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2420-535310EA/071
OBHAPYXEHME 3ACOPEHMS T'ASOBOI'O JETEKTOPA
OIIMCAHIE

HacTosmee mM300peTeHMe OTHOCUTCSH K obJjilacTu OOHapyXeHMsa Tas3a,
a VIMEeHHO, OTHOCUTCH K fe30TKa3HOMY OBHapyXeHU IO rasa Ha
HedTerra30BHX yCTaHOBKAaxX.

Xopomo M3BEeCTHOM NpoBJieMOoV [ABJISEeTCS BOBMOXHOCTL IIOABJICHUS
AOOBUTEX TI'al30B Ha HePTEINPOMHCJIOBEX M INOIOOOHEIX MM OOBeKTax; U IJIA
HabJoOeHUsa 3a TaKuMMM YCJIOBMSAMM OKpyXapmel oBCTaHOBKM MUPOKO
VICIIOJIE3YIT OITUMUECKMEe IaTuMKM, pPeIrMCTpUpYKIMe CIeKTP [IOTJICMeHMA
WM CIeKTp (QIyopecleHUMM T'a3a, HalpuMep, KaK omnomcaHo B US5218422
u USH886247. UVisMepeHMS OCYMECTBJIAKRT I[IYTeM HallpaBJIeHMsa TI'a3a B
V3MEPUTEJEHYI JUenKy, NpoIyCKaHuUsa yepes AUenKy cBeTa C
omnpeneJieHHOM OJMHOM BOJIHH MJIM »OMAalla30HOM OJIMH BOJH U JKOO
HeloCPeOCTBEHHOM perucTpallMM IIOTJIOmMEHMSA Ha OlIpeOelIeHHBEX TUIMUHBIX
OJIMHaxX BOJIH, JMOO perucTpallMM OeTeKTOPOM CIeKTpa OQIYyOopecCleHIInN,
J4acTo C MCIOJIE30BaHMEM MHTepdepoMeTpoB Odabpu-Ilepo nmJjsg BeOOpPa
OJIMH  BOJIH, CIHeumM@MUHEIX IJId T'as3a, nonJjiexamero OOHapyXeHUO.
OmHakKO, eCThb Takue Ta3b, KOTOPHE TPYIOHO OOHAPYXUTE C IIOMOIBK
OINITHUUECKUX CPenOCcTB WM3MepeHusda, Tak KaK MX CIeKTp CcoBlIamaeT Co
CIIEKTPOM HOpyroro, uYacTo 0esBpemHOTIo Tra3a. OIOHMM U3 IIPUMEPOB
TakKoT'O Tas3a ABJdgeTcsa H2S, KOTOPHM TPYOHO OTJIMUMTL OT BOIH, HO
KOTOPHM UYacTO BCTpeuaeTcs IIpu HedTemoObue M MOXeT OBTH OUEeHb
onacHeM. I'azooOpasHue NOx Takke MOXeT OHTH TPYIHO OOHAPYXUTHL C
[IOJIHOM HOOCTOBEPHOCTLIO.

Opyrou mnpodjieMo¥, CBOMCTBEHHOM M3BECTHHM IIOOXOOaM, SABJISETCH
TO, UTO mJsa obecriedyeHus O0e30TKa3HOTO IeTeKTopa HeoOXOIVMMO CBeCTH
K MUHMMYMY IIOTpeOJieHMe SHepIMM ¥ KOJMUeCTBO IBUXYNUXCSI IeTaJiel,
TakKMM oOO0OpasoOM, CJIOXHEE CUCTEME, HalpMMep, BKJKOUaklMe HaCOCH, Kak
onmMcaHo B US5886247, OOJIKHEL OBITE MCKJUeHE. [IpyTras CcJoXHasd
cucTeMa KOHTPOJIA rasa onMcaHa B Us2007/285222; B Hemn
MU3MepUTeJIbHEIEe T'OJIOBKM, HalpMMep, J4 OODHapyXeHMA CepOoBOOOPONAa,
pasMemeHsH B KOJIOHKEe Ha pPal3HBEX BHCOTax, TO €eCTb, [IOoIJexalue
oBHapyXeHUI Ta3H pas3gejadgnTrcda. OpyToM I[IoIOXon, OTHOCAMUMCSH K
MCIIOJIE 30BAaHUI B HedpTerazomgobuue, ONnMcCaH B Us7705988, roe

yTBepXoaeTCHd, uTo HaIeXHOCTb OIITMYEeCKOTI'O oéHapymeHM,q



CepoBOIOpPOIa HM3Ka, U, TakuM obpasoM, eIo OOHapyXeHMEe YBA3HBAKT
C KOJIMUECTBOM MeTaHa M M3BEeCTHOM IOJIeEM CepoBOIOpOIa B IIOTOKE.

MeeTcsa  p4n IIPUHLIMUIIOB MU3MEepeHns, KOTOPHE  MOTYT OHITH
MCIIOJIE30BaAHE IJId OOHapyXeHMHd  CepoBoIopomna (H23), TakKue Kak
KaTaJlUTUUeCKue, BJIeKTpoxXuMrueckre u MOII, oOHako, KakK IIpaBuUJIo,
STY HOaTUMKM He CHOCOOH 3adUKCHUPOBATEH QYHKIMOHAJBLHEM OTKa3. O9TO
O3HauvaeT, 4YTO JaTuMKM MOTIYyT IepecTaTh pabdoTaTk, HO II0OJIb30BaTeJIM
He noJiydyaT MHbopMaluy OO DTOM.

MMeeTcsa moTpe®HOCTBL B IPOCTOM OITHMYECKOM I'a30BOM IeTeKTope,
obeclieuMBamleM HaIexHbe Pe3yJbTaTh M3MEepeHMM OJIS TOKCHUUHEIX T'a30B
u crocoBHoM, opr  3TOM, KOHTPOJMPOBATH CBOM  OYHKIMOHAJILHEM
craTyc. TakolM OeTeKTOop OINMcCaH B IpujaraeMod QopmyJie M300peTeHUs.

TakuMm oOpaszoM, HacTodlmee Mu300peTeHMe o0ecleuMBaeT pPeleHne,
B COOTBETCTBUM C KOTOPHM KOHTPOJMPYEMHM T'al3 »OBMXETCS uUepes
KaTalu3upyomyn MeMOpaHy, IOpeodpa3yomyln ero B JIeTKO OOHapyXUMBIM
ra3, Halpumep, Opeobpasywomyn H:S B SO2, M B KOTOpoM paboTa
oaTumMkKa IpoBepdeTcda IIyTeM OoODHapyXeHMsa BO3MOXHOI'O 3aCOpeHUd,
KOTOpOEe IMNPUBOIOUT K YMEHBIIEHUI MM IIOJIHOMY IIPeKpalleHVD LIUMPKYJIALIUN
B YCTPOMCTBE U Uepes MeMOpaHy.

V306peTeHre OyneT 0OoJjiee MHOIOPOOHO ONMCAHO CO CCHUIKOM Ha
opuijiaraeMele UepTexXy, I[IOSACHAKIME M300peTeHMe Ha IIpUMepe.

Ha dour. 1 rmokasaHa OITHUYECKAaA cucTeMa, BKJIOUAKIA A
U3MEPUTEJIbHYID gdUelKy I'a30BOI'0 IOeTeKTopa.

Ha o¢mur. 2 mnokaszsaHa KaTalu3upykmas MeMOpaHa, COOTBETCTBYIMASI
IPenlIouTUTEeJIbHOMY BapMaHTy OCYIEeCTRBJIEHMS M300peTeHud.

Ha o¢ur. 3a, b cxeMaTHMUHO TIIOKa3aHH MU3MEepPUTEJIbHEHEe SUelKU,
COOTBETCTBYyKIME M300PETEHUD.

Ha our. 4a, b wmMemOpaHwe, wu300paxeHHHe Ha oOour. 3a, Db,
[IOKa3aHE Ha BUIEe CIepelu.

Ha o¢owmr. 5 1oka3aH BapMaHT OCYIEeCTBJeHUd WM300peTeHrd, B
KOTOPOM KaTalau3aTop, obpasyomui MeMmOpaHy, OpedcTaBJgeT cobon
CMOTAaHHHEM MHYP, IOKPHBAKIMUN OTBEPCTUE.

Ha ¢ur. 6 m 7 [okKas3aHH aJlbTEPHATMBHEE BapMaHTH PacCllOJIOXKEeHU S
mHypa, obpa3ywilero MeMOpaHY.

Ha dour. 8 rokasaHa COOTBETCTBYIIIAA [IPenrnouyTUTeJIb HOMY

BapMaHTy OCYIeCTBJIEHIMA MBO@peTeHMH cucreMa Co BprIBO@GBOHaCHOﬁ



oboJsioukoM. TakoM THI O0OOJIOUKM, B OOJILIIMHCTRBEe cCJlydaeB, MOT O
COCTOATL M3 ILJJaMeTacuTeJisd, TaKoT'0 KakK CIeUYeHHEM OUJIbLTP, uUepes
KOTOPHM MOXeT IMIPOXOIMTE TIa3, HO He MOXeT pPaclIpOCTPaHATLCS B3PHB
WM IJlaMsg, UM TBepOoM oOOO0JIOUKM BOKPYI BCEW CUCTEMEH.

