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· OBID;AJI XAP AKTEPMCTMKA ·P ABOTbI 

Ai:TYaJihH0CTh TeMhl. 

Ilp.HMLIM CJie}:\CTBBeM KB8JITOBOH npBp_O}\hl OJieKTpOMa.rHBTHoro 

noJl.11 IIBJLae~CJI HBJIB'IBe HeB06elKm,1x CJiy'laHHLIX . q>nyKTya:o;Bii ero 

RMJIJIBTYALI :u'q>ao~. Tax XaK OTB q>JIYKTya:o;B~t:'co}\eplKaT HHq>OpMa

D;HIO O CBOHCTBax CBeTa B,,o reHep:e:pyIO~X era· npon;~ccax, BX uoy

'leHBIO 6bIJIO YAeJieHo OHR'IBTeJil,HOe BHBMaHHe co BJ>eMeH· oapOlKAe

HB.ll KBaHToBoi Mexan:e:xu. Ho q>JiyxTya:o;:e::e: aMilJIBTYALI B_ q>aoLI Ho

ny'leHHH .HBJI.HIOTCJI TaKlKe HCTO'IHBKOM, rnyMa, orpaHII'IBBaIOm;ero TO~

HOCTI, rrepep,a'IB · ny'IKOM. cneTa HH$~pMan;uu. XoT.a OITTB'lecxue oKc

nepuMeHThl 'laCTO . HMeIOT }\eJIO JIBlllh c IIIYMOM npu6opoB, HeXOTOphle 

BO mix AOCTHraJOT npe}\eJIOB lioMepeim.111 orrpep,eJI.HeMblX xBaHToBo

cTaTHCTB'leci:oi rrpupo}\oi cBeTa. C rioMo~:ro uoeoi Texnii:xu nepe

pacrrpeµ.eneinra q>JiyxTyan;uu· ceeTa B Ka.HOHB'lecxu corrps.:iKeHHhlX ·'· 11a-

6JI10AaeMhlx. ("c)KaTBH11 
• q>JiyxTyRn;BH) HCCJIC}\OBB.TeJIH crroco611h1 ~ • HB.

CTOJIIU;ee BpeMH iipoeop,uTL oxcriepuMeHTLI c TO'IHOCTL:ro, rrpeeocxoAJI

m;ei npe}:\eJI TO'IHOCTH }\JI.II BOMepeHHH C HCITOJibOOBaHHCM JiaoepHoro 

uony'leHu.11 (T.H. npeµ.en "Apo6oBoro rnyMa"). IIepB~e oxcrrepuMen

T8JlbHOe HOOJIIO}\enue · cEaToro cBeTa B na6opaTopWix BeJIJia. B · 1985 
roµ.y u11u:o;B11p01iano ITJIOAOTBOpHoe •. :SOaHMoµ.eiicTBHe Me.lKp,y µ.an1,Hei

IIIBMH oxcrrepBMeHTRMH H paoBBTBeM TeopHB cxcaTHX cocToaHui.- B 

peoyJILTaTe ITOHBBJIOCI,' orpoMHoe :i:OJIB'leCTBO ny6Jiuxa.n;Hi, ITOCB.IIIU;eH

HLIX paoJIH'IHLIM acneKTaM. · c:>Ka.TLIX cocTo.1111Bi B ·ApyrHX HeKnaccH

'lecxHx COC'rOJIHHH CBe~a, BOOMOlKHLIX BCTO'IHBIOB BX reHepan;HB, . a 

TRK.lKe npBMenenBH OTBX. cocTOllHBH B npo6JieMax nepep,a'IB OIITB'le

c·1coii HHq>OpMan;HH C IIO}\aBJieHHLIM IIIYMOM, E:B8.JITOBLIX uepaopyrna10-

~x HOMepeHBH, crrexTpOCKOITBH CBepXBLICOKoro paoperneHH.11 B T. A· 
BaxcHblM uanpaBJieHHeM Hccneµ.oeanHii Hei:na.ccnqeci:oro cneTa B no

CJieAHBe rO}:\hl CTaJ.10 uoy'leHBe ero q>ROOBLIX CBOHCTB. (paooeaa: OaBB

CBMOCTb KBS.HTOBOro' rnyMa· B CXCRTOM' CBeTe AaJIO MOTHBRD;BIO }\Jill ne

peOCMHCJieHBH npo6JieMLI q>aooeoi nepeMen11oi B KBBJITOBOH onTHxe. 

