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1. Bse)lenne 

KaK H3BecTHO, npu. CHH)I(eHH.H. TeMnepaTypbt ¢n3w.J:ecKoH: CHCTeMbt 6onee 

Bbtpa)l(eHHbiMH CT3HOB~TCH ee KB3HTOBQ-MeX3HHI..JecKH.e CBOiiCTBa. 3aMeTHbti1: BKJI3,0: 

06MeHHOf0 B33HMO.UeiiCTBHH (l] B 3HepfHJO CHCTeMbl np01iBJLSieTCH, K0f,LJ;3 ,IlJUtHbl BOJIH 

.o:e Epofiml A.8 TO)KJlecreeHHbtX. qacmu craHoBSITCH cpaeHHMbi c paccrosHHeM I Me)IC)J;)' 

HHMH: 
A8 = hlmv, 

I = (1/N)w, 

(l) 

(2) 

r,ne h - ITOCTOSIHH3S! TinaHKa; m - M3CC3 '-I3CTHUbi; V - OTHOCHTeJlbH35l CKOpOCTb '-I3CTHU; 

N- ITJlOTHOCTb '-13CTHU. 

Ha MOJZeKyRRpHOM yposae 3TO ycnosH.e BbinOJIWieTCH ,U)U[ C)KaToro 

ra3oo6paJaoro renHH npH KpHOfeHHbtX TeMnepaTypax 

h/(3 mH, k T/12 ,; IH, (3) 

r.ue k - noCTOSlHHaSl EonbUMaaa; T- a6comoraag TeMnepaTypa. 

}1,n;l aTOMOB reJIHSI npH TeMnepaType OKOIIO 20 K, xor.ua HeH.UearrbHOCTb remu1. 

CT3H0BHTC.sl HBHO Bblp3)1(eHHOii, cpe.nH.sUt .ll)lHHa BOJIHhl A.8 COCTaBJUieT lQ-S CM, '-l.TO 

cpaBHHMO C Me::»CMOReKyRRpHbL\1 paCCTOliHHeM .u,JUl fenHlt ITO,ll; JlaBJieHHeM B HeCKOJlhKO 

MeranacKaneH. 

06MeHHOe B33HMO.neikTBHe MOJieKyn 6bmo npe.n;CK333HO n. A. M. J];HpaKOM B 

1926 ro.ny B CT3Tbe "K TeOpHH KB3HT0BOH MeXaHHKH" (2] B npep.nOJIO)I(eHHH, '-l.TO 3TO 

B33HMOL{eiicTBHe 6y.n;eT ITO,llt.J.HHSITbCSI K.B3HTOBOM CT3THCTHKe t.J.aCTHU C ITOJiytJ;Mbl"t 

CfiHHOM (<l.JepMH- )l;HpaKa CT3THCTHK3). 

MoneKynbi renHa-4 HMeiOT u;enblii cnHH H nO.Ut.J.HH.SIIOTCll CTaTHCTHKe EoJe -

3it.HWTeifua, '-l.TO onpe,UeJUieT Ha.JIH'-l.He 3H3'-l.HTeJlbHOfO TepMO,UHHaMH'-l.ecKOfO J¢¢eKTa, 

OITHC3HH0f0 HH)Ke. 

B conpeMeHHOH MoneKynRpHoH ¢H3HKe JHeprHa o6Meuuoro B3aHMo.neHCTBHSI 

JJieKTpouos yt.J.HTbtBaeTCSI, a o6MeHHOe B3aHMOJleiiCTBHe MoneKyn KaK e.nHHbiX H 

TO)I(lleCTseHHbiX JJieMeHTOB MaTepHH paCCMa'fPHBaeTCSI pe.UKO [3]. 

2. Ypasnenne COCTORHHR re.JJHR-4 

HeH,UeaJibHOCTb raJa onHCbiBaeTCSI B ypasHeHHH COCTOSIHHSI nse.n;eHHeM 

.uonOnHHTenbHbiX '-l.Jleuon. HanpHMep, B ypanHeHHH BaH-.n;ep-Baa.nbca ,WUI pea.nbHbiX 

ra30B Yt.J.HTbiBaeTCSI cso6o.n;HbH1 o6oeM (V- b), a T3K)I(e CHJibt Me)KMOJieKyAApHoro 

B33HMO)leikTBHSI (.n;HnOJibHb!e, ,ll;HCnepcHOHHble H HH.UYKUHOHHbte), cna.natomHe ITO 

33KOHy 1/r 6 • Ba)I(HO OTMeTHTb, lJ.TO renHH- C3Mblii 6nH3KHH K H,UeaJibHOMY cpe,UH BCeX 

pea.nbHbiX ra3os. HH O.UHO H3 BbtweyKaJaHHbiX Me)I(MoneKyiDipHblX B33HMOJl.eiiCTBHH 

HeJib3ll np«.MeHHTb K 3TOMaM reJIHSI-4 B HHTepeCHOit .lVlSI HaC 06JiaCni 

TepMO)lHH3MHt.J.eCKHX napaMeTpOB (3), H ITOJTOMy ypaBHeHHe BaH-.nep-Baanbca He 

HMeeT ¢H3HtteCKOf0 CMblCJ13 B Cnyqae C renHeM. 

