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BBEAEHHE 

~I: An~ peanH3a4HH 3aAa4 perynHpoaaHHA ace 60nbWe H UOnbWe HC
nOnb3Y~TC~ MHKpOnp04ecCOpH~e CpeACTaa. 3THMH me cpeACTaaMH MO*HO 
pewaTb 3aAa4H npH aaTOMaTH3a4HH HaY4H~X 3KcnepHperynHpoBaHH~ 

MeHToa. 
AaHHa~ pa60Ta npeACTaBn~eT pe3ynbTaT~ paapa60TKH 4enH perynH

poaaHH~ TeMnep~TYPW B KpHCTanne KpHCTann-~H$paK4HOHHoro cneKT
pOMeTpa. 

l 
1. KOH$HrYPAUl--Uf'{ 
npH pa3pa6oTKe 4enH perynHpoaaHH~ Hcnonb30BaH~ HMe~~Hec~ a Ha

nH4HH TeXHH4eCKHe cpeAcTBa/ 1• 2/. B 4enH Hcnonb3Y~TCA: Aun /3neKT
POHHbll1 õnox AJl~ npHeMa AaHHblX OT nonynpoeonuaxoaor-o H3MepHTenb
~oro 3neMeHTa/3// H 6noK ynpaaneHH~ perynHpY~~HM 3neMeHToM. npH
MeHAeM~e n03aonR~TnonynpoBoAHHKH perHcTpHposaTb TeMnepaTYPY 
c MHHHManbH~M H3MeHeHHeM B 0,02°. 

nepaMI1 BXOA Aun Hcnonb3yeTc~ An~ perHCTpa4HH TeMnepaTypHo~ 

nOMeXH, KOTOPY~ MorYT KoppeKTHposaTb CHrHanbl Ha BXOAe peryn~To
pa /BKn~4eHHe napa3HTH~X aenH4HH/. 

BTopo~ BXOA Aun Hcnonb3yeTcA An~ perHCTpa4HH TeMnepaTypbl 
KpHCTanna. YnpaaneHHe TeMnepaTYPol1 npOH3aOAHTC~ c nOMO~b~ UAnlil ' npH HanH4HH 1024 perynHpY~HX waroa H3MeHeHH~ TOKa HarpeaaHHA 
s aaanor'oeo« npeoõpaaoaarene , 6nOKH CSA3aHbl c MHHH-3BM "MEPA-()O"

~ 
4epe3 KAMAK.~ 

,j nepH<t>epH~Hoe YCTpOI1CTBO "4BeTH0I1 MOHHTOp", nOAKn~4eHHoe 4e
pe3 MHKponpo4eccop 18080, n03son~eT 'HarnAAHO Hnn~CTpHpoaaTb,.J S pemHMe ON-LINE, npo4ecc~ perynHposaHH~ H H3MeHeHH~ TOKa Harpe
BaHH~. 

KpOMe 3Toro, <t>al1n~ c H3MepeHH~MH AaHHwMH MomHO xpaHHTb Ha 
BHeWHHX YCTpo~cTBax MHHH-3BM /Floppy Disk/. 

,I 
f, 2. PEAfl~3AU~~ A~CKPETHOrO PErYnHTOPA 
~ 

Ha pHc.l. H306pa*eHa o~aA cxeMa l~enH perynHpoBaHHA • ~I 
•..1 3BM MEPA 60/30 n03Bon~eT B pe*HMe peanbHorb apeMeHH 4HKnH
,I 

'\' 4eCKHe npep~BaHHA An~ C4HT~eaHHA AaHH~X c 6nOKa KAMAK. 
I 

;~~C15de'lm~ü KHCT~. I© 06'be.mmeHHbIH HHCTHTYT ,., ~~fiJI&'t?:_ltira 1986, 

~L"'I"" re« .,d"t',"""",-'" ... 
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PHC.t. CXeMa npOXO~eHHR CHr


aana uena perYJIHPOBaHHR


LFI~ y I t BXOP;( W, z l' z 2 ), t BhIXOP;
 
(y) I. y - perYJIHPye.MaR BeJIHtIH~ na , u - perYJIHPY1O~aR BeJIHtIHHa, 
w - 3 anaiomaa BeJIHtIHHa, e - OT

KJIOHeHHe perYJIHPyeMoR BeJIHtIHHhI, z1 - B03Mym;arom;He B03p;eHCTBHR, 

FR - nepexomraa q,YHK~HH perYJIRTOpa, F s -, nepexormaa q,YHK~HR 
06~eKTa perYJIHpOBaHHH. 

