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AHa/M3 mpolecca KOHJAEHCAIlMd BOJSHOTO MNapa
B razoBbix arMocdepax H MPOAYKTaX CroOpaHus

Bopnsinoit map — BakHeiiliiee pabouee TeJIO B IIPOIECCAX T€HEPUPOBAHUS U MPe06PA30BAHUS
sneprun. Cogepskanne HoO B raszax M ra3oBbIX CMeCSX CJYKUT MEPOH UX OCYIIKH B TEXHO-
JIOTMYeCKUX Tpoleccax. Hanudre mapa B BO3ayXe-OKHCJAUTeNe 0OeCIieunBaeT CHUKeHue 06-
pa3oBaHUsl BPEAHDBIX BENIECTB NpHU ropeHuu. [las oneHKr NpUOJMKEHUS BJIAKHON rasoBoii
cucrembl (BO3/yXa, razoBbIX CMecell MM IPOAYKTOB CrOPaHUs) K COCTOSHUIO KOH/EHCAIIUK
UCTOJIb3YIOTCS TEeMIIEPATYPbl, XapaKTepU3yIolue COCTOSTHUE HACBIIMIEHUS: TOUYKA POCHI tew
U TeMmIlepaTypa MOKPOTO TepMoMeTpa tyl,. YCTAaHOBJICHBI 3HAYCHHS 3TUX MaPaMETPOB [IJIS
BJIAJKHOTO BO3/yXa B 3aBUCHMOCTH OT 6A30BOI TEMIIEPATYPbI U OTHOCUTEJbHOU BJIASKHOCTH
Bo3ayxa. UeM HIKe 3HAUEHUS tew, twh, TEM IIUpPe TeMIepaTypHas 00JacThb CyIeCTBOBAHUS
H»>O B maposoii (asze. K umcay rasoBpix Tommus, no kjaaccudpukanun EUROSTAT, ortHo-
carca npupoaubii raz (NG), gomennsiii ras (BFG), xokcosbni raz (COG). Ilposegensr
pacdeTnl 3aBUCUMOCTH TOYKM pockl poaykToB cropanus NG, COG, BFG or xapaxkrepuctuk
BO3/lyXa TopeHus: KoadduimenTa n30bITKA OKUCIUTENS A, TEMIIEPATYPbI t, U OTHOCUTELHOM
BJIAKHOCTH @,. ¥ CTAHOBJICHA TOYKA POCHI teyw /IS IPOJAYKTOB CrOPAHUS [E€PEYHCJICHHDIX Ta-
30BBIX TOILIMB IIPU CTaHJAPTHBIX YCJOBHUAX, KOTODBIE IPEJCTABJEHBI CTEXMOMETPUYECKUMU
(X = 1,0) cmecsamu ¢ cyxum Bosayxom: unctoro merana, NG, COG, BFG — coorsercTBeHHO
59,3; 58,5; 11,1; 61,5. B caydae BIa’kKHOTO HACBIIEHHOTO BO3/yXa mpu Temiepatype 25 °C
TOYKA POCHI JJISI MMPOAYKTOB CTOPAHUS TIPE/ICTABIEHHBIX TOILIMB COOTBETCTBEHHO paBHa 62,0;
61,5; 25,6; 64,0 °C. Haiinennr nomm HyO B mapoBoil u kUKol (azax MpoyKTOB CrOPaHUS
IPUPOJHOTO Tasa B 3aBUCHMOCTH OT TeMieparypbl 1pu yciaouu, uto 100 %-e copeprkarnne
HyO B Buge mapa (6e3 skuaKoil (asbl) COOTBETCTBYET TeMmmeparype Hacbiiienus (Touke po-
CbI) MPOJYKTOB CrOpaHusi, KOTOPasi COCTaBJSET MPH CTEXUOMETPUYECKOM COOTHOIIEHUH «BO3-
ayx : ra3» okoso 60 °C. buba. 31, puc. 10, maba 3.

KmoueBbie cioBa: armocdepubiii Bo3ayx ropenust (OKMCIUTENb), BJIArocoiepKanue Mmpo-
JIYKTOB cropanusi, aGCOJIOTHAs BJAXKHOCTb BO3/yXa, OTHOCUTEJbHAS BJIAKHOCTb BO3IyXa,
JIOMEHHDIII Ta3, KOKCOBbIN Ta3, MPOAYKTbI CrOPaHUs, NPUPOHDBIN ra3, TeMieparypa MOKpO-
rO TEPMOMETPA, TOYKA POCDI.

Boasmoit map — BaskHefimmee pabouee TeJO B IYKTOB CTOPAHUS YTJIEBOJOPOAHBIX TOmuB. IIpo-
npoiieccax TeHepUpPOBaHWS U Npeo6pPa3oBaHUsT IeCChl KOHJEHCAIMH BOJSHOTO Iapa B MPOJIYKTaX
9HEPruM, a TaksKe CYIIeCTBEHHDbIH KOMIIOHEHT IIPO- CrOPaHus OCYIIECTBJLIOTCA B TOILJIMBOUCIIONb3YIO-
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MIMX YCTAHOBKAX /IJIsSI MOBBINIEHUS UX dHEPreThye-
ckoil 3 deKTUBHOCTH. Y BJa’KHEHWE UCXO/HON TO-
pioueil cMecu U TIPeXK/e BCETO BO3/yXa-OKHUCJUTE-
JISI B PA3JIMYHBIX CXEMAX UMEET IIeJIbIO YJIydllleHrne
HKOJIOTHYECKUX XapPaKTEPUCTUK TOTOYHBIX CHCTEM
6maromaps cumwkennio NOy, CO, a takxe CO,
KakK TmapHuKoBOTO raza [1].

B cBs3u c pacripoctpanenueM CHCTEM CXKHUTa-
HUS TOIUIMBA C YBJAKHEHHBIM BO3/YXOM-OKUCJIHU-
TeJeM, a TakXe HeoOXOIMMOCTBIO ydeTa TpH HUC-
110JIb30BAHUU TOIJIMB BJIATOCOJEPKAHUSI aTMO-
cepHOTO BO3ayXa, OTJNYAOINIETOCS TI0 OT/IENb-
HbIM perumoHaMm 3emJi, ocoboe 3HaueHue puodpe-
TaeT OIeHKa BJIMSHUS XapaKTEPUCTUK KOMITOHEH-
ToB ropennst (TOILIMBA, BO3MyXa-OKMC/IMTENS) Ha
TOYKY POCBHI MPOAYKTOB cropanusi. C 3THX TO3U-
Uil B HacTosIiell paboTe BBITOJHEH CUCTEMaTHye-
CKMIT aHaJ M3 YKA3aHHOTO aCIeKTa MCIOJb30BAHUS
npupoaroro rasa (NG), a Takske COIMYTCTBYIOIIIX
BTOPUYHBIX TOIJIUB, MPOU3BOJANUMBIX B OT/EJb-
HbIX TEXHOJOIUSX UM YTUJIU3UPYEMBIX B Pas-
anunbix texnosnornax (derived (or recovered)
gases), no kuaaccuduranuu EUROSTAT [2]:
kokcosoro (COG) u gomennoro (BFG) rasos.

Vkpauna B 2016 r. ucnosbsosana 33,2 mapa mM3
HPUPOJHOTO Trasa, 4To Ha 4 % MeHblle, 4eM B
npeabiyiieM roay. IIpu 3ToM /Be TPeTH TOILINBA
— Ta3 cOOCTBEHHO# M00bIYM; €ro MCIOJb30BAHO
20,2 mapa m3. Eme 11,1 mupa M3 6bL10 3aKymie-
HO 3a rpanuneil: B Crosennmn — 9,1 mapa M3 u 1o
1,0 mapa M3 B Benrpuu u Ilonbme [3]. B cBssu ¢
MHOTOOOPa3leM MCTOYHUKOB TOCTABKH M COCTABOB
€BPOIEeCKUX MPUPOJIHBIX Tra3oB, cBoiictBa NG B
YKPAUHCKUX CETSIX MOTYT MEHSTBCS MO TEPPHUTO-
pUU CTPaHbl U BO BPEMEHH.

B ycroBusx muBepcuduKanuy UCIOIb3yeMbIX
TOILJINB, B TOM YHCJIE TIPUPOHOTO Ta3a PasimyHO-
ro TIPOUCXOKAEHUsI, GOJIbINOEe 3HAUYEHHE MPHOOpe-
TaeT BBIOOP, OIpe/esieHHe U CUCTEMHOE IPe/ICTaB-
JeHre Habopa XapaKTePUCTUK OCHOBHBIX Ta30BBIX
rtorsiuB. Baskueiiiune TpeboBaHus IIPU ITOM —
JIOJDKHAST HOMEHKJIATypa TEeXHWYECKUX XapaKTepu-
CTUK, JIOCTaTO4YHAs JJs noTpebureseil, U 4eTKO
OTOBOPEHHbIE UX 3HAUEHUS.

B macrosmee BpeMs B YKpawHe TOTOBUTCS
«TexHnuecknil perJaMeHT» Ha MPUPOJHBIN Tas,
MpU  COCTABJEHUU KOTOPOrO  TIPEIOJIAraeTcs
YUeCTb YKPAUHCKUN U 3apyOeKHBII OTBIT ¥ HOpMa-
THUBHbIE 3HAYEHUs MMapaMeTPOB rasa, XapakTepu-
gyioiux cocrosinne NG Ha pasHbIX dTarax ero Ie-
peMelieHuss — OT XpaHeHus ¥ IOJTOTOBKU K
TPAHCIIOPTUPOBKE B MATUCTPATHHBIX Ia30IPOBOIAX
JI0 UCIIOJIb30BAHUSI B IIPOMBINIJIEHHOCTH, KOMMY-
HaJIbHO-OBITOBOM CEKTOpE, a TaKKe TPH KOMIIPH-
mupoBanuu g [[BC.

[Ipupoanblil Tas He SBJSETCS €IUHCTBEHHBIM
BUJIOM Ta30BOTO TOILJIMBA, WCIOJb3YEMOTO B MHUpE
u B YKpauHe, B YACTHOCTH.

Ykpauna sisercs uaumboJpiiuM B EBporre
[POU3BOJUTENIEM U IOTPeOUTENIeM TeXHOJOTrnYe-
cxkux rasop (manufactured and recovered gases),
¢ ux obmuM ucnosabzosanuem 285500 T/Ixx (re-
pajpkoyas — 1012 [Iix) B 2012 1. [2]. OcHoBHbBI-
MU Ta3aMu 3TOW TPYIIIbI SBJISIOTCS JOMEHHBIH U
KokcoBbiii raspl. ITocaemnuii cogep:kut n0 60 %
H,, 49T0 ob6ecmeymBaeT MHHUMH3AINIO BBIOPOCOB
CO» Kak OCHOBHOTO TapHWKOBOTO Tasa. [lockosb-
Ky TpU CKUTAHUU JOMEHHOTO Traza o6pasoBaHue
OKCHUJIOB a30Ta MHUHUMAJbHO, TO BO3MOXKHBI BBIOOP
U ONTHUMH3AIMSI COCTaBa KOKCO-IOMEHHOTO Tasa
(Bo16op cvecn BFG u COG) no MUHUMYMY Bpe/I-
upix BbIOpocoB (COy u NO,).

BFG, COG u ux cMecu OTHOCATCSI K UYUCJTY
MEeYHBIX TOILIUB, a TAaKKe MCIOJb3YIOTCS /IS BbI-
paGoTKM HJIEKTPUYECTBA ¥ TEIJIOTHl B KOTeHepallu-
onnbix ycranoskax (CHP). ITo undopMarmu Kom-
6uHata «3armopoKCTa by, KOKCOBBIH W JTOMEHHBIIH
raspl IMOCTYIAIOT B CETU BJAXKHBIMHU, B COCTOSIHUU
100 %-ro Hacsimenusi. [IpegycMOTPEH OTBOJ KOH-
JleHcara u3 JUHUU CMEIIaHHOTO Ta3a.

