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C ITOMOWb~ KC8HOHOBOH rry3hlpbKOBOH KaMephl MO~HO A8T8JlbHO rrpoc n e 

A RTb rrpouecc pa3BRTH H anexTpOHIIO- ¢oTOHHhlX JlRBHeA. B KaMepe na6opaTOPRR 

BbiCOKRX aaeprHi1 Ovl H VI, xoTopoJ.I Mbi pacrronaraeM 1 o TaoweHRe an HHbi xaMepbi 

K p8AR8UROHHOH eQRHR U e t o =4 105+ 0 1 17 CM paBHO 13 1 5. fpaHH'IH851 1 M RHH

M8JlbH8 H QJIRH8 rrpOeKUHR ua6n~Q88MbiX 9 Jl8KTpOHOB , He38BRCRM851 B R CCneao

B8HHOM AR8IT830He 9 HeprRJ.I OT 9HeprRR Jl8BRHbl 1 p 8BHH8 TC H 0 1 5;t 0 12 CM. n 0Jl

H8H 9 HeprRH JlRBHH MOlK8T 6bi Tb OrrpeaeneHa C TO'IHOCTbiO OK OJlO 1 Qo/o . 

THIIII'IHClll Kap TI111 Cl 11 CCJl e {lOBO H!lhiX H DM II CJly<lUCI3 l!OKD:JD I! 8 Ha p11C.1 . 

Y - K13<1HT 1 B03 HIIKIJ111~i OT pa C IT8AEl 
0 

7T · • 2 y , pori<A8HHOI'O B rr +- Xe 

B38RMOA8HCTBRH rrpH 2 134 f ge/c B TO'!Ke 1 KOHBepTHpyeT B TO'!K e p~ 1 

C03A8B8H J18BHHy . Pa3BRTH e Jl8BRHhl MO~HO rrp OCJl8AHT b H8'1HH8H RJlH OT T0'-1-

KH Pt I HJlH OT TO'IKH p 2 

U enhiO aacToHweA p a60T bl 51BJJHeTC51 rrony'leHHe aKcn e pR MeHTanbHblX HH-

¢opM8UHA 0 pa3BHTHH Jl8BHH B BeWeCTB8 1 11 B '18C THOCTH, 0 ¢n~KTY8UHHX cpea-

HHX xap aKTepHCTHK 9Toro npouecca . 

1. 0ITHC8HHe 9KCITepHMeHT8 

H a CHHMK8X , nony'leHHblX B KCeHOHOBOH TIY3b!pbKOBOH K8Mepe 1 6binH ITO

cneaoBaTeJlbHO Bbi6paHbl JIHBHH, YAOBJleTBOp51~WH8 cneay~IURM KpHT8pH51M OT-

6opa: 

1) naBHHhl TIOJlHOCTb~ p83BHB8~TC51 B K8Mepe (paCCT051HHe OT H86JliD

A8 8M OrO KOHU8 Jli1BH51 AO 6nH~8AIUeA CTeHKH K8Mep hl 1 BAOJlb OCH JlHBH511 He 

MeHbWe ABYX p8AH8UHOHHblX eQHHHU to ) • 

2) 0TKJlOH8HHe oceA JlHBHeH OT H8Tip8BJleHH51 TIY'IKOBhlX TpeKOB 1 npoxo

A511UHX npaKTH'IeCKH napannel!bHO K HJlOCKOCTH ¢oTorpa¢HpOB8HH511• He 60Jlbllle 

0 =15°. 
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3) 8 o5naCTH pa3BHTHH OT05paHHOrO nHBHH HeT HHK8KHX cnenoB OT apy-

rRx nRBHetl H 838HMO,Ll0HC Tf:H!J1. 

4) TI OnHb!e 8HeprHH E y 0 T05paHHblX nHBHei!, H3Mep eHHb! 0 no paHee 

H3nO~eHHOMy MeTony 
11r 3 l , H8XOL\HTCH B UM8n830H8X 3Ha~eHHil: 

1000+ 150 M8B , 1500+ 225 M 8B H 2000+ 300 M 3B. 

TiocneaHee T pe5oBa HHe y~HThlBanocb nocne H3MepeHHH nonHoil 8Hepr ww 

Ey OTo5paHHhlX naBHH no cyMMapHOMy npo5ery BTOPH~Hwx ~aCTHU . CyM

MapHwA npo5er 3JieKTpOHOB 11 n03HTpOHOB 113M e pHnCH LlB8~Llhl ; LlOC TRranaCb 

TO'IHOCTb ero orrpeaeneHHH He xy~e 5%. C 
nOMOIUb!O M HKp OCKOIIOB YV! M-21 

OIIpeae nSinMCb Lln!Hlbl KOHBepCHH A nepBH~H biX Y -KB8HTOB C TO~HOCTbKJ 

ae· xy~e 1 MM 11 yrn hJ 8 c TO~HOCTb KJ He xy~e 0,5°. 

llnH L!BnbHeHWHX H3MepeHHH K8~Ll8H 113 naBH:H, YLlOBneTBOpHKJIUHX KpHTe

pHSIM l lr
4

/ , CpHCOBhiB8n8Cb TO~HO B M8CWTa5e 1 ;} H8 5yMary, nC>I<CJIUYIO Ha 

3KpaHe npOeKUHOHHO-H3MepHTenbHOrO C TOna . 

