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Ilpu aHanu3e 3KcnepHMeHTam,HhIX .u;aHHhIX no p0)K,IJ;eHHIO 
HecTa6uni.HhIX 1-1acTHU Ha s,z:,;pax c ueni.10 onpe,z:,;eneHHH xapaK
TepucTHK BX B3aHMO,IJ;eBCTBHJI C HyKnoHaMH Heo6xo.u;HMO 
HMeTh npaBHilhHhle C00TH0WeHHJI Me)K,z:,;y aMDilHTY ,z:,;aMH / ce -
11eHHHMH/ npoueccoa KorepeHTHoro /11eKorepeHT11oro/ po)K
.u;eHHH qacTHU Ha s,z:,;pax I + A ➔ 2 + A' H C00TBeTCTBYIOIUHMH 
BenH'IHHaMH, 0DHChIBalOI:QHMH npoueccbl po)K,!J;eHHJI Ha HyKno
uax I + N ➔ 2 + N • O6hl'IHC> B Ka11eCTBe TaKHX COOTHOWeHHB 
HCD0ilh30BanHCh KBa3HKnacCH'leCKHe <l>opMynbl BH,IJ;a /l ,2/: • 

F ~ ("ij ) = f( q ) S ( q) , , , /1/ 
• A o t ·1· ( I ) a 2 ·1· ( L ) 
IL\ Z - - - >, Z - - ·i , Z 

S ( q) = 2 " f d z b d b p ( b , z ) J O ( q b ) e 
2 2 

H 

da1~ = 
dU 

do 
~ N (o 1 , a 2 ) ; 

-al T ( b) -o 2 T ( b) 
e -e 

N (01 , a 2> = 2TT f b db----------

/2/ 

IlOHCHHM 060311a11eHHJI, HCD0ilh30BaHHble B /1/ H /2/ 
~ FA( ➔) daA 

H 11acTo BcTpe11aroiuuecs B ,z:,;ani.ueuweM. q , ---an 

aMnnuTy,z:,;a u ,z:,;u<1><1>epe11uuani.Hoe ce11eHHe npouecca 

I + A ➔ 2' + A' 
do 

f( q) , __ O_ - aMDilHTy,IJ;a H ,z:,;H<l><l>e-
d fl 
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pemi;uam.Hoe ce11eHHe nponecca 1 + N ➔ 2 + N , S( q) -
<l>opM<l>aKTOP, N (a- I , a 2 ) - 3<l><l>eKTHBHOe 'IHCilO HYKilOHOB, 
onpe;:i;eneHHOe B pa6oTe / 2/, · p ( f') = p ( b, z) - nnoTHOCTb 
pacnpe;:i;eneHHa a;:i;epHoH MaTepuu, b - ;:i;ByMepHbIH BeKTOP 
B nnOCKOCTH,OpToroHanbHOH HMnyn&cy na;:i;aroinei 11aCTHIJ;bl 
/T.H. npunen&HblH napaMeTp/, z - KOMilOHeHTapa;:i;uyca-B➔eK
Topa r , napannen&Haa HMnyn&cy na;:i;aroinei 11acTHUbl, q -

2 2 
m 2 - m1 

nonepe11Haa nepe;:i;a11a HMnyn&ca, /',,. = 
2k 

- npo;:i;on&-

Haa nepe;:i;a11a HMnyn&ca; m1, k - Mac ca H HMnyn&cbl Hane
Taroinei 11acTHIJ;bl, m 2 - .Mac ca po;:i;HBmeica 11acTun:i.l; a 1 , 
a2 - ;nonHble ce11eHHH B3aHMOJ:J;eHCTBHa C HYKilOHOM Hane
TaIOIIJ;eH H pOJ:J;HBmeica 11aCTHU, COOTBeTCTBeHHO: a I ( 2) = 

Re£ 1( 2)(0) 
=a·' ( 1 - i a ( ) , a = . - OTHOmeHHe peanbHOH 
• .1( 2) 1 2 ) 1( 2) J m f ( O) 

1(2) 
11aCTH aMnnHTYJ:J;bl pacceaHHH 11aCTHIJ; . 1. H 2 Ha HYKilOHe 
K. MHHMOH Ha HyneBo_! yr2,n, ! o< q b) - <l>XHKIJ;Ha z BJccena 
HyneB~ono~a;:i;~a, T(h)=J p(b,z) dz,T.:._(b,z)=:_J p(b,z')dz; 
T+ { z, b) = z f p ( b, z ') dz'. ~ O;:i;HaKo uccne;:i;oBaHua none;:i;HHX 

neT /4,6,8,9 / noKa3anH, 'ITO COOTHomeHHH BHJ:J;a /1/, /2/ 
He HBilHIOTCH YHHBepcan&HblMH, KaK 3TO npe;:i;nonaranOCb 
paHee. bblilO IlOKa3aHo, 'ITO CTPYKTypa 3THX COOTHOWeHHH 
onpe;:i;enaeTca CBOHCTBaMH aMnnHTYA 3neMeHTapHbIX npo
neccoB po)K)l;eHHH Ha HYKilOHe H B 3aBHCHMOCTH OT HHX 
<l>opMynbl /1/, /2/ J:J;OIDKHbl 6b1Tb COOTBeTCTBYIOIUHM o6pa30M 
MOAH<i>HUHPOBaHbl. 