Ha o¢ur. 1 mnokaszsaHa HM3MepUTeJIbEHasd CHCTeMa, COOTBETCTBYKIIAHA
M3BECTHOMY VYPOBHI TEeXHMKM WM  OCHOBaHHas Ha  QJYOPECLEeHTHOM
criocobe, B KOTOPOM MCTOUHMK CBeTa 1 MBJyuaeT CBeT Uepe3 CUCTeMYy
2 JMH3, CcBeT QoRycupyeTca 3 B dguelke 6, IOIPedlouTUTeJILHO,
CHa®XeHHOM IIOKPHITHEM, IIPEIATCTBYIMM OTPaXeHMIO CBeTa BHYTPU Hee.
B odoxaJIbHOM Touke 3 IIPOUCXOOMT (QJIyopeclieHLMus, U3 Hee CBeT
IPOXOIUT Uepe3 BTOPYID cucTeMy 4 JMH3 Ha OITUUECKUNM »OaTuukK,
CIIOCOOHEBIM PEerMCTPUPOBATH OJIMHY BOJIHEL n VMHTEHCHBHOCTD
IIoCTyHapmero M3JIydeHUd.

SueVika 6, OOBUHO, SBaKpHTa, 3a MWCKIOYeHVEeM OTBEepCTUS C
KaTalusupyomer MeMOpaHoM, uepe3 KOTopoe B AUelMKy IIOoCTyllaeT Tas3.
B IIOKAa3aHHOM opumMepe aueMrka Tarxe cHabxeHa OKHaMM 7,
OpoIyCKamyM B SUeVKy UM M3 Hee CBeT, IIpM STOM OKHa PacCIlOJIOXeHH
Ion YyIJIOM C LeJlblo YMeHBIeHMS OTCBeTOB OT MCTOUHMKa CBEeTa BHYTPU
SUEeVKU .

MoxeT OHTHL MCIOJB30BaHa OpyTrasa WM3MepuTeJbHasd CHUCTeMa,
HalpuMep, OJ4 W3MepeHMA CIeKTpa CBeTa, HalpaMyl OIPOXOIOAmeIro
yepes gUeMKy, I[IpM STOM, BaXHHM aclIeKTOM SABJIAeTCHS TO, UTO CUCTeMa
BKJIOUAET  SUeMhKYy, B KOTOPOM HaAXOOMUTCHS Ionjiexamas M3MepPeHUO
Tekyuyas cpema, a MMeHHO, TIas.

B COOTBEeTCTBMM C HACTOAMMUM M3I0BpeTeHMeM, BHYTPEeHHUM ofObheM
aueVku 6 obecneumBaeTcsa, I[I0 MeHbIleM Mepe, OIHOM CTEeHKOM WJIU
yacThid CTeHKM, Kak TIokKasaHo Ha our. 2, B KOTOPOM UMETCH
OTBEPCTUSA @OJIS IOOCTyIla BHYTPL ILeJIeBOT'O Tasz3a. Illpupoma OTBepCTUM
MOXeT OTJMUYaTLCSA, OOHAaKO, OTBEPCTUSA OOJIKHE obOecleuMBaTh OUODY3IUO
1IeJIEBOTO T'asza.

B mnpumepe OoUT. 2 OTBEepCTMA OPedcTaBJIgLT coboM oTBepcTmsa 11
B KpeMHHMeBOM MeMOpaHe 10, uUepes KOTOPHE MOXeT IIPOXOOMTL TIa3 9.
Boofme, cTeHKa HSUYeMKM C oTBepcTMaMmM 11 T1nokazaHa Ha our. 3a,
TOoT'oDa KakK Ha Oour. 3b [nokaszsaH BapMaHT WMCIOJBE30BaHMA CEeTKM 12 WIKu
Opyroro MaTepualsa. Ha our. 4a m 4b rnokasaHa CTeHKa C OTBEepPCTUAMU

WJIM CceTKa, kKak Ha ¢ur. 3a um 3b, COOTBeTCTBEHHO, TOoI'Ila KakK Ha



dur. 5, 6 wm 7 1okaszsaHO MCHOJbL30BaHME OIOHOM WMJIM HEeCKOJbKUX
[IPOBOJIOK WJIM KaTalIMTUUECKUX MHYPOB 13, IIepecekawmmMx oOTBepcTue 17
B CTeHke 18; mTakuM ofpasoM IIoKa3aHO, UYTO IUJIolalb OTBEPCTUS
OOJIDKHAa OBTH OTKPHTOM HACTOJBKO, UTOOH I'a3 MOI NPOHMKATH BHYTPL.

B COOTBeTCTEBMM C HacToOAmMM u300peTeHMeM, MeMbpaHa 10, 11,
12, 13 cHabxeHa KaTajlnu3aTopoM, obecrieunBamnlM NIPOXOXOEeHUEe
XVMUUECKOM peakuum. OOHUHO, OJI TMPOXOXIEHMS PeaKlUMM KaTaJlnu3aTop
HarpeBanT. B OpeldlnouTUTeJIbHOM BapMaHTe OCYIEeCTBJIEHMS M300peTeHUs
nJisa OBHapyXeHUA HoS KaTaJjgnsaTop BHOMpPAT Tak, UTOOH
npeoBpas0BHBATE 2T0T Tas3 B S0z, KOTOPHM JeI'kKo OOHAPYXUTL IIPU
IIOMOIM COOTBETCTBYIIEN OITUUECKOMW CUCTEME.

Kak VykKas3aHO BHIIe, B HaHHOM CHCTeMe MOoXeT OBThL MCIOJIbL30BaH
KaTajlrn3aTop Pa3JIMUHEX TUIIOB B 3aBUCUMOCTM OT IIpeobpa3yeMoTo
raza. B ciayuae H2S, kKaTalmM3aTop MOXeT OHTH M3TOTORJIEH M3 CILJIABOB
FeCrAl (HanpuMep, Kanthal), HaT'peThX oo COOTBETCTBYKIMEN
TeMIIepaTypr, HamnpuMmep, oT 300 mo 500 rpanycoB Illenbcud, I1Ipu
KOTOpPOM MOXeT OHTE »HocTHUTHyTa 100% kKoHBepcua. Ilpu ©OoJjiee HUBKOU
TeMIeparype, T.e., 200 rpanycor Illenescusa, npeobpasyeTcsa MeHee
100% raszsa, omHakKO HDaTUuMK, B IIPUHLUMUIIE, BCe Xe paboTaeT. B OIHOM
13 BapMaHTOB OCYIECTRBJIeHMSa UM300peTeHMrsa, HaTrpeBaTeJIbHHEM BSJIEMEeHT
npencrTaBjsgseT cofoM IJIeTEeHYI CeTKy U3 cljlaBa FeCrAl, M HarpeBaHUE
OCYIIEeCTBJIAT nyTeMm COenOMHEeHU s MeMOpaHB c UCTOUHUKOM
SJIEKTPONMUTAHMS U IIOoHOauM HaOpsSKeHMS C lLeJiblo IOCTWMXEeHUS 3alaHHOM
TeMIIepaTypr. ToJIMMHa I[IOBOJIOKM M3 CIlJlaBa FeCrAl MoOXeT JeXaTb B
oranazoHe ot 0,05 Mm pmo 0,2 wMvm. Cojaae FeCrAl odUeHB XOPOIO
IOOXOOMT IJIA TaKoTo Tulla KOMOMHMPOBAHHOTO HarpeBaHMA, Tak Kak
[IOBEPXHOCTL OIpeneJIeHHEIX TUIIOB cIiJlaBa FeCrAl MOXeT BHIOEPXVBATH
TeMllepaTypsl Breile 1500 rpamycok UeJlbCcus M HECKOJBKO JieT paboTaTb
opu TeMilepaType MeHee 500 rpanycos lesbcud.

Ha 1IeTeHy® cCceTKy M3 cIilaBa FeCrAl wMoxeT OBTL HaHEeCEeHO
NOKpPETHe M3 Fep03 mam Crx03 C LeJbI IIOBHIIEeHMA KOoHBepcum HzS B SO».
Takxe I[IPUMEHMMEl IIOKPHTMA IOPYI'MX TUIIOB, Takue KkKak CuO mium Cuz0,
npu BoJiee BEICOKMX TeMIIepaTypax MOXeT OBITH VCIIOJIE30BaHa
nmoBepxHoCcTh Al203. Oxcunowl M cyabdmaoer Co, Mo, Ni, W, V, Al m Mn
TakKXe ABJLKTCSH BO3MOXHEIMM KaHOMOaTaMM Ha pPoOJib KaTaJllUMTUUECKUX

KOHBEPTEPOB. HJidg O@HapymeHMH OIPYITHUX I'as0oB Ha ITIOBEPXHOCTD



[JIeTeHOW CeTKM U3 cIiJlaBa FeCrAl MOTyT OHTH HaHeCeHH pasJIMUuHbe
TUIIEL [IOKPHEITHUA .

B IOpyroM BapMaHTe OCYIEeCTBJIeHMA M300peTeHMAa crjiaB FeCrAl
uMeeT ©GopMy He IJIETEeHOM CeTKM, a I[IPOBOJIOKM, HaMOTaHHOM BOKpPYT
paMel, Kak IIOKaz3aHO Ha o¢ur. 5. OOHUHO, MOXeT OHTH MCIOJIE30BaHa
IpOBOJIOKa M3 crulaBa FeCrAl mgmamerpoMm okojio 0,1 MM, HaMOTaHHasd C
marom 0,15 wMMm. IlpeuMMymeCcTBOM TaKOT'O IIOOXOOa Hal BapMaHTOM C
IJIeTeHOW CeTKOM SABJISeTCsS TO, UTO YBeJUUMBAETCS COIPOTUBIIEHUE
HaT'peBaTeJsd, UYTO MOXeT OBTEH BETOODHO B TexX BapMaHTaxX I[IPpMMeHeHWHd,
TIoe cujla TOKa OT'paHMUeHa.

