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.1. 

06~ru1 xapaKTepIICTHKa pa6orrbI 

AKTyanbHOCTb TeMbl. 

llccrreµ;oaaHUe KBaHT0BbIX COCTOJ!Hllli arreKTpoMarHllTH0ro norra, He 

11Me10~nx Knaccuqecxux aHanoroa, oaHnMaeT aa)KHoe MecTo a coape

MeHHoii KBaHTOBOli 0ilTlIKe. 8cpcpeKTbl cy6nyaccoHOBCI<Oli CTaTIICTlIKlI 

q>OTOHOB lI C)KaTlI.H CBCTa nplIB0)];.HT K C0CT0J!HlIJIM, ypoBCHb KBaHT0-

BbIX. llIYMOB K0T0pbIX HIDKC ypoBH.H wyMa rranepHoro 1mrryqemrn. Ile: 
noni,noaaHne. aTIIX acpcpeKTOB nooaorr~eT noai,icuTh1 HanpIIMep, TO"l

H0CTb lIHTepcpepeHI.(lIOHHbIX lIOMepeHnii, Ka"leCTBO nepeµ;aaaeMoii lIH

cpopMal.(lIH a onTII"lCCKon: CB.HnII. IloaToMy aooHuKaeT Heo6xoµ;nMocTb 

cooµ;aHII.H onTnqecKnx cncTeM, reHepIIpyro~nx TaKIIe cocToJIHIIJI. lloy

qeHne CTaTlICTII"iCCKIIX CBOHCTB OilTII"leCKIIX . norreii, cooµ;aaaeMbIX B 

KOHKpCTHbIX npol.(eccax BOaIIMoµ;eiicTBII.H C BC~CCTBOM npII HCJIIIHeII

HMX npeo6paOOBaHII.HX1 Il0~B0JI.HCT. onpeµ;eJIIITb OilTIIMaJibHbIC. ycrro

BHJI cy~eCTB0BaHII.H cy6nyaccoHOI3.CKOli "CTaTHCTIIKlI q>OTOHOB, C)KaTlIJI 

caeTa. Ba)KHYIO porri, npu aToM urpaeT ucnorri,noaaHue MeToµ;a .q>yH

KI.(IIOHaJibHoro lIHTerpupoaaHH.H, KOTOpblli Il00B0JI1ICT pacrnHplITb 0~ 

nacTb ucc~e;a;oaaHH.H na npe;a;erri,r rayccoaoii (rruHen:Hoii) annpoKcHMa-

1.(HH. 

Ilocrreµ;Hue TeopeTII."leCKlle paC"lCTbl II aKcnepnMCHTaJibHble pa60TbI 

IlOKa3aJill CllJibHYIO qyacTBIITCJibHOCTb µ;aHHbIX acpcpeKTOB K cpaoe 0ilTII

qe~I<aro. IlOJI.H. K H~CTO.H~eMy BpeMCHlI 6bl110 cµ;erraHO MHOro . IlOilbl

T0K Il0CTpoeHII.H apMHT0BOro onepaTopa cpanbI. B qacTH0CTII, Hapaµ;y 
. . . 

c MaTeMaTnqecKII KoppeK'I'HbIM onpeµ;erreHIIeM apMHTOBoro onepaTopa 

cpanbI cy~eCTBYCT II wnpoKO llCilOJib0YCTCJI B K0HKpCTHbIX pacqeTax 
. . . 

ero. norryKrraccII"lCCKoe npII6JIH)KeHIIe; Ba)KHOn: oaµ;aqen aarraeTca IIC-

crreµ;ClaaHne npe;a;erroa. npnMeHIIM0CTH •aToro npII6JIH)l<:CHHJI. 

PanHoo6panH~MII CTaTIICTll"ICCKllMll CBOHCTBaMll 06rraµ;a10T MHO

roKBaHT0BbIC HeJIHHeHHbIC npol.(eCcbI, Haweµ;wIIe ·.lllllpOKOe IIpaKTH"le

CK0e IIpHMeHeHHC. 8TH npol.(eCCbl MoryT 0IIllCbIBaTbCJI KaK q>CHOMCHO

rrorn"leCKHMll MO;IJ;eJI.HMII, raMHJibTOHHaHbI KOTOpbIX naBIICJIT TOJibKO OT 

onepaTopoa noJI1I, TaK II MO;IJ;CJIJIMH, .!IBH0 co;a;ep)l{a~IIMll BOaIIMOp;eii

CTBIIe norra co cpe;a;oii:. Ilpn aTOM cTaTIICTII"leCKIIe caon:cTaa onTii"le

CKIIX norreii: naan:cJIT KaK OT BIIµ;a HCJIIIHCn:Horo npol.(ecca, npeo6panyro

~ero IIX, TaK II OT Ha"laJibHbIX ycrroanii, IICCJIC)];OBaHIIC K0TOpbIX IIO0BO

JI.lleT onpeµ;eJIHTb 0IITIIMaJibHble ycrroBII.H cy~eCTB0BaHIIJI II0JI.H C oaµ;aH-

Ouien::.·iit\iiil,ii t?i."'ffl .. ryv., \ 
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HbIMII CBOMCTBaMII. I100T0My IInyqem1e KOHKypeHIJ;IIII Me)Kp;y pamm~1-

HhlMII q>~KTopaim, ~]IIIJIIOI.IJ;IIMII Ha CTaTIICTII"!eCKIIe CBOllCTBa OIITII"!e
CKIIX rrorre:ii, reHepupyeMbIX panrrII"!HbIMII MHormrnaHTOBbIMU Ii rrapa

MeTpII"IeCKUMII rrpoIJ;eccaMu, .HB1I.HeTC.H aKTYa1IbHOM nap;aqe1} B COBpC
MeHHOM KBaHTOBOM orrTm,e. 