Taxkum o6pazom, HyO MokeT y4acTBOBAThH B
mpoiieccax WMCIOJb30BaHUS TOIJINBA W €0 CXKHTa-
HUSI, TOCTYIAsi B TOIOYHbIE CHCTEMBI C TOILIUBOM,
okucaureseM (T0 ecTb B cocraBe roproveil cMecu
KaK MCXO/J[HBIX KOMIIOHEHTOB), a TaKkyKe Ipu o6pa-
30BaHMM Tapa B Pe3yJbTare XUMUYECKUX PEAKITHil
ropeaus. [Ipw aTOM TOYKM POCBHI TA30BBIX TOIJINB
U TOYKU POCHI MPOJYKTOB CTOPAHMS OTHOCATCS K
YUCJIY BAKHBIX XapaKTEPUCTUK JI060i TOMOYHOI
CUCTEMBbI, 3HAYEHUE KOTOPBIX JIOJUKHBI PerJiaMeH-
TUPOBATHCS HOPMATUBAMU.

KOHI[CHC&III/IH BO/JAHOIO mapa B ra3dax
U ra30BbIX CMECAX

Konpencamusi, Kak u oOpaTHBII eif mpoiiecc
UCHApeHus, OTHOCUTCSA K 4ucy (pa3oBbIX I€pexo-
noB I poma. [loxxap, cHer, poca, uHeit — cJeacrt-
BHe KOHJICHCAIIMM BOJIHOTO mapa B atrmocdepe.
Bojasnoit map renepupyercda M 3a cyeT HCIapeHUs
H50, u 3a cyer cxuranHuss BOJOPOJICOAEPIKAIINX
toriuB. TakuMm oOpa3om, B IPOIECCAX COKUTAHUS
TOILTUB BOJSHOW Tap MOKET TMOSBJIATHCS B TIPO-
JIyKTaX CTOPaHUS W3-3a BJIArOCO/Iep>KaHus TOTINBA
7 OKHUCJNTEJI, a TaKyKe 3a cUeT COOCTBEHHO XMMU-
YeCKOH peaKIUuy TOPEeHUs.

Kpome sHepreTHuecKux XapaKTepucTuk daso-
BBIX IIE€PEXOJIOB, OIIPE/IeNIsIEMbIX C IPUBJIEYEHUEM
METO/I0OB PAaBHOBECHOW XWMWYECKOW TepMOJMHAMMU-
KU ¥ 3HAYEHUN TepPMOJAMHAMUYECKUX CBOWNCTB WH-
JIMBU/IyaJIbHBIX BemnlecTB [4], BeposTHOCTD TIpoIiec-
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COB HCHApeHUs WM KUIEeHMSA-KOHJIEHCAllUU ollpe-
JlesIsieTcsl KUHETHKOHM (ha3oBbIX IEpexXo/10B.

YcraHoBJyieHa olpeeNdionias poJb TerjoMac-
corepeHoca B IpoIleccaX HUCHAapeHHusl OJAMHOYHOM
KAl SKUAKOCTH U 1ndPy3noHHOTO CTallnOHAPHO-
ro TOpeHus Karum torymBa. CJecTBUEM SBJSETCS
O/IMHAKOBBII B o6oux ciayuyasx (ropenus u wucra-
peHust) 3aKOH M3MeHeHWs auamerpa kaman d, 3a
BpeMst At=1 — 1¢ [O]:

d2€,0 - dZe = I( (T - To), (1)
rae K — koHcTanTa mcrnapenusi, He 3aBucdIas oT t;
nnzeKre «0» cOOTBETCTBYET HAYay OTCYeTa BPEMEHHU.

Konpencanus MoKeT OCYHIECTBJAATBCS Jn0O
Ha OXJAXK/IAeMbIX IOBEPXHOCTSX, JUOO BHYTpH
o6bema mapa (I1aporasoBoii, B TOM 4HCJe TTAPOBO3-
JYITHOW cMecn). B 1mepBoM ciydae, nmpu HoBepx-
HOCTHOW KOHJIEHCAIIUU, WMEET MECTO PEXUM ILie-
HOYHOW KongeHncauun (1 CMauyMBaeMbIX WJK
O UIBHBIX TTOBEPXHOCTEI), 60 PEKUM Ka-
nespbHON Kougencanuu (Ha HeCcMauyMBAEMBIX WJIN
o o6HBIX TTOBepXHOCTAX) [6].

B npucyrcTBUM HEKOHIEHCUPYIOUIMXCI Ta30B,
HalpUMep, B CJIydae BJIaKHOro Bosayxa (Bo3myx +
nmap) KOH/JEHCallis HAYMHAETCS TP JIOCTHKEHUH
[IaPOM y MOBEPXHOCTH OXJIAK/IEHUS TaplIHaJIbHOTO
JIaBJICHUI U TeMIIepaTypbl, COOTBETCTBYIOIIUX CO-
crosinuio Hachienust (Touka pocer tyeyw) [7]. s
Havajsa 00beMHOIl KOH/EHCAIUN T1ap J0JIKeH ObITh
CYIIECTBEHHO MEPEHACHIIIEH, YTO OIPEENsAeTCs OT-
HOIIICHUEM [IABJIEHUS Tapa Py K JIABJEHUIO HACDI-
MEHWST Pgyt MPU YCIOBUU Py,/P'sat > 1. Hagagso
KOH/ICHCAIIUU COOTBETCTBYET YCJOBUIO Py / Psat = 1,
TO €CThb OTBEYAET HACBIIIEHHOMY COCTOSIHUIO TIapa
BO BJIAJKHOM BO3/JyXe. B oTcyTcTBHE IIEHTPOB KOH-
JIleHCAIIMK T1ap MOXKET MePeoXJIaXK/aTbCsl HUXKE TOY-
Ku pochl [8].

Konpencanusa BoasiHOro Iapa, KOTOPbIH CO-
JEPKUTCS B MPOJAYKTAX CropaHus, COIYTCTBYeET
MPOIIECCY CXKUTAHUS TAa3000Pa3HOTO, SKUIKOTO MU
TBep/oro ToiimBa. KonjeHcalus BOASHOTO Iapa
MPOAYKTOB CTOPAHMS TTPOUCXOUT B KOH/ICHCAIH-
OHHOIl 30HE JBIMOOTBOJAIIETO KaHaJa KOTJA, T/e
TeMIlepaTypa MPOJYKTOB CrOpaHus tf CTAaHOBUTCSA
PaBHOII WJIM MEHbINEH TeMIlepaTypbl TOYKH POCHI:
tf] £ tdew = tsat- KOHAEHCATIMOHHAS 30HA B 3aBUCH-
MOCTH OT KOHCTPYKITMH KOTJa, PEKUMOB €ro pabo-
Tbl M JJINHBI /IBIMOXOJ/IOB MOJKET IepeMeIaThCs.
HernocpeacrBeHHo 1ocJie 1ycka KOHJEHCAIlMOHHAS
30Ha HAXOAUTCS BOJU3M KaMepbl CTOPAHUs, 110 Me-
pe mporpeBaHus JIbIMOXO/IOB IlepeMelaeTcs OT Ka-
Mepbl CTOPaHus K BBIXOIY U3 JbIMOXO/A.

PoJsib KOH/IeHCAIIUN BO/ISHBIX TAPOB IMPOAYK-
TOB CTOPAaHMS B TEIJOTEHEPUPYIONINX arperarax
JIBOSIKA.

C oiHOIl CTOPOHDBI, KOHJEHCAIIUST BOJSTHBIX TIa-
POB Ha CTEHKaX JbIMOXO/Ia TIPUBOUT K €r0 KOPPO-
3un u paszpymenuo [9]. [Ang HegomymieHust aTux
MPOIECCOB JIBIMOXO/IbI TEIJIOU30JUPYIOT, U3TOTaB-
JIUBAIOT M3 KUCJOTOYIOPHBIX MATEPUAJOB, YTO
YBEJUYNUBAET CTOMMOCTb KOTJIa B 11esiom [10].

C apyroii CTOPOHBI, KOHJEHCAINS BOISHBIX
MapoB TPOAYKTOB CTOPAaHUSA IO3BOJIICT MOJJYYHUTD
U HCIIOJH30BATH BBICHIYIO TEIJIOTY CTOPaHUS TOI-
guBa. BoagHoil map SBIsSeTCS BBICOKOIHEPTETHUUE-
ckM (OTHOCUTENBHO BbICOKOOHTAJBIIMHHBIM) KOM-
MMOHEHTOM TPOJYKTOB CTOPAHUS B CBSI3U C BKJIOUE-
HUEM B BEJIMYUHY SHTAJIBIUHM TEIJIOTHI MCIIapEeHUs
(latent heat — cxpwITOil TemmoThl mapooGpa3oBa-
HMS), 4TO BBI3BAJIO PACIPOCTPAHEHUE KOH/IEHCAIM-
ounprx KotyioB ¢ KIIJ[, mpessimaomum 100 % 1o
Husieil rensore cropanus [11, 12].

Crenyer oTmMeTuTh, uTo B Benumkobpuranum,
Hupnepnangax, beabrum, Ilseiiniapun, Ilopryra-
JIUM U JPYTUX €BPOIEHCKUX CTpaHaxX 3alpelieHo
MCIOJIb30BAaHIE Ta30BbIX KOTJOB, KPOMe KOH/IeHCA-
IMOHHBIX, /IJIF YCTPOUCTB MONTHOCTBIO 70 70 KBT
u Goitrepor o6bemom 10 500 i [13].

AHATM3UPYS TTPOIECC OXJIAMXKICHUS MPOYKTOB
cropanusl I0cJe Hadaja KOHJEHCAIUH, MOXKHO
YTBEpK/aTh, 4TO JJs1 OleHKN kosandectBa H5O B
Kasxoit u3 das (map, Boga) Hapsiy € CyXuMu
MPOJAYKTAMHU CTOPAHUS B MEPBOM TPUOTMKEHUH
MOJKHO OPHEHTHPOBATHCS Ha pacyeT ¢ IO3UIUU
TEPMOIMHAMUYECKOTO PABHOBECHUS CHCTEMBI.

Buaasksblii BO31yx

Bosayx — HeorbemseMmblil KommoneHT (OKuc-
JIUTENIb) B TIPOIECCAX COKUTAHUS PA3JIUYHBIX TOI-
JuB. ATMOC(EpHBIT BO3yX — 3TO CMECh CyXOTO
BO3/[yXa M BOJIAHOTO I1apa, a TakyKe Pa3jnyHbIX 3a-
rpsisHuTesieil (1blib, MPOMBDIIIIEHHbIE, TPAHCIIOPT-
Hble U Jpyrue ra3oBbie BbIGpochbr). CoctaB cyxoro
BO3/[yXa OTHOCHTEJIbHO CTAOMJICH: B HEM COJEPIKUT-
ca azota 78,08, kucaopoga 20,94, nHepTHHIX TAa30B
okosio 1 % (06.). Kpome Toro, B BO3myxe Bcerja
IPUCYTCTBYET BOJSHON Tap, KOTOPBIH MOXKET ObITb
B IIEPETPETOM, HACBHIIIEHHOM WM B CKOH/IEHCHPO-
BAHHOM B3BEIIEHHOM COCTOSHUY B BHJIE KaIeJbHOTO
win JiefsiHoro (Ipy OTPUIIATEIBHOI TeMmepaType)
tymana [14]. OTHocuTesbHAS BIQKHOCTD @,, a TaK-
’Ke aGCOJIIOTHOE BJarocozep:kamme Bosayxa d, sB-
JITIOTCS. BJKHBIMH XaPAaKTePUCTHUKAMHU COCTOSTHUS
BJIAKHOTO BO3/[yXa. YKa3aHHBIC MapaMeTphl Ompe-
JIeJISTIOT KOJIMIECTBO BOJSTHOTO TIapa B 3aBUCHMOCTH
OT TeMIepaTypbl BO3AyXa.

ITporiecc HarpeBa-OXJaXKACHNS BIASKHOTO BO3-
JyXa, peajnsyeMbIil depe3 CTeHKY, COOTBETCTBYET
YCJIOBHUIO COXPAHEHUS BJIArOCOAEP KaHWS TeTJIOHO-
cureast (d = const) B ormune or ciydasi, Koria
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HUMeeT MECTO CMeIIEeHHEe CPeJl U MPOIECC OTBeYaer
ycaoBuio coxpanenust sutanbimu (i = const).