[MpennouTuTesIbHO, MeMOpaHy INPpeldBapUTeJIbHO HaTlpeBawT, UYTOOH
OpeloTBPaTUTE [NOTJIOMeHMe H2S BO BpeMda HM3MepeHMa. Kpome TOTO, OJ4

oBecrnieueHrda CTabWIBHOTO O(QYHKIMOHUPOBAHMA TIOBEPXHOCTL MeMOpaHH

OOXMTanT .
CTpyKTYypa, IokasaHHa4a Ha our. 2, IpencTaBJIsgeT cobom
KPEMHMEBYIO MeMOpaHy, CHabOXeHHYO HarpeBaTeJIbHBM cJoeM u

[IOBEPXHOCTHEIMM CJIOSAMM M3 OKCUIOa KPEeMHUSA WIM HUTpUIa KpeMHMS. B
KpeMHMeBOM MeMOpaHe MuMeeTCsd PAl OTBepCcTHM OJA [OIpoxoma Ira3a, BO
BpeMsa KOTOPOT'O ras HarperaeTcd WU BCTyIlaeT B peakuumo C
KaTajguzaTopoM. KaTanm3aTop MOXeT OHTb HaHeCeH B BUIe IIOKPHITUA Ha
[IOBEPXHOCTL M3 IOUOKCHUIOA KPeMHMI WM HUTPMIOa KpeMHUsa, Jumbo
[IOBEPXHOCTL MOXeT OHTbL CcHabxeHa cjoeM M3 Al203 (Hamopumep, IOIYTeEM
ocaxIeHMs aTOMHOTO CJIOS), IIOCJe dYero IIOKPHTa YKa3aHHHEMMY BHIIE
KaTaJlu3aTopaMr. HarperaTeJb TaKxe MOXeT OBTE M3TOTOBJIEH U3
IIOJIYIIPOBOOHUKOR OPYTMUX TUIIOB MM KepaMUUeCKMX KOMIIOSUIINWMI .

[IJomanb IIOIIEepPeuHOTO CeueHMA B MecTe, I'Ie pa3MelleH HaT'peThHM
KaTajlus3aTop, OOBUHO, MOXeT JieXxaTh B IOManasoHe oT 1 pmo 100 MM2 B
3aBUCHMMOCTM OT BPEeMeHM peakuuu, TpedbyeMoT'o OT JaTuuka. BpeMmsd
peakuuy omnpeneyseTca o00bLeMOM M3MEePUTEJILHOW SueVKM 6 OITUUeCKOTO
OaTumMrKa M KOJWYEeCTBOM Tasa, CIHOCOOHOTO IMOOYHOMPOBATEL Uepes
KOHBepTep. Ilpu HeOoJbmoOM o0O0BEMe BpeMdad peakKluy, OOBUYHO, Mallo,
[IOCKOJIBKY HYXHO KOHBEPTUMPOBATH MEHBIIE T'a3a, IIpU HeOOJBbIOM OOBeMe
Takxe TpebyeTcd MeHbIle DSHepI'MM Ha I[OpOoBeIdeHMe TOM Xe peaKluH.
[lpreMJieMOe BpPeMs pPeakKUMM IOaTuMKa MOXeT OHTH IIOJIYYEeHO IIpM ofObeMax
o 4 cMm?®. OBHuUHO, O0O0BeM M3IMEPUTEJILHOM HSUYelKM 6 OITHUUeCKOTO

maTumMkKa cocTaBJigdeT MeHee (1 cwm)3, 0BoJiee THUIMUHO, (5 mMm)3.



KosdppuiimeHT 3all0JIHEHU A (T.e., OTHOIIeHMe riomanu,
3alroJIHEHHOM IIPOBOJIOKOM, K He3aloJIHeHHOM rJiomanmn) OCHOBHI
HarpeBaTeJsa (IOpOBOJIOKM, MeMOpaHH WM IIJIETeHOM CeTKM), OOHUHO,
cocTaBJygeT okoJjio 50%, obecrneuuBasa ouOdysMO ¥ KOHBEepPCHIO I'a3a 3a
MeHee, UeM HeCKOJIbKO CeKyHIO. Ilpu MeHbIleM KOBQOULMEeHTe 3alloJIHEHUA
YBEJIMUUTCHA BpeMda, HeoOXOOMMOe OJIAd KOHBEepCUMM, OIOHaAKO, HDaTuuK, B
OIpMHLIKIIE, BCe Xe OymeT pabdoTaThk, TOJBKO 0OoJjiee MeIJIeHHO.

KanubpoBka OTKJIOHEHMSA MOXeT OHITH ocymecTBJIeHa nyTeMm
OTKJIOUEHM A HarpeBaHUA HarpeToro KaTaJlu3aTopa Ha BpeM4,
OOCTaTOUHOEe IJIA OXJIaXIeHMSI KOHBepTepa OO TeMIepaTypH, Ipu
KOTOPOM KOHBEePCHuS He OpoucxoouT (obwuHo, orT 0,5 mo 100 cexkyHn),
M ¥M3MepeHuSI OTBeTHOT'O CHI'HajJla. OTOT OTBeTHHM CcUTHaJl He MOXeT
[IOoCTyIlaTh OT I1LE&JIEBOTO Ta3a, I[IOCKOJBKY KOHBEPTEP BHKJIKOUEH, WU
IOAaHHLEM OTBETHHM CHUIHAJ MOXeT OHTb BHEUTEH M3 3HaAUeHUSI HYJIeBOM
JVMHUY IOJA KaJIMOPOBKM JOCTOBEPHOTO HYJIEBOTO COIepXaHMsa Tas3a.
Takas KkKaJIuMOpoBKa HYJIEBOT'O COIOEpPXaHMd T'a3a MOXET BHIIOJIHATHECH
BpeMsa OT BpeMeHM, OOBUYHO, pa3 B HEeOeJw WIM pas3 B MecHdl, IIpu
[IOMOIIM TIPOTPaMMHOT'O OBeclleueHUd.

B cayuae paTtumka HzS, npucyTcTBUe SOz MOXET BHOCUTH OIMOKY B
KaJIMOPOBKY HYJIEBOT'O COHOepXaHMA raz3a. Ee MOXHO CKOPPEeKTHUPpOBaThb. B
pabore E. Xue, K. Seshan, J.R.H. Ross: “Roles of supports, Pt
loading and Pt dispersion in the oxidation No to NO2 and of SO2
to S03”, onybimurkoBaHHOM B Applied Catalysis B: Environmental 11
(1996) 65-79, OIIMCAaHO, Kak I1JIa TUHOBHIM KaTaJln3aTop (Pt),
HaTpeTH, NIPVMMEPHO, no 300°cC, MOXeT OHTb MCIOJBb30BaH IJIA
KOoHBepcum S0O2 B SO03. OcymecTBJSg KOHBepcuio SO02 B S03, MB MOXEM
VUCKJIOUUTE BJIMAHMe SOz Ha WM3MEPEeHMA WU, TeM CaMbM, OCYMeCTBUTH
KaJIMOpPOBKY HyJa npubopa B pPeXuMe peaJlbHOTO BpPEeMeHM. 3TO MOXET
OHITH BHIIIOJIHEHO NIyTeM HarpeBaHUA [IJIaTMHOBOTO KaTajlusaTopa,
npyMepHo, no 350°C ¢ OIHOBPEMEHHBIM OTKJIOUEHMEM KaTaJM3aTopa
KoHBepcuu HxS B SO2. Korma HOOCTHMI'HYTO cCcTabuiibHOEe COCTOSAHHUE,
IIPOBOOAT V3MEPEHUE aAMITJIUTY OB OCTaBIET'OCH CUTHala, u 2TY
aMILUINTY Ny, KOTOPYK TakXe Ha3HBalT OTKJIOHEHMEM, BHUMTAKT U3
[IOCJIe oYX pPesyJbTaTOR U3MepeHum, oBecrnieurBasd KaJInbOpOBKY

JOCTOBEPHOT'O HYJIEBOI'O COIOEPXaHMA TI'as3a.



B ciaydae »maTuMKa, MCIOJL3YeMOT'O BO BpPeOHOM M B3PHBOOIACHOM
cpene, TeMIlepaTrypa ero IIOBEPXHOCTHU He OOJIKHA IpeBHIIaTH
OIIpEenmeJIEHHOTO npeneja. OBHUHO, UTOOH  MCKJIIOUUTH B3PLIB VI
BO3TOpaHue, IJIA M3OJALUM BECOKOTEMIepaTypHOT'O KaTajmuszaTopa 15 oT
OKpyXawlel cpelb MCIOJb3VIT ClIeueHHHN ouabTp 14, kak IIoKa3aHOo Ha
dur. 8. B QYHKUMM CIIEUEHHOTO OQMJIBETpa TakKXe BXOOUT IIpelOoTEBpalleHMre
pacnpocTpaHeHusa MCKpP, I[LJIaMeHM WJIM B3PHEBa M3HYyTpM oOoJIoukM 16
OeTeKTopa BOBHe. BO3BMOXHBEM (QYHKIMOHAJIBHEIM OTKa30M CIIE€UeHHOTO
duneTpa 14 MOXeT OBTE YaCTUMUHOE  3acCopeHue W, TeM CaMbeM,
orpaHMueHMe OuOOYy3UM Ta3a uUepes CIeUeHHHM (uibTp. IocjendcTBreM
DTOTO MABJISETCH YBeJIMUEeHMEe BPeMeHM peaKUMM JaTuMKa ¥, B CaMOM
XyOmeM clydae, KoT'Ia CIeYeHHHNM (UILTP I[IOJIHOCTLI 3akKyIlopeH,
OaTumMK He pealMpyeT BOBcCe. ClIemoBaTeJIEHO, BAaXHO BHABUTH IIONOOHOE
3acopeHMe M IIOOAaThb BHXOOHOWM CUMITHAaJ, YKalHBallMM Ha OTKas.

