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AxkmyanbHocmb uccnedogaHusi 0bycnogneHa Heobxo0umocmbro paspabomku aghghekmusHbix Memodog npedomapawieHus audpamo-
0bpa3osaHus 8 nods80dHbIX 2a3onposodax. bbicmpomy 0bpasosaHuUlo 2a3osbix 2udpamog cnocobemeyem ebicokoe 0agreHue U HU3Kast
memnepamypa 8 211y60k0800HkIX NOOBOOHbIX COOPYKEHUSIX, Ym0 A8rssemcs 00HOU U3 Haubosee CroxHbIX npobrem obecneyeHusi pabo-
mocnocobHocmu mpy6onpogoda. OcHOBHbIM HanpagreHuem obecneyeHusi be3agapuliHol pabombi mpybonpogodos sgnsemcs nod-
OepxKa NpoYeccos UCNob308aHUs UHaubUMopos 2udpamoobpa3osaHus npu aKkcnTyamayuu 0bbekmos mpaHcnopma y2neeo0opodHo20
CbIPbS C y4emoM 8bi0enieHus ux 00CMOUHCME U Hedocmamkos.

Lens: paspabomka Mmemoda oueHKku aghchekmusHocmu uHaubumopog audpamoobpasosaHus & npouyecce AobbiU U mpaHcnopma yane-
8000p0d08 8 MOPCKUX yCOBUSIX.

O6BbekmbI: 3KcnyamayuoHHbIe nokasamenu peanusayuu Memodog Ucnob308aHus UHaubumopoe 2udpamoobpa3osaHusi ¢ OUeEHKoU
puckKa, c8si3aHH020 ¢ 0bpa3ogaHuem 2udpamos, Komopas noMozaem npedomepamumb 3aKynopky audpamoeg u obecneyums yenocm-
Hocmb 0bopydosaHUs.

Memods!. [lns nosbiweHus docmosepHocmu uHmMepnpemauyuu Memodos npuMeHeHus uHaubumopog audpamoobpa3ogaHus npednaza-
emcs ucnonb308ame npoepammHoe obecnedeHue OLGA, komopoe npedcmasnsem coboll UHCmpymMeHm mModenuposaHus aHanuia nepe-
Kayku Hegomu, npupodHo20 2asa u nnacmosoll 800bI NPU MHO20Gha3HoU mpaHchopmuposke. dmMom UHCMPyMeHm MoAenupogaHus no3-
80/151em 8U3yasnu3uposams KIloyesble acnekms! QUHaMUYECKUX CoBbIMuLl, ompaxatowux peasbHoCMb MPaHCNoPMUPOBKU yaiego00po-
0Oos. Makem npoepamm OLGA nossonun paspabambisams MecmopoxdeHus Hepmu u ea3a e bonee enybokux eodax u danbwe om be-
peza, yem 3mo bb110 bbl B03MOXHO 663 IMOLi MexHomo2uU.

Pesynbmamsl. Vicnons3ogaHue npozpammHoz2o obecneqeHusi OLGA noseonuno paccmompems cywecmsyrouwue memodsi npedomepa-
weHus 2udpamoobpa3osaHust U cOenamb 81800 0 MOM, YMO MEXHONOo2Us X0rn00H020 nomoka, a makxe dobasnerue 10%-20 pacmeopa
MemaHona A8n1samcs Haubonee 8b1200HbIM peweHuem A ADKMUKU N0 CPABHEHUIO ¢ Opy2UMU MeXHOo2usamu U Apyaumu KOHUeHmpa-
YUAMU COOMBEMCMBEHHO.

Knroyesnie cnosa:
Mopckot mpybonposod, uHeubumop, 2udpamoobpa3osaHue, npoepamMmmHoe obecneyerue, KoHueHmpayus, dasneHue, memnepamypa.

BBeneHue

OObecreyenne MOTOKA — ONMH M3 CAMBIX BaXKHEIX ac-
HEKTOB B HE()TAHON M ra30BOi MPOMBIIIIEHHOCTH H CITy-
JKHT IIEIBI0 TOTO, YTO ChIpas He(Th M TPUPOIHBIA Ta3
TPAHCIOPTHPYIOTCS SKOHOMHO ¢ MECTOPOKICHHS Ha yCTa-
HOBKH IIOATOTOBKM. B OCHOBHOM YIJIEBOZOPOABI TPaHC-
MTOPTHPYIOTCSA OT MeCTa JOOBIYM 10 OEpEroBLIX MIIH MOD-
CKHX MECT IIOJFOTOBKH IOCPEICTBOM TPYOOIPOBOJAOB U
9acTo OBIBACT TAK, YTO TCUCHHE B TPYOOIPOBOAAX MHOIO-
(asnoe. B momonnenye K 3ToMy ruapaThl (Iogo0Has by
CTPYKTYpa, TI€ ra3oBas MOJIEKyJa 3aKiIoueHa B SYCHKY
MOJIEKYJIBI BOJBI) 4acTO (hOPMUPYIOTCS B TPYOOIPOBOIaX
¥ 3aKpBIBAIOT TPOXOJHOE CEUYEHHE, 3aMeIisid T00bIdy,
TIPUBOJIAT K JIOPOTOCTOSIIINM OTIEPAIIUSM 110 PEMOHTY.
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[Ipy GnaronpUSTHEIX YCIOBHAX ra30BbI€ THAPATHL MO-
I'yT 00pa3oBBIBATLCA B JOOBIBAIOIIMX CKBAXKHHAX, B
COOPHBIX IIPOMBICIOBEIX TPYOOIIPOBOJAX M KOJJIEKTOPAX,
B MAaruCTPaJbHBIX Ta30TPAHCIIOPTHBIX CHUCTEMAX, B TPY-
00MPOBO/IAX YCTAHOBOK MPEABAPUTEIHHON MOATOTOBKU 1
nepepaboTku raza [1-3].

3aKymopka TpyOooIpoBo/a — OJIHA M3 OCHOBHBIX IIPOOJIEM B
He()TEra3oBoi NPOMBILIIEHHOCTH, TaK KaK 9TO IPHBOIMT K JI0-
POTOCTOSIIIEMY PEMOHTY. XOTS TEPMOMHAMIKA THIPATOB ObI-
Ja M3ydeHa B TEYEHHE MHOIMX JECSTIIETHH, MCCIEIOBAHIE
TIEPEXOIHOTO XapakTepa 00pa3oBaHKs THIPATOB B TPYOOIpo-
BOJIAX JIOBOJBHO HOBOE M €10 HAYAIM MPOBOJKMTEH OTHOCHTEIIh-
HO HemaBHO. Bo m3bekanye (hDOpMHPOBAHIL THIPATOB M IS
00ecIIeueHHs TIOTOKA BEIOMPAIOTCS CTISIHATHHBIE METOTIBL.
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OOpa3zoBaHne Ta30rMAPaToOB B IIOJBOIHEIX Maru-
CTPaJILHBIX TPYOOIIPOBOJAX SIBISETCS OCHOBHOM IpoOite-
MoOH o0ecriedeHns MOoTOKa B TIyOOKOBOAHBIX TPyOOIpO-
BOJIaX U YKa3bIBACTCS B KAYECTBE OCHOBHOM TEXHUUCCKON
npo0JIeMEl B Pa3sBUTHH MOPCKOH 3HepreThkd. OOLIYHO
00pa3oBaHMe Ta30rWApaToB B He(Te- M Ia30NpOBOAaX
MIPEIOTBPAILAETCS BBEICHHEM OOJBIIOTO KOJIMYECTBA MH-
TMOMTOPOB, TAKMX KaK METAHOJN MIH TiIukoin [4-6]. Kax
albTEPHATHBA, 00pa30BAHME Ta30BBIX THIPATOB MOMKHO
KOHTPOJIMPOBATh, HCIONB3ysl HEOONBIINE KOJIMYECTBA
MTOJIMMEPHEIX COENUHEHNH (KHHETHYECKHE UHTHOUTOPEI),
KOTOpbLIE BMECTO MHTHOMPOBaHMs 0Opa3oBaHus pabora-
10T TEPMOJMHAMHYECKH, 3aMEIUIAS CKOPOCTh (HOPMHPO-
BaHUs T'a30BBIX THAPATOB.

