Kocapes A.B.
NMITYJIbCHAS COCTABJIAIOIIAS B TPAKTOBKE TEMIIEPATYPbI

AHHOTALIMA
B crarbe paccMOTpeHBI BONPOCHI, CBSI3aHHBIE C MPEJCTABICHUSIMH O MEXAaHUYECKOM aHajore
temneparypsbl. [lokazaHo, 4yTO cpeaHssi KUHETUYECKasi SHEPrusl MOCTYNaTeIbHOTO ABM)KCHUS YacTHI] HE
MOXXET BBICTYNaTh B TakoM KadecTBe. OAHO3HAYHOTO MEXAHMYECKOrOo aHajora TeMIepaTrypbl He
cymecTByeT BooOmie. Pemarormiee 3HaueHWe 711 YCTAaHOBJIEHUS PABHOBECHOTO COCTOSIHUSI HMEIOT
COOTHOUIEHUSI MOAYJIEH CPETHUX UMITYJIbCOB YACTHUIL U UX Macc.

KitoueBsie cnoBa: TemriepaTypa, TEII0, TEPMOJIMHAMUYECKAsi CUCTEMa, PABHOBECHOE COCTOSIHUE,
napaMeTp COCTOSIHUS, MAaKCBEJUIOBCKOE pacIipe/iesieHUE, UMITYJIbC, DHEPTHSL.

TemmepaTypa - 3TO TO, YTO BBIPAaBHMBAETCS B IIPOILIECCE YCTAHOBJICHUS pAaBHOBECHS B
TEPMOJIMHAMHYECKON CUCTEME, T.€. XapaKTepu3yeT TEIUIOBOe paBHOBecHe Tell. [Ipuuém Tena MoryT ObITh
caMoil  pa3nu4yHOM  (U3MUECKOW  TpUpOABI:  TBEPHBIE, JKHAKWE, Ta3000pa3Hble, OJHO U
MHOTOKOMIIOHCHTHBIC, UX MOXCECT 6I>ITB caMo¢€ pasnnqﬂoe KOJIMYECTBO, OHU MOFyT HNMECTb paSHBIe O6’béMBI
u naeieHus. Ho xoryma Mexay HUMUA YCTaHOBUTCS TETUIOBOE PAaBHOBECHE, OHU OYAYT UMETh OIHY M TYXKE
Temrneparypy. Kak ycTaHOBIEHO U3 MPAaKTHUKHU B MPOIECCE YCTAHOBICHHS paBHOBECHUS, OT TeJ C OoJbIIeH
TeMIEpaTypou K TejaaM ¢ MEHbIIEH TeMIepaTypoi nepenaércs SHEPTUsl.

YCTOABHIIUECA ITPEACTABJIEHUA O MEXAHUYECKOM AHAJIOTE TEMITEPATYPHI

AHanu3 aUTepaTypsl MOKa3bIBAaET, YTO K HACTOAILIEMY BpEMEHH Haubosiee YCTOSBUIMMCS U 001
NPUHATBIM SIBIISIETCA TPEACTaBICHUE O TEMIEpAType KaK Mepe HarpeToCTH Tel, CBS3aHHOW C
MHTCHCUBHOCTBIO JIBUJKEHHUSI YaCTUI[ CUCTEMBbl. B KauecTBE MEXaHHWYECKOTO aHajora TEMIIEpaTyphbl
BBICTYNIAET CTAaTUCTUYECKH YCpPEIHEHHAs KHHETHYECKash DSHEPrus IOCTYMATEIbHOIO JBHKEHUS
XAOTUYECKH JBHKYILUXCSI MOJIEKYJI.

N3 MONEeKyIIpHO-KMHETHYECKUX NPEACTABICHUH O CTPOECHHWM BEUIECTBA JIaBJIEHHWE Ta3a
NOHMMAETCS KaK IMepefada MMIYJIbca OT XaOTHYECKHM JIBMKYILIMXCS MOJIEKYJ K CTeHKaMm cocyna. Ilpu
3TOM JUIsI UJIeANIBHOTO Ta3a 1o ¢popmyine bepHymiu numeem:

P:}énxvxmv (1)

rne: P - naBnenwe rasa ma crenku cocyma, - KOHIEHTpamusi 9acTull rasa, V- cpemHsas
HOCTYIaTENbHas CKOPOCTh Xa0THYECKH JIBMXKYLIMXCS MOJIEKYI ra3a, MV - cpeqHuit UMIYIIbC Xa0THYECKU
JBIKYIIMXCSI MOJIEKYIT, TIEpeJaBaeMblii CTEHKE MOJIEKYJION MPU COYJapeHUH.

CornacHo 3ak0Ha ABOraJpo, BBITEKAIONIEr0 U3 3aKOHA KPATHBIX COOTHOLIEHUH, IPHU OJJMHAKOBBIX
TABJICHUSIX U TEMIIEpaTypax B PaBHBIX 00hEMAX COAEPIKUTCS OJUHAKOBOE YHCIIO MOJIEKYI.

Umeem npartaza lu 2. Mpuuém B =P, u T, =T, (2)
Y4uuThIBas paBeHCTBO AaBieHu u (1) 3anumiem:

Jan xv xmy, = ¥on, xv, xmy, (3)
VYuuteBas (2) u 3akona Aorazapo (N, =N,), mocne cokpaienus noxygaem:
o2 o2
my’ _ my;
2 2

Orcroga nNpUHUMAETCs, 4YTO IIPU PABEHCTBE TEMIIEPAaTyp CPEIHHE KHHETHYECKUE DHEPIUHU
MOJIEKYJI pa3IMYHBIX Ta30B pPaBHBI MEXIy c0o00i. A ¢ y4€TOM TOro, Kak y)K€ OTMEYajoCh paHee, YTo B
MpOIIECCe YCTAHOBJICHWS PAaBHOBECHS OT Tel C OOJIbIICH TeMIlepaTypoll K TelaM C MEHbIIEH
TEMIIEpaTypod mepenaércs SHEpruss U IMPHUHATO CYUTATh, YTO BEIMYMHOW HUIPAIOIIEW B rase poJib
TEMIIEPATYPBI SBISACTCS CPEOHAS KMHETHYECKAs JHEPrusl XaOTUYECKOrO IOCTYMATENbHOIO JBHKCHUS
MoJiekyi. Ilepenada sHepruu OT ropsiero rasa K XOJOJHOMY IPOUCXOIUT 0 TEX IOp, MOKA CPeAHHE

Vv, Xmy, =V, Xm\yV, um
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KMHETHYECKUE PHEPIHH MOJIEKYJ JIBYX ra30B HE CPaBHSIOTCS, U HE HACTYIUT PABHOBECHOE COCTOSHHE,
OpyU KOTOPOM MEXJYy COBOKYMHOCTSMH YacTHIl pa3HbIX Tra30B MPOUCXOAUT OOMEH paBHBIMU
COBOKYIHBIMH JHEPrusMH U JUHAMUYECKOE PABHOBECHE COXpaHseTcs. TakoBbl MPEJCTaBICHUS Ha
CETOAHSIIHUN J€Hh O MEXaHMYEeCKOM aHaJore TeMIIepaTypbl, B KayecTBE KOTOPOTO NMPUHSATO CUUTAThH

— 2
T nmnv 2
CPEHIOI0 KHHETHYECKYIO JHEPIUI0 XAOTHYECKOro JBWKEHHs. | ~ (4). Bce Monekymsl

PaBHOBECHOW TEPMOJWHAMHYECKOW CHCTEMBI, HE3aBHCUMO OT MUX COpTa WIJIM arperaTHOrO COCTOSIHHS, B
JAaHHOW CHCTEeME HMEIOT OJMHAKOBYIO CPEIHIOI0 KHHETHYECKYI0 OJHEPruio, W DHEpPrus Mpu
CTOJIKHOBEHHUSIX YK€ HE Tmepenaércss OT YacTHI[ OIHOTO cOpTa K YacTHIaM Jpyroro. [ JIaBHBIM
JIOKA3aTeIbCTBOM JTAHHOTO BO33pEHUS sBIsETCS 3akoH ABoraapo. CoriacHO 3TOMY 3aKOHY MOJH
pa3IMYHBIX Ta30B MPU OJUHAKOBBIX JABICHUSIX U TEMIIEpaType 3aHUMAIOT OJMHAKOBBIe 00BEMBI. To ecTh
KOHI[EHTPAIIUU YaCTHI] Pa3IMYHBIX Ta30B IPHU OJUHAKOBBIX JABICHHUSX U Temrieparype paBHbl. C ydéTom
ATOTO U3 OCHOBHOTO YPaBHEHHS MOJICKYJISIPHO-KUHETUYECKON TEOPHH, CBSI3BIBAIOIIECTO JTABJICHUE Ta3a C
€ro KOHIIEHTpAIlMel U CpeHeH Xa0THUECKON CKOPOCTHIO YAaCTHII, M TIOTYYaIOT BEIBOJ O TEMIIEpaType Kak
CpeaHel KHHETHUYECKOW SHEPrHH YacTHIl, KaK IMOKa3aHO BhIME. B CBOIO odepenp 0Ka3aTeinbCTBOM
3aKOHA ABOTaJIpO CIYKUT JKCIEPUMEHTATBHO YCTAHOBJIICHHBIM 3aKOH KpaTHBIX COOTHOIICHUW. OH
TJIACHT, 4YTO OOBEMBI  YYaCTBYIONIMX B XHMHYECKHX pEAKIUSAX Ta30B COOTHOCSATCS  Kak
CTEXHOMETpUYECKHE KOIP(MUIMEHTH XUMHUYECKUX  ypaBHeHUH. [IpennpuHUMATUCh  MOMBITKH
TEOPETUYCCKH BBIBECTH JaHHOE TIPEACTaBICHHE O TEMIIEpaType, UCXOHAs W3 3aKOHOB JWHAMHKHU W
CTOJIKHOBeHUs yacTull. Tak aBTop [24] mocBATHII 3TOMY OO0JIBIION Naparpad, 0JJHaKO T0Ka3aTeIbLCTBO HE
BBITJISIAT YOCIUTENbHBIM. BHIMMO, YUUTBIBasI 3TOT OMBIT, aBTOpbI [20] BhIHECIM JaHHBINA BOTIPOC B BHIC
KOPOTKOTO PEIICHUs 33/Jaud B pasliene yrnpakHeHus. [Ipu 3TOM OHM OTKa3aluCh OT JMHAMUYECKOTO
pelIeHs 3a/1a4H, a CACTAIN YIop Ha CTATUCTHKY, HO U 3/1eCh TIOIYYHIOCh HE YOSIUTEIBHO.

UMIIVJIBCHASI TPAKTOBKA TEMIIEPATYPEHI

OcraBasicb CTPOro B paMKaX MOJEKYJISIPHO-KMHETUYECKOM TEOpPHH, BBICKAKEM HOBBIE
IIPEJICTaBICHUS 0 MEXaHUYECKOM aHAJIOre€ TEMIIEPATYPHI.

