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1 ·paoOBCKH8 H., KanHHKHH b.H., MapKoBa H.cp. 

Yrnosoe pacnpeneneaue nponyKTOB peaKUHH MynbTH
ayKnoaaoA nepenaqu 

.D.aaa KB83HKnaccuqecKaH TeopHH yrnosoro pacnpeneneHHH 
nponyKTOB MynbTHHyKnOHHOH nepenaqu. 

noKa3aHo, qTo B OTnuque OT OilHOHyKnOHHOH nepenaqu npH 
paCCMOTpeHHH peaKUHA 9TOro THila Heo6xonHMO yqHTblB8Tb HX ae-

ynpyrHH xapaKTep. 

TTpenpHHT O6oe,llHHeHH0ro llHCTHTyTa Sl.llepHbIX 11ccne.noBaH11it • 
.lJ.y6Ha.} 964. 

Grabowski J., Kalinkin B.N. Markova N.F.. 

The Angular Distribution of Froducts ofMultinucleon 
Transfer Reactions 

P-1675 

The quasi classical theory of multinucleon transfer reactions is given. It is shown 

that contrary to the one-nucleon transfer in these reactions it is necessary to take into 

account their inelastic character. 

Preprint. Joint Institute for N.lclear Research. 
1964. 
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Ill' . 
. ,B _npe_Jlbl.llYllleli, pa6oTe. 6bm 'pacCMOTp~~ ppouecc ,O.llHOHYKJIOHHOli n,epe)ll:iqH a 

., ·_KB83Hy;pyroM' npH6JI~?KeHH~':, TeopeTH_qecKHe pe3yJibTBTbl HBXO.ll,8TCl!: a; xopolll~M- cornacHH 

C 3KCnepHM8HTOM. 

K HBCTOll_llleMy epeMeHH 'lia~onn~H 3HBqHT0JlbHblli ~aTepHan" IW 3KCil8pHM8HTa:Il~H~My' 

'Hccne.llOBBHHK). MynbTHHYKilOHHbii, nepe)laq. 'HecoMHeHHO, ,3TH ·HCCJI0.llOB8l!Hl! Hy)KJlBIOTCl!. B 

'.:.i:ian~HelillIE!M YTOqHeHHH. o:Z:urn:o y·;e cel!qa/ MO)KHO C.ll0Il8Tb Bb!BO.ll, ~TO 'irnoaoe pac'itpe-
. • . . . . • . I , . • • 

)len'eime npO.llYKTOB peaKUHH M0)1{8T cy,llleCTB8HHO OTnHq8TbCl! OT 0.llHOHYKJIOHHOro cnyqal!. 

B~o(i~e roeop~, O~O, 3H8qHTen~o cn:~Hee. , 

, B · CBl!3H C 3THM )K0fl8T8JlbHO BblSICHHTb npHqHHbl. ycnO)KH0HHl! q:,opMbl ''yrnoeor~· pac-· 
I 

npe.lleiieHHll. 

/ B',.~aHHOli . pa6o
1

Te'· p8CCMOTpeHa O)lHa H3 HHX. 

;: i' 
.-., 

. npe)K)l8 ecero 38M0THM; qTo IlpH Mynb;HHYKJIO,HHOli. nepeitaqe ( 3TO y)Ke no)lqepKHBa-, 
, . ~ I l I ', ''. ~ . j ' ~ ' . ' "

0
• D '• ' • - \ ~ , - _: - \ I 

·• iiocb a· pa6oTe .) KaK Mace a. ner_Koro .l!.llpa, :.aK H ero, 3apl!.ll MoryT 3aMeTHO H3M.eHnTbCll. • 

, B llIHp'oKHX npe)lenax H3M8H~8TCl! Q !f ,Q peBKUHH_• nosTOMY.iHCilOil~30B8HHe B )lBHHOM cny;

qa7.' -~B83Hynpyroro• npH6flH)K8HHll' 6~mo 6b! CilHllIK,OM rpy6bl".I -~-noco6oM,. o_~~ca:ml!;r Heo6xo-

' .llHMO · yqHTbIBBTb HeynpyrHli xapaK-rep npouecca. ·• 1 
-: ~ ' :,,. 

· no..:npe)KH0My 6y.lleM·, HCXO.llHTb K3 . .ll~Hb!X O B38HMO)lelicTBHH Me)K_Jly \ CTBJIKHB810lllH"; 
., ' ' '. ' 

MHCl! CJIO)KHb!MH l!.llp8MH, nonyqeHHbIX Ha OCHOBe' KB83HKJ18CCHqeci_coro 8H8JIH38. 3KCf'epHMeH-
. /2/ ,' ' 

,TO~. no ynpyroMy paccel!HHIO • '3TH .llBHHbie 'xopolllO cornacyroTCl! C ·pe3yJibTBTBMII 
' ' ;' '' ' /3/ 

,- , KB8HTOBo-MexaHH'l~CKOr
1

0 pac~eTa, BbIIlOnHeH~or~. HeiiliBHO 
• I ' 

Ay,3p~BXOM II nopTepoM · • 

-11cnonb3yl! _Teopuro npHMbIX. ll.llepHblX peaKunii' B npH611H)K8HHH HCK8)K8HHbIX· BOJIH ( CM., 
(;·, · · ,· /4 5/ . · .. 
HanpHMep, ' ) ; )lJil! aMnnu~y .llbI nepe.llaqu HyKnoHoe, MO,KHO HanHc~Tb cnenyro_lllee Bbipa-. 

' ' , - t' 

r.lle 
. I I Be , Be - q:,a3bl, B - p8.llH8,JlbHbl8 BOJIHOB!>Ie' 4,yH~UHH 'OTHOCIIT8Jlb~' 

.'iioro ·:na'10KeHHl! B HaqanbHOM,·IC KOHeqHoM COCTOl!HIIl!X; npH BblBO.lle_, ¢,OPMYJibl (I) ''6binH; 
' ' ,\ ' ' \ ' 

C.lle,naHbl. ynpolll8l0lllH8 npe)lnOJIC>lK0HHll. 

l . 

