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KapTHHa aToMHoro ,nBIDlteHRff npe~cTaBJUieTCR 'lJ)eSBH"iru!HO 

CJIOll!llott ,IJ.aJKe B CJIY1Iae TaK HasHBaeMHX npocTJ:DC RJiaccMtiecKHX 

llm,IlltOCTeit. llepBHM CYilleCTBeHHliM maroM B HSY'{eIDm ,llHHaMHJW aTO

MOB lDl,Il;ROCTH RBHJiaCb H~eR O pas~eJieHirn: TeMOBOro ~HllteHHR Ha 

KOJie6aTe~Hoe H ,ll;HqqJY3HOHHO/I/. E~o YCTaHOMeHO, "iTO xapaK

Tep!{Oe BpeMR ,nHqqJY8HOHHHX npouecCOB Ha no~OK npeBOCXO~HT 

xapaKTepHHil nepHO~ KOJie6aT8JlbHOro ,nBDeHM. :3TO .n,aeT BO8MOXv

HOCTb, no Kpattffett Mepe, ,IJ,1Ill Ka~eCTBeHHJ:DC oueHOK, paCCMaTpH

BaTb o6a ~eHHR HeSaBHCHMO ~yr OT ~pyra. J{MbHefunee pasBH

THe ,IJ;HHaMH"ieCKott TeOpHH lKH,IlltOCTH 6HRO CM8aHO c 8KcnepHMeHTa

MH no pB.CCeRHHID TeIIJIOBl:DC HeitTpOHOB/2/. HaH60Jiee HeO~8l{H!WI 

pesyJibTaTOM 8THX 8KCnepHMeRTOB 6HRO .06RapyxeHHe ajxpeKTa KOJIJieK

THBH8auHH KOJie6a TeJibHOro MHllteHHR' T. e. CYill8CTBOBaRHR B IUiac

CH"ieCKOtt ~OCTH, HeCMOTpR Ra OTCyTCTDHe KpHCTaJIJJH"ieCKOH 

CHMMeTpHH, KOJIJl8KTHBHHX BO86yx,neHHtt THna g)OHOROB - KBa3HipOHOHOB. 

TeopeTH"ieCKOe OnHCaHHe 8TOro ajxpeKTa, B.COOTBeTCTBHH C 

imeett O H88aBHCHMOCTH KOJie6aTeJibHOro H .nzqxpysHOHHOro MHllteHHR, 

Ha~OCb C H8Y"i8HHR MO~eJieit, B KOTOpl:DC ,nl[qqly8HR aoo6me He 

~T~MaCb/2- 101. B 8TIDC MO~eJIJIX lm,IlltOCTb yno~o6JIReTCR a.MOW,

HOMY TB8p.IJ;OMY TeJIY H. JtH.nKOCTHOit xapaKTep CHCTeM!l npoRBJIReTCR 

JIHillb B pasyno~o"ieHHOCTH qJHKCHpOBaHHHX IlOJ!OllteHHit paBHOBeCHR 

KOJI86JIJJllHXCR aTOMOB. Mo~eJIH TaKoro THna npHHRTO HaSIUlaTb KBB.8H

KpHCT8.JIJIM'l:8CKHMH. \t>opll'.aJibHO, pesyJibTaTH HCCJie~OBaHd RBa8H

KpHCT8.JL1IK'leCKHX MO~eJiett CBO~TCR R CJie~xmeit CXeMe/5 ,8/. 
➔ 

IlyCTb vi,, (I'\,) - aeKTOP CMememm aTOMa MO~eJibHOtt CHCTeM!:l, 

JIOR8.1III8OMHHOro B IlOJ!Ol!eHirn: paBHOBeCHR n, • B rapMOHH"ieCROM 

npH6JIHllt8HHH ypaBHeHHe ,nBHJ!teHHR ,IJ,1Ill ~ypbe-KOMilOHeHTH no BpeMeHK 

OT 8TOit BeJIH'IHHH HMeeT BR~ 

(I) 
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al.~ 
r.ne M - Macca aToMa, a ¢ ,,,,.,., - M!lTJ)Jma CHJIOBU.X ITOCTORH-

HHX .IJ.JIR .namrnii MO,JJ;eJII,Hoii CHCTell!l. YpB.BHemrn (I) MOlKeT 6&TJ, 

sarrncaHo B cRMBomrqecKRX o6osHaqemtHx ( M w2 - CD) ll- : 0 

wrn:, eCJin BBecTH .nHHaMHtiecey10 MlTJlHnY, :t> = cp / M , B Bn,ne 

2. 
(w-:!))u.=o. 