nonbtTaeMCSI yqeCTb JHeprHIO 06MeHHOf0 B3aHMOJleiiCTBHSI 3TOMOB remut-4 ITpH 

COCTaBlleHHH ypaBHeHHSI COCTOliHHll. noTeHUHaJI Me::>IC.MOJleKyllilpHOZO 06MeHH0fO 
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BJaHMO,UeifCTBWI Uo6w .UBYX MOneKyn a H b, O,UHa H3 KOTOpbtX nOKOHTCS B 

na6opaTOpHoH CHCTeMe OTC'iera, 6w1 onpe.nen:eH s pa6oTe [4] cnenyiOlUHM o6pa30M: 

u,.. {p,r) ~ -t;x;k(S.S,)/{e-''"'+e''"'), (4) 

r.n;e p - HMnynbC .llBH)KytUeHcs MOJieKyllbi; r - paCCTO.siHHe Me)f(Jly MOJieKyJiaMH; ( -

KOHCTaHTa 06MeHH0fO 833HMO)lei1CT8IDI; "ik (Sa.Sb) - TeH30p COHH08biX nepeMeHHbtX Sa. 

Sb MOJleKyJI a H b; h - flOCT01lHH3.s!. finaHKJ. 

,[.{onyCTHM, lJTO JTOMbi renHS yttaCTsyiOT TOJibKO 8 napHbiX CT0JlKH08eHJ.1HX, 

nocrasuM Ha Mecro 3HepreTH'IeCKOro 'IJieHa a (4) KHHeTHtteCKHH noTeHuuan kTH Y'ITeM 

cso6o.nHbiH 06beM aroMa rem1.s1. c panHycoM Ro, ror.n.a noreHuHan o6MeHHoro 

B33HMO,UeHCTBWI lj ,W'U1 3TOM08 re111151-4 8btp3)K3eTC.s!. K3K 

U=+oo npH ( 0 < r < Ro ), (5) 

U ~- kT/ch[{3 m k T/12 VTIJ /hj npH ( R, < r < "'). (6) 

Ha pHc.t noKaJaH MO.ll.e.nbHbtH noreHuuan U H npHHRTbt o6oJHa4eHnH: 

R0 - pa.uHyc aroMa reJIH.s!., onpe.aem~eMbtH KOHctJHrypauHeH 3IleKTPOHHOH o6on04KH; 

28 - cpenH.s!..s!. .ll11HHa eonHbt .n.e EpoHn.s~ npH HeKoropoH TCMneparype. 11HrepecHo, qro 

WHpHHJ Ha nonyrny6HHe TIOTeHUHaJibHOH .s!.Mbl eCTb ,D.JlHHJ 80JlHbl .n.e Iipoi1n.s1.. )J,n.s1. 

.llBYXttaCTHl.JHOfO B33HMO,nei1CTBH.s!. KpHTepHeM npHMeHHMOCTH ctJOpMyllbl (6) cny)KHT 

ypasHeHHe (3). 

YpasHeHHe cocTOSIHH.s:t ,!J,JUI renns-4 c Y4eTOM o6MeHHOro e3aH~fO.IleHcr8H.s:t 

aTOM08 8 .ll8YX'i3CTH1.{H0M TipH6JIH)I(eHHH BbifJUI.UHT .ll.OCTaTOqHQ npOCTO: 

P{T,V,U) ~kT/(V-b) + UI(V-b) _ (7) 

06beMHa.s~. nnoTHOCTb 3HeprHH o6MeHHOro B3UH)..{O.IleHcreHJ1 UI(V- b) HMeer 

paJMCpHOCTb LtaBJieHH.sl. B nepeMeHHbiX T H V ypaeHeHHe (7) npe.n.craer 8 BH.J.e 

HnH 
P(T,V) ~kT[ 1-2/(e"+e"')j I(V-b) (8) 

P(T, V) ~ kT[ 1- 1/ch(a)j /(V- b) , a = (3m k T/12 V113 /h , (9) 

f.llC P - .n.aBJleHHe; T- a6comorHa.s:t reMneparypa; V - o6beM, npHXO.WilUHHCH Ha O.llHH 

aroM renHR; k - KOHCTaHra EonbUMaHa; b - o6beM aroMa renH.s~.; m - Macca aroMa ren:n.s~.; 

h - TIOCTO.siHH3.sl finaHKa. fiapaMe-rp MaJIOCTH a eCTb OTHOWeHHe Qla3080f0 06beMa 

O.ll.HOfO aTOMa reJIH.s!. K TIOCTO.s!.HHOH flnaHKa. flpH Bbi80.Ile ¢opMy1lbl (9) He 8 OOJIHOH 

Mepe 6binO yqreHO ycnOeHe (5), l.!TO YCJIQ)KHHIIO 6bi OKOHqaTeJibHYlO ctJopMyny H )laJlO 

t)bl He3H31.{HTeJ1bHYlO nonp38KY K MO.Il.eJIH .D.ByxqaCTHt.IHOfO 833HMO.lleifCTSH.s:t. 

