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ABTOpCKMe npaBa, rapaHTUN N OTBETCTBEHHOCTb
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Loporon 4yntartenso,

3TO NPaKTU4eCcKoe PYKOBOACTBO
npefcTasnsieT cobom o630p
napameTpoB N3MepeHUs,
n3mepuTeNbHbIX 3a4a4 U METOL0B
N3MEPEHNn B OTONUTENLHOW OTpacnu.
OHO coaepXNT KOMMETEHTHbIE OTBETHI
Ha 4acTo 3ajaBaeMble NpakTn4eckmne
BOMPOCHI 1 OCHOBAHO Ha OnbITe
nonb3oBaTenen npubopos Testo no
BCEMY MUPY.

PykosopacTso npepnaraet
yBNe4YeHHOMY HOBUYKY 0630p
COOTBETCTBYIOLLEro 3aKoHofaTeNnbCcTea
lepmaHun, a Takke HOpMbI
npefenbHbIX 3HAYeHN KOHLEeHTpaLui
ObIMOBbIX ra30B B BbIGpOcax, KOTopble
OOJIKHbI 6bITb MPOKOHTPONMPOBAHbI.

P imrer—

We measure it.

[nsa onblITHOro npodeccuoHana - ato
LleHHbI CNPaBOYHNK C AENCTBYOLWNMN
HOPMaTUBHbBIMU JOKYMeHTaMu. B aTom
N3gaHny pacCcMOTPEHbl PEKOMEHALMN
N TeXHUYeckmne npuémol ans
NPakTU4eCcKoro NpUMeHeHMs,
npegnararTcs LeHHble COBEThI, korga
0eno JOXOAUT OO0 MCNONb30BaHUA
nopTaTMBHbIX ra30aHann3aTopoB.
[aHHoe pykoBOoACTBO cnaceT

Bac ot HeobxogmmocTn noncka
HY>KHOW MHopMaLnn B pasnmnyHbIX
NCTOYHMKAX, KOTOPbIN ABNAETCA
YTOMUTENBHbBIM 1 OTHUMAIOLLMM MHOIO
BpeMeHun. Mbl Bcerfga oTKpbITbl s
NOObIX AOMONHUTENBHbIX NOEen 1
NPELNOXKEHNIN MO YAYYHLEHNIO Halero
npPakTU4eCcKoro pyKoBOLCTBA.

Wolfgang Schwoérer, Head of Product Management
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Y10 nopgpasymeBaeTcs noa “AbiIMOBbIMU razammn”?

1. YUTo NnogpasymeBaeTCca Noa
“abIMOBbIMM ra3amMmmn”?

3Ha4ynTenbHoe yBenn4eHne Konn4ecrtea

NpoLEeccoB CropaHns NpuBoanT
K ewwé 60MbLUe KOHLeHTpauun

3arpAa3HALWnX BeLecTs B aTMOCCbepe.

MpsiMbIMW MOCNEACTBUSIMU faHHbIX
NPOLLECCOB ABNSOTCA 06pa3oBaHie
cmora, BbiNageHne KUCIOTHOro
LOXAS, a TakKe yyalleHre cnyvaes
annepruu cpegn Hacenexus. nsa Toro,
4TO6bl NMPOU3BOACTBO 3HEPrUmn 6bino
COMPSXKEHO C MUHMMASbHbBIM YLLep6om
LNs OKpy>KatoLlei cpefbl, HEOGXOANMO
YAENMTb OCHOBHOE BHUMaHue

Tonnueo

Puc. 1: CocTaB Tonnuea / obIMOBbIX rasoB

BOMPOCY COKpaLLleHns1 BIGPOCOB B
aTMocdepy. Hanbonee achhekTMBHbIM
Cnocobom COoKpaLleHnsa KonmyecTsa
3arpA3HSIOLLMX BELLECTB B AbIMOBbIX
rasax siBnsieTcsA ontTMmMasnbHas
HacTpolika AeNCTBYIOLMX YCTAaHOBOK 1
npekpaLleHne Ncnonb3oBaHus

KOTnoB, oTpaboTaBLUMe rasbl KOTOPbIX
SABNSAOTCS AA0BUTbIMU. AHanNn3
[ObIMOBbIX ra30B MO3BOMSET ONpenennTb
KOHLEHTpaL MM 3arpsa3HsAoLLnX BELEeCcTB
N MakCcuManbHO 3P PEKTUBHO
HaCTPOWTb CUCTEMbI OTOMJIEHMS.

MpoAayKTbl cropaHus

AbiMOBbIe rasbl




OCHOBHbIMI COCTaBASIOLMM TONAUBaA
asnsoTes yrnepog (C) n Bogopog (H,).
Bospyx, nogaBaemblii Ha ropeHme,
cocTtouT 13 kucnopopa (0,), asota
(N,) n HeGonbLIOro KonM4ecTsa
OCTaTOY4HbIX ra30B 1 NapoB BOAbI.

B pesynbTaTe cropaHus aTUx BELLECTB
pacxopyetcst kucnopog (O,).

OTOT npouecc HasbiBaeTcs
OKuClieHneM. VI3 KOMNoHeHToB
BO34yXa, NAYLLEro Ha ropeHue,

1 Tonnmea o6pasyTCcs HOBble
COE[NHEHUS.

MapameTp “ppm” (4acTel Ha
MWJIJINOH)

Hanunuyne 3arpsisHsoLLnX BELWECTB B
ObIMOBbIX ra3dax MOXXHO onpeaenuTb
Mo KOHLIEHTpauun KOMMOHEHTOB rasa.
O6bI4HO UCnonb3yTCs

crnepyoLwme eauHnLbl U3MepeHns:
Kak n “npoueHTsbl (%)”, napameTp
“ppm” onuncbiBaeT NPOMOpPLUMIO.
MpoueHTbl — 3To “konnyecTBo X
yacTein B COTHe yacTten”, a “ppm” —
“KonmyecTBo X YacTel B MUINOHE
yacTteln”. Tak, HanpumMmep, ecnu B
razoBoM uunuHape copepxmtea 250
ppm okcuga yrnepoga (CO), ato
O3HayvaeT, YTO ecnu B3sTb OANH
MUWIMOH YacTuy rasa n3 uniaMHgpa, To
250 n3 aTux YacTtuy, 6ygyT YacTtuuamu
okucu yrnepoga. OctanbHble

We measure it.

999,750 yacTuu, — 3TO YacTuLlbl
anokcunpa asota (NO2) n kncnopoga
(02). EpnHunua nsamepenns “ppm” — ato
He3aBVCUMbI OT TeMnepaTypbl 1
JaBneHus napameTp, KOTOpPbIi
NCMNonb3yeTcs Npu U3MePEHNAX
HU3KNX KOHUeHTpauuin. B cny4vae ¢
60s1ee BbICOKUMU KOHLLEHTpaLsiMu
n3mMepsiemMble napameTpbl
ncyncnsaTcs B npoueHTax (%).
[Mpeo6pa3oBaHune BbIMONHAETCSA
cnegyrowmMm o6pasom:

10,000 ppm =1%
1,000 ppm =0.1%
100 ppm =0.01%
10 ppm =0,001%
1 ppm =0.0001%

KoHueHTpauusa kucnopoga 21%
OT o6béMa byneT aKBMBaNEHTHA
KOHLEeHTpaLmmn, paBHoOM
210,000 ppm O,



Y10 nopgpasymeBaeTcs noa “AbiIMOBbIMU razammn”?

mr/Hm3

(MmunaurpammoB Ha HOpManbHbIW
Ky6omeTp)

Mpw ncnonb3oBaHNV eAVHULbI
namepeHus mr/Hv3, ctaHgapTHbIN
06bEM (CTaHOapTHble Kybnyeckne
meTpbl = M3 (H.y.) = HMm3) ucnonbayetcs
B Ka4eCcTBe KOHTPOJIbHOW NepPeMEHHOMN,
a mMacca 3arpssHsLLero rasa
NPUBOANTCS B MUINIPaAMMaXx

(mr). NMockonbKy gaHHas eguHuLa
N3MEPEHUS 3aBUCUT OT AaBfIEHUS

1 TemnepaTypbl, TO B Ka4ecTBe
KOHTPOJIbHOI eANHULLbI UCMOSb3YETCS
06bEM NpU HopMasbHbIX YCIIOBUAX:
0°C

1013 mbap (rMa)

Temnepatypa:
LasneHne:

Tem He MeHee, TONbKO 3TUX

CBeAEeHNn HeOCTaTOYHO, NOCKOSbKY
COOTBETCTBYOLWMNE OO6BEMbBI [bIMOBbIX
ra3oB U3MEHSOTCSA B COOTBETCTBUMN C
nNponopLMoHanbHbIM COAEPXXAHNEM B
HUX Kncnopopa (06bEM OKpy>KatoLLero

BO34yXa Ha eAnHuLy o6bEMa AbIMOBbIX

CO (mr/md) =

21 - sTanoHHeIii O,

(21-0,)

21 - sTanoHHeIil O,

NO, (mMr/m®) =
(21 -0y,)

®opmyrbl npeobpasosaHust Mr/Hms

rasos). Takum o6pa3om, usmepsiemble
3Ha4YeHns nognexar npeobpasoBaHUIo
B ONpeaenéHHbli 06bEM Kucrnopopa

— 3TaNoOHHOE CofepXXaHue Kucnopopa
(eTanoHHoe copepxarue O,).
Mpsamomy cpaBHeHuMIO nognexar
TONBbKO AaHHblE C OAVMHAKOBbIMYU
3TaNOHHbIMM 06BEMaMKM Krucnopoaa.
M3amepeHHOe copeprkaHne kucnopopa
(O2) B obIMOBbIX ra3ax Takxe aBnseTcA
HeobxoauMbIM NMpu NpeobpasoBaHnn
napametpa “ppm” B “mr/Hm®”.
dopmynbl NpeobpasoBaHns ans
okcupa yrnepopga (CO) n okcupa aszota
(NO,) npusogsaTCa HUXe.
Mcnonb3yemblie B hopmynax

KO3 PULMEHTbI COOTBETCTBYIOT
CTaHAaPTHbIM 3HAYEHNSIM MIOTHOCTH

rasos B Mr/md.

x GO (ppm) x 1.25

x 2.05 x (NO (ppm) + NO, (ppm))



Mr/kBt-4 (Munnurpamm Ha KBT/4
3Heprum)

LOns onpeneneHns KoHLeHTpauui
3arpsAsHAOLLMX BELLECTB B
ObIMOBbIX rasax B “Mr/kBT-4”,
pacyéTbl MPON3BOAATCA HA
OCHOBE KO3(h(ULMEHTOB ANA
3afjaHHoOro Buga Tonnmea.

Taknm o6pas3om, ons pasnnyHbIX
BWAOB TOMAUBA MPUMEHAIOTCSA
pasnnyHble Ko pULNEHTbI
npeobpasoBaHmns. KoadhpuumeHTsl
npeo6pasoBaHns “ppm” n mr/

m® B “Mr/KBT-4” npusogsTcs
Huxe. [Nepen npeobpasoBaHneEM

B MI/KBT-4 n3mepeHHble 3Ha4eHuns

KOHLEeHTpaLuuii BI6pocoB HEOOXOANMO

npeobpasoBaTb B 3HAYEHUSA ANA

We measure it. D

Hepasb6aBfieHHbIX AbIMOBbIX Fra30B
(copep>xaHue aTanoHHOro BO3ayxa —
0%) (cm. Mpunoxxexne 13.1).
KoadduruneHTbl NnpeocbpasoBaHms
Ansi TBEPAbIX BUAOB TOMNMMBA TAKXe
3aBUCAT OT OPMbI NMEIOLLErOCH
Tonnvea (B BMAE LienbHOro 6n1oka,
N3MeNbYEHHOro TOMIMBa, NOpoLLKa U
T.n.). Mo aTol NpUYNHE NCNoNb3yeMble
ko3 uLMeHTbl TonAnBa nognexar
TLaTeNbHON NpoBepKe.

JIérkoe aou3enbHoe TONIUBO

1 ppm = 1.110 mr/kBT1-4
Cco

1mr/mM® = 0.889 Mr/kKBT-y

1 ppm = 1.822 mMr/kBT-4
NO,

1mr/mM® = 0.889 Mr/kKBT-y

1 Mr/kBT-4 = 0.900 ppm
1 Mr/kBT-4 = 1.125 mr/m®
1 Mr/kBT-4 = 0.549 ppm
1 Mr/kBT-4 = 1.125 mr/m®

MpupoaHbin ras (G20)

1 ppm = 1.074 mr/kBT1-4

CcoO
1 mr/mM® = 0.859 Mr/KBT-4
NO 1 ppm = 1.759 mr/kBT1-4
X 1mr/mM® = 0.859 Mr/kBT-y

1 Mr/kBT-4 = 0.931 ppm
1 Mr/KBT-4 = 1.164 mr/m3
1 Mr/kBT-4 = 0.569 ppm
1 Mr/KBT-4 = 1.164 mr/m8

Puc. 2: KoadhdurumneHTbl npeobpadoBaHust Ans eauHUL, U3MEpPEHUs dHeprum

©
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Huxe npmnBoaATCA KOMMOHEHTbI
ObIMOBbIX ra30B B nopsnke
YMeHbLUeHNA X KOHUeHTpaunumn B

ObIMOBbIX rasax.

Aszor (N,)

A30T (N,) - OCHOBHOI KOMMOHEHT
BO3AyXxa, KOTOPbIM Mbl AblNM (79
06. %). a3 6e3 uBeTa, 3anaxa u
BKyCa, He y4acTByOLMI B NpoLecce
cropaHus. 9TOT ra3 HarHeTaeTcs B
KOTEN B Ka4yecTBe 6annacTa,
HarpeBaeTCs 1 NepekavmBaeTcs B
ObIMOXO[.

Tunn4Hoe cofepxxaHue B [bIMOBbIX
rasax:

Ln3senbHeie/razosble ropenku: 78% —
80%

Yrnekucnsbiii ras (CO,)

Yrnekucnoln ra3 — aTo ras 6es useTa
1 3anaxa c KUCnoBaTbiM MPUBKYCOM.
[Nop Bo3aeCcTBMEM COMHEYHOMO
CBETa pacTeHUs C 3eNéHbIM
MUIrMEHTOM INCTbEB - XNIOPOMUIINIOM -
npeobpasytoT yrnekucneii ras (CO,) B
kucnopog (O,). B npouecce apixaHus

mone|7| N XKNBOTHbIX NPONCXoanT

obpaTHbI NpoLecc - Npeobpa3oBaHne

kucnopopa (O,) B yrnekuchblii ras
(CO,). 3To NpuBOAUT K paBHOBECHUIO,
KOTOpOEe HapyLuaeTcs Npy Hanamymm

10

razoobpasHbiX MPOAYKTOB CropaHns,
B pesyfbraTe 4ero ycunnBaeTcs
napHNKoBbIN apdekT. MakcnmansHo
pgonyctumas KoHueHTtpauust CO, B
BO3XXyxe paboyeil 30Hbl COCTaBNseT
5,000 ppm.

Tunn4dHoe cofepxaHune B gbIMOBbLIX
rasax:

LnsenbHbie ropenku: 12.5 - 14%
lasosbie ropenku: 8 — 11%

BopsiHoW nap (BNa>HOCTb)
Copeprkalmincs B Tonamee BOAOPOS
COefuHAETCS C KUCTIOPOLOM, B
peaynbTaTte 4Yero obpasyeTcs Boga
(H,0). V3 Tonnmea oH BbIXOAUT
BMECTe C BOAOW U NofaBaembIm

Ha ropeHne BO34yxoM B BUAe
cofeprKallencs B ObIMOBbIX rasax
Bnaru (Npy BbICOKNX 3HAYEHUAX
Temnepartypbl AbIMOBbIX ra3oB - FT)
nnun B BUAE KoHgeHcara (mpy HU3KnX
3Ha4veHusx FT). Mpu cxuraHmm
Bogopopna obpasyeTcs BOASHON
nap. Ona nonHoro cropanuns 1 kr

H, Tpebyetca 8 kr O,, B KayecTse
npoayKTa cropaHus obpasyeTcs

9 Kr BoApl. B 06bI4HbIX yCnoBuMAX
npolecca ropeHusi Kosn4ecTso
obpaaytoLlerocsa napa npu “cxmraHumn
BOAbl” 3aBMCUT OT Bupa Tonnuea.
MpupopHbin ras (CH,) umeeT camoe
BbICOKOE cofepxaHue H, (ok. 22%),
a KOKC - camoe Huskoe (oK. 3%).

[a3006pasHble NPOAYKTbl CropaHns



napoB BoAbl (monsa KoTopbix Ao 15%
no o6bemy) copgeprkat IHePruto
(napoobpasoBaHusi), KoTopasi
NCMoNb3yeTcsi B TEXHONOMN
KOHZEHCaLOHHOro KoT/a.

Kucnopogp (0,)

OcTaTo4HbIl KUCNOopoa, He
MCNoNb30BaHHbIN B NpoLecce
cropaHus Benay N36bITOYHOIO
BO34yxa, “oTxoguT” B BUAE
razoobpasHbiX AbIMOBbIX ra3oB

N MCNONb3YETCHA AN OLEHKN
addekTuBHOCTU cropanHns. OH Takxe
ncnonb3yeTcs ONnsi onpeneneHns
noTepb Tenna ¢ AbIMOBbIMU rasamu 1
COAEpPXXaHNS YrNeKncnoro rasa.
TunndHoe cofepxaHne B gbIMOBbIX
rasax:

LAnsenbHele ropenku: 2 — 5%

lazoBbie ropenku: 2 — 6%

Okcup yrnepopa (CO)

Okcug yrnepopa — 3To S40BUTbIN ras
6e3 uBeTa 1 3anaxa, ABnsaoLuics
NPOAYKTOM HEMOMHOro CropaHus.
CO uMeeT Ty XXe NNOTHOCTb, 4YTO 1
BO3AyX, B oTnn4yme ot CO,, KoTopbin
Ts>Kenee 1 NO3TOMY HakannBaeTcs
y NOBEPXHOCTY 3eMnu. [Npu BbICOKNX
KOHLEeHTpauMsaX yrapHblil ras
NpensaTCTBYET NOCTYMN/IEHNIO B KPOBb
kucnopopga. CO gencTByeT Ha KPOBb
Kak a4 nytem obpasoBaHus ceas3u CO
¢ remorno6uHom. CO npusnekaeT B

We measure it.

300 pa3s 6o5blue KpacHbIX KPOBSAHbIX
Tenew B KPOBW, YEM KMCNOpPOL,.

Tak, Hanpumep, Npu cogep>XxaHnmn

B BO3ayxe nomelleHna700 ppm

CO, BObIxaHMe Takoro Bo3gyxa Ha
NPOTSAXXEHUN 3 4acoB NPUBOAMUT K
netanbHoMmy ucxopfy. MakcmmansHo
JonycTMMas KOHLEeHTpauns B BO3ayxe
pabo4enn 30HbI cocTasnseT 30 ppm.

B npouecce cropaHus yrnepoga npu
HepgocTaTke Kmucnopoga, obpasyercs
TONBbKO MOHOOKCUA YI1IEPOAA, TOSIbKO
/3 aHeprun npeobpasyercs B Tenso, a
%/, Tepsietcsi!

Tunu4dHoe cofepxaHne B gbIMOBbIX
rasax:

LusenbHbie ropenku: 80 — 150 ppm
lazoBbie ropenku: 80 — 100 ppm

Okcuppbl asota (NO,)

Mpy BbICOKUX 3HAYEHUAX
TemnepaTypsbl (MpoLecc cropaHus),
asort (N,) npucyTcTyloWmiA B TONMBE,
o6pasyeT CBsA3b C KNCOPOOOoM,
copepxatliemcs B Bosayxe (O,) B
pesynbTaTte Yero opMrpyeTcst OKCupg,
asota (NO).CnycTta HekoTopoe BpeMmsi
[aHHbIN 6ecLBETHbIN ra3 oOKUCAseTcs
nog sBosgencrenem kucnopoga (O,) n
obpagsyetcs anokcug asota (NO,). NO,
3TO BOJOPACTBOPUMBIN AblXxaTesbHbIi
A0, BbI3bIBAKOLLMA TSHKENOE
nopaxxeHne Nérknx nNpu BAbIXaHUN

1N cNoco6CTBYOLWLNIA 06pa30BaHNIO

030Ha nop Bo3aencTBnem

11



Y10 nopgpasymeBaeTcs noa “AbiIMOBbIMU razammn”?

yNbTPadroneToBoro N3ny4eHuns
(conHe4Horo ceeTa). KOMMOHEHTHI
NO n NO, HasblBaloTCA okcmaamu
asota (NO,). MNpenensHo gonycTrmas

KOHLEeHTpauus cocTaBnsieT 5 ppm.

O6pasoBaHne oKCMAOB asoTta
3aBUCUT OT cofep>KaHusa azoTa B
TOnnuBe, BpeMeHU npebbiBaHns
as3oTa B 30He ropeHus (AnuHbl dakena
nnameHun) n TemnepaTypbl NNameHu.
Mpw TemnepaTtype nNiaMmeHun CBbILe
1,300 °C, o6pasosaHue NO, pesko
BospacTaeT. O6pasosaHne NO, MOXHO
CHU3UTb C MOMOLLbIO COBPEMEHHbIX
TEXHONOMMIN FOPEeHNs, TaKUX Kak
“xonogHoe nnamsa”, peunpKynaumns
ObIMOBbIX ra30B U HU3KOIO YPOBHS
N36bITOYHOrO BO3ayXa.

Tunn4dHoe cogep xaHne B gbIMOBbIX
rasax:

[n3zenbHeie/razosbie ropesnku: 50 —
100 ppm

BbicTpbie okcupabl asota (NO,)
o6pasytoTcsa B NpoLecce CropaHust
cBo60OAHOro Kncnopoaa (M36bITOYHOrO
BO3yXxa) B peakUMOHHON 30He

njamMeHu.

TonnusHblie NO, o6pasytoTcs

npu BbICOKMX TeMMepaTypax
ropeHuns B pesysibtate CoeAnHEHUS
cofep>kallerocs B Tonnuee asoTa

(MasyT, yronb) ¢ KNCnopogom.
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[aHHas peakuusi nornowaeT Tensno.
B npouecce cropaHusi NprpogHoro
rasza TonnmeHble NOx He o6pasytoTcs,
MOCKOJIbKY NPUPOAHbI ras He
COMEPXXUT a30THbIX COEAVHEHWIA.

Tennosbie NO,

Pelatowmmu kputepusimm npu
o6pazosaHum TensioBbix NO, ABnsOTCS
KOHLeHTpauusa Kucnopoga B npowecce
cropaHusi, Bpemsi npebbiBaHUst
BO37yXa, NAYLLEro Ha ropeHne, B 30He
ropeHus (onnHe akena nnameHm)

1 TemnepaTypa nnameHu (4o nNpum.
1,200 °C = Huskoe, ot 1,400 °C

= 3HauyuTensbHoe 1 ot 1,800 °C

= MakcumanbHoe o6pasoBaHune
TepManbHbix NO,).

Avokcup cepbl (SO,)

Hunokeng cepbl(SO,) — 6ecuBETHbIR 1
TOKCUYHBIN ra3 ¢ pe3KnM 3amnaxom.
OTOT ra3 obpasyercs npu Hanu4ium
B TOMJINBE CepbI, N BbI3BAET
pasgpaxkeHve AbixaTesbHblX nyTen
1 rnas. MakcumarnbHO ponyctnmas
KOHLIeHTpauusi B Bo3ayxe paboyen
30HbI - 5 ppm. CepHucTas kucnoTa
(H,SO,) obpasyetcs B pesynsTare
coepguHeHns ¢ sogow (H,0) nnm ¢
KOoHAeHcaToM.

TunnyHoe cofepxaHve B [bIMOBbIX
rasax A8 gu3e/bHbIX ropesoK:

180 ppm — 220 ppm



Cepa-S

Cepa - 370 TBEPAOE XUMUNYECKMN
OYeHb aKTMBHOE BELLECTBO XXENToro/
3eneHoro ugeta. Npu HarpesaHun
cepa B3aMMOAENCTBYET No4YTh Co
BCeMU anemeHTamn. [Ang cropaxus 1
Kr 8 Tpebyetca 1 kr O,. Temnepatypa

BocnnameHeHus: 260 °C.

Tpuokcup cepbl (SO,)

B npouecce cropaHusa 4acTtb

80, (okono 3-7%) okucnseTcs ¢
o6pasosaHuem SO,. IT0 TBEPAOE
6enoe BeLLEeCTBO nornowaet 6onbLloe
KONM4YecTBO BOAbI C 06pa3oBaHNemM
cepHoi kucnotsl (SO4 + H,O = H,S0,),

KOMMOHEHTA KNCIOTHbIX JOXAEN.

Hecropaembie ocTaTo4Hble
yrnesopopopabl (CyH,)
Hecropaemble yrnesogopofbl

(CyHy) dbopmmpytoTca B pesynstaTte
HEMoJsIHOro CropaHust 1 Croco6CTBYIOT
ob6pasoBaHnio NapHUKOBOro addekTa.
B naHHyto rpynny BXogaT MeTaH

(CH,), 6yTtaH (C,H,,) n 6eHzon

(CgHg). MpuumHbl X 06pasosaHUs
aHanorn4yHbl Npu4mMHaMm obpasoBaHus
yrapHoro rasa (MoHookcuga
yrnepoga): HegoctaTo4yHoe
pacnbineHne 1 nepemMeLLnBaHe

npu NCNonb30BaHNMN XXNLKOrO
TOMnMBa 1 HeJOCTaTOK BO3A4yxXa npu
MCnonb3oBaHNV NPUPOLHOro rasa unm
TBepaoro Tonnmea. O6Hapy>xeHne

We measure it.

BCEX KOMMOHEHTOB [bIMOBOIO rasa C
NMOMOLLbIO U3MEPUTENbHBIX TEXHONOMNIA
SIBNSIETCS CNOXHbIM, MO3TOMY Ha
NnpakTUKe B Clly4ae C XXUAKUM
TOMAUBOM NPOBOANTCS NPOBEPKa

Ha cofep>kaHne HedTenpoayKToB,

a B cnyvyae ¢ NPMPOAHbIM ra3oM
nposoantcs namepenne CO. B
ON3enbHbIX YCTaHOBKax yrnesogopoabl
3aMeTHbI B CIeACTBME TUMNYHOIO
HENpUATHOro 3anaxa ra3oobpasHbix
NPOOYKTOB CropaHus.

TunndHoe cofepxaHune B gbIMOBbIX
rasax g8 gu3e/bHbIX ropesiok: MeHee

50 ppm

Caxa

Caxxa — 310 (MpaKTU4YecKmn) YNCTbIN
yrnepog (C) n obpasyeTtcs B
pesynbTaTe HeMoMHOro CropaHus B
ON3enbHbIX ropesnkax.

[Mpn HopmanbHbIX TemnepaTypax
yrnepoa pearnpyeTt o4eHb MeasieHHO.
[Ona nonHoro cropanunsa 1 kr

yrnepopa (C) Tpebyetcs 2.67 kr O,,.
TemnepaTtypa BocnnameHeHus: 725 °C.
Bonee HU3kne Temnepatypbl NpUBOAAT
K 06pas3oBaHNIo Caxku.

Tunn4Hoe cogepxaHne B gbIMOBbIX
rasax A8 gu3e/bHbIX ropesoK:
caxesoe 4ucsio 0 wan 1.
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YT1o noppasymeBaeTcs nopg “AbiIMOBbIMU razammn”?

TBepAble YacTULbl
TBepAbIMU YacTuuaMmu HasbiBaoT
MbIJIMHKK, KOTOPbIE HACTONIBKO Marbl,
4YTO MpU AbIXaHUN Yepes PoT N HOC
BbIXAOTCH BMECTE C BO3LYXOM.
[MockonbKy pasmep 4YacTul pasHUTCs
B 3aBVICMMOCTU OT MPOUCXOXKAEHMSA
(OT HECKONTbKNX HAHOMETPOB (HM)
00 HECKONbKUX MUKPOH (MKM)),
YacTuubl NoApasfensaoTcs Ha
HECKOJIbKO pa3mMepHbIX KaTeropuii.
O6bI4YHO AN 3TOro NCMoNb3yeTcs
aspopgmHamMnYeckmnii gnamertp’.
OTctoga NponCXofuUT LMPOKO
NCMNONb3yeMblli U3MEPUTENbHbIN
napametp, PM10 (“TBepable YacTuubl
(“Particulate Matter) < 10 (Mkm) pm”).
B EBpone npegenbHoe 3HayeHne ansg
PM10 cocTtasnsieT 50 mkr/m® B AeHb
Unu B cpeaHems rof - 40 Mkr/m®. B
CLUA v AnoHnn npepenbHble 3Ha4YeHUs
yCTaHoB/EeHbl faxe Ans 6onee Menkmx
yacTtuy PM2.5.
YacTuubl MOTyT pasnnyaTbcs no
pasmMepy, NPOUCXOXAEHNIO N COCTaBy.
Bo3Mo>XXHble NCTOYHMKN 06pa3oBaHus
TBEepAbIX YacTuu;
TexHnyeckoe BO3gencTeme
(TPaHCnopT, NPOMBbILLIEHHOCTb,
CeNlbCKOe XO3SMNCTBO), 1
eCTeCTBEHHbIE NPOLEeCChI
(Hanpumep, pacnpocTpaHeHne
necyaHow nbun Caxapbl).

Kak npaBuno B pesynsrate
MexaHU4eCKMX NpoLLeccoB
06pasytoTcsa YacTuLbl pasmMepom
> 1 MKM, B TO BpeMsi KaK YacTuubl
pasmepoM < 1 MKM, KoTopble
NPeACTaBNSOT 3HAYNTENbHbIN
PUCK AN151 300POBbS, MOYTH

Bcerga o6pasyloTcst B pesynbrarte
NpOLLEeCCOB ropeHms.

LOpyrum nctoyHMKom obpasoBaHus
YacTuy sABAsSOTCA aTMochepHble
npoveccsl, roe ra3oobpasHble
KOMMOHEHTbI NpeobpasytoTcs

B KanesibKu 1nm 4actuubl conu
BCNeACTBUE KOHAeHcauum nnm B
pesynbTate XUMUYeCcKnX peakumii —
Kak npasusio, nocne BO3aencTauns

COJIHEYHbIX Jy4en.

Pa3Huua mexpay rasom u yactuuemn
Monekynbl rasa
YeTko onpegeneHbl XMMU4YecKun n
busnyeckn
NpoeHTu4Hbl gpyr gpyry
XapakTepHble 0CO6EHHOCTU
- XapaKTepHble YacTulbl

I . \
\\0-.-0,
2\

ol 5 /@

e g '
% N S
-0~

1 AspopnHamnyeckuii uaMeTp YacTulbl ONPefensieTcs Kak reoMeTpuyecknin auameTp

chepu4eckon, XeCTKON CPaBHUTENBHON YacTuLbl

14



YacTuubl
Bonbloe pasHoobpasne
reoMeTpPUYECKNX XapakTepPUCTUK
BonbLioe pasHoobpasune
mMaTepuanbHoro cocrtasa
Bonblwoe pasHoobpasne
pr3nYecknx xapakTepmncTmk

- MenKogmucnepcHble YacTuubl

Taknm o6pa3om, NpPoLEeCChbl USMEPEHUS
YacTuy, Bcerga MMelT cTaTUCTUYECKNIA
XapakTep 1 NMET onpepfeneHHoe
pacxoxpgeHve pesynsTaTos.
CnepoBaTtenbHO, MHOXXECTBO
PasnnYHbIX XapakKTepUCTUK YacTuy,
NPUBOANT K HAIMHYUIO TAKOrO Xe
Konm4yecTBa METOLOB N3MEPEHNS
(KaXkpblii HanpaeneH Ha onpefeneHne
KOHKPETHOW XapakTEPUCTUKN YacTuL).
OfHMM 13 LUMPOKO UCMONb3YEMbIX
MEeTOLOB ABNSAETCS onpeneneHme
Macchbl 4acTul, TO eCTb UX
B3BelnBaHne. OgHaKo, 0CO6EeHHO
MeSiKue YacTuLbl B JaHHOM cry4vae
nogBepraTCs O4eHb OrpaHNYEeHHOMY
aHanmay.

We measure it.

BnusHue TBepAbIX YacTUL, Ha
3p0poBbe
To4HO ycTaHOBMEHA CBA3b MexXay
3arpsisHeHVemM Bo3gyxa TBEPAbIMU
YacTuuamu 1 NpexxaeBpeMeHHo
cMmepTbto (Ha TeppuTtopun EC okono
250,000 - 300,000 4enoBek).
YacTuubl Nbiav B 60bLUMHCTBE
cly4aeB nonagatT B OpraHn3m
YernoBeka yepes nerkue.
BepxHue n HWXHNE AbixaTenbHble NyTu
ABNATCA 3D PEKTUBHBIM (PUABTPOM
Ans yacTtuy 6onbluoro pasmepa
(mmameTp: ~ 5 MKM).
OpHako, YeM MeHbLUe pasmep
YacTuubl, TeM rMy6>Ke oHa NPOHMKaeT
B nerkue.
OT0 0CO6EHHO OMacHO B CBA3K C TEM,
yToO:!
OTCyTCTBYIOT 3aLUUTHbIE MEXAHU3MbI
JIErOYHbIX albBeEON
3awuTHas TkaHb npuieranLwmx
K HUM KPOBEHOCHbIX COCY[OB,
TOJILLNHON BCEro HECKONIbKO COTEH
HM,— TakrM 06pa3om, 4YacTuupl
MOryT MonacTb HEMNOCPEACTBEHHO
B KPOBOTOK 1 MOTYT ObiTb
nepeHeceHbl B 060N opraH.
TunnyHoe copepxxaHue (no macce
TBEPAbIX YAaCTUL) B AbIMOBbLIX ra3ax:
5 - 150 mr/m?
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Y10 nopgpasymeBaeTcs noa “AbiIMOBbIMU razammn”?

3a6oneBaHus, Bbi3biBaeMmble
3arpsi3HeHuem TBepAabIMU
YacTuuamm:

pasnnyHble pecnupaTopHble
3aboneBaHus, cepge4yHo-cocyaucTble
3a6oneBaHnsi, KOTopble MOTyT
NPUBECTUN K NeTanbHOMY UCXOay.
YacTuubl, obpasymoLiecs B
pesynbTate NpoLeccoB ropeHust
0COBGEHHO OnacHbl Anst 300POBbS.

B yacTtHocTn, BO3 knaccuduumnpyet
YacTuLbl AM3eNbHbIX BbIX/I0MOB Kak
KaHueporeHHble (npecc penuad BO3, 12
MioHb 2012).