ITpu oxJyia’kjJieHUH BJIAKHOTO BO3jyXa OT HC-
XOJAHOU TOYKU «b» [0 JIMHUEM HACHINIEHUS [PU
yeaosun dp, = const pocruraercst Touka pocbl (dew
point):

tgew = t (d}, = const, @, =100 %), (2)
a TP OXJAKIEHNU 0 JUHUN HACHIEHUS TIPH
ycsoBuu i = const JOCTUTAETCS TeMIiepaTypa MOK-
poro tepmomerpa (wet bulb (moist-bulb) tempera-
ture):
typ, = t (i, = const, @, = 100 %). 3)
3nech dp, i, — KOOPIMHATHI aHAJU3UPYEMOU
(6a30BOI1) TOUKM TIO BJArOCOAEPKAHWMIO M IHTAJD-
muu. CoorBercrBylomue 3HadeHus tyew, twh MOLYT
GBITH HAWIEHBI TEPMOTMHAMIYECKUM PACYETOM W
ompe/ieserbl Ha i—d auarpamMme BJIQKHOTO BO3/IyXa.

Ha puc.1 mpuBeeHsbl 3HaYEHMs] TOUKU POCHI 1
TeMIIepaTypbl MOKPOTO TEPMOMETPa arMoc(hepHoro
BO3/yxa-okucautess. Kak BUIHO U3 PHUCYHKaA, B
caydae Hacbimenust Bosayxa (¢, = 100 %) 3Have-
HUSI TOYKH POCBI U TEMIIEPATYPbI MOKPOTO TEPMO-
MeTpa coBmaganT. YeM MeHbIle OTHOCUTETbHAS
BJIQKHOCTb BO3/IyXa (,, TEM Pa3JMure MeKIy 3Ha-
YEHUAME TOYKH POCHI M TEMIEPATYPhl MOKPOTO
TepMoMeTpa GoJibllie. 3HAYEHUST TEMIEPATyPh
MOKPOTO TepMOMeTpa ObLIN OMPENETEHbl ¢ TTOMO-
mpio npusokenusi «Vaisala Humidity Calcula-
tor» [15].

[TosyuuBmuii MUPOBYIO HM3BECTHOCTH ITHKJI
B.Maiiconiernko [16—18] ocHoBan Ha peasusanun
IPOIECCOB OXJIAXK/EHUST CPe/bl 10 tqey BMECTO
twh, 4TO compoBoskaaercst pocrom KITJ] mporecca
nan ycrpoiicrBa oxJgaaxaenus. Ilockosbky typ, >
tdew, TO TIOHUKEHUE TEMIIEPATYPBI TEMJIOBOTO TIPHU-
eMHHKA JI0 TOYKH POCHI t{e, OOECIEUMBAET MOBBI-
menue KII/] mukaa Kapwo.
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Puc.1. 3aBucumMocTb TOYKN POCBHI tyey U TEMIIEPATYPbI MOKPOTO
TepMoMeTpa typ, BIQKHOTO BO3/yXa OT OTHOCHTEJIbHOI BJIAKHOCTI
¢, TIpn Temieparype Bo3ayxa t,, °C: 1 — 55; 2 — 35; 3 — 25.

Touka pocbl ra30B U NPOAYKTOB CrOpPaHus

Wcnomb3oBanue Ta3000pa3HOTO TOTJINBA —
HamboJiee JOCTYIHBIN IPOIecC TOJTYIEeHUs TETLIo-
BOIT HHEPTUU BO MHOTHX CTPAHAX, PACIIOJOKEHHBIX
B Pa3JINYHBIX KJINMATHYECKUX IMosicaX. Pannonasn-
Hasi OPraHW3aIns MPOIECCOB CXKUTAHUS Ta30BOTO
TOILJINBA B 3aBHCUMOCTU OT KJIMMATUYECKOI 30HbI
JIOJJKHA YYHUTBIBATH JIOKAJIbHbBIE XAPAKTEPUCTUKU
BJIAKHOTO BO3/lyXa, I0/IaBaeMoro Ha ropemue. Bo-
Jiee TOTO, BJIMSHNE KIUMATHYECKUX YCJOBHUil HA TO-
peHre 1 BbIGOD AJEKBATHON cXeMbl Iporiecca ad-
(PEeKTUBHOTO CXKUTaHUS W WMCIOJb30BAHUS KOHKPET-
HOTO TOIJINBa TpeOyeT ydera cOCTOSHHS atMocdep-
HOTO BO3/IyXa, a TaKyKe SHEPTeTHYECKUX U IKOJOTHU-
YEeCKMX XapaKTEePUCTHK TOPIOYETO ra3a U MPOAYKTOB
cropanust B ycioBuax ¢asoBbix nepexojos (map —
BOIa — JIeJl) NIPU HACBIIEHUH Ta30B.

Toproune Tas3pl (JOMEHHBI, KOKCOBBI, reHe-
PATOPHBIA W JP.) HPEUMYIIECTBEHHO TMOJYYaioT B
rOpSIYMX TEXHOJOrnvYecKux mporeccax [19, 20].
N3menenne a6CoOMIOTHOTO BJIATOCOAEPIKAHUS BO3-
JlyXa, KOTOPBIil HAIPaBJseTCS Ha TOpPEHHe, COOT-
BETCTBYET TeMmIileparypHoMy pexkumy or —30 10
+60 °C u OTHOCHUTEILHON BJIasKHOCTH OT @, = 20 %
no nacbrmenus (¢, = 100 %).

B nmpoaykTax cropaHusi BOJOPOCOIEPIKANTNX
ronams HyO copepskutcsas B rasopoii (map) u
auakoii (Boma) dpase, mmbo B 060MX COCTOSHHAX
onHOBpeMeHHO. MaccoBoe coorHolleHne ¢as
MOJKHO TII0JIaTaTh 3aBUCIIINM OT TEMIEPaTyphl.
Temmeparypa o1HO3HAYHO oOmpejessieT Mekdas-
HOe paBHOBeCHe NPH 33JaHHOM JIaBJEHWH IPOIeC-
ca (py = p = const).

B mpoaykrax cropaHusi HPUPOJHBIX Ta30B
Pa3JIMYHBIX MECTOPOKIEHUN COMEPIKUTCS OKOJIO
20 % (06.) HyO B Buae napa. Boaguoil nap ss-
JigeTcs OJIHUM U3 HamboJjiee 3HAYMMBIX KOMIIOHEH-
TOB MPOJYKTOB CrOPAHUS MTPUPO/HBIX Ta30B.

B Ta6n.1 mpepcTaBieHBl COCTaBBI €BPOTIEH-
CKMX TPHUPOJHBIX Ta30B U OGPYTTO-COCTABBI BJIAXK-
HBIX W CYXUX MPOAYKTOB cropanus [21].

O6mbemubie Dy m Mossipabie Dy f0oim KoM-
MOHEHTOB IMPOAYKTOB CTOPAHUS INPH JABJIEHUSIX
1-30 Gap coBmasaioT MPU PACCMOTPEHUU CMECH
MPOJAYKTOB M OT/AEJbHBIX KOMIIOHEHTOB KaK W/[e-
aJbHBIX Ta3oB [22]:

Dy,i = Dy,i = Dy (4)

ITO mpearnoJoKenue ¢ GOJBIIOH TOYHOCTHIO
(a6comoTHoe pacxoxkaenue poseir (KoHeHTpa-
MKu) KOMIOHeHTOoB cocTaiasier or 0 mo 0,08 %)
MOATBEPIKIAETCA IKCIEPUMEHTAJIbHBIM OIpe/eJie-
HUEM MOJISIDHBIX W OOBEMHBIX /10JIeil KOMITOHEHTOB
MPUPOJHBIX Ta30B B EBpore [22].
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Ta6smmna 1. Cocrabl eBpONEHCKUX NPUPOIHBIX TA30B M UX MPOAYKTOB CTOPAHUS

Erdgas H Erdgas L
XapaKTepuCTHKI
Nordsee Misch Russ. Holland ‘ Verbund ‘ Weser / Ems

Komnonenr, % (06.):

CHy 90,14 91,18 97,01 83,14 84,46 85,16

N 0,94 1,27 0,83 11,17 10,70 10,83

CO» 1,67 1,57 0,17 1,56 1,66 1,85

C»yHg 5,72 4,98 1,41 3,29 2,56 1,79

CsHg 1,13 0,74 0,43 0,53 0,39 0,24

n-C4Hyo 0,15 0,10 0,07 0,10 0,07 0,05

n-CsHy 0,03 0,02 0,01 0,02 0,02 0,01

i-CsHyo 0,04 0,02 0,01 0,02 0,02 0,01

neo-CsHyo < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 < 0,01

Cgt+ 0,03 0,02 0,01 0,07 0,05 0,03
Bbolcuag Temiora cropanus, KBr.u /M3 11,57 11,37 11,19 10,10 10,03 9,88
Husmras temnora cropanus, KBru /M3 10,45 10,27 10,09 9,12 9,05 8,91
Touka pocsr*, °C 58 59 59 58 58 59
Bnasknbie npoaykThi cropanust, % (06.):

CO» 9,9 9,9 9,7 9,8 9,7 9,7

H>O 17,5 17,5 17,8 17,4 17,5 17,5

N 71,7 71,7 71,7 72 71,9 71,9
Cyxue npoaykrsr cropatus, % (06.):

()} 12,1 12 11,7 11,8 11,8 11,8

Ny 86,9 87 87,2 87,2 87,2 87,2

* tgew — JUIS TIPOJIYKTOB CTOPAHHS C CyXHUM BO3/IyXOM.

Baxueiimeil xapakTepucTUKONH IIPOJAYKTOB
CTOpaHMs SABJSETCS TOYKa pochl [23] — Temmepa-
Typa, IPHU KOTOPOW HAYMHAETCS KOHEHCAIUs BO-
JITHBIX TIAPOB U KOTOPAasl OTJIMYAETCS OT TOYKH PO-
CbI BJIAXKHOTO Bo3ayxa ropenus [14]. Hauwmnas c
3TOW TeMIepaTypbl, BOJSHOW Tap CTAaHOBUTCI Ha-
coienrbiM (@ = 100 %) [24], a nporecc gaabHeii-
mero oxJaxjennst #Ha i—d gmarpamme MIPOXOAUT
no usoaunnu ¢ = 100 % [8, 24].

Touka pochbl SIBJISETCS HAJEKHBIM KPHUTEPUEM
BaaskHoctn (cyxocrn) rasos. Hampumep, orpuiia-
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Puc.2. Biusinue temneparypbr 100 %-ii BogopoaHoil armocdeps Ha
TOUKY POCBI B YCJIOBUAX OKHCJIEHUSI-BOCCTAHOBJIEHUS METAJLIOB

[25].

&
S

TeJTbHBIE 3HAYEHUST TOUKN POCHI (tgew < 0 °C) cBue-
TENBCTBYIOT O MAJOM BJIArOCOJAEPKAaHUM Tra3oB. B
ombITax [25] TexHoJorMYeckas razoBas arMocdepa
(100 % Hy) st mporeccoB GJIECTAIIET0 OT/KHUTA Xa-
PAKTEPU3YETCST UPE3BBIYANHO HUBKMME BJIAYKHOCTHIO
U TEMIIEPATyPOil TOUYKH POCHI, a TAaKyKe BBICOKOU BOC-
CTaHOBUTEJbHOI crnioco6HocThiO: [Hy],/[HyO]

= 100000 mpu tyew < —60 °C u [Hy]/[H,0O] =
= 10714 npu tyey < —45 °C coorsercrBerHo (puc.2).

Pacuer Touku pochl POAYKTOB CrOPaHHS
TOpIOYHX Ta30B

[lepeiimeM K ompeneseHNI0O TOYKU POCHI OT-
JIeJTIbHBIX Ta30BbIX cMeceii. Cie/yeT UMeTb B BUILY,
YTO BJIArOCOJIEPKAaHUE TTPOJAYKTOB CrOPaHUs CKJIa-
nbiBaetcst U3 HyO, 006ycJ0BJIEHHOTO MPOIECCOM
TrOPEHUs] U TIPUBHECEHHOTI'O COJEPIKUMBIM MCXO/I-
HBIX KOMIIOHEHTOB TOPEHMS: TOILJIMBOM U OKUCJIHU-
TeneM, npexjae Bcero arMocdepHbiM (BaXKHBIM)
BO3/[yXOM.

