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88E,[IEHI1E 

HecMoTpR Ha ene4aTnR~~~e ycnex~ KBaHTOBOH xpoMOA~HaM~K~ /KX,[I/ 
B 06bRCHeH~~ CTPYKTYP~ ~ CBOHCTB aAPOHOB, ee npeACKa3aH~R COAep
maT noKa e~e 3Ha4~TenbH~H npo~aeon. 8 4aCTHOCT~, AnR rny6oKo
Heynpyr~x npo~eccoe KX,[I ycTaHaen~eaeT norap~¢M~4eCK~H aaKoH Q2-
3eon~~~~ CTPYKTYPHbiX ¢YHK~~H .F(x,Q2) B B~Ae ~HTerpOA~¢¢epeH~~anb
H~X ypaeHeH~H, Ha4anbH~e ycnoB~R KOTOP~X- F(x,Q~) - OCTa~TCR 
He~3BeCTH~M~. 

noA06Hble HeonpeAeneHHOCT~ OTpa>Ka~T caMble 061:1~e 3aTPYAHeH~R 

coepeMeHHOH Teop~~ nonR, npo~cTeKa~~~e ~a-aa oTcyTCTB~R nocne
ADBaTenbHoro peweH~R npo6neM~ C~nbHOH CBR3~ ~ CBR3aHH~X COCTOR
H~H. 3To o6ycnoen~eaeT aKTyanbHOCTb nocTpoeH~R MOAeneH, corna
cy~~~XCR c ocHOBHbiM~ nono>KeH~RM~ KX.~ ~ noaeonRIO~~x nonHOCTb~ 

~n~ 4aCT~4HO yCTpaH~Tb HeonpeAeneHHOCT~ B TeX ~n~ ~H~X npeACKa-
3aH~RX TeOp~~. 

8 /l,2/ HaM~ npeAnO>KeHa CTaT~CT~4eCKaR napTOHHaR MOAenb C peA
>KeBCKOH ac~MnToT~KOH /CnP I, on~CbiBa~~aR KeapKoe~e ~ r n~OHHble 
pacnpeAeneH~R e aApOHe np~ ¢~Kc~poeaHHOM 3Ha4eH~~ Q2=Q3. 3a ee 
ocHoey np~HRT~ HeKoTop~e nono>KeH~R KX,[I, CTaT~CT~4eCKOH ~exaH~K~ 

~ peA>KeBCKOH Teop~~. 8~4~CneHH~e Ha OCHOBe CnP CTPYKTypH~e 
¢YHK~~~ F~.Q~) MoryT 6~Tb ~cnonbaoeaH~ e Ka4eCTee Ha4anbH~x 
ycnoe~~ AnR peweH~R ynoM~Haew~xcR e~we 3eon~~~OHH~x ypaeHeH~~-

8 peaynbTaTe 3Ha4~TenbHO cH~>KaeTCR npo~aeon e npeAcKa3aH~Rx KX,[I 
AnR cTpyKTypH~x ¢YHK~~~ F(x,Q2),4TO noasonReT np~AaTb ~M KoH
KpeTHY~ KOn~4eCTBeHHY~ ¢opMy, AOnycKaiO~y~ cpaeHeH~e C 3KCnep~
MeHTOM ~ ~3y4eH~e 3Kcnep~MeHTanbHoro cTaTyca KX,[I. 

B paMKax napTOHHOH MOAen~ CTPYKTYPH~e ¢YHK~~~ ~HKn~3~BH~x 
npo~eccos pacceRH~R F(x, Q2) CBR3aHbl c OAH04acT~4HbiM~ ¢YHK~~RM~ 
pacnpeAeneH~R /¢P/ KsapKoe ra

1
rniOOHOB B aApoHax. 3To nono>KeH~e 

HaAP>KHo noATBepmAeHo s KX,[I . EcTeCTBeHHbiM paas~T~eM napTOHHbiX 
npeACTasneH~~ RBnReTCR paCCMOTpeH~e MynbT~napTOHH~X ¢YHK~~H 

pacnpeAeneH~R /Mn¢P/ ~ ¢~3~4ecK~x npo~eccoe, ce4eH~R KOTOPbiX 
C H~M~ CBR3aH~. K TaKOB~M MO~HO OTHeCT~ nony~HKn~3~BH~e npo~ec
Cbl, KOrAa B KOHe4HOM COCTORH~~ peaK~~~ per~CTp~py~TCR OA~H ~n~ 
HecKonbKO aAPOHOB, Hanp~Mep p + p ... rr + X, p + p ... p + rr + x ~ T ·A. 

