
H.H .Ararroa, B.A .BeJiyiiiKHH , A.r .3eJibAOBHq 

HCCnE~OBAHHE HEPACqETHMX PE~HMOB 
rEnHEBOrO PE~PH~EPATOPA 

8 - 9436 

1976 



L 

H.H.AranoB, B.A.BeJiylliKHH, A.r .3eJib,ll,OBHq 

HCCRE~OBAHHE HEPACqETHYX PE~HMOB 
rERHEBOrO PE~PH~EPATOPA 

HanpaaneHo B *YPHan "XHMHqecKoe 
H H9lPTSIHOe MBUIHHOCTpOeHHe" 

8 - 9436 



,_J 

flpoeJCTapoaaaae a pac'leT reJIBeawx OlKIDKaTenel • 
pecliPa>Kepa TOPOB 06W'IHO Be,llyT, auea B BB.IlY ICAICOI-.DB6o 
O,llaa onpe,lleneaawl pe>Ka:u. Hanpauep, .lln• OlKIDKaTenel 
3A,Il&IOT CICOpOCTit CJIBB8. lKIIJli(Oro reJIBa B COCY.Il ,llna Xpa• 
aeua, JVI• pe41pB>KepaTopoa - Tenno&YJO aarpy3Ky, KoTopaa 
JlOn>KHA 6WTL OHaTa C DOMOIQLIO liCII,IliCOrO reJIBa. ]aTeM 
BW6apa10T CXeMy YCTAHOBKa a ODpe,llenaJOT, npa ICAICBX na
p&MeTpax annapaTOB a MAIIOIH MoryT 6WTL ,llOCTarHyTW 
3&JlAHHWe DOIC&3a TeJIB. EcJIB YCTAHOBICa MHOroQeneaaa, 
pac'leT Be.llYT ,llna aaa6onee aanpa>Keaaoro pe>Kaua. 

Me)I(Jly TeM pe>KaM pa60TW YCTAHOBICa MO)JCeT CYIQeCTBeH• 
ao OTJIB'IATLCa OT p&C'IeTHOrO ICAIC BCne,llCTBae OTICnOHeHBa 
41aJCTa'leCICBX napaMeTpoB MADiaH a annapa.TOB OT HOMa
HanltHWX, TAlC a a3- 3& a3MeHeHd ycnoaal pa60TW DOTpe • 
6aTena. 

TalC, npa pa6oTe YCTAHOBJCa B ICOMDneJCce C ICPYnHWM 
OO'IteJCTou aeo6xo,llBuo npoiTa no JCpalael :uepe Tpa cne
,llyKliJ.lae CT&,IlBa: DOHB>Keaae TeunepaTypw YCTAHOBICa a 
o6'1oeJCTa .llO TeunepaTypw *-,llJCoro rena• - pe>Kau oxna>K
,IleHBa; 3ADOJ1Beaae ICpaOCTAT& 06'1oeiCTA >KB,IliCaM renaey -
pe>KBM O>KB)JCeHaa; 1CpaOCT&TapOB8.Hae 06'1teKTA npa 3A,Il&HHOI 
Teunepa.Type - pe41pB>KepaTopawl pe>Ka:u. B nocne,llaeu 
pe>KBue 'I&CTL liCII,IlJCoro ana xono,llHoro r8.3oo6pa3aoro 
renaa MO>KeT OTBO,IlaTLCa HA OXn&)I(JleHae TOICOBBO,IlOB BJ1B 

TeDnOBWX MOCTOB • TaJCOI pe>KaM 6y,lleM, a&3WB8.Tit ICOM6a
HapOBAHHWM. 

