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Pa3pa0doTyuk(1) MeTOAMYECKUX YKA3aAHU I

ConoaxoB C.A. IOIEHT, K.T.H.,

(DUO, oonsicnocmy, yueHas cmeneHsv, yYueHoe 36anue) (noonucs)



1. IIpocroii muka IITY

[IpunnunuansHas cxema npocroro mukiaa [ITY (mukna PenkunHa) U ero nu3o0pakeHue B
P,v-, T,s- u h,s- muarpammax npenacrasiensl Ha puc.1.1, 1.2, 1.3, 1.4.
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Puc.1.1. Cxema npocToii mapoTypOHHHON YCTAHOBKH:

IIK — naposoii koten, I1I1 — naponeperpesarens, UCI1 — nucnapurenbHas moBepx-
HocTh, DK — sxoHoMmaizep; 1T — napoBas TypOuHa; K-p — koHIEeHCcaTOp mapoBoit
TypOunsl, H — Hacoc; D" — ek TprUecKuii reHepaTop

Ha puc.1.1 napoBoil koTen NpeacTaBleH B BHJIE TPEX OCHOBHBIX 3JIEMEHTOB IOJIBOAA
TEIUIOTHI K pabodyeMy Tely: 3KOHOMaii3epa, 31eCh BOIa HarpeBaeTcs /10 COCTOSIHUS HACBILICHHUS,
MCIIApUTEIbHON MMOBEPXHOCTH, TJI€ BO/IA IEPEBOJIUTCS U3 KUIKOM (a3bl B HApOBYIO B COCTOSTHUU
HACBILIEHMS, U NTapOoIIeperpeBaTeis, 3€Ch MOIYYaeTCs ap ¢ TEMIIEPATYpOil BBILIE TEMIIEPATYpPbI
Hacklmenus. B nanpueimem Ha cxemax [1TY skonomaiizep nzobOpaxarscs He Oyner. B mpocroit
cxeme IITY wnzobpaxenue Bcex aneMmeHToB [IK BBIMOMHEHO B LENbSIX HArJSAHOTO IOKasa
pacnpeneneHus TeIoThl, ToABeeHHO! K pabouemy Teny, mexay DK, UCII u I1I1.

OcHoBHbIE TapaMmeTpsl, xapakTepusytomue uka [ITY, umeror obo3nauenus: Po u to —
JIaBJIeHHUE U TemIepaTypa napa nepej TypouHoi, Px — naBieHune B KOHAEHCATOpE TypOUHBI.

ukn npocroit IITY cocrout u3 yerbipex nporeccon: 1-2 agnabaTHOE paclIMpeHue napa
B TypOuHe; 2-3 n300apHbIl OTBOJ TEIUIOTHI OT pabouero Tejaa B KOHJEHCATOpe TYpOWHBI, B
pe3yibTaTe 4ero map mpeBpamaercs B JKUAKOCTh B COCTOSHUHM HACHIEHMS; 3-4 aguabaTHoOe
cxaTue BoJbl B Hacoce oT Py 10 Po; 4-1 n300apHBbIil MOABO TETUIOTHI K padodeMy Teiy.

s obparumoro nukia [ITY anunabatHsie nporueccs 1-2 u 3-4 ecTb U3039HTPOIIBI, KOTO-
peie B T,5- 1 h,S- muarpammax mpeicTaBICHbl BEPTUKATIBHBIMU pMbIME. OOpaTUMBIH MPOIIECcC
annabaTHOro cXaTus BOJbI B Hacoce 1-2 Ouarofapss HEC)KUMAEMOCTH KHMIKOM (a3bl BOJBI
(Vi’=Vo) TakxKe SBISICTCS M30XOPHBIM, KOTOpBIN B P,V- quarpamMMme MpeacTaBieH BEpTHKAIbHOM
npsamoii (puc.1.2).
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Puc.1.2. O6parumsnii nuxi npoctoit IITY B P,V - nnarpamme

B nukie IITY npussThl ciaeayromme 0003HaYeHUS SHTANIbIHIA: Ny — SHTaNBIKS Mapa rme-
pen TypOHHOI; Ny - SJHTABIIMK NTapa Ha BBIXOJIC U3 TyPOUHBI IIPH 0OPATUMOM IPOLIECCEe ero pac-
HIMPEHUS; Ct’ — SHTAJIBIMUSA BOJbI B COCTOSIHUM HACBIIICHUS HA BBIXOJI€ U3 KOHAEHCATOPA; Ctus —
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Puc.1.3. O6patumslii - uneanbHbiil ik npoctoi [ITY B T,S - quarpamme

SHTAIBIHUS B KOHIIE 00paTHMOTO TMPOIIECCaB CXKATHS BOJBI B Hacoce. BBenenne obo3HadeHus ct
JUTSL DHTAJIBITUH JKUIKOHM (ha3bl BOABI CACTAHO JIJISl OTIUYHSI €€ OT YHTAIBINU MapoBoil ¢asel. MH-
JIEKC “TIB” OTHOCHUTCS K MapamMeTpaM BOJbl HA BXOJI€ B MAPOBOM KOTEJI, B SHEPreTUKE TaKas BOJa
Ha3bIBAETCS MUTATCIHHOM.
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Puc.1.4. O6parumsiii tukn npocroit IITY B h,s- quarpamme

1.1. Pacuer oopartumoro nukaa IITY

Pacuer nponeccos Boabl U BoagHoro napa nukia [ITY ocHoBaH Ha mepBoM 3aKOHE TEp-
MOJIMHaMUKH. B cOOTBETCTBUU C KOTOPBIM: TEIUIOTa B M300apHBIX MpOIlEccaXx €CTh pa3HULA DH-
TaJIBIIMI BelECTBAa B KOHIIE W Hayaye 3TOro IMpoliecca; TeXHU4Yeckas padoTa aanabaTHBIX Mpo-
LIECCOB, 1€ HET U3MEHEHUs] KNHETUYECKOW SHEPruu MOTOKA, MPEACTABISET TOXKE Pa3HUILY dH-
TaJbIui paboyero Teia B Hayajle M KOHIIE 3TUX mnpoueccoB. [Toatomy s pacyera nukia [ITY
OTIPEAEIAI0TCS SHTAIBIINN PA0OUYEro Tesa B €ro XapaKTepPHbIX TOUKaX:

ho — PHTaNBNMS Mapa Ha BBIXOJE U3 KOTIa (1epe TypOHHOM), onpenensercs mo Po u to;

hx — SHTaNBNMS Mapa Ha BBIXOJIC M3 TYPOMHBI, onpeaensercs no Pk u Sx=So (mpormecc 1-2
oOpaTuMblil anabaTHBIN);

Cty’ — SHTaNBIMS BOABI B COCTOSIHMM HachleHus (x=0) npu naBneHuu Py;

Ctys — PHTANBIMS MUTATEILHON BOJBI Ha BXOJI€ B KOTEJ (Ha BBIXOJIE U3 HACOCA), OIpese-
asieTcst 1o Po 1 S’ mim kak cymma Ctpp=Cti’+ly, THE yaenpHas TexHH4YecKast padoTa CHKaThs BOIBI
B 00paTuMoM ajrabaTHOM Mpoliecce Hacoca MOXKET OBITh pacCcuMTaHa MUCXO U3 TOrO, YTO MPo-
nece 3-4 M303HTPOMHO-U30XOPHBIH Kak |u=Vi’(Po-P«x)=0,001(Po-Px), ipu 3TOM I TOIyYEeHHUS
paboThl Hacoca B KJXK/Kr naBieHUss HEOOXOIMMO MOACTaBIAThH B Klla;

Cto’ — PHTaNbIUs BOABI B COCTOSIHUM HachlleHus (x=0) npu nasneHuu Po;

ho’ — SHTasBINUs Mapa B COCTOSIHUM HachIeHus (x=1) npu nasienuu Po.

OnipederneHue mernnomsi, nodgedeHHou 8 uukne NTY

VY nenvHas termiora, noaseneHHas B mukie [ITY k paboyemy Teny, o6o3HadaeTcs Kak (1.
Omna unzo6apuo (P,=const) moxBoauTCsS B MapoBOM KOTJIE K BOAE M BOISHOMY Iapy M MOXKET
OBITH IIPEJICTABJIEHA KaK CyMMa TeIUIOThl IKOHOMai3epa J», UCIapUTEIbHON MOBEPXHOCTH Qucn U



napomneperpeBaTciid MmapoBoro KOTjia qu Pacuer >THX BEIMYUH BBINOIHACTCS II0 CJICAYIOIIUM
dbopmymnam:

01=Qox+ Quent Qrn=ho-Clrs; (1.2
Qox= Clo’- Clyg; (1.2)
Quen=ho’- Cto’=TYo; (1.3)
Qrn=ho- No’; (1.4)

rac 1o — yA€JIbHas TCILIOTA Hap006paBOBaHI/I$I IIpU JaBJICHUHA Po,
Tennoma, omeedeHHasi u3 yukna Ty
VYnenwpHas Temnora, orBeaeHHas B mukie [ITY ot pabouero Tena, o6o3HadaeTcs Kak (p.