K CO>KaneH~~. npRMOH nepeXOA K TpaA~~~OHHOMY napTOHHOMY on~
caH~~ 3T~x npo~eccoe npo6neMaT~4eH ~ e Ka~AOM KOHKpeTHOM cny4ae 
Tpe6yeT csoero o6ocHosaH~R. HecMOTPR Ha 3To sepoRTHOCT~~H nap
TOHHbiH nepexoA K on~caH~~ nony~HKn~3~BHbiX npo~eccoe nony4~n w~
poKoe pacnpocTpaHeH~e 141 . Ha ero ocHoee YAanocb on~caTb 3Ha4~
TenbHoe Kon~4eCTBO 3Kcnep~MeHTanbHbiX AaHH~x ~~CA~f:laTb PRA ycnew-
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HbiX npeACI<a3aHII111. Me>KAY TeM B CTOpOHe OCTaBai1111Cb aonpOCbl nOCTpoe
HII1R KoppeKTHbiX $eHoMeHonorll14eCK111X cxeM Bbi4111CileH111H Mn$P. 3Ta 3a
Aa4a BCTpe4aeTCH C onpeAeileHHbiMII1 TPYAHOCTHMII1, OAHa 1113 H111X -

111H$paKpaCHble paCXOA111MOCTII1, o6yCilOBileHHble 11 MHrK111MII1 11 napTOHaMII1. 

B HacToH~el1 pa6oTe pa3BII1aaeTCH noAXOA K Bb14111CileHII1~ MYilbTII1-
napTOHHbiX $yHK~11111 pacnpeAeneHII1H B paMKax cnP-MOAei1111. Ha1116onee 

YAOOeH AilH 3TII1X ~enel1 $opMai11113M npoii13BOAH~111X $yHK~111oHanoa. B ero 
paMKax YAaeTcH eAII1HbiM o6pa3oM 111CKI1~4111Tb 1113 Mn<!>P 111H<!>paKpacHble 
paCXOAII1MOCTII1 111 Y4eCTb KOM6111HaTOpHble <!>aKTOpbl, OTBe4a~~ll1e TO>K

AeCTBeHHbiM 4aCTII1~aM. nony4eHHble pe3yilbTaTbl C<!>OPMYI1111POBaHbl B B111Ae 
npocTbiX rpa<!>ll14eCKII1X npaa111n Bbi4111CileHII1H n~6blx Mn<!>P. 3ToMy Kpyry 
BOnpocoa nOCBH~eH pa3Aeil 1 . Bo BTOPOM pa3Aeile paCCMOTpeHbl HeKo
TOpble KOHKpeTHble npii1Mepbl. 

1. nPOH3BOARmH~ <l>YHKUHOHAn H MYnbTHnAPTOHHbiE PACnPEAEnEHHR 
B AAPOHE 

H3I10>KII1M OCHOBHble nOilO>KeHII1H CTaTII1CT1114eCKOI1 napTOHHO~ MOAei1111 
C peA>KeBCKOI1 aCII1MnTOTII1KO~ 11 • 2/ 111 nOilY4111M B ee paMKaX npOII13-

BOAH~111~ $yHK~111oHan AilH MYilbTII1napTOHHbiX <I>YHK~II111 pacnpeAeneHII1H 
KaapKoa 111 rn~oHoa a aAPOHe A. 

B CnP-MOAei1111 <I>YHK~II1111 pacnpeAeileH111H OnpeAeilH~TCH 111CXOAH 1113 111X 
nOBeAeHII1H B 06IlaCTII1 MailbiX 3Ha4eHII1~ 111MnYilbCHbiX nepeMeHHbiX Xj 
/$paK~11111 npOAOilbHoro 111Mnynbca aAPOHa a IMF/:* 

~i~x1 ,x2 , ... ,XNJ = ·L 1 ~tlx 1 ,x2 , ... ,xN), xk~ LO,ll. /1/ 

" 
3AeCb L 1 - c111cTeMa 3KCTpanonll1py~~ll1x onepaTopoa, f i- f 1 np111 

lx I - 0. 113aTpaao4Hble 11 <I>YHK~111111 1 a MOAenll1 He Bb14111CI1H~TCH 111 AOil>K
Hbl 6b1Tb 3aAaHbl anp1110p111. 06naCTb MailbiX 3Ha4eHII111 Xi o6naAaeT PHAOM 
BbiAeileHHbiX caol1cTa, no3BOI1H~~II1X ycTaHOBII1Tb B111A <I>YHK~11111 ~ B 
4aCTHOCTII1, 3Ta 06IlaCTb xapaKTepll13yeTCH fiOilbWO~ MHO>KeCTBeHHOCTbn 

KBapKOB 111 ril~OHOB, Cila6biM111 KII1HeMaTII14eCKII1M111 KOppeilH~II1HMII1 Me>KAY 

H111MII1. KpoMe Taro, 3TO o6nacTb peA>KeacKoro npeAena Q2 = const, 
v-. oo (x-. 0) CTPYKTYPHbiX <!>YHK~II111, CBH3aHHbiX a IMF c OAH04aCTII14-

HbiMII1 pacnpeAeneH111HMII1. PeA>KeBCK111A aHail1113 CTPYKTYPHbiX <I>YHK~111A 

npii1BOA111T K COOTHOWeH111HM 

-j 
f v (x) = a i ( x) x -a(O) ; 