B aacToa~Qel pa6oTe pacc:uoTpea MeTOJl accne]loaaua 
Hep&c'leTHWX pe)JCBMOB, OCHOB8.HHWI Ha COBMeCTHOM pe
meaaa ypaaaead 3&epreTa'lecJCoro 6anaaca a Tennonepe,lla
'IB a Tennoo6ueaHBJC&x pe41pB>KepaTopa. Y:ueaae oQeHBTL, 
ICAIC a3Me&aTca DOICA3&Ten& YCTAHOBICB B &epac'leTHWX 
pe>KBMAX, none3BO B HeCJCOnLKBX CnY'f&JIX. 
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Bo-nepaLix,npH pa3pa6oTKe aapHaHTOB npoeKTa c u;em.10 

HCCneAOBaHHJI BnH.BHHJI OTAenbHLIX napaMeTpOB CXeMLI B 

CTeDeHB COBepweHCTBa ee y3nOB Ha 34xlleKTHBHOCTb 6yAy~ei 

ycTaHoBKB *. 
Bo-aTopLix, nps MOAePHH3au;ss AeicTBYJO~x ycTaHo

aoK. HanpHMep, MoryT 6LITb nocTaaneHLI TaKHe aonpocw: 

KaKOB 34xlleKT OT CHB>KeHJIJI TeMnepaTypLI npeABap.qTen&HOrO 

OXna>KAeHBJI DyTeM OTKa'IKB a30THOB BaHHLI; KaK B03paCTaeT 

npoB3BOABTen&HOCTb ycTaHOBKH, ecnH 3aMeHHT& Apoccem.

HWi BeHTBnb AeTaHAepoM, B T .D. 

H, HaKOHel{, :HOT MeTOA D03BOn.lleT onpeAenBTb DOKa3a • 

TenB ycTaHOBKB DpB pa6oTe B KOM6BHHpOBaHHLIX pe>KBMaX, 
,.---" 

KOrAa OT pe<ilpB>KepaTopa Tpe6yeTCJI OAHOBpeMeHHO CHJITBe 

TennOBOB Harpy3KB B KpBOCTaTBpyeMOM o6~eKTe, DpOB3" 

BOACTBO >KBAKOrO renBJI AnJI 3anonHeHHJI KpBOCTaTOB o6~eK· 

Ta, npoB3BOACTBO xonoAHoro ra3oo6pa3Horo rens.11 JVI.II 

oxna>KAeHBJI 3KpaHOB, TOKOBBOAOB B T.D. Mo>KHO OTMeTBTb 

cneAyJO~Be Has6onee xapaKTepHLie pe>KBMLI pa6oTLI pe<llps-

lKepaTopa: 

• pe>KBM MaKCBMaHbHOB CKOpOCTB HaKODneHBJI >KHAKOrO 

renBJI B KpHOCTaTe 06~eKTa C 3aAaHHLIM TennonpHTOKOM; 

- pe>KBM MaKCHM&nbHOB DOAa'IH OXHa>KAaiO~ero ra3a 

/HaDpBMep, Ha TOKOBBOALI/ DpH DOCTOJIHHOM ypOBHe >KBA" 

KOrO renBJI B KpBOCTaTaX o6~eKTa C 3aAaHHLIM TennonpB· 

TOKOM; 

- pelKBM, o6ecne'IB&a10~Bi KOMDeHcau;HJO Has6on&wei 

BenB'IBHLI TeDnODpBTOKOB B TeDHOBLIAeneHBB 06~eKTa DpH 

DOCTOJIHHOM ypOBHe >KB~Koro renB.II H 3aAaHHOM DOTOKe 

oxnalKAaJO~ero ra3a. 