MaTeMaT~4ecKa~ o6pa6oTKa A~cKpeTH~X AaHH~X npo~cXOA~T c no
MO~b~ peKypc~BH~X pa3HocTH~X ypaBHeH~A: 

v v 
u (k) = 2 q i e (k - i) + 2 p. u (k - j); /1 /
 

1=0 j=O J
 

u - peryn~py~~a~ Ben~4~Ha; e - OTKnOHeH~e peryn~pyeMo~ Ben~4~H~; 

k - war; q1 • P j - K03<l><l>~,",~eHTbl peryn~Topa •. 
nOp~AOK p'eryn~Topa 3aB~C~T OT ~HAeKcoB i ~ j K03<l><l>~Q~eHToB. 

06~a~ nepexOAHa~ <l>YHK,",~~ An~ A~cKpeTHoro peryn~Topa nonY4aeTC~ 

nocne np~MeHeH~~ TpaHc<l>opMa,",~~ z. B AaHHOM cnY4ae Hcnonb3Y~Tc~ 

peryn~Topbl: 
1/ rana P I D c onT~M~3~poBaHHbIM~ napaMeTpaM~, pa60TalOllJ.~~ 

B A~cKpeTHoM pe~~Me; 

2/ T~na DEADBEAT BToporo nop~AKa. 

H~~e np~BeAeHW cooTBeTcTBy~~~e nepeXOAH~e <l>YHK,",~~ 3T~X pery
naropoa: 

-1 -2zu(z) qO+ql +q2 z 
Fp ID (z) /2/e(z) 1 - z-l 

qO+ q lz-l+ q2 z-2 
FD B (z) /3/

u(z) 

e(z) -1 -21 -'Pl z - P2 z 

Hcnonb3Y~ <l>OPMynbl /2/ ~ /3/, MomHO nonY4~Tb peKypC~BH~e pa3HOCT
Hble ypaBHeH~~: 

u(k) = Pl u(k-l) + P2u(k - 2) + qoe(k) + qle(k-· 1) + q26 (k _ 2). /4/ 
np~ 3TOM An~ peryn~Topa T~na PID K03<l><l>~~~eHT~: 

Pl = 1, P2 = 0, /5/ 

~ n03ToMY ypaBHeH~e /4/ CQKpa~aeTC~. 

.an~ A~CKpeTHoro peryna ropa T~na.P I.D K03<l><l>~,",~eHT~ q i / i =0, 1 ,2/ 
Heo6xoA~MO onT~M~3~pOBaTb. np~ B~6ope Kp~Tep~~ onT~M~3a,",~~ S 
aaxuo> Y4Y1TbIBaT.b noaene-me peryn~pYlo~e~ Ben~4~Hbl /4/, 

n . 

8
2= 

2 [e
2 (i ) + r,ó,u 2 (i ) ] ; /6/ 

i = O 

2 

eO) - OTKnOHeH~e peryn~pyeMo~ Ben~4~H~, ,ó,uO) - ~3MeHeH~~ pe
ryn~py~~e~ Ben~4~H~, r - K03<l><l>~,",~e~T /0,1 ••• 0,25/. 

napaMeTpbl perynRTopa DEADBEAT 3aB~C~T OT 06DeKTa peryn~poBa
H~R. B AaHHOM cnY4ae 06DeKT peryn~poBaH~R ~MeeT cneAY~~y~ nepe
XOAHY~ <l>YHK,",~~: 

b z-l 

F (z) = z-l1 + a 2 z -2 /7/
1 + ai 

n03TOMY K03<l><l>~,",~e~T~ perynRTopa T~na DEADBEAT Bblrn~A~T cneAY~
~~M 06pa30M /4/:
 

1
 
qo = -, P 1 = b 1qo 1,
b 1 /8/ 

ql = a 1q o· P 2 =. b 2qo = O, cb 2 :z: O. q2'= a 2 qo , 
H3 /5/ B~AHO, 4TO CTPYKTYP~ nepeXOAH~X <l>YHK,",~~ peryn~TopOB T~na 
PID H T~na DEADBEAT B AaHHoM cnY4ae 0A~HaKOB~. 06a peryn~Topa 
OTn~4a~TCR TonbKO napaMeTpaM~. 

