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BBE.D,EHV1E 
" 

B MarH~T~~x'6eTa-cneKTpOrpa$ax/8/,~cnOnb3yeM~x AnR ~3Y4eH~R 

~neKTpoHoB BHYTpeHHe~ KOHBepC~~ 13BK/, B Ka4eCTBe AeTeKTopa ~3
nY4eH~R np~MeHReTCR RAepHaR ~bT03Mynbc~R T~na P-HWK$V1 IP-21 15/. 

B pe3ynbTaTe npO~eCCOB B3a~MOAe~CTB~R 3neKTpOHOB C $OT03Mynb
Ic~e~ ~ nocneAy~~e~ ee X~M~4eCKO~ 06pa60TK~ ocy~eCTBnReTCR npeo6
pa3bBaH~e ~ccneAyeMoro pacnpeAeneH~R ~HTeHC~BHOCT~ ~3nY4eH~R 

3BK ~ pacnpeAeneH~e nponYCKaH~R r ~n~ onT~4eCKY~ nnOTHOCTb 
p = -lgr B COOTBeTCTB~~ C nepeAaT04HO~ xapax r epacrakoã s roro rtpo
~ecca, Ha3~Bae~b~ xapaKTep~CT~4eCKO~ Kp~BO~ IXK/. 

V13MepeH~R, npOBeAeHH~e aBTopaM~ Ha 6eTa-cheKTporpaMMax C no
MO~b~ $OTOMeTp~4eCKO~ annapaTYPbl, ~03BonR~~e~ ~3MepRTb onT~4ec

K~e nnOTHOCT~ B A~al1a30He D = O, O1-511.2~ nokaaana. '4TO MaKC'~

ManbH~e onTH4eCKHe nnOTHOCT~ Ha H~X He npeBWW~~T 3Ha4e~~~ D= 
=3,6-3,8. AHan~3 $OpM~ c~nbH~X tneKTpanbH~X n~H~~ YKa3WBaeT Ha 
pe3K~~ Hen~H,e~Hbl~ XOA XK B 06naCT~ D >3, cB~AeTenb€TBY~~~~ o 
~acTynneH~~ ~ac~~eH~R onT~4eCKO~ nnOTHOCT~ Ha 6eTa-cneKTporpaM- I 

,Ma'x yxe AnR D '" 4,. 'n~He~HaR 06naCTb Ha XK orpaH~4eHa 3'Ha4eH~Rt1~ 

D = 0,8-1 ,5 AnR paauux cnek'tpor pa-u-t 110,141, a pa604aR 06naCTb 
3Hà4eH~eM 1)_< 3. 

OTMe4eHHble oc06eHHOCTH XK np~BOART K cnoxuoã npouenype MaTe
-- MaT~4eCKO~' 06pa60TK~ õe'r a-cnexr po rpe-la ~ f-IBnh~TCR OAHO~ ~3, npu
4~H He06~oA~MOCT~ ~cnonb30BaH~R ~CT04H~KOB C BbICOKO~ aKT~BHOC~b~ 

~ npOBeAéH~R An~TenbH~X 3Kcn03~~~~ Ha 6eTa-cneKTporpa$a~, 4TO 
orpaH~4~BaeT ~x B03MO>t<HOCt~ no ~ccneAOBaH~~ KOpOTKO>t<~BY~~X HYK
n~AOB. OrpaH~4~Ba~TcR np~ 3TOM ~ B03MO>t<HOCT~ ~o ~3Y4eH~~ ~TPYK

TYPbl L-, M- rpynn 3BK 4~CTbIX no MynbT~nonbHOCT~ nepeXOAOB r ana. 
,E1 ~ M 1, AnR KOTOpblX OTHoweH~R V1H~eHc~BHocTe~ n~H~~ L1; L3- MorYT 
AOGT~raTb 60nbw~x 3Há4eH~~ - nopRAKa CTa; 4TO,B CBO~ 04epeAb, 
Tpe6yeT w~pOKoro A~ana30Ha per~cTpa~~~'~H!eHC~BHocTe~3BK. 

003TOMY ~3MeHeH~e $OpM~ ~ HaKnOHa XK, 06ecne4~Ba~~ee YBen~

4e~~e -ee n~He~Ho~ 06nacT~, pa604ero A~ana30Ha onT~4eCK~X nnOT
HocTe~ ~ pcrac r pnpyesux ~HTeHc~BHocTe~ Ha -fie r a-icrrek'r por'pasvaax , 
RBnReTC~ aKTyanbHo~ 3pAa4e~ MeTOA~K~ per~CTpa~~~ C ~cnO~b30Ba
H~eM RAepHblX $oTOqMynbc~~. 

B03MO>t<HOCT~ nony-reuua BbIC_OK~X onT~4eCK~X nnor uoc resi ID > 51 
Ha $OT03Mynbc~Rx P-HV1K~V1 c Ton~~Ho~ ~oTocnoR B HeCKonbKO AeCRT
KOB M~KpOMeTpOB npu 'ó6nY4eH~~ 3neKTpoHaM~ c rny6~Ho~_ npOH~KHO

BeH~R 0T Aone~ .M~KpoMeTpa/Ee "" 5 K3B/, AO nonHo~ Ton~~Hbl <t>oTocnoR 
I E e .'" 200 ,K3BI AO C~X nop He pa_ccMáTp~Ba":l~cb, rnaBt:tblM 06pa30M, 
~3-3a OTCyTCTB~R cooT~eIçJa.x:lP.uu~j1J1~~~pr:rt;:~bHO~srmaparypu . 
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Ecp~ C4~TaTb~4TO OnT~4eCK~R nnOTHOCTb COOTBeTtTByeT np~6n~
3~TenbHO 4~C~Y npORBneHH~X 3epeH, TO B cny4ae pa3HO~ rny6~H~ 

npOH~KHOBeH~R 3neKTpOHOB AOCT~m~Maw nnOTHOCTb 6YAei pa3nM4Ha ~ 
'ee 8en~4~Ha onpeAen~TCR npemAe 8CerO KOH~eHTpa~~e~ ranOreHHOrO 
cepe6pa 8 $OT03MynbC~~. nO~~MO CBO~CrB $OTOCnOR Ha AOCT~~~M~e 