-i -1 
f 

8 
( x) = b 

1 
(x) x 

-1 
fgCx) = g(x) X , 

rAe a 1 (0) = a 1 ; b), (x) = bj+r (x); 
a i , b j , g > 0 ; a \.!)) - 111HT_~pcenT 
c KOA TpaeKTOPII1111. r;(x) ' f ~ (x) ' 
pacnpeAeneHII1H aaneHTHbiX /aHTII1-/ 

/2/ 

b j (0) = b .l ' j .::; f ; g (0)- = g ; 
Il111A111PY~~ell1 HeCII1HrileTH0111 peA>Kea
~(x) - 3aTpaB04Hble OAH04aCTII14Hble 
KBapKOB, MOPCKII1X /aHTII1-/ KBapKOB 

* Cll1cTeMa oTc4eTa 6ecKoHe4Horo 111Mnynbca aAPOHa (P-. oo). 

2 

" ' 

i-ro Tll1na 111 ril~OHOB COOTBeTCTBeHHO. 3AeCb 111 Aanee Mbl np111HII1MaeM 
CileAY~~y~ HyMepa~ll1~ Tll1nOB KBapKOB 111 aHTII1KBapKOB: i = 1,2,3, .. , 
f; f + 1 , ... , 2f ;; U, d, S, "' ; U, d, S ... , f - 4111CI10 KBapKOBbiX 
apoMaTOB. 

BB111AY MailOCTII1 KII1HeMaTII14eCK111X KOppeilH~II1A np111 MailbiX Xt 113aTpa
B04Hble11 MHOr04aCTII14Hble $yHK~111111 pacnpeAeileHII1H MO>KHO 3anii1CaTb 

B B111Ae 

-N ) 
f ( X 1' X2 ' • .. ' X N 

N -
!_ n f (xi). 

N 1 i = 1 
/3/ 

npHMaH 3KCTpanOilH~111H COOTHOWeHII1A /2/ 111 /3/ B 111HTepaan 

0 _:S Xi $ 1 HeAOnyCTII1Ma, TaK KaK np111 3TOM He Y4111Tb1Ba~TCH YC111IleHII1e 
K111HeMaTII14eCKII1X KOppeilH~II1A 111 cne~ll1$1114eCKII1e CBOACTBa CTPYKTypbl aA
poHOB. 6onee TOro, npHMaH 3KCTpanOilH~111H MaTeMaTII14eCK111 HeKop
peKTHa. 

nocTp0111M CII1CTeMy HeTpii1BII1ailbHbiX 3KCTpanOil111PY~~II1X onepaTOPOB 

L1 , pea111113y~~111x HeKoTopoe 4aCTHOe peweHII1e 3aAa4111 /1/ c y4eToM 
Tpe6oaaHII1A, HaKilaAbiBaeMbiX KBapK-ril~OHHOA CTPYKTypoA aAPOHOB Ha 
noBeAeHII1e <!>P np111 0 <X t< 1. npii1MeM 3a OCHOBY CTaHAaPTHY~ napToH
HY~ KapTII1Hy, cornacHo KOTopo~ a IMF aAPOH npeACTaanHeTCH a BII1Ae 
$111KCII1pOBaHHOrO Ha6opa BaileHTHbiX /aHT111-/KBapKOB, OnpeAeilH~~111X ero 
KBaHTOBble 4111Cila, 111 MOPH KBapK- aHTII1KBapKOBbiX nap 111 ril~OHOB. 

Mope HBilHeTCH CII1CTeMol1 C He<!>II1KC111pOBaHHbiM 4111CI10M CTeneHeA CB060Abl 

111 06IlaAaeT KBaHTOBbiMII1 4111CilaM111 BaKyyMa. 
nocTpOII1M A111<1l<!>epeH~111ailbHY~ aepoRTI-iOCTb N -4aCTII14HO~ KOH<!>II1rypa

~111111 KBapKOB 111 ril~OHOB C unpt:At:IleHHbiMVI ;;!Hd4t::HVIJ1MVI VIMIIYJibLHbl.l\ tte

peMeHHbiX x 1 a aAPOHe A: 

dp A( v s g) dP A( vl vl v2 v2 
N X • X ' X = N Xl '•••• Xrl , X 1 ' ,.,., X r2' '" 

sl s1 si 
... , X 1 ',,,, XPl , ,,,,X 1 

si 
, '"'X Pi ' ... , xf g 

' ••• ,XL 

r r. pi 2 1 1 
- i vi vi 1 -i si si n [ (- II f v (x j ) dx j ) (- n f s ( X j ) dx j ) ] X 

i""l r1! j=l Pt! j=l 

r 1 L - g g 
x n 8P. P (- n r g (x J ) dx J ) x 

i=l I' l+f L! j=l 

X 8(1 
2f r i Pi . L 
l (l xjvl+ l x~ 1 )- l xjg). 