N3ydas mexaHu3M paccesiHus KOOINEPATHBHOM KHWHETMYECKOW SHEPIHU Yepe3 HELUEHTPaIbHOE
coynapenne [11, 12, 13], aBTop 0oOpaTmi BHMUMaHHE Ha TOT (PAaKT, YTO KOOIEpAaTHBHAs SHEPTus,
nepeHocuMas pe3yJbTUPYIOIIUM HUMITYJIbCOM, PAaCCEeUBAETCS B3aUMHO YPAaBHOBEUICHHBIMU HMITYJIbCAMU
(aynb-BekTOpoM). [Ipuuém 3TH B3aMMHO ypaBHOBEIICHHBIC MMITYJIbChI PABHBI BCET/a, HE 3aBUCHMO OT
Macc B3aUMOJICHCTBYIOIIMX dYacTUll. B mnpoTruBHOM ciydyae OyAeT HapylIeH 3aKOH COXPaHEHHUS
PE3YJIBTUPYIOLIETO UMITYJIbca. A B PaBHOBECHOE COCTOSHHE TEPMOIAMHAMMYECKYIO CHUCTEMY MPUBOIUT
UMEHHO 3((}EKT BBIPOKACHUS PE3YAbTUPYIOLIETO HMIYJIbCa Yepe3 HEIEHTPAIbHOE COYyIapeHHe.
XapakTepHbIM CBOICTBOM PaBHOBECHOT'O COCTOSIHUS TEPMOAMHAMHYECKON CUCTEMBI ABIISETCS PABEHCTBO
HYJIIO Pe3yJIbTUPYIOIIETO UMITYJIbCA BCEH CHCTEMBI U KXo €€ JIoKambHON obnacTu. Torma Bo3HUKAET
€CTECTBEHHBIN BOIIPOC, a TIOYEMY B COCTOSIHUM PABHOBECHUS Y PA3JIMYHBIX I'a30B PaBHbl UMEHHO CPEIHUE
KMHETUYECKUE SHEPTUN Xa0TUUECKH JIBIKYIIUXCS YACTHIL, @ HE MOAYJIH UX UMITYJIbCOB?
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Korga maccel wactuil rasza paBHBlI 3TO MOHATHO, a KOIJIA MAacChl YacTHUI[ Ta30B Pa3jW4HbI, TO
PaBEHCTBO KMHETHUYECKHMX HHEPIHil HE 03HAYAET PABEHCTBO MMIIYJIbCOB. DTO U IPHUBEIO K COMHEHHIO B
MIPAaBOMEPHOCTH OOIICTIPUHATON TPAKTOBKHM TeMIiieparypbl. KuHeTnueckas 3Heprusi nMpu CTOJIKHOBEHHUU
nepenaércesi OT OJHOM YacTHIE K JPYroil mpu o0si3aTenbHOM Iepenade UMITyiabca. B Kakyio CTOpoHY
nepefnaércs WMITYJIbC, TyAa K€ TMepefaéTcs M KUHETHYecKas »JHeprus. PaccMoTpuMm mpumepsl
CTOJIKHOBEHHS JIBYX YacCTHI] pa3HON Macchl 100 B J100 U BIOTOHKY.

[pumep-1. JTIo60BOE CTOIKHOBEHHE JABYX YaCTHIl MMEIOMUX pasinyHbie Macchl (Puc.l). Pacuér
CTOJIKHOBEHHUSI Oy/leM MPOU3BOAUTH MO 3aKOHaM aOCONIOTHO-YIMPYrOro HEHTPAIBHOTO COYAAPEHHs I10
dopmynam B3sThIM U3 [7]. DOpMysbl BBIBEICHBI M3 3aKOHOB COXPAHCHHUS SHEPIMH M HMITYJIbCa.
Hampasienne ckopocTH BIpaBo MPUHATO CO 3HAKOM ILIIOC, BJIEBO CO 3HAKOM MHHYC.

[TycTh 10 CTONKHOBEHUSA:

M = lenunuue maccer; V; = 50en. ckopoctn; M; = MV, = 50ex. ummysnsca;
E,=mVv / 2 =1250ey. sueprum.
m, =100ex. m; V, = —len. cx; M, = —100ex. umn; E,, = 50ex. 5m.

‘M ‘2 > ‘l\/l ‘1; E. > E.,. Umnynbcel cpaBamBaem Mesxay co6oii 1o Moy,

Ilocne cToIKHOBEHUS:

(m-m)y, +2my, _ (1-100[50+2(100(-])

_ =-509¢

u e 15100 Q9Cen. ck.

L= (m,—m)v, +2my, _ (100-1) [(-2) +2[1[50 _ 0009% . cx.
m, +m 100+1

rae U, u U, - ckopocTH YacTuI| OCie CTOIKHOBEHHUSI.
M, =1[(-5099) = -5099¢en.umn; M, =10000,0099= 099ex. umm.
E. =129999¢n.5n; E,, =0,004%x. >n.

W3 BpIIE NPUBEAEHHOIO BHAHO, YTO OT YAaCTHULBI CO 3HAYUTEIBHO MEHBIIECH JHEPIHEH, HO
OOJIBIIMM UMITYJIBCOM JHEpPrus Nepeaajach 4YacTHIC, MMEIOLIeH OONbLIyI0 3HEPruio, HO MEHBIIUMH
umnynsc. 1 Tak Oyner mponcxoauts 1o Bcei Macce rasza. IlogGepéMm ckopocTu 4acTul] ¢ pa3ivuyHbIMU
MaccaMd TakuM o0Opa3oM, 4TO Obl UX HMMITYJIbChl OBITM PaBHBI. B 3TO# cuTyanuu pe3yabTHPYIOIIUI
UMITYyJIbC CHUCTEMBI M3 JBYX YaCTHIl PaBEH HYINIO M COIJIACHO 3aKOHY COXPaHECHMs PE3yIbTHPYIOLIETO
MMITYJIbCA OH OCTaHETCsl PaBHBIM HYJIIO M I1OCJIE COYAAPEHUs. A 3TO 3HAYUT, YTO YACTUIIBI Pa3JIETATCS C
TEMH K€ CKOPOCTSIMH, YTO M CTOJKHYJIHCh. Hu Kakoi mepenaum sHEPruv B CHCTEME HE NPOU3OLLIO, HE
IIPOU3OIILI0O HY KAaKMX M3MEHEHUN C 4aCTULAMH, KpOME IEPEMEHBI CKOPOCTEH Ha IPOTUBOIIOJIOKHBIE.
DTO HAIIOMUHACT CUTYALMIO PABHOBECHS, €CIIU €€ PaCIIPOCTPAHUTh Ha BCIO MACCy rasa.

[Ipumep-2. Ho B ra3e BO3MOXKHBI Cllydad, KOT/Ia OT YaCTHUIIbl C MEHBIIEH dHEPrUuel U MEHBIIUM
UMITYJIbCOM, PHEPrus nepenaércs K yactuue ¢ OoJblied 3Hepruel M OOJbIIUM HMIYJIbCOM B TOJTHOM
COOTBETCTBUM C 3aKOHAMH COXpPaHEHMs MMITyJabca W sHepruu. Curyauus uzodpaxena Ha Puc.2. 3xech
YyacTula MaJOM Macchl, ¢ MEHBIIMMHU HMMIYJIbCOM W 3HEPruei, uMmes OOJIBIIYI0 CKOPOCTb, JOTOHSET
TSOKETYIO YacTHUILY, 00JIaAaI0NTy0 OOIBIIUM UMITYJIECOM M OoJbIneit sHeprueil. [TycTh 10 cTOTKHOBEHUS:

m =1en m; V, = 2en. ck; M, = 2en. umn; E; = 2en. o
m, =10Cen. m; \, =1 en. cx; M, =10Cen. umn; E, =50en. 5m.

MoxHO mpoBecTH pacyéT coylapeHus mo ¢opmynaM, NPUBEAEHHBIM B mpumepe-1, ¢ yuérom
OJIMHAKOBOI'O HampaBlIeHUs cKopocTed yactull. Pacu€rel Takue npooauiaucsk. Ho u 6e3 pacuéra sicHo,
YTO yacTula-1 mocjuae coylapeHus ¢ YacTHICH-2 WM OTIETUT B OOpPAaTHYIO CTOPOHY MM OYZeT JIETeTh B
TOM € HaIllpaBJIEHHUHU, HO C MEHBIIIEH, YeM YacCTHIA-2 CKOPOCThIO. A 3HAYUT, B COOTBETCTBUHU C 3aKOHAMU
COXpaHEHMsI MMITyJbCa M DHEPrUM OHA TMepelacT HUMIIYJIbC W HSHEPrHi0 YacTHlle-2, UMeoleil a0
CTOJIKHOBEHUS OOJIbIINE UMITYJIBC U SHEPTHIO.



Bcé aT0 BMecTe M IpHBENIO aBTOpa K MBICIH, YTO B KaUECTBE MEpHJIa TEMIEPATYPHI BBICTYIAET
MOJyJIb CPETHEr0 UMITYJIbCA XA0THYECKH BHKYIIUXCSI MOJIEKYJI.

B xauectBe 000CHOBaHUS TPHHATOM paboyeil TUIMOTE3bl MPOBEAEM TAaKOW MBICICHHBIN
sKcrepuMeHT. IlycTe mmMeeM TEpMOAMHAMMYECKYI0 CHCTEMY, COCTOSLIYIO M3 JBYX T'a30B C Pa3HBIMHU
maccamu yactull. KonndecTBa yacTuil o000ux ra3oB B cucteMe paBHbl. CHCTEMa HaXOAUTCS B COCTOSIHUU
paBHOBecHus. COINacHO CTAaTUCTHYECKOW MEXaHMKe JII000€ MAKpO COCTOSHHUE CHUCTEMbI, B TOM UYHUCIE U
paBHOBECHOE, pealn3yercs OCECUMCICHHBIM  KOJMYECTBOM MHKpo cocTtosHuil. [lpuuém  Bce
MHUKPOCOCTOSIHUS, COIVIACHO IPrOJUYECKON TMIIOTEe3€, PaBHOBEPOATHBI, JHIIL ObI OHU COOTBETCTBOBAIIU
napameTpaM Makpo cocrosHud. IIpeamnonoxxum cienyroiiee paBHOBECHOE MHMKPOCOCTOSHUE JAHHOU
MaKpPOCHCTEMBI:

1) Yactuiipl paBHOMEPHO pacipeesIeHbl 10 BceMy 00bEMY.

2) CTONKHOBEHHE B JIAHHBIT MOMEHT IPOMCXOAUT TOJIBKO MEXIY YacTHIAMH DPa3HBIX Tra30B.
Haubonee MemieHHas 4acTuila OJHOTO raza CTAJIKMBAaeTCs ¢ Hawboyiee MEAJICHHOW YacTUIIeH APYroro
raza. CtonkHOBeHHE T0O0BOE. U masnee 1o BO3pacTaroIiel CKOPOCTH 10 CaMbIX OBICTPBIX YacTuil. YToObI
BCE YACTHIBI 1O BCeMY OOBEMY CTOJIKHYJIUCh OJHOBPEMEHHO, MPEANOI0KUM COOTBETCTBYIOIINE
paccTOSIHUA MEXy YacTUL[AMU. Y MEAJICHHBIX OHO HEOOJIbIIOE, Y OBICTPBIX OOJIBILIOE.

3) B cuny toro, uTo Temmeparypa MOJCHCTEM KaKIOTO ra3a OIMHAKOBA, MyCTh KHMHETHYECKUE
SHEPrMM 4YacTUI[ B KaKAOH CTAJIKUBAIOLIEHCS Hape paBHbI MEXIYy co0O0H, Kak NPUHATO CUYUTATh B
IPUHSTON TPAKTOBKE TEMIIEPATYPHI.

