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06maB nocTaHOBKa aonpoca o paspeweHHH ueATponuoro 
nu~paKToMeTpa no apeMeHH nponeTa,no cymecTBy,ue oTnH
qaeTCB OT DOCT8HOBKH BODpOC8 QnB 06hl'IHOrO QH~paKTO
MeTpa/l/: ~YHKUHB paspeweHHB R(X), onpeneneuuag B npo
cTpancTae BeKTOpOB pacceBHHB, eCTb ~yHKUHB npH6opa, 
caepTKa KoTopoA c ceqeuueM ynpyroro pacceBHHB u(Q) 
onpenen~eT H3MepeHHYID HHTeHCHBHOCTb HeftTpOHOB H8 neTeK
TOpe I(Q): 

........... -+-+ ._. 
I(Q) .. I R(X) u (Q+ X)d X. (1) 

TaKaB ~opMynupoBKa, B KoTopoA sa nepeMeHHYID DI>H
HHMaeTCB He nponeTHOe BpeMH-' 8 OTKnoaeHHe ~= Q' -Q 
TeKymero aeKTopa pacceBHHB Q' oT cpenaero Q, yno6aa 
TeM, 'ITO OTQenBeT npH60pHyiD '18CTb B ceqeHHH pacceBHHB 
OT ~H3H'IeCKOft H fi03BOnBeT paCCMOTpeTb pa3nH'IHbl9 
BHQhl ceqeHHB ynpyroro (H KBasuynpyroro) pacceBHHB 
c onuaaKOBhlM nonxonoM. B qacTHOM cnyqae na~paKUHH Ha 
nonHKpHCTanne QOCT8TO'IHO 3H8HHB OQHOMepHOft, 38BHCBmeft 
oT nponeTaoro apeMeHH ~YHKUHH paspeweHHB. B cnyqae 
MOHOKpHCTanna HY*HO 3H8Tb TpexMepHyiD ~yHKUHID R(X). 
3Ta ~yHKUHB 6bin8 paCC'IHTalta OQHHM H3 8BTOpoa/2/ C no
MOmbiD pa3BHTOrO HM MeTOQ8 Bbi'IHCneHHB ~yHKUHA pa3-
peweHHB B aeftTpOHHOA cneKTpOMeTpHH /S/. 

B aacToBmeA pa6oTe npencTaBneHhl pesynhTSTbi sKcne
paMeHTanhHOA npoaepKH nony'leHHbiX B pa6oTel2/ ~opMyn. 
llaeTCB nonpo6aoe OfiHC8HHe Bbi'IHCnHTenbHOrO MeTOQ8 
B TOM BHQe, B KOTOpOM OH BOfinOTHnCB B pacqeTHYID npo
rpaMMy, QnB cpaBHeHHB 9KCnepHMeHT8nbHbiX Q8HHbiX C Teo
peTH'19CKHMH pesynbT8T8MH, 
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1. Bbi"IHcneaHe pYHKUHH paapeweHHR 
B HOpManbHOM npH6nH~eHHH 

PaccMaTpHaaeTCR ycTaHoBKa AnR AH~paKUHH no apeMeHH 

nponeTa aa HMnynhCHOM peaKTope B reoMeTpHH, Hao6pa
~eaaoA aa pHc. 1. lleTeKTop nocTaBnea noA cpeAHHM yrnoM 

pacceRHHR 2 0 
8 

• BoabMeM MoMeHT apeMeHH T 0 aa aaanH
aaTope. TipH 38A8HHbiX cpeAHHX paCCTORHHRX 38MeAnH-

Tenb - o6paaeu L I H o6paaeu-AeTeKTop ~ aaa'leHHRM 
T0 H 0 cooTBeTCTRfeT cpeAHHfi BeKTop pacceRHHR 
-,.;. -+ 8 -+ -+ -+ 
~ = K iO - K1 0 , rAe K iO H K f 0 - cpe.uaHe aonaoBbre aeK-
Topbr naAaiOUIHx H pacceRHHhiX aeATpoaoa ( K .

0 
= K f , 

Q = 2 KiO I sin 0
8 

1). 
1 0 

/Lz 3 

,. 
-------- ............... 

