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CIIOCOBb OYUCTKHA NIOTOKA I'A3A

OO0nacTh TEXHUKH, K KOTOPOI OTHOCUTCA N300peTeHune

JlaHHOe n300peTeHrne OTHOCUTCS K YIAJIEHHI0 YaCTHIl M3 MOTOKA ra3a, B YAaCTHOCTH K
yIaJeHH0 CyOMHKPOHHOH NbUIM KapOamuaa M3 IMOTOKa rasa u3 OallHM NpPUILTHPOBAHMS
kapOamuma.

YpOBEeHb TEXHUKHU

JUIsi MHOTHX TPOMBIIIJICHHBIX TPOLIECCOB, TAKMX KaK JOBOJAKA KapOammua, yoajeHue
CYOMHKPOHHBIX YaCTHIl U3 MOTOKOB ra3a 4acToO SIBJSIETCS KpaiHe Ba)KHBIM U OOecreueHHsI
COOTBETCTBHsI HOpMaTuBaM BblOpocoB. Hampumep, orxomsiimuii ra3 u3 OameH NMpHIUTHPOBAHUS
KapOamuIa CONEPKUT OTHOCHTEIBHO OOJIBIIOE KOJNMYECTBO W/MIM  OOJNBIOYIO  JOJIO
CYOMHKpPOHHBIX YAaCTHI, HAalpuUMep, IO CPABHEHUIO C OTXOMALINM TIa30M W3 YCTAaHOBKU
IPaHyJIMPOBaHUs Kapbamuaa B INCEBAOOKIKEHHOM cioe. [loaTomMy ynaneHune cyOMUKPOHHBIX
qacTUL] KapOamMuzia sBJISIETCSI YPE3BbIUAIHO BAKHBIM JUISI COOTBETCTBHUSI BCE OoJiee JKECTKUM
TpeOOBaHUSIM U HOPMATHUBaM MO BeIOpocaM kapbamuna. Takke HEOOXOOUMO ynajieHHe aMMHaKa
U3 OTXOHALIero rasa, oOpasyroomerocs mnpu paosoxke kapbamuna. OCHOBHBIE CCBLUIKH,
OTHOCALINECS K YOAJIEHUIO MbUIM KapOaMuaa W3 OTXOJSINEro ra3a W3 JOBOAOYHOM CEKIHU
kapbamuna, BmodaroT B cedst WO 2015/002535 u WO 2015/072854.

MO3KHO OTMETUTD, YTO paclpesesieHne o pa3MepaM YacTHLl OTXOSIIEro ra3a u3 OamHu
NPUUTMPOBAHUS KapOaMuia UMeeT MUK MEXIy a’poAMHAMHYeCKHMMHU pasmepamu vactun 0,1
MKM U | MKM, TIpM 5TOM CyMMapHas Macca, Hampumep, okojio 70 mr/m® (H. y.) mpencTaBieHa
yactuuamu pasmepoMm < 10 mxMm (okono 50 macc.% OT O0INero KoJau4YecTBa TBEPABIX YACTHIL
(PM)). OTtxonsumii ra3, oOpa3yrLuiics Npyu rpaHyIMPOBAHUN KapOaMuIa, MOXKET, HarlpuMmep,
comepkaTh Okono 25 mr/M’ (H. y.) uactun pasmepom < 10 mkM. JIas COOTBETCTBUS
CYIIECTBYIOIIUM U OyAyIIMM HOpPMAaTHBAaM BBIOPOCOB KpaliHe Ba’KHBIM SIBJIIETCS YAAJICHHE
CYIIECTBEHHOT'O KOJIMYECTBA CYOMHKPOHHBIX YaCTHL], HAIpUMep Mbutd KapOamuna. M3BecTHbIe
METOJbI YJIABJIMBAHUS YaCTHUI] B OOLIEM UMEIOT OYeHb HHU3KYI 3((EeKTUBHOCTh B OTHOLICHHUH
CYOMUKPOHHBIX YaCTHII JIHOO CO3MA0OT OOJBINON Mepenas JaBIeHUsI.

IMpu npuymmpoBannu kapbamuna ImiaB kapOamMuaa MOJAIOT B BEPXHIOK YaCTh OallHU
NPWUITMPOBAHUS M PAaCHPENesSIIOT B BHAE Kamenb. Karum rnaBa xapbamuaa 3aTBEpAEBAIOT IO
Mepe UX MaJACHUsS MyTeM OXJIAKIEHHs OONBIINM KOJIWYECTBOM ABIDKYILIETOCS BBEPX BO3IyXa.
ITpubl kapbaMuaa U3BNEKAIOT U3 HIDKHEHN yacTu. CBEXXMIA OXJIAXKIAOLINNA BO3AYX MTOCTYIIAET B
HIDKHIOKO 4acTh OammHu npuiutipoBanus. OTXONAIIMN ra3, copepikaluii kapdamMua U aMMHaK,

BBIXOJUT U3 OALTHU NPUIUTHPOBAHMS PSZIOM C BEPXHEH 4aCThIO.
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bamns npunaupoBaHus MOXET UMEThb BBICOTY, Hanpumep, or 60 M 1o 80 M. YcTraHOBKH
MEHBLIEr0 pasMepa MOTYT HMMETb JUIMHY HyTH cBoOomHOro maneHuss 50 M WM MeHee.
Hekoropble U3 caMbIX KPYHHBIX YCTAHOBOK HMMEIOT OAllHU NMPUJUIMPOBAHMS BBICOTON 125 M.
BriOpocel moryT, Hanpumep, coctaBnaTh oT 0,5 no 2,5 kr mputn kapOaMuzia Ha TOHHY HPUILT
kapbamuza (ot 35 mo 125 mr/m® (1. y.)) u npumepro ot 0,5 1o 2,7 kr NH3 Ha TonHy (35-245
mr/M® (Hy.). Jlas HeKOTOpbIX MAeHCTBYIOIMX OallleH NpUIIMpOBaHMs KapOamuaa Obuid
3aUKCHpPOBAaHBI BHIOPOCH TBLTH Kapbamuaa, mpesbimaromue 200 mr/m® (H. y.). Hampumep,
OPUEHTHPOBOYHBIA PAcXod BO3AyXa IJis OallHU NPUJUTMPOBaHMs KapOamuma coctasisier 500
000 M° (1. y.)/4. Bosee kpymnHble OallHU MPUIIMPOBAHHS MOTYT, Hanpumep, Aapatb 900 000 m°
(H. y.)/4 Ipu POU3BOAUTEIBHOCTH O KapOamuny 75—100 1/4 (MeTpHUYECKHX TOHH B 4ac).

bonee crappie OamlHM TPUUTUPOBAHHMS YAacTO BBIOPACBHIBAIOT OTXOMMIIMN  Tras3
HETIOCPEACTBEHHO B BO3AYX 0O€3 KakOH-IMOO OYMCTKH OT KapOamuia MM aMMHaka. barmeHHas
KOHCTPYKIUsSI B OOILIEM OmpenessieT MaKCHMalbHOE 3HaUeHUE Beca JUIsI KOHCTPYKIHMH JFOOBIX
CHUCTEM OYMCTKH, YCTaHABJIMBAEMbIX B PaMKax MOJAEpPHU3aLUU Ha BepxHel ydacTh. OTXonauuii
ra3 U3 HEKOTOPBIX OallleH NMPHJUTMPOBAHUS, B YaCTHOCTH OTXOMAIIMN ra3 u3 paboTarimux Ha
€CTeCTBEHHOH Tsire OallleH NPWUIMPOBaHUs, OOecreunBaeT HU3KUH Tepernan AaBieHus. B
CYIIECTBYIOIIUX METOJAX CHIKEHHS BBIOPOCOB MJIsI MOAAEPIKAHUS AOCTATOYHOrO Iepernaaa
JaBlieHUsT OOBIMHO HEOOXOAMMBI OOJbINNE BO3AYXOAYBKH M BEHTHJIATOPBI, MOCKOJIBKY JJIS
ylnajeHuss CyOMHKPOHHBIX YacTHL, KaK IMPaBWJIO, HEOOXOINM BBICOKMH Iepenaj JaBlIeHMUs.
ITosaToMy CyLIecTBYIOIIME CHCTEMbl HE MOAXOAAT [JIsl YCTAHOBKM HAa BEpXHEH YacTu
IEWCTBYIOIUX OallleH MPUUTHPOBAHUs. BO3MOXKHOCTH CliepBa MOAABaTh OTXOMSIIMN Ta3 Ha
Oonee HU3KMH YpOBEHb C MOMOLIBIO KaHaJa MpHBeNa Obl K JOMOJHUTEIBHOMY CYINECTBEHHOMY
nepenany nasieHusi. C yuerom OONBLIINX PacXOIOB BO3AYXa 3TO MPUBENO Obl K CYLIECTBEHHOMY
yBeJNn4eHuIo SHepronorpedienus. CoopyKeHne KaHaua OT BepPXHEH 4acTu 1O HIDKHEH 4acTu
OalrHu MPUJUTMPOBAHKS KapOaMuaa TakXKe SIBJISETCS CIOXKHBIM M JOPOTOCTOSIIHM U CO3JAeT
PHICK 3aKyNOPUBAHUS KaHAJIA MEeKAY OalrHel MPUILTNPOBAHMS U CHCTEMON CHIYKEHUST BEIOPOCOB.

Uro xacaercsi AOCTYNHBIX B HACTOSINEE BPEMs METOIOB CHIDKEHHsS BBIOPOCOB,
cKpyOOepbl yaBIMBaHUS MBUIH, OCOOEHHO B COYETAHWU C YCTAHOBKAMM KHCJIOTHOH NMPOMBIBKH
IUI YMEHBLIEHHUsT BBIOPOCOB aMMHAaKa, B OOLIEM CYMTAIOT NMPHUTOAHBIMH TOJBKO Ui OameH
NPWUIMPOBAHUST C NPUHYAUTENbHOW TArOH, B KOTOPBIX MPEAYCMOTPEHBbl BO3YLIHBbIE
BEHTHJISITOPBI, HO HE Ul OallleH NPUJUTMPOBAHUS C ecTecTBeHHOH Tsaroil. Hampumep, B US
4424072 (Lerner) Ha ®ur. 1 mpencraeieH ammapar, CoAepKaluii BepTHKaNIbHYIO OamHio 11
NPWUIHPOBAHUA KapOaMuga ¢ MHOXKECTBOM CKpyOOepoB 17, yCTaHOBIIEHHBIX HaJ BEpXHEH
4acThi0 OamHu. B 3TOM mareHTe cooOInaeTcs, 4To ammapar BKJIIOYaeT B ceOs YCTAHOBKM IS

HarHETaHUsl IOTOKAa BO3AyXa B HIDKHIOK YacTh OallHM NPUUTMPOBaHMs, padoraromieit ¢



MIOMOUIBK) TMPUHYAUTEIBbHOW TATM, WHAYLUPOBAHHOW TArM WJIM UX COYeTaHus. B paHHOU
o0nacTy TMPUHATO, YTO OAIIHU € HMHAYLUPOBAHHON TSrOM HCIOJNB3YIOT PACIIONOKEHHBINH B
LIEHTPEe BEHTWIATOP B BEPXHEH YacTH, a OXJaXAAKoLIe OaIlHU C MPUHYAUTEIbHOH TArOH
UCHOJIBb3YIOT BEHTUIISITOP, PACIIONOKEHHBIN PSIIOM C HUKHEN 4acThIO.

COOTBETCTBEHHO, CYIIECTBYeT MOTPEeOHOCTh B Oojiee 3(P(PEKTUBHBIX CUCTEMaX W
criocobax CHIDKEHHsI BBIOPOCOB, KOTOPBIE CMOTYT pa0OTaTh ¢ HU3KUM IEperajoM NaBICHUS U
3¢ PeKTHBHO yaanaTh CyOMHUKPOHHBIE YaCTHLIbI U3 IIOTOKOB ra3a. bojiee KOHKPEeTHO CyIecTByeT
noTPeOHOCTh B YJIYYIIEHHBIX CUCTEMAX U CIOCO0aX CHIDKEHUSI BBIOPOCOB KapOaMuaa 1 aMMUaka
1Uist OallleH MpUJUTMPOBaHUS KapObamuna.

PackpriTie nzobperenus

JUist  JIy4imero COOTBETCTBHSI OIHOMY MM 0oOJiee BBIMIEYKA3aHHBIM TPEOOBAHHSIM
N300peTeHNe OTHOCUTCS K CIOCOOY OYMCTKH TMOTOKA Ta3a, BKIKYANOMIEMY MOCIENOBATEIbHO
CleNyIoLHe CTaUuu:

A) obecnieunBarOT MOTOK Iasa,

B) ocymecTBisIOT pacibuIeHHE BOZTHOTO PacTBOPA B MOTOK rasa,

C) mpomyckarOT TOTOK ra3a 4Yepe3 IepBbI 3KEKTOpPHBIH CckpyOOep Bentypu ¢
TOpJIOBUHON, B KOTOPOM BOJAHYK OUHIIAIOIIYIO JKUAKOCTb pAaCHbUISIIOT B IOTOK rasa B
HanpaBJI€eHUU T'OPJIOBUHBI,

D) ocyiiecTBIsIIOT pacbUieHHE BOIHOTO PacTBOpa B ITOTOK Iasa, U

F) npomyckaroT mnoTok rasza dYepe3 BTOPOH 3)KEKTOpHBIH CckpyOOep Bentypu c
TOPJIOBUHON, B KOTOPOM BOJHYHK) OYHIIAIOIIYK) JKHUIKOCTb pAacHbUIAIOT B IOTOK rasa B
HaNpaBJE€HUH F'OPJIOBUHBI.

Kpatkoe onucanue ueprexei

Ha ®ur. 1 nokazana OJ0K-cxeMa BapuaHTa OCYLIECTBICHHS CUCTEMbI B COOTBETCTBHH C
JaHHBIM U300pETeHUEM.

Ha ®ur. 2 nokazaHo GJI0K-CXxeMa BapHaHTa OCYINECTBJIEHUS] CUCTEMbI B COOTBETCTBUH C
JaHHBIM U300pETeHUEM.

Ha ®ur. 3 n300pa’keHO TUIMUYHOE pachpeiesieHHe YacTHLl 10 pa3MepaM U CyMMapHas
Macca il bUTK KapOamMua B OTXOIAIIEM ra3e u3 OalrHu MPpHJUTHPOBAHUSL.

Ha ®ur. 4 uzo0pakeHO TUIMUYHOE pacHpeneeHne 4acTUIl M0 pa3MepaM M CyMMapHas
Macca i bUTK KapOaMuza B OTXOIAIIEM ra3e U3 rpaHyssiTopa kapbamuma.