,D;na nponeccoB KorepeHTHoro po)K)l;eHHa oKa3anoc& Heo6-
xo;:i;HMbIM pa3IlH'laTb nponeccbl AH<l>paKIJ;HOHHble, B KOTOpbIX 
pa3pemeH o6MeH IlOillOCOM IloMepaH'IYKa H He;:i;u<l>paKIJ;HOHHble, 
B KOTOpbIX o6MeH IlOMepOHOM 3anpeineH H B peaKIJ;HHX Ha 
11;:i;pax ;:i;oMHHHpyeT w -o.6MeH. B nocne;:i;HeM cny11ae He3aBH
cainaa OT cnHHa 11acT& aMnnHTYAbl 3neMeHTapHoro nponecca 

➔ ➔ 

po)K)l;eHHH Ha HYKilOHe £( q) o6painaeTca B HYilb npH q = 0 ; 
Hcrron&3yeMoe 06bl'IHO npu6nu>KeHHe, KOTopoe COCTOHT B 
TOM, 'ITO B Bbipa>KeHHHX BHJ:J;a 

➔ ➔ 

f r (b - -; ) T ( s') d; = 1. f £( q) So { q) e i q b d q, 
211 l k 

4 

.. 

So { q) = f p G) e i 4 -; d1 = f T { s') e i q b d;, 
➔➔ 

➔ I -iqb 
r(b) = -- f f(q) e dq, 

211 i k 

HBilHIOIIJ;Hxca OCHOBHblM COCTaBHblM 3IleMeHTOM <l>opMyn THna 
rnay6epOBCKHX, aMililHTyJ:J;a £( q) BblHOCHTCa H3-rro;:i; 3HaKa 
HHTerpana B T011Ke q = 0 c y11eToM ManocTH pa;:i;uyca 3ne -
MeHTapHoro B3aHMOJ:J;eHCTBHH no cpaBHeHHIO C pa;:i;uycoM 
a;:i;pa, IlpHBOJ:J;HT K 6eCCMblCileHHOMy pe3yn&TaTy. A HMeHHO, 
aMrrnHTy;:i;a rrponecca po>K;:i;eHHa Ha a;:i;pe B 3TOM npe6ne>KeHHH 
o6pa[QaeTCJI B HYilb. 

Bonee KoppeKTHOH oKa3blBaeTca cne;:i;yroinaa npone;:i;y
pa /3/ . AMnneTy;:i;a He;:i;u<l>paKIJ;HOHHoro nponecca po)K)l;eHea 
I + N ➔ 2 + N · rrpe;:i;cTaBHMa B BHJ:J;e 

£( q ) = i ; q ¢ ( q) ' /4/ 

r;:i;e c - He3aBHCHIIJ;HH OT nepe;:i;a11u q BeKTop, nocTpo'eHHblii 
H3 BeKTOpa HMnyn&ca HaneTaroineii 11aCTHIJ;bl ii BeKTOpOB 

nonapH3aIJ;HH 11aCTHU 1 H 2, a ¢ ( q) - <l>YHKIJ;Ha C "HopManb -

HbIM" noBe;:i;eHHeM ( ¢ ( 0) /c 0) H WHPHHOH AH<l>paKIJ;HOHHoro 
KOHyca, orrpe;:i;enaeMoii pa;:i;uycoM 3neMeHTapHoro B3aHMo
;:i;eicTBHa d . Tor;:i;a c TO'IHOCTbIO ;:i;o Benu1111H ( d /R) 2 , 
r;:i;e R - pa;:i;uyc a;:i;pa, B&Ipa>KeHHe ;:i;na HHTerpana /3/ rrpHMeT 
BHJ:J; 

➔➔ ➔➔ 

ff (q) S0 (q) eiqbdq :'.i¢(0)JtqS
0

(q)eiqbdq= 

= (211) 
2 

¢ (0) ~ '\7 T(;) 
/5/ 

IlpH 3TOM JJ;mI aMITilHTYJJ;bl KorepeHTHOro po)K)l;eHHH Ha HJJ;pe 
nony11HM cne;:i;yIOIIJ;HH pe3yn&TaT: 

A ➔ ➔➔ :::::: ➔ - ➔➔ :::: ➔ 
F ( q) = i c q ¢ ( 0) S ( q) = i c q ¢ ( q) S ( q) , 

➔➔ 

JI (q b) ➔ ➔ 
Vp{b,z)x 

rJJ;e 

S(q) = 411 f dzdbb 
qb 

/6/ 

5 



, , 
a ➔ a ➔ 

x exp [i A z - - 1 T ( b , z) - - 2-T + ( b, z) ] 
2 - 2 

➔ 

J I ( q b ) - «pyHK:UHH 
<l>opM«paKTOpbl s ( q) 

Beccen.H nepaoro nop.H.I\Ka. 
- ➔ 

H S ( q) npHMepHO O,I\HHaKOBO 3aBHCHT 
➔ 

OT nepe,I\a'IH HMnyni.ca q , HO HMeJOT pa3HYIO 3aBHCHMOCTL 
OT aTOMHOro HOMepa .H,I\pa A H ,D;Il.H T.H)KeilblX .H,D;ep npH 
a'I =a·2 = 30 M6H pa3nH'laJOTC.H npHMepHO B,I\BOe, npH'leM 
ISi > I SI • 3To nerKo BH,D;eTL, paccMaTpHBaH cny11aii k ➔ ""• 
T.e. npH A ➔ O H nonara.H a{ =ai = a • • Tor.n;a Bblpa)KeHHH 
.n;nH q,opM«paKTOPOB npH q = 0 npHMYT BH,I\: 

, ➔ 

➔ - ..Q.:.. T ( b) ➔ , , 

S(O)=JT(b)e 2 db=N(..Q._,.!!..:_) 
. 2 2 

/7/ 

u·' ➔ 
--T(b) 

2 , 
S(O) =f l - e db= N(o,2:_) 

