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B CBK3H c nepexo.noM or uayqeHHK caepxnpoBOllHMOCTH 

KBK ~H3H'lBCKOI'O KBJleHHH K C03ll8HH~ KpynHWX CBepxnpo

BOllHIUHX ycrpoikTB (CITY) npo6neMbi oxna;>K.neHuH u Kpuo

crarupoBaHHK 3THX ycTpOHCTB B HaCTOHWee BpBMH npu

o6pera~T HeManoBa;>KHOe aaaqeHue. Y)Ke ceilqac uaBeCTHL~ 

CITY, Macca KoropbiX cocTaBnHer HecKonhKO roHH. Tenno

npuroKu B TaKHX ycTpOHCTBaX, H3MBp51BMbfB UBC51TK8MH 

H COTHHMH B8TT/~He06XOllHMO KOMllBHCHpOB8Tb Ha ypOB

He 4,5K. Oxna;>K.neHue u KpuocrarupoBaHHe KpynHwx 

CITY uenecoo6paaRo npoH3BOUHTh c noMOWh~ cneuuanhHO 

npe.nHaaRa'leHHbiX JlJIH noao6HbiX ueneil remteBbiX pe~pH;>Ke

paropoB. ITpu 3TOM OK83biB8BTCH, 'ITO B 3THX cny'laHX 

pe~pu;>Keparop pa6oraeT He B o6bi'lHOM, pac'leTHOM ( O;>KH

;>KHTenhHOM HJlH pe~pH;>KeparOpHOM) pB;>KUMe, a B HBKOTO

pOM npoMe;>KyTO'lHOM, KOM6HHUpOB8HHOM 1 HepaC'leTHOM/2, 3,6/, 

TaK, B npouecce npeasapKTBJlbHOro OXJl8)KJleHH51 cny 
CKOpOCTb CHH;>KeHHK TeMneparypw onpeaenHeTCH He TOilLKO 

xapaKrepucruKaMK MaWHH u annaparoB pe~pu;>Keparopa, 

HO H XapaKTepHCTHKBMH OXJl8)KJl8eMOI'O 06beKT8 If KOMMY

HHK8UHH, CBK3hiBa~mux o6'heKT c pe~pH)KeparopoM. B npo

uecce KpHocrarupoaaRHK CITY pe~pu;>Keparop .nononRu

re,JihHO llOil;>KeH ewe H o6ecne'lHTb HY)KHYIO CKOpOCTb Ha

KOllJleHRH ;>KifJlKOrO re.riHH B KpHOCT8T8X 1 llpH'lBM 3T8 

38ll8'fa Hepe.nKO OCJIO;>KHKBTCH He06XOllHMOCTb~ OllHOBpe

MeHHOI'O orso.na ua CITY qacru xononHoro renuH MHMO 

petJ>piDKeparopa, aanpuMep .nnH oxna;>K.neHHH TOKOBBo.nos. 

TaKHM o6paaoM, noneaao npoaHanuaupoaaTh pa6ory 

cucreMbi pecppu;>Keparop - CITY B KoMnneKce. flpH 3TOM 

uenecoo6paano BbiUenHTh H paccMOTpeTh no or.nenhHOCTH 

CJlelly~mHe 9T8llbi: OXJl8;>KileHKe 06'beKTa OT KOMH8THOH 
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TeMneparypbl flO TeMneparypbl KOH!leHCBUIHI remHii Ha
KOIIneHHe )KH/lKOrO renHSI B KpHOCTaTaX COY; ilO/l/leplKBHHe 
o6~eKTa npH 3a!laHHOH TeMrrepaType - KpHOCTaTHpOBaHHe. 

1. OXflA)KnEHHE 

B aroT nepHO!l Heo6XO/lHMO BeCTH rrpouecc Ta~ qro6hl 
BpeMeHHhie 11 npocrpaHCTBeHHbie rpaa11eHThi TeMnepaTypbi 

He npeBbnuanH aonycTHMhiX anSI aaHHoro COY 3HaqeHI1i1. 
KpoMe roro, rrpouecc oxna)I<JleHI1SI )KenarenbHO rrpoBecnt 

9KOHOM11qHo, 6e3 H3nHlliHHX 3aTpaT KaK 9HeprHH, TaK 

H ITOCTOpOHHHX xnaaoareHTOB. 
nnSI Bbi60pa OIITHManbHOrO CIIOC06a B€/l€Hll.51 npouecca 

oxna)I<Jl€HHSI paccMoTpHM pa6ory apoccenhHOH cryrreHI1 

pe4Jp11)Keparopa B nepuoa, Koraa reMneparypa renuSI Bbirue 

HHBepC110HHOH. npoccenbHaSI cryneHh (p ll C. 1) COCTO!IT 
H3 rennoo6MeHHHKa I u apoccenhHOro BeHTlWSI IljB KaqecrBe 

Tennoo6MeHHHKa ill ycnOBHO !I306pa)K€H yqaCTOK, Ha KO

TOpOM K ra3y llO/lBO/lHTCSI Terrno OT oxna)I<JlaeMoro 06beK-
Ta IV. 