i=l J=l J=l J j=l 

/4/ 

3AeCb 
poH A: 

111HAeKc A- nocneAoaaTeilbHOCTb 4111cen, xapaKTepH3Y~~aH aA-

A = (r 1, r 2 , ... , r r , ... , r 2 r) , /5/ 
r 1 - KOilVI4eCTBO BaileHTHbiX /aHTVI-/KaapKOB i-ro TVIna B 3aAaHHOM 

aAPOHe A /HanpHMep AilH npoToHa A = /2, 1 , 0 • . . 0/ I, Pi VI L - KOilVI-
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4eeTSO MopeKHX /aHTH-/KsapKOS i -ro THna H rn~OHOS S S~AeneHHO~ 
N -4aCTH4HO~ KOH<!>HrypaLIHH. npH4eM 

2f 
~ (r. + p. ) + L = N • 

j == 1 I I 
!61 

npoH3SeAeHHe eHMSOnos KpoHeKKepa Opt.Pi+f OTpa~aeT TOT ¢aKT, 
4TO MOpeKHe KSapKH H aHTHKSapKH i -ro apoMaTa /S npHHRTO~ HyMe
paL.IHH KSapKH THna i H i+f I o6pa3y~TeR napaMH. nonHaR AH¢¢epeH
L.1HanbHaR sepORTHOeTb, Y4HTb!Ba~ll\aR see ADnyeTHMble KOH¢Hrypal.IHH 
s aAPDHe A, onpeAenReTeR paseHeTSOM 

Avsg Avsg 
dP (x , X , X ) = ~ dP N (X , X , X ) '• 

N 
171 

rAe eyMMHposaHHe npOBOAHTeR no seeM HHAeKeaM p1 , ... , pi,"' L, Ka}t(
A~~ H3 KOTOp~X MeHReTeR OT 0 AD •. HopMHPOSaHH~e MHOr04aeTM4H~e 
paenpeAeneHHR MOrYT 6~Tb npeAeTasneH~ S SHAe epeAHHX senH4MH: 

f A If vl I s l g m, k,f vY , Y , l y l) == 

r v s g A --
cPm,k,f ({y l,ly I, ly l)dP (xv, x8

, x g) !8! 

( dP'\x v, x 8
, X g) 

HHAeKebl m,k- noeneAosaTenbHDeTH 4Meen 

m = (m 1 , ... ,m,, ..• , m 9 ,), k= (k 1 , ... ,k,, ... ,~,), /9/ 

onpeAenR~Il\HX KOnH4eeTBO nepeMeHHbiX, 3aKn~4eHHbiX S ¢HrypHble eKo6-
KH: 

I v 1 ( v1 v1 v1 vi vi ) y = y1 , y2 , ••• ,y , ••• ,yl , ••• ,y , .•• 
m 1 mi 

I s 1 ( s1 s1 s 1 si si ) y = yl, y2 , ... ,yk , ... ,yl , ... ,yk , ..... 
1 1 

HHAeKe e onpeAenReT KOnM4eeTSO rn~OHH~X nepeMeHH~x: lygl 
= (y~, y l• .. ,, y t), noAbiHTerpanbHaR ¢yHKL.1HR MMeeT SMA 

c7> m,k, e 0 y v l' I y s l' I y g I' X v' X s , X g ) 

ffij 
2! 
II [ ( ~ II 0 (y:1 

- Xj: ) X 

i == 1 j1<j2< ... <Jm.~ri n==1 
I 

kt 
x( ~ II 

j1<j2< ... Jk.5Pi n= 1 
I 

. . e 
"'(y Sl Sl "' II g g 
u n -XJn ))](. ""' . 8(yn-xin)) • 

J1<j2< ••• <Jf.::; L n= 1 

/10/ 

Onepal.IHR MHTerpHpOSaHHR S ¢opMyne /8~, S eOOTSeTeTSMH C onpeAe
neHHeM /7/, nOHHMaeTeR KaK eyMMa MHTerpanOS no nepeMeHH~M xr , 
4 

2f Xr, X f KpaTHOeTH OT ~ r 1 AD oc. 6onee paL.IHDHanbHbl~ "peL.IenT 11 s~-
1 

4HeneHHR MHOr04aeTH4HbiX paenpeAeneHHi1 ¢opMynHpyeTeR e nOMOIJib~ 

npOH3SOARil\ero ¢YHKL.1HOHana Z (f) : 

Z [ f] = ( dP (x v, X 8 , X g ) , /11 I 

-I 
aasHeRil\ero oT 11 3aTpaso4HbiX11 DAH04aeTH4HbiX paenpeAeneHH~ f • He-
nonb3YR /8/, nony4aeM COOTHOWeHHe 

A v s g 
r m, k, e ({y I , I Y l, I y l) = 

oN z['t] 

fm,k,f (( Y vi, {y *I, ly g l) 

Z[IJ 

X 

8 mlfv(/)lok l~(y 8 )18f(fg(Yg)l 

3Aeeb 

fm, k, e (I y VI' I y s I' I y g l) 