II;eni, pa60T1,1 

· II;en1,10 pa6oTbI .HBrr.HeTc.H orrpep;errem1e orrTnMarrbHhix ytiroimii: cyI.IJ;~~ 

CTBOBaHII.H COCTO.HHIIII arreKTpOMarHIITHoro 110]1.H C MarrbIM ypoBHeM· Te

lJ]IOBhlX llKBaHTOBblX q>rryKTyaIJ;HII rryTeM IICCrrep;oBaHirn o6rracTe:ii tlHa

,"leHUM rrapaMeTpoa paccMaTpnaaeMbIX Mop;erre11: p;ByXKBaHTOBbIX Bon-

6y)Kp;eHu:ii c rmaccuqecKo:ii II KBaHTOBOII mum"!Ko:ii, a TarbKe' p;~yx p;By

xypoBHeBbIX aTOMOB, BtlaIIMOp;e{1cTBYIOI.IJ;IIX C 01ICKTpoMarHIITHbIM ITO
JICM B IIp;eanbHOM penoHaTope. 

Hay"!Ha.H HOBIInHa 

. BrrepBbre p;n.H rrapaMeTpuqecKoro ycIIJIHTerr.H aHanIITII'Ieciu B .HBHoi'1 
q>OpMe orrpep;erreHbl naBUCIIMOCTU .. HHTeHCIIBHOCTII q>JIYKTyaIJ;m':i: cpe:. 

)];Hero "IIICJia q>OTOHOB OT "laCTOTbI; TCMIIepaTyp1,1, HarrII.;_IIIJI HaI<a"!KII ·u 
BeJIII"IIIHbI p;IIIIOJibHoro BnaIIMop;e:iicTa1rn: Ilpep;cTaam1eT HOBIInHy Ma Te~ 
MaTII"!ecKa.H ~exHIIKa HaxmKp;eHII.H rrpep;aKcrroHeHIJ;IrnJibHoro MHO)KIITeJI.H ... KOHTIIHyarrbHoro IIHTerpana p;n.H MaTpU'!HblX 01ICMCHTOB orrepaTopa 
0BOJIIOIJ;IIII II ,Ha"!a1IbHoro t pacrrpep;erremrn: c yqeToM rpattiI'IHhix ... ycno
BIIM, orrpep;eJI.HCMI,IX paccMaTpIIBaCMOM Mop;err1,10.' · C IIOM~I.IJ;I,IO yciro

BII.H rrorryKrraccuqHQCTII, HaKrrap;bIBaeMoe Ha )J;CMCTBUe B KOHTIIHyanbHO-. 

IIHTerpanbHOM rrpep;cTaBrremrn p;n.H p;Byxq>oTOHHoro rrporiecca c irnaHTO
ao:ii HaKa<i:rm.M, Han:p;eHa o6rraCTb 3Ha'ICHIIH qacTOT, aMIT1IIITyp; II IIOCTO-. . 
.HHHOM p;1111orr1,Horo BnaIIMop;e:iicTBII.H Herr11Heii:Hoii 1:1,1rnaM1irrn Har(aq1rn n 

perIIcTpnpyeMoro rrorr.H. B pa6oTe arrepBble pacc'!IITaHbI q>rryrfryaIJ;IIH 

orrepaTopa rrnaHTOBo:ii q>an1,r, rrpoBep;eHo cpaBHeiI11e c penyn1,-raT~M11, 
. . , . ) IIOJIY'ICHHbIMII C· IIOMOI.IJ;bIO orrepaTopa, COOTBCTCTBYIOI.IJ;ero rrorryKrrac-. 

CII"leCKOH. q>ane. Orrpep;erreHa CB.Htlb B1III.HHII.H )J;OIIO]IHIITen1,HI,IX "lrreHOB'. K 
rrocnep;HeMy co cTaTIIcTmm:ii rrorr.H. 

. " 

rr paKTII'leCKa.H: :u;eHHOCTI, 

. Ilp11MeHeHne q>YHKIJ;ImHanbHO-IIHTerpan1,Horo MeTop;?' ):(rr.H pernemrn 
KaK KBaHTOBO-MCXaHII'lCCKIIX, TaK II paBHOBCCHbIX nap;aq rrnaHTOBOI1 . ~ ' 

2 

~: 

I 
J. 

C?IITIIK~ ,IIJ)ep;cTaBp:.He-i:,rrpaKTII"'IeCKYIO IJ;eHHOCTb, ('.'irrar<>p;ap.H ,ero YHII
:sepcanbHOCTII B o6rraCTll HemrneMHhlX. II. napaMeTpll"IeCKIIX IIPC?IJ;~CCOB. 
Ilorry"leHHbie B pa6oTe penyni,,;aThl MOfY~; 6bITi_ IIJ)IIMeHeHbl llpII yqeTe 

rpaHUIJ; p;eiicTBIIT_errbHOCTII Mo,u;erre:ii. OIITR"lecKIIX CIICTeM, oIIIICblBaIO~ 

I.IJ;IIX HemrneIIHble rrpoIJ;eCCbI, )];11.H reHepaIJ;IIII CBeTa C Ma1Ib1M ypoBHCM 

IIIyMa . 

