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1 • BBE,D,EHI-1E 

l-13y4eH~e peaK~~~ B3a~MOAe~eTB~R AOeTaT04HO 3Hepr~4H~X 4aeT~~ 
e RAPaM~ e o6paaoeaH~eM np~ 3TOM 4aeT~~* e o6naeT~, K~HeMaT~-
4eeK~ 3anpe~eHHO~ AnR B3a~MOAe~eTB~R e OTAenbH~M HyKnOHOM /K30/, 
np~eeno e noeneAH~e roA~ K eo3AaH~~ HanpaeneH~R $~3~K~ e~eoK~x 
3Hepr~~. KoTopoe aaH~MaeT oeo6oe MeeTo e ¢~3~Ke RAPa/ 1•21.3Kene
P~MeHTanbHO 6~n B~ReHeH PRA aaKoHoMepHoeTe~ TaK~x npo~eeeoe, 
nony4~BW~X Ha3BaH~e KyMynRT~BHOrO pO~AeH~R, KOTOp~e He yKnaA~Ba
~TeR, Ha nepe~~ B3rnRA, B paMK~ np~B~4H~X npeAeTaBneH~~ 0 RAep
H~X peaK~~RX. C~Aa OTHOeRTeR: AOBOnbHO pe3KaR 3aB~e~MOeTb ~HKn~-
3~BHOrO ee4eH~R OT aTOMHOrO HOMepa RApa, HeKOTOp~e nonRp~3a~~OH

H~e ReneH~R, 6onbw~e paaMep~ o6naeT~ ~enyeKaH~R /onpeAenReM~e 
noepeAeTBOM ~3MepeH~R KOppenR~~~ TO~AeeTBeHH~X 4aeT~~/ 3 //, aHo
ManbH~e OTHOWeH~R ee4eH~~ AnR ~enyeKaH~R HyKnOHOB (p,n) ~ rr-Me-
30HOB ~+;rr-) ~ HeKoTop~e APYr~e. 

B pa6oTax PRAa aBTopoe /eM., Hanp~Mep, o6aop~ ~ neK~~~ 1 4~ 1 1 
npeAnonaranoeb, 4TO MexaH~3Mbl MHoroKpaTHbiX eaa~MOAe~eTe~~ npoMe
~YT04HbiX 06beKTOB /4aeT~~, pe30HaHeOB, ny4KOB/ He ~Me~T npaKT~-
4eeK~ OTHOWeH~R K .neny. KaK 6blnO noKa3aHO HeeKOnbKO n03AHee** 
eHa4ana AnR Ae~TpoHa e Ka4eeTee M~weH~, a aaTeM AnR npo~aeonbHoro 
RAPa ~ npo~aeonbHO~ KpaTHOeT~ eaa~MOAe~eTB~R, npo~eee~ nepepae
eeRH~R, e TOM 4~ene e eoa6y~AeH~eM nepepaeee~eaeMo~ 4aeT~~bl, TO 
eeTb nepepaeeeRH~R pe30HaHeOB ~n~ ny4KOB 17 ~' B npoMe~yT04HOM 
eoeTORH~~, BHOeRT ey~eeTBeHHbl~ BKnaA B ee4eH~R pO~AeH~R 4aeT~~ 
e K30. KapT~Ha MHoroKpaTH~x eaa~MOAe~eTB~~. np~BOAR~~x K po~Ae
H~~ 4aeT~~ e K30, epaeH~TenbHO npoeTa, yH~eepeanbHa ~ ~MeeT PRA 
oeo6eHHOeTe~, KOTop~e Morn~ 6~ 6~Tb npoeepeH~ 3Kenep~MeHTanbHO 
~ 4aeT~4HO y~e nOATBeP~AeHbl I]0-! 4 '. 

l-13 o6~~x eoo6pameH~~ aapaHee o4eB~AHO, 4TO see AeTan~ npo
~eeeoe e K30 np~ e~eoK~x 3Hepr~Rx nepe~4HO~ ~ BTOP~4HO~ 4aeT~~ 

(Eo ~10 r3B, k ~ 1 r3B/e) He MoryT 6~Tb 06bReHeH~ OTHOe~TenbHO 
npoeT~M MexaH~3MOM MHoroKpaTH~x npo~eeeoe /Mn/, 6ea y4eTa oeo-
6eHHOeTe~ eTpyKTYP~ RAPa, Hanp~Mep, ManoHyKnOHH~X KOppenR~~~ 
/MHK/ B HAPaX, o6ey~AaBW~XeR B pa6oTax151, ~n~ B03MO~H~X MHOro
KBapKOB~X KOH$~rypa~~~. 

0AHaKO AnR B~AeneH~R HeTp~e~anbH~X 3$$eKTOB He06XOA~M aHan~3 
B paMKaX MeXaH~3Ma Mn 3aKOHOMepHOeTe~ ~ AOBOnbHO TOHK~X oeo6eH-

*3TO MO~eT 6~Tb TaK~e HYKnOH B eoeTaBe nerKOrO $parMeHTa. 

**no3AHee n~oHepeK~x 
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HOCTeA npoueccos B K30, o6Hapy~eHH~x s nocneAHee speMR. HMeHHO 
TaKOMY aHan~3Y nOCBR~eHa HaCTOR~aR pa6oTa. 

2. 3AME4AHHE 0 nPOCTPAHCTBEHHO-BPEMEHHOA KAPTWHE 
nPOUECCOB B3AHMOaEACTBHR 4ACTHU 
C RaPAMH C 60flbWOA nEPE,llA4EA ~1MnYflbCA 

0AH~M ~3 AOCT~~eH~A RA€PHOA $~3~K~ B~COK~X 3Hepr~A 3a nocneA
H~e rOA~ RBnReTCR OC03HaH~e Toro ~aKTa, 4TO BTOp~4H~e 4aCT~4~ 
CO CpaBH~TenbHO 6onbW~M npOAOnbH~M ~MnynbCOM ~ He6onbW~M none
pe4H~M cna6o B3a~MOA€ACTBY~T C HyKnOHaM~ RAPa, nOCKOnbKY He yc
nesa~T C$OpM~poBaTbCR KaK aAPOHbl, 4TO np~BOA~T, B 4aCTHOCT~, 
K ManoA MHO~eCTBCHHOCT~ BTOP~4H~X 4aCT~4 B o6nacT~ 60nbW~X 6~cT
poT /nOAP067~~ ~3no~eH~e ~CTOp~~ sonpoca ~ cneACTB~A MO~HO HaA
T~ B 063ope ::> /.H~~e Mbl nOKa~eM, 4TO Te apryMeHTbl, KOTOpbl€ 06b14HO 
np~BOART K 6onbWOA An~He ¢opM~poBaH~R aAPOHOB C He6onbW~M~ none
pe4H~M~ ~MnynbCaM~, o6pa~a~TCR B CBO~ npOT~BOnOnO~HOCTb ecn~ 

Mbl ~MeeM Aeno c npoueccoM s K30, KorAa /s cny4ae MexaH~;Ma MHoro
KpaTH~x B3a~MOA€ACTB~A/ B nepBOM aKT€ AOn~eH B03H~KHYTb o6beKT -
4aCT~ua, pe30HaHC - C OTHOC~TenbHO 6onbW~M nonepe4H~M ~MnynbCOM. 

AMnn~TYAa po~AeH~R 4acT~4bl c ~MnynbcoM k np~ coyAapeH~~ 

naAa~~eA 4aCT~4bl c ~MnynbcoM Po c HyKnoHoM M~weH~ nponopu~o
HanbHa cneAY~~eMy s~pa~eH~~= 

J (p
0 

, k, x) :::. J e 

+ ikxn -i/2{pn +k){x, - Xn) 
- 4 v 

H (xI, x 2, Yf , k E ) d xI - J e x 

X I ' X2 , kf - KOOPA~HaTbl T04eK*, B KOTOPbiX norno~a~TCR ~ ~cnyc
Ka~TCR 4aCT~4bl c ~MnynbCaM~ k ' k e ; H(x, y) - HeKOTOpaR ¢YHK4~R' 
Bblpa~aeMaR, Hanp~Mep, 4€P€3 KOppenRTOPbl COOTBCTCTBY~~~X TOKOB. 
ApryMeHT, np~BOAR~~A K 6onbwoA An~He $OPM~posaH~R 4aCT~4 c Ma
n~M~ ~ ,COCTO~T B TOM, 4TO noKa3aTenb 3KCnOH€HT~ 3aMeTHO M€HR-

CTCR Ha paCCTORH~RX 
w n v 

Zxap.- 2 2 .,<-~C~CTB~TenbHO, 
ll + k.l 

(P 0 +k)x=li2(E 0 +w-p 0 -k )(t+Z)+112(E 0 +w+Po+k ).(t-z)-k x z z ..1. .l , 

OTKYAa txap.- zxap.- 1 ~ np~ 6onbwoA Ha4anbHoA 3Hepr~~** 
Eo+ w-p 0-kz 

2 

1 w + k z 
Zxap.- w-k = ll2 + k2 .CosepweHHO o4eB~AHO, 4TO s cny4ae npouec-

cos s K30, rAe ei- ~ - 1, xapaKTepHbiA MacwTa6 zxap-:-1[ 13B-
1
], 4To 

Cy~eCTBCHHO M€HbWe CP€AH~X Me~HyKnOHH~X paCCTORH~A B RAP€, no3-
TOMY An~ TaK~X npouecCOB MO~HO npeHe6pe4b 3$$€KTOM KOH€4HOA 
An~Hbl $OPM~posaH~R aAPOHOB nocne nepsoro aKTa saa~MoAeAcTB~R. 

