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B nocneAHee BpeMR nORB~nCR PRA pa60T, B KOTOp~X o6cymAa~TcR 

TaK Ha3~BaeM~e KYMynRTKBH~e npo~ecc~ np~ B3a~MOAe~CTB~~ ~3nY4e

H~R MO~H~X na3epOB C TBepA~M~ M~~eHRM~ 11-3/, B CBR3~ C 3T~M, 
B 4aCTHOCT~, B~CKa3~BanOCb co06pameH~e O B03MOmHOCT~ nOB~weH~R 

3apRAHOCT~ ~OHOB B o6pa3y~~e~cR nna3Me, OAHaKO onpeAeneHH~X p~

3ynbTaToB HH B TeOpeTH4eCKO~, HH B 3kcnepHMeHTanbHOM nnaHe 

nOJ1Y4eHO He 6blnO. 
npH 3anYCKe CO2 -naaepsoro UCT04HHKa MHOr03apRAHblX HOHOB 

Ha CHHXpO$a30TpOHe OHHH o6HapymeHo 3Ha4HTenbHOe YBenH4eHHe 4~Cna 

H 3apRAHOCTH ~OHOB B I>!CT04H~Ke nocne 06pa30BaHHR B MHWeHH TOH
KO~ nOnOCT~ /KoHyca/ npH OCTpO~ $OKYC~pOBKe ~3nY4éHHR CO2 -na
aepa C nOTOKOM _10 10 BT/CM 2 14,51, 3T~ AaHHble MomHO 06bRCHHTb, 

ecnl>! npeAnOnO~~Tb, 4TO np~ 06pa30BaH~~ KOHyca ~3nY4eHHe na3epa, 
B~6paC~BaR Be~eCTBO co CTeHOK KOHyça, np~BoA~T K CTonKHO§eHH~ 

CBepX3BYKOB~X nOTOKoa n~a3MW ~ K C~nbHOMY C~aTH~ H pa30rpeBY 
nna3MW Ha OC~ KOHyca. 

B HaCTOR~e~ pa60Te paCCMaTpHBa~TCR npO~eCCbl 06pa30BaHHR nnOT
HOI1 ~ rOpR4e~ nna3Mbl ~ Aat01CR TeOpeTH4eéK~e O~eHK~ ee nnOTHOCT~ 

~ TeMnepaTYPW. nOnY4eHH~e pe~ynbTaT~ CpaBH~Ba~TCR C 3KCnepHMeH
TanbH~M~ AaHHblMH. 

nYCTb H3nY4eH~e na3epa C$OKYC~pOBaHO B OCHOBaHHe KOHyca C 
B~pW~HHbIM yrnoM 2à. nOCKOnbKY OCHOBHO~ nOTOK Be~eCTBa B nnaa
MeHHOM $aKene Ha nnOCKOI1 MHWeHH HanpaBneH nepne~AHKynRPHo ee 
nOBepXHOCTH He3aBHCHMO OT yrna naAeH~R ~3nY4eH~R, a CKOpOCTb 
pacw~peH~R rpaH~~~ $aKena npeB~waeT CKOpOCTb 3BYKa, TO Ha OCH 
KOHyca np~ a «1 npOHCXOA~T KBa3H~Hn~HAPI>!4eCKOe CTonKHOBeHHe 
CBepX3BYKOBblX nOTOKOB nna3Mbl. EcnH ~ < a Kp' rne Kp~T~4eCKHI1 yron 

== arctg ~, /1/a Kp 
\ly -1 

y - nOKa3aTenb aAHa6aTW, TO KYMynRT~BHaR CTPYR He o6paSyeTcR I6 1 

H 3Ha4~TenbHaR 4aCTb K~HeTH4eCK0I1 3Hepr~H CTanKHBa~U\HXCR nOToKol 
nepeXOA~T B TennOBY~ 3HeprH~ nna3Mbl Ha OC~, n04T~ CTa~HOHapHOI1 

B na60paTopHOH C~CTeMe. BpeMR'nepexoAa 3HeprHH HanpaBneHHoro 
ABHmeH~R B TennOBY~ onpeAen~eTCR 8fi,~~eHeM xaOT~3a~HH CKOpOCTel1 
HOHOB /BpeMeHeM caMOCTonKHOBeHHI1/ 7 : 

