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Bae.neHHe 

Bo MHOrHX MOHOrpa$HSIX H PYKOBOllCTBax no KBSHTOBOA MexaHHKe qacTo 

BCTpeqaeTCSI yTBep1Kll8HHe O npHHUHnHanbHOM pa3nHqHH noae.neIIHSI CHCTeM 

TO)K.lleCTBeHHblX H ·.HeT01K.n8CTBeHHblX qaCTHU H O HanHqHH peaxoro cxaqxa 

npH nepexo.ne OT OllHHX CHCTeM K .npyrHM. Mb! cqnTaeM, qTo aTO YTBep1K

JleHHe, Boo6me roBopH, HBnHeTCH HenpaBHnbHblM. MHoroqncneHHble $aKTbl 

CBoeo6pa3HOro noBeJleHHH KOnneKTHBa T!))K.ll8CTB8HHb!X qacTHll eme He Jl8!0T 

OCHOB8HHA JlnSI KaTeropnqecKoro Bbl~)la 06 OTCYTCTBHH Henpepb!BHoro' nepe-

' XOJlS OT H8TO)K.ll8CTB8HHblX qacTHll K TO)K.lleCTBeHHblM. ITonbJTKH onpaB)l8Tb 

cymecTBOBaHH8 HenpeononHMOA rpaHH M81KllY T01K.n8CTB8HHb!MH H IieTO)K-

Jl8CTB8HHb!MH qaCTHllSMH H8KOTOpb!MH cneun$nqeCKHMH ocooeHHOCTHMH 

KBSHTOBOA MexaHHKH, no HallieMy MH8HHIO, Henb3H npH3H8Tb COCTOHTenbHblMH 

KSK no cymecTBY, TSK H C nornqeCKOA TQqKH apeHHH. B CBH3H C 8THM Mb! 

cqnTaeM, qTo H800XOJlHM 6onee )leTanbHb!A 8HanH3 noHHTHA HepaannqHMOCTH, 

T01K)l8CTB8HHOCTH H H8T01K.ll8CTB8HHOCTH, a T8K)K8 KOHKpeTHb!X HBneHHA, B KO

TOpb!X npoHBnHIOTCH xapaKTE!pllble CBOtiCTBa' TO)K.ll8CTB8HHb!X qaCTHll. 3ToMy 

aaannay H IlOCBHIIIeHa HSCTOHIIISH paooTa. 

Hame paccMOTpeHHe OCHOBSHO Ha o6meM,KB8HTOBO-MexaHHqecxoM npHH

llHile HHTep$epeHUHH aMnnHTYJl Hepa3nHqHMb!X npoueccoB. PyKOBOJlCTBYHCb 

8THM npHHllHUOM, P.~eAHMaH B_CBOHX neKUHHX no KBaHTOBOA MexaHHKe/1/ nan 

rnyooKy!O H opHrHHanbHYIO TpaKTOBKY npo6neMbl TO)Kll8CTB8HHOCTH • 

.llaHHSH paooTa npe)lCTSBnSleT co6oA nonb!TKY nan&HeAmero pa3BHTHH 

H 060611IeHHH $eAHM8HOBCKOro UOJlXOJla. 

3 



§1. TTpHHUHil HHTep~epeHUHH H npo6neMa TOlKA8CTBeHHOCTH 

Caoeo6pa3He 3SKOHOB KBSHTOBOll MexaHHKH B KOHeqHOM cq~Te CBH38HO 

C HBneHHeM HHTep~epeHUHH, 0AHH H3 acneKTOB npHHUHna HHTep~epeHUHH sa-

KmoqaeTCH a cneny10meM~ 

· TTpennonOlKHM, qTO KBSHTOBOMeXaHHqecKaH CHCTeMa MOlKeT nepefiTH 113 

HeKoroporo cocToHHHH It>· a uenbltt·psn cocTOHHHll It> , I 2>·, 1 s·> .. x/ 

TTyCTb B ASHHblX. KOHKpeTHblX ycnoBHHX npH perHCTpSUHH Haweli CHCT8Mbl 

npn6opoM 8TH COCTOHHHH Henb3H npHHUHilHanbHO OTnHqHTb npyr OT JJJ)yra. 

Haaqe roaopH, Mbl ·He MOlK8M OllH03HaqHO yKS3STb HS ~mpeneneHHblll npouecc, 

COOTBeTCTBYJOmHll llSHHOMy SKTY H3MepeHHHo Torna nonHaH aMnnHTYllS perHCT

paUHH paBHS cyMMe aMnnHTYll B8pOHTHOCTH 8THX npoueccoa: 

D (0 

F .. l: F 
·1-1 

( 1) 

(I), I . I l . 
rne F .. <i A > 1-; < ilAI ·1 > - aMnnHTYAS nepexona H3 COCTOIIHHII 

Ii>. B cocToHHHe Ii>·, T1 

. HHHH I j >' 

- aMnnHTYllS perHCTpSUHH npn6opoM COCTO-

TTpH aTOM nonHaH aepOIITHOCTb perHCTpaUHH Haweli CHCT0Mbl 

D 

p .. 11: 
1•1 

(I) :i 
F I' 

( 2) 

EcnH lK0 ycnoBHII perHCTpSUHH CHCTeMbl npH6opoM ·TSKOBbI, qTO nocne KSlKllO

ro SKTS H3MepeHHII Mb! B npHHUHne MOlKeM paa;rnql!Tb COCTOIIHHII 11 >" 

I 2>· ••• In>·, n, cnenoaaTenbHo, KSlKllhlll aKT perucTpauun MOlKHO ca11aaTb 

C COOTBeTCTBYJOmHM KOHKpeTHblM npoueccoM, llHTep~epeHUllll He ·11MeeT MeCTa, 

11 nonHa!I BepOIITHOCTb per11cTpau1111 paBHa 

x/ 
HlllKe aeane nns:1 BeKTOPOB COCTOIIHHli 11cnonb3YJOTCII o603HaqeHllll 

Jl11paKa ( cM.f l / ) • 
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p 
D 

l: 
l•l 

I F (I) I :i (3) 

3aMeTHM, 'qro CaMa no ce6e np11Hu11n11anbHSH B03MOlKHOCTb (11n11 HeBo3MOlK

HOCTb) KSlKAOMY SKTY perHCTpau1111 COilOCTSBllTb OllllH H3 npoueccoB nepexo

na I ➔ l , I ➔ 2, • • • 11nn I ➔ n, aoace He npehnonaraeT, qTo TaKoe co

nocTaaneHHe 0611saTenbHO npoBOllllTCII B peanbHOM OilblT0, 

Ha CSMOM nene Mb!, 06bJqHo HHTepecyeMCH CTSTHCTnqecKllM peaynbTS

TOM 6onbworo q11cna H3MepeHllti:, TTpllHUHn llHT0p~epeHUllll YTB0PlKASeT, qTo 

B 3SB11CllMOCTll OT KOHKp0THblX ycnOBllll Ha6n10AeHHH cpenHee q11cno aKTOB 

' 
perncTpau1111 CHCT0Mbl np_116opOM nponopullOHSnbHO Hnll BbIPSlK0HlllO ( 2)' 11n11 

Bb!palKeHlllO ( 3) o Cne,ctyeT OTMeTllTb T0CHYIO CBH3b M0lKAY npllHUHilOM• lll!Tep

~epeHUllll aMnnllTYA HepasnHqllMb!X npoueccoB 11 npllHUllilOM cynepn0311UllH 

KBSHTOBO-,MexaanqecKllX COC~HHHtt. JlellcTBIIT0nbHO, B paCCMOTpeHHOM Bb!We 

cnyqae COCTOHHlle, KOTOpoe o6paayeTCH AO 113MepeH11H, npeAcTaBnHeT co6ott, 

no onpenenea1110, KorepeHTHYlO cynepnoa11un10 cocTOHHllll 1 · 1 >, 12> ... , In> 

D 

I iP' > - l: <ii AD >Ti>; l•l , 

Ecn11 B ,[ISHHblX ycnoBHHX COCTOHHHH 1 · 1 >" ' I :2 >: ••• I ;. > HepaanuqHMbl, B 

pesynbTaTe 113MepeHHH Bb!ll0nHeTCH COCTOHHne, KOTopoe TSK)Ke SIBnHeTCH 

KorepeHTHOll _cynepnoanunell cocToHHHll 11> , 12>: , ... I n >: . 

(4) 

TT pH peweHHH aonpoca O TOM, B KSKHX ycnoBHHX paan11q11Mb1• HnH He

paan11q11Mbl ,[ISHHbI0 COCTOHHHH, BSlKHYIO ponb HrpaeT npHHUHn aeonpeneneH

HOCTH. Jlel!CTBllTenbHO, ecnH B npouecce 113MepeHl!H Mb! ~HKCllpyeM Koop

AHHSTY qaCTHUbl C TOqHOCTblO ·11 "1 TO, cornacao npHHUHny aeonpeneneHHOCTH, 

aMnnHTYAbl nepexona B COCTOHHHH co 3HaqeHHHMII HMnynbCOB, nelKamux B 

llHTepaane 

COCTOHHllH 

/1 p < . , / li"x AOnlKHbl HHTep~epHpOBSTbo B TO lKe apeMH 

C pa3HOCTblO llMilynbCOB /1 p >>' t, / /1 X B aTHX )Ke ycnoBH-

HX paannqHMblo H COOTBeTCTBy10m11e aMnnHTy,ctbl nepexoµa npaKT11qecKll He 
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HHTep¢epnpy!OT, ITpeurronomnM Terrepb, qTo BpeMH Kamuoro aKTa HaMepeHHH 

HMeeT rropsmoK BenHqHHbI 6. t • Torua, cornacao npHHIIHrry HeorrpeueneHHoeTH 

AnH saeprHH H BpeMeHH, aMrrnllTY.Qbl 
- - ~-
e paaaoeTbIO sHeprHli: fl. E < 7IT"" 

rrepex6ua, eooTBeTeTByromHe eoeToHHHHM 

HHTep<l,epHpy!OT: npH 6. E >>'½. HHTep-

4,epeHUHOHHbie qneHbl Kpali:ae ManbI, AHanorHqaag. eBH3b HMeeT MeeTo H B 

npyrHx cnyqaHx, HarrpHMep, Memny ToqHoeTbIO orrpeneneHH!I yrna pacceHHHH 

qaeTHUbl II IIHTep<t,epeHuHett aMrrnHTYll rr~pexoua B coeTOHHH!I e paanH<iHblMH 

MOMeH'!,'8Mll KOnHqeeTBa ABllmeHHH, 

- Pa_~C:,MOTpHM Terrepb aerrocpe.QCTBeHHO rrpo6neMy TOm.QeCTB8HHOeTH, C 

ToqKH apeHH!I KB8HTOBOlt M8X8HIIKH TomneeTBeHHbie qaeTHUbl e OllHH8KOBblMH 

KBaHTOBbIMH qHcnaMH npHHUHITHanbHO HepaanHqHMbl, PaeeMOTpHM H3BeeTHb!_Jt:, .. , 

SKenepHM8HT n~- paeee!IHHIO ABYX 'HCTHHHo•X1 TomnecTBeHHbIX qaeTHU, ner,c;; 
BH.QeTb, qTo npouecc, B peaynbTaTe KOToporo B uaHHbllt eq~TqHK nonauaeT 

nepBaH qaeTHua, Henb3!1 oTnHqHTb OT rrpouecca, B peaynbTaTe KOTOporo B 

STOT me cq~TqHK rrorrauaeT BTopa!I qaeTHUa,· ITyeTb B CHeTeMe ueHTpa HHep

UHH aMrrnHTyna rrepBoro_ rrpouecea paDHa f ((~ 8) , rne 6 - yron pacees1Hm1 

ouHott H3 qaeTHU, Torua aMrrnHTyna BToporo rrpouecca (aMnnnTyna o6Meaa) 

paaaa f ( 1r - 6) e 18 , CornaeHo rrpHH_unny HHTep<l,epeauHH, aMrrnHTyAa paeee

HHHH HMeeT BHJ:112,31: 

