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AHHOTauMs. 3aKymnopKa IpPUPOJHBIMHM Ta30IMAPAaTaMU SBISIETCS OCHOBHOH yrpo3oil 0€30IacHOCTH TPH AKCIUTyaTalluu
TpyOOIPOBOAOB, U HAHOCHMBIH MMHU ymiepO sBisiercs 3HauMTEIbHBIM.CKOIUICHHE W OTJIOKEHHE €ro KPHCTAUIOB YMEHBIIHUT
MIOIIEPEYHOE CEYCHUE TPYOONPOBOAA, YBEIHYUT CONPOTHUBIICHHE IOTOKY M CHU3MT 3(G(EKTUBHOCTH TPAHCIHOPTUPOBKH rasa. B
TSDKEJIBIX CIIydasix TPyOOIpoBOA OYyIET MOIHOCTHIO 3a0UT, YTO MPHUBEAET K OCTAHOBKE JOOBIUM Ta3a Ha MECTOPOXKICHHUI.B TO ke
BpEMsI 3TO MOXKET MPUBECTH K Pa3pbIBY TpyOOIPOBO/Ia, yTEUKE IPHPOJHOTO ra3a i HeCUACTHBIM CIIy4asiM, CBSI3aHHBIM CO B3phIBAMU
U BosropanusMu. Kpome toro, pa36iaokupoBaTh paboTy OYeHb CIIOXKHO U JOPOro. DTO TAKXKE MPUBEACT K COKPAIICHHUIO CPOKa
CITy>k0BI TPyOONPOBOIa ¥ OTPAHUICHHUIO OE30MACHOM M CTAOMIILHOMN pa3pabOoTKH Ira30BBIX MECTOPOXKICHHN.

IIpeamer wucciaenoBanmsi: Llenblo sBisieTcs NPENOTBpPALEHHE 3aKyNOPKH THIAPATAMH IPUPOJHOTO Ta3a Tra3olpOBOAOB U
obecrieueHue 6e30MacHON U CTaOMIBHOM TPaHCTIOPTUPOBKH. B mepBy10 ouepeib, BEIACHAIOTCS MEXaHU3M 00pa30BaHus U (GaKTOPHL,
BIIMSIOIINE Ha 0Opa3oBaHue TUApaToB. CHCTEMaTHYECKHI aHAIM3 STUX MEXaHU3MOB U (HaKTOPOB MOKa3all, YTO JAeCyiIb(yparus
sBisiercss 3(Q(GEKTUBHBIM CPEACTBOM IMPEAOTBPAILCHUS 3aKYHNOpPKHM T'MApaTaMu. B ciiydasx, KOrja 3aKyIlopKa H3BECTHa, VIS
yIaJeHUs TUAPATHBIX IPOOOK U3 TpyOOIPOBOa IPUMEHSIETCS CTaHAapTHAs IPOLEAYPA.

Marepuaibl 4 MeTobl: OObEANHUTE TEXHOJIOTHIO IeCyIb(YpaLii C CYIIECTBYOIICH CTAHAAPTHON TEXHOJIOTHEH OYUCTKH TPYO,
YTOOBI PEUINTh MPOOIEMY 3aCOPEHHS THAPATOM TPYOOIIPOBOIOB IIPUPOAHOTO ra3a.

PesyabTtarsi: [IpenorBpaiieHne U 60ppda ¢ 3aCOPEHHEM THIPATOM TPYOOIPOBOIOB MPHUPOIHOTO ra3a I0JKHBI OCHOBBIBATHCS Ha
HpO(HIIAKTUKE U JOHOJIHATHCS TEXHOJOTHEH OYMCTKU TpyO.TeXHOIOTHs MpeIBapUTENIbHON CEPOOUYUCTKH SABISETCA OJHUM M3
OCHOBHBIX NMPOQHIAKTUYECKHUX METO/OB, KOTOPBI MOMKET CHHU3HTh BEPOSTHOCTH OOpa30BaHMs 3aCOPOB M3-3a COCOMHEHMS
CEepOBOJIOPO/IA M TPUPOIHOTO ra3a, a TAKKE CHU3UTh PUCK 00pa30BaHMUs THAPATOB M 3aKYNOPKH HCTOYHHKA. 1151 00pa3oBaBIIerocs
3acopa MOXXHO peryiupoBaTh pabodde yCIIOBHs, TakMe Kak TeMIeparypa M JaBlICHHE, TAKUM 00pa3oM, 4YTOOBI pa3pyIlidTh
CTaOWIIBHYIO CTPYKTYpy THIpata, OBICTPO pa3loXUTh M YCTPaHHTh 3acop, a Takke obecrneduTs OecriepedoiiHyro paboTy
TpybonpoBosa.