(2) 

iI>OHOHHaJI lfiYHRUHR I'pnHa J ( w) MO,neJIJ:,HOii CllCTeMU onpe.neJUieTCR 

paBeHCTBOM 

' 2. - 1 
CJ,(w) = ( w - J)) 

; 

ll 38.BllCllT OT .nattHOii ROHqiHrypanHH ITOJIOllteHllii paBHOB8CllR 

(3) 

{Iv} . 
,ll;ITR H8.XOJ!i,l{8HHR qJOHOHHU.X 'IaCTOT.B KBa3HKpllCTaJIJIHIJeCKOR Mo.neJIH 

H800XO,nHMO HB.HTll qJyttRQHIO rpirna < ~ (w)) , ycpe,IllieHeyIO ITO ROH-

qJllrypanllRM llJill, 'ITO O.nHO H TO llte, HaiiTll .nHH8.MH'IeCKYJO MB.TpllIJ,,Y 

ff25 , onpe,neJii=iHttyIO paBeHCTBOM 

/ ( 2. -1 '-j(w)> = w - gz)} • 

IlpocTefuuee npn6JiueHne }J)IJI cpe.nHero sHa'IeHHR lfiYHRWIH rp:ima 

(3) MOJKHO B!lp8.3llTJ:, llpllOJilllK6HH!lM paBeHCTBOM 

ff) =<:D>. 

(4) 

(5) 
OrrncaqHM npone.nypa ycpe,IllI8HllR llHor.na H8.3&BaeTCR KBa3llRpllCTaJI

Jill'IeCKllM rrpn6JIIDKeHHeM. HeCMOTpR Ha CBOIO llpOCTOTY, 8TO rrpn6-

JilllKeHHe llpaBllJIJ:,HO CXBaT&BaeT Ka'IeCTBeHH&e oco6eHHOCTll KOJineKTllB

HU.X B036YJK.nemrii Jllli.nKOCTH THITa qJOHOHOB ll, B 'I8.CTHOCTH, npa

BllJil,HO BOCllpOll3BO,nHT 38.BllCllMOCTJ:, 'I8.CTOTH 8TllX BO8OYJ!UleHRfi OT

BOJIHOBOro 'IllCJia. Ilpn IlOCTpoeHHH KOJIH'IeCTBeHHoii Teopnn BO3HRKaIOT 

TPY.IllIOCTll, 'I8.CTJ:, KOTopu.x rrepe'IllCJieHa HlllKe. 
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I. Y'IeT aHrapMOHll8Ma. O.IJ;HO'IaCTHluiaR lfiYHRWIR rpnHa MO,neJII,

HOii CHCTeMll B!l'lllCJIReTCR H8 ypaBHeHil.ll (I), T • e. B rapMOHH'IeCKOM 

npn6.mutemrn:. B COBOKYJIHOCTH C npH6JIRllteHH8M ( 5) 8TO npHBO,nllT 

K 6eCKOHe'IHOMY BpeMeHH lltll8Hll BO86yx.nemrn. B TO lite BpeMff H8BCCTHO' 

'ITO B pea.JIJ:,HID( ,m,nKOCTSDC 3aTyxam1e KOJIJI8ltTllBHllX BO56YJK,neIDiii 

8H8.'IHTeJIJ:,HO, oco6eHHO rrpH TeMIIepaTYJ)SX, 8aM8THO npeBblllla.ICIJniX 

TeMIIepaTypy rn7IaBJiemm. IlpeHe6pellteHIIe aHrapMOHll'18ClWMl'l 8qlql8RTa

MH,,IIOMHMO H8B08MOlltHOCTH paCCN.-OTpeTJ:, aaryxaHRe KB8.8HqJOHOHOB, 

HMeeT e111e TOT He.no'cTaTOK, 'ITO rrpn 8TOM He y'l:llTHBaeTCR C,ll,BHr 

'IB.CTOT, IlpHBO,nflllllm, KaK IlpaBHJIO, R CY1118CTBeHHOMY H8MeHeHHIO qiop-

M!l .nncnepcHOHHIDC RpHBU.X. Ha .nHHa.MH'I8CROii T8OJlllll RpHCTaJIJIOB 

H8B8CTHO, 'ITO B08MOlltHH .naxe Tarorn CHTYB.UHH ( HanpHMep, B CJIY'Iae 

RBaHTOB!lX RpllCTaJLJIOB)' Kor.na npeHe6pel!temi:e aHrapMOHll3MOM Ilpll

BO,nllT R 'IHCTO MHHMUM pemeHHRM }J)IJI q,oaoHHu.x 'IB.CTOT. IlO8TOMY 

rrpe.nCTaBJilleTCR BalltHHM IIOCJie,noBaTeJI~HO yqecTJ:, aHrapMOHH'I8CKll8 

ajqleKT!l npH paCCMOTpeHHH .nHHaMRKll lltH,nKOCTll B RBa8HKpllCTaJIJIH

qecKOM npH6JIIDK8HID'I. 

