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1. BBE,4EHHE 

Ilpouecc OXJia)f(,!J,eHHH KpnoreHHhlX IlY3hIPhKOBhIX KaMep, 

B qacTHOCTH, BO,!J,OpO,!J,HhIX, HBJIHeTCH BCilOMoraTeJihHhIM. 

3aTpaThl BpeMeHH Ha ero npoae.n.eHHe HenpOH3B0,!J,HTeJihHliI, 

Il03TOMY ecTeCTBeHHO CTpeMJieHHe COKpaTHTh JTOT npouecc. 

O.n.HaKO C TO'IKH 3peHHH ncnpaBHOCTH H npaBHJihHOrO <PYHK

UHOHHpOBaHHH ycTaHOBKH ·" ee OT,!J,eJihHhIX Y3JIOB OH HBJIHeT

CH HaH6.onee KpHTH'IHhIM. Xo.n. npouecca 3aBHC.HT KaK OT 

reoMeTpHH KOHCTPYKUHH·, KOMilOHOBKH H MOIUHOCTH Tenno

o6MeHHHKOB~ TaK HOT <PH3HKo-~exiunqecKHX 'xapaKTep~

CTHK HCilOJih3yeMhIX MaTepnanoB. B CBJl3H C 3THM. ,!J,JIJI 

Ka)f(,!J,Oi KaMephl ero Tpe6yeTCH npOBO,!J,HTh oco6hlM 66pa~ 

30M. 

CHJihHaH 3aBHCHMOCTh OT reoMeTpHH o6yCJIOBJieHa TeM, 

'ITO H3- 3a ueo6XO,!J,HMOCTH o6ecnel.feHHJI ,!J,OCTaTO'IHOi npoq

HOCTH' HJIH no K0HCTPYKTHBHhIM coo6pa)f(eHHJIM npHX0,!J,HTCJI 

npnMeHHTh ·y3Jihl pa3Hoi T0JIIUHHhl, npn'leM pa3H0T0JIIUHH

H0CTh MO)f(eT ,!J,0CTHraTh coTeH npoueHT0B. 3TO OC.JIO)KHJleT 

Tennonepe.n.a'ly H npHBO,!J,HT K IlOJIBJieHHIO 60JihllIHX TeMne

paTypHhIX rpa.n.neHT0B. 

B KOHCTPYKUHH KaMephl npnMeHHIOTCJI MaTepnaJihl C 

BeChMa pa3JIH'IHhIMH xapaKTepHCTHKaMH. Hanxy,!J,llIHM K0Mn

neKC0M xapaKTepHCTHK 0TJIH'laeTCJI CTeKJI0. IlnoxaH Ten

nonpoBO,!J,HOCTh, 60JihlllaH TennoeMK0CTh, 3Ha'IHTeJihHhli 

TeMnepaTypHhli KOJ<P<PHUHeHT JIHHeiuoro pacllIHpeHHH, MaJiaH 

BeJIH'IHHa pa3pyI1IaIOIUHX HanpH)f(eHni - o6ycJIOBJIHBalOT qpe3-

BhI'lainy10 'IYBCTBHTeJihHOCTh CTeKJia K YCJIOBHHM OXJia)f(

.n.emrn. IloJio)f(eHne ycJIO)KHHeTcH eiue n TeM,' 'ITO Mexaun-

4ecKaH npoYHOCTh cTeKna a CHJihHoi CTeneHH 3aBHCHT OT 

MHKpOC0CTOH.HHH noaepXH0CTH, KOTopoe B npouecce JKcnny

a TaUHH Tpy.::mo K0HTponnpoaaTh. 
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Bee 3TH o6eTOHTeJILeTBa ~pe6yIOT BHHMaTeJILHOro pae

eMoTpeHHH npn npoeKTHPOBaHHH eHeTeMbl OXJiaiK):{eHHH, 

60JihlllOH oeTOPO)KHOeTH H Ha.u.e:)lrnOro KOHTPOJIH npn npoBe -

.u.eHHH npoueeqt. 

B HaeTOHll.(eii pa6oTe aBTOPLI npHBO)].HT onHeaHHe eHeTe

Mhl oxJia)K.u.eHHH, oeymeeTBJieHHoii Ha KaMepe OlHUf -
"JIIO)].MHJia",n 3KenepHMeHTaJILHLie peJyJILTaTLI, nonyqeHHLie 

npn OTpa6oTKe pe)KHMa OXJiaiK,r{eHHH • 

2. BhIEOP MOJaHOCTH TEIIJIOOEMEHHHKOB 

IlpH npoeKTHpoBaHHH eHeTeMhl OXJia)K)],eHHH Ja.u.aqa eBo

)].HTeH K onpe.u.eneHHIO MOll.(HOeTH Tennoo6MeHHHKOB H K Bhl-

6opy HX npoeTpaHeTBeHHOH KOMilOHOBKH. 