·I 3 
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' j ~ ~ • /. 

·,f 

Bo-riepsb1x, npeHe6pepaeM. acpcpeKTOM HaMeHeHHSI 
I' -< ,'.,• , , I , .. -- / , ·,' ~....'.. ·' '' ' .•' •, ':f. ' ' , .• . . 

H3 JJ.BYf SIJJ.ep, K,oTopoe' o6ycno~neHO SKTOM nepea~•m HYKJIOHOB, EcnH HaneTS!Oll.{ee Sl/J.!)0 

He 0'18Hb ne!'KOe (HanpHMep; N,~lO. Ar1° ), a 'IHCJIO. nepeaasaeMblX HyKJIOHOB. He CJIHWKOM. 

.• B~~H~O ' ( 2,;, ·4); TO 3TO. UpH6JIH)KeHHe BO~~o•i~o H~. 6~:0.eT I'py6bIM, ' i. . 1 
. '· , , . ' !' .• I .• 

80-BTOpbIX, npeHe6pe!'aeM CilHHSMH S SIJJ.ep, n'pH, KS'ieCTBeHH~M, paCCMOTpeHH~ . . ' ' ' 

3?ll8'1K .TaKoel npH6~H>I,<eHHe ao,nycTHM~. El'O l,(Q)K~O. OT'i~CTH 060,CHOBS_T'i,, 'ecn_H\Y'IElCTb,\ . 

; , '1To1 p~aKUHH nepe,tta'IH np0Hcxoa11T npH i'KpaesoM• cTci~KHoseHHH smep; KOl'JJ.'a ,pe'a~iiayroT..:.,;, 
,' '' .. ' ' ' ' . ' ' ' ; ' " . ' ' . ' . ; ' \ . ' " 

',' CS! O'ieHb• 6onbWHe y~JIOBb!e MOMeHTbl OTHOCKTeJI_bHOl'O tlBH)KeHHSI f ., 50 - 70 » ~- noaTOMY 

' s·'nepso~ npH6JIH)KeHHH H~JIH'IH,eM CilHHOB 'y_ siaep MO)KHO npeHe6pe'lb.' 
. . . ~ \ /_\ \ : /·, .~ ". ' ~ ,I ·, ·1 ; . ' ' • 

B :rpeTb~x, npHHHMae11,1; · 'ITO Ta 'ISCTb M~TpH'IHOl'O .aneMeHTa _nepexoaa,' KOTopa11 aaBH"'._-
\ ' ' ' ' ' . ' . 

CHT OT ~oopJJ.H_HaT ;·nepeaasaeMblX' HY~OHOB, nocne 'HHTe!'pHpOBSHHSI no '3THM KOOJ:!JJ.HHSTaM, 

/ , liM'eeT BHJJ. exp [-a~R] '• 3TO SIBJISieTCSI. cneJJ.~TBHeM TOl'O cpaKTa·: 'ITO BOJIHOBb(e, cpyHKUHH" 
' " - . . . ',' . . ' . . . ·' 

"· 
___ .... ,' 

' . - \. ' t . ' , \' - " ~ " , ' ' ~ ' '. ' ,_ ' \ ( ' _., 
HYKfIOHOB, Y'IS~TBY!OlllHX B nepex9ae, Ha n~pHcpepH,1! CTSJIKHBa!Oll.lHXCSI SIJJ.:P y6b1B8IOT. 3KCno-

' · , · /6 7/ ' · . ' ·. . . '•· · · · 
HeHUHaJibHO. Pac'{eTbl • • B KOTOpbiX HCJIOJlb30BaHW KOHKpeTHbJe ·noTeHUHSJlbl; o6ecne'IHBa-. 

ll " '· \ .• ;.- . '. , 1 1 . .·. · 

. !Oll.{He nepeJJ.a'ly, IlOJJ.TBep)KJJ.8IOT cnpaneJJ.JIHBOCTb 3TOl'O npH6JIH)KeHHS!, 
' /" ,,· . . "-· _,,. ' 

noMl!MO 3THX, BilOJIHe oqenHJJ.HblX ,·· 'ynpoi.u~HHl! caenaeM eme oiiHo • .llnsi 3TOl'_O 
• ' • •· : \ I • • I ,•. ' 

CMOTpHM MaTf)HqHbll! ane~eHT, nxo.i:uimHl! B _cpopMyny (r). nocKOJlbKY 'Mb!, HM~eM h,eno C 
~. - - .,. - f' ' ' '.' , .. ·, : ' --, 

,TSI)KeJib!MH 'laCTHUSMK, TO; -KSK HeOJJ.HOKpaTHO. YK83b!BaJIOCb B JIHTepaType, 'an11 onHca_HHSI 1. 

HX :i;_BHmemrn MO)KHO HCJIOJlb30B8;b· KBa3HKJlll~~H'leCKHl! no~X~JJ.. PaJJ.H~~-bHbl~- B~JIHOBbl~-- ,:'".;, 
._. I . :. I .. ;.. ·-, 

/ cpyHKUHH fe (kl R) H ff (k;R) 3KCJIOHeHuHaJibHO ,aaTyxa,o~ npH ,R _< Rmln(f) _H 6w'c+po" oc'uwi~'' 

JIHpy!OT. npH' . R > R rn Ince), r JJ.e R "'.In_ KJl8CCH'leCK8Sl' TO~Ka noso,poTa,' PaayMe,eTC~; .. 'P~HKUHSIM. 

fe'<< R) H, fe (k,:R) ~~-~TBe;c;BY~T·pa;H~l~ TO'I~~ nonopoTa: R~ln •H: ' R;tn. ,[l~1frrn;,: .·· 
~aTpH'l~_bll! aneMeHT COJJ._ep)Kl;T ¢YH~UHIO e~p [-_;,'Rl npH MynbTHHYKJIOHHblX nepeJJ.a'lax' n?p~-

, '\. . ' " ' . \ " / . . . i . ~ 
\ MeTp a' JJ.OCTSTO'IHO nenHK: - nopSIJJ.KS,; 3, H' cpyHKUHSI exp[--'a~R] npH • ysenH'leHHH, R nee-·, 

'c ' . ' . . ·' . ,.• . --•[ . ' . ·' , . , 

'-1'0 ,-!1HWb Ha 1 f yMf!HbWSeTCSI ~ 20 p~3, B_cneJJ.CTBHE!. 3TOl'O JIOJJ.aBJISl!Oll.{Hl! BKJISJJ., s, 
. -. . , ' , ' , min 

~ pH'IHblll aneMeH:i- 'JJ.a_eT o6nacTb B6JIH3H ,· Rl,f • 
. ·;. ,,,. 

