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BACK0 b1. M., COKOJIOBCK~ &I. B. 

B D o c n e A H e e  sperm B J I n T e p a T y p e  (cM., H a n p m e p ,  [I, 21) 0 6 c y ~ ~ a m ~ c ~ f  

p a 3 J I H n H b I e  B a p H a H T b I  p a 3 0 r p e B a  TepMOHAepHbIX MHII IeHef i .  I Iy¶KaMH HOQOIB, 

$ a 3 0 r H a H H b I X  H a  YCKOPHTeJIHX. n p e n I I O ¶ T e ~ H e  OTAaeTCSf TRXeJIb IM HOHaM 

THIIa  I, Ba, U H T. II. n p H  3TOM PePb HAeT 0 IIJIOTHOCTRX IIOTOKa 3HePI'HH B 
I I p K e  BT/CM' H 3HePI'HHX HOHOB E ~ / A ~ ~ 1 0 - 1 0 0  MaB1a.e.~. 
Y T 0 6 b I  P a C C P H T a T b  AHHaMHKY MHIIIeHH, 06JIpae~of i  TaKHM I I P K O M ,  ~ ( 3 0 6 x 0 -  

AHMO 3 H a T b  AJIHHY npo6era HOHOB B pa3J IHPHbIX CpeAaX H 3aKOH H3MeHeHHR 

T O ~ M O ~ H O ~ ~  CIIOCO~HOCTH BeI4eCTBa  BACWIb TpaeKTOpHH.  C ~ ~ B H ~ H H ~  p a 3 J I W H h l X  

B03MOXHbIX MeXaHH3YOB TOPMOXeHHR ~ ~ I C T P M X  HOHOB (CM. pa3AeJI 2) IIOKa- 

&TBy&t@ H a  6 b I c T p b I f i  HOH, OCJIOXHReTCSf, OAHaKO, H ~ O ~ X O A H M O C T ~ I O  p H -  

T H B a T b  3@@eKT O ~ O J I O ~ ~ K ,  O ~ M ~ H  3JIeKTPOHaMH C o~pyXamqefi  C p e ~ o f i ,  Ilepe- 
X O B  OT 6CBePX3BYKOBOrO* PelfCHMa v B ~  'IIG. K UA03BYKOBOMY)) VBG v~/m. 

f H T. A. B n p e m ~ ~ ~ q e f i  p a 6 0 T e  [3] e6cyx~anncb pa3~1w~b1e T e o p e T k i n e c K n e  

8 C i i e K T b I  TOPMOZeHHR TRXeJIb IX HOHOB B ¶ a C T W H O  H O H H ~ O B ~ H H O ~  C p e A e  H 6b1~1a 
I I p e A J I O X e H a  @opMyJIa, IIPH~JIEX~?HHO J T H T M B a I O q a H  OCHOBHbIe % H ~ H ¶ ~ C K H ~  

~ @ @ ~ K T H ,  B a x H M e  AJIR O n p e A e n e m R  T O P M O ~ H O ~ ~  CIIOCO~HOCTH B ~ ~ a n a a o ~ e  
3 ~ e p r H f i  HOHOB 0,I M~B<EB/AB<~OO M3B. 

B H ~ H H O ~ ~  pa60~e OIIHCaH M O ~ H @ H ~ H P O B ~ H H M ~ ~ [  B a p H a H T  I I p e J ( J I o l f C e ~ ~ 0 f  pa- 

P ~ C C M O T ~ H M  Ily¶OK HOHOB C IIOPSfAKOBbIM HOMePOM Zs, aTOMHbIM BeCOM As 
H 3 H e p r H e f i  EB (CKOPOCT~IO V B )  , P~CIIPOCTP~HEIIOII(H~~CH B IIOJIOlfCHTeJIbHOM H a -  

n p a B n e m H  OCH OX, H IIPH x=0 B X O A R I ~ H ~ ~  B O A H O ~ O A H ~ H )  c p e A y  c IIJIOTHOCTLIO 

$l=0,1+10 r/C?dS, T H I ~ H ~ H O ~  RJIH TBepAbIX TeJI B O~LFIWIX YCJIOBHIIX. AJISf 

IlPOCTOTbI I IOJIa raeM,  ¶TO D p H  ~ € 0  D p O K  COCTOHT H 3  H e f i T p a J I b ~ b I ~  aTOMOB H 

PaCIIpOCTpaHReTCR B BElKyyMe. T O ~ M O X ~ H H ~  HOHOB I I Y g K a  B C p e A e  M O X e T  6bI~b 
a 6 y c n o ~ n e ~ o  C J I e ~ I O I l J H M H  MeXaHH3MaMH: 