0TBeT Ha HHTepeeyIOII.{He Hae BonpoehI MO)KHO 6LIJIO 

noJiyqHTh, peIDHB eHeTeMy ypaaHeHHH, onHeLIBaIOll.(HX )].HHa

MHKY npoueeea. TaKoii no.u.xo.u. npnBeJI 6L1 Hae K Heo6xo

.IJ.HMOeTH pewaTb eHeTeMy HeJIHHeHHhIX .u.ncpcpepeHI.{HaJibHhlX 

ypaBHeHHH B qaeTHhlX npoHJBO)].HhlX e nepeMeHHhlMH K03cp

cpHI.{HeHTaMH, HBJIHIOll.(HMHeH cpyHKI.{HHMH IlpOeTpaHeTBeHHhlX 

KOOp)].HHaT H TeMnepaTypLI. ToqHoe peµxeHHe TaKHX eHeTeM 

ypaaHeHHii BOJMO)KHO TOJILKO B npoeTeiimHx enyqaHx. Ilpn-

6JIH)KeHHoe peweHHe, no-BH)].HMOMY, BOJMO)KHO. 0.u.HaKo )].JIH 

3Toro Tpe6yeTeH, KaK npaBHJIO, orpOMHhlH 061.eM. BhJqne

JIHTeJILHOH pa6oTLI. 

HaH6onee npneMJieMLIM HaM npe.u.eTaBJIHeTeH HHOH no.u.

XO)].. CyTL ero JaKJIIOqaeTeH a npoBe)].eHHH npH6JIH)KeHHOH 

oueHKH IlOTpe6HOH MOII.{HOeTH, nexO)].H HJ 6aJiaHea TenJia )].JIH 

PH.U.a cpHKeHpOBaHHhlX JHaqeHHH TeMnepaTyp, eeJIH eqnTaTL, 

qTo K03cpcpHI.{HeHThl, xapaKTepHJYIOll.(He npoueee, noeTOHHHhI, 

a TeMnepaTypa HJMeHHeTeH JIHHeiiHo .OT KPLIWKH KaMepbl 

K pa6oqeMy 061.eMy. ,!(anee no peJyJILTaTaM npo6HLIX · 

OXJia)K)],eHHH KaMephl npoHJBO)].HTeH He06XO)].HMaH KOppeK

THPOBKa MOII.{HOeTH n KOMilOHOBKH TenJioo6MeHHHKOB. 

4 

Ilpn Ka)K)],OH Te Mlle pa Type TeilJI006MeHHHKH ,!J.OJI)KHhl 

o6eeneqnBaTL OTBO)]. TenJia, noeTyna10mero B eneTeMy 

HJBHe, H. IlOHH)KaTL Tennoeo.u.ep)KaHHe eneTeMLI e Ja)].aHHOH 

eKOpOeTLIO, T. e.: 

Q = Q + 0 !, C. m~ I 
m 3600 1 1 • . 

r.u.e: Q m'(Bm)· MOII.{HOeTb TeilJI006MeHHHKOB; Q (Bm)l - IlOJIHhlll 

TeilJIOilPHTOK; c :(/,l(:ilc./1<2.2pao.) - K~3cp<lni:uHeHT y.u.eJILHOH 

TennoeMKoeTH; m(k~)- Maeea yJJia .HJIH ,neTaJIH; 0(2pao/<1ac_)
Ja.u.aHHaH eKopoeTL OXJia)K)],eHHH xapaKTepHoro 3JieMeHTa 

KOHeTpyKI.{HH, Ha.npHMep, eTeKJia HJIH Kopnyea KaMepbI. 

Qlf,,,>, I Ill HC.V (' ~ 3600 .., Q.,(.,,,,) 

1000 2000 

900 1800 

800 1600 

rOO 1400 

600 I 1200 

500 ',/. 1000 

400 ', 800 
' 300 ' 600 ', 

200 ',, 400 

100 ',, 200 

0 100 200 300°1( 

Puc. 1. rpacpHqeeKoe HJo6pa)KeHHe 6anaHea Moll.(HoeTH npH 
OXJia)K)].eHHH: I - TenJionpHTOK HJ OKpy)KaIOll.(eii epe.u.w; 
I I - MOII.{HOeTL, paexo.u.yeMaH Ha eHH)KeHHe TeMnepaTyphl 
KaMepbl e Ja)].aHHOH eKopoeTLI0/2,5 2pao/<1ac/; III - IlOJIHaH 
MOII.{HOeTL. 
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Ha puc. 1 npe.ncTaBnem,1 pacqeTHhie 3aBHCHMOCTH Ten
nonpnToKa n MOII.J,HOCTH, noTpe6Hoii .nnH oxna)KJ];e

