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UenbJO HacTomueH: pa60Thi siBn51eTC 51 rrony'leHue 8K ::rrepuMeHTanbHhiX HH

~opMauuH: 0 rrpouecce pa3BHTH51 8JieKTpOHHO-~OTOHHbiX JIHBHeH B BemeCTBe. 

B qacTHOCTH, Hac HHTepecyiOT ~JIIOKTyauuu cpeumrx ; .apaKTepHCTHK sToro 

rrpouecca. 

J1ccneuOB8HH51 BbiiTOJIHeHbi C llOMOmbJO 26-JIHTpOBOi KCeHOHOBOH ny3b!pb

KOBOH KaMepbr fla6opaTOpHl1 BhiCOKHX 8Hepruii Ol1.Hl1. E sToii KaMepe MOlKHO 

ueTaJibHO rrpocneuHTb pa3BHTHe JI8BHH B Bbi6paHHOM UI8IT830He HX 8Hepi'HM, 

T8K KaK ITOTeHUH8JibH851 UJIHH8 8TOI'O pa3BHTH51 (13,5 pauHaUHOHHhiX euHHHU) 

COCT8BJI51eT 60JiblllYIO BeJIH'lHHy no cpaBHeHHIO C UJIHHa~ 1H pa3BHTH51 HCCJieuo

B8HHbiX JIHBHeii. TionHaH 8Hepi'H51 E y JIHBHeii, co3uaJ ,aeMbiX y -KBaHTa-

MH, MOlKeT 6b!Tb orrpeueneHa C TO'lHOCTbiO OKOJIO 10~, 11+- 3/ 

MHHHM8JibH851 UJIHHa npoeKUHH CJieAOB H86JIJO):laeMhiX 8Jie \TpOHOB Ha ITJIOCKOCTb 

~OTOI'pa~Hp0B8HHS! paBHa (0,5 + 0,2) MM He38Bl!CHMO ( T 8Hepi'Hll JI8Bl!Hbl B 

uccnenoBaHHOM nuarra30He 3Ha'leHHM E y • 3Toii nnuHe cooTBeTCTByeT MHHH

M8JibH851 sHeprHH sneKTpoHoB u II03HTpOHOB E = 3,1 " 1 ,2 MsB. P a3BHTHe 

JI8BHH MOlKHO Ha6JIIOU8Tb H8'lHH851 HJIH OT TO'lKH reHepEUHH rrepBH'lHOI'O C03-

A8101llef'O JIHBeHb y -KB8HT8 pI , HJIH OT TO'lKH KO !BepCHH 8TOI'O y -

KBaHTa P
2 

• 

1. OnrrcaHrre sKcneprrMeHTa 

Ha CHHMKaX C KCeHOHOBOM IIy3hlpbKOBOH KaMephl 5hlJIH nocrreuoBaTeJib

HO Bbi6paHhl JIHBHH, YUOBJieTBOp51101llHe KpHTepH51M OT60f a, 

3 



1, JlaBill!bl ITOJI fOCTb!O pa3B!113[ll0TC51 13 KaMepe ( paCCTO;!f!l10 OT !W6.'1Kl

):(a8M0f'O KOI!lla JlilBIHI flO 6J1!1JK[llllllei1 CTeHKil KQM8flhl 0 IIJlOJib OCil JlHIIJI\1 0 He 

MeHbWe llBYX panHaL ilOHHbiX eJlHJIHL\ ). 

2, 0TKJIOHe!lHI1 oceii JlHBHeii OT Haflp!liJJlC!llHl llY'IKOf\biX TpeKOB, fi]JOXO

Jl5lllll1X npaKTH'IC'CKH IIi1flLlJlJl8J1bJIO K IIJIOCKOCTH rjlOTOI'paijiHjlOililllil51 0 He 60J1b-

we Gl 15°. 

3, 8 06J1aCTI1 pi!3BHTH51 OT06pai!HOI'O J1HBH5! HOT llllKrlKHX CJ18Jl0fl OT 

npyr·Hx JIHBHeii u B3<~HMoneiicTBHii, 

4. riorrH~>re 3HeJf'HH E)' oTo6paH!lhiX rii1I\lleii HDXOilHTc;r I\ J(HDira3olle 

3HC!'Jei!Hii: 20+3; 40 +G; 80 +12; 150 +22; 300+45 JV\31\, 

3Hepruri JIHBH•)JJ orrpenerr~IJIHCb no cyMl\WpHoMy npo6ery 3Jier,TpOHOil 

H rro3HTpOHOB, H3MeJ•5!eMOMY llBa;r(Ql>I c TO'IIIOCTb!O He xyJI<e 'JeM 5'\l, C Ho

