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We measure it. w

HacTosiee pyKoBOACTBO MpeasiaraeT Bam KpaTkuii 0630p napameTpos,
N3MEPUTENbHBIX 3a4a4 U UHXEHEPHbIX PeLleHuii B CEeKTope Hanagku u
06CNyXXMBaHUS CUCTEM OTOMMEHNsl. PYKOBOACTBO BKOYAET B Ce6S OTBETHI
3KCMEepPTOB Ha 4acTo 3afaBaemMble BOMPOCHI, BO3HUKAtOLLMe B npouecce
aKcnnyatauum npubopos. PekoMeHOaumy 0CHOBaHbl Ha OFPOMHOM OfbITe
nonb3oBaTenell M3MepuUTesbHbIX TEXHONOrUIN KomnaHuy Testo no Bcemy Mupy.

[aHHoe pyKoBOACTBO NpefHa3HaveHo AJis Toro, YTobbl NPefoCcTaBUTb HOBbLIM
nosib30BaTeNsiM Heob6xoANMble cBefeHUst 06 3MepeHun BbIGpocoB. [ns
OMbITHbIX CNeLVanMcToB B 0611acTy aHan3a AbIMOBbIX ra30B AaHHas 6poLutopa
CTaHeT LieHHbIM CNPaBOYHNKOM.

i3gaHne CaKOHOMUT Balln BPEMS U YCWUIUS, 3aTpadvnBaemble Ha MOUCK
NHopMaLMK B pasHbIX NCTOYHUKAX.

MbI ¢ pagoCTbto paccMOTpPYIM BCe BalUW UAEN 1 NoXenaHus. [MpocTo HanuwnTe
HaMm MO 3JIeKTPOHHOI noyTe Ha agpec info@testo.ru nnu noceTute Haw
odmumanbHbIA caiT www.testo.ru.

HoBble ngen 1 NpegioXeHnst HagyT CBOe JOCTONHOe MECTO B ClefytoLemM
n3gaHnm.

CoseT OupekTopos Testo AG

Bypkapt KHocne Jlotap Bannecep MapTtuH BuHkne
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Y10 nopgpasymeBaeTcs Nog “AbIMOBbIMU razammn”?

EouHuua nsmepeHus
ppm

I. YTo nogpa3ymeBaeTca noa “AbiIMOBbIMM rasamu”?

3HaunTenbHOE yBENMYEHNE KONMYECTBA NPOLECCOB CropaHns NpuBoauT
K eLLé 6onbLUEe KOHLEHTpaLMKN 3arpsasHSAIOLLMX BELLECTB B aTMOcdepe.
MpsiMbIMK NocneacTBUAMY AaHHbIX MPOLIECCOB SBMSIOTCH 06pa3oBaHie
cMmora, BbinafeHne KUCNOTHOro [OXASA, a TakXKe yJalleHne cryvyaeB
anneprum cpeamn HaceneHus. [ns Toro, YTobbl NPOM3BOACTBO SHEPTN
6bIN0 CONPSXKEHO C MHMManbHbIM YLLIepOOM A5t OKpy>KatoLLel cpefpl,
HeobxoAVMO B MNepBylO o4epedb YAENUTb BHUMaHWE BOMPOCY
cokpalleHnsi BbibpocoB B aTmocdepy. Hanbonee apdekTuBHbIM
CMOCO6GOM COKpALLIEHNS KONMYECTBA 3arPsi3HSIOLLMX BELLEECTB B AbIMOBbIX
rasax sIBNISseTCsl ONTMMasibHasi HacTpolika AENCTBYIOLMNX YCTaHOBOK 1
npekpaLleHne NCronb3oBaHNsa KOTNIOB, 0TpaboTasLuve radbl KOTOPbIX
SABNAOTCS SAOBUTBHIMU. AHANN3 AbIMOBbIX ra30B NO3BOJISET ONPEAENnTh
KOHLIEHTpaLun 3arpsAsHAOLLMX BELLECTB 1 MakCMManbHO 3hdeKkTuBHO
HacTPOWTb CUCTEMbI OTOMJIEHUS.

EQMHMLBI N3MepeHns

Hanuuve 3arpssHsIoLLMX BELLECTB B AbIMOBbIX ra3ax MOXXHO OMpPeaenTb
Mo KOHLEHTpaunm KOMMOHeHTOB rasda. OO6bl4HO UCMONb3ylTcA
crnegyolme eanHnLbl U3MEPEHUs:

MapameTp “ppm”

Kak n “npoueHTbl (%)”, AaHHbIN napameTp OnucbiBaeT MPOnopLuio.
MpoLeHTbl — 3TO “KONMYecTBO X YacTell B COTHe YacTeir”, a “ppm” — aTo
“konu4yecTBO X YacTell B MUIMoOHe YacTten”. Tak, Hanpumep, ecnu B
rasoBoM uunuHape cogepxmtces 250 ppm okcuga yrnepoga (CO), ato
03Ha4aeT, YTO ecnu B3ATb OAVH MWITIMOH YacTul, rasa ns unnHapa, To
250 13 atux yacTuy 6ygyT YactTuuamm okncu yrnepopa. OcranbHbie
999,750 4acTu, — 310 YacTuUbl Anokcuaa asota (NO2) n kucnopoga (O,).
EpvHuua namepeHus “ppm” — aTo He3aBUCUMbIN OT TemMnepaTypbl 1
[OaBneHns napameTp, KOTOPbI NCMOb3YeTCS NPY U3MEPEHUSX HUSKIMX
KOHLUeHTpauuin. B cnyyae ¢ 6onee BbICOKMMU KOHLEHTpaUusmMu
n3MepsieMble NapaMeTpbl MCHMCNSATCA B npoueHTax (%). Npeobpa-
30BaHMe BbINOJIHAETCS CNeayoLM 06pa3om:

10 000 ppm = 1% 10 ppm = 0.001%

1000 ppm=0.1% 1 ppm =0.0001%
100 ppm = 0.01%

KoHueHTpauusa kucnopoga 21% ot obbéma 6ygeT aKBMBaseHTHA
KOHUeHTpauwu, pasHoi 210 000 ppm O,.



mr/Hm® (“munaurpammoB Ha HOpManbHbIl Ky6omeTp”)

Mpu Ucnonb3oBaHUN eguHULbLI U3MepeHnst Mr/HmS, ctaHgapTHbIi
06bEM (CTaHgapTHble Kybuyeckue MeTpbl = M3 (H.y.) = Hmd)
MCMOJIb3yeTCA B KayecTBe KOHTPOMbHOW NMepemMeHHol, a macca
3arpAsHSIOLLEro rasa NnpuMBoAUTCS B MunaurpaMmmax (Mr). Mockonbky
[JaHHasi euHMLA U3MEPEHIISt 3aBUCUT OT AAaBNEHNst U TeMnepaTypbl, TO
B KayeCTBE KOHTPOJIbHOWN efuHMUbl UCMoNb3yeTcsi 06bEM npu
HOpMasbHbIX YCNoBUsiX. HopMasibHble YCNOBUSI COOTBETCTBYIOT:

Temnepatypa: 0°C
LaBneHue: 1013 mbap r(Ma)

TeM He MeHee, TONbKO 3TUX CBEAEHWU He[OCTaTO4HO, MOCKOJIbKY
COOTBETCTBYOWME OOBLEMbI [ObIMOBbIX [a30B W3MEHSTCA B
COOTBETCTBUMN C MPOMOPLMOHANbHLIM COAEPXAHNEM B HUX K/Ciopoaa
(MmeeTcs B BUOY 06bEM OKPY>KaKOLLLEro BO3AyXa Ha eguHuLy o6beémMa
ObIMOBbIX ra3oB). TakvmM 06pa3om, n3MepsieMble 3Ha4eHNs Noanexxar
npeobpal3oBaHnio B ONpeaenéHHbIi 06bEM KNCNOopoaa — aTanoHHoe
cofepxxaHue Kucnopopa (atanoHHoe conepxarue O,). Mpsamomy
CpaBHEHUIO MOAJIeXaT TONbKO AaHHblE C OQMHAKOBbLIMN 3TaSIOHHBLIMM
ob6bémamu kucnopopa. ViameperHoe cofepxxarue kucrnopopa (O,) B
ObIMOBBIX ra3ax TakXXe SBAeTCA HeO6XOANMbIM NPy MPeobpasoBaHnn
napameTpa “ppm” B “Mr/m”. ®opMysibl Npeo6pasoBaHUs Ans okcuaa
yrnepopa (CO) n okcupa asota (NO,) NprBOAATCA HUXe.

21 — aTanoHHbIi O,

CO (mr/m3) = —_— x CO (ppm) x 1,25
(21-0,)

21 — aTanoHHbIn O,
NO mr/u?) =| ——————| X2,05x(NO (ppm) + NO, (ppm))

(21-0,)
®dopmynbl npeo6pasosBaHus B mr/m?

Vicnonb3yemble B hopmynax koahpuumneHTbl COOTBETCTBYIOT
CTaHOaPTHbIM 3HAYEHNSIM MIOTHOCTY ra3os B Mr/mS.

We measure it. 2S10

EaonHuua namepeHns
mr/Hm




EonHubl namepexus

EnvHuubl namepenns
Mr/kBT-y4

“mr/kBT-4” (Munaurpamm Ha KBT/4 sHeprum)

[ns onpepeneHns KOHLEHTPaLUMIn 3arpasHSIOLLIMX BELLECTB B AibIMOBbIX
rasax B “mr/kBT-4”, pac4€Tbl NPOU3BOAATCSH Ha OCHOBE Koadhu-
LUMeHTOB ANs 3afjaHHoro Buaa Tonnvea. Takum obpasom, Ans
pasnu4HbIX BUAOB TOMMBA MPUMEHSIOTCS PasnyHble KO3 MULIMEHTbI
npeo6pasoBaHus. KoathduumeHTsl Npeobpasosanus “ppm” n “mr/m®”
B “Mr/kBT-4” npusogatcs Huxe. MNMepen npeobpasosaHnem B Mr/kBT-
Y N3MEpEeHHble 3Ha4YeHNsI KOHLEeHTpauuin BbI6pOCOB HEOOXOAMMO
npeo6pas3oBaTb B 3HaYeHNs ANs Hepa3baBeHHbIX AbIMOBbIX ra3oB
(copep>xaHne aTanoHHoro Bo3gyxa — 0%).

KoadhduupmeHTsl npeobpasosaHns 41t TBEPAbIX BUAOB TOMIMBA TaKKe
3aBUCAT OT POPMbI MMEIOLLIErocs ToMMBa (B BUAE LieNbHOro 6510Ka,
n3menb4€HHOro TOMMMBA, Mopowka u T.n.). Mo aTol npuynHe
ncrnonb3yemble KoaduumeHTbl Tonamnsa nogfiexxar TwaTenbHowm
npoBepke.

1 ppm = 1,110 mr/kB1-4 1 mMr/kBT-4 = 0,900 ppm

Cco 1mr/mM® = 0,889 Mr/kBT-4 1 Mr/kBT-4 = 1,125 mr/m®
NO 1 ppm = 1,822 Mr/kBT-4 1 Mr/kBT-4 = 0,549 ppm
X 1wmr/M® = 0,889 Mr/kBT-4 1 Mr/kBT-4 = 1,125 mr/m®

co 1 ppm = 1,074 mr/kBT-4 1 Mr/kBT-4 = 0,931 ppm
1mr/mM® = 0,859 Mr/kBT-4 1 Mr/kBT-4 = 1,164 mr/m®

NO 1 ppm = 1,759 mr/kBt-4 1 Mr/kBT-4 = 0,569 ppm
X 1mMr/M® = 0,859 Mr/kBT-4 1 Mr/kBT-4 = 1,164 mr/m®

Puc. 1: KoadhduuwmeHTsl npeobpasosaHns Ans eauHnL, U3MEpPEHNst SHEprin



We measure it.

KoMnoHeHTbl AbIMOBbIX ra3oB

Hmxe npnBOoAsATCA KOMMOHEHTbl AbIMOBbLIX Fa3oB B MOPSAKe
YMEHbLUEHNA X KOHLUEHTPpaunn B ObIMOBbIX rasax.

Asor (N,

A30T (N,) — OCHOBHOW KOMMOHEHT (79 06. %) BO3dyxa, KOTOPbIM Mbl

obiwmM. a3 6e3 LBeTa, 3anaxa 1 BKyca, He y4acTByoLLMIA B MpoLecce Asot
cropaHusi. OTOT ra3 HarHeTaeTcs B KOTEN B KayecTBe 6annacra,

HarpeBaeTCsi 1 NepeKka4ymBaeTcsi B AbIMOXOL.

TunvyHoe copep>kaHe B AbIMOBbIX ra3ax:
LunzenbHble/raszoBble ropenku: 78 % - 80 %

Yrnekucnbiii ras (CO,)

Yrnekncnbii ras — ato ra3 6e3 uBeTa M 3anaxa C KWUCroBaTbiM
npuBkycom. Mo BO34encTBMEM COSIHEYHOro CBETa pacTeHus C
3eM1E€HbIM MUITMEHTOM NNCTbEB - XIOPOMUAIoOM - nNpeobpasytoT
yrnekucnelii ras (CO,) B kucnopog (O,). B npouecce apixaHns nogei
N XKMBOTHBIX NMPONCXOANT 06paTHbIf NpoLuecc - npeobpasoBaHmne Yrnekucnbin ra3d
kucnopopa (O,) B yrnekucnbiii ras (CO,). 3TO NpMBOAUT K paBHOBECUIO,
KOTOpOEe HapyLllaeTCs MNpyu Hanny4um rasoo6pasHbiX MPOAYyKTOB
cropaHus, B pesyfibTare 4ero ycunmBaeTcs NapHUKOBbIN 3heKT.
MpepenbHoe noporoBoe 3HayeHme cocTtasnsetr 5000 ppm.
KoHueHTpauum cebiwe 15% oT o6bEma (150000 ppm) Bbi3biBatOT
ObICTPYIO MOTEPIO CO3HAHUS.