OJIHAKO MCIIOJIL30BAaHNE KMHETHYECKUX MHTHOMTOPOB
THAPATOB TPEOYET AETANBHBIX 3HAHUI O 3apObIIIe00pa-
30BaHHH M POCTE Ia30BBIX THAPATOB M O TOM, KaK Ha 3TH
TIPOLIECCHI BIUSIOT JAABICHHUE U TEMIIEpaTypa 1o OTHOIIe-
HHIO K ()a30BBIM PABHOBECHSM.

BONBIIMHCTBO CYHIECTBYIOIMX METOIOB 00ECTICUCHHUS
ITOTOKA Ta3a HaIPaBJIEHE:

1) Ha momjepxaHue YCIOBHH 3KCIUTyaTaliud TpyOOmpo-
BOJa 3a IpelenaMd 30HBl CTaOMJILHOCTH THJIpaTa
(HampuMep, M30JAMUEH WM JUCTAHIMOHHBIM Harpe-
BOM) [7-9];

2) TpenoTBpalieHie 00pa30BaHUs THIPATOB TTyTEM BBe-
JICHUS TEPMOJMHAMUYECKHX WHTHOUTOPOB (HATIPH-
Mep, MeTaHoJIa Wiy dTiaeHrukons) [10, 11];

3) JMOCTATOUHYIO 3a/ICPKKY 3aPOXKICHHUS MIIK POCTA TUJI-
paTa myTeM BBEJICHHS KHHETHYECKUX HWHIHOUTOPOB
ruaparoodpasoBanus [12-14];

4) cHmXeHHe cojepanus Bojsl [15-17].

OIHAaKO BCE STH CHOCOOBI CTAHOBATCS MEHEE MpakK-
THYHBIMH HM3-3a MX BHLICOKOM CTOMMOCTH WJIM OrpaHHye-
HHS, 0OCOOEHHO B IIYOOKHMX BOJAX M IIPH OOIBIIKX 00-
BoJHeHUsX. IT09TOMY OTpacis MepexoauT K YIPaBICHUIO
obpasoBanneM ruapaToB. Takum MetonoM ssisercs Cold
Flow [18, 19], To ecTh XONOIHEIHA OTOK, KOTOPBII HUMEET
HECKOJILKO O0IIMX MJEH, TAKAX KaK OTCYTCTBHE HArpeBa-
HHSI WM M3ONSLMH, THAPATHl HE MPEIOTBPAIIAOTCS, HO
MOTYT 00pa30BLIBATECA.

I'mapaTel, KaK MpaBHUiIo, 00pa3yroTcs B TPyOOIPOBO-
Jax C IPHUPOJHBIM Ta30M IIPH HAIMYMHM BOABI M OJaro-
MPUATHBIX YCJIOBHAX TEMIIEPATYPhI U JABJICHHUS, KaK Ipa-
BUJIO, TIPY HU3KMX TEMIIEPATypaX M COOTBETCTBYIOLIHMX
BLICOKMX JaBJCHHAX. ArioMepaiysa ruapato [20-22]
MOKET TPHUBECTH K OJOKHUPOBKE TPYOOIPOBOJOB U 000-
pynosanus [16]. CnegoBatenbHo, TpeOyeTCs THIATEIbHAS
OlIEHKA PMCKA, CBA3AHHOIO ¢ 00Opa3oBaHHEM THIPATOB,
KOTOpas TIOMOTaeT MPEeAOTBPATHTh 3aKYIOPKY THAPATOB
1 00€CTIeYNTh IIETOCTHOCTH 000PYTOBAHHS.

Mpobnembl 0GecneyeHUsi NOTOKA BO BpeMs J00bI4M
UnKM TPaHCNopTa yrneBoAopoaoB

ObecnieyerHne MOTOKA — 3TO 0Y€Hb BaXKHAS YacCTb, KOTOpast
TapaHTHPYeT JOCTIKEHHE TpeOyeMBIX TOKa3aTeNe KU3HeH-
HOTO LIMKJIA CHCTEMBI OT IPK3a00iHOM 30HBI K Pasrpy304HbIM
pesepByapaM IyTeM HPOTHO3MPOBAHMSA, MPEIOTBPAICHNS U
PeIeHust Mpo0reM, BOSHUKAIOMUX B PE3yIbTaTe TIOBEHCHI
TPAHCTIOPTUPYEMBIX BEIIECTB (Ta30B, KUAKOCTEll B pasfe-
JICHHBIX JTHOO0 B MHOTO(a3HBIX YCIOBHSIX).

AKIeHT Ha o0ecIeueHHe II0TOKa HMMEET HEKOTOPHIE
(usuyeckue rpaHuipl. HecoMHEHHO, BCSKMM pas, Koraa
MOTOK M3 IIaCTa OTPaHHYCH, HOPMaJIbHOE OOecIeUeHHE
MOTOKA HAYMHAET CTAHOBHUTHCH MPOOIEMOH. DTO MOXKET
HOPOMCXOJUTh B TPyOax J000ro THma (HampuMmep, B
CKBOKHMHHEIX TPyOOIIPOBOAAX, OTBOJHBIX TPYOOIPOBOAAX
WIH TPAaHCIIOPTHBIX TPyOompoBogax). OOImM Amsd Bcex
3THX MECT SBIETCS TO, YTO JaKe KPOIICUHBIC MpeBpa-
ICHUs, MPOU3BOAUMBIC KUAKOCTAMU, MOT'YT OKa3bIBATh
CHITBHOE BIMSHUE HAa PabOTOCTOCOOHOCTh W OTIMYATHCS
OT ’KeIaeMOT0 MOTOKA.

YriaeBomopoas! MPUCYTCTBYIOT JU00 B MapooOpa3Hoi,
00 B KHUAKOH (GopMe (MiH B 00€HX), HO TaKxe OymayT
IPHUCYTCTBOBATH IIACTOBAS BOJA, BOJAA [UIS 3aKAUKH, IIe-
COK, TIPOAYKTHI KOPPO3WH, CTPOUTENBHBIH MyCOp, ac-
(aybTEHBI, YACTHIIBI U IPYTHE KOMIIOHEHTHI [23].