MOIIIbiO MHKpoCKOIIOP Yfll\1-21 6LIJ1!1 JialineJILI JVHIJII>I KonnepCHH ,\ rrepL111'I-

HbiX }' -KBaHTOB C fO'Il!OCTb!O 1 Ml.1 H Yf'Jlhl (•) C TO'IIIOCTblO 0,5°, 

llrrH nporocD.eHH H HYJKIIhiX H3Mepcrmi1 KaJhilCIH IFl JIC!BI!H, ynonJWT!lOfl5!K)-

lllilX '!eTblpeM rrepe• HCJieH!lhiM BL!lll2 KpHTCpil~ll\1 0 CflHCOrlbliii1Jl[lCb TO'IHO B 

l\1[lC!l!Ta6e 1: 1 Ha CyMar·y, JieJKillUYIO HC! C3KflilH0 IT)'OeKlliiOHII0-113Mepl!T8Jlb-

HOf'O CTOJia, 

B npouecce 113 AepeH!1ii H3o6pa/!<eHHe JII!BIIH 6hiJIO pa3rteJieJio 'WJ1e3 Ka)!(

/lbie 2 CM !!a y'IilCTI H 0Tp83K[ll\1l! rrapi1r!J18JibHldX !1p>IMb1X, rrep!10HilHKYJIHpHbiX 

ocu JIHBHH. B HeKOT<>p~>rx H3Mepelll15!X --,TI1 y'!aCTKH 6I>IJIH JtfJ)THMH, 'ITO Bl1llHO 

Ha COOTB0TCTBy!OllllD fJHCYHKDX, Ha'!iJJlOM OTC'IGTLl L1 OllHOl\1 UHI\Jll' ll3MepeHHli 

6brrra TO'IKa reHepa 11111 y -KBLlHTa B !lfJYf'OM UHKJ!O - TO'IKLl 8f'O 

KOHBepCI1H p 
2 

B :>6oux cnyqa5JX onpeneJI5!JII1Cb cyM~lilJll!l>le llJIH!lhi npo6e-

f'OB 3J10KTp01!013 H fl03I1Tp0JIOB B rrpeuerrax Kamnoro yqacTKa 

t ,; '+ t (' , COOTB< ·TC TBYIOlUef'O LJ.[lHH oii llJll1 He 'IilCTH'IJIOf'O pa3BilTl15! 

2. R ,\ : onpeuerr>~Il1Cb no rrpoeKUHil 113o6paiK8HI!H Ha 3K]JaH) • KpoMe 

9TOf'0 0 C'IHTaJIHCb '!1CJI[l 3JleKTpOHOII H fi03HTpOI!Oil, KOTOpbie nepeCGK8J1ll 

rrrrocKOCTH, rreprreJIL:11KYJI5!pHue oc11 JIHBH>~. II3MepHrruch TaKJKe pacCTOHHI15I 

OT OCI1 Jll113HH TO'Iel rrepeCe'!eHI10 TpaeKTOpil51Mll 3JlGKTpOHOH 11 !!03HTpOHOII 

ffi'HX riJIOCKOCTell, [' JIOCKOCTH rrepeCeKaJIH OCb J1HIIH5I Ha paccTOHHH5!X t A, 

OT PI HJlll p 
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2, 3KCIIepHMeHT8flbllbte IWHHhte 

PacnpeaeneH!le o6pa6arLmaeMhiX mmHel1 no 9HepnHI \1 aaHo B ra6n. I, 

Ta6nuua 1 

3Hepr!!SI y -KB8HT8 1 co3aaBwero Y!!CllO .1Hl)Hei1, B3SITLIX anSI 
n!IB€Hb aHalll!3a 

20 + 3 M9B 40 

40 + t:i M9B 50 

80 + 12 M9B 40 

150+ 22 M9B 38 

300+ 45 M9B 39 

2 .1 • K a c K a A H bl e K p 11 B hi e 

KacKaAHLie Kp!!Bhie N(EY'E,t) 141 
noKa3aHbi Ha fl!C. 1+-10. Ha nepBLIX 

ITSIT!! p!!CYHKax npeACTaBlJeHhi 3aBUCUMOCT!! N (Ey• E, ) AnH cny'!aH, KOI'Aa 

y -KBaHTa, C03-

A8BW€rO nl!B€Hb 1 Ha OCTanbHbiX ITHTH - HH¢OpMaUUH ) N ( EY' E , t ) An 51 

Clly'!a51, KOI'Aa TO'IKOH OTC'I€Ta cnymuna TO'!Ka KOHB€~CHU nepBU'IHOI'O y -

KBaHTa, 

PacceRHue aneKrpoHOB u no3uTpOHOB He 6hlno ytreHo, 

2 ,2. <P n 10 K T y a u u u 

Ha puc. 1+-10 ITOKa3aHhl TaK)I(€ COOTBeTCTBYIOIUU€ QJniOKTyaUUH CpeAHe

I'O 'IHCna 'laCTUU Ha rny6nHaX t : 

aN 
2 l 

I =l 

- 2 

( N·- N) I 
I 

1 
n ( 1 ) 