OcymecTieHne n300peTeHus

B onHOM acnekTe HacTosilIee onucaHue 00eCceunBaeT Crocod yaaneHus: CyOMUKPOHHBIX
YacTHUI] U3 MOTOKA ra3a, BKIOYAIOIINN oOecrieueHne B 3KeKTope BeHTypu KOHTaKTHpOBaHUS

NOTOKA Tras3a, CoOAepsKallero CyOMUKDOHHBbIE YaCTHLbI, C OYHILIAIOLUEH KUIAKOCTBIO.
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OuHnIIaronyo KUIKOCTh MPENNOYTHTEIbHO HATHETAIOT, IPUYEeM NPEATIOYTUTENIbHO HATHETAI0T
C BBICOKOW CKOPOCTBIO, B YaCTHOCTH, AJIsi OOeCHeueHHs NpOKauuBarolero neicteus. Takum
o0pa3om, MOTOK rasa, MoUIeXKaluii OUYUCTKe, BTATUBAETCSA B 3keKTOop Bentypu. Ounmaromas
KMJKOCTb TPENNOYTHTEIbHO MMEET HAa4yalbHYyK CKOPOCTb IO MeHbIneil mepe 25 m/c, Oonee
IPEANOYTUTENIBHO 10 MeHblIelH Mepe S0 M/c, eme Gonee MpeAnoYTHTEIbHO O MEHbIIEH Mepe
100 m/c. Takue CKOPOCTH OTHOCSITCS, HAIIPUMEp, K CKOPOCTSIM Ha OTBEPCTUU (POPCYHKH /WU K
CpenHell CKOPOCTH Karejb Ha paccTostHuM, Hampumep, 1 cm ot dopcyHku. [IpeanouTurenbHo
st o0ecrieyeHns TAKUX TPEANOYTUTENBHBIX CKOpOCTel crnocod BKIIKOYAeT B ce0sl HarHeTaHUe
OYMINAIOINEH JKUAKOCTH B 33KeKTOP BEHTYypH ¢ MOMOIIBIO THApPABIMYECKOH (POPCYHKH, TaKOH
KaK ruapaBinyeckast OPCyHKa BBICOKOTO JABJICHUs, HAIPUMED, NPHU JaBJIeHHH B (POPCYHKE O
menblieil mepe 1,5 MIla nimn nmo menbiuedi mepe 1,8 MIla (mo menbiieit mepe 15 6ap wim no
MeHbIel Mepe 18 Gap), WK ¢ MOMOIIBIO ABYXTIOTOUHOH (ra303KUIKOCTHOM) POPCYHKH, KOTOpast
MOKET NaBaTh AaByeHue meHee 1,5 MIla (menee 15 Gap).

[TpennoyTUTENbHO OYUIIAKOLIYIO JKHAKOCTh HATHETAIOT B 3KEKTOp BeHTypu Tak, 4To0sI
obecrnieunBaTh cpenHu nuamerp kameiab MeHee 300 Mkwm, Oonee mpenmouTuTeibHO MeHee 200
MKM. B HEKOTOpBIX BapHaHTax OCYIIECTBJICHHS CIIOCOO BKJFOUAET HArHETAHWE OYMIIAROINEH
KHUIKOCTH B 3KeKTOp BeHTypu uepes3 popCyHKY, BBINOIHEHHYIO C BO3MOXKHOCTBIO 00eCTeueHHsI
Karejb co cpeaHuM auamerpoM MeHee 300 MkM, mpeanodtutenbHO MeHee 200 mxkM. Pasmepsl
Karesb COOTBETCTBYIOT, HAIpUMep, 0Ob€MHOMY MEIHUAHHOMY IHAMETPy. DTOT pa3Mep Karejb
MOXeT crocoOcTBOBaTh 3(dexkTuBHON ounctke. Kammm ouninaromiei sKUaKoCTH 3TOrO pa3mepa
MOI'yT, Hampumep, ObITb OOecredyeHbl IyTeM HCHOJIb30BAHHUSA YIOMSHYTBIX CKOPOCTEH
OUMINAIOINEN SKUAKOCTH. B 4YacTHOCTH, AJII TOHKOrO pAacHbUICHUS OYMIIAIOIIEH >KUAKOCTH
MOKeT OBITh MCIIOJB30BaHA THAPABINUECKass POPCYHKA C JaBJICHUEM HAHETaHHsI 1O MEHbIIEH
mepe 1,5 MIIa (no mensbiueir mepe 15 Gap), Oonee MpPeANOYTUTENHHO MO MeHbIneid mepe 1,8
MlIla (o menbeit mepe 18 Oap), uiam ABYXMOTOYHAs (POPCYHKA, KOTOpAsi HCIIOJB3YeT CHKAThIe
rasbl, Harpumep, ot 0,3 1o 0,6 MIla (ot 3 no 6 6ap), npu gasnenun ot 0,3 no 0,6 MIla (ot 3 no
6 Gap).

[IpennoututenbHO MO MEHBILIEH Mepe B OJHOM 3KeKkTope BeHTypu wim B Kaxaon
CTYIIEHH 3XeKTopa BEHTypH OTHOLIEHHE pacXxoAa OUYMINANMEH SKUAKOCTH M pacxona rasa
cocrapiser or 0,0005 mo 0,0015 (M*/u)/(M?/4). TUNOBBLIM OTHOIIEHHMEM SIBIISIETCS OTHOLIEHHE
pacxofa OuMIIaromIel KUAKOCTH U pacxofa rasa ot 0,00010 mo 0,0050 (M*/4)/(M*/4), xoTs Takxke
BO3MOXHBI Ooyiee HH3KME MM Oojiee BBICOKHME OTHOLIEHMs. Takoe OTHOLIeHHWEe, HampHhMep,
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OCHOBaHO Ha (aKTHUECKOM O0BeMe M’ ras3a, KOTOPBIH IOMJIEKUT BTSATUBAHUIO B 3KEKTOP

BeHTypI/I. Heo0s13aTenbHO OTHOIIEHUE «ouumiaromasa X(HI[KOCTB/F&S)) HaxoauTCs B AUaI1a3OHE OT

0,5 mo 1,5 am’/M® (ot 0,5 mo 1,5 n/mM’) u ocHOBaHO Ha (haKTUUECKOM OOBEME B M.



Hcnonb30BaHKue Takoro OTHOILIEHUS, MPEANOYTUTENBHO B COUETAHUU C ONMMCAHHON Ha4aJbHOM
CKOPOCTBIO OYMIIAIOIIEH KUIKOCTH, BBITOIHBIM 00pa3oM 00ecriedyrBaeT HEOXKUIAHHO BBICOKYIO
53¢ (EeKTUBHOCTP OUYUCTKH, B YaCTHOCTH, IIPHM OTHOCHTEIBHO HEOONBLIMX pa3Mepax
o0opynoBaHUsI 1 HEOOJIBIIIOM Tepernae NaBICHHS.

[IpeamouTHTeNbHO  AAaHHBIH  CHOCOO — BKJIIOYAET — KCIOJBb30BAHHE  MHOXKECTBA
NOCJIEIOBATENbHBIX 3°KEKTOPOB BeHTypu. IlpennoyrurenbHo NpoAOIKUTENBHOCTh HAXOKACHHUS
MOTOKA ra3a MEKAY NEePBbIM U PACIONIOKEHHBIM HUKE 110 IOTOKY BTOPBIM 3:KeKTOpamu Bentypu
cocTaBisieT o MeHbluer mepe 0,1 ¢ wiu no menbineii Mepe 0,20 ¢, onee MPEANOUTUTENBHO IO
menblieit Mepe 0,4 ¢, Hampumep Oosee 0,8 ¢. DTO OTHOCHUTCS K TNPOIAOJUKUTENBHOCTH
HaXOXJIEHUs] MEeXAY ABYMsl 3kekTopamu BeHTypu, mpuuem npyrue 3:kekTopel BenTypu mMexay
HUMH OTCYTCTBYIOT. MeXay HHUMH MOTYT HaxOIWUTbCS JIpyrue »3JEMEHThbl, Takue Kak
pacnbulUTeNb WM TyMaHooTaenuTenb. HMcmonb3oBaHue  Takoil — NPOAOJKUTEIBHOCTHU
HaXOXJEHUS MEXOY JAByMs CIEAYIOIIMMU IOCIEN0BAaTENbHO JPYr 3a JPYIOM 33KEKTOpaMu
Bentypu cmocoOcTByeT poCTy HacTHi, OCOOEHHO CYOMHMKPOHHBIX YAaCTHI. JTO YJIy4INaeT
yJaBJIMBaHUE YaCTHULl, HAIIPUMEp, B PACIIOJIOKEHHOM HUKE MO MOTOKY YCTPONCTBE yJIaBJIUBaHUs
YaCTHULl, TAKOM KaK TYMaHOOTENINUTENb.

IIpennodYTUTENbHO MCMONB3YIOT PACHOJIOKEHHYIO BbIlE€ IO IOTOKY TMEpPBYK U
PACMOJIOKEHHY0 HIDKE IO IOTOKY BTOPYIO CTyneHu BeHTypu, npudeM Kaxnaas CTYIEHb
COMIEP’KUT OIMH 3KEKTOp BeHTypu uaum MHOXKECTBO MapajuleNbHBIX 3KEKTOpPOB BeHTypu.
IIpennoururenpbHO MepBasl OYMILAOLIAS SKUAKOCTb MEpPBON CTyNeHU BeHTypu comepKuT mo
meHblei mepe 10 macc.% nnu no menblel mepe 20 macc.%, nnu no menbliel mepe 30 macc.%,
wii 1o MeHblield Mepe 40 macc.% pacTBOPEHHOro BelecTBa, Hampumep oT 20 no 55 macc.%
abo ot 40 mo 50 macc.%, W/uaM Takue KOJIMYeCTBA TMAPO(PUIBHOTO BELIECTBA, WM TaKUe
KOJIUYECTBA BeIIeCTBAa KOMIIOHEHTOB, YIAJeHHBbIX U3 TMOToka rasza. llpeamoyrurensHo
PACTBOPEHHBIN MaTepHai SBJsIETCs KapOaMUAOM, a OYHINAOIIAS JKUAKOCTh COIEPIKHUT TaKOe
KOJIM4eCTBO KapOamuma. B HEKOTOpBIX BapuaHTaX OCYLIECTBJIEHHsS NepBas OUYMIIAKOLIAS
KUAKOCTh coziepkuT MeHee 90 macc.% Bonbl unu meHee 80 macc.% Boabl, UMM Aaxe mMeHee 60
macc.% Bozapl. OuMinaroiias XHUJIKOCTb, UCIOJb3yeMas BO BTOPOI pacoNIOKEHHON HIDKE IO
MOTOKY CTYNeHHW BeHTypu w/wim B pacmbUTUTENIbHON (POPCYHKE, PACIOJIOKEHHOW HIDKE IO
MOTOKY OT MepBOH cTyneHu BenTypu, npeanouturensHo conep:kut ot 0 macc.% no 5,0 macc.%
pPAacTBOPEHHOIO BEIECTBa, Oojiee mnpenmouTureabHO MeHee 2,0 macc.% pPacTBOPEHHOTO
BEIECTBA, B YaCTHOCTH KapOamupma. IlpeanmodrurenpHO BTOpas OYMINANOINAS JKHIKOCTb
conepxkut ot 80 macc.% no 100 macc.% Bonb! unu no Menblue Mepe 90 macc.% BOIBI, UK MO
MeHbled Mepe 95 macc.% Boxbl. IIpeanouTuTensHO OUMINANOINAS JKUAKOCTb, UCIONb3yeMas B

NepBOH CTyIneHH 3kekTopa BeHtypu (mepsast oumimaromas >KUIKOCTh), ©UMeeT Oosiee BBICOKYIO
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KOHLIEHTPALIMIO PACTBOPEHHOTO BELIECTBA, YE€M OYHINAIOMIAs >KHUIKOCTh, HCHOJb3yeMasl BO
BTOPOH CTyHeHM 3kKekTopa BeHTypu (Bropas OYMINAIOINAs KHIKOCTH);, MPEINOYTHTENBHO I10
MeHbILIIeH Mepe B 3 pas3a BbIlE MM [0 MEHblLIeH Mepe B S5 pa3 Bblme, uiam Oojee
NPEANOYTUTENBHO 10 MeHblIeil Mepe B 10 pa3 Beime. Ouuinaromas *XKUIKOCTb, UCIOIb3yeMasi B
NepBOH CTyneHu BeHTypH, B 4aCTHOCTU B PACIOJIOKEHHOM BBIIIE BCETO IO MOTOKY 3XKEKTOpe
BenTypu, co3naer, Hanpumep, NEepPBYIO TOUKY KOHTAKTA C OTXOMASLIUM Ia3oM.

[TepByr0 OUHMINAOIIYI KHOKOCTb OOBIMHO TOABEPralOT PELUPKYJSILHMU, YTOOBI
o0ecreynBaTh TaKHe KOHLIEHTPALMU PaCTBOPEHHOIO BeLIecTBa (Hampumep, kapOamuaa), 4ToObl
obecrieunBaTh Oojiee JIETKOe yAajeHHe, B YaCTHOCTU M3BJIeYeHHe KapOamuna. B wactHOCTH, B
clydae oOTXonmsmero rasa (MOTOK — OXJIAKOAIOUIEro BO3AyXa), OOpa3yrolmerocs mpu
NPUWUTHPOBAHUN WM TPAHYJUPOBAHHUH, MPEATIOUYTUTEPHO H3BJIEKAT NPILIHPYEMOE HIIH
IPaHYJIUPYEMOE BEIIEeCTBO. IJTO TNPUMEHHMO, B YAaCTHOCTH, K TPAHYJIHPOBAHUIO WM
NPUWUTHPOBAHUIO KapObamuaa. M3BiedeHHbIN kapOaMua MOKeT ObITh OOBEIUHEH C COAEPIKALINM
KapOamuI MPOAYKTOM, HampuMep MPHJUTAMU WIIM TpaHyinamu. B obiiemM moTok B BHIE MOTOKA
OYHICTKH W/WJTA TIPOIYBKH, COEP KA TaKhe KOHIIEHTpauuu kapbamuna, Hanpumep ot 40 macc.%
no 50 macc.%, W3BIEKAIOT W3 MEPBOW CTYNEHW BEHTypH W/WiM PacmoJIOKEHHOH BBIIIE TI0
MOTOKY CTYNEHH OXJIQXKIEHHsI TallleHUeM, B YaCTHOCTH M3 MX KOJUIEKTOPHOTO pe3epByapa WM
KOHTYypa perupKyIsanuu. Takum o0pa3oM, OCHOBHYIO MacCy BEIECTBA B BUJE TBEPbIX YACTHII B
IIOTOKE ras3a, HalpUMep, YJIAaBJIUBAIOT IMyTeM OTMBIBKM OYHINAIOIIEH KUAKOCTBIO, COAepIKalien
TaKye BbICOKHE KOHIIEHTPALIMU PACTBOPEHHOIO BEIECTBA.

ITonaua >KUAKOCTH, UMeroLIel Ooyiee HU3KYI0 KOHLIEHTPALUIO PACTBOPEHHOIO BEIECTBA
(HanpuMep, KOHLIEHTPALMIO KapOaMu/a), 4eM HCIOJIb3YIOT B IEPBOi CTyNeHn BeHTypu, B mOTOK
raa HIKe MO IMOTOKY OT TMEPBOro KEeKTopa BeHTypu MOKET MPHUBOAMTH K YBEIHYCHHIO
NapIHATBHOTO JABJICHUS] BOASHOTO TMapa B JAHHOM IIOTOKE ra3a. JTO MOXKET CrocoOCTBOBATH
KOHJIEHCALIUU BOJbI HA CYOMHKPOHHBIX YaCTHUIIaX, BbI3bIBAs YBEJIMYEHHE pa3Mepa dacTui. Yrto
MOXKET YJIy4IIaTh yJIABJIMBAHUE O0PAa30BABIIMXCS YACTHLI OOJIBINEro pasMepa B PACIOIOKEHHOM
HIDKE MO TIOTOKY YCTPOWCTBE YJIABIUBAHHS YACTHIl H/WJIM Kamejlb, TAKOM Kak, Hampumep,
akekrop BeHTypum (Wim ero 4YacTh, HampuMep, pacCIIUPSIOLIAsics YacTb TPYOKH) W/HK
TYMaHOOTIENINUTENb. B 4acTHOCTH, KOHAEHCAIMs Ha CyOMHUKPOHHBIX HYaCTHLAX W/WIM Karunsax
a’3p0o30Jisi, COoIepKaIMX KapOaMua ¢ OTHOCHTENIbHO BBICOKOH KOHIIEHTpAIMeH, TaKOW Kak IIo
menbIne mepe 50 macc.% wiu naxe 100% kapbamuna, MokeT ObITh ycuiieHa. B HEKOTOpPBIX
BapHaHTAX OCYIIECTBIEHUs CIIOCO0 BKIIOUAeT UCIapeHue mo Menbiueii mepe 0,001 kr/m’ (H. y.)
W TI0 MeHbIel mMepe 0,005 kr/m’ (H. y.), Wi o MeHbieii Mepe 0,010 kr/m® (H. y.) BOBI HUKE
IO MOTOKY OT MEPBOH CTYNEHHU 3KeKTopa BEHTypH M BbIIIE 1O OTOKY OT FOPJIOBHHBI 33KEKTOPA

BenTypu n/unm ycTpoiCTBa yIadeHus Kamnesb.
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IIpenmoyTuTe bHO MOTOK Ta3a MOJNYyYaroT U3 JOBOJOYHON CeKUMU KapbaMuaa, TaKOW Kak
rpaHyssATOp KapOamuma win OamrHs NMpUUITMPOBaHUsS kapOamupaa, Ooyee MPennoyYTHTENbHO U3
OamrHM npwUIMpoBaHus kapOamuna. bamua npuimmpoBaHus kapbamuaa sIBISIETCS, HAIIPUMeED,
OalHel NpUUTHPOBAHUS C IPUHYUTEBHOMN TATOH WK C €CTeCTBEHHOU TSTOM.

