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Bui6op pacHeTHbIX YCNOBMIA M ynpaBneHUe BO3AYXOHArPeBATENSIMMU
LEeHTPANbHbIX CUCTEM KOHAMLMOHUPOBOHUS BO3AYXA M BEHTUNSLUM

C NepemMeHHbIM pacxogom BO3Ryxa

CucreMbl KOHAHIHOHHPOBAHHSI H BEHTHJISIIHH C TNEepPEeMEHHbIM
pacxomom Bosxayxa (CIIP) B cuay psila 9SKOHOMHYECKHX Ipe-
HMYILECTB TNpPHBJEKAIOT Bce GoJblliee BHHMaHHE CHEIHAJHCTOB-
NPOEKTHPOBIUIHKOB. C IeJbI0 MOMYJISAPM3ALHE 3THX CHCTEM, T0-
BbilleHHst HX 3(@(EKTHBHOCTH NOArOTOBJEHO BTOpPOE H3JaHHE
kuurn [1], TOCCTPOEM CCCP yTBepJeHB COOTBETCTBYIOUIHC
«PekoMeHAAUHH 1O NPOEKTHPOBaHHMIO...». (OGOCHOBaHHOE TIPH-
menenne CITP BO3MOXKHO JIHIIb NPH YCJOBHH pas3paboOTKH MeTo-
JIOB pacueTa NPOLECCOB, BHI60pPa 060PYAOBAHHS M YNPABJIECHHSA HM
B YCJOBHSIX IePEMEHHOro pacxoaa Bosayxa. B nanHO# craTbe
KPaTKO PacCMaTPHBAIOTCSI 3TH BONMPOCHI NPHMEHHTEJNbHO K OCHOB-
nomy o6opynoBauuio CITP — Bosayxonarpesareasiv (BH).

BuiGop pacuetnsix miasi BH ycnosumit B CIIP sBasieTcsi Hau-
Gosiee OGLIHM cJyyaeM H BO3MOXKEeH NPH ydeTe B3aHMOCBA3H H
H3MEHEeHHsI BCeX BEJHUYHH, SIBJSIOUHXCS HCXOAHBIMH  JaHHBIMH
(TenioBoii HAarpy3KH TNOMELIeHHs, o0ulero pacxoja BO3AYXa,
pacxoja Hapy:KHOTO BO3JyXa, TeMIepaTyphl TeNJOHOCHTeNs —
ropsiveii BOJBI, TeMNEPAaTypsl HAapPyKHOTO BO3JyXa). DTH BeJIHUH-
HBI MOTYT BCTpeYaThCsi B PasinyHbIX coueranusx, aas CIIP cre-
unpuIHa TPeKae BCero 3aBHCHMOCTb BEJHIHH Quom, Gs M Gu.
Jlns awmanu3a OCHOBHBIX 3aBHCHMOCTeH M BBIGOpAa  pacyeTHBIX
aass BH CIIP ycnoBuit MTHOBEHHBIH pacXoJ  TeIJIOTHl CJeayeT
3amnHcaTh vepe3 HCXOJHBIE JaHHBle OOGBEKTH, KaK 3TO  TNPeJIo-
JKEeHO A. PuimgeBmuem [2]:
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rae ty, dy, Iz — Temmeparypa, BJIarocoiep:kaHue H IHTAJbIHS
BO3/lyXa B TOMEIUEHHH; fni, dui, Ini — TEKylllHe TapaMeTphl Ha-
pyxnoro Bo3nyxa. ITpu BriGope pacuetnnix ans BH ycnoswuii pac-
cMaTpHBaercss MHHHMAaJbHOE TIPH JaHHOM TeMmepaType BJIarocojep-
JKaHHe, KOTOPOe B MHTEpBaJe TeMIepaTyp OT PacyeTHOH 3HMHEH 10
TeMrepaTyphl TOUKH MepesioMa fu.qep MOMKET MPHHHMATHCS MOCTOSAH-
HHIM. B pexuMe, Korja B CHCTeMe TIpHMEHseTCss HarpeBaHue
BO3/yXa, HCNOJNb3YeTCsi MHHHMAJbHBIN PacXojl HAapPYKHOrO BO3-
nyxa (Gu.wuu), uro B CITP MoXKeT GHITH JOCTHPHYTO TOJIBKO
crenMasbHON cXeMojt yrnpasjeHHs. B HeKOTOpHIX cayuasix pac-
YeTHHI PAcXOX HApYIKHOTO BO3JyXa MOMKeT GBITb 3axaH OTHO-
mennem: Gy amy/Gy=const, kak manpumep no CHulIT IT — 33—75
(npunoxenne 13), uro mas CITP o3HatuaeT mepeMeHHBIH Pacxon
HAPYXXKHOTO BO3JyXa NPH TNOCTOSHHO{l €ro jaoje B TNPOH3BOILH-
tespHocTH  [CITP.

Bui6op pacuetHbix ausi BH mepBoro mojorpesa yCJOBHH TpH-
MEHHTEJbHO K CHCTeMaM TOCTOSIHHOM  NPOH3BOJAHTEILHOCTH
(Quom~+ Qpu r1=-const. Gn=const, Gn.nun=const) paccmorpen
U. U. 3unrepmanom [3], M. §I. Poskuueim u T. B. Pycaanosbim
[4]. Bmbop pacuernmx ycaosuit nas BH CITP B aurepatype He
paccMaTpHBAJCS M TO3TOMY INIPHBOJHTCS HHXKe.

