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1. BBEAEHl1E 

B pa60TaX 11.21 HaMl-1 õuna npennoxeua 0AHOKaHa1lbHafl MOAe1lb rpa

Hl-14HbIX YC1l0Bl-1~ AIlfl Onl-1CaHl-1f1 Ce4eHl-1~ n01lHOrO C1ll-1f1Hl-1f1 l-1 Ce4eHl-111 
peaK~l-1l-1 npl-1 CT01lKHOBeH~l-1 TfI>Ke1lWX l-10HOB. B 3TO~ MOAe1ll-1 C1l0>KHW~ 

MHOr04.aCTl-14Hbl~ x ap akr ep 3aAa4l-1 npl-1 601lbWl-1X nepexpuraax flAepHblX 
n1l0THOCTe~ l-1Ml-1Tl-1pOBa1lCfI rpaH~4HWMl-1 YC1l0Bl-1f1Ml-1 B Bl-1Ae T01lbKO CXO

AfI~l-1XCfI B01lH. PaCCTOflHl-1e Me>KBY l-10HaMl-1 R Kp , r ne HaK1laAblBalOTcfI 
rpaHl-14Hble YC1l0Bl-1f1 R Kp = foCA \ 3 + A1{3 ), cooTBeTcTByeT Be1ll-14l-1He 

napaMeTpa f o , paBHoro npl-161ll-13l-1Te1lbHO 1 ~M. Ha cy~ecTBOBaHl-1e Ta

Koro Kpl-1Tl-14eCKOro paCCTOflHl-1f1 Me>KAY l-10HaMl-1 6w1l0 BnepBwe YKa3aHO 
B p afior e 13/ nplr1 $eHOMeH01l0rl-14eCKOM auanuae 3KCnepl-1MeHTa1lbHbIX 

AaHHblx no C1ll-1f1Hl-11O flAep npl-1 auepraax ssure KY1l0HOBCKoro õap sep a • 

Bo BHeWHe~ 061laCTl-1 nepeKpWTl-1f1 flAep MW BBe1ll-1 $eHOMeH01l0rl-14e

CKYIO MHl-1MY~ 4aCT b, «oronaa oõecnevaeana npessuueaae n01lHOrO ce

4eHl-1f1 peaK4l-1l-1 HaA Ce4eHl-1eM C1ll-1f1Hl-1f1. B paMKax 3TO~ MOAe1ll-1 HaM 
, o 

YAa1l0Cb ycneuiao onacar e 3KCnepl-1MeHTa1lbHble AaHHble no Ce4eHl-1f1M 
peaK4l-1l-1 l-1 C1ll-1f1Hl-1f1 A1lfl Wl-1pOKOrO Kpyra flAep /2/, OAHaKO ynpyroe 

paCCeflHl-1e B paMKax OAHOKaHa1lbHOI1 MOAe1ll-1 Onl-1CaTb He YAa1l0Cb. 3TO 

YKa3a1lÓ HaM Ha TO, 4TO 3Ha4l-1Te1lbHafl 4aCTb naAalO~ero nOTOKa 4a
CTl-14 A01l>KHa BbIXOAl-1Tb l-13 ynpyroro KaHa1la Ha 601lbWl-1X p,aCCTOflHl-1f1X 
Me>KAY CTa1lKl-1BalO~l-1Ml-1CfI flApaMl-1, HO Bce >Ke AOCTl-1raTb Kpl-1Tl-14eCKOro 

paAl-1yca l-1 AaBaTb BK1laA B Ce4eHl-1e C1ll-1f1Hl-1f1. 04eBl-1AHO, 4TO MHl-1Mafl 

4aCTb OnTl-14eCKOro nOTeH4~a1la He MO>KeT Onl-1CWBaTb np04eccw TaKoro 

Tl-1na l-1 n03TOMY He06xOAl-1MO flBHblM 06pa30M Y4l-1TbIBdTb Bce np04eCChl, 

npOl-1CXOAfI~l-1e B nepl-1$epl-14eCK0I1 061laCTl-1 flAep.
/ 4 1 C 3TO~ 4e1lblO B pa60Te HaMl-1 6w1la BBe~eHa MHorOKaHa1lbHafl MO

Ae1lb rpaHl-14HWX YC1l0Bl-1I1, KOTopafl n03B01lfleT Ha eAl-1HO~ OCHOBe n01lY
4l-1T b 3 aMKHYTble Bblpa>KeHl-1f1 'He T01lb KO AIl~ Ce4eHl-111 C1ll-1f1 Hl-1f1 l-1 n01lHOrO 

Ce4eHl-1f1 peaK4l-1l-1, HO TaK>Ke l-1 AJlfl yr1l0BblX pacnpeAe1leHl-111 ynpyroro 

l-1 Heynpyroro paCCeflHl-1f1. npeHe6perafl OTAa4el1 flApa, MOAe1lb onl-1CW

BaeT TaK>Ke l-1 KBa3l-1ynpyrl-1e nepeAa4l-1 HYK1l0HOB OT oAHoro flApa K APY

rOMY· 
l1HTepec K AaHHo~ MOAe1ll-1 110BbICl-11lCfI nOC1le 06HapY>KeHl-1f1 HeO>Kl-1AaH

HO 601lbWl-1X Ce4eHl-111 nOA6apbepHoro C1ll-1f1Hl-1f1 A1lfl c$epl-14eCKl-1X 
flAep/5,6~ OKa3a1l0Cb, 4TO y4eT CBfl3l-1 KaHa1l0B npl-1BOAl-1T K YBe1ll-14e

