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1. BBE,4EHHE 

B 6onbWOM I(HKne pa6oT, awnonaeHHhiX B JIB3 OHJIH, 
6wno o6Hapy*eHo H accne~oBaHo saneHHe KyMynsTHBHoro 
Me30H006pa30BaHHR /I/. 3TH peJynbTaTbl nOCTaBHnH nepe~ 

GTeopeTaqecKoi~enRTHBHCTCKOHJJ~epHoi ~HJHKoi ps~ HH-
TepeCHhlx npo6JieM. · 

liblnH npe~npHHRTbl nonbiTKH 06'bRCHHTb Ha6mo~aeMble 
~KThl Ha ocHoae Y*e HJBecTHhlx MexaHHJMOB. O~HaKo 
OHH cTomCHynacb c cepheJHhiMH TPY~HOCTRMH. YqeT ~epMH
~BH*eHHR B R~pax He npHBO~HT K *enaeMOMy peJynhTa
TY 12 ~ llpe~nono*eHae o Hanaqaa ~nyKTyanai Jl~epHoii nnoT
HOCTH B ManoM 06'beMe C BepORTHOCTbiO, ~OCTaTOqHOH 
~ns o6'hJICHeHHR saneHHR, TPY~Ho o6ocHoaaTb, HMeJI a BH~y 
cymecTaoaaHHe Kopa a NN -BJaHMo~eiicTBHH H HJBeCTHhle 

+ ~ u 
~aHHble o pacnpe~eneHHH ~- -nap no J~eKTHBHOH Mac-
ce /3,4/, po~eHHblx a (p, A) - BJaHMo~eicTBHH. HcnonLJo
BaHHe MexaHHJMa "nepepacceJIHHJI" /5/ TaK*e He MO.)I(eT 
6b1Th npHJHaHo y~oaneTaopHTenLHhiM, TaK KaK npe~nona
raeT MrHoBeHHOCTh aKTa po~eHHR. TaKaJI TpaKTOBKa 
npHMeHsnacb paHee a Mo~ensx KacKa~Horo THna H, KaK 
Tenepb H3BeCTHO, He npHBena K nOHHMaHHIO pg~a Ba*HhiX 
~KTOB, Ha6nro~aeMbiX npH HJyqeHHH MHO*eCTBeHHbiX npo
l(eCCOB B R~epHOM Bell{eCTBe. 

PaJpa6aTb1BaJOTCR TaK.)I(e nO~XO~bl, OCHOBaHHhle Ha KBap
ICOBO·napTOHHbiX npe~CTaBneHHRX 0 CTpyJCType a~pOHOB. 

Haa6onee nocne~osa TenhHhiM aapaaHTOM 3Toro Hanpaane
HHR, no HaWeMy MHeHHIO, RBnReTCJI MO~enb/6/. 0~HaJCO 
OHH pewaJOT npo6neMy noxa nHWb Ha KaqecTBeHHOM ypOBHe. 
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3.n;eC:b MW paCCMOTpHM <i>eHOMeHonorH'IeCICYIO MO.n;enh JIBne

HHJI ICyMyn.RUHH, JIBHO Y'IHTW:BaiO~YIO npOCTpaHCTBeHHO- Bpe

MeHHwe <t>aiCTopw B nponecce po:lK,D;eHHJI H, ICaiC HaM ICa:lKeT

CJI, ll03BOnJIIO~YIO 060HTH HaH6onee cy~eCTBeHH:ble H3 

nepe'IHCneHHWX Tpy.n;HOCTeii. 

2. tPOPMYJIHPOBKA IIPOCTPAHCTBEHHO
BPEMEHHOH KAPTHHhl IIPOUECCA 
KYMYJI.JITHBHOFO ME30HOOiiPA30BAHH.Jl 

)l;n.R peanH3aUHH <i>H3H'IeCICOrO JIBneHHJI He06XO,!J;HMW, 

B006~e rOBOpJI, OTnH'IH:ble OT HynJI BpeMeHHWe H npOCTpaH

CTBeHH:ble HHTepBanw. PaCCMOTPHM nponecc ICyMynJIUHH C 

:noii TO'IICH 3peHHJI. IJonO:lKHM, 'ITO B nepBOM aiCTe Heynpy

roro B3alU40,AeiiCTBHJI B03HHXaeT_K_OMriajil",lf.;,·c·B:·cTeM·a;-pac

na.n; K~n:opoit npj)Bcx:QJlHi~~ XOTJI--H~Man'bie':'W :K'6Jieqilble - --- . .. . --~ --- ··~-- --"'" '"• -··"' . -- - . .- ~- -- . ·-· --
BpeMeHa. ·~ Tor.n;a cne.n;yeT .n;onycTHTh, 'ITO B03MO:lKHw H 

)ianLHeiimHe HeynpyrHe CTOniCHOBeHHJI :noii CHCTeMW C 

HyiCnOHaMH JI,D;pa, npHBO,!J;JI~He IC pOCTY ee MaCChi, a, cne.n;o

BaTenJ.HO, H 1C yBenH'IeHHIO MaiCCHManJ.HOH 3HeprHH H3ny

qaeMoro rr -Me3oHa. 