0

HHH KoH
CTPYKUHH , OT TeMnepaTyphI. Ilpn onpe.neneHHH- MOII.J,HOCTH, 
3a TpaqnBaeMoii Ha oxna)K.neHHe, .nonycTHMaH cpe.a;HHH cKo
poCTh ero npHHHTa paBHOH 2,5 2pao/~ac. BenHqHHhl KOJcp
qJHI.J,HeHTOB ,\ ' C , f /TennonpoBOJ];HOCTH, y.nenhHOH Tenno
eMKOCTH, CTeneHH qepHOThi/ npHHHManHCh cornacHo .naHHhIM 
pa6oT / 1, 21.0Tnnqne Te?n;mpHTOKa npH 78° K OT BenHqffHhI, 
npHBe.a;eHHOH B pa6oTe 2 ,o6'bHCHlteTCH' TeM, qTo B HaCTOH -
meii pa6oTe yqTeHhI TennonpHTOKH no no.a;BecKe KaMephI H no 
MexaHH3MY pacurnpemrn. KpoMe Toro, B ycnoBHHX renno
o6MeHa HMeIOTCH pa3nnqHfl. 

3HaH Q , MO)KHO onpe.nenHTh KOHCTPYKTHBHhie napaMeTphI 
m . 

Tennoo6MeHHHKOB H 01.1,eHHTh noTpe6HOCTh B oxna)K,[J;aIOII.J,HX 
KpnoreHHhIX )Kll,[J;KOCT HX. 

3. CXEMA H KOHCTPYKTHBHbIE OCOEEHHOCTH 
CHCTEMbl OXJIA)K,4EHH.H 

. B npouecce co3.a;aHHH KaMephI cncTeMa oxna)K.neHHH He
o.nHoKpaTHo H3MeHHnacb • .6onhlll8.H qacTh H3MeHeHHH Kaca
nacb Jne:1-.teHTOB ynpaBneHHH npoueccoM oxna)K,tieHHH. Mom
HOCTh a30THhIX Tennoo6MeHHHKOB He H3MeHHnacb. Bo.nopo.n
Hhlll Tennoo6MeHHHK 6wn yBennqeH Ha 2Oo/o. 

Htt)Ke .naeTCH OilHCaHHe. CHCTeMhl oxna)K,!J;eHHH B 3aBep-
rneHHOM BHJ];e. 

CHCTe?,fa oxna)K.r(eHHH BKnJOqaer B ce6fl; )];Ba CaMOCTOH
TeJibHhIX KOHTypa - ~30THhlll H_ Bo.a;opo.a;Hhlll .. 

CxeMa KOHTypa a30THOro OXJia)K,[J;eHHH npe.ncTaBJieHa 
Ha puc. 2 . llcToqHHKOM )KH,[J;KOro a30Ta JIBJIHIOTCH )];Ba 
a30THhIX pe3epByapa TP)KK-3, o.nnH -· pafioqttii, .npyroii -
pe3epBHhiii. PafioqHii pe3epByap HMeeT ycTpoiicTBO .nnH 
aBTOMaTHqecKOH CTa6irnH3aI.J,HH 3a.a;aHHoro .naBJieHHH. KpoMe 
Toro, y pa6oqero pe3epByapa 3anpaBKa H oT6op a3oTa 
ocyII.J,eCTBJIHIOTCH no OTJ];eJibHhlM. JIHHHHM. Pe3epBHhIH pe3ep
Byap He HMeeT KaKnx-ntt6o .nopa6oToK. Pa3Bo.a;Ka a3oTa no
Tpe6ttTeJIHM ocyme CTBJIHeTCH MariicTpaJihIO H3 Hep)KaBeIOII.J,HX 
Tpy6, HMeIOII.J,HX neHOnJiaCTOBYIO H30JIHI.J,HIO. K Tennoo6MeH
HHKaM KaMephI a3 oT no.nae TCH no cncpoHy, npo~o.a;HII.J,eMy 
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Puc. 2.- CxeMa KOHTypa a.'30TH6ro oxJia)K,!J;eHHH: 1 - pe3ep
Byaphl c · )KH.IJ:KH·M .. aJoToM; 2 - cTa6HJIH3aTop .naB.JieHHH 
a3oTa; 3 - qJHJihTphI; 4 -~- CHqJOH; 5 - J];OHHbie Tennoo6Mett-; 
HHKH; 6 ~- clinaHI.J,eBhie _TeilJIO0fiMeHHHKH; 7 - )\bIOap-KaMephI; 
8 - no.nBecKa KaMeph1; 9 .- Kopnyc KaMephI; 10· - no.norpeBa
IOII.J,He Tennoo6MCHHHKH; 11 - poTaMeTphI PC-7. 