OpwMeM raK)Ke cneayrou!He aonymeHHSI: 
ra3 11/leanbHhiii (cp = Const); 

- TennorrpOBO/lHOCTb 06beKTa 6eCKOHeqHo BenuKa; 
- rerrnoeMKOCTb apoccenhHoro rerrnoo6MeHHHKa rrpe-

He6pe)K!1MO Mana no cpaBHeHHIO c rennoeMKOCTbiO o6beKTa; 

- H3MeHeHweM MaCChi ra3a 3a cqer HaKorrneHH5I ero 

B KpuocraTe o6'beKTa MO)KHO rrpeHe6peqb; 
- rennorrpuroK u3 OKpy)KaiOmei1 cpe/lbi He yquTbTBaeTCSI, 

l13 ypaBHeHui1 aHepreruqecKoro 6anaHca H rennoo6MeHa 

MO)KHO nonyqurb cneayrom:ue Bblpa)KeHHSI: 

Q = Gc P (T 4 -T 1), 

Q = aFAT, 

Gcp<T2 -T 1 ) = Gcp<T 3 -T 4 ) = kTFTAt. 

( 1 ) 

(2) 

(3) 

3aeCb Q - KOnHqeCTBO Tenna, OTBO/lHMOI'O OT 06beKTa 

B e!lHHHUY BpeMeHH; G - pacxoa xnaaoareHra, c P - era· 
rennoeMKOCTb; a - Koa¢¢HuueHT rerrnooraaq11 oT o6beKTa 

K ra3y; F - rrnoma!lb rroBepxHocru oxna:~K!lelllt H o6~eKTa; 
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JI 

w 

B 
1 

G 

" 

pH c. I. npocc€nbHaSI cryneHb pe¢pH)K€paropa c oxna:lK

!laeMb!M o6beKTOM. I - rerrnoo6MeHHHK, n - apoccenb, 
ill - rerrnoo6MeHHHK-Harpy3Ka, IV - oxna)I<JlaeMbiH o6~eKT. 

~T - cpe/lHHH pa3HOCTb TeMneparyp o6heKTa :u xnaJlo

areHTa; ~t - pa3HOCTb TeMrrepaTyp IIOTOKOB B TeiTR006-

MeHHHKe I; M=T4 -T 1 =T 3-T2; 

kT,FT - Koa¢~auueHT rerrnorrepeaaqa u nnoma!lb rroBepx

Hocru apoccenbHoro rennoo6MeHHHKa. 
OpuHHB B KaqecrBe ~T norapa¢MnqecKyiO pa3HOCTb 

reMneparyp 

~T = 
T3 - T2 

T - T 2 
ln- - T

T- 3 

rae T - reMrreparypa o6beKTa, 11 peruuB cucTeMy ypaB

HeHHi:'J 1-3, HaHAeM 
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1- e -y 
Q = Gc (T-Tl) k TFI_(

1 
_ e-Y) 

3Jlech 

y = 

p 1 + --

aF 
Ge p 

Gep 

CKopocTb oxna)KJleHHH o6beKTa HaiiJleM H3 paseHCTBa 

Qdr = McdT. 

3JleCh r - speMH, Me - TennoeMKOCTh o6beKTa. 

C y'IeTOM (4) IIORY'IIIM 

dT 
dr 

_9_ 
Me-

Gep(T-TI) 
Me 

1- e-y 
--------

k TFT -y 1 + -- (1 - e ) 

(4) 

(5) 

(6) 

(7) 

Gep 
AHanu3 8Toro swpa)!{eHHH noKa3wBaeT, 'ITO HanH'IHe 

Tennoo6MeHa B npoccenbHOA cTyneHH cymecTBeHHO CHH

)!{aeT TeMn oxna)!{)leHIIH ( BeRH'IA:Ha k T • F T B 3HaMeHaTe

ne). Jl08TOMy B H8'I8RbHbiH nep!IOJl OXR8)KJleHH5I He06XOJliiMO 

8TOT Tennoo6MeH HCKRIO'IIITb. C 8TOH UeRb!O MOlliHO, Ha

IIpHMep, B Te'IeHHe scero npouecca oxna)KJleHI1H ra3 H3 

06beKT8 c6paChlB8Tb B IIOTOK HII3KOrO Jl8BReHH~ MHHY~ 

pe¢pH)!{epaTop. OaHaKo TaKoii cnoco6 KpaiiHe He8KOHo

MI1'IeH 11 He MOllieT 6b!Tb peKOMeH)lOB8H JlRH KpyTIHbiX 

06beKTOB. fly'IIIIe HMeTb B pe¢p11mepaTope OJlHY IIRII He

CKORbKO 06BOJlHb!X RI1HIIH, TI03BOR5IIOII111X Ha HYlliHblll ne

pi10Jl BpeMeHH HCKRIO'l!ITb BpeJlHblll TeiiJI006MeH. JlpH pa-

6oTe C 06BO)l8MI1 (¥T={)} CKOpOCTb OXR8)!{)leHHH 6yaeT 

onpenenHTbCH cneayJOIIIHM Bbipa)!{eH11eM: 

dT Ge cr;:- = -M!-<T-TlJ<l- e -y) (8) 

JlpoaHamf3HpyeM BeRH'IHHhi, BXOJlHlllHe B 8TY ¢opMyny. 