OcHOBHOe ypaBHeHHe, OmMHChIBaloulee 3¢(eKTHBHOCTL Tnporec-
ca HAarpeBaHHSI M OXJAaxKJeHHS BO3JyXa B TOBEPXHOCTHHIX alna-
parax CKB [5] u CB c yuerom (1) samuceiBaetcs B BHJe:
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[Ipu Takoii 3almHCH NpOLECC HAarpeBaHUsi M OXJaXK/eHHs Xa-
paktepusyercsi GeapasmepHbiM KO3 duUeHTOM 3((DeKTHBHOCTH
Ksy=0—1. HeussectHasi mepej pacyeToM TeMmIiepaTypa OXJawxK-
nennoii (o6patHoil) BOABI twyx HCKIIOUEHA M3 ypaBHeHus  (2).
Tak kak BH xomnonyercs u3 neckoabknx exunnunbix (8 CKB
$230BBIX) TeNI0OOMEHHHKOB H KOI((HIHEHT Tenjonepeiain Ofs:

HOCHTCSl K TAKOMY TeIJIOOOMEHHHKY, TO JJsl PasHbIX THIOPas-
mMepoB BH wu BaphantoB 0O6BSI30OK MO  TENMJIOHOCHTENIO pacyer
nponecca pbimosiHeH Ha OBM [5]. YpaBhenne (1) MoxKeT GHITh
9 (PeKTHBHO HCIOJIb30BAHO JJIs PELIEHHS PSiAa OCHOBOINOJAraio-
uX 3ajnay: Bbibopa ycuaoBui, pacueTHnix Jaas BH [3, 4], pac-
yeta npouecca HarpeBanus [5], meroaukn ucneitanns BH [6] B
npouecce MyCKOHaJaJOYHBIX paboT, ompeeseHHe KOHEYHOH TeM-
nepaTypel Bo3ayxa (meperpeBa) 3a Heperyaupyemseiv BH u B
JIPYTHX CJydasix.

Pacuernwim gasi BH pexxnmom Gyaem HasbiBaTh Takoe co-
yeranue HCXOMNBIX JaHHbIX, & HMEHHO Quom; Gn; Gu; tw; tw H by,
NpH KOTOPOM pacxoi TemoHocutensi G, Ha HEKOTOPOH IOBEpX-
HOCTH F okaxkercsi HauGonbiwiuM. M2 ypaBHeHus (2) aBTopamu
pa6or [3, 4] noaydeHo, uTo NpH Quom—+Qsa-r1r=const; Gy=
=const u Gy=const pacyeTHHIl pEXKHM COOTBETCTBYET YCJO-
BHIO Kp.max. Dojee cioxHO pemaercs srtor Bompoc aas BH
CITP. Ecau rtemnonotepn xkomnencupyiorcsi ‘CIIP, a He cucremoit
OTOMJIeHHs!, TO BeJIHYHHbl Qnom; G, a mHOrAa H Gn 3aBHCAT OT
HapyKHOI Temmepatypsl tu.

PaccmorpuM cayvait uaMeHeHHS Quom; Gs M Gm, OT Temre-
paTypbl Hapynoro Bosayxa tm. Mamenenne Beamunn twy, Ko u
Gy HarasiAHO BHAHO Ha rpaduke (puc. 1) B 3aBHCHMOCTH OT
ty. Ha oanoii M3 BepTHKAJbHBIX OCeH IOCTpPOeH rpacduk Temme-
patypel Temnonocurenss fw,=[(ts), KoTOpas B  HHTepBaJe

tumep—tups MEHSIETCSl JHHEHHO ¢ KOIDOHIHEHTOM NPOMOPIHO-
HAJIbHOCTH:

a=A tWH/A ly = (/w‘u.pacq_ tw.H.MHH)/(tH.ﬂep o lH.p.s)' (3)
TeMnepaTypa TOYKH mepejoMa 3aBHCHMOCTH twy=/(fx) ompene-
JAsieTcsl  ypaBHEHHEM:

'H.nep = I3 — Priep (tﬂ_lﬂ.p.s) = 18 -- Qpep (18—tﬂ.p.3)' (4)

Kosd¢duiuent pacxoja Temia ¢ NPHHHMaeTcss B TOUKe mepe-
Jgoma 0,34 AJsi 3aKPHITOM CHCTEMbl TOPSIYEro BOJOCHAGKEHHS H
0,27 (masi orkpbitoit). Ulpu mpomopuHOHAJbHOM H3MEHEHHH Be-
guund Quon M Gp M MOCTOSIHHOM OTHOWEHHH Gr.mun/Gs Bce TpH
BeJHUNHB, BXOAsmHEe B (opMmyay (2), MeHSIOTCS ONHHAKOBO H
[03TOMY HX H3MeHeHHe NMPHBOAHT Misi Kz K TOMY Ke pe3yiib-
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tupn t,,=t5 tu nep t,,/m
Puc. 1. I'paduk HM3MEHEHHs TeMnepaTypbl TEeNJOHOCHTENS

'th. ko duuuenta 3GpHeKTHBHOCTH npouecca HarpeBaHus

KB‘.lu pacxoaa Bosayxa EB B CIIP B 3aBHCHMOCTH  OT
TemMnepaTypbl HApPYIKHOrO BO3AyXa ty B CcHCTeMe TPH

= == w
Quou_uar. GS var u GH-MKH |G® =const
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Tary, Kak H B caydae HX noctofnctsa. B atom cayuae makcu-
mMym Ku, Kak 310 noxasano na puc. 1, MOXKET ObITb NPH ly.nep,
JAH60 npH fups [3, 4]. Kosdpduument spdextnsnoctn npomecca
Ky Goubuie BinsieT Ha Pacxof TENIOHOCHTENS, 4eM PACXOJ BO3-
Ayxa Gu, Tak Kak NOCJeAHHIl BXOAHT He BO BCe, a TOJBKO B JBA
CjlaraemblX 3HameHatessi nmpasoii yactTH (opMmyasr (2).

