHUE
B KOHEYHOM CUYETEe HE MOXKET He IIPUBECTH K MpOoTuBOpeunio. U 31ech 0ueHn
Ba)KHO HE BBIATHU 3a MPEE/Ibl IPUMEHUMOCTH, CIPABEITUBOCTH, PA3yMHO-
CTH JIAHHON KOHKPETHON MO/ICJIN.

Yro xe takoe ueatbublil ra3? QueBuHBIN, & ¢ TOYKU 3PEHUS CTPO-
0 MATEMATUYECKON U €JMHCTBEHHO BO3MOXKHBINA, OTBET — 3TO BEIIECTBO,
noguungomeecs ypapaenuto PV = RT (umeercs B Buily MOJIb 1a3a).

OHako cefiyac HAC MHTEpPECyeT BOMPOC: KaKas MOJENb HPUBOIUT K
YDABHEHHUIO HEAJbHOrO ra3a, KakKylo MOJIEJb 9TO ypPaBHEHUE aJIEKBATHO
OIHUCHIBAET.

Mpbr He uMeeM B BHy UCTOPHUYECKHUN acmeKT mpodsiembl. C 310l TOUKM
3peHusd Bce ObLIO, TAK CKA3aTh, HAOOOPOT. Y PABHEHUE UJIEAJIBHOIO ra3a I10-
SBIJIOCH B Pe3y/bTare ODOOIIEeHNs IMINPUIECKIX 3aKOHOB Boitma—Mapu-
orra, Leii-JIroccaka, lapas, a jauiis 3arem 1o Hero ObLIa OABEIEHA Ha3a
B BHJIe MOJIEKYJIsIpHON Mojesnn. Bosiee TOro, camu 3Tv 3aKOHBI CILYKHUIIH
[IOJICIIOPBEM B CO3/IAHUU MOJIEKYJISIDHON TEOPHH CTPOEHHS BEIeCTBA.

Wrak, uneaibHbI ra3 — 9TO COBOKYITHOCTh, «aHCAMOJIby YIPYTHX IIa-
PUKOB, Xa0THYECKU MEUYIIUXCS B JOCTYITHOM UM 00bEME U B3aUMOIEHCTBY-
IOIIUX JIMIIb [IPA HEIOCPEJICTBEHHOM COIPUKOCHOBEHUH.

D10, KOHEYHO, MOJIEJIb, IPUCIIOCOOIEHHAS K HAITUM MAKPOCKOIIMICCKUM
npejcTaBieHusiM. A OUCHIBAET OHA OOBEKTHI CYIyDO MEUKPOCKOITUIECKUE —
MOJIEKyJ1bL, aTOMbl. HO CJ102KHOCTH BO3HUKAIOT €I1€ 70 BCTYILIEHUS B UIPY
creruduIecKux CBONUCTB MUKPOOOBHEKTOB.
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V2xe npocreiiimmii BOIPOC O Pa3Mepe <«IIAPUKOB» HE MMEET OJHO3HAY-
HOro orsera. Eciin crporo cijieoBaTh ypaBHEHUIO, CJEAyeT IPU3HATH ITU
pa3mepbr OECKOHEYHO MAJIbIMU, Hy/IeBbIMU. JlefCTBUTEILHO, IOHUMEM 0~
CTATOYHO BBICOKO JABJIEHUE, U 00BEM ra3a CTAHET CKOJIb YIOMHO MaJIbIM.
3uauuT, cO6CTBEHHO MOJIeKysbl (mapuku) obbéma He umenr. Ho, ¢ apy-
ro#f CTOPOHBI, MAPUKK BCE Ke, XOTs Obl U3PEIKa, B3ANMOIEHCTBYIOT APYT
C IPyrOM — CTAJIKHBAIOTCsI, OOMEHUBAIOTCS CKOpOCcTsaMu. Bep 6e3 3Toro, B
YAaCTHOCTH, HEBO3MOXKHO ObLIO Obl YCTAHOBJIEHHE DABHOBECHS B ra3e. 3Ha-
9T, OHW JIOJIKHBI UMETh KaKue-TO KoHedHble pa3Mepbl. B rmase VII mbr
YBUMM, 9TO MOJIEKYJIAM UI€AIbHOTO ra3a Pa3yMHO IPUMTKACATE BIIOJHE KOH-
Kperubi, nopaaxa 10710 v, mmamerp.

KakoBbI ke paMKu MPUMEHUMOCTH MOJIEJIU UICAJTBHOTO ra3a?

Bo-miepBbIx, 3T0 MOIETb PA3PEKEHHOTO ra3a, KOTIa Pa3Mepbl MOJIEKYI
MpeHeOPE’KUMO MAJIBI [0 CPABHEHUIO C PA3MePaMHU COCY/Ia, B KOTOPOM HAXO-
auTcs ra3. ZIcHO, 9TO MO/IeIb HUKY/ 1A HE TOUTCs, KOTIa CyMMAPHbBINA 00bEéM
«IIAPUKOB» CTAHOBUTCS CPABHUM C 00bEMOM cocyia. B aefictBuressHoCTH,
OHAKO, TpeboBaHus emé Oosee xkécTtkue. Pasmep mMosekys qo/keH ObITh
3aMETHO MEHBIE PACCTOSIHUsI, KOTOPOE MOJIEKYJIa IIPOJIETAET OT COyIape-
HUS 10 COyIapeHus — JJIMHBI CBODOIHOTO mpobera. Torma MOXKHO CIUTATH,
9TO OHU JIMIIb M3PEJKA B3aUMOIEHCTBYIOT APYr ¢ apyrom. Torma MOXKHO
CYUTATH, YTO B3AUMOEHCTBYIOT OHU 110 3aKOHAM COY/IADEHHS YIIPYTUX I1a-
pOB.

Bo-BTOpBIX, €CTh Kpyr sABJEHUi, JJId aHAJIN3a KOTOPBIX, MaXKe Kade-
CTBEHHOI'O, MO/IEJIb UIEAJIBHOIO I'a3a HEIIPUI'O/IHA.

Hakower, B-TpeTbux, IPUTOJHOCTh WA HEIPUTOAHOCTH MOJE/N BCETIa,
3aBUCUT OT TOYHOCTU, KOTOPOU MbI TpEOyeM Jjisi PACIETOB, MPOBOIMMBIX
0 cOOTBeTCTBYOMUM (hopMyraMm. KEciam BO3MyX CKUMAIOT MTPU KOMHATHON
TeMIIepaType OT HOPMAJIbHOIO JIABJIEHU /IO YABOEHHOI'O, MOXKHO OXKHUIATh
TOYHOCTH DACYETA KOHEYHOIO 0ObEMA HE Xy2Ke JIEeCATON [IOJIU MPOLEHTA.
Ecau xke pedb uaér o coTHAX arMocdep, MOKHO OIMUOUTHCA HA HECKOJIBKO
MIPOIEHTOB, MOXKET OBITh AK€ Ha, JECATOK-APYroil. YCTPAMBAET HAC TaKas
MMOTPENTHOCTE — OyeM cuuTaTh 1o (opMmyse Iy uieajbHOro rasa. He
YCTPAMBAET — HINEM JPYIYI0 MOJIEIb.

* kK

B cocyzne neraior mapuku W MpW YIPYTOM COYJIApPEHUN CO CTEHKOH Iie-
pemaloT eif HeKOTOPBI UMIYJIbC. B pe3yiabTraTe — ra3 OKa3bIBaeT TABJICHUE
Ha CTEHKY.

Paccvorpum rpymimy MOJEKysa 9UCIEHHOCTHIO (B pacdére Ha €eJUHUILY
00bEMa) An;, UMEIOILYI0 COCTABJISIONIYIO0 CKOPOCTHU 0 OCH X, PABHYIO Ug;-
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W3 3ot rpymibl Ha MOBEPXHOCTH 33 €IMHUILYY BPEMEHH MOMAIACT Uz AN,
MOJIEKYJI, KaXK/asl U3 KOTOPBIX HEPEJACT CTEHKE UMITYJIbC 2muy,;. Cymmu-
pPyd 10 BCEM 3HAYEHHAM Uy OJHOIO 3HAKA (U, LPOTHBOIIOJOMXKHOIO 3HAKA
IPUHAIJIEKAT MOJIEKYJIaM, JIETSIIUM OT CT€HKH), YIUTHIBAs, YTO 110 CMbIC-
JIy PaCCy KIeHMI 3/1eCh TOKHO (DUIYPUPOBATH CPeIHee 3HAUEHHE V2, TIPH-
IEM K COOTHOMmEHHI0 P = 2mu,2 - n/2. Tak KaK BCe HAIPABJIEHUS PABHO-
LIPABHDL, T.€. Vg2 = 1},,_2 = v,2 = v2/3, umeem okonuarenpHo P = nmuv?/3.

To, ¥TO MBI B IEPBO YaCTH PACCYKICHUM HE WHTEPECOBAINCH COCTAB-
JISTFOIIIUMU CKOPOCTH T10 OCSIM Y U Z, POJiM HE urpaet. /leiicTBuTe/ibHO, 9aCcTh
MOJIEKYJI, HAXOAIIUXCS HAJL HEKOTOPOH eMHUIIEI TOBEPXHOCTH, HA HEE He
nomazgaer. Ho paceMoTpum 1ocTaToqHO GOJIBIION Y I4aCTOK CTEHKH IIIOMIATA
S. Bce Haxozsmupecs Ha/T Helt MOJIEKYJIbL TIOMIAAYT HA HEE, W HE BaYKHO, Ka-
Kas U3 HUX MOMAIET Ha KAKOW y9aCTOK cTeHku. Ha equHuIly moBepxHOCTH
upua8Tes Svy; An;T /ST = v4;An; MOJEKYJ B IUHUILY BPEMEHHU.

Baxuo puiie BBIOpATH JOCTATOYHO MAJIBIA MPOMEXKYTOK BPEMEHW T,
9TOOBI TOJIIIUHA, CJI0s, PABHAS U, T, ObLIA TOPA3/I0 MEHBIIIE PA3MEPOB yIaCT-
ka S. C apyroit CTOPOHBIL, 3Ta BEJIMINHA BCE XK€ JIOJIKHA ObITh TaKOif, 9TO-
Obl YKCJIO YAAPOB IO €JIMHUIE IJIOMAIM 38 ITO BpeMs ObLIO JOCTATOIHO
OOJTBIITAM.

He memator coymapenusi MexK/1y MOJIEKYJAMU: IPOCTO BMECTO BBIOBIB-
1eil U3 MOTOKA, HAIPABJIEHHOTO K CTEHKE, TYA HOJETUT APYras MOJIEKYJIa.
Coynapenusi cO CTEHKO MOT'YT ObITh HEYIIPYTHMU: €CJIA yCTAHOBUJIOCH PAB-
HOBECHUE W CyMMapHas KWHETHIECKAs SHEPIHUs MOJIEKYJI TIOCTOSHHA,, HEKOTO-
pbl€ U3 HUX [PU COYJIAPEHUHN MOTEPSIOT SHEPTUI0, MEPEIATYT CTEHKE MEHB-
A UMITYJIbC, HO TOTJA HEKOTOPbBIE MOJ/IKHBI YBEJIMYUTEH CBOIO YHEPTHIO, U
UMIIYJIbC, IEPEIAHHBIN UMU, OyaeT OOJIBIIE CPETHETO.

Boustee Toro, HEKOTOpBIE MOJIEKY/IBI MOTYT MPUJINIATH K cTenke. Ho To-
rzaa (OsATh Mbl JOJIZKHBI YIECTh HAJMYUE DABHOBECHS) B CPEIHEM TAKOE YKE
KOJIMYECTBO MOJIEKYJI JIOJIZKHO «OTJIMIATH», OTPBIBATHCS OT CTEHKU, YHOCS
HAMITYJIBC.

Bcenomunm, ato mv? /2 — KUHETHIeCKas SHePrHs MOCTY AT TbHOTO JIBH-
JKEHUsT MOJIEKYJIbl, B OKOHYATEJbHO 3AIUIIEM:

nm <v2> _ gnm <v2> _ 2

3 3 2 gn <E>HOCT.

(1.6)

Tenepsb BepuéMcs K dopmyite (1.1). Yurém, uro v = N/Na, a N/V =
= n. Kpome Toro, BBEJEM HOBYIO KOHCTAHTY, HA3BIBAEMYIO IMOCTOSHHOI
Bosbumana — k = R/N . Torua (1.1) upumer Bus

P = nkT. (1.7)
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Cpasuusas (1.6) u (1.7), umeeM epoer = SkT', win

T = %Enm. (1.8)

Ilomydennoe BbIpakeHHE MOYKHO CUHTATH €I OJHUM OIpEeIeICHIEM
TeMIIepaTypbl. ITO TAK HA3BIBAEMAs FA30KWHETHYECKAs TEMIIEPATYPa, KO-
TOpAsi 10 CAMOMY CMBICJLy €€ OIIPe/IeJIeHUs COBIIA/IAET C TEMIIEPATY POl Hie-
AJIbHOT'a30BOM.

OrMerum, 9TO KPOME HUJIEATBLHOCTH I'a3a, UIPAET POJIb XapaKTep CBA3U
MEXKTy SHEPIHUei u UMITYJIbCOM JacTullbl. 1ak, y ¢poToHa 3Ta CBa3b € = PC,
(¢ — cxopocrb GoTOHA, TO €CTh CKOPOCTH CBETA), B TO BPEMs KAK y Mac-
cUBHO#T gacTuipl € = p?/2m. [IoBTOPHB POy DY, AHAJOTHYHYIO TOf, 9TO
Mbl [IPOJIEJIAJIU JJIsi MOJIEKYJL, B Cily4dae ra3a hboroHOB (U3JlydeHus) uMeeM
P = ng/3 (1o14epKHEM, 4TO U 3/€Ch MbI LOJLY UM TOUYHYIO DOPMYILY).

Iloaeném nroru. TepMoguHAMUKA PACCMATPUBAECT CBONCTBA W MOBEJIE-
HU€ TePMOIUHAMUYIECKUAX CHCTEM, T. €. O0BEKTOB, COCTOSIINX U3 DOJIBIIOTO
qucsa 4acTull (IOJCUCTEM) U BBIIEIEHHBIX KaKUM-ub0 006pa3oM u3 OKpYy-
2KaroUei cucreMy Cpe/ibl.

MakpOCKOIIUYECKOE COCTOSHUE CHUCTEMBI OLUCHIBAETCSH OOBIYHO HEMHO-
TUMU TTapaMeTpaMu — Hampumep, P, V., T. Eciu BHemHme ycioBUsd He
MEHSIOTCS B TE€YEHHE JOCTATOYHO OOJIBIIOTO BPEMEHHU, CUCTEMA TPUXOIUT
B PaBHOBECHE, B PABHOBECHOE COCTOSIHWE, T. €. B TAKO€ COCTOSHWE, U3 KO-
TOpOro 0e3 BHEIIHell HPUYUHBL OHA y2K€ He BbIxoauT. B crporo repmoiu-
HAMUYECKOM CMBICJIE TOJIBKO TAKasl CUTyalus U 3aCJIy’KHBAET HA3BAHUSA
«cocrosiHuey. Mex1y 3HaYeHUusIMHU 1apaMETPOB B PABHOBECHBIX COCTOSHH-
X CYIIECTBYET ONpeNeIeHHAA CBA3b — YPABHEHUE COCTOAHUA CUCTIEMDL.

Ecmm BHemaME yC/IOBUS MEHSIOTCS, MPOUCXOIAT W3MEHEHUsI U B CUCTe-
mve. Eciim k TOMy ke 9Tu n3MeHeHus JOCTATOYHO ME/JIEHHBI, TAK YTO CHU-
CTeMe B Ka2K/Iblil MOMEHT BDEMEHU MOZKHO [IPUIKACATD OIIPEIEIEHHOE [T0YTH
DPABHOBECHOE COCTOSIHHE, TO Mbl [OBODUM, YTO IIPOUCXOJUT KBA3UCTATHYIE-
CKHUI TIPOIECC; KBA3UCTATUIECKNE ITPOIECCHI MMPOUCXOISIT OOPATHMO, T. €.
pu HEOOJIBIIIOM U3MEHEHWH BHEITHUX YCIOBHUH IPOIECC MOXKET MOUTHU B 00-
pPaTHYIO CTOPOHY, MPUYEM CUCTEMA OyIeT MPOXOAUTh B OOPATHOM MOPSIIKE
4epe3 Te K€ [IPOMEXKYTOIHbIE COCTOAHUS.

Hakoner, Mbl BCHOMHWMJIM yDABHEHHE COCTOSIHUAS HIEAJIBHOIO Ia3ad H
OCHOBHBIE TIPEJICTABICHUS MOJIEKYISIPHON MOJIEIN 3TOTO Ta3a.

Teneps MBI TOTOBBI K TOMY, YTODBI PACCMOTPETH OCHOBHO# BOIIPOC TEP-
MOJMHAMUKH: KaKH€e MMPOIECCHI MOTYT MMPOUCXOJIUTDH B TEPMOINHAMAIECKITX
CHUCTEMAX U KAKOBbI 3aKOHOMEPHOCTH IIPOTEKAHUS ITUX IIPOIIECCOB.

I'iiaBA 11

HOCTy.TIaTBI TEeEPMOAVNHAMUKN

MBI U3BJIEKAEM ... IPUYIUHBI U aKCUOMBI U3 IIPAK-
THUKHU U OIIbITOB, & U3 IIPUYIUH U aKCUOM — CHOBa
IIPAKTUKY U OIIBITHI.

®@. Bokon

TepmouHaMuKa KaK HeJb3s JIy4Ille WIIIOCTPUPYET CXEMY, [IPE/IJIOZKEH-
HYTO OCHOBOIIOJIOXKHUKOM €CTeCTBEHHOHAY YHOH Meromosiorun. « QubIT MOKa-
3bIBAET» — TAKOBO OOOCHOBAHME aKCUOM (DEHOMEHOJIOTNIECKO TepMOIUHA-
mvuknd. [Ipuaém mom ob1mM TepMIHOM «OIBITY UMEETCS B BUY HE OIWH Ka-
KOH-TO 9KCIEePUMEHT, & TMEHHO MHOTOYHMCJIEHHBIE OMBITHI U MpaKTuKa. «Mc-
TUHHOE 3HAHWE €CTh 3HAHUE [IPUYUH» — roBopus Bakoun. U1 mbl mocrapaem-
Csl MOACHATD IPUYUHBI TOI'O WM HHOTO IOBEJIEHUS TEPMOIMHAMUIECKUX CH-
CTeM, B YaCTHOCTHU, HA OCHOBAHUU MOJIEKYJISPHO-KUHETUIECKUX IIPE/ICTaB-
JIEHU, HE3HAKOMBbIX, KaK MBI IOMHHUM, CO3/IaTeJIAM dMINPUIECKIX 3aKOHOB
TEPMO/IMTHAMUKH.

§ 4. PaboTa, Temio, BHYTPEHHAS SHEPTrUud

MHoro4ucieHHbIe CrIocoObl U3MEHEHUsI COCTOAHUS CUCTEMbI (Tejia), Ha-
XOJSATIENHCS B COCTOSHUM TEPMOJUHAMIYIECKOTO PABHOBECH S, ECTECTBEHHBIM
00pa30M JesaTcs Ha 1Ba Kaacca. MOXKHO 1e/leHApaBIeHHO H3MEHUTH MaK-
POCKOIIMYECKUE TAPAMETPBI CHCTEMbI — HAIIPUMED, CIBHHYTbH OPIIEHD, 33~
KPBIBAOIIHIT cocy ¢ ra3oM. i 3T0ro Ha10 COBepIIuTh padoTy, B TAHHOM
caydae MEXaHUIeCKyr0. Boobie roBopsi, MOXKHO, K IIPUMEDPY, HAMArHUTUTh
ra3; 970 ToXKe Oy/1eT W3MEHEHHE COCTOSHUS CUCTEMBI 33 CIET COBEPIIEHUS
paboter. B Takom mporecce pabory coBepimaer marauTHOe noje. He Oyaem
[IPUBOJIUTH JPYTUX [PUMEPOB, TAK KAK MbI B HOJABJISIONIEM OOJIbIIUHCTBE
CJIy4aeB OrPAHUYIUMCS PACCMOTPEHUEM TOJBKO MEXAHUYIECKON paboThl.

Mo>KHO, OIHAKO, U3BMEHUTH COCTOSIHUE CUCTEMbI IPUHIUIIAATIBHO OTJINY-
HBIM CITOCOOOM. 3aKPENuM MTOPIIEeHb, 9TO0BI a3, HAXOIAIIUNCT B COCYE, HE
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MOI' COBEpLIATH MAKPOCKOIUYECKOil paboThl (M COOTBETCTBEHHO, HE MOLJIA
ObiTh coBepileHa pabora HaJ ra3oMm). A Telepb IIOMECTUM COCYJ B BaH-
HOYKY C KUIISTKOM HJIM, HA0DOPOT, CO CMEChIO BOJbBL U JibJa. 10 €CTh MbI
MIPUBOIUM HAIITy CUCTEMY B COPUKOCHOBEHHUE C 00JIee HATPETHIM WJIM MEHEE
HarpeThiM, YeM OHa, TeJIOM. MBbI YBUIUM, 9TO COCTOSHUE CUCTEMBI MOYKET
W3MEHUTHhCA W B TOM CJIydae, KOTJa OHa He coBepImaeT paborel. B takom
cay4dae ropopdar, 94TO MEXKJly CUCTEMOHN M OKpYy2zKalollell Cpefod IIpoucxo-
aut Termoodbmen. Kursarok mnepenaér rasy HEKOTOPOE KOJIMYECTBO TEILIO-
ThI (MM KOJIMYECTBO TEIIA). XOJIOAHAs BOJAA, HA00OPOT, OTHUMAET TEILIO
y Tasa.

OdeHb Ba’KHBIM SBJISIETCS CJTy9aii, KOTIa CHCTEMa He MO IaéTCs BO3Ieii-
CTBHUIO BTOPOro twuiia. Mbl IPUBOAMM CHUCTEMY B KOHTAKT C T€JAMH, SBHO
UMEOIUMU PA3HYI0 «CTEelleHb HAIPETOCTU» (TeMieparypy), a COCTOAHHUE
CUCTEMBI HE MeHsieTCs. 1Oraa rOBOpST, 9TO CHCTEMa, [TOMEIIeHa B aanada-
THYECKYI0 ODOJIOUKY, T. €. B ODOJIOUKY, He JOMYCKAIOIIYI0 TEILIO0OMEHa, ¢
OKpyzKaromeit cpemoii. B TakoMm ciaydae COCTOSHUE CHCTEMbI MOYKHO M3Me-
HHUTb TOJILKO IIPU YCJIOBHH coBepimenus padorol. [Ipumepom 060104k, SIB-
Jrstoneiics xopouuM npubJinzKeHneM K auadaTndecKoil, MOKeT CJIY2KUTh
KoJ10a repmoca (Tak HasbiBaeMblii cocy Ipoapa).

VY cucrembl, TOMENEHHO B aI1a0aTHIECKY 0 000TOUKY, TOSBISIETCST O
HO CBOWCTBO, He MPHUCYIIee el B ODIIeM CTydae.

Ecnn ra3 maxomurcsa B aamadarudeckoit 000/104UKe, TO paboTa mIpu ero
[I€PEBOJIE U3 HEKOTOPOI'O COCTOsIHUA 1 B COCTOSHHE 2 HE 3ABUCHT OT IIyTH
(o1 cuocoba nepeBoja raza U3 COCTOsHUSL B cocrosHue). MoxKHO ABurarh
MOPIIIeHb OBICTPEe WM MeJJIeHHee; MOKHO JATh ra3y CHAYAJIA PACIINPUTH-
Cs1, & MOTOM C2KaTh €ro; MOXKHO, HA00OPOT, CXKATh ra3 CUIbHee, 9eM HaJ0, a
[IOTOM J@Th €My HEMHOI'O PACIIupuThCs. Eciu ra3 npu 310M HAXOAUTCH B
aauabaruyeckoil 060s104Ke (1 TOJILKO B 9TOM ciiydae!), cymmapHas pabora
Oyzer ofHa U Ta, XKe.

Hamomuuwm, uTo B 00IIEeM ciydae paboTa 3aBUCHAT OT IIyTH MEPEXOJA,
CHCTEMBI U3 COCTOAHUA 1 B cocTodgHUE 2.

Hamnpumep, MOxKHO 110/1BECTH K ra3y HEKOTODPOE KOJIMYECTBO TEILIa IIPH
3akperuiéHHoM nopiuHe. CocrosiHue cucTeMbl U3MEHUTCs (IOBBICATCS JAB-
JIEHUE U TeMlleparypa ra3a), a pabora copeplieHa He Oyjer. A MO2KHO cJier-
Ka MOJ0rPETh ra3 Mpu OCBOOOXKIEHHOM IMOPIIHE, & 3aTEM BEPHYTH IMOPIIIEHb
B MCXOIHOE TIOJIOKEHWE, MO/IMAIaB TakK, YTO KOHEYHOE COCTOsTHUE OyIeT Ta-
KHM K€, KaK B 1epBoM mporiecce. OKa3bIBACTCS, IIPU HTOM HAJ[ Pa30M [PH
CXKATUU HAJO COBEPIIUTH OOJIbIIyI0 pabOTy, YEM COBEDIIAET a3 IIPU PAC-
muperun. To ectb cymmapHas padbora Oyaer OTIMIHON OT HyJIs.

[Ipeanonokum Tenepnb, 9T0 y auadaTuIeCcKu N30JJHPOBAHHON CHCTEMBI
MEHSIOTCsl TOJIbKO TepMouHamuteckue napamerpol (P, V', T'). Cucrema He
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[IPUXO/IUT B JBUXKEHUE KAK IIJI0e, He HAYMHAET Bpalnarbes u T.u. Cucrema
He cTaJia 00/1a/1aTh MEXaHHIECKOH MTH KaKOH-HUOYIb APYTOi MAaKpPOCKOIIU-
qecku HAOJIIOAaeMOl dHeprueii. A paboTa COBEpIIEHA, CUCTEMA, [TOJLY IUITA,
snepruio. BuanMo, n3aMeHnaach HeKas BHYTPEHHs S SHEPreTHIecKas Xapak-
TEPUCTHKA, cucTeMbl. VI W3MeHeHue TON XapaKTepUCTUKHU He 3aBucut (B
aabaTUYeCcKOM CJIy4ae) OT IyTH IIePEeX0Ja CUCTEMbI OT OJHOIO COCTOs-
uud B ipyroe. Ho 3To o3nagaer, 4To Takasi XapaKTepUCTHKA — BHY TPEHHsIS
SHEPIrusl CUCTEMbI — $BJISIETCs OAHO3HAYHON (DyHKIMEl COCTOSHUS, OHO-
3HAYHON (DYHKIMEH MapaMeTpOB COCTOSTHIS CUCTEMBI — 00bEMA, TABJICHUS,
TEeMIEPATYPHI.

JloroBopumcst o6o3HagaTh OyKBOM A PabOTY, COBEPITIAEMYIO CUCTEMO, a
pabory, coBepLIaeMyo, HaJl cucreMoii BHemHuMy Testamu — A’. OueBuaHo,
A = —A’. Torga MOXKHO 3aIMCATD /11 U3MEHEHUs BHyTpeHHel snepruu U

Up— Uy = Al = —Ag,.

Emgé pa3 xoderca npusBarb Uurarens oOpaTuTh cyryboe BHUMAHUE HA,
WHJIEKCBI «a/1» — 3allMCAHHOE COOTHOIIEHHE CIPABE/JIMBO TOJIBKO B a/Ua-
GaTmaeckoM ciyqae!

He Bceria MO:KHO M3 OHOT'O 33/JaHHOT'O COCTOSIHUSI IIEPEBECTH CUCTEMY
B J1I000€ Apyroe cocTosiHue no ajaunadarnydeckomy nyTu. OHAKO OHBIT TO-
Ka3bIBAET, YTO XOTs Obl B OJIHY CTOPOHY aJuabaTHYeCKUil ePexo/] BCeraa
OCyHIECTBUM. A 9TOr0 AOCTATOYHO, YTOOBI BBISICHUTDH PA3HOCTH BHY TDEHHUX
JHEpPruil AByX COCTOAHUNA.

Tenrepp 06paTHMCs K HPOTUBOIOJIOKHOMY CIIy4alo: CUCTeMa HEe COBEp-
nraer paboTel (B TOM YHUC/I€ ¥ OTPUIATEIBHON — TO €CTh HE COBEPIIAETCs
pabora naj cucremoit). COCrosiHue CUCTEMbl MEHHAETCS LIPU TeIIO0OMEHE.
Ho pa3 meHnsiercs cocrosiHue — MEHsIeTCsi BHYTPeHHsisl dHeprust. Hackosb-
KO OH& MEHSIeTCS, Mbl MOYKEM BBISICHATH, OCYIIECTBHUB [IEPEXO/] U3 TOIO XKe
HA4YaJIbHOT'O COCTOSIHUS B TO K€ KOHEYHOE B aMabaTUIeCKOM IIPOIIecce.

OTciofia MOXKHO BBIBECTH JIBA CJIEJICTBUS.

Bo-11epBbIx, ecTeCTBEHHO HA3BATH KOJIUYECTBOM TEIJIOTHI, IOy Y€HHBIM
CHCTEMO#l B IIPOIECCe, OCYIIECTBIAeMOM 6e3 coBepiienusi paboThl, ©3MEHe-
HUE BHYTPEHHEH SHEPIUu CUCTEMBbL.

Bo-BTOpBIX, ¥ HAC MOSBJISIETCS] BO3MOXKHOCTb, IIyCTh MOKA TOJBKO Kade-
CTBEHHO, BBECTH NOHSITHUE TEMIIEPATYPbI, HE 3aBHUCAIIEE HI OT KaKOT0-J1n00
SMIUPHUYECKOr0 IapaMeTpa, Hi OT KOHKPETHOH MO/IejI, KaK MbI 3TO JieJa-
JIK B CJIy9ae ra30KUHETUIECKON TeMIepaTypbl. A KMEHHO: IIyCTh Mbl HAIILY
cucreMmy A NpUBEIU B KOHTAKT ¢ HEKOTOpbIM Tesiom B. [lycrs Hama cucre-
Ma He coBepimaer npu 3toM paborbl. Eciiu eé BHyTpeHHsisi Heprusi B pe-
3yJIbTaTe TEIJIoOOMEHa YBEJIMYUTCSI, TO TeMIlepaTypa Tesia B 6buia Bblie
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TEMIIEPATYPbI CUCTEMbI; €CJIM BHY TPEHHsIsI SHEPIUsl CUCTEMbI Y MEHbBIIIATCS,
Bbiie Obuta eé remmeparypa. Q4YeBUIHO, €CJIM TEeMIIEPATYPbl PABHBI, Tell-
JI000MeHa He Oy/ier.

[Ipu TenoobMeHe mpoIiece mepesadn SHEPruu OCYIIECTBIISeTCs Ha MO-
JIEKyJIIpHOM ypoBHE. MoJsiekysibl 60Jiee HArpeTOro Tejaa UMEIT B CPeHeM
0oJiee BBICOKYIO YHEPIHUIO, Y€M MOJIEKYJIbI Tesa bostee xomoaaoro. IToaromy
[IPU COY/IAPEHUSX OHU — TOXKE TOJIbKO B CPEIHEM — TepsiOT IHEPTHUIo, a
MOJIEKYJIbI MEHEe HArpeToro Teja B cpegneM eé npuobperaior. Tak Moseky-
JIbI KUIISITKA TEePEeAIOT SHEPTUI0 MOJIEKYJIAM CTEHKH COCY/a, & MOJIEKYJIbI
HaXOJAMIErOCsS B COCY/IE Ta3a IHEPruto npuodbperaior. BuyTpenuss sueprust
raza pacrér, ero TeMIepaTypa MOBBIIIACTCS.

§ 5. IlepBoe HavasI0 TEPMOJIUHAMUKA

CocrosiHMe CUCTEMBI, B YACTHOCTH €€ SHEPIUIO0, MOXKHO U3MEHUTD JIBY M
cIrocodaMu:

a) coBepliasg MaKPOCKOIMYECKYIO PAbOTy — IEJeHANPABJIEHHOE U3Me-
HEHHE MapaMeTPOB CHCTEMBI, ONUCBIBAEMOEe JUHAMAYECKUMU COOTHOIIEHU-
AMHU,

6) HOABO/S K CHCTEME TEIJIO — LPU ITOM Lepe/ada IHEPIUr POUCXO-
AT XAaO0TUYEeCKH Ha MHUKDPOYPOBHE W IIOIYMHAETCH CTATACTUYECKUM 33KO-
HOMEPHOCTAM; OJHAKO MAKPOCKOIIMYECKHAN Pe3yJIbTaT BCErJa OTHO3HATHO
MIpeIoNpefeieH — TEIIO IePEeXoauT OT O60Jee HArpeToro Teia K MeHee Ha-
rperomy.

CobCTBEHHO, MMEHHO B KOHCTATAIIANA ITOTO OOCTOSATEIHCTBA W COCTOUT
rmepBoe Hadasio TepMoguHaMuKu. O JHAKO OHO HEe OrPAHUYUBAETCS ITPOBO3-
rJIaIleHneM IPUHIAIA tertium non datur: remno, pabora, a TPeThero He
JAHO.

V3menenne sHeprum cUCTeMbl F paBHO cyMMme paboTsr A’, coBepmeénnoit
HaJl CHCTEMOM, W TTOABEIEHHOrO K Hell Terma ():

AE=Q+ A (2.1)
= Ob6parure BHMMaHHE: B (HOPMYIUPOBKE HET
<~ SIUTETa, «BHYTPEHHsIA» IPU CJIOBE «dHeprusi». U
= 9TO He caydaiino. /leiicTBUTENBHO, MpenCcTaBuM

cebe, 94TO MBI MOJIOKUIIM COCYJ, C Fa30M HA IV
kuii crost (puc. 4) u HazaBUIKM HA HOpLIEHb. [a3
HOJBEPrHETCA CZKATHUIO, HAJL HUM OyzeT cosepiue-
Ha pabora, ero BHYTpeHHsIs1 SHeprus ypeananrcs. Ho kpome aroro, cocysn

Puc. 4
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C ra30M HAYHET JABUIATHCH, y ra3a (KOHEYHO, U y COCY/A) LHOABUTCH KUHE-
TUYECKAasl SHEPIHsL, HA ITO MOHAET YacTh pabOTHI.

BupodewMm, Kak yke 0TMedasioch, 370 OObBIYHO HEMHTEPECHO IIPU AHAJIU-
3€ TEIJIOBBIX IIPOIECCOB, u B popMysiax (GUTypUPYET MMEHHO BHYTPEHHsIsS
sueprus. Eciau ené BMecTo paboThl BHEITHUX CHJI MO/ICTABUATH PAbOTy CHU-
CTEeMbI, 3aITUCh IIEPBOT'0 HaYaJ/Ia — 3aKOHA COXPAHEHUSA SHEPTUU B TETJIOBBIX
poneccax — IpUMeT BU/I

AU =Q - A. (2.2)

3amuieM mepBoe HAYAJO TSt SJIEMEHTAPHOI'O MPOIECCa, T. €. JJis Oec-
KOHEYHO MAaJIOTO U3MEHEHUS COCTOSHUS CUCTEMBI:

dU = 6Q — 5A. (2.3)

Pazsinuue B 0603nauenusx Masbix Besiwaut (dU, 1o 0Q) u 6 A) orpaxaer
pa3nuYHbIi nX MareMarudeckuii cmbica. Bennaunna dU — muddepennmat
dyHKIMK COCTOSHUSI, BHY TPEHHEH SHEPIUU CUCTEMbL. DTO HOJHBIH audde-
PEeHIIHAJ, TO eCTh OH MOYKeT OBITh 3amMCaH KaK CyMMa YaCTHBIX audde-
penmnuaioB. Hanmpumep, n3aMeHmnch 00bEM U TeMIepaTypa Ha, BEJIMYUHBI
coorBerctBeHHO dV m dT. Torna BenmvIuHy M3MEHEHWS BHYTPEHHEH dHEp-
U MOXKHO 33IUCATh B BUJE

U U
dU = (W)T v + (3_T)V dT. (2.4)

W koHedHo, pe3ysibraT HE 3aBUCHT OT MOPS/IKA CIAraeMbIX.

A Bor o0 BejmunHax 0Q) u 0A ITOro cKasarb Hesb3s. Pabora u Kojiu-
YeCTBO TEIUIOTHhl HE SABJIAIOTCH (DYHKIUSIME COCTOsIHUS, OHE — (DYHKIIUU
nporiecca. [loaToMmy ux MaJible mpupalenns Helb3s CauTaTh auddepenim-
amamu. Ecim navenenust 06béma u Temreparypbl paBabl dV u d1', Mbr ermé
He 3HaeM, KakoBbl 0Q) u §A. Pa3Hble BeJMUMHBL Mbl II0J1y4YUM, €CJIA CHa-
qajia, U3MEHUTCA OObEM, a 3aTeM TeMIleparypa, Win, HA0OOPOT, CHATAJIA,
TeMieparypa, a 3arem 00béM. Hu ¢ 0HOM U3 3TUX BEJUYUH HE COBIAIAELT
pe3yJIbTaT, eciau 00bEM U TEMIEPATypPa MEHAIOTCS OIHOBpeMeHHO. To/bKO
BHYTPEHHSISI SHEPTHS BO BCEX TPEX CJIyUIaAsAX M3MEHHUTCS OJUHAKOBO.

* Kk X

IIepBoe HAaYaI0 TEPMOIUHAMUKNA MOYKHO B OMPEIEIEHHOM CMBIC/IE Pac-
CMATPUBATh KaK OIpejesieHne KosndecTBa Terorel. llomcunraem, nHa-
CKOJIBKO M3MEHWJIACh BHYTDPEHHSS YHEPIUs CUCTEMBI, H3MEPUM COBEPIIEH-
HYIO CHCTEMOIl paboTy — CyMMa 3THX BEJUYUH U €CTb IIOJBEIEHHOE K CHU-
creme Termio. Tak wjm WHAYE, MBI «TOJBKO» O(MOPMUJINA KOJUIECTBEHHO,
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MaTeMaTudeCKu HEeKOTOpoe 000OIeHHe 3HAKOMOIO HAM M3 MeXaHuku (u
U3 WKOJBHOIO Kypca (busmku) 3aKoHa coxpaHeHus sHepruu. Tem ne menee
y2Ke 3TO [103BOJIdeT HaM [IOJIyYUTh PAJ] BA2KHbIX PEe3y/IbTaTOB U BBECTU P/l
TIOJIE3HBIX MOHATUN, YeM MBI U 3aliMEMCH.

12 Omsit Teii-JIroccaka. Pasiesinm 2KECTKUA TEII0U30/JIMPOBAHHBIA CO-
CyJl TIepPEeropoIKOil Ha BE YACTH; OJHY U3 HUX 3AIMIOJHUM ra30M, B IPYTroit
cozmaaum BakyyM (puc. 5). Ternepb yGepéM 1eperopojiky U TeM CaMbIM 103~
BOJIUM ra3y 3aloJHHUTb Bech cocyla. V3mepum TeMmiepaTypy rasa jio y/aJe-
HUS [IEPErOPOJIKU U TOI/IA, KOI/IA YCTAHOBUTCS PABHOBECHE MTOCJIE 3AIIOJIHE-
HUS [a30M BCErO COCY/IA.

= OKa3bIBaeTCsS, 9TO sl UAEAJIBHOIO ra3a TU
TeMIepaTypbl BCErja paBHbl. HeBaXKHO, KaKyIO
4acTh COCy/la ra3 3aHMMaJl BHaJaJse, KaKoBa ObLiia
€ro HavdaJIbHAs TeMIIepATypa — KOHe4YHasi Oyuer
TaKom xe.

Puc. 5 Paccvorpum sHeprernydeckunit OagaHC IPOIEC-
ca. CocyJ 0 yCJIOBUIO TEMJIOU30MPOBAH — TEILIO K I'a3y He MOABOIUTCA (1
HE OTBOAUTCS OT Hero). PaboThl ra3 He coBepiiaer: 060J0UKa KECTKAST —
HET MepeMertienusi, HeT PaboThl. HO BMecTe B3sAThIe 9TU 1Ba YTBEPIKIEHUST
03HAYAIT, YTO HE M3MEHUJIACh BHYTPEHHssl 3Heprus rasa. HerpyaHo cie-
JIaTh BBIBOJ, YTO BHYTPEHHssI SHEPIUsl UJIEAJIbHOIO I'a3a HEe 3aBUCUT OT
00béMa u saBgeTcs pyHKIUEH OXHON TeMIepaTypbl. ITO XOPOIIO COTJIA-
CyeTcsi C Ta30KMHETUIECKON MOJEJIBIO YIPYTUX MIAPUKOB; HO TMOTI€PKHEM,
qro ombiT [eit-JIfoccaka MpUBOAUT K TAKOMY BBIBOIY HE3ABHCUMO OT MOJIE-
JIM, HE3ABUCHUMO OT TOI'O, IIPUHSLIM MblL KAKYO-TO MO/IE/Ib WU HET.

2° TerI0€MKOCTb, IOJUTPOIIa, aguabara. Kak H3MEHUTCsST TeMIIepaTy-
pa Tesa, eciim K HeMy I[OJIBECTH HEKOTOPOE KOJUIECTBO TeIioThl 6Q7 1o,
KOHEYHO, 3aBUCHT OT CBOUCTB Tesia. Ho 310 3aBucuT emé u 0T KOHKPETHOTO
BH/IA IIPOLECCA, B XOJIE KOTOPOrO MOJBOJUTCS TEILIO. B KadecrBe Komye-
CTBEHHOW XapaKTEPUCTUKH, TIOBTOPUM, W TeJd, U MPOIECCa NCIOTh3yeTCs
TemoéMKocTh C, onpesenseMasi Kak KOJTMIeCTBO TEIJIOThI, KOTOPOe HAJO0
[IOJIBECTH B JAHHOM IIPOIECCE, YTOObI TEMIIEPATYPA BO3POC/IA HA €IUHHILY
(na onuH KesbBUH):

6Q
C=—. 2.5
Samerum, 9T0 pabory Mbl Oy/JIeM 3alUCBIBATH B BUJIE
0A = PdV. (2.6)

JleiicTBuTensHO, paboTa paBHA TPOU3BEIEHUIO CUJIBI F' HA TIepeMerieHue
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dz. Eciu aeiicrByer pasjenue P, To Ha miomajaxke S cuia pasaa F = PS.
Ho Sdx = dV, u mb1 upuxoaum k dpopumyse (2.6).
Eciu Teniepb cBecTH BOEIMHO COOTHOIIEHUs (2.3) — (2.6), MBI Oy IUM

ou ou
CdT = <W>VdT+ (W>TdV+PdV. (2.7)

PaccMorpum HECKOIBKO YaCTHBIX CJLy4aeB.

l)Isoxopumueckuit mporecc:V =const.

ITepemnuiem (2.7), TOJBKO yKazxKeM HUXKHUM WHIEKCOM BEJHIHHY, KOTO-
pas B JAHHOM LPOLECCE OCTABTCH [MOCTOAHHOI:

oUu ou
CydTy = <%> dTy + (W) dVy + PdVy.
1% T

Camo coboit pazymeercs, aro dVy = 0. U Torma

oU
Cv= (a—T>V'

2)I306apuvyeckuil upouecc: P=const.

Cpdlp = (8_U) dl'p + (8_U> dVp + PdVp.
v T

oT oV
Ho % = (g—¥) p- Ycnonb3ys emwg pesynbraT HPeAbULYINEro [yHKTa,
[IOJIy 9aeM
1% ou
oy = (_) [(_) +p] (2.
oY \oT ), I\oV ),

TaxoBo 001I1e€ COOTHOLIEHNE MEXK/Ly TEIJIOEMKOCTAMU IIPH [OCTOSHHOM
00béMe 1 OCTOSTHHOM JaBJIeHHH. Ecim MBI pACCMOTPUM HI€AJbHBIH ra3, y
KOTOPOT'O, KaK MBI BBISICHUJIN, BHY TDEHHsIsI SHEPTUsT He 3aBUCHT OT 00bEMA,
U JIj151 ONIPE/IeNIEHHOCTH BO3bMEM oztu Moiib [rorga (OV /0T), = R/P|, bt
npuxoguM K coorHorennto Pobepra Maifiepa:

Cr,—-C,=R.

3)ITouwurpoua (uia uueanbuoro raza). Jlroboit upouecc, B xoie
KOTOPOI'O TeILJIOEMKOCTb OCTASTCsl OCTOSHHOM, HA3bIBAETCs HOJUTPOIIMYe-
CKHMM. 3aMETHM, 9TO H30X0Pa 1 H300apa, BOOOIIE rOBOPS, JAKE IJIT HICAb-
HOI'O ra3a He 00s3aTe/IbHO SABJISIOTCS HOJIUTPOaMu, Tak Kak Cy (a 3Hauur,
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u Cp) MOXKeT 3aBucerb OT TeMueparypbl. B jrobou ciryuae Jyis u1eaibHOro
rasa MOKHO 3anucarb audepeHuajIbHOe YPABHEHNE IOJIUTPOIIBL:

RT aT av
cdl' =CydT + —dV uwm (C —Cy)— = R—.
v 1% ( v) T 1%
Ecnu xe C, HE 3aBUCUT OT TEMIIEPATYPHI, [TOCJIE MHTETPUPOBAHUS TIOJTY -
eM e
T—F -V = const.
Ucnons3yst ypaBHEHNE COCTOSHUS, Tpeodpa3yeM 3TO COOTHOIIEHUE B CTaH-

JapTHOe ypaBHEHUE II0JIUTPOIIbL:

c—-C
pvﬁs = PV"™ = const. (2.9)

Bennanna n = g:gi HA3bIBAETCHA MTOKA3aTeJIeM ITOJUTPOIIBI.

HawnbGosee BaxkHOI W3 MOMUTPON SIBJIsieTCs aauabara — MPOIecc, B KO-
Topom 6@ = 0, a 3uauut, u C' = 0. g nokasaresisi aauadarbl HPUHITO
cuenuaibaoe oboznavenue y = Cp/Cy, a ypaBHeHue

PV? = const (2.10)

Ha3bIBaeTcsa ypaBHenmeMm ajaumabarer [lyaccona, miam mpocro ammabaroit
[Iyaccona. OTmernm emg pas, 9To 3TO YPABHEHUE KBA3UCTATHIECKOTO A1~
6aTHIECKOTO MTPOIECCa, [JTsT UAEATBHOIO ra3a, C IOCTOSHHON TeI0EMKOCTHIO
Cy (u koneuno, Cp).

32 Ckopoctb 3ByKa (B ueaabHOM rase). 13 MeXaHUKH U3BECTHO, YTO
CKOPOCTb S IPOJIOJIBHBIX BOJIH (& B I'a3e BO3MOXKHbI TOJIHKO TAKUE BOJIHDI)
ompesensercs coorromennem S° = dP/dp (p — mnorrocts). Ho emmramma
[IPOU3BO/IHON MOXKET OTJIMYATHCS B PA3HBIX IIPOLECCAX. B KOHIEHCUPOBAH-
HBIX CPEJaX — 2KUJKOCTSX M TBEPJABIX TEJIAX — ITO OTJIMINE HUITONKHO
Majo. A B rasax CKMMaeMOCTb OT HPOLECCA K MPOLECCY MOMKET MEHSITh-
Csl IOBOJIBHO 3HAYUTEJLHO, U 31€Ch BAXKHO BHIOPATDH IPABUJIBHYIO MOJEIb
PaACIPOCTPAHEHUS] 3BYKOBbBIX BOJIH.

HuroToH mpeamoioKui, 9T0 3TOT MpoIece — u3orepmudeckuii. Torma
P/p = const, u 3ua4nT: (%—5)T = P/p = RT/p. Oguako BbIYHC/IEHHAS
1o 310 (hopmysie CKOPOCTh 3BYKa B BO3/lyXe IIPH HOPMAJIbHBIX YCJIOBHAX
JIOTZKHA COCTABJATH OKOJIO 280 M/C, B TO BpeMsi KaK KCIIEPHMEHT JIaéT
pesmunay 332 M/c. Jlamiac pemr, 9To MpOIECC PACIPOCTPAHEHUS 3BY-
Ka — ajmabarmdeckuit. Torma S? = (%—I;)aﬂ = yRT/u, u nonydennas u3s
9TOH (HOPMYJIbI BEJIMIMHA, IPEKPACHO COIVIACYETCsI C ONBITHBIME JAHHBIMHE.
(TerioémkocTb MOJIs BO3yxa 1pu nocrosuuoM obbéme Cy = 5R/2, coor-

BETCTBEHHO 7 = 7/5.)
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4% poccesmpoBaHue. Ilo3poJiuM rasy Bbire-

KaTh W3 COCY/a, [J/ie HOIJEPKUBACTCS TABJICHUE 2 Py
P1, B IpOCTPaHCTBO, IJie JaBjeHne PAaBHO Po, Ha-

npuMep, B arMocdepy, 9epe3 MOPUCTYIO Mepero-

pozky (puc. 6). Takoii npouecc Ha3bIBAETCs JIPOC- Puc. 6
cemupoBanueM. Ecim apoccempoBaHue MPOUCXOAWT B YCJIOBUSX OTCYT-
CTBUs TEIIOOOMEHA, TO OHO HA3BIBAETCH AAUADATUIECKUM IPOCCETUPOBaA-
HueMm uau aporeccom Jxoyma—Tomcona.

JList TOro 9TOOBI BEITECHUTH Ta3, 3AHUMAIOIIUH B cocyne 00bém Vi, HAaI0
coBepruth pabory A; = Py Vi. Eciu nocie apoccempoBatus ra3 3aiMeér
00béM Vo, TO Ipu BBIXOJE U3 MPOOKHU OH coBepinuT padory As = PoVs. Ilpu
OTCYTCTBUH TEIIOOOMEHA [IEPBOE HAYAJIO B TAKOM CJIydae Oy/eT BBIIIS/IETh
crenytomum oopazom: Us — Uy = PV — Py Vs, Unade, Bemnanna

I=U+PV (2.11)

L

B mporiecce xoyma—Tomcona octaérca nmocrosunoit. Tak kak U u PV
SABIAIOTCH (DYHKIUSME COCTOSIHUSI CUCTEMbI, UX CyMMa, I, O4eBHJIHO, TO-
xKe dyuknus cocrosuus. HaspBaercs ona HTadbomei. To ecTb MOXKHO
CKa3aTh, YTO MPOIECC AANADATUIECKOrO IPOCCETUPOBAHNS — W3IHTAJBITU-
YeCKUIl mporecc.

Herpyauo BueTsh, 9TO B OTCYTCTBYE TEILIOU3O/IAIUNN MOIBEIEHHOE K T'a-
3y KOJIMYECTBO TEILIOTHI JOJKHO ObITh PABHO U3MEHEHUIO SHTAJIBIINU Ia3a.

B uacrHOM cilyudae uieanbHOro ra3a MOXKHO 3anucarb (st MOJis)

dl = d(U + PV) = d(U 4+ RT) = CydT + RdT = CydT.

Orciofa HEMEJTIEHHO CIIEIyeT, 9TO JJjisd UJICATbHOrO Ia3a, BO-IEePBbIX, [IPU
aInabaTHIeCKOM JIPOCCEIMPOBAHUY TEMIIEPATY PA OCTAETC HEM3MEHHOM, U,
BO-BTOPBIX, €CJIU JPOCCEUPOBAHUE HE auabaTHIHO, TO MOIBEIEHHOE K I'a-
3y remno pauo Q = Al = CpAT.

5% Apmabarumyeckoe MHMcCTeYeHHE rasa.
Hewmnoro n3mennm ycaosusg onsrra. 1IycTs ra3 BeI- S s
TEKAeT U3 COCyIa 9epe3 KOPOTKYyIo TpyoKy. Vmen-
HO KOPOTKYIO M He CJMIIKOM y3Kyto. Torma re-
qeHne ra3a Oymer OpraHu30BAHHBIM, HAPABJICH-
HBIM, TIOTOK Oyer chpOpPpMUPOBABIINMCSH, a C APY-
rO# CTOPOHBI, THAPOIUHAMUIECKOE COIPOTUB/IEHHE OyIeT HeOOIbIM, ra3
Oy/er 3aMEeTHO yCKOPSATHCs, TO €CTh OyJIeT MEHATHCS KUHETHIECKAs YHEP-
rust ra3a. Mbl ormMedasu, 910, BOODINE rOBOPsi, TEILJIO U PabdOTa BHEITHUX
CHUJI, KOHEYHO, U3MEHSIOT [OJIHYIO SHepruio cucrembl. U jmnib Torma, Ko-
rJa BCe KOMITIOHEHTHI SHEPTUH, KPOME BHYTPEHHEI, HECYIIIECTBEHHBI, OT HAX

Puc. 7
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MOKHO OTBJIedbCs. Takoit u ObLia curyamnus B mnponecce /xoymna—Tomco-
Ha. W3-3a 60JIBIIOrO COMPOTHUBIIEHUS TIOPUCTOM MEPETOPOIAKH TPOTEKAHUIO
raza CKOpOCThb MOCJEIHEr0 KakK J0 MPOOKH, TaK M MOCIEe HEE JOCTATOIHO
MaJia, U3MEHEHWEeM KWHETHYIECKOUW IHEPIUU JIBUYKEHWS MOPIHi ra3a Kak
[EJIOr0 MOXKHO IpeHeOpedb (3aMeTHM, YTO B 9TOM OTHOIIEHUU IIOPUCTAs
[EPEropoJiKa SKBUBAJIEHTHA, JJIMHHONW TOHKOI TPyOKe).

Tenepb 3roro genars Hesb3s. Ho BHYyTpH cOCylla Ce4eHue BEJIMKO, a B
Tpybke — Maso (puc. 7). [TosroMy CKOPOCTh MAKPOCKOIMUYIECKOTO JIBUIKE-
HUsl Ta3a BHYTPHU COCY/Ia TOPA3/0 MEHbBIIE CKOPOCTH UCTEUYEHUs U3 TPYOKH.
Kunerngeckoit sueprueil ra3za BHYTPHU COCyIa npenedOpexém. B amuabaru-
YECKHUX YCJIOBUSX IHEPreTUYecKuil Oasanc OyAer BbIMJISJIETh CJIELYONIM

obpazom:
2

e
Ui+ PV — BBV, :U2+T'

31€eCh v — CKOPOCTb HCTEYEHHMs ra3a, & MACCA GHCICHHO PABHA (I, TAK KAK

yI0OHO, KaK OObIMHO, BECTH PACUET jyisi OAHOrO MOJist. OKOHYATENBHO /115

CKOpOCTI/I ncreyeHud HOJIy‘{aeM

201 —T)
—

O06bruno uszBecrhbl He 11 u Th, a T1,P u P». Ucuonp30BaHue ypaBHEHUs
aauabarer Ilyaccona nmpuBOIUT K Pe3yabTarTy

v =

QCPTl . <&>(’Y*1)/’Y
H Py

Ucnosib30Banue ypaBHEHUsT KBA3UCTATHICCKOTO, OOPATHMOrO IPOHECCa MO-
JKeT BbI3BAThb COMHeHme. /leficTBurenpHO, eciu P, u P ornmyaiorcs Ha
3aMETHYI0 BEJUYNHY, MAJbIe UX W3MEHEHWs OTHIOIb HE MPUBEIYT K TOMY,
YTO MpOIEecc NOHJAET B 0OpaTHyio cTopoHy. OIHAKO, €CJIU MBI PACCMOTPHM
OT/IeJIbHO HEOOJIBIIY 0 TOPIIUIO ra3a, JABJICHUS HA HEE C IIPOTUBOIOIOKHBIX
CTOPOH OyJIyT OTJIMYATHCS JTOCTATOYHO MAJO, U TYT MOYXKHO CKA3aTh, 9TO
HeOOIbIIINEe U3MEHEHHSI TUX BETUYUH IMOBEPHY/IN ObI IIPOIECC 0OOPaTHO.

Tem me menee (GOPMyJIBI i CKOPOCTH WMCTEYEHWsi, KOHEYHO, HeIh3s
CYUTATH yHUBEPCAJIbHBIMHU, JAYKE ECJIU BBIIOJHEHbBL YK€ OTOBOPEHHBIE YCJI0-
Bus. Tak, Npu JOCTUKEHUU CKOPOCTU 3BYKa MOLYT HAPYIIUTHCS YCJIOBUS
HEPA3PBIBHOCTHU, OOBIYHO [IPU STOM BO3HUKAIOT YIAPHbBIE BOJIHBI, M IIPOIECC
MTOYMHSETCST COBCEM WHBIM 3aKOHOMEDHOCTSIM.
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Eciiu canrarh, 4T0 CKOPOCTH MCTEYEHUs] HE JIOJ2KHA, [IPEBBIIIATH CKOPO-
cru 3ByKa B cocy/e, noiaydum orpanudenue To/Ty > (3 —v)/2, uro mis
BO3/yxa coorBercrByer ycuosuio Py/Ps < 2,2. B jeiicrBurenbHocTy ra3 B
MIPOIIECCE TTEPEX0IA K MOHMKEHHOMY JIABJIEHUIO OCTBIBAET, CKOPOCTDH 3BYKA B
HEM MaJAET, ¥ CKOPOCTb UCTEUCHHSI CPABHUBAECTCS C JIOKAJBHON CKOPOCTHIO
3ByKa yxe npu Py /P < 1,9.

1 Bce ke JoCTHYb CKOPOCTU 3BYKa, 3aMETHO €€ IPEBBbICUTb M IAXKe
HpubIU3UTHCs BILIOTHYIO K MaKCHMAaJbHO BO3MOXKHOH CKOPOCTHU, PaBHOM
\/2C>T1 /1, moxxuo. Ho sij1st 3TOr0 HaI0 OPraHu30BaTh BHITEKAHNE HE Y€De3
KOPOTKYIO TPYOKY, a 9epe3 COIIO CIEeIUaJbHOr0 TPOMUIsS, TAK HA3bIBAEMOE
comyo JlaBaJs.

* Kk X

Iloaseiém HEKOTODBIE IIPOMEKYTOYHBIE UTOLH.

MbI 1103HAKOMUIIACH C TPEMS OCHOBHBIMHU IIOHATUSIMA TEPMOIUHAMUKN:
9TO cucrema, cocrosinue, npouecc (kak y EBkiumia — Touka, jsuHus, 10-
BEPXHOCTB).

OCHOBHBIE OTBITHBIE PE3YABTATHI IPUBOIAT K BHIBOJAM, KOTODPBIE MOXK-
HO CBECTH B YEThIPE JOCTATOYHO SICHBIE ITOCTYJIATA:

1. I3menenne COCTOsiHUSI CUCTEMBI MOXKET ObITh [IPOBEIEHO IBYMS Cy-
LIECTBEHHO OTJIMYAIOIIMMUCS CHOCODaMU: a) 33 CYET HALPABJIEHHOI'O BO3-
IefCTBUsI, MOTINHSIOMIEr0Cd UHAMUIECKUM 3aKOHAM, KOT/Ia, SHEPTUs CH-
CTEeMbI MEHSETCsI BCJIEJCTBUE COBEPINEHUs MaKPOCKOIMYECKOi paboThl, u 6)
3a CYET TeIJIOBOrO B3aMMO/IEHCTBUSI, KOI/1a OOMEH SHeprueil MponcxouT Ha,
MHUKDPOYPOBHE, HOCUT XAaOTUYECKHUIl XapPaKTeP U I[O[LYUHSIETCH CTATUCTUYE-
CKUM 33aKOHOMEPHOCTSIM.

2. B orcyrcTBHE Temmoobmena padboTa, moTpedHas s MEPEBOIA CUCTe-
MBI U3 OJIHOTO COCTOSIHHS B JIDYT'O€, HE 3aBUCUT OT IIyTH, OT TOT'O, Yepe3 Ka-
KHUe NIPOMEeKYTOUYHbIE COCTOSIHUS IIPOXOJUT CUCTEMA B XOJI€e IPOIecca. JTo
06CTOATEIHCTBO TAET BO3MO2KHOCTD IIOCTY/IMPOBATH CYyIIECTBOBaHUE (DYHK-
LAY COCTOSHUS — BHYTDEHHEH dHepruu cucreMbl. Pa3HOCTb BHYTPEHHUX
HEePruil cocrosduuii 1 u 2 onpejiessgercs COOTHOILIEHUEM

U — U = ( /12)a/1 = _(A12)3«/1'

3. Bce resa (HaxogIuecs B ONPEEIEHHBIX COCTOSHUSAX) MOYKHO Pac-
MIOJIOKUTh B YHOPAIOYEHHBIN pdAJl M0 TAKOMY IPU3HAKY: €CJIH JBa TeJa
(B 3aJaHHBIX COCTOSIHUMSX) LPUBECTU B KOHTAKT, TO TEILIO Bcerja Oyuer
IIepeTeKaTb B OIPEIETIEHHOM HAIIPABJIEHUH; HAIIPUMED, CIIHCOK MOYKHO CO-
CTaBUTH TAK, 4YTO TEILIO OyJeT HePeTeKATh OT TEJA, YIIOMSHYTOIO B ITOM
CIIACKE PAaHbBIE, K Tey, Ha3BaHUEe KOTOPOTO BCTPEYAETCS MO3Ke. B TakoM
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clydae Mbl FOBOPDUM, UTO TEMIIEpATypa y IEPBOrO TeJjla BbIIIE, YeM Y BTO-
poro. Eciin ke npu TemsoBOM KOHTAKTE COCTOSIHUS TEJI HE MEHSIOTCH, TO
UX TeMIEPATyPbL OJINHAKOBBL.

4. Hakonerr, Mbl [I03HAKOMUJIUCH C IIEPBBIM HAYAJIOM TEPMOJIMHAMUKU —
3aKOHOM COXPAHEHHUs SHEPIUH JIJIs TEILIOBbIX IpoeccoB: 0Q = dU + JA.

[IpomomkuM, MOKeT OBbITH, HECKOJILKO UCKYCCTBEHHYIO, aHAJIOTHUIO ¢ EB-
KJIAJIOM. ¥ TOrO TOXKe ObLIO YeTsipe siCHbIX mnocTysara. Ho 6bpur npecsosy-
TBIA TATHIN MOCTYJIAT, HE TAKOM OUEBUIHBIN, KAK OCTaJIbHbBIE. Er0 MbITaINCh
BBIBECTHU U3 [EPBBIX Y€TBIPEX, HO Oe3ycremno. Uepe3 jBe ThICAYH JIET €r0
HaKOHEIT OTBEPIJIN; HO ITO He 3HAYHUT, YTO KIACCHIECKYIO T€OMETPHUIO OIIPO-
Beprvin. IIpocTo NOSBUIINCH aJIbTepHATUBHBIE TEOPUU, MUMEIOIIHe CBOU 00-
JIACTU IIPUMEHEHNS U He MEMIalonie TaM, TJe 3TO Pa3yMHO, HCIOIb30BATh
reomerpuio EBkinma.

Ectb cBOil «1s1ThIil TOCTYIAT> U Y (PEHOMEHOJIOTNYECKOM TePMOIMHAMHE-
ku. OH TOXKe He TaK OYEBHJIEH, Y HEro TOXKe CJIOXkKHas cyapba. IM-TO MbI
cefiuac u 3aifimémcs.

§ 6. Bropoe Hauasio TepMOIMHAMUKYT

Hauuéwm cpasy ¢ dbopmysnpoBku:

Ecau npu HemmocpeACTBEHHOM KOHTAKTE TEILIO IIE€PEXOJUT
or te1a A K Teqy B, To HeBo3Moxkeu mpomnecc, EJINH-
CTBEHHBIM PE3YJIBTATOM koroporo siBJjsjicsi ObI me-
pexoj suepruu ot B k A.

B sroit dbopmyaupoBKe CI0BO «IIPOIECC» HAJIO MOHUMATh BECHMA IIHU-
POKO. DTO MOKET ObITh HECKOJBKO OJHOBPEMEHHO WJIU TOCIEI0BATEIHHO
OCYIIECTB/ISIEMBIX IJIEMEHTAPHBIX MPOIECCOB, B ODIIEM, 3TO MOXKeT OBITh
Ji00asi COBOKYITHOCTb MpoIiteccoB. K ydacTuio B mporeaype MOryT ObITh
[IPUBJIEYEHBI [IOCTOPOHHUE Tesd. BakHO Jinilib, 9TOOBI B KOHIE BCE OHU
BEPHYJIUCh B UCXO/IHBIE COCTOSIHHS: MMEHHO 3TO 0OCTOSATEIBCTBO TOL9EPKU-
BAET BBIPAKEHUE «EIMHCTBEHHBIN PE3YIbTATS.

Tax ke mMUPOKO HAJIO HOHUMATH U JAPYTUE, IKBUBAJIEHTHbBIE IIPUBE/IEH-
HO#T BbIIIe, (POPMYTUPOBKU BTOPOro Hadasa. Bor dopmynmuposka Kiay3u-
yca: «Termmo He MOXKeT CaMOMpPOW3BOJIBHO MMEPEXOJAUTH OT MEHEe HArPeTOro
Tena K Oosiee HArpeToOMy ». Kciu moHuMATh «CaMOMPOU3BOJIBHOY KaK «IIepe-
Jada TeIia MPU HEMOCPEICTBEHHOM KOHTaKTe Tejy, ¢popmysra Kiraysuyca
npocTo HeccoiepKaTeIbHA: MbL OLPEIEIUIN TEMIIEPATYPY KaK KPUTEPHil
HanpasJseHHas reiioodmena. Ecim ke, ciienys aBropy, HOHIMATh ITO CJIO-
BO JOCTATOYHO IIAPOKO: «TAK, YTO HE IIPOUCXOIAT HUKAKHX JAPYTUX H3MEHE-
HUW B COCTOSIHUH JIIOOBIX TeJI», TO (hopmyaupoBKa Kiay3uyca craHOBUTCS
3KBUBAJICHTHOI NPUHATON HAMU.
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PaborocrocobHocrb 0ObIMHOrO OBITOBOI'O XOJIOAUAbHUKA SICHO WJLIIO-
CTPUPYET 3Ty MBIC/Ib. XOJOAUIBHAK TOJBKO TEM U 3aHUMAETCS, 4TO OT-
HUMAET TEIUIO Yy OTHOCUTEJHLHO DoJiee XOJI0MHOro «resiay (CBOero BHyTPeH-
Hero 00béMa) U nepesaér ero 6ojiee HArpeToMy OKDYIKAIOIMIEMY BO3IYXY.
Ho npwu 3TOM 0H MOTpEO/ISET SHEPTHUIO U3BHE, U3 YJIEKTPUIECKON CETH: ITO
U eCTh HEeKAH KOMIIEHCUPYIOIIUI IIPOIeCC, NPUIAIIMNANA Ternsonepesade Ha-
CUJIBCTBEHHbIN, HECAMOIIPOU3BOJIbHBIHN XapakTep. OTKIIIOYUM XOJI0IUITbHUK
OT CeTH, ¥ TEIUIO [OTEYET BHYTPh: CAMOIPOU3BOJIBHO OHO MOXKET IEpesa-
BAThCSA TOJBKO B 9TOM HAIPABJICHUH.

Bruipazurenbrast dopmynmposka Kapuo: «Henb3s mosmyauts pabory 3a,
CYET TeruTa IPU MOCTOSHHON TEMIIEPATYPEe» TakKe TpedyeT yTOUYHEHUsT —
«be3 KaKux-100 APYruX M3MEHEHUN B HAIIEHl CUCTEME M OKPYKAMOIMUX eé
Tesmaxy.

IIpumegarenpro, aro Kapao npu ¢opmyinpoBaHuy BTOPOTO HAYAJA,
WCXOIWUJI W3 TEOPUU TEIJIOPO/IA, MPENOJIAraloneil Hey HIaTOXKUMOCTh Tell-
Jia, HEM3MEHHOCTD €ro KOJIJecTBa B Mupe. PaboTy TerioBoil MaliuHbl OH
TPAKTOBAJI 10 AHAJIOIUH, JAOIYCTUM, C PAOOTON BOASHON MEJIbHUIIBL: TEILI0-
pou, «majasiy u3 TeJsia ¢ Dojiee BBICOKOI TeMueparypoil B OoJiee XOJI0/1HOe
TeJI0, MOYKET COBepInarh pabory. Brmpodewm, mo3xke oH MpUINET K MBIC/IH,
9TO «TEIJI0O — JTO JABUYKEHUE YACTHI] TeJIas.

B dopmymuposke KapHo 0COOEHHO BBIYKJIO IIPOSABIISIETCS OJINH U3 BaK-
HBIX ACIEKTOB BTOPOI'O HAYAJIA: IIPOBO3IJIAIIEHHE HEPABHOIIPABUs PAbOTHI
u Tensa. Bor sekrop nposés mesom 1o gocke. Ilycrs gaxe Ha Jocke He
OCTAJIOCH CJIEJIOB — TO JIX MeJl IOITAJICA HEYJIAYHBIA, TO JU C JOCKON 9TO-
1o He B mopsanke. Ho mexmay memom m mockoit ects Tpenue. CoepiieHa
paboTa, U COOTBETCTBYIONIAS SHEPIUS MEPEILIa B TEemio. 3aKOH COXpPaHe-
Hus dHeprud (U ero YacTHBIA Ciydail — 1epBoe HAYa/I0 TePMOJMHAMUKY )
YTBEDP2K/IAET, 9TO STOrO TEIIA KAK Pa3 XBATUJIO Obl, YTOOBI [IEPEIBUHYTH
MeJT B UCXO/THOE TIoj102keHne. KOoHeYHO, HeBO3MOKHO MIPEICTaBUTh cebe, ITo-
OBbI TEIJIOBOE IBUKEHME MOJIEKYJ OPTaHM30BAJIOCh TAKAM 0OpPa30M, 9TO B
pe3y/bTraTre MeJj IBUHETCs B 00PaTHY0 CTOpOoHY. Kak mucast n3BeCTHBIH mep-
conaxk A.Il. YexoBa, «3T0ro He MOXKET ObITH, IIOTOMY 4YTO 9TOIO HE MOXKET
ObITh HEKOTAa». HO BTOpOe Hatwa 0 yrBepzkmaeT Doibiree: KAKoe Obl XUTPO-
YMHOE yCTPOMCTBO Mbl HU MPH/IYMAaJH, KAKUE Obl CIIOKHbIE MAHUILYJIAUN
MBI HU TIPOU3BEJIM, HAM HE yIAaCTCH COOpPATh ITO TEIsio, IPEeBPATUTH €ro B
paboTy u mepeaBUHYTH MeJ 00pATHO, €Cjiu OOJIbIIE HUYIEro B MPUPOJIE HE
U3MEHUTCS.

IIpeBparuts pabory B TEILI0, KaK rOBOPUTCs, HUIero ne crout. Ho Hac,
Kak u KapHo, 6osibitie mHTEpECYET OOPATHBIN IIPOIECC — «H3BJIEICHHUE Pa-
601bl u3 Temwiay. Chopmynupyem mouérye (XOTs U HECKOJIBKO Y2KE) HAIIe
MIPEICTABJIEHUE O TEIJIOBOI MallTuHe.
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1° IImukJbl. DKBUBAJEHTHOCTh Pa3/IMYHBbIX (popMyiupoBok II mHa-
gajia. Mbl 1pou3BoAuM B3PbIB. XUMUYECKAS SHEPrUsl B3PbIBUATKH EPEXO-
JIAT B TEILI0, 33 CIET KOTOPOTO 3aTEM COBEpIIaeTcs paboTa. B GosbinHcTBE
caydaeB 3Ta paboTa pa3pylIuTeNbHAS, HO €CJU OCYIIECTBUTH HAIIPABJICH-
HBII B3PBIB, TO MOYXKHO, K ITPUMEpPY, HACKIMATh mioTuHy. Torma padora BO
BCex cMbICTax Oymer mosie3noit. Ho uro manbme? Hamno 6parh HOBYIO mOp-
U0 B3PHIBYATKHU.