TunnyHoe cogep>kaHve B AbIMOBbIX radax:
[OunsenbHble ropenkn: 12.5 % - 14 %
["a3oBble ropenkun: 8 % - 11 %

BopasiHoi nap (Bna)HOCTb)

Copeprkalmiics B TONIMBE BOJOPOL COeAVNHSETCS C KICIOPOAOM, B

pesynbTaTe Yero obpasyetcsa soaa (H,0). Ms Tonnvsa oH BbIxoanT

BMeCTe C BOLOMW M NMofaBaeMbiM Ha ropeHue BO3OyXOM B Buge Bopopop,
cofepkalleincsa B ObIMOBbIX radax Bnaru (Mpu BbICOKMX 3HAYEHUSAX

TemnepaTypbl AbIMOBbIX ra30B ) UKW B BUAE KOHAeHcaTa (Mpu HN3KKX

3HaYeHVAX TeMnepaTtypbl AbIMOBbIX ra30B).




KoMmnoHeHTbI AbIMOBbIX ra3oB
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Kucnopop

Okecug yrnepopa

Okcup asoTa

Kucnopog (0,)

OcTaTo4HbIN KACIOPOf, HE UCMOJSIb30BaHHbIN B MPOLECCE CropaHus
BBUAY W3ObITOYHOro BO3Ayxa, “OoTXoamT” B BuAE ra3oobpasHbix
ObIMOBbIX ra30B 1 UCMOJIb3YETCHA A5 MOMHOTLI (3 eKTUBHOCTN)
cropaHusi. OH Tak>xe ncnonb3yeTcs Ans onpeaeneHns noTepb Tennaa
C ObIMOBbIMY ra3amiy U COAEP>KaHNs YrneKkncrioro rasa.

Tunun4Hoe copeprkaHune B AbIMOBbIX rasax:
OnsenbHble ropenkun: 2% - 5%
["a3oBble ropenku: 2% - 6%

Okcup yrnepopa (CO)

Okeng yrnepopga — aTo cogep kallmincs B BO3AyxXe SA0BUTLIN ra3 6e3
LBeTa 1 3anaxa, ABnsoLuincs NpogyKToM HeMosiHoro cropaxus. Mpu
BbICOKMX KOHLEHTPaUMsAX yrapHblA ra3 NnpensTcTBYeT NOCTYMNIeHWO
B KPOBb Kucnopoga. Tak, HanpruMmep, npu Cogep XaHun B BO3gyxe
nometyeHusi 700 ppm CO BAbIXaHWe Takoro BO3AyXa Ha NPOTSXKEHUN
3 yacoB NpmBOOUT K NleTanbHOMY ncxopy. NpegenbHoe noporosoe
3Ha4veHne coctasnseT 50 ppm.

TvnuyHoe copgepXXaHue B ObIMOBbIX rasax:
[OunzenbHble ropenku: 80 — 150 ppm
["a3oBble ropenku: 80 — 100 ppm

Okcupebl asora (NO,)

Mpy BbICOKMX 3HAYEHAX TeMnepaTypbl (Mpouecc cropanmst) asoT (N,),
NPUCYTCTBYIOLWMIA B TOMnuBe, 06pasyeT CBsA3b C KUC/IOPOLAOM,
cofepxatlemcs B Bosayxe (O,), B pesynbtaTe 4ero dopmupyercs
okeng asota (NO). CnycTa HekoTopoe BpeMsi faHHbI 6eCLBETHbIN
ras okucnsieTcs nog sosgenctenem kucnopopa (O,), B pesynbTare
yero o6pasyetcs auokeung asota (NO,). NO, — 3T0 BOLOPaCTBOPUMbIN
OblxaTenbHblA A4, BbI3bIBAIOLMN TAXKENOE MOPaXKeHUe NErKMxX npu
BObIXaHNN 1 CMOCOBCTBYIOLLMIA 06pa30BaHNIO 030Ha MO BO3AENCT-
BUEM ynbTpaduoneToBoro n3nyyeHus (conHe4Horo caeta). Komno-
HeHTbl NO 1 NO, HasbiBatoTcs okcupamm azota (NO, ).

Tunu4yHoe cogepXkaHve B ObIMOBbIX ra3ax:
[OunzenbHble/rasosble ropenku: 50 - 100 ppm




Anokcup cepsl (SO,)

Huokeng cepbl (SO,) — 3TO GeCUBETHBIN N TOKCUYHDIV ras ¢ PesKiM
3anaxom. 9ToT ra3 ob6pasyeTcs Npu HanaM4yuu B TOMSIMBE CEPbI.
MpenenbHoe NoporoBoe 3HayeHne cocTasnsieT 5 ppm. CepHucTas
kucnota (H,S0,) o6pasyeTcs B pesynbTare coefnHeHus ¢ Bogon (H,0)
WM C KOHOEHCATOM.

TunuyHoe copep>xaHve B ObIMOBbIX rasax Ans AN3eSbHbIX FOPENoK:
180 - 220 ppm

Bonee nofpo6HLle cBepeHNst 06 N3MepeHn KoHueHTpauuii SO,
NPUBOJATCA B TEXHMYECKOM pykoBogcTBe Testo, “AHanmns AbIMOBbIX
rasos B npombiuneHHocTn”, (Ne 3akasa 0981 2773).

Hecropaemsbie yrnesopgopopgsi (HC)

Hecropaembie yrnesogopopp! (HC) dopmupytoTcs B pesynbtare
HeMoJIHOro CropaHns 1 cnocobCTBYIOT 06Pa30BaHNIO NaPHUKOBOIO
appekTa. B gaHHyto rpynny exopat metaH (CH,), 6ytan (C,H, ) n
6eHzon (C4Hy).

TunuyHoe copgep>xaHve B ObIMOBbIX rasax anst AU3enbHbIX FOPENoK:
<50 ppm

Caxa

Caxa — a1o (npakTnyeckun) uncTtolin yrnepog (C), obpasytowuiics B
pesynbTaTte HeMoMHOro CropaHns.

TunnyHoe copep kaHne B ObIMOBbIX rasax ans An3esbHbIX FOPenok:

caxxesoe 4ucno 0 nnm 1

TBépAapble YacTuLbl

TBépable YacTuubl (Mblfb) — 3TO MENKNE Cyxue BeliecTBa, nepe-
OaBaeMble Mo BO3ayXy. Takme YacTuLbl MOryT ObITb CaMON Pas3nnyHon
¢dopMbl 1 NAOTHOCTU. TBEPAbIE YacTuLbl 06pasyoTca U3 nenna u
MUHEpPasbHbIX KOMMOHEHTOB TBEPAbIX BUAOB TONMBA.

We measure it.

[wnokcnp cepebl

Hecropaembie
yrneBonoposbl

Caxa

TBépable 4YacTuubl




CocTtas Tonnmea
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Il. CocTaB TonnmBa

OcHoBHble KOMMOHEHTbI TomnmBea — aTo yrnepog (C) u sopopop (H,).B
pesynbTaTe CropaHis aTyX BelecTs pacxogyeTcsa kucnopog, (O,).
[aHHbI NpoLiecc Ha3blBaeTCst OKMCEHNEM. V13 KOMMOHeHTOB BO3AyXa,
NayLero Ha ropeHue, 1 Tonansa o6pasytoTCst HOBble COeANHEHMS.

v

+

Puc. 2: CocTaB OobIMOBbIX ra3oB

Bosayx, nopgasaemblii Ha ropeHvie, cocTouT us kucnopopa (O,), asota
(N,) n He6oNbLIOrO KOMYEeCTBA OCTATO4HbIX Fa30B 1 MapoB BOAbI.
TeopeTuyeckunini 06bEM BO3ayxa, TPebyemblii 4Jisi MOSIHOro CropaHunst
(1,,.), OKasblBaETCSA HEQOCTATOUHbBIM Ha NPaKTVKe. [N OCTKeHNs
onTumanbHol 3hHEKTUBHOCTN CropaHnsi Heo6XoaMmMo obecnevmnTb
nogadvy 60nbLUEro KonMyecTsa BO3Adyxa Ha TEMOBON reHepaTop, Yem
TpebyeTcs TeopeTudeckn. CooTHOLWEHNE MeXAy (haKTUYECKM 1
TEeopeTNYeCcK HEO6XOAMMbIM KONMYECTBOM BO3[yXa Ha3biBaeTCH
“koadbdumeHTom n3bbiTka Bo3gyxa”, A (“nsméaa’”). MakcrmanbHas
3O HEKTUBHOCTb CropaHUsi AOCTUrAETCS MPY HEGOMBLLOM U36bITOYHOM
KONM4ecTBe BO3ayxa, Koraa COOTHOLLEH/E HECTOPEBLLIEro TonmBea u
noTepb Tenna C AbIMOBbIMW ra3amy SBASETCS MUHUMAaSIbHbIM.
Cnepytowaa mofenb npouecca CropaHus Spko AeMOHCTpUpyeT
BblLLIECKa3aHHoe:



@ 0
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Puc. 4: PearnbHblii npoLecc cropaHus

Buabl TBEpAoOro Tonnmsea

K Bupgam TBEpAOro TOMMAMBa OTHOCSITCS KaMeEHHbI Yrofib,
6UTYMUHO3HBIA yronb, Topd, ApesecuHa n conoma. OCHOBHbIMU
KOMMOHEHTamMN [aHHbIX BUAOB Tonnuea ssnstoTcs yrnepon (C),
Bofopon (H,), knucnopog (O,) 1 He6orbLLOe KoNU4ecTBo cepsbl (S) v
Boab! (H,0). Teépable BrAbl TONNMBA KNacCUMULMPYIOTCA B OCHOBHOM
no TEenJOTBOPHOW CMNOCOGHOCTW; HauBbICLIEN TEenJOTBOPHOM
Crnoco6HOCTbI0 06n1ajaeT yronb, 3atemM uayT 6UTYMUHO3HbBIN Yrofb,
Topd 1 gpeecuHa. OcHOBHON MPo6nemoii Npu UCNoNb30BaHUK
JaHHbIX BUAOB TOMMBa SBNSieTCs o6pa3oBaHne 60bLIOr0 KONMMYecTsa
nenna, TBEPAbIX YacTuL, 1 caxku. [Ans “oTcenBaHna” faHHbIX OTXOLOB
TpebyeTcsa Hanuye COOTBETCTBYIOLMX MEXAHNYECKNX NPUCNOCo6-
NeHnn (HanprMep, KOIOCHMKOBOW PELLETKN).

We measure it.

TBEppoe TONNMBO
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>Knpgkoe Tonnmeo

[[a3oob6pasHoe TonIMBo

Bupgbl XXUgkoro Tonavea

XKnpgkoe TonnmBo wuaBnekaetcs u3 HedpTun. HedpTb npoxognt
pasfnuyHble CTagun nepepaboTky Ha HedTenepepabdaTbiBaOLLMX
NPeanpusaTUsX, B pesynbTaTe 4ero nojlyvarT Nérkoe, cpepHee u
TSDKENOE XKNOKoe TonnNmBo. J1Erkoe 1 TsHkEnoe TOMMBO NCMOSb3yeTCs
B OCHOBHOM A1 CUCTEM OTonneHus. JIErkoe TOMnMBO LUMPOKO
MUCMNONb3yeTCH B MalblX TOMIMBOCKMUIaloWMX YCTaHOBKax B
NPOMBbILLIIEHHOCTW; CMEKTP €ro NMPUMEHEHNS UAEHTUYEH NPYMEHEHIO
OM3enbHOro TomnsvMBa (OKpalleHHoe Au3enibHoe Tonnueo). [lpu
MPUMEHEHNN TSHXKENOMO XXUAKOro TOMnMBa nocnegHee nogsepraercs
HarpeBaHWio C LieNblo OCTVXKEHUS XXAKOro COCTOosHUS. [ns nérkoro
>KMAKOro TOMSIMBA HarpeBaHns He TpebyeTcs.

Fa3zoo6pa3Hoe TonNAMBO

"a3006pa3Hoe TONNMBO — 3TO CMECh FOPHOYUX U He roproYrx rasos. K
rOPHOYMM KOMMOHEHTaM rasa OTHOCSTCS YriieBOAopPOAb! (Hanprmep,
meTaH 1 6yTaH), yrapHbiin ras (CO) n sogopog, (H,). MasoobpasHoe
TOMNSIMBO, NCMOJIb3YEMOE J1S OTOMSIEHUS HA CEroAHSLLIHUIA OEHb, 3TO
NPYPOAHbINA ra3, OCHOBHbIM KOMMOHEHTOM KOTOPOro SIBASIETCA METaH
(CH,). Hebonbluoe KonnyecTso Xunbix fgomos (10%) go cux nop
CHab>KatoTCcs GbITOBLIM ra30M, OCHOBHbIMU KOMMOHEHTaMMN KOTOPOro
asnaTca Bogopoa (H,), yrapHeii ras (CO) n metaH (CH,). OgHako
TennoTBopHasi CNocOOHOCTb ObITOBOrO rada B [Ba pasa Huxe, Yem
TEennoTBopHasi COCOBGHOCTb NPUPOJHOro rasa.