1) 3aMeAJIeHXieM B MaKPOCKOIIH¶t?CKOM 3JIeKTPH9eCKOM IIOJIe 8=, BO3HH- 

x a m q e ~  ~3-3a  p a c K o M ~ e H c a q H H  ~ J I ~ K T P ~ ~ C K O ~ O  3ap~ga E p K a  IIPH ( ( o ~ A H P K ~ ) )  
~ ~ K T P O H H O ~ O  0 6 J I a K a ,  O K p y x a B m e r o  n e p B o H a s a n b H o  ~axqprfi HOH, H a  r p a H H -  

we C p e g b I  x=O; 
2) ~ ¶ K O B O ~ ~  H~YCT~&IHBOCT~H), P a 3 B H T H e  K O T O P O ~ ~  IIPHBOAPT K ~ 0 3 6 ~ ~ -  

.AeHHH) IIJIa3MeHHbIX ~ 0 J I e 6 a ~ H f i  C p e p  (KoJ I J I~KTHBHO~ TOPMOX~HH~)  ; 
3) OAHO¶aCTWHbIMH IIOTepHMH 3 H e p r H H ,  O ~ Y C J I O B J I ~ H H ~ I M H  HHAHBHAYaJIb- 

HbIM KYJIOHOBCKEM B ~ ~ H M O A ~ ~ ~ C T B H ~ M  KaXfCAOI'O HOHa I I Y P K a  C 3JIeKTPOHaMH H 

H O H a M H  CpeAbI. 



Haxe MM I I O K a X e H ,  BTO B H B ~ C Y I O J 4 3 X  H a C  YCJIOBERX AOMHHHPYeT 
I&QCJM~A& MeX&'lBE3M. 

l l p o c ~ e i i m ~ e  o q e H m i  c p a ~ y  ~ ~ ~ X C A ~ X I T ,  ¶TO, nonanan B cpeny, HOE& mica 
LIpaKTEWCKH MrHOBeHHO (no CPaBHeHHKI CO B p e M e H e M  TOPMOWeHHII 'Tar) Td- 

PHIoT BCe CBOH 3JIeKTPOHbI, O P ~ H T ~ J Z ~ H ~ I ~  CKOPOCTH KOTOPbIX CymeCTBeHHO MeHb- 

rne aJIR CKO$WGTH TO&3MOXeHEH kieXaHH3MOM 3) Mhl BOCIIOiTb30BBJImCb 0 6 ~ E h f  
mpaxemeac Bans 

- aL3 e F =  4xeCZ.e2N, 
J ln A,; 

ax m e  VB' (3) 

N, - IIOJIHOe ( c B o ~ o ~ ~ I ~ + c B R ~ ~ H H ~ I ~ )  PHCJIO BJIeKTPOHOB CpeAbI  B emHHqe 
o6ne~a. 

Kax no~a3xarne~ 6oaee n o m ~ s a i i  ammx3 Eopa f5j, q 3  ~ B H ~ K ~ H H H  

B cpene y xoma 3a qemi --zi yc+ra~asmmaemn H e x o T o p o e  p a~aosec~oe  3 ~ a -  
¶ e H E e  sap-a Zeo<ZB, KOTOpOe COOTBeTCTByeT O ~ ~ H T ~ J T ~ H O ~ ~  CROPOCTH nOCJIeA- 

238 
H e r o  C B R ~ ~ H H O T O  3 n e ~ ~ p o ~ a  -VB. AJIII HOHOB y p a H a  U92 e a~eprneii E,= 

1 
1 

=10 I'3B (VB=0,9.10i0 c ~ l c )  H M e e M  2,*=77, In A B m 3 + 5 ,  - m.VB2=23 K ~ B ,  
2 

\ .tJ~b,*0,05 ( 2 ~ r d m , V ~ ' ) .  
JIemo IIOHIIT~, ¶TO ~ J I ~ K T P W ~ ~ K O ~  none d?,, ~ o a ~ ~ x a l o ~ q e e  B n p o ~ o m e f  

c p e p  as-sa p a s ~ e n e ~ ~ n  sapaga rrpx uo6~pxp~es EOHOB ~ 6 ~ x 3 ~  z=0, H e  HO- 

B e T  I ~ e B W X O ~ T b  PaBHOBeCHOrO 3 H a ¶ e H H R  

'I' W B  Aizi In Aei 



rge YiO=VB/iOio CM-c". AJIR T o p M c m t e m n  HOHOB ypma c a ~ e p r ~ e i i  10 raB 
B CBBHqe  IIPE ' P e u n e p a T y p e  T--0,3 xaB E 2,-20 Hareea r  F,,/F-10-7WiI, 
a,, ( J V ~ - -  ~ O - ~ W , ~ .  

n0@~0flf3 K BOIIPOCy 0 ~ 0 3 6 y X t ~ e H E E  I I S I ~ ~ M ~ E C H ~ I X  R O B ~ ~ ~ H H & ,  IIPeXge BCe- 

KY3 OTMeTHM, ¶TO B I I O E O ~ ~ % C H  C B E ~ O B O ~ ~  I I J I a 3 Y e  I IPH H O P M ~ J I ~ H O %  IYIOTHO- 
G T E  H T e M I I e p a T y p e  -0,3 K ~ B  B p e M R  BbIPBBHEBaHHR ~ J I ~ K T P O H H O ~ ~  H HOHHOB 
TBMIIBP-, 7,tw1O-" C, MHOrO M e H b m e  AJIETeJIbHOCTE EMIIYJIbCa At~10- '  C, 

