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· 3aIJtllTa_ OOO~OllTOJI 01.i__•· ,an)'..,..,,,:3 I983 r. B /Z qaooB Ha, 

3aOe,D;aHHH Crrewi;aJIH3llpoBaHHoro yqeHoro OOBeTa Ji 3 (.U002. 39. 03) 
. • . . . ·1 
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OIB!Aff XAPAKTEPHCTHKA PAEO'ill 

ARTya.m,HoOTi> npo~eMI:J. HHTew.iepe~oHHhle mureHWI, o6ycJioB

Jiemme R.BaHTOBOM8Xlil.HlPWOIGIM IIPIDmiIIIOM OYn.8PIT03mnm, llI'J)aJIJT Ballt

HYIO l)OJii> R.aR. B aTOMHOll H SI,D;epHOll qJH3HR.e, Ta.R. H_B qM3HR.e 3JI8M8H-... , . ' 

TapHblX qao~.MHOI'He rJiy6oR.He OBOllOTBa Mmq)006MR.TOB HalI60Jiee 
, . ;._'!:, , • 

qeTR.O IIpOHBIIJI!OTOJI B qJll3l{q9CR.liX 3qlql8~Tax, OM3~IDC O no~e,D;SHH- . 

eM oynepIT03RWill BffYTP8IilIHX OOOTOsmmi R.BaHTOBIDC OHOTeM. BHyTpeH:-
. •_ . ,- . ' 

HHM COOTOJIHWIM OOOTB8TOTBYJOT Ha6Jm.ItaeMHe, R.OMMyTHpYJO!IlH8 0 one

paTOpaMH m.mym,oa H R.Oop.zomaTll, xapaxTepH3~ JU3H1K8IDI8 CHO"'." 

T8Ml1 R.a.R. UeJIOro. Pe% MOJK8T H,ll;TH O OOC'l'ommsrx O,IJ;IIOH H Toil lK8· 
"' .:--~ ' ,____ -

qaOTHini O pa3Hl1MH IIp08:Kil;l'l:IIMll omma Ha 8aJJ;aHH08 HanpaBJI8HH8, HO 

BMeoTe o TeM o K0 n K0- Me3oHax - oooToJIHWIX c pa3HOfi OTpaH

HOOTi>IO, .P 0 H W -M830Hax - OOOTOJIHHJIX O pa3HI-lM H30T_OITHqeoIGIM 

OIDIHOM, B036y,ir,neHHIDC ypoBHJIX SI,D;ep,_aTOMOB :wrn: MOJieR.yJI. HHTepqie

peHUHomme 3qiqJ8R.Tl1, OTBeqa.IOllllle BHyTp8HHHM R.BaHTOBllM 'llICJiaMpas-
. . - . 

Jil{qHOft IIpHpO,ll;hl, HM8IOT 061lll:10 qepTll H OIIHOllBaIOTOSI 8,ll;mlliM o6pa30M, 

AKiya.m,uoOTJ, H neponeR.THBHOOTJ, HOCJI8,ll;OBaHHSI IDITepqiepeHW1H BHYT

peHHHX OOOTOSIHHH OIIp8,ll;eJIJI8TOJI TeM, qTo 3TOT R.Jiaoo SIBJieHHH oo

,ll;8plKHT IIpSIMylO :imqJOpMaWiIO O _BHYTpeHHeil OTpJ'KType H O xapa.R.Te

pe B3aHMO,D;efioTBllSI R.BaHTOBWC o6~eR.TOB. Ha SI3lllte IrnTepqiepeHW1H 

BHyTp8HHHX OOOTOJIHHH ITOJiyqaIOT HarJISI,IJ;HYJO llHTepnpeTauruo oymeoT

BeHHlle ooo6eHHooTH nponeoooB pOlK,ll;eHHSI n paona,n;a HeoTa6:wu,Hwc 

OHOT8M (B qaoTHOOTH, HeiiTpaJii>HHX K-M830HOB), Il0.7ISipH3aW10HHHX 
• .•, I 

3qlqJ8R.TOB, napHHX R.OppeJISIUIDl:, 3aB:IIO.IIlltIDC OT BHYTpeHHmc R.BaHTOBllX 
; , 

qnoeJI. B TO '1te Bp8MII IlOCJI8,ll;OBaTem,Hllfi aHaJIH3 IDITepqiepemnm BHYT-
- ' .i . . • 

pelIHmc OOOTOSIHllll UM88T IIpllHW1IIHaJII,H08 3HaqeHIJ:e lJ)1H npo6JieM!l 

TOlK,ll;80TBeHHOOTll H pa3~00TH qaoTHU B R.BaHTOBOfi qlll3mte. 

llem, paclOTll - OllOTeMa.Tl{q80R.OO HOCJI8,ll;OBaHHe 3qiqJ8R.TOB HHTep

qiepeHW1H BHyTp8HHHf COQTQIIIDIH B ITf)QI~PCC~ Jil\HlllH'l1J:OliOTBHJI R.BaHTO

Ha Y" HO•TeXHH'leCKaR 
6H6JIHOTeKa 

OHJH 



B!:IX CIICT8M (BKJI!O'Ia.IO!ll88 aHa.mI3 CBOHCTB lJa.CTHU.C H80pToroHaJII,

HliMll BHYTJ)8HHHMH COCTOSlHHJIMH II ero npIIMeHemre K HenpepllllHOMy 

omi:camm IIOBe,nemm CIICT8M O,nHliaKOB!:IX II P8.3JIH'IaiarCllX~ 'laCTHU). 

HayqHaJI HOBH3Ha~ IlpeMooteHa'HoBasI ~eHoMeHOJtornecKaa ~op

My.7mpoBKa Teopmr MHOroypOBH8B!:IX H8CTa6HJII,llliX CIICTeM, ytmTl:lB8IO

lllaJI B SiBHOM Bll,It8 HHTe~pemmro HeopTOI'OHaJII,HlilX ,IJJ>YI' ,IJJ>yry ne

peKpllllaIOJllllXCJI ypoBHeil. YCTaHOBJie~ o6Jlll{il xapaKTep CBR:8II HeOpTo-. 

roHaJII,HOCTH KBa3IICT~oHapHWC BHYTJ)eHHll!X cocTOJIIIHii necTa6HJII,

HWC CIICT8M C npmn~mru.m cynepII03HUmi H ymITapHOCTH. lIOKa8aHO, 
i ,. 

'ITO H8 YCJIOBM ymITapHOCTH BUTeKaeT KOMIJJI8KCHOCTb napaMeTPa 

BJI8KTpOMal'HliTHOro·cMeDIHBaHllll B086~emmx smepHWC ypoBHeil C 

pa3HHMH II80TOilll'l8CKID.mCIDIHaMH. 

Paspa6oTaH MeTo,n ymi:Tapnoro omi:caH:wr peaonaHcnmc npouec

coB IIJ?H O'leHb 6o.m.moil IIJIOTHOCTH HHTepq>epnpyrolllHX smepHWC ypOBHeil. 

IlOJIY'l8Hli H8H3BeCTHUe paHee COOTHOmemm B TeOpHH ·wmTElJII,HOCTH 

smepHHX peaKUHil H TeopHH qmyKTy~il 8\MeKTHBHI:lX CS'leHHil, II8 KO-· 

Topax: CJie)U'IOT Ka'leCTB8HHO HOBUe BllllO.n;hl O xapaKTepe pe30HaHC~ 

peaKUHil npII CMI,HOM nepeKpUBaHHH npoMe.JKYTO'IHWC ypOBHeil. BBe,ne-
. ,, 

HO npe,ncTaBJI8HII8 0 BepOJITHOCTHOM pacnpe,nMeHHH Bp8M8HH 38,ll;8IJlKIW 

BOJIHOBOro IlaKSTa II IlOJIY'l8HO 06Jllee BllpallteHHe ;IJ,7IH. COOTB8TCTBYJOlll8il 

cpyHiru;IDI pacnpe,neJieHmr. Bn'epBUS IIOKa3aHO, 'ITO npn YCJIOBHH 

r >? nO cf-nOJIHaa nmpHHa, · 0 -cpe,nnee paccTomrn:e MelK,lzy /• 2~ ' . 
coce.nnm.m ypoBHRMH, n -'IHCJIO OTKpliTHX KaHaJIOB) WIHTMbHOCTb 

CTOJIKHOBeHmr BO MHOro pa3 npenumaeT cpe.nnee BP8MII mI3HH ;IJ,1IH. 

OT,ItMbHOro KBa3IICT~OHapnoro ypOBHII, a B8pORTHOCTHOe pacnpe,ne

JieHHe BP8MeHH 38,ll;epiKKH IIO,It'IHHR8TM H83KCIIOH8liUHa.7IJ,HOMy 3aKOHy II 

B npe,neJie ¼o➔ <P l:!M88T ~pMy d -o6pa3HOrO ~. 

Ilpe,ncKa3aH H BIIepBUe TeopeTH'l8CKH paCC'llITaH ajxl)eKT Bpa-
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lll8HHR IIJIOCKOCTII JIHH8HHOH IIOJIJI_pII3auHH r -KBaHTOB JipII RX npOXoot

,neHHH- 'lepe3 IIOJIJI_pII30BaHHYJ!) BJI8KTPOHHYJ) MH1118HI, (HaMal'HWI8HHIDi 

~eppoMarHeTHK) B o6JiaCTH 6o.m.mHX ~Heprmi, B KOTopoil Yllt8,He 

,neilCTBY8T CTaH,napTHUil M8XaHII3M OIITH'l8CKOr0'BPalll8HHR IIJIOCKOCTII 

IIOJIRpII8auHH B MarHHTHOM IIOJIS. BIIOCJI8,ItCTBHH 3TO HBJI8HH8 6WIO 

o6HapYllt8HO 3KCnepHM8HTaJII,HOi 3KCIIeplIM8HTli IIO,ItTBep.n;wm: ROJ!lI'l8CT

B8HHli8 BllllO'AH T80pHH. 

IlOCTP08Ha Teopmr KorepeHTHllX RBJieHHil npn 8JI8KTPH'ISCKOM H 
L . . . . 

MaI'HHTHOM 2 -IIOJ!bHOM K3JIY'l8HHH CHCT8MU, COCTORlll8il·H8 B036Yllt-

,neHHoro II HSB086~eHHoro U8H~OB (aTOMOB, smep), lI n6JlyqeHU-~ 
HBHUe BupallteHHR ;IJ,]IH. lJa.CTOT H mnpHH CII8KTPaJII,HliX JmIDiil._ PemeHa 

~ ' ~ .. _ \_ . ';.,. '. 

38,ll;alJa O MHOroKpaTHOM paccemnm: BJieKTPOMaI'HHTHliX BOJIH_Ha ,nByx 

.IJ;HII0.lll,HllX U8HTPax. Pa3BHTa T80pHR MyJII,THIIOJ!bHOro H3JIY'l8HHR aTo

Ma, naxowmieroCJI Ha ~CHPOBaHHOM paCCTORHHH OT IIOB8pxHOCTH npo

BO,nHHIW.. 

lIOJIY'l8Hli COOTHOmeHHR, OilllCUBamtl!S KOppeJIJIIJ,llH pacna,noB ~OJI

I'Ol!WBYlll8ro lI KOPOTKOZHBYlllSro H8ilTPaJibHliX K-M880HQB B pa3Jlll'IHHX 

3KCII8pl:!M8HT8JII,HliX CHTyaIJ,WIX C Y'1!8TOM Hapymenmi CP-HHBapHrutTHOCTH. 

BnepBUe nocTpoeHO ~HOM8HOJIOrR'l8CK08'0IIHCaHH8 pox.n;eHHR nap Heii

TPaJII,HliX K-MeaonoB B m£KJII08HBHWC npoueccax n npoana.mranpoBaHo 

IIOBe,neHHe KOppeJrJIImli THIIa ~°Kg H KJKf npH MaJIHX OTHOCHTeJil,HliX 

HMIIyJII,cax. IlOJIY'leHU noooe :ir3oToilll'lecKHe cooTnomemm ;IJ,7IH. ,nByx'lac

TH'lliliX .HHK1!l08HBHHX pearmuil. 