Omnucannple cnoco0 M cucremMa o0eCHeunBalOT OCOOEHHBIE TMPEHMYLIECTBA IPH
UCIIOJIb30BAHHM COBMECTHO C OamlHsAMU MPHUTMPOBAHUS KapOamMuaa C €CTECTBEHHOH TSTOM.
bamnu npusupoBaHust kapOaMuza € €CTeCTBEHHOHM TSrOW MPEACTaBISIOT COOOM OarmHu
NPUWUTHPOBAaHUST KapOaMuia, B KOTOPBIX HE MCIIONB3YIOT BEHTHJISATOP M/WJIM BO3AYXOAYBKY IS
nepeMelIeHNs] OXJIAKIAIOIEro BO3AyXa 4Yepe3 30Hy NPUUTUPOBAHMSA OAIlHU MPHIUTUPOBAHHUS
kapOamuna. OObMHO Takue OAaIlHM HE WCMOJB3YIOT BEHTWJISATOPBHI WM BO3AYXONYBKH IS
nepeMeleHns] OXJIAKJAIOIIEro BO3ayXa uepe3 OaurHi mpuuinpoBaHus kapOamuma. OObMHO
OamrHM TPWUTHPOBaHMUA KapOamuia SBISIOTCS OAalIHAMH € TPUHYAUTENBHON  TSrOM
(BEeHTWJIATOPBI HAXOAATCS B HUJKHEH 4acTH), OALTHSIMH ¢ UHAYLIMPOBAHHON TATOH (BEHTUIISTOPBI
— B BepXHEW YacTH) WM OallHAIMH C €CTEeCTBEHHOH Tsiroi. B Oamne mnprimpoBaHus
KapOamua ¢ €CTECTBEHHOH TSroil MOTYT TEM HE MEHee HCIOJIb30BAaThb 3KEKTOP, HANpUMEp B
CHCTEME OUHCTKHU OTXOJALIETO rasa.

HeoOs3aTenbHO crioco0 AOMOMHUTENBHO BKIIFOYAET CTAIUI0 MPUILTUPOBAHUS KapOamuga
WM rpaHynupoBaHusi kapOamuna. HeoOs3arenpbHO cnoco0 BKIIKOYAET OTBEPXKIACHHE I1J1aBa
kapOamua 11l MPOU3BOACTBA MPUJUT WM IpaHy’ kapbaMuaa ¢ MCIOJIb30BAHUEM BO3IyXa IS
OXJIQXK/IEHUs Karesb I1J1aBa kapOamusia.

B HeKkoTOphIX BapuaHTaX OCYIIECTBJIEHUS IIOTOK Tra3a COHEPXKHUT KOHLIEHTPALHUIO
CyOMUKpPOHHBIX wacTull Oonee 20 Mr/m® (H. y.) wiu Gonee 50 wmr/m® (H. y.), Gosee
NPEANOYTUTENIbHO TAKYI KOHLEHTpamoo YacTull kapdamuna. CyOMUKPOHHBIE YaCTHIIBI UMEIOT
pasmep 1,0 mxm win menee. Heobsi3aTtenbHO n0is CYOMUKPOHHBIX HYACTHII COCTABJISIET IO
menbInei mepe 0,5 macc.% w/unu He Oonee 5,0 macc.% OT oOIIel MacChl YaCTUILL B IIOTOKE Ta3a,
NPEANOYTUTENIFHO YaCTHUIIBI UMEIOT pa3mep MeHee 1,0 MKM, U Heo0S3aTeJIbHO KOJIUYECTBO TAKUX
YyacTUI JIeKUT B quanazone ot 1,0 go 4,0 macc.%.

[IpennoyTuTe bHO CyOMHMKpPOHHBIE  YaCTHLbI  SIBJISFOTCS TUAPOQPUIBHBIMH.
[IpennoyrurenbHO  CYOMHKPOHHBIE  YacTHLbI  COAEP)KAT  TMTPOCKONUYHOE  BEINECTBO.
[IpennoyruTenbHO CYOMUKPOHHBIE YaCTHIIBI PACTBOPUMBI B OUUINAKOIIEH KUIKOCTH, HATIPUMED
B BOJe. B KOHTEKCTE HACTOAIIET0 AOKYMEHTAa CYOMHMKPOHHBIE YaCTHUIbl BKJIIOYAIOT B ceOsl,
HanpuMep, KOJUIOMAHble aspo3onu. KoHpmeHcanmss HeoOs3aTeNbHO MOXKET MOApa3yMeBaTh
KOHJIEHCALIMIO Ha YaCTHLIE, Karlle FIIM YaCTHIE KOJUIOMJHOTO a3p030JIsl M BBI3bIBATH YBEJIUUEHUE
ee pa3mMepa.

B koHTekcTe HacToOsAIEro JOKyMeHTa xkektop BeHtypu mnpexncraBisier coboi
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Pa3HOBUIHOCTH CKpyOOepa BeHTypm u B 0oOLIeM COAEPKUT CIENYIOUIUME IPYyr 3a JIPYroMm
NIOCJIEZIOBATENIbHO B HANPABJIEHUH IIOTOKA ra3a »3JEMEHTBI CY)KAIOIYIOCS 4YacTb TPYOKH,
TOPJIOBUHY M PACIIUPSIOIIYIOCS YacTh TPYOKH, MIPUUEM CY KAIOIIAsICS U PACLIUPSIONIAsCS YaCTH
OOBIYHO TPENCTABIAIOT COOOH KOHMUecKHe yacTu TpyOku. I'opioBuHa oObIYHO oOecneunBaer
y3KO€ OTBEPCTHUE ISl MPOXOKACHUS MOTOKA ra3a U >KUAKOCTH, ITO1aBaeMON B IOTOK Iasa BbIIIE
IO MOTOKY OT rOpJIOBHHBL ['OpjioBHHA MOXeT ObITh CPOpPMHUpPOBAHA, HAPUMEDP, COCTUHEHUEM
MEXIy JBYMS YaCTsIMM, HAmnpuMep 4YacTsIMH TpyOKH, WM, HampuMep, MHUHHMAJIbHBIM
BHYTPEHHUM IOTIEPEUHBbIM CEUEeHHEM TPYOKU. Y CKOPEHHE /WK BBICOKAsl CKOPOCTh B TOPJIOBUHE
WM CY’KArOINEHCsl 4acTH CrOCOOCTBYET WHTEHCHBHOMY CMEIIMBAHHIO Ta3a M JKUAKOCTH, a
TaKXKe TYpOYJEHTHOMY pPEKHUMY IBW)KEHUS W pachbUieHHI0 skupkoctu. [lo MeHsbimeil mepe
HEKOTOPBIE YaCTHLIbI B TIOTOKE ra3a CTAJIKUBAKOTCS C KAIUIIMH, YBJIEKAIOTCS HMHU M MOTYT OBIThb
yIIaJIeHbI B PACIIONOKEHHOM HIDKE T10 MIOTOKY YCTPONUCTBE YAAJICHHUS KaIelb.

[IpennmoutnrenbHO 3kekTop BeHTypu (Hanmpumep, 3KEKTOpHBIH CKpyOOep Bentypn)
comepkUT (POPCYHKY, pPACIONOKEHHYIO JUIA PACHbUICHHS OUYMINAKOIIEH JKUAKOCTH B
HANpaBJICHUH, MMapaJUIEIbHOM MOTOKY ras3a (IIOTOKY Trasa, MOAJIEKAIleMy OYHCTKE) Yepe3 BXOX
raza akekropa Bentypu. Ocp GOpCyHKH HeoOs3aTeNbHO TMapajulelbHa IOTOKY Trasa.
IIpennoururenbHO POPCYHKA BCTABIEHA B CYKAIOLIYIOCS YaCTh, TAKYI0 KaK KOHHYECKasl 4acCTh
TpyOKH 35xekTopa BeHTypu. B HEKOTOpBIX BapraHTax OCYIIECTBICHUS (POPCYHKA PacIoONOKeHa
HAa HEKOTOPOM PACCTOSIHUHM OT CTeHKU TpyOku BeHTypm wmnm uyactu kanana. IlpeamodrurenbHo
BXOJ rasa B 3kekTop BeHTypu npencrasiser cobOoii OTBEpCTHE, PACIONOKEHHOE 110 CYIIECTBY
NepreHuKYJSIpHO (HampuMep, mox yrioM Mexay 60° u 120° wnmm mexny 85° u 95°)
OTHOCHTEJIbHO JIMHHM, COequHsomed (OpCyHKY H  ropioBuHy TpyOku Bentypum.
[IpenqnoyruTenbHO BXOJ rasa B 3KEKTOp BeHTypH pasMelneH 1O CyLIeCTBY MNapauieIbHO
OTBEPCTHUIO TOPJIOBUHBI. [IpeANOYTUTENBHO OCeBasi IMHKS TIOTOKA Ta3a, MOJIeKAINEr0 OUYUCTKE,
HE HCKPUBISIETCS MEXIy (OPCYHKOH M TOPJOBUHOW (HE3aBUCUMO OT CYKEHHs IIOTOKA).

[IpennoururenbHO (OPCYHKA pacloyiokeHa Tak, dYToObl oOecreyuBaTh pPacHbLICHUE

>
NEePNEHIUKYJISIPHO TOTNEPEYHOMY CEUYEHHIO TOPJIOBUHBI, W MPEONOYTUTENBHO (POpPCYHKA
LIEHTPUPOBAHA OTHOCHTENBHO IMOMEPEYHOr0 CEYEeHUs TOpJIoBHHBL B obmem ¢opcyHka
pacnoyioXKeHa Ha HEKOTOPOM pPACCTOSIHUM OT MONEPEYHOr0 CE€4YeHUs TOPJIOBUHBI U BbILIE IO
MOTOKY OT Hero. B HEKOTOpBIX BapuaHTaxX OCYLIECTBIEHUS >KUIKOCTb IMOAAIOT B 3XKEKTOP
BeHTypH ¢ Kpyriioi ropJOBUHOM TOJIBKO Yepe3 OJHY TaKyk (POPCYHKY.

DopcyHKa, UCNONb3yeMasl Il NMOJA4Yd O4YMLIAKOIEH XKUAKOCTH B 33KeKTOp BeHTypw,
SIBJISIETCS], HAIIPUMED, FUAPABIMYECKON, MPOU3BOASALIEH MEIKHUE KaIlji NOCPEACTBOM BBICOKOIO

NaBIIEHUs, WJIM, HampuMep, JBYXIOTOYHOH (OpCyHKONH, B KOTOPOH JKHIKOCTH U

BCIIOMOTATEJIbHBIA TOTOK ra3a, OObIYHO TMOJ aBJIEHHEM, BMECTe MPOTEKAKT uepe3 (PopCcyHKy.
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Mejkue Karii MOTYT OBITh TPOU3BENEHBI ITOCPEICTBOM KACATENIbHBIX CHUJI MEXKAY JKUAKOCTHIO U
ra3zoM, KOTOpbIE BMECTE MPOXOIAT Uepe3 (POPCYHKY.

Ctpyss Opb3r ouMINarOLIed >KUAKOCTH AEHCTBYeT KakK IBIDKYLIAas TeKydas cpena B
axekTope BeHtypu, B ciydae IByXIOTOYHOM (POPCYHKU — BMECTE B TIOTOKOM BO3ayxa. Takum
oOpa3oMm, 3xkekTop BeHTypm MokeT neHCTBOBaTH Kak »JAYKTOp BeHTypu, B KOTOpOM
MOAJIEKAIIMI OUUCTKE MOTOK ra3a BTSATMBAETCS C MOMOLIBIO MOTOKA ABMXKYLIEH TEKy4el Cpenbl.
MOKHO OTMETHTb, YTO SHEPro3arparHbie CKpyOOepbl BeHTypu (C HavaibHOH CKOPOCTBIO
JKUIKOCTU HUKE, YeM CKOPOCTh Ta3a) U 3KeKTOpPHbIe CKpyOOepsl BeHTypu (HadaabHasi CKOPOCTh
JKUIKOCTU BBIIIE, 4YeM CKOPOCTb Tra3a) HMMEIT COBEPIIEHHO pasHble XapaKTEPUCTUKH
sHepromnoTpeOeHus, pachbUIeHUs] H OTMBbIBKM. HacTosiimee wu300peTeHHe OXBaThIBAET
UCTIONIb30BaHUE CKpyOOepoB BeHtypu skektopHOro Ttuma. KHHETHYECKYIO OSHEpPIHIO
BBICOKOCKOPOCTHOTO TOTOKAa JKUAKOCTH (C COBMECTHBIM HAarHETaHHWEM IIOTOKa rasa win Oes
HEr0) HCIOJIb3YIOT JUISl PACTbUICHHUs JKUAKOCTH W MPOKAYMBAHUS MMOTOKA Ta3a, MOAJIEKAIIEro
OUYHUCTKE, B OOIIEM uepe3 CUCTeMY OTMBIBKH M COSIMHHUTEbHBbIC KaHAJBL JKeKTop BeHTypu B
o0IIeM HCTONB3YIOT COBMECTHO C PACIONOKEHHBIM HIDKE MO TMOTOKY KaIlJIEOTAEIHUTENEM,
HarpuMep TPABUTALIMOHHBIM WJIM WHEPIMOHHBIM KOHTAKTHBIM CEMapaTopoM, ISl yAaJICHUS
OUYMINAIOINEH JKUAKOCTH U3 TIIOTOKa ra3a. B dYacTHOCTH, MOXeT OBITh HCIONb30BaH
PacCIOJIOKEHHBIN HUXKE IO MOTOKY TYMAaHOOTAEINUTEb.

Heobs13aTennbHO 1O0ABISIFOT OCHOBHBIM pPEareHT, HampuMmep, BbIOPAHHBIA W3 TPYIIIH,
COCTOSILIEH H3. KAayCTUKA, M3BECTU, MU3BECTHSAKA, TAalI€HONM W3BECTH, 30JIbHOW IbLIM, OKCHIA
MarHusi, KaJIbIIAHUPOBAHHOMN Ccozbl, OukapOoHaTa HaTpusi, kapOoHaTa HaTpusi U ux cmeceir. OH
MOKeT ObITh UCTIOJNIB30BAH ISl YIAJIEHUSI KUCJIOTHBIX ra30B M3 MOTOKA ras3a. IIpeamodrurenbHo
peareHT nO0aBNSIOT K OYHINAKOIMIEH >KUIKOCTH, PaclbUIieMOH B MOTOK rasa. Ouuimaromast
JKHIKOCTb 33kekTopa BeHTypu HeoOs3aTeIbHO CONEPIKUT TAKOH peareHt.

