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HryeH HbH AbeH, POAHOHOB K.r. 
MHKponpoueccopHaH CHCTeMa perynHpOBaHHH 
H CTa6HnH3aQHH TeMnepaTypbl 

PJ0-89-454 

OnHcaHa MHKponpoueccopHaH cHCTeMa perynHpoBaHHH H cTa-
6HnH3aQHH TeMnepaTypbl o6'beKTa. CHCTeMa BKmoqaeT ycHnHTenb 
IlOCTOHHHOro TOKa, pa60Ta.JOIL1HH no IlPHHQHny MOAYnHTOpa-AeMO
AYnHTOpa. Ko3qxpHQHeHT ycHneHHH 100, 1000, 2000. MaKCH
ManbHblH BbDCOAHOH CHrHan + IO B. YcHnHTenb MOUIHOCTH THPHC
TOPHblH • BbDCOAHaH MOUIHOC Tb - 0 .;- 2 KBA. TTHTaHHe ycHnHTenH -
220 B, 50 ru. MHKponpoueccopHblH KOHTponnep c YAaneHHblM 
TepMHHanoM. KonHqecTBO BXOAOB - 8. KonHqecTBO BbDCOAOB -
I. BxoAHoe H BbDCOAHoe HanpHJKeHHe O .;- IO B. 3aAaHHe apeMeHH 
CTa6HnH3aUHH I C .;- 18 q. TTpHBeAeH anropHTM nporpaMMbl. 

Pa6oTa B~nonHeHa a lla6opaTOPHH HeHTPOHHOH ~H3HKH OIDIH. 

Coo61J.{eHHe 06'heJJ;HHeHHoro HHCTHTyTa ,w;epublX Hccne,D.OBaHHH . .Ily6Ha 1989 

TTepeBOA aBTOPOB 

Nguyen Nhi Dien,Rodionov K.G. 
Microprocessor System for Temperature 
Regulation and Stabilization 

PI0-89-454 

Microprocessor based system for temperature regulation 
and stabilization of an operation external object is des
cribed. The system has thP. direct current amplifier work
ing according to modulator- demodulator principle. The 
overal gain is 100, 1000, 2000. The maximum output sig
nal is ±10 V. The power amplifier is a thyristor one and 
its line voltage is 220 V, 50 Hz. The output power is 
O ❖ 2 kVA. The microcontroller has a remote display 
terminal. Data input is 8 and data output is one. Input 
and output voltage is :(0 .;-JO) V. The preselection time 
for stabilization is within I s .;-18 h. The program algo
rithm is given. 

The investigation has been performed at the LaboratorY, 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Rnearch. Dubna 1989 



BBe)l;emrn 

B HaCTOS!l!lee BpeMS! B 113MepeHllS!X Ha HeATpOHHblX TTY4Kax peaKTOPOB JIH1> 
H6P-2 11 H6P-30 11cnonb3Y!OTCS! pa3nl14Hble npOMbllllneHHble YCTPOflCTBa tinsi 
perym1poBaH11st 11 CTa611n113au1111 TettnepaTypbl, Hanp11ttep, perynsiTopbl 
TettnepaTypbl TJ1TTOB III-452,8 + III-4531, np116op peryn11pY!Ollll1fl Tl1na P-133 · 
11 T.tl. 

OaHaKO 3Tl1 YCTpOf!CTBa He o6ecne411B8!0T oonee ~eCTKl1e Tpe60B8Hl1S! 
3Kcnepl1M6HT8, a 11M8HHO: 38,rlaHl1e BpeMeHHoro anropHTMa 113MeHeHl1S! 
TeMnepaTypbl, BP6M6Hl1 CTa611nl138Ul111, tll1CT8HU110HHOro ynpaBneHl1S!. 3TH 11 
apyr11e H606XOtll1Mble tinst 3KCnepHM6HTa 38tl8411 no3BOnSIIOT pemaTb 8BTOHOMHble 
MHKponpoueccopHble perynsiTopbl TettnepaTypbl. H11~e on11cblBaeTcst 
MHKponpoueccopHa>1 c11cTeMa peryn11poBaH11st 11 cTM11n113au1111 TettnepaTypbl, 
BKn!048!01!l8S! Haoop 4'YHKU110HanbHblX onOKOB, KOTOpble 06ecn,e411aaIOT yc11neH11e 
BXOt1Horo c11rHana, nponopu110HanbHoro_TettnepaType, 113MepeH11e 11 aHan113 era 
no 3atiaHHOfl nporpaMMe, Bbl411cneH11e 11 q:,opM11poBKY c11rHana ynpaaneH11>1 
yc11n11TeneM MOl!lHOCTH. ITocnetiHHfl onoK c11noaofl, peryn11pyeT 3atiaHHY!O 
TeMnepaTypy 06b6KT8. 