BoiBoabl:  Jlnst  3Q(GEeKTHBHOTO  MpefOTBpAIlCHHS M KOHTPOJS — 3acOpeHMsl  TPyOONpOBOAOB  MPUPOAHOTO  rasa
ruapatamMu.PekoMenayeTcs yAensTh NPHOPHTETHOE BHHMAaHWE OJTalaM MpeIBapuTeNbHOW 00paboTku M obeccepuBaHus,
ONTHUMHU3MPOBATh IapaMeTphl Mpolecca Ul MOBbIEHUS 3)(EKTUBHOCTH y[aneHus MpUMecel, BbIOMpaTh 00OpyIOBaHHE C
BBICOKOH CTENEHbIO a/IanTaliy, PEeryJsspHO KOHTPOJIHMPOBATH COACpP)KaHHE MpUMecel B TPyOONPOBOJHOM NPHPOJHOM rase M
YCTpaHsITh YCJIOBUSL THAPATOOOpa3OBaHMS M3 HCTOYHHMKA.B CBS3M ¢ BO3HHKIIEH 3aKymopkoid HeoO0XomuMo pa3paboTaTh
CTAaHIAPTU3UPOBAHHBII MPOLIECC aBapHIHOIO PearnpoBaHUs, YTOYHHUTh Pa3yMHBIl IHala30H PEryJIHpPOBaHHUS TEMIEPATYphl U
JIABJICHUSI, & TAK)KE OCHACTUTH TPYOONPOBO. MPpoheCcCHOHATBFHBIM 000pyJ0BaHHEM OBICTPOrO pearupoBaHus, YTOOB 00ECIeYNTh
3¢ deKTHBHOE YCTpaHEHHE 3aKyMOPKH 0e3 MoBpexAeHHs TpyOoIpoBoaa.B To sxe Bpemst ObLT CO3/1aH MEXaHU3M MOHHTOPHHTA /TS
HOpMaJTH3alii paboThl TpyOOIPOBO/Ia, MO3BONISIONINIT OTCICKUBATH KITIOUEBbIC TaHHbIC, TAKHE KaK JABJICHHE W TEMIepaTypa, B
pEKUME PeaTbHOrO BPEMEHH, 3apaHee IPOTHO3UPOBATh PHCK 3aKYMOPKH U COYETATH PETYIAPHOEe TEXHHIECKOE 00CIYKUBAHUE U
KaIMTaJbHBII PEMOHT JUTsl 0OecrieueHns HelpephIBHOI OecrnepeOoiiHoit paboTsl TpyOoIpoBoaa.