CornacHo 3proanveckoi rMnoTes3e, JaHHOE MHKPOCOCTOSHUE PAaBHOBEPOATHO JIIOOOMY JIpYromMy
MUKPOCOCTOSIHMIO JTaHHOTO PAaBHOBECHOIO COCTOsSIHMA. B paccmarpuBaeMoON CHUTyalud 4YacCTHULBI,
uMeroIue 0oJblly0 Maccy, OyAyT UMeThb M OOJNbIIMI HUMIYNbC, YEM YaCTHUIBl C MEHBIIEH MacCOM.
Hcexons 3 pacCMOTPEHHBIX BbIIIE IPUMEPOB, B PE3YJIbTaTe COYAAPEHUS MEKIY YaCTULAMU B 3alaHHOM
MHUKPOCOCTOSIHUY 3HEprus OyAeT mneperaHa OT 4acTHIl ¢ OOJIbIINM MMITYJIbCOM K YaCTUIAM C MEHBIIHNM.
B pesynbprare Oyner MMeTh MECTO HampaBiICHHAs Nepefaya SHEPrUU OT OJHOM MOACHUCTEMBI K IPYroi.
OpuH ra3 oxjaauTcs, Ipyroil Harpeercs, 4ero He MOXKET ObITh B PAaBHOBECHOM COCTOsiHMM. HampoTus
€CJIM TPEIIOJI0KUTh PABEHCTBO MMITYJBCOB CTAJKMBAIOIIMXCS YacTHL, TO B PE3YJIbTaTe COYIapeHHUs
YaCTHULBI PA3JIETATCS C TEMU K€ CKOPOCTSMH, YTO U CTOJKHYJIWCh U HM KaKOW HAIPABJICHHOW Ieperadu
SHEpPruu He Mpon3ouAET. CucTemMa ocTaHeTCs B paBHOBECHOM COCTOSTHHM. TakuM 00pazoM MpoBeIEHHBII
MBICJICHHBIN DKCIIEPUMEHT TaK)Ke MOATBEPKIACT MIPEAIONIOKEHUE O UMITYJIbCHON IIPUPOJIE TEMIIEPATYPBHI:

T ~|mv| (5)
I[JBI MOATBCPIKACHUA IMPABUIBHOCTU CACIIAaHHBIX BBIBOIOB HCOGXOZ[I/IMO MMPOBECTU SKCICPUMCHT
pEaJIbHBIM.

[IEPBBII1 DKCIIEPUMEHT
BroBp paccmorpum Beipaxkenus (2) u (3) u 3akoH ABoraapo. Eciam ucxoauTh M3 3aKoHA

Asorazpo, T.e. Ny =N, To ynenbpHbIC Beca pa3IUyYHBIX ra30B B COCTOSHUHU (2) OYAyT OTHOCHUTHCS Kak
COOTHOIIICHUE ATOMHBIX BECOB YaCTHII [a30B:

&:ml[jhlzml
p, myh, m,

UMITYJIbCOB Pa3jMYHBIX T'a30B B COCTOSIHUM TEMIIEpaTypHOro paBHoBecus, To u3 (2) u (3), ¢ yuérom

(6). Eciu mpusHath cripaBeaauBeiM (5), T.e. paBEeHCTBO CPEeIHUX MOJYJIEH

o o n Y, o v, _m
mv, = MV, , nomygaem: M, XV, =N, XV, u — = — ,Houz MV, =MV, cnenyer, yto — —
n, v Vi m
n _m
n— = E (7). Y3 mocnenHero cieayer, 4To eClid B KaueCcTBE Mepuiia TeMiepatypsl npuuath (5), To
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TsDKENBIN Ta3 TOIDKEH MMETh 0oJiee BBICOKYIO KOHIIEHTPALMIO ISl CO3JaHUS paBHOTO AaBieHus. [Ipu
PaBEHCTBE CPEHUX MMITYJIbCOB OoJiee TsHKENBIN Ta3 NBIXKETCS MEIJICHHEE W JIJIs TIepeladyd CTEHKE TOTO
K€ CYMMapHOTO HUMITYNIbCa, YTO M JIETKUW Ta3, OH JIOJDKEH HMETh OOJBIIYI0 KOHIEHTPAIUIO, B



COOTHOIIICHUH, ompenenseMoM u3 (7). YMmHoxkuM o00e uactu paBeHctBa (7) Ha —__ . [lomyuum

2
nm_m.m p_nf U
= 1507051 ——> (8). IlepBblif DSKCHEPUMEHT 3aKIOUAICS B MPOBEPKE
n m m m P, M

npaBuwibHOCTH (6) miu (8). HeoOxommumo OBLIO H3MEPUTH BEC OJMHAKOBBIX 00BEMOB Pa3IMYHBIX I'a30B,
HAXOJSIIUXCS MPU OJAMHAKOBBIX TEMIIEpaTypax U JNaBICHUSIX. 3aT€M CPaBHUTH COOTHOIICHHE HX BECOB C
(6) u (8). beuto mpoBemeHo aBa ombita. OmnbiTel mpoBoawanch B 1981 rogy ma Caxmapckoii
teroanekTpoueHtpanu (TOL) B r. OpenOypre, rae aBTop B TOo Bpems padoran. Ha TOLl umencs ra3
BOZI0pO ¢ YucTOTON 98%, KOTOPHINM MCITONB30BAJICS I OXJIAXKICHUS 0OOMOTOK reHepaTopa, HMeEJICs ra3
a3oT ¢ yuctoTod 99%, KOTOPHI HCHONB30BANCSA JUIS BBITECHEHHsI BOJOpOJAA Ha Ciydaid peMOHTa
reHepaTopa, HMellach M pamma ¢ OalJIoHaMH TEXHHYECKOro yriekuciaoro rasa. BspemmBanue
MPOU3BOIWIOCH B XUMHUUYECKO nmaboparopun TILl, rie uMenuch 1abopaTopHbIE BECHI C TOYHOCTBIO 10
0,0Irpamma u ananutudeckue Bechbl ¢ TodHOCThIO 70 00,0001 rpamma. ATMmochepHoe HaBlICHHWE U
TEeMIepaTypa BO3lyXxa B JTaOOPATOpPHH 3aMEPSUTUCh C TTIOMOIIBIO OapoMeTpa U PTYTHOTO TepMomerpa. B
TIEPBOM OITIBITE MCIIOIH30BaTIaCh CTEKISTHHAS K010a 00bEMOM 357 MIJITUIIMTPOB ¢ PE3MHOBOW MPOOKOIA,
MMEBIICH BITYCKHOE W BBITYCKHOE OTBEPCTHs. BIyCKHOE W BBITYCKHOE OTBEPCTUS HEOOXOMUMBI IS
XOopolel MPOAyBKM COCyAa A0 IOJHOTO BBITECHEHMsI BO3yXa, C IEJbI0 IMOJy4YeHUS MaKCHUMAaJbHO
yucTO mpoObl. B3BemmBaHue NPOM3BOAMIOCH Ha JIAOOpaTOpHBIX Becax. Bo BTOpoM ormbiTe
WCITOJTB30BAJICS MMHUKHOMETP, CHENUadbHbIH cocyn o0bémMoM 251,7 MUUIHIIMTPOB, KOTOPBIA B
naboparopun MPUMEHSIICS I ONpPEEICHHs YISIbHOTO Beca MPUPOTHOTO Tasa, cxkuraemoro Ha TOLI.
Bo BTOpoM ombiTe B3BELIMBAaHWE NPOU3BOAMIOCH HAa aHAIMTUYECKUX Becax. [locie TmiarenbHOM
MPOJYBKU U TIOCTEAYIOMIETO HAMOJIHEHUS, ¢ HEOOJBIIUM HM30BITOYHBIM JABICHHUEM, COCYHA C TOPIHEH
U3MEPSIEMOr0 Ta3a BBIIEPKUBAJICS B JAOOpaTOpuH AJis BBIPABHUBAHUS TEMIIEPAaTyphl C BO3IyXOM
naboparopuu. 3aTeM KpaTKOBPEMEHHO OTKPBIBAJIOCH BBIITYCKHOE OTBEPCTHUE COCYJA JJisi BHIPABHUBAHHUS
naBiieHus B cocyzae ¢ armocdepubsiM. [loce aTux mponeayp nmpou3BOAMWIOCH B3BeUIMBaHue poOsl. [Tpu
MPOBEJICHUHN B3BEIIMBAaHUs BCTana MpobiemMa ydéra MOABEMHON CHIIBI ApXHMena, OKa3bIBaeMYIO
BO3JyXOM Ha B3BelIMBaeMblil cocyn. Eciam Obl B3BemIMBaHUE MpPO-  HU3BOAMIOCH IOJ BAaKyyMHBIM
KOJITIAKOM, TO IIPOoOJIeMbl He BO3HHUKIIO Obl. BHauane Hy»KHO B3BECUTh COCYJ] C Ta30M, 3aT€M IYCTOM COCY[T
U pa3HOCTh MEXIy B3BELIMBaHUAMHU Jaia Obl Bec rasa. Ilpu B3BemmBanum xe B arMocdepe cocyaa
HAIOJIHEHHOTO Ta3oM, NOJbEMHAs CWia JEHCTBYET Ha BeCh 3aKyNoOpeHHBIH 00b&M cocyna. Ilpu
B3BEIIMBAHUU cOCyJa 0e3 rasa, HO 3alOJHEHHOI'O BO3AYyXOM, MOABbEMHAsS CHJIa NEHCTBYET TOJIBKO Ha
00BEM CTEeKJIa CTEHOK cocyna. Brixon ObUT HalICH B OMPENEIICHUH PAa3HOCTH BECOB PA3IMYHBIX T'a30B,
KOTOPBIMH TOOYEPEAHO 3alOJIHAJCS OAMH U TOT XK€ cocyl. B mepBoMm ombiTe Koiba, BO BTOPOM
NUKHOMETp. Tak Kak Mpu KakIOM B3BEHIMBAaHMHM BEC CTEKJIA CaMOT0 COCyla W TOIBbEMHAS CHIIA,
JeiCTByIONIAsl Ha 3aKYNOPEHHBIN COCyJ C JIOOBIM ra3oM OJHA M Ta *e, TO MPHU ONpeAeIEHUN Pa3HOCTH
3aMEepEHHBIX BECOB Ta30B BEC CTEKJAa COCyAa M TMOABEMHAS CHJIa B3aMMHO BBIYMTANUCH. lomydanach

YKCTask Pa3HOCTh BECOB ra30B MCCIIEIYEMBIX I'a30B. ZG =G, ¥ G, oow ~ Frovsomas (9), rIE: ZG -

BEJIMYMHA TIOJTydaeMasi Tpu B3BemuBaHuu. M3 (9) BUIAHO, YTO Pa3sHOCTh BEIWYMH, MOJYYCHHBIX MPH
B3BCIIMBAHUU Pa3HBIX ra30B PaBHA Pa3HOCTH BECOB CaMKX ra3oB. B manbHeiieM OymeM OmepHUpoBaTh C
OTHOIICHUSIMHA Pa3HOCTEH BECOB, IMOJyUYECHHBIX M3 OIBITA C OTHOIICHUSAMH PAa3HOCTEH BECOB, MOJIYIEHHBIX
u3 (6) u (8). Pe3ynbTaThl ONBITHBIX 3aMEPOB CBE/ICHBI B Ta0OIHITy-1.

G —_
<% "2 (10) u3 onsira (taGuuua-1), u3 (6), (8) u cpaBHUM Mexny

Gy, — Gy,
coboii. Benwunna (10) momydeHHass W3 JaHHBIX IIEPBOrO W BTOpOro omeita paBHa 1,683 u 1,669
coorBeTcTBeHHO. Benmuuna (10) paccumranHas u3 ycnoBusi (6), MOTyd4eHHOrO W3 3akoHa ABOTajpo,
paBHa 1,615. Benmnunna (10) paccuurannas u3 yciaoBus (8), BBITEKAIONIET0 M3 MPUHATON pabodeit
TUNOTe3bl, paBHa 2,477.