3. 3MynHPOBAHHE npOUECCA PErYnHPOBAHH~ 

np~ npoeKT~pOBaH~H perynRTOpOB Bce 4a~e ~cnonb3Y~TC~ 3BM. 
B AaHHO~ KOH<l>~rypa,",~~ /p~c. 1/ ~MeeTC~ B03MO~HOCTb np~MeHeH~~ 
rpa<l>~4ecKHx cpeACTB AnR ~306pa~eH~~ np04ecca peryn~pOBaH~~. 

AaHH~~ o6DeKT peryn~poBaHHR o6naAaeT 6onbwo~ peaK,",~~, T.e. 
KOHCTaHT~ BpeMeH~ paBH~ COOTBeTCTBeHHO: Ti = 34 M~H, T = 22 M~H.

2
n03TOMY 3KcnepHMeHTanbH~~ nO~CK napaMeTpoB perynRTopa 3aTpYAHeH. 

npo,",ecc npoeKTHpoBaH~R perynRTopa c nOMO~b~ 3BM nOKa3aH Ha 
pHc.2. 3TOT np0,",ecc Mo~eT nOBTop~TbC~ B ,",~Kn~4eCKOM pe~~Me. 

4. nOnY4EHH~E PE3YnbTAT~ 

06DeKT peryn~poBaH~R ~AeHTH<l>~,",~pOBaH B COOTBeTCTB~~ c ~3no
~eHH~M B pa3A.3: ' 

K 8 

F.(p) ~ (1+ T TeP)
tp)(l+ 

, K O 1" eA.~3M.TeMnep. 3" 22rAe 8 = ,"t , Ti = "t M~H, T = M~H; 
eA.~3M.ToKa Harp • 2 

COQTBeTcTBy~aR nepexoAHaR <l>YHK,",~~ T~na z: 

-1 
F8 (z) = b 1 z 

i + a z-l+ a z-2 
1 2 
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" 

HgeHTH~HKa~HH OÕ~eKTa perynHpoBaHHH Ha OCHOBe AaHHb~, 

nony~eHHMx 3KCnepHMeHTanbHO. OnTHMH3aQHH rrapaMeTpOB 
OÕ~eKTa perynHpoBaHHH c nOMo~bro SIMPLEX-anropHTMa. 

Bsiõop HCXOAHhIX napaxe-rpoa AHCKpeTHOrO per-yrta-rop a PID 
H gnHTenbHOCTH CKaHHpOBaHHH. 

't 
BblÔOP nYTH 3MynH~HH nepeXOAHOH XapaKTepHCTHKH rro 3a
AaHHOH BXOAHOH BenH~HHe HnH no B03My~aro~M B03AeHCTBH
HM H BblÕOp MeCTa sxorra nOMeXH. BMÔOp xapaKTepHCTHKH 
B03My~aro~x B03AeHCTBHH: 

ai CKaqKOOÔpa3HqH nOMexa;
 
õl CHHycoHAanbHaH nOMexa;
 
BI p earrsnue nOMeXH.
 

,
 

Bsrsacneaae npoue.cc a per-vrrapon aHHH 
aKQHH perynHpyeMoro oô~eKTa. 

H30õp~eHHe - Ha ~BeTHOH AHcnneH. 

H onpezreneaae pe

. 
OnTHMH3a~HH napaMeTpOB perynHTopa c nOMo~bro SIMPLEX
anr-opa-rna AnH crryxaen H3MeHeHHH 3aAaHHOH aermxansr 
H B03MY~aro~X B03AeHCTBHH. 

B~~HcneHHe rrpo~ecca perynHpoBaHHH H onpeAeneHHe peaK
~HH perynHpyeMoro oô~eKTa c OnTHMH3HpOBaHHb~H rrapa-
MeTpaMH perynHTopa. H30õp~eHHe - Ha QBeTHOH AHcrrneH. 

