Cmpaxoe [1.H., Mapkenosa A.A. BectHuk PYOH. Cepus: NHxeHepHble nccneposanus. 2022, T. 23. Ne 3. C. 224-231

Ilecroii kmacc xomrekropos / Sixth class of collectors ITarsrii kace komtekTopos / Fifth class of collectors

BeposrtaocTs / Probability

Yersepthiit kitace koiektopos / Fourth class of collectors  Tperwuit knace komnexropos / Third class of collectors

Howmep mMecTopoxaenus / I'pannna Ilanmckoro HedTerasoHocHOro paiona /
Deposit number The border of the Shaimsky oil and gas bearing area

Puc. 3. MpuHuMnmnanbHas cxeMbl BEPOSTHOCTU 0OHaPYXEHUS1 KOMIIEKTOPOB Pa3/INYHbIX KSIACCOB MPOHULLAEMOCTU OT/IOXEHWN
TIOMEHCKOIA CBUTbI CPEAHEI0OPCKOro oTaena:

1 - WywmmHckoe; 2 — Coimopbsixckoe; 3 — TanbHukoBoe; 4 — [aHunosckoe; 5 — CpeaHekoHamHekoe; 6 — Xyntypckoe; 7 — MynbiIMbUHCKOE; 8 — Tpexo3epHOE;
9 - MopTbiMbsi-TeTepeBckoe; 10 — Y3bekckoe; 11 — AHgpeeBckoe; 12 — CnaBuHckoe; 13 — YouHckoe; 14 — CpegHeMynbiMbUHCKoe; 15 — MonbeMckoe;
16 — Tonymckoe; 17 - 3anagHo-Cemuunaosckoe; 18 — KatomoBckoe; 19 — JlymytuHckoe; 20 — MaHcuHrbsiHckoe; 21 — dununnosckoe; 22 — Ypaickoe;
23 - JlasapeBckoe; 24 — MoTaHarickoe (MoTtaHain-KapTonbuHckoe); 25 — Maiitbixckoe; 26 — JloBuHckoe; 27 — CeBepo-LlaHnnoBckoe; 28 — 3anagHo-TyrpoBCKoe;

29 - Ceepo-CemmBuaosckoe; 30 — Uycckoe; 31 — BepxHekoHamHekoe; 32 — CynpuHckoe; 33 — TaHruHekoe; 34 — OkyTtanbckoe; 35 — BoctouHo-Tonymckoe;

36 - FxnuHckoe; 37 — ManonoTaHaiickoe; 38 — OHToxckoe; 39 — ManowywmnHckoe; 40 — HoBomocTosckoe; 41 — 3anagHo-HoBOMOCTOBCKOE;
42 — ManokapTtonbuHckoe; 43 — lOxHo-BanoBoe; 44 — 3anagHo-CnaBuHckoe
Figure 3. Schematic diagram of the probability of detection of reservoirs of various classes of permeability of deposits
of the Tyumen formation of the Middle Jurassic department:
1 — Shushminskoye; 2 — Symoryakhskoye; 3 — Talnikovoye; 4 — Danilovskoye; 5 — Srednekondinskoye; 6 — Khulturskoye; 7 — Mulymyinskoye;
8 — Trekhozernoye; 9 — Mortymya-Teterevskoye; 10 — Uzbek; 17 — Andreevskoye; 12 — Slavinskoye; 13 — Ubinskoye; 714 — Srednemulyminskoye;

15 — Polemskoye; 16 — Tolumskoye; 17 — Zapadno-Semividovskoye; 18 — Kayumovskoye; 19 — Lumutinskoye; 20 — Mansingyanskoye; 27 — Filippovskoye;
22 - Urayskoye; 23 — Lazarevskoye; 24 — Potanayskoye (Potanay-Kartopinskoye); 25 — Paytykhskoye; 26 — Lovinskoye; 27 — Severo-Danilovskoye;
28 - Zapadno-Tugrovskoye; 29 — Severo-Semividovskoye; 30 — lusskoye; 371 — Verkhnekondinskoye; 32 — Suprinskoye; 33 — Tanginskoye;

34 - Ekutalskoye; 35 - Vostochno-Tolumskoye; 36 — Yakhlinskoye; 37 — Malopotanayskoye; 38 — Ontokhskoye; 39 - Maloshushminskoye;

40 - Novomostovskoye; 41 — Zapadno-Novomostovskoye; 42 — Malokartopinskoye; 43 — Yuzhno-Valovoye; 44 — Zapadno-Slavinskoye
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3aknoueHne

[Toy4eHHble pe3ysibTaThl MPEICTABIAIOT HWHTE-
pec He TOJIBKO TS aHallu3a XapaKTepa paciupocTpa-
HEHHS KOJUIGKTOPOB PA3IUYHBIX KiaccoB. JlaHHBIE
CXEMbI BaXXHBI IIPU IHPOCKTUPOBAHUUN IMOWCKOBBIX
paboT C IENBI0 BBISABICHUS HECTPYKTYPHBIX 3alie-
KeH yrieBoJopoaoB. B wacTHOCTH, B ceBepo-
BOCTOYHOH U FOro-BocTOYHOM uactax Illammckoro
HeTera3oHOCHOTO palioHa OTMedaeTcsi aHOMAIIBHO-
BBICOKAsl BEPOSATHOCTh PACTIPOCTPAHCHUS OTIIOMKCHHH,
MPOHHUIIAEMOCTh KOTOPBIX U3MEHSICTCSl B WHTEpBAle
or 0,1 o 1 107" M* (mpm mojcueTe 3amacoB  co-
3aHUU TIPOEKTa Pa3pabOTKH 3alexel yriieBoJopo-
JIOB JIAHHBIC MOPOJIbI TIPAKTHYESCKH HE YIUTHIBAIOTCS ).
To ecTh 311ech CylIecTByeT 00CTaHOBKA, HETATHBHO
BIUSIONIasE HAa MUTpanuio (GuougaoB (B MEPBYIO
o4epesib 3TO KacaeTcsl yriIeBOIOPOJIOB), UTO B CBOKO
odepesb CO37aeT MPEINOChUIKA sl 00pa3oBaHUs
JINTOJIOTHYECKHUX 0aphepoB H, CIEOBATEIBHO, Hop-
MHPOBaHUsI JIOBYIICK HE(PTH U Ta3a JUTOJIOTHIECKOTO
WIH CTPYKTYPHO-JTUTOJIOTHYECKOTO THIOB. [Ipemia-
raeMblii TOAXOJ] MO3BOJISIET MOBBICUTH 3(PQEKTUB-
HOCTh KaK OCBOCHHUSI MECTOPOXKICHHUI YTJIEBOJOPO-
JIOB, TaK W TPOBEJCHUS IMOMCKOBO-PA3BEIOYHBIX
pabor.
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CpaBHEeHMEe MHHOBALUMOHHbIX TEXHONOIrU A00bI4M ra3oBbIX rMAPaTOB
B Kutae nu ilnoHun

X. Cynpb , I. Xyan'~, K.A. BopooneB

Poccwuiickuii yauBepcuret apyx0Ob1 HapoaoB, Mockea, Poccuiickas @edepayus

1042195045@rudn.ru

Hcropus ctatbn AnHoTanus. B XX B. orpoMHOe BHUMaHKE B MUpE yJEIIOCh U3YUYEHHUIO,
IToctymmna B penakmmto: 23 mapra 2022 1. pa3BenKe, OCBOCHUIO MECTOPOXKICHUI MPUPOIHOTO Ta3a, MPeACTaBIISIONIINX
Hopaborana: 8 arycra 2022 r. co00ii 0ObIUHbIE (TPaAULMOHHBIE) ra30COAEPAKAIINE CKOIUIEHUS YIIEBOJO-
Tpunsita k myOnukanuu: 20 aBrycra 2022 r. ponoB. OrpaHU4EHHOCTh U HEBOCIIOJIHUMOCTh PECYPCOB CBOOOIHOIO TpH-

POIHOrO rasa, pacTyIUil CIPOC HA 3TOT SHEPrOHOCHUTENb HEU30EKHO 3a-
Kirrouesnie ciioBa: crapuin B XXI B. 00paTuTh BHUMAaHUE HA 3HAYUTEIbHBIC MOTCHIIMAIBHBIC
TUpaThl IPUPOAHOTO r'a3a, 30Ha peCypChl MPUPOJTHOrO ra3a, 3aKIOUYCHHBIC B HETPAAUIMOHHBIX MCTOYHUKAX.
CTaOMIILHOCTH, Ta30TMAPATHI, METOIbI K HMM OTHOCSTCS MeTaH YIJIEHOCHBIX TOJII, CJIAHIEBBIA Ia3, BOAOPACTBO-
pa3pabOTKH, TEXHOJOTHH J00bIYH, PEHHBIE Ta3bl MOJ3eMHON U HaJ3eMHOM runpocdepsl, IPUPOJHbIE ra30Bble
OKpYyKaromas cpesia ruapaTel. B mccrienoBaHny paccMaTpHBAIOTCS COBPEMEHHBIE TEXHOJIOTHUHU

pa3paboTKH NPUPOJHBIX I'a30BBIX MMIPATOB, B YACTHOCTH OIBITHO-IIPOMBIIII-
NeHHas pa3paboTka mectopoxiaeHns Hankaii Ha menbde Smonnu m psn
KPYIHBIX MECTOpOxIeHUH Ha menb(e Kutas. Onucansl pe3yabTaTel Hayd-
HBIX M3BICKAHWH, a TaKKe NMPAKTHYECKUH OMNBIT MPUMEHEHUS pPa3IHYHbIX
crnoco0OB BO3JEHCTBUS Ha MECTOPOXKICHUS HETPaJULUOHHBIX YIJIEBOJO-
ponoB. IlpuBeneH psia KIIOYEBBIX TEXHHYECKUX PELICHHH MO pa3paboTke
MECTOPOXKIECHUI Ia30BBIX TUIPATOB, TAKUX KaK KOHTPOJb HECKa IpH A00bI-
Yye, UCKYCCTBEHHBIH MOABEM, I€OJOTHYECKUH MOHUTOPUHT ¥ MOHUTOPUHT
okpyxatomieil cpensl. MHpopManonHas 1 HopMaTHBHas 0a3a HCCIEAOBAHUSA
OTpakaeT COBPEMEHHbIH ypOBEHb PAa3BUTHsI HAYKHU U TEXHUKHU B pa3paboTKe
MECTOPOXKIECHUIN MOJIE3HBIX UCKOMaeMbIX. OTpa)keH MHPOBOM U OTEUECTBEH-
HBII OMBIT pa3pabOTKU TEXHOJOTHH BO3JEHCTBHS HAa MECTOPOXKICHHUS He-
TPaJAUIMOHHBIX YIJIEBOAOPOJOB C LEIbI0 ONTUMU3ALUKN U UHTEHCH(DUKALN
mporecca JOObIIH.
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Abstract. In the 20th century, great attention in the world was paid to the study,
exploration, development of natural gas deposits, which are ordinary (tradi-
tional) gas-containing accumulations of hydrocarbons. The limited and irre-
placeable resources of free natural gas, the growing demand for this energy
carrier inevitably forced in the 21st century to pay attention to the signifi-
cant potential resources of natural gas contained in unconventional sources.
These include coal-bearing methane, shale gas, water-dissolved gases of
the underground and aboveground hydrosphere, natural gas hydrates. The authors
discuss modern technologies for the development of natural gas hydrates,
in particular the pilot development of the Nankai field on the shelf of Japan
and a number of large deposits on the shelf of China. The results of scien-
tific research are presented, as well as practical experience in the application of
various methods of influencing deposits of unconventional hydrocarbons.
The study introduces a number of key technical solutions for the develop-
ment of gas hydrate deposits, such as sand control during extraction, artifi-
cial lifting, geological monitoring and environmental monitoring. The in-
formation and regulatory framework of the study reflects the current level
of development of science and technology in the development of mineral
deposits. The world and domestic experience in the development of techno-
logies for the impact on unconventional hydrocarbon deposits in order to
optimize and intensify the production process is reflected.

Sun H, Huang Q, Vorobyev KA. Comparison of innovative gas hydrate extraction technologies in China and Japan. RUDN
Journal of Engineering Research. 2022;23(3):232-245. (In Russ.) http://doi.org/10.22363/2312-8143-2022-23-3-232-245

BBeneHue

JIMpOBATh 0OIIBIIOE KOJIIMYECTBO Ta3a B HE3HAYH-

[Ipuponnsie razoBbie THApPATH (BOJIHBIC Kia-
TpaThl) — KPUCTAUIMYECKHE COCAMHEHWsI, 00pazy-
IOIIMecsl TPU ONpeNeIeHHBIX TePMOOapUIECKUX
YCJIOBUAX U3 BOABI M raza. MiMs kiaTpartbl, OT Jia-
TuHCKOTO clathratus, 9To 3HaYUT «cakaTh B KIIET-
Ky», 0bu10 mano Iaysmiom B 1948 r.

l"a3oBBIC TUAPATHI CTAOMIBHBI TIPH OIPEACIICH-
HBIX TEPMOOAPUYECKUX YCIOBHAX, XapaKTEPHBIX KaK
JUISL OCaJ0UYHBIX TOJII B pailoHAX BEYHON MEp3JOTHI,
TaK ¥ 751 OCaJIKOB, 3aJIETAIOIMX MO THOM BOJIO€-
MOB ¢ TiyOuHoit 6onee 400-500 m. Kak mpaswuio,
ra3oruipaTel OOHAPYXKMBAIOTCA B OCaJKaX BHEI-
HUX KOHTUHCHTAJIbHBIX OKpaWH, a TaKXKE B 0CaJ04-
HBIX OacceliHaX, B KOTOPBIX JCHCTBYIOT HampsiKe-
HUSl CKATWSA, B YaCTHOCTH, W3-32 U3MEHEHUs IIpO-
CTHpAHUS CIIBUTOBBIX Pa3IOMOB.

Ou3NKO-XUMHUUYECKash crenuduka MPUPOIHBIX
ra3oryipaToB TaKOBa, YTO OHH CIIOCOOHBI aKKyMY-

TEIBHBIX 00BEMAX H, CIENI0BATENLHO, UMEIOT 3HAYM-
TETHHBIA PeCypCHBIN NoTeHIHar. OTHAKO BCE OIEHKH
PECYPCOB THAPATOB MPUPOIHBIX Ta30B OMPEICIICHBI
npuOmm3uTensHO. OHU BapbUPYIOT OT MAKCUMATBHBIX,
SIBHO 3aBBIIIEHHBIX, CICIAHHBIX 0€3 yd4eTa OYeBU/I-
HBIX I'€0JIOr0-T€OXUMUYECKUX OIpPaHUUEHHUH 0 MH-
HUMAJIBHBIX, MPOBEJCHHBIX C Y4YETOM OOJIBIIOTrO
KOJINYeCTBa (haKTOPOB, OTPAHUYMBAIOIIUX THIPATO-
obpazoBaHme.

KomroHneHTHI ra3a, KoTopble 00pa3yroT THAPATHIL,
BKJTIOYAIOT YIITICBOJIOPO/IHBIC Ta3bl, TAKHE KaK METaH,
3TaH, MpoMaH, OyTaH U UX T'OMOJIOTH, a TaKKe He-
CKOJIBKO HEYTJICBOJOPOIHBIX ra30B. DTU MOJICKYJIbI
ras3a CyHIECTBYIOT B CTPYKTYpE€ IOJIOCTH B (opMme
KJIETKH, COCTOSAIIEH M3 MOJNEKyN Boabl. ITockonbky
YIJIEBOJOPOIbI, OOpa3yroIiue THAPAThl HPUPOI-
HOTO ra3a, NpeCTaBISAIOT COO0M B OCHOBHOM METaH
(comepkanue > 99 %), UX OOBIYHO HA3BIBAIOT THII-
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paTaMu MeTaHa. ['opioumii Jel COAEepX HUT OrpoM-
HBle Pecypchl NPUPOJHOTO Ta3a. 1 M® TOPIOYEro
apaa SkBuBaienTed 160~180 M’ (cranmapT) mpu-
pomHoro Ta3a. Ha ocHOBe 3TOM OIEHKH TJIO0ATh-
HbIE 3aJIe)KH TOPIOYETro JIbJ]a COCTaBISAIOT OKOJIO
1,8x10"~ 2,1x10" M* pecypcos mpupozxHoro rasa,
o0I1ee KONMMYECTBO KOTOPBIX SKBUBAJIEHTHO YABOCH-
HOMY OOILEMY COJEPXaHHUIO YIiepoJa B TPajuIv-
OHHBIX UCKOIaeMbIX BUAAX TOIUINBA B MUDE.

Hekoroprie yueHble CUMTAIOT, YTO KOJIUYECTBO
yriepoja B IPUPOAHBIX THApaTax MeTaHa MpUMeEp-
HO BIBO€ OOJbIIE, YeM B KAMEHHOM YTJE, TO €CTh
THIpaThl METaHAa MOTYT OBITh OCHOBHBIM BMECTHU-
JIMILIEM YTJIEpOJia B 3eMHOM Kope.

Bricokue mpenmnonaraembele 3HA4YEHHUS IO3BO-
JSI0T paccMaTpUBaTh THApAaThl METaHa B IOJIOH-
HBIX OCaJKax B KaueCTBE MOTEHIMAIBHOTO U HKOJIO-
THYECKH YHCTOT0 UCTOYHUKA SHEPTUU OYAyIIEro.

JpyruM Ba)KHBIM apryMEHTOM B TOJb3Yy pa3-
BEIKH W pa3paboTku razoruaparHeix 3aiexeil (IT3)
SBJSIFOTCS. HE3HAUUTENbHbIE ITyOMHBI 3aJIeraHus
(o cpaBHEHHIO C TPAAULIIMOHHBIM ra3oM) M UX IIH-
POKOE pacipoCcTpaHEHHE B IIPUIIOBEPXHOCTHBIX CIIOSIX
JTIATOCQEPHL.

[Ipu 3TOM BO MHOTOM HEACHBI IO CHX IIOp
yCIIOBUS U MEXaHM3Mbl 00pa3oBaHMsI Ta30THAPAT-
HBIX 3aJIe)KeH B NPHUPOJE, a TaKKe MX IOBEACHHUE
B I'e0JIOTHYECKOM Maciutabe BpeMeHu. Cephe3HbIM
OTpPaHUYEHHEM JJISl UCCIIEIOBAaHUN SIBISIETCA OTCYT-
CTBHE IMpPSIMBIX METONOB IIOMCKAa Tra30THUAPATHBIX
3aJeKe 1 KapTUPOBAHUS IMIPATOCOAEPIKAIINX OT-
JIO’KEHUH 10 KOJIJIEKTOPCKUM cBoicTBaM. OTCYyTCTBY-
€T eIMHBIH MOAXOA K PaH)KMPOBAHHUIO T'a30THIpAT-
HBIX 3aJIeKel 10 MeToAaM HX pa3paboTKu.