3. 3ABHCHMOCTb OT ATOMHOIO HOMEPA 
HHKflD3HBHOIO CE4EHHR POiaEHHR 4ACTHU B K30 

3as~c~MOCTb ~HKn~a~BHoro ce4eH~R po~AeH~R 4acT~4 s K30 oT 
aTOMHOrO HOMepa RApa-M~WeH~ npeACTaBnReT co6o~ Ba~HY~ xapaKTep~
CT~KY 3T~x npoueccos, noasonR~~Y~ AenaTb s~BOA~ o6 oTHOC~Tenb
HOA pon~ paan~4H~x MexaH~3MOB. Cy~ecTBeHHo, 4TO saa~MoAe~cTsy~
~~e B RAP€ 06b€KT~ /4aCT~4~ ~n~ pe30HaHC~/ ~Me~T B~nyKnyn TpaeK
TOP~~ ~ no K~HeMaT~Ke Heo6XOA~Ma AOCTaT04HO 6onbWaR KpaTHOCTb 
B3a~MOA€~CTB~R D, 4T06~ 4aCT~Ua B KOHe4HOM COCTORH~~ nOA 3aAaH
HbiM yrnoM t) ~Mena ~MnynbC k. 

k0
2 

prO 
nnR ynpyroro nepepacceRH~R D:::. -

2 
/ (1 t --) /rAe P f - c)JepM~es-

m 2m 

CK~A ~MnynbCi k, 0- ~MnynbC ~ yron BTOp~4HOA 4aCT~U~/, HO MO~eT 
6b1Tb 3Ha4~TenbHO M€HbWe B cny4ae nepepacceRH~A C B036Y~AeH~eM 
npoMemyTo4H~x 4acT~4 /peanbHo n s3,4/. 

~~$$epeHu~anbHaR sepORTHOCTb 11-KpaTHOrO B3a~MOAe~CTB~R KaK 
$YHK4~R KOOPA~HaT~ 4aCT~U~ Ha TpaeKTOP~~ B03pacTaeT C pOCTOM f 
~ MaKC~ManbHa np~ f- nf 0 /rAe f 0-:3F- Ail~Ha npo6era s RAPe no 
OTHOWCH~~ K npoueccaM B~6~BaH~R/, 4TO cpaBH~MO C pa3MepaM~ RApa. 
3TO ~ np~BOA~T K cpaBH~TeJlbHO pe3KOA 3aB~C~MOCT~ Ce4eH~R OT aToM

Hero HOMepa A. 
A-aas~c~MOCTb ~HKiln3~BHoro ce4eH~R ~cnycKaH~R 4acT~4bl s aaA

H~~ noJlyC$epy B KBa3~KilaCC~4€CKOM np~6Il~~eH~~ AilR n-KpaTHOrO 
npouecca onpeAeJlReTcR c)JaKTopoM 

I' I 

c;, 
n 

-Ja1plf'ld<> 

J dxdyd (e -"" 

- fp anp If) df 

x (1 - e n-l ) , 

f 2 

-Jplf)a 0 df 
)d(e fJ - ) • ,. X 

/1/ 

rAe ~HTerp~posaH~e npo~3BOA~TCR BAOnb TpaeKTOP~~ AB~~eH~R 4aCT~4bl 

B RAP€i p- nnoTHOCTb pacnpeAeileH~R HyKnOHOB B RAP€i X , Y - Ko
OPA~HaTbl B nonepe4HO~ K HanpasneH~~ naAa~~ero ny4Ka nnocKocT~. 
3AeCb npeAnonaraeTcR, 4To yron s~neTa o6beKTa nocne i-ro aKTa 
$~Kc~posaH ~ paseH, Hanp~Mep, 3Ha4eH~~ i8/n /np~6n~~eH~e $~Kc~
posaHH~x yrnos/; TaK~M o6paaoM, npo~aowna $aKTop~aau~R A-aas~
c~MOCT~ ~ 3aB~C~MOCT~ Ce4eH~R OT K~HeMaT~4€CK~X nepeMeHH~X k ~ 0. 
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Ce4eHI-1e Bbl6b1BaHI-1.R a i 1-1 AJ11-1Hbl npo6era 4aCTI-1l.lbl nocne Ka>KAoro aKTa, 
soo6we rosop.R, pa3J11-14Hbl. Bb1pa*eHI-1e /1/ cooTseTcTsyeT sepo.RTHOCTI-1 
Toro, 4TO npol-13owno n >KeCTKHX coyAapeH!-1~ 1-1 npoi-13BOJ1bHOe KOnl-1-
4ecTso M.RrKI-IX nepepacce.RHI-1~ Ha nocneAHeM y4aCTKe nepeA BbiXOAOM 
4aCTI-1l.lbl 1-13 .RApa. 3TI-1 M.RrKI-Ie nepepacce.RHI-I.R HecywecTseHHO MeH.R~T 
HanpasneHI-Ie ABI-IlKeHI-I.R 4aCTI-1l.lbl 1-1 B CJ1y4ae HYKJ10HOB npi-1 KOHe4HOM 
I-1Mnynbce k ~ 1 13B/c He MoryT cywecTseHHO I-13MeH!-1Tb seni-141-1HY ce-
4eHI-1.R, TaK KaK HyKJ10Hbl C TaKI-IMI-1 I-IMnynbCaMH JlHWb ynpyro nepepac
Cei-1Ba~TC.R. B CJ1y4ae Me30HOB B KOHe4HOM COCTO.AHHI-1 He06XOAHMO Y4H
TbiBaTb ynpyry~ nepe3aP.RAKY c Mano~ nepeAa4e~ 1-1Mnynbca, a TaK>Ke 
nornoweHI-Ie Ha KOHe4HOM y4aCTKe TpaeKTOPHH. 

/1/ MOlKHO CYWeCTBeHHO ynpoCTI-ITb, eCJli-1 C4!-1TaTb paBHbiMI-1 Ce4eHI-1.R 
Bbl6biBaHI-1.R nocne Ka>KAoro >KeCTKoro nepepacce.RHI-I.R /To ecTb AJ11-1Hbl 
npo6era/, npo1-13BeCTI-1 HHTerpHposaHI-Ie no npoMe>KyT04HbiM y4aCTKaM 
H OCTaBI-ITb i-1HTerp!-1pOBaHI-1e no CYMMapHO~ AJ1!-1He nyTH 4aCTI-1l.lbl B .RApe. 

npi-1 3TOM B03Hi-1KaeT Ol..leHKa/8 / 

i:/f 0 

cpn = 17 R2 J 
0 

f n-
1 e-f df/(n- 1)! /2/ 

L = 0,38R, 4TO np!-1MeHHMO npH e~3/4rr /HanoMHI-IM, 4TO Lmax=8R/sin{ 
s cny4ae ABH>KeHI-I.R no OKPY>KHOCTI-1/. OnpeAen.ReMa.R A-3aBHCHMOCTb 
ce4eHI-1.R I-IMeeT cneAY~He xapaKTepHble oco6eHHOCTI-1/81: 

a/ yHHsepcanbHbl~ 3aKoH Aa, rAe a He 3aBI-1Ci-1T oT A, He "pa6o
TaeT" BO see~ AOCTynHo~ o6naCTI-1 A, C naAeHI-IeM A BeJ11-14HHa a 

so3pacTaeT; 
6/ c pocToM KoHe4Horo I-1Mnynbca k /To ecTb KpaTHoCTI-1 n I 3a

BI-1CHMOCTb OT A CTaHOBHTC.R 6onee Ci-1J1bHO~. 

KaK oTMe4anocb paHee 181• ecn~-1 yron BblneTa 4aCTI-1llbl npH $HKCHpo
saHHOM HMnynbC8 B03paCTaeT, TO B03pacTaeT 1-1 H806XOAHMa.R KpaT
HOCTb saai-IMOAe~cTBI-I.A, TO eCTb np~-1 OAHO~ 1-1 TO~ >Ke seni-14!-1He L A-
3aBI-1CI-1MOCTb HeCKOJlbKO YCI-1J1HJ1aCb 6bl. 0AHaKo c yeenH4eHHeM e H L 
TaK>Ke B03paCTaeT, 4TO npi-IBOAI-IT K 4aCTI-14HO~ KOMneHCal..ll-11-1 3$$8KTa. 

Ceo~c Tea I a, 6/ 6blnl-1 noATBeP>KASHbl 3Kcnepi-1MeHTanbHO, KOrAa 
6biJ11-1 AOCTaT04HO T04HO i-13M8P8Hbl Ce4eHH.R PO>KAeHH.R 4aCTHLI B K3Q 
npH Ha4aJ1bHO~ 3HeprHI-1 400 i3B/ 1b/. 