1. Jlng mposyKTOB CropaHusi ropioyero rasa ¢
BJIAJKHBIM BO3/yXOM 3ajlaibl Temiieparypa t, u or-
HOCUTEbHAS BJAXKHOCTD (0, BO3/yXa, ONpe/esiser-
cs1 ToJIHOE yaesibHoe Biarocojep:xkanne d'cp ¢ uc-
MOJIb30BAaHUEM CTEXHOMETPUUYECKUX YpPaBHEHUI TH-
ma (6). [l onpeaeseHnss TOUKH POCHI tay CAEIY-
€T UMeTb B BU/Y, 4TO NPU (DUKCHPOBAHHOM BJaro-
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CO/IEP’KaHUK TPOJIYKTOB cropanusi dcp 3Ta TOYKA
COOTBETCTBYET YCJIOBHIO:

PHZO = Psat (ta’ p)' ()

PaccmoTrpuM pacueTHyio Npoleaypy Ha TMpo-
creiileM npumepe. XuMuUuecKkas peaxius OKHCJIe-
HUg MeTaHa, HalpuMep, IPeACTaBJsAeTcda B CJe-
aytorieir popme:

CH, + 2% Oy + 7,520 Ny +
+(d, my gry/ M) HyO — COy +
+2H,0+2 (1) Oy +7,52 ANy +

+ (dd Ina,dry/l\/[HZO) H2O7 (6)

rje

)]

da Ina,dry/l\/[HZO = nHZO,a;

da = 0,622 Pa psat(ta)/(paTM T Pa psat(ta)); (8)
ma,dry =) (2 M02 + 7,52 A MNZ) = 9,52 Ma,dly 7\,, (9)

dep = Mo/ Mep ary = (o, cp/
/ncp’dry) (MH2O/MCP,dI’y) = (2 +
+ 0202) Mo/ (9524 = 1) Mep gy (10)

MCP,dI’y = Mco2+2 (7\,_ 1) M02 +7,52}LMN2 (11)

Pacuer TOUKM POCBI M BJArOCOJAEP)KAHUS MPO-
JIYKTOB CTOPaHUs METaHa B CJIyYae OKHCJIUTETS —
armMocepHOro Bo3ayXa — MpOBOAUTCA Ha 1 MOJIb
CHy (uim wa 1 kr metana Mcyy4) npu armocdep-
HOM JIaBJEHUM P = Pyt

Jlnst atMocepHbIX YCJAOBHUiT JaBIeHne BOJA-
HBIX [apoB, B TOM YMCJE B yCJIOBHSAX HACHIIIEHHS,
B IPOJAYKTaX CrOPaHUs B MPEINOJ0KEHNN COOTBET-
CTBUS OT/IEJIbHBIX KOMIIOHEHTOB M CMECH B IIEJIOM
COCTOSIHUIO HM/I€AJIBHOTO Ta3a MOKET OBITh I10JIyde-
HO U3 ypaBHEHUs:

Psat = PH20 = Patm Dv 120,CP = Patm (2 +
+0p20,2) /(9,52 4 + g, + 1.

(12)

ITO ypaBHeHHe MOKeT ObITh HCII0Jb30BAHO

JUISL OTIPE/IeTIEHNS TOUYKHI POCHI.
Takum ob6paszom,

Psat = f(tdew)' (13)

[Tocse ompeneneHnus Pgyr MOKET OBITh Haibije-

Ha TOYKAa POCHI PaccMaTpUBAEMOIl TApOTa30BOi

cmecu. CyImiecTByeT HECKOJbKO AMIHPHYECKUX

Ipe/ICTaBJIeHUHl 3aBUCHUMOCTH /laBJieHNs Hacbllle-

HUS OT TeMIepaTypbl, a Take TeMIlepaTypbl Ha-

CBIIEHUST OT JIaBJIeHUusI aporazoBoii cmecu. Opun
U3 CIOCOOOB TIPUBEJIEH B METPOJOTHIECKOM PYKO-
BojgcrBe «Guide to Meteorological Instruments
and Methods of Observation» Bcemupmnoii mereo-
posiornueckoii opranusaiun (World Meteorologi-
cal Organization) 3a 2008 r. [26].

JlaBjieHre HACBIIEHUST BOJSIHOTO I1apa BO
BJIAJKHOM BO3/[yX€ 3aBHCUT OT TEMIIEPATYPbl U pac-
CUUTBIBaeTCs 10 (hopmy.Jie:

Peat (P, 1) = 1(p) p'gye (), (14)
rae f(p) — dynkmma or o6mero gaBaeHHs CMeCH,
KOTOPasi OIPEIEIIeTCs] 3aBUCHMOCTHIO:

f(p) =1,0016 + 3,15-10°6 p — 0,074 p~1. (15)

CorslacHO yKa3aHHOW B 9TOM PYKOBO/ICTBE Me-
TOJIMKE, [ABJIEHUE HACBIIEHUS BOJSIHOTO Tapa pac-
CUUTBIBAETCS 10 (hopMy.Jie:

Pt () = 6,112 el7,62t/(243,12+6)  (16)
B ypasuenuax (14)—(16) temmepartypa 3aja-

€TCA B Tpajycax I_[eﬂbCI/IH, JaBJICHHE B T'€KTOIla-
CKaJIdX.

20—

—&— TabnuuHele gaHHble [14]
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Puc.3. 3aBucuMocTb /aBJeHNUA HACBIIEHHBIX I1aPOB Py, OT
TeMIIePaTyPbl BJIAKHOTO BO3/AyXa t, NP JaBJCHUU BJIAKHOTO
Bo3jyxa 1 arm.
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/laBieHre HACBINEHHOTO BOJSIHOTO Tapa Hajl
MOBEPXHOCTHIO BOJbI MOYKHO OINPEJAEJIUTD TI0 TPH-
BeJIeHHbIM (hOpMyJiaM B 3aBUCUMOCTH OT PaccMar-
puBaemoro auanazona temmepatyp [14]. dag na-
CbIIIEHHOTO BOJAAHOTO IIapa Ha/l IIOBEPXHOCTbIO
YUCTOHM BOJBI B AmManazoHe temieparyp ot 0 10
200 °C mpennaraeTcs MOJTNHOM:

In(pg) = Cy/T=Cy+ C3T +

+ C, T2 C5 T3 Cg InT, (17)

rae C; — xoncranta; Cy—Cg K03(pPUIUEHTDI
[IOJINHOMA.

TaGamynble W pacyeTHbIC 3HAYEHUSX W3 UCTOY-
HukoB [14, 26] rpaduyuecku comocTaBiaeHbl Ha
puc.3; pacxoskjeHne BeJmurH He Tpesbimaet 0,4 %.

2. Jlng ompeneneHNsS BJATOCOEPKAHUS TIPO-
JIyKTOB CTOPAHWS HCIIOJb3yeM CHCTEMY YpPaBHEHUIT
JlasbTOHA M COCTOSTHUST U/IeaTbHOTO Ta3a IS IBYX
YCJOBHO OT/I€IBHBIX KOMIIOHEHTOB CMECH BJIaXK-
HBIX TPOAYKTOB CTOPAHMUS: CYXHUX IPOAYKTOB CrO-
panna (CP,dry) u mapa (H,O,CP):

Patm = Py = PH20, cP T PCP,drys
Pr20,cp V = (Mo cp/Muo) RT;
Pcp, dry V= (mCP,dry/MCP,dry) RT, (18)

OTKyda CJeAyeT COOTHOHIEHUE [JIA TeMHepaTypHOfI
06J1acTH BbIIIE TOYKHU POChHI:

P120,cP/ (Pagm ~ PH20,cP) = 1 120,0P/
/Nep dry™ (Mo, cp Mep dry) / (Mo *
xMep gry) = dep Mep dry/ Mi20- (19)

Vpasuenne (19) MOJHOCTBIO aHAJIOTHYHO YPaB-
HEHUIO /IS BJIQYKHOTO BO3/yXa:

pHZO,a/pa,dry = nHZO,a/na,dry =
= (mHZO,a/ma,dry) (Ma,dry/MHZO) =

= da Ma,dry/MHZO; (20)
dy20 /Cp,dry = MH20,CP,/MCP,dry =
= M0/ Mcp,dry) (Pr20,0P/
/(Patm ~ Pr20,CP))- 2D

[To anaJiorW¥ € OTpeE/ETIEHNEM BJIArOCO/IePsKa-
HUS BO3/[yXa, B TOM ducJe aTMocdepHOTro, Tpe/-
JIaraeTcsl BJIArocojiepsKaHne TPOAYKTOB CTOPAHUS
PACCUNTBIBATh Ha EIMHUILY MACChl CyXWX TPOIYK-
TOB CrOpaHUsI.

Ha xpuBOil HachIleHUs MOXXHO OIPEIENUTD
TOUYKY POCBI tdew,cp Kak ynkumio dio,/cp,dry-
Jlyist oTbicKaHus abCOMIOTHOTO BJIATOCOEPIKAHUS
TaKXe MOXKHO HWCII0JIb30BaTh aAuarpamMmy Pamsumna.
dTa auarpaMMa B MEPBOM TPUOIMKEHUN MOXKET

ObITh HCIOJb30BaHA HE TOJIBKO JIJIsI PACYETOB, CBS-
3aHHBIX C HATPEBOM M OXJIa’KJAEHHEM BO3/yXa, HO
U IIPH pacyerax IMPOIECCOB TEILIO- U MaccooOMeHa
MEK/Y TIPOJYKTAMU CTOPAHUSI TA30BOTO TOILINBA U
Bojoit. [lorpemnHoctb B oripesieieHUN BJIArocojep-
JKAHUSL 10 CPABHEHUIO C BO3JyXOM He OyJeT Tpe-
BoImath 3,2 %, a OTKJIOHEHWE IMPH OIEHKE TEILIo-
cozepskanus He Oyzer npesbiiath 4,7 % [27].

B03MOXKHOCTD € HE3HAYNTENBHOI ITOTPEIIHO-
CTHIO WUCIOJB30BaTh i—d AmarpaMMmy COCTOSTHUS
BJIKHOTO BO3/yXa [JIsI BJAKHBIX IPOJIYKTOB CrO-
paHUsI TIPUPOJIHOTO Ta3a, 110 HAllleMy MHEHHI0, 00y-
cnosiena nogobueM Boipakenuii (10) u (21) us
ypaBHEHUI COCTOSIHMS 9TUX ra3oBbIX cMmeceil. Bims-
kue 3nadenuss dep u d, npu 3amannbix tep = t, u
JIABJICHUSIX CUCTEMBI P = cONSt 0OYCJIOBJEHDBI TIPU
atoM caabbiM (10 5 %) pasianuneM MOJEKYJIsAp-
HbIx Macc M, ~ Mcp (ra6a.2), npuuem M, =
= 29 Kr/KMOJIb.

Ta6iuua 2. MoJieKy IsipHble MaccChl IPOAYKTOB
cropaHuss Mcp NPUPOJHOIO Ta3a ¢ BO3IyXOM-
OKHCJIUTEIEM

Mcp

Koadpuunent

n30bITKA BO3/yXa A BO3AYX BIQXKHBIN

BO3/JyX CyXOii HaCBIIIEHHbIN

(t, = 25 °C)
1,0 27,68 27,40
1,1 27,76 27,46
1,25 27,87 27,55
1,5 28,05 27,66
2,0 28,37 27,88
3,0 28,87 28,22

Anajus P€3yJabTaTOB pacu€Ta TOYKH POCHI
MNPOAYKTOB CropaHus roproimx ra3oB

CorjiacHO TIPUBE/JIEHHOI BbIIIE METOMKE ObLI
BBITIOJTHEH PacyeT TOYKHM POCHI MPOJYKTOB Cropa-
HUS MeTaHa, TPUPOJHOTO Ta3a, JOMEHHOTO W KOK-
coBoro rasa (cyxme raspr). [ToayueHHble pesynbTa-
TBI TIpesicTaBiaeHbl HA puc.4—7. CocTaB NpPUPOIHO-
ro, KOKCOBOTO W JIOMEHHBIX Ta30B ObLJI TPUHST IO
JIAHHBIM KOMOWHATA <«3arnopoKCTadby. JTH Ta3bl B
3aBUCUMOCTH OT BPEMEHU T0/la UMEIOT Pa3Hble TeM-
nmeparypy, BJIaroco/iepskaHue W, KakK CJIeJCTBUE,
MaCCOBBIE COCTABDI; UX MOJYYAIOT U UCHOJb3YIOT B
TEXHOJIOTUYECKOM IUKJIe KOMOUHATA.