XuMuueckuit MeTo /
Chemical method
Meroj 3aMeHbI /
Replacement method-—._

MeToj CHUKEHMSI JaBJIeHHsT /~
Pressure reduction method

OfHMM M3 BO3MOXHBIX MOJXOJOB K PEIICHUIO
MEPEYUCICHHBIX TPOOIEM SBISICTCS KIIACCHU(UIIH-
pOBaHHE Ta30THIPATHBIX 3ajJeXed IO MPHUHIUIIAM,
OTPaKAIOIINM TEOJIOTUIECKYIO CHEIU(HUKY TOTO HIIH
HWHOTO BHJA Tra30THAPATHBIX CKOIUICHUH, a TaKxke
ero 100bpYHON noTteHIman. Kpome Toro, B Kiaccu-
¢bukanuy NOoDKHA OBITH 3aj0’kKeHa WHQopMaIms,
MO3BOJISAIONIAs BHIOpATh TOT WJIM MHOH METOI pa3-
pabotku ['T'3 B 3aBUCMMOCTH OT €€ BUJIA.

l'unpatel MeTaHa MeTacTaOWIBHBI BOJH3H II0-
JOIIBBI 30HBI cTabuibHOCTH. [IpW mMOBBIIIEHUH
YPOBHSI MOpPSI M POCTE THAPOCTATHYECKOTO JaBlie-
HUS Ha €ro JHE WM MPH YMEHbIIEHUH TeMIepaTy-
pPBI OCaIKOB MPOMCXOIUT POCT MOIIHOCTH CIIOS,
B KOTOPOM MOTYT COAEPIKAThCSA Ta30THIPAThI, IPU
YCIIOBUH, YTO HIDKE TPAHUIIBI 30HBI CTaOWIBHOCTH
MPHUCYTCTBYET B HEOOXOAMMBIX KOIUYECTBaX pac-
TBOPEHHBINA B BOJE METaH.

[IpoBoasiTCS MHTEPECHBIE HAYYHBIC U 3KCIICPU-
MEHTaIIbHBIE UCCIIEIOBAHNS B O0JIACTH Pa3padOTKU
ra3oTUAPATHBIX MECTOPOXKIACHHA W 00pa3oBaHHA
ra3oBbIX ruapaToB [1-3].

1. MeToapb! no6LIYM rUapaTa
npupopgHoro ra3a B Kutae

B Hacrosiiee BpeMst cymecTByeT MHOKECTBO METO-
JIOB JOOBIYM Ta30THApaTa, W THITUYHBIC U3 HUX BKITIO-
YarOT METOJl CHIKCHHS JAaBJICHUS, TCINIOBOH METO/I
u xumudeckuit meron (puc. 1). M3-3a orpanndyennit
MPOU3BOACTBEHHBIX YCIIOBUI HCCIIEOBaHUS JTOOBI-
YW Ta3oruapaTa Mo-TpeKHEMY B OCHOBHOM COCpe-
JIOTOYCHBI Ha JBYX aCIMEKTax: SKCIEPUMEHTE B IIO-
MEUIEHUH U YUCICHHOM MOZAEIUPOBaHUH [4].

TerioBoi MeTox /
Thermal method

Merox TBepaOii 10o0bMH /
Solid extraction method

Puc. 1. Jong TexHonoruii 4o6blYm rmapaTtoB NPUPOAHOro rasa, ucnonb3dyemblx B Kutae
Figure 1. The share of natural gas hydrate extraction technologies used in China
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1.1. MemoO cHu)xeHus1 0aesnieHus

Meron CHIKEHUS JaBJICHUS CHIDKAeT JAaBIICHHUE
THAPATHOTO KOJUIEKTOPA 3a CUET U3BJICUCHUSI TPYHTO-
BBIX Boj wim raznudTa. Korma naenenue rumpara
IaJiaeT HIKE PaBHOBECHOT'O JABJICHHSA, OH CaMOIIPO-
U3BOJIBHO Pa3jiaracTcsl, TeM CaMbIM pealu3ys UCIIONb-
30BaHue ruapaTta. MeTon CHM)KEHMS JaBJIE€HUs MOKa-
3aH Ha puc. 2 [4]. Ilockomeky ero pabora OTHOCH-
TEJIBHO TIPOCTa, OH MOMKET CIIOCOOCTBOBAaTbH OTHOCH-

Bemoa raza/Gas is produced

Mopckoe quo/
TETYT LTI rY Seabed
HenporanaeMen ciof!
Non-permeable layer
Cnoii razoraapara/Hydrate layer
Paznoxenne/Decompose
- . - B Bie 2

I'my6una / Depth

TENBHO OBICTPOMY PAa3JIOKEHUIO OOJNBIIOTO KOJIWYe-
CTBa TUApaTa MPUPOIHOTO Ta3a, STOT METOJ CUHTACT-
csi HamOoyee PKOHOMUYECKH LEHHBIM IPH JOOBIUE
TOPIOYEro JibJa. B To ke BpeMs Clemyer OTMETHTS,
YTO BO BpeMsI Ipoliecca JOOBIMU ¢ pasrepMeTn3aueit
TIOHIKAETCSl TEMIIepaTypa IiacTa, YT0 MOXKET CTaTh
NPUYINHON 00pa30BaHUS JIbIa WM BTOPUYHOTO THJI-
para, 3a0JIOKMpOBaTh MyTh (DUIBTPAIMU U TOBJIHATH
Ha 3()(eKTUBHOCTD 100bIYH [4].

Tenmeparypa/Temperature

Tuapat/Hydrate ;
& I'as/Gas

Hcxoguas +
TeMIeparypa KpHBaa’

The original temperature curve

+C‘ra6m1{m

OrHDAKAL KpHBaL/

Ornbaroman KpHBas —>

nocIe CHHACHHA JABTCHHA

QINSSa1y / QMHOIEE)!

Stabilize the envelope after buck Stabilize the envelipe

Puc. 2. NMpuHumMnuanbHasa cxema AenpeccuoHHOro Metoaa
Figure 2. Schematic diagram of depression mining method

1.2. Tennoeoii Memod

TemmoBoit METOJ 3aKIIOYACTCS B IOBBIIICHUHN
TeMITepaTyphl pe3epByapa ruapara KakuM-udo odpa-
30M, 4TOOBI CAENaTh €€ BBIINIC, YeM TeMIleparypa
paBHOBecHs ruapaTa s pa3liokeHus ruapara. Jlo-
OBlua ¢ HarHEeTaHUEM TeIUTa TIoKa3aHa Ha puc. 3 [4],
MIEPEYUCIICHBI OOIIMEe METOJIbI HATHETAHUS TeIlla,
a TakKe WX MpeuMyIlecTBa M HeAocTaTtku. Termio,
oTpedIsIeMoe B TIPOIIECCe 3aKaYKH TEIIa, B OCHOB-
HOM HCIIOJIb3YETCS JUIsl TIOBBIIMICHUSI TEMIIEPATYPhI
MOPOJIBI-KOJUICKTOPA, IMOBBIIMICHUS TEMIIEPATyPhI
KUIKOCTH MEXIY ITOpaMHl THIpaTa, pa3IoKeHUS U
abcopOIMKy THapaTa W BHEIIHEH Teruionepeaayu;
B TOM TIpoIiecce, MOMUMO TOTJIOIIEHUS TeIlia MpH
Pa3IOXEeHUH TUApATa, CYIIECTBYIOT IpyTHe TEIuIo-
Bele moTepu. [IpobOiema OTXOHOB, a TaKkKe H3-3a
HaJIMYUs TOPHBIX TIOPOJ] B KOJUIGKTOPE M OTpaHUuYe-
HUSl TEIJIONPOBOJAHOCTH TIOPOBBIX (MIFOMIOB, pac-
MIPOCTpaHEHUE TeIIa OYCHb OTPAaHUYCHO, U TPYIHO
JIOCTUYb MECT, YJAJICHHBIX OT JOOBIBAIOIIEH CKBa-
KUHBI. Pa3nuyHple MPUYUHBI TPUBOAAT K HHU3KOM
3 PeKTUBHOCTH MOOBIYM C HarHETAaHHWEM Terrla.

B n3BecTHOM B HacTosimiee BpeMs MPOIEcce M00BI-
Yy Ha MECTe METOJ HarHeTaHUs Tella PEIKO KC-
MOJIB3YETCSI B OJJUHOYKY W OOBIYHO COYETaeTCs C
JIPYTHMHA METOJaMH TOOBIYM B KadeCTBE CpPEACTBa
JUTsE OBICTPOTO PA3JIOKEHHUsST PE3ePBYapOB TUAPATOB
Ha paHHEH CTa/uu.

1.3. Memo0 3ameHbI

B meronme 3aMeHBI BMECTO MeTaHa HCIOJB3Y-
ercs CO, win KXKUAKOCTh. IlpuHIMNI 100BIYM TTOKa-
3aH Ha puc. 4 [4]. Temno, BbAENsAIONIEECS BO BpeMs
BBITECHEHUS, MOYKET CIIOCOOCTBOBATh PA3JI0KEHUIO
THAPATOB U 3aCTABJISITh PACCESHHBIN ra3 3aoIHITh
nopsl 1iacta. Ilporecc 3amMeHBl HE MpenroiaracT
(hazoBoro Mepexozaa, MOATOMY OH Ooiiee Oe30maceH.
B 10 ke Bpemsi mapHUKOBBIE Ta3bl MOTYT XPAHHUTHCS
Ha MOPCKOM JHE, YTOObI YMEHBIIUTh MapHUKOBBIN
sddexr Ha cyme. [lodToMy 3TOT MeTOA BBI3BAI
OOJIBITION MHTEPEC Y MUCCIIe0BATEICH-CIICTIHATICTOB.
Opnako mocne HcciieaoBaHUN OBIJI0O 0OHapy’KEHO,
970 3(PPEKTUBHOCTh 3aMEHBI 3TOTO METO/Ia HEBBI-
COKa, a TpeOyemble YCIOBHA I 3aMEHBI OTHOCH-

235



Sun H., Huang Q., Vorobyev K.A. RUDN Journal of Engineering Research. 2022;23(3):232-245

TeNbHO kecTkue. B To ke Bpems CO; jerko nmpoHu-
KaeT B TOPHYIO CKBaXKHHY, YTO CO3/]a€T HOBBIE TPO-
Onembl pasgeneHus. B HacTosimee Bpems cymiect-

Tops4as zuakocTs/Thermal fluid
Brixoxa rasa/Gas is produced

: N
. .
..
R 3 Mopcxoe aH0/
5 999NN IR ¢ Seabed LY
Henporunaems1i o/ : :
. .
Non-permeable layer P <
. .
.
..
.
..
..
Cro# razoruapara/ » S
P 3 Pasnoxenne/Decompose
Hydrate layer s I® e
- x| )
‘ > <
. .
' ‘ '
5 " 4
S e
}_-h — e — — - -

T'ny6una / Depth

BYET HECKOJIbKO KOMMEPYECKUX MPUMEHEHUU Me-
TOJa 3aMEHBI, HO OH BCerja ObLI ropsvell TeMoit
JUISL KcclieToBaHmi [5].

Teymepatypa/Temperature
Ta3/Gas
Tuapar/Hydrate
« L - p=|
TabubHAA OrHOaomaTl S
=
KpHBasg/Stabilize the 2
=
envel e
o ope =
® g
e @
- H

\} * Temmepatypras q

KpHBai nocie

Hcxomnas TemnepaTypHas +

xprBas/The original temperature curve 3aKavKH ropaeit
xmaxocts/The

temperatuer curve

after heating

Puc. 3. NpuHumnnansHasa cxema TenaoBoro Metona
Figure 3. Schematic diagram of thermal injection mining method

Bxox CO2/CO2 injection

Bsxox rasa/Gas is produced

f p ¢ Mopcxkoe aHO/
IR AR AR RRRAARARRARRIERI A R AR
Henponumnaemstit coit/ R 3 =
Non-permeable layer : ' , :
10i1 a/ ® 3
PR e g . . Pasnoxenne/Decompose
Hydrate layer <4 ° ~ -~ - x| -
ydrate layer y - -1 = { \ 2 W : :J( .
- TR \ - P
- - - -
- - o~ -

Puc. 4. NpuHumMnuanbHas cxema MeToaa 3aMeHbl
Figure 4. Schematic diagram of displacement mining method

1.4. Xumuyeckuli Memod

XUMHUYECKUH METOJ BBOAUT XUMHUYECKUM HH-
rHOUTOp B OTJIOXKEHHS THApaTa, YTOOBI pa3opBaTth
BOJIOPOJIHBIE CBSI3M MEXIY MOJIEKYJaMHu Tuapara u
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WU3MEHUTh YCJIOBUs (ha30BOTO PaBHOBECHS JUIS CY-
IIECTBOBAHUS THIPATOB, YTOOBI CIIOCOOCTBOBATH
pasoKeHUIO THApPATOB. [IpuHITMT 10OBYM TIOKa3aH
Ha puc. 5 [4]. Bpu1o NOATBEPKIIEHO, YTO 3TOT METOT
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MOJKET YBEJIIMYUTH JOOBIYY MPUPOJHOTO Ta3a, U MO-
KET Pealn30BaTh Pa3OKECHUE TUAPATOB € 3aKAUKOH
OUYeHb HHU3KOH SHEPruu Ha HAYaIIbHOW CTaJHH DKC-
mwryatarmi. OgHAKO WHTHOUTOPHI OYEHB JOPOTH.

HerutuTop/Inhibitors
Baixon raza/Gas is produced
..
. .
R & Mopckoe ar0/
' .
D E AV ZEIER ] 0:“ Seabed
M
HenpoHunaeMmpIi 108/ : -
..
Non-permeable -
: e
..
LR
.
.
.
Caoft razormapara/ : : Paznoxenne/Decompose
Hydrate layer ..
o % ™.
r .
, .
{ : < )
\ ’
-~ .
Sem -
o ——— —
r — — g—
- - - - p— . —

B 10 e Bpemst HHTUOHTOPBI OYAYT OKa3bIBaTh HE-
OnmaronpusaTHOE BO3/ACHCTBHE Ha TPYHTOBBIE BOABI U
MOPCKYIO 9KOJIOTHYECKYIO CpeLy, I03TOMY HCIIOJIb-
30BaHHUE 3TOTO METOIa OTPaHUICHO [5].

Temneparypa Temperature
v
Tuapar/Hydrate | Ta3/Gas

]

\
Hcxoanas —* ‘. )sg
ff; TeMIIEpaTypHAL KPHEAA L g
9 The original temperature curve ” (:1
g H

"

Orubaroman KpHBas m0c1e J00aBIeHHT ‘

HHrHOHTpa/After adding the inhibitor,

the envelope —>

Puc. 5. lNpuHumMnuansHaa cxema XMMmyeckoro metoaa

Figure 5. Schematic diagr:

Tasudukarya B Tpyde/
In-tube gasification

TTepekauxa ncesz0
Fluidized pumping

Mexanuueckoe pobIeHHe TBEPIOTO BEMECTBA BOTHOM cMecH/
Water compound Solid Mechanical crushing

am of inhibitor injection method

I'pasesan mosepxrocTs/Mud surface

Cu10¥ rps3H | mecka/
Mud and sand layer

OKHKEHHOT O ra3a/
TTepBoHAYATBHOE OTACICHHE H 0OpaTHAL
3achIIKa ocagka/

Puc. 6. MpuHUMNanbHas cxema meToga [o6bl4n B TBEPAOM NCeBOOOXMXKEHHOM CJloe

Figure 6. Schematic diagram

of solid fluidization mining method
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1.5. Memo0d do6bi4yu
8 meepdoM rceeAO0XKUXEHHOM cJl0e

TBepmorenpHast 100bYa B IICEBIO0KIKEHHOM
CIIO€ — 9TO HOBBIH METOJ| JOOBIYU TUIIPATOB, MPEIIO-
KEHHBI B MOCJIEJHUE TOIbI, KOTOPBIH oOecrieynBaeT
BBICOKYIO A((EKTUBHOCTh JOOBMH HeTUareHeTHIe-
CKOTO Toprodero Jjpma. [lpuHImm qo0bMu 3TOTO Me-
TOJIa: MCIIOJB3YiTe TOpHOE 000pYIOBAaHUE IS HETO-
CPE/ICTBEHHOM BBIEMKH TBEPIOTO TOPIOYETO JIhJa,
3aTeM M3MENTbUUTE 0CA/IOK THIpaTa Ha MEJIKHE YacTH-
Lbl, @ 3aT€M TPAHCIOPTUPYUTE €ET0 C MOPCKOW BOJIOU
Ha MOpPCKYIO IUIaTopMy uepe3 3aKphITHI CTOSK U
CpaBHHTE TIOJyYSHHBIN TBEP/BII THAPAT WU CYCIICH-
3110 Ha Mopcko# miardopme. [IpuHIMN NOOBMHK 1M0-
Ka3aH Ha puc. 6. [6]. DTOT MeTOn pealn3yeT TBepAo-
TENBHYIO Pa3pabO0TKy Ha MECTEe, CHM)KAET PUCK MHKe-
HEPHO-TEOJIOTHYECKUX KaTacTpod, BBHI3BAHHBIX pa3-
JIOKEHUEM TOPIOYETO JIbJIA, a TAKXKE B ONpeeIeHHOM
CTETICHH TT03BOIISIET M30eKaTh MapHUKOBOTO 3 deKTa.

I'umpater mpupoaHoTo rasa B KOxHo-Kuratickom
MOpPEe UMEIOT HEOOJIBIIYIO [IyOUHY 3aJleraHusl, CJa0yro
LEMEHTAlNI0 U JIETKO MOAJAr0TCsA (hparMeHTaluy,
YTO OYEHb IOAXOIUT JJISI WUCHOJH30BAHHUS METOJa
TBEpIOTO TceBnooxmxkeHus. [loaTomy mpemioxe-
HUE 3TOTO METOJa BBI3BAJO MCCIENOBATEIbCKUI
MHTEpeC MHOTHUX OTEUECTBEHHBIX YYEHBIX. B ampe-
ne 2015 r. FOro-3ananserit HEPTIHOW YHUBEPCHTET
OCHOBAJI NepBYI0 B Mupe «Mopckyro 1abopaTopuio
HEINareHeTUYeCKOH MOOBIYM Ta30BBIX THAPATOB C
MICEBIO0KIKEHHBIM CJIOEM, KOTOpas MOMET BBI-
MOJIHSITH TOATOTOBKY TBEPABIX THAPATOB OOJIBIIOTO
o0beMa, OLEHHMBATh Pa3pyLIAIOUIYI0 CHOCOOHOCTD
TOPHOTO O00OpYMOBaHUSI W MPOBOJAUTH IICEBIOOKH-
keHne TuaparoB. OmeHKa eMKOCTH TOPHBIX TTOPOJ,
MOJISIIMPOBAHNE MPOIIECCa TPAHCIIOPTHPOBKU THI-
paToB 1O TPyOOIPOBOAaM, Pa3I0KEeHNE THAPATOB H
peostormueckue uccienoBanus [6]. [To nmeromumces
naHebM, B Mae 2017 r. KuTail BnepBele MpUMEHWIT
TEXHOJIOTHIO TBEPIOTENBbHOTO TCEBIOOKIDKEHUS B
ceBepHoil yactu IOxxno-Kuraiickoro mopst st no-

CTUKEHHUS TIPOOHOM T06BIYH ¢ YMCTOTOM raza 81 M >,

OTta IIPOMBICJTIOBAs npo6Ha>1 Z[O6LI‘IEI JOKa3aJia BO3-
MOXXHOCTBh HCIIOJIB30BaHHsA MECTOJa TBCp,Z[O(l)EBHOFO
TNICEBAOOXKMKCHUA TP SKCINTyaTalluu HCFJ'IY6OKI/IX
HEANAr€cHECTUYCCKNX I'a30BbIX TUAPATOB.