Hexnaccu'!eci:He ceeTOBI,rn nOJI.H ·onucuuaIOTCH B TepMBHax q>yHx~ii 

KBaoueepoaTHOCTB, Taxux xax. W-q,yHID;BH BurHepa :e: Q-q,yHi:u;u, :e: 

q>BOOBB.11 08.BBCBM~C.Tb OTHX 4>YHXD;HH pacrrpeµ.eneHBH }\aeT yµ.o6Hyro na

pa.MeTpHOan;BIO BX CBOHCTB. AJILTepHaTHBHI,IM nyTeM OITHCBJIBH q>aoLI 
,,,r-,.,"-""'Y<•"''i'let'• .,_,.....,_='°'..,--:,-;n.."'C.~~, 
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B XBaJITOBoii onTuxe, panBHTLIM IlerroM H BapHeTToM, JIBJUieTCJI BBe

AeHHe <paooBoro pacnpe}\eJieHH.fl Ha ocHoBe opMHTOBa onepaTopa <paohl. 

Ilocne <l>YHAaMCHTBJibHLIX pa6oT Ilerra H BapHeTTa 1989 roAa no onpe

AeJJ.eHHIO op~HTOBa onepaTopa <paoLI B OTOH o6nacTH IlOJIBHJlQCb OHa

'IHTeJJ.bHOe XOJIH'leCTBO TeopeTH'leCJCHX ny6nuxan;ui, IlOCBJl:~eHH~~-HC

CJie}\OBaHHIO <paooBhIX cBoiicTB Hexnacc11-qec1::e:x cocTOSIHHH cBeTa, ;n.u

Ha.M1u:e 4,anoBLIX ne~eMeHHbIX B. HeJIHHeHHbIX OilTH'leCKHX npcm;ec~ax, 

MeTOJ\aM HOMepeHH.11 q>aooBOH Ha.6n10;n_aeMoii. . 

Ta.:i::e:M o6paooM; :e:ccne;qoBaH:e:e KBa.HTOBhIX · -<pny1:Tyan;uii aMnn:e:

TYALI H <p8Dhl CBeTa B HeJJ.HHeHHLIX OilTH'leCXHX npon;eccax JIBJIJleTCJI . ' " . . . . 
aITY.BJILHLIM H BaJKHLIM IaI C TO'IIH opeHHJI TeopeTH'leci:oro. Hayq-

' , ' - ' - - . ' . .. . 
noro nooHaHH.11, Tax H npaxTH'lecxoro np:e:MeHeHH.11. 

, JJ;enL pa60Thl, 

,. TeopeT:e:'lecxoe :e:ccne;qoBaH:e:e . <pnyxTyan;:e:ii RMnniITYAhl H <panbI 

CBeTa. B .HexnaccH'leCKHX COCTOJIHHJIX,' reHepupyeMblX B HeJIHHeHHhIX 

onT:e:qe~i::e:xnpon;eccax, ~OJiyqeH:e:e <l>Y~~n;:e:ii pacnp,e;n_eJieHHJI 8.MilllHTY

~HO~ :e: ~ao~Boii nepeMe~HLIX ;rt.n.R oT:e:x. c<>cTo.s:H:e:ii, a TauK.e cpaBHen:e:e 

paonH'IHblX IlO;rl.XO}\OB K XBaHTOBOMY on:acaHHIO <paoLt non.a:. ,- , .. _ ' ., . ' . .,,., 

HayqHaa. HOBHOHa :e: npai:T:e:qecxaSI · n;eHHOCTb pa6oi'bl. 

·· r •· BnepBLie nony'leHa o6~aSI aHBJIHT:e:qecxa.a:. <pop~yna AnSI <paooBbIX 

pacnpe}\eJICHHH1 OCHOBaHHblX Ka:K Ha HCITOllbOOBaHHH q>OJ>MMHOMa OJ):

MHTOBa onepaTopa <paoLI Ilerra-'-BapHeTTa :e: <paoOBhIX cocTo.s:H:e:ii, Tai 

:i:r: Ha HCilOJlbOOBaHHH <pyHxn;:e:i pacnpe;rt.eJieHH.fl XB80HBepo.11THOCTH. C 
n0Mo~10 OTOH <I>oPMYJILI uccne;qoBaHbl <paooBLie CBOHCTBa paon:e:qHblX 

uexnaccnecxux cocio.s:uuii cBeTa :e: ;qaH cpaBHHTeJJ.bHLiii auanuo OTHX 

J\BYX,IlO}\XO}\OB I: XBBHTOBOMY OilHCaHBIO <p80bl; 

):{a.Ho o6o6~euue MeTo;n.a. onucau:e:.s: <paooBhIX cBoiicTB OJ\HOH MOJ\bl 

IlOJIJI Ha cnyqa:e: J\BYX MO}\, Jlccne;qoBaHLI CTBTHCTHXa 'IHCJia q>OTOHOB H 

cpoooBLie.caoiicTBa ;n.ayxMo;n.oa~x cEaTLIX <poxoBcxux co~TO.S:HHH. 