TaiCHM o6pa30M, ICyMynJIUHJO MO:lKHO paCCMaTpHBaTh ICaiC 

CXeMy, OllHC:biBaiO~YIO "co6HpaHHe" HyiCnOHOB nepBH'IHOH 

'laCTHUeii B ICOMnayH,D;- CHCTeMy C pacTy~ei MaCCOH. 

IlOCICOnhiCY p;nJI pO:lK,D;eHHJI ICyMynJITHBHOrO Me30Ha ICOM

nayH,D;-CHCTeMa .n;on:lKHa o6na.n;aTJ. Maccoii B6nH3H MaiCcH

Man&Horo 3Ha'leHHJI /ICo34><l>HUHeHT HeynpyrocTH K B6n&-

3H 1/, TO napu&an&Hoe ceqeHHe ee o6pa3oBaHHJI a ,D;On:lKHO 

6wTJ.: 

in 
a <<aNN /1/ 

Ilo pJI,D;Y oneHOK a(K-+1~(0,1 +0,2)a~~ B HHTepBane: 576 F3B~ 
EP~10712 F3B/7/.HMeJOTCJI TaK:lKe yKa3aHH.R, 'ITo B 3TOM 

HHTepBane a MO:lKeT 3aBHCeTh OT 3HeprHH. HanpHMep, 

HCDOnh3yeTCJI 3aBHCHMOCT:b, 6nH3KaJI K 

a(K-+1)-1/y 2 • 
c. !~.11 • 

/2/ 

4 

.. 

... 

Cpe.n;Hee BpeMJI r 0 H3nyqeHHJI ICyMyn.RTHBHOro 1T -Me-

30Ha ,D;OIDKHO 6WT:b, C O,!J;HOH CTOpOHW, ~J.We gpequero;;. 
BpeMeHH pacna.n;a TepM08HHaMH'IeCICH paBHOBeCHOH CHCTe-
~-- - - ollll'"T -~-.. M"""ll*'""'~-'""'o~-.~--~ 

~·.Mw ~!-~-·IU?li2ii.. .... ;:..~QLl~~~~!!l.~.:ro~!~~~<~ 
. /TalC ICaiC HeiCOTOpWB npoMe:lKyTOIC BpeMeHH 3aHHMileT nepe-

CTpOiiiCa a.n;pOHHOB CHCTeMW/: ,., l-· ., 

' ~ ..---- A l •L,_. ;' 
! 0 \i / ! "' ~- I /3 
' ~ ,-"·· 

<rN> - - ro<ns> 
r :. ----- <r 0 <r "" , /3/ 
~ cy c 

C.lpt. 

r.n;e <rN> - cpe.n;HHii pa.n;Hyc HyiCnoHa, r 0 - pa.n;Hyc .R.n;epHwx 

CHn, <n 
8
> - cpe.n;HJIJI MHO:lKeCTBeHHOCTh npH K"" 1. 

IJpHMeM, 'ITO 

-
r 0 "' r 0 / y"""i" . /4/ 

B /4/ yqTeHa B03MO:lKHOCTh yMeHJ.meHHJI cpe.n;Hero BpeMeHH 

pacna.n;a C pOCTOM MaCCW ICOMnay&.n;-cHCTeMW. "BW:lKHBaHHe" 

COCTOJIHHH, CDOC06HWX H3nyqaT:b ICyMyn.RTHBH:ble rr -Me30HW., 

no oTHomeHHIO IC npoueccaM ICaiC pacna.n;a Bceii CHCTeMw, TalC 

H ,!J;HCCHDaUHH 3HeprHH Ha HHWe CTeneHH CB060,D;W, 3a,D;a,D;HM 

06W'IHOH 31CCDOHeHUHanJ.HOB 3aBHCHMOCT:biO: 

-tlr 
Tf -:.. e o 

C.lp1. 
/5/ 

Ilepexo.n;.R B na6opa TOPHYIO cHcTeMy, a TaiC:lKe Bwpa:lKa.R t 

qepe3 ICOOp,D;HHaTy H CICOpOCT:b, nonyqaeM 

z-z 
77(z) ... exp[- - HatJ. ], 

r. v y 0 C.Q.H." C.Q.H. 