Tak, mo cooGieHnio KoMOmHATa <«3amopoXK-
CTaJib», TPHU PEKOHCTPYKIUK I[eXa XOJOIHOH Mpo-
KaTKN OblJa MPEeLyCMOTPEHA BO3MOXKHOCTD PAOOTHI
TEPMUYECKUX Tieueil Ha TPUPOJHOM rase WJu CMe-
ITAHHBIX Ta3axX. B seTHWT mepmon mpemgycMaTpuBa-
eTcs paboTa TEPMHUUYECKUX Tievyeil Ha KOKCO/OMEH-
HOHl cMecW, B 3UMHHUII — Ha TMPHUPOIHO-IOMEHHON
cMec. CpeiHETo/10Basi TeMIiepaTypa KOKCOBOTO Ta-
3a — 35 °C (Munumym — 20 °C, Makcumym —
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Koddduument n3deiTka Bo3ayxa A
B
Puc.4. 3aBHCHMOCTD TOYKH POCBHI ty., IPOLYKTOB CrOpamust
MeTaHa OT KoadduimenTa U30bITKA BO3/yXa TOPEHUS A C pas-
JMYHON uexoaHol Temneparypoii t,, °C (T,, K) :a — 25 (298);
6 — 35 (308); B — 55 (328); orHOCHTEIbHAS BJIAYKHOCTH aTMO-
cdeproro Bozayxa-okucautens @,, %: 1 — 100 (Braskubii Ha-
coimennbii Bosayx); 2 — 80; 3 — 60; 4 — 0 (cyxoii Bosayx).

45 °C), OTHOCHTeNbHAas BJIAKHOCTb Ta30B
100 % mpu paGoueii TeMieparype, CpeIHEroAoBast

Temiieparypa JoMeHHoro raza — 35 °C (Munu-
mym — 20 °C, makcumym — 65 °C), OTHOCHTEJb-
Hasg BAaxHOCTb — 100 % mpu paboueit Temiepa-

tType. Pacuernas Temrmeparypa IpHpPOIHOTO raza —
10 °C, ra3 cyxoii. B cooTBeTcTBUN € peskmMaMu pa-
60ThbI Teveil Ha KoMOWHATE Ha PUC.4—7 TpeacTas-

JICHBI 3aBUCHMOCTH TOYKH POCHI IPOLYKTOB CrOpPaHUs
Pa3MYHBIX TOIUTHUB OT KOA(PQHITHEHTA N30BITKA BO3IyXa.

B rta6s.3 mpezicTaBieH cOCTaB OTHEJNbHBIX TO-
PIOYMX Ta30B M TEXHOJOTMYECKUX TOIJIMB, a TaKXKe
ras, I[oJiydyaemblii mnuposmu3oM Ouomaccor [28],
KOTOPBIH COAEP:KUT 3HAUNTEIbHOE KosmdectBo HyO
(84,7 %), 4TO CYIIECTBEHHO BJIMSIET HA TOYKY POCHI.

AHATM3UPYST TOYKY POCHI METaHA W TIPUPOJTHO-
ro ra3a IMpU OJMHAKOBBIX TeMIepaTypax BO3/yXa
TOpPEHUs, MOXKHO BUJETb MX HE3HAYUTEJbHOE pac-
XOK/eHne. ITo 06YCIOBIECHO TEM, YTO MPUPOHDII
ras, /IS KOTOPOTO MPOBOJMJCS pacyer, B OCHOB-
nom conepskut metan (CHy = 93,5 %).

Ha puc.4—7 myHKTUpHON JWHUEH MOKa3aHa
TOYKA POCBHI MPOAYKTOB CrOpaHud TOIJIMBA B CY-
xoM Bosayxe (BoagHo#l map orcyrcryer). JInHnu
1-3 orHOCATCA COOTBETCTBEHHO K TeMIlepaTypam
TOUYKHM POCHI [IJIs HACBIIEHHOTO BO3AyXa ¢,
=100 %, 2 — 80 %, 3 — 60 %, (uua Bcex pucyH-
KOB). V3 PUCYHKOB BH/HO, Y4TO C YBeJUYECHHEM
TeMIIepaTypbl BO3/yXa TOPEHUS IOBBIIACTCS 3Ha-
YyeHue TOYKU POCbI, YTO CBA3aHO C yBeJUYeHUEM
napruaspbHoro nassenns H)O, a Taxxe abcoor-
HOTO BJIATOCO/IEPKAHUST BO3/yxa ropenus d, 1pu
(puKCcHPOBAaHHOII OTHOCHTEJNBHON BJIAXKHOCTU. Y Be-
mnyenne Koadduimenta n36bITKA BO3AyXa A ITIPHU-
BOJWUT K CHUKEHUIO TOUYKU POCHI tay. XapakTep
(cKOPOCTD) CHUKEHUS tey MPOAYKTOB CrOPAHUSA C
POCTOM A 3aBUCHUT OT KOJHMYECTBA BJATU B ITPOIYK-
TaxX CropaHusi, BHOCHUMOIl C BJIarOi BO3/yXa, U
H,O, ob6pasoBannoii B pe3yJbrare XUMHUYECKOTO
[peBpalleHusl BOAOPO/ICOACPKAIINX MOJIEKYJT.

YBesnuenue A NPUBOJUT K YMEHbIIEHUIO
KII/I temnoBoro arperata B 1enoMm. [loctpous rpa-
(puKn 3aBUCHMOCTH TOUKH POCHI tey OT KO3(u-
IUeHTa M30bITKA BO3JyXa A [JIS JEHCTBYIOMNUX
9HEPreTUYeCKUX YCTAaHOBOK, MOXKHO aHAJIU3UPO-
BaThb CYLIECTBYIOIIUI IIPOIECC CSKUTAHUS TOIJINBA
C LeJIbI0 IIOJYYEHMS HaWJIY4YlIUX I[IOKa3areJeil
(touka pocbl, KoaduimeHT U30bITKa BO3AYyXa,
KII/I) B 3aBUCMMOCTH OT METEOPOJIOrMYECKHX Ia-
paMeTpOB BO3/lyXa-OKUCJUTEJA: TeMIIepaTypbl H
OTHOCUTEJbHON BJIAKHOCTH.

[lyg BJAQXKHBIX TEXHOJOTMYECKUX Ta30B BO3-
MOKHA OIleHKAa BJIAroCOJEPKaHUSA IOCPEACTBOM
yKa3aHWsi Ha COCTOSIHWE HACBINICHUS Tas3a IpH
(ukcnpoBaHHbBIX Temneparypax tg = tor= tdew:

Ta6uua 3. KoMnoHeHTHbI cOCTaB ra3oB, HCHOJIb3yEeMbIX B TEXHOJIOTHYECKHX Tpoieccax, % (06.)

Tas | o, | oty o | it et m | co | co, [mol| N, | o,
[pupoaublii ras 93,53 4,62% - - - - - 0,56 - 1,29 0,01
JloMeHHbIIT ra3 - - - - - 3,62 25,37 19,45 - 51,56 -
KokcoBplii ra3 26,7 - - 2,6 - 57,1 2,90 4,20 - 6,50 -
T'as nuposmsa 6uomaccnr [28] 2,20 0,20 0,3 - 3,3 3,20 1,30 4,80 84,7 - -

* CyMMa Helpe/IesIbHbIX YIJIeBOI0PO/IoB B nepecuere Ha ataH (C,Hg).
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Psat (tdew) + Pg,dry = Py = s (22)
Psat/ (P~ Psat) = (Mpp0/ My gry) %
x (Mg dry/ Mi20) = di20,6 Mg dry/ Mi0; (23)
120/ Mg = Psar/ (P~ Pear) =
= dy20,5 Mg dry/ MHu205 (24)
di20,6 = (Psat/ (P~ Psat)) M0/ Mg d4ry); (25)
(26)

27)

M0 = dﬂzo,g Mg dry
ng ! ¥n; = XD; =1,

IpUYEM B cJjlydyae M/1eaJbHOTO Ta3a CIPABE/JINBO
Boipakenne (4).

[Tpu cpaBuenuu puc.6 u 7 715 TPOAYKTOB Cro-
paHusl paccMaTpUBAEMbIX TOIJIUB BHUIHO, YTO [JIS
JIOMEHHOTO Ta3a TOYKa pOCbl UMEET HauMEeHBIINEe
3HAYEHUS tiey. 1IpUM 9TOM KpuUBBIE MMEIOT HEGOJIb-
MIOH yroJl HakKJOHA 10 K03(hUINEHTY H30BITKA
BO3/lyXa. JTO CBSI3aHO C TE€M, YTO B COCTaBE JIOMEH-
HOT'O Ta3a MaJjlo BOJOPO/CO/EPIKAIINX KOMIIOHEHTOB
U BJara, BHOCHMad C BO3/JyXOM, HUMeeT He3Hayu-
TeJIbHOE BJIMSHUE HAa TOYKY POCHI IIPOJYKTOB Cropa-
HUS JIOMEHHOI'O rasa, [OCKOJIbKY MacCOBO€ CTEXHO-
MeTpuueckoe uncio Qg aasga BFG cymectBenno
MeHbIIle, YeM JIJIsT KOKcoBOro raza. OcobeHHO mpe-
BOCXOJUT (gt /IS IPUPOIHOTO Ta3a COOTBETCTBYIO-
myto Bennuuny 111 BFG 6osee, yeM Ha mopsiioK.

Ha puc.4—7 upexcraBiieHbl 3HaYe€HUS TOYKH
pOCBI TIPOJAYKTOB CrOpaHus Pas3JMYHBIX Ta30BbIX
TOIUIMB JIJIsI BJAKHOTO M cyXoro Boszayxa (reope-
THueckuil pacuer). Pasumia MeX/y 3HaueHUSIMU
TOYKH POCBHI MPOJYKTOB CTOPaHUS [IJIsI CYXOTO U
BJIAJKHOTO BO3/[yXa NP €0 OJMHAKOBLIX TeMIlepa-
TypaxX 3aBHCUT OT KOMIIOHEHTHOTO COCTaBa TOILIU-
Ba, a UMEHHO: OT JOJH BOJOPOACOIEPSKAIIIX KOM-
MOHEHTOB B TOTLIMBE, CTENEHU BJAKHOCTH TOILIHBA
u okucautens. M3 rpadpukoB BuIHO, 4TO HanbGOJIb-
nrasi pasHulla y JIOMEHHOTO Ta3a, a HauMEHbINas y
KOKCOBOTO Tasa.

UeM Bblllle 3HAUEHUE TOYKU POCBI, TeM Kpydye
3aBUCUMOCTb TEMIIEPATYPbl HACBIIIEHUS OT BJIATO-
coJlepsKaHusl IPOJYKTOB CrOpAaHud U TeM MeHblIe
pasanune tgew MEKIY CAYYASMU CYXOrO M BJIAXK-
HOT'O BO3/[yXa FOPEHMUS.

[TpaBuIbHOCTD MPOBEJECHHBIX PACYETOB MOATBEP-
JK/IaeT COBIIQ/IEHNE TIOTyYeHHbIX 3HAYEHUi TOYeK Po-
CBI TIPOJYKTOB CTOPAHUS TPUPOTHOTO Taza MpH A €
{1,0...8,0} ¢ mureparypubivu ganabiMu [29].

Ha pwuc.8 mpuBeseHa 3aBUCUMOCTb TOYKH PO-
Cbl OT OOBEMHOTO COJIEPXKAHUS BOJSHBIX TMapoB B
MPOAYKTaX CTOPAHNS.