IlpoBe,IteH aHa.mI8 HIITepq>epeHUHOHHHX KOppeJIRUHil npn B3aHMO

.neilCTBHH,lJa.CTHU C neopToroHaJII,HHMII BHYTJ)eHHHMH COC~0.llJilIJl:WI. YcTa

HOBJI8HO, 'ITO CKBJIHpHOe npoH8Be,neHHe B8KTOPOB BIIYTP8HHHX COCTOJI

HIIH HrpaeT POJib HenpepUBHoro napaMeTpa 6JIH30CTII lI pa3JililIIISl MllK-

po'laCTHU, H Ha 3TOil OCHOBS BnepBUe paspa6oTaHO e,nHHOe KBaHTOBOMe

XaHH'l8CKOe OillICaHHe CIICT8M T0X,D;8CTBeHHHX lI CHCTeM H8T0X,D;8CTBeHHUX 
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'ia.CTID.l, BKJIIO'l!a10lll88 HenpepliBIIliii nepexo.n OT pa3JIHllalOllllIXCH 'laCTlIU 

K T~8CTB8HlWM. C TOH llt8.T01IIW 3p8HIDI HCCJI8,ItOBaHli ,ItHffl3HOHHll8 

a/MSKTH CMennmamm raaoB, aTOMH KOTOPHX HaxO):tlITCH B HeopTOroHam,

HHX ,IU)yr ,IU)yI'y BHYTP8HHIOC COCTOHHRSIX (JnI6o B CMemammx COCTOHHH

HX C H8KOMMYTHPYIOJitID,m MaTp~aMII WI'OTHOCTH) • .I{OKaSaHa HenpepHB

HaH 3al31ICHMOCTJ., H3MeHelIBH 3HTpOllHH H ,IU)ynIX T8pMO,ItRHaMH"I8CKIDC 

BeJili'mH OT BHYTPSHHHX CBOHCTB CMennmaeMHX aTOMOB, qTo CJIYlltHT 

ocHoBoH.HOBoro no.nxo.na K pememno ~e.noro KJiacca ~epMo,ItRHaMHtiec-

1~ napa,I{OKCOB pa3pHBHOCTH (B TOM ~CJie napa,I{OKCOB I'H66ca H 

:3fiHIIITe:lma). 

HaxmaH H npax~ecKaH ueHHoCTI>. PeayJII,TaTu ,ItHccepT~ 

MO:ryT HaHTH npHM8H8HHe: 

a) npH TeopeT~8CKOM R 3KcnepHM8HTaJIE,HOM RCCJI8,ItOBaHHHX CBOHCTB 

nepeiq>HBaIODtKXCH peaoHaHCOB B H,ItepHoft WH3HK8 R qiH3mte a~eMeHTap

HHX qacT~; npH 3KCnepHMeHTaJll,HOM onpe,ne.nemm BpeMeHH npoTeKa

HIDI pe~OHaHCHHX pearuntft B YCJIOBHHX CWIJ,Horo nepeiq>HBaHHH BHCOKO

B036y;IQJ;eHHHX H,ItepHHX ypoBHett; 

6) npR H3yq:emm BJlHJIHHH Pa.ItH~OHHHX nonpaBOK Ha CllHHOBHe 3q>

ql8KTH B KOMIITOHOBCKOM paccemnm, npH paapa60TK8 ~8TO,ItHKH,H3M8pe-· 

HIDI Ma.mil llOJJJrpH3~0HHHX napaMeTp~~.B-~BJI3H C,3KCnep~8HTaJIE,HHM 

HCCJIEl,ItOBaHHeM HecoxpaHemm ~ernoc!H·B H,ItepHHX nepexo,nax; 

B) npH Hayq:emm BJlHJIHHH M8TaJIJIH~8CKOtt llOB8pXHOCTH Ha cneKTpH 

M;Y'JII,THllOJII,HOI'O R~ewm H Bp8M8Ha '1tl!3HH B036YJIU(eHHHX aTOMOB H 

MOJieey~; 

r) llpll H3yq:emm CMeIIIm38HH1f ,ItByx raaoB C nOJIHpH30BaHHHMH aTo

MBMH; 

.n) npll HCCJI8,It0Balllm napHOI'O POJK.IteHW! HeiiTpaJIE,HHX K-M830HOB H 

onpe,nMemm llpOCTpaHCTB8HHHX paaMepoB 06.7.!acTH HX reHep~; 

e) llpH HCCJIEl,ItOBaHHH ~eHT8JII,Hl:,IX CBOflCTB H8HTpaJII,HHX K-Me-
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30HOB (R3M8p8Hlle WieKTpOMaI'HHTHOI'O pa,i:uryca H napaM8TpOB Hapy

memm CP-RHBapRaHTHOCTH, npoBepKa CPT-HHBapRaHTHOCTH). 

Co,ne~ca B ,ItHCCepT~ aHaJJl!3 llOBEl,IteHIDI CHCT8M C Heop

TOroHaJII,HliMH BHYTPeHHHMR COCTOHHHHMH npHBO,ItHT K 60Jiee r~60KOMY 

llOHHMaHRJO pMH TOJK,It8CTB8HHOCTH H pa3JniqHMOCTH 'IaCT~ B KBaHTO

BOH qlll3HK8. IlpHH~aJII,HO BalKHHM B 3TOH CBH3H HMH8TCH BBe.ne

HHe HenpepHBHHX napaMeTpOB, xapaKT8pH8YJOlltliX BHYTpeHHHe CBOHCTBa 

KBaHTOBHX CRCTeM. 

Anpo6amm :pa6oTH. P.eay~uarn pa6oT, ~El'1taII!HX B ocHoBe ,ItHC

cepTan;mr, MHOrOiq)aTHO HCllOJII,30BaJnIC1., COB8TCKRMH H aapy6EllltHHMR 

aBTOpaMR. Pe3yJII,TaTbl lll BHBO,Itbl ,ItHCCepT~ ,ItOKJia,ItHBaJnICJ., H 06-· 

CYJK.ItaJnICJ., B I968-I98Irr. Ha Hayq:HHX ceMRHapax ~MAH, MT~, IllOOI~ 
MI'Y' Jilfil~. Jl'Nl, JIBS,, JIH~ H .1IffiI owrn:, liayq:HblX ceCCHHX OT,ItMe

HIDI H,ItepHOH qiR3RKH AH CCCP, 3m.mRX IIIKOJiax Jilfil<li no qiH3HKe aToM

Horo JIJU)a H 3JleM8HTapHHX ~aCT~ (I9'72, I974)' IY CHMll03RYM8 

no rnoceOJio~ecKRM npo6.7.!eMaM Teopmi: H3MepeHHft (Ylltropo,n, I9'7I), 

BceCOID3HOM CHMII03HYM8 "H,nepHble pe~ H KJiaCTepHble acneKTbl 

CTpYKTYPbl JIJU)a" (BopoHElllt, I98I), a TaKllte 6~ npe,ncT~eHbl Ha 

XYIII Me.iimYHapo,ItHoH KoHwepemnm no qiHaHKe BblCOKHX aHepnii (T6H

JnICH ,I976)' Mel!UlYHapo,ItHO:li KOHqiepeH~ no rHll8PJIJU>aM H qill3HK8 Ka

OHOB HH8KRX 8H8prHH (IIOJII,ma, H6.7.!oHa, I9'79), X Mi~lK,Izy!IapO,ItHOM CHM

ll03}IYM8 no MHoro~aCTll'llIOH .ItRHaMIIKe (HH.ItHH, roa, 1979). 

06'LeM :pa60Tbl • .I{HccepT~ CO,Itepm!T 285 CTp~ MaIIIHHOllHC

Horo TeKCTa H COCTOHT H3 BBe,neHRH, .IIJITR r~aB, BKJIIOqaxtl!HX 25 na

parpaqxm, H mecTH npwrOllteHHtt; B cnHcKe UllTH:PYeMoii JmTepaTypbl 226 

HaHMeHoBa!Ill!. 

C01IEP¥,AIDfE JlliCCEPTAllillI 

B ,ItHCCepTan;Im o6CYJ!{,I(aeTCH CJie,nyro~:ii Iq>yr BOllpOCOB. 

Bo-nepBHX' llCCJie,ItyIDTCH aqx!JeKTbl HHTepqiep~ BHYTP~ 

5 



l 
! 

!1, 
)1 

COCTommii, COOTBeTCTBymtHJC O.n;HOii ~aCT~e :wm O,IJ;IIOii CJIOllllIOli CHC

TeMe (6e3 pa3.n;MeHmI Ha no.n;CHCTeM!,1). K HllM, B ~CTHOCTH, OTHO-· 

CSITCJI HHTepqiepeHI~IOHIUie RBJieHmI IIpH CHJII,HOM nepeiqllmaHHH peso

HaHCHllX ypomreil ( §§ I-9), 3q:qJ9KT BpanteHmI MOCKOCTH nOJmpH3runm 

/ ..:KBaHTOB B cpe.n;e C nOJDipH30BaHHI:lMH 3JI9KTpOHaMH (§ II), HHTep

~epeHUROHHHe Jll3J.leHmI, CBSI3aHHlle C KorepeHTHI:lMH CBOiiCTBaMH cynep

noa~1 HeiiTpaJII,HllXK~Me30HOB (§ IO,§ 25, nyHKTll I,2). 

naJiee nsyqaeTCSI noBe.n;enne cynepnosHIU'lii BnyTpemmx cocTommil 

THlla J'f/>=f{ ti,-K}.R,)/11~. OTHOC.IIIIUlXCSI K .n;BYM ~acT~aM"MH no.n;

CHCTeMaM ( /JI.-> -Ha6op o.n;no~ac~HX BnyTpeHHHX cocTommii). B 
I ' 

CBSI3H C 3THM HCC.7!8.n;yIDTCSI KOrepeHTHlle RBJieHmI IIpH H3Ryqemm CHC-

TeMll, COCTOJD!leii H3 B036~eHHoro H H8B036~eHHoro UeHTpOB 

(§§ I2-I5), l!HTewepeHUHOHHll8 RBJieHIDI npll B38ID,10.IJ;8itCTBHH ll reHe

prunm nap ~acT~ ( §§ I7, I8, I9, 22) , HHTep~epemill:oHIUie KoppMR

UHH npn perncTprunm pacna,n:o:s .n;Byx· He:itTpam,HHX K-Me30HOB ( §§ 23, 

24, § 25 n.3). 

Cneun:am,HHil aHaJIH3 HHTewepeHUHOHHHX KOpp8JllIUllii .IJ,1III CHC- ' 

T8M C HeopTOrOHaJII,HllMH BHYTpeHHl!MH COCTommm.m 06HapymmaeT HO

Blle cTopoHH npo6Rem TOJK,IJ;eCTBeH~ocrn H pas~ocru ~CTHU B 

KBaHTOBOli MexaHHKe H CTaTHCTirt!eCKOii qJR3l'IK8. 
. . ,, 

Bo BBeneHHH .n;ana KpaTKaJI xapaKTepHCTHKa peaym,TaToB .n;n:c-

cepTrunm. 

IIepBaSI rJiaBa llOCB/ImeHU ymITapHoii TeopHH MHOroypoBHeBHX 

H8CTa6wu,HHX CHCTeM H HCMe.rlOBaHlllO HHT8W9P9HUHH nepeKp.l1BalOillllXCSI 

ypoBHeii. 

B §I noKasano, ~To ymrTapHoe npaBMo CYMM EeJIJia-lIITeful-

6eprepa, YCTaHOM8HH08 nepBOHU'laJII,HO .Jiim HeiiTpaJII,HHX K-Me30HOB 

B CBSI3H C npo6ReMoii HapymeHHSI CP-HHBapHaHTHOCTH, SIMSieTCJI 06~ 

Me.rlCTBHeM TeopHH nepeKpllBaJOIIUIXCJI pe30HaHCOB H onpe.n;MSieT CKa-
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RS!pH08 IIpOl'l3Be.n;eHHe B8KTOpOB .n;Byx JII06HX BHYTpeHHHX KBa3HCTaUHO

HapHHX COCTOSIHHH H8CTa6HJII,HOH CHCTeMll /I/_TaKoii ~e BllBO.IJ; co

.n;epllWTCSI B 60Jiee ll03.n;Hl'IX pa6oT~Bl'!Ka ( Wick G.c., Phys.Lett., 

1969,v.JOB, p.126) H CTO.IJ;OJU,CKOro (Stodolsky, Phys.Rev., 1970, 

v .D1 , p·.2683 ) • B § 2 paCCMOTpeHll OCUHJI,7ISill;IDI npll pacna,n:e Heop-

TOroHaJII,HHX .n;pyr .n;pyry KBa3HCTaUHOHapHllX COCTOJIHHii. IIoKa3a1lo; 

~TO H83KCllOH9HUHaJII,Hllll pacna,n:, CBSI3aHHllii C KpaTHllMII llOJIIOCaMH 

s -Ma,Tp~. npe.n;cTaBM8T co6oil ~aCTHHil: Myqail: saTyxruontHX C 

Te~eHHeM BpeMeHH "6neinrtl:" B npe.n;e;rre, Kor.n;a CKaRSipHHe npon:3Ba.n;e

HHSI BeKTOpOB KBa3HCTaUHOHapHHX COCTOSIHHil CTpeMSITCSI K ~e. 