Boofme, Tako¥ OQOYHKIMOHAJILHEM OTKAas, KoTJa CIeUYeHHEM OUIIbLTP
3acopeH, MOXeT OHITH UOeHTUOUUNPOBAH 1o M3MEeHEeHNIO dYyHKUIUN
npeobpasoBaHMAa MM MMIIYJILCHOM XapaKTepUCTUKM CIedeHHOTO OouIIbLTpa.
OyHKUMA npeodpa30BaHUA MOXeT OHTH n3MepeHa oyTeM nomaun
CTYIIeHUYaTOI'O BO3MYIIEeHU A u U3MepeHnd pearkumn. CTyleHUaToe
BO3MylleHMe B (QOopMe IIOBBIIEHHOTO HDaBJIEHMI MOXeT [IomaBaThbCd B
3agaHHOe  BpeM4, a ObyHKUMA IOpeobpasoBaHUA WIM peaKUMd  Ha
CTyIIleHUaTOoe BO3MylleHMe CIeUeHHOTO O(uIIbTpa MOXeT OHTh M3MepeHa
IpM IIOMOIM OaTuMKa »OaBJieHrsa. OOBUHO, KOoI'IDa CTelleHb 3aCOpPeHHOCTH
CIIEUEeHHOTO (QuiIbTpa YBeJIUUMBaeTCHd, BO3pacTaeT BpeMd pPeaKluun.
Peakumsda Ha cTyIleHuaToe BO3MYIleHME MOXeT KOHTPOJINPOBATHLCA
P a3JIMUHEMA crnocobamu, HallpuMmep, npmn [TOMOIIN Hacoca I
aKyCTUUeCKOM CUCTEMEHI, V3MeHJmen odBeM BHYTPU CIIEUEHHOTO
OUILETPa, OHCTPOTO M3MEHEHMA TeMIepaTypPH, BH3HBaAKIMET'O YyBeJMUeHNVe
OaBJIeHMSA BO BHYTPEHHEeM O00BeMe CIeUeHHOTO (QUIbTpa, WIM [Ioauu WU
oTBopa HEKOTOPpOTO KOJIMUeCTBa TI'a3a ¢ LeJibld WM3MeHeHUda OaBJIeHUSd,
HaopyMep, IOIPpM IIOMOmM KaMephl C OoTJMuaklelcd TeMIepaTypol. BMecTo
VM3MepPEeHMa peakluM CIeUeHHOTO QUILTpa Ha CTYIeHUaToe BO3MYIeHUe,
MOTYT OHTEH IPOUBBEIEHE 3aMephl KOMIIOHEHTOB O(QYHKUUM Opeobpa30BaHUA
IyTeM M3MEepeHMS UYaCTOTHOM XapaKTepUMCTMKM Ha OIOHOM MM HEeCKOJbKMUX
yacToTax. CHedeHHEM OouUIbTp OyneT paboTaTb KakK OQUILTP HIWWKHUX

JyacToT, OOoIyCcKasa He®oJIklIoE M3MeHeHNe OaBJIEHUS (3BYK) u



OTOUIIE TPOBEBA A BoJee BEICOKME YaCTOTH . Hanpumep, ME  MOXEM
MOOYJIMPOBATH akKyCTHUUEeCKYyl CHUCTeMy II0 YacToTe, OJIM3KOM K YacToTe
fo, 3amaBaeMoM  IIOCTOSHHOM BpPEeMEeHHN CIIEUeHHOT O buibTPa. Ml
u3MepsgeM OTBEeTHHM CUMITHAJ BHYTPM M3BMEPUTEJILHOM  S4YelVKHU, roe
CIIEUeHHHE OUIILTP ABJSAETCS €IMHCTBEHHBM BHEXOIOM HAapyxXy. lV3MeHeHMe
AMILUIUTYIOE  UM/uiau  Gase  MOXeT OBITE MCIIOJIE30BAHO  IOJIA  OLIeHKU
IIOCTOSHHOM BPEeMeHM CUCTEeMB M, TeM CcaMbeM, YCTAaHOBJIEHMS TOTO, UYTO
CIIEUEeHHHV OQUIILTP II03BOJIAET Tal3y IIOCTYIATh BHYTPL. OJIS IIOBLIIEHUS
TOUHOCTM 2TOTO crnocofa MOXHO MCIIOJB30BaTh HECKOJBKO YacTOT.

OYHKIMOHAJIL HEIM OTKas CIIEUEHHOT O duybsTpa MOXHO TaKxe
OOHAPYXUTL IPYyTUMM crnocobtoM. Paboumi clHeueHHBEM QUILTP IPOIyCKaeT
a3 BHYTPL, a TI'a3 CHapyXM HaMHOTO XOJIoOHee, UeM BHYTPU SUEUKU
M3-3a Hal'peBaHMA KaTajluM3aTopa. JITO O3HavaeT, UTO TeMIepaTypa
Tra3a BOB3JIE CIleUeHHOTO O(OuibkTpa OyIeT HMXe, KOoI'la TI'a3 I[IPOXOIUT
yepes CIeueHHHM O(OUIILTP, Tor'da KakK II0 Mepe 3acCOopeHMa CIeueHHOTO
duIbTpa TeMIepaTypa OyleT pacTM. TOUYHOCTB B3TOTO crnocoba MOXHO
[IOBEICUTE IIYTEM M3MEPEeHMSA TeMIepaTyphs I'a3a B HECKOJBKMX TOUKax,
BKJIOUAAd TeMIepaTypy CHapyxu. KpoMme TOTro, TeMIlepaTypy I'a3a BHYTPU
OaTuMKa MOXHO MOOYJIMPOBATE WJIM WM3MEHATE CKaAUKOOOpa3HO C LeJb
u3MepeHnud OQYHKUUM OpeobpasoBaHMSa WM MMIYJILCHOM XapaKTepUCTUKM,
KaK OIMCaHO BHIIE.

Hanpumep, NOx MOTyT OBTH IIpeoOpas3oBaHe B N20 I[LJIaTMHOBBEMM
(Pt), mnamnamueBmMu (Pd), pommeBsMM (Rh) KaTaluM3aTopaMyM WM UX
codueTaHMeM, Kak oomcaHo B “Emissions of nitrous oxide and
methane from alternative fuels for motor vehicles and
electricity-generating plants in the U.S.”, ucd-its-rr-03-17f,
December 2003, T. Lipman and M. Delucchi. Korma NOx mnpeobpa3yeTcs
B N20, N20 mMoxeT OBTH 0e3 TpyDa OOHAPYXEeH OITUMUECKMMM ClIocobamu,
TaKMMM KaK MHOpaKpacHasd CIeKTPOCKOMIMA.

[lpeocOpasoBaHMe OOJNBIIOTO OOLeMa Tasa 3aHVMaeT OOoJiblle BPEeMeHU
n TpebyeT OOJIBIle DHHePITUM, UeM IOpeolOpa3oBaHMe HeOOJBIOTO o0keMa
raz’a. C TOUKM 3pPeHMS CO3ITaHMda OBCTPO pearMpyolMxX ITaTuuMKOB U
CHMXEHMS SHEePTOoNoTpedsieHUI o0o0BmeM IIpeobpas’yeMoTo Tasa TOJDKeH OHTH
HaCTOJIBKO MaJl, HaCKOJIBKO 2TO BO3MOXHO . B TaKOM clyyae
[IpenrnouTeHne oTHnaeTcsd OIITUYECKOMY OBHapPyXeHN : a)

GIIyOopeClLeHTHOMY CIIOCOBDY ODHapyXeHUI nu b) GOTOaAKYyCTUUECKOMY



crmocofy OOHapyXeHMSd, KOTOPBE TOUHH M I[IPM OUeHb HeOOoJbmMX OO0BbeMax
rasa.

B HEKOTOPEIX cIydasax, KOoT'ma UCIIOJIE3YEeTCH Iy JIb CUP YN
MCTOUHMK, TakKoM KaK KCeHOHOBas WMMIIYyJIbCHas JlaMlla, ofmee UMCJO
VMITYJIECOB Ha IIPOTSIKEeHMM CpoKa CJYXOHE JlaMIl OI'paHMUeHO. B Ipyrux
cilyyasax oOTpaHMUeHO HOOCTYIIHOe KOJIMUECTBO DHEPIUM, M XOTEeJIOCh O
SKOHOMUTEL DHEPIMI, MCIOJb3YySA KaK MOXHO MeHblIlee ee KOJIMUYeCTBO.
UToOH VCKJIOUNTD JIOXHEIE CUTHAaJIBL TPEeBOTH, OrlIa n3obpeTeHa
cilenywoimada nOpolenypa. Korma mjsg ofbHapyXeHMa Tasa MCIOJIb3YIT
VMIIYJILCHEY UMCTOUHMK, DSTOT MUMIIYJLCHEM MCTOUHMK, KakK [IpaBuUJo,
paboTaeT Ha 3alaHHOM  UYacToOTe, a OJIOK  00paboTKM  CUTHAJOB
IIPOM3BOOMT OILEHKY KOJMUeCTBa TI'ala B COOTBETCTBMM C 3allaHHBM
IpenejioM IoOauM CUTHajla TPeBOI'M, IJaTuukK OCYMEeCTBJIAEeT IIPOBEPKY
[IOJIYYEHHOTO KOJIMYECTBa TI'a3a I[IYyTEM YB&JMUYEeHMHA YaCTOTH MMITYJIECHOTO
MCTOUHMKa C 3alaHHBEM KosQduumeHTOM (Hamnpumep, B 30 paz3) wu
yCcpenHsaeT 2TU pPes3yJIbTaTH 3a onpenejyleHHEM [IEPUON BpPEMEeHU
(Hanpumep, 0,5 cek), KkKakK I[IpaBWMJIO, HAMHOTO MeHbBIMM, UYeM BpeMd
peakuMy »OaTuMKa. YCPeIHeHHHM pe3yJabTaT (MJIM eT0 MOOMOMUIMPOBAaHHAMA
BEepCUS, YUUTHBaIAaAg IIPelbOyllMe M3MepPeHMA) 3aTeM BHCTyIaeT B pPOoJiu
BHIXOOHOT'O CHUITHalJla JaTuuka, I[IO03BOJIASA MCKJIOUMTE JIOXHEE CUITHAJIEL
TPEeBOIN.

