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1. BBEAEHI1E 

,[lsyxKp~cranbH~R cneKTPOMerp c cosepweHH~M~ Kp~crannaM~ B na
pannenbHOM nono~eH~~ AflR orpa~eH~R no 6p3rry or OA~HaKos~x c~c
reM nnocKocreR/cxeMa (n,-n)/w~poKo ~cnonb3yercR B ~ccneAoBaH~Rx 
no A~HaM~4eCKOMY pacceRH~~ HeRTpOHOB ~ peHTreHOBCK~X ny4eR, TaK 
KaK B 3TOM cny4ae $OpMa Kp~B~X Ka4aH~R onpeAenReTCR fl~Wb napa
MeTpaM~ pacceRH~R ~ He 3aB~C~T OT yrnosoR paCXOA~MOCT~ ~ HeMOHo
xpoMaT~4HOCT~ ny4Ka/l/ . 11cnonb3oBaH~e ~MnynbcHoro ~CT04H~Ka ren
noBbiX HeRrppHOB B C04eTaH~~ C MeTOAOM BpeMeH~ nponeTa n03BOflReT 
npOBOA~Tb Ha TaKOM np~6ope ~ccneAOBaH~R OAHOBpeMeHHO Ha HeCKOflb
K~X nOPRAKaX OTpa~eH~R np~ nOCTORHHOR reoMeTp~~ 3Kcnep~MeHTa. 

nocKOflbKY C pOCTOM nopRAKa OTpa~eH~R A~HaM~4eCKaR W~p~Ha KP~B~X 
Ka4aH~R 6~crpo yMeHbwaeTCR, To B03pacra~T rpe6oBaH~R K cosepweH
CTBY Kp~crannoB ~ ~X B3a~MHOR ~CT~POBKe. B 4aCTHOCT~, B3a~MHaR 

pa30p~eHTa4~R BeKTOPOB pacceRH~R B BepT~KaflbHOR nnoCKOCT~ np~
BOA~T K YW~peH~~ Kp~B~X OTpa~eH~R, 3aB~CR~eMy OT BepT~KaflbHOR 

pacxoA~Mocr~ ny4Ka. HecMOTPR Ha xopowo pa3B~TY~ reap~~ AByx
Kp~cranbHoro cneKTpoMerpa c ~AeanbHO cb~cr~poBaHH~M~ Kp~crannaM~, 

04eHK~ 3Toro yw~peH~R, np~BOA~M~e B PRAe pa6or1 2- 7/ , He corna
cy~TCR APYr c APYrOM. 

B HacroH~eR pa6ore 6onee noApo6Ho paccMorpeHo sn~HH~e pa3op~
eHTa4~~ Kp~crannos Ha $OPMY KP~BbiX Ka4aH~H B cxeMe ( n, -n) ~ no
ny4eHH~e pe3ynbrar~ np~MeHeH~ K ~Hrepnpera4~~ 3Kcnep~MeHTOB c 
ABYXKP~CTaflbH~M cneKTPOMeTpOM, npoBeAeHH~X Ha ~MnynbCHOM ny4Ke 
HeRTpOHOB Ha peaKTope ~5P-30. 

2. TEOP11R 

CornacHo reap~~ ABYXKp~cranbHoro cneKTpoMerpa/l,2/ , K03$$~-
4~eHT orpameH~R AflR napannenbHoro pacnono~eH~R ~AeanbHo Cb~cr~
posaHH~x B BepT~KaflbHOR nnoCKOCT~ MOHOKp~cTannoB AaH ~3BeCTH~M 
COOTHOWeH~eM: 

+oo 
f C(a)C(a-f3)da 

R(/3)= 
j-oo 

/1/ 
f C (a) da 

OAH~M Kp~CTaflflOM B 3aB~C~MOCT~ OT yrnoBoro OTKflOHeH~R a OT T04HOro 

r~~-·~· ... 7c~~.?l 
;:_:.-~ ;·'t. ~--. . . - ... .f!:' -~ .. '\ ."''.. 

