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HccneaoBaane yrnoBhix Koppemrunii: B peaKunsrx A + a -+ B + {3-+ C + y + {3 

MOJKeT cnylKliTb npoCTbiM li JlOCTaTO'IHO HaJtelKHbiM MeTOJlOM onpeaeneHli.H 

CBOii:CTB BbiCOKOB036yJKJleHHbiX COCTO.HHliH .HJlpa 8 

8 aacTosrmeit pa6oTe aaeTcsr BbiBOJl <jlynKunn yrnoBofi Koppensrunn ansr 

TaKOfi peaKUlili B paMKaX MeTOJla liCKaJKeHHbiX BOnH. npn 9TOM npeanonara

eTCH1 'ITO peaKunsr naeT B JtBe cTaann, a. nMeaao; BHa'lane nepeaaqa qac

TliUbi ( nnn KnacTepa) X npliBOJlliT K BbiCOKOB036yJKJteHHOMy KonneKTiiBli-

3lipoBaHHOMY cocTosraniD srapa B a 3aTeM aTo srapo pacnaaaeTcsr c Bbi-

neToM 'laCTliUbi y • Ecnn nonoJKnTh, 'ITO pacnaa srapa B He 3aBliCliT OT 

cnoco6a ero o6pa3oBaansr, To aMnnnTyay Bcero npouecca MOlKHO npeacTa-

BliTb TaK: 

T = ~ T (1 M , k ; I M k ) f' (I M , k ; 1 M ) , 
B B {3 A A a C C •Y B B (1) 

rae T -aMnnnTyJta cpbrBa qacTHUbi x , f' -aMnnnTyJta pacnaaa srapa B 

a cyMMnpoBaane BeaeTcsr no aeaa6niD.qaeMbiM KBaHTOBbiM qncnaM npoeKunn 

MoMeaTa srapa B • ~yHKunsr yrnoBofi Koppensrunn onpeaensreTcsr cneayiDIUHM 

o6pa3oM I 11: 

w 1 

21 + 1 
A 

( 2) 

3 
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llmi onpeAeneHIHI 8MOniiTYJlbi Cpb!B8 BOCOOnbsyeMCSI MeTOJlOM IICK8:lKeHHbiX 

BOJlH: 

T = .< t/1 (-J I V ( x, Ml t/1 (+J > , 
f3 a· 

"' (±) 
a.{J 

(+) 
·~ (1MJx - , 

A,B a.{J 

. ~ ~ 
npii aTOM ·~A.B (.I M)-. BonHOBbie 't'YHKIIIIII SIAep A II B, X a •. f3 

(3) 

(4) 

- BOnHOBbie . 

. IPYHKIIIIII1 oniiChiBaromiie OTHOCIITenbHoe JlBIIJKeHIIe B KaHanax A + a II B + f3. · 

.. 

KaK o6bJqHo, BonHOBYJ? IPYHKIIIIIO SIJlpa B npeAcTaBIIM B BIIAe pasno:lKeHIISI : : ' 

~ 
B 

~ 
lMiv 

,.;su <lMi-vll M >U. , 
B B IV 

(5) 

rAe. U; l!MeeT CMbiCn llJyHKUIIII, OfliiCbiBaromeil: JlBII:lKeHIIe UeHTpa TSI:lKeCTII 
IV 

. qaCTl!Ubi x B none SIJlpa 'A 

HcnonbsySI sTo pasno:lKeHIIe, npeACTaBIIM aMnniiTyl:ty ( 3) cneAyromiiM 

o6pasoM: 

-+ -+ 

''T = ~ V SIA i < I A M A j v II B M B > I i v ( k a , k {3 )" , ( 6): 
iv 

I. = f ).-l-J* V xl+J c/J • 
1 v · ;: {3- 1 a a (7) 

3Aecb k , 
a k f3 -l!MnynbCbi qacTIIUhi a 11 f3 B CIICTeMe ueHTpa Mace, a 

llJyHI{uii SI cjJ 
a 

OfliiCbiBBeT OTHOCIITenbHOe JlBll:lKeHIIe qaCTIIII X ll. {J B a .. 
AMnniiTYAY pacnaAa r MO:lKHO saniicaTb B. cneAyromeM o6meM BIIAe: · 

r ~ 

em 
.<I M em II MB > Ko yo. (k L 

C C B r. r. m •Y (8) 

r}le K e -napuiianbHaSI aMnniiTyAa pacna}la Sl}lpa B B KaHan c + •Y • a . 

ky -:-IIMnynbc qacTl!Ubl ·y B CIICTeMe KOOpJliiHaT C flOKOSilliiiMCSI npoMe:lKy

TOqHbiM SIJlpOM B 
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DoACTaBnSISI ·c 8) II ( 6) B ( 2), nonyqaeM cneAyromee Bhipa:lKeHIIe ; 

KOppenSIIIIIOHHOH llJYHKUIIII: 

W=-1_.~ 
2 /A+] M M 

~ - 1 Sl • v AI S1 j' K K:* <1 M fmll M >.<1M R'm' 
A £ f '· c c B B c c · 

i", em M 
B 

i'v'i'm'M''· 
B 

A: A * (l ) . ... ... ... ... 