Pacxon xnaaoareHTa G B 6onhiii11HCTBe cny'laeB nHMH

THpyeTCH BenH'I11HOll npeaenbHO JlOIIYCTHMOrO Jl8BReHH5I 

B OXR8)!{.Q8eMOM ycTpOHCTBe, KOTOpoe, B CBOIO O'IepeJlh, 

5IBRHeTC5I ¢yHKUHeii rl!Jlp8BRH'IeCKOrO COIIpOTHBReHHH 

Tpy6onpOBOJl8 JlRH o6paTHOrO IIOTOKa, COe)lHHHJOIIIero 

o6'beKT c pe!ppH)!{eparopoM. 

6 

l13 IIpOCTb!X rHJlPOJlHfBMH'IeCKHX COOTHOIIIeHHH nerKO 

noKa3aTh, 'ITO ~p _ ,\ .Q_, rAe ~p - nepenaJl )lasneHHii 

B mfHHII o6paTHOrO no.foKa, A - K09tP!pHUHeHT TpeHHH, 

p - IIROTHOCTh. 

Y'IHTbiBBH 3aBHCI1MOCTH Kos¢qmu11eHTa TpeHHH oT 'IHcna 

PeihronhJlCa ,\_ Re--0· 25 H BH3KOCTH renHH OT TeMnepaTypbi 

Tf _ T0· 647 17 I , MO)!{HO nony'IHTh 38BHCHMOCTh JlOIIYCTI1MOro 

pacxoJla xna)loareHTa oT ero TeMnepaTypw: 

G < G 
- e 

~p 0,571 Te 0,664 
(-) (-) 
~Pe T 

(9) 

rJle G - pacxoJl xnaJloareHTa B nycKOBOM, a G,. - B pa6o

'IeM pe)!{!IM8Xi !\p - npe)leRhHO JlOIIyCTIIMbiH, ;\p e - pa60'IIIH 

nepenaJlw aasneHHA; T,Te - TeMnepaTypa xna)loareHTa 

B RHHI111 o6paTHOrO IIOTOK8 B nycKOBOH 11 pa60'IHH nepHO

Jlbl. 

v13 (9) cneJlyeT, HanpHMep, 'ITO ecn11 i\p =Ap" ,To npH 

TeMnepaType 100 K pacxoJl xna)loareHTa 6yJleT npH6nH-

3HTenhHO B 8 pa3 MeHhiiie, 'IeM npH pa6oqeA (T = 4,2 K) 
TeMnepaType. 

Pa3HOCTb TeMnepaTyp o6'beKTa H xna)loareHTa (T-T 1 ), 

KBK y)!{e yiiOM11H8ROCb, orpaHH'IHB8eTC5I BeRH'IHHOH JlOIIy

CTHMb!X rpaJll1eHTOB TeMnepaTypbi B oxnamnaeMOM o6'beK

Te. II OCR8JlHI1e, B CBOIO O'Iepenh, onpe)lenH;OTCH :{OHKpeT

HbiMH KOHCTpyKTHBHbiMH OC06eHHOCT5IMH 06'beKT8. 

HaKoneu, ycnoBHH TennooTJlB'IH xapaKTepH3YIOTCH Be-

" aF O " RH'IHI!OH y= -
0 

-. UeHK8 8TOH BeRH'IIIHbl JlRH Bb!IlORHeHHblX 
e p 

KoHCTPYKUHii CllY noKa3biBaeT, 'ITO B 6onbiiiHHCTBe cny
qaeB y > 1. Jl08TOMY B ypaBHeHHH (8) BeRI1'I11HOH e-Y 

MOlliHO npeHe6pe'Ih, H peanbH85I CKOpOCTb OXR8)!{)l8HH5I 

6yJleT Mano OTnH'I8TbC5I OT npeJleRbHO B03MO:>KHOH, paBHOH 

( dT) 
dr max 

Ge 
_ _E._ (T- T 

1
) . 