A (6) •fC6) +f{11-8) e 18. (5) 

Oilb!T IlOK83bIB8eT, qTo nm1 qaeTIIU e ,uenbIM CilllHOM 4,aay 8 eneuyeT nono

mHTb paBHOlt · HYnJO, a B enyqae qaeTHU C rronyuenbIM errHHOM - paBHOlt 11 , 

B paMKax KBaHTOBOlt MexaHHKH STOT 4,aKT MOmHO npHHHTb KaK rroeTynaT, 
I 

KOTOpb!H HaXO.QIIT eBoe rrocneuyJOIIIee o6ocHOBaHHe B KBaHTOBOlt TeopHH rronH, 

TaKHM o6paaoM, llH<l,4,epeaunanbHoe eeqeaHe paeeeHHHH TomuecTBeHHbIX 

qacTHu12,31 : 

xi 
'HeTHHHO" TomneeTBeHHblMH qaeTHUaMH Mbl H83bIBaeM qaeTHUbI, Bee 

BHyTpeHHHe KB8HTOBbie qnena KOTOpb!X eoarranaJOT, 8neKTpOHbl e npoTHBO
rronomHblMII 3HaqeHIIHMH rrpoeKUHlt errHHa C STOit ToqKH apeHII!I He !IBnHJOTCH 
'HeTHHHO" TomnecTBeHHblMII qacTHU8Mll, 

6 

do(6) 
--;m-· 

2 

- IH6> ±' <11-6 >I: ( 6) 

3aMeTHM, qTO 4,opMyna (6) (npH upyrott HOpMHpOBKe) ormebIBaeT TaKme Be

pOHTHOeTb perHeTpauHH llBYX TomueCTBeHHbIX qaeTHU ABYMR_eq~Tql!_K8MH, 

pa6oTaIOIIIHMH rro exeMe coanaueHHlt, 

AHanorHqHbIM o6pa30M MomHO paceMOTpeTb paerran Ha TOmi:teeTBElHHbie 

qaeTHUbl, 8 caMoM 0611IeM cnyqae, eenH nae HnH HeeKOnbKO TOmileCTBeHHb!X 

qaeTHU o6paayIOTCH B peaynbTaTe onHoro H Toro )1{8 aKTa eTonKHOB8HHH Hnll 

pacrrana, rrpH nro6oM enoeo6e perHcTpauHH STHX qaCTHU Bcerua HMeeT MeeTo 

HHTep<l,epeHUHH, ITpH STOM aMrrnHTY.Qa TaKOI'O rrpouecca nH6o eHMMeTpHqHa, 

nn6o aHTHCllMMeTpHqHa OTHOeHTenbHO rrepecTaHOBKH nro6ott napbl Tom.QeCTBeH

HblX qaeTHuxl. 

ITepettueM· K HeTomnecTBeHHblM qacTHUaM, Ha rrpnHUHrra HHTep-

4,epeHUHH eneuyeT, qTo eenn o6e·· qaeTHUbI o6nauaJOT pa3HbIMII BHyTpeHHH

MH KBaHTOBb!Mll qHenaMn (aapH.QOM, enHHOM, 6apHOHHb!M qHenoM H T,ll,), H 

9TH KB8HTOBble qHena B rrpouecce H3MepeHIIH coxpaHHJOTCH, aMrrnHTy.Qa rrpH

MOI'O rrpouecca H aMrrnnTyua o6MeHa He MoryT HHTep<l,epnpoBaTb, BepoHT

HoeTb perHCTpaunH T8KHX qaeTHU KaK OAHHM neTeKTopoM, TaK H llBYMH eq~T

qHKaMII, BKnJOqeHHblMH rro exeMe COBrraueantt, rrporropuHoHanbHa BenHqHHe 

2 2 

o<6> -IH6> I + IJ<11-6> 1: (7) 

xi 
_ HaaeeTHO, qTO TomueeTBeHHbie qaCTHUbl uaneKO He Beerua HHTep<l,epH-

PYIOT upyr e upyroM, HanpHMep, ecn11 .QBe TomoeeTBeHHbl8 qaeTHUbl d o6pa-
ayIOTe!I B peaynbTaTe paanHqHbIX peaKuHlt 

C+D ➔ E+F+ ... a c +d ➔ e+f+ ••• a 1 

HHTep<l,epeHUIIH rrpH perHeTpauHII STHX qaeTHU He HMeeT MecTa, IlOCKOnbKy, 
Ha6nJO.QaH nocne aKTa perHeTpauHn aa qaeTHuaMH E , F •• 11n11 e, f • • ,1 MbI B rrpHH
u11ne MomeM orrpeuenHTb, K8KYJO H3 TomneeTBeHHbIX qaCTHU aaperncTpnpo_Ban 
npH6op. CooTBeTeTByIOIIIHlt aaanH3 IlOK83bIBaeT, qTo HHTep<l,epeHUHJO TomneeT
BeHHbix_ qaeTHU, KOTOpbre pomuaJOTeH B xone HeaaBHCIIMb!X upyr OT upyra 
rrpoue·ecoa, MOmHO Bee me Ha6nJO.Q8Tb, HO TOnbKO B KoppenHUllOHHb!X SKCne
pHMeHTax npH eTporo orrpeneneHHblX yenoBHHX (onbIT Epayaa-TBHCa C 4,oTO
H8MHl41). llanbHettwee paeeMOTpeHne sToro Bonpoea BbIXO.QHT aa paMKH Ha
eToHmett pa6oTbI, 
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I'lle f (6) - aMnlIHTYllS pacces!HHSI. Mo)ICHO, 0llHSK0, npHBeCTH MHoro•mcneu

Hb!e npHMepbl, K0I'll8 B npouecce H3MepeHHSI p8311H'l8!0WHeCSI KBSHT0Bb!e 

'IHC118 nepBOii H BTOpoii 'ISCTHU He coxpaHSl!OTCSI. Bo3HHK88T oonpoc: '181'0 

cnellyeT 0lKHllSTb B aT0M cny'!ae? 

B K8'18CTB8 MeT0llH'18CK0I'0 npHMepa paCCM0TpHMpaccestHH8 llBYX aneKT

p0H0B C np0THB0non0JKHb!MH 3H8'18HHS!MH npoeKUHii cnHHB Ha HanpaB118HHe MBI'

HHTH0I'0 nonH H • HcHo, '!TO ecnH 8118KTp0Hbl nocne paCCE!SIHHSI p~I'l!CTpll- · 

py!OTCSI C !IOMO!ltb!O llBYX BK11!0'18HHb!X no cxeMe COB_nalleHl!ii C'!eT'IIIK0B-

q>IIllbTpOB, 0llHH H3 K0T0pb!X qll!KCHpyeT npoeKUll!O cn11Ha m H = + 1 /2, a 

llPYI'0ii - npoeil:111110 cnl!HB mu= - 1/2, IIS:TepqiepeHUIISI HEi HMeeT M8CTa, 

11 aneKTp0Hbl B8llYT ce6H KBK p831111'1Hb!e 'IBCTl!Ubl. rlyCTb Tenepb KBlKllb!ii 

113 C'!eT'IHKOB-q>HllbTpOB perHCTpHpyeT C0CT0SIHHe C npoeKuHeii cnl!HB, paB-

H0ii + 1/2, HB 0Cb x , nepneH1IHKynsipay10 Hanpaanea1110 MBI'Hl!THoro nonH H. 

CocTostHHe I+,;,>" stBnsteTcst aecTa1111oaapHbIM H npellCTaBnsteT co6oii- cynepno-

3HUH!O COCT0SIHHii I ·+ H >" II I.;. H > [ I] 

I
. · l 

1
. . l 

1
. . l (- l) 

+x >•-0 +H>+- -H>•-- .. 
'12 ..rr• . "2 

( 8) 

nerxo BHlleTb, '!TO np11 perl!CTpauHH COBnaneHHii 0TC'leT0B TBKHX C'!eT'IHK0B, 

K0I'llB 1-ii C'leT'IHK cpa6aTb!BBeT B M0MeHT t I • a 2-ii - B M0MeHT t 2 • 

npstMOll: npouecc H npouecc o6Meaa Hep8311H'IHMbI, H HX aMnnHTYllbl ll0lllKHbl 

HHTepq>epHpOBBTb. rlpH aT0M 'IHClI0 aana3llb!BB!OWHX C0BnaneHHii nponopuno-.,.. 
HBllbH0 Belllf'IHHe 

µu 
p (tltll) •-11(6) e -l,-ti . e -i;!Lt2 1·+ H >•(+ x 1 ·-H >-<+:,: . 

- f (rr-• 8) e -l~t2 _jl_l!_t ·12 _e 1,_-, <+x l;_,H><+x l+H~ 
(9) 

l 11 2 . ll 2l~t 
•-

4
- f<6ll +IH11;-6ll -2Re[f{6)f*(rr-8)e u ]I 

8 

I ·, 
I'll8 " -MBI'HHTHblii M0MeHT aneKTpoHa, t •· t2 - t l - BpeMst aanaa-

llb!BBHHSI (ll8T81111 Bbl'll!ClleHl!ii 6yllyT SICHbl 113 llBnbHeiimero) •. 3HaK ,, _., B 

Bb!pSlKeHHH (9) COOTBeTCTByeT .TOMY1 '!TO aneKTp0Hbl 06/IBllB!OT nonyuenbIM 

cnHH0M; B CXO.tlHOM axcnepHM8HT8 C 6030HBMH aa6n10nanacb 6b! HHTepqiepea

llHSI co 3HBK0M '+'. 3aMeTHM1 '!TO ecnn paapema10mee apeMst coananeanll: 

. . -Ii - . ( ) 
r >> -H • . TO HHTepq>epeHUHOHHblii 'lneH B BbJpalKeHHH 9 HC'!eaaeT 113-38 " . - -

ycpellHeHHSI no BpeMeHH. OTCYTCTBHe BToporo neTeKTOpa, 0'!el')HLlH0, paBH0CHllb-

H0 T0MY, '!TO Bb!pBlKeHHe ( 9) ycpenHsteTCSI no 6ecKOHe•rno 6onbllIOMy BpeMeHH 

t2 • Cne_llOBBTenbHO, npH perHCTpBUHH aneKTp0H0B C npoTHBononolKHb!MH cnn

HSMH 0llHHM C'leT'IHK0!-f HHTepqiepeHUH!O npHHUHnnanbH0 Henb3st Ha6n!Oll8Tb. 

3TOT Bb!B0ll noHstTeH C TO'IKH 3peHHSI Cq>OpMynnpoBBHHOI'O Bb!We npHHUHna 

HHTepq>epeHUHH. llell:CTBHTellbHO, aa6n!Oll8SI CK0llb YI'0llH0 6onbmoe BpeMst 38 
•- . 

BT0pb!M anexTp0H0M, Mb! M0lKeM onpenenHTb, B KBK0M CTBUH0HBpH0M C0CT0-

SIHHH OH HBXOlll!TCSI, H TeM CBMb!M 0llH03HB'IH0 yKa38Tb, KBK0e 3HS'leHHe mH 

C00TBeTCTByeT aneKTp0HY, B0lliellmeMy B np116op. 

HTaK, 'IBCTl!Uhl, K0T0pble B 0llHHX ycnoBHSIX aenyT ce6H KBK paannq

Hble, B npyrnx M0I'YT HHTepq>epHpOBSTb npyr C npyroM. ripaBna, aneKTp0HbI 

C npoTHB0il0lI0lKHb!MII 3Ha'!eHHS!MH npoexunll: cnHHa o6bl'IHO C'IHTB!OT T0JKlleCT

BeHHb!MH, XOTSI II He 'HCTHHHo' T0JKlleCTBeHHb!MH 'IBCTIIUBMH. B cneny10mnx 

paanenax Mb! paCCM0TpHM ycnoBHSI HHTepqiepeHUHH 'IBCTim, K0T0pble c o6me

npHHSIT0ii TO'IKH apeHHSI S!BlISl!OTCSI 3BBei:t0M0 HeT0JKlleCTBeHHb!MII. 

