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1. 88E,llEHHE 

3KcnepHMeHT8nbHOe HCCneAOB8HHe CTPYKTY~ 3neKTPOHHO-~OTOHHWX 
nHBHe~ /3~11/, C03A8B8eMWX raMM8-KB8HT8MH /HnH 3neKTpOH8MH/ 
B~COKHX 3HeprH~ 8 AOCT8T04HO nnOTH~X OAHOPDAH~X cpeAaX,flBnfleTCfl 
BeCbMa aKTyanbHO~ MeTOAH4eCKO~ 3aAa4e~. 3TO C8fl38HO CO 3Ha4H­
TenbH~M HHTepeCOM K H3y4eHH~ 3neKTpOM8rHHTHO~ KOMOOHeHT~, co­
npoBO~Aa~e~ CTOnKHOBeHHfl 48CTH~ 6onbWHX 3HeprH~. TeM He Me­
Hee,npo6neMa 3$11 He nony4Hna K HaCTOfl~eMy apeMeHH YAOBneTBOpH­
TenbHOrO peWeHHfl. Cy~eCTBY~~afl TeOpHfl 3$11, OCHOB8HH8fl H8 HH­
TerpO-AH$$epeH~HanbH~X ypaBHeHHflX THna AH$~y3HH I l l , OnHC~BaeT 
nHWb OAHOMepHoe pa3BHTHe npo~ecca -·a npoeK~HH Ha TaK Ha3~aae­
My~ OCb p83BHTHfl nHBHfl, T,e, 8 HanpaaneHHH HMnynbCa 48CTH~~ 
/~OTOH8 H11H 3neKTpOHa/, HHH~HHpy~~e~ nHBeHb. C T04KH 3peHHfl 
OOCTOflHHO paCTY~HX MeTOAH4eCKHX Tpe60B8HH~ COBpeMeHHOrO 3KCne­
PHMeHT8 T8KOe OnHC8HHe flBHO HeYAOBneTBOpHTenbHO, OC06eHHO eCnH 
HMeTb B BHAY norno~a~He Be~eCTBa C 6onbWHM 8TOMH~M HOMepOM, 
KOTop~e npHMeHfl~TCfl Anfl AeTeKTHpoaaHHfl 3neKTPOHOB, no3HTPOHOB 
H raMMa-KB8HTOB B~COKHX 3HeprH~, TaK KaK B 3TOM cny4ae Henb3fl 
npeHe6pe4b nonepe4H~MH pa3MepaMH 3$11. Pa3BHTw~ anocneACTBHH 
MeTOA MOHTe-Kapno /MMK/ 4HCneHHOrO MOAenHpoBaHHfl npo~ecca pa3-
BHTHfl 3~11 Ha 38M /eM . , Hanp., 1 2 1 I 11HWeH Ha3aaHH~x He,qocTaT­
KOB H A8eT B03MO~HOCTb nony4HTb C T04HOCTb~ He Xy~e 10% npaKTH-
4eCKH BC~ HH~PM8~H~ 06 3~11, npe,qCTaBnfl~~ MeTOAH4eCKH~ HHTe­
pec. 0AHaKo npHMeHeHHe MHK CBfl3aHO c Heo6XOAHMOCTb~ Hcnonb30-
aaHHfl BeCbM8 rpOM03AKHX nporpaMM Ha 38M H Tpe6yeT 3H84HTenbHO­
rO M8WHHHOrO apeMeHH. no3TOMy OAHHM H3 8BTOPOB / S/ pa3BHB8nCfl 
~eHOMeHonorH4eCKH~ no,qXOA K npo6neMe ~11. CyTb 3TOro noAXOAa 
COCTOHT 8 0011y4eHHH, Ha OCH088HHH 3KCnepHMeHTa11bH~X A8HH~X, 
AOCTaT04HO npOCT~X annpOKCHMHPY~HX COOTHOWeHH~, 0038011fl~HX 