·,M,~TpH'IHbJe 'aneMe~Tbl. TSKOl'O THJla 06b1qHo· OUEiHHBa!ClTCSI no MeTOJJ.Y nepesana. 

, liHqHaiu1Cb 

,I 

!'JiaBHOl!. 3~BHCHMOCTb!O MaTpH'IHOl'O aneMeHTa OT ,e' 
, .-a'R " . . ;':· -a R

0 

1 MO)KHO, HSJIHCaTb: 

f, d R ti ( k .R ) e ff (k, R ) ".' e 
';.. ' '' (.. '· ' ' . ., .. 

· Pae R
O 

- ce.D:nosasi TO_'IKa. Y~~TbIBSl! BHJJ. KsaaHKnaccH'leCKHX cpyHKUHl! .Je (k'
1 

R ), 

. ' \ . 

I t ~ , . 1 • 

H. T?T cpaKT, ·_'ITO ·o6b!'IHO' f >> · 1'.e (ti,f. ,KOJIH'leCTBO" napuHaJibHb!X BOJIH, ):l,a!Oll.{HX BKJISJJ._ 

B npouecc nepei:la'IH) 1 MO)KHO · JIOKaaaTb1 'ITO: 1-. 
'·,' L. ~.- • - • \ .,, 

H R
1

mln •;,,;'., min ( ·R min, ,R,mln· 
I' , f 

H~ 3SBH.CHT. 1 
,. \ ~ 

,'leCKH OT 

,, , 
R = Rmin+'• t\, 

C ' .· , . 

) ,. , npH'leM' .R 
min 

SIBJI_SieTCll ·. cpyHK!!:H,el! OT 

'{-, 

.: '(2) 

(; ~ J'J., np~KTH- :o 
I ' 

''-t 
JaK KSK H~C HHTepecyeT TOJlbKO yl'JIOB'oe'., pacnpeaeneHH_e npOJJ.YK'i;OB iiepeJJ.~'IH,'. TO BO 

ncex ·aanbHe:ilwmc- BbI'!HcneaH11x· nocTOSIHHYKl • '/',, . MO)KHO H·e )''IH'l'bIBaTb, I 
\ ' ' ' 

; \ 4 

,i' 
·,, 

,J 

I ,. 



--, . 1\ ,, 
: TaKI!~. ci'6pasoM, -cp-.;p-,:;yna

1 

( 1) •.npH06pe-rae; BHJl: 
, ·, ' , : - ~ -.. • , 

1 
, ... r,~. , •1· t ,.:·_ · . , ' ·_ ml 

' ~- _.. .- · , ,, · -1(oe+8p) ·aR "{r)-
1- ; .• ,· _T,.-i.a,f(2f+l)e > _., Pf(cos0)e "'. 

j 

I ,._ 

,' 

, I 
(3) 

j 

3. MeTon pacqeTa ( \ 

.i 
I' . I 

<t,iashr op 
''. 

8: ', ~ 0

R
1

m
1~(f) - 'paccTo_~H_He HaH6~nbwero ~6nH)KeHH8 CTSn~HBa!OWHXCSI 'I' 

L • . /2/' 

1 
nnep pacc,'IHTaTb , ecnH Rcnom,3oaaTb-- HHtpOpMauHro 06 - HX asaHMonel!cTBHR 

.f 
1-

·1·,·' . 
PacCMOTpHM )lng. npOCTOTbl Ko'a'KpeTHbll! cnyqal! nepena"IH 

' ' 
npH Eu,M.127 M'?a·; I • 

I I, 

197 ·-: 20 
),u \ ( Ne , 

' -· -·_1 
I· ' 

Pesyrii.TaTbl Bbl'IHCneHHl! nnn'- KnaccHqecKoll TO'IKH noaopoTa. B_ HaqanbHOM. ( i) 'H KO-
i; •' 

a'eqiio~• ( f) -KaHanax pelcl~UHH B _SaBHCHMOCTH. OT: IlpHBSJleHbl Ha' pHC.' 1. -Mb! BHi:\HM! ·: 
· · 1 1 mtn ' ·' min' , ' 

'ITO ,KPHBble _R,.--(0:, H Rr ffl ' CMemeHbl.JlPYI' OTHOCHTenbHO npypa. 3T"o' 06'bl!Cllll-'~_, 

,eT~SI iia"MeHeHHei.l,. npHBen"eaaoll· MaCchr;·.sap~JJ.OB H aaepI'!fH_ OTHOCHTenbHO!'O JlBH)KeHHSI_ 

'' '_ g,;ep 'a',H~~'anb~OM "H -KOHe'IH~M .KaHanax peaKUHII - (npH Bbl'IHCneHHIIX npennonarano~b, '{TO 
~. ' ' ' ,- ' . ' ' I -- \ ' • •. ,, l 

• 

0

06~asy101UHeC,; 11npa .iaxon~TCSI B OCHOBHOM COCTOSIHHH;HnH- a6nHSH He!'o) •. KpoMe 'TO~o •. '\' •., \ . I,,,._\ . :· :• / . . . . - . - .· 
Ka)KJlBII HS KpHBblX Rmln(f) : HCilb!Tb!Bae-r. pesKoe HSMeHeHHe B6IlHSH H8KOT0p01'0 SHaqe-