[IpennmoutureabHO HOOABNAETCS KHUCIOTHBIH peareHT, HauOoee MNPenrnouYTHTEIbHO
peareHT BBIOpAH W3 TPYMIMbI, COCTOSIIEH W3. YKCYCHOW KHCIOTBI, OOpPHOW KHCIOTBHI,
VIJICKUCIIOThI, JIMMOHHOW KHUCJOTBI, COJISHOW KHCJIOTBHI, IUJIAaBUKOBOM KHUCJIOTBI, a30THOMU
KUCJIOTBI, IIIaBEJIeBON KUCIIOTHI, (POCHOPHOI KUCITOTHI, CEPHOU KUCITOTHI U uX cMeceil. OH MOXKeT
OBITh UCTOJB30BaH JJIsl YAAJIEHUS OCHOBHBIX Ta30B M3 TOTOKA Ta3a, TaKWX KakK aMMHAK.
[IpennoyTuTeNnbHO KUCIOTHBIA PeareHT N00ABISIIOT B CIy4ae OTXOSIIEro ra3a, 00pa3yroImerocs
npu noBoxake kapOamuna. IlpennmouyrurensHO MOOABISIOT CEPHYIO KHUCIIOTY WM Aa30THYIO
kucinory. HeoOs3arenbHO oOuHMImaromas >KUAKOCTh Kackana BeHTypu COmepKuT Takoi
KUCJIOTHBIA peareHT, HampuMep, B MepBOU (PacloIOKEHHON BBIIIE BCErO MO MOTOKY) CTYNEHH
BenTypu nim B pacnosio:k€HHON HUXKE M0 MOTOKY BTOPOM CTyneHu BenTypu.

IIpennoyTuTe bHO KUCJIOTHBIM MM OCHOBHBIH peareHT Ao0aBJAIOT K OYMIIAIOIIEH
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JKUAKOCTH, PaCHbUIAEMON B MOTOK ra3a MPEANOYTUTENBHO HUXKE MO MOTOKY OT NMEPBOM CTYNEHU
BenTypu u npeanodYTUTENbHO TAK:KE HUKE IO MIOTOKY OT BTOpoW cryneHu Bentypu. Kucnorusii
WUJIM OCHOBHBIN PEAreHT COAEP>KUTCsS B OUMIIANOIIEH >KMIKOCTH 3:KeKTopa Bentypu, Hampumep
NepBOH WJIM BTOPOH, HJIM HEOOs3aTeIbHOM TpeThel cTynenu Bentypu. Ounimaroumii pacTBop co
CTaJAMU KHUCJIIOTHON OTMBIBKH, COI€P KA COJIb aMMOHUS, HAITPUMeEp, TOAAIOT B 0K XpaHEHUS
W/WMJIH 32 TIpe/ieNibl YCTAHOBKY, B YACTHOCTH €CJIM KUCIIOTHBIN PEareHT BBOASAT B IIOTOK ra3a HHXKe
IO OTOKY OT MepBOi cTyneHu Bentypu.

[IpennoyTUTeBbHO HAaHHBIA CIIOCOO OXBATHIBAET KHUCJIOTHYHO OTMBIBKY M OTMBIBKY OT
IBbUTH OTXOMSALIETO Tasza, 00pa3yrolmerocss Npy MPLUIHPOBAHUN KapOaMuaa, MpeanoYTHTEIbHO
OCYLIECTBIsIEeMble HAa BepXHEW yacTh OallHM NMPUJUTMPOBAHHS KapOamMuaa MpenrnouTHTEIbHO C
€CTeCTBEHHOH TSTOH, T.€. CHCTEeMa OYHCTKH pAaCHoOJIOKeHa B BepXHEH wyactu OanrHu
NPUWUTHPOBAHUS KapOamMua.

B HekoTOpBIX BapuaHTax OCYLIECTBJICHHUSI MOTOK, COAEPXKAIUMM PacTBOPEHHBIN
kapOammuz, TakoH Kak MOTOK MPOXYBKH /MM OYHCTKHU, HAIPUMEp, U3 NEPBOH CTyneHn BeHTypu
WM CTYNIEHW OXJIKACHUS TallleHHeM, B KOTOPOM HCHOJB3YIOT OYMIIAIOIIYI0 JKHIKOCTH C
KUCJIOTHBIM JIUOO OCHOBHBIM PEAreHTOM IIH 0e3 Hero, MoJalT B PEreHEPUPYIOLIYIO CEKIIHIO
BAKYYMHOIO MCHApEHMsi AJIs1 MOJY4YEHUs BOASIHOTO Mapa M KOHLIEHTPUPOBAHHOIO PacTBOPa
kapOamuna. Perenepupyromasi CeKIMsl BAKYYMHOT'O MCIIAPEHUS TPEANIOUTUTENbHO OTAENeHa OT
CEeKIIMM UCTIAPEHUs] YCTAHOBKU IO MPOU3BOACTBY KapOaMuaa U sBJISETCSA MO OTHOLIEHUIO K HeH
nonogHUTeNbHON. KOHIEHTpUpOBaHHBIH pacTBOp, coaep:kauuil kapbamua, nomaroT (B BHIE
NOTOKA) Ha JOBOAKY KapOammpaa (Hampumep, rpaHyJIMPOBAaHME WM NPWUIMPOBAHUE), U STOT
kapbamun oOBeqUHSIETCS C MPOAYKTOM TBEPAOro kapOamuia, HampuMmep TpaHyJaMd HWIN
npwuiamu. [lap KOHOEHCHPYIOT, M B OMHCHIBAEMOM CIOCOO€ KOHIEHCAT MPEeNNOYTHTEIbHO
MOBTOPHO BO3BPAILAIOT B MPOLIECC B Ka4eCTBE NMOANUTOYHON BOABI, HAIPUMEP, UCIIOIb3YyEMOU
IUIE OTMBIBKM OTXOZSINEro rasza, oOpasyrolerocs Npu NPUUTMPOBAHHH, BMECTE€ C BOIHBIM
pacTBOPOM, CofepKalIiM MeHee 5 Macc.% kapbamuna, TaAKUM Kak BO BTOPOH CTyneHu BeHtypu.
B cinyuae ecnmu cmoco® BKIIOYAET KHUCJIOTHYE) OTMBIBKY, IMOTOK M KOHLIEHTPAT MOTYT
JOTIOJHUTENBHO COAEPkKaTh CONM aMMOHUs. KOHLIEHTpaT MOryT Takke MOJaBaTb B YCTAHOBKY
s monydenus kapOamumga u HuTpata ammoHus (UAN) nubo B yCTAHOBKY Uil TOJTyYEHUS
kapbamuna u cynbdara ammonusi (UAS) u BBomuth B morok mpoaykra UAN wmwim UAS. B
HEKOTOPBIX BApHAHTAX OCYIIECTBJICHUS CIIOCOO BKJIIOYAET KHUCIOTHYIO OTMBIBKY HIDKE I10
IOTOKY OT MNepBOH CTynmeHH BeHTypu w/mnm mepBOW CTYNEHH OXJKIOCHUS TallleHHEeM WU
OTMBIBKH, U IOTOK MPOAYBKH KHCJIOTHOIO OYMINAKOIIErO PacTBOpa MNPOXOAUT OTAEIBHO OT
OUULIAKOLIEH JKUAKOCTH, UCIONB3YEMON BBILIE MO MOTOKY OT YKa3aHHOM KHMCJIOTHOM OTMBIBKU.

TakoMy wHCHapeHHIO TMOABEPralOT COAEPKAINYI0 KapOaMHuA OUYMINAIOLIYI  JKUAKOCTb,
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UCIOJIb3yEMYIO B CTYIEHHU BbILIE 10 MOTOKY OT KUCJIOTHONH OTMBIBKH.

[IpenmoururenpHO cTaTudeckoe (a0COMIOTHOE) NaBJIeHHE Ha BBIXOAE 33KeKTopa BeHTypu
— IPUMEPHO TAKOE )K€ WUJIM HEMHOIO BbIIIE OTHOCUTEJIBHO AABJIEHUS HA BXOJE ra3a B 3)KEKTOp
Bentypu, Hanpumep coctapisier o MeHbiiei mepe 90% unu no menblueit Mepe 100%, nau no
menblneit Mepe 105% cratudeckoro masieHus: Ha Bxoge. IIpeanoyruTensHO cnocod BKIOYAeT
npuUIMpoBaHue kapOamuia B OallHe NMPUIUTMPOBAHMS KapOamuaa C €CTeCTBEHHOW TAroi u
OTMBIBKY B 3KekTope BeHTypu, npruyueM ykazaHHbIN 3:kekTop BeHTypu pacnoyioxkeH Ha BEpXHeEH
YacTH yKa3aHHOW OAalllHM NPHUTMPOBAHUS, MPUYEM CTATUYECKOE IaBJIEHHE Ha BBIXOJAE IO
MEHbLIEH Mepe OAHOro 3keKTopa BeHTypu Oonbine, ueM Ha BXOZAE STOro 3xektopa BeHTypu.
[IpennoururenpHas Ha4danbHas CKOPOCTh U OTHOILIEHHE OUHIIAIOMIEH JKUAKOCTH MOXKET
CHOCOOCTBOBaTh TAKOMY IMPEHMYINECTBEHHOMY CTATHUECKOMY JAABJICHHIO HAa JAHHOM BBIXOJE
3xkekTopa Bentypu.

IIpenmouturensHO MO MEHBLIEHM Mepe HEKOTOpble WM BCE 3KEKTOpbl BeHTypu
pasMellleHbl 0 CYIIeCTBY TOPU3OHTANbHO, HAlpUMep A MO CyLIeCTBY T'OPU30HTaJIbHOTO
MOTOKA 4Yepe3 rOpJOBHHY, HapUMep, oA yriom MeHee 20° unu MeHee 10° k ropuzoHTanu. 1o
o0ecreynBaeT KOMIAKTHOCTh KOHCTPYKLHMH. Takke BO3MOXHO, HANpHUMEp, YTO 1O MEHbIIEH
Mepe HEKOTOpblE MM BCE 3°KEKTOpbl BEeHTypu OpHeHTHpOBaHbI BepTHKAJIbHO. B 3TOM ciydae
3KeKTOpbl BeHTypu pasmeleHbl A NPOTEKaHUs IOTOKa Yepe3 TOpJIOBUHY BHHU3. OJTO
obecrieunBaeT HEOOBINOE MAICHUE JABICHUS.

Crioco0 HeoOs3aTeNbHO BKIIIOYAET OXJIAXKIEHUE TallleHUEeM ITOTOKA ra3a BbIIIE MO ITOTOKY
OT MEePBOro 3’keKTopa Bentypu, Hanmpumep, MyTeM NOHMWKEHUs TEMIIEPAaTyphbl IO MEHbLIEH Mepe
Ha 10 °C mmmn no menbinei Mepe Ha 20 °C, nmubo no remneparypsl raza mesee 60 °C mm 50 °C,
a0 MeHee, HampuMep MyTeM PaclbUICHHs] BOIHOTO PACTBOPA U MCIIAPEHHsI MO MEHbLICH Mepe
HEKOTOPOrO KOJMYECTBAa BOABL PacmbpuUisieMblii pacTBOpP Uil  OXJIQXAEHUS TalleHHeM
HEeo0s3aTeIbHO COAEPIKUT Mo MeHbInel Mepe 10 macce.% wmu o mMeHblel mepe 20 macc.%, um
no MenbLIel Mepe 30 Macc.% pacTBOPEHHOTrO BelecTBa, HanpuMmep kapdamuaa. HeoGsi3aTenpHO
pacnbUIsieMblil pacTBOpP [UIsl OXJIAKIEHUS TallleHHeM M0 MeHbIIed Mepe YaCTUYHO MOJy4aroT U3
PELUPKYJUPYIOLIEH OYHMINAOIIEH >KUAKOCTH CTyneHH BeHTypu, TakoH Kak OuYMINArOLIas
KUIKOCTb TIepBOH cryneHn Bentypu. HeoOs3aTenbHO pacnbuisieMblil pacTBOP sl OXJIAKACHUS
raiieHueM IO CYLIECTBY COCTOMT W3 BOABL PacTBOp AN OXJaKIAEHWs TalleHHeM, Hampumep,
pacIbUISIFOT B BHAE MEJIKOJUCIEPCHOrO TyMaHa W/HWJIM B BHIAE IONEPEYHOrO IOTOKA HIIN
napajuleJIbHOrO COHANpPaBJIEHHOTO MOTOKA.

I'a3 HeoOs3aTeNbHO NPOMYCKAIOT dYepe3 YCTPOMCTBO YHANEHHUS Karelb, TaKoe Kak
TYMaHOYJIOBUTEIb, MEXY MEPBOH U BTOPOH CTYNEeHbI0 BEeHTypH W/mium nocie BTOPOH CTyNeHU

Bentypu. Heobsi3aTenpHO cnoco0 BKIJIIOYAET AONOJIHUTENbHbBIE CTYIEHH YJABIMBAHUS YaCTHIL
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W/VITN OYHCTKH Ta3a HIDKE T10 TIOTOKY.

B HEKOTOpBIX BapHaHTax OCYINECTBJIEHUS CHNOCOO OCYIIECTBISIFOT B BEPXHEH YacTu
OalrHU MpUIUTMPOBaHMs, OoJiee MPEANOYTUTENPHO HAa BEpXHEH yacTu OalTHH MPUIUTUPOBAHHS
kapOamuna. IlpenmoutuTensHO Ha BepxXHel dYacTH WJIM B BepxHeH wacTu OaliHu
NPUWUIMPOBAHUS, B YAaCTHOCTH OAalllHM NMPHUJUTUPOBAHUS KapOaMuaa, pacrojioXKeH MO MEHbIIeH
Mepe OJIUH TaKOH 3keKTop BeHTypu.

Heo0si3aTennbHO €rmoco0 BKJHOYAET OOHY WM Oojiee CTaauii OTMBIBKH, BKIJIFOUYAOIIUX
OTMBIBKY TIOTOKa Ta3a O4YMINAKOLIeH  KUAKOCTBIO, HAampuMep, IMyTeM pPacIbUICHUS.
HeoOs3aTenbHO croco0 BKIIIOYAET MPOIYCKaHNUE MOTOKA ra3a 4epe3 TPEThI0 CTyNeHb BeHTypw,
HampuMmep TpeTuil kekrop Bentypu unm (sHeproszarpartHblil) ckpyObep Bentypu. Tperbs
CTyneHb BEeHTypu MOXeT, Harnpumep, ObITh Pacloyo’KeHa MEXIy MEePBOH M BTOPOU CTYMEHSIMHU
3KEKTOPOB BEeHTypu WM HMke MO MOTOKY OT BTOPOW CTyNeHH 3xekTopa Bentypu. Tperss
HeoOs13aTenbHast CTYNeHb BeHTypu MOKeT, Hampumep, padoTaTh C OYMINAMOLIEH JKUAKOCTHIO,
cojiepsKallleil KUCIOTHBIN peareHT. B HEKOTOpBIX BapuaHTax OCYLIECTBJIEHUs TSIy MO CYLIECTBY
o0ecreynBaoT ¢ MOMOILIBIO 33keKTOpoB BeHTypu. B 3TOM cnoco0e m3 moToka rasa yaajsiioT
cyOMHKpOHHBIE YacTULIBL. B o0mmeM Takxke ymaisroT dacTunbl pasmepom Oomee 1 mxm. Taxoke
BO3MOJKHO YAaJIEHHE PACTBOPUMBIX Ia30B, TAKUX KaK aMMHAK.