6~CTpO H Ha,qe~HO O~eHHTb 0011HY~ 3HeprH~ raMMa-KB8HTa no CyM­
MapH~M 3HepreTH4eCKHM OOTepflM 11HBHeB~X 3neKTpOHOB H 003HTpoHOB 
/,qanee: 3neKTPOHoa/ a 3aAaHHOM o6DeMe nornoTHTenfl. TaKafl 3a­
Aa4a OTHOCHTenbHO nerKO pewaeTCfl, eC11H HMeeTCfl AOCTaT04HO npo­
CT8fl napaMeTpH38~Hfl ~YHK~HH npOCTp8HCTBeHHOrO pacnpeAe11eHHfl 
nnOTHOCTH 3HeprHH 3$11, Bb1Ae11fleMO~ 8 BH,qe HOHH38~HOHH~X OOTepb 
nHBHea~x 3neKTPOHOB, i\E(Ey,E 0 , t,p)/~t·~P. rAe Ey-
3HeprHfl nepBH4Horo raMMa-KBSHTa, C03Aa~ero nHBeHb; E0 - TaK 
Ha3~BaeMafl 3HeprHfl o6pe3aHHfl ,qnfl nHBHea~x 311eKTpOHoa; t - A11H­
Ha pa3BHTHfl 11HBHfl, OTC4HT~BaeMafl OT T04KH KOHBepCHH raMMa-
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KBaHTa, BAOnb OCH pa3BHTHA naBHH~; p - WHPHHa pa3BHTHA nHBHA, 
OTC4HT~BaeMaR OT OCH era pa3BHTHA B HanpasneHHH , nepneHAHKy­
nApHOM K He~ • . 

B HaCTOA~e~ pa6oTe s~nonHeH~ H3MepeHHA AH~~epeH4HanbH~x 
HOH~3a4HOHH~X nOTepb nHBHeB~X 3neKTpOHOB B 3~fl , C03AaHH~X 
raMMa-KsaHTaMH c 3HeprHe~ Ey=/75~00/ M38 B *HAKOM KCeHOHe. 
3TOT 3HepreTH4eCKH~ HHTepean npeACTaBnAeT HaH60nbWHH HHTepec 
e PAAe saAa4, noceA~eHH~x HccneAOBaHH~ He~TpanbH~x 6osoHOB, 
o6pa30BaHHbiX B AAepH~X B3aHMOAe~CTBHAX npH 6onbWHX 3HeprHAX. 
Ha ocHoeaHHH 3KcnepHMeHTanbH~x AaHH~x nony4e~ YA06H~e AnA 
npaKTH4eCKOrO npHMeHeHHA ¢QpMyn~ , annpOKCHMHPY~~He ~YHK4H~ 

nnOTHOCTH npOCTpaHCTBeHHOrO pacnpeAeneHHA HOHH3a4HOHH~X nOTepb 
nHBHeB~X 3neKTPOHOB. 3KcnepHMeHT B~nonHeH Ha CHHMKaX C 26-nHT­
pOBO~ KCeHOHOBO~ ny3~pbKOBO~ KaMep~ 0~~~ /KnK/, o6ny4eHHO~ 
B ny4Ke n ± -Me30HOB C HMnynbCOM 2,34 r3B/c. 

2. 3KCnEPI1MEHT 

B pesynbTaTe npocMOTpa oKono 30 T~c. cTepeo¢oTorpa~H~ c KnK 
6~no oTo6paHo H npoaHanH3HpoeaHo 500 cny4aee 3~fl.YAOeneTeo­
PA~~Hx COOTBeTCTBY~HM KpHTepHAM 141. 3Ha4eHHA 3HeprHH raMMa­
K&a HTOB,C03AaBWHX 3TH nHBHH,COAeP*anHCb e HHTepeane EY = 
= /75~00/ M3B. 3HeprHH 3~n onpeAenAnHcb no cyMMapH~M npo6e­
raM nHBHeB~X 3neKTpOHOB l &l . 

B Ka*AOM s~6paHHOM co6~TH H 3~n 6~n11 H3MepeH~ B nnocKOCTH 
npoeKUHH CHHMKa, npH nOMO~H cneuHanbHO H3rOTOBneHHOro' Tpa~ape­
Ta , cyMMapH~e npo6e n1 nH BHee~x 3neKTPOHOB, t.Lr (E Y' E0 • t. p)/,\t .t,p , 
Ha6n~AaeM~e BHYTPH npAMOyron bHHKOB CO CTOpOHaMH M = 20 MM 
BAOnb OCH pa3BHTHA naBHH~ H Ap =10 MM B HanpasneHHH, nepneH­
A11KynApHOM K 3TO~ OCI1 . npH 3TOM T04Ka (t, p) ABnAeTCA reOMeTpl1-
4eCK11M 4eHTPOM npAMoy ron bHI1Ka. YeenH4eHI1e cpeAHe~ nnocKOCTI1 
KaMep~ e penpoeKTOpe 6~no paeHo 0,84. CneAoBaTenbHO, ~t = 
= 0, 588 H t.p "' 0, 294 paAHaUHOHH~X eAHHI14 *HAKOrO KCeHOHa /paA. 
eA. /. 

