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BB EAE lil1 F. 

B noCn e AHCC apeMR p e 3 KO 0 0 3 PO C MH T epC C K Mc cneAOa aH MRM a MOp $ 

HWX M3T e pM anOB, 4TO o Gy c n o BneHO HanM 4 Me M p RA a MH T e pccHwx $>13M 

4 e C KMX c BoA c TB M ncpc neK T HBaMM MX T e X HM4eC Ko r o Mcnon b 3 0 e a HHR . 

n OHMMa HMe n o o eAeHH A aMop~HwX Be~ec T B T CC HO CBR3 a HO c o 3 HaHMCM 

H X a T o MHo A cT p yK T y pW , Ha MGo nce non Hy~ MHt!l o p Ma 4 MD ° KO TOpoA AilD T 

A H¢pa K 4 Mo HHWC 3 K c n e p MMeHT w . 

C aT OMHml T0 4KM 3P C HH A c r p yx 'r y p a a MOp(/HlOro B e ll\ C C T B 3 a u a n o

r M4Ha C T p y KTY P C *MAKOCT H, H Mo mHO BWA enHT b c n eAYDll\H e TpM x a paK

TC p HblC OC r) ( i c H l i o c n1 T ;) K0I1 c r p y k r y p u : 

, Ma Kpoc Kon M4 e c K a R M30 T ponHO C T b 

2 O T CY T C T B ~1(~ nan e u er o n opRAK ;l B P <JC IlOJl O >:W IH H'l il T O t~O B . 

3 H an H'~ M e 0 11H1KHc r o n o o n m«. 

Ilcpauc A B a 0 6C T OR T c n bC T Ba :JaCT ,l IlJlllklT o l ' p a HM4 1H b CR npH oruic a 

HMM il T OMHOi1 C T pyKTYPbl t!lY H K 4M C A T 011 bKO onuo IlCPCM CHHOI"1 Ipa CC T ci R 

HllC r I , KO To p aR H a 3 blB a CT CR <1>Y H K l \ MC I1 P,l/l l hJ Jl b HO r O p ac n pcncne ann 

I tPPP1 ,HOMO B HnR non Y ' Ic HHR Ma Kc HMy t'l ,l M H lt)OPI,1<J L\ ~'1 11 0 C'Tpyx r ype 

a MopctJHblX B CUl C C T B n one a uo onpcne n s T b na p l\ ~1<lJl I.> H bIC t!l p p I n <lJ P P / 11 A O -

C TM r a T b xo pourc r o p .J3pe Wl: HI1R 0 r - rt p o c r pa ucr a e n OC Jl CAHe C Mo me T 

Gb lT L n o n Y 4 CH Q n p l1 11 3 /·1Cp C HI1M A~·1(p p.1 K L\ l l 0 HliOi; Kapn1H bi A O GOJl b Wl l X 

Q = / /77 s i n 0 1.\ 1 20 - y ron p']Cl. enH ~ lJ l ••\ - A n l l H a s o ru-u /' . AnR p c 

w e tH1R 3 T O ~1 3 a/1 i3 ' H'1 OCOU CItHO 1'10fl 0 3110 a:1 OKil3bIBaCT CJ1 A I1t!l p a K 4 MJ1 MCA 

f1C It HLIX fie f l l P O HO H n o MC n JAY BpCMe H ~1 n p o nc r o H i.J MI·lIly n bcHo'~ I1CT 0 4 ·· 

It I1K C, Ta K K il K HMCH HO B :JT1I X Y CJ1U8l111 X MomHO n o n y u a r s 3 K cnc pM ,~ eH

r a ru.uyn l 1tllt)O P~h)l\111O 13 W I1 pO I ( Or~ 11 HT cpaan c 

B H a CTOJ1~C~ p a Go T c c on GU~~lC J1 pe 3y n b T a T ~ 3K cn c p MMe H TQ8 no 

H3Y Lie ti HIJ c r pyxr y p u a l~o pl~ H [,IX 06p a 34 ~O I na /Sr(PO :l) ~l xr Ca l~ . A1I"a 11_x, 
Bbln Of1HeH HbIC C 11U MOU\b lO /ll1llJP il KI\ llI1 tW I1l pO HO S n o I~ C T o A Y HpeMl.:1t11 ItPO 

n cr a liiJ MMnynbC ltDM P C 3K TO P<.: ~1DP- 2 1cn e x r o o -ie r p li CBP ' 1/ 
On H Ci3H MC TO /1 o 6 p aGo T KH 3 Kc n epMMe HTanb HWX c n C K T p OB C 4 e n b10 

o n p cne n cuan C r py K r ypuo r o rj),l K H Jpa. fl o n Y 4 e tH fbiC P C3YIl b T a r u Cpil BH M

B a DT CJ1 C l\ ilHHblMH OGb l'~ HO I:; I\BYXO CHQll A ll l!JpaK T OMC TP~1 11 , n p OB CA cH HO'::' 

Hi.! 3TI1 X ~C 06piJ3U il X B U~RM Ali fAP. 