2. [,o6blya ra3oBbiX rmgpaTos B ANoHun

B nacrosimee Bpems SnoHust sSBISETCS TPETher
[I0 BEJIMYMHE SKOHOMHMKOHW B MHpE, HOTPeOsii TeM
caMbIM OIpDOMHOE KOJIM4YecTBO 3Hepruu. Ee 3emens-
Hasl IJIOIIAb HEBEINKA, IIPY 3TOM B SINOHMM 3aMeTHA
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cepbe3Has HeXBaTKa He(TerasoBBIX PECYpCOB, KOTO-
pBIE CHIIBHO 3aBUCAT OT umriopta. CTpyKTypa 3Hepre-
TUYEeCKO# Oe3omacHocTH B SlnoHnn ouenp ciaba. [lo-
3TOMy SINOHWS TMOJIOKHUTENTHHO OTHOCHUTCS K OCBOE-
HUIO HOBBIX MCTOYHUKOB 3Heprun. CTpaHa yiKe JTaBHO
HavaJla UCCJICIOBAHUS Ta30BbIX TUAPATOB, BKIIA IbIBAS
B M3yYeHHE MHOTO JIHET ¥ TEXHWYIECKOTO MepcoHaa
Kb To1 [7]. MHOTONIETHHE T€0JIOrOpa3BeI0uHbIC
WCCIICIOBaHUS JI0Ka3aJd, 4To B SIOHCKOM MOpe MMe-
eTcst OOJBIIIOE KOJMMYECTBO TA30BBIX THPATOB, HO X
JOOBIYa TIPENCTABISIET COOOM MOPOTOCTOSIINN | TH-
JKeJTbIl Tporiecc. J[iist Toro 4To0bI Kak MOXKHO CKOpee
JIOOHUTBhCA Ppa3pabOTKU M JTOOBIMH MOPCKUX Ta30BBIX
THIPATOB, PEIINTh BHYTPEHHNE SHEPTETHIECKUE TIPO-
Omembl, SmoHus paspaboTana JOITOCPOUYHBINA IUTaH
pa3BUTHS Ta30BbIX rHapaToB [8—10].

B 2013 r. SlmoHus ocyuiecTBUia MEPBYI B
MUpE MPOOHYI0 JOOBIYY MOPCKOTO ra30BOro THApara,
npoOHas riryouHa no0brum coctaBuiaa 1006 m [11],
npoOHas moOblua TpoaoipKanack 6 JHeH, oOmmi
00BeM TPHPOMHOTO Ta3a cocTaBmim 12x10% w3,
CpeqHecyTouHas J06bYa ra3a cocraBmia 2x10% m°,
coBOKymHas 100s4a 1245 M°[12].

B 2017 1. SlnoHus mpoBeia BTOPYIO MPOOHYIO
JI0OBIYY Ta30BBIX THAPATOB MOCJIE MOJHOTO PE3IOME
nepBoi poOHOH 100buH. [lepBble UCTBITATENBLHBIC
TOPHBIE CKBXUHBI OBLIH 3aITylleHbl B Tiepuon ¢ 4
mo 15 mast, ucnpiTaTeNnbHas AOOBIYA B OOIIEH CIIOXK-
HoCcTH coctaBuna 12 mHeil. KymynstuBHas moObrua
rasa cocrasuna 3,5x10% M°, Ho u3-3a o0Opa3oBaHHUs
MecYaHbIX MpoOIeM ucHbITaTeNbHas 10o0ba Oblia
IIPUOCTAaHOBJIEHA. BTOpPOil yCThEBON TECT TOPHBIX
CKB)KUH OBLI MPOBEJIEH ¢ 5 1o 28 MIOHS, TECTOBas
oObIIa B 00MIEeH CIIOXKHOCTH 24 THS KyMYJISTHBHAS
N06bI¥a Ta3a cocTaBmia okono 20x10% v’

2.1. sinoHckul Memod npo6Holi 306bI4u
2a3oebix 2uépamoe

B Hacrosiiee Bpems ycrnemHasi TecToBast J0ObI-
Ya ra3oBOro rujapara Oblja OCYyIIECTBJIEHA MO Cpel-
CTBaM CJICAYIOIINX METOIOB JOOBIYH:

— MeToJ Oaka;

— TEPMAaJIbHBII METOJ BIIPBICKH;

— XUMHUYECKHI METOJI BIPHICKHY;

— METOJ 3aMEHBI YTIIEKUCIIOTO ra3a;

— MOJBOJHBIN TBEPIbIA METOJ MHUHUPOBAHUA
IICEBIOOKUKECHUS;

— HECKOJIbKO METOJOB MHTEIPHPOBAHHOIO HC-
I0JIB30BaHMUS.

TlomynspHbIil ¥ MKUPOKO HUCIOJIB3YEMBIA U3 BCEX
NIPUMEHSEMBIX METOMOB, siBIsieTcss MeTox Oaka. Ilo-
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HIDKAIOMIUKM METOJ, 3aKIIOYAIOIIUICI B CHIDKCHHU
IJIACTOBOTO JABJCHUS Ta30BbIX THIPATOB Ui pa3-
pyLIeHUs] CTAaOWIBHBIX YCIIOBUHM HaJIW4YWs THUIpAT-
HOTO JaBIIEHUS, CTIOCOOCTBYIONIUX MPOIOIIKUTEITh-
HOMY Pa3JIOKEHHUIO THJIPATOB, CUUTACTCS HanOoJjee
3¢ QeKTUBHBIM, HaN0OJIee YKOHOMUYHBIM U IPOCTHIM
METOAO0M TPOOHON TOOBIYM Ta30BBIX THAPATOB. OI-
HaKO J00bIYa YKOHOMHYECKH IIEJIECO00pa3Ha TOJIBKO
B TOM Ciyyae, eclii TUAPATHHIN pe3epByap pacro-
JIO’)KeH BOJM3W TPaHUIIBI PAaBHOBECHS TEMIIEPATyPhI
u naBieHus [13].

B 2013 r. B mo0bIue Ta3oBBIX THAPATOB HC-
IOJIE30BAJICSI METOJI CHIDKEHHS NABJICHHUS U METOJ
HarHeTaHUs TeIUla, WCIBITHIBas TOPHYIO KOJIOHHY,

KaK ToKazaHo Ha puc. 7 [14] HacocHOM arperare,
KOTOPBIH MCIOJIB3YETCS JUIsl CHUKCHHUS TUIACTOBOTO
JIABJICHUS W, KaK CIIEJICTBUE, IS JOCTIDKEHUS pa3-
JIOXKEHUSI Ta30BOTO THIpaTa. YCTaHOBKAa HarpeBa-
TEJIFHOTO y3JIa B MOJIOKEHUU pe3epByapa KOJOHHBI
UCIIONIB3YETCSl Ul HarpeBa Ta30BOrO THAPArTa,
VIIy4IICHHs TEMIIEPATYPhl THAPATHOTO pe3epByapa.
B pesynbrare HarpeBaHus IPOUCXOIUT IOBPEXKIE-
HUS TUAPATHBIX BOJAOPOIHBIX CBS3CH, U Jlajiee Tpo-
HUCXOAWT pa3liokeHue ra3zoBoro rwupara. l[locie
TOT0, KaK KOJIOHHA BOIIUIA B DKCILTYaTaIUIO, HArpe-
BaTeNb MOBPEIWICS W HE Wrpajl HarpeBaTelIbHOU
pONHM, TEM cambIM OBLI, AOCTHUTHYT CTYIIEHYATHIH
MeTOoJ1 MPOOHO# TOOBIYM Ta30BOTO THAPATA.

i Mezan Mechave gas

Byposoe cyxmo/Drilling ship o BenWue
Bypwninax 1py6a TpyOnpoROTE TIX e ] l
Gypesos cxsaxux Well drilling pipeline dnll pipq Jpoccemsunit Tpyonposoa(soTmmil kanat)/
rasosuii kamay/ Choke pipeline(water channel)
Methane gas channel

TMporusosrbpocosstit npescrTop/
Blowout preventer(BOP)

Mopcxoe xmo/Seabed

Cpezmxit 3aT30p JaxpuT
(HICTPYE Beprcars0 X KEAIOK Derax [15)

Byposoe cyamo’
DNtling 0
Crosx/Riser
TIpoTHBOBAIOPOCOBKI NIpeBenTOP/
Blowout preventer(BOP)
/’

e s 3, cS0pe Electric submersible pump unit assembly

Cocras

P arperay

Heater

Cocras ynioTHeREx X% NOSHINORHPOBAREX BCTaBKH/
Insert positioning seal composition

3achimxa ® yioTHeEHE rpasHen/

Puc. 7. VicnbiTaTtenbHas CTPyKTypa CTBOJIA CKBaXUHbI A5t A00bIYM ruapaToB B AnoHckom mope B 2013 1.
Figure 7. Hydrate production test wellbore structure in Japan Sea in 2013

B 2017 r. SlnoHust ocyuiecTBUia BTOPYIO U
TPETbI0 MPOOHYI0 NOOBIYY MOPCKHX Ta30BBIX TH-
paToB, UCIIOJIb3Yyd TOJBKO METOJ CHMIXCHUA JaBJIC-
HUSl, UCKIIFOUMB COBMECTHOE HCIIONb30BaHHE METO-
Ja HarHeTaHws Teruia. llocie HECKOIBKUX Ha3eM-
HBIX UCTIBITAHWHA W JAEMOHCTpAIMid OBIJIO yCTaHOB-
JIEHO, 4YTO 5HeprodpQeKTUBHOCTh WHKEKLMOHHOTO
TEIUIOBOTO METOJa HH3Ka, yBEIWYEeHHWE Harpena-
TENBHOTO YCTPOWCTBA TPUBEAECT K YBEITUYCHHUIO
CIIOKHOCTU CTPYHBL. Ilo cpaBHEHHMIO ¢ TIEPBOW OIBIT-

HOHM OOBIYeH MONIE3HBIX MCKOIMAEMBIX, I o0ecTe-
YeHHs] CTaOMIIFHOCTH KOHTPOJIS JAaBIIEHUS M CTBO-
Jla CKBAXUHBI TPUMEHSETCS METOJ IOMIaroBOTO
noHwkeHus. ['a3oBbiid ruapar fnoHckoro Mops B
TPH pasa MPEBOCXOTUT MPoIecC MPOOHON MOOBIYH,
W Pe3yJbTaThl MMOKA3BIBAIOT, YTO TEKYIINH YPOBEHBb
TEXHOJIOTUA TIPU HCIOJB30BAHUHU TMOHUKAIOLIETO
MeToJa Ui MPOOHON OOBIYU SIBIISIETCS TPOCTHIM,
HanbOosee d(PPEeKTUBHEIM M Hambosee PKOHOMHY-
HBIM METOJIOM MPOOHOM OOBIYM Ta30BOTO THAPATA.
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2.2. TexHOM02USs1 KOHMPOJIS 2UOPaMHO20 Nnecka

PesepByapsr ¢ razormmparamMu HaxOIATCS B
OCHOBHOM B CJ1a00 CIIEMEHTHPOBAaHHBIX IOPOJAAX.
[TockonbKy nuareHeTHdeckasi CTpyKTypa HE JOCTHTI-
HyTa, MPOYHOCTH moponabl Hu3kas. Korma razoBbrit
ruapar ctabuiieH, PhIXJIBIA TIACTOBOH Ta30BBIN TH-
pat noMmoraet 3akpenurth 1act. [locne pasnoxxeHus
ra3oBOro THApaTa MPOYHOCTH IUTacTa OyAeT 3Hadu-
TEJIFHO CHIDKEHA, YTO TIPUBENET K YXYAIICHHIO Telle-
00pa3oBaHMsl, 3HAUYUTEIFHOMY CHIDKEHUIO MEXaHU-
YeCKOH MPOYHOCTH TIacTa, 00pa30BaHUIO OOIBIIIOTO
KOJIMYECTBA TECKa, YTO B JAbHEWIIEM MpPHUBENET K
HEecTaOMIIBHOCTH CTBOJIA CKBaXKHHBI. [loaToMy mist
JOJNTOBPEMEHHOI OOBIYM Ta30BOrO rHapara Heoo-
XOIMMO PEIIUTh MpoOIIeMy TiecKa.

B 2013 r. SImonus nmpoBena paHHUH KOHTPOJIb
MecKa, Korga OCyIIeCTBHIIIA CBOIO NIEPBYIO MPOOHYIO
MOOBIMYy MOPCKHX Ta30BBIX THIApaToB. Jlms Toro
YTOOBI TOMYYUTH OOJNBIIYIO CTENeHb BBIXOZAA IjIa-
CTa, UCIOJB3YETCs MPOLIECC KOHTPOJS TpaBUNHON
3aCHINKU MECKOM, OCYIIECTBIIIEMBIA 1O MPHOIH3H-
TEBHBIM pacueTaMm.

OOmiasi Macca 3achIIAHHOTO TPaBHSl COCTABHIIA
okoio 2136 kr, a naBieHre HanonHeHus — 10 8,1 MIla.
[IpoOHas moOkrua Obiia 3aBepireHa 12 mapra 2013 T.
Ha mectoii neHs ucnbITaTensHON 100BMN ObLI 0OHA-
pYXeH CIoN TecKa, a JaTYUKU KOHTPONS JaBJICHUS
cTanu (GUKCHPOBATH PE3KOE YBENMUeHHe. Taioke mpH
HCTIIBITATEeIFHOW J00bIde 100BYa BOABI OBICTPO BO3-
pocna. M3-3a miaoXux MOTOAHBIX YCIOBHHA Ha MOpe
UCTIBITATENBbHBIN KOpalmb «3eMiish» He uMen OO0JIbIIo-
IO KOJMYECTBA BBIXOJIAIIETO ITeCKa, MOUTHOCTH IO

nepepaboTKe KHUIKOH cMecH. JJOHHOE MaBieHUE TO-
BBIIIAJIOCH, IOOBIYA Ta3a MpeKparatachk. YtTo0wr obec-
MEeYNTh 0E30MaCHOCTh MCIBITATEIHHOTO TOPHOTO CY/I-
Ha W TEepPCOHANa, TOCYJapCTBO OBUIO BBHIHYXKIEHO
OCTaHOBUTH UCIIBITATEILHYIO TOPHYIO OIIEPALIUIO.

AHanmi3 TOKa3bIBaeT, YTO OOpa30BaHUE TIECKa
MIPOUCXOJTUT ¥3-32 PA3JIOKEHUS TIACTOBOTO T'a30BOTO
rUpara, Tak Kak JBWXXCHHE TPaBHsl, BBI3BAHHOE 00-
Ha)KCHHEM TIECUYaHOTO PKpaHa, U 00pa30BaHUE IMOTOKA
BO3JlyXa, MPHBOIMMOTO B JBIKEHHE yJIapOM DKpaHa,
BBI3BAHHOE Pa3pylIEHHEM JKpaHa, a 3aTeM 00pa3oBa-
HUE TeCKa U 3aChIKa TeCKa B CTBOJI CKBYKUHEI, MTPU-
BOJISIT K BBIXO/Iy M3 CTPOS HACOCA, BEIHYK/Aasl TEM ca-
MBIM TIPEKPATUTh BECh MPOOHBIA TPOIECC TOOBIUH.
3a Bech MPOOHBIH Mpoliece ObIUM 00pa30BaHKE MecKa
coctauno 30 M [15]. Takum 06pazom, MpoOHBIL
Tporiecc AOOBIYM MOKAa3all, YTO 3aChIITKA TPaBUsl CIO-
COOCTBYET YBEJIMYCHHUIO JIOOBIYM, HO €ro CTEHOBas
HecyIast CriocoOHOCTh cnaba [16].

B 2017 r. SlnoHus ocyiuecTBUia CBOIO BTOPYIO
MOPCKYIO TIPOOHYIO OOBIIYy ITOJIE3HBIX HCKOIIa-
C€MBIX, OTKa3aBIIMChb OT CXCMbI 3aCBLIIIKK TI'paBUA,
U TIpUHSAJIA CUCTeMy KOHTpos necka Geoform, pas-
paborannyio kommanueir Baker Hughes. Onmnako,
IMpuHUMass BO BHHUMAHUE PHUCK TOIro, 4TO CHUCTEMaA
KOHTPOJII TeO(OPMHOTO IMECKa MOXKET HE PAaCIIH-
puThcst, SIMOHUS WCMONB30Baja IMPEABAPUTEIHHO
pacUIMpeHHYI0 CUCTEMY KOHTpOJIsi TeodopMHOro
MECKa B CKBAXHHE U CHUCTEMY KOHTPOJIS reo(opm-
HOTO TIeCKa B CKBKMHE PACHIMpPEHHS ABYX OIepa-
IMHOHHBIX TPOTPaMM BO BTOPOH MPOOHOH HOOBIUE,
Kak TIoKa3zaHo Ha puc. 8 [17].

Puc. 8. OkpaH pacwmpeHns GeoFORM nepepn, BXOAOM B CKBaXMHY 1 pacLUMPEHUS NOCIE BXOAA B CKBAXMHY
Figure 8. Geoform expandable screen pipe before and after running in the well
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[lepBast ucnbITaTeIbHAS CKBAXKUHA UCTIOIB3YET
TPYHTOBYIO TPEIBAPUTEIBHO PACIIUPEHHYI) TE€O-
(hopMHYIO CHCTEMY, a 3aTeM CITyCKaeTCs B CKBaXKH-
Hy. 3a 12 gmeit oOmrast 700BIYa Ta3a COCTaBMIIA OKO-
a0 3,5x10* m’. Tlocnme BeIGpoca Tecka, IEPBYIO
CKB2)XUHY BBIHYXJICHBI ObLTU OTKIIOYHTH. BTopas
CKBa)KMHA OBIJIa MCIIOIH30BaHa JI0 CaMOTo JHa pac-
IUPEHUs] T€O0()OPMHON CUCTEMBI KOHTPOJISI TIECKa.
JoObrua amuiack 24 s, oOmas moOblya rasa co-
craBmiaa okoso 20x10* . Jlo xoHIIa TOOBIUM BTO-
past CKBa)KMHA HE TIeCKOBaJa.

Takum 00pa3zom, MpenBapUTEIbHO PACIIMPESH-
Has TeoOpMHAs CUCTeMa KOHTPOJIIS TecKa IMO3BO-
JIseT N30eXKaTh PUCKA HE PACIIUPATHCS B CKBAXKHUHY,
HO €CTh HEIOCTATOK OIOPBI CTCHKH, W TOTNA €CTh
PUCK HEpacIIupeHUs: aKTHMBHOTO BellecTBa. Takas
orepanus OoJiee CI0XKHasI, HO OIIOpa CTEHKH W KOH-
TPOJIb [TECKA OKA3bIBAIOT 3HAYUTEILHBINA 3PQEKT.