Ha MmenkoBombe WM Ha CyIle MONYYUTh JOCTYI K
CTBOJY CKBa)XMHBI M TpybompoBozaM mpoire. [lo Mepe
TOr0 Kak OIEpaTOphl IEepeMELIalnTCs B 0olee OTHaNCH-
HbIE PaiioHbl, Ha 00jIee TIIy0OKHe MOPCKUE TIIYOHHBI, OHU
CTaJKUBAIOTCA C TPYAHOCTAMH B HOIACPIKAHHH MOTOKA
JOOBIBaEMBIX JKHIKOCTEH M ra3a. I 1y00KOBOAHBIE CTBO-
JBI CKBOXHH M TPYOOIPOBOIEI 0O0JIEE CIOXKHEI IS JI0-
CTyIa ¥ OPEJCTABIAIOT OONBIIYIO CIOKHOCTh B H30€Ka-
HH€ WIK IPEN0TBPALIEHHN 3aKYIIOPKH.

Haunbornee BaxxHOM TeXHHYECKON TPOOIEMOH, C KOTO-
POl celiuac CTankuBaeTcs He(TAHAs IPOMBIIUIEHHOCTS,
SBJIACTCA oOecIeueHre MoToka. B pamkax obecreueHus
IOTOKA IPOOIEMBI C THAPATaMHU ra3a MpeACTaBIIOT CO-
0ol HanOoJIee CEPhE3HYI0 YTPO3y A TPAHCIIOPTHPOBKU
He(hTH U ra3a o TpyoomnpoBogaM. CKOIUICHHS THAPATOB,
KOTOPBIC 3aKyMOPHBAIOT TPYOOMPOBOIBI, MOTYT Hapy-
IIUTh HOPMAJbHBIE MPOM3BOJCTBEHHBIC rPaQUKK U MPH-
BECTH K JKOHOMHYECKHM IOTEPSIM HIM JaXe CO371aTh
PUCK 0€30IacHOCTH, €CId He OYAyT HOKHBIM 00pa3oM
IpeayIpexaeHsl WIM MpeJoTBpalueHbl. [Ipodmema rug-
paToB B TPyOOMpoBOAaX OOXOIUTCS B MHILTHAPIBI T0J-
JApOB 71 Fa301IPOBOIOB.

Yto0Bl OIPENEINTh YCIOBHS IIOTOKA A 00Opa3oBa-
HHSI THpATa, HaM HY)KHO PAacCUMTATh JAaBICHHE U TEMIIE-
paTypy BIOIb TPYOOIPOBO/A, H3ydas TUHAMUKY KUIKO-
CTH ¥ TemioMaccorepeHoca. OIeHKa MaJeHus JaBICHUA
B TPYyOOIIPOBOZE MIPAET BaXKHYIO POIb B IIPOEKTHPOBA-
HUM TpyOONpOBOJa W TapaHTUpyeT OecrepeOoiHyIo
TPAHCTIOPTHPOBKY TTPOAYKTA.

dopmupoBanie THIPATHEIX IPOOOK B TPYOOIPOBOLIE
3aHMMAaeT BCET0 HECKONbKO 4YacoB [24] W MPUBOAUT K
HapYLICHHAIO TEXHOIOTHYEeCKOro mporiecca. OueHb BaKHO
pacmo3HaTth 00pa30BaHHME TI'HAPATHBIX IIPOOOK, MPEXKIE
YyeM cUTyamus yxyamurces. Kak mpaBuiio, mporpaMMHbIe
JIAHHBIE TTOKA3BIBAIOT, YTO B TPYyOOIPOBOJE €CTh KOjIeha-
HMS JaBJICHUS 10 00pa30BaHUs TUAPATHOM IpoOKu. [Tuku
Ha KPHUBOM JaBJICHHS M BPEMEHH IPEIYNPEKIAIOT O
CHIIBHOM OTJIOXKEHHH THpaTa Ha CTEHKE TPYOOIpOBOIa.

Teoperrnuecku, eciu Bcs BoJa OymeT yhaleHa U3 Io-
TOKa MPHMPOAHOTO Ta3a, YCIOBHA A 00pa3oBaHHsA THI-
pata He OyayT BeITOIHATEC. OddimopHoe 00e3B0KUBa-
HHE MOXET OBITh HEOCYIECTBUMBIM IS OIlepaluil n3-3a
(U3HYECKUX OrpaHHYEHMi Ha IPOU3BOACTBEHHBIN 00B-
eKT Ha MOPCKHX 00bekTax. Taxke MOKET He ObITh HE0O-
XOJIMMOCTH MMETh MOPCKYIO YCTAHOBKY I 00€3BOXKH-
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BaHMS, €CIIM CTOSKM BHU3Y MOPCKOTO JIHA HE MMEIOT Kpy-
TBIX CKJIOHOB, HO TEMIIEpATypa M JaBJICHHE B TPyOOIpO-
BOJIC TaK K€ BaXKHBI, KaK ¥ HAKJIOH paizepa. [Ipu stom
00€3BOKUBAIOIIIE COOPYKEHUS HE SBIAIOTCS Hamboiee
HKOHOMHUYECKH S(D(HEKTUBHEIM CIIOCOOOM IIPEIOTBpaIlie-
HHS 00pa30BaHUS THAPATOB B MOIBOIHBIX TPAHCIIOPTHBIX
TpyOOMpOBOAX.

C TOYKM 3peHHs DKCIUTyaTalliH, €CIH HOIIEPKHBATH
IapaMeTphl MOTOKA 3a MpeleNaMy KPUBOH THIPATHOTO
PaBHOBECHS, DTO TaKXKe IPEIOTBPATUT T'MAPATO0Opaso-
Bapue. JInsg JOCTHIKEHHS STHX YCIOBHH MOTYT OBITH
MIPUMEHEHB TEPMOIMHAMHYECKHE, KHHETHUECKHE HHTH-
OMTOPHI U TEIIOBBIC METOABL. YIIPaBICHHE KPHBOU TH-
paTooOpa3oBaHUs MOXET OBITH JOCTHIHYTO IIYTEM BBe-
JIeHUs HHTHOMTOPOB B TpybompoBoa. Hekotoprie TepMu-
YeCKHe METO/BI MCIIOIB3YIOTCS IS TOro, YTOOBI 0becie-
yuTh OE3BpeNHOE IS OKPYIKAIOIIEH Cpebl YIpaBICHHE
KpHMBOH rupaToo0pa3oBaHus 6e3 Mogaud XMMHKATOB B
TpyOOMPOBOI.

TpaguioHHEIe CIOCOOBI 00eCIeUeHNS II0TOKA ra3a —
9TO yIaJeHHe >JIEMEHTOB, KOTOPEIE CIIOCOOCTBYIOT 00pa-
30BaHUI0 THapara. |'mapaTtooOpa3oBaHHS MOXHO H30e-
JKaTh IyTeM THAPATALUH, KOTOPOE YMEHBIIAET KOIMYe-
CTBO BOJIBI, HOCTYIHOH I 00pa3oBaHMS TMApaTa, WM
IyTEM HOIEPKaHUs pabouero JaBIeHUs U TEMIIEPATY LI
BHE 00nacTu oOpasoBanus ruapara. IlocmemHuii MeTox
OCHOBAH Ha CMEIEHNH THAPATHOH (ha30BOM rpaHMIEI 3a
npenensl pabouynx yCIoBHH (JaBleHHE M TEMIIEPATypa)
BO BpeMs HOPMAJILHOM JOOBIYM MM TPAaHCIOPTa. DTOro
MOKHO JIOCTHYb, CABHHYB THAPATHYIO (Pa30BYIO TPaHUILY
CHCTEMEI BJIEBO, J00aBMB XMMHYECKHE COCAMHEHHS, Ta-
KHe KaK TEPMOJMHAMHYECKHE HHIMOUTOPEI, CMECTHB Pa-
00uyI0 JMHHIO BIPABO, HarpeBas MM H30JHUPYsS TPyOo-
poBoj. Tax:ke BO3MOXHO CMECTHTh Pad0uyI0 TMHHUIO 38
TpeJiesbl 30HBI CTAOMIBHOCTH THIpATa, KOHTPOJIHUpPYS pa-
Oouee maBinenue (XOTS OTOT IapaMeTp OOBIYHO HCIIOJIb-
3yercs JUIs JWCCOIMAIMK THAPATHOH NPOOKH MyTeM
cOpoca IaBieHus).