B cmy Per0 I I J I ~ ~ M ~  B c e r n a  H ~ O T ~ P I M H P H ~  (T,=Tc).  OTMOTHM, PTO p e T  rEgpo- 
a x H a m n e c K o r o  pasm~a  c K o p e e  B c e m  H e  n o m m e T  HEI aTy oqemy, IIOCKOB- 
sy ~a-aa a p a 6 a ~ m e c ~ o r o  oxzamnemn IIPE p a m e T e  x a p a K T e p H o e  spem 
P3J?eTa BCe P a B H O  H e  CMOJKeT C T a T b  C m e C T B e H H O  M e H b m e  B p e M e H H  o6~1y~e- 
mII At. X O ~ O I U O  E3BeCTH0,  ¶TO B H ~ o T ~ P M E ¶ H o ~ ~ [  IIJIa3Ye, c o c ~ o q e H  H 3  HOHOB 

~ % 8 ~ 0 i i [  KPaTHOCTH 2 t w i ,  H-O-3BmOBBR BeTBb ~ 0 ~ 1 e 6 a ~ d i  H e  B O ~ ~ Y Z I ~ ~ ~ B T C R .  
B H a m e a r  m a e ,  x a K  n o x a a s ~ a ~ o ~  npmHe o q e H m ,  HOHHO-BB~KOBOB B ~ T B ~ I O  
Mo%CEO ~#e~&pepb  E I I p H  ZiBl, IIOCKOJIbKY M ~ X C H M ~ J I ~ &  E H K p e M e E T  B03- 

6ywv351s m x  BOJIH c o c T a m n e T  ~ H W  M a w  Aonm -- (velVB) ' (optlop,) G 
<lOA,  OT mxpexema pacxawsi n e H r a r m p o B c m x  ~ o n e B a ~ n f ,  onpenennearoro 
eqaxcemex ( f 0 )  (CM. muse). 

~ O C K O J I ~ K ~  OI ITHManbHbIe  yCSIOBHJ3 PiICKaPECH peUIE3YIOTCR AJI% 3feHrMR)POB- - 
CKEX BOJIH c ~ ~ ~ O B H M H  C K O ~ O C T R Y H  0/k=V~~v,=1T/rn,=1,3.10~ TSealh, 3a- 
T ] r x a m e M  J I a H A a y  MOXHO 11pe~e6penb, E pcnepcaromoe c o o T H o m e H z i e  m e -  - 3w [71 

L 

i=-- 
o2 2 (s) '[ 1-2t erp(-E') 5 exp (l) d t + i & ~  exp (-ti) ] , 

f 9 

Nte H Na - COOTB~TCTB~HBO ~ o ~ q e m p x q m  CBO~O- ~ ~ ~ K T ~ O H O B  c p e p  II 
 mom^ nyqxa. Hac m T e p e c y e T  pememe (7) B sipgene 

VB Ez=(%-)a<A+< O p e  AVB 4 

(~313mnme grra H a m e r o  C J r y n a a  ~ H ~ W H H ~  hrdvB- ( 2 i 3 )  .ika, f -lo-'), 
xorga n p E c y T c T B H e  ~ C T H ~  nyma n p a K T w e c m  rre c~a-e~cn H a  a ~ a n e -  
HEKX PaCTOTbI JIeHrMIOPOBCKEX xo~1e6amB OB€Ops, a HeOIQeneJ IeHHOCTb @a- 
30~0% CKOPOCTH r / k ,  O ~ H ~ ~ H H B P  3aTYXaHXE0, m O r O  M e H b l I R  padpoca CKOpO- 

c ~ e f  B I l y S X e  AVB. B PTOM cJIyPae M ~ K c H M ~ J I ~ ~ I ~ ~  HHKPeMeHT H a p a C T a H H I I  
X O X ~ ~ ~ H E ~  - 

ymar'l~/2etZ~p,  (10) 



AJIR HOHOB y p a H a  C pa36poco~ C K O ~ O C T ~ ~ ~  A V B / v ~ = 2 ' 1 0 - ~ ,  HCIIbITbIBaIOIQHX 

TOpMOXeHHe B 2 0 - K ~ ~ T H O  HOHH30BaHHOM CBHHqe,  ' y m a x ~ b r ~ O , l W i s ,  H -0BaFI 

H ~ Y C T O ~ ~ ¶ H B O C T ~  H e  YCIIeBaeT pa3BHTbCR. OTM~THM, ¶TO eCJIH YCJIOBHe (11) 
H a p y l I I a e T C R  H,  C K a X e M ,  AVB/VB<IO-~, TO B O ~ ~ Y X A ~ H H ~  JIeHI'MIOpOBCKHX 

K o J I ~ ~ ~ H H ~ ~  IIpII06pe~ae~ ~ o r e p e ~ ~ ~ b ~ f i  X a p a K T e p ,  XI 3 H a ¶ e H H R  r,, MOrYT H a  

Asa n o p H A K a  n p e s b I m a T b  I r o n y n e H H b I e  B b I m e  3 ~ a g e ~ ~ ~ .  

COOTBeTCTBYIOIQHX TOPMOXeHHIO 1) H a  CBH3aHHbIX 3JIeKTPOHaX aTOMOB H BTOM- 

HbIX OCTBTKOB, 2) H a  CBO~OAHHX 3 a p R A a X  IIJIa3MbI H 3) H a  He3KpaHHPOBaH-  

H ~ I X  s a p ~ ~ a x  R A e p .  