Hl-11O BepoflTHOCTl-1 TYHHe1ll-1pOBaHl-1f1 4epe3 KY1l0HOBCKl-111 6apbep no cpaB
/ 7 /.HeH~1O c 0AHOKaHa1lbHWM C1lY4aeM AHa1l0rl-14HWe 3$$eKTw OT CBfl3~ 

KaHa1l0B cy~ecTBeHHw l-1 npl-1 Onl-1CaHl-1l-1 np04eccoB, 06paTHwx nOA6apbep~ 

HOMY C1ll-1f1Hl-1IO, a l-1MeHHO - cnoHTaHHoMY l-1CnycKaHl-11O TfI>Ke1lbIX K1laCTe
POB / 8 /, 

I;Ot.lll..'-;;:ü l. llll~'~l"-;'j~'C1~~~ '{J 1 
1.."!~iWX lU,'lP,JlíJaaUIII 
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B AaHHO~ pa60Te M~ BKpaTU~ On~WeM ~OpMan~3M MeTOAa ~ ero 

np~no~eH~R K peaKU~RM cn~RH~R ~ pacnaAa. 

2. $OPMAJl~3M 

raM~nbTOH~aH c~CTeM~, on~c~Ba~~~~ B3a~MoAe~cTB~e ASYX RAep, 

B~6epeM B B~ge 

/1/H = T + H o Cç) + V (r, ç ). 
3AeCb T - onepaTOp K~HeT~4ecKo~ 3Hepr~~, V - onepaTop B3a~MO
Ae~cT.BII1R ABYX RAep, 3aB~cR~K~ OT OTHOC~TenbHoro paccToRH~R r 
~ eHYTpeHH~x KooPA~HaT ç, H - BHYTpeHHII1~ raM~nbTOHlI1aH RAPa-M~o 
WeHl-1 /AnR npocroru ~3no~eHKR 6YAeM paccMaTp~BaTb FlApa c HyneBblM 
Cnll1HOM B OCHOBHOM COCTO.AHI-1~, ~ npeHe6pelKeM BHYTp13HHe~ CTPYKTY

po~ HaneTa~~ero KOHa/. 
Fa3naraR ·BonHOBY~ ~YKKU~~ nonHoro raM~nbTOH~aHa B PRA no c06

CTBeHHblM ~YHKU\.1RM BHYTpeHHe ro raM~nbToH~aHa H() c/Ju" f a rPa ~ 3aTeM 
no nap4~anbHblM aorn-as , nDI1y4~M ~3BeCTHYIO CKCTeMY ypaBHeHVti1 MeTO

Aa ClI1nbHO~ CBR3~ KaHanoB / 9 / AnR paA~anbH~x eonHOB~X ~YHKU~~ 
Ra.E (r), on~CbIBa~~~x OTHOC~TenbHoe AB~)I(eH\I10 \, 

a 

EaCE a .+ 1) 
__~ V (r) + k 2) R n Cr).. 21:, :L Va~(r) R~ o (r).[~ a"fi 2 a· a r·a ti /li f3 ,..., ,..., L (3dr 2 - r Z 

/2/ 

3AeCb E - op6~TanbHbl~ yr-no soü MOMeHT, Va. Cr) - A\I1élrOHanbHaR 
a 

4aCTb hOTeHU~ana B3a~MOAe~CTB~R 

/3/V ( r) -= < <Pa IV ( r" ç ) I rP a > , a 

V f:3 (r) - nOTeHUl-1an CBR3~ Me~AY KaHanaM~ 
a 

/4/
V f3 (r) = < 4>a 1 V( r, ç ) \ rP f3 > ,a
k - aC~MnTOTII14eCKOe BonHOBoe 4~cno B KaHane a 

a 

2 Ih
 
k = (_fl_.( E - e ) )
 

a t 2 a· 

. Ha 60nbW~X paCCTORH~RX ~YHK4~~ Ra ra (r) ~MeIOT B~A 

Ea rrç-J'-:_52-52
R o (r) 0aa exp[-il/lr (r)]-8 aa exp[il/lr (1')1· /5/ 

a La o a o a ke.t 

3AeCb 
1 

1/10 (r-) = k r 7J ]O g ( 2k a r) - "2 77 ra + ara (7Ja ) , ata a 

7Ja - napar-e'r o 30MMep~enbAa, aEa - KynoHoBcK~~ ~a30Bbl~ cnanr . 

2 

B TpaA~4~oHHOM MeToAe c~nbHo~ CBR3~ KaHanOB B K-.34eCTBe BTOPO
ro rpaH~4Horo ycnOBl-1R ~cnonb3yeTcR ycnoB~e perynRpHocT~ BonHO

BO~ ~YHKl{Vl~ B Ha4ane KOOpAl-1HaT, T. e. R-a Ea (O) = Q. Mbl Hana.raeM 
Ha BonHOB~e ~YHKij~~ OTHOCII1TenbHoro AB~~eH~R B Ka~AOM KaHane YC
nosae B B~Ae TO.flbKO cXOAR~e14CfI aoru-u Ha paCCTOflHlI1111 r = R Kp • 

B p aõor ax /7, 10 I Anfl 3TO~ uerta YlCnOnb3Y~TC7I rpaH~ 4Hble ycnoaaa 
WKB-T~na: 