L 2 /7'/ 
2 

HcnonL3oaaHHe q,opM«paKTopa S ( q) BMecTo S ( q) npH 
aHailH3e .n;aHHblX no KorepeHTHOMY «pOTOpO)K,IJ;eHHIO 17° -Me3o
HOB Ha .11.n;pe Pb / 5/ npHaeno K 6eCCMblCneHHOMY pe3yni.Ta
Ty. 3Ha'leHHe no,I\rOHO'IHOro napaMeTpa, KOTOpbIM HBil.HilC.11 
KBa.n;paT MO,D;YilH He3aBHc.11meii OT cnHHa 11aCTH aMnnHTY,D;bl 
npo:uecca y N ➔ 17°N oKa3anoci. 6oni.we 3KcnepHMeH
Tani.Ho H3MepeHHoro 3Ha11eHHH .n;Hq,q,epeH:uHani.Horo ce11eHH.11 
3TOro/ o/10:uecca. 3TO npOTHBOpe11He 6blnO YCTpaHeHo B pa-
6oTe 4 , r.n;e 6blno anepable nony11eHo npaBHnLHoe BLipa
)KeHHe ,I\Il.11 .11,I\epHor~ q,opM«paKTOpa s ( q) B He.n;H«ppaK:UHOH
HblX npo:ueccax PO)K,D;eHH.H. He3aBHCHMO 3TOT pe3yni.TaT no-
ny11eH a pa6oTef6 I . . · 

AHanH3 .n;aHHblX /cM. · pa6oTy / 7/ -;· no ce11eHH10 
+ "" S( ➔ npo:uecca K A ➔ K * A npH Hcnoni.30BaHHH BenH'IHH q) 

aMecTo S(q) He no3aonHn 061..11cHHTL Ha6nro.n;aeMyro 3a
BHCHMOCTL ce11eHH.11 OT a TOMHoro HOMepa A BHe o6nacTH 
34>«l>eKTa IlpHMaKoBa. H nHWL a~KypaTHblii y11eT CTPYKTYPhl 
aMnnHTy.n;bl npo:uecca. K+ A ➔ K+ A no q,opMyne /6/ npHaen 
K caMocornacoBaHHLIM pe3yni.TaTaM. 

6 

Ilp:eae,D;eHHLie npHMepbl, C O,I\HOB CTOpOHbl, noKa3b1BaJOT 
Ba)KHOCTL KOppeKTHOro onHCaHH.11 npo:ueccoB KorepeHTHoro 
B3aHMO,D;eHCTBHH qacTH:U C .11,I\paMH, a C .n;pyroii, - HaBO,D;HT 
Ha MblCilL O B03MO)KHOH HeyHHBepcanLHOCTH H COOTHOWeHH.11 
/2/ .n;nH ce11eHHii HeKorepeHTHblX npo:ueccoa. ,D;eiicTBHTeni.
Ho, HCCne,I\OBaHHe CTPYKTYPbl ce'leHHH npo:ue7COB HeKore.
peHTHoro po)K)J;eHH.11, npHae.n;eHHoe B pa6oTe 78 , noKa3ano, 

'ITO ,D;a)Ke npH f ( 0 ) -/- 0 Bblpa)KeHHe /2/ npHMeHHMO IlHWL 
.n;nH onHcaHHH npo:ueccoa THna nepe3apH.I\KH, HanpHMep, 
TaKHx, -KaK 17-A ➔ 17°(77°) A', T.e. B Tex cny11a.Hx,Kor,I\a 
He MoryT HHTepq,epHpOBaTL aMnnHTY.I\bI po)K)J;eJ{HH 'laCTH:U 
Ha pa3HblX HYKilOHax H.n;pa. CTporo roaop.H, 3TO YTBep)K,I\eHHe 
no OTHoweHHJO K npo:ueccaM nepe3ap.H,D;KH cnpaae.n;nHao nHWL 
npH npeHe6pe)KeHHH TO)K,D;eCTBeHHOCTLIO HYKilOHOB, C y11eTOM 
KOTOpoii B03HHKaJOT 34>«l>eKTbl HHTepq,epeH:UHH aMnnHTY.I\ nepe -
3ap.H,D;KH qaCTH:U Ha pa3HblX HYKilOHax. 3TH 3q,q,eKTLI cy
mecTBeHHbl npH O'leHL Manblx KBa,I\paTax rrepe.n;aHHblX HMnyni.
COB q 2 .,, R - 2 • B o6meM cny11ae c y11eToM TaKoro THna 
HHTepq,epeH:UHOHHblX 11neHOB COOTHOWeHHe /2/ ,IJ;Oil)KHO 6b1TL 
MO,D;H«pH:UHPOBaHo, H B03HHKaJOmHe npH 3TOM nonpaBKH B p.H,I\e 
cny11aeB MOryT ,D;a)Ke MeH.HTL nopR,D;OK BenH'IHHbl ce11eHHH 
HeKorepeHTHoro po)K)J;eHHH. 

CornacHo pe3yni.TaTaM pa60Tbl 18/ , ce 11eHHe HeKore -
peHTHOro PO)K,D;eHHH qacTH:U B ,I\H«ppaK:UHOHHblX npo:ueccax 
B npeHe6pe)KeHHH 3~eKTaMH MHoroKpaTHblX nepepacce.HHHH, 
cymecTBeHHLIX nHWL npu ,D;OCTaTO'IHO 6onLWHX rrepe.n;a11ax, 
MO)KeT 6b1Tb 3anucaHo a BH.I\e: 

~=217J dbdzbp(b,z) <IA(b,z,q) 1
2 

d!l > , 

A(b,z,q) = f 12'q) V(b,z, A ) 
2 17 

- - <£ ( ik 12 0).>f22<q) x 

00 

x.f dz'p(b,z') V(b,z',A)-
z 

z 

217 ik <f12(0) >fll (q) X /8/ 

X f d z , p ( b, z ') V ( b, z ', t\) ; 
--00 

V(b,z~A) 
. a{ a{ = exp [ 1 A z - - T _ ( b, z) - - T + ( b, z ) ] • 

2 2 
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(f 11 ( q) , f22 ( q) • aMilJIBTY'ALI pacceHHBH Ha HYKJIOHe Hane
TaIOllleH B po.nuewe:eCJI lfaCTBU, COOTBeTCTBeHHO, f 12< q) · 
aMnJIBTy,na npouecca 1 + N ➔ 2 + N . CKo6KB < > o3HalfaIOT 
ycpe,nHeHBe no CilBHY HYKJIOHa. 