Ho TaKa.R MaKCHManbHO ynpQWSHHa.R MOASnb npHBOAI-IT K 6onee cna-
6o~ 3aBHCI-1MOCTI-1 C848HH~ OT A, 4eM Ha6J1~AaeMa.R Ha OnbiTe. 110lKHO 
npOI-13B8CTI-1 6onee T04Hb1H paC48T B npH6J11-1lK8HHH $1-1KCI-1pOBaHHbiX yr
JlOB 1-1 KOMnnaHapHo~ TpaeKTOPI-11-1 C Y48TOM AH$$Y3HOCTH rpaHI-Il.lbl .RApa, 
Hanp!-1Mep, An.R pacnpeAeneHI-I.R ByAca-CaKcoHa .RASPHO~ nnoTHOCTH/l7/. 
npi-1 3TOM 

<P 4 = J dxdydf 1 df 
2 
df 3 (a 1 p (r 1 ))(a 2 p (r 2 ))( a3 p (r 3 )) x 

x expl-a
1 

Jp(r'
1
)df

1 
-a

2 
Jp(r')df' -a fp(r')df lx 

2 2 3 3 3 131 

xll-exp[-a4 Jp(r4)df4ll, ry=x2 +Y2 +fy u T.n. 

4 

do-" a 
d6un 6 

d6'c12 100 I 
I 

100 I 
d~(c'2 l I 

li r I 

I I 
I 

I I 

J/ fO 
f 

I 

10 I I 
I 

I I 

+.I v 
I 

I I 

I I 
I 

I I 

I I 

I I 
i 

{ 
A 9 12 21 64 208 

Beli 016 f!J..rr Ca.110 C u"' Pb1Da Be C Ae Cu 

PHc. I. A-3aB!fCHMOCTb ce'ieHHH poJK,IJ;eHHH npoToHoB 11a 

yron 137°' 16',p0 = 400 r3B/c: a/ k = 0,95 r3B/c, n = 4. 
B MogenH c pe3KHM KpaeM ce'ieH!UI BLI6LmaHHH paBHLI 

P& 

v 1 -..0 l'2 = t':l = "- 1 , u 

a 1 = 25, a 2 = 30, 
L\nR pacnpegeneHHR 

Ce'ieHHH ew6weaHHR 

MU, ~Ju1 !Jd.LuvegeJJ.euu.H :UygLd-Cdt\Luttct 

a
3 

= 20 M6; 6/ k = 0,37 f3B/c, n = 3. 
Bygca-CaKcoua a

1 
= 20, a2 = 15 M6. 

aj BKJliO'iaiOT TIOJlHL!e HeynpyrHe Ce'ieHHR 

B3aHMOAeHCTBHH C HyKJlO!IaMH, 3a HCKJliO'ieHHeM Ce'ieHHH 

poJK,L\eHHH pe3oHaHcos, y<~ac TBYIOUJ,HX B Mil, H <JaCTb ynpy

roro ce'ieHHH. 

An.R KpaTKOCTI-1 Mbl He yKa3b1BaeM 3Aecb, KaK BbiPa>Ka~Tc.R ri 4epe3 

A 

ri ' X ' y 1-1 yrJ1bl pacce.RHI-1.R B Ka>KAOM aKTe. Ce4eHI-1.R Bbl6biBaHI-1.R 
nocne Ka>KAOrO aKTa B3ai-1MOAe~CTBI-1.R 6biJ11-1 Bb16paHbl 1-13 YCJ10Bi-1.A YAOB
neTBOP(1TeJ1bHOro Oni-1CaHI-1R AaHHbiX, np!-14eM H806XOAI-1MaR T04HOCTb I-IX 
onpeAeJ1BHI-1R He npeBbiWaeT 20~. npi-1 3TOM AOJllKHbl BblnOJlHRTbCR yc

J10BI-1R ainef <ap<atot'rAe a
10

t 1-1 aind - nonHoe 1-1 Heynpyroe ce-
4BHI-1e 3a Bb14BTOM ce4eHI-1~ 00pa30BaHI-1.A pe30HaHCOB, y4aCTBY~WHX 
B npOI..IeCce. 0TMBTI-1M, 4TO He06XOAI-1MOCTb Bapbi-1pOBaHI-1R ap /B orpa
H!-14eHHbiX npeAenax/ B03HI-1KaeT 1-13-3a npi-16Jll-1lK8Hi-1~ $OpMyJ1bl /3/, B KO
TOpO~ onyweHbl HHTerpl-lpoeaHI-IR no yrnoBbiM nepeMeHHbiM H He Y41-1Tb1Ba
~TCR MArKI-Ie nepepacCeAHI-IR. Bb1pa>KeHI-1e /3/,XOT.R H RBJ1.ReTC.R AOCTa
T04HO rpy6biM, Y41-1Tblsaer TeM He MeHee cne1..11-1$1-1Ky npo1..1eccoe e K30, 
KOrAa npi-1Hl.ll-1nl-1aJ1bHO Ba>KeH Y48T ABI-IlKeHI-I.R 4aCTI-11..1 B HanpaeneHI-11-1, 
nonepe4HOM K HanpasneH!-1~ naAa~wero ny4Ka. 
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10 

-
/ 

r ... rr• 
/ 

Puc.2. A -saBHCHMOCTb ce'ieHHH 
+ 

H3J1y'ieHH.R rr- -Me30HOB ITO,lJ; yrJlOM 

160° C HMITYJlbCOM 0,67 fsB/c, 

Po = 400 rsB// 26 ~ n = 3. B Mop;enH 
c pe3KHM KpaeM a

1 
= a2 = 25 ,4, 

a 3 = 12,4 M6, p;n.R pacnpep;eneHHH 
.Rp;epHoil nnoTHOCTH Byp;ca-CaKcoHa 

a 1 = 28, a2 = 34, a
3 

= 20 M6. 

~/ 
/ Pe3ynbTaT~ pac4eTa cornacHo 

/ /3/ fAn~ MOAen~ C pe3K~M KpaeM 
l/ ~ pacnpeAeneH~R ByAca-CaKCOHa/ 

/ np~BeAeH~ Ha p~c. 1 -An~ BblneTaiO-
// ~~X ~3 ~APa npoTOHOB ~ rr-Me3o-

/ HOB-Ha p~c.2.B~AH0,4TO np~ pa-

H~~ A-3aB~C~MOCTb socnpo~3BOA~T ·-~ 
3YMHbiX 3Ha4eH~~X Ce4eH~H Bbl6b1Ba-

' '
c'z A, L21 C, u''+ Pbtoa n 

L_ __ _L. ~---~-----~-~----~·~.-. M c~ snonHe YADBneTsop~TenbHO. To, 

npOTOHOB C ~MnynbCaM~ 
4TO A-3as~c~MOCT~ ce4eH~H An~ 

0,37 r3B/c ~ 0,95 r3B/c OKa3an~Cb 6n~3K~ 
HeCMOTp~ Ha pa3H~e KpaTHOCT~ B3a~MOABHCTB~~, CB~3aHO C TeM, 
4TO Afl~ HYKflOHOB C ~MnynbCOM 0,37 r3B/c Ce4eH~~ s~6~BaH~~ cy
~eCTBeHHO MeHbwe, 4eM s cny4ae 0,95 r3B/c. B pe3ynbTaTe cneKTPbl 
4aCT~4 np~ He Cfl~WKOM 6onbW~X k (n :::; 3) OKa3biBaiOTC~ n04T~ nOA06-
MbiMI1 ,4Jil1 Hd11Jit:l 4d~WI'IX 11 I Rmt:JibiX RAt:IJ. 

Mbl He 6yAeM 3AeCb o6cymAaTb noApo6Ho ce4eH~~ o6pa3oBaH~~ ner
K~x ~Aep (D, T 3, He) s K30. Ha~6onee peanbHbiM MexaH~3MOM ~sn~eTc~ 
MexaHI'13M Koanec4eH4H~ /oaTnepa-n~pcoHa/IS/ /, KDrAa He3aB~c~Mo 
BblneTaiO~~e Ha3aA HyKnoH~ cn~naiOTC~ np~ npoxomAeH~~ 4epe3 rpaH~4Y 
~Apa. 