Kak BHIHO M3 MPUMEHEHUs SITOHCKON TEXHO-
JIOTHH KOHTPOJIS Iecka mpoliecca MpoOHOM J0ObYH
ra3o0BOT0 TUAPATA, JOJITOCPOUHOE TTPOU3BOACTBO IIe-
MEHTAIlMA pe3epByapa pasjoXKeHHsl Ta30BOr0 THJ-
paTa YMEHBIIHMIIOCH, 3allOJIHEHHE I[TOTOKa IecKa
TIPUBEIET K OTKPHITOMY 3KpaHy, B TO BpeMs Kak
CTaOMIIBHOCTh CTEHBI CHM3WTCA. [lepen BXoIoM B
CKBXUHY pacCIHIMPEHHE TeO(OPMHOTO 3KpaHa TaK-
e He OJOKHMpyeT oOpa3oBaHHME BTOPXKEHUS IIEeCKa,
a TOCJe TOA3EMHOr0 PACHIUPEHUST Te0POPMHOIO
skpaHa 3(PQEeKT KOHTPOJIS MecKa XOPOIIHH, YTO
YKa3bIBaeT Ha TO, YTO TMojAepkanne 3h(eKTHBHOMI
OJIOKMPOBKH ITeCKa M CTAaOMILHOCTH CTCHOK SIBJISICT-
Cs1 KJTFOUOM K YCIIeXy KOHTPOJISI THAPATHOT'O TeCKa.

2.3. TexHOMO2UST UCKYCCMBEHHO20 JIUhMuH2a
2a3oebix 2udpamos

HckyccTBeHHOE TMOIHATHE SBISIETCA OCHOBOM
JUTS peanr3anuu Jo0srau. B mpoOHoit 1o6kIve ra3o-
BBIX THAPATOB B SIMOHCKOM MOPE HCIIOH30BAIHCH:

— TOTPYXKHBIE 3JICKTPOIICHTPOOCIKHBIC HACOCHI
(YOLH);

— CHCTeMa CHIKEHHS THIPOCTATHYECKOTO JIaB-
JICHHS CTOJI0A B CKBAKUHE;

— KOJIOHHAasl CTPYKTypa: 3JICKTPOMAarHUTHBIH
KOTENI + DJIEKTPUYECKHHA IOTPYKHOU IEHTPOOEK-
HBII HacOC + YIaKOBIIUK + TPYOOIIPOBOI.

C moMOIBI0 EKTPUIECKOTO TTOTPYKHOTO Ha-
coca JiIs M3BJICUCHHUS IUIACTOBOM YKHIKOCTH BPYYHYHO
CHIDKAIOT JOHHOE JaBJIEHHE, YTOOBI CIIOCOOCTBOBATH
CTaOUIBHOMY HPHUCYTCTBUIO Ta30BOTO THJpaTa;
HapyIIAITCS YCIOBUsSI JABJICHUS, YTOOBI JOOUTHCS
HEMpPEPBIBHOTO PA3NI0KEHUs, a 3aTeM IOJ3EMHOTO

ra30’KUAKOCTHOTO pa3zeneHus. 1'a3 BeIrpyxaercs
BJIOJIb LICHTPAJILHOH KOJOHHBI, BOJa, 00pa3yromasi-
s MOCJIE Pa3JIOKEHUS Yepe3 APOCCENUPYIOIMNA KO-
neKTop (yOOHHBIN KOJIJIEKTOP), ITOJHUMAETCS Ha TI0-
BEPXHOCTh MIaT@OpMbl B HAa3eMHBIH HCIIBITATEIb-
HBIH MTPOIIECC.

JU1d TOoCTIXKEHHs MOHMKAIOIETO METOHA HC-
MBITAHUN TOPHBIX PabOT MCKYCCTBEHHBIH MOIBEM-
HBIH JJIEKTPUYECKUN NTOIPYKHOU HACOC BKIIKOYAET B
ce0s1 1BE KITF0UEBbIE TEXHOJIOTHH:

— CKBaXMHHYIO Ta30KUIKOCTHYIO TEXHOJIOTHUIO;

— TEXHOJIOTHIO YaCTOTHOTO PETYJINPOBAHUS.

CKBa)XMHHBII Ta30BBI cemapaTop OOBIYHO HC-
MOJIB3YETCsl B KAUECTBE BCACBHIBAIOIIETO MOPTa JJIEK-
TPUYECKOTO MOTPYKHOTO Hacoca, 3aKperyIeHHOTo Ha
HIDKHEM KOHIIE Hacoca, pa3lIoyKeHUs Ta30BOro rujpa-
Ta TOCJIE TPaBUTALMOHHOIO Pa3elIeHUs] BTOPHYHOIO
pazneneHys. TexXHONOrua YaCTOTHOTO PETYINPOBAHUS
4yepe3 UHBEPTOP HCIOJB3YETCsl Ul JOCTHKEHHS W3-
MEHEHMsI Hallopa Hacoca, a TakkKe A CMEIIEHHS U
paciupenus oobeMa Hacoca, Ul JOCTKEHUS aBTO-
MaTU4YeCKONM CKOPOCTH YacTOTHOTO PETYIHPOBAHUSL.
Taroke TEXHOJNOTHsI YacTHOIO PpETYIMPOBAHUS HC-
HOJIB3YeTCs] Ul TOTo, 4TOOBI MOAHSTH Ta30BBIN 3a-
MOK, aBTOMAaTWYeCKHH JBHUTaTeNh 3alUTHl OT IOHH-
JKEHHOM 4YacTOTHI, CTOJKHYBIIMiCS ¢ OONbIION Ha-
IpY3KOH, TaK YTO 3JEKTPUUYECKUM MOrpY>KHOM HAacoc
MOXET aJalTUPOBaThCAd K BOAE W MECKY, MPOUIUTH
CPOK CITy>KOBI Hacoca, yBEJIMYUTH CKOPOCTb.

B 2013 r. B Slmonnu BriepBbIe ObLIA ITPOBECHA
poOHas T0ObIUa TIOJIE3HBIX HCKoTaeMbIX. [10CKOIbKY
CYWIECTBYET pAJ CKBRXUH C YMEHBIIEHHBIM IHa-
METPOM CTBOJIA, YTO MPHUBOAMUT K OoJiee ObICTpOMY
pacxody rasa M XHIKOCTH, HE yNaloch IOOUTHCS
3¢ (GEeKTUBHOM TPaBUTAIMOHHON Cemapaiyu, a KOH-
TpoJib 3a00MHOTO aBIEHUs TOKA3bIBaJl IUIOXUE TO-
Ka3aHHA. TeXHOJIOrMs YacTHOTO pEryJIHpOBaHHA,
UCIOIBb30BAHME IHAMETPA B COBOKYIHOCTH C CH-
CTEMOH pa3feNeHHus KOXKyXa, 3JIEeKTPUYECKOro Io-
IPY’KHOT'0 Hacoca B TO € BPEMsI MOKET MOBBIIIATh
3 (PEeKTUBHOCTH pa3eseHus ra3a U BOJIEL.

2.4. TexHoO102USs1 2€0/7102U4€CKO20
U 3KOJ102U4ECKO20 MOHUMOPUH2a

Vreuka mpH pa3paboOTKe TUAPATOB MOXKET
MPUBECTH K TIOABOAHBIM OTOJI3HAM, OOOCTPEHHIO
r1100aJIbHOTO TAapHUKOBOTO 3¢ ¢eKTa, YXyALICHUIO
MOPCKOM DKOJIOTHYECKOW OOCTAaHOBKH W JIPYTUM
KPYITHBIM JKOJIOTUYECKUM KatacTpodam [18-21].
[TosTOoMy B mporecce pa3pabOTKH T'a30BBIX THIpA-
TOB CTPaHBI MPOSIBIISTIOT OCTOPOKHOCTB.
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SnoHusl TpoBella MOHUTOPHHI Ha MECTE BO
BpeMs CBOMX TEPBLIX MOPCKUX U TUIAPATHBIX UCIIBI-
TaHuit [22]. B To ke BpeMsi OCHOBHOE€ BHUMAaHUE
YAENSIOCh MOHUTOPHHTY JiehopMaIiiii MOPCKOTO THa,
YCTOMYMBOCTH PE3EpBYyapoOB, YTE€UKE METaHa, yCTOW-
YUBOCTH THJPATHBIX PE3EPBYapOB.

B 2013 1. Tpu KOHTPOJNBHBIE CKBAXUHBI OBLITH
poOypensl psimoM co ckBaxuHoi AT1-P, mepsoit
B SIMOHUM HCHBITATEIBHON OOBIBAIOIICH CKBaXH-
HO¥ Ta30BOTO rHpara. PacnpeneneHHbIe BOJOKOHHO-
ONITHYECKHE JTATINKHA TEMIIEPATyphl N PE3NCTHBHBIE
MaTpUIBl JaTYUKOB TEMIIEPATypPhl PaCIOIOKECHBI
B KOHTpOJdbHBIX ckBaxkuHax AT1-MT1 u ATI-MC
JUTSL OCYIIECTBJICHHUS KOHTPOJISI TOHHON TeMIlepary-
PBI ¥ panuyca pas3iiokeHus ruapaTos. [lo TexHuue-
CKUM IPUYMHAM 3TOT MOHUTOPUHT HE KOHTPOIUPO-
BaJl IOHHOE JIaBJICHHE.

Pe3ynbTaThl 3KOJIOTMYECKOTO MOHUTOPUHTA H
SKOJOTHYECKOTO UCCIEAOBAHUS MOPCKOTO JTHA TIep-
BOH MPOOHOH TOOBIYM THAPATHOTO MOPCKOTO ITecKa
ITOKa3BIBAIOT, YTO MAaCIITAOBI IMEPBOI MPOOHOM 10-
OBIYM MMEIOT MEHBIINHA PUCK BO3ACHCTBHUS HA OKpY-
JKAIOIIYF0 MOPCKYIO Cpey.

braronapst aHanm3zy, orieHKe u 000OIIECHHIO TIep-
BOTO TIPOOHOTO TOPHOTO MOHHMTOpHHTA, B 2017 1. ObLIa
OCYIIIECTBJICHA THIpPAaTHAs NMPOOHAs TOpHAs CXeMma,
COCTOSIIIast U3 OJHOW Pa3BEIOYHON CKBa)KUHEI, JBYX
KOHTPOJIBHBIX CKBKWH, JIBYX OKCIUTyaTaIlHOHHBIX
CKBa)XMH, U3 KOTOPBIX MEpBas KOHTPOJbHAS CKBAXKU-
Ha TIpoOypeHa yepe3 CIoi 000TaIleH st Ta30BbIX THI-
partoB, BTOpasi KOHTPOJIbHAS CKBOKMHA ITpOOypeHa /10
CII0s1 00OTAILIEHUSI IS OCTAHOBKU OYpEeHUSL.

Bropas mpoOHast m00bYa OCYIIECTBIICHA JUISI
JTOCTIDKEHHS BCETO TPOIECCa MOHUTOPWHTA H3MEHE-
HUSI KOHIIEHTPAITUM MOPCKOTO METaHA U W3MEHEHUS
MOPCKOTO JHA, MOHUTOPUHTA CKBaXUH B JIOTIOJHE-
HHUE K OpPTaHU3ald MOHHTOPHHTA TEMIIEPaTypPbl, HO
Y TIOBBIIIIEHHOTO KOHTPOJISl JTABJICHHS, a TaKOKe UL
JOCTH)KEHHS 3a TOJ IO MPOOHOM TOOBIYM 1 MPOOHOH
JOOBIYH TIOCIIE TIOJTYTOIOBOTO MOHUTOpHHTA [23].

B 2018 1. 6putH chOpMHUPOBAHEI TaHHBIE TEM-
nepaTypel ¥ JaBJICHHS, U3MEPEHHBIX HA JBYX Ha-
OJIFOIaTENFHBIX CKBaXKWH. BBUIH TOTyUYeHBI pe3yiib-
TaThl BJIMSIHUA TECT THAPATOB HAa OKPYKAIOIIYIO
Cpexy MOPCKOTO JIHA.

3. MocnepcTeusa nccnepoBaHnii n paspabdboTok
rasoBsoro rugpara B dnoHuun gna Kutasa

OCHOBBIBasICh Ha JJaHHBIC WCCIIEIOBAHUS pa3pa-
0OTKM THIpaTa MeTaHa B SIOHWM, BHEIIBUTAIOTCS CIIC-
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JYIOIIHE TIPEITIOKEHUs] OTHOCHTENIHHO OYAyIHMX HC-
CclieZIoBaHUi 1 pa3pabOTOK ra3oBoro runpara B Kurae:

1) yeTkWe menmu: Ta30BBIM THUApPAT U3-3a €ro
OTPOMHOTO PECypCHOTO TIOTEHIINala, pacCMaTpHUBa-
€MOro B KayecTBE Ba)XHOT'O MCTOYHHKA DHEPIHH B
Oyayiiem, MOKET OBITh UCIIONIB30BaH Ui OypeHus
ra3o0BOr0 THAPATa, & YKOHOMHUYECKHE NCCIIeOBAHUS
U pa3pabOTKHU TEXHOJOTHH NOOBIYH MOMOTYT obec-
MEYUTH JOJITOCPOUYHYIO CTaOMIBHOCTH dHEProcHao-
sxennsa Kuras;

2) yTOYHSIOIIHE LIEH: HalpUMep, orpenaese-
HUE TUTA U XaPAKTEPUCTHK 3aJICTAHUS THIPATa Me-
TaHa Ha menbde Kuras, oneHka konnyecTBa Mera-
Ha, oOpa3ymomerocsi B pecypcax TuapaTa MeTaHa,
CKPUHMHI TIEPCIIEKTUBHBIX PallOHOB pPECypCOB Ta-
30BOT0O THApaTa 1 OJaronpusATHBIX 30H pa3padoTKHy,
pa3paboTKa MCCIIeIOBATENhCKIX HCIIBITAHUN B BHI-
OpaHHOM paifoHe, JalbHEUIIIee COBEPIICHCTBOBA-
HHUE TEXHOJIOTUH MPOMBIIUIEHHOH A00bIUM U co3/a-
HUE CHCTEMBI pa3pabOTKH CUCTEMBI B COOTBETCTBUU
C KOHKPETHBIMH yCIIOBHSIMH Y4aCTKa, Ka)IbIi mar
JOJDKEH MMETh YETKUE M JIOCTH)KUMBIEC YHCICHHBIC
1A U MapIIpyTEHI;

3) pa3paboTKa JOPOKHOW KapThI: IeJIeHAIPaB-
JIEHHOE OTpe/iefieHne NMPHOPUTETOB TpedyeMoi pa-
0OTBI, IIarOB 0 €€ OCYLIECTBICHUIO U 0KUAAEMBIX
pe3yNbTaTOB;

4) co3maHre UMUTATOpa JOOBIYU Ta30BOTO TH]I-
paTa ¢ He3aBHCUMBIMH MPaBaMH MHTEIUICKTYaIbHOM
COOCTBEHHOCTH, Ha OCHOBE YIJIyOJICHHBIX U JIETalb-
HBIX Pa3BEOYHBIX Pa0OT W IOCTYyMa K OOJBIIIOMY
KOJMYECTBY XapaKTePUCTHK THUAPATHOTO ILIACTA,
Ui paiioHa oOoralieHusl Ta30BOTO TUApaTa A
MPOBEACHUS MOAEITUPOBAHUS AOOBIYH M IPOTHO3H-
pPOBaHUS HAy4HO-HCCIIENOBATEIBCKUX PaboT, C TEM
9TOOBI B COYETAHUHU C APYTMMH METOJAMH BCECTO-
POHHEH OIIEHKH W BHIOOpA YYaCTKOB MOXHO OBLIO
OBI OT/IATH MIPUOPUTET UCTIBITAHUSAM TOOBIUH;

5) pa3paborka razoBoro ruapara B Kwurae
JTOJHKHA MOOMIIM30BaTh DHTY3HA3M MIPEIIPUSTHH.

B HacTosimiee BpeMs MHOCTpaHHBIE MMHAJIOTHBIC
MPOEKTHI TIO JOOBIUE THApaTa OBLUTH OCYIIIECTBIICHEI
C ydYacTHEeM NPEANPUATHI U BEAYyIIMX KOMIIAHHIA,
takux kak ConocoPhillips u Chevron, smoHckoe
HanmonanbHOE areHTCTBO HE(TH M Ta3a METaJlIOB
1 MUHEpalbHBIX pecypcoB, BP u IOxHoKopelickas
HaIMOHANbHAs He(TAHAS KOMIIAaHUS, a TaKXKe Mpa-
BUTENBCTBEHHBIE BEJIOMCTBA, KOTOPBIE TOJKHBI TPH-
HUMATh y4yacTue B IUIaHe (MHAHCHUPOBAHUS, ITOJIU-
TUKH U YIIPABIEHUS MPOCSKTAMHU.
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3aknoueHne

Bce Bo3pacrarommii uHTEpeC K MpodiieMe Tazo-
BBIX TU/IPATOB CBs3aH C MPH3HAHHUEM TOTO (pakTa, 4To
B JIONTOCPOYHOI TEpCIIeKTHBE IMPUPOTHBIE Ta30BEIE
THIpaThl MOTYT CTaTh HOBBIM HMCTOYHHKOM ITPUPOJI-
HOTO raza Oyarojiapsi BeCbMa 3Ha4UTEIBHBIM pPEcyp-
caM, HETrJTyOOKOMY 3alleraHHI0 W KOHIICHTPHUpPOBAaH-
HOMY COCTOSIHMIO B HUX ra3a. Kpome Toro, Hakarm-
BAIOTCS TAaHHEBIC, CBUICTEILCTBYIOIINE O BAXKHOM pO-
JIM TIPOIIECCOB OOpa30BaHUS U PA3NIOKEHUS T'a30BBIX
THIPATOB B TIIO0ABHBIX MPUPOAHBIX TIPOIIECCax.

B Teuenue psaga JieT yxe JeMcTBYIOT HAIMOHANb-
Hble TazoruapatHeie nporpammbel B CHIA, SnoHun
u UHnuu. AKTUBU3UPYIOTCS uccnenoBanus B Kurtae
u KOxHoit Kopee.