Hamenenne TemnoBoii marpy3km m - pacxoja  HAarpeBaeMoro
BO3JlyXa OT TeMnepaTtypel ty MOMHO CUHTATL JHHEHHBIM. MuHI-
MaJIbHOTO 3HAYCHHS OTHOCHTEJIBHBIN pacxoi Bosayxa Gy jocTi-
raetT npH Temieparype

tn.nep.G by =l G 8 Qs 1 ) 1] (6 ﬁfu.p..n)/p‘(__QA t)

: (5)
KOTOPYIO MOJKHO' CUHTATh TeMIIEPAaTypoil TOYKH MepesoMa rpa-
¢uka usmenenust pacxopa sosayxa. B dopmysne (5) p(Qp;)—
JIOJISl TPAHCMHCCHOHHOTO TeIuia, MOCTYIAIONero B NoMelleHHne 3a
CYeT PAasHOCTH Temmepatypbl Ip — tupx B pacueTHOil TemIoBOi
Harpyske nomemuienus. Yem GoJsbliie 9Ta 1048, TeM cHJbHee (Ha
puc. 1 xkpyue) mensietcss pacxof Bosayxa Gp=Gy/Gp.pacn B
3aBHCHMOCTH OT TeMmnepaTypel ty. DTy 3aBHCHMOCTb OTpa)KaioT
Tpu JuHHM Ha puc. 1. Jlasi nauGosee Kpyroii (Gpy) mnpu 60Jib-
woit gone p(Q,;) pacxox Bo3ayxa MOXKET AOCTHIHYTH MIHHMY-

Ma IpH Temneparype ty>>tu.nep. s Gosee mosoroit (Ggp) mpn
menbiieit gone p(Qay) pacxoa Bosayxa AOCTHrAaeT MHHHMYyMa

OpH HapyXKHOH Temneparype B HHTepBase fups—rfu.nep. Hakomnell,
NpH ouenb Maqoi jone p(Qas) pacxox Gn, CHHJKAeTcs He3HA-

YHTEJILHO H HE JIOCTHraeT MHHHMyMa JAaxKe mpH lupa.

Bee BoaMOMKHBIE XapaKTepHble COYETAHHsT M3MEHEHHST BEJHUHH
twn, K 1 Gy (Quom) TNOKaszanel Ha rpadpuke puc. 1. Us
rpaguka M HPHBEJEHHBIX COOGPAXKEHHH MOXKHO CHEJaTh BHIBOJ,
4T0 B caydae Quom==var; Gp=var H Gu.min/Gsz=const pac-
uetupfi a1 BH pexum onpenensiior npu Kz H COOTBETCTBYIO-
mem pacxose Bozayxa Gy. Bo3MmoxkHele BapuaHThl BeIGOpa, H30-
GpaxkeHnbie Ha puc. 1, cucremarnsupoBansl B Tabu. 1. Kak cie-
jayer u3 ee paccmorpenus, Bbi6op BH CIIP Tosbko mpu Hesa-
BHCHMOM OT ty pacxoje NPOM3BOAMTCH HA MAaKCHMAJBHBI pac-
XOJ, B OCTaJNbHBIX e caydasXx BwriGop BH npoussojast Ha MuHH-

MaJbHBIH  HIH HEKOTOPbIIf
ompejeasiemMblit  npu  ty;

IPOMEIKYTOUHBI BO3/yXa,
no Qopmyne:

1—p (Qay) (l—t ) (6)

[Tosicunm meroanky BeiGopa BH CIIP xapakTepusiM mphme-
pom

pacxon

S lyi—1ly

B.pacu

G-B[:GB[/G Y
H.p.2 B

Mpumep 1. BuiGpatn pacuéruvie jaasi BH npsimorounoii  CIIP
yCaoBHSL npH TaknX Jauubix: MockBa, taps=-—25°C; fupa=
=+28,53C, A1H=]0,6°C', e —20 0t la.a=20°ci wH.pacy ==,
=150°C; fwn.min=70°C, 3aKpbLITas cHcTeMa ropsuero BOAOCHA6-
KEHHA Qrep = 0,34; fuinep=3,4°C; a=2,85. CIIP nmeer pacuernyio
NPOU3BOAHTENBHOCTD  Lpacy=38000 wm?/u (KTI[— 40), muuu-
MaJIbHBIH OTHOCHTENbHBI pacXox Bo3ayXa Gpmin=0,4; cpeauuii
pacxon Bosayxa Gy.cp=0,7. B Temnosoii narpyske mnoMeleHHs
mom-paca==90000] KKaa/u TenJONpUTOKH uepe3 HENpo3payHbie
orpaxaenue npu At=tups—t, =28,5-0,5.10,6—22=1,2°C pas-
HBI QA,‘=0,8 THIC. KKaJi/4, a 4yepe3 ocTekJaeHHe NMPH At=iy,q—
—tp =2815—22=6,5°C QM2 =17,2 Toic. kxauafu. Temmonorepn
komnencupyiorest ‘CITP. HarpeBanne Bosjayxa MPOH3BOJST J10
Ix=7 xkax/kr, uto coorserctByer f,=283°C npu wuarpese B
3HMHHX PACUYCTHBIX YCJIOBHSIX.
[TpeaBapurenbio onpenesnm CPeAHIO TeMIepaTypy Hapyx-
HOTO BO3JlyXa, NMPH KOTOPOWH ONpPEeAeJeHbl PAaCUETHBIE TEemIonpH-

TOKH: 1y o op=(Qay, tn, + Qas, 44,)/ (Qay, +Qas,) =
— (0,8-23,2 4717,2-28,5)/(0,8 - 17,2) — 28,2 °C.

