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1. BBEJ{EHHE 

3,neCb Mbl npo,nomKHM nocTpoe1rne MO,nenu KyMymITHBHblX 
npoueccoe, cqiopMynnpoeamwii HaMH B pa6oTax /1-3/ , u 
aHanH3 ee B03MO)KHOCTeii. B ee OCJIOBY nono)KeHa npOCTpaH· 
CTBeHHO·BpeMeHHa.H cxeMa, KOTopym MO)KHO 3qJqJeKTHBHO 
onucaTb MeXaHH3MOM "co6upaHH.H" B .H,npe n HYKilOHOD Hane
TaJOIUHM a,npOHOM B nocne,noeaTenbllbIX aKTaX CTOilKHOBeHH.H 
C K03qlqJHUHeHTOM HeynpyrocTH K"' 1 H ceqeHHeM a << o~1~ • 

Ilpu 3TOM Y'IHTbIBaeTC.H B03MO)KHOCTb pacna.na npoMe:>KyTOl{· 
HOH CHCTeMbI, T.e. BbIXO,na ee HJ KYMYil.HTHBHoro, "co6upa
TenbHOro': KaHana Ha Ka)K,Il,OM :1Tane npouecca. TaKHM 06-
paJoM, cornactto MO,Il,enu npouecc paJBHBaeTc.H B npe,!1,enax 
onpe,neneHHoro npocTpaHCTBCHHo·epeMeHHoro HHTepeana. 

Ha nepeo~ 3Tane It/ ,nn.H onucaHH.H HHKnJ03HBHoro cneKT· 
pa pacna,I1,aJ01Ueiic11 CHCTCMbl HaMH ucnonb30Banc.H npHHUHn 
MacwTa6HOH HHBapuaHTHOCTH /enepBbie npHMeHeHHblH ,nn.H 
noH uenu B pa6oTe /4/ /. 

O,nHaKo B nocne,nHee BPCM.H / 5/ Mbl npuwnu K BbIBOAY, 
'ITO B03MO)KHOCTH MO,Il,enu 3Ha'IHTenhHO pacwHp.HTC.H, ecnu 
npu onucaHHH HHKRJ03HBHOro CilCKTpa ucnonh30BaTb 6onee 
061Uy10 runoTeJy. CornacHo :1Toii runoTeJe HHBapnaHTHbie 
HHKRJ03HBHble CC'leHH.H o6pa3oBaHHB qaCTHU B KonneKTHBHblX 
B3aHM0,!1,eHCTBH.HX npu6nH)KeHHO H,Il,eHTH'IHbl TeM )Ke Ce'leHH· 
.HM B :1.rieMeHTapnoM aKTe npu TOH )Ke caMOH Macce npoMe
)KyTotiHOH CHCTeMbI. TaKa.H qiopMynupoBKa MO,nenH no3Bonuna 
rrepeHTH K ananuJy 6onee wupoKoro Knacca KyMyn.HTHBHbIX 
npoueccoe /KaK no 3Hepruu nepeH'IHOH,'lacTHUhl, TaK u no 
COPTY p0)K,Il,eHHblX qaCTHU/, B qacTHOCTH H TaKHX, B KOTOPbIX 
npHHUHil MacwTa6HOH HHBapnaHTHOCTH Jaee,Il,OMO HapyweH 
/no,npo6nee CM. e / 6 / /. · 
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B pe3yJILTaTe Kpyr 3KCnepHMeHTOB, Ha COilOCTaBJieHHe 

C KOTOPLIMH MO)KeT npeTeH.D.OBaTh MO.D.eJih, OKa3aJICJI .D.O· 

CTaTO'IHhIM .D.JIJI HCCJie;::i;oBaHHJI 3aBHCHMOCTH OT 3HeprHH 

napaMeTpoa, onpe;::i;enHIOIUHX npocTpaHCTBeHHo • apeMeHHoe 

pa3BHTHe KYMYJIJITHBHhIX npoueccoa. 06cy)KJJ;eHH10 3Toro 

aonpoca nocBHJUeHa ;::i;aHHaJI pa6oTa. 

2. llPOCTPAHCTBEHHO·BPEMEHHOE' 
OllHCAHHE llPOI.{ECCA "COEHPAHHJI" 

IIpnae;::i;eM B C:>KaTOM BHJJ:e OCHOBHhie nyHKThl MO.D.eJIH /1/ 
B HOBOH Bepcnn/5/.HHaapnaHTHOe ce11eHHe po:iK;::i;eHHJI qacTHULI 

copTa "i" onpe;::i;enJieTCH BLipa:>KeHHeM 

a,Ci) . (n) 1 (0) 
j{A(s 0 ,x,pl)= I WA ·-.-Fi (sn,xn,P.J.)./1/ 

n= min rn aNN 
B /1/ F <.