Asaposonu

A3po3onu npeacTaBnsatoT cobol
B3BeCU (reTeporeHHble CMecu Kak
MUHUMYM OBYX BELLECTB) XUAKUX 1/
1N TBEPAbIX YacTuy (pasmepom oT
2 Hm — 100 MKMm) B razoobpasHol
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O6nacTtb
nopa)xeHus

Hocornotka

OpbixaTenbHble NyTn
BpoHxu
BpoHxuonbl

AnbBeonbl Nerkmnx

AwvameTp
YacTuy
5-10 MKM
3 -5 MKM
2 — 3 MKM

1 -2 MKMm
0.1 -—1 MKMm

cpege, 06bI4HO B BO3gyXxe. ITO

pasHoo6pasune TakxKe 03Ha4aeT, 4To

HYacTuubl MOTYT COCTOATb U3 LLUNPOKOIro

CrneKTpa BeLwlecTB 1, crnegoBaTesibHO,

UMETb Pa3fnyHble XapakTePUCTUKN.

Tunin4yHoe cofjepxaHne B 4bIMOBbIX

rasax f[J/ia TBephoTor/inBHbIX KOT/10B

He orpeneneHo. Aspo30sib SABJISETCS

ANHaMUYHOV CUCTEMOW U MOCTOSHHO

MeHseTCs B pe3y/ibTarte KoHgeHcayun

rnaposB Ha 4acrtuvyax, vcriapeHuro

XKUOKUX coCcTaB/IamoLwnx Yactul,

Koarynsaynn MeJiIkux 4actuvl B KpYyriHble

nin ocegaHuns Hactul Ha okpyXxaroLyne

OOBEKTHI.



2. Bungbl Tonnmea

K Bugam TBEpAOro TonaMBa OTHOCATCA
KaMeHHbIN yronb, GUTYMUHOSHbIN
yronb, Topd, gpeBecnHa u wena.
OCHOBHbIMV KOMMOHEHTaMWN faHHbIX
BNOOB TOMNUBA ABNSAIOTCS yrinepos
(C), Bopopog (H,), kucnopog (O,) n
HebonbLLOe KONMYeCTBO cepbl (S) n
Bofbl (H,0). Teépable BuablI TONMBa
KnaccuuumnpyoTcs B OCHOBHOM

Nno TENIOTBOPHOWN CNOCOBHOCTN;
HauBbICLUEN TENIOTBOPHOMN
CNoCOBHOCTbIO obnafaeT yronb,
3aTteM ugyT GUTYMUHO3HbBIN Yrofb,
TOopd U gpeBecuHa. OCHOBHON
npo6aemMon Npyu NCNoib30BaHUn
OaHHbIX BUOOB TOMMBaA ABNSETCA
obpasoBaHmne 60/bLLIOro Koin4ecTea
nenna, TBEPAbIX YacTUL, N CaXKMK.

[Ona “oTcemBaHus” faHHbIX OTXO4OB
TpebyeTcst HaNM4ne COOTBETCTBYIOLLMX
MexaHN4eCKNX NpPUcnocobneHnin
(Hanprmep, KONOCHUKOBOW PELUETKMN).

ApeBecuHa

[peBecunHa saBnsieTcs HaTypasnbHbIM,
TBEPAbIM TOMIMBOM C OJINHHbBIM
dakenom. Msarkasa gpesecuna (enb,
nMxTa N COCHa) SIBNSIETCSI CMONUCTON
1 NPU HEKOPPEKTHOW aKcnyaTaunm
TOMOYHOW YCTAHOBKUN NPUBOAUT

K 06pa3oBaHNio KpanHe onacHom

We measure it.

packaneHHou caxku. Teeppas
apesBecuHa, Hanpumep 6yk n gyo6,
noaxoauT NS TONOYHbIX YCTAHOBOK

C BbICOKOTEMMEpPaTypHOW TOMKOW

1 ONs1 TONOYHbIX YCTAHOBOK 6€3
KONOCHWKOBOW peLueTKn (neyn ons
ob6Xura Kepammyeckom nNanTKK).
[peBecuHa ropuT AAVHHBIM SPKUM
nnameHem, Ois CropaHns TAeLWnx
yrnei gononHuTenbHaa nogada
Kucnopopa He TpebyeTcs.
TemnepaTypa BoCcnnamMeHeHNs: 0KONo
290 °C, 06beM ObIMOBbIX ra3oB

0KOMo 8 M3/Kr, H3Las TENNOTBOPHAs
cnocobHocTb 12-15 MO)/Kr B
3aBNCUMOCTMN OT Cofep KaHus

Bnaru, To4ka pochbl AbIMOBbIX Fra30B
okono 40 - 45 °C, C 40%, H, 6%,

0, 35-40%, sona1-2%, H,0 15
-20%, CO
Bo3gyx 10 — 200% (B 3aBNCMMOCTU OT

o .
omaxe 20-3%, N3OLITOUHbII

hasbl ropeHuns).

MenneTtbl n 6pukeTbl
(MpeccoBaHHble uagenua us
HaTypanbHOro gepeBa)
MexaHunyeckun cchopmMmnpoBaHHoE,
TBEpPAOE TOMIUBO C ASIMHHbIM
hakenom, caenaHHoe 13
HeobpaboTaHHbIX APEBECHbIX
OCTaTKOB 6€3 MPUMEHEHUNS BAXKYLLMX
cpencTs. [lpeBecuHa pybutcs,
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Buagbl Tonnuea

n3mMenb4aeTcs 1 NpeccyeTcs B
uunuHapuyeckne opmbl nog
BbICOKMM fAasneHneM. CogepxxaHue
H,O o4eHb HU3KOE (5 — 6%), NoaTOMY
HU3LWasa TennoTBOPHasi CNOCOBHOCTb
BbllLE, YEM Y APEBECUHDI,
BblpPAaLLEHHON eCTEeCTBEHHbIM MyTEeM.
Hunswas TennoTBopHas CnocobHOCTbL B
OCHOBHOM 3aBWCUT OT (PaKTU4ECKOro
cofep>KaHusa BoAbl B MPeCcCOBaHHbIX
nsgenuax. TpebosaHus 1 npasuna
KOHTPONSA ANs AaHHOro Tonavea
OMpefensaiTCca B 3aKOHOAATENbCTBE
(Hanpumep, ONORM M7135).

ApeBecHble 6pUKeTbI

Tak>xe Kak 1 packonoTble 6peBHa,
MNCNONb3YITCA B TOMOYHbIX
yCTaHOBKaX C KOTOCHNKOBOW
peLlueTkol nnn 6e3 Hee.

Mennetsbl

Vicnonb3ytoTcst anst 6bITOBbIX
TOMOYHbIX YCTAHOBOK U KOTENIbHbIX
yCTaHOBOK C aBTOMaTn4eCcKoim
nogayen Tonnauea n perynupyemMon
nogaven sosgyxa. Takum ob6pasom,
obecneynBaeTcsa paBHOMepPHoOe,
perynupyemoe OTOMMeHne ¢ HU3KUM
YPOBHEM BbIGPOCOB.

ApeBecHas cTpyXKkKa (wena)
[peBecHasa cTpy>xka 06bl4HO
NPON3BOAUTCS C MOMOLLbIO MOBUSIBHbBIX
WA CTauMOHapHbIX ONCKOBbIX,
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6apabaHHbIX UNn cnupanbHbIX
py6unbHbix MawmnH. OHa cocTouT
n3 100% ppesecuHbl. OgHaKko, Kak
npasuno, NCMOMb3yeTCca ocTaTo4Has
NecHasi jpeBecuHa, MenkoToBapHasi
Ny gpyras HU3KkoKa4yecTBeHHas
apesBecuHa (Hanpumep, oTXoAbl
nocne n3MenbyeHuns), Kotopas He
MOXET ObITb NCNOMb30BaHa ANd
BbICOKOKA4Ye€CTBEHHbIX MPOAYKTOB.
Hanbonbluee BAMsHME HA HU3LLYIO
TEMnJOTBOPHYIO CMNOCOBHOCTb MEET
copepxxaHue sogbl. OHO MOXeT
3HAYUTENBHO BapbUpPOBaTLCS B
3aBUCKMOCTM OT BuAa gepesa u
cnocoba xpaHeHusa. CopeprkaHne
BOAbl B CBEXEN APEBECHON CTPYXKKe
13 neca coctaenset 50-60%, n
cylwka maTtepuana (Hanpumep,

0o copep>xanus Bogbl B 20%)
NnpakTUYecKy yaBanBaeT HU3LLYIO
TENMOTBOPHYIO CMOCOOHOCTb.

Bypbii yronb

HaTypanbHoe, TBepfoe TonnmMBo ¢
ANUHHBLIM (hakesniom, nony4aemoe 13
OCTaTKOB JINCTBEHHbIX, XBOWHbIX 1
nanbMoBbIX fepeBbeB. Yrnedunkaums
NPoOVNCXoAuNT NPU OTCYTCTBUMN BO3AyXa
nocpeacTBOM reoTepMasnbHOW 3Heprum
n pasneHns rpyHTa. 90% [obbiun
YINS OCYLLECTBASETCH B OTKPbITbIX
kapbepax. Pasnuyatot nurunt (6ypbin
yrofib C APEBECHbIM CTPOEHNEM) U

aHTpauuT (YEPHbIN, MSAHLEBUTLIN).



MopxoanT ANst MCNONb30BaHUS

B TOMO4HbIX YCTAHOBKaXx C
BbICOKOTEMMEPATYPHON TOMKOM,
LLINPOKOW KONTOCHUKOBOW PELUETKOMN,
NS foXUraHus TpebyeTcst BTOPUYHbIN
NoToK Bo3ayxa. TonanBO C BbICOKMM
cakeobpasoBaHMEM, C BbICOKM
cofep>XaHneMm 30Jibl.

TemnepaTypa BOCM/IaMEHEHNSA: OKOJO
250 - 450 °C, 06bemM ObIMOBbIX ra3oB
0KONoO 7 M3/Kr, H3LWAas TENNOTBOPHas
cnocobHocTb okono 12 — 20 MOx/kr,
C40-60%, H,3-5%,N0.5%, O, 15
-20%, S 1.5%, sona 5 -20%, H,0 5 -
20%, CO,,,,c 19 — 20%, M36bLITOUHbIV
Bo3ayx 60 — 100%.

KameHHbIW yronb

HaTypaneHoe, TBepfoe TONInso

C ANnHHBLIM (hbakenom. lNMpouecc
ob6pa3oBaHns aHanorn4eH
obpasoBaHuio 6yporo yrns.
3HaunTensHO 60nee Bblgep>XXaHHbIN,
YeM 6ypblli Yrofb, CnefoBaTenbHo,

c 6oree BbICOKUM copepXaHnem
yrnepopa. VickntiountenbHo nogsemMHas
nob6biva. PaHxupyeTtcs Ha BuAbl
NCXOAS U3 NeTYy4YnX TOMINBHbIX
KOMMOHEHTOB: AANHHOMAAMEHHbIN
yrofb, ra3oBbli Yrofib, XXUPHbINA
Yronb, Ky3HEYHbIN Yyrofb, TOLWMI
yronb, aHTpauuT. lMogxoanT gns
MNCMNONb30BaHNs B neyax gns obxura
NANTKN C KOJIOCHNKOBOW PELLETKOMN,
neyew N KOTNOB C HUXHNM FOPEHNEM.

We measure it.

Bbicokoe caxxeobpasoBaHue B hase
Harpesa, HU3KOoe AbIMOO6pasoBaHne

B (ha3e goropaHus Tnetowmux yrnei. B
dase HarpeBa TpebyeTcs Hagnexxaiias
nogava Bo3gyxa, UayLlero Ha ropeHue.
TemnepaTtypa BocnnameHeHus: 320 —
600 °C, 06beM AbIMOBbIX Fa30B OKOJIO
13 M%/Kr, To4Ka poChl rasos, UayLIMX
Ha ropeHune npumepHo 30 — 35 °C,
C75-90%,H,4-6%, 0,3 -15%,
N1-1.5%, sona3-12%, H,02 -
4%, S 1% Hu3wasa TennoTBopHas
cnocobHocTb (H) npumepHo 27

- 32 Mx/kr, CO 17 - 20%,
N36bITOYHbIN Bo3ayx 60 — 100%.

2makc

BpukeTbl

VMickyccTBeHHOe, TBepAoe TONNBO C
OJIMHHBIM UM KOPOTKUM (hakenom.
YronbHasa nbifib 1 yrofbHasa caxa
npeccytoTcsa B popMbl MOA BbICOKUM
OaBneHnem nnu ¢ gobasneHnem
CBSA3YIOLLNX BELLECTB.

Kokc

MckyccTBeHHOe, TBEpAOE TONINBO

C KOPOTKUM hakenom. KaMeHHbI
yronb HarpesaeTcs npmMmepHo fo 800
— 1000 °C npu oTCcyTCTBUM BO3AyXa.
JleTy4me KOMMOHEHTLI TonnnBea
BbICBOOOXJAlOTCS (= rOpo[CcKoi

ras), 1 ocTaeTcs KOKC, TBepaoe
nopucToe TOMNBO, KOTOPOE pa3buTo
Ha YacTuLbl pa3nn4HoOro pasmepa B
3aBMCUMOCTHW OT NpegnonaraemMoro
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Buagbl Tonnuea

MNCNONb30BaHUA U CUCTEMbI CrOpPaHus.
MooxoanT ons pAnTenbHOro

ropeHus. floput npakTuyeckn 6e3
ob6pasoBaHns caxku 1 gbiMa, KOPOTKUM
rony6oBaTbiM nnameHem. O4eHb
HU3Kas TemnepaTtypa AbIMOBbIX ra3os,
HN3Kasa ToYKa pockbl U AAnTenbHasa
hasa cropaHusl TNerLwmnx yrnen.
TemnepaTypa BocniameHeHus

okono 450 - 600 °C, 06beM AbIMOBbIX
rasos okono 12 M3/Kr, To4Yka pochl
ObIMOBbIX razoB okono 13 — 15 °C,
C85%,H,1%,0,2-4%,N1%, S
1%, sona 7 - 9%, H,0 5%, Huswasn
TEennoTBoOpHas cnocobHocTb (H)

okoro 29 MIx/kr, CO,,,... 20.6%,
N36bITOYHbIN BO3AYX KaK fnsi 6yporo

yrns.

AHTpaumT

HatypanbHoe, TBepfaoe Tonnmso

C KOpPOTKMM hakenom. Hanbonee
OPEBHUIA 1, MO3TOMY CaMblii
Ka4eCTBEHHbIN KAMEHHBbIN yrofb.
O6bI4HO NPUCYTCTBYET Ha PbIHKE
TONbKO B hopMe 6pnKeToB (BpUKETHI
anuesmaHon dopmel). ). Camoe
BblcOokOe cofepxxanne C n camoe
HU3Koe cofepxaHue H,.

ApeBecHbIN yronb
VickyccTBeHHOe, TBEpPAOE, TONMNBO
C KOpPOTKMM hbakenom. [ipesecnHa
HarpeBaeTCs B YC/IOBUSAX OTCYTCTBUS

Bo3ayxa (B yrneBbbKuraTenbHON
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ne4n). JleTy4dne coctaensioLne

TOMNMBA, Takne Kak ApeBecCHbIN ras,
napbl APEBECHO CMOJbI U BoAa

BbicBO6OXAatoTCs. cnonb3yeTcs B
KOMMEpPYECKMX Liensix 1 B Ka4ecTse
yrnsa gnsa 6ap6ekio. [opuT KOPOTKUM
nnameHem 6e3 o6pa3oBaHus fgbimMa.

>Kunpgkoe Tonnnso n3snekaeTcs

13 HedpTn. HedpTb NpoxogmTt
pasnu4Hble cTagun nepepaboTkm Ha
HedTenepepabaTbiBaOLLNX 3aBOAAX,

B pes3yfibTaTe Yero nosy4varT aKcTpa-
nérkoe (EL), nerkoe (L), cpegHee (M) n
Tsxenoe (S) xunakoe Tonnmeo. XKugkoe
Tonnmeo Tuna EL n S B ocHOBHOM
NCNonb3yeTcs N5t OTONMUTENbHbIX
KOTNOB. DKCTpa-nerkoe Xungkoe
TOMMNBO LLUMPOKO UCMONb3YeTCs

B MaJsiblX TOMANBOCXKUTaOLLNX
yCTaHOBKax CMeKTPp ero NpuMeHeHus
NOEHTNYEH MPYMEHEHNIO AN3ENbHOMO
Tonnuea (OKpaleHHoe An3enbHoe
TOoNAMBO). MNMpu NpUMEHeHNN TAXENOro
XXUAKOro Tonnuea, Tpedyercs
npegBapuTeNnbHOE HarpeBaHne ans
AOCTUDKEHNS XKUAKOro cocTosHUs. Ons
NErkoro XWAKoro Tonnnesa HarpesaHue
He TpebyeTcs.

AnsenbHoe TONANBO
VlckyccTBeHHOe, Xnpgkoe,
TOMMBO C OJIMHHBIM (Pakesiom.
[n3enbHoe TONNMBO Nony4atoT



nyTem NeperoHKn (HarpesaHmem

B YCNOBUSAX OTCYTCTBUS BO3ayXa)
Cblpoit HeTK (HepTENPOAYKTOB)

Ha He(TenepepabdaTbiBaOLLNX
3aBogax. Cbipas He(bTb [oObIBaeTCs
aHanorm4HoO KaMeHHOMYy Yo, rae
NCXOAHbIMN MaTepuanamun SBnsTCA
BeLLEeCTBa XXNUBOTHOIO MPONCXOXKAEHUSA
(NNaHKTOH N MUKPOOPraHU3Mbl).
[ob6blva HepTK ocyllecTBnsAeTCA
nocpeacTBOM COOCTBEHHOMO
(NPUPOQHOro) AaBNEeHUS NN BblKaYKU.
Tunbl AU3enbHoOro Tonnanea: dkcTpa
nerkoe (HEL) gns ncnaputenbHbIX 1
pacnblINTENbHbIX FTOPENOK, JIerkoe
(HL), cpegHee (HM) n Taxenoe (HS)
NCKNIOYNTENBbHO AN pacnblnMTeNbHbIX
ropenok ¢ npegsapuTeNibHbIM
HarpesoM. TpeboBaHus K AN3efIbHOMY
TOMNMBY onpefensTcs Ha
3aKoHo4aTe/lbHOM YPOBHE (Hanpumep,
8 ONORM C 1108 n C 1109). O6bem
LbIMOBbIX ra3oB nNpuMepHo 12 M¥/kr,
TOYKa POChl ra30B NAYLWNX Ha roOpeHne
npumepHo 45 - 50 °C, TemnepaTtypa
BocnnameHeHuns okono 300 — 400 °C,
TemnepaTypa BCMbILWKKN OKONo 55

— 100 °C, n3bbITOYHbIV BO3AYX OANA
pacnbinntensHon ropenku 30 — 40%,

- ANS rOPEeNiKn XeNnToro nnameHn ¢
NPUHYANTENbHOW Nofjayen Bo3ayxa

15 - 30%, - pnsa ropenkn CMHero
nnameHun ¢ NPUHyAUTENbHON NOfaYen
Bosgyxa 10 — 20%, gna. Tonameo Tnna

We measure it.

HEL H = 42.8 Mx/kr, S =0.1%, C
=86%, H,=13.7%, CO 15.4%,
ana. Tonnmeso Tuna HL H = 41.8 M>x/
kr, $=0.2%, C =87.3%, H, = 12.1%,
CO,,axc 15.8%, ans. Tonnmeo Tuna HS
H =40 MOx/k, 8§ =1% C = 86.5%, H,
=10.7%, CO 16.4%.

2makc

2makc

CBolicTBa AU3eNbHOro TonanBa
MnoTHOCTb AM3enbHOro TonmMBa npu
Temnepartype 15 °C konebnetcs,
ans akcTpa nerkoro (HEL) mexay
0.83 - 0.86 kr/n, a gns Ta>XKenbIX
(HS) mexpy 0.90 - 0.98 kr/n. lMpwn
CpaBHEHUWN LEH 1 3HAYEHWIA HU3LLEN
TENNOTBOPHON CNOCOBHOCTN,
npoBepbTe, YKasaHa Nn LieHa 3a nTp
UNY LeHa 3a KUnorpamm, NocKosbKy
BO3MOXXHbI pacxoxxaeHuns no 20%!
CTeneHb BA3KOCTM XUNAKOrO Tonnvea
YMEHbLUAETCA Npu HarpesaHnn n
yBENNYMBAETCS NPU OXJTaXAEHNUN,

1 Bcerga obycnoBneHa KOHKPETHOM
TemnepaTypoin. OCTaTO4YHOE XUOKoe
Tonnmeo (HL, HM n HS) nepep,
pacnbinBaHNeM HEOBXOANMO
npeaBapuTeNibHO HarpeTb, YTobbl
006UTbCA HaMEHbLLEN BA3KOCTU.
CTeneHb KOKCOBaHMWS BblpaXkaeTcsl
yncnom KoHpapcoHa 1 nokasblBaerT,
KaKoli oCcTaToK B BUAE KoKca
OCTaHeTcs B MpoLecce CXKuraHus
TonnuBa (3aKOKCOBbIBaHME comnna
rOpenKn N oTpaxkaTesbHbIX NANUT, a
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Buagbl Tonnuea

Tak>Xe BMYCKHOMO comna «4alleyHoi
ropenku» ons neyu, paboraroLlei Ha
XKNAKOM Tonnuee. Touka BCMbILWKN

- 3TO Temnepartypa, Npu KOTopoii
NErkoBOCTIaMEHSIOLLMECS ra3o-
BO3AYLUHblE CMECU BOCMIAMEHSOTCS
OT NCKPOBOrO 3aXKUraHusl.

To4KM BCMbILWKN OENATCS Ha TpU
Kflacca onacHocTu:

Knacc |: Touka BenbiwKy Huxe 21 °C,
HanpumMep, 6eH3MH.

Knacc II: To4ka Bcnbiwkn 21 °C-55 °C,
Hanpumep, HedTb

Knacc lll: Touka BCnbILWKK

55 °C-100 °C, HEL, HL, HM (gns HS
To4ka Bcnblwky Bbiwe 100 °C).

Touka BocnnameHeHUs — 3To
TeMmnepaTtypa, npv KoTopoi
rasoBo3fyLUHblE CMECH MPOLOSIKAIOT
ropeTtb He3aBucumo. Ecnv npm
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ropeHnmn He 6bina AOCTUMHYTa To4ka
BOCMIaMEHEHNS, 3TO NPUBOANT K
HemnosIHoOMy cropaHuio (06pasoBaHuio
caxm).

To4yka Teky4ecTun — 3TO Temnepartypa
ON3enbHOro TonanBea, Npu KOTopom
TONMBO BCe elle obnapaet
TeKkyyecTblo. Temnepatypa
3acTbIBaHUSA — 3TO Temneparypa, npu
KOTOPOW NPOUCXOLUT pas3feneHune
napaduHa 1 TONJINBO TEPSET CBONCTBA
TEKy4ecTu.



[a3006pa3Hoe ToNIMBO — 3TO CMECh
rOpPIOYMX N HE TOPIOYMX ra3os.

K roptoynm KomnoHeHTam rasa
OTHOCHTCS YrNeBogopPOAbl (Hanpumep,
MeTaH 1 6yTaH), yrapHbiii ras (CO) n
Bopopof (H,). lasoobpasHoe Tonnmeo,
ncnonb3yemoe Ans OTOMAeHNs Ha
CErogHsALWHNIA AeHb, 3TO NPUPOLHbIA
ras, OCHOBHbIM KOMMNOHEHTOM
KoToporo sensetcs metaH (CH,).
Heb6onbluoe KoNn4ecTBO XUJbIX
nomoB (10%) po cux nop cHabxxarTca
ObITOBbIM ra30M, OCHOBHbIMU
KOMMOHEHTaMUN KOTOPOro SIBASIOTCS
Bofopof (H,), yrapHbin ras (CO) n
metaH (CH,). OpgHako TennoTBopHas
CnocobHOCTb 6bITOBOrO rasa B Asa
pasa Huxe, 4em TennoTBopHas

Crnoco6HOCTb NPUPOLHOro rasa.

MpupoaHbIi ras (meTaH)
[a3006pa3Hoe TONIMBO C
KOPOTKUM WA BANHHBIM (hakenom.
B ecTecTBeHHOW cpene meTaH

He nmeeT 3anaxa. Ero coctas
MOXXET 3HAaYUTENBHO OTINYATHLCH

B 3aBVICMMOCTU OT panoHa
npomnssopcTea. OCHOBHbIMU
KoMMnoHeHTamu senstoTca CH,
(metaH) okono 80 - 95% un N,,
cepHble coefunHeHns n Boga. Nepepn
ncnonb3oBaHMeM Heobxoguma
obpaboTka. B npupogHbii ras

006aBNsAT OQOPaHT (BN nMUTaLumn

We measure it.

3anaxa). B otnnyme ot ropopckoro
(6bITOBOrO) rasa, meTaH He
TOKCUYEH, MOCKOJIbKY HE COOEPXUT
CO. MNpupopgHbI ra3 o4eHb
B3pblBOONaceH! B 6onblIMHCTBE
cly4aeB, MECTOPOXAEHNS
NPUPOAHOro rasa pacnonaralTcs
psgoM ¢ 3anexxamu HedTu

N yrns; ra3 obpasyetcs us
NPOCTbIX OPraHN3MOB, KOTOpPbIEe
OTKNagbIBanuCb N N3MEHSANUCH

nopa Bo3OelNCTBMEM BbICOKMX
Temneparyp v faBneHns.
[MpupoaHbIf ra3 n3 MecTopPOXXOEHNI
no TpybonpoBoAy NofaeTcs K
MecTaMm noTpebrieHns, ogqHaKko

OH TaK>XXe MOXXET ObITb CXUXKEH

npu Temnepatype -162 °C (111

K) n TpaHcnopTupoBaH nog
AaBfieHNEeM C MOMOLLbIO TAHKEPOB.
[Ona xpaHeHUsa ncnonb3yroTcs
nycTble ra3oBble KONNEKTOPSI.
MpupoaHbIi ra3 cxxuraeTcs

B ropesikax NnoBepXHOCTHOro
ropeHuns (aTMocgepHbie ropenku),
ropenkax Ha UCKYCCTBEHHON TdAre
(ogHONNameHHas ropenka) u B
MaTPUYHbIX (MPEMUKCHbIX) ropenkax
(ropenka ¢ npegBapuTenbHbIM
cmelleHnem). TemnepaTtypa
BocnnameHeHns npumepHo 630 °C,
Makc. Temnepartypa nnameHu
npumepHo1900 °C, 06beM ObIMOBbIX
razos okosio 10 Mm%, o6bem
BOASHOro napa okono 2 M,
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Buagbl Tonnuea

CocTaB: meTaH 93.1%, aTtaH 3.7%,
N 2.2%, CO, 0.9%, CO 11.7%,
noTpebneHne Bo3gyxa NpMMepHoO

2makc

9.5 Mm%, nnotHocTb: 0.777 Kr/m®,
HU3LLasi TENNOTBOPHAs CNOCOGHOCTb
36.4 MOx/m® (10.1 kBT-u), BbICLLAA
TennoTBOpHasi CMOCO6HOCTb

40.3 MOx/m® (11.2 KBT-4), HU3LWasnA
TennonpounssoguTensHocTb (HB)
34.3 MOx/Mm® (9.5 KBT-4), 36bITOYHBII
BO34yX: ANsi ropeniku 6e3 BeHTUnaTopa
200 - 300%, pnsa ropenku Ha
NCKYCCTBEHHO Tsire (BeHTUNSTOPHble
ropenku) 10 — 30%, ans ropenku

C npegBapuTeSibHbIM CMELLUEHNEM
(npemukcHble ropenkn) 10 — 40%.

C)XXM)XEeHHbIN yrneBoaopoaHbIii ras
(Cvr)

MpenctaBnsieT cob6oi No6oYHbIE
NPOAYKTbl HEPTAHOW 1 TONAUBHOMN
NPOMbILLNEHHOCTN. OCHOBHbIMU
KOMMOHEHTaMN SABAAIOTCSA NponaH

n 6yTtaH. CYI XpaHUTCH B XXUAKOM
COCTOSIHUW NofA AaBneHeM B ra30oBbIX
6annoHax u rasronbgepax. Mpu
cTaHpapTHoM pgasneHun CHI™ ansetcs
rasoobpasHbiM 1 TaXXenee BO3ayxa.
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1 kr nponaxa (C;Hg) = 1.87 n paet
B pesynbrate npumepHo 0.5 M3/N
rasa, 1 M%. Huswas TennotsopHas
cnocobHocTb Nponaxa (H) =

93.8 MIx, noTpebneHne Bo3gyxa
npumepHo 23 M3, Touka pocsl
ra3oB MAYLUMX HA rOPeHNe OKOoNo
45-50 °C, 06bemM ObIMOBbIX Fra30B
npumepHo 26 M%, 06beM BOAAHOMO
13.9%,
N36bITOYHbIN BO3ayx 20-40%, 1 kr

napa npumepHo 4 Mm%, CO,, ...
6yTtaHa (C,H,,) = 1.67 n naet B
peaynstate npumepHo 0.37 mM%/N

rasa, 1 m%. Huswas TennoTsopHas
cnocobHocTb byTaHa = 123.6 M,
notpebneHve Bo3gyxa NpMMepHo
31m%, 06beM AbIMOBbLIX ra3oB
npumepHo 33 M°, 6bem BoasiHOro napa
npumepHo 5 m2,



We measure it.

3. Topenkn

[openka B co4eTaHun ¢ TEMI0006-

MEHHUKOM UCMOoNb3yeTcs ANs
NpPoOn3BOACTBA Tenna. OTO O3HAYaeT,
4YTO ropsiyve AbIMOBbIE radbl, Harpe-
Baemble NnamMmeHeM ropenku, B

CBOO 04epefb HarpesawT BOAY B
OTOMNUTENBHOM 3MEEBMKE, KOTOpas
3aTtem nopaértcsa no Tpybam B

KayecTBe “TennoHocuTens” (tenno-

nepeparoLen XXNaKocTn) pasnnyHbiM
Puc. 3: MNpuHumn paboTbl rOpenkn n CUCTeMbI
To4ykam notpebneHns (Hanpumep, B

oTonneHns
6aTtapen.)
Csexwit Bo3ayXx, Obimoxop
oboralleHHbI
KICIOPOAOM
LObIMOBbIE rasp| =i 3acnoHka

TepmocTat

Kamepa nogaun
Tonnmea \

MepBuUYHbI BO3ayX

D{_I

Puc. 4: MpocTtas KonocHnkoBas neyb
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Fopenkun

KoTnbl KOHCTPYMNPYIOTCS C y4ETOM
TUMOB rOpPenoK 1 oNpefeneHHoro Tuna
Tonnuea. KoTnbl M3rotaBnmealTcs C
Y4ETOM OYeHb HU3KMX TeMnepaTyp
rOpeHns ra3oB N 4acTUYHON
KOHAeHcaunn rasoB NayLWmx Ha
ropeHune B TenjoreHepaTope

UM B HUXKHEM TensI00OMeHHnKe
(KOHOEeHCcaUNOHHbIe KOT/bI).
Micnonb3ytoTca mogynnpyemblie
YCTPOWCTBA, TOYHO HACTPOEHHbIE

C y4eToM TensionotpebneHus, a,
cnepoBaTtefibHO, BapbupyeTCcs 1
nogava Tonnamea, n 6eccTyneH4aTo
perynmpyemMasi MOLHOCTb
Harpesartens. [NoHuxeHne
TemnepaTypbl KOT/IOBOI BOAbI MOXKET
COKpaTuTb Kak noTepu Tenna (ropsyve
ObIMOBbI€ rasbl) Tak U NoTepun Ha
n3nyyeHve Kotna.

VMcnonb3oBaHne KoTnoB
(norogo3aBUCMMOE yrnpaBfieHne) co
CKOJb3SILLEN TeMNepaTypoi KOTNOBOM
BOJbl MOXET YBENUYNTb rOQOBYHO

3 (PEKTUBHOCTb NCMOb30BaHNS.
OpHako CHUXXeHne TemnepaTypbl
KOTNOBOW BOAbl TpebyeT HarpesaTenei
C 60/bLUION NOBEPXHOCTHIO
Tennonepega4u (Hanpumep, Nosbl ¢
nogorpeBom).

B koTnax o6bl4HOrO TMna TemnepaTtypa

KOTNOBOW BOAbl (TeMnepartypa
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TensoHoCUTeNs) cocTaBnseT
npumepHo 70 — 90 °C a TemnepaTtypa
ObIMOBbIX ra3oB Afs:
TBEpPAOTONNNBHbLIX KOT/IOB Bbille
npumepHo 160 — 300 °C
JKnpgKoTonanBHbLIX KOTNOB BbILLE
npumepHo 160 — 260 °C
[a30BbIX KOT/IOB BblLLle MPYMEPHO
100 - 260 °C
B xope akcnnyatauum gaHHbIX KOTOB,
KOHAeHcaumm oTpaboTaBLUMX ra3oB B
KOT/IE HE MPOUCXOANT.
Bnarogaps KOHCTPyKLMMN 1
npUMeHseMbIM MaTepranam
HU3KOTEeMMnepaTypHble KOT/NbI
3KCNNyaTupytoTCsa Npu TemnepaTtype
TennoHocutens okosno 40 — 50 °C,
6e3 pucka koppo3uu. Temneparypa
AbIMOBbIX ra30B HUXe B cuny 6onee
HN3KOW TemnepaTypbl MOBEPXHOCTU
TEenno006MEHHNKOB, HYTO NPUBOANUT K
6onee BbICOKOW 3(h(PEKTUBHOCTU.
CBepxHuU3KoTEMMNnepaTypHble
KOTJ/bl MOIYT 3KCMNyaTnpoBaTbCs
npu TemnepaTtype KOTNOBOW BOAbI
0o 20 - 40 °C, 6e3 prcka Koppo3uu.
CBEpPXHN3KOTEMMNEPATYPHbIN KOTEN
MOXET ObITb 3anyLeH U3 «XONoAHOro»
COCTOSIHUSA 1 3aTeM HarpeT, TakuMm
o6pasom notepu Tenna Yyepes
CTEHKW aKKymynsTopa Tenna u
Tpy60onpoBOAOB COKpaLLaloTCca A0
MUHUMYMa. TemnepaTtypa ObIMOBbIX
rasoBs BapbupyeTcs ncxoas U3
Temnepartypbl KOT/I0BOW BOAbI 1



TemnepaTypbl TEMIOHOCUTENS.
B0O3MOXXHO CHUXEHME TemMnepaTypbl
ObIMoBbIX razoB o 80 °C (1 HMXe), 4To
NPUBOANT K BbICOKOWN 3(h(HEKTNBHOCTH
C HUBKUMU NOTEPSIMUN HA N3NYyYEHUe,
0[JHaKO Heob6XoAMM BNaroCcToONKUin
ObIMOBOI (ra300TBOAHbIN) KaHar.
KoHAaeHcaLuMOHHbIe KOTIbI

LaHHbI TN KOTNIOB NOCpeacTBOM
BTOPOro TensI006MeHHMKa NO3BONSET
ncrnonb3oBaTth TEMNOTY KOHAEHCALMMN
BOASIHOrO Napa, cogep kallerocs

B nNpopyKTax cropaHus. MpogyKThbl
CcropaHusi foMKHbI 6bITb MakCUManbHO
OXJ1aXKAEHbI BHYTPY FOPESIKA - HUXE
TOYKM pocbl ToMMBa. YeMm Hmke
TemnepaTypa npoayKToB CropaHus

(B 3aBNCMMOCTM OT TeMMepaTypbl
KOTNOBOW BOAbl B 06paTHou Tpybe),
TeM Bbllle NPUTOK Tenna NnocpeacTBOM
KoHZeHcauunun. TemnepaTtypa ObIMOBbIX
rasoB MOXET 6bITb CHKeHa ao 40 °C.

la3oBas ropenka ¢

We measure it.