Honst  p(Qat) =18/90=0,20. B 2 mpHBEJAEHBl TPH
BO3MOXKHBIX Bapuanta BbiGopa BH. TIlepswiit  orpaxaer
TPaJMIMOHHBI B mpoekTHOM jene pacuer BH mpu  fup.s,
COOTBeTCTByK)mHl‘:[ Qmm(c, HO B JAaHHOM (CJyuyae He Ka:uauc.
Pacuer He  yuHMTBIBaeT  NepeMeHHbIH pacxox  BO3ayxa
H BeleTCs NpH 3aHHKEHHOM Koadduiuente spdexrusHocTH Kp.
Bropoit Bapuaut yuurtbiBaeT Kp.waxe [3, 4], HO He yuUHTHIBaer
MepeMeHHOCTh pacxojfa BO3AyXa. TpeTwil BapHaHT INpejmnoJaraer
npasuibibiii BI6op BH npu Ki.maxe H COOTBeTCTByIOllee 3Haue-

nne G,<<1. BeiGop BH mpouspenen nmo pawnmiv [5] npu sakpwr-

TabI.

Ta6ruya !

Cpoanas TaGiuua BApHAHTOB pacuera mpolecca HArpeBaHHs BO3AyXa

: £ Bapuant I mpt Q yaycc S Ib R R e Bapmsat 1] put K0,
Onpenensiemasi BeJHUHHA opmysia .G, i % G, =1 w Gy <l
Tty 98,3—(—25) . ;
Koadduuuenr a(pdekTuBHO- KR = p=———2=.0;30b iK >fw /(a+1) M LS =(),355
CTH Ipollecca HArpeBaHus t — f" 150—(—25) ( [l. BRCAA
Boanyxa K @y 28.3>> (70+-3.4.2.85)/(2.85+1) n.nep . = 20— (04+0,2—1)X
& Mch=(27»3.4)/(70— G
veh 22—28,2)/0.2=7,6
o 3,4)=0,355 ol i g
H. nep i
PacueTHslit oTHOCHTeNbHBI | G w= 5951 ] L G =1,25.38/40=1,19 G =1,25.38/40=1,19 Tak Kak t e
PacxXo; BO3AYXa  mpH = | B.pacg P/ HOM B.pacy B.pacy n.nex_J—G
o 3 g LA
=38000 MYu m Lyoy= e O e
=40 000 M3/4; 1,25 — momnpan- =G =0,4-1,25-38/40=
Ka Ha 8akpbITHi Kjanau Gaii- RN T T s
naca =0,48
BuiGpannast psaanocts n mno Tpexpsaupiit BH ¢ Gaiina-|Yernipexpsiaupiii BH ¢ Gaiima-| Tpexpsiaupit BH ¢ Gaiina-
{5 qmer 2 com com com
t —t
el S 2
Koaddunuenr  sddekrunmo- Ko = K, =048 Ky =0,49 Ky=0,52
Sld HDOHCCCR TS oxABKICHIA i ot t =150—0,48 t =70—0,49 (70—3,4) ~ i =70—0,52 (70—3,4)=
Boanl Ky, mremneparypa o6- ®y i w, w,
paTHON BOABI tw twa=t —K, (tw ) [150—(—25)] =66°C L o =376 =35"C
wH H K
PacueTHbI pacxoja Teryo- Gw=0.24 GD Kn/Kw l Gw=7000 Kr/a Gw=7900 Kr/ua Gw:.'i()OO Kr/u
HOCHTEJIsI
JI\!AaaKCHMaJlehH"( pacxoj Tern- QMZ"“:=GB ’p (tK—tH)NlaKc QMzmc:O'SG I'kan/u Qm"‘c =0,58 'kaa/u QM:mc =0,23 T'kan/u
Maxkcumansnoe conporusJsie- (Tpun G 22 Kkr/m? 30 Kkr/m? 22 kr/m?
Hie , B.MaKc
BoiBossl, BBITCKAIONHE M3 Heo6GocHoBaHHO 3aumKena|3aBpliena MOBEPXHOCTL Ha-| OGOCHOBAHHO CHHXKeHa  MO-
CPaBHEHHsT BAPHAHTOB noBepxHocTs F ""”th- Tak|rpesa, pacxom Gy, aspoau-| BepxHocth Harpea F, pac-
Kak Kn<KB e HAMHUECKOe CONpPOTHBJICHHE xon Gy, conpoTHpienHe
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Ta6aruuya 2

BbiGop pacuethbix ycaoswii aas BH COP (npu QHOM=var; G, =var ¥ G"/Ga=const ) MO COMETAHHMIO HCXOAHBIX JAHHBIX