[Tocrpoennbie rpaduku  (puc.4=7) pgaror
Ipe/icTaBIeHUEe O BO3MOXXHOCTH YTUJIU3AIUKM Tell-
JIOCO/IePKaHUS [POJYKTOB CrOpaHus B KOHTAKT-
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Koadduuuent u3bbitka Bosayxa A
B

Puc.5. 3aBUCUMOCTD TOYKH POCHI TIPOLYKTOB CTOPAHUS tgey OT
koaddunnenta n30bITKA BO3AyXa FOPEHNS A ¢ PA3HBIMU HCXO/1-
upiMu temieparypamu t,, °C (T,, K): a — 25 (298); 6 — 35
(308); B — 55 (328); orHOCHTEIbHAS BIAKHOCTH aTMOC(EPHO-
IO BO3/yXa-OKUCIUTENS ¢y, %: 1 — 100 (BrakHblil HacbleH-
ubiit Bozayx); 2 — 80; 3 — 60; 4 — 0 (cyxoii Bozayx). Tonm-
Bo — mpupoanbiii ra3, [CH,] = 93,5 %.

HbIX BO/JOHarpeBaTe/IiAX IIPpU IIPOBEACHUN Pa3JIn4d-
HbIX TEXHOJIOTMYECKUX IIPOIECCOB. YeMm BbIlIE HC-
XO/ZIHOE BJIaroco/lepskanue IpoAYKTOB CropaHu#d,
TeEM /10 60Jiee BBICOKON TEMIIEPAaTypbl MOJKHO Ha-
IpeTb BOJy B KOHTAKTHOH Kamepe [27].

Bemmunna toukn PpOChbl MMEET 3HaveHue A
OIIEHKHN 9HEPreTu4YeCKux BO3MOXKHOCTEN KOH/IEeHCa-
IUOHHBIX KOTJIOB, M60 HpPU TeMIIepaType yXOjsd-
IUX rasoB tey BbIIE tgey BOCIIOIb30BATHCA IIpe-
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UMYIECTBAMM CUCTEM KOHJICHCAIIUKM HEBO3MOKHO.
YyurpiBasg nepeMeHHble BO BpPeMEHH IapaMeTpbl
Bo3ayxa ropenus (t,, ¢,), Ha puc.9 MOXKHO ornpe-
JeJIUTh 06JIaCTh TPEATIOYTUTEIbHBIX TEeMIIEPaTyp
tex AT PAOOTHI KOTJIOB HAa PA3JIUYHBIX TOILIMBAX.
[Ipu moHMsKEeHNN TeMIepaTypbl BJKHON ra3o-
Boit cmecu mpu d = const yBesm4uBaeTcss OTHOCH-
TeJbHAd BJAKHOCTb, & HPU JOCTHXKEHUU QCp =

Touka pocel, °C
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Koodpuument u3bnirka Bozayxa A
B

Puc.6. 3aBUCHMOCTD TOYKM POCHI TIPOJAYKTOB CrOPAHUS tyey OT
Koaduimenta u36bITKA BO3/yXa FTOPEHUS A C Pa3HbIMH HCXO/I-
ubiMu temneparypamu t,, °C (T,, K): a — 25 (298); 6 — 35
(308); B — 55 (328); oTHOCHUTE/IbHAST BIAKHOCTD aTMOC(EPHO-
IO BO3JYXa-OKHCaUTENs @,, %: 1 — 100 (Baaxkubiii HACBIIIEH-
HbIT Bo3ayx); 2 — 80; 3 — 60; 4 — 0 (cyxoii Bozayx). Tommm-
BO — CyXOil gomenHblii raz (cM. 1a6a.2).

= 100 % durcupyercst TemiiepaTypa HACBIIIEHHUS,
HUJKE KOTOPOI TPOUCXOAUT KOHAEHCAIMS TTapoB
H»0O. B pesyabrare poaga HyO B xuakoii ¢ase
BO3pacTaer, a B razoBoii cokparmaercsa (puc.10).
O6mee coxepxkanue [HyOly = [H)O]y +
+ [HZO]V: ~
M0/ Mpyix = K=
= (DHZO/nmix) (MHZO/MmiX)'

Touxa pocsi, °C
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Koopduuuent uzbsitka Bosayxa A
B

Puc.7. 3aBucHMOCTb TOYKH POCBL IIPOAYKTOB CTOPAHUS tyu, OT
Koa(bunmenta 130bITKA BO3/yXa TOPeHHs A C Pa3HbIMH HC-
xoaubMu temieparypamu t,, °C (T,, K): a — 25 (298); 6 —
35 (308); B — 55 (328); oTHOCHTENBHAS BIAKHOCTD aTMOC(hep-
HOrO BO3jyXa-okucautens ¢,, %: 1 — 100 (Baaxubiii nacpl-
uennbii Bosayx); 2 — 80; 3 — 60; 4 — 0 (cyxoii Bo3ayx).
Tommeo — cyxoif KokcoBbIil ras (cM. Ta6.1.2).
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Baarocozepskanue degpd cp IIPM 9TOM ompejie-
JIIETCST TIO0 3aBUCUMOCTH [T KOHJEHCHPOBAHHOI
yactu HyO:

dy,cp =dcp — dy,cp- (29)

[lnsg pacyera paBHOBECHOI'O cOCTaBa IIPOYK-
TOB CTOpaHUs TIPU 33JaHHBIX 3HAYCHHAX TeMIlepa-
Typbl t U aBeHUs P, BKJIOYAs PasjiesibHOE OIpe-
nenenve [HoO] kak ogHoro u3 KOMIIOHEHTOB B
JKUJIKON M ra3oBoil (aszax, MCIoJb3yeTcs pelieHue
CUCTEMbI yPaBHEHUI TEPMOJNHAMUYECKOTO PABHO-
Becusi CHUCTEMbI U3 OTJEJbHBIX Ia3000pa3HbIX U
JKUJKUX KOMIIOHEHTOB TIPOAYKTOB cropanus [29].
ITOT TIOAXO/l PEATUIYETCS € HUCIOJb30BAHUEM TIPO-
rpammuoro Tipoaykta «FUELs, paspa6otannoro B
Wucruryre rasa HAH Ykpaunsr (pykoBoauTens —
npodeccop B.C.Copoxa).

Kak crnemyer w3 ornpejesieHUsT TOYKH POCHI 1
MOKa3aHO pacyeTaMi PaBHOBECHBIX COCTABOB IIPO-
aykroB cropatus (cM. puc.10), npu Temueparype
TOYKHU POCHI tyey cogepskanne HoO B sxuakoit da-
3¢ PaBHO HY.JIIO.

YcTaHoBJIeHO, 4TO TOYKA POCHI, onpeeseMas
no pone Dypo = nypo ny ! = pazo p! 1o kpu-
BOIT HACBIEHUS P20 = PH20,sat = {(tdew), € O
HOIi CTOPOHBI, W TI0 PACYeTy COCTaBa PABHOBECHDBIX
MPOJyKTOB CTOPAHNUs, KOT/A tyeyw OMPEIETSETCS 10
yea0BUO tgew = tmin ([HyOly, = 0), ¢ apyroii
CTOPOHBI, JIaeT MPAKTHYECKN COBIAJAIONINE 3HAUe-
HIA: tgar ® Tdew-

OJHEpPreTHYeCKnil aHaJIu3 TOMJINBOUCIIONb3YIO-
mero o6OPY/JOBaHUS BBITIOJHSAETCI B TePMHUHAX
nosHbIxX aHTagbnuii [31]. Ilpu atom BaskHelM
KOMIIOHEHTOM IIPOJIYKTOB CrOPaHUS BOJOPOJICO/IED-
JKAIIUX TOTLIUB €CTh BOJA, KOTOPas MOXKET ObITh B
naposoit HyO,v u B xuakoii HyO,w ¢azax. Iu-
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Puc.8. 3asucumoctb TOUKH POCHI Loy, MPOAYKTOB CrOPaHUA IIPH-
POAHOIO rada € CyXum BO3AYXOM OT COJAEpPKaHUA BOJAHDBIX Ila-
poB. Touku — pe3ysbTaThbl HAIIMX PACYETOB, CIJIONIHAST JIHHIS
— 1o ganupiM pabors [30]. Koaddunnent nzboitka Bo3mayxa A
s touek: 1 — 8,0;2 — 5,0;3 — 3,0;4 — 2,05 — 1,8, 6 —
1,5;7 — 1,3, 8 — 1,2, 9 — 1,1; 10 — 1,0.

Ta/bIIMU BO/IbI [IPU 9TOM OTJHMYAIOTCS HA BEJIMYUHY
TernoThl napoobpasosanus (kougencanuu) AH,:

(30)

[ToaToMy TIpu TIPOBE/IEHUH PacyeToB HEOOXO/N-
MO 3HATh KOJMYECTBA MoJel, MosapHyio (wmd ais
n/1eaIbHOTO Tasa 00bEMHYIO) W MACCOBYIO JIOJH Ka-
K01 n3 cocraasgionmnx (Gkuakoit, maposoit) HyO.
JlomoTHUTETHbHBINT BKJIQ B 9HTAJIBINIO TAapPOBOIS-
Hoit cmecm H»O, cozepskamuxcsi B paccMaTpuBae-

Ipov = Inoo,w = AH,.
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OTHOCHTeNbHas BIAXXHOCTh BO3AyXa, %
Puc.9. 3aBrcHMOCTb TOYKU POCHI tyu,, TTPOAYKTOB CrOPaHUs OT OT-
HOCHTE/JILHON BJIASKHOCTH @, aTMOCGHEPHOTO BO3/yXa-OKUCJIHTE-
s ¢ ucxoauoit remneparypoit t,, °C (T,, K): 1— 25 (298);
2 — 35(308); 3 — 55 (328); a — mpupoanblii raz, 6 — J0-
MEHHBIII Ta3, B — KOKCOBbIiI Ta3; A = 2,0.
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Puc.10. 3asucnmocts nodazosoro cozepxkannsa H,O or temme-
parypbl MIPOJYKTOB CrOPaHUs.

MOM Ta3e MCXO/HOH TOILTMBOOKUCJIUTEIbHON cMech
UM CMECH IIPOJYKTOB CTOPAHUsI B IIPOIECCAX rOpe-
HESI OKa3bIBAET BO3/YX-OKUCJIUTED.

CKOpOCTh TMOBEPXHOCTHOH KOHEHCAIUU TeM
BbIllle, YeM HUKEe TeMIIepaTypa IOBEPXHOCTH IO
CPABHEHUIO C TeMIIePATypOil HACBINIEHMS IPU 3a-
JannoM naBienuu. Hasuune B 06bekTe APYyroro
rasa Hapsay C HapaMu YMEHbBIIAeT CKOPOCTb IO-
BEPXHOCTHOW KOH/IEHCAITNN.

OO6beMHast KOHJEHCAINS OIpe/e/IsieTcsl cTere-
HBIO TTEPEHACHINEHNs Tlapa €, 3aBUCSIIEH OT OTHO-
HIEHUsT JIABJIEHUS Mapa Py K JaBJIEHUIO HACHITIEHUS
Psat (€ = Py/Psat)- Yem unnie nap (orcyrcrBue 3a-
poJbIlIell — LEHTPOB KOHAEHCALUN), TEM BbIIIE
JIOJKHA OBITD €.

[TpencraBnennas wHbOPMAIMSA YKa3biBaeT Ha
3HAUYUMOCTb ITapaMeTpa <«TOYKa POChI» KaK BasK-
Helfell XxapakTepucTuku (PasoBbIX MEPEXO0B ra-
30BOIl cpefibl. B CcBSI3M ¢ 9TUM TOYKA POCHI BKJIIO-
yeHa B HOBBIN <«TexHuyeckwii persiaMeHT Ha TIpU-
POJIHBIN Ta3 YKpanmHbl» KaK BaKHEHINi mapaMerp
€aMoro ra3a ¥ MpOo/[yKTOB €ro CrOpaHus.

