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ITpnMeReRHe o5MOTOK1 B KOTOphlX CBepxrrpoBonanK CT85HIIH3yeTCH ROPM8nhRhlM 
/1/ . MeTannoM , nenaeT eoneprneaao.peanhHoft na~eaepaofi aana~efi co3naane Kpyrr-

RhlX cBepxrrpoBonnmnx eoneaonnoB. Coopy~eann TaKoro pona rrpenrronaraeTcn nc

rronh3oBaTh nnn nccnenoBaanfi no $nanKe rrna3Mhl. nnn aamnThl oT oannarrnn B Koc-
/2/ 

!l.m~eeKoM rrpoCTpaRCTBe n nnn nnepRbiX nccnenoBannii • B Aparoae, EovKxefiBeae. 
. /3/ . 
llepae n OHHH aaMe~aeTcn CTponTeiibCTBo aecKonhKHX MHoroMeTpOBbiX Bonopon-

llbiX IIy3blpbKOBbix KaMep. 

PaecMoTpeHHbifi aaMn eoneaonn nnn nSITnMeTpoBofi Bonoponno!l: KaMephl OHHH 

xapaKTepn3yeTCSI cnenyromHMH OeHOBllblMH napaMeTp8MH: 

MarnnTnoe none B nenTpe 

BnyTpeannfi nnaMeTp 

napy~nhl!l: nnaMeTp 

BhlCOT8 

nee cBepxrrpononHHKa 

Bee cTa5nnn3npyrome!i Menn 

Bee KOHCTpyKllHOHHbiX H. CHIIOBbiX 

aneMeHTOB 

aaKonnenaaSI saeprnSI 

~HCIIO BBOITOB H BbiBOITOB TOK8 

- 40 Krc, 

-6 M, 

-6,8 M, 

3,9 M, 

2,5 TR, 

55TH, 

- 90 TR, 
a 

- 1,65~ 10 n~. 

- 10 

conenonn 110 BbiCOTe pa35HT ·aa 5 ceKIIllfi C He38BHCHMbiM sneKTPOIIHT8HHeM), 

ToK B onnoM BBane - 5000 a. 
' !\ 

Ha aToM npnMepe Bnnao, ~To y KpynabiX coneaonnoB 5ecnpeneneHTHO BenHKa 

Macca MeT anna,· KoTopyro aano oxnannTh no TeMrrepaTypbi ~nKoro · rennn. Mo~o 

T8K~e O:lKHIT8Tb 3H8~HTeiihHblX . TeiTIIOITpHTOKOB K lKHITKOMy reiiHIO ~epe3. IIOrrBeCKH0 

cTeHKH nhroapa, BBOnhl.TOKa. Hn~e oneannaeTCH xononorrporr3BonnTenbaocTh n.pac

cMaTpnnaroTen cxeMhl COOTBeTCTBYIOillHX renneBO-Q~~TeiibRhlX YCT8HOBOK. 
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PaccMoTpHM c xpnoreaaoii TO'IKH apean.11 qeThipe peJKHMa pa6oThi coneHOHila: 

1) ycTaH(JBHBWHliC.Il pelKHM1 

2) oxnalKileHHe no TeMnepaTyphi lKHJlKoro renn.11, 

3) aanonaeHne JKHilKHM_renneM, 

4) aaxaTIKa 11 ynaneane saeprnn. 

..;. 

YcTaHOBHBmnlicsr pelKHM 

B STOM pelKHMe HMeJOTCSI cnenyromne HCTO'IHHKH TennorrpHTOK8 K conenoRJly: 

a) qepe3 Terrnonaonsrunro, 

6) 110 llOJlBeCK8M R MOCT8M 1 

B) OT BBO)lOB TOK8, 

CnnMaJOTCli TennonpnTOKK c noMombro lKru:tKol"o renn!t. Kax:. K3BeCTno, :HtHJlKll:li :re-. 

nn!i o5nanaeT Mano!i aenn'lnno!i cx:pbiTo!i TeiinOTbl ncnapeHnl't. DoaToMy '!P93BI:>I'lll.!ino 

BaJKno noMnMo TennoTI>I x:nnemrn ncnom.aoBaTb TaK~e narpeB ncnapennoro renxsr. 

HcnapeHHbiH renR!i MO:lKHO B03BpamaTb B O~HlKIITellb IIIIII OXna~JlaTh liM IIOJlBeCKH 

II BBOJlbi TOKa II TeM caMbiM CHII~8Th KOIIH'I9CTBO T9llJI80 rrpll:TeKaromee K COJ19HOIIJlY, 

KaK llOK83biB8JOT pac'I~Tbi, B03BpaT ncnapennoro renliSI B o~n~nTem. llOBbiWaeT .ero 

xonononponaaonnTen&nocTh-B 4-5 paa. TepMonnHaMn'lec~~:n.5eapaann'IHo, ~~:ax: ncnonh

aoBaT& XOIIOJlHbiit nap: B03BpamaTh ero B OlKII~HTenh nnn npnMeHSITb Jl.IISI OXJI8llillGHIISI 

nonBecox: n.BBOJlOB Tox:a~ Onaax:o oxnallinenne.nonBecox: n Bnonon cnn~eTnx cpen

Hroro . TeMnepaTypy ll COOTBeTCTBeHHO llOHH~aeT TerrnorrpOBOJlHOCTb II ll0BbiW8GT aneK

TpOrrpOBOJlHOCTb0 'ITO nononHnTen&Ho. yMen&waeT TennonpnTox: qepea nnx. KpoMe Toro, 

HlllKHSili '18CTb OXJia)KJlaeMbiX BBOJlOB TOK8 MO~eT 5biTb WYHTHpOB8H8 C:BepxnpOBOJlHHKOM 

:;mn cJlenana na nero. Tax:nM o5paaoM,Sicno, 'ITO ncnap~~Hbi:il: renn!i cnenyeT B nep

BYIO oqepen& nanpannSIT~ Jia oxnalKnenne nonnecox: n Bnonon n Tom.x:o ocTaBwyxocSI 

'laCTb B03Bpaw8Tb B OlKIIlKIIT9Jib, 

a) llonToK Tenna qeoea ·nao.IIliunro MollieT · 5biTh cvmecTBeaao oroaall'len. Harron-
. t7 

Mep, qepea Mnorocno!inyro naomn:tnro noTox: Tenna B nnTepBane 300 ;.. 4 K - 0,05 ..; 
. 2 . 141 

;.. 0.1 BT/M ( CM. pa50TY , CTD.229), 'ITO llJili COJI9HOHD8 USITHM9TDOBOif K8M9Dhl 
2 

rrpll IIOBepXHOCTii 1130JISIIlllll OKOJIO 200M COCT8BHT Q na ~ 20 "BT 

·5) nonBecKn nano nenaTh MHHHMan&noro ceqenns na ManoTerrnonpoBonnoro 

4 

! 

I· 

MaTepnana. Y conenonna IISITHMeTpOB( 

llOIIlliHbl Bblll9DlKHB8Th Bee C01T9ROlmR 
2 

lK9HII9 U •1500 rr/cM 0 ll8XOAIIM III: 
nnn 

TerrnonpnTOK It lKnAKOMY rennro rrc 

3nec& 

. An 
QH•---r- S ·~T 

~T. · ... goo - 4,2 • = 

0, 
=--

1~ 

296°1 

A H • 0,11 BTicM•rpan. - cpen 

nnTepnane ~eMnepaTYP 300 - 4,2° K/ 

nllli oxna~aeMhiX IIOAB9COK MO 
I6/ 

pa5oTI:>I : 

Ao r S • f 
Q0 '" cf 

( Ha oxna~enne no.nBecox nneT rem 

3.~tec&- c -. ynem.llast Tenno~MKt 

TGMnepaTypbi), 

r ... TerrnoTa napoo6pa30J 

OneHHM yMeH&weHRe TennonpHTox:a 

c neoxna~aeMhiMH: 

Oo Ao 
o;--~· 

Ecnu na~e npHHSITb A 0 • .\ 11 (lll 

9MOH nonBeCKB B COOTBeTCTBeHHC 

Qo • On 
fn (1 

c fl. T "' i aoo - i .. 11 

• ·, 20 ."1 
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qeThipe pe}KHMa paooTbi coneaoHJ:xa: 

rennn, 

... 

HCTO'qHHKH TerrnorrpHTOK8 K coneHOHrry: 

:m:ro:txoro :rennsr. Ka:s: H3BeCTno1 :m:nnKnfi :re-. 

TennoT&I Hcnape.mur. TloaToMy 'lpe3Bhi'tafiao 

soBaTb TaK:m:e narpea ucnapennoro rennH. 