CyIIecTBYIOT pa3jIdyHbE METOIbI 00eCIeUeHus Io-
TOKa JUISl pelIeHHMs poOIeMBI 00pa3oBaHus THAPATOB B
TpyOonpoBogax. HexoTopsle METOIBI CBSA3AHEI C IIPENOT-
BpamieHreM 00pa3oBaHKs THAPATOB, B TO BPEMS KaK HO-
Bad TCHACHLHWA 3aK/I0OYaC€TCd B TOM, IITO6I)I JOIIyCKaTh
00pa3oBaHKe THAPATOB, HO MPEIOTBpAIATh 00pa30BaHNE
TUJIPATHON TPOOKH.

[Job6aBneHue UHIMBUTOPOB rMApPaToOB B CUCTEMY

CoBpeMeHHBIE PElIeHHs I IPESOTBPALICHHS 00pa-
30BaHMS THAPATOB B OCHOBHOM OCYILECTBJISIOTCS C IO-
MOIIBIO TEPMOJMHAMUYECKHAX CPEACTB, TO €CTh MOJIJIEP-
JKaHUs TeMIIepaTyphl U JaBIeHHs Ha 0€30IacHOM YPOBHE
W yoaleHus BOALL, Wik myteM BBeaenus 10+50 % obbe-
Ma TepMOJMHAMHYECKAX HHTHOUTOPOB, TAKUX KaK MOHO-
STUIICHTJIMKOIb, B KHUAKOCTE. B momonHenye K TepMoau-
HAMHYECKAM HHTHOMTOpPAM B IIOCIENHEE IECATHIIETHE
ObIM pa3pabOTaHBl HOBBIE METOMBI, TaAKHE KaK KMHETH-
YeCcKWe HMHTHOMTOPHI M aAHTHArJIOMEPAHTHI, YTOOLI
MIPEIOTBPATHTE POCT KPUCTAIUIOB THAPATOB M UX arjoMe-
paIMio COOTBETCTBEHHO. B 3TOM MeTOzme IOIMMEPHI M
MIOBEPXHOCTHO-aKTHBHBIE BEIIECTBA J00ABISAIOTCA B IMO-
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TOK B TPyOOIPOBOJIaX, 00pa3ys dMyJbcur (BOIa-B-Mace)
WA MAKPO3MYITBCHH.

Jlns MHHUMH3allMM pUCKa 00pa3oBaHUS T'HAPATOB
OOBIYHOM TIPAKTUKOH SBJISCTCS HCIOIb30BAaHUE H30BITOY-
HOTO KOJHMYECTBa HMHrHOuTOpa. UpesMepHas HO3MPOBKA
HUHTHOUTOPA IPUBOJUT K HETAaTUBHEIM BO3ICHCTBUSAM Ha
OKPYKAIOIIYIO Cpely M HEKETATEIbHBIM JOIOJHUTEIh-
HBIM pacxomaMm. Ilo 3Toil mpuunHe HE0OXOOUMOCTH MH-
HMMH3UPOBATh KOJMYECTBO MHTHOUTOPOB SBISACTCS CIIE
OJIHOM MOTHBAIIMEH I IPOJODKECHHS MCCACAOBAHUH 110
OTPE/ICNIEHAI0 MEXaHN3Ma THIPATO00Pa30BAHHSL.

Haubonee pacupocTpaHeHHBIM METOAOM IS TIPEIy-
TPSKICHUSA TUAPATOB, TIPUMEHIEMBIM B ITPOMBIIIICHHO-
CTH B HACTOSAIIIEE BpEMs, SBISETCS IPUMEHEHHE HHTHOU-
TOPOB.

Pa3paboTka 3xoHOMHYECKH 3(D(EKTUBHBIX albTepHA-
THBHBIX M JKOJOTHYSCKM MPHEMIIEMbIX HHTHOUTOPOB
THAPATOB SBIAETCA TEXHOIOTHYECKOH MpoOIeMoit s
HedTerasoBoii orpaciu. MHrHOWTOPHI J00aBISAIOTCS B
TEXHOJIOTHYCCKHE JIMHUK IS IIOJAaBJICHUS 00pa30BaHUS
THIPATOB. BIphIck XMMUKaTa MCTONb3yeTes s Tpyoo-
MPOBOJIOB IPOTSKEHHOCTHIO 0T 10 10 250 KM.

CyIIeCTBYIOT IBE OCHOBHBIC KATETOPHU XMMHUECKHX
MHTHOMTOPOB: TEPMOJUHAMUYECKUE M HHU3KOJO3UPOBaH-
HBIC HHTHOUTOPEI THAPATOB.

OO6pa3oBaHue THAPATOB SBISIETCS CEPhE3HON IIpobiIe-
MOH Uit TpoMbInuieHHocTH. CIIenuanicTsl 10 o0ecrie-
YEHHIO IMOTOKA HAXOAWIUCH B TOWCKE PEUICHHH ATOM
IpoOJIEMBI ¢ MOMEHTA Pa3pa0OTKH MEPBBIX MOPCKUX Me-
cropoxkacHuid. OIHO U3 MEPBOHAYATIBHBIX PEIICHHUM, KO-
TOpPBIE JI0 CHX IIOP HCIIONB3YETCS CETOIHS, 3TO BBOJ XH-
MHYECKHX BEIIECTB, HA3BIBAEMBIX TEPMOIMHAMIICCKIMH
UHTUOUTOpaMU. MHrHMOUTOPEI OOBIYHO MPEICTABIAIOT
co00H THOISIPHBIC PACTBOPHUTEIH WM MOHHBIC COJH, KO-
TOpBIC HE NPEIOTBPAIIAIOT 00pa30BaHHE THAPATOB, HO
BMECTO 3TOTO OHM CHIDKAIOT TEMIIEpaTypy IIacTa I
YBEIMUYMBAIOT TIACTOBOE JaBIEHUE (T. €. U3MEHSIOT (a-
30BYI0 000JI0UKY, BHYTPH KOTOPOI THAPAT CTaOKIEH).

Taxum 00pa3oM, OHM IPEIOTBPAIIAIOT MOIAJAHUE YT-
JIEBOZIOPOTHOM KHUAKOCTH B 30HY CTAOMIBHOCTH THAPATa
1o Bcel mmHe Tpydonposoaa. Hanbosee yacto ucmons-
3yeMbl¢ TEPMOJNHAMUYCCKHE WHIHOMTOPHI IPEICTABII-
10T co00#f Metanon W stuiaeHrmukoas (MOIY). Ouu jo-
0aBIAIOTCSA B BBICOKHX KOHIeHTpanuiax 10+60 mac. % u
U3MEHSIOT CBOMCTBA JKUAKOHW M T'MAPATHOH (a3, 4To 103-
BOJIICT CMECTHTh KPUBYIO JAHUCCOIMAIINK B 00JIACTh HH3-
KUX TEMIIEpaTyp M BRICOKUX JaBJICHHUH.