Haiiném Benmuumny A =



TABJIMIIA-1

Jara Bapomer- | Temmnepa- ZG B rpaMMax
NMpPOBEe/IEHUSI | PHUYECKOe Tyopa co, N, H,

onpITa JAaBJICHHE B °C.

MM.pT.cCT. yrjleK-Ta a3or BOJ0OPO

21.10.8%. 757 20,4 164,205 164,0 163,7
onbIT Nel
24.11.8%. 744 21,4 112,6795 112,4722 112,1622
onbIT Ne2

Taxkum 00pa3oM, SKCIEPUMEHT, YOSTUTEIHHO MOKA3hIBAeT B MOJIb3Y 3aKOHAa ABOraapo. Xors oba
OIBITA W JIAIOT NMPUMEPHO OAWHAKOBOE, XOTSA M HE 3HAYMTEIbHOE OTKJIOHEHHE OT 3aKOHAa ABOTa/ipo B
NOJIb3Y MPHUHATON rumotessl. IlonbpiTka yuecTh B pacuérax MpUMECH, KOTOPbIE YCPEAHSIOT CUTYAIUI0 U
COOTBETCTBEHHO [ICHCTBYIOT B TOJNB3Yy 3aKOHAa ABOrajpo, HE Jalll CKOJBKO-HHOYIb OIIYTHMBIX
pe3yabTaToB. BeTan Bompoc o nmpuunHe, KOTOpasi B COCTOSHUM PaBHOBECHS B TOPa3/io OOJbIICH CTENeHH
yCpEeOHseT KHHETUYECKYI0 SHEPrui0 XaOTHYECKH JBIIKYIIMXCS YacTHI[ Pa3IWYHBIX Ta30B, HEKEIN
MOJYJIM WX HMIYJIbCOB. XOTS PAaBEHCTBA MMIIYJILCOB Bpoie OBl TpeOYIOT 3aKOHBI JHHAMHUKHU.
[omyuaercs, 4To pemiaroniee BIMSHHE Ha BHIPABHUBAHME MEXAHWYECKUX XapaKTEPUCTUK Ta30B MMEET
CTOJIKHOBEHHUE BJIOTOHKY (IpuMep pacuéra - 2), Ipu KOTOPOM OT Oojee JIETKHX U, CTalo ObITh, Ooliee
OBICTPBIX YaCTHIl JHEPrusl mepenacrcsl MoAcucTeMe Oojiee TSHKENBIX YAaCTHIl, YTO M IPHUBOIUT K
BBIPABHUBAHUIO UX CPETHUX KHHETUYECKUX SHEPTHil.

Heo6xoaumMo ObLTO HAWTH HOBBIE MOAXOBI K PEHICHUIO MPOOJIeMbl (U3MUYECKON MHTEPIIPETAIIUN
TEMIIePaTypHl.

MOJIEJIMPOBAHUE PABHOBECHOI'O COCTOSHUSA UCXOAA N3 PACIIPEJEJIEHUA
MAKCBEJUIA C LEJIBIO BBISIBJIEHUA MEXAHUYECKOI'O AHAJIOI'A TEMIIEPATYPbBI
Pe3ynbraThl ONBITOB BCTyMald B SBHOE MPOTUBOpPEYHE C paboyeil TUIOTE30H O MPHUpPOJe
Temreparypbl. Toraa aBTopoM Oblia cleslaHa MONBITKA BBISICHUTh MEXaHMUYECKUI aHaJIor TeMIepaTypbl
yepe3 MakcBeI0BCKOE pacipeiesieHUe M0 CKOPOCTSIM.
I"a3 B cocTossHnmM PAaBHOBCCHUA MOAYHUHACTCA paClIpCACICHUTO Makcsenna:

dN _ 4 (m)”? m’
Nv 77\ 2kT

2 3 2kT
e = (1), [8]
rae: N-oOmiee KOMMYECTBO 4YacTHIl ras3a, |-TeMIeparypa ra3a B COCTOSHUHM paBHOBecHs, K-
IIOCTOJAHHAaA EOJIBI_IMaHa, m -macca qacTul rasa, V - CKOpOCTb YqacTull rasa, dN -YHUCJO 4YaCTUIl CKOpOCTI/I

KOTOPBIX Jiexkat B uHTepBaie ot V o V+ dv.

Ilycte maHbl nBa rasa C pasjIMYHBIMM MaccaMH 4YacTHL], KOTOpPBIE HAXOAATCS B PABHOBECHOM
COCTOSIHMM U UMEIOT OJMHAKOBYIO TeMIlepaTypy. Eciu aBa Takux rasa npuBeCTU B COIIPUKOCHOBEHUE, TO
IOpU B3aUMOJICHCTBUM MEXAY YacTHIIAMU pa3HbIX TIa30B OyAeT NIPOMCXOJUTh OOMEH paBHBIMHU
KOJIMYECTBAMU KHUHETUYECKOM DJHEPIMM U paBHOBecue He Hapymurcsa. IlpoBeném 4uCieHHBIN
9KcriepuMeHT. [Ipon3BenéM pas3iioKeHHe Mo CKOpocTsM B cooTBeTcTBUH ¢ (11) wacTuil IBYX Ta3oB C
pa3M4HBIMU Maccamu 4yactull. [Ipuuém pasiokeHue mpousBeaéM IBosiko. B mepBom ciydae B (11) B
Ka4yecTBE TEMIIEpaTyphbl MOJCTaBUM paBHBIE CPEIHUE KUHETUYECKHUE SHEPrUM 000MX ra3oB, a BO BTOPOM
Clly4ae KMHETUYECKUE SHEPTUM COOTBETCTBYIOIINE PABHBIM CPEJHUM MOYJISIM UMITYJIbCOB Pa3HBIX ra30B

_|md*
2m

B cOOTBETCTBHMH ¢ dopmyrnoi: E¢ = . To ectb Bo BTOpOM ciiydae ansi Oonee TsSKETOro rasa

KHHEeTHYeCKasi SHeprusi B pasnoxenud (11) Oymer mmerh MeHbINy0 BeauuuHy. Jlanee mpousBenéMm mo
3aKOHaM a0COJIIOTHO-YIIPYTOr0 COYJapeHUs] CTOJIKHOBEHHE YaCTUI[ MEXAY pPAa3JIMYHBIMH Ta3aMu 110
NEPBOMY W BTOPOMY ciy4aio. TOT ciydail, Ipu KOTOPOM He OyaeT HabOIoaaThCsi OJAHOCTOPOHHSS
nepeaaya HEPruu OT OAHOTO Ta3a K Jpyromy, a OyAeT MpOUCXOAUTh OOMEH paBHBIMU SHEPTHSIMH, HE
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U3MEHSIONIMMHU COBOKYITHBIE SHEPTUU KaXJIOTo ras3a, U OyAeT COOTBETCTBOBATH PABEHCTBY TEMIIEPATY.
A 3TO O3BOJIUT IIOHATH, YTO BBICTYNAET B KAYECTBE MEPUIIA TEMIIEPATYPBI.
JInst npoBeIeHUsT YMCIIeHHBIX pacuéroB, nepenuineM (11) B KOHEUHBIX MPHUPALICHUSX H C YIETOM

1 _

_ _2
TOTO0, YTO KT = 5 MV~ rtne V - cpemnekBaapaTuaHasi CKOPOCTb.

32 _3mv?
A|\||\I ) J4_ zér:vz V" e 2" [V (12)
s

®opmyna (12) maét Ham 10110 YacTHIl OT 06Iero yncna gactuir N, CKOpoCTH KOTOPBIX JIEXkKAT B

npenenax or V go V+ AV . Ecain AN MIPUHSTH PABHOW €IMHULIE (AN = 1), TO, 3aJ1aBasl DTOU YaCTHIIE
ckopocTh V, TOTy4uM st 3Toi vacTuibl u3 (12) AV, 1o ectp uHtepsaiz or V go V+ AV B KOTOPOM

MOKET HaXOIUTHCS AaHHas JacTuia. ECIu 1yt epBoil 4acTHIlBI 33]1aTh MUHUMAIIbHYIO CKOPOCTh V), TO
3 (12) mpn AN =1 moxno naiit AV, . JTns Bropoit wactrmer npuaumaem V, =V, + AV, u tak nanee.
Jlnst N -oit wactumsr Vy = Vy_; T AVy_;. Takum 06pa3oM Mbl BBYHCINM CKOPOCTH Bcex N wacTwi,

— 2
OTBEUAIONIME JIAHHON CpeIHed KUHETUYECKON SHEpPruyd YacTHIl EK = v 2 M PaCTIpe/IeNIeHHIO

Makcgemna. IlpuuéM HeoOX0IMMO TPOBEPUTH BBHIMOJIHEHUE YCIOBHS 3aKOHA COXPAHEHHS! SHEPIUU:

Ny mv? mv?
Z = Nx , TIE

= 2 2 2
(12). IIpwu pa3inokeHuH COBOKYITHOCTH YaCTHIL IT0 CKOPOCTSIM B COOTBETCTBUH C (11), He0OX0AUMO yUeCTh
0COOCHHOCTh 3KCIIOHCHIUAIBbHOW 3aBHCHMOCTH. OHA COCTOMT B TOM, 4To eciu B (12) mis mepBoit
YacTULIBI 33]]aTh OYEHb MAIIYI0 CKOPOCTh, TO MIPHUPAIICHUE ISl CKOPOCTU OyJeT HACTOIBKO OOJBIINM, UYTO
CKOPOCTh BTOPOH 4acTHIlbl OynaeT (usmdecku He mpuemiema. [ BpIOOpa CKOPOCTH MEPBOM YACTHUIIBI
OBLIM MPUMEHEHBI CIIETYIOIINE KPUTEPUU:
1) V;>Av;; 2)v; +Av, =min  (13).