,[(rr.H oaI.IJ;UThl Bhl)J;BIIraJOTC.H crrep;yIOI.IJ;IIe ocHOBHhle penyJibTaihl, 
rrorry"leHHbIC B p;11ccepTaIJ;IIOHHOH pa6oTe:· :. .,'.'» 1 l 

3;,; 

1. ,[(JI.H rrapaMeTpuqecKoro. ocIJ;IIJIJI.H.Topa c Ha"!anbHhlM ycnoaIIeM 13 
au,u;e cynepnonIIIJ;IIII cnrHana II IIIyMa onpep;eJieHo •B1III.HHIIe Teirno

.BbIX II BaKyyMHbIX q>rryKTyaIJ;IIM' Ha, CTaTUCTIIKY' "IUCeJI oanoJIHe

HII,.H. IloKanaHo, 'ITO KBaHTOBbIC ll., TepMO,ll;UHaMII"!CCKIIC q>JIYKTy

aIJ;IIU paapyIIIaIOT COCTO.HH,ue CBeTa c cy6rryaccoHOBCKOM CTaTII

C1:lIKOM q>OTOHOB, KOTopoe cyI.IJ;eCTBYCT B I(OHe'IHOM o6'beMe 3Ha-
• 'IeHu:ii rrapaMeTpoB. • · 

2. Yc~aHoBJieHo, '!To rrop;aarreH.IIe cy611yaccoHoacKoro aq>q>eKTa 

''. a: )];1IIIHHOBOJIHOBOM, p;uarraooHe o6ycrroarreHO _TeMrrepaTypHI,IMII 

q>1IYKTyan;II.HMII II 1Ip0.HB1I.HCTC.H B. Ha1IU'lUII<BpeMeHII, oap;ep)KKII 

0¢q>eKTa. B·o6rracTn crreKTpa, 11pu6:1u)KaIOI.IJ;eiic.H;K yn1,Tpaq>II<}Jle~. 

TOBOMY,IIOJIY'ICHIUO, rrop;aarreHue.a<f.>q>eKTa CB.HtlaHO C KBa~TOBhlMII 
IIIyMaMII, KOTOpoe HaxOp;IIT OTp_a)KCHIIe B Ha1III'IIIII rroporOBOM qa-

. CTO'I'.bl rrpu HUOKIIX TCMIIepaTypax.' 

3. IloKanana., HCBOtlMO)KHOCTb cy6rryaccoIIOBCKOro. paI3HOBCCHoro 
pac~pe~erreHII.H: · co~TO.HHIIM µ;n.H · p;ayx CB.HnaHHbIX OCIJ;IIJI1I.HTopoB 

_IIpII ITI06bI)( 3Ha'leHII.HX· ".laCTOT, TCMIIepaTyphl II. BC1IU"IIIm,I )J;II

II01IbHOro. BnauMop;:e:iicTBII.H. YcTaHoBrreHo, 'ITO. )J;JI.H ca.HoaHHhIX ' .. •. .· ; . . ,-·-- . . - . 
6ooe-OCIJ;IIJI]IJITOpOB KllHeMaTU'lCCKaJI HenaBIICIIMOCTb IIX · rrepe-

MeHHblX llpIIBO)J;IIT K · IIX CTaTIICTII'ICCKOH Het3aBUCIIMOCTII,. Ot3Ha

'laIOI.IJ;CM·. rrpu IIO.HB1ICHIIU BblpO)K,ll;CHII.H rrepexop; K CTaTIICTIIKe 

o,u;Horo OCIJ;IIJIJIKTOpa • 

4. IloKanaHo, 'ITO Bbl:<IUCJieHue rrpep;0KCIIOHCHIJ;IIa1IhHOro MHO)KlITCJI.H 

. IIHTerpana 110 TpaeKTOpll.HM ,ll;JI.H MaTpll'lHOro arreMeHTa KaK orre

paTopa 0B01IIOIJ;HH, TaK.n orrepaTopa pacrrpep;enemrn Th66ca CBO-
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' ' . . µ;'.ll'I'CJI K Bbl'lIICJieHllIO onpeiemiTem1 BT0poii :aapHai(HII µ;encTBIIJI 

· · c nyrreBbIMII rpan:Ii'iHbIMII yCJioBIIJIMII. 
'\, ·,.-.·•, ~ ·~ 1 1 ;, • ~ ,J, f 

5. -Qnpeµ;errenbl. cprryxTyau;IIII K0CIIHyca onepaTopa' q>a:JbI · IIonoBa
. JlpynIIna·µ;rra :-rncerr oanorrnemrn, rayccoBbIX' II xorepeHTHhIX co

CTOJIHIIii. Ifo cpaBHeHHJI C peoyJihTaTaMII, noJiy'leHHbIMII npII an
npoKCIIMaD;IIII "HenpepbIBHoro npeµ;erra" BapHeTTa II Ilerra, cµ;e-

. . 
. Jia~ B~B()µ; 0 cyw;ec-TBeHH0CTII nonpaB0~HbIX 'lJieH0B K · µ;IIcnepc1m 

K0CIIHyca onepaTopa no~yKJiaCCII'leCKOR q>a:JbI B cJiy'la_e c.IIJibHoro 
cy6nyaccoHoBcKoro acpcpexTa B crra6blx norrax. 

- :: ,:. \ . ,r ,· t ;r. . \ > ~~ r.:. : . , :·, 

,,6. Hccrreµ;oBaHa µ;1IHaMIIKa CIICTeMbl ,p;Byx µ;ByxypoBHeB~x,aToMoB B 
. IIµ;e,aJibH0M ,peooHaTope; : Oripeµ;erreHbl. BpeMeHHble 0aBIICIIM0CTII 
.- cp_aKTopoB : c:amTIIJI .. KBaµ;paTa aMnJIIITyp;bI norra µ;rrai1ra'laJibHoro 
. :eaicyyMHOro II KorepeHTH0ro COCTOJIHIIR Il0JIJI. Haiiµ;eHbl ycJI0BIIJI 

f • ,npeBbIIIIeHIIJI MaKCIIMaJibHbIM C)l{aTUeM' µ;JIJI CUCTeMbl µ;Byx aT0-
M0B COOTBeTCTByrow;eii BeJIII'lIIHbl µ;JIJI oµ;HoaTOMHO:ii Moµ;erru. 