. t f . , / \., .: ' . . ~ : . . ~ ' '. . . f I' ,.· / , , . I \ I 

HH11 }"'. ~/ : i-~neci,_ Mhl c:TaiIKHaaeMcsi b acp<l)eK,;oM 'aT~l'HBaHHII' Tl!)Ken_ol'o 'Hoiia _11n~pHb11_ 
·.MH CHna~H npHTSl)KeHH~ _B SOHY MeHblllHX pacc·~~SIHHl! , R • I ' 

min 
·KaK'BHflHo_H3-pHc. 1,,-KpHBbre. 'R 1; 1 (f) 

\. ,/ " 

I mill (f _f,) + b, e < f I al 
R (f) 

a'2 -(f. ~f ! ? 1i t ":t e + :;,-
(4) /-

2 
~ 

I 

' ' ' , 

npH aHal!HSe OJlHOHYKfOHHOl! nepena:rn HCilOilb30BaHo 'KsasHynpyroe" .•,' 
~ ' ,. min I ' ' / 

~n~H·6~~)KeHHe. B 3To1 cny_qae KPH~bre ·_, R 1 _ (f) H . Rm/, -(f) • coananaroT."'.TaK KaK napa-

MeTp .!' nn11 OJlH.OHYKilOHHOl!' II~pena'IH Man C ;- 1) I a: IlO!'Il~¥-1eHHe_ npH f -~ el senHKO~ 

: •_;o·; ocH~B~oll sicna~ B y~noa;;: ·p~cn~eneneH_He_ nponyKTOB · peaKuHH 'n'aaan_a 'Soaa', f ·> · f , ~ 
... ' , ~ . • - -- _i i , , . ,1 ·1, 

J ,1·· , ,_ f 

B cnyqae MyllbTHHyKnOHHoll nepena'IH :- a_ senHKO. noaToMy · 6onbwoll; BKnai:i B peart-

. ,, UHIO ,.,6y ~k;. n~saTb, n' soHa,'a6;Hs~ , f 1 110 f < £ 1• 3T~- o6cTon,Te~bCTBO ~,;rn))Kn~eT· ~ac 
~ .': : '. • , I 

_OilHCbl~aTb IlO!'IlOIUeHHS B6IlHSH-, f• a' fl - .. 6oiree 

no.np66Ho.· 

.ix~T~flbHO. OcTaHOB~M~·'sJ,.' Ha, 8TOM aonp~ce ~ ~ . .. .. . ·. \ 

; ,-B cp·opMyne (3), IlOl'IlOIUeHHIO OTBS'IaJOT.MHHMbie 'IaCTH cpas 

,iacTb ¢asb1~ ortpeileirnnacb' ¢opMynoll: 

.' :•_, 
- 1,4 rd 

_lm'Be:=l'".'-o .~--, 

-e - q 
f ,-,f 1 

5 

',• I 

;. 



'·, ', 

,·, 
·, 

'i, 

.. i ~ 

'i. 

'I 

.(,, 

,,1 :,.. 

;,• ' . \ ' '\ 

s.oecb f;' :-, COOTBeTc-i-ayeT 'suaqeumo' e • -npii" KOTOPOM aiJi'roqaIOTCSl ~.oepHbie. ~Hllbl,\C?,r-,. ,' 
' • - ., ,,.. ' - . ' ', I, ' /, , ' \ 

';naCHO ,BLipS>KeHHI0{5), [Im sf le:.e. ➔-: .. , T,e, npoHCXO.!lHT DOl!H~enor~oiueHlte, s·: -' 
1 ' •, 1 1, ' I • • "• , • 

1 
• 

.oei!CTBHTellbHOCTH, : ~ornomeHHe 'XOTSl H' ae1IHKO ' { 06 'STOM CBH.OeTellbCTByeT M'anast ae~H'IHHS' 

'ceqeHHI! MYllbTHHYKIIOHHbIX' ne~.oaq) 1 HO I He !IB,IISl0TCSl DOIIHbIM, . Cne.ooaaTem,ao, cpopMyny 

• (5) Heo6xo.oaMo acnpaaaT'b .onsi Toro, "'IT06bI yqecTb :sTOT'cpaKf. C .opyroll. cTopoHb;, sTo 
1 

, ,a~npaan~uae:ue · .oo~JKHO acKa'JKaTb o6~ero' noa~.oeuast· cpyHl<'.UHH I111 13 e npa C > f 1; 
\, ,.__ ., . - . - , - r' .. 

~ 5 
' TSK KSK 'B' npOTHBHOM cnyqae cornacHe C .OSHHb!MH no ynpyroMy· paccestHHIO HapywHTClI, 

I" ' , ., ' ; , 
0KS3bIBSeTCst, 'ITO 8THM Tpe60B8HHlIM MOJKHO y.ooaneTaOpHTb, 0CIIH npeaCTSBHTb 

. -~ ' 

Im 13 f a 1:mae:· 

Im at [ 
min , min ' 

= 1-y _R1,1 (f)- R,,r, (~ 
0 ' 

rae. cp'yuK_UHH R~ln (f) H3B0CTH~ {ch(, (4)), a y p~BHO: 

e <f1 

e. > e .> e1 '°. \ I. ·Y1 
y = y 

' ,, i 2 . .., ' 

,e-<·e. 
f :>,f 

J 
(6) 

( i) 
{ 

3uaqeuae y 2 BbI'IHCIIHeTClI TSKHM o6pa30M 1 'ITOfibI cpyHKUHSl ,(6) HSHIIY'llllHM' o6pa30M 
/ _. .. 