[Mpn 3TOM HEOOXOAMMbI BbITSAXHOM
BEHTUNSATOP, BBUAY OTCYTCTBUS
oTpuLaTeNbHOro AaBneHns B
ObIMOXO[E, 1 Baro-KUCIoTOCTOMKNIA
abiMoxof. B oTnuudne ot HU3Lwen
TEnJoTBOPHOM CNOCOBHOCTK, BbICLLAA
TensoTBOpHasi CNOCOBHOCTb — 3TO
KONM4YeCTBO 3Hepruu, nonyyaemoe

B XOfe MOJIHOro CropaHus Tonamesa

B COOTHOLLUEHMMN K KONINYECTBY
ncrnonb3yemoro Tonnuea. Huawas
TENNIOTBOPHAsA CMOCOOHOCTb —

3TO KONMYECTBO TEMJIOThI Napa

BOZAbl, BblAensiemoe B npouecce
CropaHusi, MMHYC KONM4eCTBO
TennoTbl NnapoobpasosaHus. Mo

3TON NPUYMHE 3HAYEHNE BbICLUEN
TENNOTBOPHON CNOocoBHOCTN —
NPUHUUNNANBHO Bbille 3HAYeHUSs!
HU3LLEen TeNIOTBOPHOM CMOCOOGHOCTH.
B KOHAEHCaUMOHHbIX cucTeMax
NCMONb3yeTCs BTOPOW TENI00O6MEHHNK

NPUHYANTENbHOW TArON

OTBOfHas Tpy6a

Kamepa cropaHus n3
Hep)xaBetoLLei cTanm
Tennoo6meHHMK 1

KoHpeHcaToc60pHNK

Tennoo6bmMeHHUK 2

OTpywuHa ans
ObIMOBbIX ra3oB

O6patHas Tpyba

Puc. 5: KOHCTpYKLMS ra30BOro KOHAEHCaLMOHHOro KoTna
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Fopenkun

Ons obecrneyeHns coveTaHus
TEennoTbl KOHAEHcALMN C TEMNOTOWN
cropanus. 3HayeHnsa TemnepaTypbl
ObIMOBOTO rasa B KOHAEeHCaUMOHHbIX
npméopax — 3Ha4YNTENbHO HUXe
006bI4HbIX TEMMNEPATYPHbIX 3HAYEHNI
B TPaAULUMOHHBIX CUCTEMAX.
[ononHutenbHas (cKpbiTas) TensoTta
BblAensieTcsa 3a CHET KOHAeHcaLmm
napa BOAbl B AbIMOBbIX radax.
TemnepaTypa, HMUXe KOTOPOi
cogep>xaHue Bnarv B fbIMOBbIX
rasax npespalliaeTcsa B KOHAEHcaT,
HasblBaeTCs TemnepaTypon
KOHZEHcaUMn UM TOYKOA pocChl.

Y pasHbix BUOOB TOMMBA TOYKM
pOoCbl pasfinyHbl 1 COCTaBNSAOT
npumepHo +58 °C ans npupogHoro
rasa n npumepHo +48 °C gns
OnsenbHoro Tonnmea. Toyka pochl
ONs NPUPOAHOro rasa gocturaeTcs
6bICTpee NpU OXJTaXXAEHUN ObIMOBbIX
rasoB. 970 o3HayaeT 6onee GbICTpoOE
BblAeNieHne TENNOTbl KOHAEHCALNN.
Takum o6pasom, aHeprus,
nosly4eHHasi Npu UCMNosib30BaHNM
rasa ropasfo BbILLE, HEXENN YeM Nnpu
NCMoNb30BaHNM AU3€ENbHOro ToNmBa.
B KoHOeHCcaunoHHON TeXHONornm
NPEenuMyLLECTBEHHO NCMOJb3YEeTCs
ras, MOCKONbKY Mpy FropeHnm
ON3eNbHOro ToMNMMBa BblAENseTcs
anokeug cepsl (SO,), Nnpeobpasyembiii
4aCTMYHO B KOHOEHCAT CEPHUCTOM

KNCNOThbI. ﬂpVIHVIMaFI BO BHUMaHmne

28

o6pasyloLminca KoHaeHeaT, cuctema
ObIMOBbIX ra30B [OSKHA OTIMYaTbCS
YCTONYNBOCTbLIO K BO3LENCTBUIO BNaru

N KNCNOThbI.

0N KOHOEHCALMOHHbBIX CUCTEM

He TpebyeTcsi COOTBETCTBME
Kaknm-nnbo, naxe MMHMMasnbHbIM,
TpeboBaHNAM 3D PEKTUBHOCTN.

Tak B 3akoHe 1st BImSchV He

[aHOo yKasaHuii Ha ncrnosnb3yemble
npenenbHble 3HAYEHNS.

MocKonbKy 3aHeprus 3MepsieTcs Kak
HU3LWasa TenNoTBOPHas CNOCOBGHOCTb,
3HaveHune Kl moxeT 6biTb 60onee
100%.

ByabTe BHUMaTENbHbI

npu namepermnsax NO,:
nponopLMoHanbHOe COOTHOLUEHNE
NO k NO, moxeT gocturatb 50:50.
A 3TO O03HayaeT, 4YTO AN U3MEPEHNS
NO, HeO6XOANMO BbIMONHUTL
OTAEeNbHbIe 3aMepbl KOHLEHTpauui
NO n NO,.



3.3.1 TBepaoTONMNBHbIE KOTJbI

B cnyyae ¢ TBEpOOTOMNBHBLIMU
KOTnamu cnepyeT pasnuyatb
CUCTEMbI, FAe B Ka4ecTBe Tonnmea
1ncnonb3yeTcsl ApeBecuHa, yrofb,
KOKC 111 MPECCOBaHHbIN YroJib.

B TBéppoTOonnMBHLIX KOTNax 80%
BO34yXa, UOyLLero Ha ropeHue,
TpebyeTcs HenocpeaCcTBEHHO AN
camoro npouecca cropanus. 20%
MAYLLEro Ha ropeHne Bo3gyxa
(BTOpMYHOro BO3ayxa) nogaeTcs

B [bIMOBbIE rasbl, Nony4yaemMble

B NpoLecce CropaHusi, 4Tto
obecrneymBaeT onTUMasbHbI NPoLecc
ropeHusi. Bropu4Hbii Bo3gyx Tpebyet
npefBapuTeNbHOro Nnogorpesa BO
n3bexaHne oxNaXKaeHNs ObIMOBbIX

rasoB (HeMosIHoe cropaHue).

3.3.2 NasoBble ropenku

OTO yCTaHOBKM, NCnonb3aytoLlee
rasoobpasHoe TOMIMBO, HanpumMep
NMPUPOAHbIN a3, CXXMXKXEHHbIN
yrneBoAopoOaHbIV ra3 n buoras.
CnepyeT pasnnyaTb atmoccdepHbie
rasoBble ropenku c aBapuiiHbiM
TepmocTaToM 06paTHOro xoga
ObIMOBbIX ra30B 1 ra3oBble rOopenku
C NPUHYAUTENbHOMN TArom 6e3
aBapuiHOro TepMocTarta AbIMOBbIX

rasos.

We measure it.

Fopenku ¢ npeaBapuUTenbHbIM
CMeLUeHUEM - 3TO aTMocepHble
rOPEsKN C BEHTUNATOPOM, HO 6e3
aBapuiiHOro TepMocTaTa AbIMOBbIX
rasos, rge BO34yX, MOYLLNIA Ha
ropeHne TO4HO JO3UNPYETCH U,
cneposarenbHo, cofepxaHue CO,
Ype3BblYaHO BbICOKO.

OCHOBHOE NPEenMyLLECTBO ra3oBbIX
CUCTEM COCTOUT B TOM, YTO B
npoLecce cropaHusi He o6pasyeTcsi
LUNaKoB 1N B BO3MOXHOCTI 3KOHOMUU
npocCTpaHcTBa 3a cHeT obecneveHns
3anaca Tonnuea. B yacTtHocTu npu
NCNOMNb30BaHNN aTMOCHEPHbIX
rasoBbIX FOPENoK, 3a CYET yaaneHns
ObIMOBbIX ra3oB NpoucxoauT
BCacblBaHNE U CMeLLMBaHNe BO3ayxa,
nofaBaemMoro Ha ropeHue B kamepe
cropaHnusi. TonnMeBo-Bo3ayLUHas
CMecCb, CXXuraemas B kamepe
cropaHusi, otThaéT Tenno Yepes
TennonpoBoAsiLLNe NOBEPXHOCTH,

a AbIMOBOW ra3 oTBOAUTCS Yepes
perynsTop Taru B AbiMOOTBOA. 3ajada
ynpaBneHnsi NOTOKOM COCTOUT B TOM,
4TO6bl NPEOOTBPATUTL BO3MOXHOCTb
BAIMSIHNSI HA NPOLEeCC CropaHus

B ropesike 3a CHET NoCTyM/IeHUs

ObIMOBbIX ra3oB nnn 06paTHOI7I TACN.

Mopenku ¢ NpUHYAUTENbHOW TArom
Bosgyx, ngywmin Ha ropeHue,
nofaeTcs B ropenky ¢ NOMOLLbO
HarHeTaTens. 9To obecneynBaeT
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Fopenku

TOYHOE [03UpOBaHVe BO3ayxa,
nayLuiero Ha ropeHue, u ero
TWwaTenbHOe CMeLLMBaHme ¢

rasom. Bbicokas acpekTnBHOCTb
obecneynBaeTcs 3a CYET HU3KOro
YPOBHS n36bITo4YHOro Bo3gyxa (10 —
20%). fopenkn ¢ NPUHYANTENBHOW
TAroW OTNNYATCH BbICOKON
aKcnnyaTalMoHHON 6e30NacHOCTbIO
N HEYYBCTBUTENBHOCTbIO K
aTMocdepHbIM BO3LENCTBUSIM.
M36bITO4YHOE paBneHne B

KOTne cobpacbiBaeTcs 4epes
npefoxpaHnTeNbHble KnanaHbl.
[biMoBble ra3bl BbIBOAATCSA

Hapy>Xy 3a C4eT eCTeCTBEHHOIo
OTpULATENBHOIO [ABMIEHUS B
ObIMOOTBOAE B TOPLIEBOW YacTu KOTa.
[a3oBble ropenku ¢ NPUHYAUTENbHON
TArON MO KOHCTPYKLMUN OYEHb

CXOXW C QU3eNIbHbIMY FropefikaMmu.
Kak 1 B cny4ae ¢ gu3enbHbIMM
ropefikamu ¢ NpuUHyanTENbHOM

TepmocTat Kotna

/X
AR

TAroi NoTepw B CNeACTBUE NPOCTOS
npefoTBpaLLatoTCsi C MOMOLLbIO
aBTOMaTMYECKNX BO3OYLUHbIX
3aC/IOHOK, KOTOpble MPENsATCTBYIOT
NPOXOXXAEHWIo Bo3ayxa vyepes
KOTen, Korga ropenka He paboTtaer.
KonebaHus Taru nnm n3ébITo4Hoe
oTpuuaTenbHoe faBneHne MOXXHO
CHU3UTb 3a CYET YCTaHOBKU 1
HaCTPOWKN PEerynsiTopos TArW.

OT0 Takxe bygeT npenaTcTBoBaTh

NMPOHUKHOBEHUIO Biarn B AbIMOOTBOA,.

ATmocchepHble ropenku

OTK ropenkn co3faHbl Ha

OCHOBE VHXXEKTOPHbIX FOPENOK U
NnpenMyLLeCTBEHHO UCMOSb3YTCS B
KayeCcTBe ropesiok NOBEPXHOCTHOIO
ropeHus nnn gnddy3noHHbIX
(NpeMukcHbIX) ropenok. fopenkun
Takoro Turna padoTtatT C
aBTOMaTM4yeckum 3abopoM Bo3ayxa.
ATMOCEepHble FOPENKN COCTOAT U3

T [biMOBbIe rasbl

Perynstop notoka (cta6unuaartop Tsru)

3acnoHkar

Tennoo6MeHHNK

ras tj ! ééééééé 1 Tpy6a ropenku
— 7 T
: ~+—— Bospyx, uaywmii Ha ropexue

Puc. 6: OTonnTenbHbIn KoTen ¢ aTMochepHOol ropenkon
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ropenoyHbiX Tpy6, Kaxkgas 13 KoTopbIxX
NMEET NHXXEKTOP U CMECUTENbHYI0
TPY6KYy. [MepBnYHbIN BO3OyX (MPUMEPHO
60%) BcacbiBaeTCs B UHXEKLNOHHYIO
TPYyO6Ky 3a CHeT oTpuLaTeNbHOro
OaBfieHns NpoxofsLLero rasa.
[a3oBo3fgyLlHAss CMeCb NPOXOAUT
Yepes comnna ropenkn n Ha BbIXOAe
ellle pa3 CMeLNBaETCSA C BTOPUYHbIM
Bo3ayxom (npumepHo 40 %) n
BocnnameHsietca. O6pasyeTcs
BbITSIHyTOE, rofly6oBaToe nnams.

a3, ngywmmn Ha ropeHue,
nponyckKaeTcs 4Yepes ropenky 3a

CYET TEPMMYECKON NOABEMHON CUNbI.
[biMoBble ra3bl BbIBOAATCA 3a CHET
€CTeCTBEHHOro oTpuLaTenbHOro
OaBlieHns Ha BbIXo4e TENI00O6MEHHNKa
Kak n B cnyyae ¢ ropenkamm ¢
NPUHYOUTENBHOW TAroN (AbIMOCOC),
nogava Bosgyxa, nayLiero Ha ropeHue,
a 3Ha4YnT 1 N36bITOYHbIN BO3AYX

He noanexart TOYHOWN HacTpolKe 1
perynupoBaHuio. lNockonbky nepeboun
B BblBEfileHNe AbIMOBbIX ra30B He
OOJIKHbI BNUATb Ha NPOLECC ropeHus,
aTMOCepHble ropenky AOMKHbI 6bITb
OocCHalleHbl 06paTHbIM KnanaHoMm.B
3aBUCMMOCTN OT MHTEHCUBHOCTU
oTpuUaTeENbHOro AaBNeHNs Yepes
OTKPbITbIA 06paTHbIN KnanaH B MOTOK
ObIMOBbIX ra3oB nonagaet 6onee

U MEHee NPOKOHTPOJIMPOBAaHHbIN
“NHPMNBTPOBaHHBIN BO3QYX”, Tak YTO B
Kamepe cropaHus npeobnagatoT

We measure it.

Hambonee nogxoasiume ycnosus
ropeHnst N3 BO3MOXXHbIX

(nopava Bo3pgyxa). Cogep>xxaHue
NHMUNBTPOBAHHOIO BO3AyXa

UM BTOPUYHOIO BO3[yXa MOXET
OKasblBaTb 3HAYNTENIbHOE BAUSHUE
Ha pe3ynbTaTt n3MepeHus (M3MepeHne
CO, vnn O, fo nnu nocne o6paTHoro
knanaHa). B cny4ae 3akynopku

U NPOTMBOTOKA, AbIMOBbIE ra3bl
BbIBOOSATCS B MOMeELLEHNe, rae
YCTaHOBNEHO TOMIMBOCXKMrawLee
o6opyfoBaHne Yepes oTBEPCTUS
ObIMocbopHoO kamepsbl. Mo
npoLuecTsnn 6e30nacHoro
npomexxyTka BpeMeHu npumepHo B 1-2
MUHYTbl @aHanM3aTop AbIMOBbIX ra3oB
(ycTpoOncTBO 3awmnThl) NOCPEACTBOM
MarHUTHOro KnanaHa ocTaHaBnuBaeT
nogayy rasa. C Lenbio CHUXeHNs
npoueHta NO, B AbIMOBbIX rasax
(Bo3mMOXKHO cokpalleHne go 30%),
aTMocdepHble FOPENKN OCHALLEHbI
KaHanamu oxlaXKaeHus nnm
KOJIOCHWKOBBIMW peLLeTKaMu ¢

BOOAHbBIM OXNna)kgeHnem.

Mopenkun ¢ npeasapuTenbHbIM
cMelleHuemM

B cBaAsn ¢ 6onee cTpornmu
3aKoHofarteNbHbIMU TpeboBaHNSAMU
(K 9chhekTMBHOCTU, 3HAYEHUSM
NO, n CO) 6binn paspaboTaHbl
HOBblE€ METOAbI CXXUraHUs.

lopenky ¢ npegBapuTenbHbIM
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Fopenkun

CMeLLEeHNEM OTANHAIOTCS BbICOKOMN
apdekTnsHocTbio (KMNL go 92%) n
HU3KMMW Harpyskamu 3arpsisHEHUN.
[openkun ¢ npeasapuTenbHbIM
cMeLleHnem (MPeMmUKCHbIE) OTHOCATCS
K atmocdepHbIM ropenkam. Bosgyx,
NAYLNIA Ha ropeHne, MoXKeT
nogasaTbCs U3 NOMeELLEHUs, rae
HaxoguTcsa TONMBOCXKMraloLwas
yCTaHOBKa 1nn Yyepes BMYCKHYIO
Tpyby Bo3gyxo3abopa. BeHTunatop
BCacbIBaeT BO3AYX, MAYLLMIA Ha
ropeHune, 4yepes BO34yX03aB0PHUKN.
C nomolLbto BeHTURATOPA U
perynatopa guddepeHunanbHoro
AasfeHuns 3afaeTcs o6beM BO3ayxa,
Heo6xo4UMbIN ANS rOPEeHNs AaHHOro
ob6bema rasa (MOLHOCTN KOTNna).
Takum 06pa3omM, MOXET ObITb 3afaHO
COBCEM He3Ha4uTeNbHOe KONn4ecTBo

n36bITO4HOro Bo3ayxa. [NpenmyLlecTso:

nosblilleHne 3hHEeKTUBHOCTY 3a CYET
MEHbLUNX MOTEPb C AbIMOBbLIMU rasamu.
la3oBo3gyLLHast CMecb NponyckaeTcs
Yepes ropenky noBepxXHOCTHOro
ropexust unu anddysnoHHY ropesnky,
NOLKNIAETCS N FTOPUT KOPOTKUM
(hakenom nam TOHKMM NOBEPXHOCTHbLIM
takenom. MNMocne oxnaxpeHus
ObIMOBbIE ra3bl nonagatoT B
repMeTUYHYO CUCTEMY MOAFOTOBKM
ObIMOBbIX Fra30B C U36bITOYHbIM
naeneHuem (200 Ma) a 3atem
BbIBOOSTCS Hapy>XXy Yepes cuctemy
OblMooTBOAA.
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3.3.3 XXnakoTtonamBHbIE ropenku
3apayeit XXugKoTomnINBHbIX FOPENoK
SIBNSIETCS Ka4eCTBEHHOE pachblfieHne
Xungkoro Tonnuea. CylwecTBytoT
pasnunyHble TUMbl FOPENokK:
UcnapuTenbHble ropenku ans
Tonnmea Tnna HEL
PacnbinuTenbHbie ropenku as
Tonnuea Tuna HEL, HL, HM n HS

WUcnapuTtenbHble ropenkmn
OCHOBHbIM KOMMNOHEHTOM B
ncnapuTenbHbIX ropenkax aBnseTcs
Yalla unn ropLiok (COOTBETCTBEHHO
ropenka Tuna Yawim uam ropLikay.

B aTom cocypfe uakoe TonvMeo
ucnapsietcsi nof Bo3aencTerem
Tenna. Yepes oTBepCTMSA B 6OKOBbIX
CTEeHKax 4Yaluun nocTynaet BO3AyX,
nayLwmn Ha ropexne, n obecrnevmsaeT
Heobxoaumoe cMmellBaHue ons
cTabunmsauum nnameHn B kamepe
cropaHusi. MNogaya Tonnuea u,
cnepoBartefibHO, TEMIOBast MOLLHOCTb,
KOppEeKTMpyeTcsa NnocpencTsom
perynvpytoLlero knanaHa B
perynatope Tonnuea. B perynatope
TOoNAMBa UMEETCs1 MOMNNaBKOBLIN
yKasaTenb YPOBHS, KOTOPbIl
NOLAEPKUBAET MOCTOSIHHBIA YPOBEHb
Tonnmea, Tak 4To He3aBUCUMO OT
JaBneHns Ha BMycke pacxop Tonnvea
OCTaeTcsl Hem3MeHHbIM. Ecnu nnams
racHerT, rMonaBKOBbIN yKasaTtesb

npenoTepallaeT BblITeKaHMe Tonnanea



BbllLe OTMETKM 6e30MacHoCTM.
JKnpgkoe Tonnmeo ans paboTtatoLen
neym nogaéTtcst U3 BHYTPEHHErO
pesepsyapa (npumepHo 20 NUTPOB)
WUNn BHewHero pesepsyapa (go 300
nuTpoB.). TonnneBo nogXxuraercs
BPYYHYIO NOCPEACTBOM NnapaduHoOBbIX
duTUNENn NN CNUPTOBOIO 3ananbHuKa,
U B aBTOMaTUHYECKOM pPeXume ¢
NOMOLLbIO 3NEKTPUHECKOIO
HarpeBaTeNbHOro NpoBoAa.
[MonHOCTbIO aBTOMaTN3NPOBaHHas
paboTa BO3MOXHa Yepes
Tepmoperynsatop. Bce ncnapurenbHole
ropenkn 04eHb YyBCTBUTENbHbI K TAre.
[asneHne Tarn JONXKHO COCTaBNATb
Kak muHumMym 10-15 MNa. KonebaHuga
TAMN WX CAULLKOM GO0NbLUYIO CUy
TAMM MOXXHO OTPerynnmpoBatb U
HaCTPOWTb C MOMOLLbIO perynsatopa
(cTabununsatopa) TArn. MicnaputenbHble
ropenku ¢ BEHTUNATOPOM Yalle BCEro
He4YyBCTBUTENbHbI K aTMOCHEPHbIM
Bo3aencTemsaM. CKOpocTb
BEHTUNSATOPA MOXXHO OTpPerynMpoBsaTb,
crnepoBartefibHo, MOXKHO B
COBOKYMHOCTU ynpaBnsaTbe 06beMoM
BO3AyXa 1 pacxofoM Tonnmea.
WcnaputenbHble ropenkn otanyatoTcs
BblcOKOI apdekTuBHOCTLIO! Tennosas
MOLLHOCTb ropenok 6e3 BeHTunsaTopa
cocTasnsieT npumepHo ot 3 go 15 kBT,
c BeHTUnaTopom — go 50 kBT, makc.
caxeBoe yucno = 2, K 70-80 %,
copgepxaHue CO, B AbIMOBbIX rasax
8-10%.

We measure it.

Heobxoanmo perynspHo YncTuTb
HarpeBaTefibHble NoBepxHoCTW. Mpun
HEeJOCTaTOYHOM UM N36bITOYHOM
LaBrieHns BO3ayxa Unun B cnyyae
3arps3HeHNst BO3AYLLHbIX OTBEPCTUN,
>KUOKOTOMJIMBHbIE NMEYUN NOKPbIBATCS
KonoTbto. HegocTtaTovHoe paspexeHune
B [bIMOXOZ€E MOXET NPUBECTU K
gednarpaumm (6bICTPOMY CropaHuio
6e3 peToHauun).

PacnbinutenbHblie ropenku

B ropenkax Takoro Tuna TonaneBo
nocTynaeT Yepes 3NeKTPU4ECKHn
ynpaenseMblii TOMJIMBHbI HACOC

npu BblICOKOM aasneHun (7 — 20 6ap)
a 3aTeM NofaeTcs B TOMIMBHYHO
(hOPCYHKY, rae OHO pacrnbUIAeTcsa Ha
0o4YeHb MefiKue Kanenbkn. BeHTunstop
BbITSArMBAET BO3AYX N3 KOTENIbHOro
NoMeLLIEHUS 1 NOJAaeT ero 4yepes
naTpyoKn ropenkn K TOnJNBHOM
dopcyHKe, rae oH cCMeLLnBaeTCs

C pacnblIEHHbIM TOMIMBOM
nocpeacTBOM COOTBETCTBYHOLLMX
CMecuTeSbHbIX YCTPOWCTB (anddysop,
NHXXEKTOP, KOMbLIEBbIE U BUXPEBbIE
Hacagku, n 1.4.). O6bem BO3ayxa
3afaeTcsa C MOMOLLbIO KnanaHoB Uin
3aC/IOHOK Ha CTOPOHE BCaCbIBaHNs
UNn HarHeTaHus. BospyLiHble
3aCfIOHKM NpefoTBpaLLaoT noTepu
Ha oxna)kaeHue BO BPEMS NMPOCTOS
ropenku. CMecb NOAXWUraeTcst UCKPOWA
BbICOKOIO HarnpshKeHus (aneKTpon
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Fopenkun

po3xkura) n NPOAOSIKaeT ropeTb A0
Tex nop, noka ngeTt nogada Tonanesa
1 Bo3gyxa. TonnBHbIN TymaH
OOMONHUTENbHO BbiNapuBaeTcs

3a CYeT TennoTbl N1aMeHN.
OpHocTyneH4aTble ropenku paéoTatoT
B PeXVMe BKIIOYEHNSA/BbIKIOYEHUS,
T.e. OHM Bcerga paboTatT Ha NOJIHYH
HOMMWHANbHYIO MOLLHOCTb FOPENKN.
Onsa 6onblwen ahheKTUBHOCTN 1
JlydLIEero ynpasneHusi, B cuctemax
MoLHocTblo 6onee 100 kBT
MNCNONb3YKTCA OBYXCTyNeH4aTble
ropenkun Uav ropenkn ¢ oBymMsi
connamu. BospgyliHasa 3acnoHka
ynpaenseTcsa rugpasanyeckum unm
3NEKTPUYECKNM NMPUBOLOM B

OBYX PasnnyHbIX MONOXEHUSAX.

[Ona gByxcTyneH4yaTbIX ropenok
BO3[€eNCTBME BHELWHNX (haKTOPOB
npu 3anycke 3Ha4ynTelbHO MeHbLue. B
HacTosLLEee BPEMS C LieNbio 9KOHOMUN
3HEeprum AByXCTyneH4YaTble ropenku
MNCNONb3YITCA faxe NS HebOoNbLNX
MOLLHOCTEN. DTO O3HAYaEeT, YTO

Ha NPOoTs>XeHnn 6osbLUuen YacTun

ropa ropenka Moxet paboTaTb C
MOHV>XEHHOW MOLLHOCTbO. [ns
60/1bLUINX MOLLHOCTEN UCMOSb3YIOTCA
perynupyemMble (MOAYNALNOHHbIE)
ropesnku ¢ peunpKynaunoHHbIM
connom. O6bem Bo3gyxa
KOHTPONIMPYETCSA B COOTBETCTBUN

C KONM4eCcTBOM MoCTynarLero
Tonnmea. Onsa XXnOgKOTOMNBHbIX
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ropenok ¢ yrnpasfieHnem npu
nomoLn namépga-soHaa, B

YCNOBUSIX HEMPEPbLIBHOrO aHannaa
AbIMOBbIX ra30B LNPKOHNEBbLIM
N3MepuTenbHbIM 30HAOM, CoAep)KaHune
O, B AbIMOBbIX rasax nsmepseTcs

N yaepxxusaetcsa B gnanasoHe 1 —
1.5%. 3710 obecneymBaeT BbICOKYIO
3 PEKTUBHOCTb N HE3HAYUTESNIbHbIE
BbIGPOChHI 3arpA3HAOLLMX BeLecTs. B
3aBMCUMOCTHW OT BA3KOCTM Tonavsa

n obecrieyeHnss Heo6Xo[MMON
“TeKyyecTn” ons Ka4eCTBEHHOIo
pacnblieHns TpebyeTtcs
npegBapuTenbHbIn Harpes o 70

— 120 °C. HarpeBaHune ymeHbLuaeT
BSAASKOCTb TOMAUBA U rapaHTupyet
Haunyyllee CropaHne ¢ HU3KNMN
Bbli6pocamu. MNMpu paboTe ¢ TONIMBOM
Tuna HEL Tak>xe ncnonbayrotcs
>KUOKOTOMJIMBHbBIE FOPENKN C

npenBapuTenbHbIM HarpesoMm.

PoTauunoHHbIe ropenku

B ropenkax gaHHoro tuna

TOMAUBO NPOXOAUT Yepes
ObICTpOBpAaLLaloLWMACS MNONbINA Ba,
OTKPbITYIO Yally H/UXKe NO CTOPOHE
KoTna. O hekT LEHTPOOEXXHOW CUIbl
3acTaBnsieT TOMJIMBO PaBHOMEPHO
pacnpefensTbCcs No BHyTPEHHEN YacTu
Yyawm, BpaLascb, CpbiBaTbCS C Kpaes
Yalln Ha BbICOKOW CKOPOCTU U MENTIKO
pacnbinatbes. pyrumu Tunamy Takmx
roOpenokK SBASIOTCA 9MYNIbCUOHHASNA



ropesnka, ropefika ¢ BO3AyLUHbIM
pacnblfneHneM 1 NapoCcTPyNHbIM

pacnblyieHnemM Tonsinea.

PerynupoBouHblie n
npeaoxpaHUTeNnbHbIe YCTPOWCTBA
ANA pacnblINTeNbHbIX FOPEnoK

[TOCKONbKY OCHOBHbIM
npPenMyLLecTBOM OTOMNEHUS

Ha XXNOKOM TOMNnBe ABNSETCA
aBTOMaTMYeCcKni pexxmmM paboTbl, cam
aBTOMaTUYECKNIA MEXaHN3M [OSKEH
6bITb CKOHCTPYMpPOBaH OCOBEHHO
TWaTeNbHO, Ans 6e3onacHomn n
6e30TkasHon paboTbl. Hebonbwne
cuctembl paboTaloT No NPUHLMNY
BKJIOYEHMS/BbIKNtoYeHNsi. CUCTeMbI
CcpefHnX MOLHOCTEN MOXHO
HaCTPOWTb Ha «CTyneH4aTy» paboTy:
Ha YacCTUYHYIO MUK NOJIHYIO MOLLHOCTb
B 3aBVMICUMOCTW OT HarpysKu.
Cunctembl 60/1bLLON MOLLHOCTH
perynmpyoTcs NoCTossHHO, 6narogaps
MOAYNSALUNOHHOMY PeXnmy paboTbl.

KoMnoHeHTbl cucrem,
pa6oTalowmnx Ha XXUAKOM Tonnamse
MonHocTbiO aBTOMaTU4eckas cuctema,
paboTaroLlas Ha XXNOKOM Tonanee
COCTOUT U3 CNneayoLX KOMMNOHEHTOB:
TpaHcgopmaTop posxura co3paet
NCKPbI BbICOKOIO HanpsiKeHust

(okono 10,000 BonbT) Mexay AByMs

ANeKTpogamMn B MOMEHT BKITKOYEHUA

We measure it.

ropenkun, Takum 06pa30M, nopXxwuras

CMecCb Tonamea n Bo3gyxa.

3apava garymka KOHTPOJIA
rjiameHn 3aKno4aeTcsd B KOHTpoOe
N yBeooMieHUn O Hann4mm nnun

OTCYTCTBUU NJIaMeHN.

KoTnoBoii TepmocTar (peryasitop
TEMrepatypbl) yCTAHOBNEHHbI B
KOTne, pearnpyeTt Ha Temneparypy
BOAbl U B Cly4Yae Kakux-nm6o
OTKJIOHEHUIA OT 3aaHHOr0 3HaYeHNS,
COOTBETCTBEHHO, BK/KOYaeT unun

BbIKJTlOYaAET ropenky.

YeTtporicTBO KOHTPOASA rpenesbHou
TeMreparypsbl (MpegenbHbIv
TEepMOCTaT) BbIKNOYAET rOpenky,
€CN NPEeBbILLEHO MaKCMaribHOe

ponycTtnMmoe 3Ha4veHne Temnepartypbl.

YetpovicTBO aBTOMaTN4YeCKOIro
poaxura (6710K yrpas/ieHus)
KOOPAUHMPYET BCe onepauuu
nepekKtoYeHNst CornacHo

npaBunsibHOMY NoOpsAOKy.
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Fopenkun

Kak pa6oTaeT ycTpoMCcTBO
aBTOMaTU4YECKOIro po3ura
3anyck:
BkntoyeHuve gsuratens ¢
BEHTUNATOPOM U TOMJIMBHbLIX HACOCOB
AKTVBUM3NpPYyeTCHA TpaHchopmaTop
posxura
Mo NpoLLEeCTBUN HECKONbKNX CEKYHL,
(Bpems 0o nogaXknra) OTKpbIBaeTCs
MarHuUTHbIA KnanaH nogayun Tonavsa
yepes HOPCYHKNU
BocnnameHsieTcst o6pasoBaBLUMACS
TOMIMBHBIN TyMaH
lfopuT nnams
AKTUBMPYETCS AaTUYNK KOHTPONSA
nnameHun n oTkK4aeTcs
TpaHcdopmaTop posxura

DYHKLNOHNPOBAHNE:
lopenka npogosxaeTt paboTaTb 4O TeX
nop, noka TpebyeTcs nogaya Tenna

B cny4ae HeucnpaBHocCTM:

Ecnn no npowwectBumn onpenenéHHoro
BPEMEH! He MPOn30LLNIO
BOCMJIaMeHeHre unu nnamsi noracno B
xope paboTbl, ropesnika BblKJIK0HaeTCsa 1
6nokupyeTcs (KHoMKa pas3bnoknpoBKN).
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3.3.4 [ipyrue Tunbl ropenok

KoTnbl ¢ AU3eNnbHbIMU U ra3oBbIMU
ropenkamm

B ropenkax gaHHoro tuna Bo3gyx,
nayLwnin Ha ropeHrne NogaeTcs ¢
NMOMOLLbIO HarHeTaTens (BEHTUAATOPA).
[MockonbKy COBpeMeHHbIe OM3eNbHble
N ra3oBble KOT/Ibl UMEKOT NpPaKTU4ecKun
NOEHTUYHYIO KOHCTPYKLUMIO, TO,
HanpumMep, ra3osblli KOTE MOXHO
ncnonb3oBaTh B coYeTaHun C
afieMeHTaMn OU3eNbHON ropenkn n
NPVHYOUTENBHON Nogayen Bosayxa.
[NpenmyliecTBamMmn ropenok ¢
NPVHYAUTENbHON Nogayen Bosgyxa
SABNSAIOTCS HE3ABMCMMOCTb OT TAMM
ObIMOBbIX ra30B, MEHbLLEE CeYeHne
ObIMOXOfAa, CTabuibHbI NPOLLECC
ropeHust n Bbicokast 3pheKTNBHOCTb.
OpHako cyLecTByeT HeQoCTaToK,
3aKN0YaLWNNCSa B BbICOKON
3HEeProemMKOCTU ropesiku.