Ecn~ An~ DAHOro HyKnoHa a-Aa,To An~ pomAeHH~ $parMeHTa119 / 

2/3+Nr(a- 2/3) 
~3 N f HyKnoHos a- A HymHo noMH~Tb, OAHaKO, 4TO 
KpaTHOCTb B3a~MOAeHCTB~~ onpeAen~eTC~ ~MnynbCOM, np~XOA~~~MC~ 
Ha DAHH HyKnoH $parMeHTa. KaK OTMe4anocb s/5 ~1. A-3as~c~MOCTb 
ce4eH~H pomAeH~~ nerK~X $parMeHTOB 3a C4eT MexaH~3Ma Koanec4eH-
4~~ He npoT~Bope4~T Ha6n10AaeMoH. f 

4. non~P~3AU~OHHbiE ~BflEH~R 

0AH~M ~3 Ha~6onee Kpac~B~X cneACT8~H np~MeHeH~~ MeXaH~3Ma 
MHOroKpaTHbiX nepepacce~H~H K on~caH~IO B3a~MOAeHCTB~H pen~T~B~cT
CK~X 4aCT~4 C ~APOM MomeT 6~Tb non~p~3a41'1~ B~neTaiO~~X Ha3aA 6a
P~OHOB. 0Ha MOmeT B03HI'1KHYTb B pe3yflbTaTe nepepacce~H~~ 8 no
CfleAH~X aKTax B3a~MOAeHCTB~~. oonee Taro, non~p~3a4~~ MomeT Ha
Kann~BaTbC~, ecn~ B HeCKOflbK~X aKTaX OHa ~MeeT OA~HaKOB~H 3HaK. 
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3To B03MO*Ho, nocKOflbKY no K~HeMaT~Ke An~ npo4eccos s K30 s~

roAHO, 4T06bl nepepacceHH~H npo~CXOA~fl~ B OAHO~ nnOCKOCT~ /np~-
6n~3~TeflbHO!/ ~ B DAHY ~ TY me cTopoHy. Ecn~ non~p~3a4~~ s Kam
AOM ~3 aKTOB cosnaAaiOT no sen~4~He, TO nocne n nepepacceH-

n n 
(1 + ~ - (1 - P) 

H~H Pn 3To BblpameH~e cnpaseAn~so AflH pacceHH~R 

(1 + P) n + (1 - P)
0 

Ha 6eccn~HOBOH M~WeH~ n~6o AflH HyKnoH-HYKflOHHOrO pacceHH~H np~ 
napaMeTpe AenonHp~3a4~~ D = 1. B cny4ae npo~3sonbHoro 1 8