, - r , • ~ .• ,.~ ... ·, ,• 

-Anpo6an;IIJI pa6oTbI. OcHOBHhie peoyJii,TaThI µ;nccepTau;1m npeµ;
cTaBn:JIJIIICh Ha,_'lleTBepToM· Bc~corooHoM cIIMnoonyMe .''CBeToBoe axo 
II nyTiero,npaKTIIsec1mx npnMeHeHIIii" (CaMapa, 1989), Me)Kµ;yHapo
µ;HoM ·fe~nm,ipe no npo6JieMaM KBaHTOBOR 0ilTIIKe (,[(y6Ha, 1991 ); Me)K
µ;yHapo~HOM ce~mHape ",KBaHTOBble HemrneIIHhie JIBJieHIIJI B orrTIIKe II 
cpnmrne K0Hp;eHcnpoBaHHhIX cpeµ;" · (,[(y6Ha, 1993), ceMIIHape TeopeTH
'!ecxoro oTµ;erra HHcTIITyTa cneKTpocxonIIII PAH (1992), a TaK)Irn Ha 

J ~-

ceMmrapl'I.X Jia6opaTopIIII Teope-rn'lecxo:0: q>IIOIIKII 0 OHJIH. · '' · · · 
! t·:,.' 

1:!_y6rrIIKan;II_II._ IIo·MaTepIIaJiaM µ;m:cepTaD;IIII ony6JIIIKOBaHo 7:pa6oT. 

•· CTpyKTypa II ofrbeM µ;IIccepTaD;IIII. ,[(IIccepTaD;IIJI c·ocTOIIT Iio IlHTII 
rm;'l.B-II .3aKJIIO:'leHIIJI, -OHa coµ;ep)KIIT',99 cTpaHIID; MaIIIIIH0ilIICH0ro TeK
CTa, 9 pncyHK0B .. BII6rrnorpacpn'IeCKIIii cnucox- coµ;ep)KIIT!l18 ccbIJI0K. 

: Coµ;ep:>KaHHe µ;HccepTan;HH 

.,TiepBruI rJiaBa' - BBeµ;eHIIe, B ,K0TopoM µ;aH .KpaTKIIH. 1IIcTopn'Ie
cxu:0: o'!epK pa:JBIITIIJI ocH0BHhIX HarrpaBJieHIIII coBpeMeHHOII KBaHTOB(?II 

4. 

I 
'I 

0 

i. 

OllTIIKiI. :II01,:a;mHhI Ba,-KHOCT_b !nccneµ;oBaHiifr COCTOJIHIIII OIITII'lecKoro 
':itoJIJI C MaJihIM ypoBHeM cprryKTyau;i1l1 II B031'10)KHble CIIOC06bl II0Jiy'leHirn 
TaKnx cocT05J'.HII11,- CqiopMym1po:saHhI u;erri, pa6oThI, ee axTyarrhH0CTh. 
'Mnrro».eHO ·. cogep».aHIIe µ;uccepTl:I.D;lIII. 

Pa:Jµ;eJI 1.'1 o6nopa II0CBHlll;eH C0CT0JIHIUIM 0IITII~IeCKIIX IIOJieii c Ma-
,. ~ ' . . - . . 

JibIM ypoBHeM 1uyMa, TaKIIM KaK- C)KaTbie C0CT0JIHim, C0CT0JIHUH c 
cy6rrya~COHOBCKOI\cTaTIICTUKOJI cpoTOHOB.- B rraparpacpe 1.1. l paccMo
TpeH acp<f>eKT _C)KaTUJI CBera. Orrpep;CJICHbl KBap;paTypHbie K0MTIOHeHT]:,I 
u ycrroBirn cynie~TBOBaHirn KBaµ;paTypHo~c;KaTbIX cocTOHHIIII. BBep;eHo 
Il0HJITIIC C)KaTHJI BToporo_ u ·6~_1!:ee BbIC0KIIX. rropJI)];K0B, B_,'laCTH0CTII, 
0lll)C)J.CJICH q>aKTOp C)I(aTIIH KBap;paTa aMIIJIIITY)];hI IlOJIJI .. IImrnnaHo, :'ITO 
oµ;HIIM. II3 crroco6oB :rrorry-~1eHtrn C)I(aTbIX COCTO.!IHI_III 0JICKTpOMarHIIT
iwro 'Il0JI.!I JIBJIJ.[e;rrn ucp:9m,30BaHIIC 0llTUqecKUX rrpou;eccoB, 0illIChI
;BaeMhIX. KBap;paTnqHhIMII .· raMtIJihTommmiMII .. 8cpcpeKTY. cy6rryaccoHo
BcimfrcTaT11cTtrKn qio-rottoB,(c;1mTIIH:~o <f>rryKTya~xrnM 'lucrra KBaHTOB) 
rI0CB.!Illl;eH n~parpacp 1.L2. ';:eaccMOTpCHbl Kopp~~D;IWHHhIC CBOx°ICTBa 
C)ImTI,IX COC'fO.!I~Iixr. '.Qrrpep;~JieH)<pIITepUII cymecTBOBaHII~ acpq>~KTa. B 
rraparpacpe i1.i3 paCCMOTp~ira;cBH3h C)K8.T~Ix, COC-~O.!IHIIx°I COCTaTHCTII~ 
I<OII 'cpo11:0HoB. Hoim::m~a 3aBIICII1'IOCTh cTaTIICTIIKII OT cpa3hL rrapaMe-

.• . ' ... - ,-· ' ~ . - . ,. : "' " ' .· - - ' - -

Tpa C)KaTlrn. . 
iB :pa3p;erre ,L2 pacct,~oTpCHbl pa3mI~IH~Ie crroco6bI pernemrn rrpo-