X 

~: [-1- ~~ fi(yvi)-1- ~ift(ysi)i-1- ~ f (yg) _ 
i==l m1 ! t=1 v t k 1 ! p=1 s P fl q==1 g q 

/12/ 

/13/ 

3aTpaS04H~e MHOr04aeTM4H~e paenpeAeneHMR /eM. /j//. MHDrOKpaTH~e 
npOM3SOAH~e no ¢YHKL.1HOHanbH~M apryMeHTaM nOHMMa~TeR S eM~ene 

m - v - 1 v1 - 1 vl - i vi - i vi 
8 lrv<y )I ==ofv(Y 1 ) ... ofv(Ym

1
) ... 8fv(Y1 ) ... 8fv(Ym 1 ) x 

/14/ 

0 -2! v2r 2f v2f 
x ... f v (y 1 ) ... of v ( y m 2f) • 

k - s e - g 
AHanorM4HO onpeAenR~TeR 8 If 5 (y )I , o If g(Y ) I. 

COOTHOWeHMR /12/ HOeRT nOKa <!JOpManbH~~ xapaKTep, TaK KaK 
¢YHKL.IMOHan Z ( TJ COAep~HT HH$paKpaeHble paeXOAHMOeTH, o6yenosneH
H~e HanH4MeM HeMHTerpMpyeM~X oeo6eHHOeTeA npM X == 0 S eneKTpe 
MOpeKMX KSapKOS M rn~OHOS /eM. /2//. noKa~eM, 4TO S eHny yenOSM~ 
HOpMMpOSKM AnR <!>YHKL.IH~ paenpeAeneHMR 3TM paeXOAMMOeTM yeTpaHR~T
eR. npHSeAeM ¢yHKL.1MOHan Z(f] K KOMnaKTHOMY SHAY· anR 3TOrOJ pae
WHPHM o6naeTb HHTerpHpOsaHHR no nepeMeHH~M X~, 3aMeHRR f Ha 

r J 0 
. HanH4He o - <I>YH_t<LIHH aaKoHa eoxpaHeHHR HMnynbea s onpeAene-

~HH <!>YHKL.IHDHana Z[f] /eM. /4/, /7/, /11// rapaHTHpyeT ero HeHa
MeHHoeTb npH TaKOM npeo6pa30SaHHH. 
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npeACTaBnRR 8-¢yHK~~~ ~HTerpanOM ¢ypbe 
+oo 

8(1 - I. x ~~) = L ( dg exp{~(l - I. x t )I, 
ijk "'" -oc> ijk 

/15/ 

pa3Aen~M x-~HTerpMpoeaH~R e ¢opMyne /11/ Ha He3aB~c~M~e ~ e~non
H~M see cyMM~poeaH~R /eM. /7//. B pe3ynbTaTe yKa3aHH~x npeo6pa-
30BaH~A np~XOAMM K ¢opMyne 

A - +oo ig 2f 1 ri 
Z (f) = C ( dg e . !ll (-

1 
Vi (g)] X 

-oo 1- ri. 
/16/ 

r - - -
x k!,l

1 
J0 (2i...; s k(g) sk+ r<O) exp {'G(g) 1 

3AeCb Jo - ¢YHK~~R 6eccenR Hyneeoro nOPRAKa, 

vi (g) fdte-i(g-iO)t(l(t)' 
0 v 

/17/ 

st (g) f dte-i(g- iO)t f\t)' 
0 s 

/18/ 

G(O r dt e - i(g -10) t f (t) • 
0 g 

/19/ 

Aea nocneAH~x ~HTerpana s c~ny cooTHOWeH~A /2/ norap~¢M~4eCK~ 
paCXOARTCR Ha HMmHeM npeAene. 

B~AenRR paCXOA~MOCT~ B RSHOM SMAe, 3an~WeM 

S R(g} = fdt e -l(g-IO)t (f j(t) - ~) + 
J 0 s t /20/ 

+ bj f .M...(e-i(g-iO)t- e-ttA)= Sj(g) + biln-~, 
0 t g - 10 

GR(g) = r dte -l(g-iO) t (fg(t) - +) + 
0 

/21/ 
A A 

+ g ln--- = G(g) + g ln--g- iO g- iO 

npo~3BeAR s/16/3aMeHbl s I ... sr ~ G -> :c R, nony4~M perynRPM30BaHHbiA 
np0~3BOARl!l~A ~YHK~~OHan z;-( f]. nocne 3TOro ¢Opl~anbHble COOTHOWe
H~R /12/ nOH~Ma~TCR 8 npeAenbHOM CMbiCne: 

A IV s g - v 8 g 
rm,k,f(Y l,ly I, ly I)= rm,k,f(ly l,ly l, {y I) x 

sNz~(rJ 
/22/ 

1 
x lim --

A->00 z~ f1 Smlr (y v)IBklf (;_s_)l sf I r (y g) I 
v 8 g 
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I 

