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Bo MHorHX ~3H4ecKHx H XHMH4eCKHX 3KcnepHMeHTax He06xoAHMO 
H3M~peHHe H perynHpoBaHHe TeMnepaTYp~ 06oeKToB, HMe~HX pa3
n~4Hy~ TennoeMKOCTb. B HacTo~~ee BpeM~ c~ecTBY~T MeTOAW H np~
60Pbl, H3Mep~~~He TeMnepaTypy 06oel<Ta AOCTaT04HO T04HO ill, OAHaKO 
3aAa4a perynHpoBaHH~ TeMnepaTypbl 06oeKTOB pa3n~4HOH TennOeM
KOCTH H HHep~HOHHOCTH OCTaeTC~ aKTyanbHOH. 06~4HO AaT4HK HaXO
A~TC~ Ha YAaneHHH OT HarpeBaTen~, 4TO npHBOAHT K 3ana3AblBaHH~ 
TepMOKOMneHCa~HH; KpOMe TOrO, CHrHan AaT4HKa nOABepmeH AeHCTBH~ 
HaBOAOK. 3TH npH4HHW npHBoA~T K yBenH4eH~~ OTKnOHeHH~ TeMnepa
TYPbl 060 eKTa OT 3aAaHHorO 3Ha4eHHR H K B03HHKHOBeHH~ Kone6aHHH 
B KOHType perynHpoBaHHR. 

B AaHHOH CTaTbe onHcaH np~60p B CTaHAapTe KAnAK, npeAHa3Ha
4eHHblH An~ pa60Tbi C 060eKTaMH pa3nH4HoH TennoeMKOCTH H HHep
~HOHHOCTH, B KOTOPOM AnR CHHmeHHR oTKnoHeH~~ TeMnepaTYPbl 06oeK
Ta OT YCTaHasnHBaeMoro 3Ha4eHHR H AnR YCTpaHeHHR Kone6aHHH 
B KOHType perynHpoBaHHR Hcnonb30BaH nponOP4HOHanbHO-HHTerpanbHO
AH!IKIlepeH~HanbHblH MeTOA perynHpoBaHHR /2/. YnpaBnR~~HM B03AeHCTBH
eM Ha 060eKT RBnReTCR CYMMa CHrHanOB nponOP4HOHanbHoro YCHnHTe
n~, HHTerpHpy~~ero H AH!IKIlepeH~Hpy~ero 3BeHbeB. 

$YHK~HOHanbHaR cxeMa npH60pa npeACTaBneHa Ha p~c. 1. npH60p 
BKn~4aeT B ce611 TepMoAaT4HK t • nHHeHHblH YCHnHTenb flY H cxeMbi 
ynpaBneHHR HarpeBaTenRMH CYHI H CYHII. 

B Ka4eCTBe TepMoAaT4HKa Hcnonb3yeTcR KpeMHHeB~~ AHOA KA514A, 
KOTOPblH nHTaeTCR cTa6HnbHbiM TOKOM. Bbl60p AaHHoro THna AHOAa 
06ycnoBneH ManblMH rafiapHTaMH, 4TO n03BonReT nOMe,~aTb era BHYTPH 
06oeKTa. CHrHan AaT4HKa YCHn~BaeTCR nHHeHHblM YCHnHTeneM flY. 113
MeHeHHeM BenH4HHbi I constycTaHaBnHBaeTcR Ha BblXOAe flY V (t 0) = 0 B 
npH TeMnepaType + 10 ··C.a nOACTpoe4HblM pe3HcTopOM /Ha pHC. 1 He 
nOKa3aH/ nOA6HpaeTCR K03<!l<!lH~HeHT yCHneHH~ TaK, 4TOObi V(t 0) 
=+5 B npH TeMnepaType +60"c .nony4eHHa~ 3aBHCHMOCTb HOCHT nHHeH
HblH xapaKTep H BbipamaeTCR <!lopMynoH 

V(t 0) = t - 10. T . e. TeMnepaTypa o6oeKTa onpeAenReTcR BbipameHHeM 
10 

t" V(t -'J' 11. 	 /1/ 

rAe V (too) H3MepReTCR B Bonb Tax, a to - B rpaAycax llenbcH~. 
HanpRmeHHe V (t 'j) BbiBOAHTCR Ha nepeAHIO~ naHenb 6noKa ~ MomeT 6WTb 
H3MepeHo BonbTMeTpoM, Aun H T.n. 