T O ~ M O X ~ H H ~  H a  R a p a x  CTaHOBHTCR CYIQeCTBeHHbIM JIHIUb AJIH TRXeJIb IX 

HOHOB I IPH 3 H e p r H R X  EB/AB<O,~ M3B, II03TOMY er0 MOHEHO YPeCTb C IIOMOQbH) 

AOCTaTO¶HO I I ~ o c T o ~ ~  @oPMYJI~I [5] 

rAt? Ni - PIICJIO H A e p  COpTa i C IIOpRAKOBbIM HOMepOM Z, H aTOMHbIM BeCOM A i  
B enmnqe o 6 a e ~ a ,  Ry=mee4/2h2=13,6 3B. CDop~yza (14) H a n n c a H a  B npn- 
~ J I H X ~ H H H  fLv~j/Z~z,e~<I, K O r A a  KyJIOHOBCKOe paCCt?HHH€? M O X e T  6 b 1 ~ b  OIIHCa- 

HO B P a M K a X  K J ~ ~ C C H ¶ ~ C K O ~ ~  MeXaHHKH. ~ O C K O J I ~ K Y  BKJIaA F ,  B a X e H  JIHmb 

IIPH ZB>l (HJITIH Z,>I), TO K n a c c n g e c x o e  I I P H ~ J I H X ~ H ~ I ~  B AaHHoM cnygae xo- 
POIIIO COOTBeTCTByeT ~ ~ ~ ~ ~ C T B H T ~ J I ~ H O C T H .  

T o p ~ o x e m e  H a  C B O ~ O A H ~ I X  3 a p H A a X  OIIHCbIBaeTCH CyQeCTBeHHO 6onee rp0- 
M03AKHMH B b I p a X e H H H M H .  G-JwIMS~PYR p e 3 y J I b T a T b I  q e J I O r 0  P R A a  T e O p e T H s e -  

CKHX H C C J I ~ A O B ~ H H H  [8-1 I], p a H e e  [3j 6m1a I I p e A J I o z e H a  c n e A y m q a H  an- 
IIpOKCHMaqHOHHaR @opMyJIa:  

F3=* 
1 

he4z8'2 [ N~.G. (x,) - ln (I + 
me VB2 2 



rne Ae=me/m,=1/1836, ze=i,  y=exp ( C )  =1,781. 3 ~ a  + o p M y J I a  A o c T a T o n H o  

TO¶HO ( ~ ~ c o J I I O T H ~ R  IIOrPeIIIHOCTb 1Il Ate HHI'Ae H e  l r p e B O C X O ~ H T  0,l) ySHTbI-  

B a e T  K a K  I IepeXOA OT K B B H T O B O ~ ~  aCHMIITOTHKH (ftVea'/Za,$2>>1) K KJIaCCWe-  

CKOG (hVeB@/Z,,y52<< I) ,  T a K  H OT ( ( C B ~ P X ~ B Y K O B O ~ O  ( X e B  1) K ( ( A O ~ B Y K O B O ~ B  

(xe<l). 3 + + e ~ ~ b I  HeHAeaJIbHOCTH YPTeHbI  B IIPH~JIHHC~HHH CHJIbHOI'O 3 K p a -  

HHPOBaHHR [Ill .  ra3 CBO~OAHHX 3JIeKTPOHOB IIpeAIIOJIaraeTCII  H e B h I p O X n e H -  

HbIM. OTM~THM, ¶TO A 0  CHX I IOp  H e  6b1no IIOCTaBJIeHO AOCTaTO¶HO TOPHbIX 

3KCIIePHMeHTOB, I IOBBOJIRIO~HX IIPOBePHTb TeOpeTHPeCKHe Pe3YJIbTaTbI,  JIe- 

X a W H e  B OCHOBe @0pMyJIbI  (15). 
T O ~ M O X ~ H E ~  H a  CBR3aHHbIX 3JIeKTpOHaX XOPOIIIO H3YPeHO B C J I y P a e  XO- 

J I O A H O ~  CpeAbI, C O C T O H ~ ~ ~  H 3  H € ? ~ ~ [ T ~ ~ J I ~ H ~ I x  BTOMOB. @0pMJ'JIa AJIR F b  AOCTa- 

TOPHO IIpOCTa,  KOrAa  CKOPOCTb V B  CyIL(eCTBeHH0 IIpeBOCXOAHT 0 p 6 H ~ a J I b ~ b I e  

CKOPOCTH BCeX aTOMHbIX 3JIeKTPOHOB.  OH^ COJ(epHCHT JIHIIIb OAHH 3 M I I H P W e -  

C X H ~ ~  I I a p a M e T p  <l i> - c p e ~ ~ ~ f i  IIOTeHqHaJI  HOHHBaqHH, K O T O P M ~  H e  3aBHCHT 
1 

OT VB.  EcJIH W e  A m e V ~ 2  < & , r j ,  TO ~ e o 6 x o ~ m ~ o  BBOAHTb IIOIIpaBKH H a  T a K  
2 