.</A MAj vi1BMB> .<1 AMAj'v'I1B MB > 1;;; y yr~J. 1;/k a, kf3 )l(v'(ka , k{J) 

PaccMoTpiiM . qacTHhifi cny~afi, KO~Aa SI!lpa A II C -qeTHbie II cniiHhi 

TIIU x 11 y paBHhi uynro. Torna: 

IA=1c=MA=Mc= 0, i=i'·=e e '.;, 1 n • 

v = m = M B , v , = m , = M 'a 

B aToM cnyqae Bhipa:lKeHIIe nnSI KoppenSIUIIOHHoil: llJyHKUIIII ynpoma• 

w r -~ 
1

B. M M'· 
B B 

I 
IB M B 

(t ) 
I* , y* . y 

IBMB· IB MB 

A 

( lt. ) 
y y 

IBM B 

Boo6me roBOpS1 1 O~b z MO:lKHO Bb!6paTb TaK, qTo6bi BbinOnHSinOCb CDC 

weHIIe: 

-t -+ ...... ... 

11M ("a ' k {3 ) = I I (k a ' k f3 ) 'B M,O 

Tor}la KOppenSIUIIOHHaSI llJyHKUIISI (11) npiiHIIMaeT oco6eHHO npocTofi Bl 

~ 

W ( 0 ) = c (I 
8 

) I P 
1 

( ros 0 J 12 
, 

B 

rAe (J = k 
>' 

... 
z - yron Me:lKJly ocbro z 

y liS npoMe:lKyToquoro SIJlpa, a 

·II uanpaBneHIIeM BbineTa qacTIII 

5 . 



M9TO.QOM llCKa)K9lJI!biX 

(3) 

(4) 

(t} 

• X a • .. {f - BonHOBhie . 

:aiianax A + a n B + f3. · 
iM a an.rte paano)Kel!nH: . ' 

(5) 

eHne ueHTpa THmecTn 

Ty.rty ( 3) cnei:tyromnM 

( 6): 

!Me .ueHTpa Mace, a 

:Tnu x n. {3 a a • . 

llyromeM o6meM anae: · · 

I' l 
' '.·! I' 

. ·I 

. .l 
,. 

,'l ... I 

·',. 

. I 
.. ' j 

' .-; .. ) 

(8) 

3 KaHan C + •Y , a 
-·l 

WSIIIIHMCH npoMemy_; .' 

··.· 

. ' 

Ilo.rtcTaBnHsr '( 8) n ( 6) B ( 2), nony'!aeM cneayromee Bbipa)Kel!ue .rtnH 

Koppensrunol!Hofi ~YHKUnn: 

1 W=--·I. 
21 + 1 

.JS1Aj S1Aj'·K
0 

K~*, __ <1M fm!1 M ><1M R'm'fl'M'>, 
LL cc BB cc BB 

A M M 

( 8) 

PaccMoTpnM '!acTHhifi cny'laii, KOI".rta H.rtpa A n C -'leTHbie n cni!Hhi '!ac

Tnu x n y paBHhi Hynro. Toi".rta: 

i=i'·=f e '.;, 1 
B ' ( 10) 

II = m = M B ' II , = m , = M 'n . 

B aToM cny'!ae Bbipa)KeHne .rtnsr KoppenHunoHHoii ~YHKunn ynpomaeTcH: 

( 1 ) 
.. 

1 
(It ) 

w r; I. 1* , y* y y y ( 11) . 
B M M-'· IB M B IBM B. IB M B IBM B 

B B 

Boo6me I"OBOpH, OCb z MO)Kl!O Bb!6paTb T8K 0 'IT06b! BhmonHsrnocb COOTIIO-

llleHne: .. 
I (1 , k a ) 
IM a I-' 

( 12) ' 

Toi".rta KoppenHunoHHasr ~yl!Kunsr (11) npnHnMaeT oco6eaao npocTott ana: 

w ( (J ) ,; c (I ) I p ( IXJS (J ) 1
2 

' 

B 'n 
( 13) 