HeTPYAHO noKa3aTb, 4To npaBaR 4aCTb 3ToA ¢opMyn~ MMeeT KoHe4H~A 
npeAen. B pe3ynbTaTe np~XOA~M K cneAY~~~M B~pameH~RM AnR KOHe4-
HbiX HopM~posaHHbiX Hn¢P: 

f~,k,f({yv},{y 8 1, {ygl) = fm,k,f(lyvl, {y 8 l, {ygl)x 

N -
1 8 WA[tJ1] 

123/ 

X W A [ f]1 ) 8m ff V (y V )·-~ lJ~k:---{-f-8 (-y-8-) -~8-,f-{ f-g<-y-g)-1 

KoHe4HbiA npo~3BOAR~~A ¢YHK~~oHan ~MeeT B~A 

- +oo iga 2f 1 ri 
w A [ r I a) = r d g e n ( -- v i (g)) X 

-"" 1=1 rt! /24/ 
r -g-b 

x exp{'G(g) + 2 I. s 1 (g) l(g - iO) O(a), 
r t= 1 

rAe b = 2 I. b 1 • 
i= 1 

3aeMC~MOCTb W oT 4~cneHHoro apryMeHTa a eeeAeHa AnR YA06cTsa 
AanbHeAw~x Bb14~cneH~A. RSHO B~AeneHHbiA CTyneH4aTbiA 8(a)-¢aKTOP 
nOA4epK~eaeT samHoe ceoAcTso ¢YHK~~oHana W - o6pal'.\eH~e a 0 np~ 
a< 0. AnR ycTaHoeneH~R 3TOro ceoAcTBa 3aMe!_~M, 4T~ .¢YHK~~!' vi (g), 
s i (g)' G (g) - ~3o6pameH~R Jlannaca ¢>YHK~~A f v

1(x) ' r s1(x) ' f i<x) . 
cooTseTcTeeHHO /eM. /17/-/19//. CTaHAaPTHbiM napaMeTpoM npeo6pa-
3osaH~R cnym~T 8 AnHHOM cny4ae p =ig,Ha OCHOBaH~~ M3SeCTHOA 
TeopeMbl onepa~~OHHoro ~c4~cneH~R oo aHan~T~4HOCT~ ~3oopameH~R 
Jlannaca MOmHO YTBepmAaTb' 4TO ¢YHK~~~ vI (g) ' si (g) ~ G(g) aHan~
T~4Hbl S H~mHeA nonynnOCKOCT~ KOMnneKCHOA nepeMeHHOA g, 

TaK~M o6pa3oM, see oco6ble T04K~ nOAbiHTerpanbHm1 ¢yHK~~~ B /24/ 
pacnonomeHbl s sepxHeA nonynnocKocT~ g ~ HeHynesoA pe3ynbTaT 
SHeWHero g - ~HTerpMposaH~R MOmHO nony4~Tb, 3aMbiKaR KOHTyp ~HTe
rp~pOBaH~R TOnbKO S 3TOA nonynnOCKOCT~, TO eCTb np~ a >0. Hcnonb-
3YR /24/, MOMHO 3Ha4~TenbHO ynpOCT~Tb /23/, SblnOnHRR RSHO see 
~YHK~~oHanbHble A~¢¢>epeH~~posaH~R: 

r!,k,f(lyv },{y 5 \,{ygl)= fm,k,f(lyv},{y 8 !,{yg})x 

WA-rn[~ 1- Y] 
X 

wA(rJll 

rAe 
2f IDj . kj f 

( 
VI Bi '<' g 

y = I. I. yt + I. y. ) + "" YJ • 
1=1 t=1 j=1 l j=l 

HHAeKc A- rn onpeAenReTcR aHanor~4HO /5/ M /9/, To ecTb 

A-m= (r1- m1''"' rl- rnl' ... , r2f-rn2r>· 

/25/ 

/26/ 
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j({91.{Y1{!1'1) = .!__ 
tn.KJ 

Vai,tl<t-Y) 
~(JI1) 

PHc.l. fpa~HqecKoe rrpe~cTaBneHHe MynhTHrrapTOHHOH ~YHK~HH 
pacrrpe~eneHHH B a~poHe A. 

H.=t ~tAr. 1 .~;::n .. u'\ r:-.::.'!'IAUPrWnP "!"P.n.rT::u::l!n.ou•AP !'! -••?CT•A•~u':'•~ ~~~~~~~~~~ 

paenpegeneHHR. CpasHHS ¢opMyny /25/ e pHeyHKOM, nony4aeM npoeTo~ 
"pe1..1enT11 pae4eTa TaKHX ¢YHK1..1H~: 

a/ KaM<gO~ KSapKOSO~ YlnH rniOOHHO~ nYIHHH eonoeTasnReTeR 113a-
-j -! -

Tpas04Hoe 11 paenpegeneHHe f v, f 
8 

YlnH f g; 
6/ rpynnaM H3 mi -nHHH~ TOl'(AeeTSeHHbiX 4aeTHLI - ¢aKTOp 1/mi!; 
S/ sepWHHe, rae eXOARTeR nYIHHH seex 4aeTHI..I, - KOppenRI..IHOH-