qe·pe3 KphlllIK•Y BaKYYMHOrO· KO)Kyxa. CHcpOH HMeeT 'MHoro
CJI0HHYIO JKpanoB1KyyMHYIO H30JIHUHIO. B KaqecTBe 3KpaHtt
py10mero MaTepttana npHMeHena aJIIOMHHHeBaH <lJonLra,-npo-. 
cTaBoqHhIM. MaTepHanoM HBJIHeTCH IlbIJieBoii nepxnopBHHH
JIOBhI.ii qJHJihTP <l>IIII-1,5. l1"30JIHI.l,HOHHOe npocTpaHCTBO oT
KaqnBaeTCH ,no ,naBJieHHH 10 - 2mop. Tennoo6MeHHHKH BhI
IlOJIHeHhl H3 Me.nnoii : Tpy6KH 22 X 1,5 MM. K <Iinan1.1,aM 
Konyca n. Kopnyca KaMephI; K .I:(HHII.J,Y pa6oqero o6'heMa 
iennoo6MeHHlll<H npunaHHhI npnnoeM IIOC-4O. 

YcTp?iicTBO' u ila3na11e·Hue -0cTaJihHhlX JJieMe.HTOB no-

HHTHO H3 cxeMhl.' 

KoHTYP BOJ:(opo.nnoro OXJia)K,I:(eHHH npe,ncTaBJieH:H8: pu.c:_~
B CB.H3H C .TeM, , qTo ,I:(JIH yMeHbIIIeHHJI Tem;ionpHTOKa-}< pa·- . 
6oqe?~ff o6'he,My HCnOJih30BllHa ,I:(hIOapHaH CHCTeMa i'enno-. 
H30IlHI.l,HH /2/, Il03BOJIHIOII.J,aH Ht,,feTh aTMOCqiepy B0.I:(Opo.na 
BHYTPH ,I:(hIOapa KaK B_ pafioqeM pe)KHMe: TaK II B npoue'cce' 
oxJia)K,I:(eHHH, npHMeHeH Tennoo6MeHHHK,. He HMeIOII.J,HH .. He_~ 
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Puc. 3. CxeMa KOHTypa BO,IJ,OpO,IJ,HOro OXJia)K,IJ,eHHH: l - O)KH• 
>KHTenL BO,IJ,opo,IJ,a B0-2; 2-npHMaH cml>oHHaH JIHHHH; 3 - 06-
paTHhIH -cm)loH; 4 - Tennoo6MeHHHK; 5 - c)lHnbTp; 6 - KOH,IJ,eH
cau;HOHHhIH TepMOMeTp; 7 - ,IJ,bIOap KaMepw; 8 - KOpnyc 
KaMep1,I; 9 - _KOHYC KaMepw; 10 - IlO,IJ,OrpeBaIOl.l.lHH Tenno
-06MeHHHK; 11 - poTaMeTp PC-7; 12 - ,IJ,hIOap6noKa oqHCTKH; 
13 - c)lun1,Tp; 14 - a,n;cop6ep. 

nocpe,n;ciaeHHoro KOHTaKTa c KOHCTPYKu;Heii. TaKoii Ten
noofo.1eiiil11i Il03BOJIHeT .ziocTa Toq110 3<li4ie1<THBHO, OXJla)K,IJ,a Tb 
BCIO KOHCTJ)}'KUHI<{ ~- xopoweii: paBHOMepHOCThIO. Cne,nyeT 

. 38.MeTJiTb. TaK)Ke, "l!TO 3TOT Tennoo6MeHHHK HCilOJlb3YeTCH 
H npH TepMOCTa6HJIH3a1um KaMepbl a·pa6oqeM pe)KHMe. 

