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BBE/1EH~E 

K I..I~CJIY Ba>KH€JIIW!t!X npo6neM c1)1-13\o1KI-1 3!1€M€HTSPHbiX 48Cn1U OTHO~ 

CltiTCR 3S.QS4S 060CHOBSHHFI nOJ10}!(€Hitlill KBaHTOBOil! XPOM0AI-1.HSMVIKVI 

/KXA/ e. )!{€CTKI-1X npot..~eccax. 3a nocne.QHV!e rOAbl e VI3Y4€Hitlltt. 3T0£:1 

npo9neMbl 6bl.n .QOCTVIrHyT eecbMa Cyl!.\eCTB€HHbl~ nporpecc. K HSCToR

ll.\€MY BP€M6H\II HSKOrlJ1eH 6oraTbli1 3KCnepltiM€HTSilbHbl£:1 MST€plt1ail no 

nenToH-HYKJlOHHbiM cna6biM 1-1 3Jl€KTPOMarHI-1THbiM npot..~eccaM, SAPOH

SAPOHHOMY pacce.AHI-110 HS 60J1bWio1€ yr11bl, IIIHKJ110-31t18HOMY p0}1(.Q€Hitll0 

8APOHOB c 5o.nbWitiMitl nonepe4HbtMitl HMnynbcaMVI, no npou,eccaM e+ e-·

aHHV1rl-'l.nRLP·11o1 e SAPOHbl 1t1 PO>KA€HYHO MSC01BHbiX nenTOHHbtX nap. He 

M€H€€ ycneWHO pa3BitiBSJ10Cb 1t1 T€0p€Titi4€CKO€ V1CCJ1€AOBSHitl€ yKa-

3SHHO~ npo6neMbl. B LlaCTHOCTitl, Ha ocHoee KXD. 6btilvt nposeAeHb! 

pac4eTb! ~tt-asecTHblX ¢H3vt4eCKvtx senH4HH c y4eTOM Bb!CWHX nopRAKoe 

T€0PHH B.03MYI!\€HHR no KBSpK-riHOOHHOH KOHCTSHT€ CB.R"3t.1 a 5 ,npeA

CKS3-SHb! 11 pacclli-1TSHbl HOBble KXA-3¢~eKTbl. Bee 3TO noasommo Bb!

nonHI-1Tb B€CbMS pS3HOCTOPOHH€€ cpaBH€Hvte npegCKS3SHHill TeOpvtH 

C 3KcnepvtM€HTSJ1.bHb1Mvt ASHHbiMH J.1 OOKS3STb, 4TO B l\€110M HS6!110-

AS€TCR xopowee cornacvte KXA c 3KcnepvtMeHTOM. HapRAY c 3THM 

o6Hapymvtnvtcb snonHe onpeAeneHHble TPYAHOCTH. HeKOTOPble vta HHX 

o6yC.nOB11€Hbl T€M, 4TO npeACKS3SHHR KX,Il OTHOCFITCfl K sem14HHSM, 

H€nOCP€ACTB€HHO H€ H3MepReMbiM HS OOb~Te, H!lvt Tpe6yiOT AJIFI CBOe~ 

nposepKH AOn011HHT€!1bHOil! 3MnvtpH4€CKOH VIH~OpMa~vtH. 0AHHM H3 

TSKHX npeACKS3SHvtil! RB11R€TCR onpeA€11R€MSR 3TOH TeOpvteil! 38011~

l\VIft KBSPKOBblX VI rJ1100HHbiX C):lyHKL\Hii pacnpeA€11€HVIR B HYKJlOH€ nO 

nepeMeHHOill Q 2 " KaK vtasecTHO, KXA ASeT ABe npvtHL\Hnl-1a!1bHO 3KBvt

saneHTHt;,Je dlopMy!lHPOBKVI 3TOrO npeACKS3SH\4R: B B14A€ CI-1CT€Mbl 

I-1HTerp7A""O$epeHllvtanbHbiX ypasHeHvtH 3BODIOL\I-1vt AnTapennvt-napvt314 

/An// 1 All~ 0YHKU,vtM pacnpeAeneHI-1R vt!lH e BHA€ cvtST~Mbl anre6pavt-

4eCKHX ypaBH€HI-1VI 3BOJ110U,I-11-1 MOM€HTOB 3TJ.1.X ¢YHKU,V!I'il 121 · 

<f. (Q2)> 
1 n 

2 
<f. (Q )> 

J n 

rAe f i -
2 

~YHKU.vtl-1 pacnp€A€11€HHR KBSPKOB \II rniOOHOB (i""' q, g) , 

R ij ( n, Q , Q~ ) - K03<?C!)I-1u,vteHTbl, pacc4HTSHHble no TeopH-vt B03MYI1.\eHI-1Pl 

B KXA. 
YpaeHeH\.I!R AilR MOMeHTOB ropa3AO npo~e no cpaeHeHH~ c ypae

HeH~AM~ An. KeaHToeoxpoMOAvtHaMH4eCK\.I!e 3$¢eKT~ BbiAene~~ e AaH-
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HOM Clly4S€ 8 RBHOM BYl,Q€. 3TO, Ka3ailOCb 6bJ, ,Q€IlS€T Itt X B€CbMS 
YA06HbtMVI AilR cpaBH€HI-1R c 3Kcneplt1M€HTOM. OgHaKo Ha onbrTe ~t~3-
Mep.R10Tcn He MOMeHTbl, a CTPYKTYPHbte $yHKLI~<H1 I Bblpa>KaeMbre 4epe3 
f i I. 3AeCb Mbr cTailKHBaeMcR c O.QHOH \.13 ynOMHHSBWL-1XCH TPYAHO

CTeH. ,ilnR Bbt41-1CJ1€HY1R MOMeHTOB HYH<HO 3HSTb CTpyKTypHbl€ ¢YHKU.HY1 
80 BCeM t.1HTepsa.ne X €{ 0, 1 ]. . /laHHbl€ J.13M€P€HHi1 OXBSTbiBaiOT, ec
T€CTB€HHO, JlHWb OrpaHH4€HHYIO 06JlSCTb KY1H€MSTH4€CKVIX nepeMeH-

. HbiX X, Q 2 • 3TO npHBO,QHT K He06XO,Q).1M0CTY1 3KCTpanOJlRltVII-1 3KCne
PHM€HTSJlbHbiX ,QSHHbiX 8 nOilHbli1 J..1HT€PBSJ1 X E{O,lL nonyl.I€HHbte TSKI-1M 
o6pa30M 3HS4€HY1R MOM€HTOB MoryT CO,QepH<STb 3HS4Y1T€1lbHYIO CY1CTe
MSTH4€CKY~ Heonpe,QeneHHOCTb. BBHAY 3Toro, KaK 4SCTO OTMe4anocb 
e IlHTepaType/3-6/, menaTenbHO ~MeTb npe,QCKa3aH~e KXa-HapyweH~R 
CKeHn~Hra Henocp€ACTB€HHO AI1FI ¢YHK~~H pacnP€A€I1€H~FI KBaPKOB 
~ rn~OHOB fi .. KpoMe Taro, B ~ellOM PR,Qe npaKT~4eCK~X CI1y4S€B 
803HHKaeT He06XO,Q~MOCTb 8 FIBHblX aHa!lHT~L.teCK~X BbJpameH~RX ,Qil.R 
f i , XOTFI 6b1 np~t~611H>KeHHO y,QOBJ1€TBOPRIO~~X 3BOJ1101..4HOHHb1M ypasHe-
Hiit.FIM KXn. Bee 3TO cT~t~MYil~~tPosano paaa~~tT~e MeTO.QOB peweH~t~R ypaa
HeHHi:1 An l1 no~~tcKH np~6n~~t>KeHHbrX peweHHH a RBHoH aHail~T~L.tecKoH $OpMe/4~/.K HSCTOR~eMY Bp€M€HH B JlHTepaType \.1M€10TC.FI napaMeT
PI-13a~~~ npH6!1VI}!{eHHbJX peweH~i1 3BOI1101..4VIOHHbiX ypaaHeHHH KaK 8 rnaa
HOM Jlorap~$MH4€CKOM npH6f1J.1}1{€HJ.1J.1 (LLA/4 • 5 / , Tal< Y1 C y~eTOM He
I1HAVIPYIOL!.\J.1X J10rapJ.1$MY14€CKJ.1X 4JleH08/6/, 