1 
R o (r ~ R K ) --~-exp(-i k " (r')dr'

a,f.a P a f a . J" k~ eu (r") R xp 

1-6/ 

.k;R 
a 

(r) 
2/1

( -{ E -ti 2 
- f 

a 
- V (f» 

a 
-

r z 

Pa(fa + I) '12 

B oaôor ax /1. 2 I Mbl ~cnonb30BaJ1~ <t>YHKij14~ XaHKenR eroporo pona 

(2)
R o (r R Kp ) = hf (k~r=o' r j, /71ara Aa f a a a 

~YHK4V1~ XaHKenR RBnR~TCR T04HblM peweH~eM ypaBHe-H~R WpeAl1Hrepa 
B nOTeH4\11ane npflMoyronbHo~ f1Mbl. n~R nerK~X '~OHOB an~pOKC~Mau~R 

A~arOHanbHoro nOTeH4~aJ1a npRMoyronbHo~ RMO~ np~ r = R xp f1BnReTCR 
onpaBAaHHo~, TaK KaK ~3-3a ManOCT~ KynoHoBcKoro nOTeH~~ana CYM

'MapHbl~ nor euua an or pauareneu ~ ~MeeT M~H~MYM, B6n~3'V1 aroro 3Ha4e

H~R. 

;_ Bunenaa vrnosue nepeMeHHble B nOTeH4\11ane cÉl"fl3~ /4/, '1l0nY4~M /9/ 

---- f -f A 
VaN ([') \; 2f1~":-_~.:..._ i a ,8 (_ 1) f [-3 O r« o I ~ O FI\. (1'),/8/ 