'--. 

t~ L, 
z 

1 

Pnc. 1. f'eoMeTpHH ycTaHoBKH nng JlH¢paKUHH no apeMeHH 
nponeTa H8 HMIIYJihCHDM peaKTope. YK838Hbl CHCTeMbl KOOp
.llliHBT, HcnonbaosaHHbie rrpn pac'leTax. llH~paMH 1,2,3 
o6oaHa'leHbi aaMennHTenb, o6paaeu H AeTeKTop cooTBeT

CTBeHHo. 

4 

llnR noCTpoeHHR ~yHKUHH paapeweHHR B HOpManbHOM 
(rayccoaoM) npH6nH~eHHH I 3 

-+ -3/2 I /2 - -. ~ M i ·Xi X · 
R (X) = R (2rr) II M . . I I e 

2 1
' J= I 

1 1 
( 2) 

0 IJ 

aeo6xo.UHMD pacc'IHTBTb MaTpHuy paapeweHHR M. Y.uo6aee 
H8HTH CH8'1ana ee o6paTHYI01 KOB8pH8UHOHHyiO M8TpHUY 
M -I , npe.ucTaBnSIIOIUYIO co6oti MaTpHuy MoMeHTOB BToporo 

nopSI.IlK8 <XjX? ~YHKUHH paapeiiieHHSI, llnR 9TOf'O Hy~HO 
BhrpaaHTb X qepea nepBH'IHbre nepeMeHHhre, a TaK~e aa

.uaTh KOBapH8UHDHHyiO M8TpHUy 9THX nepeMeHHbiX / 2/ • 

TiepBH'IHbie IIepeMeHHbie - 9TO TeKyiUHe KODp.llHHaTbl rj 
TO'IeK, B KOTDphlX IIpDHCXO.IlHT BhlneT HefiTpOH8 H3 3aMeA

nHTenSI (j=O) , pacceSIHHe aa o6paaue 0=1) H rrornomeHHe 

s .ueTeKTope (j=2), a TaK~e BpeMeHHbie rrepeMeHHbie to 

H t 2 , r.ue t 0 - MoMeHT BbrneTa aefiTpoHa Ha aaMe.llnHTenSI, 

at 2 - oTKnoaeaHe speMeHH rrornomeHHSI s .ueTeKTope oT 

cpe.uaero BpeMeHH To· BBO.IlHTCSl BeKTOp v-- 'HMeiOIUHH 
B KB'IeCTBe COCTaBnSIIOlllHX Vi 9TH IIepeMeHHbie: 

VI =XO;V2=yo;V3=Zo;y4 =XI ;vs=YI; V6 =ZI; V7=~; 

( 3) 

v 8 = y2 ; v 9 = z 2; v 10= t 0 ; v ll = t 2 . 

CHcTeMbl KOOp.llHH8T Bbr6p8Hbl, KaK IIOK838HO Ha pHC, 1. 
Bee senH'IHHbr oTC'IHTbrBaroTC51 OT Hyneaoro cpe.uaero aaa
'leHH5I, 

-> -> 
B nHHefiHoM npn6nHMeHHH CB5I3h MeM.uy X H V Bbrpa-

MaeTC5I B anne X= AV, rae A - MaTpnua paaMep_pM 3jell. 
Y.uo6ao ssecTH npoMeMyTO'IHoe rrpeo6paaosaHHe X= CU , 

--> .... .... 
U = BV, TaK 'ITO A= C·B, rae BeKTOp U HMeeT cnenyrouure 

CDCTaBn5IIOIUHe: 

Ul=~K/KiO;u2=yi;u3= 0 i; u4~yf; Us= 8 c . (4) 

3nech ~K i = Ki -Kw - oTKnoHeHne M_.?ayng TeKyurero sonHo· 
soro BeKTopa rranaromnx Heti:TpoHoB .... K i _,oT cpenHero aHa'Ie

HH5I K iO ; y i , oi - yrnbi Me May Ki H K iO B nnoCKOCTH 
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pacceHHHH H HOpM81lhHOA K ReA, 8 y f , 8 f - Te >Ke yrnbi 