Hcexoanbie nannnie Venosusi Bei6opa BH CITP
e
t 'u nep o= tu.nep‘G ’n.nep' tu‘ll.MHH B GB s ’H.nep
wn (0)
t
s a+1 A
t </t t Lt uG
H.mep H.nep.G H.TIep WH . MUH B.MHH
Tennonotepu B  0Oa-
nance CITP
¢ HpP3 = iuinep,G thS' twu,pacu Ly Gn iy ’Hps
wu (0)
Clade o =
; sl fi5nil w G
Hp3 H.nep.G HP3 wH.pacy B MHH
’l( = fwn (0)”“ +1h ’H,nep 4 th.MHII i GB.Mm(c i
Tennonorepu B Ganance CHCTCMBI oTonne-
HHSA -
tx = wa (0)““ b tups' rwu.pacq GB.MHKC i
TomM Kiaanapme ma Gafimace. Bce mpoMexyTouHbie 3ITambl. pacueTa :
cuetemaTusupoBansl B 1aba. 2. Kak Baubiii pesyabTaT cpaBili- 07 /\
TeJIbHBIX PacyeToB OTMETHM, YTO oGocroBauublit  BeiGop BH B " |Kg
CIIP npHBOAMT K COKPAIIEHHIO TOBEPXHOCTH Harpesa, pAAHOCTH, \'\,’_
pacxoja Merajja H a3pOJHHAMHYECKOTO CONMPOTHBJCHHS B pac- ®
YeTHOM H 3KCIJIyaTalHOHHBIX pexKHMax. 06 RN
PaccMOTpHM XapaKTepHblii cayuail, Korja TpPOH3BOMHTE/b- ; ! P
HOCTh cHeTeMbl Gy MEHSeTcsi BMecTe C  TelJoBOi HarpysKoi i \
Quow, B TO BpeMsl KaK PAacxoj]l HAapYKHOTO BO3AYXa MHHHMAJeH \_// 0“92 R
i nocrosiied (Gu.mun), YTO MOXKHO pealH3oBaTh B CIIP Toab- 95 \\ 0’08 ﬁ—:f
KO CIeIHaabHOl cxeMmoil ynpasienus. Jlisi aHaansa OCHOBHOIO 0 8.pacy
ypaBHeHus (2) TNOACTABHM B HEro 3aBHCHMOCTh JIl  OTHOCH- { 0007 ——
TeJbHBIX BeJHYHH: oA \\\\ sl
—_— e
O == Gt GB/Gn.pacq= 1—g (ts— ). (7) ' / | ‘\0,00
Onpejleseniie MakcuMyma Ky B aHAJHTHUECKOM BIHJLe 3aTpyiL- 1] N d
HeHo. BMeCTo 3TOro nocTpoens pacuerom Ha IBM - saBncHmO- Y /7 } QT 1
et K 1npH pasiHuHbIX COYETAHHAX HCXOAHBIX JAHHBIX (puc. 2): 93 /'/ el b 0.01 i
ty—20°C; fwo;=80°C (npu ta=0°C); a=2,85; tups=-—25°C; 1 /=<1 giiax
Qun.\l/Cp Gn.pac‘l—_—‘7ocl C’lein/Gu.]-ac‘l=0,3ﬂ1; g=0——0,0| — & / uplﬂ( ({———:.Uﬁ
Jlas Kaxjaoro cayuas no rpaduky puc. 2 Jerko HauTH Temmepa- ,/ “y Ty 0,005 = s.pacy
Typy tu, 1pu KoTOpOil Ky=Ksmax H 1pH 5TOH Temneparype a2 o £ l E-D'MJ
ONpeieNuTh OTHOCHTE/IBHbIT PACXOL G, — dopmyaa (7) —B no- ’ / / i ‘ >
JA4X OT PACUETHOH NPOH3BOLHTENBHOCTI! CITP. Auajioruunble 3a- 7 | e ”
BHCHMOCTH MOJKHO TOCTPOHMTH H JUIsi JPYrHX  CJy4ddes. 2 / 1 0,001 l THMUH _
Mpumep 2. Haiitn pacuernbie Aas BH CIIP ycaoBusi, eciu g B 0005 — Gppacy ~ "
Gy 1 Qnow MEHSIOTCS OJIHHAKOBO, a PacXol Gy min TOCTOSTHHBI. > '_0
Jlpyrue jpanubie:  Mocksa, tapa=—25°C; twu pacy=150°C; llia
twamin=707C; 1, =120"C; a=12,85; GlLlnln/Gu.pu(‘u——_’O,Sl Qnom/('p. i | t”,
R e == e -
Gupaew=T"C; g=00L 20 0 tynepl W0 20 Ry, %

Mo rpaduxy puc. 2 npn ty=-—25°C Ku.max=0,155. Orno-
CHTeJBHBI pacXol BosfyXa mo ¢opmyse (7) pasen: p=1—
—0,01 [20—(—25)]=0,55 oOT pacyeTHOil MPOH3BOAHTEJILHOCTH
GIP.

Yuer nepemennoro pacxoja sosayxa B CITP npu BuiGope BH
MOKET TpPHBECTH K OOGOCHOBAHHOMY COKPAULEHHIO THIOpasmepd
(PSILHOCTH, TOBEPXHOCTH HAarpesa), — KamHTaJbHBLIX 3aTpaT Ha
BH (K), pacueTHOro H TeKyHIEro a3poAHHAMHUYECKOrO CONMpOTIB-
gcnns (APg), pacueTHOrO pacxojia TenaoHOCHTe s (Gw ), MOULHOCTH
apurateass Bentnastopa (ANy,) 1 notpeGuennsi 37eKTPO3HEprHiL.,
JLast TOro, uTOGbl ONEHHTH SKOHOMHUYECKYIO cTOpoHy BbiGopa BII,
npuoautes rpaguk puc. 3. Ha ero rOpH30HTAJNLHON OCH Ha-
necena yaeabiast (F/Guimom) MOBEPXHOCTH BH uenrTpaibHbix
komputmionepos KTLL (c Gatinacom n Ges Gaifinaca) 1 psiLHoCTb
BI1. Ilosepxnocth F ornecena K Toicsiue  Kr/4 HOMHHAJILHOH
TPOH3BOANTENBHOCTH. [10 BEPTHKAIBLHOM OCH ONpEeasIoTes TaKiie
peanuiHb: KoaGduuuent 3QHeKTHBHOCTH muoropsianoro  BH
no ornouennio K oanopsianomy (Kn/Kpi); Kannranpnpie satparsi
pa 1000 M*/u HOMHHAJBLHOR MPOH3BOAHTEILHOCTH (K/Lg.wom) ;
aspoannamuueckoe conporusienne BH (APn) 6Ges Gaiimaca n ¢
GaiimacoM NpH 3aKPHITOM Kjanawe; MOIUIHOCTbL JBHTATeJs, 3arpa-
ynpaemasi na nepemelnenne Bosayxa uepes BH (ANuw/Lymowm),
rozoBoit pacxox aektposneprun (8766 ANps/Mxn Ly nom) 1pn

Puc. 2. Tpaduk jaas onpepejeHust MaKCHMaJbHOrO K03 (-
L
i
¢duunenta apdexr ™ TIp ca HarpeBaHus Kn.Mauc
W COOTBETCTBYIONIEH TeMmepaTyphl HapyKHOro Bosayxa f .
wis Beiopa BH CHP npu Qo =var, G, =var M
G" (e —const. Tpadguk mnocTpoen pis CjaeAylOmHX yc-

aopui: =180°G; 't =470°C;i ¥ =—25°C;

WHyH H.P.3
=3,4°C; G /G =0,3; 0,6;
H.MHH

B.pacu
L nApva=7C

08 m 13
Onom. pacu

VBEJIIUCHIIT PSHOCTH KanuTajblble H 3KCIyaTalHONHbe 3aT-
pATHl BO3PACTAIOT NMPAKTHUECKH JHHCHNO, a, yBeaunuenne KO-
¢uipenta  3(PEKTHBHOCTH  «3aMELIACTCA bem. puc, 3), TO
nan6osce SPPEKTHBHLL  TEMIO0GMEHHIKH MHHHMAJBHOM  PSAAHO-
et — aunnst (Ka/(Cs+-0,33K).