rrr:': 1;;--'-1 
.> 

V 417 \: ~I\. T 

r ne I\. - cnv H B036Y~AaeMoro YPOBHR, F I\. (r) - paA~anbHbl~ ~opM~aK

TOp nepexona • JlnR B036Y>HAeH~R H~'3 xon emauu-x KOnneKTl-1BHbIX COCTOR

~~~ RAep, KOTop~e 6YAYT paccMaTp~BaTb~R B AaHHo~ pa60Te, M~ 
~cnonb3yeM CTaHAapTHoe B~pa~eH~e MaKpocKon~4ecKo~ MOAen\l1 /11/ 

. r AIR 1\.+ 2 }{r < RdV(N ) N (C) 2.3 C C 
FI\. (r) = - ()I\. -- + ()I\. Z 1 Z2 e ---{ À- 1 1\.+ 1 ' /9/

dI' 2A +.1 R C Ir r > R C 

rne o~N) ~ D~ C) - Ae~opMau~oHHble AnVlHbl AnR RAepHoro 1>1 xynouoacxo
113 1/3 

ro B03'6Y~AeH\I1R, R C= 1.3· (A 1 + A 2 ) - KynoHoBcKII1~ paA\I1Yc. 

~opM~aKTopbl RAepHoro ~ «ynouoacxoro B036Y}j{AeH\I1~ ~Me~T paauue 
3 HaKV1, .. ~ OH~ He nonHOCT b~ COKpal~a~TCR np\l1 r = R Kp • 4T06bl ~36e
~aT b CKa4Ka nor euuu.ana CBR3~ B T04Ke r = R KP' KOTOPblll1 Bbl30BeT 
OTpa>HeH~e nOTOKa, sBeAeM MHO>H~Tenb, H~ KOTOP~~ YMHO~~M $opM~aK

TOp CBR311 /9/ 3 



r - R «p 2 
p 1 - exp [ - (----) ], /10/a p 

rAe ap - ManaR Ben~4~Ha, a p ~ 0,3 $M. $~3~4eCK~ 3TO o3Há4aeT, 
4TQ npn r = R Kp KaHaIlbl He CBfl3aHbl APyr c APyroM npRMblM nepexo
AOM. Pac4eT~ nOKa3aIl~, 4TO BBeAeH~e 3Toro MHom~TenR B~3~BaeT He
60Ilbwoe nepepacnpeAeneH~e naAa~ero nOToKa MemAY KaHanaM~, 

He	 ~3MeHBR nOIlHoro ce4eH~R cn~RH~R.
 

Peuras C\r1CTeMY ypaBHeH~lII /2/ c. rpaH~4HbIM~ ycnoB~RM~ / 5/ ~ /7/,
. e 
a
 

Mbl HaxoA~M K03$$~4~e~Tbl A a ,ea ~ Saa ,KOTopble onpenennor A~$$e

peuuaansuuc ~ nonuue Ce4eH~f1 cl1eAYIOIl.l~X np04eCCOB: ynpyroro pacce
f1H~f1 

day (8) . 2 iae p. 2
 
= I J (8 ) + __1 -:r. (2e + 1) e ( 1 - Sa' a ) P e ccose) I ,/ 11/
 

Kyn 2k e	 o odn	 o 

Heynpyroro paCCeRH~f1 B KaHane a 

dO (8) TT ~- eo " e i (ar. +ae ) e 2 
H	 o 

---- =-- :r. I!- J2e + 1 <eM"À- Mie o> i e S y (e-)l
dn k 2 M .fe o o	 aa o fM ' 

o o 
/12/ 

O,a k 
TT	 eF (2e o + 1) l S f 

2 

H o2 o aa o 
1 
t , 

nOIlHoro ce4eH~R peaK4~~ 

f 

a	 = _TT_:r. To /131p k 2 e L'	 t 
o	 IJ 

rne napua ane aue npOHIo14aeMOCT~ AalOTCfI Bblpa>f<eH~eM,
 

e 2

Te	 = (2e + 1)(1- \Sa a f), 

o o 

Ce4eH~f1 Cn~f1H~f1 B KaHane a ~ nORHoro Ce4eHIr1R Cnlr1RHIr1R 

a . TT k'	 2. TT 
-!, -Q-(2e + 1)1 A e I :::: '-!, Feacn k 2	 k 2f	 k a a e . 

o o	 o 

/14/ 
a cn :r. ac~ 

a 

B 3~KnI04eH~e 3TOlll rnaBW C$opMyn~pyeM rpaHlr14H~e YCIlOBIr1f1 AIlR
 
onvtCaH~f1 peaK41r1~' cnOHTaHHor-o ~cnycKaH~R TR>f<el1blX KIlaCTepOB. B M~


H~MYMe 4eHTpaIlbHoro nOTeH4~aIla Ha paCCTORH~~ r :::: R Kp nOTpe6yeM
 
Han~4~R BblXOARl1\elll BOIlHbl r ons xo B OCHOBHOM KaHaIle
 

Ra(r ~ R Kp) :::: 0aao h~l) Ck~o . r) + A eh~:) (k;. r).	 /15/ 

4 

a Ha 60IlbW~X p-aCCTOFlH~flX I4MeeM BbIXoAFlLlv+e BOIlHbl BO a c ex KaHaIlax 

R Cr) = S exp [ i t/J o (r ) l 
a a La /16/ 

!lPIIl TaKOM Bbl60pe HOpMlttpOB04HblX MHo~~TeIlelll npOH~4aeMOCTb KYJ10
HOBCKoro 6apbepa B KaHaIle a 6YAeT onpeAeIlflTbCR Bblpa>KeH~eM 

k a.T	 = I Sa ,2a 
k'	 /171

a o 

~ nOITHaR npOH144aeMOCTb 

T	 = L Ta • /18/
a 

OTMeT~M, 4TO B $opMynax 111/ lr1 /18/ HeT CYMM~pOBaHI'1f1 no naP41'1
anbHblM BOIlHaM, TaK KaK pacnan ~AeT l-f3 OCHOBHOíO COCTOflHI'1f1 R[lpa. 

BpeMR >K1'13H~ RAPà no OTAoweH~1O K cnOHTaHHOMY ~cnYCKaH~1O TA>f<e
JlbtX «ne c repoa , no aHaIlOrl'1~ c a -pacnanoa , MO>KHO onpenenur s euo a