·renHH B O:lKH:lKHTellh HOBbllli89T .era 

TepMonnaaMH'Iecxn 6e3pa3nH'IHo, xax Hcrrollb-

TennonpnToK qepe3 nnx. KpoMe Toro; 

MOlKeT 6&ITb myaTnpoaaaa c;aepxnpoaonanxoM 

rennfi cnenyeT B nep

nonaecox H BBOJlOB H TOllhKO OCTSBIDYIDCH 

'o&ITb cvmecTaeaao oroaan'!ea. Hanon

noToK Tenna B HHTepaane 300 +- 4°K - 0,05-+ 

9). 'ITO DIISI C01I9HOHD8 llSITHMeTDOBOtf KBMI'!Dnl 
2 

COCTBBHT Q Tl3 ~ 20 'BT 

~baoro ceqenns H3 ManoTennonpoBonaoro 

/ 

I 

_ MaTepHana. Y conenoHna rrBTHMeTpoBofi KaMep&I nonaecKH H3 nep:m:aaeromeli cTann 

JlOII:lKHbl BbiJleO:lKHBSTb Bee coneROil'nA G ':.150 TOHH. flDII'llii'MaSI DOUVCTHMOe Harro!l:-
2 . 2 

JKenne a •1500 tt/cM , naxoJlHM nnoman:& ceqeans rronaecoK s o;lOOcM • 
norr 

TennonpHTOit It JiauaoMy renHro no neoxnalltllaeMbiM IIOAB9CK8M AIIHHOIO f =100cM: 

3nec& 

. An 
Oa•--r- • S·~T 

tiT --sao - 4,2 : 

0,11 

100 
• 100 • 296'• 32 ,6 BT 

0 . 
296 K - pa3HOCTb TeMrrepaTYP aa KOHIISX UO.UB9CKH, 

.\ R "" 0,11 BTl CM • rp8Jl, - CpeAHBH 'rerrnonpoBOAHOCTb nep:m:aBeromeii CTSnii B 
· · o Mf 

nnTepaane. TeMrrepaTyp 300 - 4, 2 K , 

nzm oxna:m:naeMblX nonaecoK Mo:m:no nonMeHHTb '!aCTH&Iii cnvqaft dJonMvnn~ (3) 
/5/ 

paOOTbl : 
A

0 
r S c ~ T 

Qo .. c f • fn ( 1 + ). 
(1) 

( Ha oxna:m:nenne nonBecoK ll)leT renHil:, Bcrrapena:l>Jli TOIIbKO caMnMH rronBecKaMH.) 

3necb-C -.ynellbnan Terrno~MKO~T& ·ra3oo6pa3noro renHSI (cna6o saBHCHT OT 

TeMIIepaTypbl) 1 

r - T9II1IOT8 rrap000p830B8HHH :lKHJlKOl"O renHSI. 

O~ennM yMen&menue TennonpuToKa qepea oxna:m:naeMble nonaecKll no cpaanennro 

c neoxna:m:naeMbiMH: 

Oo .\ 0 l'nO+c~T/rl 
Q';- .. ~. - c~T/r 

(2) 

EcnH na:m:e npKHSIT& A 0 • An (na t:aMoM nene cpennnn TeMnepaTypa oxna:m:na-

eMoil: nonaecxn H cooTaeTCTBenno .\ RB::ace, 'leM neoxna:lKllaeMoA), TO 

Qo • Qn 
fn (1 + c ~ T ./ r ) 

c ~ T I r 

c ~ T = i 800 - i .. 2 .. 360 KKan/Kr .. 1, 5 • 10 
8 

n::aciKr; 

• = 20 •· .10
8 n>lC/Kr: 
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e-flTir .. ----=--~-
20 • 10 a 

- 75 

2 • 3 e s 76 .. o • o58 o H 
Qo ... Q H .,._ 

T.e.•TennorrpnToK no oxna~~aeMwM rro~secxaM yMeHhmaeTcH non6nnsnTenhHO B 
~ . . 

17 pas. 

no~. ~ 
Q n .. 0 , 058 ." 32 , 6 = 1 , 9 BT • 

EonbiiHIM TennOBbiM MOCTOM .!IBmiiOTCSI BHyTp9HHHe CT9HKH JlbiOapa B Cnyttae JlhiOap-

HOil CHCT9Mbl TennOH30JlHUHH, JlpHHHB TOIIlliHHY CT9HKH 8 .. 2 MM, ITOJIY'IHM 
~ . . 2 

S .. -2 rr .Q cp 8 .. 2. • 3 , 14 • 640 • 0 , 2 .. BOO CM , 

TennonpHTOK no CT9llK8M JlbiOapa rrpn OXII8)!{~9HHH HX rasoM, IIO ( 1) P8BeH~ 
n Q0 ,. 15,2 BT 

0 1 e .. 1oo eM • fl T .. 296 K 1 . 

s) Tennonpli'J'OK no BBo~aM TOKa. 

/5/ 
Cor naCHO rrpHTOK no onTRMH3HpOBaHHbiM BBOJlaM ( C PS!JlOM ynpomeHI!i!): 

Q
1 

.. r.Iy p>.. ,. . {4) 

Pe3ynhTaTbi pactt{!Ta no ypasaeanro (4) cosnanaroT c axcnepnMeHTOM, ecnn naoa-
, . 0 

MeTpbi s ( 4) 6epyTCst npa Ta<jl .. 30 K. 

llo )laHHbiM TeX )Ke aBTOpOB, TennonpHTOK Mana 3aBI!CRT OT reoMeTpH'leCKI!X pa3Mepoll 

H T9MIIepaTypbi Bepxaero KOHU8 BBO):IOB, J13 ypaBH9HHSI ( 4) BI!):IHO TaK)K9 0 'ITO Terr

IIOIIPIITOK ITO BB0):18M Marro 38BHCIIT OT M8T9DR8na BBOII8. T.K. o A 'liiCThTX M9Til1T-

noB 6nnsxn Me~y co6oi! 

-6 
no 3axoay Bn~eMana-t:f>oanna. .QliSI Me~n 

30uK p>.. .. 
I 

= 0,45•10 BTtoM/rpaJ:l, B paccMaTpnsaeMOM npnMepe coneaonJ:l COCTOIIT 113 5 CeK-

UIIii C 10 BB0):18Ml! JIB TOK 5000 8 K8lK~biii •. TaKRM o6pa30M , 

Q 1 0 ·' 0,45 • 10-6 
. I ., 0 • ·20 • 5 00 y . = 65 BT, 

• 5.25 • 20 

CneJ:lyeT TBK)Ke oneai!Tb TennonpnTOK no o6ecTotteHHbiM BBO):laM. (BBOJ:lW o6ecTo'ln

BaroTc.!I npn oxna~ennn conenonJ:la n sanasxe J:lbroapa renneM, a TaK~e npn pa6oTe 

coneaonria B KOpOTK038MKHYTOM pe)KnMe), 

6 

' 

i 
I 

nocne pSina ynpomeann n npe 

npnHHB 

.\ lo . --x-; Q I=O- Q I 

.\I=O=AI 

QI=O = QI 
£n ( 1 + c ~ 

1 + c t 

Q I=~ = 0,058 

3TOT pacq(!T IIOKB3b!BB9T, 'ITO H9T 

!OlliHXCH BBOJlBX, T8K K8K T9IIJ10IIpHTI 

OTHOCHT9IIbHO Man. 

KoMneacannsr TennonpnToKOB I 

TOKOBBOJlBM SKBHB8II9HTH8 pa6oTe 0~ 

spamaeTcst B o:H<HlKnTenb). KoMrreaca 

petjlpnlKepaTopaoMy pelKHMY. 06a a'I 

smiTh onaospeMeaao. Onaaxo : nns 01 

pelKnMa K onaoMy npesannpyromeM~ 

cnns. TaxnM o6paaoM, aeo6xonnMa 

B ycTaHOBH,BW9MCSI pelKRMe JliiSI COl 

non. n. QH3 
Q Qo + Qo + Q i + ---,---

3necb •4• IIOK83b!B89T, BO CKOJibll 

O)lilllKHTenst B pelKnMe pa6oTI>I aa c 

Pacq{!TI>I rroKa3i>IBBroT, 'ITO Tal 

C91IbHblfi OlKHlKHT91Ib, aa KOTOpblfi 

OxnaJKneane- no 

KpyiiRbie _ csepxnposon!lmne cc 

naTb KOT0pi>19 38 C'l{!T T9II110Tbl nc: 
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. 6 
1,5 I 10 

20 • 10 
8 

- 75 

76 a 0,058 QH 
~-----'10. 