1 . TEO PI1J1 

B aMop~ H~X B CU\CCT S.1X AM$paK 4 HoHHa n K a p T I1H a I1Me e T BMA n n ilBHO 

MOAynHpoB ilHH0I1 3.J BI1CM I~O C TM MHT C tKllBHOCT I1 p a c cexnuux He f'tT pO HOB 

or Q CT PYKTYPHLII1 ¢aKT o p S(O ) C SR 3 a H C Ha 6 ntoAa e MblI1 i~M <\J l!> epeH 

l\ I1 an b t~ b l ~\ c e4eHH ~ M p aC CC AHll H d o c n e A ytOU\11M o 6 p a30 M: 

et 1© 05be,ItHHeHJlhIA "HCTJ1TYT JlAepllbDt Hccne.,o,ouamUl J:ly(S 1i1t. \qH'l. 
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d a 2 ~ 
-- (Q)-l <b > - < b >~ 1
dnS ( Q) = - ---- - - --- - - - , I II 

2 
<b> 

2 . 2 2 , " <b» = ( ~ C j b i ) ~ < b > = ~ ('i ht . h i - An~ H il p a CCeRtH1R a TOMa 
B~A a i , I c j - KOHll e H Tp all~1 R 3 t.1X <1 TOMOB B ofi p a a u c On oen en e -ur e 
S(Q ) B B~A e yp aBH eH HR 111 H a3 ~ BaCT CR onHC il H ~CM n o qlc)6c p y-3a ~ 

MaHy ' 2 ', ECT b ~ APy r ~ e o n p c Ae ne HHR S( O ). KOTopwe Am1 o r n cn s usrx 
3agc1Y 6 0ne e aAe KBc1TH~ ' 3 ! . Ha OCHOBe c Tpy KTy p Ho r o Itl a KTo p il ~l e TOAoM 

npe06pa30Ba HHR $ YP be B~Y~Cn~eT C R p eAYl.\Hp OBc1 HHa R l/lytt KllHI1 p a c n p e-

A en eH~ R a TOMOB G ( r) : 

. ) 

) ( r) =:::- (Q l S ( Q ) - 1 1si n ( Qr ) uo . 121 
11 o 

C nOMO~b ~ KO T O PO~ MO~HO o n p e AenHTb ~PP ~ n a pHY~ Ko p pe nR l~ H oHHY~ 

~YHKl.\H ~ !!:(r) : 

<1> ('1' = 4 11 r (J g ( r ) ~ 4 11 r 2I' t r G (1') , /31
o 0 

r n e Po - c p e AHRH nn OTHOCTb Yc1 CH ll.\ . 
Bc e 3 TH $Y H K l.\ ~ ~ Aa~T nHWb n 03Hl.\HOHrl Y ~ 3 c1BHCHMOCTb cp eAH e~ 

a TOM HO ~ nnOTHOCTH c1 Mo p $ Ho ro B e ~ eCTBa H He onHC~ Ba~T AeT ane~ 

e r o a TOMHo ro cTpo eH~R, Han pHMep, Tonono rH D 6 n H*H e r o nOpRAl< il 

4~ cno a To MO B, o K p y~a~~ ~x l.\ eH T panbHw~ a TOM Ha p a CCTORHHH r j 

I Ko o PAHHa l.\ Ho HHo e YHCn O Nil , o n pe ACn l1 e TCR HHTe r pHp OBa HH eM n u , pp: 
1' 0 

N j = J lPPp ( r)dr. 141 
1'. 

I 

r n e "o -. r i - r o ruua u a cc epa v ecxo r-o en o s llp n on pen en e ua« G ( 1') H3 

3 Kc n e p H Me H Tan b H ~x Cne l< Tp OB HH Terp~pOBaHH e 121 npoBoAHTCI1 B 1<0
He4H OM AH an a3 0H e OT AO Q mu' KO TOPbll1 o n pcnerm e r c n B 03 1~0) :( Qlllin 
H O CTI1I ~ 11 MeToga H 31~e p C H I1 R S( Q) . IlPl1 3 T O I~ 0 1<a3 bIBaC TCI1 , YTO Qma x
B e p xHH~ np e g en ~HT crp~pO B aHHR B 121 - CY~~C T BeH HO BnHl1eT Ha p a 3

p eureun e B r -llpOCTp aHCT BC npa onpeucn e a u a G (r ) . 3T O Bn H I1H~1C y [\oG 
Hee 0 6 CYAHT b , nepen~caB Bw p a~eH~ e 121 B B ~Ae : 

OJ 

G ( r ) = ..::..- J M( Q ) Q rS ( Q ) - 1] s in (Qr) dQ • 151 
11 0 

rne M(Q ) = {I, ecru- Q ~ Q .rna x
 
0, e c n u Q > Q '
 rna x 

TaK~M 0 6pa30M, H3 3K cnepHMeHT a o n pe Ae n Re Tc R $ YHKl.\ HR C l r ). Ko TO
p a a RBnR CTCR CBe pTKOl1 H c nlHH O~ C' (r ) C $ YPb e-06pc13 I.j OM M ( (J ) '.\ : 

C ( r ) = .f G" ( u ) OJ (r - u ) du . 161 

¢ YHKl.\ HR mer ) HMe eT cneAY~~H~ B~A : 

2 

I... 111 (0 ) cos ( Or) dO = ~~_. s in ( 0 ma x r ) 1II(r ) = 1.. 11 - - - --- /7 1 
11 o rna r • 

n OnYWHpHHa $ YHKl.\ MM mer ) B Ma cwT a 6 e r: 

3, 8 
M =--- . 

°rna x 
OyeB HgHo , YTO CBepTKa 161 yWMpReT H a6n~Aa eM~~ C (r ) TCM 60n bwe , 

yeM MeHbwe 0 llla x , H e~ T po H H aR AH$paK l.\ ~ A n o Bp e MeH H npo n eT a Aa eT 
H H$opMa ~~ ~ AO 6 0nbWHX 3HaYeHM ~ 0 H, c neAOBa Te n b HO, n03B onR eT 
nony y a T b G ( r ) C B~COKH M pa3pew eHH e M. 