Me 
(8a} 
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II. HAKOflflEHME )1\:YJ.UKOfO fEflM.H 

3ToT npouecc Mbi paccMOTp11:M Ha np!fMepe pa6oTbr 

pe$pHMepaTopa B KOMnneKce co caepxnpoaongm!fM 

ycTpoti:CTBOM, 11:M8IOilllfM oxnaMnaeMbie ra3oo6pa3HbiM 

ren!feM TOKOBBOllbi. B paccMarp11:BaeMbrti: nepuon pecpp!iMe

paTop KOMrreHC!ipyeT Tennonp!iTOKif !f3 oKpyMmometi: cpenhr 

If npO!i3BOll11:T MHUK!fti: 11: xononHwti: ra3oo6pa3Hhlti: ren!fti:. 

flpli aToM MenaTeJibHO, '1T06br 6hrna o6ecne'1eHa MaKCif

MaJibHag CKOpOCTb HaKOllJieH!fg ;K!fllKOf'O reJI!fg. ilng onpe

neJieH!fH OllT11:M8JlbHhlX napaMeTpOB peMHMa pa60Thl CH

CTeMhl paCCMOTpHM llOHHTHH "xapaKTepHCTI1:Ka TOKOBBOUa" 

If "xapaKTep!fCTHKa pecpp!iMepaTopa". 

XapaKTep!fCTifKH TOKoaaona Q T= KGT) 1 onpenenHIOT 

38BHCHMOCTb MeMny llOTOKOM HllYill8I'O '1epe3 TOKOBBOll 

oxnaMnaiDmero ra3a G T 11: Tennonp11:TOKOM no roKoaaony 

Q T npH pa3HbiX 3Ha'1eHH.HX pa6oqero roKa I. 3TH xapaK

repHCTHKH cymeCTB8HHO 3aBHCHT OT KOHCrpyKUHH TOKO

BBOUa 11: MoryT 6biTb paccqwraHbi HJIH onpeneneHbr aKcne

PHMeHTaJibHbiM nyreM. 06bi'1HO OHH HM€IOT Blfll, llOKa3aH

Hb!fi: Ha p If C. 2 / 3,S/. 

XapaKrepHCTHKa pe¢p11:MepaTopa noKa3hlBaeT, KaK 11:3-

MeHHeTCH B8JlH'111:Ha norryCTifMOfi: TellJIOBOfi: Harpy3KH Q8 
B 38BHCI1:MOCTH oT KOJI11:'1eCTBa CJIHBaeMoro renHg GL. 

B nepaoM np!i6JIHM8HIIH 11: c y'1eTOM IIM8IOilllfXCH HeMHo

f'0'11ICJieHHbiX 3KCllepHM8HT8JibHb!X A8HHb!X /2-4/ 3Ty 38-

BHCIIMOCTb MOMHO C'1HT8Tb JliiHefi:HOfi: If 38llHC8Tb B Blfne: 

rne 

Q R = {3 ( G L - GL ) • 

(:3 
Q* 

R 

G* 
L 

( 10) 

(11 ) 

- XapaKTepUCTII'1eCKHli K03cp¢HUI1:8HT pe<lJpHrKepaTOpa, Q* -
xonononpOII3BOUI1:TeJibHOCTb pecpp11:Meparopa B pecppiiMepa

TOpHoM peMI1:Me, Gi_ - npo11:3BOll11:TeJibHOCTb ero B OMI1:MH

renbHOM peMHMe. 

Ha p 11: c. 3 ara 3aBI1:C11:1'-IOCTb npeACTaaneHa npgMotl: I. 
ilng nocrpoeHIIH xapaKrep11:CTifKI1 CHCTeMbi Reo6xoni1:MO 

pellii1:Tb COBMeCTHO ypaBHeHue Q T= f(Q T) npu HyneBOM 
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flr 

Gr 
P If c. 2. THrrH'1Hbie xapaKTep!iCTHKll TOKOBBOAOB. G T- pac

xoA OXJI8Mll8!0ill8f'O ra3a, Q T- TellJIOllp!iTOK flO TOKOBBOllY, 

I - aenH'11IHa aneKrpH'1eCKoro TOKa; 12 > I 1 > I 0 • 

TOKe II ypaBH8HHe Q R =(:3 <Gt -Q L) C yqeTOM Tef!JIOllpHTOKa 

113 OKpyMaiOIDefi: cpeAbl Q O• KOTOpblM B paCCM8Tp!iB88MblM 

nep!iOll MOMHO C'11iT8Tb flOCTOgHHbiM. 

B pe3ynbTaTe peweHng Hati:neM 3aBIICIIMOCTb cKopocTH 

OMHM8HUH OT KOJIH'18CTB8 ITOAaBaeMOf'O Ha OXJiaMU8HH8 

TOKOBBOAOB ra3a GL=f(GT)I=o·Ha pHc. 3 rroKa3aHo nocT

poeHHe BCITOMOf'aTeJibHOfi: KpHBOA 4, C llOMOllibiO KOTOpoA 

orrpenenmoTCH HCKOMbie BeJIII'1HHbi. flpw rrocrpoeHIIH He

o6xoniiMO yqecTb, 'ITO aHranbrrlfg oxnaMnaiDmero TOKO

BBOllbi ra3a OTJIII488TCH OT 9HTaJiblli1:1I MIIllKOf'O f'8JIHH Ha 

B8JIII'111:HY T8llJIOTbl HCllapeHHg r, l109TOMY OTBOA Ha TOKO

BBOllbl ra3a B .KOJIII'1eCTBe G T np11:Bener K yMeHbWeHIIIO 

TeMna HaKonneHIIg )!<HnKoro renHg Ha BeJIU'1HHY GT<l- ~), 
M8HbWYIO '18M G r.*_l_. --- I'' 