FepmeTUYHbIE KOTANbI

KoTnbl gaHHoro tuna paboTaloT Kak
Ha ON3enbHOM, TaK U Ha ra3oBOM
Tonnuee. Takon KOTen ocHalleH
BEHTUNSATOPHON rOPENKON, CNOCOBHOM
nogasaTb B KaMepy ropeHus
Heo6xoAnMbIn 06beM BO3AyXa,
Tpebytowmiica ana agdeKTNBHOro
CropaHus Tonnmea, a Takxe
noanep>XXnBaTb B TONKE N36bITOYHOE

naBneHne paBHoe ConpoTuBneHunto



AbIMOBbIX ra30B Ha BCEM MPOTSHXKEHUN
KOHTypa AbiMa [0 Bbixoga 13

KoTna. YctaHoBka TypOynM3aTtopos,
3aBuXpuTeEnen n paccekarenemn
NO3BONSET YAYULWNTb 3PPEKTUBHOCTb
TennoobmeHa 6narogaps 6onee
NoSIHOM TennooTAave AbIMOBbIX ra30B,
a cneposaTtenbHo noBbicnTb Kl
KoTna. TexHonormyeckme oTBepcTus
ANS OYUCTKN KOTNa U COefUHEHNs C
ropenkomn fOMKHbI 6blTb FEPMETUYHO 1

TYro 3aTsHyThl.

[ABYyXTONNUBHbIE FrOPENKN

[aHHble ropenkn paspaboTaHbl Ans
NonepeMeHHOro CXXUraHusl AN3ebHOro
1 raszoo6pasHoro Tonnuea. fropenku
TaKoro Tuna Ncrnosb3yTCs B TEX
obnacTax, rae TpedyeTcst HajexXHoe
TennocHabxxeHne (Hanpumep,
60NbHULbI 1 ANEKTPOCTaHLMN).

We measure it.

KoHCTpyKLMSA faHHbIX FOPEefiok BO
MHOroM coBnagaeT C KOHCTPYKLU/En
ON3enbHbIX ropesiok. [a30BbIli KOHTYP
npeacTasnseT co601 Nofoe KosbLo,
nmetoLLee WTyLep Ana nogsoga

rasa v pacnblMTeNbHble TPYOKN.
JKnakoTonnnBHbIM KOHTYP BKIlOYaeT
ON3eNbHYI0 UM Ma3yTHYIO FONOBKY

n popcyHKy. Nopaya Tonnvea
perynmpyeTcsi ¢ MOMOLLbIO MarHUTHOroO
KnanaHa.

MpuHUMN OeicTBMA OCHOBaH Ha
CXXUraHUW XXNAKOro Tonnamea u
NPUPOAHOro rasa Kak pasgenbHo,
Tak 1 B BUAE CMeCu. YCTaHOBKa
Takow ropefikn MUHUMN3NpyeT

puckun nepeboes C TONMBOM 1
obecreynBaeT CTabunbHyO paboTy

OTOMUTENBHOW CUCTEMBI.
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We measure it. ii*i;:'L; >

4. 3akoHogaTesNIbHble OCHOBBbI
O NBMEepeHnn Ha cnuctemMmax
oTonneHuna (Ha Nnpumepe

NrepmaHnn)

B lepmaHnn pabota He6onbLUNX
YCTaHOBOK A5 CXKUraHus
perynupyeTcs gByMs
3aKoHoAaTeNIbHbIMY aKTamu.
Bo-nepsbix 1-bim Hemeukum
depepanbHbIM 3aKOHOM 0 60pb6e
c Bbi6pocamum (1st BimschV),
KOTOPbIiA, 6bl1 paspaboTaH C Lesnbto
3anTbl OKpYyXKatLLen cpeabl, 1,
BO-BTOPbIX HeMeukM 3aKoOHOM

no nposepke abimoxopos (KUO),
KOTOPbI Npu3BaH obecneynsaTtb
3aKCnyaTaLMoHHYI0 HAOEXHOCTb
cucTtembl. [1o 2013 rnaBHbI panoHHbI
TPY6OUNCT ABNASNCA UHCMEKTOPOM,
OTBeYatoLLMM 3a KOHTPOIb
Cco6Nt0AEHNSA AAaHHbIX HOPMATUBHbIX
TpeboBaHuin. BcnepgcTteue
pacxoxneHunin B pyKOBOASALLNX
npasunax Eeponerckoro Coto3sa, B
2008 rogy napnameHTom fepmaHum

Obl1 NPUHAT HOBbIN HemeLknia

3aKOH, perflameHTUpYoLWuii
[OesiTeNIbHOCTb MO OYUCTKE AbIMOBbIX
Tpy6 (SchfHwG). CornacHo

JaHHOMY 3aKOHY ornpefeneHHble
06513aHHOCTUN rOCYAapCTBEHHbIX
CNy>X6 MOTYT UCMONHATBCSA TONBKO
YNOMHOMOYEHHbIMU PafioOHHbIMU
Tpy6ouncTamm, Hanpumep, NpoBepkKa
NOAKMOYEHHOIO TOMOYHOIO
o6opypoBaHus. [ns ynonHOMOYEHHbIX
panoHHbIX TPY6OUNCTOB AaHHbIN
3aKOH ycTaHaBnuBaeT 3ajaudu,
nognexkatime BbIMONHEHWIO COrNacHo
3akoHam KUO u 1st BImSchV, a
Tak>Xe COOTBETCTBYHOLLNE BPEMEHHbIE
pamku. Bnapeney cuctemsl

[JOMKEH CaMOCTOSITENbHO BbIGpaTh
aBTOPM30BaHHYO KOMMaHWO, KOTopas
6yAeT BbINONHATL ANSA HEro AaHHbIN
Bug, pabor.

Cnepytowime n3amepeHns AomkHbl ObiTb NpoBeAeHbl cornacHo 1st BImSchV:

[n3enbHoe TONNMBO

- nOTepVI C OAbIMOBbIMU rasamMu

- KoHueHTpauns CO

- NopgbeMHas cuna / Tara B gbIMoxone

- Ca)xeBoe 4uncno

[a3 - [MoTepwn ¢ gbIMOBbLIMK razamu

[OpeBecuHa

- Cop,ep>KaHV|e nbln

- KoHueHTpauns CO
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3akoHopaTesibHble OCHOBbI ANS msmepeHvuZ Ha cnctemax ortoruieHnsa

®depepanbHbIl 3aKOH 0 60pbbe

C Bbi6pocamu 6bl1 MPUHAT B

1974 pnsa 3awmTbl OKpy>XatoLei
cpepnpl. Benpgy cyuectsoBaHus
pasnun4YHbIX Yrpo3 oKpyxXaroLei
cpefe, HopMaTUBHO-NpaBoBasi

6a3a No oxpaHe oKpy>xatoLLen

cpepnpbl 6bina 3akpenseHa B 18
depepanbHbix MocTaHOBNEHMAX

no 6opbbe ¢ BbIbpocamu.
CyLecTByeT YeTblpe cBOAA Npaswu
Mo KOHTPOJIO 3arpA3HAOLLMX
BbIGPOCOB OTHOCUTENbHO YTUAN3aunn
OoTXofsLero Tenna cucreMamm
OTOMJIEHNSA, KOTOPbIE YKa3bIBAIOT,

KaK aKoform4yeckm 6esonacHbim
06pa3om aKcnyaTupoBaTb CUCTEMY
B COOTBETCTBUM C €€ MOLLHOCTbIO U
TUMOM MCMOMb3yeMoro Tonausea.

1-oe ®epepanbHoe NOCTaHOBAEHUE MO

6opbbe C Bbibpocamu perynmpyet
COCTOSIHME 1 3KCnnyaTaumo Manbix
CUCTEM ANSA CXKUTaHUSA.

4-oe ®epepanbHoe NocTaHoBNEHNE NO
6opbbe ¢ BbIBpocamMm NPUMEHSIETCS
0N CUCTEeM cpefHell MOLWHOCTM

B AManasoHe HU3KMX MerasaTT U
pernameHTUpyeT aKcnnyaTauuo
cucTem, TPeBYIOLUX YTBEPXKAEHNS.
Bonblwne cuctemsl cebiwe 50 MBT
perynupytotca 13-m depepanbHbim
nocTaHoBMeHneM no 6opbbe ¢
Bbi6pocamu (BImSchV). Okcnnyatauns
CUCTEM, CXXUraoLLMX OTXOAbl UK
aHanorn4yHble roptoyre BelecTsa
perynupyetca 17-m ®egepanbHbiM
noctaHoBneHnem no 6opbbe ¢
Bbi6pocamu (BImSchV).

B pamkax 60pbbbl C 3arpAa3HeHnem
BO3[4yXa K TEXHNYECKOMY OCHALLEHWNO
CUCTEM OTOMJIEHUSA NPEABABNAOTCH
6onee cTporve TpeboBaHms,
NMOCKOJIbKY Marsble CUCTeMbl Ans

MowHocTb MBT
0 po 1

Tun TonnuBa

TBepnoe TOoNNMBO

1-
Jlerkoe gn3. TonAMBo oe

MNMocTaHg

den. 4-oe dep.
)BNIeHNe

3. Tonnmeo nHoro Tuna

[a3oo6pas3Hoe ToNAnBO

5p010 10 gpo 50 |50 go 100/ >100

13-o0e

®dep.
MocTaHoBneHne

MocTaHoBneHue

TI air ‘

Puc. 7: OencTeytowme BImSchV ncxops n3 MowHOCTY CUCTEMbI 1 TUMNa Tonamea
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CXXUraHusi, PpacrnosioXKeHHbIe B
rycToHaceneHHbIX FOpOACKNX panoHax,
CMOCOOGCTBYIOT 3HAYNTENIbHOMY
3arpsI3HEHNIO OKpYy>KatoLen cpeapl.
OCo6eHHO BaXKHO CTPEMUTLCSH

K MUHAMM3aLMN 3arpAasHSAOLLMX
BbIGPOCOB N COXPaHATb 3anachl
TonnuBa B NOMeELLEHMNAX, TPeOyoLLnX
yTBEpXXAEHUSA. Onsa onTuManbHowm
HaCTPOWKN MasnblX CUCTEM ANA
CXXUraHns, AOMKHbI 6blTb 3anncaHbl
CUCTEMHbIE [laHHbIE 1 onpeaeneHbl
KOHLIEHTpauun 3arpsasHaoLLnX
BelecTB. [1pubopsbl, nCnonb3yembie
ONsi NpOBeAeHNS N3MEPEHNIA JOMKHbI
NPOXOAUTb KBaNMdUKaLNOHHbIE
ucnbitaHus (ucnbitanus s TUV).

B lepmaHun pns npoBegeHus
ourLmanbHbIX N3MEPEHUN
N3MepuTeNbHble NPUGOPBI JOMKHbI
Kaxkable 6 MecsiLeB NPOXOANTb
NPOBEPKY Ha UCMNbITaTENbHOM CTEHAE.

We measure it.

B siHBape 2010 roga KUO 6bin
ony6nukoBaH B lepmaHnn B KayecTse
rocyfapCTBEHHOrO NOCTaHOBEHUS

n 8 anpens 2013 B Hero 66K
BHeCeHbl nonpasku. Hemewkui

3aKOH MO NPOBEPKE ObIMOXOA0B
(KUO) ycTaHasnusaeT 0683aHHOCTY
WNHCMEKTOPOB Mo NpoBepke
ObIMOXOL0B 1 aHannay AbIMOBbIX ra3oB
B obnactun obecne4veHuns
aKCnyaTauOHHON 1N NOXKapHOW
6€30MacHOCTM, 3aLUNTLI OKPYXKatoLLEen
cpefbl, aPHEeKTNBHOIO
NCMNONb30BaHNs SHEPTUN N OXPaHbl
knumaTa. OH copoepXXuT ykasaHus Ha
TWMbI CUCTEM, NOANEXaLLMX NPOBEPKE,
yCTaHaBnNBaeT CPOKU U NpeaenbHble
3Ha4YeHus, a Takxxe npoueaypsl,
KOTOpble HEO6X0ANMO cobnogaTh BO
BPEMSI MPOBEPOK UM OYNCTKM.

CrepyoLne U3MepeHns foMXHbI 6bITb NposefeHsl cornacHo KUO:

[OunsenbHoe/ras

- KoHueHTpauns CO

- \3amepeHust B ABONHON CTEHKE

Moppo6Has nHpopMauns o npolenypax npoBefeHUs 3MepeHNn NpeacTasneHa

B pasgene 5.
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We measure it.

5. NamepuTenbHble 3agayuv gnga
cCUcTeM oTornJjieHusa

Ons obecnevyeHns onTumasnbHomn
paboThbl Ha ra3oBbIX CUCTEMAX,
AN3enbHbIX 1 TBEPAOTOMIMBHbIX
cuctemax, Heo6xoAMMo NPoBOANTb
pasnu4yHble PyHKLMOHANbHbIE
NPOBEPKMW, HACTPOWNKY 1 3amepbl Kak
Ha aTane BBOAA B SKCMyarTaymo, Tak
N Ha perynspHoii OCHoBe.

Hwxe npepcTtaBneHo nogpobHoe
onucaHne faHHbIX MeponpuaTui,

a Takxxe Ha npumepe lepmaHum

AaHbl NpefenbHble 3HavYeHns,
YCTaHOB/EHHblEe 3aKOHOAATENbCTBOM.

Tak>ke 03HaKOMbTECh CO CTaHgapTamu,

PyKOoBO4ALLMMUN NpaBuiaMn
n penenbHbiIMy 3HA4YEHUAMMN,

YCTaHOBJIEHHbIMY B Ballei cTpaHe!

5.1 NMpoBepka hByHKLUMNOHANBHOCTH
MU HacTpolKa rasoBbiXx CUCTEM
OnuncaHHble HXXe OencTBhUS 1
nonesHble peKkoMeHgaumMm onucbiBatoT
OCHOBHbIE 3JIEMEHTbI MPOBEPKN
(hyHKLNOHANBHOCTN U KOHUrypauum
npu BBOAE B 3KCMyaTauuto
aTMocepHbIX ra30BbIX KOTNOB 1
KOHAEHCaLMOHHbIX KOToB. OnucaHne
MEpPONPUATUIA, NPOBOLMMbIX LS
rasoBbIX FOPENOK C NPUHYAUTENLHOW

nopayen BO34yXa He npenctaBneHo.

Puc. 8: [ins ocylecTBneHns HacTPOWKN
Heo6xoANMO NMETb aHanM3aTop AbIMOBbIX
rasos, Hanpumep, testo 330
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|/|3MeleTe.l'leble 3agaym gna cnctem otTonneHusa

NMpoBepka naBneHus B

rasoBbiX MarucTpansx

[Nepen BBOOOM
TOMMBOCXKMUIAOLWNX CUCTEM
B 9KCNflyaTauno Heo6xoammo
NpPOBEPUTb AaBfIEHNE B ra3oBbIX
MaruncTpansax (4aBneHus noToka).
OHO JOMKHO HaxoaUTLCA B Npepenax
OOMNyCTMMOro ananasoHa, ykasaHHoro
B JOKYMeHTauun nponssoantens (ans
npUpPoOgHOro rasa 3To 06bI4HO 18 —
25 mb6ap). Ecnu gonyctumble npegensl
npeBbILLEHbI, IKCMnyaTaums ra3oBoro
KOTNia HeBO3MOXKHA 1 ANS peLleHns
npo6aembl HEO6XOAMMO YBELOMUTL
COOTBETCTBYIOLLYIO Fra30CHa6XatoLLyto
KOMMaHuio.
[Ona namepeHnsa gaesneHns rasa
MaHOMeTp noAknto4aeTcs K
COOTBETCTBYIOLLEMY U3MEPUTENIbBHOMY
LITyLlepy ra3oBoro Kotna, npu
3aKpbITOM OCHOBHOM 3aMNOPHOM
rasoBoM KpaHe. 3aTem, korga
OCHOBHOW ra3oBblil KpaH OTKPbIT,

ropenka foBOAWTCS 4O MOMHOM

[aBneHve rasa CiunLKoOM
BbICOKO€

Puc. 9: lpoBepka gaBneHns B ra3oBbIX
marucTpansax ¢ nomolypsto testo 510

MOLLHOCTM Yepe3 COOTBETCTBYOLLEE
MEHIO yrpaBneHns n namepsieTcs
LaBneHvie rasa nocTynaoLiee B
TOMNIMBOCXKUraTeNIbHYH0 CUCTEMY.
Ecnn paBsneHue gonyctumo,
N3MEePUTENbHBIN WTYLep CHOBa
3aKpblBaeTCs U NPOJOKaeTCA
npoLecc BBOAa B aKCMayaTaumio.

e OTpbIB NNaMeHn
° HenonHoe cropaHune

e Bbicokune KoHueHTpauun CO

e Puck oTpaBJieHnsa

e Bbicokuin pacxop rasa

[aBneHve rasa CiunLKoM
HN3Koe

© 3aTyxaHv|e naamMmeHun
e Brbicokue noTepun ¢ AbIMOBbIMW rasamu

* Boicokoe copepxxaHue O,

* Huskoe cogepxaHue CO,
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YcTtaHOBKa COOTHOLUEHUA

rasa v so3gyxa

Llenbto onsa akonormnyeckun
6e30MnacHoOn N MakcumanbHO
adekTuBHON paboTbl
TOMMMBOCKNTAKOLEN CUCTEMBI
ABNSAETCHA NOJSIHOE CropaHne Bcex
KOMMOHEHTOB, BXOLALINX B COCTaB
Tonnmea. Kno4yom K onTumMasibHom
paboTe ABNAETCHA yCTaHOBMEHNE
obbema Bo3fyxa, ngyLiero Ha
ropeHune. Ha npakTuke gokasaHo, 4To
HebOoNbLLIOEe KONNYECTBO N36bITOYHOIO

GAG

(®) g

Puc. 10: VigeanbHblil npouecc cropaHus

Puc. 11: PeanbHbIll npouecc cropaHus

® @ O

-~ OcTaTto4Hoe
TOMNBO

We measure it.

BO3AyXxa ABNSETCA ONTUMaNbHbIM
ans paboTbl cuctembl. Ha ropeHue
nogaeTcs HeMHoOro 6onblle BO3ayXa,
YeM 3TO TeopeTNYECKN HEOOXOAMMO.
OTHoOLLEeHne peanbHOro Konu4yecTsa
BO3AyXxa, ayLlero Ha ropeHue

K TeopeTn4eckn Heob6xoanmomy
Ha3blBaeTCs «M36bITKOM BO3[yxa» 1
o603HavaeTcs A (nam6aa).

3TO MAnCTPUpyeT cnepytoLas
MOAENb NpoLecca CropaHus.

@®®
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|/|3Mepl/|Te.l'leble 3agaym gna cmctem otTonneHusa

COOTHOLLEHNe TONANBO-BO3AYX
onpepensieTcsa NCXOAsa u3
KOHLIEHTPaUun ObIMOBbIX ra30BbIX
komnoHeHToB CO, CO, n O,.
B3aumocssasn oTobpakeHbl B Tak
HasblBaeMol fnarpaMmme cropaHus
(cm. puc. Huxe). Bo Bpems ropeHus
no6oe cogepxarune CO, B cBOIO
o4yepefb UMEET KOHKPETHOE
copepxanne CO (npu HegocTaTke
Bosgyxa/A<1) unn O, (ans
N36bITOYHOrO Bo3gyxa/A>1).
3HaveHne CO, camo no cebe He
OaeT 4eTKoro npeacTaBneHns, Tak

Kak oTobpaxkaeT MakCMMasbHYO

HepocTtaTok Bo3gyxa

604

Ananas3oH ropenku

Cmecb BO3/YXa 1

Tonnuea

KOMMOHEHTbI AbIMOBbIX ra30B
NTUManbHbIN pa

KOHUEeHTpaLmto (CM. PUCYHOK),
No3TOMy LOMOMHUTENBHO TpebyeTcs
nameperune CO nnm O,. MNpw
paboTe C M36bITOYHbIM BO34YXOM
NPeAnoYTUTENbHBIM SIBSIETCS
onpepnenerune O,. [Ansa Kaxnoro
TOMNSMBa eCTb CBOSI OTAeNbHas
Avarpamma 1 cBoe 3HayeHue ansi

(e]0) cM. MpunoxxeHue).

2makc (
MakcumanbHasa ahPeKTUBHOCTb
CropaHus [oCcTuraeTcs TobKo
ecnu noTepu Tenna ¢ AbIMOBbIMU
rasamy MVHVUMasbHbI 32 CYeT
He3HauYNTeNnbHOro KonmyecTea

N36bITOYHOro BO3ayxa.

BO34yXa.

\

M36bITOK BO3AyXa

,ﬂmarpamma NMoKasblBaeT, YTO NnoTepu C AbIMOBbIMU razamMmmn yBem4mBaroTcsa npu
HefoCTaTKe BO34yXa, a TakXxe npu Hanan4dmn onpeneneHHoro Konn4ectea N36bITOYHOrO

OTHOCUTENBHOE yBenn4eHne notepb C AbIMOBbIMU rasaMmun MOXXHO 06BbACHUTL cnegyoowmm:
1. anI HefoCcTaTke BO3ayXa UCcnob3yemMoe TONJIMBO CropaeT He NOJIHOCThbIO U

yBenn4mBaeTCs pacxo Tonnnea.

2. Mpu Hann4um n36bLITO4HOro Bo3AyXa 6osbliee KONMYecTBO KUCNOPOoAa HarpesaeTcs 1
HernoCpPefCTBEHHO YePe3 AbIMOXOA BbIBOAUTCS HAPYXKy, NPU 3TOM, HE UCMONb3YSICb ANs

BblpabartbiBaHus Tenna.
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OThenbHble aTanbl N0 YCTAaHOBEHNIO
COOTBETCTBYIOLLEO OTHOLLEHUS
TOMNMBO-BO3AQYX Ans Tpebyemon
TENNOBOW BbIXOAHOW MOLLHOCTH
noapo6HO onucaHbl B AOKYMeHTauun
npowssoguTens, n B obwem suge
npencTaBneHbl HUXe:

B cny4ae ¢ HeEKOHAEHCAUNOHHbIM
o6opygoBaHMeM COOTHOLLEHWE ras-
BO3AyX YCTaHaBNMBAETCS C MOMOLLbIO
MaHOMETPUYECKOro MeToaa, T.e.
OaBrieHne nepeq Cornjiom ropenku
ycTaHaBnnBaeTcs oisi MUHUManbHOM
N MakCUMasibHON MOLLHOCTU.
YNAOTHUTENbHbIA BUHT WTyUepa
KOHTPOJIA [aBneHns oTBopavmBaeTcs U1
MaHOMETpP MoAKto4aeTcs K
N3MepPUTENIbHOMY COEANHEHUNIO NS
N3MEpPEHUs AaBreHus.

[a30BbIfi KOTEN, Kak NpaBuso, cHavana
BK/IOY2ETCA Ha MakcuMyM (nosnHas
Harpyska), a 3aTeM onyckaeTcs o
CBOEN MUHUMaNbHON MOLLHOCTN

AaBneHue nepepn consiom (M6ap)

Yucno Bo66e 12.0 - 16.1

(kBT-4/Mm3)

10.0 - 13.1

We measure it.

(cnabasi Harpyska) 4epe3 MeHto
ynpaeneHus. [ns o6ounx ypoBHei
MOLLHOCTIY AaBfieHNe nepeq comnsiom
KOPPEKTUPYETCS COOTBETCTBYIOLLUMNA
pPEerynMpoBOYHbIMU BUHTaMUN Ha
rasoBoil apMaType U KOHTPOSIMPYeTCs
MaHOMETPOM.

NHdopmauma o TpebyeMom gaBneHunn
JaHa B JOKYMeHTauuy Nnpon3sognTens
(B 3aBrcMMOCTU OT Yncna Bo66e
MCNofib3yeMOro rasa, KoTopoe MOXHO
YTOYHUTb y NOCTaBLLMKa rasa):

B cnyyae c KoHAEHCALUMOHHbBIMU
KOTNnamy COOTHOLLEeH e ras-

BO34yX 06bIYHO yCTaHaBNMBaETCS
nocpeacTBOM N3MEPEHNS COAep KaHns
yrnekucnoro rasa (CO,) B AbIMOBbIX
rasax. lNogrotoBbTe aHanm3aTop
ObIMOBbIX ra30B, Kak onucaHo ganblue
B Wware 3 1 ycTaHOBNTE ra300TOOPHbIN
30HA B AbIMOXOA. 3aTeM 4Yepe3 MeHHo
ynpaBneHns yCcTaHOBUTE KOTeN Ha

MakKcuManbHyO MOLWHOCTb N N3MepbTe

TennoBas mowHocTb (KBT)

11.2

4.8 6.9 8.7 11.3

Ta6bnuua 1: NMprmMepbl 3Ha4eHWIN faBneHns nepeg conaom

Tun rasa

TennoBOW MOLHOCTHU
9.5%
9.2%

MpupopaHbii ras E (H)
MpupopgHbin ras LL (L)

Table 2: Mpumeps! ycTaHoBKM 3Ha4eHus CO,

CO, npu makcMmasnbHOM

CO, Npy¥ MMHMMasNbHOM
TensoBOW MOLHOCTH

8.7%
8.6%
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copepxxaHue CO, B AbIMOBbIX rasax.
[na ycTaHOBKN COOTHOLUEHUS ras-
BO34yX HEOOXOOMMO C MOMOLLbIO
pPerynmpoBOYHbIX BUHTOB (ApPOCCENbHON
3aCNoHKN)KOppPeKTUpoBaTb 06beM rasa,
noka cogepxaHue CO, B [ibIMOBbIX
rasax He

OOCTUTHET 3HAYeHMNs1, yKasaHHOro B
cneundukauum nponssogutens. B
HEeKOTOpbIX CRyyasx Nponm3BoanTenn
yKasblBaloT 3ajaHHble 3HAa4YeHUs ons
MWHMMaIbHO MOLLIHOCTU
ob6opypoBaHns. BeinonHNTE HACTPONKY
B COOTBETCTBMM C Npouenypon gns
MaKcuManbHON MOLLHOCTN.

lMocne BbiNoNHeHNst 06enx 6a30BbIX
HacTpOEK, MPOBEANTE MPOBEPKY

y>K€ HaCTPOEHHOro ra3oBoro KoTna.
lMpoBepka 3akn4aeTcs B U3BMeEpPEHNN
noTepb Tenna ¢ AbIMOBbIMU razamu (gA)
1N U3MEPEHUN COAEPXKAHUS YyrapHOro
rasa (CO) B gbIMOBbIX rasax.

B lepmaHun gns Kakgoro n3 atmx
napameTpOB YCTaHOBIEHbI NPeaeNbHbIe
3Ha4YeHns, KOTopble YKadaHbl B 1-0M
depepanbHOM HEMELKOM 3aKOHE O
60opbbe ¢ Boibpocamu (1st BImSchV)

1N HemeukoM 3aKOH No npoBepke
nsimoxopos (KUO).

B ABcTpuun npefenbHble 3Ha4YeHns
yCcTaHaBnNMBatTCs B COOTBETCTBUN

Cc 3aKOHOM O YNCTOM BO3AYyXe "
MocTaHOBNEHMMN O TOMOYHbIX YCTAaHOBKax

(cm. MpunoxeHne).
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MoproroBka aHanusartopa

AbIMOBbIX rasos

[Ons nogrotoBku npubopa

peKkoOMeHAyeTCs BbINOMHNUTb
cnepylowme warm:

OnpepgeneHne 3Ha4eHnin
KOHLIeHTpauun ra3os: 415 3awunTbl
CceHcopa OT neperpysku B cny4ae
BbICOKMX KOHLUeHTpauuin CO moryT
ObITb ONpefeneHbl Moporosble
3Ha4veHus. Ecnn 3agaHHble
NMOPOroBble 3HAYEHNS NMPEBbILLEHBI,
TOorga BbIKNO4YaeTCs ra3oBblil HACOC
1 npekpaLlaeTcs BcacbiBaHue
ObIMOBbIX ra3os B npubop. B
HEKOTOpbIX Npubopax, Taknx Kak
testo 330-2 LL, npu npeBbIeHNN
NMOPOroBbIX 3HAYEHWIN ObIMOBbIE Fa3bl
pas36aBnstoTCa CBEXUM BO3[YXOM,
4YTO UCKIOHaET HEOOBXOAMMOCTb
npepbIBaHNS N3MEPEHNS.
lMpoBepka repmMeTUYHOCTU: YTOObI
n3bexarb He3amMeTHOro nonagaHns
CBeXero Bo3fgyxa B npubop u, kak
CNefcTBMe, UCKaXKEHNS pesynbTaTos,
nepen NpoBefeHNeM N3MepPeHUn
ObIMOBbIX ra3oB He06Xx0aMMO
BbINOSIHATL NPOBEPKY repMETUYHOCTU
3oHp oT60pa Npobbl HEOH6XOAMMO
MJOTHO 3aKPbITh KOJINMA4KOoM,
n3Mmepsiemasi CKopocTb NOTOKa B
ra3oBOM Hacoce 4yepes
onpefeneHHoe Bpems [OMmKHa
paBHATCS Hynto. Ecnn atoro He
NPOWCXO[UT, cnegoBaTenbHO



CYLLeCTBYET yTeuyka B ra30BOM
TpakTe npubopa. B aTom cnyvae
Heob6XxoauMo NPOBEPUTb, MIOTHO
NN 3aKpbiTa 3arnyLuka Ha
KoHAeHcaToc6opHMKe.

* O6HyneHne ra3oBoro ceHcopa
1 patyvka Taru: ans obHyneHus
CEHCOpPOB, 30HA 0T6Oopa NPobbI
Heob6xoauMo pacnonaratb BHE
OblMoX0opAa, XenaTenbHO Ha YNCTOM
(cBexxem) Bo3gyxe. Mpubop
BCacCbIBaeT OKPY>KaloLLnii BO34yX
Yyepes 30HA oTbopa NPobbI 1
BblyBaeT ero 4epes ra3oBble
ceHcopbl. CEHCOpPbI TaKUM 06pa3oMm
“npomMbiBatoTCA” 1 U3MEepeHHas
KOHLEHTpauusa rasa ycTaHaBnMBaeTcs

B KavecTBe “Hynesomn” Touku. B To xe
BPEMS CEHCOP OaBNeHus
aHanusaTtopa AbIMOBbIX ra3oB
OB6HynseTcHa 00 AaBneHns Bo3ayxa,
OKpY>KaroLLero TONoOYHy yCTaHOBKY.
B cnyyae ¢ HekoTopbIMU Nnprubopamu,
Takumun Kak testo 330-2 LL n

testo 340/350, 30Hz B npovecce
0BHYNEHNS TaKXXe MOXXHO cpasy
ycTaHaBnMeaTtb U OCTaBNATb B
nbimoxoge. B paHHom cnyyae, B
npouecce 06HyNeHNst ra3oBbIn TPaKT

3apaHHas TennoBasi MOWHOCTb B
KunnoBartrtax

We measure it.

N CEeHCOPp AaBfieHus oTaeneHbl oT
30HAa oTéopa nNpobbl 1 Jns 06HYNEeHUs
MNCMNONb3yeTCs KOHLEeHTpauus rasa unm
AaBsfieHne Bo3ayxa, oKpyXXaroLero
npnéop.

OnpepeneHue notepu Tenna

C AbIMOBbIMW rasamm

[MoTepun Tenna ¢ AbIMOBLIMY
rasamu 3TO pasHula Mexay

KONN4eCTBOM TENNOThbl B AbIMOBbIX

rasax u Kofm4ecTBOM TEMNOThbI B

BO3[yXe, NAyLIEM Ha ropeHne no

OTHOLLEHUIO K HU3LLEW TennoTBOPHOM

cnocobHocTun Tonnnea. CnegoBartenbHO

3TO KOMMYECTBO TEMJIOTbI B AbIMOBbIX
rasax, OTBOAUMbIX Yepes AbIMoxogd. HYem
6onblUue NoTepun Tenna ¢ AbIMOBbIMU

razamu,TemM Huxe 3 HEKTUBHOCTD U,

crnepoBartenibHO, 60nblUe 3aTpadvyeHHomn

3Hepruu, n Tem 6onblue BbIGPOCOB OT

OaHHOWM oTonMTEeNbHOW cucTemsl. o

3TOW MPUYUHE B HEKOTOPbIX CTPaHax

CYLLEeCTBYIOT OrpaHMyeHmns Ha

JOMNyCTMble MOTEPU C ObIMOBbIMY

rasamu gisi yCTaHOBOK CXMraHus.

B Tabnuue 3 B kKavyecTse npruMmepa

npuBeAeHbl NpefenbHble 3HAYeHNs,

ycTaHoBneHHble B [epmaHun.

NMpepenbHbie 3Ha4YEeHUA NOTEPb C

>4<25
> 25 <50
> 50

AbIMOBbIMMU rasamm B %

11
10
9

Tabnuua 3: MNMpepenbHble 3Ha4YeHUs NOTePb C AbIMOBBbLIMU radamu ans lrepmaHum cornacHo 1-omy

BImSchV
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[Mocne onpeneneHnsa copgeprkaHns
Kncrnopoga n pasHuLbl Mexay
TemnepaTypoli AbIMOBbIX ra3oB U
BO34yXa, UayLLero Ha ropeHune, notepu
Tenna ¢ AbIMOBbIMY radamu 6ygyT
aBTOMaTMYECKN paccymTaHbl C y4ETOM
cneymanbHbIX KO3 duumneHToB gns
Tonnmea. CneynanbHble KO3(ULNEHTbI
ans tonnmea (A2, B) xpaHsaTca B
namMaTn aHanusatopa ObIMOBbIX

rasos. [ns Toro, 4To6bLI 06ECNeYnTb
NCMNONb30BaHNe KOPPEKTHbIX
3Ha4veHnn ans koagduuneHtos A2 n B
Heobxoa4uMo NpaBuSibHO BbIGpaTh TUM
Tonnvea B npubope.

BmecTo 3HaveHunsa copgeprkaHns
Kucrnopopga gns pacyeta MoXeT
MNCMNONb30BaTbCS 3HAYEHNE
KOHUEeHTpaLumn yrnekmucnoro rasa
(CO,). Temnepatypa AbIMOBbIX ra3oB
(FT) n cogep>xaHune kucnopoga nnm
COAEep)XaHne yrnekncnoro rasa

(CO,) pomXHbI 6bITb N3MEPEHDI
O[HOBPEMEHHO B OfiHOI To4ke. B aTo
Xe Bpems Heobxoaumo n3MepuTb
TemnepaTypy Bo3ayxa, UgyLiero Ha
ropexue (AT).