Me>K.Ily TeKylllHM eonHOB~M eeKTopoM K f pacceHHHbiX 

aeA:Tpoaoe H eeKTopoM K f 0 • 
3neMeHTbi MaTpHUbi B pa3MepoM Sx 11 Bbi'IHCnHJOTCH 

nyTeM sneMeHT8pHOI'O p8CCMOTpeHHH peanbHOA: reoMeTpHH 

8KT8 pacceHHHH npH yqeTe TOI'O, 'ITO B MOMeHT BpeMeHH 

T perHcTpHpyroTCH Te aeA:TpOHbi, nnH KoTopbiX BbmonHHeT-

cH COOTHOllleHHe 

~K/Kio = (t 0 -t2 )/T +(~L 1 + ~Lf)/L 0 , ( 5) 

rne Lo=L 1+L
2 

• 0TKnoHeHHH ~L i H ~Lf OT cpellHHX npo

neTHbiX paccTOHHHA pacc'IHTbiBSJOTCH 11epes KoopnHHSTbi 

x j, , Yj B cHcTeMax, Hso6pa>KeHHbiX aa pHc. 1. B pe

synbTaTe nony'laJOTCH cnenyromHe oTnH'IHbie oT aynH MaT

pH'IHbie sneMeHTbi MaTpHUbi B: 

b
11 

= -1/L 
0

; b
15 

= -2sin 08 /L ; b 17 = -b11 ; b 1,10= 1/T;bl,ll = b1,10 ; 

b
22 

= -1/L
1

; b
24 

= sin0/'L 1; b 25 = cos0/L 1; 

b 33 = 1>..!2 ; b 36 = - b22 ; 
( 6) 

b 44 = sin ()s/L2 ; b 45= -cos()8 /L 2; b48 = 1/L2 

b 56 = - b 48 ; b 59 = b 48 . 

3neMeHTbi MaTpUUbi C pasMepoM 3x5 nony'laJOTCH us 

paCCMOTpeHUH aKTa pacceSIHU5l B o6paTHOM 1 Q -npocryaH-

CTBe. Bbr6pas cucTeMy oTc'leTa c ochro X 1 snonb Q 
(puc. 2) u paccquTaB cocTaBmrroume eeKTopa X, nony

'IUM/2/ cnenyromue oTnU'IHbre oT aynSI MaTpU'IHbie aneMeH-

Tbi cij: 

6 

Puc. 2. reoMeTpUH 8KT8 pacceHHUH B o6paTHOM npocTpaH

CTBe. YKa3aHa CUCTeMa KOOpllUHaT, B KOTOpOH Bbipa>KaeTCH 

~yHKUUH paspellleHUH. 

c 11 = 2~K iO sin() 8 ; c 12 = -~KiO cos() s; c 14 = ~K iO cos()s; 

c 22 = ~ K iO sin ()8 c24 = ~ K iO sin () s ( 7) 

c - K · c - -K 33 - iO ' 35 - iO 

3necb ~ = sign () . 
8 -1 

KosapuauuoaHaH MaTpuua nepBU'IHbiX nepeMeHHbiX S 
npennonaraeTcH ussecTHoii. B oTcyTCTBUe connepoBcKux 

KOnnUMaTOpOB - STO KneTO'IHO-llUai'OHanbHaH MaTpUUa 

-1 2 2 s =I P
0

,P
1
,P

2
,<t

0
> ,<t

2 
>I, (8) 

rne P. - KoBapuauuoHHhle MaTpUUhl npocTpaHCTBeHHhlX 

rrepeMkHHbiX Xj 1 y j , Z j (j = 0, 1,2), OTHOCSilliUXCSI K 3:fMell

nuTenJO, o6pa3UY U ll8T8KTOpy COOTB8TCTB8HH0 0 a <to > 
U <t~ > - 8TO Bp8M8HHbl8 nucnepcuu H8HTpOHHOH BCllbllliKU 

U WHpHHhl KaHana aHanH38TOpa COOTB8TCTB8HHO, 0603H8'1HM 

qepe3 D j =! a ;,i , a;j , az~ I KOBapHaUHOHHbie MaTpUUbi Pj 
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• 
B auaroHan&HoM npeacTaBneHHH. EcnH aaMennnTen&, o6pa

aeu u aeTeKTop npencTaBHTh B anne napannene.nnnenoa 

C TOnlllHHOH ~ , lliHpHHOH f j H BbiCOTOH h j , TO auar~
HanbHbl8 aneMeHTbl paBHbl COOTB8TCTB8HHO W~ /12 t f j /12 
H h~ /12 (anH uunuaapa c paauycoM R