Ill. Fopenku

MpuHUMN pa6oTbl ropenku

[openka B coyeTaHun c Tennoob-
MEHHVKOM  UCMONb3yeTcs  Ans
NPOW3BOACTBA Ternsa. ATO O3HAYaET,
YTO ropsiyve ApIMOBble rasbl, Harpe-
BaeMble NiaMeHeM roperku, B CBOIO
oyepegp HarpesalT Body B
OTOMUTENILHOM 3MEEBIKE, KoTopasi
3aTteM nopgaétcs no Tpybam B
KavecTBe “TennioHocutensn” (Tenno-
nepefatoLLEelt XXUAKOCTLN) PasnnyHbIM
TOYKaM NnoTpebneHns (Hanpumvep, B
6aTapen). Puc. 5: MpuHumn pa6oTbl ropenku

"'\|L

”n CcUCTEMbI OTOMNeHns
TBEpAOTONNNBHbIE KOTAbI

B cnyyae c TBEpAOTOMMMBHLIMW KOTNamu cnepyet pasnunyarb
CHCTEeMbI, FAe B Ka4ecTBe TOMNMBa UCMONb3yeTCA APeBecuHa, yrofb,
KOKC W MPeccoBaHHbIN yronb. B TBEpaoTOnnMBHbIX KoTnax 80%
BO3[yXa, NAyLero Ha ropeHne, TpebyeTcst HenoCpPeACTBEHHO Ans
camoro npotecca cropaHus. 20% uayLiero Ha ropeHue sosgyxa
(BTOPM4HOrO BO3AyXa) NOAAETCs B OTpaboTaBLUME rasbl, NonyyYaemble
B MpoLecce cropaHusi, YTo obecneynsaeT onTyMalbHbIN NPOLECC
ropeHus. BropunyHbiii Bo3ayx TpebyeT npeasapuTenibHOro nogorpesa
BO n3bexxaHne oxnaxxaeHns AbIMOBbIX ra3oB (HEMOMHOE CropaHue).

CBeXwii Bo3ayXx, 1 1
rawéHHbIA Kn M
oGorawgél icnopopo! Lumoxon
_—

AbIMoBbIe rasbl 3acnoHka

TepmocTar

O6orpesaemMbli
BTOPMYHbIA
BO3AYX

Kamepa nopauu
Tonnuea

Bo3apgyxosop ans
npepaBapuT. Harpesa

BTopUYHbIit
BO3AYX

v |
MepBuUYHbIH
BO3AYX

|

Puc. 6: NpocTas KonocHnkoBas nevb

We measure it.

TBEPOOTOMIMBHbIE
KOT/bI
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ATmocepHble
ras3oBble ropenku

["a30Bble ropenkn ¢
MPVHYANTENBHOW TAroW

ATmocdepHbie ra3oBble ropenku

OCHOBHOE MPENMYLLECTBO ra30BbiX FOPESIOK COCTOUT B TOM, YTO B
npoLecce CropaHunsi B Taknx ropesnkax He o6pasyeTcsi LWNakos, 4To
[aeT BO3MOXKHOCTb 3KOHOMUM MPOCTPAHCTBA 3a CHET Kamep nogadqu
TOonnMBa. B YacTHOCTW, MPU MCMOMb30BaHNN aTMOCMHEPHbIX ra3oBbIX
rOPEeJsIoK 3a CHET BbITaNKVBAIOLLEHA CUMbl AbIMOBbIX ra30B MPOUCXoanT
BCacblBaHue 1 CMeLMBaHne Bo3ayxa, NofaBaeMoro Ha ropeHue, B
Kamepe cropanusi. TonnMBo-Bo3ayLUHas CMECh, CXXuraeMasi B kamepe
cropaHus, oThaéT Tensno Yepes TeMNNONPOBOASLLME NOBEPXHOCTH, a
ObIMOBOIA ra3 OTBOAWTCS Yepes PerynaTop pacxofa B AbIMOOTBO.
3apava ynpaseHunsi NOTOKOM COCTOWT B TOM, YTOGbI NpeaoTBpaTuTb
BO3MOXXHOCTb BfIMSIHUSI Ha MPOLIECC CropaHusi B ropesike 3a CHéT
NOCTYNEHNs AbIMOBbIX Fa30B U 06paTHOW TAMN.

T AbimoBbie rasbl

Perynstop notoka

TepmocTar 3acnoHka

Gonnepa

Tennoo6MeHHNK

; Tpy6a ropenku

~—— Bosayx,

Ha
ropeHune

Puc. 7: OTonuTenbHbIli KOTeNn ¢ aTMochepHO ropenkoi

Cuctembl OTOMJIEHUS C ANU3eNIbHbIMU WU Fra30BbIMU
ropenkKkamMmum ¢ NpuHyauTeNbHON TAron

Mpwn akcnnyatauuyn gaHHoro Bmaa oToNMTENIbHOro 060pyAOBaHMSA
TOMOYHBIN BO3AYX MOAAETCS B Niamsi rFOPesikKM C MOMOLLbLO
HarHeTaTens. [MOCKONbKy COBpPEMEHHble Ou3efibHble U rasoBble
rOPENnKN NMEIOT MPaKTUYECKN NAEHTUYHYIO KOHCTPYKLMIO, TO B ra30BOW
OTONUTESILHOI CUCTEME MOXKHO, HaNpUMep, UCMOJIb30BaTh COYETaHNE
ON3enbHbIX U ra3oBblX FOPENioK C MNPUHYOUTENIbHOW TArow.
MpeumyLLecTBO FOpPenoK € MPUHYAUTENbHON THAro COCTOUT B
HEe3aBNCMMOCTN OT TAMM AbIMOBbIX ra3oB, MEHbLUEMY CEYEHUIO
npiMoxopa, 6onee cTtabunbHOMY Mpoueccy cropaHus n 6onee
Bbicokomy KI[. Tem He MeHee, y HUX UMEETCA HEeLOCTaToK,
cocTosILLMIA B 6Onee BbICOKON IHEPrOEMKOCTN CUCTEMBI.



KoHaeHCcaLuMOHHbIe CUCTEMbI

B oTnnyne OT HW3LeR TennoTBOPHOW CMOCOBGHOCTW, BbiCLLAS
TennoTBOPHas CNOCOBHOCTb — 3TO KONNYECTBO SHEPruK, Nosy4aemoe
B XOA€ MOJIHOrO CropaHus TOMAnBa B COOTHOLUEHUN K KONMYeCTBY
mcnonb3dyemoro Tonmea. Huslwas TennoTsopHasi CnoCO6HOCTb — 3TO
KOIMYECTBO TEMOThI Mapa BOAbl, BblAeNsemMoe B MPoLiecce CropaHus,
MUVHYC KOIMYECTBO TenaoThbl NnapoobpasoBaHus. [1o aTon npuynHe
3HayeHve BbICLUE TennoTBOPHON CMOCOBHOCTN — NPUHLMMNUANIBHO
Bbllle 3HA4YeHUs HU3LWeEN TennoTBOPHOW cnocobHocTn. B
KOHZEHCAaLVOHHbIX CUCTEMaXx 1CMOoJb3yeTCA BTOPOMN TEMIOOOMEHHNK
Ans obecneyeHns coveTaHUs TenoTbl KOHAeHcaunyu ¢ TenioTomn
cropaHusi. 3HavyeHMss TemrnepaTypbl AbIMOBOrO rasa B
KOHAEHCAUNOHHbIX npuéopax — 3HAYUTENbHO HUXKE OObIYHbIX
TemnepaTypHbIX  3Ha4YeHUin B TPaAULMOHHBIX  CUCTeMax.
KoHAeHcaloHHble cucTeMbl paboTaloT Npy TeMnepartypax Huxe
CTaHAAPTHBIX  TemrepaTypHbiX 3Ha4YeHU  ObIMOBbLIX ra30B
OTOMUTENBHBIX cucTeM. [lononHnTenbHas (ckpbiTas) TennoTta
BbIAENAETCA 3a CHET KOHAEeHcauMmn napa BOAbl B AbIMOBbIX ras3ax.
TemnepaTypa, HXe KOTOPOIN COAepXaHune Bnaru B AbIMOBbIX razax
npespaliaeTcs B KOHAEHCaT, HasblBaeTcs TemnepaTypon
KOHAEHCaLMM 1 TOYKOI POChI. Y pasHbIX BUAOB TOMMBA TOHKM POChI
pasnnyHbl 1 COCTaBASAT NpUMepHo +58 °C ans NpupofHoOro rasa u
npumepHo +48 °C - gns gusenbHOro tonnmea. To4vka pochl Ans
NPVYPOAHOro rasa fOCTUraeTcs ObICTPEE MPU OXNAXKAEHN AbIMOBbIX
rasoB. OTo o03Ha4vaeT 6osiee ObICTPOE BblAeNieHNne TeNMoThl
KoHAeHcauun. Takum o6pasom, 3Heprus, MofyyYeHHas npu
MCMONb30BaHWM rasa - ropasfo Bbllle, HeXenu 4Yem npu
MCMoNb30BaHWM [u3eNibHOro TonnmBa. B KoHAeHcaunoHHoN
TEXHOJIOMMN NMPEUMYLLEECTBEHHO UCMOSb3YETCA ras, MockombKy npu
rOPEeHVN AU3enbHOro TONKBa BblAensaeTca ABYOKNCh cepbl (SO,),
npeobpasyemblii HYacTUYHO B KOHAEHCAT CEePHUCTON KWUCNOTbI.
MpuHMMas BO BHUMaHWe 06pPa3ylOLMIACA KOHAEHcaT, cuctema
[bIMOBbIX Fa30B AO/KHA OTIMHATLCSA YCTONHYMBOCTHIO K BO3AEVICTBUIO
Bnarv u KNCnoTbl.

We measure it.

KoHaeHcaunoHHble
CUCTEMbI
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¢ MocKonbKy aHeprus usmepsieTcsl Kak HU3LWas
TennoTBOpPHaA CNOCO6GHOCTb, 3Ha4YeHue KM moxer
6bITb 6onee 100 %.

* ByabTe BHUMaTenbHbl Npn namepenusax NO,:
nponopuynoHanbHoe cooTHoweHue NO k NO, moxeT
pocTuratb 50:50. A 3TO 0O3Ha4aeT, YTO 1A U3MepPeHUs
NO, He06X0AMMO BbIMONIHUTL OTAENbHbIE 3amepbl
KoHueHTpauuii NO n NO,.

OTBogHas Tpy6a

TAroi
f
K crop: n3
HepXaBelowwen cTanu
Tennoo6meHHuk 1
Tennoo6meHHMK 2
OTaywuHa ans
AbIMOBbIX ra3oB
KoHgeHcaTo- O6paTtHas Tpy6a
C60pPHUK

Puc. 8: KOHCTpyKLMsi ra30BOro KOHAEHCaLVOHHOMO KoTna



IV. MapameTpsbl

HenocpepacTBeHHO n3amepsieMbie napameTpbl
CaxxeBoe uucno

CaxxeBoe 4/CNo onpefenseTcs ¢ NoOMOLLbIo NPUGopa, CXOXKero ¢
BenocuneHbIM HacocoM. OnpeaenéHHoe KONYECTBO AbIMOBbIX ra3os
npoka4meBaeTcs HYepe3 6yMaXKHbIN (PUNbLTP onpefenéHHoe KoIMHeCTBO
pas. CTeneHb 4YepHOTbI MOJTYHEHHON TOYKM Ha ByMaXKHOM unbTpe
CpaBHMBAETCS C PasfNUYHbIMY 3HAYEHUAMN LUKaSbl CEPbIX TOHOB.
MonyyeHHoe caxkeBoe Yncso (no bakapaky) MoxeT 6biTb oT 0 go 9.
[ins ra3oBbIX FOPENOK Ca)KeBOe YNCIIO He ONpeaenseTcs.

HedTenpopaykTbl (0ocagku HedpTenpoayKTOB)

[Mpn HenonHOM cropaHuK NO MNPUYMHE HEJOCTATOYHOrO PacMbINeHNs
Hecropeslwwne yrnesogopopbl (HC) dopmupytoT OTnoXeHus Ha
6yMa>kHoOM (hunbTpe, NCMONb3YEMOM A1 ONpPeAeNneHnst CaXxeBoro
yncna. Takue OTNIOXKEHUSs MOXHO OOHapy>XuUTb BU3yaslbHO, a X
Hanu4yne — NokasaTb C MCNONb30BaHNEM PacTBOPUTENS (aLeToHa).

TemnepaTtypa okpyXawuiero sBo3gyxa (AT)
Temnepartypa okpy>karollero Bosgyxa

n3MepsieTcs Ha Bxoge ropenku. Mpu Th )
MNCMONb30BaHUN HE3ABUCKMbIX OT OKpY- \[
Xawolwero BO3dyxa ropenok Temne-
paTypa n3mepsieTcs B onpenenéHHomn

] [ ]
TouKe nopaloLLielt TPy6bI. ] 5) ”

Puc. 9: lamepeHne Temneparypsbl
B AbIMOXofe

TemnepaTtypa AbIMOBbIX ra3oB B ropsiuyeli Touke

TemnepaTypa ObIMOBbIX Fa30B U3MEPSIETCS B ropsiveli TOUKe
ObIMOBbIX ra30B. B aToN TO4Ke uMeeT MecTo Hambosee BbiCOKas
Temneparypa v KoHUeHTpauus yrnekucnoro rasa (CO,) n cambii
HUSKMIN ypoBeHb coaepxxarus Kucnopoga (O,).

We measure it.

CaxxeBoe 4uncno

[MpoayKTbl HENOMHOrO
cropaHus

Temnepatypa
OKpYy>KartoLLero so3ayxa

Temnepatypa ObIMOBbIX
rasos
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Tara

Okcupbl azoTa

LaBneHne

BbiTankuBawluwjasa cuna/Tara AbiMOBbIX ra3oB

B cuctemax c ecTecTBeHHON TArol BbITA/IKMBAOLLAA CUna Uan Tara
ObIMOBBbIX ra30B ABMIETCSH OCHOBHbIM (haKTOPOM, 06yCnaBnBatoLLyIM
NPOXOoXKAeHNe AbIMOBbIX ra30B Yepes AbIMOXop,. MNoCKObKY MIOTHOCTb
ropsi4Mx oTpaboTaBLUMX ra30B HUXKE NOTHOCTY XONOAHOIO BHELLHEro
BO3AyXxa, B AbIMOBON Tpybe cOo3[aéTCs 4YacTUYHbIA BaKyym. ITO
HasbiBaeTcs TAron. B pesynbTarte TArM NponcxoAnT BCacbiBaHue
OKpY>KatoLLero Bo3gyxa 1 npeopfosieHne conpoTUBIEHNA CUCTEMBI 1
ObIMoOBOW Tpybbl. B cuctemax nop pasneHnemM COOTHOLUEHUEM
[aBneHnii B AbIMOBOW Tpy6e MOXKHO NMpeHe6peYb, MOCKONbKY B AaHHOM
cny4ae ropesika ¢ NpuHyaNTENIbHON TAro CAMOCTOSTENIbHO CO30aET
[asneHve, HeobxoaMMOoe AN OTBOAA AbIMOBbIX ra3os. B ycTaHoBKax
[aHHOro TUNa MOXXHO MCMONb30BaTh AbIMOBYIO TPYOYy MeEHbLUEero
anameTpa.