I".rte (J = k ,. ; - yi"on Me)K.Qy ocbro z n aanpasneHneM BbineTa '!aCTHUbi 
y 

y ll3 npoMe)KyTO'IHOI"O H.rtpa, a 
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-·· • • .J-. ~ • 

.I + 1 2 8 

---c{l8)= 411 r 
18 

~ ·. - : :"' 

,. .. ~ 

11 2 
I 8 I. • ( 14) 

~YHKURH yrnosofr KOppenHUHH (13) CHnbHO 3aBHCRT OT MOMeHTa f
8 1 

nos

TOMy R3y'ieHHe yrnOBbiX KOppenHURfi MO~eT cny~Tb aocTaTO'iHO S~~eKTHB

HbiM MeToaoM OIIpeaeneHRH CIIHHS B03oy~eHHbiX COCTOHHRit gapa 8 

OcTaaoBHMcg Tenepb oonee no~pooHo _Ha sonpoce Bbioopa ocn z , npn 

KoTopoM BhmonHHeTcg yc~oBRe { 12). 11ccneayeM ang · sTofr uenn HHTerpan 

nepeKphiTHH { 7), KoTopbiit sannUieM B npnonn~eHHR Hyneaoro _paanyca 

{3 - x ) asanMoneAcTBHg ( S -sonaosoe npnonn~eane): 

A (-J• -+ -+ ... ... I = (dr U (1)Y (r) x... (ck r ) x~+J (.k r ) , 
IM I IM lt{J {J It a 

-a 
c=m / (m +m-) 

A A a 

( 15) 

a) . llonyCTHM, 'ITO ycnOBRg SKCIIepHM eHTa TSKOBbl
1 

_'ITO·· Bbine_TSIOlltHe 'ISCTR-

Ubi {J perncTpnpyiOTCg noa
1 

HanpaaneaneM, coanaaa10mHM c HanpaaneHneM 

" • Toraa, pacKnaabiBag . xr::..J a 

X(+J 

a 
l: 
e 

B pga napunanbHbiX aonH: 

lea ( k_ar) ~o (;) v 2f + 1 
4·11 

(-J* {3 
X R = l: f e ( ck a') y (r h/ ~ . 

tJ e .tJ .eo 211 

nonyqaeM BMecTo ( 15) cneay!OlltHii pesynbTaT. 

(2f +.1)(2f + 1) 2 2a {3 
I ,;, { :t . 

1 2 .<~ 0 e2 0 110 > (/ r f f u I d r) lc 
~ nn ~ m ~ 

.(.1(.2 (411)·(21+1) 

. =I 8 · 
I MO 

{ 16). 

{ 17) 

. TaKHM oopasoM, npn TaR;oii reoMeTpHR OIIbiTa, Koraa HanpaaneHRe OCR z 
- -+ -+ ' 

R HMIIynbCOB~ R k COBIIaaaiOT1 KOppenHUROHHag ~YHKUHH OIIpe~engeTCH a {J 

6 

'( 

.• ... ~ i. 

'i; 

! 
·j 

i' 

I 
. j 

'j 

-i- .- . \--~
j:, -
! ~;-. 
~-·. 

\ 
\ 
! . ,.,' ] 

'· 

'i 
i! 

·" .fj 
. ~ { ·f 

-·.·r . { 
' ! 

•· •. · .• , !.' .. 
'• 

!,, : .... ,. 
•'. 

' . ·.· ~J 
. fl. 

' -~}.,.·!.' 
'• l .. · 
. r· ·.. ~ . ' .. i . 

-~ .. ' ·-i' 
.' '\ 

' ' 

·> i~- . 
. . . .:;·;~ . 

y • 'l 

··-~ '" . ; ·I 

. I 
·l 

'·· 

I 

~OpMynofr .. ( 13) ~ B _KOTOpofr v onpeaenHeT HanpasneHR ....... 
y no · OTHoUieHHIO K ocR z II k 

a 

o) nyCTb Te'nepb 'iaCTRUbl {J perRc:rpRpyiOTCH noa He 

K. OCR IIY'iKa. npeanono~M, 'ITO RCKa:>KeHHHMR B KaHan, 

+) Mo~Ho npeHeopeqb. Toraa, saMeHHH x- B {-15) aa m 

'IHM cneay10mee Bbipa~eHRe ang HHTerpana rrepeKpbiTR_H: 

rae 

I (k ,ka) 
IM a 1-' 

......... 
; qr 

Jdr u
1 

(r) Y
1
M (r) e 

·B = (/u (r)j (qr)dr 
I · I I 

8 1 Y1
M (q) 

-paiinanbHhiii HHTerpan nepeKpbiTRH, a nepeaaHHbifi RMII) 

q = k - ck · 
a {J 

TaKHM oopa30M HCH01 'ITO IIpR OTC'ieTe.KoppenHUHOHHOrl 
... 