0
\s ,x ,Pl) - mrnapHaHTHOe ce11eHHe po:;ic;::i;eHHJI 1 n n 

'laCTHUhl COpTa"i" ' B NN • cTOJIKHOBeHHH; X n= p 11(i/P11(f) (n) 

H plml ax(n) • MaKCHMaJILHoe 3Ha'leHHe npo;::i;oJILHoro HMnynL· 
(i) 

ca 'laCTHUhl "i,, 

,[(anee: 
npH 3a.[{aHHOM 3Ha'leHHH ee p ..L • 

in 2 2 
s = 2nm E + (n + 1) m , 

II p /2/ 

11 - 'IHCJIO "co6paHHLIX" HYKJIOHO~ H.[{pa. TaKHM o,6pa30M, 

ecnH nepan11miH 3HeprnH paeua E m, TO B KYMYJIHTHBHOM 

npouecce Il -'ro IlOPH.D.Ka HCilOJib3Y~TCJI qiyHKUHH .F i0>,H3Me· 

peHHaH B pp· CTOJIKHOBeHHH npn 3HeprHH 

EPP = ! [ (n2 + 1) m 2 + 2nmEPi;] - m. /3/ 

Be~H'IIIHLI v/1) - ce11eHUH co6npaHHJI CHCTeMLI, BKJIIO'l,r}'· 

iuen n HYKJIOHOB H.[{pa·MHWeHH C MaCCOBLIM 'IHCJIOM !A ' -
paBHLI 

z z 
R max max 

W~)=2rrfbdb J w1 (z 1)dz 1 ... f wn(z
11
)dzn, /4/ 

O · zmin .z n-1 
r;::i;e b - npnu,eJILHbIH napaMeTp, 

4 

i 
i 

j 
l 
j 

1 

i 
l 

J 

I 
' .. 
t l 

z . =-· 1R2 -h2 
<zl <Z2 ... <z <z =v'R

2
-b

2
, /5/ mm Y - - - n- max 

R=r
0

A 113 - pa.z:i:uyc H.D.pa,r 0 = 1,2 <PM. B /4/ wn (z) y11H· 

TbIBaeT KaK aepoHTHOCTb B3aHMO.[{eHCTBHH npoMe:>KyTO'IHOH 

KOMnayu.z:i:·cHCTeMLI B TO'IKe z, TaK H aepoHTHOCTb ee pac

na.z:i:a: 

(zn-zn-1) 
w (z) =ap,exp[-ap(z -z )],exp[---- ]. 

n n n n-1 
- 2 
TO C V·Yn-1 -1 

/6/ 

B /6/ p - H.[{epHaH IlJIOTHOCTh, a - ce11eune 3axaaTa HyK· 

noua e KOMnayu.z:i:-cncTeMy /napaMeTp/, Y - nopeuu-qiaK· 

Top 3TOH CHCTeMhl, 

COOTHOWeHHeM 

, 0 - ee apeMH :>KH3HH, onpe.ri:enHeMoe 

- ' -½ 
'o='o(s ) /c II- 1 

/7/ 

/r O - BTopC>ii napa.MeTp Mo.ri:enH/. 3aBHCHMOC.Th /7 / no.ri:cKa • 

3aHa ·coOTHOWeHHCM ueonpe.ri:eneHHOCTH H ua6n10.z:i:aeMOH 06-

iueii Ten;::i;euu,neii ll3MeHeHHH BpeMeHH )KH3HH pe30HaHCOB 

C pOCTOM HX MaCCbl. AHaJIH3 IlHOHOo6pa3oBaHHJI npH ua-

qaJibHOH 3Heprnn E i; = 8,4 I'3B noKa3LrnaeT, 'ITO 3aan-
~ 

CHM~CTh, /7/ "pa6oTaeT" BilJIOTh .ZJ.O 5-ro nopH.D.Ka KYMYJIJI• 

UHH. Ilo ,naHHhIM, OTHOCHJUHMPH· K ,;::i;oBOJibHO y3KOMY HHTep

BaJiy ua11anLHbIX 3Heprnii E rn ~ 6+8 I'3B, 6LmH 'lcTanoa

neHbI 3ua11eHHJ1 ocuoBHLIX naEaMe.Tpoa Mo,D,enn /l : 
. ' ' . 

a =8 M6; · 10 :::: 5 I'3B• c.ceK. /8/ 

Ecnn 6LI 3TH napaMeTpLI H_e 3aBHCeJIH OT nepBH'IHOH 

3Heprnn, TO noae;::i;euHe ce11eHHH "co6npaHHH .. H apeMeHH 

iKH3HH KOMnayH;::i;-cncTeMLI no OTHOWeHHIO K HcnycKaHHJO 

KYMYJIHTHBHOH qacTHULI /Bo BTOpOM nopH.D;Ke KYMYJIHUHH/ 

Morno 6LI 6LITh npe;::i;cTaBneHO JIHHHJIMH, H306pa>KeHHLIMH 

Ha puc. la,6 nyHKTHpoM. · 

Tenep& llOilLITaeMCJI BLIJICHHTh, OCTalOTCJI JIH CTa6HJIL• . . - -

HblMH napaMeTpLI /8/ _B WHpOKOM HHTepBane 3HeprHH. 
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Puc. 1. 3aeUCUMOCmb Ce'leHUJI o6pa306QHUJI 1WMnayH0· CUC· 
meMbl /a/ u epeMeHu ee JICU3HU /6/ om 3Hepzuu e pp· cmoAK· 
H06€HUU. 