Brinn mpoBeieHBI HCCIeI0BaHUS 00pa30BaHKs THIPa-
toB (puc. 1). CrpaBa OT guarpaMMbl THAPATHl He OyOyT
00pa30BBIBATLCS M CHCTEMa OYAET CYIIECTBOBATh B 00JIa-
cti (GaougoB (YIiIeBoAopoaoB u Boabl). OmHaKO rHapa-
TBI 00pa3yIOTCs B PETMOHE CJIEBA OT JIMHWUHM, 0003HAYEH-
Hol «KpuBas 00pa3oBaHUs TUAPATOBY, U CIEOYET IPH-
HATBH MEPBI 110 IIPEAOTBPALICHHIO UX 00pa30BaHHUS.

OTH YCIOBHA IOKa3aHBI B BHIC MOYTH TOPH30HTAb-
HOW JIMHUH, HAIOXCHHON Ha yCIOBHSA 00pa3oBaHUS THI-
paros, Ha puc. 1. Ha mebompmmx paccrosuusx Tpybo-
nposoja (Hampumep, 11 kM) OT MOABOAHOTO YCThS CKBa-
JKHHBI TPAHCIIOPTHPYEMBIH MOTOK BCE €INEC COXPaHSICT
HEKOTOPOE KOJMYECTBO ILIACTOBOTO TETLIA, TAK YTO THI-
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pat He obpasyercs. OkeaH OXJIakIaeT IPOTEKAIONIHIL II0-
TOK, M IPHUMEPHO Yepe3 15 KM eIMHUYHAs Macca IpoTe-
KAOIIEro ra3a W IOMYTHOM BOJBI MOCTYIAET B THAPAT-
HYI0O 00JIacTh CjI€Ba OT KPMBOH 00pa3oBaHUs THIpaTa,
0CTaBasACh B CBOOOMHOM 00iacTu ruapara 10 72 kM. Ta-
KOE€ PAacCTOSHHE MOXET IIPEACTABIATh HECKOJBKO IHEH
npeObIBaHKMA B BOAHOM (Dase, Tak YTO THMApPATHI, HECO-
MHEHHO, OyIyT 00pa3oBBIBaThCS, €CliM He OyayT mpej-
TNIPUHATHI 1IATH 0 HHIHOUPOBAHHIO.

Kpuean ofpa30EaHHA rHEpaToE
20 =

=

wn
L]
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HNaenexne, Mla
=
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Puc. 1. Obpazosanue euopamos 6 mpybonposooe: 1 — cxe-
Ma npoxnadku mpybonpogooa; 2-5 — KoHyewmpa-
yusi mMemauona, coomeemcmeenno, Me,=0 %,
Me;=10 %, Me,~20 % u Mes=30 %

Fig. 1. Formation of hydrates in the pipeline: 1 — pipeline
scheme; 2—5 — methanol concentration, respectively,
Me,=0 %, Me;=10 %, Me,=20 % and Mes=30 %

Ha puc. 1 na 40 kM TemmepaTypa CHCTEMBI TPYOOIIPO-
BOJIa HAXOJWTCA B Ipeenax HECKOIbKHX I'PagycoB OT
TEMIIEpATyphl JHA OKeaHa, TaK 4To MpUMepHo 23 Mac. %
MeraHona Tpedyercss B (ase CcBOOOMHOM BOALI IS
MPEIOTBPAICHHS 00pa30BaHMs THAPATOB U 3aKYIOPKH
TpyOomnpoBogoB. ObOpya0BaHKE IS 3aKauK¥ METaHOJa
HEJOCTYNHO B HE0OXoAUMBIX Toukax (0T 15 mo 72 kM)
BIOIb TPYyOOIpoBoaa. BMecTo 3TOr0 MeTaHON 3aKaumBa-
ercs B TpyOOIPOBOJ Ha MOABOJHOM YCThE CKBAXKHHEL
B ciyuae Tpy6omnpoBoa, MOKa3aHHOTo Ha puc. 1, Jocra-
TOYHOE KOIMYECTBO METAHOJA BIPBICKUBACTCS B YCThE
CKBa)XHHBI TaK, 4TO B (ha3e CBOOOJHON BOABI OYACT MPH-
CYTICTBOBaTh M30BITOK 23 Mac. % MeTaHolma IO BCeH
JmHe Tpybomposona. Konmenrpanus meTaHona Oonee
20 % TtpebyeTcs U1 MOJHOTO MOIaBICHHS 00pa30BaHHUS
THJPATOB B 3TOH cHCTEME.

Korma ucnapeHHBIH METaHO TEYET 110 TPYOOIPOBOLY,
OH pacTBopsieTcs B JIF000H MOMyTHOH BOJE MIIK B BOJE,
KOH/IEHCMPOBAaHHON M3 rasza. MHruOumpoBaHue ruapaTa
IIPOUCXOIUT B CBOOOIHOMN BOJE, OOBIYHO B CKOIUIEHHUSX,
I7ie €CTh M3MEHEHHE B TeOMETpUH (HAIIpUMED, M3TU0 MK
najeHye TpyoornpoBoIa BAOJb BIaANHEI JHa OKeaHa) WK
B HEKOTOPOM MECTE 3apoIbINIc00pa3oBaHus (Hampumep,
TIECOK WM CBApHOM ILIOB).

WurnbupoBaHnde THUAPATOB IIPOMCXOJUT B BOIHOM
JKMIKOCTH, a HE B 00beMe mapoB. XOTs OONbIIas 4acTh
METaHoJIa PACTBOPSETCS B BOJIE, 3HAUUTENLHOE KOJHYe-
CTBO METaHOJa MO0 OCTaeTCsA B Mape, JIMOO pacTBOPSET-

s B XKUIKOH YIIIeBOAOPOAHOH (hase. Jlaxke eclii KOHIIEH-
TpalMsa METaHOIA B Iapax MM KHAKHX YIJIEBOIOPOIaX
Majga, NpH HEOOIBUIMX KOIMYECTBAX BOXLI OOJBIIAS
YaCTh METAHOJA MOXKET IIOTPEOIATECS ITApOM HIIM JKHJ-
KHMH YIJIEBOJOPOJAMH, MOCKOJBKY (DPaKIUK YIIEBOJIO-
poaHo# (a3pl HaMHOTO Oosblie, YeM (Dpakuuu BOAHOH
(haspl.

Ha puc. 1 nmokasano, uTo Temieparypa rasa yBeJIndH-
Baetcs ¢ 48 10 72 kM ¢ Ooee TemabIME (Doee MEITKHUMH)
BOAHBIMH ycioBusaME. ONHAKO Ha PACCTOSHUM OT 72 10
80 kM HaOMIOJaeTCsS BTOPAs TEHACHIMS OXJIKICHUS H3-
3a 3 dexta paciupenus Jxoyns—TomcoHa.

TepmoauHaMUUECKHEe MHIMOUTOPHI THAPATOB JaBHO
HCIIOJIB3YIOTCA B IIPOMBIINIIICHHOCTH H HeﬁCTByIOT KaK
anTu(pu3. Hanbonee 4acTo MCMOmb3yeMble — 3TO MeTa-
HOJI ¥ MOHO3THIICHTTTKOIb.