Hac 6yzer unrepecoBars ycTpoiCTBO, KOTOPOE, COBEPIIUB HEKOTOPYIO
pabory, Bo3Bpamaercs (BO3MOMXKHO, NPUHYIUTEJLHO) B UCXOIHOE COCTOSI-
HU€ W OKA3bIBAETCS BHOBb TOTOBBIM K COBepIeHuto paboTsl. To ecTh Temio-
BOU MAallIMHOW Mbl HA30BE€M IIEPUOAUYECKU AEUCTBYIOLIEE yCTPOHCTBO WU
YCTPOMCTBO, XOTsi Obl B IIPUHIIUIIE CIOCOOHOE JIEHCTBOBATH IEPUOIMIECKH.
B kadecrBe KOHKpeTHOro npumepa Oy/1eM PaCCMaTPUBATH y2KE IIPUBBIYHBII
JJis HaC OOBEKT: ra3 B IWJIMHIPE CO CBOOOIHO IBUTAIOIIUMCS MTOPIITHEM.
Urak, pabodee Bemecrso, pabodee Tesio (ra3 B IUJIUHADE) COBEPIIUIIO Pa-
00Ty B XOJIe ITUKJIUIECKOrO mmporecca. Pabodee Te/10 BEPHYIOCH B UCXOTHOE
COCTOSIHHE, BEPHYJIACh K MCXOIHOMY 3HA4YEHUIO ero dHeprusi. Ham Hyxken
HCTOYHUK YHEPruu — TEIUIOBOil pe3epByap. Bribepem B KadecTrBe Takoro
pe3epByapa J0CTaTO4YHO OOJIBIIOE TEJI0, TAKOe, YTOObI 3aMMCTBOBAHUE U3
HEr0 HEPruu PabOYMM TEJIOM MPEHEOPEKUMO MAJIO CKA3bIBAJIOCH HA CO-
CTOSIHUY pe3epByapa. 10rm1a NCTOYHUK SHEPTUU OYAET TEJIOM C TIOCTOSHHON
TEeMIepaTypoil — TepMOCTATOM.

Sabupast TEIJI0 y TepMOCTaTa, Ia3 COBEPIIAJ
paboty. IIpeanosioxkum, n3MeHeHne COCTOSTHUS Ta-
3a B XO/Ie ITOT'O IIPOLEecca n300parkaeTcs JuHUen
1-2-3 (puc. 8). Temepb pabodee TeyO0 HAIO BEP-
HyTb B ucxojnoe cocrosaue. Ho ecim mbr ocye-
CTBUM IIPONECC 3—2—1, TO MBI 3aTPATUM TOIHO Ta-
KyIO ke paboTy — OHA PaBHA ILIOMIA/U IO/ KPH-

Boii 1-2-3 (Ha puc. 8 3TO BCs 3aMTPUXOBAHHAS
wiomap). CymMmapHas paboTa 3a IUKJI PABHA Hy-
Jo... Bor ecsn yiacrcest BEpHY T ra3 U3 COCTOSHHUS
3 B ucxojHOe, HanpuMmep 1o mnytu 3—4-1, To pabora BHELMIHUX CUJ HA 0O-
parHoM 1yTu (Tenepb 10 TOIbKO IUIOWA/Ib ¢ JBORHOM IITPUXOBKOI) Oyuer
MeHbIe, 4eM paboTa cucreMbl Ha myTu 1-2-3. MammHa coBepmmT moJio-
KUATEJBHYI0 CYMMapHYIO paboTy, MPEBPATUT B PAOOTY Oy IYEHHOE TETLI0,
CTaHET HACTOSMIEH TEeIJIOBON MAaIIUHOM.

Puc. 8

Cocrosiausi, KOTOPbIE IPOXOJUT ra3 Ha myTu 3—4—1, cooTBeTCTBYIOT 6O-
Jiee HU3KUM TEMIIEPATYPAaM, YeM COCTOstHus Ha yTu 1-2-3. YTo0bI 106uThH-
Cs1 3TOrO, HAJO0 KaK-TO OXJIaxK1aTh pabodee Teso. Bo3nnkaer nmorpebHOCTD
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BO BTOpOM Tepmoctare. [Ipuaém ero remmeparypa T 10KHA ObITH HUXKE
Temieparypst 11, KOTOPYIO uMeeT mepBblii Tepmoctar. [loaseném Oastamc:
OT MEPBOTO TEPMOCTATA MOJIYIEHO HEKOTOPOe Terio (J1; ra3 COBEPIIWI Pa-
6oty A123, 3aTEM HaJI ra30M coBepiieHa pabora AL, ; A = Ajag— Al > 0.
Ho, urober HepaBeHCTBO A1z > Af,; OBUIO CHpaBeIUBBIM, HPHUILIOCH
HEKOTOPOE KOJIMYEeCTBO TEIJIOThI OTJAATh BTOPOMY TepMocTary. a3 Bep-
HYJICS. B UCXOJHOE COCTOSIHME — €r0 SHEPrusi PABHA HAYAJIbHOM. 3HAUYMT,
A< Q.

dror pesynbrar B. Tomcon (nopn KenbBun) npemioxun B Kade-
CTBe aJbTEPHATUBHON (DOPMYJIMPOBKKA BTOPOrO HAYAJIA TEPMOIAHAMUKU:
«HeBo3MOX)eH KpyroBoil mpoIece, eIMHCTBEHHBIM DPE3YJIbTaTOM KOTOPOIO
OBLTO OBI IPOU3BOACTBO PADOTHI 38 CIET OXJIAZKIEHUS TEILJIOBOTO PEe3epPBya-
pa». UyTh nnade Ty e MbIC/Ib Bhipasui [Inank: «HeBo3M0OKHO TOCTPOUTH
MEPUOIMIECKH AEACTBYIOILY IO MAIIMHY, € JHHCTBEHHBIM PE3YIbTATOM (hYHK-
[MOHUPOBAHUST KOTOPOi OBLIO OBl MOAHATHE I'Py3a 33 CUYET OXJIAXKIEHUST
TEIJIOBOT'O Pe3epByapas.

Ecmu 661 «mporiecc Tomcona—Ilmankay ObLT BO3MOXKEH, MOXKHO OBLIO
Obl TOJIy4aTh MEXAHUYIECKYIO SHEPIHUI0 U3 OJIHOIO Pe3epByapa, HAIpUMED,
u3 armocdepbl. C TpakTHYIeCcKOH, SKOHOMUIECKON TOYKYM 3PEHUS yCTPOU-
CTBO, OCYIIECTBJISIOIIEE TAKYIO OMEPAIXI0, MOXKHO CYUTATH IKBUBAJIEHT-
HbIM BedHOMY aBuraresio. C Apyroif CTOpOHBI, 3aKOHOM COXPAHEHWs YHEp-
U 9TO He 3ampelieHo. Mexoas u3 noa00Hbx coobpazkennii, B. OcrBasibi
HA3BaJI TAKOE YCTPOUCTBO BEYHBIM JIBUMATEJIEM BTOPOrO POJia, 4 BTOPOE Ha-
qayio Tak u chopmynupoBai: «HeBo3aMOXKeH BeUHBIN JABUTATEH BTOPOIO
poJias.

Mo2KxHO TOKa3aTh IKBUBAJEHTHOCTh BCEX TTPUBEIEHHBIX (DOPMYIHUPOBOK
BTOPOrO HAYAJIA TEPMOJMHAMUKHU. JIOIMyCTUM, yIaI0Ch OCYIIECTBUTH IPO-
uecc Tomcona—Ilnanka (napyuen «3auper Kapuo», cpaboras Bednblii 1Bu-
rarejib BTOPOIO POAA): IPy3 HOJAHAT 33 CYET BHYTDEHHEH YHEPIUU OLAHOIO
TEIJIOBOT'O pe3epByapa, a pabotuee TeJIO BEPHYJIOCh B UCXOHOE COCTOSHUE.
[To3BoIMIM 3TOMY TPY3y Temephb OMyCKAThCs, UCIBITHIBas Tperue. Kcim on
HaXOIUTCs B cpefe ¢ Oojiee BBICOKOHM TeMIEepaTypoil, 9eM TEPMOCTAT, Iie-
pejaonuii Tersio pabodemMy Tesly, TO B KOHIIE TAKOrO IPOIECCa OKAXKeTC s,
9TO TEIJIO OTHSATO OT MEHee HArPETOro Tea M HepesaHo boJiee HArpero-
My. Tak Kak 0OJIbIlIe HUKAKWX W3MEHEHUN HE MPOU3OIII0, PE3YIbTAT OyIeT
MMPOTHBOPEYUTHh BTOPOMY Hadajy B dbopmysmpoBke Kiraysuyca wim B TOi
GbOpMyIMPOBKE, ¢ KOTOPOU HAYUHAETCST HACTOAINN maparpad.

2° Muka Kapxo. IIepBasa Teopema Kapuo. Konkperusupyem xapak-
Tep MUKJIMIECKOrO Iportecca, n3odpaxénnoro ua puc. 8. Ilycrs Ha yyacrke
12 paboyee TeI0 HAXOAWTCS B TEIJIOBOM KOHTAKTE C TEPMOCTATOM, MMEO-
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M remieparypy 11. OHoO mosydaer or TepMocTara HEKOTOpoe Terio (Qq
U COBEPINAET IOJOXKUTEIbHYI0 pabory. 3areM pabodee Teso TerIon30J1u-
pyercs. Ha ydacrke 23 ono pacmwupsiercst aanabaTuvecKu U [POIOJIKAET
COBEPINaTh MOJIOKUTEIbHYIO pabory. /lalee 0OHO MPUBOANUTCS B TEILIOBOiT
KOHTAKT CO BTOPBIM TEPMOCTATOM, UMEIOIeM 00Jjiee HU3KYIO, 9eM MEPBbI,
Temmeparypy 1o. Ydactok 34 — m30TepMa, Ha KOTOPOH HEKOTOPOE Tel-
JIO OoTHaércst BropoMy Tepmocrary. JloroBopumcs o npasuiie 3HakoB. Eciun
TEIUIOOOMEH IOBBIIIAET BHYTPEHHIOK SHEPIUI0 TEJa, HOJIyYEeHHOE I[IOCJIE/I-
HUM TeIJIO eCTECTBEHHO CYUTATDH MOJIOKUTENbHBIM. Kcau ke dakTudecku
TEIJIO0 OTBOIUTCS OT TeJa, TEIJIOOOMEH «OTHUMAET» YaCTh YHEPTHUH TeJa,
MOYKHO TOBOPHUTH, UTO TEJO MOJYUUIO OTPUNATETLHOE KOJTUIECTBO TEILIO-
Th1. UTak, Ha BTOPOH n3oTepMe pabodee Teo moryImio Temio Qs = —|Qa|.
Hakomner, ygacrok 41 — BHOBb aJuabaTu<uecKuii, 1 B KOHIE ero pabouee
TEJIO OKA3BbIBAETCsl B MCXOJHOM COCTOsiHUU. Bce mpomeccol OyneM CIuTarhb
obparumMbiMu. B gacTHOCTH, 3TO 03HAYAET, 9TO HA ydacTKax 12 u 34 Tem-
mepaTrypa pabodero Teja paBHA cOOTBeTCTBEeHHO 171 u T5.

Takoit oOpaTUMbIil UK U3 OBYX W30TEPM W ABYX aauabaT HA3bIBA-
erca mukyoM Kapmuo. EcrecTtBenno, Ha myTn 341 BHENTHUE CHJIBI JOJIKHBI
cosepuuth pabory A%, mo cxxaruio pabouero Tena, u pe3yabTUPYIOmAs
osie3uasd padbora, TaK CKa3aTh «9UCTas IPUOBLIbY, KAK MbL y2K€ OTMEYaJIu,
Gyner pasHa A = Aj93 — AL, . Ha puc. 8 910 miomap, orpaHuYeHHAS KPH-
BOJTUHEHHBIM IeTHIPEXYTroabHUKOM 12341. VI3 3aKoHa COXpaHEHUS SHEPTUN
dacHO, uT0 A = Q1+ Q2 = Q1 —|Q2|. B nosnesnyio pabory HaMm yIaaoCch npe-
BPATHUTB JIUIIb YACTH TEILJIA, IOy Y€EHHOI'O OT IIEPBOIO TEPMOCTATA — HATDe-
Baresns. OcrajabHOE TPUILIOCH OTJAATH BTOPOMY TEPMOCTATY — XOJIO/IUIIb-
vuky. OTHOIIEHWE [OJIE3HON PabOThI, HPOU3BEAEHHON 34 MUK PabOIUM
TejioM (paboTa MUKJIA), K KOJUYECTBY TEILJIOTHL, MOJYYEHHOMY OT HAIDEBa-
TeJist, HasbiBaercs kKoadbdurmentom nosesnoro geicreus (KII) uukia u
0003HaUaeTCs 3HAUKOM 7) (3Ta rpedeckast OyKBa Ha3bIBaeTCs «dTay ). VTak,
KII/I mukta

_ Q1+ Q2 _ Q1 — |Q2|. (2.12)

A
Q1 Q1 Q1

n

Beipaxenue (2.12) ompegensier KITJ mo6oro ukia. Eciu TemmoBoit
KOHTAKT OCYLIECTBIISIETCS JIazKe He C JAByMs:d, & C OOJIbLIMM 9MCJIOM TEPMO-
CTaToOB, BCE PABHO MOXKHO UCLOJB30BaTh Ty (opmyry. Toapko nog (i
HA/I0 II0APA3YyMEBATH CYMMY BCEX IIOJIy Y€HHBIX PAGOUUM TEIOM KOJIUYECTB
TEIJIOTHI, & Mof, 2 — CYMMY BCEX KOJIWYIECTB TEIIOTHI, OTJAHHBIX PA0OINM
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TEJIOM. YCJIOBHO 3TO MOXKHO npeaCcTaBUTb B TAaKOM BHU/JIE:

A _3Q _2Qf 307 | (2.13)

2QF  2Qf Q7

Coornomenre (2.12) u ero pacmudposka (2.13) cupaBeaauBbl U Jis
HEOOPATUMBIX I[IUKJIOB, BEJb ITO — IIPSIMOE CJIEJICTBUE IEPBOIO HAYAJIA TeP-
MO/IMHAMUKH, 32KOHA, COXPAHEHUs SHEPIUU.

Bepuéwmcs, onako, K mukiy KapHo u oTMeTuM erng o/IHO ero CBOHCTBO.
Maiuny, paboTaIoNIyI0 IO STOMY IHKJY, MOYKHO 3aCTaBUTh IPOITH €ro
B 00OpaTHYIO0 CTOPOHY — B€Ib BCe mporecchl obparumbl. Ho HAM0 mMeHHO
3aCTABUTh: IOABEAEM K MaluuHe padbory (1. e. Ha i paboYuM TEJIOM HAJIO0 CO-
BepLIUTH PabOTy, IPEBLIILAIILYI0 PAbOTY, COBEPIIAEMYIO PabOYUM TeJIOM ),
MaIIuHa OTHUMET TeIJIO Y XOJIOJUJIbHUKA U OTJACT TEIJIO HArPeBaTeJo.
B Takowm ciy4ae roBopsT, 4TO MamnHa paboTaeT 110 XOJIOAUIBHOMY IIUKITY.

JIummaunii pa3 mogIepKHEM, ITO MIPHU OOPAIIEHUH MPOIECCA BCE MPOMCXO-
JAT «TOYHO TaK 2Ke, TOJIbKO HaobopoT». Ilpenmomoxkum, mammua Kapao
¢ KIII n B upsiMOM LMKJIE, [IOJIyYUB OT Harpebaresis Teiio (Q1, coBepiia-
et pabory A = n@Q;. 3amycTuM MAITHHY MO XOJOAUILHOMY TUKJTY MEXKTY
Temu ke Tepmocraramu. Eciu cymmapras paboTa BHEIIHUX CHJI 33 IUKJI
paBHa A, TO B pe3yjbTaTe HATPEBATENb TOJIYIUT KOJUIECTBO TEILJIOTHI,
pasHoe A/n = Q1. IIpu 910M, KOHEYHO, ¥ XOJIOAUIIbHUKA OYIET OTHSTO
CTOJIBKO TEILIA, CKOJIBKO B IIPSIMOM ILUKJIE €MY [IEPEJABAJIOCH.

dra, TAK CKA3aTh, [OJHAS CUMMETpHs KA KapHOo mo3Bosser moKa-
3aTh BayKHOE ITOJIOXKEHHE.

Teopewma Kapuo (1) KIIJ Bcex mMamud, paGoTalommX Mo
uukiry KapHo Mexx/iy 1ByMsl JAHHBIMUA TEPMOCTATAME, PABHBI HE3ABUCHMO
OT KOHKPETHOI'O yCTPOMCTBA MAIIMH U OT POa pabodero resa.

IIpeamonoxkum obpaTHOE: CyIMEeCTBYIOT aBe Marmuabl KapHo ¢ pasand-
wpiMu KITJT. YTob6bl mosyunTh OFHY M Ty Ke paboTy B HPSIMOM IHUKJIE,
«xopotagy MarmuHa, y koropoit KIIJI BwIme, 70oKHA TOJMYYUTH OT Ha-
rpeBaTesisi MEHbIIIee TEIJIo, YeM «IIoXasy. Torja MmocTynuM CJieayIonm
00pa30M: 3aIyCTUM <«XOPOIILYI» MAIIMHY 110 IPAMOMY IUKJY, & [IOJLy4€eH-
HYIO PabOTy HCIOJIb3yeM /I 3aIyCKa «ILIOXOH» MAIIUHBL IO XOJIOAUIBHO-
my nukiy. OHa, 0O4eBUIHO, OTJACT HAIPEBATEIO OOJIbIIE TEIIA, YeM Y Hero
OBLI0 0TOOPAHO TIePBOI MAMUHON. TOYHO TaK YKe y XOJOAMIFHUKA OHA 3a0e-
per OOoJIbIlle Termia, 9eM OTIAHO eMy «XOpOIieiiy MarmuHoii. B urore mocie
TOro Kak paboume resia 00eMX MAIIMH BEPHYJIHCb B HMCXOIHOE COCTOSIHHE,
€/IMHCTBEHHBIM PE3YyJIbTATOM COBMECTHOI pabOThI MAIIMH OKA3bIBAETCH II€-
pellada Temnsa OT XOJIOAUJIbHHUKA K Harpesaresno. Ho 310 HeBO3MOXKHO B
CHJIy BTOPOI'O Ha4aJia TEPMOJUHAMUKH, U TEM CAMbIM TEOpeMa, JI0Ka3aHa.

n
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3% TepMoamHaMUUYecKasl TeMIOepaTypa. JalWilieM BbIPAXKEHUe Ijis
KII/I mukra KapHo B HECKOIBKO BUION3MEHEHHON (hOpMe:

Q2|
n=1- "2 2.14
o (2.14)
Koneuno, 7 obpaiaercsa B Hysib, Korma Q1 = |Q2|. Ho 310 moskHO

[IPOUCXO/IUTH [IPU PABEHCTBE TEMIIEPATYD ABYX HCIOJIb3YEMbBIX T€PMOCTA-
TOB — «HEJIb34 HOJIy4YUuTh PAOOTY 33 CYET TEILIA [IPU [TOCTOSIHHOM TeMIEPa-
Types. U1 ecrecTBEHHBIM IIPECTABIISETCS IIPEIIOKeHE TOMCOHA [IPUHATH
orHouieHre |Qz|/Q1 1O ONPENEIeHUI0 PABHBIM OTHONIEHUIO TEPMOIUHAMU-
YECKUX TEMIIEpaTyp TepMocraroB — Oo/0;. Teopernuecku Tenepb MOXK-
HO BBIOPATH HEKOTOPBIN BOCIPOU3BOIUMBIN OOBEKT, TPUIUCATH €My €/IU-
HU4HYIO Temueparypy (uiu remueparypy 273,16 K), a remueparypst Bcex
OCTAJIBHBIX T€JI OIIPEJIEJIsiTh, IPOBO/Ad UK KapHO MEX/y HUMHU U 3TAJIO-
HOM.

WNuTepecHo, KOHEYHO, KAK COOTHOCHUTCSI TEPMOIMHAMUIECKAsT TEMIIepa-
Typa C paHee BBEIEHHBbIMU (M COBHAJAIONIMME) Ma30KUHETUYECKON U UJIe-
aJIbHOra30BOil TemireparypaMu. UToObl BBISCHUTH 3TO, [IPOAHAJIUIUDPYEM
uuks KapHo, B KOTOpoM pabodmM TeJIOM CILy2KAT W/I€AJIbHBIN ra3.

Temo B nukie Kapro pabotuee Teno monydaer u OTIAET TOJBKO HA,
n3orepMax. A BHYTPEHHsISI SHEPIHsS WICAJHHOIO ra3a, KaK Mbl 3HAeM, Ha,
n3oTepme He MeHsercs. [loaToMmy mosyueHHOe Ha M30TEPME TEIJIO PABHO
upoussen€HHoil razom pabore. Hanpumep, na yuacrke 12 (puc. 8)

1
12 12

Amnasornyno, Ha uzorepme 3—4

‘QQ‘ = A/Q = RT2 In E

Vi

Temepb BCIIOMHEM ypaBHEHNE a,1ua0daThl Haea bHOro raza PV = const

U C TIOMOIIBIO ypaBHEHHs COCTOSHUA TpeobpasyeM ero K sumy 1TV~ =

= const. Tak kak obe aauabarbl mukaa (23 u 41) gexar B uHTEpBaJe
TemmepaTyp oT 17 110 15, MBI IOTy9aeM

B\ wm\ LT W R

— = — = — njin - = — T. €. 5 = 15 -

V3 Vy Ty’ VsV’ w "
Caenosarenbro, |Q2|/Q1 = T>/T1, HO MBI IPUHSIIA, YTO TA BEJTUINHA

paBHa ©2/0;. 3uauur, upu BLIOOPE OJMHAKOBBIX eAuHUL (HJIM, YTO KBU-
BaJIEHTHO, OJIMHAKOBBIX PEHNEPHBIX TOYEK ), BCE TPU MIKAJIbI TEMIIEPATYD —
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UJICATIbHOTA30Basl, MA30KUHETUIECKAS U TEPMOIUHAMUYIECKAsT — COBIIAIA-
for. [Tosromy B asibHeRIIIEM MbL U JIJIsi TEPMOJIMHAMUYECKON TEeMIIEPATY PbL
OymeM HCIIob30BaTh obo3uadenue 1.

4% Heobparumblie nporieccbl. Bropas teopema Kapuo. I[uki Kap-
HO 0DOpaTuM, TaK KaK OOPATUMBI BCE IMPOLECCHI, U3 KOTOPBIX OH COCTOWUT.
Ho obparumebrii mponecc — umeanu3anus. He MOXkeT B peajbHOCTH OCYIIIe-
CTBUTHCSI B TOYHOCTU OOPATUMBIH ITHKJI.

O/ iHy ¥3 NpuYuH HEOOPATUMOCTH MbI HE Pa3 yXKe€ YHOMUHAJIUA — ITO
TpEeHue.

Tennoornaua nmpu KOHEYHONW PA3HOCTH TEMIIEPATyP TaKKe HeoOpaTu-
Ma. JleficTBUTEIbHO, OMHUM U3 KPUTEPHEB 00PATUMOCTH SIBJISETCST BO3MOXK-
HOCTH 3AIyCTUTH IIPOIECC B OOPATHYIO CTOPOHY, HUYTOXKHO MAJIO U3MEHUB
mapaMerpbl MPOIECca, MapaMeTPbl COCTOSHHS yIaCTBYIOIMUX B IIPOILECCE
Ten. Yucto HopMaIbHO JAOIMYCTHMA, JIMIIH OECKOHEYHO MaJias Pa3HOCTh
temreparyp. Ho 31ech BaxkHO He mepernyTh nasiky. Kak roBopus Besu-
kuii ['ub0C, «MaTeMaTuK MOXKET FOBOPHUTH BCE, YTO €My TIPHUIET B T'OJIOBY;
HO GU3NK [OJIKEH, XOTs Obl OTYACTH, HAXOIUTHCS B 37PABOM PACCYIKES.
[Ipocsieum 3a 9TUM TPOTUBOPEYHEM MEXKy TPEOOBAHHSIMU MATEMATHYE-
CKOl CTPOrOCTH M «3JPABbIM PACCYJIKOM» HA IpUMepe aauabaThl.

Ob6patumbrit anrabaTUuIeCKUil TPOIECC TOJ2KEH V/IOBJIETBOPITH JIBYM
kputepusiv. Bo-mepBbIX, JOJKEH OTCYTCTBOBAaThH TemmooOMmen. Konedno,
HEBO3MOXKHO PeaJIbHO CO3JaTh HACAJIbHYIO aauadarudeckyio 0bomouky. Ho
€CJIM MHTEHCUBHOCTH TEIJIO00OMEHA, HEBEJIMKA, a IPOHECC IPOUCXOIUT ObICT-
PO, MOJIyY9EeHHOE TeIUI0 MOXKeT ObITh CKOJIb YyrogHo MaJjo. Eciau mporece
poBecTH DECKOHEYIHO OBICTPO, TeroodMena He Oymer. C aApyroit CTOPOHBIL,
9TOOBI TPOIECC OBLT MOJJTUHHO KBA3UCTATUIECKUM, 9TO0OBI HE HAPYIIAJIOCH
PABHOBECHE MEXKJIy YaCTAMU CHCTEMbI, 9TOObI B JIFOOOH MOMEHT CHCTEME
B IEJIOM H JIFODOH €ro 4acTu MOYXKHO ObLIO MPUIKCATH OJHY U TY K€ TeM-
eparypy, OJHO U TO Ke JABJIEHHE, IIPOIECC JT0JKEH ObITh OECKOHETHO
MeyieHHbIM. VTak, MBI IPUILIA K 00ECKYPAXKUBAIOIIEMY BBIBOIY: arnada-
THUYECKUM MOYKHO IMPU3HATDH TOJBKO OECKOHEYTHO OBICTPBIN U B TO K€ BPEMs
0GeCKOHEYTHO MeJIeHHbIH mpornecc! YTo ke 3TO0 MOXKeT 03HAYATH !

[o-BuamMOMy, TOJIBKO OHO: IPOIECC JOIKEH ObITh HACTOJIBKO M€E/IJICH-
HBIM, 9TOOBI BHYTPH CHCTEMBI €€ JaCTU YCIEBAJM yPABHOBECUTHCS, ITOOBI
y BCeX JacTeil cucTeMbl ObLIN OIHU U Te YKe MapaMeTPbl COCTOSIHUST; C APY-
TOif CTOPOHBI, TIPOIIECC TOJIXKEH OBITh HACTOIBKO OBICTPBIM, ITOOBI TEIIO00-
MEHOM C OKPY?KaIOIIUMHU TEJTaMH MOXKHO ObLIO mpenedpeds. Heobxoanmoe
YCJIOBUE BO3MOXKHOCTH TAKOI'O MPOIECCa MOXKHO C(DOPMYIUPOBATH TaK: Xa-
PaKTEepHOE BpeMs YCTAHOBJIEHHsI TEILJIOBOIO PABHOBECHUS C OKPYKAIOMIEH
cpemoii T; OJKHO OBITH rOpa3a0 OOJIbIE XaPAKTEPHOIO BPEMEHU yCTa-
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HOBJICHUsI PABHOBECHSI BHYTPU CUCTEMbI To. VI TOrIa JOCTATOYHBIM yCIOBU-
€M KBa3HCTATHIECKOrO ainabaTruaecKoro mporecca Oyaer mpoMexyTOIHOe
3HAYEHME XAPAKTEPHOINO BPEMEHU M3MEHEHHs MapAMETPOB CHUCTEMbL B Pe-
3yJIbTaTEe BHEIIHErO BO3JIEeUCTBUA Ty, T. €. YCIOBUE T1 > To > To.

Ot ycrpoficrBa cHCTEMbl 3aBUCHT, BO3MOXKEH Ji BOOOIE B Hell ajma-
Oarmuecknmii mporiecc. Byzmer s mporecc obparumoit agnabaroit, 3aBUCHT
or xapakrepa («ckopocru») BuewiHero posdzeiicrsus. Ho ecrb ewé oaum,
HECKOJIbKO HEOXKUIAHHBIM aCIeKT BOIIPOCA, MOYKHO JIU MIPUMEHATH yPaBHe-
Hue auabaThl T AHAJIN3a TOrO WK WHOTO mporecca. Kak Hu CTpaHHO HA,
MIE€PBbI B3IJISAT 9TO 3BYIUT, OTBET 3ABUCHUT €IIE U OT CTEIEeHU MOAPOOHOCTH
Hamero aganau3a. [IosicHuM 3TO yTBEpK IeHUe.

l'a3z HaxomuTCs MO, MOPIITHEM B COCYZE CO CIa00 MPOBOISIIUMEI TEILIO
cTeHKaMu. ECau CAUIKOM ME/JIEHHO JABUTATH MOPIIEHb, HEKOTOPOE KOJIU-
9eCTBO TEIIOTHI BCE Ke OYJeT MOTEPSHO, MPOIECC HeJib3s CAUTATh MPOTe-
KAIOIUM B YCJIOBUX OTCYTCTBHS Teiioodmena. Ho ecsin nopiienb 1Burarh
CJTMIIKOM OBICTPO, YIZIOTHEHHE ra3a, CO3/IaBaeMoe IOPIIHeM, He Oy1eT paB-
HOMEDHBIM 110 00bEMY COCY/Ia, — He yCIEIOT MPUNATH B PABHOBECHE PA3JINY-
HbIE OPLIUK Ta3a. B 4aCTHOCTH, B ra3e MOryT BO3HUKHYTH 3BYKOBbBIE (HJIH
Jla’Ke y/IapHbIe) BOJHBL Y Ta3a B HEJIOM He OyIeT ONpeIeéHHOrO COCTOs-
HUsI, [TOJIb30BATHCS yPABHEHUEM anabaThl HEJIb3sI.

B 10 ke BpeMmst cam mpoIecc pacrpoCTPAHEHUsT 3BYKOBO# BOJTHBI MBI PAC-
CMATPHUBAJIH, UCIOJIB3Ysl yPABHEHNE aIuabaThl, U yTBEPKIAJM, YTO OMUPa-
OIAsicst Ha Hero popmyiia Jlamnaca mpekpacHo COTIacyeTcs ¢ SKCIIepUMEeH-
toM. /la, HO B 9TOM CJIy4dae Mbl HE PACCMATPUBAJIU BECH A3 B COCY/E WU B
TO Yactu aTrMocdepsl, e pacnpocTpaHsgercs 3ByKoBas BoJiHa. «Harmreit
CHCTEMO#T» MbI CIMTAIU HEKOTOPYIO HOPIHUIO I'a3a, HAXOUMILYIOCs, K HPH-
Mepy, B 00/IACTHU MOBBINIEHHOTO /[aBJIeHUsi. BHYTpU 3TOH mopiuu paBHOBE-
CHUe yCIIeBAeT YCTAHOBUTHCS, HAXOIAIIEMYCS 3/1€Ch Ta3y MOYKHO IPUIUCATH
BIIOJIHE OIPEICIEHHBIE 3HAYEHUs TapaMeTpOB. A BOT TermiooOMeH ¢ Jpyru-
MU «CHCTEMAMU» — C HOPIHUSIME TOIO XK€ 1'a3a, HAXOAIMUMUCS B 0bracTu
[TOHUKEHHOTO JIABJIEHUs] — ITOT TEIIOOOMEH 33, BPeMsi IIPOXOXKICHUs BOJI-
HBI TPEHEOPEKUMO MaJI.

Mexk iy upouum, Mbl OTMETHIIM TPeTuil (KpOMe TPeHUs U TeLIIonepea-
YM [IPU KOHEYHOI PA3HOCTH TEMIIepaTyD) MEXaHU3M HAPYLIeHUs 00paTuMo-
CTU IPOIECCOB — HAJIMYUE CKAYKOB JABJICHUSI, B3aUMOJeHcTBrIe 00sacTeil
¢ kore4roii (HE GeckoHe9HO MaJIoil) pa3HOCTHIO JTABJIEHHI.

Haxkomnerr, HazoBeM 4eTBEPTHIH TUIHIHBIN MEXaHU3M — 3TO0 qudPy3us.
Ecim Mbl 6pocuM KyCOK caxapa B CTAKaH BOBL U MOMOXKJEM JOCTATOTHO
[IPOJIOJIZKUTETILHOE BPEMSI, CaXap MPAKTUYECKU PABHOMEDPHO PACIIPE/IETUT-
cs1 o BceMy 00béMy. A BOT 0OpaTHO OH He CODEPeTCss — IMPOIECC Mepe-
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MEIIMBAHUS MOJIEKYJI Caxapa U BOZpI, 1pouecc fuddy3un caxapa B BOJE
HEOOpaTuM.

Ecin nuka BriodaeT x0T Obl OAUH HEOOPATUMBIH IIPOIECC, OH HEOD-
paTuM B 1ejioM. Jero ke MOXKHO KIaTh OT TaKOro muksia? OTBeT Takos:

Teopema Kapuo (II). KILJ moboii mammunb, paboraomeii
mo Heobparumomy mukKy, He MoxkeT mpesbimars KIIJ mammusr Kapho,
paboTaromeil MexK/1y TEMU K€ TeIJIOBBIMU PE3EPBYaPAMU.

Jloka3aresbCTBO AHAJOTHIHO TAKOBOMY JJisi TIEpBOil TeopeMbr KapHo.
Ob6parumyo mamuay KapHO 3amycTuM M0 XOJIOIUIBHOMY IIHAKJITY, UCIOJb-
3yst paboTy, MOJyYeHHY0 OT HeoOpaTuMoit TermioBoit mamuubl. Ko KILT
nocaenueit npesbimaer KIIJ mamumasr KapHo, pe3yabTaroM COBMECTHOI
paboThl IBYyX MaliuH OyJeT Iepejgada Telsa OT MEHEe HArpPeroro Tejad K
OoJiee HAIPETOMY, YTO MPOTUBOPEYUT BTOPOMY HAYAJy TEPMOIUMHAMUKH.

Wrak, mamuabr KapHO HMEOT He TOTHKO OJMHAKOBBIN, HO I MAKCUMAJTh-
HO BO3MOXKHBIN JJIs 33/ JaHHBIX TEMIIEPATYDP HArPEBATES U XOJIOIUIBHAKA
KII. 9710 3akiio9eHne MOXKET MOKA3ATbCs HECKOJBKO HOCHenHbiM. Mbr
noka 3uaeM, 4ro KII/I HeobparumbIix MammH He MOXKeT mpeBbimars KITJT
vamuabl Kapao. Hazmo emé pazobparbes ¢ MammnHAME, PAOOTAIOMIUME 110
00paTUMBIM ITUKJIAM, OTJIUYAIOIINMCS, OJHAKO, OT ki Kaprao. I B mep-
BYIO OYepe/ib BO3HUKAET BOIPOC: 3 BO3MOYKHBI JIM TAKUAE IUKJIHI!

fcHo, 4TO € IByMSI TEIJIOBBIME De3epPByapaMu OCYyHIECTBUTH ODparu-
MbIH UK, owmm4dHbl OT muksiaa Kapuo, nenp3s. laxke ecim n3MeneHue
cocrostHusL pabOYero Tesa IPOUCXOAUT KBA3UCTATUIECKHU, B CUCTEME B IiE-
JIoM — pabodee Teao II0C ABa TEPMOCTATa, — HEU30eKHBI HEOOPATHUMbIE
MIPOIIECCHI, KOTA TEIJI000MEH MPOUCXOIUT IIPU TEMIEPAType pabodero re-
Jia, OTJIMYAIONIEHCS OT TEMIEPATYPbI TEPMOCTATA.

Biusinne ysenudenus 4uciaa TepMOCTATOB  p
1osicHUM Ha npocrom upumepe (puc. 9). [Tycrs
WMeeTCsi TPU TEPMOCTATa C TeMIEePaTypaMu,
B mopsinike yobiBauusi, paBubiMu 17, T3 u Ts.
Ik 12345671, cocToAmnil U3 U30TEPM C TEM-
IeparypaMu TEPMOCTATOB W W3 ajuadar, Oy-
ner obparum. Ho 9T0 MOXKHO CKa3arb O €ro
KII/I? 3amernm, 9TO OH SKBUBAJEHTEH COBO-
KymHOCTH nAByX nukiaoB Kapmo — 123671 u v
34563, npuuém KIIJI BTOpOTO M3 3TUX IUKJIOB
menbIie, yem nepsoro. Quesuano, KIT/1 Hare- Puc. 9
ro nmkia Oyzer menbine, dem KIIJI mukira KapHo, mpoBeagHHOrO MexK Iy
TepMmocraramu ¢ remieparypavu 1) u T, Haupumep, nukia 123671. Pac-
CyKgasi IO JOOHBIM 00PA30M, MEPEXOJIS B MPEIeJie s TPOU3BOJIBHOIO ITUK-
Jia, K OECKOHEYHO OOJIBITOMY YHCITy DECKOHEYHO MAJIhIX IUKJIOB KapHO, MbI
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MOKeM 0D0OIIUTh CBOWCTBO nuKJjiaa KapHO creayommuM 0o0pa3oM: OH HMe-
er MAaKCHMAaJIbHO BO3MOXKHBIH [IpY 33IaHHOM TEMIIEPATYPHOM HHTEDPBAJIE
koaddunment nosieznoro geiicrus (Maxcumasbubiii KITT npu 3aganHbix
MaKCUMAJILHOI 1 MUHUMAJILHON TEMIIEPATypPax).

52 TerutoBoii Hacoc. XosoauiabHas MamuHa. TenjoBas MaliuHa, 3a-
[y IIEHHAs B 0OPATHOM HAIIPABJIEHUH, TOTPEOISIET MEXAaHUIECKY 10 SHEPIHUIO
(«pabory»), OTHUMAET TEIIO y CPABHUTEJILHO XOJIOJHOIO TeJa U HepeiaéT
Terio bosiee HarperoMy Teiy. B 3aBUCHMOCTH OT TOrO, YTO WUMEHHO MbI
CYUTAEM TIOJIE3HBIM (DDEKTOM, TAKOE yCTPOHUCTBO HA3BIBAETCS TEILJIOBBIM
HACOCOM WJIU XOJIOIMJIbHON MAIMHO (9alie — MpOoCcTO XOJIOUILHUKOM, HO
MbI OyaemM m36eraTb TAKOro CJIOBOYIIOTPeO/IeHHsI, YTOOBI HE MEPEIyTaTh C
HU3KOTEMIIEPATYPHBIM TEPMOCTATOM).

st obparuMoil MaluHbl cCOOTHOLWEHUsE Mexkay A, Q1 u Q2 upu padbore
110 0OpaTHOMY IUKJTy COXpaHsioTcs. K mpumepy, ucnosib3yem mamuay Kap-
HO JIyId NO/IepKaHus B KoMuare remneparypbt 171 = 293 K (+20 °C, korzaa
Ha ysure mopo3 — 1o = 253 K (—20 °C). IIpousBoaurebHOCTDb TEIOBOrO
HACOCa, TO €CTh OTHOIICHHE «3aKAYAHHONO» B KOMHATY C YJIUIIbL TEILia K
upoussenéunoii pabore K = Q1 /A =T1/(T1 — T») = 1/n =293/40 = 7,3.
Ha kax/aprit 3aTpadeHHblil 12KOY/Ib PAOOTHI MBI TIOJydYaeM OOJIbIlle CeMu
Jkoyseit Terta!l Ha ucmoib30BaHUU 9TOTO COOTHOIIEHHST OCHOBAH MPEIJIO-
KeHHBIH TOMCOHOM TaK HA3BIBAEMBIA JUHAMHYIECKUH CIIOCOO OTOILIEHHS.
[Ipu JuHAMUYECKOM OTOILIEHUU TEILIO, BBLIESIONEECs IIPU CPOPAHUU TOII-
JIUBA, WCIOJIb3yeTCs HE MPIMO JJIsi HATDEBA MOMEIIEHUsI, & JJisi 3AILyCKa,
TeroBoro nacoca. Jdomycrum, Mol nosaygwin 1 JIxKk Temia upu remmepary-
pe Tp = 673 K (400 °C). D10 BCe, 4TO MOJYUUT OTAILIMBAEMAs KOMHATA,
py TPATUIUOHHOM criocobe. Ho MBI 3amycTum MeXKy TONKONH M KOMHA-
1O TeiioBy0 MauuHy. Herpyaso nojcuurarb, 4ro KOMHATA (XOJIOMIIb-
HUK MAILIUHBI) HOJLYYUT 1y Th OOJIbILE HOJOBUHBIL JAZKOYJIsl TEILIA, 8 OCTATOK,
[IpeBPAIIEHHBIA B pabOTy U UCIOIB30BAHHBIN B TEIJIOBOM HACOCE, 3AKAIALT
C yJIUnbL HONoHUTENBHO Oosbite 3 JIxk. Vtoro Bmecto 1 JIxK MBI Oy duM
6ostee 3,5 Jlx remna. TexHomornaeckne TPyIHOCTH U HEOOXOIUMOCTD 3HA-
YUTEIbHBIX HAYAJbHBIX BJIOXKEHUN KAIATAJIA 33I€PKUBAIOT IITUPOKOE PAC-
[IPOCTPAHEHHUE ITOrO CrIOcODA OTOIJIEHUs], HO KOE-T/Ie OH Y2Ke MPUMEHSIETCS.

Eciu obpaliienHast TEioBas MallnHa UCHOJIb3YeTCs JIJTsl MO/JIEePIKAHUS
B HEKOTOPOM MPOCTPAHCTBE TEMIIEPATYPHI OOJIee HU3KOM, YeM TeMIepaTy-
pa OKPYKAOIIEi Cpeibl, IJis HAC BayKHO KOJIMIECTBO TEILIa, OTHIMAEMOE Y
xoJIonuIbHUKA. B 3TOM Ciiyuae kpurepuii 3dekTuBHOCTH PAOOTHI yCTPOi-
CTBa, HA3bIBAETCS XOJIOAUIbHBIM KOdMdUImenTom:

@ T 1-7m
A Tl—Tg n '
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Eciu B3gaTh nudpbl U3 PEIbLIIIEro MPpUMepa — TeMIIEPATYPa B KaMe-
pe xosopuibhuka —20 °C (rakue remueparypbl HOJIEPKUBAKTCI B [IPO-
MBIILIEHHBIX XOJIOJMJIBHAKAX U B MOPO3UJIKAX HEKOTOPBIX OBITOBBIX XOJIO-
IUIbHUKOB), a B KomHare +20 °C, mojyuum » = 6,3. MHorma npousso-
JUTEIHBHOCTD TEIJIOBOTO HACOCA U XOJIOAUIBHBIN KOI(MDMUIIMEHT HAZBIBAIOT
K03 pUnreHTaMu MOIE3HOr0 MeHCTBUSA ITUX yCcTpoiicTB. Takoe ymorpeb-
nenne nousatus KIIJ mpeacraBiisercs HEIPUEMIEMbIM, XOTS ObI C IHCTO
ncuxooruaeckoil rouku 3pennsi: KIT 630%, KIT 730% — 3Byuur crpan-
HO. [leficTBuTEIBHO, TTOJIE3HBIH 3D DEKT MPEBHIIAET 3aTPAYeHHY0 PAbOTY,
HO HUKAKOTO ITPOTHUBOPEYHS C 3aAKOHOM COXPAHEHUS YHEPTHUH 37eCh, KOHEU-
HO, Her. U3 mxkoynas paboThbl, TaK CKa3aTh, HE MOJydaercs 6—7 IKoyJieit
remwia. JKoyiab paboThl TOJBKO MEPEKAYMBACT ITO TEILIO, CJIyKHUT «KOM-
[IEHCATOPOM », KOTOPBII 00ECIednBaeT Iepexo] TEIIa OT XOJIOJHOIO Tesa K
ropsiaemy.

Her 31ech, 9T0 yKe HEe Tak OYEBUIHO, W HAPYIIEHWS BTOPOrO HAYA-
sia. Konedno, koMmeHcupyomuii mporecc ectb — Tpebyercss pabdora, «b6e3
U3MEHEHUHl B JIPYyTUX TeJaax» ODONTUCH HE yIaJIOCh. ¥ TEIIOBONO HACOCA,
K IPUMEpPY, eCTh 00Jiee BBICOKOTEMIIEPATYPHBIA TEPMOCTAT — TOIKA, C KO-
Topoit Bce m HaduHaercsa. Ho Gosee moapobHbIil aHam3 TpedyeT, O9eBu/I-
HO, KOJIM9YECTBEHHOTO BBIPAYKeHNsI BTOPOTo Hadasa. K Hemy Mbl mepeiiaém
B CJICIYIOIIEH IyIaBe.

A ceituac xoresoch Obl Hpegocrepedb duraresiss OT OHHONR HEPEIKO
BeTpedatomeiicss omubku. Tor hakr, 9T0 MPOU3BOAUTETHHOCTD TEILIOBOTO
HACOCA U XOJOAUIbHBIN KOdddunmenT Tem Bboiie, dem auzke KIIJI coorser-
CTBYIOIIEI TEIJIOBOM MAIIIMHBI, MOXKET IPUBECTH K JIOXKHOMY BIIEYATIEHUIO,
9TO «ILJIOXast» TEIJIOBAs MAIUHA OyIeT «XOPOIMHM» TEIJIOBBIM HACOCOM,
«xopoieiy XOMoAuIbHON MamuHOH. Ecu pedb uaér 0o 3aBECUMOCTH COOT-
BETCTBYIOIIHUX IIAPAMETPOB OT COOTHOIEHusi Mexkay 17 u Ta, To 310 6e3-
YCJIOBHO BEPHO: TEILIOBAs MAIIMHA XOPOMIO paboTaer npu OOJbIIOM Iepe-
maje TEMIIEPATY]P, TeIIOBON HACOC U XOJIOMUIbHAS MAIIUHA, — [IPUA MAJIOM
nepenagie. Ecin »xe mMeeTcst B BUIy CpaBHEHNE PA3HBIX MAITUH TP padboTe
C WJEHTUIHBIMU TEPMOCTATAMU, TO, KOHEIHO, 3TO HE TaK.

Kak mpaBuio, HeOOpATHMYIO MAIIWHY MOXKHO 3aIlyCTHUTH B OOPATHYIO
CTOPOHY: MOXKHO 3aCTaBuUTb paborarTh €€, K IPUMepy, B KA4eCTBE TeILIO-
Boro Hacoca. Ho Ha To oHa m HeoOparmma, 4TOOBI B OOPATHYIO CTOPOHY
paboTarh He Tak, Kak B «IpaMyo0y. OHa u HACOCOM OyIeT TLIOXUM, XyIKe,
1em mammaa Kapro. Muratwe, 3amycrus eé or mammuabl KapHO, MBI TYT K€
Hapyuid Obl BTOPOE HAYAIIO TEPMOJIUHAMUKH.

[IpowutocTpupyemM 9TO HA MPUMEPE MAIIMHBI, Y KOTOPOH COCTOsIHUE
pabodUero Tesia M3MEHSeTCsi KBa3UCTATHIECKH, 3 BCS HEOOPATUMOCTD COCpe-
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JOTOYEHA B TEILIOOOMEHe MerKay padoduM TeoM u TepMmocraramu. Ilycrs
UMKJ 970 Mawmwmbbl (TouHee, eé pabodero resa) u300paKAETCH [PAMO-
yrosbaukom 1-2-3-4-1 (puc. 10), 71 u T — remueparypbl HArpeBareJis
p ¥ XOJIONWJIbHUKA MAIMuHbL. Torga Ha ydJacTke
9 3 1-2-3 pabouee Te10, 0YEBUIHO, TOJTYIALT TEIl-
T, JIO OT HarpeBaTesis, a Ha y4JacTke 3—4—1 — oT-
Haér remao xomomunbauKy. [lompobyem 3arry-