BbiBo b1

Touka pochl tgew (Tdew) OJIHO3HAYHDII
KPUTEPUI JIJisI OIIEHKU BJIArOCOJEPIKAHMS Ta30B, Ta-
30BbIX cMeceil (aTMocdep) U MPOYKTOB CropaHus.
UemM MeHbllle a0COJIOTHAS W OTHOCHUTEJIbHAS BJIAXK-
HOCTb, TeM HIDKe tge, JI000OTO Tasza. [msg ciaydas
BO3/IyXa-OKUCJIUTEST TPU YBEJMUCHUN CTENCHU €TO
CYXOCTH TIOHMIKACTCH tey TPOAYKTOB CTOPAHUS.

BoimostHeH pacdeTHbIN aHATN3 BAMSHUS Xapak-
TEPUCTUK BO3/[yXa-OKUCJUTENS B IpoIleccax Tope-
HUA: KoadduimenTa n30bITKA A, TEMIEPaTypbl t,,
OTHOCUTEJIbHOI BIKHOCTU @, — HA 3HAYEHUE t ey
JUISL TIPOJYKTOB CrOPaHUsi IPUPOJHOTO, KOKCOBOTO
n jgoMeHHoro ra3oB. HecmoTps Ha TO, 4TO, IO
OTIpe/IeJICHNIO, TOYKA POCHI BIAJKHOTO BO3JIyXa CO-
OTBETCTBYET COCTOSHUIO HACBHIIEHUS, TO €CTh OTHO-
CHUTEJBHON BJIa)KHOCTH BO3ayxa ¢, = 100 % mpu
ta,dew, MPOMYKTBI CrOpaHusl MpHU TeMmreparype tcp

MOTYT HUMETb HEKOTOPYIO (DUKCUPOBAHHYIO TOYKY
POCBI TIPH BO3JyXe-OKUCJIUTENe ¢ 060 OTHOCH-
TesIbHOIT BaaskHOCTBIO @, € {0; 100 %} mpu ycioBu-
X, COOTBETCTBYIONIUX KOH/IEHCUPYIOTUMCS TIPO-
JYKTaM CTOpaHus — JJII BOJOPOCOAEPKAIIIX TO-
B, u npu 0 < ¢, < 100 % — mua TOIMB, He
COZIEPSKAIINX BOJOPO/I, CKUTAEMBIX B JIIOOOM BJIAXK-
HOM BO3yxe (TO ecTb KPOMe CyXOro COCTOSTHUSA).

Touka pocbl tqey CAYKUT IapaMeTpPoOM, OIIpe-
JIEJISTIONIMM CTeNeHb CYXOCTH Ta30B IIPH OIICHKe He-
00X0IUMOCTU UX TIPEBAPUTESbHON OCYIIKU [IJIsI
MCTIOJIb30BAHKS 110 OCHOBHOMY HAa3HAYEHWIO: IPH-
POJTHOTO Ta3a WJN JPYTUX TOIJIUB — TIepel] TPaHC-
IOPTUPOBKOI; TexHosorudeckux armocdep (3a-
MIUTHBIX, BOCCTAHOBUTEJIbHBIX, JHOTA30B, BOJIO-
POJICOJIEPKAIUX U JIPYTUX Ta30B M Ta30BBIX CHUC-
TEeM) — TIepeJA MCIOJIb30BAHUEM B IeYaX XHUMH-
KO-TePMUYECKOI 06pabOTKN MaTepUAJIOB.

BolmosiHeHbl pacyeTbl TOYKU POCHI tyey IMPO-
JIYKTOB CrOpaHus OCHOBHBIX Ta30BBIX TOILJIUB C
BO3/LyXOM Pa3JIMYHONH OTHOCHUTEJbHON BJIAXKHOCTH
¢,. 1lo Mepe TOBbIIEHUS @, TOYKA POCHI MPOJYK-
TOB CTOPaHUsI BO3PACTAET B CBS3U C IIOBBIIICHUAEM
[AapLUUATIbHOrO JIaBJEHUS BOJSHBIX I1aPOB PH20-
[Ipu aToM J711 TONJIMB C MOBBINIEHHBIM COZEPIKAHU-
eM Bojopoza (Hanpumep, IpPH CKUTAHUU KOKCOBOTO
rasa) B CJydYae HACBINEHHOTO COCTOSIHUSI BO3/Y-
Xa-OKUCJUTEsT 3HAUeHNE t(eo,, HamboJiee BBICOKOE.
[Tockosbky prao B IPOAYKTAX CropaHus IajaeT ¢
HOBbIIIIeHNeM M36bITKA BO3/yXa-OKUCIHUTENS A, TO
JUIsL TIPOJIYKTOB cropanus Oe[HbIX cMeceil A>1)
3HAYeHWEe TOYKU POCHI MOHMXKaeTcs. Uem 6oJibiie
nosist HyO B mpojykrax cropamusi, 06yC/JI0BJIEHHAS
OKMCJEHHEM BOJOPOCOJEPKAINX MOJIEKYJT TOTI-
JIUBA, TeM cu/bHee BiauAHue A Ha tgey. 1o oTOi
npuurHe Kpusbie Gosiee KpyTbie (Bbilie 3HAYEHUS
dtgew,/dA) ans cayuaeB CKUTaHUS TOIIMB C Cy-
xuM BosgayxoM-okucaurenem (@, = 0), yeMm npm
¢, > 0. Kpome Toro, B ciy4yae OMEHHOTO rasa
BIUSHNE W30BITKA BO3AyXa HA tdey MPOAYKTOB
CTOpaHUs CKa3blBaeTCsl HAMHOTO cJabee, YeM B
CIy9asgxX TMPUPOJHOTO M KOKCOBOTO Ta30B. JTO CBI-
3aHO C MEHBIUM COJIepKaHUeM B JIOMEHHOM Ta3e
BOJIOPO/ICOIEPIKAIINX KOMIIOHEHTOB.

AOGcCoTIOTHAST BJIQXKHOCTD BO3/yXa-OKHUCJIUTES
OKa3bIBaeT 3HAUYMMOE BJIUSHUE HA TPOIECCHI KOH-
JIeHCAIINI TPOJYKTOB CTOPAHUS BOJIOPOJICOEp Ka-
mux TorymB. IIpu cpaBHEHUN KOJMYECTBA BJATH B
MPOJIyKTaX CTOPAaHUsS MPUPO/HOTO ras3a /s TeMmile-
paryp Bozayxa-okucauress 273 u 298 K npu ¢, =
=100 % u A = 1,0 Brarocojiep:kanue yBeJUUUTCS
Ha 12 % npu T, = 298 K. AHa/u3 3aBUCUMOCTH TOY-
KU POCBI t ey OT KOa(pduImmenTa n3bbITKAa BO3IyXa A
IIPU Pa3HbIX €ro Temreparypax t, 1 OTHOCHUTEJIbHOI
BJIXKHOCTH @, [IJIS1 PA3JIMYHBIX TOPIOYHMX ra30B JlaeT
BO3MOKHOCTb TIPOTHO3UPOBATH IPOIlecC KOHJEHCa-
UM BOJSIHBIX TAPOB MPOJYKTOB CrOPAHUS B Pa3Jiny-
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HbIX JHEPreTHYecKUX YCTAHOBKAX, TO €CTb OLEHUTD
BJIMSIHUE METEOPOJIOTMYECKUX yeaoBuil (depes mapa-
METPbI BO3/LyXa-OKUCUTENsT) Ha 3B(HEKTUBHOCTD pa-
60TB! KOH/ICHCAITMOHHBIX KOTJIOB.

O mwm<»= Z8
|

>
s

Do o~
|

dew —
wb -

sat —
f. -

._..
|

cp -
dry -
atm -

mix —

st —
ex -

2 <M
|

YcaoBHbIe 0603HAYCHUS

Temriepatypa, °C, K

TIPUPOHBII Ta3

JIOMEeHHBIH Ta3

KOKCOBBIIT ra3

koapdunmenta n36bITKA BO3/LyXa
OTHOCHTEJIbHAS BIAKHOCTD BO3/IyXa, %
JIMAMETP KallJIU JKUJAKOCTH, MM

BpeMs, ¢

KOHCTaHTa UCTAPEHUs

nasienue, Ila

paarocogepxkanue, (kr soant) / (Kr cyxoro raza)
yjeabHas sHTaIbIusA, KK /Kr

Macca, Kr

MossipHas (MOJIeKyIIpHast) Macca, Kr,/KMOJIb
YUCJI0 MOJIeit, MOJIb

o0ObeM rasa, M3

YHUBepcaJbHas TazoBas nocrosunas, [[x / (kr-K)

KO3(DPUIIIEHT COOTHOIIEHUST MACChI BOIbI B IIPO/IYK-
Tax CrOpaHusi U 00Ieil MacChl MPOYKTOB CTOPAHHS

OJs

TerioTa napoo6pasosanus (KoHaeHcanm),
kJIK / KMOJIb
SHTAJIBIINS MAaCCOBOIO IOTOKA, K/[K /Kr

CTerneHb HaCbhIIIEHUA
MacCCoOBO€ CTEXMOMETPUYECKOE YUCJIO0

Nuaexcer

TOYKA POCHI

MOKPBIIl TEpMOMETP

BO3JLyX TOPEHHsI

BO/ITHOH T1ap

HACBIIEHHOE COCTOSTHIE

MIPOJYKTBI CrOPaHUsI

6a30BO€ COCTOSTHIIE

CyMMapHasi BeJM4YnHa

1pu pacuetax yepe3 0GbeMHbIE [I0IM KOMIIOHEHTOB
IIPU pacyeTax yepe3 MaCcCOBbIE 0N KOMIIOHEHTOB
i-if KOMTIOHEHT

MPOJYKTBI CrOPAHUs

cyxoii (orcyrcrBue BJaru)

atMocdeproe pasaenue, [la (pary = 101325 Tla)
ropiouuil ra3

CMeCh ra3oB

JKHUJIKOE COCTOSTHUE

nap

JUISI CTEXHOMETPUYECKON ropioveii cMecn

Ha cpese TOMOYHOH KaMepbl

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Crcoxk JsmrepaTtypbl

Copoxka b.C., 3rypcknii B.A., Xunkuc M.4. Husko-
3MHICCUOHHOE CIKUTaHWEe MO/IOTOBJIEHHBIX Ia30-BO3-
JYIIHBIX cMeceil B KaMepe ¢ PerpKyJIsSIieil IpoIyK-
toB cropanus / / Cospemennass Hayka — Vccaeno-
Banud, Unen, Pesyaprarsl, Texnonornm. — 2013. —
Ne 1. — C. 368—-374.

. Energy balance sheets data 2012. Eurostat statistical

book. Luxembourg, 2015.

Hadrorasz omny6ikyBaB OCHOBHI TOKa3HUKH JIisiJib-
HOCTi TasoBoro puHKy Ykpainum 3a 2016 pik. —
[Enextponnunit  pecypc]. — Pexum jgocrymy:
http: / /www.naftogaz.com.

TabGsuipl TepMOJMHAMUYECKUX CBOICTB /  [uymiko
B.II., I'ypsuu JI.B., Beprman I''A. n ap. — M. :
Hayka, 1978. — 327 c.

Bumpsamc ®D.A. Teopus ropenms. — M.
1971. — 616 c.

IIpoxopoB A.M. ®Dusnveckuii 9HIUKIONEIAICCKITI
caoBapp / T'n. pexn. A.M.IIpoxopos. — M. : Cos.
auImKI., 1984. — 944 c.

: Hayxa,

. Jlykanun B.H., Hlatpo M.T., Kamdep M. u ap.

Temnorexuuka : Yue6. A By3oB. — M. : Boicir.
mk., 2005. — 671 c.

Kaymmur X. CnpaBounnk no ¢usuke / Ilep. ¢ nem.
nof pea. E.M.Jleiikuna. — M. : Mup, 1982. — 520 c.
Marazees B.I1I. Kopposust ra30Boro Tpakta KOTEJIbHBIX
ycTaHoBOK. — M. : OHeproaromusiar, 1986. — 272 c.
Cocumn 10.I1., Byxapkun E.H. BoitoBbie meun, ka-
MUHBI M BojoHarpeBarenun. — M. Crpoitusnar,
1985. — 368 c.