~o CMX nop p eYb wna 0 nonHOM CTP YKTypHOM $ aKT Op c , OAHaK o , 
n poB oA R HeCKon b KO He3 a BH C HM~X A~$paK I.jHOH H~X 3 Kc n epHMe HTo B, Mom 

HO nony -iwr s napu wan sa ue CTPYKTy p Hble $aKTo pbl S j j (Q) . An A KOTO

p~x ~ Me~T C A cneAY~~H e COOTHOWeH HI1 : 

S ( Q) = ~ Wij Sj j( O) . 18 
II . 

r ne wi, BbI 4~ CnI1 DT CA H3 3 HaYc H~ il KO HI.jCHT pa l.\ MH l : j H AJH1 H p a CCCR
fH111 :b i 

e j l : j hI h i 
'" --- --. - - ;Z-- . 19 wi j 

< h > 
B~pa*eHMR, a H a nO rM Y H ~e ypa B HcH~D 13/ , Mo mHO 3 an Hc aT b H Anl1 
l1JYHKll HH G I r) , Il ap uu an sa u c (PYHI<l.\ IHl Il a lOT fionec nOAP 06Ho e onaca 
HHC a TOM HO~ C T PY K T yp~ a Mo p l/lHo ro B~~eC TBa , n OCKon bKY MomHO B~ 

ACTb KO ppCnR I.j H~ B pac n o n o mCHHH BNA cn C HH~X n ap a TOMO B 

2 . P I\3 P EW E H ~ E Cn Eln p OI1ETr /\ HCBP HA 11 5P- 2 

B n o c n CAHHC r o nu 6 bln o Bbln On HCHO 3 Ha4H Ten bHOC 4Hcno pafio r 
no H3y Y e HH ~ C T PYK T Y P~ HCK ~H C T annH Y e CKHX Ma Tc pHan OB l aMoP l1JH ~e 

H mHAKH C a eure c r a a/ C nO MO~b ~ AH$pa Kl.\HH H e~Tpo Ho B no Me TOAY a p e 
MCHH n poncT a . 3 TH 3 Kc n e pHMC H T ~ npOBOAHnHCb Ha HMnynb cH ~ x HC
TOYHI1 KilX HCflTP OHOB Ha ua 3C ll l'1 l-i e 'lHblX y c xop u r e n e fi 3ne KTpoHO B 
InY3/ ' ,,- 7 , KOTOPblC x a o a xr c p wa y o r cn ,~ anoi:' AnHTcnbHoc T b~ a cnuuno

- 10 MKc/ , n p ~l 3K c n cpl1Me 1iT a X Ha I1 f>P - 2 An HTcn bHOCTb H C~1TPO HHO 

r o HM nyn bca 3 ~a 4 H T cnb HO 6 0 n bwe , H B0 3 HHKa e T 3 aA ay a y y e Ta 3 TO ~ 

AnHT en b H OCT ~ B l1JYH K I.j ~ ~ pa3pew eHHR npH 6 0pa . Cy~ec TBe HH~M AnR 
Aan bHe flwero RBnA eT CR TO, YTO p a 3 p e we HHe n o 0 AonmHO U~ Tb ny4we 
n cpM oA a MOAy nRI.jHH S ( O ) . Pa 3peWCHHe Mo mHO np eg cT aB H T~ B BHne : 

1\0 :2 !-\ t (AJ:2 . :2 1'1 1.:2
( - - ) = ( - ---) t ( .\ 0 cot 0 ) + (--) 110 /o t L 

He o npcA cnCHHOCTb no Bp e MeHH I\ t - 3T O nonYWH pHH a H e~Tp OHH or o 

HMnyn bc a ,Bp eMeHH o e p acnpeAeneHH e n aA a~~H X H e~Tp oHOB B~Y~ CnAn OCb 

Ka K CBc p T Ka $ Op Mbl HMny n bc a 6 blCTPblX H e ~ T p oHoB Ign R 115P-2 B n ep

BOM npH6nHme H ~ 1 1 l1JY H K l.\ ~ R r ay c c a WHP~ HO~ 23 5 Ml< c l C l1JY HKl.\H e~, 

3 



onHCWBa~~e~ npoqe c c 3aMeAn eHHR H e~T pOHO B. AnR pa C4eTOO Hcnonb

30BaHbi AaHHbie H3 / 1I •
 

Heo np eAene HHO CTb no yrn y B OCHO BHOM 3aOHC ~ T OT KonnHMa4 HH 
nY4Ka Ha a r oposi np one r aoa Gaa e : o6pa 3C I 1 --,~ CTeK TOp . r a C4eTbi np o
BOAHm1Cb AnR AByX AeT CKTopOB, pa c nonoxcu uu x no y r n ,1M pac c e RHHR 
t'> = 500 H 'P = 130 " . KOllm1Ma4HR ,\IlA y r na 0 = SO" COC TilBIlAn a 
o = 0.004 8 pazi , AIlA <h = 130" t\ {/ = 0 , 0 11111 pa ll Xy ruuan «onn-i 

Ma4HR Ha yrne 130 " AonYCTHMLl H3- 3.1 r u r o , LII O '·I H ())~ l lT Cnl.> «ot 0 
3aMeTHO y,~ e Hbwl1T BKnaA 0 P<l 3P CWCtlH (: a r o poro '1n CII ,' II / 10/ Tp e r s e 
cn a r aenoe B yp a BHCHHH / 10/ - 3TO 1 1 ~ . : o n p C ll t~ n ..: IIII O C I b ' I nruure n po
IlCTHOI1 Ga3 b1 C I~ Ai'I BXO lVlT pa 3Mc pbl 3<11·1<;l lJlll l t.:.11l1. oDp,1311.J II T\C TCK
T<::p a . 