Hacrosimee n3o0pereHne OTHOCHUTCS K COcoOy OYMCTKHM MOTOKA ras3a, BKIIOYANOLIEMY
NOCJIE€ZIOBATENBHO!

A. obecrieueHue MOTOKA rasa, MpeANOYTUTENBHO CONEPIKAIero OTXOASAINNN ra3 UM I10
CYIIECTBY COCTOSIIIErO W3 OTXOMINEro rasa M3 AOBOJOYHOM CeKkuuu kapOamupa, Oosee
NPEANOYTUTENIBHO W3 OalllHM NPWUIMPOBAHUS KapOamupaa, IPeArnouYTUTENIbHO U3 OamrHu
NPULUTHPOBAHUS KapOaMHIa C €CTECTBEHHOU TSITOH,

B. pacnbiieHne BOOHOrO pacTBopa B MOTOK rasa, MPEANOYTUTENBHO COAEpIKAIlero OT
20 macc.% no 55 macc.% kapbamuna, HEOOsI3aTEIbHO AUl OXJIAKICHHS €r0 10 MEHbLICH Mepe
Ha 10°C umm no menbineit mepe Ha 20°C, unu 1o temmnepartypsl MeHee S0°C, mpeanouTUTeTIbHO
B MIOTIEPEUHOM TOTOKE WU MapajuieIbHOM COHAINpPaBIEHHOM IIOTOKE,

C. mpomyckaHme TOTOKAa ra3a uepe3 MepBbI 3KEKTOpHbIA CkpyOOep Bentypu ¢
rOpJIOBUHOMN, B KOTOPOM BOJHYIO OUMIIAIOLIYIO JKUAKOCTb, NMPEANOUYTUTENBHO COAEPKAIIYIO OT
20 macc.% 1o 55 mace.% kapOamuza, pacbUITIOT B IIOTOK ra3a B HANPABJICHUH TOPJIOBUHBI,

D. pacnbuieHne BOAHOrO pacTBOpa B MOTOK Trasa, NMPEANOYTUTEIbHO B MapajliebHOM
COHAIIPABJICHHOM IIOTOKE WJIM B [ONEPEYHOM IIOTOKE, MNPEANOYTUTEBHO C PacTBOPOM,
cogepxkamM oT 0 mMacc.% 1o 5 macc.% kxapbamuna U HEOOSI3aTENbHO COMEPIKAIUM KUCIIOTY,
HanpuMep pachblieHHe BOADI,

E. HeoOs13aTeIbHO MNPOMyCKaHUE IMOTOKA ra3da 4€pe3 TYMaHOOTACIIUTEIIb,
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F. mponyckaHue moToka rasa depe3 BTOPOW 3KEKTOpHBIA CkpyOOep Bentypu c
TOPJIOBUHOMN, B KOTOPOM BOAHYIO OUHIIAIOIIYIO KUAKOCTb, IPEANOUTUTENBHO COAepkKallyo oT 0
macc.% 1o 5 macc.% kapbaMuza, pacblISIOT B ITOTOK T'a3a B HANPABJIEHUH FOPJIOBHUHBI,

G. HeoOs3aTeNbHO pacHblIEHHE BOJHOI'O pacTBOpa B IMOTOK ra3a, HEOOS3aTENbHO
comepkamiero ot 0 macc.% mo 5 macc.% kapbamuaa W/WiIU CONEPIKAIEro KUCIOTHBIA HIIN
OCHOBHBIH peareHT, HeoOs3aTeNbHO B MapajuIeIbHOM COHANpPABICHHOM IOTOKE, MOMEPEYHOM
MOTOKE WJIN NapajuieIbHOM MPOTHUBOIIOIOKHO HAMPABJIEHHOM NOTOKE, U

H. HeoOs13aTenpbHO MpOMNyCKaHKUe MOTOKA Ta3a Yepe3 YCTPOHCTBO yAaNIeHus YaCTHLI, TAKOe
KaK TyMaHOOT/IEJIUTENb.

OOBIMHO 3TOT MPEANOYTUTENBHBIN CTOCOO B COOTBETCTBHU C HACTOSIIIUM H300peTeHHEM
BKJIIOYAET MPOIyCKaHUE MOTOKA ras3a 4yepe3 10 MEeHbIIeH Mepe OAMH TyMaHOOTIEIUTENb OoCe
10 MeHblIeH Mepe ofHOoH cTyneHn Bentypu. IlpeanodyruTenbHo 3TOT crnocod OCYIIECTBISIIOT B
cHUCTeMe Ha BEpXHeH dYacTh OallHM NPUUIMPOBaHUS (Hanmpumep, OalTHH NPHUIMPOBAHUS C
€CTEeCTBEHHOH TSTOH), MpU4YeM CHCTeMa COAep:kuT cryneHn Benrypu. IlpennmoururenbHo Ha
cranuu D pacnbuienus, craguu F Bo BTOpOit ctynenu Benrypu wumm cramun G pacTBop W/
JKUIKOCTh COOEp:KUT MeHee 2 macc.% kapOamupa, Hampumep ot 0 mo meHee 2 wmacc.%
kapOammuna, Hanpumep 0-1,50 macc.% kapbamuna, u HeoOs3aTenbHO comepkut Boay. I[lomaua
Ha ctamusx D u G, a Takke HeoOs3aTepbHO Ha cTaauu F, KMIKOCTH C OTHOCHUTEJIBHO HU3KOM
KOHLIEHTpalel kapbamMuzna MOXeT CHOCOOCTBOBATH KOHAEHCALIMM BOABI HAa CYOMHKPOHHBIX
jJacTUIax kapOaMuza, BbI3bIBAs POCT YACTHIl U JIy4lllee yIajJeHUe B YCTPONCTBE YJIaBIUBAHUS
yactul, Hanpumep, Ha cranusx F u H. TlpeamouturensHo Ha 3Tux cramusx D, F w/umn G
MCMApsIOT MO MeHbinel Mepe 5 r Bombl/mM® (H. y.). HeobGsi3aTenbHO mNpemyCMOTPEHBI U
JOTIONIHUTEJIbHBIE CTAIUH, HAIPUMEpP CTaIusl TyMaHOOTEJIEHHs! BBILIE M0 IMOTOKY OT cTaguu B,
Hanpumep mexay craausimu C u D. Bo3MokHO mocienoBaTenbHOE BBINOJHEHHE OAHOW WM
Oosiee OO BCEX YKa3aHHBIX CTaIHM.

Ha cragusx E u H TymaHoOTHENnUTENb HE3aBUCUMO MPEACTaBIIsIeT COOOH, Hampumep,
TYMAHOOTAEIUTEND C BsI3aHOW MPOBOJOYHON CETKOW, TYMAaHOOTHAENIUTENIb C CETKON U3 MPSIMOHN
NPOBOJIOKA W/MJIM TYMAaHOOTAEIHUTENb C JIONATKaMH, HalpuMep ropUpPOBAHHYIO IUIACTHHY, B
YaCTHOCTH TYMAaHOOTIENUTENb C V-00pa3HbIMH JiomaTkamMu. TyMaHOOTAENUTENb C Bs3aHOH
IPOBOJIOYHON CETKOH OCOOEHHO MOAXOAMT Ui Kamenb ¢ pasMepoM 3—20 MKM U OOBIYHO
paboTaer mo npuHIHITY 3anepkuBaHust. DPPEeKTHBHOCTD cenaparyy, Hanpumep, nagaet ot 90%
npu 3 MkM 10 MeHee 20% st kamenb MeHbme 1 MkM. OOBIMHO TYMaHOOTHENUTENH C
JonmatkaMu MOryT ynanatb 99% wactun pasmepom 10 MM m Gonee, ocobeHHo mpu Oonee
HU3KUX AaBleHUsAX. TyMaHOOTAENUTENHN ¢ JIOTATKaMH OCHOBAaHbl HA NHEPLIMOHHOM COYIapeHUU.

Tymanooraenurenu ¢ gonarkamu Oonee 3pdexTuBHbI nMpu OoJiee BHICOKUX CKOPOCTAX M Oojee
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KPYIIHBIX pa3Mepax Kamejb, YeM TYMaHOOTAEJIUTENN C NPOBOJIOYHON ceTkoil. Hanpumep, nmpu
Oosee BBICOKMX CKOPOCTSIX rasa Ul CETOYHBIX TYMAHOOTAENUTENell MMEeeT MECTO BTOPUYHBIHI
yHOC.

[IpennoururensHo Ha craanu E w/unmu H ucnonb3yoT TYMaHOOTAENUTENb JIOMTATOUHOTO
tuna. Hanpumep, npu pacnonoXeHHOM BbILIE IO MOTOKY 3KeKTope BeHTypu u pacnbuieHUH
(MpenmnouTHTEPHO COHAMPABIEHHOE pacIblIeHUe, 0COOeHHO 1JIst ctaauu E win obenx cranuii E
u H) Bbille Mo MOTOKY OT TYMAHOOTAENUTENSI MPEAOUTHTEBHO JIOMATOYHOIO THIIA HA CTaUH
E, cranun H wunu kaxno w3 craguii E m H, yactuubl pactyT A0 OuameTrpa Karelb,
obecreunBaromero xopouree yaaneHune Ha cranusix E m H, nHanpumep Oonee 10 mxm, B
yacTHOCTH Ha craguu H. M3o0pereHune Takke OTHOCHUTCA K Crmoco0y OYHCTKH TOTOKA Tasa,
BKJIIOHAKOIEMy 3TU cTaaud oT A 1o H, nmpeanoyTuTenbHO C UCMONB30BAHHEM OIHUCAHHOTO
3keKkTopa BeHTypu, B KOTOPOM OYHMINAKOINAS JKUAKOCTb HMEET HaudajbHYI0 CKOpPOCTb IIO
MeHbLIeH Mepe 25 M/C U B KOTOPOM OTHOIIEHHE PacXoAa OYHIIArOIIeH JKUAKOCTH U pacxona
rasa cocrasnsger oT 0,0005 10 0,0015 (M*/4)/(m*/u). CTamus A HeoOA3aTENbHO BKIIOYAET CTAAUIO
NpWUTHPOBaHUsl KapOamupga B OallHe MNPWIUIMPOBAaHUS KapOamMuaa, Takod Kak OanrHs
NPWUIMPOBAHUS KapOamMuga ¢ TPUHYAMTENBHOH TATOH, € WMHAYLUPOBAHHOM TATOH WM
NPEAOYTUTENIBHO C €CTECTBEHHOM TSroH, OOBIMHO COAEPIKALIYIO IMOAa4dy BO3yXa B YKA3aHHYIO
OaIHIO MPIJLTUPOBAHUS U pacIbUIeHHe KapOaMUIHOTO pacTBOpa (Harmpumep, rjiasa kapoaMuaa)
U3 pacrpeeUTENbHOIO YCTPOHCTBA B BEpPXHEH 4acTH OallHU NMPUJUIMPOBAHUS KapbaMuaa Tak,
4yToOBbI OOecreunBaTh OTBEepXkKAeHHe kapOaMupaa, MOJydaThb TBEpAbIE Conepkalue Kapdamun
NPUIUIBI ¥ TOJTy4YaTh BBIXOASAIINHN MMOTOK B BEPXHEW YaCTH YKa3aHHOH OalTHU NMPUUTUPOBAHUS B
Ka4yeCcTBe YKa3aHHOIO MOTOKA ra3a Ha CTajuu A.

Omnucanue B 00IIeM TaK)Ke OTHOCUTCSI K CUCTEMEe OYMCTKH MOTOKA Tasa, Conepskaei mo
MEHbIIIeW Mepe OOuH kekTop BenTypu. Dskekrop BeHTypu MoxkeT comepkarh ckpyOOep
BeHTypH U pacnoyioKeHHYIO BBIIIE MO TIOTOKY OT Hero (JOPCYHKY, HAMPABICHHYIO B TOPJIOBUHY
ckpybOepa BeHTypH, JOMONHUTENBHO COAEPIKAIIEro HACOC, COOOIAIIIUICS MO TeKy4el cpene
C YKa3aHHOW (OpPCYHKOW, ANl TOJAYM IIOJ MAaBJIEHHEM [0 MEHbBLIEH Mepe JKHUAKOCTH,
NOJaBaeMOH K yKa3aHHOH (opcyHke. Hampumep, MOTyT HCIIONB30BAaThCS 35KEKTOPBI BeHTypH C
KPYIJIBIMU FOPJIOBUHAMH, & TAK)KE C MPSMOYTOJbHBIMU FOPJIOBUHAMU.

CucremMa npeANOYTUTENBHO COAEPXKUT JBE IOCIEN0BATENbHbIX CTaJAUM 3XKEKTOpa
Bentypu, nmpennouTUTENbHO Kak ONMUCAHO B HACTOsALIEM JOKyMeHTe. Kaxxas cTyneHb 3:KeKTopa
Bentypu o0bIMHO COOEp KUT 3KeKTOp BeHTypH, comepskaiuii CysKarIyCs YacTh, TOPJIOBHHY,
pacHIMpsIFOINYIOCST  9acTh M (OPCYHKY JJII pAaCHbUIEHHs] B YKAa3aHHYIO TOPJIOBHHY.
IIpennouturenpHO yKa3aHHbIE CTyIIeHU BeHTypu pacnoioskeHbl OCIEN0BATENbHO APYT K APYTY

MO0 OTHOILICHHIKO K MIOTOKY rasa, nmpuicm HE00s3aTEILHO MEXKAY HUMH OCYHIECTBIISAIOT OAHY HJIN
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Oojee TMPOMEXKYTOUHBIX CTaAWH, HANpUMEp CTAAWI0O PACHbUICHUS W/  CTAIUI0
TYMaHOOTHeNeHus. lIpeanmodTuTenbHO cHCTeMa pacroiiokeHa Ha BepXHeW uacTh OaliHu
NPUWUIHPOBaHUs KapOamuaa, ocoOeHHO OallHM MPUJUIMPOBAHHUS kapOaMuaa ¢ €CTeCTBEHHOM
TATOU.