KuroueBble cioBa: [IpupoaHsIii Ta3; TApAT; TEXHOIOTH 00eccepuBaHU

1 MexaHu3M 00pa30BaHUsI THAPATA MPUPOTHOTO MEXXMOJICKYIIIDHOH  amcopOIumM  3acTaBisieT  UX
raza COCIMHSTLCSL JIPYT C JPYroMm, o0Opasysi COCTaBHOE
[Mporiecc KpHUCTAUTU3ANUN THAPATOB MPHUPOIHOTO Sap0.JTOT  MpOIlecC  arjoMepaldd W pocTa
raza OOBIYHO MOXHO pa3feiuTh Ha [BE CTAJHU: MPOJIOJDKACTCS. M, B KOHIIE KOHIIOB, MPUBOIUT K
3apOXKICHUE M POCT KPHCTAJUIOB.AHAJIM3UPYEMBI C 00pa30BaHMIO TBEPIOMH CTPYKTYPBI ruapara
TOYKH 3pEHUs] JUHAMHUKH MeEXaHHM3M 00pa3oBaHHs MIPUPOIHOTO ra3a.
MOXHO Pa3lelIUTh Ha TPU IIOCJIEIOBATEIbHBIX dTarla:
cHavaya GopMHUpPYETCs MPOTOTHII SIAPA ¢ KPUTHICSCKUM 2 IlpeaBapurtejibHass 00padoTKa NPHPOIHOTO
paarycoM; 3aTeM SApO IOCTENIEHHO pPa3BHBAETCS U rasa s odeccepuBaHust
pacimpsieTcs; U, HaKOHEll, COCTABIISIOLIME BEIIeCTBa 2.1 AHAJTH3 OMACHOCTH CYJIL()HIOB B IPUPOTHOM
MUTPHPYIOT K TIOBEPXHOCTH SJpa 4Yepe3 TpaHUIly rasze
paszena TBepIoe TeIo-KUIAKOCTh.Ilox HempephIBHBIM OCHOBHBIC OIACHOCTH, CBSI3aHHBIC C CYIb(PHUIAMH,
neiictBueM cuisl Bau-nep-Baanbca B3amMopelicTBre TaKUMHU KaK CEPOBOJOPO, MPHU TPAHCIOPTUPOBKE IO
MEKIYy MOJICKYJIaMHU ra3a M COCEIHHMH MOJIEKYJIaMHu TpyOONpOBOJaM, TMPOSBISIOTCS KaK B 3aCOPEHHU
BOJBI MOXET TMOCTEIICHHO YCHUJIMBAThCS, BBI3bIBAS TUPATaMU, TaK U B KOPPO3UHU TPYOOIIPOBOIOB: C OAHOU
HempepeIBHOE pacimmpeHue odbema siapa.[1] Korma CTOPOHBI, IPY OJWHAKOBBIX TEMIEPATYPHBIX YCIOBHIX
pa3iuuHble S/Ipa CTAlIKMBAIOTCS B CHUCTEME, CHila C yBelWyeHHeM OOBEMHOH JONIM  CepoBOJOPOJA
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KPUTHYECKOE HaBJICHHWE I OOpa3oBaHHs THIPATOB
NPUPOAHOTO Tra3a  yMEHbINAeTcs, a  JHala3oH
00pa3oBaHMA THIPaTOB YBEIMYMBACTCA. YCIOBHSA
CTAHOBSTCS 00JIee CYpPOBBIMH, YTO YKa3bIBaeT Ha TO, 4TO
CEpPOBOZIOPOZ CHOCOOCTBYET 0Opa30BaHUIO T'HAPATOB
NPUPOJHOTO Tra3a W YBEIUYUBAET PUCK aBapuil n3-3a
3acopeHus THApaToB mpuponHoro rasa; [1] C apyroit
CTOPOHBI, OH BBI3BIBAET CEPHE3HYI0 KOPPO3HUIO
TpyOOIIpOBOZOB ~ 00OpYNOBaHHS W Pa3IU4YHOTO
COIYTCTBYIOLIIETO  O0OpYyJIOBaHMs, OCOOEHHO B
YCIOBHAX BBICOKOW TEMIIEpaTypsl ¥  BBICOKOTO
JaBJICHHS, YTO IPHBOJHT K ITO elie OONbIIe COKPATUT
CPOK CITy>KOBI 000pyIOBaHHS.

2.2 Kaaccudpuxanus TeXHOJIOTuii
obeccepuBaHus

st mpenoTBpalieHuss U KOHTPOJIS INPENSATCTBUI
OpyU  TPAHCHOPTHUPOBKE, TOTEPh O0OpYIOBaHHS U
pHUCKOB sl O€30MacHOCTH, BBI3BAHHBIX 3aKyIOpPKOW
TIPUPOTHOTO raza THIpaTaMu BO BpeMs
TPaHCIIOPTUPOBKH  IPUPONHOTO rasza, oOpaboTka
NPUPOJHOTO Ta3a CEPOOYMUCTKON cTaja OJHHUM H3
KJIIFOYEBBIX METOIOB NPOGHIAKTHKH W KoHTpous.Ilo
TEXHUYECKOMY IPUHLIUITY €r0 MOYKHO pa3lelIuTh HA TPH
KaTerOpHH: METOX CyXOil JHecynbypamuy, MeTOx
BIIQXKHOW NeCyIbPypannuu U METOH Aecyabpypanuu ¢
MeMOpaHHBIM pa3/ieiICHIEM.

(1) TIIpomecc cyxoro obeccepuBanust: CyTb
nporecca Cyxoro o0eccepuBaHUS 3aKIIOYaeTcs B
yIAJIEHUH CEPOBOJIOPO/Ia TOCPEACTBOM (PH3UUECKON
WIm XHMHUYECKOH azcopOmn TBEPIBIMA
agcopOertamu. OOBIYHO HCHONB3YyEMbIE aJCOPOCHTHI
BKIIIOYAIOT OKCHZ Keje3a, OKCHJ LIWHKa W T.a1.Ecin
B3sITh B KAa4eCTBE MpPUMEpa CHOCO0 Necynb(ypru3aiun
OKCHJa JKeJie3a, TO CEpOBOOPOJ, B MPHUPOJHOM Ta3e
BCTYIAeT B XUMHYECKYIO PEAKIMIO C OKCHIOM JKene3a ¢
o0Opa3zoBaHNEM CyIb(puIa jKene3a U BOIBI, TEM CaMbIM
JocTuras necyiabQypuzanuu.[1]