3Ia3b1~ae~bI6 3 @ @ e K ~  o ~ O J I O P ~ K ,  T. e. YnHTbIBaTb  3aBHCHMOCTb <Ii> OT VB. 3 ~ a -  
¶eHHR 3THX IIOlrPaBOK K H a C T O R q e M Y  B p e M e H H  TeOpeTHneCKH BbIPHCJIeHbI 

JIHIIIb AJIR K- H L-O~OJIOP~K. ~ O C K O J I ~ K Y  B H H T e p e C Y I O q e M  H a C  AHaI Ia3OHe 

C X O ~ O C T ~ ~  H ~ O ~ X O A H M O  F H T b I B a T b  H 60nee BbICOKHe O~OJIO¶KH, a TaKHCe YMeTb 

HaXORHTb HeH3BeCTHbIe H 3  3KCIIepHMeHTa  3 H a s e H H R  (1%) AJIII HOHOB B~ICOKOB 
KPaTHOCTH ( ~ a n p ~ ~ e p ,  AJIR HOHOB CBZfHqa KPaTHOCTH 2-20-40) ,  MbI HCIIOJIb- 

3OBaJIH I I ~ H ~ J I H X ~ H H ~ K I  IIpOIi$Aypy OUeHKH <Ii), IIPeAJIOWeHHYEO P a H e e  B [3] : 

B 6 0 p ~ y J I e  (16a) k - HOMep no~o60~1osm C KBaHTOBbIMH ¶HCJIaMH (a, I?, j ) ;  
dc'* - HOMep C ~ M O ~  B H ~ I I I H ~ ~ ~  IIOAO~OJIOPKH, H a  K O T O P O ~ ~  e C T b  XOTII 6b1 OAHH 

3JIeKTpOH; k *  - H O M e p  C ~ M O ~  B H Y T P ~ H H ~ ~ ~  IIOAO~OJIOVKH, AJIII KOTOPOB 
1 

- ?&V~~>&'  ; n"f) - ¶HCJIO 3JleKTpOHOB H a  k-fi I I O ~ O ~ O J I O ~ I C ~ ,  OCTaBIIIeeCR 
2 

T a M  IIOCJIe Z ~ - K ~ ~ T H O ~  H o H H ~ ~ I J H H ;  ~ f )  - 3HePI'HII OTPbIBa 3JIeKTPOHa C k-5 
~ O A O ~ O J I O P K H ,  KOTOPYIO AJIR Zi-KpaTHOrO EIOHa MOXHO OQeHHTb COrJIaCHO 

a ~ p a x e ~ n e  (16) nepexopmo B xopomo ~ s ~ e c ~ ~ m e  @ o p a 6 y m  Bopa 1121 E 
H E e ~ e  [13] C 3KCIIePHMeHTaJIbHO H 3 M e P e H H W E  SHaSeHHRMH <It), 

523 



~IPOBOW cpameme TOPMO~HHX C I I O C O ~ H O C T ~ Z ~ [  F E 11po6eron R, B ~ H C -  
J Ie3HMX IIO I IpHBeAeHHbI l r  BldIUe @ p b l y J I a ~ ,  C HaHHbIMH 3KCIIePEMeHTOB HG 
~ ~ M ~ A J I ~ H H I ~  HOHOB B XOJIOAHOLI B e q e c T B e ,  M ~ I  n p e c n e R y e M  Rse qem:  I) oqe- 
HHTb IIOrpeIIIHOCTb HCIIOJIb3YeMOI'O HBME I I P H ~ J I H H E ~ H H O ~ O  MeTOAa P e T a  3@- 
4 e ~ ~ a  o6011ose~; 2) I I O J I P H T b  @OPMYJIY AJIR BMPHCJIeHHR ~ # J # J ~ K T H B H O T O  38- 

pma ZaQl HOHOB B I I y s K e .  M ~ I  BbIE'yXAeHbI OTKa3aTbCH OT HClTOJIb30BaHHfK 

O ~ ~ ~ I I P H H ~ ~ I X  BMIIHPHPeCKHX B X P B X ~ H ~  AJIR Zgo (cM., H a I I P E M e P ,  [ I4]) ,  
det 

TfiR KEK OHH BMBeAeHbI B I I P e ~ O J I O S e H H H  Z*'=F (Z,, va) /F (1, v ~ ) ,  KOTOpOe 

30 YPHTbIBaeT 3aBHCHMOCTb @~KTOPOB 3s H 3  (16) 0 T  &,. P S y J I b T a T e ,  IIO- 
CKOJfbKy H a  CaMOM E e J I e  B e J I P m E E H  Bi &JIR TRffCeJIbIX EOHOB BeCbMa SYBCTBH- 
T ~ H H  K B m e H m M  2-, E~@@~KTHB& sapan, s ~ s ~ c a e ~ a ~ f i  m ~ H M  +op- 
XJVIU,  BfOXeT CHJIbHO OTSIFIaTbCR OT PeaJIbFIOrO PaBHOBeCHOI'Q 3 H a ¶ e H E H  3a- 
pHJ(Z4 H O H m  B m e ,  P C O T O ~  HaM H ~ X O # X M  W H  O q 4 ? m E  p a 3 J I H ~ b I X  #JH'dH- 
n e c K H x  B e n m l r r e  masaza - ~ = I O K .  