1
. H BbiCoToA hi 

I 2 2 2/ 2 2/ ) Hy>KHO aanucaTb uxj = uy. = R j 12 H uzj = h j 12 • Opu-
eHTBUHID 38M8.llnHTenH, O~p83U8 H aeTeKTOpa MO>KHO onH

C8Tb nOBOpOT8MH BOKpyr OCei Z j 1 Y j 1 X j HB yrnbi cp, 
1/1 , x cooTBeTCTBeHHO. 06oaHa'IHB qepea Pz(cp) 1 PY (¢) 
H p (x) M8TpHUbl 9THX nOBOpOTOBI nony'laeM anH M8TpHU 

X -1 
P. , BXO.llHIIlHX B S , Bbipa:>KeHHH 

J 

Pi= Pz(cpj )Py (1/Ji)Px(xi)Di P~(xi>P;(I/Ii)P~ (cpi ). (9) 

-I 
C noMOIIlhiD onpe.neneHHbiX Bbillle MaTpuu B, C H S 

KoBapHaUHOHHaH MaTpHua <f>yHKUHH paapellleHHH M-~ I <XiXj>l 
p8CC'IHThlB8eTCH 'lepe3 COOTHOlll8HHe 

M-
1= AS-

1
A' = C(BS-1B')C'= CS-1C'. 

I 
( 10) 

06pameHHeM 9TOH M8TpHUbl nony'laeTCH M8TpHU8 paapellle

HHH M, BXO.llHIIl8H B HOpMan&Hoe npu6nH>KeHHe ( 2). 

HBHbie Bbipa>KeHHH nnH MaTpH'IHbiX aneMeHTOB <X. X.>, 
I J 

pacc'IHTaHHbie no o6meA <f>opMyne ( 10) .nnH cny'laH 6ea 

KonnHMaTopoB1 npuae.neHbi B pa6oTe /2/. TaM >Ke noKaaaHo 1 

'ITO ycnOBHH BpeMeHHOH !f>oKyCHpOBKH / 4/ BbiT8K8IDT npOCTbiM 

o6p830M H3 aTHX Bblp8>K8HHH. HeTpy.llHO TBK>Ke nOK838Tb 1 

'ITO .llnH TO'Ie'IHOrO MOHOKpHCTannH'I~CKOrO o6paaua H 6ec

KOH8'1HO .nnHHHoro .neTeKTopa (nocTaBneHaoro ropH30HTanh

HO) Bblp8>KeHHe ,llnH BpeMeHHOfi .llHCnepCHH 6parrOBCKHX 

nHKOB ( <f>opMyna ( 5) pa60Tbl / 2/ /t/ CBO,llHTCH K Bblp8>K8HHID1 

nony'leHHOMY ae.naBHO B pa6oTe . 

2. TexHHKa HaMepeHHH WyHKUHH paapellleHHH 
.... 

.ilnH HaMepeHHH <f>yHKUHH R(X) y.no6ea MeTon cKaHnpoBa-

HHH C nOMOIIlbiD H,lleanhHDrD MOHOKpHCTanna, p83p860T8HHhlH 
nepBOH8'18nhHO .llnH 06hl'IHDrO .llH!f>paKTOMeTpa/6/, KOTOphlH 

rrepeHOCHTCH 6e3 ycno>KH8HHH H8 cny'laH .llH!f>paKUHH no Bpe-

8 

MeHH nponeTa. TaK KaK ceqeane 6parroBcKoro pacceHHHH 

H8~H~eanhHOM MOHOKpHCTBnne coaep>KHT nen&Ta-¢yHKUHH 
0 (~0), TO H3MepeHH8H HHT8HCHBHOCTb OTDB:>KeHHblX HeAT-

4 ~ ~ 4 

poHoB nponopuuoaan&Ha R(Q0 ~). 3nec& Q0 = -2TTr , rae 
~ -BeKTop o6paTHOH pellleTKH KpncTanna-o6paaua, co