Tenepp 3agaBasi KOJIMYECTBO YACTHUL], MAcCy YacTUIl ‘Ta3za’, TEMIEpPATypy U yUYUTBIBAasl KPUTEPHUH
(13), MOXHO pa3JIOKUTh 3aJAHHYI0 COBOKYITHOCTh 4YaCTHI[ IO CKOPOCTSIM B COOTBETCTBHH C
pacnpenenenneM MaxkcBemna. B pacuérax xonmndectBo yactuil npuHUManoch oT 200 TeICSY 10 MUJUTHOHA
mrt. VMes JBe COBOKYNHOCTH pa3JIMYHBIX IO Macce YacTUIl Ta30B, MPOU3BOAUM MEXIYy HHUMHU
CTOJIKHOBEHHE 10 (opmyiaaMm u3 [7], ucmonb3oBaHHBIM paHee. IIporecc pacdyéra CTOJNKHOBEHUH OBLI
OpraHHU30BaH CIEAYIOIIMM 00pazoM. ['eHepaTopoM ciaydyailHBIX YMceN U3 KaKIOro MaccHBa BHIOMPANIOCH
MO0 YacTUIle M MEXIy HHUMH IPOU3BOJIWIOCH CTONKHOBeHHE. llocie 3TOro 4YacTuilbl ¢ HOBBIMH
CKOPOCTSIMH BO3BpalllaJIICh Ha CBOM MeCTa B MAacCHBBI. Tak MPOU3BOAMIOCH MO HECKOJBKO JECSTKOB
Teicsid cronkHOBeHHH. OT 20 Thicsy 10 100 ThIcSY. [locime 3TOro B KaKJOM MacCHBE BBIYHCIISIACH
cpenusis sHeprus. [lo aToil cpeaHell sHEPruM MPOU3BOAUIOCH HOBOE PACIpeeNieHUE MO CKOPOCTSIM B
cootBeTcTBUH ¢ hopmyioii (12). 1 BcE moBTOpsioch cHOBA. [Ipu 3TOM ObLITIO BUHO Ha KaXKJOM 3Tarie, OT
KaKoro raza K Kakomy Iepenaércsi sHeprusi 1 B KakoM KoiuudecTBe. IIpomecc pacuéra mpekparanics,
KOTJla MpeKpaIiancs OJHOHAIMPABICHHBIN MPOIECC Mepelayd SHEPruu OT OJHOTO raza K JAPYromy, uTo
TOBOPHJIO 00 yCTaHOBJIIEHHM paBHOBECHs, 00 0OMEHE paBHBIMHU KOJIMYECTBAMHU IHEPIHH MEXKIY razaMu.
[Ipu >TOM KOHTpOJIMPOBANACh CyMMapHasi 3Heprust 00oux razoB. OHa TOJDKHA OCTaBaThCS HEU3MEHHOM.
W3-3a nepexona ot auddepeHnnanoB K KOHEYHbIM Pa3HOCTSIM U OTHOCUTEIFHO Majoro 4ucia YacTHI] B
MacCHBaxX, B pacueTax BO3HHUKAIM HE3HAYMTEIbHBIC IOTPEITHOCTH, KOTOpBIC, Ha KaXIOM JTare
pa3ioKeHusT MO CKOPOCTSIM, MPHUBOJMWINCH B COOTBETCTBHE C 3aKOHOM COXpPAHEHHS SHEPruu.
PaccmarpuBanuce u pa3nuuHble BapUaHThl CTOJIKHOBEHUN. B CBA3M ¢ 3TUM OTMETUM J1Ba MOMEHTa. Bo-
NEPBBIX, CTOJIKHOBEHHS B JIOO MPOUCXOIAT B Ta3e yalle, YeM CTOJKHOBEHUS BAOTOHKY. CTOJIKHOBEHHUS
YacTHIl 3aBUCAT OT WX KOHIIEHTPALIMM U CPEAHHUX CKOPOCTEeH ABIKeHUs. OTHOCHTENTbHAs CKOPOCTH
coyaapeHus B JI00, paBHasg CyMMe CKOpPOCTEH, OOJIbIIIe OTHOCUTEIBHOM CKOPOCTH COYIapeHUs BIOTOHKY,
PaBHYIO Pa3HOCTH cKopocTedl. OTCIofa M OTHOIICHHE YHUCIIa COYNAapeHUi B JOO K YUCIYy COyAapeHUH

- CpelHss KMHETHYEeCKas SHeprus 4acTHll, IpUHUMaemas B (opmyIe
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BJIOTOHKY IIPONOPLUOHAIBHO OTHOILIEHUIO CYMM CPEIHHUX CKOPOCTEH K MX pasHocTH. IIpu pacuérax c
y4€TOM CTOJIKHOBEHUH BJOTOHKY IHNPHHHMMAIOCh, YTO YMCJIO CTOJIKHOBEHHMH B 5100 Oojblle 4ucia
_uty,

CTOJIKHOBEHHUI BJOTOHKY Ha KO3(QHIIHEHT 0= . IIpocUnTHIBAIMCH TAaKXKE BApUAHTHI, KOIJA

1™V

CTOJIKHOBEHHE pacCMaTpUBAJIOCh HELEHTPAJIbHBIM, T.K. BEPOSITHOCTh LEHTPAIBHOIO COYIapeHHUs B
YHCTOM BHJE B CTaTUCTUYECKON CHCTEME paBHA HYJO. YTJIbI ISl KaXKJOTO CTOJIKHOBEHUS BBIOMPAINCH
TE€HEPATOPOM CIIydyalHBIX YMCell. B 3aBUCMMOCTH OT YIJIOB UMITYJILCBI YACTHUI] PA3JIarajiiCh Ha UMITYJIbCHI
y4acTBYIOUIME B ILCHTPAJIBHOM COYAAPEHWH, II0 KOTOPBIM M PpacCUMUTBHIBAIOCh COYAApEHUE U
NEPIEHIUKYJIAPHbIE UM COCTAaBJISIIOLIME HMITYJIBCOB, KOTOPHIE B IIPOLIECCE COYAAPEHUS OCTaBAIMChH
HEeU3MEHHbIMM. MMIynbec mocine CcOoynapeHHs HaxOOWICsS TIe€OMETPUYECKMM CIOKEHHEM BHOBb
MIOJIY4YEHHOM COCTABJIAIOLIEH U3 LEHTPAJIbHOIO COyIapeHUs U HEU3MEHHOW COCTABIIAIOLIEH YacThlbl. M3
9TOT'0 MMITYJIbCA HAXOAWIACH CKOPOCTh M DHEPTUS YACTULBI ITOCIIE CTOJKHOBEHUS.

B pesynbrare aHanusa Bceil COBOKYITHOCTH pacueTOB BBIBMIIACH YETKAsl 3aBUCUMOCTb PE3yJIbTaTa
OT COOTHOLICHMSI MacC 4acTHIl Ta30B. B cOCTOSHMU paBHOBECHS YHEPrUM YACTHUIl PA3JIUYHBIX I'a30B HE
OJIMHAKOBBI. YeM TshKenee ra3, TEM MEHbIIE €ro CPeIHssl KMHETHYeCKash SHEPrusl 4acTUIl U HAo0OpOT
OosblIe CpeTHUI MOYJIb UMITYJIbCA YACTHIL.

W3 pacueToB MOYKHO CIENaTh BBIBOJ, YTO B COCTOSIHUM PaBHOBECHUS PA3JIMYHBIE I'a3bl HE UMEIOT HU
KAKMX PAaBHBIX MEXAaHMYECKMX XapaKTEPUCTUK, HU CPEOHMX KHUHETHMYECKHX DHEPrui, HU CPEIHUX
MOJyJe UMIYIbCOB. MOXHO TOBOPHUTH JHIIL 00 paBHOM OOMEHE MOPILUSAMH YHEPTUU C YYETOM
Guyxryanuil. IIpudém 5TH nmopuum pasindHbl MEXy pPa3HbIMU MOACUCTEMAMU CMECH I'a3a U 3aBUCAT OT
pa3MepoB U IapaMETPOB CUCTEMBI U MIOJICUCTEM.

Pesynbrarel pacu€éToB moka3zanel Ha Puc.3. Ha Puc.3 oTHomeHus mMacc B3amMOJIEHCTBYIOIIMX
yactul] u3MeHsercs B mpeaenax or 1 go 200, yTto coOTBETCTBYeT peaibHbIM razam. CpemHss
KMHETHYECKasl SHEPrusl U CPEeIHMI MOJYJb MMIIYJIbCa YAacTHUIl ra3a ¢ Maccod 1 en. macchl MPUHATH Ha
rpadpuke 3a EOUHUIY M M300paXEeHBl >KUPHOW NUHHMEW ¢ opauHaToi eauHuna. Ha ocu aGcumcc
0003HaueHbl OTHOIIEHHUS Macc ra3oB, ¢ KOTOPBIMH PACCUUTBHIBAJIOCH COCTOSHHME PAaBHOBECUS C Ta3oM
eMMHIUYHON Macchl. [Io ocH OpIUHAT OTJIOKEHBI 3HAUCHHS OTHOIICHHS CPEIHMX MMITYJIbCOB (BEPXHSSA
JMHHSA) W OTHOUICHHE CPEJHUX KHHETUYCCKHX OHEpruil (HWKHSS JHMHUS) TSDKEIOro rasa K rasy
€MHUYHOM MacCChl B COCTOSHMM DaBHOBeCHUs. Pacu€rbl Iokasanau, 4TO C POCTOM COOTHOILECHMS Mace
CpeIHUE UMITYJIbChl YaCTHI] TSDKEIOTO ra3a B COCTOSHHU PaBHOBECHS PACTYT, a CPEJHUE KNHETUYECKHE
SHEPTUU YMEHBILIAIOTCS B CPABHEHUU C aHAJIOTUYHBIMHM XapaKTEPUCTHKAMHU €AMHUYHOTO raza. O6paTtum
BHUMaHHUE Ha 0COOCHHOCTH IPa)uKOB.




B HayaJic Fpa(l)I/IKOB, Koraga paanua MacCcC 4YaCTHUll HE BCJIMKA, COOTHOUICHUSA I/IMHy.]II:COB 158
SHEPTHH U3MEHSIOTCS 3aMeTHO. Ho B JanpHEHIIIEM CKOPOCTh M3MEHEHUS 3aMeISIETCS. DTO OOBSICHACTCS

Vv, +V
NOBeJICHUEM (PYHKLIUHU 0= #VZ . I'paduk pynxun nzobpaxén na Puc.4.
1~ V2
v+
s 1 2
A V-
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I I I
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I I |
I | |
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l | |
1 100 200 w/m
Puc. 4.

Kornma cooTHomieHne MexIy MaccaMy Ta30B HE BEIUKO, TO 3HAUeHUE (YHKIIUU H3MEHSETCS
OBICTPO. DTO MPUBOIUT K TOMY, UTO BIMSIHHE JOJH YHEPIHH, IepeaaBaeMOi BIIOTOHKY, CHH)KAeTCsl U BCE
Oonpliee BIWSHUE OKAa3blBa€T CTOJNIKHOBeHHE B J100. CTONKHOBEHHE BIOTOHKY BBIPAaBHHMBACT
KMHETUYECKUE SHEPTUH, a CTOJKHOBEHHE B JIOO BbIpaBHUBAET UMNYILCHL. [Ipruém ¢ pocToM pa3HHUILIBI B

Maccax 4acTHIl Ta30B (PyHKIUS O aCHMIITOTHYECKH CTPEMHUTCS K CIMHULIE.

Ee BIIMAHHUC, T.C. BJIUAHUC CTOJKHOBCHUS B,Z[OI‘OHKy yCTyHaeT BIIUAHUIKO CTOJIKHOBCHHA B .HO6,
KOT/Ia BBIPABHUBAIOTCA WUMITYJIbCHI. [IpudéM, MCXOIs M3 3aKOHOB COXPAHEHHUS DHEPTUU U HMITYJIbCA,
MOXXHO YTBEpXKIaTh, 4To Ha Trpaduke Puc.3 nMHUS KUHETHYECKOW SHEPruu (HIKHSAA JIUHUSA) TPU
HEOTPAHUYEHHOM POCTE COOTHOIICHUS MacC OYyJeT aCHMIITOTUYECKH CTPEMHUTHCS K HYIIO, a JIMHUSA
I/IMHy.]II:COB (BerHHH .HI/IHI/IH) IIOCJIC JOCTUXKCHUA TOYKHN neperHGa Ha‘IHéT ACUMIITOTUYCCKHU CTpeMI/ITI:CH
K eAuHHIE. DTO CIeAyeT M3 MPOCTHIX coolOpakeHuil. Korga vactuma ra3a cTajakMBaeTCs CO CTEHKOU
cocyna (c OECKOHEYHO OOJBLION MAaccoii), TO OTIETAeT OT He€ C COXPAaHEHUEM DHEPIHH M UMIyJbca. A
3TO BO3MOKHO JIUIIIH TIPU PAaBEHCTBE UMITYJILCOB U CTOJKHOBEHUU B JI00.

BHoBB BcTan Bommpoc o TOYHOCTH 3aKoHA ABOraipo. Beran Bopoc 0 HOBOM HKCIIEPUMEHTE.

BTOPOI1 DKCITEPMMEHT
Bropoii sKCnepuMEeHT 3akioYajcsi B CpPaBHEHUH OOBEMOB TIpaMM-MOJIEH pPa3IUYHBIX Ta30B,
HaxXOJAIIMXCS TPH OAMHAKOBBIX JAaBJICHHUAX M TEMIEpaTypax, B IPOBEPKE IPaBUIBHOCTU 3aKOHA

ABorazpo, yrBepxkaawomiero, uro Ny =N, uu (7).



