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BBEAEHHE 

B OHMY OHRH paapa6oTaH KpHCTann-AH$paK~HOHH~~ cneKTpoMeTp 
/KAC/ B reoMeTpHH no ~oraHCCeHy • . 3TOT cneKTPOMeTp npeAHa3Ha4eH 
AnR npoeeAeHHR 3KcnepHMeHTOB no AHarHOCTHKe aapRAOBoro cneKTpa 
HOHOB H HX 4HCna B 3neKTPOHHO-HOHH~X KOnb~aX KOnneKTHBHOrO 
YCKOpHTenR TR~enbiX HOHOB Ha OCHOBe H3MepeHHR xapaKTepHCTH4eCKOrO 
peHTreHOBCKOrO H3ny4eHHR HOHOB, HaXOAR~HXCR B 3THX KOnb~aX. 

4To6~ o6ecne4HTb B~COKY~ T04HOCTb H3MepeHH~ B COOTBeTCTBH H 
C Tpe6oBaHHRMH ycnOBH~ npHMeHeHHR npe~H3HOHH~X HOpMane~ peHTre
HOBCKOro H3ny4eHHR /~E/E ~ 10-6/, paapa6oTaH cneKTpOMeTp B HOBO~ 
$yHK~HOHanbHO~ reoMeTpHH, rAe KpHCTann noeopa4HBaeTCR TOnbKO 
BOKpyr CBOe~ OCH, a AeTeKTOp H BXOAHaR AHa$parMa RBnR~TCR noA
BH~H~MH. Yron 6p3rra 0 ycTaHaenHeaeTcR e AHanaaoHe 9 °~ 0 ~83 ° 
B nOPRAKe 0,1'~ 4TO CTaHOBHTCR B03MO~H~M C npHMeHeHHeM ABYXny4e
BOrO naaepHoro HHTep$epoMeTpa H nb~3o3neKTPH4ecKoro npHBOAa 
AnR TOHKOrO n03H~HOHHPOBaHHR KpHCTanna. nono~eHHR AeTeKTOpa 
H BXOAHOA AHa$parM~ OTHOCHTenbHO KpHCTanna npoeepR~TCR AOnon
HHTenbHO~ OnTH4eCKO~ CHCTeMO~. menH AHa¢parM ynpaenR~TCR npo
rpaMMO~ ~n~ no ny u H~P on T HManbH ~!x reo~e Tp~4CC K~~ yc~o~~~ ~3Me 

peHHR. TeMnepaTypa KpHcTanna cTa6HnH3HpyeTCR Ha eenH4HHY no
PRAKa 0,05 K. Bee onepa~HH, e TOM 4Hcne KHHeMaTH4eCKHe npo~eccbl 

KAC, H3MepeHHR, npoeepKa H KoppeKTHPOBKa napaMeTpoe KAC, a TaK
~e H3MepeHHe OTpa~eHH~X peHTreHOBCKHX KBaHTOB npOHCXOART Ha nH
HHH c 3BM MERA60-30. 

B AaHHoA cTaTbe ~nHc~ea~TCR cTpyKTypa, npHH~Hn AeAcTBHR 
3neKTpOHHKH KOHTpOnR H ynpaeneHHR, npeACTaBnR~TCR HeKOTOp~e 

yan~ H 6noKH, cne~HanbHO paapa6oTaHH~e AnR e~nonHeHHR Heo6xo
AHM~x $YHK~H~ ynpaeneHHR cneKTpOMeTpOM. 

HaMepHTenbHaR 3neKTpoHHKa H cHcTeMa nporpaMMHoro o6ecne4e
HHR npeACTaeneH~ e pa6oTe 1 11 

1 • 3nEKTPOHHKA KOHTPOnR H YnPABnEHHR 

1. 1. 06~H~ npHH~Hn pa60T~ 

3neKTpOHHKa KOHTpOnR H ynpaeneHHR OCy~eCTBnReT BCe MeXaHH-
4eCKHe onepa4HH H YCTaHOBKy no3H~HH, He06XOAHM~e AnR pa6oT~ 

CneKTPOMeTpa. npH 3TOM OAHOBpeMeHHO npoBOAHTCR OnTH4eCKH~ KOH
TpOnb HaH6onee cy~ecTeeHH~x napaMeTpoe, TaKHX, KaK yrnoeaR no-
3H~HR KpHCTanna H ABH~eHHe BXOAHO~ AHa$parM~, AeTeKTOpa H KPHC-
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Pnc.l. BnoK-cxeMa yrrpaBnHw~eil 3neKTPOHHKH. 

ranna no 9-29 -aaKoHy. no nony4eHH~M peaynbTaTaM H3MepeHHA 
ynpasnR~~aR 3BM onpeAenReT BenH4HHY KoppeK4HH AnR npoBepReM~X 
napaMeTpOB, nepeAaeT HX YCTpOACTBaM T04HOrO n03H4HOHHpOBaHHR 
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H TeM CaMbiM nOAAepl'<HBaeT napaMeTpbl B npeAenax AOnyCTHMbiX 
OTKnOHeHHA, 

Aanee KOHTponHpy~TCR H KoppeKTHPY~TcR Heo6xoAHM~e AnR pa-
6or~ cneKTpoMerpa raKHe napaMeTp~, KaK reMneparypa H saKyyM, 