)Ku,IJ,KHH no,n;opo;:i; npoH3BO.IJ.HTC.H c noMOl.l.lhIO O)KH)KHTeJIH 
B0-2_.13(,3aTeM no cucboHHOH JIHHHH BBO)];HTCH B KaMepy 
H IlOCTynaeT Ha Tennoo6MeHHHK. Tennoo6MeHHHK BhIITOJIHeH 
H3 ope6peHHOH 6HMeTannuqecKOH Tpy6KH C K03<l>4>Hu;HeHTOM 
ope6peHHH "" 8. BHyTpeHH.HH Tpy6Ka rna,IJ,KOCT~HHaH, 25 x 
X 2 MM, H3 JiaTyHH JI0-70-1. BHelllllH.!1 Tpy6Ka - H3 
MaTepuana A,D;-1_, HMeeT HaKaTaHHbie pe6pa, c Hapy)KlibIM 
.IJ.HaMeTpOM 49 · MM. BLIXO,IJ, Tennoo6MeHHHKa IlO,IJ,KJIIOqeH 
K B03Bpa THOMY CHqlOHy, KOTOpbIH CB.!13aH C HarpeaaTeneM 
H . nyJILTOM ynpaaneHHH. l-J3on.11u;HH ao,n;opo,IJ,HhIX cuc)loHOB · 
OTnuqaeT-CH OT H30Il.!IUHH a30THhIX CHlpOHOB MaTepuanoM 3K· 
paHOB. B ,IJ,aHHOM cnyqae npHMeHeH anIOMHHH3HpOBaHHhlH 
naacaH. 
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IlpH BO.IJ.OPO.IJ.HOM OXJia)K)];eHHH 3aMeTHO na;:i;eHHe ;:i;aa-
neHHH ra3oo6pa3Horo ao;:i;opo,n;a B ;:i;1,roape. ,lJ;nH nononHeHHH 
.o;1,roapa ,n;o Heo6xo;:i;HMoro ;:i;aaneHHH - 0,1..;. 0,15 amucny)KHT 
ycTpOHCTBO - _6noKH oqHCTKH, KOTOpoe HMeeT cne,o;yromHe 
OCHOBHhie. 3neMeHThI: ,IJ,bIOap 6noKa oqHCTKH, c)lHnhTp H a;:i;
cop6e-p. KoHCTPYKUHH 3Toro .IJ.bIOapa aHanorH"l!Ha KOH· 
CTPYKUHH )];hIOapa KaMepbl. B HeM aBTOMaTHqecKH IlO.D;,IJ,ep
)KHBaeTCH 3a,,o;aHHhIH

0 

ypoaeHb :>KH,IJ,Koro a:ioTa. 
BHyTpeHHHe COe;\HHeHHH KaK a30THhlX, TaK H BO.D;OpO)];HhIX 

Tennoo6Me.HHHKOB ocymecTaneHLI naii:Koii npunoeM IICP-45. 
Ilocne c6opKH Tei:moo6MeHHHKH no,n;aepraroTcH nua Te.n1,

HhlM HCilbITaHHHM· Ha rrnOTHOCTb. Ilpe,n;aapHTeJihHbie HCilhITa
HHH npoBO,IJ;HTC.!I C:>KaTbIM B03_.IJ.YXOM. OKoHqaTenhHO IlJIOT· 
HOCTb KOHTpOnHpyeTCH· OTKaqi<oii: Tennoo6MeHHHKOB Ha Ba· 
KYYM C npoBepKOH Bcex CTblKOB reJIHeBblM TeqeHCKaTeJieM 
IITH"'.7. 

4. KOHTPOJib IIPOI,!ECCA OXJIA)l(,4EHH.H 

,r(nH ocymecnineHHH KOHTpOnH CKOpOCTH OXJia)K,n;eHHH 
H rpa,IJ,HeHTOB TeMnepaTypbI HCilOJib'.,JOBaHbl Me,IJ,b·KOHCTaH· 

· TaHOBhie ·TepMonap1,I. PerHCTPHPYIOIUHM rrpu6opoM HBJIHeTCH 
MHoroToqeqHhIH caMOIIHillYl.l.lHH noTeHUHOMeTp THna 9IIII-09. 
Cao6o.o;HLie KOHULI 1,;e-pMonap noMell.leHLI B .cocy,n; c TaIOl.l.lHM 
Ilh.D;OM. . . . . . . .-. 

TepMonapbl KpenHTCH K KOHTponupyeMOH IlOBepXHOCTH 
c IlOMOl.l.lbIO. JIHIIKOH neHTbi "Scotch", KOTopaH 61,rna BbI6paHa'c 
a pe3yn1,raTe HCITLITaHHii pa3JIHqffhIX KneIOl.l.lHX cpe,n;cTB npH

1 

TeMrrepaType iKH.IJ.Koro a30Ta. 