N N 

2.3. 3aBHCHMOCTb A(t) 
1 

9HepruH, BLiaereHHOH Ha noHH-

3 8 U II 10 C p e A hi 9 n e K T p 0 H a M II II IT 0 3 H T p 0 H a .1 II , 0 T I' li y 6 II H bl 

p a 3 B II T II 51 n a B II H bl 

Xoa 3aBHCHMOCTeA A(t) AnSI niiBHeA pa3HNX 9HeprHA noKa3aH Ha p11c. 

11~15. Cqer A HaqiiHancH or roqeK KOHBepcllll y -KBaHTOB, 
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2,4. ¢11KlKTy lUHH 
8 A ( t ) 

A ( t ) 

Ha p11c. 11-15 npvB8!l8HJ,r TDK)t\8 3anucTJMOCTH rjlniOKTyauHii A ( t). 

B 9THX pacn~wneneHHIX ne y'!T8Hhi cpmoKTyamiu !13-3a pa36poca 11Jll1H KOH-

)' -KBC1I!TO I, C03/lC1Blll11X JlHBHH, 

2. 5. n 0 II e p 8 ' H 0 e p a 3 fl H T ll 8 11 I! B H >! 

Ha pY!c. 16-2·) naHLI rucTorpaMMJ,r pncnp8/18JJ011Hii 'ILlCTHU B JJHBHHX 

Ha paCCTOHHY!HX \ )T OCH, COOTBOTCTBY!OlllHX /\ElHIIhlM rny6YJHilM pa3Bl1TY!Il 

JJC1Bl1Il 

Hn puc. 21.;-25 npHTIO!liiTCH 3i!HHCill\tOcTYJ cpenH8ii t1111flHHJ.I JIIIBH5I x(t) 
OT rny611Hhl 8r'O pa3J,HTY!Il 

c\1op MY ne 

x(t ) 

- I 
\ ,,(t) ~ ~ \ + 

II -_I 

3necb II - '!Y!CJIO Jl IBHeii, 

• 88JIH'!HHa x( l) 6r,JJI!l onp8/leJJel!a cornac11o 

" ~ \ 

411 l 
l' 

l' -

(2) 

~ \ \ \ 

II ,- II 

-1 II I ' II II II - '!f!CJJO '!ilCTHU ITO Jl8-

BOH H rrpasoii CTOflO 18 OT OCH JlllBfiH Ha 060HX KanpaX CT8p80llaphl, Ha'!aJIO 

OTC'!e Ta llfli!H\ TO B nepBOM CJJy'!a8 B TO'!KClX KO!I!18pCHH ll0f1Bll'-IHhlX 

)' -KHHI!TOB, flO I TOp0~1 CJJY'!ClO - B TO'-!KclX r'8H8f1ilUHii ITepBY!'-II!I,IX )' -

KBC1HTOB. 

2.6. ¢JJIOKTY lUIIH 
8 \ ( ( ) 

\ ( l ) 

¢JllOKTyaUY!l1 C l8HI!eii llll!pl!Hhl JlHBI!H \-( () Ml\1 /HJHJ,T I![] pHC, 21!-25, 
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3. (JflC'yth}l\~HHl' ~KC'IIeJlHI\IPIITHJlbH!,JX p(~3Y11bTfJT<>B 

EcJHJ HocrpoHTh 3<lBI1CH!\tO<:Th or I'ny6HJII,r pn3JH1THH J KBH'IJ cpC/1HC'ro 

JJOJIHOI'Ct rrpo6Pl'/l -~llPKTpOHOH 11 l!0311TJlOHOB ~ R I\ JIHHHS: X I! pH J1AHHhlX 

1 TO !!OllY 1II-llUTCs.T KpHBI>ll~ 1 nJ,JXOLJ 'WHP Hn IIJ1l-1TO 

!!pH \OOTIH~TCTBC.'HIIO f)cJJlblllllX 3JI<l 1 f('HH S:lX ( prw. 2()). 