1,42.10 7 A 1/2 T 3 / 2 
r , i 9 -8« r c)t( - 10- 10 c. /2ixi n . Z 4 1n A 

1 _.-.... 
~' (11 \ 

{ (}'.. ....J" r '. ~. ;~:~.\t~J
j ,-,;, . >r ,.' ...• ~ • 
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1 



3AeCb A - aToMH~~ Bec, eZ - SàPRA, T i / 3 B/ , n i - TeMnepaTypa 
H KOH~eHTpa~HR HOHOB, InA : 10 - KynoHoBcKH~ nOrapH$M. 

B HaWHX ycnoBHRX nnasMa.6nHSKa K HAeanbHOMY' rasy 
10 23 /n « CM -3 /, H C Y4eTOM /2/ MO>!tHO npHHRTb, 4TO y = 5/3 

H a xp = 37°. Y4eT BHYTpeHHHX c reneaeü CBofioAbl HOHOB /BOS§Y>KAeHHe 
H HOHHsa~HRI MO>KeT HeCKOnbKO YMeHbWHTb 3TY senH4HHY /CM. /8/ /. 

O~eHKa' HOHHO~ TeMnepaTypbl nocne CTonKHOBeHHR TaKOBa: 
2- /mi V i
 

- - - - ,
T i . k	 /3/ 

SAeCb ín i' v i - MaCCa H CKOpOCTb HOHOB, k , - nOCTORHHaR 60nb~MaHa. 
AnR CKopOCTe~, xapaKTep~~x AnR 3KCnepHMeHTa /HOH~ B~CWHX SapRA
HOCTel1/, vi = /1-1 ,5/.1'0 7 CM/C, H AnR ;3neMeHTOB runa yrnepona
MarHHR nonyuaea T ~ - 1 ,K3B'. 

3neKTpoHbl 3THM IIYAapHo-BRSKOCTHbIMII MexaHHSMOM rpeorca cnaõo , 
T.K. m~<~ i; ~arpeB HX sa C4eT KynoHoBcKHX cOYAapeHHI1 C ropR
4HMH HoHaMH TaK>Ke OTHOCHTenb~O HeBenHK; AOKa>KeM 3TO YTBep>KAeHHe. 

HSMeHeHwe 3neKTpOHHO~ TeMnepaTYP~ B nnaSMe onpeAenR~TCR ypaB
HeHHeM 3neKTpOH-HOHHO~ penaKca~~~ /9/;

I" "" 

ar,	 3,2.108'AT ;/2Te - Ti 
r
eidt rei D i Z2 1n A 

H ypaBHeHHeM coxpaHeHHR 3HeprHH: 

dT dT ie
n--,+n.--=O. 

e \dt 1 dt 

'nOnO>KHM B 3T~X ypaBHeHHRX n = n. Z, ... e 1
HOHOB, O6 eCne4HBalO~ee HeHTpanbHOCTb 

AnR 3neKTpOHH0l1 TeMnepa-rYPbl Te HS 
ypaBHeHHe: 

4 • 2 
2py y ;=: . Ta c - Y • 

3AeCb 
, _ 8 
Y = vi Te. P = 3,2.10 A 

Di Z2 inA ' 
PeLlJeHHe /5/ npa Ha4anbHOM 

- S 3' 

..,/4/ 

/4'/ 

Z - cpenuee 3apRAOBoe 4Hcno 
nnaSM~. 

CHC"TeMbl /4/ -HMeeM cnenyouiee 

/5/ 

Z + 1 Y -Yo _ T ' (y _ y ) +~ In'I Y+VTac I T ac YO +V.T--t=---- a c O 2 -- - -2- lnl ~I.2p 3 
y - vTac YO-J».v ac 

