
-
~
 

,....
.. 

.....
.. 

>
 
- -

3
: 

-
t:r:

: 
>

 
~
 

I 
-

;;;;
; 
~
 

~
 

.....
 

.-
. 

:::::
;: 
-

-
..., 

~
 

-
0 

~
 

'-
' 

.....
. 

,....
.. 

3
: 

1.
1 
-

:s:
 

t::
l 

t:r:
: 

(
j 

>
 
~
 

-
"'0

 
~
 

.....
.. 

>
 

:s:
 

==
s 
~
 
~
 

e..
... 

==
s 

- > 
~
 

-
.....

.. 
:X

: 
-..., 0 

:s:
 

~
 

""
")

 
c5

 
G

 
...,.

.. 
"-

..
 

-
.....

.. 
0 

~
 

o:
; 
~
 

0 
n 

to
 

>
 

s
: 

c:::
::. 

~
 
-

C
":

t 
C

\
 

.....
.. :s:
 

C
":

t 
~
 

" 
::0

 
:::

:. 
C

D
 

co
 

-
C

D
 

s
: 

]:
Il

l 
.....

 
.. 

~
 

]:
Il

l 
:a

 
::

1
: 

s
: 

CD
 

c
.;

 
c:

:::
:.l

=l
 

C
":

t 
::

1
: 

I 

-
co

 
]:

Il
l 

a:
:l

l 
C

D
 

.....
 C

D
 

.. 
CD

 
w

 
Q

 
'<

 
C

»
 -

c:
s 

s
: 

::
1

: 
t:I

i 
I 

::
1

: 
::

1
: 

t-.
:1

 
C

\
 

::
c 

.....
 

0 
t-.

:1
 

~
 

::
1

: 
s
: 

a
-

'<
 
!!

: 
-

Q
1

 
I
»

 
s:

c 
>

c
 

.....
 ~
 

~
 

+
 

' ~ <;
:) 



I 

•,' 
1' 

·i,,-

1., 

,f I 
.,, 

/ 
/ 

' ,,1:'' 

A.C;~AO~I>!IHO&, 'H;H.roaopy\-f, B,M,ron~~~~K, A.lll.ErtHwes, 
.n. ~· ~~1040.-, H .• M • HaaH "'eHKO; P • 5 • KaAW~J '· .;w:, t1. K•pneH KO , 

8.··8,-·K· .. Q ~H. ·lo. ~()It, A,~.KP~4K.?• T .• C •. HH. '". Ma. '· 1-tQa.·i ~ .•. A .. ,P~t'140B, 
8. H' c,~,.B~I<~··· A.E. CeH~P.' s. C~T,tp, .6·K,~~"I'&P4~Hk0, 
8 .A··f¥~),!~11!,>:, lf,.·A·. TMKHii, .fl .• B.Yp~~CI~MI1,!: tf~A.IIIIof)riaToaa, 
3.Hj~~~-,. M·A·.W<I<!IPIIIHOB,. ,', ' ', ' '' 
01'$1!e~~~·:fll!~ i!~Hi::TMTYT. AAePM"'X 

<~~~··'l!~~~:.~l.·:.~ .. ~·.t.\,:·: .. ~.--;~~ ' ~~ '~··):,;,: ,., :·' ::; ' ', .··',.rJJ.·l'.( ,1:,·.;·,.:' ' 
H.BQfliM\~-:~·· .. ,.. ....... ,,.,.:w .. . <.,,, 
H..tc-r~~i; e~~ ;n,,,•.,;'(:" • • """'· ·~ 

~' ','' ',. \) 'lf,., •• ~ f>' 

r';A~!<. 
)(~p·i(,., 

'' ·.'li 

M:~i6t~~~~~' 
Het~liiMOt~;~~"'~ 
To~~.~J'Q o'~J 

8. 8 ·, ~-~~~H 
PaAHe~:~~ 
P. A; ~a~'*.ra 
HaLIHOH,.b .. ~ 
Sa'ta&Hft''\CI! 

' I (·~,:~·,>; 
8, H .• rHt:ff,OH 
.>'Ml-la~pc~~~-

~L 

... 