>f< e H1'1 eM
 

In 2
 
T Ih 

I.lWT'	 /1.9/ 

r ne v - 4aCTO-Ta coy,qapeH~~ o IleBbllll Kpalll 6ap s epa, W - MHO>K~TeIl b , 
onpeAel1RlOlll~11 BepOfl'THOCT b CYl1\eCT BOBaH~fl gal:iHOll\ KOHet>~ rypa411l~ Ha 
paCCTORH~f1X B6Il~3~ IleBo~ T04K~ nOBopOTa. 

3.	 PE3ynbTATbl PAClIETOB !-1 06CY}l{AEH!-1E 

Ha	 p~C. 1 AIlR peaK41'1~ 16 O + 27Af npeACTaBIleH T~~vt4H~~ paC4eT
 
ce4eH~~ peaK4~14 14 CIllllflHI'1R c
 Y4eTóM TOIlbKO flAepHoro B036Y>K,qeH~R 

OAHoro YPOBHfI B flApe 27Ae c napa
MeTpaM~: À = 2,0,\=1 4:lM,( =1 !'bB.6,M6 "..,.:..-' Y4eT KynoHoBCKoro B036ym,qeHvtR AnR..~3 
3TI'1X RAep OKa3~BaeTCfI MaIlO CYll.leCTro 

/ 
/ 

I 
/ 

/
/ 

I 

;Y/ BeHH~M .. AnR RAepHOlll 4aCT~ nOTeH~l'1a

Ila I'1CnOIlb30BaIl~R nOTeH4~aIl, nOl1Y/ 
4eHH~1II B np~6IlI4>f<eH~1'1 BHe3anHoro2 
ynap a B epopMam13;Me "nnOTHOCTI'1 3Hep10 

1 PHC. 1. CeqeHHH cnHHHHH /crrnoillHaR10 
KpHBaH/ H peaKI.J;HH /T01{KH/ nrrrr Rp,ep
16 0 + 27 Ae B 3aBHcHMOCTH OT narre.. 

Taw~eR 3HeprHH B CHCTeMe I.J;eHTpa 

Macc. lliTPHxOBaH nHHHH - paC1{eT 6e3 
CBHSH KaHarroB. CTpenKOH rrOKa3aHa13 15 17 19 
BwcoTa KynoHoBcKoro 6apbepa.E,M3B 
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r~wJI /121 /3T~M nOTeH4~anOM nony4eHw BWCOTa ~ paA~YC KynoHoBcKO
ro õap s epa V ó =: 16 M3B, R 5 = 8,8 <t>M, onacuaaiouiae ce4eH~e cnua
H~A npa HaA6apbepHblx 3Hepn1f1X 113/. 1-13 p~CYHKa B~AHO, 4TO B 06-, 
naCT~ nOA6apbepHwx 3Hepr~~ Y4eT CBR3~ KaHanOB np~BoA~T K cAB~ry 

KP~BO~ Anfl Ce4eH~f1 Cn~f1H~f1 B CTOPOHY MeHbW~X 3Hepr~~, npaKT~

4eCK~	 He ~3MeHfIfI ee HaKnOHa. Ka4ecTBeHHo nOflBneH~e 3Toro CAB~ra 

MO>KHO	 npoacua r b Ha np~Mepe MOHononbHblx B036Y>KAeH~~1 B ABYXYPOBHe
BO~ C~CTeMe c HyneBo~ 3Hepr~eM B036Y>KAeH~f1. B 3TOM cnY4ae C~CTe
Ma ypaB~eH~~ /2/ paC4ennfleTCfI nOAcTaHoBKo~/141 

XC±) (r)	 = R (r) ± R (r).
p. ,oE if
 

.Qnfl <t>YHK4~~ X ~±) (r) ~MeeM ypaBHeH~f1
 

tI 2 d 2 EU + l)1i 2 (±) 
[-- --2 t E - 2 - ( V (r) ±' V 1 (r» 1X f (r) = O. 

211 d r 2p. r 
a a 

' 

B~AHO,	 4TO ~e3aB~C~MO OT 3HaKa nOTeH4~ana CBfl3~ CYll\eCTByeT Ka
Han, B KOTOPOM npo~CXOA~T 3<t><t>eKT~BHoe YMeHbweH~e Ben~4~Hbl Kyno
HOBCKoro 6apbepa. 6YAeM C4~TaTb, 4TO nOTeH4~an V0 1(r ) He ~3MeHfI
eT Kp~B~3H~ ~ paA~yca KynoHoBcKoro 6apbepa. np~MeHfIfI B 3TOM 
cnY4ae KBa3~KnacC~4eCKYIO <t>opMyny BOHra Anfl npOH~4aeMOCT~ nOA 
õaps epot« 'B xaaanax c BonHOBbIM~ <t>YHK4~f1M~ X~+) ~ X(e) ~ ~cnonb

, /15!3Yfl ycnoB~e coxpaHeH~f1 nonHoro' nOTOKa 4aCT~4, nonY4~M 

2	 4 

hwR 5 1 2 77 

a cn -2 Ilnrl+ exp-.-(E - V (Ró ) + V a 1 ( R 5 »1 + 
hw a 

2E 

/20/ 
277 

+ lnrt + exp hw (E - V (R6) - Va 1 {R 5 » 11. o 

3TO Bblpa>KeH~e nokaaas aer , 4TO Ben~4~l'Ia 3HepreT~4ecKoro CAB~

ra onpeAenfleTCfI Ben~4~HO~ nOTeH4~ana CBfl3~ /9/ Ha paCCTORH~f1X, 
i	 B6n~3~ KynoHoBcKoro 6apbepa. npOBeAeHHwe MeTOA~4eCK~e' paC4eTW, 

a TaK>Ke 04eHK~, BblnonHeHHbie B paõor e /101, noxaa ana , 4TO C pOCTOM 
9Hepr~~ B036Y>KAeH~f1 K03<t><t>~4~eHT YBen~4eH~f1 Ce4eH~f1 Cn~f1H~f1 npo
nOP4~OHaneH Ben~4~He 

ex~ ~	 ô.
2 /f: .•

i 1	 1 

MO>KHO O>K~AaT b, 4TO Anfl nepexonoa Ha B~6pa4~OHHble COCTOflH~f1 c<t>e
p~4eCK~X f1Aep 3~OT PflA 6WCTpO CXOA~TCfI, TaK KaK Ma>KOp~pylO~~~ 