1 
D 

n -I 
B o6~eM cny4ae 8 /4/ BXOA~T npo~38eAeH~e 11 (Dp + Pp xi P), HaKon-

f= I 

neH~e nOflHP~3a4~~ npo~CXOA~T BeCbMa 6biCTpo: np~ p = 0,3 P2 = 
= 0,55; P3 = 0,73. Han~4~e 6onbWOH nonHp~3a4~~ 8blneTaiOL4~X Ha3aA 
6ap~oHos, 6e3ycnoBHo, nocnym~no 6~ apryMeHTOM s nonb3Y AOM~H~po
BaH~H np048CCOB nepepaCCeHH~H. B TO me speMH B03MOmHO OTCyTCTB~e 
non~p~3a4~~ s HeKoTop~x o6nacTHX lk,8!, TaK KaK non~p~3a4~~ a 3ne
MeHTapH~x aKTaX B OTAeflbH~X o6naCTHX MOryT 6~Tb npoT~BOnonomH~ 
no 3HaKy ~ KOMneHC~POBaTbCH, 8MeCTO Taro 4T06~ CKflaA~BaTbCH. Bo-
06l4e rosop~, AnH MexaH~3Ma Mn xapaKTepHo oTHoc~TenbHO 6~cTpoe 
~3MeHeH~e non~p~3a4~~ /no cpa8HeH~IO c 3neMeHTapH~M~ aKTaM~/ 
~~~ '!'~'~!-'.:~IJIIA LI'IJIIU"=·~~~TIAII'='CLI'IAV MOr\OUOL.JULt~, T~ '?CT= U~_nL4111A'? llhiA~UIAI~II 

TaK~e 6~eHI'1H Ha6n10Aan~cb, Hanp~Mep, s cny4ae ynpyroro pacce~H~H 
npOTOH08 Ha a-4aCT~l.laX. 

B PRAe cny4ae8, oco6eHHO AflH 8~neTaiOL4~X Ha3aA HyKnoHo8 c k> 
'0,4 r3B/c, ynpyr~e nepepacceHH~H 8HOCHT fl~Wb Man~H 8KflaA 

B Ha6fl10AaeMOe Ce4eH~e, KOTOpoe Ha6~paeTCH 8 OCH08HOM 3a C4eT 
np04eCC08 C pe30HaHCaM~ 8 npoMemyT04HOM COCTOHHH~. CKa3aHHOe 
OTHOC~TeflbHO 803MOmHOCT~ HaKonneH~H non~p~3a4~~ cnpa8€Afl~80 

~ AflH TaK~X npo4eCC08 1 TOflbKO 8 3TOM cny4ae pe4b ~AeT 0 non~p~3a-
4~~ pe3oHaHco8, KOTopaH, KaK npa8~no, He ~3Mep~nacb ~ ~3MepeH~e 

KOTOPOH npeACTa8nHeT co60H A080flbHO cnomHyiO 3aAa4y. 3To C8H3aHO 
C TeM, 4TO 8epOHTHOCTb 6~HapH~X pacnaAOB pe30HaHCOB He4yBCT8~
T€flbHa K ~X nOflHP~3a4H~ /np~ COXpaHeH~~ 48TKOCT~/, n03TOMy He-
06XOA~MO no nonHp~3a4~~ npOAYKT08 pacnaAa 80CCTaHa8fl~BaTb non~
p~3al.l~IO pacnaAaiO~erocH pe3oHaHca. B cny4ae ADM~H~po8aH~H npo
l.leccos c ~-~3o6apoH 8 npoMemyT04HOM cocTo~H~~ non~p~3a4~R, 
no-8~A~MOMy, Mana. 

B 3Kcnep~MeHTax 6~na o6HapymeHa 3Ha4~TeflbHa~ /-1/ non~p~3a4~H 
A 120 1 /2!/ 
-r~nepOHOB ,a B ony6n~K08aH~ AaHH~e 0 A080flbHO 60flbWOH 

non~p~3a4~~ KYMYflHT~8H~x npoTOHOB, naAaiO~eH c pocTOM A. B Ha
CTO~l4ee 8peMH a8TOp~/ 2 !/He nOATBepmAaiOT ony6n~K08aHH~e paHee 

T n /22a/ · • pe3ynbTa ~. o~-~aHHble o non~p~3a4~~ npoToHos np~ He6onbwo~ Ha-
4anbHOH 3Hepr~~ /-0,6 r3B/ He nOAT8€PmAaiOJC~ nocneAH~M~ ~3Mepe
H~~M~ 8 nHB~ /Ha4aflbHaH 3Hepr~~ 1 r3Bf/22&. 7 



PaCTYUJ.aR C POCTOM 1-'!MnyJlbCa 1-1 yrna BbiJleTa nonRpl-13a41-1fl 6api-'!OHOB 
s K30 npoTI-1Bope4~na 6~ MHOri-'IM MOAeJlRM c noKanbH~M s3ai-1MOAeRcT
BI-1eM 1-1 MOrna 6bl HaHTI-1 ecTeCTBeHHOe 06bRCHeHI-'!e B paMKaX MeXaHI-13-
Ma Mn. oonee T04Hoe I-13MepeHI-1e nonr~p1-13a41-1~-'~ 6apl-1oHos npeACTasnr~eT 
co6oR BeCbMa aKTyaJlbHY~ 3aAa4y, OC06eHHO npH B03MO~HO 
60JlbWHX HMnyJlbCaX 1-1 Ha4aJlbH~X 3Hepri-1RX*. B Ka4eCTBe HHTepecHOrO 
CJleACTBHR paHee OTMe4aJlOCb, 4TO MO~HO I-13Mepi-1Tb n01lflpl-13a4H~ 6a
pi-10HOB, BblneTa~liiHX cTporo Ha3aA I () = 180° I, ecn1-1 a 3KcnepHMeHTe 
H3MepReTCR XOTR 6~ OAI-'IH 1-13 HYKJlOHOB OTAa4H, TaK 4TO $HKCI-1POBaHa 
nJlOCKOCTb peaKL.ll-11-1, no HOpMaJlH K KOTOpoR HanpasneHa nonRpH3a4HR. 

EcnH HMnynbc 6apHoHa s K30 $HKCI-1posaH 1-1 He o4eHb seni-'IK, To 
C POCTOM aTOMHOrO HOMepa RAPa nORBJlfleTCR B03MO~HOCTb 11 JlHWHI-1X 11 

nepepacceRHHR, csepx Tex, KOTop~e Heo6xoAHM~ no KHHeMaTHKe, no
CKOJlbKY HMnyJlbC~ 4aCTI-14 B npoMe~yT04HOM COCTORHI-11-1 He 06R3aTenb
HO ne~aT B OAHOR nJlOCKOCTH, a TpaeKTOpHR nepepacceHsaeM~X o6beK
TOB He 06R3aTeJlbHO fiBJlfleTCfl B~nyKJlOH. 3TI-1M MOmHO 06bf!CHHTb Ha6n~
AaeMOe naAeHHe nonr~pH3a4HH c pocToM A/ 2I• 221npl-1 $HKCHposaHHOM 
HMnynbce k. Anr~ Toro 4To6~ Ha6n~AaTb poeT nonr~pH3a4HH c ysenH-
4eHHeM A Allfl Tr~~enbiX RAeP, Heo6XOAHMO npoH3BeCTH H3MepeHHR npH 
60JlbWOM HMnyJlbCe k, 

npaKTI-14eCKHM CneACTBHeM CKa3aHHOro B~We fiBJlfleTCfl TO, 4TO RAPO 
MO~eT CJlY~HTb HCT04HHKOM n01lfiPH30BaHHbiX 6apHOHOB 1-1 nerKI-'IX $par
MeHTOB B B~COKOCnHHOB~X COCTORHHRX C 60JlbWOR CTeneHb~ n01lfiPH3a-
4HH. 

B pa6oTe1241 H3Mepr~nacb aHanH31-1PY~lllafl cnoco6HoCTb A a npo
l.lecce pA-> p ... JlJlfl nerKHX RJleo nDH Ha4aJlbHOH 3HeorHVI En = n- R r~R 
~-'~ Allfl () - 75°. obiJlO o6Hapy~eHo, 4To A AOBOJlbHO pe3KOV MeHr~~Tcr~ 
B 3aBHCI-1MOCTI-1 OT HMnyJlbCa B~JleTa~111ero npOTOHa: npH He60JlbWHX k 
seni-141-'!Ha A OTPI-14aTenbHa 1-1 HesenHKa, npH k = 0, 6 7 0,7 MeHr~eT 
3HaK 1-1 3aTeM pe3KO B03pacTaeT C POCTOM k. nocKOnbKy n01lfiPH3a4HOH
Hble CBORCTBa np04eCCOB pO~AeHHfl H3o6ap HeAOCTaT04HO XOPOWO H3y-
4eH~ 3KCnepHMeHTaJlbHO, HaAe~H~R paC4eT 3$$eKTa aa C4eT ABYXKpaT
Horo np04eCca HeB03MO~eH B HaCTOfll!lee speMr~, OAHaKO 04eHKH noKa-
3~Ba~T, 4TO TaKOe noBeAeHHe A B03MO~HO, ecnH n01lfiPH3a4Hfl BO 
BTOPOM aKTe B3aHMOAeRCTBHfl BeJlHKa 1-1 npOTHBOnOJlO~Ha no 3HaKy 
nonr~pH3a4HH s nepsoM aKTe. HeTPYAHO y6eAHTbCR, 4To nocne ABYXKpaT
Horo npo4ecca Ha6n~AaeMbiR 3$$eKT 

a+ -a 2(1+PIP2)P; +(PI +DIP2 )f 
A2 = --'--- = p 

a+ +a 
0 

(1+PIP2 )f+ 2P5(PI +DIP2)P{ 
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rAe Po - senH4HHa nonr~pH3al.IHH npoToHos a ny4Ke; ~ , 0 2 , p2 -
napaMeTp~ nonr~pH3a4~-'~~-'~ 1-1 Aenonr~pH3a4HH a 1-M 1-12-M aKTax lnpeA-

*B pa6oTe 1231 06Hapy~eHa n01lfiPH3a4Hfl npOTOHOB B peaKL.ll-11-1 p I:?c_,p.,, 
npH Ha4aJlbHOR 3HeprHH COTHH r3B, p = 1 r3BI C, X F :: -0,9, 3Ha-
4HTeJlbHO npes~wa~l!lafl nOJlRPH3a4H~ npOTOHOB B pp-pacCeRHI-11-1 npH 
Tex ~e napaMeTpax. 
8 

,\ 

l 

J 

nonaraeTCfl AJlfl noOCTOTbl, 4TO 4aCTH4a B npoMe~yT04HOM COCTORHHVI 
~-'!MeeT cnHH 1121; PI'= PI (DI - PI2)(1- D1 P0

2); f = 1 + PI2 + P0
2 [D 2I - (2 + 

2 2 4 2n2 2 
+ 4 DI - PI ) PI ) + Po PI (~I + PI ), 

HeKoTop~e npHMep~ pac4eTa A2 Anfl paani-14H~x 3Ha4eHI-1R napaMeT
pos P 1-1 D noKa3aHbl s Ta6n. 1 . 

Ta6niiu;a I 

PI 0,5 -0, I -0, I -0, I 

DI 0,5 0,5 0,2 0,8 

Pz 0,8 0,8 0,8 0,5 

Po 0,8 0,8 0,8 0,8 

A2 0,62 0,22 0,03 0,21 

