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3Heproc6epe*eHue B cymnnsnoi] 1.JaCTU 
JM3 6YMarO,lJ,eJIaTeJIhHOii MamUHhI 

Ka3aKOB B. r., AOKTOp TeXH. HayK, 

nYKaH~H n. B., CaMO~JlO B. H., KaHA~AaTbl TeXH. HayK 
KBT 

CaHKT-neTep6yprcKMM rocYAapcTBeHHblM TeXHonorw~eCKMM yHMBepcMTeT
50 

pacrsrrensaerx nonMMepOB 

I1pe,n:CTaBJIeHa	 60JIee 3KOHOMIIQHaJ'I rro cpaBHeHIIIO C Tpa,n:IIl.\IIoHHOH: TeXHOJIOrIIJ'I rennoofiaeaa40 
B CyIIIIIJIbHOH: QaCTII 6YMaro,n:eJIaTeJIbHOH: MaIIIIIHbI. Ilponeneao cpasaenae 3KcepreTIIQeCKIIX 

xapaIaepIICTIIK rennopexynepauan npa 3aMKHyToM xoarype ,n:BII)i(eHIIJ'I TeXHOJIOrIIQeCKoro (cy­

IIIIIJIbHOro) soanyxa II Tpa,n:II[(IIOHHOM crroco6e rennopexynepanan, a rarose rrOKa3aHO BJIIIJ'I­
30 

HIIe 3aMKHyToro xonrypa na 3<p<peKTIIBHOCTb nponecca cyunca. 

Kmoseesre CJIOBa: 6YMaro,n:eJIaTeJIbHaJ'I MaIIIIIHa,
20 

KOHTaKTHaJ'I cyIIIKa, sneprocfepecseaae. 

B ,IJ;aHHOH crarse npennoacen cnocof nossr­10 
urenas sxcepremsecsoro KTI,ll, 'rerrnopesyneparm­
OHHOH yCTaHoBKH 6YMaro,IJ;enaTenbHoH MaIIIHHbI 

-0 (o,ll,M). OCHOBy cnocofia COCTaBmuOT Cne,IJ;yIO­
IIIHe rrOnO)KeHHjI: 

~ B03­ 1. TJly601Wfl enympennss pezeuepauust menno­
MOIU- ntu eosoyuuio-napoeoii CMecu (BnC) dJlfl nazpe­

ea UCXOd1l020 eosoyxa. 3TOT npouecc nporexaer 
C KOH,IJ;eHCaIIHeH BO,IJ;jlHbIX rtapos npn oxnaxcne­
HHH BIle. IloBblIIIeHHe crerrenn BHYTPeHHeH pe­
renepauaa rennorsr rr03BonHT YBenHqHTb sxcepre­

f1JIKa, 

JCb!), 
opa. THqeCKHH KII,ll, TerrnOpeKYIIepaIIHOHHoH yCTaHoBKH 

H CHH3HTb norepn rennorsr B oKp~aIOIIIYIO cpe­
,IJ;y, xoropsre B Tpa,IJ;HIIHOHHOM npouecce COCTaBJUI­
IOT ,IJ;O 60 % 06IIIeH rrO,IJ;Be,IJ;eHHOH rennoru.iouec­

le<pTl1, 2. Opeauusauun sasocuymoeo l1U1(Jla no 603dY­

xy. Ilpa TaKOM rrO,IJ;XO,IJ;e B03,IJ;yX B OCHOBHOM He­

lhy­
 cer TeXHOnOrHqeCKYIO narpysxy, T. e. xsnxerca

) yrnx 
rpancnoprm.nr areHTOM B nepenoce nnarn H re­

IliKa II 
nnorsr rro 3aMKHyToMy xonrypy, B Tpa,IJ;HIIHOH­

IJlI.l.\IIM HOM npouecce TeXHOJIOrHqeCKHH B03,IJ;yX rrOCJIe 
OCHO- oXna)K,IJ;eHHjI B ,IJ;BYX crynenax pexynepannn H 

cxpyfifiepe OTBO,IJ;HTCjI B arsrocdiepy, T. e. TerrJIOTa 
cesno­ oTpa60TaBIIIero B03,IJ;yxa TOJIbKO qaCTHqHO HC­

nom.syerca ,IJ;JIjI rrpe,IJ;BapHTeJIbHOrO nonorpesa
PaCqeT 

CyIIIHJIbHOrO H BeHTHJIjlIIHOHHoro B03,IJ;yxa: B pe­ana B 

K)'rrepaTHBHOM TerrJIo06MeHHHKe TY1 rrpOHCXO,IJ;HT 
rH.<D. narpes CyIIIHJIbHOrO B03,IJ;yxa, a B 'rertnoofisren­
lM KII- HHKe TY2 - narpes B03,IJ;yxa 06IIIe06MeHHOH 