B mocnemHure rogpl MO ra3oruapaTHoN mpooe-
MaTHKE €KETOJHO MPOBOAUTCA 3—4 perHoHaIbHBIX
1 MSXITyHApOIHBIX KOH(epeHIuH (TTOCIeIHIE TIPOo-
num B Smonuu, CIIA, Kanane, 'epmanuu, @pan-
[IMW), OPTaHU30BaH DAJl TIOCTOSTHHO JIEHCTBYIOIIUX
ko (HarpuMmep, HauuHas ¢ 1996 1. 2-3 pa3a B ron
paboraer MexmyHapoaHas 1ikona-cemunap Control-
ling Hydrates, Waxes and Asphaltenes). JJoknansrt
[0 Pa3NIUYHBIM acIeKTaM Ta30BBIX THIPATOB TpE-
CTaBIIAIOTCA HA MEXAyHapOJHbIe KOH(EpEeHIINH 110
CYNPaMOJICKYISIPHON XUMUU, COSAMHEHUSM BKITIO-
YeHHsI, TEPMOIMHAMUKE, TEIUIO(U3NKE, TEOKPHOIIO-
THH, a TaKKe Ha He(TAHBIX, TA30BBIX U T€OJIOTHYE-
CKHX CUMITO3WyMaX U KOHTpeccax.

AHanu3 JTUTEpaTYPHBIX HMCTOYHUKOB ITOKA3bI-
BaeT, YTO €XEroJHO MO Ta30THIPATHON TEMATHKE B
mupe nmyonukyercst He Mmeree 500—600 pabot (uro B
2-2,5 paza mpeBblaeT «poHoBoe» 3HadeHue 10—15-
neTHel maBHOCTH). C «IOIKITIOUCHHEM» K JTaHHOU
TeMaTHKe Bce 0oJiee HOBBIX CIIEMAIHCTOB CaMOTO
pa3Horo mpoduis pe3ko obocTpmiiack mpobiema
nHpopManuoHHOTO OoOecmeueHus. B Hacrosmee
BpeMS €BPOINEUCKHM COOOIIECTBOM IPHU aKTHBHOM
MIPUBJICUEHUH POCCUUCKUX CIEIIUAINCTOB PEIIaroT-
Csl BOIPOCHI CO3/1aHusT MH(OPMAIIMOHHBIX 0a3, BKIIIO-
YaroNIUX JaHHBIE 110 aCMeKTaM Ta30THIPaTHON Tpo-
OJIeMEL.

HccnenoBanus ra30BbIX TUAPATOB MOXKHO Pa3-
JIENIUTH Ha TPHU B3aMMOCBSI3aHHBIX HAIIPABJICHUS:

1) dyHmameHTanbHBIC HCCIEAOBAaHHS (CTpoOe-
HUe, (DU3MKO-XMMHYECKUE CBOMCTBA, TEPMOIMHA-
MHKa ¥ KHHETUKa O0pa30BaHUS U Pa3lIOKEHUS ra-
30BBIX THIPATOB);

2) TEXHOJOTHYECKUE WCCIEIOBAHHS Ta30BbIX
ruaparoB (IpeayNpexICHHE TUAPATOOOpa30BaAHHS

W JMKBUJALUS Ta30THIPATHBIX OTJIOXKEHH, ra30-
THIIpaTHBIE TEXHOJIOTHH);

3) wu3y4YeHHE NPHUPONHBIX Ta30BbIX IMAPATOB
(TIouck, pa3BenKa, aHAIN3 BO3MOMKHOCTEH OCBOCHUS
Fa30rMJPaTHBIX 3alEXKEW, MOAEIUPOBAHUE IPHUPOL-
HBIX TPOLECCOB T'MAPATOHAKOIUICHUS B Jaboparop-
HBIX YCJIOBUSX), BIMSIHUE Ia30BBIX I'MIPATOB HA IJIO-
OaJbHBIE TE0IOTHYECKUE U SKOJIOTUYECKHE TPOIIECCHI.

AHanu3 BCeX W3BECTHBIX Ta30THIPaTONpPOSIB-
JICHUH TOKa3aj, 4TO MUMEETCs /BAa THUIA CKOILIEHHUM
TUAPATOB: CKOIUICHWS, CBSI3aHHBIE C O4YaraMH pas-
rpy3Kd (QUIIOWIOB Ha JHE MOped, KoTopsle (hopMHu-
PYIOTCSl BOJIM3U [Ha ¥ KOHTPOJMPYIOTCS (Irouao-
IIPOBOJHUKAMU (TPA3EBbIE BYJIKaHbI, TUAMKPHI, pa3-
JIOMBI), U CKOIUIEHHUS, IPSIMO HE CBA3aHHBIE C OYa-
raMy pasrpy3kd (HaxoZsmuecs Ha 3HAYUTENBHON
MOJIOHHOM TJIyOHHE), HO TaKKe KOHTPOJIHPYEMBbIE
norokamu rronnos. Hanuume ckoruieHUi BTOPOTO
TUIA TOATBEP)KAAETCS Pe3ybTaTaMu TITyOOKOBOJ-
HOro OypeHus, BBIIBHBLIETO NPHYPOUYEHHOCTH Ta-
KHX CKOIUIEHWH K 30HAM OIPECHEHUS U K OTHOCH-
TEIbHO TPyOO3EpHUCTHIM OTNIOKEeHUsIM. Dopma u
pa3Mep CKOIUIEHHH, a TaKXKe pacrpeescHie ruapa-
TOCOAEpKAIMUX IUIACTOB B HX INpefesax, OIpene-
JISIFOTCSL IOTOKAMU Ta30BbIX (QIIFOMIOB (KOHIEHTPH-
POBAaHHBIMM M paccpeOTOUYEHHBIMHU) M MapameTpa-
MU (P PYy3UOHHOTO OpEoia pacCcesHUsL.

Junst pemieHust psjia CymiecTBYIOMMX MpodiaeM
TIOWCKA, KapTUpOBaHHSA M Pa3paboTKH cyOakBab-
HBIX Ta30TMIPATHBIX 3alekel, a Takke Uil mepe-
X0Jla B HCCIEIOBAHHH MOPCKHX Ta30THAPATOB OT
YPOBHSI «T€OJIOTHN» K YPOBHIO «pa3paboTKu», IO
MHEHHUIO HCClIeoBaTeNei, HEOOXOAUMBI CIEAYIO-
1Y MIary:

1. Tunmzarms ra3oruApaTHhIX 3aeXXel Mo MpuH-
[MIIaM, OTPaKAIOLMM BO3MOJKHBIE BapHaHTHI X
KapTUPOBAaHMSA, PECYPCHBIX OLEHOK M pa3pabOTKH.
Jlns cyOakBambHBIX Ta30THAPATHRIX 3aJIeKEH BhIIE-
JICHBI JIBA OCHOBHBIX T'€HETHUYECKUX BHJA 3aJICXKEH:
Cy0aKBaJIbHO-OMOXVMHYECKHE W CyOaKBaJbHO-KaTa-
TEHHBIE — W IOKAa3aHO, YTO MMEHHO C IOCIECTHUM
BHJIOM Ta30THJIPATHBIX CKOIJIEHUH B IEPBYIO OUYe-
pelb CBA3aHBI OCHOBHBIE TIEPCIIEKTUBBI pa3padOTKU
cy0aKBaJIbHBIX T'a30TUAPATOB;

2. AHaiu3 BO3MOXKHBIX MEXaHHU3MOB (OpPMH-
pPOBaHUSA XMMHUYECKOI'O COCTaBa TMAPATHOIO rasa B
TOM WJIM MHOM THIIE 3aleXeld. B pasnn4HbIX ycio-
BUSX BO3MOXKHO 0Opa3oBaHHE KaK «UUCTBIX» MeTa-
HOBBIX Ta30THUAPATHBIX 3aJIeXkeH, Tak U (HOpMHPO-
BaHUE THIPATHBIX 3aJIEKEH CO CI0KHBIM COCTaBOM
ra3argparooopasoBaTe’s;
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3. OrneHka BO3MOXKHOCTH HCTIONIB30BAaHUS CKOII-
JeHuH cyOaKBaJIbHBIX Ta30TUAPATOB KaK WHAWKATO-
poB Oonee riryOokux 3anexed Hedtu u raza. [lpm
MIPOTHO3UPOBAHUHN TIOATHAPATHBIX CKOIICHHHA YT-
JIEBOJIOPO/IOB HEOOXOAWMO YUYHUTHIBATH HE TOJIBKO
HaJIM4MEe KaHAJIOB UX MHIPALHU, HO M CYIIECTBOBA-
HHUE B pa3pese MOKPHIIIeK U JIOBYIIEK I IepexBa-
Ta M aKKyMYJISIIUH TTYOMHHBIX YTIICBOJOPOIOB;

4. AHanu3 MeToJ0B pa3paboTKU CyOaKBalIbHBIX
ra3oruIpaTHHIX 3alleXKei B 3aBUCUMOCTH OT TeHE3H-
ca M XMMHYECKOTO COCTaBa razaruaparoodOpasoBa-
TeNs, a TaKKe OT yNaJeHHOCTH Ta30THIPaTHBIX
CKOTUIEHUH OT OeperoBoil TINHUH.

CBoiicTBa MPUPOJHOTO Ta3a B OIpPEEICHHBIX
YCIOBUSIX O00pa30BHIBATH TBEPIbIC COCTUHEHUS aK-
THUBHO HCIOJIB3YIOTCS B c(hepe HOBBIX TEXHOJIOTHH.

[Ipemnaraercs Takke HCIIONB30BaTh Ta30BBIS
THIPAThl KaK XUMHYECKOE ChIphE ISl ONMpPECHEHUS
MOPCKOH BOJIBI M Pa3IeIIEHHSI Ta30BBIX CMECEH.

Takum 00pa3oM, MOXHO CIENaTh CIeIyIOIIIe
BBIBO/IBI:

— Ta30BbI€ TUAPATHI SIBISIOTCS €IUHCTBEHHBIM
He pa3pabaThiBaeéMbIM WCTOYHHUKOM MPHPOTHOTO
raza Ha 3emiie, KOTOPBIH MOYKET COCTaBHUTH peaib-
HYI0 KOHKYPEHILIHIO TPaJWUIMOHHBIM MECTOPOXKICHH-
sM. 3HauUTeIbHbIE MOTEHIMAJIbHBIE PECYpChl raza
B THAPATHBIX 3ajiekaX HaJoNTo oOecreyar 4Yelo-
BEYECTBO BBICOKOKAUYECTBEHHBIM OJHEPreTHYECKUM
CBIPbEM;

— OCBOEHHE Ta30THUAPATHBIX MECTOPOXKICHHM
TpebyeT pa3paboTKu HOBBIX, TOpa3no Ooiee 3pdek-
TUBHBIX, TI0 CPAaBHEHHUIO C CYIIECTBYIOIIUMH, TEX-
HOJIOTHH pa3BeAKH, AOOBIYM, TPAHCTIOPTHPOBKH M
XpaHEeHUs Ta3a, KOTOPBIE CMOTYT MMPUMEHSTHCA U Ha
TPaJMIUOHHBIX TA30BBIX MECTOPOXKICHHSAX, B TOM
4ucie Ha TeX, 0TpaboTKa KOTOPBIX ceiddac He peH-
TabenbHa;

— nmoOblya ra3a W3 TUAPATHBIX 3aJlieKed CIio-
coOHa O4YeHb OBICTPO M3MEHUTH CUTYalUIO Ha ra3o-
BOM pBIHKE, YTO MOXXET MOBIHUATh HA DKCIIOPTHEIE
BO3MOkHOCTU Kutas u Anonun.
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Article history Abstract. Phenomenological models represent the behavior of random
Received: March 11, 2022 phenomena in reality, the model and the function it should perform. Simi-
Revised: September 5, 2022 larly, tuning parameters allow us to assess the fit of observed data to a vari-
Accepted: September 10, 2022 able in a particular mathematical model and to test the validity of the model

for representing a real event. These models, used in the exact and earth
Keywords: sciences, analyze the behavior of complex variables that vary in space and
hydrology, maximum rainfall, hydraulics, time and are the object of special analysis. The present paper contains sta-
probabilistic model, intensity, duration, tistical and probabilistic analyses of rainfall patterns in the Portoviejo basin
frequency curves over a half-century period. As a result and due to the novelty of the study,

a new model of intensity, duration and frequency curves for the most im-
portant meteorological stations of the aforementioned basin, such as Por-
toviejo-UTM and Lodan, was obtained. The data used for the calculation
were those provided by the National Institute of Meteorology and Hydrolo-
gy of Ecuador (INAMHI), the country's state agency for the collection and
planning of meteorological data. Calculations were performed separately
for the Portoviejo-UTM and Lodan stations. Using the equations obtained,
an analysis of the results was done, which made it possible to derive other
intensity equations used later in the runoff analysis for the intermediate
zones between the two stations considered in this study.

For citation

Mendoza Alava JO, Zambrano Xavier Horacioa V, Mendoza Cedefio JJ, Sinichenko EK, Gritsuk II. Phenomenological
model of the intensity, duration and frequency of precipitation patterns for the Portoviejo river basin, Ecuador. RUDN
Journal of Engineering Research. 2022;23(3):246-253. (In Russ.) http://doi.org/10.22363/2312-8143-2022-23-3-246-253

© Mendoza Alava J.O., Zambrano Xavier Horacioa V., Mendoza Cedefio J.J., Sinichenko E.K., Gritsuk L.I., 2022

This work is licensed under a Creative Commons Attribution 4.0 International License
A https://creativecommons.org/licenses/by-nc/4.0/legalcode

246


https://orcid.org/0000-0002-0395-6927
https://orcid.org/0000-0002-1948-1161
https://orcid.org/0000-0002-0567-451X
https://orcid.org/0000-0002-9159-1218
https://orcid.org/0000-0002-5671-7620

Me+do3a Anasa /[.0. u dp. BectHuk PYOH. Cepusi: ViHxeHepHble nccneposanust. 2022. T. 23. Ne 3. C. 246-253

deHoMeHonornyeckas Moaesib UHTEHCUBHOCTU, MPOAOSDKUTENTbBHOCTU
M 4acTOThI BbINaaeHua ocankos ana 6acceiiHa peku NMopToebexo, Akeanop

J1.0. Menno3a Anasa®

, B. 3am0pano Kcasre Opacuo®
E.K. Cunuyenxo®

, J:k. Menno3a Cugenno®'=,
, LK. I'puyx®s4

aTexHnueckuil yausepcurer Manaou, Ilopmosvexo, Pecnyonuxa Dxeadop
"Poccuiickuii yauBepcuTeT Opy)0bI HAponoB, Mockea, Poccuiickas Pedepayust
‘UuctutyT BomHbIX pobiieM, Poccuiickas akanemus Hayk, Mocksa, Poccutickasa @edepayus
dMockoBCKHit aBTOMOGHIIBHO-TOPOKHEIH FOCYIAPCTBEHHBIN TEXHUYECKHH yHUBEpeuTeT, Mockea, Poccuiickas @edepayus

sinichenko-ek@rudn.ru

Hcropus cratbn

Iloctynuna B penakumio: 17 mast 2022 1.
Jopaborana: 5 centsopst 2022 r.
TpunsTa k myomukarwu: 10 centsiops 2022 T.

KiloueBble ciioBa:

THIPOJIOTHS, MAKCUMAIBHOE KOJIMYECTBO
0CaJIKOB, THAPABIINKA, BEPOSATHOCTHAS
MOJEJIb, Kpl/IBblC HUHTCHCUBHOCTH,
MPOAOJKUTEIBHOCTH, YaCTOTHI

,H.]'lil HUTHPOBAHUSA

AnHoTanus. DeHOMEHOJIOTHYECKUE MOJIEIH MTPEACTABIISIOT OBEJICHUE CITY-
YalHBIX SBJICHUH B PEAILHOCTH, MOJIENb M (DYHKIIHIO, KOTOPYIO OHA JOJDKHA BBI-
HOJIHATh. AHAJIOTMYHBIM 00pa30M HapaMeTpbl HACTPOWKH MO3BOJISIFOT OLCHHUTh
COOTBETCTBHE HAOJIONAEMBIX NaHHBIX IEPEMEHHONH KOHKPETHOW Marema-
TUYECKOW MOJEIH U MPOBEPUTH JOCTOBEPHOCTh MOJIENH ISl IPEACTABICHUS
peaNbHOTro COOBITHA. DTH MOJEH, NPUMEHsIeMble B TOUYHBIX HayKax U Hay-
Kax o 3emiie, aHATM3UPYIOT TMOBEACHUE CIIOKHBIX MEPEMEHHBIX, KOTOpBIS
M3MEHSIOTCSL B IPOCTPAHCTBE M BPEMEHH U SIBJIIFOTCS OOBEKTOM CIIEIUaIBHOTO
aHanu3a. Hacrosiimas paboTa coepKUT CTaTUCTHYECKHHA U BEPOSTHOCTHBIN
aHalM3 MoJeleld OCaaKoB, BHIMaBHIMX B OacceifHe peku I[lopToBBEXO
3a MOJIyBEKOBOH nepuoj. B pe3ynbraTte u B CBA3U C HOBU3HOM HCCIIE0BaHUs
II0Jly4yeHa HOBas MOJAETIb KPUBBIX HHTEHCHUBHOCTH, MNPOJODKUTEIBHOCTH
U 4acTOThl Ui HamboJiee BaKHBIX METEOPOJIOTMYECKUX CTaHLMN BhILIE-
yHnoMsiHyTOTO Oacceiina, Takux kak [loptoBeexo-YTM u Jlonana. J{ns pac-
YyeTa MCIOJIb30BAIKMCh JAaHHbIE, NMPeNoCTaBlIeHHbIe HallMoHaIbHBIM HHCTH-
TyTOM MeTeoponoruu U ruaponoruu JDxBanopa (INAMHI), rocymapcTBeHHBIM
areHTCTBOM CTPaHBbI 110 cOOpY M IUIAHUPOBAHUIO METCOPOJIOTHYECKHIX TAHHBIX.
Pacuers! MpOBOIMINCH OTAENBHO JUIS KaIO0H cTaHiuid. C MOMOIIBIO I10-
JIy4YEHHBIX YPaBHEHHMH BBINOJIHEH aHAJIU3 PE3YJIbTaTOB, MO3BOJMUBILUM BbI-
BECTH JPYrH€ YpaBHEHHS MHTCHCHUBHOCTH, UCIOJIb3YyeMbIE B JNallbHEHIIEM
IIpY aHalIM3€ CTOKA JJIS MIPOMEKYTOUHBIX 30H MEXAY IBYMS CTaHLUAMM,
pPacCMOTPEHHBIMH B UCCIIEIOBAHUU.

Mendoza Alava J.O., Zambrano Xavier Horacioa V., Mendoza Cederio J.J., Sinichenko E.K., Gritsuk 1.I. Phenomeno-
logical model of the intensity, duration and frequency of precipitation patterns for the Portoviejo river basin, Ecuador //
Bectauk Poccuiickoro yHuepcurera apy:x0bl Haponos. Cepust: MmxenepHsle ucciaenosanus. 2022. T. 23. Ne 3. C. 246-253.
http://doi.org/10.22363/2312-8143-2022-23-3-246-253

Introduction

Methods and models have been developed to
assess the parameters involved in the formation of
surface runoff.! In accordance with the generality of

the hydrological cycle, all moisture that reaches
the clouds and falls to the ground in the form of snow-
fall, rain, hail, thaw, etc., is involved in the for-
mation of runoff.