3Ha4eH~R D 6YAYT ~n~RTb T~n ~cnonb3yeMoro npORB~TenR ~ B~6paHH~~ 

pem~M npOR8neH~R. OT 3T~X me $aKTopOB 6YAeT 3aB~ceTb $opMa ~ 

8en~4~Ha HaKnoHa XK K 9C~ 3Kcn03~~~~. < 

B HaCTOR~e~ pa60Te paCCMaTp~8a~TCR cneAy~~~e Bonpoc~: 

1. npeAenbHwe B03MomHOCT~ $oToCnOeB P~H~~~~ B nonY4eH~~ 60nb
w~x onT~4ecK~X nnoTHocTe~ B cnY4ae 06nY4eH~R ~x 3neKTpOHaM~ Ma
n~x 3Hepr~~, 06naAa~~~x rny6~Ho~ npoH~KHoBeH~R B $oT03Mynbc~~, 

MeHbwe~, 4~M ee TOfi~~Ha. 

2. Bn~RHVle rvna npoaaarena laM~AonoBoro VI D-19 'IKoAaKItI VI
 
pem~MOB npORBneH~R 18 HenOAB~mHOM paCTBope ~ np~ aKT~BHOM nepe
Mew~8aH~~f Ha pe3ynbTaTbl npORBneH~R. '
 

nPE~EnbH~E 3HA4EH~~ nnT~4ECKOR nnOTHOCT~ AflR R~EPHoR
 
<l>OT03MYnbC~~ P-HMI(<f>~. 3AB~C~MOCTb nnOTHOCT~ HACbllUEH~1R
 

OT 3HEPr~~ 3nEKTPOHOB
 

~3~eCTHO, 4TO XK rnoõux $OTOMaiep~aI10B orpaHVl4eHbl c aepxy 3H,a
4eHVleM onT~4eCKO~ nnOTHOCT~ Hacw~eH~R - Da/ 3/ , KoTopoe onpeAenR
eTCR CBO~CTBaM~ caMoro $OTocnOR: eCI1V1 3KcnoH~pOBaHw Bce M~KpO

~p~CTannw ranoreHHoro cepe6pa, iO A~I1bHe~Wee YBen~4eH~e ~Kcno

3~.~~~ He np~BOA-lf1T K POCTY onT~4eCKO~ nnOTHOCTV1. "-
Hacuuieuae Os onpenenaer ca npexne acero I<OH~eHTpa~~e~ r ano

reHHOFo~cepe6pa B $OTOCnOe ~ ero Ton~~HO~. Cy~ecTBe~oe .Bn~RH~~ 

Ha peayns r aru Mo>i<eT oxasua ar e run nponaa'rena VI pe)I{~M npORBneHV1f1, 
npuaonauure K pa3IÍ~4Ho~ $opMe ~ BHYT.peHHe~ CTpYKType nonY4aeMblX 
sepeu. cepe6pa /3,4/. 

~nR RAepHblX $ÓT03Mynbc~~ IP-H~KQ)~, C - 5 ~ r , A. / xapaKTe~HoJ 
aucoxoe conepxauae r anor-e-u-or-o cepefipa - AO 50% no 06"beMY 4/, 
OH~ ~Me~T M~KpOKp~CTannbl np~6n~3~TenbHO OA~HaKOBoro pa3Mepa c$e
p~4eCKO~ $OpMbl, co CpeAHl'lM A~aMe.TpOM - 0,28 MKM /5/. ~1cXOAR ~3 
06"beMHO~ KOH~eHTpa~~~ ~ cpeAHero A~aMeTpa OAHoro M~KpOKp~CTanna 

MomHO' paCC4~TaTb cpeAHee cs060AHoe paCCTORH~e MemAY H~M~. OHO 
~p~~nVl3V1Ten~HO paBHO 0,04 MKM. 

PaccMaTp~BaR OAHORPYCH~~ cno~ npORBneHH~X 3epeH, T.e. iepHa, 
pacnonoxeuuue B npeneriax OAHO~ nnOCKoCT~, onpenenan K03$et>Y1~~eHT 

nponYCKaH~R r B cnY4ae nonHO~ Henp03pa4HOCTVI 3epeH. OH 6YAeT 
paBeH AOn~ n08epXHOCT~ $OT03MynbcVlV1, He 3aHRTO~ 3epHaM~: r = 

" 
~ 1 -·n • f ,rAe n - 4~cno aepeu Ha eA~H~~Y nOBepxHOCT~ cpOT03Mynbc~~, 

f - cpeAHRR nno~aAb npoeK~~~ OAHoro 3epHa. OnT~4eCKaR nnOTHOCTb 
0= -lgr , ~, cnenoaarensuo , ·0 = -lg (1- n . f) , 
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PHC.J. 3aBHCHMOCTh rrpo6era (R) 
OT ,3HeprHH 3JIeKTpOHOB E ,IJ,JIHeCD 51AepHhIX 3MYJIhCHH - KpHBaH 1; 
3HaqeHIUI' orrruvecxoü rrJIOTHOCTH 

-HaChlrn;~HHH D~ B l1>YHKl.ÚUI an ep-: 
'I'HYl 3JIeKTpOHOB, nonvvermue 

200 

100 

I 

paCqeTHWM nYTeM, - KpHBaH 2. 