/6/ 

r.n;e Z Hal.l - ICOOp,D;HHaTa pO:lK,!J;eHHJI CHCTeMW HnH aiCTa yBe

nB'IeHBJI ee Macc:w. IIociConJ.ICY B nocne.n;oaaTen&Hwx aiCTax 

npOH3Be,D;eHHe r 0.V •y H3MeH.ReTCJI, cne.n;yeT DHCaTh: 

z-z Hat.l 
71 (z)=exp[- _ ] ... exp[-an(z-zHat.l )1 

(roVy)n 
/7/ 

I n - 'IHCno "co6paHHWX" HyiCnOHOB JI,D;pa/. no 3TOH :lKe 

npH'!HHe B /4/ BMecTo s cne.n;yeT Hcnonh30BaTJ. sn • Tor.n;a 

H3 ICHHeYaTHKH nonyqaeM 
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r c 
a = [__!L_ 

n ys, 
n 

(E 2-m2 )I/2 
P p -I 

----] 
1 

2 2 
(n' +l)m +2n'mE p p 

~m2}W-. 
p p 181 

ysn, r 
0

c 

n '., n -1. 

H3 181 Henocpe.IJ.CTBeHHO BhiTeKaeT, 'ITO npB EP >> mp 

, 2m 
(an)E >>m """ roc p p 

= (n-1) ~ = const (E P ). 
r 

0
c 191 

llapaMeTphl a B r 0 cne.nyeT YTO'IHBTb, conocTaBJIJUI 

MO)l.eJib C 3KCnepBMeHTOM. 

liy)l.eM C'IBTaTb )l.aJiee, 'ITO CBCTeMa, o6pa30BaHHaJI Ha 

JI106oM 3Tane KYMYJIJIUBB, pacna.naeTcJI TaK, 'ITO BMeeT 

MeCTO lnpB6JIB:>KeHHOI MaCWTa6HaJI BHBapBaHTHOCTb BH

KJII03BBHOrO cneKTpa pO:>K)l.eHHhiX 'laCTBU lpacnpe)l.eJieHBe 

no nepeMeHHOH X=p /pmax BHBapBaHTHO no OTHOWe

HBIO K Macce npoMel,kyTd~HOH CBCTeMhll. B Ka'leCTBe OC

HOBHOrO 3TOT npBHI(Bn 6biJI BCnOJib30BaH y:>Ke B nep~X 
uccne.no~aHBJIX KYMYJIJITBBHoro 3~eKTa18/. B pa6oTe 21 

.IJ.JIJI BHBapBaHTHOrO Ce'leHBJI B 3JieMeHTapHOM aKTe npBHJITO: 

E d 2a 2 
p (x,p J- )= -" 2 "d'(j'Q- .. F(x)exp(-ap..j. ), 1101 

aNNP rr P 
B .IJ.JIJI F(x) nony'leHo Bhlpa:>KeHBe, y,noBJieTBOpBTeJibHO onu

ChiBaiO~ee )l.aHHhle no pO:>K)l.eHBIO rr -Me 30HOB B p-p - CTOJIK

HOBeHBJIX npB pa3JIB'IHhiX 3HeprBJIX. llOCKOJibKY HaB60Jib

WaJI 'laCTb 3KCnepBMeHTOB BhlnOJIHeHa )l.JIJI () rr "' 180 °, no

JIO:>KBM, 'IT 0 exp (-a p-f ) "" 1 . 
llepe:ii)l.eM K OCHOBHhiM COOTHOWeHBJIM, OnBChiBaiO~BM 

npouecc B paMKax c!l>opMyJiupoBaHHo:ii KapTBHhl. Ero cxeMa 

B3o6pa:>KeHa Ha puc. l.IJ.JIJI onpe.neneHHoro 3Ha'leHBJI npuuen~>
Horo napaMeTpa 'b", HaJieTaiOw;ero Ha JI,npo npoToHa. 