~:: ·u .. ~. :i :;~,-• ~~-\/. . 
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PHc.l. CxeMa ,o;syxKpHcTanbuoro 
crreKTpOMeTpa. 8 - KaHan peaKTO
pa, D - ,o;eTeKTop. 

nono~eH~R yrna 6p3rra, 8 - yron pa3op~eHTa~~~ Kp~cTanno8 8 nnoc
KOCT~ pacceRH~R. AnR c~MMeTp~4Horo oTpa~eH~R no 6p3rry OT co8ep
weHHoro Kp~CTanna KOHe4HO~ Ton~~H~ K03¢¢~~~eHT OTPa*eH~R C(a) 

~MeeT 8~A: 

C (a)= 1, I a I:: s • 

r,-;-2 
C(a)=1-v1-(-), lal'>s, 

S= 

,\2 Fn e-wn No 

rr sin 28 

a 
/2/ 

I 1--Ja'C- 1\ f-\JIVIMd OUJIMOI MCYliiJUMUt1' l'n L.IIJYf\.IYI.JHbiVl 4JdK.IU~, tj 

¢aKTOP Ae6aR-Banepa, No - 4~cno R4eeK 8 1 CM
3 ~ e - yron 6p3rra. 

~13 /1/ ~ /2/ cneAyeT, 4TO ¢opMa Kp~80~ Ka4aH~R He 3a8~C~T OT 
paCXOA~MOCT~ ~ HeMOHOXPOMaT~4HOCT~ ny4Ka He~TPOH08, ee nonyw~
p~Ha W = 3, 32 S ~ K03¢¢~~~eHT OTpa~eH~R 8 MaKC~MyMe KP~80~ Ka4a
H~R AOCT~raeT 8en~4~H~ R(O)= 0,73. 3a8~C~MOCTb RoT 6e3pa3Mep
HO~ KOOPA~HaTbl y = __/l_ np~8eAeHa Ha p~C. 4a. 

s 
Bblpa~eH~e /1/ cnpa8eAn~8o n~wb 8 TOM cny4ae, ecn~ 8 nono~eH~~ 

~= 0 oTpa~a~~~e nnocKocT~ o6o~x Kp~cTanno8 cTporo napannenbH~. 
0AHaKO 8 3KCnep~MeHTe C A8YMR He3a8~C~M~M~ Kp~CTannaM~ MO*HO 
A06~TbCR 3Toro TOnbKO c orpaH~4eHHO~ T04HOCTb~. OcTa~~~~cn 8 
3TOM cny4ae yron ¢o Me>KAY nnocKOCTHM~ paccenH~H KP~CTanno8 Heo6-
XOA~Mo y4eCTb np~ 8~80Ae 8~Pa*eH~H Ann R 8 Teop~~ A8YXKp~CTanb
Horo cneTpoMeTpa, xopowo pa3pa6oTaHHO~ Ann cny4an ¢ 0 = 0. 

~3 npocT~x reoMeTp~4ecK~X coo6pa~eH~~ cneAyeT, 4TO yrno8oe 
OTKnoHeH~e npo~38onbHoro naAa~~ero Ha nep8~~ Kp~cTann ny4a c na-
paMeTpaM~ (8,\,a, ¢) oT ~eHTpanbHoro ny4a c napaMeTpaM~ 

(8
0
,\

0
, <1=0,¢=0) COCTa8~T 

a - - 1- ¢ 2 tg e - ( ,\ - \
0 

) ( _E_()__ ) = X • 
2 a A A .0 Ao 

Ecn~ oTpa~a~~~e nnocKoCT~ 8Toporo KP~CTanna no8epHyT~ noM~Mo 
8epT~KanbHoro oTKnoHeH~R o0 TaK~e s nnocKoCT~ paccenH~H Ha 
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yron ~. ro yron oTpa~eH~R ny4a oT 8Toporo Kp~cTanna 6yAeT orn~-
4aTbCR oT yrna oTpa~eH~R ~eHTpanbHoro ny4a Ha 8en~4~HY 

ae ¢c/J
0
-(A-A

0
)(-) =Y. 

a\ 

1\¢/2 
f 

-1'1.¢/2 

,\max a 111 

f f G(a,¢,\)C(X)C(Y)dad,\d¢ 
,\min -am 

R(~ .¢o) = -----------
1\¢/2 Amaxam 

f f f G(a,¢,\)C(X)dad\d¢ 

,\ = Ao 

131 

-h¢/2 ,\min -am 
rAe /',.¢- 8epT~KanbHaR pacXOA~MOCTb, am- rop~30HanbHaR paCXOA~-
MOCTb naAa~~ero ny4Ka, G- $YHK~~R, xapaKTep~3yn~aR pacnpeAene