5noK-cXeMa 3neKTPOHHKH KOHTponR H ynpasneHHR npHBeAeHa Ha 
pHc. 1. YcraHOBKa rpe6yeMoA no3H4HH AnR cneKrpoMeTPH4ecKHX H3Me
peHHA B npeAenax He06XOAHMOA T04HOCTH npOH3BOAHTCR C nOMO~b~ 
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npHBOAa, coeAHHeHHoro c waroB~M ABHrareneM IPS-5 /WA/ 4epe3 
4epBR4HY~ nepeAa4y. AsHrarenb ynpasnReTcR or 3neKrpoHHKH 
ASE -2/2/ aaBOACKoro HarorosneHHR, KoropaR nocblnaer TOKH soa-

6ymAeHHR AnR 06MOTOK CTaTopa B COOTBeTCTBHH C KOMaHAaMH 
ynpasneHHR, nony4aeM~MH OT 3BM 4epe3 COOTBeTCTByC~HA HHTepQeAc 
KAMAK /HWA// 3/. C noMo~b~ AByxny4esoro naaepHoro HHTep$epoMerpa 
H3MepReTCR yron nosopora KPHCTanna, cosepwaeMoro npH ABHmeHHH 
ABHrarenR, c T04HOCTb~ tJ.9 < 1 ". OrpameHHeM na3epHbiX ny4eA y coor
sercrsy~~Hx TpHnennpH3M, l!<€CTKO CBR3aHHbiX C KpHCTannOM H ABH
>KY~HXCfl npoTHBononomHo HanpasneHH~ ny4eA, B03HHKaer AOnnnepoa
CKoe CMe~eHHe 4aCTOT~ B KamAOM ny4e.nyreM HanomeHHR OTpameHHWX 
H H€0TpameHH~X ny4eA na3epa KamA~A pa3 npOHCXOAHT 6HeHHe, 
4aCTOTa !J.f KOTOpOrO COOTB€TCTByeT pa3HOCTRM 4aCTOT ny4eA na-
3epa,H B DAHOM cny4ae cnaraercR c 4acroroA r0 na3epa,a a APYroM 
Bbi4HTa€TCR H3 Hee. 06a CHrHana 6H€HHR npHHHMa~TCR ~OTOAHOAaMH 
/OA/ C nocneAY~~eA nepeAa4eA HX ycHnHTenRMH-OOPMHPOBaTenRMH 
/HY I Ha BXOAbl 4H¢posoro H3MepHrenR $a3 / 4•5 / /11H/ AnR onpeAeneHHR 
senH4HH~ H HanpasneHHR nosopora KpHcranna. H3MepHrenb $a3 sw
Aaer nocneAOBaTenbH~e HMnynbCW, KOnH4eCTBO KOTOp~X COOTBeT
CTByeT npoweAWHM npH nosopoTe OnTH4eCKHM eAHHH4aM A/8 /A- AnHHa 
sonHw na3epHoro csera; B HaweM cny4ae A = 632,8 MM/, a 4acrora 
HX nponOP4HOHanbHa CKOpOCTH ABHmeHHR. 3TH HMnynbCbl HenocpeA
CTBeHHO nocryna~T B HHTep$eAc ynpasneHHR waroB~M ABHrareneM 
/HillA/. ~ HeM HMeeTCR pesepCHBHWA C4eT4HK, KYAa 3apaHee 4epe3 
6noKH KAt1AK 3anHCbiBaercR KonH4ecrso onTH4eCKHX eAHHH4, Ha Ko
rop~e AonmeH cosepwHTbCR nosopoT KpHcranna. no3H4HR KpHcranna 
TeM CaM~M ycTaHaBnHBaeTCR C xopoweA T04HOCTb~. nocne OCTaHOBKH 
ABHraTenR MOryT nORBnRTbCR KHHeMaTH4eCKHe nOMeXH BCneACTBHe 
MeXaHH4eCKHX Kone6aHHA H HHeP4HOHH~X RBneHHA, npHBOAR~HX K oT
KnOHeHH~ or menaeMoA no3H4HH. AnR KoppeKTHPOBKH no3H4HH 4epea 
5noK KAMAK C4HTbiBa~TCR noKa3aHHR HHTep¢epoMeTpa, xpaHR~HeCR 
B COOTBeTCTBY~~eM pesepCHBHOM C4eT4HKe, 3BM onpeAenReT BenH4HHY 
OTKnOHeHHR H BbiAaeT KOppeKTHPY~t;.(Y~ BenH4HHY, nocTyna~~YIO Ha 
nbe3o3neKTpH4ecKHA npHBOA /nA/ 4epea UAn H HCT04HHK s~coKoro 
HanpRmeHHR /BH/. 3TO AaeT B03MOmHOCTb H3MeHHTb nonomeHHe KPHCTan
na c T04HOCTb~ AD yrnosoA ceKYHAbl B AHanaaoHe +2 '. CHcTeMa 
n03H4HOHHpOBaHHR BKn~4aeT B ce6R TaKl!<e KOppeKT;pOBKy n03H4HH 
BXOAHDA H AeTeKropHoA AHaQparM H ynpasneHHe WHPHHoA ~enH. AnR 
KOHTpOnR HX n03H4HH Ha AH$$epeH4HanbHbiA $OTOAHOA /A<I>A/, HaXOAR
Il\HACR Bbll!Je COOTBeTCTBy~~eA AHa<)lparMbl, HanpaBnReTCR na3epHbiA ny4, 
~CTHpoBaHH~A TaK, 4T06w AnR Hero, TaK me KaK H AnR peHTreHOB -
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CK~x nyue~, oTpa~a~~~xc~ oT Kp~cTanna, s~nonH~n~cb OAH~ ~ Te ~e 
reoMeTp~uecK~e ycnos~~. Bo3H~Ka~~~~ B A~OAaX pasHOCTH~~ c~rHan 
scneACTB~e oTKnOHeH~~ nono~eH~~ A~a~parM OT nono~eH~~ nyua 
nasepa yc~n~saeTc~, ~HTerp~pyeTc~, ~. ecn~ ero sen~u~Ha npe
B30~AeT ycTaHosneHH~~ nopor cpa6aT~BaH~~. BKn~uaeTc~ KoppeKT~