§2. YcnOBIISI HHTepq>epeHUHH .npu per11cTp8UHII HeTolKlleCTBeHHblX 

'IBCTIIU B KoppenstllH0HHblX axcnep11MeHTBX 

Ha npellhlllymero paanena SICH0, 'IT0 Heo6xoi:tHMbIM, ( X0TSI n He ll0CTa

TO'IHblM) ycn0BlleM Ha6n10i:teHIISI llHTeptjlepeHUHll HeT0JKi:teCTBeHHblX 'IBCTHll A 

u· B S!BnSieTCSI HecoxpaHeHn_e p8311H'IB!Om_H:'{~_!1_!3HyTpeJIHIIX KBSH.~)!bl~ __ 'IHCen 

aTHX 'IBCTHU B npouecce· H3MepeHIISI. 3To 03HB'!BeT, '!TO KBlKllhlll: ll3 C'!eT'!H

K0B ll0lllK8H npei:tCTBBlISITb co6oii HeKOTOpb!lt tpHllbTp, Bb!llem110mnii no ·nponyK

TBM B38HM0lleiicTBHSI Illlll pacnana onpe.ueneHHY!O cynepn03HUH!O 'IBCTHU A JI 

B • llnst nepooro If BToporo C'!eT'!HK0B 8TH cynepno3HUIIII n~oryT 6b!Tb, 
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Boo6me I'OBOplI, paanH'IHblMH .• EcnH MaCCbl 'ISCTHU A H B He .paBHbl, TO 

COCTOlIHHlI, KOTOpb18 q>RKCHpy10TClI C'leT'IHKSMH, lIBnlIIOTClI HeCTSUHOHSpHbl

MH •. Ilo aHanOI'HH C paCCMOTpeHHblM Bb!We cny11aeM ABYX aneKTpOHOB B MSI'

HHTHOM none, Mb! MOlKeM OlKHASTb, 'ITO 6yAeT HMeTb M8CTO BpeMeHHSlI (a 

TSKlKe npocTpaHCTBeHHSlI HnH npOCTpaHCTBeHHO-BpeMeHHalI) KOppenlIUHlI OT

c11eTOB ABYX C'leT'IHKOB, o6ycnoBneHH8lI HHTepq>epeµuHeii aMnnHTYA IlplIMOI'O 

H o6MeHHOI'O npoueccoB. IlplIMblM Mb! 6yAeM H83blB8Tb npouecc, B peaynb

TaTe KOTOporo 'ISCTHUS A nonanaeT B C'leT'IIIK 1, a 'ISCTHUS B -.B C'leT-

'IHK 2, a o6MeHHblM - npouecc, B peaynhTaTe KoToporo 11acTH11a B nonaAaeT 

B C'IE!T'IIIK 1, a 'ISCTHUS A - B C'leT'IHK 2. 

PaccMOTpHM 8TOT BOnpoc 6onee AeTanbHO. IlycTb C'leT'IHK 1 no npo

AYKTSM pacnaAa HnH B3811MOAeiiCTBHlI BblnenHeT COCTOlIHHe C, a C'leT'IIIK 2 -

cocTOHHHe D • AMnnHTYAb1 nepexoAa <CI A > , <C I B > , < D I A>., < D I B > 

o6oa_ua'IHM COOTB8TCTBeHHO A1 , A2 , A{ ,A; • Ilp11 8TOM 

lc>.!'AilA>+A 2 IB> 
(10) 

D > .. A;~A> +A;I B >, 

EyneM m:m npoCTOTbl C'IHTSTb, 'ITO KBlKASll H3 'ISCTHU o6naAaeT CTporo on

peneneHHblM HMnynbCOM,. npH'leM na6opaTopHall CHCTeMa KOOpAHHST COBilSAa

eT C CHCTeMoii ueHTpa Mace 'ISCTHU A H. B • TorAa 

➔ ➔ 

pA•-pB, 
✓ 2 ll 2 E ac p +m C 

A A E •· 
B 

c/p2 + 

rne P - I :; A I • I PB I O6oaHa'IHM qepea 
➔ 

xl 

2 2 m C 
B 

➔ 
H X 2 

..,., 

KOOpAHHSTbl 

C'{E\T'IHKOB, a qepea t1 II t 2 - MOMeHTbl perHCTpauHH 'ISCTHU nepBblM 

H BTOpb!M C'IE\T'IHKSMH. IlycTb npH aTOM I-ii C'leT'IHK. perHC
0

TpHpyeT 'ISCTH-

Ubl C HMnynbCOM 
➔ 
p a 2-ii - c HMnynbCOM (- p l. 

AMnnHTYAS npHMOI'O npouecca, B COOTBeTCTBIIII C 38KOH8MH KBSHTOBOl! 

MexaHHKH/ 11, AOnlKHa HME!Tb BHA 

10 

F,(p ,tlt2_l•A,A;f(l,2)e H1,t1-"2>/1> e 

a aMnnHTYAa o6MeHHoro npouecca 

EA\I 
-•---,:;---

e 

➔ ➔ ➔ EA\ 2 .. 

-1 

F 2 (p • 1 11 2 
•·A2A/f(2,l )e l(p, xl -x~)/t1 -1-,;-

e e 

Es\2 
i 

EB\ l -•--,;- ' 

( 11) 

( 12) 

3Aecb f ( l, 2 ) • f ( p ) - aMnn11TyAa o6paaOBSHHll 'ISCTHUbl A c HMnynb-.. 
COM P H 'ISCTHUbl B c HMnynbCOM (-pl, 1(2,l >- f(-p) - aMnnH-

TYAa, COOTBeTCTBy10mag o6pa30BSHHIO 'ISCTHUbl A C HMnynbCOM (- Y ) 
H tiaCTHUbl B .. 

C HMnynbCOM p • 

CornacHO npHHUHny HHTepq>epeHUHH, aMnnHTYAS per11cTpaUHH 'ISCTHU 

A H B ABYMlI C'leT'IHKSMH, BKn10'1eHHblMH no cxeMe aanaaAblBBIOW!{X CoBna-

A8HHfi: C TO'IHOCTblO AO HOpMHpOBKH, paBHa 

.. .. ~a .. 
F(p 111 2) • F l(p 1 1 1 2) + e. Fll(p 11 1 2) • 

•A 1A 2 'f( l ,2)e:rp[--+(EAtl + EBt
2
)] + 

18 , [ i l] +e A 2 A 1 f(2,l)exp -,r-(Ei
2

+EBtl 

(06m11f!: q>aaoBblll MHOlKHTenb exp ( i p j 1 - i px'\) / h 

Cll HS Ha6n10naeMblX BenH'IHHSX. onymeH). 
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(13) 

He OTPSlKSIOWHl!-



IlpnMeM B Ka'leCTBe nocTynaTa, 'ITO 
18 

e = + 1, ecnn 'laCTHUbl A H B 
18 

e = - 1, ecnn qaCTHUbl 06nana10T uenbIM cnHHOM, H 
A n B 06nana10T 

nonyuenbIM cnHHOM (B § 3 aonpoc O 3HaKe HHTep¢ep"eHUHH 6yneT 

pacCMOTpeH 6onee nonpo6HO) • 

C'IHTall pa3pewa10mee apeMH coananeHntt r ManbIM no cpaBHeHHIO C Be-

nH'IHHOtt I ·1, / 2 ( EB - E.Jl; Mb! nony'IHM nm1 q11cna 3ana31IbIBa10milx coana

neHHil B enHHHUY BpeMeHH Bb1paJKeH11e: 

p ( t 
1 

t 
2 

) • r [ I A 
1 

A 
2

' f ( 1 , 2 ) I 2 
+ I · A 1 A ; f ( 2, 1 ) I ·

2 
t. 

( 14) 

I 

.± 2Re(A1A2 A*A""f(l 2)f*(2 --;r-(EB-E_Jt) 
ll 1 • ,l)e ] 

r.Qe t •· t ll - t I - apeMll 3ana3.QbIBaHHll ( t > r ) . B q>opMyne ( 14) 3HaK "'+"' 

COOTBeTCTByeT 6o30HaM, a. 3HaK "'_ .. q>~pMHOHaMx/ • 

Mb1 BH.QHM, 'ITO B .QaHHOM cnyqae, KOr.Qa I ·PA i 1·tsl• aepollTHOCTb 
/ 

perncTpaunn qaCTHU He 3aancnT OT KOOp.QHHaT, a cne.QOBaTenbHO, HOT pa3Me

poB c'leT'lnKoB. Ilpn r >>"I :2 (E:- El : npHMott n o6MeHHbii1 npoueccb1 pa3nH'IHMbI, 

nocKOnbKY B Te'leHne .QnllTenbHOro BpeMeHH B03MOlKHO .QOCTaTO'IHO TO'IHO~ 

H3MepeHne aHepr11n; COOTBeTCTBeHHO, nocne IIHTerpnpoBaHHll no HHTep-

qiepeHUHOHHblil qneH B qiopMyne ( 14) CTaHOBIITCll 11cqe3a10me ManbIM. Ecnn 

r < t < 1 · . 1i -1 · 
. 2( :EB-EA) ' 

'laCTHllbl A H B Be.QyT ce6ll KaK TOJKLleCTBeHHbie. 

3aMeTIIM, 'ITO ecnn OTHOWeHHe Mace qacTHU A n B CTpeMHTCll K e.QHHIIUe, 

TO aenn'lnHa 1-fi. / 2 ( E B - E A ) 1.:. oo n apeMH 3ana3.QbIBaHHll t , y.QoaneTBOPH-

10mee ·nocne.QHeMy HepaBeHCTBY, MOJKeT 6b!Tb Bb16paHO B npHHUHne CKOnb 

yro.QHO 6onbWHM. 

x/ Ecm1 nepBblit II BTopott C'leT'IIIKH COBepweHHO O.QHHaKOBbl ( A 1 • A I • 
A2 -A;), Bb!paJKeHne ( 14) IIMeeT TY JKe CTPYKTYPY, 'ITO II q>opMyna (9) 

.Qnll aneKTpOHOB C npoTnBononOlKHblMH cnHHSMH. 

12 

nerKO noHllTb, 'ITO B o6meM cnyqae perncTpaunn MOHOxpoMaTH'leCKHX 

qaCTIIU, KOr.Qa na6opaTopHall CIICTeMa He coana.QaeT C CHCTeMott U0HTpa Mace, 

npn '().QHOM H TOM )Ke HanpaaneHllk IIMnynbc~B 'laCTIIU A U B· IIX a6con10THbl0 

aen11quHb1 1 ·;A I: n I i:;1: He paBHbI .Qpyr ~pyry. l1HTepq>epeHUHOHHbili qneH 

CO.QeplKHT TOr.Qa "'611eHm1"' He TOnbKO no BpeMeHII 3ana3.Qb!BaHHH, HO II no 

J)a3HOCTII KOOp.QIIHaT .QByx C'leT'IIIKOB, Ilp11 aTOM lICHO, 'ITO IIHTepq>epeHUHll 

Ha6n10L1aeTCll, ecnn Ha pa3Mepbl c'leT'IIIKOB lianoJKeHo orpailll'leHHe 

t. 
AR« I I p .. AI - I p .. BI I. 

Ecn11 JKe AR >>:1 i,A1~1 it! J, IIHTepqiepeHUIIOHHblit 'lneH nocne HHTerp11poBaHHlI 

.. 
no x1 II -; ll IIC'le3aeT. npn m A .. m B 11MeeM: EA .. EB II :1 PAI:. I i>;I :; 

aKcnoHeHTa B IIHTepqiepeHUHOHHOM 'lneHe, oqeBII.QHO, CTpeMHTCll K e.QHHHue, 

11 Mb! nony'IHM Te ·JKe q>opMynbI, 'ITO II nnll TOJKLleCTBeHHbIX '18CTIIU, 

nepettneM Tenepb K MeHee aKaneMH'l0CKOMy cny'la!O, Korna qacTHUbl 

A JI B npe.QcTaaneHbl KBaHTOBO-MexaHH_'leCKIIMII naKeTaMH C aqiq>eKTHBHbl-
i . . 