\ /5/ 
nocne pS!D.a ynpomeann H npeo6paaoaaann <jlopMyn {3) H (4) pa6oTbi 

. A haO £n ( 1 + c !'! T /'r) 
Q .. Q •· • 

I aO I ,\ I 1 + c !'! T I r 

OpHHSIB. 
.\I=O ,\I 

fn ( 1 + c !'! T I r ) 
- 0,058 Q I QI.,O "'QI 

1+c!'!Tir 

rronBecKaM yMea&maeTcH· rrpnonii3IITen&Ro ~ 1 Q I"' 
0 

= 0,058 • 65 ,;. 3,8 BT, 

, 32 , 6 :;:: 1 , 9 BT, 

BHyTpennne cTeRKH n&roapa B cnyqae n&roap-

TonmiiRY CT9HKlf 8 1=2 MM, llOJJY'IRM 
2 

0,2"' 800 CM , 

oxna)Kneniiii nx ra3oM, no ( 1) paBeH~ 

.. 296 ° K I. 

BBOilaM ( C PSIIlOM ynporueHHH): 

~ (4) 
,. . 

coBrraAaroT c aKcnepnMeHTOM, ecnn napa-

Marro aaBncnT oT reoMeTpnqecKnx paa~epoB 

Ha ypaBHennn (4) Bnnno TaK)Ke, 'ITO Ten-. . 
0 .\ 'IHCThTX MATIIJJ-

30uK 
Bn:neMana-4>panna. DnH Menn: P X 

npnMepe conenonn cocTon:T na 5 ceK

TaKHM oopaaoM , 

v 0,45. 10-6 

5.25 • 20 
"' 65 BT, 

IlO ooeCTO'!eHHb!M BB0!{8M, (BBO!tbl o5eCTO'III-

aannBKe ll&roapa renneM, a TaK~e npn pa5oTe 

l 

' 

3TOT paC'I~ noKa3biBaOT1 'ITO ReT COpb~3IlOll: Re06XOIJ.HMOCTH B CJJOlKHbiX OTKJJIO'Ia-

!OlliiiXCSI BBOllBXo TaK KaK TennorrpHTOK IlO H90TKJJIO'IaiOlliHMCSI o6ecTO'I9HHbiM BBOIJ.BM 

OTHOCHT9JJbHO MaJJ, 

KoMnencmum TennonpnTOKOB nooxna)KnaeMbiM nonaecKaM, cTeHKBM D.&roapa n 

TOKOBBOllBM $KBHBaneHTHa pa6oTe OlKHlKHTOJJSI renHSI na CJJHB (XOJJOD.Hblfi nap ne B03-

BpamaeTCll B OlKHlKHTen&). KoMneHCBUH.ll TennonpHTOKB "'epe3· H30JJSIUHIO 3KBHBaneHTRI1 

pe<jlpnJKepBTOpHOMy pe)KHMY~ 06a 3TH pe:l!mMB pa60Tbl Q)KH)KHTeJJSI MOlKHO ocymecT

Bni!Tb onnoapeMenno. OnnaKo ·nn!l onenu aeJJH"'HHbi oJKH)KHTeJJH' yno6nee cBecTn o6a 

peJKnMa K onHoMy npeaannpyromeMy . B paccMaTpn:aaeMoM npnMepe - K pe)KHMy ·aa . ,, 
cnn:a, TaKnM o6paaoM, neo6xonnMall xonononponaaonnTen&nocT& O)KH)KHTeJJ.ll rennst 

B ycTaHOBHBIIleMCH pe)KHMe IJ.JJSI COJJeHOHIJ.B Il!!THMeTpOBOfi K8M9pbi: 

non. llo 
Q Qo + Qo + Q I + 

QH3 

4 
1,9 + 15,2 + 65 + 20 a 87 BT, 

3nec& "4" noKB3biBaeT, Bo CKOJJbKO paa yMeH&IIlaeTc!l xonononponaBOAHTen&HOCTb 

OmiiJKliT9JJ!I B pemnMe pa60Tbl HB CJJHB IlO CpaBH9HHIO C pe<jlpnmepaTOpHbiM pelKHMOM, 

Pac'I~Tbl IlOK83biBaiOT1 "'TO TBKOfi XOJJOIJ.OilpOH3BOllHTeJJbHOCThiO o6JJBASeT D.pOC-
. 3 

C9JlbHblfi 0)KH)KHT9Jlb1 HB KOTOpblfi IlOD.BeTCSI OKOJJO 400 HM f "'BC ClKBTOrO rennn, 

i! 

Oxnamnenne ·no TeMnepaTyp&I mnqxoro rennst 

KpynHbie. caepxnpoaonsrmn:e conenonAbi o6nanaroT 6on&IIIHMH MaccaMn, oxnam

naT& KOTOpbie 38 C"'~T TOilJJOTbl liCilBpOHHSI _renn:SI HepaayMHO, TaK1 B paCCMBTpliBB-
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,, 

eM•JM npHMepe c nenhro oxnalKJleHH!I 150 TH MeTanna oT 300°K ao 4,2°K uaao oT

BecTn 3189 KBT. 'I Tenna, .a xonoaonpoH3BOAnTenhnocT&, rennesoro OlKHJKUTen!l, ue

o6x0lli!Man ann noanepJKanHn yc~aaoBHBmerocn peJKHMa, - 87 BT. Bo3MO>KHbi nsa 

6onee paunonanbHhlX cnoco6a oxnalKJlena!l. nepBhlii 113 aax - nocnenoBaTenhnoe 3a

nonueane nhroapa coneao11na pnnoM >KRnKHX xnanoarenToB c noHHJKaromeiicn TeMne

paTypoii KRnealln, nanpRMep, .a30TOM, BonoponoM HnH HeOHOM, reni!eM. OcymeCTBne

HUe aToro cnoco6a Bhl3hlBaeT 31Ia'IHTenbahle3aTpynuenHn H3-aa neo6xoAHMOCTH non

noro4ynaneuHn BhlmeKHnnmero KOMnoaenTa npH nepexone na oxnalK!lenHe nH>KeKH~ 

n!lmnM. KaK H3BecTao,.nocTaTo'IHO O'leHb ne6onhmnx npnMecefi aaoTa nnn Boaopona, 

'IT06hl Bbi3BaTh 3aKynOpKy COOTBeTCTBeHHO BOAOpOAHOI'O nnn renUeBOI'O OlKUlKHTeneii. 

BbxcoKue Koa4>4>HnneaT&I. TennooTna'IH oT KHnHrnllx xnanoareaTos,' noaBonnromHe 6biCT

pee oxnaAI!Th coneaonn, nsn!IIOTcn npeRMymecTBOM 9Toro cnoco6a. BTopoii cnoco6 

oxnalKJleaH!I.coneaonna- oxnalKJleBI!e xononahlM ren11eM. npn Hcnonb30BaanH aToro 

cnoco6a ycTpanneTCII onacaocT& aaKynopKII, ao nnn oxnalK]leans coneno11na 38 Ko

poTKoe speM!I npnxonHTcn ysenn'lnBaTb KOnH'IecTBQ nnpKynnpyromero renn!l no cpaB

neai!ro C ycTBHOBHBIDIIMC!I peJKHMOM paOOTbi H pa3BHBaTb UOBepXBOCTH Tennoo6Me-

na B oJKH>KHTene. 

PeJKHM oxnalKJleBHII coneaoHna Tecno CB!I3aa c ero KoncTpyKnnen. Bo3MO>KHbi 

cnenyromne -npenenbHbie cny'lan:, 

a) Coneno11n Bbmonaen B BHne MaccHsnoro 6noKa c Manoll: nosepxno

cThiO TennooTna'IH H BblCOKOii TennonpOBOnHOCTbiO OOMOTKH. B 9TOM cny'lae CKO

pOCTb oxnalKlleHHII nHMHTHpyeTcn nosepXHOCTbiO TennooTna'IH OOMOTKHo npHM9pOM 

T8KOii KOHCTPYKUHH , MO>KeT cny>KHTb npOBOnO'IHblii coneiiOIIA Ha 32,8 KI'C C . BHyTpen

HIIM·, AHaMeTpOM 27,6 CM, xapaKTepH3YIOillHfiCII nnOTHOll Il8BllBKOl! npOBOnOKH II Ma-
, ' 161 

!lbiMH npoxonaMH nns ren11n 

6) ConenoHA o6nanaeT pa3BHTOii nosepxaocThio TennooTi:ta'ln 11 BbiCoKoii 

TennonposonnocT&IO-OoMOTKH. Taxoll: coneaoHn s nepHon oxna>Knenus 6yneT HMeT& 
I . 

npHMepno onunaKOBYIO TeMnepa-rypy BO scex TO'IKaX. no Mepe OXnalKJleHH!I OOMOT-

KH TeMnepaTypa raaa, BbL'tonnmero 113 coneaoulia,, To>Ke 6yneT rronH>KaT&cn, T.K. 