HanpasneHHH rrepeaaHaoro B peaKUHR RMnynhca q c 

.OTKnOHeHHH B IIOBeaeHHH'KoppengUROHHOfi ~YHKUHR OT. sa 

B nepByiO oqepeab, CBRaeTenbCTBOBaTb 0 HanH'iRH HCKa~ 

qacTnu B. KaHanax A + a R B -t. {J . 

a) PaccMoTpRM. KaqecTseaHo, K qeMy npRaoanT RcKa~ef. 

. H KOHe'IHOM .COCTOHHHHX. llng STOro BOCIIOnbsyeMcg -KBa3l 

IlpHonH~eHHeM, KOTOpOe aon*Ho aocTaTO'iHO XOpOUIO pao . ' ·. . \. 

ang KOTOpbiX BbiiiOnHHeTcg COOTHOllleHne: 

>...<<R, 
rae R -pasMep Hapa, >.. -anRHa aonH~I qacTHUbi. B KBI 

rrimonR~eHHR ~ymi:ulm x (k;) RMeiOT ana: 

. -+.-+ -+ -+ -+ 

x(kr)=eift(rJr 

7 



. ~ . ··~ ' .... 

(14) 

' MOM9HT8 · f B 1 nos

JlOCT8TO'IHO sljJijJeKTHB

D.IIHHit .IIJlp.a B 

! Bb!50pa OCH Z ITpH . 

'-. 

3Toti:: uenn nnTerpan · . , · 

teaoro paanyca 

•HHe): 

, ·' 

( 15) 

· Bbin9T810lUHe '18CTH-

IM C HanpaBneHHeM 

IX BOnH: ... 

,_,,•' I 

1 •' 

( 16). 

'I 

.•• 1~: .·,, 
. I . 
. ~ I . . , 

·. ~r .. ' . I~ ·. 
. ~ 

( 17) 
dr)l& 

, MO ·~.) 

··, 

mpasneune ocn z ... 
KUHH·onpenenHeTc.ll 

· ... 

• ~· t 

ljJopMynoti: ( 13); B KOTOpoti: 11 onpeaemteT minpaBneune BbmeTa 'ISCTHUbi ; . ..... -+ 

z Ilk 
a 

y ITO OTHOlli9HHID K OCH 

6) llyCTb Tenepb '18CTHUbi {3 pei'HCTpHpyiDTC.II ITOJl H9KOTOpbiM yrnoM 

K ocn ny'IKa. llpeanono)KHM, 'ITO HCKa='KeHH.IIMH B KaHanax A + a H B + {3 
. ~- . 

MO>KHo npeHe5pe'lb. Toraa, saMeH.II.II 'X- B (15) na nnocKHe sonHbi, nony-

'IHM cneayiDruee Bbipa>KeHne an.11 HHTerpana nepeKpbiTHH: 

-+-+ ... 
iqr 

Jdr u
1 

(r) Y
1
M (r) e . (18) 

B = (/u (r)j (qr)dr 
I I I 

-pannanbHbiit HHTerpan nepeKpbiTHH, a nepeaaHHbiti: HMnynbc paBeH: 

q=k -ck · 
a {3 ( 19) 

TaKHM o6pa30M . .IICHO, 'ITO npH OTC'IeTe.Koppen.IIUHOHHOI'O yrna 0 DT 

-+ 
HanpasneHH.II nepeaaHHoro B peaKuHn HMnynhca q COOTB9TCTBYIDIUHG 

. OTKnOH9HHst B ITOB9Jl9HHH KOppen.IIUHOHHOit ljJyHKUHH OT 38KOII8 ( 13) 6yJlyT
1 

B nepByiD O'lepeJlb 0 CBHJl9T9nhCTBOB8Th 0 HanH'IHH HCKB>K9HHi1 B JlBH>K9HHH 

'18CTHU B KaHanax A + a H B -to {3 

B) PaCCMOTpHM. K8'19CTB~HH0 1 K '19My npHBOJlHT HCK8>K9HHe B H8'18nbHOM 

-~~~ K01I9'1HOM COCTO.IIHH.IIXe nn.11 STOI'O BOCITOnb3Y9MC.II -KB83HKnaCCH'19CKHM 

IJ 

npn5nH>KeHHeM, KoTopoe aon,>imo JlOCTaTD'IHO xoporuo pa5oTaTh npn ·aueprnHx,' 

Jln.ll KOTOpb!X BbiiTOnH.II9TC.II COOTHOlli9HHe: 

>...«R, 
rae R -pasMep HJlpa, X -annna sonH~I qacTHUbi. B KB83HKnaccnqecKOM 

....... 
'X (k r) HM9IDT BHJl! 