B ,QaHHOH pa6oTe npe,QnaraeTCR HOBoe npJ.16Il~t~>KeHHOe peweHJ.1e 
3sontO~I-10HHbrx ypaeHeHHI-1 KX.ll /e LLA I 8 R8HOH aHam.1TI-14ecKoi1 
$OpM€, 8blT-eKaiOuteH ~3 npe,Q!lO>KeHHOH HaMH paHee KBapK-rJ1100HHOi1 
MO,Q€J1J.1 HYKilOHa / 7 /. 0,QHO 1-13 OTJ1J.1~1-1i1 AaHHOrO peweHJ.1fl COCTOHT B 
TOM, 4TO OHO 3SKI1104aeT 8 ce6e RCHYIO ¢J.13J.14€CKYIO J.1HT€pnpeTaq1.1JO 
Ha4ailbHb1X ycnos~H 3BOili01..4VIOHHbrx ypa8HeHJ.1i1. HanoMHHM, ~To Ha-
4anbHhre YCJ108V1fl He npe,QCTS8I1R10T co6oi1 06beKTa Teop~YI 803MYUI€
H~fl J.1, CJ1e,Q08aTeilbHO, He MOryT 6b1Tb paCC4J.1TaHbl 8 HaCTO.R~ee 
8peMR a paMKax KXA. 0HJ.1 .QOn>KHb1 6brTb np1-1BHeCeHb1 H3 APYri-1X ,Qo
cTynHbrx r.1CTO~HHKOB J.1H¢IOPMSI..41-1~. 06bi4HO 3TO IlHWeHHble <!M31-1"4€CKQ
ro cMblcna 3Mn~~tp~~t4eCKJ.1e napaMeTPJ.13ai..4J.1\.1 3Kcnep~MeHTa!lbHbrx ,QaH
Hbrx. B MOAeJlJ.1 /7/ OHM paCC4J.1T·bl8aiQTCFI Ha OCH08e. 01CT€MSTiit4€CKOr:1 
npou,e,Qyphr soccTaHosneHJ.1R ¢1YHKU,J.1i1 pacnpe,QeneHiit.R no li'IX npe,Qenb
HOMY nose,QeHHIO s pe,Q>KeBCKOi-1 o6nacTH x -~o 0 (v-~o"", Q2 -fix). TeM 
CaM~M 3MnHpH~€CKa.R HH$OpMaU,J.1R 3aM€H.R€TCFI nP€ACKa3aHJ.1RMiit ec
T€CTB€HHOi1 ¢l€HOM€HOJ10rJ.14€CKOi1 CX€Mbl. 

HeManosa>KHOH oco6eHHOCTbiO nony~eHHoro HaM~ npJ.1finJ.1~eHHOro 
peweH~.R RBI1ReTcR KoppeKTHOe KXf{-no8eAeHI-1e 8 rpaHf-1~HbiX TOL4Kax 
X-> 0,1. 60I1bWJ.1HCT80 1-13 ynOMI-1HaBWJ.1XCR Bb1W€ napaMeTpJ.13at..tl-1i1 /4,6/ 
TaKJ.1M CB0i1CTBOM H€ 06IlaAa~T. 

C T04KJ.1 3P€HiitR MOA€!1'-1
17

/ B03MO)I{HQCTb npl16J1J.1)f{eHHOi1 pea111113a
ll,lit~ s ee paMKax KX.Q-380I110U,\.11-1 npe,qcTasn.AeT caMoCTORT€IlbHbrH HH
Tepec.TaKaR B03M0)1{HOCTb CI1Y)I{J.1T ceoeo6pa3HO~ anpo6at..tliteH OCH08-
HbiX nOI1Q)I{eHJ.1i1 MOA€111-1 Ha OCHOB€ KX/.1, TeOplitJ.1 803MYlJ..l€HJ.1.R/T. e. 3BQ-
1110Ltlit0HHbiX ypaBHeHI-!i:=r/. 
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8 § 1 Mbl ,Q8€M Kp8TKI-1~ 0630p OCHOSHbiX nOilQ)f{€HI-1i1 MO,Q€IlV1 ? .' 

1-1 npi-1BO,QI-1M ee npe,QCK838HI-1A ,QflA KsapKOBbiX 1-1 rn!QOHHbiX ¢lyHKL!I-1i1 

pacnpe,QeneHI-1A B HYKilOHe. 

B §2 Ha ocHose 3H1X npegcKa3aH~tti1 Hai1,QeHbl np!-16Jli-1}!(€HHble 

peweHI-1A 3BOiliOL.\I-10HHbiX ypasHeHV1~ KXA. 

§1. KBAPK-rn~OHHAR MODEnb HYKnOHA 

1. 0CT8HOB\IIMC.R KpaTKO Ha OCHOBHbiX nOJ10)f{€HI-1AX MO,Q€!11-1, npe,Q

nOY.<€HHO~ HBM\tl s pa6oTe 17 I, 1-1 Ha nonyl.leHHbiX Ha ee ocHose pe-

3YilbTaTax. 0,QHI-1M 1-13 OTnpaBHbiX nyHKTOB MO,Q€Illtl .RBI-1Il0Cb npegnono

)f{€HI-1€ 0 B03MO~HOCTI-1 BOCCT8HOBI1€HI-1.R ¢yHKL!Itl~ pacnpe,Q€Il€HI-1.R sa

Jl€HTHbiX (fv ), MOPCKVIX (f 8 ) KB8PKOB 1-1 riliOOHOB (f g) no \II X npe,Qenb

HOMY nosefleH!-110 8 0Kp€CTHOCTYI 

paTopa A I) 

r,<x.a 2 )~ A.<'\l>r, . ;: .t x ). 

'( ) - - -
fg(x,Q )=Ag (fv.r, .r.[x). 

X ·- Q C noMOU\biO HeKOTOPOrO one-

X E[O,l]. 11. 1 I 

3,Qecb A (i) - 3KcTpanon14PYIOU\14i1 onepaTop , npYtl.leM 

' 2 - 2 
t i (X. Q ) -• [(X, Q ). 

x~o 

11. Zl 

2. 06naCTb M8JlbiX 3H81.l€Hitlli! X XapaKT€PI-13Y€TC.R 60ilbWOi1 MHO>t<€CT

B€HHOCTbiO napTOHOB 1-1 OTCYTCT81-1€M K\IIH€M8TI-14€CK\IIX KOPP€Il.RL!Itlli! 