npH paaBHTOll rrosepxnocTH TennooTna'IH pa3BOCTb TeMnepaTyp MelKJly o6MOTKoll 

11 BbixonsmHM ra30M Mana. K TaKoMy cnyqaro npH6nn>KaroTcn coneaounbx c ropu-

30BTan&aoll oc&ro, . BbxnonneHRbie 113 neRTbi. 

s)ConenoHU o6nanaeT pa3BHToll:,rrosepxaocT&ro 11 nMeeT Manyro Terrno

nposoaaocT& saon& pacnonoJKennoA sepTHKan&no ocR spamenHn. B aToM cnyqae 

t 
1 
'\ 
!( 
';I 

.~,, 
'II ' 

j 

1: 

I ,, 

Bo scex TO'IKax cone110naa coxpan~ 

aoareHTOM II OOMOTKOii, Ecnn B HHJI 

ra3, TO y>Ke na ne6onhmon: BbiCOTe 

XOAHOii TeMnepaTypbi OOMOTKII. B AB 

maTbCII ssepx no conenouny u, ecn 

cpasaeanro c BbiCOTOii coneao11aa, To 
' ) 

AeT BbiXOni!Tb narpeTbiM no IICXOA! 

no11aa, o5nanaroman pa3BHToii nose1 

anapHil.HoM c6poce nons, T.K. no3B• 

BepayTb coneHOIIn B paoo'IHe ycn01 

CnenyeT OTMeTRTh, 'ITO Manas 

ocymecTsnseTcs, ec~ conenonn c 

nenThi, rrono6no aacanKe perenepa 

cna6biM TennOBbiM KOHTaKTOM MeJK! 

ropn30HTanhao, TO nen&3n ycTpanu 

snon& nenTbi K rrepHMeTpy coneuo~ 
. 11181 

en conenonnhx, orrHcannbie s. ' ' 

OnennM nnn coneao11na, _KOTOJ 

nun OT KOMHaTHOll no a30TIIOil. TeM~ 

Q 
rl "' 

v ·di 

Q =Go c•dT = 150 • 10
3
• 0,0789(29 

KOnH'IeCTBOOTBOAIIMOI'O Tenna. 
3 . 

V = 3600 liM /'! = 640 

nnToe 3a aeo6xonnMoe 11a ocfioBaHJ 

l1i-l -i -3 
290 T8 

pa3HOCTb TennoconepJKanull ra3oo6: 
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TB MeTanna OT 300°K .no 4,2°K na.no oT-

renneBoro 01KH1KHTemi, ne

pe:1KHMa, - 87 BT. BoaM01KHhl .nBa 

aa-

nnn neonoM, renneM. OcymecTBne

aaTpy.nnennn na-aa neo6xonnMocTn non

npn nepexone na oxna)l{.[{eane HH1KeKH-~ 

ae6on&wnx npnMecefi aaoTa nnn sonopo.na, 

Bonoponnoro nnn renneBoro 01KH1KHTenen. 

KHIIHmnx xnanoareHTOB, noaaonmomne 6&ICT

MymecTBOM SToro cnoco6a. BTopoil cnoco6 

xononn&IM. renneM. Tipn ncnon&3oBaHHH sToro 

pKH, no .nnn oxna)l{.[{ennn conenon.na aa Ko-

KOnn~ecTBQ-nnpKynHpyromero rennn no cpaB

n pa3BHBaT& noBepxnocTn Tennoo6Me-

CBH3aH C ero KOHCTpyKUHeil. Bo3M01KHhl 

MaccnBnoro 6noKa c Manon noBepxno

o6MoTKn. B aToM cnyqae CKO

o6MoTKH. llpHMepoM 

conenonn na 32,8 Krc C-BHyTpen

nnoTnoil naBnBKoil npoBonoKn n Ma-

HOBepXHOCTbiD TennOOT!Ia'IH H ·BblCOKOll 

oxna1KAennn 6ylleT BMeTb 

Mepe oxna)l{.[{eann o6MoT

To1Ke 6y.neT noHB1K8TbCH, T.K. 

TeMnepaTyp Me)l{.[{y 06MOTK.Oil 

Tenno

ocn spamennu. B aToM cnyqae 

., 

,'1· 

li 
'i, 

'i' II 
I' 

t 
! 

\ . ,, 

jJ 

:lJ 

I i 
I 

I I d 

\ 

BO Bcex TO'IKax conenon.na coxpanueTcn Manau paanocTb TeMnepaTyp Me1Kny xna-
--- . 

AoareaToM n o6MOTKoil. Ecnn B nn:1Knroro 'laCTb TaKoro conenon.na nonaTb xono!IH&Iil 

raa, To y1Ke na ne6on&won B&IcoTe oT nnaa TeMnepaTypa raaa noAHiiMaeTcn !IO nc

xonnoil TeMne{lliTyp&I o6MOTKH. B ):lan&neliweM TeMnepaTypa&Ili tflponT 6yAeT nepeMe

maT&cn BBepx no conenonlty n, ecnn npoTn1KennocTb ¢ponTa TeMnepaTyp Mana no 

cpaBnennro c BbiCOTOli conenonlta, TO npaKTB'IeCKB Bee BpeMn raa na. conenonlta 6y':" 

):leT Bb!XOnHTb narpeTbiM no BCXOnHOli TeMnepaTypbi o6MOTKH. KOHCTpyKUBH cone

HOHllB, o6naAaroman paaBnToil noBepxnocT&ro o6MOTKH, nan6onee 6naronpnnTna npn 

aBapnilnoM c6poce nonn, T.K. noaBonneT 6&rcTpee oT~ecTn B&InennBmeecn Tenno H 

BepnyTb .conenonn B pa6o'IHe ycnosnn. 

CnenyeT OTMeTRTb, 'ITO Manan TennonposonnocTb Bnon& o6M~TKR ner~e Bcero 

ocymecTsnneTcn, ecnu conenonn c BepTnKan&noli oc&ro na6npaT& na pn.na .nncKoB 

neHT&r, nono6no nacanKe pereaepaTopos Boanyxo-paanennTen&n&rx ycTanoBoK, co 

cna6biM TennoB&IM KOHTBKTOM Me1Kny liHCKaMn. Ecnn oc& conenona.a paClionaraeTcn 

ropH30HTanbHO, TO Henb3H ycTpaHHTb Bblp8BHHB8IDUlee neilCTBHe TennonpOBOAHOCTH 

Bnon& nenThl K nepnMeTpy conenonna. K sapuanTy s) KoncTpyKunn npn6nn:1KaroT-
. /1,7,8/ 

CH conenoRA&I, onncana&Ie s • 

OuennM AnH conenoUAa, _JtoTopbi!l B3HT B KaqecTBe npnMepa, speMn oxna1KAe

nnn"oT KOMHBTHOil no a30THO!l TeMnepaTypbt ( OCHOBHBH 'IBCTb BpeMeHH oxna>KnennH): 

r t a 
Q 2. 54 • 10 

6 
a 14,5 q, 

v. L'ii 640 • 274 

Q = G • c•L'i T = 150 • 10 
8
• 0, 0789 ( 293 - 78 ) = 2 • 54 • 10 

6 
Kan 

KOnnqecTBO.OTBOnHMOrO Tenna. . 3 . 
V = 3600 HM /q = 640 Kr/q KonnqecTBO oxna1Knaromero rennH, npn-

HHTOe aa neo6xo.UHMOe na OCBOBBHHH npenBapHTenbHhlxpaC'I~TOB. 
,, I 

/1i .. i ''- i • 375 .. 101 -274 Kltan 
200 TB ~ 

paanoCTb Teiinoconep1Kanuil raaoo6paanoro renuH. 
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3anonaeawe QbDapa eoneaosna ~nKHM renseM 

Cno6onahlft o6~~M-nbroapa onpenenneTca oco6eaaocTaMH xoacTpyxnnn coneaonna.• 

nna oneHKH nopanxa nenn-rma npnMeM, "'TO y paccMaTpHBaeMoro coneaon.rta nno

ma.rtb aaaopon cocTannaeT 50% nnoma.rtR ce"leBHSI, saHRMaeMoro o6MoTxon H xoa

cTpyxnsoaahlMH aneMesTaMH. Tor.rta cno6o.rtBblft o6~M: 
G ~ 150000 3 

V = 0,5---- = 0,5 SOOO a 10 M • 
YM 

Taxoe XOliR'19CTBO ~nx:oro rentm MO:atOT npoH3B9CTR 38 pa3yMII09 npeM!! - 25 'IS-

COB - rennenhlft o:m:n~Tem> c xono.rtonpon3nonaTenbHOCTbro 260 BT. 

.. 