Ha pn c 1 nOKil3aHO pa cCLII1T il ltlIUI; corn .tc uo / I 0/ pu 3p ~weW1 C /\ Q / Q 
c ne xr po a e r pa HCI3 P . ,l], IlR c paO Hc l1l1A PilC'll" a L :) K C n,,: p L1 ~Ie H T n ll b HO 

onpen cneuuu« p.J3peWCtlH CM I1 Clt()ll b:JOBilIlltCI. I I I ·Il ~l hl t< T OI · P ;)'·II·\bl nopourxa 
Me AI1 f>a c xmKAC tll1 C MCIK/lY pa C4CTOI.\ 11 3 1 ( C I1l; P I1 ~1L! 1I 10M coc r a nna e r 
,~ eHbw e 7'1 , T. C pa C4CTbi /\OCTilTU4110 xo pouro OllllChtR Cl IQ T y c n o a ws no 
paaoeurc -uuo y crLl Ho BK11 HCBr . OCtiOBtlOI; Bt<n .:lA n ,\ Q / (J / pl l C. 1/ n a e r 
w~pHHa HCI1 TpOHHOr o ~MnYIl b c a OT ~6P- 2 

,llnfl 113Y4e HHR a Mo p(\jHblX 06P il340 0 3TO Pil3P C1U l' 11I1 C IHlOIlHe AOCTa

T04HO B ofin a c r a Q < 100 HM- 1 . npil npo BeAcIH111 np a KTI14c c Km1 pa 

60 TW 4eIl econ 5p a3Ho HcnOIlb3 0B aTb AaHH~ C OT A~l C K T OP~ nOA y r noM
 

1c/> = 50" r orts xo AO Q ",8 0 HM - H Anfl ch = 130 " J\n fl Gon hWH X 3Ha
4eHHI1 Q . B 0 6n ac TH Q >150 HM - 1 yx e HMeeT CA Bcm1411Ha A Q > 7 HM - 1. 
~3 nOA0 6 Hw X 3 Kc ne pHMe HT OB Ha H Mnyn b c H~x HC T0 4HH Ka x He ATpo HoB Ha 
fia a e nY3 H MOAcnb Hbl X pa C4e T0 E3 / 8 : H3Be CTHO, 4TO S ( Q ) npn 60llbWHX 
Q o c u-utn npye r C AnHHOl1 nepuona npH6nH311T enbHo 20 - 25 HM - 1. 3T O 
3Ha4HT, 4TO pa3peweHHe n Q > 10 HM-1 YlKe 3aMeTHO HCKalKaeT 
C T P Y K T y p H ~ A (\jaK To p S eQ ) H, c neAOBaTen bHO , ero H3M e peHHA Ha 
c ne KTpOMe Tpe HCBP B AaHHoA KO H(\j Hr y pa qHH o r pa H H 4H Ba~TC fl no Be
IlH4HHe Q :s180 HM - 1 • Yn Y4wHTb paapeureuu e B 06na cTH fiorisura x Q 
MO>K HO, nH60 c OKp aTHB AIlHT enb HOCTb He ATpoHH OA BcnwwKH, nH60 
YB enH4HB AnHHy nponeTHoA Ga3 bl. B Ka4e CTBe npHMepa Ha pHc.1 
/ nYHKTHp/ nOKa3aHO o lK HAae Mo e pa3pe weHH e HCBP Ha AnHH e nponeT
HO ~ 6a 3bl 100 M. 

3. 3KcnEP~MEHTbl ~ ~x 06PA60TKA 
0,1 

13 Ka4e CTB e o6pa 3 ~ a Hc nOIlb30 Ba liD a n a c s a Mo p(\j Hafl C H C Te l~ a I Ba / Sr ( POa)21x 
rCa F2 • Al F3 11- x • HM elO~afl cpenuoo 
pac ceH B a ~~ y~ cnoc06HOCTb ~ 3 , 5 6 . 

0,0' 

zoo100 

Puc . I. Pa 3 pewc llll c Y C T 3 I10BI< H IICBP 
,D,JUI n a yx y r JIOU p ac c en uun C/>. 
n Y HK T H p - pa:Jp e WCIlJlll W ill e TO~le Tp () -

Q( nm-I ] no ri n p OJIe T lI OI1 (ia ~ lb l / <h= ) 30 °/ . 
4 

o I!" j l aI ! ' I 
,: a"" fI 610 ~ 

- T ", " T -r r-r- - -r-r 
r fl ' ,..,. , , , • I • "l , 

T . 

I,I I ;..., 11\ \ 3
 
- I • 50° '1' .130'
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Pile . 2 . / a , 6/. Cne x-rpu pac c e a mu-rx lIe iiTpoIloU 0'1' 0 6 p a 3 1\a 

l Ba (P0 3)2 12 0 rCar2 . Al 1\'1 180 AJlH nuyx yrnou p ac cenunx , 
IlOH C lICIIH H K K p H Bbl N 1- 4 c r-i , B TeI< C 1'<:: . N - HO ~lep x anana 
ap e sie uuo r-o a ll aJIH 3 3 T OP '-' I1lH p H l lOn 64 ~lK e , I - H H T CIIOIB 


1I0e Tb B np ouan on s uux eAH I1I1u;ax .
 