3. AHAJIH3 3ABHCHMOCTH IIAPAMETPOB MO,I!EJIH 
OT HA T/AJibHOH 3HEP I'HH , 

,ll;m1 3TOH nenH HCII0nL3yeM TPH rpynnLI 3KcnepHMeH· 
TanLHLIX AaHHLIX. 

A. Bb16ueaHue KYMYAJ1mueHblX A
0 

• 'lacmu1.1 
e 3aoH1010 noAyc¢epy 

lfayqeHHe nponecca 77+:A ➔ A ,+X rrpu E77 = 2,9 I'3B 
H !A=/57"/oXe + 43"/o C3H s/ 6Lmo BLIII0nHeHo a pa6oTe/7a/, 
3aBHCHMOCTL"' !RAo (TA ) rrpeACTaaneHa Ha puc. 2a. Yr· 
noaa.H 3aBHCHM0CTi. B 3°aAHeii nonycqiepe M0)KeT 6LITL H3· 
aneqeHa H3 pa6oTLI /5/. OHa npeAcTaaneHa Ha pile;· 2_ 6/H .HB • 
n.HeTc.H, pa3yMeeTc.H, aecLMa rpy6oii/. IIonHoe ceqeHHe BLI· 

6 

t 

I 
,' 
i 

'l 

l ..,, 
I 

\ 
·t,,. , 

l ,, 

Puc. 2. <PyHKI.IUJI ~ A (TAo) 
/a/ u y2Aoeoe pacnpeoeAeHue 

-~3 • zunepoHoe, eb1Ae -~ 1 '"B±. /6/ Ao 
O:j 

~~2. 
ma101J1UX e 3U0H1010 noAyc¢epy. 

~~ i 
'·C:O 

~ I 1' 
a/ 

~ I I ' I .. 

so :LOO .150 200 
T(M3B) 

. 
1f 0 

Jo~ 6/ 

:u, 

1.0 

0 -0.53 
~ -o.or -.1. o 

Cose 
6uaaHH.H A O - rurrepoH0B B 3aAHIOIO nonycqiepy oKa3anocL 
paBHLIM 

a 0 > 90° 
= 0,59±0,15 M6. /9/ 

,lJ;nJI pacqeTa npHBeAeHHLIX xapaKTepHCTHK B KaqecTBe qiyHK· 
UHH .F ,A~(x ,p J.) HaMH HCII0nL30BanocL BLipa)KeHHe, qiopMa 
K0T0poro II0A<.;Ka3aHa pa6oTOH /sf: 

(O)- 5 • exp (0, 71 xi) 
FA (X.P.i.)=0,13---------exp[-8,7(MA -mA )], 

0 0 0 

5+exp[(lxl-0,38 ) lxl-0,38 l , , 
o,:?S ilxl -0,381 . /10/ 
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r,l(e MJ\o=v'mxo+P,I, a rn - Macca Ao·nmepoua. 3Ta 

IPYHKUHH YAOBneTeopuTenhuo onucbmaeT .l(aHHhie / 76 I e 

rrp •BJaUMO,l:\CHCTBHHX npu 3HeprHJIX, npu6nmKCIIHO y.l(OBneT

BOpJIIOI.QHX ycnOBHIO /3/. 
PeJynhTaTbI pac11eTa :R(T Ao) 11 tpopMbI yrnoeoro pac-

npe.l(eneHHH, BhmonHeHHbie cornacuo /1/ npu 311a 11e11u.11x na

paMeTpoe /8/, npe,l:\CTaBJICHbl ua puc. 2a,6. flpaBHJibHblll no

PHAOK BCnHlfHHbl nony11eu H .l(nH CC 11CIIHJI: 

CT :: 0,20 M6. 
J\o,o > 90° 

/11/ 

O,l(HaKo, IlOCKOnhKY /11/ B 2-3 pa3a MCllblllC, 4CM /9/, cne

.l(YCT nonaraTh, lfTo npu nepexoAe n o6nacTb :rncpruii: -3 I':JB 
XOTJI 6bI O.l(HH 113 napaMeTp0B /8/ H3MCIIJICT CB0~ 311a 11e11ue. 