• ' '' • . . L l _1 •, 

6rre:i-'11,1 'Il0CTp0CHHJI 0pMIITOBOro . ,orrepaTopa ,cpanhI ' o.CD;IIJIJIHTqpa. 
KpaTim u3nm1~eH cpaooBhii°t qiopMammM IIerra-Bap~eTTc1, I.I crroc<?6 
orrpep;erremr.rr cpa30BhIX 3mineHIIII: rrpep;rrmK_eHHblll IlonOBhIM H 5IpyHn-

HbIM. .. . .. .. . . . .. ·,, , ... 
'BT.opau ,rJiaBa nocBniu.eHa Imy~Iemno, 1rnaHT0BhIX. cprryKTya~nx°I 

cpa~b~. OII;nqecKorci, ~OJI.!I H~ OCH0BC onpe,o;e'~~Hirn 0pMI;TOBoro ,orrepa
T~pa 'cpU3hl'.;~u;IIJIJI51T0pa, p;aHHOro IlorroBbIM xi 1:{pyHIIHhIM ( orre~aT~l) 
KBaHTOBOII\<P,a3hl). B pa3p;erre 2.L rroKcmaHo, ~ITO "HcrrpephIBHhIII np~~ 
p;err" BapHCTTa-IIerra II Il0JIJ'ICHHhIC C Il01IOlll.hIO Hero Bhipa)KCHIIJI .!IB
JI.!IIOTC.!I KBa3m(n:accIPiecrmM rrpn6mrn,:eHiiel\1, · coBrrap;t'HIIC p enyrr1,Ta T0B 
IIorroBa-:-5Ipymrna II BapHCTTa-IIerra 'rrponcxop;uT T0JihK0 )J;JI.!I CIIJihHO 

. . V''. 

B036y:,Kp;eHHbIX COCTO.!IHIIII oc~umrnTopa . .D:rrH C0CT0.!IHIIII 6rrummx I( 

- ocHOBH0MY ,; 11cno_rrhnyJ1 orrpep,erremre, IIonoBa-5Ipymrna, BBep;eH rrorrpa
Bo~IHhiii ~1i:reH D~l K 'Ma.Tpl~\JtthIM 3/JC1i~HTa1<1 rrpoii3B0JibHOx°I cpym<~IIII 

' - • ., -· , ' - ._ - ~ • i • • 

,>;!Cf·•· 

_,_, .. 
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onepaTopa nonyxnaccn:-qecxon q>ru:n,I:. 
. - . . ~ 

' ' ' 2,r' ' ' .. ' 

< mjW(4>)ln >= 2~IW(cp)ei(m-n)ipdr+ J?f;L 
0 

.., 

·n<2>· .. : .. /o mn npn: m, n _-+ oo. 

B pan;a;ene 2.2 paCCMOTpeH BK11aJ]; nepBOM nonpaBKII, nony'<leHHOM 
lI::3 onpe;a;eneHII11 cmepaTopa KBaHTOBOM q>an:bl, B. ;a;ncnepcnro KOCIIHyca 
onepa-ropli' nOnyKnaccn'<lecKoM q>run,1 p;M npeJJ;CTaBneHn11 '<IIIcen ::3ario11-

. HeHn:11, a TaK:>Ke rayccOBbIX'H KorepelITHbIX COCT011HlIM. IloKa:38.HO·, '<ITO 
;D;ll11 '<IHCell ::3ail011HeHH11 pacnpep;erreHneirnaHTOBOM 4la:3bl HepaBHOMep:fio, 
a ee ;a;n:cnepcn11 ::3aBncnT OT aToro -qncna, B OTJIH'<lrin OT nonyinaccn
-qecKon q>anbI,' lIMeIOll{eM ;a;ncnepcnro paBHOM l 0TMe'<leHo, '<ITO aTo 
pa:3lllI'<IHe yBelIH'<IHBaeTC11 C yMeHbWeHIIeM ~mc11a nanonHeHllll lI CT8.HO
BllTCH He::3Ha,'rnTellbHbIM µ;1111 rayccOBbIX UKOrepeHTHbIX COCTOHH~M. lfo 
cOnoC'raB11eHH11 pe::3y11bTaTOB co CTaTHCTlIKOM oµ;HOMO;D;OBoro ·onTH'ie
CKoro Il0Jl11 cp;enaH 'BbIBOp; 0 cyll{eCTBeHHOCTlI p;OilOlIHHTe11bHOro '<llleHa 
B c11y'Iae cnnbHorO cy6nyaccoHoBcKoro acpq>eKTa° B · c11a6blx n6n11x. .· • ,' 

" Tpe'oibJI rJiaBa coµ;ep:>KHT li::3IlO:>KeHne ripn:H~lIIlOB' MeTOAa q>y°HKrin-
, · . . 11 

OHMbHOro lI~TerpnpoBaHII11 II ero npn:MeHeHII11 'K Bbl'<llICJieHHIO Ma-
TplI'<IHhlX aneMeHTOB oriepa-ropa· Th66ca n: onepa-ropa·aBonroQnn:• ;a;ayx
KBaHT0Bi:1x 60::3e-130::36y)KgeH1IM. B pan'µ;ene 3.lpacCMOTpeHO npn:MeHe~ 
Hile q>yHKQHOHMbHbIX MeTO;D;OB ~1111 Haxo:>Kp;eHH11 IIHTerpana IIo Tpae:k
TOJ>IIHM rayccoBa TIIII~. IloianaHo, '<ITO IICilOllb::30B8.HHe nOnyim'accn'!e
CKOI'O npn:6nn:>KeHn:.sr ((S/li) ~ 1, 6S = 0). Il0::3BOJI.sreT CBeCTII Haxo
:>Kµ;eHn:e HHTerp~a K peweHIIIO <l>YHKQIIOHaJlbHOro ypa:i3HeHIIH 'CTahno
HapH()M <pa.obi, ·nony-qaeMo~o n:n o6pall{eHn.sr B HYllb 'ii:ep~on Bapn:aQHH 
;a;encTBII11:' · · · 

N J IIDa;DaieiS ~ exp(4>o) 
i7l, . . .✓Deto2S, ' 

z; = a~(t) • . 'z!- ·(0) o .•· ·, ·' . . •.-a, . 

l N; :: . . .I 

4>o = iSo + 2 L (z;aoi+ z;a~;),, 
, ,,i=l. 