B onHON M3 BO3MOXHBIX KOHQUIypanuil ra3 JBHXXETCS BEPTHKAJIBHO BHM3 4epes3
3KEKTOpbl BEHTYpH CEKIMil OUMCTKU MOTOKA ras3a, 4TO MPEANOYTUTENbHO, €CIH OTCYTCTBYIOT
OrpaHMYEHUs] MO pasMepy oOopynoBaHus. IIpeAnoYTUTENHHO CEKLUsI OYMCTKU IOTOKA rasa,
cozeprkaiiasi 1Ba MOCJIENOBATENbHBIX 33KekTopa BeHTypu, nMeeT KOH(QUIypauuro, B KOTOPOI
yKa3aHHbIE 3KEKTOpbl BEHTypu pa3MmemeHbl TOPU3OHTAIBHO sl OOECHEeueHHs JKeNIaeMOro
MaJyioro pasmepa obopynosanus. Takum o0pa3om, IPEANOUTUTENbHAS CUCTEMa OUHUCTKH MOTOKA
rasa, NPEANOYTUTENIbHO Ui crnocoda B COOTBETCTBUH C HM300PETEHHEM, COAEPIKUT JIBE
MOCJIEIOBATENbHBIX CTYNIEHU BEeHTYpH, MpUYeM Kaxkaas U3 yKa3aHHBIX IBYX CTyleHel Bentypu
COZIEP’KUT TOPU30OHTAIBHO PACIONIOKEHHBIN 3kekTop BeHTypu, copepskamuil Cy>KaroLyroCs
9acTh, TOPJIOBUHY, DPACLIMPSIOLIVIOCS YacTh W (DOPCYHKY MJsl PACHBUICHHS B YKa3aHHYIO
rOpJIOBUHY, IpPUYE€M YKa3aHHblE CTyleHH DBeHTypu pachnosiokeHbl OJHA Haa ApPYrom.
Pacnbuienne BiJFO4aeT B ceOsl, HAPUMEP, HATHETAHUE CTPYH JKUAKOCTH, KOTOpasi pa30uBaeTcs
Ha Opel3ru Tak, 4YToObl B YKa3aHHOW TropiioBMHE Obuta obecriedueHa CTpPyst OpBI3T.
IIpennoyTuTeNnbHO rOPU3OHTAIBHO PACIOJIOKEHHBIE 3KEKTOPbl BEHTYypH MPOXOaAT N0 MEHBLIEH
Mepe 4acTUYHO (HampuMep, BEPTHKAJIbHO) BHYTPU OYMIIAIOIIEH KOJOHHBI. IIpenmodrurenbHo
3KEKTOpbl BEHTypu NpOXOAsaT MO MeHbIIEH Mepe YaCTUYHO WM MOJHOCTBIO MOJA WM HaJ
OJHMM U3 TYMAHOOTAENHWTEeNeH WWIM Hag 1O MeHbllell Mepe OaHMM u3 OaccelHOB
(pesepByapoB) It cOopa >KMAKOCTEH TakoW ouminaroineil kononHel IlpeamoururensHo obe
cTyneHu BeHTypu coeauHeHbl ouMinaromei kKojgoHHOH. [IpennouturenbHO cucremMa COIEpKUT
JAB€ CMC)KHBIC OUHIIAOIIHNE KOJIOHHBI, O6’beI[I/IHeHHI:>Ie B OAHOM KOpIycCe, HalIlpuMEp, ¢ IOMOILIBIO
BEPTUKAIBHON CTEHKH, pasfelsiioliell Kopryc (Hampumep, COCyA) Ha MO MEHbLICH Mepe IBe
OUHINAaINe KOJIOHHBI, MNpHU4IEM  YKAa3aHHBIC OUHINAarINHue KOJIOHHBI BBITIOJIHEHBI C
BO3MOYKHOCTBIO 00€CIIeUeH s BOCX OZISALIETO IMOTOKA ra3a Yepe3 TAKyK OYHIIAIOINYI0 KOJOHHY.

IIpennoururenbHasl CUCTeMa OYMCTKU IMOTOKA ra3a COAEPXKUT JIB€ MOCIEeN0BATENbHbIX
CTyneHu BeHTypu C pacmoyiOKEHHOW MEXKAYy HHUMH CEKLMEH paclbUICHUs, MPUYEM CEKLUs
pacmpiieHHss Oojiee TPEANOYTUTENbHO MpeNHa3HaueHa MUl PACIbUICHHS MEJIKOIUCIIEPCHOTO
TyMaHa Tak, yTOOBI 00€ECIIEUNBATh HUCMAapCHUE paCHbIHeHHOﬁ FAUAKOCTU HUHIKE IO IMOTOKY OT
cTyneHu BeHTypu u BbIIIE 1O MOTOKY OT cTyneHu BenTypu. Cructema HeoOsS3aTENIbHO CONEPIKUT
KOMIIPECCOp, COOOMIAINMICA MO TeKy4dell cpene C ABYXIMOTOYHOW (DOPCYHKOM, JUIs
o0ecriedeHns1 C:kaToro Bo3ayxa. lIpeamodruTenbHO cUCTEMa OYMCTKH MOTOKA Ia3a COMAEPIKHUT

TYMaHOOTAEIUTENb MEXAYy JABYMsl CTyHeHAMU DBeHTypu M MNPEAnoOYTUTENBHO BTOPOU
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TYMaHOOT/EJIUTENb, PACIONOXKEHHbIH HUXKE MO TOTOKY OT BTOpPOH cTymeHu BeHTypu. Otu
3JIEMEHTBl HEOOs3aTENIbHO COYETAOT C YIOMSHYTOM CHCTEMOH, HMENIell TOpHU30HTAJIBHO
pacnosoXeHHbIE 35KEKTOpbl BeHTypu.

IIpennouyturenbHO Kakaash CTyleHb BEHTypu COOEPKUT KOHTYP PpPELMPKYJIALUU
OUMIIAIOLIEN >KUAKOCTH, B YaCTHOCTH COAEp KAallMi Hacoc AJd MOAAaYU MOA JAaBIEHHEM
OYMIIAKOIIEH JXUAKOCTH K YKa3aHHOW (OpPCyHKe M ee peuupkyssauud. IIpeamoururensHO
cTyneHu BeHTypu HUMEIOT OTAeNnbHble KOHTYPbl peuupkyasuuud. OTnenpHble KOHTYPBI
PELUpPKYJSIIMKA  OOECTIEYMBAIOT PAa3HbIe XMMHUYECKHE KOMITO3ULMHM OYMINAIOLINX JKHIKOCTEH
Kaxoi ctyneHu. KOHTyp penupKyJSaIUN MOKET COAEPKATh JIMHUIO COOOIIEHUs MO TeKy4ei
cpene OT KOJUIEKTOPHOTO pe3epByapa WM OTCTOHHHKA, B KOTOPOM COOHPAIOT OYMIIAIOIIYIO
JKUJIKOCTD, IO OJTHOU MJTH OoJiee pactbUISIOIUX (HOPCYHOK.

B nononHuTeNnbHOM MPENNOUTHUTENBHOM BapHAaHTE OCYIIECTBIEHMs, KOTOPBIH MOXKET
ObITh OOBEAMHEH C JPYIMMH OCYIIECTBJIEHHSIMH, CHCTEMa OYHCTKH IOTOKA Ia3a CONEPKUT
TOPU30HTAJIBHO PACIIONIOKEHHBIN 33KEKTOPHBIN CKpyOOep Bentypu, comeprkamuii CyKarmyocs
TpyOy WM 4YacTh KaHala C OTKPBITBIM KOHLIOM, TOPJIOBHHY, PACIIHPSIOIIYIOCS YacThb C
OTKPBITBIM KOHIIOM H PAaCIbUINTENBHYI (OPCYHKY, PACHOJOKEHHYI0 BHYTPU YKa3aHHOH
Cy’Karolleicst 4aCTH AJiA paclbUICHUs B YKa3aHHYIO FOPJIOBHHY, U IPU 3TOM OTKPBITBII KOHeLl
YKa3aHHOMH Cy>»Karollelcsl YaCTH SABJIAETCS] BXOAOM ras3a AJisl IOTOKA rasa, MOAJIEeKAIlero O4UCTKe.

IIpennouTuTenbHO CUCTEMA COAEPIKUT PACIBUIMTENb MEXKIY NMEPBOM U PACIIOIOKEHHON
HIDKE 10 MOTOKY BTOpOH CTyneHbt0 BeHTypu A pacnbuieHuss BOZHOTO pacTBOpa, UMEIOILEro
Oonee BBICOKYIO KOHIIEHTpALUMIO BOAbI (T.e. Oojiee HU3KYK KOHLEHTPALMIO PACTBOPEHHOTO
BELIECTBA M BEINECTBA B BHUJE TBEPIBIX YACTHII), YEM OYHIIAIOLIAS KUIKOCTh IEPBOH CTYIIEHH
Bentypu.

Cucrema OUMCTKH MOTOKA ra3a HeoOs3aTeNbHO CBSI3aHa MO TEKy4el cpene ¢ JOBOJOYHOU
cekIuel kapbaMuaa, B YaCTHOCTH JJIsl OTXOMSIILErO Ta3a CeKIHMM TPaHyJIHpPOBaHUs KapOamuaa
Oamran  mpruMpoBaHust kapOammpa. CucremMa OYHCTKH IOTOKAa Ta3a HEOOS3aTeNbHO
pacrono’keHa B BepxXHEH yacTu OallHM NPWIIMPOBAaHUS KapOamuia, HampuMep Ha BepXHEH
4acTH OalrHu.

Omnmcanue TakKe OTHOCHTCS K OalllHe MPUJUTMPOBAHUS KapOamMuia, MPenrnoYTHTEIBHO K
OamHe MPHLUTHPOBAHUS KapbaMuIa ¢ €CTECTBEHHOU TSTOM, MMEIOIIeH CUCTEMY OYHCTKH MOTOKA
rasa, COIEpKallyl 3KekTop BeHTypm B BepxHell wacTu OallHU TPUUTUPOBaHWs, Oonee
NPEATNOYTUTENFHO CONEPIKAINYI0 JBa IOCIEAOBATENbHBIX KekTopa BeHTypm m eme Oonee
MPEANOYTUTENBHO ONMCAHHYI) CHCTEMYy OYMCTKH MOToka rasa. IlpeamoururenpHo cucrema
OUYNCTKHU MOTOKA ra3a COAEP>KUT CEKLIMIO, BBIMOJIHEHHYIO C BO3MOKHOCTbIO OTMBIBKU OT MBLIH, U

PACTIOJIOKEHHYIO HIDKE IO IMOTOKY OT CEKLHIO JJII KUCIOTHOW OTMBIBKH, IIpU4YeM 00€ CEeKIHH
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PAacIoNoKeHbl B BEpPXHEW 4acTu OallHM NMpHUTMpOoBaHUs kapObamuaa. CucTtemMa OYHMCTKHU rasa B
BepXHEW 4YacTH OallHU NMPUJUTMPOBAHMS NPEACTABISIET COOOH, HAmpUMeEp, CUCTEMbl OUHUCTKHU
rasa, MMEILINEe BXOJ Ha YPOBHE, KOTOPbIM MEHEE 4eM Ha 5 M BbIIIE UM MEHEEe 4eM Ha 5 M
HIDKE, YeM BBIXOJ] JIsl OTXOMALIEro ra3a OalHu NPUITMPOBAHUS.

CucremMa OUYMCTKM TOTOKa Tra3a HeOOsA3aTeNbHO HE CONEPXKUT BEHTWIATOP HJIH
BO3yXONYyBKY. IIpennouTuTenbHO CUCTEMa HE CONEP>KUT BEHTHJISATOP WM BO3AYXOAYBKY IJIs
CO3/1aHUs NIAICHNs JaBJICHUS [TIOTOKA rasa.

[IpeumymecTBa criocoba U CHCTEMbI JAHHOTO M300pETEHHsI BKIIOYAIOT HU3KUH meperna
JaBJIeHHs:, Xopouryr 3(G(EKTUBHOCTb Ui yAaJeHUs CYOMUKPOHHBIX YaCTHII M KOMITAKTHYIO
KOHCTpYKIMIO. [Tomada mox naBieHUEM JKUIKOCTH, TAKOH KaK PELUPKYIHPYIOLIast OYHINAOINAsT
KHIKOCTb, MOXET ObITh 3(PQPEKTUBHO OCYINECTBJIIEHA C HCIHOJb30BAHUEM KOMIIAKTHOTO
o0opynoBaHUsl, HampuMep Hacoca. PacmbUIeHHE >KHIKOCTH CXKAaThIM BO3OYXOM MOTYT TaKXKe
5} (}EeKTUBHO OCYIIECTBISATh C HCIOJIB30BAHUEM KOMIIAKTHOTO OOOPYAOBaHUsS, HampUMep
Komrpeccopa. JlONMOJHHUTENbHOE NPEUMYIIECTBEHHOE MEHCTBHE IOCTUTAIOT C  IOMOLIBIO
NPEANOYTUTENBHOTO BKIIFOYEHUSI MHOJKECTBA CTYIEHEH, MCIONB3YIOIINX BOJIHBIE PACTBOPHI C
MOCTETICHHO TIOHIKAIOIIEHCST KOHLEeHTpanmed (Harmpumep, Oojiee HHM3KOW KOHIEHTpaLHUei
kapOamuna) s CONEHCTBHS POCTY TBEPABIX YACTHIl 32 CYET KOHAEHCAIMM Ha MOBEPXHOCTH
CYOMUKPOHHBIX YaCTHII.

Omnmncanue TaKke OTHOCUTCA K Crnoco0y MOMU(UKALMM CYIIECTBYIOLIUX YCTAHOBOK,
TaKUX KaK JOBOJOYHAs CeKIMsA kapOamuna w/uiau OallHs NPUJUTMPOBAHMSA, B YACTHOCTU OAlllHU
NpUWUIMPOBaHUS KapOamunia, MPeArnouTHTENbHO OalllHM MNPHJUIMPOBaHUsl kapOamuma ¢
€CTECTBEHHOH TArOH, BKIIOYAKOLUIeMy A00aBJIeHHE CUCTEMbl OYMCTKH IIOTOKa Tasa,
NPEANOYTUTENIbHO € JABYMSI  TOCJEOOBATEIbHBIMM  CTYNEHSMH  3KeKTopa BeHTypw,
NPEANOYTUTENIHO OMMUCAHHON CHCTEMbI OUYUCTKH MOTOKA rasza. M3o0pereHne Tak:ke OTHOCUTCS K
crocoby MoauduKaluyu CYHIECTBYIOIIEH TOBOJOYHOM cekimu Kapbamuma w/uiu OalrHu
NPWUIMPOBAHUS, B YAaCTHOCTH CYIIECTBYIOINEH OallHM NPWUTMPOBaHMUA KapOamuna,
NPEANOYTUTENIFHO OAIlHU MPHJUTMPOBAHUS KapOaMuia ¢ €CTECTBEHHOH TATOH, BKIFOUYAOLIEMY
nobaBieHNe CUCTEMbI OYHCTKHU MOTOKA Ta3a, Copeprkaliei y»kekrop BeHTypu, npennouTureasHo
Ha BepXHEW yacTu OalmrHM MPWLIHPOBaHusA. [IpeanodYTuTeNbHO CHCTEMa OYMCTKH MOTOKA rasa
COIEPKUT [IBE€ IIOCIENOBaTeNbHBIX CcTyneHn Benrypu. IlpemnmoururensHO — cucrema
NPEACTaBsieT COOOH ONMUCAHHYIO CHCTEMY W/WIM CHCTEMY Uil ONHCAHHBIX CHOCOOOB.
H3obperenne Takke OTHOCUTCS K CIOCO0Y MOIU(UKALINH CYIIECTBYIOIIHX JTOBOJOYHBIX CEKLIUH
kapOamua, UMEIUX 3KeKTop BeHTypH, BKIIOUAOIIEMy MOCIENOBaTENbHOE N00ABIEHHE K
yKa3aHHOMY 2:K€KTOpYy BenTypu eme ogHoro 3:xexropa Benrypu.

Teneps obparumcs k ¢urypam. B oOiiem 3TH WILTFOCTpPAMM NMPENCTABIEHBI C LIEJbIO
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OIUCAHUS TIPENNOUTUTEIHPHOIO BAPHAHTA OCYIIECTBJIEHUS] M300PETEHUs] U WIUTIOCTPUPOBAHHUS
NPEANOYTUTENBHBIX MPU3HAKOB CHCTEM U CIOCOOOB, U OHU HE MPEAINONAraloT OrpaHHYEHHs
JAHHOTO U300pEeTeHHSI.