B § 3 .n;ano oUHcaHHe npoueccoB reHeprunm H pacna,n:a cynepno-

3HIU'lii H80pToroHaJII,HllX HeCTa6JIIJII,HllX Y[lOBHeii. 3HepreT~ecKHii 

Cll8KTp IIpO.n;y:ItTOB pacna,n:a BHpruitaeTCH ~apes aMMHTy;D;ll pa~na,n:a JIK-,n 

H MaTp~e 3JI9M9HTH nepexo.n;a B KBa3HCTaUHOHapHHe COCTOHHHSI i 
C nOMOlllblO COOTHOW9Hl'IH II . :l JI . 

_/t,v.: ,v ..L ,, t j,c,JlK'#n / · - \ru-J.J . 
~ .. n 2tlf K,.l lK -if -ev dw, £.-Fi /Kj iJ, (I) 

r.n;e U -MaTp~a. 3JieM8HTll KOTopoii onpe.n;MSIJOTCSI no ~PMYJie EM

Jia-lIITeful6eprepa: 

U _ 1 · 'I, Jl:.,n fl; ➔ 11 

Kj-(K J) = 1 (l;+{)-1."(!K-E;) (2) 

a 
( /; = I/A"",,/-!DHpHHa, !" -aHepI'IIll K-oro ypoBHSI). 

n 
' B § 4 o6cy;ir,naeTCSI 3JI8KTpOMarHHTHOe CM8WHBaHH8 H9CTa6JIIJII,-

HllX ypOBHeii. Ha npm11epe B036y;K.IteHHHX ypOBHeii smpa \Be8 co Cill'I-
+ D 1• 

HOM lI ~eTHOCTI,IO 2 , pacna.n:ruontHXCH no KaHaJIY oe .., 2 rJ. ,noKa-

3aHO, ~TO B CHJIY ymiTapHOCTH napaMeTP KYJIOHOBCKOro CMeJlllIBaHHJI 

nepeKpHB~CSI H9CTa6JIIJII,HllX COCTOSIHl'lll C pa3HHMH H30TO~eCKHMH 

CllHHaMH SIMSieTCJI KOl\llIJieKCHHM, a He .n;eilCTBl'ITMI,HllM, IIp~eM KBa3H-
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CT~OHaplllie COCTOmruJI CYJ!leCTBeHHO HeOpToroHam.llli .i:wyr m>YI'Y' • 

,Il;JIII cTerreHR HeopToroH~HO~Tll KBa.3lICT~oHapHBX cocTOHHlifi Be~ 
·1 8 I II n: Be~ HaimeHo 3Ha'IeHlle (Be1 /Be.t>/ !;' 0,3 I • .ll:a.HHue pe3ym.-

TaT11 Y'ffiTHBaJillCb IIplI ,nam.He:iimeM lICC~e,noBamm IDITepiJJepeHIJ;llH 

ypoBHeft Be8 (.KllpHJIIOK B • .n:. 11 .i:w.JmepHall: ®r3mta, 1969, T.IO,c.I08I; 

Shanley p·.s., Phys.Rev•.Lett.,1975, v.34, p.218; Warke c.s.,Phys.Rev, 

1976, v.c13, p.9).,,B § 4 IIp:llBO,wITCJl Ta:IOJte aHaJIOI'll'Ilille 6e3MO'AMb-

lllie on;HKR CTeIIe~ HeOpTqI'OHaJII,HOCTll J' 0 
lI uJ · -Me30HOB, MHlI-

MOfi 'IaCTll rrapaMeTpa CMeIIllIBrumJI lI OTHOClIT~Hofi qia.:3H ~Ty,n: pac-
. • + - . ' .,. -
na,n;a J' ~ ilT' .n- 11 U)➔ Jf" i1f' , c~e,eyIOilllle . n:s cooTHomemm E~a-

lllTeiiH6eprepa, T-mIBapllaHTHOCTll ll 3Kcnepn:MeHTaJibHI1X ,na.HHUX O na1>7 

xm;am.HBX Dmpllliax peSOHaHCo/21. 
B § 5 llCMe,nye:CH o6~rui: ~eHoMeHMOI'll'IeCKaE: CTpY}tTypa aMII

~Ty,n: MHOI'OKaHam.~ux pe30HaHC1filX peruca;u:ft, Me,ny:roI!lafI 113 Tpe6oBa

mm ymlTapHOCTll S -MaTpllUU •. !IOKaSaHO, 'ITO np:n: JIJ06oM. 'Ill'.Me llH

TepiJJep:n:pYJ!llllIX .i:wyr C.,IWYI'OM IIpOMelKyTO'IHHX ypoBHefi a~eMeHru pe-

30HaHCHOfi:· S -MaTpllUU MOryT.6HTb npe,ncT~eHU B BR,ne CYMMH 

IIOJIJOCHUX ~eHoB, BH'IeTH KOTOpllX BHpalKa!OTCJl 'Iepes ~TY.JJ:H pac

na,n;a H KOM6mtaxm;:n: CKaJIRJ)HHX IIpOlI3Be,neHllfi BeKTOpOB KBa3llCT~O

HapHUX COCTOSIHRit, 3a,n;aBaeM!.lX IIpaBWIOM CYMM E~a-:lliTefiH6eprep/3/. 

IlpoBe,neH yt!eT Hepe30HaHCHOI'O q>oHa ll IIpOaHaJm3HpOBaHH c~e,nCTBM 
' . 

T-mmapRaHTHOCTH. IIpe,ItlIOJlteHHW1 q>opMaJm3M aBTOMaTR'I8CKll BKJilO'IaeT 

npe,n~mni c~ K!)aTHWC IIOJIJOCOB s -MaTpllUU. 

B 3ait11lO'IRT~HoM nyHKTe § 5 :n: B § 6·:n:syt!axiTCJI cBoficTBa 

CRCTeMH nepeK!)UBBIOlllHXCJl ypoBHeii C O,nHllM KaHaJIOM pacna,n;a. IlOim-

3aHO, 'ITO B 3aBHClIMOCTR OT Ha'Iam.HWC YMOBlW pas~e BR,nH'o.n

HOKaHaJII,HOI'O pacna,n;a CHCTeMH, lIMElIOlllefi JI BHyTpeHHIDC CTeneHe:ii· 

CB060)Ul, MaCCR~YJOTCJl no IIOBe,neIDIIO IIpH BpeMeHax ,.,, () 

P,, { t} ~ t J,, , r.ne' 0 ~ n ,< I/-1 . B 'IaCTHoc~, npn: MrHo-

8 

JI 

l, 

!, 

f 

~ 

BeHHOM B036y,ir,nemm Ta.KOH CHCTeM!,I s -o6pa3Hmi IIaKeTOM 'IaCTJm 

B pacna.n;HOM KaHaJie (npe,nno~araeTCH, 'ITO pas6poc aHeprHH naKeTa 

Y.JJ:OM8TBOpHeT ycJIOBIDO .d. E >;> II r ,r.n;e· r -cpe,nHHH Dmpmia) 

MOTHOCTb BepOHTHOCTH pacna,n;a B MOM8HT BpeMeHH t OilHCHBaeTCH 

BHpallt8HHeM N J. <P JI... t 
fo ft)= ('IJ(".t'[;!J-/J(l-sr9e-iEt/l;r1Ej ~ 

-oo 

(3) 

II s tEJ = n ( 1 + i 1: _ r; _ j_ - ) 
l<=t I( E .i /;/. 

r.ne 

(4) 

Al c:P 

B aToM Myt!ae-/; f. (o}= L J;; J P.(l}J/,, J. !Ip:n: JI -K!)aTHoM BHpOJJt-
• Kc/ 0 

,neHHR ypoBHefi :n:s ( 3) c~e.nyeT Sa.KOH pacna.n;a 

f!. I/)= L (L ~ r~J~-rt/t (5) 
o l '1/ #J #-t -1; ~ .,, 

.1 

r,ne L//-J. - npxcoe,nHHeHHHfi IIMRHOM Jiarrepa. 

Bo BTopofi r~aBe xcc~e.nyeTCH xapaKTep pesoHaHCHHX nponec

coB IIpH 6om.mofi MOTHOCTH rrepeK!)lIBaIOII!RXCH ypoBHefi. 

B § 7 B paMitax O,llHOimHam.HoU YHRTapHofi TeopRH nepeKI)HBa

lO!ltIDCM ypoBHeii IIMY'JeHH HB!llie BHpalltemm ~ if:llryxTyaxm;fi a@leKTHB

HWC ce'IeHHn H K03qx!lH!l;HeHTOB KOppElJI/IUim aMIIJmTy,n: H ce~eHHnf41. 
PaCCMOTpeHHe OCHOBaHO Ha npe,ncT~eHHH J -qiyHKmm np:n: onpe.ne

~emwx 3Ha'Iemmx yr~oBoro MOM8HTa B B:ime IIpOH3Be,neHHH ~eHOB, 

COOTBeTCTBYJOIIlRX OT,n~IWM pe30HaHCaM ( tf>oPMY~ ( 4) ) • IlpH CHJII,HOl\t 

nepelq)lillaHHH ypoBHeil, Kor.na BHllMHH8TCH YMOBHe r;;? D , cpe,n

Hee sHa'IeHHe, S ~KnHH ·B _aHepreTII'IecitoM IDITepBan:e, san~eH

HoM 60Jll,WHM 'IJIMOM pe30HaHCOB, CTp8MllTCH K HYJIJO, a OTHOCHTMbHaH 
,f 

if:llryxTyaxm;H rrapxm:am.HHX ce'IeHHfi ftr ➔ · Vi'" . !IOKa3aHO; 'ITO 

B 3TOM pellOlMe KOPPMHxm:OHHafI ,It/IHHa .IT,Jiff if:llryxTyaxm;fi a@leKTHBHllX 

ce'IeHHfi RMeeT BeJllNHHY E. ~ ....J2 H He coBna,n;aeT c m:n:p:imofi peso-
• 2.rr ' 

9 



HaHCHHX ypoBH8ii r . B COrJIB.Cml: C IIpmm;mIOM H8OIIp8,It8JI8HHOCTH, 

B paCCMaTpll'.BaeMOM CJIY'W.8 BpeMll comapemm Z' "' :. = ~t >.> f · 
Jlam,Heilmml aHa.ims BpeMeHHoro xo.rca pesoHaHCIWX rrpon;eccoB no~HBa

eT , 11To R rrpu HaJm'lRR MHOI'HX KaHaJIOB WK~ a~eKTIIBHHX 

ce118HRii, B006I11e I'OBOpit, He OllRCHBaJOTCH o6nterrpmm:Toii CXeMOfi 8pIIK

COHa {Ericson T.E., Ann.Phys., 1963, v·.23, p.390 ). EcJm 

D<< [ , r.n;e YJ -tm:CJio OTKpHTwc KaHaJioB, To KoppeJI.!iUHOHHaJl 

,rr;nma . c. = nO ~ r , IIpll'leM KOsqxim:tireHT KoppeJI.!iUHR ce11emni 
0 2.rr .._. 

np:e: pasHWC 3H8prmIX llM88T H8J!Op8HD;OBCKYJO qiopMy. Pesym,TaT 

3pRKCOHa [
0
:( MOl!t8T 6an, CIIpaB8.It,1Ilm TOJII,KO IIpR IIpOTRBOllOJIOl!tHOM 

YCJIOB:mr O >~: /5/ • 

B § 8 BBO.ItllTCH IIp8.ItCTaIJJiemte o BepOHTHOCTHOM pacnpe.rceJie

Hmr BpeMemt sa,n;eplltKR BOJIHOBHX naK8TOB. H~eHO O6lll88 l3HpallteHRe, 

CBl!SHBalO!ltee ~ pacrrp0,IteJiemm BpeMeHR sa,n;eplltKR c :mepreTH-

11ec1toii SaBHCBMOCTI,IO aMIJJmTY.l{H peax~6•7/. HcCJie.nyeTCH tm:CTO 

ynpyroe ( O,ItHOKaHBJII,H08) paccemme IIpOCTpaHCTB8HHO Y3KRX naxe-

TOB, y KOTopwc OCHOBHaJl 'laCT!, ClleKTpa paBHOMepHO 3all0Jlll8Ha 60JII,- • 

DIHM '!RCJIOM pesoHaHCHHX ypoBHeii. IloKasaHo, '!To rrpu YCJIOB:mr /;;,O 
BBJmY CRllI,HO Bl:lpallt8HHOii HHTepq)epeHD;RR IIpOMeeyTO1lHHX H8CTa6ll:m,-