OCHOBHOW TMPUHIMUII MCHOJB30BAHUS TEPMOJHMHAMU-
YeCKUX MHIHOMTOPOB 3aKIIOYaeTCs B TOM, 4YTO OH
OpeJOTBpaIiacT 00pa3oBaHME TI'MAPATOB IIyTEM CMEIIe-
HHUSI YCIOBUM PaBHOBECHS, IIPH 3TOM YCJIOBHS 00pa3oBa-
HHSI TUAPATOB 00ECHIEUUBAIOTCA IPH 0O0NCe HU3KUX TEM-
TIepaTypax ¥ MOBHIIICHHOM JIaBJICHHH.

Takum o0pa3oM, m00aBlICHHE METaHOJNA WIM MOHO-
STUJICHTIIMKOJIS CMEIIACT KPUBYHO PABHOBECHS BJIEBO, TJIE
JOCTUTAETCS TEPMOAMHAMUYECKOE PABHOBECHE MOJIEKYII
JKUIKOCTH ¥ ra3a. B aToM ciyuae oOpa3oBaHKe THAPATOB
MIPOUCXOANT TIpH Oojee HHU3KOH TeMIIEpaType H 0Oolee
BBICOKOM [IaBJICHHUH, 33 CYET ITOTO CHIDKACTCS PUCK 00-
Pa30BaHMs THAPATOB.

OHM TOIBKO U3MEHSIOT YCIOBUS TEMIIEPATYPhI U [aB-
JIEHUs, TeM CaMbIM CMeIlas pabdoyHe YCIOBHMSA M3 CTa-
OWIBHOI THAPaTHOM 00J1aCTH, KaK OKa3aHo Ha pHC. 2.
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Puc. 2. Kpusaa paenogecus zudpama 2asa: 1-3 — xonyen-
mpayus  morosmunenenuxkona (MOI), coomeem-
cmeenno, MOI=0 %, MOI,=20 % u MOI'3=40 %

Fig. 2. Equilibrium curve of gas hydrate: 1-3 — the concen-
tration of monoethylene glycol (MEG), respectively,
MEG,;=0 %, MEG,=20 % and MEG;=40 %

Crpaterust yupaslieHHs THApaTaMH C HCIONb30Ba-
HHEM XMMHKATOB OCHOBAaHA Ha HENMPEPHLIBHOM BBEACHUH
TEPMOJHHAMHYECKOTO MHTHOMTOpa TUAPATOB (KaK mpa-
BHII0, MOHODTHIIEHTITHKOIIS) IPAKTHUECKH O€3 M30JIAIIH
MOJBOJHOM cucTeMEI. TepMOIUHAMUYECKHE HHTHOHMTO-
PBI PEIKO MCHONB3YIOTCA B HEMTAHBIX CHCTEMAX, IOTO-
MY YTO Ul MPENOTBPAIlEHUs THAPAaTallid IOTPEOYIOT-
cs BBICOKHE KOHILEHTpAIlMH. XUMHKATHl JOCTABIIAIOTCS
o TpyOOMpPOBOIY MAJOTO JHAaMETpa B HANPABICHHH,
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MIPOTHBOIIONIOKHOM IPOU3BOACTBEHHOMY IIOTOKY, M3
CTAaI[MOHAPHBIX PE3EPBYapOB HA MOPCKOM JHE MM Ha
MTOBEPXHOCTH.

WHrn6uTopsl 00LIMHO MCIONB3YIOTCA, KOrja 00BOJI-
HEHHOCTh B CHCTEME HaxoauTcs B auamasoHe oT 20 1o
40 % Macchel, HO TEOPETHYECKH OHA MOXKET HCIIOJIB30-
BaThCA IIPU BCeX OOBOMHEHMAX. DPMEKT Mepeoxiaxie-
HHSL METaHOJa MOXeT jocturath mpumepHo 30 °C s
50 % maccel npu gasienusx ot 0 go 17 MlIla. Bsiskocts
He(hTU BCeraa 3aBHCHT OT J00aBlIeHus HHruouropa. Ilpu
Jo0aBIeHUH METaHOIA MoTydeHHas HedTh OymeT Oonee
I'YCTOM, a TIIMKOJS — Oollee TOHKOH, HO 3TO CJIOMKHO
npenckazats. OnHako konmmyecTBo ruzapara a0 40 % He
00513aTeTbHO  JTaeT M3MEPUMOE M3MEHEHHE BS3KOCTH
KHUIKOCTH.

I'MMKoOmM IIMPOKO MCIONB3YIOTCS B He(TEra3oBOM
MIPOMBILIJIEHHOCTH, OCOOEHHO TPH J00LIYE IPUPOIHOIO
rasa. Korma MOHOSTHIIEHTIIMKOIM MCIIOIB3YIOTCS B Kaue-
CTBE MHTMOUTOPOB I'a30BEIX THAPATOB, HX MOTEPS B yIile-
BOJOPOJHOKM (ha3e sABNAETCS HauOoOJee CYIIECTBEHHBIM
HEIOCTATKOM, OCOOEHHO [ MeTaHoja. MOHO3TH-
JIEHIIIMKOIM 0oJiee MPEANOYTHTENBHEI, TOTOMY 4TO HX
JIEr4e PEereHepMPOBaTh: TEMIEPATYpPa KUIIEHHS MOHOITH-
JICHTJIMKOIIS BBIIIE, YeM Y METaHOJa W MOTepU Ha HCIa-
PEHUE HE3HAUUTEIBHBI.

Crparernsi yMeHBIIEHHSI THAPATOB OCHOBAaHA Ha He-
TIPEPHIBHOM BBEACHHH TEPMOJMHAMHIECKOTO MHTHUOUTO-

pa ruapaToB (OOBIYHO MOHOAITHICHIJIMKONSA) ¢ HEOONb-
10 M30JIA1KeN Wik 03 U30IALME HOJBOJHOM CHCTEMEL
CerofHs MOHOATHIEHTIHMKOIb NPEACTABIIET cO00M Co-
BPEMEHHBIM METOJ KOHTPOJA T'MAPAToB. Y HUX TaKKe,
HOMHMO MpeJOTBpalleHus ruaparos, MOI cHimbkaer
CKOPOCTh KOPPO3UH B TPYOOIPOBOAAX M3 YIICPOTHCTOH
CTaJId, KOTOPBIE OOBIYHO HUCIOIB3YIOTCS, H XOPOIIO IIOJ-
XOJMT B KaueCTBE HOCHTENIA MHIHOMTOPOB KOPPO3UH M
crabunu3aropos pH. MOHOITHIEHTITHKONE TAKKE CUMTA-
€TCS PETCHEPHPYEMBIM U IKOIOTHUCCKH YHCTHIM H3-32
CBOMX XMMHYECKUX CBOMCTB M MCMOJIB30BAHMS B 3aMKHY-
TOI CHCTEME, TJie TIOTEPH OTHOCUTEILHO HEBEIHKH.

Kpome Toro, 3ddhexTuBHOE colepKaHne HHTHOMTOPA
COCTaBIIET MeHee 6 % OT mojyIekamniero oopadoTke rasa.
CHcTeMBI pereHepaly OOBIYHO HCHONB3YIOTCS JUIS KH-
ISTYCHHS BOJBI B YCJIOBHSX, OJM3KHX K aTMOC(HEPHOMY
naBieHuro. Pabouass TemmepaTypa 3aBHCHT OT HE00Xo-
JmMoro conepxanns MOI'. Metanon 00bIMHO HE pereHe-
pupyercs.