~-~ 

l 

(j 

:.· '\ ~/, 

,;:~;:; 
'· .. • .. f,;~.; ~ \\t~~·'', ~~)c' ; ~ 
' ~.,: '1~ " I 

.~ 

Pl3-80-225 

COEKTPOMETP ,aJIH ~1CCJIE,ll,OBAHHH 

KAHAJIHPOBAJU1H OPOTOHOB C E = 8,4 r3B 

B MOHOKPHCTAJIJIAX 

HanpaeAeHo e flT::J 

t61l:a*iiti!Wii IIICTIJf'JT 
UtplAWX ~tr ~1108amll 

_ Gv~JttKffEKA , 
' - r 



BoAOnbRHOB A.C. H AP· Pl3-80-225 
CneKTPOMeTp AnR HccneAOBaHHR KaHanHpoeaHHR 
npOTOHOB C E =8,4 r3B B MOHOKpHCTannax 

OnHcaH cneKTPOMeTp, c03AaHH~H AnR noHcKa H HccneAoea
HHR 3$$eKTOB, B03HHKa~~HX npH KaHanHpoeaHHH 3apRmeHH~X 
4aCTH~ B~COKHX 3HeprHH B MOHOKPHCTanne. npHBOARTCR OCHOB
H~e XapaKTepHCTHKH cneKTPOMeTpa, HCnOnb308a8werOCR B 3K
cnepHMeHTaX no OTKnOHeHH~ KaHanHpy~HX 4aCTH~ H30rHyT~MH 
MOHOKPHCTannaMH Ha CHHXpQ$a30TpOHe flB3 OHRH. 

Pa6oTa 8~nonHeHa 8 fla6opaTOPHH 8biCOKHX 3HeprHH OHRH. 

npenpMHT 06~eAMHeHHoro MHCTMTYTa RAePHWX MCCneAOBaHMH. AY6Ha 1980 

Vodopyanov A.S. et al. Pl3-80-225 
Spectrometer to Study Channeling of Protons 
withE= 8.4 GeV in Single Crystals 

A spectrometer designed for search and study of ef
fects arising at channeling of high energy charged 
particles in a single crystal is described. Main charac
terjstics of the spectrometer applied in experiments on 
the deviation of channeling particles by bent crystals 
on the JINR High Energy Laboratory synchrophasotron are 
given. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1980 
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BBE,liEHHE R8neHHe KaHanHpo8aHHR 3apRmeHH~x 4ac-
TH~ B MOHOKPHCTannax HHTeHCH8HO H3y4a

eTCR 8 nocneAHHe ABa AeCRTHneTHR. 0AHaKo AO 1976 roAa KaK 
TeopeTH4eCKHe, TaK H 3KCne~HMeHTanbH~e HCcneA08aHHR np080AH
nHCb 8 o6naCTH 3HeprHH AO 1 r3B. 

3a nocneAHee 8peMR 6~n 8bmonHeH PRA pa6oT, npeACKa3~8a~Hx 
H08~e 3$$eKT~, B03HHKa~He npH KaHanHp08aHHH 4aCTH~ 8~COKHX 
3HeprHH. K HHM OTHOCRTCR: OTKnOHeHHe 3apRmeHH~X 4aCTH~ H30rHy
T~M MOHOKpHCTannOM, B03MDmHOCTb yMeHbWeHHR nonepe4HOH 3HeprHH 
KaHanHpy~HX 4aCTH~/l/, MO~HOe CnOHTaHHOe H3ny4eHHe y-KBaHTOB 
B~COKHX 3HeprHH /2/, 

,llnR H3y4eHHR 3$$eKTOB KaHanHpOBaHHR npH B~COKHX 3HeprHRX 
6~nH c03AaHbl ycTaH08KH a PRAe na6opaTOPHH: CERN 13/ SLAC 141, 
6aTaBHR 151 , 

B fla6opaTOPHH B~COKHX 3HeprHH 06~eAHHeHHOro HHCTHTyTa 
RAePH~X HCCneAOBaHHH C03AaHa ycTaHOBKa, npeAHa3Ha4eHHaR AnR 
3KcnepHMeHTanbHOrO OOHapymeHHR H HCcneAOBaHHR RBneHHH, B03HH
Ka~~HX npH KaHanHpo8aHHH 3apRmeHH~x 4aCTH~. Ha 3TOH ycTaHOBKe 
6~n 8nepBble 06HapymeH 3$$eKT OTKnOHeHHR nyl!Ka npOTOH08 H30rHy
T~M MOHOKpHCTannoM/6/, 

B AaHHOI:i pa6oTe coAePmHTCR onHcaHHe OCHOBH~x 3neMeHTOB 
cneKTPOMeTpa: KOOPAHHaTHbiX AeTeKTOpOB, CHCTeM~ 3anycKa, rOHHO
MeTpH4eCKO~ CHCTe~, 3neKTPOHHoH ynpaBnR~~eH norHKH, CHCTeM~ 
perH£Tpa~HH AaHH~X H HX nepeAa4H 8 3BM, npHBOARTCR HX napa~eT

pbl. 0nHCbt8aeTcR TaKme MeTOAHKa ~CTHP08KH KpHcTanna H noHcK'a 
3$$eKTa KaHanHpo~aHHR. 