.Ii:M·npon;ecca peooua.Hcuoii <pnyopecn;eHn;HH BnepBLie HCCJieAOBaHLt 

YCJIOBH.fl MMCHMaJibHOro C)KaTHSI XBaHTOBLIX ' <pnyxTyan;"uii' CBeTa B 

cxeMe CMeIIJHBaHH.s: ABYX xpa:e:HHX MOR TpHnneTa 'B OaBHCHMOCTH OT 

;qo6poTHOCTH ,peooHaTopa; qacTOTHoi paccTpoiix:e:· non.a: uaxaqxu :e: 

a.TOMHLIX nepexo;qoB, TeMnepaTypLI noneBoro. TepMocTaTa ... 

BnepBhle npoBe;qeHa ·on;euxa :'IYBCTBHTeJibHOCTH -peooHaHCHoi aH

TeHHLI. rpaBHTan;HOHHLIX .BonH, npHrOTOBJleHHOH B-ClK8.TOM ·<1>01:0BCXOM 

-COCTOJIHHH. : .. 
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.Ii:nSI oa~Tbl BLIABHraIOTCJI CJieAYIO~e ocHOBHLie peoynLTaThI, 

nonyqeHHble B AHCcepTan;HH: 

1. .Ii:nSI o6~ero BHAa cocTO.S:HHH non.s: c qacTuquo onpe}\eneHno:ii <I>a

ooii ycTaHOBneHa 008.HMOCB.lIOh Me:lKAY <paoOBblM pacnpe;n.eneHHeM 

Ilerra-BapneTTa H <paooBblM pacnpeJJ.eJieHHeM Buruepa. IloCJie

AHee MO)lrno nonyqHTh nocpeACTBOM "ycpej\ueuHJI" pacnpe;n.ene

HBJI Ilerra-BapneTTa c noMo~hIO Koo<pq>Hn;HeHTOB, JJ.ll.S: KOTOphIX 

nonyqena npocTaSI ananHTHqecxaSI <popMyna. : 

2. B CJly<Iae CMe~eHHhIX q>OXOBCKHX COCTOJrnHH JIOX808.HO1 q'ro <pa

OC>BOe' pacrr'pe;n_enen:e:e Ilerra.-BapneTTa. H <paooBoe pacrrpe}\eJie

HHe, cBJ1oa.11uoe c W ➔yuxn;:e:eii B:e:rHepa 6nuox:e: ;n.pyr :s: P,pyry, 

_ TOrP,a i:a.x <paooBoe.· pacnpe}\eneJ;He, • cB.s:oaunoe c Q--<f>yuxn;ueii, 

Tep.a:eT 11acT1> <paooBoi HH<popMan;HH. Iloxaoano TauKe, 'ITO pac

rrpe}\eneHne 'IHCJia <po~oHoB H <paooBoe pa.crrpe}\eneHHe Ilerra

BapHeTTa ;n.n.s: OTHX cocTOSIHHB HMeIOT rroxm1<y10 cTpyx:Typy (no 

ltOJIH'ICCTBY IlHKOB).; . 

. 3. Iloxaoa.110, 'ITO B.CJiy'lae cMe~eHHhIX xaoTH'lec1rnx cocToHHHH Bee 

<paoOBI,Ie pacrrpeAeJICHIDI l'.8.'IeCTBeHHO IIOXO)KH H B,rrpe;n.ene 60Jib

lllOrO cpeP,Hero q:e:CJia. q>OTOHOB rrepexo;rt.JIT B pB.BHOMepHoe pac

npe;qene1me. 

4. .Ii:M C)KaTblX <poxoBCXHX cocTO.flHBH noxaoa.Ho, 'ITO <paooBoe pi,i.c

rrpeP,eneH:e:e Bnrnepa., He 08.BHCHT OT 'IHCJia · q>OTOHOB B Ha'la.nb- . 