BeHTHnjlIIHH. B cxpyfioepe narpesaercs BO,IJ;a, HC­
:eHHOM nom.syeaaa	 B rexnonoraa. 
:KaKOB, 

TepMO,IJ;HHaMHqeCKHe npoueccu, nponcxona­TeIlJIO­

-YIIIf,	 IIIHe B cyIIIHnbHoH qaCTH 6YMarO,IJ;enaTenbHOH 
MaIIIHHbI oM5 OaJIaXHHHcKOro IIennIOn03Ho-6y­

lpeHWI Ma)KHoro KOM6HHaTa (U,oK) npn Tpa,IJ;HIIHOHHOH 
cxene, rrpe,IJ;CTaBJIeHbI na h - d-,IJ;HarpaMMe (PHC. 1), 
rne rrpHHHTbI Cne,IJ;yIOIIIHe 0603HaqeHHH: 

KaJIOpII<pep, TeIlJIOpeKyrrepa[(IIOHHbIH: arperar, 

0-1 - narpen rrpHTOqHOrO B03,IJ;yxa C TeM­
neparypoii t = - 30°C H Bna)KHOCTbIO d = 5 rvxr 
cyxoro B03,IJ;yxa, noztasaenoro B san o,ll,M, B re­
rrno06MeHHHKe TY2 - ,IJ;O 0 °C H xanopnrpepe 
KC/J - ,IJ;O 20°C; 

1 - 2 - H3MeHeHHe resmeparypu H anaroco­
,IJ;ep)KaHHH npuro-moro B03,IJ;yxa B 3aJIe o,ll,M co­
OTBeTCTBeHHO ,IJ;O 28°C H 20 rvxr cyxoro B03,IJ;y­
xa; 

2 - 3 - narpes cyumrn.aoro B03,IJ;yxa B ren­
JI006MeHHHKe TY1 ,IJ;O 42°C; 

3 - 4 - HarpeB cyIIIHJIbHOro (rexuonorn-re­
CKOro) B03,IJ;yxa B xanopnrpepe KC/J ,IJ;O 100°C; 

4 - 5 - H3MeHeHHe rrapaMeTpoB cyIIIHnbHoro 
B03,IJ;yxa, narneraexroro BeHTHnHTopaMH, B cy­
IIIHnbHoH xaxrepe ,IJ;O 90°C H 103 r/xr cyxoro 
B03,IJ;yxa; 

5 - 6 OXna)K,IJ;eHHe B03,IJ;yxa B TY1 ,IJ;O 
80°C; 

6 - 7 - H3MeHeHHe napaxerpos B03,IJ;yxa B 
TY2 ,IJ;O 70°C H 95 rvxr cyxoro B03,IJ;yxa; 

7 - 8 - H3MeHeHHe napaaerpos B03,IJ;yxa B 
cspyfifepe ,IJ;O 45°C H d = 60 r/xr cyxoro B03,IJ;y­
xa. 

Ha pHC. 2 npnseneaa cxena rennopexynepa­
IIHOHHOH yCTaHoBKH o,ll,M C 3aMKHYTbIM IIHKJIOM 
CyIIIHJIbHOro B03,IJ;yxa (rrpennaraevuii crrocof pe­
xynepauan TerrJIOTbI). B03,IJ;YIIIHo-rrapoBaH CMeCb 
C resmeparypoa 100°C, y,IJ;aJIjleMM H3-rrO,IJ; H30­
napoaaanoro xormaxa 1, 3aKpbIBaIOIIIero cy­
IIIHnbHYlO -racri, MaIIIHHbI (cyIIIHnbHyIO xaxrepy), 
nanpannserca B Terrno06MeHHHK 2 (TY). 113 re­
rrno06MeHHHKa BIlC BbIXO,IJ;HT npa resmeparype 
HaCblIIIeHHjI 45°C H nanpaanaercs B rennoofi ­
MeHHHK CMeIIIeHHjI TC - KOHIIeBoH XOnO,IJ;Hnb­

HHK 3, oTK)',IJ;a oCyIIIeHHbIH H oXna)K,IJ;eHHbIH B03­
ztyx C resmeparypoit 25°C B03BpaIIIaeTcH B TY. 
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t = -30°C 

PRC.! 