CKopee ecero, HJMCHHeTcJI ce11e11ue ,,. ,UeiicTuu rcni.110, 

113 paccMoTpeuu.11 ynpyroro pp -pacceJimrn, ynpycoro pd -

paccemm.11 Ha3a):\, CClfCHHJI amrnrunJIUHH B CHCTCMC pp / 9 / 

M0)l(IIO 3aKJII04HTb, lfTO CC4CIIHC 06pa3ona11u.11 K0Mnayu,l(· 

cucTeMbI B paccMaTpueaeMoii: 06nacn1 :Jnepruii: M0)l(CT pacTu 

C YMCHblliCHHCM 3Hepruu CT0JIKH0BCIIHH • 

Ilo.l(6upaJI 3Ha4euue CT TaKHM o6pa3oM, 11To6b1 nonylfHTh 

.l(JIJI a J\ 0 00 BCJIHlfHIIY /9/' nony11aeM 
0' > 9 

a /2,9 T:JB/ = 16 M6. /12/ 

3Ta T04Ka 11306pa)l(eHa ua puc. la 3BC3.l(04Koii. 

E. KYMYAJITIIU6Hbie 11· Me30Hbl a pA ➔ 11 ~ X npoijecce 

,Upyra.11 rpynna 3KCnepUMCHTOB, B CBOCM 6oJiblliHHCTBe 

OTHOCJII.QHXCH, K -cpaBHHTenbHO HH3KHM 3HeprHHM, npe,l:\CTae-

neua Ha puc. 3 ,l:\aHHblMH O UOBC,l:\CHHH BCJIHlfHHbl 1] (E) = 
, K 

1 m( 77) in 
= [-J\ A (E ) ] t npu B3aHMO.l(CHCTBHH npoT0HOB C :A p K=cons 

H.l(paMH 12 C 27 .Al H 64cu /to/ K = T<11>tr (rr) :f (rr) - MaK-
' • NN max' NN max 

CHManhHaH 3HeprHH rr·MC30Ha, pmK,l:\CHHOr'o B pp·'n3aUMO· 
.l(CHCTBHH. . 

8 
;, 

•✓,., r 

,'.-i. 

i 
l 
' 

I 
,'l 

I 

~ 

r 

-2 3 / 2E d'ff /M6 •I'3B c 

9 
Acip

3 

9 9 I ~ ~:;0.6" 
0 

10 I ' 
't - 9-~' M~1 -~- ---" 10.,~ ' ' '--❖ ,9 

\ ~~,:s--- ..... 9- - - ~-' ' ~ ' 161- \\ '-..9 
' N$:fl.',,9_ ---~-', 

16
3

~ '~,------9- - - -{>-cM::~S 

2 lf 6 8 
~ (F:JB/c) 

Puc. 3. <PyllKijUJI ~<1 OAJI 
12c' 11opMupoaa1111aJ1 Ha amOMHblU 

aec J1opa· Muwe11u, a 3aaucuMoc111u 0111 uMny111,.ca 11a11ema10u,ezo 
npo111011a. Kpuab1e npoaeoe11bJ no mo'lKaM /lO/. 

BbllfHCJIHH yKaJaHHYIO eenHlJHHY no MO,l(CnH u IlPA6Hpa.11 
m 

a TaKHM o6pa30M, lfT06bI npu Ka)K.l(OM 3HalfCHHH E p :::; 6 I':JB 
OTHOWCHHe TJ (E) !TJK ( 8,4 I':JB) coena,nano C 3KcnepHMeH-

K lil 
TanhHhIM CBOHM JHa11eHHeM, no,nylfHM IPYHKUHIO a(E P ) • 

B npHHUHile TaKaH 1,1poue,nypa Morna npHBCCTH K pa3nHlJHhIM 

JaBHCHMOCTHM a(E~n) ,nn.11 pa3HbIX 3HalJCHHH k. O,nHaKO 

paclJeT, BhlnOnHeHHhlll ,nnH K = 1,0; 1,5; 2,0 , ,nan npaKTH· 

9 



qecKH OAHY H TY :>Ke 3aBHCHMOCTh a(E). KOTOpa.H H306pa

:>KeHa na puc. 1 a cnJIOWHOH JIHHHeii. 

IlonyqeHHhie pe3yJILTaThl OCHOBaHhl Ha npe,l\nOJIO:>KeHHH, 

qTo MexaHH3M co6npaHH.H nrpaeT OCHOBHYIO pOJih B po:>K,l\e· 

HHH KYMYJI.HTHBHhix 11·Me3oHoB n A0 -rnnepoHoB. CnpaaeA· 

JIHBOCTL :noro npe,l\nOJIO:>KeHH.H nO,l\TBep:>K,l\aeTC.H 

- cornacoaaHHOCTLIO pe3yJILTaTOB He3aBHCHMLIX no,l\ro-

HOK a{E) ,l\JIH 17 ·Me3OHOB pa3Horo nopH,l\Ka KYMYJIHTHBHO· 

CTH; 

• coana,l\eHHeM pe3yJILTaTOB onpe,l\eJieHHH a{E) no 

KYMYJIHTHBHLIM 17 • Me 3OHaM H Ao· rHnepoHaM. 