OTBeTCTByromHA H3MepeHHOMy -o 0Tp8>K8HHID. 
KoMnoHeHTbi aeKTopa Q"0~ KOHTponupyroTcH naMeHeHneM 

opHeHTBUHH MOHOKpHCTanna oKono nono>KeHHH Eparra npH 

HenonBH>KHOM .neTeKTope. EcnH cp n X - yrnhi oTKnoHeHHH 

OT 6parroBCKOrO nono:>KeHHH B nnOCKOCTH pacceHHHH H 

nepneH.llHKynHpHO K HeH 1 .... TO B CHCTeMe KOOp.llHH8T ~ OCbiD 

X1 ,aanpaaneHHOH anon& Q, cocTaBnHromHe BeKTopa Qo paBHbi 

(Q
0 

,Q
0

cp .~). EcnH Tenepb T-T0 - OTKnoaeHne oT cpe.n-

Hero apeMeHH nponeTa TQ , cooTBeTCTByromero naMepeHHO

't$Y .... oTp~>KeHHID, TO ~/Q0=-(T-TJ/T0,TaK 'ITO BeKTOp 

X=Q0 -Q HMeeT cnenyromue cocTaBnHromue: 

XI=Qo(T-To)/To; X2=Qocp; X3=~x · ( 11) 

' 
HaMepeHHH HHTeHCHBHOCTH oTpa>KeHHbiX aeATpoHOB B aaBH

CHMOCTH OT T -1(, , cp H X COOTBeTCTByroT, cnenoBaTenhH0 1 

noBe.neauro <f>yHKUHH paapellleHHH Bnonh aanpaBneHHH X1 , 

X2 H X3 COOTBeTCTB8HH0 1 T.e. B.llOnh Tpex B38HMHO nepneH

,llHKynHpHblX HanpaaneHHH B ct -npOCTp8HCTBeo 

3. 3KcnepHMeHT 

C uen&ro npoBepKH Hano>Keaaoro Bbillle MeTo.na pac'leTa 

rrpOBO.llHnHCh H3MepeHHH !f>yHKUHH paapellleHHH yCT8HOBKH 

.nnH .nu<f>paKUHH no BpeMeHH nponeTa c ucnon&aoBaHHeM 

cneKTpoMeTpa K.ilCOf-1 Ha nMnyn&cHoM peaKTope HEP-30. 

Ebma Bbi6paaa npocTeAlllaH reoMeTpHH 1 6ea connepoBCKHX 

KonnuMaTopoB. HeATpOHHbiH ny'IOK BbiBo.nuncH c noBepx-

HOCTH (nnoma.n&ro 30x40 cM 2 ) Heoxna>KneHHoro BO.llHHoro 
38Me,llnHTenH TOnlllHHOH B 4 CM non yrnOM B 12° K HOpManH • 

B Ka'leCTBe o6paaua ncrronh30BancH TDHKHH nHCK MoHo
KpHcTannn'lecKoro KpeMHHH .llH8M8TpOM B 3,5 CM C nnOCKOCTbiD 
(ffi), napannenbHOH noBepXHOCTH ( MOHOKpHCTann nro6e3HO 

npe.nocTaBHn HaM E.Xanyna), 06paaeu pacnonarancH aa 
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I 

rOHHOMeTpH'IeCKOti: ronOBKe HB paCCTOHHHH l 1 = 30 M OT 

aaMeanHTen.sr. Mcnonbaoaanc.sr oaHH cqeT'IHK, nocTaaneHHbiA 

aepTHKanbHO aa paccToHHHH L 2 = 1,2 M oT o6paaua. 

B pacqeTbi lflyHKUHH paaperueHH.sr, noMHMo yKaaaHHhiX 

napaMeTpOB, onpeaenHIOIIlHX reoMeTpHIO OnbiTa, BXOaHT 

T8K;)Ke BpeMeHHaH aHcnepCHH <t ~> HeATpOHHOA BCnbiWKH KaK 

lflyHKUHH 3HeprHH HeitTpOHOB. 0CT8HOBHMCH noapo6aee Ha 

npoueaype onpeaeneHHH aToro napaMeTpa. TaK KaK lflopMa 

Tennoaoro HM nynbca onpeaen.sreTc.sr caepTKoA lflopMbi HM

nynbca ObiCTpbiX aeATpoHoB c lflyHKUHeA oTBeTa aaMeJlnHTe

n.sr, TO MO;)KHO H8IIHCaTII'7•81<t~>=a: +a~, rile a: H a!. -
JlHcnepcHH cooTaeTCTByiOmHx lflyHKUHA. DHcnepcHH lflyHKUHH 