T M 

1. Yc11n11,enb nOCTO>IHHOro TOKa (YITT) 

[~}={~J-J;~;J-{~k 
~--q,---

P11c 1. 6noK-CXeMa YITT: 

T -Tepttonapa, M-MOt1Yn>ITOp,4Y-t111,w,epeHUl1PY!Ollll1fl yc11n11Tenb, 
Y1,Y2 - onepaUHOHHble yc11n11Ten11, LlM - t1eMOt1Yn>1TOP, r-reHepaTop, 
1>-q,opMl1POBaTenb HMnynbCOB ynpaBneHl1>1 . 

YITT npet1Ha3Ha4eH tinsi yc11neH11>1 c11rHana c TepMonapbl nioooro T11na B 
m11pOKOM tll18TT830He 113M6H6Hl1>1 TeMnepaTypbl. YITT paooTaeT no np11Hu11ny 
MOt1Yn>1Topa -t1eMOt1Yn>1Topa, o6ecne4HB8IOl!lero YMeHbllieH11e Hen11Hef!HOCTl1 
R08ippl1~118HTa yc11neH11>1 11 ,rlpef!q:,a' yc11n11Ten>1 t!O MaKCHManbHO tlOTTYCTl1MOfl 
Ben11411Hbl,Onpet1en>1eMOfl 4YBCTBl1TenbHOCTb!O TepMonapbI.MOt1YnstTOp,nocTpoeHHblfl 
Ha OCHOBe p-MOIT KnI04efl,YMeHblliaeT YPOB6Hb lliYM8 Ha BXO,rlaX K8CKat1a 4Y C 
60nbllil1M BXOtlHl:lM conpOTl1BneHHeM. 4n>I YMeHblli6Hl1>1 Hen11Hef!HOCTH B YITT 
11cnonb3Y6TC>I pa3nl14H8>1 CKBa~HOCTb ynpaBnSl!OlllHX HMnYnbCOB, TaK 4T06bl 
an11TenbHOCTb 11MnynbC8 BKn!046HH>I KnI04a t1eMOt1YnstTopa 6blna M6Hblli6,46M 
an11TenbHOCTb HMnynbca BKnI04eHl1>1 BXOt!HblX KnI04efl. 3TO 3H84HTenbHO YMeHblliaeT 
Hen11Hef!HOCTb 113-38 HCKn!046HH>I KpaeBblX 34'¢>6KTOB. 
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/ >"•.er: c-~ .<~t3A!lviA 
I 



3neKTPl140CKHe xapaKTepHCTHKH YflT: 

-MHHHManbHl::lli BXOaHoH CHrHan : eaHHHUU MKB. 
-MaKCHManbHl::lli BHXOaHOH CHrHan : 10 B. 
-nonRpHOCTb axoaHoro cHrHana: nnroc wnw MHHYC, 
-nonRPHOCTb BHXOaHoro CHrHana : nmoc HRH MHHYC COOTBeTCTBeHHO. 
-KOS4XPH~8HT YC11JI8HHR: 100, 1000, 2000. 
-HenHHeHHOCTb : ~ 0,2% aRR,BCeX awana30HOB, 

YflT Bl,IJ10nHeH B, KOHCTPYKTHBe KAMAK,aaa Ynr pa3M01Jl0HU Ha nRaTe Kft11AK 
2M. KoaifxPmiH8HT YCHR0HHR H3MeHHeTCSI C ITOMOIJlblO nepeKRl04aTem1 TI1 .. rpy6o'" H 
noTeHUHOMeTpOM n2 '"nRaaHo··, ycTaHoaneHHux Ha nepeaHE>H naHenH. 

2. Ycwn11TeRb MOmHOCTH THPHCTOPHUH <YMT) 

➔ J. J 11 K I 111 ~( rP 

~220B 

r ~ ff:PY3KO axoa 

r 
P11c 2. EnoK-cxeMa YMT: 

11 - HHTerpaTop, K - v.ottnapaTop, r - reHepaTop n11nu, Jl1 - :+:aYIJlHH 
MYRbTHBH6paTOP, rp - raRbBaHH40CKOe pa3aeReHHe, DC - o6paTHa9 C8$13b, 
YM - yc11m1renb MOmHOCTH. 