3aMeTHM TaK:>Ke, qTO HaJinqne nOJIHPH3a:UHH y KYMYJIJI• 

THBHLIX Ao - runepoHOB He HBJIJieTCH OCHOBaHHeM cqHTa Th 

OTBeTCTBeHHLIM 3a HX o6pa3oBaHHe MeXaHH3M nepepacceJI· 

HHH /11/, 
'I in 

KaK BHAHO H3 puc. la,6, npn :rneprHH P nopH,l\Ka 

HeCKOJILKO COT M3B - 1 I'3B ceqeHHe o6pa30BaHHH KOM· 

nayHA • CHCTeMLI npn6JIH:>KaeTCH K nOJIHOMY ceqeHHIO, a apeMJI 

ee cyi:uecTaoaaHHH co'cTaBJIHeT /7-':-8/- 10-
24 c. Ecnn 3TO 

TaK, TO MLI BLIHY:>K,l\eHLI C,l\eJiaTL BeCbMa Ba:>KHLIH BLIBO,JJ.: 

o6pa3oBaHne KOMnayHA·CHCTeMLI cTaHOBHTCH He pe,JJ.KHM, 

a ,l\OMHHHPYIOIUHM HBJieHHeM. IlpH 3TOM ,l\JIHHa ee npo6era 

AO pacna,l\a a na6opaTOPHOH CHCTeMe - nopH,l\Ka 3-':- 4 cJ>M, 
T.e. npeBLIWaeT Me:>KHYKJIOHHLie paccTOHHHH B H,JJ.pe. 

3HaqnT, npHBhlqHoe npe,JJ.CTaBJieHne O ,JJ.BH:>KeHHH HYKJIOHa 

B H,l\J)e KaK O COBOKynHOCTH nocne,JJ.OBaTeJILHLIX,He3aBHCHMLIX 

HYKJIOH • HYKJIOHHLIX CTOJIKllOBeHHH ,l].a:>Ke npH TaKHX 3HeprHHX 

CTaHOBHTCH COBepweHHO neoqeBH)].HhlM. CJie,l\OBaTeJILHO, npu

MeHHMOCTh KacKa,l\HOH cxeMLI ,l].JIJI qnncaHHH )J.BH:>KeHHH B JI)].• 

pe H HYKJIOHOB OT)].aqn, o6pa3oBaHHLIX peJIHTHBHCTCKOH qac

TH:Ueii, BLI3LIBaeT cepLe3HLie coMHeHnH. Ycno:lKHHeTCH TaK

:>Ke aonpoc H O BO3MO:lKHOCTH ncnoJIL3OBaHHH MO,JJ.eJIH rnay-

6epa ,JJ.JIH HeKorepeHTHLIX npo:ueccoa. 

Ilpe)].cTaanJieT HHTepec nonyqHTh o:ueHKY aennqnHLI a H 

no ,JJ.aHHLIM pa60TLI /12/,aLinOJIHeHHOH npn cyi:uecTBeHHO 

6onLweii 3Heprnn )].JIH peaK:unn 

10 

181 
P+ 'Ia ➔ 11+X, 

in 
E "'28,5 I'3B. 

p 

/13/ 

I 

ij, 
~'' 

l13MepJIJiaCL aenuqnHa /cM. puc. 4/ 

T 
(11) max 3 3 

g{T (T, 0"' 18()0 )= J E(d a/dp )dT. 
a T 

Ha puc. 4 o6JiaCTL 3HaqeHHH T17' COOTBeTCTBYIOIUHX KyMy

JIJITHBHOMY npo:ueccy, OTMeqeua WTpHXOBKOH y OCH a6c:uncc. 

BH,l\HO, qTo ,l\aHHLie pa60TLI/12/ )J.OBOJILHO HeToqHLI. 0,1\HaKO 

~ 'T't,i~ 

tcf. :fl~~-J £ (d3%/rJ)olT 
T 

e ~1so0 

,01-.. 
# 

10° 

100 :u;o :ooo 'loo T,,. U13o/ 
Puc. 4. cJ>yHKIJUJI 9{ ~1 (T. 0 "" 18() 0 ) 

11 + X,, Ein = 28,5 I':JB. 
OAJI peaKIJUU p + 'Ia ➔ 

p 
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OHH ace :>Ke no3aomnoT npu6nH:>KeHHO oueHHTL a. Pac'leTHLie 

KpHBLie .D,aHLI ,!J,JIH Tpex 3Ha'leHHH ceqeHHH: a = 10, 8 H 6 M6. 
BH.D,HO, 'ITO :na BeJIH'IHHa HaXO,!J,HTCH a npe.D,enax 6 M6 <a< 
90 M6. Ha puc. 1 a. oHa o6o3Ha'leHa TpeyroJILHHKOM. - -

B. PoJ1Coe11ue '-IQCTIIUlJ C 60/lbWUMU p .l 
npu eblCOKUX 311epzw1x 

B pa6oTe
1131

6LIJI nonyqeH 60JILWOH o6oeM HHcl>opMaUHH 

0 noae.D,eHHH HHBapuaHTHLIX ce'leHHH 'laCTHU C 6oJILWHMH Pl ' 
PO:>K.D,eHHLIX B CTOJIKHOBeHHH npoTOHOB C H.D,paMH Be, Ti H 'w 
npu Ep = 200, 300, 400 I'3B. B .D,aJILEeiiweM 3TH .D,aHHLie 

