


C O B C ~ M  HeAaBHO npeCCa,  PaAblO M TeneBMAeHMe MHOrMX CTpaH 
pacnpocTpaHMnM ceHcaunoHHoe coo6qe~ne n 3  CUlA o p e a n ~ a a u ~ n  yn- 
paBnReM9rO TepMORAepHOrO CMHTe3a B O W H b  npOCTblX M AOCTynHblX 

ycnoemx - npn a n e ~ ~ p o n ~ s e  ~ R M e n o i  BOAM c nannaAnesMM KaTo- 

AOM. no 3TMM Me KaHaJlaM MrHOBeHHO nOCneAOBanl4 MHOrOWlCJleHHble 

coo6qe~nn  o noATBepMAeHMn ~ T O ~ O  p e s y n b ~ a ~ a  M B A p y r M x  aapy- 
~ ~ M H ~ I x  l4 COBeTCTKMX MCCneAOBaTenbCKMX UeHTpaX. B HayqHblX ny6- 
n n K a u n R x  3 ~ n  ~ 0 0 6 4 e H M R  eqe He ycnenn noRBnTbcn .  M ~ I  pacnonara- 
eM TOnbKO KCePOKOnMRMM P Y K O ~ M C ~ ~  ABYX nepBblX p a 6 0 ~ ,  nOCJlaHHblX 
B n e q a T b :  M .@ne ima~a  n C . f l o ~ c a / l ~  n E . h o ~ c a  M ~ p . / ~ / .  

F ~ ~ B H ~ I M  t lpOTMBOpeWeM B 3TMX c o o 6 q e ~ n ~ x  RBJlfleTCR r p o ~ a ~ ~ e i -  
Wbli A ~ @ M ~ M T  (Sonee AeCRTbl ~ O ~ R A K O B ! )  BenMWlHbl M3MepReMOrO 
nOTOKa H ~ ~ T P O H O B  - 0 6 ~ 3 a ~ e n b H 0 r 0  IlPOAYKTa T ~ ~ M O R A ~ ~ H O ~  peaKl&lM 

d - d - no CpaBHeHMlO C TeM KOnMW?CTBOM, KOTOpOe COOTBeTCTBOBa- 
no  6b1 H ~ ~ J ~ ~ O A ~ ~ M O M Y  KOnHLfeCTBy T e n n a ,  Bbl3BaHHOMY, I70 MHeHHlO 

aBTOpOB, d - d - p e a ~ u ~ e i .  
Ecnn B 3TMX 3KCnepMMeHTaX A ~ ~ ~ c T B L ~ T ~ ~ ~ H o  Ha6nlO~aJlk lcb XOTR 6b1 

cna6ble H ~ ~ T P O H H ~ I ~  nOTOKH, TO OHM MOrnH 6 b l ~ b  Bbl3BaHM I lpOueCCa- 

Mkl , B KOTOpblX A C ~ T P O H ~ I  YCKOPRlOTCR nOKanbHblML4 3JleKTPMYeCKHMH 

nOn5lMM A0 3 H e p r b l i  B HeCKOnbKO KMnOBOIlbT, a H e  b l H ~ e H ~ I A @ k l ~ a u k l e f i  

peaKublbl d-d flOCpeACTBOM HeKOTOpOrO IlOAaBneHMfl KynOHOBCKOrO 

6apbepa 3 a  CqeT 3JleKTPOHHOrO 3KPaHMPOBaHMR BHyTpM PeWeTKM 

nannaAnR.  B npwiunne, HeKoTopbIe @ n a ~ ~ o - x ~ ~ n q e c ~ n e  n p o u e c c b l ,  

COnpOBOMAa~l l re  pa3pyWeHHe TBepAMX Ten ,  MOrYT Bbl3BaTb H3JlYLle- 

HMe ~ ~ H T ~ ~ H O B C K M X ~ ~ ~  M y-J l~W$l /~/ ,  a B p a 6 0 ~ e ' ~ '  CyqeCTByeT 

y ~ a s a ~ n e  H a  B ~ I X O A  H ~ ~ T P O H O B  ( A O  10 H/C) npn pasno~ax  K p n c T a n -  

nOB. 