HOM (;n.o ClKB.TIDI) q>OKOBCl'.OM COCTOSIHHH, H CJieAOBaTenbHO, SIB

JIJleTCJI <paDOBblM pacrrpe}\eneHHeM B }\nSI C)KaToro XOOTH'lecxoro 

cocTO.IIHHJI. <vaooBoe pacnpeP,enenne Ilerra-BapHeTTa. H <paooBoe 
. . (• 

pacnpe):(enenHe, nony'leHnoe HO Q--<pyHxn;un, B npe):(eJie 6onbruorq 

q:e:cna. q>OTOHOB CXO)J..IITCJI x pacrrpe):(eneHHIO Be:rHepa.. "·' 

5. B cnyqae C)K8.Tb1X XaoTHqecKHX COCTO.IIHHi rio)l:808,,HO, 'ITO. rrpH 

yBenH'leHHH TeJillOBOro Boo6y::lKP,eHHSI ( cp~P,Hero q:e:cna <p<>TOHOB 

B Ha'IBJibHOM xaoT:e:qecl'.OM COCTO.IIHHH) <paooBoe pacrrpe;n.enenne 

Ilerra-Ba.pneTTa H pacnpeAenenIDJ, nony'leHnLie HHTerpHpoBa-

11:e:eM ii~ . P~AHMbHOH rrepeMeHHOH Q-q>yiixn;HB H 1'--<f>yHKn;H:e:, 

CXOJ\SITCJI x <paooBoMy pacnpe;n.eneHHIO B:e:rHepa. 
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6. ,[(rum onpe}\eJieHHe ABYXMOJ\OBbIX C)l{aTbIX «I>?xoacxHx cocTo

JIHHii. IloxaoaHo; 'ITO pacnpe}\eJieHHe 'IHCJia q>oToHoa .H • q,a

ooaoe pacnpe}\eneHue Ilerra.-BapHe~a. ,!\JUI Ta.xux cocTOJIHHH 

HMeIOT IlOXO)l{YIO CTpyxTypy (rio 'IHCJIY IlHXOB). cI>aooaoe pac

npe}\eJieHHe Ilerra.-BapHeTTa H q>aooaoe pacnpeAeJie~ue. BHrHepa 

6JIHOXB ,l\pyr x ,l\pyry, Torp;a xax pacnpep;eneHBe, CB.llOaHHoe· c Q-
4>YHII~Beii, Tep.lleT qacTb q,aooaoii BHq>OpMaIJ;HH. Ilorryqeubl aHa

JIBTBqecxHe a1,1pa)l{eHH.ll ,!\JUI Q-<f>y111:n;uH H W-q>yHu~HH BurHepa. 

,l\JIJI paccMaTpHBaeMbIX COCTO.llHHH. Hx oaBHCHMOCTb .11Hlllb OT 

cyMMLI q,a.o ABYX MOA (~ He q,a.o xa)l{,l\OH HO MOA a OT,l\eJihHOCTH) 

yxao1,1aaeT Ha CH.llhHYIO xoppen.e:n;H10 Me)l{AY MO,l\a.MH. 

7. Haii,l\eHu ycnoaHJI · nony-<rnHH.ll CH.llhHoro ·c)l{a.TIDI caeTa B cMecu 

p;ayx MO,l\ C qacTOTaMH, 6nHOl:HMH I: qacTOTaM 1:pa.HHHX XOMilO

HeHT -rpunneTa peooHaHcHoii q,rryopecn;eun;uH. 

8 .. Ilonyqeuu on;eHXH. qyBCTBHTeJibHOCTH ACTexTopa. rpaBHT8.~0H

. · Hhl~ BOJIH (o~Tyx'a~ll\ero rapMo~uqecxoro ocn;BJIJIJITopa), npuro

TOBJieuuoro a uaqaJI1,u1,1u MOMeHT apeMeHB :e C)l{aToM q,oxoacxoM 

.COCTOJIHBH, B 08.BBCBMOCTB OT CTeneHB CE:aTHJI H quCJia IB8JITOB 

OC~J{TOpa. 

Anpo6an;~ pa.6o;hl, · 

PeoyJihTRTLI, noJiyqeHHLie B ,l\HCcepTaIJ;HB, ,l\OXJI8.}\h1B8JIHCb Ha ce

MHHapax a JIT<I>· OHHH u HH<I> AH Pecny6nuxu KaoaxcTaH, ua. 

MeE:A}'Hapop;HLIX ceMHHapax '.'Ilpo6neMbl KBaHToaoii ·onTBKB,, (,[(y6ua, 

1991, 1993), JV MeJK107uapop;uoM- ceMHHape no KBaJiToaou orrTHXe 

(MHHCI, 1992), <l>pH,l\MaHOBCIOM MeE:A}'HRpO,l\H0M ceMHHape IIO rpaaH

T8.D;BH H _xocMonoruH (CaHxT--Ile;ep6ypr, 1993), Ill Me)l{io,uapo,l\HOM 

. ce~~rna.pe "C)l{a.Tble :coCTOJIHHJI H CO0TH0WeHH.ll Heonpe}\eneHHOCTH" 

(Mopurie~A, CillA, 1993) u Ha. 3HMHei WX0Jie no JrBaHTOBOH OIITHKe' 

{1)nrnc~; HTaJI~; 1994). 