/7/ 
2 

T\O Z
Tac	 --+--T . /6/Z+ i Z+ 1 eO 

ycnoaua T e I t=O = TaKOBO:Teo 

T3'/2 -- 3/2 - 

f " 
BB~AeM o5q3Ha4eHHR 

ll~ 

T~ Teo ". I '3'/2

:r'I 
X =,'v -'-, X O = V'"-- , r ei' I ac == r ac =pT ac •	 /7'/ 

~ T ac i ., r aê 

OKOH4atenbHO peweHHe ipaBHeHHR 

- . t· / 2,. 3 3
(Z,+l)-- =-(x -xO) -2(x-x 

,rac 3 

/5/ npHo6peTaeT BHA 

. '1+ X 1 + Xo 
)	 +ln 1--'I-Inl I. /8/O l-x 1-xO 

Tenepb BHAHO, 4TO npH .t»racTeMneparypa 3neKTpoHoB 
'K BenH\4HHe Tac(x ..... U,T;aK xe , KaK H TeMnepaTypa ÍII0HOB 

I· -
TiO ZT eO ;t.,·'· 

Te Jt >' rao =T i j't 2: rac :: Tac = ---'- +. 
Z +'1 Z+l 

I "" 

3AeCb ~ TiO -, Ha4anbH~e B npo~ecc~ penaKca~H~T eO 
'3.rleKTpOHO& 1-1 HOHOB. " I 

_ Ecna Ti() =1 K3B, T eO .:; -"00 3B ICMS H"'1>Ke/_ ~ n i ;: 

Z = 5" TO Ta.c =200 3B H rác = 2. 10" c. 

npH6nH>K~eTCR 
/CM. /4'//: 

/9/ , 

teMnepaTYP~ 

10 18 CM- 3
 

.
 
laK&ltM oõpaaoa ;' aa BpeMR C>KantR' /10-9 -:- 10 -8 C/ reaneparypa
 

'anekrpcaoa sa C4eT 'nepeAa4H 3ttepr~H OT r'opauax HOHOB' nOAHHMaeTCR.
 
AP 3Ha4'eHHI1, MeHbWHX '206 3B, T. e. MeHee, 4eM B 2 paaa. . \ '
 

6on~e 6~CTP~11 H 3~~éKT~BH~~ MexaH~3M HarpeBa 3neKTpOHOB npH' 
. , '. ~ , ..' /5/ 

I	 C>KaTHH nna3Mbl K- OCH KOHyca 6~n paCCMOTpeH B npeA~Ay~eH paõore . 
B npo~ecce C>KaT~R nna3~~ HOHHaR KOMnOHeHTa aAHa6aT~4eCKH C>KH
MaeT 3neKTpoHHbu:1 ra~, Tep.MOAIr1Ha~H4eC.KHe xapaKTe~rC+HKH K'óToporo 
Met'iRIOTCR no 'aAHa6aTe Ilyaccoaa , B 4acTHocTH 7 TV y, ,= const • ,. , ~ 

npa.+ a < q Kp r eaneparypa H nnOTHOCTb 3n~KTpOHOB B03paC'raIOT
 
"cornacuo
 

I / 

T e I '_n'~ y + l' 2 __ «Y+I 2y-2'
I-'-~(~) -, T"n - . -.-)	 /10/

JleO - Y .... 1 • e y,- 1 

3A~C~ +~n - TéMnepaTypa 3neKTPQHOB Ha nnot~o~ MHweHH !HCxOAHaR, 

n 
Ào C>K~TIitR/*.:' npH }' = '51,3 H a Kp o: 37 ~ /1 0/ l~aeT ~ 'S. 16, 1 
m } 0eO f 

'\1 

~e ,	 5 n T 
,,~ < 6 I .• 'np'" Y' "" < 36 . e "" I. 2nn - , .... , .., = -7 -~. ,.-.-- ~"t." •
 
Te" 'D. ' ,iT nn
 
, 'eO . 'e
 

Ha pl-1CYHKe cX'eMàTH4HQ .H306pa>KeHa cHTya~HS1 -'no HarpeBY nna3M~
 
B ~OHYCHOI1 MHW~H~. KaK ~~~HÓ, KOHe~HaR TeMnepà~Yp~ 3~eKTpoHbB
,	 . 

* PaBeHc~Bo B'./1 01 HMeeT,. MeCTO npa a .. O 1~1'IJlHHp;pHqecKa.R KYMYn.Ru)ruI/. 
/'	 . I' '3 

'.. 