~3MepeHHA 6~nH e~nonHeH~ AnA ABYX 3Ha4eHH~ 3Hepri1H o6pesa­
HHA E0 , npeACTasn.P.~~HX npaKTI14eCKH~ HHTepec: E 0 = 0 11 E 0 = 
= 3 M38, H AeBATH HHTepsanoe 3HeprHH E y • 4Hcno N y co6~TH~ 
3~n. B~3BnHH~x raMMa-KBaHTaMH c 3HeprHe~ E Y, AaH~ e Ta6n.1. 

*8 OAHOPOAHO~ cpeAe 3~fl o6naAaeT oceeo~ CHMMeTpl1e~. 

2 
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Ta6n11ua 1 

411cno NY oTo6paHH~x H npoaHani13HpoeaHH~x cny4aee 
3~n H COOTBeTCTBy~He HM 3Ha4eHHA 3Heprl111 
nepBI14H~X raMMa-KBaHTOB 

--
E y 75 100 120 150 zoo 

/M3B/ +1 0 +10 +10 +20 +20 

NY 28 45 49 95 98 

3. 3ABI1C~MOCTb HE~~y nPOAOflbH~M 
11 nonEPE4H~M PA3811T~EM 3~n 

250 300 
~25 ~25 

70 38 

375 
~50 

45 

500 
~75 

32 

BecbMa cy~ecTBeHHo,c T04KH speHI1A npocTOT~ ~eHOMeHonorl1-
4ecKoro onHcaHHA CTPYKTYP~ 3~n,e~ACHHTb 3aBHcHMOCTb Me*AY npo­
AOnbH~M (t) H nonepe4H~M (p) pa3BHTHeM naBHH. C 3TO~ uenbiO 
6~na s~nonHeHa npoeepKa r11n0Tes~ o HesaBHCHMOCTI1 t 11 p AnA 
ecex 11ccneAye~x AeBATH 3HepreTH4eCKHX HHTepeanos no EY , 11 
ABYX 3Ha4eHH~ 3HeprHH oopesaHI1A E0 , cornacHo KP11Tep1110: 

II: f (ntp-n·rt.r )2 
x 2 = I I P 

(11:-l}( t -1) t•l p• 1 n·r t · rp 
/1/ 

rAe 

n =E[l\Lr(E ,E
0
,t, p)jt\t.l\p + 0,5), tp y 

n £ L n t , r - In r • In 
t ,p Jl t p tp/n ' P t tp/ n 

B~411CneH~ TaK*e K03~U11eHT~ KoppenAUHH C Me*AY nepeMeHH~MH t 

11 p AnA ecex 3Ha4eHI1~ 3HeprHI1 E y· CooTeeTCTBYIOIII11e pesynbTaT~ 
npHBeAeHbl B Ta6n.2. 0HH OTHOCAT CA K 3HeprHH 06pe3aHHA E 0 -0, 
OAHaKo aHanori14HaA CI1TYaUHA HMeeT MecTo TaK*e np11 E 0 =3 M3B. 

Mo*HO saKni04HTb, 4TO nony4eHH~>~e pesynbTaT~ He npoTI1Bope4aT 
rl1nOTe3e 0 He3aBHCHMOCTH npOAOn bHOrO H nonepe4HOrO pa3BHTHA 
nHBHe~. TaKOH B~BOA noATBeP*AaeTcA TaK*e oueHKO~ TaK Ha3~eae­
MOro K03~HUHeHTa 3aBHCHMOCTI1 l ? l , 3Ha4eHHe KOTOpOrO He npee~­
waeT 0,3. 

nocKOnbKY B OAHOPOAHOH cpeAe 3~fl o6naAaiOT OceBOH CHMMeTpH ­
e~, TO OTMe4eHHOe CBOHCTBO 3~fl pacnpOCTpaHAeTCA Ha napaMeTp~, 
OnpeAenAIOIIIHe pa3BHTHe nHBHeH B npOCTpaHCTBe: AflHHY pa3BHTI1A t, 
OTC4HT~BaeMyiO OT T04KH KOHBepCHH nepBH4HOr O raMMa-KBaHTa, BAOnb 
OCI1 pa3BHTHA 3~fl / T.e. TO *e CaMOe, 4TO AflA npOeKUHH Ha nnoc­
KOCTb CHHMKa/ H paAHYC nonepe4HOrO pa3BHTHA 3~fl, p, OTC4HT~Bae­
~H OT OCH nHBHA B HanpaeneHHH, nepneHAHKynApHOM K HeH. 
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Ta6nHua 2 