UenblO H ~ c T o R ~ ~ ~  p a 6 0 ~ b l  RBJlReTCR nOnblTKa O ~ H ~ P Y M W T ~  c n a 6 ~ i  
nOTOK H ~ ~ T P O H O B ,  K O T O ~ ~ I ~ ,  BePORTHO (no HallleMy M H ~ H M ~ O ) ,  HHKa- 

KOrO OTHOWeHblR K XOJlOAHOMy RAepHOMY CMHTe3Y He MMeeT. 

B b l 3 b I ~ a e ~  TaKMe YAblBneHHe klCnOnb30BaHMe B p a 6 0 ~ a x '  ' kl' Me- 

TOAOB AeTeKTblpOBaHblR H ~ ~ T ~ O H O B ,  KOTOpble HeAOCTaTOqHO 3 o $ e ~ -  

TMBHbl. B H ~ c T o R ~ ~ ~  p a 6 0 ~ e  llpMMeH5lJlC5l AeTeKTOp TennOBblX H ~ E T -  
POHOB - 3 H e - n p o n o p u ~ o ~ a n b ~ b ~ e  c q e T w K n ,  oKpyMeHHMe B O A O ~ O A O -  
COAepMaqMM 3aMeAJlblTeneM 6 b l ~ ~ p b l ~  H ~ ~ T P O H O B .  ~ ~ O C K O ~ ~ K Y  nOLfTH 

~ a M ~ b l i  6 b I c ~ p b l i  H ~ ~ T P O H  (B  WCTHOCTM, kl OT d-d pea~uk l i )  n e p e A  

3aXBaTOM 3aMeAnReTCR A0 TeIlnOBblX 3 H e p r b l i ,  TO AeTeKTOpM T e n n o -  
BMX H ~ ~ T P O H O B  C 3aMeAflMTeneM RBllRlOTCR ~ ~ $ ~ K T M B H M M M  AeTeKTOpa- 
MM 6 b l c ~ p b l x  HC~~TPOHOB.  T a ~ o i  AeTeKTOp 0 6 J l a A a e ~  KaK B M C O K O ~ ~  3@- 
@CKTLIBHOCT~~O, TaK H HH3KHM C O ~ C T B ~ H H ~ I M  @OHOM. 



TOnbKO CaM nL4K B 3HePreTMqeCKOM MHTepBane (0,6 - 0,85) M3B, 

llOCKOnbKy B 3TOM MHTepBane OTHOweHble ~ ~ ~ K T / @ o H  3HaqklTenbHO 

BbUe. C YqeTOM 3TOrO ~ ~ ~ K T M B H O C T ~ ,  OnpeAeneHHan no ~ann6po- 
BOqHOMY P o - B ~ - M c T o ~ H L ~ K Y ,  HaXOARueMYCR B UeHTpe AeTeKTOpa, CO- 

cTasMna 5,546. 
@OH AeTeKTOPa B J ~ ~ ~ o ~ ~ T o ~ H o M  3AaHklkl flH@ COCTaBMJl: 6e3 3a- 

UMTbI - 1,5 C - ' ;  npM OKpyMeHMM KaAMMeM ( ~ M C T  T O ~ ~ M H O ~ ~  1 MM) - 
0,18 C -  l; npM OKpyMeHblM KaAMMeM kl nnL4TaMM kl3 ~ O ~ M ~ O B ~ H H O ~ O  

nOJlM3TMJleHa TonunHofi 5 CM - 0,06 c - ~ .  O K O ~ O  ~O~OBMHbl OCTaBUe- 

r O C R    OH^ ' 0,03 c - '  - COCTaBJlnlOT He H ~ ~ T P O H ~ I  ( ~ O C K O ~ ~ K ~  3T0 

pOBHaR IlO~JlOMKa K H ~ ~ ~ T P O H H O M Y  ~ M K Y ) .  3Ta n0AnOMKa Bbi3BaHa UM- 

POKVIM pacnpeAeneHMeM c MaKcnMyMoM B p a f i o ~ e  E = 2,3 MsB, npnpo- 
Aa 3TVIX MMnynbCOB HaM He nCHa (CM. p M C . 2 6 ) .  