[ns KOHAEeHCALUMOHHbIX KOTNIOB

ﬂ [aHHOe N3MepeHne He NPoBOANTCS
BCIIeACTBME VX BbICOKOMN
apheKTUBHOCTL.
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OnpegeneHne onTuManbHON
HaCTPOWKM

OTOMUTENBHON CUCTEMbI MyTEM
pacueTta

OKyMnaemocTun NnoTepb Tenna ¢
ObIMOBbBIMU rasamu:

1% noTepb Tenna ¢ gbIMOBbIMUN
razamun = 1% pgon. Tonnvea unu
3HepronoTepw/rog = NotTepu Tenna c
ObIMOBbIMY Fazamy X noTpebrieHne
Tonnuea/rog.

Crepyowuii npumep NOMOXXET y4Lue
MOHSATb CXEMy pacyeTa:
PaccuynTtaHHble noTepu Tenna c
abiMoBbIMKM radamum = 10%
[MoTpebnenHne Tonnuea/rog = 3000 n
AN3enbHOoro Tonnmnea

Vlcxopsa ns aToro sHepronortepu
cooTBeTCTBYIOT npumepHo 300 n
AN3EeNbHOro TONMBa/rog.

®dopmyna ans pacyera notepb C
ObIMOBbIMY Fazamu NpefcTaBneHa B
MpunoxeHun B n.13.1.

B cooTBeTcTBUM C 3akOHOM BImSchV
ﬂ BO BCeX cucTemax ans pacyera

Temneparypbl BO34yxa, nayLiero Ha
ropeHne [OMKEH NCMONb30BaThCA
oTAeNbHbI 30H TeMMepaTypbl, MOCKOJIbKY B
npoLecce N3MepeHns TemnepaTypa Bo3gyxa,
NOYLWEro Ha ropeHne MOXET MEHSITLCS.



FT

.

)

Puc. 12: MNpoBeaeHve n3amMepeHunii Ha Kotnax ¢
YPaBHOBELLEHHOW TAroi

Hwxe paHo nogpobHoe onucaHne
napameTpoB, HEOO6XOAUMbIX LS

pacyera:

U3mepeHne TemnepaTypbl
BOo3AyXa, uayuiero Ha ropeHue (AT)
BonblwMHCTBO aHanM3aTopos
ObIMOBbIX ra30B CTaHAaPTHO
OCHallleHbl 30HAOM TemnepaTypbl

(B npubope). Takum o6pasom
TemnepaTypa Bo3ayxa, nayLiero

Ha ropeHne MOXeT 6blTb M3MepeHa

B HEMOCpencTBEHHOW 6MM30CTU OT
3a60pHOro OTBEPCTUSI FTOPENKN MyTeM
npucoeanHeHust npuéopa K kopnycy
ropenku.

Hanpumep, gnst KoTnos ¢
YPaBHOBELLEHHOWN TAroM AaHHbIA 30H[,
3aMeHSAETCH OTAENEHHbIM (BbIHOCHbIM)

30HOOM TemnepaTypbl, KOTOPbIN

We measure it.

NMoMeLLaeTcs B MECTO MOAAYUN CBEXErO
BO34yxa/Bo3ayxa, ugyLero Ha
ropeHue (CM. pucyHok 12).

U3mepeHue TemnepaTtypbl
AbiMoBbIX rasoB (FT)

B 3oHae oT6opa npobbl ons
N3MepeHnss Temnepartypbl
ncnonb3yeTcsa Tepmonapa. 30Hp,
oT60pa Npobbl ycTaHaBnMBaeTcs B
TEXHONOrMYeCKoe N3MepPUTENbHOE
OTBEPCTMEB AbIMOXOE (PacCTosHNE
Mexnay U3MepuTeSibHbIM OTBEPCTUEM U
KOT/IOM [OJIKHO ObITb Kak MUHUMYM B
OBa pasa 6onblue guameTpa
apimoxopa). NyTem NoCTOAHHOro
N3MepeHnss Temnepartypbl

HaxoOuTCsl TOYKa C caMOW BbICOKOW
TemnepaTypol AbIMOBbIX ra3oB (T.e.
LEHTp NoTOKa) 1 30H[ pacrnonaraeTcs
B AaHHOI To4ke. LleHTpom notoka
CYMTAETCS TOYKa C CaMOli BbICOKOWA
TemnepaTypon n camol BbICOKOW
KOHLIEHTpaunen yrnekmucnoro rasa
(CO,) n cambIM HU3KUM cofepXKaHem
kucnopopa (0,).

MpumevaHue: ocaxpaeHve
KOHAeHcaTa Ha ceHcope TemnepaTypbl
MOXXET MPUBECTU K PE3KOMY MafeHunto
3Ha4yeHus TeMnepaTypbl AbIMOBbIX

rasos.

51



|/|3MeleTe.l'leble 3agaym gna cnctem otTonneHusa

N3mepeHne koHueHTpauum O,
Kncnopop, KoTopeblil He cropaeT

no NpuYnHe N36bITOYHOro BO34yXa
OTBOAMUTCSH B BUAe razoo6pasHoro
KOMMOHEHTa AbIMOBbIX Fa30B U
ncnonb3yeTcs ons U3MepeHns

3 peKTUBHOCTN CropaHuns.

[bIMOBOIA ra3 BcacblBaeTCsl 30HOOM
oTt6opa npobbl C NOMOLLbIO Hacoca n
nepeHanpaBnsieTCcs B U3MePUTENbHbIN
rasoBblii TPaKT aHanMsaTopa AbIMOBbIX
rasoB. 3aTeM NponyckKaeTcst Yepes
rasosbln ceHcop O, (KucnopopaHyto
N3MEPUTENBHYIO SAYENKY) 1 TakKum
ob6pa3om onpefenseTcsa KoOHLeHTpauns
rasa. 3HayeHue cofepxaHus

O, Takxe vcnonbayeTcs Ans

pacueTa KoHueHTpauun CO,

B AbIMOBbIX rasax, Kotopoe B

CBOO 04epefb UCNoNb3yeTcst Anst
KOHMUrypUpoBaHus (HAaCTPONKN)
rasoBbIX KOHAEHCALMOHHbIX KOTNOB,

KaK onuncbiBasioCb BblLLe.

U3mepeHue KOHLEeHTpaLuum
yrnekucnoro rasa (CO,)

[nsa pacyeTta notepb C AbIMOBbIMU
rasamMu MOXXET 1CMoMb30BaTbCs

He TONbKO 3Ha4YeHNe Cofep KaHus
Knucnopopa, kak onucbiBanochb
BblLLe, HO 1 3Ha4YeHNe KOHLeHTpauun
yrnekucnoro rasa (CO,). MoTtepu ¢

ObIMOBbIMY Frazamu 6yayT
MUHUMAaIbHbIMW, KOTAa Npu Hanu4um
OYeHb HU3KOro KonmyecTsa
136bITo4HOro Boaayxa gonsa CO,
MaKCcuMasnbHO BbiCOKa (NosiHoe
cropanue). [ins kaxgoro Tonnvnea
€CTb MakcuMMasbHO fonycTuMoe
copepxaHue CO, B AbIMOBbIX rasax
(CO
NCXOAst U3 XMMMNYECKOro cocTasa

omaxe) KOTOPOE onpepenseTcs
Tonnuea. OgHaKko AOCTUMHYTb
OaHHOrO 3Ha4YeHNsa Ha NpaKkTuke
HEBO3MOXXHO, MOCKOJbKY ANst
6e3onacHon paboThbl ropenkn Bcerga
TpebyeTcs onpefeneHHoe KoNn4ecTBo
n36bITOYHOrO BO3ayxa, U 3TO
CHIVKaeT NPOLEHTHOE COAep>KaHmne
CO, B ObIMOBbIX rasax. MNostomy
OCHOBHOW Lieflblo NpU HacTpolike
ropesky sIBASIETCS CTPEMSIEHNE He K
MakcumanbHoMmy cogepxaruto CO,,
HO K MakcrMasibHO BO3MOXXHOMY
copepxanuto CO.,,.

3HayeHus CO 0N pasnnyHbIX

2makc
TWMNOB TOMNMBA:

- Ons.tonnso 15.4% no o6bemy CO,
- Mpwupoa. ras 11.8% no o6bemy CO,
- Yronb 18.5% no o6vemy CO,
MHdopmaumio o 3HaveHnsax

KoHueHTpauuu CO,, KoTopble MOryT

HeoxunpaaHHo Bbicokoe 3HadyeHne O, MOXET ObITb BbI3BAHO HaNN4YMeM Teun
(HenMnNoTHOCTW CoefuHEHNS) B Np1bope, TO eCTb CBEXUI BO3AYX BCAChiBAETCA BHYTPb U
pasbaBnseT AbIMOBbIe radbl. YTo6bl NPOBEPUTL 3TO, HEO6XOANMO NPOBECTU MPOBEPKY

repMeTu4YHOCTU nNpuéopa.
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6bITb OCTUIHYThI, @ TakXXe 06
N3MEHEHNSIX B MapamMeTpax HacTPOWKM
06bemMoB BO3yXa, KOTopble
Heob6xoaumMo caenatb ANs OOCTKEHUS
OaHHbIX 3HAYEHUIN KOHLEeHTpaLuui,

Bbl HanpgeTe B JOKyMeHTauUun
NpPoOn3BOLMUTENS.

B 6onblUNHCTBE aHanM3aTopos
ObIMOBbIX ra30B OTCYTCTBYET CEHCOp
CO,, koHueHTpauus CO, B AbIMOBbIX
rasax paccynTbiBaeTCs C MOMOLLbIO
N3MEPEHHOr0 3HaYeHNs1 CofepPXKaHUs
O,. 3T0 BO3MOXHO, MOCKOJIbKY AaHHbIE
3HA4YeHMs NPSIMO NMPOMNOPLNOHASbHbI
apyr opyry. NockonbKky ans

pacyeTa Ucnosib3yeTcs 3Ha4YeHune
MakcumarnbHoro copgepxanus CO, ans
COOTBETCTBYIOLLEro TONANBA, TO NEPES,
KaXkablM M3MEPEHNEM B aHann3aTop
ObIMOBbIX ra3oB HE06X04UMO BBECTU
KOPPEKTHbIV TWUM TONANBA CUCTEMBI,

Ha KOTOPOM MPOBOASATCS U3MEPEHUS.

We measure it.

PacueT notepb ¢ AbIMOBbIMU
rasamu (qA)

[MNpnb6op paccunTbiBAET NOTEPU

C AbIMOBbIMY radamu, NCMnofb3ys
N3MepPEHHble 3HAYeHNs,
yrnomsiHyTble Bbilwe. B lepmaHum
noTepu ¢ AbIMOBbIMY ra3amu,
nocre 3aBepLUeHNst BCeX paboT
Nno HacTPOliKe ra3oBoOro KoTna, He
OOJKHbI NpeBbIWaTh npefefbHble
3Ha4yeHus, yKasaHHble B Tabnuue 3.
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Heo>xunpgaHHo BbiCOKUe noTtepu ¢ ObIMOBbIMN rasamn MoryT 6bITb 06yCJ'IOBJ'IeHbI

ﬂ cnepyoLmnM:
HekoppekTHoe 06HyneHue npuéopa

YcTaHoOBNEH HenpaBuiibHbIN TN ToNMBa

HeoxxunpaHHoe nafgeHne TemMnepaTypbl AbIMOBbLIX Fa30B MOXET OblTb 06YC/OBIEHO CMEAYIOLLNM:
Ha Tepmonape (ceHcope Temneparypbl) NMPUCYTCTBYIOT Kanesfibku KoHgeHcaTa
Cnocob ycTpaHeHus: PaamectuTe 3oHA oT6opa Npo6bl FOPU3OHTANBHO UK C HE6ONbLLUMM
YKJIOHOM TakK, 4TO6bl KOHAEHCAT MOl CTEKaTb C TPYOKYM 30HAA.

HekoppeKTHble 3Ha4YeHUs1 MOTEPb Tenna TakXke MoryT 6biTb NOMY4Y€eHbl N3-3a2 HENCMOIb30BaHUSA
BbIHOCHOIO 3o0HA4a TemMnepartypbl A4 nsMmepeHna Bo3nyxa, nayuero Ha ropeHue.

PacueT acpchbekTuBHOCTHM ()

KoHBeKLUNOHHbIE KOTAbI

CteneHb 3hPeKTUBHOCTN CropaHus
(N) ANS KOHBEKLMOHHbBIX CUCTEM
OTOMNJIEHNS pacCyYNTbIBAETCA NyTEM
BblYUTAHUS 3HAYEHNS NOTEPb C
ObIMOBbIMU razamu (gA) N3 3HavyeHus
obLelr nogaBaeMom aHepruu (H1u3was
TENNOTBOPHAas CNOCOBHOCTb
nogasaemon aHeprum HU = 100%).
MoaTomy onsa pacyeta

3 heKTUBHOCTN HEOOXOAUMO CHavana
paccuyuTaTtb NoTepu C AbIMOBbLIMU
rasamu (CM. onucaHue BblLLE).

MpupoaHbIi ras H
Jlerkoe gus. TonNanBoO
CYT (70/30)
[opopgckon ras

KoHpgeHcaunoHHble cUCTEMBI
[TockonbKy B COBPEMEHHbIX
KOHAEHCaLMOHHbIX CUCTemax TennoTta
KOHAEeHcauummn TakxXe UCMnonb3yeTcs, TO
0Nl KOPPEKTHOro pacyeTa KoOMMnaHus
Testo npepnoxuna ncnonb3osaTtb
[oononHuTenbHoe 3HavyeHne “XK”,
KOTOPOE Yy4YUTbIBAET UCMONb30BaHNE
TennoTbl KOHAEHCALMN NO OTHOLLEHNIO
K HU3LWEeN TENIOTBOPHON CMOCOBHOCTH
Korpa gbiMoBbIe ra3bl OCTbIBAIOT OO
Temnepartypbl H/XXe TemnepaTtypbl
TOYKM POChI (TEOPETUYECKOEe 3Ha4YeHne
TemnepaTtypbl TOYK/ POChI As
KaXKgoro Tuna Tonnmsa 3anoXeHo B
aHanuadatopax Testo (cm. puc. 14)),
nponopunoHanbHbIn KoadduuneHT XK

57.53
50.37
53.95
61.09

Puc. 13: Temnepartypa TOYKM pPOChl AbIMOBbIX ra30B B 3aBNCHMOCTM OT Tuna Tonnmea. PaccuutaHo
Ons ctaHgapTHoro AaeneHusi (1013 m6ap) N CTEXMOMETPUYECKOrO CropaHunst Ha OCHOBE

[oKymeHTOoB ZIV.
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We measure it. ii ;;:t; o)

oTobpaxkaeT TeNIOTY UCnapeHus A2 = 0.68
KOHOEHCUPYEMO BOAObl B Ka4eCcTBeE B = 0.007
oTpuuaTenbHOro 3Ha4yeHus, B FT =45 °C
pes3ynbTare Yyero NnoTepu ¢ ObIMOBbIMM AT =30 °C
rasamu MOryT CHU3UTbCS U faxe 0,=3%
cTatb oTpuuartensHbiMu. CTeneHb XK =5.47%

3 (HEKTUBHOCTN NO OTHOLLEHUIO K
HU3LWEl TENNOTBOPHOW CNOCOGHOCTU
MOXET NPUHUMaTb 3Ha4yeHus B 6onee
yem 100%

(cm. cnepgyowmii npumep).

gA (6e3 koadduumeHta XK) = 1%
gA (c koadduuneHtom XK) = -5%

N = 100%-(-5%)

[ns HarnsigHOro npumepa Ha cregytolem rpaduke oTYETNNBO NoKasaHo, B CUNYy

yero K[ koHgeHcaunoHHbIx cuctem npesbiwaet 100%.

HnskoTemnepaTtypHbIl
KoTen

100% oTHOCUTENBHO

KoHpeHcaLuyoHHbIN
KoTen

111%

Hy oTHocuTenibHO H,
= = — > 15%

Hencnosb3a.

11% Hewncnonba. Tennora

Tennora KoHAeHcauun

KoHAeHcauun 1% noTepb
Tenna c

8% noTepb ObIMOBbIMU

Tenna c rasammu

AbIMOBbIMM 0.5% notepb

rasamu Tennac

1% notepb n3nyvyeHmem

Tenna c

N3nyyeHnem

91%: ncnonb3yemon
TEnIoBOW 3Heprum

108% ncnonb3yemoii
TENnoBOW 3HEPrun

Puc. 14: I'IOTep|/| QHEepPrnmn B HN3KoTemMnepaTypHbIX 1 KOHOEHCaUMOHHbIX KOTnax
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|/|3MeleTe.l'leble 3agaym gna cnctem otTonneHusa

B pesynbTaTe ncnonb3oBaHusi Tonamea
B MOSIHOM 06beMe, BbIAeNAoTCs TEMMNO
1 BOAsiHONM nap.
Ecnun Tenno dukcmpyetcsa B NOAHOM
ob6beme, gocturaetcs 100% HusLwen
TennoTBopHo cnocobHocTn (HU).
Ecnun pob6aensetcsa aHeprus,
cofepxallasicsi B BOgSHOM
nape (TennoTta KoHaeHcauum), To
JocTuraeTcsl BbiCLUAs TEMIOTBOPHAsN
cnocobHocTb (HS).
3HayeHus obLeit BbicLUEN
TennoTBOpHoM cnocobHocTn (HS)
BCcerga Bbille, YeM 3Ha4YeHne HU3LLeN
TennoTBopHo cnocobHocTn (HU).
Hunawas TennoTBopHas
cnocobHocTb (HU) Bcerpa 6epetcs
B Ka4eCTBE OCHOBbI NpK pacyeTe
3 peKkTUBHOCTHN.
TeM He MeHee, B KOHAEHCALUMOHHbIX
KOTNax B AOMOJIHEHNE K
HN3LLENTEeNIOTBOPHOW CNOCOBHOCTM
MCMoNb3yeTCst SHePrus
KOHAeHcauun. 9To o3Ha4aerT,
4YTO NpU pacyeTe 3Ha4YeHne
3 (PEKTUBHOCTU MOXET ObITb
6onble 100%.
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N3mepeHue Tarun

AbiMoxopaa

[ns KOTNOB C eCTECTBEHHOMN
TSArON OCHOBHbIM TpeboBaHNEM
Ons oTBOAA ObIMOBbIX ra3oB 4epes
ObIMOXO[ ABNAETCSA NogbeMHas cuna
unu Tara goimoxopa. lNMockonbky
NAOTHOCTb OTXOASLLMNX FOPSYMX ra3oB
HU>Xe NNOTHOCTK 6ofiee X0No04HOro
Hapy>XHOro BO3ayxa, B AbIMOXofe
co3faeTcs BaKyyM, TakXXe U3BECTHbI
Kak Tara gbimoxoga. 3a CYeT 3Toro
BaKyyma BO34yX, UAYLLMIA Ha ropeHune,
BcacblBaeTcsl, npeoposieBas
CONPOTUBNEHNS KOTNa 1 razoxopja.
B koTnax ¢ HagayBHbIMU ropenkamm
fAaBrieHne B AbIMOXOfEe He siBnsieTcs
Ba>kHbIM, MOCKOJbKY ropenka ¢
NPUHYQUTENBHOW TArON reHepupyeT
N36bITOYHOE AaBreHne, Heobxoaumoe
Ons oTBoAAa AbIMOBbIX ra3os. B
cucTemMax Takoro Tuna MoXeT
NCMNoNb30BaTbCS AbIMOXOL, C MEHbLUNM
AnamMmeTpom.
Mpu n3amepeHnn Tarn goiMoxoga
onpepnenseTcs pasHuLla Mexay
OaBieHNneM BHYTPU ObiIMOXo4a u
OaBfieHMeM B MoMeLLeHnn. Takxe Kak
1 Npun onpegeneHnn noTepb ¢
ObIMOBbIMW ra3amu, 3TO HGOﬁXOFI,I/IMO
JenaTtb B LEHTPe NoToKa AbiMoxopaa.
Kak roBopunoch Bbllle, CEHCOP
nasneHus npubéopa Heo6xoanmMo
06HYNUTb Nepep NPoBeAEHNEM
N3MepeHus.



We measure it.

3Ha4YeHns TSrM MoryT 6biTb CAVNLLIKOM HU3KMMI MO OAHON U3 CrefyoLmnx NPUYmH:
Mnoxas nsonauna kaHana Taru B npnéope (yTeyka).
HekoppekTHoe 06HyNeHne ceHcopa AaBeHus.

CnnLWKOM BbICOKME 3HAYEHUs MOryT 6bITb 06yCﬂOBﬂeHbI cnepyoowmnm:

CnuLWKOM cunbHas Tara AbiIMoxofa.

HekoppeKkTHoe 06HyNeHne ceHcopa AaBfieHust.

TuNU4HbIe 3HAYEHUst TAMM ObiMoxoaa:
KoTnbl ¢ HagayBHOW ropesikon

C npuHyguTensHon Tarom: 0.12

- 0.20 rlMa (m6ap) n3bbITOHHOrO
OaBneHus ons gu3enbHomn
ncnapuTenbHON ropenky n ans
aTMoCcEepHOW ra3oBOW rOpPesKu:

0.03 - 0.10 rlMa (M6ap) pasps>KeHUs.

N3mepeHne KOHLEHTpauum

co

[MpoBepka 3HavyeHnsa CO
No3BONSIET OLLEHNTb Ka4eCTBO
cropaHus n obecrneymBaeT
6e30MacHOCTb onepaTopa CUCTEMbI.
Ecnu TpakTbl NPOX0OXAEHNS ObIMOBbIX
rasoB G61I0KMPYIOTCSH, TO B cly4ae,
Hanpumep, ¢ aTMocdepHbIMU
rasoBbIMV Fropenkamu, AbIMOBbIe rasbl
6yayT NoCcTynaTb B KOTEMNbHYIO
Yepes perynsTopbl ynpasneHus
rnoTtokamu, cosfasasi TeM cambiM
onacHOCTb Ansa oneparopa. Ans
npefoTBpaLLeHns Nofo6HoM cutyauum
rnocrne BbINONHEHUsI BCeX paboT
Nno HacTpoWKe KoTa Heo6xoanumo
N3MEPUTb KOHLIEHTPaLMo yrapHoro
rasa (CO) n npoBepuTb TpakTbl

NPOXOXXAEHUSA AbIMOBbIX ra30B.
[aHHble mepbl 6e30nacHOCTH

He TpebytloTCs A5 ra3oBbIX
BEHTUNSATOPHbIX FOPENoK, TaK Kak B
ropesnkax Takoro Turna AbIMOBbIE rasbl
NPUHYAUTENBHO NOAAIOTCA B AbIMOXOA.
M3mepeHns He cnegyeT NpoOBOAUTL
paHbLue, 4em Yepes 2 MUHYTbI

nocne 3anycka ropesiku, NoCKonbKy
NoBbILLEHHbIN ypoBeHb CO cHmkaeTcs

Puc. 15: MNpubop testo 320 moxeT
MCnoNb30BaThCs Kak Afsi aHanusa
[bIMOBbIX ra3oB, Tak 1 ANt GbICTPOro
1 TOYHOIO U3MepPEHUst aBCOSIIOTHOMO U
anddepeHLmanbHOro aaBneHus.
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N3mepuTtenbHbie 3apgayn Ansi CUCTEM OTOMMeHus

00 HopMasbHOro pabo4yero 3Ha4YeHus
VWb Yepes HEKOTOPOE BPeEMSI
rnocne 3anycka cuctembl. ITo
Tak>Xe NPUMEHUMO LS ra3oBbIX
KOT/IOB C perynsaTopom npotecca
roOpeHunsl, MOCKOJbKY UX KanmbpoBKa
OCYLLECTBISIETCS BO BPEMSI

3anycka ropesnku, Kkorga Bo3MOXHbI
KpaTKOBPEMEHHble BbIOPOCHI C
BbICOKMM cogep>xaHuem CO.

Kak 1 npu onpegeneHnn notepb

C AbIMOBbIMY ra3damMu, U3MepeHus
NPOBOASTCS B LIEHTPE NoToKa
nbimoxoga. OgHako NOCKOSbKY
ObIMOBbIE rasbl pa3baBnsaoTcs
CBEXMM BO3YXOM, COAEepXKaHne
CO HeobxopmMo nepecynTaTtb Ans
Hepasb6aBneHHbIX AbIMOBbIX ra3oB (B
NPOTUBHOM Clly4ae Ha cofep)kaHune

Cneppl CO

LleHTp notoka

Puc. 16: UamepeHne CO 30HAOM C
HEeCKOJNIbKUMY OTBEPCTUSIMU

CO MOXHO BNuATb fob6aBneHnem
Bo3ayxa). C aToln uenbsto npnbop
paccunTbiBaeT HepasbaseHHYIO
KoHueHTpaumto CO ¢ cogep>xaHnem
Kncnopoga, OLHOBPEMEHHO
N3MEPEHHbIM B ra3oxoge, 1
oTO6paXkaeT 3TO 3HAYEHNE Kak
COHepasﬁaBneHHoe'

dopmyna pacyeTa KOHUeHTpauumn
Hepasb6aBneHHOro yrapHoro rasa
npegcTaeneHa B MNpunoxxeHun 13.1.
B atmocepHbIx ra3oBbix cuctemax
KoHueHTpauma CO pas3HuTcs Ha
BCEM MPOTs>KeHUN TpyObl, OTBOASILLEN
ObIMOBbI€ rasbl (cTpaTtudukaums).
[MoaTomMy Npun KOHLEHTpaunsax

> 500 ppm Heobxo4nmMo NPOBOAUTL
ANCKpeTn3aLmio (BbIGOPKY) ¢
Mcnosib30BaHNeM 30H4a C
HECKONbKMMN OTBEPCTUAMMK. Takon
30HA UMEET Psf, OTBEPCTUIN, KOTOPbIE
perncTpumpytoT KoHueHTpauumto CO no
BCEMY AnameTpy TpyObl, OTBOASLLEN
ObIMOBbI€ rasbl.

B lepmaHum npegenbHble 3Ha4YeHns
copepxxaHnst CO ansi razoBbIX
YCTaHOBOK onpepfeneHbl B 3aKoHe
KUO 1 Tak>xe oTHoCSITCS K
Hepasb6aBneHHbIM ObIMOBbIM ra3am
(cm. Tabnuuy 4).

CO
CO

> 500 ppm*
> 1000 ppm*

HepasbaBfieHHoe
HepasbaBfieHHoe

Tabnuua 4: 3HavyeHus CO n nx nocneacTems
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We measure it.

© Cy)KeHVIe prﬁbl, OTBOASLLEN AbIMOBblE rasbl, BCleAcTBUe 3arpsAsHeHns nnu

ﬂ MpuyrHamy o6paTHoN TArK MOryT GblTb:

nedopmaunu.

© HepocTtaTto4Has nopgaya Bo3fyxa, VayLLero Ha ropeHue.
© Yctanoctb Matepuana ynioTHEHUN, CABUT TPYGHbIX COeAVHEHN MO OTHOLLEHWIO APYT

K ApYry, Koppo3aus

MpoBepka rasoBbix
TpakToB
MpoBepka ynpaBneHus
NMOTOKOM
[Onsi aTMocdepHbIX ra3oBbIX KOTNOB
C yrnpaBfieHMeM NOTOKOM
Heo6XxoaUMbIM YCNOBUEM LJ1s1
6e30nacHon paboTbl BCEN CUCTEMbI
ABnsieTcs 6ecnepeboliHoe OTBeAEHME
ObIMOBbIX ra3oB. C aTON LeNiblo MOXEeT
MCNoNb30BaTbCs aBapunHbIi
TepMmocTaT 06paTHOro Xofa AbIMOBbIX
rasoB, KOTOPbIN 3aKpennsieTcs
pPAOOM C yrnpaBfieHMeEM NOTOKOM
(cTabunusaTopom TArM).
[Mpn BO3HNKHOBEHMM 06paTHOM
TAMM UAK nonagaHnum AbIMOBbIX
rasoB B NMOMELLEHNE MPONCXOANT
cpabaTtbiBaHue TepMocTaTa, KOTopbIl
BbIKJIlOHAET ropenky.

MpoBepka repMeTU4YHOCTH
ra3sooTBOAALMNX TPAKTOB
KoakcuanbHble gpiMoxopnbl
NpoBepPSTCA Ha repMeTUYHOCTb
nyTém usmeperus yposHs O, B
Tpybe Bo3ayxo3abopa. YpoBeHb
KoHueHTpauuu O, B nocTynaroLiem
BO34yxe TpyObl BO3ayxo3abopa
06bI4HO cocTasnseT 21%. Ecnn
3HavYeHns namepeHunin Hmxe 20.5%,
3TO yKasblBaeT Ha Hanm4yme yTeyek
BO BHYTPEHHEM [bIMOXOAE, YTO,

B CBOIO 04epefb, yKa3biBaeT Ha

Puc. 17: icnonb3oBaHue geTektopa yteyek
LNsi KOHTPONA 06PaTHOW TArM
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|/|3MeleTe.l'leble 3agaym gna cnctem otTonneHusa

HeobXxo4UMOCTb NPOBEPKN BCEN
cucTeMbl AbIMOyAaneHus.
Cepnoobpa3sHbiii 30HA Testo (Ne
3akasa 0632 1244) nossonseTt
ObICTPO N TOYHO U3MEPUTb YPOBEHb
O, B Tpy6e Bo3ayxosabopa.
[MpocTbiM cNOCOB60OM NPOBEPKU
repMeTU4HOCTUN AbIMOXOLHOW TPYyObI
sABnsieTca usmepeHne gasneHus. C
nomoLlpbio npuéopa Ans NpoBepku
repMeTU4HOCTUN B TPYOY AbIMOBOIO
rasa nogaértcsa Bo3fyx, nNoka
naeneHue B Tpybe He cocTtasuT 200
Ma. JaBneHue nogaep>xmBaeTcs Ha
OaHHOM YPOBHeE, 1 OnpefenseTcs
06bEM BO3yXa, BbIXOASLLErO B
obnacTtu yTeyku. [biMoxoq (ra3oBblii
TPaKT) cHMTaeTCA repMEeTUYHbIM, ECNN
CKOPOCTb YTEYKN cocTaBnsieT

50 n/(rm2).

BosgyxosabopHas Tpy6a

TexHu4yeckoe

o6cnyxuBaHue npubopa

lMocne npoBeaeHnst N3MepeHui
30HA oT6opa Npobbl HEO6XOANMO
N3BneYb U3 gbiMoxoga npu
paboTaloLem ra3oBomM Hacoce.
B pesynbraTte aTOro YncTbin
OKpPY>XaloLWunin Bo3ayx npogyercs
Yepes rasoBble CEHCOPbI, TaKNM
obpasom, ouunLlas nx.

[bimooTBogsLas Tpy6a

[bimoBble rasbl

I [
1 1
| |
I O |B
E’ I bl lo
af [N |3
al o A
i . Y
Xl bl %
I e | &
| r | CepnoobpasHblii
} a } 30HA,
| 3 |
\\ bl |
_ T MocTtynatowmin
BO34YyX

Puc. 18: 3amep yposHsi O, B MeXCTEHHOM NPOCTPaHCTBe AbiMOXoaa
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JononHuTenbHas npoBepka
TOMINBOCKMraloLWmX YCTaHOBOK:

KoHTponb okcupos asora (NO,)
N3mepss okcmabl a3oTa, UCNonb3yiTe
MEeTOAbl CXXUraHus, HeobxoanmMble

AN5 CoKpalleHns nx BbI6pocoB B
aTMocdepy OT ToNAnBOCXKMUrarLLen
ycTaHoBku. CogeprkaHne okcugos
asora (NO,) ykasbiBaeT Ha obLiee
cogep>xxaHne moHokcupa asota (NO)

n aeyokucu asota (NO,). O6bI4HO
COOTHOLLIEHNE KOHLeHTpaLuui

NO n NO, saBnsieTcsi NOCTOSAHHOM
Benm4uHon (97% NO, 3% NO,).

Mo aTon NpuynHe namepeHne
koHueHTpauun NO aenseTtcs
OOCTaTOYHbIM A1 ONpeaeneHus
koHueHTpauun NO,. OgHako npu
MCMNONb30BaHMM CMELLAHHOMo Tonanesa
NN KOHOEHCALMOHHbBIX YCTaHOBOK
BblLLeyKa3aHHOEe COOTHOLLEHNe
MeHsieTca. B cuny atoro
obCcTOoATENBCTBA COAEP)KAHNE OBYX
komnoHeHToB (NO 1 NO,) namepsiercst

OTAENbHO, @ CyMMa pe3ynbTaToB 3TUX

I/I3MepeHVIIZ YyKa3blBaeT Ha copep>xxaHne

NO..

X

We measure it.

Ownokeup asota (NO,) pactBopyM B
BOAe, MO3TOMY AN TOYHOro
onpepneneHns KoHueHTpaumyu NO,
Heo6xoANMO NPOBOANTL 3aMepbl
B CYXMX ObIMOBbIX ra3ax, MoCKOJIbKy
pacTBopéHHbIii NO, He y4nTbiBaeTcs.
Taknm o6pasom, nepeq NPoBeAeHneEM
haKTN4ecKux 3amMepoB cogep>KaHus
AnoKcnaa asota Heo6xoanmo
ncnonb3osaTb 610K NPOBGOMNOArOTOBKM
(MenbTbe) Ans yaaneHus snaru n3
ObIMOBbIX ra3oB.
Mpw npoBeaeHn 3aMepoB B
HenocpenCcTBEHHON 6M30CTN OT
3neKTpocTaTuyecKoro punstpa
30HA, oT6opa Npobbl HEO6XOANMO
3a3eMnTb A1 UCKMIOYEHNS pucka
cTaTMyecKkoro 3apspa.
B cnyyasx, korga BO3MOXHO
BbICOKOE cofeprkaHune TBEPAbIX
YacTuy 1 caxu, cnegyet
MNCMNoNb30BaTb YNCTbIE CyXue
GunbTpbl. O6513aTENbHBIM
YCNOBUEM SIBISIETCA Hanmyne

npegsapuTenbHoro hunstpa.

CurapeTHblii AbIM BNUSIET Ha pe3ynbTaTbl U3MepeHuii (MnH. 50 ppm).
[bIxaHve KypunbLimKa UcKa)KaeT pesdynbTaTbl U3MepeHuii NpuMepHo Ha 5 ppm.
BbinonHsiiTe 06HyNeHne B YCNOBUAX CBEXEro BO3AyXa.
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KonTponb CO/CO,, B okpyXatowei [aHHoe n3mepeHne HeobxooMMo
cpepne. UamepeHue CO B NPOBECTMN A0 Havana BCex Npounx
aTmocdepe N3MEePEHNA.