Okcupebl asora (NO,)

V3amepeHre cogeprkaHns OKCAOB a3oTa — 3TO Crocob NPOBEPKM Mep
no obecrnevyeHnto apPeKTUBHOCTN CropaHns, HanpasfeHHbIX Ha
CoKpalLLleHe BbIOPOCOB OKCULOB a3oTa ropesikamu. TepMuH “okcrppl
asgota” (NO,) osHa4aeT obLee KonmyecTso MoHokcuaa asota (NO) n
anokenpga asota (NO,). B manbix ropenkax (B otiudvne oOT
KOHAeHCaUMOHHbIX KoTnoB) cooTHowweHne NO n NO, Bcerga ocTtaérca
noctosiHHbIM (97 % NO 1 3 % NO,). Takum 06pasom, cofepxaHiie
okcupos asota (NO, ) 06bl4HO paccynTbIBAETCS MO MOKasaHWsIM
n3mepeHnin cogeprxkaHunst MoHokeuaa asota (NO). MNpu HeobxogMmocTy
Mosly4YeHNst TOYHbIX Pe3ynbTaToB uamepeHuin copepxxaHms NOy
nNpoBOAATCS 3aMepbl CoeprkaHust MoHokcuaa asota (NO) n guokenga
asota (NO,), a nony4yeHHble NoKasaH!s CKnaablsatoTCs.

[OaBneHue notoka

Mpy NpoBepke rasoBbiX rOPENoK HeOH6XOAUMO N3MEPSITL AaBheHne
rnoToka rasa B nogatoLuei Tpybe, a nosy4eHHoe 3Ha4YeHe cpaBHBaTb
CO 3HaYeHNEeM, yKasaHHbIM Npon3BoauTenem. [ins aToro npoBoauTcs
na3mMepeHune gnuddepeHuranbHoro gaesneHust. lNMonyvyeHHble 3Ha4YeHNs
ouddepeHLmansHOro AaBneHns UCNob3yTCA ANS PErynmpoBKy
OaBneHnst PopCyHOK ra3oBblX KOTIOB/rOPENOK, Npy 3TOM MOLLHOCTb
YCTaHOBKM “MOAroHseTcs” nof TpebyemMoe Konm4eCcTBO BbiAensiemMoro
Tenna.



PaccuuTbiBaembie napameTpbl

OcHoBHble (hOpMynbl, Ha OCHOBE KOTOPbIX PaCCHUTLIBAIOTCSA
crepytoLme napaMeTpbl, BKIOYas KpaTkue NosSCHeHUs, NpMBoaaTCS
B [Mpunoxennu.

MoTepu Tenna ¢ AbiMoBbIMU rasamu (qA)
(pacuyé&Tbl N0 HeMeLKUM cTaHaapTam)

[MoTepu Tenna ¢ AbIMOBbLIMU rasdamyl — 3TO pas3HULA MeXZy YPOBHEM
TENNOTbl AbIMOBbIX Fa30B M YPOBHEM TErMNoTbl BO3AYyXa OKpy KatoLLel
cpefpbl OTHOCUTENBHO HU3LLEN TENNOTBOPHON CNOCOBHOCTU TOMMBA.
Takum 06pa3om, 3TO U3MePeHNe YPOBHS TeMoTbl AbIMOBbIX Fa30B,
NPOXOAALMX MO AbIMOXoAy. Yem Bbille ypoBeHb MOoTepb Tenna c
raszamu, TeM Hke KM n, CooTBETCTBEHHO, CTeNeHb NCMOSIb30BaHNS
3Heprun, 4To B pes3ynbTaTe NPUBOAUT K MOBbILIEHHOMY YPOBHIO
BblIGPOCOB HarpeBaTenbHON YCTaHOBKN. 10 3Tol NpnyHe HEO6XOAUMO
coKpaLLaTb NnoTepw Tenna ¢ AbIMOBbIMU razamu B ropenkax. Onpepenvs
cofepXXaHve K1Cnopoaa 1 pasHuLy TemMnepaTtyp AbIMOBbIX Fa3oB U
BO3[yxa OKpY>KatoLLel cpefibl, MOXKHO paccymTaTb KoahnLNEHTbI
noTepb Tenna ¢ AbIMOBbIMM ra3ami st ONPefenéHHbIX BUAOB TOMMBa.
B uensix nposeaeHnst pac4ETOB BMECTO COAEPKaHS KNCTOPOAa MOXHO
1cnonb3oBath KoHueHTpauuto yrnekucnoro rasa (CO,). 3amepbl
TemnepaTtypbl AbIMOBbIX a3oB W COAEPXXaHUs Kucnopoga uam
yrnekucnoro rasa (CO,) cregyeT NpoussoanTb OAHOBPEMEHHO B OfHOA
N TON >Xe Toyke. ONTyManbHas HacCTPOWKa CUCTEMbI OTOMMEHUS Ha
OCHOBE pacy4éToB MOTepb Tenna C AbIMOBbIMY ra3amu siBAsieTcs
rapaHTViein NMosIoXKUTESNbHbIX Pe3ybTaToB.

1 % noTepb Tenna ¢ AbIMOBbIMM radamu = 1 % fJon. Tonavea unm
MoTepn aHepruu/roq = MoTepu Tenna C AbIMOBbIMU rasamu/
notpebneHne Tonnmea/rog,

[ns HarnsgHoCTV NpyUBOAYMM CREAYIOLLMI MPUMEpP:

PaccuntaHHbIl ypoBeHb NoTepb Ternna ¢ AbiMoBbIMM razamm= 10 %
MoTtpebnenne Tonnmea/rog = 3000 n NErkoro AnM3enbLHOro Tonamea
[MoTepu aHeprum cooTBeTCcTBYET NpMepHO 300 n nérkoro
On3enbHOro Tonnmea/rop,

KoHueHTpauus yrnekucnoro rasa (CO,)

YpoBeHb KOHLEHTpauum yYriekucnoro rasa B [AbIMOBbIX rasax
yKasbiBaeT Ha 3 deKTBHOCTbL paboTbl ropefnku. Hawusbicliee
copepxaHune CO, ¢ HeGOMbLIMM KONIMYECTBOM N36bLITOYHOMO BO3AyXa

We measure it.

MoTepwn Tenna c
[ObIMOBbIMY radamu
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Yrnekucnblin ras

Nambpa (M)

(NonHoe cropaHue) roBOpMT O MWHUMANbHBLIX NMOTEPsiX Tenna C
ObIMOBbIMM razamu. [Ons Kaxnoro Bupa TorjvBa CylecTByeT
MaKcrMasibHO BO3MOXXHbIN ypoBeHb copepxarus CO, B AbIMOBbIX
razax (CO, MaKc.), onpegensaembiii Mo XMUHECKOMY COCTaBy TOM/VBa,
KOTOPbI HEMb3s MOMYYNTb Ha MPaKTUKE.

3HauyeHus CO,MaKc. AN pasnuyHbIX BUAOB TOMmBa:

- JIérkoe ou3. TonnmMBo 15,4 06.% CO,
- MNpupopaHbIn ra3 11,8 06.% CO,
- Yronb 18,5 06.% CO,

3HaueHus CO, MaKc. 1 ypoBeHb COAePKaHNs KNCopoaa B AbIMOBbIX
ragax MOryT GblITb VCMO/b30BaHbI Ans pac4éra KoHueHTpauumn CO, B
ObIMOBbIX rasax.

KoaddpuumeHT nsboiTka Bo3ayxa A

Heobxogumblil ansi npolecca cropaHusi KUCNopog nopaétcs B
YCTaHOBKY CUCTEMbl W3 BO3Ayxa OKpyxawouen cpegpl. Ons
obecneYyeHnss MosHOro cropaHusi TpebyeTcsi ropa3go Gonbluee
KONIMYECTBO KNCNopoaa, Hexxenn npegycMoTpeHO TEOPETUYECKN.
CoOTHOLLEHME N36bITOYHOIO BO3AyXa, MAYLLEro Ha FOPeHue, 1 Teope-
TUYHECKN HEOBXOOMMOrO Ero KONM4ecTsa HadblBaeTCst KOAhDULNEHTOM
n36biTka Bo3ayxa A (Jlamépaa).

A

Hepoctatok Bo3ayxa

rasos

Cmecb
Tonnueo/Bo3ayx
e

Tpaums

NagaynbHbili pabounii guanas

K

1 -
A=1 N36bITOK so:myxa'

Puc. 10: Ouarpamma npotiecca cropaHus

KoaddunumeHT n3bbiTka BO3Ayxa OnNpeaenseTcs No KOHUEeHTpauusam
CO, CO, n O,. 3TN cooTHOWeEHNsA NpeacTaBneHbl Ha uarpamme
npouecca cropanus (cMm. Puc. 10). B npouecce cropaHust Kaxxablii n3
yposHein CO, cooTseTcTByeT onpeaenéHHomy yposHio CO (npu Hepo-
ctatke Bosgyxa/ A<1) nnu yposHio O, (Npu n3bbiTke Bosayxa/ A>1).



3Ha4veHne CO, ABNsAeTCA MakcuMMasbHbIM U HE MOXET ABNATbCA
penpe3eHTaTBHbIM 3HaveHueM. B cuny atoro obcTosiTenbcTsa
TpebyeTca nposefeHue samepos CO wmm O,. MNpu pa6ote ¢
N306bITOYHLIM BO3AYXOM (H.y.) Ha CEropHsALHWA fOeHb ABNSeTCH
npeanoYTUTeNbHbIM onpeaeneHne yposHsa O,. [Ina kaxgoro suaa
TOMMBA CYLLECTBYET OTAENbHAA AnarpaMmma 1 COOTBETCTBYIOLLEe
3HadeHune CO, makc. (cM. MNMpunoxexue).

O6wwmii KNA,

O6wwin KMNA - ato K, paccymTaHHbIn Ha OCHOBE aHann3a TOJIbKO
yAeNbHOW TennoTbl AbIMOBbIX FA30B MPU OTCYTCTBUM B NOCNEAHEM
napoB Bofbl. TakM 06pa3oM, B pacHET NPUHUMAETCS TOSIbKO HU3LLIAs
TEnnoTBOPHasi CNOCOGHOCTL TOMMBA.

CymmapHbiin KNg

CymmapHsbin KM — ato K[, paccyntaHHbil Ha OCHOBE aHanmsa
NoTeHLManbHOM TennoTbl NApOB BOAb! B AbIMOBbIX rasax. Takum
obpasoM, npu pacyéTe noTepb Temnna C AbIMOBbIMU rasamu
NCMNOJIb3YyeTCA 3HayeHue BbICLUEN TEMNOTBOPHON CMOCOGHOCTU
TOonMBa.

TeMmnepaTypa TOYKMN poChbl

TemnepaTypa TOYKM POChI rada — 3To Temnepartypa, Npu KOTOpom
napbl BOAbl, COAEP>KaLLMECs B rase, NepPexoasT B XKIAKOE COCTOSHYE.
Takoll nepexop HasbiBaeTCA KOHAeHcauuen, a obpasyloljascs
>KMAKOCTb — KOHAEeHcaToM. [Mpu Temnepatype Huxe Temneparypbl
TOYKWM POCHI Bflara HaxoAWTCA B >KWAKOM COCTOSHUW, a Mpu
Temneparype BblLLe TO4YKN POChbl — B ra3006pa3HoM. [Tprumepom MoxxeT
CNyXUTb 06pasoBaHWe W WCHE3HOBEHVWEe TymaHa WM pPochl.
TemnepaTypa TOYKM POChI ONpefensieTcs Nno ypoBHIO BIIAXXHOCTU:
3Ha4eHne TemnepaTtypbl TOHKY POChI BO3[yXa NpY YPOBHE BNAXKHOCTM
30 % cocTasnset npumepHo 70 °C, a 4N Cyxoro Bo3ayxa npuv ypoBHe
BnaxxHoctn 5 % — Bcero 35 °C.

50%

40% -

309 ——

209

109
vk | | |

0° 10°  20° 30°  40° 50° 60° 70°

Touka pocsl, °C

YpoBeHb BnaXHocTh, %

Puc. 11: 3aBucumocTb Bnarocofep>xaHusi Bosgyxa oT TeMnepaTypbl TOHKN
pocbl (oaBneHve Bosayxa: 1013 m6ap)

We measure it.

KMA,

Temnepatypa TO4YKM pocChl
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LLar 1

LLlar 2

V. Ba3oBble nsmepeHus AbIMOBbIX ra3oB

AusenbHbie U ra3oBble ropenku

N3mepeHune TemnepaTtypbl OKpyXKawlen cpeabl

30HA, oT6oOpa Mpo6bl ycTaHaBNMBAETCS Ha BXOAe ropesku, u
NPOU3BOANTCS 3amep TeMnepaTypbl OKpy>katoLLero Bo3gyxa. MNony-
YeHHOe 3Ha4yeHne TemnepaTypbl COXPaHAETCH UMM U3MepsieTcs
HEMNpPePbLIBHO C MOMOLLIbIO CMieLMaNibHOro 30HAa TemnepaTypbl. [JaHHoe
3HaYeHne TemnepaTypbl HEO6XOAMMO Afst pacyéTa noTepb Tenna ¢
ObIMOBbLIMM razamul.