Ilpu HB3KBX :rneprBHX ( !). R > > 1) H3 - 3a no,naeneHH.11 
BKJia,na HHTep<l>epeHUHOHHLIX· cnaraeMblX B npaBOH lfaCTH Bbl· 
pa)KeHBH /8/0HO npirno,nHT K pe3yJibTaTaM,lfHCJieHHO npaKTB· 
lfeCKB coena,naIOlllHM C pe3yJibTaTaMH, nonylfaIOlllHMHCH npH 
npi1MeHeHHH <l>opMyJILI /2/. 

IIpH BblCOKHX :rneprHHX ( /'). R << 1) ' nonaraH 3aBHCHMOCTb 
aMnJIBTY'A f 11 ( q) , f 2 ( q) H aMnJIHTy,nLI .nmtipaKn;HoHHoro 
npouecca po)K,neHHH r1}q) OT nepe,naqa HMnynbcaq o,naHa· 
Koeo:e, ,nnH .na<l><l>epeHn;HaJibHoro cetJ:eHHH npoueccoe po)K)];eHHH 
Ha H,npe IlOJIYlfHM Bblpa)KeHHe 

da A da "' 
-- = -=.i)_ N (a' a' ) /9/ 

dO dO 1 ' 2 ' 

. da
0 

r.ne dO - .na<l><l>epeHn;HaJibH~e celfeHHe :rneMeHTapHoro 
npouecca · 1 + N ➔ 2 + N , a N (a { ,ai ) onpe,nenHeTCJI 
cne,nyIOIUHM o6pa3oM: 

, 
"' al ➔ , 

N(a' ') ➔ ➔ , --T(b) a2 ➔ 
1 ,a2 =JdbT(b) I ale 2 -a;e-2T(b) 2 

a, I . 
-a 

2 1 /10/ 

<l>op·Myna /9/ ,nnH qacTHoro cnylfaH a( = a{ He,naeHO 
· 6Lina nonytJ:eHa e pa6oTe / 9 I. 

,!J;JIH npoueccoB <l>oTopo)K,IJ;eHHH B~KTOPHLIX Me30HOB a '= 0 
eeJIHlfHHa N(O,a') nepexo,nHT B N(a,a) =N1(0,a), lfTO 
o6bitJ:Ho HHTepnpeTapyeTcH KaK a,np0Ho·no,no6Hoe noee,neHHe 
<l>oTOHa npH ceepXBbICOKHX 3HeprHHX. 

EcnH Henocpe,nCTBeHHO npHMeHHTb <l>opMyny /9/ K onH· 
caHHIO HeKorepeHTHOro PO>K,IJ;eHHH B He.nu<l>paKUHOHHblX npo
ueccax c w - o6MeHOM, TO n CHJIY paeeHCTBa HYJIIO eeriBlfHHbl 
< £ 12 ( O) > B 3 TOM cnylfae oKa>Ke rcii:, 'ITO. celfeHHH TaKHX 
npoueccoe OilHCbIBaIOTCH <l>opMynoii /2/. O,nHaKO e ,neHCTBH· 
TeJibHOCTH 3TOT pe3yJibTaT HBJIHeTCH cne,nCTBHeM npH6JIB· 

8 

i 
l 
,/ 
II 
I, 

i 
11 

i
i 

I , 
I 

f 
1 

I, 

i, 

)KeHH!, COCTOJIIUero B BLIHeCeHHB BeJIBlfHHbl f 12 ( q) B TOlf· 
Ke q = 0 H3·n_o.n 3HaKa HHTerpana B Bblpa)KeHHH THna/3/ 
H TaK )Ke, KaK H B cnyqae KOrepeHTHOrO po)K,IJ;eHHJI, ,nJI.11 
n~mylfeHHH npaeHJibHoro pe3yJibTaTa Heo6xo,naMo 6onee aKKy· 

paTHOe HCilOJib30BaHHe ycnoBHJI _i« l. TaKHM 
R 

o6pa3oM, eo3HHKaeT 3a,nalfa 060611leHHJ1 BLipa)KeHHH /2/ 
H /9/.,nnH celfeHHH npoueccoe HeKorepeHTHoro po)K)];eHHH 
lfaCTHU Ha H,npax Ha cnylfaii, Kor.na aMilJIHTY'ALI COOTBeTCTBYIO· 
lllHX 3JieMeHTapHbIX npoueccoe po)K)];eHHH Ha HYKJIOHaX /ece 
HJIH 1.faCTb H3 HHX/ 3aBHCJIT OT nepe,nalfH HMilYJlbCa BH,IJ;a / 4/, 
a 3aBHCHMOCTb celfeHHH OT nepe,nalfH ,naeTCJI, COOTBeTCTBeH • 
HO 1<t>opMyno:e 

da df! =q2 C(q2) /11/ 

(C(O) I= 0) 
IIpH 8:HaJIH3e 3TOro eonpoca Mbl 6y,neM HCXO,IJ;HTb H3 cne.
'AYIOlllero npe,ncTaeneHHH ,nnH celfeHHH npoueccoe Hexore
peHTHoro po)K)];eHHJI e npH6JIH)KeHHH, Kor.na 1.faCTHUa MeHHeT 
nanpaeneHHe ,IJ;BH)KeHHJI JIHWb B pe3yJibTaTe O,IJ;Horo CTOJIKHO· 

eeHHH: 

da 

df! 
r.ne 

I A 

A J p(s,z) dsdz<IA(s,z,q) 1
2 >' 