Ecn~ C4~TaTb, 4TO 3epHO 
nocne npORBneH~R ~MeeT A~a~eTp 

~CXOAHoro M~KpOKpV1CTannayTo,Y4~

ruaas cpen uee cB060AHoe pac

CTORH~e Me>t<AY HV1M~, AnR n =
 
= 1,24· 10 7 

V! f = 6, 16 ·1 0- 8 MM~
 
nOnY4~M ° =0,63. OTC~Aa AnR
 
Ton~~H~ $O~ocnOR B 5~ MKM,
 
C Y4eTOM Toro, 4TO KamAW~ no

cnegy~l1.l~~ cnoa 6YAeT B'HOC~1Tb
 
TaKY~ me n~OTHOCT~, cneAyeT,4To
 
b s = 114. 

npl-1, 06nyyeH~~ $oT03Mynbc~~ 3neKTpOHaM~onn14eCKaR nnOTHOCT'b 
Hac~~eH~R 6YAeT onpeAenRTbCR TaKme npoH~Ka~~e~ cnoc06HOCTb~ 

3nel<..TpOHOB, 3aBMcR~e~ OT ~x 3Hepr~~. Ha puc . 1 /Kp~BaR 1I nperi
CTaBneH~ paCC4~Ta~H~e no 3Mn~p~4ecKo~ 

'" 
R=(~ /1,72/

10:8 ) MKMI K3[3 

Ben~4KH~ np06erOB 3neKTpOHOB B RAepHO~ 

$oPMy~e/6/ .,. 

3~ynbC~~ B 3aB~CMMOCT~ 

OT ~x 3Heprllllll. ~3 -3Toro BblpameHMR cnenyer , 4TO 3Hepr~RM anexrpo
HQB B A~ana30He 5-200 K3B COOTBeTCTBY~T npo6erVl OT 0,3 AO 
150 MKM. TaK KaK T'peK~ 3neKTpOHOB IIICKp~BneHbl Vl3-3a c~nbHoro pac
ceRH~R, TO cpeAH~R rny6~Ha npOHIIIKHOBeH~R IIIX B cpOTocno~ np~6n~- ; 
3111TenbHO B 1,5--4 oasa MeHbwe All~Hbl npofier a /,7/. ,nnR mo'ronnec ruao« 
P-H~K<t>~ C Ton~~HO~ $OT03Mynbc~~ 5Ó MI{M3Hep.r~R nonHoro np06era 
COCTaBnReT -200 K3B /8/ ~, TaK~M oõpaaor- , o.nT~4eCKaR nnOTHOCTb 
Hac~~eH~R MomeT ~3MeHRTbCR B AeCRTK~ pa3 AnR 3neKTpOHOB C 3Hep
r~e~ OT 5 AO 200 K3B. 

Ben~4~Ha Os nOllY4eHa HaM~ B npeAnonomeHI-t~ ,4TO pa3Mep ~ $OP-, 
Ma npORBneHH~X 3epeH COOTBeTcTByeT ~CXOAHWM rallOAllR_Kp~CTannOB 

r euuoro cepe6pa. OAHaKO 3TO He TaK. Tun nponaa tena , pe>K~M npOR'~

neH~R, a TaKme 3Hepr~R 3neKTpOHOB OKa3~Ba~T cy~ecTBeHHoe Bn~R


H~e H~ npoaanaexae Kp~CTannbl /3/. K03$$~~~eHT )lBell~4eH~f1 paaaepa
 
3epHa np~ 061lY4eH~~ CBeTOM COCTaBnReT np~6n~3I11TenbHo 1,1
1,3 /4/, a AnR 311eKTpOHQB 3TOT napaMeTp B~we ~ no AaHH~M pa6qT~/9/
 
AllR ,P-H~K<t>V1 coc r aanae r 2, 1+0,3.
 

, BcneAcTB~e Manoro, CpegHerÓ cB060AHoro paCCTORH~R MemAY M~KpO
Kp~CTannaMH 3TOT 3$<t>eKT AOllmeH npMBOA~Tb K Cll~flH~~ OTAen~H@X 
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•.t.., 

npORBneHHWX 3epeH' B cnrlowHo~ cno~ ~, TaK~M 06pa30M, np~ 3KCnO
Ht:1pOBaH~~ BCerO n~Wb OAHOrO cnoa M~KpOKp~CTannOB AomKHbl nony
4a~bCR 04eHb BWCOK~e onT~4eCK~e nnOTHOCT~. 

TaK, np~ ~cc~eAOBaH~~ Ha 6eTa-crreKTporpa$e H~3K03HepreT~4ec
KO~ ~aCT~ GneKtpa 3BK 169y~ Ha $OTonnaCT~HKax P-H~K$~ MW nony
4~n~ onT~4eCKY~ hnOTHoCTb o =1 ,6 np~ 3Hepr~RX 3neKT~OHOB E e ~ 

' '- /10/ 3,u
~ 5 K3B 6e3 np~3HaKoa RBHoro Hacw~eH~R n~H~~ ,. Kcnep~MeHTanb-

Hwe ~ccneAOBaH~R, npOBeAeHHwe PRAOM aBTopOB, ~3Y4aBW~X Ae~cTB~e 

MeAneHHblX 3ne,KTpOHOB Ha ooroaayns cao , TaK>Ke noÃTBep>KAa~T nony
4eHH~le BbIBOAbl. B paõore J 11/ oaccaarpaaanocs A-e~CTB~e 3neKTpOHOB 
,ManblX 3Heprl'Í~ Ha $oT03Mynb C~~ C-5 ~nb$O"PA, 6n~3KY~ no xJ:1M~4ec

KOMY COCTaBY K $OT03Mynbc~~ P-H~KOH. npORBneH~e $OTonnaCT~HOK, 
TOJl~~Ha KOTOpblX cocr aanana 10 MKM, ocyuiec r ananoc s npoaane-urest 
O. -19 /5 M~HYT npu 1-8°C /' ,lJ,nR 3neKTpOHOB c 3Hepr~e~ 5 K3B, npo
H~Ka~~aR cnocb6HOCTb KOTOpWX 04eHHBaeTc~ B 0,3 MK~/9/~ nonY4eHW 
onT~4eCKJ;1e nnOTHOCT~ O = 3 6e3 np~3HaKOB RBHoro HaCbl~eH~R. B pa
60Te 1121 AnR 3Toro >Ke T~na $oT03Mynbc~~ /npoRBneH~e 10 M~HYT np~ 
TeMnepaType 20,5°0 B npoRã~Tene ,D-19B1 ~ 3~eprH~ 3neKTpOHOB 
7,3 K3B AOCT~rHYTa nnor uoc r s O = 4 c TeHAeH4k1ei(1 t-t HaCbl~eH~~ XK. 