OTBeTa 38M9JlnHTen.sr 38BHCHT OT 3HeprHH T9pManH30B8HHbiX 

HeATpOHOB1 BenH'IHHy ;)1{9 a
2 

MO;)KHO C'IHT8Tb nOCTOHHHOit. r 
Dn.sr npeJlcTaBnHIOIIlHX HHTepec npoMe;)KyTO'IHbiX aHeprm\i 

ReT eme H BHbiX TeopeTH'IeCKHX npeaCK838HHA OTHOCHTenbHO 

38BHCHMOCTH JlHCnepCHH a; OT 3HeprHH1 0JlH8KO eCTb 

noJlpo6Hbie aKcnepHMeHTanbHhie Jl8HHbie 17,81. 3TH Jl8HHbie, 

nonyqeHHbie Ha aaMeJlnHTen.srx, 6nH3KHX no lflopMe K aaMeJl

nHTen.srM peaKTopa MEP-30, 6bmH HaMH HcnonbaoaaHbi JlnH 
onpe}leneHHH BpeMeHHOH JlHCnepCHH a~ JlnH BOJlHHOrO 38MeJl

nHTen.sr TOnUlHHOH B 5 CM ( pHC. 2 pa6oTbll81 ) • npn 

HCnOnb30B8HHH aaRHb!X Tex ;)Ke 8BTOpOB 171 no 38BHCHMOCTH 

napaM eTpoa HMnynbca oT TonmHRbi aaMellnHTen.sr nonyqea

Hhle aaa'leHHH npHBOJlHnHCb K Tonmnae a 4 eM. DaHRhle 

paOOTbi 171 npHBe}leHbl H8 pHC. 3. 0Ka~x~:eTCH, HX MO;)KHO 

napaMeTpnaoaaTb lflopMynoA am=r0(1~ ), JlaiOmeA npa

BHnbHbre 8CHMnTOTH'IeCKHe 38BHCHMOCTH OT aaeprHH ( pa3y

MeeTCH1 T8KOH BHJl HRTepnonHUHOHHOH lflopMynhi OTHIOJlb He 

eJlHHCTBeRHO B03MO;)KHbiH) • 3}leCb ,\ - JlnHH8 BOnHhi HeATpo

HOB. napaMeJpbi no}lrOHKH nony'IHnHCb paBHbiMH r O = 64 MKC 
H A0 = 1,6 A. 

Dn.sr onpeJleneHHH nocTOHHHoro BKna}la ~ a nonHyiO 

JlHCnepCHIO <t ~> H3Mep.srnacb JlHarpaMMa aHiflpaKUHH nonH

KpHCTannH'IeCKOrO RHKen.sr noll 6onbWHM yrnoM Eparra 
1 1 (208 = 171° ). C IIOMOIIlbiO cpOpMyn, BbiBe}leRRbiX B paOOTe 2 

H3 JlHCnepCHH H3MepeRRbiX JlHcppaKUHOHHbiX M8KCHMYMOB 

H3BneKanHCb aaa'leRHH <tJ>. Ha pHc. 3 npeJlcTaaneHbi aTH 

3H8'1eHHSI JlnSI TeX M8KCHMyMOB1 JlnSI KOTOpbiX BKn8Jl <t: > 
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PHc. 3. BpeMeHaasr JlHcnepcHsr HeATpOHHoro HMnynbca 

B 38BHCHMOCTH OT JlnHHbi BOnHhi ReATpOHOB. 0 - Jl8HHbie no 

pa6oTe MwMaeaa, CallHKOBa H l.Jepahrweaa 181 , npHBeJleH

Hhre K TOnlllHHe 38MeJlnHTensr B 4 CM 1 e - 3KCnepHMeH

TanbHbie aHa'leHHsr Jln.sr peaKTopa MEP-30, nonyqeHHbie 

H3MepeHHeM llHiflpaKUHH Ha nonHKpHCTanne no}l 6onbWHM 

yrnoM. BpaMSI no OCH OpJlHH8T OTnO;)KeHo B MHKpoCeKyHJl8X. 

B nonHyiO WHpHHY OK838nCSI BbiWe 95%, T.e. nonp8BKH M8nhl. 

