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TEOPETUNYECKOE OIITMCAHUWE PABOTHI "KVIIOJIA —
CEITAPATOPA"B YCJIOBUAX TNIPATOOBPA30OBAHUA

H.A. Yueaunues, A.A. Hacwpos

Annoranus

Ilo mpuuwmbe ymenbIeHusi yriaeBOMOPOHBIX 3aIlacOB HA CyIle pa3paboTka mpurieabdo-
BbIX MECTODOXK/ICHUN sABJIAETCH AKTYaJIbHbIM HAIIPABJIEHUEM B COXPAHEHUU CTaOUIIbHBIX yPOB-
Heil Mpom3BOACTBa HedTH U ra3a. B HacTosdImee BpeMs B Hameil CTpaHe MPOUCXOIUT aKTHBHOE
OCBOEHUE aPKTUYECKUX TeppuTopuil. [103TOMYy BaskKHO CBECTH K MUHUMYMY 9KOJIOTMYECKUE PUC-
KU, CBA3AHHBIE C yTEYKOM yIJIEBOJIOPOJOB U3 CKBAXKUH HA JIHE OKEaHa, OCOOEHHO B YCJIOBUIAX
KpaiiHero cesepa. B mannoit paboTe pacCMaTpUBAIOTCSA TEOPETHIECKIE OCHOBBI MO/IEINPOBAHUST
"Kyrosia-cenapaTopa KOTOPbI MOXKeT ObITh UCIOJIL30BAH JJIs [IPEI0TBPAINEHUs TOCIeACTBUN
HedTAHBIX ¥ ra30BbIX aBapuil Ha MECTOPOXK/EHUdX B 1iesibdoBoil 3oue. ITocrpoena marema-
THUYEeCKas MOJIE/Ib OMUCHIBAIONIAs MTPOIECC HATIOTHEHNST U OTKAYKU KYTIOJIa TTPU YCIOBUSIX THI-
paToobpa3oBaHUs, & TAK K€ ONMMCAHA JTWHAMUKA M3MeHeHus: Temmeparypbl ¢a3. KiroueBbie

cJI0Ba: YIJIeBOIOPOIbI, THIPAT, "KymogI — cemapaTop'.

1. OcHoBHBIE ypaBHEHUS

Paccmorpum upunupnuanbayo cxemy uuiuHapudeckoro xKynosaa (puc.l) [1], koro-
PBIN YCTAHABJMBACTCS HA JHE OKEAHA, HETOCPEACTBEHHO HA MECTOM ABAPWN.
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Puc. 1. Ilpuanummasipaas cxema "KyrmoJsia-cemaparopa”

3nech R — paguyc Kymosa; @ — PaJnyc CKBAXKHUHDL, Zyup, Zdown — KOODIUHATA BEPX-
Heif W HUKHEH TPAHUIBI KYNONA; Zgas, Zoil — I'PAHHNA padfena da3 "medTh-raz"n
"nedrp-Boga"; h — paccrogHue OT IOBEDXHOCTH IO JIHA OKeaHa; S,, Sy — ILIOMAIu
cevennsg TpyO A7s1 OTKaduKN HePTH U Ta3a.

ITo Mepe 3amosHEeHUs! JIOBYIIKU YTJIEBOIOPOJHON CMECHIO TTPOUCXOJUT PACCIOCHUE
daz. Jljps onvcanus TUHAMUKK YPOBHST HEDTH U Ta3a B KYIOJE, MOJJaras, 9T0 MEXIY
HUMH OTCYTCTBYET MacCOOOMEH, 3aliIleM ypaBHEHNe COXPaHEHUs Macchl [2]:
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TJle HUKHUH WHAEKC j = 0,§ OTHOCWTCA K TapaMeTpaM HedTn u raza, M; n m;r -
Macca ¥ MacCOBBIl PACXOJ, J-TO KOMIIOHEHTa CMECH B KYIIOJI€.