2. BlrHRHRe p;H@lysHH. IDm yir..e OTMe'IaJIOCJ:,, B KBaaHKpllCTaJI

JIH'I8CKOii Mo,neJIH l!tll,nROCTJ:, yno.no6JUieTCR aMOpqJHOMY TBi=ip.noMY TeJiy H 

BJIHRHHe ,ll;llqqJY3HH 8.TOMOB Ha KOJIJI8KTllBHOe ,ll,BlUlteHHe He paCCM!lT

JlllBa8TCR. Ta.Koe npH6JIH1teHRe, IlO-Bll.nHMOMY, xopomo BllITOJJIDieTCR 

B 06JiaCTK B!lCOKHX 'IaCTOT KBa5HqJOHOHOB,_Kor.na xaprutTepHoe Bpe

Mll ,nmlx])yanoHHHX rrponeccoB Ha I-2 nopR,IU(8. npeBumaeT xapa1tTepHoe 

BpeMH KOJie6aHm!:. 0.IJ;HB.KO, npH paCCMOTpeHHH HH3KO'IaCTOTHU.X 

BO86yx.nemri\ 8TO ycJJOBHe yir..e He BHITOJIHR8TCR. HHTyHTllBHO RCHO, 'ITO 

HH3RO'IaCTCi'H&e BO86yx.neHHR llCilllT!lBal!Yl' CHJIJ:,HOe BJIHRHHe .nnqiqiy-

8ROHHHX nponeccoB H yqeT ITOCJI8,IJ;HHX B 8TOM CJiyqae o6!l3aTeJieH. 

3. Ilpouema ycpellH8HIDi, IlpH yqeTe TQJIJ:,KO napHUX CHJI 

B3aHMO.neHCTBllR MeJK,ny aTOM!lMH CHCT8M!l MaTpnna CHJIOBU.X IlOCTOllHH!lX 
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,I..~ cp n,rn, 38.BRCRT OT nap!i Koop,mmaT nOJioxemrli pa.BHOBec:im 

KOJie6JrmtmeCR aTOMOB tl, H m, '. I!OSTOMY Ilf/H BH'UICJiemra cpe.IJHero 

SHaqeHIDI ,D;lma.\llilleCKO:il MlTJ)m:(ll Heo6XO,IllIMO sHaTD napHYJ!) 

q;yHK.[U{JO pacnpe.neJiemm no;roxe,mii paBHOBecM aTOMOB G ( n.. - rn-) 

B MO.zteJIDHO:il cncTeMe. IlocKOJIDey sa,n;a'Ia BI:flmCJieHIDI. q,y1rnnKH G ( r) 

Ha OCHOBe USMeplleM!iX xapaKT8pHCTHK CHCTeMli JIBJIReTCH .I{OBOJIDHO 

~ol!tHoil, qacTo IIpH6eram K npH6JIID1teHHoA saMeHe aTO:il q,ymunm 

napHo:il q>YHKIUie:il pacnpe.neJiemm ~ ( r) • B c.ny'Iae cHcTeM c 

peaJIDH!iM noTeHUI,JaJIOM( oco6eHHO KBaHTOBHX l!CH.I{KOCTeii ) TaKaH. sru,mHa 

HBJIHeTCR Hey.noBJieTBOpHTeJIDHO:il Rs-sa cymecTBOBaHRH 60JIDillHX eyJieBwr 

KOJie6aHH:il, TaK KaK B aToM c.,rytiae 4>YHKIUm <} H G MOryT sHa-

'll'!TeJI1:,Ho OTJIH'laTMSI .npyr OT .npyra. 

4. IIpo6Jieva KBaHTOBOii JtH.IO{OCTH. PaccMOTJ)eHHe KBa3RKpllCTaJI

JIHqecKoii MO,ll;eJIH IlOKa3liBaeT, qTo SaBRCl!IMOCTD tJaCTOTH KOJJJieKTHBH!iX 

KOJie6amd1 OT BOJIHOBoro qncJia, no.nyqaeMaH B 8TOH MO.I{eJIR, m.1eeT 

TOT xe BR.I{, 'ITO H q>oHOHHa.H ,IJ,HcnepcHOHH8.ll Kpmiall B lm.I{KOM re.mm. 

BosHmtaeT BOI!pOC, MOl!HO JIH HCilOJIDSOBaTI:, ICBa3HKpHCTaJIJIHqecKyl) 

MO.I{eJID .IVIli KOJlll'IeCTBeHHOI'O Ollll'.Camtli qx)HOHOB B lm.I{KOM re.mm, liJIH 

6oJiee KOHKpeTHo: MOEeT JW aHepI'P!H ocHoBHoro cocTOHHH.H KBBHTOBO:il 

Xll,IJ;KOCT.ll .I{OCTHr8.TD MHHHMYMB. Ha MHOllteCTBe BOJIHOB!iX ~:il KBasH

KpHCTa.JJJIH'leCKOI'O TID!a, 6y;n;eT JW 3Haqemie Ml!Hl!MyMB. aHepI'P!R COOT

BeTCTBOBan m-ccnepm.1eHT8JI!:,HO l!l3Mep.R:em1iw H, HaKOHen, ll,SJJYT JlH 

pac1IeTH C MIIBY.Ma.lm8E:pynlleii BOJIHOBOit q>yHR!lKe:11 H peB.JIDH!iM MeEaTOM

H!iM IlOT8Hil:IIaJIOM IIJ)aBMDH!tli xo.n ll,HcnepcYtOHHOil 88.BHCHMOCTH B mm

ROM reJIHR? 