Omna u3o0apuo (Px=const) oTBoguTCs B KOHAEHCATOPE TYpOHHBI OT BOJASHOIO IMapa, mpeodpasys
€ro B HACBIIICHHYIO BOAY. PaccunThiBaeTcs (2 Kak pa3HHIA SHTAIBINHN mporecca 2-3:

q2:h1<' Ctx,- (15)
TexHu4yeckas paboma pacwupeHus napa 8 mypbuHe

VYaenbHas TexHudeckas paboTa mapoBoi TypOMHBI 0003HauaeTcs Kak l. U onpenmensercs pas-
HUIEH SHTaNbIM aguadaTHoro npouecca 1-2:

IT:hO-hK. (1.6)
TexHuuyeckas paboma cxxamusi 600bl 8 Hacoce

VY nenbHasi TeXHUYECKasi paboTa cykaThsi BOJbI B Hacoce o0o3HavaeTcs Kak |y u onpenens-
€TCS pa3HUIICH SHTAIBIMKA WM MPOU3BEICHHEM 00beMa BOJbI Ha Pa3HUILY JaBICHHH B M309H-
TPOITHO-UXOPHOM TIporiecce 3-4:

li=Ctus-Ct’=Vi’ (Po-Px)=0,001(Po-Px). 1.7
B Beipaxenun (1.7) ans monydeHuss pasMepHOCTH pabOThl Hacoca B KJDK/Kr AaBiieHUs
HEO00X0aMMO TOACTaBIATh B Klla.
Paboma uodearnbHoz0 yukna lNTY
VY nenbHast pabota uneansHoro nukia [ITY obo3HavaeTcs Kak |t 1 MOXKET ompenensiThes
pasHUIel TeXHUYECKUX padoT TypOWMHBI M HAcOCa WU Pa3HUICH MOABEJCHHOW M OTBEICHHOMU
TCIIJIOTHI
It:IT'IH:ql'qZ- (18)
Tepmuyeckut KN4 uyukna MNTY

KIIJZ o6parumoro nukna IITY nHassiBaercst TepmuuyeckuM. OH o0o3HayaeTcs Kak Mt U
OIpEEIIAETCS KaK

ne=l/q. (1.9
ITockonbky paboTa Hacoca HECOM3MEPUMO Maja IO CPaBHEHHMIO C PaboTOil TypOMHBI
(u300apa P, mpaktudecku coBnanaer ¢ tuHuer x=0 B h,s- muarpamme), To eii npu pacuere KI1/1
uHorna npeHeOperatoT. Takoit Tepmuyeckuii KITJ[ nmomyunn nasBanue «Herto». Ero pacuetnoe
BbIpaXXEHHE UMEET BUJ
Wl ho—h
n, = = <. (1.10)

dy=h h —ct

YOernbHbIl pacxod napa u mennomsi

VY ienpHbIi pacxo napa v TEIUIOThl OTHOCSTCS K IOKA3aTeNsAM TEMIOBOM 9KOHOMUYHOCTH
nukina [ITY. OTu BenuuuHBI MOKA3bIBAIOT, CKOJBKO Mapa WU TEIUIOThl JaHHOro Iukiaa [ITY
TpeOyeTrcs Uit BBIpaOOTKU TYpOUHOM eTMHUIBI pabOTHI.



YaeneHBIN pacxoj mapa MpeACTaBIsSeT OTHOIICHHWE pacxoja mapa Ha TypOuny-D k ee
morHocTh- Nr. s obpatumoro 1ukia [ITY pacueTHoe BeIpakeHHE yIETBLHOTO pacxoja rmapa
HMEET BUJL

D 1
d =—=— == kr/k/lx. (1.11)
t N DI I
T T T
B npakTudeckoil 1eATeIbHOCTH UCIIOJIB3YIOT YIEIbHBIN pacXo/ lapa B pacyere Ha KBT u,
MpoM3BeIeHHON TypOuHO# padoThl. Mcnonbs3ys cooTHomenue 1 kBt-u = 3600 k/x, momydaeTcs

BbIPAXKCHUC

3600 _ 3600

d
t I h —h
T 0o K

, Kr/(kBT-1). (1.12)

VY enpHbIN pacXxo]] TEIIOTHl MPEACTABIAECT OTHOMICHUE TEIOThl — Q1, MOABEICHHON B
nukie [ITY k pabouemy Teny, D k moutHoctu Typ6unsl — Ny. PacueTHoe BbhIpaskeHUE yIeIbHOTO
pacxona temnoTel — BenuunHa obpaTtHast KIIJ[ mukna IITY, xoropoe nns oOparumoro mukia
MMEET BUJT
Q Do, a 1
q, = —+=—21="1- = gJlx/xx. (1.13)

t' N DI I "
T T T t

B nmpakTuyeckoil IeaTeNbHOCTH UCIOJB3YIOT YAEIbHBIA PACXOJ TEIUIOTHI B pacuyeTe Ha
kBT-u, mpousBenenHoi TypOuHoil padotel. Ero Beipaxenue ans odpatumoro nukina [ITY umeer
BU/T

~3600a, 3600
H

I kJx/(kB1-4). (1.14)

qt
T My

1.2. Pacuer HeoOpaTumoro nukiaa IITY

JlerictBuTenbHblil — HeoOpartumblii nuki [ITY B T,5- m h,S- auarpamMmmax mokaszaH Ha
puc.1.5 u 1.6. HeoOpaTUMOCTb 3TOro LUKJIA XapaKTepU3yeTCsl HAINYMEM TPEHHs B auabaTHBIX
npoleccax pacIIupeHus napa B TypOMHE U cxkaThs BOJABI B Hacoce. B pesynbraTe 3TOrO0 mpouec-
cel 1-2° 1 3-4’ uayT B CTOPOHY YBEJIIMYEHUS SHTPOIIHH.

[TapameTpsl B KOHIIE HEOOPaTUMBIX aIMAa0ATHBIX MTPOLIECCOB UHIEKCUPOBaHbI OYKBOU
Tax hg — SHTaIBIMA apa Ha BHIXOAE U3 TYPOHMHBI, Clisi — SHTAIBIINS BOABI HA BBIXOJIE U3 HAcOCa.

HeoOpaTtumocTs nporiecca pacuiMpeHus napa B TypOUHE XapaKTepu3yeTcsl BHYTPEHHUM OTHO-
cutenbHbIM KII/ TypOuHsI - Noi. 0T KIIJ{ onpenensercs s3kcnepuMeHTaIbHO U PECTaBIsET
OTHOILIEHHE ACHCTBUTEIBHON pabOThl TYPOUHBI K TEOPETUUECKOM:

o h0 — hKi

e Sl 1.1
o =1 ey (1.16)

[T
.

HeoOpatumocTs mporiecca cxaThsi BOJbl B HACOCE XapaKTepu3yeTcs: aauadbaTHbIM Koddduiiu-
€HTOM Hacoca Mu. ITOT KOID UIMEHT ompenenseTcs 3KCIEPUMEHTAIbHO U MPEJICTaBIseT OT-
HOIIICHHE TEOPETUUECKOM padoThl CxKaTUsl Hacoca K JeHCTBUTEIbHOM

n o= S T (1.17)

| _
Hi ct n.i ct K
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Puc. 1.5. O6parumsiii 1234 u neobparumsiii 12°34” nuxiisl npocroid IITY B T,S - nua-
rpamMme

Ucnonb3ys BHyTpennuit otHocutenbHblii KIIJ TypOunbl u aamabatHeii kod3dduumeHt
Hacoca, ONPEIETSIOT TapaMeTphl B KOHIIE HEOOPAaTUMBIX aa0aTHBIX mporieccoB 1-2° u 3-4°

hKi = ho _noi (ho _hK) ,

VYnensHas Temnora, nojaseneHHas B nukia IITY, ompenensiercs pa3HOCTBIO SHTAIBIUN
n300apHoro npouecca 4’-1:

qli:hO'CtnBi- (118)

VYneneHas Temsora, orBefeHHas u3 nukia IITY, onpenensercss pa3HOCTBIO SHTAIBIIMMN
n300apHOTO mporecca 2’-3:

O2i=hxi-Cti”. (1.19)
VY aenbHas TeXxHUYeCcKasi paboTa TypOUHBI ONpPEEsAeTCs KaK
Iri=ho-hxi=Moi(ho-hx) . (1.20)

VY aenbHas TeXHUYECKasi paboTa Hacoca OMpeAesIeTcs: Kak
IHizctnBi'CtK’:IH/nH . (121)
VY nenwpHas padota nukia [ITY onpenensieTcss pa3HOCTHIO

li= li- 1wi= Qui- ai. (1.22)
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Puc.1.6. Peanbublii — HeoOpatumbiii 1k npoctoit [ITY 12°34” B h,s- nuarpamme

TennoBass skoHOMHYHOCTh HeoOpatumoro mukna IITY xapakrepusyercs BHYTPEHHUM
aocomotabIM KITJ]

= (1.23)

Buyrtpennuii abcomtornerit KITJ [ITY 6e3 ydera paboTsl Hacoca — “HETTO” OMpenemnsieT-
sl Kak
I

= —I—=n"m (1.24)

i h —ct o’
o} K

VY nenpHBIN pacxo mapa Ha BeIpaboTaHHBIM KBT u peansnoro nukia [ITY onpenemnsiercs
KaK

= 3?00 , KT/(kBT u). (1.25)

Tl

d.

VY nenbHbIN pacxoj TEIIoTH Ha BeIpaboTaHHbIH KBT u peansHoro nukia [ITY omnpenens-
€TCs KaK



= 3000 /(B ). (1.26)
M
[Ipu u3BectHbix 3HaueHUsIX KIIJ] MEXaHMYECKOrO - Mu, XaPAKTEPU3YIOLIErO MOTEPU Ha
TpPeHHE B MOAIIUITHUKAX TYpPOUHBI, U 3JIEKTPUUYECKOT0 TeHepaTopa - Mr, XapaKTepPU3YIOIIEro Mo-
Tepu B OOMOTKaxX CTaTopa U poTOpa reHepaTopa, OMPEAeIIOTCs CIEAYIOIINUe MOKa3aTean KO-
HoMuuHOCTH Iukia [ITY:

anexktpudeckuit KITJ[ nukna I[TTY

N’ = Ninwne = NMoiNaMr (1.27)
yACIBbHBIA PacXo/] apa Ha BeIpaboTaHHbBIN KBT-4 anekrpuueckoit padbotsr [1TY:
d =389 r/(xBru), (1.28)
° lTinMnI'

YACIBbHBIA PacXo] TEIUIOTHI Ha BBIpAaOOTaHHBINA KBT-4 anekrpuyeckoit padbotsr [1TY:

_ 3000 o /(kBr-u). (1.29)

3 3 '’

Onexrpuueckas mouHocTh [ITY N’ u pacxon nmapa Ha Typbuny D omnpenensitorcss cooT-
HOIICHUEM

N°=Dlinwnr. (1.30)

2. Hukia IITY ¢ BTOpUYHBIM NepPerpeBoM napa

Cxematnueckoe uzoOpaxenue nukia [ITY ¢ BTOpUYHBIM MeperpeBOM MpPHUBEIEHO Ha
puc.2.1. Bropuunslii neperpes napa no3pojsieT yBeanuuth KIIJ[ nukia u CHU3UTH BIAXKHOCTD
napa Ha BbIX0JI€ M3 YaCTHU HU3KOTOo JaBieHus Typouns! (HH/I).