*KT O ~ O J I O P ~ K  npoqe B c e r o  s i c c s e A o a a T b  H a  nysxax IIPOTOHOB, s a ~ e n -  
J I H I O ~ X C X  B cpemx c BMCOKHMH Zi. IIOCKOJI~KY AJIH IIPOTOHOB OTJIH~HH Z* 
OT eJJXHmH MaJIH H M O V T  6 h T ~ b  y P T e H h I  C IIOMOII(EJ0 O ~ ~ ~ I I P H H R T ~ I X  *OP- 

MYJI [44], TO B@&~KT O ~ O J I O P ~ K  B  TOM cnygae B M c T y n a e T  K a K  6b1 B PECTOM 

BHae .  K p o ~ e  TOrO, AJIH IIPOTOHOB HaKOIIJIeHO OrpOMHOe KOJIH¶eCTBO 3KCnepH-  

BleHTaJIbHbIX AaHHfrlX. 

Ha PHC. 1 p a c c P H T a H w I e  s ~ a s e ~ ~ ~  (canomme JIHHEE) TOPMO~HOG cnoc06- 
H W T H  F / p  P R A a  B e m e C T B  CPaBHHBaIoTCR C 3KCIIePHMeHTaSIbHbIME AaHHhTMH 

~3 115, 461. C ~ a m n  H a  r p a + ~ ~ a x  F/p o T p a x m T  n o e J I e A o s a T e n H o e  QBLIIUIIO- 

¶eHHe*  BHYTPeHHHX I I 0 ~ 0 6 0 J I 0 f e ~  aTOMOB C p e W  I IPH AOCTHXeHHE YCJIOBHII. 

IIpoqembI y g e T a  060~1ose~ H e  I I p e B m a e T  25-3O0h B cpeAax c 2 2 4 0  H MO- 

X e T  AOCTHraTb MHOXHTedIH 1,5-2 n p H  3 H e p r H H x  E B / A B < 0 , 5  M3B B C p e n a X  

C Zic40. JIIO~OIIMTHO, ¶TO H C I I O J I ~ ~ O B ~ H H ~ T ~ ~  H a m  I I P H ~ J I H x ~ H H ~ I ~  MeTOA P e -  
T a  s$cjje~~a 06onose~, x a K  n p a B H n o ,  3 a s N m a e T  T O P M O ~ H ~ H )  CI IOCO~HOCT~.  

B 3aKJIIo¶eHHe OTMeTHM, ¶TO H e T  H E K I K H X  O C H O B ~ H H ~ ~  AJIH CJ'I4eCTBeHHHX 

O T H H P H ~  TOPHOCTH H c I I O J I ~ ~ ~ B ~ H H D ~  I I P O q e m P E d  B C q ¶ a e  H ~ ~ ~ T P ~ J I ~ H H X  aTO- 

MOB H B CJEYPaf? HOHOB IIPOH~BOJILHOH KPBTHOCTH. 

AJIH HCCJIeAOBaHHH 3BBHCHMOCTH ~ @ @ ~ X T E B H O T O  3 a p H A a  Z.@ OT CKOPOCTE 

VB H IIOPRAKOBOrO H O M e p a  HOHa ZB qe~iecoo6pa~~o  PaCCMOTpeTb TOPMOHteHH€? 

TH?KeJrbIX HOHOB ( ~ B B  1) B JIel'KHX B e q e C T B a X  ( Z i ~ ' l +  1 0) , -rAe IIOIIpaBKE H a  

3 M e ~  06onose~ MaJIbI. O A H ~ K O  ~ K c I I ~ ~ H M ~ H T ~ J I ~ H ~ I ~ ~  M a T e p E a J I  IIO 3 U e A J I e -  

MOHteT CJIYXHTb X O ~ H M  O T I I P B H h I M  83 iaPBHEeM I I P H  O q e H K e  X O m e H T P E q E E  

BdIOtrreHHH a H e V  B T e P M O I I ~ e ~ H ~  M H m e H b .  B ~a6-e I IPEBeAeHbI  BbIPHC- 

ne-e masemm K y n o H o B c K o r o  npo6era R HOHOB UZSB B X o n o A H o M  C B H H q e  
A J ~ X  H ~ C K O B ~ ~ ~  s ~ a s e m i  a H e p m r  Es. T H I I H P a a H  n o r p e m o c T b  B m c n e H -  

H m  1rpo6ero~ H e  ~ m ~ t 3 a  I I p e B O C X O ~ b  10-15%. 