CYHI H CYHII COBMeCTHO C nOAKn~4eHHblMH K HHM cooTBeTcTBY~~H
MH HarpeBaTenbHblMH 3neMeHTaMI1 Hcnonb3YlOTcR An~ nOAAepmaHH~ 3a
AaHHoH TeMnepaTypbl o6oeKTa. 

CYHI BKnlO4aeT B ce6~ cxeMY cpaBHeHHR,Ha OAHH H3 BXOAOB KOTO
POH nOAaeTcR HanpRmeHHe V(tO) C n~eHHoro YCHnHTenR, a Ha APY
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PHC. I 

rOH - CHI1MaeMOe C relll1nOTa "YCT. TeMnepaTYPbl" - HanpRlKeHHe 
o .,. +5 6. CBR3b Wl<allbi relll1nOTa C 3a,tlaHI1eM HYlKHOH TeMnepaTYPbl 
Ofi'bel<Ta t ;CT Onpe,tlellReTCR BbipalKeHHeM 

N ",20(t O 
- 10).

YCT 121 

r,tle N - 3Ha4eRHe Wl<allbi relll1nOTa. 6 CllY4ae, eCllH TeMnepaTypa 
,tIaT4HKa MeHbwe YCTaHOBlleHHoH. TO pa3HI1ua HanPRlKeHHH, CHHMaeMbiX 
C relll1nOTa, H C BblXO,tla llHHeHHoro YCHlll1TellR t1 U(t 0), YCHllHSaeM<lR 
YCI111HTelleM MO~HOCTH,tIO UBblX= 0.;. 23 6, nO,tlaeTCR Ha KOHTPOllbHYIO 
llaMny "HarpeB" 11 HarpeBaTellb I, M~HOCTb I<OTOporo He ,tIOlllKHa 
npeBbiwaTb 25 6T, nOCI<Ollbl<Y AllR HerO Hcnollb3yeTcR nHTaHHe H3 
Kpe"'Ta KAMAK. Cl1rHall Ha BblXO,tle CYHI nponOPUI10HalleH pa3HocTH 
BXO,tlHOrO H YCTaHbBlleHHoro aHa4eHHR. 6ellH4HHa ynpaBllRIO~ero HanpR
lKeHHR paSHa: UBbiX t1 U(tO 

). K - eCllH TeMnepaTypa Ofi'beKTa HHlKe 
YCTaHOBlleHHO"', HllH UBbI~O, eCllH TeMnepaTypa Ofi'beKTa swwe YCT<l
HOSlleHHO"'. 3,t1eCb K K03$$HUHeHT nepe,tla4H, KOTOPbl'" nO,tlfil1paeTCR 
nO,tlCTpoe4HblM pe3HCTopOM H3 YCllOBHR Heofixo,tlHMO'" 4YSCTBHTeJ1bHOCTI1 

CYHI. nOCKOllbKY Ofi'beKTbI, S KOTOPblX perYllHpyeTcR TeMnepaTypa, 
Se,tlyT cefiR KaK $HllbTp HHlKHHX 4aCTOT nepsoro nOpR,tIKa, CYHI 
COBMeCTHO C Ofi'beKTOM ofipaaYIOT nponOP4HOHallbHO-HHTerpallbHbI'" pe
rYllRTOp/2/. HarpeBaTellb I uellecoofipaaHo HcnOllb30saTb ,tIllR Ofi'beKTOB 
Hefiollbwo", TenlloeMKOCTH HllH AllR 60llee T04Horo perYllHpoBaHHR TeM
nepaTYPb/ COBMeCTHO C CYHII. 