Bropuunslii neperpes napa ocyuiecTBisercs BO BTopudHoM naponeperpenatene (BIIIT),
KOTOPBII pacroiaraercs 3a 4acThio Beicokoro napneHust Typouns! (UB/1). BIIII koHCTpYyKTHBHO
pa3memaercs B naposoM kotiie. [loxsox remnors! k nmapy B BIIII uaer nmpu nocTostHHOM naBie-
Huu (Pgr=CONSt), koTopoe MMeeT onTUMabHOe 3HaYeHHe. OnTUManbHOe 3HaYeHue Py, BbIOHpa-
€Tcs METOJOM BapuaHTHbBIX pacueToB Tepmuyeckoro KIIJ mukma IITY B nquanazone Px<Py:<P,
IIPY HEM3MEHHBIX OCTAJbHBIX MapaMeTpax LukiIa. YUclIeHHOe 3HAaYeHHE ONTHUMAJIBHOTO AaBile-
HUSl BTOPUYHOIO Nieperpesa npuodausurensbHo cocrasiseT (0,2-0,4)Po.

N3o06paxenune obpatumoro mukiaa [ITY ¢ BropuuHsiM meperpeBom mapa B T,S- u h,S-
Juarpammax rnokasaso Ha puc.2.2 u 2.3. Ilo cpaBHenuto ¢ npocteim 1ukiaoM IITY 3xeck umeer-
Csl BTOPOM MpoIecc U300apHOro MoBOAA TEIIOTHl 2-3 mpu Pyr=CONSt, a mporecc pacummpeHus
napa B TypOuHe cocTouT U3 npoueccos 1-2 B UB/I u 3-4 8 UH/I TypOuHsI.

10
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Puc. 2.1. Cxema mapoTypOHHHON YCTaHOBKH C BTOPUYHBIM MaporeperpeBa-
teneM: I1K — naposoii xoredn, I1I1 — naponeperpesareins; BIIII — Bropuy-
HbII naponeperpesareib; [IT — maposas Typouna; K-p — koHgeHcaTop
napoBoii Typounsl; H — Hacoc; OI" — anekTpryeckuii reneparop

To=Tsn

X=1

>
S
Puc.2.2. Uneansnenii nukn [ITY ¢ BTOpUYHEIM EperpeBoM napa B
T,s - nuarpamme

11



Puc.2.3. O6parumsiii tuki [ITY ¢ BropudHbIM eperpesoM napa B h,s-
JarpamMmme

OHranbnus napa Ha Beixoze u3 UBJI typOunsl (Ha Bxone B BIIIT) o6o3naueHa kak hgn’, a
Ha BeIxoje u3 BIIII (Ha Bxoxe B UH/I TypOunsbl) kak hsr”. TemnepaTypa napa Ha BbIXOJe U3
BIIIT o6o3Hauena kak tyr. B qanHom nukie ten= t, B 001IeM ciydae OHHM MOTYT OaTh HE OJMHA-
KOBbIMHU. OcTalibHble 0003HAYEHUS aHAJIOTUYHBI TpocToMy 1Ky [ITY.

Huxn nannoit [ITY, kak u npoctoit cxemsl [ITY, cocTout 3 n300apHBIX U aAnabaTHBIX
nporieccoB. [1oaToMy /17151 €ro TepMOAMHAMHUYECKOTO pacdyeTa He00X0AUMO OIPEIeNIUTh IHTAIb-
MU B XapaKTEepPHBIX TOYKax IpoieccoB. OmnpeneneHne 3HTaIbUi ho, Ctk’, ctrp BBINONHSETCS
aHasoruuHo npocromy 1ukiny IITY. Duranenus hen’ onpenensercs no So 1 Ppn. DHTanmbnus
her”” onpenensercst mo ten U Prii, OAHOBPEMEHHO 11€7IeCO00Pa3HO OMPEACTUTh SBr1. DHTAIBITHS

hx o penensiercst o Spr U Pk.

Ecnu naBneHne BTOPUYHOIO IEperpeBa HE 3aJ1aHO, TO €r0 ONPENENSOT METOJOM BapH-
aHTHBIX pacyeToB. st 3TOro 3amarorcst BenuuuHou Ppr B nuanaszone nasineHuid ot Po 10 Px u
pacCUYUTHIBAIOT IIPY HEM3MEHHBIX OCTalbHBIX napamerpax tepMmudeckuil KIIJ nukna IITY. [a-
jee cTpoutcs rpaduueckas 3aBucuMocTh Tepmudeckoro KII/| mukia ot naBieHuss BTOPHYHOTO
neperpesa (puc.2.4) u no makcumainbHoMy 3HaueHuto KII/l onpeznensercs onTuMaibHOe AaBiie-
HUe BTOpU4YHOTrO neperpesa. Kak BunHo u3 puc.2.4 trepmuueckuii KI1/[ B 3aBucumoctu ot 3Ha-
YEeHUs! AAaBJIEHUSI BTOPUYHOTO TeperpeBa MOKeT ObITh O0JIbIlle, MEHBIIIE U PABEH TEPMUYECKO-
my KIT/I nukia 6e3 BTOpMYHOIO Iieperpesa napa npy aHaJOTHYHBIX MapaMeTpax pabodero rena.
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Px Pgrionr Po

Puc. 2.4. 3aBucumocts Tepmuueckoro KII/1 ot naBieHUs] BTOPUYHOTO

neperpesa: Mto — KI1JI nyukia 6e3 BTOpUYHOro neperpesa napa, Ntmax-
— MakcuMasibHoe 3Hayenue KI1J] npu aBjieHur BTOPUYHOroO reperpesa
PBHonT

2.1. Pacuer oopaTumoro nukiaa IITY ¢ BTopuyHbIM
neperpeBom napa

OnpedeneHue mernnomsl, nodeedeHHou 8 uukne NTY

Terora mogBoAUTCS K paboueMy Teny B MapoBoM Kotie mpu Po,=const mpouecc 6-1 u
npu Py=const mporecc 2-3 Bo BTOpH4HOM Haponeperpesaresne. OHa onpenensiercs Kak pa3Hula
SHTAJBIHNI 3TUX MPOLIECCOB

ql:hO'CtnB"'th”‘hBH’- (21)
Tennoma, omeedeHHas u3 yukna NTyY

VY nenbHas TemoTa, oTBeAeHHasd B nukiie [ITY ot pabouero Tena (2, pacCUUTHIBAETCS KaK
pa3HuIa dHTanbnui n3o6apuoro (Px=const) mporecca 4-5:

q2:hK'CtK,- (22)
TexHu4yeckas paboma pacwupeHus napa 8 mypbuHe
VYnenbHas TexHUUYECcKas paboTa mapoBoil TypOuHbI | ompexessiercss kak cymma pabor
YB/] u YH/I TypOuHBI 1 pacCUMTHIBAETCS B BHJIE Pa3HUIIbl SHTAIBIUI aqrabaTHBIX MPOLECCOB
1-2 u 3-4:
IT:ITqBH+ITqHH:hO'hBH,+th,"hK- (23)
TexHu4eckas pa6oma cxxamusi 800bl 8 Hacoce

VY nenbHasi TeXHUYECKasi paboTa cxkaTusi BOJBI B Hacoce |y ompezessieTcss pasHUICH JH-
TAILOUN WU IMPOU3BCACHUCM o0BeMa BOAbBI HA PasHULY )IaBJ'IeHI/II\/'I B HM303HTPOITHO-UXOPHOM
nporiecce 5-6:

IH:CtHB'CtK’:VK’(PO'PK)E0,00:I.(PO'PK). (24)
B Boipaxenun (2.4) s mosydeHHs pa3MEpHOCTH paboThl Hacoca B KJK/Kr naBieHUs
HEO0OXO0MMO UCTIONB30BaTh B Klla.

Paboma udeanbHoezo yukna MNTY

VnenvHast pabota uneansHoro mukna [ITY |t u onpexensercss pasHUIE TEXHUYECKHX
paboT TypOMHBI M HACOCA WU PAa3HUIIEH TTOBEACHHON U OTBEJCHHOMN TETUIOTHI

le=1-1,=01-02. (2.5)
Tepmuyeckut KN4 uyukna MNTY

Tepmuueckuii KI1J] o6patumoro nukina IITY nt onpenensercs kak
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ne=l/qa. (2.6)
Tepmuueckuii KITJ] IITY 6e3 yuera paboThl Hacoca «HETTO» PACCUUTHIBACTCS KaK
| h —h +h —h
[0} BIT BIT K

N = ——= 81K (2.7)
a,-l, h —ct +h —h
[0} K BIT BIT

YOernbHbIl pacxod napa u mennomsi

VY aenbHBIN pacxo] mapa B pacdyere Ha KBT-u nmpou3BeeHHON TypOMHON pabOThI ompejie-
JII€TCS BBIPAKEHUEM

_ 3600 _ 3600

dt -
Il h -h +h -h
[0} BIT BIT K

kr/(kBT-4). (2.8)

VY nenpHBIA pacxo]] TEIUIOTHI B pacueTe Ha KBT-u mpousBeneHHo# TypOUHON pabOThI Jist
obparumoro nukia [ITY umeer Bua

3600
=— 9% _ 3620 KJIx/(kB1-4) . (2.9)

T My

9

2.2. Pacuer HeoOpaTumoro nukJja IITY ¢ BropuunbiM neperpeBom napa

JeiicTButenbHbIi — HeoOpatuMblii Tk [ITY ¢ BropuyHBIM meperpeBoM mapa B 1,S- |
h,s- muarpammax mokasan Ha puc.2.4 u 2.5. HeoOpaTUMOCTh 3TOrO IHKJIA XapaKTePHU3YeTCs
HAJIMYMEM TPEHHS B annabaTHBIX Mpoleccax paclmpeHus napa B Typoune 1-2°, 3-4’ u cxarus
BOJIBI B Hacoce 5-6°. B pe3ynbTate HEOOpaTUMOCTH 3TH aJadaTHBIE MPOLIECCHl UAYT B CTOPOHY

YBCIUMYCHUA OHTPOIIHH.