Mpumep 3. Jlus ycaoBuit nmpumepa [ onennM coxpanienne 3a-
Tpat npu oGocHoBaHHOl ycTanoBke Tpexpsanoro BEH c Gaiina.
COM BMECTO UeTBIPEXPSIHOTO ¢ GaiinacoM. Lppaca=38 ThiC. M%/d;

Lypacy=238/40=0,95; Gp.op=0,7, C;=15 py6/reic. kBr-u, ‘nHe-
npepbiBuas pagora CITP,
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PHc. 3. 3aBHCHMOCTL TEXHHKO-IKOHOMHHYECKHX XapakTepuctHk BH  went-
PANBHBIX KOHAMUHOHepoB KTIL oT psiaHOCTH BO3jayxoHarpepatensi. 000-
3HAYEHHS] NPHBEJCHbl B TEKCTE CTAThH.

Ilo rpaguxy puc. 3 aas uersipexpsianoro BH ¢ Gajinacom
AK/Ly non=12; AK=12-40=480 pyGuaeii; AN, 8766/n 18X
XL mom=1200; AC,=1200-15-10-2-40=720 py6/rox, ¢ yuerom
L=0,95 ACy=720-0,952=650 py6/roa. s Tpexpsignoro BH
¢ Gaitmacom AK/Ls.mon=9; AK=9,0-40=360 py6; AN, 8766/
Mxas Lo.ron=940; AC;=940-15.10-2.0,952.0,72- 40 — 250 pyo/
roft. TonoBoit skonoMuuecKHit sddert D=I1,—I1,=0,33 (480—
—360) +- (650—250) =440 py6G/rox.

Bosnyxonarpesatenn CIIP B Goublueii crerenn 1O IBEP 2K EHbI
3aMep3aHuio B paGouee BpeMs, OCOGEHHO IpPH  HANHYHH pelLip-
KYJALHH, 9TO yMeHbLIaeT Kospouunent spdektnsroctn K, u
PACYeTHBI PacXOA TEMIOHOCHTeNs. DTO OOLACHIETCS TeM, uTO
B CIIP nosiBisiercst AONOJMHHTENbHOE BO3MyIleHHe Ha BH — ma.
MeHeHHe ' pacxoaa BosAyxa. Hammenvmme K, onpenensiorcss B
06/1aCTH TapaMeTpoE HApYKHOTO Kaumata (puc. 4) npH Mak-
CHMaJIbHOH BaaxHOCTH, tx<<0°C, a npH HCMOAB30OBAHHH penup-
KYJISIIHR elle MNpu 1”<[”x' [Tonoxurenbnast Temnepatypa cmech

TIpH HAJMYHH DACCTIOCHHS TeMIepaTyp He rapaHTAPyeT OT 3amep-
8aHHfl, a paboTa BAIIHTHI MOXKET OKa3aThCS HEKeNaTesbHOI,
T. K. TIDHBEJET K TOMY WJH HHOMY OTKJIOHEHHIO NMAapamMeTpoB B
uomellerun. IIpu npoBepke BO3MOKHOCTH S3aMep3aHHs IPeNo-
Jaraiot, uro BH ynpasasiercst pacxomom Temmonocutens. IIpo-
BepKa CBOJHTCA K OIpEJEJNEHHIO CKOPOCTH BOABL B TpyOKax n
TEeMIepaTyphbl TemIoHOCHTeast mocne BH. Bouabmuuetso aBTopos
CUHTAIOT, YTO JIS HEJONYIIEHHS JAMHHADHOTO peXHMa JBHIKE.
HHsl CKOPOCTb B TPyOKax npH tyx<<0°C He MOMKHA OHITH HHIKe
Wmin=0,2 M/c. Temneparypa o6paTHOi BOAH He KOIKHA npH
STOM CHHXKATbCS HHXKE TOH, Ha KOTOPYIO HACTPOEH peryJsTop
3alIHTHl OT 3aMep3aHHs.

Mpumep 4. [TpoBepHM BO3MOKHOCTH 3aMep3aHHs BOABI B pabo-
uee Bpemss B CIIP nas ycnosmit npumepa 1 (Bapuant I11) npu
ynpaBieunu BH H3MEHEeHHeM pacxoia BOJHI,

BriGupaem B cootBercTBHH ¢ pHC. 4 COCTOSIHHE HapyKHOID
Bo3fyXa tn=—1°C; @u=100%. Hns Ix=7 kkaa/kr; tx—20°C:
mpH ty=—I1°C; twa=284°C (mpu yca0BHH, uTO cOG6MIONAETCS
rpadux TemmoHocHtenst). Jas STHX  yC/IOBHI Ka.am = [20—
—(—=1)]/[84—(—1)]=0,25; Gomin=0,4 3Ty BeqHUHHY XOMHO-
Kaem Ha 11,25, 4To yuHTHIBaeT 33XPHITHIH KJamaH Ha 6afimace.
B pesymbrate Gp=0,4-0,95-1,25=0,475. ITo naHHBM [6] mas
Ks=0,25 u Gy =0,475 onpeneasiem ans Tpexpsianoro BH: Ky ~
~ 0,8, Gw=0,29-0,4-38000:0,25/0,8=1400 kr/a; twx==84—0.8
[84—(—1)]=I16°C. B paccMOTpeHHOM peKHMe TemJIOHOCHTEJb —
Bola He samepsner (w=0,27 m/c), a sammura cpaboraer.