MH pa3MepaMII Ax • ""ir;""'• rne A p - ueonpeneneHHOCTb nMnynbca. Ilpn 

aTOM o6naCTb CTOnKHOBeHHll paccMaTpnaaeMbIX 'laCTHU (Hnll o6naCTb nx polK

.QeHllllr, O'l~B11.QHO, TaKJKe noKanH30BaHa C TO'IH~CTblO •AX• EyneM C'IHTaTb0 

'ITO BenH'IHHa AX ropa31l0 MeHbwe pa3MepoB C'leT'IHKOB II HX paCCTOllHHli 

OT aqiq>eKTIIBHOtt o6naCTII CTOnKHOBeHHR. 

· r.Qe 

H3BeCTHO, 'ITO KOOp.QHHaTHall BonHoBall naKeTa HMeeT BHll/5/: 

.. 
p 

I -+ 
-+ -+ -i;(<o"R -EO -+ -+ 

¢,(R-vt)ae f(R-vt ), 

- cpe.QHHtt 11Mnynbc, E •· c y p 2 + (m c) 2 
, 

pell 
v- -:y-

noBall CKOpOCTb naKeTa, f ( R -1' t l. - ocTpall q>yHKUHll apryMeHTa 
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(15) 

-rpyn-



( R - t t) xi. ITpeHe6perasi pasMepaMH naKeTa, MO)KHO yTBep)KllaTb, 'ITO 

KOOplll!HaTa naKeTa CBSl3/lH8 co BpeMeHeM, npowenwHM C MOM0HT8 ero o6pa-

30B8HHSI, KnaCCll'I0CKHM COOTHOW0HHeM. nerKO Bllll0Tb, 'ITO 3KCnOH0HT8 B 

qiopMyne ( 15) npn il - ~ t HM00T Bllll 

rne R-ln 1·,v-r: 1·. 

• Mc
2 ..!!_), 

exp (- 1 -1;- vy 

M - M8CC8 'I8CTHUbl0 

(15a) 

y - ee nopeHUOBCKllli lpBKTOp; 

npll 3TOM BenH'IIIHB v Ry · HMeeT CMbICn co6cTB0HHOI'O BpeMeHH 'I8CTHUbl. 

B cnyqae H0CT86HnbHbIX 'I8CTIIU M cnenyeT C'IHT8Tb KOMnneKCHOli BenH'IH-

Holi: M - m -i B-; rne r - nocTOSIHHaSI pacnana, 

06o3H8'IHM cpenHne HMnynbCbl 'IBCTIIU ,A II ~.npoxonsimnx 'Iepes nep-

Bblli C'IeT'IHK, COOTB0TCTB0HHO p<O 
A 

H p (l) J a cpenane HMnynbCbl 'I8CTHU 
B 

A H B • npoxonsimnx qepes BTopolt C'IilT'IHK -
p (2) 

A 
H p(ll) 

B 
q;co l.;.Pco, 

/ 

Ip <2> I• p <2> .) • 1ITo6bI npn perncTpaunn naKeToB A n B nBYMSI C'IeT'IH-

KaMH nMena MecTo HHTepqiepeaunsi, aeo6xonnMo BbmonHeane cnenyromnx 

ycnoBHlt: 

a ) qaCTHUbl A n B nMeJOT, no Kpattaelt Mepe, oliHH. o6mnlt KaHan pac-

nana HnH B38HMOlleiiCTBHll,. npH'IeM B pesynbTaTe H3MepeHl!ll o6e 'I8CTHUbl 

HC'I038!0T llnH nepeXOlllIT B OLIHH8KOBbie COC.TOSIHHll, 

f3 ) naKeTbl 'I8CTllll A ll B • npOXOLlSl!Illle qepes C'IilT'IllKH, nepeKpbIBa-

!OTCll BO BpeMeHH H npocTpaHCTBe, n, cnenoBaTenbHO, HX rpynnoBb!e CKOpo-

CTH no'ITH coBnanaroT ( V ~) .. y~l • v<_!> - v<~ C TO'IHOCTb!O no Be.tIH'IHHbl 

nopsinKa 

x/ 

(1),(ll) 
V 

/ix ) ; 
R 1(2) 

Ilnll npOCTOTbl Mbl He Y'IHTb!BBeM pacnnhIB8HHll naKeTa, KOTOpb!M B 

peanbHbIX cny'I8lIX 'I8CTO MOlKHO npeHe6pe'Ib (cM,/5/), 

14 

Y ) pa3HOCTH cpenHHX IIMnynbCOB 

I : (1) ( 1) I . I . (ll) (ll) I << ii 
p A - p B ·• p A - p B -r;-• 

ITocnenHee Tpe60B8HHe CBSl38HO C npHHIIHnOM HeonpeneneHHOCTH, onpenensi-

IO!IlllM ycnoBHSI pasnH'IHMOCTH naKeToB, ITpu Ip A -p BI>>·½ OTHocu-

TenbHaSI qiasa naKeTOB A H B, perHCTpupyeMbIX C'IilT'IHKaMH B K8)Kl!OM 

8KTe, CT8HOBHTCll HeonpeneneHHOli H3-38 KOHe'IHbIX pa3MepoB naKeTa, II 

HHTepqiepeHIIllll OTCYTCTByeT. HHb!MH cnoBaMH, npu HapyweHHH ycnoBHll y) 

HHTepqiepenIIHoHHbilt 'IneH, conep)Kamntt npocTpaHCTBeHHbie 6nemill ( CM,BbDlle )_. 

IIC'IesaeT y)Ke npH ycpenaeHHH no pasMepaM naKeTa, 

ITpn Bb!IlOnHeHHH Clp0pMynHpOB8HHblX BbIWe ycnoBHlt aMITnHTyna pe-

I'HCTP8IIHH MO)KeT 6b1Tb npencTaBneHa B Bnne: 

F•F 1 :t.F 2 

rne F 1 - aMnnnTyna npSIMoro npouecca: 

, [ ~ I'. rA R 1 ] [ ~ ..!:a_ R 2 ] F1 aA1A2 ((1,2)exp -~i 11~•;4-T)~ exp -(i 1i + 2 -) yCll>y<ih , 

a F
2 

- aMnnIITyna o6MeHHoro npouecca 

( 16) 

. mBcll rB R1 . mAcll rA R2 /17) 
F •A A' ((2,0exp[-Ci ---=n-+ 2 ) (I) (l) ] exp[-(1_~+-

2
-)7'i>""72)' 

2 ll. 1 y )' . . V )' 

3necb f Ci. k) (i ,k •. 1;2,1,'- k) - aMnnnTyna pacceSIHHll (nnu po)KneHnSI) 'lac-

Tllll A H B , COOTBeTCTBY!OIII8ll BbmeTy 'I8CTHUbl A B HanpaBneHHII i -C'IilT-

'IHKa, a 'I8CTHUbl B - B HanpaBneHHH It - C'IilT'IHKa, aMnnHTyllbl A 1 

A 1, A 2 ,A 2 
R I ll R 2 

HMeIOT TOT )Ke C:MbICn, 'ITO n Bb!We (cM, qiopMynbI (11 .. 14)), 

paCCTOlIHllll C~ilT'IHKOB OT o6naCTH pacceSIHllll (nnn po)KneHnll) 

'I8CTHII A ll B •_ BpeMll sanasnblBBHllll npn 3TOM, O'IeBllllHO, paBHO 
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Rt R2 t-,-~--vm-1: 
HeTpyllHO ITOKS38Tb, 'ITO ycnoBIIH (a-y) B rrp1rnunrre :-toryT 6bITb Bbmon

HeHbl OllHOBpeMeHHo.3a IICKnro'leHHeM ynbTpapenHTIIBIICTCKoro rrpenena, 0 KOTO

poM t pe'lb 6y_neT llllTII Hll)l{e, 113 ycnoanii f3 II y aBTOMaTH'leCKII cne-
ii 

ayeT, 'ITO pa3HOCTb Mace 6. m < -,.-- << m • m 
· uxv A B 

C Y'll:iTOM COOTHoweHnii ( 16) II ( 17) amt BepOHTl!OCTII 3arra3)lb1Ba10WIIX 

coarraaem1tt rrpn perncTpamm qacTHU A II B Mb! rrony'IHM cnenyromee BbtpaJKe

Hne: 

rae 

P,. f f P(R 1 R 2 )dR 1 dR 2 , 

6,l?i 6.R2 

P(R,R2) .. IF l2=IA1A; f{l,2)12 e-crArl +rar2>+ 

+ I .A2A; f ( 2 • l ) I 2 e - ( r A" 2 + r Br,) ± 

I , , [ rA+ra ( ) 
±,_2Re A 1A2 A"iA;f(l,2)f"'(2,l)exp - --2-- r 1+r 2 -

Rt R 2 

II 
i(mA-mB)c (r

1 
-r

2
)] J, 

1i 

( 18) 

rt c v(l) y<O ''2= · y(2) yf:i> - IIHTepBanbI 6. Rt II /). R2 orrpeae-

muoT acjJqJeKTHBHyro "o6nacTb aa6nroneum1"x/, 

xi 
'06naCTblO ua6moneHIIH" Mb! 6yaeM 1183bIBaTb rrpocTpaHCTBeHHYIO 06-

naCTb, KOTOpyIO 38Hl!MaeT poanbllblil C'll:iT'IIIK, rrpencTaMSIJOWllii co6oi!: MaKpo

rrpn6op. flI06oi!: TaKOH C'l0T'lllK cliaKTII'leCKII COCTOIIT 113 6onbworo 'IIICna "Ml!Kpo

C'll:iT'll!KOB' ' perncTpllpyIOWIIX qaCTl!Ubl/ 11. l.JTo6bI aai!:TII nepollTHOCTb per11cT

pa1111n '18CTIIU A II B nnyMll "MaKpOC'leT1IIIK8MII'. neo6xOAIIMO npocyMMnpoBaTI, 

pe3ynbT8Tbl IIOK838Hllii COCTaBnHIOIIIIIX !IX "MI!KpOC'l8T'll!KOB .. , ll/111, IIHblMH cno
BaMu, npomnerpupoBaTb n1,1pamcrn11e ( 18) no a<jlqieKTIIBHbIM paaMepaM 1 _u 2 
C'18T'Il!K.OB, J\'\Q)!(!IO, KO!Ie'IHO, "o6naCTbIO ua6nI011en11H" C'l!ITaTb nmoyIO npocTpaH

CTBeJIHyIO o6nacTI,, pa3Mepbl KOTOpoi!: 6onbwe paaMepoB "MaKpOC'l81''IllKOB". 

l1HTerpnpona:rne no T8KOH 0611aCTII aaeT (c TO'llIOCTbIO AO I!OpMllpOBKII) 'IHCIIO 

OTC'IGTOB 
0

MaKp0C'!8T'll!KOB"' ycpCJU!eHHOe no BCeM 1303MO)l{JlblM l!X nonoJKenn

S!M BHyTpl! 0 o6naCTT! Ha6nIOHeHllS! ", 

16 

J;, 

l. 
I 
! 

I 
I 
If 
,,_ 

1 
,J 

! ,\ 

Ecnn "o6naCTb Ha6moneHmt" nMeeT pa3Mepbt 

6.Rl(2) » 
ii V l ( 2 ) Y t (2) 

lilm I~ 2 

IIHTep«pepeHUIIOHHbitt qneH B «popMYne ( 18) rrocne IIHTerp11poBaH11H IIC'!e3aeT. 