3Ha4eHHR X~• onpeAeJleHHble !l>opMynOi1 /1/ , C n .,- (k- l )(f-1) 
CTeneHRMH C 8060A~ H COOT8eTCTBy~He HM 3Ha4eHHR BepoRT­
HOCTH P , a Ta~e 3Ha4eHHR K03~4HeHTa KOppeJ1R4HH C 
Me~AY napaMeTpaMH, OnHC~Ba~HMH npOAOJ1bHOe H nonepe4HOe 
paaaHTHe J1H8Hei1, 8~38aHHWx raMMa-KaaHTaMH c 3HeprHei1 E > 

Ey /M3B/ X 2 / n 
n 

p / %/ C ± '\C * 

75 9, 1/9 60 0,023+0,3 
100 12 .1'12 60 o,23 (~o . 2 

120 30, (y24 85 0 ,218.:!:_0,2 

150 18,1721 57 Q,244.:!:_0,2 

200 24, Jy21 72 0, 118.:!:_0, 1 

250 19,~21 45 0,069.:!:_0, 1 

300 31, 0;30 42 0 ,2f 0.:!:_0 , 2 

375 34,h3 41 0,023.:!:_0,2 

500 41 ,9~6 77 o, 021.:!:_0, 3 

*Ao8epHTeJ1bHWH HHTep8aJ1 t\C onpeAeneH npH6nH3HTenbHO. OH 
COOT8eTCT8yeT A08epHTe J1bHOH 8epORTHOCTH 0,95 I S / 

06Hapy~eHHOe CBOHCT 80 He3a8HCHMOCTH npOAOJ1bHOrO H nonepe4-
HOrO pa38HTHR 3~n Aae T 803MO*HOCT b 3anHCaTb ~yHK4H~ nJlOTHOCTH 
CYMMapH~X HOHH3a4HOHHWX noTepb J1H8He8~X 3J1eKTpOH08 8 BHAe 
npoH3 8eAeHHR A8YX ~YHKUHH, Ka~AaR H3 KOTOpwX OnHCWBaeT COOT-
8eTCTBY~tllee OAHOMepHOe 3~n - npOAOJ1bHOe H nonepe4HOe: 

f(Ey, Eo,t.p) a L\E(Ey,Eo, t , p) 

L\t . L\p 

= ! 1 (E y , E 0 ,t) . !2 (E y, E0 • p) , 

rAe f 1 H f 2 - COOT 8eTCT8YIOUIHe MaprHHaJlbH~e pacnpeAeJ1eHHR: 

t\E(Ey,E 0 ,t,p) 
r 1 (E y • E 

0 
, t) = ~ ( ) L\p , 

p L\t . £\p 

4 

/2/ 

131 

' 

l' 

f (E E £\E(E E 2 y. 0 ,t) ,. l ( Y' 0. t, p) 
• t\t. t\p ) \t. 

3AeCb 

t\E(Ey ,E 
0

, t , p) 

1\t .,\p 
=a 

L\~ r(Ey,E 0 , t, p) 

~t.L\p 

a = (0,6/ 0 ,84) M3B/ MM 1 0 1 • 

4. OPOAOnbHOE PA3BHTHE 3~n 

/4/ 

3aAa4a HaXO~AeHHR npocTeHwero 8HAa ~YHK4HH /3/, YA08J1eT80-
PHTeJ1bHO onHc~aa~ei1 3KcnepHMeHTaJ1bHWe AaHHWe, pewanacb a PRAe 
6onee paHHHX pa60T /8 /,B pe3yJ1bTaTe BWnOJ1HeHHOrO HaMH CTaTHCTH-
4eCKOrO aHanH3a 3KcnepHMeHTaJ1bH~x AaHH~x HaHAeHo , 4TO 

f1(Ey,Eo,t) .. a (EY .Eo) .lCEy.Eo> e - /3(Ey ,E o> • t2 

/5/ 

3Ha4eHHR K03~~4HeHT08 a(Ey,Eo), fJ(Ey,Eo) H y(Ey, E
0
), 

COOT8eTCT8Y~He pa3J1H4H~M 3HeprHRM nep8H4HWX raMMa-K8aHT08, 
E Y' H 3HeprHRM o6pe3aHHR J1H8He8~x aneKTPOH08 , E