Bo apeMH npo6HblX a30THblX H BOAOPO.IJ.HbIX oxna:>K,AeHHH 
HCIIOilb30Banocb 6onblllOe KonuqecTBO TepMonap. OHH Il03· 
BOilHJlH HC~ne;:i;oBaTb . pacnpe,n;emiHHe TeMnepaTyp 110 KOH· 
CTPYKUHH, .. BblHBHTb o6naCTH c Il-OBbIµJeHHbIMH rpa)];HeHTaMH 
H oTpa6oTaTh npHeMneM'1,1ii pe:>KHM·oxna)K)];eHHH. Ilocne Toro 
KaK 3Ta pa6oTa 6Lma B ·3HaqHTeJibHOii:' CTeneHH BhlilOJIHeHa, 
KonuqecTBo TepMonap -oc'ia:ane HO MHHHManhHhIM, rnaBHhlM 
o6pa30M mi cTeKJie 'H 'B6JIH3H ·HeroYCxe:Ma/pacnon-0:>KeHH.H 
OCTaBIIIHXC.!1 TepMonap npuae.netta, ii:a pile; '4; TaKaH cxeMa 
Il03B0Il.!leT ;:i;ocTaTO"l!HO 34>cbeKTHBHO H fihICTpo ocyll.leCTBnHTb 
He06XO)J;HMhIH KOHTJ)Oilb 3a rrpoueccoM. 
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Puc. 4, CxeMa pacn.OJlO)f(eHH H TepMonap: 1,2, 
TepMonaphI. ' · ' , · ·, ' ' · 

5. IIPOI.fECC OXJIA)K,aEHHJI 

· · , 17 -

IlpH nepBhIX oxna»<.u.eHHHX BMeCTO ·CTeKna - HJlJllOMHHa TO· 
pa· iicnonL:30oancH HMHTaTop H3 amoMHHHeooro cnnaoa; 
XoTH TennoiliH3Hqec1rne xapaKTepHCTHKH CTeKna·n HMHTaTo- · 
pa uechMa pa3J1HqHhl, ero HCilOJlh30BaHH·e Il03BOJ1HJ10 Bnoc
Jle,IJ,CTBHH H36e»<aTb" rpy6&rx oum6oK,-:OTpa6oTaTb a nepBOM 
npn6JIH»<eHHH pe»<HM pafiOTbl Tennoo6MeHHHKOB, npooepHTb 
34icpeKTHBHOCTb CHCTeMhi 'KoHTpo.lui:; 

10 
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IlOCKOJlbKY B Haqan&HOH CTa,!J.HH OXJla)f(,!J.eHHH Tennonpn
TOK Man, a TeMnepaTypHblll Hanop BeJlHK, . .u.ocTaToqHaH 
CKOpOCTb oxna»<.u.eHHH H M,HHHMaJJbHbie rpa,IJ,HeHTbl Ha CTeK
ne ,IJ,OCTHraJJHCb nyTeM BKmoqeHH.H B pa6oTy TOJlbK0,IJ,OHHoro 
Tennoo6MeHHHKa. 34iilieKTHBHOe 0XJla)f(,!J.eHHe c ero IlOMOII.\blO 
B03MO»<HO 'oCyll.\eCTBJl.HTb ,!J.O TeMnepaTyp 17O°K/Ha CTeKne/. 
)],anee npnxo;:tHTCH BK1110qar& B pa6ory cli11am1;eB&Ie .Tenno
o6MeHHHKH, 34iilieKTHBHOCTb KOTOpbIX OCTaeTCH ,IJ,0CTaToqHOH 
.u.o TeMnepaTyphI- 1OO- l 1O°K; Ilpn oxna»<.u.eHHH .a30TH&IMH 
Tennoo6MeHHHKaMH OCHOBHOH Tenno0TBO,!J. co CTeKna npon3-
B0,IJ,HTCH c HH»<Heii IlJlOCKOCTH. Ilocne BKJlIOqeHHH B pa6oTy 
BO.IJ.OPO.IJ.HOro Tennoo6MeHHHKa npoHCXO,!J.HT CMeHa IlJl0CKOCTH 
0CH0BHOro Tenn00TB0,!J.a. 3TOT nepexo,!J.Hblll npo11;ecc Tpe6yeT 
oco6oro BHHMaHHH n OCTOPO»<HOCTH. Ha puc. 5 npe,!J.CTaBne
Hhl ycpe,IJ,HeHHhie no HeCKOJlbKHM OXJla:>K,!J.eHHHHM KPHBbie 
oxna»<.u.eHHH creKna, Ha KOTop&1x xoporno npocne:>KHBaeTcH 
nepexo.IJ.HhIH npon.ecc. 
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Puc. 5.. KpHBbie OXJla:>K,!J.eHHH BepxHeii n HH»<Heii IlJlOCKOCTH 
cTeKna: I - . nepno.u. a30THoro oxna)f(,!J.eHHH; II - nepno.u. 
COBMeCTHOro a30THO-BO,!J.OpO,!J.HOro oxna)f(,!J.eHHH; III - nepno.u. 
Bo.u.opo.u.Horo oxna)f()J.eHirn; IV- ne pno,IJ, 3a11HBKH. 
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0,D;HOCTOPOHee OXJia)K,11.eHHe ,D;OnycKaeT MeHbllIYIO CKO· 

pocTh OXJia)K,D;eHHH, qeM ,D;ByCTOpOHHee, O,D;HaKo, no npHqHHe 

npoCTOTbl KOMnOHOBKH Tennoo6MeHHHKOB npH O,Il;HOCTOPOHHeM 

oxna)K,Il;eHHH H B03MO)KHOCTH 6onee Ha,D;e)KHOrO .KOHTpOJIH, 

6brn H36paH BapHaHT ,C O,Il;HOCTOpOHHHM OXJia)K,11.eHHeM. 