Ily6Juinn;BH. 

Ilo MaTepB8.llaM ,l\HccepTa~H ony6nuxoaauo 6. pa.6oT. 

O6'beM pa.60Thl. 

,Il;uccepTan;HJI cocT0HT HO Bae}\eHHJI, ·'leTupex rnaa H 3axmo'leHHJI. 

_ Ou a C0A,epE:HT 97 CTpaHBD; MO.WBHOIIBCHOro TeICTa, 20 pBCYHXOB H 6B-

6JIHOrpa<{>Hqec1:Hii CIIHC0I: HO 115 HaHMeHOBaHHH. 

4· 

i 
·\ 

.. 

i 
I 

11 
:1, 
~l 
!1 

I 
•I 
I 
\ 

1n 
\-1 

( 

I 
r 
! 

CO,Il;EP)KAHME P ABOThl. 

·. Bo aae}\eHHB rrp1rne}\eH :x:paTxni .o6oop ne:TepaTypbI, cWioaHu'oi c 

paccMaTpBBaeMbIMH a ,l\HCCepTan;o npo6.neMaMB. HonmKeHa. D;eJib ii:c:- . 
cne}\oBauH.ll c 06ocHOBa.HHeM ee axTyaJihHOCTH. Kpa.Txo HOJioxelio co-._ 

}\ep.lKa.HHe pa.6oTLI: 

B nepa~i rnaae ,l\HCcepTa.n;BB rrpHBe}\eH o6oop caoiicTB c1KaTLix co

CTO.IIHHH OJieXTp0MarHHTH0ro IIOJIJI, ,l\8.HLI orrpe}\eJieHH.11 H paccM0TpeHhl 

CBOHCTBa. IPYHl:D;HH pacnpe}\eneHHJI XB8.0HBepOJITHOCTH, iioneoHhlX npH 

BoyqeHBB CT8.THCTBqecxBX H q>a.oOBLIX CBOHCTB Hexnaccll'IeCXHX COCT<r 

. .llHHH CBeTa. I'naaa COCT0HT HO Tpex rrapa.:rpa.q,oa: 

B § L 1 ,l\aHO orrpe}\en:eHHe xaa.}\pa.TypH<reEa.TLIX H aMIIJIBTYJ\HO

cxaThIX cocTO.llHB:e: caeTa, ua np:EiM~pe ABYX<po~oH~hIX xorepe:itTHhIX 

cocTo.iiuui 06cy1KAaIOTCJ1 caoicTBa. H}\eanLiiux c~aThIX cocTOJIHHi, 
. ' . ' 

pa.ccMaTpBB8.IOTCJI ABYXM0,l\0Bl,le C1K8.TLie COCTOJIHHJI, 

B § i.2 pa.ccMO_Tpeua. CTaTBCTBXa 'IHCJia q>OTOHOB a ,xBa.}\pa.Typuo-
. ' . . 

C)l{aT0M C0CT0JIHHH, ,l\8.Ha., HHTepnpeTa.n;HJI OCD;HJIJIJID;HH ~ pacnpe}\&-

JieHBB 1JHCJI8. q>OTOHOB B TepMHHax ·BHTepq>epeH~BH B q>IWOBOM rrpo-
. '< ~ - ' . . -

CTpaHCTBe. . 
B ·§ 1.3 'A8JILI orrpe,l\erieH~ q>yHJtD;BH pacnpe}\eneHHJI XB80HBepOJIT- .. 

H0CTH: 'P-q>yiixn;HH D:ray6epa-Cyp;a.pwaua., Q-q>yux~Hli H W -q>yHXD;HH 

Buruepa.. O6cy1K}laIOTCJ1 ux npeHMyuiecTaa. H He}\ocTa.TXH npH orruca.

HHH H~xna.cc~•rncxHx cocTOJIHHB caeTa. ,[(a.Ho 060611\eHHe OTH_'.X q>yH

X~Hi Ha ABYXMOJ\OBhIH cny'lai. 
·:j i~t,·· . ' 

.· BTopwf rna.Ba IlOCBJIII\eHa HCCJie}\OBaHHIO CT8.THCTH'ieCXHX II. q>aoo

BLIX CBOBCTB . q>OXOBCXHX COCTOJIHHH CBeTa.j IlO}\BepriiyTLIX ; xorep~H-

THOMY . CMell\eHHIO H C)l{8.THIO. Ta.xue COCTOJIHHJI JIBJlilB)TC.11 CY,11\e- . 

cTBeHHO ueimaccuqec:x:HMH. Hoy'leHhl Ta.xEe caoicTBa cMe~t:HHLIX xa.o

TH11ecxux H CE8.TLIX ·xaoTll'IeCXHX. COCTOJIHHH; ·I'JI.aaa. COCTOHT HO 'ie

Thlpex rra.pa.rpa.cf>oa. 