Hcnsrranae cnpoex-raponaanor-o per-ymrropa B pearrsnux 
.. ycnOImHX • 

PHc.2. rrpo~ecc npoeKTHpOBaHHH perynHTopa. 

npl;1 BpeMeHI;1 CKaHl;1pOBaHI;1R To = 4 MI;1H: b 1= 6,4466'10 -4, 

ai = -1,7228 010° ,a 2 = 7,4121,10- 1 • Hcnonb30BaH peryriarop runa 
PID co cneAYIOll\I;1MI;1 napaMeTpaMIt1:qT = (240 -260 40). COOTBeTCT
BYIOll\l;1e napaMeTpw perynRTopa Tl;1na DEADBEAT qT =(1551 -2672 1150). 
[ÍpaKTI;14eCKaR peanaaauaa peryna'rope runa DEADBEAT c AaHHblMI;1 K03ep
epl;141;1eHTaMI;1 3aTpYAHeHao 

Ha PI;1C o3 nOKa3aH npouecc perynl;1pOBaHI;1R r e-mepa rypa Ha Anl;1Tenb
HOM npOMemYTKe BpeMeHI;1. AnR cpaBHeHIt1R 1;1306pameHa peaK41;1R perynl;1
PYIO~ero 3neMeHTa. 

I;li:
I' 

l' 
~ 

T(t)
22.4

0 1 ~ 
223° 

100% 

2 4 6 16 18 

lli4 

B AaHHOM cnY4ae pa60Tana 4enb perynl;1pOBaHI;1R c T04HOCTblO 
'±0,04° /±2 en , / 1;13MeHeHI;1R perynl;1pyeMo~ Benl;14l;1Hbl. 

OnTI;1ManbHWe napaMeTpw qi perynRTopa ~ BpeMR CKaHl;1pOBaHI;1R To 
6blnl;1 Bbl6paHbl nocne MHOrl;1X 41;1KnoB 3MynR 41;1 1;1 , cornecao Onl;1CaH1;11O 
B pa3Ao3.1;1 npeAcTaBnRIOT KOMnpOMI;1CC MemAY TeOpeTI;14eCKI;1MI;1 Tpe6oBa
HI;1RMI;1 lt1 npaKTI;14eCKI;1MI;1 B03MomHOCTRMIt1 perynl;1PYIOll\ero 3neMeHTa. 
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KpaA3enep ~., Kappam r. PI0-86-348 
Pa3pa60TKa OIITHManbHbiX rrapaMeTpOB rrporpaMMbl - peryiTHTOpa 
THrra P!D Ha MHHH-3BM H peam13a~HH perym1pOBaHHH TeMrrepaTypb! 
B KpHCTaJJIIe ~C 

PerynHpOBaHHe TeMrrepaTypb! B KpHCTaJJIIe KpHCTaJJII-AH«lJpaK~HOH
HOrO CIIeKTpoMeTpa ocy~eCTBIIHeTCH C IIOMO~biD MHHH-3BM.PeanH3a
~HH AHCKpeTHoro perynHTopa THrra PID H THrra DEADBEAT rrpoHcxo
AHT C peKypCHBHb!MH pa3HOCTHb!MH ypaBHeHHHMH.~IH IIOIIy'IeHHH OIITH 
ManbHbiX rrapaMeTpoB perynnTopa THIIa PID Hcrronh3yeTcH 3MYIIHpoBa 
HHe rrpo~ecca perynnTopa Ha MHHH-3BM MEPA-60. Tipo~ecc rrpoeKTH
poBaHHH perynHTOpa C IIOMO~biD MHHH-3BH II03BOIIHeT HaHTH OIITH
ManbHb!e rrapaMeTpbi B HHTepaKTHBHOM ~HKITH"<IecKoM peJKHMe, B AaH
HoM CIIy'!ae peanH30BaHa ~eiib perynHpoBaHHH C TO'IHOCTbiD ±0,04°C 

Pa60Ta BbiiiOIIHeHa B 0Tgene HOBbiX MeTOAOB YCKOpeHHH QliJfH. 

Coo6rueHHe 061.eJJ.HHeHHOfO HHCTHTyTa R)lepHbiX HCCnenoB3HHH. lly6Ha )986 

TiepeBOA aBTOpOB 

Kreiseler D., Karrasch G. · PI0-86-348 
Investigation of Optimal Parameters of Program -
PID - Type Regulator in the Mini-Computer and the 
Temperature Regulation Realization in the CDS Crystal 

The regulation of the temperature in the crystal of cry
stal-diffraction spectrometer is provided with the help of mi
ni-computer. The discret regulation of PID and DEADBEAT type 
is realized with the recursiven difference equation. To recie
ve the optimal parameters of the PID regulator we use the emu
lation of the regulation process on the mini-computer MERA-60. 
The regulator process design permits to found optimal parame
ters in the interactive cycle regime with the help of the mi
ni-computer. 

The investigation has been performed at the Department 
of New Acceleration Methods, JINR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 
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