Bonpoc O npHMeHHMOCTH MO.I{eJIDHOI'O no.nxo,zr.a K IIp06JieMe KOJL118KTimHHX 

BO86YiJUteHHii B·lmll,KOM reJIRH HBJIHeTCH aKTyaJIDHHM IlOTOMY, qTo 

IlOCJie.noBaTeJIDHOe MHKpocxo~ecKoe pacCMOTJ)eRHe CRCTeM!i BsaHMO

.neitcTBymtHX 6OSOHOB I!pOBe.neHo TOJIDKO .IVI1i c.nyqaH CJia6o H8H,ne8.JIDHOro 

6oae-rasa/II/. 
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5. YJIY'llllemte KBB.Smtp1tcT8JL1Il!'l8CKoro npn6.mu1teHIDI, Hs qJOPMYJI 

(3) R (4) CJie,IJyeT, qTo npH6JmliteHH8 (5) npRBO.I{HT B rapMOHH'leCKOM 
' ' 

npH6Jil'llltemtR K ,'D!CTO .ne:ilcTBHTeJil:,HliM sHaqeim:HM ,D;lmaMHqecKo:il M8.T-

pHIJ;li &Z5 H. CJI8.I{OBaTeJI!:,HO. K KOJI.iieKTHBH!iM BO86yJK.n;eHH.HM 6es 

sa-ryxaHHJl. B TO llt8 BpeMll HCHO, 'ITO .naxe B rapMOHH'leCKOM CJIY'I8.8 

Bos6yx.neHHH THIIa q>OHOHOB .I{OJilltH!i':HMeTD KOH0qffO8 BpeMll lltHSHR Hs-sa . 
Heynopsr.noqeHHOCTR CHCTeMli. ·IloaTOMY Heo6XO.I{HMl:lM maroM Ha nyTR 

pasBHTRfI KB8.SHKpHCT8.JIJI}!tl'.8CKOii MOlJ,eJm JKll.I{KOCTH HBJI.qeTCR BWCO.I{ 

sa paMKH npH6JrIDlteHIDI (5) l1I y,ieT Bcelt COBOKynHOCTR qaKTOpOB, 

onpe.neJIHmtme KOH8qffO8 BpeM!l_mrnHR BOs6yx.neHR:il: aHrapMOIDI3Ma, 

eaMJ,IJ,Hip:pysl11H, pasynoP,H.nO'I8HHOCTH CHCTeMl,I. 

Ha.CTOSIIIIB.H ,Il,HCCepTanHH nocBSIIIleHa H3j"i8HHJO KB8.3HKpHCTaJIJIRqec

KO! MO.I{eJIH IIpOCTOI D,ll;ltOCTH H ~acTHqHOMy- pemeHHJO nepB!iX qeTU

pex HS nepeqnCJieHH!iX rrpo6JreM, BOSHmtallllRX B CB.fl3H C RCilOJ!D30-

BaHReM 8TO! MO.I{eJIH. 

.l{HccepTanmt COCTOHT HS qeT!ipeX rJiaB. 

B nepBo! rJiaBe ,zr.aH KpaTKH! o6sop JIHTepa.'rypu no paccMaTJ)HBae

MOMY B pa6oTe Kpyry B9I!pOCOB 11 Cq>OpMy-JIRpOBaH!i npo6JieM!i, ll:SY'lae

M!ie B .I{HCCepTB.UHJI. 

Bo BTopol rJiaB8 .na.Ha q>OpMy-JIHpOBKB. KB8.3HKpHCTaJIJIHtl:8CKO:il MO-

.neJIH ,IVIli Olll(C8Hl11.fl KBB.Sliq>OHOHOB B IIpOCTOH KJiaCCHtl:8CKOfl l!CHll,KOCTH. 

B § 2 raMHJil,TOHl'laH CHCTeM!i Sanl!IC!iBaeTCH B T8pMBH8X onepaTOpoB, 

8HaJIOr~ onepaTOpaM poJK,neHRH li YHI{qT0llt8HHH q>OHOHOB B KpHCTaJI

Jie. B § 3 H8.Ill(C8HH ypaBHeH:wI .IVI1i q>YHKUHii I'pRHa OT BBe.I{eHHliX 

onepaTopoB. Bwn!CJieHHe KBa3Hq>oHOHHHX q>yHKUHii I'p:1rna IIpOBO,Il,HTCH 

B nceB.I{OI't,p,lOHHtl:8CKOM I!pHO.mmeIDU1"12/, IlO3BOJ!JUJ]leM j"ie~TD BJIHH

HHe 8HI'ap,lOHH3Ml MEllltaTOMHOI'O noTeHUHaJia Ha 'IaCTOTY KBB.S:Piq>OHOHOB. 