<Pana IIHTerpaJia co;a;ep:>KHT Hap11~y C A~MCTBII~M Ha 9KCTpeMMbHbIX 
TpaeKTopniix '<111eH@; y'<IHTbIBaIOll{IIe rpaHII'<IHble ycnoBn:11 i(n11 TpaeKTO
pn:n. BbI'<IIIC11eHIIe npep;aKCilOHeHQIIMbHOrO MHO:>KIITelIJI CBep;eHO K Ha
XO:>Kp;eHIIIO o6paTHOr? onepaTopa K-1 C ey11eBbIMII rpaHII~bIMII ycno-

l 6 

' I 

:l 
f 

I, . 1l
1
, .. 

f 
0 

! 
I 

! 
I 

·I 

BIIHMll Ji;11.sr .u;n:q>q>epeHQIIMbHoro onepaTopa K,, onp~;a;en11eMoro. Ji;eM
CTBIIeM: 

Deto2S0 = _DetK,. · S = ½{{)K(f.}, ••. 
-DetK' ,,.· (Ju, · 8K) 

' .::D~tKo=. ex~ o dgTr(~-1 8g) . ' ·: . f(O) = j*(t) ~ 0, 
' ; 

rge f, J* - N-~epHbie BeKTOpa, COCTaB11eHH~e H3 KOMilO~e~T a;, ar .. · 
. BBeµ;eH nopo:>Kp;aIOll{IIM q>yHKQIIOHrut ;a;n.sr Haxo)ldeHIDI cpep;H(:!rO ~~
cna 60::3e-:so36y)l(geHIIM II ero ;D;IICnepcun:: ' ' : ' . ' ,:' :,; : ' 

' Bpao;a;en:e 3'.2 °IIp1IBep;eHO H8.XO)l(;a;eim:e MaTplI~HbIX a~eMeHTC>~ CTi:i.~ 
TIICTM'<lecKOro onepaTopa B 6ari~ce Korep~HTHbIX '~o~:r<>JIHIIii µ;JI# 6o::3~
B0::36y)i(AeHIIIt C napHbIMII imppelIHQIIHMII. 3an:n:caH n:opo)KgaIOll{HM;q>yli:
KQMC>H.rui' ;a;n11 HaXO)l{p;eHIIH cpe;a;iiero '<lllCJia 6c:me~~od6y)l{p;eHIIM',B ,Tep-. 

• •1 ; t \ . ~ • ·~ .~, \ , 

MOCTaTe. B. pa::3p;e11e 3.3 Bbl'<IIIClleHbl MaTpH'<IHble aneMeHTbl onepaTopa 
9B011roQIIlI, B, 6an1Ice KorepeHTHbIX COCTOHHIIM p;n.sr napaMeTplI'<leCKOrO 
npoQecca'.: B ::3aBHCIIM~CTII OT Ha"IaIIbHOro COCTO.!IH~jl CIICTeMbI onpe
;a;e11eH nopo:>Kp;aIOll{IIM <l>YHKQIIOHM µ;11.sr cpep;Hero ~n:cna 'g)OTOHOB:, 
.. , .. ·•· ... , ... , , ·L: .: ... , .. ·"' ·" .. ,.· • .... •". 

'' qeTBepTaJI rJiaBa IIOCBHll{eHa n:ccnep;oBaHIIIO CTaTIICTHKII ABYX-:-. 
~~aHTOB~IX 6o::3e~B036y)KgeHIIM ii Y0~Bii~ Pa::3A~nemi; 'n~paMiTP~~~
cxoro. II . HenxrneMHO~O npc:iQeCCOB. B pan;a;ene 4.1. MeTogoM KaHOH~~e
~Kor () iip~o6panoB~iuin: B or~n~60B~ f-Ia:iiµ;eHbI,cpep;HII~ t)~~'<leHIIH ~~~;a 
6o::3e-'Bo::36y:>Kp;eHIIli II ero p;1Icnepcm1 ~1111, paBHOBeCHOli MO~e111I 

0

Il0~1lpII
TOHIIOro ;~n,a. B noµ;panµ;ene 4:1.1 paCCMOTpeH O;D;IIH 6o::3e-O~QHlllIHTOJ), 
B 4.2.1 -· p;Ba CB11::3aHHbIX 6o:3e-OCQIIllll11TOpa B TepMOCTaTe., IloKa:38.Ha 
HeBOOMO:>KHO~T~ cy6nyacCOHOBC:KOM CT-~TIICTIIKII i:a~ }~~.sr, ·,<l>c:;TOHOB, · ~aK 
II· µ;11.sr. q>OHOHOB . np~ · 11106bl;; ::3Ha'<leHII11~ n~p~eTp.ba , CHCTeMbl: cpoT-

' '.' - ··' i •' ' ' ' • ! ' f' u \ -.• , . , t ~ ~ .... , -- u 

HOWeHII11 '<laCTOT' TeMnepaTypbI, no.CTOHHHOII ;D;lIIIOllbHOro ,B::3aHMOp;eII-
t • . - • - ' 