~o TeMnepaTyphI 90 f95°K aJoTHhie· H BO,D;opo,D;Hhiii 

Tennoo6MeHHHKH pa60Ta10T COBMeCTHO. 3aTeM no,D;aqa aJoTa 

npeKpamaeTCH, Tennoo6MeHHHKH npOMbIBaIOTCH BOJJ.OPO,D;OM 

H nOJJ,KJIIOl{alOTCH: K JIHHHH o6paTHOro· BO,D;opo,D;a, ,D;JIH qero 

npe,D;yCMOTpeHbl COOTBeTCTBYIOII\He :rneMeHTbl cxeMbl. 

IlpH TeMnepaType CTeKJia 40 +45°K Ha'IHHaeTCH noJJ,a'la 

BO,D;Opo,D;a ,Il;JIH HanOJIHeHHH KaMephl. Ilocne :noro OXJia)K,D;eHHe 

npoHCXO,Il;HT KaK Ja cqeT OTBO,D;a Tenna Tennoo6MeHHHKOM, 

TaK H Ja C'leT BhIKHnaHHH qacTH BO,D;Opo,D;a, JaJIHBaeMoro 

B KaMepy. YMeHbllleiiHe qyBCTBHTeJibHOCTH Me,D;b·KOHCTaH· 

TaHOBhlX TepMonap npH TeMnepaTypax 40+50°K H HH)Ke 

JaTpy,D;HHeT KOHTPOilb Ja ,D;aJibHeiillIHM XO,Il;OM npouecca. 

0,D;HaKO npH TaKHX TeMnepaTypax ,D;OnycTHMaH CKOpOCTb 

OXJia)K,Il;eHHH CTeKJia 3Ha'IHTeJibHO Bblllle nepBoHa'iaJlbHOH, 

H no3TOMY HeKOTOpoe OTKJIOHeHHe HJMepeHHOH TeMnepaTy· 

phi OT <l>aKTH'leCKOH 60JibllIOH onacHOCTH He npe,D;CTaBJIHeT. 

·3TO, paJyMeeTCH, He OJHaqaeT, 'ITO BCHKHH KOHTPOJib 

MO)KHO npeKpaTHTb H ocna6HTb BHHMaHHe· K npoueccy. 

Ilo pe JYJibTaTaM o6pa60TKH 3KCnepHMeHTaJibHhIX ,D;aHHbIX 

MHOrHX OXJia)K,D;eHHii nocTpoeHbl JaBHCHMOCTH pacxo,D;a xna,D; -

areHTOB no BpeMeHH. TaKHe rpa<i>HKH YA06Hbl ,D;JIH npaKTH· 

'leCKOro ocymecTBJieHHH npouec~a H cpaBHHTeJibHO TO'IHO 

noJBOJIHIOT peaJIHJOBaTb KPHBYlO, paHee npe,D;cTaBJieHH}'lO 

Ha puc. 5. 

3TH rpa<i>HKH / puc. 6/ nOJBOJIHlOT TaK)Ke nporH03Hpo

BaTb noTpe6HOCTb B XJia,D;areHTaX c ueJiblO HX CBoeepeMeH· 

HOH ,Il;OCTaBKH HJIH npoHJBO,Il;CTBa Ha MeCTe. 