@DOTO YCTaHOBKH.

Tak kKak rpaMM-MOJIU IO OTPEACICHHUIO COIEPKAT PAaBHOE YKMCIIO YAaCTHIL, TO TPU CIPABEIITUBOCTH
3aKoHa ABOTaJIpo0 rpaMM-MOJIA PA3IMYHBIX TA30B MPU OJWHAKOBBIX JABJICHUSAX M TEMIIEpaTypax OyayT
3aHUMAaTh OJMHAKOBbIC 00BEMBI. Eciiu mpaBuibHO (7) M NMpHHSATAs THIIOTE3a, TO 00BEMBI, 3aHUMAaEMbIe
IpaMM-MOJISIMU Pa3JIMYHBIX Ta30B MPH OJJMHAKOBBIX YCIOBHSIX 0OpaTHO MPOMOPIIMOHAIBHBI HX ATOMHBIM
BecaM. UeM Tspkelnee ra3, TeM MEHBIIHI 00bEM 3aHUMAET rPaMM-MOJIb 3TOTO rasa.

OCOoOEHHOCTh BTOPOTO AKCHEPUMEHTa B CPaBHEHHH C TEPBBIM 3aKJIIOYaNach B TOM, YTO 3/ECh
pabota mpoBoaniack ¢ OONBIIMMH 00BEMAMU Ta30B, YTO CHIDKAJIO BIMSHUE MOTPEIIHOCTEH 3amMepoB, a
OTHOCHUTEJIEHO OOJBIIONW BEC COCyda MpH HEOONBIIOM O00BEME CHIDKAIO BIUSHHE TMOJBEMHOW CHITHI.
YcranoBka nzobpakeHa Ha goto. Ha ¢oto ¢ mpaBa Ha JIeBO pacoiI0KeHbI: COCYJ] BBICOKOTO JTaBJICHUS C
ra3oM, o0béMOM 3-M JHUTpa, HA 3aMOPHOE YCTPOHCTBO COCYyAa 3aKPEIUIEH PEIyKTOp, CHIDKAIOIIMN
JTaBJICHHE 10 aTMOCc(epHOro, OT PEeAyKTOpa C HHU3KOW CTOPOHBI MPUCOCIUHEH PE3WHOBBIN IIUIAHT,
MepenycKalomuid Ta3 IMOCiIe PEeIyKTopa B TOJUITHUICHOBBIM pPYKaB, CIYXallui Ui 3amepa oObéMa
BBIMYIIICHHOT'O M3 cOCyJa ra3a. JlmaMerp moJMITHICEHOBOTO pykaBa coctaBisieT 0,226merpa, anuHa 4,55
merpa. Cocyan C ra3oM YCTAaHABIHMBAJICS HAa BEChl W B3BCIIMBAICSA. 3aTeM Tra3 depe3 peAayKTop
nepenyckaics B pykaB. [locime 3Toro cocya BHOBb B3BEUIMBAJICS, W PAa3HOCTh BECOB JaBaja Bec
BIMyIIeHHOTO Ta3a. OO0bEM ra3a 3amepsuicss TO JUIMHE pyKaBa. PykaB mepej HayaloM OIbITa
CBOpAuYMBAJICS B PYJIOH IS BRITECHEHHSI BO3/[yXa U TOJIYYCHHUS HYJIEBOTO 00bEMa, Kak Mmoka3zaHo Ha (oTo.
Ecnu B pe3ysbrare onpITa pyKaB 3aloOIHSIICS HE TIOJTHOCTBIO, TO CO CBOOOJIHOTO KOHIIA OH CBOPAYHBAJICS
B PYJIOH [0 TNPHIAHUS €My MWIHHIpUYeCKord (opMbl 0e3 H30BITOYHOTO JaBjieHus. [locie 3Toro
3aMepsuiach JUITMHA pyKaBa. bBbUTo MpoBeleHO ABa ombiTa. Pe3ynbraThl mpuBelneHbl B Tabmume — 2.
JlaBneHwue rasa nepes u mocie peaykTopa 3aMepsuioch 0 MaHOMETpPaM, YCTaHOBIIEHHBIM Ha PEyKTOpE.

BsBemuBanue u 3aMepbl mpou3BoAMINCh B OpeHOyprckoii maboparopuu roc. Hamzopa (JIT'H).
Tounocte BecoB 0,00Tp. Cocynmbl ¢ ra3oM reimeM W ra3oM a30ToM MoiydeHbl Ha OpeHOyprckom
reaueBoM 3aBoje. llepen B3BemIMBAHWEM COCYIbl BbIACpKHBaduCh B noMemenuun JII'H s
BbIPABHUBAHUS TEMIIEPATyphl C TEMIIEPATypoll B MOMEIICHUN BECOB. B mepBoM ombiTe TemrepaTypa B

nomemniennu O0buta 22 °C. Bo Bropom ombite 25 “C. Uucrora renmus cocrabisia 99,99% uncrora a3ora —
99.0%.
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[lepBoiit onbiT, poBenéHublii 23.12.1996. Hy)XxHO NpU3HATH HEyJAauHBIM. MecTO COeAMHEHUS
penykTopa ¢ OalJIOHOM Ha HayaJbHOM 3Tale OIbITa OKa3aloCh HE T'€PMETUYHBIM M, 10 YCTPaHEHMs
YTEUKH, YacTh I'elius BbIILIA B atMocepy, MuHys pykaB. OZHAKO M 3TOT HE BIOJHE yJauHBIA 3amep
IIPUTOJUTCS IIPU aHAIM3€E 3aKOHA ABOTraapo.

Ilo Becy BBITECHEHHOI'O ra3a OINpelersieM KOJIMYeCTBO rpaMmMm-Monei. [lo auamerpy u nnuHe
pykaBa ompezaensieM o0béM. Haxoaum o0BEM rpaMM-MoOIIsl NMPH YCIOBHSX OMNBITA. 3aT€M MPOU3BOIAUM

nepepacuét oObEéMa rpaMM-MOJII Ha HOpPMajbHBIE yCIOBMA. AaBieHue - 1 ara, temmeparypa - 0°C.
[Monmyyaem crienyromie pe3yabTaThl.

OmpiT Nel: OOBEM rpaMM-MOJIS TETHS COCTaBUI 24,5IUTPOB.
O0BEM rpaMM-MOJIst a30Ta cocTaBml 26,44nutpa.
OmpiT Ne2: O6BEM rpamMM-MoJIs renus coctaBui 27,85murpa.
O0BéM rpaMM-MoJIs a30Ta cocTaBml 23,8 1nutpa.
TABJIUIIA - 2
IlapameTpbi Eauaunna JlaTa ombiTa - 23.12.1996. Jlata ombiTa - 31.07.1997.
13-HU resui a30T resuii a30T

N36p1TOUHOE aTu - - 70 37
JaBJICHUE
ra3a B COCyJe Imepen
OTIBITOM
(mo BeIMTyCKa rasa)
Bec cocyna ¢ razom 5kr.307,5p. S5kr.462p. 5¢r.341,5p. | 5kr.452p.
0 BBITyCKa Ta3a B
pykas
N306sITOUHOE aTu - 0 20 0
JIaBJICHUE Ta3a B
cocyje rmocie
BBIITyCKa ra3a
Bec cocyna mnocne Skr.280p. 5kr.322,9p. | Skr.317,5p. | Skr.30Qp.
BBIIyCKa raza B
pyKaB
JlnuHa pykasa M. 4,55 3,35 4,55 3,52

I[To 3akoHy ABOraipo 00BEM IpaMM-MOJIS TPH HOPMAJIBHBIX YCIOBHUSX JIJIS BCEX Ta30B COCTABIISAET
22,4 nutpa. BunHo, 4TO Aake B HEYAAUYHOM IEPBOM ONBITE C TEIHEM MOITYYeH 00BEM MPEBBIIAOIIHIA
00béM ABOTazpo.

Bo BTOpOM 3KCIIEpUMEHTE MOIYUCH PE3YIbTAT CXOKHMA C TIEPBBIM IKCIIEPUMEHTOM. DKCIIEPUMEHT,
yOeTUTEIIbHO IMOKa3bIBAaET B MOJIb3Y 3aKOHa ABOTajpo. XOTs 00a OmbITa U JAIOT MPUMEPHO OJMHAKOBOE,
XOTd U HC 3HAUUTCJIBbHOC OTKJIOHCHUC OT 3aKOHA ABOFaI[pO B HOJ'II:?)y HpHHﬁTOﬁ TUITIOTE3hI. PeBy.]’H:TaTBI
000X 3KCIIEPUMEHTOB COTJIACYIOTCS C YMCIICHHBIMH pacdéTaMu, UCXOJ U3 pacrpeaeiieHus MakcBea.
Ha OCHOBAHHUH OIIbITa N‘_)Z BTOpOFO 3KCH€pI/IMeHTa BHUJIHO, YTO 4YEM TsDKEJIEC Ia3, TCM MCHBIIC €Iro
yIeabHbId 00béM. O0a 3KCIepUMEHTa TOKA3bIBAIOT PEIIAIOIIee BIMSHHUE CTOJKHOBEHHUS BJIOTOHKY Ha
BBIpaBHI/IBaHI/Ie Cpe,Z[HI/IX KHNHECTUYCCKUX 3Hepr1/1171, YcM Ha BBIpaBHI/IBaHI/IC I/IMHy.HBCOB.

Ha ocHOBaHWMH BBIIICH3II0KEHHOTO MOXHO CIC/IATh BBIBOJ O TOM, YTO 3aKOH ABOraipo (M 3aKOH
KPaTHBIX COOTHOULICHUI) HOCUT MPHOJIM3UTEIbHBINA XapakTep. OTKIOHEHHE OT HEro TeM OOoJblIe, YeM
0O0JIBIIIEe pa3HUIlA B BECE YACTHII PAaCCMATPUBAEMBIX T'a30B.

TEMIIEPATYPHBIE 3®®EKThI B CBETE HOBBIX ITPEJCTABJIEHUIA
Ponmp w BiMsAHME COOTHOUIICHHMS MAacC 4YacTHI MPH HMX B3aUMOJEHCTBHMM B OOJIBIIMX
CTaTHCTUYECKMX CHCTEMaxX II03BOJISICT TOHATH BCE MHOrooOpa3we MpOSIBICHUN TeMIIepaTypHBIX
3¢ dexToB. PaccMOTpUM HEKOTOPBIE U3 HUX.
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1. Pasnosecnoe cocmosnue cmecu 2a308.

Kak moka3pIBaloT HaTypHbIE M UYHCJICHHBIE SKCIEPUMEHTHI, B COCTOSHUU DPABHOBECUS MOKHO
JMIIb TOBOPUTH O YHCICHHOM DPaBEHCTBE OOMEHUBAEMBIMH HOPIMSIMU SHEPTUM MEXIY pPazIHuHBIMU
COCTaBIAIOMMMHU cMecH. [IpruéM 3TH mopuuMM pa3iuyuHbl IS Pa3IUYHBIX Map COCTABJISIONIMX CMECH.
PaBeHCTBa MEXaHMYECKMX XapaKTEPUCTHK MOJEKYJI pa3HBIX Ta30B HET, B TOM YHCIE U CPETHHUX
KMHETUYECKUX SHEPTUi MOJIEKYII.

2. @a3zosvle nepexodwvl 1-20 poda, pasnosecue gas.