~llR perYllHpoaaHHR TeMnepaTYPb/ Ofi'beKTOB fiOllbWO~ TennoeMKOCTH 
Hcnollb3yeTcR CYHII COBMeCTHO C HarpeSaTeJ1eM II, nHTaHHe KOToporo 
ofiecne4HsaeTcR BHeWHHM HCT04HHKOM En.B Ka4ecTBe TaKoro Harpe
BaTellR C coficTBeHHblM HCT04HHKOM nHTaHI1R MOlKHO HcnOllb30BaTb 
TepMocTaT aaaO,tlcKoro H3rOTOSlleHHR, a CYHII nO,tlKll104aTb K He My 
SMeCTO KOHTal<THOrO TepMOMeTpa. 
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CYHII peallH3yeT pelKHM WHPOTHo-HMnYllbcHoro ynpaBlleHI1R TOKOM 
B HarpesaTelle II. 6 cxeMY YnpaBlleHHR HarpeBaTelleM aXO,tlRT KOM
napaTOp K, O,tlHoSHfipaTop 06 H llOrH4eCI<H'" 311eMeHT, ynpaBllRIO~HH 
pafioToH pelle P. KOHTal<TbI pelle nO,tlKll104alOT HarpeBaTellb II I< HCT04
HHI<Y nHTaHHR En' KOMnapaTop cpaBHHBaeT CHrHall UBbix/sblxo,tl CYHI/ 
C llHHeHHo HapacTalO~HM HanpRlKeHHeM Uc .B03MOlKHbI TPH BapHaHTa pafio
Tbi 61101<a IHa pHc.2 npe,tlCTaBlleHbI ,tIBa Ha HHx/: 

1. TeMnepaTypa ,tIaT4HI<a HaMHoro HHlKe lKellaeMoH, T. e. t o « tYCT • 
CYHI BbI,tIaeT MaKCHMallbHoe HanpRlKeHHe 23 B,Uc He MOlKeT npeBblWaTb 
3Toro 3Ha4eHI1R. Ha BblXO,tle KOMnapaTopa nOCTORHHO HaXO,tlHTCR llorH-
4eCI<aR "I", pelle B1<1l104eHO. HarpeBaTellbHblH 311eMeHT II pa60TaeT 
HenpepblsHo, llaMn041<a IJPelle" CBeTI1TCR. 

2. TeMnepaTypa ,tIaT4HKa He3Ha411TellbHO HHlKe lKellaeMoH, T.e. 
to .:::;tYCT ,CYHI Haxo,tlHTCR B al<THSHOM pelKl1Me, HanpRlKeHl1e Ha ero 
BblXO,tle UBblXllelKl1T B I1HTepBalle OT 0 ,tIO 23 B. HarpeBaTellb I SbI
,tIellReT TenllO nponOPUHOHallbHO pa3HOCTI1 YCTaHOBlleHHoro 3Ha4eHI1R 
11 peallbHoH TeMnepaTYPbl 06'beI<Ta. ~R CYHII HanpRlKeHl1e Ha I<OH
,tIeHCaTOpe Uc HapaCTaeT ,tIO 3Ha4eHHR UBbiX co CKOPOCTblO, aaBHCR~e", 
OT nOCTORHHO'" RC.a BpeMR 3apR,tIa t3ap Onpe,tlellReTCR HanpRlKeHHeM 
uBblX.nOClle npeBblweHHR Uc Ha,tl UBbiX KOMnap<lTOp nepeXO,tlHT 113 COCTOR
HHR "I" S "0". 3anYCI<aeTCR O,tlHoBHfipaToP OB, KOTOPbl'" 4epe3 TpaH
3HCTOP pa3pRlKaeT KOH,tIeHCaTOp C 11 BblKll104aeT Ha BpeMR AllHTeJ1b
HOCTH HMnYllbca tOB pelle, ofiecT04I1Ba~~ee HarpeBaTellbHblH 311eMeHT 
II, llaMn041<a pelle raCHeT. nOclle OKOH4aHHR I1MnYllbca O,tlHOBl1fipaTO
pa B030fiHoBllReTcR aapR,tI KOH,tIeHCaTOpa H UI1Kll nO~TopReTcR. HO YlKe 
npl1 YMeHbweHHOM 3Ha4eHI1H UBbiX ,TaK KaK TeMnepaTypa Ofi'beKTa soa
pOClla 6llarO,tlapR pafioTe HarpeBaTellR B npe,tlbl,tly~eM Ul1l<lle. BpeMR 
UHl<ria Onpe,tlellReTCR 