1 4 CTUTH MAIIUHY 110 XOJOIMJIbHOMY LuKJy. Pa3-
~~~~~~~~~ T O6epem KOHKpeTHO ydacTok 1-2. Temmepary-
>  pa HArpeBaTe s BBIINIE TEMIEPATypPbl padoUe-
r'o TeJia, HarpeBaTesb IepeJaéT Telyio paboye-
Puc. 10 My TeJIy [P KOHEYHOH Pa3HOCTU TEMIIEPATYD.

Mb1 HE MO2KEM CZE/IaTh TAK, YTOOBI B XOJIOAUIBHOM IUKJIE, IIPOXOS 1O IIy-

Tu 2—1, pabodee Te10 OTIaBAJIO TEILTO Harpeparesio. Hemb3s 3Toro moburh-
Cs1 ¥ MaJIbIM M3MEPEHWeM mapamMeTpoB pabodero reia. Kak MUHUMYM, TeM-
mepaTypa pabodero Tesa, XoTs Obl Ha OECKOHEYHO MAJIYIO BEJTUIUHY, TOJIK-
Ha HPEBBIMIATH TEMIIEPATY Py HarpeBaresis. A 310 Tpebyer CymnecTBeHHOrO
u3Menenust GOPMbI [UKJIA, CYIIECTBEHHO U3MEHSITCH COOTHOMICHUST MEXK/Ty

A: Ql: Q2~

6% IIpuBenénnoe termwio. HepaBencrBo Kuaysmyca. IIpeobpasyem
ompe/ie/ieHre TepMOoIuHaAMuIeckoil Temneparypot 11 /Ty = Q1/]|Q2| K Bumy
Q1/T1 = |Q2|/T>. Eciiu emg ydecrs, uto Q2 < 0, mosydum

<Q1 Q2 >
- _+_ -
8 1 KAPHO

Jna sBesmuaunbr /T BBEJEHO CLENUAILHOE HA3BAHUE — IIPUBEAGHHOE
KOJILIECTBO TEIUIOTHI, WK, KOPOYe, IPUBEASHHAS TEILJIOTA, WM, HAKOHEI,
npuseéHHOE Tero. Torja 3alicaHHOe COOTHONIEHHE MOMKHO MPOYUTATH
TaK: CyMMa IPHBEISHHBIX KOJMYECTB TEILUIOTHL B IuKie KapHo paBHa Hy-
at0. KoHedHO, MBI IPUBOJIMIIA TEIUIO K TO TeMreparype (Ipolie — e
KOJIMYIECTBO [OJIyI€HHO TEILUIOTHI HA 3HAYEHHE TEMIIEPATYDBbL), IIPU KOTO-
poii poucxoauIa nepefada JaHHON nopuun rera. OQHAKO MBL HE yTOY-
HSUJIH, K 9beil TeMIepaType OCYIIeCTBIISeTCs IPUBEIEHIe — K TeMIIepaType
pabotero Tesa WM TEMIEPATYpe TepMOCTaTa. B 9TOM IpocTo He GBIIO Ha-
JIOGHOCTH — TeruTonepe/ada MPOUCXOAUT [IPH PaBEHCTBE TeMeparyp (npu
GECKOHEYHO MAaJION UX PA3HOCTH).

=0. (2.15)

Wnas curyanuss BO3HUKAET, €CJIM B XOJI€ MKJIA BCTPEYAIOTCH HEOODPa-
TuMble npoueccol. Eciin 0 HeobparnuMoMy IyTH MEHSeTCd COCTOSHHUE Pa-
6ouero Tesa, TO 3TO, KaK IPABUJIO, O3HAYAET, UTO eMy, paboueMy Teiy, B
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HEKOTOPbIE MOMEHTHI BOODIIIE HEJIb35 IIPUIIUCATH OLPE/IEIEHHOE COCTOSHHE,
B YaCTHOCTH OILPEJETIEHHYO0 TeMIIEPATYPY. 1Or/1a eCTeCTBEHHBIM IIPE/ICTAB-
JISIETCH B34ATh B KAYECTBE JIEJIATENS JIJIsi KOJIUYIECTBA TEIIa, 101y YeHHOI'O
paboumnm Tesom, Temmeparypy Tepmocrara. Kak yreepxkmaer Il teopema
Kapmo, KII/I mammabr, paboTaroreil mo HeoOpaTUMOMY IIHKJTY, HE MOMXKET
npesbimarh KITJI mammasr Kapwao. Vcnonb3ys 310 06CTOSTETBCTBO U ITPO-
BOJg IPe0OpPa30BaHuUs, 10JI0DHBIE TEM, KOTOPBIE [IPUBEJH K COOTHOIIEHUIO
(2.15), nomy4uum

2 Qi > Qi (& @)
T - 13 s 1 - 13 KAPHO

rae 1; B JTaHHOM CJIydae MOYKET TPUHUMATh ABa 3HadeHus — 17 m 1.
OTO OrpaHWYeHWe, BIPOYEM, COBEPIIEHHO HECYIIeCTBEeHHO. Eciam B xome
UKJIa, pabodee TeJ0 MPUBOIUTCS B KOHTAKT C OOjiee UeM IBYyMS TepMO-
CcTaTaMu, Mbl MOXKEM PACCYZKJIATh IPUMEPHO TAK, KAK [IPH aHAJIN3E UK,
n300pakE€HHOrO Ha puC. 9, T. €. pa3bUTDH MOJHBIN IUKJI HA YaCTH, BO Bpe-
MsI BBIMIOJTHEHNUS KOTOPBIX MMEETCS KOHTAKT JIUIIDb C ABYMS TE€PMOCTATAMU.
CyMMupyst 3aTeM BCe MPUBEIEHHDBIE TEILJIOTHI, MbI IPUIEM K COOTHOITIEHIIO

, um Z % <0. (2.16)

(2.16), rne T; MOXKeT NPUHUMATH CKOJIBKO YIOJHO PA3JIMYHBIX 3HAYEHWIA,
KazK/IpIil pa3 MIPe/ICTaBIsAsd TEMIIEPATYPY TOI'O TEPMOCTATA, IIPU KOHTAKTE C
KOTOPBIM M0JIy4eHO Teiio ;. Hakoner, nepexos K npejesry 6eCKOHETHO
60J1bIIOro Yncsia GECKOHEYHO MAJIBIX JJIEMEHTAPHBIX [[UKJIOB, MbL IIOJIy YUM
nepasencTBo Kutaysuyca, cipaBe/sinBoe jjisi JI000r0 3aMKHYTOTO IUKJIA:

fi;% <0, (2.17)
rae nog 1 mMmeercs B BUJLy IPOCTO 3HAYEHHE TEMIIEPATYPbI OKPY2KAOMIEi
cpeapl (MM J1azKe TOJILKO TOM 4acT CPe/ibl, OT KOTODPOI LIOJLy YeHa, JJAHHAS
[OPIIUS TEILIa) B MOMEHT IIOJIy YeHust PAO0OIMM TEJI0OM 3JIEMEHTAPHOIO KOJIU-
gecTBa TemIoThl 0Q). Ecau ke Bce TPOIECChl B X0JIe MUKJIA TPOU3BOIBHON
dopmbl 06paTUMBL U, B 94CTHOCTH, (HO HE TOJBKO!) MpU KayKIOM 3JI€MEH-
TAPHOM AKTE TEILIOIEPEIadn TEMIIEPATYPA PAbOYero Tejia HeOTJIANIUMa OT
TeMIIEPATYPbL CPE/Ibl, HEPABEHCTBO OYEBUIHBIM 0OPA30M IIEPEXOMAT B Pa-

BEHCTBO (SQ
f#? =0, (2.18)

rae T — Temmeparypa pabodero Teja.
IMoaBous uroru, MOXKHO CKa3aTh, 4r0 HepaBeHCTBO (2.17) sBiserca ma-
TEMATHIECKUM BBIPAYKEHHEM BTOPOI'O HAYAJIA TEPMOIMHAMUKH.



I'iiaBA II1

DHTpONNHA, TEPMOJINHAMNYIECCKNE MOTEHIINAJIBI

Hepasencrso Kiaysuyca, BbIpazkasg BTOPOE HA4A/I0 TEPMOAMHAMUKY B
MATEMATHIECKOH (hOpME, HE ABIACTCA BCE K€ KOJUYECTBEHHBIM COOTHO-
menreMm. OTaeas HeoOpaTUMbBIE MPOLIECCHI OT OOPATHMBIX, JJIs KOTOPBIX
OHO MEPEXOJUT B PABEHCTBO, coorHomenue (2.17) He maér mepbl HeOOpa-
rumocru. OHO He MO3BOJIET OTJMYUTH MOYTH OOPATHMBIE IIPOIECCHL, JJIst
KOTOPBIX C XOPOIIMM IPUOJIMKEHHEM MOXKHO II0JIb30BATbCA (hOPMyJIaMu,
BBIBEJICHHBIMY B CJIy4ae IMOJOOHBIX OOPATUMBIX IIPOLECCOB, OT HPOLECCOB,
TaK CKa3aTh, [IyOOKO HEOOPATHMBIX.

Takyi0 BO3MOKHOCTb, OJJHAKO, OTKPbIBAET PaBeHCTBO (2.18).

§ 7. DHTpONNS

PaBeHCTBO HYJII0 HEKOTOPOrO MHTErPAJIA 110 IPOU3BOJIILHOMY 3aMKHYTO-
My KOHTYPYy O3HAYaeT, 9TO MOKHO BBECTH (DYHKIIMIO COCTOSHUS, maudde-
PEHIIHAJIOM KOTOPOH 1 SABJISIETCS MTOIMHTErpaIbHOE Bhipazkenue. HamoMmuanm
COOTBETCTBYIOIIUE PACCYKICHUSI.

P

/ A
/////////2

Vv

Puc. 11

IMposengm obparumbii muka 1a2bl (puc. 11). Ijis 0GpaTuMbIX MpOIEC-
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coB cupaseuiuso pasencrso Kuaysuyca (2.18), u MoxKHO 3aucarb

5Q J 5Q 5Q
L | == % o
J T T ta2o1 1

la2 2b1

Ho obparuwmbrit mporecc 2b1 MOXHO MPOBECTH U B OOPATHYIO CTOPOHY, IPU

3TOM
J 0Q _ _ J 0Q
T T
162 261
Kombunaupyst 9T1 /iBa COOTHOIIEHHUSI, [TOTY IaeM
J 0Q _ J 0Q
T T
a2 162

Tak Kak KOHTYp, U COOTBETCTBEHHO ITyTH IEPEXOIa W3 COCTOsiHUs 1
B COCTOsIHME 2, Mbl MOXKEM BbIOUPATH IIPOU3BOJILHO (Juilb Obl OHU ObLIU
00paTUMBIMK), Mbl UMEEM 1IPABO BBECTU (DYHKIMIO COCTOSHUS — HTPOIUIO
S, oupejeisieMmyo B auddepeHnuanibHoi GopmMe COOTHOLIEHHEM

ds = (‘%Qlﬁp. (3.1)

Tak kak HTpONMS siBJIsI€TCS (DYHKIMEH COCTOSHYS, €€ OECKOHETHO Ma-
Joe upupaiienue dS (B owmuue or 6Q)) — nounbiii auddepennuain. B ra-
KUX CJLy4asx roBopatr, 4ro 1/7T — unrerpupyomuii MHOKUTEIb s ().

B mnaTerpanbHoit popMe IKBUBAJIEHTHOE COOTHOIIIEHUE TAKOBO:

2 2
5
So— S :JdS:J<TQ)06p. (3.2)
1 1

Ecmu mbr Temeps mepeiiném u3 cocTtogHus 1 B COCTOSHHUE 2 110 HEOOpa-
TuMOMYy LiyTH, Haupumep 1c2 (puc. 11), a 06paTrHO BepHEMCsI 110 OJHOMY U3
obparuMbIx yTeil, HapuMep 2al, Mbl JOJI2KHBI 3AIUCATH HEPABEHCTBO

0Q Q Q

—_— = —_— — < 0.

j€102a1 T J T J T <0
1c2 2al

VYaacTok 2al oOpaTuM, ¥ MBI TIOJIYIaeM

2

0 0
JTngTQ:JdS:SQ—Sl. (3.3)
1c2 la2 1
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Tak kak MBI BIpaBe BbIOpaTh JiI0OOH, B TOM 9HCIE W OECKOHEYHO Ma-
JIBIA [UKJI, MBI MOXKEM 3allMCATh COOTBETCTBYIOIIEE COOTHOIIEHUE B JIu-
depenuaabaoOi popMe, CIpaBeIIMBOE sl JTIOOBIX KAK OOPATUMbBIX, TaK
7 HEOOPATUMBIX ITPOIECCOB:

5
?Q < ds. (3.4)
Eciu cucrema He 0OMEHUBAETCST TEILJIOM C APYTUMHU TEIaMU, O9€BU/IHO,
ds > 0. (3.5)

Koneuno, soipaxenue (3.5), kak u (3.4), nuepexoaur B paBeHCIBO, €C-
JIM BCE IIPOIIECCHI, IIPOTEKAoIue B cucreMe, obparumbr. [loaTomy obparu-
MbI€ IPOIECCHl B TEILIOM30JIMPOBAHHON CUCTEME MPOUCXOAAT Oe3 m3MeHe-
HUSI YHTPOIUU U COOTBETCTBEHHO HA3BIBAIOTCS W39HTPOMUIECKUMHE ITPOTIEC-
caM¥ WJIU IPOCTO u33HTpomamu. Tak, B 9aCTHOCTH, YpaBHEHUE aauabaThl
ITyaccona (2.10) ecrb ypaBHEHUE U3IHTPOLBL UAEAJILHOIO 1a3a.

Huist cupaseyuBocru coorHouenus (3.5) 10craTro4Ho, 4Todbl cucTeMa
ObL1a Termmon3oupoBanHoi. Ho moTHOCTRIO n30IupoBaHHast, BOOOIIE HU C
9eM HE B3aMMOIEHCTBYIOMIAs, 3AMKHYTasi CHCTEMa, KOHEYHO, TOXKE IMOT9HU-
Hgerca HepaseHcTBy (3.5). PeasibHO €O31aTh WM HAWTU CHCTEMY, IIOJHO-
CTHIO M30JIMPOBAHHYIO OT BCSIKUX BHEITHUX BO3/EiCTBuUil, HEBO3MOXKHO. Ho
OHA CHCTeMa KakK OyITO yIOBJIETBOpPsieT TaKuM TpeboBaHmsM — 310 Bce-
snenHas B 1nesioM. IIpeacrasienne o Beemennoit, kak 0 cucreme, KOTOpOit
MIPOCTO HE C K€M OOMEHUBATHLCS JHEPTHell B Kakoi ObI TO HU OBLIO dopMme,
no3Bomyio Knaysuycy B cBoiicTBeHHOM emy adopuctutnoit popme chop-
MyJIIPOBATH 1B HAYAJIA TEPMOIMHAMUAKHA:

Die Energie der Welt ist konstant.

Die Entropie der Welt strebt einem Maximum zu.

Queprust Beenennoit HemameHHA.

Durpomusa Beemennoit BozpacTaer. !

B n1060it KOHEYHO#T 3aMKHYTOM CUCTEME TOXKE MOT'YT MIPOUCXOIATH TOJh-
KO TaKHe [POLECChI, [IPH KOTOPBIX SHTPOIUs He yobiBaeT. B rakoii cucreme
MOKET B COOTBETCTBUU C «OOIIMM HAYAIOM» [IPOUCXOIUTH OJIUH IIPOIECC —
[IPOIIECC yCTAHOBJICHHS] PABHOBECHUS: 3aTYXAI0T MAKPOCKOIMYECKHE JIBUKE-
HUsI, BEIDABHUBAIOTCS JIABJIEHUE W TEMIIEPATYPA, B PA3HBIX YACTAX CHCTEMBI
¥ T.7. DHTPONUS IIPUA ITOM, TOBOPsI CTPOTO MATEMATHIECKHU, HE MOXKET yObI-
BaTh. KoHneuHo, peanbHO OHa Bcerga Bo3pacraer. OTCIOMa BBITEKAET BaXK-
HBII BBIBOJ: PABHOBECHOE COCTOSIHME 3aMKHYTOH CHCTEMBI COOTBETCTBYET
MAKCUMYMY HTDOIIUU.

L Bonee To4HEBIH mepeBos — «CTPEMHTCA K MAaKCHMyMy». O KOPPEKTHOCTH 3TOH hop-
MYJIEIPOBKH MBI HEMHOI'O IIOroBOpuM B ryiase VI.
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DHTPONUS OTAEJIbHBIX YACTEH CUCTEMbI B IPOIECCE YCTAHOBJICHUS PAB-
HOBECHUsl, KOHEYHO, MOYKET U YMEHBIIATHCI — TAKUE YaCTH CAMU HE SIBJISOT-
cst 3aMKHYThIMH cucTemMamu. Ho obmumit 6aanc 6yaeT Bcerma moIoKuTe b
wbiM. K mpumepy, 6pocuM B BOIy ropsiduii Kycok xkeje3a. 2Keme30 ormaér
TEIJIO, U XOTS ITOT MPOIECC HEOOPATHUM, SHTPOIIMS JKeje3a BCe Ke yObIBa-
er. Ho T0 ke camoe KOJIM9ecTBO TeInia, moIyvaeT Bojaa. Temmeparypa BOIbl
HUZKE TEeMIIEPATYPBI XKeJie3a, e€ SHTPoIus Bo3pacraer 6oJibiine, 4eM yObiBa-
er sHTpOoLMs Keje3a. B 3aMkuyToll cucreme (Bosa + 2Kejie30) SHTPOLU
00s13aTEJIHHO BO3PACTAET.

§ 8. O6beagunénnag 3anuch 1 u 11 Havas. BeruucieHne suTponuu

Ucnonb3ys coornomenue (3.4) U OrpaHUYUBasiCh, Kak OObIYHO, CJLyda-
eM 0A = PdV, Mbl MOXKEM I[IEPELUCATDH [IEPBOE HAYAJIO TEPMOJUHAMUKHI B
CIIE/LYTOIIEM BUJIE:

TdS > dU + PdV. (3.6)

Beipazkenue (3.6) 0Obr4H0 Ha3bIBaeTCd 00beMHEHHON 3AIIUCHIO IIEPBOIO
¥ BTOpOrO Hadaj TepMoauHamuku. Keiu 6Q = T'dS, ¢hopmysa 09eBuIHBIM
00pa30M TEePEexXOIUuT B PABEHCTBO

dU = TdS — PdV, (3.7)

KOTOPOE CIIPABEJJIMBO YK€ TOJIBKO Jjisi 00paruMbix mporeccoB. OgHaKO
WMEHHO OHO OTKDBIBAET BO3MOMKHOCTH PACUYETa M3MEHEHWS IHTPOIUU B
mporeccax HeoOpaTuMbiX. [lockombKy sHTpOrms siBisieTcss GYHKIHeH co-
CTOSIHHSI CUCTEMbI, O9€BH/IHBIM PEIEITOM BBIUYUCIEHUS B CIIy4ae HAJTUIMS
HEOOPATUMOCTH CTAHOBUTCS TAKasl MPOIE/ILyPa: HAJI0 3aMEHUTh PEAJIbHBII,
HEOOPATUMBIH MPOIECC JIIOObIM OOPATUMBIM IIPOIECCOM, MEPEBOISIIUM CH-
CTeMy W3 TOTO Ke HAaYaJHHOTO COCTOSTHWS B TO JKe KOHedHoe. V3MeHenune
SHTPOMMY B OOPATHMOM MPOIMECCEe MOYKHO PACCIUTATH, a B HEOOPATHMOM
OHO Oy/IET TOYHO TAKUM 2KE.
Pacemorpum Mosb uaeanbaoro rasa. 13 (3.7) nonydum
au P Cy
dS = — + =dV = —
T T T

ITocne unrerpupoBanusi umeem

R
T + —dV. .
dT + dV. (3.8)

S=CyInT+ RInV + Sp. (3.9)

IIpucmorpumcs Kk 6osiee 0bIIEMY BBIpaXKEHUIO 1Jisi nuddepeHInaia, SH-
TPOIIHH:

1 P
ds = ZdU + = dV. (3.10)
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B mero Bxomgar uaTeHCcHBHBIE TapaMeTpbl P u T, a sxkcrencuBubie U u
V' ansuruBHBIL

HamoMmuamM CMBICT UCIIOIB30BAHHBIX TEPMUHOB. Belnmdania Ha3bIBAETCS
WHTEHCHUBHOMN, eCJIi OJTHO W TO K€ 3HAYEHNE XapaKTEPU3yeT KaK CUCTEMY B
[EJIOM, TaK ¥ KaXK/IYI0 OTIEJbHYI0 9acTh cucreMmbl. K mpuMepy, pa3aeaum
MBICJIEHHO H& 9aCTHU COCY/ C Ta3oM. /laBienne, TeMeparypa B KaxKI0i ga-
ctu OyIyT PABHBIMU M TAKHMHU K€, KAKIMU MBI XaPAKTEPU3YEeM CHCTEMY
B [EJIOM: 9TO MHTEHCHBHBIE IAapPaMeTPbl, OObEMBI 2Ke JacTeil MOryT OBbITh
Pa3IMYHBIMY, U YK€ HUKAK HE MOTYT OBITH DAaBHBIME OOBEMY BCeil cucTe-
MBI: 3TO KCTEHCUBHBII Tapamerp. B To ke BpeMsi cymMMma 00bEMOB dacTeit
cocrasJjisierT 00bEM cucreMbl, 00bEM — ellg U 8 IMTUBHbBINA Hapamerp. A -
TUBHA BHYTPEHHSIS SHEPIUS UI€ATBHOIO ra3a — 9TO KHHETHIECKA YHEPTUsT
MOJIEKYJI, I BHYTPEHHsIsI SHEPTHs CUCTEMbI PABHA CYMME SHEPTHil MOJIEKY/I
WJIA HEKOTOPBIX KOJIJIEKTUBOB, HA KOTOPBIE HAM B3Iy MaJIOCh PA3IE/IUTh ra3.

OTmeTnM, 9TO HEPTrUs HE BCETIA &/INTUBHA. KCIu CymecTBeHHO B3au-
MOefCTBIE MEXKTY IOJICUCTEMAMU, TO HEBO3MOXKHO MIPE/ICTABUTH YHEPTUIO
CHCTEMBI KAK CyMMY SHEPruil IOICUCTEM.

Herpyauo moHATH, 9TO SHTPOMIUS [OIXKHA OBITH A AUTUBHON (DyHKIH-
eii. J1j1s1 TpOM3BOIBLHOIO UMCJIa, MOJIEH MIeabHOTO Ta3a

\%
S:VCV1nT+1/Rln;—+—1/SO. (3.11)

Bo Bropom caaraemom nom 3makom jgorapudwma crout me V, a V/v.
IIpencraBum cebe, 9TO MbI, XOTsI ObI MBICJIEHHO, PA3/IE/JMIN I'a3 HA MOJIU.
Torma KaxKApI MOJIH 3afIMET HE Bech 00bEM V, 3aHMMAEMBIi CHCTEMOI, a
UMEHHO 49acTh ero, paBuyio V/v. COOTBETCTBEHHO 3Ta BEJUYUHA BOHIET B
dopmysy mist SHTpONUH MOJIs ra3a. VHatwe roBOpsi, MBI MOYXKEM SKCTEHCHUB-
Hblil mapamerp V 3aMeHUTH I[ICEBIOMHTEHCUBHBIM — MOJISPHBIM O0BbEMOM
Vo = V/v. Torma dopmymna npeobpasyercst K Bumy, 6oJee eCTeCTBEHHOMY
JUIS QIMTUBHON DyHKITHN:

S=v(CyInT+ RInVy + Sp). (3.12)

Eciu naMm n3BecTHbI HAYaIbHOE COCTOSIHUE, 33/[AHHOE, HAIIPUMED, 3HaYe-
HUASIMU TEMIEPATYpbl U 00béma 11 u Vi, u KoneuHoe cocrosiue — Ts u Vo,
IpOBeIEM 00PATUMBIil TIPOIECC IePeBO/a CUCTEMbI U3 IIEPBOIO COCTOSHUS
BO BTOpOE B JiBe crajuu. CHAaYaIa M30TePMUYECKH U3MEHUM OObEM, 3aTeM
HU30XOPHUYECKH JOBEIEM TeMIIeparypy /10 Tpebyemoro 3uadenusi. [Iporeccsr,
KOHEYHO, MOYKHO U HEePeCTaBuTh. Ky mpomnecchl 00paTuMbl, MOXKHO ITO/I-
cuuTaTh n3Menenue suTponun. OHO OyIeT TaKUM 2Ke Ipu JI0OOM criocode
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[EPEXO/Ia U3 COCTOAHUA 1 M B COCTOAHHUE 2, B TOM 4HCJIE U TOIJA, KOTJA
[EPEXOJL, BKJIIOYAET HEOOPATUMBIE yIACTKH.

KoHeuHo, 11 uaeajbHOrO ra3a MOXKHO Cpa3y BOCIOJIb30BATLCHA TOTO-
BOii bopMysioii (BHOBb GepeM OIUH MOJIb):

Ve

T (3.13)

T
Sy — 8 =Cyln=2 + Rln
Ty

IIpuseaém nBa BaxkHbIX puMepa npuMenenus dopmya (3.11) — (3.13).

1° PacuimpeHue ujeajabHOro rasa B mycrory. B ombire [eii-JTioccaka
(§5, 1°) mensiercs 00bEM ra3a, a TeMIEpaTypa OCTAETCs Heu3MeHHOMN. [ljis
MOJISI Cpa3y MOJIy4YaeM
Va
AS =Rln —.
Vi

(3.14)

Xorg cucreMa He MOJTyIn/Ia, TeILIa, €€ YIHTPOIUs BO3PAcCTaeT — Heobpa-
THMBIH [IPOIECC B TEIIOU30JUPOBAHHON CUCTEME BCErJA CBA3aH C POCTOM
suTponuu. OT™MeruM u JPyryio CTOPOHY BOIIPOCA: YTOOBI yBEIUIATH OOBEM
NP HEU3MEHHOU TeMIepaType O0PATHMO, MbI JOJIZKHBI [TOIBOIUTH TEILIO;
OYeBHU/IHO, YTO TOTJA IHTponus Bo3pacTér. Ho u3menenne sHTpONUU OTHO-
3HAYHO OIPEEJIeTcsl HAYAJIbHBIM U KOHEYHBIM COCTOSHHUSIMU, 3HAYUT, B
COOTBETCTBYIOIIEM HEOOPATUMOM IPOIECCE OHA TOXKE BO3PACTAET.

2% Cwmemrenue rasos. Ilapagokc I'm66ca. JIBe 11010BUHBI COCyIa 3a-
[IOJTHUM Pa3HbIMK razamu. IlycThb /1718 MpocTOThI KOIMYeCTBO Kazk/I0r0 ra3a
PaBHO MOJIIO ¥ I'a3bl UMEIOT OJMHAKOBbIE TeMIieparypul. Teneps yoepém me-
PEropoJIKy U IO3BOJINM ra3aM IepeMeniarhbcs. VI3MeHenne SHTPOIUH KazK-
JIOTO ra3a B COOTBETCTBUHU C BbIpaxkenueM (3.14) cocrasur Beamduny R In 2
u o0ree u3MeHenue SHTpouu Oyaer paBuo 2R 1In 2. Dra Besnvuuna He 3aBU-
CUT OT TOT'O, KAKHE KOHKPETHO I'a3bl CMEIINBAIOTCs, HACKOJIBKO OHU OTJINY-
HBI JIPYT OT Jipyra. BasKHO TOJIBKO OJHO — 3TO JOJIKHBL OBITH PA3IHIHBIE
nJIeaJIbHbIE ra3bl.

CoBcem mHave OOCTOUT JIEJI0, €CJIU B MOJIOBUHKAX COCY/Ia OJUH U TOT
ke ra3. Herpyaso Bumersb, 94T0 m3MeHEHHE SHTPOIUU PABHO B ITOM CIIy-
qae Hysar0. Temmeparypa He M3MEHUJIACH, HE M3MEHWJICS MOJISIPDHBIN 00b-
€M, cyMMapHasl Macca ras3a OCTajach IPeXKHEeHl — He JOJIKHA U3MEHITbCS
u 3HTpOnMs. XOTsl HA MEpPBbIA B3IVIs) KaXKETCS, 9TO COCTOSIHUE BCE XKe
MEHSIETCST — MOJIEKYJIbL M3 JIEBOM YaCTU COCYJIAa IEPEXOSIT B IPABYIO, HA
AX MECTO IPHUXOJAT MOJIEKYJIbl U3 [PABOH 9aCTU COCY/d — IIPOIECC CAMO-
auddysun unér. OJHAKO HEM3MEHHOCTb MAKPOCKOIMYECKOI'O COCTOSHHS
[PUBOJUT K Hen3MeHHOCTH 3HTponnu. PaKT KOHEYHOIrO CKAaYKa IHTPOLIUU
cmerrennst AS Tpu mepexojie OT WAEHTHIHBIX Ta30B K CKOJIb YTOTHO MAJIO
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OTJIMYAIOUIMMCH, HO HE IIOJHOCTBIO WJIEHTHYIHBIM (MHOIJA HE BIOJHE KOD-
PEKTHO roBopaT — npu GECKOHEMHO MAJIOM U3MEHEHMU CBONCTB OIHOrO U3
CMENIUBAIOIIUXCA Ta30B) Ha3blBaeTCs napajokcom I'ubbea [[11].2

§ 9. TepmoaguHaMUYIeCKE TOTEHIIAAIIBI

C [OMOIIBIO SHTPOIKUU HAM YIAAJIOCH 3alMCATH EPBOE HAYAJIO B (hOpMe
(3.7), B kKOTOPO# PUrypUDPYIOT TOIBKO HAPAMETPbL U (DYHKIUU COCTOSIHUS.
Breiparkenwe st IpuUpaIneHns BHYTPEHHEH dHEpruu npuobpeso BUI, TH-
MUYHBINA 1Tt OIHOTO mauddepennuaia OYHKIUA ABYX MEPEMEHHBIX — S
u V. CpoiicrBa mosHbIX audbepeHuaios Jal0T BO3MOXKHOCTh MOJIYIYUTh
HEKOTOPBIE MTOJIE3HbIE COOTHOIIEeHUSI. Tak, Koadduiments! npu guddepen-
[HAJIAX HE3ABUCUMBIX [IEPEMEHHBIX — COOTBETCTBYIOIIME YACTHBIE [TPOU3-
BOZHBIE (DYHKIIWN, TO €CTh

Kpowme Toro, Bropasi npou3BoHas 0T (GyHKIUH [0 O0EHM TIePEeMEeHHBIM
HE 3aBUCHT OT TOPsSAKa nuddepeHnpOBaAHNs, & 3HAUUT:

v (35}, = [ ()],

@), e

[TomobHbIE COOTHOIIEHUST MEXK Ty IEPEKPECTHBIMU IIPOU3BOHBIMU B TEP-
MO/IMHAMUKE HA3BIBAIOTCS COOTHOIIeHUusIMu MakcBesuia.

Buyrpennss sneprus — He eIuHCTBeHHAsT (DyHKIUs, 00/Ia1AI0MMIAs 110~
nobubiMu cBoiicrBamu. JI0basi komOuHaIMs napaMerpoB u (DYHKIHHA CO-
CTOSIHWSI, CaMa, KOHEYHO, Toxe Oyuer dyukiueit cocrosaus. C omuHoi u3
TakuX PYHKIUH MBI y2K€ 3HAKOMUJIUCh — 3T0 dHTaAbIus I = U + PV, eé
g depeHnmalt, O9eBUIHO, PABEH

dI = dU + (PV) = TdS + VdP.

JIJist SHTAJBINU, TAK CKA3aTb, €CTECTBEHHBIMU MEPEMEHHBIMU CJIYZKAT S
u P. Mot Bugum, uro P u V kak Obr momeHsiuch posisivu. 11omobHbIM

2VkazaHUS B KBaIPATHHIX CKOOKax [/IN¢| OTCBHIIAIOT K COOTBETCTBYIONINM ITyHKTAM
JlonosineHns.
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obpasom, Borauras u3 U wiau I Besmuuny 1S, Mbl MO2keM 00pa30BaTh erng
aBe byHKIuU cocrosinus: cBoboanyo 3uepruto = U — T'S u norediuall
I'ubbca:

b=U+PV-TS=F+PV=I1-TS.

Yeroipe yukiuu U, I, @, F 06beIUHAIOT HA3BAHUEM TEPMOINHAMUIECKHE
dyHKuuyM win repMojuHamuydeckue noreruualbl [ 2].

OTH, HA3BIBAEMBIE ell§ XapAKTEPUCTHICCKUME (DyHKIMSIMU, BEJIUIUHbBI
aHAJIOTWYHBI TIOTEHIMAIBLHON HEepruu B MexaHuke. Pabora KOHCepBaTHB-

HBIX CHJI paBHA yObLIM MOTEHIHUAIbHOM sneprun dA = —dF, .. [lomobHo
9TOMY, HAIIPUMED, [IPH IIOCTOAHHOM HTPOILKMK paboTa TEPMOIMHAMUYECKON
cucreMbl paBHa yObLIu €€ BHyTpeHHell sHeprun dAgs = —dU.

CBoJIKa CBEJIEHUI O CBOMCTBAX TEPMOJAMHAMUYECKUX [IOTEHUUAJIOB U 110-
JIYIaEeMbIX C UX IIOMOIIBIO COOTHOIIEHUSX TPUBEIEHaA B Ta0. 1.

Obparum BauManne Ha norennuag . Ou onpenesnsier W30BITOYHYIO IO
cpauenuio ¢ PdV pabory npu mocrosaubix 1T u P. Kazamock Obl, eciaun
y49ecTb ypaBHEHHE COCTOsSHUs, 1 u P OJHO3HAYHO OmpEeaessioT U 00bEM
cucrembl. QHAKO 3TO TaK B CJIy4ae I'OMOI€HHOI'O COCTOSIHUSI — TOJIBKO I'a3
WIA TOJBKO KUIAKOCTh. KCau ke mpoucxoauT (pa30BbIil Mepexo — UCHa-
peHue, TIaBJeHNe U T.JI. — IOSBJISETCS eIné OAUH CBOOOMHBIN Mapamerp
COCTOSTHMSI — COOTHOIIIEHUE MEXKIY KOJUYIECTBAMU BEIECTBA, HAXOIAIIU-
MHCH B pasHbix ¢azax. [Ipu ogHoM m TOM ke maBjaeHun 1 arMm, OOHON u
Toit ke Temneparype 373 K Boga moxker ObITh 2KUIAKOI Mk ra3000pa3Hoii,
a MOT'YT COCYIIECTBOBATDH »KU/IKAsI BOJA W BO/ISIHBIE TIAPhI B CAMBIX PAa3HBIX
npomnopiusx. Tak Kak Opu ucnapeHun (Ui KOHIEHCALUK) B YCJIOBUSIX MO~
CTOSIHCTBA TeMIepaTypbl U naBjieHus P cucreMbl He HOIKEH MEHSTHCS,
yAeIbHBIN nmoTeHuaa I'uboca J10/KeH IMETh OJTHO U TO K€ 3HAYEHUe st
KHUIKOW U ra3000pa3HOl BOIBI.

KonkperHbie BBIBO/IBI U3 9TOI0 yTBEPKICHUS MBI C/IEJIAEM B CAEIyIOIIeit
rJaBe, a ceiiyac MOIIEepPKHEM JIBa 00CTOSATETHCTBA.

Ileproe. Pe3yabrarsl TepMoguHaMuku, 0bime GOPMYJIbI, MOy 9€HHBIE
Ha, OCHOBE IMPUMEHEHUs JByX €& HadaJjl, CIPaBEeIJIMBbl BHE 3aBUCHMOCTU
OT BHU/A yPABHEHUS COCTOSHUS, OT XapPaKTepa B3aUMOIEHCTBUS CUCTEMBI C
OKPY2KAIOIIMMH TeJIAMU U T.J. DTO BIIOJHE YHUBEPCAJbHbBIE COOTHOLIEHUS,
¥ JIWIIb T€ COOTHOIIEHHs, KOTOPBIE MbI MOJIYyYU/IN, HEIIOCPEJICTBEHHO WC-
MMOJTb3ysl CBOMCTBA M/I€AJHHOTO 'a3a, €CTECTBEHHO, W MPUMEHUMbI JIUIIb K
9TOMY OOBEKTY.

C apyroit CropoHbl, B OJIHOM OTHOLUEHUY HAIIK BBIBOJBI [I0J1y Y€HbI JIJIsd
HUCKYCCTBEHHO OIPAHUYIEHHOIO BHUIA IIPOIECCOB. VIMEHHO, KpoMe Terniomne-
pesadu Mbl PACCMATPHUBAJIN JIUIIb OJIMH BAPUAHT OOMEHA YHEPrUeil MexK Iy
HaIllell CUCTeMON U JPYTWMU TEJIAMHU: COBEPIIEHNe MEXaHUIECKOH padoThI
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npu u3Mmenenunun obbéma. Ho cymecTByor u apyrue Mexanu3Mbl COBEPIIIE-
Hus paborel. Tak, B § 2 Mbl paccMaTpuBa/iy Pe3nHOBLIA HYp. TaM 3j1eMeH-
TapHas pabora cucrembl umena Buig dA = — fdl. Boobiue B jir060M ciydae
pabora umeer Bung 0A = X,dx;, roe X; — obobménnas cumia, r; — 0000-
meénaasa kKoopanaara. [Ipu pacmmpenun raza X = P, x = V; aja mHypa
X = —f,x = [. Ecu pabora coBepimraercs mpu nu3MeHeHnn moBepxaoctu I1,
Ha KOTOPOH CYIIECTBYeT MOBEPXHOCTHOE HATKEHHUE o, paboTa paBHa 6 A =
= —odll; X = —0, x =1I.

Tadbauma 2

F=U-TS dF = —=5dT — ¥; X;dx;

COOTBETCTBEHHO B TeX CJIy4asiX, KOI/A BO3MOXKHBI PA3JIMIHBbIE MEXa-
HU3MbBI paboThbl, Gpopmysibl u3 Tabi. 1 qoikHbL ObITh 0600MEeHbl. CBOIKA
HEKOTOPBIX U3 TAKUX 0000MEHHBIX POpMyaT — B Tab. 2.

1° Kpurepuu paBHoBecusd. lIpusenénnbie B rabiuuax 1 u 2 popmyibl
CIPABEJJIUBBI TOJIBKO JIJIsi PABHOBECHBIX COCTOSIHUN B OOPATUMBIX [IPOIIEC-
coB. Obparumcs K OOIEMY CJIy9al0 U BHOBb PACCMOTPUM COOTHOIIEHUE
(3.6), 3amucaB ero B TaKOM BUJIE:

1 P
s > — —dv. 1
S > U + ZdV. (3.17)

B s1rOM HEpaBeHCTBE PHTPOINMS BBICTYIAET B KAYECTBE [MOTEHIINAJA, B
nepemensblx U u V [ 3]. Oguako 0nHO3HAYHO €€ M3MEHEHUE CBA3AHO C
mapaMerpaMu COCTOSHHUsI TOJIBKO IPH 0OpaTuMbix mporeccax. Ecau U u
V' He MeHsIOTCsI, HTpONUsT Hem3MeHHA wiu pactér. Ho uro o3uagaer ox-
HOBpeMenHoOe paBeHcTBO Hymi0 dU u dV? Ecmm dV = 0, cucrema He co-
Bepiiaer paborbl, ecau upu 3roM emwé u dU = 0, ro @ = 0. Ho oxno-
BPEMEHHOE PABEHCTBO HYJIIO PAbOTHI U OTCYTCTBUE TEILIOOOMEHA O3HAYALT
MU30JIMPOBAHHOCTD CUCTEMbI. Mbl, KOHEYHO, MPUIILIA K y2Ke MOy 9eHHOMY
paHee BBIBOIY: HTPONMS U30UPOBAHHON CHCTEMBI MOXKET TOJBKO PACTH
¥ B paBHOBECUU IOCTUTraeT MakcuMyma. OIHAKO TPAKTOBKA YHTPONUN KaK
MTOTEHITUAJIA, TOJCKA3BIBAET HAM 00pa3 JAEHCTBUII B MHBIX CHTYAIIASIX.

Hawubosiee nHTEpPECHBIME SIBJISIIOTCS JIBA CJIy4dast: CUCTEMa, B KOHTAKTe
C TEPMOCTATOM IPU HEM3MEHHOM OObEME WU IPU HEM3MEHHOM BHEIIHEM
nasiaennu. Eciu wemsmennsr® T u V, ecTeCTBEHHO 06PATUTHCH K CBODOI-

3B srom ciyuae T — Temieparypa TepMOCTaTa.
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HOI HEPIUU — HOTEHIUAJNY MMEHHO B 9THX MEepPEeMeHHbIX. 3ameHuB U Ha,
F+ TS, uonyaum:
dF < —=SdT — PdV.

Eciiw T u V Hew3sMmeHHBI, CBOOOIHAS SHEPIUS MOXKET TOJBKO YMEHb-
MATHCI — [PUA HEOOPATUMBIX MPOIECCAX — WJIM OCTABATHCS MOCTOSHHOM,
9TO COOTBETCTByeT papHOBecuio. VlTak, Mbl IPHUILIM K Ba’KHOMY BBIBOZY:
JIJIsSI CUCTEMBI HEU3MEHHOTO 00bEMA, HAXOLIIEHCHd B TEIJIOBOM KOHTAKTE C
TEPMOCTATOM, YCJIOBHEM DABHOBECHS SBJISIETCS MUHUMYM CBOOOIHON dHED-
THH.

AmnayioruaabiM 06pa30M KPUTEPUEM PABHOBECHSI IIPU HEU3MEHHBIX (BHEIII-
HUX) TeMIepaType U JABJIEHUM sIBJIAETCd MUHMMYM LOTeHuuasa ['nbbea

CHCTEMBbI.
* Kk %

Eciu genoBek He nonmmaer npobJieMbl, OH I1H-
meT MHOTO (OPMYJI, a KOT/Ia TOWMET, B Ue€M Jie-
JIO, UX OCTAETCS B JIyHIIEeM CJIydae IBe.

H. Bop

Bropoe Havuasio TepMOIMHAMUKY, [TOCTYJINPYIOIIee HEBO3MOXKHOCTH Hec-
KOMIIEHCAIJMOHHOT'O IIPDEBPAIIlEHNsI BHYTPEHHEH YHEPIuu CUCTEMBl B MeXa-
HAYECKYI0 paboTy, JaJI0 BO3MOXKHOCTD BBECTU (DYHKIHIO COCTOSIHHUS SHTPO-
U0, ompeesseMyo nuddepeHnaabHbIM COOTHOIIEHUEM:

6Q)
ds=|— .
( T obp

DTO MO3BOJIUJIO TEPEMUCATEH MEPBOE HAYAJIO B BUJIE
TdS > dU + PdV,
n B 60stee obImeit popme

TdS > dU + ) Xidx;.
i
B obenx mociemaux gopmynax OoOpaTUMbIM IIPOIECCAM OTBEYALT PABEH-
CTBO, HEOOPATUMBIM — HEPABEHCTBO.

B nosiHom cooTBercTBHY ¢ «IpaBuioM Bopay — nBe dbopmysibl (oaHa U3
HANMCAHHBIX HAMM TPEX — YaCTHBIA ciaydail apyroii). Ho sTu aBe Heca0xK-
Hble (POPMYJIBI JAI0OT BO3MOXKHOCTH IOJIYYUTh MHOYKECTBO CBEJEHHH O TIO-
BEJIEHUHU CAMbIX DPA3JIMYHBIX TEPMOJIUHAMUYIECKUX CHUCTEM, U PE3YJIbTATHI
[IEPBBIX IIArOB B 3TOM Halpasjenun — B Tabdir. 1.

IIpaBma, 3TM pe3ysbTaThl BBITJISIAT JAOBOJBHO abcTpakTHO. Ciemyro-
mast r1aBa u OyJIeT MOCBSIIIEHa IPUMePaM UX KOHKDETU3AIUH.

I's1ABA IV

HekoTopble nmpujiokKeHus
3aKOHOB T€PMO/IMHAMUKU

C xapaKTepuCTUKAMM KOHKPETHBIX IIPOLECCOB MbI JI0 CHX IO 3HAKO-
MUJIMCh HA LIPUMEDPE UAeaJbHOro rasa (B ocmopuoMm cM. §5). Uneanbubiit
raz — camasl OpOCTasi TEPMOJMHAMUYECKAs CUCTEMA U ECTECTBEHHO HAUU-
Harhb ¢ Heé. Ho ecrb u gipyroe, He MeHee CepbE3HOe 0BCTOATENLCTBO: HoJiee
CJIOZKHBIE CUCTEMBI MbI OBLIU IIPOCTO HE B COCTOSIHUU UCCJIEI0BATH. TaKyto
BO3MOXKHOCTH MbI [TOJIy9a€M JIMIIb [TOC/IE 3HAKOMCTBA CO BTOPBIM HAYAJIOM
TEPMOJIMHAMUKH. BCIOMHHMM BOIPOC O CBSA3M BHYTPEHHEH YHEPrUM BEIle-
crBa ¢ obbémoM (§5, 1°). BaBucrMOCTh BHYTpEHHE( SHEPTUH FJIH KaKOro-
b0 Apyroro moreHnuaga or napamerpos cocrosuus (T, V wmu T, P)
HOCHUT HA3BAHUE KAAOPUHECKOZ0 YPABHEHUSA COCTNOANUSA B OTIIMINE OT mep-
MUYECK020, CBA3BIBAIONIEro mapamerpsl 1, V u P, KoTopoe Mbl Ha3bIBAJIN
IPOCTO ypaBHEHHEM COCTOsiHUA. OKa3bIBAETCS, BTOPOE HAYAJO MO3BOJISIET
[OJIYyYUTh JOCTATOYHO IIOJIHBIE CBEJEHUS O KaJOPUYECKOM YDPABHEHUH U3
TEPMUYECKOro. B OCHOBHOM [jisi 9TON M APYrUX MOAOGHBIX HPOLEILYD HC-
[OJIb3YIOTCS JIBA METO/[a, — HENOCPEICTBEHHOE IIPUMEHEHNE BTOPOro Hava-
Ja (Mero/| HMKJIOB) U MCIIOJIb30BAHUE CBOMCTB T€PMOMHAMUYECKUX II0TE€H-
uuasios (Mero/, HOTeHIHUAJIOB).

§ 10. MeToa NMUKJIOB M METO/, IIOTEHIIAAJIOB

st uiealibHOrO ra3a HE3aBHCUMOCTH BHYTPEHHEH sHepruu or 00bé-
Ma MO2KHO ODOCHOBATH, aHAJIU3UPYsl Pe3y/ibraThl onbiTa Leii-JIroccaka nin
MHUKPOCKOTTMYIECKYIO MOJIETb.

Paccmorpum 6ostee obmmii ciygaii. Ilycts HaM ©3BECTHO ypaBHEHUE CO-
crosinus BewecrBa (Tepmudeckoe ypasaenue). Tem cambim Mbl Oyjem 10-
JIaraTh MU3BECTHBIMM YACTHBIE TPOU3BO/HBIE OAHOIO [IAPAMETPA COCTOSHUS
no apyromy: (0V/0T)p, (0T/OP)yv, (OP/OV)r. OkaspiBaercs, 3m0ro jo-
craTrovIHo, 9T00b! onpeaenuts (OU/OV ).
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pl1 P 1

;= ==

Puc. 12

1° Meron, mukmaoB. Paccmorpum GeckoHeqHO Madblil (ds1eMeHTapHbI)
uuki Kapuo (puc. 12a: cuownbie jimbun). C TOYHOCTBIO /10 BEJMYUH BTO-
POro mnopsijika, MajgocTu (IO CPABHEHWIO C IJIOMIAIbI0 UKJIA) €r0 MOXKHO
3aMEHUTb W300PAKEHHBIM HA TOM K€ PUCYHKE IUKJIOM, H3, KOTOPOM H30-
TepMbl U aAuadaThl 3aMEHEHBI HPSMbIMEU. B Cuily MajocTu MUK «agua-
b6arpry 23 u 41 OyayT HOYTH HMAPAJUIESbHBL, [IOYTH [TAPAJLIESIbHBL OyAyT U
«u30TepMbl» 12 u 34. Mbl npuium K MUKy, IPeICTaBJIEHHOMY Ha puc. 120.
[Inomaas ke nukiia 12341 va puc. 126 y2Ké B TOYHOCTH PABHA ILIOIIAIA
mukia 123'4’1" ¢ BepTUKATLHBIME <«3Iua0aTaMmy» . aguabaThl MbI IPEBPa-
THM B w30XOpbl. lljomane mosyunBiierocs 6€CKOHEYHO MAaJjoro IUKJIA,
C TOYHOCTBIO [I0 BeJIMYMH OOJIBIIErO IOPAIKA MAJOCTH PABHAS ILJIOMIAIN
HUCXOJHOIO IUKJIA, ecTh pabora rukia. Eciu remieparypa XoJI0quabHUKA
mawunbl Kapro pasua T', a narpesaress — T+ AT, mbt reneps (¢ yuérom
Toro, uro 14’ u 23’ — U30XOpbI) MOXKEM 3aMUCATH, YTO ITA PAbOTA PABHA

A=aprav = (22 arav.
ar ),

Iloasenénnoe K pabodeMy Teyly TEIJIO PABHO CyMM€ M3MEHEHUsI BHYT-
peHHell SHEPrun Ha N30TEPME U COBEPIIEHHOMN Ha TO# Ke n30TepMe paboTh

Q=AU+ A= (a—U) AV + PAV.
v ),

Temeps 3anumem Boipazkenue misg KIT mukma Kapno:

_AT_ A (5), ATAV
O (N PN

SameTuM, YTO B 3HAMEHATEJIE CJIe0BAJIO Obl, CTPOrO rOBOPsI, HAIIUCATDH
T + AT. Ho 970 TOJHKO MPUBEIET K MOSBICHUIO MAJIBIX BEJIUYWH OOJIee

§ 10. Memod yukxaoe u Memod NOMEHYUUANOE 63

BBICOKMX MOPSJIKOB, KOTOPBIE MOTOM HpuAETcs orbpocuth. Ilocae cokpa-
wenust Ha AV u AT nonydaem

@), ),

OxasbiBaercs, fyisa Bbraucienns (OU/dV)p JoCTaTOYHO 3HATH JIKIIH
yDaBHEHUE COCTOsIHUS, & KOHKpeTHee — naxe 10jbko (OP/0T)y .

Hns mwneamsroro raza (OP/OT)y = R/T w (OU/OV)r = 0, xak u
CJIEJTOBATIO OXKHJIATh.

2% Meroa moTeHnuagoB. B neppyio odepenp oOpaTuM BHUMAHUE HA
TO, 9TO MBI HINEM IPOU3BOAHYIO 0 V mpu nocrogauoi T'. EcrecrBenHO
[I09TOMY OOPATHUTHCs K MOTEHIualy B nepeMentbix V uT. 91o cBoGoiHAs
sueprusg F = U — T'S. Nuddepermupys, moaydum

O\ _ (U (08

ov ), \ov ), ov ).
C upyroit cropoust, dF = —SdT — PdV. 3uauur, (0F/dV)r = —P. Ilpu-
paBHsB JBa BbipaxkeHus mist (OF/0V ), moay4anm

ou aS
ov ), ov ) r
Haxkonen, u3 coorHotmenuss MakcBesaa JJjisi BTOPBIX MPOW3BOIHBIX OT F'
aS oP

I(/I4M$()3M (8_V)T = (8_T)v' EcrecrBenHO, MBI CHOBA HPUXOIUM K (DoOpMyIie

* Kk Xk

CpaBHuM /1Ba pa3’00pPAHHBIX METO/A.

B merome 1uKI0B MBI yraiasu, KAaKuM 00pa3oM HaJA0 1edOopMUpOBaTh
nuky KapHo, He mckaxkasi CyIMeCTBEHHO €r0 OCHOBHBIX XapaKTE€PUCTUK —
pabOoThI U MOy Y€HHON OT HArPeBATE sl TEIJIOThI. A 3aTeM OTHOIIEHUE STUX
BEJIMYMH MTPUPABHsIN u3BecTHOMY Bbipazkenuto st KIIJT mukiaa Kapro.

Meroa norennuaaoB — bosiee popmanbabiil. [lo HabOpy mepemMeHHbIX
00bIYHO (HO He BCerja) HETPYIHO JOra/arbCs, KAKOW IIOTEHIUA] MOXKET
OKa3aThCs TOJIE3HBIM B TOMW WM WHOM 3amade. Her mamobOHOCTH mesiaTh
OTOBOPKH — <IIPeHEOPEKEM TeM-TO I TeM-To»*. MEI B gasgbHedimem 6yaem
OTJABATH [IPEIIOYTEHHE METO/Y [IOTEHIIUAJIOB, XOTs B OOIIEM U LEJIOM 3THU

4PaKkTHIeCKH 3TH «IIpeHeGPEKEHHs» IPOCTO YK€ MPOM3BEJEHBHI IPH BHIMHCICHHN
IIPOU3BO/HBIX.
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JIBa METO/a NpakTudecku papHoleHHbl. O0a OHU MO3BOJISIIOT AHAJIU3UPO-
BaTh IIOBEJ/IEHUE CHCTEM OOJIee CJIOKHBIX, 9eM UJIEAJIbHBII ra3.

§ 11. 'asz Ban-gep-Baajabca

Mosenb umeaibHOTO ra3a 0oJiee Wi MEHEe TOYHO OIUCHIBAET MOBEIEHUE
JIUIIb JTJOCTATOYHO PA3PEXKEHHOTO ra3a. [Ipu moBkIIeHU JIOTHOCTH CTAaHO-
BATCS 3aMETHBIMU OTKJIOHEHWS OT IIOBE/IEHUS, IPEINCHIBAEMOTO yPaBHE-
HHEM COCTOSIHWSI HeaJbHOrO ra3a. IIpemmoKeHbl MHOTOYHUCIEHHBIE MOIe-
Jii, KOTOpBIe Hojiee aIeKBaTHO OIUCHIBAIOT MIOBE/IEHUE PEAJIbHBIX ra30B. 113
HUX BbLIeIAeTCS MOJiesib Ban-mep-Baasbca, Jaiomas Xxopoiiee coriacue ¢
39KCIEPUMEHTOM IIPU YMEPEHHBIX IJIOTHOCTAX, & KAY€CTBEHHO HEILJIOXO OIIH-
CBIBAIOIIAs [TOBE/ICHHUE T'a3a IpU OOJBIION IJIOTHOCTH U JIAXKe MIEPEXO, U3
ra3000pa3HOroO B 2KUIKOE COCTOSHHE.

1° YpaBuenune Bau-nep-Baanbca. Mojaens Ban-nep-Baasbca oriunya-
€TCsi OT MOJIEJIA UAEAJTBHOrO Ta3a B IBYX IMyHKTAX.

1. BBoguTcs mompaBka Ha KOHEYHBIN 00bEM Mostekyst. Kcim paanyc mo-
JIEKYJIBI PABEH T, €€ MEHTP HE MOXKeT MPUOIU3UTHCS K IEHTPY JI000i apy-
Lol MOJIEKYJIbL Ha, PACCTOsIHUE, MEHbILee 27; HEKOTODbIi 06béM (OH cuuTa-
€TCsl DABHBIM y4€TBEDEHHOMY OOBEMY MOJIEKYJI) SIBJISIETCH <«3allPETHBIM»,
MOJIEKYJIA MOXKET CBOOOJHO JIBUTATHCS HE [0 BCEMY MPEJOCTABIEHHOMY B
pacropsizkenue raza 0obémy V', a TOJIbKO B HEKOTOPOM TpocTpaHcTse V —b.

2. B mpomexyTKax MeK/Iy COYIapEeHUsIMU MOJIEKYJIB B3ANMOIEHCTBYIOT
MeXKIy CcODOM, JeficTByer cuiia IPUTSKEHUs], TaK Ha3blBaeMas cuiia Ban-
nep-Baasbca. 91u cuitbl Kak Obl «OTTATUBAIOTY MOJIEKYJIbI [IPUCTEHOTHOTO
CJI0SI BHYTPb ra3a, COOTBETCTBEHHO, JABJIEHUE HA CTEHKY COCY/Ia HECKOJIBKO
yMeHbIaeTcs. Yucao yIapoB O CTEHKY MPOIMOPIMOHAJIBHO KOHIIEHTPAIIUN
MOJIEKYJI, «OTTATHBAIONIAsI» CUJIA, JEHCTBYIOMIAs Ha KarK/IyI0 MOJIEKYILY,
B CBOIO OY€pEIbh TAK)Ke MPOIMOPIHNOHAJbHA KOHIIEHTDPAIUU; B PE3yJbTaTre
YMEHbIIeHHe JaBJIeHUs OMUChIBACTCS dIeHOM Buaa a/V 2.

OKOHYATEJBHO JIJISI MOJISI Ta3a YPABHEHHUE IPUHUMAET BU/T

RT a
P=v—% -7 (42)
njain
P+ ) (V—b) = RT (4.3)
( = . .

Eciu B 06béme V' mHaxoguTCs v MOJeH ra3a, HA KaXKIbIl MOJIb IIPUXO-
purcs 06bém V/v, 3Hadur, B 9T0M Ciy4dae

(P + %) (V — vb) = vRT. (4.4)
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Ilocrosinabie Ban-nep-Baasbca ¢ m b HA mpakTWKe BBIMHCIAIOTCS U3
PE3YIBTATOB U3MEPEHUil, IPOBEIEHHBIX [IPU YMEDEHHbBIX JIABJICHUIX U TEM-
neparypax, KOrjia OTKJIOHEHHUSI OT HOBEJICHUs UICATbHOTO Ta3a, y7Ke 3aMeT-
HBI, HO eIé He CJUIIKOM BeJuKu. B cooTBercTBHU C 3TMM ypaBHeHue Ban-
nep-Baagbca gaér xopoiiee coryiacue ¢ KCIEPUMEHTOM TOXKe JIIIb MPU
YMEPEHHBIX, HE CJIUIIKOM OOJBINUX, JABJEHUSIX U MPU HE CJIMIIKOM HU3-
Kux Temieparypax. Kak KOJMYeCTBEHHOE COOTHOIIEHHE OHO padoTaer Jio
Tex 10p, HOKa a u b MOXKHO cumrarh noupaskamu. Eciu xe PV? — a
wm V — b, monenb Ban-nep-Baanbca cranoButcs ciaumkoMm rpy0oit, u,
KaK MBI YK€ OTMEYaJI, ONKUCHIBAET MMOBEIEHNE PEAJHHBIX BEIECTB JIUIIh
Ha, KA9€CTBEHHOM YPOBHE.

WNuorma ucnonp3yior «ypaBHenue Ban-gep-Baanbcay ¢ mepemMeHHBbIMEI
3HAYEHUSIMH <«IIOCTOAHHBIX> a W b. PaKTUIEeCKH ITO yKe Apyrue, doJiee
CJIO’KHBIE YpaBHeHusi. VICoib3yercst 1 KOMIIPOMUCCHBIH BapuanT. B tadsu-
1axX MOXKHO BCTPETUTh KOHCTAaHTHI Ban-nep-Baasbca ¢ ykazanmem, B KAKOM
JVana30He IapaMeTpPOB CJIEIyeT UCIOIb30BAThH T€ UJIU WHbIE X 3HAUCHUSI.
MbI, O[HAKO, OPPAHUYMMCS AHAJIM30M CJIydas, KOrJia @ U b — KOHCTAHTHI B
[IOJIHOM CMBICJIE CJIOBA.

2° Nzorepmbl Ban-jmep-Baanbca. Kpurnueckue mapamerpsi. 1130-
TEPMAMU HJIEAJIbHOIO ra3a ABjsiorcd runepbosst P = RT/V. U3orepmbl
ra3a Ban-nep-Baasbca umeror 6ostee cimoxkubiil Bu. /leficTtBuTe/bHO, ypaB-
nenne Ban-mgep-Baasgbca MOXKHO MpUBECTH K BUIY

PV3 — (RT + Pb)V? + aV — ab = 0.

D10 ypaBHEHHE TPETHErO MOPSIKA OTHOCUTEIBLHO V| 1 ecyin 3adUuKCupo-
BaTh 1, TO, BOODIIE TOBOPsT, 00bEM MOKET HMETh TPH PA3TUIHBIX 3HAYCHUST
[IpY OJHOM W TOM K€ 3HaJYeHWHW JaBJieHus. Kak B 9TOM CjIydae JOJIKEH Bbi-
rasanets rpaduk 3aBucumoctu P or V7 Ilo cBoemy cMmbicay ypaBHEHWE
Ban-nep-Baanbca — Jullib HECKOJIBKO <«IOJIIPABIECHHOE» YpaBHEHUE He-
aspbHOrO ra3a. llosromy 3nadenust V < b HejomycTuMmbl, TaK KaK OHU CO-
OTBETCTBOBAJIU Obl, HAIIPUMED, OTPULATEIbHBIM AOCOIIOTHBIM TEMIIEPATY-
pam. Urak, rpaduk uzorepmbl HaunHaercs npasee Touku V = b (puc. 13).
Buauasie on cryckaercss 3 OECKOHETHOCTU — 3TO OCOOEHHO SICHO M3 ypaB-
uenus B ¢popme (4.2). IIpu GesrpanudnoM yBejudenun 00bEMa JTaBJICHHUE
cTpeMuTCs K HyJsH0. UTOOBI OIHOMY 3HAYEHUIO JABJIEHHS COOTBETCTBOBAJIO
Tpu 3Ha4YeHus 00béMa, rpaduK J0JKEH UMETHh BOCXOANIUN y4acTOK 132
(m3orepma AA’ Ha puc. 13), npuaém TouKu 1 U 2 COOTBETCTBYIOT IKCTPEMY-
mam byukiuu P(V) upu dbukcupoBanHoil Temueparype, a 3HAUUT, B HUX
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P DAB C

1
A
A

b
|
Puc. 13
BBIIIOJIHAETCA yC.HOBI/Ie
oP RT 2a
- -7 L= 0. 4.5
(), 7w @

Pewas cosmecrno (4.2) u (4.5), nojay4uuM ypaBHeHUe KPHUBOIi, HA KOTOPOI
JIEXKAT IKCTPEMYMbBL H30TEPM:

a 2ab a(V —2b)

Xog 910l KPUBOIA 1OCTATOYHO OUeBUIEH (yHKTUD HA puc. 13): HaunHas
¢ orpunarenbHbix 3uadenuii P npu V < 2b (370 06CTOATENHLCTBO MBI 11§
obcynum B § 13), OHA IPOXOAUT Yepe3 MAKCUMyM U 3aTeM IPUOJIMKAETCs
cBepxy K acumurore V = 0. B rouke K, B makcumyme kpusoit P, (V'), nBa
9KCTPEMYMA U30TEPMBbI CAMBAIOTCs. M30TEpMa, NPOXOAAIIas 4epes 9Ty TaK
HA3bIBAEMYI0 KPUTHYECKYIO TOUKY, UIMEET B HEll TOUKy neperuba ¢ rOpu30H-
TAJBHON KacaTeNbHOM. U1 Ha BCex m30TepMax, COOTBETCTBYIONMX KPATHIE-
CKO# 1 60JIee BLICOKAM TEMIIEPATYPAaM, JABJICHUE CTAHOBUTCA MOHOTOHHOM
dyHKIUMel 00bEMa, KAXKIOMY JABJIEHUIO OTBEIAET TOJIBKO OJHO 3HAYEHUE
obbéma. [TotozkeHne KpUTUIECKOH TOYKKM MOXKHO HAHTH U3 yCJIOBUS

dP, 2a  6ab
v ——W—FW—O. (4.7)
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Tenepp HETPYAHO MOIYYUTH 3HAYEHUS KPUTUIECKUX [1APAMETPOB:

a 8a
Vik=3b; Px=—=; Tg= .
KZom TR T ome TR T 9nhR
Eciu mbr BBeném npuBenéHube 00bEM, TaBIECHAE, TEMIIEPATYPY:
— V . — P . j— T
SD_VK’ ﬂ—_PK’ T_TK7

TO MOJIyIuM IpUBEAEHHOE ypaBHeHue Bau-aep-Baasbca:

EREDF e

Camo 10 cebe TpUBEEHHOE YPABHEHME He JAET HIIEro HOBOTO MO CPaB-
HEHUIO, HALIpUMep, ¢ ypaBHeHueM (4.3), XOTsl B HEKOTOPBIX CJLydasX aHAJIU-
3UPOBATH €r0 HECKOJILKO yn00Hee. 3aTO BBEJIEHUE NTPUBEIEHHDBIX APAMET-
poB mmeetr Gostee rryOoKuii cMbIc. OUBIT MOKA3BIBAET, 9TO IPU PABEHCTBE
3HAYEHUI ABYX IPUBEIEHHBIX IIAPAMETPOB Y KAKUX~-JTM0O0 BEIECTB Y HUX OY-
JIyT paBHbBIE 3HAYUEHUS U TPETHLETO MAPAMeTpPa. ITO 00CTOSITETHCTBO HOCHT
HA3BAHUE 3aKOHA COOTBETCIBEHHbIX cocroduuil [[14].

3% BHyTpeHH#da »Heprud rasa Bam-mep-Baasnbca. Pacmmupenne B
mycrory. U3 obuero Boipazkenus (4.1) mosuydum Jyis Mostst ra3a Bau-jep-

BaaJibca:
Uy _ o
ov ), V%

Takum obpazom, muddepeHimai BHYTpeHHEH SHepruu ra3a Bax-mep-
Baaabca npuHUMaeT BUI

a
dU = CydT + 5dV. (4.9)
IToce UHTEIPUPOBAHUA HO.Hy‘IaeM5
a

Kak u ciefoBajio oXumarh, Tenepb B OTJIAYUE OT UJICATBHOrO raza U
3aBucuT OT 00béma. Koneuno, mpu m3menernn 0O6bEMaA MEHSIETCS PaCCTO-
STHUE MEXKJY MOJIEKYJAMU, MEHSIETCs MOTeHIMAIbHAsT SHEPTUsT UX B3aMMO-
neficreus. B wactHOCTH, pu aquabaTndeckoM HeoOparumoM (6e3 coBepiie-
Husl pabOThl) PACLIMPEHUH B ILyCTOTY SHEPIHsl B3AUMOJIEHCTBYU BO3PACTAET.

5TlocTosiHAAS HHTETPUPOBAHNUS OMYTIEHA, TAK KaK BO BCEX KOHKPETHBIX 33/1a9aX BazK-
o smmb u3menenue U. Kpowme toro, cauraem, uro C'y = const.
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Y MeHbIIAeTCs KHHETHIECKAS] QHEPrusda MOJIEKYJI, IIPOUCXOJUT ITOHU2KEHUE

TEMIIEPATY PbL:
a 1 1
T Tl_CV(‘/Q V1><O.

4% dddekr dxoyna—Tomcona. Temneparypa mHBepcuu. Eciu
[IpU PACIIUPEHUH B IIyCTOTY B HAYAJIBHOM M KOHEYHOM COCTOSIHUSIX OJIU-
HAKOBBI 3HAYEHUSI BHYTPEHHEH SHEPruH, TO IpU aJuabaTHuecKOM JIpocce-
JIMDOBAHUY HEM3MEHHOW ocTaércs dHTanbius (§5, 4°). Duranbuus rasa
Ban-nep-Baanbca, KoHedHO, 3aBHCUT OT 00bEMA, IOITOMY IPU AIUA0ATH-
YECKOM JIPOCCEJIMPOBAHUY TAKOI'O ra3a TeMmileparypa ero Mmensercs. Ko-
JINYECTBEHHBIN AHAJIM3 IPOBEJAEM Ui CJlydasi, KOJA HepPenaji JaBJIeHui
Maj. B takom ciyuae mporecc HazbiBaercs mauddepennuaababiM b dek-
rom JIxkoyssi—Tomcona. Mol xorum onpeznenurh Bejmauny (dT/dP)r. 3a-
nmatem auddepennua SHTATbINT:

aS oS
dl =TdS+VdP =T (=) dT+T (<5 ) dP+VdP. (4.11)
ar ), aP ),
Iepsbiit wien T (53) , dT = (TdS)p = 6Qp = CpdT.
Bropoit 4ien nepemnumreM ¢ UCIOIb30BAHUEM COOTHOIIEHNsT MaKcBeLIa
Jutst orennmana ¢ (rabu. 1):

(o), ().,

Tax Kak HTAJIbINS HE MEHAETCA, MO2KHO 3alluCaThb

dr = Codr 7 (2 ap 4 var =0,
ar ) ,

1 okorgareapHO mMeeM 00IIee COOTHOIIEHUE 15 g HepeHnnaaIbHOro 3¢-
dexra Lxoyns—Tomcona:

(dT) _TGr)e-V

> G (4.12)

Ocranocs moxcrasuts 3uadenue (OV/0T),. s nneaabHOrO Ta3a Ta
Besmunna paBua V/T, u 3(pdekT 0Ka3bIBAETCS HYJIEBBIM.

IMepexons k ra3dy Ban-nep-Baasbca, npeobpasyem dopmyay (4.12) ¢ mo-
MOILBIO COOTHOLIEHUS MEXK/y TPeMsl YaCTHbIMU 1pou3BoaHbiMu (dopmysia

(1.5)):

() - TG V(R oo
oP I CP (g_P)T CP (g_g)T
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CaMbIM MHTEDECHBIM TYT MPEJICTABILIETCH TO OOCTOITEIBCTBO, 9TO U3~
MmeHenue remueparypbl B addexre Txkoyas—Tomcona (B owimuue or pac-
LIMPEHUs B IyCTOTY) MOXKeT ObiTh KaK [OJIOXKUTEJIbHBIM, TaK U OTPULA-
TeIbHBIM. 3HAK (b (DEKTa MEHSIeTCS IPU TEMITEPATYPE, HA3BIBAEMON TeMITe-
parypoii uaBepcun muddepennmansraoro b dexra lxoyas—Tomcona:

2a (V — b)?
Taps = =—————- 4.14
Rb V2 ( )

Iloe3Ho peacTaBUTDh BBIPAXKEHUE JJIS TEMITEPATYPbl HHBEPCUU B IPU-
BEIEHHOM BUJIE:

27 (p — 1/3)?
Tuus — —— .
4 2
C pocrom 06bEMa TeMIIepaTypa UHBEPCUU PACTET, B peiesie JOCTUrast 3Ha-
genus 7O, = 27/4, To ectb 1O, = 2a/Rb (puc. 14). Tak Kak 0GBIYHO

UCXOJHBLI MOJIPHBIA 06bEM 3amero upesbiuaer b (¢ > 1/3), a1y remue-
paTypy Tak’Ke HA3bIBAIOT IIPOCTO TEMIIEPATYPOH MHBEPCUU, XOTS, MOXKET
ObITh, CJIE0BAJIO Obl HA3BIBATH €€, HAIIPUMED, [IPE/IEJbHON TEMIIEPATY POt
WHBEPCUH.

Eciv BbIYMCIUTH NPOU3BOMHYIO B
3HaMeHarese /s ra3a Ban-mep-Baanb- 24—7
ca — a OHA MOXKeT ObITh KAaK II0JIOXKU-
TEJbHON, TaK U OTPULATENbHON — MO-
2KET CO3JAThCS BIIEUATIICHNE, 9TO Y -
dexra xoyas—Tomcona aBe Temrre-
parypsl naBepcun. OMHAKO €€ MOJI0XKU-
TeJIbHbIE 3HAYEHUSI COOTBETCTBYIOT, KAK
ObLIIO IIOKA3aHO B § 2, aDCOJIFOTHO HEYCTONYUBBIM COCTOSIHUSM, TO €CTh (DaK-
THYecKr Hepeasm3yeMbiM. OOBIYHO TPUHUMAETCST

(dP ) RT

- = -,

av ) . (V=)

¥ TOI/Ia OKOHYATE bHAs (POPMYJIA [JIsi BEJIMINHBI NU3MEHEHUS TEMIIEPATY PbI
B mporecce /xkoyng—ToMcona MpuHIMAET BUT,

Puc. 14

2a(V—g)2 _b 20y
AT — _BTVZ— "Ap BT __“Ap
Cy Csy

5% MeToplI IOJyYeHnd HU3KAX Temmeparyp. [Ipu remneparypax au-
ke temneparypsl uaBepcun 3ddexr xoyis—ToMmcona momoxuTeeH —
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nosozxuTesbHo 3Hadenue (d1'/dP)r. DTo o3Hadaer, 4T0 B XOA€ IIPOLECCA
[IpY [IOHHKEHUH JABJICHUS IIOHMKAaeTcsd u remieparypa. [Ipomecc agma-
GATHYECKOrO JAPOCCETMPOBAHNS ABJIAETCH OJHUM U3 CLIOCODOB IOJTy Y€HUs
HU3KHX TeMmreparyp. He BaBasch B TEXHOJIOTUIO, YIIOMSIHEM W JADPYIHE CIIO-
COOBIL.

TemrepaTypa MOHIKAETCS IPH aIHa0aTHIeCKOM 00PATHMOM DACIITHDe-
HHY [a3a, B TOM YHCJIE B HAEATBHOrO. B TO ke BpeMst OX/1azKieHue B IIPOLec-
ce JIzxoynsa—ToMCOHA CBA3AHO KAaK pa3 € OTCTYIJIEHHEM OT HIEAIbHOCTH.
Ecstn MBIl 3ammmreM yciaoBre papeHCTBa Hymo JuddepeHIpaa SHTPONIH,
9ITO COOTBETCTBYET OOpPATHMOMY 3IUA0ATHIECKOMY IPOLECCY

aS dS
s = (a—T)PdT+ (5>po =0,

a 3aTeM MPUMEHHUM IPOIEIYPY, UCTOTHL30BAHHYIO HAMY MTPU TOJTYYEHUN CO-
ornoutenusi (4.12), jyist u3MeHeHHUs TeMIEePATYPbL IIPU ODECKOHEYHO MAaJIOM
W3MEHEHUN [ABJIEHHS 0Ly IUM

(2 - T(5r)e V.
OP ) Cr Cr
(mocyienHee PaBEHCTBO IEPEXOJUT B TOYHOE JIjist UJIEAIbHOIO ra3a).

OueBUIHO, YTO HOHUKEHUE TEMIIEPATYPbI B 9TOM CJIy4ae IPOUCXO/UAT
ropaszio boJibiiiee, yem mpu JgpoccesupoBanun. OIHAKO, HA ITOM IPUHIUIIE
TPYZHO OPraHU30BaTh HEIIPEPBIBHBIN [IPOIECC, YTO HE COCTABJISIET TPY/IA B