0
, npH8eAeH~ 

8 Ta6n.3. TaM ~e AaH~ 3Ha4eHHR TeCTOBOH CTaTHCTHKH x=/k, 
no KOTOpOH npOBOAHJ10Cb ~HTHP08aHHe 3KcnepHMeHTaJ1bHWX AaHH~X 
!l>oPMYJ10H /5/ H 8epORTHOCTH p CTaTHCTH4eCKOH nOArOHKH, npHHRTO 
npH 3TOM, 4TO AJlHHa t pa3BHTHR J1H8HR 8Wpa*eHa 8 eAHHH4aX, pa8-
H~X 23 , 8 MM *HAKOrO KCeHOHa , HJ1H ~e 0 , 6 paA . eA. AaHHOrO 8e­
tlleCT8a: 

Il t] .. 23,8 MM /8 ~HAKOM Xe I = 0,6 paA.eA. 

KoacM>HUHeHT a (E Y , E 0 ) onpeAeneH TaKHM o6paaoM, 4T06~ 

/ f1(Ey,E 0,t)dt .. Ey /MaB/. 
0 

/6/ 

171 

none3HO HMeTb 8 8HAY, 4TO, no KpaHHeH Mepe, AJ1R npH6J1H3H­
TeJ1bH~X OUeHO K, MO~HO 80CnQJ1b308aTbCR CJ1eAY~HMH ¢QpMyJ1aMH, 
annpOKCHMHpy~HMH 3a8HCHMOCTb K03~<!>11LtHeHT08 a(Ey,E

0
), f3(Ey,Eo) 

H y(Ey , E 0) OT E y H E 0 : 

a(E y.Eo) .. 43,2 ± 3,7, 

f3(Ey ,E 0) = 11 ,44E:'
96 

y(Ey, E0) • 0,72 ±0,13 

/8/ 

191 
/10/ 
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AnR ABYX 3Ha4CHH~ E0 . ~OpMyn~ /9/ H /10/ OTHOCRTCR K HHTepeany 
E y ~ /100~00/ H3B. 0wH6KH a /8/ H /10/ onpeAeneH~ KaK o~eHKH 

AH CnepCHH COOTBCTCTBY~HX B~6opoK / Ta6n.3/, 4TO 6onee aACKBaT­
HO AC~CTBHTenbHOCTH, 4CM OWH6KH ~THpOBaHHR. 

5. nonEPE4HOE PA3BHTHE 3~n 

6wnH H3y4eH~ ABC rHnOTC3W annpOKCHMa~HH ~YHK~HH f2(Ey,E0 ,p), 

OOHC~Ba~e~ nonepe4HOC pa3BHTHC 3~n B nnOCKOCTH npoeK~HH: HOp­
ManbHOC pacnpeAeneHHC H OAHOnapaMCTPH4CCKaR ~YHK~HR 

r 2 (E Y , E 0 • p ) • >. • ch - 2 [ >. • p ) , 

KOTOpaR OKa3anacb 6onee BepORTHO~. H3 /11/ B~TeKaeT, 4TO 

f f 2 (E • E 0 . p) dp • 1 . 
0 y 

CneAOBaTenbHO, H3 /2/, /7/ H /12/ nony4aeT CR , 4TO 
00 00 

f f f (E y ,E 0 ,t, p)dtdp = E y . 
0 0 

/1 1/ 

/12/ 

/13/ 

3Ha4CHHR TCCTOBO~ CTaTHCTHKH x:/ k, nony4CHHbiC npH annpoK­
CHMa~HH ~YHK~HCH /1 1/ 3KCnepHMCHTanbHbiX AaHH~X, COOTBCTCTByo­
~HX HOHH3a~H0HHWM OOTepRM nH BHCBbiX 3nCKTPQHOB 8AQnb KOOPAHHaTbl p 
Ha pa3nH4H~x AnHHax pa 3 BHTHR t, npH pa3Hb1X 3HeprHRX E >' H E 

0 
, 

paBHbl x i l k .::: 1. 4Hcno CTeneHeH c e o6oAw He npe8wwano 5. Cne­
AYeT Ta~e nOA4CPKHYTb, 4TO napaMeTp >. 8 /11/ OAH03Ha4HO 
onpeAenReT AHCnep c Ho op nonepe4HOro pacnpeAeneHHR HOHH3a­
~HOHHblx OOTCPb B 3~n, TaK KaK 

00 2 
o 2. >. f P 2ch-2(>.p) dp "' ~. 