➔ 
A ➔ • ➔b ➔ ➔ 

A ( -; , z , q) = f db e 1 
q { r 12 ( b - S ) U ( b , z , /'). ) -

/12/ 

➔ ➔ ➔ 

- o z z r 11 ( b - -; ) f d-; l d z ' r 12 ( b - t l ) p ( ; l , z ') U ( b ; z ~ /'). ) -
1 2 

➔ ➔ ➔ 

- o r 2 2 
( b - t) f d s' d z ' r 12 ( b - ; ) p ( s', z ') U ( b , z ', A) 

z 1 z2 

➔ 

a U(b;z',il) HMeeT eu.n: 

➔ ➔ ➔ ➔ ➔ 

U ( b, z ', !). ) = exp I i !). z - f d s [r ll ( b - s) T _ ( s, z) + 

➔ 

+ r 22 ( b - s) T + ( s, z)] l • 
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,ll;aHHOe npe,neTaBneHHe M0:>KH7 nony'IHTb, eena B0en0ilb30-
BaTbeH pe:_tynbTaTaMH pa60Tbl B / • 3,neeb Zl H z 2 - 3apJ1,n 
HaneTaIOllleii a po,nanweiieJI 11aeTHU, 8 z z - eaMaon 
Kp0He.1<epa, a 1 2 

.\ = 

z A npa z 1 = -1 ( 0) , z 2 = 0 ( + 1) , 

N 
A 

1 

npa 

npu 

z 1 = +1(0), z
2 

=0(-1), 

z 1 = z2 

B 4>opMe /12/ Bhlpa>KeHae ,nnH ee11eHHJ111e.1<orepe11TH0-
ro po:>K,neHan enpaae,nnneo .1<a.1< ,nn.11 npoueeeon .nn<l>pa.1<UHOH
HhlX, n .1<0Topblx aMnnaTy,na M0H0T0HH0 y6blaaeT e pocTOM 
nepe,naqa HMnynLea, TaK H ,IJ;IlJI He,nedipa.KUHOHHHblX, Kor,na 
aMnnHTy,na :frteMeHTapHoro npoueeea HMeeT BH,n / 4/. 

O,nHa.Ko diopMyna /12/ enBWK0M rpoM03,IJ;Ka H Hey,no6Ha 
,nnH npa.1<Ta11ee.1<oro ~enonb3oBaHHB. Ee M0)KH0 ynpoeTBTb, 
aen0ilb3YJI yenoeae .,,.. << 1 H npoee,n.11 npa6na>KeHHOe HHTe -

n ➔ ' 
rpnpoaaHHe no s 1 , s 2 a b , 'ITO 06bl11Ho a ,nenaeTe.R. Cy-
llleeTBeHHblM JIBilJleTea TOT diaKT, 'ITO yKa3aHHa.ll npoue,nypa 
npHB0,IJ;BT K pa3IlB'IHblM pe3yilbTaTaM · ,IJ;IlJl .ne<l>paKUHOHHblX 
H He.nn<l>paKUHOHHblX npoueeeoa. PaeeMOTPHM no3T0MY Bo
·npoe 06 ynpoiueHHH diopMynhl /12/ 6onee no,npo6Ho. 

a 

,D;n.11 npoueeeoa ,na4>pa.1<uaoHHhlx, Kor.na see f( 0) I- 0 , 
2 

➔ - aq 2 
f( q ) ::. f( 0) exp ( - --) , a "" d , . 

2 

➔ ➔ 2 
r ( b➔ ➔) - 2 11 f ( [ ( b - s) - s ::. -- 0) exp - --

i k 2a 
] . 

➔ ➔ 

<l»yHKUHIO npo4>nm1 r ( b - s) paeeMa TPHBaIOT npa6nH>KeHHO 
KaK 8-cl>yHKUBIO no OTHoweHHIO I< Me,nneHHo MeHJ1I01lleiieJ1 
BeilB'IHHe p ( s' z) . /Ho He K oeUHililllPYIOllleMy MH0)KHTenro 

➔➔ ~ d-1 
exp ( i q b) ' , .K0T0pbIH npH a ~ M0:>KeT eyllleeTBeHH0 
MeHJITbeS Ha paeeT0HHHJIX s "" d / H HHTerpapoBaHee 
e <l>opMyne /12/ eoeT0HT B BblHeeeHHH BeilB'IHH Tana p( s, z) 
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➔ ➔ ➔ 

a T0'IKax i 1 ( 2) = b , b = s ➔, B3-_JI0,n. 3Ha.Ka HHTerpana, 
a np0B3Be,neHBJI THna exp ( i qb) r ( b - s) HHTerpapywTe.11 
T0'IH0. B 3T0M npa6na:>KeHBH Bblpa>KeHHe no.n 3HaK0M Mo,nyn.11 
n cl>opMyne /12/ npenpal1laeTeJ1 n 

,. ,➔ ➔ d2 
A ( s, z , q ) = e 1 q 8 A ( s, z , q) + 0 ( - ) , 

R2 

a Mbl npaxo,naM K eooTHoweHHJIM Tana / 2 / ana /9 / 
B npoueeeax :>Ke He.nadipaKUHOHHblX, B K0T0pbIX qaeTb 

aMnilHTy,n /ana nee/ HMeIOT BH,n / 4/, e00TBeTeTBYIOlllHe HM 
<l>YHKUHH npodiim,i ,naIOTeJI Bblpa:>KeHHeM 