6LfJIH YTO'IHeHLI /13a~ bJIH30CTh A- 3aBHCHMOCTeH BLIXO.D,a Ta

KHX 'laCTHU H KYMYJIHTHBHLIX TT ·Me30HOB .D,aeT ocuoaaHue 

C'IHTaTL, 'ITO H B 3TQM CJiyqae BeJIHK BKJia.D, KOJIJieKTHBHOro 

MexaHH3Ma B3aHMO.D,eHCTBHH /HeCM,oTpH Ha TO, 'ITO 3Ta 06-

JiaCTh 3Ha'leHHH pl He 3anpemeHa H no KHHeMaTHKe pp • 
CTO,JIKHOBeHHH/. K TaKoMy ~e Bhl,BO.D.Y npHXO.D,HT H aaTo-

PLI113·13a/, 3KcnepuMeHT 113•13a/ .D,aeT noKa YHHKaJILHYIO 

B03M0)1(H0CTh H3BJie'IL uuct>opMaUHIO O BeJIH'IHHe npocTpau

CTBeHHO· BpeMeHHOro HHTepaana .D,JIH KOJIJieKTHBHoro B3aHMO • 

.D,eHCTBHH a.D,pOHOB npu TaKHX BhICOKHX 3HeprHHX. 

,[(mi aHaJIH3a 6Lrna ucnoJIL30BaHa HHcl>opMaum1 0 cl>YHi

UHH F<0>csn,xl), X.1=PJ. /2Js, HMeIOmaHCH B pa6oTe lSa( 

_IIOCKOJILKY HHiiapuaHTHOe ceqeHue B paccMaTpHaaeMOM UH· 

Tepaane yMeHLWaeTCH ua MHOro nopH.D,KOB, .D,JIJI BhI.D,eJieHHH 

KOJIJieKTHBHOro MexaHH3Ma y.D,o6Ho paCCMaTpHBaTL OTHOwe

HHe 

f(p l) 
. . d3 d 3 

(am /am) [ E--2:) /(E--a-) l. 
pp pA qi3 pA dp 3 pp 

/14/ 

,[(JIH eme 60JILWeii HarJIH.D,HOCTH f(p.1.) B /14/ HOPMHPOBaHa 

Ha e.D,HHHUY npu P.!. = 0,76 I'3B/c - ua HH:>KHeii rpaHuue uc

cJie.D,c>BaHHoii o6nacTu.Ha puc. 5 npuae.D,eHLI 3KcnepuMeHTanL-
. lil 

HLie .D,aHHLie .D,JIH cl>YHKUHH /14/ npH E p = 400 I'3B. BH.D,-

HO, 'ITO npu 6oJILWHX P.!. f(pi)"' 2, T.e. pOJih KOJIJieK-

THBHLIX 3cl>cl>eKTOB BeCLMa 3aMeTHa. KpHBLie - pac'leT no 

Haweii MO.D,enu c napaMeTpaMu: 

12 

11 

,3 

2 

f (p.L) 

T 

W-' 

J 
1 

1 2 3 

iM. 
E p == L/00 I'3B 

(T'=:/0M6 

f 
fS"b8M6 

11_ {r:JB/c) 

Li ~ 6 
Puc. 5. 3aGUCUMOCl/lb f(p .l ) e /14/ npu E~n = 400 I'3B. 

# 

a = B M6· 
1 ' TO = 15 I':JB C • C; 

/15/ 
a = 10 M6· 

2 ' TO = 15 I':JB c · c. 

HraK, 6LJCTpoc na.D,euue a a o6JiaCTH HeCKOJILKHX I':JB 
npeKpamaeTcJI npu E P =6.;-8 I':JB H .D,anee, onnoTL .D.O 

400 I':JB, OCTaeTCJI npaKTH'leCKH noCTOJIHHLIM /KPY:>KOK 

ua puc. la/. 
,,,, Pe·:hnLTaT /15/ yKa3LIBaeT TaK:>Ke H Ha HaJIH'IHe OTKJio• 

He HUH OT 3aBHCHMOCTH /7 / AJIJI apeMeHH Bhl:>KHBaHHH KOM· 

nayu,n-cucTeMhl. MLI nonaraeM, _'ITO JTOT pe3yJILTaT HBJIJI• 

eTCJI BilOJIHe ecTeCT.BeHHblM. B caMOM_ .D,eJie, JaBHCHMOCTL 

/7 I npe.D,nonaraeT yMeHLWeHue apeMeHH r c pocTOM Macchi 

KOMnayH,n • CHCTeMLI. IlpH OTHOCHTeJILHO He6oJILIUHX 3Heprm1x 
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o· - expeumvd !!Pl 
_ <J1 ~ 6' M 6 J-tl,e.o;1 
--- ~::::/OM6 

-~ 

~~ ~- :,,,., 
~ 

~ ~ 
~ 

)](r3B/c) ~ 
:s.o t/.0 s.o 

0/IJI TT- -M€30H06; 

6.0 
E in= 300 I'3B. 

p 

E in oHa npHeMneMa. O,nHaKo B npe,nene_ npH nepexo.ne K 

oqeHL BLICOKHM ::rneprmlM cornacH0 /7 / r CTpeMHTCX K Hymo. 