p ....,., 6>. /14/ 

nocKOnbKY no Mepe paS BHTHR 3~n, BAOnb OCH t, npoHCXOAHT y eenH4e­
HHC ero nonepe4HbiX pa3Mepoe BCneACTBHC, B OCH08HOM 1 MHOrOKpaT­
HOrO paCCCRHHR nHBHe8~X 3neKTPOHOB, TO, CneAOBaTenbHO, napa­
MeTP A AOn*eH y MeHbWaTbCR C pQCTOM t. 0 Ka3anOCb B03MO*H~M HaH­
TH YAOBneTBOPHTenbHyO annpOKCHMa~HO 3aBH CHMOCTH A OT t npH 
pa3nH4HWX E Y H E 0 , a HMeHHO: 

-B(Ey, E 0 ) t 
>. ~ >.(Ey ,E 0 ,t) "" A(Ey,E 0 )e + C( Ey ,E 0 ). /15/ 

3Ha4eHHR napaMeTpo8 A, B H C , cooT8eTcTey~He pasnH4H~M 3Hep­
rHRM E y H E 0. npH8eAeH~ 8 Ta6n. 4. TaM *e AaHw 3Ha4eHHR TecTo­
s oH cTaTHCTHKH x : / k / It- 4Hcno cTeneHeH c eo6oAt>A/ . CneAYeT 

7 



o:; 
3: 
J: 

Q) 111 

I Jl Ill 
:s: J: 0 
:s: J: Q. 
L. Q) :s: 
Q. :J 1-
Q) >. :s: 
J:t;& 

I 
(') 0 

c: ... 
:s: 1-

~ u 
>- :s: 0 

c.J ~ J: :s: 1-
1- o:; 

~ u 0 
c:; :s: Q. 
& 1- Q) 
C') 111 Ill 

1-
)( U I 
o:; 

t '6 0.. 
0. 111 
Q) 0 Jl 
J: 1- C[ 

(')~s 
)( 1- 0 
Jl Ill 
J: o:; u 
<') :s: 
111 J: •:s: 

.:r C.Q)Q) 
:J J: 

111 ~ 111 Q) 
::$ J: c: . :s: c: <') Q) 
c; 1-

10 ........ I u 
111 U"\ .... ... 0 
' -"~5 
V ' :S: 
t:;o.! .... :J 
»>< 
X I 
Q. 

~ ~.ld 
c.J • 

Ill ........ 
•U"\ 

(.) Ill.-
o-..... 

:s: J: 
0 >:S: 

c:Q Q. 0 
1- c; 

~ X >, 
< Q) X 

c; c. 
Ill(')~ 
0 )( 
c. :a :s: 
1- Ill :s: 
Q) Q) ::$ 
X J: 111 
tU Ill X 
c. :s: :s: 
11) c; u 
c: X 

o:; 0 
o:; :s: c. 
:s: J: c 
J: 11) c: 
Q) <') 11) 
:J Q) 
11) c. :s: 
J: '8 c. (I') c: 

8 

,~ 
ctl ~ N $ H Si ~ $ (j) "If' 

~~ss~~~~~~ 
't-.( • r-· ...; .; N N M .; .D 

0 ......... ~ ...... 

<n HN~"""'4HH ............ 