HHX COCTOHHllii pasBHTRe rrpon;ecca BO BpeMemt HM88T JIBHO H83KCllO

HrumHBJII,Hliii xapaKTep R IIpOXO,Itll'.T B ,Itl38 CTa.ztmI, pas,It8JI8HHH8 npo-

' MeeyTKOM BpeMemt ,Z: = ./'fit >>f . B llOJIOBHHe CJiy'laeB llM88T 

M8CTO MI'HOB8HHOe ,ItllqJpaKI{llOHHO8 paccemme, a B .n;pyroii llOJIOBHHe 
I 

CJIY1la8B - paccemme c BpeMeHHoii sa,n;epxtKoii, cocpe.rcoTO110HHoii B 

OTHOCHT8JII,HO ysKOii o6JracTH B OKp8CTHOCTH SHa11emm Z"o "" ~t . 
llmpHHa 3TOll o6JIB.CTH (B rrpe,ItnOJIOl!teHml:, '!TO pas6poc 3Hep:rmr naxe

Ta Y.I(oBJieTBopiteT yCJioBmo .4E>>( , a pesoHaHCH pacIIp8,IteJieHH no 

SaKOHy IlyaccoHa) COCTaBJIII8T ( ("- -r:J:J~ r_ ~ Z:,. /6, 7, 8/ • 

. B § 9 pasBHTa Teop:im ,ItJIHT8JII,HOCTR MHOI'OKaHaJIE,HUX n.nepHHX 

IO 

i 'ii 
: I 

l 
~ 

perumrrfi B o6JiacTH nepeKpllBaIOIIll!XCH peSOHaHCOB. IloKaSaIIO, 'ITO 

IIpH IIpOHSBOJil,HOM 'lHC~e KaHaJIOB H HHTep~epll'.pYJOlllHX ypoBHefi ymrTap

HaJl peSOHa.HCHaJl s -MaTpHUa, COOTB8TCTBYJOlllasI Oilp8,'[(8JI8HHOMy yr

~OBOMy MOMeHTY, y;rcoBJI8TBOp!t8T CO;THomeHmo / 5, 7 , 9/ 

I;\ clJ+tEJ) r; 
i sf l s [ E) dE / == ? (i-!l(--=--E)~I( ~-(-;-)-=-.i. . ( 6) 

Hs paBeHCTBa (6) CJie;rcyeT IIpaBMO Cj'MM, CM3HBaIOlJl88 BpeMe

Ha sa,n;eplltKR pesoHaHCHHX peax:a;Hfi: 

n ,, t 

! z 'ltj < I ~-;IE)- ~,I>= 2;* (?) 
,cJ J=I 

3.rcecr, 

r.i .. < 1r.1rEJ/>-iin, < a'jj.E)·1;;10>) ftEJ=StEJ-~ 
CHMBOJI < > OSHa'laeT ycpe,ItHemte no SHepreTll1l9CitOMy CIIeKTpy 

BOJIHOBoro rraxeTa. F.cJm cpe.r(Hlle sHa11emm Bcex s~eMeHTOB S -
MaTp:imi,I 6Jrm!KH K HyJIIO, TO cpe.rcwm ,ItJIHT8JII,HOCTI, CTOJIKHOBemm 

HMeeT B8JIR'IIl!HY 'L ... :; . B paMKaX TeopHH nepeKpHBaIOIIUDCCH pe-

3OHaHCOB ,'[(aillIHH pelKHM MO~eT 6HTI, pea.imSOBa.H TOJII,KO IIpH YCJIOBHH 

I>> n D ; B COOTB8TCTBHH c 3Tl!M Z- >> ..t.r / 5 •?' 9/. 
2.TJ 
Bo BTOpOM IIYHKT9 § 9 o6CYJK,I(a9TCSI BOIIpOC O SaBHCHMOCTH 

,n;JlllT9JII,HOCTH CTOJIKHOB9HIDI OT tm:c~a "BXO.r(HHX COCTomrn:fi" (HeSaBH

ClIMWC cyrrepIIOSH:a;Hli ypoBHeii IIpOM8lJtYTO1IHOro ~a. aMIIJIHTY.l{H pac

rra,n;a KoTopux He paBHH nyJIIO). 1IHMo "BXO.r(HHX cocTommii" coiirra,n;a

eT C paHroM pesOHaHCHOii T-MaTpHIW. IloKa3aHO, 'ITO 118M M9HI,ll8 

panr T-Ma.Tp:imi,I, T8M CWII,Hee ,'[(9CTPYKTHBHasI HHTepq)epem:um ypOBHeil 

H TeM 6om,me BpeMeHa sa,n;e~. Pesy~TaT -r- .n-t COOTB9TCTBy-
n0 

9T IIpe,Itno~~eHIDJ O MaKCHMa.JII,HOM panre, paBHOM tm:~ KaHaJIOB Y). 

Ee~ 'lRCJIO "BXO.r(HIIX COCTOllmtil" M8HI,llie 'lHCJia IiZHaJIOB {m<n), TO 

IIpli YCJIOBHH r>> '.:.!? cpe.rcwm ,ItJIHT8JII,HOCTI, CTOJIKHOBeHWI HM89T 

BeJilI'IIIHY r ~ .]f"-/; > .:,r'I; >)Ji • TaKHM o6pasoM, IIpH c,limtCll'.pOBa.HHHX 
ml) 11[) r 
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l 

sHa'leHllS!X/11 BpeMR: npoTeltaHRfI perumn:ii pacTeT nponop~oHaJII,HO 

IIJIOTHOCTH Y,POBH8Il. IlpH 3TOM BO3Hmta8T llp~aJII,HaSI BO3MOJ!C!IOCTI, 

YJ38.7IH'l8HBll ,IµIHTeJI&HOCTH H.Il;8pHIDC perutn11ll C poCTOM :mepI'llli BO3-

6yx.nemm. 

B Tp8TbeM IIYHKT8 § 9 HCCJie,ey-eTCJI ,n13yxcT~ xapa.RT8p 

pasBHTHJI pe3OHaHCHh1X npon;eccoB BO BpeMeHU. BsaHMo.n;eil:CTBHe 'laC

THn;ll C H,IJJ)OM pas.n;8JIII8TCJI Ha MI'HOB8HHYIO CTa,nmo H CTa.rtJII() o6pasoBa

HHJI COCTaBHOI'O JJ.D;pa. Cpe)J.Hlie BpeMeHa sa,nep.'!OOI Ha CTa,n:HH COCTaB

HOI'O JJ.D;pa YJJ:OBJI8TBOpm!JT llpa.BllJIY CyMM 

n n 1) t I? ~I ( < /Si1(EJt> - /(ill'(EJ>//=:!g--.<a> 
i,cJ. ,=, 

B paMKaX MO.D:eJIH n 3IIJ3HBaJI8HTHh1X KaHaJIOB CllpaBe.JJ,JmBhl O.n;HOKa-

HaJil,H!,18 cooTHOllleHHJI c saMeHoil D➔nD: 

}<s /:-1,j- -xµ (I. r-- - -/; X · ij (9~ - e d'J J -Z:,/ - y·~ ., (9) 

rJ : r'- °ZL _ .l:_ IJ_-e-:c)_ e-x :r-= 2Jfr_ (IO) ( - r~9'/1. [ ]'/z 
(-r: {r)z. - :x; (; / ; nD 

Ilpn yCJioBHH P;> ;: Heynpyrne npon;ecchl H cimYKTYaIJ;IIOimoe ynpyroe 

pacceJIHHe 3aIIa3JJ:!,IB8lOT B cpe.n;HeM Ha Bp8Mf! z; -: !-;;,1 
C OTHO-

CHT8JI&HOll ql1IYKTy~ei1 17:::: Jlj:£f ~1_ . :EcJm r<-< nD (npH c ..: .,,, r '-= .z o7T' . 

60JII,WOM 'IHCJI8 KaHaJIOB OTHOlll8HH8 r/0 MOJK8T 6hITI, IIO-IIp~SMY B8-

JIHKO), TO pacnpe.n;SJISHHe BpeM8HH 38,ll;Sl).'KKH OKa3h1Ba8TCJI TaKHM xe, 

KaR H B CJiy'lae H3o.mipOBaHHoro pe3OHaHCa ( P(t)= { e-rt/:)_ 
0CHOBHH8 pesyJII,TaThI, li3~OX8HH!,18 BO BTopoll r~e .n;HCCepTa

~. Ham.tlli BIIOCJIS.D:CTBHH IIO.D:TB8~8HH8 B pH.Il;8 T8Op8TH'l8CKHX pa-

6oT (Rosengaus E., Mello P.A., Bauer M., Amer.J .Phys., 1978, v. 

46(11), p.1170; Bauer Mo, Mello P.A., J.Phys.G: Nucl.Phys., 1979, 

v.5, p.L199; Bauer Mo, Mello P.A., McVoy K.W·•• Zs.f.Phys.,1979,v•. 

2 9 JA, p • 151 ) • BpeMSHHOH xo.n: p83OHaHCHhIX pe~ llpli 6MblllOfi IIJIOT-
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IIOCTU npOMe;eyTO'IHhIX ypOBHeii Mo;JteT 6un BOCCTaHOBJI8H ::mcnepHMeH

TMbHO C IIOMOIIII>IO MeTo.n:a "Teneii" TymmoBa (CM.EaphI!lleBCKilii n.r. 
R.n;epHaSI qJH3IIKa, 1979, T.3O, c.867);!1 Ta.IOK8 IIO crreKTPY TOpMO3-

Horo li3~eHRlI W!I'IWX r -KBaHTOB, COIIpOBO.ll\naI0l!lllX paCCMa.TpUBae

Myro perutUIIIO /G/. 
B TJ)8TI,8H r~aBe H3Y'!aIOTCJI aqxpeKTl:l lIHTep.JJepem:om BHYTPSH

mrx COCTO.fIIIHH B MeKTpOMaI'HIITHhlX rrpon;eccax. 

B § IO c Y'l8TOM 6hICTporo pocTa aqxl>eKTIIBHOrO Ce'leHHJI rrpo

n;ecca K0 +e➔ K;+ C IIpli yBeJIH'l8IDm 3H8pI'llli o6OCHOBaHa IIpaKTH'!SC-
L o o 

KaJI BO3MORHOCTI, HCIIMb3OBaHH.fI HeKorepeHTHOll pereHepaIJ;lm z➔.t: 
J/0 r -

Ha aTOMHhlX 3~8KTpOHax, u.n:eHTIHJin:uupyeMo:ii IIO pacna,nrua J{s ➔,7(.JT li 

peJIJITHBHCTCilliM a~eKTpOHaM OT,n:a'lli. ;rr,JI.fI ~Kcrrepm,leHTa.'ll,HOro onpe.n:e

~emm 3~eKTpOM8I'llllTHOro pa.neyca HellTpaJII,HOI'O K-t,163011/IO/. 