3aBBCBMOCTb XOHOAODpOH3BOABTeHbHOCTH Q OT KOHH· 

'leCTBa OAHOBpeMeHHO BLipa6aTLIBaeMOrO lKHAKOrO renBJI 

m ~nB xonoAHoro ra3a m r a Aan&HeiweM 6yAeM Ha3LIBaT& 

xapaKTepscTBKoi pe<ilps>KepaTopa. TaKBe xapaKTepscTBKB 

O'leHb none3HLI npB aHaHB3e COBMeCTHOB pa60Tbl CBCTeMLI 

pecllps>KepaTop - o6~eKT. TaK, ecnH DOA06Hwe xapaKTeps-

* 3Ta 3aAa'la MO>KeT 6LITb DpB6nH>KeHHO peweHa DOCTpoe • 
HBeM HBHeBHOB MaTeMaTB'IeCKOB MOAenH ycTa,HOBKB C BC" 
DOHb30BaHHeM MeTO~ ManLIX OTKHOHeHHB /l 1 , OAHaKO MLI 
C'IBTaeM 6onee nenecoo6pa3HLIM scnon&3oaaT& o6~si 
MeTOA, D03BOnJIIO~BB peWHTb He TOnbKO 3Ty, HO H 6onee 
WBpOKBB Kpyr 3aAa'l. 
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l. 

CTBKB B3BeCTHLI, nerKO onpeAenBTb, HanpBMep, CICOpOCTb 

HaKonneHBJI >KBAKOCTB m )!( B COCy~ax o6~eKTa C 3aAaHHLIM 

TennonpBTOKOM 0 1 /puc. 1/. 
Bnepawe noHJITBe xapaKTepscTBJCB pe<llps>KepaTopasc

non&30BaHo B pa6oTe / 2 / .IVIJI ODTBMB3ai{BB CBCTeMLI KpBO· 

CTaTBpOBaHBJI MarHBTa C oxnalK~aeMLIMB TOKOBBOAaMB. 

0AHaKO B 3TOI pa6oTe HB'Iero He roaopBTCJI 0 TOM, KaK 

paCC'IBTaTb TaKyiO xapaKTepBCTBKY, B &BTOpLI DOnb3YIOTCJI 

TOHbKO 3KCDepByeHT&HbHLIMB ~aHHLIMB. 

r;, 

{} 

Qo 

~:r----+---------~~~----~~~ n7 
m." r 

m"' 

Puc. 1. XapaK•epuc•uKa pe-puJitepa•opa. 

HslKe npBBOASTC.II MeTOASKa, D03BOH.IIJO~a.ll onpeAenBTb 

xapaKTepBCTBKY pecllpB>KepaTOpa pac'leTHLIM DyTeM. 

PaCCMOTpBM OCHOBHLie MOMeHTLI aHanB3a. ~HJI Ka>KAOrO 

B3 Tennoo6YeHHJIKOB ycTaHOBKB MOryT 6b1Tb 3&DHC&HLI ABa 

ypasHeHB.II: 3HepreTB'IecKoro 6anaaca B TennonepeAa'IB 

/o6o3Ha'leHB.II cu. aa puc. 3/. 

Q - ' 'l:.'T'- " "l:.'T" T-cpm u -cpm u , 

Q = kF 
T 

1'\ T' -I'\ T" 

1'\ T, 
&t-

1'\T, 

/1/ 
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Puc. 2. CxeMa pe~pWitepa•opa. 

.. 

I .. 

I 

I. 

I l 

:;1 kF f~. T 

• 
~ 

/lo&pxHOCfTlb mefU(}()(fMeHO 

Puc. 3. HaMeHeHue · •eMnepa•yp npJIMozo u o6pa•Hozo 
no•oKoe e •enAoo6MeHHUKe. 

llocne,llHee c y'leToM /1/ nerKo npaao,llBTc• K 6onee Y.llo6-
HOMY ,lln .. HamBX uenei BB.IlY! 

QT= W V /2/ 

r,lle v - aaa6om.was pa3HOCTh TewnepaTyp MelK.IlY rpeiO
II.lei a aarpeaaeuoi cpe,ll&MB. 

