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CHCTeMa aBTOMaTH3a~HH 3KcnepuMeHTOB 
Ha cpyp&e-AHq>paKTOMeTpe BhlCOKOI'O paapemeHHSI 

OnHcaHa opraHH3a~HSI H q>yHK~HOHHpoBaHHe CHCTeMhl ynpaBJieHHSI H Ha
KODJieHHSI AaHHhlX Ha cpyp&e-AHq>paKTOMeTpe BhlCOKOI'O paapemeHH51. IlpeA
CTaBJieHhl xapaKTepHCTHKH HCDOJlb3yeMhlX AeTeKTOpoB, ODHcaHa annapaTypa 
AJISI HaKODJieHHSI cneKTpoB BhlCOKOI'O H HH3KOI'O paapemeHHSI, nepe1mCJieHhl 
q>yHK~OHaJibHhle B03M0'1tHOCTH ynpaBJisieMoro OT KOMD&IOTepa OOOPYAOBaHHSI 
AHq>paKTOMeTpa (ne'lb, peq>pH,r.eparop, I'OHHOMeTP, nepeABH'1tHlile DJianpop
Mhl). ,l(aHO ODHcaHHe ynpaBJISIIOm;ero CHCTeMOH H npo~eccoM npoBeAeHHSI 3KC
nepHMeHTa nporpaMMHOI'O o6ecne11eHHSI, a TaK'1te cne~aJibHO pa3pa6oraHHhlX 
nporpaMM AJISI rpaq>H'lecKoro npeACTaBJieHHSI, npeABapHTeJlbHOH o6pa6oTKH H 
aHaJIH3a AaHHhlX. 

Pa6ora BhlnOJiueua B Jla6oparopHH ueiiTpouuoii q>H3HKH HM. 11.M.<l>pauKa 
0115111. 

Coo6~em1e ()(n.eAHHeHHOl'O HHCTHT)'Ta ll,l\epHblX HCCJle,l\OBaHHH. J{y6ua, 1994 

IlepeBOA aBropoB 

Balagurov D.A. et al. 
The System for Experiments Automation 
on High Resolution Fourier-Diffractometer 

Pl0-94-91 

The organization and functioning of the data acquisition and control system 
for the High Resolution Fourier Diffractometer are described. Characteristics 
of the detectors which are used, electronics for the high and low resolution 
spectra accumulation, functional possibilities of the controlled by the computer 
equipment of the diffractometer (furnace, refrigerator, goniometer, moveable 
platforms) are presented. The description of the control software for the system 
and experiment performance as well as the description of the special software 
for the data visualization, preliminary processing and analysis are done. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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B 1992 ro,ay Ha HMJJY]lbCHOM pcaKTOpc HliP-2 coBMCCTHblMH ycHJIIDIMH 
cncuuannCTOB OHJIH (,lly6Ha), IlHJI<I> PAH (fannHa) H Ucmpa TCXHH'ICCKHX 
nccnc.a.oBaHHA <l>HH11JIHJlHH (3cnoo) BBC.II.CH B 3Kcnnyanu.uuo HCH'J'POHHblH <l>ypbc
.D.H<l>paKTOMCTp BblcoKoro pa3pcwcHHJ1 (<I>,llBP), npc.a.m1:ma11cHHLiit .lVUl 

HCC1JC.IJ.OBaHHit CTp}'JCJ'YPbl nOJJHKpHC'J'3JIJUl'ICCKHX BCIJlCCTB MCT0.11.0M .D.H<l>paKUHH 
HClh'poHOB(l,2]. HcnanbJOBaHHC MCTO.a.a <l>YPLC-.D.H<l>PaKTOMCTpHH Ha HMnynLCHOM 
HCTO'IHHXC HClh'poHOB o6ccne'IHBaCT BblCOKYJO pa3pcWaIOJ.UYIO cnoco6HOCTb 
.D.HctiPaKTOMCTpa B CO'ICTIUIHH C 6om.woA CBCTOCHJIOH H xopoWHM OTH0WCHHCM 

3CJ><l>eKTa K cl><>HY • 
3a npowe.a.wce BpcMJI onpc.a.encHbl OCH0BHblC xapaKTCpHC'IHKH 

.D.H<l>PaKTOMCTpa, npoec.a.eHhl pa6o11Hc H3McpcHHJ1, a nuace pa6orbl no a.namaunn 
CHCTCMhl 8BTOM&TH31UlHH 3KcncpHMCHTOB K norpe6HOCTJIM 3anmurnponaHHoit 
H8yqHO-HCC1JC.llOBaTCJJbCKOA nporpaMMhl. B 'lllCTHOC'llf, D0MHM0 pcrnCTpauHH 
.11.aHHhlX B OCHOBHOM pc.lOIMe BblCOK0I'O pa3pcweJUU1, nporpaMMHOC o6ecnc'ICHHC H 
.a.onOJJHHTCJD,H8JI 3KcnepHMCHTIUlbH8JI annap8'l')'Pa n03B01UDOT: 

-npoBOJlHTI, Ha 3TOM .D.H<l>paKTOMCTpC napannenbHble H3MCpCHIDI B pCXOIMC 
HH3K0I'O pa3pcWCHHJI, HCnOJJL3YJ1 CHCTCMY TO'IC'IHblX .llCTCKTOp0B H no3HUH0HH0-
'l)'BCTBHTC1ll,ffhlA .11.CTCKTOP (Illl,ll); 

-H3MCHJl'J'b DOJJ0)ICCHHC D0BOpOTHhlX nmn$opM C YcraH0BllCHHblMH Ha I-lHX 

.11.CTCKTOpaMH; 
-ynpaBJlJITb 'J'PCXOCHhlM I'OHH0MCTpOM, KOTOpblH no3BOIDICT ycraHaBJIHBaTb Ha 

HCI'O o6p83Uhl B KpHOCTaTC HnH nc'IH; 
-ynpaarurn, nOJJO)ICCHHCM CTaTOpa <l>ypbC-npcpblBaTCnJI B npouecce H3CTpOHKH 

4>331,1 pick-up cHTHana; 
-npoBOJlHTI, HCC1JC.D.OB8HHJI B o6naCTH HH31CHX TCMncpaTyp (OT 8 K .a.o 

KOMHaTHoit) C HCn0JlL30BaHHCM pc4>pmrceparopa 38MICH)'T0ro THna; 
-npoBOJlHTI, 3KcncpHMCHTbl npH BblCOKHX TCMOCpaTypax (OT KOMHaTHoit .a.o 

1000°C). 
TaKHM o6p830M, 3nCJcrpOHH8JI CHC'rCMa <l>ypbC-.D.H<l>PaKTOMCTpa npC.IJ.C'raBJUICT 

co6oA cno:llCHLdt KOMDnCKC ynpaBJIJICMhlX yCTpOACTB. B HaCTOm.ucit pa60TC .a.aH0 
onHCaHHC annap8'l')'Pbl, nporpaMMH0I'O o6ccne11cJUU1 H npouc.a.ypbl np0BC.11.CHllil 

H3MCpcHHA Ha .D.H<l>PaKTOMCTpC. CHa11ana npc.a.craMcHa o6mrui opraHH33UIDI n 
H31I0:llCCHbl OCH0BHblC npHUHDbl pa6orbl CHCTCMbl aBTOMaTH3aUHH, a 3aTCM .11.aHbl 
onHcaHHJI y.inoe c opncHTaUHcit Ha nOTCHUHMLHhlX n0JlL30naTcncit <I>,llBP. 

1. 06mru1 opraHH3allIDI CHCTCMhl 

(J)ypLC-.D.H<l>PaKTOMCTp BblCOK0I'O p33pcWCHHJI pacnonoJKCH Ha IDITOM KaHane 
pcaKTOpa HliP-2. Ha cxcMe .D.Hcl>PaKTOMCTpa (pnc.l) npc.a.craMcHo pacnonoJKeHHe 
cro OCH0BHhlX }'3110B. B KOJJbUCBOM Kopn.a.opc pcaKTOpa YCTaH0BllCH MCX8HH'ICCKHH 
npcpblBaTCJD,, no,llaBJIJIIOlllHA cl><>H 6blCTphlX HCihpoHOB. Hcnocpc.a.CTBCHHO 3a 
CTCHOA 6HOJJOrH'ICCKOA 33lllHTLI Haxo.zum::g. <l>ypbC-npcpblBaTenb (<I>Il), KOTOpbIH n 
COOTBCTCTBHH C MCTO.D.HKOA H3MepcHHA Ha 3TOM .D.Hcl>PaKTOMCTpC M0.!lYJlHPYCT ny'I0K 
HCihpoHOB no HHTCHCHBHOC'llf BO BpcMJI H3MCpcHHA. IlyqoK HCitTpOHOB, 
nll,!J;aJOIJlHX Ha o6p83CU, cl><>PMHPYCTCJI H30rttyn,IM 3CpKaJibHblM HCUTpOHOBO.!lOM 
JVIHHOA 0KOJJ0 19 M. Bxo.D.HOC CC'ICHHC HCHTpOHOBO,lla C0C'raBJUICT 30x200 MM2 , a 
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nLIXo.a.Hoe - lOxlO0 MM2 • Pa.a.nyc . KPHBH3Hbl HeihpoHoBO.lla (oKono .llByx 
KHJIOMCTI)OB) BbI6paH TaKHM o6pa30M, 'IT06bl ero ,nmrna npHMOit BH,ZlHM0C'rH 61,ma 
HCCKOJlbK0 MCHbIIIC noJIHoit .ll]IllHbl. IloJIHoe npoJICTH0C paccroHHHe OT HC'ro'IHHKa 
HCiiTp0H0B .ll0 ,ZlCTCKTOpa CKJia,)'.(J,IBaCTCJl H3 TpCX qacreit: 33MC.ll]IHTCJIJ, - <I>Il 

(£1=8.481 M), <I>Il - o6pa3CU (£2=20.000 M), o6pa3CU - .llCTCKTOP (£3"!!0.5+1.2 M). 