[logromga WMTOI'M, MOXHO CKaszsaTb, UTO HacCTodllee U300peTeHUe
OTHOCHTCS K sUeMKe TI'a30BOT0 IeTeKTopa, npenHas3HaUeHHOM  IJIA
oOHapyXeHMUS 3amaHHOTO Ta3l3a, IIpM 5BTOM, sSuelka cHadxeHa OIITUUECKUM
CpeICTBOM McCcJenoBaHusa obpa3lla Tal3a, IIPUCYTCTBYWOIMEeIo B sSuelKe.
SueVika oBpa30oBaHa 00BLeMOM, 3akKJUeHHBM BHYTPM KOHTeMHepa, IIpHU
5TOM, IIO MeHblleM Mepe, UYacThb CTeHKM KOHTeMHepa oOpa3oBaHa
MeMOpaHOM, KkKakoBas MeMOpaHa cCcHab®xeHa OTBepPCTHMAMM, I[103BOJISOMUMNA
razy IMOOyHIMPOBaThk CKBO3b Hee. B OTBepcTMSAX MeMOpPaHBE HaXOIUTCHA
KaTalnu3aTop, IOpelHa3HaueHHHM MOJd Opeodpa3oBaHMA OIUOOGYHOMPYOMETO
Traza B YKa3aHHHM 3alaHHeM T1as3. ToJmyHa MeMOpaHH He MMeeT
CyHeCTBEHHOTO 3HauveHus, TakK 4YTO B OaHHOM CJy4dae, D2TOT TEepMUH
MOXeT IMoOpas’yMeBaTh MUPOKMM IMala30oH, OOHaKO OTBEPCTHSA BHOMpAT
TakK, UTOOH Uepes HUX MOT IMOOYyHIVPOBATEH T'asl.

[IpennouTuUTeJIbHO, 3aldaHHEM Tas 2To H2S, a obpasell Taza 2TO

SO2, B 5BTOM CJjiydae KaTajlM3aTop [peldHasHaueH OJA OpeolOpa30BaHUA
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H2S, mnpoxomsamero CKBO3b OTBEepPCTMA B YyKasaHHoOM MeMOpaHe, B SO:2.
KaTammzaTop MOXeT MMEeTb QOpMYy CeTKM, MeMOpaHB C OTBEPCTUAMU,
I[IPOBOJIOKHA VI VIHYIO KOHCTPYKUMIO, OOCTaTOUHO OTKPHTYIO oJis
[IPOXOXIOEHNSI Ta3a CKBO3b OTBepcTUAa. KaTalM3aTop B BTOM cJydae,
IPeOlIOUTUTEJIbHO, M3TOTOBJIEH M3 cIllaBa FeCrAl.

OovH "3 aJIbTEPHATUMBHHX BapMaHTOBR IIoKaszaH Ha our. 2, ITOe
MeMBpaHa IIpencTaBJgeT CcofOoM KpeMHMeByID MeMOpaHy, CHaOXeHHVYIO
oTBepCTUAMM U o0OpadoTaHHY Fez0s miam Cr203. IpyToM aJjibTepHaTUBOM
ABJIAeTCH KpeMHMeBRasd MeMOpaHa, cHabOXeHHasa OTBEPCTUAMU n
obpaboraHHas okcumom Cu, Co, Mo, Ni, W, V, Al wuiau Mn.

3aaHHEIM Ta30M Takke MoOXeT OHTL NOx, Tor'ma KaTajlu3aTop
ocymecTBJISeT mnpeobpasoBaHMe NOx, MOPOXOIOAMEero CKBO3b OTBEPCTHUSA B
ykasaHHOM MeMmOpaHe, B N20.

ObweM oBpasiia ra3a, OIPUCYTCTBRYKRIETO B quenke, MOXEeT
VM3MEHATHECHS B 3aBMCHMMOCTM OT crnocoba ero aHalm3a, M B cilydae H2S
MOXET COCTaBJIATL MeHee 1 cM3?, BO3MOXHO, MeHee (5 mmMm)3.

CpelCTBO OITUUECKOTO OOHaApyXeHMSa MOXeT OBTbE OCHOBAHO Ha
OIIMCaHHOM  BHIIE  QJIYOPECILIEHTHOM crocofe  oOHapyXeHWUS, KOTOPHM
XOpOmMO WM3BECTEeH M He HyXOaeTcd B 0OoJjiee Nonopo®HO omnmcaHuu. OOHOM
n3 aJjlb TEPHATUB CpencTBy OIITUYECKOTO OBHapyXeHUd ABJISAEeTCSA
cpencTBO (QOTOAKYyCTUUECKOTO OOHapyXeHMHd, KOTOpOoe TaKXe XOpPOolo
M3BECTHO ¥ ONMCaHO BhIle. BrHOOp CpenOcTBa MW3MEpeHMSa 3aBUCUT OT
razsa, KOTOPHM HYXHO OOHAPYXUTL, a Takxke OT IPYyTUX, IPaKTUUeCKUX
cooBpaxeHun.

VIMIIYJIbLCHBEIYL MCTOUHMK MOXeT OHTL MCIOJbL30BAaH IOJIS ODHAPYXeHUS
raz’a M BO QIYyOpPecCleHTHOM, M B OITUMYECKOM cClIocobe oOHapyXeHUd.
VMIOyJILCHBEIY ~ MCTOUHMK paboTaeT Ha  3alaHHOM dYacToTe, a BJoK
oBpaboTku CUTHAJIOB [IPOU3BOIUT OLIEHKY KOJIMYeCTBa rasza B
COOTBETCTBMM C 3allaHHBEIM IIPeOejioM IIoJady CHuI'HaJla TPeBOTUM B
3aBUCHMOCTH oT TUIIa rasa u coobpaxeHum fe30MIacCHOCTHA . B
COOTBETCTBMM C OIHMM K3 BapMaHTOB OCYIEeCTRBJIEHMS W300peTeHusd,
OaTUMK TIPUTONEH IJIS I[IPOBEPKM IIOJIYUYEHHOT'O KOJIMUEeCTBa Ia3a IIyTeM
YBeJIMUYeHNa YaCTOTH VIMITYJIE CHOT'O MCTOUHMKA C 3allaHHEM
KO30oMLMeHTOM (HamnpuMep, B 30 paz3), YCpelHEeHUS 5BTUX Pe3yJIbTaTOB
3a OIpelleJIeHHH I[IepMOon BpeMeHM (Hanpumep, 0,5 cek). YCpeIHeHHBEM

pesyJjieTaT (i eTro MO,]IM@MLLMPOBaHHaFI Bepcmu4g, YUMTEIBaKIaAa
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IIpenenymre I/IBMepeHMH) 3aTeM BECTYIlaeT B PpPOJIM BEXOIHOI'O CHMI'HalJla

TaTulVKa, II0O3BOJIAA MCKJIIOUMTE JIOXHEE CHI'HaJIEL TPpEeBOIU.

KanmnbpoBKa AUerKHU Ta30BOTO oeTeKTOpa MOXeT OBITE
oCylleCcTBJIeHa nyTeM BKJIIOUEHU S u OTKJIIOUEeHU I KaTaamM3aTopa,
HalpuMep, nyTeMm pPeryJInpoOBRaHus TeMIIepaTyphl kaTajgMsaTopa.

KammnbpoBka MOXeT OBTH OCylleCTBJIeHa IIyTeM OTKJIIUeHMA Hal'peBaHUA
HarpeTor'o kKaTajJMs3aTopa Ha BpeMda, IJOoCTaToOuHOoe OJS OXJIaXIeHUS
KOHBepTepa OO TeMIepaTyph, IIPpM KOTOPOM KOHBEepCUS He MIPOUCXOOUT,
Hanpumep, oT 0,5 mo 100 cexyHI, ¥ WM3MepeHMSI OTBETHOTO CUITHaJa,
IpencTaBJgpmero CcoOOoM BeJIMUMHY OTKJIOHeHMA. llocjlenyiolye M3MepeHUs
MOTYT OHITH CKOPPEKTUPOBAHE Ha BeJIMUMHY OTKJIOHEHM S oyTeM
BHUMTAHUSA Pe3YyJLTAaTOB M3MepeHUuM B OTCYTCTBME KOHBEPCUM U3
pPe3yJIbTaTOBR M3MEepeHUM NpM akKTMBHOM KaTaJu3aTope.