5 
4 (K(j)) 3 (TC) 2(TY) 

1 

25°C 

KOH,D;eHCaT R KOTenhHYIO 
Hap)')KHhlli B03P;YX B san 

Puc. 2 

qacTb ocymennoro soszryxa, paBHa51 no Macce 

XOJIO,llHOMy B03,llYXY, HCnOJIb3yeMoMy B TC, yna­
AAeTC51 B san E,l];M. B TenJIoo6MeHHHKe 2 B03­

zryx narpesaerca no 80 DC, 3aTeM nocrynaer B 

xanoparpep 4 (KC/J), rne ero 'resrneparypa nOBbI­

IllaeTC51 no 100 DC, T. e. no reemeparypsr, He06­

XO,llHMOH ,llAA TeXHOJIOrHqeCKOrO rrpouecca cy­

IIIHJIbHOH yCTaHoBKH. B KOHueBOM XOJIO,llHJIbHHKe 

3 resmeparypa aoaztyxa CHlDKaeTC51 sa cxer no­

6aBJIeHH51 B Hero napyacuoro noanyxa, B JIeTHHH 

nepnon cneztyer HCnOJIb30BaTb XOJIO,llHJIbHYIO Ma­

IIIHHY· 

Bnara, BbI,lleJI51eMaSl H3 6YMa)l(HOrO nOJIOTHa B 

npouecce KOHTaKTHO-KOHBeKTHBHOH CYIIIKH, rro­

rJIOIuaeTCSI CYIIIHJIbHbIM B03,llyXOM H ynansercs 
H3 TenJIoo6MeHHHKOB. BcSI TenJIOTa, suzreneanaa 
rrpa KOH,lleHCaUHH rperornero napa B UHJIHH,llpax, 

aa HCKJIlOqeHHeM TenJIOTbI, yHOCHMOH aarpersnr 
6YMa)l(HbIM rrOJIOTHOM, BocrrpHHHMaeTCSI sosny­
XOM H HCrrOJIb3yeTC51 B TerrJIo06MeHHHKax pexy­
neparaanoro sonrypa TY H TC. IJ,HPKYJISlUH.ll 

soanyxa 06eCrreqHBaeTCH ueHTp06e)l(HbIM BeHTH­

JISITOPOM 5. 
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Ha pnc. 3 npencraanensr TepMO,LlIIHaMlIqeCKlIe 
rrpOIJ,eCChI CYllIlIJIhHOrO soanyxa npa 3aMKHyToM 
IJ,IIKJIe, me rrpanarsr CJIe,LlylOII.I,lIe 0603HaqeHlIjI: 

1 - 2 - OXJIa)l(,LleHlIe CYllIlIJIhHOro (TeXHOJIO­
ra-recxoro) aosztyxa B TerrJIo06MeHHlIKe TY ,Ll0 
45°C, d = 60 r/Kr cyxoro soanyxa; 

2 - 3 - OXJIa)l(,LleHlIe CYllIlIJIhHOrO (TeXHOJIO­
rn-recxoro) sosrryxa B TerrJIo06MeHHlIKe csreure­
HlIji (KOHIJ,eBOM XOJIO,LlIIJIhHIIKe) ,Ll0 25°C, 
d = 20 r/sr cyxoro soanyxa; 

3 - 4 - narpes ocymemroro II OXJIa)l(,LleHHO­
ro nosnyxa B TerrJIo06MeHHlIKe TY ,Ll0 80°C; 

4 - 5 - narpes ocyuremroro sosnyxa B xa­
nopmpepe ,Ll0 100°C; 