➔ ➔ ( ➔ .➔) 2 
r ( b - -; ) = ''lnk ¢ ( 0 ) -; V exp [ - b - 8 

] / 13 / 
I 2a 

H ae,nyT ee6J1 KaK np0H3B0,IJ;Hble o-diyHKUBH. Ilpa HHTerpapo
BaHHH BX e rna,nKHMB cl>YH.KUHJIMH p (t, Z) ene,nyeT n0ilb3o
BaTbeJI B3BeeTHblMH npaBHilaMH HHTerpapoBaHHJI npOH3Bo,n

HblX OT eHHrynHpHbIX cl>YHKUHH. 
' IlpeHe6peraJI ,IJ;IlJI npoeT0Tbl npa Bble0.KHX 3HeprH.IIX 

BKna,noM aMnnaTy,n ynpyroro paeee,ina,i e nepeaopoToM ena
Ha no epanHeHHIO e BKna,noM 6e3 nepenopoTa enaHa a npe,n
nono:>KHB 3aBHeHM0eTb OT nepe,naqa na.na / 4/ IlHWb ,IJ;IlJI 
aMnilHTy,n po:>K,neHHJI f 12 ( q) , nony'IHM: 

. , 
"'· ➔ i q-; ,. ➔➔ ai ➔ ➔ ➔ 
A ( s, z, q) = e I[ 1 c q - 2 c V T _ ( s, z) -

. a2 ➔ ➔ ( ➔ ( ➔ . ( ➔ A) 
- - C V T + s ' z) ] X ¢ q) w s ' z, Ll 

2 

- 0 z
1

z
2 

~; ¢(0) f 11 (q) 
00 ➔ 

f dz'<c> V p(s,z')W(s,z,ti) 
z 

- 8z z i
2t ¢ ( 0) f 22 ( q) 

z ➔ 

f dz'<~>v p(~,z')W(-;,z,li). 
00 

3,neeb 
, , 

a a 
W ( s, z , ti ) = exp [ .:... i ti z - T T_ ( s , z ) -

2
2 T + ( s , z ) ) • 

OnepaTop V 03Ha11aeT .nadiil>epeHuapoaaHae no ,nayMepHo-
~-'> 

MY BeI<Topy b ( s) . Y'IHTblBaJI, 'ITO HHTerpHpOBaHHe IlHHeHHblX 

II 



➔ 

no v p ( s, z) 11nenou AaeT To~ecTBeHnhlii nynL, 3anu-
weM OKOH'laTeJILHhlii pe3yJILTaT B BHAe -

da 
-= 
d!l 

da1 da
2 --+--

d!l d!l /15/ 

da da da 
__ 1 _ ,\ 0 N( . ) O 1 ➔ 2 2 ➔ 2 
d!l - dQ° al ,a2 ' ---;m- = :["<I cJ > q I¢ (q) J , 

da : 2 
d; = ,\ f d s d z p ( s'' z ) < I A ( s'' ;, i_\) l > • 

3AeCL 

, , ➔ 
,.. ➔ ➔ al ➔ ➔ ➔ a2 ➔ 
A(s,z,A) =¢(q)[ 2 c VT_(s,z) +

2
cv T+ (s,z)].x 

x W ( s', z, A) - o : 77 <p ( 0) f II ( q) 
zl z 2 I k 

z ➔ 

f dz'<c'>v p( ;, z') X 
-oo 

z ➔ 

xw(;,z',A) -o ~k77 
¢(0) f22(q) f dz'<;>v p(:,z') X 

z 1 z2 I 
00 

· 

xW(s,z';A) 

BTopoe cnaraeMoe B iopMyne /15/ no cuoeii CTPYKType 
CYIUeCTBeHHO OTJIH11aeTC.JI OT Bhlpa)KeHHii, BCTpe11a10llUIXC.JI 
06hl11110 npu paccMoTpeuuu HeKorepeHTHhlx npoueccou. O6-
CYAHM ero HeCKOJILKO nOAl)06Hee. 

' 

PaccMoTpHM cHa11ana npoueccbl Tuna nepe3ap11AKH oz z _= o. 
l 2 

IlOJIO)KHM AJI.JI npoCTOThl al = a 2 = a H onpeAeJIHM BCJIB -
'IHHy; 

2 
Q =2rrfbdbT(b) e-a T(bl£.... 

2 
dT(b) J

2 
/ N(a, a), 

db 

TaK 'ITO 

12 

da2 = 
d!l 

,\ N (a , u ) l < c 2 > ¢ 2 ( q) Q 2. 
2 . 

/16/ 

qHCJieHHOe 3Ha11eHHe :3TOH BeJIH'IHHhl H ee 3aBHCHMOCTL
0 

OT aTOMHOro HOMepa c~eCTBeHHO 3aBHC.JIT OT Bhl6opa nJIOT
HOCTH pacnpeAeJieHHJI JIAepHoii MaTepHH pl..r) • 

TaK, B MOAeJIH C rayCCOBOii nnoTHOCTLIO 

A _ __rl. 

p ( r) = 
( rrR2) 3/2 

I 

e R2 
G 

rAe 

R2 = 1._ <R2>' 
q 3 

nony11HM 

Q2 = 
· -h -h n 
he +3(e -1) +2rnh + 2C + 2Ei(h) 

. -h 
1 - e 

rAe 
A -x. 