' anpOKCHMHpoeana, cpyHKUIIIO {5) a' 0611acTH 3H8'1eHHI! el <. e' '5. e;:. / 

H1mpo-rai,· aHaqeuae y ,He MOJKeT. 6bITb onpeaeneHo ;aa .oaHHbIX no· ynpyroMy pac-
1 ' ..... \ ' 

ceHHH·ro, f1osToMy a paMKSX aa.HHol! Moa'ena· y' HansteTCH cao6ot:lHbIM' napaMeTpoM, 
,,.. , ! ,, .: ' 1 

./ ' /· - ,. ' :' , . '. . . -: 
'Ha.pHC, 2 .!l8HbI SMDIIHTYllbI. _A f; 'napUHSJ}bHblX BO/IH ,a 38BHCHMOCTH OT., f {Kp11-

• .. , 1 · ( •l •1 / , -·,. 
flSH II), c y'leToM cpopMyn {4),· (6),, q>, npH y 7 Sf, , y= 2 f , , b2- b 1 =,1 f, 

, ' 1 · 1 1 • , ~ , , •• - I 

a = a' =· 0,1 r ~ ,;, = 3,6 f • ·, .'ITO cooTaeTcTayeT ·pa~cMaTpaaaei,;oll peaKuHH nepeaa-ia• p 3n. ·" ,,. 
l \ 2 ' ' L -• ' •• • .._ '•e' )' / 

. ,llnst cpaaHeHHlI. npaaeaeHa T8KJK0 KpHBSlI A f npH 'a= 1 r.,· 1 ' ( KpHaa,ii I ' ) ' COOTBe-r- ' /' 
, ' ', \ , ' I , " 

cTayromast cnyqaro OllHOHYKIIOHHOI! n,epeaa'IH, /, 1 

J.13/STOro·,pHCyHKS.BHllHO, 'IT0.06/ISCTb 3HaqeHHi! f I t:lSIOIUHX BKIISt:l B peSKUHIO 
' 1 • ' " . •• · • 11 ' ' 

My~bTHHyKII~HHOI! nepeaaqii, COCP'i)llOTO'leHa a61IH3H f I. '. B TO Bp0MlI K8K npH ·oaHoHyK-

IIOHl{Oll, nep~~aqe -~Ha' pacnollOJKeHa DpH,, \f ·> f I H. ;HS'IHTell~HO WHpe'. C ct,"H3H;0CKOll . 

TO'IB;H ·apeHHSl STO .o:3HaqaeT, 'ITO peaKUHSl. MYllbTHHyKIIOHffOII mipeaaqH .06yc11oa11eua' ci-011-, 
'. I .~ . . , ~.: , . ' . .. ;· :'~. ·..__ ' t' - . / ' , , 

KHOBeHHlIMH C MeHblllHMH 3HS'leHHlIMH npHU01lbHOro napaMeTpa, 'leM STO HMeeT M0CTO 
' . ; ' ,,, ' \' ' ·- / 

npH nepeaaqe o.ouoro ,uyKnoua, MbI a·HllHM TSKJKe; qTo npH61IHJKeHHe, Hcnonb3oaaHHoe 
' ''- . Ill. . ·. ·,•· , I · . " · · ,, ··. . ' ' 1 

a pa6oTe ( BK3;Ill.D, ,, BOIIH. c f ~ fl noriarancH pSBHbIM ~YIIIO), lIBIIHeTClI aecbMa xopo-

lllHM,- ', 
I .',llnH Bbl'IHCII0HHH 'ael!CTBHT,ellbHOll 'ISCTH ¢aa' _\ ' ' . s' e 

( ,· I' 

a.e HCDOf!b3YeM COOTROlll8HHe' 

r.oe yrnhl O 
' . I 

(cf) H 

Re d. ( ~'· 1 
""'dT. u(+ a f.) 

0(\~) ' . 
/ 

= ½ [01 (f) +. o, (f) ),=0(0,' 
- . . /1 2/ 

· MOlKHO BbI'IHCIIHTb o6bI'IHblM cnoco6oM, , ' . , 

I 
I '<""~ 

.' ~-: 

6 

,\, I 

. ·r 

, ,i 

,\ 

,. 

\' 

\' 

.. ,:!: 

. \ 

-:l '"'".. 



.I. 

H,,; pHc. 3 npHB8.U8Hbl pe3yJlbTaTbl BbJqHcneHHH cj)yHKUHH O (f) Mb1 BH.llHM, 'l'.1'0 ee 

xapaKTep .llOBOJibHO 'cno)KeH. B, cnyqae O.llHOHyKnoHHblX nepe.lla'l, paccMaTpuaaeMbIX _a KBaau

ynpyroM npHOJIH)KeHHH ( 01 '= Or ) 1, 3Ta cpyHKUHH 3HB'IHTeJibHO npome,. KaK y)Ke OTMe'lanocb • 

Bb!We_, npu MynbTHHYKJIOHHblX nepe,lla'lax cymecTaeHHblll BKJIB.ll ,llaIOT napUHBJlbHbie BOJIHbl 

C f = e:· 1
• noaToMy y<teT noae.lleHHSI O(f) B 3TOll o6nacTu·coaepweHHO HeOOXO.llHM. 

Y)Ke, ua paccMoTpeHHH puc •. 3 Bb!TeKaeT, 'ITO yrnoaoe pacnpe1;1eneHue npo'.llyKToa B o6meM 

cnyqae 6y.lleT- 3Ha<tuTeJibHO CJIO)KHee, qeM npu O.llHOHYKJIOHHOil nepe.lla<te. AellCTBHTeJlbHO, 

HMeIOTCSI .llBe . o6nacTH 3HaqeHHil npHuenbHblX napaMeTpOB, KOTOpbIM, ·rpy6o I'OBOpH, COOT-•. 

BeTCTByIOT .llBa yrna OTKJIOHeHHH. noaToMy cna.llyeT O)KH.llaTb, '!TO HMeIOTCSI '.llBe rpyn~bi 

BOJIH, ,KOTOpbie, HHTepcpepHpyH .llpyr C llpyroM; ,lla,llyT, ,no Kpai!Heil Mepe, .llBa MaKCHMyMa 

B yrnosoM pacnpe.lleneHHH. 
Cl, 

I ' . /1 / 
TT~-npe)KHeMy HCilOJib3YH anpOKCHMaUHIO cpyHKUHH .Q(f.) norapK<pMH'leCKoll napa- , • 

6onoll, MO)KHO c y.lloBneTaopHT8JibHOll ToquocTbio BbI'IHCnl!Tb cpa3bI. 