(2) Mponecc mokpoit necymnbdyparun: B mpomecce
MOKpO# Jiecynb(Qypaiuy HUCHOJIb3YyeTCs XUMHYECKas
peakusa MCXIY XKHUIKHUM IIOTJIOTUTEIIEM )54
CEpOBOJIOPO/IOM  JUISl  JIOCTHIKEHUSI  pa3JielICHHUsI.
OOBIYHO HCHOJIB3YEMBIMH TOTJIOTUTEISIMHU  SBIISIFOTCS
pactBopsl amuHOB (Takux kak MEA, DEA), menous u
T.1.B KauecTBe mpumepa MOXKHO TNPHBECTH IpoLEecC
Jecynb(Qypanun pacTBopa CIMpPTOaMUHa, IPH KOTOPOM
CIMPTOAMHH BCTYIIAET B PEAKIHUIO C CEPOBOJIOPOAOM B
MPUPOIHOM ra3e ¢ 00pa3oBaHHEM COOTBETCTBYIOIINX
CylTb(HIOB W TNPOTOHHUPOBAHHBIX CIHPTOAMHHOB, U
abcopOCHT MOXKET OBITh PETeHEPUPOBaH U repepadoTan
IyTeM HarpeBaHMs, aHaIu3a U T.H., 9TO 3HAYUTEIHHO
CHIDKAET HKCIUTyaTallHOHHBIE pacxo sl 1]

(3) [IIpomecc MeMOpaHHOTO pa3felieHUs H
necynbdypusaiui: Mero MeMOPaHHOTO pa3AeaCHUS U
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Iecynb(Qypu3aldd ~ OCHOBAaH  Ha  CEJICKTUBHOM
MPOHHULIAEMOCTH CIELHAIBHBIX MOJIUMEPHBIX MeMOpaH
U HCIOJB3YyeT PasHHIly B CKOPOCTH NPOHUKHOBEHHS
Pa3IMYHBIX MOJIEKYJI ra3a B MEMOpaHy AJIst JOCTHXKEHUS
pasaencHus.[1] M3-3a pasnuuHbiX  KO3(GGHUIMESHTOB
pacTtBopuMOCTH ¥ AU(PPY3UU OCHOBHBIX KOMIIOHEHTOB
MIPUPOJHOTO Ta3a, TAaKUX KaK CEPOBOJOPON M METaH,
MOJIEKYJIBI CEPOBOAOpPOJa MOTYT IIPEANOYTHTENHEHO
IIPOXOJUTH Yepe3 MeMOpaHHBI MaTepHal, B TO BpeMs
KaK aKTUBHBIE KOMIIOHEHTHI, TaKMe KaK MeTaH,

381ePKUBAFOTCS v} JOCTHKCHUS LeIH
obeccepuBaHHUS.