YMT BUITORHR8T CReaYIOIJlHe tYHKUHH: 

- ITpeo6pa3oaaHH8 Hanp9:+:8HH$1 ITOCTORHHOro TOKa B BHXOaHY!O MOmHOCTb. 
YMT 06ecne4HBa8T RHHeHHY!O 38BHCHMOCTb BenH4HHU BHXOaHOH MOmHOCTH, 
auaeRReMoH Ha HarpY3Ke OT Benn4nHu axoaHoro c11rHaRa. 

- raRbBaHn4ecKoe pa3aeneHHe axoaHux 11 BuxoaHHX ueneH. 
YMT ITOCTP08H no npHHUHITY ~30BOro ynpaaneHHR THPHCTOpaMH 4epe3 

OITTPOHHY!O HRH TpaHC~pMaTOPHY!O CBR3b. 

YMT BKnI04aeT cneayromwe tYHKUHOHanbHUe 3neM8HT!:l: 
- 11HTerpaTOP - CYMMHPY0T BXOaHOH CHrHaR 11 CHrHan 06paTHOH CB9311. 
- feHepaTop nnnoo6pa3HOro HanpR:+:eHHR C 4aCTOTOH 100 ru. 
- KoMnapaTop anH cpaaHeHHR c11rHaRa oT BHXoaa HHTerpaTopa c 

nwnooepa3Hl:ffl HanpR:+:eHHeM. CKBalKHOCTb Ha BHXoae KoMnapaTopa 
nponopu110HanbHa Ben11411He BxoaHoro cHrHana. 

- BuxoaHOH THPHCTOPH!:lH ycnnHTenb MOmHOCTblO 2 v.'B. A 

2 

"' 

,,, 

3Re~:Tp1,14eo:ae xap,~1:Tep11crni;11 YMT 

- ITHTaH~e YCHRHT0R$1 : 220 B. 50 ru, 
- ,ll18TT330H BXO,lHOro CHrHana: 0 + 1 B; 0 + 5 B; 0 + 10 B, 
- BHXO,lH89 MOlllHOCTb= 0 + 2 KB.A (B03M0)!'.H0CTb ITO,lKRl04BHHfl MOlllHHX 

BH0ll!HHX THPHCTOpOB ,lR,1 YB0RH4BHJ19 BUXOaHOR MOUlHOCTH). 
YMT BUITORHeH !) BH,le O,lHOro o.~o~:a !) KOHCTPYKTHBB "BH!l!H,!". 

3. MHKponpoueccopHwi KOHTPORRBP <MK> . 

MK H3rOTOBRBH Ha OCHOB8 MHKponpoueccopHOR cep1111 THna KP580 H 
BKRl04aeT tYHKUHOH3Rbm,e '.c>RBMBHT!:l, nov.a3aHH!:lB Ha p11c. 3. 

B 3ReMBHT MIT BXOaJ1T MHKponpoueccop < KP58011K80A), · . CHCTeMH!:lR 
KOHTPORRep, raKTOB!:lR reHepaTop H ~pttnpoaaTeR11 aapecoa. TiaMRTb 
ITTI3Y - 8 KeaRT C aapecauHeH OOOOH + lFFFH npeaHa3Ha4eHa aRR 3an11c11 
nporpaMMU MOHHTopa, nporpaMM!:l cepattca H nporpattMu nORb3oBaTeRR. ITattRTb 
031/ - 4 K6af1T ( KP537PY2 l c aapecau11e11 2000H + 2FFFH ncnonb3Y8TCR aRR 

onepaT11BHOf1 11H~PM8UHl1. 4T8Hl18 11H~PM8Ul111 C AUIT B M11~:ponpoueccop 11 
38ITl1Cb 11H~PM8UHH B UAIT 113 MHKponpoueccopa npOH3B0,lHTC$1 48P83 nopT!:l 
napaRReRbHOro 11HTep~Hca ITAl1 ( KP580BB55 > a pe:+:11Me O. KoHTPORnep 
no3aonReT 11cnoRb30BaTb AUIT T11na K1107ITB2 <8 611T) HRH K1113TIB1 (10 611T) 
11n11 pa60Taiom1111 Ha ocHoae UATI 12-6HTH!:lH AUIT 11 UATI T11na ,K594ITA1. TaHMep T 
<KP580B1153) o6ecne4HBaeT 3aaaH11e apetteHHoro aRrop11rMa a nporpaMMe 
nonb30BaTeRR. TepMHHaR LI THna VIDEOTON yaaReH OT MK Ha paccTO>IH118 ao 
1000 MeTpOB 49pe3 nocneaoB.:nenbH!:lH 11HT8P~Rc (TIOl1) c TOKOBOH neTR8H. B 
KOHTponRep axoaHT 8-KaHaRbH!:lf1 aHaJJOrOB!:lH MYRbTHITRev.cop c nporpaMM11PY0M!:lM 
11 PY4H!:lM ynpaaReH11eM. A,11peca ~:oMaHa np11ae,aeH!:l a Ta6n11ue 1. 