PeayJibTaTbl Bbl'IHCneHHil .llaHbl Ha puc. 4. Ha OCH Op.llHHaT - CYMMB 

, (a pa.llHBHax) C TO'IHOCTbIO '.llO a.llJlHTHBHOll IlOCTOSIHHOil, Re aaBHCHLUell OT 

' I I ' , CyMMa cpaa Re ( of +of> O'leHb xopowo. Oill!Cb!BaeTC!l cpyHKUHell: 

f, ( f - f
1 

) 
I 

I I 1· f < f 
Re <'of+oe> f3 (f. _f I ) 

I I I - I 
f3 (f _f1

) f ~ f/' 2 I 

I 

(8) 

r.lle. /31 ' 
'PYHKUH!l 

/3 2 - K03tp'PHUHeHTbI, KOTOpbie 

Re ( o 1 
+ o 1 

) HeJIHHellua. 

; I 
onpe,llem!IOTCSI nyTeM Bbl'IHCJieHHll. B o6naCTH f <f 1 

f f 
<PopMyny (3) .llJl!I aMUJIHTY.llbI nepexo.lla none3HO IlO.llBeprHyTb ,llanbHellwHM npeo6pa-

30B8HHSIM. 

BMeCTO pf ( cos O )MO)KHO 'HCilOJlb30BaTb ero aCHMilTOTH<teCKoe Bbipa)KeHHe ( f -oqeHb 

senuKo): 

P ( cos O ) = [ · 2 
f · 11(P.+ ½) sin 0 

½ 
J sin [ ( f + ½ ) 0 + ¼ 11 ] • 

Tor.Ila c IlOMOlllblO cpopMyn (4), (6), (7) u (8) .llll!I, aMnJIHTy.llbl nepexo.lla c TO'IHOCTbIO 

llO IlOCTO!IHHoro MHO)KHTen11 nony'IHM: 

r.lle 

•½ 
T 1 ➔ 1 = ( sin 0) 

111 

1 Af[Bf(fJ+O)e 

½ ' mtn 
Af = (f + ½) exp [ ( y- a) R l 

3f(x) = exp [i ( f -P.1J x ] 

r'.) := ( f 1+ ½ ) 0 + ¼ 17 

I I 
f

1
= max( f

1 
,f 

1
). 

7 

-1", 
B (/3 O)e ]. P. (9) 



'I 

' 

,· 

.I 

·, 

CTpy~Typa cpyHKUH_H Be (x) noK83bIBal!T, 'ITO _npH'. x = 0-/3~0. B cyMMe HMeeTCH rpyn-

na' B0flH C npH0flH3HT8flbHO O.llHHa~0Bb!MH aMnn_HTy.ctaMlf, noaTOMy npH o_ .. {3 B yrno~oM 

pacnpe.cteneHHH .ctomKeH n0HBHTbCH MaKCHMyM, Jlanee, exp(~ i <I>) HBflH8TCH 0blCTpO ocuHn-
' . 
!1HPY!Oll.18R cpyHKUHelt OT yrna 0 •. TaK KaK B paccMaTpHBaeM0M cnyqae £1= 65 ' TO ne-

. pH0,ll 3T-HX OCUHflflHUHlt npH0nHmeH.HO paBeH 5°, 8 yrnOBOM pacnpe.cteneHHH OH oy,lleT B .llBa 

pa3a M8HbWe - 2-3°. 

O.ctHaKo B peanbHblX ycn0BHHX npHXO,llHTCH HM8Tb .cteno C, pa3Mb!TblMH no 3HeprHH . . 
nyqKaMH .THmenhlx HOH OB, KpoMe Toro, MHWeHH HMeIOT K0He'IHYIO T0nlllHHy, qTo npHB0.llHT 

K .ctononHHTenbH0lt pa3Ma3Ke. :YrnoBOe pa3peweHHe annapaTypbl He npeBhlWSeT HeCK0flbKHX ' 

rpa.ctycoB. OTCIO,ll8 HCH0, 'ITO HS 3KCnepHMeHTe H3MepHeTCH nenH'IHHa, .ycpe.ctHeH~SH no H8K0" 

TOp0MY. ·yrn0BOMy HHTepBany, • 

noaTOMY yrnonoe pacnpe.cteneHHe npo.ctyKT0B peaKUHH nepe.ctS'IH M0mHo npe.ctc7anHTb 

B BH.cte: 

~ 
d {l 

, 2 . 2 
_1_c1~ Aene<f3+0>l +l~AeBe<f3-·0>l 1 

sin 0 £ ' £ 

4. p e 3 y n b T a T bl 

(10) 

Ha PHC. 5, 6, 7, 8 .ll8Hbl pe3yflbT8'rbl Bbl'IHCneHHlt .llflH p83flH'IHhlX peaKUHlt nepe.ctS'IH, ,~ . . ' 
TaM me npHBe.cteHhl .ctSHHble aKcnepHMeHTa • OHH o6o3HaqeHbI KpymKSMH, TeopeTH'IeCKHe 

KpHBble H0pMHP0BSHbl no ,3THM ,llSHHblM, 

\ 1n 20 2" 
Ha pHc. 5 noKa3aHo yrnonoe pacnpe.cteneHue npo.ctyKT0B peaKUHH nepe.cta'IH Au ~Ne ,Na ,, 

B KOT0~Olt npoHCX0.llHT nepe.cta'Ia 0,llH0I'O np0T0Ha H Tp~x HeltTp0H0B; 

TeopHH H 9KCnepHM8HT HSX0,llHTCH B HennoxoM cornacHH, Mb! BH,llHM, 'ITO n0MHM0 

~O0bl'IHhlX:' MaKCHMYM0B npH. 0- 0° H B6nH3H pe3epcpop.ctOBCKOI'O yrna_ - 65° HM88TCH 

,' ' " 0 
,ll0U0flHHTenbHbllt MaKCHMYM npH 0. "". 33 • 

I • 
nyHKTHpHaH KPHBSH C00TB8TCTByeT cnyqaro, KDr.cta cyMMHpoBaHHe B cpopMyne. ( 10) 

np0H3B0.llHTCH, Ha'IHHSH C £ =f I , T,e. npouecc onHCbIBaeTCH B "KBa3HynpyroM". npHonHme-1 . 