B § 2.1- ,l\B.H xpa.T:xHi HCTOpH_'lec:x:ui oqepx o paonH'IHUX norruTxax 

orrpe}\eJieHHB apMHTOBa. onepa.Topa. q>aoLI. 
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B § 2.2 nmram,rnaeTcJI, xax Ha ocHoBe opMHTOBa onepaTopa <f>am,1, 

onpe,l\ene11Horo IIerroM H BapneTTOM (PB), MOacHo BBeeTH <paooBoe 

pacnpe,l\ene11ne BepoJITHoeTH. II pHBC,l\eH Taxace ~bTepHaTHBHhIH' noA

XO.l\ K KBaHTOBOMy onneaHHIO <paooemi nepeMeHHOH C IlOMOLU,I,IO <f>yu

K~H pacnpeAeneuHJI KBaonBepoJITHoeTH. C noMoLU,I,10 HHTerpnpoBaHHJI 

OTHX <f>y11xn;nii no pa,l\IIaJihHOH nepeMeHuoii_nonyqeubl TO'IHhle auaJIH

TH'IeexHe e~pa)KeHHJI AIDI. <paooehlx pacnpe,l\eneunii KBannBepoJITHo

cTH, crumrumhlx c Q-<f>yux:o;nen n W -<f>ymr:o;neii Bnrnepa. IloxaoaHo, 

'ITO Bee Tpll <pao~Bble pacnpe,l\eJieHHJI M03CHO BhlpatHITb _06IIJ,eH aHaJIH

TH'ICCKOH <popMynoii: 

p(S)(O) = L.{1 + .2 L bnb1c cos[(n ~ k)(0 - cp)]d5 )(n, k)}, 
21r . le ., . ' .. ' ... ,. ~:> .. •·' . " .. ,., ..... , ····•·- . . . . . 

rA~ bn - iroo<I><I>HI:J;H~HThl paonoBCeHHJI cocTOJIHHJI non.II no 6anney <poxo

Bcxnx cocTOJIHHi, a ~aTpHD;hl G(s)(n, k) cooTBeTeTBYIOT paoJIH'IHhlM 

TnrraM pacrrpe}\eneHni (S = PB, Q HJIH W). . 

. B § 2.3 HCCJIC,l\OJJaii'1,1 cTaTHeTaqec~ne H <f>aooehle eBoiicTBa :<1>01:0-

BCKHX 1I XOOTH'ICCKHX COCTOJIHHH, IIO,l\BeprHyThlX xorepeHTHOMY CMe-

IIJ,eHHIO: Iloxanau~, 'ITO pacrrpe,l\eneHne q~cna 'IacTHIJ; H <f>aoo~oe · 

p~~P~AeJleHHe IIerra-BapueTTa B CMeIIJ,eHHOM q>OKOBCKOM coeTOJIHHH 

HMCIOT rroxoJKyro · ( N + 1 )-rrIIKOBYIO eTpyx:Typy, r,l\e N - 'IHCJIO <po-

. TOHOB B q>OKOBCKOM coeTOJIHHH AO xorepeHTHOro eMeIIJ,emm.· Ilpone-;. 

p;euo epaBueune panJIH'IHhIX <f>anoBhIX paerrpe,l\eneuni. Iloxaoauo, 'ITO 

B CJiyqa.e eMeIIJ,eHHLIX <poxoBCKHX eoeTOJIHHH <paooeo~ pacrrpe,l\enenne 

Ilerra-Bapu~TTa n <f>aooBoe pacnpe,l\eneune Bnrnepa 6JIH~KH ,l\pyr x 

,l\pyry, T:OrAa KaK <f>aooBOe pacnpep;eneune, nonyqeuuoe HO Q-<f>y11:x:o;nn, 

TepJieT 'IacTh <paooBoii nn<popMa:o;nn. J];JIJI eMeIIJ,eHHhIX xaoTH'IeexHx . . 

eOCTO.IIHHH eyIIJ,eCTByeT xoporno onpe,l\eJICHHWI 'P-<pyli:x:o;IDI rnay6epa-

CY,l\aprnaHa. C rroMoLU,I,ro HHTerpnpoBa.HIDI no pa.,l\HaJihHOH rrepeMenHoi • 

rrony'IeHo <f>aooBoe pacrrpe,l\CJieHHe xBaonBepoJITHOeTn, cBJioanuoe c P
<pyH:xn;nei, xoTopoe. JIBJIJieTCJI Han6onee pemrnM Ho· paceMaTpHBaeMhlx 

pa.cnpe,l\eneHHi. Bee <f>aooBLie pacnpe,l\enenHJI xa'leeTBenno noxoacn n B 

rrpe,l\ene 60Ji1,moro epep;nero qncna <poTonoB rrepexop;aT B paBHoMepuoe 

pa.crrpe,l\eneune. 