...,.... _. ...... 
(k
.) ilr.(t)r 

)( r = e ( 22) 
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rne k(r) -s!f><PeKTnaHbiii nMnynhc a o6nacTn Cpbiaa. ManoCTb o6nacTn 

npocTpaHcTaa, B KoTopoM. nponcxonnT Cpbia, n, · KpoMe Toro, He6onhmne 

naMeHeHna nMnynbca qacTnu npn ynpyroM pacceaHnn c npnuenhHhlM napa-

MeTpOM p :::·R noaaonmoT npennono)lmT~, '!To: 

... ... 
k(r)= k (R ) • 

0 

rne R -KnaccnqecKaa TO'!Ka noaopoTa. 
0 

( 23) 

flpoCTbie coo6pa>KeHnH, OCHoaaHHbie Ha paCCMOTpeHnn nan>KeHnH qacTnU 

no npaMonnHeiiHhlM KnaccnqecKnM TpaeKTopnaM, noaaonaroT aanncaTb sToT 

nMnynhc a anne: 

.... ... U(R) ... X 
k (R ) = k (1- ---0 

•) ·+ n • k • Sin-
o o 2E o 2 

( 24) 

3necb U -s!jl!jleKTnaHblii noTeHunan aaanMoneiicTana; X -KnaccnqecKnii 

yron qacTnu pacceaHna a none anpa, · ; -ennHn'!Hhiii aeKTop, nepneHnn... 
KymipHhiii k

0 
n ne>Kamnii a nnocKocTn pacceaHna. 

Y'!eT (22)-(24) npnaonnT K ToMy, 'ITO ~opMymi nna KoppenaunoHHoii 

!jlyHKUnn nMeeT npe>KHnii ann ( 13), onHaKO a Ka'!ecTae yrna f) abiCTyna-

eT y>Ke He yron f) = f) PW Me>Kny HanpaaneHneM abmeTa '!aCTnu Y li 

nepenaHHhiM nMnynhcoM q , a yron fJ = fJ ow KOTOpbiii OTC'lnTbiaaeT-
... 

ca oT s~!jleKTnaHoro nepenaaaeMoro nMnynhca Q , nonyqaeMoro nocne 

yqeTa ncKa>KeHnH a KaHanax. 

... ... ... 
Q = k (R ) 

a o 
ck

13
(R

0
) ( 24) 

B 9TOM npn6nn>KeHHH MO>KHO ycTaHoaiiTb CBH3b Me>Kny yrnoM f) n 

yrnoM f) 
PW 

f) 
DW 

f) + /),. 0 
PW 1 

PW 

C25) 

8 

~ 

rne: 

......... 
AfJ Qq 

-+ A -+ 

(, k {3 k a 

., 

:: 

ck 
arc sin ( :..::.JL Sin ( (, 

Q 

-+A-+ 
;·: cp=ijk 

a 

2 

flo cymecTay A ~ -sTo yron cnanra sKcnepnMeHTan 

UnOHHOii ~YHKUnn K TOii, KOTOpaa npencKaawaaeTCH ~; 

Hoaoro npn6nn>KeHnH (13). 

8 Ka'!eCTae npnMepa oueHnM no npnaeneHHhlM E 

'!nHy n xapaKTep cnanr~ Kpnaoii yrnoaoii Koppennunn 

npn6nn>KeHnH na-aa y'leTa .ncKa>KeHnii a• axonHOM n ai 

12 6 • 16 12 • . . 
a peaKunn C + L' -> 0 + d .... C +•il + d ,: nayqa: 

Ho a pa6oTax 
/2/ 

Ha pnc. npnaeneH pac'!eT cnanroa A f) . KaK <l 

R 0 • R 0 · nMeeT CMbxcn paccTOHHna HanMeHhmero cl 

qacTnuhx c anpoM A· , Ha KoTopoM nponcxonnT cpbxa 

• Yrnoaoii cnanr Koppenaunn pacc'!nTbiaanca no KaaanK 

ne ( 28) nna paann'IHbiX KIIHeTnqecKnX 9Heprnii nnTnH 

noTeHunana anna: 

lj::'=-U /( 1 + exp((r-R)/a)) + 1l 
1 0 · 'teo u 1 

l/3 . 
rne a Ka'!ecTae napaMeTpoa 6panncb: R = r 

0 
A· ;, · 1. 

Li d 
, · U 0 = 250 M sa, U 

0 
0,8 -100 Msa. 