np~H~MaR onn14eCKY~ nnOTHOCTb HaCbl~eH~R D~ npÍII 06nY4eH~~ 
3neKTpOHaM~ c 3Hepr~e~ 7,3 K3B paBHo~ 4, MO~HO 04eH~Tb 3Ha4eH~e 

3Toro napaMeTpa np~ 06nY4eH~~ 3neKTpOHaM~ APyr~x 3Hepr~~. Ha 
p~CYHKe 1 /Kp~BaR 2/ noxasaua 3Ta 3aB~c~MoCTb (O~ = D~ (E e )) • npH 
pacuer ax AnR ·p.aCCMO.TpeHHoro A~ana30Ha 3Hepr~~ Mbl nonarann , 4TO 
cpeAHRR rny6~Ha npOH~KHOBeH~R 3neKTpOHOB B $0l"03My'nbc~~ BABa 
paaa MeHbwe ~X An~tlbl npoõer-a R /1<P~BáR 1 l1a 3TOM >Ke P~c,YHKe/. 

KaK B~AHO, AnR ~c~onb3yeMoro 06W4HO A~ana30Ha 3Hepr~~' 3neKT
pOHOB E > 30 K3B RA~pHble $OT03Mynbc~~ c Ton~~Ho~ cnoa 50 MK~e
 
n03BonR~T nony-rar s 04eHb BbICOK~e orrruvecxne nnoTHoCTI'Í (O > 5) •
 

Bn~RH~E T~nA npORB~TEnR ~ 'PE~~MA npORBnEH~R 

HA $OPMY ~ HAKnOH XAPAKTEP~CT~4ECKO~ 'KP~BO~ 

$OT03MYnbC~~ P-HI1Kct>~ 

~3BeCTHoe nHanlllt~4eCKoe Bblpa>KeH~e AnR XK $OT03MYllbC~IIl, 06
nY4aeMo~ 3neKTpOHaMIIl, BblBOA «oroporo MO>KHO Ha~T~, Hanp~Mep, B 
paôorax 14,.!.U, IIlMeeT BI1.A 

E, -Q
9=0-g.(1-e ), Q ~ H· e , /1/ 

rAe (,H - 3$$eKTHBHoCTb per~CTpa4~1Il 3neKTpOHO~ AaHHo~ 3HeprH~
 
~ 3KCn03~411lR cooTBeTcTBeHHo~_ Q-'3neKTpoHHaR nnoTHOCTb /17/,
 

3TO BWpa>KeHlIle 6YAeT on~CWBaT~ XK $OT03MynbclIl~ faK~e B cny

4pe 06nY4eHIIl~ y-KBaHTaM~ ~n~ peHTreHOBCKIIlM ~3nY4eH~eM/3/.
 

Ha p~c.2 npeACTaBneHO ceMe~CTBO XK, patc4~TaH~WX no 3TOMY
 
~lpa>KeH~~ An~ 3~eKTpOHOB pa3HWX 3Heprlll~ ~ COOTBeTCTBY~~~X ~M 

4 

gl 

4 

PHc.2. XapaKTepHcTH~ecKHe KPH4 
nsie , rrOCTpO€HHbIe 110 BbIpa:>KeHHlO 

N Ee(153Bl rn /1./ )J;JUl ~~Tblpex .3H9-~eHm1 O~ 
>.,"1 30 1,6 

/rpa!lJHKH 1-4/ .li no BbIpaJKeHl;U0 
3 15 14 
2 20 23 

/2/ - /rpa!lJHK 5/.
I, 10 

5 
C=6.2 3H~4eHIIl~ o:~no 3THM Kp~BWM BIIlA

HO, qTO B pa604eM A~ana30He on
TIIl4eCK~X nnOTHOCTe~ P S 5, Ha
411lHaR c 3Hepr~~ 3neKTpOHOB 
E e = 20 K3B, XK MoryT 6blTb npeno Q.5 1.5Q. u

CTaBneHW nHHeKHWM~ $YHK4KRM~. 

B TO >Ke BpeMR XK, nony-raevue 
3Kcnep~MeHTanbHO, IIlMe~T 3Ha4~TenbHoe 'OTKnOHeHlIle OT n~~e~Horo 

3aKOHa B 06naCTIIl He60nbW~X nI10THOCTe~ 115,18/. TaJ<, pauee Mbl nony
70 MKM / 141 411ln~ XK AnR $OT03MynbclIllll P-H~K$~ c Ton~~HO~ $OTOCnOfl 

no MeTOA~Ke, on~caHHO~ B naõorax 18,151. ,lJ,~ana30H 1Il3MepfleMblX on
ru-recxax nnOTHOCTe~ õun orpaHIIl4eH 3Ha4eH~eM D do 2,7-, 4.TO õuno 
CBflsaHO B TO BpeMfl c B03MO>KHOCTflMIIl annapaTYPbl, Hcnonb30BaHHO~ 

AIlfl ~3MepeH~~/l~ H~>KHflfl rpaHIIl4a 3HeprJ;1~ 3neKTpOHOB COCTasnflna 
- 30 K3B. ,lJ,nfl ,aHanIllT~4eCKoro on~éaH~Fl nOflY4eHHa~ axcnepaae-rrans> 

HOj}'j XK 6blJ10 np~MeHeHO Bblpa>KeHlIle /15-18/ 

1 DI-C ' H = (10 - 1) . /2/--o 
f -

C Y4eTOM nor peuraoc'reã ~3MepeH~~ AaHHoe Bblpa>KeHlIle- XopOWO .onu-: 
CbIBaeT 3Kcnep~MeHTanbHble T04K~ np~ 3Ha4el-t~1Il napaaerpe: C = 6,2, 
AIlfl O , MeHbW~X 2, 7• 