CXEMA YCTAHOBKH 3KcnepHMeHT~ npoBOAHnHcb Ha ny4Ke npo-
TOHOB CHHxpo~a3oTpoHa flB3 OHRH. CxeMa 

YCTaHOBKH nOKa3aHa Ha PHC. 1, ny40K npOTOH08 C 3HeprHeH 8,4 r3B 

DCI DC2 
5152 • x v.ononno~O.lt ·~ AO 

!'lUI~~ - t11 L I - 10 iJ111· · · · rr 
nporom1 

rOI!IIO!.!CTp 
DC3 

MOI!OnpOilOJt li'llrtfs3~ 
-;; - . ·-· ·- ·~,l jlfBU-

KpHcrnnn M H3rH6an~ee 
ycrpOIICTDO 

PHc. 1. CxeMa ycTaH08KH. 
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~Me~ yr~OBYD paCXOAHMOCTb OKO~O +0,3 MpaA, HHTeHCHBHOCTb 
10° 4aCTH~ 3a ~~K~ ycKOPHTe~R, epeMR pacTR*KH 0,3-0,4 c. Pa3-
Mep ny4Ka B M8CT8 pacn0~0*8HHR KpHCTa~~a COCTaB~R~ 2 CM. 
Te~ecKon C4eT4~KOB 81, 82, S3, S4 oT6Hpa~ 4aCTH~bl, nonaAao
~He B pa6o4yo o6~aCTb KpHCTa~~a H pacceRHHble B 3aAaHHOM Te
~eCHOM yr~e, a TaK*e 3anycKa~ CHCTeMy APe~$0BbiX KaMep. Koop
AHHaTbl 4aCTH~ OnpeAe~R~HCb CHCTeMO~ H3 20 APe~$0BbiX KaMep. AnR 
yMeHbWeHHR MHoroKpaTHoro pacceRHHR M8*AY 6~KaMH APe~$oewx 
KaMep 6bl~ ycTaHOB~eH BaKYYMHbl~ HOHOnpoBOA. AnR OpHeHTa~HH MOHO· 
KpHCTa~~a OTHOCHTe~bHO ny4Ka HCnO~_b30Ba~CR npe~H3HOHHbll:\ rOHHO· 
MeTp. UeHa OTC4eTa ero cocTaB~R~a 17 MKPaA. YcTaHOBKa pa6oTa
~a Ha ~HHHH c 38M EC-1040; Ha MarHHTHble ~eHTbl 3anHcblea~ocb 
AO 400 C06b1THH 3a ~HK~ YCKOPHTe~R. 

a/ KoopAHHaTHble AeTeKTOPbl ~pe~$Qewe KaMepw 6w~H o6DeAH-
HeHbl B TPH 6~0Ka, ~~R onpeAe· 

~eHHR BXOAHbiX yr~OB 4aCTH~ HCnO~b30Ba~HCb 6~0KH ~C1 H ~C2, 
a ~R onpeAe~eHHR BbiXOAHbiX yr~oe H3 KPHCTa~~a - ~C2 H ~C3. 
AnR AOCTH*8HHR CTa6HnbHOCTH CKOpOCTH APe~$a 3~eKTPOHOB CHC
TeMa ra3oeoro o6ecne4eHHR KaMep pa6oTa~a npH nocTORHHO~ TeM
nepaType, KOTOpaR nOAAeP*HBa~aCb C T04HOCTbD +0,5°C. 8cero 
Hcno~b3oea~ocb 62 perHCTPHPY~Hx KaHa~a. 8peMeHHoe pa3peweHHe • 
Ka*AOrO KaHa~a COCTaB~R~O 350 nc. CxeMa perHCTPHPYD~ero KaHa· 
~a npHBeAeHa Ha pHc.2. Ka~H6poeKa epeMR-~H$poewx npeo6pa3o
eaTe~e~ npOBOAH~ac;-a XOAe 3KCnepHMeHTa B aBTOMaTH4eCKOM pe
*HMe npH noMO~H 38M. To4HOCTb onpeAe~eHHR KOOPAHHaTbl 4aCTH~bl 

~R AaHHO~ CHCTeMbl COCTaB~R~a 100 MKM. Pa3peweHHe cneKTPOMeT
pa ~R BXOAHbiX yr~OB ()X = 76 MKPaA H () y = 63 MKPaA COOTBeT
CTBeHHO ~R n~OCKOCTeH X H Y onpeAe~R~OCb, B OCHOBHOM, MHOro
~aTHbiM pacceRHH8M 4aCTH~ B Be~eCTBe BTOpOrO 6~0Ka /7,8 ·10-4 

paAHa~HOHHbiX eAHHH~/. Pa3peweHHe cneKTpoMeTpa A~R BbiXOAHbiX 
yr~oa cocTaB~R~O Hl MKPaA H onpeAe~R~OCb KOOPAHHaTHbiM pa3pewe
HHeM 6~0Ka ~C3. 3$$8KTHBHOCTb pa60Tbl KaMep H 3~eKTpOHHKH no
CTORHHO KOHTPO~HpOBa~aCb npH nOMO~H 38M. CpeAHRR 3$~eKTHBHOCTb 
COCTaB~R~a OKO~O 98%. 