B § 2.4 rrpoBe,l\CHO HCCJIC,l\OBau:ue q>OKOBeKHX n XOOTH'ICCKHX COCTO

.mrnii, IlO,l\BeprnyThlX C:lKaTHJO. J];JIJI cacaThlX q>OKOBCKHX COCTO.IIHHH IIO

xaoauo, 'ITO <paooBoe pacrrpe,l\enenne Bnrnepa ne oaBHCHT OT 'IHCJia 
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q>OTOHOB B Ha'laJibHOM (Ao C:lKaTHJI) q>OIOBe:XOM COCTO.IIHHH, H CJIC,l\OBa

TCJlbHO, JIBJIJJeTCJI <p~OBhIM pa.cnpe,l\e.JieuneM H ,l\JIJI c:iKa.Toro xaoTH'Ie

ci:oro coeTOJIHHJI. cl>aooBoe pacrrpe,l\eJICHHe Ilerra-BapneTTa H <f>aoo

eoe pacnpe,l\eneune, rronyqeunoe no Q-<py1{1ai;IIn, B npe;i\ene· 6on1>m~~~ 

qncna <poTOHOB .CXO,l\JITCJI K pacrrpe,l\CJICHHIO Bnrnepa. B rnyqa.ecxa

ThIX XOOTH'IeCKHX COCTOJIHHH nony'ICHhl Bhlpa:iKeHIDI ~JIJI w -<l>YHKD;HH 

Burnepa, Q-q,yn:x:o;HH n 'P➔yn:i::o;uu'rnay6epa-Cy,l\aprnana. IIox~aHo, 

'ITO rrpu yBennqennn TennoBoro Boo6y:iK,l\eHHJI ( cpe,l\Hero qncna <poTo

HOB B Ha'laJibHOM XOOTH'IeCKOM eoeTOJIHHH) <pariOBOC. pocnpe,l\eJICHHe 

IIerra-BapiteTTa H pacnpe,l\CJICHHJI, nonyqe1111ble HHT~rpHpOB8JIHeM no 

pa,l\HaJibHOH nepeMeiinoii Q-<pyHKIJ,HH H 'P-<pyHKD;HH, CXOA.HTCJI I <f>aoo

BOMY pa.cnpe,l\eneHHIO Burnepa. 

B TpeTwii .rnaBe onpe;qen.aIOTCJI, ABYXMO,l\OBLie c:iKaTLie q>OKOBCKHe 

COCTOJIHHJI, ~CCJICAYIOTCJI BX eTaTHeTB'ICeKHC H, <paoOBble CBOHeTBa. 

. B § 3.1 ARHO oilpe,l\eneHHe ABYXMO,l\OBbIX eacaTbI~ q>OKOBeKHX e~ 

eTOJIHHH KaK. 06061IJ,eHue ABYXMO,l\OBoro e:iKaToro Ba:i:yyMa. Ilpirne,l\CH 

rrpHM:ep npo:o;eeea, RXOTOpOM BOOMOlKH8. r~Hepa:o;HJI,TaKHX coeTOJIHHH'. 

B §, 3.2 neCJieAOBana eTaTHeTHKa qncna :<poTOHOB B, ABYXMO,l\OBOM 

ClK8.TOM q>OKOBeKOM coeTOJIHHH. IloxaoaHo, 'ITO· pacnpe,l\eJICHHC ·'IHCJia 

q>OTOHOB B OTOM coeTO.HHHH HMeeT ( N + 1 )-nux0By10 eTpy1:Typy ,!\JI.fl ne

nyneBoro OH8.'ICHHJI paoHOCTH 'IHCJia q>OTOHOB q MC:lK.l\Y' MOJJ.aMH ( ojJ,eeb 

N - 'IHCJIO q>OTOHOB B MOAe a H · ( N + q) - 'IHCJIO q>oTottoB B MO,l\e b AO 

eacaTHJI noJIJI). IIony'IeHbI aHaJIHTB'IeCKHe Bbipa:iKeHIDI ,l\JIJI Q-q,yHK~H 

H_ W-<pyHKD;HH Burnepa ,l\JIJI paceMaTpHBaeMoro eoeTOJIHH.11 IIOIDI. 