B §II ns~oxena TeopHJI noBoro .fIBJieim.H- Bpamomm II.1Ioc1tocTH 

IlOJifipli3~ r -KBaHTOB IIpH JDC IIpOXO.ll\n8HHH 'l8p83 IIOJif!pH3OBaHHYJO 

a~eKTpOHHYlO Mmll8HI, (HaMa.I'HH'leHlllili ~eppoMar'HeTHK). Ilpu BUXO,n:e 

sa oIITH'leCKYJO o~aCTI, crreKTpa o6hl'lHoe qiapa,neeBcKoe BpameHHe 

IIJIOCKOCTH ~efiHofi ll0.1IIIpH3an;HH B MarHHTHOM IIOJie IIpaKTH'l8CKU nc

~esaeT (yrOJI IIOBOPOTa o6paTHO rrponopu;uoHMeH KBa,JJJ>aTy 'laCTOTU H 

IIpli aHepI'IIH qJOTOl!a f;,. ; 0' 5 MaB 'B Hal,lar'IllNeIIl!OM .n:o HaC!11118Hl!.fI ;ice

~ese COCTa.IlJI.fl8T 0, 7 .ro-7 pa.n/cM). 0,11,HaKO l!MeHHO rrpu aHepI'l!fIX ~ O,I

IO MaB B IIOJI.HPlI30BaHHoil a~eKTpOHHOH Mlllll8HH Ha'lllliaeT .n:efiCTBOBaTI, 

.n:pyrott M9XaHH3M BpaI!{el!HJI II.7IOCKOCTH IIOJI.HPH3~, CBJI3aHHhlli co 

CIIHHOBOH 3aBllCHMQCTI,IO aMIIJIHTYJJ:!,1 paccemm.a "Brrepe.n:" ~TOHa Ha 

CBO60~0M 3~8I{TpOHe. TaKM 3aBHCliMOCTI, OTCYTCTBY8T B 6opHOBCKOM 

rrpu6.mmeinm li BO3IUIRaeT TO~KO C Y'!8TOM pa,n:H~OHHhlX IIOIIpaBOK 

K aMIJJIHTy.n:e KOMilTOHOBCKoro pacCeJIHHJI. Ilpn Bhl'lHM8HHH Pa.nH~OH

HillC IIOIIpcffiOK HCIIOJII,3OBaJICJI MeTO.D: .n;HCllepCHOHHhlX COOTHOllleHHil /II/. 
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AMrlJmTY,JJ;a paccemnm "Bnepe.n" qJOTOHa C :mep:rneii Er = i (U 

Ha llOKOJ'Illt8MCJI 8JI8KTpOHe HMeeT CimHOBYJD CTpYKTYPY 

M = J,(w) (e;"e;) .,.. t:/4(uy;[e;*e;J (II) 

B 6opHoBcKoM np:11:6.Jm:lJteHmr r (w}=O , o.n;Ha.Ko c Y'leToM pa.nnrunr-
.l ~z z z 

omnrx: nonpa.BOK ~ 1/V/ HMeeT BeJIR"mHY nopJWta Fr;, ( r; = _£,_z -
,T.a nC l"\-C 

MaCClf'I8Cruni pa,nnyc 8JI8KTpoHa), IfHTe,Pq?epem:J,M COCTommii qJOTOHa 

co CllllpaJII,HOCTJIMll Ill -I, KOTOpHM B cpe.n;e C ll0Jmpll80BaHHllMI{ 

8JI8KTpOHaMH COOTB8TCTBYJDT pa3HHe IlOKa3aTeJill npMOM7I8HIDI, npHBO

.n;llT K llOBOPOTY llJIOCKOCTll JIHHeii:Hoil: ll0Jmpll3a.D;lill Ha nyTll JC Ha yroJI 

.9' ::: 2-;j'c . p .x . Re.£ ( u}. 
(I2) 

3.n;ecr, )/ -'llICJIO 8JI8KTpOHOB B e.n;mnm;e o6'beMa, p -npoeKIJ,M 

BeKTOpa ll0Jmpll3a.D;lill 8JI8KTpOHa Ha Hanpa.BJiemre llMIIYJII,Ca qJOTOHa. 

B nepBOM Hellcqe3aIOIIl8M npll6JIIDlteHllll no 8JI8KTpOMal'HHTHOii KOHCTaHTe 

B~a fie£{";) BHIJBXa.8TCJI B ~e .n;Hcnepc1mHHoro IDITerpa.rra 

O £ I,,} - Cc)3 f<P 6.;1,(evJ-~.,..fu/) o/i ✓ 
neJ.tl~ - ~Jf':z.C w' (w'z_ UJ~ w_, (I3) 

0 
r.ne °t+ ll i,;r -llOJIHHe ceqeHM KOMllTOHOBCKoro paccerunm npll 

napaJIJI8JII,HOii ll aHTllllapaJIJI8JII,HOii opneHTa.D;lill CllllHOB 8JI8KTpOHa 11; 

qJOTOHa, B~CJieHHHe B 6opHOBCKOM npn6JIID!temm /II/ • 

B CJ!Y'la8 pacnpocTpa.HemrJI qJOTOHa B HaMal'Hlf'IeHHOM .no HaCWJl&

mm JltM838 B.n;OJII, Hanpa.BJieHM BeKTopa IIOJmpll3a.D;lill 8JI8KTpOHOB 

( f =2/26 ~ 0,0?7) yrOJI IIOBOPOTa IIJIOCKOCTll JillHeiiHo:li IIOJmpll-

38.D;lill Ha e~e Jt]IlllW pa.BeH (B pa.rt/CM) 

.!I,, == 1 .3 f 8 • /0-.J ,4.. / ti w } cp ('-iEL- ) = 2.;rc Re.f,{cd) 
o ,1 . . r (i,.,.r cz .7 meC1/ GUf':~ · 

~'YlflOJJJ.fI<p(f} npOTa6yJI1i;pOBaHa B IlHTepBaJie 0,I ~ $~ 6. B umpo-

KOil: o6Jiacrn sHeprn:li OT 0,2 .no 2 MaB yrOJI noBopoTa 9:, m.ieeT 

B~ (4+5).ro-3 pa.rt/CM H .n;ocrnraeT npll E,- =603 KSB MaKCH-
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MaJll,HOro 3Haqeimll, pa.BHoro 5,32.I0-3pa.rt/cM. 8TO Ha IIHTI, IIO

IJH,nKOB npeBimiaeT pesyJII,TaT CTBH,Itaprnoil: Teopmr. IlpH acm.mTOTH-

qecrn aHepl'lllDC (iw~"'7?C 4 ) rp:::: .1r1'1;:C-t. /I2/, 
• ~-1; e,,.) I 

06c~eMI:rli a®eKT, npe,n;Clta3aHHHii B I965 ro.n;y II/, 6WI 

BIIoCJie.n;cTmm o6HapyxeH aKcnepm&eHTam;Ho B CCCP H ~Pr. Teop:wi 

HBXO.n;llTCH B xopomeM corJiaClill! C p83YJII,TaTaMR H3M8pemrii rpymw 

Jio6ameBa (Jio6ameB B.M. II .IU>• lIHCI,Ma B lKS'N, I97I, T.I4, c.273; 

~. I975, T.58, c.I220), a TaKlltEl Eo:rta H JIYKma ( Bock P. ,Lukach 

P,,Lett.Nuovo Cim., 1971,v,2,p.1081;Zs,!,Phys.,197J,v.26J,p.147). 

Bpalq8Hl![8 llJIOCKOCTH JillHeil:Hott IIOJIHpR38lt111H JI8lKHT B OCHOB8 M8XaHH3-

Ma Ha6.1m.I{a.BmettCJI 8KCIIepl!MeHTaJII,HO JI8BO-npaBoil: aCHMM8TpmI llpH 

MHoroKpaTHOM paccemnm . f -KBaHTo~ Ha HaMal'HH1iemwx. paccea

BaTWIIDC. 

B §§ I2-If HCCJI8.IJ:Yl)TCJi KOJIJ.18KTKBHH8 JIBJI8HHSI B CHCTeM8 

.n;Byx MyJII,TllIIOJ!I,HHlC H3JlytiaTMett, o6yCJIOBJIElHHH8 .HHT8:pcpepeHI.Oi8:i 

8MIIJmTY,JJ; paCII8,I(a .n;BYJC'ia.C'i'H1ll!WC BHYTp8HHRX COCTOJlHH:i. lIOJIY'l8HO 

aH8JllI~ecKoe pemeHHe 38,I(a"lll rnna ,lume ( Dicke R.H. ,Phys.Rev. 

1954,v,93,p,99) o Cll8KTp8 H yrJIOBOM pacnpe.n;Memm R3JIY'lemm 

.n;Byx H8IIO.n;BlDICHliX IteHTpOB (aTOMOB, H,Itep), O.ztHH H3 KOTOpliX Haxo

.n;HTCJi B. OCHOBHOM COCTOIIHIDI JI C HyJieBHM cmmoM, a )ij)yrO:i 

B B036YJ!f.ll:eHHOM cocTomnm B c zteJmM cmmoM L ~ _I. Snepnm 

R pa.I(l!a.D;liOHHHe WHpmm CHMM8TpH1llWX R aHTHCHMM8TplI'mHX KOJIJ.18K

THBHHX cocTomml CHCTeMH ( .I/-B ) npR npoH3BOJII,HHX paccToo

HMX Jl M<:m:JIS' IteHTpru.m HM8JJT CTpYKTYPY /I3/ 

w · llN rW~ ,r ~i ~E - == E.t, +fa -:! i I; Re .,,.,£¥) tL =( 't+.2.u,, T/111 (I4) 'LWI . I I ,... , 

r.ne ,( -pa.I(l!~OHHWI WHpHHa H30JIHPOBaHHoro 'zteHTpa B , 
➔ ...... 

m - npOeKitl!Sl cmma Ha B8KTOp fl,:: R,-~ J, :f = (Ea-~)/lfic ~ 
L -~ ? D' u/~(,,1 == .l...1,· L (-1) C 2,,0 e,~,,o ,~ H ll} (I5) 

Jrr,J 1/ j, 11-::0 'J.J i-J. 'LnoL -n, Yij 2n+~ 
.z. 
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(9 c'-( H ~ ThHKeJIJI nepBoro po.na). B .n;JmHHOBOJIHOBOM npe,ne.n:e 

( !f ~1 ) pa,nHartllOHHHe nmpmm BCex Cm.!M8Tplf'IIIHX KOJIJI8KTllllHWC 

COCTommii y.nBallll8lOTCJI, a nmpmrn: aHTHClIMMeTplf'mHX KOJIJieKTimHWC coc

TOSIHml MaJIU ( ~ ,z. ) . Hait,rteHa 3a.Bl!CllMOCT1, 8cixlJ8KTimHOro ceTJemm 
L 

2 - llOJILHOro pesoHaHCHOro paccesnm.R: q>OTOHa Ha ,nByx 6eCClll!HOBUX 

nrteHTHTJHWC ueHTpa.X OT 8HepI'l!R, HanpaBJiemm m.mym,ca lI llOJiapll8artllH. 

HcCJie,nyeTc.a: 061118Jl Clll!HOBaJI CTpJ'KTypa p830HaHCHoro MyJII,THnOJILHOro 

B3aRMO,nettcTmm MElllr,ICT H8B036YlK,Il;eiiHHM 'R B036YlK,Il;eHHblM U8HTpBMR. 

B § I3 ,neTam.Ho aHa.imanpyeTCJI CJiy,IaH aJieKTpRTJeCKRX ,nl!llOJILHUX 

nepexo,noB n paccMarp:imaeTCJl ero KJiacCRTJecKaJI RHTepnpeTrui;wr /I4/. 

lIOJIYTJeHH JIBHHe BHpalKeHRII ,nJIII llmpl!H lI C,nBHroB 3Heprntt KOJIJI8KTHBHHX 

ypoBHeii cncTElMH ( JIB ) npn aHaTJeHRJDC Clll!HOB: Ji. =I , ~ =0; S8 = 

=0, ~ =I; ~ = S8 =I/2. IIocrpoeHa KJiaccRTJecKaJI Teopl!II MHoro

IqJaTHoro paccemnm aJieKTpoMaimITHUX BOJIH Ha ,nByx Heno,nBmKHux ,nn

llOJII,HUX pacce:imaT8JilIX R llOJIYTJ8Hll'COOTHOmemm, CBJI3liBruontlie aMIIJIRTY

.ny paccemnm MOHOxpOMaTHTJeCKOro RMyTJemm Ha ,nB~eHTpOBOtt CRCTe

M8 C 8.Ml11lll:T1,naMH pacce.imrur Ha R80JIRpOBaHHUX ,nl!llOJILHWC 'UeHTpax 

llpR llpOlI3BOJII,HWC pacCTommsIX Mell{,I(y lmMR. /I5/. B CJiyTJa8 ,nByx o,nn

HaitOBUX OCUIL)IJISITOPOB KJiaCClf!IeCKaJI TeopRJI llpllllO,nHT K TeM xe peayJII,

TaTaM, TJTO lI RBaHTOB08 paCCMOTpeHHe B § I2 ,nJIII EI-nepexo,noB. 

Ha OCHOB8 peayJII,TaTOB, lI3JIOJlteHHux B §§ I2-I3' B § I4 RCCJie

,nyJOTCJI CBO:llCTBa .nByxaTOMHO:tt MOJieKYJIH C lI30MepHHMR ~ar.m, 0,nHO Ha 

KOTOpux HaxO,nHTCJI B OCHOBHOM, a .zu>yroe ~ B B036y,ir.r(eHHOM COCTOJIHRR. 

IloKaaaHO, TJTO npn 8HepI'RIDC B036y,ir.r(8HRJI llO!)JmKa ID--60 K8B OTHOClI

T8JII,HaJI Pa3Hl!Ua BO BpeMeHax lER8HlI BpaIJlaTeJII,HUX YPOBHefi Truto.tt Me>

JI8lcy'J.IH .nocTHraeT HeCKOJILRRX llpOUeHTOB. 