B pesyJIDTaTe TaKoro no.nxo.na BO3HRKaeT caMOCOrJiaCOBaHHaH CHCTeMa 

ypaBH8HHlt, onpe.neJIJIIIllaH KBaSRq>OHOHH!ie qB.CTOT!i H KOppeJIHUROHH!ie 
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ifJYHKUHH mna cMememm- cMemelllie. B § 4 npHBe.neim pesyJil>TaTH 

pememm aToil cHcTeMH ypaBHeimi ,IVIH. aproHa npH T = 85.9° 

T.e. npM TeMUepa-rype , 6JJH3KOH K TeMnepaType nJiaBJiemm. IIo.n:yqeHa 

,nncnepcuomraJI 3a.BRCY!i:OC'U 'UlCTOTII KOJIIIeKTlmHIDC B086yJUJ;emn! OT 

BO~OBOro lfflCJia, KOTOpali B npe,neJiax 8RcnepIDlleHT~HHX omH60K 

corJiacyeTCJl C HSMepeHHOit/I3/ MeTO,ItOM Heynpyroro pacceJi~ Tell-
. . 

JIOBHX HeHTJlOHOB. TB.KnM odpasoM, B rJiaBe II llOKasaHo, KaK MOJlteT 

6u'!'l> npeo.noJieua nepBaH HS · OTMetremrn:x Tpy;mrocTeit KBasMRpHCTaJI

J11!'18CKoil MO.IteJIH - ytreT rurrapMOHHtrecrurx aqxpeKTOB. 

OrmcaHHaJI Bl:lllle Mo.neJII, MQlteT 6HTJ, HaSBaHa CT8.UHOHap!oil, 

TaK KaK B Heil ll0.!IOJ!t8HRH paBHOB8CM KOJie6~CJl aTOMOB noJiaraIOT

ca ~mtCHpoBaHHHMH. B TP8TJ,eH rJiaBe paccMaTpRBaeTCH o6odmeHHe 

KBasHKpHCTaJIJllitreCKOi! MO.IteJIH, a RMeHHO ,ee H8CTanJ,IOHapHHil BapHaHT, 

P-or..na llOJIOJltemm paBHOBeCKH aTOMOB 38.BRCHT OT BpeMeHH H Me,WXeHHO 

M8HHDl'Cff C xapaKTepHUM BpeMeHeM ,ItKqqJY3HOHHl:iX IIpoQ8CCOB 't::b 

I!eCTa.qlfOHap!Wi KBaSRKpRCT8.JIJIR'leCKaH MO,It8JIJ, IlOSBOMeT ytr8CTJ, 

MIDiHHe ca.MO,IW@>yami: Ha 'JaCTOTY H BpeMJl DSHH KBaSZ!pOHOHOB, trTO 

oco6eHHO cymeCTB6HHO B6JIHSR TaK Hasli!BaeMOH nepexo,ItHoil 06JiaCTH, 

B KOTOpoii t:iaCTOTa KB83Hq)OHOHOB CTaHOBHTCJl IlOpH,ItKa 'i /c :b • 

B § I 06cy2K,ItaDTCJl Tpy,ItHOCTH onpe,IteJI8HIIB ROJI.!I8KTHBHillC BOS6yJUJ;e

IDIH B rrepoXO,ItHOH o6~aCTR H Heo6xo,nm,iocTJ, ytreTa CaMO~SIDI 

npH BH'Il!c.nemm ,ItHHa.Mlf!ieCKoro CTpYKTYJlHOro <paRTopa S ( K > w) 
. • 4 

B6Jm8H 8TOH o6JiaCTH. B § 2 HaIIHCB.HO o6mee Bupru!(eHHe ,IJ,}IH 5 (.K, w) 

trepes qiyHKD;Rll OTRJimta CHCT8M!i Ha BH8llll!88 B08l,\Ylll8HRe. B § 3 

npe.wroxeHa peJJ~CanRomiaa: Mo,nem, wm BH'mCJiemt.11 S ( K, w) c 

ytreTOM crut.o.nnqxpysmi. IlpH ~OpMy-;mpoBKe 8TOil MO,IteJra HCTIQJIJ,SyeTCH , 

TOT qlaKT, 'ITO B H8CTar(HOHaPHOil KBaSHKpHCT8JDIH1I8CKOil MO,It8JJH TIOJIO

Jltemra paBHOB8CKll KOJI86Jill!IHXCJl aTOMOB SaBHCJlT OT BpeMeHH H, 

CJie.ttoBaTeJIJ,HO, cpe.u.a, OKJ)Yl!Blllla.ll Bll,IteJiemmil aTOM, peJiaKCl!pyeT 
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K CBOeMy- PaBHOBeCHOMY pacnpe.neJiemm npH nepeMemeHHH 3Toro 

aToMa. PeJiaKCanRH cpe,ItH o6ycJiaBJmBaeT, B cBoD otrepe,ItI,, saBH

CHMOCTl> OT BpeMeHH agq>eKTHBHOro IlOT8HitHaJia, o6paSOBaHHOro 

'UlCTHUaMH, OKpyxaDlll{MR Bll,IteJieHHHii aTOM, '!:TO B KOHetrHOM ctreTe 

npHBO.ItRT K saTyxBHHll KOJie6aTeJIJ,HOro ,nBHJ!temm. 