B § 3.3 uoyqaIOTCJI <f>aooBble eBOHeTBa ABYXMOJ:i;OBhIX ~lK8.ThIX <f>o

xoBe:xux eoeTo.auui. ·· Iloxaoauo, 'ITO <f>aooBoe pacnpe,l\eiie~~e Ilerra

, BapneTTa ,l\JIJI TB.KHX eoeTO.HHHH HMeeT (N + 1)..'..rrHICOBYIO eTpyITYPY 

AJIJI nenyneBoro onaqenu.a paoHoeTH qncna <poTonoa MeX<AY. MO,l\aMH. 

Ilony'leHhl TO'IHble aHWJHTH'ICeXHe <popMyJibl ,l\JIJI cpaoOBbIX pacrrpe,l\e-

1ICHHH1 oeH~BaH~hle·ua paoJIH'IHhIX <p&30BblX IIOJJ.XO,l\~X. Ilo~aoano, ~TO 

<paoOBOe pacri~e,l\enenue IIerni.-BapHeTTa H <f>aooaoe p~npe,ienenue 

_ Bnrnepa 61IHOIH APYr 1: ,l\pyry, TOr,l\a :xaK paenpeACJICHHe, nony'leHHOe 

no Q-<pyHKIJ,HH, TepJieT qacTb <f>aooBoii nn<popMa:o;ua. 

, ... , 

tJ:eTBepTWI rnaBa rroeB.HIIJ,ena npo6neMe reHepa:o;nn .IBa,l\paTypHo

e:iKaThlX eoeTOJIHHH B peoonauenoii <pnyopeen,eHIJ,HH H OIJ,CH.Ie 'IyBeTBH-
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TeJibHOCTH peoouattcuoii rpanHTaIJ;HOHHoii anTeHHbl1 rrpnroToBJiett11oii 

B C:ll<aTOM <pOKOBCKOM COCTO.IIHHH. 

B § 4.1 HCCJieAOBB.Hbl YCJI0B~ BOOHHKH0BeHWI CWibHoro CJKaTWI n 

cMecH ABY~ MOA c 'IacToTaMH, 6nnoKHMH K 'IacTOTaM i:paiiuux ICOM

rrotteHT, crrei:Tpa peoouauc11oii <f>nyopecn;euD,Bn. Ilony-c1e110 Bhlpa:lKe11ue 

AJIH <l>YHKD;HH (cpaKTopa CJKaTWI), xapaKTepnoy10~eii CTeIICHb C2KaTHH 

IIOJIH, B oaBHCHMOCTH OT rrapaMeTpOB CHCTeMbI_: A06pOTHOCTH peoo

naTopa, paccTpoii:u MeJKAY 'IacToToi IIOJUI 11ax:a'IKB u 'IacTOToi rre

pexoAa aTOMOB B Boo6y:lKAeHHOe COCTO.HHHe, TeMrrepaTypbI IIOJieBoro 

TepMocTaTa. IlpoBeAeHo ncCJieA0Ba1me <paKTopa c>KaTH.H B rrpeAeJie 

6o_J1b1IJoro 'IHCJia a.TOMOB. IloK~auo, 'ITO B CJiyqae, K0rAa MO>KHo rrpe

tte6peq1, BJIB.IIHHCM IIOJieBoro TepM0CTaTa, TeopeTU'IeCKH BOOMO.lKHO 

.):\OCTU:lKeUHe rrpe}:\eJibHOro C)I{aTU.H. IlonyqeubI YCJIOBHJI, IIpH KOTOpbIX 

M02KHO rrpette6pe'Ib BJIWIH.HeM TepMOCTaTa. 

B § 4.2 paccMoTpeua rrpo6JieMa AeTeKTnpoBaHHH ·uMrryn1,ca rpaen

Tan;no1111oi BOJIHbl C TIOMO~IO peoottaHCHOH attTeHHhI, MOAeJiblO ]l.JIJI KO

TOJ)OH, BbI6pan oaTyxa10~HH rapMOHH'leci:ni ocn;HJIJI.HTop. Ilony'IeHbI 

on;eHKH 'IYBCT~HTeJibJIOCT_B ARHHOro AeTeKTopa:, IIPHf 0TOBJieHHO~O B 

tta'IaJlhHhIH MoMeHT epeMeHH B CjJ{aTOM <poKOBCKOM cocT0HHHB, :e oa

BBCHMOCTH '0T cTerre1rn c:lKaTWI H 'IHCJia uianToB ocn;BJIJI.HTopa. 

B oaKJIIO'leHHH ,_ IC pa TKO . c<popMyJiupoBaHbl. 0CHOBHhle peoym,TaTbl 
' ., ' 

AHCcepTan;un, KOT0pble H BbIHOCJITCJI Ha 0all,\HTy. 
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