(.) ~~~~~~~·~·~· 
'2 

cjo o oooooo 
2 

"' "'II::' U") -4' HHHHHH 

%~i·i·~~:i·~~ H 
1%1 

r>ao 
o..:.ooooooo 

M 
<.O<.OU'>NH NNN 

• • • • • • • • 0 

~~~.~.c;. ~J· ~~· < H(j)(\l(j) • 
• • • • • • • • N MNHNN H,.... N 

..... 
~:ri~~~~~No 

~ ,_.NM "If' <.OU'><.O~~ 
eol( '&at at~~~ & co. I.'-. • • • • • • • co ...,. 

O,_...,...,.NIO N HN 

UlHHHH ...... H HH 

(.) ~~~~~~~j~ 
00000 0000 

~<f4' Nt-tHHHHH 

0 ~~~~~~~~~~ " 1%1 

r>ao oH o oooooo 

""'"lf' MMMNN,_.M 

< ~~~~~~~~~ 
NNHNNH....:HN 

j 
~ ,~ 8 ~ ~ 8 g 8 ~ § ,_.'""'4,_.NNM<") 

nOA4epKHyTb, 4TO 3aBI1 C11MOCTb napaMerpa .\., onpeAellRIOUiero none­
pe4H~e pa3Mep~ 3~fl , OT AJ111H~ t pa3811TI1R J111BHR OTH~Ab He npo­

TI1BOpe411T CAeJlaHHOMy paHee B~BOAY 0 He3a811CI1MOCTI1 npOAOilbHOrO 
11 nonepe4Horo pa3 BI1T11R 3~n /2/, raK KaK 3AeCb pe4b 11AeT 1111W b 

0 3aBI1C11MOCTI1 AI1CnepCI111 a OAHOrO napaMeTpa {p) OT APYrOrO p 
napaMerpa (t) . 

H3 ra6n.4 MO*HO CAenaTb a~BOA, 4TO np11 AOCTI1rHyro~ T04HOCTI1 
3KCnepi1MeHTa He Ha6Jl~AaeTCR 3aB11CI1MOCTI1 K03~~11~11eHTOB A,B 
11 C or 3Heprl1~ E Y 11 E0 . no3TOMy ~enecoo5pa3HO eocnonb30BaTbCR 
ycpeAHeHH~MI1 3Ha4eH11RM11 3TI1X K03~11~11eHTOB: 

A = 2,1 ! 0,5, B ~ 0.7 .! 0.3, C = 0,5 :t 0,4. /16/ 

6. nPOCTPAHCTBEHHAR CTPYKTYPA 3~fl 

Ecn11 4epe3 F(E Y' E 0 , t, p) o6o3Ha4HTb ~YHK~HIO nnoTHOCTH 
CYMMapH~X 110HI13a~HOHH~X nOTepb J111BHeB~X 3JleKTPOHO B 8 npOCTpaH­

CTBe, TO 113 yCJ10811~ Ha61110AeHHR ee npoeK~1111 f(E y, E 0 , t, p ) 
Ha nJlOCKOCT b CHI1MKa B~TeKaeT ClleAY~aR 3aBHC11MOCTb: 

no 

!(E y • Eo . t, p) = 2 f F (Ey , E 0 , t, p) dy , 
0 

/17/ 

r Ae 11HTerpHpoeaHI1e npoi13BOAHTCR BAOilb npRMOH OY, nepneHAH KynRp­

HO~ nnocKOCTI1 npoeK~1111 11 nepeceKa~111e.:i ee e T04Ke 0 "' (t. p ) . 
nepeXOAR K nOilRPHO~ CI1CTeMe KOOPAHHaT, KOTOpaR conee ecTeCTBeH­

Ha AJ1R paccMa TpHeaeMO.:i 3aAa411, nony4aeM: 

dp 
f (Ey.E0• t,p) = 2 f F(Ey,E 0 ,t,p) --=='=== 

p ...; 1 - p2/ p2 
/18/ 

CornacHo ceo~cr ey He3aBI1 CI1MOCTI1 nonepe4Horo 11 npOAOilbHoro pa3 -

BI1TI1R 3~fl /2/, ypa eHeHI1e /18/ MO*HO npeACTaBI1T b cneAYIOUI11M o6-
pa30M: 

dp 
r 2 (E y • E o, p ) = 2! F 2 (E y. Eo. p) v 1 - p2 I P2 / 19/ 

rAe ~YHK411R F 2 (EY ,E 0 , p) YAOBnereopRer ycnoe1110: 

F(E y' E0 • t, p) = F 1 (E y, E 0 , t) . F 2 (E y, E 0 , p), /20/ 

a ~YHK~11R F 1 (Ey , EO, t) - eCTeCTBeHHOMy yCJ1081110: 

F 
1
(Ey ,E 0 ,t) =f1(E y ,E0 .t) /21/ 
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YpaaHeHHe 1191 RBnReTCR HHTerpanbH~M ypaeHeHHeM BonbTeppa nep­
eoro POAa, B KOTOpOM HeH3BeCTHOH RBnReTCR ¢YHK~HR F2 (Ey ,E 0 ,p), 