HaKa'IKa n ysanease aaeprHH as coneaosna 

MaMeaeaae MarHHTHoro nona npn aaxa'IKO n y.rtaneHRH saeprnn Bhl3oBeT Bhl

.neneaae: Tenna B MaCCRBHbiX aneMe:HTax K!)IICTpyKIIHR 3a C"l~T TOXOB cflyxo. 0.1UlaKO 

n nnaaonoM nopanxe aTn onepAIIHR Mo~oro npon3BOnBTb nocTaTo"'Ho nonro 6es saa

'lHTenbHbiX TennODbiX aarpysox peciJpnlKepaTopa:on Cl!lCTE!Mbl; C&pb~ayro ·onacaoc'n> 

npencTannneT anapnftaoe Bhl~eneHRe ncen aaxonneason aaeprna BayTpn coneaoana, 

aanpaMep,. npll nonoMxe neRTO'Iaoro nponona!lKa. Tax, B paccMaTpanaeMOM npaMepe, 
9 . . . . 3 . 

aaxonneasaSI saeprRSI 1,66 10 nlK Mo:meT Bbi3DaTb ncnapemre 600· M JKRnx:oro re-

nnn. ct>aKTH'I9CKR MOJK9T 6hlTb Bbtnapea TOllbXO TOT lKHSKHfi renuft, KOTOpbiH HSX0-
3 

.!lRTCB BHyTpH coneHOR.!lS (B BpHMepe - 10 M ) •. 0CT8nbHSB 'IACTb saeprHH (B npn-

Mepe-OKOliO 98%) nofl:neT aa narpeBaHRe coneaoa.rta. Tio.rtc"l~Thl noxasbrBaiO'l;', "'TO 

IIpH pSBBOMepBOM pacnpeneneHJl:H STOll: S!!eprHR TOllbKO B CTS6HliH3yromeM MOl{BOM 
.· . . 0 . .. 

npoaonasxe oa aarpeeTCH .rto 160 K, "'TO ae cnxwxoM. onacao. Eenx nc~ aaeprua 

BbinenHTCSI TOllbKO D BpOBOitBRK9 O.rtHOH lf3 ItBSitllSTH CeKIUIA (XOBCTPYxTPI~llbiX), TO 
0-. I . 

OH aarpeeTCSI no 1500 K, "'TO y:me ae nonycTHMO. 8TH rrO.rtC'IflTbl eme pa3 rrO.rt'tflp-

KHBSIDT aeo6xo.rtUMOCTb aa.rte:maon CTa6HnR38UHH enepxnpoBO.!lHPIKa. 

AnapnAahlA .c6poc MarHRTRoro nomi-llBneHRe CTOlUi fibrCTpoe, "'TO aeT aa.ae:m

nhl ~ecb acnapHDIIIHftCll·renHA Y.rtSliHTb C UOMOWbiD npe.rtoxpaHHTGnbHhlX yCTpOftCTD, 

TioaToMy .abroap coneJI.olllta non:meK o6nanaTh TaKHM o6~flMOM H npO'IHOCTLro, KOTOpbre 

noaBOliSIIOT- y.aep:maTb B aeM ne.Cb. xcnapeaabiA renHA npH TeMnepaType rmneann. Yna

neaxe renHSI, Jr;aTopoe nosa.~to6HTCSI B .aallbaeftmeM npx narpenanHR rasa, MOJKBO 

10 

npoH3BOJ:lHTb nro6biM 061 

T9llbBO M9Itll9JI.Hhllio 

~ 

Aaanna pa3liH'1Hbi 

TO'IKH apeBHB HaH6onee. 

cxonbKO cxeM peciJps:me] 

neaonna c aepTHKanbBOi 

H Manon Tennonpoao.aK< 

1. JlpoccenbBbifi rc 

KHMH 830TOM H BO.!lOPOl 

paaoM. C)I{STbrli rennll: . 

npoxo.nHT nee Tennoo6~ 

CTIC. Ha ·nepaoA CTMH 

· noo6MeHHliKe I aaoToM 

llHKR H BSBHbl Ha STOll 

napnaaTe coneaos.aa, E 

KOM yqaCTKe IIOBbiW89~ 

STOMY renHfi H3 CfiC J 

cTannPI TennoaaSI.aarp~ 

yCTSHOBHBWeMCB pe)I{H~ 

Bb!e ITOTOKH renHB H B< 

nepeMemaeTCSI K BbiXO! 

XO.rtSIIDero H3 CfiC, 6hl 

830T8 II ( CM,pHCo ::1 

niiHHH 1 HS nHBHID 2, J 

ITO.Il8'18 )I{H.!lKOrO BOltO 

c nnann 2 aa nHaHro : 

Typa renHSI aa BbiXO.rt 

ao.aopona, o6paTBbifi : 



oco5eaaocTBMR xoacTpyxnnn coneaonna. 

y paccMaTpnsaeMoro coneaouna rrno

o5MoTxoft u xoa-

.. ·:-n:..:..- = 10 MS• 

pa3yMH09 BpeMfl - 25 '18- ~"" 

250 BT. 

Bbl30B8T Bbl-

KP!ICTpYJ!:UHH t3a C'I~T TOXOB ctlyxo. 0AS:aKO 

rrpoR3BOI1BTh 110CT8TO'IHO nonro oe3 3RS

CllCTeMbi; Cl!lph~3fiYIO onacaoc'rb 

Ta~t, B paccMaTpnBaeMOM npuMepe, . s . 
Bbi3BaTh ucnapemre 600 · M JKnnxoro re-

TOnhXo TOT JKRAKHI!: renul!:, XOTOPbll!: HSX0-
3 

10 M ) • OcTan&naB 'IACTh saeprnn ( B npn-

coneaollna. Tlonc"'~Tbl noxa3btBa~, "'TO 

sHeprHB . 'l'on&Ko B CTaonmrayromeM · MenaoM 

. ne cnaruxoM onacao. Ecna Bc:D: saeprmt 

AB8P:II8TH CeKniiA (XOIICTPYKTHBHbiX), TO 

8Tn nonc'I~Tbl eme pa3 non'l~p-

lnH38IIHJI CBapxnpOBOP:HIIKS. 

CTom. 5biCTpoe, 'ITO H9T H8119JK

ll0MOUibiO npenoxpaHRTellhllbiX yCTpOftCTB. 

'r8KitM Oo'h~MOM H npO'IHOCTbiO, XOTOpb19 

renuA npn TeMnepaType xnneaun. Yna-

nallhaeArueM npu aarpeBaRHR rasa, MOJKRO 

/ 

npouaBOilBTb mo5btM OObi'IHbiM cnoco5oM, T.K. narpeBaane raaa - nponecc OTHocn-

TBnbHO MenneHHbiiio 

CxeMht renneBbiX pedmnJKepaTopoB 

Aaanna paanii'IHhiX peJKIIMOl\ pa5oTbi coneaonna noxaaan, 'ITO c Kplloreaaoll: 

TO'IKH apeann nan5onee cnoJKHOl!: onep8I!nel!: nBnneTcB oxnaJKneane. PaccMaTpnM ae

cxon&xo cxeM pe~piiJKepaTopaoll: ycTanoBKII nnB oxnaJKneHnH xono.ltHbiM renaeM co

nenonna c BepTHKan&Holl: oc&ro, o5nanaroruero paaBaToll: noaepxaocTbroTeiinonepena'IH 

H Manoll: TerrnorrpOBOAHOCTbiO BAOIIb OOMOTKH (nyqmnll: MpHSHT, IIO HSUIBMY MB8HHIO). 

1. llpoccen&Hbtll: renneBhiil: pe~plllKepaTop c .npeBapnTenbHhiM oxnaJKnenneM lKHA

KRMH S30TOM H BOAOPOAOM ( CM. pnc.J) • f1ponecc OXJISJK.!t8HHH HAST cnenyroruHM o5-

p830M. CJKaThiii rennil: . nona eTcH. xoMnpeccopaMn K nn11 cnennanhHOft raaonyB~toil:, 

npOXO):IHT BC8 T9ITIIOOOM9HHRKH H BSHHbl H ITOCTynaeT B CB9pXITpOBOJ:IBU!Hil: .COI19HOH):I 

cnc. Ha nepBoi!: CTannn oxnaJKnennB coneaonna CJKSTbii!: rennl!: oxnaJKnaeTCH a Ten

noo5Memmxe I a3oToM n BaHHe JKRnKoro a3aTa n • Bee HHJKeneJKarune Tennoo5Mea

HBKH II B8HHhl Ha aTOll: CTSAHH B Tennoo5MeHe H8 y'ISCTBYIOT. B pacc~aTp11BS9MOM 

B8pi!SHT9 COII8HOIIA8, K8K OTM9'1SnOCb Bh!lll9, T9MrrepaTypa rennn HS 0'19Hh KOpOT

KOM yqaCTK8 II0Bbllll89TCB ~0 T8MnepaTypbl, Onii3KOll: K TeMnepaType OOMOTXH. Tla

STOMY rennit H3 cnc HanpaBIIB8TCB npBMO B o5paT!lb!il: IIOTOK no niiHHII 1~ Ha STOll: 