):tn• DpOTBBOTO'IHOrO TeDn006MeHHBK&, B KOTOpOM 

V =llT'+8T'·llT"+8T", 

c' , 
exp(~ )- exp ( 

W = kF _k..,F--
cp , 

_exp( 'i.r.m ) _ exp(-iF). 

c m p 

B 'I&CTHOM cny'lae npa 
Heonpe,lleneHHOCTB BMeeM 

w = 1 
_1_+_1_ 
kF cpm 

cpm 

c'm' ==c"m'' p p 

/3/ 

nocne pacKpWTBJI 

/3a/ 

7 



,nnJI Bhi'IBCJieHBJI W MOlKHO BCDOJIL30B&TL 6oJiee npOCTYJO, 

'leM /3/, DJ)B6JIBlKeHHYIO WOPMYJIY, ~a10uzy10 norpeWHOCTL. 
OT3~o6~/"4/: 

(cpm)M w;;. 
/4/ 

0
1
65 + 0

1
35 (c P m )M + J..~~ 

(cpm\J kF 

r~e (cpm)M __.~MeHJ.WaJI B3 BeJIB'IBH c;m' B c'~m"; (cpm )5-
60JILW&JI B3 3TBX BeJIB'IBB. 

B ~aHHoi pa6oTe aHaJIBJBPYJOTCJI Hepac'leTHWe pe)I(BMW 

pec}lpB)I(epaTopa, nocTpoeHHoro no cxeue c npe~sapBTen~o
HhiM oxna)l(~eHBeM ClKaToro reJIBJI )I(H~KBM aJOTOM, pacwape

HBeM 'laCTB raJa B nopWHeBoM ~eTaH~epe B ~pocceJIBpo

BaHBeM /puc. 2/. 
Cne~yeT OTMeTBTL, 'ITO BBA xapaKTepacTBKB cy~ecT

BeHHWM o6paJOM JaBBCBT OT npBHJITOrO cnoco6a B Aony· 

CTBMOro ~BanaJOHa peryJIBpOBaHBJI pacnpe~eJieHBJI DOTOKOB 

Me~y AeTaH~epOM B APOCCeJieM. flpB ODTBMaJibHOM pery

JIBPOBaHBB ~OCTBraeTCB MaKCBMaJILHaJI XOJIO~OllpOBJBOAB· 

TeJibHOCTb npB JIJ06hiX HanepeA JaAaHHhiX BeJIB'IBHaX CKopo· 

CTB OlKB)I(eHBJI BJIB DOTOJCa OXJia~aJO~ero raJa. XapaJCTe· 

PBCTBJCB pec}lpBlKepaTopa, DOJiy'leHHhle npB TaJCOM peryJIBpo· 

BaHBB, 6y~ey HaJWBaTb ODTBMaJibHhiMB. B pa6oTe BCCJie• 

~OBaHW TaK)I(e xapaJCTepBCTBJCB, DOJiy'leHHhle npB TaJCOM 

JaJCOHe perynBpOBaBBB, npB JCOTOpOM B Ka'leCTBe HeBJMeH· 

Horo napaMeTpa 6wna npBHJITa TeMnepaTypa nepe~ ~eTaH
~epoM. 

HcxoAHWMB AaHHWMB JlJIJI pac'leTa JIBJIJIJOTCJI: 

- pacxoA C>KaToro reJIBJI, m: 
- ~aBJieHBB B DpBMOM B 06paTHOM DOTOJCaX, p 

1 
B p

2 
- nosepxHOCTB B xoHcTpyxuaa Tennoo6MeHBBKOB, F

1 
, 

FII , FIII ; 
- K.n.~. ~eTaH~epa; TJ: 
- TeMnepaTypa npe~sapBTeJILHoro OXJia>KAeHBa, T 1 
- TeMnepaTypa nepeA ~eTaH~epoM, T 2 • 
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,ll;nJI paccMaTpBBS.eMoi cxeMw I puc. 2/ cBcTeMa ypas

HeHBi Tennonepe~a'IB B 3HepreTB'IecKoro 6anaHca BMeeT 
BB~: 

cp 12m 
T3 = T 1 - ( T 1 - T 2 ), 

W I 

c 12 
T 4 = T 3 + P ( T 1- T 2 )~ 

c p34 {1-x) 

T5 
cp35 {1-x )m 

c p3 5 (1 - x) m - W T 3 -
II c (1-x)m-W 

p35 II 

WII 
T~ I 

T6 = T 2 -
c p35 0-x ) 
c (1-D) (T3 -T ) 

p26 5 I 

i 7 = i 2 - ( i 2- i 7 a~. ) TJ I /5/ 

is 
1-x . 