B TO epeMR KaK ¢YHK~HR f 2 (E} ,E 0 , p ) OnpeAenReTCR ¢eHOMeHo­
norH~eCKH H3 3KCnepHMeHTa, KaK 3TO noKa3aHO B nyHKTe 5. 

nyTeM 3aMeH~ nepeMeHH~X B ypaBHeHHH 1191, X • l i p HZ =lip, 
MO~Ho ero npHeecTH K BHAY: 

f 2(Ey, EO, x -1 )=/ .1._F2(E ,EO ,z-1)--=:;;d::z===-
0 z 2 y y' l -z 21 x 2 

BBOAR AnR KpaTKOCTH o6oaHa4eHHR: 

J)(X) = t
2

(Ey ,E
0 

, x-l ) 

H 

u(z) = : 2 F 2 (Ey ,E 0 ,z -I ) , 

nony~aeM H3 1221: 

X 

J)(X) = f u(z)dz ly' l -z 21 x2 
0 

1221 

1231 

1241 

/251 

6~n0 nOKa3aHO 191
, 4TO ypaBHeHHe 1251 HMeeT eAHHCTBeHHOe CYM­

MHpyeMOe peweHHe , KOTOpoe 3anHC~BaeTCR B BHAe: 

u(~) = !.[ tga + z j ...L ( ....!.Zi& J dx ] 
" o olh x y'~2-x2 • 

l2f.l 

rAe 

tga ,. [~] • 
0 X 0 

TaKHM o6paaoM, KOHKpeTHbiH BHA ¢YHK~HH F(Ey,E 0 ,t,p) npoCT ­
paHcTBeHHoro pacnpeAeneHHR HOHH3a~HOHH~X noTepb nHBHeBbiX 3neKT­
poHOB 8 3¢n nony4aeTCR H3 COOTHOWeHHH: 1201, 1211, 1231 H 1261. 

7. BblBO.Qbl 

PeaynbTaT~ e~nonHeHHoro a HacroR~eH pa6ore aHanH3a 3¢n, co-
3AaeaeMOix raMMa-KBaHTaMH c 3HeprHeH Ey~I75 ~SOOI M3B e ~HAKOM 
KCeHOHe, MO~HO CBeCTH K cneAY~~HM 3aKn~4eHHRM: 

11 YcTaHoeneHo c AOcraT04HO 6onbWOH eepoRTHOCTb~, ~To none­
pe4HOe pa3BHTHe 3neKTpOHHO-¢OTOHHoro nHBHeeoro npo~ecca He 
3aBHCHT or npOAOnbHOro 1Ta6n.21. Cy~eCTByeT nHWb aaeHCHMOCTb 
Me~AY AHC nepcHeH nonepe4HOrO pa3BHTHR 3¢n lr.e. 11WHPHHOH11 nHe­
HRI H AnHHOH ero paaBHTHR l¢opMyn~ 1141 H 11511. 

10 

21 npOAOnbHOe pa3BHTHe 3¢n onHCbleaeTCR npOCTOH ¢opMynoH 
1211 H 151. 

31 AnR onpeAeneHHR nonepe~HbiX pa3Mepoe 3¢n MO~Ho eocnonb­
aoeaTbCR annpOKCHMHPY~~eH ¢YHK~HeH 1111 . 

41 He HaOn~AaeTCR, npH AOCTHrHyTOH T04HOCTH 3KCnepHMeHTa, 
3aBHCHMOCTH H3y~eHH~X xapaKTepHCTHK 3¢n OT 3HeprHH 06pe3aHHR 
E 0 nHBHeBbiX 3neKTPOHOB e o6nacrH noporoe~x 3Ha4eHHH 3HeprHH 

AnR peanbHbiX AeTeKropoe 3neKrpoMarHHTHoro H3ny4eHHR BblcOKOH 
3HeprHH. 3TO CBOHCTBO HeKpHTH~HOCTH CTpyKTypbl 3¢n K noporOBbiM 
3Ha~eHHRM AHCKPHMHHa~HH aneKTpOHOB no 3HeprHH cneAYeT C4HTaTb 
6naronpHRTHbiM, C MeTOAH4eCKOH TO~KH 3peHHR, OOCTORTenbCTBOM. 

51 npeAnO~eHHOe ¢eHOMeHonorH~eCKOe OnHcaHHe 3¢fi npHMeHHMO, 
B npeAenax H3y~eHHOrO HHTepaana 3HeprHH Ey, K n~OH OAHO­
poAHOH cpeAe, ecnH AnHHbl lr.e. napaMeTpbl t, p, pI e~pa~arb 
~epea paAHa~HOHH~e eAHHH~~ AaHHOH cpeAbl. 0Ho ra~e coxpaHReT 
CBO~ CHny B TOM cny4ae, KOrAa 3¢fi AeTeKTHPY~TCR no CYMMapHOMy 
CBeTOBOMy BbiXOAY· 

B aaKn~4eHHe aerop~ Bblpa~a~r onaroAapHocrb n.C.OxpHMeHKO, 
BblnOnHHBWeH ¢HTHPOBaHHe Ha 38M no ¢opMyne 151 H nOAenHBWeHCR 
CBOHMH 3aMe~aHHRMH nocne np04TeHHR pyKOnHCH HaCTOR~ero TeKCTa, 
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