6/ roHHOMeTpH4eCKaR 
CHCTeMa 
H KpHCTa~~bl 

AnR OpHeHTHpoBaHHR KpHCTa~~OB 
no OTHOWeHHD K ny4KY npoTOHOB 
HCnO~b30Ba~aCb rOHHOMeTpH4eC• 
KaR CHCTeMa, npHMeHRBWaRCR B 

3KCnepHMeHTaX no KaHa~HpOBaHHD npH 3HeprHH 35-250 r38 /&/, 

CHCTeMa n03BO~R~a noaopa4HBaTb KPHCTa~~ BOKpyr ABYX oce~. KH
HeMaTH4eCKaR CXeMa rOHHOMeTpa npHBeAeHa Ha PHC.3. AnR pa60Tbl 
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PHc.2. 5~oK-cxeMa perHcTpHpyo~ero KaHa~a. 

\\V:Ju.oY.. 
_;;.;-

PHc.3. KHHeMaTH4ecKaR cxeMa roHHOMeTpa. 

C repMaHHeBbiMH KPHCTa~~aMH B rOHHOMeTpe 6bl~a npeAYCMOTpeHa 
B03MOIKHOCTb OX~aiKAeHHR MOHOKPHCTa~~a AO TeMnepaTypbi IKHAKOrO 
a30Ta. npeABapHTe~bHaR DCTHpOBKa rOHHOMeTpa H KpHCTa~~a OTHO
CHTe~bHO ny4Ka npoBOAH~acb c noMO~bD ~aaepa. Yr~oeaR norpew
HOCTb IOCTHPOBKH He npeBbiWa~a ~0,5 MPaA. 
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B 3KCnep~MeHTBX npOBOA~n~Cb MCCneAOBBH~R C MOHOKp~CTannaM~ 
KpeMH~R ~ repMaH~R, B~nOnHeHHWM~ B B~Ae nonynpoBOAH~KOBWX 
AeTeKTOPOB. napaMeTpW MOHOKp~CTannoa np~BeAeH~ B Ta6n~~e. 

Ta6n~~a 

N'N' Kp~cTann Pa3Mepbl, MM T~n KaHan~poeaH~R 

repMaH~i1 20x10x8 oceaoe 110 
HB An~He 20 ~ 10 MM 

2 KpeMH~H 20x10x1,8 nnOCKOCTHOe 111 
oceaoe 110 
Ha An~He 20 MM 

3 KpeMH~H 20x10x0,9 nnOCKOCTHOe 111 
Ha An~He 20 MM 

4 KpeMH~H _20x10x0,55 nnOCKOCTHOe 111 
Ha An~He 20 MM 

a/ Op~eHT~poaaH~e no~CK 3$$eKTB KBHan~pOBBH~R ocy-
Kp~CTanna ~eCTBnRnCR no ~OH~3a~~OHHbiM nOTe-