caydae apoccenupoannsi. O6a crmocoba MO3BOJISIOT MOy IYUTh, K IPUMEDY,
JKAJKAN BO3LYX, & U3 HErO — JKUJAKUNA 30T, KOTOPBINA MIUPOKO IPUMEHAETC
B TeXHUKE 1 (DU3UIECKUX HCCIIETOBAHUAX.

Ilosnyyenue Gosee HU3BKHX TEMIEPATYD B IEPBYIO O4YEpE/b CBA3AHO
C IPOILECCOM HKCIAPEHUs KUJKOCTH B YCJIOBUSX, KOIJIA [IAPbl €€ OTKAYu-
BAIOTCs BaKyyMHBIM HacocoMm. Hampumep, mpu TOCTATOYHO IHEPTUIHOMR OT-
KauKe yIa8TCs MOHU3UTH TEMIIEPATYPY YKUJIKOro rejius (IIPU HOPMAaJIbHOM
JaBjieHuu ero remneparypa pasha 4,2 K) 710 HeCKOJIbKUX JeCAThbIX JI0Jeit
KEJIbBUHA.

IIpenesibHO HU3KHE TEMIEPATYDPHI HOJYYAIOTCS C [OMOIIBIO METOJA
aanadaTudeckoro pasmarandunBanusi. He mMesi BO3MOXKHOCTH 371€Ch OITHU-
carb GU3NKY 1esia, OTMETHM JIAIIb B CAMBIX OOIIAX Y€PTAX €ro MPUHITUIIU-
aJbHYT0 OCHOBY. [Ipu HAMarHUYMBAHWY BEIIECTB BHEITHEE MATHUTHOE II0JIe
coBepiaer pabory. COOTBETCTBEHHO IIPHU CHATUU HOJIsI IPU PA3MATHHYUBA-
Hun, paboTa COBEPIIAETCH HAMAIHMYEHHBIM TEJIOM 33 CYET KHHETHUYIECKOM
SHEPIrUM MOJIEKYJ, 33 CIET TEITOBOI Hepruu. Takum 0Opa3om, mpu pas-
MarHMYMBAaHUKA TEJIO OXJIaXK1aercsi. C MOMOIIBI0 3TOMO METO/Ia MOJIY I€HbI
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nanboJiee HU3KUE U3 JJOCTUTHY THIX B JIADOPATOPUIX TEMIIEPATY PbI IOPIKA

10~ % K.

§ 12. ®a3oBbie IEPEXOIBI

BemecrBo, moguunsromeecs ypasuenuto Ban-nep-Baasbca, 00brau0 Ha-
3pIBaloT ra3oM Ban-nep-Baasbca. OnHako aHaaus 3TOro ypaBHEHHS [103BO-
JISIET BBISCHUTB, XOTsI Obl KAY€CTBEHHO, XapaKTEPHBIE Y€PTHI MEPEX0a U3
raz000pa3HOro COCTOSHUS B XKUJIKOE — YACTHOTO CJIydasi TaK HA3BIBAEMbBIX
($a30BbIX IEPEXOI0B WU (PABOBBIX IIPEBPAIIECHUH.

IMepexom, U3 OJHOrO arperaTHoOro COCTOsAHus (TBEPIOE, KUIKOE, ra30-
obpasuoe) B apyroe — naubosiee u3BecTHbI By Ha30BbIX [IPEBPALIECHUI.
Boobire ke 1100bie OTImauMbIe 0 (DU3UIECKUM [TapaMETPaM COCTOSHUS
BeIeCTBa HA3BIBAIOTCH (Da3aMu ¥ B3aUMHBIE TIEPEX0IbI MeXK Ty da3amu —
dazoseivu niepexomamu. [Ipuvepom BHa3oBbIX MEPEXOIOB MOTYT CJIYKUTh
W3MEHEHUs] KPUCTAJJINIECKON CTPYKTYPhI TBEPIBIX TeJ.

P A

pL\- -

\ / N
P 7\\F Gy ; _

Va Vi Vo Va2 V3V
Puc. 15

1° N3orepma «peasibHOTO raza». IIpaBmiio MakcBesiia. Ob6parum-
€ K TUIUYHON BOJIHOOODa3HO#l uzorepme Ban-nep-Baasbca (ABCD na
puc. 15). B nuanasone pasienuii or Py 10 P, KaxKI0OMy 3HAYEHUIO JAB-
JIEHUsT OTBEYAIOT TPU BO3MOXKHBIX 3Ha4UeHUs 00béma. Eciin Beputh ypasHe-
uuto Ban-nep-Baasnbca, mpu yMmenbiiennn 00bEMa, TaBIEHNE CHAYAIA JOJIK-
HO IOBBIIIATHCS, 3aTEM B HEKOTOPOM JHaIia3one o0bémoB — ot Vp mo Vo —
[IOHUKATHCs, 4 3aT€M BHOBb PAacTU. PeajibHO TaKoil IpoIecc HeBO3MOKEH,
TaK KAaK BEMIECTBO JIOJIKHO MPOiTH ydacTok u3orepmbl C' B, Ha KOTOPOM
npousBojaasi (OP/OV ) mojokuTenbHa, B 9T0 COOTBETCTBYET aOCOTIOTHO
HEYCTOWYHUBBIM COCTOSTHUSIM.

Tenepsb cpaBruM gonycTumbie cocrosiius — ydactku AB u C'D. Jleas
BETBb — y4YaCTOK AB — OTJIMYAeTCs MPU PABHBIX JABJIEHUSIX MEHBIITIM
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06bEMOM 1 3aMeTHO Gosee cinaboil ero 3aBucumocTbio or gasienus. Co-
OTHOILIEHUsI MEK 1y CBOiicTBaMu BellecrBa Ha yuacrkax AB u C'D orseva-
FOT COOTHOILIEHUIO MEXK /1y XapaKTEePUCTUKAMU 2KUJAKOCTH ¥ ra3a. Ormerum,
910, ecyin 9acTh n30TepMbl C'D XOPOIIIO OMUCHIBAET MOBEIEHNE ra3a, oBe-
JIEHUE YKUJIKOCTHU JIUIIh KA9eCTBEHHO COOTBETCTBYeT X0y ydacTka AB. Bo-
MEePBBIX, ACUMNTOTON m30TepMbl Bau-mep-Baasnbca siBisiercst mpsimasi, Ha
KOTOPO# 00bEM paBeH ydeTBepEéHHOMY O0ObEMy MOJeKy/1. B kuakocTtu Mo-
JIEKYJIBI PACIIOJIOKEHBI BILIOTHYIO IPYT K APYTY U MOTYT 3aHUMATH 10 74%
or 00béMa cocyna. Bo-BTOPBIX, CKIMAEMOCTD KHUJIKOCTH, UMEHHO B CHJLY
BEChbMa TECHOTO PACIIOJIOXKEHUs MOJIEKYJI, OYeHb MaJia. Kcim canrarsh, 9T0
yuaactok C'D u300parkéH ¢ COOTIOIeHnEM MACIITA0A, MIJIst JTI0O0r0 PeabHO-
'O BEIIECTBA y4aCTOK A B JI0JI2KEH BbIIVIAIETh IPAKTUIECKH BEPTUKAJIbHON
npsaMoit npu 3uadenun V = 0,338b.

He 3abbiBasi 06 3TuX OroBOpKax, TeM HE MeHee MPOAHAIU3UPYEM IIe-
PEXOJI BEIIeCTBa, MOMYMHSIONIErocs ypasHenuio Ban-nep-Baasbca («rasa
Ban-nep-Baajibcay ), u3 razo00pa3Horo COCTOSHUS B KUJKOE. DTOT MEPe-
XOZI, He MOXKeT OCYIIECTBUThCS 110 KpuBoil Ban-jep-Baasibca: mbl yxe orme-
qasm, 910 y4acrok C'B mpeJicTaBisier HeyCToRYuBbie cocTosdHus. a3 q0i1-
KeH «iepeckounTby» ¢ DC Ha BA, muHys cocrosinusi, orBedaromue CB.
Mps1 3HAEM, 9TO, €CJIU CXKUMATD r'a3 [IPU MOCTOSHHON TeMIepaType, Ha9nHasd
C HEKOTOPOro 0ObEMA JABJIEHUE TEPECTAET MOBBIMATHCS, I'a3 KOHIEHCUDY-
€TCsl IPU TMOCTOSIHHOM JIABJIEHUH, [TOKA BECh OH HE IEePeH/ET B KUJIKOCTD.
To ectb, HaUMHAsSL ¢ HEKOTOPOW TOYKM F, JIMHUSI, OHUCHIBAIOIIAS [IPOLECC
[IePexo/Ia ra3a B KUIKOCTb, JOJIZKHA [IPEJICTABIIATD CODON FOPU30HTAIBHY IO
npamyio EF. U mums no qocrukenun Touku F| nexareit na yaactke AB,
BeIEeCTBO, TPEBPATUBIIUCH B KUIKOCTh, BHOBb MOXKET MOIIAHATHCA YPaB-
mennio Ban-gep-Baasnsca.

Tlonoxenne npsamoit FF MOXKHO ONPEIENATb U3 CJAEAYIONHUX COo0pa-
xenuii. [IpoBesiM ¢ BeIecTBOM, HOAYMHSIONMMCS ypaBHeHuto BaH-mep-
Baasibca (3T0 MOXKHO CI€1aTh, B CUJLy CKA3aHHOIO BBIIIE, TOJBKO MBICJIEH-
HO), IUKJI, B KOTOPOM 1iepexo, o1 E Kk F OyJer npoucxoJuTh 00 KPUBOI
ECGBF, a obparubiii nepexo — 1o upsimoii FGE. Pabora uukiia pasHa,
pasuocru wiowaaeir FGBE (310or y4acToK IPOXOAUTCs 110 YaCOBOM CTpeJ-
Ke, u pabora nosoxuresnbua) u GECG (a 310T y4acrok 00XOAUTCs POTUB
4acoBoOil cTpesiku — pabora orpunaresnbua). Ho Bo BpeMs BCEro 1mukJjia rem-
mepaTypa pabodero Berecrsa Hendmenna. Mt 3uaem, aro KIL/, a 3ragur,
u pabora nmpu AT = 0 JO/KHBI OBITH PaBHBI HY/IO. TO ecTh MJIOMAIN
FGBE uw GECG nomxkHbl ObITh PABHBI. JTO YCJIOBUE HA3BIBAETCS [IPABU-
siom Makcsesia.

Tor ke pPe3ysIbTaT MOXKHO TOJTYy9IUTH, paCCMaTpUBad NOBEJACHUE TTOTECH-
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nuaJia ['mbbca 1 uCIob3ys B KaeCTBE KPUTEPHUsT PABHOBECUS YC/IOBHE €TI0
vunumyMma. [lpu naBienusx, MeHbux, 4em Py, MOTEHIMAJ Ia3a MEHDIIIE,
yCTOMYHMBO ra3000pa3HOe COCTOsIHUE; ECJIH IABJIEHHE IIPeBbIaer Py, ycToii-
9UBOM OKA3bIBAETCS YKUIKOCTh.

Ha npawoit FF MongpHbIe TOTEHIINAbI I'a3a U KUIKOCTH PaBHBI, 00
da3bl OMHAKOBO yCTOWYUBBI, U JIUIIb OObEM, IPUXOIANIUIICA HA JT0JIO Be-
IIIECTBA, OMPE/IEJISIET, B KAKOM OHO OKAaXKeTCS COCTOSHWUU: OYIeT ITO ras,
KUJIKOCTh uau jase das3bl OyayT COCymmecTBoBarh. llepexon Bermecrsa u3
ra3000pa3HOro COCTOSHUS B 2KUJIKOE U HA00OPOT IIPH ITOM YCJIOBHUU HE W3-
MEHsEeT CyMMAapPHOrO 3Ha4YeHus norennuasnd P, Kak 310 u J0JKHO ObITH B
YCJIOBHSIX PABHOBECHSI IIPU [IOCTOSHHBIX TEMIIEPATYPE U JABJIEHHH. 1acTo
BMECTO MOJISIPDHOTO WJIA YIEJIhHOTO moTeHruasa ['ubbca BBOIAT ero Besu-
9UHY, B3ATYI0 B PAcUYéTe Ha OJHY MOJIEKYJIY. DTa BEJIUIMHA WUMEET CIIeIU-
aJbHOE Ha3BaHue: rumuseckul nomenyuan p = ®/N, rue & — norenuas
I'uG6ca Bceit cucrempr, a N — IOJTHOE YUCJIO YACTHUIL B CUCTEME.

N3otepma, cocrodmmass w3 yIaCTKOB TEOPETHIECKON KpuBoit Ban-mep-
Baannca AF v EB u npamoit F'E, HOCUT Ha3BaHUe U30MEPMbL PEANLHOL0
2a3a. Ona, KOHe4HO, OsirzKke K peasibHON m3orepme. Ho HazBanwme, gaHHOE
eif, BCe Ke JIOBOJIbHO YCJIOBHO: BO-IIEPBbBIX, OHA OIKMCHIBAET IIOBEJIEHUE Be-
LIECTBA HE TOJBKO B ra3000Pa3HOM, HO U B 2KHJIKOM COCTOSIHUU, BO-BTOPBIX,
MTOBEIEHUE YKUIKOCTH OHA OMUCHIBAET TOJIHBKO BECHMa, TPUOIMKEHHO.

2% Temnora nepexoma. Y paBueHune Kuaneiipona—Kiiaysuyca. Ilpu
pasHoBecuu JByX a3 ux noreruuasbl ['ubbca (B pacyére Ha OnUMHAKO-
BO€ KOJIMYECTBO BemecTBa) pashbl. Ho mioraoctu dha3, ux yuesbHble Wi
MOJTbHBIE 00BEMBI MPAKTUIECKH BCErIa pa3audnbl. [loTroMy Bce ocraabHbIE
MTOTEHITUAJIBI — YHTPOINS, BHY TDEHHSIS SHEPTHUS U T.II. — TAKKE PA3JIUIHBL.
Eciin HeKOTOpOE KOJMYeCTBO BEIIECTBA MIEPEXOIUT U3 OMHON (a3bl B ApY-
I'y10, U3MEHSIETCs CyMMAPHAst BHY TPEHHSISl SHEPIUsi CHCTEMbL, COBEPIIIAETCS
pabora, 3HAYKT, K CUCTEME HAJIO [MO/BOIUTH TEILIO.

Eciu nepexoz, ocymiecTBisercss Ipu HMOCTOSIHHONH TeMIeparype, TO u
JIABJICHHE B XO/Ie porecca He MeHsiercs. Ho 310 o3nagaer, 910 KOJIUIeCTBO
[IO/IBEJIEHHON TEIIOThI OIPEIENISETCS PA3HOCTHIO YHTAJIBINN BEIIECTBA, B
IBYX (ha30BBIX COCTOSHUAX, MEXKTY KOTOPBIMU ITPOUCXOAUT repexos. MTak,
TeIIoTa nepexona «JjiaMobnay» A = Al

[Ipeanosokum, BHEIIHEE JTaBJICHHE U3MEHUIIOCh. TOraa, mo-BUIUMOMY,
W3MEHUTCs U TeMieparypa ¢ha3osoro nepexomna. [lorernmuansr I'nbbca 1Byx
¢da3 B HOBBIX yCJIOBUSIX MMO-TIPEXKHEMY JTOJI2KHBI OBITH PABHBI, TO €CTh JI0JIK-
HbI OBITh PABHBIMH UX U3MEHEHUS:

d®, = —51dT + V1dP = d®y = —SodT + VodP.
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Ho (S2 — 51)T = AI = A. s cBA3u JaBJIEHUs M TEMIIEPATYPbL HA
KpuBOit (pazoBoro mepexoa moaydaeMm auddepeHnaabHOoe COOTHOIIEHRE:

dP Sy -5 A
= = 4.1
dr  Vo—Vi  TAV’ (4.15)

HazbIBaeMoe ypaBHeHueM Kmameiipona—Kmaysuyca.

[Ipu mepexome u3 TBEPAOrO COCTOSHUS B KUIKOE 0OBEM MEHSIETCS MAJIO,
npoussoanas dP/dT Benuka, TeMiepaTypa mepexoia 04eHb C1ad0 3aBUCUT
orT jaBiieHus. Eciau ke Mbl PACCMATPUBAEM IIE€PEXOJ] KOHIEHCHPOBAHHOM
dasbl (2kuaKOCTU Wi TBEPIOIO Tesa) B ra3006pa3HOe COCTOSHUE, MOKHO
cIeIaTh HEKOTOPbIE yrpoinenus. Bo-nmepBbix, mpeHedpekém 00bEMOM KOH-
JEHCUPOBAHHON (ha3bl — OH OOBIYHO MaJI 10 CPABHEHUIO C 00 BEMOM TOTO Ke
KOJIMYECTBA BEIIECTBA B ra3000pa3HOM COCTOsiHU. BO-BTOPBIX, 00bEM ma-
pOB Oy/ieM paCCYUTHIBATEH IO YPABHEHWIO HWICAJHHOTO ra3a. lorna ypaBHe-
HUs KPUBOIT uctapenus (11€pexo/a u3 KUJAKOrO COCTOsiHU B 1a3000pa3Hoe)
U KpUBOIi BO3rOHKHU (U3 TBEDIOrO B ra3) MOXKHO 3ALKUCATH TAK:

P _ A _ AP
dT ~ TV. RT?’

(4.16)

Hakownern, ecsiu Hac uHTEPECYET M3MEHEHUE [IABJIEHNUS HACBHIIIEHHBIX I1a-
POB [P U3MEHEHWH TEMIIEPATYDPHI B HEDOJIBIIOM JIMAIA30HE, MOXKHO CHU-
TaTh NOCTOSHHON TemyioTy mepexona. Torma ypasuenue (4.16) uarerpupy-
eTcs:

P = PyeM1/To=1/T)/R.

B ofmem ciydae, KOHEIHO, TEIJIOTA MEPEX0/Ia 3aBUCUAT OT TEMIIEPATY-
pbl. Tak kak A = A, nonydyaem

dA o
d_T — Lp2 — Lpl.
3% ®a3zoBag guarpamma. lIposeném ma nyockoctu PT KpuByio ucrape-
Hus (OHA K€, KOHEYHO, CIYKUT KPUBOH KOHJIEHCAIUA [apa B KUIKOCTh),
KPUBYIO BO3rOHKH (M OCAXKJIEHUS U3 ra3000pa3HOro COCTOSIHUS B TBEPJIOE),
KpUBYIO 1uiaBsienus (1 3aTBepAeBanus xkuakocru). Bes mwiockocrs okaxker-
csI pa3esIeHHON Ha TPU 00JIaCTH, COOTBETCTBYIOIIHE TPEM arperaTHbIM CO-
crogHusM BerecTBa. [[o00Has KapTUHKA Ha3bIBaeTca (Pa30BOH aAuarpam-
MOi.
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TBEpOe
P TeJI0

ras

Puc. 16

Tunuanblit upumep Gaz0Boil puarpaMmbl LpuBeséH Ha puc. 16 (cruiow-
Hbie Kpusbie). OTMeTUM, 4T0 BCE TPU KPUBbBIE UMEIOT 110JIOKUTEJIbHBINA Ha-
kjon (dP/dT > 0). HdelicrBuresbHo, nepexol, K 60Jee BLICOKOTEMIIEPATY -
Hoit daze, Tpebyomuit noxsona rema (S; — S1 > 0), conpoBoKaeTCst
00b1uHO ¥ yBesmuenuem obobéma (Vo — Vp > 0). Koneuno, kpuBas Iias-
JIEHUsT UIET ropas30 Kpyde JIBYX OCTAJbHBIX. KCIM CYMTaTh, 9TO KPUBHIE
BO3IOHKH U HCIAPEHUsI N300PaKEHbI IMPUMEPHO B MAacIITabe, TO HAKJIOH
KPUBOH ILJIABJIEHUS €Il€ [PEYBEJINYEH — OHA JIOJ2KHA BBINJISAJIETH [IPAKTHU-
9eCKU BEPTUKAJIBHON MpsiMoit. YUTO Kacaercs BO3TOHKYW W HCIAPEHWs, TO
npasusio dP/dT > 0 He 3naer uckimodenuii. C KpUBOi IUIABJIEHHS JI€JIO
00CTOUT CJIOXKHEE.

JIé1 maBaer B BOZE: IUIOTHOCTH BBICOKOTEMIIEPATYPHOI 2KUIAKOM (ha3bl
Boie (AV < 0). ITostomy oT TpoitHO# ToUKH (TOUYKa 1, Tie B pAaBHOBECHH
MOT'YT HAXOIUTHCs BOJIA, MIABAIOINIUI B HEll JIE ¥ HACHIIEHHBIE BOISHBIE
apbl) KpUBas ILIABJIEHUS UAET C OTPULATE/bHBIM HAKJIOHOM — y4aCTOK
1-2 9. Barem xpuBas npHOOPETACT «HOPMAJIbLHLI» Haka0H. Ho 310 cBA3aHO
emé ¢ omuuM (a30BBIM IEPEXOIOM: ecau gaBiaeHue mnpesbimaer 2200 arm
(2,2-108 ITa), Bosa IpM 3aTBEpP/IEBAHNY TIEPEXOTAT HE B OOBIYHDIH JIE, TaK
Ha3bBaeMblil €1 [, a B uayo ero momudukanuo — aén [11.

IIpespamenus jpa u APYrux TBEP/BIX BEIIECTB U3 OAHON MOmuduKa-
WU B APYTYIO TAKKe siBjisteTcst (ha3oBbiMu nepexogavu. OTHAKO MpU TaKUX
mepexoIax, KOrJaa MeHSIeTCs CTPYKTYPa KPUCTAIUIECKOM PEITETKI, TEPMO-
nuHaMudeckue noreniuasst (U, F, I) yacro ne repusar pa3pbisa. CKaakom
MEHSIOTCS JIMIIb WX IIPOU3BO/HBIE — TEIJIOEMKOCTD, C2KHMAEMOCThb. Takue
[1epexo/bl HOCST Ha3BaHue (PA30BbBIX [IEPEX0I0B BTOPOI'O POJA B OTIHIHE OT

5Tlom06Hy10 aHOMATHIO MMEIOT TAK e BHCMYT, TaJlTui, HeKOTOPbIE COPTa, TyTryHA.
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0DOBIYHBIX IIEPEXOIOB 11epBOro poja. ¥ pasnenue Kianeiipona—Kiay3uyca,
€CTECTBEHHO, K ITHM I[I€PEX0AM HEIIPUMEHHMO, [IOBE/IEHNe KPUBbIX Pa3/ie-
J1a a3 MokeT ObITh CAMbIM PA3HOOOpa3HbIM. HekoTOpbhie mpuMephbl TAKUX
KPUBBIX [T B3AWNMOIIPEBPAIIEHNI PA3JIUIHBIX TUIOB JIbJA TPUBEIEHBI HA,
puc. 16 nyHKTHUPOM.

Da30BBIMU TIEPEXOIAMHU BTOPOTO POJIA, SABJISIOTCS TaKXKe [MPEBPAIeHNS
2KHJIKOTO rejiust, 00JIaJAI0IEro BA3KOCTHIO, B CBEPXTEKY Yuil, [IEPEXO/[bI IIPO-
BOJIHUKOB B CBEDXIIPOBO/ISIIEE COCTOSIHUE U HEKOTODPBIE JAPYyTHE.

OTmeTuM ermé OJHO BaXKHOE Pa3/IMdre MEXKy KPUBBIMU IJIABJICHUS U
kurenusi. Ecim kpusas miasienus 1-3, Tak CKa3arh, HE KOHYAETCS, TO
KpuBas KumeHusi 1—4 mMeeT BIIOJIHE OMPEIE/IEHHYIO0 «KOHEYHYIO TOUYKY»
3 — 970 y2Ke 3HaKOMas HaM 110 ra3y Ban-gep-Baasibca kpurudeckas ToO9Ka.
Ha usorepmax Bbime kpurmaeckoii (kpusasg BB’ ma puc. 13) Her yuacTka
¢ (OP/OV)r > 0. D11 u30r€pMbl HJAYT MOHOTOHHO, IIPU TEMIIEPATYPAX
BBIIIIE KPUTUIECKON He ObiBaeT da3oBoro nepexoga. Ho 31o o3uagaer, 9To
13 XKUJKOTO B ra3000pPa3HOE COCTOSTHIE BEIECTBO MOYKHO [I€PEBECTH, MUHY S
KpuByto Kuuenus. Tak, u3z cocrosuust 5 B cocrosuue 6 (puc. 16) Bewecrso
MO2KHO IIEPEBECTU KAK II0 [PAMOM, KOIJ[a B HEKOTOPOI TOYKE IIPOUCKOIUT
da3oBoe npespalleHne, TAK U IO MyHKTUPHON KPUBOM, KOI/A COCTOSHUE
MEHSIETCS HEMTPEPBIBHBIM 00Pa30M.

MoKHO CKa3aTbh, YTO Pa3jUdMe MEXKJIYy a30M M KHJKOCTHIO CKOpee
KOJINYIECTBEHHOE — 00a COCTOSIHUSI COOTBETCTBYIOT XaO0THIECKOMY, CJIydaii-
HOMY DACIOJIOZKEHUIO MOJIEKYJI, XOTSI IIJIOTHOCTH (PAa3 [IPU OJIHUX U TEX KE
YCJIOBHSIX MOT'Y T OTJIMYAThCs 3HAYUTEIHHO. Fciin KUIKOCTD 1 AP HAXO/IAT-
CsI B PABHOBECHH, & YCJIOBUS JAJIEKU OT KPUTUIECKUX, INIOTHOCTD KU TKOCTH
OOBIYHO MPEBBIIIAET IJIOTHOCTH MAPOB B COTHU U THICSIU PA3.

CrpoeHne ke KPHUCTAJLIA OTIUYAETCS OT CTPOEHHUS KUIKOCTU Kade-
CTBEHHO, IPUHIUINAJIBHO: KPUCTAJLI 00JIAIaeT OLPENeIEHHON CUMMETPH-
€il, B PACIIOJIOKEHUU MOJIEKYJl (ATOMOB, MOHOB) CYLIECTBYET, YTO HA3bIBA-
ercd, JAJIbHUN I1OPAI0K.

§ 13. TepmouHaAMUKa IIOBEPXHOCTHOT'O HATIKEHUS

MoJtekysibl TOBEPXHOCTHOI'O CJIOS 2KHMIKOCTU HAXOJATCS B 0CODOM CO-
crosianu. OHU HE CO BCEX CTOPOH OKPYKEHBI APYTUMU MOJIEKYIAME; PABHO-
JeHCTBYIOAaA CUJI IPUTAKEHUA, AEHCTBYIOIINX CO CTOPOHBI JIDYTUX MOJIe-
KyJI, BTATABAET MMOBEPXHOCTHBIE MOJIEKYJIBI BHYTDb *KHIKOCTH; MOJEKYJIbI
IIOBEPXHOCTHOTrO CJIOA 00J1a1aI0T, TAKAM 0OPa30M, HEKOTOPO# M30BITOYHO
JHEpruen.

OCHOBHO#T BEJTMYMHOM, XapaKTEPUIYIOIMIEH ITO sABJICHUE, CILYKUT KO-
GbunEeHT TOBEPXHOCTHOIO HATSYKEHUsI WJIA MPOCTO MOBEPXHOCTHOE HATSI-
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xkerue 0. QOOBIMHO OMBITHI IO JEMOHCTPAIME MOBEPXHOCTHOIO HATIKEHUS
CTaBAT HA MbLIbHbIX IWIEHKaX. Ilycrs Ha pamky (puc. 17), oqua cropona
KOTODO#l IO/IBUKHA, HATAHYTA TaKas ILUIEHKA. 1aK KaK CHCTEMe JHepre-
TUYIECKU BBITOTHO COKPATUTH TMOBEPXHOCTH, I YIAEPKAHUS TOIBUKHON
CTOPOHBI pPAMKH B PABHOBECWH K HEl HAJIO MPUJIOXKHUTb HEKOTOPYIO CHIIY.
Benwuwna 310it cusibl B pacuére Ha €IWHWIYY IJIMHBL U Oyaer koddduriu-
€HTOM IIOBEPXHOCTHOrO HarsizkeHusd. Hajo, npasma, ydecrp, 94T0O IUIEHKA
AMEET JBe MMOBEPXHOCTHU, Cuia [ yPABHOBEIIMBAET CUJLY MOBEPXHOCTHOIO
HATAKEHNd, NEHCTBYIOIIYIO Ha JJINHE, PABHOI YIBOEHHOI IJINHE CTOPOHBI
AB.

Pazbepem HEKOTOPBIE TEPMOIMHAMAICCKIE "
XapaKTEPUCTUKU MOBEPXHOCTU. 1TOOBI KBa3M- /
——
CTATUYECKN YBEJMYHUTH MOBEPXHOCTH 11, Ham0 B

COBEpIIUThL HEKOTOpyIo pabory dA' = odIl.

[ToBepxHOCTHOE HATSIKEHUE 3aBUCHT OT
TEMITEPATYPBI, HO €CJU U3MEHEHUE MOBEPXHO-
CTHU [IPOUCXOJUT P HOCTOSHHON TeMIeparype, T0o pabora CUCTEMbI PABHA
yObLIH €€ CBOOOIHON HEPIUu:

Puc. 17

JA = —6A" = —odll = —dFr.
Toectb 0 = (g—ﬁ) o — CBODOJIHAS SHEPTrUsl €IMHUIIBL ToBepXHOCTH. [lo/HbIit
auddepennpan cBobOHOM dHEPIruK 1HoBepxHocTH ectb dF = —SdT + odIl.
Buyrpennss sueprust nosepxuoctu U = F+ T8, 10" S = (g—?)n = —g—;H

U MBI IMeeM
do
U= —T— ) II.
(o-7%)

Ormerum, uro U > F, Tak kak do/dT Bcerma oTpuiaTe/ibHa. ITO ACHO, B
9aCTHOCTH, U3 TOrO, YTO TIPU MOIX0E K KPUTHIECKON TOUKE, KOTIa, PA3JIU-
qpe MEXK/Ly ra30M U 2KUJIKOCTHIO CXOIUT HA HET, HOBEPXHOCTHOE HATIXKEHUE
JIOJIZKHO UCYE3HYTh.

Terepb Mbl MOXKEM eIl§ OLPeIeUTh TEIIOTy 00PA30BAHMS €/IUHUIIbL
[TOBEPXHOCTH:

_0Q _dU+dA __do
= T T am Car

1% 3aBucumocTb AaBJIeHUdA HACBIIIMEHHbIX IIapoOB OT KPUBU3HbI I10-
BEepPXHOCTH. HOBerHOCTHoe HaTAXKEHHUE NU3MEHACT JaBJICHUE B 2KHJIKOCTHU

MBI 3/1eCh 3aIECHIBAEM IIOJIHYIO IPOU3BOAHYIO, TAK KAK 0 HE 3aBHUCHT OT BETHUHHEI
IIOBEPXHOCTH.
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10/, ICKPUBJIEHHON 1OBEPXHOCTHIO. I3 ycioBuil MEXaHUYECKOrO0 PaBHOBeE-
CUsl HETPYIHO IOJICIUTATH, YTO B KAIUIE XKUJKOCTH DAJUYyCa T JABJIEHUE
upesblnaer uemnee Ha Beaunuuny APy = 20/r. Ilpu dbukcupoBannoit
TeMIIepaType 3TO NPUBEJET K M3MEHEHUIo moTeHipana ['nbbca Ha Besmyn-
ny A® = V, AP,. Tak kak npu paBHOBecuu moreHnuaygbl ¢ aByx a3
JTOJKHBI OBITH PABHBI, U3MEHWUTCS ¥ JTABJIEHUE HACBHIMEHHBIX TapoB AP, =
= A®/Vy. 3amends OTHOLIEHHE MOJIBHBIX O0BEMOB OOPATHBIM OTHOLIEHN-
eM IUIOTHOCTEl U IpUMEHsds K [apaM yDaBHEHHE HJIEAJIbHOIO Ia3ad, JJisd
OTHOCHUTEJILHOI'O M3MEHEHHs! JTABJIEHHUS IaPOB MOJIY IHM
AP, I 20

= —. 4.1
P, RTpy r (4.17)

9TO Ke COOTHOIIEHHE MOXKHO IOJIYYNTh, [IOJCYNTAB JABJIEHUE Ha/| IOBEPX-
HOCTBIO >KUJIKOCTH B KAIMJLISDE.

B cuiy 3Ha9MTesIbHOrO passnyus IUIOTHOCTEH Mapa U KHUAKOCTU -
dekr neBenuk. Tak, /isi TUIUYHBIX PA3MEPOB KAIlEh TyMAHA B HOJIMUK-
pona (5-1077 M) nOBbIIEHHE IABJIEHUs HACHIIEHHBIX APOB COCTAB/IACT
Beero 0,2%. Tem He MeHee B HEKOTODBIX YCJIOBUSAX ITO SBJIEHUE MOXKET WI-
paTh CYIIECTBEHHYIO POJIb.

It mosrydenust 6osiee TOIHOM (GOPMYJIbI HAJAO0 YIECTb, 9TO JABJICHUE
B 2KMJIKOCTU OLPEAEJIAETCH KAK JOIOJHUTE/bHbIM JaBiieHueM P, (Haupu-
Mep, PaBHbIM 20/r), Tak W masiaeHmeM mapos. Ilostomy B muddepeniy-
anpHOl dopme creayer mucarh Vi (dP, + dPy;) = VydP, wim dP, =
= VidP,/ (Vi — V). Ilpu BeiBOZE bopmysbl (4.17) MBI, BO-TIEPBBIX, Mpe-
nebpersin V. B 3HAMEHATENIe M, BO-BTOPBIX, 3apanee cautas AP, mMaabiM,
nepenu OT AudHepeHuaaoB K KOHEIHBIM PA3HOCTSIM.

22 Meractabuiibubie coctosgHus. OOparuMcs BHOBb K U30TE€PME ra3a
Ban-nep-Baasubca (puc. 15). Yuacrok BC oreuaer dbusuydecku Hepeasiu-
3yeMbIM cocTosiHUsIM. PaBHOBecHBI (pa30BbIil Iepexo/] OCYIIECTBIISETCS 110
npsamoit F'E. Ho BerBu F'B u CE, Tak cKa3aTh, UMEIOT IPABO HA CYIIECTBO-
Bauue. COOTBETCTBYIONINE COCTOSHUS JIEHCTBUTEIHLHO HAOIIOAAIOTCS. DTO
neperperas )kujikocrb (F'B) u nepeoxsaxaéuubiii nap (CE).
Paccmorpum HECKOBKO MOAPOOHEe COCTOSHHUE KUIKOCTH, N300pazKkae-
MOe TOYKO# L. DTO OTHOCUTEIHHO HEYCTOWYMBOE COCTOsIHUE (C DABHBIM
IPABOM €r0 MOYKHO HAa3BATh U OTHOCUTE/NHHO YCTONYUBLIM).
[Ipeamnonmoxum, Mpu AABJIEHUN, IPEBBIMIAIONEM Py, MbI HATDETU KU
KOCTb JI0 TEMIIEPATYPhI, OTBEYAIONeil paccmarpuBaeMoil uzorepme. Ecim
Terepb MOHMKATD JABJIEHHE, TJe-TO BO3Je TOYKU F' KUJIKOCTh HAYHET Ku-
nerb. OHAKO, eC/ KUJAKOCTh THIATEIHLHO OYUIIEHA, OHA MOXKET He 3aKu-
meTh MOYTHU /0 caMoil Touku B. OCHOBHYIO POJIb TYT UIPAET TOJBKO UTO
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pazobpanubrii Hamu 3PGEKT BAUIHNAS KPUBU3HBI IMOBEPXHOCTU HA JABJIE-
HU€ HACBIIIEHHBIX I1APOB.

Da30BBIi Mepexo, HAUNHACTCS ¢ 00pa30BAHUS 3aPOBIIIEH HOBOIL, pe-
2K/Jie OTCYTCTBOBaBINE#H (haswl. Eciu 3apoabii mapa 0dpa3yercs Ha HEPOBHO-
CTH [OCY/IbI UJIM HA JIEXKAIIEH B COCYZE [TECINHKE, PAIUYC IIy3bIPbKA, C CAMO-
0 HA4YaJa MOXKeT ObITh JOCTATOYHO BEJIUK, /IABJIEHUE HACHIIEHHBIX IIADOB
B TAKOM I1y3bIPbKE [IPAKTUYECKHU HE OTJIMYAETCS OT JIABJIEHUs HAJI ILIOCKOM
MMOBEPXHOCTHIO. ZKUIKOCT JIUIb yTh-9yTh MOXKET ITPOCKOYHUTH TOUKY F'.
B gucroit mocyme ¢ riagkuMu CTeHKaMu 0O0pAa3yIOUecs: My3bIPhKU BHA-
qajie UMET OYeHb MaJIeHbKWil pajuyc. [IoBepXHOCTH KUAKOCTH BOKPYT
[Iy3bIPbKA BOIHYTA, PA/JNYCy KPUBU3HBL CJIEyeT IIPHUIMCATH OTPULIATED-
HOE 3HAYEHUE, /[ABJIEHNE HACBIIIEHHBIX [1APOB B ITOM CJIy4ae [OHUKAETCH.
Bremiree maBiieHre MpOCTO CXJIOTBIBAET TAKOM My3bIPEK, HE JaBasi €My J10-
CTUTHYTb 3aMETHBIX PA3MEpPOB.

Posp mHunmaropa KwuileHusi MOXKET ChI'PATh U PACTBOPEHHBIN B BO/JE
Bo3ayX. IIpu moBblmeHNN TEMIIEPATYPHI PACTBOPUMOCTD I'a30B B 2KUJIKO-
CTAX MAAAET. BCIUIBIBAIOT B JKUIKOCTH, TO €CTh 00pa3yor 3dderT kure-
HUsI, Ty3bIPbKU BO3/yXa, KOHEYHO, BMECTe C WCIIAPUBIIENHCS B HUX BOIOMA.

Ocobenno 4acTo MeracrabuiIbHbIE COCTOSIHUS BCTPEYAIOTCs B TBEPIOM
arperarHoM COCTOsiHUU. Tak, ajMa3 [pU HOPMAJbHBIX yCJIOBHSX — MeETa-
cTabusIbHas, HepaBHOBECHAs (ha3a KPUCTAJIMIECKOrO yriiepona. PaBHoBec-
HOiT (pas3oit sBasercd rpadur. Ho B Kpucrasme, Tem 60Jsiee TAKOM KECTKOM,
KaK aJIMa3, aTOMbI [TPUKOBAHBI K CBOMM MECTaM, M BCE IIPOIECCHI BOOOIIE
WJ/IyT HECDABHEHHO MeEJJIEHHEe, YeM B KHUKOM Wi TeM Oosiee ra3o0bpas-
HOM cocrosinnu. K TOMy 2ke B XOpOIIeM KPUCTAJjIe ajMa3a HeT 3apPObl-
meit rpadura. Ilosromy Bekamu n3BecTHBIE AJIMAa3bl HE IIPEBPAIIAIOTCS B
rpadutr. A CyImecTBYIOT OHM C MOMEHTA CBOEr0 BO3HUKHOBEHUS B TUIyOUHE
3eMHOI KOPbI MUJIJIMOHBI, €CJIU He Mujmapiel jiet. Ho ecnm pacmarars
KPUCTAJUIMYECKYIO PELIETKY, KAK CJe/lyeT HArPeB ajMa3 (KOHEYHO, «HAJI0»
9710 searh 6e3 JOCTyLa BO3/yXa, MHAYE OH LPOCTO Croput), To (ha30Bblil
Iepexo1, IPOU30HIET, ¥ BMECTO 3aMedaTebHOrO CBOEH KpacoTol Opuiin-
aHTa MBI MMOJIYYNM HEB3PAYHYI0 Ky9IKY IPpadUTOBOTO MOPOIIKA.

Yro0bI HE KOHYATH HA TAKOHU I1€49aJIbHOI HOTE, HAHOMHHUM, 4T0 B 1990 ro-
Ay OTKpbITa (DAKTHYECKU eIé OJ[HA, BECbMA yCTOWYMBAs, OTIMYAIONIA-
scs pasHoobpa3ueM KOHKPeTHBIX Gopm, ¢das3a yrimepoma — QyaepeHsl
(buckyballs, buckytubes), a HECKOJIBKO M033Ke U (DYJLIEPUTHI — KPUCTAJI-
Jibl, cocrosimue u3 dysrepenos. Ho 10 cux mop He BIOJHE SCHO, B KAKUX
YCJIOBHSIX CJIEJIyeT CYMTATH ITH PA3HOBHUIHOCTHU YIJIEPOJA PABHOBECHBIMU.

OrMeruMm emmg O/IMH UHTEPECHBII IPUMED METACTAOUIIBHBIX COCTOSHHUIA.
Kak BbIsiICHUJIOCH DU aHaJju3e noBejeHns u3orepM Ban-gep-Baasbca (§ 11,
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2°), HEKOTOPbBIE U3 HUX 3AXO0/AT B 00JIACTH OTPULATEbHBIX JABJIEHUIA. D10
COCTOSsTHMSI, KOHEYIHO, MeracTtabuibube. [Ipavas paBHOBecHOTO (Pa30BOTO
[epexoza JI0J2KHA JIeXKaTh Bblie 3nadenuss V = 0, Tak Kak oHa 00sm3a-
Ha, TOMACTh HA MPABYI0 BETBb W30TEPMbI, 3 MOCJEIHsIS BCA JIEXKUT B ITOMH
obstactu. 2KuAKOCTh B TAKUX COCTOSTHUSIX HAXOJAUTCH B PACTSHYTOM COCTOSI-
HUW, 9TO HE YAUBUTEJIBHO JJIs TBEPIOrO TEJIA, & B JAHHOM CJIy4Yae KarKeTCst
HeoObraHbIM. Habumomars Takoi 3(@eKT MOXKHO, €CJu B JKUJIKOCTH OITy-
CTUTH JIOCTATOYHO Y3KUH KAIWJUIAD U3 CMAYUBAEMOIO ITOH JKUIKOCTHIO
BemecrBa. Eciu 20 /1 NpeBbICUT NaBJIEHHE HACHINEHHBIX TapoB Py (mpes-
[OJIAraeTCsl, YTO JPYTUX a30B HET), NABJEHUE B CTOJOUKE KUAKOCTHU, IO/~
HSBIIEHCS BHYTPHU KANWISAPA, MOXKET ObITh OTPHUIATETHHBIM.

* kK

Ha srom mbl 3akamvunBaeM 0630p OCHOB (PEHOMEHOJIOTMIECKOH TEPMO-
JIMHAMUKU.

Habuionenus Ha/i IPUPOHBIME SBJICHUSIMU, KAYECTBEHHDBIN aHAJIM3 Pa-
OOTHI MEPBBIX TEIJIOBBIX JIBUrATEjel, MOCTPOEHHBIX HA OCHOBE YHCTO dM-
MMAPUIECKUX COOOPAXKEHUH, MO3BOIMIN CHPOPMUPOBATL CUCTEMY MOHSTHUI
TEOPUU TEIJIOTHI.

[Mocnenyronuit KOJTUIECTBEHHBII AHAJINS PE3YJIBTATOB, B TOM YUCJIE 110~
JIy9EHHBIX B CIIEIUATBHO [IOCTABJIEHHBIX YKCIIEPUMEHTAX, /1A BO3MOKHOCTH
CBECTU OCHOBHBIE DE3YIbTATHI K HECKOJBKHAM IOCTYJIATAM, U3 KOTOPBIX
OCHOBHbBIE — 3aKOHbBI ITPUPOILI: IEPBOE W BTOPOE HAYAJIA TEPMOIMHAMUKH.

I's1ABA V

CraTuctuvieckne pacupeaeieHnsd

CrarucTuka 3HaeT BCE.

U. Unvg, E. Ilempos

MakpOCKOITMIEeCKHE IapaMeTPbl CHUCTEMbI OIPEIESIIOTCS CPEIHUMHI
3HAYCHUAMHU IIAPAMETPOB MHKPOCKOIIMYECKUX IIOACHUCTEM. MI)I 9TO BHEC-
sz B § 3 Ha MpUMepe CBsI3U TABJIEHUsI U TEMIIEPATYPhI UI€AJTHHOTO ra3a co
CpellHell Heprueil ero MOJIeKyJI.

Konedno, He y Bcex MOJIEKY/I SHEPIrusi PaBHA KaK pa3 CPeIHel mim 1a-
Ke O/IM3Ka K Hell; He BCe MOJIEKYJ/Ibl ABU2KYTCS B OJHOM HAIIPABJICHUU TN
B m1eCTHU IIPOU3BOJIBHO I/136paHHI>IX HalIpaBJIEHUAX, KaK MBbI II0JIaraJjii B TOM
ke § 3. Kakast 9acTh MOJIEKYJI IMEET CKOPOCTb B TOM HJIM MHOM JHAIa30He
3Ha‘{eHI/Ifl, KaKad 9aCTbh U3 HUX ABHUZKETCA B TOM HJIX MHOM HaIIPpaBJICHUH,
CKOJIBKO MOJIEKYJT HAXOJUTCS B BHIODAHHON 9aCTU COCY/Ia — BCE ITHU BOIIPO-
CBbI OTHOCSTCS K cTaTucTHIecKoil pusuke. Crarucruyeckast pusuka, 4acTo
Ha3bIBaeMasd IIPOCTO CTaTHCTHKOfI, IIOACHAET IIPOUCXO2KJACHUE U YTOYHAET
3aKOHbI TEPMOJHMHAMUKH, YKA3bIBAECT IIPEAEJIbl IIDUMEHUMOCTHA 3TUX 3aKO-
HOB.

3HAKOMCTBY C JIEMEHTAMHU ITOTO Pas/iesia (PU3MKYU MOCBAMEHBI HACTO-
A1ad U CAeAyIolas NIaBbl HAIlEd KHUXKKU.

§ 14. Pacupegesieane Boabnmana

YcaoBueM paBHOBECHS SIBJASIETCS PABEHCTBO TEMIIEPATYD U TABJIEHUN BO
BCEX YaCTAX pacCMaTPUBAEMOM CHCTEMbI, HAIlpUMep, BO BCEX HaCTAX COCY-
Ia, 3aHnMaemMoro ra3om. OIHAKO 3TO BEPHO JIUIb B OTCYTCTBUE BHEITHUX
noseit. B noste TsizkecT, K mpUMeEDPyY, HU2KHUAE CJIOU a3 JOJKHBI [IOIED-
2KUBATh BEPXHUE; O4€BUJIHO, JIaBJ/IEHUE C DPOCTOM BbICOTBI JJOJI?KHO 11a/1aTh —
BO3HHMKAET PACIPEJIETICHAE JIABJICHHUS] B ra3de. 9TO PACHPEEIeHIe MOXKHO
OINKCATh HA MAKPOCKOIIMYECKOM yPOBHE.



82 TytaBA V. Cmamucmuueckue pacnpedeserus

1° Bapomerpudeckas ¢dopmysaa. I3 rujpocrarudecKux coodparkeHuil
muddepeHnuaibHas 3aBUCUMOCTD JABICHUS OT BBICOTBI MOXKET OBbITh 3a-
[IMCAHA B CJIEYIOUIEM BUJIE:

uP

dP = —pgdh = ———=gdh.
P8 RTg

Eciu g u T cunrarh NOCTOSHHBIME, HETPY/IHO IIPOBECTH UHTEIPUPOBAHMUE,
1 MbI IIOJIYy1UM
_ pgh
P = Pye™ ET

rae Py — maBjieHue HA yPOBHE, MJisT KOTOPOro MbI nmpuHsym h = 0.

DTO BbIpakKeHne, HA3bIBAEMOE DAPOMETPUUIECKO POPMYIIOil, MOKA3bIBA~
€T pacupejie/ieHue JaBjieHus B u30repmuyeckoii armocdepe [ 5].

IIpu nmocrosiHHO# TeMmIiieparype JaBJIEHUE [TPOIMOPIUOHATIBLHO KOHIIEH-
TPAIUU MOJIEKYJI. Y YATHIBAs ITO 0OCTOATENHCTBO, Mpeobpa3yem bapomer-
pudeckyio (GOpMYIy B 3aBHCAMOCTb KOHIIEHTDAIUU MOJIEKYJ 7. OT TIOTEH-
[IMAJILHOM SHEPruu OJIHOM MOJIEKYIIBI U = mgh

n =nge FT, (5.1)

TIe ng — KOHIEHTpaIus Ha Beicote h = 0.

2% BepodTHOocTHasd TPakKTOBKa bDapomerpudeckoit dpopmyJibl. Pac-
npeaenerne bosbiivana. X0oTs MBI MOIYyYWIN PACIPEIETIEHUE MOJIEKY B
[OJIe TSKECTH, $ICHO, YTO AHAJOTUIHOE PACIPEIESeHUe IO/KHO BO3HUK-
HYTh B IPOU3BOJILHOM IMOTEHIIMAJILHOM CHJIOBOM mmoJie. Kciu BMecTo mg Ha
MOJIEKYJTY JeHCTBYeT HeKasi CUuia f, a IPOTUBOCTOATD € MOYKeT JIUIIb U3Me-
HAIOIIEECs BJIOJIb HAIPABJICHU JEHCTBUS CUJIbL JABJICHUE, IIPU IIEPEXO/IE K
MAaKPOCKOIIMYECKOMY OLUCAHMIO Mbl JOJKHbBI IPUHATE, 410 dP = — fndh,
U TIOCJIE OYEBMIHOM IPOLELyPbl Hen36eKHO BepHEMCs K Bbipazkenuio (5.1).

A Tenepnb paccMoTpuM 3Ty (HOPMYIY ¢ HECKOJBKO WHOM TOUYKU 3PEHUSI.
B mmwnunapudeckom cocyae Beicorbl H Haxomurcs ra3. Beibepem mayras,
CIIy4YaiiHO OJIHY M3 MOJIEKYJI 9TOro rasa. Kakas y Heé Oyaer moTeHIInab-
Has sueprusi? Koneano, BO3MOXKHO J1000e 3Hadenue ot Hyis 10 mgH. Ho
BEPOSATHOCTH TOTO, 9YTO MOJIEKYJIa MMeeT TO WJIM WHOe 3HAYEHWe IHEPruu,
HEOIMHAKOBBI. MOJIEKYI C MaJIOi SHEeprueil mobOIbIe, M eCJIi MbI JefCTBY-
TEJIbHO CJIy9aiiHO BHIOMpPaEM KOHKDETHYIO MOJIEKYJTY, HaM C OOJIbIIeil Bepo-
ATHOCTBIO [OLAJAETCH UMEHHO Takas MoJekysa. Beposruocrs w(u) Toro,
9TO MepBas MOMABIIASCH MOJIEKYJIA UMEET JHEPIUI0 U TeM MEHbIIe, YeM
6ouibiie 3HaUeHUE U. HTYUTUBHO OYEBUIHO, YTO BEPOATHOCTU CBS3AHBI C
JHEPrueil COOTHOIIEHUEM

_uz—uj

w(ug) = w(uy)e” FT | (5.2)
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KOTOPOE Ha3bIBaeTCs pacipeienennem bosbimana. B qacraocTy, fjist Toro
4T0bbL Yerde, crpoxke paciudpoBarb cMbica (Gopmydst (5.2), BCLOMHUM
HEKOTOPbIE [TOJIOXKEHUST TEOPUH BEPOSITHOCTEHA.

§ 15. DieMeHTapHbIE CBEJEHUS U3 TEOPUHN BEPOITHOCTEM

O/ IHOTHIIHbIE UCOBITAHKS, T. €. COOBITHS, C TOYKH 3PEHUs JOCTYITHOM
HaM HHQGOPMAIMY HEOTJIUIUMBIE IPYT OT APYra, MOTYT HUMETh IO CJIydaii-
HBIM MPAYAHAM, O HEYJOBHMBIM [IJisi HAC OOCTOSATENILCTBAM DPA3JIUIHBIN
ucxon [ 6]. Ecan va N ucnsrrannit npuxogutcst N; COOBITHIA € i-M HCXO-
zoM, orHoutenue w; = N;/N Ha3bIBACTCS 8EPOATIHOCTIDIO 1-20 UCTODG.

ToBopst cTpoxke, eciiu mpu OECKOHEYHOM yBenwdeHun [N OTHOMIEHHE
N;/N crpeMurcs K ONpeIeIEHHOMY [PEIELY W, TO ITOT MPEJIe/l HA3hIBAET-
cst coomeemcemeyouwel eepoammnocmoio. I1o106HOrO pota yTOdHEHNs HAJIO
BCE BpeMs UMETHb B BHUILY.

Eciu paccMoTpers TpaaunuOHHBIN TpuMep OpPOCAHWS WTPAJIBLHON KO-
CTH, BEPOSITHOCTDH BBIMAIEHUS KAKOW-IM00 TPaHM, HAMPUMED, MIECTEPKH,
OIPeIeNIIeTCsl OTHOCUTEIHHOM YACTOTON MMEHHO TAKOIrO MCXOa OPOCAHMS.
Eciu kocTh «HOpMaJsIbHASY, IECTEPKA JIOJKHA BBIIA/IATH C 9aCTOTON, PAB-
HO#t 1/6, ©. e. w(6) = 1/6. D10 wacTHbLl ciy4ail OOIIEr0 COOTHOLICHUS
I PABHOBEPOSTHBIX MCXOJIOB: €CJIU YUCJI0 TAaKUX MCXOMOB paBHO M, TO
BEPOSITHOCTb KAXKJIOr0 U3 HUX paBHa w; = 1/M.

Hac mozker nnTepecoBars BEPOATHOCTH TOIO, YTO OCYIIECTBJISETCH XO-
T ObI KAKOH-TM00 OJMH M3 HECKOJIbKHX MHTEPECYIONUX HaC ucxomoB. Ha-
MIpUMeEp, JIJIsi BBIUTPBIIIA HAM HEOOXOIUMO, YTOOBI BBIMAJIA MATEPKA WU
mecTépka. BepositHOCTB coObITHst «5 miin 6> paBHA CyMMe BEDPOSTHOCTER
srux AByx cobbrruit: w(5 wim 6) = w(5) + w(6), obmee w(i wiu j) =
= w; + wj, ecau cobbITUd 1 U j HeCOBMeCTUMBL. JleficTBUTEIBbHO, eCiid Bbl-
aJjia, mecTépka, TO ITO O3HAYAET, 4TO IATEPKa He BBIMAJa U HA000poT. A
BOT, HAIIPUMEp, €CJIU 3aBTPa ¢ BepOATHOCTHIO 50% OymeT MoK ab U ¢ TOH ke
BEPOSATHOCTHIO — T'PaJl, 3TO HE O3HAYAELT, UTO BEPOATHOCTD JOXKIS WU TPa-
Jla — CTOINpPONEHTHAasA. BO3MoXKeH m Takoil packiam: mo 25% BeposTHOCTH
[IPUXOJUTCA HA JIOXKAb 0€3 rpaja, Ha rpaj 0e3 J0xK/d, HA JI0XK/Ib C Ipa-
J0M U Ha noroay 0e3 ocaiukoB. T.e., NefCTBUTEIBHO, TEOPEMA CJIOXKEHMUSI
CIpaBeJINBA TOJBKO [Jisi HECOBMECTHMbBIX COOBITHIA.

s He3aBUCUMBIX COOBITHI ¢ W £ CIIPABEJINBA TEOPEMa, YMHOXKEHUST
BeposrHocreii: W (iu€) = w;we. Hanpumep, BeposgTHOCT TOrO, 4TO 1IpU
OpocaHum JIByX KOCTeH Ha, OJHON M3 HUX BBIMAJET IIECTEPKA, a HA APYroi
TPOIKa, PaBHA IPOU3BEJEHUIO COOTBETCIBYIOIMUX BeposTHOCcTeil w(6u3) =

= w(6)w(3).
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SaMeTuM, YTO TOYHO TAKOH Ke OyIer BEPOATHOCTD BBIIA/ICHUs TPONKH
¥ WECTEPKY [IPH JIBYX IIOCJIEJ0BATEIbHBIX OPOCAHUAX OJHON U TOM 2Ke KO-
CTU. DTO COBIIAJICHUE SIBJISETCS OTPAXKEHUEM SProAuvdHOCTU. BakHeiimiee
JJI HAIMAX HAT0OHOCTEH CBOMCTBO IPrOINIECKUX CUCTEM MOXKHO CHOpMY-
JINPOBAThH CJEAYIOMUM 0DOpa30M: CpejJHee MO0 BPEMEHM PABHO CPEIHEMY TIO
arcam0str0. IlosicHuM 9TO BbIpaKkKeHue Ha MpuMepe, D0JIee OTHOCAIIEMCH K
TEePMOJMHAMUKE, YeM OpOCaHMe UI'DAJIBHBIX KOCTEN.

IIpousseiém sBe cepuu OIBITOB:

1. Beibepem B cocyze ¢ ra3oM Kakymo-HHOYIh MOJEKYILy U OyaeM pery-
JIIPHO OMPEEAITh €€ COCTOSTHIE — TIOJIOYKEeHNe, BeJTUINHY U HAIIPABJICHIE
CKOpOCTH; UPOU3BeAEM MHOIO (JIydile Bcero — GECKOHEYHOe YHUCJI0) TAKUX
U3MEpPEeHUil.

2. Bo3zbmém ovenb MHOrO (J1ydine GECKOHEYHOE YUCJIO) MOJIEKYJI B TOM
K€ MaKPOCKOIMYECKOM COCTOSIHUM (TP TeX YKe JABJIEHUH U TEMIIEPATYDE),
9TO W ra3 B NepBOii cepuu OmbITOB. OIpeseimM COCTOSTHUE MOJIEKYI.

Tax BOT, Cpe/iHEE 110 BDEMEHU XaPAKTEPUCTUKH O/[HOM MOJIEKYJIbL B LIEP-
BOM OIIBITE JOJIZKHBL COBIIACTH CO CPEIHUME XaPAKTEPUCTUKAMU 110 AHCAMO-
JIFO MOJIEKYJI BO BTOPOM.

Hanpuwmep, ecnn m3bpannas mMosnekyna B 49% wm3MepeHuii HAXOIUIACH
B BEpXHEH TOJIOBUHE COCY/Ia, TO BO BTOPOM ONBITE «HABEPXY» JOJKHBI HA-
xoauTbesd 49% Mousiekysl (KOHEUHO, IPEeIOJIAraeTcs, YT0 BbICOTA COCYI0B
O/IMHAKOBAs, BJIUSHUE CUJIbL TSKECTU, KOTOPOE IPUBOJIUT K MEHbIIeH 3a-
CeJEHHOCTU BEPXHEHl dacTu cocyia, oaunakoso). Eciu cpeanee 3naudenue
CKOPOCTH MOJIEKYJIbI B TepBoM omnbite — 500 M/c, TO TaKuM Ke OyIer cpej-
Hee 3HadYeHne CKOPOCTeH MOJIEKYJ BO BTOpoM ombite. Ho atoro maso. Ecm,
HaIIpUMED, MBI HHTEPECYeMCsI BOITPOCOM, KaKOBA BEPOSITHOCTD TOTO, YTO MO-
JIeKyJ1a uMeeT CKopoctTb B auanasone or 500 10 505 m/c, MblL TO2KE B 0601X
CIIy4asx JOJKHBL IOJYyIUTh OOHy U Ty ke Benmuuny — 0,83%. Takasa moms
W3MEPEHUil JACT COOTBETCTBYIONINE 3HAYEHUS CKOPOCTH OTIAETLHOM MOoJie-
KYJIbI, TaKas Ke J0JisT MOJIEKYJI U3 aHCcaMOJis, B3ITOrO BO BTOPOM OIIBITE,
OyJeT mMeTh 3HAYEHUsS] CKOPOCTH B ITUX MPEILTIaX.

B geiicTBuTenbHOCTH, KPOME OOJBIIOrO YUC/IA N3MEPEHH, HEOOXOIMMO
emé POU3BECTH UX B TE€YEHUE [IOCTATOYHO IPOJOJIZKUTEIHHOIO BPEMEHU.
Tax, mpu ompeneneHun cpeHeil CKOPOCTH MOJIEKYJIBI MBI JIOJIZKHBI TTPOBE-
CTH 3TU U3MEPEHUs 33 BPeMs, 3HAUUTEHHO MMPEBBIIAIONIEe BPEMST MEXKITY
eé coymapeHusMu ¢ ApyrumMu Mojekyaavu. Q49eBUmIHO, eCiu HAM yIACTCs
MHOI'O Pa3 U3MEPUTH CKOPOCTHb B IIPOMEXKYTKE MEXK/y JABYMs: IIOCIEI0Ba-
TEJIbHBIMU €€ COyJIADEHUSIMHE C JIDYTUMU MOJIEKYJIAMU, MbI IIOJIy YUM TO CJLIy-
4qafiHOoe 3HA4YEHHE, KOTOPOE MOJIy4YUJIOCh B PE3YJIbTATE I[OCJIEIHErO MEPE]
cepuell M3MepeHuil COyJIapeHns, U OHO MOXKET BEeCbMa 3HAYUTEJBHO OTJIN-
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9aTbCd OT CPEeIHEro 3HAYEeHHs CKopocreil amcambis mosekyst. Tem Oogiee
9TO 3aMEYAHUE OTHOCUTCS K OIPEJIEJIEHUIO CPEJIHErO MOJIOKEHUS MOJIEKY-
Jsibl. l'apanTupoBars, 410 oHa B 49 nponenTax usmepenuit Oymger oOHaApyxKe-
Ha HaBEDPXY, & B 51 — BHU3Y, MBI MOXKEM JIUIIIb B TOM CJIy4ae, €CJIU MOJIEKYJIa
3a BpeMs M3MEpPEHUl MHOTO Pa3 YCIIEET MEePEeMEeCTUThCS U3 HUKHEH JacTu
COCy/la B BEPXHIO U HA0DOPOT.

1° HenpepsiBable pacupegeserans. IlanorHocts BepostHOcTH. Co-
CTOFHUE MOJIEKYJIBI, €CJIA PACCMATPHBATH TOJBKO IMOCTYIATEIbHOE JIBHKe-
HU€, OIUCHIBAETCS 3HAUYEHNUSIMU KOOPJIUHAT &, Y, 2 B COCTABIIAIOIIUX CKOPO-
CTH Vg, Vy, V. OJHAKO MBI HE TOBOPHJIU O BEPOSTHOCTU TOI'0, YTO MOJIEKYJIA
HMeeT OIpe/ie/IEHHbIE 3HAYEHUS KOODIUHAT U CKOPOCTH, & JIAIIb O BEPOSIT-
HOCTU HAXOXKJEHHS MOJIEKYJIbl B JAHHON YacTH COCYIa M OOIAJAHULA €I0
CKOpPOCTBIO B JAHHOM Juama3oHe. JledCTBUTENIBHO, €CIU B JTIO0OM, CKOJIb
YIOJHO MaJjIOM JHMAlla30HE 3HAYEHUil IapaMerpos, B j0OOM, CKOJIb yroOj-
HO MaJIOM JHMAIa30He COCTOSHUN HMeeTcsi OECKOHEYHOe YUCJI0 BO3SMOXKHBIX
cocrosiHuil, 3aCEIT€HHOCTD KAKIO0I0 COCTOSHUS, BEPOSTHOCTh HAXOZKIEHUSI
MOJIEKYJIbI B KAKOM-THO0 KOHKPETHOM COCTOSHHY, O9€BUIHO, JOJIKHA OBITH
PaBHA HYJIIO.

Crpoxxe rosopsi, aJist Hy/IeBOI 3aCEJIEHHOCTH KaXK/IOI'0 COCTOSIHUS HAJIO,
4TOOBL YUCIIO COCTOAHUIT B JIFOOOM, CKOJIb YTOAHO MAJIOM (HO KOHEYHOM)
JUAa30He IapaMeTPOB UMeJIO MOIIHOCTh KOHTHHYYMA. [Ipu GeckoHedHOM,
HO CUETHOM YHCJIe TAKOTO IIOJIOXKEHNd MOXKeT He BO3HUKHYTh. K mpumepy,
LIPOHYyMEePyeM BCe COCTOSIHUSI B HOpsiAke yObiBaHus 3aces€nHocTH. Eciu
3ace/I8HHOCTD yObIBaeT, kKak 1/2Y miu GpicTpee, BEPOATHOCTD PeOLIBAHNSA
B Ka’KJIOM COCTOSIHUH OCTaETCsl KOHEYHO.

B 1o106HBIX CiTydasix BBOAUTCS MOHATHE TUIOTHOCTH BeposiTHOCTH f (&)
KaK IIPe/ie/la, OTHOIIEHUSI BEPOSITHOCTH HAXOXK/IEHUs B JAHHOM JHUALIA30HE
M3MEeHEHUH apaMerpa K BEJIUYHHE STOrO JUANA30HA [IPU yCJIOBUU CTPEM-
JIEHUSI IMANA30HA K HYJIIO:

£(6) = lim [ (5.3)

AE—O0

wlf + (£ + Af)]]
A€ '

JIJ1 II0THOCTH BEPOATHOCTH, WIIN, KAK €€ HA3BIBAIOT B CTATHCTHYCCKOM
dbwusuke, ana dyskmu pacnpeenenus [[1 7] cnpaBeinBbI TEOPEMBI CII0XKe-
HUS U yMHOKeHUs. ECm 3Ha9eHns: HEeKOTOPOro mapaMerpa & B IHana3oHe
or & 10 & + A& HecoBMecTuMbL €O 3HadeHuAMH OT & 10 & + A&, TO
BEPOSATHOCTb HAXOXKJICHMs TOI0 LlapaMerpa B 1epBOM WJIM BO BTOPOM Jlda-
na30He PABHA CyMMe COOTBETCTBYIOMMX BepoaTHocTel: wi[€1 + (& + A& )],

wn (g + (§2 + A&2)]} = f(§1)A& + f(§2)Al.
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Ecuiu 2xe BeposiTHOCTH TEX WM MHBIX 3HAYEHU apaMerpos & u 1) He3a-

BUCHMBI, TO CIpaBemBa Teopema ymuaoxkernst: w{ [+ (£+ Af)] u omHOBpE-

merno [1-+(n+An)]} = w(§)AE-w(n)An nm npocro F(&,n) = f(£)-¢(n),
rae F, f, ¢ — COOTBETCTBYIOIINE PACIPEIEICHHUS, T. €.

7 . w{l{ + (+DYlun+(n+An)}
F(E’ 77) o Af—})l,nin—)O ASA’I’]

2% Cpennmue 3nadeHus u guciepcusi. C MaKpOCKOINYECKOH TOYKH 3pe-
HUs HE CTOJIb WHTEPECHO, KAKOe MMEHHO IOJIOKEHHe 3aHMMAaeT WM KaKoe
3HAUEHME CKOPOCTH MMEET Ta MJIM UHAA KOHKpPerHa:a mosekyna. Haubosee
BaKHBIMU 151 (DUBUKH, [ TEPMOAMHAMUKY ABJIAIOTCA CPEIHUE 3HATCHUA
TEX WM MHBIX napamerpos. Tak, Mbl BUAEIU, 4TO JABJICHUE ra3a OLPee-
JISI€TCS CPEIHUM 3HAYEHNEM SHEPTHH MOJIEKYJN W IHCJIOM Y/IapPOB O CTEHKY.
Ecsin HeKOTOpast BeIMYMHA @ MOYKET MPUHUMATh Pa3JIMIHble 3HAYCHUS a;
u Ha N usmepenuil npuxoaurcs N; CIydaes, KOIJA OHA [IPUHUMAET -€
3HAYEHME, CPEIHEE 3HAYCHUE BeJMIUHbL ¢ (Mbl Oy/1eM IPUMEHATH ABa 000-
3HAYECHUS CPEJHEr0 — @ WK (a)) [0 OLPEIEJICHUI0 PABHO

(a) = % = Zaiwi.

a
J1j1s1 HeNPEPBIBHBIX PACIPEE/IeHNI, O9eBUIHO,

a=(a) = ja(f)f(f) d,

npuaéM B IIEPBOM CJIydae CyMMHUPOBAHHUE, 8 BO BTOPOM HMHTErPUPOBAHUE
BEJETCSI 110 BCEM BO3MOXKHBIM 3HAYEHUSM i M COOTBETCTBEHHO &.

Bo MHOrux ciy4asix Kpome Cpe/iHeli BeJIMIMHbI MHTEPECHO TAKKE 3HATD,
HACKOJIBKO TECHO TPYTIMUPYIOTCS BOKPYT CPEIHETO PA3IMIHBbIE 3HAUCHUS
BEJIMYMHBL (, HACKOJIBKO YACTO BCTPEUYAIOTCS 3HAUEHWs, HA Ty WM WHYIO
BEJIMUMHY OTJIMYAIONINECS OT CPEIHErO, WM, KaK TOBOPAT B TAKWX CIIy-
9asiX, HACKOJIBKO OCTPBIM SIBJISIETCS PACIIPEIEIEHUE BeJUIMHbL . [losHoe
peacTaBaeHne 00 ITOM 6T, KOHEIHO, PACIPeIeIeHre, HO HanboIee BazK-
HOI ODOOIIEHHOM XapaKTEPUCTUKON OCTPOTHI WK, HA0DOPOT, PA3MBITOCTH
pacpesiesienus ciyxkut aucnepcus D, = o2 = (da)? = (a; — a)? wim
KBaJIPDATHBIH KOPEHb U3 JUCIEPCHH, HA3bIBAEMBIH cpedrum K6adpamusHoLm
omEAoOHeHUueM 0 wiu cpedueksadpamuywnot dayrmyayuet (aOCONIOTHOI);
ecim QIIyKTYaluio NOAEIUTh HA CPeAHee 3HadeHue (PyHKIUU, TO MbI I10-
Jy9UM CPeIHERB8adpamuHY0 OMHOCUMEAbHYI GAYKMYayu0 €. 3aMeTuM,
9TO B TEX CIyYasX, KOT/IA 3TO He MOXKET BBI3BATH Iy TAHUIIBI, 00€ TTOC/IeTHIE
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BEJIMYUHBL HA3BIBAIOT YACTO MPOCTO Paykmyayusmu. Beraucienne nucrep-
CUHU BO MHOI'HMX CJIy4asX MOXKET OOJIErYHTb CJIE/LYIOIIEe COOTHOIIEHHE:

(6a)% = (a; — a)? = a2 — 2a,a + a% = a® — 2a° + a*;

TAKAM 00Pa30M:

(6a)? = a2 — @ (5.4)

— JIACIIEPCHUS PABHA PA3HOCTH MEXK/Iy CPEIHAM KBAJAPATOM U KBaJIPATOM
cpemaero. XoTsi MbI TIOKA3aJIH CIIPABEIIUBOCTD STOIO COOTHOIEHUS TOJIBKO
JJIs TUCKPETHOrO PaCIpese/ieHnsi, OHO, KOHEYHO, BEPHO W JJis HEeIPEpPbIB-
HbIX PaCIpPEICJICHUI.

3 ocHOBHBIX COOTHOIIEHUII HAM OCTAJIOCh OTMETUTH YCJIOBUE HOPMHU-
posku. Eciu Mbr iepebepem Bce BO3MO2KHbBIE 3HAYEHUs PACCMATPUBAEMOIO
mapaMerpa, BepOATHOCTh TOrO, 9TO OH IIPUMET XOTs ObI OHO U3 TepedpaH-
HBIX 3HAYEHUl, OYEBUIHO, JOJIXKHA, OOPATUTHCS B €UHUILY — KAKOe-TO 3Ha-
YEeHWE TApaMeTp MPUMET C JTOCTOBEPHOCTHIO. To ecTh Y w; = 1, ecym cyMm-
MUPOBAHUE [IPOBEJEHO IO BCEM BO3MOXKHBIM 3HadenusaM i, u [ f(£)dE =1,
€CJIM MHTEIPUPOBAHUE IIPOBEJIEHO 10 BCEM BO3MOXKHBIM 3HAYEHHUAM &.

B zaksrouenne paccMOTPUM OTHO JOBOJIBHO YACTHOE, HO BECHMAa BAXKHOE
I (PUBUKH COOTHOIIIEHHE.

Paccmorpum kKakyro-imb0 aiauTuBHYO (DYHKIUIO TapaMeTPOB COCTOSI-
uud. IIpencrasisercs o4eBUIHBIM, 9TO CPe/IHEE 3HAYEHUE TaKOH pyHKIuN
JUJIsL KOJUIEKTUBA 1I0JCUCTeM (HALPUMED, MOJIEKYJI) PABHO CYyMMe CPEHHUX
JUIsL KazK/10# mojcucreMbl. Eciu mojcucreMpl PABHOIEHHBI, DABHOIIPABHBI,
T. €. JUIsT KaXKIOW W3 HUX (DYHKIUS PACIPEIEeHNs OHA W Ta YKe, CBI3b
MEXKJIy CPeIHWM 3HAYE€HUEeM BeJMYUHBI A, XapaKTepusylomeil cucremy, u
CpPeJHUM 3HAYEHHEM COOTBETCTBYIOIIEN BEJIMYUHBL G, OTHOCAIIEHCA K OJ-
HOH HOJCHCTEMe, CBOAUTCH K Bbipazkenuio A = Na. Tak, upu cpeaem
3HAYEHUN dHEPrum KaxkKjaoi u3 N MOJIEKysl € CpeiHsisl YHEPIHUs CUCTEMBI
E = N&.

Ciroxuee Bonpoc o duaykTyarusax. Mbl OrpaHUYIUMCS CIy9aeM, KOTIa
pacrpeie/ieHnsi BeJIMIWHBL (, OTHOCSIINECS K PA3JUYHBIM MOJCUCTEMAM,
TOXKJIECTBEHHBI, HO He3aBucuMbl. Harpumep, BEposiTHOCTb OOHAPY XKUTD JIFO-
Oyr0 MOJIEKYJly B TOM WJIM MHOM JIMAIIA30HE CKOPOCTEll OJIHA U Ta Ke, [IPU-
96M 3Ta BEPOSITHOCTD JIJTsi HEKOTOPOM KOHKPETHOH MOJIEKYJIbI IPAKTHIECKU
HE 3aBUCHT OT TOTO, KAKOBBI CKOPOCTH OCTAJIHHBIX MOJIEKYI.

MpbICIUMO TPEICTABUTh cebe TAaKOW «MaTOJOTHIECKUiTy CIIydail, KOrma
B cucreMme ¢ (PUKCHPOBAHHOM ITOTHON SHEPrue O1Ha U3 MOJIEKYJI CIIy IaiHO
[IOJIy 9HJIa CKOPOCTBb, COOTBETCTBYIOIIYI0 BCEMY 3aI1aCy SHEPIUU CHUCTEMBI.
Torma, KOHEYHO, ¥ BCEX OCTAJbHBIX MOJIEKYJT HEN30eKHO Oyaer OOHApYyKe-
HO HyJieBoe 3HadeHue ckopocTu. OIHAKO, €C/U PACCMATPUBATH COCTOSHUS,
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He CJIMIIKOM CHJIBHO OTJIMYAMOMIAECs: OT PABHOBECHOTO (& MMEHHO B TAKHX
COCTOSIHUSIX IPAKTHYECKU BCErJa HAXO/ATCd pealibHble TepMOJAMHAMUYe-
CKHUEe CUCTeMBbL), JJisi GOJIBLIOrO YuCIa MOJEKYIl (BOODLIE LOACUCTEM) [IPE/I-
MTOJIO?KEHUE O CTATHCTUIECKOH HE3aBHCUMOCTH CKOPOCTEH MOJIEKYJ TIPEe-
CTaBJIIeTCs eCcTecTBeHHbIM. B coorsercrBuu ¢ dhopmyioii (5.4) mis BbIIuCc-
JICHHs JIACIIEPCAU HAJ0 BBIYUCIUTL CPEIHUI KBAJAPAT COOTBETCTBYIOIIEH
BEJIMINHDL:

S 2
A2 = (Zai) = Za? + Zaiaj,
i i#]

MIPUYEM BO BTOPOH CyMMe MHJIEKCHI ¢ U j B KaXKJIOM CJIaraeMOM Pa3JIUYHbI.
B mepsoit cymme N ciraraeMbIxX; BO BTOPO# KasKIOMY HHIEKCY ¢ COOTBET-