pflA~ 8;f:i Anfl <t>~Kc~pOBaHHO~ MynbT~nonbHOCT~ nponop4~OHaneH H3
i .. 

BeCTHOMY 3HepreT~4eCK~ B3BeweHHOMY npaB~ny CYMM, a 4~cno B03MO>K-
HblX MynbT~none~ AJlfl KonneKT~BHbIX nepeXOAOB orpaH~4eHO pa3MepaM~ 

f1Apa. npflMble nepexonu Ha COCTOflH~f1 õonee cnO>KrtO~ CTPYKTYPbl AOn>K
Hbl DblTb nonaeneuu ~3-3a õonsuroro pa3n~4~f1 BonHOBblX <t>YHK4~~ Ha

OTMeT~M, 4TO CBfl3b c KaHanaMH Heynpyroro B036Y>KAeH~f1 np~ 3Hep
r~RX Bwwe KynoHoBcKoro 6apbepa np~BOA~T k YMeHbweH~~ Ce4eH~f1 cn~

f1H~f1.np~ 3TOM nonHoe ce4eH~e peaK4~~ paCTeT c YBen~4eH~eM nOTeH
4~ana CBfl3~ 3a C4eT B03paCTaH~f1 Ce4eH~f1 Heynpyroro paCCeflH~f1/4~ 
no 3TO~ np~4~He f1AepHWe nOTeH4~anw,KOTopwe on~CWBaIOT ce~eH~e cn~

f1H~f1 np~ oKon06apbepHWX 3Hepr~f1X B 0AHOMepHWX MOAenflx/W1,HY>KHO 
~3MeH~Tb, 4T06w YMeHbw~naCb Ben~4~Ha KynoHoBcKoro 6apbepa. 3TO 
AOn>KHO np~BeCT~ ~ ell\e 60nbweMY YBen~4eH~1O Ce4eH~f1 nOA6apbepHoro''\ Cn~f1H~f1. Ha p~c.2 MW npHBen~ riap4~anbHwe npOHH4aeMOCT~ Ff /CM.

,}	 <t>opMyny /14//, Ol1peAenRIOll\~e C04eH~e Cn~f1H~f1 B B036Y>KAeHHOM Ka
Hane ~ B nonHOM ce4eH~~ Cn~f1H~f1 np~ 3HeprHflX 13 ~ 19 M3B. T04Ka
M~ nOKa3aHO ce4eH~e CnHflH~f1 6e3 CBfl3~ KaHanOB, COBnaAalOll\ee B AaH
HOM cnY4aé c nonHWM ce4eH~eM peaK4~H. B paC4eTW BKn~4eHO KaK 
f1AepHOe, TaK ~ KynoHoBcKO~ B036Y>KAeH~e. B~AHO, 4TO np~ 06e~x 

3Hepr~f1X nap4~anbHwe ~e4eH~f1 B B036Y>KAeHHOM KaHane ~c4epnWBa~T 

60nbwylO 4aCTb nonHoro Ce4eH~f1 Cn~f1H~f1. 3TO rOBop~T o TOM, 4TO 
f1Apa c 60nbwo~ BepoflTHoCTblO OKa3WBalOTCfI B B03ÕY>KAeHHOM COCTOflH~H 

np~ nOAxoAe K KpMT~4ecKoMY paccToflH~IO.Ha 3TOT <t>aKT BnepBwe 6wno 
o6pall\eHo BH~MaH~e B pa60Te /4/. OTMeT~M TaK>Ke, 4TO Aa>Ke npH 3Hep
r~f1x Bwwe 6apbepa, rAe Y4eT CBfl3~ KaHanOB YMeHbwaeT ce4eH~e cnH
f1H~f1, YBen~4~BaeTCfI BepOflTHOCTb 06pa30BaH~f1 COCTaBHoro f1Apa 
c 60nbw~M~ yrnoBwM~ MOMeHTaM~, 3TO ~rpaeT 60nbwylO ponb np~ CHfI
T~~ B036Y>KAeH~f1 COCTaBHoro f1Apa, TaK KaK KOHKypeH~~f1 Me>KAY Aene
H~eM ~ ~cnapeH~eM He~TpOHOB Anfl cpeAH~X ~ TfI>KenblX f1Aep 3aB~C~T 

OT BHeceHHoro B CHCTeMY yrnoBoro MOMeHTa /17/ . .Qnfl nerK~X f1Aep 
3TO np~BeAeT K YBen~4eH~~ BepOflTHOCTH paA~a4~OHHoro 3aXBaTa, TaK 
KaK HcnapeH~e He~TpOHOB c 60nbWHM yrnoBwM MOMeHTOM 3aTpYAHeHO. 

1
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PHc.2. ITapUHanbHble npoHHuaeMocTH AITH cnHHHHH Ff npH 
rroA6apbepHOH H HaA6apbepHOH 9HeprHHX AnH HAep 16 0 + 27Ae. 
TOQKaMH rrOKa3aHO cnHHHHe B B036Y~AeHHOM KaHane, cnnom
HÓH KpHBOH - cYMMapHoe cnHHHHe B 060HX KaHarrax. lliTPHXO
BaH nHHHH - paCQeT 6e3 CBH3H KaHanoB. 

4anbHoro ~ KOHe4Horo COCTOflH~~. 
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PHe.3. YrnoBNe pacnpegeneHHH yrrpyroro pacceRHHH /neBaR 

qaCTh PHCYHKa/ H rrpOHllIJ;aeMoCTH Te /rrpaBaH qaCTh/ ,lJ;nR 
peaKIJ;HH 16 o + 21Ar npn 3HeprHH F:::: 19 M3B. lUTPHXOBbINll 

'nHHHHMll rrOKa3aH paCtIeT õe3 CBR3H KaHanoB~ TOQKaMH _ 
paCtIeT no OrrTHtIeCKOH Mogenll. 

r
de;. !ITLd6R 15 

l

f,O 'f 

O~6 

,~10,2 
< I 

~ 16 L 
\ 
I 

06cYA~M~ xaK CBR3b c Heynpyrl-tM~ KaHanaM~ B paMKax MOAenK rpa
H~4HWX ycnoBK~ ~3MeH~eT A~~~epeH4HanbHwe ce4eHHH ynpyroro pac
ceRH~~ npM HaA6apbepHwx 3Heprw~x. Ha p~c.3 nOKa3aHW yrnoBwe 