HccJie,noBaHHe BpeMeHHo:li aBOJI~ p ( Y- -l) - ~H pacnpe-
1 > 

.neJiemm traCTHU, OK~DIIIDC Bll,IteJieHHHil aTOM, npoBO,n:l!TCH C 

IlOM>lltl>ll KHHeTH118CKOro ypaBH8Hlffl, HanHCB.HHoro ~ § 4. PemeHHe 

aToro ypaBHeHHH nosBOJifieT BHJ)EI.SKTl> _p
1
(~t) trepes aBTOKoppeJIJI-

-. QHOHHYll qiyHKQHll ~s (Y", ~) • HMelIIl,Yll IlpoCTOil ~HSH"'leCKH.il CMHCJI. 

Ecn HsBecTHa qiyHKD;RH pacnpe.ne.rieHHJI Ji ( r, t) , sa.zr.ati:a onpe.ne

JieHHH RBasHqioHOHHHX traCTOT MOJteT 6HTJ, nepe~PMYJIHPOBaHa KaK 

aqxpeKTHBHaJI O.ItHO'JaCTHtrHM sa.zr.atra. PemeIDie ee IlpoBO,n:l!TCR B 

§ 5. PesyJil>TaToM rJI. III JlBJ!JleTCJI no.n:yqemre BHpaxemIJI ,IVIH S (;, w) 

C ytr8TOM CaMO.u;mM!yso:, onp~;o;eJIJlllllero 8aBHCHMOCTJ, -iiacTOTH H Bpe

Memt DSHll KOJIJieKTHBHHX BOS6yx;a;eHHil OT BOJIHOBOro trHCJia. B traCT-
. . ➔ . 

HOCTH, HS IlOJ!Ytf8HHOrO BHJ)!lJlteHRH ,wIJl 5 ( K, W) CJieJJyeT, -irro BpeMH 

lltl'ISHH KBaSHg)OHOHOB YM8Hl>ma8TCJl no Mepe TipH6.nu8HHJl llX traCTOTH 

n BOJ1HOBoro 'll!ICJia K nepexo.ItHol o6JiacTH.3ToT cpHBKtrecKR pasyr.mll:li 

pesyJIJ,TtlT Ha.XO,ttHTCfl B IlpO'l'HBOpe·1ll!ll C pesyJIJ,TS.TaMll'. HeCTa.r.tl!OHap!Ott 

Y.Basm<JmCTaJlJillllec11:oi!: Mo.1te.mi: 6es ·ytreTa pe.,raxcaQIDI/IO/ 11 yita

sH.BaeT ua orpru!l!Tiem1ym npm.mHl!MOCTl> noCJieitHeil MO.Ite.JIR B6JmsH . 

nepexo.DHol o6JiacTX. PesyJIJ,TU'H trHCJieHHm: pactreToB tpymanm 

;:r.JISI aprona npa T:: 85.9°K npee;o;eR!i B § 6. IlOJiytreHHM srumcniocTr, 

BpeMeHll DSHH KBaBHg)OHOHOB OT BOJIHOBoro "lliCJia JmJilleTC,1 HOBO! K 

:Hylr;a;a8TCH B axcnepHMeHTMI,HOM IlO.ItTBe~eHHH. . . . 

B ~eTBSpTO! rJiaBe RBa8llKJ)HCTSJIJIH1i8CKaJl MQ,IteJIJ, KCilOJIJ,SyeTCJl 

,wIJl H3ytr8Hlm D,ltKOI'O reJIJ!Si (H-e
4

) IlpH T = 0 • rJiaBa COCTOHT HS 

.imyx tracTe!~ B nepooi! 118.CTH 8.HaJll!SHpyeTCJl CB.Ma BOSMOl!HOCTL 

$ 



npt!MeHeHRH :KBa3HKpHCT8.JIJIK'l:eCKOro no.n;x:o;na K HsyqeHl!llO CBO:liCTB 

re.mm B OCHOBHOM COCTomnm. .IT,1IJl 8TOii UeJIH BOJJHOBM qiy1uuum 

OCHOBHOro COCTOJlHRII lDI,Il;KOrO re.mm "\\"o 3aIIHClilBa0TCJl B BH.JJ;e 

CID/IM0Tpli30BaHHOro IlpOHSBe.n;eH:Hll JIOKaJilt30B8HHWC 0~0'1.8.CTlAHWC 

BOJJHOBWC qJyH~mi If ( r) ' yMHOJlteHHOro Ha ,nimcTpoBCKJllli 

qJaKTOp ,f (r) /I4/, yqHTliBanilHtt OTTa.mtmlaDeyll "IJ'.8.CTI, Mel!rllTOM!IOro 

B3aHMO.n;ettcTBRH 

'V ="' n tfcit"-~' n 1<~-~1 
0 i i.. l.<.j- ) (6) 