M€~AY HI4MI4. npe,Q€11 x~0COOTB€TCTByeT XOpOruO \1138€CTHOMy pe,Q)f{eB

CKOMY npe,Qeny v~,.,, Q 2 -fix. Bee 3TO noaeon.ReT Bbi.QBI-1HYTb P.RA 

¢~t~3~t~4eCKV1 npae,Qono,Qo6H~X npe,QnOJlO)f{€HV1i1 o noee,QeHI-11-1 ¢YHKL!Ytlil 

pacnpe,Q€Jl€HI4fl B 3TOi1 06118CTI4 14 TeM C8Mb1M nOnbiT8TbC.R YCT8HOB\11Tb 

Blti,Q npe,Q€JlbHb1X ¢lyHKL!14i1 f i · . Ha308€M YIX 11 3aTpaB04HbiMI-1 11 • 

3. 3KcTpanonV1pyiO\lll-1€ onepaTOPbl A (i) 6~n1t1 nocTpoeHbl nyTeM 

CltiCT€M8TV14€CKOrO Y4€T8 ,QOnyCTYIMbiX KsapK-rJliOOHHbiX K0~¢>1-1rypa1.1,1-1M 

e HYKnoHe 1-1 KI-1HeMaTI44eCKV1X $aKTopoe Koppen.RUitlltl. OcHoeoH AilR 

TaKoro paCCMOTP€HI-1.R nOCilY>KI-1!11-1 CT8T14CT\111€7KYI€ napTOHHbl€ \II,Q€1-1 

6bepKeHa' nacKOCa Is/ VI KyT\.1' BalilccKOn¢>a 9 • Cne,QyeT no,g4ePKHYTb' 

4TO see npe.Qnono)f{€HV1A, lt1CnOJ1b30B8HHb1e npl4 nony4eHV1H A (i) , He 

npoTvteope4aT Ka4eCTBeHHOiil KapTYtHe BHYTPY18APOHHolil CTPYKTYPbl, 

Bbi,QBitiHYTOiil 3a nOCJ1€,QHYI€ rOAbl KB&HTOBO~ XPOMOAI-1H8MYIKOI1. npvt-

8€A€M ,Qilfl nonHOTbl .RBHbli71 BV1A 3KCTpanOilYIPYIOUIV1X onepaTOpOB: 

,\(V>rfv .f, :c.! X)= fv (x.d' )~ (!) <Z- r, .r. I x) I~ (2) (fv :r, 'f,i 0). 
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f..l>.g) (f f f I x) ~ r 
v • s • g · s,g (xQ2 )i1 2>c! f f I x)!a12>cr f f IO) ' v' s ' g ' v' s ' g' • rAe 

/1.3/ 
"(k) +:oo i(l-X)Z 
a ~ r dze 

-izy -· 2 k+l 
( {dye fV(y,Q )) X 

0 

x exp( 
00 -izt -r dt e ( 2n r f (t' a2 

0 ' 

/1.4/ 

llf - ~HCJ10 KBSPKOB~X apOMSTOB, 

4. 3aTpaBOYHbte pacnpe,Q€Jl€HI-1A MOryT 6btTb 3a,Q8Hbl HS OCHOsa
HHH pe,QH<€BCKOrO SHaJ1H3a SMniliiiTYAbl BltlPTYSilbHOrO KOMnTOHOSCKoro 
pacceRHJ.1A I 10( B 3TOM cnyYae 

f Q 2 Q2 . -1 
5 

g (x, ) ~ a (x, ) x , , s,g /1 .5/ 

3,Q€Cb pacnpe,Qe11€Hl-1.AM BaileHTHbiX KBSPKOB OTB€Y8€T 05MeH H€CHHrJ1€THO~ A2-M€30HHOH pe,Q~eBCKOH TpaeKTOpJ.1e~ C HHTepcenTOM 
a(O)~ 1/2, pacnpe,Qe11€HIIIAM MOPCKHX KBSPKOB J.1 riliOOHOB - 06MeH 
BaKyyMHO~ TpaeKTOpHeH /noMepOHOM/. KaK BH,QHO H3 Onpe,QeJl€HJ.1A /1 .4/, HHTerpan a noKa3aTene 3KcnoHeHTbl norapH¢lMHYeCKIII pacxo
.QJ.1TC.A, €CJH1 B K8l.I€CTB.€ 'f~,g HCnOJ1b3yiOTCfl BblpSH<€Hit1fl /1.5/. Ha
JH14111e 3TIIIX pacXO,QIIIMOCTei:1, O,QHaKo, He npO.ABJlfl€TCR B Ha6JliO,Qae
-MbiX seniii4111Hax f i . .lleno a TOM, '-ITo a onpe.QeneHIIIe fi /eM. 11 . 1 1, /1.3// BXOART TOJlbKO KOH€'-IHbJ€ KOMf5!11Hallllllll paCXO,QRLl.IYIXC.A B€JlYI4111H 
a(i) 8 BYI.Q€ OTHOW€HIIIi1 a<n)(~! 0)/a(m)(f~ 10), PaCXO,QRtJ.t\.1€CR \.1HTerpaJlbl 
per_y11fiP\.13yiO.TCfl O,QHIIIM \.13 CTaH,QapTHbiX CnOC060B, Ill \.13 HIIIX RBHO 
Bbi,Q€!1RIOTCfl pacXO,QHMOCTIII. 0Ka3biBaeTCfl, 4TO CTPYKTypa paCXO,QH
MOCTei-1 B a(i) TaKOBa, '-ITO npOIIICXO,Q\.1T nOJ1HOe l-1X C0KpaUI€HYie B 
,Qp06HbiX KOM6HHaliiiiRX yKa3aHHOrO BbiW€ BIII,Qa. TaKHM 06pa30M, 8 
npe,Q€!1€ CHflTHR pery!lflPIII3al.IHIII 3TIII KOM6111Hal.lllll-1 CTpeMRTCR K KOHe~
HbiM npe.QenaM. ,llpyrHMIII cnosaMH, 3KCTpanonHPYIOLl.IHi1 onepaTop A<i), 
?a.QaHHbiJ1 cornaCHO /1.3/-/1.4/, ,QaeT B pe3YilbTaTe ,Q€!1CTBJ.1R Ha Ti , Bbl6paHHb1X a BIII.Qe /l.5/, KOH€4Hbl€ 111 HOpMI-1posaHHbJe Bblpa
>KeHa-HJ ,QnR HaGniO.QaeMbJX pacnpe,QeileHI-111 fi 

61 7/ C,QeJlaH CI1€AYIOL11111i1 BbJ6op npe,QaCHMnTOTt.1LI€CKHX MHOH<\.1T€Jlei1: 
2 2 a,,v (x,Q ) ~ a,,v (Q ), 

2 2 -/3x ag(x,Q ) ~ag(Q )e . 
/1.6/ 
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-flx 
MHom~Ten~ e npHAaeTcR cM~cn Oonb~MaHOBCKO~ 3KcnoHeHT~, 
T.e. pacnpeAe!leHHe rn~OHOB BHYTPH HYK110HS HHTepnpeTHpyeTCR 

KSK CTSTHCTH4eCKOe. 