H3 npHBeAeHHoro COOTHOWeHHfl BHAHO, 4TO AJlfl ABYKPaTHOrO npo-
4eCCa HapywaeTCfl COOTHOWeHI-'Ie p =A, cnpaBeAJlHBOe AJlfl ynpyroro 
paccef!HI-'Ifl HYKJlOHa Ha HYKJlOHe. Anr~ peaJlHCTH4eCKHX 3Ha4eHHR napa
MeTpOB P 1-1 D acHMMeTpHr~ A 2 MeHr~eT 3HaK no OTHoweHI-1~ K A1 
1-1 soapacTaeT no cpasHeHH~ c A1 (A 1 = P1 I), TaKHM o6paaoM, 1-'!MeeTcr~ 
npi-1H41-1nHaJlbHafl B03MO~HOCTb 06bf!CHeHHfl 3$$eKTa B paMKaX KapTHHbl 
Mn. XOTR. KOHe4HO. TOe6V~TCfl 6onee neTaJibH~e VICCJleDOBaHVIA. 

5. AHOMAflbHWE H30TOnH4ECKHE COOTHOWEHHH B K30 

B o6naCTH $parMeHTa4HH Tfl~enoro RApa, B KOTOPOM 41-'!CJlO HeRT
POHOB A-Z npesocxoAHT 4Hcno npoTOHOB Z, ecTecTseHHo o~HAaTb, 
4TO Ce4eHHe po~AeHHfl HeRTpOHOB npeBOCXOAI-'IT Ce4eHHe PO~AeHHfl 

a(n) A-Z 
npoToHos 1-1 a K30 a(p) - -z- ; T04HO TaK ~e AJIR po~AeHHR 11 -Meao-

a("-) 
HOB --+-- > 1, He3aBHCHMO OT COpT a naAa~l!IHX 4aCTH4, 

a(17 ) 
/25,26/ 

B TO ~e speMr~ H3MepeHI-1fl noKa3a1lH .4TO s Pf!Ae cny4aes 
H30TOnH4eCKHe COOTHOWeHHR npOTHBOnOJlO~Hbl TOMY, 4TO CJleAOBaJlO 
6~ O~HAaTb 3a C4eT $parMeHTa4HH fiAPa, 1-1 03Ha4a~T, 4TO BJlHfiHHe 
3aPRAa 4aCTH4 B ny4Ke BeJ1HKO. npKHM npHMepoM, 1-'!Me~l!IHM npOCTOe 
o6bf!CHeHHe B paMKaX MexaHI-13Ma Mn, MO~eT CJlY~HTb OTHOWeHHe a(p)/ a (n) 
B peaKL.ll-11-1 pd -> ppn npH 1 , 6 7 r3BI C Ill/. npl-1 3TOR 3HeprHH B ABYKPaT
HOM np04eCce AOMHHHpyeT o6pa30BaHHe H306apbl ~112321 B npOMe~y
T04HOM COCTORHHH/ 27 ZC y4eTOM Taro, 4TO H30CnHH AeRTpOHa paseH 
Hyn~ 1-1 ce4eHHe npo4ecca pp _, ~++ BTpoe npes~waeT ce4eHHfl APYrHx 
aHa1lOri-14HbiX np04eCCOB pn-> ~ + n, ~0 p-, AJ1fl OTHOWeHHfl BbiXOAOB npo-

9 



TOHOB 1-1 Hei:iTpoHoB nony4eHo a (p) I a (n) = 5 3a c4eT 3Toro ~1exaHI-13-
Ma1271s cpaBHeHI-11-1 C I-13MepeHH~M 3Ha4eHI-1eM 4,8+1 ,0 B6JII-131-1 rpaHI-14~ 
¢a3osoro o6ceMa (x- 1), rAe AOMI-1HI-1pyeT npo4ecc c o6pa3oBaHI-1eM 
1-1306ap~. C POCTOM Ha4aJibHOi:i 3Heprl-11-1 BKJI~4a~TCR KaHan~ C pO~Ae
HI-1eM £'1- B nepBOI~ aKTe, 1-1 3TO AOJI~HO npi-1BeCTI-1 K BblpaBHI-1BaHI-110 
Ce4eHI-1i1 pO~AeHI-1R P 1-1 n. 0AHaKO £'1- PO~AaeTCR B conpOBO~AeHI-11-1 
AOnOJIHI-1TeJibHbiX TT, ¢a30Bbli:i 06ceM COOTBeTCTBY~l!lero ABYKpaTHOrO 
np04ecca CylJieCTBeHHO MeHbWe, 1-1 3TO npi-1BOAI-1T K 3aTRri-1BaHI-110 npeA
aCI-1MnTOTI-14eCKOi:i o6naCTI-1 AO B~COKI-1X 3Heprl-1i:i. 

8 pa6oTaX / 2S/ nony4eHbl AaHHble no OTHOWeHI-1~ BbiXOAOB P 1-1 ll Ha 
RApax B WI-1POKOM I-1HTepsane Mace A noA Aei1cTBI-1eM npoToHos 
/7,5 r38/c/ 1-1 TT- -Me30HOB /3 r3B/c/. B nepBOM cny4ae B~XOA npo
TOHOB nOA yrnoM 120° C 3Heprl-1ei1 807200 M38 npeBbiWaeT BbiXOA Hei:iT
pOHOB Ha 10715%AJIR RAPa yrnepoAa 1-1 Ha 40c-50% AJIR TR~en~X RAep 
np1-1 OAI-1HaKOBbiX Z 1-1 N = A-Z COOTBeTCTBeHHO. npl-1 3Heprl-11-1 400 r3B 
TaK~e nony4eHO yKa3aHI-1e Ha TO, 4TO BbiXOA TT+-Me30HOB 1-13 TR~eJI~X 
RAep HeCKOJibKO npes~waeT B~XOA rr--Me30HOB /npOTOH~ B naAa~llleM 
ny4Ke/. AHanori-14H~e paHHble 6~JII-1 nony4eH~ npl-1 5 1-1 40 r3B/c Ha 
nponaHOBO~ KaMepe 128

' B ny4Ke TT- -Me30HOB 1-1 npl-1 0, 66 r3B/ C 
129 I B 3MYJibCI-10HH~X 3Kcnepi-1MeHTaX ' · 

npl-1 1-1CCJieAOBaHI-11-1 TR~enoro RAPa, TaK ~e KaK 1-1 B 06CY~AaeMOM 
BbiWe CJiy4ae Aei:iTpOHa, aHOMaJibHble I-130TOnH4eCKI-1e COOTHOWeHHR 
R n~Mw~v MPV~~~~M~ Mn Rn~~~w~~T w~w rnP~rTR~P ~rwn~u~TPn~~n 

Ba~HOi:i pOJII-1, KOTOPY~ 1-1rpaeT ¢a30B~i:i o6ceM npl-1 o6pa3oBaHI-11-1 4aCTI-14 
Ha RApax s K30. ¢a30Bbl~ o6ceM n-KpaTHoro npo4ecca nponOP41-10Ha-

8M2 m m 3n-1 
neH MHO~I-1TeJI~ (-- -- - --) AJIR 1-1HKJI~31-1BHOro np04ecca 

k k'~ ax 2pok 

B nepsoM aKTe. 3¢¢eKTI-1BHaR Mace a M 1 pa3JII-14Ha AJIR pa3JII-14HbiX 
3aPRAOB 4aCTI-14 B naAa~lJieM ny4Ke, 1-1 3aMeTHOe pa3JII-141-1e B03HI-1KaeT 
1-13-3a 6onbworo noKa3aTenR cTeneHI-1. TaKI-1M o6pa30M, B paMKax Me
xaHH3Ma Mn HMeeTcR B03MO~HocTb o6cRCHI-1Tb Ka4eCTBeHHO o6cy~Aas
weecR s/ 25 'cooTHoweHI-1e 

a (rr +A -> p ••• ) + a (rr-A -> n ••• ) 

a(rr-A-> p ... ) + a(rr+A -> n ... ) 

s KoTopoM 1-1CKJit04eHa 3aPRAOBaR aci-1MMeTpi-1R RAPa.naAeHI-1e R1 c pocToM 
A Mo~eT HMeTb TY ~e npH4HHy, 4To H naAeHI-1e nonRp1-13a41-11-1: AJIR 
6onbwl-1x A npH He cnHWKOM 6onbwl-1x k so3MO>KHbl AOnonHI-1TenbHble 
nepepacceRHHR, csepx Heo6xoA1-1Mblx no KI-1HeMaTI-1Ke. np1-1 3TOM o6cy~
AaBwi-1AcR ¢a30B~i:i MHO~I-1TeJib MeHee 4YBCTBMTeneH K 1-13MeHeHI-110 M1. 
C pocToM KOHe4Horo I-1Mnynbca ponb 3Toro ¢aKTopa B03pacTaeT. Pac-
4eT 3Toro 3$¢eKTa ~enaTeneH, XOTR 1-1 BeCbMa TPYAeH. 
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8Topoe COOTHOWeHI-1e, Ha KOTOPOM Mbl 3AeCb OCTaHOBI-1MCR, 3TO 

da(rr +-> n) + da(rr--> n) 

da(rr+-> p) + da(rr--. p) 

B KOTOPOM npOI-13BeAeHo ycpeAHeHHe no 3aPRAY 4aCTH4bl B ny4Ke H MC
KJII04eHO snMRHMe 3¢¢eKTa, o6cy~AaswerocR BbiWe. Ha onbiTe R 2 He
CKOJibKO MeHbWe, 4eM OTHOWeHHe 4MCeJI Hei:iTpOHOB H npOTOHOB B RA-

N 
pe N/Z. Aa~e ecnH B nepsoM aKTe R2 = Z ,nocneAYIOlJIHe nepe3aPRAKH 

p .... n npHBOART K yMeHbWeHH~ 3Toro oTHoweHHR. AnR npoc TOTbl 6yAeM 
C4HTaTb, 4TO Ce4eHHR pacceRHMR HyKJIOHOB Ha npOTOHaX H HeATpo
HaX s nepeAH~~ nonyc¢epy cosnaAa~T M sepoRTHOCTb nepe3aPRAKH 
pasHa P~ .TorAa nocne OAHOKpaTHoro B3ai-1MOAeAcTBHR R2 nepeXOAMT 

N 
R2 +peA 

s R2= .3Ha4eHHR R2 nocne OAHo-, AByx-, TpexKpaTHoro z 
1 + R2P-

c A 

B3aHMOAei1CTBHA / 2S/ npHBeAeHbl B Ta6n. 2. 

Ta6nm~a 2 

llJU1.)1J'111.t: Ht:!Jt:::ld!J>i,U,Ull. HCi U'I'HUIIH:!HHI:! l:lbiXU,U,UI:I I!pOTOHOB 

H He:H:TpoHoB H3 Rp;ep ( Pc = 0,3) 

63,6 c 207,2 207,2 
u29 Pba2 u92 

1,193 1,527 1,59 

1,166 1,443 I ,497 

I, 146 1,386 1,432 

I, 131 1,345 I ,386 

I ,01.:!:.0,05 I ,01.:!:.0,05 1,32.:!:.0,07 1,322:_0,07 

3aMeTHM, 4To s paMKax MexaHM3Ma Mn ecTeCTBeHHbiM o6pa3oM MO~Ho 
o6cRCHHTb ManocTb OTHOWeHHR BbiXOAOB K- IK+, Ha6niOAeHHYIO s 126 •301. 
AeAcTBHTeJlbHo, K- -Me3oHbl npM B3aHMOAeAcTBHH c HYKiloHaMH RApa 