Hbll::; ¢aKTOp WA_Jfll-Y)/WA(fll), 3aSHeRIJ.lY1~ OT HMnynbeHbiX 
nepeMeHHwx yr seex KsapKoswx H rnJOoHHwx nYIHH~; HHAeKe A onpege
nReTeR agpoHOM A; A-m - THnOM agpoHa H 4Y1enoM sHewHHX nHHH~ 
saneHTHWX KSapKOS pa3nH4HWX THnOS /eM, /24//; 

r I nepeMHO>KeHYie nepe4HeneHHbiX s nyHKTax "a-s' 1 ¢aKTopos 
gaeT eoOTSeTeTSYIOIJ.lY~ MHOro4aeTH4HYIO ¢YHK1..1HIO paenpegeneHHR. 

0TMeTHM, 4TO nony4eHHaR yKa3aHHbiM enoeo60M ¢YHK1..1HR paenpe
geneHHR eyMMHpyeT see so3MO>KHwe enoeo6w peanY13ai..IHH perHeTpHpye
MO~ KOH¢Hrypai..IHH KsapKos H rn~oHos npH OparMeHTai..IYIH agpoHa A. 

2. KOHKPETHNE nPHMEP~ MYnbTHnAPTOHH~X PACnPE~EnEHH~ 

Paee4HTaeM Mn$P gnR gsyx 4aeTHWX eny4aes, Henonb3YR nony4eH
HbJe SbJWe o61J.lHe t!JopMynbJ. B Ka4eeTse ogHo4aeTH4HbiX 113aTpaso4HbJX 1 ' 

paenpegeneHH~ sw6epeM enegyiOIJ.lYie: 

s 

- i -a(O) - i -1 - -1 
1 . f (x) = a . x , f 

8 
(x) = b 1 x • fg(x) = gx 

v 1 
1271 

- i -a(O) - i -1 - -{Jx -1 
2. f (x) = a. x , f B (X) = bi X , f g(x) = ge x • 

v 1 
/28/ 

no eyiJ.leeTsy, 3TO 03Ha4aeT, 4TO S peg>KeSeKO~ o6naeTH Mbl orpaHH-
4HSaeMeR SKnagOM noMepOHa H nHAHPYIOIJ.le~ HeeHHrneTHO~ TpaeKTOpHe~ 
e HHTepeenTOM a (Q) • 

nepSbl~ Ha6op 11 3aTpaS04HbiX11 ¢P 06bJ4HO eSR3bJSaeTeR e MOgenbiO 
KyTH-Ba~eKon¢a, STOpa~ 6wn Henonb30SaH S 11• 21 gnR pae4eTa 
OAH04aeTH4HWX paenpegeneHH~ s npOTOHe. nony4HM eHa4ana Mn¢P gnR 
STOporo Ha6opa 3aTpaS04HbiX ¢P /28/. nogeTaSnRR S ~OpMyny /24/ 
swpa>KeHHR /28/, nony4aeM 

r i 
2f ai +oo .f:: - ( fl --) r dte1<,Z 

1=1r1 ! -oc 

(t- iQ)-b-g X WA[fiz] 
/29/ 

x ( fdte-i(~-!O)t t-a(O)/Ax 

0 

""dt -i(t-tfJ)t -i(~--iO)t 
xexplg f-(e -e )IO(z), 

0 t 

rAe 
2r r 

P=Ir 1 ,b=2Ib .• 
A i = 1 i= 1 1 /30/ 

noene HHTerpHpOSaHHR HMeeM 

ri PA 
2r a i [ r(1 -a (0)] 

< n -) 

b+g+ PA(1-a(O)) -1 
z 

--X WA[fiz] 
i = 1 r 1 ! r(P A (1- a (0)) + b + g)r(g) /31/ 

x ~ (g, b + g + P A (1 - a(O) ); - fJ Z) , 

3geeb ~~,{3; z)- SWPOM<AeHHaR rHnepreoMeTpH4eeKaR ¢yHK1..1HR. 3HaR 
WA(flz], HaXOAYIM sepwHHHbJ~ ¢aKTOP WA-m/WA;Henonb3YR ganee npa
sHna Sbi4HeneHHR f m, k, £ , ec!JOpMynHposaHHble SbJWe, OKOH4aTenbHO 
nony4HM 

r:. k, e (ly v l' I y B l' I y g I) = .:: r( T ~~ l) [ r (l - a (0))] -M 

r(r A+ l - M(l - a (0))) 

2! m · 
X fl (b~i Cmi fl

1 

i = 1 1 ri n = 1 

ki 
fl (y si ) -1) X 

n=1 ° ( 
vi )-a(O) 1 

Yn --
ki! 