5. npHMeH~fl K /1.5/ COOTHOWeHHfl /1.1/-/1.4/, nOI1Y4HM npeA

CKS3aHH~ MOAeflH/7/ AfiR $YHK~H~ pacnpeAeneHHR 

2 as · r+'A r (x,Q )~ ----,(1-x) 
s Sx · 

<l>(ag• '+ 1;-fl q(l-x)) 

<l>(ag, H 3/2; -fl q) 

<l>(ag, '+3/2; -~~-x)) • 

<l>(ag,H3t2; -flql 

<!J(ag,H3/2;-flg(1-X)) -fl x 

-------------- e •g 
<l>(a., '+ 3/2; -i3g) 

<l>(a,fl; z)-

/1.7/ 

/1 .8/ 

- BbiPO)!(AeHHSR nmepreOMeTpH4eCKSR ~YHK4J.1R. 3AeCb C03HaTeJ1bHO 

BBeAeHa I-IH,QeKCS4HR /3q H f3g·· t..te!lb 3TOrO CTaHeT RCHa HH>Ke. B Aanb

HeHweM HaM nOHSA06nTCR MOMeHTbl .<f i>n ¢yHK4Hi4 pacnpeAelleHHR 

I 1 • 7 I. npHBeAeM J.1X RBHble Bblpa>KeHHR: 

2 1 n-t 
<fv(Q )>n ~ r dxx r (x,Q 2 )~ 

0 v 

<l>(ag; '+n+l/2; -fl 

<l>(ag, '+ 3/2; -flq)-, 

<l>(ag-t+n, '+n+l/2; -fl~ 
<l>(ag,H3/2;-flg) • 

§2. MOAEilbHOIE <I>YHKUHH PACilPEI\EilEHHR 

/1.9/ 

KAK nPHoJlHJI(EHHOE PEWEHHE 3BOJ110UI10HHbiX YPABHEH111l KXA 

1, 8 Bblpa)!(eHHflX /1.7/, /1,9/ 3aB<1CHMOCTb OT Q 2 OCTa!laCb He

H3BeCTHO~. HHKSKHX npeAnHcaHHH OTHOCHTe!lbHO 3TOH 3aBHCHMOCTH 
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onV~caHHa.A Mo.Qe.nbh/ He .QaeT. Ue.nb HacTO.RlJ.Iero pa3.Qe.na - Bbl41t1C
.nlt1Tb Q2 -3aBJ.1CJ.1MOCTb ai (Q2 ), lt1CXO.Qfl 1113 3BOJ110LI,J.10HHbiX ypaSH€HMI1 
KX,ll. TeM caMbiM 6y.QyT onpe.Qe.neHbl RBHble aHa.nV~Tit14€CKit1e BblpameHVI.R 
.QnR ¢YHKU,111~ pacnpe.Qe.neHH~ s ¢opMe 11.71, npe.QcTasnRO~VIe co6o~ 
npH6.nll1meHHoe peweHV~e 3TVIX ypasHeHVI~. Hap.AAY c 4V1CTO npaKTV1-
4ecKoH u,enecoo6pa~HOCTb~ nony4eHHR peweHV~H pea.nV~aau,HR AaHRoH 
803M0)f(HOCTJ.1 VIMeeT AJl.R HaC Onpe.QeneHHbla::i npVIHLI,I·1nJ.1aJ1bHbla::i J...lHTepeC. 
0Ha MOmeT paCCMaTpVIBaTbCR KaK anpo6au,V~R nonomeHHH MO.Q€J1J.1 C 
T04KM apeHMR KX~-TeopMH so3My~eHHR. ~ymHo OTMeTV~Tb, 4TO 3so
J110U,HOHHble ypaBH€H~R HaK.na.QbiSa~T S€CbMa )f(€CTKJ.1€ orpaHM4€HM.R Ha 
3Ha11HTM4€CKy~ ¢lopMy X -aaBHCHMOCTJ.1 KBapKOBbiX H r11100HHb1X pac
npe.Q€11€HJ.1a::i. H ,qaneKo He ac.RK~R Hanepe.Q aa,qaHHaR x-aaaJ.1CVIMOCTb 
noason.ReT y,qos.neTaopV~TenbHO peWHTb nocTas.neHHyiO BbiWe aa.Qa4y. 

2. nepeH.QeM K peweHJ.110 .QaHHOa::i aaAa4J.1 J.1 Haa::i.QeM npV1611J.1meHHO€ 
peweHII1e 3Bo.ntOU,It10HHbiX ypaaHeHMH KXA. 

PaccMOTpV~M npem.Qe scero nose,qeHV~e ¢YHKU,V1~ pacnpe.Qe.neHV~R 
a npe,qenbHbiX T04Kax x-+ o 111 x . .,. 1. B paMKax KXA V~MeeT MecTo 
yTsepm,qeHV~e/11/ ec1n1 

2 ai fi(x,Q )~aix 
HO /2.1/ 

ar1 i 
To----- =0. 3To yTa€p~.QeHHe cne.QyeT Henocpe.QCTB€HHO 1113 ypasa Q2 
HeHi-1H An. PaccMaTpYtsaeMble HaMJ.1 sblpa>KeHJ.1R 11.71 AilR ¢YHKU,J.1i1 
pacnpe.QeneHJ.1R fi YAosneTBOPRIOT yc.nosHIO 12.11. 

npe.Qe.n x .... 1, T. e. noporoaoe nose.QeHV~e ¢YHKLI,HH pacnpe.Qene
HI-1R, XOpOWO H3y4€H B KX,ll/12( npi-1 Y4€T€ KBapK-rlliOOHHOro CM€WJ.1Ba
HYIR KaK .QllR KBapKOBbiX, TaK 1-1 A!l.R rJ1100HHbiX pacnpeA€11€HJ..1t1 I-1MeeM 
CJ1€.QY~~J.1€ COOTHOW€HHR: 

2 r. (S) 
fi (x.Q ) ~ (1-x)' 

x~l /2.2/ 

/2.3/ 

r~O) - KOHCTaHTbl, V13811€KSeMbl€ 1-13 3KCnepMM€HTS npH Q 2,Q~;, 
s=Jn lnQ2/A2 lnQij/A2 - 3"BO!liOI..IVIOHHSR nepeMeHHaR; cp,4/3 , b=11-2/3nf 

rge 

n r = 4 - 4HC!lO KsapKOBbiX apoMaToB. Bbl6epeM s ¢opMynax I 1 • 7 I 
3aBJ.1CHMOCTb napaMeTpa i OT Q 2 8 81-1A€ 12. 31, T. e. 

16 
r== r 0 + 25- S -

B HaweM cny4ae ;<0 >~r<0 > "'1(0) v s g 
ne4eHo npas~t~JlbHOe noporosoe 

r <OJ . 3THM Bbi60pOM 6yAeT o6ec-
noBeA€HI-1€ HCKOMbiX nplo16J1\.1.meHHbiX pe-
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W€HIIIi.1. Hy>t<HO OTM€TIIITb, 4TO MHOrHe 1113 CYU\€CTBYIOLqiiiX B nt~~TepaTy

pe/ 4,6/ npt~~6m1>t<€HHb1X peWeHIII~ 380IliO~VIOHHbiX ypaBH€HIII~, B TOM 

4111cne 111 xopowo t~~aaecTHa~ napaMeTpV!aa~~~~~ 6ypaca-reMepca, He 

06JlaABIOT npeAniiiCbiBB€MbiM 'KX,Q nOB€A€HIII€M B n'peA€1lbHbiX TOLlKBX 

x4 0,1. 

3. CneAYIOU~IIIi-1 war coCTO\ttT a aaABHIIIIII 

napaMeTpoe ag Itt {3 a Bblpa>«eHIII~X /1.7/. 
Bb16wpaeM npocTei.1wyiO: 

" d,JOpMbl Q -3aBvtCVIMOCT!II 

no SHSilOrvt!ll C /2.3/ Mbl 

/2.4/ 

Hawa ~€Ilb Tenepb COCTOVIT B onpeAeileHvtvt KOHCTBHT T (O) , a i) 
{3 (0) a0) (3(1) Tp" KOHCTaHTbl - ,(0) aiO) {3(0) - MQ-

' g ' • ' g ' 
ryT 6b1Tb onpeAeneHbl nyTeM o6pa6oTKvt 3KcnepvtM,THTanbHbiX ABHHbiX • 

.ll,n~ 3TOrO HSMIII 111Cn011b30BB.m1Cb AaHHbl€ nO ep- lS/ Ill MP /14/-

- pacce~HI-110 npvt ¢HKCIIIpOBBHHOM 3HS4€HYIVI Q2=Qfi--9/r3B/ 2 /p~t~c.l/. 