H~e ~HTeHC~8HOCT~ 8 naAa~~eM ny4Ke. 
Y4~T~8aR, 4TO C AaeT cy~ecr8eHH~~ 8KnaA 8 ~HTerpan n~wb 8 

o4eHb Mano~ o6nacT~ 3Ha4eH~~ apryMeHTa s /yrno8~e ceKYHA~I, 
4TO Ha HeCKOnbKO nOPRAK08 MeHbWe yrn080~ pacXOA~MOCT~ naAa~~ero 
ny4Ka IAeCRTK~ M~HyT/ ~ npeAnonaraR, 4TO G R8nReTcR KoHcTaHTO~ 
8 npeAenax ~HTerp~po8aH~R, AnR R nony4~M 

s cos e 
R ( ~. ¢ 0 )- ----

" cPn (\c/J 

2s rose 

f 
' . ' '+-'0' •y 

n' ,, 
2sros8 2s 

jOe 

R ( x ) J C(y)C(y-x)dy, 

~ 

y , als {j ' {1 I 
1
/2 cb~ tg (J • 

/4/ 

~13 /4/ 8~AHO, 4TO K03¢¢~~~eHT OTpa~eH~R 3a8~C~T OT 8epT~Kanb

HO~ pacxoA~MOCT~ naAa~~ero ny4Ka. MaKc~MYM Kp~80~ Ka4aH~H (~~0) 

yMeHbwaercn c y8en~4eH~eM ¢ 0 ~ np~ ..1!r.J.~>> 1, R(O,¢)-' _§_j5os..ft_. 
2s cos e 0 ¢o 1\¢ 

3a8V1CV1MOCTb R (0) or 8epTV1KanbHO~ pa30pV1eHTa~V1~ KpV1cTanno8 ¢o Ann 

orpa~eHV1~ (220), (440) 1-1 (660) np~ M_= 10-2 np~8eAeHa Ha 
2 cosO 

pV1C.2. 8V1AHO, 4TO C POCTOM nOPRAKa OTpa~eHV1H /c yMeHbWeH~eM s/ 
y~e He6onbWV1e 3Ha4eHV1R o0 np~BOART K pe3KOMY naAeH~~ K03¢¢~~~
eHTa 8 MaKCV1MyMe. npV1 3TOM B COOT8CTCTB~V1 C /4/ WV1PV1Ha KPV18~X 
OTpa>~CH~1R yuen~4V1BaeTCR, V1 8 o6naCTV1, rAe MaKC~MYM Kp~80~ naAa
eT oGpaTHO nponopu.V1oHanbHO ,fjo, onpeAennercn m1wb reoMeTp~4ec

KV1MV1 ¢aKTQpdMV1 V1 npaKTV14CCKV1 He 3d8V1C~T OT S: 

w- __ (:: o:~~~---
f'A)s 0 
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PHc.2. 3aBHCHMOCTb MaKCHMyMa KpH
BOii OTpaJKeHHH R (Q) OT BepTHKaJib
HO(I pa30p!Iei!Tai_\HH KpHCTaJIJIOB 
KpeMHI!H ¢

0 
I YI'JI .l'n!H/ AJIH Tpex IIo

PH.LJ,KOB OTpilJKCHHJI llpH 0 = 40° . 

3To BblpameHf'\e COOTBeTCTByeT "reOMeTp>14eCKOCi 11 W>1p>1He KP>1BOCi Ka4a
Hf1R, nony4eHHOCi AJIR f'!AeanbHWX 6p3rroBCKf1X OTpamaTene(:i yme B OA
HOCi >13 nepswx pa6oT no Teopf1>1 ABYXKP>1CTanbHoro cneKTpoMeTpa' 7 '. 