HCll0.7l1,3YJI aHaJIOI'lm C ,nB~8HTpOBOtt a~aTJe:11, MopaBRTU npmie

HWI q>OpMYJIH pa6o✓14 • r5/, OTHOCJllllR8C~ K ,nl!llOJll,HOMy CJiy1iaJO, .D:Jill 

OIIHCaHR/I Ha6Jm,naBmeroc.a: Ha OilllT8 acixiieKTa lI8MeH8HRII BpeMemr lm3HR 
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aTOMa. B6Jm3H npOBO.Itlilll8:ll noBepXHOCTlI (Uorawitz H., Phys·.Rev., 1969, V'. 

187,p.1792). B § I5 paaBRTa 60Jiee 110CJie,noBaT0JII,HaJI TeopRJI MYJII,Tnnom,

Horo lI3JIYTJ8Hllll aTOMa, HaxO.Itlilll8roc.a: Ha qIIIBCRpOBaHHOM paccTomnm OT 

llOB8pXHOCTR nneam.Horo npoBO,nHRKa /r3/_ YCTaHOB1IeHO, TJTO B6Jm3R 

llOBepXHOCTlI llpOBO,nHRKa B036ylmeHHHe aTOMHHe ypOBHlI pacmeIIJIJilOTCH Ha 

"mTapKOBCKRe" KOMllOH8HTU C paaJl:ll'llIHMR BpeMeHaMII '1tll8HH, 8aBHCJillllIMlI 

OT MO.nyJIJI npoeicrnm cmma Ha HOpMa.7ll, K llpOBO.ItlillleH noBepXHOCTlI. Hatt

,neH 3a.BlICJlllll!ii OT paccTomma .no MeTaJIJmTJecKoro aepKaJia C.nBRr 8H8PI'ID! 

OCHOBHOro COCTOJilIWI aToMa •. 

~eTBepTaJI rJiaBa llOCBameHa RCCJie.noBrumJO B8aRMO,neRCTBM CRCTeM 

c HeopToroHam.HHMH BHYTPeHHHMll COCT~. B §§ I6-I9 Ha OCHOBe 

npmw,mra cynepnoalIIl,HlI BeyTpeHHRX COCTOHHmi Bu,nmiraeTCJI.R 060CHOBH

BaeTCJI.IIOJIOJlt8HlI8 0 CYl!leCTBOBaHlm B paMKaX KBaHTOBOtt M8XaHRKR Henpe

pliBHOro nepexo.na OT HeT~eCTBeHHHX TJaCTRU K T~eCTBeHHLIM. 

B § I6 BBO,nHTCJI npe,nCTaBJI8HlI8_ 0 TJacnruax, KOTOPH~ He aBJI.ll

lOTCJI HlI IIOJIHOCTl,JJ o.nmmKOBllMll' HlI llOJIHOCTI,JO paaJiwmw,m. HenpepHBHOii 

Mepott RX 6Jmaocnr CJcy,mT CKBJiapHOe llpOlI3Be,neHRe BeKTOpOB BHYTpeHHRX 

COCTOIIHR!i <CJD_> . CYl!leCTBY8! 6eCKOH8TJHOe MH02KeCTBO COCTOIIHRii / D>, 
6Jmarorx: K cocTommn JC> , Ho He coBna,nanI!IIX c HRM. B npe,ne.rre 

j(C/D>/➔1 · TJaCTml;l:l IIOJIHOCTl,JJ T~eCTBeHHH, npn <clO> ~ tJ 
llOJIHOCT1>D pa8Jill1llill /!6-22/. 

B § I? CTpOlITCa TeopM paccemnm TJaCTRU C HeOpTOroHaJil>Hw.m 

BHYTp8HHlIMR COCTommaMR. lIOKaaaHO, TJTO B CJiyTJa8 HenpepHBHOro c6Jm

JlteHM .nByx·HaTJam.Hwc cocTOaHRii /C> n JD> lIJilI ,nByx KoHeTJHHX 

cocTommfi / l> H /M> , qnmcnpyeMUX o.nnoTJacTHTJHmm: ,neTeKTOpaMR, 

aBTOMa.TRTJ8CKlI o6ecneTJRBaJJTCJI CBOilCTBa CRMMeTplIH lI llpaBHJia aanpeTa, 

xapaKTepHHe .D:Jill aMWilITY.n pacceJIHIDI T~ecTBeHHUX TJacTRU. B TJaCT

HOCTR, eCJilI IIOTemnta)I B3?1™o.neilcTBM He 3aBlIClIT 0~ BHYTpeHHRX 

KBaHTOBHX TJlICeJip TO C y-qeTOM mIT8pqJep8Hll;lm ,nByxTJaCTittnWX BHYTpeHHlIX 
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COCTosmml aMIIJllITma pe:raCTJ)atnm 'laCTlm C ll .l} . paccem1-

ffi1X Ha yrOJI 0 , nplllllIMaeT Bll,ll; 

~~D (&)= f (0)(i/C>(M/D>± J(.,r-0)<l/D;>(M/C)crn> 

(:lHaK "wnoc" OTHOCllTCJl K 6oaomlM, 3HaK "Mmiyc" - K qiepMllOHaM); 

OtJ6BlWIO ~~c (tJ}= ± iY;!'(,,r-tj. ~c: (&) = ± '0,c(Jr-~· Sqi-

qieKTllBHOe C9'leHll9 paccemum, !IpOCYMMHPOB8HHOe IIO BHYTJl9mmM KBaH

TOBilM 'll{CJiaM ItoHe'IllliX 'laCTim, OIIllCUBaeTCSI BUpaJKeHJie!l'I6/ 

o{o) = / J(o)j2-r /J(J(-B)/'-:t 2 Re{.f {o}j(Jt-~Kc/D)l: 17> 

KOTOpoe CO.rteplltllT B Ka'l9CTBe npe.rteJII,Hl,IX CJIY'la9B H3B9CTHU9 qiopMyJIH 

.n;JISI cetJeHHii pacceSIHllSI O.ItHHaKOBblX '!acTim ( np:ir /( [ /D>/ ➔ 1 ) n 

rrOJ1HocT1,10 paaJIHtJaIOlltlDCCJI 'lacTim ( npH (C/D>...,O ). TaKHM o6paaoM, 

npH H3MeHemrn: rrapaMeTJ)a }(C/0>/ B HHTepBaJie 0~ /(C/D)/(1 ocy

~ecTBJISieTcSI HenpepHBHHii rrepexo.rt OT paccemmst HeTOll(,lteCTBeHHblX tJac

Tim K paccemnno TOllr,I(9CTB9Hffi1X 'laCTim, AH8.llli3 Bp9M9HHOii 3aBllCHMOC,:_ 

TH C9'!9HHSI paCCeSIHHSI BOJIHOBliX II8K9TOB C H9CT8ll;lrOHapHUMlI BHYTJl9H-; 

HHMll COCTOHHHSIMn:, !IpOBe.rteHHHii B § I8, IIOKa:3UBaeT, 'ITO TP~omrue 

npe.rtCTaBJieHn:SI O HaJmtllm CKatJKa M9llr,I(y CBOHCTB81lll TOll(,lt9CTB6HH11X H 

HeTollr,I(eCTBeHHblX 'laCTim CBH3aHU c a6COJIIOTR38ll;lreii npeJ:teJII,Horo CJiy

tJaSI 60JII,lllllX pa3HOCTeii Mace 6a3llCH11X CTruJ;lrOHapHI,iX COCTOHHHH., 

B § I9 llCCJie,eyeTCSI o6~rur HHTepqieprum110HHrur CTPYKTY,Pa BOJlHO

BOfi ~ .ItByx tJaCTnu C H90pToroHaJII,HHMn: lIJ)yr lIJ)yry BHYTJl9HHHMH 

COCTommSIMl:r. IlOJIYtJeHU KOMMyTruJ;lrOHHUe COOTHOID9HllSI .n;JISI onepaTopoB 

pOlK,lteHHSI ll YJ{II'!TOllteHHSI "laCTim C H90pTOI'OHaJII,HHMll BllYTPeHHHMll COC

TOSIInimtlll, I!OKa3aHO, 'ITO arrrrapaT BTOpH'IHoro KBaIITOBaHIDI !IpllBO.ItHT K 

9.ItllHOMy OIIllCaHJIIO CBOHCTB TOlK,lt9CTB9HHI,iX ll H9TOlK,lteCTB9HH11X "laCTim, 

BRJDO"lalOO{eMy HenpepUBHHii nepexo.rt OT Pa3JIH'laKIItlIXCJI BHYTJl9HillIX COCTOSI

Hllfi K O.ItHH8KOBllM/2□, 2I/. 
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BBe.rteHHe HenpepUBHHX napaMeTJ)OB 6Jm:30CTH ll paaJIHtJIDI 'laCTim 

II03BOJ1SI8T C HOBO:l!: TO"!Kll 3p9HHSI npoaHaJill3l!pOBaTI, T8pMO.ItllHaMH'l8CKH8 

aqiqieKTU CMemm38HWI raaoB 122- 251_ B § 20 o6Cyx,I(a8TCJI H3M9H8Hll8 . 
3HTIJOIIHH !IpH CMeimmamm .ItByx ll,ll;8aJII,HblX 60J11,D;MaHOBCKIDC ra30B, aTo-

MU KOTOpblX OTJIH"laIOTCJl TOJII,KO cmmoBoii IIOJ1HpH38ll;lr9:l!:. Haii)teHa aHaJill

THtJ9CKaH 3aBHCHMOCTI, 8HTIJOIIllH CMememm: OT 3JI9M9HTOB Ha"IaJll,HblX 

CIIllHOBblX MaTPim WIOTHOCTH. Ha IIOJiytJ9HH11X coomomemnl (00Tax1I!HXCSI 

C!IpaBEWIHBHMlr IIpH JIJ06oii IIpl!pO.rte BHYTJl9HHIDC KBaHTOBblX imce.n) BUTe

KaeT, 'ITO 8HTIJOIIHSI CMememur raaoB, Haxowmnrx:CJI nepBOHatJaJII,HO B 

06'.&eMa.X ~ H 1:$ IIpH paBHblX .ItaBJieHHSIX H T9MII8paTypax, MooteT IIpH

HJIMaTI, Hif.e~UBHH:11: ~ 3Ha"leHllfi B HHTepBaJie O ~ A s ~ 
~ K ~ -f n ~; "' + K,4{ fn , ~:Kc ~ H ~ _;, imCJia aToMoB B rrepBoM n 

f'£ l'.t . 
BTOpOM 06'.&eMaX, ll -IIOCTOSIHHaSI EoJn,nMrum). MmilIMam,Hoe 3Ha"lemre 

,4 S , paBHOe HYJIIO, COOTB8TCTBY9T O.ItllHaKOBilM raaaM, MaKCHMaJII,H~e

pa3JilI'illliM, IIOJIHOCTI,JO Pa3.It9.1ISI9MUM raaaM. F.cJm aTOM!l CM9IDHBa8MUX 

raaoB HaxO,nllTCJl B HeopToroHam,HI,iX lIJ)yr lIJ)yry BHYTJl8HHIDC COCTomm

HX, TO H3M8H9HH8 8HTIJOIIllH SIBJISI8TCJI HenpepUBHOil ~eft napaMeT-

pa /(C/0)/ Ha OTIJ93Ke O ~ /(C/IJ>/ti :_ 
.d J:: - K ( Ji +11,_){ ,'1_ fn~ +~&,.fa)., 
. { ri· ,t /,U If 11/21 (I8) .P. ; J._ 1 + ·( i{ -~) + 7 Y4 Y1. /'/[/V>} 

1,%. 2 - ~ .,~:; ( 1{+£{)2 \4 . 
B CJIYtJae paBHblX Ha'laJII,HblX 06'.&eMOB 

_ J!,t = 1 {1 :! /(C/D>VJ JJ,,,"x:: 1KJl!,,2 . 
IlpH /(C/D>}-.J 3HTPOIIHH cMemeHHSI AS ciTPeMHTCSI K HyJIIO, a npH (C/D,>➔O 
K MaKCHMaJII,HoMy aHa'leHmO. F.cJm 0(/(C/D>}< f., KBaHTOB:ae aHCaM6-