C cpH3HqecKOH ToqKH 3peHH'1' 3T0T npe,nen HepeaneH, TaK KaK 

14 

BpeMx BhDKHBaHHH He MeHLWe BpeMeHH nepecTpOHKH K0M

nayH,n·CHCTeMbl nepe,n HCITYCKaHHeM qacTHULI, KOTopoe He 

,I(OJDKHO 6LITL MeHLWe HeKOT0poro MHHHMaJihHOro 3HaqeHHH. 

Ilocne,nHee, 6y,nyqu YMHO)KeHHbIM Ha CKOpOCTb CBeTa "c" , 
,noJDKH0 ,naBaTb pa3Mep nopx,nKa pa3Mepa a,npoHa. H, ,neii-

CTBHTenhHo, H3 puc. l 6HMeeM tmin H ,nanee 

<r>"' t min· c "' 2.10-
24 

c -3-10
23

<PMlc "'0,6 <PM. /16/ 

T.e.<r> coana.naeT no MacwTa6y c pa3MepaMH a.nponoa, 

a CJie,D;oBaTeJibHO, H C pa3MepaMH K0MnayH,D;·CHCTeMbl, o6pa-

30BaHHOH npH nepeKpbITHH HX o6'bCMOB. 

Ha puc. 6 IlPHBe,D;eHbl 3KcncpHMCHTaJILHLie II TeopeTH

qecKHe JJ,aHHLie .l).Jl11 HHBapHaHTHLIX IIIIKJI~3HBHLIX Cet.fCHHH 

pO)K,D;eHHH TT- ·Me30HOB npoT0HaMH C Em == 300 I'3B na 

H,npax Be , Ti u W. P 

3aMeTHM, t.fT0 IT0CKOJibKy KHHCMaTHqecKH BOJMO)KCH H 

BKJia.z:{ NN·B3aHMo.neucTBHH /T.e. "nepBhIH nopx.noK KyMy· 

/ 
111=1) in u 

JIHUHH"/, TO B 1/ MLI nonaram1 \\ A =apA• nCil0JihJYH 

,D;aHHbie ,D;JIH a 1g a/14/ M0)KH0 ITOJIYt.fHTb .z:{JIH ~ <:_) (p l = 
= (0,76 I'3B/c), T.e. a T0'fKe, r.ne BKna.n oT NN -cTonKno

BeHHH 11BJIHeTC11 rJiaBHLIM, 3Hat.felllf11, 0TJIHqalOutHCCH OT 

3KCnepHMeHTaJibHblX BCero Ha 2O-3Oo/o. O,nHaK0 a~1 113-

BeCTHLI ne,n;ocTaT0'fII0 T0'fll0. Ho:noMy MLI H0PMHponanu 

Kp_HBhle :R(_f_) .B T<?,iqKe Pl= 0,76 FJB/c K 3KcnepHM~HTY, 

T.e. MaKCHMaJILHag BenHqHHa B03M0)KH0ro IlP0H3B0Jia B Hop-

MHP0BKe C0CTaBJIXeT 2q- 3Oo/o. . 

B o6naCTH 60JILWHX JHat.feHHH p J. /p J. > 4 I'3B/c/, r.ne 

onpt;.neneHHYIO ponL HrpaeT onncaHHLJH BLIWe KYMYJIXTHBHLIH 

MeXaHHJM, Il0KaJaTeJIL. a B napaMeTpH3aUHH :A-3aBHCHMO

CTH C Il0M0utL}O cl>YHKUHH .Aa HaXO.l].HTCX B HHTepaane 

1,0 'S_ a 'S_ 1, 1 7, qTo onpe.nen11eTc11 BL16opoM .nnx cpaB11eHHH 

K0HKpeTttoii naph1 11.nep H JHaqe11ucM ·u / a == 8 M6 HJIH 

a== 10 M6/. 3TOT pe3yJILTaT He np0THB0peqHT 3KcnepHMeH
Ty /13, 13a/. 