Ha ®wur. 1 wusoOpakeH He MMEIOUIMIA OrpaHUYUTENBHOTO XapakTepa BapHaHT
ocymectsieHus: nsobperenust. Cocyn 1 comepxur Bce komrnoHeHTbl. Cocyn 1 cConepKuUT nepByro
BEPTUKAJIbHYIO KOJIOHHY A UM BTOPYIO BEPTHKAJIbHYIO KOJIOHHY B, coenMHEHHbIE IO CyLIECTBY C
TTOMOIIBIO TOPU3OHTAJIBHBIX 33KeKTOPOB 3 1 6 Bentypu. Ilepsas kononHa A umeer Bxon 18 rasa.
Jlns motoka rasa (Hampumep, oz aasierueM ot 90% no 110% naBneHust OKpyKaroIei cpebl)
obecrieyeHa 30Ha 2 BXoAa ¢ pacnbutuTesbHbIMU GopcyHkamu 10. PacnbuturenbHble GOPCYHKH
10 obecneunBarOT CTPYIO OpPBI3T MOMEPEYHO MOTOKY ra3a U B HAIMPABIEHUU BHHU3. PacibuiuTenn
10 MOryT pacmbuIATh PAcTBOP, MONyUEHHBIH U3 pesepByapa 4. Pacmpummrenshbie popcynku 10
MOTYT O0ecredynBaTh OXJIAXKIEHUE TralleHHeM IOTOKa rasa. PacmbumirenbHble ¢dopcyHKH 10
MOTyT oOecrieuynBaTh KOHAEHCALWIO BOABI HA CYOMHKPOHHBIX HacCTULAX W/MIM UX OTMBIBKY.
PacnblieHHYI0 KHAKOCTH C  YJIOBJIEHHBIMH M PAaCTBOPEHHBIMH YacTHULAMH COOHpPAKOT B
pesepByape 4 mox pacnbuIUTENbHBIME (opcyHKamu 10. JIOMONHUTEIBHO 00eCTeueH 3:KEKTop 3
Bentypn, nHanmpumep saykrop 3 Benrtypu. Dxextop 3 Bentypu comepxur ¢opcyHky 11.
@opcynka 11 pacmpuiser OYHINAIOIIYIO KUAKOCTh U3 CY)KAIOLIENCsl YacTU TPYOKH B TOPJIOBUHY
15 sxexropa Bentypu. OTBepcTue 17 BXOma rasa CyKarOIIECsl YacTH 3KEKTOpa 3 SIBJIAETCS
napajulebHbIM OTBEPCTUIO TOPJIOBUHBI 15, 3TH OTBEPCTHUSA ABJISAIOTCS BEPTUKAJIBHBIMU. J5KEKTOP
3 OpuEeHTHpPOBaH ropu3OHTANbHO. IlyHKTHpHAs nuHUA 16 yka3bBaeT Ha TO, 4TO BXOA 18 rasa
30HBI 2 BXOJ1a Ta3a, BXOJ] ra3a 3»KeKTopa 3 M BbIXOJ rasa 3:keKTopa 3 BeHTypu UMEIOT LEHTPHI,
pacnosokeHHbIe Ha O0IIel JTMHUY, YTO CIIOCOOCTBYET HU3KOMY MaieHHI0 naBieHus. PopcyHka
11 pacnosniokeHa BHYTpH Cy»Karorneiicst yactu TpyOku mocie Bxona 17 rasa sxekropa 3 Bentypu
U Ha HEKOTOPOM pAaCCTOSHUM OT Hero. B HIDKHEH 4YacTh 30HBI 2 BXOAa rasa oOecredyeH
pe3epByap 4 KOHLIEHTPUPOBAHHOIO BOAHOIO pacTBopa. PesepByap 4 sBisieTcs, Hamnpumep,
pe3epByapoM IUIsl PELUPKYJIHPYIOLIEro KapOaMUIHOTO PacTBOpa € OTHOCHUTEIBHO BBICOKOH
KOHLIEHTpanuen kapdamuaa. M3 3Toro peuupKyIupyoLIero moToka MOKET ObITh OTBEIEH MOTOK
npoayBku. Penmpkynsiuus obecrniedena 1o ¢popcynok 10. Takoii pesepsyap 4B Takke obecrieueH
BO BTOPOM KOJIOHHE B, Hanpumep, st peLupKyIAIuN KapOaMHIHOTO PACTBOPA, UCTIOIB3YEMOTO
B KadecTBe ouumaromei kugkoctu B (opcyHkax 11. M3 moroka, mojiydaeMoro M3 BbIXOAA
3KEKTOpa 3, yAAISAIOT KaIulM, HAPUMeEP, C UCIOJIB30BAHUEM TYMAaHOOTHENUTEN 5, HApUMeED
TYMaHOOTIEINUTENS JIOMATOYHOro Tumna. JKHIOKOCTh, COMEp KAy YJIOBJIEHHBIN KapOamwz,
cobupatoT B peseppyape 4B. XKunkocts B pesepByape 4B, HeoOs13aTeIbHO BMECTE B JKHIKOCTHIO
u3 peseppyapa 4A, Hanpumep eciu pesepByapbl 4B u 4A oObenuHEHBI, PELUPKYJIUPYET depes

KOHTYp 19 no popcyHok 11 3xxexropa 3 Bentypu (¢ nmogaueii noz naBjaeHUEM) U HEOOS3aTEIBHO
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1o pacnbutuTenbHbIX GopcyHok 10. IToTok mponyBku oTBeneH u3 pesepByapa 4B u ynmansior.
TymaHooTaenuTenb 5 MOXKET Takxke conaepkartb ceTky. Ilepen TymaHooTaenutenem S
o0ecriedeHbl pacnbuiuTeNbHble POpCcyHKH 14.

Ot ¢opcynku 14 HeoOs3aTenpbHO 00€CNEUMBAIOT COHAIPABIEHHOE pACIHbIIEHUE B
HAINpaBJICHUH MOTOKA ra3a M HeoOs3aTeIbHO B BUIE MEJKOAMCIEPCHOTO TyMaHa, Hampumep, ¢
pasmepom kanenb MeHee 300 MkM mtn MeHee 200 MkM. OHM OOBIYHO PACHBUISIOT pa30aBIeHHBIH
BOJIHBIN pacTBOp (HampuMep, ¢ HU3KOM KOHIIEHTpalueil kapdamua), HarpuMep, U3 pesepByapa
7. PacnbututenpHble GopCcyHKH 14 pacronokeHHBbIE BBILIE MO MOTOKY OT TYMAHOOTAEIHUTENS S,
HampUMep, PACIbUIIIOT BOIHBINA PacTBOP, comepskaiuil MeHee 5 macc.% kapbaMuaa, Takod Kak
no cymecrtsy Boaa. lIpoctpaHcTBO Mexnay oxkektopoM 3 BenTypu wiam  yka3aHHBIMU
pacnbUIHTENBHBIME (pOpcyHKaMu 14 1 BTOPBIM 33KEKTOPOM 6 BEHTYpH WM TYMaHOOTAETUTENIEM
5 mnpenmouTHUTENHPHO O0ECMEUMBAET HAMISKAIIYIO TNPOJOJDKUTENBHOCTD HAXOXACHUS  JUIS
obecrieueHns UCTAapeHMs, Hampumep, Mo MeHbiner Mepe 50 macc.% pacmbUICHHONW BOIBI H
NPEATIOYTUTENBHO AJIs1 KOHASHCALUN HAa CyOMHUKPOHHBIX YaCTHLIAX.

JlononmHUTENBHO oOecredeH BTOpoi saykTop 6 Bentypu ans pacnbuieHus pa30aBIeHHOM
ounmaromei sxunkoctu. Pazmemenue ¢dopcynku 12 — Takoe ke, Kak U A SAYKTOpa 3,
COOTBETCTBEHHO, NapajuIebHOE MOTOKY ra3a. Takske obecriedeH pesepByap 7 s pa30aBIeHHOM
BoAbl. PesepByap 7 moxker ObITh 0OecnieueH KOHTYPOM PELMPKYJISALUH, COAEPKAIUM HACOC IS
pacnbutnTebHOU (hopcyHKkH 12 saykTopa 6. Takke oOecriedeH TyMaHOOTIEIUTENb 8, HalpuMep
TYMaHOOT/IEJIUTENb JIONATOYHOTO THUIA, Ui YJAJEHUs Kamellb, HalpuMep OOpa3OBaBLIMXCS B
sayktope Bentypu. TymaHooTnenutenb 8 MOXKET conepkaTh CETKY, V-0Opa3Hble JIOMATKH WU
ux coderanue. TymaHooraenuresb 8 H300paxeH ¢ TOPU3OHTANBHBIM pa3MmereHneM. Bo3MokHO
Takxke JI00e pa3MeIeHrne TYMAaHOOTAEIUTES, BKIIFOUasl BEPTUKATBHOE.

JononHuteabHO obecriedueH ckpyOOep 13, pacmonoKeHHBIH BbIIE TO TOTOKY OT
yKa3aHHOT'O TYMAaHOOTAENUTENs 8, HalpuMep CETKH, AJSl paclblICHHs )KUIKOCTH B ITOTOK Tasa B
NPOTHUBOIOJIOKHOM JUJIsl Hero HarpasieHud. s gopcyrku 13 Takke BO3MOKHO pacrbUICHUE
NOTOKA B TIONEPEYHOM M COHANPABJIIEHHOM HANpPaBJIEHUSX. BpPBI3rH MOTryT Takxke ObITh
HAmnpaBJIeHbl K TYMaHOOTHEJIUTEN0 [Js1 OYUCTKM TymaHootaenutens 8. Pesepeyap 7
obecrieunBaeT cOOp Kamenpb U3 3AyKTOpa 6 M U3 yKazaHHOro ckpyodepa 13. [ToTok nponyBku u3
pe3epByapa 7 MOXeT ObIThb yJajieH, HampuMep, IMyTeM MMOJa4yd €ro B pe3epByap 4 ¢ yderom
UCTIAPEHNUS )KUIKOCTU U3 pe3epByapa 4, HanpuMep B CTPYIo 2 Ope3r. Jli1st OTMBIBKH B CKpyOOepe
13, pacrosiokeHHOM HIKE IO TOTOKY OT 3nykropa 6 BeHTypu, HeoOsi3aTeNbHO HCHOIB3YIOT
KUCJIOTHBIM WJIM OCHOBHBIM peareHT. B TakoM ciydyae HOTOK MNPOAYBKM U3 pe3epByapa 7
NPEANOYTUTENBHO HE MOAAIOT B pe3epByap 4, a yoasioT oTaenpHo. bonee npeanodyrutenpHoO

ckpyObep 13 ucnosp3yeT KUCIOTHBINA OUULIAOIINI PACTBOP, TAKOH Kak (pa3baBlieHHas1) a30THAS
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KHCJIOTA WJIH CEpHasl KHUCJIOTA, AJIs1 KUCJIOTHOM OTMBIBKM AJIs1 YAAJ€HUs aMMuaka. laxke
o0ecrieunBarOT KaHai 9 BbIXOJA IS BBITYCKA Ia3a B OKPYIKAIOIIYIO CPEAy.

Ilpu oskcmmyaTtanuu rasbl, COAEPXKALIME YAaCTULBL, MOCTYNAOT B 30HY 2 BXOHa, IAe
ropsiuue ras3bl CHa4yaja OXJIaXJarT MyTeM UCIAPEHHs] BOABI C BBICOKON KOHLIEHTPAaLMEN YacTHL
(HanpuMep, BOAHBIN pacTBOp KapOaMuaa) U3 pacmbUIUTENbHBIX (popcyHOK 10. 'a3bl mocTymaroT
B mepBbli 3AykTOp 3 BeHTypu, rae IBIKyLIas CUJIa SKUAKOCTU 32 CYET pPaCIbUICHUs
OUHIIANOIEN KUAKOCTH 4depe3 (opcyHky 11 3acraBiseT ras3bl JBUTATbCS BIIEPEN, MPH STOM
nepenan AaBieHust He TpeOyercsi. B mepBoM saykrope 3 BeHTypu rasbl OTMBIBAIOT OUHINAOLICH
KHUOKOCTBIO. TIOTOK rasa OOBIMHO HACBILIEH BONOW WJIM CTAHOBHUTCSl HACHIIIEHHBIM BOAOW B
3aBUCUMOCTH OT MapLUAJbHOIO JABJIEHUs BOASHOIO Mapa OYMINAKOLIEH XUAKOCTH. TBepable
YaCcTHIbl COOMPAIOTCST M PACTBOPSIOTCS B BOIE U JIONOJHUTENBHO KOHLEHTPUPYIOTCS B
pesepByape 4 Ul KOHLEHTPUPOBAHHOIO BOAHOrO pactBopa. IIoTok rasa, comep:kamuil Kariy,
BBIXOZIUT M3 MepBOro saykropa 3 BeHTypu M DpoOXOAUT uepe3 TyMaHOOTAENUTENb 3,
BKJIFOUAIOIINHA B ceOsl yCTPONUCTBO pacmbuieHus/oTMbIBKH 14. TIoTOK rasa manee mocTymaer BO
BTOpOH saykrop 6 Bentypu. JKumkocte wu3  pacnbuiMTenbHBIX  (OpPCYHOK 12 m
TYMaHOOTIEJINTENST 5 U U3 BbIXOAA 3kekTopa 3 Bentypu cobuparor B pe3epByape 4 B HIDKHEH
4acTU OUHMIIAroLIer KOJOoHHBI B. Bona B pesepByape 4 comep:KUT, HaIpUMep, O MEHbIIEN Mepe
40 macc.% pacTBOPEHHOrO BellecTBa W, Hampumep, nmo Menbineld mepe 80 macc.% oOrmero
KOJIMYECTBA YIAJIEHHOTO BEIIEeCTBA B BHUAE TBEPABIX 4YaCTUIl (COAEPIKALIEr0 BEIIECTBO,
ouHIeHHoe B cTpye 2 Opbi3r). Bo BTopom saykrope 6 Bentypu HeoOs3aTeNnbHO HUCTIapsieTcs 110
MEHbIIIEH Mepe HEKOTOPOe KOJMYECTBO BOJbI, MPUYEM HEOOS3aTEeIbHO TIa3bl HACHILAIOTCS
JOTOJIHUTEJIbHBIM  KOJIMYECTBOM BOABL B kaxaom saykrope BeHTypu ra3 M SKHIKOCTb
CMELINBAIOT, U OOBIYHO YaCTULIbI YBJIEKAIOTCS KAIUISIMH SKMIKOCTH, & KaIUTh JKUAKOCTH YAAJSIFOT
13 MOTOKA rasa nocie saykropa Bentypu. I'azbl npoxonsaT dyepe3 BTOPOH TYMAHOOTAEIUTEND 8,
CoZepIKALIMIA pacHblUIMTENb 13, U Janee BBIXOIAT U3 CKpyOOepa B MecTe pa3MelleHus KaHaina 9
BbIxona. JKUIKOCTh, TONyYaeMyI0 U3 TYMaHOOTHenuTeN s 8, cOOUparoT B pe3epByape 7, U OHA
MOXKET PELUpPKYJUpOBaTh K 3AykTopy 6 Bentypu. JKuakocTe B pesepByape 7 COAEPIKMT,
HarpuMmep, Meree 5 macc.% kapOamuna u, Hanpumep, MeHee 20 macc.% o0mero Koiau4ecTna
kapOamua, yIajJeHHOro U3 moroka rasa. [Ipm ucnonp3oBanuu st GpopcyHOK 13 KUCIOTHOM
OTMBIBKH JKUAKOCTb 7 COIEPKUT COJIM aMMOHHsI, B 3TOM Clly4ae NOTOK MPOAYBKH U3 pe3epByapa
7 He IOZAKOT B pe3epByap 4, a yAaIsA0T OTAEIBHO.

Onykropel (3, 6) BeHTypu MpenmnouTUTENBHO YCTAHABIMBAIOT B TOPU3OHTAIBHOM
MOJIOXKEHUH U TaKUM 00pa3oM 00ecredMBarOT KOMITAKTHYIO KOHCTPYKLHUIO NP MUHHUMH3ALUN
BBICOTBI, U IIPEATIOYTUTEIBHO APYT HaA APYTOM AJis CHIDKEHMSI 3aHUMAaeMOMH TUIOIIA N,

Marepuan KOHCTPYKLHH Kopryca ckpyOOepa u saykropoB BenTypu HeoOs3aTenbHO
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npeacTasisieT cobol nerkuit Matepual, Takoil kak FRP (ruracTuk, apMupOBaHHBINH BOJIOKHOM).