B npouecce H 3MepeHHH H3o5pa~eHwe Ka>Kaoro nwBHH 5hrno ~epe3 KB>KL!bJe 

2 CM p83J:leneHO H8 Y~8CTKH 0Tpe3K8MH napannenbHbiX npHMbiX
1 

IIeprreHJ:lHKynHpHLIX 

K OCH nHBHH (K HanpaBneHHKJ , IIpOX OLlHIUeMy ~epe3 TO~KH ~ 
, P 2 ). Ha~a-

noM OTC~eTa B OL!HOM UHKne H3MepeHHH 5wna TO~Ka reHepaUHH y - KB8HT8 

pl 
, B npyroM UHKne - ero TO~Ka K OHBepcaw p2 . B o5owx cny~aHx 

" ' A. onpeaenHnwcb cyMMapHbre LlliHHbi rrpo5eroB 3JIBKTpOHOB 11. IT03HTpOHOB ..:.. R + 

B rrpeaena x Ka~noro y~aCTK8 t A,, t A+ tO , COOT BBTCTBYIOIUero Ll8HHOH LlJIH-
e-

He 'IBCTH~Horo pa3BHTHH t A, ( ~ R ~ onpenenHnHcb B rrpoeKUHH H3o5pa-

~NIHSI Ha 3KpaH ). KpoMe 8 Toro, C~HTBJIHCb ~11cna 3neKTpOHOB 11 no3HTpOHOB, 

KOTOpbie nepeceKanw nnoCKOCTH, neprreHL!HKynHpHbre ocw JIHBHH. TaK~e onpe

aenHnHcb paCCTOHHHH OT OCH JIHBHH TO~eK nepece~eHHH TpaeKTOpH HMH 9JieK

T pOHOB H IT03HTp OHOB 8 THX nJIOCKOC T 0H 1 ll8XOLlH!llHXCH Ha paCCTOHHlHIX 

OT TO~KH OTC~eTa. MHliHManbH8H 8HeprHH H85JIKJU80Mb! X 3JleKTPOHOB 11 IT031!

TpOHOB E=3~ 1,2 M3B , 

KaK ynOM HH8JIOCb P8HbWe 
141 , He50JibWHMH P8CX0)1<UeHH51MH B LleHCT

BHTenbHbiX LlJIHH8X y~8CTKOB 1 Ha KOTOpbJX BeL]yTCH H3MepeHHH, MO~liO rrpe-

He5pe~b IlpH LlOnyCK80Mb!X H8MH 3H8'10 HHHX 8 

4 



2, 3KcrrepHMBHT8BbHhlB gaHHhlB 

06pa6aT biBanHCh 4 0 nHBHeti c rronHoti a Hepr H e ti E y =1 000± 150 M a B, 

36 n HBHeti c E y = 1 5 00± 225 MsB H 16 n H BHe ti c E y=2000± 300 M s B, 

2 .1. K a c K a A H hie K pH B hie . KacKaAHbie KpHBbie - GaBH CH M OC Tb cpeAHero 

"!Hcna aneKTPOHOB H rro3HTpoHoB c 9HeprHSIMH 6onhiiie E B n HBHSIX, C03AaH-

HbiX y - KBaHTaMH C 9HeprHSIMH , OT rny6HHbl pa3BHT HSI t , N(Ey,E,t) ' 

IIOKa3aHbl Ha pHC , 2,3, H 4 , 

To"!Koti oTc"!eTa cny>KHnH TO"'KH reHepauHH y - KBaHTOB , Ha pHc . 5, 

6 H 7 IIpHB9A9Hbl KaCKaAHbie KpHBbie B cny"lae, KOrAa B Ka"leCTBe Ha"!a.'lbHbiX 

TO"leK OT C"leT a cny*H.'lH TO"'KH KOHBepCHH y - KBaHTOB , B o BCeX cny"laSIX 

pacceSIHHe s neKTpOHOB H II03HTPOHOB He Y"lHTbiBanocb, 

2 , 2 , ¢niOKTyaUHH Ha pHC, 2, 3 , 4, 5 , 6 H 7 IIOKa3aHbl COOT-

BeTCTBYIOillll 9 ljlniOKTya UI!ll 

- 2 
I L (NI -N ) l 
I=l n 

N N 
( 1 ) 