Benll'IIIHbl 

l!MeroT, O'leBllllHO, 

f 1(2) • 
-fi V 1(2) Y 1(2 ) 

16.m I c 2 

CMbICn rrepnoAOB rrpocTpaHCTBeHHbIX 6HeHHH no KOopnn-

HaTaM R l II R 2 ( «paKTll'leCKII pe'lb nneT O rrpocTpaHCTBeJIHO-BpeMeHHbIX 

"6HeHIIHX"). 

nerKO BIIJieTb, 'ITO ecnn Al .. A; 11 A 2 = A ; , TO rrpn R l « f l , 

R 3 < d 2 11 I ( r A -r B )( r 
1 

- r 3 ) I « 1 Mb! rrony'IIIM BbipaJKeH11e 

p ( R lR 2 ) .. p (1' 2 ) :t f( 2 • l) Ill • 

coBrraaaromee C COOTBeTCTByromeif «popMynoii nmi: TOJK,'leCTBeHHbIX '18CTIIU. 

(19) 

Ecn11 pa3HOCTb Mace CTpeMIITCH K aynro, rrepl!O)lbl rrpocTpaHCTBeHHblX 

6HeHIIH aeorpaHll'leHHO B03pacTalOT, CnenoaaTenbHO, Mb! MOJKeM yTBepJKJl8Tb, 

'ITO B cnyqae KOppemi:unoHHbIX aKcrrep!IMCHTOB C aeTeKTopaMn, Ka)l{llbiii 113 

KOTOpbIX perucTpllpyeT HeKOTopyro cyrrepll03l!UH!O '18CTIIU A II B , pa3HOCTb 

KoMnneKCHhIX Mace npencTaMH eT .co6oif ueKoTopbIH napaMeTp anH nepexona 

OT HeTQ)l{)leCTBeHHbIX '18CTIIU. K TO)KJ:leCTBeJIHbIM. ITpll 6.m - i 6.r! -+ 0 
2c 

HeTO)l{J:leCTBeHHble '18CTIIIlbl IIHTepqiepnpyIOT Tall:" JKe, KaK H TO~~eCTBeHHbie, 

Mo)l{HO rrpocne.Al!Tb II npyryIO nllHIIIO nepexona OT HeTO)l{.[leCTBeHHblX 

qaCTIIIl K TO)l{AeCTBeHHblM, PaCCMOTpllM ynbTpapemITIIBl!CTCKllli rrpeaen. Aaa

nu3 nOK83bIBaeT, 'ITO B STOM cnyqae HHTep4>epeaun10 B rrpl!Hill!ne MO)l{HO na-

6nIOA8Tb rrpl! nI06oii pa3HOCTII Mace. Heo6xonnMo TOnbKO, 'IT06bi IIMnynbCbl 

'IBCTIIU A l! B ' nonaaarommt B naHHblii aeTeKTop, 6bmn npR6nmKeHHo 

17 



paBHbl llPYI' llpyry, a IIX rpymt0BbI8 CK0p0CTII 6nH3KH K CK0p0CTH CB8Tax/. 

npH K0H8'1H08 pa3H0CTH Mace m A H mB C II0M0WblO npoCTbIX Bbl'IHCn8HH8 

H8TPYllH0 nony'IHTb cn8llYIOWH8 Bblp8JK8HHH llna nepH0ll0B npoCTpaHCTB8HHbIX 

6H8HH8 

2 p ,ii 
f - --,...--,,---,,--

1 linll-mlll·ell 
A B 

f2 -
2p21i 

I
. ll 2 1 · ·i(• 
m -m c 

A· B 

(20) 

I'll8 p l -HMnyn&c '18CTIIU A H B, II0II8ll8IOWHX B nepBbllt C'l~T'IHK, a p 2-HM-

nyn&c '18CTHU A H B , II0II8ll8IOWHX BO BTOpoA C'l~T'IHKxx/ • 

xi 
3aM8THM, 'IT0 AnH '18CTHU, 06paay10mHXCH B peayn&T8T8 K8KOI'O-nH6o 

npouecca, q>IIKCHpOB8HHOI'O THIIa (Hanp11Mep, B peayn&TaTe pacceHHIIH), 3TH 

ycn0BHH llpH EA➔ ... EB➔ oo 8BT0M8TH'18CKH Bb!Il0nHHIOTCH. 

xx/ . 1-f-< PR -Et) 
B yn&TpapenHTIIBHCTCK0M 1Ip8ll8l!_fi! 3KCII0H8HTY e , llpH t-{-

MOJKHO npellCTaBHTb B Blllle (-i ~H•""•> ·1. B cooTBeTCTBIIH c aT11M 
ei:p 2 p1i n~ 

lf>op~ynbl (16) H (17) Hecxon&K0 BHll0H3M8HHIOTCH: 

F
1 

•A
1
A;f(l,2)np(-

·2 ·e 2 -rAmA 
imA,;-+ -r-· 

2 j, l 

2 ell rBmB 
imB1i+ ~• 

X ei:p (-

2pll 
·R 

2 

R 1 ) X 

2 e
2 U mA 

imA-:t;-:-+ 2 a
2

) X 

P2 
Fll • A2A;f(2,l)up: 

ll ell 
X ei:p ( - imB --1i- + rB mB 2 

2pl 
a, 
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np11 .:\m <<m - m 
A B Bblp8JK8HIIH (20) II8p8X0llHT B ( 19). nerKO BHlleTb, 

'IT0 llpH 0'18Hb 6on&WIIX aaepr1rnx ( I\ , P 2➔ ' ,oo) nepll0llbl 611ea11n e, 11 f 
2 

( a T8KJK8 paCII8llHbl8 llnllHbl !Ipo6era) CT8H0BHTCH CK0nb · YI'0llH0 6on&WIIMII 
• 

38 C'l~T pemlTIIBIICTCK0I'0 a4>4>eKT8 38M8Ane.Hl!H BpeMeH11. OTO 03H8'188T, 'IT0 

B yn&TpapenHTllBIICTCK0M npeAene K0ppenHUllll M8)1{llY H8T0)l{ll8CTB811Hb1MII '18C

THU8Mll l!ME'IOT T8K0ll JK8 xapaKTep, K8K II B cnyqae T0lKll8CTB8HHblX '18CTIIU 

( IIPH n1060M pa3nll'lllll Benll'IIIH m A II m B ) • 

3aMeTHM, 'ITO KoppenHUIIII TIIIIa ( 18) paccMaTpnaam1cb panee np11 11ay-' 

qen1111 cBollcTB nap K°K O 
- MeaoHoB/61. npn 06paaoBaH11n napb1 Ko K 0 

pon& '18CTl!Ubl A (II'pa·eT K0p0TK0)l{IIBYWlli!: K 1 - M830H, a ponb '18CTIIUbl 

B - ll0nI'0)l{HBym11n • -K 2- M830H~ 

Cornacao/6/, HHTeplf>epenuHH IIM88T M8CT0 B cnyqae, K0I'll8 

l18T8KT0pb1 cp11Kc11py10T nnnei!:Hbie cynepnoa11u1111 K 1 n K 2-K
0

-• KI + K ~rn11 
v_2 

K1 -K2 i{ti = - - --,_ B nonH0M C00TB8TCTBIIH C BbIB0ll8MH ll8HH0I'0 p83llena. .;2 

KpoMe Kl II K2 , ponb '18CTHU A II 8 B KoppemIUII0HHblX 0llb!T8X 

MoryT ·- 11rpaTb H llpyrHe aneM8HT8pHbl8 '18CTHUbI, HaIIpllMep, " ll 7/, p II ru-

II T.ll., a T8KJK8 Hllpa, 8T0Mbl II MoneKynbI C paamI'IHblMII B036y)l{A8HHblMII ypoB

HHMII. O6bI'IHO, "0llH8K0, pa3H0CTb Mace m A - m B HaCT0nbK0 Ben11Ka, 'IT0 

IIHTeplf>epeHUIIH M0)1{8T IIM8Tb M8CT0 nllWb !Ipll CBepXBbIC0KIIX, npaKTll'18CKII 

H8ll0CTIIJKIIMblX 31l8pl"IIHX. HcKnl0'18Hll8 ( II0MIIM0 aeil:Tpanblib!X K- M830HOB) 

C0CTaBnHIOT 8T0Mbl 11n11 Monexynbl C 6nH3KIIMII aaepreTll'18CKIIMII yp0BHHMH, 

0TH0CHWIIMIICH K pa3nll'IHbIM.KOMIIOH8HT8M CBepxT0HK0I'0, WT8pK0BCK0I'0 11h11 

388M8H0BCK0I'0 pacmenneHHil:. HHTeplf>epeHUIIH llpll perllCTp8Ullll pacceHHIIH 

T8KIIX 8T0M0B 11n11 Monexyn llBYMH ll0TeKTopaMII HBnHeTCH DIIonHe peanbHbIM 

a4>4>eKTOM II M0)1{8T 61,1Tb 38M8'18H8 Ha 0llb!Te. np11 3T0M cymecTB8HH0, 'IT0 
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C IlOMOin&10 BH0lliHHX aneKTpH'IGCKHX H MarHHTHblX nonea MOlKHO H3M0HS!Tb 

pa3HOCTb aHeprHH 6nnaKH.X Llpyr K Llpyry ypoBHell, nnn, HHblMH cnoBaMH, pa3-

.HOCTb Mace m A - m B• ' n, B 'laCTHOCTH, CL1enaTb aTy pa3HOCTb CKOnll yroL1-

HO Manon ( nepece'IGHHe ypOBHell). Mb!He 6yL1eM 3LleCb KacaTbCSI L1eTanel1 

COOTB8TCTBY10mnx KOHKpeTHblX CHTyanHA, TaK KaK aTO~ aonpoc Tpe6yeT cne

UHan&HOI'O paCCMOTpeHHSlo 

B'•3aKn10'1eHHe Ll8HHOI'O pa3L1ena IlOLl'IGPKHeM, 'ITO ecnH cynepnoaH-

UHSI -qacTHU A H B cjlH3H'10CKH He peanH3yeTCSI B np11poL1e ( T,e. He cy

meCTByeT np116opoB, C noMom&IO KOTOpb!X MOJKHO 6hlnO 6b! Ha6n10L1aTb coc

TOS!Ill!e C 11 A>+ C 21 D> npH C l'c 2"· 0),HHTep¢epeHUHB B KOppenBUHOHHbIX 

Oilb!Tax C TaKHMH '18CTHUaMH B npHHUHne OTCYTCTByeT. B 9TOM cny'lae o6hl'IHO 

roaopsiT, 'ITO nepeXOLlbl M8JKLlY '18CTHUaMH a6conlOTHO 3anpemeHbl npaBHnOM 

cynepoT6opa. B HaCTOBmee DpeMH H3B8CTHbl Tpll 6onee nnn MeHee TBepLlO 

ycTaHOBneHHblX npaanna cynepoT6opa:. LlnH '18CTHU C pa3Hb!MH aneKTpH'l0CKHMH 

3apBL1aMlli L1m1 'laCTllll c ·paa~bIMll 6apHoHHbIMH KBaHTOBbIMH 'IHcnaMn; LlnH 

'18CTHU C uenbIM ll nonyuenbIM Cfll!HOM ( pa3Hb!MH yHHB'aneHTHOCTSIMll 

2a+:1bl' 1 F = ( -1) .J X • 1JaCTllllbl C 0LlHH8KOBbIMH 3apsiL1aMH, 6apl!OHHhlM!I 

• 'IHCnaMH n yHHBaneHTHOCTSIMH MoryT, noo6me roaopB, · HHTep_¢opnpoBaT&, LlaJKe 

ecnn HX CilHHbl paanH'IHblo Heo6xOLlHMO TOnbKO, 'IT06bI Ll8T8KTOpbl cjlnKcnpo

aann npoL1yKThl pacnaL1a 11nn aaanMonettcTDHB B yaKoM HHTepaane yrnoa. B 

cny-qae HepaBHblX CilHHOB nocne ycpeL1H8HHSI no yrnaM HHTep¢epeHIUISI HC'le3aeT. 