oacnpeneneuun ynpyroro pacce~H~~ ~ nap4~anbHble npOH~4aeMocnl Te 
np~ 3Hepr~~ 19 M3B. CnnowHo~ ~ lliTP~XOBO~ n~HHe~ nOKa3aHW paC4e
Tbl co" CB~3blO c KaHanOM 2+ 111 6e3 CBR"3~ COOTBeTCTBeHHO. T04KaM~ 
nOKa3aHbJ pacveru , BbrnonHeHHbre no onTi.14ecK0C1 MOAen~ c napaMeTpa
M~ peanbHoro ~ MH~Moro nOTeHU~ana BYAc-caKCOHOBCKoro T~na, on~~ 

CbIBalO~MMItt ynpyroe pacce~Hlife np~ 3T~X 3Hepl~RX /13/. Mbl BII1AII1M, 
4TO CBR3b C OAH~M H~SKonema~~M YPOBHeM Aame 6e3 BBeAeH~R MH~MO~ 

ro nOTeH4~ana cy~ecTBeHHO ynY4waeT on~caH~e 3Kcnep~~eHTanbHwx 

AaHHWX np~ Bcex yrnax. TaK~M 06paaOM, MO~HO HaAe~TbC~, 4TO Ka
Hanbl Cn~~HII1~, Heynpyroro pac cea-u-a 111 ManOHYKfloHHblX neperiau npu 
oKono6apbepHWX 3Hepr~~x ~C4epnw~aIOT n6nHOCTblO Bce np04eccw, KO
Topwe B CTaHAapTHO~ onT~4eCKO~ MOAen~ on~CWBa~TC~ $eHOMeHonor~
4eCK~M MH~MWM nOTeH4~anOM. 

B paMKax on~caHHoro" Bwwe $opMan~3Ma 04eH~M yc~neH~e BepORT
HOCT~ TYHHen~pOBaH~~, Bbl3BaHHoe c~nbHO~ CBR3blO KaHanOB, np~ pac
nane ~Apa 222 Ra -+ 208 Pb + 14 c. An~ 3T~X ~Aep Mbl ~MeeM Q == 

:::: 33,05 M3B ~ V5 = 58,3 M3B Am:r nor euuuana r ana IlynYYWeHHbl~11 
pfox i ml tv" /18( Pacue r npoH~4aeMOCT~ no MeTOAY WKB np~ E==Q Aa I 
eT T ~ 10-27 • RCHO, 4TO nony4~Tb TaKYIO ManylO Ben~4~HY np~ 4~C I
neHHOM peweH~H C~CTeMW ypaBHeH~C1 WpeA~Hrepa 3aTpYAHII1TenbHO, no 'I 

3TOMY 04eH~M K03$$~~~eHT yc~neH~~ np~ 3Hepr~~x 4YTb H~me Kyno j
HOBCKoro ap s epa E == 50 M3B. B pac-rer 6blnVl BKnt04eHbl YPOBH~ ~A

pa 208~b 
ô

3-, 5- VI 2+ c 3 HeprHnMV1 111 napaMeTpaMM AMHaM~4eCKO~ Ae I
•

)$opMa4~M, 1I13Bne4eHHWMlI1 ~3 II1MelO~MXC~ 3KcnepMMeHTanbHWX AaHHWX. 
nOnY4eHO cneAYIO~ee 3Ha4eH~e An~ K03$$~4I11eHTa YClI1neHII1R 

k = T/T WKB = 1,4. 

TaKme nonY4eH~ OTHOC~TenbHwe BepO~THOCT~ pa3neTa RAep, KorAa 
~APO ID8 Pb OKa3bIBaeTC~ B OAHOM, 1-13 B036ymAeHHblX COCTO~H~~ 

T(3-)/T(O-t) == 1.1.10- 2 T(5-)/T(0+) = 7.1O-~ 

AHanor~4Hwe 04eHKlI1 no ynpo~eHHWM $opMynaM B paMKax TeopM~ B03MY
~eH~C1 nonyveuu B p aõore /8/. 

An~ 04eHK~ BpeMeHII1 mV13H~ RApa 222 Ra KpOMe npRMoro pacnaAa 
Ha RApa 14 C 111 aiS Pb Heo6xOA~MO Y4eCTb MAy~lIi~ nao annens ao APyrO~ 
MexaHH3M peaK4l11M, KOTOPW~ npoMCXOAII1T 4epe3 pacnaA paAMR nepeo
Ha4anbHO Ha 12 C M 210 Pb , M aar ea - nOAXBaT ABYX i-le~TpOHOB B npo
4ecce TYHHenll1pOBaHMR. BamHOCTb TaKoro MexaH~3Ma o6ycnoBneHa 60nb
WII1M cneKTpOCKOnll14eCKHM $aKTopOM AnR ~Apa 12 C B paAII1M, KOTO?blC1 
B 20 paa npe auuiaer cneKTpOCKOnIl14eCK~~ ~aKTop AnR ~Apa 14 C " 19./ 

B AaHHO~ pa60Te MW He 6YAeM paCCMaTpll1BaTb 3T~ np04eccw, TaK KaK 
AnR y4eTa KaHana nepeAa4 Heo6xOA~MO ~MeTb KH$opMa4MIO o paAV1anb
HOC1 3aBMCMMOCT~ $opM~aKTopa ABYXHe~TpOHHWX nepeAa4. 

3AKnlOLJEHME 

flpOBeAeHHble HccneAOBaHMR noxaaena , 4TO MOAerrb rpaH~4HblX ycno
B~~ co CBR3blO KaHanOB ~BnReTCR xopOllie~ OCHOBO~ An~ onMcaHHR AM~
<t>epeH4~anbHbIX ce4eH~i1 ynpyroro 11 Heynpyroro pacceRH~R ~ norn-ux 
ce4eH~~ peaK4l1f~ ~ cn~~H~~ ripa CTOnKHOBeH~RX TR~eJiblx ~OHOB c OKO
no6apbepHWMlI1 3HeprKRMM, rAe" 4~cno OTKPWT~X KaHanOB HeBenMKo. 

Y4eT CB~3M c HlI1matl:WMMH "B036ymAeHHbIMM COCT"OFJH~RM~ CTanK14BalO
~1XC~ RAep YBen144~BaeT ce4eH~e nOA6apbepHoro cn~RHHR ~ YMeHbwa