CneAyeT oTMeTf'!Tb, 4TO np>1 ~¢~ 0 sepT>1KanbHaR pa3op>1eHTa4>1R 
KP>1CTaJIJIOB ¢0 np>1BOA>1T TOJlbKO K CMe~eHf'ID MaKC>1MYMa Kp>1BWX Ha se

t! A-.ry 
J1>14>1Hy 12 '1-'o tg (I , a yW>1peHVIe nORBVITCR JIVIWb B TpeTbeM nOPRAKe 
no MaJIWM napaMeTpaM ~ VI a - ropV130HTaJ1bHOCi paCXOAVIMOCTVI ny4Ka: 

2 0 m 
¢oam 

w- -----
- cos 2 0 

~MeHHo 3TO ywVIpeHVIe paccMaTpVIsanocb s pa6oTax 14•51 , xoTR s 6onb
Wf1HCTBe 3KcnepVIMeHTOB ero BKnaA npeHe6pe~VIMO Man no cpasHeHVID c 
paCCMOTpeHHWM BWWe YWVIpeHVIeM, CBR3aHHWM C BepTVIKaJibHOCi paCXOAVI
MOCTb~ naAaD~ero ny4Ka. 

3. 3KCnEPV1MEHT 

Ha cneKTpoMeTpe/B/ , ycTaHosneHHOM Ha nRTHaA4aTVIMeTposoei 6a3e 
VIMnynbcHoro peaKTopa ~5P-30, VI3MepRnVICb KP>1Bwe Ka4aHVIR npVI nocne
AOBaTenbHOM OTpameHf'!VI HeeiTpOHOB OT ABYX COBepweHHWX KPVICTaJIJIOB 
& , YCTaHOBJieHHWX B napannenbHOM nonomeHVIVI AJIR CVIMMeTpV14eCKOrO 
oTpameHVIR no 5p3rry oT nnocKocTeei (220). ~cnonb30BaHVIe MeToAa 
BpeMeHf'l nponeTa n03BOJ1VIJ10 OAHOBpeMeHHO V.CCJICAOBaTb OTpa~eHVIR 

(220), (440) VI (61)0) npVI c)JVIKCVIPOBaHHO~ reoMeTpVIVI 3KCnepVIMeHTa. 
nosopoTHoe ycTpoeicTso no3sonRno nosopa4VIBaTb sTopoei KPVICTann s 
rOpV130HTaJ1bHO~ nnOCKOCTVI C T04HOCTbD - 0,05'' VI DCTVIpOBaTb ero B 
BepTf1KuJ1bHO~ nnOCKOCTVI C warOM 2 '. 

i0CTVIpOBKa BTOporo KpVICTanna no OTHOWeH>1D K nepBOMY B BepTVI
KaJibHO~ nnocKOCTf1 npoBOAVInacb nyTeM npeABapVITenbHoro VI3MepeHVIR 
MaKCVIMyMa VIHTeHCVIBHOCTVI Kpf'IBOCi OTpameHf'IR (220) f1 ee nonyWVIpVIHbl 
B 3aBf1Cf1MOCTf1 OT HaKJIOHa 0

0 
OT BepTVIKaJIVI /pvtc.3/. 3aTeM KpVICTann 

ycTaHaBJIVIBaJICR B nonomeHf'le, COOTBeTCTBYDwee MuKCHMYMY VIHTeHCVIB
HOCTf'l >1 MVIH>1MaJ1bHO~ nonyW>1Pf1He, >1 npOBOAV.JIVICb >13MepeHVIR BpeMeH
HWX cneKTpOB He~TpOHOB, OTpa)!{eHHWX OT u60V.X KpVICTannoB B 3aBVICf1-

MOCT>1 OT nosopoTa BTOporo Kp>1CTanna B ropV.30HTilnbHOCi nnOCKOCTf1. 
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PHc.3. 3aBHC!1MOCTb HHTerpaJibHOH 
HHTeHCHBHOCTH I /H/30 MHH./ - 0 
H TIOJIYIIIHpHHbl KpHBOH OTpaJKeHUH W 
W /yrn.ceK/ - e OT BepTHKaJibi!OH 
pa30pHeHTai_\UH KpHCTaJIJIOB cPo 
/yrJI.MHH./. 

s 

~ I 

I
I;! 

T 

I • 
T 

we 

w' 
T 

220 

0,787" 

14ROO+l"i0 

13000 

2750+60 

2900 

2660 

.. 
3, I" 

2,6" 

2 '9,. 

-20 -40 

440 

0,179" 

6150 

2100+50 

5450 

2100 

I ,85" 

0,6 .. 

I ,8" 

-60 
<lo-

T a6JU-Il\a 

660 

0,068" 

850 

280+30 

2160 

330 

I ,8" 

0, 226 .. 