8A81 2!).(XX) 

J_8AOO 

--=-~ 
Background Chopper 

Puc.I. CxeMa pa3Mememm o6opy.lloBaHHH <I>,UBP. 

PacceHHHblC Ha o6pa3UC HCHTpOHl>I pemCTpttpyroTCSI .llCTCKTOpaMH pa3H0ro 
mna. ,llnH perHCTpaIIHH cneKTp0B Bl>IC0K0ro pa3pCIIICHIDI HCil0Jib3YCTCSI 
CIIHHTHJIJUIIIHOHHhlH ,ZlCTCKT0P Ha JllITIICBblX creKJiax npn cpe,ZlHCM yrne pacceHHllil 
152° K HanpaBJieHHIO Il3JlaIOI11ero Ha o6pa3CU nyqKa HCHTpOHOB. CneKTpbl HH3Koro 
pa3pe11ICHIDI pernCTpHpyroTCJl CHCTCMOit H3 HCCK0JlbKHX "TO'IC'IHbIX" ,ZlCTCKTOp0B 
(HeiiTpoHHl>IX reJIHCBblX C'ICT'IHKOB), pacnOJJO:lKCHHblX Il0.ll pa3JIH'IHl>IMH yrnaMn:, H 
0.!lH0K00P.llHHaTHl>IM reJIHCBl>IM n03HUH0HH0-qyBC'rBHTeJll>HblM .llCTCKTOP0M. 

O6mrui opraHH3aUHJI CllCTCMbl aBTOM3TH3aUHH 3KCilCpHMCHTOB 
.llHq>paKTOMCTPa npe,ZlCTaBlleHa Ha pnc.2. AnnapaTypa CHCTCMl>I. HaK0OJICHIDI C 
<l>ypbe-npepbIBaTCJICM no}lKJIIO'ICHa K K0MDLIOTCPY A CncreMa BKJIIO'laCT TPH 
RTOF-aHanHJaropa B craH.D.apre BITBUS[3] •. O.llHH H3 HHX pa6oraCT B pe)KHMe 
H3MCpCHIDI aBTOKOppCJIHIIHOHHOit <l>YHKUHH, a ,ZlBa ,ZlpyrHX cnyx<aT .ll.JIH HaK0OJICHllil 
.llH<l>paKUHOHHl>IX cneKTp0B • C0OTBCTCTBYIOIIIHX .llBYM Pa3JIH'IHl>IM Il0JI0X(CHIDIM 
4>yp1,e-npepbIBaTCJIH OTH0CHTCJll>H0 nyqKa HCHTpOHOB - OTKpl>ITOMY H 3aKpbITOM)'. 
RTOF-aHanHJaTOp, HaKannnnaromnii aBT0KoppeJIHUH0HHYIO <l>YHKUHIO, HMCCT 1024 
KaHana. ,Una .llpyrnx RTOF-aHanHJaTOpa - no 8196 Kattanon. 

AnnapaTypa .llJIH HaK0OJICHIDI cneKTp0B HH3K0ro pa3peweHHJ1[4] BblII0JIHeHa B 
craH,!lapre KAMAI( H pacnonaraeTCH B TpCX Kpeirrax, 0.llHH H3 KOTOpbIX Il0,ZlKJIIO'ICH 
K ynpaBJIHIOlllCMY K0MilbIOTepy B. . Heo6xo,ZlHMble CBH3H Mexmy 3JICK1J)0HHLIMH 
6JIOKaMH o6ecne'IHBalOTCH no MarHCTpaJIH KAMAI( H C n0M0IJll>IO BHCWHHX 
Ka6eneit. YcraHOBllCHHruI annapaTypa o6ecne'IHBaCT 0.llH0BPCMCHffYIO n 
HeJaBHCffMYIO pa60TY .llByx KaHaJI0B HaKonneHIDI or pa3HLIX .llCTCKTopoB. IlepBLiii 
KaHaJI 06ecne1IBBaCT pa60TY C TO'IC'IHblMH .llCTCKTOpaMH, BTOpoit - C n03HUH0HH0-
qyBC'rBHTCJlbHblM ,ZlCTCKTOp0M. 

C noM0IJlbIO MHKponpoueccopHl>IX 6JIOKOB n CTaH.llapTC KAMAK 
0CYIJlCCTBllHCTCJl ynpaBJieHHe .llBYMJI noB0pOTHbIMH nnaTcl>opMaMH, Ha KOTOpbIX 
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C~mHJ1J1i1~oaa1,di 06opy,n:01111HHe ~ct,paKTOMCTpa Ororo- CHcreMa · 

.11.erekrop Hll -- - - - - ---- - - - - ---- - - ---- - -- ---- - - --- xoop.znma:nn,111: TO'IC'lffblX 
JIHTHCBLIX creJCJax : I Encoder. H <l>ypbC- . I I Pcct,pH- I : . . nq,n .11.ererropoa 

·- - - - -1- - - - - - -

n J)CJJ.YCHJIJITC1IB, 
ycHJ1HTC1IB, 

cj>opMHpOBaTCJ'IH, 
. cyMMaTOp 

KpellT 4 KAMAK 

AnnapaTYJ)a : 
HaKOTTJICHll'lr 

AnnapaTYJ)a 
TipHCMa 

CHlllllJlOB 

Kpel!T 1 BITBUS. 

RTOF-aHllJIH3aTOp 
1 (SK, pos.) 

RTOF-8HllllH3llrop 
. 2 (SK, neg.) 

KpeliT 2 BITBUS 

RTOF-ananH3llrop 
aBTOKoppemrropa ·, · 

(IK KaHRnOB) I I 

- -nLJBaTCJIT, lKepaTOP , 

fOHHOMCTpa ff 
.. TTJlllTCt,opM 

·, ______ .,.. _______ _ 

I 
I 
I 
I 
I 
I --~•-

·. CraJ)Tl,J peaKTOpa 

M 

~ 
-~:~~-~1:!3-~~-j I . pt !~:1 • --

PC AT/386 

ETHERNET 

Armapa,ypa 
CHCTCMH 

•roqe1DJliilX" 
JJ.C'l'C.Kl'Op0B 

KpefiTl KAMAK 

Amtapa'J'YPa 
Il03HJJ,HOHHO

'fYBCTBIITClll,HOT'O 
JI.C'l'CKTOpa 

KpefiT 2 KAMAK 

Annapa-rypa 
HaKOTTJICHHsr H 

ynpaBJieHHsr 

KpefiT 3 KAMAK 

PCAT/286 

Pnc.2. OpraHH3aUIDI cHCTeMbI aBTOMaTH3auHH 3KcnepHMeHTOB Ha <I>.D:BP. 

YCTaHOBJieHbI ' ·J]lJ):( H . roqeqffb}e ,UeTeKTOpbI, -rpeXOCHbIM .. fOHHOMeTPOM H 
rronoxeHHeM craropa q>ypJ>e-rrpephlBareJIH, · a TaIOKe ynpaBJieHHe H no.u,uep)KaHHe 
TeMIIepa-ryphl 06pa3ua· B rreqn BO BpeMH rrpoBe,ueHIDI 3KcnepiIMeHTOB npn BhlCoKHX 
TeMnepa-rypax o6paJua. .!l:JIH npoBe.UeHIDI 3KcnepHMeHTOB npn HH3KHX TeMIIepa-rypax 
ncnoJib3yeTCH peq>pll)Keparop, ynpaBJieHHe ' KOTOPhlM ocymeCTBJUieTCH qepe3 
noCJie,uoBaTeJibHbIH HHTepq>eitc, RS232. YnpaBJieHHe no.ucncreMaMH .un<l>paKToMe-rpa 
B03M0JKHO B HHTepaKTHBH0M R/IH aBT0M8THtlecKOM pelKHMax. 
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LJ:anee ,uaHo onncaHHe annapa-rypbI, no,llKJIIOqeHHoit K KOMilbIOrepaM A H B, 

H cooTBeTCTB)'IOmee nporpaMMHoe o6ecneqeHne. 