Mo coobpaxkeHnsim 6€30MacHOCT

npu 06CNy>XMBaHUN rasoBbIX

oborpesaTtenei B XUblX NOMELLEHNSX

Hapsigy ¢ U3MepeHneM AbIMOBbIX ra3oB

Heobxoaumo npoeoauTs 3amepsbl CO B

OKpYy>KaloLLleM BO3yXe, NOCKOMNbKY

o6paTHbIi MOTOK AbIMOBbLIX ra3oB

MOXXET MPUBECTU K BbICOKIM

KoHuUeHTpauusim CO n pucky

OTpaBfieHUsi onepartopa.

CmepTenbHbIMU ON1si YenoBeka

ABnsitoTCs KoHueHTpauun CO Bo

BObixaeMom Bo3ayxe B 0.16% no

ob6bemy 1 Bbiwe (1,600 ppm).

30 ppm 0.003% MOK (Makc. KOHUEeHTpauus, NP1 KOTOPOI NepPUOf,
BAbIXaHWSi MOXET MPEeBbILLaTh 8 YacoB)

200 ppm 0.02% MosiBneHne nérkon ronosHow 6051 B Te4yeHne 2 - 3 4acos
400 ppm 0.04% MosiBneHne ronosHol 6051 B o6nacTu n6a B Te4eHne
1 - 2 4acoB ¢ nocneayoLMM pacnpocTpaHeHnemM Ha BCio
06nacTb rofoBbl

800 ppm 0.08% [onoBOKpY>XeHMe, TOWHOTa 1 APOXKb B KOHEYHOCTSAX B
TeyeHune 45 MUHYT, NOTeps CO3HaHUA B TeYeHne 2 4acoB

1,600 ppm 0.16% lonoBHas 60nb, FOBOKPY>XEHWE 1 TOLLHOTa B TeYeHne
20 MyHYT. JleTanbHbIW UCXOA B TEYEHNE 2 4acoB

3,200 ppm 0.32% [onoBHas 60nb, FOBOKPY>XEHWE ¥ TOLHOTA B Te4eHne
5-10 MuHyT. JleTanbHbIl ncxop B TedeHne 30 MUHYT

6,400 ppm 0.64% [onosHas 605b, FOBOKPY>XeHWe B TeveHne 1 - 2 MUHYT.
JleTanbHbii ucxop B TedeHne 10 - 15 MuHyT

12,800 ppm 1.28% JleTanbHbli ucxop B TeyeHre 1 - 3 MUHYT
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We measure it.

W3mepenne CO, B atmocchepe MapannenbHoe namepeHne

Kak npaBufio, 3aMepbl OKpy>KatoLen oboux 3HavyeHU obecneymBaeT
cpefpbl OrpaHn4MBaloTCS TONbKO 3abnaroBpemMeHHOE NoJsiHoe
namepeHunem cogepxxaHusi CO B BbISIBIEHNE OMaCHbIX
okpy>atowem Bo3gyxe. OgHako KOHUEeHTpaLuui.

BbICOKME KoHUeHTpauum CO,,
HanpumMep, Bbi3BaHHbIE 6/TOKUPOBKOM
OTBEPCTUS ANst 0TX04a AbIMOBbIX
rasoB, TaKXe ABNATCH BpegHbIMU Ans
yenoseka.

na Toro 4to6bl UCKNOYUTL
noTeHumanbHble Yrpo3bl, HE06X04NMO
yy4nTbIBaTh 062 3HAYEHMS.
Copepxatue CO, sBnsietcs
Ha[eXHbIM 3a651aroBpeMEHHbIM
WHOMKATOPOM OTpaBfeHns u,
cnefoBaTtenbHO, ONTUMaNbHO

nononHsietT namepexne CO.

387 ppm 0.0387% HopmanbHas koHueHTpaums CO, Ha OTKPbITOM BO3Ayxe

5.000 bom 0.5% MakcrmanbHO fonycTMas KOHLeHTpauus Ha paboyem
’ PP 7 mecTe
MUHYTHbIN 06bem ApbixaHus (MOM) yBenuunsaeTcs Kak

0,
15 {080 [erzim 1z MUHUMYM Ha 40 NpoLeHToB

40,000 ppm 4% KoHueHTpauusa CO, npu Bbigoxe

50,000 ppm 5% [onoBoKpy>xeHne, ronosHas 605b

80,000 - 8- 10% Ogppbllika, cnabocTb UK faxke NoTepsi CO3HaHUs
100,000 ppm ° NeTanbHbli ncxop B TedeHne 30 - 60 MUHYT

BbicTpas notepsi co3HaHusa

0,
AU 230 2 NeTanbHblii ncxop, B TedeHne 5 - 10 MUHYT
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N3mepuTtenbHbie 3apgayn Ansi CUCTEM OTOMMeHus

5.2 NpoBepka PYyHKLUMNOHANIBHOCTH
M HacTpoWKa An3esibHbIX
cucrtem

Bce npepcTaBneHHble 3gech

aTanbl paboT 1 NpakTn4eckune

peKkoMeHaaLmnmn onncbIBaldT OCHOBHbIE

3N1EMEHTbI HACTPOWNKMN 1 N3MEPEHUN,

OoCyLLecTBNsieMbIX NPV BBOAE B

aKcnayaTaumio HEKOHAEHCALMOHHOIO

ob6opyposaHud. Cioga oTHOCATCS

HU3KoTemMnepaTypHble KOT/bl

C QM3eNbHbIMY Fropefikamu

C npuHygutensHon Taron. K

KOHAEeHcaLUMoHHOMY 060pYyA0BaHUIO

onncaHHble 3aecb AEeNCTBUSA He

NPUMEHUMBI.

OnpepeneHne caxxesoro

yucna

Mpwn onpepeneHnn caxesoro
yucna B AbIMOXO[, BBOAUTCS
aHann3aTop CaXeBoro 4yucna c
6yMaXkKHbIM (DUNBETPOM, HYepes KOTOpPbIN
ObIMOBOI ra3 “npokaynBaeTcs” ¢
nomoLLpblo Hacoca. 3atem
drnbTpyOLWNiA 3NeMeHT U3BNeKaeTcs
1 NPOBEPSETCA Ha Hanu4ne
HedTENPOAYKTOB.
Ecnu counnbTpytowmin anemeHT
OKa3blBaeTCS OKpaLLeHHbIM
BBUAY HaNN4nsi HECTOPEeBLUNX
HedTenpoayKToB, TO TakKon punbTp

Puc. 19: C nomolubto aHanusatopa AbIMOBbIX
rasoB Bbl MoXeTe 6bICTPO 1M TOYHO paccyuTaTb
3HaYeHusi BCeX KIoYEBbIX NapameTpoB.

CaxxeBoe 4ucno

YcTaHOBNEHHOE MU N3MEHEHHOE. ..

fo 30/09/1988 c 01/10/1988
2 1

Tabnuua 5: NpepenbHble 3Ha4YeHNs
Ca)xeBOro 4ncna ans AnsenbHbIX KOTIO0B
C NPWHYANTENBHOW TArON N ropenkomn
MoOLUHOCTbIO 6onee 11 KBT

He peKoMeHAyeTCs NCnonb30BaThb
ONs ONpefeneHnst CaxxeBoro yucna.
Mpouenypa onpepeneHns caxxesoro
yucna BKYaeT B cebs nposefeHne
TPEX OTAENbHbIX 3aMepPOB.

CTeneHb okpalwmBaHusa unstTpa
cpaBHuMBaeTcs co WwkKanon baxapaxa.

B He3HaKkoMbIX CUCTEMaXx MPexae BCero HEOGXOANMO OMPefeNTb CaKeBoe YNCIo
ﬂ B ObIMOXOZE, YTOObI N36eXaTb HEHY)XHOrO 3arPsA3HEHNs aHaNN3aTopa Kakum-
6o NPOAYKTaMU CropaHuisi, KOTopble MOryT MPUCYTCTBOBATHL (Caxa U NpoayKTbl

nepepaboTKu).
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We measure it.

3arpsi3HeHne TonMBHON HOPCYHKU. MNPUYNHON Takke MOryT ObITb ANEeKTPOAbI

ﬂ MpYYMHON TONNMBHBLIX OCTATKOB (MPOAYKTOB CropaHusl), Kak npasuno, SBAseTcs

pPO3XWMra, KOTopble HenpaBnibHO YCTaHOBIEHbI U CANLLKOM BbICTYNalT B 30HY pacnbina

TOMMMBHOIO TymaHa. B o6oux cnyyasx kannv Tonavea pacnbisioTCs HeAoCTaTOYHO
MENKO U MO3TOMY He CXUrarTcsi. MeHee 4acTbIMU, — HO TEM He MeHee TPebyLLVMU BHUMAHNS,
— SABMIAOTCA Clly4an HEMonHOro cropaHns (BCNeacTBre HepocTaTka KMCNopoaa) unu
“nepeoxnaxgeHune nnameHun”. lNocnegHee NMeeT MeCTO, KOrAa KOTEN U ropefika He COBMECTUMbI
APYr C APYroM, KOrAa MOLLHOCTb rOpesnikn 3Ha4YnTelbHO MeHbLUEe MOLLHOCTH KoTna.

OKoHuaTenbHOe 3Ha4yeHne caxeBoro
yucna onpepgenseTcs NyTém pacyérta
cpenHero apnMeTN4eCcKoro 3Ha4eHus
nokasaHuin, Noly4eHHbIX B
pesynbTate Tpex 3amepoB. Tabnuua
5 copepXuT nHpopmaumio o
OOMNYCTUMbIX NPeAeNbHbIX 3Ha4YeHUsX,
npumMeHsiemMbix B fepmaHun. OgHon
13 OCHOBHbIX 3afay Npu HacTpolike
AN3enbHbIX CUCTEM SBNSETCA
OOCTUXKEHMNE 3HaYeHNs CakeBoro
yucna paBHOrO HyJo.

Ecnn caxesoe 41Cro BbICOKOE,
nepepq AanbHenwen ontTumMmsaunen
napameTpoB HACTPOWKMN C MOMOLLbIO
aHanusaTtopa [bIMOBbIX ra3oB,
Heob6xoQnmo, npexmae Bcero,
NPOBEPUTb OCHOBHbIE HACTPOMNKN
AN3enbHOW ropenkn n BHeCTn
N3MEHEHNS.

LLlar 2 pa3bacHAeT gaHHyo
npouenypy:

HacTpoiika gu3senbHbIX

ropenok

[Mpwn BBOAE B aKcnnyatauumio n
06CNY>XMBaHUN OM3€ENbHbIX FOPENOK

OOJ>KHbI ObITb yCTaHOBJIEHbI

NPOBEPEHbI KIOYEBbIE NapameTpbl.
OTphenbHble aTanbl paboT Ans 3Toro
nogpo6HO onncaHbl B [OKYMeHTauum
NPON3BOAUTENS, a TaKXXe B 06LLNX
YepTax NpefcTaBeHbl HXKe Ans
TaK Ha3blBaeMbIX FOPENOK XXENTOro

nnameHu.

BbiGop npaBunbHON (POPCYHKMU

B Tabnuue no nogbopy hopcyHKM
Bbl6epuTe TpeObYEMYIO MOLLHOCTb
ropenku, 4Tobbl BbIGpaTb NPaBUIbHYIO
(OPCYHKY, 1 3HaAYEeHNe AaBneHus
nogayu Tonamea, KoTopoe
Heo6XxoANMO yCTaHOBUTb.

HacTtpoiiku o6bema Bo3ayxa nepep
nepBbiM 3anyCKOM ropenku

B LoKkyMeHTauum NnponsBoguTens
conepXnTcs nHhopmMaLms o
HacTpolikax Tpebyemoro o6bema
BO34yxa ropesiku, Heo6xoAnmMbIX st
eé ynayHoro 3anycka. B saBncumocTn
OT TpebyeMol TeNIOBOWM MOLLHOCTMN
TennoreHepaTopa(koTna),ykasaHbl
COOTBETCTBYIOLLMNE MONOXKEHNSA AN
BO34YLUHOW 3aCNOHKM 1 NOANOPHOMN
wanbbl.
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|/|3MeleTe.l'leble 3agaym gna cnctem otTonneHusa

CbOprHKy 1 rasndukauyms Tonnnsa NpoucxoanT B NiameHn. B npouecce ropeHns MoXXHO

ﬂ B cryyae C ropeJsikaMm XenToro rjlamMmeHu Ou3esibHoe TOM/IMBO pacnbiyisieTcs Yepes

3aMeTUTb MNJlaMs XXenToro usera.

B cnyyae c ropenkaMyu CUHEro nNaamMeHm ropsiyve LbIMOBbIE rasdbl UCMONb3YTCS ANs
HarpeBsa pacrbIfIEHHOro TOMMBA [0 HEMOCPEACTBEHHOrO CXMUraHUs, Takum o6pasom,
rasucukayms Tonarea NPOUCXOAUT Nepes nnameHeMm. B pesynstaTte nonyyaercsi nnams

Cc/vHeBaToro userta.

OCHOBHble HachoﬁKu TOMJINBHOrIO
Hacoca (gaBneHue Hacoca)
[aBneHne Hacoca onpegensieTcs
nocpeacTBoM Bbi6opa Tpebyemon

MOLLIHOCTI ropenku n hopcyHKn no taénuue
nopg6opa POoPCyHKM.

Ha TonnmeHbI Hacoc KpenuTcs MaHoMeTp Anst
CUUTbIBAHUS [aBrieHus

Hacoca, KoTopoe Npu Heo6XoAMMOCTH
KOPPEKTNPYeTCA C MOMOLLbIO
COOTBETCTBYIOLLErO PETYIMPOBOYHOrO BUHTA.
Vcnonb3ys BakyyMHbIi MAHOMETP, KOTOPbIN
TakXXe KpenuTcs K TOMIMBHOMY Hacocy,
HeobxoanMMo y6eauTbCs, YTO paspsikeHne B

BcacblBatoLeln Tpybe He npesbiwaet 0.4 6ap.

OnTUMM3aLuuAa U KOHTPONb Npouecca
ropeHus

BbINnofiHeHne OCHOBHbIX HACTPOEK

o6bema BO34yxa U AaBneHus Tonamsa
[OJKHO 06EecneynTb COOTBETCTBYIOLLYIO
TENNOTY CropaHusi, KoTopasi MOXeT ObITb
LOMOSIHATENIbHO ONTUMU3MPOBaHA C MOMOLLbIO
N3MepeHnsl fbIMOBbIX ra3oB.

OnTyMU3auns npouecca ropeHnsi 06bIYHO
OCYLLECTBAISAETCA 3a CHET U3MEHEHNsI 06bema
BO3[4yxa Ha BO3[YLUHON 3acnoHke (rpybas
HacTpolika) Uiy NognopHoi wabon (ToyHas

HacTponka). HegoctaTtoyHoe Konm4yecTBo
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BO3Ayxa, AYLLEro Ha ropeHne, NpenaTcTByeT
NOSIHOMY CropaHuto a, criefoBaTenbHo, 1
NOSIHOMY MCMOMIb30BaHMWIO TOMINBA, U

BefeT K 06pa3oBaHunio caxu. M36bITok
BO34yxa, MAYLLEro Ha ropeHne, MPUBOANT K
TOMY, YTO U36bITOYHbIN BO3AYX HAarpeBaeTcs

B Kamepe CropaHus 1 BbIBOAUTCS Yepes
abiMoxop, He 6yayyn CNONIb30BaHHbIM

B 3aBucumocTy oT npoussoanTens

ropenku UMeloTCs MeToAMYecKne ykasaHus
no 3HaveHnsm CO, unn CO, notepsm ¢
AbIMOBbIMU rasamu / apeKTnBHOCTH,
nossossioLye onTMMN3NpoBaTb NPoLEecc
ropeHusi. 9T 3Ha4YeHNs onpeaensitoT ¢
NOMOLLbIO @aHannaaTopa AbIMOBbIX Fa30B.
Cnepytowme atanbl paboTbl He
paccmaTpuBarTcs NoAPOGHO, MOCKONbKY
OHW aHanornyHbl TeEM LIaram, KoTopble
BbIMOHAIOTCA NPW NPOBEPKE U HACTPOIiKe
rasoBbIX CUCTEM. VIX onucaHue npeacTasieHo

B pasgene 5.1 (waru ¢ 3 no 7).

LLar 3: MNogroToBka aHanuaatopa AbIMOBbIX
rasos

LLlar 4: OnpepeneHvie noTepb C AbIMOBbIMU
rasamu

LLar 5: PacyeT achcbekTnBHocTn (n)

LLlar 6: \amepeHne Tarn geimoxopa

Lar 7: U'amepeHune kKoHueHTpauun CO



We measure it.

6. NMpoBepka repMmeTNYHOCTU
ra3zoBbiX U BOOOMNPOBOOHbLIX TPYyO

B lepmaHum npoBepka rasoBbix TPy6
pernaMmeHTUpyeTcs TEXHNYECKUMU
YCNOBUSMY ANS ra30BbIX YCTAHOBOK
(DVGW worksheet G 600 TRGI).

B uenom gaHHbI JOKYMEHT
onpepensieT Npouecchl NNaHNPOBaHUS,
YCTaHOBKMU, HACTPOWKU, [OPaboTKM

N 3KcnayaTaunm ra3oBblX YCTaHOBOK

c pabo4um gasneHuem go 1 6ap B
30aHNAX 1 Ha pabo4nx ob6bekTax.
[aHHbIN [OKYMEHT pernameHTupyeT
NPOBEPKY repMeTUHHOCTY 1
NCMbITaHWSA MO Harpy3Komn Anst HOBbIX
UAN CYLLLECTBEHHO OMTUMU3NPOBAHHbIX
TpyO.

Kaxgble 12 net Tpyb6onpoBogHas ceTb
c paboynm gasnerHnem go 100 m6ap
OOM>KHa nogsepratbCcsi NpoBepke
NPUroAHOCTU K 3KCMnyaTauuu.
Mpubop testo 324 nossonseT nerko
BbINOSMIHUTb AaHHbIE NCMNbITAHUS 1
nosly4nTb OCTOBEPHbIE PE3yNnbTaThl,
NCMNONb3ys BCEro OfAuH Npmoéop.

6.1.1 NMpenBapuTenbHbIA TEeCT
CyTb NpoBefeHNst NnpegsapuTeibHOro
TecTa COCTOUT B NPOBEpKe Nop,
Harpy3kol BHOBb MPONOXEHHbIX

Tpy6 6e3 huTtuHros. Ha nepmopg
npoBefeHus Tecta OTBEPCTUA

Tpy6 OOMKHbI 6bITh TWATENbHO
3arepMeTun3rpoBaHbl METANINNYECKMU
npo6Kamu, KpbllKamu, 3arnyLkamm
N BpEMEHHbIMU hnaHuamu.
CoeavHeHNs ¢ rasoBbIMU Tpy6amm
HepgonycTumbl. MNMpeaBapuTensHbIn
TeCT MOXET NPOBOAUTLCH Ha Tpybax
C (PMTMHramm nNpu ycnosumu, 4To
pacyéTHoe AaBneHne B obnacTu
PUTUHIOB COOTBETCTBYET, MO MEHbLUEN
Mepe, TECTOBOMY AaBNEHUI0.

[Mpw NnpoBefeHNy NpeaBapuTENbHOrO
TecTa peKoOMeHAyeTCs MCMNoNb3oBaTh
BO34YyX UM NHEPTHbIN ras (Hanpumep,
as30T UNN YrMeKNCnbln ras), HO He
kucnopog. lMpn aTom TecToBoE
OaBfieHne Oo/MKHO cocTaBnaTb1 6ap.
TecTOBOE faBneHne He [OMKHO
CHWXaTbCS B Xofe NpoBefeHus
TecTa, NPOAOIMKUTENBHOCTb KOTOPOro
cocTasnseT 10 MUHYT.

M3mepeHns [OMKHbI MPOBOAUTLCA
npubopom ¢ paspeweHem 0.1 6ap.
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MpoBepkKa repMmeTUYHOCTU ra3oBbiX 1 BOOOMPOBOAHbLIX TPY6

6.1.2 OcHoOBHOM TeCT

OCHOBHOII TeCT — 3TO TecT Ha
repMeTn4HoOCTb TPYyO 1 (PUTUHIOB, HO
6€e3 1CNoNb30BaHNs ra3oBbIX
npnbopOoB 1 YCTPOWCTB KOHTPONS 1
obecnevyeHunsa 6esonacHocTu. lNMpn
nNpoBeAeHNN OCHOBHOIO TecTa

MO>XHO MCMOMb30BaTh ra3oBbIi
CYETYUK.

Mpy NnpoBefeHN OCHOBHOMO TecTa
peKoMeHAyeTCs MCMNob30BaTh BO3AYX
U NHEPTHbIN (HU3KOPEaKTUBHbIN) ras
(Hanpumep, asoT UK yrneknchnblii ras),
HO He kucnopoga. MNpn aTom TecToBOE
OaBrieHne JOJKHO COCTaBNsATb

150 mbap.

[Mocne KkoMneHcaumm TemMmnepaTypHoOro
BO3[ENCTBUS TECTOBOE [aBneHne

He OO/HKHO CHU3UTBLCS B TEYEHMe
MUHUMYM 10 MUHYT NPOBEQEHNs TecTa.
OnuTenbHOCTb TeMnepaTypHou
KOMMeHcaunm n AnuTenbHOCTb TecTa
onpepnenseTcs NCXoAa n3 obbema
TpyObl.

MamepuTenbHbIi Nprubop AOMKEH
ObITb HACTOJIbKO TOYHbBIM, YTOObI
perncTpupoBaTth nageHve gasneHns
paxe Ha 0.1 mb6ap.

OCHOBHOMI TecCT

O6bem Tpy6bI

<100 n 10 MUH.
>=100n<200n 30 MUH.
>=200n 60 MUH.
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Bpems HaCTpPOWKM

MuH.
NPOAOJIKUTENIbHOCTb
TecTta

10 MUH.

20 MUH.

30 MUH.



We measure it.

Mpumep cxem noaKnYEeHUA ANA NpoBeAeHUA NpeaBapuTeNbHOro u

OCHOBHOrIO TeCcToOB:

C ABYXTPYOHbIM CHETYNKOM

®

C opHOTPY6HBIM CHETHUKOM

®

CoepunHuTenbHbIn kKabenb
BcnomoraTensHoe coefuHeHne
MaBHbIN 3aNOpHbIA KnanaH

MepHbIl BEHTUNb

a A~ W N =

[aTynK razoBOro noToka ¢ BCTPOEHHbIM
perynsTopom AaBneHus rasa

o

NamepuTens

7 KoHycoobpasHas 3arnyLuka
(150 m6ap)
12“ 0554 3151 / %“ 0554 3155
CTyneHyaTas 3arnyLuka

S

(1 6ap)

%“+ 1%4“ 0554 0533

Bt 1 0554 3164 Q o
3/8“+ %“ 0554 3163

8 Y-o6pasHbiii pacnpepenutens 0554 0532
[ns ogHOBPEMEHHOIO
nN3MepeHnst NoaBoasLLei /""“
1 pacnpepenuTenbHoi
Tpy6bl. BO3MOXHO Takxe x
nocneposaTesibHoe
n3mepeHne — A4S 3Toro
testo 324 inogcoegnHaeTcs HaNPsAMYyo K
COOTBETCTBYIOLLEN 3arfyLUKe.
9 CoegunHuTeNbHbIA WNaHr testo 324

10 OfHOTPY6HbIi PEBEPCUBHbBIN KOAMa4YoK
0554 3156

®
o] DA

®
r|
P

Bo Bpems npoBeaeHust
ﬂ npeaBapuTeNbHOro TecTa ras3oBbli
KOTenN JoSKeH 6biTb OTCOEANHEH OT
cuctembl. MNoBbilLEHVE faBNEHNS
[o 1 6ap gocTuraeTcsi ¢ NOMOLLbIO Py4YHOro
Hacoca npubopa testo 324. Takxe MoxeT
ncnonb3oBaTbcst KoMnpeccop. MoBbieHne
paeneHns o 150 m6ap npw nposefeHun
OCHOBHOr0 TecTa JOCTUraeTcsi aBTOMaTUYeCKU
C NMOMOLLbI0 BHYTPEHHEero Hacoca npméopa
testo 324. MpepBapuTenbHbI TECT MPOBOAUTCS
Ha Tpy6e 6e3 huTnHroB. OCHOBHOW TeCT
NPOBOANTCA C YCTAHOBNEHHbIMU (DUTUHIaMK,
HO 6e3 NPYMEeHEeHNs ra3oBbIX NPUGOPOB U
CBsI3aHHOW annapaTypbl yNpaBneHusi n
obecneyeHns 6e30NacHOCTU.
Heo6xoauMo Tak)xe 03HaKOMUTbCS
C HauMoHaNbHbIMU CTaHAapTaMu
U MeToANYECKUMM YKa3aHUSAMU,
AenicTeyowmMmu B Bawer cTtpaHe!
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MpoBepka repMeTUHHOCTN ra3oBbiX 1 BOAOMNPOBOAHbLIX TPYG

ANna NSMepeHnsa n onpeaeneHna CKOpoCTu yTe4Kn rasa, Takmne Kak guanasoH namepeHus,

ﬂ MuH1ManbHble Tpe6oBaHUS K dNeKTpu4ecknum npuéopam B FepMmaHnn, NCNosib3yembiM

NOrPELUHOCTb, BPEMS HACTPOWKW, BPEMS U3MEPEHNA U T.4., onpegeneHb B DVGW G

5952.

G 5952 pasnu4yaeT cnegytoLme Kiacchl yCTPONCTB:

Mpu6Gopbl aona namepeHusa nepenaga aasneHun (Knacc D)

CKOpPOCTb YTeYKM ONpefensieTcs Yepes OTHOLLIEHNE N3MEPEHHOro nepenaga AaBNeHns K
06bemMy Tpy6bl. O6beM TPYGbl HEO6XOAUMO ONPERENUTL MPUGOPOM.

Mpu6opsbl ana namepeHusa ckopoctu yteuku (Knacc L)

CKOpOCTb YyTeYKHM rasa (n/4) onpegensieTcs HeMocpPeACTBEHHO NPUGOPOM, HanprMep

testo 324.

BonomomeTpudeckue npubopbi (Knacc V)

CKOpOCTb yTeYKUN OMNpenenseTcs pasHuLel N3MePEHHOro AaBeHns Npy OfHOBPEMEHHOW
nogave onpeaeneHHoro o6bema Ans nogaepXXaHusi MoCTOSIHHOMO AaBNEeHUs.

Mpu6opsbl, ncnonb3yowme apyrue metoabl uamepeHus (Knacc S)

MeToppbl n3mepeHusi, He oxBadeHHble Knaccamu D, L n V.

6.1.3 NMpoBepka NPUrogHOCTU K
aKcnayaTauum

Tpy6bl HN3KOrO AaBneHns

(paboyee gasneHne go 100 mbap),
He3aBMCUMO OT TOr0 Haxo[sATCs OHU B
aKcnayaTaumm unm HeT, NpoxoaaT
NPOBEPKY Ha MPUrogHOCTb K
aKcnnyarauuun B cnyyae ecnu
NOA03peBaeTCsa Hann4ne yte4ek, no
3anpocy KNneHTa uav npv nosBTOPHOM
BBOAE B 9KcnnyaTauuto. NocTossHHO
MNCNONb3YOLWMECH CUCTEMbI

OOJIKHbI MPOXOAUTL MPOBEPKY Ha
NPUroAHOCTb K 3KCMyaTauum Kak
MUHUMYM pa3s B 12 neT. lNposepka

O6bem TpyObI

<100 n 10 MuH
<200 n 30 MuH
<300 n 60 MUH
<400 n 120 mMuH
<500 n 240 MuH
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BpemMsi HACTPOWKM

NPUrO[HOCTY K 3KCnyaTauum nam
N3MepeHne yTeykmn Ha rasoBoin Tpybe
npoBoANTCS B paboyunx ycnoBusix/npu
paboyeMm faeneHumn (6e3 ysennveHms
NcnblTaTelbHOro AaBNEHNS).
Hanpumep, B xoge npoBepKn Ha
Hanun4ne ytevek ¢ nomoLubto testo 324,
cepTnULNPOBAHHOIO B COOTBETCTBUN
c DVGW G 5952, onpepensietcs
Hanu4ymne yTeykun rasa Ha Tpybe u ee
BeNn4MHa.

OnuTtenbHOCTbL TeMnepaTypHOn
KOMMeHcaumum n gnnuTenbHoOCTb
NPOBEPKMN ONpefenseTcs NCXOoasa 13
obbema TpyObl.

ANUT-Tb NPOBEPKMU
5 MUH

10 muH

15 muH

20 MyH

25 MUH



BblgensaoTcst cneqytoLmne ypoBHU

NPUrogHOCTN K aKcnnyaTaunun:

a) HeorpaHuuyeHHasn
paboTocnoco6HOCTb, EC/IN CKOPOCTb
yTeuku rasa npu paboyem gasneHun
cocTasnsieT meHee 1 n/u.

b) CHuXXeHHasn
pPa6boToCnoCOGHOCTb, ECNN CKOPOCTb
yTeykun rasa npu paboyem gasneHunn
cocTaensaet ot 1 go 5 n/u.

c) AkcnnyaTtayus HeBO3MOXXKHA,
€CIN CKOPOCTb YTEYKN rasa npu
paboyeM faBrneHnn cocTasnsieT 6onee
5 n/u.

We measure it.

B 3aBUCKMMOCTM OT cTeneHn
NPUroO4HOCTU K 3KCMyaTaLmn SOKHbI
6bITb MPUHATHI CIEeQYyoLLME MEpPbI:

a) MNpwn HeorpaHnyeHHon
paboToCNOCOBHOCTN BO3MOXHA
hanbHenwas akcnayataunsa Tpy6.

b) Mpwn cHWXeHHoW
paboToCnocob6HOCTN HEOBXOAUMO
3arepMeTn3npoBaTh UM 3aMeHNTb
TpyObl. [ePMETUYHOCTL JOMKHA ObiTb
BOCCTaHOB/EHa B TeveHune 4 Hepenb
nocie BbiSABNEHNSI CHU)KEHHOW
paboTOCNnOCOBHOCTMU.

c) Npn HEBO3MOXXHOCTW fanbHeNLWero
NCMonNb30BaHNsA TPYObl AOSIKHbI ObITb
He3amMefnuTenbHO N3bATbI U3
akcnnyatauyun. Cneundukaumm

47151 BHOBb MPOJIOXXEHHbIX

Tpy6 OencTBUTENbHbI ANs
OTPEMOHTUPOBAHHbIX YacTei
Tpybonposoaa 1 Nx NOBTOPHOro BBOAA

B 3KCnnyaTtauuto.

ﬂ MpoBepKy Ha HanNUuue yTeykn Heo6X0AVMO NPOBOANTL MOCe 3aBepLUEHNsT MIoObIX

PEMOHTHbIX pa6oT.
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MpoBepka repMeTUHHOCTN ra3oBbiX 1 BOAOMNPOBOAHbLIX TPYG

Mpumep cxemMbl NOAKIIOYEHNA ANS MPOBEPKN MPUrOQHOCTU K
JKcnayaTayuuum ra3oBoro Kotna:

®

o
am
®

1 JIvHus nopgayn/nuTaHus
2 DyHKLMOHANbHbIN 6M0K

3 Ynpasnswowuin Mogynb C
rnopcoefvHeHneM canbHuka npuéopa

4 OnarHocTnyeckuii WTyLep / canbHuK
npuéopa

5 TennoobmeHHNK

6 lopenka

7 CoepuHeHWe ra3oBoro Kotna

testo 324 e

8 CoepvHuTenbHbIl Wnaxr testo 324

[a3oBas kamepa komnekTa testo

n 324 3anonHeHa MeCTHbIM rasom.
370 NpepoTBpaLlaeT o6pasoBaHne
onacHbIX ra3o-Bo3AYLUHbIX CMECEN.
Heo6xoAMMO 03HAKOMMUTLCSH C
HauMOHaNbHbLIMMN CTaHAApPTaMMN U
MeTOAUYECKMMU YKa3aHUAMM,
AenicTeyowmmu B Bawen
cTpaHe!
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6.1.4 Kom6uHupoBaHHoe
ucnbiTaHue ra3oBbix TPy6
B l'epmaHun gaHHoMy Tuny ucnbiTaHus
nognexart Tpy6bl ¢ pabo4mm
pasneHuem >100 mb6ap n go 1 6ap
BK/IOYNTENIbHO B COOTBETCTBUN C
TRGI.
N3mepeHne npoBoanTcs Ha Bcel
Tpy6e C yCTaHOBNEHHbIMU (PUTUHTaMM,
HO 6e3 perynaTopos AasneHus,
CYETYMKOB rasa, ra3oBblx NpPUGOPOB U
CBSI3aHHOI annapaTtypbl ynpaBneHus un
obecrneyeHns 6€30MacHOCTU.
McnbiTaHne npoBOgMTCS NPW TECTOBOM
nasneHun B 3 6ap Ha NPOTSAXKEHUN
BCEro NCNbITaHWs, BPEMS UCMbITaHUSA
COCTaBNseT Kak MAUHUMYM 2
Yyaca, nocrne npegsapuTesbHom
TemnepaTypHON KoMneHcaunn Ha
NPOTSXXeHnn 3 Yacos.
Ona Tpy6 o6bemom 6onee 2000
NNTPOB, NPOAOCIKNTENBHOCTb
ncnbiTaHua gna Kaxasix 100 nutpos
yBenun4msaeTcs Ha 15 MUHyT.
B cooteetcTtBun ¢ TRGI 2008 G 600,
paspexeHue (nageHve faBneHns) He
gonyckaetcs.

We measure it. e

6.1.5 OGHapy>xeHue yTe4yek rasa
YTeyka NpupogHoro rasa mus Tpyobl
U OTOMUTENBHOW YCTAaHOBKN CO30aéT
OMacHOCTb OTPaBfieHns UIu B3pbiBa.
[MockonbKy NPUPOLHbINA ras He

UMeeT 3anaxa, B Hero fo6aBnsoTcs
opopaHThl. MNpu nosBneHny 3anaxa
rasa nometlleHne Heobxoanmo
HemMe[IeHHO MPOBETPUTL. YTEUKY

rasa B Tpy6e MOXHO O6HapPYXUTb C
NOMOLLbIO AeTeKTopa onpeaeneHuns
yTeuku. B yensx 6esonacHocTun
Henb35 NpeBbIaTh YCTaHOBNEHHOEe
npegenbHoe 3HavyeHne, cocTasnsioLlee
20% B3pbIBOOMNACHOW KOHLEHTpaLmK.