JIH, XOTSI H pa3JIHtJaIOTCJI, HO He MOryT 6HTI, IIOJlHOCTI,JO Pa3.It9.1I9HU C 

llOMOlltI,IO KBaHTOBOMexaHH"l9CKHX aEia7W3aTopoB (qioH He:l!MaH ,ItE., Ma

TeMaTHtJeCKHe OCHOBli KBaHTOBOit Mexamnm, rJI.5,Hayxa, I964). B 3TOM 

19 



c.rryq:ae 11.S npmmMa.eT npoMeJ!tYTO'nrne sHattemm. Ilpn Ta.ROM no,zoco.ne c1-

ycTpa.HJieTcH yita3a.HHID1 DI66coM napa.noKCaJll,Hilll: CKa'lOK B noBe.nemrn 

~ S npn nepexo.ne OT 6Jm:3KHX no CBOHM CBOlICTBaM rasoB K nOJI

HOCTl>JO ll.I(eHTll'lHHM. BH,I(HMOCTl> Ta.KOro CKa'lKa BO3HHKaeT llpll orpami:

'leHHOM aHa.mrne, OTHOCJmteMCH TOJil,KO K .I(BYM npe.nem.HHM CHTy8.nH,RM: 

(C/D):OH /<C/D;>j:J. 
C ytieTOM KBaHTOBOMexa.HJllleCKOro BllJ)OJK,ll;elllIJI CMennmaHHe pas

JIH'laIOOlHXCH rasoB,HMeJODnIX O.I(HHa.KOBUe KOHD;eHTPan:mi: H Ter.mepaTypll, 

llpHBO.I(HT K H3MeHeHmo He TOJil,KO 3HTpOilHH, HO H·.npyrmt TepMO.I(HHa

MH'leCKHX BElJIH'mH ( BHYTpeHHett 3HepI'lm, .I(aBJieHHH H T • .n. ) • B § 2I 

HCCJie.nyJOTCH aqxf}eKTU CMeIIIHBaHM 6Jm:3KHX no CBOHM CBOfiCTBaM KBaH

TOBllX n.nea.m,HHX rasoB C O.I(HHa.KOB!lMH .I(aBJieHHJIMR, TeMnepaTypaMH 

H MaCCaMH aTOMOB. !IOKasaHO, 'ITO H3MeHeHim 3HeprHH H .I(aBJieHM 

llpH H3OTepMHtieCKOM nepeMenmBaHHH Ta.KHX rasoB Henpep!lBHo 3a.BHCHT 

OT CTeneHH HeopToroHM!,HOCTH BHYTPeHHHX COCTommil: aTOMOB B nep

BOM H BTOpOM 06'.beMaX, .I(OCTHraIOT MaKCHMaJU,HllX no a6COJIJOTHOfi Be

JIH'lHHe sHatteHrui .n.nn: rasoB q pas.tIHMH aToMaMH ( <CJD> =O ) H 

HC'lesaJOT npH nepexo.ne K H.neHTH'lHllM rasaM </(C/.D>/=i) /22,25/. 

TeM CaM!lM JIHKBH.nHPYeTCH CKa'lOK B noBe.nemm TepMO.I(HHaMH'leCKHX,Be

JIH'IHH .n,1IJI CMeCH lUIBHTOBllX n.nea.m,HHX rasoB, YKa3aHHUli: BnepBue 

3ihmITeiiHoM ( I 924r. ) • Ilapa.noKCU 3ihmITeiiHa H DI66ca lIMeIDT O.I(HHa.KO-
'· 

BYJO ifi.rnH'leCKYJO npn:po.ny H CM38Hll C a6COJIIOTH3an;Heii OTJIH'lHSI Mel!,Il;y 

noBe.neHHeM TOJIUteCTBeHH!lX 'laCTHn;H noBe.neHHeM nOJIHOCTl>JO pasJIH'lll

MWC 'laCTHn;, BHYTPeHHH8 COCTOHHM KOTOpllX opToroHa.m,Hll. 

B TPeT1>eM nyHKTe § 2I o6C~aJOTCH a.HaJIOrH'IH!le aqxf}eKTll CMe

IDJiIBaHHH .n,1IJI peain,HHX llOJIIIpH3OBaHHWC rasoB C. aToMaMH· O.I(HOro H 

TOI'O .llte, copTa, HaxO,ItmllHMHCH B HeopToroHam,HllX .npyr .npyry CllHHO

BllX cocTommmc / C> H /D> 1221. IlpH .nocTaTo'lHo MaJillX KOHn;eHT

prunmx H3MeHeHHH 3Heprim H .I(aBJieHM B pesym,TaTe H3OTepMH'!eCKOro 
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Ill 

CMemHBaHM TaKllX rasoB (a Ta.IOKe H3MeHeHHH TeMnepaTypll H .nam:e

:mm llpll a,nHa6aTH'leCKOM CMeilIIlllaHHH) BllJ)8lltalOTCH ttepes o6M8HHYJO 

'laCTl> BTOporo BHpHaJil>HOro K03ifxini:n;neHTa H nponopn;ROH8.7ll,Hll 

{1.-/(C/O>/J. B CJiyttae ttacTH'l!Ho nOJIIIpHSOBa.HHllX rasoB KBBHTOB.lle 
C {."{rJ "to)}~ 

siM?eKTll .nHM?Y3HOHHOro CMennmaHM nponopUHOHa.lll,lill ..Jf J' -J' ~ 
"{r) "{D} 

r.ne J' H J' -CnmIOB.lle MaTPHn;ll WIOTHOCTH rasoB .no CMetIIH-

Ba.tm.fI. 

B MTOtt r~a.Be pasBHBaeTCH H KOHKp8TH3HJ>Y8TCH TeopIDI HH

Tepif>epeHn;ROHHllX KoppeJISIICIIii THna 3llmnTeiiHa-Ilo.nOJII,cKoro-PoseHa 

llpH napHOM pOJK,ll;eHHH 'laCTHn;. 

B·§ 22 .I(aH 0611t1Iil aHaJIH3 mtTepqiepeHn;ROHHllX HBJie~ llpH pe

rHCTPan:mi: HeTOJK,ll;eCTB8HHllX 'laCTHn; .I(By?.fil O.I(HO'laCTH'lHUMli .I(8T8KTOpa

Mli, BJmElJISIIOlllllMl cynepnosmnm s_THX 'laCTHn; 1261. YcTaHoBJieHa 

CM31> HHTepwepeHn;ROHHllX KOppEJ.7IHn;lifi C xapa.KTepoM CHMM8TPHH nOJI

HO! BOJIHOBOfi WyHKUHli .I(Byx 6O3OHOB HJil'I W8PMliOHOB OTHOCHTeID,HO 

nepeCTaHOBKH llpOCTPaHCTB8HHllX H BHYTPeHHHX nepeMSHHllX. II~e

Hll coornomemm, OllHCimaJ011tlle llpOCTPWICTBeHHo.:.BpeMeH.!IfB) (Jll!60 

3HepreTH'leCKYJO) 3a.BHCHMOCTl> KoppeJimU!fi pacna.noB)03yx HeCTa6~

HllX ttaCTHn; no 0611t1IM Ka.!IaJI&I. PaccMOTPeH npon;ecc perHCTPan;lill nap

Haro pru.,neHHH H8CTa6~HllX 'laCTHn; c HeOpTOroHaJll,lillMH BHYTPeHHHMH 

COCTorum.m.m no pacna.na.M O.I(HOH H3 'laCTHn; (HeKoppeJimU!OHHUtt OllllT) 

127 ,28/. B 3TOM CJiyttae BepMTHOCTl> pacna.na, COOTB8TCTBYJOlllM .mo-

6oMy Ka.!IaJIY, co.nepJKHT OC~OH.!Iilll: ~eH (HJill HHTepqiepeHn;HOH

Hllit ~eH B pacnpe.nMemm siM?eKTHBHHX Mace), uc11es8JOiltliii·npH ne

pexo.ne K opTOrOHaJll,HllM BHYTPeHimM COCTOHHIIHM. 

,llByxttaCTH'lHUe KOppMHn;RH; llpOaHaJIH3HpOBa.HHU8 B § 22, 'leT

KO npOHBJIHJOTCH npH reHepUUHH nap HeiiTPain,Hux K-MesoHoB. B § 23 

HCCJie.nyeTCH BJIRmme KOH,IteHCHpOBa.HHllX cpe.n H HapymeHHH CP- H CPT 
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o.:-o _,_ 
:mrnapllaHTHOCTH Ha KOpp~OHHlle CBOliCTBa COCTomrn:ii K 'l\ C 

tJeTHHMH ll H8'!8THHMH op6HTa.7ll,HllMH MOMeHTaMli 129 , 3□/. 
B 1964 ro7IY BCKOpe noCJie OTitpllTIDI HecoxpaHeHIDI CP-tJeTHoc

TH B pacna.nax H8liTpa.7ll,llliX K-M830HOB HaMli 6wm IIp8,Il;JIOllt8Hll 3KC-
vo + -

nepIIMeHTll no Ha6.mo,neH1IJO HHTe!)(FepeHD;lm pacna,n;oB As ➔ vr -.,,. 
H /(:-t Jf+Jr- B ny,:me K0 -MesoHoB B BaKyyMe H B ny,:me Kt -

M830HOB, npome.nnmx tJepes CJIOH B8!ll8CTBa (.1Iio6omm B.JI., OKOHOB 

3.0., Ilo,IU'Ope~it M.ll., Y USYH--<paH:E., J{r(epHaJI cJillsHKa, 1965,T.l, 

c.497-506). 3TH 3KCIIepUMeHTll 6wm BIIOCJie,n:CTBIIH OCYll!8CTBJieHll B 

nOJIHOM o6~eMe; OHH OROWiaTeJU,HO HCKJIIO'!JHJIH B03MOJl!HOCTI, ID,!JITan;mI 

pacrra.na (
0 
➔ :rr+Jf"- B rrepBoHatJaJU,HllX OIIllTax H nosBOJIWllI c xopo

me:ii TO'!HOCT:E.IO onpe,n:e.mrT:E. qiasy napaMeTpa Hapymemm CP-HHBapliaHT

HOCTH ?+-= JIK." -:Jf~ A;-,3(-:X· llCIIOJII,30BaHHe Koppe.JIJmr!OI!HllX 

CBOliCTB nap K1Yff..0 no3BOJI.!I8T nyTeM perHCTpan;mI O.n;HOro H3 HeiiT

paJII,HllX K-M830HOB COOTBeTCTByroillIIMl:t ,n:eTeKTopaMU Bl:l,ll;eJIIITI, onpe

.n:wreHHue cynepnosmimr cocTomrnfi JJS'> H}Kf > B KlllieMaTH'lecKH 

COrrpm!t8HHOM HanpaBJielllIH. :3TO OTitpllBaeT B03MOJl!HOCTI, .Il:a.7ll,ll8Hmero 

HCCJie,n:OBaHIDI HapymeHIDI CP-HHBapHaHTHOCTH He TOJlI,KO B .Il:ByxIIUOH

HllX, HOH B ,n:pyrroc pacna,n;ax HeiiTpaJII,HIDC K-M830HOB. B § 2~ no-
, 

JIYtJ8Hll COOTH01ll8HIDI, OIIlICllBaIOlltlI8 IIpOCTpaHCTB8HHO-Bp8MeHHyro 3aBH-

CUMOCTI, Bepo.!ITHOCTH perHCTpan;mI pacna,noB .n;Byx HeilTpa.7I1,llliX K-Me-,, 
30HOB no IIpOH3BOJlI,HllM KaHaJiaM. IIo,n:po6HO HCCJie,n:yroTC.!I HHTepqiepeH-

In{OHHlle Kopp~ ,n:ByxIIHOHHllX pacna,noB HefiTpaJII,HWC K-M830HOB, 
- K-ovo + - /{-"V" poor,naronnnccH B perummrx PP➔ I\· · H e e ➔ " • Yrmsruru 

YCJIOBH.!I, 6JiaronpMTHHe ,Il;lI.!I Hsyqemm HHTepqiepemnm pacna,noB KJ 
H Kf M830HOB IIpH Pa3.JIH11IillX OTHOlll8HMX paCn8,IlHllX aMI!JIRTY.Il:i H3y

'!8Ha 3aBHCIIMOCTI, ROPPeJI.!Itnrii B CHCTeMe K°K0 OT OTHOCHTeJII,HOro 

BMa,n;a C-tJeTHWC H C-HetJeTHllX COCTO.!IHHll/3l/. AHaJiorwnw:e BOIIpOCll 
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B ,n:aJII,H8HllleM o6c~CI, MHOI'lIMH aBTOpaMR (JIYRCTHHI,lll H OROHOB, 

1967; Jimnam:, 1968; rOJI1,,n:xa6ep H J!Hr, 1970; Eailep ,1973; .n;acc, 

1974). 