15-
1-D- X 

D 
1-D- X- i7 I 

Tg 
c pB9 {1-D-x)m W III 
------- Tg-- ,__;..::_ ____ T6 I 

c P89{1-D-x)m -W111 c pBg(1-D-x)m -Will 

T10 = T
6 

_ cp89(1-D-x) 

c p6-1 o( 1 - D ) - ( T 8 - T 9 ) • 

3~eCb C .. - cpeAHBJI TeDJIOeMKOCTb DOTOKa B AHanaJOHe 
PIJ . 

TeMnepaTyp Ti .,- Tj . 
TIOCJie~OBaTeJibHOCTb paC'IeTa DOJCa>KeM HaKOHJCpeTHOM 

npBMepe. llyCTb Tpe6yeTCJI onpe~eJIBTb CJCOpOCTb H&KODJie• 

HBJI >KB~Koro reJJBJI B xpBOCTaTax o6'beJCTa, BMeJO~ero Ten

nonpBTOK Q . 
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l{To6W peiUBTI:t CBCTeMy ypaBHeHd /5/, B Ha'laJJe pac

'leTa 3aA8.10TCJI BeJJB'IBHaMB cpeAHBX TeDJJOeMKOCTei DpJIMO

ro B o6paTHOrO DOTOKOB B K8JK,IlOM TeDJJ006MeHHBKe, K034J-

41a~eHTaMB TeDJJODepeAa'IB B DpBHBMB.IOT KaKYJO-TO pa3yM

HYIO seJIB'IBHY Ko3cWIBU:HeHTa O)I(JDI(eHHJI X= m* I m . 3TH 

A&HHWe MOryT 6WTI:t B3JITW, HaDpHMep, H3 p&C'IeTa yeT a

HOBKH. 

l. Do ypasHeHHJIM /5/ DOCJJeAOBaTeJJI:tHO ODpeAeJJJIIOT 

Dap&MeTpW YCTaHOBKH AJJJI p&3JJH'IHWX 3Ha'leHHi AOJJB Ha 

AeTa&Aep D. HaXO,IUT TaK}'JO BeJJB'IH&y D, DpB KOTOpoi TeM

DepaTypa B TO'IKe 9 pasHa TeMDepaType KHDeHHJI >KKAKOrO 

reJIBJI DpH 38.AaHHOM A&BJJeHHB B 06paTHOM DOTOKe. 

2. 0DpeAeJJJIIOT HOBOe 3Ha'leHHe K03cWIIUlBeHTa O>KIDKeHBJI 

DO ypasHeHBIO 

i9 -iio q 
X= (1-D) ------, . . i . 

1 9- 1 0 9- 1 0 

/6/ 

rAe q =Q/m. 

3. Do napaueTpaM ycTaHOBKB, BW'IBcJJeHHwu B n. 1, 

Ha.XOAJIT BOBWe 3B&'I8HBJI B8JJH'IBB cpe.QHBX T8DJI08MKOCTei 

H K034MIIBU:B8HTOB T8DnODepe.Q&'IB. 

4. Pac'leTW DO DD. 1-3 DOBTOpJIIOT HeCICOJII:tiCO p&3 JlO 

TeX DOp, DOXa p&3BOCTL M8»C;;l)' BenB'IBH&MB x, DOJI)''IeBHW• 

ua B JlB)'X DOCM.-yJOIIPIX DpJ16JIIDKeQBI, Be CT8118T M8Bidlle 

sa.-ool. · 

B xaqecTae acxoa.oro aapaueTpa ua.eT 6wTL B3JIT& 

aenB'IBHa x. B 3TOM cnyqae 6y,qeT pemeaa 3a.Qa'IA onpe· 

,qeneoa aeJJB'IBHW Tennosol Harpy3JCB. JCOTopaa uollteT 

6WTL CHJITa DpH ~HBOI CKOpOCTB H&ICODJJeHHJI >KHA~COrO 
reJJBa. BeJJB'IBHY 3TOI Harpy3KH oDpeAeJJaJOT DO ypasHeHHJO 

q =0-D)(i 9 -i 10 )-x(i 9 -i 0 ). /6a/ 

B ocTan~oaou DOPJIAOJC pac'leTa aHanora'leH swmeoDacaH

aouy. 