B "lHCne N "!aCTHU B 3aBHCHMOCTH OT rny6HHhl pa3BHTHSI naBHHhl t 

2 . 3. 3 aBHCHMOCTh A(t) S H e p r H H, B bl A e n e H H 0 H Ha HOHH3a -

U H 10 C p e A bl 9 n e K T p 0 H a M H H II 0 3 H T p 0 H a M H , 0 T r n y 6 H H bl p a 3 -

B H T H Sl n a B If H b l • XoA GaBiiCH M OCTeti A ( t ) AnSI nliBHeli pa3HhlX 

a HeprHli noK a3aH Ha pHc. 8 , 9 H 10. C"!eT A Ha"!HHanC SI OT TO"!eK KOHBep-

CI!H y -KB&HTOB, 

2,4, <f>niO K T ya UI!ll 
o A(t) 2 

'A< t) 
• H a pHc. 8, 9 H 10 rroKa3aHbi TaK*e GaBH-

CI!MOC TI! cjJniOKTyaul! i1 B A ( t) • B rrpeACTaBneHHbiX GaBHCHMOCTSIX He y"!TeHo 

B.'lHSIHHe QJ.'liOKTyaURii H3- 3a pa36poca A.'lHH KOHBepCHJI y -KBaHTOB, C03AaB-

IIIHX nHBHH, 

2 .5. f1orrepe"'HOe pa3BHTHe nHBHSI, Ha pHc. l1, 12 H 13 rroKa3aHbi 

r HCTOrpa MMbl pacrrpeAeneHHH "laCTHU B n!iBHSIX Ha pa3Hb!X paCCTOSIHHSIX X 

OT OCH, COOTBeTCTByiOIIIHe aaHHhiM rnyflHHaM pa3BJITH $1 t . 
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Ha p11c, 14, 15 11 16 rrpH B OI::tSITCSI 3BBHCHMOC TH cpeaH'ei1 umpHH b i nHBHSI 

X ( t ) OT rny6HHbl p83BHTI1SI t "i ( t ) 6brn orrpeaeneH cornacHo <j:lop-

Myn e 

x ( t) 1 n -
--Lx 
4n V=l v 

nl n2 n a n4 

X ( t ) : -
1
- L x, + -

1
- L X + ..!. L X k + - 1- L X P. 

V n I !=I n 2 j= I j n 
3 

k= I n 
4 

f, I · 

(2) 

0 - 'IHCJIO liHBHeH, n I n 2 "a , n 4 - 'IHCJIO 'IBCTHU ITO neaoi1: 

K ITPBBOA CTOPOHe OCH JIHBHSI Ha 060HX KBL\PBX CTepeorraphl, 

Ha'!aJIOM OTC'IeT a npH rrony'!eHHH LlBHHhlX, ITOK838HHhlX Ha pHC, 11~1~, 

cnym HJIK T O'IKH KOHBepCHH rrepBH'!HhlX Y -KBBHTOB , 

2,6, ctJJI JOK T yaUHH 
o x(t) 2 

_ 

x ( t ) , IPJI JOKTyauHH a cpeaHei1 WHPHHe JIHBHSI x (t), MM 

LlBHhl Ha pHC , 14~16, Tip11 HX rrony'!eHHK 6hl JIH T B Kme Y'! T eHhl <jJJIIOKT YBUHH , 

KOTOPhle MOI'V T ITPOI1 CXOL\ 11Tb OT Pa36poca L\JIHH KOHBePCHH ITePBH'!HhlX Y -
KB8HTOB , 

3, 06CYIKgeHHe 3 KCITepHMeHT8JlbHb!X p e3yJihT8 T OB 

K OJIH'!eCTBeHJil,Je HH<jJOpMBUHH , K8C8IOLU H eCSI 'IHCen 'IBCTHU B MBKCHMyMe 

IICCJieAyeM blX J11!BHei1 , ITOJIOmeHI!H MBKCIIMYMOB pa3BI1THSI J11!BHei1 , CpeL(HI!X L\Jli.!H 

pa3BI!TI!51 JIBBI!H H <jJJIIOKT YHUHH cpeAHIIX XapaKTepHCTHK Ha L\BHHOA rny6HHe 

np11aeae Hbi Ha p11c . 2.;. 10, TI oapo6Ho onacaHbi rrorrepe'!Hbie pa3 Mepbi na-

BIIH C ITOMOlllbJO L\HBI'p8MM , ITOK838HHblX fill pHC, 11;.16, 

J;13 COITOCTBBJie!II!SI KBCKBL\Hb!X KpKBbJX , .COOTBeTCTBYIOlllHX p83Hb!M 3 ·Ha--