Hai-1AeHH~e 3HB4€H!IIR napaMeTpOB np!IIB€A€HM 8 Ta6nt~~~e. noACTBBJlR~ 

3HB4eHvtR {3(0), a~> 111 r {0) a Bblpa>t<eHvtR I 1 • 71, no.ny4aeM ¢YHK-

~H!II pacnpeA€11€HIIIR f i (x,Qg ), KOTOpbl€ Tenepb paCCMaTpvtBBIOTCR KSK 

HB4aJ1bHble ycnoa~t~R AilR 3BOiliO~IIIOHHbtX ypaaHeH~t~i-1. 

Ta6mn.~;a 

"'ipaM, T (i) {i) (i) {3(i) •• {3" g 

0 I, 97 0,992 -2,32 -2,32 

I 0,64 0,619 -0,995 5,95 

4. ,[lea OCTBBW!IIXCR napaMeTpa, {3(1) Y1 a{i) , HaXOAIIIM, npt~~6n~~t
>f<€HHO pewaR 3TH ypasHeH~t~R. B TepMHHax MOM€HTOB ¢yHK~t~~H pacnpe

Ae.neHvtR 380IliO~!IIOHHble ypaBHeHHR !IIM€10T BillA /2/ 

<qv(S)>n ~< qv(O)>n e 
-aNS{n)•s 

< L (S)> 
n 

-a (n)•s 
-[a < l(O)> +{3 .<G(O)> ]e -· 

n n n n 

+[(1-a )<l(O)> -{3 
n n n 

-a (n)s 
<G(O)> ]e + 

n 

+ /2.5/ 
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< G(s)> : [ (1-a ) <G(O)> + n n n + 

~(x,s):k(iJ:(x,S)+q.(x,s)):3q (x,s)+8Q (x,s) i I l V S /2.6/ 

npe,QCTaB11R€T co6oH CHHrileTHy/0 KOM6VIHSLP·110 /aHT'-1/KaapKOBbiX ({ii) qi pacnpe,QeneHHH. ~opMynbl ,QrtR K03¢l¢l~t~t..t1.1eHTOB aNs , a±. d
0 , {3 n np\.1B€,Q€Hbl B npJ.1110}1(€HYWI. 

6y,QeM paCCMSTPHBSTb BbiP8>K€HI-1R /1.7/, 38BVICR!ijJ.1€ OT J.1CKOMbiX napaMeTpOB {3(1) , a(J) , KaK CIIICTeMy npo6HbiX $yHKL\!.1H /aH3at..t/ AilR ypaaHeHHH /2.5/. 3Ha~eHJ.1R 3TVIX napaMeTpoa HaH,QeM J.13 ycnoBVIH MJ.1HJ.1MyMa Cile,QYIO~ero KBS,QPdTJ.14HOrO ¢lYHKL\J.10HSJ1a: 

2 3 
)( [ f]: k k 

i=l na2 
/2.7/ 

3,QeCb i "" v, s ,g; <f i >0 coorsercreyer Bbrpa>KeHHRM I 1 • 91 c napa-
MerpaMJ.1, sbr6paHHbiMI-1 a BI1,Qe /2.4/; < f KX.O >

0 
Bbi4J.1C!lRIOTCR cor nacHo ypaSH€HVIRM /2.5/, H84811bHbl€ YC110BVIR ,QilR KOTOPbiX onpe,QeilRIOTCR paseHcrsoM <f i KXA (0) >=-<f. (0)> J.1 Hai1AeHHbrMJ.1 sbrwe J.13 cpasHeHH.R C 31<CnepHMeHTOM 3Hg4eH~RMl1 n napaMeTpOB r (O) , {3 (O) , a ~O) 

/eM. Ta611H4Y/; gn(s) - secosa.A $yH1<4H.A, KOHTponHpy~~aR pacnpe-,QeneHHe T04HOCTH annpOI<Cl1Ma4Hl1 fiKXA ¢YHI<4l1RMH fi B HH-Tepsane ycpe,qHeHHR. B KOHKPeTHbiX Bb1YHC11eHH.AX Mbl nonbsosanHcb <1JYHK~Hee1 gn(S)=0(20-n), 05p~BaJO~ee1 PRA B /2.7/ Ha 20-M MOMeHTe. BKna,q ocTaT04Horo 411eHa Man, TaK KaK noporosoe nose,qe
HHe (x -.t) ¢yH1<4Hi1 f i, sa,qaHHoe HaM!-1 Bblwe HCXOAR H3 KX,ll (r< 1)= ~), o5ecne4HBaeT cornacyJO~yJOcR c ypaeHeHHRMH /2.5/ aeo
JU04HIO Bb!CWHX MOMeHTOB • 

YCI1081-1.A MHHHMYMa $yHKLP,10Hana X 2 npf..1B0ART I< Ci-1CTeMe .QBYX 
ypaaHeHHt1 OTHOCHTeilbHO HeJ.13BeCTHbiX napaMeTpOB (30) J.1 a<g~) • 
CHcTeMa HMeeT cno~HYIO $opMy "' pewanacb 4HCneHHO Ha 38M. Ha~
AeHHbre TaK¥1M o6paaoM 3Ha4eHHR napaMeTpos np!-1Be,QeHbl a Ta611J.14e. 

Mbl nony4VlJH.1 ,qocTaT04HO BbiCOKYIO T04HOCTb aocnpOV13BeAeHHR 
KX,ll-asonm.tHt-1 no Q2 AJl.A scex 20 MoMeHTOa 4>YHKLtf..1~ pacnpe,QeneHHR BaileHTHbiX H MOPCI<VlX I<Bapi<OB. MOHOTOHHO B03pacTa.A C yseJ1M4eHI-1eM 
Q2 ,norpewHOCTb cocTasnReT 1-2% npVl Q2

-1-2x10
3

raB
2

• To4HOCTb 
BOCnpQH3Be,QeHf..1.A 3B011~4Vlf..1 Hf..13WHX riliOOHHbiX MOMeHTOB Ol<a3anaCb 
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xyme, "' OTKilOHe~HR OT npe,Qct<a3biBaeMoro KXJl noee,QeHV1R AOCTHra

nH 15-20% npH Q -l-ZxlQ3f382. 

6 • Kat<OBbl nplo141o1Hbl 3TV1X paCXO)f{,QeHio1~, CTOilb KOHTpaCTV1py10-

~V1X C BbiCOKOH T04HOCTbiO annpOKCHMa4HH COOTBeTCTBYIO~HX KBapKQ

BbiX MOMeHTOS? (aeCTH HX, KaK HaM Ka~eTCR, MO)f{HQ K C!le,QyiO~HM 

ABYM. 