Haubonee 3prMoe HECOOTBETCTBUE MEXIY MPUHATON TPAaKTOBKOW TeMIEpaTypbl U JaHHBIMHU
NpaKkTUKK HabIroaaroTes npu (a3zoBbIX nepexonax 1-ro poxa. Paccmorpum (as3oBblii nepexon 1€ —Boaa
— HACBIIIEHHBIA Map npu aTMOCHEpPHOM JaBICHUM MpH MojBojAe Temia K 1-my kr. Boasl. ComocTtaBuM
(akTh. DHEPrus TEIIOBOro ABMXKEHHUS (Temocoaepxkanne), 1 kr. mpaa npu remneparype 0°C 1o 3akoHy
Hrononra u Iltu cocraBnser npumepHo 380 xoowc/ke. CkpbiTast TEIUIOTa IUIABJICHUS Jbaa 332 koosclke.
[8]. Takum oGpasom, Termocomepkanue 1 kr. Boawl mpu Temmeparype 0°C cocraBur 380+332=712
koclke. Ternoconepkanue KUIAIICH BOJABI MO TaONMIAM TEPMOJUHAMHUYECKHX CBOWCTB BOIBI U
BogsHoro mapa [4] cocraBisier 417 xooc/ke. C yd4éToM TOTO, YTO TEIJIOCOACPKAHHE BOIBI NPHU
temneparype 0°C mo TabnmIaM OpHHATO PaBHBIM HYJIIO, TO PealbHOE TEIIOCOAepKaHue 1 KT. KuIsmeit
BOJBI COCTaBHUT BOABI 712+417=112%0onc/ke. CxpbiTas Temiora napoodpazoBanus mo [4] cocraBiser
2258 koorclke. C yu€ToM 3TOTO TEILIOCOAEPIKaHNUE HACBIIICHHOTO mapa coctaBuT 3387 kooic/ke. Tak kak
peub ua€r o6 1 kr., T.e. 00 OIHOM KOJMYECTBE MOJEKYJ, TO COOTHOIICHHUE MEXAYy OSHEPTHIMH,
MPUXOAAIIMMUCS Ha OJIHY MOJIEKYJy, OyJeT B paCCMOTPEHHBIX TOYKaX TaKuUM ke. TpynHO MpeacTaBUThH
PaBEHCTBO KHMHETHYECKOW HHEPIrUU KHIIALIEH BOJABI M HACHIIIEHHOTO Iapa, JibJa M BOABI XOTS HX
TEMIEPaTypbl IPU 3TOM paBHBI. [IpUHATO OOBACHATH CKPBITYIO TEILIOTY MmapooOpa3zoBaHUs pabOTOH MO
pa3pbIBy CBsi3el MEXIy MOJEKyJaMHU BOJbI U paboOTON MO yBETMYEHHUIO 00bEMa mapa B CPaBHEHUU C
BOJZIOM. JTa paboTa mpeBpamaeTcss B MOTCHIIMAIBHYIO COCTAaBJISIONIYI0O BHYTpeHHEW 3Hepruu. Ho kak
Torna OOBSICHUTH CKPBITYIO TEIUIOTY IuiaBieHus. [Ipu riaBiaeHuM sbaa oO0bEM yMmeHbliaeTcs (I€n
IUIaBaeT B BOJIC), HE 3aTpauyMBaeTCsl paboTa M Ha HAKOIUICHHE MOTCHIIHATBHON YHEPrHH, T.K. PACCTOSHUS
MEXy YacTUIAMH J1a)Ke HE3HAYMTEIbHO YMEHBINWINCH. [IpoaHanu3upyeM mpupoay CKPBITOW TEIUIOTHI
napooOpa3oBanus. Koraa Boja mpu JaHHOM JaBJICHUM HArpeBaeTcsl 10 TEMIIepaTypbl KUIEHUs, TO e
BHYTPEHHEH HSHEPruM IOCTATOYHO Ui pa3pbiBa BCEX CBsA3EH Mex1y Mojekyiaamu. JlokasareiabcTBOM
3TOTO CIYXKHUT PE3KOe, B3PbIBHOE BCKHUMAHHE XHUAKOCTU MO BceMy OOBEMY, €CliM CHHU3UTh JIaBJICHHE
KUTAIEH KUIKocTH. OTHAKO MPH MOCTOSHHOM JABJICHUU 3TOTO HE MPOUCXOAUT, T.K. HEOOXOAUM MOJBOJ
SHEPruu Ha pacuimpeHue o0bEMa, Ha MPOU3BOACTBO PabOTHI MPOTUB cui jAaBieHus. OneHum paboty
pacimupenus 1-ro KkujaorpaMMa KUIAIIEN BOJIbI IPU MPEBPAILEHNN €€ B HACHIILIEHHBIH nap.

A.w = PIAV =10° %2 (1,694~ 0,0010432M%2 =169,3K09’%2; rae; P -naBnenue kunsmein

YKUJIKOCTH, TIPUHATO paBHBIM atMochepHoMy; AV - pa3HOCTH 00bEMOB HACHIIIIEHHOTO Tapa U KHITSAIICH
BOJIBI ITPU aTMOC(HEPHOM JIaBJICHUH.

Bunno, yto pabGota pacmmpeHus 3HAUUTEIHLHO MEHBIIE CKPBITOW TEIUIOTHl MapooOpa3zoBaHUs
paBHOt 2258 koorc/ke. Ha 4To ke 3aTpaumBaeTcs JIbBUHASI YacTh CKPBITOH TEIUIOTHI MTapooOpa30OBaHMUsL.
ABTOpY mpelcTaBisieTcs HEOOXOUMBIM YUYHUTHIBATh BIUSHUE MAacC B3aMMOACHCTBYIOUIUX OOBEKTOB M
XapakTep MUX B3auMojeHcTBuA. Jlenmo B TOM, 4YTO IPHU B3aUMOJEHCTBUM YacTUL JIbJA, BOABI M
HACBIIICHHOTO Mapa B KAayeCTBE €IWHUIBI B3aMMOJCHCTBHS BBICTYNAIOT KaK €IMHOE LIEJI0€ PAa3IMYHOE
KOJIMYECTBO MOJIEKYJ. B HachIIEHHOM Iape KOJIMYECTBO B3aMMOJEHCTBYIOLIMX YacTUIl IIPHU Ieperade
TelJia PaBHO YMCITy MOJIEKYJ. B BoJe mpu MJIOTHOH yIakoBKe, BOSHUKAIOT accolManuu Mosekyn [9],
oOnajaromux OOJbLIeH COBMECTHOH OTBETHOM Maccoil Npu B3aUMOICHCTBUU U KOJHYECTBO TaKHUX
accoluanui ropaszio MeHblle ynciaa MoJjiekynl. Emé Oonblie oTBeTHast Macca B3aUMOJCHCTBUS Y HKECTKO
CBSI3aHHBIX YACTHII JIbJ]Aa M TIPU 3TOM COOTBETCTBEHHO MEHBIIIE KOJUYECTBO aCCOLMUPOBAHHBIX OOBEKTOB
B3aUMOJICHCTBHS. A Kak ObLI10 ToKa3aHo Boimie (Puc.3 u 4), ueM MeHbIIIe Macca YacTUIIbI TIPU 3aJaHHON
TEMIEPATYype, TEM BbIIIE €€ KUHETHYecKas JHEprus. A ¢ y4€ToM KOJMYECTBA B3aUMOJCHCTBYIOIINX
00BEKTOB ellé Oobllle YBETUUMBACTCA Pa3HUIA B TEIJIOCOAEPKaHUU 1 KT. JIbJa, BOABI M HACKHIILIEHHOTO
napa. Heo6xommo Takke yuyUThIBaTh, YTO YeM OOJIbIIE Pa3HULIA MEXKy MacCaMH B3aWMOJICHCTBYIOIIUX
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00BEKTOB, TEM BBIIIC JIOJII JTOOOBBIX CTOJKHOBEHHH, YCHIIMBAIOIIUX PA3HHUIY MEXKIY KUHETHUYCCKHUMHU
SHEPIUsIMU B3aUMOJICUCTBYIOIIMX YaCTHUL.

OTUM JIeTKO OOBSICHSETCS paBHOBecue ¢Ga3 B TPOWHOH TOYKE BOJABI, KOTJA OJHOBPEMEHHO
COCYIIECTBYIOT Tpu (hasbl: map, >KUIAKOCTb, J€n. Ilpu mapamerpax TpONHONW TOYKM yCTaHABIMBAETCS
paBHBI OOMEH JHEPrUsAMH MEXIy pa3IuYHbIMU (Da3zamMu, 4TO W COOTBETCTBYET PaBHOBECHUIO. XOTS
KMHETUYECKUE HHEPruM, MPUXOASIIMEcs Ha OJHY MOJEKYNly pa3nuyHbIX (a3, pesko pasusarcs. [lpu
napaMerpax TpPOWHOW TOYKHM OTBETHBIE MAacChl arperaToB MOJIGKYT pasHbIX (a3 TakoBBI, YTO TpH
B3aMMOJICHCTBUH OCYLIECTBIISIETCS OOMEH PaBHBIMU MOPLUSMU YHEPTHUHU MEXAY Pa3INYHBIMU (ha3aMH.

3. D@a3zo6vle nepexodvl 8Mopo2o pood.

@a30BBIMM IIE€pEXOJAaMU BTOPOrO0 pOJA HA3BIBAIOT IEPEXOJbl, MPU KOTOPBIX IpEBpAIICHUE
IPOMCXOTUT Cpa3y BO BCEM 00bEME B pe3yibTaTe HENPEPHIBHOIO HM3MEHEHUS KpUCTAJUIMYECKOH
pemETKY, T.€. B3aMMHOT'O PacIooXKeHHs yacTull B pemérke. TemnepaTrypa $a3oBoro nepexoja BTOPOTro
pona Ha3bpiBaeTcs TOukod Kiopu u €€ 0COOEHHOCTHIO SIBISIETCS CKAu€K BETUYHMHBI TEIJIOEMKOCTH. DTO
SBJIEHUE MPOCTO OOBSICHUTH, MPUMEHSS BBEAEHHOE BBIIIE MOHSATHE OTBETHON MAccChl, T.€. CIIOCOOHOCTH
YaCTHUI[ COBMECTHO OTBeuaTh Ha BozzaeiicTBue. Ilpu Temmneparype Touku Kiopu kuHeTnuyeckasr sHEprus
XA0THMYECKH OCHWUIMPYIOIIUX YacCTULl KPUCTAUIMYECKOW PpEIIETKH CTAaHOBUTCS JOCTATOYHOM JUIs
MPEOAOJICHHS TTOTEHIIMAILHOTO O0aphepa, yAepKUBAIOIIETO YaCTHIIBI B KPUCTAITMYECKONH MOIU(UKAIIN
no touku Kropu. OTo mpuBoguT K (GOPMUPOBAHHIO HOBOM MOAM(UKAIMHU, KOTOpas OyaeT HMETb
OOJBIIYI0 WJIM MEHBIIYI0 CHUMMETPUIO W CHIy CLEIUICHHS YacTHI] PEHIETKH B 3aBUCUMOCTH OT
HalpaBJ€HUsl Iepexona uepe3 Touky Kropu. 3MmeHeHue cMMMETpUM M CWII CLEIUIEHHS B HOBOU
Mo (UKAIINY U3MEHSET OTBETHYIO MacCy B3aUMOJICHCTBHUS KPUCTAJUIMYECKOTO TeJa, YTO U MPUBOIUT K
CKa4yKy TEITOEMKOCTH.

4. 3akon Jlrononeu u Ilmu, meopus /lebas.