CT8Ailll T8IIIIOB8B, .aarpy3K8 Ha BaRBY lKHAKoro 830T8 II 3H8'1HT8nbiiO BbiUI9 0 "10M Ilpll 

ycTaHOBIIBmeMcn peJKnMe, T.K. B Tennoo5MeHHIIK I ae nocTynaiOT xononHhte .o5paT

Hbie IIOTOKH renllll II BOAOPOAS. C T8'18BH8M Bp8M81lll XOnOAHblil: TeMnepaTypllbii!: ~pORT 

rrepeMemaeTCB K Bb!XOAY 113 . OOMOTKH, R '!epe3 Bp8MB r 1 TeMnepaTypa reniiB, Bbi

XOJ:IBUICrO 113 CnC, Ob\CTpO {HIIJK88TCII AO TeMnepaTypb! remUI 38 B8fiHOfi JKHAKOrP 

· a30T8 II (cM,piiC. 2). B 11 STOT MOMCHT a5paTRblll: IIOTOK rennst nepeKniO'I89TCH C 

nHHIIII 1 Ha nHfiHIO 2, 110 KOTOpoil: ll8IIpaBnBeTCB B Tennoo5M8HIIHK I , II BKIIIO'IS8TCB 

nona'la JKIIL!Karo Banopona B nanny IV • Aaanorii'IRO npo113BOAHTCSI nepeKniO'ICRIIe 

C niiBHH 2 Ha IIIIHIIIO 3 II BKIIIO'I8!lll9 OTKS'IKB JKBllKOro BOJl0pOA8. Korila T8MII9pa

Typa renHSI H8 BbiXOA8 113 <:;TIC II0Hii3l!TCH AO TeMnepaTypbi BSKYYMHOrO JKIIUKOrO 

noJ:IopoJ:Ia, o5paTRblil: renni!: nepeitnroqaeTcB Ha IIIIHHIO 4, AaBnealle c~aToro renHn 
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noa&ImaeTcn no pa6oqeft aena'tHHhl, npoccenaposaHHe ero naeT nan&aeftmee.noaa

JKenae TeMnepaTyphl, K coneaoan oxnaJKAa&TCR eme na onay cTyiieHbKY (eM. pac.:h. 

Ilocne nnTH TaKKx CTyneaex aaqaaaeTCSI olKRJKeane rennn. Coneaonn oxoaqaTellbao 

oxnalKllaeTCH, BKIIIO'taeTCR IIHHHSI 5, H .llb108.p COileHOH.Il8. aanOIIHSieTCSI JltHAKHM renaeM. 

Ocaoaaan qacT& acnapeaaoro B coneaoane rennn aarrpaBIISI&TCH aa oxnaJKAeane non

s'ecoK H BBOAOB H B03BpamaeTCR no IIHH.HH 6 Ha BC8.CbiBaHH8 KOMIIp8CCOpa K, 'lSCTh · 

rellHH B03BpamaeTCSI B p~pHlK8p8.TOp IIO nRHHH 4. 
.,J B nepshlA nepaon oxnaJKAeau, KaK yJKe rosopanoc&, Tennos&re aarpyaXH "Ten-

noo6MeaaBKa I .JI BaHHbt :JKHAKoro aaoTa II aaaqnTen&ao Bhlme,. qeM npH ycTanosns

meMcH peJKHMe. BoaMOlKHO, oKaJKeTCn rtenecoo6pa3HhlM: no rrpennoJKeamo IO.K.IlHnn

rreaKo l!M8Tb CaMOCTOSITellbHhle T&IIIIOOOM&HHHK H BaRny JKHAKOro a30T8.0 BKIIIO'la

eMbi& aa nepaon oxnaJKneHHSI (eM. pxe.3), c TaM 'ITOo&r, eoxpaaRst aopMallbH&Ie 

paaMep&r pe~pnJKepaTopa, ysenR'lHTb ero yHHsepcallbRPCT&. Tax;asr JKe B03MOlKHOCTb 

nMeeTcn s oTaomeHHH saaa&r JKHnKoro sonopona. .llpyrau so3MOlKHOCTb - ae · nenaTb 

AOIIOIIHHTellbHhlX 8IIII8p8.TOB, a BM&CTO 9Toro B IIepHOA OXI18lKA&HHH no CeKIIHH OopaT

HOrO renan Tennoo6MeaaBKa I nycxaTb ncnapenn&Iil: aao-r. 

.llnn paccMaTpHsaeMoro coneaoana nonC'IrtThl rroxa3&IBaiOT, 'iTO npH nn:pxynsr-
3 .. 

nua 3600 M I q. reno nnn:TellbHOCTb OTnallba&rx cTyneaeli oxnaJKAeaHst (pxe.2) 

r 1 .,. 14,·,5 q, r 2 .. ~6, 7 q 0 • r 
8 

,. 0,4 "lo r 4 "'0,1 'lo 

TaKHM o6paaoM, ·npH&Mil&Moe speMSl oxnaJKneHHSI nonyoraeTCll a TOM cny'lae, x;orna 

KOIIH'leCTBO O;lCI18.JKA8.IOWero remm B 105 pa3a IIpeB!>llliBeT KOIIH'I8CTl301 HeOOXOnH

MOe nllSI OlKHJK&l!HH a nepn:on aanollSleHHSI .tt&roapa, x npn:Mepao B 4 paaa npen&I

maeT IIOTpe6ROCTb AIIH yCTBHOBHBWeroCH palKHl\48 (cM.BbiWa}J .• KOIIH"l&CTBa IIHPKY-
3 . • 

11HPYIOmero .. rellHSI 0 z:paTHhl& 1200 HM t oepy-TCSI lipHMeHHT&IlbHO lt onaoMy H3 THIIOB 

BbiiiYCK8&MhlX XOMIIpeCCOpOB.) · 

CnenyeT OTM&TJlTbl 'ITO AIIH BapH8.HTO!I XOHCTpyz:IIHH COII&ll0Hll81 IIpH KOTOphlX 

TeMrrepaTypa oxn8.lKAammero renast .aa s&Ixone ,aa coneaonna noeTeneauo .noaHJKa

eTca, yTanaaanxa xonona o6paTaoro IIOTO!tll rellHR H&Cl\:Oil&Ko ycnoxmeaa. B aTOM 

cnyqae T&IIIIOOOM8HHHK TeiiiiOA 30Hhl ( I 0 pnc.l) Ha.ttO BhlilOIIHRTb B BHll& .ttsyxcez:-

' 

12 

IlHOHHbiX T&IIII006MeHHHKOB llllR ClK• 

renmr, aaoTa, BOnopo.tta. no· Mepe 

na conenoana, cJKaT&IA renali npnne'I 

nocTeneaao.ysennqaaasr nonaqy na 

nonaqy.aa Tennoo6Mea c o6paTH&a 

2. .lleTaH.Ilepa&rA renHeB&IA pe 

JKHl(XHM 8.30TOM (pac.4). 

OTIIH'tHe a~oro neTaH.Ilepaoro 

eTCH IIO cymecTBy B TOM, . 'ITO BaHI 

IlpH oxnaJKAeHHK coneaon.tta neTaa 

aoaspamaromnaca .a OlKHJKHTellb no 

K TeMrrepaType lKHJlKoro aaoTa. B 

sec& ClK8TbiA rennii, XOTOphli!: 3aTe 

na TeMIIC,~E.TYP8 renna: aa BbiXOJl& I 

TannepoM, rennA 6yJleT aanpaBnea E 

. nnT B pa6oTy TOIIIIOOoMeHRHK III , 

H TaK oy.tteT DpOHCXOAHTb AO TaX 

unanTc.sr no 'te~mepaTyphl 3a neTaHJ 

JKHMY. B STOM cnyqae npoH3BonnTcs 

peJKnMa - rennA nocne .tte1'aanepa 

qepea npoccellb 7. Korna TeMnepe 

OAHY CTyneHb, BKIIIO'taeTCSI IIHHIUI ' 

JlBYMR ll8TaH.IlepaMII H Toll• IIO H3Be• 

neaonna MaoroMOTpoBoli BOJloponac 

rrpocToli npoccen&HhlA renneB&IA pe 

ace paBHO CO)leplKHT BOAOpOJlllbiA 0)1 

aneprHH nnn npoccen&aoro sapHaa~ 

qeM IIIIH )leTaHJlepaoro, HO H B TON 

nyro nonro QT o6mero pacxona anep: 

OOT8.Tb C lKHJlKHM BOAOPOAOM1 nenec 

pe~pHlKepaTop&r, rnaBH&IM o6paaoM 

IlposepeHH&Iii aaann:a noaBoliSI 

pHTHbiX H TSilKellbiX CBepxnpOBOJtHIIIH: 

oreHH&Ie npo6neMhl. CoapeMeHH&Ie .M 

IIHIOT yBepeBHO IlpOeKTHpOBSTb HeOOJ 
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IIOBb!WilOTCR l{O paOO'IOII: BOliR'IHHb!1 ttpoccezmpoBaRHe ero AllOT ltllllbHeftmee .nORH

>KOHHO TeMnepaTyphi, H conenontt oxna>KJ:taeTcn erne na onny cTyneHbKY (eM. pne.2). 