23 AHaiu3 W CcpaBHEHMEe  TeXHOJIOTHH
obeccepuBaHus

CepooYHCTKa MPUPOJHOTO Tra3a B OCHOBHOM

BKIIfoUaeT B ce0s TpH OCHOBHBIX IIpollecca: CyXoe,
MOKpOe ¥ MeMOpaHHOe pasjielieHHe, KaKAbH U3
KOTOPBIX HMEET CBOM COOCTBEHHBIE CLIEHAPHU
ajanTanyun u XapakTepucTuku.Meron
JIecynbQypu3alid  OKCHAA  JKellesa, 00OBIYHO
UCIIONIB3yEMBIIl B Ipoliecce CyXoil aecynbdypHu3aium,
oOmagaeT BBICOKOW  TPAKTUYHOCTHIO  Omaromaps
IIPEUMyIIECTBaM KOPOTKOTO TMporecca M IPOCTOH
KOHCTPYKIIMH  OOOpyZOBaHHA, HO  HEOOXOIUMO
PETYISIPHO 3aMEHSTh Jecyb(ypaToOpHOE CPEACTBO, a
CTOUMOCTH 00paboTku oTpaboTaHHOTO
necynbpypaTopa Bbicoka. OH MOAXOIUT ISt YCIOBHA
paboTel ¢ KOHILEHTpamued cepoBojopona <24
Mr./J1.CiupTo-aMHHHbI#H METOL, MOKpOH
JecynbQypanun 00Ja1aeT BHICOKOW TEXHOJIOTHYEeCKON
3pENIOCTBI0O W SIBIISIETCS  IIHUPOKO  HMCHOJIB3YEMbIM
peleHneM B MPOMBIIIJICHHOCTH. OpHako
KoHurypamms oOOpyZOBaHUS AL 3TOTO METOnA
CIIOKHa, @  IIepBOHAYAIBHBIE  WHBECTHIMH U
MIOCIIEAYIOIINE SKCILTyaTallHOHHBIE Pacxo sl Bbie. OH
OoJipIIIe MOAXOINT JUISl KPYITHOMACIITA0OHBIX TPOEKTOB
Mo Jlecynb(yparuy MPHUPOTHOTO Ta3a, 0COOEHHO IS
CIICHapHUEB TI€ COAEPKAHNE CKPBITON CEpPBI IIPEBHINIACT
10 1/cyt.[1] OCHOBHBIM TNpPEUMYILECTBOM Ipoliecca
MEMOpPaHHOTO  pa3fejicHHS W  JAeCyJIb(pypH3aluu
SIBJISIETCSL TO, YTO CTPYKTYpa MeMOpaHbI Upe3BbIYaiiHO
n3dMparesibHa 10 OTHOIICHHUIO K CEPOBOAOPOIY.
OpHAaKO MpoIecC MPOU3BOICTBA MEMOPAHHOMN CUCTEMBI
CIIOJKEH, CTOMMOCTh IIPHOOPETEHUS BBICOKA, a IOTEpH
SHEPTUH TPH IKCIUTyaTaluy BEJIUKH, YTO 3HAUYUTEIHEHO
3aTpyIHIET NPaKTHYECKOe MPUMEHEHHE ITOTO METOAA.
OrPAaHUYEHHBIM, U OH €IlIe HE MOJYy4YHJ IIMPOKOU
MOIYJISIPU3anUU. OTH TPU THIIA ITPOIIECCOB MMEIOT CBOU
MPEUMYIIECTBA U HEIOCTATKH, W (paKTUIeCKuil BHIOOP
HEOOXOAMMO  YYHTHIBAThb B COYETaHUU c
KOHLIEHTpALMel CepoBOAOpOJAa B IIPUPOJHOM Tase,
MacmTabaMy OYHMCTKH, OIO/KETHBIMM 3aTpaTaMd U
JIpyruMu Qakropamu.
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Ta6uuua 1. Tabnuma aHanm3a TEXHOJIOTHH AeCyIb(yparim
Table 1. Desulfurization Technology Analysis Table

Kareropus Cnocod IIpenmyimecTsa Hepocrarku Cdepa npumeHeHns
P obeccepuBaHUs penmy panp
TpeOyetcs perynsipHas
3aMeHa
Crioco6 KpatkoBpemeHHbII Jiecylib(ypHUpYIOIIEro
Criocob6 cyxoro p P y bypupy p (H,S)<2.4 mg/L[1]
oBeccepuBanus necynb(ypu3anuu Iporiece, IPOCTOTAa | areHTa; BBICOKUE 3aTPaThl Ha
OKCHJa XKeJe3a o0opynoBaHus YTHIM3aLHUI0 OTpaboTaHHOTO
Jecynbdypupyromero
areHTa.
KpymnHomacmtabHas
CnoxHOCTh 000pyJOBaHHUS,
necyabdypu3anys
. . OTHOCHTEIBHO YTO MPUBOUT K BBICOKUM
Ipouecc Mokpoit CrupTOaMHUHHBIH MIPUPOJIHOTO Ta3a;
otpaboTaHHas WUHBECTHIMOHHBIM H
JeCcybhypHU3aIUuH cnoco6 MOTEHIMATBEHOE
TEXHOJIOTHS AKCIUTyaTalHOHHBIM
cofiep>kaHue ceprl Oonee
pacxomam.
10 /1
Mpowece CTpyKTypa MEeMOpaHbI MeMOpaHHBIE CHCTEMBI
P Croco6 obecrieqnBaeT CIIO)KHBI B ITPOU3BO/ICTBE,
MeMOpaHHOTO [IpakTuueckue
MeMOpaHHOTO MaKCHMaJbHYIO JIOPOTH ¥ UMEIOT
pasieneHus u NPUMEHEHHs OTPaHHYEHBbI
paszaeneHus CEJIEKTUBHOCTD K 3HAYUTENILHBIC TIOTEPU
obecceprBaHUs
CEpPOBOJIOPOAY SHEPIHU
3 Cnocod ycrpaHeHHsl 3aCOpPeHHMS] THIAPATOM Bo-BTOpHIX, METOJI CHUKCHHUS JIaBIICHHSI