CnnowHaH KpHBasr Nb' Ha pHc. 3 cooTBeTcTayeT 3Ha'leHHIO 

a r = 65 MKC H Obina HCnOnb30B8Ha B Jl8nbHeitWHX pacqe
TBX. 

<PopMa HMnynbca TennoBbiX HeA:TpoHoB He rayccoaa, 

a HMeeT SIBHO Bb!pa;)KeHHyiO 8CHMMeTpHIO. noaTOMy ee 

onHC8HHe OJlHOH JlHCnepcHeA: HenonHO H Hy;)KHO y'leCTb 

T8K;)Ke TpeTHH MoMeHT no apeMeHH <t~>. Bonpoc o Bhi'IHcne

HHH lflyRKUHH pa3peweRHH B nyqweM, 'leM HOpManbROe, 

!IpHOnJI;)KeHHH ( C y'leTOM MOMeHTOB BbiCWero nopSIJlK8) 

paccMaTpHBaeTc.sr a pa6oTe 191. 
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4. Pe3ynbT8Thi 

l13Mepsmucb cneKTpbi no MeTOAY apeMeHH nponeTa aeH:T-

poaoa,oTpa)l{eHHhiX OT nnOCKOCTH (ffi) MOHOKpHCTanna KpeMHHSI 
B pa3nHqHbiX nopSIAK8X npH ABYX 6parrOBCKHX yrnax 

0 0 ( 20
8 

= 120 H -85 ) AnSI pstAa 3HaqeHHH yrnoB ¢ H X • 
llayMepHbie M8CCHBbl nonyqeHHhiX ;l8HHhiX o6pa68TbiB8nHCb 
AnSI H3BneqeHHSI MOMeHTOB nopSIAK8 BnnoTb AO qeTBepToro. 
OnpeAenSinHCb T8K)I{e KpHBhie paaaoif HHTeHCHBHOCTH aa 

ypoaae 0,5 a nnocKoCTSix T-To , ¢ H T-T 0 , x. 
B pacqeTax, cnenaHHhiX AnSI cpaaaeHHSI c aKcnepnMeH

TanbHhiMH AaHHhiMH, ae 6bmo cao6onHhiX napaMeTpoa AnSI 
noArOHKH. HcxoAHhiMH ABHHhiMH cny)I{HnH nponeTHhie pac
CTOSIHHSI, p83Mepbl H OpHeHT8UHH 38MennHTenSI, o6pa3U8 
H neTeKTOpa, 8 T8K)I{e BpeMeHH8SI AHCnepCHSI BCnhiUIKH 
TennOBhiX HeifTpOHOB <t~>, onpeAeneHHe KOTOpOH o6Cy)I{

A8nOCb noApOOHO B p83Aene 3. 
CpaaaeaHe H3MepeHHhiX HcnpaaneHHhiX MoMeHTOB c pac

qeTHhlMH (Ta6n. 1) o6aapy~saeT yAoBneTBopHTenbaoe co

rnacHe. Pacxo*neHHSI B 3HaqeHHSIX MoMeHTOB <X~> , <X~> 
<X~>, KaK npaBHno, He npeBhillialOT 10%. HecKonbKO 

6onbrne pacxo*AeHHSI ( oKono 20%) AnSI MoMeHTa <X 1X2 >, Ho 
C8MO 3HaqeHHe MOMeHT8 3HaqHTenbHO MeHbllie OCTanbHhiX. 
BenHqHaa, ABIOUIBSI npeACTasneHHe o rno6anbHOM pa3perne
HHH B Q -npOCTpaHCTBe - 9TO KOpeHb KB8Ap8THhlH H3 

onpeAenHTenSI KoaapHau~oaaoH: MaTpHUhi 11 <XiXj>} 1112 . 
3Ta aenHqHaa nponopuHoaanbHa o6~eMy annHncoHAa pa3pe
rneHHSI a aopManbHOM npH6nH)KeHHH. Ha pHc. 4 npeAcTaaneHbi 

ee 3HaqeHHSI B 38BHCHMOCTH OT Q0 • 
Ha pHc. 5 npHBeAeHhi H3MepeHHhie H paccqHTaHHhie 3a