PY~~~~ waros~~ AB~raTenb /WA/. OH pa6oTaeT AO Tex nop, 
noKa OTKnOHeH~e HaXOA~TC~ 3a npeAenaM~ 1 MKM. YcTaHOBKa 
pa3Mepa ~en~ BXOAHO~ ~ AeTeKTOpHO~ A~a~parM npo~3BOA~TC~ OAHO
speMeHHO c noMO~b~ waros~x AB~raTene~. 3neKTPOH~Ka AB~raTene~ 
ynpasn~eTC~ ~HTep~e~COM /~WA/, 3aAa~~~M KOn~ueCTBO Heo6XOA~M~X 
waros. np~ 3TOM pasMep ~ene~ ~sMeH~eTc~ oT 30 + 500 MKM s warax 
no 10 MKM, 4T06bl npeAOTBpaT~Tb AB~~eH~e AB~raTene~ no AOCT~~eH~~ 
Kpa~H~X OTKp~T~X ~n~ 3aKp~T~X nono~eH~~, ~Me~TC~ OnT~4eCK~e 

A~CKP~M~HaTop~. CTa6~n~sa4~~ pa6oue~ TeMnepaTyp~ cneKTpoMeTpa 
np0~3BOA~TCH C nOMO~b~ ABYX C~CTeM. nepsa~ COCTO~T ~3 T~p~CTOp

HOrO TepMoperyn~Topa /YY/, rAe ~enaeMa~ TeMnepaTypa saAaeTc~ 
noTeH4~0MeTpoM. 3Ta c~cTeMa peryn~pyeT nocTo~HHY~ lAo 0,1 K/ 
TeMnepaTypy Ha AHe cneKTPOMeTpa. AaTu~KOM cny~~T TepMopes~cTop 

T1 , a 3neMeHTOM Harpesa - cn~panb H 1 • Ha MecTe cTa6~n~sa4~~ 
TeMnepaTyp~ HaXOA~Tc~ sTopo~ TepMopes~cTop, nosson~~~~~ uepes 
6noK ~sMepeH~~ TeMnepaTypbl /~T/ onpeAen~Tb ee ~sMeHeH~e so 
speMeH~. An~ TepMocTa6~n~sa4~~ caMoro Kp~cTanna cny~~T STopa~ 
c~cTeMa, nosson~~~a~ nonyuaTb nocTo~HHY~ TeMnepaTypy lAo 0,05 K/. 
3AeCb TepMOCOnpOT~sneH~e T2 COBMeCTHO C 6nOKOM ~3MepeH~~ TeM
nepaTyp~ B~AaeT c noMo~b~ KOMaHA~ KAMAK ee aKTyanbH~e 3Haue-
~~R ~ 1RM ~~rru~T~R~PT nn ~PMY RPn~U~HV KOOOeKU~~. KOTOOa~ 

uepes UAn ~ yc~n~Tenb MO~HocT~ /YO/ noAaeTc~ Ha HarpesaTenbHY~ 
cn~panb H2 .Ecn~ TeMnepaTypa HaxoA~Tc~ BHe AOnycT~Moro A~ana
soHa, TO pa6oTa cneKTpoMeTpa npeKpa~aeTc~ AO soccTaHosneH~~ 
He06XOA~Moro 3Ha4eH~~ TeMnepaTypbl, ~3MepeH~e BaKyyMa npo~3BOA~T
C~ np~6opoM B~T-3 /~B/ c cooTBeTCTBY~~~M AaTu~KOM /V/ . Ero 
B~XOAHO~ c~rHan npeo6pasyeTc~ AUn ~ nocTynaeT B 3BM uepes 
Mar~cTpanb KAMAK. B KauecTBe ynpasn~~~e~ 3BM cny~~T MERA 60-30. 
BHeWH~e ycTpO~CTBa, BXOA~~~e B ee COCTaB, noKa3aH~ Ha p~c.2, 
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PHc.2. BHeWHHe ycTpoHCTBa 3BM 
MERA 60-30. 

1 .2. YnpasneH~e waros~M AB~raTeneM 

6noK ynpasneH~~ waroB~M AB~raTeneM 6~n paspa6oTaH AnH ynpas
neH~~ 3neKTPOH~Ko~ ASE-2 ~ AB~raTeneM IPS-5 / 21. B cneKTpoMeTpe 
OH TaK~e HaXOA~T np~MeHeH~e An~ peryn~posaH~~ pasMepos ~ene~ 
BXOAHO~ ~ AeTeKTOpHO~ A~a~parM, 

Pa6ou~~ 4~Kn AB~raTenH IPS-5~3o6pa~eH Ha p~c.3. nocne BKn~ue
H~H /BKn,/ CTaTOpHbiX o6MOTOK no KOMaHAe 11 CTapT 11 AB~raTenb pa-
6oTaeT c uacToTo~ f 0 , KoTopa~ MO*eT 6~Tb ysen~ueHa AO r c~rHa-
noM II p " 0 6 I asroH . CTaHOBKa AB~raTen~ Tpe yeT TOpMO~eH~~ /TOpM,/ 

PHc.3. UHKn AB~eHHH /a/ H Ko
MaHA /6/ marosoro ABHraTenH, 

PHc,4. EnoK-cxeMa HHTep¢elica yrr
pasneHHH maroBbiM ABHraTeneM. 
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nocne pa3rOHa AO fo , 3aTeM no~Bn~eTC~ B03MO~HOCTb MrHOBeHHO OCTa
HOB~Tb AB~raTenb. 