r.n;e Pt - onepaTop nepecTaHOBKH -qacTHn; cY?,™HpoBaHHe npoBO~TCJI 

no BceM nepecTaHOBKaM. CoBOKyllHOCTI, MaCClllleCKIDC KOOp,IUmaT 

{Rc1 SIBJI1IeTCJI_s.n;ec1, KBaHTOBliM_aHBJIOroM Ha6opa qiHKCl!JlOBaHHliX 

IlOJIOJlteimtt paBHOBeCRH B :KBa3HKpHCTH"l0CKott MO.IJ;MH. IlpoBepKa B03-

MOlKHOCTH npHMeHeHIDI MO.n;eJIH s~eTCJl .B ycTaHOBJieHl!IH .roro 

qiaKTa, 'ITO Ha BH6paHHOM Macce BOJJHOBWC: qzylIKUHtt V0 .n;ocTitraeTCJI 

MIUnIMYM aHeprHH E O , npHlleM ~Hoe . sHalleHHe E 
O 

.n;ocTH

raeTCJI Ilpli KOHellHOtt o6~CTH JIOKaJIHSarnm 0~0'1.8.CTH"lHOtt BOJJHOBOtt 

qlyHKIUU'I lf . E~ BTO yCJIOBHe BlilllOJIHJleTCJl' TO BOJJHOBM qzylIK

U}l.fl "\Y,, IlpliIDl'.MB.eT TOT xe BH.n;, llTO H ~ KBaHTOBOro KpHCT8.JIJia • 

(sa HCK/ID'IeHHeM KpHCT8.JIJilif'IBCKOtt CHMMeTpmt B pacnMollteHHH KOOp.n;H

HaT R ;_ ) R Ml:I IlpHXO.n;JIM K KBaHTOBOMY aHBJIOry CT~OHapHott KBaSH

KpHCTB.JJJIJif'IeCKO:li MO.n;emi:. 

B § 2 H8XO,IJ.IITCfI Bllp8.llteH:Hll ,Il,1IJl cpe,Illlero SHalleHJ?i 8HeprHH 

E 
O 

H napHott KoppeMUHomroil 4JYHKUHH ~- (r) B ocHOBHOM cocTO.fl

HHH C BOJJHOBOfi q>yIIKUHett ~ • .IT,1IJl 8TOli UeJIH HCilOJII,SyeTC.fl RJiaC- , 

TepHoe paSJIOJlteHHe/15/ B TOM mt.n;e, B KOTOpoM OHO npKMeH.fleTC.fl 

B TeopHH KBaHTOBliX KpRCT8.JIJI0:/16/. B § 3 HanHCaHO .flBHOe Blilpa

JlteHHe ,nJI.fl 3HeprBH OCHOBHOro COCTosnm.fl BO BTOpoM nopSI.n;Ke RJiacTep

HOro pasJiollteHHH. BlipalKeHHSI ,Il,1IJl E 
O 

H '} (r) nosBOJI.flDT JICKaTI, 

BOJIHOBYD 4lYHKIUID V
0 

BaPHauHOmrnM cnoco6oM. BapHauHOHHM 

10 

npone.n;ypa ,Il,1IJl HaxoameHlUl E O OilHCaHa B § 4 ' Oco6eHHOCTI,JO 

8TOtt npone.eypu .flBJI.fleTCJI To, llTO MmillMYM SHepnm HllleTC.flHe Ha 

BC8M ~cce BOSMOXHI:OC q>yHKUHil: ~o BH,JJ;a (6), a TOJII,KO qiyiuunrli, 

y.n;oBJieTBop.smiimc YCJIOBHJO paBeHCTBa qzylIKUHH 3Ci-) ee }ICTHH

HOMY SHalleHl!IJO, KOTopoe npe.n;noJiaraeTC.ll HSBeCTHllM HS BKcnepmmH
Ta/I?/ _ 

PesyJII,TaTOM Bll'IHCJieHmt nepBoil -qacTH rJI. IY JIBJillBTC.fl H8XOllt~ 

.n;eHHe .lIBHOro BH.JJ;a BOJJHOB0:11 qJyH~ OCHOBHoro COCTO.flHM '-Vo 
MO.IJ;eJII,HOft CHCTeMl:l. IloKaSaHO, llTO MHHHMyM 8HeprHH .IJ;OCTHraeTCJl 

npH KOHe"qHoft nmpmre O~O"laCTH'qHO:li BOJJHOBO:li 4lYH~HH' llTO OTKplil

BaeT BOSMOJEHOCTI, HCilOJII,39BaHHSI KBaSHKpHCTaJIJIH-qeCKO:li MO.IJ;eJIH ,Il,1IJl 

