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B B ~  neme 

Cpem nnas~e~wnr  MTOAOB, npmemeMux B mrynbcwax HCTOWEKBX 

pacnpocTpaiieime no- M T O ~  co B~PHBHOB . B ~ ~ H B O ~ ~ ~ ~ C C E O H H H ~  M T O ~  COCTORT 133 

OCHOBH~~X aneneMeHToB: nepexomwca E mmuiaTopa K ~ T O ~ O B  nna3~hl. llep&4 
aneMeHT n p e m a 3 ~ a s e ~  L W ~  aneKTpwecKoro coemeaarr c MTOLIHO~! H O ~ O B  
HCTOPIIHKa WleKTpOHOB, BTOPOB - JlJM @PMEPOBBHHII M T O ~ O B  IIJla3H6I. B 
M¶25?  EHl!W,EaTOpa M T O ~ O B  Ma3MH ECIIJlb3~TCR MHOr O C T ~ E & ~ H ~  C T P p -  

'WP T-e, xaK : JTepOAHO-BOJlO-CT&? CTpyKTypa/'/, HEO~E&-T&~T~-  

HOB= m T e m a x  c ~ p y ~ ~ y p a  c B e p x I r p o m m  m6eneB Tma HT-5d4' H 
/5,6/ AP- 

Y ~ ~ ~ ~ O L I H O - B O ~ O I M H C T H B  HmmaTop K B T O ~ O B  nm3m HaE6onee nomo 
OTBemeT IQlemeMHhl IIpOTEBopeWlBarar TpebOBaHSUTM. OH 06-eT CTOB- 
K O C T ~ D  K H O I M O ~ ~  ~ O M ~ ~ ~ A K ~ O B K ~ ,  meeT hnmmanbHoe Bpew 3a.ueP)ICKH TOM 

ngrIKa OTHOCHTeJlbHO RanpfiXeHfM E Ap. OCHOBHO~ er0 EOCTOWCTBO - B C O -  

maB r e o ~ e ~ p w e c &  K O ~ H I J E B E T  ycgneHm aneKTpHsecKoro n o m  Ha BonoK- 

H ~ X .  Oma~o Temmrmecme T P Y ~ O C T H  n o w e m  POBIIO~~ ~opuemti no- 
B~PWOCTH IIPHBOMT K npORanemm wfrPe~~a BK~BHHPOBKE aneKTpHgecKoro 
nom B pailo~e nepmworo KaTomoro cpaKena, B pe3ynb~a~e  sero n- 
m c R  o c w  Tom H a  wmynace Tom rrJrvKa aneKTpoHoJ5/, no-a- 
eTcR n o n e p e m  HeomopomocTb n n o m o c ~ ~  TOM nywa. 

B pa6o~e  PCCMaTpHBaeTCR TeWOJlOFER E3rOTOBJleHfM MTOAa CO 

BSPHBHO~~ amccneti 133 pnennacTmca, npnmmTcR pe3ymTam ~ 3 ~ e p e m d  

ero OCHOFIWX xaparcTepHcTm. 



I ~ E I ' O T O B J I ~ H H ~  3BrOTOBIUI HaPlWaeTCR C H3I'OTOBJleHHR I I p e I I p e r a  

MeTOAOM IIPOIIETKH JTJlep0~010fi TKaHE PaCTBOPOM @~~Jl-@Op~Wlb~[el%f.IpI~fi 
1 

CMOJIH H a  IIPOWTOWO~! M a n m e .  % T ~ M  ~ ~ O ~ ~ B O A H T C R  =mama npenpera c 
I 

a p m p o m m e M  no o c H o s e  TWU c nocne .nymm4 n p e c c o w a e M  npa mane- 
HHJl - 10 BTM. 

T e m e c m  o6Da60TKa cnpeccommoi aaroToBIcmr n p o a s ~ o m ~ c ~  npa 
T e m e p a T y p e  2 0 0 ~ ~  B T e s e m e  2.5-3 s a c o B  B c n e w a n b ~ o 9  nem. 