OnacHoCTb 3aMepsaHHsi TEMJIOHOCHTENS MOMKeT OBbITh cyie-
CTBEHHO CHHJKEHA TMPH HCIOJb30BAHHH MOCJHE0BATEILHBIX OGBS.
30K (m. 4,124 u 4/125a \CHuIl I1-33-75) n 060CHOBAaHHOM BBbI-
Oope cnocoGa ynpassaenuss BH. O6mecoiosnsie H  BeJOMCTBEH.
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tibie cxembl ynpasiennss CKB u CB Bcerja HCnosb3yioT —TOJBKO
OlIH N3 BO3MOXHBIX CHOCOGOB — yNpaBJieHHE PacXOAOM TeIIo-
HOCHTeJISA, XOTsSl 3TOT Cnoco6 HMeeT CyIIeCTBeHHble HeA0CTaTKI
I He Bcerja MoeT OBbITb peasu30BaH.

Cucrematnsupoanibie TpeGoBaHHA K CIOCOGY YNpaBJieHHst
BH, o6biuto me paccmatpuBaemble B amTepaType, B CiATOM
H3MEHEeHHe TeIJIONPOH3BO1H-
TeJabHOCTH BO BceM juanasoHe Ky=Kgz yaxc — 0 6e3 omacHocTH
3aMep3aHusl TENJIOHOCHTEIsl, OTCYTCTBHe HAPYUICHHI a3pOAHHAMH-
Yecknx reyenuii uepes BH, snuneiinast (coBMeCTHO ¢  KaamaHoM) -
PeryJHpoBOYHAs  XapaKTepPHCTHKA, INOCTOSIHHAS  JIHHAMHUYECKAS
XapaKTepHCTHKa; BJHsHHEe cnocoba ympaBjenuss Ha BeiGop BH;
BO3MOKHOCTb TPAHCHOPMALHH OJAHON CXeMbl B JPYryio; YCJIOBHS
Bbi6Opa Pery/upyIlollero opraia M Kak OrpaHHYEHHe OTCYTCTBHE
JeHIHTHOrO 06OPYAOBAHHS,

B ta6n. 3 npusefenbl OCHOBHbIC XapaKTEDHCTHKH TPeX CIO-
co6oB ynpasienus BH: pacxomom Temnonocurens, Temmepatypoit
TEIVIOHOCHTeNIT H pacxoA0OM Boaayxa. [locaelHuii umeer cy-
LUeCTBEHHDI HEJ0CTATOK —- HeBO3MOXKHOCTb MOJYYEHHS HYJIeBOi
TENJIONPOH3BOUTENBHOCTH, a YINPaBJeHHE PacXOAOM BOJBI  MO-
/K€T CO31aBaTh YCJIOBHS, NPHUBOASALLIHE K 3aMEP3aHHIO TeMmJo.
HOCHTEJISL,

BbiGop cnocoba ynpasaenns BH pexomenayercs IIPOH3BOAHTH
B TaKoii ToC/e10BaTenbHOCTH, [TepBOHAYaJIbHO NpeAmoJaraioT
NMPUMEHATb MPOCTEHIINH — H3MEHEHHEM pacxoJa BOAH (cxema
[ ra6n. 3). Onpeaensior uexomubie JIaHHbBIE, T. €. CcOYyeTaHHs
TeMneparyp M pacXoA0B INpH OTPHIATEJBHOH TemmepaType Ha-
pyxuoro Bo3ayxa (Ks.saw, Gemin), KOTOpHIE caexyer paccmar-
pHBaTh Kak HauboJsee onacHble 1O 3aMep3aHHio (cMm. pHC. 4).
Ionoxutenbnasi TemmepaTypa cmecH He sBAseTCs rapasTieil
OT 3aMep3anHsi BOAbI, TaK KaK B CHIY PacCCJIOEHHS TeMIepartyp
IpIL OTCYTCTBHH TNepeMelIHBAHHS B HHYKHEH 4aCTH CeUSHHST TeMIle-
patypa Bosjyxa OyJeT OTPHLATeNbHOH NpH ty<<0°C.

Jlnst BLIGPAHHBIX YCJIOBHI TIPOBOAUTCS NOBepOUHBIii pacuer BH
onpenensiiorest @ u twyx. Ecom onm okakyTes omacHo HH3KHMI,
TO yHpaBJieHHe Pacxo/0M BOJbI MOMKET INPHBECTH K OMACHOCTH
3amepaanusi. [Tosromy mosesso pacemarpusars cxemy II (ta6u. 2)
C TMOCTOSIHHBIM PAacXOJOM H TNepeMeHHOH TeMIepaTypoil wemio.
nocureqs. Tlocaepnsisi JoCTHraeTCsi 3a CYeT TNOJAMEIIHBAHHS 00-
paTHOi BOABI K ropsueil. B 3Toil cxeme mnepBoHauadbHO MOAGH-
paloT Hacoc 1o pacxoay BOJbl NPH CKGPOCTH B Tpy6Kax w>0,2

7]
KP -

Oénacme b

S Hp.-

Puc. 4. Hsobpaxenne obaactH napamerpos Ha-
PYXHOro KJIHMAaTa, OMACHbIX MO 3aMep3aHHIo
TENJIOHOCHTeJISt — ropsiueff BOABI NPH ynpasje-
HuH BH u3aMeHenHem pacxona Boasl. OGosHaue-
HHsi: 06acTh A — S NPSIMOTOYHBIX  CHCTEM;
obnacth b — i CHCTEM ¢  peUHPKyJIsiHedi.
H,, K, — pacuetnbiii HarpeB B  npsMoTouHO#R
cucreme; H,K, — Harpes B YCIOBHSX, OMAaCHBIX

no samepsanuw (8 CIIP n,pu Gn.mm ) B nps-

MOTOYHON CHCTeMe. Hpsl(p — pacyeTHsli Ha-
TPeB HAPYKHOr0 BO3AYXa B CHCTEME C penHp-
» Kyasiuuedt; H,K, m C,C, — narper HapyXHOro
BO3JlyXa H CMeCH B YCJHOBHSIX, OMACHBIX MO 33~
MEP3aHHI0, B CHCTEME C PEUHPKYIsiuHed