'!CHI!SIM Ey II ITOJiy'!eHHbJX ITpl! C'!eTe OT TO'l eK pI H p 2 
1 

MQ)KHQ 38KJIIO-

'!11Tb 7 '!TO 

1) <jJJIIOKTyaUHK 'IHCJIB '!BCTHU MKHHMBJibHhl B paHOHe MBKCHMyMa pa3-

B IITH 5l Jli!BHSI; 

2) pa36poc L\JH!H KOHBepC H H CK83biB8eTCSI HB XO.c:te <jJJIIOKTYBUHA JIHlllb· 

rrpH t < 
Jlli:i X 
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Xon QJniOKTyaUHH BhiAeneHHOH SHeprHH H8 HOHH38UHIO CpeAhl BTOpH'IHbl

MH sneKTpOH8MI{ H II03HTpOH8MH B 38BHCHMOCTH OT MeH5!eTC5! C pOCTOM 

8HeprHH Ey (pHc. 8 710). Y!Mee TCH yKa3aHHe, 'ITO aHanorH'IHhie H3MeHeHHH 

HMeiOT MeCTO H B XOAe QJniOKTY8UHH 'IHCna 'I8CTHU (pHC. 5~7). 

Ha6niOA8IOTC5! OTHOCHTenbHO 6onbllJHe QJniOKTYBUHH B XOAe IIOriepe'IHOI'O 

pa3BHTH5! nHBHeH (pHC. 14a), 6); 15a), 6); 16a), 6) ).XapaKTep 38BHCHMOC

TH STHX QJniOKTyaUHH OT He MeH5!eTC5! CyllJeCTBeHHO C H3MeHeHHeM E y 

B HCCnenyeMOM AH8II830He 3H8'IeHHii . 

Eonee rronpo6Hoe HccnenoBaHHe rrorrepe'!Horo pa3BHTHH nHBHH (pHc. 17~1 9) 

IIOK83hlBaeT , 'ITO pacrrpeneneHHe paCCTOHHHH 'I8CTHU OT OCH nHBH5! Ha rny6H

H8X p83BHTH5! t ~ 3 to rrpaKTH'IeCKH IIOA'IHH5!eTC5! HOpManbHOMy 38KOHY pac

rrpeneneHH5! . f1pH rny6HHax pa3BHTHH, MeHblllHX 3 t 0 , pacrrpeneneHHe 6onee 

ysKoe. 

IIHTeparypa 

1. 3. C. Crpyranbcxnii. MarepHanbi coBeiiiBHH5l uo MeTOtJ.HKe uy3bipbKOBbiX 
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MeHKO, 3. C. CrpyranbCKHii. llpeiipHHT 011 H /1, P-700, fly6na, 1961; 

llT3 M6 (1961). 
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PHc.2. K acKaHHa 51 KpHBaSJ H cpmoKTyaium '-mcna 'iaCTHU B 11HBHSIX1 co3AaHHbiX 

y -·KBaHTaMH c aaepraSIMH E y = 1 000± 150 M a B . H a'iano oTc'ieTa-

OT TO'ieK reHepaUHH Y -KBaHTOB P 1 
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fO 

N(L . I t. E! • 1500 ! 225 1'1ev __ _ 
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Puc.3. KacKaaHaR KpHBaR H ~niDKTyauuu qucna qacTHU B nwBHRX, co3aaHHhlX 
y - KBaHT8MH c sHeprHRMH E y =1500: 225 MsB. Haqano oTcqeTa 

OT TQqKH P 1 
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P uc .4, Ka cKaaHaH Kp KB8H K ¢n roKTyauuu qacn a q acTHU B n uBHHX, c oaaaun~x 

y -KBa HT aMH c 3Hepr HHM H E y =2000~ 300 M3B , Ha q a n o oTc q e Ta 
OT TQqKH PI 
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PHc.6. KacKaAHaH KpHBaH H ~niDKTyauHH ~Hcna ~aCTHU B nHBHHX c rron HoH 
BHeprHei1 E y =1500 ± 22 5 MaB. H a~ano oTc~eTa - TO~Ka P 2 • 
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PHc.7. KacKanHa.H KPHBa.H H cpJJIOKTyauHH '-IHCJla "'BCTHU B JlHBH.HX c Ey = 
2000:!: 300 M9B. H a"'ano OTC"'eTa - TO"!Ka P 
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PHc.8. 3aBHCHMOCTb 3Hepf'HH, BhineneHHOH Ha HOH!i38!lli!O Cpenbi 3neKTpOH8Mii 

H II03HTpoaaMH naBHHhi, OT rny6HHhJ pa3BHTH.II nHBH.II. Ha'l.ano OTC'I.e

T~ - TO'IK8 p 2 • 
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