Ha plllc.2 np~BeAeHa TaK>Ke XK, paCC4~TaHHafl no B~pameHIIl~ /2/ 
Anfl C = 6, i. KaK B~AHO, e-é Q>opMa ~t"eeTcy~eCT.BeHHoe o rxnoue-ure 
OT nlllHe~Horo 3aKOHa Y>Ke B 06nacT~ 0 1 = 2 . 

npllleMneMocTb Bblpa>K'eHlIlfl /2/ Anfl on~caHlIlfl 3Kcnep~MeHTanbHblX XK 
nplll 06nY4eH~~ RAepHWX $OT03Mynbc~~ 3neKTpoHãM~ 6~na nOATBep*Ae
Ha PflAOM aBTopOB Anfl He60nbworó A~ana30Ha on~4eCK~X nnoTHoc
Te~ 11-5- 181. HaMM >Ke õuno nOKa3aHO 3TO Anfl6Qn~e un-poxor-o AlIlalla30
Ha/AO D =2,7/ I 14: np~ õonee BbICOK~X nnOJHOCTflX peayns r aru nony
4a~TCfl HeYAOBneTBoplllTenbHwe. Anfl nOATBep>KAeHlIlfl 3Toro AocTaT04- · 
HO paCCMOTpeTb nonyw~p~HW OA~H04HWX n~H~~ B cneKTpax 3BK, ~Me~

~IIlXC-fl y Hac 6eTa-·cneKTporpaMM. nIllH~~, KOTOpblM COOTBeTCTBY~T B 
MaKCIIlMYMax. onTIIl4.eCK~-e nnOT'HOCT~ 0=:3 ~ asnue , IIlt",e~T OTJl~4a~~~e

Cfl nOnYWlIlp~H~ /Ha 30-60%/ OT 6n~3ne>Ka~~x nlllHIIl~ TaKoro >Ke T~na, 

HO c MeHbWIIlMIIl 3Ha4eH~flMIIl O B t-1aKC~MYMax. Ilepecuer K Benlll4~He 

Q == H • ( 8 cooTBeTCTB~~ c XK He eoccrauaanaaae'r ·IIlX nonyurapnuu, 
3TO r oaopa r ~O TOM, 4TO ·XK ~AeT euie õonee nonoro B oõnac ru O > 3. 

OTMeTIIlM, 4TO onTIIl4eCKI-1e .nnoruocr« auure , 4eM O = 4, B cnexrpo
rpaMMdX c Tbn~IIlHO~ $OTocnOH 30 MKM /70 MKM AO x~M~4ecKo~ Q6p~

60TK~/ AIlR 3Hepr~~ 3IleKTpoHoB c rtp06eraMIIl, 6n~3K~M~ K,nonHo~ 

'5, 
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TO~~HHe $OTOCnOR HnK BWWe, HaMH He Ha6n~AanHCb. 3TO MO*e~ 6~Tb 

06b~CHeHO- KaK pe3ynbTaT OrpaHH4eHHWX 3KCn03H~H~, OAHaKO, Y4HTW
BaR nOBeAeHHe nonYWHpHH nHHI:1~, MO>KHO YTBep>KAaTb, 4TO AaHHbl~ 

3$$eKT cxopee acer-o Bbl3BaH HaCbll1\eHHeM onTH4eCKO~ nnOTHOCTH. 
~ io ~e BpeMR c nOMOl1\b~ BWpa>KeHHR /2/ Henb3R onHcaTb 3$$eKT 

HaCWl1\eHHR onTH4ecKo~ nnOTHOCTH HH npH KaKHX 3Ha4eHHRX napaMeTpa 
C • 4TO yxaasiaae r ua orpaHH4eHHOCTb npHMeHeHHJL AaHHoro Bblpa>KeHHR. 
~cnonb30BaHHe BWpa>KeHHR /1/ BMeCTO /2/ AnR onHcaHHR Tex >Ke TO.- 
4eK 3KcnepHMeHTanbHo~ XK B03MO>KHO np~ 3Ha4eHHH napaMeTpa D~=4,5. 
OAHaKD 3TO He AaeT nOnO>KHTenbHWX pe3ynbTaToB AnR HHTeHCHBHWX 
nH~H~ c D =3~6-3,8 B Ma~cHMYMâx. 60nee T04Hoe BOCCTaHOBneHHe 
$OpMW TaKHX nHHH~ B03MO>KHO npH 3Ha4eHHH napaMeTp~ D: =3,9, 
HO 3TO npHBOAHT K HeE3e()H'bIM peayns r ataa AnR cnexrpans aux nHHH~, 

HMe~~HX õoriee HH3KHe 3Ha4e~HR onrnuecxax nnOTHOCTe~ B MáKCHMY
Max /1 ,5 <\0 < 3/. H3 cxaa a-u-oro cneayer , 4TO paccaorpeuaue aupa
>KeHHR XopOWO pa60Ta~T nHWb B orpaHH4eHHOM-AHana30He onTH4eCKHX 
nn~THOCTe~ AnR AaHRWX 6eTa-cneKTporpaMM. 06naCTb HaCWl1\eHHR 
Ha 6eTa-cneKTporpaMMax pacnono~eHa ropa3AO HH>Ke, 4eM TO ~Ha4e
H1:1e , KOTopoe MO>KeT 06ecne4HTb $OT03MynbcHR ~rtR AaHHO~ 3HeprHH 
3neKTpOHOB, H onpeAeIlReTCR OHa, CKopee Bcero, 3$$eKTaMH npORB
neHHR. 