Puc. 20: O6Hapy>keHne yTeukn B ra3oBblix
Tpyb6ax ¢ nomouybto testo 316-2
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MpoBepka repMeTUHHOCTN ra3oBbiX 1 BOAOMNPOBOAHbLIX TPYG

Esponeiickuin ctaHgapt DIN EN 806-
4 yctaHaBnusaeT TpeboBaHUA No
yCTaHOBKe 1 BBOAY B 3KCMyaTaLuto
CUCTEM NMOJa4n NMTLEBON BOAbI

B 3AaHusx. Nepen BBOAOM B
aKcnnyatauuio npeanucbiBaeTcs
npoBefeHNe NCTbITaHUS NOA

nasneHnemM. OHO MOXET BbINOMHATBLCS C
ncnonb3oBaHMem BOObl NN BO3AyXa UK

NHEPTHOro rasa, ecsin aTo gonyckaeTcs
HaunoHanbHbIM HOPpMamMu.

6.2.1 UcnbiTaHue nop pgaBNeHuemMm
C ucnosb3oBaHUeM Bopfbl

Mpu NnpoBegeHNn NCnbITaHUs NOf,
OaBneHnemM C NCrnonb3oBaHneM BOAbl
B 3aBMCUMOCTM OT MaTepuana Tpybbl
BbIAENAIOT pasnnyHbie BUAbl MPOBEPKN
nop, AaeneHnem (Metogbl A, B n

C), KoTOpble pernameHTUpyTCs
ctaHpgaptom EN 806-4:

JlnHenHo-ynpyrne matepuansl (T.e. MeTanbl) A

OnacTtu4Hble matepuansl (PVC-U, PVC-C n 1.4.) n

MHOIOCONHbIE KOMMO3ULMNOHHbIE MaTepuasbl

Bsasko-ynpyrue matepuansl (1.e. PP, PE, PE-X, PA, PB n 1.4.)

c DN/OD < 63

Bssko-ynpyrue matepuansl ¢ DN/OD > 63

(t.e. PP, PE, PE-X, PA, PBu T.4..)

Kom6unHupoBaHHble cnuctembl ¢ DN/OD < 63

(MeTanbl 1 NNacTuK)

Kom6uHuposaHHble cuctembl ¢ DN/OD > 63

(meTanbl n NnacTuk)

B unu C

B nnun C

A B 1.1 pas Bbilwe paboyero aasneHns 10 MuH
B Yactb1 B 1.1 pas Bbiwe pabo4ero gasneHus 30 MuH
YacTtb 2 CHuxeHo B 0.5 pas oT faBneHns ncnbiTaHns 30 MuH
C Yactb1 B 1.1 pas Bbiwe paboyero gaBneHns 30 MuH
Yactb 2 OcHoBaHo Ha YacTtu 1, MOXET 6bITb YMEHbLLEHO 30 MuH
Makcumym Ha 0.6 6ap
Yactb 3 OcHoBaHO Ha YacTu 2, MOXET ObITb YMEHbLLEHO 24

Makcumym Ha 0.2 6ap
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We measure it.

NpoBepKe repMeTUYHOCTN B COOTBETCTBUM C UH(DOPMaLMOHHbIM IucToM ZVSHK.

ﬂ B lepmaHunmn Tpy6bl ¢ 06XKUMHBIMU COEANHEHNUAMI TaKXe NoaNiexxaT npeaBapuTeNnbHON

[aBneHve ncnblTaHUst = NOABOAMMOE AaBneHne / Makc. 6 6ap nnn B COOTBETCTBUU CO

CI'IeLl,I/Id)I/IKaLl,I/IﬂMI/I npounssoguTens

[MpogonXuTenbHOCTb UChbITaHUs = 15 MUH

6.2.2 UcnbiTaHue Nop gaBneHUem c
ucnosnb3oBaHUEeM BO3fyXa WIN UHEPTHOro
rasa

Mpwn TecTMpoBaHMN YCTaHOBOK Mogayn

nUTbeBON Boabl Nnomumo ctaHgapta DIN

EN 806-4, Heo6xoANMO TakXKe y4nTbiBaTb

OeNcTByoLWMe HaunoHanbHble HopMbl. Tak B

lepmaHny B gononHeHne k ctaHpapty EN 806-4

NpUMeHseTCs NHPOPMAaLMOHHBIA nucT ZVSHK.

CornacHo pgokyMeHTy ZVSHK B lepmaHun

[OMyCcKaeTcs NpoBeAeHNe UCTbITaHNsA C

1cnonb3oBaHnemM BO3ayxa.

OHO peKkOMeHA0BAHO B CriefyoLmX Clyyasx:
JOnvTeneHbIi neprof NpocTos MeXay
NPOBEPKOW repMETUHHOCTN U BBOAOM B
aKcnyarTauuio, Npu cpeaHen oxvgaemon
oKpyXatoLein Temnepartype > 25 °C, 4To6bl
NCKNIOYUTb Nlto60oe noTeHumanbHoe passutue
GakTepui
Ecnun Ha nepuop mexay nposepKomn
repmMeTUHHOCTM U BBOAOM B 3KCnyaTauuto
Tpy6onpoBop He MOXET ocTaBaTbCsl
MONHOCTbLIO 3aNONHEHHbIM, HaNnpuUMep, B
nepuop 3aMmopo3KoB
Koppo3swuiiHas CTOMKOCTb MaTepuana npu
4aCTMYHO 3arnofIHEHHOM Tpy6onpoBoae

CTaBUTCA No4 COMHeHue.

VcnbiTaHne fomkHo npoBoAnNTbCA C
ncnonb3oBaHMeM BOLbl TOJIbKO B TOM

cnyyae ecnu Mexay NpoBepKoi Ha

repMeTUYHOCTb 11 BBOAOM B 3KCTyaTaumio
rapaHTUpyeTCcs perynsipHbii BOGOOOMEH.
Kpome Toro npu npoeeaeHun UCMbITaHNSA
C Mcnonb3oBaHeM BofAbl HEO6X0ANMO
obecne4ynTb cnepyoLlee:
Boponposog ans goma nnmn
NPOU3BOACTBEHHOrO 06bEKTa OUULLLEH
1 ofo6peEHO ero NoAKoHeHne n
ncnonbL3oBaHne
Tpy6onpoBog 3anonHsaeTcs ¢
NCMNONb30BaHNEM KOMMOHEHTOB C naeasnbHbIM
rUrMeHNYecKM COCTOSIHNEM
Ha nepuopg mexpay npoBepKon Ha
repMeTV4YHOCTb 1 BBOAOM B 3KCMnyaTaumio
cucTema ocTaeTCsi 3anofHEHHOM U MOXHO
NpefoTBpaTUTb YaCTUYHOE 3arosHEHNe.
MpoBeaeHne ncnbiTaHsa ¢ NCNONb30BaHNEM
VNHEPTHOro rasa pekoOMeHyeTCsi TONIbKO B
3paHuAX ¢ 6onee XXecTkumn TpebosBaHnaAMU

rUrneHbl.

MpoBeneHve UCMbITaHWs NOA AaBneHuem C
1Cnosib30BaHEM BO3AyXa UM UHEPTHOMO
rasa TpebyeT NpoBefeHNsi NPOBEepPKH
repMeTUYHOCTY U NCTbITAHUSA MO Harpy3KOW.
Mo npuyrHam 6e30nacHOCTY NpU NpoBeaeHNN
MCMbITAHWIA C NCMONb30BaHNEM BO3ayXa

WSIN NHEPTHOrO rasa AaBneHne UCTbITaHns
orpaHvnyeHo fo Makcumym 3 6ap, n3-3a

TOro, YTO BO3AYX WY ra3 CXKUMATCS Mof

[OaBlieHneM cunbHee, 4emM Bofa.
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MpoBepka repMeTUYHOCTU ra3oBbiX N BOAONPOBOAHbLIX TPYG

6.2.2.1 NpoBepka repmMeTUYHOCTH OOMXKHbI BbITb yAasNeHbl.

[poBepka repMeTU4HOCTM BbINOHAETCSA DasneHune ucnbitaHnsa: 150 méap
nepepn nNnpoBefeHneM UCMbITaHNS OnutenbHoCTb ncnbitaHusa: 120 MuH (Ha
nop, Harpy3Koi 1 NPOBOANTCS Ha Tex Tpyb6ax o6vbemom fo100 n)

anemeHTax Tpy6onpoBOAHON CUCTEMbI Ons KaxkgblX JOMNONHUTENBbHbIX

KOTOpble nNpegHasHa4YeHbl ANng ncnbitaHna 100 N, AAMTENbHOCTb UCMbITAHNSA

nop, AasneHveM. B npoTuBHOM cnyyae oHn  yBenu4ymsaeTcs Ha 20 MUH

Mpumep cxembl NOAKAIOYEHUIA ANS NPOBEPKU repMeTUYHOCTHN C

ucnosnb3oBaHuem Bo3gyxa

1 JluHua nopayn 7 Tpyba ropsiveii Bogpl
2 BcnowmorartenbHoe 8 Uupkynsuus
coefiHeHne 9 Hacoc
3 3anopHble knanaHel 10 Tpy6a xonogHon
4  BHYTPEHHWI CYETUNK BO[bl
BOAbI 11 LTtyuepHoe
5 ®unbTtp coeguHeHne
6 Koten
12 CTyneHyaTas 3arnyLuka BbICOKOro
faBneHuns

o + 1 0554 3164

3/8“ + %* 0554 3163 O "
KoHunuyeckas sarnyLuka

2 0554 3151 gl
4« 0554 3155

13 CoepuHuTenbHbIN WnaHr testo 324

NnocpefcTBOM BHYTPEHHEro Hacoca
npubopa testo 324. Ecnu Tpy6a cnuikom
60onbluasi, MO>XXHO NMOACOEAVNHUTL K Hel

KOMMPECCop Un NCNOoNb30BaTh PYyHHOW HAacoc

npubopa testo 324.

[MpumedarHne: makcumabHoe gaBneHne

1 6ap — npwu npesbileHny, cpabaTbiBaet

MPEeaoXpaHNTeIbHbIN KianaH n36bITO4YHOro

AaBreHns .

n [asneHne yBennymBaeTcsa aBToMaTtu4eckun
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6.2.2.2 UcnbiTaHMe noa HarpyskKom
Kak y>xe roBopunocb paHee
ncnblTaHne nofg Harpyskon
NpPoOBOANTCS NOCne NpoBeaeHns

NpoBepKN repMeTUHHOCTML.

We measure it. e

[asneHne BO Bpems NCMbITaHNSA
3aBUCUT OT HOMWUHANBHOW LUNPUHBI
TPyObI:

[asneHne ncnbitaHnsa: < DN 50 =3 6ap
DN 50-DN 100 = 1 6ap

OnutensHocTb ncnbitaHnda: 10 MuH

Mpumep cxembl NOAKIOYEHNA ANA UCMbITAHUSA MOA Harpy3Kom ¢

ucnonb3oBaHuemMm Bo3fyxa

JnHna nogayn / nutaHns
BcrnomoratenbHoe coeanHeHne
3anopHble kKnanaHbl
BHyTpeHHMi cyeTyrK Boabl
dunbTp

Koten

Tpy6a ropsiyen Bogbl
Linpkynauus

Hacoc

Tpy6a xonogHon oAbl
LUTyuepHoe coenuHeHne

0N O WN =

- 4 ©
- o

—n
N

Yo 4 g
3/8" + %"

0554 3164
0554 3163

13 CoeguHuTenbHasa getanb
BbICOKOroO AaBfieHnst
0554 3139

14 Onuusi AN NOACOE[NHEHMNS ﬁt
KomMmnpeccopa

15 30H[ BbICOKOrO
[aBneHuns co
wnaHrom 0638 1748

CTyI'IeH‘-IaTaH 3arfnylikKa BbICOKOro gasreHus
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We measure it.

7. smepuTenbHble TEXHOJIOrMmn

Mpepbsasnsemble K NOPTaTUBHbLIM
razoaHanusartopam TpeboBaHus
CTaBsAT CNOXHble 3afa4un nepeq
nto6bIiM NponssoanTenem
N3MepPUTENIbHOrO 060PYAOBaHUS.
Heob6xoanmo co3paTtb BbICOKO-
TEXHONOMMYHbIN NPMGOpP Ans
NPYMeHeHNs B “XKeCTKNX” yCnoBusax ¢
BO3MOXXHOCTbIO aTOHOMHOIN PaboThl;
Kpome Toro, Nnpmbop AOMKeH
COOTBETCTBOBAaTb TPEOOBAHNAM
3akasuyumka. Mpubopbl JOMKHbI
OTNNYaTbCA KOMMNaKTHOCTbIO,
NErkoCTbio, MOPTATUBHOCTBLIO U
NPOCTOTOMN B Ucnonb3osaHuun. [pyrue
Ba>kHble TpeboBaHNs — aTO BbICTPOE
nosly4YeHne pesynsTaTtoB N3MepPEHNI,
HN3KOe aHepronoTpebneHne

1 NPOCTOTa TEXHNYECKOro
o6Cny>XnBaHus.

TpeboBaHna, NpeabaBAsieMble

K M3MepuTenbHbIM Npuéopam,
obycnaenueatoT BblI6OP CEHCOPOB AnNs
onpeneneHns KoHLeHTpauui

rasoB. DIEKTPOXMMUNYECKNE CEHCOPbI
rasa npekpacHo 3apekomMeHgoBanm
cebda B MpakKTU4ECKOM NPUMEHEHNN.
OcHoOBHble nNpenMyLlecTBa

CEHCOpPOB TakKoro Tuna

3aK/to4alTCs B BbICOKOIN CTENeHu
ObICTPOAENCTBUS, KOMMAKTHOCTH,
BO3MOXHOCTW TEXHNYECKOIO
06Cny>XKMBaHUs Nnosib3oBaTesieM,

a TakXXe B 3KOHOMUYHOCTW Mnpu
npounssoacTee. OgHako, Heo6xoaUMo
NPOBECTN O6LUNPHbIE HAYYHO-
nccnepoBaTeflbCKMe U OMNbITHO-
KOHCTPYKTOPCKUEe paboTbl ons
CO3[aHust oNTMManbHbIX YCNOBUi
paboTbl CEHCOPOB rasa. TpebyeTca
onTMMM3aLMs ra3oBoOro TpakTa,
Cco6oAeHNe COOTBETCTBYOLLErO
[onycka no nepekpecTHON
YyBCTBUTENBHOCTMN, COXPaHeHne
BO3MOXXHOCTW JIErKOI 3aMeHbl
CceHcopa nonb3oBaTenem.

[BYyX- N TPEX3NEKTPOLHbIE CEHCOPDI
UCMNoSb3YIOTCS ANs onpefeneHust
KOHLJ.eHTpaLLVIVI TOKCU4YHbIX ra3osB.
MpuHUMN paboTbl TPEXINEKTPOLHOIO
ceHcopa 06BbACHAETCHA Ha NpuMmepe
ceHcopa CO. CtaHpapTHbIi
OBYX3NEKTPOLHbI CEHCOop — 3TO
ceHcop kucnopoga (0,).
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7.2.1 NMpuHUMN pa6oTbl
XUMMNYECKoro 2-x
3NIeKTPOAHOro ceHcopa

Ha puc. 21 nokasaH npuHuun padoTbl

ceHcopa Kucrnopoaa.

MprHUMN paboTel ceHcopa Kucnopoga:

Monekynbl O, MPOXoAsAT Yepes
rasornpoHuuaemyo MembpaHy u
nonagaroT Ha KaTog,.

XumMmunyeckasi peakums: O6pasytoTcs
NoHbl OH- (MOHbI = 3apsi>KEHHbIE
YacTuupl)

VIoHbI NpoXoasaT Yepes Xuakumn
3NEKTPONNT 1 NonagarT Ha aHoA.
[Bu>xeHne noHoB co3faéT
3NEeKTPUYECKYIO NPOBOAUMOCTb BO
BHELUHEN Leny NpornopunoHanbHo
KoHueHTpauun O,,.

OTO O3Ha4YaeT crnepyoLlee: Yem
Bbllle KOHLUEHTPaLMs, TEM Bbille

ANeKTpnyeckasa NnposoaNMOCTb.

MapeHrne HanNps>XXeHns namepsieTcs
B COMPOTUBIEHNM, A NOJyHEHHbIE
AaHHble o6pabaTbiBatoTCA
3NEKTPOHHbLIM CNOCO6GOM.

Ons KoMneHcaummn BAUSAHNS
Temnepartypbl CNY>XUT UHTerpansHoe
COMNPOTUBNMEHNE C OTPULATENBHbIM
TemnepaTypHbIM KO3 PULNEHTOM,
4YTO obecneymBaeT CTabuUNbHOCTb
paboTbl CEHCopa He3aBNCUMO OT
Temneparypbl.

Cpok cny>x6bl ceHcopa Kucnopoga
cocTaBnseT NnpumepHo 3 roga — CpokK
cny>6bl ra3oBblx ceHcopoBs Testo LL
(long-life) coctaBnsieT 6 net.

YpaBHeHUs peakuunii

Katoa: O, + 2H,0 + 4e— => 40H-
Anog: 2Pb + 40H- => 2Pb0O + 2H,0
+ 4e—

BanaHc: 2Pb + O, => 2PbO

CBexuii Bo3ayx

Katop

lasonpoHuuaemas
Memb6paHa

CoefvHeHne KaToga

NTC ceHcop

“MNMepemeLyeHne noHos”

— AHop,

XKupkuin anekTponnt

Puc. 21: MpuHumn paboTbl KNCNOPOJHOIO CeHcopa
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7.2.2 MpuHLUMN pa6oTbl
XUMU4Yeckoro 3-x
3NEeKTPOAHOro ceHcopa
TOKCUYHbIX ra3oB

MpuHUnn paboTbl TPEXSNEKTPOAHOIO

ceHcopa (Ha npumepe ceHcopa CO):

Monekynbl CO npoxogaT Yepes
rasonpoHunLaemyto memoépaHy n
rnonagaroT Ha paboynin aNeKTPoa.
Xumnyeckasn peakuus: obpasoBaHue
MOHOB H+.

VloHbl nepeHocATes K
CUYUTbIBAOLLEMY DNIEKTPOAY.

BTopas xumnyeckas peakumus c
yyactnem O, B CBEXEM BO3yXe:
3NEeKTPONPOBOAHOCTb BO BHELUHEN

uenu

We measure it.

OTanoHHbIN ANEeKTPOL,
CTabunmanpyeT cUrHan ceHcopa.
Cpok cny>x6bl ceHcopa CO
COCTaBAsiET NPUMEPHO 2 rofa — CPOK
cny>6bl ra3oBbix ceHcopoBs Testo LL
(long-life) cocTaBnsieT go 5 net.

YpaBHeHUsi peakuuii:
Axof: CO + H20 => CO, + 2H+ + 2e~
Karop: %2 O, + 2H+ + 2e- => H,0

YacTble konebaHns TemnepaTypbl 1

ﬂ HN3KWE 3HAYEeHUs TemMnepaTtypsbl
MOryT COKPaTUTb CPOK CNy>KGbl
rasoBbIX CEHCOPOB.

PekomeHAayeTCsi XpaHUTb B CyXOM
romeLLeHunu.

[piMoBbIe rasbl

BHewwHssa ANEeKTpuY. uenb

lasonpoHuuaemas
Mem6paHa

— Pabouuii anekTpop,
== 44

— OTaNoHHbIN 2NeKTpon,

[~ CuUnTbIBaIOLLMIA 3NEKTPOL,

[atyunk Toka

JKunpgkuin anekTponuT

lasonpoHuuaemas
Mem6paHa

CBexuii Bo3ayx

Puc. 22: MpuHumnn pa6oTsl ceHcopa CO
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[MonynpoBOAHNKOBbLIN CEHCOP
MCnonb3yeTcst Afst U3MepPEHUin
roptoynx rasos, Takmx kak C,H,,
H, n CO. OH ncnonbayetca ans
obBHapy>XeHus yTe4ku rasa.
KOoHCTpyKLMS NosynpoBOAHNKOBOIO
ceHcopa npegcTasneHa Ha Puc. 23.
MpuHUunn paboTsl
noslynpoBOAHNKOBOrO ceHcopa (Ha
npuMepe UCnosib3oBaHns B 30HAE AN
06HapY>XeHNs yTeyku rasa):
CeHCOpHbI 3NeMEHT HarpeBaeTcs
0o paboyen Temnepatypbl 300 °C.
Mpwn HarpeBaHWKM B oKcuae onosa
CO3aéTCs BbICOKOE COMPOTUBIIEHNE.

Mpw Hanu4umn roproynx rasos (CyH,,
H,, CO) B oKkpyxatowiem Bo3ayxe B
061acTn YyBCTBUTENIbHOIO 3IEMEHTA,
T.e. BHYTpY CeHcopa, 3T rasbl
cobuparoTcsa Ha cnoe okcuga onosa.
DneKTpu4eckoe conpoTuBeHNE
6yaeT yMeHbLuaTbCs.

MageHne conpoTmBneHns
COMPOBOXAAETCS BU3yanbHbIM U
3BYKOBbIM CUTHaNOM.

Heobxopnmmo nsberatb KOHTaKTa

ﬂ sYeeK C CUIMKoHamu,
pacTsopuTensamu, Macnamu n
CcMasKamul, Tak Ka 3TO MOXeT
npuBecTy K 06pa3oBaHunio
OT/IOXKEHUI Ha MOBEPXHOCTY
ceHcopa.

CoepguHeHuns

CurHanbHbIi kabenb

CeHCOopHbI anemMeHT co crnoem Zn0,

Kabenb ans Harpesa

Kopnyc

Bnok nnamenun

Puc. 23: KoHCTpyKUusi NonynpoBOAHUKOBOIO ceHcopa
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CospaHue ele 6onee KOMMNaKTHbIX
N3MepUTESbHbIX NPUGOPOB ABNAETCSA
APKO Bblpa>XEHHOW TEHAEHLNEN B
chepe pasBuTUS 1 NPON3BOACTBA
N3MEpPUTENIbHOrO 060PYAOBaHUS.
Bnarogaps KomnsloTEPHOMY
npoekTtuposaHuto (CAD) un
aBTOMaTn3NpPOBaHHOMY NPON3BOACTBY,
CIIOXKHblE 3NEKTPOHHbIE CXEMbl MOXKHO
pasmMeLlaTtb Ha Ype3BblHaiHO ManoMm
npocTtpaHcTee. MevyaTHble

nnatbl paspabdaTbiBaloTCs Mo
MHOrOypOBHEBOMY MPUHLMMY, a Npu
YCTaHOBKE 3NIEKTPOHHbIX KOMMOHEHTOB
NPUMEHSIOTCS HOBeNLne TEXHONOr
(noBepXHOCTHbIN MOHTaXx - SMD). Ons
NPOBEPKM NnaTt B CO0PE 1 BbIABNEHNS
nedeKToB Ha paHHen ctagun
MNCMNONb3yeTcs TECTOBbIN KOMMbIOTEP

We measure it.

(BHYTPUCXEMHbIN TecTep). ITO
No3BONSIET 3KOHOMUYHO YCTPaHSTb
HencnpaBHOCTM 1 BO3BpaLLaTb nnaTbl
B MpoM3BoACTBO. [locne ycTaHOBKY
nnaT v N3MepuTesibHbIX CEHCOPOB B
Kopnyc, n3ameputenbHble NprGopbI
nofBepralTcs aKCniyaTauMoHHbIM
UCMNbITAHUSIM HA KOMTMbIOTEPHOM
ncnbITaTeNlbHOM CTEHAE U NPOXOQAT
KannbpoBKYy C NCMONb30BaHNEM
nosepoy4Horo rasa. Ceptudgunkayms
DIN ISO 9001 rapaHTupyeT BbiCOKOE
Ka4yecTBO 1 KBanuduuupoBaHHoe
NnocTnpoaaXKHoe 06CnyX1MBaHMe.
OT0 onNTUManbHbIA cnoco6
NPon3BOACTBA N3MePUTENbHbIX
npr6opoB, COOTBETCTBYOLLMNX
nocnegHum TpeboBaHusM B obnacTtu
aHanunsa fbIMOBbIX Fa30B.

83



|/|3Mepl/lTe.l'leble TexHosiormmn

MpoekTnpoBaHme rasoBoro Tpakra
npencTaBnseT cCo60in BaxKHyt0 3agady
npu paspaboTke NoOpTaTUBHbIX
aHanm3aTopoB AbIMOBbIX Na30B.
nOCKOHbe Hann4yune yte4dek
NCKaxKaeT pe3ynbTaTbl U3MepeHuid,
BCE COEfVHEHUsI B ra30BOM

TpakTe AOJKHbI 6bITb aBCOMOTHO
repmeTuyHbl. Bo nsbexaHue
NoBPEXAEHNS CEHCOPOB rasa
H606XO,EI,VIMO NCKJTIOYUTb Hann4vmne
MEeCT BO3MOXXHOIr0 06pasoBaHust
KoHOeHcaTa. B coBpeMeHHbIX
aHanusartopax AbIMOBbIX ra3oB
NCMONb3YITCS KOHOEHCATOCOOPHUKN,
obecnevmnBatroLne c6op KoHAeHcaTa
1 npegoTBpallatroLme noBpexaeHne
N3MepuTEeSNIbHbIX NPUGOPOB.
[biMoBble rasbl 3abuparoTcst Yepes
30HA oT60pa NPobbl C MOMOLLLIO
Hacoca. BcTpoeHHas B HAKOHEYHNK
30HA4a TepMonapa nsmepsiet
TemMnepaTtypy AbIMOBbIX ra3oB.
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KoHaeHCcaToCO0PHUK 1 BCTPOEHHbIN
bhunbTp “ocyLlumBaloT” ObIMOBbIE rasbl
N 3afep>XX1BatoT YacTuLbl NbIn 1
caxu. Npoba rasza npoxoauTt Yepes
Hacoc 1 4Yepes Kanunnsp (Cy>xeHue

B ra3oBOM TpakTe) NofaéTcs B
dopkamepy (NpegsapuTeNbHy0
Kamepy), aemndupytowyto apdexT
6reHuns, co3pgaBaemMblii MeMOpPaHHbIM
HacocoM. [locne NPoXoXAaeHns
Yepes hopkamepy n3Mepsiemblii ras
nocTynaeT B CEHCOpPbI, B KOTOPbIX, B
3aBUCUMOCTU OT KOHCTPYKLIMK
npuéopa, BbINOMHAETCA U3MepeHne
KoHueHTpauwnii O,, CO, NO, NO,, 1
S0,. Mpn n3mepeHnn TAry AbIMOBbIE
rasbl He BTAMMBaKTCHA BHYTPb
nprubopa. [biMoBbIe rasbl Yepes
rasoBblll TPaKT NOCTynaloT 13 3oHAa
HanpsiMyto K CeHCopy AasneHus
aHanmnsaTopa, C MOMOLLbI KOTOPOro
NPOUCXOANT N3MepeHne TArK.
TemnepaTypa ngyLero Ha ropeHune
BO34yXa N3MepPSeTCs C MOMOLLbIO
30HAa Temnepartypbl, NOAKNOYEHHOIO
HEenocpeacTBEHHO K U3MepPUTENIbHOMY
npuéopy.



8. Npuno>xeHne

Motepm Tenna c

AbIMOBbIMW razamMmm: qA = (FT - AT)

FT: Temnepatypa gbiMOBOro rasa

We measure it.

e
—+B|[-XK
(21 -0,)

AT: TemnepaTypa BO3ayxa, UQyLLEero Ha ropeHune

A2/B: KoahdurumeHTbl nepecyéTa ona onpenenéHHbiX BUAOB Tonamea (CMm.

Tabnuuy)

21: YpoBeHb Kucnopoga B BO3gyxe

O,: WamepeHHoe 3HaveHne O, (OKpyrnseTcsa [o Gnvxaiero Lesnoro Y1cna)

XK:  KoaddurumeHT, Bbipaxatrowmini napameTp gA Kak oTpuuaTtesibHoe 3Ha4yeHne,

npun HeAOCTUMXXEHUN TOYKN POCHI. V|CI'IOJ'Ib3yeTCﬂ Npwn BbIMOHEHUN

I/I3Mep6‘HVIl7I Ha KOHOEHCAaUMOHHbIX ropenikax. Ecnun 3HaveHmne Temneparypbl

TOYKN POCHI HE 3aHmxXeHo, To XK = 0.

gA =fx

(FT - AT)

co,
dopmyna 3urepTa Ans pacyéta notepb Tenna ¢ AbIMOBbIMY rasamu.

VicnonbayeTcs, ecnu hakTopbl AN onpefenénHbix BuaoB Tonnvea A2 n B (gns

cpaBHeHUA: cM. Tabnuuy) paBHbl HYJHO.

Ta6nuya koadchuymeHTOB Nepecyéra Ana onpepaenéHHbix BUA0B TONJMBA

Tonnueo

[Ouns. Tonnnso
MpupogHbIin ras
COKMXKEHHbIN ra3
Kokc, gpeBecuHa
MpecoBaHHbIN yronb
ButymHoe nokpbiTue
AHTpauunt
KokcoBbin ras
BbiToBoW ras

[MoBepoy4HbIf ras

A2

0.68
0.65
0.63

0.6
0.63

B

0.007
0.009
0.008

0.011
0.011

f

0.74
0.75
0.90
0.60

co2MaKc
15.4
11.9
13.9
20.0
19.3
19.2
18.5

11.6
13.0
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Mpuno>xeHue

KonuuectBo Bo3pyxa L:

L=AxL,,,

L: ®akTuyeckoe Konn4ecTso
BO3Ayxa

A: KoadhduumeHT n3bbiTka Bo3gyxa

L - TEOPETUYECKN TPEGYEMOE

KONM4eCcTBO BO3AyXa

KoHueHTpauusa yrnekucnoro rasa (CO,):

CO,ype X (21 - 0,)

2Makc

co, =

21

CO,,ae-Makce. 3HaveHne CO, B

3aBNCUMOTHN OT TonmBea

KoadcdduumeHT nsbbiTka Bo3gyxa A:

COZM&ch
A= =1+
co,

0,

21-0,

CO,,,ae-Makc. sHaverHne CO, B 3aBucC.
oT Tonnuea
CO,: PaccunTaHHoe 3HaveHne CO,

B ObIMOBbIX razax

0,: NamepeHHoe 3HadeHne O,
(okpyrnsieTcs go énuxanwero
Lienoro 4ymcna)

21: YpoBeHb Kncnopoga B
BO3ayXxe

KoHueHTpauusa Hepa36aBneHHOro yrapHoro rasa (CO

CcO =CO XA

Hepasbass. pasbasn.

HepasGaBn.):

CO: M3mepeHHoe 3Ha4eHne CO
A: KoadhdumumeHT nsbbiTka Bo3gyxa

KN4 cuctemsi (n):

n =100 - gA

86

gA: TloTepwu Tenna ¢ [bIMOBbIMY
rasamu



We measure it.

MpepenbHblie 3Ha4eHUa cornacHo MocTaHOBNEHUIO O TOMOYHbIX YCTaHOBKaxX

Tennosas Fasoo6pa3sHoe
MOLYHOCTb Teeppoe Tonnueo XKupkoe Tonnuso Tonnpm;o
Tonnuea
co NO  peU co NO SO, GO NO
800 250 150
80-380KBT  ovs  mrme mr/we
350 kBT - 250 250 150
2 MBT mr/m3 mr/m3 mr/m3
> 2 MBT - 250 250 50
5 MBT mr/m3 mr/m3 mr/m3
> 5 MBT - 100 250 50
10 MBT mr/m® mr/m3 mr/m3
200 50
> 10 MBr mr/m3 mr/m3
13% O, aTanoH.
/Aus.Tonnnso
EL
100
<1 MBT Mr/M3
80
>1 MBT Mr/Mm3
50 kBT - 150
50 MBT mr/m®
100
> 50 MBT mr/m®
> 50 MBT - 100 350
300 MBT Mr/m3 mr/m3
100 200
> 300 MBT mr/m3 mr/md
50 KBT — Caxesoe
2 MBT qwg:no
3% 0,
3TanoH.
Mpupoga. ras
80 120
< 3 MBT mr/m3 Mr/me
80 100
> 3 MBT mr/m3 mr/me
LPG
80 160
< 3 MBT mr/m3 mr/m3
80 130
> 3 MBT mr/m3 mr/m®
3% O,-
3TanoH.

MoTepu Tenna ¢ AbIMOBbIMY razamm

B 3aBucuUMOCTY OT NCMOMb3YEMOro TMa TOMNanBa, NoTepu Tenna ¢ AbIMOBLIMI ra3daMu Afisi CUCTEM,
npefHa3HavYeHHbIX TOMbKO AN 06orpeBa NOMeLLEeHNn n Harpesa BOAbl, MPU HOMUHANBHOM
Harpyske He [OJKHbI NPeBbIaTh CNEAYIOLMX 3HAYEHNI:

1. CucTembl C aBTOMaTUYECKOI 3arpy3Koi, paboTatoLime Ha TBepAoM Tonnvee 19%

2. Cuctembl, paboTaioLLme Ha XXMAKOM U ra3oo6pa3HoOM ToMnmBe 10%
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Mpuno>xeHue

U3meputenbHbie TeXHONOrMMn
ANA OKpyXatolwen cpeabl,
CUCTEM OTOMNIeHUsi, BEeHTUAALUN
M KOHAULVNOHUPOBaHUA,
MPOMbILUJIEHHOCTU

“We measure it.” 3ToT esns3
ABNAETCA HEe NPOCTO JIO3YHIOM,

HO 1 KNIOYOM K yCrexy KoMnaHum
Testo co WwTab-kBapTUPOM B T.
JNeHuknpx/LLBapusanbg. Lienbto
BbICOKOTEXHONOMMYHON KOMMaHnu,
pacnonoXeHHo B OKPECTHOCTSAX
®dparibypra, ABNSETCS co3gaHue
WHHOBALMOHHbIX N3MEPUTENbHbIX
TexHonorui. byab To HoBasi Mogenb
TennoBn3opa, cuctemMa MOHUTOpUHra
testo Saveris nnu MHHOBALMOHHbIN
npnbop anst n3aMepeHnst
MenKoAnCnepCHbIX TBEPAbIX

yacTuy B AbIMOBbIX razax testo

380 — usmepuTenibHble TEXHONOMrMN
OTNNYAKTCA BbICOKUM YPOBHEM
WHHOBALMWN 1 LUMPOKKM CMNEKTPOM
NPoAYyKTOB. VIaMeputenbHble Npuéopsbl
Testo nomoraoT HaWnM KNneHTam
9KOHOMUTb BPEMS U CbIPbe, OHN
6e30nacHbl 4Ns oKpy>KaroLen cpegbl
1 300POBbS YeNoBeKa, NO3BONSIOT
YAYYLWNTb Ka4eCTBO TOBApOB "
ycnyr. BelICOKOTEXHONOMNYHbIE
nprnbéopbl NCNONBL3YIOTCA, HanpuMep,

88

B (hapMaueBTMYECKOM U MULLEBOM
CeKTopax npu TpaHCNopTUPOBKE

N XpaHeHnn 4yBCTBUTEJIbHbIX
TOBapOB, B pasfiNyHbIX OTpacsax
NPOMbILLNEHHOCTMN NPW NPON3BOACTBE
1 B obnacTtu obecrnevyeHnsa Ka4ecTBa,
a Takxe B cpepe aHepreTukn nim
dbrpmamn-nogpsagumkamu ans
MOHUTOPUHIra KnnMmaTtn4eckunx
napameTpoB.