creyer N — 1 3HadeHWe MHIEKCA j, T. €. Bcero atux ciaraembix N (N — 1).
YVaurpiBas HE3ABUCHUMOCTH DACIPEIEJIEHUN @;, IPUMEHUM TEOPEMY yMHO-
KEHUS U [MOJyIuM

A2 = Na2 4+ N(N — 1)a*. (5.5)

CnenoBareJbHO:

(6A)2 = A2 — A% = (Na2 + N?a* — Na?) — N%a? = N(a? — a%) = N(da)2.

(5.6)

Od4eBuIHBIM 00PA30M TIOJYYAEM JIBA BAXKHBIX PE3YJIbTATA — ADCOJIOT-
Hble (DIYKTyaIluud PACTYT, KAK KOPEHb KBAIPATHBINA U3 THCJIa MOJACUCTEM:

o4 = V((64)2) = VN/((6a)?), (5.7)

oTHOCHTEIbHBbIE (DIIYKTYaluu C TOH K€ CKOPOCTHIO yObIBAOT:

o _oa _ V(A% _ VN {6a)) _ < 5.8)
474 (4) N (a) VN '

3aberasi Bepé, OTMETUM BarXKHOE 0OCTOATENHCTBO: B TEX CJIYUAAX, KO-
13 U3MEPEHNEe HEKOTOPOH BEJIMIUHBI MOXKHO CBECTH K IIPOCTOMY IIEPECUETY
4quciia 0ObEKTOB, COOTBETCTBYIOMUE (DIIYKTYAIMH CPA3y MOXKHO OIEHHTb,
kak V/N. TIosCHUM Ha HECKOJIbKHUX HPUMEPAX ITO LONOKEHHE.

1. B mekoropom 00béme B cpeanem Haxomurcss N mojekyia. @uykrya-
i — vV N. To ecTh MBI ¢ 3aMeTHO# BEPOSTHOCTHIO MOYKEM OGHADYKUTH B
3TOM 00bEMe YMCII0 MOJIEKYJI B npeaesax N £ VN (3TO COOTHOIIEHNE MBI
JIOKaxKeM B cieiyroueii riase). Hanpumep, Ha kaxapiil kybudeckuil canru-
MeTP IIPY HOPMAJIbHBIX yCJIOBHaAX Hpuxoaurcs 2,7-10° momexys. Beraesmn
HEKOTOpbI 06bEM B 1 ¢M® 1 HepecuuraeM MOJIEKYJIbl — CKOPEe BCEro, Mbl
obHapyxmM TaM 2,7-10'° £ 5,2-10° momexyqr.
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2. B memu reudr 1ok 1 A. 3apsan ssekrpona — 1,6:1071 Ku, cie-
JIOBATEJIbHO, KAXKJIYI0 CEKyH/y, HAIIPUMED, Y€PE3 aMIIEPMETDP, [IPOXOJIUT
6,25-10'® smexrponos. Ecim crpenka aMmepMeTrpa MOMKET 3aMETHO CMe-
CTUTHCS 33 OJIHY CEKYHIy — TOBODSAT, YTO MOCTOSHHAS BPEMEHU Mpudopa,
paBHA, CEKyH/Ie — B Pa3JIMYHbIE MPOMEXKYTKU BPEMEHU aMIepMmerp Oymer
pearuposarh Ha 6,25-10'8 +2,5.10° snexrponos. OTHOCHTEIBHBIE (DIYKTY-
amun — 4-1071°, KoneuHo, Hukakoil peasibHbLl IPHOOP HE MOXKET [IPOU3-
BECTHU U3MEPEHUS C TOYHOCTHIO B YETHIPE CTOMUJUIMOHHBIX J0JIA IPOLEHTA.
Amnepmerp Bcé BpeMst OyJleT JaBaTh OJHO U TO K€ 3HAYEHUE TOKA.

Onnaxo, ecom Mbr u3MepgeM ToK 0,1 MkA = 1077 A HaHOCEKYHIHBIM
npubopom (mpubopom ¢ nocrosruoi Bpemenn 10~ ¢), 3a Bpems u3mMepenus
uepe3 1upubop upoiiuér 625 £+ 25 snekrponos. [lokazanus npubopa (ToJb-
KO TIO 3TOif IpUYMHe — B JCHCTBUTEILHOCTH JEI0 OOCTOWT eIné ropasmio
Xy2Ke) 6yIyT HePEeIKO OTIUIAThCs APYT OoT apyra Ha 4%. 1o yxKe BHOJHE
3aMeTHasl BEJIMYUHA.

3. Momuocrs ussydennsi CoJIHIA, TPUXOAANIAS HA 3EMJIIO — COJIHEY-
Hasl MocrosgHHass — paBHa 1,36 KBt/ M2. BygeM m3MepaTh 3Ty MOIIHOCTD
puOOPOM C MOCTOSTHHOM BpeMeHu 1 C ¥ ¢ 9yBCTBUTEIbHBIM 3JIEMEHTOM Pa3-
mepa 1 mm? (Ha Hero, o9eBuIHO, Oy/ieT monaaaTh Mom#ocTsb 1,36-1073 Br).
KakoBbr OyayT dbaykryarmun 3T0f BEJIHIUHBI, HACKOIBKO OYAyT OTINIATH-
CsL IPYT OT APYra IOKA3aHUs HAIrero npudbopa B Pa3JMyHbIE IPOMEXKYTKU
BpeMeHu?!

Cpennss sueprus «CoaHedHoro» dorona — 3,3-107 [Ix. 3uaunt, 3a
CeKyH/Ly Ha HAII IpubOp momnaaaer B cpeaneM npumepro 4-1071° doronos;
BIIyKTyalli STOr0 YHCIIa, IOJZKHBL ObITh Hopsiaxa 6-107 doronos. Koseba-
HUs HOKa3aHUil npubopa — CTOMUJLIMOHHBIE JIOJIHM [IPOIEHTA.

Yuraresib, BEPOATHO, 3aAMETHUJI OIPEIEIEHHYI0 HEKOPPEKTHOCTDh B 3TOM
[IOCJIeIHEM PAcYéTe — Be/ib (DIIyKTYyUPYeT He TOJIbKO YuCa0 (POTOHOB, SHED-
rusi Pa3IUIHbIX (DOTOHOB TOXKE HEOAuHAKOBa. Ilompobyem Gostee moapobHO
pazobparh MomobHbBIM, HO OoJIee HaM OJIU3KUH IpUMED.

4. JaBienue ra3a, Kak Mbl IOMHUM — DE3YJIbTAT MEPEIAIN HUMITYJIb-
ca CTEHKe yJapsAomuMucs 0 Heé mosekyinamu. Ha karkiaplii KBaIpaTHBIi
CAHTHMETD CTE€HKH B CeKyHIy mnajaer oxoso 3,5-10%3 momexysn. Bospménm
npu6op (MaHOMETD) C ILIOMIQJBI0 YYBCTBUTENLHOIO 3JIEMEHTA [PUMEDPHO
0,03 mm? — Torga om Gymer ucnbithiBath 1020 ynapos B cexymmy. Ecmu
MTOCTOSIHHAS BPEMEHU mpudopa, K mpumepy, pasaa 0,01 ¢, To gucao yaapos
3a Bpems peaxuun npubopa — 10'® £ 10%. Ornocurenbube duykryanun
ancia ynapos — 1072, Hazo, onHaxo, em@ yuecTs BhIIyKTyalu SHEPIUH 13-
JAIOIIUX MOJIEKYJl. DHEPIUH OT/IEJbHBIX MOJIEKYJI PA3JIMIAIOTCs JOBOJIBHO
3aMeTHO; MOXKHO CKa3aTh, YTO aDCOTIOTHBIE (DIYKTYAINU SHEPTUN MOJIEKYT
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[IOPsA/IKA CaMOU Cpe/iHell SHePIruu, & 3HAYUT, OTHOCUTEbHbIE (DIIyKTyalun
nopsaka eguauipl. Ho Ham BaxKabL QUIyKTyaluu SHEPruu HE OT/IEJbHBIX
MOJIEKYJI, & KOJUIEKTHBA MOJIEKYJI, IOIABIIEr0 HA pUOOp 3a JIAHHBIH [IPO-
MEXKYTOK BPEMEHU. JHEPrus — BEJIMYWHA, AIUTUBHAS, SHEPTUNA OTIE/Th-
HBIX MOJIEKYJI HE 3aBUCST, KAK MbI JIOTOBOPWJINCK, IPYT OT Apyra. A Torma
B coorBercTBuU ¢ (hopmyioit (5.8) MBI HEMEJIEHHO MOJIy9aeM, YTO OTHO-
curesibable (DIIyKTyaluyu CPe/iHell SHePruu TOr0 KBHHTUJIJIMOHA MOJIEKYJI,
KOTODbIE LIOLAJMM HA HPUOOD B jaHHbIl MOMeHT (AJis npubopa Bpems u3-
mepernsi — Moment) — 107%. OrHocuTenbHble BIYKTyanun JaBJeHus —
npumepro 2-10°. MbI BEAEM, UTO HAIIa OIEHKA H3MEHHIACH HeIIPUHITHIIN-
AJIBHO.

IIponemoncrpupoBas Ha Takux, GU3UYECKH JOCTATOYHO HEIIOXOXKUX,
LIPUMEPAX YHUBEPCAIBLHOCTH (hopMysbl v/ N, Mbl JIOJZKHBL B TO 2K€ BPeMsi
[IOJITYEPKHYTH €€ BO MHOTUX CJIy4asiX OlEHOYHbIH xapakrep. OmHaKO OYeHb
9acTO OIMMOKa JTaXKe B HECKOJIBKO Pa3 MOXKET He uUrparh posu. Ecim mbr
MTOJTyYWU/IM B KQYECTBE OIEHKHU BeJIMIUHY (DJIYKTYAIWi B HECKOJIHKO MTPOIIEH-
TOB, TO, BEPOSATHO, CTOUT HpoBecTu Oosiee Timaresnbusbii pacuér. Ho eciu,
KaK B IIOCJEJHEM IIPUMEDPE, OLEHKA JAéT BeauvuHy (IIyKTyauuil B MuUJi-
JIMAP/HbBIE JIOJIM OT CPeHell BeJIMYUHbI, SICHO, 9TO C IPAKTHIECKOU TOYKHU
3pEHUs ITO MPEHEOPENRMMO MaJjasi BeJIMYNHA, MPEICTABISIONAS TOJIBKO,
TaK CKa3aTh, aKaIEMUIECKUN WHTEPEC, U YTOIHATD 3Ty Iudpy HET 0c000-
TO CMBICTIA.

*x kK

Copepxkanue Hacrogmero naparpada HE B KOEM CIy4dae He MOXKET CYu-
TATHCs XOTs ObI CAMBIM JJIEMEHTAPHBIM HU3JI0ZKEHUEM OCHOB TEOPHUU BEPOSIT-
HOCTEH. DTO JIHIIb KOMMEHTUPOBAHHAS CBOJIKA HEKOTOPBIX (DOPMYJI, HEOD-
XO/IMMBIX HaM B JaJbHeHNeM wu3jioxkeHnu. MartemaTndeckas CTPOTOCTb,
KOPPEKTHOCTh 3a9YaCTYI0 YMBINLJIEHHO ObLIN MPUHECEHBI B KEPTBY JIAKO-
uugnoctu. HekoTopbre oroBOpKu y2Ke CiesiaHbl, Apyrue OyayT ClejiaHbl B
JasbHedneM. 910 BCE, OIHAKO, HE CHUMAET HOTPEOHOCTH B TIOCJIEI0BATEb-
HOM O3HAKOMJIEHUU C TeOpuell BEpOATHOCTEN B pAMKAX COOTBETCTBYIOIIETO
MaTeMaTU4IeCKOro Kypca.

§ 16. Mukpo- u makpococrosiuus cucrembl. HauboJsiee
BEPOLATHOE paclipelesieHue

TepMI/IH «COCTOAHME» HUCIIOJIBb3yETCA KaK IIPUMEHUTE/IbHO K OT,JIQ.TH)HOI‘/’I
noacucreMe, Tak 1 B OTHOINEHUU CUCTEMbBbI B LIEJIOM. HpI/I 9TOM OH HMeeT
CYIIECTBEHHO PA3JIMYHBINA CMBICJI.
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Paccmorpum B KadecTBe cucrTeMbl HEKOTOPYIO HMOPIHIO HIEAJIbHOIO ra-
3a, HOJCHUCTEMAaMK KOTOPOI'O SIBJISIOTCS OT/Ae/bHbIe MOJeKyJibl. Cocrosinue
MOJIEKYJIbI — IOJIOKeHHe U CKopocTb. Cocrosinme raza — reMieparypa,
JaBJIeHNEe, 3aHNMAEMbIIl JAHHOM! MOpIneil ra3a 00bEM.

OcHoBHas 33712498, CTATUCTUIECKON (DU3UKU — OIMpEIeIeHre COCTOSHMIMA
[IOJICHCTEM U Ye€Pe3 HUX COCTOSHUS CUCTEMBI B 1esioM. I BOoT TyT BO3HUKA-
€T HEOOXOMMOCTh YTOYHEHUS IOHATHS «COCTOSHIE cucTeMbly. Ompe1emm
COCTOSIHUE KAXKJOW IIOJCUCTEMbL, T. €. Y3HAEM IIOJIO2KEHUS U CKOPOCTH BCEX
MOJIEKYJI. DTO YK€ IMOJIHOE OMMCAHWE CUCTEMBI. TaKuM CIocoOOM MBI ObI
3a/1aJ11 MUKPOCOCTOsSTHIE crucTeMbl. HO mojioykenne u CKOPOCTh KaXK A0 OT-
JEJIbHOM MOJIEKYJIBI MBI MOXKEM Y3HATb TOJHKO C KAKON-TO MOTPENTHOCTHIO.
KsanroBas mexanuka BoODIIE 3amIpeniaer OJHOBPEMEHHOE TOYHOE U3MEPe-
HUE€ II0JIO’KEHUS M CKOPOCTH, HE3ABHCHMO OT TOrO, Kakue npubophl y HAC
WMEIOTCS W /TaKe HE3ABHUCHMO OT TOrO, KaKue MpudOphI OyIyT CKOHCTPYU-
poBanbl B Oyaymiem. K BOmpocy 0 TOM, 9TO eCThb COCTOSIHUE MO/ICUCTEMBI, B
OCODEHHOCTH, €CJIU OHA ABJISETCS MUKPOCUCTEMON (MOJIEKYJia, ATOM, JIeK-
TPOH), Mbl €LIE BEPHEMCH.

A ceituac goropopumcs 0 ciaenyromeMm. Pa3obbem BeCh JOCTYILHbIA pac-
CMATPUBAEMO Hopuuu ra3a 06béM Ha MajeHbKue OObEMYNKHU U BCE BO3-
MOXKHBIE 3HAYEHUST KAXK 0N COCTABJISIONIEH CKOPOCTH Ha, MAJIEHbKIE THATIA~
308bI. Ec/in MOIeKyna HAXOAUTCS B MOJIOXKEHUN C KOOPAUHATAMU OT T; J0
z; + Ax;, or y; 10 y; + Ay;, o z; 10 z; + Az;, a €€ CKOPOCTb UMEET COCTAB-
JISTIOIIUE OT Ug; J0 Vg + AUgi, OT Vy; 10 Vy; + AVy;, OT V4 10 Vi + Av,;, MBL
OyzeM cauTarh €€ COCTOSTHUE BIIOJIHE OonpeneaéHabiM. OTMEeTrM: ecyid XOTs
GBI OZTUH U3 IAPAMETPOB U3MEHUIICS (HAIPHIMED, Uy OKA3aJIACh B IHAA30He
OT Vyj JI0 Vyj + Avyj, & KOOPIUHATEHL U JBE JIPyTUe COCTABJIAIONINE CKOPO-
CTH OCTAJIUCh B HPEXKHUX MPEJE/Iax), COCTOSIHUE MOJIEKYJIbl U3MEHUJIOCh,
MOJIEKYJIa IIEPEMECTHUIACH B UHYIO A49eiiKy.

HWcuepubiBatoliiiee onucanne MUKPOCOCTOSIHUS CUCTEMbBI TEHEPH CBOIHT-
Cs1 K MEPEUNCICHUI0 TAKOrO TUIA: MOJIEKYJIa A HAXOmuTCs B sideiike 1, MO-
sekysnbl B u C' — B siueiike 2, monekynst D, E, F' — B gqeiike 3 u T.1.

Makpococrosinue (00béM, TeMIEPATYPA, JAABJIEHUE) HE 3aBUCUT OT TO-
ro, KAKHe UMEHHO MOJIEKYJIbl HAXO/ATCS B TON miin uHO# staeiike. OHO o1
HO3HAYHO OIPEESIeTCsl PACIPEIEIEHUEM MOJIEKYJI 110 sieflKaM: CKOJIbKO
MOJIEKYJI HAXOJUTCA B TOU WMJIN WHOI A4Yelike.

Wrak, Mbl MO3HAKOMUJINCH C OCHOBHBIMU TOHATUSIMU CTATHCTHIECKOM
dusuku. [lepeducanm ux emé pas.

a)Cocrosguue HOJCHUCTEM bl. B yacraocru, st MoJie-
KYJIbL JIOJIZKHBI OBITh M3BECTHBI C HEKOTOPON TOYHOCTBHIO €€ IIOJIOZKEHUE U
CKOPOCTh, TO €CTh W3BECTHO, B KAKOU f9eiKe HaXOMAUTCS MOJIEKYJIA.
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6) MukpococrodgHuEe CuCTeEM bl I3BecrHbl COCTOSIHUS
Bcex nogcucreM (Mosiekys): mosiekyia A — B siueiike 1, mosiekysna B —
ToKEe B sueiike 1, mosiekysia C — B guelike 2, mojekyiaol D, E u F —
B sveiike 4 (momycruM, B sdeiike 3 MOJIEKYJ HET) W T.JI.

B)Pacupepeuenue B aueiike 1 — use Mosekyibl, B siueiike
2 — onHa, B a4elike 3 — HU OJHOIL, B sueiike 4 — TPU MOJIEKYJIbL U T.JI.

r)y MakpococTosHuue. B upocreiiem ciayyae (paBuoBecue) —
U3BECTHBI TEMIIEPATYPA, JABJICHHE W 3aHUMAEMbIIl CHCTEMO 00bEM.

Eciu paBaOBecusi HET, BO3MOXKHO, B PA3HBIX 9aCTAX CHUCTEMbl 3HAYCHUST
P u T #e onmHakoBbI. B TakoM ciiyvae MaKpPOCOCTOSHUE MOXKHO OIIUCATH,
3a/1aB [OJIe TeMIEPATYPbl U JABJICHUS: 3HAYCHUs] [1APAMETPOB Kak (yHK-
MY KOOPAWHAT U, BO3MOXKHO, BDEMEHH.

Makpococrosinus — npeamer repMmoguaamuku. Vl repMoimHaMuKa, Kak
MBI TIOMHHM, YTBEPK/IAET, 9TO TOMABINAs B PABHOBECHOE COCTOSTHUE CUCTE-
Ma, IPU HEM3MEHHBIX BHEITHUX YCJIOBUSAX Oy/IeT BEIHO HAXOAUTHCS B OTHOM
U TOM K€, HMEHHO TOM PABHOBECHOM COCTOSHHUH. UTO K€ TOBOPHUT O CO-
CTOSIHUSIX CUCTEMbI CTATHCTUKAT

Wcxoauble OTOXKEHNs CTATUCTUKA MOYKHO CBECTU K TPEM TIOCTYJIATAM.
Kak 0OBIMHO, 3TH MOCTYJIATHI SIBJISIOTCS PE3YIBTATOM ODODIIEHUS TPOMaJI-
HOMO MACCHBA JAHHBIX, & OCHOBAHME Ijisi YBEPEHHOCTH B UX CIPABEJJIU-
BOCTU — COBIIQJICHUE C OIBITOM BBIBOJIOB, IOJIyY€HHBIX HA OCHOBE JTUX
[IOCTYJIATOB.

W BoTr yKe mepBbIil MOCTYIAT CTATUCTHYECKON (DU3MKU, yTBEPKIAIO-
Wi, 4T0 BCe COCTOsiHUA paBHOBepodTHbI(!?), BXOAMUT, KaxKercsd, B KpUuda-
1ee IPOTHUBOPEYnE ¢ ODIIIM HAYAJIOM TEPMOIMHAMUKH.

Berubiit pasrosop o durykryanusx (B KOHLE npebLiyinero naparpada)
y2Ke HAaBOJIUT HA, MBIC/Ib, 9TO TEPMOIMHAMWKA HE BO BceM mpasa. Ho ceii-
qac, OTJIOXKHUB 00JIee TOAPOOHBIM PA3TOBOP O B3AMMOOTHOIIEHUSIX TEPMOI-
HAaMUKHU U CTATUCTUKU JI0 CJIEIYIOIIEH IJIaBbl, MbI C(OOPMYIUPYEM MEPBBIi
[IOCTYJIAT CTATUCTUKH 60JIee KOPPEKTHO:

Bce gocrymabie MUKPOcocTosgsanst cucTeMbl pAaBHOBEPOSITHBI.

OTU yTOYHEHUS — JOCTYIHBIE MUKDPOCOCTOSHUS — IIO3BOJISIOT HaJe-
SATHCS, YTO MPOTUBOPEUNST MEXK/TY TEPMOINHAMUKON U CTATUCTUKON HE TaK
r1yOOKH.

Bropoit mocTysaT CTATUCTUKYA TJIACHUT:

PaBHoBecuro COOTBETCTBYET HamnboJiee BepodATHOE pacliipe/e-
JIeHuE€ IIoJCHUCTEM IIO COCTOdAHUAM.

Kazxkercs, BTopoit mocTys1ar mpsaMo IIPOTHBOPEIUT HePBOMY. UTOOBI BbI-
SICHUTB, 9TO MTPOTUBOPEYNS HET, PACCMOTPUM TIPEIEIHHO YIPOIEHHBIHN TPHU-

§ 16. Hauboaee sepoammoe pacnpedeserue 93

mep. CpaBHUM JBa PaCIPe/e/IeHusI:

a) BCe MOJICHCTEMbI HAXOMIATCS B COCTOSIHUM 1,

6) ofHA MOACHCTEMA HAXOJUTCS B HEKOTOPOM COCTOSTHHH 2, a OCTaJjlb-
HbIE — B TOM YK€ COCTOAHMNA 1.

BapuaHT a) MOXKHO OCYIIECTBUTD, OYEBH/IHO, €MHCTBEHHBIM CIIOCOOOM.
B cayuae 6) B BBIJIEJIEHHOE COCTOsIHIE 2 MOXKHO ITOMECTUTH JIFOOYIO U3 MMe-
FOIUXCST TIOJICUCTEM. DTOT BAPUAHT MOXKET OBITH OCymIecTBieH N CIIOCO-
6amu (N — uuciio nogcucrem B cucreme). HbiMu ciaoBaMu, BApUAHTY a)
COOTBETCTBYET OJIHO MHUKPOCOCTOsiHUE, & Bapuanry 0) — N MHKpOCOCTOs-
nuit cucreMbl. II0CKOJIBKY, B CHILy 1IEPBOrO LIOCTYJIATa, BCe MUKPOCOCTOSHUS
PaBHOBEPOSITHBL, pacipesenenue 6) B N pa3 6osiee BEpOATHO, 9€M PACIpe-
JIeJICHIE a).

Haxowmern, Tpernit HOCTYJIAT KACAETCA COCTOTHAN OTIEIbHBIX IIOJCHCTEM
(He myTaTh ¢ MEKPOCOCTOSIHHEM CHCTeMBI!):

BepOHTHOCTI) HpeﬁbIBaHI/ISI ImoacucTreMbl B HEKOTOPOM COCTO-
AHNN (SI"IeI‘/’IKe) 3aBUCUT TOJIBKO OT 3Heprmm 3TOro CocTrod-
HHUA.

[lousiTHO, 9TO MO, SHEPTHUEH COCTOSHUS MO IPA3YMEBAETCI YHEPTHsT, KO-
TOpO#t 00OJIaJaeT IMOACUCTEMA, HAXOASAIIAACH B JJAHHOM COCTOSIHHH, B JAH-
HOMt siueiike. CTAHOBUTCS MOHSATHBIM, IOYEMY ST9€HKHU JIOJKHBI ObITH Ma-
JIBI ¥ HACKOJIBKO OHU JOJI2KHBI OBITH MaJIbl. UTOOBI SHEPTHUs MMOICUCTEMBI,
HAXOIAMIEHCI B JAHHON sdeiiKe, ObLIa BIIOJIHE OMPeIeaEHHON BEJTMINHOIM,
BO3MOXKHbBIE BAPUAIUU JHEPTUHU MPU U3MEHEHUHU MMaPAMETPOB B MPEIEIax
BBIOPAHHBIX PA3MEPOB SUEHKN TOKHBI OBITH TPEHEOPEKIMO MAJIBIMH.

Tperwnii moctynar — ecrecTBeHHOE 0000INEHNE PE3YIIHTATA, K KOTOPOMY
MBI IPUIILIH, AHAJU3UPY s OapoMerpudecKyto GOpMyILy: PACIPE/IeIEHUE MO-
JIEKYJI 110 0OBbEMY COCy/Ia 3ABUCUT OT SHEPIUH, KOTOPOil 00/1a/1aeT MOJIEKY 1A
B TOU nin uHOM wdacru cocynax [ 8].

Wrak, repMoguHAMHUKA CYUTAET, YTO CHCTEMA, [IOIABIIAs B COCTOSHUE
DPaBHOBECHs, HUKOI/IQ U3 HErO HE BBIIET, 9T0 COCTOSHUE CTAHOBUTCS JIJIsS
CUCTEMBI €JUHCTBEHHO BO3MOXKHBIM. CTATHCTUKA, YKe YTBEPAKTAET, UTO PAB-
Hoeecroe cocrostare (MAKPOcocrostHue) cucreMbl JHIib HanboJee Bepo-
STHO.

Kakoe ke cocTosiHue CUCTeMbl COOTBETCTBYET PABHOBECHUIO, KAKOE Pac-
Mpe/IeJIeHNe MOICUCTEM 110 COCTOsSHUAM Hanbosee BepodaTHo?! [lomaepkuém,
9TO «PAaCIpeiesieHne» O3HAYAET JIUIb, YTO B {-M COCTOgHMU Haxourcs N;
[IOJICUCTEM, HEBAXKHO, KAKUe 9T0 KOHKpeTHO nozcucrembr: A, B, C, eciu B
JAHHOM COCTOSIHUU TPpuU nozcucreMbl, uin E, F, G, wiu, Mmoxker ObiTb, A,
F, H.
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Paccmorpum 3aMiayTyI0 cucremy u3 N MOACHCTEM, IyCTh /IS OLIPE/IE-
JIEBHHOCTH 3TO Oy 1y T MOJIEKyJbl. MOJeKysIbl MOy T HAXOAUTHCH B JIIOOOM U3
M npocrynsbix uMm cocrosinuii. Eciu B COCTOSIHUU C MHIEKCOM % HAXOJUTCH
N; MOJIEKYJT U KasK/1asi M3 HUX MMeeT SHEPTHIO €;, TO, BO-IEPBBIX, » . N; = N
U, BO-BTODBIX, y . &;N; = E. Iloanoe 4ncsio Mosekya N u MoJHast SHepTUst
cucreMbl F/ — MOCTOSIHHBIE BEJIMYWHBL; IOITOMY COOTBETCTBYOMmME audde-
peHIua bl OOPAIIAIOTCH B HOJIb:

SdN; = 0; (5.9)
Eé‘idNi =0. (510)

HuddepernupoBanne B TaHHOM Caydae Beaercs 1o Bcem N;, TO ecThb

0A 0A 0A 0A

Hac umaTepecyer Tonmbko Hambosee BeposaTHOe pacupenenenne. [losro-
My HaM He 00:3aTe/IbHO BBIIUCHIBATH BEPOSTHOCTU PA3JIMIHBIX PACIIPE/IE-
sennit. Hac ycrpour s06as BesmduHa, MOHOTOHHO 3aBUCHINAS OT ITOM
BeposATHOCTU. B cuiy mepBoro moctymara TaKON BEJIMIUHOMN, TPSMO IIPO-
MOPIUOHAJIBHON BEPOATHOCTH DPAaCIpElleIeHUd, ABJIAETCA YUCJI0 MHUKDPOCO-
CTOSIHUN CUCTEMBI, COOTBETCTBYIOIIEE JaHHOMY pacupezesnenuto. [Ipemmo-
JIO?KUM, HEKOTOPOE MHUKDPOCOCTOSHHE COOTBETCTBYET OIIDEJICJIEHHOMY pac-
upejenenuto. [Ipu 3ToM B nepBOM COCTOSIHMM, WIIH, KAK B TAKUX CJIy4asiX
FOBOPAT, B IIEPBOI s4eiike HAXOAATCA moacucTeMbl A u B, BO BTOpoii stueii-
ke, nomycrum, noacucrema C, B tperbeit — D, E| F u Tak nanee. dcHo, 90
TIePECTAHOBKY MOJCUCTEM, & BCETO MEPECTAHOBOK N TOJICUCTEM, KaK U3BECT-
vo, N!, He usmensitor pacupesesenus. OHAKO IEPECTAHOBKHU MOJICUCTEM
BHYTPU OJHOHU dA4YeWKU HE MEHAIT U MUKPOCOCTOAHUA: B IIEPBON dAveilke
nmogacucreMbl A u B win B mepBoit sdeiike nojcucrembl B u A — yTBep-
JKJIEHUsT TOXKIECTBEHHBIE C ITOU TOUYKHM 3peHus. Takum oOpa3oMm, KaxKiast
st9eiika yMEHbIaeT 9rucio 3 OeKTUBHBIX mepecTaHoBok B IV;! pa3. Uroro,
[IOJIHOE YUCJI0 MUKPOCOCTOAHUN CUCTEMbl, COOTBETCTBYIOIIEe JJAaHHOMY pac-
[Ipe/IeJICHUI0, CTATUCTUYECKUH BeC paclipe/ie/leHus OKa3bIBaeTCd PaBHbIM

N!

G= : .
NiINo!. . N Ny !

(5.11)

(Dry BesMYMHY YACTO HA3LIBAIOT MEPMOOUHAMUYECKOT BEPOATMHOCTIIDIO
pacIpeseTeHIa’ B OTIHIHE OT MATEMATIYECKOH BepOATHOCTH. TepMomm-

SELL[é YaIe TY BEJMYUHY HA3BIBAIOT CTATUCTHYECKUM BECOM COCTOsiHHsi. Mbl Oyiem
crapaTbCs (He BCErjJa 3TO yJACTCs) H30erarb TAKOrO CIOBOYNOTPEOJIEeHHS, 4TOOBI HE
eperpyKarb TEPMHUH «COCTOSHUES.
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HAMHYECKAst BEPOSATHOCTh HE HOPMUPOBAHA, — KAXK/0€ BO3MOXKHOE PACIIPE-
JICJICHHE UMeeT TEPMOIMHAMUYECKYIO0 BEPOSTHOCTb HE MEHbIIE eUHHUIIbI,
B TO BpeMs KaK TOJBKO CyMMa BCEX MATEMATUYECKUX BEPOSTHOCTEH 00-
pamaercd B eaunuily.) s naubosiee BEPOITHOTO PACIPEIEICHUsT CTATH-
CTHYECKHIT BEC JNOIKEH OBITh MAKCHUMAJICH, & 3HAYHUT, TuddepeHIrnaT Beca,
JOJIXKeH 00paTuThCs B HOJb. Koneuno, obparmaercs B HOIb U auddepeH -
as sorapudma CTATUCTUIECKOTO Beca, TO ecthb » . d(In V;!) = 0. Jomycruw,
ne Tosibko N > 1, no u sBce N; > 1°. Torja MOXKHO BOCLOJIb30BATHCH
npubmmxkenreM In N! ~ NIn N — N, cupaBegusbiM jyist 6obmux N, u
ycaoBue MakcuMyMma, In G mpuHUMaeT BU

> InN;dN; =0. (5.12)

Teneps ymuOKUM BbIpaskernus (5.9) u (5.10) Ha nocrostHHbIE (He 3aBHCSIIIE
or N;) muoxurenu « u 3, cioxum ux u npubasum (5.12). B pesynbrare
HOJLY IUM

> (InN; + a + f&;)dN; = 0. (5.13)

Bripaxkenue (5.13) GyaeT BBIIOJIHEHO TIpH JIIOOBIX dN;, TOJIBKO eCjiu BCe
BBIPAKeHUs B CKOOKAX PAaBHBL HY/IIO, T. €. N; = e~ “e~ 7%,

Ecsiu ™Mbl npunuiiem sHepruu B HEKOTODOUH sveiike (€CTeCrBEHHO Bbl-
Oparh sueiiKy ¢ MUHUMAJLHOI SHeprueil) HyJeBoe 3HAYEHUE, a YUCJIO Ya-
cTHI B 3TOH sueiike o6ozHaunM Ny, To npuaéM K dpopmyite N; = Noe ¢,
OTO BBIpAXKEHUE B CJIydae y4éTa 3aBUCUMOCTH 3ACEJIEHHOCTU COCTOSHUI
TOJIBKO OT [MOTEHIUAJIBHON SHEPI UK JTOJKHO, [I0-BUIUMOMY, IIEPEATH B pac-
upejeinenue Bosbumana. Ho Torga, ouesuano, 8 = 1/kT, u okonvyaresbHO

HnMeeM ..
N; = Noe *T. (5.14)

Eciu umeercss B Buly MIeaJbHBIN ra3 W MO SHEPTHEH MOJICUCTEMBI B
JIAHHOM COCTOSIHMHM I10JIPa3yMeBaeTCsl CyMMa IOTEHIIMAIbHON SHEPruu MO-
JIEKYJIbI B HEKOTOPOM BHEIITHEM TIOJI€ U €€ KUHETUIECKON IHEPruu, CBsI3aAH-
HOIM C LOCTYLATeJIbHBIM JIBU2KEHUeM, pacipejeienue (5.14) nasbiBaercs
pacupeneneanem Makcsemma—bosbinmana. B obmem ciaydae ero MoKHO
CINTATH OAHON w3 (OpM 3amucu pacrnpenenerHus ['nddca, crpaBeInBOrO
JUTst JII0OBIX cotaboB3anmMozeiicTByomux moacucreM [ 9]. Yacro npuvens-
10T Jpyryio bopMy 3alucu:

Tt

N; = "7, (5.15)

9 CMBICIT 3TOTO YCJIOBHS, BEPHEE, CMBICT De3y/IbTaTa, MOIYIeHHOTO TPH 3TOM YCJIOBHH,
MBI IIO3Ke O0CYIUM.
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rJIe (L — XUMUAYECKUR TOTeHIHA.

OTa BEJIMYWHA, COBIAJAET C PaHee BBEAEHHBIM HAMHU XUMHWIECKUAM IT0-
TeHImaa0M — rnorennuaiom ['mbbca B pacuére Ha OIHY MOJEKYITY.

Pacmnpenesnenne ['n66ca mosydeHo st MAKPOCKOIMYECKUX HOJCHCTEM H
K HUM IPUMEHUMO B [IOJTHON Mepe, T.K. UMEHHO UX OOBIYHO MOXKHO CYUTATD
craaboB3anmoeiicrByonumMu. Bosiee Toro, rakue moCUCTeMbl MO[IUHSIOT-
cs pacrpeaenernio ['ub6ca He TOJIBKO B M30JIMPOBAHHBIX CHCTEMAX, KAK 9TO
CJeyeT u3 BbIBOJA, HO U B CUCTEMAX, HAXOIAIINXCS B KOHTAKTE C TEPMOCTa~
ToM. JleficTBUTEILHO, €CIIN TaKasl CUCTEMa COJIEPKUT JOCTATOYHO OOJIBIIOE
YUCII0 9ACTHUL, TO (DIIyKTYAIMU HTOrO YUCIIA, & TAKKE (DIIYKTYAIUU TOJTHON
SHEPruu CUCTEMbI BECbMa, MAJIbl, U CUTYAIUs MAJIO OTJIHIAETCH OT CJIydasi
[IOJIHOCTHIO U30JIMPOBAHHON CHCTEMBbL.

§ 17. ®azoBoe npocrpaHcTBo. Pacnpesenenns MakcBesia

B npenpraymem maparpade, paccyzk/aas 0 TOM, YTO COCTOSTHUE YACTHUITHI
3aa8TCH 3HAYEHUSIMUA KOODJAWHAT U COCTABJISIONINX CKOPOCTH, MbI (haKTHU-
9eCKU HEesIBHO BBEJIM HOBOE TIOHATHE — (ha3060€ NPOCTPAHCIIEO.

B mpocreiiniem ciiygae OMHOMEPHOTO JBUKEHWS MATEPUATBLHON TOUKH
¢da30BOe TPOCTPAHCTBO — ILJIOCKOCTH C KOOPAWHATAMHU & U U, WU, UTO
4acTo y/100HEee, T U Py, T. €. KOODJUHATA U UMILYJIC YACTHULIBI.

OrpaHu9uMcs CJIy9aeM, KOTIa MOACUCTEMY, MOJIEKYJTY, YaCTHUILY MOYKHO
CUNTATh MaTepuaabHOM To4ukoi. Torga B 6osmee 0bmmEeM cirydae TpEXMEPHO-
ro apuKenusi pa30BOe MPOCTPAHCTBO — IIPOCTPAHCTBO IIECTH M3MEDPEHUt:
Z, Y, %, Da, Py, D-- COCTOSAHME JACTHUIBI 33TAETCA TOJOKEHNEM N300parka-
FOIEil TOYKK B 9TOM IIECTUMEPHOM TPOCTPAHCTBE.

3amMernm, 9TO i CHUCTeMbl [N 9acTHI] CYIIECTBYET B3 aJeKBATHBIX
¢da30BBIX TPOCTPAHCTBA. BO-11€PBBIX, 3TO IMECTUMEPHOE MPOCTPAHCTBO, B
KOTOPOM COCTOSIHHE CHCTEMBI 331a6TCs MoJtoKeHneM [N TOYeK, KaxK/1as u3
KOTOPBIX SIBJISIETCS M300pazKalolieil TOYKOM O/IHOH 13 dacTull. Bo-BTOPBIX,
MO2KHO BbIOpaTh 6/N-MepHOE MPOCTPAHCTBO C KOOP/IMHATAMH, OIHCHIBAIO-
MAMU [OJIOYKEHUE U UMITYJIbC KAXKIOM OTHEHHOM JACTHUIIBI; TOTIA COCTOSI-
HHe CHCTEeMBbI OIIPEIeIUTC OIHON M300parKatolieil TOUKOM.

B mectumepHOM TPOCTPAHCTBE, 10 AHAJOTUU C OOBIYHBIM TPEXMEPHBIM,
€CTeCTBEHHO BBECTH JIEMEHTaPHBIN 00béM df) Kak mpoussenenue mudde-
PeHIMaJoB Beex KoopamHat: df) = dxdydzdp,dp,dp.. dTa BeqmanHa MO-
2KeT ObITh IIPECTABJIEHA B BUJE IIPOU3BE/IEHUS SJIEMEHTAPHOIO 00bEMa B
0OBITHOM, KOHGUI'YPAIMOHHOM IIpocTpaHcTBe: dV = dxdydz u snemenrap-
HOro 00béMa B IPOCTPAHCTBE MMILYJIbCOB: dw = dp,dp,dp.. Eciu B kage-
CTBE «BTOPBIX» KOODIWHAT BBIOPAHBI HE COCTABJISAIONINE MMITYIbCA, a CO-
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CTABJIAIOIIAE CKOPOCTH, MbI IOJIyYHM COOTBETCTBEHHO BesiuduHbl: df), =
= dVdv,dvydv, n dw, = dvydv,dv,, KOTOpbIE TOIBKO MACIITAOOM OTIHYaA-
1orest or dS) u dw (eciu BCe 4aCTHUBL UMEIOT OJUHAKOBYIO MACCY ).

ITpusredenne moHsATHS Ha30BOrO MPOCTPAHCTBA MO3BOJIIET CHOPMYJIH-
pOBaTh BECbMa BarXKHOE MOJIOYKEHHE.

B paBubIX pa30BbIX 00bEMaX COAEPKUTCI OANHAKOBOE UUC-
JI0 BO3MOYKHBIX COCTOSTHUM MOJICACTEM.

B pamkax Hamero Kypca Mbl HE MOXKEM IIOCJI€I0BATEJ]bHO JOKA33aTh
10 yrBepxaeHue. OJHAKO HEKOTOPbIE WJLIIOCTPAIMUA B MOJIb3Y €ro CIpa-
BEJJIMBOCTU MBI TIOCTapaeMcs mpuBecTu. HamoMHUM, MBI paccMaTpUBAEM
CACTEMBbI MATE€PHUAJJbHBIX TOYEK, T. €. OUPAHUYMUBAEMCH MOCTYyNaTEeIbHBIM
JBUKEHUEM.

1° KBaHTOBOMexaunmdeckuii ciy4aii. KBanroBeie siueiiku. OgHO-
BPEMEHHOE U3MEPEHUE KOOPUHATHI T U COOTBETCTBYIOMIEH COCTABJISIONIEH
AMITYJIbCA Py MOXKHO MPOU3BECTU TOJIBKO C TAKOW TOYHOCTHIO, [PU KOTO-
POt TOrpentHOCTH u3MepeHuit KoopauHaTel Az u uMyabca Ap, yA0BJe-
TBOPSIOT COOTHOIIEHNIO Heonpenenéanocty AxAp, > h (h — nocrosinnas
[Tnanka). ToBopsi cTpoXKe, YacTUIA IPOCTO HE MOXKET O0JIAJIATh OJHOBDE-
MEHHO TOYHBIMH 3HAYEHUSIMU KOOD/JMHATHI U MMILYJIbca. Tak Wi uHade,
€CJIM PUHSATHIE HAMU 33 HauboJee JOCTOBEPHBIE JIJIsl JJAHHBIX JIBYX YaCTUI]
3HAYECHUS L1, Pzl U T2, Prz OTIAYAIOTCH JIPYT OT JPYyra CJAUMIIKOM MAJIO,
eciu |r1 — Ta| - [pr1 — Pa2| < h, HEBO3MOXKHO YyTBEPKAATH, YTO B JIEHCTBU-
TEeJIbHOCTH COCTOsiHUS JacTull 1 u 2 pasmmanabl. CocTosiHme Kak Obl 3aHIMA-
er obstactb AzAp, ~ h. BoJiee crporuii KBAHTOBOMEXaHUIECKUI aHAJINS
[MOKA3bIBAET, YTO B JEHCTBUTEIHLHOCTUA OJHO COCTOSIHUE B TOYHOCTH COOT-
BercTByeT 00beMy B (bazoBoM mpocrparcrse hf | rae f — ameino cremeneit
cB0oOOABI. B wacTHOCTH, AjIs MOCTYIATENFHOTO BUMKEHUS B TPEXMEDHOM
KOH(DUTYPAIMOHHOM MTPOCTPAHCTBE T, Y, Z 00BEM, TPUXOAAIUNCT HA OIHO
COCTOSIHUE, OJHA KBAHTOBAA dueiiKa, pasBHa ho.

O110KUB KOJIMYECTBEHHBI aHAJIM3, Cef9ac JIMIIb OTMETUM, 9TO Ma-
nocth Benmaunbl h = 6,6-1073% JTx-c (B3 ~ 3-107100 Jx3.¢3) npusomut
K TOMY, 9YTO B OYE€Hb MAJIBIX O HAIIUM IIPE/ICTABICHUASIM (HABOBBIX 00b-
éMax WMeeTcs IPOMAJIHOE KOJMIECTBO BO3MOYKHBIX COCTOSTHUN MUKPOYa-
crutt. HeynuBureibHO, 9TO B MOAABJIAIONIEM OOJIBITUHCTBE CIY9a€B KIACCHU-
YECKHE MPEJCTABJICHHS, COTJIACHO KOTOPBIM B JIIOOOM CKOJIb YTOZHO MAJIOM
006béMe (Pa30BOrO MPOCTPAHCTBA, UMEETCsI DECKOHEYHOE HUHCJIO COCTOSHHUIA,
[IPUBOJISAT K [IPABUIIBHBIM BBIBOJIAM.

2° Knaccuvyeckuii ciaydaii. IIpuHmun merajgbHOro paBHOBECHS.
Ecniu naxke cucrema HAXOAUTCH B PABHOBECHOM C TOYKW 3DEHHUsT TEPMO-
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JMHAMUKHA COCTOMHMHU, IOACUCTEMbI IIEPEMEINAITC B IIPOCTPAHCTBE, 00-
MEHUBAIOTCS UMILYJIbCOM U HEprueil (B UAeajbHOM ra3e 3T0 LPOUCKXOIUT
DU COYJAPEHUIX MOJIEKYJI), T. €. COCTOSIHUS [IOJCUCTEM MEHSIoTCs. Tak
KaK COCTOSHHE CHUCTEMbI PABHOBECHOE, KOJHMYIECTBO IMOJCHCTEM, MTOKHIAI0-
[UX JTAHHYIO TPYIIY COCTOSHUMN, TOJIKHO OBITH PABHO YHUCJIY MOJICHUCTEM,
MPUXOMSANIUX B 3Ty Ipymmny u3 Apyrux. Ho B JefHCTBUTEILHOCTH JTOJIKHO
BBIIOJIHATBCA DoJiee 2KECTKOE TPeDOBaHUE, HA3bIBAEMOE yCJIOBUEM JI€TaJlb-
HOI'O PABHOBECHUs: €CJIM B TEYEHUE HEKOTOPOI'O JIOCTATOYHO 3HAYUTEIbHOIO
BpeMeHU u3 rpynnbl A meperio B rpynmny B, HampuMep, n MOJACUCTEM, TO
POBHO CTOJIBKO K€ MOJCUCTEM JIOJIXKHO TIepeiiTu u3 rpynnsl B B rpymnmy A.
Tak, eciit B 0OBIYHOM, KOH(DUTYPAITMOHHOM POCTPAHCTBE U3 0ObéMa A
nocrynaer B 00béM B 3a CeKyH/Y 7 MOJIEKYJ, TO TOYHO TAKOE 2Ke YHC-
JIO MOJIEKYJI JOJI2KHO IPUXOAUTh B 00béM A uMmeHHO u3 06béma B. uade
Pa3HOCTb IIOTOKOB 00Opa3yer HEKOe MAKPOCKOIMYECKOE [IBH2KEHHE 110 Ha-
npasJyienuio or A K B, a 370 Obl 03Ha4aJI0, YTO PABHOBECUE, IIPU3HAKOM
KOTOPOTO SIBJISIETCS KaK Pa3 OTCYTCTBHE MAKPOCKOMUIECKUX JIBUYKEHUH, HE
YCTAHOBUJIOCH. IIpejcraBisiercsi eCTeCTBEHHbIM, MOXKHO JIaKe CKa3aTb —
OYEBU/IHBIM, YTO PaBHbIE O0bEMBL C 3TOH TOYKM 3PEHHMH MOXKHO CUUTATH,
KaK I'OBOPUTCsl, [IPY IIPOYUX PABHBIX yCJIOBUAX, SKBUBAJIEHTHBIMH C TOYKHU
3pEHMSA KOJUIECTBA, COAEPKAIIUXCSA COCTOSIHUN MOICHUCTEM.

Ho mpu coymapeHusix MOJEKY/JIbI OOMEHUBAIOTCS €IE W MMITYJIbCAMHU.
Oka3bIBaeTCst, B OOIIEM CJIy4ae SKBUBAJEHTHBIMU CJIEJYET CUUTATH OJMHA-
KOBbIe 00BbEMBI B (pa30BOM mpocTpancTse. st HILTIOCTPAIl 3TOrO IOJIO-
JKeHusd (HU B KOEM CJIydae 9T0 HeJIb3sl CUUTATD JOKA3ATEIbCTBOM) PACCMOT-
PUM OYEHb YaCTHBLIA IIpUMEp.

IMycrh B HEKOTOPBIH MOMEHT (BeChbMa MAJIbIl IPOMEXKYTOK) BPEMEHU
MTPOUCXOIUT COYJIAPEHNE IBYX MPYIIT OJUHAKOBBIX YACTHIL 1 U 2, TPUIEM BO
BCEX COY/IapPeHMsIX JIMHUSL, COSJUHSIIOIAs HEHTPhl MACC YaCTHLL, 1aAPaAJLIE/Ib-
Ha HEKOTOPOI OCH, HA30BEM €€ 0Cbio x. JacTuupl Ipyiibl 1 10 coylapeHus:
HMEIOT CKOPOCTH B MAJIOM JHALA30HE — OT Vz1 J10 (Vg1 + Avg1), OT vy1 210
(vy1 + Avy1), 0T v;1 130 (V51 + Avz1). TouHo Tak Ke CKOPOCTH TPYNILI 2
JIEKAT B AUALA30HE OT Ugo J0 (Uga + Avga), OT vy 10 (Vy2 + Avys), OT V42
10 (UZQ + AUZQ)-

B mrecrumepHOM HPOCTPAHCTBE CKOPOCTE (Vz1, Vz2, Uyl, Uy2, Vzl, Us2)
YaCTULBI JBYX I'PYIII 3aHUMAKT 00bEM

Awy = A1 Avy1 Av,1 Ao Avya Av,s.

A gr0 6yzer nociie coynapenuii? B KondurypangoHHOM IPOCTPAHCTBE 00b-
éM, B KOTOPOM PACIIOJIOKEHbI YaCTUIIBI HEITOCPEACTBEHHO MEPeJ], COYIapeHu-
MU W CPa3y TOCEe TAKOBBIX, OAUH U TOT Ke. Ilpu coymapennn gacrui B
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OrOBOPEHHBIX BBIIIIE yCJIOBUAX COCTABJIAIONINE UX CKOPOCTEH 110 OCAM Y | 2,
a 3HAYUT, U BEJINUMHBL Vy1, Uy2, VU1, Uz2 — HE MeHsoTcs. Cocrasisomumu
K€ [0 OCH T YaCTHIbl OOMEHHBAIOTCH B IIPSIMOM CMBICJIE CJIOBA, B KaXK-
IOl Tape YaCTUId TPYNNbl 1 MOIy9aeT BEJUYUHY CKOPOCTHU U, KOTOPOA
00JTaaJ1a, CTAJKUBAOIIASCS C Heil JacTtuia rpynnsl 2 u Haobopor. Torma
HOBOE 3HaueHwue pas3bpoca vy, Oymer paBHO Avl; = Auvgo, u, HA060DOT,
Avly = Avgg.

Herpynao Buaers, uro Aw! = Aw,, a ipu 31oM 1 AQ, = AQ,, (KoHeu-
HO, Takke Aw’ = Aw, AQ = AQ).

Teopewma JluyBuiis, BecbMa 9aCTHYIO HILIIOCTPAIUIO KOTOPON MbI IIPHU-
BeJiM, yrBepzkaaer, 4ro (a3oBblil 00bEM, 3aHUMAaEMblil cucreMoil (B HaLEeM
LIPUMEPE ITO COBOKYIHOCTH 4acTull rpynu 1 u 2), upu eé sposrouuu ocraér-
Cs HEM3MEHHBIM, CJIEIOBATEIHHO, ECTECTBEHHO MPEIIIOJIOKNUTh, 9TO B OJIHU-
HAKOBBIX (DA30BBIX 00bEMAX UMEETCS OJMHAKOBOE 9HCJIO BO3MOXKHBIX COCTO-
SAHUN HOJCUCTEM, HECMOTPS HA TO, YTO B KJIACCHYECKON (DU3UKE ITO YUCIIO
Bcerjga 0ECKOHEYHO.

OTmeTnM, 9YTO IPUHITAT JETAJTHHOIO PABHOBECHS TAET aJIbTePHATUBHbIM
cocob BBIBOMA pacmpenenenus ['ubbca. Paccmorpum paBHOBecume Mex Ty
COCTOSTHUSIMU @, b, C OIHON CTOPOHBI, U COCTOSHUSAMU ¢, d — C IPYTOM.
Beposraocrs nepexosna u3 napel cocrosauii @ u b B napy ¢ u d (kak u B
JIHOOYIO JIPYIYIO I'PYILLY COCTOAHUI) [IPOIOPUMOHAJILHA, IPOU3BEICHUIO 38~
CeJIEHHOCTEl COCTOsiHU a u b; BEpOATHOCTH OOPATHBIX TIEPEXOIOB COOTBET-
CTBEHHO MPOW3BEIEHUIO 3aCeIEHHOCTeH cocTosiuuit ¢ u d. CjenoBarebHO,
NgN, = N.Ny. C apyroit CTOpPOHBI, B CHJIy 3aKOHA COXPAHEHWSI IHEPTUU
Eqt+eEp =€c+€q.

Herpyaso 3amernrs, 910 3T JBa yCJIOBUS BBINOJHAKOTCH, eciaun N; =
= Npexp(—f¢;), a eciiu y4ecTb, YTO, HAPUMED, paclpeesenue BoJbir-
MaHa (B 4acTHOCTH, GapoMerpudecKas GpopMyJia) JOIKHO SIBIATHCA 9aCT-
HBIM CJIy9aeM IIOJIy49YeHHOI'O HAMU COOTHOIIEHUS, Mbl JOJI2KHBI IIOJIOKUTH
0 =1/kT. Tem cambIM MbI OLSITH IPUXOAUM K pacipeesenuto ['nbbea.

3% Emé HeMHOro o pacnpejeieann BojabuMana. lTak, B OIMHAKO-
BbIX (DA30BBIX OObEMAX MMEETCs OAMHAKOBOE KOJIMYECTBO COCTOSIHUI I10/I-
cucreM. Eciim MbI BbIOEpEM JOCTATOIHO MaJible OObEMBI, 3aCETEHHOCTH CO-
CTOSIHW BHYTPH KaXKJI0r0 0ObEMYNKA, Oy/IyT MPAKTUIECKHU UACHTUIHBI. 10-
A KCIOHEHIINAIBHY O 3aBUCUMOCTh 3aCEIEHHOCTH OT SHEPTUH B COOTBET-
creun ¢ dopmynamu (5.14), (5.15) MOKHO OTHECTH HE K OTIEIbHBIM BO3-
MOKHBIM COCTOSIHHSIM, a K PaBHBIM MaJjibIiM (pa3oBbiM 00béMmam. Tem Hosee
3T0 OyIeT CIpaBeJInBO, €CJIM MBI BbLIAETUM (ha30Bble OOBEMBI C PABHBIMU
Ax, paubivu Av, u T. 1. B KiaccuaeckoM ciydae BOOOIEe MOXKHO nepeiTu
K OECKOHEYHO MAJIBIM BEJIMYMHAM, W TOTJA, PACIIU(POBLIBAST BhIPAKEHUE
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st sueprun, popmyday (5.14) MOKHO LpeACTaBUTD B cieaytoeM Bue (1o
KpaiiHeil Mepe, [jisl UIeaJbHOIO 1a3a):

_u(z,y,2) __m 2,2, .2
dN = cie~ Fr e~ 2ot (e tvyU3) g dy dz dvy dvy dv,, (5.16)
rae ¢1— HEeKOTOpas HOPMUPOBOYHAS MOCTOSAHHAL.
Ecmu TeMmmeparypa BO BCeM PaCcCMATPUBAEMOM IPOCTPAHCTBE OIHA M
Ta 2Ke, MOXKHO IIPOBECTH MHTEIPUPOBAHME IO COCTABJIAIOIIUM CKOPOCTH H
MTOJTyINTh BHIPAKEHAE

dN = cye ¥V, (5.17)

KOTOpOe ecrecTBeHHbIM 00pazom (dN/dV = n) nepexomur B bopmyity
(5.1).

Ob6parum BHuUMaHue HA TOT (akr, 910 HOp-
Myna BombriMana maér pacupeneseHue mo CoCTo-
AHUAM WU, 9TO B JaHHOM CJIy9a€ 3KBUBAJICHTHO,
10 PABHBIM O00BEMAM, HO HE IO 3HAYEHUSIM IHEP-

Puc. 18 ruu. Pasuuiy HETPyaHO yBUIETH, CDABHUBAS a3
B IMAJIMHIPAIECKOM COCYE U B COCYy/Ie KOHNIeCcKOi ¢popmbl. Eciin B mepom
cjydae OJHOE KOJUYECTBO MOJICKYJI, UMEIOIIUX Ty WJIM UHYIO 3HEPrulo,
OIpeIeNIsieTCs TOM 2Ke caMoil (DOPMYJIOit, TO BO BTOPOM, €CJIH, K IIPUMEpY,
KOHYC CTOUT «BBEPX HOraMu», KaK Ha pHUC. 18, MOJHOE YUCJIO MOJIEKYJ C
JaHHDBbIM 3HAYCHUEM 9HEPI'UU BIIOJITHE MO2KET C POCTOM 9HEPI'MU BO3pPAaCTATb.

4% Pacupegenenuss MakcBesuia. Tenepb MOJOXKUM, 9TO MbI IPOBEJIH
WHTErpUpOBaHUE BbIpaKeHudA 5.16 Mo TpéM KoOpAuHaTaM U JIBYM COCTaB-
JITIOTITAM CKOPOCTH, 33, HCKJIIOUEHUEM V. [lomyamm

2

dN (vg) = Ae™ = du,.

o0
IIpemskcnonenTy A MOKHO BBIMHC/IATD U3 yCJAOBHS HOpMupoBKu: | dN =
—0o0
2
= 1. Beeagéu nepemennyio § = |/ g, 4TO NPUBEAET K COOTHOLIEHHIO
o0
2kT 2
A== | etde=1.
m
— 00

3nauenue uHTErpasa B OECKOHEYHLIX IIpeJesax HM3BECTHO M PaBHO /T
[ 10]. Takum 06pa3zom, OKOHYATEJNLHO LOJLY 4aeM

m mv2

dN (vg) = S kT e~ T du,.
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m o _med
Pv) =\ g € (5.15)

HaszbiBaeTcs pacupejenenreM Makcsesuia jjls COCTaBJSIOMER CKOPOCTH
(nmu 1o cocrasismonieii ckopocru). Koneuno, Touno Takum ke O6yzer pac-
IpEeJIeJICHHE IO Uy, & PABHO 110 V.

OTmeruM, 9TO MbI MOJIYYWJIA HOPMUPOBAHHOE pACIpelesieHne, T. €.,
WHBIMHU CJIOBAMU, ILIOTHOCTH BeposgTHOcTH. Eciaum B paccmarpuBaemoii cu-
creme Bcero umeercs Ny MoKyl (MIeaibHOro ra3a), To

dN (vg)

o(vz) = my

Bripaxenue

rae dN (v,) — 9UCII0 MOJIEKYJI, UMEIOIIUX COCTABJISIONLYI0 CKOPOCTH TI0 OCU
T B IpeIeaax OT Uz M0 Uz + dvug.

Tak Kak 3HaYeHUs COCTABJISIOIUX CKOPOCTH MOXKHO CUATATHb CTATHUCTH-
YeCKU HE3aBUCUMBIMHU, BEPOSITHOCTb TOIO, YTO MOJIEKYJIA OJHOBPEMEHHO
HMeeT UX BEJIMYUHbI, DABHBIE COOTBETCTBEHHO Uy, Uy, U, OIPEIEJIUTCS [IPO-
M3BEIECHNEM BEPOSITHOCTEIA:

m
2wkT

Masr1 nmosryawiu BTopoe pacipeaenenne Makcsesuia — pacnpedeserue no eek-
mopy cKkoOpoCmu:

3/2 — (02 02 40?)
dw(%,vy,wz):< ) e” 2T W0y T duy duy du,.

m \3/2 _m.?
kaT) e~ BT (5.19)

Hakomner, Tperbe pacupesenenue, Koropoe OObIMHO UMEIOT B BU/LY, [IPO-
M3HOCS CJI0Ba «pacupejenenue Makcpemnas, — PacIpeaeseHne 1m0 MOJLY-
JIF0 CKOPOCTH. DTO PACIPEIEEHUE IIOKA3bIBAET, KAKAS J10JIsi MOJIEKYJT HME-
€T CKOPOCTh B mpejenax or v a0 (v + dv) He3aBUCHMO OT TOrO, Kak 3Ta
CKOpOCTh HampasyieHa. CooTBeTCTBYONHI 00bEM B MPOCTPAHCTBE CKOPO-
creit — 00BbEM ITAPOBOTO CJI0sT MeXK Ty cdhepaMu paguycoB v u v + dv, T. e.
oH pasen 4mv? dv.

OueBuHBIM 00PA30M UMEEM

f (0, 0y,0:) = £(7) =

3/2 7"/'(72
dw(v) = (27?;T) 5T - Amvidu.

Wiu unauye — pacupesenenue Makcsesia (110 MOLYJIIO CKODOCTH):

dmv e 2RT (5.20)



102 TyiABA V. Cmamucmuueckue pacnpedeserus

Ewé pa3 ormerum, 4ro eciu Bcero B cucreme N MOJIEKYJI, TO YUCIIO MO-
JIEKYJI, IMEIOIIUX MOYJIU CKOPOCTH B IIPEJEIAX OT ¥ A0 U+ dv OIPeIesnTCst
BoipaxxenueMm dN (v) = Ndw(v) = NF(v)dv.

XapakTepHas 0COOEHHOCTH ITOTO PACIPEIETIEHUS — HEMOHOTOHHOCTb.
C PoCTOM CKOPOCTH BEPOSATHOCTD (KOJMYIECTBO MOJIEKY/I, UMEIONIUX 3HAUE-
HUE CKOPOCTH B HEKOTOPOM (DUKCUPOBAHHOM MAJIOM MHTEPBAJIE) BHAYAJIE
pacrér. DTo, KOHEYHO, CBSI3aHO C T€M, 9TO PACTET YUCIO COCTOSHUN B pac-
qére Ha (uKCcHpoBaHHYIO BenumunHy dv. Hambosiee BEpOSTHYIO CKOPOCTH
MOJIEKYJI MOXKHO Ha#iTu U3 ycjioBus MakcumyMma F(v) — paBeHCTBa HYJIIO
IPOM3BOAHOMN 3T0i (hyHKIMYU 110 cKopocTH (pu PUKCHPOBAHHOI TeMIepa-
1ype). [omydaem yenosue muge, /2 = kT, Wid vyep = /2KT /m.

IIpencrasisitor uHTEPEC TAKXKE HEKOTOPBIE APYIHE XapaKTEPHbIE 3HAYE-
nus ckopocru. Cpejiasist CKOpocTh (MMeercsi B BUY CPeJIHsis 110 MOJYJII0 —
cpefHuil BEKTOP CKOPOCTH, KAK U CPE/IHAE 3HAYEHHUS BCEX COCTABJISIOIINX,
OYEBM/IHO, [IPOCTO B CHJY CUMMETDHH, PABHBI HYJII0) MOXKET ObITh BBIYHC-
JIEHA C TIOMOIIBIO CTAHIAPTHON TPOIETY PhI:

T T 3/2
(v) = J vF(v)dv = J (2:;T> e 2kT2 4drv3du.
0 0

ITocsie wHTErpUPOBAHUST IO YACTIAM MOy daeM OEpyIuiicss HHTErPaJT TH-
2
na f e~ xdx u B pe3yibrare CpejHee [0 MOJLYIII0 3HaYeHue cKopocru (v) =

= /8kT /mm.

AHaJIOTUYIHBIM CIOCOOOM MOXKHO HANTH CPETHUIM KBaAPaT CKOPOCTH:

T T 3/2 .2
<v2> = JUQF(v)dv = J (27:7;T> e 2kt 4rvtdo.
0 0

31ech, npaB/a, MOC/Ie JABYKPATHOIO NPMMEHEHHUsS IPOIE/yPbl HHTErPHPO-
BAHUs [0 YaCTAM [OJLydaercs uHrerpan tuna [ e dr, He Gepywpmiicsa B
KB3IpaTypax, OJHAKO €ro 3HaYeHUe B MPEJeJNax OT HyJs J0 GECKOHEUHO-
CTH B CHJIy YETHOCTH (DYHKIIUU e paBuo /7/2 (cm. [[110]). Bopouewm,
B JAHHOM KOHKDETHOM CJIy4ae 9Ty MPOIENypy MOXKHO 000iiTu. Mbl 3Ha-
€M CpeJIHee 3HAYEHME KMHETMYECKON JHEPruM MOJIEKYJIbI HEAIBHOTO ra3a
() = m (v?) /2 = 3kT/2. Orciosa cpasy MOXKHO LI0JLy 1UTb 3HAUEHUE CPe/l-
HEro KBaJIpaTa CKOPOCTHU <1}2> = 3kT/m wiu cpeaHeKBajpaTUIHON CKOPO-

cru /(v?) = /3kT/m [A11].

5% O 6eCKOHEeYHBIX CKOPOCTHAX. Il mpym HOPMHUPOBKE PACIPEICTICHUN, U
MpY BBIYUCJIEHUN CPEIHUX 3HAYEHUN CKOPOCTH WJIU €€ KBaJPaTa MbI, KaK
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TOBOPHUTCSI, HUYTOXKE CYMHSAIIECH IPOU3BOUIN UHTErPUPOBAHUE B OECKO-
HEYHBIX Ipejesax. Mex/y TeMm, /1aKe eCiu He UMETb B BU/ly OUDAHUYEHHUS,
HAKJIa/IbIBAEMbIE TEOPHEH OTHOCUTEJIbHOCTH, CIIUIIKOM OOJIbIINE 3HAIEHUS]
CKOpOCTH HEBO3MOXKHBI. [lo Kpaiineii Mepe, He MOXKET OBITH TAKOW CKOPO-
CTHU, IPU KOTOPOH IHEPrusi €IMHCTBEHHON MOJIEKYJIbI PEB30MIEeT BECh 3a-
ac SHEPIUU CUCTEMBL.

OkazbiBaercs, Bcé 310 HecymecrBeHHo. DyHKiust e~ e pocroMm = yObI-
BaeT o4eHb ObicTpo. Hampumep, BEPOSITHOCTD TOrO, YTO KaKas-JImOO MOJIe-
KyJia, ©UMEeT CKOPOCTh, B 10 pa3 mpeBbIIIAIy0 HaudoIee BepOATHYIO, 10
MOPAAKY BeJUYMHBI PaBHA 10743, B omHOM MOJIE «IOJIZKHO OBbITH» MEHb-
me, uem 107 rakux mosmekysr. MubiMu ciroBamu, Ha40 B3:aTh 1020 Moseit,
9100bI HAMTH HECKOJIbKO TakKux MOJieKys. Bo Bceit armocdepe 3emiu mpu-
MEPHO TAKOE KOJIMIECTBO BO3/IYXA.

Eciu Obr MBI «3ampeTnyiny MOJIEKYJaM HUMETh CKOPOCTb OOJIBbIIE, FTeM
10Ugep, KaK roBOpPAT B TAKUX CIydadx, obpe3anu Obl paclpelesieHue Ha
ypoBHE 10Vgep, HOPMUPOBOYHBIE KOI(DDUIUEHTDI, CPEJHAE BEJIUYUHbL U3-
MeHIIICH OB Ha 10743 OT HOIyIeHHBIX HAME BeTHYHH.

Besnunna 10 (vgep) 1Py KOMHATHON TEMIEPATYPE B IECATKH THICSY Pa3
MEHBIIIE CKOPOCTHU CBETA, TAK YTO PEJIITUBUCTCKUE ITOIPABKHI TAKIKE eIl CO-
BEPIIIEHHO HecyulecTBeHHbl. 1Ipu 3ameTHO HOJIEe BBICOKMX TEMIIEPATyPax,
reMm GoJiee Jjisi JIEMKUX 110 CPDABHEHUWIO C MOJIEKYJIaMU 9acTul (IpakTuyde-
CKU — JIJIsl 9JIEKTPOHHOTO I'a3a), PACIPEIEJEHNE 0 CKOPOCTAM MOXKET OT-
JIYATHCS OT MAaKCBEJJIOBCKOTO. DTO, KOHEYHO, CBA3aHO € HEJTUMHEHHOCTHIO
3aBUCUMOCTH MMILYJIbCA OT CKOPOCTH JJIsI PeJIATUBUCTCKUX YacTuil. Ha pac-
[IPE/IeJIEHNE 110 UMILYJIbCAM CaMU 110 Ce0e PeJIsTUBUCTCKIE 3aKOHOMEPHOCTH
BJIMSIHYS HE OKA3bIBAIOT. ([IJis1 yIIOMSIHYTOrO BBIILE 3JIEKTPOHHOIO ra3a, Ha-
MIpUMep, B METAJIJIaX, PAHEE PEIATUBACTCKAX HAYNHAIOT UI'PATH POJIb KBAH-
TOBbBIE 3aKOHOMEPHOCTH; PACIIPE/IEIEHNE [T0 NMITYIHCAM Yy TAKOTO ra3a TOXKE
JIAJIEKO HE MAKCBEJJIOBCKOE. DTOr0 BOLPOCA MbI 11032K€ KOCHEMCH. )

x

6% O «HYJIEBBIX» 3aCEJEHHOCTIX. BO03MOXKHOCTH MHTEIDUPOBAHUS B
GECKOHEYHBIX IPEJeJIaX Mbl ApI'yMEHTHPOBAJIHN, NOBOPS KPATKO, HUYTOXK-
HOIA, IPEeHEOPEKUMO MAJIONH 3aCETEHHOCTHIO COCTOSTHHUIN ¢ OOJIBINON SHEPIH-
eii. C mapyroit cTOpOHBI, IpU BBIBOIE pacuperenenus: Makcseana—bosbir-
mana (I'ub6ca) Mbl MoJIAraiu, YTO B KAyKI0M COCTOSHUM UMEETCH JOCTATOY-
HO 6ouibLIoe Yuciio MosteKyal (noacucrem). OObiACHs A0 CTUMOCTD OJHOMN
HEKOPPEKTHOCTH, Mbl OOHAXKUJIU [IPYTYI0 HEKOPPEKTHOCTD, KOTOPAs IPO3UT
MTOCTABUTH IOJT COMHEHUE BECh XOJ HAIUX PACCYKIEHUM.

BcermovanM, 0THAKO, CMBICIT TOJTyY€HHBIX HAMU pacrupeaerenuii. Mbr uc-
Kayin Haubostee BeposiTHOE pacnpesesneHue. dro 310 o3nadaer?

IIycte B HEKOTOPOM COCTOSIHWM WJIM TDYIIE COCTOSIHUI, WA B HEKO-
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Topoit obsactr $a30BOro MPOCTPAHCTBA COIVIACHO paciipeaeneHuio Makc-
Besuta—bBosbiMana o/KHBL HAXOMUThCH AN MOJIEKYJI. DTO HE O3HAYAET,
49TO B IIEPBOI momnasiiedics nmopuuu ra3a u3 N MOJIEKYJI Mbl OOHAPYKUM
B TounocTd AN TaKuX, KOTOPBIE YIOBJIETBOPSIOT HAINIMM OIPAHIICHUSIM.
Tak, CKOPOCTH B IPEIETIAX OT Uyep IO 1,0104ep momxHBI BMeTH 0,83% MO-
Jiekys. Bo3bMéM MOJIb rasa — Halaém ju Mbl TaM (OKpYIJIsieM YHCJIa,)
Kak pa3 5-102! mosekyn ¢ rakumm cxopocramu? OThions He 06s3aTeIb-
HO. MBI [IOJIZKHBI BCErO JIHIIb O6HAPY2KUTH npuMepHO 5-102!, ckopee Bcero
5-1021 £ 7-10%°). Kcraru, mockoibKy B GOJBITMHCTBE CIydaeB 0OHAPY KeH-
HO€ HAMM YUCJI0 MOJIEKYJI B JJAHHOM JIMAlla30He CKOpocTeil He 6osiee 4yeM Ha,
MUJITTHAP/IHY IO JIOJTIO IIPOIeHTa Oy/1eT OTIINIaThCs OT Haubosiee BepOsiTHOTO,
cpezHee uX YuC/I0 OyJeT NPAKTUYECKH HEOTIMIUMbIM OT Hanbojiee BEPOT-
uworo. ITosromy B 1OA0OHBIX CJIy9asiX 9ACTO YUCIIO MOJIEKYJL, IPUXOISIIAXCS
Ha [1aHHBIH (Ha30BbIil 00bEM, HA3BIBAIOT CPEJIHUM YUCIOM MOJIEKYJ B ITOM
obbéme.

Tenepb paccMOTPUM HEKOTOPOE cocTosinue (OyJeM Tak Jijisd KPaTKOCTH
HA3bIBATH IPYIILY COCTOAHUI, Ha30BbLil 00bEM), /11 KOTOPOIO PACIIPEIeie-
Hue 1aér Besmauny BepoarHocTH (6:10%%) 71 1. e. u3 MoA B 9TO CocTOAHME
JOJIZKHA IIOMACTh OJHA MOJEKysa. KKOHEeYHO, B IEPBOM IIONABIIEMCH MOJIE
MOZKET B 9TOM COCTOSIHUU OKa3aThCsl KaK Pa3 OJHa MOJIEKYa, HO MOXKeT He
OKa3aThCsd HU OJHON WM, HA0DOPOT, CAYYANdHO MOMACTh JBE, & B PEIKUX
CIAy9aax TPH U 6oJiee MOTEKYIL. A BOT ecau MBI Bo3bMéEM 106 muenTHIRBIX
MOJIeHl B O/THOM U TOM 7K€ MAKPOCKOIIMYIECKOM COCTOSIHUH, BO BCEM 3TOM aH-
cam0OJie MoJieii Mbl OOHAPYKUM KAaK Pa3 OKOJIO MHJLUIMOHA TAKUX MOJIEKYI,
cxopee Bcero 10% + 103, Bpsis s 310 9ucio 6ymneT OTNYaThCs OT [IPeIIn-
CaHHOro HanboJIee BEPOSITHBIM PACIIpEJeIeHHeM 3aMeTHO OOoJIbIlle, YeM Ha
0,1%.

1 Tonbko korma Mbl obparuMcsa K ancamosio ['ubdca — BoobOpazkaemo-
My OECKOHEYHOMY KOJIMYECTBY HJIEHTHYHBIX CHCTEM B OJMHAKOBBIX MAaK-
POCKOIIMYECKUX COCTOSHUSAX — JOJIs [IOJICUCTEM B BBIODAHHOM COCTOSIHUU
JOJI)KHA B TOYHOCTH COBIIACTH C IIPEANUCHIBAEMOI pacupeaenenneM. Koned-
HO, MbI JIOJIKHBI MCKJIIOUUTH HEJIOMYCTUMbIE COCTOSHMS (CM. IIPEIbLIy Uil
[YHKT) — TaM ¥ B aHcambjie u3 GECKOHEYHOIO YUC/Ia, CUCTEM DACIIPEIEe-
Husd He OyJyT CIPaBEe/JINBBIMH.

AnajoruynbiM 06pa3soM ciejyer TPakrosBalb M BepoaTHOCTb 10743,
Cxkopee Bcero maxke B OYeHb OOJIBITOM KOHEIHOM aHcambiie Mbl He OOHa-
PYKUM HU OTHOU MOJIEKYJIBI CO CKOPOCTBIO, B J€CITh Pa3 MPEBBIMIAIOIIEH
Hanbosiee BeposiTHy0. Ho HUKTO He Mermaer HaM BOOOPA3UTh aHCAMOJIb U3
103 MoJIeKyJI, 1 TaM TAKHX MOJIEKYJ Oyxer, ckopee Bcero, 1010 & 107,

* kK
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Ha npumepe pacnpenenenus Makcsemia—boabmyana

oo u(@+mv?/2

w(r,¥) =ce” " T 2 drd

rae difdv = dxdydz dvydvydv,, MBI TO3HAKOMUJIUCH C JIEMEHTAMHU CTaTH-
CTUYECKOrO IIOJIX0Ja K «CHCTEMAaM, COCTOSIIUM U3 OOJIBIIOrO HYUCIa Ha-