. Y4eT npORBneHHR B Bblpa>KeHHH /1/ orpaHH4eH BnHRHHeM 3Toro 

npo~ecca Ha 3Ha4eHHe BenH4HHbl D~ 3a C4eT YBênH4eHHR nnOl1\aAH 
npoeK~HH oTAenbHoro 3epHa. KpOMe Toro, npeAnonaraeTCR, 4TO AnR 
n~~o~ 3KCQ03H~HH npORBnR~TCR TonbKO 3KcnOHHpOBaHHwe MHKPOKPH~
Tannw H hpH4eM Bce. TaKHe YCriOBHR AnR AaHHoro THAa npORBHTehR 
Vi Bbl6pa~Hbro pe>KHMa npORBneHHR BblnonHR~TCR nHWb AnR orpaHH4eHHb/X 
3Kcn03H~H~. H3BeCTHO, 4TO nOC'TynneHllte npORBHTenR B q,OTocno~ ocy
l1\eCTBhReTCR 3a C4eT np04ecca AH$$Y3HH. BblCOKaR KOH4eHTpa4HR ra~ 

noreHHO~o cepe6pa B cnoe RAepHWX $OT03MynbcH~ H 3Ha4HTenbHaR 
HX Tonl1\HHa npHaOART K 3aTpYAHHTenbHOMY AH$$Y3HOHHOMY 06MeHY 'Me>K
AY $OT03MynbcH~ H paCTBopOM npORBHTenR. KHH~THKa npORBneHHR 
TaKHX cnoea RBnReTCR 4HCTO AH$~Y3HOHHO~. nepBOHa4anbHO npOHI:1K
wero B $OTocno~ npORE3~TenR HeAOCTaT04HO AnR nonHoro npORBneHHR 
Y4aCTKOB, nonY41:1BWHX 66nbWY~ 3KcnQ3~~H~, a CKOpOCTb paCXOAa 
ero. asnue , 4eM' CKOpOCTb AH$cPY3HH CBe>KerO npoaaurenn B 4>0T03Mynb
CH~ H npOAYKTOB peaK4HH H3 Hee/ 19/. Torna , npa orpaHH4eHHoM 
BpeMeHH npoRBnéHHR cneKTporpaMM, onpeAenReMoM B KOHe4HOM HTore 
{KOpoCTb~ npoaaneaus He3KCnOHl1pOBaHHblx MHKpoKpHcTannoB /f.IPO
~ecc 06pa30BaHHR ByanH/, 3TO npHBoAHT K HCTOl1\eHH~ npORBHTenR 
B ~eaK~HoHHOM 06beMe $OT03MYDbCHH, BW3WBa~l1\eMY pe3Koe CHHmeHHe 
CKOpOCTH npORBneHHR Ha 'Y4acTKax c 60nbWI:1MH 3Kcn03H~HRMH BnnOTb 

• AO	 nonuoro npekpauieaaa riPOli BneHH8 . 3TO MO>KeT auaaar s 3$$eKT 
IIHaCb~l1\eHHRII onTH4ecKo~ nnOTHOCTH. 

CKOPOCTb ,D,1:1$<PY3I:1H He OC-TaeTCR nOCTORHHO~ '. ecnu nponaneune 
BeAeTcR' B HenOABH>KHOM pac r aope HnH c r eneus ero nepeMe@1BaHHR 
HeAocTaT04Ha AnR nonHoro pa3Pyw~HHR norpaHH4Horo cnÓR, 06pa3Y~

J
·~ll 

~ 
I> 

o i	 • PHc.3. XapaKTepHCTHQeCKHe KPH
asre tlloTOITJIaCTHHOK P-HHK<1>1l3 
nocne o6pa6oTKH HX B HenogBH~
HOM paCTBope aMHgonoBoro npPH

1 
BHTenH/KpHBaH l/H npH npOH~ne~'I , I 

f
HHH c KHCThIO - KpHBaH 2. 'BpeMH

2 npOHBneHHH - lO' MHHYT, TeMne
p a'rypa pac r aop a - 24°C. 

Q)	 I 

ICD 
I 

,li 

l1\erOCR 1:13 npOAYKTOB peaK~HH Ha 
nOBepXHOCTH $OTOMaTepHana B 
npo~ecce npORBJleHHR. Tonl1\HHa 

~ ,. 
nOrpaHH4HOrO CnOR AJlR 06W4HWX 

i i i ' i , $OT03MYJlbCH~ AOCTHraeT 3Ha4eHI:1Ro i i i 

I	 5 10 15 200-250 MKM /19/' H, TaKHM ofipa>
'.I
 

J' t (llUH) 30M, RBJlReTCR AOnOJlHHTeJlbHblM
 
npenRTCTBHeM AJlR AH$$Y3HH CBe

-, 
06beM H npOAYKTOB peaK~H~
>Kero npoRBKTenR B peaK~HoHHW~
 

H3 Hero.
 
'1 H3BeC~HO, 4TO pa3PyweHHe norpaHH4Horo cnOR MO>KeT OKa3blBaTb
i 

cYl1\eCTBeHHoe BnHRHHe Ha CKOpOCTb npORBneHHR /3/. t1bl Hcnonb30BanHl
 
3TOT $aKT AnR npoaepxa cneneuaoro asnue npeAnOnO>KeHHR o HenonHOM
':' 

:,f. npORBneHHH yyaCTKOB, nonY4HBWHX 60nbWY~ 3Kcn03"H~H~ Ha $OTonnac
THHKax P-HHK<PV1, ripa Hcnonb30Bal:ll1H aMHAonOBoro npORBI:1TenR /8.15/. 

,I 

Pe3yn~TaTw npH~eAeHW Ha, PHc.3 /KpHBwe 1 H 2/.AnR pa3PyweH~i no
rpaHH4~oro cnOR Hcnonb30BanOCb T.~a3. npORBneHl:1e c KHCTb~, npH 
KOTOpOM no nOBepXHOCTH $OTOMaTepHana B Te4eHHe Bcero BpeMéH~ 

npORBneHHR nepeMel1\aeTCR MRrKaR pe3~HOBaR KHCTb/ 3/. \ ' 

KpHBwe 6wnH nonY4eHW cneAY~l1\HM 06pa30M. <PoionnaCTHHKa pa3P~
3anaCb Ha 20 4acTe~, KOTopwe 3aTeM nonapHO cKnaA~BanHcb 3MynbcHR 
K ~MynbcHH H 06nY4anHCb OT HCT04HHKa 137Cs /npRMoe 06nY4eHHe . 