Bo-nepebiX, Bbl6op aaTpaeo4HbiX pacnpe,Qe!leHV1H /1.5/-/1.6/ MOr 

6b1Tb He BnOilHe a,Qet<BaTHbiM npHpO,Qe Me,QJleHHO~ (X~ 0) KBapt<

riliOOHHOC1 KOMilOHeHTbl HYKilOHa. HanOMHHM, 4TO B HaWeM nO,QXO,Qe 

3aTpaB04Hble pacnpe,Qe!leHHR nOilHOCTbiO onpe,QeilRIOT OKOH4aTe!lbHble 

Bblpa)f(eHHR ,QilR ¢lyHK4HH pacnpe,Qe.neHHR KBapKOB H rmoot-iOB B HyK

IlOHe. B paccMaTpHeaeMoM cny4ae 3To $OPMYilb1 /1.7/. 
Bo-eTOPbiX, npe,QnonOJ+<eHHR o -HYKilOHHoH CTPYKType, aano)!(eH

Hble np1o1 KOHCTPyHpoeaHHV1 3KCTpanonHPYIO~Hx onepaTopos A(i), eoa

MomHo, JlHWb SeCbMa npH6JlH)f{eHHO OTpa)f{aiOT pea!lbHYIO 0H31o14eCKYID 

Clo1TYa4HIO. 0HH MOryT He BOCOPOH3BO,QHTb TeX cne~H¢1o14eCKV1X 4epT 

Q 2 -3BOJ110U.I-11-1 BHYTPHHYKilOHHbiX pacnpe,Qe!leHHH, KOTOpble npHCY~H 
KX,ll. Mbl He 6y,QeM t<acaTbCR nepsoH eoaMO>KHOH npH4-V1Hbl, a npoaHa-

11Y131-1pyeM BTOPYIO. 

Ee eepoRTHbiM cne.QCTB!IleM RBilReTCR cna6qe HapyweH\.1e Het<oTo

PbiX COOTHOWeHY1i1, npe,QCKa3biBaeMbiX MO,QeJlbiO/? /, Nbl npe,QOOilO>K\.1M, 

4TO 3TO HapyweHHe MHHHManbHO, nycTb {3 (s) = {3 q (s) /o {3 g (S) 
npH S> Q, HO {3(Q)~flq(0)=/3g(0). ·T.e. B OTnH4He OT $OpMyn /2,4/ 
6y,QeM lo1MeTb 

{3 (s) = fl(O) + {3(1) s; 
q q 

" - ,_,(0) ,_,(1) . 
/Jg - fJ + I-' g • s 0 • /2.8/ 

Tat<lo1M nyTeM Mbl BBO,QioolM O,QioolH ,QOOOJ1HI-1TeilbHbiC1 napaMeTp - /3~1) · 3To

ro OKa3aJ10Cb ,QOCTaT04HO, 4T06bl peilli-1TeJ1bHbiM o6pa30M YI1Y4WI-1Tb 

T04HOCTb annpot<CI-1MaU.\.1W KX~-3B01110U.HH rniOOHHbiX MOMeHToe. C y4e

TOM Hosoro napaMeTpa {3 ~l) MHHt-1MH3-HpyeM ¢YHKLIHOHan x 2 , pewaR 

4HCileHHO COOTBeTCTByiO~He ypaeHeHI-1R ADR YCilOBHR MHHHMyMa. 

AHa11H3 not<aaan, 4TO e ,QaHHOM cny4ae $yHKU.I-1H /1.7/ O.QHHaKoeo 

xopowo annpot<CHMHPYIOT KX,ll-eeoniOU.HIO KaK KeapKOBbiX, Tat< "' rn~oH
HbiX MOMeHTOB. Xapat<TepHble· OTKilOHeHHR 3,QeCb COCTaBJlRIOT 1-2% npH 

Q 2 "" 1-2x 1 0 3 
r38 2 , KaK 3TO I-1MeilO MeCTO 8 cny'4ae {3 q .. -(3 g 

TOilbKO ,QnR KBapt<OBbiX MOMeHTOB. 3Ha4eHYIR Haaii,QeHHbiX napaMeTpOB 

Mbl npHBOAHM 8 Ta6nHu.e. 3TI-1MH napaMeTpaMH Onpe,QeJl~eTCR HCKOMOe 

npi-16IlHmeHHoe peweHHe. 

7. npeACTaBJlReTCR none3HbiM cpaBHI-1Tb Hai:1,QeHHOe HaMH npH6JlH

>KeHHOe peweHHe c 41-1cneHHbiM peweHHeM ypasHeHHH An/ t/. 3To no-

3BOnHT H81-160nee nOilHO npOKOHTPOllHPOBaTb T04HOCTb annpOKCHMa

U.HI-1 Q 2 -3eOiliOU.HH, npeAct<a3biBaeMoi:1 KXJl HenocpeACTBeHHO ADR 

¢YHK4HtiJ pacnpeAeJleHHR npH pa3J1H4HbiX 3Ha4eHHRX nepeMeHHOi:1 X. 

Tat<oe cpaeHeHHe cy~eCTBeHHO AOnonHReT npoAenaHH~H Bblwe aHanH3 
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MOM€HTOB ¢YHKL.11-1i:1 pacnpe,Q€J1€HVI.R • 4~t~CJ1€HHbl€ peWeHH.R 6btJ11-1 nOilY4e
Hbl H8MVI c nOMOll\biO 38M. nyTeM I-1Tepa~l-1ltl ypaBH€Hitl~ An onpe,Qem'f
m1Cb 3H84€Hltlfl KBSpKOBbiX 1-1 rJ1100HHbiX ¢YHKLV•Il4 pacnpe.QelleHit!.R B 
AHCKpeTHOM Ha6ope To4eK (xi., Qf ). B Ka4ecTae Ha4anb.Hbtx ycno-
s~t~H npl-1 Q

2
= Q~ = 9 r382 (S=0) 6btlll-1 npl4HF1Tbl ~btpa>KeHHFI /1.7/ C na

paMeTpaMvt r(O) ·, d~) , [3< 0 ), npi-1Be.QeHHbtM14 s Ta6m·1l..je. CpaeHeHI-1~ 
'-H1CJ1eHHoro peweHJ.1.R ypaeHeHI-1i1 An c HaH.QeHHbtMVI HaMI-1 npH6m-t}f{eH
HbiM~ peweH~~M~ /1.7/, /2.4/, /2.8/ /napaMeTpbl , (O) , a~) , 
{3 (O) , /3~ ~~ CM. B Ta6JU11..1€/ noKS3btBaeT, 4TO 1-lX QTHOCV!Te!lb
Hbte OTKJ10H€HHR MOHOTOHHO paCTYT C yBeJU14€Hiti€M Q2 1-1 np~-1 Q 2

-
-1-2x1Q 3

r38 2 COCTSB!lf:IIOT 3-4% B !t!HTepeane 0,1~ X :;;.0,9. norpew-
HOCH1 803paCTSJOT C POCTOM Q 2 1t1 Bb'tXOAOM 3a 06JlaCTb yKa3aHHbtX 
3Ha48HI-1~ X • 

8. B Ka4eCTBe npaKT~4ecKoro np1-1no~eH~R nony4eHHoro HaMI-l npl-1-
6nH~eHHoro peweH~R Mbl paCC4HTaJll-1 CTPYKTypHbte ¢YHK~I-'IH F 2 1-1 · xF 3 
AilR rny6oKoHeynpyroro ~enToH-HYKilOHHoro pacceRHI-lR. AnR cpas
HeHtrtR Ha pl-lc • .l.-2 Mbl np~r~eo~~M peayJlbTaT}'! tjaw~r~,x pac4eTOB 1-1 AaH
Hble SLAC(ep f 13/_, FNAL (~ p) 1~ , CDHS(vpj 151 -3KCnep~MeHTOB. ~3 
PHCYHKOB BHAHO XOpowee COrJlaCHe T80peTH48CKHX KPHB~X C yKa3aH
Hb!Mio1 3KcnepHMeHTaJlbHbtMtrt AaHHbtMH. Pac1..1eTbt BblnonHeHbt np~ 1\ = 
= 0,5 r30 /CM, $OpMyn~ /2.3//. 