B § 25 paCCMa.TpllBaIOTC.!I HHTepqiepeHin{OHHlle SIBJiemm IIpH pe

rHCTpan;mI pacna,noB O,n:Horo H3 H8llTpa.7ll,HllX K-M830HOB, BXO.Il:.!IlltlDC 

B cocTaB cucTeMll K° K0 • ECJm napa K°K° IIMeeT onpe,n:wreHHyro sa

pH,ll;OBYIO tJeTHOCT:E. (C= +l rum C=-l), TO oc:u;wm:.imuoHHllfi tJJieH B 

Bl:lp8'lt8HHII ,Il;lI.!I BepO.!ITHOCTH pacna.na no onpe,n:wreHHOMY KaHaJIY, sa

BHCJllllilfi OT pa3HOCTH Ma.C~ ~ H K~ -M830HOB, nponopnuoHaJieH CTe

neHH HeopToroHaJU,HOCTH cocTommil: JK;> H /K;:> H oTJilf'leH OT 

HYM TOJll,RO c yqeTOM HapymeHIDI CP-llliBapllaHTHOCTH / 27 , 28/. BBO

.rtf!TC.!I MaTpHinl WIOTHOCTH, OIIlICllBaIOlltlI8 BeyTp8HHH8 COCTO.!IHIDI 0,n:HO

ro H ,n:Byx H8HTpa.7ll,llliX K-M830HOBi noc'.l'poeHO 06!ll88 g)eHOM8HOJIOrH

'tJeCK08 OIIlICaHHe pacna,n;m1x CBOHCTB H8llTpa.7ll,lillX K-M830HOB, pOllt

.n:aronnncC.!I B O,n:HOtJaCTHtJHIDC H ,n:ByxtJaCTll'IHllX HHKJII03llBllliX nponec

cax npH coxpaHemm cTpaHHOCTH 1321. llcCJie,n:yeTc.!I xapaKTep sa-

BHCUMOCTH CTpYRTYPHllX ~it nap !(./!(/ , k;."IG,0 
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Ks" /(0 
IIpH MaJIIDC OTHOCHTeJII,HllX m.mym,cax OT IIpOCTpaHCTB8HHO

BpeM8HHIDC pasMepoB o6JiacTH reHepan;mr / 33/_ 

B 3aKJII0'!8HlIII cqiopMYJil!pOBaHll OCHOBHlle pe3yJII,TaTll H BllBO,n:ll 

.n:HCC8pTan;mI. · 

B IIpHJIOllteHMX paCCMOTp8Hll HeROTOplle .Il:OIIOJIHHTeJII,Hlle BOIIpOCll, 

CM3aHHlle C co,n:eplltaIDieM .n:HCcepTan;mr. IlOJiyqeHO npe,n:aCHMIITOTHtJec

R08 Blll)ruKeHHe ,Il;lI.!I cpe,n:Hero 3HatJemm J -Ma.TpmnI DpH 60JII,mo:ii 

IL7IOTHOCTH nepeitpllBaIOlllllXC.!I ypOBHe:ll. ,Il;aHa TepMO.n:HHaMHtJ8CRaJI TpaK

TOBKa nOJiytJeHHIDC BO BTOpofi rJiaBe .n:HCcepTan;mI Dpa.BHJI CYMM,· CM-

3UBaIOlltlDC cpe.n;HHe BJleMeHa sa,neplltKH pesoHaHCHllX perumRfi. IIpRBe,n:eH 

IIpOCTOii BUBO.II: qJOpMyJill ,Il;lI.!I cneKTpa H3Jryqemm np:e: KaCKa,IJ;IIOM nepe

xo,n:e - B tJaCTHOCTH, B CJiyqae B036y,JQ.teHIDI ,n:Byx O.n:HHaKOBHX neHT-
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poB, HaxO,nlilltllXCH Ha qnIRCl!pOBaHHOM paccTomnm m,yr OT m,yra. 06-

cy,imaeTCSI aHaJIOI'RSI Melli,Jzy KBaHTOBHM lI30TPOIIHllM OC~TopoM, 

paCIIOJIOJiteHHHM Bc5Jm3H IlOBepXHOCTH IIpOBO.I(HHKa,H CHCTeMOil, COCTOSI

mett H3 B036Y',ii,I:{emIOro lI HeB036y,imemioro neHTPOB co CIIHHaMII 

s8 =I, SA =0. CclioPMYJmPOBaHH H .n;o1tasaH11 TeopeMH, onpe.n;eJJR

IDlllHe Hanpa.BJiemre H HHTepBaJIH Henpepmmoro H3Meiiemm: TepMo.n;HHa

MR1IecK1IX BeJill'mH IIplI CMennmamm rasoB, aTOMU KOTOPHJC HMeIOT 

IlpOH3BOJII,Hyro BHy-TpeHHIOIO CTPYKTYPY 122 ,241_ lIOJiyqeHl:l HOBhl8 lI30-

TOim'18ClUI8 COOTIIomeHHSI ,JJ;Jlil ,JJ;Byx'laCTH1llIIDC HHRJII03HBHHJC pe~tt; 

IIpOaHa.lIH3l!pOBaHH napHlle KOPPe.JI.lmllli TOJK,ll;eCTBemrnx lI HeTOJK,ll;eCT

B8HHl1X ~aCTHn, BXO,nlilltllX B O,JJ;HH lI TOT JKe lI30TOim'leCIWli MYJThTmI

~eT, Ilpll MaJWX OTHO~lITeJll,Hl:lX HMIIym,cax / 34 ,35;_ 

OCHOBEHE PE3YJII,TATl:l ID!CCEPTAIIIB1 

I. Ha OCHOBe TPe6oBaHHSI YHHTapHOCTlI ,JJ;aHO 3aMKHy-TOe qieHoMe

HOJio~ecKoe 01mcamrn HHTepqiepeHI.nm HeopToroHaJII,HHJC m,yr m,yry 

KBa3lICTaill'IOHapHHJC COCTOSIHHii B npoueccax reH8Paill'lll lI pacna,n;a Hee~ 

Ta6HJII,HHJC ClICTeM. 

2. Pa3BHTa YHHTapHaJI TeopM qmyltTYaill'lil stWJeKTHBHHX ce~eimii 

IIpII 60JII,mott WIOTHOCTII nepeR.pl:lBaIOIItUXCH IlpOMelitYTO~ ypoBHeii. 

Ilpll 0~8lf!, ClIJII,HOM nepe1qmBaI!mI pe30HaHCHl:DC ypoBHeii KoppeJJRIUI

OllllaJI ~a He 3aBlIClIT OT llX ml!pHHll f II HMeeT BeJlli'Il!Hy f
0

,:.!1f2_, 
'< j,Tf' 

r.ne D -cpe.n;Hee paccToSIHHe Melli,Jzy coce.n;HllMH ypoBHIIMll, n -

'tlll:C~O OTiq)HTl:lX KaHaJIOB. 

3. YCTaHOBJieHH YJiliTapHue IIpaBMa CJ'MM, CM31:lB8lOJJllI8' cpe,n

Ime BpeMeHa ~a.n;e:p1Kim pe30HaHCHUX SI,JJ;epHUX p~il IlplI 60JII,mOM 

'tlll:Me nepeR.pl:lBaIOIItUXCSI ypOBHeii. 
• < D 

4. lIOKa3aHO, ~TO Ilpll YMOBlilI [>;, ;_,, ( 17J -'tlll:MO 

BXO.n;HUX COCTOSIHl!tt IIpOMel!tYTO~Oii ClICTeMU, << KOTOpoe MeH1,me mm 
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paBHO 'lllIMY OTiq)HTHJC KaHaJIOB) pa3BIITIIe pe30HaHCHHJC npoueccoB 

BO BpeMeHH m,reeT SIBHO H83KCIIOHeHIUiaJII,H!rll: xapaKTep, a cpe,D;Hee 

BpeMil 3aTia3,JJ;l:lBaHH/I nponop:u;HOHaJII,HO WIOTHOCTII ypoBHeil lI COCTaB

MeT '['~ ,n-Df;>>j:_. 
m r 

5. 06ocHoBaHa B03MOJKHOCT1> aKcnepmrnHTaJII,IIoro onpe.n;wemm 

MBKTPO~mTHo;o ;a,miyca K0 -MesoHa IIYTeM ns~emm npoue~ca 

HeKorepeHTHOil pereHepaill'lll I(°,_,, K; Ha aTOMHHX MOKTPOHax IIpII 

BllCOKl'lX SHepnmx. 

6. IIpe.n;cKa3aH lI Teope~eCIUI IICM8,JJ;OBaH atWJeKT BpameHIDI 

WIOCKOCTII ~eilHoii n~~3aill'lll f ~KBaHTOB B no~nsoBaHHoli· 

3~8KTPOHHOli MllIIleIDI' o6yc~oBJieIIHllii BKJia,IJ;OM pa.n;Haill'IOIIHl:lX IIOIIpaBOK 

B aMIIJil!TmY KOMIITOHOBCKOro pacCMHM "imepe.n;". IlpII :mep:rnmc qio-
< • 

TOHOB HeCKOJII,KO COTeII KSB- HeCKOJThKO MaB yr~ll TIOBopoTa WIOCKOCTH 
¥"- < 

II~lI3aill'lll npl! npoxOJK,ll;emn?KBaHTOB ~epes Hru.!aI'Hli'leIIHoe xweso 

,JJ;OCTHr8IOT Bemflil'IH (4+5).I0'73 pa.n;HaH/CM. 

7. lIOJiyqeHll qiopMYJIU, OTilICllB8IOlllHe .CIISKTP 3JI8KTPII'iec1toro II 

Ma:r'IDITHoro 2" -TIOJII,Horo H~eHlISI ClICTeMll )JJ3yx UeHTPOB' O,JJ;HH ll3 

KOTOpmc Haxo,JJ;IITCSI B_OCHOBHOM, a m,yrott B B036yJK,I(eHHOM COCTOSIHlilI 

(B ~aCTHOCTll, ,JJ;ByxaTOMHOit MOJieKy~ C lI30M8pHUMlI Hm,a?m); Ha.itne

Hll SHeprIIII II BpeMeHa .lltli3Hll K~8KTIIBHHX B036yJK,I(eHHHX COCTOSIHlltt. 

Bl:l'Il!MeHu SHeprHII II mnpHHH Yl)OBHeii aTOMOB, HaxO,nlilltllXCH Bc5Jm3H 

npoBo.n;Hmeif noBepxuocrn. 

8. IlpOaHaJIH3l!pOBaHl:l l:IHTepqiepeHIUIOHHUe SIBJieIDUI Ilpll D38.HMO

,neitcTBlilI< II perIICTPaill'lll ~aCTHn C HeopTOrOilaJll,HHMlI BHy-Tpemoom 

COCTOIIHlISIMII. 

9. YcTaHOBJieHo, ~TO C~Hoe IlpOII3Be,JJ;eHHe BeKTOpoB BHj'T

pemmx COCTOSIHHH HI'p88T POJTh Henpepmmoro napaMeTPa 6Jm30CTH lI 

pa~ MlIKpO~aCTHU. Ha 3TOil OCHOBe paspa6oTaH e.n;HH!rll: no.n;xo.n; 
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R orm:caruno noB0'A0HR!l TOJK,IJ;0CTB0HHl:lX H H0TOJK,IJ;0CTB0HHl:lX 'laCT~ H 

'AORa3aHO CYJll0CTBOBaHII0 B pa.MRax: RBaHTOBOii M0XaHJntII HenpepimHO

ro rrepeXO'Aa OT pa3Jll!'l!BlOIIµtXCJI 'laCTID.J; It T0~0CTB0HJWM. 

IO.IlOJiy'JSHil COOTHomeHR!l, OTil'ICima.IOIItl!0 HenpepimHYJO 3aBH

CHMOCTI, ~qW3HOHHUX: sif:qleRTOB CMemn:Ba.Him: ra30B OT CTerreHH He

opTorOHaJII,HOCTH BHYT!)emmx COCTommii aTOMOB 'AO rrepeMennmamm. 

IloRa3aHO, 'ITO BBS'AeHHe HenpepHBHHX rrapaMeTpOD pa3.JUI'llm, OTHOC.II

!$DCC.II R BHYTPSHHliM COCTO.IIHH.lIM CMennmaeMUX: aTOMOB. npHBO~T K 

ycTpaHeHIDO napa,TI;ORCaJII,HHX CKa"IBOB B. I10B0'A0Him SHTpOTil'IH H 'APyrliX 

TepMO'AHH8MH'!ecrurx: BeJilI'Illli npH nepeXO'A0 OT pa3Jlli'l!8IO!$DCCJI ra30D It 

O'AHHaROBHM. 
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