AJIH BbIRBJIeHHR POJIH TeMIIepaTypHbIX ~ @ @ ~ ? K T o B  MbI PaCCMOTPeJIH MO- 

J (eJ Ib~hI f l  3KCIIepHMeHT DO H a r p e B y  IIJIOCKO~~ C B H H ~ O B O ~ ~  ((CTeHKH)) (IIJIOT- 
EOCTbH) ~ = 1 0  ~ / c M ~ )  IIYPKOM HOHOB Y p a H a  C 3 ~ e p I ' H e f i  10 r3B K MO4HOCTbH) 

WB=10'5 BT/CM' B T e g e H H e  10 HC. P a c r n n p e ~ ~ e ~  H o x n a x A e H H e M  ((CTeHxH)) 

npe~e6peranocb. I I o c x e ~ ~ e e  O ~ C T O H T ~ J ~ ~ C T B O  o s ~ a s a e ~ ,  PTO n o n y . r e H H u e  B 

PHC. 3. Pa~lIpeneJIeEEe ~ 0 ~ ~ 0 3 ~ 0 %  C I I O C O ~ H O C ~  (II~@IIOP~IIO- 
~anbaoi i  CKOPOCTH BMaeneHm aaeprmi) B c~aaqoaoiir nHrneHH 
(p=10 r / c ~ ~ ) ,  06~1ysae~oiir nygIcoM H ~ H O B  ypaHa c ~ a s a n a ~ o i i  
3HeplTIe& EB=lO raB H IIHTeHCEBHOCTbIO l o f 5  BT/cM~, B pas- 
JIE¶HbIe MOMeHTbI BpeMeHE: 0 - t=O; 1 - t=1,25 HC; 2 - 5 HC; 

3- 10 HC 

PHC. 4. P a c n p e ~ e n e ~ ~ e  TeasnepaTypH ( c u n o r u ~ ~ e  KpEBbIe, aesaE oca 
o p ~ m i a ~ )  E cTeneax E O H E ~ ~ ~ ~ E E  ( m ~ p ~ x o s w e  JIHHHH, IIpaBaR ocb 
OPRHHBT) B C B H H ~ O B O ~  MEIIIeHE B pasJIEf¶HFde MOMeHTbI BpeMeHE: 1 - 

t=1,25 HC; 2 - 5 HC; 3 - 10 ac 

JaHHoM p a c P e T e  S H ~ S ~ H H R  T e M n e p a T y p b I  H cTeIIeHH n o ~ r n a a q ~ ~  RBJIRFOTCR H a  

CaMOM AeJIe JIHIUb BePXHHMH OrpaHEi¶eHHRMH. P ~ B E O B ~ C H ~ R  CTeIIeHb HOHH38- 

qHkl. CBHHqa ( B ~ ~ M H  yCTaHOBJIeHHR HOHH3aqHOHHOrO PaBHOBCCHfl --10-'' C )  

o q e ~ n s a n a c b  B I I P H ~ J I H ~ ~ H H I I  Paiiaepa 1241. 



npFi @ H K C H P O B ~ H H O ~  HHTeHCHBHOCTH I I y ¶ K a  CKOpOCTb BbIAeJIeHHH 3 H e p r H B  

B M H m e H H  I I p O I I O p I p O H a J I b H a  ~ o p ~ 0 3 ~ 0 i i  CIIOCO~HOCTH BeIqeCTBa  - d E B / p d x =  

=Flp. P p a @ ~ m  p a c n p e A e n e H H n  n o c ~ ~ e ~ ~ e f i  B C B H H ~ O B O H  M m e H H  B paanw- 
H b I e  MOMeHTbI B p e M e H H  I I p H B e A e H H  H a  PHC. 3. COOTB~TCTBYIOIQH~ PaCI IpeAe-  

JIeHHR T e M I I e p a T Y p b I  T H CTeIIeHH HOHH3a4HH Zi  IIQKa3aHbI H a  PHC. 4. Cpa3y 
6pocae~cn B rJIa3a, ¶TO YBeJIH¶eHHe T e M I I e p a T y p b I  BIIJIOTb A 0  3~a¶l?Ii& 
--500-700 3B c p a B H H T e n b H o  cna60 C K ~ ~ E J B ~ ~ T C R  H a  p a c n p e A e n e H H H  s M A e  

m q e f i c a  3 ~ e p r ~ ~ :  AJIHH~I npo6ero~ B ropmeB C B H H ~ O B O ~  n n a 3 ~ e  OTJInna-  

IOTCH H e  6onee 4 e M  H a  k15°/0 OT npo6era B XOJIOAHOM Pb, I I p H s e M  H a r p e B  go 
T e M E e p a T y p  T--200 3 3  C o n p o B o x A a e T c ~  C H a q a n a  y B e s m e H H e M  npoGera, noc- 
Jre  nero n p H  ~ a n b ~ e f m e ~  p o c T e  T n p o H c x o A H T  O q y T n M o e  ero c o K p a q e H H e .  

~ ¶ ~ C T B ~ H H O  TaKOe IIOBeAeHHe O ~ ' ~ R C H R ~ ? T C R  CABHI'OM HOHH3aqHOHHOI'O P a B -  

HOBeCHR B CTOPOHY BCe ~ O J I ~ I I I H X  3 ~ a ¶ e ~ H i j [  Zi, I IPHBOAIIqHM K CO0TBeTCTBYH)- 

W H M  H3MeHeHHRM KYJIOHOBCKOI'O J I o ~ ~ P H @ M E ~  B (3) (B (tCBepX3ByKOBOM)) 

p e m n M e  m,VBZ>T s ~ a s e ~ ~ e  xorapn@~a IIPRMO OT T e M r r e p a T y p M  H e  3a~n-  
CHT) . 