However, there is a hydrographic basin in Ecua-
dor, the Manabi Hydrographic Demarcation, which

! Ismaiylov GJ, Perminov AV. Balance hidrico mundial
y recursos hidricos de la tierra, catastro del agua y supervision
de los elementos hidricos. Moscow: FGBOU MGUP; 2013; Sistemas
de informacion geogrdfica para aplicaciones agropecuarias en
el ordenamiento de territorio y manejo integral de cuencas.
Ministerio de Agricultura y Ganaderia, IICA, CLIRSEN; 2015.
Available from http://www.uazuay.edu.ec/promsa/ecuador.htm
(accessed: 03.03.2015); USDA natural resources conservation

is distinguished from the others, because its fluvial
regime is formed exclusively by rainfall in the rainy
season, which generally begins in December and
ends in June [1; 2].

service soils. United States Department of Agriculture; 2015.
Available from http://www.nrcs.usda.gov/ (accessed: 03.03.2015).
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Considering these particularities, to improve,
with data updated to the year 2019?, the models of
Intensity-Duration-Frequency curves for the meteor-
ological stations located in the Portoviejo River ba-
sin, this research work has been developed. in which
new equations are provided for the estimation of rain
intensities of return periods and different durations.

The methods used in the analysis of the sto-
chastic variables of precipitation are based on statis-
tical and probabilistic methods developed through-
out the history of earth sciences [3], among which
the following stand out: methods of filling data
missing from averages, regression line and orthogo-
nal correlation accompanied by the respective data
consistency analysis. For the frequency analysis, the
data was subjected to the treatment with the Karl
Pearson Type III correlation [4-6], where with the
3 moments and with the help of the Foster — Rybkin
tables it was possible to estimate the extraordinary
events for probabilities between 0.01 to 99.99%.

To obtain the rainfall intensity equations, the me-
thod of least squares was used, where the intensities
for rainfall durations corresponding to 0, 15, 30, 45,
60, 90 and 120 minutes were processed.

1. Materials and methods

The basic information used for the analysis and
development of the research is composed of the pluvio-
metric records of maximum rainfall in 24 hours re-
corded at the Portoviejo-UTM meteorological sta-
tions (Portoviejo (M005) and Lodana (M298) for
the period 1964-2019. These Data were provided
by the National Institute of Meteorology and Hy-
drology (INAMHI) The total number of records
used amounts to 1104.

The meteorological stations of the study are in
the Portoviejo River basin, which correspond to the
Portoviejo-UTM stations, with code MOO005, loca-
ted in the vicinity of the Botanical Garden of
the Technical University of Manabi, at coordinates
559523.22 E, 9884982.27N; and the Lodana station,
with code MO298, located at coordinates 568606.76 E,
9871040.58N (Figure 1).

To carry out this research, the experience of-
fered by the National Institute of Meteorology and
Hydrology (INAMHI)® [7; 8], in the studies of in-

2 Anuarios meteoroldgicos. Instituto Nacional de Hidrologia
y Meteorologia; 2015. Vol. 2015.

3 Determinacion de ecuaciones para el calculo de inten-
sidades maximas de precipitacion. Quito: INAMHI; 2015. Avail-
able from https://www.gob.ec » inamhi (accessed: 25.02.2022).
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tense rains carried out in 1999 with its update in
2015 was taken as a starting point, and that, be-
tween others, presented a series of equations for
estimating rainfall intensities for the entire national
territory based on geographic location, duration of
storms and specific return periods.

The present work intends to be a complement
to the methods that are currently used for the esti-
mation of rainfall intensities, very useful when cal-
culating runoff, product of rainwater drainage [9;
10]. The records used are updated and consistent
and correspond to the period 1964-2019.

The most relevant methodological aspects are
inscribed in: a) selection of the meteorological sta-
tions;* b) collection of the required information;
¢) analysis of data consistency; d) filling in missing
data in the series [11]; e) variability analysis; f) pre-
paration of the probability curve’ [12]; g) estimation
of rainfall intensities [3]; and h) obtaining the inten-
sity — duration — frequency (IDF) curves.

Based on the values of maximum precipitation
in 24 hours, obtained with the Pearson Type III dis-
tribution analysis, the weighted values of precipita-
tion were obtained in accordance with the distribu-
tion of daily precipitation obtained in the hydrologi-
cal studies of the basins of the Chone and Portovie-
jo rivers. This served as the basis for obtaining rain-
fall intensities for specific return periods.

The functionality for estimating the events cor-
responding to various return periods contemplated
by the Pearson Type 3 methodology is indicated in
the formula:

x =%(1+TC,), (1)

were x — event (precipitation) for specific return
period, mm; X — arithmetic mean of records, mm;
T — Foster — Rybkin coefficient (probability theory);
C, — coefficient of variation.

The equations for estimating rainfall intensities
were obtained by analyzing the method of least
squares, whose mathematical expression is summa-
rized in the following expression:

4 Anuarios meteoroldgicos. Secretaria de Gestion de Riesgos;
2014. Available from http://186.42.174.231/index.php/clima/anuarios-
meteorologicos (accessed: 25.02.2022).

5 Rumyantsev VK. Hydrological calculations in hydro-
technical constructions. Moscow: RUDN University; 1992.
(In Russ.)
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were i — rain intensity, mm/h; ¢ — rain duration, min;
a and b — coefficients according to the return period.
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Figure 1. Location of the study area

2. Results and discussion

Based on the guidelines and methodological as-
pects displayed in the materials and methods section,
the rain intensity equations were obtained for the Por-
toviejo-UTM and Lodana stations, which became a fun-
damental input for the elaboration of the respective
rainfall curves. Intensity — duration — frequency (IDF).

Figure 2 shows the histograms of the variability
of the maximum annual rainfall observed in 24 hours
for both the Portoviejo-UTM and Lodana stations.
In general, it is observed that there is a great non-
uniformity in the analyzed values, which is quanti-
tatively evidenced with the calculation of the coef-
ficients of variation, which were obtained equal to
0.54 and 0.56 for the Portoviejo-UTM and Lodana
stations respectively. Despite being two geograph-
ically distant stations, separated from each other at
an approximate distance of 17 km, the climatic va-
riability conditions are similar, which allows statis-
tical inferences to be made on the physical variables
of the environment [2].

24 HOURS (mm)

MAXIMUM PRECIPITATION IN

=—&— PORTOVIEJO-UTM  ==f=- LODANA

Figure 2. Histograms of maximum precipitation in 24 hours

Tables 1 and 2 show the results of the coeffi-
cients of the rain intensity equations for the return
periods corresponding to 2, 3, 5, 10, 20, 25, 50, 100,
200, 500 and 1000 years for the stations under study.

In the case of the Portoviejo-UTM station, ap-
plying the equations obtained, various values of rain-
fall intensities ranging from 5 to 120 minutes, values
ranging from 22.17 to 249.88 mm/h, were estimated.
These detailed results are summarized in Table 3.

Table 1

Coefficients of the rain equations — Portoviejo-UTM station

Tr, years b
1000 44327.56 155.85
500 40184.24 155.85
200 35508.82 155.85
100 31393.40 155.85

50 27510.75 155.85
25 23183.22 155.85
20 22052.07 155.85
10 17936.65 155.85
5 13690.59 155.85
3 10324.26 155.85
2 7615.46 155.85
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Table 2
Coefficients of the rainfall equations — Lodana Station
Tr, years a b
1000 16626,45 155,85
500 15331,83 155,85
200 13487,90 155,85
100 12008,29 155,85
50 10509,73 155,85
25 9273,29 155,85
20 8712,82 155,85
10 7255,63 155,85
5 5776,03 155,85
3 4636,64 155,85
2 3691,13 155,85
Table 3
Rain intensity for the Portoviejo-UTM station, mm/h
¢ min Return period, years
’ 1000 500 200 100 50 25 20 10 5 3 2
0 284.42 257.83 227.83 201.43 176.52 148.75 141.49 115.09 87.84 66.24 48.86
5 275.58 249.82 220.75 195.17 171.03 144.13 137.09 111.51 85.11 64.18 47.34
10 267.27 242.29 214.10 189.28 165.87 139.78 132.96 108.15 82.55 62.25 4592
15 259.45 235.20 207.83 183.74 161.02 135.69 129.07 104.98 80.13 60.43 4457
30 238.51 216.21 191.06 168.91 148.02 124.74 118.65 96.51 73.66 55.55 40.98
45 220.69 200.07 176.79 156.30 136.97 115.42 109.79 89.30 68.16 51.40 37.92
60 205.36 186.16 164.50 145.44 127.45 107.40 102.16 83.10 63.43 47.83 35.28
120 160.69 145.67 128.72 113.80 99.73 84.04 79.94 65.02 49.63 37.43 27.61
Table 4
Rain intensity for Lodana station, mm/h
¢ min Return period, years
’ 1000 500 200 100 50 25 20 10 5 3 2
0 106.7 98.4 86.5 77.0 67.4 59.5 55.9 46.6 37.1 29.7 23.7
5 103.4 95.3 83.9 74.7 65.3 57.7 54.2 451 35.9 28.8 22.9
10 100.2 92.4 81.3 72.4 63.4 55.9 52.5 43.7 34.8 28.0 22.3
15 97.3 89.7 78.9 70.3 61.5 54.3 51.0 42.5 33.8 271 21.6
30 89.5 82.5 72.6 64.6 56.5 49.9 46.9 39.0 31.1 249 19.9
45 82.8 76.3 67.2 59.8 52.3 46.2 43.4 36.1 28.8 23.1 18.4
60 77.0 71.0 62.5 55.6 48.7 43.0 40.4 33.6 26.8 21.5 17.1
120 60.3 55.6 48.9 43.5 38.1 33.6 31.6 26.3 20.9 16.8 13.4
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Figure 3. Curves IDF - station Portoviejo
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Figure 4. Curves IDF - station Lodana

Similarly, in Table 4, the corresponding rain in-
tensity values for the Lodana station are broken
down. In this case, the amounts obtained are in
the range of 10.74 to 93.72 mm/h.

The graphic representation of the intensity —
duration — frequency (IDF) curves are contained in
Figures 3 and 4. Each of these graphs presents three
variables, which are important to consider when
planning, designing, and controlling water resources
that are the result of surface runoff, such as: the in-
tensity of rain, the duration of the storm with its
respective frequency of recurrence [2; 13; 14].

Conclusion

Regarding the study and development of in-
formation related to the determination of the curves
of intensity, duration, and frequency, for different
territories of Ecuador, the institution that has led
the execution of these projects has been the Na-
tional Institute of Meteorology and Hydrology,
with the support of related development institutions,
such as the Manabi Rehabilitation Center, the Manabi
Water Resources Corporation, the Water Resources
Board, among others. One of the products generated
in this context has been the so-called Study of In-
tense Rainfall, whose initial version came to light in
1999, with an update to the year 2015.

Comparing the values of maximum precipita-
tion in 24 hours obtained through the equations pro-
posed by the National Institute of Meteorology and
Hydrology in the study of intense rains with those
obtained from this study, it has been established that

the former exceeds to the seconds in average values
equivalent to 114.44%. This situation is since
the proposed model of this institution considers in
the same function the variables of duration of rain
and return periods, which could lead to obtaining
the results.

Intensity duration and frequency curves were
obtained for the Portoviejo-UTM and Lodana sta-
tions, located in the Portoviejo River basin. Each of
the graphs consists of 11 curves for the correspon-
ding return periods 2, 3, 5.10, 20, 25.50, 100, 200,
500 and 1000. These curves constitute updated in-
formation for the year 2019 and serve as support
within the field of management and optimization of
water resources within the territory within the basin
in question.

Once the rainfall intensity equations were ob-
tained, for their validation, rainfall durations ranging
from 5 to 120 minutes were considered for both
stations. For the case of the Portoviejo-UTM sta-
tion (MOO005), it was estimated that the intensities
for return periods between 2 and 1000 years are
in the range of 22.17 to 249.88 mm/h; while for
the Lodana station (MO298) between 10.74 and
93.72 mm/h. For the intermediate zones between
the stations, an inference was made by way of weighting,
which allowed, through specific regression analyses,
to obtain another 11 equations for the two stations.

According to the analysis of variability in the
series of maximum rainfall in 24 hours, it has his-
torically been determined that there is a great non-
uniformity in the distribution of rainfall with coeffi-
cients of variation greater than 0.5, which leads to
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the formation of peaks recurring, estimating in ac-
cordance with the trend, that in the future there will
be an increase in the values of maximum precipita-
tion in 24 hours above 89.9 mm.
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3aKOHOMEPHOCTU N FreouCToOpUYeCcKne Nnpeanocbiiku HedpTerasosom
cneumannsaunm pudToreHHbIX ocago4Hbix 6acceitHoB Appukn

B.M. YcoBa

Poccuiickuit yHuBepcuTeT npyx0b1 HaponoB, Mockea, Poccuiickas @edepayus
usova-vm@rudn.ru

Hcropus ctatbn AHHoTanus. B A¢ppuke 1 Ha ee NOABOIHBIX OKpaMHaX PaclOI0KEHbI 0ca-
Iloctynuna B penakuuto: 4 urons 2022 r. JOYHBIE OacCceWHBI MO3IHEro (haHepo30si PUPGTOBOrO MPOHCXOXKIEeHHs. [Ipu-
Jopaborana: 20 centadps 2022 r. 4pHBI He()TEra30Bol crienuanu3anuy 6acceiHOB AJaHHOTO KJIacca OCTAalOTCs
TpunsTa K myomukarwu: 22 ceHtsiops 2022 T. BO MHOTOM HESICHBIMHU. BBISBIIEHBI 3aKOHOMEPHOCTH, KOTOPBIE MOTJIH UMETh

B 3TOM OTHOILIEHUH OIpelesiollee 3HaueHne. BHYTpUKOHTUHEHTAIbHbIE
Kirrouesnbie cioBa: OacceifHbl XapaKTepU3YTCS MOYTH HCKIKOUYUTEIBHO MECTOPOXKICHUSIMHU
pudToreHHble 6acceiHpl, MO3AHMIH HedTH. B NMEPUKOHTHHEHTANBHBIX GacCEWHAX 3HAYEHUE MECTOPOXKICHHI rasa
(banepo30ii, HedhTerazopas CreNUaTI3aLII, YMEHBIIIATIO0Ch, @ HEYTH YBEIUYMBAJIOCH B COOTBETCTBHU C YMEHBIICHHUEM
pudTossle Oacceiinbl, Adpuka, opopHsie BpEMEHH MX PU(TOBOIO 3anoKeHus u nporubanus (ot C3, P-J1, K1 no J5-K12).
OacceliHbl, TpaHyJIMTOBBIE MO5Ca Hduddepenimanus 6acceiHOB HA TEKTOHOTHUIIBI «HE3aBEPILICHHOTO» H «3a-

BEPLICHHOT0» Pa3BHUTHSA, a TAK)KE ACHHXPOHHOCTH IPOTHOaHMsI BTOPBIX, OT-
pasuBIIKECs HAa UX He(TEra3oBOH CreLUaTU3alli, KOPPEIUPYIOTCS COOT-
BETCTBEHHO C pa3MepaMHd M BO3PacTOM HaHA(QPHKAHCKUX TPAHYJIHUTOBBIX
TI05ICOB, B KOTOPBIX OacceiHbl 3a10KIIHCh. [[0CKOJIBKY 3TH 1osica SBJISUIUCH
HanOosiee aKTHBHBIMH KOPOBBIMH CTPYKTYpaMH, JAAHHAs 3aKOHOMEPHOCThH
MOJKET pacCMaTpUBAThCS KaK CBUICTEILCTBO BIMSHUS UX YHACIEJOBAaHHBIX
MK BO3POXKICHHBIX TITyOMHHBIX «3HEProcHCTeM» Ha Mpouecchl pudroreHesa
U TeHepauuu yrieBonoponos. [IpuBneueHne NaHHbBIX ceiicMoToMorpaduu
1I0Ka3aj0, 4TO MPENMYIIECTBEHHO He(Te- U Ta30HOCHBIE PUTOrCHHBIE
OacceifHbl pacHoyokeHbl B 00JIacTAX MeHee U Oojiee pa3orpeTod MaHTUU
COOTBETCTBEHHO. [IpHBesieH mpuMep BEpOSTHOTO BIMSAHUS Ha HedTerazoBbie
CUCTEMBbI OacCefHOB LIEGHTPOB KaifHO30IICKOT0 OCTPOBHOr'O BYJIKaHHU3MA.
CpaBHHUTENBHBIA aHAIU3 Te0NOro-reopu3NIecKuX NaHHBIX, B TOM 4YHCIE
Y 1O TeIJIOBBIM MOTOKAaM, IPUBOJHUT K 3aKIIOYEHHUIO, YTO TeMIIepaTypHbIE
yCIIOBHsI 00pa30BaHUs YIIIEBOJOPOAOB B pUPTOreHHbIX OacceitHax AQpuku
OIPEEISUINCh COYETAHWEM TNIyOMHHBIX TEIUIOBBIX CHCTEM pPa3HbIX Mac-
ITa00B: PErHOHAILHBIX (KOHTHHEHT — OKeaH), CyOpernoHaaIbHbIX (KOPOBO-
CTPYKTYPHBIX) U JIOKAJIbHBIX (BYJIKAHHYECKUX ILICHTPOB).
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Abstract. Sedimentary basins of Late Phanerozoic rift origin are located
in Africa and on its underwater margins. The reasons for the oil and gas
specialization of basins of this class remain largely unclear. Patterns have
been identified that could be of decisive importance in this regard.
The intracontinental basins are characterized almost exclusively by oil
deposits. In the pericontinental basins, the value of gas deposits decreased,
and oil increased in accordance with the decrease in the time of their reef
laying and deflection (from C3, P-J1, K1 to J5-K12). The differentiation of
basins into tectonotypes of “incomplete” and “completed” development,
as well as the asynchronous deflection of the latter reflected in their oil
and gas specialization, correlate accordingly with the size and age of
the Pan-African granulite belts in which the basins were laid. Since these
belts were the most active core structures, this pattern can be considered
as evidence of the influence of their inherited or reborn deep “energy sys-
tems” on the processes of rifting and generation of hydrocarbons. The use
of seismography data showed that mainly oil and gas-bearing rift basins are
located in areas of less and more heated mantle respectively. An example of
the probable influence of Cenozoic island volcanism centers on oil and gas
basin systems is given. A comparative analysis of geological and geophysi-
cal data, including heat flows, leads to the conclusion that the temperature
conditions of hydrocarbon formation in the rift basins of Africa were de-
termined by a combination of deep thermal systems of different scales:
regional (continent — ocean), subregional (cow-structural) and local (vol-
canic centers).
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BBepeHune

Bompoca. OH 0a3mpoBajcs Ha YKa3aHHBIX B TEKCTE
MyOJIMKAIHSIX TI0 TEOJIOTHU OACCEHHOB, HX KOPOBOIA