IIJDKe DpBBO,IUTCJI pe3yJJI:tTaTW DpOB8,Q8HHWX HaUB pac-

118TOB. Be.JDI~ W AJlJI JC&QOro TeDJI006U8HBBK& BWQC-
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JJJIJJBCI:t Do DpH6JJB>KeHHoi 4Jopuyne I 4/. Ko34J4m~eHTW 
TeDJJODepeAa'IH B D. 3 He DepeC'IHTI:tiBanHCI:t, T.e. DpBHHUa

JIBCI:t He3aBHCHMWMH OT H3MeHeHHJI DapaMeTpOB. r&ApaBJIH

'IeCKOe coDpoTasneHHe He Y'IHT.wsanocl:t. Hcnonl:t30Banac~o 
Ta6JJH:QW TepUO,QHH&MB'IeCKHX CBOICTB reJJBJI /5/. liWJJH 

Dp&HJIT.W CJJeAYIOIIUI8 3Ha'leHHJI BCXO,QH.WX ,QaHHWX: m = 
= 60 z/c; p 1 = 25 a•M; p 2 = 1,2 a•M; T1 = 80 K; kF

1 
= 

= 4780 B•/K; kFn = 910 B11/K; kFIII = 1390 B•/K *. 
Pac'leTw DposeAeH.w Ha 3BM. 

Ha PBC. 4 DOKa3aB.W 3&BHCHMOCTH K034MIIBU:HeHTa 0)1()1• 

>KeHHa oT TeuDepaTyp.w DepeA AeTauAepou npa KouDeH

ca~a pa3JJH'IHWX senB'IHH TeDnosoi aarpy3KH • .ztn• DpHHa

TWX YCJJOBHi B OlKJDICBTeliLHOM pe)f()IUe (q=O) ODTHM&JILHO

My pacnpe,qeneHBJO DOTOJCOB COOTBeTCTByeT TeUDepaTypa 

nepeA AeTaHJlepou oxono 27 K, a B pe4JpiDKepaTopHou pe· 

>KIIMe (x=O)- 23 K /KpHBaJI "a"/. 0.QH&KO BB&AY Toro, 

~ qOBj I _I I I J :::J 

S!l" I Qt;IS 1/ I ~·-r~ 1.' l 

& 404 I ~......-= I I 1 I \ I 

I Qlll/1 . ~4 I 1.' . ' l 
~ 

0' ftl"'"l I I ' I I I 8 

20 22 24 26 28 
liHnt!pOtnt.i;a ntpl!iJ ~~ K 

Puc. 4. 3aeucuMoc•• Ko3Nur~ueH•a OJttu.¥teHUJI o• •eMnepa
IIYP•• nepec) c)e•aHc)epOM U yc)eA.HOU •enAOBOU Hazpy3KU. 
"a" - onlluMaAbHoe pezyAupoeaHue; "6" - pezyAupoeaHue 
npu T = const. 