A
T

v

Puc. 2.5. Peanbubliii - HeoOpatumblii Mk [ITY ¢ BTopu4YHBIM meperpeBoM
napa B T,S - quarpamMme

1T
.

[TapameTpsl B KOHIIE HEOOPATUMBIX a1Ua0aTHBIX MTPOLIECCOB MHIEKCUPOBAaHbI OYKBOM
Tak hgni’ — oHTaNBNUA Mapa Ha Beixone u3 UBJ] TypOuHsL, Ny — SHTANBIMS Mapa Ha BBIXOJE W3
YH/I TypOuHBI, Clysi — SHTAIBIINS BOABI HA BBIXOJIE U3 HAcOCA.
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HeoOpaTuMOoCTh mpoIieccoB paciMpeHus napa B TypOMHE XapaKTepu3yeTcsl BHYTPEHHU-

Mu otHOcuTeabHBIMU KIIJI TypOuHBI — Noi™ U Moi"™. Ot KIIJI ompenenstorcst sKCIepuMeH-
TAJIbHO U MPEJCTABISIOT OTHOLICHNE AecTBUTENbHON padoTel UB/] n UH/I TypOuHbI K — TEOpe-
TUYECKOU

™A h —-h
Ti o en

uBg _ | -
"o = B h _p (2.10)
T o BN
HHO
an,q _ I1'|_ _ th _hKi ] (2_11)
o ™ h_-h
T Bl K

HeoOpaTumocTs mporecca ckaTHsl BOJBI B HacOCEe aHANOTW4yHa mnpoctoMy mukny 1TV,
OHa XapakTepu3yercs aquabaTHbIM K03((HUIIMEHTOM HAcoca Ny

IH ct o ctK
T et  —ct
HI nei K
A
h ho l thn
A 3
to=tgn 1 i
! i
hgri : 1
______________________________ A L
Ran’ v
""""""""""""""""" —Z2 !
1
1
P() : X=1
1
K |
B hii
N VS
N Vs )
K
X=0 4
Pk

v

Puc. 2.6. Heobpatumslii — nefictBurensasiil nuki IITY ¢ BropudHbIM
reperpeBoM mapa B h,s- quarpamme

Ucnonw3yst BHyTpenHue otHocutenbHbIM KIIJ[ TypOuubel M agmabGaTtHbIil KOX(PHUIHEHT
Hacoca, ONpe/IeNIsIoT MapaMeTphl B KOHIIE HEOOpaTUMBIX aauadaTHBIX mporieccoB 1-2°, 3-4° u 5-6:

_ _ . BA _h
h '_ho Ny (ho th)’

B

_h UHI "
hy=h Mo (th_hK)’

Kl Bn

ct . =ct +-H,
n.l K
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VYnensHas Ttemnora, noaseneHHas B nukia IITY, ompenensercs pasHOCTBIO HHTAIBIIUN
M300apHBIX TporieccoB 6°-1 u 2°-3:
qli:hO'CtHBi-{-hBH”'hBHi’- (212)

VYnenbHas TemioTa, orBeAeHHas u3 uukia [ITY, onpenensercss pa3HOCTbIO SHTAIBIIMI
n3o0apHoro nporecca 4’-5:

quZhKi‘CtK’. (2.13)

VY nenbHasi TeXHUUYECKas paboTa TYpOHHBI ONIPELISeTCs KaK CyMMa
ITiZITiun+ITquﬂ:hO-hBHi’+hBl'l”-hKi:

=10 (Mo~ Mo”1 (o™= ) . (2.14)
y,[[eJ'IBHafI TCXHHNUYCCKas pa60Ta Hacoca onpez[enﬁeTc;I, KaK 1 B ITPOCTOM LUKIIC HTy

IHi:CtHBi_CtK,=IH/nH .
VY nenbHas padota nukia [ITY onpenensieTcss pa3HOCTHIO
li= i 14i= Qui- Qi

TemnoBass skoHOMHYHOCTH HeoOpatumoro mukina IITY xapakrepusyercs BHYTpEHHUM
abcomotHeIM KIT/]

Buytpennuit abcomotubiii KIT/I [ITY 6e3 yduera paboTel Hacoca — “HETTO” ompeaensieT-
cs KaK
| .
n = 1l —. (2.15)

' h —ct +h_-h
(o] K BMn

Bni

Bripaxkenue (2.15) e paBHo npousBeaenuto Tepmuueckoro KIIJ Ha BHyTpeHHUI OTHO-
curenbHblil KIIJI, Tak kak BHyTpeHHue otHocuTenbHble KITJ UB/1 u YH/I TypOuHsl, kak mpa-
BUJIO, pa3HbIE.

VY nensHbIN pacxoj napa Ha BbpaboTaHHbIM KBT-4 peansHoro mukna IITY onpenensercs
BbIpaxkeHueM (1.25):

d - 3600

kr/(kBt-u).

Ti

VY aenbHbIN pacxo]l TEIUIOTH Ha BeIpaboTaHHbIN KBT-u peansHoro nukna IITY onpenens-
etcs BeIpaxkeHueM (1.26):

(= @ , KJIx/(xBT-4).
n.

[Ipu uszBectHbix 3HaueHuax KIIJ| MexaHWYeCKOro Ty, XapaKTepU3YIOIIEro MOTEpPH Ha
TpPEeHHE B TOJIINITHUKAX TYPOUHBI, U AIEKTPUUYECKOTO TeHEpaTopa Mr, XapaKTePU3YIOIIETO MOTe-
pu B OOMOTKax cTaTopa W poTopa TeHepaTropa, ONMPEACNISIOTCS CIASAYIOIMNE MOKa3aTeIu YKOHO-
MmuuHocTH 1ukna [TV

Onekrpuyeckuit KIT mukia [ITY

N’ = NiNsMr (2.16)

B BbIpakeHuu (2.16) tepmuyeckuil 1 BHyTpeHHUN oTHOocuTenbHbli KIIJ[ mcmonb3oBath
HeNb34;
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VY nenbHbIN pacxon mapa Ha BeIpaOoTaHHbIN KBT-4 anexTpudeckoii padots! IITY (kak u B
MIPOCTOM IIHKJIC) ompeesieTcs: Beipakenuem (1.28):

q - 3600 Kr/(kBt-1),

3
ITinMnl'

VY nenpHbIN pacxo/ TEIUIOTH Ha BeIpaOboTaHHbIN KBT-u anexTpuueckoil padotsl IITY (kak
B nipoctoii [ITY)

= 3680 kJLx/(kBT-u9).

kel

Onextpuueckas mouHocTh [ITY N’ u pacxon mapa Ha Typbuny D ompenensitorcst cooT-
HOIIICHUEM

N3:D|TinMnr-
3. PereneparuBnblii mukia [ITY
B perenepatuBHom nukiie I[ITY pabouee Teno y4acTByeT HE TOJIBKO B IPOU3BOJICTBE
TEXHUYECKON padOThl, HO U B MOJBOJE TEIUIOTHI K MUTATEILHON BOJE MEpe]] MapOBbIM KOTJIOM.
PerenepaTuBHBII 1I0IOTPEB BOJBI PU BHIOOpE ONTUMAIBHBIX MapaMeTpoB 0TOOpa mapa u3 Typ-

OWMHBI Ha pereHepaTuBHBIC ToAorpeBareny yBennunsaeT Tepmudeckuii KI1JI muxoma IITY Ha 5-10
% (OTHOCHUTENBHBIX) 10 CPABHEHUIO C AaHAJOTMYHBIM IIPOCTHIM IIUKIIOM.

AN

B R

Po, to, ho

D:

Ctyy

o, Py, hy D, Ds ¢ Py hk

Puc. 3.1. Cxema pereneparusnoii IITY ¢ Tpems CMEIINBAIOIINMU pereHepa-
TUBHBIMHE noporpesatensMu: Iy, IT; u I3
Ha puc. 3.1. npuBenena cxema pereneparuBHoil IITY ¢ Tpems or6opamu napa u3 Typou-

Hbl Ha CMENIMBAIOIINE pEereHepaTUBHBIE MoJorpeBaTenu. Ha npumepe 3Tol cxeMbl paccMaTpu-
BacTCiA TCpMO,Z[I/IHaMI/I‘-IeCKI/Iﬁ pacuer pereHepaTHBHofI [ITY. CmemmuBaromme PETrCHEPATUBHEBIC
nmogorpeBarcyii YCTPOCHBI TaKUM 06pa30M, 4YTO B HHUX OpraHHU30BaH WHTCHCHUBHBIN mponecc
CMCIICHUA ITapa C BOJIOU IIpU IMMOCTOAHHOM JaBJICHHUU, paBHOM HOaBJICHUIO 0T60pa I1apa u3 Typ-
ouHbel. B PaCd€THOM PEKHUME TAKOI'O TeIIooOMeHa 13 IIOAOrpe€BATCIIA BBRIXOJUT BOJA B COCTOA-
HHUHW HACBIIIICHUA (XZO) IIpyU TaHHOM AJAaBJICHUU B IOJOI'PEBATEIIC.
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Jlnst obGecriedeHns: He0OXOIMMOTO JaBJICHHs BOABI B KaKIOM M3 IOJOTrpeBaTesiel mepen
HUMH YCTaHaBIIMBAIOTCSI pEreHepaTUBHbIE HACOCHL. J{J1s co3maHusi HEOOXOAUMOTO J1aBJIEHUS BO-
JIbl B IAPOBOM KOTJIE II€pPE]l HUM yCTaHABIMBAETCS MUTATENbHBINA Hacoc. Takum obpasom, B IITY
(puc. 3.1) B momorpesareinsx I1i, Iz, 13 obecieunBarorcst naBnenus P1, P2, P3 cooTBeTcTBEHHO.