h = _u_-_'_, Ei(h) = f
00

-e-dx, C = 0,577. 
rrR2 li x 

q 

/17/ 

lfa /17/ BHAHO, 'ITO Q 2
y6bIBaeT c pocTOMaTOMHoro HOMepa 

A npHMepHo no 3aKOHY A - 2/ 3 • IlocKonLKy 11ucneHHO'"AJIJ1 

JIApa yrnepoAa R ='- 2F npu a= 25 mb , Q 2 = 0,002 , 
TO MO)KeT noxa3aTLCJI, 'ITO iOPMYJihl /9/ H /15/ npHBOAJIT ,, -
K npaKTH'leCKH OAHHaKOBhlM pe3yJILTaTaM AJIJI ce11eHHii 
po~eHHJI Ha_ JII060M JIAPe C A ~ 10 . OAHaKO Bhl'IHCJieHHe 
BeJIH'IHHhl Q2 B MOAenH. O'AHOPOAHOH ctephl npHBOAHT K pac
XOAJIIUeMy pe3ynLTaTy, 'ITO JIBJIJleTC.H cneACTBHeM HeAO
nycTHMOro B AaHHOii MOAenu npeHe6pe)KeHH.H KOHe'IHOCTLIO 
paAuyca d 3neMeHTapHoro B3aHMOAeiicTBH.H, no cpaBHeHHIO 
C paAHYC~M JIApa R. Y11eT KOHe'IHOCTH paAHyca 3JieMeHTap
Horo B3aHMOAeiiCTBHJI 3iieKTHBHO 3KBHBaneHTeH HCnOJIL30-
BaHHIO MOAeJIH JIApa C pa3MhlThlM KpaeM /napaMeTp, xapaK
TepH3YIOIUHii TOJlllUIHY noBepxHOCTHoro CJIOJI nponopuuoHa
neH d /, B KOTopoii BeJIH'IHHa Q 2 y)Ke KOHe'IHa H nponop-

UHOHaJILHa (£n ~ + const) • 

B MOAeJIH J!Apa C pa3MhlTOiirp_aHuueii,HanpHMep B MOAeJIH 
cl>epMH, 3Ta BeJIH'IHHa KOHe'IHa H npH d ~ 0 nponopiiiioHa.JILHa 
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fn ..!!.. ' , rAe T - _T0JillUIHa ll0BepXH0CTH0ro CJI0JI JIApa. 
T 

Y11eT K0He'IH0CTH paAByca 3JieMeHTapHoro B3aHM0AeHCTBHJI 

npHB0AHT K HeK0Topoii .,. 15-2Oo/o nepeHopMHP0BKe napa

MeTpa, xapaKTepe3yroLQero pa3MbIT0CTL KpaJI JIApa /TOJI

LQHHbl ll0BepXH0CTHoro CJIOJI/. 

IlOCKOJILKY 3KCnepeMeHTaJILHble AaHHble 0 TaK Ha3LI

BaeMbIX «IJop«IJaKTOpax JIAep BKJUO'lalOT B ce6JI Ha caM0M AeJie 

3«l>4>eKTbl 3JieKTP0MarHHTHOH CTPYKTYPLI np0T0H0B K0T0-

paJI xapaKTepH3yeTCJI npeMepH0 TeM )Ke paAHYC0M, 'ITO 

B paAHYC aAp0H-HYKJI0HH0ro B3aHMOAeHCTBHJI, TO A0ll0JI- · 

HHTeJILHLIH y11eT K0He'IH0CTH BeJIH'IHHbl d npeBeJI 6bl K nepe -

oueHKe 3«l>4>eKTOB 3TOH nepeH0PMHp0BKH. Il03TOMY o6LI'IHOe 

npe6JIH>KeHee d ➔ 0 B npeMeHeHHH K <!>epMHeBCKOMy pac -

npeAeJieHHIO, B3JIT0MY 83 AaHHLIX no pacceJIHHIO 3JieKTP0H0B 

Ha JIApax, B AeHCTBHTeJILHOCTH BKJUO'laeT 3Ha'IHTeJILHYIO 

'laCTL 3«l>4>eKTOB, CBJ13aHHLIX C K0He'IH0CTLIO BeJIH'IHHLI d. 
,nnJI «IJepMeeacKoro pacnpeAeneHHJI 

( ) [ r - R -1 p r == p0 l + exp ( -- ) ] . . , 
C 

r,z~t·R == 1,12A l/3 , c == 0,545 , 3aBHCHM0CTL BeJIH'IHHLI 

Q OT aT0MH0ro H0Mepa A 0Ka3aJI0CL B HeK0T0p0M CMLICJie 

o(>paTHOH TOH, 'ITO HMeJia MeCT0 B raycCOBOH M0AeJIH. 

Ta6A. 1 
2 

B ma6A. 1 npeaeAeHLI 3Ha'leHHJI BeJIH'IHHLI Q npe 
a· == 25 M6H. 

A 12 27 64 108 208 

Q2 0,0018 0,0033 0,0054 0,007 0,01 

ABTopLI lfoaroAapHLI B.K.JlyKLJIHOBY e IO.C.Ilomo, yKa-
3aBmeM Ha 3T0 o6CTOJITeJILCTBO. 
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OTHOCHTeJILHO 6oJILmoe 3Ha11eHHe 3TOH BeJIH'iHHLI B cny

qae TJl>KeJibIX JIAep CBJl3aH0 C 0TH0CBTeJILH0 6onee pe3KHM 

B3MeHeHeeM IIJI0TH0CTH Ha BX rpaHeue 110 cpaBHeHHIO C ner

KBMB JIApaMB. IlonaraJI I ¢{q)l2 :: exp(-aq2), a =8+10I'3B - 2 , 

II0JIY'IHM B M0AeJIH <l>epMH rrorrpaBKH ~ ll0JIH0MY ceq~rnHIO rrpouec

ca 1 + Pb ➔ 2 + Pb . II0PJIAKa a Q ::c O, 1 . 3TH rrorrpaBKH 

o6ycJIOBJieHLI 0TJIH'IHeM II0JiyqeHHLIX «IJopMyJI AJIJI ce11eHHJI 

HeKor~peHTHoro p0)KAeHHJI B rrpoueccax THrra nepe3apJ1AKH 

OT rrpoCTLIX COOTHOmeHHH BHAa /2/. Ilpe11e6pe)KeJ1ee 3TBMH 

rrorrpaBKaM IIPH aHaJIH3e 3KCIIepeMeHTaJILHLI~ AaHHLIX C ueJILIO 

orrpeAeJieHHJI BeJIH'IHHLI a· M0>KeT IIPHBeCTH K 3aBLimeHH0MY 

311a11e11ero rrocneAHeii rrpm.1epuo 11a 15o/o. 