nornOlJiaiOTCR 3a c4eT npo4eccos K-N _. A(~)rr, OTCYTCTBY~Mx AnR 

* Ba~HO, 4T06bl BblnOJlHRJlOCb ycnosHe app _. PP - a P!l _. pn < a pn _. np • 
npH k ~ 0,6 r3B/c Ce4eHI'!e nepe3aPRAKI-1 npeBOCXOAI'IT yKa3aHHYIO 

pa3HOCTb ce4eHHA. 

ll 



K+ -Me3oHoa. KpoMe Toro, K -Me3oHbl a nepaoM aKTe PO>KAaiOTCfl 3a 

c4eT nPOL-leccoa c 6ollbWVIM 4VICI10M 4acn14, 4eM a cny4ae K+ -Me3o

'iOB /MVIHVIMYM 4eTwpe 4aCTVI4W B KOHe4HOM COCTOfiHVIVI Allfl HYKllOHOB 

B ny4Ke/ VI, COOTBeTCTBeHHO, Ce4eHVIe TaKorO np04ecca B 061laCTVI 

x - 1, cy~eCTBeHHO~ Allfl npo4eccoa a K30, 3Ha4VITellbHO MeHbWe. 

6. KOPPEnHUHH, 3$$EKT $0KYCHPOBKH. 

3AME4AHHH 0 PEAKUHHX C Y4ACTHEM nEnTOHOB 

BwneT mecTKo~ 4aCTVI4W Vl3 fiAPa a K30 conpoBO>KAaeTCfl HYKlloHaMVI 

OTAa4VI, VIMnyJlbCW KOTOPWX KOppei1VIPYIOT C nilOCKOCTbiO (~ 0 f). TaKafl 

a3VIMYTanbHafl Koppe11fi4VIfl Ha6ni0Aanacb a npo4ecce pd -.ppn c BblneToM 

HYKllOHOB Ha3aA/]]~0AHaKO Ailfl Tpex 4aCTVI4 B KOHe4HOM COCTOfiHVIVI 

npVI VIMnyllbCe BWileTaiO~e~ Ha3aA 4aCTVI4W B6J1VI3VI rpaHVI4W $a30BOrO 

o6beMa VIMnYilbCbl ABYX APYrVIX HYKI10HOB 6J1V13KVI no KVIHeMaTVIKe. no3-

TOMY VIHTepecHee Ha6J110AaTb TaKVIe Koppe1lfi4VIVI Ailfl 6onee Tfi>KellbiX 

RAep, OT 
4He AO 

27
Af/AI1fl e~e 6onee Tfi>Kenwx RAep 3Ta KapTVIHa 6y

AeT 
11

3aMu3biBaTbCfl 11 nepepacceRHVIeM HYKI10HOB OTAa4VI/. 

KoppenRL.lVIVI Me>KAY HyKnoHOM a K30 VI HyKnoHaMVI, awneTaiO~VIMVI 
'14' I2c a nepeAHIOIO nonyc$epy, Ha6n10Aai1VICb a pa6oTax Ailfl a o6-

• 6L· '24 1 
JlaCTVI, rAe AOMVIHVIpyeT ABYKPaTHWVI np04eCC, VI Ailfl 1 .Hy>KHO 

VIMeTb B BVIAY, 4TO KOJlVI4eCTBO 3HeprV14HbiX HyKJlOHOB OTAa4VI MeHbWe, 

4eM 4VICJ10 aKTOB B3aVIMOAe~CTBVIfl B RApe. HanpVIMep, B CJ1y4ae ynpy

rVIX nepepaccef!HVI~ VI 60J1bWO~ Ha4allbHO~ 3HeprVIVI VIMnyJ1bC HYKilOHa 
/8/ 

C7H~·...;~; ;-;t:-~;;.~~t:-;;.::. ~uc..:.;; 

k - m 
f f(l-z) 

z = cosJ!.., 
n 

npVI y4eTe $epMVI-ABVI>KeHVIfl rp HeCKOJlbKO yMeHbWaeTCfl. 4VICJ10 npo-

TOHOB, BWJleTaiO~VIX BnepeA, paCTeT He nponOP4VIOHaJ1bHO 4VICI1Y npo

TOHOB, BWileTaiO~VIX Ha3aA, a 3Ha4VITeJlbHO cna6ee. 3TO CBfl3aHO C TeM, 

4TO KYMYilfiTVIBHWe npOTOHW B03HVIKaiOT OT pa3J1VI4HWX BeTBe~ OAHOrO 

VI Toro me KacKaAa. 

4VICJ10 rr-Me30HOB, conpoBO>KAaiO~VIX np04eCC C BWJleTOM 4aCTV14W 

Ha3aA,npVI (jlVIKCVIPOBaHHO~ Ha4ailbHO~ 3HeprVIVI BHa4aJle paCTeT C poe

TOM KpaTHOCTVI B3aVIMOAe~CTBVI~, a 3uTeM naAaeT C poCTOM VIMnyilbCa 

4aCTVI4W a K30, nocKOilbKY KVIHeMaTVI4eCKVI, Ha4VIHaR c HeKoToporo k, 
CTaHOBVITCfl COBepweHHO HeBWrOAHWM PO>KAeHVIe rr-Me30HOB BO BCeX 

aKTax, KpoMe nepaoro, Ho VI a nepaoM aKTe, ecnVI Ha4aJlbHaR 3Hep

rVIR He 04eHb BeJlVIKa /He COTHVI r3B/f C POCTOM k 4VICJ10 conyTCTByi0-
13 I 

~VIX rr-Me30HOB 6yAeT yMeHbWaTbCfl · 

TeCHO CBR3aH C a3VIMyTailbHWMVI KoppeJlfll.lVIfiMVI VI C B03MO>KHOCTbiO 

HaKonneHVIR nonf!PVI3a4VIVI 6apVIOHOB a npo4ecce nepepacceRHVI~ 3¢¢eKT 

$OKYCVIPOBKVI, KOTOpW~ COCTOVIT B TOM, 4TO Vl3-3a aKCVIailbHO~ CVIMMeT

PVIVI $a30Boro 06beMa npVI 0 = 180° MO>KeT Ha61110AaTbCfl He60JlbWO~ 
nVIK a Ce4eHVIVI noA 3TVIM yrnoM. Pac4eTbl a cny4ae peaK4VIVI pd-. ppn 
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/27 I • nOATBepAVIIlVI cy~eCTBOBaHVIe TaKOro 3(jl(jleKTa ,VI Ha6J110AaBWVIVICfl 

a/32/ nOAbeM B Ce4eHVIfiX npVI 180° MO>KHO 06bf!CHV1Tb KaK 3(jl(jleKT 

(j>OKYCVIPOBKVI / 8 / 

3acny>KVIBaiOT OTAenbHoro o6cy>KAeHVIfl npo4eccw c y4aCTVIeM nenTo

HOB VI (jlOTOHOB. PaHee MW OTMe4aJlVI/27 ~4TO BWJleT Vl3 RAPa B 3aAH1010 

nonyc(jlepy 4aCTVI4 C MaJlWM ce4eHVIeM B3aVIMOAe~CTBVIfl C HYKilOHaMVI 

TaK>Ke B03MO>KeH 3a C4eT Mn, npV14eM 3TVI 4aCTVI4W PO)KAaiOTCfl B nocJleA

HeM aKTe He3aBVICVIMo oT copTa naAaiO~VIX 4aCTVI4. Ceo~cTaa TaKVIX 

peaK4V1~ B paMKaX MeXaHV13Ma Mn He AOJl>KHW npVIH4VInVIaJlbHO OTJlVI4aTb

Cfl OT CBO~CTB 4VICTO aAPOHHWX np04eCCOB. 

0co6eHHO VIHTepeCHO Heynpyroe B3aVIMOAeHCTBVIe BWCOK03HepreTVI-

02 
4eCKVIX nenToHoa c RAPaMVI * a o6nacTVI x = -- > l,nocKOilbKY o6cym-

2mNv 

AaeMble Mn He MOryT npVIBeCTVI K noRBJleHVIIO C06WTVIH B 3TOH 06IlaCTVI. 

npVI AOCTaT04HO 60ilbWVIX X TOJlbKO paAVIal.lVIOHHWe nonpaBKVI IAByx

(jlOTOHHWe 06MeHw/ MOryT VIMVITVIPOBaTb TaKVIe C06WTVIfl. 3KcnepV1MeHTW 

c HeHTPVIHO B naAa~eM ny4Ke cao60AHbl OT norpewHOCTeH 6narOAaPfl 

MHOrOKpaTHWM B3aVIMOAeHCTBVIf!M B MVIWeHVI, KOTOpwe HeV136e>KHW B CJly-

4ae 3aPf!>KeHHWX nenTOHOB (e,~), 

7. 0 KPHTHKE MEXAHH3MA MHOrOKPATHWX B3AHMOAE~CTBH~ 
nPH POmAEHHH 4ACTHU B K30 

B PRAe pa60T nocneAHVIX neT BWCKa3WBailOCb COMHeHVIe B TOM, 4TO 

MexaHV13M Mn oTaeTcTaeHeH 3a pomAeHVIe 4aCTVI4 a K30, VI KPVITVIKo

aanVIcb MOAeJlVI TaKoro POAa /npVI 3TOM 3a4aCTYIO He AeJlaJlOCb pa3-

JlVI4VIfl Me >KAY TepMVIHaMVI "MoAeilb" VI 11 MexaHV13M11
• MexaHVI3M Mn, 6e3-

ycnoeHo, BHOCVIT CBOH BKilaA, OCTaeTCfl JlVIWb BOnpoC 0 ero BeJlV14VIHe 

VI ceoHcTaax. MoAellVI me AI1R ero onVIcaHVIR noKa, Ae~cTBVITellbHo, 

HeCOBepweHHW VI pa311V14HW y pa3HWX aBTOpoa/. 

3aMeTVIM, 4TO BO MHOrVIX CJly4af!X 3Ta KPVITVIKa OCHOBbiBanaCb, K co

>KaneHVIIO, Ha HeAOCTaT04HOM nOHVIMaHVIVI XapaKTepHbiX CBOHCTB MeXaHVI3-

Ma Hn VIJlVI npVInVIC~aaHVIVI eMy CBOHCTB, KOTopwe B AeHCTBVITeilbHOCTH 

OTCYTCTBYIOT. HanpVIMep, B pa6oTe 33 / o6HapymeH AOBOJlbHO cna6biH 

poeT 4VICJla nOilO>KVITeilbHbiX 4aCTVI4 /npOTOHOB/, BWJleTaiO~VIX BnepeA, 

a 3aBVICVIMOCTVI oT 4VIcna KYMYilRTVIBHWX npoToHoe, KoTopwH enonHe 

cornacyeTCR C TeM, 4TO MO>KHO O>KVIAaTb OT MeXaHV13Ma Mn, nOCKOJlbKY 

HYKilOHW OTAa4VI B nepBbiX aKTaX AOBOJlbHO >KeCTKVIe /eM. pa3Ae11 7 
AOKJlaAa/8/ /. B/33/aBTOPW OTPVIL.laiOT 3TO, nonarafl, 4TO BCe HYKilOHW 

OTAa4VI 11 VIMeiOT VIMnYilbCbl -0,2 r3B/c VI He AeTeKTVIPYIOTCR YCTaHoe