BepoJITHOCTb o6pa3oBaHBJI KOMnayH.n-cucTeMhl B npo

uecce "co6upaHBJI" n HYKJIOHOB c 3a.IJ.aHHI:aiM pacnpe.nene

HBeM TO'IeK Z n , B KOTOphiX npOBCXO)l.JIT aKThl Hapaw;BBaHBJI 

ee MaCChi, eCTb 

6 

.. 
' 

:7C 
~---

p z%. 2 a 

~~~"'-"" 
"' " .S!t' 

Puc. 1. CxeMa npo11ecca "co6upaHUJI " . 

(n) 
W (b;z ,z , ... ,z )•WI (zi) ... w (z ), I 2 n n n 1111 

r.ne wi (zi ), .... 
TO'IKaX Z I , ... ,Z n 

pacnpe.neneHhl B 

W (z ) - BepOJITHOCTB aKTOB B 
n n 

, COOTBeTCTBeHHO. Koop,D;BHaTI:al C061:a1TBH 

BHTepBaJie [z min ,z max ] c ycJIOBBeM: 

2 2 2 2 
z . =-· 1R -b ~ ZI5.z 2 ~ ... z <z <Z =· 1R -b , 1121 mm V n-I - n- max V 

R - pa,nuyc JI.IJ.pa c MaccoBI:aiM 'IBCJIOM A I R: r
0 

A I/3 

r 
0

"' 1 ,2 4>MI. Y'leT Bcex B03MO:>KBOCTeii .IJ.JIJI pacnpe.neneHBJI 

aKTOB no TO'IKaM z i c ycnoBBeM I 121 npBBO.IJ.BT K BHTerpa

Jiy: 

w(n)(b)= 
zmax 
( w I (zi )dzi·J w 2 (z 2)dz 2 ... ( w n(z n)dzn. 

zmin zi zn-I 

zmax zmax 
1131 
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Tor.D;a HHBapHaHTHoe ceqeaHe po>K,IJ,eHHJI KyMynJITHBHbiX 

TT -Me30HOB Ha JI,D;pe MO)KeT 6b1Tb 3anHCaHO B BH,D;e 

R (n) (n) 
~ = 2rr I F (x ) ( bdb W (b)= I F(x ) W , 

A n n 0 n n 

w (n) = 2rr r bdb w (n) (b). 

0 

/14/ 

/15/ 

BLipa)KeHHe /14/ aaanorH'IHo npe,D;no)KeH~~J-IY s/I/ .0TnH'If7 
COCTOHT nHWb B CMbiCne K03tlMlJHUHeHTa W • B pa6oTe / 

OH 0603Ha'leH Pn H HMeeT KOM6HHaTOpHyro npHpO,D;y, 'ITO 

o6ycnosneHO HCnOnb30BaHHeM l}lnyKTyaUHOHHOH MO,D;enH. 

B /14/ X n = p 17 /(p 17 )~~x , (p~~ ) ~n!x - MaKCH-
ManbHOe 3Ha'leHH~~ HMrltnLCa, onpe,D;enJieMoe KHHeMaTHKOH 

KyMynJIUHH n-ro nopJI,D;Ka: 

( TT (n) 

(1- : P)(1-+ 
m p 

P II ) = (E" ) <n> m 

2nE 
) 

max = n ..:::.:.....P 

p 

max 2 
-- -

p 
-

2 m 
1+-~ p 

2n """E-::-p /16/ 

m - Macca npoToHa, E P - ero nonHaJI 3HeprHJI B na6opa-
P u 

TOpHOH CHCTeMe. 

fipH Bbi'IHCneHHH /13/ H /14/ 6y.D;eM HCnOnb30BaTb 

npOCTble H 'laCTO npHMeHJieMble B JI,D;epHOH OnTHKe npH6nH

)KeHHJI. Bo-nepsblx, 6y.D;eM C'IHTaTb, 'ITO JI,D;po npe,D;cTas

nJieT co6oii paBHOMepHo 3anonaeaHyro BeiUeCTBOM cl}l~py 
C nnOTHOCTbW 

A/VA = _3_3 , r < R; 
p=l 4rrr 0 

0 . r > R. 
/17/ 

Bo-sTopwx, TpaeKTOpHH KaK nepBH'IHOii qacTHUbl, TaK H 

o6pa30BaHHbiX ero KOMnayH,D;-CHCTeM C'IHTaeM npJIMOnHHeii

HbiMH. 
B TpeTbHX, HCXO,D;JI H3 aaanorHH C onTHKOH, 3a OCHOBY 

.D;nJI swpa)KeHHJI wn (z) npHMeM: 

8 

,, 
' 