Mn 

PHc. 3 . EROK-CXeMa MK. 

XapaKT8Pl1CTHKl1 MK 

- KoRH48CTBo axoaoa : 8. 
- Kon114ecrao auxoaoa: 1. 

BxoaHoe HanpR:+:8Hl18 : 0 +10 B. 
BuxoaHoe HanpR:+:eH11e : 0 +10 B. 
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- BpeM9 npeo6pa3oaaH11q : 0.1 MKC <Kll07ITB2>, 30 MKc<apyr11e AUITJ. 
- PacCT09HH8 ao T8pMHHaDa: ao 1000 M. 
-CKopocTb nepeaa411 : 1200 6oa. 
- 3aaaHH8 apeMeHH CTa6HDl13aUM11 : l C + 18 4. 

MK H3rOTOBD8H Ha oaHofl nDaTe KPJ1AK B 110ayne 211. Ha nepeaHeH naHem1 
pacnoDo:f:eHbl KHonv.a PY4Horo ynpaaneHH9 MYDbTHITDe,:copa, ero 1rna1n:au11si 11 8 
BXOaHl:IX pa3b8MOB TMna LEMO. 

Ta6DMUa 1 . A,rl;peca KOMaHa 6DO,:a MK 

I 

Aapec 

0004 H 
0014 H 

0020 H 
0021 H 
0022 H 
0023 H 

/----------
003C H 
003D H 
003E H 
003F H 

0040 H 
0041 H 

0057 H 

0058 H 

005D H 
005E H 

0070+007F 

~YHKUl1$! 

4T8Hl18 11 3anI1Cb aaHHblX 
4T8Hl18 H 3aITl1Cb CTaTYCHOro CDOBa H 
CDOBa ynpaBD8HH$! 

3arpy3Ka C48T411Ka 0 
3arpy3Ka C48T411Ka l 
3arpy3Ka C4E>T4HKa 2 
3an11cb H 4TE>HHe CTaTYCHoro CDOBa H 
cnoaa ynpaaneH11:;i ansi ra1111epa 
----------------------------------
3an11cb 11 4TeH11e aaHHl:IX 4epe3 nopT A 
3an11cb 11 4T8Hl1e aaHHblX 48P83 nopT 8 
3anl1Cb 11 4T8Hl18 ~aHHblX 48P83 nopT C 
3an11cb H 4T8Hl18 CTaTYCHoro CDOBa 
11 CDOBa ynpaBD8Hl19 anq nopTOB A. B, C 

3an11cb aapeca aenopa npep1:IaaH119 
11 CTaTYCHOro CDOBa 

%PMl1POB8HHe Cl1rHaDa pa3p81l18Hl19 
nycv.a C48T4HKa 1 Ta1111epa 
%p1111poaaH11e c11rHana pa3pellleH119 
ITYCKa C4eT411K8 2 TaHMepa . 

%p1111poaaH11e c11rHana nycKa AUIT 
%p1111poaaH11e c11rHaDa npoaepv.11 
KOHUa npeo6pa3oaaH1rn AUIT 

81:I60p 1 113 8 Bxoaoa MYDbTl1ITD8KCOpa 
a nporpa11M11pye11011 pe:f:HMe 
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3D8!18HT 