AJIbTEepPHATMBHEIM CIIOCOOOM KaJMOPOBKM MOXeT OHTH MCIIOJIb30BaHME
BTOPOTO KaTaJM3aTopa WJIM KOHBepTepa, NPUIOOHOTO IJS yIOaJlIeHUS WU
agcopbumMy 3amdaHHOTO TIa3a Wu3 SgYelKy, IIPpUM 2TOM, BTOPOM KOHBEPTEP
AKTHUBUMPYIT Ha OTPaHMUEHHBM IIeprod BpPeMeHM, HalpuMmMep, b5 cex, u
[IPOBOOAT KaJIMOPOBKY OTKJIOHEHMSA Ha IIPOTSXEHVM BPEMEHM aKTUBalLUU
YKa3aHHOT'O BTOPOI'O KaTaju3aTopa.

[IOCKOJIBKY KaTajllu3aTop BO BpeMd pabOoTH MOXEeT Hal'peBaThbCsa, B
HEKOTOPHX YCJIOBMSAX, HaIpuUMep, KoI'Jda eIr'c MCIOJbL3YIT BO BPEemHOM U
B3PHBOOIIACHOM cCpene, OH MOOJIKeH OHTL IIoMemleH B 000JIOUKY, Kak
IIoKasz3aHo Ha our. 8. JocTylol K T'a3y BOBHe TIal30BOM JUeMKM ToTIa
IPOUCXOOUT uYepes O(UILTP, HaIpMMep, CIeYeHHBM OuiIbTp, OJaromaps
KOTOPOMY STOT »OaTuuk ©0e30IIaCHO MCIIOJbL30BATL BO B3PHBOOIIACHOM
cpeme. OOHaKO, CIeUeHHHM (MILTP IMIOOBEPXeH BaCOpeHMIo, M3-3a Yero
CHMXaeTCsd UYyBCTBUTEJILHOCTL T'al30BOM AUYEMKM, WIM IOaxe IIpeKpalaeTcsd
IeTeKTUMpOBaHMe Ta3a. TakuMMmM obpa3oM, B YKaB3aHHBX CJIydyasx I'a30BHM
OEeTEKTOP IOOJDKeEH OHBTE CHaOXeH CpencTBOM OOHaAPYXEeHMS 3aCOpPeHusa U
IomaBaTh OIllepaTopy CUTHAaJN M T.II., YKa3HBallMM Ha BO3MOXHHEM OTKas
CUCTEMH .

BacopeHre MOXeT ObBTL OOHapyXeHO IIpM I[IOMOIM  CpencrTiBa,
OCYMeCTBJIANIETIO aHaln3 QyHKUMM OpeoBpal30BaHMAa WMJIM MMIIYJILCHOM
XapaKTepUCTUKM CIeUeHHOTO O(uIbTpa IIYyTeM IIoJauM BO3MYyINeHMS B BUIE
VM3MEeHEeHUa HOaBJIeHUHA WM aKyCTHUMUEeCKOI'O CuI'HaJla BHYTPb KOpIyca U

CPaBHEHNA Pe3syJIE TUPYRIMX V3MeHeHUM JaBJIEHWA B KROPITyCe C
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VMCXOIOHEIMVM W3SMEPpEeHMAMNM IIJIA UYKMCTOI'O CIIeUeHHOTI'O (:DI/IJ'H::Tpa C OTKPHTEMNM
OTBEpPCTMAMN . B KauecTBe aJlbTEPHaTWMBEH, STO MOXeT OHITH
oCymeCTBJIEHO IIyTeM V3SMEeHEeHMA TeMIIepaTypPE W aHaJlM3a WM3MeHEHNA
TeMIIepaTyPel BHYTPM KOPIIyCa. Ecim TeMIlepaTypa CHAPpyXM KOpIlyCa
M3BeCTHa, TaKXe BO3MOXHO O@Hap'y}KT/ITb 3acCopeHMre IIpOCTO KOHTPOJIMPY A
BHYTPEHHIOIO TeMIlepaTypy Wt CPpaBHMBad e C TeMnepaTypOIZ CHapyxum,
TaK KaK 3aCOpeHMe BHEISHBaeT CHMXeHMe HIMPKYJIAIVM M, TaKMM O6paBOM,

MOXeT IIPMBeCTM K YBEeJIMUEeHMIO TeMIlepPaTyYyPEl BHYTPM KOPIIyCa.
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$OPMYJIA N3BOEPE TEHNA

1. BJIOK Tas0BOTO IeTeKTopa, BKJINUAKIMM Tas0BY AUeVKy, IIpU
5ToM, OJIOK BKJUYAET HAaPyXHHM KOpIyc, ofecleuMBamUi IOCTYII K
Trazsy CHapyXu dYepes 3BallMTHHM OQUILTP, OJaromapd KOTOPOMY I'a30BYy
Aaueliky ©0e30lIaCHO MCIOJB30BaTh BO B3PHBOOIACHEX Ccpelax, T.e.,
CIleUueHHH busTp, u BJIOK BKJIIOUAET CPenCTRBO OOHapyXeHUH
3acopeHusa, IpemHal3HaueHHOe OJg OBHaPYyXeHMS YMEeHbLIIeHMS LIUPKYJISLUM
yepes yKaBaHHBM SBalMUTHEM (UIILTP.

2. BJOK Ta30BOTO @OeTeKkTopa Mo II. 1, CIOCODOHHM I[IOOaBaThb
CUTHaJI, YyKasbBallN\i Ha OTKa3 CHUCTEMH.

3. BJOK TasoBOT'O mHOeTeKTopa IIo IOI. 1, B KOTOPOM CPeICTBO
obHapyXeHUS 3acopeHmnsa IPUTOOHO 0JIs aHaJusza bYyHKLINM
npeobpasoBaHUA WM MMIIYJILCHOM XapaKTepUCTHUKM CIeueHHOTO OMILTpa
oyTeM  Iomauu BO3MYIEHU I B BUIE V3MeHeHU S oaBJIeHUSA VI
aKyCTUMUEeCKOTO CHMI'HaJla BHYTPM YKa3aHHOTO KopIlyca.

4. BJIOK Tas30BOTO HOeTeKTopa o OI. 1, B KOTOPOM CPeICTBO
obHapyXeHUS 3acopeHmnsa IPUTOOHO nJis aHaJlunza byHKLINM
npeobpasoBaHUAa WM MMIIYJIECHOM XapaKTepUCTHUKM CIedueHHOTO OQUIbLTpa
IyTeM M3MeHEeHMS TeMIepaTypH BHYTPM YKa3aHHOTO KopIlyca.

5. BJoOk TIas30BOTO JeTeKTopa o IHO. 1, B KOTOPOM CPeICTEBO
oOHapyXeHUS 3aCcopeHmns IPUTOOHO 0JId aHaJlnza byHKLUM
npeodpasoBaHUa WM MMIIYJIECHOM XapaKTepUCTUKM CIeueHHOTO OGuJIbTpa
IIyTeM KOHTPOJIS MBMEeHEeHUS TeMIepaTyphl BHYTPM YKa3aHHOTO KOpIyca.

6. BJIOK Ta30BOTO IeTeKTopa IO II. 5, B KOTOPOM TeMIepaTypy
U3MEepPgI0T B HECKOJIbKMX TOouKax.

7. BJOK Tas0BOT'O OeTeKTopa IO II. b5, BKJIOUAKIUM CPEeICTBO
V3MEepeHud TeMIIepaTyphl BOBHe OJIOKa M CpaBHeHMS KOHTPOJIMPYeMOM
TeMIIepaTyph C TeMIepaTypol BOBHe OJIOKa.

8. BJoOk TaszoBOTO OeTeKkTopa IO IOI. 5, BKJIOYAKIMM CPeICTBO
M3MepeHud TeMIepaTypH Ha I[IOBEepPXHOCTM UYacTM CIedueHHOTO O(OuIbTpa,
obpalleHHOM K BHYTPEHHeM uYacTM JaTuMKa.

9. BJOK Tas0oBOTO JIeTeKTopa O IO. 1 C HAUuelKoM TIa30BOTO
oeTekTopa, OpeldHa3HaAUeHHOM IJSA OITHUUECKOTO OOHapyXeHMS 3adaHHOTO
rasa, pu 2TOM, aueMrka cHabxeHa OIITUYECKUM CpelCTBOM
uccJenoBaHusa obpas3lla Iasza, IIPUCYTCTBYHIMEIO B 4dUYelke, IIPpU 2TOM,

adyerka obpasoBaHa 0OBEMOM, 3aKJIOUEeHHEIM B KOHTeMHepe, M, IO
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MeHbIleM Mepe, YacTh CTeHKM KOHTelMHepa oOpas3oBaHa MeMOpaHOM, IIpuU
2TOM, B MeMOpaHe UMEKTCS OTBEepCTUA, IIO3BOJIAKIME T'a3y IIPOHMKATH
BHYTPb, YKa3aHHHEHEe OTBepCTHSA B MeMOpaHe CHabOXeHB KaTaJlli3aTOpOoM,
openHas3HadYeHHEM »OJIS IIpeof®pa30BaHmMA, I[IO MeHbIel Mepe, YacTu Ta3a,
IpoOXOonAamero CKBO3b OTBEpPCTUH, B yKa3aHHBEMN 3allaHHEM ras,
noaJjiexammit obHapyXeHU.