3 a ~ e q e ~ 0 ,   TO @OH AeTeKTopa 6e3 3aun~b1  yeenwnsaeTcn 

B 100 pa3 npm pa60Te cnHxpoUnKnoTpoHa flRn ( ~ o  Hero 420 M)  
M B 15 pa3 npM pa60Te UnKnoTpoHa Y-400 nRP ( A O  Hero 280 M ) .  
npvl MCnOnb30BaHMM Bbl l l le~ClM~aH~~f i  3auMTbl ( K ~ A M H ~ ~  ( 4 )  V1 nOnH3TH- 

neH c 6 0 ~ 0 ~  ( 5 ) ,  CM. p ~ c . 1 )  @OH npn p a 6 0 ~ e  y c ~ o p n ~ e n e f i  coma-  
BMn -0,25 c - l .  n o c ~ o n b ~ y  @OH npM p a 6 0 ~ a w n x  ycKopnTennx 

B 5 pa3 6 0 n b ~ e ,  a e r o  @ n y ~ ~ y a U m  onpeAennnncb B OCHOBHOM spe- 
M ~ H H O ~ ~  H ~ c T ~ ~ M J ~ ~ H o c T ~ ~ O  peMMMa pa60Tbl ycKopM~eJlefi, TO Ann K a -  

qeCTBeHHblX L43MepeHMfi Bbl6Mpa~M~b MOMeHTbl, K O r A a  OKpyMawMe flH@ 
ycKopmenM He p a 6 o t a n ~ .  

2 .  3 ~ e ~ r n p o ~ u s .  A .  IIepswG eapua ~ r n  3 ~ e ~ r n p o ~ u a e p a .  
B CTeKnnHHOM CTaKaHe 6 6 CM (1) (pklc.3a) HaXOAMJlOCb 150 c M 3  
D,O ( ~ M C T .  99,98%) c A06aBKofi 0,5% H,PO,. AHOA ( 2 )  - nnaTnHa 

( ~ M C T .  99,99%) - @onbra ~ o n u n ~ o f i  0,2 MM B @ o p ~ e  nonyUMnnHApa, 

n p m e r a w a n  K cTeHKe CTaKaHa. K ~ T O A  ( 3 )  - nanna~nfi ( q n c ~ .  

99,99%) - @onbra T o I ~ ~ M H o ~ ~  0,05 MM, CBepHYTaFl B WTblpe CnOR 

B L(MJlMHAp 6 2 CM B ~ I C O T O ~  9 CM. OT C T ~ ~ H ~ H ~ V I P O B ~ H H O ~ O  BblnPFIMM- 

Tenn qepes s n e ~ ~ p o n ~ a e p  nponycKancn TOK -1 A npn HanpnMeHnn 

a d 
Pkic. 3 
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8 B. Ha BpeMR ~ 3 ~ e p e ~ ~ f i  3 n e ~ ~ p o n m e p  noMeqancfi B H Y T P ~  UeHT- 
panbH0fi f lOnOCTb l  AeTeKTOpa, a BO BpeMfi bl3~epeHbli  OH^ OH BblHbl- 

ManCfi bl Ha e r 0  MeCTO CTaBblnCfi CTaKaH C TaKMM Me KOnblqeCTBOM 
D20. fl0cnefiHee O ~ C T O ~ ~ T ~ ~ ~ ~ C T B O  nO3BOnfieT flOAAepMklBaTb f lOCTOf iH-  

HMM H ~ K O T O P ~ I ~  BKnaA B @OH OT AOnbl 6blcTpbl~ H ~ ~ T P O H O B ,  3aMeAJlfiH)- 
q ~ x c f i  B 3 n e ~ ~ p o n m e p e .  