2. CMcreMa .wrn HaKOIIJieHJffi cneICTpOB BbICOKOro pa3pernemrn 

CHCTeMa HaKOIIJICHIDI . cneICTp0B BblCOK0fO pa3perneHIDI BKJIIOqaeT 
CI{HHTR/I.ll]II{HOHHblH JIHTHeBblH .uereKTop H COOTBeTCTB)'IOll{)'IO ,UeTCKTOpH)'IO 
annapa-rypy, TPH RTOF-aHaJIH3aropa H q>ypbe-npepbIBareJib · c yc-rpoitCTBOM 
ynpaBJieHIDI. YnpaBJieHHe 3TOH annapa-rypoit ocymeCTBJUieTCH KOMilbIOTepOM A (CM. 

pnc.2). 
JIHTHeBbIH .uereKTOp COCTOHT H3 rneCTH 3JieMeHTOB Ha 6a3e 

q>OTOYMffO)KlITeJieit THna BURLE C83006F, B o~ecKOM KoHTaKTe c KOTOpbIMH 
HaxO.ZJ;HTCH CBeTOilpOBO}Ulll{He npH3Mbl CJIO)KHOH qiopMbI, HMeIOll{He 4 HJIH 6 rpaHeit, 
Ha KOTOpbie HaKJieeHbl CUHHTlUIIDITOpbl THna NE 912 (nHTHeBbie CTeKJia) pa3MepoM 
102x102xlMM. CTeKJia o6pa3)'IOT noBepXHOCTb, y,uoBJieTB0pHIOll{)'IO ycJIOBIDIM 
BpeMeHHOH q>OKYCHPOBKH Heit-rpOHOB Ha flYTH OT o6pa3ua K ,ueTeKTopy. Eonee 
no,upo6HO KOHC'fPyKI{IDI ,uereKTopa H3JIO:lKeHa B [5]. 11cnoJib30BaHHe npH3M
CBeTOBO,UOB o6bHCHHeTCH Heo6XO,uHMOCTblO o6ecneqHTb -rpe6yeM)'IO M03affqHOCTb 
,ueTeKTopa ,uJIH roqHoro npHJieraHIDI K q>OKYCHpyiomeit IlOBepXH0CTH H IIOJiyqeHIDI 
Heo6xo,UHMOH 3q>q>eKTHBHOCTH[5]. 3TO B CBOIO oqepe,Ub npHBO,UHT K YMeHbIUeHHIO 
CBeTOBbIXO,Ua B 3-5 pa3 n COOTBeTCTBeHHO K c:lKaTHIO B CTOPOHY IllYMOB 
aMIIJIH'fY.UHOfO cneICTpa, pernc-rpnpyeMOfO ,uereKTOpHblM 3JieMeHT0M. TnnnqHblH 
aMIIJIHTY.UHblH cneICTp O,UHOfO .uereKTopttoro 3JieMeHTa npH HCil0Jlb30BaHHH 
npe.uycHJIHTeJIH Photomultiplier Base ORTEC MODEL 276 H pernc-rpaUHH 

Me.uneHHblX HCH'fPOHOB npHBe,UeH Ha pnc.3. 

600 

400 

~ 
8 

200 

0 

0 200 

NE912 
PMT BURLE C83006F 

400 
Channel 

600 800 

Pnc.3. TnnnqHbIH aMIIJIHTY.UHbIH cneICTp OT o,uHoro 3JieMeHTa CI{HHTH./IJISII{HOHHoro 

JIHTHCBOfO .uereKTopa. 
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3ne:icrpOHHKa nHTHeBoro .D;eTeKTOpa BbIIlonHeHa B KOHCTp)'KTHBe KAMAK. 
AHo.D;HblH cnrnan c KIDK;D;Oro <I>3Y no.naeTCH Ha 6bICTpblH ycnnnrenb H .nanee Ha 
q>OpMHPOBaTenb. O6pa:iyroIIJHeCH noI1fl!eCKHe CHrHanbl MHTenbHOCTblO 200 HC 
co6npalOTCH B norH'IeCKOM CYMMarope H o6IIJHH cHrHan B CTatt.napre NIM 
nepe.naereH no KOaKcHanbHOMY Ka6enio MHHOH 20 MK CTOHKe RTOF-aHanH3aTopa, 
r.ne ranbBaHH'IeCKH Pll3BH3bIBaeTCH H npeo6pa:iyeTCH B CHrHan TTL. O.n;HH 6noK 
ycnnHTeneii: co.nep:lKHT 8 KaHanoB, a o.n;HH 6noK q>opMHpoBaTeneiI - 6 KaHanoB. Ha 
Bxo.n annapaTYPbI RTOF-aHanH3aTopoB no,naIOTCH TaJOKe no KOaKcHanbHOMY 
Ka6en10 CHrHMbl "CTAPT peaKTopa" H no OilTH'IeCKOMY Ka6en10 - CHrHan 
MoeynHIJHH Heii:TpoHHoro nyqKa (pick-up cnrnan). 

AnnapaTYPa Tpex RTOF-attanH3aTopoB peanH30BaHa B CTatt.naPTe BITBUS H 
pacnonaraeTCH B Tpex Kpeii:Tax. O.n;HH RTOF-aHanH3arop npe.n;Ha:iHatJeH .nnH 
perHCTpaIJHH n HaKonneHHH aBTOKOppenHIJHOHHOH q>yttKIJHH (1024 KaHana) n ,nBa 
RTOF-aHanmaropa (no 8196 KaHanOB KIDK;D;bIH) - .nnH HaKonneHHH 
nono:lKHTenbHOH H OTpHIJaTenbHOH coCTaBnHIDIIJHX q>ypbe-cne:icrpa. Cne:icrp 
BbICOKoro pa:ipeweHHH HBnHeTCH pe3ynbTaTOM BbllJHTaHHH .D;Byx COCTaBnHlOIIJHX 
q>ypbe-cne:icrpa (cM. pnc.4). 

200 400 600, 
Channel 

Pnc.4. Cne:icrp OT 06pa:i11a Si, nony-qeHHbIH c noMOIIJblO RTOF-aHanH3aTopoB 
Ha <I>,L(BP (BBepxy - cne:icrp BblCOKOro pa:ipeweHHH, a BHH3Y -
nono:lKHTenbHaH H OTpHIJaTenbHaH, COCTaBnHIDIIJHe cne:icrpa HH3KOf0 
pa:ipeweHHH). 

RTOF-aHanH3aTop HBnHeTcH aHanH3aTopoM napannenbHoro THna n 
npe.ntta:iHatJeH .nnH pa60Tbl KaK Ha CTaIJHOHapHOM, TaK n Ha HMnynhCHOM 
HCTO'IHHKax Heii:TpOHOB. KIDK;ZJ;bIH aHanH3aTop COCTOHT H3 ynpaBnHlOIIJero MO,zzyml 
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"Macrepa" H no,n-qnHeHHbIX Moeyneu "RTOF-KoppenHTopoB". O.nHH Moeynb 
KoppenHTopa o6ecnetJHBaeT perncrpa11n10 H HaKonneHHe 1024 KaHanoB BpeMeHHoro 
cne:icrpa, . OH nocrpoeH Ha OCHOBe C.D;BHrOBblX perHCTpOB C npHMeHeHHeM. 
cne11nanbHbIX MHKpocxeM. Ilo.npo6Ho annapaTYPa RTOF-aHanH3aTopa II npHIJIInbI 

ee pa6oTbI on1IcaHbI B pa60Tax[3,6,7]. 
<I>ypbe-npepbIBaTenb COCTOHT II3 ,llHCKa poropa .n;IIaMeTpOM 540 MM, 

3aKpenneHHOro Ha OCH ABHraTenH, H nnaCTHHhl CTaTOpa, YCTaHOBneHHOH Ha 
nnaTq>opMe q>ypbe-npepbIBaTenH Heno.n;BIDKHO. ,L(ncK poropa H nnaCTHHa cTaTopa 
II3roToBneHbI H3 Ti-Zr cnnaBa c ttyneBOH KorepeHTHOH MHHOH pacceHHHH. Ha 
AHCKe poropa HMelOTCH 1024 pa,nnanbHbie menH, 3anonHeHHbie Gd2O3. OHH 
paBHOMepHO pacnono:iKeHbl no OKPY:lKffOCTH AHCKa, HX IIIHpHHa Ha cpe,nHeM 
pa,n;nyce 229 .MM COCTaBnHeT 0.7 MM. Ha AHCKe CTaTopa pacnono:lKeHbl aHanOrll'IHbJe 
menu IIIHpHHOH 0.7 MM Ha cpe,ntteM pa,n;nyce 221 MM. 