PacqeT npoaonnnca nna CpbiBa anb!jla.:..qacTnuhi a 
. 16 

Hne ( E = 18,2 Msa) anpa 0 • AHanorn'!Hhie pe: 

n a cnyqae Cp:I;>IBa Ha npyrne aoa6y>K!leHHhie COCTOHH 

14,8 n 20,8 M sa. 

9 
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ManoCTh_ o5nacTn 

Toro, He5onhlllne 

c npnuenhHbiM napa-

( 23) 

19HHH llnH)I{9HHSI :qaCTHU 

>nSIIOT aanncaTh aToT 

( 24) 

X -Knaccn:qecKnfi 

BeKTop, nepneann-

I 

llnSI KOppenSIUHOJIHOfi 

yrna 0 nbiCTyna-

leTa :qaCTHU Y H 

nony:qaeMoro nocne 

( 24) 

yrnoM 0 n 
PW 

( 25) 

·.:.·. 

'· 

rne: 

ck 
arc sin (:.::...§._Sin((, 

Q 
6.0 

.......... 
Qq 

2 

( 28) .......... .. 
' ¢ = q k 

a 

no cymecTny 6. 0 -aTO yron cnnnra aKcnepi1M9HTanhHOfi Kpiinofi KOppemr

UIIOHHOfi <flyHKunn K Tofi, I KoTopaSI npencKa3binaeTcSI <flyHKUIIefi nnocKonon

Honoro npn5nii)I{9HIISI (13). 

B Ka:qecTne npiiMepa oueHIIM no npnneneliHbiM nbillle !jlopMynaM nenn

:qiiHY H xapaKTep cnnnra Kpiinofi yrnonofi KOppenRuiiii nnOCKOnOnHonoro 

npi15nH)K9JIIISI Il3-3a y:qeTa HCK8)1{9HIIfi n· nXOllHOM II nbiXOllHOM KaHanax 

12c. 6 L. 16 o d 12c. a d 
n peaKuiiii + ' .... + ... + · + ,. Ilay:qanllleficSI aKcnepiiMeHTan~-

/2/ 
Ho n pa5oTax 

Ha pile. 1 npnnenea pac:qeT cnniiron 6. 0 KaK <flyHKUIIII napaMeTpa 

R 0 R 0 'IIMeeT CMbiCn paccTOSIHIIR HaiiMeHhlllero c5nii)I{eHIISI nanaiOmefi 

:qacTIIUbi c HllPOM A , Ha KoTopoM npoiicxonnT cpbin anh!jla-:qacTIIUbi. 

• Yrnonofi cnnnr KoppenSiuiiii pacc:qnTbinancSI no KnaaiiKnaccii:qecKofi <flopMy

. ne ( 26) nnSI paanu:qHbiX KIIlleTn:qecKux aaepriifi niiTIISI c ncnonhaoilaHIIeM · 

IIOT9HUIIana nii]la: 

U':'=-U
0 

/( 1 + exp((r-R)/a)) + Ucouz, ( 27) 

rne n Ka:qecTne rrapaMeTpon 5paniiCh: R = r 
0 

A 113 
= · 1. 2 A 113 

>a = 
Li d 

0,8 U0 = 250 Man, U0 = -100 Man. 

·.·, -. ·~ •·. 

·. -~-.... ; .. ·.:,:·:: . . 

Pac:qeT IIpOnOJliinCSI llnSI Cpb!Ba anb!jla-qacTIIUbl B noa5y)I{Jl9HH09 COCTOSI-. · .. 

E O
M 

ane ( 16,2 Man) SIJlpa • AuanornqJibie peaynhTaTbi rronyqaiOTC.SI 

ri: n· cnyqae cpb!Ba Ha npyriie noa5y)KJleHHbie cocToSIIIHSI c aaepriiSIMII 

14,6 II 20,8 Man. 
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R.lfm) 

~ 

l 

1. 

~z 

Puc. 1. 3aBHCIIMOC.Th yrnoBbiX CllBHroB 11 () KaK <PyHKUHH rrapaMeTpa 
R B peaxunn · C + 

6 
Li -+ 

16 
0 + d-+ 12C"+ d+ d. KpnBbie 1, 2,3 OTBe'IaiOT 

KIIH9TII'I9CKIIM 9HeprHHM 0 paBHblM 26, 30 H 34,7 M 9B COOTBElTCTB9HHO. 
Yron Me)K)ly uarrpaBnenn.eM perncTpauiiii lleil:ToHoB n ochiO rryqxa - 10°. 
Anh<Pa-'IaCTIIUbl II ll9HTOHbl periiCTpiipyiOTCH flO pa3Hb19 CTOpOHbl OT- OCII 
niiTHeBoro rry'Ixa. 

10 

.' 