CqblTblBaHble noKa3aHblfi flnOqaAbl " H C ~ ~ T P O H H O ~ O  nblKatl C ElMflJlblTYA- 

Horo a t i a n m a ~ o p a  n p o ~ 3 ~ o ~ ~ n o c b  qepea K ~ M A ~ I ~  100 c ,  nooqepeAHo 
qepeAosanblcb b l3~epe~b l f i  3 @ $ e ~ ~ a  M @ o ~ a .  B TeqeHble 5 CYTOK Ha- 
6 n m ~ e ~ w f i  B npedene c ~ a ~ v l c ~ w c l e c ~ o C i  OUIM~KVI  He 6bm0 3 a ~ e q e ~ o  yee- 
JlblqeHMH CKOpOCTbl CqeTa AeTeKTOpa no CpaBHeHblUI C @OHOM. C Yqe- 
TOM ~ @ $ ~ K T V I B H O C T V I  BeTeKTOpa BblXOA H C ~ ~ T P O H O B  ( ~ O T O K  B Tene~Hblfi 
y r o n  4n)  143 3 n e ~ ~ p o n m e p a ,  ecnM OH M e c m ,  cocTaem He 6onee 
(2,2+3,5) .10-2 c - l .  

B OTAenbHOM CeaHCe 6bln YBeflbl'ieH TOK 40 10 A. 3a BpeMR 
-200 c 3 n e ~ ~ p o n ~ ~  paaorpeeancfi AO T -80°C. B TaKoM pemHMe ~ 3 -  

~ e p e ~ ~ b l f i  BblXOP, H ~ ~ ~ T P O H O B ,  Y C ~ ~ A H ~ H H ~ I ~ ~  no MHOrblM MHTepBanaM 
40 200 C,  OKa3anCR PaBHbIM (-0,03+1,14) C -  l. 

6. Bmopoii aapuaHm 3 ~ e ~ m p o ~ u s e p a .  Bo BpeMfi ~ T M X  ~ 1 3 ~ e -  
p e t i ~ f i  HaM npbluulo coo6qe~ble o TOM,  TO B rpynne A . @ . T y n ~ ~ o s a  
(HMMfl@, MTY, M O C K B ~ )  ~a6flIOfiaJlcfi q e ~ ~ b l f i  3@@eKT BO3paCTaHblfi 
( B O  BpeMeHbl fl0Cne BKJlIO'ie~blfi) CqeTa H ~ ~ ~ T P O H H ~ I X  CqeTqblKOB, OKPY- 
MawMx 3 n e ~ ~ p o n ~ 3 e p  c q ~ c ~ o i  D20, nnoqaAbb Pd-KaToAa -30 C M ~  

bl TOKOM -1 MA. E c n ~  B 3TOM Cnyqae nOTOK H ~ ~ ~ T P O H O B  Aefi~TBblTeJlb- 
HO CyqeCTByeT, TO OH AOflMeH flbltieiH0 3aBblCeTb OT IlJlOqaAbl flanna- 
AbleBOrO KaTOfia (npbl flpOqblX IlOCTORHHblX f l a p a ~ e ~ p a x ) ,  fl03TOMY 