Mexamsecm o d ~ a 6 0 ~ 1 c a  B~I'OTOBKH H ~ O ~ X O W ~  AJM ~ ~ ~ H L I I I  ea 
a e o d x o ~ o i i  @opm II r e o M e T p m  m~0.w. 3 ~ a  onepaum o c y q e c T m -  

eTCR H a  TOKaPHOM EJM @ P ~ ~ ~ P H O M  CTaHKe. ~ o c J I ~  T ~ ~ ~ I H ~ ~ c K o #  O ~ P ~ ~ O T K H  

3al'UTOBKa 0 C b I m a e T  IIpO¶HOCTbB, A O C T ~ T O ~ O ~  U I c a ¶ e c T s e m d  

M ~ x ~ H E W I C K O ~ ~  O ~ ~ ~ ~ O T K L I .  aTOM TOP48BaR IIOB8pXHOCTb IcaTOJ@, 

H a  K O T O P O ~  @PMHPY~TCII KaTOLlKaR IIJla3Ma. MOIWT O ~ P ~ ~ ~ T H B ~ T ~ C R  C BbICO-- 

K O ~  CTeIIeHbD YYICTOTH O ~ ~ ~ ~ O T K H .  

U ~ C T H ~ ~ R  K a ~ d o H a a a u m  f i m e T c R  nocnemei onepaqHeii, n p H  KOTOPOP 
I OpraHH'4eCKaR CBR3Ka ( @ H o J ~ - @ o P M & ~ ~ A ~ ~ E J J ~ ~  C M O J ~ ~ )  IIO CIIewWlbHOMy 

T e p M w e c K o M y  p e l a w r y  n p e B p w a e T c a  B yrnepon. 
IIocne B a m o m e H m  scex y m s a ~ ~ ~ x  Bbrme 0ne-B K ~ T O A  H a  o c H o s e  

BOAOKHECTOrO J T J l e L M C T E M  IIpEI'OAeX AJM HCCJleAOBaHWI B HCTO¶HEKBX 

aJleKTpOHOB. 

% ~ K T D H ~ I ~ c K E ~  XaDFiKTeDS¶CTm KaTOllB 

Ha OCHOEEI npe,u,no]~~emoii B padore M e T o m  dvno H a r o T o a n e H o  HecKonb-  

KO K ~ T O A O B  c pasmwofi r e o ~ e ~ p ~ e f i  (pac. I) c 40% cTeneHbro  mpdomsa- 
UEE o ~ ~ " w E ¶ ~ c K o ~ ~  MaTPHqtr H 3  @ ~ 0 J l ~ ~ & n b A ~ ~ 0 ~  CMOJIH. B a M e T p  

JTJIep0,ItHHX BOJlOKOH h 8  MKM, a ,QlBMeTP MEKPCM~E~PHN~ -10" W. 

IIporrona~oe a n e K T p m e c K o e  c o n p o T a a n e m e  ( m o n b  BOAOKOH) -. 0, I OM-CM 

~ y y m o r o  mom. K ~ T O A  H ~ ~ O T O E J I ~ H  no n p e m o a t e ~ ~ o B  

m e  M e T o m m e .  AHOA n p e n c T a m m  ~s c e d ~  c e T K y  c memoit 1.5 x 1.5 Mh;2 
~3 H e p r a B e m s e B  c T a n a .  haneme o c r a T o n r r o r o  raaa B ~ a x y y ~ ~ o t 4  KaMepe 

' 

mom c o c ~ a a ~ ~ n o  ~ - I O - ~ T O ~ .  ANI ~ s ~ e p e m  BMECCHOHHHX x a p a ~ ~ e -  
PHCTIIK HCIIOJlb30BBnCR r e H e p a T O p  A p ~ c a q b e ~ a - M a p ~ ~ a  T H n a  IWI-500, a HNI 
noporoaix ~anpme~mil  a ~ m  m~omofi n a a s h w  - r e ~ e p a ~ o p  ~a ~ a b e a b -  

HOB gKIpqyxnueB JUWEE H m e p e m m  T o K a  n p m e m n c R  ~ E ~ R H A P  O a p a -  

AeR H EHT~~?PHPJTU&EB nOIiC POI'OBCKOI'O, AJM HCCBeAOBBHHFI MEKPOCTPYKTYPH 

- KOJUMKTOP C OTBePCTHeM EEW8TPOM OT 0.1 A 0  4 MM E TOKOIIPHeMHEK C 

W T O M  TORa. P e r H c ~ p a q ~ c r  MOMeHTa W p M E p O w M  (3aXliI 'aH~~) Ra~oLOIo f i  

IIJla3m OC]lqeCTBNLnaCb H a  ~ O K O I I O n O C H O M  O C ~ O ~ ~ @  UpH nOMOU UyHTa 