,!(nH BpameHHH AHCKa q>ypbe-npepbIBaTenH ncnonb3yeTCH acHHXpOHHbIH 
,nByxnoniocHbIH ,nBHraTenb MBT 132SB (ABB Motors, IIIBeIJHH) MOIIJHOCTblO 7.5 
KB. OH o6ecnetJHBaeT MaKCHMMbHYJO CKOpOCTb BpameHHH 9000 06./MHH., 'ITO 
COOTBeTCTByeT tJaCTOTe MO.D;ynHIJIIH ny-qKa HeHTpOHOB B 150 KfIJ. Ha OCH ABHraTenH 
qepe3 MeM6paHHYJO MYcpty SARJA GPlO, KOTopaH ,nonycKaeT MaKCHMMbHYJO 
CKOpOCTb nepe,natJH .no 10000 06./MHH npH KHHeMaTH'IeCKOH OIIIH6Ke nepe,natJH .no 
±35", ycTaHOBneH HHKpeMeHTHbIH omH'IeCKHH KO.D;HPYJOIIJHH ,naTtJHK CKOpOCTH 
Encoder· TK2-560-F-1024/512-12/5-V-10-P-02 LD (TEKEL, lfranHH). ,L(aTtJHK 
HMeeT ,nBa KOAHPYJOIIJHX OilTH'IeCKHX AHCKa H ,nBa He3aBIICHMbIX KaHana 
sne:icrpOHHKH C ,llHq>(P.epeHIJHMbHbIMH BblXO,llHbIMH CllrHMaMH (512 HMn./06. : ,nnH 

H3MepeHHH CKOpOCTH H ycKopeHHH B CHCTeMe ynpaBneHHH H 1024 - .nnH pick-up 
cnrHana RTOF-aHantt3aTopa). ,!(nH o6ecnetJeHHH nHTaHHH sne:icrpoHHKH ,naTtJHKa n 
onTH'IeCKOH pa3BH3KH ncnonb3yeTcH 6noK HHTepqieii:ca pick-up cnrHana. 

IlHTaHne .n;BnraTenH no,naeTCH oT ynpaBnH1011Jero npnBo,na VECTOR (Control 
Techniques, BenHK06pHTattHH), MO,UHq>HIJHPOBaHHoro .nnH ynpaBneHHH B .nnana:ioHe 
CKopocTeH OT -9000 .no +9000 06./MHH (3HaK nOKa:lbIBaeT HanpaBneHHe BpameHHH 
Bana ,nBnraTenH). YnpaBnHIDIIJHH npHBOA co,nep:lKHT BcrpoeHHbIH MHKPOK0Mnb10Tep, 
KOTOpbIH pei_urHJY<?'f anropHTM -ynpaBneHHH .B BH.ne ,nByx IJHKnOB. O.nnH H3 HHX 
nocTpoe_H Ha OCHOBe _KOHTpOnH CKOPOCTH ,BpameHHH, a ,npyroil - Ha OCHOBe 
KOHTp0M KPYTHIIJero MOMeHTa mum ABHraTenH. BcTpoeHHblH MHKPOKOMnbIOTep 
co;:iep:lKHT Ta6nnny H3 HeCK<>nbKHX ,necHTK0B, napaMeTpoB, KOTOpbie ncnonb3YJOTCH 
.nnH KOHTpOnH COCTOHHHH .D;BHraTenH H ynpaBnHJOIIJero npHBo.na co CTOpOHbl 
KOMnbIOTepa, a TaK:lKe .nnH 33,llaHIDI Tpe6yeMoro pe:iKHMa pa60To1. 

l13MepeHHH 3aBHCHMOCTH CKBa:lKHOCTH pick-up ClffHana OT CKOpOCTH 
BpameiiHH Bana ABHraTenH noKa3ann, 'ITO npn cKopoCTH BbIIIIe 3000 06./MHH H3-3a 
tJaCToTHbIX xapaKTepncTHK ,naTtJHKa II 6noKa HHTepq>eilca Ha6n10,naeTCH 6onee. tJeM 
30 % yxy,nweHne STOro napaMcrpa, 'ITO npHBOAHT K fBenH'IeHHlO ·HCKa:lKeHHH 
q>OpMbl .nnq>paKIJHOHHbIX nHKOB. Ha pHc.5 noKa:iaHa H3MepeHHaH B npo11ecce 
SKCnepHMeHTa B MHKpoceKyttAHOM BpeMeHHOM .nnana:ioHe aBTOKoppenHIJIIOHHaH 
q>yttKIJHH. OHa xapaKTepmyeT Kaqecrno MO.nynHIJHH HeHTpOHHoro nyqKa no 
C0OTBeTCTBYJOIIJeMY 3aKOJIY. 113 rpaq>HKa BH,nHO, 'ITO IIIYMOBbie Kone6aHHH 
q>YHKIJHH coCTaBnHIOT He 6onee 0.9%. 

. CBH3b ynpaBnHlOIIJero npnBo,na C KOMilbTepoM A OCYIIJeCTBnHeTCH qepe3 
nocne,noBaTenbHbIH HHTepq>eii:c RS485 n npeo6pa:ioBaTenb RS48,5/RS232: B pe:iKHMe 
HaKonneHHH KOMnblOTep no.n,nep:iKHBaeT onpe,neneHHhlH 3aKOH H3MeHeHHH CKOpOCTH 
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BpameHIDI <pypbe-npepbIBaTe.IDI,H Il03TOMY He . .noCTyIIeH IlOJII,30BaTeJII0 B Teqe1me 
Bcero BpeMeHH, noKa BhlllOJIIDieTCH 33,D;aHHasr · cepIDI H3Mepemrn:. Bo BpeMH 
HaKoJJJieHIDI Ha .L{HCJJJiee K0MilbIOTepa A npe,nCTIIBJieHa Heo6xo.L{HMaSI HH<pOpMaUIDI, 
Il03B0IDIJOIUaSI K0HTp0JIHP0BaTh COCTOHHHe CHCTeMbl, npouecc H3Mepemrn: H pa6crry 
4>yp1,e-npep1,rnaTemr. 

0 50 100 

Channel 
150 200 

Puc.5. ABTOKOppe.IDIUHOHHaSI <p}'HKUIDI pick-up cnrmma. 

IlporpaMMHOe o6ecneqeHHe CHCTeM COCT0HT H3 naKeTa no.nnporpaMM, 
Bhlll0JIHHJOIUHX onepauuu c , cttCTeMoii BITBUS u peann3oBaHHhIX B BH.ne 
pe3JIAeHTHoii TSR-nporpaMMbI(8], Ha6opa no.nnporpaMM npnKJia,nHoro xapaKTepa, 
pa3pa60TaHHblX B I.l;eHTpe TeXHHqecKHX HCCJie,noBaHHH (3cnoo, <l>HHIDIHAIDI), H 
nporpaMMhI FDC, ynpaBIDIJOIUeii cncn:Moii B uenoM. 

. Ilepe.n HaqaJIQM pa60Tbl c CHCTeMOH HaK0JJJieHIDI <pypbe-cneKTpOB 
Heo6xo.n;HMO npttBeCTH B pa6oqee coCT0HHne annapaTypy RTOF-aHantt3aropoa nyTeM 
a1,monHeHIDI npoue.n;yp1,1 aBTOKOH<pnrypauuu. 3ra noue.n;ypa npe.n;ycMaTpttBaeT He 
TOJihK0 noruqecKoe coe.nttHeHHe Bcex 6JioKoB B CTaH.naPTe BITBUS, Ho H HX 
aBT0MaTttqeCKoe TeCTHp0BaHHe. Ilo3TOMY, npoue.n;ypa aBTOKOH<pHrypaunu 
BbJil0JIHHeTCH 0K0JI0 4 MHHyT. 

Ilocne sToro 3allHCbIBaIOTCH napaMeTphl, onpe.nemr10mue pe:iKHM pa60T1>1 
RTOF-attaJIH3aTOPOB B annapaTypy cuCTeMhI HaK0ilJieHIDI. Bee 3a.L{aHHhie napaMeTphI 
aBTOMaTttqeCKH 3anttc1>rnaJOTCH B <paiiJI PARAM_D.DAT. Ilpu 3anycKe nporpaMMhI 
FDC napaMeTphl C'IHThIBaJOTCH H c noM0IUhJO K0MaH.L{I,1 SETUP M0~o H3MeHHTh 
HX 3HaqeHHe. HIDKe nepequCJieHbl napaMeTphI, KOTOp1>1e 3anuc1,rnaJOTCH B RTOF -
aHaJIH3aTOpbI: 

l)wttpHHa BpeMeHHoro KaHana RTOF-aHaJIH3aTOpoB; 
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2)m:mI'IHHa 3a,nep)KeK Delay_l H Delay_2 (nepBaSI onpe,nemreT Haqano 
pern:CTpHpyeMOfO cneKTpa OTH0CHTeJibHO Haqana CTpOfia, a BTOpaSI - 3a,nepXKY 