1 f f3 g X- ll (e- Yn (yg)-1) (l TA-M(1-a(O)) 
f! n=1 n · -Y) x 

X 
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II> (g, r A+ 1 - M (1 - a(O)); - 13 (1- Y)) 
X 0(1- Y). 

II> (g, r A + 1 ; - 13) 

3/WCb eeegeHbt cnegyiOlJII-'Ie o6o3Ha4eHI-1R: 
2f 

/32/ 

M = I m i ; r A= PA (1 - a (0)) + b + g - l , 
1- 1 1 

- 2f m i . kj . r 33/ 
Y = I ( I y :

1 + I y :
1

) + I y: . 
! = 1 n= 1 n = 1 n = 1 

Bbtpa>KeHI-'IR /32/ 1-1 /33/ gatOT BI-'IA Mn<l>P gnR 11 3aTpaeo4Hbtx" !llYHKI..II-11:1 
/28/. Mn<I>P gnR 11 3aTpaeo4HbtX11 !llYHKI..II-11:1 f e BI-'!Ae /27/ nony4aeM, 
nonaraR e /32/ {3 = 0, To ecTb 

r -M 
fA (I v 1 l s

1 
I gl _ g f'(rA+1)[r(l-a(O))] 

mkfy,y,y)- x 
' ' r(r A+ l - ·M (1 - a (0))) 

2f m m! b ki k i . f 
X n (C ! II (y vi )-a(O) _i_ n (y Sl )-1 ) _1_ n (y g )-1 
i=1 rin=1 n k! n=1 n f! n=1 n 

X /34/ 

x (1 - Y) r A+ 1 - M(l - a(O)) 0 (1 - Y) , 

B 1..1enRx 6onbwet:1 HarnRAHOCTI-1 np1-1eegeM B~pa>KeHI-'te gnR 3-4aCTI-14HOA 
Mn<I>P e npoToHe, rpa<l>1-14eCKI-1 npegcTaeneHHoA Ha p1-1c.2. B gaHHOM 

A= P = /2,1,0, ... /; m=/1,0,0 .. ./, k =/1,0,0 ... /; f = 1, 

Pp = 3, M = 1, r P = 3(1 - a(O)) + b + g- 1 . 

nogcTaBnRR 3TI-1 3Ha4eHI-1R B <!>OpMyny /32/, nony41-1M 

f ( v s g) b ( v )-a(O) ( s)-1 ( g)-1 -/3yy 
1, 1, 1 Y 1 • Y 1 • Y 1 = 2 1g Y 1 Y 1 Y 1 e x 

r - (1-a(O)) 
(1 - y v- y 8 - y g) P II> (g, r p + 1- (l - a(O)) ; -13 (1 - Y:- Y1 

8
- Y f)) 

X 
- __________ ...., __ -

B(1- a(O), r + l- (1- a(O))) 
p 

PHc.2. Tpex~aCTH~HaH MynhTHrrap
TOHHaH ~YHK~HH pacrrpegeneHHH 
B rrpOTOHe. 

10 

II> (g , r + l ; -13 ) 
p 

3AKnf'JYEHHE 

B HacTORllleA pa6oTe pa3BI-1T nogxog K B~41-1cneHI-110 MynbTI-'InapToH
H~x pacnpegeneHI-1A KBapKOB 1-1 rn~OHOB B agpoHaX B paMKaX CTaTI-1-
CTI-14eCKOA napTOHHOA MogenM C peg>KeBCKOA aCMMnTOTMKOR. M~ c!lJop
MynMpoeanM npOCTOi:1 rpa<.)JM4eCKMR 11 pe1..1enT 11 Bbi4MCneHMR npOM3BOnbHbiX 
MYnbTMnapTOHHbiX !lJYHKI..IMR pacnpegeneHMR B n1060M agpOHe /HyKnOHe, 
Me30He, KBapKOBOM MeWKe, KnacTepe M T,g./. 3TM pe3ynbTaT~ gaiOT 
OCHOBY gnR $eHOMeHonorM4eCKOrO onMCaHMR ganbHOgeACTBYIOlJIMX Kop
penRI..IMi:1 Memgy KBapKaMM M rniOOHaMM. OHM MOryT 6~Tb MCnOnb30BaH~ 
gnR peweHMR pa3nM4H~x eonpocoe agpoHHot:1 $eHOMeHonorMM npM 
B~COKMX 3HeprMRX, HanpMMep gnR pac4eTa MHKni03MBH~X cneKTpOB po>K
geHMR 04apoeaHH~X 4aCTMI..I M Ce4eHI-1A o6pa30BaHMR 6~cTp~X Me30HOB 
B agpoH-agpOHH~X B3aMMOgeRCTBMRX. 

AeTop~ e~pamatOT npM3HaTenbHOCTb C.A.5yHRToey 3a MHTepec K pa-
6oTe, A.B.PagtOWKMHY M D.n.HeaHoey 3a cTMMynMPYIO~Me o6cymgeHMR. 
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