1131 InI1a3Mbl B u,eI1oMI CYLl\eCTBeHHO 
nn 

Tac I-J-~- ~___

7t~rJ1" Ir-- ! : 

O Zé~ CZéx+fac

T I onpenenaerca Te' 3TY BeI1I1Ya.1HY 

MomHO OU,~Ha.1Tb, 3Hafl nI10THOC*b 

nOTOKa a.13I1Y'"4eHa.1f1 q a.1"n0I1b3YRCb 

I1a.1Tep~T'YPHbIMa.1 gaHHbIMa.1, a Tat<me 

no B~XOAY MHbro3ap~AH~X 110HO~ 

pa3I1H4H~X 3I1eMeHTOB a.13 nI10CHO~ 

Ma.1WeHa.1. 

Haaõonsuree K0I1a.14eCTB() axcne
pa.1MeHTaI1bH~X a.1CCI1eAOBaHa.1~ I1a3ep

HO~ nI1a3Mbl, B' TOM 4a.1CI1e a.13Mepe

Ha.1~ Te' BbínoI1HeHO AI1f1 HeOAI-1MOBO

~o I1a3epa npa.1 AI1a.1He BonH~ a.13hy

LJeHa.1f1 x = 1,06 MKM B Wa.1pOKOM 

Aa.1ana30He nI10THOCT~ nOTOKa 

t ICM. 0630P 1101 a.1 I..4~Ta.1pOBaHHYIO 
l'aM Jla.1TepaTYPY, .a TaK>Ke 11'1/ I . 

nOCKOI1bKY ~ce npOl..4ecc~ B3aa.1MOAe~CTBa.1~ 3apfl)l(eHH~X 4aCTa.11..4 c 3I1eKT
/ . 

w ~ eE'\ 
pOMarHa.1THOa.1 BOI1HO~ onpeAeI1f1~TCR napaM~TpOM ~.E -HahpR>KeHHO~Tb 

me 
3I1eKTpa.14eCKOro nOI1R B $OKyce-I1aaepa, TO TeMnepaTypa, Hanp~Mep, 

3I1eKTpOHOB,AOJl>KHa 3aBa.1CeTb He OT nI10TUOCTa.1 3JleKT.g9MarHa.1TH0I1 

3Hepn1a.1 W = ~a.1I1k1 nI10THOCTa.1 nOTOKa q.... w, á OT 3<j)cjJeKTa.1BHOH nnoruoc
47T 2 .' I 

T~ nOTOKa q, s41 -,\ q.r .e , 

Te = f (,\ 
2

q). I 11/ 

B 1111 'u "...' u" nqKa3aHo B paMKaX ~OAHOMepHOa.1 ra.1APOAa.1HaMa.1yecKOa.1 MOAeI1a.1, 

4TO ( - CTeneHHaR cjJYHKI..4a.1R C noxaaarenea creneua 2/3 ". 3TOT Ka

4eCTBeHHblH pe3YI1bTaT nerKo nOJlY4a.1Tb, eCI1a.1 npa.1paBHRTb nOTOK 3Hep

ra.1a.1 H3JlY4eHa.1R q, nOrI10Ll\alOLl\a.1HCR í-la Kpa.1~a.14eCKOH nOBepXHOCTa.1 
I 

'21 

Inpa.1 n=n KP 
~ OM-

3 '1 , 
,\2 (MKM) 

n'Kp 3/2 

q = :' n, k l' ev e ::. ~(kTe) 

vm 

hOTOKY Ka.1HeTH4eCKO~ 3Hepra.1a.1 nI1a3M~: 

Te =0,2.10-6 (,\2 q)2/3 • IJ21 
\, 

',I 
~ 

r
 
tI' 
I'
"1 
p, 

\ !'~

ti. I ~'lI
. 

" 

,r 

\ 

" 
i' '\ 

I 

~ ~.... 