T A
[
A
h
Tli
Tzi
T3H
T
P3 |
) 2
1
1
cty’ P« !
[ I o _ !
6 S=S1=SFS; s
cty’ :
Pyor - - == - - HWMBF = — = ANpHbIi 1 IITY ¢ Tpemst cMeInBaIOIIUMU pereHepaTrB-
HHIM ares 5 ’s - yrpamme :
cty’ :
4 |
1
1
£ 1
Ctx 1
_______ ~ 1
3 |
1
X=0 i s

v

SO:S1:SZ:S3

Puc. 3.3. O6parumsrii ik [ITY ¢ TpeMs CMEMIHBAIOMINMH TOAOTPEBATEISIMH B
h,s- quarpamme

B TexHnueckoil TepMOIMHaMUKe IPU pacCMOTpPeHUH pereHepatuBHbIX cxeM [ITY o6bIu-
HO IpeHeOperatoT paboToil cxkaTus BOJbI B Hacocax BBUAY e€e Majiol BennuuHbl. [loaTomy npu
n300paxennu 1ukia peredeparuBHoi [ITY B T,S- u h,s- muarpammax (puc. 3.2 u 3.3) npoueccsl
B 00JIACTH KMJIKOCTH COBIIQJAIOT C JIEBOM MOTpaHUMYHON KpHUBOHM X=1. DHTaJIbIHMU BOJBI B 3TOM
CiIy4ae 10 ¥ IIOCJIe HaCOCOB UMEIOT OJJMHAKOBBIC 3HAUYCHHS.

Pacxon pabouero Tena B Takoil cxeme BenuunHa nepeMeHHas. [loatomy npu pacuere pe-
renepatuBHOi [ITY Ha 1 kxr paboyero Tenaa BBOJAT OTHOCHTEIBHBIC JOJM PACX0/la, B3SATHIE TIO
OTHOILEHHIO K MOJTHOMY pacxojy napa Ha Typouny D. B nannoii cxeme IITY 310 nonu or6opos
napa u3 Typounsl: o1=D1/D, a2=D2/D, az=D3/D. 3necy D1, D2 u D3 pacxomasl mapa u3 or60poB
TypOMHBI Ha pereHeparuBHble nojgorpesatenu. [lepen TypOuHoii (Touka 1) OTHOCUTENBHBIN pac-
XOJl Iapa paBeH 1.

OcHOBHBIE ITapaMeTpsl BOABI U BOASHOrO napa naHHoi cxeMsl [ITY umeror cinenyromue
0003HaUEHHUS:

Po, to, ho — maBnenue, Temmneparypa u SHTaIbIKSA Tapa epel TYPOHHOI;
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P1, h1, au, P2, 2, a2, u P3, h3, o3 — naBienus, suTansnum u 1011 0TOOPOB Mapa U3 nepBo-
ro, BTOPOTO U TPETHEro 0TOOPOB TYpOUHBI Ha pereHepatuBHbIe ogorpesarenu 11, 1o, 13 coot-
BCTCTBCHHO;

Py, h« — naBieHue u HTANBIINSA apa Ha BBIXOJIC U3 TYPOHHBI,

cty’ — SHTaNBINMS HACBIILIEHHON BOABI HA BBIXO/IE U3 KOHJIEHCATOPA MPHU JaBieHUU Py;

cty’, ct2’, Ct3’ — SHTANBNMKU HACHIEHHOW BOABI HA BbIXxo/A€ U3 noaorpesareneit [1a, Iz, 113
npu gasiieHusix P1, P2, P3 coOTBETCTBEHHO;

Ctys = Cl1’ — PHTANBNMS MUTATEIIPHONW BOJIBI HA BXOIE B TTAPOBOM KOTEJ.

Onpenenenre mapaMeTpoB BOJBI U BOASHOTO Tapa, HEOOXOIUMBIX JJIsi pacyeTa pereHe-
patuBHOrO nukia [ITY:

ho, So —dHTANBIMS U DHTPOIUS Mapa Mepes] TYPOMHOH OMPEACSIOTCS MO JaBJICHUIO W
TeMmneparype nepen Hei Po, to;

h1, h2, hs — 3HTaNBENMK TTapa OTOOPOB TYPOUHBI OTIPEACISIOTCS 10 AaBjicHusM P1, P2, Pz u
SHTPOIHH So;

h« — HTaNBNUs apa Ha BBIXOJIE U3 TYPOUHBI ONPEICIIACTCS 10 TaBICHHIO P M SHTpOIUM
So,

cty’ — PHTaJIBNMS HACHIIIEHHON BOJBI Ha BBIXOJAE M3 KOHAEHCATOpa OMpENENsieTCs MpHU
nasiiennu Py Ha x=0;

ct1’, ctp’, Ct3’ — sHTANBNKMK HACBIIIEHHON BOBI HAa BhIXO/E U3 nojorpesareneit [11, [, I13
onpeaeNsaoTcs npu gasienusx P1, P2, Pz mpu x=0.

OnpeneneHre ONTUMATBHBIX 3HAUCHUH JaBICHUN OTOOPOB Mapa Ha pereHepaTUBHBIC 110-
JOTPEeBATENU PAaCCMOTPEHO B CIEAYIOLIEM pasJiene.

3.1. Pacuer oOpaTumoro perenepatruBHoro nukiaa [TY

Bo3moxHbl J1Ba BapuaHTa HMCXOAHBLIX MaHHBIX IIpU pacd€TC PErecHCparTuBHOIO IUKIIA

IITY.

1. 3aj1aHbl MapaMeTphl Tapa Ha BXOJIE M BBIXOJIE U3 TYpOUHBI Po, to, 1 Py ¥ 1aBieHus
ot6opos P1, P2, P3;

2. 3aj1aHbl TapaMeTphl Tapa Ha BXOJIE U BBIXOJIe U3 TYpOHUHBI Po, to, 1 Py, a naBienus

ot0opoB P1, P2, P3 TpeOyeTcs onpenenuts kKak onTHUMasIbHBIE.

Jlis BTOpPOTO BapHaHTa IMPH OINpPENETIeHUU JaBIE€HUH OTOOPOB HCHONB3YIOT MPHHIIUI
PaBHOMEPHOTO MOJ0TPEBa BOJIbI B IOJIOTpEeBATENAX, 00ECTIEUNBAIOLINI MaKCHMaIbHOE 3HAUEHUE
tepmuueckoro KIIJ[ nuxna IITY npu 3agaHHOM KOIMYECTBE pEreHEPAaTUBHBIX MOJOTPEBATEIEH.
B cootBeTCTBMHM C 3TUM NPHUHIIMIIOM HarpeB BOJBI B KAKJIOM M3 MOAOTPEBATENEN ONPENEIsIeTCs
bopmynoit

H
At = o7l , (3.1)
om  n41

rae to" — TemnepaTtypa HachIEHUs IPU AaBiIeHUH Po;

tx — TeMIieparypa HachIIIEHUs IPH AaBieHUA Py;

N — YHUCIIO pEreHePaTUBHBIX 10O PEBATENCH.

B cootBerctBuu ¢ gopmynoii 3.1 Bona B IITY paBHOMepHO HarpeBaeTcsl B KaXKIOM M3
noJorpeBaTesnieil mIoc oJjHa CTYNEHb HarpeBa B MapoOBOM KOTJE (B AKOHOMaiizepe) oT to" 10 I«
(cm. puc.3.2).

Jlanee omnpenensoTcs TeMIeparypbl BOAbBI Ha BBIXOJIE W3 MOJAOIpPEBATEICH, a 110 HUM
HaXOJATCs J1aBJI€HUs] OTOOPOB, KaK JIaBJICHUS HACHIIICHUS MTPH 33/1aHHBIX TeMIIepaTypax:

=t —at_, = P =f(t)); (3.2)

-, > P, = () (3.3)
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_ _g4H
s =l —At =t +At -, o> Py =Af(t]). (3.4)

B kypcoBoii (pacueTHo-rpaduueckoii) padote npu N=1 TpebOyercs yoenuTbcs B paboTo-
criocobHOoCTH popmysr 3.1.

Jliig aTOrO0 3amaeTcs pAl 3HaAUCHUM JaBiieHus oTOopa mapa B quana3one ot P, 1o Py, pac-
cunthiBatorcsi Tepmudeckue KI1J[ nukia IITY u crpoutcs 3aBucumocts Ni=f(tus). B kauectBe
aprymenTta JaHHoil (QyHKuuu Oepercs TemrepaTypa MUTATEIbHON BOJBI, T.K. OHa OJHO3HAYHO

ompenenser AaBieHue ordopa mapa (te= 11") 1 mo3BossgeT rpaguyuecKku MOATBEPAUTH MPUHIIUIL
PaBHOMEPHOTO TIOAOTPEBa BOABI (puc.3.4).

Hanpreimuii pacuer otHocuTcs K [ITY ¢ Tpemsa otdopamu napa Ha pereHepaTUBHBIE 110~
norpesarenu (puc.3.1, 3.2, 3.3).