CTpo6a OTH0CJITeJihHO CTapTa peaKTOpa); 
3)pe)KHM pa60Th1 (RTOFPP - AJUI HaKoJJJieHIDI nOJio)KHTeJibHOii 

coCTaBJIIDOIUeH crreKTpa, RTOFPN - AJUI HaK0ilJieHIDI OTpHUaTeJihHOH 
COCTaB.IDIJOIUeii II AUTO - AJUI HaK0ilJieHIDI aBTOKOppe.IDIUHOHHOH <p}'HKUHH). 
IIepequCJieHHble napaMeTpbl nepe.n H3MepeHHeM 3anuc1>1BaJOTCH B arrrrapaTypy 
RTOF-aHaJIH3aropoB, noCJie qero cucn:Ma HaK0JJJieHIDI roroBa K pa60Te. M3MeHeHtte 
3THX napaMeTp0B B03M0~O T0JlbKO noCJie BbJil0JIHeHIDI npoue.n;ypbl 

aBToKomlmrypauHH. 
C IlOM0IUblO 3TOH )Ke K0MaH.L{bl 3a.L{alOTCH rrapaMeTphI, K0TOp1>1e onpe,ne.IDIJOT 

pa6crry nporpaMMbl FDC rrpH BbIDOJIHeHHH cepHH H3MepeHHH. B HX quCJI0 BXOAITT 

CJie.n;yIOIUHe napaMeTphI: 
1) BpeMH 0.L{H0fO H3MepeHIDI; 
2) KOJiffqeCTB0 H3MepeHHH B cepuu; 
3) HMH cpaiina ,naHHblX, KY.Lia 6y.n;yT 3allHCbIBaThCH pe3yJibTaTbl 3KcnepHMeHTa; 
4) MaKCHMaJibHaSI CK0p0CTh BpameHIDI poropa rrpepbIBaTemr; 
5) THU qaCTOTH0fO oKHa, onpe,nemrIOIUHH 3aK0H H3MeHeHIDI 

CK0pOCTH BpameHIDI q>ypbe~npepb!BaTe.IDI H, CJie,noBaTeJibH0, 3aK0H H3MeHeHIDI 

qaTOThl M0.D;y.IDIUHH nyqKa HeHTpOH0B; 
6) KOJiffqeCTB0 CTyIIeHeii (.n;HcKPeTHOCTb) H3MeHeHIDI CK0POCTH BpameHIDI 

rrpepbIBaTe.IDI (HJIH, ~o TO )Ke caMoe, K0JIHqeCTB0 roqeK Ha KpHBOH qJ}'HKUHH 
pacnpe,neJieHIDI qac:TOThl MO,zzyJUIUHH nyqKa HeHTpOHOB). 

IlapaMeTp, xapaKTepH3YJOIUHH run qaCT0THoro oKHa, Tpe6yeT 
.nonOJIHHTeJibHbIX IlOHCHeHHH. Bo-nepBbIX, AJUI Toro, ~061,1 ocymeCTBHTb q>ypbe
CHHTe3 B rrpouecce HaK0ilJieHIDI no o6paTHOMY q>ypbe-MeTOAY, qacTOTa M0.D;y.IDIUHH 
nyqKa HeHTp0HOB .no~a MeHHTbCH Il0.L\X0.z:{HIUHM o6pa30M B WHpOK0M HHTepBane 
OT HYIDI .no HeKOTOPOH MaKCHMaJibHOH BeJI11q11n1,1. Bo-BTOpbIX, B pe3yJibTaTe 
npoBe,neHHbIX panee HCCJie,noBaHHH AJUI nonyqeHIDI MaKCHMaJibH0fO pa3peweHIDI 
M0AYIDIUIDI nyqKa HeHTpOHOB .no~a H3MeHHTbCH B. C00TBeTCTBHH C q>}'HKUHeii 
IJJIOTH0CTH qacT0T (TaK Ha3bIBaeMhIM qaCTOTHblM . OKHOM) 6JiaKMaHa[6], 
aHaJIHTHqecK0e BbipaxeHHe KOTOpOI'O BblfJIH.L{HT CJie.nyK>IUHM o6pa30M: 

g(u)=l +pCos(nu)+qCos(2nu), 

r.ue 
p=J.03, q=Q.08, u=f/fmax (f - TeKymee 3HaqeHHe qaCTOTbl, a fmax -

MaKCHMaJibHoe 3HaqeHHe qaCTOThl). 
8-TpeTbHX, IlOJib30BaTeJIJO npe.L{JlaraIOTCH Pll3JiffqHbie BapuaHTbl peaJIH3aQllll 0.L{HOH 
JI TOH )Ke MO.L{eJill qacTOTHOfO 0KHa. Mx pll3lluqHe CBH3aH0 C ITOilbITKaMll 
Hett:TpaJill30BaTb OTpHUaTeJIHbie noCJie,ncTBIDI MexaHuqecKHX norpeWHOCTeii q>ypbe
npepb!BaTe.IDI npu BblllOJIHeHHll 3a,naHH0fO pe:iKHMa BpameHIDI. 

B nporpaMMe peanu3oBaHo qeTMpe BapttaHTa qacroTHoro . oKHa, KaxAhIH H3 
KOTOPhIX C0OTBeTCTByeT 3a,naHHOMY 3aK0HY ll3MeHeHIDI 'laCTOThl M0.D;y.IDIUHH ny'!Ka 
HeHTpOHOB UYTeM H3MeHeHIDI CK0POCTH BpameHIDI poropa q>ypbe-npepbIBaTe.IDI. 
MaKCHMaJibHble 3Ha'!eHIDI qaCTOTbl BpameHIDI q>ypbe-npepbIBaTe.IDI Jie)KaT Ha 
KpllBOH <p}'HKUllll '[aCTOTHoro oKHa, HX KOJIH'leCTBo onpe,nemreT TO'IH0CTh 
npu6JIIDKeHIDI .L{HCKpeTHoro npe,nCTaBJieHIDI TeOpeTH'leCKOH qJ}'HKUHll IJJIOTHOCTH 
qacTOThl MO,zzyJUIUHH nyqKa q>ypbe-npepbIBaTeJieM. M3MeHeHHe CKopocrn OT 0.L{H0fO 
IlOKa3aHIDI .no ,npyroro BblllOJIHHeTCH c IlOCTOHHHblM ITO a6coJIJOTHOH BeJiuqHHe 
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ycKopeHHeM, KOTopoe pacc•IHThlBaeTCSI Ha OCHOBaHIIH Bhl6paHHOH IlOJTh30BaTeJieM 

MaKCJIMaJibHOH CKOpOCTJI Bpaiuemrn JI BpeMeHJI, OTBO)lJIMOro Ha O)lHO H3MepeHJie. 

B nporpaMMe BapJiaHThI qaCTOTHoro oKHa o6o3HaqeHbI CJIMBoJiaMJI (A,S,P,N) 

H JIMeIOT cJie.llYIOIUee 3HaqeHJie: 

1) A - ' acHMMeTpH'IHhlH TJIIl. .lJ:aHHbIH pe:irrn:M peaJIJI3yeT ' 3a,n:aHHhlH 3aKOH 

'IaCTOTbI MO)lyJUIUJIJI nyqKa HeBTpOHOB nyTeM IlOCJie,!lOBaTeJibHOro ,!lOCTIDKeHIDJ 

ToqeK MaKCIIMaJibHOH CKOpOCTII, KOTOpbie Jie:lKaT Ha KpJIBOH IlJIOTHOCTJI qaCTOT. 

TaK, OT HaqaJibHOrO COCTOSIHHSI (oT ttyJieBOH CKopoCTII) poTOp q>ypbe-npepbIBaTeJUI 

pa3rmmeTCH )lO nepBOH TO~. 3areM, no ee )lOCTJI:lKeHHH, CKOPOCTh BpaiueHIDI 

YMeHbIIIaeTCH )lO HYIDI JI IlOTOM IlpOJICXO)llIT nepexo.a K CJie.llYIOiueii' TOqKe Ha 

KpUBOH qaCTOTHoro OKHa, HO HanpaBJieHJie BpaiueHIDJ - o6paTHOe. 

2) s - CJIMMeTplfqHbIH TJIIl • .ll:nH 3TOro pe:lKIIMa 3a,n:aHHOe KOJIIIqeCTBO ToqeK 

,!lJICKpeTJI3aUJIII Ha <PYHKUJIJI IlJIOTHOCTJI cneKTpa qaCTOT Y.llBaJIBaeTCH )lJUI Toro, 

qTo6bI KOMileHCJipOBaTb B03MO:lKHbie norpeIIIHOCTII, CBH3aHHbie C HanpaBJieHJieM 

BpaiueHIDJ q>ypbe-npepbIBaTeJUI (KOJIIIqeCTBO JI3MeHeHJIH HanpaBJieHIDJ BpaiueHIDJ C 

"+" Ha "-" JI "-'' Ha "+" O)lHHaKOBO). TaK, OT HaqaJibHOro COCTOHHIDJ (oT ttyJieBOH 

CKOpocrn BpaiueHIDI) q>ypbe-npepbIBaTeJib pa3rOHHeTCH .llO MaKCJIMaJibHOfO 

3HaqeHIDJ CKOpOCTJI BpaiueHIDJ B HanpaBJieHJIJI "+", 3aTeM 3aMe,!lJUieTCH )lO ttyJieBOH 

CKOpOCTJI n pa3rOHHeTCH )lO TOH :lKe CaMOH CKOPOCTJI, HO B HanpaBJieHJIU "-", a' 

noTOM cHoBa .llO ttyJieBoii cKopoCTII. Ilocne 3Toro npoJICXO.llIIT nepexo,!l K 

CJie)lYIQIUett TOqKe Ha KpJIBOH qacTOTHOro OKHa. 