Puc. 12: NamepeHune TemnepaTtypbl BO3ayxa, NayLero Ha ropeHve
U3mepeHue noTepb Tenna ¢ AbIMOBbIMU ra3amu (gA)

3oHO oT60pa npobbl ycTaHaBNMBaeTCA B [AbIMOOTBOA Yepes
cneuyansHoe oteBepcTyre. Lienb namepeHmnin coctonT B onpeaeneHnm
“ropsivyein TO4KK”, T.e. TOYKN C HauBbICLLEN TEMMNEPATYPO AbIMOBbIX
rasoB. [Insi ycTaHOBKM 30HAA 0TO6Opa Npobbl B TPEOYEMOM MONOXKEHNN
VNCMONb3ylOTCA  CneunanbHble  MeXaHW4Yeckne  yCTpoWcTBa.
TemnepaTypa AbIMOBbIX Fa30B N3MeEPSETCA Yepe3 U3MepuTenbHbIN
HaKOHEYHUK ra300T60pHOro 3oHAa. C NoOMOoLLb MeM6pPaHHOMO Hacoca
ObIMOBOI ra3 “BcackiBaeTcsi” Yepes 30HA, oTéopa Npobbl 1 nogaércs
B aHanusartop. 3amep KoHUeHTpauun kucnopopa (O,) BbinonHseTcs
TONBbKO B OFHOW TOYKE, B TO BPEMS KakK KOHLIEHTpaLus Yriekmcnoro
rasa (COZ) paccuUMTbIBaeTCA Ha OCHOBE 3HAYeHUs, MONyYEeHHOro B



XO4€e BbILEONUCAaHHOro n3mepeHus. PacyéTt noTepb Tenna ¢
AbIMOBbIMY razamu (QA) B aHann3aTope OCyLLECTBIAETCA Ha OCHOBE
sHadeHun T, TH.,.M. rass Qo M CO,,. Mony4eHHoe 3Had4eHne noTepb
Tenna ¢ AbIMOBbIMU ra3amy OKpPYrisieTCsl B CTOPOHY YBENIMYEHUS.
[ecsatnyHble 3HadveHns fo 0,50 oKpyrasoTca B CTOPOHY YMEHbLUEHWS,

a 3Ha4veHus Bbiwe 0,50 — B CTOPOHY yBENUYEHNS.

Puc. 13: OnpepeneHne ypoBHs NnoTepb Terna ¢ AbIMOBbIMU rasdamm

MpuynHa pe3Koro CHMXXEHUsi TeMmnepaTypbl AbIMOBbIX ra3oB
MOXXeT COCTOSITb B crieAyloLem:

- MonagaHmne KoHAeHcaTa Ha Tepmonapy (ceHcope
TemnepaTypbl) Npy BepTUKaNbHOM PacnosiodKeHUun 3oHaa
oT6opa Npo6bl.

PeweHue: 3oHA oT60pa Npo6bl cnegyeT yctaHaBNMBaTh
ropu3oHTaNbHO ANna o6ecrnevyeHUss BO3MOXXHOCTU yaaneHus
WNN CTEeKaHUs KOHAeHcaTa.

MpuUYnHO CAULLKOM BbICOKOro YPOBHS NOTEpb Tenna ¢
AbIMOBbBIMM Fra3zamMy MOXXET SAIBUTbCS criefyloliee:

We measure it.
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- HeBepHoe 3Ha4YeHMe TeMmnepaTypbl OKpyXXaloliei cpeabl,
nony4yeHHoe B Xofe KaJImM6poBKU C UCMNOJIb30BaHMEM 30HAA
oT60pa Nnpo6bl. PekomeHaauus: BbINOMHUTE 3aMepbl C
UCNoNb30BaHNEM OTAENbHbIX TeMNepaTypHbIX 30HAO0B.

- HeBepHble HaCTpOI7IKI/I Ansa ucnosib3yemMmoro suga ronsivea.

- Mepenagbl Temnepartypbl “ropsvyen TO4KU” aTmochepHbIX
rasoBbiX ropesiok. 3To B 3Ha4YUTEJNIbHOW CTENeHn 3aTpyaHaeT
npouecc BbINOJIHEHUA KOHTPOJIbHbIX 3aMepoOB.

BBray norpelHocT M3MepeHuin MNpu pasfnyHbiX HacTpoikax
CropaHus K npefenbHbIM 3Ha4eHsM [06aBNstoTCS 3afaHHbIe TOYKM
ponycka. OLeHO4YHOoe 3Ha4YeHne CknappliBaeTCcs U3 CyMMbl 3Ha4YeHUS
OrpaHVyeHUss M BbIPaXXEHHbIX B MPOLEHTax To4ykKax pJorycka.
OKpYrnéHHbIN B CTOPOHY YBENMYEHNS pe3ynbTaT 3aMepa notepb Ternna
C ObIMOBbIMU ra3amMmun OoJiKeH ObITb HXKE 1N coBrnagaTtb C OLLEHOYHbIM
3HayeHreM. Cxema pacyeTa onpeaensitoLero oLeHO4YHOro 3Ha4eHust
NPUYBOAUTCS HUXE.

Fopenkn ¢
NPUHYAUTENLHOW TAroih

o - i o

Fopenku 6e3
NPUHYAUTENBLHOR TArN

e

Puc. 14: Cxema pacyéTa OLeHO4YHOro 3Ha4eHust



OnpepeneHue caXeBoro Yucna ans Au3senbHbIX ropenok

[Mpun onpegeneHuy caxxeBoro Yncna B AbIMOOTBOA, BBOAUTCS TECTEP
CaXKeBOro ymcna ¢ 6yMaxKHbIM (hUIbTPOM, Yepes KOTOPbIN AbIMOBOM
ras “npokayvnsaeTcst” C MOMOLLbIO Hacoca. 3aTtem (UIbTPYOLLMIA
3NEMEHT V3BNEKaEeTCH 1 NPOBEPSAETCS Ha Hann4ne HeTENPOAYKTOB.
Ecnn cdounbTpyowmii 3neMeHT oKasblBaeTCsi OKPALLEHHbIM BBUOY WX
Hanuyns, UNbTP He PEKOMEHIYETCS NCMONb30BaTh Afs ONPeneneHns
caxeBoro u4ucna. [lpouenypa onpeeneHusi caxesBoro 4ucna
BKJIlO4aeT B cebsi npoBefeHre TPEX OTAENbHbIX 3amepoB. CTeneHb
oKpalluvBaHusa unbTpa cpaBHUBAETCS CO Lkanoi bakapaka, nocne
Yyero onpepensieTcsa caxesoe vucno. Ecnv B npouecce nposefeHns
3amepa pubTP YBNaXXHUIICS BBMOY 06pa3oBaHust KOHAeHcaTa, 3aMep
Heo6xoauMo NoBTOpPUTb. OKOHYaTENBHOE 3HAYEHNE CaXXEBOrO Yncna
onpegensieTcs NyTéM pacyéTa cpefHero apuMeTNHECKOro 3Ha4YeHUst
rnokasaHuii, MoNlyYeHHbIX B pe3ynbTaTe Tpex 3amepoB. [ns rasoBbix
rOpenoK Ca)keBoe YNCIIO He ONpefenseTcs.

HomuHanbHas CaxeBoe 4Mcno °
Tennosas Twvn ropenku y nnn uucno
MowHocThb B KBT
Ao 30.09.1988 ‘ c 01.10.1988 ‘ Ao 01.11.1996

6onee 4 lopenka c NPUHYAWT. TAroi 2 1 1
a0 11 KonpeHcaTopHas ropenka 3 3 3
Fopenka ¢ NPUHYAUT. TAroW * 2 1 1

6Gonee 11
KoHpeHcaTopHas ropenka 2 2 2

Puc. 15: MNpepenbHble 3Ha4eHNsi Ca)keBOoro Yucna Ana >XMaKoro Tonnvea

TOYHoCThbo o 0,1.

[NpumeHeHne aHannsaTopa
caxkeBoro 4ucna testo 308,
NO3BOSIAOLLEr0 aBTOMAaTUYECKMN
onpenensiTb CaXKeBoe YMCNo C

We measure it.
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B He3HakoMbIX crcTeMax npexze Bcero Heo6xoarMo onpeaennTb
YPOBEHb CaXX, MOCKOMbKY 3TO MO3BOMNT 3aLUMTUTb aHanM3aTopsl
[ObIMOBbIX Fa30B OT YPE3MEPHO Harpy3Ku.

U3mepeHue TArv AbiMoBbIX ra3oB

[Ons onpeaeneHns TArn ObIMOBbIX Fa30B (BbiTankuBaroLwen cusbl),
Tpebyemoli Ans 0TBoAA AbIMOBbIX ra30B B aTMOCMHEPHbIX ropenkax,
30HA, 0T60pa NPobbl BHOBb YCTaHABIMBAETCS B MOArOTOBJIEHHOE
oTBepCTME B ApiMoxoge. [Nepen npoBeAeHEM U3MEPEHNIT AbIMOBbIX
rasoB HEO6XOAMMO OBHYIMTbL CEHCOP AaBneHusi. 3oHA oTéopa NpobbI
N3BNEKAETCS, NMOCEe Yero B paboyeil kamepe ropesiku namepsieTcs
nasneHune. AHann3aTop aBTomaTmyeckn otobpaxxaet anddepeH-
LumanbHoe faBneHne Mexay OKpy>Katollel cpefomn 1 AbIMOXOAO0M,
MCcnonb3ys 3HaK “MUHYC”. B Lensix BbisBNeHNs konebaHuin faBneHus
yCTaHOBKa Ha “HoJb” Takxe BO3MOXXHa BHe AbiMoxoaa. [nis gaHHoro
TVNa n3MepeHrst nogaya gbIMOBOro rasa UCKYaeTcs.

Tunu4yHoe 3HaYeHne TArv Ansa AbIMoxoaa:

CHCTEMa C MOJSIOXKUTESbHBIM JaBJIEHNEM C FOPENKOWA C
NPUHYOUTENBHON TArol + BbiCLUAs TEMNNONPON3BOANTENILHOCTb!
nonoxuTensHoe fasneHune 0,12-0,20 rlMa (wb6ap)

MapogusenbHas ropenka n atMocdepHasi razosas ropesnka:
oTpuuatensHoe gasneHue 0,03-0,10 rla (mbap).



npwwmoﬁ CJINWUKOM HU3KUX 3HaYeHum npu 3amepax T4rum
MOXeT ABUTbCHA clyieayoLujee:

¢ HenpaBunbHas ycTaHOBKa “Hynsa” ceHcopa faBneHus
L4 Herepme‘rwmaﬂ JINHUA noAgayvm ra3a B aHanu3saTtope

¢ CNMIKOM BbICOKasi TAira B aTMoC(hepHbIX ra3oBbIX ropenkax
MOXeT SABAATbCA NMPUYUHON NOBbIWEHHbIX 3Ha4YeHun CO.
3TOro MoXXHo usb6exatb NYTEM MCNOJIb3OBAHUA KJanaHa
KOHTpOnA TAru.

13mepeHre TArn ObIMOBbIX Fa3oB ¢ nomoLubto testo 320.

We measure it.

29




M3mepeHus CO gns razoBbiX ropesnok

VI. NamepeHusa CO ana ra3oBbiX ropenok

B uensx ob6ecneveHnss 6e30MacHOCTY ONepPaTopoB CUCTEMbI Fa30Bble
ropenku nognexar nposepke. Heob6xoanmo obecneynTb NOJHbIN
OTBO[, AbIMOBbIX ra30B. ATO 0CO6EHHO BaXKHO AJ1s1 HE3aBNCUMbIX OT
OKpY>KaloLero Bo3fyxa ra3oBblX CMCTEM C KOHTPOJIEM MOTOKA,
NMOCKOJbKY B TaK/MX CUCTEMaxX OTBOJ, ra30B OCYLLECTBNSETCS Yepe3
abimoxop,. NMpu 3aKkyrnopke AbIMOXofa ra3 Yepes cUCTEMY KOHTPOSS
NoToKa MOXET MocTynaTtb B GOWNepHyto, NoABeprasi onacHoCTU
onepaTopa. YTobbl 3TO NPefoTBPaTUTL, B FOPesiKax ¢ OTKPbITbIMM
Kamepamy CropaHusi 1 B ropenkax C MNPUHYQUTENbHON TAron
BbINOJNIHAETCS 3aMep KOHLeHTpauum yrapHoro rasa (CO), Bkoyas
nNpoBepKy AbIMoxofoB. [JaHHas mepa 6e30MacHOCTN He SBNsSeTCs
HEOBXOAMMOCTbIO B Clly4ae C ra3oBbIMU ropenkamm C NMpUHYAUTENbHOMN
TArOW, NOCKOJIbKY AbIMOBbIE ra3bl OTBOASATCS Yepes AbIMOXOL.

NMpoBepka Ha 6€30NacHOCTb ra3soBbiX FOPENIOK C OTKPbITbIMU
KamMepaMu CropaHusi U ra3oBbiX FOpPesiok C NPUHYAUTESNIbHOM
TArom.