"r'l B B03Ayxe/. Ilonyueuuue ABe r pynnu 3KcnOHHpOBaHHblX $OTonnaCTHHOK 
npORBnRnHCb B aMHAonOBOM npORBHTene. nepBaR rpynna - B HenO~BH~
HOM paCTBope - KpHBaR 1; BTopaR - ç Hcnbnb30BaHHeM pe3HHoBo~ 

KHC~H - KpKBaR 2. npORBHTenb 6wri npHrOTOBneH no pe~enTY, onK~aH

IHOMY B paõor e /5/. PH pacr aopa YCTaHaBnHBanOCb npl:160pOM PH-l,21. 
TeMnepaTypa paCTBopa npORBHTenR B 060HX cnY4aRX 6wna +24°C, Bpe
MR npORBneH~R - 10 MHHYT. 

TaK KaK T04KaM, HMe~~HM OAHH H Te >Ke BpeMeHa 06nY4eHI:1R, coor
BeTCTBY~T 0AHHaKOBwe 3Kcn03H~HH, TO YBeftH4eHHe onTH4eCKO~ nnOT
HOCTI:1 AnR KpHBO~ 2 OT COOTBeTCTBY~l1\HX T04eK KPI:1BO~ 1 rOBop~T\,l 
o TOM, 4TO nepBaR rpynna $OTonnaCTHHOK 6blna HeAonpORBneHa. AKTHB
Hoe npORBneHHe c KHCTb~ /KpI:1BaR 2/ ~3MeHHno HaKnOH H '$OPMY XK.
 

~\I 
ilHHe~HaR oõnac r s YBenH4HJlaCb, nJlOTHÓCTb HaCbll1\eHHR aoapocna , OA'
I 

i	 HaKO Aa>Ke B 3TOM CJlY4ae HeJlI:1He~~aR 3aBHCHMOCTb D OT H /HnH t /
 
coxpaHHnaCb.
 

~	 I 
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o .	  i PHc.4. XapaKTepHCTH~eCKHe ~pH

4 
I 

nsre cPOTOnJIaCTI1HOK P-HH1C<DH noc@ JIe HX o6pa6oTKI1 B rrpOHBI1TeJIe 
D-19. KpHBaH "1 "'-' Herrop;Bl\.)K1-IbII! 
pacTBop, KpI1BaH 2 - aKTI1BHOe 
nepeaeumnaaae npOHBI1TeJIH KI1CTblO.3 
BpeMH rrpOHBJIeHI1H - la MI1HYT, 
TeMrrepaTypa paCTBopa - 2üoC. 

2 
Ha p~c.4 np~BeAeH~ ABa rpa

$~Ka, CDOTBeTcTBy~~~e TaKme 

ABYM peml-1MaM npoaaneuaa - ·B He

nOAB~mHoM pac r aope - xpuaaa 1 

!li np» rrpoa BJleH~~ c K~CTbjQ "'T 

Kp~Bafl 2, nOJlY4eHH~e np~ ~cnOJl~

30BaH~~ npOflB~TeJlfl D-19. 3TOT 

npOflB~TeJlb peKOMeHAOBa~ AJlfl 
or i i , , i • , , , I , i i i I' MHor~x T~nOB $oToMaTep~aJlOB, 

5 10 15 
~CnOJlb3yeMblx B HaY4HblX ~c.çJleAO

t l.u.uH) 
BaH~f1X. OH AonYCKaeT B OTJl~4~e 

OT aM~AOJlOBOrO npOflB~TeJlfl AOJl


roe xpaueuue , \11 npoaaneuue MomeT vtAT~ npa õonee H~3K~X r e-me


parypax /+ 18 ~ +,QoC /. 8peMfI npORBJleH~f1 nonõapaerca O~~'THbIM
 
nYTeM ~ 06bl4HO COçTaBJlIleT 5-1 O M~H /20/.
 

CX€Ma onura õuna TOJ.1 me caMoi1" TaK 4TO T04K~ Ha- rRa$~~ax., 

COOTBeTcTBy~~~e 0AH\IIM \11 TeM me BpeMeHaM 06JlY4eH~R, xapaKTep~3Y

~TCfI OA~HaKOB~M~ 3KCn03\114\11~M~ AJlfl Bcex 4eT~pex Kp~B~X Ha p~c.3 

\11 4'-
KaK MomHO B~AeTb, AJlfl npORB~TeJlfl D-19 B paCCMaTp~BaeMOM 

A~'ana30He BeJl~4~H D xépak'repau 'He60JlbW~e OTJl~4~f1 'B nony-raes-ax 

onT~4eCK~X nJlOTHOCTflX np\ll pKT\IIBHOM nepeMeW~BaH\II~ paCTBopa 

/Kp~Bafl 2/ OT onT~4eCK\IIX 'nJlOTHOCTeJ.1 np~ npORBJleH~~ B H€nOAB~m

HOM paCTBope /Kp~Bafl 1/. 3TOT npOflB~TeJlb n03BOJlfleT BeCT\II npóRB

JleH~e TeM 06beMO~, KOTOP~J.1 nepBOHa4anbHO npOH~K B $ot03MYJlbC~D, 

\11 nOJlY4aTb np~ 3TOM B~COK~e 3Ha4eH\IIfI OnT\II4eCK~X nJlOTHOCTeJ.1. 

'npOflBJleH~e c K~CTbD AaeT 3aMeTH~J.1 BKnaA B 06JlaCT~ onT~4eCK~X 

~JlOTHOCTeJ.1 D>2,5. HaJl~4~e Ó6WvtpH0J.1 h\llHeJ.1HO~ 06JlaCT~ Ha XK, 

'nOJlY4eHH0J.1 np~ npOflBJleH\II~ c K~CTb~ B npOflB\IITeJle D-19, nOA

TBepmAaeT TO,4TO On~eAeJlfl~~ee BJl~f1H~e Ha $OPMY XK OKa3b18a~T T\Iln 

npOflB~TeJlfl ~ pem~M npOflBJleH~f1. KaK B~AHO ~3 p~c.4 /Kp~BaR 2/, 

Jl~HeJ.1Hafl 061laCTb coxpauae r ca AO 3Ha4eH~i1 D = 3,5. 3TO náer B03

MomHÓCTb ~CCJleAOBaTb 6eTa-cneKTporpaMM~ B eA~~vt4ax onT~4eCKO~ 

nJlOTHOCT~, He np~6erafl K nepeC4eTY ~x K eA~H\II4aM Q. TaK KaK 

OTHoweH~~ ~HTeHC~BHOCTeJ.1 JlV1H~~ K: Ll: L2: L3 o •••ecnu MaKc~1MYMbl 

~x He BblXOAflT 3a ,npeAeJlbl 'Jl\llHeJ.1HOrO Y4aCTKi3 XI{, np~ 3TOM He ~3

MeHflTCfI. 