Tabaruuya 3

CpaBHHTEJbHbIE TEXHHYCCKHe XapaKTEePHCTHKH cnocobos ynpasaenuss BH (BO)

ITokasartenb Cxema I

Cxema II Cxema III

i b

Cxema ynpaBJeHHS

]
S f (Oln) 65F6¢6

twh,= var

6,,~const

Kkn2

Kplty ty
PeryJMpoBOYHasi XapakTepHCTHKa
twy,
Wyam Woacy W
Hamenenue kodddunuenta sddexrus- K“ =()—KB ane s NPOBEPKOi OnacHo- KB:O_KB RSO MNOCTOSIHHON | MuHHMaJIbHBIH KB
Ge3  ONacHOCTH & .
Hocrn mpouecca Ky cTi saMmepsaHus  (Wg,y f, )  DPH[cKopoctm  (pacxome) TemsoHOCHTenNs| K — - !
3aMep3aHHsi TenJOHOCHTeJs f, <<0°C B o6nacTh, yKasaHHOf Ha|HeT OMACHOCTH 3aMep3aHHus B.MHH - " o %6 %
puc. 4 — +
2 2Gy, Cy
G G, ¢
4 o.MHH B P
KF
— 1
8 i 3
. g e,
e 14+FgVToltg +
e e
F
CKJI.OTKJ'I/ 4
G 3aBHCHT OT SITHOCTH)
0.MHH Eo (PR
Hapyluiense as3poaHHaMHYeCKHX Tede-| Her Her Her
uHil Yepes TemaI006GMeHHHK
.
PeryanpoBoYHasi XapakTepHCTHKa JluneliHasi NpH mNpaBHJIbHOM BuIGope |JIuneiinas Heauneiinas
AMaMeTpa KJamnaHa M THIOA TJAyHXKe-
pa
JluHaMHYecKasi XapakTepHCTHKa TlepemenHas [MocTosinHast IMepemennas

Bausiune cmoco6a  ympaBlieHHsS

Ha |He Bausier
BBIGOP Tenmn006GMeHHHKa :

Ynpouiaer, «CHHMaeT» 3anac nopepx-|«CHHMaeT» 3ana’ MOBEPXHOCTH
HOCTH

BoaMoxHocTh TpaHchopManuit onnofi | HeBosmMoxHa
CXeMbl B JAPYryio

ITpu 3aKpbITHH KJanaHa KJa. 2 TpaHc-|HeBoaMmOXKHa
dbopmupyercst B cxemy I

Ycaousi  BbIGOpa

KJanaHa pyeMoro ydacrka

peryaupyiouiero| OGol4HbIe 10 XapaKTepHCTHKe peryau-|Knamanel crosit ua yyacTkax Ges sa-|Knaman na Gafimace He BbiGHpaeTcs,
MeTHBIX CONPOTHUJEHHH, BBIGOP Yynpo-{a KOMILUIEKTYEeTCs
uraeTcst

M/c. YNJIOTHEHHEe CAJbHHKOB JOJIKHO MCKJIOYATb YTEUI'H BOJIbI
Ipu JaBjeHHH B mojaiouieii. JlaBjeHHe Hacoca He HMeeT IPHH-
LHITHAJTBHOTO  3HAYeHHS.

[To wu3BeCTHBHIM pacmoJjiaraeMoMy JAaBJeHHIO Ppacm,  JaBie-
HHIO Hacoca Prac, COMPOTHBJIEHHIO Bo3ayXoHarpesarteisi APgy n
COOTBETCTBYIOLIEro yuacTka Tpy6onpoBonoB AP, omnpenensiior
MaKCHMaJbHO JAONMYCTHMBIH mepenaj JAaBJeHHH HAa KaXXJOM H3

KJ1allaHoB:
Has knanana 1 va cxeme I Ta6a. 3

APK,,1<Ppacn+Pnac—APaH—APTp- (8)
Jlas knanana 2 na cxeme II ta6a. 3
A PK,,‘ S Pyac — A Pgy — A Py 9)

BuiBoabl

1. TIpu BHIGOpE ycaoBHi, pacueTHhIX Ajsi BH, caeayer yuutsiBaTh
nepeMeHHOCTh pacxoxa Bosayxa B CIIP, ecam mocneinsis KoM-
neHcHpyeT TemJonoTepn momeiuenus. IIpn mnepeMeHHBIX Quow,
Gy 1 Gu/Gg=const ux BuiGupalor no Ta6.a. 1. Ilpu nepemen-
HoX Quoy ¥ Gy N TNOCTOAHHOM Guuuy HX BHIOHpAIOT TO rpa-

-

¢Guky puc. 2 (HIH AHAJOTHYHOMY, NOCTPOEHHOMY VISt APYTHX
yCJI0BH) :

2. Bosayxonarpeatemn CIIP npu TpajuLEOHHOM YNpaBJIEHHH
PacXoioM TEIMJIOHOCHTEISI OCOGEHHO B CHCIeMax C PelupKyJIs-
UHeli TPeApacrnoNoKeHbl K 3aMep3aHHI0 TemJOHOCHTEs.

3. Buibop  cmoco6a ympasiaenns BH CIiP xenatenbHo mpo-
H3BOJAHTb C YYeTOM YCJOBHH NPOEKTHPYEMON CHCTeMbl H Xapak-
TEPUCTHK Croco6oB ympaBsenusi (taba. 8). |
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