CTHUIT», MOBEJIEHNE KOTOPBIX, KAK MBI ITOMHUM, SBJISIETCS MPEIMETOM Tep-
MouHaMuKU. OIHAKO 3aKOHOMEPHOCTH CTATHCTUYCCKON (DUBUKU, €CIIH J10-
[IyCTUTH TABTOJIOIMIO, KOHEYHO, CTATUCTUIECKHUE, BEPOSTHOCTHBIE. 3AKOHbI
2Ke TEPMO/IMHAMUKHU — OJIHO3HAYHBIE, JIMHAMUYECKHE COOTHOIICHUSI.

B mpeaBapuTebHOM MOpsiiKe OCHOBAHME MEPEXO0A CTATUCTUIECKUX CO-
OTHOIIIEHU! B JTUHAMUYIECKHE MBI OTMETHJIH — C POCTOM YHCJIA, TOACUCTEM
OTHOCHUTETbHBIE (DIIYKTYAINH UHTEIPAJTBHBIX BeIUINH yObIBAIOT. OTKIIOHE-
HUE [IaPAMEeTPOB MAKPOCUCTEMbBL OT HAUOOJI€e BEPOSTHBIX 3HAYCHU CTaHO-
BSATCsI HEYJIOBUMO MAJIBIMU.



I'itABA VI

CraTucruka n TepMOJANMHaAMHUKa

3aKOHBI TEePMOJUHAMUKWA JIETKO IIOJIYYIUTH U3
IIPUHITUIIOB CTATUCTUIECKON MEXaHUKH, HEIIOJI-
HbBIM BbIPpaKE€HHEM KOTOPbIX OHHU ABJIAIOTCHA.

Horc. Y. I'ubbe

Crarucruveckasi Gpu3nKa PACKPBIBAET CMbICJI 32KOHOB TEPMO/IMHAMUKU,
MO2KHO CKa3aTbh, yTO4YHsET uX. B TO 2Ke BpeMsi OHA BBISBJISIET BEPOSITHOCT-
HbIi1, HE BIIOJIHE ADCOJIIOTHBIN XapPaAKTeD ITUX 3aKOHOB, KOHKPETHee, 0DIIero
U BTOPOT'O HAYAJI TEePMOJVUHAMUKH.

C apyroit CTOPOHBI, CTATUCTUKA MAET BO3MOXKHOCTBH, 0DJIajast JaxKe
BECbMa OI'DAaHUYEHHbIMY 3HAHUAMU O CBORCTBAX KOHKDPETHDBIX MOJIEKYJI, Bbl-
ACHUTb HEKOTODbIE BazKHbIE XapPaKTEPUCTUKU COCTOAIIUX U3 ITUX MOJIEKYJI
BEIIEeCTB.

Haxomnern, moguepkaéM, ITO MBI 3HAKOMUJIUCH C JIEeMEHTAMU KJIACCH-
9eCKOil, HEPEJSITUBUCTCKON M HEKBAHTOBOM, crarucruku. Kak yxke orme-
4aJ10Ch, penasaTuBucTCKue 3B dEKTh! Jullb B PEIKUX, TAK CKA3aTh, IK30TU-
YeCKHUX CJIyd4asiXx MOI'YT CKA3aTbCd HA CTATHCTHYECKUX 3aKOHAX. B 1o ke
BpeMs KBAHTOBBIE 3(DDEKTHI MOTIAC BECHMA CEPHE3IHO BIULIOT HA, KOHKDET-
HBIE CBOMCTBA BEIECTB BO BIIOJHE OOBIYHBIX, «KOMHATHBIX> YCJIOBUSIX.

DT TpU 0OCTOATENBCTBA OOCYKIAIOTCS B HACTOSIIEH TJIaBe: COOTHOLIE-
HHE MEXK/ly CTATUCTUYeCKUMHU U TEePMO/JIMHAMUYECKUMU 33KOHOMEPHOCTHA-
MH; 3JIEMEHTBI TEOPUU TEIJIOEMKOCTH; IPUMEPBI MPOABJIEHUS KBAHTOBBIX
3aKOHOB.
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§ 18. PaBHoBecue u diryKTyanuu

BepogaraocTh — OTCYTCTBUE TOCTOBEPHOCTH.
IIpenen BepodTHOCTH — HOCTOBEPHOCTD.

Cocrositve paBHOBECHsI COOTBETCTBYET MAKCHUMyMy SHTpoOmuu (Jis 3a-
MKHYTO# cucrembl). Eciu Mbl gocrarodso aosro 6yaeM HabJI0JaTh CUcTe-
MY, MBI, CKOpee BCero, OOHapyzKuM e€ B COCTOsHNE paBHOBecus. Hambosee
BEPOSITHOE COCTOSIHUE — COCTOSTHUE C HAuOOJIbIeil sHTponueit. A Heab3s
JIM YCTAHOBUTH KOJUYIECTBEHHOE COOTHOIIEHHE MEXKIy DHTDPONUEil u BEpO-
SATHOCTBIO?!

1° Durponus u BepositHocTh. I'mnoresa Boabmmana. Ob6parumcs,
KaK OOBIYHO, K mpocTeiiemy npumMepy. B cocyme maxomurcas N MOJEKys
UJIeATbHOTO ra3a. KakoBa BEpOITHOCTH TOTO, 9TO BCE OHU OKAXKYTCs B O/I-
HOI1 110J10BUHE cocyua?

st OnHOM MOJIEKYJIbI BEPOSTHOCTD OKA3AThCA B KAKOW-TO OIPE/IesIEH-
HO1, HAIIPUMED JIeBOi, mosioBrHe paBHa, 1/2. Cuntast (1151 HIeasbHOro rasa
9TO PA3yMHO), YTO BEPOSITHOCTH TIONACThH B TY UJIA UHYIO YaCTh COCY/IA J1Ist
PA3JIMYHBIX MOJIEKYJI HE3aBUCUMBI, B ciaydae N MOJEKyJ [OJIydaeM HCKO-
MYIO BEPOATHOCTH CKOILIEHUs ra3a B OuHON unosioBune cocyza: w(V/2) =
= (1/2)". BepoaTHOCTb TOrO, 9TO MOJIEKY/Ibl KAK-TO PACIPEIETATCS 10
COCy/ly, O9eBUIHO, paBHA enuHuiie. VITak, OTHONIEHHE BEPOSITHOCTEN IBYX
«COCTOsIHU{T» — ra3 B OJIHO# [TOJIOBUHE COCY/a U ra3 3aHUMAeT BeCh COCYI —
nosyaaem pasabiv w(V/2)/w(V) = (1/2)V.

MO2KHO CKa3arTh, 4TO BEPOATHOCTH HPOLOPIMOHA/IbHA Besmuuune ()7,
rae  — pocrynHblil Kaxk0d nojcucreme pas3oBblii 00béM, a f — duc-
JIo creneneit cBOOOABI Bcex moacucreM. JleficTBUTEIbHO, IPU MOCTOSIHHOMN
TeMIeparype, T. €. IOCTOAHHOW CYMMAapHOU SHEPrUM YaCTUll, JOCTYITHBINA
Ga30BbIl 00bEM PACTET TOYHO TAK Ke, KaK 00bEM B KOH(MUIYPAITUOHHOM
npocrpancrse V. Uro Kacaercs 9mcia CTEeHei ¢BOOO/bI, TO OHO B JIaH-
HOM CJIydae IPOCTO COBIAJIAET C YUCIIOM YACTHIL, TAK KAK KAXKJION U3 HUX
MbI OCTABHJIA TOJIBKO OJIHY «CTEIeHb CBOOO/IbI»: BO3MOXKHOCTD IONACTH B
JIEBYIO WJIU TIPABYIO MOJIOBUHY COCY/IA.

CooTrHolleHne MEXK/Iy SHTPOIHSMHU Ta3a, 3aHUMAIOIIEro MOJIOBUHY CO-
CyJa ¥ 3alOJIHSAIOIIEIO0 BECh COCYJ, HETPYIHO IOJIy4YuTb u3 (HOPMYJIbI
(3.14): S(V) — S(V/2) = vRIn2 = kNIn2 = kIn2"¥. Mbr Bumum, uTo:
SV)=8(V/2)=klnw(V) — klnw(V/2) [412].

Anasu3 1o106HbIX coorBeTcTBUil puBEN BosbuMana K opmyupoBa-
HUIO TUIOTE3bl: 9HTPONUS NIPOMOPIUOHAIBHA JIoTapu(dMy BEepOSITHO-
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ctu cocrossHud. Win Ha si3pike maremaruxu'®: S = klnw.

YMHO)KeHUE BepOsATHOCTH (BCEX BEPOATHOCTEI) Ha IIOCTOSHHBL MHOXK M-
TeJIb U3MEHSET JIMIIb HAYAJIO OTCYETa SHTPOIMH U HE MEHSIET €IUHCTBEHHO
nMeroreil (pU3MIecKnii CMBICJT PA3HOCTH HTpONmit cocrosumii. Hanbosee
yIOOHOH BO MHOTHX OTHOIIEHUSIX SIBJISIETCST HOPDMUPOBKA, TPU KOTOPOI BMe-
CTO W HUCIOJIb3YETCS «TEPMOJAMHAMUYIECKAST BEPOSITHOCTbY — CTATUCTUYE-
CKUI BecC:

S=knG. (6.1)

Tem campiM, KpOME BCErO MPOYEro, HABOIUTCI MOCTUK OT (DOPMAJIbHO-
MaTEMATHIECKON TEOPUH BEPOSATHOCTH K TEPMOJAMHAMUKE 4epe3 CTATUCTHU-
yeckylo duszuky. Pocr o6béma V' (upu HeusmeHHOW remieparype, T. €.
HeusMeHHOM 00béMe ) B IPOCTPAHCTBE UMILYJILCOB) yBearnduBaer (pa3oBblil
00béM (), TeM CaMbIM yBEJIUYUBAs YUCIO JOCTYIIHBIX COCTOSHUN CUCTEMBI,
CTATUCTUIECKUH Bec, sHTponni0. CTAHOBUTCS MPO3padHee W MPUINHA PO-
CTa SHTPOIKU C POCTOM TEMIEPATypbl (Ipu HeM3MeHHOM 00béme). Pactér
J0cTyIHOe nojcucremMam (a3oBoe npocTpancTso u T. a. Moxuo goragars-
Cs1, KAK MMEHHO Oy/ileT M3MEHSATHCH SHTPOIMS C POCTOM TEMIIEPATYPBHI, C
POCTOM SHEPIruM CUCTEMBI. TaK Kak B IIPejesie MOXKHO IIPEJICTABUTH, UTO
BCS dHEpTusd F cocpemoToumiach B OIHOI CTEIMeHH CBOOOIBI OIHON JaCTH-
1bI, OOIUil MOCTymHBbIN JacTunaM (ha30BbIil 00bEM, MO-BUIANMOMY, PDACTET
IPOTIOPIIHOHAIBHO P B CTeNenu f, T. e. mporopimonansuo EY/2 a f mpo-
[IOPIMOHAJIBHO B CBOIO OYEPEb YUCILY YaCTUll. Jlorapudm 310l BeJn4nHbL,
OLPENEIAONINN «IHEPIeTUYECKHI BKJIA/[» B SHTPONHIO, OyJIeT pacTu, KaK
fInE~NInE ~ NInT, 910 MBI U BUIEIU B CJIy4Iae UIALATHHOIO Ta3a.

st TOro 9TOOBI CPABHUTH KOHKDPETHBIE UWCJEHHBIE 3HAYEHUS] SHTPO-
A7, TOJTyYeHHbIE U3 CTATUCTUIECKOrO M TEPMOJIMHAMUIECKOrO OIpeesie-
Huli, yI0OHO PACCMOTPETh COCTOsIHME CUCTEMBI B mpocrpancrse 6N u3me-
PeHuil: Tn, Yn, Zn, Prn, Dyn, Pzn-

IlomabIit 00bEM B (pa30BOM IIPOCTPAHCTBE PABEH MPOU3BEICHUIO O0D-
éma B 3N-mepHOM KoHbwurypaimontnom npocrpancrse (V)N Ha 06béM B
3N-MepHOM MPOCTPAHCTBE UMIYILCOB. 1IOTHBIN IMIY/IBC CHCTEMBI paBeH
> (pin)?. CoorBercrBenno 3TOT BTOPOi 06bEM — 00bEM 3N-MEpHOrO TH-
nepuiapa pajauyca v 2mE pasen [ 13]:

(2rmE)3N/?

YN T TN /2)!

Paznenus nossblii 06b6m Ha A3Y | MBI MOTy9IaeM IHMCIO0 MUKPOCOCTOSTHUI
2 )

1037y dopmymy BombmMan cInTaT BaXKHEHIIIM CBOMM HAYIHBIM Pe3yJbTaTOM, B OHA
BBICEUEHA HA, HAAIPOOUM BEJIHKOTO yIEHOrO.
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MPUXOASIINXCA HA JAHHOE MAKPOCOCTOSHAE — CTATUCTUYECKUN BEC COCTO-
SHUSI.

IlockosibKy 3HEprus NPONOPLUOHAJIBHA TEMIEPATYPE, JJis JHTPOIUH
moydaeM (GOPMYy, B TOYHOCTH COBIIAIAONLYI0 C TEPMOINHAMUIECKOI:

S = gkNlnT + kN1InV + const,

PUYEM KOHCTAHTA MOAJAETCA PACUETY.

CpasruMm pesysibrarel. Paccmorpum pryts Hg npu Temmeparype 630 K
u gaBjeHur 1 aT™, KOrJa €€ BIOJHE MOXKHO CYMTATH UIECAJBHBIM I'a30M.
Wurerpast or npuBeIEHHON TEIIOTHI ¢ y9YETOM TeIIoT (HPa30BbIX IEPEXO/I0B
f% — repmoxunamudeckas surpouus — 190 Tx/(monbs-K); a kInG —
crarucruaeckas saTponust — 645 Ix/(monb-K). «CoBnasenues, 9To u ro-
BOPUThH, HE BIIEYATJISET.

O1HaKO MBI 3a0bLIA O HEPA3IUIUMOCTA MHUKPOYACTHIL. A 9TO O3HAYA-
er, 94TO JIOObIe UX [ePEeCTAHOBKY HE U3MEHSIIOT MUKPOCOCTOSHUE CUCTEMBI.
Yucsio mukpococrosinuil ymenbmaercsa B N! pa3. ltak, OKOHYaTEIbHO CTa-
TUCTAYECKHUI BEC PABEH

G- (2rmE)3N/2
~ (3N/2)IR3N NI

Jast crarucriaeckoil sHTponmu mosiyvaem 3uadenune 191 JIx/(monb-K).
Bor Temeps coBraieHNe 0OYeHb HEIIOXOe.

Crourt, noxaiyii, emé pa3 HOJA4ePKHYTh, YTO IPUBEIEHHbLI BBIIIE CTa-
TUCTHYIECKHIL PACUET YIHTPOIIMU KOPPEKTEH, 6€3yCI0BHO, JIMLIb TOLA., KOIAA
BEIECTBO YK€ MOKHO CYHTATh OHOATOMHBIM HJIEAJIbHBIM ra3oM. Ocoben-
HO $ICHO 3T0 U3 TOro ¢akra, uro npu I — 0 moyueHHOe HAMH BBIDAsKeHUEe
JIUIsT SHTPOINK BOOOIIE TePSieT CMbICIL.

B 3akJIr0UeHIe OTMETHM,9TO MOHATHE SHTPOINH B CTATHCTHIECKON (-
3HKE ABJISETCA B OLPEJEISHHON CTELEeHU UCXOAHBIM, CBA3AHHBIM JIHIIL CO
CTATHCTUYECKUM BECOM COCTOAHUA. A BOT TeMIIEPaTypa CTAHOBUTCH B ITOM
CMBICJIE TIOHATHEM [IPOU3BO/IHBIM; OHA OIPE/IEJISETCS COOTHOIIEHNEM

1 S

T ou )’
[Ipu sToM mpousBoHasi GepETcs PU HEU3MEHHOM CIEKTPE yPOBHEH 3Hep-
WU MTOACUCTEM. B 9acTHOCTH, HEN3MEHHBIM J0J2KEH ObITh 00bEM, 3aHUMA-

embiil cucremoit. QueBuIHO, OIPEIETIEHHHAS TAKUM 00PA30M CTATHCTAYE-
CKas TeMIlepaTypa COBIa/IaeT C TEPMOINHAMUIECKOMH.
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2° ®aykryanmuu. Pacnpenesenue aycca. YcraHOBJIEHUE CBSI3H MeXK-
JIy SHTPOIUEH U BEPOSATHOCTHIO MMO3BOJISET IMEPEHTH OT OLEHKHU XapaKTep-
HBIX MacIITaboB GuiyKTyanuii K pacaéry BepOsiTHOCTEH PA3JIMIHbIX OTKJIO-
HEHUI TapaMeTPOB OT PABHOBECHOTO 3HAYEHMUSI.

Bo Bcex mpumepax MbI pACCUYUTHIBAEM TaK HA3BIBAEMBIE « DABHOBECHBIE
daykryamuu» : Kak B npeenax duykryamnuu (06/1acTi, B KOTOPOH apaMer-
Dbl OTJIMHYAIOTCH OT PABHOBECHBIX), TAK U B OCTAJbHOM O0bEME BElecTBO
HAXOJUTCSL B PABHOBECHH, OTCYTCTBYET JIMIIb PABHOBECHE MEXKJY JBYMs
00JTaCTSAMHU.

Boigennm B GOMBIIOM COCy/ie CPABHUTENIHHO MAJIbI, HO eIIé COMepIKa-
Uit TOCTATOYHO OOJIBIIOE 9HUCJIO MOJIEKYJT 00bEM vg. IlycTh paBHOBecHOE
(nauboJiee BEPOATHOE) YUC/IO MOJIEKYJ B 9TOM 0ObEME ng, a B OCTABIIEHCsH
qacTu cocyaa oobéma V) — coorBercrBernno Ny. Paccmorpum n3orepmutie-
ckue QIyKTyanuu, T. €. OyJeM CIUTAaTh TEMIIEPATYPhl B 00EHX JaCTAX CO-
CyJa PAaBHBIMU W HEM3MEHHbIME. Paccunraem (pJIyKTyaluu 9mMciia, YacTHIl
B 00béMe vy (BEPOATHOCTL TOrO, YTO N OTJMYAETCA OT Mo Ha On) u MIIyK-
ryauuu 06bEMa (BEpOSTHOCTD TOrO, Y4TO U OTJIMYAETCs OT Vo Ha Jv). Byuem
UMETb B BH/Ly OYEBHJIHBIE yCJIOBUSI:

vo Vo

o Ny ON = —dn, §V = —dv. (6.2)

DHTpPONMIO B JAHHOM CIydae yIOOHO 3aIlHCATh B CACIYIOMIEM BHIE:
S =kl + kNI 4+ £(T) (6.3)
= Rnin— n— . .
n N

)@®aykryamuu n. B OKpecTHOCTH PABHOBECHOIO 3HAYEHMUSI
Sop sHTpOnNUIO, Kak YHKIHIO n # N, MOYXKHO IPEICTABUTH B BUIE DAL
Teitopa (ceiiuac v u V' Mbl C4MTAEM LHOCTOSHHBIMU):

oS oS

1[/0%5 ) 928 928 )
Eciu OI'DAHUYIUTHCA JIMHEHHBIMA 110 0N (I/I 5N) YJICHAMM, MbI IIOJIYYUM
oS oS

:k[<ln%—1>6n+(ln%—l>6N].
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ITpu yuére nepsbix AByx coornowenuii (6.2) umeem 057 = 0, 4ro JuLIHWMi
pa3 J0Ka3blBaeT MAKCUMAJbHOCTH (TOYHEE IOBODid, LOKA TOJBKO IKCTPE-
MaJIbHOCTb) 3HAYEHUs] SHTPOLUM B pasHOBecuu. Bo3bMEM KBaJpaTHyHbIE
qJTCHBI:

=3 [(52) o+ (2) o] -

(mepekpecTHbBI YjIeH PaBEeH HYJIIO).
Ilonaras emé n < N, OKOHYATEJIBHO 3AITHIIIEM
08 (6n)?
k o 2’1’L0 ’

st orHOwenust BepogTHOCTH W(ON) COCTOAHUSL, B KOTOPOM YUCJIO MO-
JIEKYJ1 B 0O'bEME U OTJIMYaeTCs OT PABHOBECHOIO Ha 0N, K BeposirHoctu w(0)
PaBHOBECHOI'O COCTOAHUS 110/Iy4aeM

()

Pacnpenerenne Takoro Bu1a, HA3BIBAETCH HOPMAJIBHBIM WJIU PACIIPEIEe-
sienneM laycca, mpuyuéMm IuCIepcus pacrpeeseHns PaBHA 1, & CJIeI0BA-
TeJIbHO, CPeIHEKBAIPATHYHOE OTK/IOHeHHe 0 (0n) = \/Ng.

2)®uykryanuu v. Teneppb 6yiem caurars nocrosaabiMu n u N.

Torua
a8 aS
S =50+ (a) ov + (W) oV+

1[/0%S 2 %8 %8 2
+§ [(W) (0v)* +2 <—303V) dvoV + <—6V2> (0oV) ] + ...
Janpreiimmas mpore/ypa mOJHOCTBIO AHAJOTHYHA TAKOBOI B IIPEIBLILYIIEM

npuMepe. JInHeHbIe YIeHbI TaK K€ BHOCAT HYJI€BOH BKJIAJT; KBAIPATHIHbIE
[mpu yuére (6.2) u ycioust vy < Vp| mator

wew _ _@(51>2 | (6.6)

Mpsbr onsTh nmpunum K pacapegenenuio [aycca. Ilpu sTom BbIpazkenue
(6.6) MOXKHO TPAKTOBATh JABOSKO: paclpeiesienne v ¢ Jucnepcueit va /ng u
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CPe/IHeKBA/IPATHYHBIM OTK/IOHeHneM o(0v) = vg/\/ng uin pacipeesenue
(0v/vg) ¢ nucuepcueit 1/ng u o(6v/vg) = 1/y/ng. 1o pasuuue ecrecrsen-
HO. B nocsiequem ciydae mbl paccmarpubaeM cpasy QuiyKTyaluuu OTHOCU-
TEJIbHON BEJIMYMHBI, T. €. OTHOCUTEJIbHbIE (DJIYKTYAIMK, U B 9TOM CJIy4ae
e(0v/v) = o(dv/v). g BeramcieHrnsl OTHOCUTENbHBIX (yKTyanuit dv u
0N HaJ0 COOTBETCTBYIONIME O MOJEJUTh HA CPEIHUE 3HAYECHUS BEJIMYUH U
MBI BO BCEX TPEX Cilydasx mnosydum € = 1//ng.

3% TepmoamHamudecknii pacdér duaykryanmii. B upenpiiyux npu-
MEpax MbI MOJIb30BAJIUCH MOTOBOM (DOPMYJION Ijisi SHTPOLUH UJICATHHOTO
ra3a. Pacdér m3aMeHeHUsT SHTPONUA Uepe3 MPUBEAEHHOE TEIIO TMO3BOJSET
pPacCMOTPEeTh 33/1a49y [Jisi TPOU3BOJILHOTO BEIECTBA.

Paccvorpum uzoxopubie diykryarnun remieparypsl. Ilycrs B BbLaeeH-
HOM 00bEMeE v TeMmieparypa u3MeHuaach Ha 071. B upeonoxednn nocro-
aHcTBa 00bEMa 0ABEAEHHOE Telio paBHO Q1 = ¢,0T (mbl 06o3HAUMIU
qepe3 ¢, TEeIJIOEMKOCTh BEIECTBa, B Mpeenax (pJIyKTyanuw, T. €. B TOM
00béMe, e TeMIeparypa OTJIUYaeTcs OT paBHOBecHOi). Eciu renyoém-
KOCTh OCTAJIbHOT'O BEIECTBA JIOCTATOYHO BEJIUKA, €r0 TEMIEPATYPY MOXKHO
CYMTATh HEU3MEHHOW, U U3MEHEHHUE €r0 YHTPOIUU IPOCTO 3AMUMIETC KaK
082 = Q2/To = —Q1/To = —c,0T/To.

Usmenenue sarponun duiykryanuu (Tak 9acTo Jijis IPOCTOTHI HA3bIBa~
0T BBIJEJIEHHYI0 00JIaCTh, B KOTOPOH MapaMerpbl OTJIUYAIOTCS OT DPABHO-
BECHBIX) [OJCYUTAEM aKKypPaTHee:

e Ty + 6T 5T (6T)2
051 = J T dl' =CyIn 7,110 Cy (TO 2T02 ) .
To

s cyMMapHOro U3MEHEHHSI SHTPOIIUU CACTEMBL IOy YaeM

Cy (0T\?
05 =651+ 055 = == . (67)
2 To
JIerko BuzeTh, 9ro Mg JIyKTyaluii TeMIepaTyPhl [OJIy9aeTCsl TaKKe
rayccoBO paclpeesieHue ¢ IUCIepCreit

kT2 5T k
2 — 2 M0 = — ) =4/=
o°(6T) = (6T)? = C, um =0 <T0> oo

ITocnennee BoIpaxKeHne y2Ke 3aBUCAT OT KOHKPETHBIX CBOCTB BEIECTBA
u MOXKerT B 1,5, a To 1 B 2 pa3a omImdaTses oT 1/,/ng.

Baxxnee nna nac, ognaxo, apyroe. Herpyauo Busers, 9t0 BbIpazKkeHue
(6.7) — sro mpocro (925 /9T?)(8T)? /2. Ilpu 5TOM NPOM3BOHAS BLIYUCIEHA

§ 18. Pashnosecue u paykmyayuy 113

JIJIS TOM 4acTU CHCTEMBbI, Y KOTOPOW 3HAYEHHME TEMIIEPATYPbl OTJIMIAETCH
OT PAaBHOBECHOIO.

Takum 00pa3om, MBI MOXKEM CI€/IaTh Creayomuil ool BbiBo. M3me-
HEHUE YHTPONUU TpHU (DIYKTyaIlMd HEKOTOPOTO MMapaMerpa T CBOIUTCS K

BBIPaKECHHIO
2 2
55— (a s> (5z)

Ox2 2
Mpu9éM TPOW3BOIHAS BBIYUC/ISETCS NI BEIECTBA, HAXOMMAIIEIOCS B IIpe-
Jenax pIyKTyalu.
CoOTBETCTBEHHO sl BEPOATHOCTU (DIIYKTYyAlUil apaMeTpa & MOoJIyda-
€TCsl TayCCOBO PACIIPE/IEJICHUE C JINCIePCUeit

o*(z) = ((02)) = —k/gTE . (6.8)

Crporo rosopsi, HaZO COenaTh TPU OrOBOPKU. Bo-mepsbix, duykrya-
[IUY He JOJKHBI OBITh CJIMIITKOM WHTEeHCHBHBIMHU, HHAYE MOYKET OKA3aThCS,
9TO HEJb3s OTPAHUIMBATLCS B PA3JIOKEHUH BTOPBHIMU TPOM3BOAHBIMA. Bo-
BTODPBIX, (DIYKTYAIINH JOJKHBI OXBATHIBATE JIUIh HE3HATATEIBHYIO 9aCTh
BCel CHCTEMBI, ¥ TOTJA MOXKHO IPEHeOPedb WIEHOM BTOPOrO MOPS/IKA, OT-
HOCSAIIUMCS K <«OCTaJbHON 9acTu cucreMbly. Hampumep, B AByxdasHbIx
CHCTEMAX, & B OCOOEHHOCTH BOJIM3M KPUTHYIECKOI TOUKH, TAKHE YIIPOIIe-
HUs HefomycTuMbl. Hakorer, B-TpeTbux, B penenax GIyKTyaIun JOIKeH
MEHSIThCS JIUIITh OJIMH TapaMeTp; MHatYe HAJ0 YIUTHIBATH 3aBUCHMOCTD JH-
TPONUHU OT BCEX HU3MEHSIONMXCS Hapamerpos. Brpouem, 0ObI9HO MMEHHO
rakue QUIYKTYyauuu U LPEeACTAB/IAIT IPAKTUYECKU uHTepec (CM. TakKe
1. 6° nacrosiero naparpada, n. 6° uz §19 u . 1° u3 §20).

B kauecrBe nipumepa npumenenus Gpopmylibt (6.8) paccMOTpUM U30TED-
mudeckue GIIyKTyarun o0beEMa.

W3 06bequHEHHOM 3aIMCH TEPBOTO U BTOPOT'O HAYAJI CJIEIYeT

(§_§>T:%{<%>T+P]7 (6.9)

410, ¢ yuérom coornowmenus (4.1), pasuo (OP/IT)y . Toraa s u3menenus
SHTPOLMY [IOJTy 1AM

9%P ) (6V)?2
2

55(V) = (W

B nanaOoM ciy4ae, ogHako, quddepeHnupy st HEIMOCPEeACTBEHHO BhIPaXKe-
nue (6.9), 06b14HO HpeHebperarT Bropoil 1POU3BO/IHONM BHY TPEHHE SHep-
U, TaK KaK [TOCJIE/IHsT, KAK IIPABUJIO, CIa00 3aBUCUT OT 00béMa, B aTom
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cilydae
aP\ (5V)2
0S(V) = = —. 6.10
v = ( aV)T 14 (6.10)

U BuoBBb pacmpenenenune ['aycca ¢ gucnepcueit

((6V)?) = —kTy (%)T (6.11)

(Bcuomuum, yro (OV/OP)r Bcerga MeHblie HyJist).

st uaeanbHOro rada OTHOCUTEbHbIE (DJIyKTyaluu, KOHEYHO, PABHBI
1/y/no. Jna apyrux BemecTs Bce (BIyKTyaluy, KakK HPaBHUJIO, MEHbIIE,
9eM IS WIeAJTHHOTO ras3a.

Bripaxkenue (6.8) maér yHuBepcasbHbIi (¢ y48TOM CHEIAHHBIX OrOBO-
POK) penent oueHku (uiyKryauuil. DTOT peuent, OJHAKO, He BCErJa yJo-
6en. Hepejiku citydan, KOrja TpyaHO 3alUCATH BbIPAXKEHUE [IJIs SHTPOIIUH.
Emé omqun criocob onenku hIyKTyaruii Mbl PACCMOTPHAM B CJIEIYIOIIEM I1a-
parpade (. 6°).

4% Maciarabsr daykryamuii. AHaaus BepodaTHOCTEH (BJiyKTyauuii pas-
JINYHBIX MACIITA0OB, T. €. BEPOSATHOCTEH PA3JIMIHbIX OTKJIOHEHUIT ITapaMeT-
POB OT HauboJjiee BEPOATHLIX (PDABHOBECHBIX) 3HAUYEHUI yJ00HO IPOBOAUTH
Ha TaK HA3BIBAEMOM CTAaHIAPTU30BAHHOM HOPMAJIBHOM DACIPEIe/IeHUN.
O603naduM 4depe3 & OTHOIIEHWE HEKOTOPOrO0 MHTEPECYIOMIEro HAC 3Hade-
HUs OTKJIOHEHWS] OT PABHOBECHOI'O K CPEIHEKBAPATHYIHOMY OTKJIOHEHUIO.
D10 MOXKeT ObITb

o ov/vg orT

Wi

((60)?) V{(0u/v0)?) ((0T)?)

Toraa mocsie HOPMUPOBKY [IOJLY 9UM JJIsl IDIOTHOCTH BEPOSTHOCTH BbIPAXKe-
Hue

u T.1I.

(&) = \/%6‘52/2. (6.12)

Ouesnao, mpu 0A = /((§A)?) Benumunna § = 1. ObcyauMm BepOSTHO-

cry THIMYHBIX 3Hadenuii £ (Tabii. 3, Bropoil crosben).
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Tadbauma 3

| ¢ Jw©/we=0)] 1-a¢) |
1 0,6 0,32
3 1,1-1072 2,7-1073
5 3,7-1076 6-10°7
10 2.10722 1,5-10723
100 3.1072172 3.107217

Paccmorpum st npumepa Kybuk ¢ pebpoMm B Tperb MUKPOHA (MUK-
pomérpa). B rakom KyOuke B HODMAJIbHBIX YCJIOBUAX COAEPKUTCS OKOJIO
mumaona (109) Mosekyst raza. 9To MEHMMAJIBHBIA 00BEM, pacCMaTPUBA
KOTOPBII, MBI MOXKE€M CYUTATh a3 CIUIOIIHONW Cpeloil — NPUMEPHO TPETh
MHKPOHA COCTABJISET, KAK MBI YBUIMM B CJIEAYIOMIEH IJIaBe, JIuHA CBOOO/I-
HOrO mpobera MOJeKysa. B cyimecTBeHHO MeHbIEM O0bEME HAJ0 ra3 pac-
CMATPUBATh HE KAK <«BEIIECTBO», a4 KAK COBOKYIHOCTb MOJieKysr. CpejHe-
KBa/IpATUYHbIE OTHOCHTE/IbHbIE duyKTyamuu B Kybuke cocrapar 1073 =
= 1/,/ng. D10 03HAUAET, YTO BEPOATHOCTH COCTOSHUS C YHCIOM MOJIEKYJI,
OTJIMYHBIM OT paBHOBecHOro Ha 102, cocrasiger 0,6 BEPOATHOCTH pPaBHOBEC-
HOT'O 9KCJ1a MOJIEKY. [IpuMepHO B mosiTOpa pa3a BepOsATHOCTh OOHADY KUTH
B 3TOM KyOuke 999 ThiCa4 MOJIEKYJI MEHbIIIE, Y€M BEPOATHOCTH OOHADYKUTH
POBHO MHJLIIHOH.

BeposrraocTs Hamm4ans ram 997 THIC. MOJIEKYJI y2K€ B CTO Pa3 MEHbIIIE,
a 995 TeIC. — B TpUCTa THICAY pa3. [OBOPUTH Ke O BEPOATHOCTU, HAIIPU-
Mep, 900 ThiC. MOIEKY B KyOWKe mMpoCTO GECCMBICTEHHO — 3HAMEHATEh
coorBercrByomieil apobu Gospure 102990, Tecarunponentasie GuyKryanyun
[IPOCTO HEMBICJIUMBI.

Boustee unrTepecua, BIpodeM, HE BEPOSATHOCTH KAKOI'O-TO KOHKPETHOI'O
OTKJIOHEHHWS OT PABHOBECHS, & BEPOATHOCTH TOTO, YTO OTKJIOHEHWE IIpe-
BBICUT HEKOTOpOe (ukcupoBanuoe 3HaueHue. COOTBETCTBYIOMINE TAHHBIE
OpuBeeHbl B TpeTheM crosbue tabi. 3 [ 14]. OTkioneHne or cpejHero,
[IPEBBIMIAIOIIEE CTAHIAPTHOE, MbL [IO/KHBI OOHAPYKHUTH [IPUMEDPHO B O/I-
HOI TPETHU CJIy4aeB. DTO U €CThb CMbICJI BEJIUYUHBL 0 — JIBE TPETHU CJIy9aeB
Jexar B npejenax Ag + 0. OTKIIOHEHHE, TPEBBIMIAOINIEe 30, CACAYET OXKU-
Jarh Jjunib npumepuo B 1/300 wactu Bcex HabmoAeHU, 8 50 OTKJIOHEHNE
MIPEBBICAT MEHee YeM B OJHOM CJIy4dae Ha MUWJINOH Hadsomenwit. I Tak
JaJiee.

Yro 310 03HAYAET JJId TAKOIO KyOHMKA, KOTOPBI y2KE€ «MO2KHO B34Tb B
pyku»? Hanpumep, pebpo kybuxa — 3,5 mm. B ném ng = 1018, Crannapr-
HOe OTHOCHTeJbHOEe OTKIoHeHme — 1077 — Mumamapamas mos CpemHero,
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JeCATUMUJJIMOHHAS JIOJIS MPOIEeHTa. BOT Takue OTKJIOHEHUsI HapaMeTpOB
OT PABHOBECHOI'O 3HAYEHUs BCTPETATCS HEPEIAKO — B TPETbEH YacTu Ciry-
qaeB. A yxke 9100bI HAOIIOAATH OTKJOHEHUS HA, MUJITHOHHYIO JIOJIO IIPO-
HenTa, morpebyercs mpuMepHo 102 HaGMIOTEHMI: eCIl KasKIBIi OIBIT TPe-
OyeT MUKPOCEKYHIIbI, TAKOE YHMCJIO HAOJIIOIEHUN €/IBa YAAJIOCH ObI CIeIaTh
3a BpeMs Ku3Hu Harreil BeceneHHOI.

Vmenno HEBOOOPA3UMO MaJjias BEPOSATHOCTDh CKOJIbKO-HAOY/Ib 3aMETHDBIX
OTKJIOHEHWII OT PABHOBECHUs IJI OYE€Hb MAJIbIX, HO y»Ke He COBCEM MUK-
POCKOITMYECKUX CHCTEM MPUBOJUT K TOMY, YTO 3aKOHBI T€PMOIUHAMUKH
baKTHIECKU CTAHOBATCS HE CTATUCTUICCKUMU, & JUHAMUIECKUMEU. Bepost-
HOCTh HEPABHOBECHOIO B MAaKpPOMACIITA0E COCTOSIHUS TAK 9YyJ/IOBHUIIHO Ma-
JIa, 9TO CUCTeMa, KAKUMU-TMO0 BHEITHUMU BO3/IEHCTBUSIME BbIBEJICHHAS U3
pPaBHOBECHSI, HEMEIJIEHHO yCTpeMJsiercs K Hemy. A re diykryaiuu, KoTo-
pbl€ TIPOUCXOJIAT MOCJe YCTAHOBJIEHUST DABHOBECHUS, ITPEHEOPEKMMO MAJTbI
¢ 1000 MPAKTUIECKON TOYKM 3PEHUS.

52 O rermutoBoii cmeptu Beenennoii. Beemennas — 6€3ycioBHO, MaKpO-
ckomuaeckuii 00bekT. U eciin r06as MakpOCHCTEMA, TOXKHA, IPUXOIATH B
paBHoBecue, 70 u Beesennas Toxke. 1o mpomrecTBuu 10CTATOIHO OOJIBITIOTO
BPEMEHU BCE MAKPOCKOIIMYECKHE IIPOIECChL JIO/KHBI 3aTyXHY Th. QcraHercs
€/1Ba TEIJIEHbKUN «KHUCEJIby», [/I€, MOXKET ObITh, U3PE/IKA [IPOUCXOIAT CPAB-
HUATEJIFHO HEOOJIbINE OTKJIOHEHHUsI OT paBHOBecusi — uyKTyaruu. Takast
MpadHas MMEePCIEKTUBA, MPsIMO BBITEKAOIas u3 mocryaara Kiaysmyca —
suTpOmnus BeeeHHol cTpeMuTCs K MAKCUMyMy, — U3BECTHA, MO, HA3BAHM-
€M TeOpHH TEILTOBOi cmepTu BcesrleHHOM].

Ha cnekynsaTtuBHOM ypOBHE 3Ta TEOpPUs HEOJHOKPATHO IIO/[BEPraJiach
KPUTHKE B OCHOBHOM C TOYKHU 3PEHUsI COMHUTETHHOCTH TPUMEHEHUS BTOPO-
o HAYajIa TEPMOJAVHAMUKU K OECKOHEJIHON CHCTEME.

IIpeacraBisieTcss, 9T0 B paMKax [TOIUHIITEHHOBCKUX IIPEICTABICHUI
naunboJjiee pa3yMHBIM, €CJIH HE €IMHCTBEHHO IIOCJIEI0BATEIbHBIM, Pa3pelle-
HEeM pPOOJIEMBI IBJIseTCs (DIIyKTyalnoHHasi runore3a bobimmana.

Ecnu Beenennas omaopoaHa 1 6ECKOHEYHA, BO BpEMEHU U ITPOCTPAHCTBE,
€CTECTBEHHO CYUTATD, YTO OHA y2KEe JABHO, DECKOHEYHOE BPEMS TOMY HA3a/1
CIOKOMHO ymepJia TerioBoit cmeprbio. Ho 4ro Takoe «odenb peikue» u
«OTHOCUTEILHO HEDOJIbINE> OTKJIOHEHUsI OT PABHOBECHUs it OECKOHETHO
60JIbIIOr0 00bEeKTa, KuByIEero teckoneuanoe spemsa? (Vau, MOKeT ObITh,
TOYHEE CKAa3aTh, «JIEXKAIIEro Oe3abixaHHbIM TpymoMs? Ho Bcé ke Gecko-
HeuHo sosro.) @ayKryanus, oxparbiBatomas 1070 gacTui, 1m0 IpOCTpaH-
CTBEHHBIM pa3MepaM OECKOHEYHO MaJia B CpaBHeHWU C Takoil BcesieHHOI.
Bospacranue cpejneit sneprun B ThICAYy Pa3 JJIsA TAKON <IOJACUCTEMBI»
HeBooOpasumo Majo BepositHo. Ho B 3amace y Bcemenuoit — BeYHOCTB.

§ 18. Pashnosecue u paykmyayuy 117

MoxkHO 1o02K/1aTh. /I HaM IPOCTO MTOBE3JI0 POIUTHCI B TOH 001aCTH, T/
KaK pa3 B 9TO BPEMs U BO3HHUKJIA TAKasl Ty/IOBHUIHO MAJIOBEPOATHAA DIIyK-
Tyanusi. Eciu Obr eé He ObL10, HEe ObLIO ObI HE TOJBKO YEI0BEYECTBA, HO
u 3emin, CosHIa, raJakTHK, BCETO TOTO, 9TO MBI HA3LIBAEM <«BUIAMOIL
Bceenennoits.

CoBpeMeHHbIe TeOpHUH KOHETHOHN paciupsiomneiics BeelenHoit B HEKOTO-
PbIX, YTO HA3bIBAETCs, «CLEHAPUAX» (MaJsasl IWIOTHOCTb, GECKOHEUHOe Pac-
LIMPEHKUEe) TaKKe [PEIIOJIAraloT UCXOJA0M TEIUIOBYI0 cMepTh. Ilyibcupyio-
mias Beesennasi (4To0 COOTBETCTBYET GOJIBINOI ILJIOTHOCTH), O-BUAXMOMY,
MOZKeT U30€KaTh TAKOW MEPCIeKTUBHI.

6% Maugbie ng. Masiocrb QuyKTyaluil, roBOps KPaTKo, 00ecIiednBaercs
OosbiiM 3HaUeHHEM ng. @uykryarnun B cucreme ¢ ng = 100 OyayT Bech-
Ma, 3HAYUTEIbHbL (11 00BEKTOB, COCTOSAIIMX U3 HECKOJIbKUX JIECSTKOB, U3
COTEeH MOJIEKYJI, KOTOPhIE YK€ TPYAHO CIUTATH MPOCTO HADOPOM MOJIEKYT,
HO eIlé HEeJIb3si OTHECTH K MAaKPOCHCTEMAaM, MPUMEHSIETCS HA3BAHUE <«KJIa-
crep»). B Takoil cucreme cpenHeKBaApaTUUHbIE (DIYKTyalud — IIOPSIKA,
10%, a Beap BHOJIHE OUIYTUMYH BEPOSTHOCTH MMEIOT M (DIIyKTYalluu, B
HECKOJIBKO Pa3 MPEBBIMIANIUE CPeIHEKBaIparuydnbie. K «xyxe» 0b6cro-
WT 70 C TAMAYHO MOJIEKYJISIPHBIMA OOBEKTAMM — C YUCJIOM MOJIEKYJ, K
npumMepy ng = 9. Takoe 4uCI0 MOJEKY/ B CPEIHEM HAXOAWTCS B 00bEME,
paBHOM YeTBepTH Kyb. MutnMeTpa, npu Aasienun 10712 v pr. ¢1. (310 —
THIUYHOE JIABJIEHUE B COBPEMEHHBIX MOIIHDBIX YCKOPUTEJISIX JJIEMEHTAPHBIX
vyacruu). Eciu Bepurh pacupenesienuio Taycca co cpesHekBagparudHbiM
OTKJIOHEHHEM 0 = ,/Ng = 3, ¢ BepoATHOCTHIO OKOoso 0,14% MBI B 3TOM
00bEMe ODHAPYKHUM ... OTPUIATEIHHOE YUCI0 MOJeKysr. Ecau ng = 4, To
rayccoBa, BepOSATHOCTh OTPHIATEIBLHOTO IHCIA, MOJIEKY Bo3pacTéT 1o 16%.

Konedno, B Takux ciiydasix HOJb30BaThCs pacipejeienueMm Laycca
Hesb3sg. UTO Kacaercs MMEHHO 9YUC/Ia 9aCTHUll B BBLIEJIEHHOM O0bEME, TO
3/IECh BCErJIA, CIIPABEJINBO OMHOMMAJIBLHOE PACIPE/IeSICHUE: ecin B 00béMe
V maxogurca N d9acTwuil, TO BEPOATHOCTH OOHAPYKEHUS B HEKOTOPOM BbI-
JeJIEHHOM O0bEME v 9HCJIa, 9aCTHUIl, PABHOTO 71, COCTABJISIET

w=(7)" (- %)

ITpu socraroyuno 60sibLUIOM 3HAYEHUU OTHOLIEeHU: V /v, KOrga 00uuii 00béM
cucreMbl V' pOpMaTbHO MOXKHO YCTPEMUTH K OECKOHEIHOCTH, OMHOMHUAJTb-
HOe pacIpejie/ieHne mepexoauT B pacupenenenne [lyaccona:

n
w(n) = Z—? —no
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He Bo3nukaer BepositHOCTE(l OTPUIATENBHBIX N, XOTd N = (0 mMeer B
ciayqae ng = 9 Bepoaraocrb okosio 0,012%, a upu ng = 4 maxe 1,8%. Ho
upu no = 1000 312 BeposTHOCTD yIxe magaer 10 107434 — takoro ne GbiBa-
er. I pacupenenenne IlyaccoHa mpu TakOM CpegHEM UHCIE MOJEKYHI yXKe
MPAKTUIECKNA HE OTJIUYIACTCS OT TayCccoBa, KOTOPOE IS OTPUIATETHHBIX
3HAYEHUH N 18T BePOATHOCTDH mopsaaka 107219,

* kK

TepmoguHamMuka yTBEPKIAAET, UTO JH00AsT 3AMKHYTast CUCTEMA IIPUXO-
JUT B COCTOSIHME DABHOBECHUS M IIPEOBIBAET B HEM CKOJIb YIOJHO JI0JITO,
[I0KA BHEIIHUE IPUYMHBI HE 3ACTABAT €€ [MOKUHYTH ITO COCTOAHUE, ITOODI
HUCKATh HOBOE COCTOSHWE PABHOBECHUSA, COOTBETCTBYIOIIEE W3MEHUBIINMCS
YCJIOBUSAM.

Crarucrudeckasi GU3MKA yTOUHSIET: TAKOE PA3BUTUE COOBITHIl JIMIIb
naunbosiee BeposiTHO. B npunmmie MpicuMa CUTyalus, KOrJa CUCTEMA YA~
Jisiercd orT paBHOBecHs. TOJIBKO /jIsi MAKPOCKOIIMYECKUX CHCTEM TAaKOM I10-
BOPOT COOBITHI UMEET CTOJIb HUYTOXKHYIO BEPOSATHOCTH, UTO €€ MOMXKHO HE
MIPUHUMATh BO BHUMAaHUE.

Ecmm ke cuctema y2Ke HaXOIUTCS B PABHOBECUH, ITO HE 3HAYUT, ITO BCE
[apaMerpbl B TOYHOCTH PABHBI CBOUM HAnOOJIee BEPOSITHBIM 3HAYEHUSIM.
Bo3moxkHBI caMOIIPOU3BOJIBHBIE OTKJIOHEHHSI OT DABHOBECHUS, HE BbI3bIBAE-
Mbl€ HUKAKUMW BHEITHUMEU mpudnHamu. [IpocTo xapakrepHbie Macurradbr
3TUX OTKJIOHEHWH [J1d MaKpPOCHCTEMBI TaK MaJibl, YTO Mbl, KaK IIPABUJIO,
UX HE 3aMeYaeM U He YUUTHIBAeM.

Mexay Tem, ecrb, KOHEYHO, CHTYAIUH, KOIJA HE Yy4YUTHIBATH (DIIyK-
Tyamuu Hesb3g. VIMeHHO GUyKTyaluun OPUHIUIHAJIBHO OrPDAHUIUBAIOT
4yBCTBUTEJILHOCTH 1pubopoB. Hampumep, camMonpousBosibHO B pe3yJibrare
dbayKTyanuii BOSHUKAIOIINE B PAINOTEXHUIECKAX MPUOOPAX HAMPSIKEHUS
3a/IA0T TIPEIeIbHO MaJjible CUTHAJIBI, KOTOPhIE MOYXKHO OOHADYKUTh UJIA W3-
MEPUTH CKOJIb YI'OJIHO XOPOIIUM [IPUOOPOM OIIPEIesIEHHON KOHCTPYKIIUAU.

§ 19. DyeMeHTbI CTATUCTUYECKO TEeOpUHU TEIIOEMKOCTHI

Hauwnas ¢ §3, rae BBEIEHO MOHSTHE TMA30KUHETHYIECKON TeMIepary-
PbI, MBI TOJIATAIN KUHETUYIECKYIO IHEPTUI0 MOCTYHIATEIbHOTO JIBUKEHUS
vyacTuilpl pasHoit 3k7T'/2. Tak Kak MOCTYNATeIbHOE JIBUKEHUE COOTBETCTBY-
er TpéM CremeHsaM CBOOOIBI (IO OCAM T, Y U Z), HA OJIHY CTEIeHb CBOOOIBI
upuxoaurcs 3ueprus k7/2. B janHoM ciydae 310 04€BUIHO U3 coobpazke-
HUW CUMMETPHH, U3 PABHOIIPABHUS U IIPOU3BOJIBHOCTH BbIOOPA HAIIPABJIEHUS
oceil, jimib Obl OHY ObLIM B3aMMHO MEPIHEeH UK YIpHbl. OKa3bIBACTCS, ITO
9aCTHBIN CJIy9ail BeCbMa O0IIel 3aKOHOMEPHOCTH:
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Ha kaxk/yro cremeHb CBOGOBI MPUXOAUTCI KWHETHUYECKAs
sHeprusi, pasHag kT/2.

IIpomsuttocTpupyem 3TO HOJIO2KEHUE, HA3BIBAEMOE OOBIYHO 3aKOHOM PaB-
HODPACIIPE/IEICHUS SHEPTUH.

1° IMocrynaresbHOE JABUXKeHUE. PaccMor- =
pum cocyx ¢ nopunem (puc. 19). Tak kak y - F
[IOPIIIHS OJIHA CTEIIeHb CBOOOBI, TO U JJIs MO- L
JIEKYJI B JJAHHOM CJIy4ae HHTEPECHA JIUIIIb OHA =
COCTABJISIIOINASL CKOPOCTH, KOTOPYIO MbI U Oy-
JeM 0003HAYATH MPOCTO V.

Puc. 19

)I'a3 wu wnopuweH b Ilycrs cupasa nopuiesb yuepupaer-
CA HEKOTOPOU IIOCTOAHHON CHJION, a JieBad 4aCThb COCYJa 3allOJHEHA [a30M
¢ tremueparypoit T' 1 COOTBETCTBYIOIIEl CpeHel KHHETUIECKON dHepruei
JBUYKEHUA TI0 WHTepecylomei nac ocu mv?/2 = kT /2. Oupenemum cpej-
HEKBaIPATUIHYIO CKOPOCTb MOpIHSA. Ecau moaseTaronas K MOpITHIO Mac-
col M mosieKysia MacChl M UMEeT CKOPOCTh U, & IOPIIEHb — CKOPOCTb U,
TO CKOPOCTH II0C/I€ COYy/IapeHusd MOJIEKYJIbl U1 U IIOPIIHA U] OlPee/ideTcs
U3 33KOHOB COXPAHEHUS UMILYJIbCA U SHEPIUU:

m(vy —v) = M(u—u1); mi—o?) = M@u* —ui).

Pemas 3Ty cucreMy ypaBHEHH OTHOCHUTETBHO V1, MOIYIaeM

_ 2Mu— (M —m)v
B m+ M

U1

CpenHuil KBaapaT CKOPOCTH HOCTE COYAAPEHHs, OUeBUIHO, B PABHOBe-
cun Jo7zKen ObiTh pasen (v?):

AM? (u? M —m)? (v?
() = (v7) = LD QL ()

3aech yureno, uro (vu) = 0 B CHJIY CTATUCTUYIECKON HE3ABUCUMOCTU
srux BesumanH. OTCIOMa MOTyIaemM

2 2 2

M<u2> B m<v2> B E

2) Paszubie ra3sb. [lycrs cuiy, JeficrByIonyo Ha HOPLIEHDb CLPABA,
CO3J2ET HEKOTOPLIH ra3, Macca MOJIEKYJ KOTOPOTO m’™ OTJIMYHA OT MACChI
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MOJIEKYJI «JIEBOrO» ra3a. PaccmarpuBast coymapeHus 3TUX «IIPABBIX» MOJIE-
KYJI C IIOPLIHEM, MbI JOJI2KHbI IOy YUTh

m*(()?) _ Mu?) kT _m(v?)
2 2 2 7

3)MomeKyAbl TOpIIH A VIMIyJIb¢ TOPITHS — CYyMMa HMITYJIbCOB
MOJIEKYJI, U3 KOTOPBIX OH COCTOHWT, T. €. B KazKJbIii MOMEHT BpeMenu Mu =
=Y m;v;. 3anumemM cpeaHui KBAAPAT UMITYIIbCA:

(Mu)?) = <(Zmivi>2> = <Z mimjvz‘vj> = m?(v7).

ITocnennee paBeHCTBO CHIPABEINIMBO B CHJIy TOIO, 9TO CKOPOCTH XaO-
TAYECKOrO TEIIOBOTO JIBUKEHUSI MOJEKYJl HE3ABUCHUMBI U <vivj> = 0 s
i # j. Orciona mosrydaem

M2<u2>:Nm2<v2>; —2:—.

2% BpamareabHoe aBU2KeHUE. [IpeaioioxkumM, Te10, COCTOAIIEe U3 Xa-
OTHYECKH JBUKYIIUXCsI, HO CBSI3AHHBIX MEKy COOOM MOJIEKYJI, MOXKET Bpa-
MATHCA. PacCcMOTPUM MOMEHT UMILY/IbCA TAKOrO TEJIa OTHOCUTEIBHO KAKOM-
HuOyAb onpenenénnoit ocu L = I}, rme I — MOMEHT WHEDIIMH TeJia, OTHO-
CUTEJIbHO BBIOPAHHOHN ocu, a {} — COOTBETCTBYIOIIAsS YIJIOBAasi CKOPOCTh.
CHOBa BBIYHC/IUM CPETHUN KBAIPAT, YITEM HE3ABUCUMOCTH CKOPOCTEH pa3-
JIMYHBIX MOJIEKYJL (1; — PACCTOsIHUE OT OCH JIO i-fl MOJIEKYJIbI):

(1Q2)? = (Z miriﬂi)2 = " mirimiv? = Inw? = IkT,

T e. 1022 = kT)/2.

32 Kouiebanusi. Ilopuens (puc. 19) yaep:kuBaercs Cipasa MpyKUHOI, a
caeBa — cHoOBa ra3. Ecsiu Bpemsi coyapenusi MOJIEKYJIBI C IOPIIHEM rOpa3-
JI0 MEHbIIIE IIePUOAA CBOOOMHBIX KOeOAHU IOPIIHSA HA IPY2KHUHE, CMEIe-
HU€ TOPIITHS 33 BPeMs COyaapeHuit Oymer npeHeOpeKuMO MaJIbIM, SHEPTHsT
MPYKWHBI MPAKTUIECKN HE U3MEHHUTCS, U BCE COOTHOIIEHUS JJIsi COyIape-
Hust ocTaiorcs B cute. COOTBETCTBYIOIAS KNHETHIECKAS YHEPTHST OKAKET-
cs pasuoit kT'/2. Tyr, oaHaKO, HAJI0 HOMHUTH, Y4TO LOJIHASL YHEPrUs KoJieha-
TEJLHON CUCTEMBI CKJIAIBIBACTCS U3 KHHETUIECKON 1 MOTeHIuaIbHON. [l st
FapMOHUYECKOTO OCHUJIATOPA ITH SHEPIUH B CPEJHEM DABHBI, U BCErO Ha
KOJIe0ATeIbHYI0 CTENEeHb CBOOOIBI JOJIPKHA, IPUXOIUThCSA dHeprust kT .

§ 19. daemenmo, cmamucmu4eckot MeopPus MenaoEMKoOCTUG 121

4% TemmoéMKocTb TBEPAOro TeJsia. BHyTpu TBEPIOIO Teja aTOMbl LIPU-
BSI3aHbI K IIOCTOSIHHBIM MECTOIIOJIOXKEHUSIM M MOL'YT y4aCTBOBATb TOJIBKO
B KOJIEOAHMAX 110 TPEM B3aUMHO [IEPIEH/IUMKYJIsIPHbIM HallpaBjeHusiM. Tak
KaK Ha KOJeDATETbHYI0 CTEMEeHb CBOOOIBI MPUXOAUTCS dHeprusi k17, Ter-
JIOEMKOCTb TBEPIOIrO TeJIa B PACYére Ha YUCI0 ABOraapo aToMOB JOJIZKHA,
ObITH paBHOI 3R. 9T0 Tak Ha3bIBaeMoe mpasuiio dromonra u Ilti, koTopoe
XOPOILIO BBIIOJIHAETCS JJisi OOIBIIMHCTBA, TBEPIABIX TEJL.

5° TemmoéMmkocTh ra3oB. MoJeKkysbl OJHOATOMHBIX T'a30B OOJIATAIOT
TOJIBKO TPEMsi MOCTYIATEIbHBIMA CTEIIEHSIMU CBOOOBI, M BCS WX IHEPIUs
pasHa 3kT'/2, a rerioéMkocrb B pacuére Ha Mosib — 3R /2. Y AByXaroMHbIX
ra3oB IOSBJISIOTCS €MIE JBE CTEIeHU CBODOBL — BPAIIEHUE BOKPYL JIBYX
oceil, NePIeHIUKYIAPHBIX OCH MOJIEKYJIbl U pyr Apyry. CoorBeTcTBeHHO
TEIJIOEMKOCTh JIByXaTOMHOIO Tra3a — bk/2 B pacuére Ha MOJIEKYJLy HJIU
5R/2 — B pacuére Ha MOJb. JIjisi BCEX OCTAJIbHBIX a30B BO3MOMKHBI JIBA,
BapuUaHTa — JIMHEHHBIE MOJIEKYJIbI, KAK U IBYXaTOMHBIE, HMEIOT D CTerre-
Helt cBOOOBI, MOJIEKYJIbI OOJIee CJIOKHON KOH(MUTYypaIluu — II€CTh, U UX
TertoéMKoCTh paBHa 3R. CTOUT HAIIOMHUTD, 9TO B JJAHHOM CJIy9a€ UMEeeT-
cs B BUay TemoéMKOCTh Cy, K03 MUIUEHT TPOMOPIMOHATHLHOCTH MEXKTY
TEeMIIEPaTypOil W BHYTpeHHe# sHeprueil. B ciydae TBEpmoro Temra m3-3a
KpaitHe MaJjoro KoadduimenTa TermioBoro pacuimpenus terioémkoctu Cly,
u Cp NPAKTHYECKH HEOTIMIUMBbI. XOTs 9UCTO (DOPMAJIBHO MbI TOXKE yKA3a-
s Cy, a Ha npakruke u3mepsierca Chp.

62 TemoémkocTh W (buIyKTyamum. 3aKOH PABHOPACIPEIETCHUS OT-
KpPBIBAeT e OJMH IIyTh pacuéra (uykryaumil. V3menenus napamerpa,
dgyKTyanum KOTOPOro HaC MHTEPECYIOT, BO MHOTUX CJIydYasiXx MOXKHO Pac-
CMaTPUBATh KAK HEKOTOPYIO CTENEHb CBODOJIbBI, M TOIIA, IPUXOASIIAACT HA
Heé KuHeTndeckas (a B ciaydae KojebaHuii — ¥ MOTeHIUA/IbHAs) IHEPIust
JomkHa ObiTh pasHa kT'/2.

[TosicHIM 3Ty MBICTB HA OJHOM IPOCTOM IpuMepe. JIBUKeHne MopIIHs
(. 1° macrosero naparpada) — 310 U ecTb (QILyKTyaluu ero CKOpOCTH,
B€/Ib C YMCTO MAKPOCKONMUIECKOH TOUKH 3PEHNUs IOPIIEHD B TAKON CUTYAIUK
JIOJZKEH OBbITh HENO/IBUKHDIM.

Ecsiu nopuiens yiepKkuBaercs npyuHoil (m. 3°), cpeiHss HOTEHIH-
aJIbHAsA SHEPIusl, CBA3aHHAA ¢ (PIyKTyalusIMU, TOKe TOJKHA ObITH paBHA
kT /2, a 3T0 3Ha9UT, YTO CPEAHUN KBAAPAT (DIYKTYAIMI TOJIO0KEHUS IOPIIT-
Hs OKA2KeTCA PABHBIM <x2> = kT /g (9 — xKECTKOCTb LPYZKUHBI).

Haxomer, orcioga MOXKHO mOJyduTh diayKryarmuun oO0béma rasa, yaep-
KupaeMoro nopumseMm. Eciu cedenue nopiuds pasao S, o 6V = Sz, a
suaanr, ((6V)?) = S?kT/g. Bosspamaiomas cuma, IefCTByOmas Ha 10p-
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LIEeHb, PABHA
dpP dP
S—z=8"—z=—gz.
dz dv
Ecam Mbr paccMaTpuBaeM m30TepMUIecKre (DIyKTyalun, a 3HAYNUT, TIPOU3-
BOJIHYIO0 OepeM TpHU MOCTOSHHON TEeMIEpaType, TO HEMEIIEHHO MPUXOIAM

K dopmyse (6.11).

7° TpyaHOCTH KJIaCCHUYECKOM TeOPUM TEIJIOEMKOCTH. BHemHe oueHb
JIOTHYHAST U TUIyOOKO 0OOCHOBAaHHAS TEOPUS TEILIOEMKOCTHU, DA3UPY IOIIASICS
Ha, IPUHITUIIE PABHOPACIIPEIEJIEHNS, HE BbIIEPKAJIA IPOBEPKHU YKCIIEPUMEH-
TOM.

IIpobaema auwma3sa. TBépubie resa J0BOJILHO XOPOLIO IIO4HK-
ustorcs upasuiy Hrosionra u ITtu. A nodemy, cobcrBeHHO, HEe aOCOJIFOTHO
Touno? Pa3Be moxker OBITH y aroMa, «IIPUMEPHO TPU» CTEIeHW CBOOOIBI?
Ja Tyt emé yryiepom: rpadur uMeer aTOMHYO TEIJIOEMKOCTh OKOJIO R, Kak
Oy/ATO Y HEro MpakTUYeCKH OJ[HA CTENEeHb CBOOO/IBI, & TEINIOEMKOCTD aJIMa3a
u Bosce pasua 3R/4.

2)MuoroaromHuble o a3 bl CoOCTBEHHO rOBOPs, BCE HAYMHA-
ercst y’Ke C IByxXaroMHOro raza. [louemy mosiekysia He Bpamaercs BOKPYT
MPOJOJIBbHOI ocu? YeM T p M HIL W IT ¥ & JT b H O TA CTENEHb CBOOOIBI OT-
Jmgaercs oT apyrux?! HeyxKTo aroMm — u BopaBay MarepuaabHas TOIKA?

[Toyemy HEBO3MOKHBI KOJIEOAHMST ATOMOB OTHOCUTEIBLHO JAPYT jApyra?
YeMm «IIPOBUHUJIACHY ITA CTEIEHb CBODOJIbI, KOTOPAs JIOJKHA, CYIIECTBO-
BATb, JAXKe eCJId ATOMbI TOY€IHbIE?

C 3KCIIEpIMEHTOM COBIIA/IEHIE TOXKe JIAJIEKO He ujeasibHoe. Bor y a3ora
v = 1,4, KaK ¥ TOJIAraeTCs IBYXaTOMHOMY Tady. A y Bomopoma — 1,41,y
xJ0pa, zHaobopor, — 1,36. Ousith «IIPUMEPHO [ATb» CTerneHeil CBOOObI!

Emg xyxe ¢ yraekuciabim razom COs. Modiekyia y Hero JuHelnasi, mo-
Jrarasioch 661 umerh Y = 1,4, JTayke y MHOrOATOMHBIX I'a30B € HEJTMHEHHBIME
MoJteKynamu nojkHa 66tk ¥ = 4/3. A 'y COsq, okazbiBaercs, v = 1,30!

3)MMapangoxc Boabuwman a. [Iyctb arom — Hexenrumoe
u o4eHb KécTkoe obpaszosanue. Ho kakue-To, MyCcTh OUY€Hb MaJible, €ro Jie-
dopmaruu BO3MOKHBL. A SHEPrust, HPUXO/IAIIASICT HA CTEIIeHb CBODOIBL, CO-
[JIACHO KJIACCHYECKUM IPEJICTABICHUIM, HE 3aBHCUT OT «KAYECTBA» ITOM
camoii crerneru cBobOAbL. Pazimunbix Buios jnedopMmanuii (Tak HA3bIBAE-
MBIX «MOJI, KOJIe0aHuil» ) MOXKHO MUy MaTh HEONPEAEIEHHO MHOrO. Terio-
éMKOCTD JII000r0 OT/IEJIbHO B3STOIO aTOMa C 3TON TOYKM 3PEHUS JOJIKHA,
ObITH HEONIPEAEJIEHHO OOJIBIION. DTO yTBEPKICHUE COCTABIISAET COJIEPAKAHNE
mapaaokca bombimana.

Ceiiuac, KOrJa Mbl 3HAEM, 9YTO ATOM COCTOUT U3 siJIPA U IJEKTPOHOB,
MOXKHO 33/IaThCs BOIIPOCOM: [TOYEMY HE HAJIO YIUTHIBATH CTEIIEHU CBOOOIBL,
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CBSI3aHHBIE C IBH2KEHHEM JIEKTPOHOB, JlehopMausiMu s/ipa, JIBUKEHUSIMA
HEHTPOHOB U IIPOTOHOB BHYTDPH $/Ipa U T.J1.7

B merasnax cBOOGOIHBIE IJIEKTPOHBI BO MHOTOM BeIyT ceOs MOI00HO
upeasbHOMYy ra3y. llouemy OHEU He MAIOT BKJIAJIA B TEILIOEMKOCTD !

4) M3y qenue Joboe xorss ObI CKOIBKO-HUDY/Ib HArperoe Te-
JIO M3JIy9aeT IJIEKTPOMArHUTHBIE BOTHBI. [I0CKOIBKY BOJHBI MOT'YT UMETh
JIOOYIO JIJTUHY BOJIHBL, JIIOOYIO 9aCTOTY, YUCIO COOTBETCTBYIOMIUX CTEIeHe
¢B00O1bI OeckoHedHO. U ecim MOKHO He 0COOEHHO 0OpAIaTh BHUMAHHUE HA,
napaiokc BosbipMaHa, MOKa Mbl TOBOPHUM O BEIECTBE, €CJIU MOXKHO KaK-TO
MMOCTYJIMPOBATEH JUCKPUMWHAIKIO TEX WJIU WHBIX CTEMeHell CBOOOIbI MOJIe-
KyJI, TO C W3JIy9€HHEM HUYErOo He Mojydaercd. B jydmiem ciaydae ymaércs
JIOKA3aTh, YTO TO YUCJIO CTerneHeil cBOOObI CYETHO, HO KOHEYHBIM OHO,
[10-BHINMOMY, ObITH HE MOXKeT. Bojiee TOro, ¢ yBeJIMYeHUEeM 4acTOThl Pac-
TET 4ucIIo crenenei cBoboapl Ha eauHNYHbLT nHTepBast dacror [[115]. Tax
KaK mepexof K 60jiee BHICOKMM 9aCTOTAM COOTBETCTBYET CIBUTY B (buoJie-
TOBYIO 9aCTh BHIUMOTO CIEKTPA, & 3aTeM U [1ajiee, 9Ta CUTYAIUs C JIETKOI
pyku IDpendecta moIydnia Ha3BaHNe «yIbTPa(DUOIeTOBON KAaTACTPOMBI.
Do, peficTBUTENBHO, ObLIa KaTacTpoda KIACCHIecKOil (DU3UKU, U UMEHHO
B CBsI3W C HEil BIEDPBbBIE [IPOHUKJIIM B HAYKY MJ/IEU KBAHTOBOW (DU3UKHU.

§ 20. HekoTopbie KkBaHTOBBIE 3P PeKThHI

VabrpaduoneroBas kKaracrpoda U JIMHEHYATHIE CIHEKTDPHI W3JTyYEHUS
ra3oB — JIBA SBJIEHUs, MTOMBITKA O0bSICHEHNS KOTOPBIX MPUBEIH K CO3/a-
HUIO KBaHTOBO# Teopuu. [lapamokc Boabmmana Haxomuics rae-To Ha BTO-
pom miane. Tem He MeHee MMEHHO KBAHTOBBIE IPEICTABICHUS TO3BOJIUIN
CHSITH BCE TPYIHOCTU TEOPUU TEILJIOEMKOCTH BEIECTBA.

He nmest BO3MOXKHOCTH [TOCJIEI0BATETLHO U3JI0KUTH OCHOBBI KBAHTOBOM
TEOpuHu, Mbl OTMETUM U TPOULIIOCTPUPYEM JIUIIH T€ €€ MOJIOKEHHs, KOTO-
pble UMeroT H0JIee Un MeHee HEMOCPEICTBEHHOE OTHOIIEHNE K PA3PENIeHUO
TPYJAHOCTEN KJIACCUYECKON TEOPUU TEIIOEMKOCTH.

1° KBaHTOBaHUE SHEPTrUN U TEILIOEMKOCTh. (OCHOBHAsT OCOOEHHOCTH
KBAHTOBbBIX IIpeJCTaBJIeHUl C uHTepecylouleil HaC TOYKU 3peHusd — JUC-
KPETHOCTb YHEPTETUYECKOrO CIIEKTPA MUKPOCUCTEM. DHEPIHs YACTUIIHI HE
MOZKET UMeTh IIPOU3BOJIBHOTO 3HAYEHNA, BO3MOXKHBI TOJIbKO HEKOTODBIE U3-
OpaHHbIE, PA3PEIIEHHABIC €8 3HAUCHMUS.

)Crarucruueckasa cymuMa. Jug Hayana paccMOTpUuM
KpaliHuil caydail — y 9aCTHUIbI 1B BO3MOXKHbBIX 3HAYEHUS YHEPrun. TaKum
SHEPIeTUYECKUM CIEKTPOM O0JIaJaeT JEKTPOH B MArHUTHOM IIOJIE: MAar-
HUTHBI MOMEHT 3JIEKTPOHA [i MOYKET OBITh OPUEHTUPOBAH TI0 MOJIIO B wimn



124 IyiaABA VI. Cmamucmura u mepmoduramurae

LPOTHUB 1I0J15l, PA3HOCTb YHEPIUil B 9TUX COCrodHusx: € = uB — (—uB) =
= 2uB. 3acenénnocru BepxHero ypoBHst No u HuKHEr0 N7 cBa3aHbl HOP-
Mysoit Boabmmanas:

N2 = Nle_s/kT.

Yuanremad, 9To N; + Nog = N — DOTHOMY YHCIY YaCTHII, HOIydaeM
3aCeJIEHHOCTh BEPXHEro YPOBHA:

N

N2 = T

ITpunumas 3a Ha4YasI0 OTCYETA IHEPIUIO HUKHErO ypoBH: (€1 = 0) HaxouUM
[IOJIHYIO SHEPI'UIO B3aUMOAEHCTBUS C MATHUTHBIM 110J1eM /it N MOJIEKYJ

eN
E= 1+ ee/kT

IMpu masbix remneparypax (I — 0) MOXKHO IpeHeOpeYb eJuHuIel B
3HaMeHaresie, U Torja mnocie JuddepeHIupoBanns 0 TeMIeparype IMo-
JIYYUM JUI TEMJIOEMKOCTU ([IPUXOIAIIUIACS Ha PACCMATPUBAEMYIO CTEIIEHb
cBOGO/IbI)

C = kN(%)Qe_E/kT. (6.13)

Mbr1 Buzmm, 9TO [IPU HU3KHUX TEMIIEPATYPAX TEILIOEMKOCTb OKA3bIBAETCS
KCIIOHEHITHAIBHO MAJIOH W CTAHOBHUTCS 3aMETHOM JIHIL TOrma, Koraa k1T’
10 TOPSIIKY BEJUIUHBI IPUOJIUKAETCS K €.

OtmeruMm, 9To ipu 60X 1 9HEPTHsT B JAHHOM CJIy9ae CTPEMHUTCS K
upe/iesty, pasaomy €N/2; a Tel108MKOCTb BHOBb crpeMurcs K Hysiio. OnHa-
KO 3TO — CBOMCTBO CHCTEM C OIPDAHUYEHHBIM CIEKTPOM. Y «HOPMAJIbHBIX»
crerneneil cBOOOIbI — MOCTYHATEIbHON, BPAIATEIbHON, KOIebaTeTbHON —
9UCJIO BO3MOXKHBIX COCTOSTHUN, 9UCJIO YPOBHEI 3Hepruu, OeCKoHedHO. B Ta-
KX CJIy9asix CpabaThIBAET MPWHIUI COOTBETCTBHUSA Bopa: mpu OoJbIimx
KBAHTOBBIX 4UCJaX (B JAHHOM KOHTEKCTe — [pH OOJIbLIOM YHC/Ie «3a/eii-
CTBOBAHHbIX» YPOBHE) KBAHTOBBIE COOTHOLIEHUsI JOJIKHBI [I€DEXOAUTH B
KJtaccudeckue. TerioéMKOCTh — B KJIACCUYECKYIO, OIPEIeNsieMy0 Teope-
MOI O paBHOPACHPEIETCHUN.

IIpomie Bcero 3To0 MOKHO TPOWJIIIOCTPUPOBATH HA MpUMEPEe TapMOHU-
YEeCKOr'0 OCHMJIIATOPA — CHCTEMBI C 3KBAJAUCTAHTHBIMHA SHEPreTUIeCKUMUA
YPOBHAMU €, = NE.

CTporo roBopsi, 3Heprusi HeBO30Y K JAEHHOIO COCTOSHUST OCIHUIIIATOPA, C
cOOCTBEHHOI 9aCTOTOM W B CHJLy COOTHOIIEHMSI HEOIPEIETEHHOCTEH HE MO-
KeT ObITh paBHOU Hys0. Pacaér maér myis «HysIeBOil 9Heprun» 3HAUIEHUE
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hw/2, m Torna &, = nhw+ hw/2. Ho Mbr mpocTO MIEpEHECEM HAIAIO OTCIETA
SHEPruu UJIM, HHBIMHU CJIOBAMH, OY/IEM PACCUUTHIBATD IHEPIUIO BO30Y XK 1€~
HUS OCHUJIISITOPA.

CpenHsisi 9HEPTHS CUCTEMBI C YPOBHSIMHU £; PABHA,

Z é’iNoe_ﬁEi
i

f=m= —m— 0 8

Z Noe_ﬁsi
%

rue, oueBunuo, 3 = 1/kT.

CyMMa, ocramoiiasics B 3HAMEHATEe Mocae cokpalnenus Ha No, Z =
= Y e P comeprkuT BaxKHBIC CBEJEHHS O CUCTEME U HOCHT CIIEIUAIbHOe