*)flpH OTB0ll8 napa, a He )!(lfllKOCTH B03H!IKaeT "H36bi

T0'1Hag" xonononpOH3Bonwrenb HOCTb AQ = G Tr. flpH aror-.1 II3 

(l 0) cnenyer, 'ITO 1 AQ \ = f":l\ \G[, oTKyna l\G= GT J-f · 
9 



Q 

o;k. 

f};t t~ ~~ I 

(}T 
G 

G.ma11 

-Gt-Jo- Jr ~ 
PH co 3. K nocrpoeHHJO xapaKrepHCTHKH CHCTeMbl pe$pH

)Keparop - CnY C OXn8)KJl88MbiMH TOKOBB0Jl8MH B nepHOJl 

HaKonneHn~ )KifJlKOro renH~o I o Q R=# <Gt- GL), 
2o QR={:l<Gi_ -~)-QO, 3o QT=f(GT)I=O' 40 QR = 
= {:l<Gt -GL)- Qo -f:?GT(l- -ff}. 

XapaKrepHCTHKa CHCTeMbi B paccMaTpHBaeMbiH nepHOJl 

Bblp8)K88TC~ ypaBH8HHeM 

Qo QT r 
GL = Gt - T - T -GO - 1J) (12) 

If HMeeT BHJl, llOK838HHblll Ha pH C, 4o 

nn~ onpeneneHH~ OllTHM8flhHOro ll01'0K8 OTBOJlHMOrO 

Ha TOKOBBOJlbi ra38 1 npH KOTOpOM JlOCTHraeTC~ M8KCH

M8JlbH8~ CKOpOCTb 0)Kif)KeHH~, npOJlH¢qlepeHUHpyeM ypaB

HeHHe ( 12) no GT 

10 

' ' 

\ 
I 

~ 
J 

(] .. onm 

dGL 

dGT 

1 
{:l 

Br 

dQT 
---1 +.!_ 

dG T {1 

P If co 4. XapaKTepncTHKa 

cncreMbl pe¢pH)KepaTop -

CfiY c oxna)KJlaeMblM1:1 

TOKOa&OJl8MH B RepHOJl 

HaKonneHH~ )KifJlKOro renn~o 

( 13) 

If, llplip8BHSIB npaByJO '!8CTb Hymo, H8MJl8M 

dQT 

( dG~) om =r-{:l. (14) 

TaKHM o6pa3oM, lfMe~ nnwb 3aB!fCHMOCTb QT=f(G ~I =O 
H 3Ha~ xapaKTepnCTH'!eCKHH K09<fJ¢HUifeHT pe~H)KepaTopa 

{:l, MO)KHO onpenenlfTb OITTifManbHbiM llOTOK '!epe3 TOKo

BBOJlbi. nn~, 3TOrO Hy)KHO npOBeCTii KaCaTeJibHYJO K KpHBOM 

QT=f(GT)I=O non yrnoM ¢=arctg({:l-r) (pHCo 3). 
l13 ypaBHeHH~ ( 12) cneayeT, 'ITO ecnR pa3HOCTb Me)K

IJ.Y Gt H ocranbHbiMH 'lneHaMH ypaBHeHHSI HeaenHKa, TO 

ll8)Ke llpH OllTHM8flbHOM llOTOKe qepe3 TOKOBBOIJ.bl CKOpOCTb 

H8KOllfleHH~ )KifJlKOrO renHSI MO)KeT OK838TbCSI HenpReMneMO 

HH3KOH (~ax << GV. B 9TOM cny'lae uenecoo6pa3HO npen

aapHTenbHO HaKonarb )KifJlKHH renaii B xopowo Tennoa3o-

11 



.11HpOB8HHbiX COCyJlaX, 3aTeM OXnaJlHTb CHCTeMy JlO TeM

nepaTypbi, 6nH3KOH K pa6oqefi, H nepenHTb IKHJlKRH renHfi 

H3 COCYLlOB B KpHOCTaTupyeMbiH 06'beKT. 

lli.KPHOCTATHPOBAHME 

XapaKrepHCTHKa CHCTeMhl B aTOM peiKHMe npeJlcTaB

ngeT C060fi 38BHCHMOCTb XOnO)lOITpOH3BOJlHTenbHOCTV. pe~

pH1Keparopa or rroroKa xono)lHoro raaa, rro)lasaeMoro 

B TOKOBBOJlbl QR=f(GT) .f109TOMY H XapaKTepHCTHKY pe~ 

pH1Kepa ropa yJlo6Hee rrpeJlCTaBHTb B BHJle QH = Qft- {31 G T 
Q 

(p 11 c. 5), rJle {3 1 = G:-. Cs93b MeiKJlY {-3 H {-3 1nerKo Hati
T 

TH H3 COOTHO!lleH119 c;-GL=Gt-r- (eM. pHC, 5). 

a* R 

Q 
f3I 

2 

* G.~ 

G 
f4* 

PH c. 5. XapaKrepHCTHKa CHCTeMbi B pellqo.; ~ KpHocra

THposaHII9. l. QR= Q(l -f-3 !GT; 1: Q H = QR -/ C L; 
2 • QR=Q~-{:liGT-Q 0; 3 • QH=Q~-f-3t<;F(~t)-QT. 