1 
l 

w~(z) cape- ap(z-z n-I) /18/ 

0,D;HaKO /18/ He Y'IHTbiBaeT B03MO)KHOCTH pacna,D;a CHCTe

Mbl /H, cne.D;oBaTenLHO, Bb16LIBaHHJI ee H3 paccMaTpHsaeMo

ro KaHana/ Me>K,IJ,y aKTaMH HapaiUHBaHHJI Macchi. Ee 3tWleK

THBHblii yqeT npOH3Be,D;eM, ,D;OMHO)KaJI /18/ Ha BpeMeHHOH 

i}laKTop /7/ npH n ~2. Tor,D;a B Ka'leCTBe wn(z) HMeeM: 

w (z) -ap(zi-z ) 
I I =ape o ' z = z 0 min /19/ 

w ( ) -ap (z -z ) 'I Z =ape n n·I -an (z -z ) n r n e n n-I 

Henocpe,D;CTBeHHOe HHTerpHposaHHe B I 15/ c w n (zn) H3 
/19/ npHBO,D;HT K ,D;OBOnbHO rpOM03,D;KHM Bblpa)KeHHJIM l' (n) 

0.D;HaKo, no KpaiiHeii Mepe, ,D;nJI 1 < n < 4 I 3TH cny'laH 
(n)- -

Ha npaKTHKe HaH6onee Ba)I{Hbl/ W ,D;OnycKaeT KOMnaKTHYW 

3anHCb: n 
2 

n (n) y [2,2( ap +a k)R] 
(n) TT (ap) I, l2R + I Ck w =-

)2 2 II (ap+ a!< ) k=I (ap+ak 
K'"'I , ... n /20/ 

r,D;e y[2,x HenonHaJI raMMa-l}lyHKUHJI, ai = 0 H 

(n) 

ck/: I 

(n) 

ck=t 

-I 
II (ap+a,\)[ II (ak-a,)], 

A= I , .•. n '=I , .. n 
.\/:k '/:k 

- n n (n) 
=- [ 1 +(-1) I C k ]. 

k=2 

/21/ 

llpe,D;cTasnJieT HHTepec paccMoTpeHHe nose,D;eHHJI l}lyaK
IUiii W (n) B 3aBHCHMOCTH OT A B ,D;Byx npe,D;enLHbiX 

CHTyaUHJIX: ManbiX H 60nbWHX BpeMeHaX, T.e. npH a >1 H n 
a « 1 /eM. /3/, /7 I, /8/ I. ,li;JIJI noro 3aMeTHM, 'ITO no-

n . u u 

CKOnbKY a<<a m , TO, no KpaHHeH Mepe, ,ZJ;nJI nerKHX H 

cpe,D;HHX JI,D;ep NN 

w-2apR<1. /22/ 
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Tor.n.a .n.m• Manblx speMeH (a >1) H3 /20/ H /21/ cne.n.yeT: 
n 

(n) 
w 

n 
(a p) 12 R2 _ y [2,2ap R] l == 

II (ap+ a ) (ap)
2 

K=I, ... n K 

TT 

2 

( ap )n+I - ±__ R3 
- 3 

A. 
II (a p+ aK) 

K = l, •fl 

/23/ 

/IlpH BblBO)l,e /23/ HCnOllb30BaHO JIBHOe Bblpa)KeHHe )l.llJI 
y[2, w ] u ero pa3no)KeHHe no ManoMy, cornacHo /22/, 

napaMeTpy cu I. 

B cnyqae 6onLwHx speMeH (an «1) y.n.o6Hee nposecTH 
HHTerpup~~aHHe B /13/, nonaraJI cpa3y Tf == 1 /eM. /8//. 
Tor.n.a w n Bblpa)l(aiOTCJI qepe3 nHHeHHble KOM6HHaJ.J;HH 
raMMa- $yHKUHH y [ n 0 , w] c HH.D.eKcaMH 2 ~ no-< n + 1. BHOBh 
pa3naraJI ux B PJI.D. no w. nonyqaeM 

2 I 
(n) n 2 n 3 + 3n 

W -(ap)R·R -A /24/ 

"06'heMHaJI" 3aBHCHMOCTh /23/ o6'hJICHJieTCJI TeM, 'ITO npH 

Manblx speMeHax I a - TaK)I(e Mano/ npou;ecc "co6upauuJI" 
npOHCXO)l.HT B OTHOCHTellhHO ManoR o6nacTH JI)l.pa, npH'leM 
no nopJI.D.KY senH'IHHbl, ~z,.. _1_ ,.. const(R). Ilpu 6onLWHX 

a2 
(I) 