• 
x/ HenaBHO IlOSIBlillHCb pa60Tb1'8,9/, B KOTOpblX cnpaBeLlnliBOCTb npaBHna 

cynepoT6opa LlnB aneKTpn-qecKoro aapsiL1a noonepraeTcsi coMHemno. Mb! ne 

MOJKeM 3Ll8Cb IlOLlp06HO o6cyJK08Tb 8TOT Bonpoc. 
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§S. CHMMeTpliSI nonHoA BOnHOBOA ¢YHKUHli onyx 

H8TOJKL1eCTB8HHbIX 'laCTlill 

C 'IHCTO cjlopMan&HOA TO'IKli apeHHB ncerL1a MOlKHO TpaKTOBaTb n106b1e 

11eToJKoecTB8HHbie '18CT~llbl A li B K8K oaa COCTOSIHHSI OLlHOfi li TOA JK8 '18C

Tlillblj KOTOpb!M COOTBGTCTBYIOT paanH'IHble 3H8'10HliSI HGKOTOpoA LlliCKpeTHOfi 

nepeMeHHofi (cM. 1 11anpnMep, Teopn10 naoTonn'leCKoro cnnna/2/ nnn pa6oTy/10/). 
I 

noaTOMy LlnB n106ott CliCTeMbl HeTOJKLl0CTBeHHblX '18CTHU Mb! MOJKGM BBeCTli 

IlOHBTHe nonHofi BOnHOB?ll ¢YHKUHH, 38BliCHmett OT npocTpaHCTB8HHblX li 

•nHyTpe1111nx• KoopLlHHaT xi. B npeL1hlL1ymeM paaL1ene Mb! noKa3ann, 'ITO 

ecnn '18CTllllbl A li 8 HHTe•p¢epnpy10T B KOppenHUliOHHOM Oflb!Te, aMnnu-

TyLla liX perHCTp8Ulili MOJKeT 6b!Tb npeL1CT8Bne11a B ,cjlopMe 

F (1,2) =·A 1A; g(l,2) ~:A 2 A ~-g(2, 1), ( 21) 

I'Ll8 g ( L 2)- HeKOTopaB ¢YHKllliSI KOOpLlHHaT li Mace LlBYX '18CTllll ( CM. ¢op-

MynbI (16)-(17)). Hcao, 'ITO nonHaSI nonaoaasi cjlyHKUHSI Oa li3MepeHHB n 

9TOM cny'lae HMeeT BHLl: 

Ii/, (1, 2) > ... g(l, 2)1 A>,l)I B>12) ,±,&(2, 1)1B>i11, 'A>,:,, 
(22) 

rL1e I A > H I B >. -. • nayTpeanue" nonHOBbte ¢yaxuun, a HBLleKCbI · 1 n 2 

HyMepylOT '18CTllllbl ( cp.110/). 3aMeTHM, 'ITO. Bb!palKeHHe ( 22) HOCHT 6onee 

o6mnlt xapaKTep, 'ISM (21), flOCKOnbKY oao·ne 38BHCHT OT THna perHCTpH-

x/ . 
. K BHyTpeHHHM nepeMGHHbIM OTHOCSITCSI cnHH, aapHLl, Macca H T.Ll. 
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py10mnx. npn6opoB. ITonHBH BOnHOB8H qiyHKllHH ( 22). O'leBHAHO, CHMMeTpH'IH8 

Hnll 8HTllCHMMeTpH'IH8 OTHOCHTenbHO nonHoli nepecT8HOBKU npocTp8HCTBeH

HblX H BHyTpeHHllX KOOPAHH8T '18CTHll, KOTopaH CBOJ:UITCH K aaMeHe HHAeK

COB . 1 .. 2; Ma cqiopMynHpoB8HHOro Bb!We nocTyna'ra O 3H8Ke HHTepqiepen

llHH aMnnHTYA npHMOI'O II o6MeHHOI'O npoueccoB (cM. qiopMynbl ( 13) H ( 18)) 

cnei:tyeT, 'ITO nonHBH BOnHOB8H qiyHKllllH 

a) CIIMMeTpH'IHa, ecnn '18CTllllbl A II B o6naA8IOT nenblM cnHHOM; 

_6) 8HTl!CllMMeTpll'IH8, ecn11 '18CTllllbl A H B o6naA8IOT nonyuenblM cnn

HOMx 1. 

IToi:t'lepKHeM, 'ITO B ABHHOM cnyqae.pe'lb HAeT O '18CTHll8X, cynepn03llllHH 

KOTOpbIX B npllHUHne MO:lKeT 6b!Tb peanll30B8H8 B npnpoi:te. nnn T8KllX '18CTllll 

yTBep:mAeHlle O xapaKTepe CHMMeTpllll nonHoli B0nHOBOli qiyHKllllll MO:mHO AOK8-

38Tb cnei:tyromllM o6p830M• 

TlyCTb g ( 1, 2).. aMnnnTyAa npsiMoro npouec·ca, Tori:ta oqeam:rno, 'ITO 

g ( 2, 1) C TO'IHOCTblO AO ql83bl coanai:taeT C aMnnnTyAoli o6MeHHOI'O npouecca. 

CneAOB8TenbHO, no 8Hanornn C CO0TH0WeHlleM ( 13) .. Mbi Mo:meM HanncaTb: 

(l) 
I if, 1(1, 2 ) > = g ( 1, 2) I A > 

12) 
IB> + 

l 8 (2) I I) 
+: e g ( 2, 1) I A> I B > 

( 23) 

xi 
Ha H3bIKe KBaHT0B0li reopnu nonn nonHaH BOnHOBaH qiyHKllHH qaCTllll 

A 11 B cnMMeTpll'IHa, ecnn onepaTOpb1 noneli A n B KOMMyTnpy10T, n 

8HTllCllMMeTpH'IHa, ecnn onepaTopbl A H B aHTHKOMMyTHpylOT B npocTpaH-

CTBeHHo-paa)leneHHblX TO'IKBX. Ha 0CHOBe 06m11x TeopeM noKanbHOli Teopnn 

nonsil1, 11,121 MOiKH0 noKaaaTb, 'ITO B 6onbWllHCTBe cny'laea (a 'laCTHOCTll, 

ecnn cynepno3HllllSI '18CTHll A ll B B npnHirnne Ha6n10i:taeMa) KOMMyTallllOH

Hbie COOTH0WeHllH Me:mi:ty onepaTopaMH noneii A ll B o6siaaTenbHO HOCHT 

HOpManbHblli xapaKTep, T.e. npH nenblX cnnHax s· A ll s B onepaT0pbl A ll B 
KOMMyTnpy10T, npll nonyuenbIX - aHTIIKOMMYTHPYIOT, a npn nonyuenOM 3H8'1e

HHll s A+ s a- KOMMYTHpylOT, TaKHM o6paaoM, nocTynaT O 3HaKe llHTep

qiepeHUllll aMnnHTYA npHMOI'0 n o6MeHHoro npoueccoB Mo:meT 6bITb o6ocHoBaH 
C noMOmblO KBaHTOB0li Teopllll nonsi. 
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C Apyroli CTOpOHbl HCH0, 'ITO' 

!'w o, 2> > ... e u I -.,, c 2, t> > ... 

l( 
e 

l O . 11) 12) . (2) ( I) 
(e ·g(l,2)IA> fB> +:g(2,l)IA> fB> 

18 lf ll8+l) 
CpaBHHBaH (23) n (24), Mbl nony'IHM, 'IT0 e =-e , e = 1. 

. 18 1 
OTCIO)la cnei:tyeT, 'ITO e ... ±" • PaayMeeTCH, STO JlOKaaaTenbCTBO 

B nonHoli Mepe OTHOCllTCH ll K TO:mJleCTBeHHbIM '18CTllUaMxl, 

( 24) 

B paa)lene 3 Mbl aHannanpoaann KOppenHUHOHHbl8 onbITbI, B X0)le KOTO

pbIX, perncTpaullH np0JlYKT0B pacnaJla llnH aaaHM0JlelicTBHH qaCTllU A H B 

HMeeT MeCTO T0nbKO B cnyqae npHM0I'O nona)laHllH 'laCTllUbl B npn6op. B 

pa6oTel 101. nocasimeHHOli peaoHaHCHOMY B3allMOJleiicTBlllO qacTHll qepea none 

nany'leHnH, 6bmll paCCMOTpeHbl Jlpyrne HBneHHH, T8K)Ke CBH3aHHble C xapaK

TepoM CllMMeTpHll nonHoli B0nHOB0li qiyHKUHH, Mb! He 6y)leM 3)leCb Ha HllX 

cneunanbHO QCT8HaBnllB8TbCH (cM, § 4 pa60Tblll0I), HO nO)l'lepKHeM, 'ITO ll 

B aTOM cnyqae npo6neMa aHaKa CllMMeTpllll nonHoli BOnHOBOli qiyHKUHll He HB

nsieTCH aKa)leMll'le_cKoli, Il0CKOnbKY aHaK CllMMeTpHH OTpa:maeTCH H8 . paa

nll'IHbIX Ha6n1011aeMbIX senH'lllH8X n, cnenoBaTenbHO, M0:lKeT 6bITb onpeneneH 

OilblTHblM nyTeM, 

Cne/lyH pa60Tel lOI, npe/ICTaBHM nonHYIO BOnHOBYIO qiyHKUHIO qaCTllll 

A ll 8 B BIi/le: 

I ·.,. ( 1 ) [ ( .. .. 'I' .11) I B Ul 
• 'I' , 2 > = g R 1 - R 2' .A > -> t_'., 

.. .. (2) (I) .. 
+g(R 2 -R 1 )!A> IB> lx(Ru.n.>' 

(25) 

xi 
CTaHII8pTHOe IIOK83aTenbCTB0 CHMMeTpH'IHOCTH nnn -aHTllCl!MMeTpH'l-

·HOCTll BonHQBblX qiyHKUllli TO:lK/leCTBeHHblX qa~THU ( CM, HanpnMep/ 1-31). no
BH/IHMOMY, Henb3H npH3H8Tb BnonHe nocnenoBaTenbHblM, T8K KaK B ero 

OCHOBe ne:mnT anpuopHoe npennono:meHHe O TOM, 'ITO IIBOiiHBH nepeCT8HOBK8 

He MeHsieT qiaabI ·aonHOBOli qiyHKUHH. 
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r.ne g(R) ~ BOnHOBaSI 4>YHKllHSI OTHOCHTenbHOI"'O /IBll)K8HHSI, a )( ( R,u.n.>-

- BOnHOBSSI cf>yHKllHSI, onnc~1Ba10maS1 IIB'U)K8HHe ueHTpa HHepunn. <l>yHKUllSI ~-. , 

0'18BHIIHO, CHMMeTpH'IHa OTHOCHTenbHO nonHol!: nepecTaHOBKH IIBYX 'ISCTHU: .. .. 
R 1 .. R2, m .. 