.aa B 5 - 1 - 1I3MeHeHlIe napaverpoa soanyxa B 
rro­ CYllIlIJIhHOH KaMepe ,Ll0 t = 100°C, d = 103 r/Kr 

H:eTCjI cyxoro soaayxa. 
CpaBHIIM pe3YJIhTaThI axceprenrsecxax pacse­

~HHaji 

TOB TerrJIOBhIX rrpOIJ,eCCOB ynanenas TeIIJIOThI IInpax, 
BJIarlI rro Tpa,LlIIIJ,IIOHHOMy (B CYllIlIJIhHOH qaCTII

eThIM 
,LleHcTBylOII.I,eH EM5) II rrpeztnaraesrony cnocofiy, 

03,Lly­
3KcepreTlIqeCKlIe xapaKTeplICTIIKII ~YHKIJ,IIO­

peKY­ HaJIhHhIX rpyrrrr pacc-nrraau rro MeTO,LlIIKaM 
UlIJ,lIji [1,2]. Pe3YJIhTaThI pac-reron rro TPa,LlIIIJ,IIOHHOMY 
eHTII- cnocofiy npa pa30MKHyTOM ,LlBII)l(eHIIII soaayxa 

npaseneasr B Ta6JI. 1. AHaJIlI3 npapameaai; 3K­

o 
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Puc. 3 

cepma nOKa3hIBaeT, qTO npaxrusecsn see 3JIe­
MeHThI rennosoro npouecca xapaxrepasytorca 
HlI3KlIMlI 3HaqeHlIjiMlI sxceprerusecxax Krr,ll;. 
TaK, 1-jI cryneas perenepauan TerrJIOThI IIMeeT 
Krr,ll; 43,96 % npn nO,LlBO,Lle 3KCeprIIlI B rrponecc 
4,7 %, TerrJIOBOH rrpouecc B xanopnrpepe I xa­
paxrepasyercs Krr,ll; 51,75 % rrpn nozrsozte 3K­
cepnra 34,4 %. 3KcepreTlIQeCKlIH Krr,ll; TerrJIOBO­
ro npoIJ,ecca BO 2-H cryrreHII pereHepaIJ,1I1I 
TenJIOThI COCTaBJIjleT 20,87 % npa rrO,LlBe,LleHHOH 
3KCeprIIlI B 3TOT npouecc 9,2 %. TerrJIOBOH rrpo­
uecc B xanoparpepe II xapaxrepnsyercs sxcepre­
mQeCKIIM Krr,ll; 2,95 % npa rrO,LlBe,LleHHOH axcep­
rlIlI 16,6 %. TerrJIOBOH npouecc B cKpy66epe 
xapaxrepasyercs 3KcepreTlIQeCKlIM Krr,ll; 18,69 % 
nplI nO,LlBe,LleHHOH sxceprna 35,8 %. CyMMapHaji 
sxcepras, sarpasemraa B TerrJIOpeKyrrepaIJ,IIOHHOH 
yCTaHoBKe 6yMaro,LleJIaTeJIhHOH MallIlIHhI EM5 Ba­
JIaXHIIHcKOro ~EK, II 06II.1,lIH Krr,ll; YCTaHOBKII: 

M Oi = 2322,79 KBT, YJo6~ = LYJillOJI = 28,59 %. 06­
ll.(IIH 3KcepreTlIQeCKlIH Krr,ll; paccaarpaaaenoro 
TenJIOBoro npouecca HlI3KlIH (28,59 %). 

3KcepreTlIQeCKlIe rrOKa3aTeJIlI rennopexynepa­
IJ,IIOHHOH yCTaHOBKII CYllIlIJIhHOH QaCTII 6yMaro­
,LleJIaTeJIhHOH MallIlIHhI EM5 EaJIaXHIIHcKoro ~EK 

npa 3aMKHyToM IJ,IIKJIe ,LlBII)l(eHlIji CYllIlIJIhHOro 
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3KcepreTHqeCKHe rrOKa3aTeJIH 
1-11 crynens 

pereaeparas­
noro xoarypa 

Kanopmpep 
I 

2-11 cryrreas 
pereaeparas­
noro xoarypa 

Kanopmpep 
II 

Cxpyffiep 

TerrJIOBOH rrOTOK Qi 525,36 2176,25 1608 1072 4993,66 

TepMo,UHHaMHqeCKajl rexmeparypa 
narpena THi , K 308 344 288 283 289 

Bocnpnaaras 3KCeprHjI M Hi, KBT 47,76 404,88 44,67 11,36 155,51 

TepMo,UHHaMHqeCKajl 'resmeparypa 
OXJIa)l(,UeHHjI Toi , K 353 437,17 323 437,17 336 