UOJUiOrO T o m  H @ O T O ~ ~ ~ K T P O H H O I ' O  Y M H O W T e m  TKIIa WY-87. Ha PHC. 2 
UpHBeAeHa 3aBklCHYOCTb HEiIIpJIX9HPIR Sa53I'aHEfI KBTOAHO~~ IIJla3MH u , OT 

pacc~bmm Mel&UJ aHOAOM H KaTOpOM (SBBHCEMOCTL 1 ) l I p ~  HBBI[BHEE OCTBTOP- 

H o r o  rasa - 5.10'~ TOP. ~ l s  nee -0, s T o  npn D 3 I5 MM ~a6mw.a- 
e T c R  ~ e m e i l w d  X a p a K T e p  samcmocm AJM AMHHX K~TOAOB. HSB~CTHO,  
¶TO CpeJlJlWf IIOpOrOBaA HaU-HHOCTb BJleKTPWeCKOrO IIONI ELp HNI 
ME~OWM O T D I O ~ O A H O ~ ~  R~TOAHOB ILRBSMH A o m a  Y A O ~ T B O P R T ~  ycno 

(1) 
me: K - K O ~ I # ~ ~ E ~ X T  y c r V l e m w  a n e K T p H c I e c K o r o  nom m m m a T v p o B  

K~TOAHOB nnasrn; 
U - H 8 l l P e H H e  H a  pprOL[e; 

D - paCCT0RHHe M e w  aHOAOM H KaTOAOH. 

A H W J E ~ H ~ ~ R  K P H B P  1 (PEC. 21, M O M 0  IIP8JIJIOJlal"aTb, ¶TO B meibiofi 
odnac~m K i m n n e T c R  m n ~ w o f i  IIOCTORHHO~~, C o c T a a R R e T  - I00 H onpe- 
n e m e T c R  r e o ~ e ~ p ~ e f i  C T ~ ~ K T ~ ~ Y  y r n e p o m h t x  BonoKoH. % ~ e ~ , H a m  c 
D> I5 MM, 8Ha¶eHHe K V e H b U a e T C R  H I lBNIeTCR BeJlE¶KH09 U ~ P ~ M ~ H H O ~ ~ .  

C mJlE¶eHEeM Z) T e r n  POCTa K IIaJIaeT. 3 ~ 0 ,  IIO B C ~ &  BWCdMOCTH,CBR- 

3aHO C H W ~ E ~ M  HeIIOJUiOCTbD K ~ ~ ~ O H E ~ O M H H O B  o ~ I ' E U I E ~ X ~ C K O ~  MaTPlUW 

(CBIISKH) , y KOTO~OB m a n e K T p H s e c K a n  n p o I w I a e M o c T b  6 - 6+8. Hanwae 
m a n e K T p w e c m x  se fi np~BoLIPrT K ycxnemm a a e K T p w e c K o r o  no- H a  

9 0 7  U O ~ p X H O C T H  R a T O m  H K H€JJIEH€J~~~ocTH K B 3aBECEMOCTH OT ?) . 
~ I T ~ ~ ~ c H o  COBMeCTHTb C J W ~ ~ ~ H H O B  3aBECEMOCTbD (RPHBBR I, pHc .2 )  

Ha BTOM X e  PHCJCRKe 38BECHYOCTb YpOaaR TOKOBbU OC- ' ' / g  UpH 

F e T p e  we- t$ = 0,2 UM, K P H ~  2 (PHC. 2) .  Ha p ~ c .  3 n p e n c T a B n e H a  

CXeMa TOKO- H ~ U ~ ~ B H H B .  Cepm O C m r P 8 M M  TO=, H 3 ~ e p e E H O r 0  38 

~eqema~ pasaoro m e T p a ,  n p H s e A e H a  rn pac. 4 AJM npemommoro B A ~ K H O ~  



pa60~e K a T O A a  (a) B DJU3 K a T O H a  E 3  jTJlep0&0# TKELHB, C B ~ P H Y T O ~ ~  B py- 
J I O H / ~ / ( ~ )  npkl H U p R . e H W  H a  A J l O a e  U =I0 X B , ~ ~ C C T O -  W O A O M  !il 

KaTOnOM = 10 MM. &l A p y r O M  P H C y H K e  ( ~ H c .  5 a,b,a,r)  I I p E B e n e H H  Ce- 

pm T ~ K K X  xe o c ~ o r p a ~ ~  T o K a  JJJM K~TOHOB (5 a, 61, JJJLR 
rp@a~omro K ~ T O A ~  c ~ e ~ a n m n e c ~ o #  ( 5 ~ )  H ~ . ~ T & I L R H Y ~ C K O ~ O  

m T o n a  (5r) n p E  H a n p m e H m  H a  moxe I50 KB PI P a c c T o m H  tmx,uy ~ H O H O M  

El KaTOnOM 10 MM. 

hc .3 .  C x e m  H ~ M ~ P ~ H H I I  TO- 

KOBHX XaPBKTePHCTEK:  

I - = T o n ;  2 - a t f o x ;  

3 - IIJTOK aJ leKTp0HOB;  

4 - KOhREIMaTOP C OT- 

B e p C T H e M  # 
(co rsenb lo)  ; 

5 - KOJUleKTOp C UJW- 
i 

TOM T o m ;  1. 
6 - o c w o r p @ .  