B cnepgytoLell KOHTPOMBHON KapTe onucaHbl 3Tanbl, HEO6XOANMbIE
0151 IPOBEAEHMS MOSIHOrO OCMOTpPa AbIMOXOL0B:

[MpoBepka paboToCcNOCOBHOCTN FOPENKN

3akpoiiTe BCe OKHa 1 ABEPU B HEMOCPEACTBEHHOMN GIM30CTY OT FOPENKHY
Heo6xoayMo y4ecTb BIUSIHNE MMEIOLLMXCS BEHTUINTOPOB

Y6ennTbcs B HaIM4UM CBOGOHbBIX CEYEHUI Y BCEX OTBEPCTUN

Y6eautbcsa B HaNNYMM CBOGOAHOMO CEHEHMS Y LUaHra AbIMOBOro rasa
Y6eautbcs B OTCYTCTBUM MPsi3N U NOBPEXAEHMUIA B KAMEPe CropaHus
Y6enutbes B HaIMYMM CBOGOAHOMO CEeYEHMs y AbIMOOTBOLOB ropsivero rasa
3axeyb ropenky

Y6enuTbcs B Hagnexalein paboTe AbIMOBON 3aC/IOHKM

BusyanbHo onpefennTtb cTeneHb cropaHusi no hopme nnameHu

Y6enutbes B OTCYTCTBUM B rase ropesiku 0TX0A0B HedhTENPOAYKTOB OT yTUM3aumn ObiM. ra3oB
Y6enuTbcs B Hagnexxalen paboTte CUCTEMbI KOHTPOSIS MOToKa

MN3mepnTb koHLEeHTpaumio CO B AbIMOBOM rase

[MoproToBnTb pabouyyto AOKYMEHTaLMIO

[MoproToBWTL XXypHan ocmoTpa

Puc. 16: PernameHT npoBeaeHsi NPOBEPKM /0CMOTPa AbIMOXOLOB aTMOCHEPHbIX ra30BbIX CUCTEM



U3mepeHmne KOHLeHTpaLuum yrapHoro rasa (CO) B AbiMOBbIX
rasax

YposHu CO n CO, nunn O, n3MepsioTCsl B CMECU AbIMOBbIX rasoB U
BO34yxa (Ha BbIXOAE U3 CUCTEMbI KOHTPOJISi NOTOKA) C MOMOLLbIO
3oHAa. [Ona Toro, 4To6bl y6eauTbcs B TOM, 4YTO cuUCTeMa
PYHKLUMOHMPYET Hagnexaiym obpa3oM, KoHueHTpauust CO gomkHa
paccunTbiBaTbCs 4O pas3baBfieHUss ObIMOBbIX rasoB BO3L4YXOM.
CyLiecTByeT BO3MOXHOCTb TOro, Y4TO npu AoGasneHnn Bo3pyxa
nokasaHusi yposHsi CO 6yayT HeTouHbIMU. [na gaHHoro pacyéTa
notpebyeTcs 3HAYeHUe YPOBHSI KUCNOPOAA B [AbIMOBbIX rasax.
KoHueHTpauno O, Heo6Xxoaumo n3MepsTb OJHOBPEMEHHO C
koHueHTpauuen CO.

OpHoro namepenusa CO HepgocTaTo4HO!

KoHueHTpaums HepasbasneHHoro CO paccymTbiBaETCS aHaIM3aTopom
1 BblpaXkaeTcsl Kak COHepaaﬁaBn. M3amepeHusi He cnepyeT NpoBoAUTb
paHblue, 4eM Yepes3 2 MUHYTbI MOCne 3anycka ropenku, NOCKONbKY
noBbILLEeHHbIN ypoBeHb CO cHMXXaeTcsa A0 HOPMalbHOro paboyero
3HaYeHVA NMLLb Yepe3 HEKOTOPOE BPeMsi MOCHe 3arycka CUCTEMbI.

MpepenbHble 3HavYeHns KoHueHTpaumum CO gns HepasbaBneHHbIX
ObIMOBBIX ra30B:

CO HepasbaeneHHbIl cebille 500 ppm: TpebyeTcsa NpoBeaeHne
TEXHNYECKOro 06CNY>KUBAHNSI CUCTEMBI.

CO HepasbasneHHbIl cBbile 1000 ppm: oTkas crucTeMmbl.

Tonbko 3Ha4YeHun CO"epaaﬁaBn_ MOryT Mcnosib30BaTbCA ANA

oueHKkun pab6ortbl ropenku. [Mocne nopgaum Bo3fgyxa
(pa3s6aBneHuns) NOKa3aHMUA MOryT GbiTb HETOYHbIMM.

We measure it.
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32

U3mepeHne CO B atmocdepe

B uensx 6e3onacHocTu, namepeHne CO B aTmocthepe HEOOXOAUMO
BbINOJIHATE HapsAQy C U3MepeHUsMN ObIMOBbIX ra3oB B XoAe
npoBefeHnss paboT Mo TEXHUYECKOMY OOCNY)XMBAHWUIO ra3oBbiX
arperaToB B XXWJIbIX MOMELLEHUSIX, NMOCKOSbKY O6paTHbIN MOTOK
ObIMOBbIX Fa30B MOXXET NPUBECTY K NMOBbILLEHHON KOHLUeHTpauun CO
1 onacHOCTW oTpaBneHusi. [laHHbl BUO U3MepeHnii He06XoaMMO
npoBoANTb B MEPBYI0 o4epenp.

¢ Ha pe3synbTaTbl U3MEepPEHUI BIUSIET CUrapeTHbI AbIM
(MuH. 50 ppm).

° BnusiHue AbiXxaHUSA KypuiibliMKa Ha pe3ynbTaTbl
U3MepeHuii cCocTaBnsieT NpUMepHoO 5 ppm.

° OGHyneHue ny4ylle BCero BbIMOJIHATbL HA CBEXXEM Bo3fayxe.

KoHueHTpauusa CO B Bo3a. Bpems BabixaHusa U BAMSiHWE

30 ppm 0.003 % MpepnenbHoe NoporoBoe 3HayeHve
(Makc. KOHLEHTpaLws, Npy KOTOPOI Nepuog,
BAbIXaHVs MOXET NpeBbIlLaTh 8 Yacos).

200 ppm 0.02 % [NosiBneHve Nérkol ronoBHON 6011 B TEYEHNE
2-3 vacos.
400 ppm 0.04 % MosiBneHne ronosHol 6onn B o6nacTu néa B

TeyeHue 1-2 4 ¢ NocneayoLWmUM pacnpocTpa-
HeHVeM Ha BCIO 06nacTb ronoBbI.

800 ppm 0.08 % [0NoBOKPY>KEHWE, TOLLHOTA U APOXb B
KOHEYHOCTSIX B TeUeHue 45 MUHYT.
MoTeps co3HaHKsA B TeHeHne 2 4acoB.

1600 ppm 0.16 % [0NnoBOKPY>XEeHWe, TOLHOTa 1 APOXb B
KOHEYHOCTSIX B TeueHune 20 MUHYT.
JleTanbHbIn UCXOA, B TEYEHME 2 YaCOB.

3200 ppm 0.32 % [onoBokpy>keHve, TOLHOTa U APOXb B
KOHEYHOCTSIX B TeyeHne 5-10 MUHyT,
neTanbHbIli CXOp[, B TedeHre 30 MUHYT.

6400 ppm 0.64 % [onoBHas 60s1b 1 rONTIOBOKPY>KEHVE B TEHEHNE
1-2 MyHYT. JleTanbHbIi ucxop, B TeveHne 10-15
MUIHYT.

12800 ppm 1.28 % JeTtanbHbIii ncxopd B TeHeHne 1-3 MUHYT.

M3mepeHue KoHLEeHTpaLmn
CO B okpyxaroLLen cpege.




VIl. Pacuér KN

Ana cTaHAapTHbLIX CUCTEM OTONJEeHUs

O6wwmn KN - ato KA, paccymTaHHbIn Ha OCHOBE aHann3a TOJIbKO
YAENbHOW TennoTbl AbIMOBbIX ra30B MNPV OTCYTCTBUU B MOCNEAHEM
napoB BOApl. Taknm 06pas3om, B pacHET MPUHMMAETCS TONbKO HU3LLas
TennoTBOPHasi CMOCOBHOCTL TOMNMBa.

Cymmaphbii KM — ato KM, paccuuTaHHbI Npyu aHanise AbIMOBbIX
rasoB BMECTE CO CKPbITOMN TEM/IOTON KOHAEHCAUMM B ObIMOBbIX ra3ax.
Takum o6pasom, Ans pacyeTa UCMOMb3yeTCa 3HAYeHue BbICLUENn
TEMNNOTBOPHOI CMOCOGHOCTY TOMUBa.

A= (AT 2 .8
qA = (AT - VT) @1-0)

VI3mepeHnsa TemMnepaTypbl AbIMOBbIX Fa30B 1 TeMrnepaTypbl BO34yxa,
MAYLLEro Ha ropeHune, a TakXe KOHLEHTpaumm KUCTIOPOAA B AbIMOBbIX
rasax [Ans [AaHHOro pacyéra BbIMOMHATCSA napasniensHo, ¢
MCMOJIb30BaHNEM 3HAYEHUI MOMNPaBOYHbIX KO3hduLmeHToB (A2, B)
ON19 3afaHHbIX BUOOB TOMAMBA U 3HAYEHUS YPOBHSA CoAep>KaHuns
Kmcnopopa B Bo3gyxe (21), coxpaHéHHbIx B aHanmaaTtope. Ons Toro,
4TOObI MCMOMb30BaTh NpaBuiibHble dakTopbl Tonnmesa A2 n B,
Heo6X0[AMMO NPaBWIIbHO BbIOPATL TOMIMBO B @aHANM3aTope.

KoHpaeHcaumnoHHbie Npnu6opbl

[Mockonbky B COBPEMEHHbIX KOHAEHCAUMOHHbIX npubopax
MCMONb3yeTCsa 3HaYeHre TENNOTbl KOHAEeHcauun, komnaxus Testo - B
Liensix KOPPEKTHOCTM PacHETOB - BBeSa AOMONHUTENBHOE 3HAYEHVE
“XK”. [JaHHOe 3Ha4yeHue BKJYaeT MWCMNOMb30BaHNE TeMnoThI
KOHAEHCaUMn B OTHOLUEHNN K HU3LLEN TENNOTBOPHOW CMOCOBHOCTM.
[Mpwn ocTbiBaHUN ObIMOBbIX ra30B A0 3HAYEHWS HUDKE Temnepartypbl
TOYKM POCbl, TEOPETUYECKOe 3HayYeHMe KOTOPOl 3alioXXeHO B
aHanuaatop Testo ana kaxxporo otaensHoro Tonnmea (cm. Puc. 24),
nponopunoHanbHbil koadduumeHt XK 6ygeT cooTBeTCTBOBaTb
3Ha4YeHNIo TEMOTbI NapoobpasoBaHns C NONPaBKON Ha KOHAEHcaT,
6narofapsi KOTOPOMY YPOBEHb MOTEPb Tensa ¢ AbIMOBbIMU ra3amm
MOXXET COKPaTUTbCA WK cTaTb oTpuuaTtenbHbiM. YposeHb Kl B
OTHOLLEHUN YNCTON TEMNJIOTBOPHON CMOCOBGHOCTN MOXXET COOTBET-
cTBOBaTh 3Ha4eHnsM Bbiwe 100% (cm. cnegyrowmii npumep).

We measure it.

n=100% - gA

[MponopunoHanbHbI
kKoahpurumeHT XK
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Pacuyét KMNA
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[Mpumep ¢ nérkum
AV3enbHbIM TOMIMBOM

A2 =0.68 —> gA =19 %(nponopy. koad. XK)
B =0.007

FT =30°C —> gA =-5 % (npornopu. koad. XK)
AT =22°C —>h =100 % - (-5%)

0, =3% =105 %

XK =5.47 %

[ns HarnsgHoro mpuMepa Ha crefylowem rpaduke oTYETINBO
rokasaHo, B cusly Yero KM KoHAEeHCaUMOHHbIX CUCTEM MpeBbilaeT
100 %.

HuskoTtemnepatypHas KoHpaeHcaumoHHas
cuctema oTonneHus cucrema
3a 100 % npuHMMaeTcs YncTas 3a 111 % npuHuMmaeTcs yncrtas
Tennonpou3BoaUTENIbHOCTb Tennonpom3BoauTesibHOCTb
>

11 % 1,5 % -
HEeucnonb3. Heucnonb3.
TennoTa Tennora
KOHAEGHCauun KOHAEeHcauumn

1 % notepb

Tennac
8 % notepb AbIMOBbIMW
Tenna ¢ rasamm
AbIMOBbIMW
rasamm 0,5 %
norepb
1 % noTtepb Tennac
Tennnac n3ny4yeHmem
ns3ny4yeHmem
90% ucnonb3yemon 108% ucnonb3yemou
TennoBoW 3Hepruv TEensoBoOW 3Hepruv

Puc. 17: MoTepn aHeprmn B HU3KOTeMMNepaTypHbIX U KOHAEHCALMOHHbIX
cucTemax.



¢ C Hayanom 1crnonb30BaHUs TOMIMBA HAYMHAETCS MpoLecc
BbIpaboTKM Ternna, 1 ob6pasytoTcsa napbl BOAbI.

e [pu n3mepeHun obLLEro KOMYeCTBa TeMNoThbl ByAeT Nosy4eHo
100%-3Ha4eHne YNCTOW TEMNONPON3BOANTENBHOCTM.

e Ecnu npnbaBuTb SHEPruio BOAAHOrO napa (Tennoty
KoHAeHcauun), 6ygeT nonyyYeHo 3HaveHne BbiCLUeln
TENNoNPON3BOANTENBHOCTU (O6LLIEN TENTOTBOPHOW
CMOCOBHOCTH).

e 3HayeHue BbICLLEN TEMNOMNPON3BOANTENBHOCTY BCEraa BbilLie
3HaYeHNs YMCTON TENNONPON3BOANTENBHOCTM (HUSLLEN
TENSIOTBOPHON CMOCOBHOCTH).

e [pu pacyéte KI[ 3a ocHoBy Bcerga 6epETcsi 3Ha4eHNE HU3LWEN
TENNOTBOPHOW CMOCOBHOCTH.

e OpHako B KOHAEHCAUVOHHbIX YCTaHOBKax Hapsiay CO 3Ha4YeHnem
HU3LLEW TENNOTBOPHON CMNOCOBHOCTU Tak>Ke NCMNoNnb3yeTcs
3HEeprusi KoHaeHcauum, a ato o3HavaeT, 4To KI[ B HeKoTopbIX
cnyyasix MoxeT npesbiwats 100%.