3aTpaqeHHaji 3KCeprHjI M oi, KBT 108,64 782,4 214,07 385,4 832,28 

3KCepreTHQeCKHH KIlL!. l'Ji = MH/Moi, % 43,96 51,75 20,87 2,95 18,69 

Yi=Mo/'LMoi 0,047 0,34 0,09 0,166 0,358 

l'Ji,/\oJI = l'JiYb % 2,05 17,43 1,92 0,49 6,7 

3KCepreTlfqeCKHe rrOKa3aTeJIH 
TerrJIoo6MeHHHK 
pereaepanraaoro 

KOHrypa 

KOHI~eBoH 

XOJIO,UHJIhHHK 
Kanopadiep 

TerrJIOBOH rrOTOK !1Qb KBT 2947,98 1071,99 1071,99 

TepMo,UHHaMHQeCKajl resmeparypa narpesa THi , K 325,5 289 363 

Bocnpnnaraa 3KCeprHjI M Hb KBT 412,08 33,38 245,11 

TepMo,UHHaMHQeCKajl rexmeparypa OXJIa)l(,UeHHjI Toi ' K 345,5 308 437,17 

3aTpaQeHHaji 3KCeprHjI M oi' KBT 558,88 97,45 385,4 

3KcepreTHQeCKHH KIlL!. l'Ji = M H/M oi' % 73,73 34,26 63,60 

Yi=Mo/'LMoi 0,53649 0,09355 0,36996 

l'Ji,/\oJI = l'JiYi, % 39,555 3,205 23,529 

B03,Uyxa npaseneasr B Ta6JI. 2. Cysorapaaa 3K­
ceprna, sarpaseaaaa B rennopeaynepanaoaaoii 
yCTaHoBKe npa 3aMKHyToM U:HKJIe ,UBH)I(eHHjI cy­
IIIHJIbHOro B03,Uyxa, H 06ru:HH KIT,n: yCTaHOBKH: 

!:iEoi = 1041,73 KBT, l'Jo6m = Ll'Jil\on::::: 66,29 %. 
AmUIH3 TeIlJIOBbIX npoueccos cPyHKI.I:HOHaJIbHbIX 

rpyrrn rro npennaraeuosry crroco6y noxassraaer, 
QTO 3KcepreTHQeCKHe KIT.D: ,UOCTaTOQHO BbICOKH. 
TaK, nponeccu B TeIlJIoo6MeHHHKe pereneparasao­
ro xoarypa H xanopmpepe, me rrO,UBO,UHTCjI 91 % 
sxcepran OT nonsenennoji B cncresry, xapaxre­
PH3YlOTCjI 3KCepremQeCKHMH KIT,n: 73,73 H 

Tatinuua 1 

63,60 %. TaKHM 06pa30M, 3KCepreTHQeCKHH KIT,n: 
nponeccos B rennopexynepanaonaoji yCTaHoBKe 
CYllIHJIbHOH QaCTH EM5 EaJIaXHHHcKoro lJ,EK co­
CTaBJIjleT 28,59 % rrpOTHB 66,29 % B npennoacea­
HOM crroco6e. 

,n:JIjI ouemcn rrpe,UJIO)I(eHHOrO crroco6a pexy­
nepanna 'rennorsr BbIIlOJIHeH 3KcepreTHQeCKHH 
aHaJIH3 TenJIOBOH CHCTeMbI CYllIHJIbHOH sacrn 
6YMaro,UeJIaTeJIbHOH MallIHHbI EM5 EaJIaXHHH­
cxoro l..(EK npa 3aMKHyToM U:HKJIe CYllIHJIbHOro 
B03,Uyxa. Pe3YJIbTaTbI aHaJIH3a npaseneau B 
Ta6JI. 3. 
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