OcHoBHble npermyniecTBa MOI' BKIIOYAOT B ceOs:
HaIe)KHOE PEIleHNe; 3aMKHYThIA LUK, 3aluTa OT KOp-
PO3WH; SKOJOTMYECKH YHCTBIH, HETOKCUYHBIH, HETOPIO-
YHH.

KpaTkoe u3nokeHHE MPEHUMYIICCTB M OTrPAHUYCHHI
IOPU HCIOJb30BAHUM XHMHYECKHX HMHITHOUTOPOB It
TPENOTBPAIIEHHS THAPATO00Pa30BAHKS PEICTABICHO Ha
puc. 3.

| WHrM6uTOpHI |

ﬂ TepMoagmMHamMuyeckne MHIMGMTophbI ‘

L MpermyLlwecTBa: HAAEKHOCTb U aEKTUBHOCTL + NOHATHLI B 0BCNYKMBAHUM + NPOBEPEHHbIE
OMbITOM NPUMEHEHNS.

OrpaHuyeHuns: BbICOKWE KanuTanbHble 3aTpaThl + TpebytoT 6onbwmx 06bemos (10+60 mac.%)
> + TOKCWYHBI + 3KOMOrMYeckn BpeaHble + neTyune — noTepu Ha napoobpaszoBaHue +
conesblgeneHue.

> KuHeTnyeckne MHrmbuTopel

MpeuMyLLecTBa: HU3KWe KanuTanbHble 3aTpaThbl +
HU3KOe copepaHue BewecTsa (<1 Mac.%) + SKONOrMYEeCKM YNCTbIA + HE TOKCUYEH +
MCMbITaHbl B ra3oBO CUCTEME.

OrpaHunyeHus: orpaHu4eHHoe 3HaveHne nepeoxnaxgeHus (<10 °C) + 3aBUCMMOCTb OT
> BpeEMeHM + cneuudmyeckas cuctema — TeCTUPOBaHWe + ocagku npu Bonee BLICOKOM
TemMnepaTtype + orpaHWYeHHbIA OMbIT paboThl B ra3oBbiX CMCTEMAX + HEMb3SA CNPOrHO3MPOBaTh.

L AHTuarnomeparsi \

MpeumyLuecTBa: HU3KME KanuTanbHbIe 3aTpaThl + HU3KOe cogepxaHune BewecTea (<1 mac.%) +
SKONOrMYECKM YNCTLIN + HE TOKCUYEH + LUMPOKWIA AMana3oH NepeoxnaxaeHus.

OrpaHuyeHns: 3aBNCMMOCTb OT BPEMEHW + COBMECTUMOCTb C APYrMMK BellecTsamm +
OrpaHMyeHHbIN ONbIT + HEMb3s CNPOrHO3MPOBATD.

Puc. 3. Onucanue npeumywecma u ozpanudenuil XuMu4eckux uHeuoumopoe

Fig. 3. Description of the benefits and limitations of chemical inhibitors
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MporpammHoe o6ecneyeHne OLGA

CymiecTByromiee porpaMmuoe obdecreuenne [25-27]
TI03BOJIIET MOJIEMPOBATh TEXHOJIOTUYECKUH MpoIece
UCTONB30BAHUS XMMIUECKUX HHIUOUTOPOB JUIS TIPEAOT-
BpAIICHUS THAPATOOOPA30BAHIIS.

[Iporpammuoe obecnieuenrne OLGA mo3Bomser mpo-
M3BECTH AHANM3 TOKa3aTeNned Imepekaukn HedTH, Hpu-
POHOTO Ta3a M IUIACTOBON BOABI NPH MHOTO(a3HOH
TPAHCTIOPTHPOBKE. IJTOT HHCTPYMEHT MOJETHUPOBAHUA
T03BOJISIET BH3YaIM3HPOBATh KIIIOUEBBIE ACTICKTHI JHHA-
MIYECKHX COOBITHH, OTPaXKaloMUX PEaNbHOCTb TpaHC-
HOpTUPOBKY yreBofoposoB. Ilaker OLGA no3somun
pa3pabathiBaTh MECTOpPOXKICHHS HeTH U rasa B Ooinee
ry0OKUX BOJIaX M JIaiibllie OT Oepera, 4eM 3T0 ObUIO OBl
BO3MOXHO 0€3 9TO TEXHOIOTUN.

["a30BBIe TUAPATHl BRI3BIBAIOT CEPHE3HBIE U MOTEHIIH-
aJbHO OTIACHBIE TIPOONEMBI 0OECTIeYeHHs MOTOKA B MPO-
M3BOJICTBEHHBIX Orepanusx. TumidHas npobieMHas o0-
JacTh — 3TO MHOTO()a3HbIE TPAHCIOPTHBIC IUHUH OT
YCThSl CKBOKHHBI K TPOM3BOICTBEHHOMY OOBEKTY, TIE
HU3KHE TEMIIEpaTypbl MOPCKOTO HA M BBICOKOE padouce
JIaBJICHYE YBENMYMBAIOT PUCK 3acCOPEHUS H3-3a 00pa3o-
BAHUS TUJIpaTa rasa.

[Iporpammuoe obecneyenne OLGA mo3Bonser mpo-
THO3HPOBATh PUCK 00Pa30BAHMS THAPATOB M 0OECIICUH-
BaeT pabounii IUama3oH Ui MPEJOTBPAIICHUS 00pa3o-
BaHMs I'MAPATOB IIPU TPAHCIIOPTUPOBKE B CKBAXKUHY, Ha
TEXHOJIOTHIECKUX OOBEKTaX U TPH IPOCKTHBIX BMeEIIa-
TENBCTBAX B CIIy4ae 00pa3oBaHUs TBEPABIX 00Pa30BAHMUM.

THnUYHEIE CITy4an HCIOMB30BAHUS: TPEIOTBPAIICHHE
TIOSIBJICHUS THIPATOB M OIL[CHKA KONMYECTBa 0Opa3OBaB-
IIMXCS TU/PATOB; UCIONB30BAHUE THAPATHOM CYCIICH3UH;
MO/JIETUPOBAaHIE THAPATHON CYCTIEH3UH.

la30BBI KOHACHCAT W BOJAA TPH OJNArONpPHATHBIX
YCHOBHAX 00pa3yloT THAPATHYIO MPoOKY, KOTopas 3aKy-
nopuBaer TpybompoBod. B Mopckux TpyOOIpOBOAHBIX
CHCTEMax TpPH BHICOKMX IABICHUAX W TEMIEpaTypax
OYEHb YacTO CO3JAIOTCS YCIOBHSA, IPU KOTOPBIX UMEETCS
BBICOKAsI BEPOATHOCTb oOpa3oBaHus TuapaTo. O6paso-
BABIIMKCS TUIPAT, MPEACTABISIONMNNA CO0OH MO CBOM-
CTBaM Jie/, HEBO3MOXKHO YIAIUTB 32 KOPOTKOE BPEMs, H3-
32 3TOr0 MPOUCXOAUT CHIKEHHE TIPOMYCKHON CIIOCOOHO-
CTH TpyOOTPOBOJa MM TIONHAS OCTAHOBKA TPAHCIIOPTHU-
POBKH TIPOAYKTA.