speMeHax W -A, TaK KaK a no-npe)I{HeMy Mano. ,[l,anL-
Heiiwee ysenu'leHHe cTeneHH A B /24/ c pocTOM ... n"' ua 
1/3 o6ycnosneHo TeM, 'ITO sKna.n. Ka)l(.n.oro nopJI.n.Ka KyMy
nJITHBHOCTH nponopu;uoHaneH, rpy6o rosopJI, 3$<lleKTHBHOMY 

1/3 
npo6ery B JI.D.pe (-R-A ). 

A - 3aBHCHMOCTH Tuna /23/ H /24/ 6hlnH nony'leHhl pa-
Hee s pa6oTe /I/ HHhiM cnoco6oM. 

10 
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I 

3. COIIOCT ABJIEHHE MO):{EJIH 
"COliHPAHHJI" C 3KCIIEPHMEHTOM 

PacqeThl npOH3BO)l.HllHCh B COOTBeTCTBHH C Bblpa)KeHHJI" 
MH /14/-/16/, /20/, /21/. Haunyqwee cornacue c 3Kcne
PHMeHTOM 19 .n.ocTHraeTCJI, ecnu 

in _ -24 
a"" 0,25 ·a , (r ) , == 4 · 10 c (P =8,4T3B/c) 

NN 0 n =I P 
/25/ 

OTMeTHM .n.sa Ba)I{HhiX cne.n.cTBHJI, BblTeKaiOil{HX H3 /25/. 
Bo-nepsblx, 3Ha1.JeHHe r0 .n.eiicTBHTenLHO oKa3blBaeTCJI 
BHyTpH yKa3aHHOrO B /3/ HHTepsana: 

- -24 - -24 - -23 
r ==1,5·10 c <(r) , (=4·10 c)<r = 10 c. 
CT 0 n =I 

/26/ 

BenH'IHHa a He npoTusope'IHT ou;eHKaM r/7 1. Bo-BTOphlx, 
f!z - cpe)l.HJIJI .n.nuua "aKTHBHoii" 30Hbl JI.n.pa no nopJI.D.KY 
senH'IHHbl pasHa: 

f!z == 1/a , (7 )==2,5 tPM » r 
n =I 0 c 

/27/ 

T.e. no'ITH ua nopJI.D.OK npesblwaeT npe.n.nonaraeMoe 3Ha1.Je· 
HHe pa)l.Hyca KOpa r c B HYKllOH • HYKllOHHOM B3aHMO)l.eHCTBHH 
H CyiJ.J;eCTBeHHO 6onbwe cpe)l.Hero Me)KHYKllOHHOrO paCCTOJI· 
HHJI B JI)l.pax. 3TO H n03BOllJieT o60HTH Tpy)l.HOCTH, B03HH" 
KaiOIJ.J;He npH paCCMOTpeHHH MallbiX Me)KHYKllOHHhiX paCCTOJI· 

HHH /B paMKaX )l,aHHOH MO,lJ,ellH OHH He BHOCJIT 3aMeTHOrO 
BKna.n.a/. 

Pe3ynLTaTbl pac'leTa H 3KcnepuMeHTanLHble .n.aHHhle 
npHBe)l,eHbl Ha puc. 2 )l.llJI HHBapHaHTHOrO Ce1.JeHHJI .9'{ A (T77 ) , 

r.n.e T 17 >(T77)!~Nx H A=CI 2 , Pb 208 I PP = 8,4 T3B/c/. 
CooTBeTCTBHe snonHe y.n.osneTBOPHTenLHoe. 0Ho csu.n.e
TenLcTsyeT TaK)Ke u o TOM, 'ITO AN -3aBHCHMOCTh Bhlxo.n.a 
KyMynJITHBHblX rr-Me30HOB /I/ socnpoH3BO.D.HTCJI o6cy)K
.n.aeMoii Mo.n.enLJO npasunLHO /eM. puc. 3/. 

1 
,[l,anee, s pa6oTe/IO/ 6blno ycTaHoBneHo, 'ITO $yHKUHJI 

I max 
--9'{A(PP) npHK=T17 (T77 )NN= const npH PP~5 T3B/c 
n~aKTH'leCKH nocTOJIHHa. TaKoe nose.n.eHHe asToMaTH'leCKH 
cne.n.yeT H3 MO)l.enH, ecnH C1.JHTaTh, 'ITO a(P p) nOCTOJIHHO 
HnH H3MeHJieTcJI o'leHh cna6o B o6nacTH 5 T3B/c < P < - p-
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RA f Pb 

to' 
f 

f f 
#0° 

10_, 

t~ " 
to"'!- ~f, I 

I I I -3~ I I tO I 