,Ha piicyuxa BHilHo, 'ITo Boo6me roBopn yrnoBoii: 

cnnhHO aaBncnT oT R 
0 

, rrpn'Ie.M rrono)KHTenhHbiM 31 

BeTCTByiOT TaKIIe aHaqeHnH R
0 

., rrpii KoTopbiX SIIlepH 

o6nallaeT Hall xynoHoBCKHM OTTanKHBaHIIeM. Xoll KpHBI 

3aBHCIIT OT KHHeTH'I9CKOll 9HeprHII nHTIISI H :aHeprHII Bl 

lla. B rrpnnunrre nccnelloBaHne aaBncnMoCTH 11 (} ( R . 
'' 0 

CllenaTh BbiBOil OTHOCHTenhHO Benii'IIIHbl palliiyca KaHan 

B 9TH COCTOSIHIIH. 

B aaKniO'IeHne eme paa OTMeTnM, 'ITO <PopMa Kpn 

<PYHKUIIII 0'19Hh 'IYBCTBIITenhHa K MOMeHTy B036y)K)leHHC 

.B , na KOTopoe rrepellaeTCH 'IaCTIIua. llanee, llnH rrp1 

yrnoBofi KOppenHUHII B8)KHO Y'IIITb!B8Th IIC.K8)K9HHH BO E 

KVIanax. IlpnBelleHHhiil BbiUie rrpnMep KBaaiiKnaccii'IecKI 

HCK8)K9HIIH rrpHI'Oil9H lipH E > 
Li -

25 M :aB II yrnax ) 

B ll8HHOM cnyqae SIBnSieTCH niiUih rpy6oil, K8'19CTB9HHOi 

CllBHra 11 (} ·• 06man *e <PopMyna (9) MO)KeT cny*HT 

TO'IHbiX pac'IeToB B paMKax MHB. Ee MO)KHO ncrronhaol 

yrnoBbiX KoppenHUIIil B llpyrnx peaxunsrx TaKoro *e THI 

ABTop Bbipa*aeT IICKpenHIOIO 6narollapHoCTh B.K. 

fiOCTOHHHoe BHHMaUIIe K pa6oTe, a TaK)Ke B.3. ronhll6e 

<PeeBy aa CTHMynnpyiOmiie o6i::y;>KJlennn. 

nnTepaTypa 
\_ 

1. N .Austern. "Direct Nuclear Reaction The 
New York a.o. Wiley, 1970. 
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R.Cfm) 

PYHK~um napaMeTpa 
pHBbJe 1,213. OTBettSIOT 

9B COOTBeTCTBeHHO. 

r ocbJO nyttKa - 10°. 
lbJe. CTOpOHbl OT OCH 

H3 pucyHKa BHnHo, ttTo soo5me roBopg yrnosofi cnsur nosonhHo 

cunhao 38BHCHT oT R , npntte,M nono)lmTenhHhiM 3HatteHnHM !l 0 0 . COOT-

BeTCTByJOT TaKne 3Ha'leHnH R 
0 

,, npn KoTopbiX HJlepaoe npiiTHIKeHIIe npe-

o5nanaeT nan KynoaoBCKIIM OTTanKIIBaHIIeM. Xon KpiiBhiX fl 0 ( R ) cna6o 
. 0 

3aBHCIIT OT KIIHeTIItteCKOfi 9Hepriiii nii,TIIH II 9Hepriiii B035yiKneHIIH KIICnopo-

na. B npHHUIIne IIccnenosaHne 3aBIICIIMOCTII !l fJ ( R . ) MOIKeT noGBonHTb 
.. 0 

CJlenaTb BbiBOJl OTHOCIITenbHO Benii'IIIHbl paniiyca KSHanoB peaKUIIII CpbJBa 

B 9TH COCTOHHIIH. 

B saKnJOtteHne eme_pas OTMeTIIM, ttTo ~opMa KpiiBofi KoppenHUIIOHHofi 

~YHKUIIII otteHb ttyBCTBIITenbH~ K MOMeHTY B035yiK)lemroro COCTOHHIIH H)lpa 

B , Ha KOTOpoe nepenaeTCH ttacTnua. nanee, JlnH npaBIInbHOro oniiC8HHH 

yrnOBOfi KOppenHUIIH BaiKHO Y'IIITbJBaTb nc"KaiKeHIIH BO BXOJlHOM H BbiXOJlHOM 

KttHanax. IlpiiseneHHhifi Bhiiiie npiiMep KB83IIKnacciittecKoro yt:IeTa 9TIIX 

IICKaiKeHIIfi npuroneH npii E > 25 Mas II yrnax x > 1 I k R n noaToMy 
Li 0 

s naaaoM cnyttae HBnHeTcH niiiiih rpy56fi, KattecTBeHHofi oueaKofi yrnosoro 

CJlBHra /l (} ·• 05mag IKe ~OpMyna ( 9) MOIKeT cnyiKIITb OCHOBOfi )lnH 5onee 

TO'IHhiX pact:IeToB B paMKax MHB. Ee MOIKHO IIcnonh30B8Tb II nnH aHaniisa 

yrnoBbiX Koppemmnfi B npyriix peaKUIIHX TaKoro IKe TIIna. 