HA3BAHUE — CTMATMUCTIUNECKAHA CYMMA (CTNAMCYMMA).

B uacrHOCTH, HEMOCPEICTBEHHO W3 ONPEIETEHUs CPEIHEero 3HAYEHUS
CAyYaiHOM BEJIMIWHBI HETPYIHO YyCMOTPETh, 4TO

1oz  Olmz —2*162Z
T TZep T o Y T T Zopr

Takum obpa3om, 3HAHHE CTATCYMMBI IIO3BOJISET PACCIUTATDL (PIYKTya-

WK SHEPTUH HEKOTOPO# mojacucreMbl. JlelicTBUTEIHHO,

1822z 1 (9zZ\* 9 [10Z
_Ea_ﬁ2_ﬁ<%> _%{Z%]
9, . 99 ar

— — (7)) = - 2
=959 = 51~ 95 = CT*

Ilon TenToéMKOCTBIO 3/1€Ch TOIPA3YyMEBAETCH, OUEBUTHO, TEINIOEMKOCTD
nozcucreMbl (CUCTeMbl), SHEPrUs KOTOPOH OTIMYACTCH OT DABHOBECHOI.

D

IIpu 3roM 10/KHBL OBITH BBIIIOJIHEHBL [BA YCJIOBHS: BO-IIEPBBIX, IIOICUCTE-
Ma JIOJIZKHA COCTABJISATH MAJIyI0 4acCTh CUCTEMbl (CUCTEMA JIOJKHA HAXO-
JIUTHCS B KOHTAKT€ C JOCTATOYHO OOJIBIIMM TEPMOCTATOM) U BO-BTODBIX,
He JIOJIZKEH MEHATHhCA e€ dHepreTmdecKuil crmekTp. Bropoe ycioBue gailre
BCEro CBOIWTCS K TPeOOBAHUIO HEM3MEHHOCTH O00bEMa, U, CJIeI0BATENHHO,
B nocsieaneit popmyiie goskHa Gurypuposarh TeroéMrocrs Cly.

Tenepp BepHEMCs K KBAHTOBOMY IapMOHHUYECKOMY OCHHILIATODY. Jljs
HEro CTATUCTUYECKAs CyMMAa BBITJISIUT KaK OECKOHEYHAsS TeOMETPUIeCKast
Iporpeccus, 3HaMeHaTe/Ib KOTOPO MEHbIIEe eIMHUIIBI, 8 TaKasd IIPOrpeccus
JIETKO CYMMUDY€ETCS:

1
_ —nhv/kT __
Z—Zn:e T 1 _e—hu/kT"
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B obmiem cirydae 1jist TEIIOEMKOCTH Oy IaeM

hy 2 ehv/kT
C= — ] .
kT (ehl//kT _ 1)2
Ecmu hv > kT, 1. e. Temueparypa ropasio MeHbIIE BeIUIUHbI © =
= hv/k, nHa3piBaeMOil XapaKTepPUCTUYECKON TeMIIeparypoil, B 3HAMEeHATeJ e

MO2KHO [IpeHebpeyb euHuLEl, 1 Mbl HpuxouM K dopmyue (6.13), koropyio
MBI TTOJTYIUJIN JIJIST IBYXYPOBHEBON CHCTEMBI:

C =k M 2e—hl//kT
kT ’

ecym xe, HaoGopot, T > © u hv < kT, nonaras B 3uamenarene e/ =

= 1+ hv/(kT), upuxoqum K kiaccuueckomy pesyabrary: C = k (s
OJIHOI'O OCLMJUIATOPA), 4T0 B pacyére HA MOJIb JAET TElJIOEMKOCTb Kosieba-
TeJIbHON cTernenu cBOOOIbI, paBHYIO R.

B ciydae HenpepbIBHOIO CIIEKTPA «CTATCYyMMay, ECTECTBEHHO, oOpalia-
ercs B mHTErpaJi. Hampumep, mjis noTeHua bHONR 9HEPTUU MOJIEKYJIBL Ta3a,
HAXOJSAIIETOCS B IIOJI€ TSXKECTH, UMEEM

T mgh KT 1
J exp( KT > mg  mgp’

OTKY/1a
107

U JIJTsl JOTIOJIHUTEIbHON TEIIOEMKOCTH II0Jy Ya€M BeJIMYnuHY k Ha MOJIEKYJLY
n R Ha MOJIb.

2)Bpamarenbuas 3Heprusd [IpuBpamareJbHOM JBUKEHUN
KBAHTYETCS MOMEHT WMMITYJIbCA, MPUIEM XapPAKTEPHBIM MACIITabOM KBaH-
TOBaHUA ABJIAeTcA BeimdamHa h = h/27m = 1,05-1073* JIx-c. Crymenbka
SHEPreTHICCKOro CIHeKTPa 10 OPsA/IKy Besndunbl pasua h2/21. Ilpuanvas

kT,

THIIMYHBIE 3HAYEHHs MACChL aTOMOB M ~ 1072% Kr u pa3MepoB MOJIEKYJIbL
10710 y1, momyuaaem omenky Momenta mHeprun I ~ 1074 xr-m? u smeprun
€~ 1072 JIx ~ 1074 3B, uro coorsercreyer kT mpu T ~ 1 K (momnesno
3anomMuuTh coornomenue kT =1 3B npu T = 11602 K ~ 10* K).

Takum obpa3om, mpu TeMmmeparypax, 3aMerHo mpesbimaiomumx 1 K,
KBaHTOBBIE 3DDEKTHI JIJisi BPAIIATEILHOIO JIBUKEHUS HECYIIECTBEHHbBI,
COOTBETCTBYIOIIMN BKJIAJ B TEIUIOEMKOCTH BeIET cebsi BIIOJIHE KJIACCHYE-
CKUM 00pPa30M.
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O1HAKO HTOT PACYET MBI IPOBEJIN KAK PA3 Uil OCH, HEPIIEH/TUKYIISPHOM
OCH MOJIEKYJIbI. UTO KACAeTCsI MPOI0JIbHON OCH, TO COOTBETCTBYIOIUH MO-
MEHT WHEPIUU OIPE/IE/ISIeTCsS B OCHOBHOM JIEKTPOHHO# 060s104uK0i. Macca,
ssekTpoHa npuMepHo B 2000 pa3 MeHbIIle MacChl HYKJIOHA, COOTBETCTBYIO-
mmit MomenT uHepiuu Menbine B 4000 pa3 (3JIEKTPOHOB, KAK U MPOTOHOB,
PUMEDPHO BJIBOE MEHbINE, YeM HYKJIOHOB), XapaKTepHas TEeMIEPATypa CO-
CTaBJISAET ThICAYM I'PA/lyCOB, 1 UMEHHO IIPU TAKON TeMmlleparype BpalleHue
BJIOJIb IIPOIOBHON OCH BHOCHJIO OBl 3aMETHBIN BKJIa B TEITOEMKOCTD. Ho,
YBBI, IIDU CTOJIb BBICOKHX TEMIIEpaTypax BCe MOJIEKYJbI PACIaIaI0TCAd HA
OTAEJIbHBIEC aTOMBI.

3)KonebarenbHasd 3HEpT U d. XapakKTepHblil Macurad pas-
HUIBI yPOBHEH YHEPIUuu KOJAEOAHNH MOJIEKYJ JIEZKHUT B IIPEIEIax MPUMEPHO
or 0,1 3B no 1 3B. Jus 6osbuncrsa mosiekyd (¢ ~ 1 3B) kosebaresbhbie
CTerneHu CBODOIBI MOYKHO HE YIUTHIBATH — OHU €IIE He BO30YKJEHbI. A BOT
KaK pa3 y yIVIEKHACJIOTO ra3a XapaKTepHas TeMIIepaTypa COCTABJISIET BCErO
COTHU TPaIyCoB, KOJeDATETbHBIE CTENEHN CBODOIBI €Ié He OYeHb MOXOXKHU
Ha KJIaCCHYI€CKHe, HO HE YyIUTbIBATDb UX BKJIA/ B TEILJIOEMKOCTDH Y2Ke HeJIb34d.

Tlomobuas curyarust CKIaAbIBACTCI U C TEILJIOEMKOCTBIO TBEPIBIX TEI.
Tak ke y GOJIbIIMHCTBA U3 HUX XapaKTepHble (TaK HA3bIBAEMbIE «J1€0aeB-
CKHe» — I10 UMeHH (PU3nKa, Pa3padboTaBIIero moapoOHY 0 TEOPUIO TEILIOEM-
KOCTU TBEDJIBIX TeJI) TEMIIEPATYPbI COCTABJIAIOT IECATKU IPAJLyCOB, U IIPU
KOMHATHBIX TEMIIEPATYPAX TEITOEMKOCTD IO INHAETCS MpaBuiy Jlomonra
u ITtu. Anvas umeer o4eHb 2KECTKYIO PEIIETKY, CTYIIEHbKU B €0 SHEPreTHU-
9eCKOM CIeKTpe Oouibiiime — 110 1 3B, 1 m03ToMy ero TemmoéMKoCTb 3aMETHO
MEHBIIE KJIACCUIECKOi. ¥ rpadura e, ¢ ero CJIOUCTOM CTPYKTYPOii, KOJIe-
GaHust BJOJIb CJIOEB [TOYTH He BO30Y?K/IEHBI, & CBA3U MEYKJY CJIOSIMU — MAT-
KHe, COOTBETCTBYIONINE KBAHTHI SHEPIrUN HEBEJIUKU, 3Ta CTCICHb CBO60,HBI
BO30YK/IEHA [IPAKTUYECKH MOJTHOCTHIO. OTCI0a U 3HAYEHHE TEITIOEMKOCTH
rpadura, HEMHOrO IpeBbimaonee K.

4)Bo36yxgeHnue 3J€KTDOHOB. Baromax u MoJjieKyjiax
JHEprud BO36y}KﬂeHI/IH JJIEKTPOHOB COCTAaBJIAET O6BI‘IHO BEJIMYIUHY TTOPATIKA
OOHOT'O UJIM HECKOJIBKHX JJICKTPOHBOJIBT. TaK, JHEPrusd KBaHTa BHAUMOTO
ceera — 2 + 3 3B. B rasopaspsaanoii TpyOke B BO30YKIAEHHOM COCTOSHUHI
B Ka)K)IbIﬁ MOMEHT BPEMEHHU HAXOJIUTCA BCEr'O TPUJ/IJIMOHHAA A0JId aTOMOB.
DTOro JOCTATOYHO, 4TOOBI pabOTaia HEOHOBAS PEKJIaMa, 9TOObI W3ydaThb
CIIEKTD U3JIy4YeHUdA aTOMOB. HO BKJIaJOM B TEILJIOEMKOCTb MOXKHO IIpeHe-
Opedvb.

2% OcoGeHHOCTH KBAaHTOBOM cTaTHCTHKH. KpoMme KBaHTOBAHUs YHEP-
UM CaAMOE HEIIOCPEJICTBEHHOE OTHOIICHUE KAK K TEOPUH TEINIOEMKOCTH, TAK
¥ K OCHOBaM CTATUCTUIECKON (DU3UKU B IEJIOM UMEIOT ABa, (DyHIAMEHTAb-
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HBIX II0JIO2KEHUSI KBAHTOBOW TEOPUM: [IPUHIUII HEPASJIUIUMOCTA MUKDPOYa-
crur, u 3amnper [laymn.

l)Hepasuanuuumoctb B o3on b Mukpouacruip
nepazsmuumbl. Hesb3st ckazarb, 4ro B uepBoil gueiike (§16) Haxogsarcs
qacrunibl A u B, a Bo Bropoit — gactuna C. MOXKHO TOJBKO MOBOPUTH O
HaJIM4YUU OBYyX YAaCTUI B IEPBON A4elike, OAHONU 9aCTHALBI BO BTOPOU U T.II.

OTO HECKOJIbKO BHJIOM3MEHsIeT HauboJiee BEPOSITHOE paCIpeeieHue.
Buecro dhopmysibt (5.15) npu 9TOM 1M0/Iy9aeTCst

1

Ni= e=mpr —1

(6.14)
D10 — TaK Ha3blBaeMoe pacipejesenne bose—ditnireitna. ITogunbsionu-
ecst eMy JaCTHUIlbl HA3bIBaeTCs 0030HAMU; DO30HAMU SBJISIOTCS YACTUIBL C
CODCTBEHHBIM MOMEHTOM HMITYJIbCA, KPATHBIM fi, WM, KaK TOBOPST, C I€-
JIBIM CIIMHOM.

2)Ipubsyun ITayau @epwmuon bl Ewg oguo ormune B
MMOBEEHUN OT KJIACCUIECKHUX YACTHUIL IIPOABIISCTCS Y IACTHIIL C O IETbIM
CIIMHOM, T. €. ¥ TaKHX, MOMEHT MMIIY/IbCA KOTOPBIX COCTABJISET HEIETHOE
quciio fi/2.

OKa3bIBaETCsI, B OMHOM KBAHTOBOM COCTOSTHWH HE MOYKET HAXOIUTHCS
0oJiee OIHOI TAKON YACTUIBI — ITO W €CTh TaK HA3BIBAEMBIA 3AIIPeT WJIN
npuatun [laynu. B stom cayvae copasemymBa cratuctuka @epmu—lupa-
Ka, ¥ 9UCJa 3aIO0JTHEHHS /111 (DEPMUOHOB MOTIUHSIOTCA (DOPMYITIE

1
Ni= c—onr 1 (6.15)

Mosekysibl nIeaabHOrO ra3a MOryT ObITh O030HAMY Wik (PEPMUOHAMHU,
HO B JiFOOOM CJIydae OHU MOJMYMHSIOTCS KBAHTOBBIM 3akoHaMm. [logemy xe

IOJIy9alOTCA IPABUJIbHBIE PE3YIbTATEL, €CIH PACUET BeJETCA IO KJIACCHYE-
ckuM dopmyraam?

3% KBanToBaHME MOCTYNATEJIbHOIO ABUXKEHHA. 1acTO roBOpsT, 4TO
[IOCTYIATEJIbHOE JIBUKEHNE HE KBAHTYeTCs. DTO HEe COBCEM BEPHO, €CJIH He
CKa3aTh COBCeM HeBepHO. BepHO /ipyroe — KBaHTOBaHME MOCTYIATEIHLHOTO
JIBUKEHUS MOYTH HUKOTIA HE TPUXOIUTCS YIUTHIBAT.

Benomunm paccyxaenus m. 1° w3 §17. Ogna xkBaHTOBas sveiika, Of-
HO KBAHTOBOE COCTOSIHUE 3aHMMAET B IIECTUMEPHOM (Ha30BOM IPOCTPAH-
crBe 06béM h3. TummaHOe 3HAUEHIE SHEPTUX MOJIEKYJIbI [IPH TEMIIEPATYPE,
6u3Koit K KoMHaTHOM, (1/40) 3B = 4-1072% JIx. [ljnsa MoIeKya BO3Iyxa
3TO COOTBETCTBYeT UMIysbey p ~ 2:10723 kr-m/c. B pacuére na KybGomeTp
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umeeM (p/h)3 =~ 3-103! gueek. U B Takux sdeiikax umeercsa okomo 3-10%°
mosnexys. Cpesee uncio 3anommnenus nopsaka 1075, xcnonennuasnbubrit
wred B (6.13) wam (6.14) B MWIIMOH pa3 [PEBBIIAET €IUHUILY, ITOH 110-
cJie/THel CMeJI0 MOXKHO TpeHeOpedb, U OT OJJHON N3 KBAHTOBBIX CTATHCTHK
MBI BO3BpalliaeMcs K craTucrike Bosbivana. Bor ecan ocryauTs ras (npu
Heu3MEeHHOH 1wiorHoCcTH) uro-HuOY AL 10 0,01 K, kBanTOBbIE 3hheKThI 3a-
paborasiz ObI B IIOTHYIO CHITY.

4% DyeKTPOHHBIN ra3 B Merasuiax. Mbl yKe YIIOMUHAJIM, 9TO JEKTPO-
HBI IPOBOJMMOCTH B METAJJIAX BEAYT Ce0si BO MHOI'OM IIO0OHO HIeaIbHOMY
ra3y. Ho 31ech sipKO MpOSIBASIOTCH OCOOEHHOCTM KBAHTOBOM CTATUCTUKH,
KoukperHo — craructuku Pepmu—/lupaka. Macca 37€KTpOHOB IPUMEPHO
B 6-10* pa3 Menblne Macchl MOJIEKyJbl Bo3ayxa. CoorsercrseHto B daso-
BOM 00bEME, OrPAHUYEHHOM TUIIUYHBIM JIjIsi KOMHATHON TeMIIepaTypbl 3Ha-
YeHHeM WMITY/IbCa, B CIydae 3JeKTPOHOB mMeercss okomo 3-10%% sueek na
Kybomerp.

Ho B ky6omerpe meTasiia 0koj0o 10°° 371eKTPOHOB, /14 K TOMY K€ OHU —
depmuonbl. st HUX 9UCI0 3aH0JHEHHS] HE MOYKET [PEBBIIIATH €/IUNHUIIbL,

028

U y2K HUKAK He MOzKeT ObITb nop#aika 103, BbIxo oiuH — 3JeKTPOHbI 3a-
TIOJTHAIOT (PA30OBBIE STICHKH, MOKA HE MMOMECTATCS BCE, B KaKIOi sTIeiike
no omaoMy. Tounee, B Kaxkmoil ddeiike, mMeromeil 06beM h3, MOKET IoMe-
CTUTHCS 1BA 37eKTPoHa. OHU TPU ITOM JTOJI2KHBI UMETH TTPOTHBOIIOJIOKHBIE
HALPABJIEHUS CIUHOB (MOMEHTOB MMILYJIbCA), U TOL/IA UX KBAHTOBBIE COCTO-
SHHUS UMEHHO 3TUM U OTJIMYAIOTCS.

ITonyuaercst, 9To 1axe npu abDCOJIOTHOM HyJIE TEMIIEPATYPBI CYIIECTBY-
TOT 3JIEKTPOHBI MPOBOJIUMOCTH C SHEPTUEHl, COOTBETCTBYIONMEH MPUMEPHO
6-10* K. Tounee, npu T = 0 K xax pa3 Bce g4eiiKu IO SHEPrHif, COOTBET-
crsyrouux 6-10% K, 3amossenbl, a ocTaibHbIe IyCThbl. DTOT CHILHO Ieperpe-
ThIil ra3, OHAKO, He MOXKEeT OTJIaTh YHEPIUIO, HAIIPUMED, KPUCTAJJIMIECKONH
pemérke. st 3TOro HEOOXOAUMO, ITOOBI OTHAONIMI SHEPIUIO FTEKTPOH
omycTwics Ha 00Jlee HU3KWI IHEPreTUIeCKUil YPOBEHD, MOMAJ B YUKy C
MEHBbIIeil 3Heprueil, a OHU BCEe 3aHATHL.

Wrak, yxe npu abCONIOTHOM HYyJI€ 3JIEKTPOHHBIN a3 HArpeT 0 JIeCST-
KOB ThICAY rpa/tycos. IloaToMy OH moYTH HE BOCHPUHUMAET OTJIUYUE HYJIs,
pomycrum, ot 300 K, nosromy o He 7aéT BK/I1a/1a B TEILIOEMKOCTD METAJLIIA.

Brpouewm, nipu maibix remneparypax (I < 1 K) rensioémkocTsb pemér-
KN CTAQHOBHTCA IPEHEOPEKIMO MaJoil — OHa yOBIBaeT Kak 1° u Torma
CPABHUTEJILHO CJIa00 (HponopruoHanbao 1) 3aBUCHINAs OT TEMIEPATY Db
IEKTPOHHASA TEIJIOEMKOCTD OIIPEesseT TEINIOEMKOCTh METAJIA B LIEJIOM.

5% Teopema Hepacta. B 1906 romy 6b110 ¢hopmyimpoBaHO MOJIOKEHHE,
oIy YMBITiee Ha3BaHWe TermioBoil Teopembl Heprcra. CyTh ero cBogmmach
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K TOMY, 9TO SHTDOIIMS BEIIECTBA IIPU CTPEMJIEHHH TEMIIEPATYypPbl K abco-
JIIOTHOMY HYJIIO CTPEMUTCS K OIPeIeaéHHOMY mpenesy. Pa3 3ro tak, mbl
0e3 HapyIenus OOIHOCTH MOYXKEM IIPUIIUCATH ITOMY IIPEIeNy HyJIeBOE 3Ha-
9eHUe, ¥ TOTA TEOPEeMa, IPUHUMAET (hOPMY:

IIpu cTpemiieEnu TeMnepaTypbl K HYJIIO SHTPONHUA JIOO0ro
TeJla CTPEMUTCH K HYJIIO.

DTa TaK HA3BIBAEMAs «TeOPEeMay HEeJIOKA3yeMa, Ha OCHOBE OCTAJIbHBIX [10-
JIO2KEHUI TEPMOJINHAMUKY, OHA COOCTBEHHO IIPECTABJIAET COOO0M aKCHOMY,
HEKOTODPBIN JIOMOJHUTEIbHBIA MOCTYJIAT, U IIO3TOMY HOCHUT €Ilé Ha3BaHUe
TPEThEero Ha4YaJa TePMOJUHAMUKY.

ApryvenTaiius B MOJIb3y 3TOrO MOJOKEHUsI CBOJMIACH K CJIEIYIOMEMY
paccyzxaenuto. [lonpodyem BbIYUC/IUTD U3MEHEHUE YHTPOIUU IIPU HEPEXO-
e or abCOJIFOTHOIO Hy/Is K KaKOW-TO KOHe4HO! Temmeparype. Ilycrs mis
OLIPEICJIEHHOCTH [IPOLECC IPOUCXOAUT LIPH IIOCTOSHHOM 06béMe (¢ reM 2Ke
YCIIEXOM MOYKHO B35Th U U300apy, u 000 APYTroil JOCTATOYHO OIPeIe/IEH-
Hbiil nporecc). Toraa HaM HaJI0 BHIYUCIUTD MHTErPAJT

DTOT UHTErPaJs JIOJKEH CXOAUTHCSI — B 9TOM U COCTOUT HEPBasi YaCTh
yrBepxkaenust Hepucra. s 970r0, B 9acTHOCTH, HEOOXOIUMO, ITOOBI TEIl-
JIOEMKOCTD TIPW CTPEMJIEHWM TEMIIEPATYPhI K HY/IIO yObIBaja u yObiBaja
JOCTATOYHO OBICTPO.

Kpowme toro, Hajgo mnocrysmpoBaTbh, 4TO JIOOBIE IEPEXOJIbI U3 OJHOIO
COCTOSIHUSL B JPyroe Ipu aOCOJIIOTHOM HYJIE MPOUCXOJAAT 0e3 n3MeHeHus
surponuu. IlHagye HESICHO, K OJHOMY JIM IIPEJIEJIy CTPEMUTCS SHTPOIUS IPU
PA3JIMYIHBIX CIIOCODAX Mepexoa K abCOTIOTHOMY HYJIIO.

Teopema Heprcra momydaer ecrecTBeHHOE OObsICHEHWE B KBAHTOBOM
Teopuu. Bo-mepBhIX, CHUMAETCS MPOTUBOPEYHE C 3aKOHOM DPABHOPACIIPEIe-
JIEHWSI, KOTOPBIH TpeOOBaJI MOCTOSHCTBA TEIJIOEMKOCTH, 110 KpaiHeil mepe,
TEILJTIOEMKOCTH IIPHU IMOCTOSHHOM 00béMe. Bo-BTOPBIX, Tpu abCOMIOTHOM Hy-
Jie TEeMIIEPATYPhI CUCTEMA, IO/IPKHA HAXOAUTHCS B COCTOSTHUN C MUHUMAJIBHO
BO3MOXKHOI1 sHeprueil (6030HbI — BCE Ha CAMOM HUXKHEM IHEPreTHYECKOM
ypoBHE, (DEPMUOHBI 3AMOJHSIIOT HEOOXOAMMOE KOJUYECTBO HAUOOJee HU3-
KUX YHEPIeTUYECKUX yDPOBHEIR).

Ecsiz renepp yuecTb, 9TO O4€Hb BAKHO, HPUHIUII TOXKIECTBEHHOCTH,
HEPA3JIMINMOCTA MUKPOYACTHUI], MbL [IOJIy9a€M OJIHO €JIMHCTBEHHOE COCTO-
SHUE JJIs CUCTEMbI, HAXOIAIIEHcs mpu abCOIOTHOM HyJe TeMIIEePaTypPHhI.
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Crarucrudeckuil Bec 00pAIAETCA B €IMHUILY, SHTPOINS CTAHOBUTCSH DAaB-
Hoit mymmo [[,16].

* Kk %

Crarucruyeckasi hu3nka 00bsABISET BEPOATHOCTHBIMU ODIIEe W BTO-
poe Hauasa tepmomuHamuku. CucreMa He 00si3aTeIHHO MOWAET K PABHO-
BECHI0O — TaKOe Pa3BUTHE COOBITHIT TOJBKO Hambosee BepositHo. Cucrema,
MPUIIEITasi B PABHOBECHE, HE HAXOIUTCS BCErJa B HambOOJee BEPOSITHOM
cocrostHuu — €€ mapamerpbl (PIIyKTYHPYIOT OKOJIO HambOsiee BEPOATHBIX
3HAYCHUI.

O/1HaKO, BEPOSITHOCTH TOI'O, 9TO CHCTEMA HONJAET HE K PABHOBECHUIO, &
OT HEr0, BEPOSATHOCTH OIIYTUMBIX (DJIYKTyaIuii OBICTPO MAJA0T C POCTOM
9UCJIA MTOJCUCTEM, COCTABJISIIONTUX CHCTEMY.

g cucrembl, CKOJIBKO-HUOY/Ib IIPETEHAYIOMIEH HA POJIb MAaKPOCKOIIU-
9eCKOM, 3TH BEPOATHOCTH CTAHOBATCS CTOJIb HUYTOXKHBIMH, YTO 3AKOHBI
TEePMOJMHAMUKH BIIOJIHE MOXKHO CYUTATH JUHAMUAYECKUMU.

CrarucTuyeckne 3aKOHOMEDHOCTH IIPUBOIAT K 3aKOHY PAaBHODACIIPEIE-
JIEHUsT KHHETUIECKON YHEPTUU O CTEMEeHSIM CBOOOIBI, YTO OTKPBIBAET BO3-
MOZKHOCTb PaCd€Ta, B YaCTHOCTH, TEMJIOEMKOCTEN ra30B U TBEPABIX TeJI.

Orcrynsienus OT 3aKOHA PABHOPACIIPEIEJICHUS O0bACHSIOTCS BJIUSHIEM
KBAHTOBbBIX 3AKOHOMEPHOCTEIA.
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ITpomeccwsr mepenoca

O0611ee HAYATIO TEPMOJIMHAMUKY yTBEPKIAET, YTO CUCTEMA IIPUXOIUT B
PABHOBECHE, €CJIM OHA M30JMPOBAHA UM HAXOJMUTCA B HEM3MEHHBIX BHEI-
HUX yCjoBusAX. LlocienHuii BAPUAHT, OJHAKO, HYKJAETCA B yTOYHEHUH.
Crenyer nob6aBUTH — B HEM3MEHHBIX W OJHODOIHBIX BHEITHUX YCJIOBUSIX.
Eciu, nanpumep, Temneparypa Ha TPAHUIE CUCTEMbI HE MEHSETCS CO BpE-
MEHEM, HO Pa3JIndHa B PA3HBIX TOYKAX TPAHUIBI, B CUCTEME yCTAHOBUTCS
HEKOTOPOE CTAlMOHAPHOE, HO HE PABHOBECHOE COCTOAHME. Temmeparypa B
KaK/I0f TOUYKE CHCTEMbI TOXKe CO BpeMeneM He Oyuer mensTbes (1ocse 6o-
Jiee UJIA MEHee JJIUTEJIbHOrO [MEePEXOJHOr0 MPOIECcca), HO B PA3HBIX TOYKAX
oHa Oymer pasaudHoil. Heb3s TOBOPUTH O TeMIepaType CUCTEMbI, a 3Ha-
49UT, pAaBHOBECHS B cucTeMe He Oyner. Bymer mpoucxoauTh CTaluoOHAPHBIN
[IPOLECC MEPEHOCA, TEILIA 9EPE3 CUCTEMY.

B OCHOBHOM MMEHHO HA CTAIMOHAPHBIX MPOIECCAX MEPEHOCA Mbl OCTa-
HOBHMCS B HACTOAMIEH ryrage. Ecm ycioBust Ha rpaHune CUCTEMBI, 8, CJIEI0-
BaTENIbHO, U B CAMOI CHCTEME, MEHSIIOTCST JJOCTATOTHO MEJJIEHHO, TIPOITECCH
MEPEHOCa, MOKHO CYMTATh KBA3UCTAIMOHAPHBIMU. K TaKUM TpPOIEccaM BO
MHOI'OM HPMMEHMMBbI 33KOHBI CTAIIMOHAPHBIX IPOIECCOB.

OrMeruMm, 9T0 PABHOBECHE B HEM3OJUPOBAHHON CHCTEME, HALIPUMED, B
cucTeMe, HOMENEHHON B TEPMOCTAT, [IPE/IIIOIAraeT PABHOBECHE C TEPMOCTA-
toMm. Ho cocrosiame TepMocTaTa He OYIeT U3MEHATHCS JIUIIh B TOM CIIydae,
KOTJIa, OH B CBOIO OY€pe/ib HAXOAUTCS B PABHOBECHU CO BCEMHU B3aMMOJEH-
CTByOIMMHU ¢ HUM TesmaMu. Takum oOpa3oM, paccyKiaas MOCIeI0BATE b
HO, MbI Hen30€2KHO IPUXOJUM K BBIBOJLY, YTO PABHOBECHE, CTPOrO rOBOPS,
BO3MOKHO BOOOIIE JIUIIb B 3aMKHYTBIX CUCTEMAX.

Bupouewm, He crouT 3a0bBaTh 3amMedanue ['nbbca 0 HEOOXOIUMOCTH, «XO-
Ts1 ObI OTYACTH, HAXOJIUTHCS B 3IPABOM PACCY/IKE>.

§ 21. Tunbl poieccoB mepeHoca

PaccMmorpuM Tpu OCHOBHBIX THIA TPOIECCOB mepeHoca: auddy3un —
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MEPEHOC BEINECTBA, BA3KOCTh (BHYTPEHHEE TPEHHE) — MEPEHOC MMITYJIbCA,
TerIonepeiady — LHEePeHoC Telia (IHePruu).

1° Inddysusa. [losHnoe paBHOBECHE B CHCTEME MTPEIOIATAELT, KPOME BCE-
'O IPOYEro, TOXK/IECTBEHHOCTH COCTaBa BEIIECTBA BO BCEM 00bEME CUCTEMBI.
Ecnu B kakoM-TO 00bEMe 0KarXKeTcsi W30BITOK HEKOTOPOTO KOMIIOHEHTA, TO
3a CYET TEIIOBOIO JBUXKEHUsI MOJIEKYJI OY/IeT IPOUCXO/IUTH BHIPABHUBAHKE
KOHIIEHTPAIUI BIUIOTH [0 JOCTUKEHUS OJHOPOIHOCTH COCTABA 10 BCEMY
06bémy. Iloiiaér mponecc nuddy3un.

Cranmonapubiii  mporecc  auddy3un
MOKHO OCYIIECTBUTD, HAIIPUMED, B TPyOKe,
OJIUH KOHEI KOTOPOl OIyIIeH B JOCTATOY-
HO 60JIbLIO# cocy 1 ¢ BOAOI (BO/IM3M 1OBEPX-
HOCTHU BOJBI Oy/IyT MPAKTUIECKU HACHIIIEH-
HbBIE MAPbI), a JAPYroii — OBLyBAETCsS OTHO- -
CHUTEJIFHO CyXUM Bo3jayxoM (puc. 20).

MaKpOCKOIIMIECKUM PEe3yIbTaTOM CTa- Puc. 20
[UOHAPHOTO Tporiecca Auddy3un SBISETCS TOTOK YACTUI] B HALIPABJICHUN
MMOHUKEHHON uX KOHIeHTpamun. [[puyém, Kak MOKa3bIBAET OMBIT, KOJIHIE-
CTBO YaCTHUII, TIEPECEKAIONTUX eIUHUIHYIO [IOMAIKY B €JIWHUIY BPEMEHU
— IJIOTHOCTH MOTOKA, YACTUI[ — MPOMOPIMOHAJIBHO CKOPOCTH W3MEHEHUsI
KOHIIEHTPAIUH 110 COOTBETCTBYIOIIEH KoopauHare. B ogHOMEpHOM Citydae
3akoH DuKa 3aIKUCBIBACTCS, CIIEI0BATEBHO, CIIELYIOMUM 00Pa30M:

dn

N=-D—.
dx

(7.1)

B obmiem ciaydae, B TPEXMEPHOM IIPOCTPAHCTBE, CJAEAYET IMUCATH

. -On  -0n  -0n
N=-DVn=-Dgradn=-D |i—+j— +k— |,
ox dy 0z
rae D — ko3 dunpenT nponopnuoHaTFHOCTH MEXK /Ty IPAIMEHTOM KOHIIEH-
TPAIUU U MMOTOKOM — Ha3biBaeTcs Koy dunuentom nuddy3un.

22 Baskoctb. C MeXaHU3MOM MEPEIAY UMILYJIbCA 33 CYET TAHI'CHIIUAb-
HBIX HAIIPSAKEHUU B 2KHUJIKOCTH MbI 3HAKOMBI 110 KypCcy MexaHuku. Hamom-
HUM 3aK0H HbIOTOHA: eciim COCTaBISIONIass CKOPOCTU MO OCH T MEHSETCS
BJIOJIb OCH Y, TO Ha IJIOIIA/Ke, MePIeHIUKYIAPHON OCH Y, B HAIPABJIEHUU
T BO3HUKAET HAIPAKEHHUE

du,
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Kosddumnuent 1 HOCUT Ha3BaHUE BA3KOCTH, U KOIDDUIUEHT BI3KOCTH,
WM AUHAMAIECKUH KOdPPUIUEHT BA3KOCTH. MBI MO3HAKOMHMCS €IIé ¢
HECKOJIbKO MHOHU XapaKTEPUCTUKON BA3KUX CBOUCTB 2KUJKOCTU WUJIU I'a3a —
KUHEMATHIECKUM KOI(DDUITUEHTOM BSI3KOCTH L.

3% Temstoniepenaua. llepenada Temia MOKET OCYIIECTBISITHCS C MOMO-
MBI0 PA3JIMIHBIX MEXAHIU3MOB.

Bcee Tena, Temmeparypa KOTOPBIX OTJIHIHA OT aDCOJIIOTHOrO HYJIS, W3-
JIy9aI0T JIEKTPOMArHUTHBIE BOJIHBI. [IpyM KOMHATHOM TeMmmeparype 3TO B
OCHOBHOM HU3JIy4eHre WH(pPAKPACHOTO AUANA30HA. TakuM 0O6pa30M mpowuc-
XOIUT AYHUCTNOLT MENAO0OMEH.

B kactprose, crosimeit Ha OrHE, B TIEPBYIO OY€PEIh HATPEBAIOTCS HUXK-
HHE [TOPIIUY BOJIbI, UX IIOTHOCTH IIa/A€T, OHU BCILIBIBAIOT U OT/IAIOT OKPY-
ZKAIOMEMY BO3/yXy YaCTh MOJIyI€HHOIO TEILIa — IIPOUCXOIUT Iepeaada,
TEIUIOTHI 33 CYET KOHBeKUMU (3aMeTUM, YTO KOHBEKIIUS MOXKET TAKZKE CJLy-
KUTh AJbTEePHATUBHBIM MOJIEKYISPHON nuddy3un MEXaHU3MOM BBIPABHI-
BaHUs KOHIEHTPAIINIA).

Mpbr B OCHOBHOM COCPEIOTOYMMCSI HA, TEIJIOMPOBOIHOCTH, HA MOJIEKY-
JIAPHOH TEILTIOIPOBOIHOCTH, T. €. HA IEPeJIade TeIlId 3a CUET JIBUKEHUS
OTIE/IbHBIX MOJIEKYJT, 063 BOBHUKHOBEHHUS MAKPOCKOIIMIECKUX ITOTOKOB Be-
niecTBa. B cran@oHapHOM Ciydae IJIOTHOCTH MOTOKA Teria (KOJIUYecTBO
TEIJIOTHI, IPOTEKAIONIEE Y€Pe3 €UHUILY IIOBEPXHOCTU B €IMHUILY BPEMEHH )
omnpenensiercss 3akoHom DPypoe:

dT
q=—x_, (7.3)
rue » — ko dunuent remnonposognoctu. (B rpéxmepHOM ciyuae, ecre-
crBeHHo, ¢ = —xVT.)

§ 22. KoaddunueHThl IIepeHoca B ra3ax

TemioBbIe CKOPOCTH MOJIEKYJT MPU KOMHATHON TeMIepaType COCTABJIA-
IOT COTHU METPOB B CeKyH1y. Mexy TeM ecjin Mbl OTKPOEM IIPOOUPKY Ja-
2Ke C OYeHb CUJIbHO IIaXHYIIUM BeleCTBOM, TO Ha PACCTOAHUN B HECKOJILKO
METPOB 3amax OyJIeT OILyTHM B JIyYIlIeM CJIydae Yepe3 MUHYTY-IAPyIyio, a
HUKAK He Yepe3 COThIE JOJU CEKYHIbl (C/M HeT CKBO3HIKA, T. €. OTCYT-
CTByeT KOHBeKIHs). KOHEUHO, /IeI0 B TOM, 9TO MOJIEKYJIbL [0 [IyTH K HaM
MHOI'OKPATHO CTaJIKUBAIOTCA C MOJIEKYJaMU BO3/lyXa, JABUKYTCH OTHIOIb
He 10 IIPAMOI, a 110 BeCbMa U BECbMa 3aIly TAHHON TPACKTOPUHU.

1% Ianna cBo6ogHOoro npobera. PaccMOTpUM IIOTOK YACTHIL, 3aHIMAKO-
Ml eIMHUYIHOE CEYeHUe, KOTOPBIA BXOIUT B cOCy/, ¢ ra3oM (puc. 21). Kakoe
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paccrosinue IpOHAyT YaCTUIBL 10 coyapeHus! Kcim KOHIEeHTpalus MoJie-
KyJI B COCY/IE M, B CJIoe TouHbl dr Haxomures ndx mosekyn. Coymapenue
COCTOUTCS, €CJIA HEHTP YACTUIBI HPORJIET OT EHTPA KAKOH-INO0 MOJIEKYIIb
Ha PACCTOSIHUH, HE ITPEBBIIIAIONIEM CYMMY Pa/INyCOB YaCTHIII M MOJIEKYJIbI.
Ecyu jieraT Takue e MOJIEKYJIbl (Mbl MX HA3bIBAEM <«YaCTUIIAMU» IIPOCTO,
4TOOBI OTJIMYATh MOJIEKYJIbI TIOTOKA OT MOJIEKYJI Ta3a, YK€ HAaXO/UBIIHXCS
B cocylie), TO B cjoe dT UCHBITAIOT COYJAPEHUs YACTULbL, [OLABLIME HA
«3aropoKEHHYI0» ILIOMAAb ondx, rae 3P@PEeKTUBHOE CeYeHne CTOJTKHOBE-
Hus 0 = 7d/2 (d — nuamerp MoseKysbl). Takoii e TPOIECC BbIOBIBAHMUS
YaCTHIL U3 TIOTOKA OY/IeT IPOUCXOUTD U B KaKJI0M cJieyiomieM cioe. Eciu
JI0 KaKOIr'o-TO ceveHus & /o110 N 9acTull, B3MEHeHNe UX YUCIIa B cjioe dx
(4uciio coynapenuii) paBHO OTHOLUEHUIO «3aT€HEHHOW» ILIOLIA/M K LOJIHOMN
(upuHATOM HAMU 32 €AUHUILY ):

W = —ondzx. (74)

»‘ dx |«

— | e L . °
— .
— 1. I .« "
— [« . o Z,

Puc. 21

ITocne mHTErpUpPOBaHUA HOJYYHM, YTO M3 HAYAJILHOIO YHCJIA, YACTHIL
Ny po cevenuns x noiinér N = Nyexp(—onz) yacrui.
Cpennee paccTogHmE, KOTOPOE MPOHAET IacTULA, 40 COYAAPEHUs, IOM-
CYATAHHOE OOLIYHBIM IIOPIIKOM:
oo
f xNoe "™ on dx
_ 0
T == =— =), (7.5)
[ Noe=o*on dx
0

HasbiBaercsd (cpeiHeil) JMHOI cBOGOAHOIO Lpobera.
3amMeTnM, 9TO BBIMUCJICHHE A\ AHAJOTMYHO BBIMHCJICHHIO CPEIHErO 3Ha-
4yeHMsl FHepIuK depes crarcyMmy. deficrBuTe/bHO, BBEAEM 0003HAUeHMSL:

T 11
Bx = on, ZX:Je*""xdx:—:_.
on  fx
0
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Torua

1 07 1
<1‘>:A:———X:—7 <x2>:——_
ZX aﬁx an
Ecim TBéple OPpUACPKUBATHCA MOJEJIN yHOPYTUX IMAapUKOB, ClIeayeT
OPpUHATH HECKOJIBKO WHYTO (bOpMy.Hy:

A —— . (7.6)

B nosb3y MuONKHTETs /2 MOXKHO HPHBECTH CJEIYIONLYIO ApryMeHTa-
uuio. IIpu CKOpOCTH TEIIOBOro JBYXKEHUS U YACTHUIA OT COYAAPEHUs JI0
coyuapenus Jjerur Bpemd T = \/u. Unave, A\ = ur. Ho mouekyiibl, ¢ KO-
TOPBIMU OHA CTAJKUBAETCsI, TOXKE JBUXKYTCS CO CKOPOCTHIO U, W, 3HAUUT,
OTHOCHTE/IbHAS CKOPOCTh YACTHIBI W MOJIEKYJIbI pasHa 4v/2. (Herpymmo

OKa3aTh, 9ro u2,. = (u; — usg)

2 = u? +u3 — 2uruz = 2u?. Cuuras, 4To

@ o /(u?), npuxomum K MHOXKHTEMO \/2.) Bpems cBoGomHOro mpobera
OIIpe/IeJISIeTCsl OTHOCUTEIbHBIM JIBUKEHUEM MOJIEKYJI, & CMEIIEHNe TaCTU-
upt (3a Bpems upobera) — e€ CKOpocTbio U, T. €. A = U7 = U(1l/0nlory) =
=1/ V2on.

3aech ymecTen HeKOTODbIi KoMMenTapuii. ®opmysa (7.6) meiicrBuTein-
HO TouHee, 4eM (7.5), B paMKax MO/ YIPYTUX IIapHKOB OIpe/IeIEHHO-
ro pa3Mepa, B3auMOAeHCTBYIOMIUX JILIIb [IPH COLPUKOCHOBEHNU. BCé 310
He CJIMIIKOM IIOXOXKe HA CIPYKTYDPy W IIOBeJIeHHe DeasbHbIX MOJeKyJ. V-

JIFOCTpanyeil yCJIOBHOCTU HOHATUA «JIUaMeTD MOJIEKYJIbl» MOXKET CJIy?KUTb
takoit pakt. CeueHne u AMAMETD MOJIEKYJT MOXKHO, KAK MBI YBUIAM 9yTh
HUXKE, PACCIUTATH U3 KOIDDUITUEHTOB TEPEHOCA, HAIPUMED, » u D; MOXK-
HO TaKXKe U3MEPUTDH IMJIOTHOCTb CXKUKEHHOI'O I'a3a p M PACCUYUTATh pa3Mep
MoJsieKys1. B Tabis. 4 npuBeieHbl COOTBETCTBYIOUIUE PEIYJIHTATHL [IJIsi aPIo-
Ha.

Taonuma 4

‘ Wcxonnas Bemnanna ‘ > ‘ D ‘ p ‘
d (A=10710 n) 2,86 | 3,82 | 4,15
o (OTHOCUTE IbHBIE €/IUHUIIBI) 1 1,73 | 2,11

YCIOBHOCTD MOHATHI «IAAMETDP», «CEIECHUE» MOJIEKYJbI, B €Ilé 00Ib-
mell CTermeHr — MOHATHS <«JJIMHA CBODOTHOTO mpoderay CHUMAIOT HEOO-
XOJAUMOCTb apryMEHTaluu B 110J1b3y BbIOOPA BECHMA, IIPOCTON MOJIEJIN, HC-
MTOJTb3yeMOit HUKe [JTst pacyéra Koah duimenToB nepenoca. Tpa uiuonsbe
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3HAYEHUS YUCICHHBIX MHOYKUTEJEH B COOTBETCTBYIONMX (DOPMYJIAX COXPa-
HAIOTCS JJ1s €InHO00pa3usi, 9T00bI n36eKaTh OECCMBICTEHHBIX TEPECIETOB
[IPU CPDABHEHUU JIAHHBIX, [TOJIyYEHHBIX PDA3HBIMEU ABTOPAMH.

HackosibKO MOJIEKYJIbI HE HOXOXKU HA YIPYIHe [IAPUKH, MOXKHO Cy-
IUTh XOTS ObI 10 TOMYy (bAKTy, 9TO CEYEHHE CTOJKHOBEHUS MEHSETCS C
Temmneparypoit. BecmomauMm ra3z Bam-mep-Baaanca. Moaekyabl peaibHOTO
ra3a B3aWMOIEHCTBYIOT HA JIFOOOM DACCTOSIHUU, MPAB/IA, TO B3aWMOJIEH-
crBue OBICTPO yOBIBAET C POCTOM paccrosiiusg. JIOBOJILHO XOPOIIO B3au-
MOJIEHICTBHE MOJIEKYJI OHUCBIBAETCSl TAK HA3bIBAEMbBIM IIOTEHIHATIOM Jle-
Hapja—/>KoHca: Ui MOTEHIIUAJIBHON YHEPruu B3aUMOJECHCTBHUS JABYX MO-
JIeKyJ1 TIPUHAMAeTCS TToTysMIuprdeckas dopmyna e = a1 /r'? — ag/r® nim
e = eol(ro/r)2 — (ro/r)°].

Ilorennman Bam-nep-Baanbca — ympoménnsiii moTeHnmas Jlermapaa—
Jxxonca. [Ipu 6ObIIMX PACCTOSHUSIX T MEXK/Ty IEHTPAMU MOJIEKYJI COXPa-
HSETCs JIMIIb BTOPOM “wieH (DOPMYJIbl, & IPU PACCTOSHUSIX, MEHBIIUX, YeM
TO, HA KOTOpOM norennuaJ Jleaapaa—/l>xkonca obpaiaercs B HOJIb, SHEPrUs
nmpuHUMaeT OecKOoHedHoe 3HadeHwe. B pavkax momenu Bam-mep-Baambca
MOXKHO TIOJIy9UTH TOCTATOYHO MPOCTOE BBIPAXKEHUE [JIsi CEYEHWS B 3aBU-
cumocTu oT Temneparypbl, dopmyay Casepsenga o = oo(l + S/T). @u-
3udeckuil cMbIc HOPMYIIbL siceH: npu OoJibLIMX TeMieparypax (6osbmux
TEIIOBbIX CKOPOCTSX) COYJAPEHUEe BO3MOXKHO JIMIb TOL/A, KOLA MOJIEKYJIA,
M3HAYAIBHO HAILIEJIEHA B 00JIACTH CEUCHUS 0(; €CJIH YKE MOJIEKYJIa JBUKETCS
MEJJIEHHO, CHUJIbI MPUTSXKEHUsI, NeACTBYIOMNE CO CTOPOHBI «IEJIU», MOLYT
MIPUBECTHU K COYAAPEHUIO W B TOM CJIy4ae, KOT/a BHAYAJE «IIPUIEN] ObLT HE
OY€Hb BEPHBIM».

Z
20FA ————————— n+ AL
0 = —— — — n
20— A n—-\%

Puc. 22

2° Koadpdbummenr quddysun. PaccmoTpum CTarMoHAPHBIH TPOIECE
b dy3un HEKOTOPOTO Ta3a B cMecu. Bruibepem 0OCh z MO HANPABIEHUIO
rPAJIMEHTa, KOHIEHTPAIUU, T. €. [0 HAIPABJIEHUIO HAMOOJIBIIEH CKOPOCTH
eé Bo3pacranus. PaccMOTpUM €IMHUYHYIO ILIOIMAJIKY, IEPICH UK YISPHY O
ocu z, B obmacrtu, rae KoHmeHTpanus AudyHIupyomero ra3a paBHa n
(puc. 22). IoxcunraeM MOTOK ra3a 4epe3 ILIONIAJIKY.
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3a Bpems ¢BOOOIHOrO mpobera, 4epes IIoNIAIKY CHU3Y HPOMRIYT MOJIe-

KYJIbl, HAXOJSAIIMECs K HAYaJly OTCYETa, BDEMEHH HA PACCTOSIHUU, HE IIPEBbI-

maomiem A. Ilycrb KoHIeHTpanus pacTér BJAOJb OCH 2 U U3BECTHA CKOPOCTh

eé pocra dn/dz, Torna Ha PACCTOSHUM A «HHXKE» [0 OCU Z KOHIEHTDAIHs

paBHa n — A\dn/dz. B unTepecyiomeM HAC HAIPABJIEHUN JIBUKETCs, IPy6o
TU

TOBOP4, TITeCTast 9acThb MOJieKyJI. ITak, «caN3y» mpoiaét N = F(”_)‘Z_Z)

moutekysl. CBepxy B HAIIPABJIECHUH, [IPOTUBOMOJIOKHOM OCH 2, IPOHIAET, 0Ude-
BUAHO, Ny = %—“(n—l—)\fl—:) moutekys. OBIas mIOTHOCTD MOTOKA, IOy 9aeTCsl

PpaBHOIT

M= No) _ o _Lygdn (7.7)

T 3 dz

Cpasuuas (7.7) u (7.1), nosyuaem Bbipaxenue st KO3 duuuenra
muddy3un B raze:

p-2 (7.8)
3

1)Camoagud by 3u s lpu eeiBoge koaddunuenra nuddysuu
MBI He pa30upaJinch, Kakas IIuHA CBOOOIHOrO mpobera mMeercsi B BULY,
9TO 34 CeYEeHUs JOJKHBI BOWTH B COOTBETCTBYIOIIEe Bbipaxkenue. [Ipoime
BCEro 9TOT BOIPOC PELIaeTcs B ciydae camoauddysum, T. €. B TOM Ciiydae,
Korja ra3 auddyHampyer «caM B cebes. Pazmepbr Bcex MOJIEKYJT OUHAKO-
BBI, Bce TTOHATHO. Habsromares Takoit mporece Ha OyKBaJIHHO OTMHAKOBBIX
MOJIEKYJIaX, KOHETHO, HeBO3MOXKHO. Tem He menee muddy3uto BemecTs, MO-
JIEKYJIbI KOTOPBIX 10 HHTEPECYIOMIMM HAC XAPAKTEPUCTUKAM HE OTJINIAIOTCS
OT MOJIEKYJT «CPebl», HAOII0AATh MOKHO. 11T 9TOro Ha10 K KAKOMy-Tub0
rasy, siJpa ArOMOB KOTOPOI'O HAXOJATCS B OOBIMHOM, HEBO3DYKIAEHHOM CO-
CTOSIHWHW, TOAMENIATh TOT K€ a3, MOJYYEHHBI W3 JIPyroro BEINeCTBA B
pe3y/brare paJArNOaKTUBHOTO PAciafa. B Takux ciaydasx s/1pa Tak Ha3bIBA-
€MOT0 JOYEPHETO BEIECTBA YACTO HAXOAATCH B BO30YKIEHHOM COCTOSTHUU
U IIPU [IEPEXO0JIe B OCHOBHOE COCTOSIHUE U3JIY9al0T TaMMAa-KBAHTHI, 110 KOTO-
PBIM U MOXKHO PErucTpUPOBATH KOHIEHTPAIMIO IPUMECH, €€ U3MEHEHHUE B
pa3augHbIX 00acTsIX — nuddy3uio.

YacTo MOKHO BCTPETHUTD yTBEPKIAEHUE, 9T0 caMoanddy3ust OCyImecTs-
sisiercs npu quddy3un paguoaKTUBHOTO W30TOMA B HEPATUOAKTHBHOM H30-
TOIE TOTO K€ BEIeCTBa. JTO He BoJiHE TOUHO. Ecau muddysaupyror 1Ba
PA3HBIX M30TOIA, TO MX MACChl, a 3HAYMUT, U TEIJIOBbIE CKOPOCTU PA3JINY-
ubl. Eciu 310 paszimane OTHOCUTEbHO HEBEJIUKO, B CUJLYy XUMUIECKON TOXK-
JIECTBEHHOCTU H30TOIOB MPOIECC € XOPOIIUM HPHUOJIMKEHUEM MOJIEIUPYeT
camomuddy3uto.

2)Bzaumuaa aguddysua rasos B ciyuae B3a-
nMHON muddy3un pa3IMIHBIX ra30B CUTYalns OCAOXKHseTcs. Jlocraroaro

§ 22. Koagpuyuenmo, nepenoca 6 2a30x 139

[IPOCTO OBCTOUT JIEJIO, €CJIM KOHIIEHTPAIKST OJIHOTO U3 BEIIECTB € CaMOrO Ha-
4yaJa, Be3ze JocTarodno Madsa. Toraa mosiekysibl npumecu (KaK U MOJIEKYJIbL
OCHOBHOI'0 I'a3a,) CTAJIKUBAIOTCS [IPEUMYILIECTBEHHO C MOJIEKY/IaMU OCHOBHO-
ro ra3a. Cedyenue Onpeeasdercs moJyCyMMON THAMETPOB IBYX PA3JIMIHBIX
MOJIEKY.

Eciu koHmeHTpanuy ra3oB CpaBHUMbBI, HAJA0 JJIsi KaXKJIOTO BBIUHC-
JIATh HEKOTOPOE CPEJIHEB3BEIIEHHOE CEYCHHE, YUUTHIBAIOIIEE OTHOCUTE b~
Hble KOHIEHTPAIUK KOMIOHEHTOB, U 9TO CedeHue OyJIeT MEHSITbCS B IPO-
cTpaHcTBe U Bpemenu. Hamo yuecTs u pazauaue u.

B obrmem moHSTHO, YTO PACCIYUTAHHBIE TAKUM 00pa30M KO3(DDUITHEHTHI
mudy3un, K mpuMepy, rejius B BO3IyXe U BO3/IyXa B MeJINA — BEJIMIMHbI
HECOBITQIAIONIAE. DTO HEe 3HAYUT, KOHEYHO, Y4TO, €CJIH COEJUHUTH COCY/IbI €
rejiMeM U BO3/yXOM, TeJinil ObicTpee OyJIeT MepexouTh B «49yKOiiy» COCy/I,
geM BO3ayX. Torma BO3HUKIA Obl PA3HOCTH CYMMAPHBIX KOHIEHTDAIWIT,
Pa3HOCTH JaBJieHui. A 1aBjeHus, KaK U3BECTHO, BHIPABHUBAIOTCS TOPA3I0
onIcTpee, dem mpoucxoaut auddy3us. [losromy mpu 10CTaTOYHO MOAPOO-
HOM aHAJIU3€ HOBEJIEHUST CMECH ['a30B [IPU HAJMYUU I'PAJUEHTA OTHOCUTE b~
HOIl MX KOHIEHTpaluu, 6e3yCI0BHO, HAJO HAKJIAABIBATH JIOMOIHUTEIHHOE
YCJIOBHUE IMOCTOSHHOTO PABEHCTBA JIABJICHHS] BO BCEX YaCTdX CUCTeMbl. B pe-
3yJIbTaTe, OYEBU/IHO, SKCIIEPUMEHTAIBHO 3aMepeHHbIe KO3 DUIIMEHTH B3a-
uMHON muddy3un AByX ra30B B KaxKIOM KOHKPETHOM OIBITE OKAXKYTCs
pPaBHBIMHF, HO 3TH PABHBIE APYT APYTY 3HAYEHWs 3aBUCAT OT OTHOCUTE]Ih-
HO¥ KOHIEHTPAIUHA KOMIIOHEHTOB.

Z
Z0+ A v—i—)\%
—
2 = 1+ — — U
—>
20— A — v—)\%
Puc. 23

3% Kosadpunuent Baskoctu. Eciau B rase cymecrByer HalpaB/eHHOE
JIBMKEHHUE, CKOPOCTh KAKI0H MOJIEKYJIBI MOYXKHO MPEICTABUTH KAK BEKTOD-
HyI0 CyMMYy CKOPOCTH HAIPABJIEHHOTO JBUKEHHS] U W TEIJIOBOH CKOPOCTH
. Beibepem OCh z B HAIDABJICHWH YBEJIWUYCHHS CKOPOCTH <OPTaHU30BAH-
HOIrO» JBHUKeHUs rasa (puc. 23). Dr0 HALPABJIECHUE 1O [PEIIOJIOKEHUIO
HepHeHJIMKYJIApHO caMoil cKopocTd. PaccyzkiaeM HPUMEpPHO Tak Ke, Kak
B npeaplaymeM nyakre. CHU3y, U3 IUIOCKOCTH 29 — A, B €JMHAIy BPEMEHH
HA eIUHHUILY [JIOMIAAM OPUAET ni/6 Mosekys ¢ uMmyabcom m(v — Adv/dz),
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CBEPXY — TAKOE 2Ke YUCJIO MOJIEKYJl ¢ uMiryiabcoM m(v + Adv/dz). ILnor-
HOCTh HOTOKA MMILYJIbCA, T. €. TAHPCHIHMAJbHOE HAIPAKEHHE IIOJIyIaeTCs

PaBHBIM
_ mnu v_)\d_w _ v—l—)\@ __mnﬂ)\@
T 7% dz dz )|~ 3 dz’

CpasHuBas 310 BbIpazkenue ¢ Gpopmysoi (7.2), umeem
mnu U
n=——=p—. 7.9

4% Koad dpunueHT TEILIOMPOBOHOCTH. [[0/IHOCTHIO aHAJIOIMYHbIE PAC-
CyKJIeHnsT TPEOYIOTCS U /i Pacdéra KOI(PPUIMEHTa TEeILIOMPOBOIHOCTH.
Kaxkmas Mosekysia, npuxomsmias u3 objactu ¢ 6osiee HU3KOH TeMIepaTy-
poit, mpunocur suepruto CL(T —\dT'/dz), tne CL — rernoémkocTs mpu 1o-
CTOSIHHOM 0ObEMe B pacuére Ha OJIHY MOJIEKYILY; COOTBETCTBEHHO, MOJIEKY-
Jb1, wayTme u3 6osiee narperoi obaacru, necyt suepruto CL(T + \dT'/dz).
[TiroTHOCTD TOTOKA TEIIa MOJIyYaeM PABHOM

_ e [(p (4T dT\] _ _nCyrudl
= 6CVKT Adz) <T+>\dz T3 4z
CpasnuBas ¢ (7.3), noaydaem k03(bdUIMEHT TEIIONPOBOIHOCTH
1 — — —
L’Yg A % — pendl (7.10)

v 3 ?
T7ie BBEJIHBI OYeBUIHbIe 0603HaTeHns C'% — Temao8MKOCTL TIPH MOCTOSH-
HOM 00béMe B pacuére Ha exunuly obbéma raza (00bEMHAs TEIIOEMKOCTD )

__ 100
_C’V

w =

u CY* — 10 ke B pacyére Ha eJuHUIly MAcChl (yJe/IbHAs TEIOEMKOCTD).

Ecim mbr mogenum 1 Ha p, a » #a pCYy', HOIy49uM HEKOTOPbIE HOBLIE Xa-
PAKTEPUCTUKU: KHHEMATUIECKuil KoadbduimenT Bsa3koctu v = 1)/ p u Koadh-
dbumment TemmeparyponposogrocTa Y = 2¢/pCy*. Cubica 3Tux Koahdurm-
€HTOB MBI DACCMOTPUM B CJeayionieM naparpade. A ceifyac OTMETHM, 9TO
B razax (u rosbko B razax!) koadduuuenrs: nepesoca D, v u X coBuaa-
or: D = v = x = A\u/3. Koneuno, 910 coBuajenue B paMKax BbIOPaHHOM
Mojien pacuéra kodhdunneHToB nepeHoca He ciydaiino. Hackoiabko Ta-
KO€ TIOJIOKEHMe COOTBETCTBYET PEAJHHOCTH, MOYKHO CYAWTb, B YACTHOCTH,
o Tabu. 4.

52 PaspexenHble rasbl. [lo/y4eHHBIE BBINIE COOTHOUIEHUS CIIPABE/I/IH-
BBl JIUIIb TOI/IA, KOI/A MOXKHO PAaCCMATPUBATH TOJBKO COYJAAPEHUS MEZK-
Iy Mostekynamu. Ecau giauma cBoOomHOro mpobera, paccauTaniast mo ¢pop-
mysam (7.5), (7.6), craHOBUTCS CPABHUMOI C HEKOTOPHIMU XaPAKTEPHBIMU

§ 23. Hexomopouie HECMAUUOHAPHDLE TPOUECCDL 141

pa3mepamu [, OrpaHUYUBAIOMIUMY O0JIACTD, IPUHA/JIEZKAILY IO Ta3y, AHAJIN3
[IPOIIECCOB IIEPEHOCA JI0JI?KEH OBITh U3MEHEH HA KAYECTBEHHOM yPOBHE.

CpaBHUTEIIBLHO MPOCT JJIst AHAJIN3A CIy4ail, KOrjaa JimHa npobera, Bep-
Hee, BeJuuuHa 1/0n, 3HAYMTEIbHO MPEBBINIAET PAa3MEPhl COCY/Ia C ra30M.
[Ipumepom MOKET CIYyKUTh MPOMEKYTOK MEXK/Ty CTEHKAMU TEPMOCA, OTKa~
amBaeMblit 10 nasienust mopsanka 1071 =+ 1073 ITa. IIpu yeaoBun A <K [ u3-
MEHEHUE [IABJIEHU HE BJHAeT HA KOI(MDUINEHT TEIJIONPOBOIHOCTU: Y MEHb-
[IEHUE KOHIIEHTPAIUU N B TOYHOCTU KOMIIEHCUPYETCs yBejindeHueM \. B py-
GamTke TepMoca BesmanHa 1/on npunuMaer 3nadenus ot 10 10 103 cm, uTo
3HAYUTEIHLHO MPEBBINIAET paccTosune Mexmay creHkamu [ ~ 0,1 cm. Ilpu
9TOM MOJIEKYJIbI COYIAPSAIOTCS MPAKTUIECKH TOJIHKO CO CTEHKAMU, U POJIb
JUIMHBL cBOGOAHOrO mpobera mpuHHMAaeT Ha cebs sesnmuuHa [, B 10% pas
[IPEBBIMIAIONIAs JJIMHY CBODOOIHOrO pOOEera mpu HOPMAJBHBIX YCIOBHUSX.
B 1o ke Bpema kouuenrpaius n nagaer s 10 + 10% pas, u, snauur, ren-
nonepenaya ymenbmaercs B 102 < 10% pa3 1o cpaBHEHHIO ¢ HOPMAJILHBIMU
YCJIOBUSIMH.

Jpyrum npuMepoM MOXKET CIIyKUTh LIEPeTEeKaHue ra3a u3 COCyla B CO-
Cy/lL B yCJIOBUSX, KOIJA 1/0M 3aMETHO [PEBBLLACT AUAMETD COEAUMHUTE b
Ho#t TpyOKu d. ['a3 B 3TOM Ciiydae yzKe Helb3si CIMTATDh CILIOIIHON CpeIoil,
dopwmysna Ilyaseiis craHoBUTCs HEmpuUrogHOi. B 3TOM Tak Ha3BIBAEMOM
KHY/ICEHOBCKOM DEXKHUME TIPOIIECC IEePETeKAHNS MOKHO PACCMATPUBATH KaK
nporecc auddy3un, TpuaéM, BO-MEPBBIX, C KAXK/I0H CTOPOHBI B «auddy-
3UI0» BKJIIOYATCH MOJIEKYJIbI, IO IAI0IINE HA BXOHOE CcedeHne TpyOku, a
3TO YHC/IO B e/IMHUIYY BPEMEHH HPOHOPIHOHAIBHO Td2 /4, BO-BTOPBIX, POJIb
A B kodbdunmente nuddy3un urpaer d, B-TPETbUX, IPAJUEHT KOHIIEH-
rparuu pasen n/L, rne L — npuna tpyOku. Mcnonb3yem 3akon ®Puka u
monyuum dhopmyrny Krymncena:

dN d3 2m

@ otV wrm D )

Hamomunm, 970 B myaseil/ieBOM Cilydae HOTOK IIPOIOpPIHOHATeH d.

§ 23. HekoTophle HecTaMOHAPHBIE IIPOMECCHI

HUcropuvecku mepexom OT TOTO, 9TO MOXKHO Ha3BaTh TeOPHEl TETTOBBIX
JBUTATEEH, K COBPEMEHHOM TEPMOIMHAMUKE W CTATUCTUIECKON (hu3mKe
ObLT HAYAT TPyJamMu BoJsbIMaHa, B TOM 9HCJIE [0 UCCAEIOBAHUI0 MEXAHW3-
Ma yCTaHOBJIEHHSI DABHOBECHS, T. €. (PAKTUYIECKH 110 HEDABHOBECHON TEPMO-
auHaMuke. B masnbaelimem, 0qHaKO, TEOPUs PABHOBECUS U KBA3UPABHOBEC-
HBIX IIPOIECCOB BBIILIA HA HEPBBIA ILJIAH, HOJIYYUB KJIACCUIECKOe 0(OPM-
sienne B paborax ['mb6ca. Jlumb mo3xke, HaunHas ¢ paboT OEIBLIUUCKOrO
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yuaénoro Ilpuroxkmna, HepaBHOBeCHAs TEPMOIMHAMUKA OOpea, KaK [OBO-
puTCd, BTOpoe JibIXaHue.

Mpbr ocTaHOBUMCS JHITh HA HECKOJbKUX MPUMEPaX HEPABHOBECHBIX,
HECTAIIMOHAPHBIX MIPOIECCOB, TPOAHAJIN3NPOBAHHBIX JI0 PA3BUTUSA METOI0B
dusrdeckoll KHHETUKU U TEPMOJUHAMUKH HEOOPATUMBIX IIPOIECCOB.

1° YpaBHeHUE TEIIOIIPOBOHOCTH.

PaccmorpuM  omHOMEpPHBIH — Caydaii.
IIycte rpajiueHT reMiieparypbl MeHsieT-
Csl 110 BeJlMuuHe BJIOJIb ocu . Toraa

q — — q+dq

T x+dx
[UTOTHOCTH IOTOKa TEIUIa Yepe3 cede-
Puc. 24 wust & U x + dx (puc. 24) Gyayr oriu-
JaThCst Ha BemunHy dg = —(0q/0x)dx (MBI nHIIEeM 9aCTHBIE TIPOM3BOIHBIE,

T. K. Terepb remueparypa — (GYHKIHs JIBYX IEPEMEHHBIX: KOODIUHATHI 1
BpEMEHHU.) DTO KOJMYECTBO Telia Oyuer «ocenarby B 00bEMe Mexly cede-
auamu © U « + dx. Temmneparypa 3akII09EHHOrO B 9TOM 00bEME BEIIeCcTBa,
(npu equHUYHOM Cedyenun) OYJET MEHATHCS B COOTBETCTBUM C YPABHEHUEM
remnosoro Gamanca: dqg = pCytdz (9T /0t). llpupasauBag ApyT IPYyTY JIBA
BbIpazKeHus i dg U yuuTbiBas Bbipazkenue (7.3) st ¢, 1HOJLy4aem

oT 0 oT
YA — —_—
PO ot Oz (J{@x) ' (7.11)

Yame paccmaTpuBaercs Ciaydaif, KOrJa » = const, U TOT/Ia ypaBHEHUE
MIPUHUMAET BUI

or x0T o°T

9 O i XoaE (7.12)

Nwmenno ypasuenue (7.12) uccieayercs B pa3jeie MATeMaTHKHU, <yDaB-
HEHUsT MATEMATHIEeCKOM (DU3NKK» O] HA3BAHUEM YPABHEHUE TEIJIONPOBOJI-
HOCTH.

2° BpoyHoBckoe gaBmxkenue. Orkpbitoe bpayHoMm u moapobHO uccie-
noBauuoe Ileppenom xaormdaeckoe OJIy»KIaHWE B3BEIIEHHBIX B YKUIKOCTH
OJTy MEKPOCKOIITIECKHX 9acTull (XapakrepHblii pazmep ~ 1076 v, 1 muk-
POH) ChI'DAJIO B CBOE BPEMsl BAXKHYIO DOJIb B JI0KA3ATENbCTBE MOJIEKYJIAD-
HOT'O CTPOEHHUS BEIECTBA.

Teoperuveckuii anagu3 GpoyHoBckoro jasuxkenus (CMOJIYXOBCKU u
OiiHiuTelH) BUAUT PUYMHY ero BO (DUIyKTyauusX JaBJeHUs, YUC/Ia yIa-
POB MOJIEKYJT II0 9aCTHUIE C PA3HBIX HampasieHuii. B pe3ynprare gactuma
KaK LeJIoe JOJIZKHA JIBUMAThCA CO CpeJHell KUHEeTUYeCKON Hepruei Ha cre-
nenb cBo6o b, paBHoil kT'/2. YacTuia MUKPOHHBIX PA3MEPOB UCIIBITHIBAET
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MUJLIAAP/IBL YIAPOB B CEKYH/LY, U U3MEPEHUE CKOPOCTHU €€ [IBUKEHHUS HEBO3-
MO2KHO. PeajibHO MO2KHO M3MePUTh CMEIEHNE YACTUIIBL [T0CJIE TUTAHTCKOIO
4uCJIa COYJAPEeHuil, KOrJa OHA MHOIO Pa3 IIOMEHSIA BEJIUYMHY M HAIIPAB-
JIEHWEe CKOPOCTH.

Y100bI BBIICHUTH XapPAKTEP 3aBUCAMOCTHU CMEIIEHUsI OT BPEMEHHU, IMPO-
AHAJIM3UPYEM TTPOCTYIO MOJIEIb.

DBayxaganus «abCONIOTHO HbAHOILO 4YeJOBEKar.
IIpenmonoxkum, norepsBLINil ODUEHTUPOBKY YEJIOBEK JIEPXKUTCH 33 CTEHKY,
T. €. PACCMOTPUM OJHOMEDPHBIH ciay4dail. Bpems or BpemeHu oH jesiaer mar,
HO HaIpaBJjIeHWe OYepEeHOrO Imara abCOJIOTHO Hempeackadyemo. Kak ma-
JIEKO YUAET TaKO! YeJOBEK OT HAYAJHLHOTO MOJOYKEHUS 338 HEKOTOPOe KO-
Jmuecrso waros? [locse nepsoro wara (JJMHy 1ara eCTeCTBeHHO B34Th
33 €JMHUILY PACCTOAHUS) OH MOXKET C PABHOIN BEPOATHOCTHIO OKA3ATHCH B
toukax ¢ koopauuaramu —1 u +1. ITocsie AByx miaros oH B OJHOM City4ae
MO IET B TOYKY —2, B OTHOM — B TOYKY +2, ¥ B JABYX CJIydasix BEPHETCs
B uCxojiHOe moJioxkeHue. [locie TpEX 1maroB, KOrjia BO3MOXKHBI 8 BapuaH-
TOB «TPAEKTOPUU», HADOP BO3MOXKHBIX KOHEUHBIX ITYHKTOB TAKOB: —3, TPHU
pasa o —1, Tpu pa3a 1o +1 u oaun pas3 +3.

Kak u csies1oBasio 02xku1aTh, CpejiHee CMEIIEHNe BO BCEX CILy4YasX PABHO
umymo. Ho cpexgamit kBaapar cMmelnenust, KAK HETPY/HO HOJACIYUTATD, JIMHEN-
HO pacTéT co BpemeHeM. [loce mepBoro mara oH paBeH 1, Tocie BTOPOTro —
2, mocyie Tperbero — 3. MOKHO MPOJOIKUTDL aHAJIN3, U 3TA 3aBUCUMOCTH
[IOATBEPIUTCS.

HeiicTBurenpHO, ecjid CpeJHUil KBaIpaT CMEIIEHHs 33 N MIArOB PABEH
<(xn)2>, a 34 OOMH IIAI IEPEMEIIeHHE PABHO I1, TO IIOCJE CJELYIOEro
mara,

(@n41)?) = ((@n +21)%) = ((@0)?) + 2{(2nz1)) + {(21)*) -

Bropoe cnaraemoe oOpamaercs B HOJNb, TAK KAK COMHOXKUTEJN CTATUCTH-
YECKM HE3aBHCHMBL M CPEIHEe 3HAYCHHE KasKI0r0 U3 HUX PABHO HYJO. Mbl
[IOJIy9aeM JIMHEHHYI0 3aBUCHUMOCTb KBAJAPATA, CMEIIEHHS OT YHCJIA IIArOB.
Ecau Takoil 9eJI0BEK MHOrO pa3 COBEPIIAT IOZOOHYIO IIPOTYJIKY, MOXKHO
OXKHUJIATh, 9TO CPEIHMI KBAJIPAT €ro yJaJeHus OT UCXOTHON TOYKM Oyner
MTPONIOPIMOHAJICH BPEMEHHU.

EcrecTBeHHO 0KUIATH, 9TO CPEIHMI KBAJAPAT CMENeHUus OPOyHOBCKON
YACTHIBI TOXKE JIMHEHHO 3aBHCUAT OT BPEMEHH, BeJIb €€ IIePEeMEIIEeHIS BIOJIHE
AHAJIOIMYHBI OJIy2KJaHUAM HE BBIOMPAIOIIErO JOPOrH YEeJIOBEKA.

2)Cmemenune OGPOYyHOBCKON 4actTuiu bl. Bos-
neficreue cpenbl (ra3a, XKUJIKOCTH) Ha JBUXKYIIEECS B HEll TEJO COCTOUT
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u3 ymapoB mosiekysa. OQmHAKO, eciid, HAIPUMED, TeJIO JABUKETCS [OJ Jeii-
CTBHEM IIOCTOSIHHOM CuJibl Fj, MOXKHO BBIWIEHUTb PErYJISAPHYIO COCTABJIsA-
IOILYI0 BO3/EHCTBUS CPEbl — CHJIy COLHPOTHBJIEHUS, OOBIYHO [IPOIOPIUO-
HAJBHYIO CKOPOCTH TeJa. Torja peryssipHoe aBuKenue rejia (Ha KOTOpoe
MOI'YT HAKJIa IbIBATHCS Xa0THIECKHE OJIy K IaHUS) ONPEIEIAeTC YPABHEHU-
em Mi = Fy — ¢/B. Eciu cuna neiicrByer J0CTaTOYHO JIOJITO0, ABUKEHHUE
CTAHOBUTCA PABHOMEPHBIM € yCTAHOBHBIICHCS CKOPOCTBIO Tyer = BFy. Ko-
3¢ duruent B HA3bIBAETCS MOABUKHOCTHIO 9aCTHUIBI. Temepb pacCMOTPUM
JBUXKEHUE TAKONW 4YaCTUIbl MOJ[ BO3AEUCTBHEM XAOTUYECKH MEHSIOIIEHca
cunbl F', 9T0 XapakTepHO i OPOYHOBCKOIO JBVKEHUs. Y MHOXKUB YPaB-
HeHWe JIBUYKEHWs Ha T W WCIOJIb30BaB coorHomenus d(z?)/dt = 2xi u
d?(z?)/dt? = 223 + 2(&)?, nomyanm

M d2(z2) d\? 1 d(z?)
2 A (E) BT R T

YcpemauM MOydeHHOE BBIpasKeHwWe Mo BpeMeHu. BTopoil wien mo 3a-