0.3 0.11 0.5 0.6 0.7 0.8 T1l' (faB) 

Puc. 2. HHaapuaH•Hoe ce\feHue :R A (TIT). 

$ 8,4 F3B/c. )J.ei.eTBHTenLHO, npa .noeTaTO'IHO 6onLWRX 
RMnyn&eax nepBR'IHOH 'l&eTRUW BR.QHO, 'ITO X n • Const ( p p ) 
/eM. /16// R an' .. const(Pp) /ew. /9//. Ilonowy 
[F(xn )W(n) )K=const'"' const(P p ). 

Eena .nonyeTRTL, 'ITO u (P ) npa PP < 5 F3B/c aweeT 
BR.Q, 6nR3KRH K /2/, TO e /MeHLWeHReM p cliYHKURI 

1 :R A (Pp ) /npa K = const I paeTeT, 'ITO R &a6mo.naeTei 
31enepaweHT&nLHO. O.nuaKo sw.neneH&e T&Koi. 3asaeawoeTR 
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tl 

131N 

1:1 

0.9 

a1l%f 
t 

0.5 
I .... 

0 

-
l !!.-rl-1---1..---.l-

lll . . 

1 2 3 " *m•"(NN+lf) 
Puc. 3. 3aeucuMOC1flb N ( __!__ ). 

T (NN-->17) 
max 

a(P p) 3aTpy.QHRTenLHO, TaK KaK npa ManLIX p p 3aMeTHbiH 
BKna_n MO)f(eT ,naBaTL MeXaHB3M, OeHOBaHHbli.Ha<iJepMH-.QBH
)f(eHHH. 

Bwme MLI He o6ey)f(.Qana npo6neMy swxo.na 17 -Me30HOB 
H3 •.npa. Po.nasmaeL, HanpaMep, s TO'IKe z4 , 17 -Me30H 
.QO»)f(eH npOHTH B epe,nHeM 3aMeTHbiH nyTL Z 4 - Z min 

Bo3HHKaeT sonpoe, no'leMy IT -Me30HLI, npaKTH'IeeKH He 
"nornomaaeL", swneTaiOT H3 a,npa? Bo3MO>KHOeTL npe
He6pe'IL 3TRM 3cllclleKTOM _nng 3HeprR'IHbiX IT -Me30HOB ey
meeTByeT. IloeKonLKY epe.nuai. eso6o.nuwi. npo6er nepsa'l
uoro np(>ToHa A"" 1/pa~~ "'2 4>M "'r 0 , TO on B3aHMo.nei.
eTsyeT npaKTH'IeeKH e Ka)f(.QLIM HyKnOHOM B.QO»L TpaeKTO
pHH esoero .QBH)f(euaa. HyKnouw, npao6peTaa B epe.nueM 
nonepe'IHLii. aMnynLe <p_J . .>"' 0,4 F3B/c 1 0, .QO»)f(HbleMe
maTLCR B CTOpOHY OT TpaeKTOpHH npOTOHa /CTpenKH Ha 
puc. 1/, ocso6o)f(.Qaa Kanan s a.npe. 
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MO)I(HO rpy6o OIJ;eHBTL CHB3Y BenB'IHHY CMeiiJ;eHBJI HyK
nOHOB s . BpeM.B, 3aTpaquaaeMoe na npou;ecc ''co6upa
HH.B" OT TO'IKB Z I )l.O TO'IKB Z 4 B Ha npeO)l.OneHBe 3TOrO 
0Tpe3Ka (z 4 -+Z I) penJITBBBCTCKBM Me30HOM: 

t"" 2(~z)/c. /28/ 

0TCIO)l.a CMeiiJ;eHHe: 

_ 2 ( ~z) < p ..L > N s "" t. v = _, ______ _ 
N.l me 

= 2,5 <PM > r 
0 

• /29/ 

Cne)l.oBaTenLno, nnoTHOCTL aeiiJ;eCTBa B xauane pe3KO na)l.a
eT, H npou;eccLI "nornmu;euux" cTaHOBJITCJI uecyiiJ;ecTaeu
HLIMH. /3TOT 3cWleKT - "TpaneHBe" - pauee ITLITanBCL BC
nonL30BaTL B npou;ecce MHO)I(eCTBenuoro po)l()l.eHBJI, pa3-
auaaiOJ.IJ;eMCJI B nepe)l.HIOIO nonyccl>epy I II I, npu 3Ha'IHTenLno 
6onLWHX 3HeprHJIX. 0)l.HaKO BMeHHO B 3TOM cnyqae OH He 