t 
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TaKI-Hot o6.pasOM, npH to ~tYCT· ,qnl1TenbHOCTb SKnlO4eHHOrO COCTO.R HI1.R 
HarpeSaTen~HOrO 3neMeHT~II /a cne,qOSaTenbHO, 11 Cpe,qHI1~ TOK, 
npOTeKa~HH 4epe3 HarpeSaTenb/TeM 60nb~e, 4eM 60nbwe paSHOCTb 
Me~,qy TpeoyeMo~ 11 peanbHO~ TeMnepaTYPoH. 

3. TeMnepaTypa ,qaT411Ka s~e menaeMO~ /Ha pl1c.2 3TOT cnY4aH 
He nOKasaH/ - CYHI BbI,qaeT UBblX"'O. Ha sblxo,qe KOMnapaTopa YCTaHas
nHBaeTC.R norH4eCKI1H "0", pene sblKnlO4eHo, HarpeSaTeJ1bHblH 3ne
MeHT .11 o6ecTo4eH. 

6naro,qap.R npl1MeHeHHIO pe~I1Ma WI1POTHO-I1MnynbcHoro ynpaSneHI1.R 
TOKOM HarpesaTenbHoro 3neMeHTa II ooecne4l1SaeTC.R ,qOCTaT04HO 
nnaSHoe perynl1poBaHl1e TeMnepaTYPbl!3/. CYHII peanl1syeT ,qI1¢11lepeH
~l1anbHOe sseHo TepMoperyn.RTOpa, KOTopoe KOMneHcHpyeT oonbWHe 
11 peSKl1e KoneOaHI1.R TeMnepaTYPbl oo"eKTa. napaMeTpbl CYHII SblOI1
palOTC.R ,qn.R KOHKpeTHoro o6"eKTa TepMoperynl1poSaHI1.R S SaSI1C~1MOC
TI1 OT ero I1Hep~110HHOCTI1: 4eM MeHbwe I1Hep~110HHOCTb - TeM mena
TenbHee OOnbWa.R 4aCTOTa ~I1KnOS nepeKnlO4eHI1.R pene. MaKcHManbHa.R 
4aCTOTa ~HKnos oy,qeT OrpaH11411BaTbC.R peCYPCOM KOHTaKTOB pene. 
An.R OnTI1ManbHOH paooTbi peryn.RTOpa B YCTaHOBI1SWeMC.R peml1Me 
/MOIilHOCTb HarpeBa paSHa paCCel1BaeMOH MOU~HOCTI1 oo"e.KTa/ BpeM.R 
sap.RAa KOH,qeHcaTopa C ,qonmHO paBH.RTbC.R ,qnI1TenbHOCTI1 I1Mnynbca 
OAHOBI10paTOpa taap ,4TO ,qOCTl1raeTC.R BbiOOPOM MOIilHOCTI1 Harpesat OB 
Ten.R II, no,q6opoM RC 11J111 ,qnI1TenbHOCTI1 I1Mnynbca O,qHoBHopaTopa 
/CM. lIlopMyny 3/. 