Nt A

tl'll?-

»
»

AtOHT AtOHT

tK tlﬂo;n (Pmm) toH

Puc. 3.4. 3aBucumocts Tepmuueckoro KIIJ IITY ot naBneHus
otOopa napa Ha pereHepaTHUBHBIN o0rpeBaTesb npu N=1

OnpedeneHue doneti ombopos rnapa Ha nodozpesamernu

Pacuer monu otrOopa mapa Ha CMEIIMBAIOIIMN MOJOTPEBATENIb OCHOBAH Ha ypaBHEHUU
CMCHICHUA Imapa U BOJAbI B ITOTOKE. B cooTBeTcTBHU C YPaBHCHUEM CMCUICHHA B ITOTOKE CyMMa
SHTANBIUN BXOASIINX OTOKOB B MOJOTPEBATENb paBHA CYMME SHTAIBIHM BBIXOASIINX U3 HETO
MOTOKOB (PHTAJIBIIUU TOJTHBIE C YUETOM JIOJH pacxoja padodero Tena).

Haunnaercs pacuet ¢ nepBoro nogorpesarens [11 mo xony nBmwkeHus napa (puc.3.5).

o1, hy

l, Ctl’ 1'0(1, Ctz’
Iy

Puc. 3.5. Cxema motokos nogorpesarens I1;

. . ct'1 —ct,
ct, =ah +@-act,, — o =———=. (3.5)
h, —ct
1 2
oz, h,
1-au, Cty 1-a-0, Cty
<+— IDb <

Puc. 3.6. Cxema notokoB noporpesarens I,

AHanoru4Hbele ypaBHEHMs COCTABIISIIOTCS U1 mogorpesareneit 112 u I3 B coorBeTcTBUM
CO CXeMaMHM UX MOTOKOB (puc.3.6 u 3.7). Pemmast 3Tu ypaBHEHUs, MOKHO OIPEIEINUTD 2 U OL3.
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- OLl)Ct2 = oczh2 +(1—oc1 —ocz)ctg, -

ct' —ct'
—> oo, =1l-a)—2—32. (3.6)
2 Yh —ct
2 3
as, hs
1-au-op, Cty 1-a1-0l2-0a3, Cty’
< 113 <
Puc. 3.7. Cxema norokos noporpesares 13
- oy —ocz)ct3 = a3h3 +(@0- o, —o, —ocs)ctK , —>
ct, —ct
—>a,=0l-a -a,)——K, (3.7
3 1 2
h3 - ctK

OnpedeneHue mennomsl, nodgedeHHoU 8 yukne MNTY

Terutora nogBoauTCsl K paboueMy Telny B MapoBOM KoTie mpu Po=const (mpomecc 6-1).
Omna onpezensieTcs Kak pa3HHLA SHTAIBIINN 3TOro Mpolecca

qi=ho-cty” . (3.8)
Tennoma, omeedeHHasi u3 yukna lNTY
y,[[eJ'ILHa}I TCIJ10TAa, OTBCACHHAA B LIUKJIC IITY ot pa6oqer0 TCJ1a CIZ, PaCCUUTBIBACTCS KaK

pasHuna dSHTANBMKA m3obapHoro (P«=const) mpomecca 2-3 ¢ y4eToM TOro, 4To B KOHICHCATOP

TypOHHBI ITapa MOCTYMAEeT MEHbIIIE Ha BETUYUHY OTOOPOB Mapa, UIYyIIEro Ha MoAorpeBaTei,
qz:(l-Otl'CXZ'UB)(hK-CtK’) (3.9)

TexHuyeckasi paboma pacwupeHus napa e mypbuHa

VY enpHas TeXxHUYeckas paboTa mapoBoi TypOuHsI | onpenensiercss Kak cymma paboT OT-
CEKOB TYpPOMHBI ¢ HEM3MEHHBIM pacxojoMm mapa (puc.3.8). s HarIsgHOCTH 3TOTO pacyera psi-
JIOM C TPOIECCOM pacIIupeHus mapa B TypOune B h,S- muarpamme moctpoeHa pacxomnas h, o-
JIyarpaMma 3Toro npotecca. M3 aTux auarpaMm BHAHO, YTO yIAEIBHYIO pabOTy TypOHUHBI MOKHO
MPEJICTaBUTh B BUJIE CYMMBI pabOT OTCEKOB TYpOUHBIL: OT P, 10 P1 ¢ OTHOCHTENBHBIM pacxoaoM
napa 1, ot P1 1o P2 — 1-ou, ot P2 1o P3s — 1-ai-a, ot P3 no Px — 1-ou-oz-os. YaenbHas pabora
TypOUHBI Ha puc.3.8 mpejcTaBieHa B BUE 3aITPUXOBAHHOM IUIOMIAAX B pacxoHO# h, o- qua-

rpamme. V3 3TOro prcyHkKa BHJIHO, YTO BHIOB PACUETHBIX BBIPAXKEHHH yAEIbHON paboOThl TYp-
OMHBI ¢ 0TOOpaMU Mapa MOXKET ObITh HECKOJIBKO:

l:=ho-h1+(1-0u)(h1-h2)+(1-0u-02) (h2-hs)+(1-ou-o2-0s) (hs-h) =

=ho-hk-ou (h1-hk)-o2(h2-hk)-os(hs-hk)=
=ho-auth1-o2h2-aishz-(1-ou-o2-a3)hi. (3.10)
B snepreruke mis pacyera paboThl TYpOMHBI MCIOJIB3YIOT KO3 (UIIMEHTHl HElIOBBIpa-
OOTKH, MPEJCTABIAIONINE OTHONICHUE PA3HUIIBI YHTAIBIHKN (TEIIo-Tepenaga) Mecra otoopa u
Ha BBIXOJIE U3 TYpOMHBI K MaKCHMaJIbHO-BO3MOXKHOU yaenbHON padote TypOuHsl (ho-hk). s

HaIlel cxembl TakuX Ko3((OUIIMEHTOB HETOBBIPAOOTKU TPHU:

hl—hK h2—hK h3—hK

L VL B e T 3.10
yl hO _hK y2 hO _hK y3 hO _hK ( )

Hcnonb3ys korhduireHTsl HeTOBBIPaOOTKU U BTOPYIO (popmy 3amucu BbIpakeHus 3.9,
yJIeNbHYI0 paboThl TYpOMHBI MOXKHO MPEICTAaBUTh B BUJIE BHIPAXKECHUS
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|T:ho-h1<-(xl(h1-h1<)-a2(hz-hK)-OLs(h3-hK):
=(ho-hx)(1-ouy1-02y2-a3y3)= (h0 - hK)(l - % ocjyj) ) (3.11)

rJie N — YKCJI0 OTOOPOB THapa U3 TYpOHHBI,
] — HOMep oTOopa.

»
»

to

Po

1
1
P 1
1
1
|
1 1
P2 | I
1 1
SR
Ps b |
I 1 1
I 1 1
Px R |
| | | '
: : : (0 4] :
1 02 |
| O3 |
:4—’: 1 1
| | | |

1 1 1 1 a

> e —p

S 1

Puc. 3.8. OOpatumblii uJeanbHbId MpoLece pacIIMpeHus mnapa B TypOuUHE ¢ Tpems
pereHepatuBHbIME oTOOpamu B h,S —u h,a - auarpammax

ITockonbky paboTa HaCOCOB B JIaHHBIX pacueTax He yUUThIBaeTcs, TO paboTa pereHepa-
tuHOro 1nukia [ITY paBaa pabote TypOUHBL:
It = IT .
Tepmuyeckut KN4 uyukna MNTY
Tepmuueckuit KI1J] o6patumoro perenepatusHoro mukna IITY onpenensercs kak
ne=l/q1=1/(ho-ct1’). (3.12)
YOerbHbIl pacxo0 napa u meniomal

VYaeneHbIe pacxobl Mapa M TEIIOTHl Uig oOpaTuMoro perenepatuBHoro mukma [ITY
OTIPEAEIAI0TCS TPAJIULUOHHO:

3600

T

dt kr/(kBT u).
36009, 3600

I kJx/(xBT u).

qt
T My
3.2. PacueTr HeoOpaTUMOro pereHepaTtuBHoOro nukJia [Ty

JleficTBUTENBHBIN HeoOpaTuMbIil perenepatuBublid 1k [ITY B T,5- u h,s- quarpammax
nokasas Ha puc.3.9 u 3.10. HeoOpaTuMocTh 3TOro IMKIIA XapaKTepU3yeTCss HATMYUEM TPEHHS B
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ajnabaTHOM IIpoliecCce pacIupeHus napa B TypouHe. B pesynbrate sToro npouecc 1-2° cmemia-
€TCsl B CTOPOHY YBEIHUEHHUS SHTPOIHH.

HeoOpaTumocTs mpoliecca paciupeHus mapa B TypOMHE XapaKTepu3yeTcsi BHYTPEHHUM
otHocutenbHbIM KIIJ TypOuHbI Noi. DToT KIIJ] nIpencraBnser oTHOIIEHUE IEHCTBUTEIIBHON pa-
0OTBI K TEOPETUUECKOM MPUMEHUTEIHHO KO BCEM OTCEKaM TypOHHBI:

ho _hKi _ ho _hlj _ ho _h2i _ ho _h3i

‘r‘l_: = = =
° h0 _hK ho _hl ho _h2 ho _h3

(3.13)

Hcnone3ys BayTpennuii orHocutensHbiil KIT/I, onpenensrorcs mapameTpsl B KOHIIE HEOO-
PaTUMBIX auabaTHBIX IPOLIECCOB:

hKi = ho _noi (ho _hK) , h1i - ho _noi (ho _hl);

T."

1
. :
= '
>’ 1 /6 :
T ' P2 d
1 J
f. 1 5
-~ )
Ts" ,}/ P3 1
L[4 !
PK 1
Tk N X=1
1
1
1
1
1
1
1
1
1
1
1
1

S

»
»

S s

Puc. 3.9. HeoGpatumbiii peanshbiii ki [ITY ¢ TpeMsi CMEIIHBAIOIINMU PErenepa-
TUBHBIMH ITOIOTPEBATE/SIMY B T,S - THarpamme

hy =hy =g, =hy)s hy=hy—ngh,-hy).
OcTajbHblE PHTAJIBINK LKA TAKKE K€, KaKk U B oopatumoM mukie IITY (cm. puc.3.10).