9. 06CYAHM He KacaiOil.\trli7tCR yKa3aHHblX npi4I10~8HY!H npYJH~HnYiaJlbHbiH 
son poe. 

a z a= 9 r,.a 

.48 

0 

10 

PHc. I . CpaBHeime TeopeTHt.tecKo:H KPH

so:H C 3KCII8pHM8HTaJibHbiMH ,JJ;aHHbiMH 
rrpH Q 2 ""Q~.: 9 rsB21l3,14/ rrocrre Ha

XOJK,ll;eHHR OIITHMaJibHbJX 3Ha'ieHHft napa
MeTpOB r (O) a~) , {3(0) I eM. Ta5-

JUUJ,y/ • 

.5 1. 
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HapyweH~e COOTHOWeH~~ /1 .8/ np~BOA~T K HapyweH~~ ycnOB~R 

. :l: < f i (s)>
2 

" !, 
t::v,g,s 

/2.9/ 

e~pama~~ero paeeHcTeo cyMMapHoro npOAOnbHoro ~Mny~bca, nepe

HOC~Moro COCTaen~~~~MW HYKJ10Ha npOAOJ1bHOMY ~MnynbCy caMOrO 

HyKnoHa. B 3TOM cny1.1ae Mbl nony1..1aeM 

1-(3<f v(S)>2 + 8< r ,(s)>2 + < rg (s)>2 )- K(s)~ 0 .. /2.10/ 

Kom-t'-leCTBeHHO 3!$J!$JeKT HapyweH~~t~ HeBeiU1K (K ~ 0,1) lo1 WMeeT CKOpee 

np~t~Hl.l~n~~tanbHOe, 1..1eM npa+<nt4ecKoe 3Ha4eH~~te. nonbiTaeMc~ see )!(€ 

BOCCTSHOBWTb YCJ10811te /2.9/. 3TO MO~HO CAeJlSTb, npWnlltCSB HeAO

CTa~UlYIO ~PSKI..II-110 npOAOJlbHOrO WMnynbca HYKJ10Ha K(s) HeKOTOpOH 

C'1HrYJ1flpHOH B X = 0 KOMnOHeHTe rlliOOHHOrO pacnpeAe.fleHHft 

. C"Hr. o(x) 
t g (x,s)"K(s)-

x 
/2. 11 I 

Mb1 WHTepnpeTwpyeM 3TY KOMnOHeHTY KSK rmOOHHbiH 6oae-KOHAeHCST 

a HYKJ10He. 3AeCb yMeCTHD HanoMH~t~Tb, 4TO s KX.ll BblpameH~~te /2.11/ 
J'l81lft€TCft npeAellbHOH $OpMOH KSapKOBbiX &.1 rllKlOHHbiX pacnpeAeJ1eHio1Vi 

np~t~ Q2 ..., oo " 8BI-1AY 3TOrO B03MO>XHOCTb npiiiCYTCTBIIIfl Cl1Hrym=tpHOVi 

r:.mOOHHO~I KOMnOHeHTbl yKS3SHHOrO Bill AS np~ KOHe4HbiX Q 2 npeACTaB

nReTC~, HS HSW B3r11~A, B€CbMa ecTeCTBeHHOVi. 8 3TOM CJ1y4ae non
HOe r~IOOHHOe pacnpeAeneHwe 

-1. ( l . o(x) 
g x,s "I (x, S)+ K(s) ---

g X 

CKJlaAbiBaeTCR 113 rllSAKOVi KOMnOHeHTbl, 

/1 .7/,H C"Hryn~pHoA f~HHr. /2.11/. 
aynbTaTos npoeeAeHHoro Bblwe aHan1-1aa 

/2. 12/ 

/2.13/ 

on~CbiBSeMoH B~PS*eHWRMM 

He MeH~~ s c"ny /2.13/ pe
ypaeHeHl1i1 Aflit· M.OMeHTOB 

1-1 ·nO.[!Y4€HHbiX OTCIOAS npaKTI-14eCKHX CJleACTB~~tVi·, nepeonpeAei1eHHe 

f g--> f g BOCCTSHaBil~BaeT paeeHCTBO /2.9/ ~ 

10. MoY.<Ho 11111 Ha onbiTe o6-Hapy>tunb KOMnoHeHTY r:ntoDHHoro pacnpe-

AeneHIA.A, CIAHry11FIPHYIO 8 TOI.lKe X ::.:: 0? C Hawei1 T04KW 3P€HHR, 

HaH6onee npRMbiM yKaaaH~-teM Ha ee Ha.m14-He 6blnO 6bl o6"apymeH>te 

OTKJlOHeHHR OT paseHCTBa 8 CfK>pMyJle /2.9/ ,Q.nR B'TOPblx. 'M¢lo1e·HTOB 

¢YHKI..IIA~ pacnpeAe.neH~t~R. HenocpeACTB€:HHaR pen..,cTp.Su,11-R cwHrynr~:p~ 
HOVi B T04Ke X= 0 KOMnOHeHTbl, 1->!!IH, B Hawe}1 IJIHT.e.ptlpe·Tat.t~o:tt-t, rifiO.bH
HOrO KOHAeHCaTa 8 HYK.nOHe, 3KCnep·ltiMeHTY B COB~€HBOi1 nb,CTa

HOBK€' H€AOCTynHa. Cytl.\eCTBYIOUI.IIIe 8 Ha.CTOR~ee s:per.ffi AiiHHbl€ IIIM.€fGT 

6onb~~Ae ow~6KH, oco6eHHO Ailfl riliOOHHoro MOMeHTa <fg>
2

. 0Hw AO-

II 
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nyCKa~T B03MOmHOCTb np~CYTCTB~~ rn~OHHOrO KOHAeHCaTa, HO ~e 

Bbt~en~~T era. 4To6bt O,QH03Ha4HO pew~t~Tb eon poe, coAepmaT n~ 

rn~OHHbte pacnpe,QeJleH~~ HYKJlOHa TaKyll1, HeCKOJlbKO HeOfibi4HY~, 

C~HrynRpHyiO np~MeCb, HymHbt HOBble, 6onee T04Hbte ~3MepeHHfl MO-

MeHTOB <fg >2 Itt < f s,v >
2

• 

3AKnf14EH~E 

B pa6oTe no.ny4eHo Hoeoe np~tt6n~ttmeHHoe peweH~tte 3BOni04HOHHbtX 

ypaBHeHI-1~ KBaHTOBO~ XpOMO,QHHaMHKI-1. naHa ero ~BHaR aHaJ1HTIII-

4eCKa~ $OpMa, BbtTeKaJO~a~ 1113 KBapK-rJliOOHHO~ MOA€Jlt.1 HYKilOHa /7/, 

HapR.QY c xopowe~ T04HOCTbto annpoKCt.1Ma4HH BHYTPH ~ttHTepeana 

lti3MeHeHHR nepeMeHHO~ x E-( O.t) Ha~,QeHHOe peweHHe oOnaAaeT Kop

PeKTHbtM KXn noae,QeH~tteM a npe,QenbHbtx T04Kax x .... o ,1. :noc.ne,QHee 

CBO~CTBO BbtrO,QHO 0TJ1H4S€T 3TO pe~eH~tte OT 60I1bWHHCTBa napaMeT

PH3a4H~, HMeiO~IIIXCR 8 IlHTepaType/4/. no HaWeMy MHeHitiiO, AaHHOe 

CBO~CTBO fiBilReTCR BeCbM,a BamHbiM He TOJlbKO C npHH4HOHa.nbHO~, 

HO Itt C npaKTH4eCKO~ TO~KH 3peHH~. 