Boprba ¢ rungparooOpazoBaHHeM — 3TO 3aKadka Tep-
MOAMHAMHUYECKIX HHTHOMTOPOB, TAaKMX KaK METaHOI,
MOHOATU/ICHTIINKONb, ~ AMATHICHINUKON ¥ TPHITH-
JICHTIIMKONb. BBHY TOTO, YTO MOCNEIHHE 1B MPEJICTa-
BUTENS HE O00JafaroT J0CTaTOYHON 3(EKTHBHOCTHIO,
3mech OyneM paccMmarpuBath MeTaHon (Me) u MOHOITH-
senrkons (MOT).

Paccmotpum Bosaeiictsue 20 %-ro pacTBopa MeTaHo-
7a Ha notok. Ha puc. 4 nmomyuunu ciBur kpuBoi ruapa-
TO0Opa30BaHus OT IEPBOHAYANBHOTO MOJOKEHHS, T He
OBUTO HUKAKOTO BO3ICHCTBIS Ha CHCTEMY.

Teneps yMeHBIINM COIEpKaHHE METAHOTA B PacTBO-
pe 10 10 % u mocMoTpuM, KaK OyzmeT BecTH ceOst KpHBast
obpasosanus ruapaTos. Jaxe B cayuae ¢ 10%-M pacTBo-
POM MeTaHoNa BUUM, YTO TUIPATHI ele He 00pas3yroTcs.
Temeps cmomenmupyeM cHTyamuio ¢ 5%-M pacTBOPOM
(puc. 4) n yOoenumcs B 0OpaTHOM.

IpoBoxst MOAOOHBIC OMEpaIMi ¢ PA3HBIMH KOHIICH-
TPAMSIMA METAaHONa, B UTOTE MOJKEM IOIYYHTDH BIIOJHE
OXKHIAEMBII PE3YJIBTAT: YeM OOJIbIIIe KOHIICHTPAIIHS, TEM
Oonblie IMHUS cMemaeTcs BIeBo (puc. 4).
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Puc. 4. Kpuevie cudpamoobpazoeanus npu pasiuyHbIX KOH-
yenmpayusix memarnona (Me): 1 — be3 uneubumopos,
Konyenmpayus memawnona Me;=0 %; 2 — xouyen-
mpayus memanona Me,=10 %; 3 — konyenmpayus
memanona Me;=20 %,; 4 — konyenmpayus Memauo-
aa Me,=25 %

Fig. 4. Hydrate formation curves at various concentrations
of methanol (Me): 1 — without inhibitors, methanol
concentration Me;=0 %, 2 — methanol concentra-
tion Me,=10 %, 3 — methanol concentration
Me;=20 %, 4 — methanol concentration Me,=25 %

AHaJIOTUYHbIE KPUBBIE T'HAPATOOOPA30BAHMSA MOXKHO
noayuuth B nporpamme OLGA npu pa3iuuHBIX KOHIICH-
TPaUUAX MOHOSTUICHTIIUKOIA (pHC. 5).
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Puc. 5. Kpuevie cudpamoobpazoeanus npu pasiuyHbIX KOH-
yenmpayusix morosmunenenuxons (MII): 1 — be3
UH2UOUMOPOB, KOHYEHMPAayus MOHOIMULEHIUKONb
MOI'=0 %,; 2 — xonyenmpayus MII,=10 %, 3 —
rkonyenmpayus MOI3=20 %; 4 — konyewmpayus
MOI;=25%

Fig. 5. Hydrate formation curves at various concentrations
of monoethylene glycol (MEG): 1 — without inhibi-
tors, the concentration of monoethylene glycol
MEG ;=0 %, 2 — concentration of MEG,=10 %, 3 —
concentration of MEG;=20 %, 4 — concentration of
MEG,=25%

PaccMoTpeHHBIH METO. MPEeIOTBPAILECHUS Ta30BbIX TH-
PaToB — 3aKauKa TEPMOJUHAMMYCCKUX WHIHOUTOPOB, NPH-
MEHSUICS JUTS pa3pa0OTK MeCTOPOXkIeHUs B ApKTHKe. bbl-
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JIO YCTaHOBJICHO, YTO ONTUMAIBHOC PCIICHUE I 60pL6I)I C
TUApaTaMu — 3TO 3dKa4Ka TCPMOIUHAMHUYCCKUX HUHTHOHTO-
POB, TAKMX KaK METAHOJI WA MOHOSTUJICHIJTUKOJIb.

3aknioueHue

PazpaboTka 3amacoB apkTHUecKoro memb(a sSBIseTcs
OZHOM W3 MEepCreKTUBHBIX 0O0JacTeil, depe3 KOTOpbIe
MOXHO BECTH A0OBIMY He(pTH M Taza. ApPKTHYECKHii
menb( MOKET CTaTh BAKHBIM HCTOYHHKOM JIONTOCPOU-
HOTO pocTa J00brH. OIHAKO CIOXKHEIC JIENOBBIE H IO-
TOJIHBIC YCJIOBUS U OTCYTCTBUE HH()PACTPYKTYPHI TPEOY-
0T JIPYTOr0 MOJX0/1a U TEXHONOTHH.

Jo06br4a ra3a B ApKTHKe CBSI3aHA ¢ HEOOXOIMMOCTEIO
TPAHCIIOPTHPOBKH YTJIEBOAOPOAA Ha OOJBIINE paccTos-
HUS, B PE3YNBTATE 9er0 TPAHCIOPTHPYEMBIH TIPHPOIHBIH
ra3 u Boja oOpasyloT razoBbie rujpatsl. OOpasoBaHue
TUpara ¢ MOCIEIYIONMM HAKOIUICHHEM CO3aeT OOIb-
MHe arfioMepanui. B pesympTate 9T0 MPUBOIMT K OTpa-
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The relevance of the research is caused by the need to develop effective methods to prevent hydrate formation in underwater gas pipe-
lines. The rapid formation of gas hydrates is promoted by high pressure and low temperature in deep-sea underwater structures, which is
one of the most difficult problems in ensuring the operability of the pipeline. The main direction of ensuring trouble-free operation of pipe-
lines is to support the processes of using hydrate inhibitors during the operation of hydrocarbon transport facilities, taking into account their
advantages and disadvantages.

The main aim of the research is to develop a method for evaluating the effectiveness of hydrate inhibitors in production and transport of
hydrocarbons in marine conditions.

The objects of the research are performance indicators for implementation of hydrate inhibitor use methods with an assessment of the risk
associated with hydrate formation, which helps prevent hydrate blockage and ensure equipment integrity.

Methods. To increase the reliability of the interpretation of methods for the use of hydrate inhibitors, it is proposed to use the OLGA soft-
ware, which is a tool for modeling the analysis of pumping oil, natural gas, and produced water during multiphase transportation. This
modeling tool allows you to visualize key aspects of dynamic events that reflect the reality of hydrocarbon transportation. The OLGA soft-
ware suite has allowed developing oil and gas fields in deeper waters and further offshore than it was possible without this technology.
Results. Using OLGA software, it was possible to consider existing methods for preventing hydrate formation and concluded that cold flow
technology, as well as the addition of a 10 % methanol solution, are the most beneficial solution for the Arctic compared to other technolo-
gies and other concentrations, respectively.

Key words:
Offshore pipeline, inhibitor, hydrate formation, software, concentration, pressure, temperature.
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