B Adpuke u Ha ee MOABOMHBIX OKpaWHaX pac-
MOJIOKEHBI OCaJOYHbIC OacceiHbI MO3AHEro Qaxe-
0305 pUPTOBOTO MPOUCXOXKICHHS (BHYTPHU- U TIEpe-
KOHTHHEHTAIbHBIE), OONBIIMHCTBO KOTOPHIX SIBIIS-
1oTcs HeTerasoHocHBIMH. [Ipu cpaBHHUTENHHO BHI-
COKOW CTENEeHHM HM3YYCHHOCTH OacCeHOB OcCTaeTcs
HEPACKPHITEIMU MPUYHHBI UX YTIIEBOJOPOIHON CIie-
nuann3anud. Leiapro mpoBeIeHHOTO UCCIIeIOBaHUA,
TJIaBHBIC PE3YJIbTAThl KOTOPOTO M3JIOKCHBI B HACTO-
SN CTaThe, SIBUIOCH BBISICHEHUE 3TOTO aKTyallb-
HOTO B PETHOHAIBFHOM W TEOPETHYECKHX IUIaHaX,

WHQPACTPYKTYPbl W PETHOHAIBHOW CEeHCMOTOMO-
rpaduu. ' maBHOE HAIpaBJIICHUE WCCICIOBAHUSI OBI-
JIO OPUEHTHPOBAHO HAa YCTAHOBJIEHHOE PaHEE COB-
najzeHne pUPTOreHHBIX OaccCeHOB C TpaHyJIUTO-
BEIMH TTOSICAaMH SBIISIBITMMIECS HAanOoOJIee BBIPaKEH-
HBIMU U JUIUTEIHHO Pa3BUBABIIMMHUCA (TO €CTh aK-
TUBHBIMM) CTPYKTypaMH caMOll MOJOJOH, Tak Ha-
3pIBaeMoii TaHappukanckoit kopsl [1]. UmeHHO 3TO
MIO3BOJWIO BBISIBUTH Psifi BaXKHBIX 3aKOHOMEPHO-
cTell pa3BUTHs pU(TOreHHBIX 0ACCEHHOB, MMEBIIUX
OTHOLICHHUE K UX HEe(PTEra30BOH CHenUATN3ALIH.
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B Adpuke ocanounbie 6acceiiHbI mo3aHero ¢a-
HEpOo30s1 pUPTOBOTO MPOUCXOXKACHUS (BHYTpU- U
MIEPEeKOHTUHEHTAJIbHBIE) XapaKTePU3YIOTCS Pa3HOM
HedTerazoBoi crienuaaTu3anuei, MPUINHBI Yero 0C-
TAalTCA HCACHBIMHU. HpOBeI[eHHLIe HCCICa0OBaHUA
MO3BOJIMJIM MOJOWTH K PELIEHUIO 3TOT0 BOIpOCaA.
BrisBiieHO BIMsSHHE Ha yCIOBUA HeTETa3000paszo-
BaHMs B OacceiHax JaHHOI'O THIIa TCIIJIOBBIX HC-
TOYHUKOB U3 TIIyOWHHBIX CUCTEM UX KOPOBBIX WH-
(hpacTpykTyp, a BIOJIb MMOABOJHBIX OKpanH AQpuku
«TETUJIOBBIX TOJIEH) OKEaHoB.

1. Pudptbl <HE3aBEPLUEHHOrO»
" «3aBepPLUEHHOro» Tuna

B «bonbmoii Adpuke», BKIOYaromed ee Ha-
3€MHYIO0 4acTh W IOJBOJHBIC OKPAWHBI B NO3JAHEM

(danepo3oe (GopMHUPOBATUCH PUPTOBBIC OACCEHHBI
HECKOJIBKHX TeHEepaluuil IBYX TIIaBHBIX TUIOB: CO-
XPaHUBIINE CBOE W3HAYAIBLHO MAaTEPUKOBOE ITOJIO-
KEHHE; OKa3aBIHECS II0J] BOJAMH POKICHHBIX B
HUX OKCaHOB M KOMILIEKCAMU MOPCKHX OTJIOKEHHH.
B nuteparype Takue OGacceiiHbl UIMEHYIOTCS pudTa-
MH «HE3aBEpIICHHOT0» M «3aBEPIICHHOTO» pPa3BH-
TUS (THIIOB) COOTBETCTBEHHO. [l yao6cTBa msio-
JKeHUs1 MaTepuaia OacceliHpl 0OOWX THIIOB pac-
CMaTpPUBAIOTCS MO OOIIMM TEPMHHOM «PUPTOTEH-
HBIE».

B pudroreHHsIx BHYTpH- U HEPUKOHTHHEH-
TaJbHBIX OacceiiHaxX BBISABICHBI MHOTOYHCIICHHBIC
MIPOMBITIUICHHBIE CKOIUICHHS YTIeponoB [2] ¢ pas-
JUYHBIM COOTHOILICHHEM MECTOPOXKACHUI HedTn
u rasa (puc. 1).

- =2

T3

M., 4

‘\l)/1 5

Puc. 1. PacnonoxeHne pudToreHHbix 6acceiiHoB C pasnnyHoii HedTera3oBoii cneuyanmsaumneii:
1 - pudTOBLIE BHYTPUKOHTUHEHTAsbHbIE GACCEVHbI — MOYTU UCKITIOYNTENIbHO HEDTEHOCHBIE; 2—5 — 3aNMPUPTOBbLIE NEPUKOHTUHEHTaSIbHLIE 6ACCeNHbI:
2 - NPenMMYLLLECTBEHHO HEPTEHOCHbIE, 3 — NPEeUMYLLEECTBEHHO ra30HOCHbLIE, 4 — MOYTU UCKITIOYUTESNIbHO FA30HOCHbIE,
5 - 6acceliHbl MopoHzaBa ¢ TepManbHO paspyLleHHbIMU MecTopoxaeHusamn Hedtu; C — CupT; T — TepmuTt; My — Myoxnap,
Figure 1. Location of rift basins with different oil and gas specialization:
1 - rift intracontinental basins — almost exclusively oil-bearing; 2—5 — epirift pericontinental basins: 2 — mainly oil-bearing, 3 — mainly gas-bearing,
4 — almost exclusively gas-bearing, 5 — Morondava basins with thermally destroyed oil fields; C — Sirte, T — Termite, My — Mujlad

B pudroBsix OacceifHax «3aBEpILICHHOIO» pas-
BUTHA, TIEpElIeINX B CTaJWUd CHHOKEaHHYECKOIrO
nporudanus UX OOJbILIAs YacTh COACPIKUTCS B BEpX-
HUX MOPCKHX KOMILJIEKCaX, COICpKAIluX IJaBHBIC
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HedTeMaTepuHCKHe oTnoxeHus [3]. O6a 3tux 00-
CTOSITEIILCTBA MOTYT SIBUTHCSI OCHOBOM LISl TIPEIO-
JIOKEHHS O HE3aBHCUMOCTH CHCTEM ITHUX TaK Hazbl-
BaeMbIX JPU(TOBBIX KOMIUIEKCOB M BBI3BIBATH CO-
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MHEHHE B KOPPEKTHOCTH COIOCTABJICHUS YTJICBOJO-
POIHON CIielMain3aluy BHYTPU- U ITEPUKOHTUHCH-
TaNBHBIX 0acCEHOB XOTS W MMEIOIINX olIee pud-
TOBOE MPOUCXOKAeHHUE. [IpuBeaeHHBIC HUXKE I'e0JI0-
FHYECKHE 3aKOHOMEPHOCTH Pa3MELICHUS MECTOPOXK-
JeHUH He(hTH M ra3a BHOCST SICHOCTH B 3TOT aKTy-
AJIbHBIN JIJIS HAILIErO aHAJIN3a BOITPOC.

2. Koppensuus HedTerasoeoi cneumannsaumm

YcTaHoBIeHa yeTKas Koppessnus HedTeraso-
BOH crienuanu3anuu puQTOreHHbIX 6acceiiHOB ¢ UX
pAacIoyIoKEeHNEeM, a IEPUKOHTUHEHTAIbHBIX Oaccei-
HOB — CO BpeMEeHeM HX pU(TOBOTO 3aJOKEHUS U
nporubanus. KpynHeimmne BHYTPUKOHTHHEHTAIb-
HbIe OacceilHbl «HE3aBEpLICHHOro» pa3BuTHs LleH-
tpaneHoii Adpukn Mymxknan (Cyman) u Tepmut
(Hurep), nauaBmue npornbanue B Hadane HEOKOMa
u nozgHemenoBoit Cupt (JIuBus) xapakrepu3yrorcs
[IOYTH MCKIIOYUTEIBHO MECTOPOXKIACHUSIMH HedTH
(puc. 1). B odmopHbx OacceiiHax mnepudepun
I'Buneiickoro 3anuBa, HCHOBITABIIUX PUPTOBOE MPO-
ru0aHue B pa3HbIE JMIOXH PAHHETO MeNa, YaCTUYHO
C TO37HEH IOpHI, TaK)Ke IJIaBHOE 3HAUEHUE HMEIOT
MECTOPOKACHUS HEPTH, OAHAKO MPU MOAYNHEHHON
PO MECTOPOKACHUH rasa.

Bacceitabl mogBoaabIx okpanH HOro-Bocrodnoit
u FOro-3amamHoit Adpuku, McHbITaBIINE PUPTOBOE
pa3BUTHE C TO3JHEr0 KapOOHa 0 paHHEH I0pbI U paH-
HETO MeJa COOTBETCTBEHHO XapaKTEPU3YIOTCS IOUYTH
UCKITIOYMTETIHHO MECTOPOXKICHUSAMH Ta3a, B TOM YHC-
Je ¥ O4YeHb KpYMHBIMH. ['a30Bble MeCTOPOKAEHUS
CBOWCTBEHHBI TakXke sl ormopHoro dacceiina Jlamy
(Kenwmst) u 6acceiina OrageHa D(HUONUH, TPOIIEIITNX
pudTOBOE pa3BUTHE B MEPMU — pPAaHHEM TpHUace.
B Maspurano-CeneransckoM 0Oacceiine Cesepo-
Samagaoit Adpukw, pudTOBOE IPOTrHOAHIE KOTOPOTO
MPOUCXOJUIIO B TpHUACe, BBIABIEHBI KPYITHBIE MECTO-
pOXIeHus Ta3a, B MeHbIeil mepe HedTH (puc. 1, 2).
OTH JaHHBIE CBUICTEILCTBYIOT O TOM, UTO Hedrera-
30Bas CHELUATIM3ANS CHHOKEAHUUECKUX KOMIIJIEKCOB
MEPUKOHTHHEHTAIBHBIX OaccelHOB ompeaensiach B
3HAYNTEJIBHON CTETNeH! (WM TJIaBHBIM 00pa3oM) CH-
CTeMaMH T'eHepal yIrieBOI0POI0B, BO3HUKIIUMHU BO
BpeMsl UX pUPTOBOrO pa3BUTHSL.

O BeposiTHOM TTpHUpoae 00enx 3aKOHOMEPHOCTE!
MO3BOJIIOT CYAMTH cienyrouue GakTbl U apryMeH-
Thl. XOpOIIIO W3BECTHO, YTO TE€HEPALUs KHUIKUX H
ra3oo0pa3HbIX yIJIEBOJOPOJOB TMPOUCXOIUT TPHU
Pa3IN4HbIX, COOTBETCTBEHHO MEHEE U 00jee BBICO-
KHUX TeMIIepaTypHbIX ycinoBusax. M3 atoro, ¢ yuetom
PaccMOTPEHHON BBILIE 3aKOHOMEPHOCTH pacIpesie-

JICHUs] MECTOPOXKIICHHH HeTH U Tasa clieryer, YTo
SMHUPU(TOBBIE TMEPUKOHTHHEHTANIbHbIE W BHYTpU-
KOHTUHEHTaJIbHBIE pU(TOBBIE OacceiiHbl pa3BHBa-
JMCh COOTBETCTBEHHO B YCJIOBHSX OTHOCUTEIHHO
0ojee HU3KUX U 00JIee BHICOKHX TEIUIOBBIX MOTOKOB
Y TPaJHECHTOB.

Taxoe 3aK/II0YEHNE XOPOLIO COTIACyeTCs C pas-
JUYUSIMH «OHEPTOPECYPCOB» TIYOHHHBIX pH(TO00-
pasylolMx CHUCTEM, OOECIEeUHBAIOUINX TJIABHBIM
00pa3oM JeHCUHUKALMIO U JIMIIb YaCTHYHOE MeXa-
HHYECKOE Pa3pylIeHHue MaTepUKOBOM KOpbl («HE3a-
BEPLICHHBII» pUPTOreHe3) WM MOJHOE paspylie-
HHE JpeBHEH JTUTOC(HEpPHl U POXKICHNUE OKEaHOB («3a-
BEpIICHHBIN» pudTOTCHE3).

WmeroTest OCHOBaHHS CUUTATh, YTO TITyOUHHEIE
«IHEPrOCHCTEMBD», 00YCIOBUBIINE TEKTOHUIECKYIO
nmuddepeHInanio pUPTOBEIX CTPYKTYP, BO3HUKIH
BO BpEeMsI CTPYKTYPHOTO O(QOPMIICHHSI CaMmOro Mo-
JIOZI0T0, TaK Ha3bIBAEMOro MaHappPUKAHCKOTO (yH-
JaMEHTa, KOHCOJIMIUPOBAHHOI'O B KOHILE MPOTEPO-
3051, MecTaMH BZOJIb OKpauH AQpuku B paHHEM-
cpemHeM maineosoe [4].

CBHUIETENBECTBOM 3TOMY SIBIISIETCS COBHAJCHHE
pu(BTOBBIX 0acCEHHOB «HE3aBEPIICHHOTO» M «3a-
BEPILICHHOTO» Pa3BUTHS C NMaHA(QPUKAHCKUMHU Tpa-
HYJHMTOBBIMH TOSCAMH Pa3HBIX pa3MepoB, oOpaso-
BAaHHBIX B ILI€JIOM Haubojiee aKTUBHBIMH, HO pa3-
JUYHBIMH TI0 UTHTEHCHBHOCTH IpoIleccaMH KOpooo-
pasoBaHMs. A UMEHHO, yCTAaHOBJIECHO, YTO BHYTpH-
KOHTUHEHTAJIbHbIE PU(TH COBHNAZAIOT C IpaHyNHU-
TOBBIMH II0SICAMU CPAaBHUTEIBHO HEOOJNIBIINX pa3-
MepoB [5; 6], a pudThl Ipyroro Tuma, npeaonpeae-
JMBILIME JAE3UHTErpauio [OHIBaHBI, 3aT0XKUINCH
[0 TPaHYJUTOBBIM METamosicaM, BbICOKOIUIOTHOCT-
HBIE M PE3KO «yTOHEHHBIE» KOMIUIEKCHI KOTOPBIX
00pa3yloT «TPaH3UTHYIO» KOpPY MOJ OQIIOPHBIMH
OacceifHaMH U 3aJeraloT B TEKTOHUYECKUX MOKPO-
BaxX Ha MaTE€pUKOBBIX OKkpamHax Tanzanuu, Mozam-
Ouka, Manarackapa, Hamuoun, JluGepuu, Creppa-
Jleone u MaBputanun. Unes o HUKHEKOPOU IpHU-
pone ¢yHIaMEHTOB O(DIIOPHBIX OacceitHOB ObLIa
BbICKa3aHa €lle B CEepeArHE IMPOLUIOTO CTOJETHS,
a 3aTeM MOATBEP)KIeHa MHOTHMH HCCIIeJ0BaATENSIMH
B TOM YHCJIE U TIOCJIeAHUX JieT [7].

3. MpuuuHbl HedpTEerazoeom cneumanmsauum

BropeiM H3 00CYXIacMbIX SBISIETCS BOIPOC
0 TpUYHMHAX He(Te- WIM Ta30BOW CICIUATA3AINN
MMePUKOHTHHEHTAIBHBIX AIUPHQPTOBBIX OacceHHOB
pasHoro Bo3pacta. [logoiiTu K ero pemeHuro yaa-
JIOCh C TIPUBJICYCHUEM JIAHHBIX O BO3PACTE KOPOBBIX
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KOMILJICKCOB I'PaHYJIMTOBBIX METaIl0sACOB, B KOTOPBIX
3aJI0KUITHCH PUPTOBBIC 0ACCEHHBI «3aBEPIICHHOT 0
pasButus [8; 9].

[IpoBenennoe wccnenoBaHUE IO3BOJIMIO BBI-
SIBUTh CMEIIEHHE PUPTOBBIX CTPYKTYp JAHHOTO TH-
na ot 0oJiee MOJIOJBIX (TO €CTh 0OJIee «AKTUBHBIX))
CETMEHTOB K OoJiee TpeBHUM (MCHEE «aKTHUBHBIMI)
CEerMEeHTaM METaIoscoB (puc. 2).

100-175 km

30°

30°

0 30°

—

o0 1300 1450 1600

Puc. 2. Temnepatypa BepxHeli MaHTUM Adpukn
Ha rny6buHe 180 km (o [10] ¢ ynpolieHusamm)
Figure 2. Temperature of the upper mantle of Africa
at a depth of 180 km (based on [10] with simplifications)

DTa 3aKOHOMEPHOCTh MOXKET WHTEPIPETUPOBA-
ThCA KaK CBUACTCIILCTBO BIIMAHHA OCTATOYHBIX WJIN
BO3POKACHHBIX SHEPTrOPECYPCOB ITyOUHHBIX CHCTEM
IPaHyJIUTOBBIX METaNosCOB HE TOJBKO Ha MOCIE0-
BaTeIbHOCTh PHUPTOO0OpPA30BAHUS M pPa3pyHICHHS
IpeBHel nuTochepsl, HO TaK)KE Ha TeMIlepaTypHbIe
YCIIOBHUS TCHEPAIMK B OCAJOYHBIX KOMITJIEKCAxX Tra-
3000pa3HBIX WIH KUJKUX YTIIEBOJOPOIOB.

IloBpImenHas TCKTOHO-TCpMaJIbHAsA aKTHBHOCTH
BOCTOYHOA()PUKAHCKOTO TPAaHYJIMTOBOIO Merarosca,
B KOTOPOM 3aJIOKMJIMCh PAHHHE W TJIABHBIC Ta30-
HOCHBIC 0acCeiHbI MPOSBUIIACH HE TOJBKO B €ro
3aTSHYBIIEMCS JI0 CEPEeIUHBI Maneo30s (HOpMUPO-
BaHUM. YCTAHOBIICHO, YTO TpaHyIUThl Majaracka-
pa, ABJISBINUECS YaCThIO 3TOTO Merarmosica, o0pa3o-
BaJIUCh IIPU HUCKIIFOYMTCIBHO BBICOKOM I'€OTCpMaAllb-
HOM Tpaauente B 2550 °C/xkm okomno 0,58-0,53 mupz
net Hazax [11].