PRM 4BCT~~. npoweAW~X 4epe3 MOHO
Kp~CTann. XapaKTepH~i1 cneKTP ~OH~-

3a~~OHHWX noTepb npoTOHOB AnR op~eHT~poaaHHoro Kp~cTanna noKa-
3aH Ha p~c.4a, AnR pa3op~eHT~poaaHHoro - Ha p~c.46. CneKTp 
~OH~3a~~OHHWX nOTepb npOTOHOB B pa30p~eHTHPOBaHHOM Kp~CTanne 
~MeeT $QpMy pacnpeAeneH~R JlaHAay. HoH~3a~~OHHble noTep~ KaHan~
pobaHHwx 4acT~~ np~MepHo a ABa paaa MeHbWe no cpaaHeH~~ c no
TepRM~ HeKaHan~poeaHHWX. 3TOT $aKT ~cnonb30BancR AnR Op~eHTa
~~~ Kp~CTanna OTHOC~TenbHO ny4Ka npoTOHOB. ,Ilea OAHOKaHanbHbiX 
aHan~3aTopa a~pe3an~ 4acT~ cneKTpa ~oH~3a~~OHH~x noTepb, oT
BeTCTBeHHWX 3a KaHan~pOBaH~e /0,2-0,7 MaKC~MyMa pacnpeAeneH~R/ 
~ OCTanbHY~ 4BCTb. KOHTpOnb Op~eHTa~~~ Kp~CTanna ocy~eCTBnRnCR 
np~ nOMO~~ 38M no yrnOBbiM pacnpeAeneH~RM pacceRHHbiX B MOHO
Kp~CTanne 4acT~~. XapaKTepHoe yrnoaoe pacnpeAeneH~e pacceRHHbiX 
KaHan~pOBaHH~X npOTOHOB noKa3aHO Ha p~c.5. 

6MCTPAR 311EKTPOHHKA 0T6op none3HbiX co6biT~i1 co c~~HT ~n-
nR4~0HH~X C4eT4~K08 np0~380AHnCR 

CHCTeMOH 6~CTpOi1 3neKTpOH~K~, 8 KOTOpy~ 8XOAHnH $OpM~p08aTenH 
c peryn~pyeMbiM~ noporaM~, cxeMbl A80HHbiX 11 4CTblpexKpaTHbiX co8-
naAeHMi1. 
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P~c.4. CneKTP ~OH~3a
~~OHHbiX noTepb npoTo
H08 a Kp~cTanne: 

N~--~~--~~--~ 

1000 ~ I I ~263 C~6wT~R 
1 

1 
a/ pa3op~eHT~po8aHHbli1 
Kp~cTann, 6/ Kp~cTann 
Op~eHT~POBaH OCb~ <110> 800 

napannenbHO ny4Ky. 

4y8CTB~TenbHOCTb 
$QpM~poaaTenei1 6wna 
ycTaHoaneHa Ha YP08He 
lOO MB. 

6biCTpaR 3neKTPOH~
Ka BblnonHflna cneAY~~~e 
$YHK~~~: 

1 . Bb1AenRna co6bi-
T~R, B KOTOpWX 4aCT~~W 

600 

400 

200 

a/ 

10 20 30 40 so 60 

npOXOA~n~ 4epe3 MOHO- N r---T-----,------r----~------~----~ 
Kp~cTann ~ pacce~aa-

n~cb 8 3aAaHHOM Tenec- ~ 
HOM yrne. 

2. 0T6pacb1Bana 
C06~T~R C HeCKOnbK~MI-1 
OAHOBpeMeHHbiMH TpeKa- 600 
~. 

3. 0T6~pana co6bi
T~R, 3a 5 MKC AO 
~ nocne KOTOpbiX He 
6~no APYrHx 4acT~~ 
/3a 8peMR c6opa 3a
PRAa 8 KPHCTanne Ae
TeKTOpa/. 

4. Bblpa6aT~8ana 
c~rHan "3anycK", npH
BOAR~Hi1 8 AeHCTB~e 

400 

200 

8089 co6~T~i1 

6/ 

c~cTeMy ynpaenRIO~ei1 1) 20 30 '" so 6o 

[' 

norHKH. C~-1 rHanbl co ecex cxeM coenaAeH~i1 6~cTpoi1 norHKH noAaea
n~cb Ha COOT8eTCT8yiOmHe 8XOAbl 12-KaHanbHOrO nepeC4eTHOrO 
ycTpoikT8a c nocneAy~~M C4HTbiBBHHeM 11x 8 3BM. KpoMe 3Toro, 
cxeMbl co8naAeHMi1 6~cTpoi1 norMKM pa6oTanM 8 pe*MMe, npM KOTo
poM WMPMHa 8biXOAHOrO CMrHana COOTBeTCT808ana W11PMHe nepeKpbiTMR 
8XOAHbiX CM rHano8. 3TM CM rHanbl nOCTynanM Ha 8XOA aHanor0-4M$po-
8biX npeo6pa308aTenei1, MH$OPMB4MR c KOTOPbiX C4MTb18anacb 8 38M. 

TaKMM o6pa30M MMenacb 803MOmHOCTb 8 XOAe 3KcnepMMeHTa KOH