Ilocne nRTJITilKHX CTyneaeK Ra'IHHilOTCR O>KJI>KOHJIO rezmn. ConeROlllt OKOH'IIlTOnbHO 

oxna>KJ:taeTcn, BKniO'IIlOTCR nnann 5, n .ll&IOap conenon.na aanonrureTCSllltHl:UOIM rezmeM. 

OcaoBaaR qacT& ncnapennoro B coneaonne rennn nanpasnneTCH na oxna>KJ:tenne noA

BecoK n BBonos a Bo3BpamaeTcH no nnann 6 aa scachlBanne KOMnpeccopa K, 'laCTb· 

rennn B03BpamaeTcH B p~pH>KepaTop no zmnun 4. 

_,.# B nepBbiii: nepnon oxna>KJ:tearur, xax y>Ke roBopnnoc&, TennOBbie narpyaKH Ten-

noo6Menauxa I .n BaRHbi >KllllKoro asoTa II ana'IHTen&no Bhlme, q:eM npH ycTattoBnB

meMcn pe>KHMe. BoaMOJKRO, oKa:m:eTCH nenecoo6pa3RhlM. no npenno:m:eRHIO IO.K.IlHmr

nenKa n:MeT& caMoCTOHTen&tthle Tennoo6Menn'HK n Banay >K'HltKOro a3oTa, BKniO'Ia

eMbiO na nepnon oxna:aG:xeniDI (eM. pxe.8), e TaM "'TO Obi, eoXPansrsr aopMan&nble 

paaMepbi pe4Jpn>KepaTopa, yB8nH'IRTb ero · YliHBapcan&ROCT&. Tax;aH >Ke B03Mo:m:RoCT& 

RMOOTCH B OTHQWORHH BaHHhl lKHltKOro BOAOpona. .llpyra!l B03MO>KHOCTb - He l{OliilTb 

nononanTenhHhlX aiinapaTOB, a BMeCTo sroro B .nepnon oxna>KJ:teHRH no ceKnnn o6paT

aoro rennn Tennoo6Meaauxa I nycKaT& ncnapeHHbii!: a30T. 

.Unn paccMaTpnsaeMoro coneaonJ:ta nonC'IrtThl noKa3biBBIOT, 'ITO npn nnpKynR-
3 . . . 

nnn 8600 M I "~· renHSI nn'HTenbHOCTb oTnen&HbiX CTynenefl: oxna>KJ:tennsr (pxe.2) 

r 1 = 14,·,5 '~• r2 .. c6,7 'I, . r 8 • 0,4 '1:1 r 
4 

.. _0,7 'I, 

TaKRM o6pa30M1 npneMIIOMOO BpOMSf OXlUUKl{aHJUI noeyqaeTCSl 11 TOM cny'llle, KOrl{a 

Konn-qecTBO oxna>KJ:taiOmero remm· B 1,5 pasa npeB~ImaeT xonaqecTso, neo6xou

Moe ·nnn o>KH>Kenxn B nepllol1 sanonnemm ll&IOapa; a npliMepno B 4 pasa npesbl

maeT noTpe6nocT& Ann yCTanosnsmerocn pelKHMa (eM. Bhlme )J. Konn'leCTBa IIHPKY-
3 .. . ·. 

zmpyiOmero .. relUfSl, KpaTRhlO 1200 HM. 1 6epyTCSl lip'HMORHTOII&RO K OllHOMY RS THllOB 

shmycKaeMhlX xoMnpeeeopos.) 

CneAyeT OTMOTHTb,: 'ITO lUIS! Bapll:aHTOB XOIICTpyxiiHH COIIOHOHJlll, IIpH KOTOpb!X 

TeMnepaTypa oxna>KJ:ta!Omero renRR na Bhlxone 
1

'Hs coneaoRAa noCTenenno .noaJOKa

eTcH, yTRzmaaniDI xonoAa o6paTnoro IIOTOJta renH5l nec]!:on&Ko ycnox<aena. B STOM 

cnyq:ae .Tenn:oo6M8HHHK Tennoa 3oahl ( I , pxc.l) aano BhlnonrurT& B BRAe nsyxceK-

' 

12 

nnoHHhlX TellnOOOMeRHHKOB JliiH C~ 

rennR, aaoTa, sonopona. ITo Mepe 

na coneaonita, C>KaTbii!: renRll: npRite~ 

nocTeneaao.ysenn'lnBaH nonaqy na 

noita'ly. na Tennoo6Mea c o6pa"J"Rhii 

2. .UeTaanepllbiit renneBhlA pE 

>KHllKHM 830TOM ( pnc.4) • 

OTIIH'IRe a~oro AeTaanepaorc 

eTCSl IIO cymeCTBy B TOM, 'ITO BaH 

Ilpll oxna:m:ne.IIHn conenonna AeTaE 

soaspamaiOmn:l!:cn .B o:m:HlKHTen& no 

K TeMnepaType >KHAKoro aaoTa~ B 

BOCb C>KilTb!lt renal!:, KOTOphll!: 3RTE 

na TeMn~&Typa rennn na Bbixone 1 

TaanepoM, . rezma 6yneT aanpasnen 1 

· nnT B pa6oTy Tennoo6MeHRHK Ill , 

R TllK 6yneT IIpOHCXO~HTb llO TeX 

HR3RTC51 JlO TeMIIepaTyphl 3a lleTilH. 

>KHMY. B sroM cnyq:ae npoR3BoAnTc' 

pe>KnMa ...: renRfi nocne AeTaRAepa 

q:epea J:tpoccen& 7. KorJ:ta TeMnepl 

onny cTynen&, BKIIIO'IaeTcg nnnng 

AByMg )leTaHnepaMR H T.A. IIO H3Be 

neaonna MROroMeTpOBOH BOllOpOARC 

rrpocToll: J:tpoccenbRhlli renHeBbiit pe 

BCe paBHO conep>KHT BOitOpOAHhlli 01 

saeprnn: nng npoccenbHoro sapaaa· 

11eM AnH neTaanepaoro, ao n B TO~ 

nyro non10 QT o6mero pacxona snep 

OOTilTb C >KHAKIIM BOJ10pOAOM1 nenec 

pe4JpH>KepaTopbi, l'naBRbiM o6pa3oM 

Ilposepe.IIllbifi ananR3 no3som 

pnTRbiX H TSI>KenbiX CBepxnposonnmn: 

oreRHbie npo6neMhl. CospeMellHhlO :t. 

nHIOT yBepeano rrpoexTnpoBaT& aeo6J 
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ero naeT nan&neftmee.nonH-

HB OAHY CTyiiOHbKY (eM. pHc.2). 

··-··- reiiHll. ConeHOHA OKOH'IBTOIIbHO 

conenonaa aanonHHeTC.IllltHAlOIM raiiHeM •. 

rennn nanpa~.lleTC.Il HB oxna~enne non

tl na acachiBanne KOMnpeccopa K, 'IBCTh . 

TOIIIIOBbiO narpyalOI TOII-_,i 

3H8'IHTOIIbHO BbiWO,. 'IOM IIpH YCTBHOBHB

IIO npennoJKOHHIO IO.K.llHnH-

BBHHY lKHAKOro 830T81 BKIIIO'Ia

TOM "'TOObi1 coxpalUISI HOpMBIIbHbi9 

TaxaB JKe B03MOmHoCT& 

B nepHOA oxnaJKAOHH!l IIO COKaHH OopaT-

IIOAC'IATbi IIOKa:3biBBIOT1 'ITO llpll: UHPKYilll

OTAEmbHbiX CTynenefi: oxna~enn:sr (pxc.2) 

0,4 "II, r , .. 0, 7 '1, 

IIOIIy'laOTC!l B TOM CIIy'UlO, KOr.r:ta 

llpOBbiWSOT KOIIH'IOCTBO, HOOOXOAK

AbiOBpa, K IIpKMOpHO B 4 paaa llpOBbi

paJKHMa (eM. Bbime ll. KonH"lOCTBa nnpxy-

K OAHOMY H3 THIIOB 

coneaoMa, npH KOTOpbiX 

BbiXone H3 conenonna noCTen~nno .noaKJKa

•oToxa reiiHK aec~on&xo ycno~eaa. B aToM 

I t puc.l) RBAO BbiiiOIIHllTb B BKAO AByxceK-

UHOHHbiX TOIIIIOOOMOHHHKOB AilS! ClKaToro reiiH!I H o.r:moro H3 OOpSTHbiX llOTOKOB -. 
renHH 1 830T81 BOAOpona. llo MOpe llOHHlKOHHH TOMIIepaTypbi renna:, BbiXOA.IlntOro 

na coneaoK.r:ta, cJKaTbifi: rennii npn.r:teTcB nepepacnpe.r:tenBT& MeJKAy Tennoo6MemaHKaMK, 

IIOCTOIIOHHO -YBOIIH'IHBBSI IIO):taqy HS TOIIIIOOoMOH C OopBTHbiM renHOM U YMOHbWSSI 

IIOAa'ly. HB TOIIIIOOoMOH C OopaTHbiM aaoTOM •. 