PaccMmoTpeHHBIN MOIX01 K TPaKTOBKE TEMIIEpaTyphl coryiacyeTcst ¢ Teopueit Jlebas o moBeaeHun
TEIUIOEMKOCTH TBEPABIX TeN MNpU HU3KUX Temneparypax. CornacHo 3akoHy /lromonra u Iltwy,
TEMJIOEMKOCTh TBEP/BIX TEJ €CTh BEJIMUMHA ITOCTOSIHHASA, OJMHAKOBAs JJIs BCEX BEIIECTB U HE 3aBUCAILAA
OT TEeMIEpaTypbl. DTO CBI3BIBAIOT C HAECEH O PAaBHOMEPHOM pACIPEICICHUU SHEPTUU IO CTEHEHSIM
cBo0oAbl. OgHAKO MPU HU3KUX TEMIEpaTypax TEIUIOEMKOCTh BCEX BEIIECTB OBICTPO MAAAET, CTPEMSCH K
HYJIO TIpU abCONIIOTHOM HyJe TemmepaTyphl. [lebail mpearmonokui, 94To B TBEPAOM Telie CYMIECTBYET
HEJIbIA CHEKTP YacTOT KOoJeOaHWUH KPUCTALINYECKON PEMIETKH M 3TOT CIEKTp OTrpaHUYeH HEKOTOPOH
MaKCUMaJbHON BeTMYMHON. C MOHMKEHHUEM TeMIIepaTyphl IO XapaKTepUCTUIECKOi TeMmepatyps! [lebas
BBICOKME YacCTOThI, HECyIIHe HauOONbIIYI0 SHEPruio, HAYMHAIOT BBIPOKAAThCS. OCTarOTCs HU3KHE
4acTOThI, KOTOPhIE COOTBETCTBYIOT 0OJiee COTJIACOBAHHBIM KOJIEOAHUSM Y3JI0B PEHIETKU. A 3TO B CBOIO
ouepenb BEAET K YBEJIMYEHHUIO OTBETHOW MAacChl B3aMMOJIEHCTBHMS M KakK CJIEACTBHE K YMEHBIICHHUIO
TEIUIOEMKOCTH.

5. DnekmponHas u uonHas memnepamypa nia3mbol.

B Teopuu miasmbl pa3nuvarOT HM30TEPMUYECKYIO M HEU30TEPMUUYECKYIO IutazMy. ‘B mia3zme,
HaxoJAIIENHcs B COCTOSTHUM TEPMOJMHAMHUYECKOTO PAaBHOBECHs, TEMIIEpPATypa HMOHOB M JIIEKTPOHOB
OIMHAKOBa (T.e. OJWHAKOBBI HX CPEJHUC KUHETHYCCKHE OHeprum). Takas IuUla3Ma Ha3bIBaeTCs
n3orepmuyeckoil. Ecnmu B miasme MAET AOCTATOYHO CHUJIBHBIA BJIEKTPUYECKUM TOK, TO AJIEKTPOHHBI,
pasroHsieMbIe TOJIEM, MOTYT WMETh CPEIHIOI0 JHEPTUI0 3HAUYUTEIBHO OOJNBIIYI0, YeM HOHBI. Takas
Iia3Ma Ha3blBaeTcs HenzoTepMmuueckoil. TeMreparypa 371€KTpOHOB, JIETKO OOMEHUBAIOIIMXCS YHEPrUel
MEXIy co00# U c1abo — noHaMu (BBUIY OOJIBIION MAcChl MOCJICIHHX), MOXKET 3HAYUTEIHHO MPEBHIIIATh
TemriepaTypy nocieanux”. [6]. Ha ocHOBaHMHM BBIIIE H3JI0KEHHOTO BBITEKAET, YTO JAXKE B COCTOSHHUH
paBHOBECHs IJIa3Mbl, KUHETHYECKas SHEPrus S3JEKTPOHA MHOTOKPATHO MPEBBIIIAET KUHETHYECKYIO
SHEPIHI0 MOHA. A €CJIM Y4ECTh, UTO B CHJIBHO MOHU3MPOBAHHOM IUIa3Me €II€ U KOJIUYECTBO SJIEKTPOHOB
MHOTOKPAaTHO MPEBBIIIAET KOJWYECTBO HOHOB, TO JIbBUHAs J0Ji1 MOABEACHHOM K IUIa3Me€ SHEPruu
COCpEIOTaYMBACTCS B DJICKTPOHHOU mojcucTemMe. ITo (HapsAay ¢ HEYCTOHYUBOCTHIO TUIA3Mbl U OBICTPBHIM
BOCIIPUSITHEM IOJIBOJAMMOM SHEPTUU B MEPBYIO OYEPEb 3JICKTPOHAMH) SBJISICTCS OAHUM M3 OCHOBHBIX
MNPENSATCTBUU 110 PeAIU3aLMU TEPMOSAIEPHOTO CUHTE3A.

6. Dxcnepumenmeol no onpedenenHuro ckopocmeti MOAEKYl 8 3a8UCUMOCIU O MeMNepamypb.
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K uncny nambonee yOenuTeNnbHBIX (AKTOB TOBOPSIIMX B TOJb3Y HMPUHATHIX NMPEICTaBICHUH O
TEMIIEPATYPE OTHOCSAT OIBITHI IO OIIPEIEICHUIO CKOPOCTEN MOJIEKYJI Pa3IMYHBIX BEIECTB B 3aBUCHMOCTH
oT Temneparypel. B yactHoctu ombiThl llTepHa. “Oxa3sbiBaercs, uro u3mepsemas B omnbite LlltepHa
CpeIHsIsl CKOPOCTh MOJIEKYJ MPONOPLUOHATIbHA KOPHIO KBAJApPaTHOMY U3 aOCOIIOTHOM TeMIleparypsl .
[23]. Ho mo apyromy u ObiTh He MOxeT. “COBpeMeHHass TEPMOMETPHUSI OCHOBAaHA Ha LIKaJle UACATBHOTO
ra3a, yCTaHaBJIMBAEMOM € MOMOILBIO Ia30BOr0 TEPMOMETPA. ... TEPMOMETPUYECKUM BEIIECTBOM B TAKOM
TEPMOMETPE CIYKUT WICAIbHBIM Tra3, a TEPMOMETPUYECKOM BEIMYMHOM — JaBJIEHHE ra3a IIpU
IIOCTOSIHHOM 00BbEMe. 3aBHCHMOCTH JIABJICHUS OT TEMIIEpaTypbl MpUHUMAeTcs (MMEHHO NMpHHUMAaeTcs!)
nuneitHoi”. [8]. Ilpm TakoW TpaayupoBKE MBI TEMIIEpaTypy IOIMEHSEM JaBICHHEM, a IaBICHUE
cornacHo ¢opmyie bepruymmm (3) nponopuroHaabHO KHHETHYeCKOH sHeprun. Ecimm B ombite IllTepHa
IIPU OJHOW M TOW K€ TeMIlepaType IO ra30BOMYy TEPMOMETPY HU3MEPUTb CKOPOCTH U KUHETUYECKHUE
9HEPIHU BEIIECTB C CYIIECTBCHHO pPa3lIMYHBIMH MaccaMd MOJIEKYN (Hampumep, Uil aTIOMHHUS U
CBHHIIA), TO OKQXKETCS, YTO MX KHHETHYECCKUE SHEPTUU Pa3JINYHBI.

BBIBO/IbI

MexaHUecKoro aHajora TEMIIepaTypbl He CyliecTByeT BooOmie. Her Hu oxHOM ¢usndeckoit
BEJIMYMHBI, KOTOPasl OJJHA U €AMHCTBEHHBIM 00pa30M XapakTepHu30Baia Obl TEMIIEPATYPY U PABHOBECHOE
COCTOAHME. MOXKHO JMIIb YTBEpPXKAATb, 4YTO B COCTOSHUHM TEPMOAMHAMUYECKOIO PaBHOBECHUS,
XapaKTEPU3YIOLIETOCS ONPEACIEHHON TEMIIEPaTypod M OTCYTCTBHEM MAKPOCKOIMYECKHX IIEPETOKOB
SHEPTUH, COOTHOIICHHE MEXIYy MOJYISIMH CpPEIHMX HWMIYJIbCOB B3aUMOACUCTBYIOIIUX OOBEKTOB
Pa3IMYHBIX HOJCUCTEM JOJKHO OBITh TAKMM, YTOOBI 00ECHIEUNTh IPU B3aUMOAECHCTBUU OOMEH PABHBIMU
(B cpeHEeM) KOJIMYECTBAMH KUHETHUECKON SHEPTHH MEXIy dTHMHU oObekTamu. [Iprmuém 3TH KomnuecTBa
SHEPTUU PA3JINYHBI AJI PA3JIMYHBIX AP IOJCUCTEM.
M = kij M ~ (14),rme k —takoBo, 4TOOBI AE' = AE’ (15);

i j

Wuaekc | OTHOCHTCS K i-0# MOACHCTEME, HHIEKC | K |-O# IMOACHCTEME.

31ech pemaroliee 3Ha4eHUE MMEET OTBETHAs Macca B3aUMOJECUCTBUS KKIOW M3 MOACUCTEM U
COOTHOIIIEHUE MEXKY YUCIOM B3aUMOACHCTBHIA 100 B 100 ¥ BAOTOHKY. [10 pa3nuyHBIMU TTOICUCTEMAMHI
o0mield paBHOBECHOW CHCTEMBI TOHMMAETCS COBOKYITHOCTh pa3JIMUHBIX BEIIECTB, COBOKYITHOCTH
pPa3JIMYHBIX arperaTHbIX COCTOSIHUM, pa3jiMuMe MaKpOCKONMUYECKHUX IapaMeTpoB IMOJCUCTEM — Macc,
00béMoB, naBnenuid. [1og B3auMOACHCTBYIOIIMM OOBEKTOM TOJICUCTEMBI TOHUMAETCS Ta COBOKYITHOCTh
YacTHIl TIOJCUCTeMBI, KoTopas (opmupyer oTBeTHYI0 Maccy. OOmmUM KauyecTBOM TOJCUCTEM
PaBHOBECHOW CHCTEMBI SIBISCTCS TOJIBKO PABCHCTBO TEMIICPATYP M HEM3MEHHOCTH cooTHomeHui (14) u
(15).

BBugy CcloXHOCTH TIOHATHS TeMIlepaTypa M MHOTOIUIAHOBOCTH €€ TIOBEACHUS TPYIHO
MPEACTABUTH JYUILIUN BApUAHT KOJIMUYECTBEHHON OLEHKHU TEMIEPATyphl, YeM UCTOPUUECKU CIIOKHUBIIASICS
MpakTUYECcKasl IIKaja TeMIlepaTyp Ha OCHOBE Ta30BOTO TepMoMeTpa. HecMoTps Ha TO, UTO rpaaychl dTOU
IIKaJdbl SIBJSIIOTCSL YCIOBHOM XapaKTEpUCTUKOW M MEpOM TeMmmeparypbl B COCTOSSHUU TEMJIOBOTO
paBHOBECHsI, HO C YYETOM SKCIEPUMEHTAIBHBIX TETUIOEMKOCTEH MpaKTUUYECKas IIKajla B MOJHOW Mepe
obecrneunBaeT MOTPEOHOCTH MPUKIIATHBIX HAYK U TPAKTHKH.

YuuThiBash IMEHTPAIbLHOE TIOJIOKEHHUE TIOHATHS TEMIIepaTyphl B YYE€HHH O TeEIUle, MHOTHE
YCTOSIBIITUECS TIOJIOKEHUS, CBI3aHHBIE C TEMIIEPATyPOH, TPEOYIOT KPUTHUECKOTO TIEPEOCMBICIICHHUS.
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