Bom~e cyLQeCTBeHHyro ponL paccMaTpeBaeMLie rrorrpaBKH 

K ce11eHBJIM HeKorepeHTHoro P0)KAeHHJI erpalOT rrpe C0BCeM 

MaJILIX 11epeAa11ax q2 <<a -l ,rAe 0HH MoryT cpaBHHBaTLCJI 

C "OCHOBHLIM" BKJiaA0M /2/ H Aa)Ke rrpeB30HTH ero. 

B 3TOH CBJl3H o6CYAHM 6onee llOAP06HO HeAe«IJpaKl{HOH

HLie rrpoueccLI c z 1 == z 2 • Oco6Liii HHTepec K HHM o6ycnoB

neH B03M0>KH0CTLIO II0JIY'laTL eu«IJopMal{HIO O mHPHHax pa

ABaUH0HHLIX pacrraA0B r ( 2 ➔ 1 + y) 83 aHaJIH3a ce11eHHH 

K0repeHTH0ro P0)KAeHHJI 11aCTHU Ha TJl)KeJILIX JIApax * • . Ilpe 

3T0M Ba)KeH aKKypaTHLIH yqeT BKJiaAa HeKorepeHTH0ro 

po)l(AeHHJI B o6JiaCTH rrepeAa'I HMIIYJILCa q 2 :; R - 2 • 

PaccMoTpHM rrpeAeJILHLIH cny11aii t,,,. R « 1 . IloJIO)KHM AJIJI_ 

IIP0CT0TLI a1 = a 2 = a· H 6yAeM C'IHTaTL, 'ITO aMIIJIHTYALI 

pacceJIHHJI f{q) H CKaJIJ1pliaJ1 aMIIJIHTYAa cp(q) HMelOT 

0AHHaK0BYIO 3aBHCHM0CTL OT rrepeAa'IH HMIIYJILCa q • IlpH 

da2 
dU 

3THX iipeAIIOJIO>KeHHJIX AJIJI BeJIH'IHHLI B rrpoueccax 

C Z1=Z2 II0JIY'IHM 

do: 
d~ =; 1¢(q) 1

2 
[<111

2
>-l<t>

2
]x 

➔ /18/ 

x f T ( b) e -a T ( b) I ~ }b T ( b) I 2 
• 

* CM. 06C}')K,neHHe B03MO)KHOCTeH II0Jiy'leHHJI HH«IJopMa
UHH o BeJJH'IHHe r( 2 ➔ 1 + y) B AH«IJpaKUHOHHLIX rrpoueccax 
B pa6oTe /5/ . 
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➔ 

/BeKTOPLI ; BCIO,IJS ABYMepHLie, npHlleM ;. k = 0 /. 
IlocKOJILK}; B paCCMaTpHBaeMLIX nponeccax 3aBHCJU:llaJI · 

OT CilHHa HYKJIOHa qaCTL cetieHHJI o6LI'IHO cpaBHHMa C He3a
BHCJlll.leii OT ,CilHHa qacTLIO, a 3aqacTy10 Aa)Ke 3HatIHTeJILHO 
npeBOCXOAHT IlOCJieAHIOIO, nonpaBOllHOe cnaraeMoe /18/ 
no IlOPJIAKY BeJIHllHHLI OKa3LIBaeTCJI TaKHM )Ke KaK H B 06-
C~AaBWHXCJI BLIWe nponeccax THna nepe3apHAKH. IlOCKOJILKy 
B "KorepeHTHOii o6nacTH" q 2 "' 10 - 3 I'aB - 2, BKJiaA B ceqe
HHe HeKorepeHTHoro pO)KAeHHJI OT "o6LitIHoro" cnaraeMoro 
BHAa /2/ Man; ecnu cetieHHe 3JieMeHTapHoro nponecca 
1 + N ➔ 2 + N HMeeT BHA 

do-
_o = q2 <c2 > lcf>(q) 12 

d!l 

TO POJIL OCHOBHOro ~OHOBOro HeKorepeHTHOro cnaraeMoro 
HrpaeT BeJIHllHHa / 18/. 

IlpoBeAeHHLiii aHaJIH3 IlOKa3LIBaeT, llTO AJIJI IlOJiytieHHJI 

npaBHJILHoro 3HatieHHJI cetieHHJI HeKorepeHTHoro po)l(AeHHJI 
qacTHU, oco6eHHO Ha TJl)KeJILIX HApax a oco6eHHO B o6naCTH 

MaJILIX nepeAall, HeAOCTaTOllHO 3HaTL JIHWL cetieHHe COOTBeT
CTBYIOll.lero nponecca Ha HYKJIOHe, a Heo6xoAHMa 6onee 
TOtIHaJI HH~OpMaUHJI /HJIH MOAeJILHLie npeACTaBJieHHJI/ 0 BKJia
AaX pa3HLIX CKaJIJIPHLIX aMnJIHTYA 3JieMeHTapHoro npo
necca. 

A1nopLI 6naroAaPHLI O.A.3aiiMHAOPore, B.JI.KopoTKHx, 
JI.H.JlanUAycy 3a HHTepec K pa6oTe H none3HLie o6cy)l(AeHHJI. 
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