Anfi nposepm ~ T O ~ O  p e 3 y n b ~ a ~ a  M ~ I  cAenanM z ~ n e ~ ~ p o n ~ a e p  c nno- 
UaAbm nannannesoro KaToAa B 25 pa3 6onbluei. 3 n e ~ ~ p o n ~ 3 e p  
( p ~ c . 3 6 )  npeficTasngn co6ofi ~ a 6 o p  nnocKMx nooqepeatio qepeaym- 
UblXCfi @0nbr b13 Ilaflna&blfi - KaTOA ( 1 )  bl IlnaTblHbl - aHOA ( 2 )  
( C  TOnqblHaMbl 0,05 MM bl 0 ,1  MM C O O T B ~ T C T B ~ H H O ) ,  PaCnOnOMeHHbIX 
Ha paccTofiHm 0,4 CM Apyr OT Apyra,c c y ~ ~ a p ~ o f i  nnoqaAbm nan- 
naAHesoro KaToAa B 800 C M ~ .  C60pKa 3 n e ~ ~ p o ~ o e  onycKanacb 
B BaHHO'iKY b13 HepMaBewefi CTanbl ( 1 2 ~ 1 2 x 4  CM),  3anOnHeHHyIO ql4- 

c ro i i  D20 (99,98%), qepe3 KOTOPYUI nponycKancfi TOK 0,8 A. 
B npeAenaX ~ ~ a ~ b l ~ ~ b l c l e ~ ~ o f i  O U M ~ K V I  HblKaKOrO bl3Melie~iblfi H ~ ~ T P O H -  

Horo  OH^ nocne Haqana npouecca 3 n e ~ ~ p o n m a  B TeqeHMe 5 qacoe 
tie 06t iapyme~o: ( -1 ,1+1 ,8 ) -10 -1  c - l .  

3 .  Haepemwi;. n a m a d u i i  e deiimepuu. npeAr7pblHfiTa eqe 
Ha IlOIlblTKa Ha6nIOfiaTb XOTf i  6b1 eAblHblC.IHble aKTbl d-d peaK~(blfi B man- 
JlaAblbl, pa30rpeTOM 3neKTpblqeCKklM TOKOM L O  TeMllepaTYpbl -1400°C 
B a ~ ~ o c @ e p e  ~ e i ~ e p m .  AnR 3 ~ 0 r o  B UeHTpe H ~ ~ ~ T P O H H O ~ O  AeTeKTopa 
( p ~ c . 3 ~ )  pacnonaranacb cTeKnfitiHafi KpyrnoAoHHaR ~ o n 6 a  ( 1 )  
b 10 CM c ~ e i ~ e p ~ e ~  ( W C T .  99,94%). B UeHTpe ~ o n 6 b 1  Haxomnacb 
a a ~ p e n n e ~ ~ a f i  Ha KoHUax ABYX 3 n e ~ ~ p o ~ o e  nonocKa nannamfi ( 2 )  

( ~ 0 n ~ k l H a  0,05 MM, WblpblHa 2 MM, AJlblHa 5 CM) ,  fl0 K O T O P O ~ ~  np0- 
flyCKa!lCfi ~ O C T O R H H ~ I ~  TOK, p a 3 0 r p e ~ a ~ b l i  ee A 0  TeMflepaTypbl, 6~1~43- 
~ o i  K TeMnepaType nnaenewn nannafivlrr. M B  TOM o n m e  He 6blno 
06HapyMe~0 BblXOAa H ~ ~ T P O H O B :  (0,8+1,4) 10 -  C -  l. 

i fl0 pe3ynbTaTaM 3 T 0 i  pa60Tb1, KOHeqHO, Hbl 0 KaKOM Ha6JlIO~eHblbl 
" X O ~ O ~ H O ~ O  Tep~0Rf ia"  rOBOpblTb He flpblXOAblTCR. 6onee T O T O ,  B ripe- 
AenaX TOqHOCTbl 3KCnepblMeHTa He BL'lAHO AaMe OTAeJlbHblX eAblHbl'iHblX. 
aKTOB pea~ubl f i  d-d, KOTOPble, B flpblHUL'lfle, MOrJlbl 6 b 1 ~ b  Bbl3BaHbl 
HeKOTOPblMbl rblflOTeTbl~eCKblMbl @ V I ~ ~ ~ K O - X V I M V I C ~ ~ C K V ~ M ~ ~  flpOueCCaMbl. 
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