~, 

;i

~ OAHaKO K0I1a.14eCTBeHHoro cOBnaAeHa.1~ C 3KCnepa.1M~HTOM C nOM~blO 

TaKa.1X npa.16I1~~eHH~X Ql..4eHOK n0I1Y4a.1Tb'He YAaeTCR. HenI1oxoe,cÓr~aCa.1e 

',j(i), 
s, 

j 10 
C 3Kcnep~MeHTaI1bHbIMa.1 a.13MepeHa.1RMa.1 , l1 / rexnecaryoa 3I1eKTpOHoB 

B Aa.1an~3qHe BeJ1W-la.1H noroxa 10 9 :5 q ~1 O 13 BTI CM 2 AaeT CI1eAYlOutaR 

T ( aB ) = K • 10-6 [',\ 2 
e 

(MKM) ~ q ( Si )] ,2/3 
• CM~ 

3AeCb 4a.1CI1eHHbl~ K03ep(j)a.1u.a.1eHT K ",. 1 • 
AI1R CO.2 - lla 3 e p a B HaweM CI1Y4ae a.1MeeM qa4l:::1012 BT/cM 

2 
a.1 C 

Y4eTOM HaKI10HHOrOftnaAeHa.1R a.13I1Y4eHa.1R Ha CTeHK~ KOHyca qa~= 

z: 5 .10 11 BTI CM2 • Torna COrI1aCHO /131 'AI1f13I1eKTpoHHoj1 reaneoarypa' 
B l..4eHTpaI1bHO~ 06I1aCTa.1 cjJaKeI1a Ha nI10CKO~ M.t1weHa.1 IT.e. AO CTOI1KHO.' . no ..
BeHa.1RI n0I1Y4aeM Ol..4eHKY T~ ....7a 3B. .
 

3Tà SeI1a.1.4a.1Ha cornacyerca C Ha6I1IOAaeMbIMa.1 B HaWa.1X 3KCnepa.1'MeH

r ax MaKCa.1MaI1bHbIMVI 3apfÚ~HOC~RMa.1 a.10HOB IAO' o6pa30BqHa.1R KOHyca,
 

npa.1'nep~bIX "sac'rcenax",", tianpa.1Mep, 5+b, lO+Mg, 11+ AI, 13+0u.
 
AHaI10n14Hble peayns r aru n'pa.1 3tl>(j)eKTa.1BHO~ nI10THOCTa.1. nOTOKa AO 

5.10 11 BT10:1 2 n0I1Y4~H~1 ,B 112/. ,llI1R cpeAHeí:1 ~OHl..4eHTPal..4a.1a.1 nI1a3Mbl 

B RApe cjJaKeI1a ,/T.e. npa.1 r~'d -pa3Mep cjJoKaI1bHOrO nRTHal np~MeM 
BeI1~4,WIY n ~n s: 2.10 18 cM--~-Tenepb MomHO ou.eHi-1Tb napeaerpst n.fla3Mbl, 

cmaTOH Ha OCa.1 KOHyca 'K KOHU.Y npOl..4eCca CTOI1KHOBe~a.1R: 

nn nn
Te <,!;4 7 61 T =13OO-+ 4OOI 3 B, n </1 O7 3OIn, r 12 7 6';. 1O19' CM'-? 
\ - . e e- e 

/141 
3a BpeMfI >Ka.13Ha.1 C>KaTO~' nnasau . TO - A, ~ 10'-8 c, V - CKOpOCTb 3BY' sv 
Ka, npol..4ecc 3I1eKTpOH-~OHHO~ peI1aKc~u.a.1~ MO>KeT e~e nOAHRTb TeMn~
parypy 3I1eKTpOHoB, AO BeI1a.14a.1'1bl T ea c := Te + 0,1 Ti\~ 400 75001' 38. 

ECI1a.1 npa.1HRTb T ~8KÇ" 400 ~B.a.1 cL"a.1TaT~, 4TO 'B AaHHblX YCI10Ba.1f1X 
/ 13 /,np~MeHa.1Ma KOpOHaI1bHaR,MoAenb a.1dH~3al..4a.10HH~X COCTORHa.1~ MOHOB 

f TO AJlR ~arHa.1R, Hal'1pa.1Mep, MOmHO ,O>Ka.1AaTb 06pa30BaHa.1R 3Ha4a.1TeJ1bHbIX 