e r ce-reaue H,a,Q6apbepHoro Cn~~HI-tR. no 3T0C1 npH4MHe no reauaana , 
KOTopwe nonY4eH~ ~3 onMcaH~R Ce4eHI-1~ CnM~HII1~ npll1 HaA6apbepHWX 
3HeprM~x B paMKax OAHOMepHblX MOAene~, AonmHbl õsrr b ~3MeHeHbl B CTO
POHY YMeHbweHlI1fl BblCOTbl xynoaoacxor'o õap sep a . 3TO AOn>KHO CKa3aTb
CR +ia 3"KCTpaIl0I1~4~M TeopeTM4eCK~X Ben~4~H Ce4eHII1~ 'B 06naCTb 
aCTpO$~3~4eCKH~ 3HeprM~. 

CSR3b KaHanos np~BOA~T K 1I13MeHeH~~ e-HaCeneHKOCT~ COCTaBHoro 
RApa. BKnaA B ce4eH~e cnMRH~R Aa~T BonHW c 60nbW~M~ op6~TanbHW

MH MOMeHTaM~. 3TO npll1BeAeT K YBen~4eHMIO Bepo~THOCTII1 AeneHII1R co
CTal3HblX ~Aep co cpeAH~M14 3Ha4eH14RM14 MaCCOBoro 4~cna. 

Y4eT CBR3~ KaHanOB npMBOAMT K YMeHbweH~~ BpeMeH~ m~3H~ TRme
nux ~Aep no OTHOWeHl-11O K cnOHTaHHOMY ~cnYCKaH~1O r axenux «nacr e
pOB. MOAenb n03Bon~eT TaKme paCC4MTwBaTb OTHOC14TenbHWe BWXOAW 
4aCTM4 c pa3n~4HO~ 3HeprMeC1 B036Y~AeH~R. 
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TEMATH~CKHE KATErOPHH OYBRHKAUMR 

OBnEAHHEHHoro HHCTHTYTA flAEPHWX 

HCCJIEAOBAHHR 

HHAeKc TeMaTHKa 

1. 3Kcnep~MeHTanbHaR $~3HKa BWCOKHX 3HeprHH 

2r TeopeTH4eCKaR $H3HKa BWCOKHX 3HeprHH 
I 

3. 3Kcnep~MeHtanbHaR HeHtpOHHaR $H3HKa 

4. Teopet~4ecKaR $H3HKa HH3K~x 3HeprHH 

5. HateMaTHKa 

6. HAepHaR cneKtpocKon~R H paAHOXHMHR 

7. $H3~Ka TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKoP~tenH 

10. AatoMatH3aUHR o6pa6otKH 3KcnepHMeHtanbHWX 
AaHHWX 

11. Bw4~cn~tenbHaR MateMaTHKa H texH~Ka 

12. XHM~R 

13. TexHHKa $~3H4ecKoro 3KcnepHMeHta 

14. "ccneAOBaH~R TBePAWX ten H *HAKOCTeH 
RAepH~MH MeTOAaMH 

15. 3KcnepHMeHtanbHaR $H3HKa RAePHwx peaKu~~ 
npH HH3KHX 3HeprHRX 

16. ~03HMetp~R H $~3~Ka 3a~HTW 

17. TeOpHR KOHAeHCHpOBaHHOro COCTORHHR 

18. "CnOnb30BaHHe pe3ynbTaTOB H MeTOAOB 

$YHAaMeHtanbHWX $H3H4eCK~X HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH ~ TeXHHKH 

19. D~O$H3~Ka J 

WJfJloB B.M. P4-86-843 
CBR3aHHbJe KaHan:bl B MOAenu rpanut~Hbsx ycnoouli 

DoKa3auo, qTo MHoroKaHanbHaR MOAeJlb c rpaHH'IHbiMH ycnoBHRMH 
B BHAe TOJlbKO CXOARJII,eHCR BOJlHbl BO BHyTpeHHei% 06JlaCTH ftApa RB
JlReTCR xopomeH OCHOBOH AJlft OUHCaHHR peaK~HH C TH.*eJlbJMH HOHaMH 
OpH OKOJ106apbepHbJX H UOA6apbepHbiX 3HeprHHX, p aCCMOTpeHbl KaHaJlbl 
ynpyroro, ueynpyroro pacceRHHR H CJlHHHHH, a TaKJKe cnonTaHHbiH 
pacnaA ,HAep C BbJJleTOM THJKeJlbJX KJlaCTepOB, llpoBeAeHbl MeTOAH'IeCKHe 
paC'leTbl AJ1R K03qxpH~HeHTa YCHJleHHH BepOHTHOCTH TYHHeJlHPOBaHHH 
H3-3a CJfJlbHOH CBR3H C HeynpyrHMH KaHaJiaMH. 

Pa6oTa BbJOOJlHeHa B naoopaTOpHH TeopeTH'IeCKOH ~H3HKH OHHH. 

Coo6meuHe OfiT,enHHeHHoro HHCTHtyta liJlepHblX HccnenosaHHii . .lly&la 1986 

HepeaoA T.m.nYM6paftc. 

Shilov V.M. 
Coupled Channels in the Boundary Condition 
Model 

P4-86-843 

It is shown that the ingoing-wave boundary condition multi
channel model is suitable for the description of near-and sub
barrier heavy-ion reactions. Calculations have been performed 
for elastic, inelastic, fusion channels, and spontaneous decay 
with a heavy cluster emission. Enhancement of the penetration 
due to the coupling with inelastic mode is discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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