KOHY paBHOpachpeaeenusi pasen mpocto k7T'. Tperuit 4inen obpamaercs
B Hylb, T. K. Z = 0, F = 0 1 OHH CTATHCTHYECKH HE3aBHCHMBL B CHiIy
nmHefiHoCTH onepanuit nudhepeHnnpOBaHusa U YCPEIHEHN X B IIEPBOM U
9eTBEPTOM UJIE€HAX MOYKHO IMEpecTaBUTh. Toraa mosmydaem

M d*(z?) 1 d(2?)

2 dt2 5B ar

Ecam 22 nponopuuoHAIeH BPEMEHHU, MEPBBIN WIEH UCIE3€T, U MBI I10-
aydaem dbopmyny DUHIITEHHA:

22 = 2kT Bt. (7.13)

Jis cepruecKknx 9aCTHI, PAIUyca 7, JBUKYIIUXCS B KUJKOCTH C W3-
BECTHON BA3KOCTBIO 1), MOJBUKHOCTH omnpenensercs dpopmynoii Crokca:
B = 1/(67rn). U3mepss 4yepe3 HEKOTOPbIE yJ00HbIC HPOMEKYTKH BpeMe-
HU CMemeHre OPOYHOBCKHMX YACTHIL U BIYUC/IAA T2, MOXKHO OLPEIE/IUTh, B
vacruoctu, oraomenne R/N,. Umenno Takum obpasom Ileppen Brepsbie
JIOCTATOYHO TOYHO OIPEIENU IUCI0 ABOraIpo.

3)BpoynoBckoe aBuXeHnue Kak aguddy-
3 u a. Paccmorpum noseseHne OPOYHOBCKMX YaCTHMIL B OJHOPOJIHOM II0-
Jge cuil (Haupumep, HOJie TsKecru). B cralnuoHapHOM COCTOSHUM, KOLZA
YCTAHOBHUTCS HOJIbIIMAHOBCKOE PACIIPEIEIEHNE KOHIIEHTPAIMK YaCTHIL 1 =
= ngexp(—Fx/kT), 10TOK 9acTUll, IBUKYIUXCS O HANPABICHUIO CUJIBL
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€O cKopocTbio BF', no/KeH KOMIIEHCHPOBATHCA AP Dy3nNOHHBIM ITOTOKOM
B HAIIPABJICHUH yMEHbLICHUA KOHUEHTpauuu, T. €. nBF = —Dg,dn/dz.
IMoacrasiusia B nocseanee Bobipazkenue n u dn/dz, 10ay4aeM COOTHOLICHUE
DitHinTeitna;

Dg, = kTB.

Dopwmyia (7.13) upunumaer Buj
22 = 2Dppt. (7.14)

IIpu wHabromeHnN GPOYHOBCKUX YACTHUIL OOBITHO (DUKCUPYETCsT PO IeH-
HOe 3a BpeMsi | PacCrOsHHME B ILIOCKOCTH HabJirojeHust. Torma, KOHE4YHO,
r2 = 22 4+ y? = 4Dgpt. B TpéxmepHOM Ciyuae, 04eBUHO:

R? = 6Dgyt. (7.15)

3% PacupocrpaHenne BosmyIlneHui. IIpu peasbHOM HAOIIOICHUH IIO-
BejieHrnsi OPOYHOBCKHX JaCTHUIL KaXKbIil Pa3 U3MEpPsieTCs CMEIeHne 3a Bpe-
Msi MEXKJIy m3MepeHusiMu. Mbl Kak Obl MEPEHOCHM HAYAJI0 OTCUYETA TIOCTIE
KazK/JIOr0 U3MEpPEeHUsl Ty/a, TJIe B 9TOT MOMEHT 3acTasu dacruily. MoxKHO,
KOHEYHO, KarKJIblil Pa3 NEPEHOCUTH €€ B (PUKCUPOBAHHOE HAYAJIO OTCIETA —
omeparusi JJOCTaTOIHO O€CCMBICIEHHA, a pe3yibTaT Oyaer ToT 2ke. Ho Bo3-
MOXKHQ, €I€ OHA MOCTAHOBKA OIBITA. BBIMTyCTHM B HEKOTOPOI HEOOJIBIION
00JTaCTU OTHOBPEMEHHO MHOTO YacTHIl. KcCjau Temeph MOm0XKIATh BpeMs,
JOCTATOYHO DOJIBIIOE, 9TO0BI Besimanna, Dt craja 3aMeTHO HOJIbIe pa3me-
POB 00J1aCTH [IEPBOHAYAJILHOIO PACIIOJIOKEHUs YacTull (Toraa 3Ty 00JacTh
MO2KHO CUUTATh TOYKOI), CPeJHUil KBaIpaT PACCTOAHU JJist aHcambiis da-
crur, Oyer Takke onpeensarbes dopmymamu (7.14), (7.15).

Mper He ciydaiiHo omycTuim uHeKC v kodddunuenta D. Benp Te xe
caMble PACCYKIEHUS MOXKHO ITPOBECTH U B CIy4dae 00branoit nuddys3uu. 3a
OJIVH IITar, 3aHUMAIOIINi BpeMsi CBOOOIHOIrO mpobera 7, CpeIHul KBaIpaT
yaasieans qudQyHAupyOei MOIEKy/Ibl OKAKETCsT PABHBIM <(ll)2> =2)2,

3a N maros, B COOTBETCTBUH C MOJEJBIO «abCOIIOTHO IbAHOTO 4eJslo-
Bekay, Habeperca paccroguue [2 = NA2. Ilpu srom npoiiaér Bpems t =
= N7 = NX/u. Orromenne [3; k ¢ oxazbBaercs pasabim 2N A /(N /u) =
=2\u=6D.

ObparnM BHUMaHKE, 9TO 3TO PABEHCTBO HE O3HATAET, 9TO OOJIBIITHHCTBO
qacrtur], Oyzser Ha paccrosguunu \ 6Dt, nnu maxke XoTs ObI, 9TO B 3T0H 006JI1a-
ctu Oyaer MakKCHMAaJIbHAs KOHIEHTpalusa JacTuil. Emé pa3 obparuBmnch
K Gopmysie (7.4), MOXKHO LIOHATH, YTO MAKCUMAJbHON KOHLEHTPALMS Ya-
CTHI OCTaHEeTCd B Hadaje orcuéra. IIpocto mo paccroguuit nopsinka v 6Dt
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K MOMEHTY BDPEMEHU t yKe MOsIBUTCS 3aMETHAsS KOHIEHTPAIWS YACTHUIL, 3
Ha O6JIBIINX PACCTOSHUSX OHA elé Oy/IeT HeBeJnKa.

[Ipowwtoctpupyem cMbicst GOpMysT DIHINTEHHA, €1E HA OJHOM [IPUMe-
pe. Ilpeanosioxkum, MbL COEMHUIIN TOPLIAME FOPSYUI M XOJIO/IHBII CTEPXKHI
(omHOMepHbIii ciryuaii). HauanbHoe pacipeseseHne TeMieparypbl u300pa-
JKEHO Ha, puc. 25 criomHoi gunueil. Kakum Oymer npoduas tremmneparyp
4qepe3 HeKOoTopoe BpeMsi? TOYHBIMN OTBET HA ITOT BOMPOC MOXKHO MOJIYIUTh
TOJIbKO B pe3yJibrare peuenus ypashenus (7.12). Ho upubimxénno xap-
TUHY MOXKHO cebe mpeacTaBuThb. XOTs Obl u3 COOOpaKeHnil pPa3sMepHOCTH
SICHO, ITO POJib «KOd(ddunmenra auddy3un reMuepaTypbl» Urpaer Kodd-
dunEeHT TEMIEpPaTypPOIPOBOIHOCTH Y. B sBleHUSX BI3KOCTH MOI00HYIO
POJIb UT'PAET KHHEMATHIECKAS BA3KOCTD /. KcTaTn, HAmOMHMM, 9TO B ra3ax
D ~ y ~ v. (B KOHJEHCUPOBAHHOM COCTOSIHMU TAKOE PABEHCTBO, KOHEYHO,
HeBepHO.) 3aMETHOE <«IIPO/JBUXKEHHUE TeIIa» B XOJIOAHBIHA CTEPXKEHb U «XO-
Joja» B ropauuii OyayT orpaHmdenbl paccrogHusamu +/2xt. [Ipumepnbit
npoduiIb TEMIIEPATYPhI Yepe3 HeKOTOPOe BPeMsi II0C/ie HavaJia MpPOIecca
n300paxKEH Ha PHUC. 25 MYHKTUPOM.

ITonobubIM 00pa30M, eciiu MPUBECTH B ABUKEHHE IO MOBEPXHOCTH IIPY-
Ja IJIOT, TO K MOMEHTY BpPEMEHHU t 33 C4ET BA3KOCTU HAYHYT JBULATHCS
CJIOM BOJIBL /10 DIyGHHBL TIOpsKA \/ 2Vt

Koneuno, ko BceMm 3TuM pe3yspraTaM Ha/I0 HOIXOAUTh JIUIIb KaK K OLEH-
KaM MMOPSIIKOB BEJIUINH.
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B coorBercrBuu ¢ HazBanueM (1 IPOrpaMMOil BTOPOIO CeMecTpa, Kypca
o6muieit pusuku 8 MOTU) B HACTOsIEM HOCOOMU U3JI0XKEHBI JIUIITH OCHOBbL
TEePMOJUHAMWUKY ¥ HJIEMEHTAPHBIE CBEJIEHUsT U3 CTATUCTUIECKON (DU3UKMU.

IIpakTrdeckn He 3aTPOHYTHI, HATPUMED, TAKNE BOIIPOCHI, KAK CHCTEMBI
C IIEPEMEHHBIM YHCJIOM YACTHI], XUMUAYECKAS TEPMOJNHAMUKA.

B nocobuu He paccMarpuBarOTCH TEPMOJNHAMUKA, JUIIEKTPUKOB M MAar-
HETUKOB, (piryKTyaryu (I1yMbl) B 3JIEKTPOM3MEPUTEIHbHBIX IPUOOPAX U T.1I.,
TaK KaK 3JIEKTPUIECKHE SIBJICHUS U3YJIaIOTCS TTO3KeE.

B MmunrnMAaNBEHOM 00bEME 3aTPOHYTO BAMSHIE KBAHTOBBIX 3aKOHOMEDHO-
CTeil Ha TepMOJUMHAMUYCCKUE CBOHCTBA TeJl.

C GOJIbLIUIMHCTBOM 9TUX TEM MOXKHO O3HAKOMUTBHCH 110 KHULE [2].

Hanomuum, 4ro Kiaccuveckas repMojauHaMuka. («repMocrarukay ) pak-
TUYIECKH PACCMATPUBAET TOJHKO PABHOBECHBIE COCTOSTHUS W KBA3UCTATUIE-
CKHUe€ TIPOITECCHI.

B nacrosiiee Bpemsi OypHO Pa3BUBAKOTCH TAKHE TECHO CBI3aHHBIE JIPYT
¢ ApyroMm pa3zesbl GU3NKH, KAK TEPMOJNHAMHUKA HEPABHOBECHBIX IIPOLIEC-
COB WM JIMCCUIIATUBHBIX CHCTEM, SIBJIEHUS CAMOOPIAHU3AILINN, CHHEPIETHKA,
(OCHOBOIOJIOXKHUKOM ITOrO HAIIPABJIEHUS ObLI BLIIAOIIMIACH OeIbruiicKuii
yuénbtii 1.P. Tlpuroxun). C s/eMeHTapHBIM BBEIEHUEM B COOTBETCTBYIO-
[yl KpYr BOIPOCOB TaKyKe MOXKHO O3HaKOMUThCst 10 Kuure [2] (Pasmen
LATHIA, 171.5).



JlonmosiTHeHU s

JI1. [Tonuerit ananms mapamokca ['uboca Tpedyer npuBiedeHnst KBAHTOBBIX
npecraBieHuii. Bo-mepBbix, KBAHTOBash MEXaHWKA, BBOJIUT JUCKPETHOCTD,
CKa9YKOOOPA3HOCTh M3MEHEHHsI CBOHCTB MUKPOOOBEKTOB. CJie0BaTEIbHO,
HE MOLYT JIBa ra3a «OECKOHEYHO MAJIO0 OTJIMYATHCS JAPYr Or napyras. Bo-
BTOPBIX, CYIIECTBYET PUHIUII HEPABIMIUMOCTH MUKpodacTull. Kciu ecrb
JIBE OJINHAKOBbBIE MOJIEKYJIbI, TO HEJIb3s CKa3aTh, YTO MOJIEKYJIa HOMED OJIUH
HAXO/IUTCS B JIEBOM YaCTHU COCY/IA, & MOJIEKYJIa HOMeD JBa — B IpaBoil. Moxk-
HO TOJIBKO yTBEPK/IaTh, YTO B KaXK/IOH 9aCTU COCY/Ia HAXOAUTCS 110 OIHON
MOJIEKYJIE TAKOTO-TO ra3a.

I Ha makpockonudeckoM ypoBHE TapagoKC
He I M, MOXKHO IIPOAHAJIU3UPOBATH, BBES IIPEICTAB-
! JIEHUST O TIOJIYIPOHUIIAEMbIX [EPEropoIKaX.
Ecnu onna u3 TakuX mMeperopoiok, K MpuMepy,
CBOOO/THO ITPOITYCKAET BOJOPO/I, HO HE IIPOITyC-
KaeT rejiuii, a Jipyrasi, Ha00OpOT, IPOITyCKaeT
reJjivii, HO He MPOILyCKAeT BOAOPOJ, ¢ HOMOIIbI0 TAKUX HEPEropoIoOK MOXK-
HO OCYIIECTBUTH OOPATUMbII IPOIECC cMelnenust ra308. [lomectum B jieBy IO
yacrb cocyua (puc. 26) resuii, B upaByio — Bogopo/. B cepenune cocyna —
JIBE TOJIYTIPOHUIIAEMBIE MTEPErOPOIKY, IPUIEM JIEBasd U3 HUX MTPOHUIIAEMA
I Tejius, a npaBas — /i Bojopona. Ilpu mepemerniennn meperopoiok
K KpasiM COCy/a ra3bl CMEMIAIOTCH, 4 3aTeM, BO3BPAIAsl MEPErOPOIKHA HA,
MECTO, MOXKHO CHOBA PA3JIEJUTh I'a3bl, IPUYEM IIPOIECCHI OY/LyT KBA3UCTA-
TudeckuMu. HerpyaHo yOeauTbes NpsiMbIM PAacdéToM, YTO TAKON U30Tep-
MHUYECKHI 00PATUMBII IPOIECC NPUBEAET K U3MEHEHUIO SHTPONUU (IIPH 116~
PEMEIEeHNH OJIHOW M3 IePeropoji0K COOTBETCTBYIOIIMI a3 PacIInpsiercs,
coBepIaeT paboTy, U 15 MOIIEPKAHUST TIOCTOSHHON TeMIIepaTypbl HE0OXO-
JIUMO LOJBOJAUTD K CUCTEME TEILIO) U 9TO u3MeHeHue OyJer Kak pa3 TakuM,
KaKuM OHO OBIBAeT IIpU HEOOPATHMOM CMENINBAHUHU IIOCPEACTBOM Tuddy-
3un. B TO ke BpeMmsi, KOHEYHO, HEJIb3sT MPUIYMATh MEPErOPOJIKY, KOTOPas
ObI ITPOITyCKaJIA UJIU He ITPOITyCKaJIa MOJIEKYJIbI OJHOI'O M TOTO Ke ra3a B 3a-
BUCHMOCTH OT TOT'O, C KAKOI CTOPOHBI OT MEPErOPOIKY OHU MEPBOHAYAIHHO
HAXO/IUJIUCD.

Puc. 26

BrpouewMm, Hemb3a cKa3aTh, YTO TPU JIMKBUIAIAN TEPETOPOJIKT MEKITY
JBYMsI IIOJIOBUHAMHU COCY/Ia, KaKJIas U3 KOTOPBIX COAEPXKHUT OJUH MOJIb
HUIEATBHOTO a3a, N3MEHEHUE SHTPOIUN MOKET ObITh TOJTBKO HY/TEBBIM HJIH
pasubiM 2R 1n 2 ~ 1,38 R. I[lomecruwm B seByto nosoBuny 0,25 Mosis resiust u
0,75 MoJist BOZIOpOia, a B mpaByio — 0,75 mosd resmmst u 0,25 MOJIST BOJOPO/IA.
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ZcHO, 9TO MBI LOJIYYUM IIPOMEXKYTOYHOE 3HAYEHUE SHTPOIUU CMELIEHUs
(~ 0,26R). MoxHo B 00e 4acTu COCyJa HOMELATh Iejiuil, U BCEe 2Ke I0-
JIy4aTb Pa3sHOOOpa3HbIE 3HAYEHUs SHTPOIMM cMelneHusi. [lomectum ciesa
uzoron *He, a cipasa, — 2He. Durponus cmentennsg — 1,38 R. O nuHakoBble
W30TOIBI WJIK OJWHAKOBBIE CMECH M30TOINOB — JHTPOIUS CMEIIeHus: OymIeT
HysieBoii. [lomecTum pa3Hbie CMeCH — MOJIYIUM TPOMEXKYTOIHOE 3HATEHUE
usmenenus surponuu. Cywecrsyer muenue (JIro6owun u [Togropenkuit),
9TO0 MOA00HBIM 00pa30M COTMKEHNE CBOMCTB CMEIMUBAIOIIUXCS Ta30B MOXK-
HO HPOJIOJIZKATH HEOrPAHUIEHHO (PA3JIMIHbIE COCTOSHUS OJHOIO U TOIO YK€
U30TOIA, PA3JIMYHbIE CTENEHU BO3OYXKIEHUs W T. JI.) U HAPaJOKC BOODIIE
«pa3mbiBaercsy. QOCykIeHne ITOr0 BOMPOCA BBIXOIUT JAJEKO 33 PAMKHU
paBHOBecHOIT Tepmoaunamuku. Onuako apyrue yuénbie (Bazapos) c 31oit
KOHIIEIIIINEN He COTJIaCHBIL.

J12. Hamo ckasarb, 9TO B 3TOI 0OJACTH HET €IWHOI OOIIEIPUHSITON Tep-
MUHOJIOTUH, KaK U €JIMHON cucreMbl 0003HaueHuit. Tak, SHTAIBINIO YACTO
HA3bIBAIOT TEIUIOCOAEPKAHMEM WJIM TEILUIOBON (QyHKIMe; HApsiLy C [pU-
HATBIM Hamu obo3HadenueM [ dacro Berpedaercs takxke H. CBobommHyio
SHEPIUIO HA3BIBAIOT eI¢ N30XOPHBIM IMOTEHITNAJIOM; HAPSIy ¢ HanboJiee miu-
POKO pacmpocTpaHéHubiM obo3HadenneM F Berpedaercsa V. Bosbimne Bcero
HE TIOBEe3J10 noTeHuaty I'nbbca: eciiv B KagecTBe 0O00IIAIONIEr0 HA3BAHUS
YIIOTPEOTAIOTCS «TePMOAUHAMUYIeCKre (PyHKInny, TO ¢ HA3BIBAIOT TEpP-
MO/IMHAMUYECKUM [MOTEHIMAJIOM, YTO, HA HAII B3LJIsi[, KPAHEe HEyIadHO.
Ucnons3yiorcs TakxKe Ha3BaHWS <«M300apUYECKUNl MOTEHITHATY, «CBOOO/I-
Has sHeprus ['ub6ca» (B sroM ciaydyae F Ha3bIBAIOT «CBOOOIHON SHEPrU-
eit TesibMrosibiay ), «CcBOOOIHAS SHTAIbIINsI>. B 0003HaAUEHUAX TOTEHIIAIA,
I'u66ca u BoBCe noJiHbLA pasHoboil: @, Z, G u naxe F, ecau jajs cBoboj-
HOIT sHeprum npuHATO obo3nadeHne V. KonevdHo, 3/1eCh IPUBEIEHBI TOTHKO
JIOCTATOYHO YaCTO BCTPEYAIONIMECs HA3BAHUS U 0DO3HAYECHUS.

3. C maremMaTn9eckoil TOYKU 3pEHUs Pa3IeeHne Ha apaMerpbl 1 PyHK-
WM COCTOSTHUS COBEPIINEHHO yCamoBHO. Huvro He Memmaer HaMm, HAIpUMep,
cuuTarb 00BEM LOTEHIMAJIOM B 1epeMeHHbix U u S, onpejesiss ero yepes
b depeHnnaIbHOe COOTHOIEHNE

T 1
dV = —=dS — —=dU
2 S Pd

(1151 06paruMbIx 1poteccoB). Puauyuecku Takoe pa3/eeHue OLPABIbIBACT-
¢ TeM, 9TO BesmdauHbl P, V| T m3MepuMbl HETIOCPEICTBEHHO, B TO BPEMS
KaK IOTEHIUAJbL (U SHTPOIMIO) MbI MOXKEM TOJbHKO BBIYUCIUTDH, JIa U TO
C TOYHOCTBIO O MOCTOAHHOIA.
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4. TIpeanonoKum, Mbl 3HAEM 3HAYEHUA KPUTUICCKUX [APAMETPOB I
ayx Bemecre — A u B. Opao u3 BemecTs, Hanpumep, A, Mbl cMOrIn
HCCIEJ0BATh B INMPOKOM MAIIA30HE 3HAYECHHH ITAPAMETPOB U IOJLYYU/Id
IKCIIEPUMEHTAIBHY IO DYHKIUIO @4 (7, 7). Pyurius @p(mw, 7) Oyaer 1o 3a-
KOHY COOTBETCTBEHHBIX COCTOSTHHMI Takoi »ke. M 9TO BaskHO, 3TO yTBEp-
JKJIEHUE OCTAHETCS CIIPABEJIMBBIM JIA7Ke NPU TeX 3HAYEHUSAX T U T, NPH
KOTOPBIX 9KCIIEPUMEHTAJbHBIE 3HAYCHUSA 0 OyJyT 3aMETHO OTJIMYATHCA OT
3HAYEHUIT, BBIYUCACHHBIX 110 ypaBHeHUIO Ban-1ep-Baajibca ¢ HOCTOSHHBIMU

a=3PV2ub="V,/3.

JI5. UTobsI nipemocTepeds Kak OT HEKPUTUIHOTO, TAK U OT W3JIUIIHE TTPe-
HEOPEKUTETHHOTO OTHOIIEHNS K 0apOMEeTpUIecKoit hopMyJie, XOTeI0Ch ObI
CZieJIaTb HEKOTOPbIE 3aME€1aHuAd.

1. Bemuas armocdepa, KOHEUHO, OTHIOIb He m30oTepMmudHa. lloaTomy
JaBJIeHUEe Ha BBICOTAX MOPAJKA, HAIIPUMED, JeCATKOB KMJIOMETPOB PacCdu-
TBHIBATH 110 Bapomerpuaeckoil popmyiie Hesb3sd. OMHAKO JJist BBICOT B COTHH
METPOB H [Ia;Ke B HECKOJIbKO KIJIOMETPOB BAPHUAIUMH TEMIIEPATYPbI OObIU-
HO HeBeuku. Ha 9TOM 0DCTOSITE/IbCTBE OCHOBBIBAETCS, B YACTHOCTH, MPU-
MEHEHHe IPOCTEHIINX MUIPOCTATUIECKUX AJbTUMETPOB (BBICOTOMEPOB) —
(baKTI/I‘{eCKI/I OHHU 3aMEpPAIOT U3MEHCHUE TaBJICHHA, a Ha IMTKaJe HaHECCHBI
COOTBETCTBYIOIINE 3HAYEHUA BBICOTDI.

2. Kak cienyer u3 Gapomerpudeckoit hopMysibl, armocdepa JI0IKHA
HUCYE3HYTh TOJIBKO Ha, OECKOHEYHOM PACCTOSHUM OT TIOBEPXHOCTH TIJIAHETHI,
n 3TOT CbaKT HE U3MEHUTCs, €CJIn yIeCTb 3aBUCUMOCTD g U T OT BBICOTBI.
B neficrBuTeIbHOCTH 3TO CBHAETE/HCTBYET O HEPABHOBECHOCTH arTMocde-
pbr: 00as armocdepa ¢ 060 IaHeThl JOMKHA PACCEMBATHCA. TaK OHO,
KOHEYHO, ¥ €CTh. OJHAKO KOJMIECTBEHHO 3TOT 3P(EKT CTONb ¢aab, ITO
UM B TOJABJSIONEM OOJBITMHCTBE 33429 MOXKHO ITPEHeOpPeUb.

16. KBanroBas Teopus yrBepxkgaer dosbinee. [ToBegerHne MUKPOOOHEKTOB
B IIPHUHIIAIIE HE MOXKET OBITh OIMKCAHO AWHAMUIECKHMU 3akoHamu. udop-
MAaIldsi, [MO3BOJISIONIAS OJHO3HAMHO IIPE/ICKA3ATH UCXOJ TOrO U UHOTO KOH-
KPETHOTO WCIBITAHUS, HE TOJBKO «HEJOCTYITHAY, €€ MPOCTO HE CYIIECTBYET
B MIPUPOJIE.

Mpb1, OMHAKO, B ITOAABJIAIONIEM OOJIBIINHCTBE CJIyIaeB OyIeM MPUIePKU-
BAThCS KJIACCUYECKOUW TPAKTOBKU MOBEIEHUS MTOJCUCTEM, /TayKe €CJTU TAKO-
BbI€ SIBJISIFOTCST MOJIEKYJIAMHU, ATOMAMK U T.II.

7. B maremaruke GpyHKIHEH pacupeaeeHns: Ha3bIBACTCS IIPOU3BOISIIA
dyHKIMS 715 ITIOTHOCTH BEPOSATHOCTH, T. €. (PyHKIHS, IPOU3BOIHAS OT KO-
TOPOH U eCTh IJIOTHOCTH BepOsATHOCTH. JIpyrumu cioBaMu, QyHKIHS Pac-
MpeIeJIeHNsT — WHTErPAJI TIJIOTHOCTH BEPOSATHOCTH OT KAKOTO-TO HUYKHETO
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upejiesa (daie BCero 3T0 HyJlb MM MUHYC OECKOHEYHOCTb) JIO TEKYLe-
ro 3Ha4YeHWsl napamerpa. JHanue (QYHKIMUA PACIPEIESICHUs B IPUHIIAIE
obecrieumBaeT W 3HAHUE INIOTHOCTH BeposTHOCTH. IloaTomy B dusmke |a-
cro dbyHKIMel pacipee/ieHus UK IIPOCTO pacipeieseHreM (Mbl GyieM 1o
BO3MOXKHOCTH HCIIOJIB30BATh 3Ty (GOPMYJIUPOBKY ) HA3BIBAIOT ILJIOTHOCTH BE-
POSATHOCTH.

JI8. BosHukaer 3aKOHHBII BOIPOC: MOXKET OBITH, CTOUT Cpa3y O00OOIIUTH
KOHEYHbBIH PEe3yJIbTaT — KCIIOHEHIUAIbHYIO 3aBUCHMOCTD OT SHEPIUuu, 3a-
MEHWB JIUIIb TOTEHINAIBLHYIO SHEPTHIO HA, TIOJHYI0. ABTOD BCE JKe CIUTAET
TOJIE3HBIM OTPDAHUYUTHCS MOCTYJIUPOBAHNEM 3aBUCUMOCTH TOJIBKO OT JHED-
IUH, & PACHPE/IESICHIE BbIBECTHU: [IPEJICTABISETCS IOy IUTEIbHBIM yOe uTh-
Cs1, 9TO Ta XK€ KOHeIHAst (POpMyJia MOXKET OBbITh [OJIyYeHA, U3 CYIECTBEHHO
MHBIX UCXOIHBIX MOCHLIOK.

9. HanoMHaMM, 9TO jJake B HJI€AJbHOM ra3e HeJIb3s CUYUTATb, YTO MOJIE-
KyJbl BOBCE HE B3aMMOJAEUCTBYIOT JIPYT C JIDYTOM; TaM, PaBja, 3TO B3au-
MOAEHCTBIE CBOIUTCI K HEPUOAUMICCKUM YIPYTUM COYIAPEHUSIM, KOTOPBIE
HEOOXOIMMBI JIjIsi YCTAHOBJICHUS U IO/IEPAKAHNS PABHOBECHOT'O COCTOSHUSI.

Bosiee Haryisianbril, XOTS ¥ HECKOJBKO 0OJiee CJIOXKHBIN MpuMep — Tra3
Ban-nep-Baanbca. Bayrpennsa sueprus ra3a Ban-mep-Baanbca B sBHOM
BUJIE COJIEPXKUT YACTh, OMPEILIACMYI0 HOTEHIUAIBHON IHEPIUeil B3auMOo-
JeficTBUst MOJIEKYJI. B TO Ke BpeMmsi Jjisi MAKPOCKOIUYECKUX MMOPIHA ra3a
MBI CUMTAEM IHEPTUI0 AJAUTUBHON XapaKTEPUCTUKOM.

Homycrum, B cocyie HaXoadaTcst ABa MoJid ra3a Ban-aep-Baanbca. Quep-
THIO0 KaXKOr0 MOJIST MbI BBIUUC/ISAEM C YIETOM B3aMMOIEHCTBUS MOJIEKYJT,
a MOTOM IIPOCTO YABAWBAEM TOJYIEHHYIO BesimanHy. Mbl cauTaeMm, 9T0 MO-
JIEKYJIbI OJTHOI'O MOJIsl HE B3aUMO/IEHCTBYIOT C MOJIEKYJIAaMH JIDYTOrO, JIazKe
€CJIM OHU PACIIOJIO2KEHBI BO3JI€ CAMOI IOBEPXHOCTH, PA3/IEILIONIEH 3TU MO-
sin. Heckousibko yuporénnast, HO NPUHIMINIAAIBHO [IPABUJIbHAA aPIy MEHTa-
Uyl KOPPEKTHOCTH TAKOMN MPOIELyPbl MOXKET BBIIJISIIETH IPUMEPHO CJIEIy-
oM 006pazom. Bo B3ammoeiicTBum «BHyTpr» MOJist yaacTByer N, MoJie-
KyJI, & HA IPAHUIE PA3/EIa HAXOMUTCS [MOPSIKA N2/? moutekys. Coorser-
CTBEHHO YHEPrusl B3AMMOJENCTBUS C «IyKUMH» MOJIEKYJIAMH [IPUMEDPHO B
Ni/ 3~ 108 pa3 MeHbIIIe BKJIa/1a BO BHY TPEHHIOIO SHEPTUIO B3aNMO, 1€ CTBUA
CO «CBOMMHU» MOJIEKYJIAMHU. JTUM MOMXKHO TPEHEOPEeUbh.

o0
2
J110. 3nauenue unrerpana [ = [ e~¢ d€ MOKHO BBIMHC/IATD C IOMOIIBIO
— 00

HECJIOJKHOTO HMCKYCCTBEHHOTO MpuéMa. PaccMoTpuM Tpom3Be/ieHHe ABYX
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OJVHAKOBbBIX MHTEI'PpaAJIOB (OHI/I OTJINYaI0TCA TOJIBKO 0603Ha‘IeHI/IHMI/I)

L-Ih=1%= J e=€de J e dn = ” e~ &+ dedn.

B npocrpancrse &, 1, ( reOMeTpUIECKHIT CMBICTT TOCTEIHETO BHIPAKEHUS —
00béM Tesa, Jexaliero mexay nosepxuocramu ¢ = 0 (wiockocrs &, 1)
u( = e~(&+7") Ecsmn BBecTH B mitocKoCTH &, ) MoNIpHBIE KOODIWHATHI,
yPaBHEHUE BTOPOil MIOBEPXHOCTHU, OYEBUIHO, IPUMET BUJ ( = e=P". A 06béM
COOTBETCTBYIOLIErO Teja Oyaer paBeH

I’ = J 6_p2271'pdp =7 J e_”zd(pQ) =T.
0 0

Buauur, I = /7.
J111. Boob1e mHTErpasI THIIA,

[e.e]

0 = J e gn dy;

n

0

OCJ/Ie MHTErPUPOBAHUSA 110 9aCTAM TIePeXOuT B WHTerpas [0 ,, mpuaém

o_(n—1Y\
B ()

Takum 06pa3oM, BCe MHTErPAJIBL MOJMOOHOIO TUIA, MOTYT OBITH CBEIEHBI K
OJIHOMY M3 JBYX MHTEIDaJIOB, 3HAYEHUs] KOTOPbIX U3BECTHBIL:

o_ VT o_ 1
10_2\/37 11—25'

J12. Banvatenbuaniit YutaTenb, HaBepHOE, 3aMETUJI HEKOTOPYIO HEKOp-
PEKTHOCTb HAIIErO COMOCTABJIEHUS OTHOIIEHUS BEPOSITHOCTENl M PA3HOCTHU
surponuii. B mepBom ciydae Mbl yYUTHIBAJIU BCE COCTOSIHUS, B KOTOPBIX
MOJIEKYJIbI PACIIOJIOXKEHBI B OJIHOM, 3apaHee BHIOPAHHON ITOJIOBUHE COCY/IA.
B 310 uncio BXOOAT, K MPUMEPY, W TaKWe K30TUIECKHAE COCTOSTHUSA, B KO-
TOPBIX BCE MOJIEKYJIBI CTPYAUIUCH B OTHON TOUYKE.

Bo BTopowm ciydae Mbl CDAaBHUBAEM JHTPOIHNH PABHOBECHBIX COCTOSHHUIA,
T. €. COCTOsIHUN, B KOTOPBIX MOJIEKYJIbL JOCTATOYHO PABHOMEDPHO PACIIPE/ie-
JIEHBI 110 BCEMY COCY/ly U COOTBETCTBEHHO II0 HEKOTOPOIl IPOU3BOJIbHOI €ro
9aCTHU, COCTABJISIONIEH TTOJIOBUHY 00bEMA.
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B onpenesiéHHBIX Ciydasax 3TO 0OCTOSTENIBCTBO MOXKET IIPUBECTU K PAC-
XOZKJIEHUIO B PE3YIbTATAX, IOy Y€HHBIX IIPAMBIM IIOCIYETOM BEPOATHOCTE
U cpaBHeHHEeM 3HTponwuii cocrosinuii. OHAKO B OOJIBIIMHCTBE CIIy9aeB Ta-
KOT'0 PacXOXKJIeHUs HET WU OHO HECYIIECTBEHHO.

JI13. 31ech yMeCTHBI HECKOJIBKO 3aMEYAHUM.

1) B nepByio ouepeiib MOXKET BO3ZHUKHYTH BOMNPOC: YTO JEIaTh, €CJIU
N — neuérnoe uucio? Yro rakoe B 3roM ciaydae N!?7 Ileno B TOM, 4TO
3meck BMecto 3N/2 B 0obmem ciydae JMODKHA CTOSATH TAK HA3BIBAEMAS
ramma-Gynkuusa I[(BN/2) + 1]. Ana M uwenoro I'(M + 1) = M. Ina
HEIEbIX, B TOM YHCJIe MOYTEIbIX YHUCeN, HMEIOTCS JPYTHe ONpeneIeHust
raMmMa-QyHKIMH, HATPUMED:

I'(N+1)= J N e"%dx = NT(N).
0

2) Crporo roBopsi, upu (GUKCUPOBAHHOMN [IOJIHOW HEPIUU CUCTEMbL KO-
HEI[ BEKTOPA UMILYJIbCA JIOJ2KEH HAXOAUThCH He B JII00OH To4uke N-MepHOro
TUTMEPIIapa, & HA MOBEPXHOCTU OrpaHmYmMBAloONieil ero rumepcdepsl. Emé
TOYHEE, OH JOJI?KEH HAXOIUTHCS B MIAPOBOM CJIOE COOTBETCTBYIOIIETO Pa/Iu-
yca, TOJIIUHA KOTOPOTO OMPEeIeISeTCs i N30JTUPOBAHHON CUCTEMBI COOT-
HOIIIEHWEM HeOIPeIeIEHHOCTEN, & Jjid CUCTEMbI, KOHTAKTUPYIOIIEi ¢ Tep-
MOCTATOM, XapaKTepHbIM MaciiTaboMm IIyKTyaruil eé mogHOM SHEPIUH.

1 nakoner.

3) DU yrouHeHus, BO3MOXKHO, YCIOKAUBAIOLIME JIOTOLIHOIO YUTATEJLs,
HE UI'PAIT POBHO HUKAKOW POJIM IIPU BHIYUCJIEHUN SHTPOIHUHA CUCTEMBI, 0O-
Jlee WM MEHee MPEeTeH/IyIOMe Ha SMUTeT «MAKPOCKOIMMYecKasy. A Benb
TOJIBKO JIJIsi TAKUX CHCTEM MMEET CMBIC/I TIOHSTHE SHTPOIIWH.

IMpuBeném oguu npumep. Hucio ABOraapo W3BECTHO ¢ TOYHOCTHIO [0
8-ro 3HaKa. ITO 3HAUWT, UTO JIAKE BHIMUCHIBAS €r0 CO BCEI TOCTYITHON TOY-
HOCTHIO, MbI IIPU BBIYUCJICHUU (DAKTOPHAIA ONMyCKaeM (WU MUIIEeM JIUII-
nue) npumepro 107 MHOMUTENE, KazK/Iblil U3 KOTOPBIX PABEH HPUMEPHO
6-1023. «Bbruuciennslii> HaMu (HAKTOPHAI MOKET OTJIHIATHCSA OT <IIPa-
BIUILHOTO» uTO-HHOYIL B 1040 pas. Ecim e MBI IprHIMaeM, KaK OOLITHO,
i umcaa Asoraapo 3madenue 6-10%2, omubka — npumepno B 10%4 pas.
Eciu e BCIOMHUTh, 4TO B crarBece emé ectb 1 3N /2!, u emé Bcrpedaercs
N B 1I0Ka3arTese CTEIEHN, Mbl MOzKeM omuburscs 6ostee, gem B 1010 pas...
Ho nac unrepecyer siorapudm 910oii Besmuutbl. [Ipunss (Bruosne pasym-
Hoe) npubamxkenue In N = Nln N — N, 6e3 rpysa nogcuuraem, 4ro omub-
Ka B jJorapudme darropuaia s 9ucia ABOraJpo COCTABJISIET B CAMOM
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xyaueM ciydae npumepao 0,4%. Ommbka B S9HTPOLMH B 3TOM CIydae —
nopsiaka 1%.

J114. UnTepecytomas HaC BETUINHA, OYEBUIHO, PABHA,

—£ 400 3
J P(€)dE + j PO)dE =1 B(€) =1 J p(E)de.
—o0 £ —£

Ilocnenamit mHTErpas B KOHEUHBIX MpEAeaax He Oepércs, HO OH IIHPOKO
pacTabyIMpOBaH JJIsd MAJBIX 3HAYEHUi &, a 1y 60bimux & CIpaBeinBoO

—£2/2 .
upubimzkenne 1 — ®(§) = \/g ET ¢ OTHOCHTEJIHHON IOIPEIIHOCTHIO, HE

npepbimatomneii 1/£2.

JI15. B yciaoBusx paBHOBeCHs B 3aMKHYTOI MOJIOCTH, OUYE€BHIHO, BO3MOMK-
HbBI TOJIBKO CTOSTYME BOJIHBI (MHAYE Obl BOSHUK HANIPABJIEHHDIH IEPEHOC YHEP-
run). Bo3bMéMm B KauecTBe Takoil mojocru Ky6 ¢ pebpom aymubr L. Ha
JJHe pebpa B OJHOMEDPHOM ciy4ae (B Cilydae ILUIOCKON BOJIHBL, PACIIPO-
CTPAHLIOLIECS B/IOJIb TOr0 pebpa) JOJRKHO YKJIAAbIBATHCS LEJIOe YUCIIO
LOJLYBOJIH Ay, = L/2m. CoorBercrByiomue 4actorbl paBubl [, = mc/2L,
rje ¢ — cKkopocTh cBera. KosmyuecTBo yacToT — crerneHeit cBoOOIbI — pac-
TéT ¢ pocroMm mupenesnbHoll f Kak m = 2fL/c. JIjisg «HaKJOHHBIX> BOJIH
BO3MOZKHBL JIIOOBIe KOMOMHALUU MMy, My, M, JUIbL Obl BCce TpU M Obl-
Jin uesbiMu. [Toromy B Kybe ¢ pebpom L 10 4acTorbl f MMEeTcs 4ucjio
BOBMOMKHBIX cTosiuux BosiH M ~ L3f3/c3. BEcnm kaxaoi crogdeii Bo/He
COOTBETCTByeT dHeprusi k1, Ha eIVMHWIHBIA WHTEPBAJ YACTOT B EIUHUIE
obbéma npuxoputcs sueprus du = kTdM/V ~ KT f2df /¢3 (rounas dbop-
myna Pames—/xunca: du = 8tkT f2df /¢). UnTerpupoBanue Mo 9acToTaM
10 OECKOHEYHOCTH HPUBOJAUAT K OECKOHEYHON IJIOTHOCTU SHEPIUHU U3JIyde-
HUS IpH JIIOO0H, OTJIUIHON OT aDCOMIOTHOIO HyJIsI, TEMIIEPATYPE.

JI16. B HEKOTOPBIX CAydYasX MUHUMAJILHO BO3MOXKHOU SHEPIHU CHCTEMbI
(kaKk u JIIOOOMY APYrOoMy €€ 3HAYEHHUI0) MOI'YT COOTBETCTBOBATH HECKOJIBKO
OTNIMYAIOIIUXCA KAKUMHU-TO XaPAKTEPUCTHKAMHU COCTOAHMIA. B Takmx ciry4a-
X [OBOPST, 410 310 cocrosuue BoipoxkaeHo ([logobuasi, xors u He coBcem
TaKasi CUTyalusi onucaHa B 3a1a4de 9.39 u3 3ajadnuka 1o pexa. B.A. Os-
yuHKKUHA.) Torga sHTponus npu abCONIOTHOM HyJI€ TEMIEPATYPbI MOMKET
ObITH HE B TOYHOCTU PABHOM HYJI0. DTO, OJHAKO, MIPAKTUYECKH HE MEHSET
COOTHOIILIEHNUS, BBITEKAIONINE U3 TPETHEro Hadaja JjId MaKpPOCKOIMYECKUAX
CUCTEM.

IIpunoxxkenue

Tombko HEIIPpaBUJIbHBIE BOIIPOCHI UMEIOT OTBETHI.
HpaBI/IIII)HI)Ie BOIIPOCHL OTBETOB HE UMEIOT.

. Kpuwmramypmu

Mpr y2xe He pa3 BCTPEYasuch C JOKa3aTeIbCTBAMU IIPABOThI HHINHCKO-
ro myzapena. HamoManM HECKOJBKO mpuMepoB. Jlomken obparumblit agua-
OaTuaecKknii mpoIece ObITh OECKOHETHO OBICTPBIM HJIN DECKOHETHO MeJIeH-
ubiv (§6, 4°)7 KakoBa BesiMuuHA SHTPOLUM CMEILEHUS ABYX MOJIEH uje-
anpHOrO rasda (§8, 2°; [ 1])? MoKHO /i TOBOPHTH O TEILIOBOIl CMEpPTH
HBIOTOHOBCKOW BcesieHHOIt, eciin B Crily TOCTYIUPYyeMOil e€ OeCKOHEIHOCTH
BO BpPEMEHU U B IPOCTPAHCTBE B HeWl BCEr/ia CYIIECTBYIOT CKOJIb YTOJHO
OOLIKMPHBIE U CKOJIb YIOAHO 3Heprudnbie duykryanuu (§ 18, 5°)7

Paccmorpum emé tpu momoOHbIE CUTYAITHH.

1° Bo3moxkHo Jiu Bee ke gocruxkenune KII/ nukaa Kapho, ecan
pabodee Tesio coBepHIaeT KaKOM-Inb0 MHOM MUKJI?

ITocse Bcero Toro, uro cka3aHo B § 6, B 0COOEHHOCTH B IyHKTE 4°, BOIPOC
3BYYWT, MSATKO TOBOpsi, CTpaHHO. U TeM He MeHee...

P

a0

Puc. 27

BacrasuM pabouee resi0 coBepuiaTh uki Kiaysuyca (MHOrIA Ha3bIBaE-
MBI eIg IUKJIOM DPUKCOHA) U3 ABYX U30TepM 1 ByX u3o6ap (puc. 27). Ho
B OTJIMYIHUE OT KJIACCUIECKOMN CXeMbI He OyaeM 10OnBaThCs, 9TOOBI B KAXK IbIi
MOMEHT COCTOSIHHE BCEX IopIuii padodero resja ObLIO 0aHO U TO xke. Ha-
060pOT, 3aII0JIHUM ra30M KaHAJ, CXEMATUYECKH N300paKEHHbBII HA puc. 28
¥ 3aCTABUM ra3 MUPKYJINPOBATH MO 3TOMY Kauajay. Kanas Be3ze mosmkeH
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OBITH JOCTATOYHO MIMPOKHAM, 9TOOBI BSI3KOE TPEHHE OBLIO IPEHEOPEKUMO
MAaJIo.
4 1

N h 7
s =

Py NN
* &
|_koMIpeccop l = TypOuHa
3 AHOJ‘IeSH 2
Puc. 28

Kaxxmas moprust ra3a COBEPIIAET CAEAYIONHi KpyroBoii mporecc. [Ipu
MTOBBIIIIEHHOM [aBJieHu: P ra3 BCTyMaeT B KOHTAKT C TepmocTtaroMm 717,
MMOJIy9aeT OT HErO TeIJjio, KOTOpPOe DJaromaps CIeIUaJbHO MOA00paHHOMY
npoduIIio ceveHns KaHaJIa Peodpa3yercs B KHHETUYECKY 0 SHEPIUIO IIPAK-
TUYECKHU IIPpU Hem3MeHHO! Temueparype. Ha Bbixoze u3 3roro yuacrka ras,
BpaIas poTOp TYPOWHBI, TEPsieT 3AMACEHHYI0 KUHETUIECKYIO YHEPTHUIO, 3
ero JIaBjieHWe magaer A0 BeauduHbl Ps. Ilepemermasick gasiee mo KaHauy,
9T TOpsivre MOPIUU Ta33 BXOAAT B TEILUIOBON KOHTAKT C JBUKYIIIMMUCS
HABCTPE4y HMOPUUSAMHU U IEPEIAIOT UM TEIJIO, IPUIEM B KaK/I0 TOYKE pas-
HOCTH TEMIEPATYP MOXKEeT OBbITh J0CTATOYHO MaJjioil. OXJIaJuBIIuiics 10
TeMIIEPATYPbl BTOPOro TepMOCTaTa 1o ra3 KOMIIPECCOPOM MOKUMAETCs
OnATh [0 AaBjeHus P); oTmaBas TENI0 XOJIOMUIBLHUKY, TAK 9TO TeMIepa-
Typa Ta3a Ha 9TOM yJacTKe He MeHsiercs. KoMmmpeccop mpuBOIUTCS B JIeii-
cTBHE TOH camMoil TypOuHO#, KOTOpPYIO Bpamaer ra3. Hakowerr, mory4dast ot
JBUZKYIIUXCS HABCTPEUy MOPIUil ra3a TEeso IPU HOCTOSHHOM JIABJIEHUU,
ra3 HarpeBaeTCs J0 TEMIEPATYPHL 1] U IHUKJI HAYMHAETCSH CHAYAJIA.

IlomuepkuéM emé pa3: Kaxkaas MOPIHA ra3a OOMEHHBAETCS TEIJIOM C
TEPMOCTATAMH U C JIPYTUMU HOPIUAMY I'a3a TOJLKO IIpU MaJIoil (B umeane —
GECKOHEYHO MaJIOil) Pa3HOCTU TeMeparyp. Bee mporecchl o6paTuMbl, a u3
BHEIIHEI'0 MUPA B TEIJI000MEHe IPUHIUMAIOT y4aCTUE TOJbKO JIBA TEPMOCTA-
ta. C repMmocraraMu TEIIO0OMEH TOXKe [IPOUCXOUT IIPH MAJONH PA3HOCTH
TeMIeparyp, T. €. 00paTUMO, & 3HAUWUT, JOJKHO BBIMOJHITHCA PABEHCTBO
Knaysuyca. Ecnu emé paccraButh MUKpPOTYPOUHBI TI0 BCEil «BepXHEH» da-
cru nukia (1o uzobape Py u uzorepme T ), & MUKPOKOMIIPECCODDI [0 «HUK-
Heii» (10 uzobape P, u uzorepme T5), 4robbl 1 pabora OCYLIECTBIISIACH
kBasucrarudecku, KIIJ/I Takoro ra3orypOMHHOrO ABUraTesisi 3aMKHYTOTO
UKJIa C pEereHeparueil Tea TeopeTudeckKu M0/KeH ObiTh paern KIIJL
mukaa Kapro, mpoBogumoro mexkay tepmoctaramu 17 u Th.
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Peasibuble jocTHKEHUsT BBIVIAAT IPUMEPHO CJEAYIOMUM OOPa3oM.
IIpu pacaéraom 3magennu KII mpkaa Knaysuyca, pasaom 30%, 3a cuér
pereneparnuu temna ynaérca mnonyuntb KIII geficTByiomux MeXaHH3MOB
10 35%, B To Bpemsa Kak 0Oe3 peremepanmmu oH He npesbmmaer 20%. Ko-
HEYHO, 3TO emé maieko ot pacuéraoro KIL/ nmukma Kapro, KOTOpSI mpu
coorBercrBytomux 11 u Ty moszkeH coctasnarhb 70%.

ITonobHOro posa npouesypy MOXKHO OCYIIECTBUTD U HA JIDYTUX [IUKJIAX.
[IpakTudecku pererepaius TeILIa IPUMeHseTcs emé B nukie Kiameiipona,
(uuksie Crupsuira) u3 AByX M30TEPM U JBYX U30XOD.

B omnpenenéanom cMmbICe MOXKHO CKa3aTh cieayromee. Pabouee Temo B
o106H0# curyanuun coseprnaer mukia Kiaysumyca ninn Kananeiipona. Jlyq-
1€ CKa3aTh: OT/E/IbHbIE MOPIUK PAb0OYero Tejia COBEPIIAIT TOT WU WHON
[WKJI, TAK KaK OHU JEJAI0T 3TO He OmHOBpeMeHHO. HO 1m0 oTHOmMIEHW0 K
BHEIIHE! Cpese MamuHA Kak Obl coBepmiaer nuki KapHO, Tak Kak B3am-
MO/IEHICTBUE [IPOUCXO/IUT JIMINb HA U30TEPMAX, U IIPOLECC B3AUMOIAEUCTBUS
obparum. BakHO, KOHEYHO, U TO OOCTOATEIHCTBO, ITO IIPOIECCHI B3AUMO-
JefCTBUsT OTIEIBHBIX MOPIW pabOdYero BEINEeCTBA JAPYT C APYTOM TOXKE
0OpaTUMBIL.

2° Bo3MO>XKHBI JI OTpUIlaTeIbHbIe abCOJIIOTHBIE TeMIIePaTypPhI?

Temmeparypa — XapakKTepPHCTUKA PABHOBECHOI'O COCTOSIHUSI CUCTEMBI,
U B 9TOM CMBICJIE HUKAKUX OTPUIATENbHBIX TEMIIEPATYD OBbITh HE MOYKET.
He moxker Benb, Hampumep, CpeHss KWHETHYIECKAs IHEpPrus ObITh OT-
pumnarenbroit. OgHako, eciim OYKBAJBHO CAENOBATh TaDy HA paccMOTpe-
HUE HEPABHOBECHBIX COCTOSIHUI, PACCYXKJasi MMOCJIEI0BATEIBLHO, Mbl Hali-
JIEM eJIMHCTBEHHBIH OOBEKT, KOTOPbBIHA BIPABE PACCMATPUBATH TEPMO/IUHA~
MuKa — Bcenenayo B cocTosiHuE TemoBoit cmepru. a u To OyayT merarh
daykryanun.

[Ipocieaum 3a OCHOBHBIMU IIAraMU OTCTYILJIEHUS] OT OyKBAJIUCTCKOIO
TOJIKOBAHUSI PABHOBECHSI.

1)MToane remneparty p. ComepKarespHas TEPMOJUHAMUKS, —
9TO B MEPBYIO0 OYEpEh aHAJM3 MPOIECCOB. A MPOMECChl MOTYT MPOTEKATH
JIMIIb TOTJA, KO/ paBHOBecue orcyrcrByer. Eciu depe3 cucremy uaér
[IOTOK TEILJIa, TEMIEPATYPa B PA3HBIX OOJIACTSX CHCTEMbl HE MOXKET ObIThH
OIMHAKOBOH — HEOOXOIUM TPAIueHT TeMmreparypbl. CTannoHAPHBIE TPO-
IIECCHI MEPEHOCa MbI paccMarpusajn B riase VII, u 6e3 3a3penus coBecTn
WCIIOTH30BAJIN MOHATHE TEMIIEPATYPHI B TAKOM HEPABHOBECHOM COCTOSTHUM.
Ot rouku K TOUKe (KOpPEKTHEE CKa3aThb: OT OAHOro pusuyecku HECKOHEYHO
MAaJIoro o0bEMa K JIPYroMy) TeMIeparypa MEHseTCs, HO B KaXKJIOH TOYKe
BCE K€ MOXKHO FOBOPUTH O TEMIIEpAType, KAk OyJTO UMEeeTcsi pAaBHOBECHUE.
Wnu nnage, B Kaxk10M 00bEME COCTOSHIE KBA3UPABHOBECHOR, XOTS CUCTEMA,
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B I€JIOM HE HaXOJUTCA B PaBHOBECHU U [1aKE HE HpI/I6.HI/I}KaeTCH K HEMY.

2)HecrauuounapHub e npoiueccbol.louirs BaxHbl
MacmTabbl Tex 00J1acTell CUCTeMbI, KOTOPBIM MbI IIPUIIMCHIBAEM OIIPE,IEJIEH-
HOE 3HAYEHUE TEeMIEPATYDPbI (IJIOTHOCTH, JABJICHHUS). YIKE MPOU3HOC CJIO-
Ba <«TEMIIEPATypPa MEHSIETCS», «TEeMIIEPATYPhl BHIDABHUBAIOTCS», MBI TEM
CaMbIM IIPU3HAEM I[IPABOMEPHOCTH [IPUMEHEHUs IOHATHS TEMIIEPATYDPbI B
HecTanuoOHAPHO#N curyanuu. Harsaaplit npuvep — BbIYHC/IEHNE CKOPOCTH
3Byka. [Ipu pacupocrpaHeHuu 3ByKOBOH BOJIHBL LIApaMeTpbl rasza (re e
TEMIIEPATY DA, JABJIEHUE U T.J.) HEIIPEPHIBHO MEHAIOTCS CO BDEMEHEM B JIaH-
HOI TOYKE W OTJIMYAIOTCS B JAHHBI MOMEHT BPEMEHH B COCETHUX TOYKAX.

3) Tuuns mogcucte M B rasosom paspase (mwiasme) ogHo-
BPEMEHHO MPHUCYTCTBYIOT YaCTHUIBL PA3JIUIHbIX TUIOB. OOBIYHO 9TO MOJIE-
KyJIblL, &TOMblL, KOTODbIE BO3HUKAIOT 11PY pacuaje (Auccoupuanumu) MOJIeKy.JI,
MOJIEKYJISIPDHBIE M aTOMapHbIe MOHBI, HAKOHEIl, CBOOO/HbIE SJIEKTPOHBI. 3a-
PSI’KEHHbBIE YACTUIIBI — UOHBI U 9JIEKTPOHBL — PA3TOHSIOTCS YJIEKTPUIECKUM
10JIeM, TIOJI/IEPKUBAIOIINM Pa3Psijl, U TAKUM 00Pa30M [IPOUCXOTUT 3aKAUHU-
BaHMUE SHEPruu B maa3my. /lauHa cBOOOIHOTO Tpobera, 31eKTPOHOB BEJINKA,
OHH IIOJIy4al0T IODOJIbIIIE SHEPIUHU, OHU PEXKE OTJA0T €€ IPU CTOJIKHOBE-
Husx. B obmiem, He BIaBasich B JajbHEHINE MOAPOOHOCTH, MOMXKHO CKa-
3aTh, 9TO B IIa3Me€ MPUCYTCTBYIOT, KAK MHHHUMYM, [1Ba Ta3a — HWOHHBIN
¥ 3JIEKTPOHHBIA — CO CBOMMHU, CYIIECTBEHHO OTJIUIHBIMU TEMIIEPATYPAMHU.
B 06b14HOl ra3opaspsaHoil Tpybke mpu gasiaeHnu okosro 107! MM pr. T
TUIAYHBIE 3HAYEHUST TEMIEpPaTyp TakoBbl: nouHas 1, ~ 700 K, snexkTpon-
Has Ty, =~ 5-10* K. lImeercs B BuLy, 9TO CPeHss KUHETHTIECKAs SHEPIHUS,
[IO/TMEPKHEM, Xa0TUYECKOTO JIBUZKEHHsI HOHOB U 3JIEKTPOHOB COCTABJISIET CO-
orBercTBenno 0,07 3B u 5 3B.

OrMeruMm ermg, 9To Ta CUTyallus KAPAUMHAIBHO OTJIMIAeTCs OT CIIydast
ra3a KBAa3UCBOOOJIHBIX JIEKTPOHOB B MeTajuie. 1aM KUHETHYeCKas dHep-
TUsi HEKOTOPBIX 3JIEKTPOHOB JIOCTHTAaeT 3HAYEHWH MOpsSIKa Tex ke H 3B
10 COBCEM WHBIM NMPUYUHAM: U3-33 MEPEHACEIEHHOCTH CPeIbl (DEPMUOHAMU
npunnun [layan «BbIIABIUBAET» JIEKTPOHBI HA BBHICOKWE YHEPreTUIECKUE
yposuu. Hasmuue npu Huskux (BIIIOTH [0 abBCOJIIOTHOIO HyJlsi) TE€MIIEPa-
TypPax BBICOKOIHEPIHUYHBIX JIEKTPOHOB IIOJHOCTBIO COOTBETCTBYET COOTHO-
menusam craructuku Pepmu—upaka mist srux Temmeparyp. B rasosoit
IJIa3Me 3JIEKTPOHBI, KaK M MOHbI, BEJIYT CeOsl B IIOJHOM COOTBETCTBHUU C
KJIaCCHMYECKMMU 3aKoHaMu. VI TeM He MeHee B CTalMOHAPHBLIX (HO, KOHEY-
HO, HE DABHOBECHbBIX) YCJIOBUSX UX IHEPIUU, UX TEMIIEPATY Dbl OTJIMYAIOTCH.

4)Crenenu cBO0DOO b BHEKOTOPBIX Cilydasx [laxKe MOJIEKyJIaM
OJIHOT'O THWIIA, UMEET CMbBICJI [IPUIIUCATH CPA3y JBE PA3HbIE TEMIEPATYPBI.
Tak, B yapHOil BOJIHE IIPOIECC HAIPEBA ra3a MIPOUCXOUT HACTOIHKO ObICT-
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PO, 4TO0 cpaldy 3a (PPOHTOM BOJIHBI (ITO, KOHEYHO, HE IOBEPXHOCTH B [E€OMET-
PUYECKOM CMBICJIE CJIOBA, & CJIOH TOIIIUMHONR OT OJHON 10 HECKOJIbKUX JIJINH
cBOGOAHOIO 11POGEra MOJIEKYJI) KUHETHYECKAs YHEPIUsl IOCTYIATEIbHOIO 1
BPAIATEILHOTO JIBUKEHNI MOJIEKYJT COOTBETCTBYET MOBBIMIEHHON TeMIIepa-
Type, & YHEPrus KoJieDATEeSIbHOIO IBUKEHUS EII€ OMPEeIesIseTcss TeMIepa-
TYpOii, KOTOPYI0 ra3 mmeeT mepen GpoHTOM. B Takux ciiyuasx roBOpsT,
YTO BHELIHME CTeleHU CBODO/bI (II0CTYNATEIbHOE [IBUXKEHUE U BPALICHUE)
TEPMAJIM30BAHbI, & BHyTPeHHUE (B MHOIOATOMHBIX MOJIEKYJIaX KOjieDaHus
MOryT ObITh PA3JIMYHBIX TUIIOB) — HET. 3aTeM MPOUCXOIAUT TEPMAJU3ALUs
KOJIe0aTeIbHBIX CTEIeHel CBOOOMIbBI, PETAKCAINS, T. €. YCTAHOBJIEHUE TIOJI-
HOTO PABHOBECHS.

5)Cenapangusdg cocCTOSHHU A Mbl HOBHAKOMUJIUCH C CUTY-
amuaMu, BcEé 6ojiee OTIMIAONIMMUCSA OT PAaBHOBECHBIX. U BCE Ke BO BCEX
ITUX CIIyUasX MMOJIE3HO U PA3YMHO IOJIb30BATHCS MOHATUEM TEMIIEPATYPHI,
XOTsI OHO CTAHOBHUTCS MOCTEIIEHHO HEeOMHO3HAYHBIM. OCTaJICS OWH Iar 10
OTPULIATEILHON TEMIEPATYPBI.

BernoMHUM JBYXYPOBHEBYIO CHUCTEMY, KOTODPYIO y2Ke pasbupasu (§ 20,
1°). CootrHolenue 3ace/IEHHOCTE HUXKHErO YPOBHs 1 U BEPXHEro ypOBHS 2
ompeensercs: o6branoi popmytoit Bombimana: Ny = Nye~</*T . A renepn
mpejcTaBuM cede, 9TO HAM y/IaJ0Ch JOOUTHCs, ITOOBI HA BEPXHEM yPOBHE
qacrull, ObUIO BOJIbINE, YeM HA HUXKHEM. DKCIOHEHIMAJIbHBII MHOXUTEJb
J0JIZKeH ObITh OOJIbIIE €IMHUIIBL, U IIPOIIE BCET'O ITO TPAKTOBATH CJIEIYIO-
UM 00pPa30M: IO PACCMATPUBAEMOI CTEIIEHN CBOOOIBI CUCTEMa, HAXOIUTCS
MIpY OTPUIATEIHHON aOCOIOTHON TEMIIEPATYPE.

Takyto curyanuio ymaércs co3garb. B OJHOPOIHOM MArHWUTHOM IOJIE
HAQ MArHATHBIC JUIIONU JCHCTBYeT JIMIIb BPAILLAIONIUAI MOMEHT, KOTOPbIA
CTPEMUTCS BCE JIATION OPUEHTUPOBATH IO TOJII0. TemioBoe IBUXKeHue, Co-
yaapeHus 3a0pachIBAIOT YACTHUILI HA BEPXHUU YPOBEHb, U B pPE3yJbTaTe
YCTaHABJINBAETCS PABHOBECHOE, DOJIBIIMAHOBCKOE PACIPEE/IEHHE 110 YPOB-
HEAM.

B meogmopomHOM moJie HA AUTONMW JAEUCTBYIOT €MIE W CHJIBI, MPUIEM
HaIpaBJIeHNe CUJI 3aBUCUT OT OpWeHTaImu aunojieit. Jlumonu, opueHTupo-
BAHHBIE [0 [OJI0 U OPHEHTUPOBAHHBIE B IIPOTUBOIIOJIO2KHOM HAIIPABJIEHUH,
[IOJIy9al0T [I0-PA3HOMY HAIIPABJIEHHBIE YCKOPEHUsI, M UX MOXKHO IIPOCTDAH-
CTBEHHO pa3jesuTb. B Toil obsactu, r/ie CKaIuBaITCH YaCTUIbI, HAXO I~
IHeCs Ha BEPXHEM yPOBHE, BOZHUKAET CPea C MHBEPCHOMN 3aCe/IEHHOCTRIO,
KOTOPOH pa3yMHO MPUNKUCATH OTPUIATETHHYIO aDCOTIOTHYIO TEMIEPATYPY,
KOHEYHO, TOJIBKO I10 JIAHHOW CTEleHU CBOOOIBI.

Nmenno takum 06pa3om ObLIa CO3/IaHA AKTHUBHAS CPEIa MMEPBLIX KBAH-
TOBBIX YCHUJIUTEJIEN M3JIyIeHUusT — MA3€POB.
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B cpesie ¢ maBEepCHO# 3aCeIEHHOCTHIO HEMEIIEHHO HATUMHAETCS IIPOIECC
pelaKcaImu — COOTHOIIEHNE 3aCETEHHOCTEH yCTPEeMIIAETCS K OOIbIIMAHOB-
ckomy. Ho, Hampumep, B aroMapHOM BOJIOPOJIE COOTBETCTBYIOIIEE BPEMS
peIaKCalyul IO aTOMHBIM MaCH_ITa6aM OY€Hb BEJIMKO — TOPAIKA CEKYH-
AbI, TOTJa KaK BpeMd peJTaKCaluHn II0 HOCTyHaTe.HbHOfI SHEPIr'uM B TaKHX
noBymKax coctapager 107° + 107% ¢. Ecim B cooTBercTByfonmii 06bEM
(y10By1LIKY) BCe BpeMs LOCTYLAIOT ATOMbl B BEDXHEM COCTOSHHU, YAAETCs
MIOIEPXKUBATDH CTAMOHAPHOE COCTOSHUE C OTPUIIATEIBHON TeMIIEPaTyPoii,
MMOTYIEPKHEM €Ié pa3, TOJHKO IO ITOH CTEIMeHN CBOOOIHI.

32 MoXKHO JIM O/IHO3HAYHO OTJIMYUTH pabory oT TerioobMena?
B §4 mbr pa3obpaJsiu, YeM OT/IM9aeTcs COBEepIeHne pabOThl HAJ, CHCTEMOMI
OT MOBOJA K Hell Teriorhl. OJHAKO MPECTABISIETCS MOJE3HBIM PACCMOT-
peTh MOJPOOHEE «COMHUTEIbHBIEY CUTYAIUU.

A.KowusBexiu g PaccMOTpruM KOHBEKTHBHBIN TEIJIOOOMEH BHYTPH
COCy/Ia C TOPSYMM JTHUINEM W XOJIOJHON KPBIMIKOH. 3/1eCh HAJIO Pa3IndaTh
JIB& ACIIEKTa:

1) Hu naj auuinem, Hu Ha/ KPbLLKOI pabora He coBepiiaercs. laurie
OTIAET TEIJIO COMPUKACAIONEecda ¢ HUM mopruu ra3a. Kpbimka momydaeT
TEeIIO, KOT/Ia, 9Ta MMOPIUs ra3a BCILIBIBAET U COMPUKACAETCI C KPBIIIKOMN.

2) Cama paccmarpuBaeMasi HOPLUS a3 [PU [OJLY YEHUH TEeIIa OT JTHU-
A PACHIUPSAETCS U, 3HAYUT, COBEPIIAET IIPU ITOM HEKOTOPYIO paboTy.

BosmoxkHo, 60siee HAISIHO 9Ta JBOMCTBEHHOCTh KOHBEKIUU BU/IHA B
HECKOJIBKO MHOI MOCTAHOBKE OIbITa. AHUIIMH He cMemuBaercs ¢ Bojoil. [lo-
9TOMY MO2KHO B BOJIy [TOMECTUTb KAIJIM AHUJIMHA, ¥ OHU Oy/1yT YETKO OT/Ie-
JIEHBI OT BObI B OTJIMYWE OT HEOIPEJIEIEHHBIX «PACCMATPUBAEMBIX MOPITUi
ra3ay, KOTOPbIE TOJIHFKO MBICJIEHHO MOYKHO OT/IEJIUTH OT BCErO OCTAJBHOIO.
[InoTrHOCTH aHWIMHA PU KOMHATHON TeMmmeparype O0JbIle MIOTHOCTH BO-
JIbl, U KaILJIM CODEPYyTCs HA JIHE COCYya cO cMechio. Eciu renepb mocraBuTh
COCY/l HA IJTUTKY, B [IEPBYIO OYePE/ib HAIPEIOTCS HUXKHUE CJIOU YKUIKOCTH.
[Ipu HArpeBaHUU AHWJIMH PACIIUPSIETCS DOJIbIIE, YeM BOJA, KAIEJIbKU CTa-
HOBSITCSI JIErd€e OKPYKAIOIIEeH UX KUIKOCTH U BCIJIBIBAIOT. ¥ MMOBEPXHOCTH
OHU OXJIAXKTAIOTCS 70 TEMIIePaTyPbl OKPY2KAIOIMIEH KUIKOCTH, CHOBA, CTa-
HOBSITCSI TsI2KeJiee BOJIbL M TOHYT. TakuMm 06pa30oM, siCHO BUJIHO, YTO [IEPEHOC-
YUKW YHEPIUM — KAIlJIbKU AHWJIMHA — B X0/ KOHBEKIMH U yYaCTBYIOT B
rerioobMene, u copepiuaior pabory (u3mensercs ux 00bEM, a KpoOMe TOro,
OHU TIEPEMEIIAIOTCS B TI0JI€ CUJIbI TAXKeCTH). B TO JKe BpeMs rpaHudaliue ¢
JKUJIKOCTBIO TeJa, HAIPUMED THUINE COCYIa, IPU ITOM TOJBKO MOJIYUIAI0T
TEII0, a PADOTHI HE COBEPIIAIOT.

B.Mukpocwuctewm a. [To orHOmEHNIO K MUKPOCUCTEME TIOHATUE
«TeIJIO» TepsieT CMBICI. BCIOMHMM, MBI PACCMATPUBAJIA TEILJIOOOMEH, KaK
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CIOCOD Mepeady YHEPruu OT OJIHOIO TeJIa, K APYIOMY B XOJ€ Xa0THIEeCKOrO
obMeHa FHeprueil MexK/y COCTABJISIONMME TU TeJia MOJIeKyaaMu. TOIbKO
CTATUCTUYIECKU, B PE3yJIbTare CriiaKuBanus MIIyKTyaluil 3a c4€T rpoMas-
HOT'O YHCJIa, 3JIEMEHTAPHBIX AKTOB OOMEHA dHEeprueil Ha, MUKPOYPOBHE, IJist
MaKPOCKOITMIECKUX TEJI MOYKHO TOBOPUTH 00 OIPEIe/IEHHOM HAMPABICHUN
CYMMApHOr'O ITOTOKA HEPTUHU, O TOM, 9TO TEIJIO MEPEXOIUT OT DoJiee Harpe-
TOrO TeJla K MEHee HATPETOMY.

B.CoBokynuocTh MHUKPOCHCTeM. Ha nepsslit B3rJsg Mo-
JKeT TOKA3AThCs, YTO 3/I€Ch IOHATHE TEIIONEPEJIadn TAKXKE HEIPUMEHUMO.
OaHako, 310 HEBEpHO. PacecMoTpuM 3TOT BOIPOC € ABYX TOYEK 3PEHUs.

1) Tazokunernyeckuil noaxox («mouennb wapukosy ). Temnononsoy co-
OTBETCTBYET CTOJKHOBEHHSM MOJIEKYJI ra3a C HEMOJBHXKHBIMU CTEHKAMH.
Ho mpu sTOM CcpenHure KMHETHYECKHE SHEPTHH TeIIOBOr0, XaOTHIECKOTO
JBUKEHVMS MOJIEKYJI CTEHKH W MOJIEKYJI ra3a Pa3/JndHbl. KCau, KOHKPEeTHO,
TeMIIepaTypa CTEHOK BBIIIE TEMITEPATYPHI I'a3a, B CPEIHEM MOJIEKYJIbl ra3a
OyZIyT MpH COy/IapeHnusix IpuodbpeTarsb J0OABOUHYIO SHEPIUIO, 8 MOJIEKYJIbI
CTEHOK — TepsiTh. V8T Ternsonepeiada Or CTEHOK rady; ra3 HarpeBaercs,
a CTEHKU OXJIAXKIAIOTCH.

[Ipu coBepiiernn paboOTHI HEPEMEIIACTCS MAKPOCKOIUIECKOE TEeJI0 —
nopiesb. [Ipeanonoxkum, 00bEM yMEHbIIAETCS, TO €CTh MOPIIEHD [IBUXKET-
CsL BHYTPH COCY/IA, HABCTPEUY JIETSIIUM K HEMY MOJieKysiaM. Eciu mpu sTom
COyIapeHus MOJIEKYJI C MOPIITHEM YIIPYTue, CKOPOCTh MOJIEKYJI BCE YK€ BO3-
pacraert. 3amac sHeprun B cucreMe pactér. Korma sra sHeprust paBHOMEpPHO
PACIIPEIESIUTCS 110 BCEM CTEIEeHIM CBODOIBI MOJIEKYJI, Mbl OOHAPY2KUM 10~
BBILIEHUE TEMIIEPATYPbL Fa3a.

2) IMocsiepoBaresbHO CraTucTudecKuil 110x0/ (paciupeieseHus 0ICH-
CTeM 110 COCTOAHUSAM).

Paccmorpum omsith cucTeMy 3J€KTPOHOB B MArHUTHOM moJie. Ecjm u3-
MEHSIeTCs [10JIe, OHO coBepiaer pabory Haj cucremoii. Ilpu sarom mensiercs
pa3iudue B YHEPTUSAX IJEKTPOHOB, OPHEHTUPOBAHHBIX IO MO0 U ITPOTHUB
monsg. B cucreme MeHsieTcs SHEPTeTUYECKUiA CIIEKTD COCTOSHUIA.

Wnage obcrout memo mpu teminoodbmerne. Pa3 He meHsiercs moJje, Hen3-
MEHHBIM OCTA&TCs U CIEKTD COCTOsIHUU B cucreme. V3MeHsieTcs Ui 3ace-
JIEHHOCTBH yPOBHE, PACIIPeIeIeHIe TOICACTEM IO COCTOSHUSIM.

CoBepIleHHO AHAJOTHIHBIM 0OPA30M MOXKHO PACCMOTPETH HA MHUKPO-
YPOBHE U CHCTEMY, IPECTABJIAIONIYI0 cO00M, K MPUMEDPY, WIEATbHBIN ra3
B cocyne. Ecin sHEprus ra3a BO3pacTaeT MpU HEM3MEHHOM O0béMe — K
ra3y HOABOJUTCS TEILIO, TO MPOUCXOIUT MPOCTO [IEPEPACIPEIEIEHUE MOJIE-
KyJl 1O sd4efiKkaM B [POCTPAHCTBE MMILYJIbCOB (MJlM, YTO TO Ke Camoe, B
[IPOCTPAHCTBE CKOPOCTEN ).
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Ecnn xe npomnsBoguTcs padbora, T. €. yMEHbBIIAeTCs 00bEM COCyaa, CO-
ObITUS PAa3BUBAIOTCH HECKOJIBKO CJIO2KHEE. Y MEHbBIIIAETCs AOCTYIHBIN I10/I-
cucremam (Mouiekysiam) o6béM B kordurypauuonsom npocrpascrse. Co-
XpaHEHWE TIPEXKHEH BEJWYUHBI JOCTYITHOTO CuUCTeME 00béMa B (ha30BOM
npocrpaHcTBe (IPeXKHEro Ymc/ia s9eek) BO3MOXKHO TOJIBKO 33 CYET yBe-
JingeHusi 00bEMa B TTPOCTPAHCTBE UMITYJIHCOB, B MPOCTPAHCTBE CKOPOCTEIH.
B pacuére Ha PpuKCHpOBAHHBIN AUANA30H HEPTHUIMl UUCJIO COCTOSHHUN ITOM-
CUCTEM, YHCJIO KBAHTOBBIX S9€eK, yMeHbinaercd. Mlna4ge roBopsi, MeHsaercs
SHEPreTHYECKUil CIEKTP MOCTYHATEJbHBIX CTeleHel cBOGOIbI (TeX CaMbIX,
0 KOTOPBIX OOBIYHO MOBOPST, YTO OHU HE KBAHTYIOTCS).
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