TponMp08aTb 8peMeHHy~ CTa6MnbHOCTb OCH08HbiX y3n08 6biCTpOH no-
rHIH1. 
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PV~c. 5. Y rnoeoe pacnpe,QeneHVIe pacceRHHbiX KaHa!lV~po

eaHHbiX npOTOHOB. 

CHCTEMA YnPABnEHHR 
H PEfHCTPAUHH MHHbiX 

6noK-cXeMa CVICTeM~ ynpaBS1eHHR VI 

perHCTpa~VtH ,QaHH~X npHBe,QeHa Ha 
pHc.6. YcTaHOBKa pa6oTana Ha S1HHHH 
c 3BM EC-1040, y,QaneHHO~ oT 3Kcne

PHMeHTaS1bHoro naBHS1bOHa Ha paccTORHHe 800 M. 3neKTPOHHKa ynpae
neHHR H perHCTpa~HH ,QaHHbiX YCTaHOBKH 6biS1a BblnOS1HeHa B CTaH
,QapTe KAMAK, VI ee conpRmeHHe c 3BM ocy~ecTenRnocb npH noMO~H 
YHHBepcaS1bHOro ,QpaAeepa eeTBH 171 .Co CTOPOH~ 3BM pa6oTaS1 
MHKponporpaMMH~~ KOHTPOS1S1ep ceneKTOpHOro KaHana W1, COe,QHHeH
H~A C ,QpaAeepOM Tene$OHH~M Ka6eneM H3 30 CKpy4eHH~X nap. 
3neKTPOHHKa 3KCnepHMeHTa B03,QeACTBOBana Ha 3BM C nOMO~b~ 4e
T~pex CHrHaS10B. CHrHaS1 "Ha4ano ~HKJla YCKOpeHHR11 (BS) BbiBO,QHS1 
3BM. B pemHM omH,QaHVIR npVIeMa co6biTHR. CVtrHaJl "3anycK" nocTynan 
B 3BM npH ee rOTOBHOCTH K npHeMy /CHrHaJl "3anpeT11

/ 4ep~3 

100 MKC nocne npoxom,QeHHR 4aCTH~~ 4epe3 ycTaHOBKy. 3To epeMR 
Heo6xo,QHMO ,QJlR 3aeepweHHR npo~ecca KOHeepcHH s npeo6pa3oea
TenRx epeMR-~H$pa H aHanor-~H$pa. CVtrHan "3anycK" Bbl3b1Ban 
C4HT~BaHHe B pemHMe aBTOMaTH4eCKOrO CKaHVIPOBaHVIR (ASM) HaKon
JleHHOrO MaCCHBa ,QaHHbiX, nocne reHepa~HH CH rHana 11KOHe~ ~HKS1a 
ycKopeHHR 11 (ES) 3BM BbiXO,QHna H3 pemHMa npVIeMa. MaccHB ,QaH
HbiX O,QHOro $H3H4eCKOrO COObiTHR COCTORS1 V13 124 16-pa3pR,QHbiX 
CJlOB, CO,QepmaHVte KOTOPbiX COCTaBS1RJlH: 4 CS10Ba 3arOS10BKa Mac
CHBa, ,QaHH~e H3 BUn, AUn, nepec4eTHoro ycTpoAcTea H exo,QHoro 
6biCTporo perHcTpa. Kam,Qoe coi'ibnHe KOH4anocb .QBYM.FI cnoeaMH 
WaXMaTHOrO KO,Qa. BpeMR nepe,Qa4H O,QHOrO co6~TVI.FI COCTaBS1RS10 OK0-
110 1 MC, TaK 4TO 3BM MOrna npHH.FITb ,QO 400 C06~THA 3a ~HKS1 
YCKOPHTeJlR. 
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PVIc. 7. BpeMeHHa.FI ,QHarpaMMa CHHXPOHVI3a~HVI pa60Tbl 
Cii'ei(TpoMeTpa C yCKOPHTeS1eM H nepe,Qa4H ,QaHHbiX B 3BM, 
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AnR YCKOpeHHfl Ha6opa CTaTHCTHKH 6~na HCn011b30BaHa CHCTeMa 
OT60pa none3H~X C06~TH~. npHMeHRilHCb KpHTepHH OT6opa no nona~ 
AaHHO ny4Ka 4aCTH4 B KpHcTann, HllH KPHTePHH ~HI1bTpa4HH KaHa
llHPYO~HX 4aCTH4. TaK KaK peweHHe 0 TOM, 4TO COO~THe He RB-
11ReTCR none3H~M, e~pa6aTweanocb no3me, 4eM Ha4HHanacb ero pe
rHCTPa4HR, 6brn opraHH30BaH HMnynbc 6wcTpO~ 04HCTKH / 11 4HCTKa''/, 
KOTop~~ 11o6HynRn 11 HH~pMa4HOHHbre 6noKH KAMAK /3a HCK11104eHHeM 