ITepenan maBneHust B ckpyOOepe cocraBisier oObryHO MeHee 250 Ila, HO MoxkeT OBITH
paBeH HyJIIO, B 3aBUCUMOCTH OT Iepernaja JaBjieHHs B KaHajlaX Ha BXOJ€ U BbIxoae. Bo MHorux
ciy4asx OyeT JOCTUTHYT BBIMTPHILI MO 3(ppekTHBHOMY naBieHuto, Harpumep, 1o 500 Ila nnmum
naxce Ooublie, MpUYeM JaBJIeHHe Ha BbIXOAe OyIeT BbIIIe, YeM JaBJIeHHE Ha BXOJE.

Ha ®ur. 2 u3o0pa’keH BapuUaHT OCYILECTBJIEHHUS, B KOTOPOM CHCTEMa CONEPIKUT
MHOKECTBO MapajuIeIbHBIX 3KEeKTOpOoB (3) BeHTypH 1 BTOpyIO CTyneHb BeHTypH ¢ MHOKECTBOM
napajuieJIbHbIX 3:keKTOpoB (6) Bentypu. B maHHOM ciiydae O4HMINAKOImas KOJOHHA U XKEKTOPBI
Bentypu obvenunensl B ogaoM koprmyce (1). Dkekrop (3) BeHTypu npoXoauT ropu3OHTAIBHO
nox TymaHootaenuteneM (5) u/unu pesepsyapom (7). Bropas crynens 3xektopoB (6) Bentypu
MPOXOAUT TOPU3OHTAJIBHO HAA TyMaHooTaenureaeM (5) u/unu pesepyapom (7). Mexay AByMst
5TUMHM  4YacTsIMH  o0ecriedeHa CTeHKa, o00€ CTOpPOHBI KOTOPOH  KOHTaKTHUPYHOT C
TEXHOJIOTUYECKUMHU TIOTOKAMH, Pa3leBIroIasl 3TH ABE TOJOBHUHBI U OOECIIEYHBAOIIAs MOTOK
rasa ¢ OJHOH CTOPOHBI Ha JAPYTYK CTOPOHY TOJBKO dYepe3 3kekTopbl (3, 6) Bentypu.
Pactmpsirommasicss wacte 21 3xkexTopoB (3, 6) BenTypu oOecrmeueHa Ha BepxHEH CTOpPOHE
KOJICHOM 22 nJisl OTAENICHHs ra3a/>KuAKOCTH, UMEIOLINM BbIXOA 23 B HIDKHEH YacTh MEKOy
PacILIMPSIOLIENCs YaCThIO 21 U BEPTUKAJIBHON Pa3AeIUTENIbHON CTEHKOM 24.

Ha ®wur. 3 u3zo0paxeHO THIMMYHOE paclpeneseHre 4acTULl MO pa3MepaM U CyMMapHas
Macca i bUTM KapOamMuza B OTXONAIIEM U3 OalllHU MPUIUTUPOBAHUS ras3e.

Ha ®ur. 4 nzo0paskeHO TUIMUYHOE pacrlpeAeseHre 4acTUll 10 pa3MepaM M CyMMapHas
macca 1Jis1 IbUTh kapOamuza B OTXOSIIEM U3 FPaHyJsiTopa KapbaMuna rase.

ITpumep 1

Tenepb OOMONHUTENBHO MNPOWLIIOCTPUPYEM HM300peTeHHE C TMOMOINBI TMPUMEPA,
KOTOpBII HE OrpaHHYWBAET JaHHOe n3o0peTeHue. B kauecTBe mpumepa MPeaNOYTHTEIBHOTO
BapUAHTAa OCYIIECTBJICHUs] TMpenjaraercss OallHid MPUUTHPOBAHHS C TIOTOKOM BO3IyXa,
coziep KalIiM KapOaMuz, IpUYeM IMOTOK BO3AyXa Hy»KIaeTcst B OuucTKe. TeMneparypa Bo3nyxa,
BBIXOJSIIIEro M3 OamHu mpuiutupoBaHus, coctapisier 80°C, MossipHas A0S BOISHOTO Tapa
coctaBnsier 2%, a KOHIEHTpaUusl MbUTH KapOamuna cocTaBisieT 25 MKM/T TOTOKa rasa.
Obecneuena pacnbuleHHast CTpys 3ayKTopa (35kekropa) Bentypu, koropas Oymer oxianaTh
BO3AyX IyTEM WCIApeHMs, IOKa MOTOK BO3/AyXa HE HACBITUTC] WU BOJAa HE IepecTaHeT
ucnapsaTecs. C MOMOINBIO TEPMOAMHAMUYECKUX pacueToB B COUETAHUU C AMarpaMMaMu
BOJSIHOTO Mapa OIpenessieM, YTO MpPHU HUCMOJIb30BAHUM YMCTON BOABI 3TO MPOU3OHIET MpH
KOHeuHOll Temmeparype rasa 33°C mpu MojpHON pgoje mnapo Boabl 2,5%. [lns maHHOTrO
TpeaIaraeMoro NpoeKTa KOJMYeCTBO HcHapsieMoil BOfbl Mo pacdyeraM coctasut 0,03 kr/m’ (H.

y.) moroka raza. Tem He MeHee, Ha NpakTUKe CTPys OpwI3r U3 3xaykTopa Bentypu Oynmer
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PEeLHPKYJIUPOBATh IO TEX MOp, MMOKA KOHIEHTpamus kapOamuaa He nocturnetr 45 mace.%. [pu
5TON KOHIIEHTpaLUH KapOamMuia AaBieHHe BOASHOIO Mapa MpONOPLUOHAIBbHO HIbKe. Mcrmonp3yst
3aKOH PayJisi, MOBTOPSIOT NPUBEAECHHBIE BbIIIE PACUETHI M ONPEIEINSAIOT, YTO HOBasl TEMIIEpaTypa
HachIlleHHs rasa cocrasiysieT 37°C npu MOJBHOI fosie mapoB Boabl 2,2%. XOTs TeMmmeparypa
HaceleHust Ha 4°C Bblle, MOJIbHASL JOJI BOABI B ra3000pa3sHOM COCTOSIHUHM OKa3bIBAETCS
MeHble Oonee yem Ha 10%. [Ing mpemyaraeMoro mpoekTa, COIJIACHO pacyeraM, MCHapUTCs
tonbko 0,02 kr Bombl Ha M° (H. y.) TOTOKa rasza. Hipke 1Mo XOmy MOTOKAa OTHOCHTENBHO
KOHLICHTPUPOBAHHOHN CTpyu OpbI3r 3ayKTOpa BEHTypH mpu KOHTakTe ra3oB ¢ pa30aBIeHHBIM
BOJHBIM PAaCTBOPOM (HAIMpHUMEp, BOJHBIM KapOaMHIHBIM PACTBOPOM, UMEIOIINM O0Jiee HU3KYHO
KOHIIEHTpaluo KapOaMumga, Hampumep, MO CYIIecTBY 0Oe3 kapOammuia) yCJIOBUS HACHILICHHS
OyIyT COOTBETCTBOBATH MEPBOMY CIyuard U obecredar ucmapeHue eme 0,01 xr/m® (H. y.).
Hcnonp3oBaHue BTOPOW CTpyH Opp3r ¢ pa3daBieHHBIM BOIHBIM PAacTBOPOM, KOTOpast
o0ecreynBaeT MPONOJDKUTEIPHOCTh HAXOXICHUS MPENNOYTUTENbHO MO MeHbineld mepe 0,2 ¢
Wi npeanodytutensHo 0,3 BBIIE 1O TMOTOKY OT 3AyKTOopa BeHTypu ¢ pasdaBieHHBIM
OYMINAIOIIUM PAacTBOPOM (BTOpasi CTyneHb BeHTypw), CocOOCTBYET POCTY CYOMHKPOHHBIX
94acTUL. DTO YJydYIIaeT yJIaBIUBaHUE YAacTHUL], HAarpuMep, B 3aykrope Bentypu. Crpyro Opeir
pa30aBIEHHOrO BOAHOTO pPacTBOpPA, HANPHMEP, WCIOJB3YIOT B KadecTBe CTPyU OpbpI3r B
TYMaHOOT/IEJIUTENE, PACIOJIOKEHHOM HIKE 10 XOAYy IMOTOKa OT INepBOi cTymeHu BeHTypu u
BBILIIE IO XOAY IOTOKAa OT BTOPOH cTymneHu BeHTypu, uro oOecneunmBaeT KOHAEHCAIMIO Ha
CcyOMHUKpPOHHBIX YacTHIax. CTpys OpbI3r IS OXJIAXKIAEHHs ralieHHueM Iepes MepBOH CTYNEeHbIO
BenTypu MokeT criocoOCTBOBATh HAYAJIbHOM KOHAECHCALINU HA CyOMUKPOHHBIX YaCTHLIAX.

Xotsi m3o0pereHne MOAPOOHO NPOMJUTIOCTPHPOBAHO M OMNKMCAHO HAa YepTexax M B
BBILICTIPUBEIEHHOM ONMCAHUK, TAaKWe WUIFOCTPALMH W ONUCAHHME CJEeNyeT CYHMTATh JIMIIb
WUTIOCTPATUBHBIMU WJIM TPHUBEJCHHBIMH B KAayeCTBE MpHMEpa U HE TNPEANONIAraroIuMH
OrpaHUYEHUs], H300pETeHNEe HE OTPAHUYCHO ONMCAHHBIMU BAPUAHTAMH OCYIIECTBJICHUS.

Jlpyrue BapualMd ONHMCAHHBIX BAPUAHTOB OCYINECTBJIEHHS MOTYT OBITb IOHATHI U
BOILJIOLICHBI CIIEIHATUCTAMH B JAHHOH OOJIACTH MPH OCYIIECTBJICHIH 3asiBIEHHOTO H300pETEHHS
Ha TPAKTUKE IIOCNIE M3YYEHHUs] 4epTekel, MaHHOTO ONUCAHWs W MpujaraeMoil (GopMyJibl
uzobpereHus. B ¢opmysie n300peTeHuss U OMUCAHUU CJIOBO «COMEPKAIUiy HE HCKIFYAeT
APYTUX 3JEMEHTOB WM CTaAWi, a MHCIOJb30BAHWE EAMHCTBEHHOIO YHCJIA HE HCKIFOYAET
MHOXECTBO. TEpPMHHBI, TakHe€ KakKk «OOBIMHOY», «B OOIEM», «B YaCTHOCTH», «MOXKET» H
«TIOIXOISIIIE» YKAa3bIBAIOT HAa HEOOs3aTebHbIE MPHU3HAKHU, KOTOPHIMH MOXHO NpeHeOpeyb B
HEKOTOPBIX BapHaHTAaX peaU3alfH, WU KOTOPbIe MOTYT COUYETaTbCsS C MPEANOYTUTENbHBIMU
npusHakamu. Cam 1o ceGe ToT (PaxT, 4TO OINpeneseHHbIE TPU3HAKH H300PETEHHs NePEUNCIIEHBI

BO B3aMMOMCKJIFOYAOLINX 3aBUCHMBIX MYyHKTax (popMyJbl U300peTeHUs, He YKa3bIBaeT Ha TO,
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YTO COUYCTAHUEC 3TUX MPHU3HAKOB HE MOXKET OBITh UCIIOJB30BAHO KaK MNPpENuMyLICCTBO. HpI/ISHaKI/I
CIoco0oB MOT'YT COYCTAThCA C MPU3HAKAMU CHUCTCMbI, a4 IMPU3HAKU BAPHUAHTOB OCYIICCTBJICHUA
MOT'YT COYE€TATbCA C NPU3HAKAMU, MIPOUJIJIIOCTPUPOBAHHBIMU Ha HYEPTEKAX. Hpe}_'[HO“ITI/ITeJ'IbeIe

CIIOCOOBI MOT'YT, HaIIpuMmep, OBITh OCYIHICCTBJICHBI B MPEATIOYTUTCIIBHBIX CUCTEMAX U allllapaTax.
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POPMVJIA N3OBPETEHUS

1. Crioco® 0YMCTKH MMOTOKA ra3a, BKIOYAOIINN MOCIEA0BATENBHO CIEAYIOLINE CTaIuH:

A) obecnieunBarOT IMOTOK rasa,

B) ocyuiecTBisIOT pacnbiieHne BOZHOTO pacTBOPa B MOTOK rasa,

C) npomyckaroT IOTOK rasa uepe3 MEepBbI 3KEKTOpHBIH CckpyOOep Bentypu ¢
TOPJIOBUHON, B KOTOPOM BOJHYK OYHINAIOMIVIO >KUAKOCTb PpAcHbUIIIOT B IOTOK ras3a B
HanpaBJI€eHUH FOPJIOBUHBI,

D) ocymiecTBIsIFOT pachblUIeHHE BOJIHOTO PacTBOPA B MOTOK Iasa, U

F) mnpomyckaroT MOTOK Tra3a depe3 BTOPOH 3KEKTOpHBIM CkpyOOep Bentypu ¢
TOpJIOBUHON, B KOTOPOM BOJHYHK OUHIIAIOIIYIO S>KUAKOCTb pPaclbULIIOT B IOTOK rasa B
HanpaBJI€HUH FOPJIOBUHBI.

2. Crocob mo 1. 1, BKIIFOYAIOIIUH MOCIEAOBATENBHO CIEAYIOIINE CTAUH ISl YAAJIEHHS
CyOMHKPOHHBIX YaCTHI] U3 TIOTOKA rasa:

- obecreunBarOT MOTOK Tasa, COAEPIKAIIEro OTXOASIINN ra3 u3 OallHU MPUILTHPOBAHUS
kapbamuna,

- OCYULIECTBJISIFOT PacHbUIEHUE BOJHOIO pacTBopa, coaepxamiero ot 20 macc.% mo 55
Macc.% kapOamua, B IOTOK rasa,

- TIPOITYCKAIOT MOTOK ra3a uepes3 MepBblil 3:KeKTOPHbIN ckpyOOep Bentypu ¢ ropnoBuHOM,
B KOTOPOM BOJHYH OYHIIAIOLIYIO >KUIAKOCTb, copepxkaiyro ot 20 macc.% no 55 macc.%
kapbaMuzia, pactpUIAIOT B MOTOK ra3a B HANPABICHUU FOPJIOBUHBI,

- OCYULIECTBJISIIOT paclbUIeHHE BOAHOTO pacTBopa, coaepxkaiiero or 0 macc.% nmo 5
macc.% kapOamMuza, B MOTOK ra3a U COHAIPABIIEHHO C HUM,

- IPOIYCKAIOT MOTOK ra3a uepe3 TYMaHOOTAENINUTENb,

- MMPOIYCKAIOT MOTOK I'a3a yepe3 BTOPOH 33KEKTOPHBIN CKpyOOep BeHTypu ¢ ropJoBHHOM,
B KOTOPOM BOJHYIO OYHINAIOIIYIO KHUAKOCTb, comepxamryto oT 0 macc.% mo 5 macc.%
kapOamua, pacrbUISIOT B IIOTOK r'a3a B HATIPABJICHUU T'OPJIOBUHBI,

- OCYILECTBJISIFOT paclbUIeHHE BOAHOIO pacTBopa, coaepskauero or 0 macc.% mo 5
macc.% kapbamuia, B OTOK rasa, u

- IPOMYyCKAarOT MOTOK ra3da 4€pe3 TYMaHOOTACIUTEIb.
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