NPUPOAHOTO raza

OCHOBHBIMH METOJIaMH YCTPaHEHUS! THUAPATHOTO
3aCOpeHUs TPyOOIPOBOJIOB IIPUPOIHOTO r'a3a sIBISIOTCS
METOJi HarpeBa M TMOHIKAIOIMUNA MeToA.OTH [Be
KOMITaHUN peanm3yloT  pelIeHHue poOIeMBI
Teperpy’>KEHHOCTH Ha OCHOBE PA3IMYHBIX IPHHIIUIIOB,
KaXIbII W3 KOTOPBIX MMEET CBOM COOCTBEHHBIC
TEXHHYECKHE XapaKTePUCTHKH M TpeOOBaHHA K
MIPUMEHEHHIO.

Bo-mepBBIX, OCHOBHas JIOTMKAa METOAA HarpeBa
3aKJII0YAeTCs B HArPEeBaHUH 3aKYTIOPKH TAKUM 00pa3oMm,
4yTOOBI €€ TeMIeparypa IMpeBbIlIana TeMIeparypy
(ha30BOro paBHOBECHS BOJHOI'O COSIMHEHHS B pabodyeM
COCTOSIHUM,  4YTO  TPUBOJUT K  Pa3lOKEHUIO
3akynopku.Crnoco0 BKJIIOYACT B ceOsl TaKUC BHIBI
HarpeBa 00CaJHOW KOJIOHHBI, KaK 3JIEKTPOMArHUTHBIN
HarpeB W BBICOKOTEMIIEPATYPHBIH Ta30BBI Harpes.
Cpenu HUX HarpeB 00cajHON KOJOHHBI JOCTUTAETCS 32
CYET TPOTHBOTOYHOTO TEIIOOOMEHA XOJOAHBIX U
ropsiuMx JKUAKOCTEW BO BHYTPEHHEH W BHELIHEU

3aKJIFOYAeTCsl B CHIKEHHM [aBIICHUS B CUCTEME [0
YPOBHSI HIKE PaBHOBECHOTO JaBJICHHS T'HIPATHOW
(a3bl A1 TOCTIDKEHUS pa30JIOKUPOBKH. JTO Hanbosee
IIUPOKO HCHOJB3yeMbld M 3((EKTHBHBIH METOX
Pa30IOKHUPOBKU TUIPaTOB B TTOJTBOTHBIX
TpyOompoBogax. OH JemuTcs HA JIBa  THIIA:
OJTHOCTOPOHHEE CHI)KEHHE JaBJIECHHS U JBYCTOPOHHEE
OTHOBPEMEHHOE CHIDKeHHE HaBiieHust. OTHOCTOpOHHEE
CHIDKEHHWE JIaBJICHHWS OTHOCHUTEIBHO TPOCTO B
SKCIUTyaTallii, HO JIETKO TPHBECTH K TOMY, YTO
OJIOKUPYOLIHH OJIOK COIPHUKOCHETCS ¢ TPYOOIPOBOIOM
C HU3KUM JIaBJICHHEM, YTO MpPEICTaBIsET YIrpo3y
0e301acHOCTH. JIBycTopoHHee OJTHOBPEMEHHOE
CHIKEHHE JaBJICHUS ITO3BOJISIET MOJ/IEPKUBATh OajlaHC
JIaBJICHUS TI0 00€ CTOPOHBI OJIOKUPYIOLIETo OJI0Ka, YTO
He TONbKO Oe3omacHee, HO H ObICTpee Ipu
paszomokuposke. [1] Tlockombky pgaBiIcHHE Ha
rITyOOKOBOIHOH CTOpOHE IIOJBOJTHOTO TpyOOmpoBona
TPYAHO KOHTPOJIMPOBAaTh, Ha TPAKTHKE YacTo
HEOO0XOJMMO pearn30BaTh OJHOCTOPOHHEE CHIDKCHHE

Tpy0ax, TpH OTOM  TeMIeparypa  >KUIKOCTH JaBieHHs Ha cropoHe MiatdopMel. Kpome Toro,
KOHTPOJIUPYETCs, a 0E30MacHOCTh SABISAETCS BBICOKOM; CKOPOCTb CHIKEHHsI JaBJICHHS JIOJDKHA pa3syMHO
[1] Meron 3JIEKTPOMarHuTHOTO Harpesa KOHTPOJIUPOBAThCS BO BpeMs pouecca
MOIPA3IeIACTCS Ha JICHTOYHBIN METOH pa30JIOKUPOBKH, 4YTOOBI OOECHEYHTh PABHOMEPHOE
JJIEKTPOHATPEBa, METOJ MPAMOIo 3JIEKTPOHArpeBa U JlaBJIeHHE B TpyOonpoBoze u n30exaTsb