Jag pexxuMa OTKAadKHU YIJIEBOAOPOIOB U3 KYIOJIa 3alUIlleM YPABHEHUE JIJisT MacCo-
BOro pacxona ¢a3 B BHIe:

mj_ = p?Uij, (2)

rae p? — UCTHHHAA TIJIOTHOCTE (ba3; v; — CKOPOCTh OTKAYKH (a3, KOTopasd Ompeiegercs
U3 ypaBHEHUS:

rpe k — koaddunuent Kopuroauca; p; — nasienue ¢das3pl B BepxHeil 4acTi KyIoaa; Po
— JIaBJIEHUE HA TIOBEPXHOCTH OKEAHA.

JlaBienvie ba3 B BepXHE 9acTU KYTIOJIa OYIeM OMpeesaTh UCXOs U3 YCAOBUS THI-
POCTATHYECKOTO PABHOBECHSI:

Ph = Dg + pPog(2g — 20) + puw9(2zo — 2a), (4)

T7e pp, — JaBJeHWe CTOI0a JKUIKOCTH HA TiybnHe h; py — JaBjIeHNe Ta3a Mo, KyToJIoM;
pj — TJIOTHOCTH ba3; 2j, 24 — KOOPIAWHATHI TPAHNI (a3 U HUZKHETO OCHOBAHNA KYTIOJIA.

2. PazjoxeHue razoruapara B "KymoJie-cernaparope"

Bynem cumrarh, 9TO Ha JHE OKEAHA PEATU3YIOTCS YCIOBHA THApaToobpa3oBanus. B
9TOM CJIy4ae 3a BpeMsd yCTaHOBKY HeDTAHOM JOBYIIKH BO3MOKHO 0OpAa30BAHUE THAPATA,
KOTODBIN B MOCTEJACTBUU MOYKET MPUBECTU K HECTAOMILHON OTKAUKe YTIeBOIOPOIOB.
Cunraem, 910 KyIOJ 3aM0HEH HEDTHIO, BOAOH U ruapaToM (puc. 2): 31eCh zj, — FPAHUIA
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uc. 2. MHINHAIbHAA cxeMa ''KyIosa-cermapar THAPATOM
Puc. 2. 11 ampbHasg cxema oma-cenaparopa'c aTo

pasgena dpas3 "rumpar - Boga"; hp- TOMMMHA CJIOS THIPATA.
ypaBHeHI/Ie COXPpaHEHHA MACCBI OJI4d T'HAPaTa MO2KHO IIPDEJCTaBUTH B BUIE:

dM;, 9 o
= n (R — a?)js, 5)

rne M — macca rumpara; j;, — WHTEHCUBHOCTH OOPA30BAHUS TUIpATa, KOTOPAs OIpe-
JIETIAeTCd U3 YCJIOBUS TEIIOBOTO DATAHCA!

. —dho + Ghw
Jh= "7 (6)

3mech | — ymenbHasS TerioTa TuApATO0OPA30BAHUS; (ho, (hw — TEIJIOBBIE MOTOKH OT
HedTH B CJIOM TUAPAT W OT THAPATA B BOMY.
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Temmeparypy Ha rpanuile zp OyaeM CYHTATHL PABHOM DPABHOBECHOI TeMmeparype
ruapaToodpa30BaHNst, COOTBETCTBYIOIIEH IMIDOCTATHYIECKOMY TABJIEHUIO P!

ﬂ@zhﬁﬂmgp, (7)

rae Ts(p) — paBHOBECHAS TEMIEPATYPa MHAPATOOOPA30BAHUA; Tho, Pho, 1x — SMIHAPH-
YECKHE MapaMeTphl, OMpeAeisieMbie Ha, OCHOBE SKCIEPUMEHTAILHBIX TAHHBIX.
Wcxons u3 perennst aBTOMOETBHON 33291, TEIJIOBBIE TOTOKU MOXKHO OIPEIETUTh

o (T.(p) -~ T.) (T.(p) — T.)