nepec4eTHOro YCTPOHCTBa/ H BOCCTaHaBilHBan ynpaBilRIO~YIO 311eKT
pOHHKy 3KcnepHMeHTa B pemHM OmHAaHHR npHeMa ClleAYIO~ero C06~

THR. AnR BWpa60TKH HMnynbCa 11 4HCTKa 11 aHa11H3HPOBa11Cfl aMnllHTyA
H~H cneKTP CHrHanOB KPHCTanna H B cny4ae HenonaAaHHR aMnllHTYA 
CHrHana B ~HKCHPOBaHH~H AHana30H, 4TO onpeAe11R110Cb OAHOKaHallb
HWM aHa11H3aTOpOM, reHepHpOBallCR HMnyllbC 04HCTKH. ~MnyllbC 3TOT 
CTp06HpOBa11Cfl CHrHallOM 3anycKa ycTaHOBKH / 113anyCK11

/. 

BpeMeHHaR AHarpaMMa CHHXpOHH3a4HH pa6oT~ cneKTpoMeTpa c yc
KOPHTeneM H CHHXpOHH3a4HH nepeAa4H AaHH~X B 38M npeACTaBileHa 
Ha pHc.7. 3neKTPOHHKa perHcTpa4HH ~H3H4eCKHX AaHHWX noMe~anacb 
e O~KpeHTe KAMAK. Bo BTopoM KPeHTe HaXOAHilacb 311eKTPOHHKa 
ynpaeneHHR H CHHXp0HH3a4HH, COeAHHeHHaR C naHellbiO ynpaeneHHR 
3KcnepHMeHTOM. Ha naHellH HaXOAHncR Ha6op AeCRTH4H~x 6HK, KHO
noK H 11aMn04eK, C noMO~biO KOTOP~X 3KCnepHMeHTaTOP MOr ynpae
llfiTb npOBeAeHHeM ceaHCa, Ha69POM CTaTHCTHKH, npOH3BOAHTb pac
ne4aTKY HHTepeCYIOIIIHX ero rHCTOrpaMM H Ta611H4, 04H~aTb 3aAaHHble 
rHcTorpaMMW H ewnonHRTb P~'~A APYrHx ~YHK4HH. HamaTHe KHOnKH Ha 
naHellH ynpaeneHHR 3KcnepHMeHTOM ~PMHpoeano cH rHan ''3anpoc'', 
KOTOPWH nonaAa/1 B 3BM BHe ~HKila ycKopHTenR. 

Pacne4aTKa menaeMOH HH~pMa4HH npoH3BOAHnacb HenocpeACTBeH
HO B 3KcnepHMeHTa!1bHOM AOMHKe ne4aTaiO~HM YCTPO~CTBOM THna 
DZM-180 ~HPM~ MERA-BLON.3To ycTpoHcTso no3B011R110 ewsoAHTb 
HH~OpMa4HIO C 3~eKTHBHOH CKOpOCTbiO 120 CTPOK B MHHyTy. (OeAH
He~He ero c 3BM 6wno e~nonHeHo c noMo~b~ HHTep~e~ca KAMAK 
THna "SERIAL INTERFACE 505 ", pa3Me~eHHoro e CTOHKe 311eKTPOHH
KH, HaXOAHBWeHCR B AOMHKe. ~HTep~eHc pa60Tan B CHCTeMe 6e3 
3anpOCOB C nOCileAOBaTellbH~M onpocOM COCTORHHH B nepHOA MemAY 
4HK11aMH yCKOPHTenR. noA3aAa4a COnpRmeHHR C 4H~pone4aTbiO pa6o
Tana e pemHMe pa3Ae11eHHR epeMeHH c nporpaMMaMH npHeMa H o6-
pa60TKH AaHHWX, a HH4>0pMa4HR All~'~ pacne4aTKH nocTynana H3 ew
XOAHOro ~aHna AaHHWX. CBR3b 3BM C YCTaHOBKOH npoHCXOAHila no 
OAH06y~epHOH CHCTeMe - BCe 3KCnepHMeHTa11bH~e AaHHWe HaKannH
BallHCb e onepaTHBHOH naMRTH 3BM. B npoMemyTKax Me*AY 4HKnaMH 
YCKOPHTellR C06~THR rpynnaMH no 13 3anHCWBa11HCb Ha MarHHTHYIO 
lleHTy. ~H~pMa4HR A/11'1 o6pa60TKH B pemHMe peanbHOro epeMeHH 
3anHc~eanacb Ha AHCK. C4HTbreaHHe c AHCKa H o6pa6oTKa AaHHbrx 
npOH3BOAH11HCb B nay3aX MemAY 4HKnaMH ycKOPHTellR. 06pa6aTbiBa-
110Cb OK0/10 30 C06WTHH KamAoro 4HK11a. 
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AnR KOHTPOilfl 3a pa60TOH YCTaHOBKH H Allfl npeABapHTellbHO~ 
04eHKH pe3Y11bTaTOB 3KCnepHMeHTa 6~na C03AaHa CHCTeMa nporpaMM 
Ha 3BM EC-1040. Pe3yl1bTaTw npeAcTasnRnHcb s BHAe 250 rHCTo