3) p - IlOJIO:lKJITeJibHbIH TJIIl, B 3TOM pe:irrn:Me npJI peanH3aUJIH 3a,n:aHHOH 

<PYKUJIH qaCTOTbl MO.zlYIDIUJIJI nyqKa JICilOJib3yeTCH BpaiueHJie poTOpa .llBHraTeJUI 

TOJlbKO B O.llHY CTOPOHY (B CTOpoHy "+") . .ll:nH Ka:lK)lOH TOqKJI q>ypbe-npepbIBaTeJib 

pa3rOHHeTCH OT ttyJieBOH CKOpOCTll .llO MaKCJIMaJibHOH, a 3aTeM 3aMe)lJUieTCH .llO 

eyneBoii. 

4) N - OTpJIUaTeJibHbIH TJIIl. B 3TOM pe:lKHMe peaJIJI3aUIDJ 3aJJ:aHHoro 

'IUCTOTHOro 3aKoHa. )lOCTJiraeTCH Bpa{UeHJieM pOT0pa ')lBHraTeJUI C CTOpotty , "-" 

aHaJIOrJiqHblM cnoco6oM, KaK JI .llJIH IlOJIO:lKHTeJibHOro TJina. 

Ilocne Toro, KaK annapaTypa JI nporpaMMHoe o6ecneqeHHe .cHcTeMbI 

HaKOilJleHIDJ cneKTpOB BblCOKoro pa3pernemrn IlO)lrOTOBJieHbI K npoBe,!leHJIIO 

JI3MepeHJIH, MO:lKHO. JIHJIUIIJIPOBaTb BbIIlOJIHeHJie cepJIJI H3MepeHJill. Bee OT,!leJibHhle 

JI3MepeHIDJ, BXOMIUJie B 0.llHY cepHIO, O)lHOTJIIlHbI H BbIIlOJIHHIOTCH' npJI 

O)lJIHaKOBblX napaMeTpax CJICTeMbI HaKOilJleHIDJ. Pe3YJibTaTbl OT,!leJibHbIX H3MepeHHll 

3ailHCbIBaIOTCH B q>aHJibI, pacumpeHHe HMeHJI KOTOpbIX HBJUieTCH HOMepoM 

H3Mepemrn B )laHHOH cepuu. JJ:ononHHTeJihHO K 3a,n:aHHOMY noJib30BaTeJieM HMeHH 

q>aHJia, )l06aBJUieTCH UJiq>pa 1,2,3 HJIH 4. IJ;uq>phl 1,2 H 3 o603HaqaIOT, ~o )laHHhlll 

q>aHJI co)lep:lKHT HHq>opMaumo H3 RTOF-aHaJIH3aTOpa c coOTBeTCTBYIOIUHM 

HOMepOM, a 4 - rpaq>HK H3MeHeHIDJ CKOpOCTll Bpaiuemrn npepbIBaTeJUI. 

AnnapaTypa RTOF-attanmaTOpoB Ha npOTH:lKe:irnn BbIIlOJIHeHIDJ Bceii cepnu 

H3MepeHHH pa6omeT B O)lHOM pe:lKIIMe, BbIIlOJIHHH KOMa!Ulbl Haqana HaKOilJieHIDJ 

cneKTpa (Haqano 113MepeHIDI) H OCTaHOB HaKOilJieHIDJ (KOHeu H3MepeHIDI). 

YnpaBIDIIOIUJIH KOMilbIOTep )lJIH KIDK,!loro • OT,!leJibHoro' JI3MepeHIDI o6ecnequnaeT 

3a,n:aHHbIH pe:irrn:M BpaiueHIDI q>ypbe-npepbIBaTeJUI, 3ariilcb q>aHJIOB C pe3yJlbTaTaMH 

JI3MepeHJIH, OTo6pa:lKeHJie BCeii Heo6XO,!lJIMOH IIHq>OpMaUJIH Ha 3KPaHe MOHHTOpa H 

BbIIlOJIHeHJie KOMaH,!l IlOJlb30BaTeJIH, CBH3aHHbIX C npeKpa{UeHHeM H3MepeHnii. 

OTo6pa:lKUeMaH Ha 3KpaHe HH<popMaUIDJ BKJIIOqaeT )laHHhle O TeKY{UeM COCTOHHIIH 

CJICTeMhl, HOMep BbIIlOJIHHeMoro JI3MepeHIDJ B cepHJI, BpeMH Haqana II OKOHqaHIDJ 

IO 

H3MepeHIDI, TeKY{Uee BpeMH; IlOKa3aHlUI CKOPOCTII Bpaiuemrn npephlBareJUI, 

rpaq>nqeCKOe npe,!lCTaBJieHJie BCero qacTOTHOro OKHa H TOIi ero qaCTH, KOTOpaH Y:lKe. 

npoH,lleHa B npouecce JI3MepeHIDJ. 

IloMiiMo nepeqJicJieHHbIX <l>YHKUJIH nporpaMMa FDC Il03BOJUieT ynpaBJIHTh 

.llBHraTeJieM q>ypbe-npepbIBaTeJUI C IlOMOIUbIO onepaUJill HH3Koro ypoBHH. B 

qacTHOCTII, MO:lKHO 3a,n:aTh IlOCTOHHHYIO CKOpOCTh Bpaiuemrn q>ypbe-npepbIBaTeJUI, 

JI3MeHIITb HJIH npoqJITaTh napaMeTphl ynpaBJIHIOiuero npHBo,!la. 

Oco6eHHOCThIO pa60Tu1 ynpaBJUIIOIUero npJIBO)la VECTOR HBJUieTCH TO, • ~o 

OH 3ailOMJIHaeT Bee CBOH napaMeTphl npu BbIKJIIOqeHJIH IllITaHIDJ, Il03TOMY 

nporpaMMa FDC B Haqane pa60Tu1 CqJITbIBaeT napaMeTpbI VECTOR JI coxpaHHeT 

ux B q>aHJie VEC_D.VPL. Ilpu Heo6xo,!lJIMOCTII c IlOMOIUbJO nporpaMMbI FDC 

IlOJib30BaTeJib MO:lKeT H3MeHHTh HHTepeCYIQIUHe ero napaMeTphl, 3anncaTb HX B 

ycTpoiicrno ynpaBJieHIDI VECTOR JI B q>aHJI. EcJIJI coCTOHHHe yCTpoiicrna 

VECTOR 6y.lleT Jl3MeHeHo KaKHM-JIJI6o recroM HJIJI B pe3YJibTaTe tteucnpaBHOCTH, 

TO nporpaMMa FDC Il03BOJUieT o6HapY:lKJITh 3TO H ucnpaBHTb. 

Bee CJIY:lKe6Hbie q>aHJihl, KOTOpbie coJ,!laeT HJIH ncnoJib3YeT nporpaMMa FDC, 

pacnonaraIOTCH B TeKY{UeM KaTanore q>aHJIOBOH CJICTeMhl, T.e. OTKY.lla 

HHHUHHPOBaHa nporpaMMa ynpaBJieHIDJ CHCTeMOH HaKOilJleHIDJ cneKTpOB BbICOKOro 

pa3peIIIeHIDJ - nporpaMMa FDC. MeCTO panono:lKeHIDJ q>aHJIOB co 

cneKTpOMeTpnqeCKOH IIBq>OpMauueii 3a,n:aeTCH IlOJib30BaTeJieM npu IlO)lrOTOBKe 

CJICTeMbl K 113MepeHIDJM. 

.D:nH attaJIH3a, npe,!lBapureJlbHoii o6pa6oTKJI u rpaq>nqecKoro npe,!lCTaBJieHIDJ 

cneKTpOB, nonyqeHHbIX Ha <l>)];BP, c03,!laHa nporpaMMa FD~ Otta no3BOJIHeT 

BbNHCJIJITb CYMMY HJIJI pa3HOCTh cneKTpOB, B~CJIHTh JI coxpaHHTh B OT,!leJlbHOM 

q>ailrre cneKTp BhlCOKOfO pa3peIIIeHIDJ, C IlOMOIUbIO KYPCOpOB MO:lKHO IlOMeTIITb 

HHTepecYIQIUIIll yqaCTOK cneKTpa H npe,!lCTaBHTh ero B ynennqeHHOM MacUITa6e, a 

TaK:lKe, IlOJTh3YHCb KYPCOPOM, BbNHCJIJITh napaMeTpbl )lHq>paKUJIOHHbIX IlHKOB 

(IlJIOIUaJJ:b, IlOJIO:lKeHHe, IIIHPHHY Ha IlOJIOBHHe BbICOThI, pa3peIIIeHHe, cpe,!lHIOIO 

HHTeHCHBHOCTh H )lllcnepcHIO). Hcxo)lHbie cneKTpbI, TaK xe, KaK H' pe3yJibTaThl 

BbNJICJieHHH, BbIBO,!lHTCH B npouecce pa6oTbl Ha 3Kpatt B rpaq>nqecKOM H 

UHq>pOBOM BJI)le. Ilpu Heo6XO)lHMOCTII nporpaMMa Il03BOJIHeT BbIBeCTII 

npe,!lCTaBJieHHblll B rpaq>nqecKOM BJI)le Ha6op cneKTpoB JI quCJIOBYIO JIHq>OpMauJIIO 

Ha neqaTh HJIH JanncaTh qacTb cneKTpa B BJI)le q>aHJia .llJIH noCJie.llYIOiueii pa60Tu1 B 

naKere GRAPHER. Hcxo,!lHble ,!laHHhle .llJIH nporpaMMhl FD MOryT 6b1Th 

npe,!lCTaBJieHbI B BJI)le 4- HJIH 2-6aiiTOBbIX ueJibIX queen, HJIH B TeKCTOBOM BJI)le B 

q>aHJiax CTaH,!lapTHoro .llJUI <l>)];BP q>opMaTa. 