~OJli'14eCTB ,l1+Mg a.1, MOmeT 6blTb, RAep 12+ Mg. ~1MeeM O"eHKY (paKTopa 

HOHa.13au.a.1a.1 n e T Irt B Y,CI10Ba.1RX, ÔJla.13Ka.1X K CTal..4a.10HapUOMY COCTORHL11O 

ripa nõ-r'eHI..4a.1aI1e a.10Ha.13au.a.1a.1 X·z= "7,80 3f3 (11+ Mg): 
." \ 

5 2 1/2 \
3.10 Z Te exp(XZ/T ) 11 

n T _________......._e_ =3.10 CM-3• c. 
e H 1151Te ..,.lO-8 Z'3 X~/2 exp (XZ/Te) ~\ 

. l1+'MgCI1eAOaaTeI1bHO, AI1R BpeMeHa.1 ~OHa.13a~a.1~ n0I1Y4aeM no nopRAKY 

BeI1a.14a.1Hbl r H -10 -8 C, 4TO CpaBHa.1MO 'CO BpeMeHeM npe6bIBaHa.1R' !'10HOB 

B ropR~e~ 30He. ,
 

3KCnepa.1MeHT nOKa3~BaeT /5/,4TO nOCI1e o6pa30BaHa.1R KpaTepa B
 

·Mcrr~a.1eBOH, MI1WeHa.1, nOMa.1MO peaxoro yseI1a.14eHa.1.R oõarer'o 4a.1CI1a a.10HOEfl 

1 + Mg /B 20- 50 pa~!., OTMe4aeTCR nORBI1eHa.1e a.10HOB 11 + Mg B 3aM_eTHbix 

KOJ1,a.14e,OTBax I''''' 1OI -:- 10 
9 

i-10HOB Ha BblxoAe a.1CT04Ha.1Ka/. 

'taKa.1M o6pa30M, nPI1 <1loKYCa.1pOBKe 
l 

a.13I1Y4eHa.1R CO2- n á 3 e p a B ocuoaa

Ha.1e-KoHycHOH M~WeHa.1, npa.1rOTOBJleHHoH. 3apaHee ~I1a.1, B~6a.1TOH CaMa.1M
cjJopMYfla: 

I1a3epH~M' I1Y40M , Ha oca KOH)'ca oõpaayerca nnoruea In > 10 19 CM -31 
a.1 -ropR~aR I Te. -:-14 + 51 .1 0 6 K I nrraaaa , 'B peMfl >K~;i Ha.1 KÕTOPO~ CO

*Pa3JIH'lHble MOAeJIH naxrr 6JIH3KHe pe3YJIbTaTbl, nOKa3aTeJIb' CTeneHH ir ~\' CTaBI1ReT 10 + 100 HC.· 
BapbHpyeT'BÔJII:I3H 1/2. 

4:, 5 
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3'ef)<f>eKT nOBblWeHI-1R T~MrrepnTYP~1 nnaaaa B, KOHYCHO~ MI-1l'.1eHI-1 3KBI-1 .. \
 

Banéí-ITeH YBenl-1"4eHI-1IO MOll.\HOCTl-1' .naaepa Ha nopaaox , OH npl-1BOAI-1T 
",.,
 =~:s::K YBenl-1"4eHI-1IO "4I-1Cna 1-1 3apRAHOCTH-- 1-10HOB' 1-1 MO>KeT, Tá'KI-1M 06pa30M ,. 

, 
~ "

I', :s: :s:: npMHMMaeTCR nOAnMCKà Ha npenpMHTW M coo6~eHMR 06~eAMHeHHoro MHCTMTYTa ' 
\' .. 

'I RAepH~X MccneAOsaHHH.HaHTI-1 Ba>KHOe npl-1MeHé'Hl-1e B naaepaax I-1CTOl:tHI-1KaX MHOrOaapRAHblX	 ::c ::r:: 
, ']~ YCTaHosneHa cneAy~aR CTOMMOCTb nOAnMCKM ~a 12 MeCR~eS' Ha M3AaHkR OM~M,J 1-10HOB.	 ~ ro 

BKn~~aR nepecwnKY, no OTAenbHWM TeMaTM4eCKMM KaTeropMRM:~co

I
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