onoK-CXeMa ~HTep¢e~ca npegCTaeneHa Ha p~c.4. ~HTep¢e~C pa-
6oTaeT a geyx pe~~Max. B nepeoM ynpasneH~e ~~KnoM AB~~eH~~ 
ge~raTen~ npo~3BOA~Tc~ KOMaHgaM~ KAt1AK. Bo eTopoM pe~~Me 6noK 
e~pa6aT~BaeT caM ace Heo6xog~M~e c~rHan~ nocne ero nepeoHa
~anbHoro 3anporpaMM~poeaH~~. 3agaHH~e ycnoe~~ /pe~~M pa6oT~, 

HanpaeneH~e AB~~eH~~ ~ Heo6xog~MOCTb paaroHa/ 3an~c~ea~Tc~ 
B per~cTp COCTORH~~. B per~CTp AaHH~X ~ peeepc~BH~~ C~eT~~K 

3aHOC~TC~ KOn~~eCTBO TaKTOB, onpegen~~~X BO BTOPOM pe~~Me 
pa60Tbl MOMeHT TOpMO~eH~~ ~ OCTaHOBK~. C~rHanbl 11 BKn. 11

, 
11 CTapT 11

, 

"Pa3rOH11 BbiAa~TC~ 6nOKOM C COOTBeTCTBY~ll\~M~ 3agep>KKaM~ /3.1, 
3.3/ nocne KOMaHAbl "CTapT", a "BbiKn." - nocne KOMaHAbl "CTon" 
~n~ nepexoga c~eT~~Ka a cocTo~H~e "0" c aagep~Ko~ 3.2. 

3KcnnyaTa~~~ ~HTep¢e~ca eo BTopoM pe~~Me no3BOn~eT Heno
cpegcTBeHHOe ynpaeneH~e ge~raTeneM oT naaepHoro ~HTep¢epoMeT
pa, onpegen~~Uiero yron noeopoTa Kp~cTanna. B 3TOM cny~ae c~eTH~e 
~MnynbCbl ~HTep$epOMeTpa, COOTBeTCTBY~ll\~e OnT~~eCK~M eg~H~~aM 

A~,nocTyna~T Ha TaKToe~e exog~ 6noKa. oonee nogpo6Hoe on~ca-
H~e 6noKa gaHo a paGoTe 1 3 1• 

1 .3. onOK ynpaeneH~~ nbe303neKTp~~eCK~M np~BOAOM 

nbe3o3neKTP~~ecK~~ np~BOA cny~~T gn~ Taro, ~To6~ nocne ycTa
HOBK~ waroeoro AB~raTen~ Ha aagaHHO~ no3~~~~ ycTpaH~Tb en~~H~e 

MeTpa. nbe303neKTp~4eCK~~ np~BOA ~Bn~eTC~ ycTpO~CTBOM, COCTO~

ll\~M ~3 cTon6~Ka onpegeneHHoro KOn~4eCTBa nbe3oKepaM~4eCK~x 
wa~6, noMell\eHH~x a og~H Kopnyc. ~3MeHeH~e gn~H~ CTon6~Ka 3a
e~c~T OT np~no~eHHOrO Hanp~>~eH~~. naHHa~ KOHCTPYK~~~ npegHa3-
Ha4eHa gn~ ynpaen~~lllero Hanp~~eH~~ oT 0 go 1000 B. 

onoK ynpaeneH~~ nbe3o3neKTP~4eCK~M AB~raTeneM npeo6pa3yeT 
aHanoroe~~ c~rHan c e~xoga UAn, npegcTaen~~lll~~ co6o~ c~rHan 

KoppeK~~~ yrna noeopoTa Kp~cTann-aHan~3aTopa, pacc4~TaHHoro 

OT 3Bt1 no ~3MepeHHOMY ~HTep¢epOMeTpOM OTKnOHeH~~ ero OT aagaH
HO~ noa~~~~. Ha Hanp~~eH~e ynpaeneH~~ ge~raTeneM a g~ana3oHe 
OT 0 AO 1000 B. 

¢yHK~~oHanbHa~ cxeMa 6noKa noKa3aHa Ha p~c.5. Ero pa6oTy 
MO>KHO on~caTb cnegy~lli~M o6paaoM: nocTyn~ewee oT UAn Hanp~~e
H~e 0 + 5 B Ha exoge E cpaeH~eaeTc~ c Hanp~~eH~eM Ha e~xoge A, 
geneHH~M Ha COOTBeTCTBY~lll~~ ypOBeHb, Onepa~~OHH~~ yc~n~Tenb 
peryn~pyeT pa3HOCTb Hanp~~eH~~ ~ COOTBeTCTBeHHO OTKP~BaeT ~n~ 
aaKpbiBaeT ynpasn~~lll~~ TpaH3~cTop, KOTop~~ nponycKaeT Kone6aH~~ 
reHepaTopa Ha nepe~4Hy~ o6MoTKY noe~wa~~ero TpaHc¢opMaTopa. Bo 
BTOp~4HO~ ~en~ TpaHC¢OpMaTopa HaXOA~TC~ CXeMa YABOeH~~ Hanp~
~eH~~, KOTopa~ TaK*e ero e~np~Mn~eT. 

6 

+ A 

I 2U 

r--<( E 
PHc.S. EnOK yrrpaeneHHH ITbe303neKTpHqecKHM ITPHBOAOM. 