Tem He MeHee, B KOHAEHCALMOHHbIX YCTaHOBKaX UMEIOT MeCcTo
norepu Tenna, Yto rosoput o Tom, 4yto KM ycraHOBKM
o6GycnoBnieH 3Ha4YeHueM HU3LLEN, a He BbicLUel TernJIOTBOPHOW
cnoco6HoOCTU.

Tonnueo TemnepaTtypa To4ku pocbl (B °C)
MpupopgHbIv ras, H 57.53
Nérkoe ans. Tonnmeo “EL”  50.37
LPG (70/30) 53.95
BbiToBon ras 61.09

Puc.18: 3HaveHnsa TemnepaTypbl TOHKU POChI AbIMOBbLIX Fra30B As
onpefenéHHbIX BUAOB Tomnnmea. PaccunTaHbl Ans cTaHAapTHOrO AaBnieHns
(1013 mM6ap) 1 CTEXMOMETPUNHECKOrO CropaHus.

We measure it.
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MNameperus NO, Ans rasoBbix ropesiok
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Vill. Nsmepenusa NO, ans rasos openok

CopeprxaHne okenpoB azota NOX ykasbiBaeT Ha obLuee cogep xaHne
MoHokcupa asota (NO) n psyokucu asota (NO,). OG6bl4HO
cooTHolweHne KoHueHTpauuin NO n NO, sBnseTca nocTOsHHON
BenmynHon (97% NO n 3% NO,). Mo
aToM npu4mHe n3mepeHne
KOHLeHTpaLuun NO aBnseTcs
[OCTaTOYHbIM AN onpegeneHus
KoHueHTpauunm NO,. OpgHako npwu
MCMNONb30BaHUM CMeLLaHHOro Tonnmea
UM KOHAEHCAUMOHHbIX YCTaHOBOK
BbllLieyKa3aHHoe COOTHOLUEHMNE
MeHsieTcs. B cuny atoro o6cTtosTens-
CcTBa copep)XaHue ABYyX KOMMOHEHTOB
(NO n NO,) namepsietca otaensHo, a
cymMMa pe3yfibTaToB 3TUX U3MEPEHNI
yKasbiBaeT Ha coaepxxariie NO,.

Puc. 19: Testo 340: MHOrOKOMMOHEHTHbIV aHan“3aTop AbIMOBbIX Fa30B C
BOBMOXXHOCTbIO NpsiMOro namepeHns NO,

HAnokeng asota (NO,) pacteopuM B BOfe, MO3TOMY AJISl TOHHOIO
onpegeneHns KoHueHTpaumn NO, HeobxoguMo npoBoANTb 3aMEPbI
B Cyxux [bIMOBbIX rasax, MockosbKy pactsopéuHewi NO, He
yuuteiBaercs. Takum o6pasom, rnepeg rnpPoBeJEeHUEeM (haKTU4eCcKux
3aMepoB copep>KaHusl AUOKcuA[a asota HeO6XO[MMO UCIO0NIb30BaTh
610K MPo6ONOA[roTOBKY [/151 YAaNeHUs1 B/larv U3 [bIMOBbIX ra30B.

¢ Mpu npoBegeHUn 3amepoB B HENOCPEeACTBEHHOW 6/1M30CTHN
OT 3NeKTpocTaTudyeckoro punbTpa 30H[ oT60pa NPO6GHI
Heo6XxoA4MMO 3a3eMNUTb AN UCKIIYEeHUs PpUcka
cTaTuyeckoro 3apspa.

¢ B cnyuasix, Korga BO3MOXXHO BbICOKOE cofiep)XXaHue TBEpAbIX
YyacTuly M caxu, criegyeT MUCMNoNb30BaTb YUCTbie cyxue
bunbTpbl. O6A3aTeNnbHbIM YCNOBUEM SIBISETCA Hanuuuve
npeasapuTenbHoro punbTpa.



IX. MpoBepka ¢hyHKLNOHANBHOCTN CUCTEM OTOINMJIEHUSA

MpoBepka repmMeTUYHOCTM ra3oBbiX TPAKTOB

[a30Bble TpaKTbl CUCTEM OTOMMEHUsl, HE3ABUCKMbIX OT BO3gyxa
OKpY>KatoLlen cpefbl, MPOBEPSIOTCA Ha FEePMETMYHOCTb MyTEM
uamepeHs yposHs O, B ABOVHON CTeHKe. [aHHbI TeCT Heo6X0AMMO
NPOBOAMTL Ha COBPEMEHHbIX CCTeMax. YpoBeHb KoHueHTpauwn O, B
nocTynatoLemM Bo3ayxe B BONHOW CTEHKe 06bl4HO cocTasnseT 21%.
Ecnn 3HayeHns namepeHunin Huxe 20,5%), 3To ykasbiBaeT Ha Ham4me
yTeyeK BO BHYTPEHHEM ObIMOXOAE, YTO, B CBOK O4Yepefb, yKa3biBaeT
Ha HEOOXOAMMOCTb MPOBEPKM BCE CUCTEMBI.

[ABoliHasa cTeHKa
o AbiMoBble rasbl
*

Cepnoo6pa3Hbii
30HA

—-sGs-oas-
~—sas-oas]

MocTynatowmii
BO3AYyX

Puc. 20: 3amep yposHs O, B MEXCTEHHOM NMPOCTPaHCTBE AbIMOXOAa

CepnoobpasHhiii 3oHg, Testo (Ne 3akasa 0632
1244) no3BossieT 6bICTPO 1 TOYHO U3MEPUTL
ypoBeHb O, B ABOVHON CTEHKe.

[MpocTbiM CNOCO60M MPOBEPKM FrEPMETUHHOCTY AbIMOXOAHOW TPYObI
ABnseTCcA nuamepeHue gasneHus. C NOMOLLBbIO Nprubopa 418 NPOBEPKY
repMeTUYHOCTY B TPYOY AbIMOBOro rasa nogaétcsi Bo3ayx, nogada
BO3[yXa OCYLLEeCTBASETCSA A0 Tex nop, noka fAasneHne B Tpybe He
cocTtasuT 200 lNa (paHee — 1000 MMa). JaBneHne nogaep>xnsaeTcs Ha
BbllLieyKa3aHHOM YpOBHe, 1 onpefenseTrcs O6bLEM BO3AyXa,
BbIXOZSALLEro B 0651acTu yTeukun. [JbiMoxof (ra3oBbii TPAKT) CHMTAETCA
repMeTUYHbIM, ECNIN CKOPOCTb YTe4KM cocTasnsieT 50 n/ (rv?).

We measure it. ii:.t:‘Li')
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MpoBepka PyHKLMOHANBHOCTY CUCTEM OTOMNEHUS

38

Bo3mMoxkHble
HencnpaBHOCTU

KoHTponb noToka ¢ MoMoLLbi0 AETEKTOPOB yTe4YeK

Ons obecnedeHns adhdekTUBHOM paboTbl ropefiku Heob6Xoanmo
obecneynTb MoOSIHOE ypaneHue [bIMOBbIX rasoB W3 perynsropa
pacxopga noToka. CyllecTByeT psh Crnoco6oB onpefeneHus
3aheKTUBHOCTM OTBOAA ObIMOBbIX ra30B. BbiGpoc ObIMOBbLIX rasoB
onpegenseTcs No GOPMUPOBAHNIO KOHAEHCATa Ha KOHTPOJIbHON
nnacTVHKE WM B rasoaHanu3aTtope, a TakXe Mo YyBeMYeHUuo
TemnepaTypbl, U3BMEPSEMOI C NMOMOLLbIO TEPMONapbl, UK BU3yarb-
HOMY KOHTPOJIIO MOTOKa B ManoMm ApiMoXoge.

Mpu cnepyowmx 06CTOATENBCTBAX MOXET BO3HUKHYTb 0OpaTHbIN
NOTOK K pPerynaTopy pacxopa notoka:

e Hanuune yTeykn B AbIMOXOLE, BbI3BAHHOW OTCYTCTBUEM WU
necdopmaumen  yrnaoTHEHWs, W3HOLIEHHOCTbD  MaTepuana
YNNOTHEHNS, ocnabneHnem (UTUHIOB, TOYEYHOW PXKaBYMHOMN,
KOPPO3VE NN HANNYMEM TPELLIMH.

e [TpenaTcTBuA TAre B BUAE YacTuL, UK MO NpUYnHe gedopmaumm

e OTCyTCTBUE MAYLLErO HA FOPeHne Bo3ayxXa Mo NpuyrHe N3GbITOYHON
repMeTnyHOCTM paboyen cpenbl

° 3aKynopKa nnn sarpsAasHeHne BeHTUNALMOHHbIX OTBepCTI/II?I

YacTtuyHas nnm nonHas 3aKyrnopka B obnacTu rasoBoro TpakTa.

Puc. 21: O6HapyXeHue yTeyku
[IbIMOBbIX ra30B B 6/10Ke KOHTPOSIS
noToka C MOMOLLbIO fAeTekTopa
yTe4km testo 317-3



JAwvarHocTuka HemcrnpaBHOCTeN ¢ nomoLbio hpubpockona

PeBontouynoHHas rubkas Tpybka aHgockona noaxoauT Ans nobbix
TPYOHOLOCTYMHbIX MECT, TPYOKY MOXHO 13rnbatb B NPakTU4eCcKu
Nto60M MONOXKEHNN. YAoOHas pyKOsiTKa 1 TLUATENIbHO NpoAyMaHHast
KOHCTPYKLMSA NO3BONAIOT ynpasnAaTb npuéopom TestoView opHoi
PYKOW, 4TO, B CBOK OYepenb, MO3BOJISET 3IKOHOMUTb BPEMS W
cpepcTBa.

MouwHas LED-nogceeTka

Puc. 22: lHcnekuusi TENNOU30MsLMmn C MOMOLLbIO
aHpockona testo 319

Bupgeockon testo 318-V

We measure it.
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HacTpoliika ropenok
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X. HacTpouka ropenok

Manbie ropenku

[ocTkeHne BbICOKMX “9KONOrMHYeckux” nokasarenert BO3MOXXHO Npu
o6ecneyeHnn NoSIHOro CropaHns (CTEXNOMETPUYECKOrO CropaHus)
TOMNMBa N MaKCUMasnbHO BO3MOXHOM aEeKTUBHOCTM 3KCMnyaTauum
ycTaHoBK/. OfHUM 13 onpeAensioLLmMx NapameTpoB A5 ONTUManbHON
paboTbl YCTAaHOBKMN SIBNSIETCS HACTPOWNKa NoAaqun Bo3ayxa, ayLero
Ha ropeHve. YCTaHOBNEHO, HYTO A/ ONTYManbHON paboTbl YCTaHOBKM
TpebyeTcs NULLb HEOGOMbLLOE KONMMYECTBO N36bITOYHOrO BO3ayXa.
MHbIMK cnoBamu, ans o6ecnevyeHuns NoaHOro cropaHnst nogaércs
6ornbllee KoNM4eCcTBO BO3AyXa, HeM 3TO TEOPETUHECKN HEOBXO[UMO.
Ha npakTuke npvmeHseTcs cnepytoLlee NpaBuno:

MakcumanbHaa 3¢pheKTUBHOCTb CropaHua fgocTuraeTcs npu
MUHMMaNbHON Noga4ye n36bITOYHOro Bo34yxa U MMHUMAaJbHbIX
noTepsix Tensa ¢ AbIMOBbIMU rasamMmu.

Ha puc. 23 npegcrasneHa 3aBUCUMOCTb KOHLEHTPALUMM KOMMOHEHTOB

[ObIMOBbIX ra30B OT BO3[yXa, UAYLLEro Ha ropeHue.

A

HepocTtaTok Bo3payxa U36bITOK BOo3ayxa

rasos

n rag
] Cmecb !Coz)

Tonnuso/

Tpauusa

KoHLy

A=1 N36bITOK BO3AayXxa

Pwuc. 23: marpamma npouecca cropaHns



We measure it.

MpumMmeHuMBbI cnepywWe 3MNUpUYecKue npaBuna:

nsa makc. apdektneHocTy: KoHueHTpauma CO, aomkHa 6biTb
MaKC. BO3MOXX

KoHueHTpauusi CO gomkHa 6biTb Ha
CamoM HU3KOM YpPOBHE

HuskoTtemnepaTypHbie U KOHAEHCALUOHHbIE KOTJbl
Kak HacTpanBaTb KOTNnbi?
e HacTpoiiTe ropesky B COOTBETCTBUM C HOMUHANBHOM
TENNOEMKOCTbIO KOThna.

e YcTaHoBuTE npepesibHble 3Ha4YeHna Ona ObiIMOBbIX ra3os,
Takune Kak notepu tenna.

e HacTpoiiTe HOBble CUCTEMbI TakM 06pPa3oM, YTOObI CaXKeBoe
4YMCNO He npeBbiwarno 1.

e Otperynupyiite KoHueHTpaumo CO, B HOBbIX CCTEMaX Taknm
obpa3omM, 4TOObl €€ yPOBEHb COCTaBNAN NMPUMEPHO
11-13 %.

o OTperynupyiite Temneparypy AbIMOBbIX ra3oB B
COOTBETCTBU C PEKOMEeHAALMUAMY MPOU3BOAUTENS.

e YcTaHoBUTE ONTUManbHYyto koHueHTpauumo CO.