I m2 ( I :m I - m 2i:--1 m A - m B n. 
Ilpe1Inono)KHM Tenepb, 'ITO B peaynhTATe KaKoro-nn6o npouecca po)K-

1Ia10TCS1 'ISCTHUbI A H B • 'Y KOTOpbIX Bee BHyTpennne KBaHTOBble 'IHCna, 

KpoMe MSCCbl (cnna, 'leTHOCTb, aapHII, 6apnoHHoe 'IHCno; CTpaHHOCTb, H30-

TOnH'l8CKHl!: cnnH H T,.11,) coana1Ia10T, Hcao, 'ITO ecnII pa3HOCTb Mace TaKIIX 

qacTHU 0'18Hb Mana, !IX B3aIIMOII8iiCTBIISI C mo6bIMII IIPYI"'IIMII qacTHUaMII 

IIOn)KHbl 6bITb no'ITH OIIHHSKOBblMII, Cne1IoBaTenbHO, ycnOBHSI p0)K.118HHSI qac-

THU A u B B peaynbTaTe KaKoro-nu6o npouecca LIOn)KHbI coanaLiaTb c 

ycnOBHSIMH o6paaoBaHHSI. B STOM )1{8 npouecce nap T0)K/l8CTB811Hb!X 'IBCTHU 

A A nnn BB, 3To 03HaqaeT, 'ITO KOOpllHH8THO-cnn11011aS1 BOnHoBaSI 4>YHKUHSI 

pacCMOTpeHHblX Bb!W8 'ISCTHU B IISHHOM cnyqae 06na1IaeT TOii )1{8 CIIMM8T-

pIIeii, 'ITO H BOnHoBaH 4>YHKUHSI TO)K.lleCTBeHHbIX 'IBCTHU: B cnyqae uenoro 

cnuna oHa CHMMeTpH'IHa, a B cnyqae nonyuenoro - aHTHCHMMeTpH'IHa oTno

cnTenbHO nepeCT8HOBKH npocTp8HCTB8HHblX H cnHHOBblX KOOpllHH8T '18CTIIU 

A H B • B '18CTHOCTII, ecnu cnuH y 'IBCTHU A ll B paBeH Hyn10, Koop-

IIHHBTHaSI BOnHOBaSI 4>YHKUHSI OK83bIB88TCSI CHMM8TplI'IHOii no OTHOW8HIIIO K 33-

Mene ~ l ... R 2 , T,e, B cf>opMyne ( 25) 
.. .. ➔ .. 

g ( R l - R 2 ) = g( R 2 - R l ) • . 

TaKHM o6pa3oM, npu Am .. 0 BepOIITHOCTb o6paaoBaHJrn CHCT8Mbl '18CTIIU 

C OAHH8KOBbIMll BHyTpeHHIIMII. KBaHTOBbIMII 'IIICJI8MII B COCTOSIHIIIIX1 KOTO

pb!8 IIJISI TO)K.118CTB8HllbIX '18CTHU a6COJIIOTHO aanpemeHbI, CT8HOBl!TCSI IIC'le-

3aIOme M8JIOii B8Jill'IIIHOl!:, Mb! BIIIIIIM, 'ITO II C 3TOii TO'l"CH apeHIISI napa

MeTp Am nrpaeT npunu1mIIaJibHO Ba)KHy10 ponb npu aenpepbIBHOM nepexone 

OT CIICT8Mbl 6JIII3KHX IIPYI"' npyry 'IBCTIIU K TO)K.118CTB8JIHblMx/, 

x/ A 
EcnII KBaHTOBbl8 'IIICJia '18CTIIU H B pa3Jill'IHbI, yKa38HHOe Bbil!Ie 

COOTB0TCTBIIe Me)K.lly BOJIHOBOii qJyHKUHeii 8TliX '18CTIIU B npe1Iene A llH 0 
II BOJIJIOBOii 4>YHKUI10R TO}!Ul0(?J'B0HHbIX 'IBCTHU, IlOo6me rqaopsr, He l!MeeT 

M8CT8, HanpHMep, rrapa K°K0 (pa3Hlil8 CTpaHHOCT!I) MO)K0T o6na.naTb 

KllK 'leTJibIMII, TaK .lI He'leTJibIMII op6IIT8JibHb!MII MOM8JIT8MII/ 6/. 
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§4, HnTepcf>epenunH npn perncTpaunn aecTa6nnhHbIX 

'18CTHU O.llHIIM ll8T8KTOpoM 

B !I 3 Mb! npoaHaJIII3Hpoaann ycnOBIIH, 'BbmonneaIIe KOTOPbIX ll0JI8t!T 

B03MO)KHbIM na6n10nen11e HHTepcf>epe.murn npn perncTpaUIIII H8T0)K!l0CTB8HHbIX 

qacTIIU B KoppeJIS!UHOHHblX onblT8X, Mbl ycTaHOBIIJIH, 'ITO IIJISI O.llHIIX H Tex 

)1{8 'laCTHU HanII'llle nnn OTCyTCTBHe IIHTepcf>epeHUHII 38BIICHT pT.TIIna npn6o

poB. HnTepcf>epeHUIIH nMeeT MecTo; ecnn B npouecce naMepeHHll no pacna

naM 11nn aaaHMo.nettcTBHIO cf>HKCHpyeTCH aeKoTopall cynepno3HUHH qacTIIU I :A> 

II I :e ~ T,e, caMH: cocToHHHH I "A>, n I B> ncqeaa10T, EcnII )Ke C'leT'IIIKII 

perncTpnpy10T nenocpencTBenno cocToHHHll I' A> n I' B>,Bonpoc 06 IIHTepcpe

peHUIIH Tpe6yeT'cneuHanbHOI"'O paCCMOTp8HHll, B STOM cnyqae aepollTHOCTb 

coana1I8HHA OTC'leTOB ABYX C'leT'IHKOB, 0'18BIIAHO, nponopUHOH8JibJia KBa.npaTy 

MOAynll nonHoA BOnHOBOA 4>YHKUIIII (22), npocyMMIIpOBllHHOMY no BHyTpeHHHM 

nepeMeHHbIM: 

P(l,2) •·<~1,1,, (1,·2) 1:1µ(1.,2)>.= 

(26) 

•l'.g(l,2)1
2 

+H:(2,1)1~ ±:2Re(g·(1,2)g 41 (2,l))l<AIB>l 2 

Korna Mbl I"'OBOpIIM, 'ITO q.acTIIUbl A H B H8TO)K.118CTB8JIHbl, Mbl o6bI'IHO 

nonpa3yMeBaeM, 'ITO B npHHUHne cymecTByeT cnoco6, KOTOpblii no3BOJill8T 

nx nonaocTbIO paann'IHTb, Ho ecnII TaKoii cnoco6 cymecTayeT, To, cornacno 

annapaTy KBaHToBoA MexaHIIKH, cocTOHJIJIH I :A > n I B > .llOJI)KHbI 6bITb opTo

roHaJibHbl 1Ipyr IIPYI"'Y, T,e. 

,.<Al:B>a-0, 
( 27) 

CnenoBaTeJibHO, eCJIH C'leT'IHKH peI"'HCTpnpyIOT pa3Jill'IHMbl8 COCTOllHHll A HJIH 

B, a He HX cynepno3HIIHH, ~HTepcpepeHUHll B KOpp0JillUHOHHblX OilbJTax He 

Ha6n10.naeTCll ('ITO, BnpoqeM, SICHO C CaMOI"'O Ha'laJia H3 npnHuIIna IIHTepcf>e

peHUIIH, CM, § § 1-2). Ilo1I'18pKH0M Tenepb, 'ITO nonHoe COOTBeTCTBJie M8)K.11Y 

nOHSITHSIMH H8TO)K.118CTB0HHOCTH II pa3JIH'IIIMOCTH HMeeT M8CTO, CTporo I"'OBOpll, 
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TOnbKO Amt cTa611nbHbIX 'ISCTllll. KoH8'IHO, ecn11 H8CTa611nbHbl8 'ISCTllllbl o6na

A8IOT pa3nll'IHbIMII KBSHTOBbIMII 'IIICnaMII, KOTOpb18 coxpaHll!OTCll B nponeccax 

pacnaAa, TO STII 'ISCTllllbl B np11Hn11ne pa3nll'IIIMbI, II COOTHOW8Hll8 opTOI"OHanb

HOCTII ( 27) Bb!IlOnHH8TCll II Anll HIIX, 

IlpeAnonOlKIIM, OAHaKo, 'ITO AB8 H8CTa611nbHbIX 'ISCTllllbl A II B o6naAatf 

!OT OAHIIMII II T8Mll
0 

)1(8 coxpaHlll9_~ KBSHTOBbIMII 'IIICnaMII, IIM8IOT 06m11e 

xaaanbI pacnaAa, HO OTnll'ISIOTCll MaccaMII II BpeMeHaMII lKH3HII. B cnyqae 

CTa611nbHblX 'ISCTllll C OAIIHSKOBbIMII BHyTpeHHIIMII KBaHTOBbIMII 'IIICnaMH, HO 

· pa3Hb!MH, XOTll II 6nll3KIIMH APYI" K APYI"Y MaccaM11, Mb! IIM88M B CB08M pac

noplllK8HHII B np11an11ne 6eCKOH8'IHO 6onbwoe BpeMll Anll Toro, 'ITOObl onpeAenHTb 

MSCCbl '18CTllll A II B II T8M CaMbIM IIL18HTH1tmn11poBaTb STII '18CTllllbI. Llnll 

H8CTa611nbHblX '18CTllll CIITYSllllll H8CKOnbKO IIH8H: Bp8Mll 113MepeHllll MaCCbi 

orpaHll'l8HO Bp8M8H8M lKll3HII. HeTpyAHO noKa3aTb, 'ITO npll STOM BHYTP8HHll8 

COCTOllHllll 'ISCTllll A II B, ,Boo6me I"OBOpll, H80pToroHanbHbl! 

3A8Cb 

~- A j :B >: 
l: 
I' 

f A• n f* B➔ n 

_!_, :;(r A +:rB > +: 1 
2 ; 

(mA-m B)c2 -· 1i 

rA=·flfA➔ nli, ,rB--·tl:fa:..~ l~f A➔ n<fB ➔ n) 

( 28) 

- aMnn11-

TyAa pacnaAa qacTllllbI A( B), cooTBeTCTByromaH nepexoAy B cocToHHHe I ii>':; 

3H8K cyMMbl BKnlO'IS8T T8KlK8 IIHTerp11poBaH11e. no yrnaMx/ • 

x/ ( · ) o <PopMyna 28 Anll HeliTpanbHbIX K - M830HOB ObinS nony'leHa B pa-

6oTe/ 131. Ilp11 STOM ponb A 11rpan KOpOTKOlKIIBymllli M830H K 9, ,a ponb 

B - AOIII"OlKIIBYlllllA M830H K L .• Ecn11 CP - 'l~TKOCTb coxpaH;eTCll 

\f1e~+nfKL➔ n=D 
11 

.<K 8 IKL>l,.O;np11 HapyweHIIH ~P.-11HBap11aHTHo-. 

CTll/ 13/, Boo6me I"OBOpll, <K d K f?;,{-o;n~rKO noHHTb, 'ITO q,opMyna ( 28) 
cnpaaeAnllBa Anll nro6bIX H8CTa611nbHbDt

0 

'ISCTllll A II B ( noAp06Hee STOT 

Bonpoc MbI 06cyL111M B Apyroli pa6oTe). 
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CymecTB8HHO. 'ITO B cnyqae H8CTa611nbHbIX 'ISCTllll C OllllHSKOBbIMII 

coxpaHHJOmllMRCll KBaHTOBbIMR ,11cnaM!lj 

l:f £*, ./-0 
n A•n B • n 

n .< A j :B >'. ,'\O. 

Ilpn aTOM BHTepq,epe~BOHHbIA qneH B q>opMyne (26) H0 paBeH Hynro. 3TO 03-

Ha'taeT, 'ITO TSKH0 'ISCTHIIbl H0 nonHOCTh!O pa3nB'IBMbI. 

HecTa6nnbHbl0 'ISCTBllbI, Llnll KOTOpbIX Bbln()JlHll8TCll HepaBeHCTBO 

0 < I .<. A I 13 >'I~ < 1 

(Mb! C'IBTaeM, 'ITO .<AI A>:•.< ·9 I B>1
--· 1), • 6yneM Ha3b!BaTb 'KBa311TOlK

necTB8HHbIMB' 'ISCTBllSMB • 

06paTHM BHBMSHH0 Ha TO, 'ITO npn I in A -m BI :<< {' ,..r B •. r A.. ,r B ' B 

f A ➔ n ➔ f B+ n , ' HMQ0_T · M0CTO COOTHOW8HH8 

. · ~-- A f:B >" • 1 -: 
l , 

Cn~LIOBaTenhBO, np~.'cTp0Mn0H1JH pa3HOCTB KOMM0KCHbIX Mace 'ISCTHll A II B 
- .. c:, A·I'ii . I 

K fHynro (_Am - l 2 c2 ' ... 0 ), • "'KBa3BTOlKJl8CTB8HHbI0' '18CTllllbl nepexo-

LlllT B "'HCTHHHO"' T0~0CTB0HHbl8 ( CM. § 1) 1 Llnll KOTOpbIX, no onpeAene-

HBIO, .< A I B>:= 1. 