1 .4. 3neKTPOH~Ka KOHTpon~ ~ no3~~~0H~pOBaH~~ 

3Ta 3neKTpOH~Ka COCTO~T ~3 ABYX OA~HaKOB~X gn~ Ka~AO~ ~3 A~a¢
parM C~CTeM, pa6oTa~ll\~X He3aB~C~MO gpyr OT gpyra /CM. p~C. 1/. 
fly4 na3epa, 3anapanneneHH~~ ~ ~cT~poeaHH~~ TaK~M o6pa3oM, 4T06~ 
gn~ Hero, TaK *e KaK ~ gn~ peHTreHoecKoro ny4a, e~nonH~n~cb 

Te *e reoMeTp~4eCK~e ycnoe~~. 3agaeT no3~~~~. Ha KOTop~x gon~-

H~ HaXOA~TbC~ ~eHTp~ BXOAHO~ ~ geTeKTOpHO~ A~a¢parM. Y 
exogHo~ g~a¢parMbl ny4 na3epa gen~Tc~, nonagaeT Ha A~¢¢epeH~~anb
Hbli:i ()>OTOA~OA I n¢n!, pacnono~eHHbl~ C~MMeTp~4HO no OTHOWeH~~ 
K ~eHTPY exogHo~ g~a()>parMbl, a gpyra~ ero cocTaen~~llla~ nepexog~T 
K geTeKTOpHOi:i g~a¢parMe, rge OHa TaK~e nonagaeT Ha COOTBeT
CTBeHHO ~cT~poeaHH~~ A~¢¢peH~~anbH~~ ¢oTOA~OA /n¢A/. B 3ae~c~
MOCT~ OT HanpasneH~~ ~ een~4~H~ OTKnOHeH~~ g~a$parM OT ~eHTpa 

ny4a naaepa A~¢¢epeH~~anbH~e $OTOA~OA~ B~Aa~T C~rHan COOTBeT
CTBY~lllero pa3Mepa ~ non~pHocT~. 3TOT c~rHan yc~n~eaeTc~ ~ ~H

Terp~pyeTcR nocneAY~lli~M yc~n~TeneM /YY/. B~XOAHO~ c~rHan 
ynpaBnR~Uiero yc~n~Ten~ /YY/ nocTynaeT K ABYM A~CKp~M~HaTopaM 
/YWn/, rAe pa3HOCTb noporoe cpa6aTbiBaH~R onpeAen~eT AOnycT~
Moe oTKnoHeH~e A~a$parM oT ~eHTpanbHoro nono~eH~~. Cpa6aT~BaeT 

COOTBeTCTBY~lll~~ A~CKp~M~HaTop, BKn~4aeTCR waroB~~ AB~raTenb, 

KOppeKT~PY~lll~~ 4epea 4epBR4HY~ nepeAa4y AB~~eH~e g~a$parMbl 

a HY~HOM HanpaeneH~~ AO Tex nop, noKa B~XOAHO~ c~rHan yc~n~Ten~ 
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He AOCT~rHeT ypOBH~, onpeAen~~~ero AOnycT~MOe OTKnOHeH~e A~acjl

parM, nepeAaT04HOe OTHOWeH~e 4epB~4HO~ nepeAa4~ B~6paHO TaK~M 
o6pasoM, 4T06~ OA~H war AB~raTen~ /3,75°/ COOTBeTCTBOBan CMe
~eH~~ 0,20 MKM, HsMepeH~~ noKasan~, 4TO cxeMa cpa6aTbiBaer np~ 
OTKnoHeH~~ He 6onbwe 1 MKM or menaeMo~ nos~~~~. 

l(amAOMY yrnoBOMy pacnonomeH~~ cneKTpOMeTpa AOnmHa COOTBeT
CTBOBaTb onpeAeneHHa~, OA~HaKOBa~ An~ BXOAHO~ ~ AeTeKTOpHO~ 

A~a¢parM, w~p~Ha ~en~. 0Ha ycraHasn~saerc~ c noMO~bD waros~x 
AB~rarene~, ~x oc~ *ecrKo cs~saH~ co wn~HAen~M~, np~ 

nosopore Korop~x Ha OA~H ~HKpeMeHT AB~raren~ MeH~erc~ pasMep 
~ene~ Ha 10 MKM. KamA~~ waros~~ AB~rarenb ynpasn~erc~ 6noKoM 
MO~H~X Kn~4e~ ~ cjlopM~posarene~ ~MnynbCOB /YWA/, KOTOp~e, B CBOD 
o4epeAb, c~HxpoHHO pa6ora~T or ~Hrep¢e~ca ynpasneH~~ waros~M 
AB~rareneM, on~caHHoro s pasAene 1.2. 0nT~4ecK~e A~CKP~M~Haro
P~ /YA/ /eM. Ha p~c.1/ cjl~KC~py~T Kpa~H~e/OTKP~Toe ~n~ SaKp~roe/ 
COCTO~H~~ ~ene~ ~ OCTaHaBn~Ba~T AB~raren~.A~cKp~M~HaTop~/p~c.6/ 
COCTO~T ~S reHepaTopa, MOAYn~py~~ero cseT cjlOTOA~OAa, npOXOA~~~~ 
4epes ~enb ~ nocryna~~~~ Ha ¢oTOA~OA, HaXOA~~~~c~ Ha npor~so

nonomHo~ CTOPOHe ~en~, yc~n~rene~ AeMOAYn~Topos /Y/8/ ~ A~CKp~
M~HaTOpOB, AeMOAYn~rop s~np~Mn~er yc~neHH~~ nepeMeHH~~ c~rHan, 

a ABa A~CKP~M~HaTopa cpa6ar~sa~T np~ npes~weH~~ saAaHH~x H~mHero 
~ sepxHero yposHe~. 