KOH11. KaK oTMe4eHo s/ 34/ ,AOBOllbHO CVIllbHafl A-3aBVICVIMOCTb 4VICJla 

MeAlleHHwx npoTOHOB I <N ps >-A a, a= 0, 55-;-0, 05/ CBVIAeTellbCTByeT 

*nenTOH B KOHe4HOM COCTOfiHVIH BWJleTaeT npVI 3TOM Ha MallWH yroll, 

e « 1. 
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B nonb3Y TOro, 4TO BeCbMa cy~eCTBeHH~ BTOP~4H~e B3a~MOAe~CTB~H 
c HyKnoHaM~ HAPa IAnH 6biCTPbiX npoToHoe a = 0,1770, 08! *, 

B ' 6 ' KP~T~KyeTcH MexaH~3M Mn c T04K~ 3peH~H K~HeMaT~4ecK~x 
rpaH~4 1 HO np~ 3TOM He Y4~TbiBaeTCH QJepM~-AB~)I(eH~e ~ o6pa30BaH~e 

pe30HaHCOB B npoMe)l(yT04HOM COCTOHH~~. 3Ha4~TenbHO pacw~pHO~ee 

K~HeMaT~4ecK~e rpaH~4bl, oco6eHHO np~ He6onbw~x 3Hepr~Hx. 
Kp~T~KyeMbl~ 8 '6' pac4eT /8 1 8blnonHeH AnH cny4aH 8biCOK~x 3Hep

r~~ /Eo' 10 r3B/ c Y4eTOM ynpyr~x nepepacceHH~~. AnH cpa8HeH~H 
C ~Me8W~M~CR 8 TO 8peMR 3KCnep~MeHTanbH~M~ AaHH~M~ /np~ H~3K~X 
3Hepr~RX/ ~cnOnb308aHO C80~CT80 RAepHoro CKe~n~Hra. HapRAY 
C ynpyr~M nepepacceRH~eM 8 Mn 8XOART 8Ce803MO)I(H~e npo4ecc~ 

C pO)I(AeH~eM pe3oHaHC08, KOTOp~e TaK)I(e Heo6XOA~MO Y4~T~8aTb. 
PaHee '27' Mbl y)l(e o6pa~an~ 8H~MaH~e Ha HeKoppeKTHOCTb 803pa)l(e-

, s I t s I 
HH~ a8Topo8 pa6oT~ · npoTH8 Mn. 0TMeTHM, 4TO nony4eHHoe 8 · 
cornacHe pac4eTo8 8 paMKax rHnoTe3~ o HHK c 3KcnepHMeHTanbH~MH 
AaHH~MH He R8nRCTCR KPHTH4H~M, nOCKOnbKy MOAenb COAep)I(HT napa
MeTp~, onpeAeneHH~e H3 Tex )l(e AaHH~x. 

8. 3AKni04~TEnbHbiE 3AME4AH~!l 

B HaCTOR~e~ pa6oTe noKa3aHO, 4TO MHOrHe H3 H38CCTH~X C80~CTB 
np04CCCOB B K3Q MOrYT 6~Tb, no Kpa~He~ Mepe Ka4eCT8CHHO, nOHRT~ 

8 paMKaX KOHCepsaTHBHOrO MCXaHH3Ma MHOrOKpaTH~X B3aHMOAC~CTBH~ 
4aCTH4 /HnH pe30HaHC08/ C HyKnoHaMH RApa. no cpaBHeHH~ C HHKn~
~t'.~i iow"''' HannoJMYI, 1"\U 1 UiJblt \....dMV1 IIU LeGe HeJ...\UL 1 d I U4HO V1HqJOpMaTV18Hbl, 

H3y4eH~e TaKHX CBO~CT8 cy~eCTBCHHO pacw~pReT B03MO)I(HOCTb AnR 
B~RCHCHHR OCHOBH~X MeXaHH3MOB np04CCC08 B K3Q H, Ha HaW B3rnRA, 
cB~AeTenbcTsyeT s nonb3Y 3Ha4HMOCTH MexaHH3Ma Mn. AosonbHO KPH
T~4HO n08CACHHe npH 6onbWHX k, rAe HMeeTCR PRA npeACKa3aHH~. 

MexaHH3M Mn Ka)I(CTCR HCCKOnbKO TpH8~anbH~M, H OH, 803M0)1(H0, 
RBnReTCR TaK08~M npH He60nbW~X Po H k,KOrAa Cy~eCTBCHHY~ ponb 
~rpaeT He6onbWOe 4HCnO npo4eCC08. np~ p

0 
• ·" H 6onbWHX k, KOrAa 

8HOCHT BKnaA 3KCnOHCH4~anbHO 6onbWOe 4HCnO np04eCCOB /-Nn,rAe 
N- 3QJQJeKT~8Hoe 4Hcno pe3oHaHco8, pO)I(AaeM~x 8 npoMe)l(yTo4HOM 
COCTORH~HI, MO)I(CT OKa3aTbCR none3H~M nepeXOA C aAPOHHOrO Ha K8ap
K08~~ ypo8eHb 1 TO eCTb nepeXOA K OnHCaHHn Mn 8 TepMHHaX K8apKo-
8~X CTeneHe~ C8060A~ nepepaCCCH8aeM~X o6beKT08 H HyKnOH08 RAPa. 
3aMeTHy~ ponb ~rpaOT 1 8 4aCTHOCT~, np04ecc~ C 48eTH~M~ 06beKTa
M~ 8 npoMe)l(yT04HOM COCTORH~~*~ KOTOp~e TaK)I(e ~MeOT HenoKanbHYD 
np~PDAY ~ coxpaHROT PRA C80~CT8 Mn c 6ec48eTH~MH o6beKTaMH. 

12 * Ben~4~Ha a onpeAeneHa AnH RAPa C OTHOCHTenbHO COOT8eTCT-
8YO~e~ peaK4~~ Ha BOADPOAe. 

**3To noKa3an~ o.3.Konen~08~4 ~ Ql.H~AepMa~ep (Phys,Lett., 
1982, 117B, p.IOI). 
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EcnH AanbHe~wHe ~ccneA08aHHR nDAT8CPART Hawy T04KY 3peH~R, 
4TO OCH08H~M MeXaH~3MOM np04eCCOB 8 K3Q RBnReTCR Mn, TO, KaK 
paHee y>t<e OTMe4anOCb ' 8•27 I, Mbl CTanK~8aeMCR ~ 3AeCb C npoRBne
HHeM o6~ero npHH4Hna, cnpaBeAn~soro AnH A~HaM~K~ aApOH08: np~ 
83a~MOAe~CT8~~ aAPOH08 ~n~ aAPOHH~X C~CTeM onpeAenH~~~~ 8KnaA 
8 8epoHTHOCTb np04ecca 8HOCHT KOHQJ~rypa4~~ C OTHOC~TenbHO 6onb
W~M~ paCCTOHH~RM~1 Me)I(AY COCTa8nRO~~M~, B TO 8peMR KaK BKnaA OT 
KOHQJ~rypa4~~ c Man~M~ /no cpaeHeH~o co cpeAH~M~ xapaKTepH~M~/ 
pacCTOHH~RM~ Me)I(AY COCTa8nHO~~M~ Manocy~eCTBeH. 

A8TOP~ 6naroAaPH~ o.3.Konen~o8~4Y H H.H.HHKonae8y 3a none3-
Hble o6CY)I(AeHHR H 3aMe4aHHR 1 o.E.WTepHy 3a nOMO~b npH npoBeAeHH~ 
4HCneHH~X paC4eT08. 
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PyKonHCb nocTynHna s H3AaTenbCKHi1 OTAen 
7 HIOH~ 1983 rOAa. 

KonenHOBH4 B.6., PaAoMaHos B.6. 
MHOrOKpaTH~e npo~ecc~ H KYMYn~THBH~e 4aCTH~~ 

1-83-381 

PaccMoTpeH~ cneACTBH~ npHMeHeHH~ MexaHH3Ma MHoroKpaTH~x nepepacce~HHH 
K OnHCaHH~ B3aHMOAeHCTBHH o6pa30BaHH~ 4aCTH~ Ha ~Apax B o6nacTH, KHHeMaTH-
4eCKH aanp~eHHOH An~ B3aHMOAeHCTBHH C H3DnHPOBaHH~M HyKnOHOM, HnH o6nacTH 
KyMyn~THBHOrO PO~eHH~. noKa3aHO, 4TO MHOrHe CBOHCTBa TaKHX npo~eCCQB 
MoryT 6~Tb Ka4eCTBeHHO H B HeKOTOP~X cny4a~X KOnH4eCTBeHHO OnHCaH~ B npeA
nono*eHHH 0 AOMHHHpOBaHHH TaKoro MeXaHH3Ma. C~Aa OTHOC~TC~: A-aaBHCH
MOCTb HHKn~3HBH~X ce4eHHH PO*AeHH~, OTHOWeHH~ B~XOAOB P/ n H "+ ; "-, oco-
6eHHOCTH noBeAeHH~ aHanH3Hpy~eH cnoco6HOCTH npH B3aHMOAeHCTBHH non~pHao
BaHH~X npOTOHOB C ~APOM B 3aBHCHMOCTH OT HMnynbCa B~neTa~eH 4aCTH~~, 
6onbWOH paaMep o6naCTH HCnycKaHH~ KYMYn~THBH~X 4aCTH~, KOppen~~HH B 3KCKn~-
3HBH~X npo~eccax, ~eKT ¢oKYCHPOBKH H HeKOTOp~e APYrHe. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~COKHX 3HeprHH OHRH. 

Kopel iovlch V.B., Radomanov V.B. 
Multiple Interaction Processes and Cumulative Particles 

1-83-381 

Some consequences of the mechanism of multiple Interactions for par
ticle production on nuclei In the region kinematically forbidden for in
teractions with isolated nucleon, or cumulative production, are considered. 
It has been shown that many properties of such reactions can be qualitative
ly and in some cases quantitatively understood on the assumption of the 
dominance of this mechanism. These are: the A-number dependence of Inclu
sive cross sections, the analyzing power dependence on the momentum of 
produced particle In the case of polarized proton interaction with the 
nucleus, a large dimension of the emission region for cumulative particles, 
correlations in exclusive processes, focusing effect and others : 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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