- — w = */\73
viAE Tl ®

e Ap, Xn — KO3MMUIUMEHT TEIIONPOBOIHOCTYA U TEMIIEPATYPOIPOBOIHOCTH THIPATA;
Xo — K03 dumment reMmueparypounpopoguoctu wedru, T,, T,, — remueparypa HedTH
U BOJIBL.

W3 npencraBiieHHBIX YPABHEHUN MOXKHO [TOJIYYUTH BhIPAYKEHNE JIJi W3MEHEHUs TOJI-
[IIWHBI TUIPATHOTO €0 B KYIIOJIE:

dho = *>\o

dhp — —qho + qhw
i Iy )

rae pp — NJIOTHOCTHL ruaApaTa.

3. YwucieHHBIA aHAIN3

IIpoBemenbr pacderTshl MOIETUPYIONIVE THHAMUKY W3MEHEHUs TPAHUI] (a3 u TeMIre-
PATyphI TIPU 3aIOJHEHUN W OTKadYKu Kynosa. OObeMHbIH pacxon HedTH W Ta3a COO0T-
BeTCTBEHHO paBHbI 1045 M3 Ja un 180 M3 /a.llapaMerpsl CKBasKMHBL W KYIOJIa UMEIOT
suadenms: h=500 m; a=0.85 m; R=15 m; k=1; 6,=0.005 M; 2yup=30 M; Zgown =D
M; Sg=0.0217 m; S,=0.07 m. ns TepmomumHAMUTIECKHX HapaMerpoB a3 mpuHs-
Tl cieayompe 3Havenus: A, =0.25 Br/(m-K); T,=353 K; T, =277 K; X\,=0.12
Br/(m-K); po=866 kr/m3; ¢, =1670 JIx/(xr-K); T, =353 K; A\;=0.03 Br/(m-K);
¢y =2365 [k /(kr-K); p0=0.6 xr/m3; Tho =283 K; pro—6.95 MIla; T, =10 K; [=5-10°
Jx /xr, ¢, =2044 Tx/(xr-K).
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Puc. 3. Isuxenue rpanurn "ra3-aedts"u "HedTh-Boma"

Ha puc. 3 mrpux-nyHKTUDPHON JMHUEH NPEICTABIEHA IMHAMUKA W3MEHEHUs I'Da-
HuIbl "ra3-Hedrh"; CIUTOMHON JMHMeNH MOKA3aHO ABUXKeHWe TpaHullbl "HedTh-Boma".
LHTpI/IXOBbIMI/I JUHUAMAP TPEJACTABJICHLI BEPXHAAd W HUXKHAA TPAHUNbBI KyTOJa. BI/I,ZL—

HO, 9TO OTOOp Ta3a, MpH JAHHOM 3HAYEHHW Ie0NTa, TPOMCXOANAT MPHUOIU3UTEIHHO 33
5 gacos. Ilocse 3TOr0 Kymos oCcTaéTcsi MOJHOCTHIO 3AIOJTHEHHBIM HEDTHIO.

Bech niporiecc HAOHEHNST 1 OTKAYKH YIJIEBOIOPOIOB B "KyTose-cenaparope mponcxoauT

3a 20 9acoB. YCTAHOBJEHO, 9TO MMPHU JAHHBIX 3HAUCHUSIX J1eOUTa, 0TOOp ra3a HeOOXOINMO
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HaurHATH depe3 11 9acoB mocje Havaj a HAMOJHEHWS KYIOJa, BO M30EKAHUE YTEUKU
YIJIEBOJIOPOIOB W3 JIOBYIIIKU.