~c 

SJ~~~~~ 
Pnc.b, nnoK-cxeMa onTH~ecKoro 

1.6. 3neKrpoH~Ka o6pa6orK~ c~rHanos nasepHoro 
~HTep¢epoMerpa 

3neKTPOH~Ka o6pa6orK~ c~rHanos c nasepHoro ~Hrep¢epoMerpa, 
npeAHaSHa4eHHoro An~ ~sMepeH~~ yrnos 6p3rra 0 , 6~na paapa6oraHa 
Ha ocHose nasepHo~ ~sMep~renbHo~ c~creM~ Hnn-10/ 4/. HHrep¢ep~
PY~~~e CBeTOBble c~rHanbl ABYX KaHanos per~cTp~pyiOTC~ CBeTOA~OAaM~ 

~ yc~n~sa~rc~. C noMO~b~ asToMaT~4eCKoro peryn~posaH~~ K03cjl
¢~~~eHTa yc~neH~~ ~ cxeMbl c~MMerp~sa~~~. noason~~~e~ ~MeTb 
nOCTO~HH~~, HeSaB~C~M~~ OT cjlaSOB~X OTHOWeH~~ per~cTp~pyeM~X 

c~rHanos yposeHb nepeMeHHO~ cocrasn~~~e~, HOPMHpyerc~ B~XOAHO~ 

cHrHan yc~nHrene~ no OTHoweHHD K noporaM cpa6ar~saH~~ nocneAy~
~~x AHCKPHMHHaTopos. 

AanbHe~wa~ o6pa6orKa HOpMHposaHH~x HMnynbcos npo~3BOA~Tc~ 
B 6noKe, COAepma~eM cxeMy"y4ersepeHH~ 11 IAH¢<)lepeH~HaTOPbl, cjlop
MHposarenH/, cxeMy onpeAeneH~~ pasHOCTH 4acror H ee SHaKa. OA
HospeMeHHO npOH3BOAHTC~ CHHXPOHHSa~H~ 4TeHH~ HMnynbCOB paSHOCT-
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HO~ 4acTOT~ C nep~OAOM nbeSOMOAYn~Topa ~HTepcjlepoMeTpa, 3T~ ~M
nynbC~ san~C~Ba~TC~ B pesepC~BH~~ C4eT4~K eMKOCTb~ 24 6~T, aKTy
anbHOe aHa 4eH~e Koroporo nponop~~oHanbHO sinO.B c4eT4~K Momer 
6~Tb npeABap~renbHO san~caHo ero Ha4anbHOe sHa4eH~e. TaK KaK 
san~cb 8 c 4er 4~K He c~HxpoH~s~posaHa c ~~KnoM KAMAK, ~Meerc~ 
cxeMa C~HXPOH~Sa~~~ 4reH~~, npeAOTBpaL:\a~~a~ 4TeH~e nomHbiX 
SHa4eH~~ np~ nepeXOAe C4eT4~Ka B APYr~e COCTO~H~~. 6onee noA-

/4 5/ po6Hoe on~caH~e Aaerc~ B ' · 

1 .7. HaMepeH~e ~ cra6~n~sa~~~ reMneparyp~ 

4T06bl ~CKnD4~Tb Bn~~H~e ~SMeHeH~R nOCTO~HHO~ peweTK~ Kp~cTann
aHan~saropa or reMneparyp~ Ha pesynbTaT ~aMepeH~~. rpe6yercR 
nOAAepmaH~e nocro~HHO~ ero reMneparyp~ B npeAenax ~0,05 K. 

HsMeHeH~e reMneparyp~ Mecra np~KpenneH~R Kp~cranna sas~c~T 
rnasH~M o6paaoM or ~sMeHeH~~ reMneparyp~ sa c4eT rennonpoBoA
HOCT~ nepeAaT04H~X MeXaH~SMOB cneKTPOMeTpa. no3TOMY nepBaR 
c~cTeMa cra6~n~aa~~~ HaXOA~Tc~ Ha Mecre np~KpenneH~R 3Toro 
MeXaH~SMa K KOpnycy cneKTPOMeTpa. 3AeCb nOAAepm~saeTCR nOCTO~H
HaR reMneparypa s npeAenax 0,1 K, 4TO orpamAaeT MexaH~SM or 
sn~~H~R ~aMeHeH~~ reMneparyp~ sHewHe~ cpeA~ ~ or renna, B~Ae

n~eMoro waros~M AB~rareneM rnasHoro np~BOAa. 
BropaR c~creMa cra6~n~aa~~~ pacnonomeHa s6n~s~ Kp~cranna 

~ Aaer soaMomHOCTb 6onee T04HO ~ 6~crpo sn~RTb Ha ero reMnepa
rypy. nepBaR C~CTeMa peryn~poBaH~R TeMneparyp~ BKn~4aeT B ce6R 

---··-·· 1---·· ...... ,...,...... .... ,...,... .... ,.,..,,..1""\,,, __ 1""\/ \1r""IAniATt3nL. Tf"'\IJ'.=I ~::lrnPR;=I 
,l.-4di"'1VII'\. I~MIIc;.tJ01.1iJDI I ''-t-"'''....,.._...._.,,,.., ..... , .. , .... ,.,_.,, •. _,' _,--·-··· -- ~ ' 