OCHOBHafl ueris np oBe Ae HHfl He t1 TpoI1- AH OpaKqHo HHbIX H31~epeHH i ; C 3 TOI; 
CHCTeMOI1 - 3KcnepH MeHTanbHafl 04eHKa B0 3MOlKHOCTe A c neKTpOMe Tpa 
HCBP Ha ~6P - 2 H onpene.ne-u-e S ( Q ) B 60n bWO M AH an a 30He Q . 

np H np OBeAeHHI1 3KcnepHMeHTOB no AH(\jpaK4 I1H He~ T po Ho B 06 pa3e 4 
nOMe~an Cfl B 4HnHHAP H3 BaHaAHeBOI1 (\jonbrH AH aMe TpOM 15,5 MM 
H B~COTO A 45 MM. Cne KTp~ pac ceflHHWX HeATpOHOB OAHOBpe Me HHO 11 3 
Mepfln l1 Cb Anfl ABYX y r n o B pa cceHHfl 6 = 30 0 11 130 ° , Ha pHc , 2 no 
K a 3aH~ 3K c n epHM eHTaIlbH~ e c neKTp~ , nOIlY4 eH H~ e OT 0 6pa 34 a 
I Ba (P03) 212 0l Ca r~ 2 • Al F3 Iso, Allfl onpenenexaa S ( Q ) npOBOAHlll1 Cb erie 
AY~H e H3MepeHHR: 
1 - 06pa3 e 4 C KOHTeAHep o M (I E) , 2 - ny croa KOHT e i:! Hep (I u) ' 3 
Ba Ha AHe Bbl A o6 pa 3eq Anfl onpeAen e HHR naAa~~e ro c neKTpa He ~Tpo H oB 

( Iv) ' 4 - (\jO H nyc To ro ny4Ka ( I H) . KpoMe Toro , Ha Ka ~ AOM Ae
Te KTop e 6 ~ na CH flTa AH(\jpaKTorpa MMa no pOWKa Me AH An R ne pe C4e Ta 
BpeMfl - np oneTHwx cne KTpOB B (\jYH KqHI1 C nO CTOA H H ~M wa r OM no 
6p3rroBcKoc o T pa~eHHe OT nnoCKOCTel1 C pa CCTORHHe M d j pe r l1 CTpH
pyeT cA B KaHaIl e Ni Bpe MeHHoro aHanH3aTopa : 

Inn L A Inn 2 L d j s i n 0 
N, = N + -- . - -- = N t- - • ------ - - • / 11 

I 0 h KB h KB 

3Ae Cb No- pa3HH4a BO Bpe MeH I1 Me>KAY B cn~wKoi:! pe aKTopa H CTa pTOM 

BpeMeHHoro a HanH3a To pa , fi n  Macca HeATpoHa, h - nOCTOflHHafl 

nIla HKa, L - no n Ha fl nponeTHa fl 6a3a paCCTOfl HH e : nOBepXHO CTb 3a 
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- - - - ---- - - --- -

M eAn~T enR - AeT eKTop/, KG - w~p~Ha KaH ana BpeMCHHoro a Ha n~ 3a TO

4 11 411pa , nOCKonbKY Q e c r s Q =- sin O = - - TO nonyy a CM npo c r o e COOT
I. d • 

How eH~ e AnR nepec v er a BpeMe HHblX c nek rpoa B ClJYH K 4 ~ 1O Q : 

Q ~ .h c*/ (N-No ), 

r Ae nOCTORHHaR c* o npe AenReTc R ~3 n ono* eH~R n~K OB B A ~ClJpaKTo

rpa MMe M eA~ 

B 3Kcnep~MeH T anb H~e c ne K T p~ H e 06x oA~MO BH eCT~ nonpaB KH Ha 
ClJOH, no r nouie aa e ~ Mtio r OKpaT Hoe pec c ea uue . .QnR a'r or -o BbIY~CnR

n a c b npOMelK YT OYH afl ClJYHK 4~ R R ( Q ) : 

IE (Q )-IJI (Q ) lu (Q ) -IJI (Q ) 

AE~:(l ! .5 ~ ) All ll (1 t o iJ )
RI Q ) ., - - - --- - - --- - - --- - - - - - - -- - - /12 / 

I l v( Q ) - III( Q ) II I Av J 1 ,o ~ )1 

B B ~p a lK eH~~ / 12/ np eAnona r a e Tc R, YTO Bc e 3Kc ne p~ Me HTa n b HO ~3Me

peHHbl e ~HTeH C~ BH OCT ~ (I I,; _I lJ , III_ Iv ) OTHO P /~ ~1 pO Ba H bl Ha OAHO ~ TO 
lKe Y~ cno OTCyeT oB MOHHTop a . 3H aY eH~R Ai l - K03$$~ 4He H T~ norno
lI1 e ti~R AnR An~Hbl aon uu A = 0,096 HM norn ()lI~ eli~1e 06pa3 4a (exp ( - /1 t » 
6~no ~3MepC HO B r e OMeTpMM np onyc KaHH R HC~ T pOHHo ro nYYK a _ 3 aBM
C~ MOC T b Aj i OT An~H~ B onH~ B~Y~ CnRn a Cb B np eAn on O lK eH~H, YT O 
CC YCHM C norn Oll1 eH~R a . hs 06pa THO nponO P 4 ~O HanbHO CKO POC T ~ H e~ T p o 

' 4' .
HOB' , a yrnoBaR 3 aB~ CMM OCT b A j i AnR 4~n~HAPMYC CK~ X 06 pa 3 40 B 
6 pa naC b M3 T a6n~4 p a 60T~ .'I O ' Bblpa lK eH~Fl ( 1 , 0 ') B / 12/ aa ene uu 
AnFl nonpaBKM ~ 3MepFl eMo~ MHT eH C~BH OC T~ Ha MHorOKpa TH oe pa c c eR
HH e no MeTOAY 6n e xa-AB epGa x a ' 1 1 : B en~ Y~ Ha o' B ~p a*a eT CR YCpe 3 
Ce ye HMe pa cc eFlH ~R a s ~ no ru-oe Ce YCH I1 e - a " h s ' a s 11 3Y4aeMo r o a l
06 pa 34a : 
o' ~ _ (_a_s! a~L~ _ 