CTBII11.. , . , 
· B pad;a;e11e 4'.2 npIIBeµ;eHbl pe::3yllbTa~.bl BbI~IICll~HIIM Ha ocHOB«;!. _no

po:>Kp;aroll{ero <l>YHKQIIOHana cpe;a;Hero '<IIIC11a q>OTOHOB II µ;1IcnepCIIII n:plI 
napaMe_Tp1I"<1ecKOM yc1IneH1III cynepno::3mpm c1,1rHana ilI wyMa. ~:ha MO-

•• ' •-., ' ,· ' I I • ' ~ 

;a;e111, OillICbIBaeTC11 raMIIllbTOHliaHOM: 

· H ~: w~ta + !!..(~2ei2wt-iip + (at)2e-i2wt+i"') 
' .. , ', •·,, '2 < ' ' . 
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C Ha'laJibHbIM ;pacirpe,u;eJieHIIeM 

Ro= 1. -.B(wala+jal +j•a) 

r;/ ' Q == TrRo, (3 = T-1. 

IlpoBe,u;e:aa pao,u;eJieHirn TeIIJIOBbIX II Bai<yyMHbIX qmyKTyaqnii cpe,u;Hero 
'lIIcrra q>OTOHOB. IloKaoaHo, "ITO TeIIITOBble 'qmyKTyaquu cy~eCTBeHHbl 
Ha MaJibIX BpeMeHax, a KBaHTOBbie - Ha '6orrblllIIXi Orrpe,u;erreHa 06-
rracTb tiHa'leHIIII rrapaMeTpoB, ,u;orrycxruo~IIX cy~ecTBOBamie · ~~oliry
MJI~ero co CTOJIHIIJI' IIOITJI. 06Hapy)KeHO rroµ;aBiieHiie' cy6rryaccoHOBCKoro 
aqicp~kfa Ha MaJ!Of!, -qa~TOTe TeMrrepaTyp~bIMII <l>JIYKTyaqIIHMII, a 'Ha 

'60JiblliOII . .:· KBaHTOBhliiII inyMai.m, rrpOJIB]IJIIO~eecn B HaJIII'lIUI 'rroporo
BOM ''laCTOTbl IIpII HH3KIIX Te}.mepaTyp~x. ·orrpe,u;eneHo, 'ITO yMei!i:.me
iiiie_ Be]lII'qiIIIhl HaKa~KII IIpII~Op;IIT K y~eHblllett'n10 o6'heMa' rrpocTpaH
' CTBa; iiapaMeTpOBj, ,u;onydimro~HX 'cy6riyc1;cco~9BcKy10 'CTaTUCTIU<y. 

,.B ;pao,u;~Jie 4.3 'pacc110Tpe? iBYXq>OTO~HbIH' rrpoqec·c 'C, I<BaH;OBOII 
HaKa;Kciii: ' ' ' ' ,, ' ' ' ' ' ' '' 

', ,'•r ,~ 

2 
; . , . · ' ' . ' 't , > , · 2 l 't , , ,, t2 C H = Ew;a;a; ct- g(a1 a2 + a~a1 ), 

.,-:, ,. 'i=l' ·.', ,' l ', , .. ; 
W2 = 2W1 [a/,aj] = iii~ . 

lfo cpaiileHHii 'tf>yH11:'~1mH'.tirbHo~rrHTerpahi:.Hciro '~pe,u;cTaB~eHIIH · cci ,. ~riff
, -qaeii 'Kiiaccii'leCKOifHaKa':IKII iro~)''l~Ha cilcfdila 'ypaB~eHIUI)~IT.sr aI{CTpe
··Ma.JThHbix','TpaeKTOpiIII, '06ecn:e'lHBa10ni~r~',ncitiy1{i:IaccII'leCKcie rrpII6ihr~ 
.JJ<JHiie'." Ifo 'a:1iai.iiib'a ;T6ii: cii:cTeMbI ypaBHeHIIII mi11,u;eHbI COOTHOlll~Im1 , ,,, ; • l · ,, < , t:.' ·"· ','. • . , ·, . .. . '· ... · . ' , ,,.. . . · . , ·, , .. , .. , ·,, . u : . . . ' '. ': L . 
'laCTOT, aMIIITIITYP:, BeJIII'lIIHhI p;IIIIOIThHOro B3aIIMop;eIICTBirn IICCJie,u;ye-
'.'· •. ' .. ' .\ '. ·; ' ' ' ~ ', , \_ ,· : - .' \:;,~ <'. - '.: ~ /' . ': ;· . , _·: . .·" . : ,- '.•·. " ' : - ' ·• i _; - •. ·' ' . Moro IJ0JIJI II TIOIU HaKa'lrm, rrpII KOTOpbIX BepHa Mop;eJih rrapaMeTpH'Ie-
CKoro rrpcii,ec~a. .. :",, . . ' • .. , . . . ' .. , 

IlJITruir.rraea''rr'bc~JI~eHa irccrre,u;oBaHIIID p;IIHaMIII(II rfobirepaTIIBHOII 
.. crrcTeMbI C MH~r()qlOTOHHhn:: p-~;OHaHCHhIM 'B3am.10ge11c;·1rneM: '·.: ' .. ~ ' ~ . ; . ' B pa3p;eJie 5.1 'BBep;eH B l];IIIIOJ)hHOM rrpII6mrnceHIIII raMHJihTOHHaH, 
OIIHCbIBaIO~II:ir'' rrpocTeHlllYIO 'KOOIIepa TIIBHYIO Mop;eJih p;Byx' ,u;:syxypo
BHeBbIX aTOMOB, pe3oHaHCHO B3aIIMOp;e11cTBYIO~IIX C rrorreM II3ITY'leHIIJI 
'lepe3 m-q>OTOHHhIII nepexo)l/ · .. , · '·· · · 

H 
· 2 . . 2 · 

= w~ta + Wo L Rf+ L9 ( am Rt,+ ~t~R,-), . 
l=l l=l · . .. ' . · . ' 

w0 == rriw 

II co6cTBeHHbie BeKTopa COCTOJIHIIJI CIICTeM.bI "µ;Ba aTOMa + rrone". '. ' . ·,' ' \•),'.. ·:" 
Cpep;HIIe 3Ha'lemrn q>II3II'lecrmx Bemr'lIIH ·onp'eAerrJIIOTcJI rrnI< cpe,u;mre 
no aTIIM BeKTopaM cocToJIHIIII. 