~Mefl ~BHbl~ BIII,Q KBapKOBbiX Ill r.niOOHHbiX pacnpe,Qe.neHI-1~, MOmHO 

nerKo pacc4~t~TaTb 3¢¢leKTbt KXn-HapyweH~t~Ft cKe~nHHra e 6o.nbWI-1HCT

ee HHKI11031-1BHbtX npo4eccoe. np~tt 3TOM ,QOCT~~traeTcFt secbMa xopowafl 

TOl.lHOCTb Yl.leTa yKa3aHHbiX 3¢l¢eKTOB. nosbtWeHHfl TOLIHOCTH MOmHO 

,QOfiHTbCfl nyTeM yc.nOmHeHIIIR BH,Qa S-3aBHCHMOCTI4 napaMeTpOB MO

,Q€!1111 r, ag. /3 · · 3ToMy me cnoco6'cTeoea.riO 6bt "' 6onee ,QeTanbHOe 

l-13y'-leHHe eonpoca o6 a,QeKeaTHOM Bbt6ope 3aTpaB04HbiX pacnpe,Qe.ne

""" I, /eM. /1.1/-/1.5//. 
BecbMa o4eBIII,QHO~, Ha Haw ear.nR,Q, npe,QcTae.nrteTcfl eoaMomHOCTb 

BbtXo,Qa a a paMKH r.naeHoro .noraptt~cbMIII'-IecKoro np~tt6.nlllmeHIIIR. KoHK

PeTHbte peaynbTaTbt no 3TOMY eonpocy Mbt npe,QnonaraeM ony6.ntt~'KO

BaTb B O,QHOH 1-13 noc.ne,QyJO~IIIX 3aMeTOK. 

Pea.n~tt3a4~tt~ Kxn-3ao.nto4HH ffiYHK4H~ pacnpe,Qe.neHIIIR a paMKax 

Hawe~ MO,Qe.n~t~/ 7/npvtBO,QVIT K ,Q~nOilHHTeilbHbiM B03MOmHOCTRM no cpaa

HeHHII1 C COOTBeTCTByiO~HMH ~apaMeTp~3a41-1fiMI-1, He Hecy~HMH miii3H-

4eCKO~ CMbtc.noao~ Harpy3KIII/ 4 -6/. B 4aCTHOCTH, Hal!a!lbHble ycno-
B\IIfl 3BOI110LH10HHbiX ypaeHeHH~ npH06peTaiOT €CT€CTB€HHYIO $1113111\.le

CKYIO 1-iHTepnpeTaU,IIIIO H CY1CTeMaTH'-I€CKIII Bbt414CJ1RIOTCR B ,QSHHO~ MO

,Qe.nlll. KpoMe Tore, MOmHO C¢0pMy.n~ttpOBSTb TeXH\IIKY pacl!eTa MHOro-

4aCT\III.lHbiX $YHK4111~ pacnpeAe.neHIIIfl H KoppenR4HOHHbiX $YHK4lo1~. He

o6xoAIIIMOCTb 8 TaKoro POAa senH'-l\IIHax 803poc.na 8 nocneAHee apeMR 

B CB~3111 C pa38HTIII€M peKOM614Ha4140HH0~ MO,Qenl-1 VIHKJ11031118HOrO pom

meHIIIR 6btCTpb1X M€30HOB B a,QpQH-SAPOHHbiX CTOnKH08eHIIIRX/t6/. 

6 3aKJ1104€Hlo1€ KOCHeMCFI BOnpoca 0 8B€A€HHO~ HaMill /CM. §2, 

n.9/ KOMnOHeHT€ rJltoOHHOrO pacnpe,Q€I1€HIIIR, CIIIHry.nRpHO~ 8 TO\.lK€ 

X = 0. HaMill OHa IIIHTepnpeTHPOBanaCb, Kat< r.niOOHHbl~ 6o3e-KOHA€HCaT 

8 HYKI10He. HX~HO OTMeTIIITb, 4TO ee BBe,QeHHe RB.n~eTC~ He3aB\.1CIII-
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MO~ OT MO,Q€11~/7 / r~nOT€30~. Ha Haw 83rnR,Q, 3TO ~HTepecHaR 
T€0p€TH4€CKa.R B03MOmHOCTb, KOTOpaR no3BOJ1R€T, 8 4aCTHOCT~, 
npi1B€CTI1 8 C00TB€TCTB'-1€ npe,QnOJ10iH€H~R MO,Qem-1 0 KBapK-rniOOHHOi1 
cTPYKType HyKnoHa c 3B01110U,HOHHbiMI1 ypasHeHI1HMI1 KX,(l-Teopl111 eoa
MY~eHI1R. 8np04eM, CI1Hry11HpHa.R KOMnoHeHTa BH,Qa h(X)/X B€CbMa 
ecTecTseHHa c T04KH 3peHH.R KX,(l-Teopw~ eoaMy~eHI1R 11 RsnReTCR 
npe,Q€11bHO~ ctJOpMolli KBapKOBbiX ~ rJliOOHHbiX pacnpe,Q€11€H~IIi npvt Q 2 _ _,.,._, 
HaMH yKa3aHo Ha B03MOmHOCTb 3KcnepHM€HTa11bHOro o6Hapy~eHI1R 
01HrynRpHoro noee,QeHlt1R e T04Ke x = 0 rniOOHHOro pacnpe,Qe11eHlt1.R 
B HYKJ10H€. 

AeTopbl nplt1HOCRT 6naroAapHOCTb B.5e.QHRKOBY aa noMO~b e npo
se,QeHl-111 4lt1CJ1€HHbiX paC4eTOB. 

nP~nOI'(EH~E 

nplt1B€,Q€M Bblpa>t<€HI1.R ,QJ1.R p€HOpMrpynnOBbiX K03$$l-1U,lt1€HTOB, Bxo
,Q.RlltHX 8 3BOJ11'JU,lt10HHb1€ ypaBH€HHR /2.5/. 8 nepBOM nOp.R,QK€ no KOH
CTaHT€ KBapK-rJ1100HHOrO B3aY!MO,Qei1CTBH.R a 8 OHI-1 Y!M€10T CJ1€.QYIOll.\lt1(1 BHA IZI: 

y. (n) 
a, (n): -'---- : 

811a b s 
b: - 1 -(11- ..?..n ); 

16rr2 3 r 

F as 2 n YN 5(n): Y F(n) ·-2 - C2 (R)[ 1- -----, 4 :l; (1/ j)]: F " n(n+l) j,_ 2 

/1/ 

/2/ 

Y v (n) = _r:,_~ vv- 211 
IC G)[ 1 4 4 n 2( 3----------+4:l:(l/j)]+.i.T(R)I: n (n-1) (n + 1 )(n+2) j:2 3 

131 2 
Y:v(n):- z"'- . .itll._+n._:t3) _____ T(R): 

rr n(n+1)(n+2) 

V () "s 2tn 2~n+2> y n : _, -- -=·-·----::!.- C (R)· FF 2rr n(n 2_1) 2 ' 

T(R)= -'-n · 2 r , 
n f - KOfli14€CTBO KBapKOBb1X apoMaTOB. 

/4/ 

!51 

/6/ 

171 
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