1 - (a / a ) 0 s t 
8 3 aBM C~T o r OTHoweHMR p aA~y c a R K BblCOT C Ii 06pa 34a ~ npo r a 
6ynMpOBaHa B ' II ' 

nOCKonbKY ClJY H K 4 ~ R R (Q ) B~YH CnRna Cb OT HOC ~ Tcn b HO MHT CH CMBH OC
TH HeKo repeHTHo r o p a c c eRH~Fl Ha B aHaA~~, C ee nOM OU\ blO ncr KO 
o npeAenMTb 3 ClJClJe e K T ~BHoe A~ClJClJ epeH4ManbHoe Ce Ye H ~C pa c c eRHMR 
0 6 pa 3 Ua ' 12 ' . 

r ~ 11 v (/ v 
= R (Q ) - - -·- . - -- ,(~I~I{ Q»3 ¢ ¢ /13 /

r 2 1l 4 11 
1 

1 " 

rv ~ rp - paA~y cbl Ba Ha A~e Bo ro c r e pso-n 11 06 pa 311a ; II \' 11 /'" 
3 ClJ ClJe K T H B H~e nn OTHocr H B aH aA~R ~ 06pa 3ua ; U - Ce Ye H~ e pa c c eRv 
HI1R B aHaA~R /5,1 6 / . B / 13/ yYTeHO, YTO M c cneAyeMw~ o6pa 3c u 
~ M~we Hb ~3 Ba Ha AMR ~ Me ~T ClJOp My ll~n~HA p a np MMe pHO OA~Ha KO B~ X 

pa axepo a . 
~IlR B~4M cn eHMR CTpy KT y pHoro $ aKTopa ~ 3 3ClJClJeK THBHoro AMClJClJe

peHuHanbHoro Ce Ye H ~ R p a c c eRH~R He06xoA~MO BBe CT H nnnp a BKy 
Ha Hey npyroe pa c c e a uae He~ T poHOB ~ OT HOpM~ p08aT b ( _~ ( Q) 
6 dO 3¢¢ 

P I1 C . 3 . CT PYK TYP llblfi qJaKT OP 

5 (0) S ( Q ) . Bbl'l Uc.ne HHblii Il<l DC
1I0B e c ric x -rp o u , npnn en eu 

1.5 HblX u a puc. 2 . nY Il KTU p 

. ~. 3K C'rpanOJI R lJ;I1R K Q = 0 . 

\ , -:/ , <, " - . 

O. 5~ •..;..... ,, [Ba(POJ)111D[CaFi AtFJI8D ,, 
o 5 0 150l oo 0 [nm' ] 

Pa c ue r nonpaaxn Ha H eynpy r~ e BKnaAbl /nonpaBK<:l nnaYe Ka/ np()BOil ~ J1 CR 

no /-IeToAY , npeAnO ) ~ e l iHo,~y C ~ HKncpo /~ ~ Bpa llToI-l ' 1:1I. 

4 11 d a a s 2 
S (Q ) ~11 -- ( --- ) - - - ' - ( 1 , 1"1') , P3 / Q J . /14/

a dO 3 <P <P a ~ e n h 

o"oh - xo r e pe ur nc e Ce Y eH~e pac c e Fl H~R 06pa34a , P l:~ , P:l I Q 2 
nOnpaB Ka nn ayeKa: 

P 12 = 2 r 1 -- f ( 1 - 2n ) J sin2 0 • -~;; ! 1 - zn )( 1 + 2nf) s i n~ o1si n:.! () , / 15a /
M - M
1,9366 E 2 ! . . ., 1

P'l = -------- si n II cos 20 - 2f ( 1 1 2n )( 1 - 21 ( 1 In ) S \ll - () • /1 56/ 
. :3M 

M - CPCAHRfl ilTOMHaR Milcc a ofi p a a ua , E - CpCAHRR K~HeTI1Ye C K ilR 

3 He p r ~ fl a ToMa, n - Ta K H a 3~ BaeM~~ ~ HAeK C H e ~ TpoH Horo c neKTpa . 
f = L 2 I ( 1.1 . 1.2 ) ,rAc 1. 1 - npo ne r a a a 6il 3a noaepxu o c r s 3<:lMeA Il ~

TcnR - 06pa3 CU, L~ - p a c cToRH~ e 06 pa 3c u - ACT eKTop. HHACK C n 
o npe Ac n RC TCR 113 B~COK03 H ep rC T ~ YC CKO~ Y a C T~ fl aAa ~lI1 e ro c ne KTpa , 
np~ npcAnono~e HH ~ 3 aB~ C ~MOCT I1 nOTOKa He ~ TpOHOB OT 3 Hep r H ~ B B~
Ae ' I:l ' : 

<1l ( E) . • ...!-. . 
1-:" 

Co r na c ao A a HH bll~ pafio r s, 14 ~AIlR H e~Tp OHH or o c ne x r pa C 1 10 B e p x HocT ~ 
3a MCAn~ T cnR pe a KTopa HoP-2 nonyYa eM n = 0,96. B c ny Ya e c neKTpo 
MeTpa HCB P n c na fio BnMR CT Ha B eIl~Y ~ Hbl ~ P3 B CIleACTB~ e TO P I2 
ro , YT O B~P <:l ~ CH~A AnR H~X cOAc p~a T B K<:l yeCTBe COMHO lK ~ TeIl Fl 

f = 0, 049 . H a n p~l~ ep, 113MCH CHH e n Hil 20 1: Me Hl1 eT MeHbwe, yeM PI2 
Ha 1, 5 ··. . 