12 

TioJlenus o6e qacTH: paBeHCTBa Ha Q(l, nony"'I1M 

1 1 r 
73~ - 73 = 7f137 ' 

OTKyJla f3- {31 = r. 

PelllHB COBMeCTHO ypaBHeHH9 Q R = Q'h- f3tG T- Q o 

( 16) 

( rrp9Ma9 2 Ha p II c. 5) H Q 'F f(G T)I = Const , rrony'li1M ce

Meitcrso XapaKTepiiCTHK CHCTeMbi, DOKa3aHHOe Ha pH C. 5 

(KpHBbie 3). KmKJlag H3 arux KpHBbiX ODIICbiBaercg ypas-

HeHIIeM 

QR=QR -Qo-QT-f31GT 

11 HMeeT M8KCHMyM, COOTBeTCTBYIOillHH ODTIIManbHOMY 

noroKy oxnaiKJlaKi!llero TOKOBBOJlbi raaa, npu"'eM 

dQT 
( dG:;") OTIT = - {3 l • 

( 17) 

( 18) 

Ha ypasHeHHit (14), (16) II (18) cneJlyer, qro npH 

0JlHH8KOBOM TOKe B TOKOBB0Jl8X ODTHManbHble DOTOKH 

B peiKIIMaX H8KODneHII9 IKHJlKOPO renH9 H KpHOCT8THpOB8HH9 

paBHbi MeiKJlY co6ofi. 

p 8CCMOTpHM ODHC8HHble Bbi!lle DpOUeCCbl Ha DpHMepe 

CIICTeMbi pe~pH1Keparop MfO 121 - csepxnpOBOJl91llHi1 co

neHOHJl CTIC-600 ycraHOBKII "KonhuerpoH" /l/ (pH c. 6). 

MHorouenesoti renueBbiti OIKiiiKIITenb-pe~pH:>Keparop 

MfO pa6oraer no UIIKny c npeJlBapHrenbHbiM oxna:tKJle

HIIeM CIK8TOPO renH9 /KHJlKHM 830TOM, paC!llHpeHIIeM "'8CTH 

DOTOKa B DOp!llHeBOM )leTaH)lepe H JlpOCCen!IpOB8HHeM. 

B pe~pH1Keparope IIMeiOrcg o6BOJlHbie nHHHH Ha noroKe 

Bb!COKOPO )laBneHII9, IT03BOn9IO!llHe IICKniO'lHTb Tennoo6-

MeH, 9BRHIOIUHHCH speJlHblM B nepiiOJl npeJlB8pHTenbHOPO 

oxnaiKJleHH9. Tiop!llHesoti JleTaHJlep cHa61KeH ycrpoilcrsa

MH, D03BOnHIOIUHMH nnaBHO H B lllHpOKHX npe)lenaX II3Me

HHTb ero rrpOH3BOJlHTenbHOCTb, 'lTO o6ecrre'lHBaeT B03-

MOIKHOCTb ycTaHOBneHH9 ODTHManbHOPO pacrrpeAeneHH9 

DOTOKOB MeiKJlY JlpOCCeneM II )leTaHJlepOM, XapaKTepHCTHKa 

pe~pH1Keparopa 6nuaKa K rrpHMOH nHHHH: Q(l = 240 Br, 

Gt = 2,08 r/c (60 n/q), XapaKrepucruqecKHe KOS~II
uHeHTbi /3=240/2,08 = 115 .QIK/r, f3t=f3 -r = 115-20 = 
= 95 .U:>Kir. 
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l_~J 
KO/TlJIItunptlll 

p H C. 6. npHIIUHTII-IanbHaH CXeMa CHCTeMhl peljlpH:IKCpaTop 

MfO - coneHOHLl cnC-600. 1 - KOMnpeccop; 2-5 - ren

noo6MeHHHKHj 6 - C60pHHK *HLlKOro renHHj 7 - BaHHa 

*HLlKOro aaora; 8 - LlCTaHAep; 9 - npoMe*YTO'IHhlH 
cocyA coneHOHAa; 10 - coneHOHLl CilC-600; 11 - roKo

BBOLlhi; 12 - pe3oHa rop; 13,14 - KpHoreHHbre Marncrpanu 
6e3 aaoTHoro sKpaHa. 