10. AueMka TIa30BOTO IeTeKTopa II0 II. 9, B KOTOPOM 3BaldaHHLEM
ra3oM geBJjideTcsa H2S, obpas3uoM Tras3a aejasgercd S02, M KaTalusaTop
nIpelHa3HaueH OJd IOpeobpa3oBaHMA H2S, MNOpOoXoOAmMero uYepe3 OTBEpPCTHUS
B yKasaHHOV MeMOpaHe, B SO:.

11. fuelika Tasz30BOTO JIeTeKTopa o II. 10, B KOTOpPOM
KaTalu3aTop IOpencTaBjsgeT coboM ceTKy, MeMOpaHy C OTBepCTUAMH,
IIPOBOJIOKY WJM MHYK KOHCTPYKIMWK, TIIO3BOJAKIYIK Ta3y [IPOXOIUTH
CKBO3b OTBEPCTUSA, M B KOTOPOM KaTaJM3aTOop WM3TOTORBRJIEH M3 CIlJaBa
FeCrAl.

12. AdueMka Tas’0BOTO OeTeKTopa o . 10, B KoTopoum MeMOpaHa
opencrTaBJgeT coOOoM KpeMHMeBYy MeMOpaHy, CcHabXeHHYID OTBEpPCTHUAMU U
obpaboTaHHyl Fe203 miu Cr20s3.

13. AueMka TrasoBOTO OeTeKTopa o . 10, B KoTopoum MeMOpaHa
OpencraBJgeT CcoOOoM KpeMHMeBYK MeMOpaHy, CHaOXeHHYI OTBEPCTUAMU U
obpaborTaHHyr okcumom Cu, Co, Mo, Ni, W, V, Al wniau Mn.

14. fueVka Ta30BOTO JIeTekTopa 10 II. 9, B KOTOPOM 3aldaHHBM
ra3zoM gejdgeTcsa NOx, obpas3uoM Tras3a aejasgercd N0, M KaTalus3aTop
IpenHaz3HaueH OJd nOpeobpa3zoBaHMa NOx, MOIPOXOOAMEro uYepe3 OTBEePCTUA
B yKasaHHOV MeMOpaHe, B N20.

15. fueVka Tas’0BOTO JeTekTopa o . 10, B KOTOpoM obbheM
obpasiia rasa, NIPUCYTCTBYRIETO B auenke, MeHbIIe 4 cMm3,
NpenlIouTuTesILHO, MeHble 1 cM3.

16. Sfue¥ka Tas’0BOTO JeTekTopa o . 10, B KOToOpoM obbeM
obpasla rasa, IPUCYTCTBYRIETO B gduelke, MeHbIe 5 cM3.

17. Aduelka Tas0BOTO OeTeKTopa IIo II. 9, B KOTOPOM YyKa3aHHOe
OIITUUECKOEe CPpeICTBO IIpedcTaBJgeT CcoOoM cCcpeIcTBO (GJIYOPECLeHTHOTO
ODHapPyXeHUA .

18. AueMka Tas0oBOTO OeTeKTopa IIo II. 9, B KOTOPOM YyKa3aHHOe
OIITUUECKOE CpencTBO npencTaBJIgeT cobour CpencTBO

boToOaKyCTUUECKOTO OOHAPYXKEHUI .
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19. HAuelka Ta30BOTO JeTekTopa oo n. 17 wmim 18, BrIOUaKmad
VMITYJIbCHEIM MCTOUHMUK, MCIHOJb3YeMHY MOJA OOHapyXeHMHA T'a3a; HOaHHBM
VMITYJIbCHEIM MCTOUHMK paboTaeT Ha 3alaHHOM UYacToTe, OJIOK 00paboTKU
CUTHAaJIOB IIPOM3BOOUT OLEHKYy KOoJIMuecTBa I'a3a B COOTBETCTBUM C
3alaHHEIM I[IpelejioM I[oZadM CUuI'Hajla TpeBOoI'M, IIpM BTOM, IaTuuk
IpUToneH  IOJid IPOBEPKU [IOJIYYEHHOTO KOJIMYeCcTBa rasa nyTeM
yBeJIMUeHU I YaCTOTH VIMITYJIb CHOT'O MUCTOUHMKA c 3aOaHHBEM
ko3d@dpuimeHToMm (T.e., B 30 pas), yCpeOHeHMHa BTHUX pPe3yJIbTaTOB 3a
onpeneJieHHHM IIepMol BpeMeHu (T.e., 0,5 cek), BaTeM YCpeIHEHHHMN
pe3yJybeTaT (nym ero MOIUGUUIMPOBaHHAA Bepcusd, YUUTHBAKIMA I
OpeIHOymye  M3MepeHUd) BHICTyIlaeT B POJM  BEXOOHOT'O  CHI'HaJla
DaTuuKa, [HO3BOJIAS MCKIIOUMTE JIOXHBE CUTHAJE TPEeBOIHU.

20. Cnocof xanmubOpOoBKM SUEMKM Ta30BOTO HOeTekTopa oo m. 17
mwim 18, Opu BTOM, KaTaln3aTop MABJIAeTCsS Hal'peThM KaTaju3aTopoM,
BRJIUAKINMY CTaIuM OTKJINUEeHMSa HaTpeBaHMA HaTrpeToTo KaTajlu3aTopa
Ha BpeMs, OOCTaTOUHOe IJid OXJlaXIeHUSdI KOHBepTepa IO TeMIlepaTypH,
IpM KOTOPOW KOHBEepCHMS He IOIPpOMCXOoOuT, Hampumep, ot 0,5 mo 100
CEeKyHI, MW3MepPeHMs OTBETHOT'O CHITHajla M KOPPeKTHUPOBKM Ha 3BTy
BeJIMUMHY OTKJIOHEHUSA I[IyTeM BHUMTAHMA pPes3yJIbTaTOB W3MEepeHUM B
OTCYTCTBME KOHBEPCUM U3 pPes3yJbTaTOB U3MePeHUM IpU aKTUBHOM
KaTajamsaTope.

21. Cnoco6 kagubpoBkM IO oI. 20, B KOTOPOM, IIpM HaJUUUU
3aldaHHOTO Ta3a, obecneuMBaeTCsa BTOPOM KOHBepTep, IIpeldHa3HaueHHHM
O0Ja YyHOaJleHMsa WX ancop®luuM 3aldaHHOTO Tasa, IIpM BTOM, BTOpPOM
KOHBEPTEep aKTUBUPYIT Ha OTPaHMUEeHHHM IIepMOI BpeMeHM, Halpumep, 5
CeK, ¥ MNpOoBOIAT KaJuBOPOBKY OTKJIOHEHMSA Ha IIPOTIXEeHUM BpPEMeHU
aKTHMBaLUM YKa3aHHOT'O BTOPOI'O KaTaJjlM3aTopa.

I[Io DOBepeHHOCTHU
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MSMEHEHHAS $OPMYJIA MBOEPETEHMA (CT.34 PCT)

1. BJok Ta30BOTO »OeTeKTopa, BKJIOUAKINMM Ta30ByID SUelKy,
cHaOxeHHy©D IUbGdy3MOHHOM MeMOpaHOM, Ipm 5TOoM, OJIOK BKJIOUAET
HapyXHbIM KOopIyC, comepxamui YKa3aHHYID Ia30BYR JUEeNKyYy u
ofecreuMBawmMUy IOOCTYIl K Taly CHapyXu uUepes BallMTHEN OUILTP,
Baromapsd KOTOPOMY Ta30BylD fAuerKy 06e30IIaCHO MCIOJL30BaThL BO
B3PHIBOOIIACHEX Cpemax, T.e., CIeUeHHHN (uiIbTPp, ” OJIOK BKJIOUAET
cpencTBO OOHapyXeHMS 3aCOopeHMsa, I[OIpelHa3HaueHHoOe OJd OOHapyXeHUSA
YMEHbIIeHUSS LIMPKYJISLUUYM dYepe3 YKa3aHHHY SallUTHHY (UJILTP IOIYTeM
aHaJuza OYHKUUK TIIpeo®pa30BaHMsa WM MMIYJILCHOM XapaKTepUCTUKU
BHYTPM OQUILTPA.

2. BJOK Ta30BOTO [OeTeKTopa o OI. 1, CIOCOBHHM [IOOaBaThb
CUTHaJI, YyKasbBallN\i Ha OTKa3 CHUCTEMH.

3. Biok r1a30BOro meTekTopa 0 . 1, B KOTOPOM CPeICTBO
oBHapyXeHNI 3aCOpeHnsd IIPUTOIHO nJis aHaJln3a ONAZ ANz
npeobpasoBaHUAa WM MMIIYJILCHOM XapaKTepUCTUKM CIeueHHOTO OuMIbLTpa
Iy TeM nomaum BO3MYIIeHM A B BUIE V3MeHEeHM naBJIeHUSA WJIN
aKyCTMUEeCKOT'O CHUI'HaJla BHYTPM YyKas3aHHOI'O KopIllyca.

4., BJIOKk Ta30BOI'O HOeTekTopa IO II. 1, B KOTOPOM CpPeICTBO
OBHapyXeHUd 3aCOopeHnsd IIPUTOLHO oJis aHamsza GyHKUIUM
npeo®pasoBaHUsa WM MMIIYJIECHOM XapaKTepUCTUKM CIeUueHHOTO OGuMJIbTpa
IyTeM M3MEHEHUMSI TeMIlepaTyph BHYTPM yKa3aHHOT'O Koplyca.