3. CncTeMa .1UUI HaKoIUiemrn crreKTpoB HH3Koro pa3pernemrn 

CHcreMa )lJUI HaKOilJleHIDJ cneKTpOB HH3Koro pa3peIIIeHlUI HMeeT ,!lBa 

He3aBJICJIMbIX KaHana HaKOilJieHlUI C HCilOJTh30BaHJieM COOTBeTCTBeHHO Toqe~ H 

O,!lHOMepHoro Il03HUJIOHHO-qynCTBJITeJibHOro )leTeKTOPOB. B Kaqecrne ToqeqffbIX 

,!leTeKTOPOB npIIMeHHIOTCH raJOBhle HefiTpOHHbie )leTeKTOpbl rnna CMJJ: [9], a TaK:lKe 

OilJICaHHbIH Bhlllle CUIIHTIIJIHUJIOHHblll JIJITJieBhlH )leTeKTOp. 

Ilo3HUJIOHHo-qynCTBHTeJibHblll ,!leTeKTop c Bbicoi<ooMHbIM aHO.llOM BhmoJIHeH 

B BJI)le nonoro UHJIHH,!lpa )lllaMeTpOM 5 CM u )lJIHHOH 50 CM. ConpornBJieHHe 

aHO,!lHOH HIITH paBHO 1.5 KOM. HanoJIHeHHe )leTeKTOpa - KOM6HHHpoBaHHOe: 7 aTM 
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• 3
He, 3 aTM Ar H 0.5 aTM CO2. HanpIDKeIDie Ha aHo,ne coCTIIBJUieT npHMepHo 2.5 KB. 

3JieKTPOHHKa ,neTeKTOpa n03BO.IDieT pa361ITb ero Ha n031IllHOHHble rpynnhI ( OT 1 .no 
64 rpynn). Co6CTBeHHOe pa3peweIDie .nereKTOpa - OKOJIO 6 MM. 

3JieKTPOHHaJI annapaTYPa TO'Ie'lHblX ,neTeKTOpOB COCTOHT H3 npe.nycHJIHTeJieii, 
pacnoJIO)KeHHbIX Henocpe.nCTBeHHO OKOJIO ,neTeKTopoB, KO,nHpOBIIIHKa HOMepa 
.neTeKTopa, npeo6pa3oaare.IDI apewr-Ko,n, HHKpeMeHTHoii naWITH eMKOCTblO 256K 
16-pa3pH,llHblX CJIOB H 6JIOKa noKa.npoaoro 3anoJIHemrn nawrrn. AnnapaTYPa IllJ,U 
co,nep)l(HT .naa npe.nycHJIHTe.IDI, c.naoeHHbIB AUII, cneunpoueccop onpe.neneHIDI 
no3HUHH, npeo6pa30BaTeJib BpeMH-KO,n, q:>OpMHpOBaTeJib .nB}'MepHoro Ko,na n03HUHH 
H BpeMeHH, HHKpeMeHTttylO naMHTb eMKOCTblO 64 K 16-pa3pH,llHbIX CJIOB (4]. 

HaKOilJieHHe ,naHHbIX B HHKpeMeHTHyK> naMHTb OCYIIIeCTB.IDieTCH no Kammy 
npHMoro .nocTyna qepe3 BHeWHHii pa3'heM 6e3 yqaCTIDI npoueccopa ynpaB.IDI10111ero 
KoMnhIOTepa. Bpewr HaKoilJieHIDI onpe,ne.IDieTCH no K.BapueBbIM qacaM, 
BbIIlOJIHeHHbIM B BH,ne 6JIOKa KAMAK. 6JIOK C'IeTYJHKOB o6bNHO HCnOJlb3yeTCH .nIDI 
H3MepeHIDI MOHHTOpHoro H HHTerpaJibHoro C'IeTa. 

IloMHMO HaKOilJieHIDI o6bNHbIX BpeMeHHbIX cneKTPOB CHCTeMa HaKOilJieHIDI 
MO)KeT pa6oTaTb B pe)KHMe BpeMeHHOro CKaHHpOBaHIDI, Kor.na yCTpOHCTBO 
noKa,npoaoro 3anOJIHeHIDI Q)OpMHpyeT 6a30BbIH a.npec, KOTOpbIH KOMnottyeTCH C 
HOMepOM BpeMeHHoro Kattana H HOMepoM 3aperHCTpHpOBaBwero HeBTpoH 
.neTeKTopa HJIH HOMepoM cpa6oTaBWeii n03HUHOHHOH rpynnbl Ha rrq,n:_ 6a30BblH 
a.npec MeHHeTCH nepHO,nll'IeCKH no HCTe'IeHHH BpeMeHH 3KCn03JillHH Ka,npa, 
KOTOpoe 3a,naeTCH nOJib30BareJieM npH no.nroTOBKe annapaTYPbl K pa6ore; TaKHM 
o6pa30M B pe)KHMe BpeMeHHOfO CKaHHpOBaHIDI B HHKpeMeHTHoii naMHTH B 
cne.nYJOIIIHX. ,npyr 3a ,npyroM yqaCTKax pernCTpHpYJOTCH BpeMeHHbie cneKTPbl OT 
HCnOJib3yeMblX ' .neTeKTOpoa: 3TOT pe)KHM. n03BO.IDieT Ha6n10,naTb H3MeHeHIDI 
,nHq:>paKUHOHHOro cneKTPa BO BpeMeHH, 0Tpa)KalOIIIHe npOHCXO.nHIIIHe H3MeHeHIDI 
CTpYKTYPbl o6pa3Ua no.n B03,neiiCTBHeM BHeWHHX YCJIOBHH. 

YnpaBJieHHe annapaTYPOH CHCTeMbl ,n.IDI HaKOilJieHIDI cneKTpoB HH3Koro 
pa3peweHIDI OCYIIIeCTB.IDieTCH OT KOMnbIOTepa B C noMOillblO nporpaMMbl NDC. 
IlporpaMMa no3BO.IDieT ynpaBJIHTb HaKOilJieHHeM · .naHHblX no .nB}'M He3aBHCHMbIM 
KaHaJiaM B HHTepaKTHBHOM H aBTOMaTH'!eCKOM pe)KHMax. IlpH 3TOM B 
aBTOMaTH'!eCKOM pe)KHMe MO)KHO 3a,naTb H;3MeHeHHe OpHeHTaUHH o6pa3ua, a TaK)Ke 
H3MeHeHHe TeMnepaTYPbl 06pa3ua. O.nttoBpeMeHHO C 3anHCblO Ha ,nHCK cneKTpOB B 
cneuHaJibHbIH (j:)aiiJI MO)KeT 3anHCbIBaTbCH npoTOKOJI H3MepeHHH, a TaK)Ke rpaq:>HK 
H3M.eHeHIDI TeMnepaTYPbl o6pa3ua, eCJIH COOTBeTCTBYJOIIIee ycTpOHCTBO 
HCnOJib3yeTCH B 3KcnepHMeHTe. 

CneKTPOMeTpH'IeCKaJI HHQ)OpMaUIDI, 3anHcaHHaJI B BH,ne q:>aHJIOB HJIH 
xpaHHIIIaJICH B HHKpeMeHTHOH naMHTH, MO)KeT 6bITb npoCMOTpeHa nOJib30BaTeJieM B 
rpaq:>H'IecKoM HJIH 'IHCJIOBOM BH,ne. ,[(JUI sroro c03,natta nporpaMMa NDVI. Otta 
no3BOJIHeT BblBO.nHTh HHq:>OpMaUHIO B BH,ne O,nHOMepHbIX rpaq:>HKOB HJIH HX 
Ha6opoB, B BH,ne noBeXHOCTeii HJIH KapThI YPOBHeii (ynpomeHHaJI aHaJIOrIDI JIHHHH 
ypoBHeii 'Ha uaeTHOM .nHCilJiee). Ilpe.nycMoTpeHa TaK)Ke B03MO)KHOCTb BbIBo,na 
rpaq:>HKOB Ha ne'Iarn10111ee YCTpOHCTBO HJIH KOilHpoBaHHe '!aCTH rpaq:>HKa B (j:)aiiJI B 
(j:)opMare, npHro,nHOM .nIDI noCJie,nYJOmero HcnoJib3oBaHIDI ero B naKeTax 
HJIJilOCTpaTHBHoii rpaq:>HKH (GRAPHER, SURPHER), Koropb1e no3BOIDIIOT 
nonyqaTh BhlCOKOKa'!eCTBeHHoe H306pa)KeHHe Ha Pa3JIH'!HbIX rpaq:>H'!eCKHX 
yCTpoiiCTBax. 