MomMunmo BbICOKOKBaNUMMUMpOBaHHbIX
N MOTUBUPOBAHHbIX COTPYOHUKOB
KJTIOHOM K yCMexy TakxXe SABnstoTCs
WHBECTULMM B ByayLLee KOMMaHUu.
MpumepHo 10% oT rogoBoro o6opoTa
KoMnaHus Testo TpaTuT Ha
nccnefoBaHns 1 paspaboTku,
yKpennaa cBou No3anynm Ha MMpPoOBOM
pbIHKE B KayecTBe nugepa B 061acTtu
NopTaTMBHbLIX N CTALMOHAPHBIX

N3MepUTESIbHbIX TEXHONOINIA.

Testo no Bcemy mupy

B lepmanum ycnyru HoBbIM

N CYLLECTBYIOLWMM KIIEHTAM
npegnaratoT 6 CepBUCHbIX LEHTPOB.
30 punuanos paboTatoT B APreHTurHe,
AscTpanuun, Benerun, Bpasunun,
Kutae, ®paHunn, BenukobputaHuu,
[oHKoHre, NTanuu, AnoHun, Kopee,
Hupepnanpgax, Asctpun, MNonblue,
LLsenuapwun, icnanum, Yexun,
Typuun, Benrpum n CLUA, a Takxe



80 ToproBbIX NpepcTaBuTenen
3aHMMalTCs MOCTaBKaMu TOYHbIX
N3MepuUTENbHbIX MPUGOPOB 13
JleHukmnpxa Ha Bcex NSTU KOHTUHEHTax
1 NPefoCTaBnsitoT KAYeCTBEHHbIE

YCNYr Mo PEMOHTY U NMOBEPKE.

MpoBepeHHbIe Ha NpPaKTUKe,
KayeCcTBEHHble u3mepuTesibHblie
npuéopbl

Yucno aHanM3aTopoB AbIMOBOIO rasa
Testo, HaxopALWMXCSA B NCMONb30BaHUN
y Halmnx 3aKas34ynKos MO BCEMY

Mupy, coctaenset cebiwe 100.000.
Monb3oBaTenu B NPOMbILLNEHHOCTH,
613HecCe 1 KOHTPONMPYIOLMX OpraHax
no npaey [OBEPSIOT aHanMsaTtopam
nbiMoBoro rasa Testo, 4to
nogyépKnBaeT Hally COOCTBEHHYO
YBEPEHHOCTb B BbICOKOM Ka4vecTBe
HalnX NPOAYKTOB, NOATBEPXKAEHHYIO
ANVTeNbHbIMY NEepMofamMun rapaHTum.

KBanucduumpoBaHHoe
o6cnyXxuBaHue

[axxe N0 ncTeveHNn cpoka rapaHTum
Testo He ocTaBnseT cBOUX
3aKkas4umkoB. CepBUCHbIE CNY>XObI

no BCeMY MUPY rapaHTupyoT
npenocTaBfieHne TEXHNYECKON
NOAAEPXKN B KpaTyanwme cpoku. B
lepmaHunn paboTaeT KpyrnocyTo4Has
cny>x6a TEXHNYECKON Noaaep XKL (c

We measure it.

nnaTon 3a CPOYHOCTb) U
KpyrnocyTo4Hasi cny»6a KOHCynbTaLuia
KacaeMo 3anacHbix YyacTtein. Kpome
TOro, Nno 3anpocy, Ha BPeMsi peMoHTa
KNUEHT nony4aeT NoAMEHHbIR Npn6op
3a HebOosbLUYIO (PUKCUPOBAHHYIO
nnary.

Ceptudcdukar ISO 9001

Bnepsble komnaHus Testo nony4ymna
cepTtudukat kavectsa ISO 9001 B
okTa6pe 1992 ropa, KOTOPbLIN Obin
NoaTBEeP>XAEH MOBTOPHO B OKTSOpe
1997 ropga. (pamMoTHO NpumeHsiemas
N OpUEHTNPOBaHHas Ha bygyLliee
cuctema obecrneyeHuns ka4yecTsa
rapaHTupyeT NpefocTaBneHne
3aKas4unKy npogyKToB
6ecnpeLefeHTHOro kayecTsa.
CTpoxanwmin ayant n ceptudukayms
NpPoBOANNCHL HE3ABMCUMOW
komnaHuen: Germanischer Lloyd.
[aHHasa opraHusauus perynspHo
KOHTpoOnupyeT cobniofgeHne ctaHgapTa
1ISO 9001 komnaHuen Testo.
Mpun6opsbl Testo gnsa namepeHun B
cuctemax OTOMEeHNS NpeacTaBneHbl
Ha cnegyoLmx OByX CTpaHuuax.
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Mpuno>xeHue

AHanusartop gbimoBbix ra3oB testo 330-1 LL / 330-2 LL

LiBeTHOW rpadmyecknii gucnnem

4 roga rapaHTuu Ha ceHcopbl O, n CO

CamopguarHocTuka npuéopa
OnddepeHumansHasa TemnepaTypa
n3mMepeHuns nopgatoLLen/obpaTHomn
NNHUN

M3mepenunsa CO B aTmocdepe
Nameperun O, B aTMochepe
Onpepenexne yTeyek ¢ NOMOLLbIO
30HAa TevenckaTens

N3amepeHune guddepeHumnansHoro
faBneHus

OnpepeneHne pacxopa Tonnmea

O6HyneHne ceHcopa AaBneHuns ®
6e3 n3Bne4vyeHns oHga 13 9 Bluetuuth
AblMoxopa (TonbKo Ans Mopenmn

testo 330-2 LL)

PaclwupeHune gnanasoHa naMepeHus
CO po 30 000 ppm 3a cyeT
aBTOMaTN4eckoro pastaBneHus
YNCTbIM BO3[YXOM (TONbKO ANs
mogenu testo 330-2 LL)
IRDA-unHTepdeiic ana nepepayn
AaHHbIX Ha KIMK/HoyTbyk
USB-uHTepdelic gns nepegayun
naHHbIX Ha MK

AHanusaTtop abiMmoBbIX rasoB testo 330i

[AucTaHumoHHOe ynpasnexHne

N OTOBPaXKeHNe N3MepPEHHbIX
3Ha4eHun Ha akpaHe Bawero
cmapTdoHa/nnaHweTa
6naropgapsi BCTPOEHHOMY
Bluetooth-mopynio n
MOGUNBHOMY MPUNOXEHWIO ANS
testo 330i

LincdbpoBoe fokymeHTpoBaHme
1 CO3[aHne OTYETOB Ha MecTe
3amMepa C NoMOLLbI0 MOBUSTBHOTO
npunoxeHunsa gns testo 330i
HapexHas cdukcaunsi 3oHaa
oT60opbl NPobbl B AbiIMOXoAe
6naropaps cneumnansHomy
KpenneHunto ans 3oHaoB testoFix

rasoBbIX CEHCOPOB U ceHcopa
nasnenHns 6e3 n3snevenHns
30HAa 13 gbimoxopa
PacwwnpeHune
ananasoHa
na3mepenus CO

no 30 000 ppm

3a CYeT aBTOMaTUYEeCKOro
pasbaBneHus
YNCTbIM BO3YXOM
MpoYyHbIV NbineHe-
npoHuLaemblin
KOpnyc 13 nnactuka
OIS UCNONb30BaHNsA B

MNPOMbILUJIEHHbIX YCNOBUAX

4 ropa rapaHTun Ha ceHcopsbl O,

€3 Bluetooth

+App

B03MOXHOCTb 06HYNneHus n CO
TexHuyeckue paHHble testo 330-1 LL/ 330-2 LL / 330i
/3m. temnepatypsl | W3m. guan. | -40...+1200 °C MoTepu Tenna Wswm. guan. 0...99,9 %
smepeHne Tsrm Wam. guan. | -9,99...+40 rMa | CO2 pacyet JAuan. oTo6p. 0...CO2 makc.
3m. CO B okp.
Nam. naBnenns Nam. gnan. | 0...+200 rMa cpene (C 30HAOM Nawm. gran. 0...500 ppm
CO)
02 usmep. Wam. guan. | 0..21 06 % 3oHa Hvan. oto6p. 0...10.000 ppm
Teyeuckarenb CH4/C3H8
0...4000 ppm am. gnan. 0...1 06. %
CO usmep. Maw. anan. | /3000 pom e | CO2 8 okp. cpede | (G sommom CO2) | 0..10.000 ppm
H2-komneHcau.
Kna Wawm. gnan. | 0...120 % NO namep. (onuus) | Nam. gnan. 0-3000 ppm.
CucT. Tpe6oBaHusi* | 10S 7.1 nnu Hosee / Android 4.3 unu HoBee; MOGUNBHOE YCTPOICTBO ¢ Bluetooth 4.0
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We measure it.

Bbicoko3acdheKkTuBHbIWN aHanu3aTop AbiMOBbIX ra3oB testo 310

Ovcnnen c nogceeTkom
Mpou4HbI Kopnyc

dunbTp 30HAA
ABTOMaTM4YecKoe o6HyneHne
ceHcopa (30 ¢)

M3mepeHne KoHueHTpaumum
CO B okpyxatoLLlein cpege

ViamepeHne gnd. gasneHus
Li-ion akkymynstop, 84
Ypo6Hoe kpenneHne npubopa
BcTpoeHHbIn
KOHOeHcaTocOopHMK
MpuHTEp

TexHu4ecKue faHHble

N3mep. 02 N3m. guan. 0...21 06. % Tara Nawm. guan. -20...+20 rMa
leg':gj CO (8 op. Wam. guan. | 0...4000 ppm Namep. nasneHuns Nam. gran. -40...+40 rMa
HZ_'\:I(%%”%SC§5E3 Mam. guan | 0...4000 ppm ai’:ﬂl\/?gél:l-ihlﬂ'gsgé) WNam. gnan 0...+400 °C

KA (Eta) Wawm. gnan. |[0...120 % 3mep. Temnep. awm. guan. -20...+100 °C

(oKp. cpepnbl)

MoTepu Tenna

Wam. gnan. | 0...99,9 %

Bbicoko3acheKTUBHbIN aHanNu3aTop AbiMOBbIX ra3oB testo 320

Mpaduryeckuin gucnnen c
BbICOKMM paspeLleHnemM
BcTpoeHHasa namaTtb
OunarHocTrka ceHcopa
MpocTas ycTaHOBKa 30HA0B
Onuwus Bluetooth

3Hak kayecTBa (ogobpeH
TUV B cooTtB. ¢ EN50379,
Yactu 1-3)

N3mepeHne KoHUeHTpaLuum
CO B OKpyX. cpene
O6Hapy>keHune yTeyek rasa
N3mepeHne gud. gasneHus

OnuMOHaNIbHO C 9 Bluetuuﬂf

ViamepeHne gnd. Temnepar.
3ameHa ceHcopoB
nonb3oBaTenem
ABTOMaTN4YEeCKOE OBHYNEHne
ceHcopa (30 c)

Li-ion akkymynsTtop, 84
Mpo4HbIA Kopnyc

Ypno6Hoe KpenneHne
npuéopa

BcTpoeHHbin
KOHAEHCaToC60pPHUK
Onuus CO ¢ H2-komneHc.

TexHN4YecKue pgaHHble

Nswmep. CO, (B 0...1 06. %
Namep. 02 Wam. guan. | 0...21 06. % OKp. Cpeae) W3m. gnan. 0... 10,000 ppm
Nsmep. CO (B okp. | M3m. gnan. | 0...500 ppm KA (Eta) Wawm. guan. 0...120 %
cpepe )
Namep. CO (6e3 Vam. gnan. | 0...4000 ppm MoTepw Tenna Wam. guan. 0...99,9 %
H,-komneHc)
N3awmep. CO (c H,- Vam. auan. | 0...8000 ppm Tara Wawm. guan. -9,99...+40 rMa
KOMMEHC)
Pacyet CO, Nam. gnan. | 0...CO,, .o Wsmep. pasneHuns | Nam. guan. 0...+300 rfMa
N3mep. COHM3 (c Wam. guan. | 0...500 ppm 3mep. Temnep. Wam. guan. -40...+1200 °C
H,-komnerc)

91



Mpuno>xeHue

AHanusaTtop AbiMmoBbIX rasoB testo 340

JoocHaleHre makc. 4
ceHcopamu rasa

[Ba Tvna paclumpeHus
AmanasoHa n3mepeHusi

AP n

O6bem namsaTu: go 250 000

3HayeHun

[aHHble Ha 18 BugoB
Tonnuea + 10 gon. Ha
BbI6OP Nonb3oBartens

MNapannenbHoe nsm.
m/c

MoOLLHbIN aBTOMaTUYECKUI

MeMOpaHHbIA Hacoc

BcTpoeHHbIn 6ok nuTaHus
N akKKyMynsaTop gns pabotsl

aBTOHOMHO OT ceTun

dyHKLMA perncTpanum

© Bluetooth

OaHHbIX
TexHun4Yeckue pfaHHble
Viamepetne O, 0...25 06. % N3mepeHne NO 0...3000 ppm (onyusi)
Nameperne CO, 0...CO, ,1ake Mameperne NO, 0...500 ppm (onuus)
MNamepeHnne CO (c H,- 0...10,000 ppm MamepeHune SO, 0...5000 ppm (onyusi)
KOMMEHC)
Kng 0...120 % Tara -40...+40 rMa,
paspew.: 0,01 rMa
MoTtepu Tenna -20...99,9 % M3mepeHune -40...+1200 °C
Temnepartypsbl

MopTaTuBHaA cucrtema ansa aHanusa AbiMoOBbIX rasoB testo 350

[oocHalleHune makc. 6

CeHcopamu rasa

CbeMHbI ynpasnsoLwmin

Mopynb
BonbLuon useTHoM

rpacuyeckuin gucnnen
[MpoyHbI 610K aHanmsaTopa
J1erkofoCTynHbIN CEPBUCHbINA

ABTOMmaT. MOHUTOPUHI

YPOBHA 3anofiHEeHNA

cetn

KoHAeHcaToc6opHuKa
BCTpOEHHbIN akkymynsitop
Ons paboTbl aBTOHOMHO OT

O6bem namsatu: 250 000
3HaYeHunn

oTCeK CoepgunHeHne no wuHe
KOHTypbl BHeLLHero naHHbIX Testo
oxnaxgeHus
TexHU4YecKue paHHble
Namepetne O, 0...25 06. % Nswveperne NO, | 0...500 ppm (onuus)
Viameperne CO, 0...C0, ke NamepeHne SO, 0...5000 ppm (onuus)
Mamepenne CO (c H,- 0...10,000 ppm Tara -40...+40 rMa,
KOMMEHC) paspel.: 0,01 rMa
Kna 0..120 % AP1 +80 rMa;
paspew.: 0,01rMa
MoTtepu Tenna -20...99,9 % AP2 +1000 rMa;
paspew.: 0,1rMa
N3mepeHne NO 0...3000 ppm (onuusi) N3mepeHne -40...+1200 °C
Temneparypbl
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We measure it.

AneKTPOHHbIN Tedyeuckartenb testo 316-1

[MOKWIN 30HA, ANSt N3MEPEHN
B TPYAHOLOCTYMHbIX
yyacTkax Tpybonposoga

OnunoHanbHbIN Yexon
TopSafe sawumwaer
npnbéop OT 3arpAa3HeHU 1

OnTuYecKnin N 3ByKOBOW noBpeXaeHui

CuUrHan Tpesoru npu OpobpeH cTaHAapTOM

npesbIlEeHNN NpefenbHbIX DVGW

3Ha4YeHnn
TexHNM4YecKue pgaHHble

[unanasoH 0...10,000 ppm CH, Oucnnei LED-gucnneii (3-useTH.)
n3mMepeHns
HwxHuin npepen 100 ppm BbicTpopeiictBre | <5c
YyBTCBUTENBHOCTY
1-0€e curHanbHoe o1 200 ppm CH, (xenTbin Bpewms nporpesa <30c
3Ha4vyeHne LED nHpukaTop) ceHcopa
2-0€e curHanbHoe ot 10,000 ppm CH, Mpoune MonynpoBoAHUKOBbIN
3HaveHne (kpacHbIi LED nHavkatop) | xapakTtepucTuku ceHcop

AneKTpoHHbIN Teyeuckarenn testo 316-2

M6Knin 30HA, ANs
NpoBeAEeHNS N3MEPEHUI B
TPYAHOOOCTYMHbIX MecTax
OnTnyecknii n 3ByKOBOI
CUrHan TpPeBoru Co LUKanon
0TO6pPaXKeHNS MOBbILLIEHHbIX
1 onacHbIX KOHLEHTpaLui
rasa

OTo6paxkeHne TpeHaa ans
onpefeneHns MakcnMmanbHow
yTeyKn

BcTpoeHHbIn Hacoc
B0O3MOXXHOCTb NogKNo4YeHns
rapHUTYpPbl 4151 HAAEe>XXHOM
noKkanusauum yteyek B
YCIIOBUSIX MOBbILLEHHOI0
YPOBHS LymMa
Bo3mo)kHOCTb
NPOAOMKNTENBHOIO
ncnonb3oBaHnAa 6narogaps
BCTPOEHHOMY aKKyMynsTopy

TexHu4yeckKkue faHHble

[OuanasoH 10 ppm...4.0 06.% CH, 1-0e curHanbHoe | 200 ppm CH,, 100 ppm
naMepeHus 10 ppm...1,9 06.% CyHg 3HaveHve / 2-oe C,Hg, 200 ppm H,

10 ppm...4.0 06.% H, cuUrHansHoe /10.000 ppm CH,,

3Ha4eHne 5.000 ppm CgHg,
10.000 ppm H,

Lvcnnei 18-CermeHTHbIN, CO LWKanown BeicTpopelictBue | <2 c
Hwx. npegensHoe | 10 ppm Bpewms nporpesa 60 c
3Ha4YeHne ceHcopa
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Mpwuno>xerHue

Mpu6op Ana TecTUpoBaHUSA HA FrePMETUYHOCTb ra3oBbIX U
ruapaBnnyeckux Tpyé6onposopos testo 324

Bce Heobxoanmblie

BUAblI U3MepPeHNnans
TeCTUPOBaHUSA ra3oBblX

N rMApPaBANyeCcKnx
Tpy6onpoBOAOB B OOHOM
npubope

LiBeTHoOI gucnnen c
BbICOKMM paspeLlueHrem
Ypo6Hasa CTpyKTypa MeHIo
Ypo6CcTBO ynpasneHus

6narogaps pasbemy s
NOAKIOYEHUS WnaHra

Kelnc ¢ rasonposogsimnm
YCTPOWNCTBOM

BcTpoeHHbIn HarHeTaTenb
nasneHus po 300 m6ap
BblCOKOTO4YHbIE CEHCOPBDI
CooTBeTcTBME TPEOOBAHNSAM
ctaHpgapta DVGW

lapaHTns 2 roga

TexHn4yeckue pgaHHble

3amepeHne ob6bema yTeykn

Ounana3oH namepenus: 0...10 n/4
MorpewHocTtb: +0,2 n/4 nnn 5% OT nU3Mm. 3Hau.

amepeHne naBneHus

AvnanasoH namepenus: 0...1000 rlMa
MorpewHocTtb: +0,5 rMa nnm 3% oT u3m. 3Hau.

3mepeHne abContoTHOroO
nasnexHuns

[OnanasoH namepenuns: 600...1150 rMa
MorpewHocTtb: +3 rfa

Meperpyska

no 1200 rMa

M3mepeHue Temnepatypsbl (BH.
30HA Temnepartypsbl (1/n TN K))

[AunanasoH namepenus: -40...+600 °C
MorpewHocTtb: +0,5 °C unn +0,5%

N3mepeHve Temnepatypbl (30HA
NTC (tun 5k))

Ounana3soH namepenus: -20...+100 °C

Cuctema ans namepeHus

MenkoaucnepcHbix TBepabix Yyactuy testo 380

B coyeTaHuu c testo

330-2 LL, nHHOBaLMOHHOE
pelweHne ans
ncnosib3oBaHNs Ha
cuctemax, paboTaroLmx
Ha TBEPLOM, XXUAKOM U
rasoo6pas3HomM TonnBe
Mpotectuposar TUV Ha
COOTBETCTBUE NpeaesbHbIM
3Ha4YeHusM cTyneHen 1/2 n
B cootBeTcTBUN ¢ VDI 4206
YacTb 2

MapannenbHoe namepeHne
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TBepAapbix yactuu, O, n CO
pacuryeckuin gucnnen
oTO6pa>kaeT BCE 3HAYEHNS B
peanbHOM BpeMeH
OKOHOMUYEH B paboTe n Tex.
ob6CcnyxXnsaHun
WNHTynTMBHOE ynpaBneHune n
nerkas TpaHCcnopTUpPoOBKa
Bbicokne TexHonorum B
OfHOM KeWce: naMepeHne
BCEX HeobxoanMbIX
napamMeTpoB BCEr0 OQHUM
30HA,0M




We measure it.

KapmaHHbi gudcdepeHumnanbHbii MaHOMETP ¢ (hyHKLMEW uamepeHus
ckopocTu noTtoka testo 510

° OTo6parkeHne faHHbIX KOMIMJIEKT)
B [ackansx no scemy * C KomMneHcauyunen nnoTHOCTN
ananasoHy BO3gyxa

* C TemnepaTypHOi * MopceeTka gucnnes
KomMmmeHcauuei * besonacHoe xpaHeHne

° MarHuTbl Ha 3agHen 4acTu 1 TPaHCMOpPTMPOBKa C
Koprnyca no3BonsoT MOMOLLIbIO BXOAALLMNX
paboTtaTb, He Aep>ka Nnpubop B KOMMJEKT 3aLUUTHOMN
B pykax KPbILWKK, pemMeLlKa Ha

° lIamepeHne ckopocTu noToka 3anacTbe u Yexna gns
Tpy6KoW MNuTO (HE BXOAMUT B KpenneHnsa Ha peMeHb

[nanasoH namepeHuns 0...100 rMa
MorpelwHocTb +0,03 rfla (0...0,30 rMa)
+ 1 3Ha4. yndpa +0,05 rfa (0,31...1,00 rMa)
+(0,1 rMa + 1,5% ot uam. 3Ha4.) (1,01...100 rla)
PaspelueHune 0,01 rNa
LInknu4HOCTb n3mepeHuii 0,5 cek
Knacc sawubl IP40

MaHomeTp ana ra3oBbiX U rMapaBanvyeckux Tpyéonposopgos testo 312-3

* MNpoBeageHune ° ONTUYEeCKNA cUrHan Tpesorn
npeaBapuUTENbHOMO ” npy NpeBbILEeHNN 3aaaHHbIX
OCHOBHOIO TECTOB Ha npefenbHbIX 3HAYeHUN
rasoBbIx Tpybax ° Mepeknioyaemble ananasoHsbl

° [ngpaeBnmyeckne ncnbiTaHns N3MepeHus, onTumanbHoe
BOOOMPOBOAHbLIX TPYO paspeLlueHue

° YeTkuin gucnnen c 4acamm

[nanasoH namepeHus -300...+300 rMa -6000...+6000 rfa
MorpeluHocTs +0,5rMa (0...50 rfla); +29% OT U3M. 3Hau.
+1 3Hay. umdpa +1,5rMa (+50...+300 rMa); | (+400...+2000 rMa);

+4% OT U3M. 3Hauy.
(+2000...+6000 rMa);
+4 r[Ma (0...+400 rlMa)

PaspelueHue 0,1 rMa 1 rMa
(-300...+300 rfla) (-6000...+6000 rMa)
Meperpyska +8000 rfMa +8000 rlMa
(-300...+300 rMa) (-6000...+6000 rfla)

95



Mpuno>xeHue

JeTeKTop yTeueKk ropovnx rasos Bo B3pbiBoonacHbIX 3oHax testo 316-Ex

MoaxoanT ans npuMeHeHns 3BYyKOBOE cUrHasnbHoe 5
BO B3PbIBOOMNACHbIX oroBeLlLeHne npu

30Hax (CoOTBETCTBYET OOCTUXKEHUN HUXKHErO
Tpe6oBaHUSM OUPEKTUBHI npegena B3pbIBOONACHOM
94/9/EG, ATEX) KOHUeHTpaLummn

OTobpaxkeHne CbeMHbIN rnbKuii 3oHA,
KOHLIeHTpauun rasa c 07151 UBMEPEHUN B

paspelleHnem B 1 ppm TPYOQHOZOCTYMHBIX MecTax

TexHu4eckKkue faHHble

[OunanasoH 1...999 ppm /0...2,5 06.% CH, | PaspelieHue 1 ppm /0,1 06. %
N3MepeHns 1...999 ppm /1,0 06.% CSH8
1...999 ppm /0...2,0 06.% H,

LOucnnen oTo6paxkeHne ppm BbicTpopeiicTene 2-3¢c
Hux. 10 ppm Bpemsi nporpesa 40 ¢
npepensHoe ceHcopa

3HaveHne

AeTekTop yTeuyek rasos testo 317-2

OTo6parkeHne KoOHLUeHTpaummn HapacTatowmii curHan

rasa Ha gucnnee TPEeBOrn Npu yBenmyeHmum
CamogunarHocTuka ceHcopa KOHLeHTpauumm rasa

cpasy nocrne BKIoYeHNst HenpepbIBHbIN 3BYKOBOIA
npuéopa CUrHan npv NpeBbILEHUN
3BYKOBOIN cUrHarn, npeaenbHOro 3Ha4YeHnst
OMoBELLAIOLLMIA O FOTOBHOCTH YpoBeHb 3apspa 6atepun
K paboTte oTo6paxkaeTcs Ha gucnnee

TexHU4Yeckue pgaHHble

[OuanasoH 0...20,000 ppm CH, 1-0e curHanbHoe | 10,000 ppm CH,

13MepeHust 0...10,000 ppm C,Hg 3Ha4eHne

Lucnnein 8-cermeHTHbIN (C 2-0e curHansbHoe | 5000 ppm C,H,
oTo6pakeHnem TpeHaa) 3HayeHne

Hwx. npepensHoe | 100 ppm CH,/ 50 ppm CgHg | Bpemsi nporpesa 60 c
3HaveHne ceHcopa

3BYyKOBOI curHan 85 [16 (A) BeicTpopeiictBre |<5¢c
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We measure it. D

LUndpoBoit mynbTumeTp testo 760

¢ OnpepaenexHve napameTpa U3MepeHus CTaHAapTHO KCMNOJIb3yemoro

Hyepes pacno3HaBaHne pasbemMa

NOAKNKHYEHHOro wyna

* YpobHas coBpeMeHHas TexHosnorus

ynpaBneHnsi C MOMOLLbIO

nepekntoyarens

* IamepeHne UCTUHHOMO
CpefHeKBagpaTN4YecKoro 3Ha4eHus

* Bonbwon LCD-gucnnen ¢

(YHKLMOHaNbHbIX KHOMOK BMECTO noACBeTKoM
[nanasoH nsmepeHus 0,1 mB - 600 B 0,1 MB - 1000 B
Hanpsi>xeHust AC/DC
[unanasoH namepeHus 1MA-10A 0,1 MKA - 10 A
Ccusibl NOCT./Nep. Toka
[unan. namep. conp-Hus 0,1 - 40 MOm 0,1 - 60 MOm

Onan. n3mMep. 4acToThbl

0,001 I'y - 500 Iy 0,001 Iy - 10 MIy

0,001 Iy - 30 MI'y

[nanasoH namepeHns

0,001 H® - 200 MKD 0,001 H® - 30000

0,001 H® - 60000

3ANEKTPUYHECKOW EMKOCTU MKD MK®
[unan. namep.temn-pbl - -20 ... +500 °C
PaspsigHocTb gucnnes 4 000 6 000

Knacc nepeHanpsixeHus

CAT4/300 B / CAT3/600 B

CAT4/600 B / CAT3/1000 B

Knacc sawuTbl

IP 64

Coots. CTaHpapTam

EN 61010-1, IEC 61326

TokonamepuTenbHbie knewm testo 770

® YHMKanbHbIA MEXAHU3M

3axBaTa obneryaet paboTy C

aneKTpoLwnTKamm

Hanpsi>xeHnsa

AsTomaTtnyeckoe onpegenexHne AC/
DC ansi usmepeHusi Cusibl Toka un

Bonbluon oBYXCTPO4HbIN Aucnnen

* /I3mepeHune NCTUHHOro
CpefHeKBafpaTn4yecKoro sHaveHuns

* [ononHuTenbHble yHKLMN:
N3MepPEHNEe CUSTbl MYCKOBOMO TOKA,
MOLLHOCTW 1 ManbiX TOKOB MKA, a
Takxe nogkntoveHue no Bluetooth
(ans testo 770-3)

[nanasoH nsmepeHus
HanpsixeHust AC/DC

1mB-600B

[unanasoH namep. cusbl
nocT./nep. Toka

0,1-400A

0,1-600A

V|3MepeHI/Ie MOLLHOCTHN

J

[Ounana3oH namep. MKA

- 0,1 - 400

MKA

[unan. uamep. conp-Hus

0,1 Om - 40 MOwm |

0,1 Om - 60 MOM

[wnan. namep. 4actoTbl

0,001 Iy - 10 K4

[nanasoH namepeHns 0,001 - 2000 mk® 0,001 - 30000 MKk® 0,001 - 60000
3NIEKTPUYECKO EMKOCTU MK®
[van. namep. Temn-pbl - -20 ... +500 °C

Bluetooth - | J
PaspsagHocTb gucnnes 4 000 6 000

Knacc nepeHanpsi>xeHust CAT4/600 B / CAT3/1000 B

PaspelueHus

TUV, CSA, CE

CooTB. cTaHgapTam

EN 61010-1, IEC 61376
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Mpuno>xeHue

C HoBbIMM cmapT-3oHAamu Testo Balm n3amepeHns CTaHOBATCS NpoLLe 1
NPOAYKTUBHEE, YeM paHblue, NMOTOMY YTO 3TUMMN KOMMNAKTHbIMU NPMGOpaMu MOXXHO
ynpaensTb CO cmapTdoHa 1an nnaHweTa Yyepes npunoxeHne testo Smart Probes

App.

CmapT-30HAbl Testo nepenatoT uamepeHHble 3HaveHunst no Bluetooth Ha
Mo6unbHoe npunoxeHve testo Smart Probes App, yctaHoBneHHoe Ha Ballem
@ cmapTdoHe unn nnanieTe. C ero NOMOLLBIO Bbl CMOXETE aHaNM3npoBaTh 1

R134aP,,

-

AOKYyMeTnpoBaThb NoJjiy4eHHble AaHHble, a 3aTeM OTOoCNaTb OTHET No e-mail

w npsMO Ha MecTe U3MepPEeHUs.
|
i

Bawwu npeumyujectBa:
e bosblle MOBUNBHOCTU: N3MEPEHHbIE 3Ha4YeHns ByayT y Bac nog pykon
BCerga, Korfga OHv BaM Hy>KHbI.

e bonblue 6e3onacHocTu: Pe3ynbTathl udamepeHunin o6pabdaTtbiBatoTCs

HenocpeacTBeHHO B undposom hopmaTte. bonblue Hukakux 6ymar.

e bonblue npodeccrnoHannama: akkypartHble oT4eTbl B hopmate A4 ¢
doTorpaduammu, norotunamm 1 KOMMEHTapuUAMN.

KomnnekT cmapT-30HgoB Testo gna cucrtem oronneHus

B koMnnekT BxogsaT cmapT-3oHab! testo 115i,
testo 510i n testo 805i B kence testo Smart
Case. C 3TUM KOMMJIEKTOM Bbl CMOXETE
NPoBOAUTb N3MEPEHNS N MPOBEPKUN BCEX
rnokasaHuin TemnepaTtypbl U AaBneHns B

cuctemax oTonneHus.
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We measure it.

CmapT-30HA TepmomMeTp Ans Tpyo6 (3axxkum) testo 115i

M3mepeHre TemnepaTypbl
nogatowero n o6paTHoro
TpybonpoBoaa B cuctemax
OoTOMNJIEHNS

MiamepeHne Temnepartypbl
B XONOAWNbHbIX CUCTEMAX
ANsi aBTOMaTn4eckoro
pacyeTa neperpesa u
nepeoxnaxpeHus

YBo6CTBO MCNONb30BaHUA B
crny4ae c yaaneHHbIMu gpyr
OT fpyra mectamu 3amepa
BbicTpoe onpepeneHne
N3MEeHeHNs Temneparypsbl 3a
cyeT oTobpaxkeHus rpaduka-
Kpuson

[Ovnana3oH nameperHuns ot -40
no +150 °C

€3 Bluetooth

CmapTt-30Hg UK-TepmomeTp testo 805i

BeckoHTakTHOE
NHpakpacHoe n3mepeHne
NOBEPXHOCTHOMN
TemnepaTypbl

MapkupoBka mecTa 3amepa
C NMOMOLLbIO YETKOro
BOCbMUTOY€4HOIO Na3epHoOro
Kpyra

[MpocTon BbIGOP
KoadhpuLmneHTa n3nyyeHns n3

npenycTaHOBIEHHOrO CNncKa 9 Bluetnuthc

MaTepunanos
[JokymeHTupoBaHune
n3o06parkeHunin c
N3MEPEHHBIMUN 3HAYEHUAMU 1
MapKMpPOBKOW MecTa 3amepa
OnTtuka 10:1, gnanasoH
namepeHus ot -30 go +250
°C

CmapT-30H4 maHomeTp auddepeHuynanbHoro gasneHus testo 510i

M3mepeHre gaBneHns notoka
rasa

M3mepeHne paspsikeHns/
TArn B AbiIMoxogax

MpocTas HacTpoiika u pacyert

06beMHOro pacxoga Bosgyxa
C nomoLpbto Tpy6kun MNuto
Marnut B Kopnyce npubopa
ANS NPOYHON ukcaunn Ha

npunoxeHuem testo Smart Pro-
bes

MeTanM4eckoln NoBepPXHOCTU BI hc
[Ownana3oH namepeHuns ot UBtUUt

-150 po 150 rla

CmapT-30HAabI Testo
pa6oTalT C MOOGUNbHBLIM

N AND ”"“i‘ | D Available on the
p» Googleplay | || App Store
CuctemHble Tpe6osaHus: iOS 8.3 unu Android
4.3 nnu Hosee / Bluetooth 4.0 nnu Bbiwe 99



We measure it.

00O «TacTo Pyc» 6narogapuT TEXHUHECKUX CMeLVanicToB NpeacTaBnTenscTea koMmnarnum Riello S.p.a. B

cTpaHax CHI 3a cogeiicTBre Npu NOAroTOBKE AaHHOrO U3JaHUS.

Mopnexxut nameHeHno 6e3 yBeaoMIeHUs.