"pa60TaeT": S HH'ITO)I(HO Mano H3- 3a Manoii pa3HOCTH 
XO)l.a 'laCTHIJ; "nB)l.BpyiOIIJ;eii" B "nBOHB3aiJ;HOHHOH" rpynn/. 

0TMeTHM, 'ITO 11 ·Me30HLI, o6na)l.a10IIJ;Be O'leHL Manoii 
3Heprueii, MoryT BCTpeTBTL Ha CBOeM ITYTB B Jl)l.pe BHYIO 
CBTyaiJ;HIO. ,lJ;nJI HBX KaHan MO)I(eT ycneTL BC'Ie3HYTL, pa3-
MLITLCJI 83- 3a HanB'IBJI TeiTnOBOrO B cl>epMB- )l.BB)I(eHBJI B03-
6y)l()l.enuoro .BJJ.pa. llo3TOMY A- 3aBBCBMoeTL BLIXOJJ.a Taxux 
11 ·Me30HOB He 6y)l.eT "o6'LeMHOH", a )l.On)I(Ha eTpeMBTLeJI 
x A2/3 . 

4. 3AKJIJOqEHHE 

}fTaK, MO)l.enL IT03BOn.lleT He TOnLKO 060HTB B3BeeTHLie 
Tpy)l.HOeTB /eM. IT. 1/, HO B BITOnHe YJJ.OBneTBOpBTenLHO 
OITBeaTL oeHOBHLie 3aKOHOMepHOeTB KyMyn.IITBBHOrO Me3o
H006pa30BaHHJI. 

B Heii OeYIIJ;eeTBneH eBHTe3 BLieKa3aHHLIX pauee H)l.eii: 
- npa6nH)I(eHHaJI MaewTa6HaJI HHBapBaHTHOeTL BHKJIIO· 

3BBHOrO eneKTpa qaeTHIJ;, po)l()l.eHHLIX B KOJIJieKTBBHOM 
-~O)l.eiieTBBB a)l.pOBOB/8/ B 

- He06XO)l.BMOeTL y'leTa npoeTpaHeTBeHHO·BpeMeHHLIX 
cl>axTopos B npou;eeeax po)l()l.eHBJI /12/. 
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AnanB3 )l.aHHLIX Ha ee OCHOBe npBBO)l.BT lC yeTaHOBne
HHIO MaewTa6a npoeTpaneTBenuo- apeMennoro HHTepaana, 
BHYTPB KoToporo npoucxo)l.BT cl>opMupoaanue po)l()l.aeMLIX 
qaeTBIJ; je X > 0,5/ B a,!J.poH-a)l.pOHHLIX eTOnKHOBeHBJIX 

/eM. /25/, /27 I I. 
Mo)l.enL .IIBn.lleTe.ll cl>enoMenonoruqeexoii /u eo)l.ep)I(BT 

aeero )l.Ba napaMeTpa/. O,!J.naxo yeTanoaneuue e ee no
MOIIJ;LIO ci>B3B'IeeKBX aenB'IBH, onpe)l.en.IIIOIIJ;BX XO)l. npou;eeea, 
IT03BOn.lleT 6onee JleHO npe)l.eTaBBTL ee6e, 'ITO )l(e BMeHHO 
ene)l.yeT o6'LJICHJITL /nanpuMep, aenB'IBHY a(P ) , r0 I, 
npuanexaJI 6onee )l.eTanLHLie eoo6pa)l(eHBJI d CTPYKType 
a)l.pOHOB. C )l.pyroii eTOpOHLI, cl>eHOMeHOnOrB'IeeKBe napa
MeTpLI, 3anueaHHLie B KBapKOBO- napTOHHOM npe)l.eTa:BneHBB 
MOryT, B npBHIJ;BITe, ITpBBeeTB lC Ba)I(HLIM eoOTHOWeHBJIM 
Me)I(JJ.Y JJ.BHaMH'IeeKBMB cl>axTopaMB CTPYKTypuwx MOJJ.eneii. 
BecLMa aepoJITHO TaK)I(e, 'ITO ecl>opMynupoaaHHLiii no)l.XOJJ. 
MO)I(eT oxa3aTLCJI none3HLIM auanoroM )l.nJI noeTpoeHBJI 
MO)l.eneii a)l.pon-a)l.ponnoro B3aBMOJJ.eiieTBBJI. TaxaJI B)l.eJI 
B o6IIJ;eM BBJJ.e 6Lina BLICKa3aua pauee a /l3/. 

ABTOPLI npB3HaTenLHLI A.M.Iian)l.HHy, li.H.Banyesy, 
A.B.Ecl>peMoay, B.H.Orueaeu;KoMy B M.H.lliapoKOBY 3a o6-
ey)l()l.enue B KpBTH'IeeKBe 3aMe'laHBJI. 
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