3axapenko-bepessackas 0.A. YKpauHckuii pbrHOK
KOH/ICHCAI[MOHHBIX KOTJIOB. TeHAEHIINN U MTePCIeKTH-
Bl / / COK. — 2005. — Ne 9. — C. 10-16.
Bapabam B.II. Onepretuueckas 2(pdeKTHBHOCTD
KOHJ/IeHCAllMOHHbBIX KoTyoB / / HoBa tema. — 2012.
— Ne 2. — C. 55-38.

Directive 2009,/125/EC: of the European Parlia-
ment and of the Council of 21 October 2009 estab-
lishing a framework for the setting of ecodesign re-
quirements for energy-related products. — [Web re-
source]. — Access mode: http: / /eur-lex.europa.eu
Tapa6anos M.T. Buasknpiii Bo3myx : Crpas. 1oco-
6ue. — M. : ABok npecc, 2004. — 42 c.

Humidity calculations and conversions made easy.
— [Web resource]. — Access mode:
http: /' /www.vaisala.ru,/ru/suport / HumidityCal
culator / Pages /default.aspx.

Gillan L. Maisotsenko cycle for cooling processes
/' / Int. J. on Energy for a Clean Environment
(Clean Air). — 2008. — Vol. 9. — P. 47-64.
Jenkins P., Cerza M., Al Saaid M. Analysis of using
the M-cycle Regenerative-Humidification Process
on a Gas Turbine // Proceedings of ASME Turbo
2014, Dusseldorf, Germany, June 16—20, 2014.—
Dusseldorf : GTI, 2014. — 9 p.

Guillet R. The humid combustion to protect envi-
ronment and to save the fuel: the water vapor pump
and Maisotsenko cycles examples // Int. J. on En-



16

ISSN 2413-7723. Suepeomexnonozuu u pecypcocoepexenue. 2017. No 1

19.

20.

21.

22.

23.

24.

ergy for a Clean environment. — 2011. — Vol. 12.
— P. 259-271.

Copoka b.C. Vcnonbp3oBanne aqbTepHATHBHBIX Fa30B
C TeJIBI0 HKOHOMUHU MPUPO/HOTO Ta3a MPH OTOTLICHUN
BBICOKOTEMIIEPATYPHBIX arperatoB ,/ / BiaHosuio-
BasibHa eHepreruka. — 2010. — Ne 1. — C. 5—17.
Copoxka B.C., Kopuuenko A.B. Vcnonb3oBanne aib-
TEPHATUBHBIX TA30B C 11€JbI0 9KOHOMUM MPUPO/THOTO
rasa TpH OTOTLIEHUH BBICOKOTEMIIEPATYPHBIX arpera-
toB. Hactp 2. Onpeziesieniie 9HePreTHIECKIX XapaK-
TEPUCTUK AJbTEPHATHBHBIX Ta30BbIX TOILINB B YCJIO-
BUSIX 3aMellleHus1 Tnpupoanoro rasa /,/ Bigwos-
moBanbHa eHepretuka. — 2011. — Ne 4. — C.
62-75.

Anne Giese, Huseyin Yalmaz, Jorg Leicher, Eren
Tali. Development of a multi-fuel burner for opera-
tion with light oil, natural gas and low calorific
value gas // Heat Processing. — Nov. 2013.
Vol. 11. — Iss. 4. — P. 49-56.

25.

26.

27.

28.

29.

Eppensteiner S. Bright annealing technology for
higt-alloyed steel strip — a comparison of concepts
/ / Heat Processing. — Nov. 2015. — Vol. 13. —
Iss. 4. — P. 45-50.

Guide to Meteorological Instruments and Methods of
Observation. — [Web resource]. — Access mode :
https: / /www.wmo.int / pages / prog / gcos / docu-
ments /gruanmanuals /CIMO /CIMO_Guide-7th_Ed
ition-2008.pdf.

Cocnun 10.11. Konrakrubie Bosionarpesarean. — M.
: Crpoiinznar, 1974. — 359 c.

Ahmad Al-Halbouni, Anne Giese, Jord Leicher,
Klaus Gorner, Dieter Schillingmann, Hartmut
Schillingmann, Christian Huwelmann. Burner sys-
tem using entrained hot pypolysis gas from biomass
/' / Heat Processing. — Nov. 2015. — Vol. 13. —
Iss. 4. — P. 69-74.

Bornapenko B.U., Copoka B.C., Besyrmsrii B.K.
Meskdasnpiii - yraepoJooOMeH: TepMOJAMHAMUKA U

Kapn M.H., Copoxa Bb.C., [lamescknit JI./I., Ce- nporteccel mepenoca HBII. — Kwues : Hayk. gymxa.
mepunna C./l. IIposyKTbl cropanus IpUPOJHOTO Ta- — 2013. — 209 c.

3a TpM BBICOKMX TeMmmeparypax. — Kues : Texunka, 30. Flue gas dew point temperatures. — [Web resource].
1967. — 382 c. — Access mode: http:/ /www.engineeringtoolbox.

Asopcknit B.M., Cenesnes I0.A. CrnpaBounoe pyko-
BojicTBO 110 pusuke. — M. : Hayka, 1989. — 576 c.

Crab6nukos B.H., JIucanckuii B.M., Ilonkos B./I.
[Tporecchl W ammapaTbl MHIIEBBIX MPOU3BOJCTB. —
M. : Arponpomusaar, 1985. — 503 c.

31.

com / dew-point-flue-gases-d_1583.html
bap TI'./l. Texnuyeckas repmoamHamuka. — M. :
Mup, 1977. — 319 c.

ITocrynuna B pegakuuio 23.02.17

Copoxa B.C., doxm. mexun. nayx, npog., F'opyna B.B.

Incmumym easy HAH Ykpainot, Kuie
ya. Aeemsapiscoxa, 39, 03113 Kuie, Ykpaina,

e-mail: boris.soroka@gmail.com

AHani3 mpouecy KOH/eHcallii BOJSHOI mnapu
B ras3oBux artMocdepax Ta NPOAYKTaX 3ITOPSHHS

Bogsna mapa — HaiiBaksmBiIe po6oye Tio y TpoliecaX TeHepyBaHHS Ta TEePETBOPCHHS
eneprii. Bmicr HyO B razax ta razoBux cymimax e mipoo iX ocylleHHS B TeXHOJIOTIYHUX
mporiecax. HagBHicTp mapm B MOBITpi-OKHcAOBaui 3a6e3Meuye 3MEHIIEHHS YTBOPEHHS
NIKiVIMBUX PEYOBUH TIpu ropinHi. /[lag omiHkm HAOIVKEHHS BOJOTOi Tra3oBOi CHCTEMU
(nosiTps, razoBux cymimei abo MPOAYKTIB 3rOPSAHHA) [0 CTaHy KOHJEHCAIlii BUKOPUCTOBY-
IOTbCS TeMTIepaTypH, M0 XapaKTepu3yIoTh CTaH HACWYEHHS: TOUYKA POCH tdey TA TEMIIEpaTy-
pa MoKporo TepMoMeTpa tyl,. BCTaHOBICHO 3HAYCHHS IUX MApaMETPIB IS BOJIOTOTO IOBITPS B
3aJICKHOCTI Bl 6a30BOT TeMIIEpaTypH Ta BiIHOCHOT BOJIOTOCTI MOBITPsl. UUM HIDKYE 3HAUCHHS TEMIIC-
patyp tdew, twh, TMM mmupiia obsaacts icHyBanus HoO y maposiii ¢asi. /o yncia razoBux
namms, 3a kaacudikamieilo EUROSTAT, wmanesxars npupoaunii raz (NG), gomennuii ras
(BFG), kokcosuii raz (COG). IIpoBeaeno po3paxyHKH 3aJI€KHOCTI TOUKU POCH TIPOAYKTiB
sropsuisi NG, COG, BFG Bij xapaktepucTUK TOBITps TOpiHHS: KoedillieHTa HaJJIUIIKY
OKHCJIOBavya A, TeMmIeparypu t, Ta BifiHOCHOI BoJorocTi ¢,. Bcranosena touka pocu tqew
JUIS TIPOJIYKTiB 3TOPSIHHA IepepaxOBaHWX TAa30BUX IAJUB MPU CTAHAAPTHUX YMOBaX, 4Ki
npe/crapieni crexiomerpuanumu (A = 1,0) cymimamu 3 cyXuM HOBITPSIM: YHCTOTO METAHY,
NG, COG, BFG — signosizno 59,3; 38,5; 11,1; 61,5. Y Bumajgky BOJIOroro HaCHYEHOTO
noBiTps ipu Temiiepatypi 25 °C ToYKa pocu /I TPOAYKTIB 3rOPSHHS TIPE/CTABICHUX Tia-
JuB BianosigHo cranosutb 62,0; 61,5; 25,6; 64,0 °C. 3uaiineno yactku HoO y naposiii Ta
pizakiit dazax MPOAYKTIB 3TOPSIHHS NMPUPOJHOTO Ta3y B 3aJE€KHOCTI BijJi TeMiepaTtypu Mpu
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1.

ymogi, mo 100 %-it BMmict HyO y surasai napu (6e3 piakoi dasu) sianosigae remueparypi
nHacudennst (TOYIli POCU) NPOJAYKTIB 3rOPAHHSA, SKA CTAHOBUTH TIPU CTEXiOMETPUYHOMY
CTIiBBiZIHOMIEHH] «TOBITPs : Tas» 6amsbko 60 °C. biba. 31, puc. 10, maba. 3.

Kuawouosi caosa: armocdepne mosiTps ropinas (OKMcaioBad), BOJOTOBMICT TPOAYKTIB
3ropsiHHsi, abCoJIIOTHA BOJIOTICTb IOBITPsI, BiJlHOCHA BOJIOTICTbH MOBITPS, /JIOMEHHUN ras,
KOKCOBHI Ta3, MPOAYKTU 3TOPSIHHS, IPUPOJHUI ra3, TeMIleparypa MOKPOTO TEPMOMETPA,
TOYKA POCH.

Soroka B.S., Doctor of Technical Sciences, Professor, Horupa V.V.

The Gas Institute of National Academy of Sciences of Ukraine, Kiev
39, Dehtyarivska Str., 03113 Kiev, Ukraine, e-mail: boris.soroka@gmail.com

Analysis of the Process of Water Vapor Condensation
within Gas Atmospheres and Combustion Products

Water vapor is the most important working medium by the processes of energy genera-
tion and conversion. The H5O content in gases and gas mixtures serves as a standard of
their desiccation by technological processes. The presence of vapor in the air-oxidizer pro-
vides a reduction of harmful substances formation by combustion. The values characteriz-
ing the saturation state: the dew point tqey and the wet bulb thermometer typ tempera-
ture are used to evaluate an approximation degree of the wet gas system (any air, gas
mixtures or combustion products) to the condensation state. The values of these parameters
have been determined for moist air in dependence on the basic temperature and the relative humidity
of an air. The lower are the temperature values tgew, twh, the wider is the region of HyO exis-
tence in the vapor phase. The EUROSTAT’s gas fuels list includes the natural gas (NG),
blast furnace gas (BFG), coke oven gas (COG). Calculations of dew point values of the
combustion products for the gas fuels: NG, COG, BFG has been carried out in depend-
ence on the characteristics of the combustion air: the oxidizer excess factor A, the temper-
ature t, and the relative humidity ¢,. The dew point tgeyw values have been found under
standard conditions for the combustion products of the listed gas fuels, presented by
stoichiometric (A = 1.0) mixtures with dry air: pure methane, NG, COG, BFG. The tgeyw
values make — respectively 59.3; 58.5; 11.1; 61.5. In the case of saturated air as an oxi-
dizer at temperature of 25 °C, the dew point for the combustion products of the listed fu-
els makes the folloving values: 62.0; 61.5; 25.6; 64.0 °C respectively. The fractions of HyO
in the vapor and liquid phases of natural gas combustion products are determined as a
function of temperature by condition that the 100 % content of H»O in from of vapor
state (without water) corresponds to the saturation temperature (or dew point).This tem-
perature has value of about 60 °C for combustion products under stoichiometric air/gas
ratio. Bibl. 31, Fig. 10, Tab. 3.

Key words: atmospheric combustion air (oxidant), moisture content of combustion prod-
ucts, absolute air humidity, relative air humidity, blast furnace gas, coke oven gas, com-
bustion products, dew point natural gas, wet bulb temperature.
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