5. BJIOK Ta30BOTI0 »OeTekTopa IO IoI. 1, B KOTOPOM CPeICTBO
oBHapyXeHUS 3aCOopeHns IIPUTOOHO oJis aHaJmsza OyHKIUM
npeoBpas30BaHUsa WM MMIIYJILCHOM XapaKTepUCTUKM CIeUYeHHOTO OMIILTpPpa
IyTeM KOHTPOJISA M3MEHEeHMS TeMIepPaTypPH BHYTPM yYKa3aHHOTO KOpIyca.

6. BJIOK TI'a30BOTO HOeTeKTopa IIo II. 5, B KOTOPOM TeMIepaTypy
V3MEPHAIT B HECKOJIBKMX TOUKax.

7. BJOK Tas0BOT'O mOeTeKTopa IO II. b, BKILUAKIUM CPeICTBO
V3MepeHua TeMIepaTyphl BOBHe OJIoOKa U CpaBHeHMS KOHTPOJIMPYeMOM
TeMIIepaTyph C TeMIlepaTypol BOBHe OJIOKa.

8. BJoOk Tasz3o0BOTO »OeTeKkTopa IO IOI. 5, BKJIOYAKIMM CpPedCTBO
V3MEPEHUSS TeMIIEPATYPH Ha IIOBEPXHOCTM YaCTM CII€UeHHOTO OQuiIbTpa,
obpalleHHOM K BHYTPEHHEeM YacTM JaTuMKa.

9. BJOkK Tas0oBOTO JeTeKTopa IO IO. 1 C HAYeMKoM TI'a30BOTO

TeTerTopa, HpeHHaBHaquHOﬁ OJIA OIITMYeCKOTI'O O@HapyKeHMH 3allaHHOT'O
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rasa, npu 2TOM, queMrka cHabxeHa OTITUYECKUM CpenCcTBOM
uccJenoBaHua obpas3lla Tasa, IOIPUCYTCTBYKINEro B 4gUelke, IIpU 5STOM,
ayeVka obpas3oBaHa 0OBEMOM, 3aKJIOUYeHHEIM B KOHTeMHepe, M, IO
MeHbIIe Mepe, YacTh CTEeHKM KOHTelMHepa oOpas3oBaHa MeMOpaHOM, IIpHU
5TOM, B MeMOpaHe MMeTCSA OTBepCTUA, I[IO3BOJIAKIMe I'aly I[IPOHMKATh
BHYTPL, YKa3aHHEEe OTBepCTMA B MeMOpaHe CHaOXeHBE KaTaJM3aTopoM,
npenHas3HaAUeHHEIM OJIS Ipeofpas3oBaHmMg, I[I0 MeHbllel Mepe, UYacTu TIas3a,
IpoOXOonAamero CKBO3b OTBEpPCTUHA, B yKas3aHHBIM 3aIaHHBIM ras,
nomJjiexamui oOHapyXKeHUO.

10. AuelMka Ia30BOT0 IeTekTopa IIo II. 9, B KOTOPOM 3BadaHHBM
rasoM gBJjdeTcsa H2S, obpas3uoM Tasza gaejagercd S02, M KaTalnus3aTop
nIpenHa3HadueH IJid Ipeobpa3oBaHMA H2S, MNIPOXOOAMEero 4Yepe3 OTBEPCTHUS
B yKasaHHOM MeMOpaHe, B SO:.

11. fuelika Tas30BOTO JIeTeKTopa IIo II. 10, B KOTOpOMU
KaTalu3aTop IOpencTaBjsgeT cobod ceTKy, MeMOpaHy C OTBepCTUAMH,
IIPOBOJIOKY WJIM MHYK KOHCTPYKIMWK, TIO3BOJAKIYK TI'al’y I[IPOXOIUTH
CKBO3b OTBEPCTUA, M B KOTOPOM KaTallM3aTOop W3TOTOBJIEH M3 CIlJaBa
FeCrAl.

12. AueMka Tas0oBOTO OeTeKTopa o . 10, B KoTopoum MeMOpaHa
OpencraBJgeT CcoOOoM KpeMHMeBYK MeMOpaHy, CHabOXeHHYI OTBEPCTHUAMU U
oBbpaboTaHHy Fe 03 mim Cr20s3.

13. fuelMka TI'al30BOTO mOeTekTopa o mn. 10, B koTopoM MeMOpaHa
npencraBijgeT CcoOOM KpPpeMHMeBY MeMOpaHy, CHaOXeHHYID OTBEePCTUAMU U
obpaboTaHHyi okcumom Cu, Co, Mo, Ni, W, V, Al wmiau Mn.

14. Auelka Ial30BOT0 IeTekTopa IIo II. 9, B KOTOPOM 3BaIaHHBM
raszoM gejdeTcsa NOx, obpas3uoM Tas3a aejasgercd N0, M KaTalmus3aTop
npernHa3HadeH OJid Ipeobpa3oBaHua NOx, IMIPOXOOAMEIro Yepe3 OTBEpPCTHUS
B yKasaHHOM MeMOpaHe, B N20.

15. Sfue¥ka Tas’0BOTO JeTekTopa o n. 10, B KOToOpoM obbeM
obpasiia rasza, NIPUCYTCTBYRIETO B Jueyke, MeHbIIe 4 cMm3,
NpenIouTuTesIbHO, MeHbme 1 cm3.

16. Sfuelka Tas’0BOTO JeTekTopa o . 10, B KOToOpoM obbeMm
obpasla rasa, IPUCYTCTBYOINETO B guUuelKe, MeHbIe 5 cM3.

17. Aduelka Tas0BOTO OeTeKTopa IIo II. 9, B KOTOPOM YyKa3aHHOe
OIITUUYECKOE CPeICTBO IIpedcTaBJgeT Cco0oM CcpeIcTBO (QJIYOPECLEeHTHOTO

ODHapPyXeHUA .
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18. AueMka Tas0oBOTO OeTeKTopa IIo II. 9, B KOTOPOM YyKa3aHHOe
OIITUYECKOE CpPenCTBO opencraBJigeT cobon CpPenCcTBO
boToaKyCTHUUECKOTO OOHaApyXeHUId.

19. HAuerka TIa30BOTIO0 JeTekTopa <O o. 17 wmmm 18, BrIIOUawomad
VIMITyJIbCHEIM MCTOUYHMK, MCIOJb3YyeMel OJsS OOHapyXeHMs Tasza; IaHHHU
VMIIyJIBCHEIM MCTOUHMK padoTaeT Ha 3alaHHOM uYacToTe, OJIOKk 00pad®oTKU
CUTHAaJIOB IIPOM3BOOUT OlLeHKY KOJIMUecTBa I'a3a B COOTBETCTBUM C
3aOaHHEIM IIpeleJiloM IIoJauu CUuI'HaJjla TpeBoT'M, IIpM 5STOM, OaTUMuK
IpUTOOeH OJIs IIPOBEPKU [IOJIYUYEHHOTO KOJIMYECTRA raza nyTeM
YBeJIMUYeHUs YaCcTOTH VIMITYJIE CHOT'O MUCTOUHNKA c 3aOaHHEM
Ko30puiMeHToM (T.e., B 30 pas), yCpeOHeHMHA BTHUX pPe3yJIbTaTOB 3a
onpeneJieHHHM IIepuon BpeMeHu (T.e., 0,5 cek), BaTeM YyCpeIHeHHHMN
pe3yJybeTaT (mim ero MOOUOUUIMPOBAHHA A Bepcus, YUUTEBAKILA f
Ipenunynue  MU3MepeHMs) BHICTyIlaeT B pPOJM  BHXOOHOT'O  CHUI'HaJa
DaTurKa, [I03BOJIASA MCKIIIUUTE JIOXHEE CUI'HAJIEL TPEeBOIU.

20. Cnocof xalmubOpOBKM SUEMKM Ta30BOTO HOeTekTopa oo m. 17
mwim 18, Opu BDTOM, KaTalu3aTop ABJIAeTCsS Hal'peThM KaTajlu3aTopoM,
BKJIOUAKINWY CTaOMM OTKJIOUEHMS HaTlpeBaHMA HaTpeTor'o KaTajlu3aTopa
Ha BpeMs, OOCTaTOUHOe IJIA OXJIaXIeHUd KOHBepTepa IO TeMIepaTypH,
OpM KOTOPOWM KOHBEepCMsSa He IIPpOMCXoIuT, Hampumep, oT 0,5 mo 100
CeKyHI, W3MepeHMd OTBeTHOT'O CHUITHaJla M KOPPEeKTUPOBKM Ha DBTY
BeJIMUMHY OTKJIOHEeHMS IIyTeM BHUMTAHUA pPesyJIbTaTOBR WU3MEpeHUM B
OTCYTCTBME KOHBEPCUM U3 pPesyJIbTaTOB WU3MEpeHMM IIpU aKTUBHOM
KaTalmsaTope.

21. Cnoco6 kagubpoBku 1o 1. 20, B KOTOPOM, IIpM HaJUUUU
3alaHHOTO Ta3a, obecneuMBaeTCsa BTOPOM KOHBepTep, IpeldHa3HaUeHHHM
08 YyHOaJleHVMsa WM ancop®uuM 3aldaHHOTO Tasa, I[IpYM BSTOM, BTOpPOHU
KOHBEPTEep aKTUBUPYIT Ha OTPaHMUEeHHHM I[IepMOI BpPeMeHM, Halpumep, 5
Cek, ¥ IIpOBOLAT KaJMOPOBKY OTKJIOHEHUMS Ha IIPOTSKEHUM BpeMeHU
aKTHMBaUUNM YKa3aHHOI'O BTOPOI'O KaTajM3aTopa.

I[Io DOBepeHHOCTHU
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