METOA MHUKPOBOJIHOBOI'O HarpeBa. HpI/I NMPUMCHCHUU
HCO6XOZ[I/IMO 3apaHeC YTOYHUTHL MECTOIIOJIOKCHUEC U
JJIMHY 3aC0pa, a TUana3oH HarpeBa JOJIKCH MOJIHOCTBIO
OXBAaTbIBATh YYA4CTOK 3acopa.

JOMOJIHUTCIIBHBIX PHCKOB, BBI3BAHHBIX KOJIeOAaHUSIMU
JaBJICHUS.

Tabauma 2. Tabnuia aHanu3a TeXHOJIOTHU OYHCTKH TPYOOIPOBOIOB
Table 2. Pipeline cleaning technology analysis table

Cnoco0 Harpesa Honuzkarommii merox
OcHOBHOI B mecre HarpeBa 3aKyIOPKH TEMIIEpaTypa Billle PaBHOBECHOM | YMEHBIIUTE JABICHUE B CUCTEME 10 YPOBH:
—— TeMIIepaTypbl THAPATHOH a3kl P JaHHBIX PabOUYMX YCIOBHAX, | HIIKE PABHOBECHOT'O AABJICHHUS THIPATHOM
YTO NPUBOJINT K €€ Pa3ioKEHUIO U pa30IOKHPOBAHHMIO. (a3bl, TeM caMbIM pasiiaras TUapaT
OcCHOBHBIE JIyueBoii HarpeB KopIyca, 3J€KTPOMAarHUTHBIM Harpes, ORHOCTOPOHHUH MOIBEM, IBYCTOPOHHUI
THIIBI BBICOKOTEMITEPATYPHBIN ra30BbIil HATPEB OIHOBPEMEHHBIN OIBEM
[upoko ucnone3yeTcs ICHTOYHBIH METO AJIEKTPoodorpeBa, HO HawnGonee gacTo HCHOJIB3YeMBIH METO
Cratyc OH TpeOyeT OONBIIOro SHEPronoTPeOICHNUs, @ METO IPSIMOTO YCTpaHEHHs 3aCOPOB B I10JIBOJHBIX
3as8BKU 3NIEKTPOOOOTrpeBa sABISIETCST O0JIee CIIOPHBIM H3-3a IPOOIEMBI TpyOOIpOBOaax, C MPOIYMaHHBIM
JIEKTPUIECKON KOPPO3HUH. HpUMEHEHHEM U IIPEBOCXOAHBIM d(dexTom

55



CTpouTensCTBO U TEXHOTEeHHAs Oe30macHOCTh Ne40(92) - 2026

BbIBO/ bl

3akymopka THIpaTaMi IPUPOIHOTO Ta3a SIBIAETCS
Cepbe3HOM CKPBITOH ONAaCHOCTBIO npu
TPaHCIOPTUPOBKE IPUPOJHOTO ra3a, KOTopas CEPbE3HO
nmoBiusieT Ha ©Oe3omacHOCTh © - 3(PPEKTUBHOCTD
9KCIUTyaTalluH TPyOOIPOBOAOB, IIO3TOMY HEOOXOIMMBI
Hay4HbIE METOJbl MPOPHIAKTUKN M KOHTPOJsL.B a0k
cTaTbe paccMaTpUBaIOTCS OCHOBHBIE uaeu
NpEeJOTBPALLICHUS U pearupoBaHMs Ha uYpe3BbIYANHBIC
CUTYyallUH, a TaKXkKe IpeaIaraloTcs lelieHanpaBIeHHbIe
pelIeHus: BO-NIEPBhIX, peABapUTEIbHAsT 00paboTKa H
obecceprBaHUEe SBISIOTCS OCHOBHBIMH CpEACTBaMHU
npeaoTBpamieHus. [1oCKoJIbKY cepoBOIOPOI MOXKET
JIETKO COCMUHATHCS C TPUPOIHBIM Ta3oM, o0pa3ys
3aCOpBI, IPUMECH MOTYT OBITh YAAJCHBI C MOMOIIBIO
mporecca IMpeaBapUTEIIbHOW  oOeccepuBaHUA, YTO
MOXCET YMCECHBUINTH KOJHUYECTBO MaTe€pHajlia. OCHOBa
O6paSOBaHI/I$I ruapara U3 HUCTOYHUKA W 3HAYUTECIBHO
CHIDKAET PUCK 3aKyIIOPKHU; BO-BTOPBIX, ISl YCTPAHEHUS
BO3HUKIIEH 3aKyNOPKH UCHOJIB3YIOTCA TPaAULMOHHBIE
MeTOAbl  00pa0OTKM, TPOBEPEHHBIE  IPAKTHKOM,
KOTOpBIE pa3pylIalOT CTA0MIIBHYIO CTPYKTYpy TMapara
MyTeEM pEryJupoBaHUsl MapaMeTpOB TEMIEPATYpBI,
JABJICHUS W JPYTUX YCIOBHHA PabOTHI M peau3yloT
OBICTpOE Pa3NIOKCHUE U YCTPAHCHHUE 3aCOPOB, a TaKKe
CBOEBPEMEHHOE OECIPEIATCTBEHHOES BOCCTAaHOBJICHUE