ConeHOIILl cnC-600 npeAHa3Ha'IeH AnH C03AaHH5l Mar

HHTHoro nonSI HanpH*eHHOCTbJO 2 Tn. Macca,KoropyJO 

He06XOLlHMO nOAAep*HBaTb npH 4,5 K, COCTaBnSieT 
-1500 Kr. 

TerrnorrpHTOKH na OKPY*aJOmeR cpeAbi K yanaM Konb
uerpoaa npHBeAeHhi B T a 6 n Hue. 

LJepe3 TOKOBBOLlhi CnC-600 rrponycKaeTC5l 0,1 5 r/c 

XOnOL(HOf'O ra3a B pe*HMaX OXn8*Ll0HH5l 11 IIaKOrtneHH5! 

)1\HLlKOrO renU>I H 0,65+(),8 r/c B pe*HMe KpHOCT8THpO

B8HH5l npn TOKe 2,5+-2,75 KA. TemwrrpnTOK no TOKOBBO

Aa:-vr cocraBn>IeT- 1 Br B pe*HMe HaKonneHHH II - 5 Br 

14 

TennonpHTOKH K y3naM KOnhuerpoaa 

HaHMeaoBaaHe 
yarra 

KpHOCTaT coneHOHL(a cnc-600 

KpHorellllhie Mar:Hcrpana 

C 830THhlM 3Kp8HHpOB811HeM 

(BKnJO'I85! CThlKOBO'IHhle 

y'IaCTKH) 

KpaoreHHhle Maracrpan~ 

6e3 830THOrO 3Kp8HHpOB8HHH 

(BKnJO'I85l CThlKOBO'IHhl8 

y'IaCTKH) 

JlpoMe*yTO'IHbiH COCYLl 

CyMMapllbiH rennonpHTOK 

(6e3 TOKOBBOLlOB) 

Ng no 

pac. 6 

10 

13,14 

15 

9 

TennonpH TOKH 

Br 

26 

30 

60 

4 

120 

B pe*HMe KpnocrarnpoBaHHH. K cmKaneHHJO, nonHhie 

XapaKTepHCTHKH TOKOBBOLlOB He 6hinH CIISITbl. 

Ha pH c. 7 npnBeAell rpa¢HK oxna*AeHHH KonbuerpoHa. 
Becb npouecc 38HHMaer oKono 26 qacoB H AenHTCH Ha 

IV nepHOAa. B HaqanbHhiH nepao.u ( 1) Ha'IHHaJOT noAaBaTb 

*HLlKHH 830T B B8HHY peljlpH*ep-aTopa, a renHR, npollleA
lllHH KOrrbUeTpOH, c6paCbiBaiOT B CHCTeMy c6opa rpH3110rO 

renHH, C TeM 'IT06bi He pa3HOCHTb BhiCOKOKHnHwHe npHMeCH 

( Bnary, nap101 pacTBOpHTeneit H r.n.} no CHCTeMaM pe¢pH

*eparopa. Ilocne oxna*AeHHSI KonbuerpoHa npuMepao AO 
0 

-20 C npeKpamaJOT c6poc raaa B nHHHJO rpR3Horo renHSI 

H HanpaBnHJOT o6paTIIhiH noTOK B pe¢PH*eparop. B sror 

BTOpoft nepHOJl OXn&*JleHHe BeJleTCH renHeM, HMe!Oll!HM 

npH6ITH3HTenhHO ITOCTOHHHyJO, 6nH3KYIO K TO'IKe KHlleHHH 

830Ta, TeMneparypy. BeiiTHnh n4 (pH c. 6) OTKpblT. 

Kor)la TeMrr oxna*JleiiHH H8'!HIIaer CIIH:lK8TbC5l, n-r 38Kphl

B810T, OTKphiB810T n3 H BeJlyT OXna:lKJl9HHe C nOMOWbiO 

1-5 
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p If C • 7. fpa<iJHK OXJI8.1KJl8HH5I CHCT8Mbl pe¢piDKepaTOp 

MfO - KOJibUerpoH. T 1 - TeMrreparypa ra3a Ha BXOJlB 

B co.TieHOHJl CDC-600, T 2 - Ha BbiXOJle. 

aeraHaepa -III rrepuoa. Docne Tof'o KaK reMneparypa re

JIH5I, B03BpamaeMOf'O R3 KOJibUeTpOHa, CT8HeT HU)Ke HHBep

CROHHOH, BKJI!O'l8DT B pa6ory JlpOCCeJibHYJO cryrreHb: 38-

KpblB8lOT ll3, OTKpbiBaiOT ll2. B KOHUe, 3Toro IV rrepROJla 

H8'lHH8eTC5I 118KOITJieHHe ;h:IIJlKOf'O reJIH5I. 