Y C/l\lh!X 60Jibl!H1X Cpenu H~Jy'Y:[le\U,JX HLll\..111 JlHJ\IIPii 111Jl Jlr>JlHI>lX 3H0prH-

HX E) ~ 20()0 IVhfl J[JJaTO .10CT>i!'i10TC>l llflll 10 t C H!TU'II OT TO'-IKH 

KOHB('pr'HD JJPpHI11.JHOI'O )' -KB:!JITn. 3Tn BC~JlHYHHB .::.-3/lMOTHf Mf!!ibL110 LUlUHI>i 

K<1\J(~fll·l. 

Jlil~3Bl1TJISI JIJJHJICil, JIOJIO/U_'HHfi l\1!lKCH~1Yl\10B, cpeDHHX 11JlHH p i3HHTI1H JlOBUII 

H ¢>JIIOKTY<lllltii CpCJ{fiHX XflfJClKTPfH1CTHK pa3FH1THSl JlaJHIH, COC TBCTC'TBYlOillHX Jl<lfl-

HOi! I'Jly 611 HP I llJH1BPJlCHI>I H/l JlVl:C. l;-15. noncpC: 1lHl>IC~ l fl3MPfJbl J!HBHCi! 

OIH!Cil!ll>i Ilil pH C. lfJ+- 25. 

1~13 coliOC:TanncHHS.T LHHIHI,rX, OTHOCHUlHXCH K JHfBH~H'vt rrp f pn.:._nn,rx E)', 

~~ IIOJ1)'tt{'JI!fl,JX IIpH OTC'If'TtJX ;'IJlHH pD.3Bi1TIHI JlBBHH OT T04et r'E:!JICpA.UH:H II<!p-

BlJllJihlX ) -KI1l1HTOB H OT T04BK HX KOHBCp<"HH p , I'dO/KHO 3dK-

JJi(Jl-JJ1Tb, TJTO 

}. PC'J\!1 !ICCJI0/l(lBL1Tb npOI!.Q~ pn3Bl1THH JlHBHH, J[<ll..JHH.!H OT TO'-!Klt 

b \ :• 
TO JionyttrHHI>Je QJnwKryauuH ---- MHIIHl\lftllbHI,r n p.:utoHI' .\JnKcH:-.lyl\ta 

~ 
p;nmrnur n:rriHH (rare. 1-5); 

I' 

2) p;136pOC llJlH II KOHBGpCHH l!GpBII'!IIJ,f X )' -KH<IHTOB C'UJII>IIO BJ1UH0T 

lin 3HB'IC'!IUH ~! HX XOI\ B 3LlBHCIH.10CTH OT (f HC. fJ;-10); 

l' 

) N 
3 XO!l ¢JliOKTY<1UHi1 3HepriHI, I31>1JieneHIIOii HD H01Ill3Cllll1l) CJlC!lh! BTOfHP-1-

II!dl\1H 3JlOKTp0H[l.\!H 11 l!03HTpOHLlMH B 3ai3!fCHl\!OCTl1 OT teHHl~TC'il C poe-

TOM 3HCfH"HII E) (prrc. 11+-15). 

4) I!i16JII0llil\OTCI1 OTHOCHTPJlhliO 60Jibilll10 qJJ1!0KT,YilllHl1 F X0/1<' IIOIIepoq

HO!'O pL!3I\JITllll JIIIBHCii (pHC. 21-;-25). 

DonH 3Hepruri l111IHIH, BhlJlQ.'l0HHaH H:t HOHH3C1lllfJU cpenJJ, xcJpcil<:Tepu3)-'('-

MD '11 COOTHOJlleHHeM 
~R 

-----, HMGPT OfUHILlKOBJ,ri1 B f'fJElflVflUIX OKOJIO 10':;) 
~ R 

XapaKTPp 3ElBHCHMOCTIJ OT UTHOC!ITCJlbHOli rny6HHbl p~13B!ITH: JliJBl1H 
t 

J 
B Jll181UI3UJIC E).= 20;-2000 IV\:on; (puc. 27); ~R- cpe;wrii rronHr.rii If!•O-
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6er <>neKTpOHOB ll I1<>3llTpOHOB ITllBHH; d - Cp8/lHHH /liTllH8 pa3BllTllH ITllB-

HH. 
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Puc.3. KacKaDHaH KflHBaH H qJJliOKTyauuu ~ncna ~ncTu r n llUBHHX, co3t:WHHhiX 

v -KFWHTaMu c :o>HepruHMH E" = 80+ 12 M:o>B. Hwwno oTc~eTa 
' ' -

oT TO~KH reHepauuu nepnu~Horo )' -KB8HT8. 
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