~ HarpesarenbHYIO cn~panb H1 ,6noK-cxeMa c~creM~ np~BeAeHa Ha 
p~c.7/6/, Ben~ 4~Ha repMoconpor~sneH~~ cpasH~saerc~ c ycraHas
n~saeM~M /saAa~~~M reMneparypy cra6~n~sa~~~/ conpor~sneH~eM 
(R) nyreM aapRAa eMKOCT~ /C/. YposeHb Hanp~meH~~ Ha KOHAeHca
rope RBnReTCR Mepo~ pa3H~~~ 3T~X conpor~sneH~~. nocne yc~neH~R 
oH ~cnonbayercR AnR orn~paH~R ~n~ aan~paH~R T~p~cropa, ynpas
nRIO~ero TOKOM Harpesa cn~pan~ H1. MaKc~ManbHa~ BbiAenReMaR Mo~
HOCTb COCTaBnReT 600 BT. Ha p~c.8 np~BeAeH peaynbTaT ~3MepeH~R 
~aMeHeH~R reMneparyp~ Ha Mecre cra6~n~aa~~~. H~MepeH~e npoBOA~
nocb np~ oKpyma~L:~e~ reMneparype 292,35 K /19,2 C /, a reMnepa
rypa cra6~n~aa~~~ 6~na ycraHosneHa Ha 300,4 K. B Te4eH~e 6,5 4 

Ha6n10Aanocb MaKc~ManbHoe OTKno
HeH~e TeMneparyp~ B 0,12 K. B 
c~cTeMy cra6~n~aa~~~ reMneparyp~ 

Kp~crann-aHan~aaropa BXOART 6noK 
~aMepeH~R reMneparyp~, UAn, 
yc~n~renb MO~HOCT~, AaT4~K 

reMneparypbl T2 ,HarpesarenbHaR 
cn~panb H 2 • 

Pnc.7. CxeMa perynHTopa TeMnepa
TYPbl. 
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T1/K 

300,44 

300,42 

300,40 

300,38 

PHc.8. DHarpaMMa H3MeHeHHH 
peryJmpyeMoil TeMnepaTypbJ. 

300,36 

30Q34~~~--~WL--~~~ 

PHc.9. DnOK H3MepeHHH H KOH
TpOnH TeMnepaTypw. 
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~ 
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I !OAKIBKA I'FEJI£1108 I 
L----------------J 

LAM 
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AnA ~3MepeH~A pa3HOCT~ TeMneparyp c swcoKo~ 4yscrs~
TenbHOCT~~J 6wn pa3pa6oTaH 6noK ~3MepeH~A ~ KOHTpOnA, on~CaHHW~ 
B pa6ore ' . Ha p~c.9 npeAcTasneHa cxeMa. OH pa6oraer no MeTOAY 
A~r~ran~3a~~~ 3as~cA~ero or TeMneparypw speMeHHoro ~Hrepsana. 
B Ka4ecrse AaT4~Kos TeMneparypw ~cnonb3y~TCA repMoconpor~sneH~A. 
AnA npeo6pa3oBaH~R sen~4~Hw conpor~sneH~R so speMeHHO~ ~HTepsan 
np~MeHR~TcR OAHOs~6paropbt T~na SN 74121 /K 155 All I. OH~ pacnona
ra~rc~ B TepMOCTare, ~X HanpR~eH~e n~TaH~R CTa6~n~3~pyeTCR. Bpe
MeHHO~ ~HTepsan, OAHaKO, MO~eT 6WTb 3aAaH ~3BHe. Pa604~~ pe~~M 
6noKa YCTaHasn~saercR c noMo~b~ KOMaHAbl KAMAK n~6o BPY4HY~ c ne
peAHe~ naHen~ 6noKa. Pe3ynbTaT ~3MepeH~A BWBOA~TCR Ha Mar~cr
panb KAHAK ~ OAHospeMeHHO Ha cseroA~OAHW~ A~cnne~. 
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PHc.IO. YcHnHTenb Harpeea. 

YcraHasn~sa~TcR 3 pe~~Ma pa6orw: 
- pe~~M Kan~6posK~ AnR nposepK~ nocTORHCTBa TeMneparypw a 

repMocrare ~ ycnoa~~ pa6orw OAHOs~6paropoe, 
- pe~~M ~3MepeH~R AnR nep~OA~4ecKoro onpeAeneH~R reMnepary

pw OAHOrO ~3 aApecyeMWX AaT4~KOB, 
- pe~~M KOHTponA AnA cpaeHeH~A ~3MepAeMoro 3Ha4eH~A reMnepa

rypw c 3apaHee ycraHoeneHHWM H~*H~M ~ eepxH~M npeAenaM~, no 
AOCT~~eH~~ Koropwx swAa~TcA c~rHanw 3anpera I ~ LAM. 

C noMO~b~ 6noKa ~3MepAercA ~3MeHeH~e conpor~eneH~A c To4-
HOCTb~ 15 OM. 3ro 3Ha4~T, 4TO np~ ~cnonb30BaH~~ repMoconpor~s
neH~~ C HOM~HanoM, Hanp~Mep, 10 K0M ~ TeMnepaTypHWM K03$$~~~eH
TOM 10% Ha K /r~na CT6-16/, B03MO~Ho onpeAeneH~e ~3MeHeH~R 
TeMneparypw a 0,015 K. C noMo~b~ 3Toro 6noKa nep~OA~4eCK~ ~3Me
pReTcR TeMneparypa Kp~crann-aHanM3aropa. 3BM C4MTweaer pe3ynb
Tarw ee ~3MeHeH~R, onpeAenReT pa3HOCTb Me~AY Ae~CTB~TeflbHWM 
~ ~enaeMWM 3Ha4eHMRM~ TeMnepaTypw ~ BW4MCnReT KOppeKTMpy~~ee 
B03Ae~cre~e Ha HarpeearenbHbl~ 3neMeHT. 0Ho noAaercR Ha UAn, Bbi
XOAHoe HanpR~eH~e KOTOpOrO M3MeHReTCR B npeAenax OT 0 AO 5 B. 
3To HanpR)i{eHMe nocrynaeT Ha BXOA yCMfl~TenR MO~HOCT~, KOTOpbl~ 
BWAaeT nponop~MOHanbHO BXOAHOMY CMrHany HanpR~eH~e Harpeea 
or 0 720 B. MaKC~ManbHO BbtAenReMaR MO~HOCTb Ha cnMpan~ H2 co
craenReT 10 Br. 6noK-cxeMa ycMn~renA npeACTaeneHa Ha pMc. 10, 
rAe CY - 11CMeCTMTenb 11 YPOBHR, YT - yc~nMTenb TOKa, n - 3neKTPOH
HW~ npeAOXpaHMTenb. 