OnipedeneHue doneli ombopoes napa Ha rnodozpesamersiu

Pacuer noneit oTO0OpOB Mapa Ha CMEMIMBAIOIINE MOJAOTPEBATEIM AHAJIOTHYEH 00paTUMO-
my 1ukiy [ITY 3a uckiIroUeHHEM TOTO, UYTO SHTAIBIINU Mapa B 0TOOpax TypOUHBI OyIyT UMETh
OoJIbIITEe 3HAYEHUS, YeM B 0OPATUMOM ITUKJIC.
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Po /o, /0 Nt

P2
Ps

Pk

v

So
Puc. 3.10. HeoGpatumslii peansusiii ki IITY ¢ TpeMs cMemnBaromuMy Mo0-
rpeBatensiMu B h,S- nuarpamme
Haumnaercs pacder mosieil orbopa mapa Takxke ¢ mepBoro mogorpesareins [11 mo xomy
JABYKXCHU I1apa.

: . ct, —ct,
ct, =ah, +@-o)et, > o= P (3.14)
. —ct
1 2
@a- OLJJ.)Ct2 = oc2ih2i +(@1- oy = 0L2i)ct3 -
ct, —ct.
— o, =(l-a,)—2—32. (3.15)
! Yo —ct
2i 3
a- Oy — oc2i)ct3 = a3ih3i +@1- 0y — 0Ly _a3i)CtK -
ct, —ct
— 3 K
= oy =1-oy —oc2i)h—,. (3.16)
3~ Clk

OnpedeneHue mernnomsi, nodgedeHHou 8 yukne NTYy

Terutora, noaBecHHAs K pabodeMy Telny B MapoBOM KoTie mpu P,=const (mporece 6-1),
UMeeT TOKE 3HaYeHHE, YTO U B OOpaTUMOM IUKJIE. DTO 00YCIOBICHO TEM, YTO HE YUUTHIBACTCS
paboTa cxkaTHsl B TUTaTEIIHHOM HacoCe.
g1i=q1=ho-Ct1’.
Tennoma, omeedeHHas u3 yukna lNTY

VnenvHas Temnora, orBefeHHas B nukie [ITY ot paGouero tena (i, pacCUUThIBaeTCS
KaK pasHHIa >HTanbnui u3obapHoro (Px=const) npouecca 2’-3, yMHOXE€HHasi Ha BEJIMYMHY OT-
HOCUTEIIBHOTO PAcX0/a Napa B KOHJEHCATOP TYpOUHBI:

02i=(1-oui-owi-osi) (hei-Cte’). (3.17)

24



TexHu4yeckasi paboma pacwupeHusi napa e mypbuHa
VY nenbHasi TeXHUYecKasi paboTa mapoBoil TypOuHbI |+ onpenesnsiercs Tak ke, Kak B o0pa-
TAMOM IIMKJIE B BHJEC CYMMBI pabOT OTCEKOB TYpOMHBI C HEU3MEHHBIM pPAacXOioM TMapa
(puc.3.11). OgHako B 3TOM ciydyae SHTAIBIIMHA U JOJIU OTOOPOB Mapa Ha MOJAO0TPEBATEIM UMEIOT
3HA4YCHUs1 HEOOPATHMOTO LIUKJIA:

li=ho-hait(1-0ui) (hai-h2i) +(1-oui-oti) (hai-hsi)+H(1-oui-owi-osi) (hai-he)=
=ho-hxi-at1i(h1i-hxi)-owi(hzi-hgi)-owi(hsi-hi) =
=ho-ouihii-ozihzi-asihsi-(1-oui-oi-osi) i (3.18)
Crnenyroniie K03 PUIMEHTH HEAOBBIPAOOTKH il HEOOPATHMOTO IHKIIA UMEIOT 3Hade-
HUSL:
hy —Ny . hy =Ny . hsi — Ny

coy Mt Nthy 3.19
h -n ' Y2i"h —n ' Ysi~h _n (3.19)
(o] Kl o] Kl o Kl

Yy =

Hcnonb3ys ko3 PuirenTsl HeOBBIPAOOTKH U BTOPYIO (GOpMy 3amucu BeipakeHus 3.18,
YIETBHYI0 paObOThI TYpOMHBI MOKHO MPEJICTABUTH B BHJIC BBIPAKCHHS

> )
»

S 1

Puc. 3.11. HeoOpaTumblii — peanbHbIil IPOIECC PAacUIMPEHHs Mapa B TypOuHE ¢

TpeMst pereHepaTuBHBIME 0TOOpamu napa B h,S — u h,a. - quarpammax

ITi=(ho-hi) (1-ouiy1i-atiziy3i)= (h, —h )1~ % O‘jiyji) . (3.20)

[Tockonbky paboTa HacOCOB B JJaHHBIX pacyeTax HE YUUTHIBAETCs, TO paboTa pereHepa-
tuBHoro 1ukna [ITY paBHa paboTe TypOUHBI:
li =l
Krig uukna Mty

Baytpennuii adcomotabiii KITJ[ HeoOpatumoro pereneparusuoro nukma [ITY ompene-
JsIeTCS KaK

Ni=li/q1=lx/(ho-Ct1”). (3.21)
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B pereneparusaom nukiie IITY BuyTpennuit abcomoTtHbiit KIT/ Hetb3s npeacTaBiaTh B
Bune mnpousBeneHus tepmuueckoro KIIJ[ wa BHyTpeHHuit otHocurtenbHbii KIIJI TypOunbI
(Mi#NtMoi), T.K. IpU pacdere padOThl TYPOHHBI HCIIOJIB3YIOTCS JOIK OTOOPOB Mapa U3 TYpOUHHBI.

VY enpHBIA pacxo]l mapa ¥ yAeIbHBIH pacxoj TEIUIOThl Ha BeIpaOOTaHHBIH KBT-4 peainb-
Horo nukia [1TY onpenensiercs o TpaaAuIMOHHBIM (HOpMyIIaM

d = 3600 Kr/(kBT-49).
lﬂ
q, = 3600 kJx/(kB1-4).
M

[Ipu n3BectHbix 3HaueHUAX KIIJ[ MexaHHUECKOTO My M BJIEKTPUYECKOrO0 TEHEPATOpa Mr
ONPENENAITCS CIEAYIOIINE NoKa3aTeau 3KoHOMUYHOCTH nukina [ITY:

Onekrpuyeckuit KIT mukia [ITY

=N ;
VY aenbHBIN pacxoj rmapa Ha BeIpa0oTaHHbIN KBT-1 anekTpuueckoit padoter [ITY
d, = 3600 Kr/(kBT-1);
lﬂnMnr

VY aenbHBIN pacxoj TEIIOThl Ha BIpaboTaHHBINA KBT-u anekrpudeckoii padotsl [ITY

= @ kJx/(kBT-4).

3

Onexrpuueckas mouHocTh [ITY N’ u pacxon nmapa Ha Typbuny D ompenenstorcst cooT-
HOIICHUEM

NaZDITi”MnF-

4. Tennopuxkaunonnblii uuka IMTY

Huxn IITY, npennasHadeHHbBIN U OTIIYCKA TEILUIOBOM U DJIEKTPUYECKOU DHEPIUH, HA3bl-
BaeTcs Terio(UKaMoHHBIM. B TakoM 1uKie umeercst oTo0p nmapa u3 TypOUHBI, IpeJHa3HAYEH-
HBIN 17151 CHAOKEHUS TEeIUIOTOM MOTpeOuTes.

B kxauectBe npumMepa TemI0PUKaLMOHHOTO LKKIJIa paccMoTpuM 1UKI [ITY ¢ BropuyHbiM
HeperpeBoM Iapa, MMEIOLINM JIBa 0TOOpa Mapa U3 TypOUHBI: OJUH - HAa CMEIINBAIOIINI pereHe-
PaTUBHBIN MOI0TPEBATEND, a APYTOM - Ha TEIJI0BOM oTpedurens (puc. 4.1).

[uxn stoit cxemsr IITY B T,5- u h,S- auarpammax mokasan Ha puc. 4.2 u 4.3. Pabora
c)KaTus BOJBI B Hacocax He YUMTBIBAeTCS MpH pacyere U u3oOpaxkenuu nukia [ITY, mostomy
npoIecchl U n300apbl B 001aCTH KUAKOCTH COBIAAIOT C TUHHUEH X=0.
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Py, tan, hon

BIIIT
TIK
|
2 4
P'rrn h'm p
D Py
@m Py, hy
Dy
Ctus o Clern
7 6 5 o
m —O—
ct
Cley cty’

Puc. 4.1. Cxema Teru1opUKaMOHHOM IapoTYpOUHHOI YCTAaHOBKY C BTOPHY-
HbIM naporneperpesarenem: [1K — naposoit koresn; BIII — BropuyHslii napo-
neperpesareins; YBJ u YH/] — yacTh BEICOKOTO M HU3KOT'O JaBJICHHS TYpOu-
Ha; TII — TemnoBoii motpebuTens; I1; — cMemMBarOmuid pereHepaTUBHBII
noporpeareinb; CM — CMECHTeNIb BOJBI

s
Puc. 4.2. Tenmopukarponnsii ki [1TY ¢ BTopuuHBIM 1eperpeBom napa B
T,s - nuarpamme
OcHoBHbIE 0003HaU€HHUs TapaMeTPOB paboyvero Tejaa JaHHOTO LUKJIIA!
Po, to, ho — maBnenue, remneparypa u sHTaNbNUsA Mapa nepen UYBJ] Typouns (Touka 1);
Pen, Neni” — maBneHue u SHTAIBNUS Tapa Ha Beixoae w3 UBJI TypOuHBI WM Ha BXOJE B
BIIII (Touka 2);
Pan, ten Neni” — maBneHue, Temmeparypa v SHTaIbIKs Ha Beixoze u3 BIIII win Ha BXOnE B
YH/ typ6unsl (Touka 3);
Py, h«i — maBrenue u sHTaNbNUsA Ha Bbixoae w3 UYH/I TypOuns! (Touka 4);
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Pin, Nini — maBnenue u suTanbnmst oroopa napa [ITY Ha TernoBoi morpeduTeNb;
A

h ho 1 M
| 3
to=ten I '
1
thl : :
1
"""" Y A ar i B
______________________________ A AT
Pen l '
! 1 hii
X=1 ! AT
P ! N\
© P : :
K ) hi
A M -
1 1
' (e hk
X=0 I '
| |
Pk | !
L
! 1
! 1
! 1
! 1
! 1
! |
7 ctpg=cCtcm : :
——————————— il el i 1
cty' ' |
_________ A A | 1
6 o
cty’ 1 '
"""""""""" | !
5 ' i
! |
So : :SBH