rpaMM H 4HC110BbiX Ta6nH4. 3~eKTHBHOCTb pa60TW 311eKTPOHHKH, 
epeMfi-4H~pOBbiX npeo6pa30BaTeneH, APeH~OBWX KaMep, a TaKme 
pe3y11bTaTbl Ka11H6pOBKH BpeMfi-4H<!JpOBWX npeo6pa30BaTe!1e~ ~11H 
npeACTaBileHbl B BHAe 4HC110BbiX Ta611H4. ~H~pMa4Hfl 0 pacnpeAene
HHH aMnllHTYA C aMn11HTYAH0-4H~POBWX npeo6pa3oBaTe/1eH B~BOAHilaCb 
B BHAe 25 rHCTOrpaMM. ~aHHWe 06 HCCileAyeMOM 3~~eKTe npeACTaB
IlflllHCb B BHAe 18 AByMepHbiX H 10 OAHOMepHWX rHCTOrpaMM. npH 
3TOM, no menaHHIO onepaTopa, Ha OTAellbHbre pacnpeAeneHHfl MOmHO 
~110 HaKnaAWBaTb onpeAeneHHble KpHTepHH OT6opa, HanpHMep, 4TO
Obl OTAenHTb KaHanHpyro~He e KpHcTanne 4aCTH4W oT HeKaHallHpyro
~Hx, Ha COOTBeTCTBYIO~He pacnpeAeneHHfl HaKnaAWBallHCb KPHTepHH 
oTfiopa no onpeAeneHHWM KaHanaM aMn11HTYAH0-4H~poeoro npeo6pa-
3oeaTe11fl. 3To no3BOnflno y6HpaTb ~HOBble co6wTHfl H 4eTKO Bbi
RBilfiTb HCCileA)IeMWH 3~~eKT. ~cn0!1b30Ba11HCb KpHTePHH OT6opa 
no BXOAHWM H BWXOAHWM yrnaM, no HX pa3HOCTH. npH menaHHH KpH
TepHH MOmHo 6brno KOMOHHHpoeaT b. 

Anfl HCCileAOBaHHfl aMnllHTYAHWX cneKTPOB pacnpeAelleHHfl CHrHa-
1108 OT 4aCTH4, npOXOAfi~HX 4epe3 AeTeKTHpyeMyiO 4aCTb KpHCTa1111a, 
npHMeHflllCfl TaKme 1024- KaHallbHbiH aMnlli'ITYAHWH aHa11H3aTOp THna 
NTA-1024. ~cnonb30BaHHe aHanl13aTopa no3BOnfi110 onepaTHBHO Ha
CTpaHsaTb cneKTpOMeTpH4eCKYIO 3!1eKTPOHHKy, nOACTpaHBaTb Heo6-
XOAHMble noporH, ClleAHTb 3a COOTHOWeHHeM KaHallHPYIOIIIHX H HeKa
HallHPYIO~HX 4aCTH4. 

3AK~4EH~E OnHcaHHafl s HaCTOfl~eH pa6oTe annapaTypa 
npopa6oTa/1a Ha ny4Ke CHHXPO~a30TPOHa 

nB3 0~~~ OK0110 1000 4acos. Bcero B 3KcnepHMeHTe Ob1110 3aperHCT
PHPOBaHO OK0/10 3,5x10 6 C06WTHH, B TOM 4HC11e npH HCCileAOBaHHH 
3~~eKTa OTKilOHeHHR 3apflmeHHbiX 4aCTH4 H30rHyTWMH MOHOKpHCTanna
MH - oKono 1x106 co6wTHH. B HacTofl~ee speMfl AaHHafl ycTaHOBKa 
Ha4HHaeT pa60TY Ha no3HTPOHHOM ny4Ke YCKOPHTellfl ~~83 B AHana-
30He 3HeprHH AO 40 f3B. nnaHHPYeMWH 4HK11 pa6oT HMeeT CBOeH 
4enbro H3y4eHHe cne4H~H4ecKoro H3ny4eHHfl, B03HHKaro~ero npH 
KaHallHPOBaHHH nerKHX 3apf!meHHWX 4aCTH4, CHHXPOTpOHHOrO H3ny-
4eHHfl, B03HHKaiO~erO npH ABHmeHHH 3apflmeHHWX 4aCTH4 B H30rHy
TWX MOHOKpHCTannax, a TaKme H3Y4eHHe B03MOmHOCTH HCn0!1b30BaHHfl 
3THX BHAOB H311Y4eHHfl KaK Allfl C03AaHHfl AeTeKTOpa, HAeHTH~H4H
PYIOIIIero 3apflmeHHwe 4acTH4W csepxewcoKHX 3HeprHH, TaK H Allfl 
MHOrHX APYrHX 4ene~. 

AeTopw 6naroAapHbr H.H.6oronro6oey, ~.~.KHwy H A.M.6anAHHy 
3a nOCTORHHOe BHHMaHHe K pa6oTe, n.f.MaKaposy H ~.H.~eHHCOBY -
3a nOMO~b npH C03AaHHH YCTaHOBKH. 
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