8 

t'l 

f'l ~. '\ 

PI1c.5. XapaKTepHcTH~eCKI1e KpI1BWe 

:s • 15' 

DI. 1 

cPoTOnJIaCTI1~O& P-HHK~H, rrOJIy~eH

2010 

.a 

nsre npn pa3HbIX BpeMeHax npoaarre-:
 
3'
 HllH /15, 7- H 3 MI1HYTW/ B rrpOHBI1


TeJIe	 D -19 rtpn aKTI1BHOM nepexe-: 
illI1BaHHI1 paCT~opa npOHBHTeJI~ 

KI1CThlO.~ 
I

rli 
30	 40 50 

~	 t (.uUH)· 
I	 .. 

8Jl~f1H~e TOJl~~Hbl $OTOCJlOfl, HenOCTOflHCTBO,BpeMeH\II npOflBJleH~f1, 
He60Jl~w~e OTKJlOHeH~f1 B TeMnepaType paCTBopa, B K~HeT~Ke npOflBJle

HI1f1 ~ T.A. 6YAYT np~BOA~Tb Jl\llWb K He60JlbWOMY ~3MeHel)~~ HaKJlOHa 

XI{, 4TO He CKameTCfI Ha 3Ha4eH~f1X OTHOWeH~f1 ~HTeHC\IIBHOCTeJ.1 JlJ;1

I H~J.1. 
{" 

He MeHee BamHOJ.1 ~aAa4eJ.1 f1BJlfleTCfI B~60p HaKJlOHa XI{ ~OTorpa

~\II4eCKOro np04ecca, TaK K8K 3TO n03BOJlfleT perYJl~pOBaTb A~a!lp30H 

per'ac r papye-tsrx ~HTeHC~BHOCTeJ.1. Ha puc , 5 np\llBeAeHbl XI{, nOJlY

4eHHble npYl paauux apeneuax nponane-uin B npoaeurene D -1,9 \11 ate
T~BHOM nepeMeW~BaH~\II. paCTBopa K~CTb~. ~3MeHeH\Ile HaKJlOHa XI{ ~, 

rJlaBHO~,COXpaHeH\IIe np~ 3TOM Jl\llHeJ.1HOJ.1 06JlaCT~ AO 6qJlbW~X D npeA

êTaBJlfleT ~HTepec AJlfl peWeH~f1 3T0J.1 3aAa4~. OAHaKo TaKo~ nOAxoA ' 

,~ Tpe6yer 60nee T~aTeJlbHOrO-paccMOTpeH~f1. 

8 pane CJlY4aeB 6eTa-cnel}TPOrpaMMbl np~XOAH'TCfI npoaanar s B Her-

h \fiOAB~mHOM paCTBope npOflB~TeJl# \IIJl\ll ~e npvt CJl~60M nepeMeW~BaH~~,. 

~T~ B~3BaHO cJla60J.1 MexaH~4eCK0J.1 np04HOCTb~ 3MYJlbC~~ nOCJle ~3BJle

" 4€H\IIfI ~OTOnJlaCT~HK\II ~3 BaKYYMa. npe~My~ecTB~ ~CnOJlb30BaH~f1 

npOflB~TeJlfl D-19 3AeCb TaKme 04eB\IIAH~. 

"BbIBOAbl 

·1. <!>OT03MYJlb-C\IIfI P-HI1I{<!>Io1, õnaronapa BbICOKOJ.1 KOH4eHTpa4~~ -ra

JlOreHHOro cepe6pa \11 3Ha4~TeJlbHO~ TOJl~~He <l>OTOCJlOR, n03BOJlfleT 

QOJlY4aTb 04eHb B~COK~e onT~4eCK\IIe n~oTHocTA D'>5 npaKT~4eCK~ 
AJlfl Bcero pa60u.ero A~ana30Ha 3Hepr~J.1 3JleKTpOHOB. I1cKJl~4eH~e MO

rYT COCTaBJlflTb JT\IIWb 3JleKTP?Hbl D4eHb HI13K~X 3Hepr~J.1 me <5 !<38. 

2. I1cnoJlb30BaH~e aM~AOJlOBOrO npOflB~TeJlfl IJP~BOA~X K HeAonpo~.
 
(I f1BJleH~~ Y4ac'tKoB, no.nY4~BW~X 60JlbUJY~ 3KCn03v.4~~, B peayrre r are '"
 

-rero XI{ ~Me~T TeHAeH4~~ K 6blCTPOMY l-taCbl~eH~~. Al1f1 npOf1BJleH~F1 
11, 

6pJlbW~X nJlOTHOCTeJ.1 ~ nOJlY4eH~~ paBHOMepHOrQ npOflBJleH~f1 ero JlY4
l.	 we BeCT~ B peaKT\IIBaX, 06JlaAa~~~x MeHbWeJ.1 nOABepmeHHOCTb~ K CH~

meH,~~ CKOpOCT~ nponaneuaa Ha Y4aCTKax, ,nOI)Y4\11BW~X 6o:J]bUJ~e 3KC

n03~~~ / D-19, D -198, XD -20 ~ T. n , /, a K~HeT~KY npoaane-ura 

AeJlaTb MeHee A~$$y~~OHHOJ.1 3a C4eT pa~pyweH\IIfI norpaH~4Horo CJlOfl. 
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