Puc.4.3. Temnodukarmonnsiii ki [ITY ¢ BTOpHYHBIM HIEperpeBoM
napa B h,s- quarpamme

P1, hii — naBnenue u suTanbnus ordoopa napa [ITY Ha crnemmBaronmii pereHepaTuBHbIN

MOJIOTPEBATEND;
Cty’ — PHTAIBIUS BOJBI B COCTOSSHHH HACHIIICHHS HA BBIXOJIE M3 KOHJCHCATOPA TYPOMHBI
(Touka 5);

Ctl’ — OHTAJIbIIUA BOJbI B COCTOAHNHU HACBINICHUS HA BBIXOAC U3 MOJOTPEBATECIIA Hl (TO‘IK&
6),

CtyTr — SHTANBIMS BOJIbI, BO3BpAILAOIIEHCS OT TEIIOBOTo norpedurens B uuki [TV

Clew — SHTANIBIUS BOJBI TOCIIE y3J1a CMEIIeHUs (Touka 7);

Ctus = Clew — DHTQJIBNMSA NUTATENBHOW BOJBI HAa BXOJE B MApOBOM KOTEJ, OHA PaBHA JH-
TaJIBIIMU CMECH, T.K. paboTa C)KaTUs BOJbl B HACOCAX HE YUUTHIBAECTCS B JAaHHOM pacyerTe.

4.1. Pacuer Tensiopuxauuonnoii IITY

UcxoOHble OaHHble:

napametpsl paboyero tena [ITY, npusBenennoit Ha puc.4.1: Po, to, — naBneHue u temme-
paTtypa mapa nepen TypOuHou, Pgy, tan — HaBieHME U Temmeparypa napa Ha Beixoae u3 BIIIL, Py,
— JaBlieHHE B KOHJIeHcaTope TypOuHbl, P, P1 — naBnenus or6opos mapa IITY Ha TennoBoii mo-
TpeOUTENh U Ha CIEIIMBAIONINN PETeHEPATUBHBIN T0I0TPeBaTelb, v — TEMIIEpaTypa BO3BpaTa
KOHJIEHCaTa OT TEIJIOBOTO MOTPEOUTENS;

MNoi A U Noi ™ — BHyTpeHHue otHocurensHbie KIIJ{ UB/l u UH/] TypOunsL;

D — pacxon mapa Ha TypOuHY, Qmy — TEIUIOTa, OTIyCKaeMasi IIOTPEOUTEIIO.

Llenb pacyema — ompenenuth BHYTPEHHIOK MOIIHOCTH TypOuHBI Ni, BHyTpeHHH a0-
comoTHbIN KITJ IITY mji, KIT/I ucrionb3oBanus TEMIOTHI TOIUIMBA 1Q U KO3 PUIIMEHT BHIpabOT-
KU DJIEKTPO’HEPTUU Ha TEIJIOBOM MOTpedaeHnn. PaboTy HacocoB B pacueTax He yUUTHIBATb.
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OnpederieHue OCHOBHbIX NMapamempos 800bl U 800SIHO20 rapa

st pacueta [1TY HeoOXoAMMBI 3HAYCHHS YHTAIBITHMA BO BCEX XapaKTEPHBIX TOYKAX €€
uukia (puc.4.3):
Touka | — suTamenus o U SHTpOIUS So onpenensroTes mo Po, to, — 1aBIeHHIO U TeMIepa-
Type napa nepej TypouHoii;
TOYKA 2 — SHTANBIUSA hgri” PACCUMTHIBACTCS KaK
h =h —n:f‘“(ho —-h

Bl (0] Bn

) H

rae hgy’ ompenensiercs mo ooparumomy nporeccy UBJ[ TypOunsl npu gaBiaeHUU Py u
SHTPOIHH So;
TOYKa 3 — HTANbNUS hey’’ SHTPOMUSA Spn ONPENENAIOTCS 1O Pgy, tyy JaBIEHUIO U TEMIIEpa-
Type napa Ha Bbixoze u3 BIIII;
TouKa 4 U OTOOPHI Mapa U3 TYPOUHBI SHTAIBIUMU: hyi, Nmi, N1i paccuuTeiBaroTCs MO Hop-
MyJiam
Ny =g 3" =)

Kl BN K

_h UHI "
e =h Mo (th —-h

T Bn

);

™

hli - th _ngim[(han h hl) !

rae hy, N, h1 — sHTaNBEIUN 00paTuMoro nporecca YH/I TypOuHBL, ONpeaensroTcs mo H-
TPOIIUH Spn ¥ JABIEHUSIM Py, Pry, P1 cCOOTBETCTBEHHO;

TOYKa 5 — BHTAJIBIUS BOJBI B COCTOSIHUM HachlleHUs Cli’, onpenesnsercsl no JaBlIeHUIO
Py;

TOYKa 6 — SHTAJIBIMS BOJbI B COCTOSIHMM HAChIIEHUs Ct1’, onpenensiercs 1no JAaBIECHUIO
P1;

TOYKa 7 — SHTAJIBIHNS BOABI Cley, ONIPENEIAETCA 110 YPABHEHUIO CMEILIEHUS] IIOTOKOB I1OCTIE
OTIpeieNIeHUs] pacXo0/10B Mapa u3 0T00pPOB TYpOUHBI;

Clirn — SHTANBINS KOHJIEHCATa BO3BPALLAIOLIETOCS OT TEIJIOBOIO MOTPEOUTENS ONpeeis-
€TCs 10 NaBJICHUIO Py 1 TeMiiepaTtype tim.

OnpederneHue pacxodos napa e anniemeHmax Ty

Pacuer Temnoduxannonnoit IITY mporie BBHINONHATE ¢ aOCOMIOTHBIMM, @ HE OTHOCH-
TEJIbHBIMU PACX0JIaMU paboyero Tena.
Pacxon mapa Ha TeruioBoi moTpeOuTens U3 0TOOpa TYpOMHBI PaCCUMTHIBAETCS HA OCHO-
BaHUU 33JJaHHOU TEIIOBOM MOIIIHOCTH MOTPEOUTENS TEIUIOTHI
Q

D -_<m (4.1)

™m h_ —ct
TN KTM

Pacxon mapa Ha cMemMBarOIIMM PETEHEPATHUBHBIN IOAOIPEBATENb ONPENEIAETCS W3
YpaBHEHHUS CMEIIEHUsI TOTOKOB (puc.4.4)

(D-D_)ct; =Dh, +(D-D_ -D,)ct .
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Dl, hsi

D'Dm, cty D'DTH'DL cty
< I, [«

Puc. 4.4. Cxema norokos noporpesaress 1y

t —ct
D, =(-D )Q. (4.2)
m h, —ct,

OnpedeneHue sHmManbnuu numamesibHol 800b!

OHTaNbNUsT TUTATEIBHOW BOJBI PAaBHA HHTAJBIMU BOAbl HA BBIXOAE M3 CMECHUTEI
Ctie=Ctcw, T.K. paboTa HacoCa B pacueTe HE YUUTHIBACTCS.

Din, Clan
D, CtCM D'DTn, Ct17
< cM_ |«

Puc. 4.5. Cxema IMOTOKOB CMECHUTEIIS

OHTanbnus Cley ONpeneseTcs U3 ypaBHEHUS CMEILIEHUs TOTOKOB B cmecuTene (puc.4.5):

Dct  =D_ct_ +(D-D_)ct.,
cMm TN «TN ™ 1

o - DmctKTH +([D —DT”)ctl (4 3)
cMm D ! '

OnpedeneHue sHympeHHel MowHocmu myp6buHbl

BHyTpeHHAs MOLTHOCTh TYpOUHBI OIpeieseTcs] Kak CyMMa MOLTHOCTEH OTCEKOB TypOu-
HbI C IOCTOSTHHBIMH pacxojamMH (aHajJoruyHo pereHeparuBHoil [ITY)

Ni - D(ho h thi + th _thi) +(O- DTn)(th'

i hli) +
HD-D_ -D))(h, -h ). 4.4
lNokazamenu mernnosou sakoHoMmuyHocmu NTY

Buytpennuit abcomotasiit KI1/] rennoduxanuonnoit IITY onpenensercs kak

N N
L I (4.5)
'Q, D(h_ -ct_ +h_-h )
(o] CM =13

B

rae Q1 — TerutoTa, moaBeneHHas B rukiie [ITY k pabouemy Teny.
KIIJ] ncronb30BaHus TEIUIOTHI TOTUIMBA OMPEIeseTcsl KaK OTHOILIECHHUE MOJIe3HOM Mpou3-

BEJICHHOM 3JIEKTPUUYECKON U TermoBor MontHOCTH [ITY Kk moaBeneHHOM TemioTe
N. +Q
| T
N, = —™m. (4.6)
Q Q1

KoaddunmeHT BoIpabOTKH 37EKTPUUECKON SHEPTUU Ha TEIJIOBOM MOTPEeOJIEHUU onpeie-
JsIeTCsl KaK OTHOILIEHHE MOIIHOCTH TYypOWHBI, TPOU3BEACHHOM MMOTOKOM Mapa, UAYIIUM U3 0TOO-
pa Ha TEIUIOBOI MOTPEeOUTENb, K BETUYUHE OTITYIIEHHOMN MOTPEOUTEINIO TEIIOTHI
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N Dt -h _ +h —-h_.
Tn __7T0* 0 Bni BN Thi
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