I ,8" 

nony4eHHble KpVIBble Ka4aHVIR AJIR OTpa}XeHVICi (220), (440) VI (660) 
npf1BeAeHw Ha PVICYHKax 4a-s.Ha 3TVIX p>1CYHKaX npVIBeAeHW TaKme Teo
peTf14eCKV.e KPVIBWe AJIR V.AeanbHO CbnCTVIPOBaHHWX KPVICTannoB 

I.IJ (3) ~ l'll R ({3) • 
\ n 

/5/ 
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Puc. 4. KpHBbie OTpaJi\eHHH Hei"ITpo
HoB OT nnocKOCTeh (220) /a/, 
(440) /6/ u (660) /u/ npu 0 =40°. 
I IH/10MuH./ Alvrn.rl •- ~KrnP
puMeHT, - - - - pac~eTHaH KpH
B3H HAeanLHoro cneKTpoMeTpa -
¢opMyna /2/. --- pac<IeT no 
<iJopMyJie /4/ IIpl! O' = 1,45'. 

0 

rAe R
0
(f:l) Anfl AaHHoro oTpa>'<eHVIfl n AaHo <)lopMynoi1 /1 I, 10 - VIHTeH

CVIBHOCTb, OTpa~eHHafl nepB~M KpVICTannoM, a HOPMVIPOB04H~i1 K03<)l<)lVI
~VIeHT nOA06paH TaKVIM o6pa30M, 4T06~ Anfl OTpa>'<eHVIfl (440) 3KCnepii
MeHTanbHafl VIHTerpanbHafl IIHTeHCIIBHOCTb I~ cosnaAana c TeopeTII4ec-

- I~ e KOVI T' 
B Ta6n11~e npiiBeAeH~ TeopeTVI4eCKIIe VI 3KCnepiiMeHTanbH~e VIHTeH

CIIBHOCTII Anfl BCex Tpex OTpa~eHVI.::i. BVIAHO, 4TO VI AnH (220) II (6~0) 
OHII 6nii3KII /B npeAenax ]QJ/. np11 3TOM <)lopMa KpVIB~X OTPa*eHIIfl, 
oco6eHHo Anfl (440) VI (660), pe3Ko pacxoAIITCfl c <)lopMynoi1 /1/. 

CooTBeTCTBY~~~~e 3KcnepV1MeHTanbH~e VI TeopeTII4eCKIIe 3Ha4eHVIfl 
nonyw11p11H KPVIBbiX we, w T 11 MaKCIIMYMOB VIHTeHCIIBHocTe.:i 1;.1 , Ii1 npii
BeAeH~ B Ta6n11~e. Pacxo~geHIIfl, ysenii411Ba~~~~ecfl c nopHAKOM OTpa
~eHVIfl, MOIYT 6~Tb CBfl3aH~ C He6onbWOi1 pa3b~CTVIPOBKOi1 KjJIICTannoB 
no sepTIIKam1. 

Pa30plleHTa~ll~ ¢ 0 MO~HO onpegeniiTb 113 OTHOWeHIIA Teope1114eCKIIX 
II 3KCnepiiMeHTanbHWX MaKCIIMYMOB IIHTeHCIIBHOCTII C noMOWb~ rpa¢11KOB 

6 

Ha p11c.2. TaK, Anfl OTPa*eHIIfl /440/ 3TO OTHOWeHJie paBHO 0,38, 4TO 
Ha KpiiBOi1 2 pVIC,2 COOTBeTCTByeT OTKnOHeHII~ ¢~ 1 ,45'. ( IICnOnb-

30BaHIIeM 3TOIO 3Ha4eHIIR II _Q:i_ = 1 o-Z 6blnll paCC411TaH~ Kpll-
2 cos 0 

s~e Ka4aHIIR B COOTBeTCTBIIII C <)lopMyno.::i /4/. Pe3ynbTaT~ npiiBeAeH~ 
Ha PIIC.4a-s, a 3Ha4eHIIfl BW411CneHHWX MaKCIIMYMOB I~ II nonywllpiiH 
w~ s Ta6n11~e. BIIAHO, 4TO cornac11e c 3KcnepiiMeHTOM snonHe YAOBneT
BOPIITenbHO. 
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HET RH nPOBEROB B BAWEA BHBRHOTEKE? 

8bl MOJKeTe OOJIY'IHTb no OO'ITe nepe'IHCJieHHble HHlKe KHHrH , 

eCJIH OHM He tibiJIH 38K838Hbl paHee . 
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