3. PeJyJJbTaTbl BM~HCJieHnli 

Ha pHc.2 H3o6paA<eH pac4e-r rpex HJorepM remul-4 no pa3nHt:~HbtM ypaeHeHH.siM 

cocTOsHH1l: H.neanbHoro ra1a c MaccoH aroMa renH~ (poM6bt); MeH.Il.eneesa -
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KnaneHpoHa c ytteTOM C8o6o.n.Horo o6beMa (HKCbt): BaH-nep-Baanbca (nntoCbt); 

cnnowHa.s~. JIHHHH - pac4eT no ¢>opMyne (9). Ha 3TOM :>Ke pHcyHKe np.s~.MoyroJibHHK3MH 

OT06paiKeHbl 3KCnepHMeHT3JlbHbte .UJHHble [5). 
Ha pHc.3 8 rex iKe o6oJHatteHH.siX noKaJaH cpaBHHTenbHbtH xo.n. H30TepM 

rem1H-4 .ZJ..rlH pactteros no ¢>opMyne BaH-.nep-Baanbca H no cpopMyne (9) a 6onee 

WHpOKOM .n11anaJOHe reMneparyp H .n.asneHuH. Ha pHc.4 ,an.s1. rpex HJOTepM 

oro6pa)KeHo OTKJIOHemte paC4eTHbiX .naHHbiX no ypa8HeHHIO BaH-.n.ep-Baanbca 

(nnJQCbl) OT 3KCOepHMeHTaJlbHbiX 3Ha'leHHH [5], KOTOpbte npHH.s!.Tbl Ja e.ll.HHHUY - OCb 

a6cuHcc. TaKJKe Ha pHC.4 cnnowHoll JlHHHell noKaJaHO OTKllOHeHHe pacYeT08 no 

ctJopMyne (9) OT 3KCnepHMeHTUTlbHblX 3HatteHHH. 

4. JaKJUO~eHHe 

JtiJ pHc.2 H 3 BHLtHO. l.!TO fJ30BUH repMOllHHJMHKa renHH-4 80Jl0Tb ,!lO 

KpHTHl.!eCKOH 06JIJCTH yllOBJleTBOpHTe.'lbHO OOHCbtBaeTC.s!. ypaeHeHHeM COCT01lHH.s!. C 

y4eTOM MOJlCKYll.s!.pHb\X 06MeHHbiX npouecCOB (9). 

MoneKyllbl rellHH HMeJQT OTHOCHTellbHO He60llbWYlO MJCCy H, KaK CJie,UCTBHe. 

6onbwyto llJlHHY sonHbt ne Epoiin.s~. no cpasHeHHto c npyru~m raJaMH npu o.!HBIX H rex 

)Ke re~meparypax. 3Hepn1.s~. o6r.teHHoro e3UHMO.Il.eticT8HH MoncKyn renHR CKU3btsaerc~ 

npH TeMneparype 3aMeTHO Bbtwe KPHTH4CCKOH. noJToMy npH pacttere 

repMOllnHaMH4CCKHX napaMerpoe raJa renHH cne.ll.yeT yttHTbteaTb Tennoco.uep)KaHH.e, 

o6ycnOSJleHHOe 06MeHHblM B3U!H10.!lei1CTSHeM HU MOJleKynHpHO~t ypOBHC. 

B paMKUX o6MeHHoro .ltf!.}l(".lf0.1t'1\}'RHfJ/tO,"O B3UHMo.nei1creu.s~. [4] Moryr Hafnu 

06b.s!.CHeHHe MHOrHe JHOMUJlbHbte 3¢4JeKTbl B K8aHTOBb!X CUCTeMaX, H3npHMep. 

aHOMaJlbHJ.s!. C)I<HMUeMOCTb )KH.D.KOfO neH-repH.s!. B paHOHe rpoHHoH TO~IKH, pU3J1Httl1C 8 

.ll.UBJieHHH HUCbllUCHHbtX napOB opTO- H napaBO.!lOpO.Il.U. Te~mep:.nypHUH 3UBHCUMOCTb 

TennonpoBO.[lHOCTH Teep.noro 801J.OpO.UU, OTKJIOHeHUe CMecell U30TOOOB BO.UOpO!l.<l OT 

JaKOHa u.n.eanbHbtX pacrsopoe. B npe.anono)KeHHH o HemtcctmaTHBHOM nepeHoce 

HMOY1lbC3 06MeHHOe B3aHMO.D.ei1CTBHe MO)I(eT 06bHCHHTb RBJleHHe CBepXTCKy4eCTH, 

H30TOOHbtH C.D.BHf KpHTH4eCKHX napaMeTpOB B CBCpxnpOBO.UHHKJX H HCKOTOpbte 

MexaHHJMbt ceepxnposo.nuMocru. 

A8TOp Bbtpa)l(aeT 6naro.aapHOCTb npo$. B. r. 3HH0BY 3U HHUUHiipOBUHHC 

pa60Tbt, A.)],. KoHHHy, M. A. Ha3apeHKO H B. H. ITpRHHttHHKoey 1a noMOUlb H 

noD,D.ep)f(Ky. 
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