WN3mepeHune agnddepeHumansHon
TemnepaTtypbl C MOMOLLbIO 30HAA-06KPYTKY.
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HacTpoliika ropenok
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e Ecnu auddepeHynanbHas TemnepaTtypa COOTBEeTCTBYyeT

cneuyudmkKaLm NpousBogUTENs, To, CKopee Bcero, cuctema
oTperynupoBaHa NnpaBubHO.

e NMpy HU3KUX 3HAYEHUSAX TemMnepaTypbl AbIMOBbIX ra3oB
npoucxoautr o6Gpa3oBaHMe GONbLIOro KoJNMYecTBa
KOHAEHCcaTa, YTO MOXXET NPUBECTU K HETOYHOCTHU NOKa3aHuii
UnuM noBpeXAeHuw aHanusaTopa. Cnoco6 ycTpaHeHus
npo6nemMbi: UCMOJIb30BaHMe 6J10Ka NPo6oONoOAroToBKA BMECTO
KOHAeHcaToc60opHuKa (cm. Puc. 24).

Puc. 24:

Ocyuuka raza obecnevvsaeT
TOYHOCTb MOKasaHuii 1
MCKMoYaeT BO3MOXXHOCTb
noBpeXAeHVst aHanmaaropa
testo 350 B pesynbTare
obpasoBaHnst KoHAeHcaTa.

FasoBble cucTembl OTOMJIEHUA

Llenblo perynmpoBkn siBnsieTcsi o6ecrneveHne MakcumanbHon
3KOSIOrMYHOCTU U 3P PEKTUBHOCTY UCMONb30BaHUst Tonnuea. Mpu
aKcnnyaTaumn rasoBbiX FOPENoK Heo6XOAMMO perynupoBaTb U
KOHTPONMpoBaTb 06bEM MOTOKa rasa. OTO OCYLLECTBASETCS NyTEM
N3MepeHNsT AaBfieHNst NoToka rasa. BbilleykasaHHbll napameTp
yKasblBaeTCsl MPOU3BOANTENIEM 1 PErynpyeTcs nocfie MOHTaXa
yCTaHOBKW. [JOMONHUTESNbHLIV MapameTp — 3TO [aBfiEHVE B COMNIOBOM
OTBEPCTUU, BAVSIIOLLEE HA NMPOLLECC CropaHus.



We measure it.

Kak HacTpauBaTb ra3oByl0 OTONUTEJIbHYIO CUCTEMY?

e HacTpolika npegenbHbIX 3Ha4YeHWn ANs AbIMOBbIX ra30B, Hanpumep,
rnoTepu Tenna ¢ AbIMOBbIMM Fasami (4OMKHbI ObITb HAUMEHBLLMMN).

e HacTporika TpebyeMoro [faBfeHUss rasoBOro MOToKa MyTEM
na3mepeHns guddepeHumansHoro gaeneHust. Tpebyemoe 3Ha4eHne
OaBneHus ykasaHo B cneuudukauyum npomnsdsogutens. daHHas
perynupoBka no3BonsieT nofly4ntb TpebyemMoe AaBneHne rasa B
hopcyHke.

e MowHocTb ob6opynoBaHWst MOXeT OblTb OTperynupoBaHa B
COOTBETCTBUN C TPEOYEMbIM YPDOBHEM Harpesa nyTéM PerynmpoBKu
[aBfieHVsl B COMIOBOM OTBEPCTUN. [1pn HENpaBUIbHOW PerynnpoBKe
OaBneHns rada MoOXXeT NPOoU30TUN creaytoLLee:

CnuLwKOM BbICOKOE AaBrieHne rasa ¢ YracaHue nnameHu
* HenonHoe cropaxue
® Bbicokasi KoHueHTpauus CO
e OnacHOCTb OTpaBneHust
* BbicoKkoe noTpebneHne rasa

CrnvLLIKOM HN3KOe AaBrneHne rasa e [NoracaHvie nnameHn
® BbICOKMI1 ypOBEHb NOTEPb
Tenna ¢ AbIMOBbIMY rasamu
* Boicokuit yposeHb O,
® Huskuin yposeHb CO,

¢ He npousBoguTe 3amepoB AaBJIeHUA Ha rnaBHoON Tpy6e
(co6nropaiiTe guanasoH U3MepeHuii).

e Y6epauTecb B OTCYTCTBUM T€4YU MeEXXAY TOYKon oT6opa
npo6bl U aHaNM3aTopoM (ONacHOCTb B3pbiBa).

W3mepeHue 1 perynmpoBka AasneHus rasa OpaHOBpPeMeHHOoe 3MepeHne AbIMOBbIX

B cMcTeme cromoLLpbto testo 320 n rasoB 1 guddepeHLmansHoOro gasneHus
MOAKIOHEHHOIO K HEMY KOMMEKTa Afist C MOMOLLBIO BbICOKOTOYHOrO 30HAa

n3mepeHns gud. faBneHus. [aBneHust.
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MpoBepka repMeTUYHOCTY ra3oBbIX U FMAPaBANYecKX Tpy6
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XIl. TMpoBepka repMeTVMHOCTM ra30MnpPoBOAHbIX N

BOLONMPOBOAHbIX KOHCTRYKLMIA B cooTBeTcTBMM ¢ DVGW

e [Mlepen Havanom npoBefeHuss paboT Ha rasoBbiX Tpybdax
Heo6X0AVMO 3aKpPbITb 33ABVKKY 11 06ECTeYNTb HEBO3MOXXHOCTb €€
OTKPbITUSI HE YMONHOMOYEHHbIM Ha TO MepcoHasnioM (Hanpumep,
NyTEM U3BMEYEHNS KIoYa Un CHATUS BeHTUNS). Npu yTeuke nnm
Bbl6pocax rasa Heobxogmmo obecneynTb BO3MOXKHOCTb €ro
6e3onacHoOro oTBofa 3a Mpefesbl NMOMELLEHNS NMOCPEACTBOM
BEHTUNALMM UK Yepes LwnaHr. 3aABuXKKy crefyeT OTKpbiBaTb
TONBKO B TOM Cny4ae, KOrfa Bce OTBEPCTNSi CUCTEMbI TPYD, Yepes
KOTOpbIe MOXKET BbIXOAWTb a3, NI0THO 3aKPbITbl. ITO HE OTHOCUTCS
K BHELLHUM paboTam Mo TEXHNYECKOMY OBCNy>XMBaHWIO TPYO6.

e CornacHo ctaHpapTty DIN 30657, onsi o6Hapy>XeHUs1 yTeYkn B
rasoBbIx Tpy6ax cnegyeT MCMNoib30BaTb NPUOOPbI 06HAPYXXEHMS
yTeukun rasa unm neHy. Micnonb3osaHne nnameHn B aTuX Lensix
HepjonycTuMo. BpemeHHas repmeTnsanms gonyckaercs nvb B
cly4ae BO3HUKHOBEHNS OMaCHbIX CUTYaLWiA.

e Tpybbl ¢ pabouynm pgasneHvem po 100 mb6ap nogsepratoTcs
npeaBapuTesibHbIM U OCHOBHbIM TecTaM. TeCTbl HEeo6XOAMMO
NpoBOANTb Nepep OKPackomn nnm obLIMBKON TPy6onpoBoaoB 1
CoefMHEHNI. TeCTbl MOXXHO TaKXXe NMPOBOLAUTL MOCEKLIMOHHO.

° PesyanaTb| npoBefeHNst BCeX TECTOB AO/MKHbI ObITb
3a0KYMEHTNPOBAaHbI.

MpepBapuTenbHbIA TECT

CyTb NpoBefeHnsi NpeaBapuTENbHOO TeCTa COCTOUT B MPOBEPKE Mof,
Harpy3Kol BHOBb NMPOJSIOXXEHHbIX TPY6 6e3 (uTuHros. Ha nepuopg
npoBefeHns TecTa OTBepCTUS TPY6 AOMKHbI ObiTb TLiATENbHO
3arepmMeTn3NpPOBaHbl MeTannnYyeckumy npobkamu, KpbiKamu,
3arnyLwKamMu nnm BpeMeHHbIMu naHuamu. CoefuHeHusi C ra3oBbiMu
Tpy6amu HepgonycTvMbl. [peaBapuUTenbHbIN TECT MOXKET MPOBOANTLCS
Ha Tpybax ¢ pMTUHramu npu ycnosuu, YTO pacyETHOe AaBrneHne B
obnacTu (hMTUHIrOB COOTBETCTBYET, MO MeHbLUE Mepe, TECTOBOMY
[asneHuio.

lMpyn npoBepeHun npepBapuTENbLHOrO TecTa pekoMeHAyeTcs
MCcnonb3oBaTbh BO3AyX WM MHEPTHbIA ra3 (Hanpumep, asoT wuiu
yrnekuncnblii ras), Ho He kucnopop. MNpun aTom TecToBoe AaBreHve
OO/MKHO cocTaBnsATb 1 6ap. TecToBoe fAasneHve He [OSHKHO
CHWKAaTbCS B XOe NPOBEAEHNS TECTA, MPOAOIMKUTENBHOCTL KOTOPOro
coctasnsieT 10 MUHYT.



OCHOBHOW TecCT

OCHOBHOW TECT — 3TO TECT Ha rEPMETUYHOCTb TPY6 U DUTUHIOB, HO
6e3 1CMNoIb30BaHNs ra3oBbiX NPUGOPOB 1 YCTPONCTB KOHTPONSA 1
obecneveHuss 6e3onacHocTu. MNMpun NPoBELEHUN OCHOBHOIO TecTa
MO>XHO MCMOJIb30BaTh ra3oBbiii CHETHYIK. [1pn NpoBeAeHU OCHOBHOMO
TecTa pPeKOMeHOyeTCsl UCMoNb30BaTb BO3QYyX WM WHEPTHbIN
(HM3KOPEAKTUBHbIN) ra3 (Hanpumep, asoT U YrNeKUCHbIN ras), Ho He
kucnopog. Npu aTom TecToBOe AaBfieHne AOoMKHO cocTaBnsATb 110
M6ap. [Nocne komneHcaummn TemnepaTypHOro BO3AENCTBUSI TECTOBOE
[aBneHne He JOMKHO CHU3UTbCA B TeYeHue MUHUMYM 10 MUHYT
npoBefeHns TecTa. VIaMepuTenbHbIli TPr6op A0MKEH ObITb HACTONBKO
TOYHbIM, YTOObI perncTpupoBaTb NageHne gasneHus gaxe Ha 0,1
mb6ap.

U3mepeHne 06bEMOB yTEUKMN

Tpy6bl HU3KOrOo AaBNEHWs, HaXoAsLWMecs B SKchnyaTauun unm
HeaKcnyaTupyemble, NPOBEPSAOTCSA Ha NMPUrOAHOCTL MO 3anpocy
3aKasyuka unuM npy NOBTOPHOM MOAKIIIOYEHUN, MPU  HaNM4un
OCHOBaHWI NpegnonaraTtb Hanu4ne yteyek. B nepsyto ovepens Tpy6a
NpPOXoAnT NPOBEPKY NOJ, Harpy3kow, T.e. MoOABEPraeTcs TECTOBOMY
pasneHnto 3 6apa B TedeHwe 3-5 mMuHyT. Llenb nposepku nop
HarpysKoi COCTOUT B O6Hapy>XeHnn NOBPEeXAEHUA B pe3ynibTaTe
koppo3un. B Tpyby 3akaunsBaeTcs BO3[QyX A1 CO3[AHMSA
COOTBETCTBYIOLLEro TECTOBOrO AaBMEHNS N N3MEPSETCs nafjeHve
faBneHvs 3a 1 MuHyTy.

a) Cpok akcniyaTaummn He orpaHnyeH, ecn o6bEM yTe4Kn rasa
cocTaBnsieT MeHee 1 nuTpa B Yac npu pabo4emM AaBneHnm.

6) Cpok aKkcrnyaTaumm orpaHnyeH, ecnm o6bEM yTeukmn rasa
cocTaBnsaeT 1-5 MMTPOB B Yac npu paboyem aasneHuu.

B) HenpurogHoCTb K aKcniyaTauum, ecnvm o6bEM yTeuKy rasa
npeBbILLAeT 5 NMTPOB B Yac npu paboyem AaBfeHUN.

We measure it.

45




MpoBepka repMeTUYHOCTY ra3oBbIX U FMAPaBANYecKX Tpy6

46

OnpepenexHne
ob6bEMa yTe4Kn rasa
no norapugmMu4eckoi
JINHeNKe

B uenax yctaHoBneHust 06bEMa yTeukn rasa Heo6XoAUMO ONpenenTb
06bEM rasa B Tpybe No M3MEPEHHON UK NpegnonaraemMon ganHe
Tpy6bl. O6BEM yTeUKY ra3a MOXHO NokasaTb Ha rpaduike no nageHuto
OaBfieHUss B MUHYTY, U3MePEeHHOMY Npubopom AN U3MEpPEHUs
anddepeHumanbHOro fasneHus, a Takxxe no o6bEmy rasa B Tpybe
cornacHo TY DVGW G 624 vnn cneuuanbHOn norapugmMmmuyeckon
nuHelike Testo, yTBep>xgéHHOM cTaHgapTom DVGW.
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Puc. 25: OnpepeneHne NpUrogHOCTH K 3KCNyaTauuy no norapudM1UHecKoit
nuHenke Testo

Mcnonb3oBaHue norapuMnU4ecKon NMHENKN WCKNo4aeT Heob-
X0AMMOCTb BBOAA AaHHbIX B aHanusaTop. 'paduryeckoe n pacyetTHoe
3Ha4veHve ANns 06bEMa yTeYKM ra3a ornpefenseTcs no cnepyoLen
hopmyne:

Vg =V (p,/p,-1) x pg /p_ x fx 60

Vg O6bEM yTeuKkn rasa B xofe paboThbl, JI/MUH.
\Y O6bém rasa B Tpybe, 1.
P, A6COnOTHOE TECTOBOE [ABNEHNE B HaYane n3amepeHuns,

m6ap (NokasaHust 6apoMeTpa + UCXOQH. TeCTOBOE AaB/l.)

P, A6CONOTHOE TECTOBOE AABJIEHNE B KOHLE N3MEPEHUS,
Mbap (nokasaHusi 6apomeTpa + KOHeYH. TECTOBOE faBil.)

pB MakcumansHoe gaBsneHue rasa