An.R oOecne4eHH.R oonee CTaOl1nbHOH paooTbi onOKa 3nCMeHTbI cxeMbi 
nOMellleHhl B oTAenbHblH TepMOCTaT, peanl1S0SaHHbI~ SHyTPI1 onOKa KAMAK. 

npl1 paooTe onOKa C peanbHblMH CHCTeMaMH Oblnl1 nony4eHbi cne,qylO
I11l1e pesynbTaTbI: 

a/ npl1 HcnonbSOBaHHH CYHI COSMeCTHO C HarpeBaTenbHblM 3neMeH
TOM MaKCI1ManbHOH MOIilHOCTH 25 BT 11 05"eMOM oo"eKTa 0,5 n TeMne
paTypa nOAAeplKHSaeTC.R Ha sa,qaHHOM YPOBHe C T04HOCTbIO +O,02"C. 

5/ 	npl1 HcnonbSOBaHHH CYHII COBMeCTHO C TepMocTaTo~ ZKI 
/npoHsBo,qcTBa rAP/ H o(Sbel1m1 oG"eKTa 8 J1 TeMnepaTypa no,qAep
~HBaeTC.R 	 Ha saAaHHOM YPOSHe c T04HOCTbIO +0 ,04"c .AononH>1TenbHoe 
no,qKnlO4eHHe CYHI nOSSOn.ReT no,q,qepmI1SaTb TeMnepaTYPY C T04HOCTbIO 
.:!:,0,03°C. 

B saKnlO4eHI1e aBTopbl BbipalKalOT onaro,qapHocTb A. fl. CI1HaeBY, 

M.Ml1naHoBY 11 B.A.XanKHHY sa noneSHble 06cymAeHI1.R H nOMOlilb B pa
50Te. 
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BacaneB n., CanaMaTHH A.B. , PI0-85-l89 
TepMoperynHTop AaH CHCTeM paSnHqHOH TennOeMKOCTH 
H HHep~OHHOCTH 

OnHcaH onoK B cTaagapTe KAMAK AaH HSMepeHHH H perynHpOBaHHH 
TeMnepaTYPbl, B OCHOBY paooTbi KOToporo nonomeH nponop~OHanbHO
HHTerpanbHo-,qHq,(pepeHUHanbHblH MeTO,q perynHpoBaHHH. B KaqeCTBe 
TepMo,qaTqHKa HcnonbsyeTcH KpeMHHeBbIH ,qHO,q. MOmRO HcnonbSOBaTb 
,qBa HarpeBaTenH, nepBhrn - ,I:(nH oo~eKToB HeoonbmoH TennOeMKOCTH, 
BTOPOH - AaH oonee KpynHblx H HHep~OHHbIX. KOHTponbHble HC~Ta
HHH nOKaSarIH: npH oo~eMe BO,qhl 0,5 n TeMnepaTypa nO,lJ"I:(epmRB aeTCl'I 

o
Ha 	 sa,qaHHOM YPOBHe C TOqHOCTblO .!.O, 02 C;,I:(nH OO'beMa 8 n BO,qhl _ 

Q 

.!O,03 C. 

PaOOTa BhlnonHeHa B llaoopaTopHH H,qepHbIX npooaeM OH~H. 

CooCS",eHHe Ohep;HHeHHoro HHCTHTyTB lI,1lepHWX HCCJle,llOBaHHA. JlyCSHa 1985 

llepeBO,q M.H.lloTanoBa 

Vassilev D., Salamatin A.V. PI0-85-189 
Thermoregulator for Systems with Different Heat Capacity 
and Inertia 

A CAMAC module for measuring and r.egulating of temperature 
is presented, bazed on a proportional-integral-differential 
method of regulation. A silicon diode has been used as thermo
sensor. Two heaters may be used - the first one for objects 
with small heat capacity, and the second for larger and iner
tial ones. Control tests show as follows: the temperature of 
water with volume 0,51 has been maintained at the desired 
level within .:!:,0,02 degrees; for volume of 81 within .!O,03 deg
rees. 

The investigation has been performed at the Laboratory 
of Nuclear Problems,JINR. 
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