B untepBane 500450 miH et Ha3ax Ha Manara-
ckape u B Bocrounoit Adpuke, B o0nacTsax pacnpo-
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CTPaHEHHUSI «MOJIOABIX» TPAHYJIHMTOB, TPOUCXOIIIN
[IMPOKOMACIITA0HBIE TMPOIECCHl THAPOTEPMATBHOM
JIeATENFHOCTY W CBA3aHHOE C Hell MaccoBoe o0pa3oBa-
HFE TIOCIIECKIIQ/TYaThIX TIETMAaTUTOB C AParoleHHBIMI 1
MOy IparoleHHbIMI KamHsiMu [1]. Pasmiunoit  pazo-
TPETOCTHIO HEJP «MAITbIX» U «OOJIBIIKX)» TPAHYIIUTO-
BBIX TIOSICOB ObLTa OOYCJIOBIICHA HEPaBHOMEPHOCTH B
pudTOTeHHBIX OacceilHaXx CHHCEAMMEHTAIIMOHHOTO
marmaruzma. OH B BHJIE U3JIUSHUS 0a3aJITOB MPO-
SIBUJICS JIVIIb B CAMBIX PAaHHUX MMEPHUKOHTHHEHTAb-
HBIX Oacceiinax IOro-Bocrounoii, FOro-3amamHoit
otuactu 3amagHold AQpUKH, 3I0KUBIIUXCS B Ca-
MBIX MOJIOJBIX CErMEHTaX TPaHYJIUTOBBIX METamnos-
coB. MaHTHUITHBIN MarMaTu3M 3aBepliai Nepexo] OT
pu(dTOBOrO K MOCIEPUPTOBOMY pa3BUTHIO OacceiiHOB
Hwxaero 3am0e3u B paHHeH tope (BYIKaHUTHI «MOHO-
knuHanmu Jlemom0o0»), OacceitHoB Opamx, Jlroze-
pen, BanBuc — B paHHeM Meny, MPOWCXOAHUI B
MO3THEMENIOBOE BpEeMS MPU CUHOKEAaHUYECKOM TIpo-
rubanum Oacceitna MopoHgaBa Magarackapa.

C 0a3anbTOMAHOTO MarMaru3Ma Ha4YHHAJIOCh
pudTOBOE pa3BUTHE B IOpe PUPTOBBIX, HBIHE ODIIOpP-
HBIX OacceiiHoB JInbOepun — I'Bunen. Ha ycnoBus re-
Hepanuu YTJIEBOJOPONOB B OCAIOYHBIX OacceifHax
paccMaTpUBACMBIX THUIIOB TIOMHMO TEIUIOBBIX HCTOY-
HUKOB W3 aBTOHOMHBIX TJTyOUHHBIX CHCTeM prdTo00-
pa3oBaHUs, BO3HUKIINX BO BpeMsi (OPMHUPOBAHHS
«MaJIbIX» U OOJIBIINX TPAHYJIUTOBBIX MOSCOB OKa3bl-
BaIM BIMSHUE W PETHOHAIBHBIC TEIUIOBBIE HEOIHO-
poaHocTH BepxHel MaHTHH. CBHIETEIHCTBOM 3TOMY
SIBTSIETCS PACTIONIOKEHNE MTPEUMYIIECTBEHHO WM HC-
KJIFOUUTENBHO HE(PTEHOCHBIX M Ta30HOCHBIX Oaccei-
HOB B «IIOJISIX» COOTBETCTBEHHO YMEPEHHO U MaKCH-
MaJIbHO Pa30rpeToil MaHTHH, YTO XOPOIIO BUIHO TIPH
coroctaBieHun puc. 1 u 2. OCOOEHHO TMOKa3aTeh-
HBIM B 3TOM OTHOIICHHWHU SIBJISIOTCS TEPUKOHTUHCH-
TanpHBle pU(TOTEHHBIE OAacCCeWHBI C Pa3TUIHON
HedTera3oBou creruanm3anuei. M3 Hux mpenmyte-
CTBEHHO He(TeHOCHBIe OacceiiHbl mepudepun ['Bu-
HEWMCKOTO 3aMBa HAXOAATCS B OOJIACTH pacIpocTpa-
HEHHUS B CTOPOHY ATJIAHTHYECKOTO OKeaHa YMEPEeHHO
pa3orpeToil «KOHTUHEHTAIBHOW» MAaHTHH, a T'a30HOC-
Hble 0acCeiHBI PACIIONIOKEHBI B paliOHAX TEMIIepa-
TYPHBIX «HHIPECCHID» Ha OKparHbI AQPHUKH HanOoIee
pa30rpeToil MAaHTHH O0OUX OKPY KAIOIINX €€ OKCAHOB.

Crnenyetr OTMETUTH XOPOIIO BRIPAXKEHHYIO KOP-
PEIHILUIO C TEIIOBBIMH HEOTHOPOJHOCTSIMA MaHTHUH
ATnaHTH4EeCKOro ¥ or4acT MHIMHCKOrO OKEaHOB
M3MEPEHHBIX MPHUIOHHBIX TEIUIOBBIX MOTOKOB [12],
YTO SBISIETCS TOTIOTHSIOIIAM apTyMEHTOM BIIHSHUS
TEIUIOBOTO COCTOSIHHSI OKEaHOB Ha OCa/I0YHbBIE KOM-
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IJIEKCHI pU(TOTEHHBIX O0AaCCEHHOB U MX HedTeraso-
BBIC CUCTEMBI.

CoderaHne aBTOHOMHBIX TEIIOBBIX HCTOYHH-
KOB M3 TEOCHCTEM TPaHYJIUTOBBIX METAINoOsCOB H
BIIMSIHUS «TETUIOBBIX MOJIE» BEpXHEW MAaHTUH OKe-
AQHOB HAIIJIO OTPaXCHHE B HEPABHOMEPHOCTSX M3-
MEpEHHBIX TEIJIOBBIX IMOTOKOB B IEPHUKOHTHHEH-
TaJbHBIX MPEUMYINECTBEHHO ra30- U HEPTCHOCHBIX
OacceitHax [13]. Beicokre TerioBble aHOMAJIHH BbI-
SIBIICHBI B paHHUX OQIIOpHBIX OacceiiHax TaH3a-
mnn, Keann (80-85 MB/M%), aTnaHTHYecKoi OKpa-
unsl FOAP, Hamu6uu (66-72 MB/M%), Masputanuu
u Cenerana (61-150 mMB/m?). CymiecTBeHHO ycTy-
MaloT UM B 3TOM OTHOIIEHHH Ooiiee MoJojsie Oac-
ceifnbl iepudepun [ Buneiickoro 3amuBa. Bmecrte ¢
TEM Cpeld HUX €CTh OJHO HCKIIOYECHHE, MOATBEP-
JKTAIOIIUE, OJHAKO OOIIYI0 3aKOHOMEPHOCTh. OHO

., 650|

18 Kinc

19Kinc(140

Ti-Kia(12)

OTHOCHTCS K TIpHOpeskHOMY paiiony ['aboHa (puc. 3).
Ha pucynke crparurpadudecKuMHu HHIIEKCAMU I10-
Ka3aHbl BO3PACTHBIE MHTEPBAJIBI MPOTHOAHWHA «3a-
BEpIIICHHOT0» Pa3BUTHA (BIOJIb OKpawmH ApHKHN)
W BpeMsl 3aJI0KECHHUST 0acCeHOB «HE3aBEPIICHHOTO
passutus (B llentpanshoit u CeepHoii Adpuke).
Hudpamu (MITH J1€T) TTOKa3aHBL: B CKOOKaxX BpeMEH-
HBIC JMAINa30Hbl PU(TOBBIX MPOTHOAHUIN MEPEKOH-
TUHEHTAJIBHBIX 0acceiiHOB, B MPSIMOYTOJbHUKAX
BO3pacT HIDKHEKOPOBBIX KOMIUIEKCOB «TPaH3UT-
HOI» KOpBI, 3aJIeTAlOMUX Ha OKpamHax AdpUKA U
Maparackape. 31ech KpyIHas TEIUIOBas aHOMAaJIUs
B 100 MB/M? coBmazaer ¢ beperossiv (BocTounbIM)
OacceitHoM, puQTOBOE pa3BUTHE KOTOPOTO Hada-
JIOCh B TEPMH, OBLIO MPHOCTAHOBJICHO B TpHACE U
MIPOAOJIKUIIO B IOpe-paHHEM Meny [14].

asofi
{1 IPui(124)

7 Canlin(

e2)

Puc. 3. Hedprerasosble pudToreHHble 6acceliibl no3aHero dpaHepo3os APpurku:
anupughmossie nepukoHmuHemarnsHsie: 1 - Jaxna-flykkana, 2 — Cenerano-MaspuTaHckuid, 3 — I'BuHecko-JInbepuickuii, 4 — Kot-g’'Usyapa,
5 -TaHo, 6 — KeTa, 7 - ilyana-Puno-MyHu, 8 — FaboHckuii, 9 — KeaH3a-HuxHero Koxro, 10 — Bansuc-Jlioaepeu, 71 — OpaHx,
12 — penbTbl 3amMbe3n, 13 — MopoHaasa, 14 — Pyeyma, 15 — MNemb6a-Jlamy, 16 — Comanuinckuii (BO3MOXHO HEPUDTOrEHHBIN);
pugpmosbie 8HympukoHmMuHeHmarbHble: 17 — Cupt, 18 — Tepmur, 19 — Canamart, 20 — Mypxnat
Figure 3. Oil and gas rift basins of the Late Phanerozoic of Africa Epirift pericontinetal:
epirift pericontinetal: 1 — Dakhla-Dukkala, 2 — Senegalese-Moorish, 3 — Guinean-Liberian, 4 — Ivory Coast, 5 — Tano,
6 — Keta, 7 — Douala-Rio Muni, 8 - Gabonese, 9 - Kwanza-Lower Congo, 10 -Valvis-Luderec, 11 — Orange, 12 - Zambezi Delta,
13 — Morondawa, 74 — Ruwuma, 15 — Pemba Lamu, 16 — Somali (possibly non-diphthogenic);
rift intracontinental: 17 — Sirte, 18 — Termite, 19 — Salamat, 20 — Mujlat.

4. BnusisHne oCTPOBHOrO ByJIKaHU3Ma
Ha reHepaumiIo yriesoa0poaos

Cunraercs, 4TO KalHO30MCKUH «OCTPOBHOID
BYJIKAHU3M SIBIIICTCS OJHOW U3 IPUYUH IOBBIIICH-
HBIX TETJIOBBIX MIOTOKOB B CMEXHBIX SMUPUPTOBBIX

oduIOpHBIX OacceiiHaXx paHHero 3amokeHus [13].
Henp3s uckmouaTs, 9TO 3TOT (QAKTOp TAKXKE CKa-
3ajca Ha (QOPMHUPOBaHMM B 3THUX OacceifHax raso-
BBIX MECTOPOXIICHUH, B YACTHOCTHU 3a CUET KPEKHH-
TOBOTO MpeobpazoBanus 3aexeit Hedtu [15].
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C He3aBepILICHHOCTHIO TAKOH PEreHepariyl MOTIn
OBITH CBSI3aHBI pPa3pyLICHUE THTAaHCKUX MECTOPOXK-
JIeHUH He(TU U ee U3JIMAHUE Ha IOBEPXHOCTH ¢ 00-
pa3oBaHMEM OOIIMPHBIX MMOJeH achamsTuToB bemo-
nonra u Tcumopopo Ha 3amane Manarackapa. Takoe
MPEIIOIIOKEHHE XOPOIIO COrjlacyercsi ¢ JaHHBIMU
TPEKOBOI'O aHajJM3a IO amaTuTaM, COIJIACHO KOTO-
PBIM Ha 3aK/IIIOUYUTCIIBHBIX 3TallaX pa3BUTHUA Oac-
ceifHa MopoHaBa MPOH30LLIO MOBBIIICHUE TEMIIe-
patypsl 1o 90-100° B mepBylo o4yepenp BAOIbL pe-
aKTHBHPOBAaHHBIX pa3oMoOB (QyHmameHTa. ITO CO-
OBITHE COBIIANO TI0 BPEMEHH C pa3orpeBaHUEM Hellp
OCTOBa, CBSI3aHHBIM C YETBEPTUYHBIM BYJIKAaHU3-
MOM, LEHTPBl KOTOPOTO PACIOI0XKEHB!I BJIOJb €T0
oceBoi 30HEHI [16].

XopouM NprUMepoOM CBSI3U MPOLIECCOB MPe0O-
pa3oBaHusl HEPTIHBIX 3aleXKel B MECTOPOKACHHUIX
rasa siBsiercs 3amagHas oonacts CeBepo-AdpukaH-

CKOW TMPOBUHIMHU TUIAT(GOPMEHHBIX 0acCeHOB Ia-
11e03051-Me3030s1. JlaHHas MPOBUHIUS XapaKTePU3y-
eTcs MpeoldNaflaHueM MecTOpoXaeHnid HedTH. Mc-
KJIIOYEHUE MPEJCTABISIOT I0KHBIA U CEBEPHBIN
paioHbl ATIKUpPA, B KOTOPHIX HAXOASTCS MHOTOYHC-
JIEHHBIE B TOM YHUCJI€ U KPYIIHBIE Ta30BBIE MECTO-
poxnenus [17]. Ilocneanue pacmoioKeHbl BOIU3H
KallHO30MCKOro ILEHTpa BYyJKaHU3Ma Ha Haropbe
Xorrapa u Tenb-ATIacCHOTO albIMICKOTO MOsCa
CKJIaJ4aTOCTU COOTBETCTBEHHO, XapaKTepHU3ylo-
IIUXCS TIOBBIIEHHBIMHU TEIUIOBBIMH TIOTOKamHu [13].
BeccniopHoe BiUsHME STUX TEPMOAKTUBHBIX CTPYK-
Typ Ha TE€HEpalHi0 YTIEBOAOPOIOB OIU3PACIIONO-
KEHHBIX OaccelfHaX BBIPAKAeTCSA B COCPETOTOUCHUN
MECTOPOXKICHHUN raza B IMpeaesiax U30TepM TOBBI-
IICHHBIX 3HAYEHUM, HAXOISAIIMXCS B MPOCTpPaH-
CTBEHHOH accoluanyy ¢ MOJIOABIM BYJIKaHUUYECKUM
LHEHTPOM U anbiugamu (puc. 4).

Mediterranean Sea
Cpesiniemnoe mope

— 32

Libya
Nuann

— 28|

. " Hurep
m— "} -
L=7]1 [ |2 | @93 4 [+ |s [ ]s

Puc. 4. CooTHOLIEHME PACNONOXEHN MECTOPOXAEHNM HEeP TN 1 ra3a B AlxXnpe ¢ TenioBbiMu notokamu [17]:
1 — U30IMHUW TENNOBLIX NOTOKOB, MB/M; 2 — MecTopoxaeHus rasa; 3 — MecTopoxaeHuns HedTu; 4 — KaiHO30MCKUE BYIKaHWUTbI Haropbsa Xorrapa;
5 - BbIXOAbl NAaHadPUKAHCKOro hyHAAMEHTA; 6 — 10XXKHasa rpaHnLa anbnmMinckoro Tenb-ATnacckoro nosica cknag4aTtoctn
Figure 4. The ratio of the location of oil and gas fields in Algeria with heat flows [17]:
1 - isolines of heat flows, mV/m; 2 — gas fields; 3 - oil fields; 4 — Cenozoic volcanites of the Hoggar Highlands;
5 — outcrops of the Pan-African basement; 6 — the southern border of the Alpine Tel-Atlas folding belt

5. O6cyxpeHue

B mybmukanmsx, OTHOCSIIHXCA K PHUMTOBBEIM
OacceitHaM mo3nHero Qanepo3ost AQpHUKH, pa3Bu-
THE MX He(Tera3oBbIX CHCTEM paccMaTpUBAcTCs B
COOTBETCTBHHU C TPATUIIMOHHBIMH MOJACTSIMH, KOTO-
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pBle MpeayCcMaTpHUBaIOT IIyOMHY, BpeMs MOTpyke-
HUs HeTeMaTepHUHCKUX OTJIOXKECHUH M TemIepa-
TypHBIE YCIIOBHUS NMPeoOpa3oBaHus B HUX OpraHuye-
ckux BemiecTB. OJHAKO MPUYMHBI HEPABHOMEPHO-
CTH TEIIOBBIX IOTOKOB, UMEIOIINX KaK 3TO CUUTA-
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€TCsl UMEIONIHE TITYOUHHOE ITPOUCXOK/ICHHE B TAKUX
MOJIENISIX HEe pacCMaTPUBACTCS, YTO HE JACT MMOJTHON
KapTHHBI T'€OMCTOPHUYECKUX CBs3eil HedTerazoBoit
crienuanu3anuy 0acceHOB JAHHOIO THIA C MX WH-
(dpacTpykrypamu. BeirmonHeHHOE Hccie[0BaHUE BOC-
MOJHSIET 3TOT mpoben. OHO MoKa3ajo, 4To TeHepa-
U YTIACBOJOPOIOB B PHGPTOTEHHBIX OacceiHax
AdpHKH «HE3aBEPIICHHOT0» W OCOOCHHO «3aBepIICH-
HOTO» Pa3BUTHsI 3aBHCEJI0 BO MHOTOM OT TIyOWH-
HBIX TEIUIOBBIX ICTOYHUKOB PA3IMYHON IPUPOIBI.

3aknoueHne

[IpoBenenHoe ucciegoBaHME IMOKAa3ajlo, YTO
HedTerazoBas crienuanM3alys 0caJouHbIX OacceiHOB
pudToro npoucxoxxacHusi AQpUKU Koppenupyercs
C HUX PETHOHAJIBHBIM IOJOXKCHHUECM MW BO3pPaCTOM
(BpeMeHeM 3all0KEHHS), ONPeNeIIeMbIX 0COOEHHO-
CTSIMU NaHA(QPUKAHCKUX HHAPACTPYKTYP, a TeHepa-
IUs1 YIIIEBOAOPOAOB B OacceiiHax MPOUCXOIMIIa IIPU
BJIMSTHUU Pa3HbIX FJIy6I/IHHLIX HCTOYHHKOB. M3 mo-
CIIEAHUX OOLIMMU SIBISJIMCH PAa3IUYHbIC IO WHTEH-
CHBHOCTHU IIOTOKH TEIJIOMAacCOoIlepeHoca U3 IIyOuH-
HbIX CUCTEM I'PAHYJIUTOBBIX IMOACOB Pa3HbIX pa3sMe-
POB, B KOTOpBIX OacceiHbl popMupoBaINChH. B Gac-
ceifHaX «3aBEpIICHHOI0» pPAa3BUTHUS, MEpeLIeIIInX
B CTaJINIO IEPEKOHTHHEHTAIHHOTO ITPOTHOAHNS, 00JTh-
110 3HAYEHHE MMEJIO BIUSHHE «TEIUIOBBIX MOJIEi»
POXIEHHBIX B HUX OKEAaHOB, a TAK)KE ME3030HCKOTr0
CUHCEAUMEHTALIMOHHOTO U KalHO30MCKOI0 OCTPOB-
HOTO MarmMaTu3ma.

PesynbpTaThl nccienoBaHus MOTYT paccMaTpH-
BaThCs B Ka4eCTBE HAyYHOH 0a3bl MPH MPOTHO3HOMH
OLIeHKE PU(PTOTEHHBIX 0acCeiiHOB HA OOHapy)KEHHUE
MPOMBIIIJICHHBIX MECTOPOXKACHUI He(TH WK Ta3a.
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