Ha p~ c .3 np eACT aBn e H C T PY K TY P H ~~ $aK Top S (Q ) . n onyY eH H~ ~ 

~3 3K cn ep~M eHT anbH~ X c neKTpOB, np~B eA eHHW X 11 a pM c.2, C nOMOll1 blO 
Io n~ ca HHO ~ B~~e np ou eAYP ~ 06pa60TKI1 .B ~ H T e pB aIl C Q oT 46 AO 33 HM 

np o BeAeHO ycpe AH eHMe s eQ ) no AB yM yr IlaM pa c c eR H ~Fl, H~ lK e 46 HM- I 

AaHHbi e r ons xo C ne r e xr o pa 6 = 50° , auure 8 3 HM -I C ne r e x r o pa 
c~ = 1300 S I Q ) BbIY~ CIlFln aCb B n~H ei1H 011 no Q uika n e c uraro n 
,\ G = 1 HM- I . B 06 na c TI1 Q <100 HM- I B ~HT epBanc Ii Q ~Men O Cb 
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PI-lc- .4 . Cp a BHl' HH e C- TPYKTy p llblX 
S 10 ) cP ilKTOPOIl S CQ ). nOIlYQCIIIlblX 

Ne TO,lJ, OI-I /1:BYX OCIIOii p l1cPpaKTO
" '~ I Me Tpl-l ll lal I-l NCTO,lJ, ON Bp e Me 

::1\
V

'<r-.
0.9~L_--..:.... --

1111 npone r a Ib/ . ILl I3C Ta BKC 
IlOKa3 31l " XBOCT" x p n n o ii Ibl 

~ ./ ·..·.....--J""""'r'l rltt~ ...II~hll l l ll l .I I , 11 B 60JIe e Kpyn HoM MDCillT D6 e . 
~ b 

,...ok; · . 

HCCKonb KO 3 K Cnep~MeHTanbH~ X.f '. /'-" . ........./ .......,,{. "" a T04CK, M 3Ha4CH~ e S CQ ) o n pe 
g enRnocb nyT e M ycpegH eHHA 

[ ,./"',' ISrIP03J)sI CaFiAIF3J9sl no Bce~1 3 Kc ne pHMCHTiln bHbi M 

O " I ", T 04K a l~ B A11il n i:l 30 HC Q ±-!\ Q.. . 
'> o 50 100 - 1 150 - j

Qlnm J Ka K BHAHO ,13 pVlc .ll, gnR 
Q > 100 HM- 1 HMeeTCR 3Ha4HTenbH~ ~ pa36po c T0 4e K, 4TO 06ycnoB t: 
n eHO HH3KO~ HHT eHC VlBHOCTb~ naAa n~ero cne KT pa He~ TpoHo B npH 6 0nb 
WH X 3HaQeHHRX Q . 

4 . 05CY)!{gE HIo1E PE3y nbTl\TO B 

npeACTaBnReTCA HH TepeCH~M npOBeCTVl cp aBHeHHe nony 4 eHH~ x ga H
HblX C p e ayns r ar a -u- H3y4e HHR ofi paaua ISr C PO:,)~ 1 :)I Ca F2 .AIF:,19:

J 

np~ nOMO~H gBYXOCHoro AH~pa KToM eTpa. Ha pHC .4 n OK a3aH~ CTpyKTyp
H~ e q,aKTopbl S eQ ) AnR [Sr (P03 )215[ CaF2 . AI F;)95 ' nonyveuuue ape > 
MRnponeTH~M MeTogoM Ibl ~ C nOMO~b~ gBy x ocHoro AH~pa KTOMeTpa 

a/ . Ha A~ ~paKT OMeTp e Ha CTalJ,H OHapHOM p e a KT ope U~"H AH r~p H3
MepeHVlR orpaHH4eHbi no Q g o 93 HM - 1 • 

.L\aHHbl e 3Kcn ep~l~eHTa Ha HCBP no xaaaau AO Q = 16 5 H~1 -1 . .L\nR 
60ne e B~COKH X 3Ha4eHHA Q CTaTHCTVlKa C4eTa HeAOCTilT 04Ha , 4T06~ 

nonY4VlTb Hage mH~e p e3ynbTaT~ . B HCXOgH~ X cne KTpax 3TO COOTBeT
CTByCT KaHanaM N < 12 5 I pHC. 2/. B CTpYKTypHOM Cllaln ope S ( Q )/PVlc .4bl 
Y Ka3aH~ CTaTHCTH4eCKHe OWH 6 KH B Ha4ane H KOHlJ, e KpHBOA . np H 60n b 
WH X Q oWH6Ka yme HMe eT nopano« H3Me HeHI1 f1 S CQ ) . 3Ha4eHHfl S ( Q ) 

H3 060H X 3KCnepl1MeHTOB B n pe Ae n a x OWH6 0 K COBnaAa~T , 3 a HC Kn~4e 

HHeM 06naCTH Q < 20 HM- I . 3Aec b H a 6n1()Aa~TC fl pa3nH4HR, KOTo pble, 
BepORTHO, CBfl3aH~ C HH3KOA VlHT eHCVlBHOCTb~ B 3 KcnepVlMeHTe no Bpe
Me HI1 npon e.r a ICM.pHC . 2, N > 450/. 