HHH, 

Ha PHC. 6 npe.ctcTaBneHbl pe3ynbT8Tbl .llflH peaKUHH T0I'0 me THna, HO B Ka'IeCTBe 
238 238 20 24 • 

H.ctpa-MHWeHH Bb16paHo H,llp0 u ; u ( Ne 'Na . ). vi 3,llecb Mbl Ha6nro.ctaeM -Ka'IeCTBeH~ 

·Hoe cornacHe. 

npe.ctcTaBnHeT HHTepec paccM0Tp8Tb B,paMKax .ctaHHolt Mo.ctenH H 6onee 

cnyqalt nepe.ctS'lH 0.llH0I'O ,Helt~pOH~ HUH 0,llH0I'0 ·npOTOH~, 

8 

npDCT?lt 

I 

\l 

r. 
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·- ,Ha'imci 7 H 8~puaeaeHbl peaynbTS'.bl .llnH peaxunll'a-ror-6 THUil: Au (Ar40 , Ar 4 .. )., 
-., ... '·197~, '•-.co ; 39. - ,.. '- - ' " 

, . Au: (Ar:, Cf ). Kax:,BH.llHO ~3. pm:yHxoa'. npu· _oa~oH~KmJHHoll ·nepeaaqe•'y'.leT .Heyn~yl'or:o 

,' xapaxTepa npo'uecca He ·npKBO.llHT x HOBblM xaqecTaeHHblM ioco6eHHocTHM no cpaan&aHIO c' '). · 
' . ' . ' . ' .\ .. , :·/ 

npe>KHHM, •xaaaHynpyl'n~• ·npu6nn>KeHHe·M, Kax· y>iie yxaab1aanoch.,Bb1W_e; _3TOl'O n•.cneao-

O>KH.llaTb, 
I' 

, 'l , , 
CpaaHe,nue T~opeTH'IE;CKHX_ peay:IhTS:OB ·C axcnepHMeHTSnb~blMH .ll_SHHblMH YKS3b!BSeT 

xopouiee 'cooTaeT~TB11e;. 3aMeT~oe pacxo·>Kaeime' H,;6n10aaeTCH T~llbKO B o6nacTH · 0~0°; 
' , . ' - ' ·, ' . . - ' , ' 

J1aMepeHH~I.ll MSKCHMY,M, KSK np~BHno, 60J_1ee HHTeHCHB8_H~ '!eM 'pa7qeT~bli!,\3·,? o6CT,OHTenb-; 

c CTBO. H~ SIBnHe'fCH CTpSHHblM, 

~I'. / ,, -, , , 1 1 -- \ • 

Bo:-nepBblX, cneayeT HMeTb B_ BH.lly ~cnonb3OBSHm,re, np1;161rn>KeHHR, B 'ISCTHOC:1°H 1' npu· , 

.,'Bb!BQ.lle: OCHOBHblX COOTHOWeHHJI. npeanonapanocb, '!TO Ue!ITP _Mac_c CHCTeMbl .B peaynbTST~ · 
~ J - .~ , •~ •- • ',., • , \, -. ( ·: _ , • .- ' ·;,... -. \ I • '- • • 

peaxunu.- ue· H3Menge-i: .. CBOel'O. nono>KeHHSI. no-aH.llHMOMY, ! y'!eT 3TOl'O. qJSKTS npuaen 6bl x: 

ay'!llleMy OllHCSHHIO ,yl'nOBO!"O _ _'pacnpeneneH.HR llO.ll MSn~IMH yrnSMH, .·.'.: 

I• 

·so-BT;pblX, aiccnepnMeHTllnbHble .llSHHbie 

· ·, I ' '. , . . 181 1 • , 'HO ,TO'!Hb!MH (a .llSHHOM cnyqae ·axcnepnMeHT 

amt ·ManbIX yl'noa nenb3R· C'IHTSTb .llOCTSTO'I'." 

np'oaoaun~si _B .llO~O~~o- TR>KenblX yCll()BHi . . . . ~ . 

HX -~ HS BHyjpeHHeM Hy'!Ke' ·uuxn~TpOHS} '. 

3naqenu11: acex ucnonb3oaannbrx. B p~c_'leTax aenH'IHH .llSHbl B Ta6nmie 1: HanoMHHM, 
r ·- ~' ~ f 

''!TO napaMeTpSMH S!BnRIOTCR TOnbKO ,:a 
·) i I • __ \... . 1' . '.· 

I, 

I 5, B bl B O '.ll bl 
/ I 

' ( ' ', .. 
8 aaxnIOqenue caenaeM HeKOTOpbHl 3SMe'!SHHH,, npe>Kae BCe!'O paccMOTpHM 3HS'!eHHH 

ni:paMeTpa a .: a~H paaHhrx)ea~_~ull: Kaic y)K~: yxaauaa~o.cb B iiaqane CTSTbH, · a CBHaa- ·· 
•' , '- l -' ' -· 

HO cxopoCTblO yMeHbWeHHR .. MllTpH'IHOl'O aneMeHTS. nepe.llS'IH npu yaenuqeHHH pacc_To~HHH, 
-....... ,_ :,_ :, • J • '. ,. f... • ,.' ' 

Me>Kay .. cTanxuaaIOLUHMHCH 'iiapaMH, ConocTaBHM aHB'!ElHHH a: 'u aHB'leHHR . a 
0
-aenH'IHHbI, 

; . . ~ ,' ' ' ,, \ \ ' .. 
: xapaKTepuay10mell y6h1aanue aonHO1:}blX cpyHKU~ll HyxnoHOB Ha nepupep1rn siae_p. '?-

0 
onpeae-

nH<!)TCH. 3Hepl'~HMH, CBH3H, 3Ha'!eHHH ao JlllH~I a·Ta6J1uue 1. vfa ;a6nHUbl BH.llHo,:q1:o;.,,1'.5ao,,· 

ll03TO;"Y. MO>KHO_ C'IH:rl!Tb,. '!TO npu6nu>KElHHOe·· 3Hll'!enue napaMeTpa .· a HBM H3BeCTH6 •. no'... 