ABTOp BbipaiKaeT IICKpeHHIOIO 5naronapHOCTb B.K. nyK'hHHOBy 3ll 

HOCTOHHHOe BHIIMaHIIe K pa5oTe, a TaKIKe B.3. fonhn5epry II B.A. TIIMO

~eesy 3a cTnMyniipyJOmiie .o5cy)l{neHIIH. 

nuTepaTypa 

1. N .Au stern. ·"Direct Nuclear Reaction Theories". 
New York a.o .. Wiley, 1970. 
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2. K.Il. ApTeMoB, B.3. fonh.a6epr, H.rr. IleTpoB, B.Il. Py.aaKoB, H H. Cepn-

. KOB, B.A. TnMo<jleeB • .H<f>, 1.1, 292, 1971. • 
K:P.Artemov, V.Z.Go1dberg,I.P.Petrov, V.R.Rudakov, 
I.N.Serikov, V.A.Timofeev. Phys .. Letters,37B, 61, 1971. 

3. A.E. Mnr.aan, B.Il. ~pail:HoB. Ilpn6mnKeHHhie MeTO.Uhi KBaHTOBoil: 

MexaHHKH. M., 1966 • · 

PyKOIIHCb IIOCTyiiHna B H3.118T9llbCKHH OT.Qen 

11 nronH 1972 ro.aa. 
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YcJIOBH.H :o6MeHa 

flperrpHHThi H coo6meHHH OH.HI1 paccbmaroTcH 6ecrrn~ 
IIMHOI'O .o6MeHa,yHHB9pCHTeTaM, IIHCTHTyTaM, na6opaTo 
Hay'IHbiM rpyrrrraM II OT.U9llbHbiM Y'I9Hb!M 6onee 50 CTp< 

ITonyqaTenHM ns.aaHHil: 011.HI1 rrpe.aocTaBnHeTCH B03M 
HBIITb .IIHIIUII8THBY. B 6ecrrnaTHOH IIOCbinK9 rry6nHK8UIIH : 

o6MeHa IIPIIHHM8IDTCH H8Y'IHbl9 KHIII'H, )KypH8llbi 0 npen1 
ny6nHK8UIIII no T9M8TIIK9 0llf.Hl1. 

E.aHHCTBeHHhiH .nn.a :ny6nnKaunil:, KOTOpbiH HaM npm 
STO peiipHHTbl ( OTTHCKH CT8T9H ., y)Ke ony6miKOB8HHbiX B 

H pH.Qe cnyqaeB Mbl CaMH o6pamaeMCH .K Hay'IHbiM 
6onee KpyiiHbiM nony'IaTenHM Harunx ns.aaHHfi - c npoch 
Cll8Tb HaM K8KHe-mr6o KHHI'I! I!lll! Bb!III!C8Tb .QllH Haruefi 

)KypHanhi, II3.aaro.miieCH B IIX cTpaHax. 

0 T,neJibHble !3anpocbl 

J1snaT9llbCKHH OTL!en 9)!{9I'OLlHO Bb!IIOllHHeT OKOllO 301 
COB Ha Bb!CbinKY I!3,Q8HI!H 0J1.HJ1, B T8KI!X sanpocax c. 

yKa3biBaTb :IIH.UeKc sanpamiiBaeMoro II3.UBHHH. 

A.npeca 

flHCbM8 no BC9M BOIIpOC8M 06MeHa ny6nl!K8UI!HMII, 

oT.aenhHhle II3Ll8HIIH cne.ayeT HanpaBnHTh no anpecy: 

MOCKI38, 
rnaDHbiH noqT8MT1 n/a 79, 

H3naTenbCKHi1 oTnen 
06benHHeHHoro HHCTHTyTa 
anepHbiX IIccnenoB~IIii, 

A.apec .anH nocbmKII ncex ny6niiKaunil: n rropHnKe o 

6ecnnaTHOH nO.UIIIICKI! Ha Hay'IHbie )KypH8llbl! 

MocKDa, 
rnaDHbiii noqTaMT, n/a 79. 

Hayqno-TexHHqecKaa 6n6nnoT 
06benllHeHHoro llHCTHTyTa 

HnepHbiX 1ICCnenOB8Hlli1, 