PKc. 4. C e p I l X  O C q H N l O r P a M M  T O M  n y Y K a  3JlEJKTPOHOB 38 KOn.ilEMa- 

TOPOM UPH pa3mx ~ H ~ Y ~ I I T ~ I M  m a M e T p a  qenn 4 npu 
p = I0 MM B ~anpme~m H a  moxe 10 KB: 

a )  K ~ T O H  ~3 B o n o m u c T o r o  y r n e n n a c r p r x a ;  

6) KaTOH 163 ~ F B ~ P O H H O ~ ~  TKaHU,  CBBPHJTO# B PYAOH. 

Jm nommm o 6 n x c ~ e ~ m  @ ~ m n e c ~ a x  npoueccoa B K ~ T O P H O ~ ~  11na3~e 
HBIIOMHAM, YTO ~ n e p O P H O e  BOAOKHO $lUBMeTPOM %I0 MKM COCTOEIT B 3  THCRY 

@ n 6 p ~ , c ~ . p ~ c . 6 .  Y r  e o B o n o m a M  npucyqa oco6o =coma npoy- 
HOCTb ( 6"- 2m0 f ~ ) ' ~ ' ~ T o p a R  O ~ ~ R C H X ~ T C X  COBepWf3HCTBOM CTPYK- 

T y p H  (MaJl0# nJlOTHOCTbD EEi~n01~aq~fi) E 3 - 3 a  O Y e H b  M a J l e H b K O r O  p a 3 M e p a  

MHKP@U~PW 20 HM. ~ I ~ O M H H M  T a m e ,  YTO KPHCT&NIAYeCKaR p e l U e T K a  

r p @ H ~ a  R B J M e T C R  I ' ~ K c ~ I ' o H ~ J ~ ~ H o #  H B ~ e f i  B IIAOCKOCTH OCHOBBHHII H ~ B C T -  
m T  CEYlbHHe KOBaTleHTHhle CUJIH, a M e w  OCHOBEiHkVfMH - cJla6~e C U J U  h 3 -  

n e p B a a n b c a .  Xpo~e ~ o r o  , rp@~m x a p a ~ ~ e p a 3 y e ~ c x  WCOIEHM K O W W ~ H T O M  

r a 3 o w e n e m f i .  

Tamw obpaao~  npu nonane H a  m~ox  w m r y n b c a  HanpJUlCemm H a  O C T ~ E -  

m @opmpye~cx ~ o m m  nnama E B c n e x c T s a e  @ $ e ~ ~ a  p e r e H e p a u m  wt- 
T O L M ~ ~ ~  W e n 0  fl' H ~ ~ J I D ~ ~ T c R  n W 0 C T b  wtT0- IIpOL(BCC0B. &WJlEY- 

HOCTb KBTOlOIbIX IIPOUeCCOB ~ ~ ' ~ R C A R B T C R  B03HHI(HOBeHE~M aMHCCElOHHOr0 UeH- 

T p a ,  ero m 6 e n b l o  E n o R a n e t I H e M  H o B o r o  ~ ~ C C ~ ~ O H H O ~ O  u e H T p a .  B ~ o f i  xe 
pa60~e/13/ w c K a s m a e T c R  npemonoxeme o TOM, Y T o  np-a B 3 p H m  

a m c c E o m o r o  u e H T p a ,  IIO--OM~, H ~ ~ O ~ T C R  B npouecce s s a R l a o x e 8 c ~ -  

awI ILRa3Mhl KaTOHHOrO WeJla C C MMBaJlJlOM. A ~ ~ ~ c T B E T ~ J ~ H o ,  O C W -  

m T O K ~  11- c M e T a h R H P e c r c o r o  K a T o n a  .npa ero ~ o m m ,  no Bcefi 



PEc. 5. CBPHR OC4lJlJlOl'pBMM TOKa aJleKTpOHOB S a  KOJLUlMaTOPOM 

npa pa3wrx a ~ a n e ~ ~ w  maure~pa nlem npn mqmcema 
sa moae 150 KB, D = I0 m: 
a) R a T O a  H 3  BOJlOKHHCTOI'O p 8 I I J l a C T H K a ;  6) K a T O a  H S  m e -  
pomiofi ~ m m ,  CBBPIIYTO~~ B pynon; B) rpa@x~o~b~ii ~ T O H  c 
~ e ~ a ~ w e c ~ o a  c e ~ ~ o i i ;  r)  M e r a h n a n e c m t l  =TOR. 