·,·c~onh,Ky'·. a MO>KHO oueHHTb aap~nee, To ·on nepecTaeT 6bITb' napar;ie_TPOM B nonHOM' 

. CMh1cne 3Toro cnoea. 

C, ~Toll TO'IK~ ,::ipenusi, ypnoaoe pa,~npi8ae;1enne npoayxTo.a MO>KHO ,no~y_'IHTh: 

· I! 0.llHOHyKnOHHOM .. cnyqae - He_ BBO.llH HH O.llHOl'O napaMeTpa; 

a·-'Myn~TnnyxnonnoM cnyqae .- 'c no~OlllbIO TOnbKO ·o.llHOl'o· n,apaMeTpa y ,, 
.• " . . . . . • .. . ) I 

PaccMOTpHM aonpoc O 38B~HMOCTH cpopMbl' yl'nOBOl'O ·p~cnpeaeneHHH npoayKTOB, ·. 
' ' l • .. ' , ~ ,,. .,. l \, 

· peaxuuu MynhTHHyxnoHHoll, riepe.ci'a'IH o-r, anep!'HH cTonxHoaeHHSI \anH· oanonyxn~HHoll 1;1epe-

.\ .llll'IH 3TOT aonpoc" 6b~n peui~ii ·y>Ke a ~a6_i;e
111 

), r .... 
' / 

,\ 
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Mi,Ly6e,nHnHcb·, 'IT.o .oon.onHHTe'.1bHbill:. MaKCHMYM ·aoaHHKa?T B · TOM cnyqae, Kor,oa 
'" I , f ', ,, \. . . . • 1 • ~ , , , : 

1H =f ,.., f ',/, 0 ' ; H, sTa o6nacTb co,oep)KHT, no KpaAHeA Mepe; HSCKOflbKO napuaanbHblX 
, 1 ,1 1 , :• .,. . ., •, , _ · , . _ · , . , \ , - :i-

. BOllH (a paccMoTpSHHbIX HaMH cnyqal!x MYllbTHHYKllOHHblX nepe,oaq, !il .,;6 - 8),, . , . , I , 
r ' \ / . 

- · npe,ZlllOllO:>KHM, 'ITO B~e npH6l!H)KSHHll; 'npliHl!Tbl8' HaMH B ,oaHHOA. M0,ZlSllH, C H3M9He-' 

HHeM sHeprHH. ocTaro?Sll B o,Hne, _Tor.oa aaBHCHMOCTb ii f 1 ( Eu,M) I:i.ng' KOHKpeTHoro cnyqag 

pe~KTIHH ~YllhTHHyKllOIIHOA u'epe,lla'IH Au
197 

(Ne20,Na 24
) M0)KHO onncaT~-,KpHBOA, npe.OCTSB-

' • ' • , • ' J 

,1neHHOA Ha 'pnc, 9, Mb! BK.OHM, '1Tolif 1 ,ooaonbHo CHllbHO :iiaeHCHT oT, sHeprnn'. npn aHep-,, 
/, ' , I , , . •. , • ~ . • 

~HiEu,M:" 150 Msa ~<;,, O H .oo,nonHHT,en&HbIA .~aKCHM,YM ,oOl!)KeH, ncqeaHyT.b, npn' .oan&.:.. 

H~ltweM yael!H'ISH~H ~Hepl"!IH IICK~)KSHHe q,opMbl· yrn~BO.I'O pacnpe,oeneHHll B,HOBb CTSHOBHT- , 
, ' , \ • , " ' \, , \ . • •, ·~ , \., • I / ' • 

', ·c, Cll B03~0)KHbIM,' ,3.oecb cne,oye: TaK)K8 HMSTb ~ B~,oy ~ OTHO~HT8ll~Hoe Il0l!0)K8HH8 ,,oonon-;:, 

HHTen&Horo H ,peaepq,op,ooacKo~o, MaKCHMyMoe,, B 'lllCTHOM. cnyqae oHH MoryT coanacTb,, 
, -. \. .'· ~ I , ., . ~ . . • ' ,,,, - \, . . \ . 

, ·11~.acero cKaaaHHor~ ~~e,ctyeT, 'ITO ·yrnosoe pacnpe,oeneHHe aaBHCHT OT. THna.Myn&TH-, 
I A -.._ • / • I • 

ityitnoHHott nepe,oa'IH H OT sHeprnH CTOl!K~0BeHHll,' nosTOMY HeT HHKaKoro CM.bicna 1Bbl'IHCJ '., 

·' llHTb yHHBepcanbH1,1e KpHBbie, 
\ " ,'. : ~\ 

AHMH3 ~rnoaoro pacnpe,oeneHnii:, npoae.oeHHbllt B aToA pa6oTe, CBH,oeTenbCTByeT 

0 Ba)KHOCTH yqeTa Heynpyroro xapaKTepa peaKUHH MyllbTHHYKllOHHbIX nepe,oaq, 
·- . . / 

121 ·' •Ill 
, TaKHM o6paao~. ynpyroe paccellHHS Cl!O)KHblX ll.Oep , peaKUHH. O,ZlHOHYKllOHH0A 

H MYllbTHHyKnoHHOit nepe,oaqn OKaablaawTcll T.ecHo cslla~HHbIM~. OH~ paccMOTp~iti,1 c e,on-
, \ '\ ~. ' \ j 
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PHc. 2. AMnnHTyaa napuHanbHblX BOnH Af B 38BHCHMOCTH OT OTHOCHTenbHOro, MOMeHTa f (peaKUHSI 
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