* B Ka'leCTBe HCXO,QHWX B3JITW BeJJH'IBHW, COOT,~CTB)'JO-
UUie pac'leTHWM 3Ha'leHaau An• ycTaHoBKH Mro 1 .. 
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'ITO cnesa oT waxcawywa xpaswe q= const BMeiOT nonorai 
BBA, xapaxTepacTaKa pewpB*epaTopa 6yAeT 6na3Ka K on
TBManbuoi, ecna npaHJITb B xa'leCTBe 3axoua perynaposa
HBJI DpB pacnpeAeneHBB DOTOKOB DOCTOJIHCTBO TeMnepaTypw 
nepeA AeTaHAepoM /naHBJI "s"/. 3TOT cnoco6 O'leHb YA06eu 
B npaKTB'IeCKOi pa6oTe. ,nnJI nony'leHBJI xapaKTepBCTBK, 
6nB3KHX K ODTHMaJlbHOB, He06XOABMO BMeTb B03MO>KHOCTb 
nnaBHO B3MeHJITb pacnpeAeneHBe DOTOKOB Me>KAY AeTaH· 

AepoM H APOCCeneM. 
Kax ylKe OTMe'lanocb, npeAno>KeuuaJI weTOA&Ka pac11e· 

Ta npBrOAHa AnJI BWJIBneHBJI BnBJIHBJI CTeneHB COBepWeHCT· 
Ba OTAenbH~X 3neMeHTOB Ha 3c)clleKTBBHOCTb ycTaHOBKB B)le• 
noM. Ha puc. 5 npaBeAeHw pe3ynbTaTw pac'leTOB onTaManb
uwx xapaKTepBCTBK DpB 3Ha1feHBJIX aA&a6aTHOrO K.D.A. 
AeTaHAepa OT 0,5 .llO 0,9. OcTaJibHWe AaHHWe Taxae >Ke, 

~6 
~ 

f 
I 

1 
J 2 

'
I I'\ 1'\ 1'\ I" I ( 1: 41: ' 

0 q02 0,04 O,OtJ 
Ko~uewn OJirt.PI(t/HUfl , x 

Puc. 5. OniiiUMaAttHttle xapanrepucllluKu pe(JpuJteepa111opa npu 
pa3/IU'IHitiX 3Ha'leHUJIX K.n.c}. c}elllaHc}epa. 

12 

xax B npeAWAYmew pac'leTe. BBAHO, 'ITO AnJI O>KB*BTenbao
ro pe>KBMa COBepmeHCTBO AeTaHAepa 3Ha'IBTenbHO 6onee 
cyutecTseuuo, 'leM AnJI pewpB*epaTopaoro. Tax, nosbiWe
HHe K.D.A. AeTaHAepa C 0,7 ,llO 0,8 B O>KH*BTenbHOM pe>KB· 
Me AaeT np&pOCT RpOB3BOABTenbHOCTB DpBMepHO Ha 23~, 
a s pewpa>KepaTopuow - scero nawb ua 12~. 

Pac'leTW DOKa3aJIB, 'ITO CHB*eHBe TeMnepaTypw KBne
HBJI >KBAKOrO a30Ta 3a C'leT OTKa'IKB BaHHW C 80 AO 70 K 
DOBWCBT DpOB3BOA&TeJJbHO(OTb B O>KB*BTeJJbHOM pe>KBMe Ha 
14~, a B peWpB*epaTOpBOM • Ha 8~. 

fipB 3aMeHe APOCCeJJJI AeTaHAepoM BMeCTO /6/ B /6a/ 
AOn>KHW 6b1Tb BCDOJib30BaHW cneAYIOillBe ypaBHeHBJI: 

ig-iio (" . ) 
x =o {1-D)-. -.--- . q . +0-D) 