RSY'ieHM .n;HHaMn0CKH lltH.JJ;KOro rMHR npH T = o. Onpe.n;eJieHa 

q>yHKUIDi pacnpe.n;eJiemrJI cpe,D,HHX sHalleHH:li Koop.n;mraT G ( r) , KOTOpaSI 

B KBaSHKJJHCTaJLJmlleCKOM no.n;x:o.n;e SKBHBaJieH·THa qzylIKUHH pacnpe.n;e

JI0HH.fl IlOJIOllteHHtt paBHOBeCHJI KOJie6JDOIIlHXCR aTOMOB. Bmll:CJieHa 

8HeprHSI OCHOBHOro COCTO.lIHH.ll MO.n;eJII,HOtt CHCTeMll, OnHClilBaeMott 

BOJIHOBOli q>yHKU}le:li '\Jl'o • HHTepeCHO:li oco6eHHOCTI,JO IlOJIYlleHHoro 

pesyJII,TaTa JIBJI.fleTCJI TO ,llTO npeBlilllieHHe Bli"lHCJieHHOii 8Hepnrn Ha.II; 

3KCnepHMeHTaJII,HO HSMepeHHOil COCTaDJI.fleT 6 ° K /a.TO t1 ' T. e. Ty 

xe Be~ll"lmty, llTO H ,Il,1IJl KEaHTOBOro KpHCTar..na B TOM ne IlO:p.<i,lllte 

MaCTSPHOro pasJI0%8HWi. 

Bo BTopott "!acTH rJ'!. IY pesy.m,Tam BJil'qHCJieHH:li, BlilTIOJIHemrnx 

B nepBott ~acTll: HCilOJII,SYJOTCJI ,Il,1IJl Haxo~eHH.fl ~cnepcv.omrott saBHcH

MOCTH KOJUl8KTHBHHX BOS6y,K,D;eHd B re.mm: IlJJH T = o. Ilpll 

8TOM cyaiecTBeHHO TO 06CTOHTeJII,CTBO' "lTO. SHaHHe JUlliOro BH.n;a 

BOJIHODOi ~YH~ "\.V, IlOSBOJI.fleT o6ottTHCI, 6es IlO.IJ;rOHOtnwX napa-
0 ' 

MeTpOB, a SHaHlle 4JYHKUHH pacnpe.n;MeHH.fl G (r) noSBoJI.fleT nponsBec-

TH ycpe~eHHe no aHCaM6JIJO MO.IJ;BJII,HWC Cl!CTBM HM8HHO C 8TOll qJyHK

UHe:li, He IlJ)H6eraJI R npR6JIHllteHHoii saMeHe ee napHoii qzy1IKIU1eii pac-

II 



npe,ll,eJISHRII ~ ( r) • IIo.nytieHHasI .nncrrepcHOHHasI Kl)lIB8Jl HaxO,IJ;RTCJl' 

B xopomeM corJiamm: c a1tcrrepHMeHTaJII,HliMlI .IraHHHMH ( cM. pnc. I). 

rro~.wi HTor rrpoBe.IJ.eHHOMY nccJie.IJ.o:erumD KBaaRKpHCTaJI

JIHtJecKoi\ MO.IJ.eJIR, MO!tHO CKB.3aT:i,, 'ITO 3Ta MO.IJ.eJII, ,ll,OBOJII,HO TO'lHO 

OTpruttaST KB.pTlffiY BHCOKO'laCTOTHoro KOJIJieKTRBHOro ,D;BllSHIDI aTo

MOB He TOJll,KO B KJiaCCH'l8CKOll, HOH B KBaHTOBOH llrn,ll;KOCTH. IIoc

Jie ycoBepIIeHCTBOBaHlIB 3TOH MO,ll,e.JIH, rrpoBe,ll,eHHoro B HaCTOJI-

meii .nnccepTauHH - YtJeTa aHrapMOHHtJ:ecmx ajxpeKTOB, YtJeTa pe

Jia.KCaLU!OHHoro ajxpeKTa C8.MO.D;R@)Y3HH H IlOCJIS,ll,OBaTSJil,HOro rrpoBe

.IJ.emIB ycpe,ll,HSHRII no 8HCaM6JID MO.IJ.eJII,HHX CHCT8M, KBa3Riqrn:cTaJI-· 

JIH'leCKasI MO.IJ.eJII, .rraeT xopomee KOJIHtJ:ecTBeHHOe corJiacne c peayJI:i,

TaTaMH 8KcnepHMeHT8JII,HOro HCCJie,ll,OBaHRII KOJIJI8KTHBHHX B036Y1t.IJ.eHHi1 

B JKH,ll,KOCTH. 

OCHOBHH8 peayJII,TaTH ,ll,HCC8PT81U!H orry6JIRKOB8Hlil B pa6oTd5, •' 

9, I8,I9 ,20/. 
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BoJIHoBoe "Il!CJIO (AO -I) 

;nRcnepCHOHHHe KpHBHe: I - 8KCIIepHMeHT; 2 - .ll.8HHM,pa6oTa; 

3 - /8/; 4 - /2I/. 
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