2. .lleT8HliOp.B;biJ1 renHOBbill 2elfJpHlKOp8TOp C IlpOABapUTOIIhHbiM OXIIBlKAOJIBOM 

lKHAKHM 830TOM (puc.4). 

0TIIH'IHO 8TOrO AOTBHAOpiioro OlKHlKHTOIIH OT ApOCCOIIbHOro ( pHC.l) 3aKIIIO'I8 -

OTCSI IIO cyntOCTBy B TOM, 'ITO BBHIIB lKIIAKOrO BOAOPOAa 38MOIIHOTCH AOTBIIAOPOM. 

llpH OXIIBlKAOlml!: COIIOHOHAB AOTBHAep BKIIIO'IBOTCH B TOT MOMOHT, KOrna renull, 

B03BpantBIOIItHI1CH .B OlKHlKHTOIIb IIO liHHHH 2, .6yneT BMOTb ·l'OMIIepaTypy, OliH3KYIO 

K TOMIIepaType lKHAKOro aaoTa~ B·nepBOO BpOMSI .'Iepes AOTaanep nporrycxaeTCH 

BOCb ClKaTbiil remdl1 KOTOpbili 3aTOM aanpaBIISIOTCH B COIIOHOUA no liHIIRU 9. Kor-

na TeMnepsTypa ren:H!l aa Bbixone Ha coneaoHna cnnaHTCH no TeMnepa~pbi aa ne

TaanepoM, rennll 6yneT uanpaanen B pelfJpHJKepaTop no nHnun 3. nocno SToro BCTY

. IIHT B paoOTY TOnliOOOMOHHHK III 1 TOMnepaTypbi AO U IIOCIIO AOTannepa CHH3R'l'CS11 

H Tax 6yneT npoHcxonHTb no TOX nop, noxa TOMttepaTypa sa coneaonnoM ne no

nnanTc.ll AO TOMIIepaTypbi Sa AeTannepoM, COOTBOTCTBYIOntell YCTBHOBHBWOMYCH pe

lKHMy, B _aTOM CIIY'IB9 llpOH3BOABTcH nepOKIIIO'IOHUe Ha CXOMY AIIH ycTaHOBBBmeroCH 

pelKHMa - remrll nocno neTannepa uneT no nnnnK 10, 'IBCTb C:lKBToro renmr l!:AeT 

'Iepea npoccen& 7. Korna TeMnepaTypa renKa sa coneaonnoM nOHK3HTC2 eme na 

OAHY CTyneHb, BKniO'IBOTCSI IIHHB!I 4. Bo3MOlKHO HCIIOllb30B8HUO pelfJpH:lKO~STOpa C 

ABYMH AOTBHAOpBMB H T,A, no U3BOCTHbiM CXOMaM ronKeBbiX O:lKH:lKHTOIIOlt, nnH CO

IIOHOHAB MHOrOMOTpOBOH BOAOpO,!lHOfi KS,MOpbi nenecooopa3HO HCilOllb30B8Tb OOlle& . 

IlpOCTOlt Apoccen&Hbilt renHOBblli pelfJpH:lKOPBTOp, T.X.. KpKoreHHaa CHCTOMB KaMOpbi 

BCO paBHO COAOp:lKHT BO.r:tOpO.r:lllblll OlKHlKKTeiib OOIIbillOil DpOB3BO.r:IHTOIIbHOCTH. PaCXOA 

aaeprU:U AIIH APOCCOIIbiiOrO BapUBHTB B YCTaHOBUBWOMCS pEl:lKHMe IIeCKOIIbKO Bbint91 
II . 

'IOM ,!liiH AOTBHAOpHoro, HO H B TOM H B ApyrOM CliY'IBO OH COCTBBIIHOT O'IOHb Ma-

IIYIO nonro QT o6mer~ pacxona aaeprnR. B ycTaHOBKBX, rne neT aeo6xonnMOC1'H pa

OOT8Tb C :lKH.r:IKHM BOAOpOl:tOM0 IlOIIOCOOOp83HO HCilOIIb30B8Th AOTaHAOpHbie renKOBbiO 

pelfJpu:lKepaTophi, rnaBHbiM. o6pa3oM no coo6paJKenuHM BapbiBooeaonacnocTK. 

llpoBepeHHbili ananKa noaB~naeT aaKn:IO'IHTb, 'ITO npH coananun xpynnoraoa-

pHTHb!X H TH:lKOIIbiX CBOpXIIpOBOAHiltHX COIIOHOBAOB HO B03RHK8IOT HepaapemHMbiO KpH

oreHHbiO npooiiOMbi, CoapeMOHllbiO MacmTBObi H ypOBOHb . Kpnorenaoii TOXHIIKH Il03BO

mnoT yaepeaao npoexTnpoaaTb ae'o6xonnMoe xpu~reaaoe o6opynoaaane. 
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b nocTynana B H3~aTenbCKHA oT~en 
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Pac. 1. 

r 

.llpoccenbHblil: renaeB&IA pecflpalKepaTop c npenBapHTenbHbiM oxnaJK

neaueM lKHAKHMB.830TOM B BOAOpOAOM. 

cnc - CBepxnpoBOASiniHil: coneaoRA; K - KOMnpeccop HnH 1'83QAYBKa; 

I • III , · V - TennoofiMe.IIRHKH; II - BaRRa lKHAKOI'O 830Ta; IV -

BaHHa lKHAKOI'O BOAOpOAa; VI -' cfiopHHK lKBAKOI'O renust; 10203 0 

4,6, - nBHHH nnst ofipaTaoro noToKa renust B3 coneaona; 7 - npoc

cenbHblil: aeHTHnb; 8 - perynstTop naBnes:BH. 
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Pac. • 2. CxeMaTH3Rponannall aaBHCHMOCTb TeMnepaTypbl renHll na- Bblxone R3 

o6MOTKH oT apeMeRH oxna>K!leRmi conenon.r:ia. 
·o 

r 1 - apeMll oxna>K!leRHll conenoana oT 300 no 78 K, r 2 - npeMl! 
. 0 

oxna:n<nenall conenoll.tta oT 78 no 20 K, r 8 - npeMl! oxnaJKneRHH 
. 0 

conenoHna oT 20 no 15 K, r 4 - npeMll oxnaJKnenHH cone_noHna oT 

0 15 no 4 K ( BKUIO'ISeT 5 npoMeJKyTO'!Rb!X CTynene~ t B HpHMepe: 
o· 

15-13,2; 13,;2-11,2; 11,2-8,8; 8,8-6,2; 6,2-4,2 K). I __ ,. 
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PHC. 3. npoccen&Rblll ren 

Hl!!KOM lA Teiinol! 

06oanaqennH eM. 1 
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8 10 12 1~ 16 18 lJJ u lit . 'l: -" 

38BHCHMOCTb TeMnepaTyphl renHII Ha BhlXOH8 113 

oxnalK!teHI!SI coneno11na. 
0 

eHIISI coneao11na oT 300 no 78 K, r 2 - apeMI! 
. 0 

oT 78 no 20 K, r a - apeMSI oxnaJKneHI!I! 

- apeMI! oxnaJKnenHII cone.aouna oT 

5 npoMeJKyTo'IHbiXCTynene~, a npi!Mepe: 
. o· 

2; 11,2-8,8; 8,8-6,2; 6,24,2 K). 
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Pnc. 3. Llpoccenl>Hhlil renHeBbiil: peljlpll:lKepaTop c nononnHTenbllbiMII Tennoo5Mea-

RiUtoM lA Tennoil aoahi .n aa.tiaol! IIA 

05oaaaqeang eM. pnc. l. 
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Puc. 4. neTaH.ttep!lblll . renHeBbli! pe4Jpu:m:epaTop . c npe.ttsapHTenhHbiM oxna)!{.[te-

HHeM JKH!tKHM a30TOM. n - .tteTaH.ttep; I , III , IV, V 

HHKUi 9,10 - IIHHH_H 3a .tteTaU.ttepoM. 

OcTanbHble o6o3Ha'le!IHB eM. puc• 1. 

- Termoo6Men-