Iwauocm,ma BT& u o a e ~ ~  vomro 0 6 ' b ~ m r a .  O c w  TO= H a  rpagmro- 
BOY W T O ~  c M ~ T ~ J M E P ~ C K O ~ ~  c e r i c o a  onpeaenem, R ~ R  ~ O K ~ ~ H B Y D I T  a K c n e p E -  

W H W ,  R X e m 0 a  ~ 8 ~ a b n w e c ~ o f i  CeTKH,H TBWI;B Wl'P 6 ~ T b  o d l b ~ c n e m  p- 
SaHHHM Bmne M8xeRH3MOM. &YI?O~ H e n o  B038HEBeT.  KOrLIa bfi4 p a C C m T p a B e -  

8M ~ ~ O ~ ~ C + B O J ~ O I U X E C T I &  KaTOA. B a T W  C-8 C K e 3 W e T C R  IglCOKarr 
&2/ nponaocra yraepomdx EOJIOKOH a ero 4~6pgaa EI npoaaabno~ nanpaane . 

&c. 6. C T P Y K T Y ~ ~  PEC. 7. B ~ ~ ~ T W ~ P H H ~ R  X a p a K T e p n C T H K a  mom 
c K~TOAOM ~3 B o n o m c T o r o  yrnenna- 
CTEIKB; p a c c T o m n e  M e w  m o n o M  A 

KaTOAOM 1 CM, m a M e T P  M T O m  2 CM. 

= 600 
= - 

400 

200 

B p e 3 y n b ~ a ~ e  ~ T O ~ O  H e  H ~ ~ ~ A ~ ~ T C Z I  ~ e x m n r ~ e c ~ o r o  pa3pymem B o n o x o H  

n M ~ K P @ H ~ P H N ~  nomeMoTopHbWIH c H n m  IIPA nonage ~a JLEOA m m y n b c a  

HalTpwreHEfI. K ~ o M ~  TOI'O, TeMnepaTYpHHe p8XiM-H BOJlOKHHCThIX YTJlePOPILW 

m m u i a T o p o B  U T O ~ O ~ ~  nna3bm donee y c r o k ~ a b l  no omomearn x a T m  pe- 
XHMaM y M ~ T a J l J l F I e C K E X  OCTPS&HX EHKU.EaTOPOB. B COBOKyIIHOCTPI S T 0  II03- 

BOJMeT, no B C ~ B  BEDCMOCTPI, I Ipem(1IIBraTb,9TO M T O A  A 3  WJlePOLPIOrO B* 

noma H a u d o n e e  c ~ a d a n e ~  no ~ o x o o ~ d o p y  B pewwre B B P H B H O ~ ~  ~MECCEE 

3JleKTpOHOB. 

- 

- * 

- 

T8 OC- T o g a ,  KOTOpHe IIOfBJWBTCZI JjUi pJI8POJ&EO- 

BO.UORAHCTOl'0 I(BTOm, E13I'OTOBII8MIOI'O IIO ~ 8 3 p a d 0 ~ a ~ 1 0 a  TBXHOJIO- 

FEE, o 6 s R c ~ ~ c a  HaJIE¶EeM o p r a H E ¶ e c X o f i  MaTPHqbl. 

I I p o ~ e A e ~ w r e  a K c n e p m e a T H  n o ~ a 3 w ,  ¶TO ymepomo-~onom~c~& 
KaTOA 06Jlar[ae~ c ~ a d H n b H W d  TOKOOT~OPOM IIPH OTHOCETellbHO HH3KEX H a p Z i - .  

xemm H a  J L E O A ~  -10 KB. 
B o J l b T a w ~ e P H a ~  XapaKTepHCTHKa ,JP¶OAa C A m =  KaTOAOM IIPABeAeHa 

H a  PHC. 7. 113 H e e  EM.lWO, ¶TO BeJMYEHa T O K O O T ~ O P ~  COOTBeTCTBYeT 3aK+ 

HY P a P t n b m - J I e m m p a .  

00 ;o ido 151ou,d 