B npouecce npoCMOTpa ,naHHbIX, HaKOilJieHHbIX OT .nereKTOPHbIX CHCTeM, B 
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rpa(j:)HYJecKoM BH.ne nporpaMMa NDVl no3BOIDieT cpaBIDIBaTh cneKTPhl OT pa3HhlX 
,nereKTOpOB HJIH OT 0,11.HOfO ,nereKTOpa, HO COOTBeTCTBYJOIIIHe pa3JIH'IHhlM MOMeHTaM 
BpeMeIDI. Mo)Kffo o6'be,nHHHTb Ha 3KPaHe ace cneKTPhI, nonyqeHHhie OT 0,11.Horo 
,neTeKTOpa, H TilKHM o6pa30M npoCJie,nHTh SBOJIIOUHIO cneKTPa BO BpeMelDI. 
IJOJlb30BaTeJib HMeeT B03MO)KHOCTb B HHTepaKTHBHOM pe)KHMe BbI,neJIIITb 
HHTepeCYJOIIIHe ero nHKH H nocYJHTaTb nx riapaMeTphl (noJIYWHPHHY, · BbICOTY, 
noJIO)KeHne, IlJIOilla,nb HJIH o6'beM) - 3TO OTHOCHTCH H K O,nHOMepHhlM, H K 
,nB}'MepHhlM IlHKaM. Pe3YJibTI1Thl TaKOfO C'IeTil aBTOMaTHYJeCKH MOryT 6b1Tb 
BhlBe.neHhl B TeKCTOBblH (j:)aifu HJIH iienocpe,nCTBeHHo Ha neYJaTa10111ee yCTpoiiCTBo. 

4.YnpaBJiem1e o6opy,n:oBrurn:eM ,n:Hq>paicroMerpa 

YnpaBJieHHe rmaTq:>OpMaMH, fOlDIOMeTpOM, CTilTOpOM q:>ypbe-npepbIBaTe.IDI, 
ne'IblO OCYilleCTB.IDieTCH c noMOIIIblO ,nayx MHKPonpoueccopHblX 6JIOKOB(9,10] B 
CTaH,napre KAMAK OT KOMilbIOTepa B. YCTpOHCTBO ynpaBJieHIDI H nporpaMMa 
NDC no3BOJIHIOT pa60TI1Tb c MexaHHYJecKHMH yCTpoHCTBaMH ,nHq:>paKTOMeTpa, 
HMelOIIIHMH ,naT'IHKH noJIO)KeHIUI HJIH C ' yCTaHOBJieHHhIMH Ha . HHX KOHUeBhlMH 
BblKJIIO'IaTeJIHMH. Ilepe,n pa60TOH. c, KaKHM-JIH6o MOTOPOM Heo6xo,nHMO, YJT06bI 
nporpaMMa NDC HMeJia HHq:>opMaUHIO · o TeKYIIIeM noJIO)KeHHH ocH BbI6paHHoro 
MOTOpa. ,[(JUI STOro MO)KHO C'!HTaTb KO,n ,naTYJHKa noJIO)KeHIDI, nyreM BhlilOJIHeHIDI 
onepaunn HlDIUHaJIH3aulm, HJlll BbIIlOJllDITh npoue.nypy ycmHOBKH OCH· B HCXO,nHoe 
noJIO:lKeHne. ABTOMaTH'!eCKH onpe,neJIIITb nOJIO)KeIDie OCH ·He' acer.na B03MO)KH0. B 
TaKHX CJIY'IaHX nporpaMMa NDC no3BOIDieT noJlb3oBaTeJIIO BBeCTH c KJiaBHaTYPbI 
3HaYJeHHe yrna, xapaKepH3YJOIIIero noJio)KeIDie OCH BbI6paHHoro Moropa. 

MHKponpoueccopHbIH 6noK, ocYIIIeCTB.IDIIOIIIHH Henocpe,nCTBeHHoe 
ynpaBJieIDie ne'Ih10, BMecre c nporpaMMoii NDC BhlilOJIHHeT CJie,nYJOIIIHe q:>yttKUHH: 

- HarpeBaIDie HJIH OXJia)K,neHHe C MaKCHMaJibHO B03MO)KHOH CKOpOCTblO; 
- HarpeBaHHe HJIH OXJia)K,neIDie C 3a,naHHOH CKOpOCTblO; 
- HarpeBaIDie C Q)HKCHpOBaHHhIM HanpIDKeIDieM Ha Harpeaarene; 
- CTa6HJIH3aunio TeMilepaTYPbl 06pa3ua Ha 3a,naHHOM ypOBHe; 
- perncTpaUHIO H HaKOilJleHHe BO BHYTpeHHeM 6y(j:)epe MHKponpoueccopHoro 

6JioKa rpaq:>nKa H3MeHeHIDI TeMilepaTYPbl o6pa3Ua BO BpeMeHH. 
IlporpaMMa o6ecneYJHBaeT- 3KCTpeHHoe OTKJIIOYJeIDie IlHTilHirn OT neYJH no 

KOMatt,ne noJib30BaTeJIH HJIH no ,noCTH)KeHHH 3apattee 3a,naHHoro aepXHero npe,nena 
TeMnepaTYPbl. fpaq:>HK TeMnepaTYPbI MO)KeT 6hlTh C'!HTaH. B KOMilblOTep H 3anHCaH B 
BH,ne (j:)aiiJia. B cnyqae BbIIlOJIHeHIUI cepHH H3MepeHHii B aBTOMaTH'IeCKOM pe)KHMe 
rpaq:>HK TeMnepaTYPbl coxpaHHeTCH B BH,ne OT,neJibHOro (j:)aiiJia O,nHOBpeMeHHO C 
(j:)aiiJiaMH 3KCnepHMeHTaJibHOH HHQ)OpMaunn. . 

YnpaBJieHHe peq:>pH)KeparopoM OT KOMilblOTepa BbIIlOJIHHeTCH qepe3 
noCJie,noaareJibHhlH HHTep(j:)eiic. PeaJIH3auIDI anropHTMa peryJIHpOBaHIDI 
OCYIIIeCTB.IDieTCH MHKponporpaMMHbIM yCTpOHCTBOM ynpaBJiemrn. IlOJlb30BaTeJIIO 
,nOCTynHbl . KOMUH,nbl, o6ecne'IHBUIDIIIHe ,noCTH)KelDie 3a,naHHOH TeMilepaTYPbl 
o6pa3Ua c YKa3UHHOH CKOpOCTblO HJIH B COOTBeTCTBHH c nponopunoHaJibHbIM 
3UKOHOM. Ilo ,noCTH)KeHHH 3a,naHHoii reMnepaTYPhl yCTpoiiCTBo ynpaBJieHIDI 
o6ecne'!HBaeT ee cm6HJIH3aUHIO Ha .noCTHrttyTOM ypoBHe. IloMHMo SToro 
nporpaMMa NDC no31JOIDieT nyreM nepno,nHYJecKoro C'IHTblBaHIDI noKa3aHHH 
,naTYJHKa pernCTpHpOBaTb H coxpaHHTb rpaq:>HK H3MeHeHIDI TeMilepaTYPbI o6pa3Ua B 
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npouecce BbIIlOJIHeHIDI peq>pIDKeparopoM KOMaH.ZU>I BblXO,Zla K 3a.z(aHHOH 
n:Mnepa-rype o6pa3Qa c )'Ka3aHHbIMH napaMeTpaMH. fpaq>HK H3MeHeHIDI 
TeMnepa-rypbI, noJIYlieHHbIH OT ycrpoitCTBa ynpanrremm: ne%IO rum peq>pIDKeparopa, 
MOX<eT 6blTb npe,n;craBJieH B rpaq>H'JeCKOM mm 'IHCJIOB0M BH,Zle. 

Ilpe,ZlcraBJieHHruI B pa60Te CHCTeMa llBTOMaTH3aQHH ycneUIHO 
q>yHKIIHOHHpyeT c KOHQa 1992 r. Ha yCTaHOBKe B IllTilTHOM peX<HMe IlpOBO,ZlHTCH 
q>H3H'JecKHe SKcnepHMeHTbI. 

B 3aKJIIO'IeHHe rurropbl CTfflTaIOT CBOHM ,ZlOJirOM Bblpa3HTh 6naro.napaoCTb 
B.JI . .AKcettoBy 3a i:10.n.nepX<cy H nocromaoe BHHMaHHe K pa60Te, AM.lianarypoBy H 
B.f.CHMKHay 3a IlOMOIQb B pa60Te H IlOJie3Hble o6c}'X(,ZleHHH.-. 
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