OTenneHHe KaMephl, KaK· npaBHJIO, npoHJBO,Il;HTCH ec

T ~ CTBeHHblM nyTe M. Xo,D; ecTe CTBeHHoro OTenn.eHHH npe,D; -

CTaBJieH Ha puc. 7. Kai<- B cnyqae OXJia)K,11.eHHH, KOHTPOJib 

ocymecTBJIHeTCH no TeMnepaTypaM eepxHeii H HH)l{Heii nnoc-

, KOCTH c:reKna•HJLJllOMHHaTopa. Ha rpa<i>HKax noKaJaHbl yc

pe,D;HeHHbie no nJIOCKOCTHM TeMnepaTyphl. rpa,D;HeHThl B nnoc

KOCTH CTe~na•HJIJIIOMHHaTopa He npeBhllllaIOT, rpa,D;HeHThl, 

HMeIOLQHe MeCTO no ero ·TOJILQHHe. 
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Puc. 6. 3aBHCHMOCTb pacxo,D;a OXJia)K,D;alOU\HX )KH,D;KOCTeii 
OT BpeMeHH oxJia)K,D;eHHH B ,D;eneHHHX poTaMeTpOB. I - pacxo,D; 
aJoTa qepe 3 ,D;OHHhiii Tennoo6MeHHHK. I I - pacxo,D; aJOTa 
qepe3 <t>naHueBhiii Tennoo6MeHHHK, II I - pacxo,D; Bo,D;opo,D;a 
qepe3 BO,D;OpO,D;HhlH Tennoo6MeHHHK. 
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Puc. 7. KpHBhle HarpeBaHHH CTeKJJa npH ecTe CTBeHHOM 
· oTenneHHH KaMepbl.' I - _TeMnepaTypa HH)l{Heii IlJIOCKOCTH 
CTeKna, I I - TeMnepaTypa BepxHeii nJIOCKOCTH CTeKJia. 
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IlpH 3KCilJiyaTaU:HH KaMepbl B03MO)KHbI CHTyan:HH, Ko

TOpbie Tpe6yJOT ycKopeHHoro OTenJieHH.ll. B O)].HOM H.3 

ceaHCOB TaKoe OTenJieHHe npOH3BO)].HJIOCb. ,l];JIH HarpeaaHH.ll 

HcnoJIL30BaJICH ra3006paJHhIH aJoT ,.a JaTeM C)KaTbIH B03.ll.YX, ·· 

K0T0pble nponycKaJIHCb no a30THblM TenJI006MeHHHKaM. 

IloJIHOe apeM.ll 0TenJieHH.ll npH 3TOM COCTaBHJIO 2,5 CYTOK. 

Ocyiu:ecTBJieHHe TaKoro OTenJieHH.ll Tpe6yeT nOBbIWeHHOro 

BHHMaHHH H qacToro BMewaTeJILCTBa nepcoHana. 

6. 3AKJIJO f/EHHE 

C03)].aHHa.ll CHCTeMa OXJia)K)].eHH.ll no3BOJI.lleT ocymecT~ 

BJIHTh npou:ecc C 3a)].aHHOH CKOpOCTblO .H )].OnycTHMblMH 

rpa,ll.HeHTaMH KaK no T0JIIUHHe' TaK H B nJIOCKOCTH CTeKJia

HJIJIIOMHHa Topa. 

CHCTeMa npocTa no KOHCTPYKU:HH H TeXHOJIOrH'IHa. 

YnpaBJieHue npou:eccoM HeCJIO)KH0 H ocymecTBJI.HeTcH MHHH

MaJILHhIM 'IHCJIOM peryJIHpYIOIUHX opraHOB. CHcTeMa . He 

OKa3hIBaeT 0TPHU:aTeJibHoro BJIH.llHH.ll Ha pa6oTy )].pyrHX 

Y3JIOB H CHCTeM KaMepbI, Ha ee 0CHOBHbie xapaKTepHCTHKH, 

onpe,ll.eJIHJOIUHe Ka'leCTBo )].aHHoro qJH3H'lecKoro npu6opa •. 

CHcTeMa KOHTPOJI.ll )].aeT Heo6XO)].HMYIO HHqJOpMaU:HIO 0 

npou:ecce OXJia)l()].eHHH, npocTa a o6cJiy)l(lfBaHHH H )].OCTaTO'IHO 

Ha)].e)l(Ha. 

IlpoBe)].eHHhie ceaHC bl no)].TBe P.ll.HJIH npaBHJibHOCTb HCXO)].

HhlX npe)].nOChlJIOK H u:ene coo~pa3HOCT b H3 (ipaHHOH CH CTe Mbl 

OXJia)l()].eHH.ll. 

ABTOpbl Bhlpa)l(alOT rny6oKylO npH3HaTeJihHOCTb COT PY)].

HHKaM 0T)].eJia BO,ll.OpO,ll.HhIX KaMep JIB3. H ,ll.pyrHX no,ll.pa3-

)].eJieHHH, npHHHMaBWHM Ha pa3HbIX 3Tanax yqacTHe B HJ

roT0BJieHHH, MOHTa)Ke H HCnbITaHH.llX CHCTeMbl. ABTOpbl 

C'IHTalOT CB OHM npH.llTHbIM )].OJirOM Bbipa3HTb npH3Ha TeJib

HOCTb COTpy,ll.HHKaM KpHoreHHoro 0T)].eJia JIB3, qeft nono

)KHTeJihHblH onblT 3KCnJiyaTatiHH 1OO-caHTHMeTpOBOH )KH)].

KOBO)].OpO)].HOH ny3blpbKOBOH KaMepbl 6bIJI HCnOJib30B£1.H. 
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