~ O C K O J I ~ K Y  IIPOH3BeAeHHe Ne lIl A B  MOHEHO IIPeACTaBHTb K a K  C Y M W  IIO 

BCeM 3JIeKTPOHaM HHHHBHJQ'aJIbHbIX 3 ~ a q e ~ H i j [  J I o r a p H @ ~ a  In A, TO H3MeHe- 

H H e  N ,  lIl AB B Pe3YJIbTaTe  0 ¶ e p e ~ ~ 0 6  HOHH3aqHH 06113a~0 B O ~ A ~ ~ ~ C T B H I O  ABYX 

@~KTOPOB: 1) YBeJIHPeHHIO 3 H a P e H H R  A y T o r 0  aJIeKTpOHa,  KOTOP~IH IIepe- 
XOAHT H 3  CBH3aEHOrO COCTORHHR B C B O ~ O A H O ~ ;  2) YMeHbIJIeHHIO ~ H ~ P I ~ H H ~  

lil A K a K  y C B O ~ O A H ~ I X ,  T a K  H Y CBIE3aHHbIX 3JIeKTPOHOB, H e  YPaCTBYfOqHX 

B HOHH3aqHOHHOM I IepeXOAe,  B p e 3 y J I b T a T e  B 0 3 p a C T a H H R  K a K  I I J I ~ ~ M ~ H H o ~ ,  

T a K  H aTOMHbIX ¶aCTOT I I p H  HOHH3aqHH. A ~ ~ ~ c T B E ~  I IepBOrO @ ~ K T O P ~ ,  npeo6- 
JIaAaIOIt(er0 I IPH 2 2 2 2 0 ,  IIPHBOAHT K COKpaIqeHHIO npo6era, TOrAa  K a K  A ~ ~ C T -  
m e  B T o p o r o  (npeo6~1a~a101qero npzi z,<20) - K ero poc~y. ECpo~e T o r o ,  He-  

K o T o p o e  c o K p a I q e H H e  npo6era npn BHCOKHX T e M n e p a T y p a x  n p o n c x o p T  ~ 3 - 3 8  
TOrO, ¶TO 3 H a 9 e H H e  Z,* H e  M O X e T  CTaTb  MeHbIUe ,  ¶ e M  PaBHOBeCHaR C T e I I e H b  

HOHH3apHH Y p a H a .  

ApyroG B ~ Z H O ~ ~  O C O ~ ~ H H O C T ~ I O  P ~ C C W T ~ H H O ~  MOAeJIH RBJIReTCR CPaBHH- 

T e n b H o  cna60e (npn TG400 3B) ~ o a p a c ~ a m e  F K K O H ~ Y  npo6era, n s sec~~oe -  
IIOA H a 3 B a H H e M  6 p 3 r r o ~ c ~ o r o  IIHKa. B HaI I IeM CJIJTae ~ P ~ ~ ~ O B C K H ~  IIHK CrJIB- 

X e H  6 J I a r o ~ a p R  A ~ ~ ~ C T B H H )  ABYX @~KTOPOB: 1) YMeHbIIIeHHIO H 2) YMeEb-  

m e H H m  c p e A H e r o  ~ H ~ ~ ~ H H I I  K y x o H o B c K o r o  norapn@~a, onncmamqero TOP- 
MOWeHHe H a  CBR3aHHbIX 3JIeKTPOHaX (16), 110 M e p e  I I aAeHHR CKOPOCTE HOHOB 

Vs. c H J I b ~ 0 e  CrJIaHEHBaHHe 6p3rro~c~oro I IHKa  RBJIIIeTCR AOBOJIbHO TEIIH9HbIM 

AXR 3iiMeAJIeRHEI TRXeJIb IX HOHOB B CpeAe ,  C O C T O H I C ( ~ ~ ~  H 3  aTOMOB C BbICOKHM 

n o p a A K o s b I M  H o M e p o M  IIPH T e m e p a T y p a x  TG400 3B. B pesynb~a~e ,  npn pac- 
¶ e T a X  TepMORAepHbIX h i H I I I e ~ e 6 ,  0 6 ~ 1 y s a e ~ ~ x  IIJTKBMH TRXeJIb IX HOHOB, B K a -  

¶eCTBe HeIIJIOXOI'O HyJIeBOrO I IPH~JIHHE~HHR MOHEHO llPOCTO IIOJIaFaTb, ¶TO BbI- 

AeJIeHHe 3 H e P r H H  H a  eAHHHqY MaCCbI Flp IIOCTORHHO H a  BC€!~  AJIHHe ~ ~ 0 6 0 ~ -  
HOrO npoGera, a IIOCJIeAEIOIO O q e H H B a T b  HCXOAR H 3  AaHHbIX AJIR XOJIOAHOrO 

B e q e c T s a .  

ABTOP~I I IPH3HaTeJ IbHbI  H. A. E O ~ P O B O ~ ,  B. C. MMII I~HHHKY H M. a. qy- 
p a 3 O B y  3a p R A  IIOJIe3HbIX 0 6 c y H E ~ e ~ ~ f i .  
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