CpeAHe e BpeMR H3MepeHI-1R OAHoro c ne KTpa Ha pHc .2 COCTaBn ReT 
15 4 . AnR yny4we HHA T0 4 HOCTH pe3ynbTaToB , o c 06 e HHO Anfl 6 0n bWHX 
3Ha4eH I-1 R Q l AO 1%1 He o6 xoA HMO n OB~C HT b s pe MR H3MepeHHR g o 60 4 . 
np H 3TOM Tpe6y eT cR H3Me peHHe 4eT~p e x cne KTpOB . B 3KcnepHMeH Ta x 
Ha CTillJ,HOHapHOM peaKTope He06xogHMO npH MepHO Tpoe CyT OK Anfl 
CbeMKH OAHoro cneKTpa . npH 3TOM CTaTHCTH4eC Kafl oWH 6 Ka He npeB~
uiae r BenH4HHY l<peCTHKOB Ha p11C. 4a. TaKHM 06pa3 011 BI1AHO, 4TO 
B 3 KcnepHMCHTa x Ha HCSP AocTyne H 60n e e WH PO KH~ Al1 a na 30 H Q. npl1

PI-I C . 5 . BJII-I HHl-le Be ))XHe i1 1'1) il1Il111LI 
I-I HTe r pHpOlla lll-l fl Q max npn cPypb e-06
p a ureuan a a CTpyKTyPY cPYIIKIJ;I1H GCr j ,"" :f (~\ r ~. Ill1cPPbl nan KPI-1B LIMH 00 0311aQ a lOT QnJa x 

..r. "'. \ --...,/' ~.--/"_____ R e /1: I1 I!l1L\aX 11 M-I . 
........,-.-'/ , .' ,": I '-~ : / r,
 

·l·· < >. J'""'~ 
.<-j".,;,: .r: .,..---- .r.d MepHO B ABa p aaa 6onbWH~ , 4e M 

'<, ./ ./\ \<-~ .~ . 1 B 3 KcnepHMeHTax Ha ABy XOCHOM AH~
' I '. : . \ _ 1 pa x'roae 'r pe UIo1,fl11 AH rAP . 
T ~ i\ "f \ ~-------..-- '-, ~.r, .~ Bnl1FlHlo1e MaK CHManbHoro 3Ha4eHHFl 
1 ''.J' \ v j Q Ha q,YHKlJ,l1lO pagHanbHoro pac

v max 
, _ ._ . _"~ npeAeneHHA aTOMOB oficyxnanoc s 

o 0 1 0 < us rl nmJo, B § 1 . Ha pHC. 5 no xaa aau q,YH KlJ,HH 

G ( r) • pa cc4HTaHHbie Ann pa3nH4Hbix Q ma x ' CaMaFl HH 3Ka Fl KpHBa n CO
OTBeTcTBy eT 3KCnepl1MeHTY Ha CTalJ,l10HapHOM peaKTope . npH paC4e 
Tax Q ui ax Bbl6HpanOCb TaKf1r~ 06pa30M, 4TOf)bl aunoru-anoc s ycrtoane
 
Q • ~ T7 -n , rrie 1'0 - nonoxeuue r naaaoro MaKcHMyMa B G Cr ) 11
ma x ro 
n - lJ, enoe 4Hcno . TaKo ~ B~60p YMeHbwaeT BnHFlHHe orpaHH4eHHo r o 
gl1ana30H a Q, xo r opoe npoaanae r cn B BHAe nonoru-a r e n s nu x OClJ, Hn 
nRlJ,i-'H1 q,YHKlJ,HH G (r) /I ~ YnY4W eH."e paapeureuua B G ( r) C yBem14eHHeM 
Q npoflsnfleTcFl B H3MeHeHHH WI1PHHbI rnaBHoro MaKCHMYMa B G ( r) ; 
e r o nonyumpuaa YM eHbwaeT CA OT A r = 0,105 HM npH Q = 88 HM - 1 

max
 
AO I'H = 0,035 HM npn Q = 151 HM-1•
ma x 

Ecnlo1 cpaBHHBaTb pa CCTOfl HHR s C Cr) C M e»<aTOMH~MH paCCTOflHHRMH , 
xo r opue Ha6nKlA am1c b B KpHCTannH4eCKOM Ca 2Al F/ 16 ;6nl1»<a~wHe pac
CTORHHfl MO»<HO pa36i-'1Tb Ha Tpl1 rpynn~. Tp eTbFl rpynna r ne»<HT 
Ha TOM MeCTe, rAe Ha6nlOAaeTcR cTyneHb Ha npaB o~ c To po He rnaB
Horo Ma KcHMyM a G(r ) I Be px HRR KpHBaR pHc.5/. 

BblBOgbl 

1 . 3KcnepHMeHTbI no BpeMeHH nponeTa n03Bonfl~T onpeAenHTb 
C T PY K T Y PH bI ~ q,aKTop S CQ ) aMo p~H~ X MaTepHanOB B 60nee WHp OKOM 
AI-1ana30He Q, 4eM 06~4HaR AByxocH aR He~TpoHHa Fl gl1q,pa KToMeTpHFl 
H, c neAo s a Te n bHO, AOCTHraeTCR 60nee BbiCOKoe pa3peweHHe np lo1 on
peAeneHHH $PP . 

2. H3Me pe HIo1 R, npOBeAeHH~e Ha yCTaHoBKe HCBP H AH~pa KT oMeTpe 

UIo1 ~101 AH rAP C OAHHM H TeM »<e 06pa3lJ,OM. nOKa3~Ba~T. 4TO 3a T pa T~ 

1013MepHTenbHoro BpeMeHH B 060HX cnY4aFl X npHMepHO OAI1 Ha KO B~ . ~ 

3. Pa 3peweHHe cne KTpOMeTpa HCBP orp aHH4HBaeT MaKCHManbHoe 
3Ha4eH He Q ; 18 0 HM-1 • YnY4we HI1 e pa3peweHHfl 6 YAeT AocTHrHyTo max 
3a C4eT 3annaHH pOBaHHoro ne pe BO,lJ, a HCBP Ha C TOM eTpo By~ nponeT
HY~ 6a3 Y. OAHa Ko YBen H4eHHe Q Mo»<eT 6~Tb no n Y4eHO TonbKOma x
 
npl1 Hanl14HH AOCTaT 04Horo KonH4 e CTBa He~TpoHoB C AnI1HO ~ BonHbl
 
AO 0,03 HM. 
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