Ha puc. 4 npusesmensr pe3yabTaThbl YNCIEHHBIX PACYETOB I W3MEHEHUS TeMIIepa-
Typsl HeDTH ¥ ra3a HA STANE 3aIOTHEHWs] KYIOJd, KOTIA 2, = Zg = Zyp. CILIOMHON
JIMHHEH NIOKA3aHO U3MEHEeHUEe TeMIEPATYPbl HedTH, a ITPUX-IIyHKTUPHOHN - ra3a. Bu-
HO, YTO TeMIeparypa HepTH B TEUEHUU TAHHOIO BDEMEHU M3MEHSIEeTCsT He 3HAYUTEIHHO
110 CPABHEHWIO C TeMIIEPATYPO# ra3a, KOTopas UCIbITHIBAET PE3KOe TaJeHue.
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Puc. 4. I3menenne TemmepaTrypsl HedTH U ra3a IpU 3aM0THEHUN KYIIOJIa

Ha puc. 5 nmoka3zaHo n3MEHEHHE TOJINUHBI CJIOd THAPATA B IIPOIECCE 3AMOTHEHUS
sioByiiku Hed1hI0. B 310M Cityuae BeCh MOCTYHAOMUI ra3 OTBOAUTHCS HA IOBEPXHOCTH
okeana. HauanpHasi Tommmua ruapaTHoro cyos Obuta pasHa 0.1 M. Bumwo, dro, mpu
JaHHBIX yCJIOBUAX, THTEHCHBHOCTD PAa3JIOXKEHNA I'HAPATa B KYIIOJe MaJa.
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Puc. 5. I3menenne TOMMMUHBL CJIOS TUAPATA TIPU 3ATOTHEHNN KYITO/Ia

4., 3akJiouyeHue

B pafore, Ha OCHOBE ONMUCAHHBIX YPABHEHUH, MOKA3aHA TUHAMUKA, U3MEHEHUs] TEM-
neparypsl U rpasunbl dhasz, oOpasyomuXcsa B Pe3yIbTaTe PACCIOCHAS YTIEBOLOPOIHON
cMmecu B "Kynose-cenaparope". YcTaHOBIEHBI XapaKTEPHBIE BPEMEHA, 3AOJTHEHUA | OT-
KadKH1 9TOI CMecH u3 JOBYIIKH. [10Ka3aHO, 9TO IPU PeaNn3yOIIuXCa yCIOBUAIX, HHTEH-
CUBHOCTL PA3JIOKEHUST THUIAPATA j;, HE3HAUWTENbHA, YTO B CBOIO OUYEpEIh TPU XapaK-
TEPHBIX BpeMeHaxX paboThl KyMOJa MOXKET MPUBECTH K 3aKYIOPKH OTBOJSINErO TpybHo-
mpoBoza. [loaromy HeOOXOMMMO yCTpaHeHWe THAPATA, €Ile Ha MePBOHAYATBLHOM JTAIe
YCTaHOBKH "KyIlOJa-cenapaTopa uin IpoBejieHne JOM0IHUTEIbHBIX MEPOIPUITHN JJIs
MHTEHCU(DUKAIMHA €T0 PA3JIOKEHHS HA JHE OKEAHA.

Summary

I.A. Chiglintsev, A.A. Nasyrov THEORETICAL DESCRIPTION OF WORK "DOME
— SEPARATOR"UNDER THE CONDITIONS OF HYDRATE FORMATION. Due to the
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reduction of hydrocarbon resources on land development at offshore fields is relevant direction
in maintaining stable levels of oil and gas production. At present, our country is an active
exploration of the Arctic territories. It is therefore important to minimize the environmental
risks associated with leakage of hydrocarbons from wells at the bottom of the ocean, especially
in the far north. This paper discusses the theoretical basis of modeling "dome-separator which
can be used to prevent the effects of oil and gas accidents on offshore oil fields. A mathematical
model describing the process of filling and pumping of raw materials from the dome under the
conditions of hydrate formation, as well as describe the dynamics of changes in temperature
phases.
text. Key words: hydrocarbon, hydrate, "dome — separator".
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