B pellHH-te HaKonneHIHI CKO['OCTb O/h:UIKeHI! ~'. cornacHo 

ypaBHeHlf!O ( }2). j]OJl;hH8 COCT8BJlHTb 

Qo <~ 1 · 
QL = Qt- 73-- T - Cr< 1 - ;1) 

2,0H- 120 -_I_ -0.1.)( 1- :W -\~(U*17I 
11!1 11;) 11;) 

o.o26 nl'l. 
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3KcrrepHMeHT81IbHhie R3MepeHH5I aanw G L = 22-23 nl'l. Dpu 

T8KOM TeMIT€ 0)Klf)K8HH5I ITpOUBCC H8KOITJl8HH5I )KlfJlKOf'O 

reJIHH 38H5IJI 6bi 6onee 18 'laC, T.K. eMKOCTb KOJlbU8TpOHa 

OKOJIO 400 JI. lln5I ycKopeHH5I 38Jl!IBKH ITOCJie OKOH'l8HH5I 

rrpouecca oxna)I(Jl8HH5I B cucTeMy rrepeaaBanocb 300-350 n 
)KifJlKOf'O f'8JIR5I, 3apaHee 38IT8CBHH0f'O B rrepeHOCHbiX 

cocyaax llbJOapa. 

B pe)KlfMe KpuocrarwpoBaHH5I H36hiTO'lHYJO xonoao

rrpou3BOJlHTeJibHOCTb H8HJl€M ITO ypaaHeHH!O (17): 
Q R = Q*R- Q o- Q T- f3 GT=240-l~-5-95· 0,8 = 40 BT. 
3KcrrepHMeHTaJihHO H3MepeHHoe 3Ha'leHwe Q R"' 20 Br. 

PacXO)KJl8HH5I Me)KJlY pac'leTHbiMH H sKcrrepuMeHTaJihHhiMH 

3Ha'leHH5IMH GL H Q R MOIKHO o6b5ICHHTh reM, 'ITO renno

rrpuTOKH, YK838HHbl€ B T a 6 JI HUe, H3Mep5IJIHCh npH CT8-

6HJihHOM Jl8BJieHHH reJIH5I B o6paTHOM ITOTOKe, a B rrpo

ueccax H8llOJIHeHH5I H KpHOCT8THpOB8HH5I HM8Jllf MeCTO 

3H8'lHT8JlbHhle rrynhC8UHH f'838 R3-38 pa60Thl ITOplllH8BhlX 

KOMrrpeccopa H aeTaHaepa. BcneacTBHe sToro TerrnorrpH

TOKH B CThlKOBhlX Y'l8CTK8X Tpy6orrpOBOJlOB If TYITHK8X 

OK838JIHCh 60Jihlll€ H3MepeHHbiX. 

BblBOllbl 

1. Pe<iJpu)KepaTophi, rrpeaHa3Ha'leHHhie JlJI5I KpuocTaTH

poaaHH5I KpyiiHbiX CBepXIIpOBOJl5IlllHX ycTpOHCTB, B 60Jih

lllHHCTBe CJiy'laeB pa60T8!0T B KOM6HHHpOB8HHb!X pe<iJpH)Ke

paTOpH0-0)Kif.IKHT8JlhHbiX pe)KHM8X. 

2. B cxeMe pe<iJpu*eparopa Heo6xoaHMO rrpeaycMaTpH

BaTh CIT8UH8JlbHhle o6BOJlHhl8 JIHHHH, II03BOJl5I!OlllH8 B8CTH 

IIpOUeCC OXJl8)KJl8HH5I C M8KCHM8JlhHOH CKOpOCTh!O. 

3. TeMrr oxna)KJl€HH5I, KaK rrpaBHJIO, mn1HTupyercg 

JIH60 JlOITyCTHMblM rp8JlHeHTOM TeMITepaTypbl B 06beKTe, 

JIH60 COIIpOTHBJl€HH€M JIHHHH, ITO KOTOpOH f'83 113 06beKT8 

B03BpamaeTC5I B pe<iJpu)Keparop. YcnoBH5I rerrnooTJlB'lH 

HM€!0T BTOpOCTeiTeHHOe 3H8'l8HHe. 

4. Dpu KpHOCTaTupoBaHHH cBepxrrpoBOJl5IlllRX ycrpotlcTB 

C OXJl8)KJl8€MbiMI1 TOKOBBOJl8MI1 cymeCTByeT OITTRM8JlhHbi!"! 

IIOTOK OXJI8)KJl8!0lll8f'O TOKOFIBOJlbl f'838, IIpH KOTOpOM JlO-

17 



CTHI'810TC51 M8KCHManbH851 CKOpOCTb H8KODneHH51 )KHllKOI'O 
renu.s~ unu xonononpouaBOllHTenbHOCTb. Lln.s~ onpeneneHHH 
3TOI'O llOTOKa He06XOilHMO 3H8Tb He TOnbKO XapaKTepHCTH
KY TOKOBBOilOB - 38BHCHMOCTb TerrnonpHTOKa OT paCXOlla 
oxna)K)laiOmero raaa, HO H xapaKTepucTHKY pe¢pa)Kepa
Topa - 38BHCHMOCTb XOnO)lODpOH3BOilHTenbHOCTH OT KOnH
~eCTBa cnuBaeMoro )KHllKoro renu.s~. 
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