1
9-

1
qaA • ., /7/ 

1 9-10 1 - 1 . . 
9 0 19-10 

B 

q = {1-D )(i 9- i I 0 ) - x ( i 9- i O ) + {1- D)( i 9 - iII ) ·"'. 
aA. /7a/ 

3aBBCHMOCTb K03c)ciiBJlBeHTa O>KB*eHBJI nocne TaKOB MOAep
HH3a]lBB OT TeMnepaTypw nepeA BepXHBM AeTaHAepoM an
niOCTpapyeTCJI puc. 6. 0DTBMaJJbHWe. 3Ha'ICHBJI TCMnepaTy· 
pw nepeA BepXHBM AeT&BAePOM B O>KH*BTCJibHOM B pewpa· 
>KepaTopHOM pe>KBMax OTJJB'IaiOTCJI npawepuo ua 10 K. 
TaKHM o6pa30M, AnJI Aauuoii cxeMw perynaposauae pac
npeAeneHBJI DOTOKOB npa DOCTOJIHHOB TCMnepaType nepe,ll 
BepXHBM AeTaHAepOM npBBCACT K 3Ha'IBTenbHOMY OTKJIO • 
HCHBIO OT ODTBMaJlbHOB xapaKTepBCTBKB. B 3TOM CJJy'lae 
HY>KHO BCDOJib30BaTb npBBCACHHYIO Ha TOM >Ke rpaW8Ke 
JaBBCBMOCTb ODTBMaJJbHOB T!MnepaTypw nepeA ACTau· 
ACPOM OT pe>K&Ma pa60Tbl /KpBBaJI "a"/. 

Ha puc. 7 noKa3aHw onTBManbHble xapaxTepacTBKB 
pewpa>KepaTopa C APOCCeneM /KpBBaJI 1/ B napO>KBAKOCT· 
HbiM ACTaHAepoM /KpBBaJI 2/. Ilpa K.D.A. AeTaHAepoB, 
paBHOM 0, 7, B O>KB*BTCnbHOM pe>KBMC DpOB3BOABTCnbHOCTb 
soJpacTaeT B 1,5 pa3a, a B pewpB>KepaTop~oM - no'ITB 
B 2,5 paJa. 

IIpeAnolKeuuaJI MeTOABKa accJJeAOBaHBJI uepac'leTuwx 
pelKBMOB MO>KeT 6WTb pacnpocTpaueua ua auanaJ nepe
XOAHbiX DPOllCCCOB B TCX cny'laJIX, KOrAa 3TH DpOUCCCbl 
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Puc. 6. 3a6UCUMOc•• KO:JHUfiUeH•a OJitWICeHUJI o• •eMnepa• 
•YP"' nepeb sepXHUM be•aHbepoM u ybeA•Hoil •en~~osoll 
HG2PY3KU. 8 C:XeMe C napoJitUdKOC.HWM be•HbepoM. "a" • 
on•uMGII•Hoe pezyAuposaHue. 

B JCAliC,Aioll Jl&HBWI MOMeHT BpeueHB MOliCIIO C'IIIT&Tio CT&· 

uouapuwua. K T&DM oTHOCJITCJI, uanpauep, npo)leccw 

oxna.,lleHBJI o6~KTOB c 6onLmol TennoeuKOCTJo~. B 3TBX 

cn)"'a•x ocHOBBWM nepeueuuwu napaueTpou npB pac'leTe 

cnylKBT TeunepaTypa ra3a ua BWXO.Ile B3 o61.eKTa, cooT

BeTCTB~uuu TO'IKe 9 ua puc. 2. Pac11eT no3BOBBT onpe

.llen&TJo B3MeHeBBe XOBOJlODpOB3BOJlBTeBJoHOCTB YCT&HOBKB 

DO BpeueHB. 
TaKBM o6pa3ou, npe,llno>KeHH&JI ueTOJlBKa .ll&eT Bo3-

MO>KHOCTJo peWBTio MBOI'O'IBCBeHHWe 3&,1l&'IB, CBJI3aHHWe 

C pa60TOI KpBOI'eBBOI YCT&HOBKB B uepac'leTHWX ycno· 

BBJIX. 
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Puc. 7. Xapa~r•epuc•u~ru pe-pWICepa•opa. 1 - c:xeMa c bpoc
ceAeM; 2 - c:xeMa c napo•ubKoc•HwM be.aHbepoM. CMOII
Hwe Kpuswe - on•uMGA•Hoe pezyAuposaHue, nyHK•upHwe -
pezyAuposaHue npu noc•o.IIHHoal •eMnepa•ype nepeb sep:x
HUM be•aHbepoM. 
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