4. 3AKJIJOqEHHE 
MLI nonaraeM; qj,o npomi.neHHLiii B ,naHHoii pa6oTe aHa

JIH3 Il03B0JIHeT C.z:{enaTb .ziocTaToqHo Ba)KHLie H HHTepecHLie 
' ' ,, ' . ' 

BbIB0,D;LI. 
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1. Mo.nenb co6HpaHHH /1/ a Hoaoii o6o6menHoii cl>opMynu

poaKe / 51,ocHoBaHHOH Ha rHnoTe3e 06 H,neHTH'IH0CTH HHKmo-

3HBHblX cneKTpoa,cnoco6Ha 0ilHCbIBaTb npouecChl KonneKTHB

Horo B3aHMO,neiiCTBHJI a,npoH0B B WHP0K0M HHTepaane 3Halfe

HHH /cOTHH M3B - C0THH I'3B/. 
2. Kattan peaKl.{HH a CT0flKH0BeHHH a,np0H0B, u,nymeii qe

pe 3 o6pa3oBaHHe e,nHHOH K0MnayH,n- CHCT~Mhl' He BhlMHpaeT 

c pocTOM 3HeprHH. Ero ce•rnHHe npu E 1; ;: 6 I':1B ~pH6nH-

3HTenhH0 ll0CT0JIHH0 H HaX0.!\HTCJI Ha ypoaue 0,25 • U Ill. 

IlpH6nmtce1moe coana,neuue 3Toii aenulfHHhI c oug~1KaMH 

CClfeHHJI B3aHMO)\eHCTBHJI C HYKfl0HaMH H,npa "pa3)\CTOH" 

B nepBOM CT0flKH0BeHHH flH.!\HPYIOIUeii CHCTeMhl /1 5 -fio3nonJ1eT 

'npe,nnonmKHTb, 'ITO HMeHIIO C TaKHM celfeHHeM npoHCX0)\HT 

B3aHMO,neiiCTBHe KBapK0BhlX K0MilOHeHT a,npoH0B, npHB0.!\Jl(Uee 

K HX T0pM0>KeHHIO H nepecTpoiiKe. 

3. Ilpoae,neHHbIH aHanH3 He np0THB0pelfHT nono>KeHHIO 0 

Il0CT0JIHCTBe apeMeHH >KH3HH KOMnayu,n- CHCTCMhl H OTCYT.

CTBHH ero 3aBHCHMOCTH OT 3HeprHH CTOflKHOBeHHJI npH .nocTa

T0lJHO BblCOKHX 3HeprHJIX. 3To 03HalfaeT Il0CTOJIHCTB0 ,nnHHhl 

~ B3aHMO,neiiCTBHJI a,npOHOB B CHCTeMe ueHTpa Mace ,nnH npo-

1.{CCCOB KYMYilJITHBHoro THna. 

BLrno.n He cornacyeTCJI /no KpaiiHeii Mepe ,nnH ,naHHoro 

KaHana/ C npe,ncKa3aHHeM HeKOTOphIX napTOHHhlX cxeM /cM., 

HanpHMep, 116 , 17 / /, HJ KOTOphIX cne,nyeT ynenHlfeHHe npo

.nonbHhIX pa3Mepon o6naCTH B3aHMO,neiiCTBHJI C pocTOM 3Hep

rHH CTanKHBaIOil.{HXCJI a,npOHOB. EcnH 6hI ocymecTBnHnacb 

·TaKaJI CHTyauu.11, TO npH .nocTaTOlfHO BblCOKHX 3HeprHJIX 

B a,npoH- Jl,nepHbIX B3aHMO,neiicTBH?i "pa6oTana" 6bl M0,nenh 

"KorepeHTHoii" Tpy6KH. O,nHaKO B lB/6bin0 IlOKa3aH0; 'ITO 

3Ta MO,nenb naxo,nHTCJI B pe3KOM HeCOOTBeTCTBUH C Hau6onee 

KpHTHlfHhlMU .nn.11 Hee 3KCnepHMeHTaMu. C '3TOH TOlfKU 3yeHHJI 

napTOHHbie npe,ncTaBfl!'lHHJI, pa3BHTbie B pa6oTaX /19 , 20 . , 
npe,nnOlfTHTenbHbl. 

4. C yMeHbWeHHeM 3Hepruu ,n;o BenHlfUHhl l I'3B KaHan 

06pa3oaaHu.11 KoMnayH;:i;-cucTeMhl, aepo.llTHee acero,cTaHo

BHTCH ,Il;OMHHHpyIOll.{UM, a COOTBeTCTBYIOIUa.11 eMy ;:i;nuHa He

ynpyroro B3aUMO,IJ;eHCTBUJI npeBbIWaeT Me>KHYKilOHHbie pac

CT~JIHUJI. 3To ,n;aeT noao.n COMHeBaTbCH a o6oc'iioaaHHOCTU 

Tpa,IJ;Ul.{HOHH0ro onucaHUJI a,npoH-.11;:i;epHoro B3aHMOJJ;eiicTBHJI 

B 3TOH o6na.CTH 3HeprHH, 0ilHpaIOil.{eroc.11 Ha ;:i;onyuteHHe 0 
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He3aBHCHMOM nonapHOM nepepacceJIHHH HyKnOHOB BHYTPH 

.11,npa B npouecce ero pa3pywenH.11. 

ABTOphl npUJHaTenbHhl COTpy;:i;HHKaM Jia6opaTOPUH Teo

peTHlfeCKoii ci>H3HKU, npHHHMaBWUM y11aCTUe B o6cy)K,IJ;eHuH 

pe3ynbTaT0B pa6oTbl. 
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