3AKJ1104EH~1E 

0nMCaHHaR CMCTeMa KOHTpOnR M onTMMM3a~~M napaMeTpOB KpMC
Tann-A~$paK~~OHHOrO cneKTpOMeTpa RBnReTCR OCHOBHO~ MOAYnbHO~ 
CMCTeMO~ ,6noK~ KOTOpO~ MO~HO ~Cnonb30BaTb AnR peweHMR nOA06HbiX 
3aAa4 y aHanorM4Hwx cneKTpoMeTpoe. BwnonHeH~e 6noKoe a craH
Aapre KAMAK no3sonReT 6e3 TPYAa nOAKn~4aTb 3neKrpoHMKY 4epe3 
MarMcrpanb KAf1AK K n~6o~ 3BM. 

II 



Ili1TEPATYPA 

1. Kappaw r. HAP· 011~11, P13-83-473, Ay6Ha, 1983. 
2. lnkrementaler Positionssteller IPS-A/ Ansteuerelektronik 

ASE2-A, Gebrauchsanleitung, VEB Carl Zeiss Jena, DDR, 
Jena 1970. 

3. Kappaw r., mopHaK r. 011~11, 13-82-104, Ay6Ha, 1982. 
4. BeAePHHKOB B.M. H AP· Ila3epH~e HHTep¢epoMeTp~. 113A. 11HCTHTy

Ta aeTpMaTH3a4HH H 3neKTPOHHKH CO AH CCCP, HoeocH6HpcK, 
1978, c. 10. 

5. M~nnep r., Kappaw r., mopHaK r. 011~11, P13-83-55, Ay6Ha, 1983. 
6. 6oepHc 11., THTOB A. "PaAHO", 1977, 12, c. 26. 
7. AYHHH 8 . 6., Kappaw r., lJiopHaKr. 011~11. P13-83-287, fly6Ha, 

1983. 

12 

PyKonHcb nocTynHna a H3AaTenbCKH~ OTAen 
6 H~nfl 1983 roAa. 

Kappaw r. H AP· P13-83-474 
ABTOMaTH3HpoBaHHoe ynpaaneHHe KpHCTann-AH~paK~HOHHWM cneKTpoMeTpoM 
c no~b~ MHHH-3BM . 

AnA npo&eAeHHA 3KCnepHMeHTOB no AHarHOCTHKe 3aPAAOBOrO cneKTpa HOHOB 
B 3neKTPOHHO-HOHHWX KOnb~ax KonneKTHBHOro YCKOPHTBnA OHMY OH~H Ha OCHOBe 
H3MepeHHA xapaKTepHCTH4eCKOrO peHTrBHOBCKOrO H3ny4eHHA HOHOB pa3pa6oTaH 
KPHCTann-AH~paK~HOHHWH cneKTpoMeTp. OnHcwaaeTCA 3neKTpoHHKa ynpaaneHHA, 
o6ecne4HBa~aA ycTaHOBKy yrna 6p3rra B AHana30HB 9°58 ~ 83° C T04HOCTb~ 
nopAAKa 0,1'', 4TO CTaHOBHTCA B03MO*HWM 6narOAaPA npHMeHeHH~ na3epHoro 
HHTe~epoMeTpa, CHCTeMW rpy6oro H T04HOrO n03H~HOHHpOBaHHA KPHCTann-aHa
nH3aTopa, BXOAHOH H AeTeKTOpHOH AHa¢parM. PaccMaTpHaaeTCA CHCTeMa CTa6HnH-
3a~HH TeMnepaTypw Ha aenH4HHY nOPAAKa 0,05 K, Heo6XOAHMaA AnA T04HWX H3Me
peHHH. AnA aBTOMaTH3a~HH ynpaaneHHA CHCTeMa COnPA*eHa 4epe3 6noKH KAMAK 
c 38M THna HERA 60-30. 

Pa6oTa BWnOnHeHa B 0TAene HOBWX MeTOAOB YCKOPBHHA OH~H. 

Karrasch G. et al. P13-83-474 
Automatical On-Line Mini-Computer Control of a Crystal Diffraction 
Spectrometer 

For experiments to analyze the ion charge spectrum in electron-ion 
rings of the collective electron-ring accelerator of the Division of New 
Acceleration Methods of the JINR, based on the measurement of the charac
teristic X-rays of ions, a crystal diffraction spectrometer has been de
veloped. The control electronics of the spectrometer is described, that 
guarantees the Bragg angle set-up in the region of 9°~8:::;83° with 0.1" 
accuracy. This is possible due to the use of a laser Interferometer In 
connection with a system for ground and fine adjustment of the analyzer 
crystal and for the adjustment of the radiation entrance slit and the 
detector . A system for control and stabilization of the temperature to 
O.OSK, necessary for accurate measurements , Is described. For automatisation 
of the control the electronics is connected via CAMAC with a Mera 60-30 
computer. 

The Investigation has been performed at the Department of New 
Methods and Acceleration , JINR . 
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