TpybonpoBoaa. KomOMHNpPOBaHHEIIHA IUTaH
TIpeIBapUTENEHON 00paboTkH HUCTOYHUKA u
OKCTPEHHOTO  pearupoBaHMs Ha  4Ype3BbIUaiiHbIC

CUTyallMM HE TOJIBKO TNpeNOTBpaliaeT o0pa3oBaHue
3aCOpPOB B MCTOYHUKE, HO M 3P (PEKTUBHO pearnupyeT Ha
Ype3BbIYaHBIE CUTYyalluH, oOOecreuuBas HaJIeKHYIO

MOJIICPIKKY CTaOMJIBHOM u Oe3omacHoi
TPAHCIIOPTHPOBKH HPUPOAHOTO rasa o
TpyOoIpoBoaam.
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RESEARCH ON TECHNOLOGY TO PREVENT NATURAL GAS HYDRATE BLOCKAGE
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Abstract. Natural gas hydrate blockage is a core safety hazard in pipeline operation, posing significant risks. Its crystal
accumulation and deposition reduce the pipeline's flow cross-section, increase flow resistance, and decrease gas transmission
efficiency. In severe cases, it can cause complete pipeline blockage, leading to gas field production interruptions. It can also trigger
pipeline ruptures, natural gas leaks, and even explosions and fires. Furthermore, unblocking operations are extremely difficult and
costly, and can also shorten the pipeline's service life, hindering the safe and stable development of the gas field.

Subject: To prevent clogging of natural gas hydrates in natural gas pipelines and ensure the safety and stability of
transportation.First, clarify its generation mechanism and influencing factors. Through the systematic analysis of these mechanisms
and factors, it is concluded that desulfurization treatment is an efficient prevention and control method to prevent the formation of
hydrate clogging.In the case of known blockages, use a normalization scheme to remove blockages in water and material pipelines.
Materials and methods: Combine desulfurization technology with existing normalized pipe cleaning technology to solve the
problem of hydrate clogging in natural gas pipelines.

Results: Prevention and control of hydrate blockage in natural gas pipelines needs to be based on prevention and supplemented by
pipe cleaning technology.Pretreatment desulfurization technology is one of the main preventive methods, which can reduce the
possibility of hydrogen sulfide and natural gas combining to form blockages, and reduce the risk of hydrate formation and blockage
from the source.For the formed blockage, the operating conditions such as temperature and pressure can be adjusted to destroy the
stable structure of the hydrate, quickly decompose and remove the blockage, and ensure the smooth operation of the pipeline.
Conclusions: In order to effectively prevent and control the clogging of natural gas pipelines with hydrates.It is recommended to
give priority to the pretreatment and desulfurization links, optimize the process parameters to improve the efficiency of impurity
removal, choose highly adaptable equipment, regularly monitor the impurity content in the pipeline natural gas, and cut off the
hydrate formation conditions from the source.In view of the blockage that has occurred, a standardized emergency response process
should be formulated, a reasonable range of temperature and pressure regulation should be clarified, and professional rapid response
equipment should be equipped to ensure that the blockage is efficiently decomposed and removed without damaging the pipeline. At
the same time, a monitoring mechanism for the normalization of pipeline operation has been established to track key data such as
pressure and temperature in real time, predict the risk of blockage in advance, and combine regular maintenance and overhaul to
ensure the continuous smooth operation of the pipeline.

Key words: Natural gas; hydrates; desulfurization technology
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