KP58011K51 

KP580B1153 

KP580BB55 

KP580BH59 

KP580B1153 

AUIT 

MAB-08F 

;1 -, 

I 
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4. ITp11MeHeH11e Cl1CT6Mbl B 3KCrrep11M6HTe 

jaHHa:;i Cl1CT8118 np1111eH98TC9 anq peryn11poaaH119 11 CTa611Dl13aU1111 no 
3aaaHHOMY anrop11TMY B 3KCnep11MeHT8 no cneKaH11ro BblCOKOTeMnepaTYPHOA 
caepxnpoaoaqme11 v.epaM11v.11 B rrpouecce oK11cneHJ19 Mea11 Ha nyqKe -Hef!TPOHOB 
116P-2. 8 Ka48CTB8 HarpeaaT8Jl9 11CIT0Db3Y8TC9 3Jl8KTPOIT84b C 
HOMl1HaJJbHOl1 MOIUHOCTb~ 3 KB.A, 220 B. TeMnepaTYPa peryn11poBaHl19 11 
CTa611Jll13au1111 0 + 1000 C. 8 Ka4eCTB8 113M8Pl1T8Jl9 TeMnepaTYPbl 11CITOJlb3Y8TC9 
TepMonapa nnaTJ1HOpoa1111-nnaT11Ha nn1. 6JJOKl1 Cl1CT8Mbl pacnoJJO:f:8Hbl B 
3KCnepHM8HT8JlbHOM 3aJJe l16P-2 Ha paccT09Hl111 OKOJIO 20M OT HarpeaaT8Jl9. 
YnpaBJJ8HHe Cl1CT8MOA npOl13BOal1TC9 C yaaneHHOro T8PMl1Hana B 113M8Pl1T8JlbHOM 
U8HTpe AH~ /pMc.4/. 8 YK83aHHOM a11ana30H8 B pe:f(HM8 CTa611Jll13aUl111 no 
ynpomeHHOMY anrop11TMY OTKJIOH8Hl18 OT 3aaaHHOA TeMnepaTYPbl He npeBbllllaJIO 
0.2% . 

MK 

==--r:7 ::~~ -C_J20M 
06bEKT B+-//-t 

600M 
T E}6~----

P11c.4. 6JJOK-CXeMa CHCT8Mbl perYJJHPOBaHl19 11 CTa611Jll13aU1111 
TeMnepaTYPbl-

T-T8PM11H8JI, MK-M11KponpoueccopHbll1 KOHTPOJJJJep, YITT-YCl1Jll1T8Jlb 
ITOCT09HHoro· TOKa, YMT -yc11JJl1T8Jlb MOIUHOCTl1 Tl1Pl1CTOPHblA. 

5. ITporpaMMHoe ooecne4eH11e_ 

YpaBHeHMe Tennoaoro oaJJaHca yrrpaBJl98MOro 06b8KTa MO:f(HO npeacTaBl1Tb 
B np116JJl1:f:8HHOM B11ae: 

I= Cl.e + C2.f e dt ; e =To -Tx, 
r~e I -ToK· 4epe3 HarpeBaTeJJb, 

To -3aaaHHa9 TeMnepaTYPa cTa611Jll13aU1111,_ 
Tx -TeKymaq TeMnepaTYPa, 
Cl, C2-K03qqMl.ll16HTbl, B8Jll1411Hbl KOTOpblX 3aBMCHT OT 

xapaKT8Pl1CTl1Kl1 nepeaaT04HOl1 ~YHKUl111. 
nnq nporpaMMMPOBaHl19 Ha H3blK8 ACCEM6AEPa 11CITOJlb30BaJJC9 cneaYIDl!ll1A 

anrop11TM Cp11c.5>. 
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(crPYT-) 
381laHJ1e To 

4TeH11e TX C AUn 

Bhl411CReHl1e Je dt Bhl411C]eHl1e e 

+ 13HaK fe 3HaK e 

Cl=C2= 0 Cl=Ao,C2=Bo C1=A1 ,C2=81 Cl=A2,C2=82 

I= Cl.e + C2.f e dt 

3anl1Cb B UAn 

HET I I LIA 
3anpoc npep~aH11q 

HET I 3anpoc 
OT 1<RaB11aTyphl 

3aaaH11e spe11eH11 
cTao11m13au1111 

noanporpa1111a 

P11c. 5 . ARrop11r11 nporpa1111~ cTa~11R113au1111 re11neparypN. 

B 38K]J04eHJ1e a.BTOphl 6RaroaapqT 
nol1011Ib B paooTe H r.M.M11pOHOBy 
nposepHTb CHCTel1Y B 3KCnep1111eHTe. 

B.P.T11rn11Ha 3a nocToqHH~» 11Hrepec 11 
3a npeaocTaB]eHHYIO B03!10~HOCTb 

PyKOITl1Cb ITOCTYITl1Ra B 113~aTe]bCK11~ OT~eR 
20 11roHH I989 ro~a. 
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