8 

.,,. ·-

Pao,o;e11 5.2 rrqcB.sr~eH.uccne,u;oBaHHIO C)ImTIUI KBa,tJ;P.~Ta ~IIJIII_Typ;bl 
IIO!JH B 3aBUCIIMOCTII OT Ha'larrbHor,o COCTO.!IHIIH cm,TeMbl., B, ,no,u;pao
µ;eJie 5.2.1 paccMoTpeHa cncTeMa, cocTo.sr~a.sr B Ha'IaJibHbIII MOMeHT 
BpeMeHu H3 o,u;Horo aTOMa B' O~HOBHOM COCTOJIHIIII II aTOMa, HaXOAHni~
roc.a: B KorepeHTHOM cy~epnomiqIIOHHOM' COCTOJIHIIII. Ilp1rnep;eHO pellle
HIIe ypaBHeHirn illpeµ;1rnrepa p;JI.sr 0TOII MO)J,erru. lfo aHarr1ma p;IIHaMIIKII 
q>aKTOpOB C)l{aTJI.!I cµ;eJiaH BhIBOµ; 0 .B03MO)l(HOCTII aqiq>eKTa C)I(8.TIUI B 

µ;ByXq>OTOHHOM n 'leTblpexq>OTOHHOM rrpoqeccax. 0TMe'leHO BJIIUIHIIe 
KOJIITeKTIIBHOro xapaKTepa U3~Y'leHUJI. Ha OCQIIJIJI.!I~IIOHHOe no:aegeH;ie 
xapaKTepIICTIIK CIICTeMbI. Orrpe,o;eJieHhl n:apaMeTpbI CIICTeMbl, COOTBeT
CTBYIO~He MaKCIIMarrbHOMY C)KaTIIIO KBap;paTa aMIIJIIITyp;bI rroirn.,IloKa-
3aHo, "ITO cTerreHb MaKcIIMarrbHoro ·c)KaTIIJI oKaobi::saeTc.sr MeHhllle cooT

. BeTc~BYIO~eII BeJIII'lIIHhI _,u;rr.sr o,o;HoaTOMI;Iq11 Mop;eJIII II cTerreHII C)KaTu.a: 
BTOpoio rrop.sr,u;Ka B aHarrorII'lH0{1 p;ByxaTOMHOII 'Mo,o;emr. , . , , 

B no,u;paoµ;erre 5.2.2 paccMoTpett,~I µ;Ba Ha:'larrhHhDC K()repeHTHbIX cy-
rreprromI~IIOHHhIX COCTOJIHH.!I p;Byx aTOMOB B OTCYTCTBHII aJieKTpOMa
rHIITHOro rroriJI. IIorry'leHbI BpeMeHHhie 3aBIICIIMOCTH ·BoriH0Bo11 tf>yH
KqIIu, _ cpep;HIIX 3Ha'leHIIH IIOJieBbIX, orrepaTopoB: II tf>aKTOpOB, C)I{aTirn. 
IloKaoaHa B03MO)l(H0CTh C)KaTirn B oµ;HOq>OTOHHOM, p;Byx-,· 11: 'leTbI
pexg>oTOHHOM rrpo~eccax. Onpe,u;erreHbl MaKCUMaITbHble BepII'lllHbI II 
OIITIIMaIThHbie ycJIOBIIJ{C)KaTIIJI; .: ,: :', . . , . 

· B 5.2.3 uccrre,u;oBaHbl cf>aKTOpbI C)KaTiI.sr rrep_BOHa'l:arrbHb · KorepeH
THOrO\IIO~JI, B3aIIMOp;eIICTBYIO~ero C 'gByM.a: 'Heicm6y2i,,u;eHHbIMII aTo
MaMII. Ha11p;eHhI pellleHire ypaBHeHirn illpe,u;1rnrepa, TO'IHhre Ii acIIMIITO
TII'leCKIIe, B cJiy'lae MaITbIX BpeMeH, Bbipa)l(_eHIIJI µ;JI.a: tf>aKTOpOB C)l(aTJUI. , ' . . ·:· . - . ' •; . ·•·r• .,, , . . , 
Ilm<aoaHa BOtlMO)KHOCTb C)IrnTIIH o,u;H~fr Ht) gByx, KBa,u;paTypHbIX Ko:11,i-
rrolieHT ri~iH rrpu·~~6o~ BpeMeHI;·B.Ja~n.10,u;~~YcT~iur' p;mI MHOi'Oq>Oi'OH
Horo npoqecca. B cny~ae oµ;H~qJoTO:mior()' B3aIIMoµ;e~ICTBUJI aTOMHO{I 
CIICTe~bl co CJia6bIM aJieKTpo:11,iarHIITHbIM norreM. OT?.ie'l~HO cy~e~~BO
BaHire BpeMeHn 3a,u;ep)KKU rroJIBJiemrn aqiq>eKTa C)KaTIIJI. 

3aKJIIO'-IeHHe co,o;ep)KIIT OCHOBHbie pe3yJihTaThI ,u;uccepTaqIIII, 
BbIHOCIIMhie Ha 3a~IITY, II o6cy)Kp;eHIIe B03MO)KHhIX 0611acTeII ux IIpII
MeHeHn.sr. 
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