C ApyroA CTOpOHbI, ecnn 'ISCTHllbl CTa611nbHbl1 TO, cornaCHO ( 28), npH 

n1060A oTnB'IHOA oT aynH pa3HOCTH Mace cocTOHHIIH f A>· n I B >( opT~I"OHanb-

HbI ( .< A I B >(-- 0 ) B nonHoM cooTaeTCTBHB c np11an11noM BHTepq,epeHn1111. 

nepeALteM Tenepb K aaan113y nponecca perncTpan1111 qacTnn A 11 B, 

OJ:t.l{IIM C'l~T'IHKOM. nerKo noHHTb, 'ITO ecn11 'ISCTHllbl A II B B np11Hn11ne 

pa'anll'IIIMbI, HHT0pq>epeHnllll H0 IIMeeT. M0CTa. LleltcTBIIT0nhHO, Ha6n10Aall nocne 

aicTa H3MepeHBll 38 'ISCTllll0A, KOTOpall He npowna qepe3 np116op, Mb! MOlK8M 

ee IIA0HTllq>llnHpOB8Tb B TeM CSMbIM 0AH03HS'IHO yKa3aTb, KSKYIO 113 'ISCTHn-

A Hnll B - np116op/ 3aperHcTp11pOBan. C MST0MSTll'l8CKOA TO'IKII 3p8Hllll, 

'ISCTllllbl B C'l~T'IIIK8 H0 IIHTepq,ep11py10T, ecn11 IIX COCTOllHl!ll opToroaanbHbl 

(cM. HlllKe). BalKHO noA'l0pKHYTb, '!To, xoTH np11 per11cTpan1111 TaK11x qacT11n 

B KOppenHUIIOHHbIX onbITax Mb! B onpeaeneHHblX ycnoBHllX MOlK8M aa6n10AaTb 

IIHTepq>epeHUIIIO (cM. § 2), B cnyqae yaaneHl!ll BTOporo A8T8KTopa np11 n1060M 

cnoco6e per11cTpan1111 IIHTepq,epeHUIIOHHbllt qneH CT~HOBIITCll TOlKA8CTB8HHO 

paBHbIM Hynro. 
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qTO )K8 KacaeTCSI yn0MSIHYTbIX BbJWe 'KBa3HTOlK.ll8CTB8HHb!X' 'laCTHII, 

TO HX C0CT0SIHHSI aeopToroHanbHbl, H no~T0MY M0lKH0 0lKH.llaTb HanH'IHSI HHTep

~epeHUHH npn perncTpauan 9THX 'laCTHU 0.llHHM C'leT'IHK0M. PacCMOTpHM 9T0T 

Bonpoc no.apo6aee. TTpe.anonolKHM, 'IT0 Mb! aa6mo11aeM pac.::esiane 'laCTH!l 

:A n B B cncTeMe ueHTpa naepunn. Ey11eM no-npeJKHeMy C'IHTaT&, 'IT0 

aMnnnTyllbl perncTpaunn qaCTH!l A H B paCCM0Tp8HHblM Bb!We C'leT'IHK0M 

~im&TpoM (cM. § 2) nponop11110Han&Hbl A 1 11 A 2 • O6oa11a'IHM f(O) aMnna

TYIIY pacceSIHHSI 'laCTH!lbl A Ha yron O. Henocpe1ICTB8HHO nocne pacceSIHHSI 

nonHaSI BOnH0BaSI ~yHKUHSI CHCT8Mbl AB,. 0'18BHIIH0, nponopunoHan&Ha: 

lip (O)>a• f(O)l'A>fll1B>' 12
) + f(a-•6)IA>·12

) IB>rn. 
\ AB . - • 

(29) 

TTpOXOlKJ18HHIO KaKott-nn6o qaCTH!lbl qepe3 C'leT'IHK, HaX0IISIWHHCSI Ha paCCT0-

SIHHH R OT o6nacTH pacceSIHHSI, C00TB8TCTByeT C0CT0SIHHe: 

lip (r)>'•f(OH'A>IU 
AB . 

2 
. .(2) m C ,r 

I.B> exp[.- c1·-2--.+: ~),),+· 
ii 2 -· 

(30) 

2 
c n . C2l . • m~ f's Jtf (rr-6) I B >·I A> exp [ :- ( 1 -r-•+.2 •) r I, 

R 
311ec& r -· -• , • V =- V A =· V B - CK0p0CTH 'laCTHll Vy A n B,, y-no-

peHU0BCKHH ~aKTOp (cM. ( 1_ 6)-( 17) ). 

OTCJO/la C T0'IH0CTblO 110 H0pMnp0BKH nonHaSI B8p0S!TH0CTb perncTpauHH 

'laCTHll A nnn B 11aHHblM C'leT'IHK0M, 0'18BH.llH0, paBHa 

28 

. -,....!..rAR 2 _-L..rBR 
P(l)•t:A 1~11(0)! 11 e "'Y +IA

2
l:zlf(11-6)l. e "'Y +: 

I -• 

(31) 

2 
. R l(m A-mJc rA+I'a . 

+ 2Re tf(O)P.( rr-,0) A A• up[-•-· ( 11 , +:-·)]<Al l3> l 
1 2 vy 2 · 

Ecnn <AI :B >i=-0, • npn A I =· A 2 Mbl nony'IHM H3B8CTHYIO ~pMyny .ansi 

H8T0lK.ll8CTB8HHbIX qacTnu: 

P(l)• 11(0 )1 2 +:l'f(11-,0) 1· 2
• 

f':fi . ['B15. 
O11HaKo npH m A-,-~ ... ma - l -• 

-2c2 2c 2 
aenH'IHHa < A I 'B >:. 1, 11 Mb! 

nonyqaeM ~opMyny 11nsi C8'18HHSI paccesimrn T0lK/18CTB8HHblX 'laCTHU: 

P(l)•I 1f(O)l:2+:f:f(rr-10)IJ.:·2 Ref(O) £$(11-•6} 

11TaK, B cnyqae H8CTa611nbHblX 'laCTHU c 0.llHHaK0BblMH coxpaHSIIOIIIHMHCSI BHyTpeH

HHMH KBaHT0Bb!MH 'IHCnaMH Il0HSITHSI H8T0lK.ll8CTB8HH0CTH 'laCTHU nnH HX T0lK-

118CTB8HH0CTH He HM8JOT T~ro a6conJOTHOro 3Ha'leHHSI. K. K0TOp0MY Mb! npn

BbIKnH. TaKHe qacTHUbl, _H T0nbK0 TaKHe ( ! ) , HHTep~epHpyJOT npH HX pe

rHCTpauan 0.llHHM .ll8T8KTOpoMx/ • 

x/Ecnn CP -. HHBapHaHTH0CTb aapywaeTCSI, C0CTOSIHHSI KL H K,,f, 
aoo6me roBOpsi, • aeopToroaan&Hbl/ 13/. TTpn aToM, KaK noKa3aHo B pa6oTe/ 1 I, 
HMeeT M8CT0 HHTep~peHUHSI npH perHCTpaUHH H8HTpanhHblX 'I( ,-M830H0B, 

o6paayJOIIIHX CHCTeMy KL KS , 0.[IHHM 118T8KT0P0M - B nonH0M C00TB8TCTBHH 

C Bb!palK8HH8M ( 31) • 
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3axn1011eaHe 

Pa3nH'IHH B noBei:teHHH CHCTeM ·TO:lK,QeCTBeHHbIX H HeTO:>Ki:tecrBeHHbIX 

'ISCTHII npeACTS.BnHIOTCH a6conIOTHbIMH TOnbKO npH pa·ccMoTpeHHII aTOro BOnpo

ca, 6e3 aaanH38 B K8:>KAOM OTAenbHOM cny11ae cneuH~H'leCKHX oco6eHHOCTell: 

HMeHHO A8HHOll: KOHKpeTHOll: CHTYSIIHH. BbrWe 6blnO noKa3aHo, 'ITO T8KOll: aaanH3 

BbIHBnHeT cymecTBOBSHHe p83HOo6pa3HbIX HHTepif>epeHIIHOHHbIX HBneHHll: H CBH-

38HHoro C HHMH aenpepbIBHoro nepexoi:ta OT '18CTHII pa3nH'18IOIIIHXCH K '18CTH

II8M TO:>KAeCTBeHH~M. KpHTepHeM, onpei:tenHIOIIIHM aToT nepexoi:t, HBnHeTCSI 

cooTaoweaHe Me:>KAy pa3H0CTbIO Mace A m H xapaxTepaoll: i:tnHTen&HOCTbJq 

paCCMaTpHBaeMoro. npouecca: 11eM MeH&We BenH'IHHa /:i. m , TeM 6on&we TOT 

HHTepBan BpeMeHH, B Te11eHHe KOTOporo noBei:teaHe pa3nH'l8IOIIIHXCH '18CTHII 

CXOAHO C IlOBeAeHHeM '18CTHII TO:lK.QeCTBeHHbIX. 

B CBSl3H C H3no:>KeHHblM B03HHK8IOT aeKOTOPble AOITOnHHTenbHbie BOilpOCbI, 

3acny:mHBa10mHe cneuHan&Horo o6cy:lKAeHHH.: Oi:tHH. H3 HHX xacaeTCH oco6ea

HocTell: KBSHTOBOll: CT8THCTHKH CHCTeM, ·coi:tep:maIIIHX '18CTHIIbi C 6nH3KHMH 

M8CC8MH. CBoll:CTBa paBHOBecaoro COCTOHHHSI TaKHX CHCTeM BO , MHOrHx 

cny'ISSIX T8KHe :me, K8K H AnH CHCTeM HeTo:>KAeCTBeHHbIX '18CTHII. Mo:>KHO, 

OAH8KO, AYM8Tb, 'ITO npouecc ycTaHoBneHHSI paBHOBeCHSI npOXOAHT ABS aTa

na: caa11ana AOCTHraeTCSI npoMe:myTO'IHOe KB83Hp8BHOBecaoe COCTOHHHe - Ta

Koe :me, K8K i:tnH '18CTHII TO:mi:teCTBeHHbIX - KOTopoe 38TeM nocTeneHHO nepe

XOllHT K OKOH•1aTenbHOMy paBHOBeCHIO, npH'l(lM TeM Menneaaee, 11eM MeHbWe 

BenH'IHHa A m • 

npyroll: BOnpoc OTHOCHTCSI K CHMMeTpHH BOnHOBOll: ~YHKIIHH pa3nH11a

IOIIIHXCH '18CTHII. B § 3 OH 6bm Kp8TKO pacCMOTpeH npHMeHHTenbHO k cny11a10, 

Korna o6e '18CTHllbI B03HHK8IOT OAHOBpeMeHHO B xone onaoro H TOro :>Ke 

npouecca. Cny11all: reaepauHH B pa3nH'IHbIX He3aBHCHMbIX npyr OT npyra npo

ueccax o6nai:taeT pHAOM nononHHTenbHbIX HHTepeCHbIX oco6eHHOCTell:, H Mb! 

npennonaraeM o6cynHTb ero B cneny10mell: pa6oTe. 

ABTOpbr 6naronapHT B.r.EapbrWeBcxoro H E.H.BanyeBa 3a y11acTHe B 

o6cy:>KAeHHHx. Oi:tHH H3 aac (M.n.) cepi:te11ao 6naroi:tapHT npo~. M.naab1wa, 

JlHCKYCCHH c KOTOpbIM cnoco6cTBOBanH nocTaH.OBKe psna BonpocoB, paccMoT

peHHbIX . B HSCTOHIIIell: ny6nHK8IIHH. 
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