BHCHMOCTH <J:>yHKUHH pa3pellieHHSI: OTT-To npH ¢=0,x=0 
H oT ¢ npH T =To .x= 0. 0HH cooTaeTcTBYlOT cKaHHpoaaHHlO 

tPYHKUHH pa3perneHHSI anonb X I H x2 B o6paTHOM npo
CTp8HCTBe. EnHHCTBeHHaSI nonroHKa KpHBhiX aa pHc. 5 co
CTOHT B HOpMHpOBKe no HyneBoMy MOMeHTy 8KCnepHMeH
TanbHhiX naHHhiX ( HopMHpOBKa no nnomaAH). fayccoao 
npHOnH)KeHHe onHCbiB8eT XOpOUIO 38BHCHMOCTb OT yrna. flo 

apeMeHH nponeTa aa6nJOnaeTcSI oTKnoaeaHe oT rayccoaoH: 
tflopMbi, CBSI38HHOe C 8CHMMeTpHeH HMnynbC8 TennOBbiX 

HeHTpOHOB. 
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Puc. 4. 3aaucuMOCTh o6~eMa 8nnuncouna pa3peweHUB B 
~ Q -npocTpaacTBe oT cpenaero aeKTopa pacceBHHB Q0 , 

pacqeT u 8KcrrepuMeHT. 

-> 

ITepeceqeaue noaepxaocTu, aa KOTopotl: R(X) = 0,5 R(O), ... 
C ITJ10CKOCThlO X 3 = 0 B Q -rrpocTpBHCTBe orrpenenBeT 

8ililUITCbi pa3peweHUB, U3o6pa)l{eHHbre Ha puc. 6, ITpencTaB

neHbi T8K)I{8 COOTB8TCTBY101IIU8 8KCrrepuMeHT8ilhHbi8 ToqKU, 

CnenyeT o6paTHTh BHUMBHUe Ha pa3nuqug B MaCWTa6ax 

nng pa3nuqHhlX rropBDKOB oTpa)l{eHUB, He6onhwue cucTeMa

TnqecKne OTKJ10H8HUB 1 KOTOphle Ha6J110UBIOTCB H 3D8Ch 1 

CBB3aHbl C aCUMMeTpUeil HeilTpOHHOt'r BCITb!lliKil U MOryT 

6hlTh OITHCaHhl TOilhKO BhlXODOM 38 pBMKH rayCCOBCKOrO 

rrpH6J1H)K8HHB ( CM, pa6oTy / 9, ) , 

CoBoKyrrHOCTh naHHbrx, rrpencTaBneHHbiX Bbiiiie, rro3BonB

eT cnenaTh 38KillOqeHIIe 1 qTo H8J18)1{8H H8D8)1{Hblll M8TOD 

pacqeTa tPYHKUHII pa3peiiieHIIH 1 KOTOpbu'i M0)1{8T 6biTh HC

ITOllb30B8H yBepeHHO ITpH 8H8J1H39 DRHHhlX H ITJ18HHpOB8HHH 

SKCDepiiMeHTOB ITO DHlT!pBKIIHH MeTOD0!\.1 BpeMeHII rrponeTB, 
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Pnc. 5. Caepxy: <PopMa 6p8rroBCKHX ITUKOB nnB oTpa)l{eHHB 

(444) OT nneanhHOrO MOHOKpHCTanna KpeMHUB B 3aBHCHMO

CTU OT KaHana aHaJ1H3aTopa, pacqeT H 8KCrrepHM8HT. lllHpH

Ha KaHana - 32 MKC. BHH3y: TO )1{8 CBMOe B 38BHCHMOCTH 

OT yrna OTKJ10H8HHB B MUHyTBX OT ITOJ10)1{8HHB Ep8rra 

B ITilOCKOCTH pacceBHHB. Ha o60HX pHCYHK8X ITO OCU OpUHHaT 

OTJ10)1{8H8 CKOpOCTh cqeTa D8T8KTOpB 

KYHDY· 

B HMITYllhC8X B ce-
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Pnc. 6. 3nnnncbr pa3perneHIHI B nnocKocTH X 1 ,X2 . Crrnow
Hbre KpHBbre - pe3yJibTaTbi pacqeTa B rayccoaoM rrpii6nn
)KeHJIII, TOqKH - pe3yJibT8Tbl 9KCITepiiMeHTa. 
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