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AnHoTanusi. CTaThs OCBSIIEHA KPUTHIECKH BaXXHOMY acCIIeKTy pa3pabOTKM CIIOXKHBIX HIENB(OBBIX MECTOPOXKACHUH
CesepHoro Kacnust — onTUMU3AIMY IPOSKTUPOBAHKS CHCTEM HIDKHETO 3aKaHIUBAHHS I 3P (HEKTHBHOTO MPHMEHEHHS
MeTo/10B yBenmuenus Hepreornaun (MYH). B ycnoBusix 10porocTosiiero u TeXHUYECKH CJI0KHOTO MOPCKOTO OypeHus,
CAHKIMOHHOTO JABJICHUS U HEOOXOIMMOCTH MMIIOPTO3aMEIIEHUs TPaMOTHOE TIPOEKTHPOBAHUE CXeM HIDKHETO 3aKaH4H-
BaHUSI CTAHOBHTCS KIIFOYEBBIM (paKTOPOM 3KOHOMUUECKOH )KU3HECIIOCOOHOCTH MPOESKTOB, B T. 4. ¥ Ha CeBepHoM Kacrmm.
CucteMa HIDKHETO 3aKaHUMBAHUsL HE TIPOCTO 3Tall CTPOUTENBCTBA, @ AEMEHT, ONPEAEIISIOIINN YIPaBIIEMOCTh IPUTOKA,
MHHHMH3AIUIO OCJIOXKHEHHH (00BOIHEHHE, Fa30MPOsBICHNE U TIp.) U ycrex npuMmeHseMbx MYH Ha npoTsbkeHun Beero
JKM3HEHHOI'O LMKJIAa CKBaxkuHbL IIpesncraBieHa mpakTudeckas METOJOJIOIHS, OCHOBAHHAS HA HCIOJIb30BAaHUU IIPOrpaM-
Horo kommuiekca NETool, pa3paboTaHHOro /Uit YMCIEHHOTO MOJICIMPOBAHHS U ONTHMHU3ALMHI CXEM HIDKHETO 3aKaH4H-
BaHus. KoMIuieke no3BosisieT MHTErpHpOBaTh I'€0NOr0-NPOMBICIIOBBIE JJAHHBIE, AETAIBHO CMOJACINPOBATH MHOTO(A3HBIH
NIPUTOK (IIFOUZIOB C ydeToM ycTpoiicTB ynpasienust npurokoM (YKII) u cnporrosuposats npogykTuBHOCTE. Ocoboe
BHUMaHHE YJIEICHO KOJIMYECTBY (DHIIBTPOB B COCTABE CXEM HIDKHEIO 3aKaHYMBAHMS CKBAXHH, NPOOYPEHHBIX HA HEKOM-
CKMIf KOJUIEKTOP, U Pe3ybTaTaM MOJEIUPOBAHHS, KOTOPBIE MTOKA3aJIH, YTO B JAHHBIX I'€0JIOTHUECKUX YCIOBHUAX KOJIMYE-
CTBO ()MIIBTPOB HE OKa3bIBACT CYIIECTBEHHOTO BIIMSHMS HA AOHT B KPAaTKOCPOUHOU mepcrekTise. OTMeueHa BaKHOCTD
JIOJITOCPOYHBIX IKCIUTYaTaLHOHHBIX U SKOHOMHYECKHUX (paKTOPOB, TAKMX KaK PUCK 3aCOPEHMUSI PH HEAOCTATOUYHOM KOJIH-
4yecTBe (UIBTPOB MJIM BBICOKas KOPPO3HMOHHAs aKTUBHOCTB IPHU OOJIbIIEM MX KonuuecTBe. IloquepkuBaercst HepeleH-
HOCTb BOIIPOCA ONTUMAIIBHOTO KOJMYECTBA (IIETPOB ¥ HEOOXOJUMOCTh JAIBHEHINET0 UCCIESIOBAHMS, BKIIIOYAs TECTHI
B pa3HbIX ycloBusX. OTAENBHO OTMEUEHO BIMSIHHE HAa yKa3aHHbIE (haKTOPHI YCTPOMCTB KOHTPOIIS MPUTOKA, JaXKe MpU
YCIIOBHHM OMYIIEHHS HX NpH pacueTtax. [Ipennosxkennas Metomosnorus ¢ ucnoibzoBanueM NETool siBisercs HeHHbIM HH-
CTPYMEHTOM IS TIOBBIIICHUS TEXHOJIOTHIECKON S (PEKTUBHOCTH, CHIDKEHHS 3aTpaT ¥ 00eCIIeueHNs yCTOMIUBOCTH Pas-
PabOTKH B CIIOXKHBIX YCIOBHAX SKOHOMHUUYECKOH peanbHOCTH.
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Abstract. The article is devoted to a critically important aspect of the development of complex offshore fields in the
Northern Caspian Sea — optimization of the design of bottom-end systems for the effective application of enhanced oil re-
covery methods (ERM). In conditions of expensive and technically complex offshore drilling, regulatory pressure and the
need for import substitution, competent design of bottom-up schemes is becoming a key factor in the economic viability
of projects, including in the Northern Caspian Sea. The lower completion system is not just a stage of construction, but an
element that determines the controllability of the inflow, minimizing complications (flooding, gas occurrence, etc.) and
the success of the applied MUN throughout the life cycle of the well. A practical methodology based on the use of the
NETool software package, developed for numerical modeling and optimization of bottom-up circuits, is presented. The
complex allows you to integrate geological and field data, simulate in detail the multiphase inflow of fluids, taking into
account inflow control devices (ICD), and predict productivity. Special attention is paid to the number of filters in the
bottom completion schemes of wells drilled at the Nekom reservoir, and the simulation results, which showed that in the-
se geological conditions, the number of filters does not significantly affect the flow rate in the short term. The importance
of long-term operational and economic factors, such as the risk of clogging with an insufficient number of filters or high
corrosion activity with a large number of filters, was noted. The unresolved issue of the optimal number of filters and the
need for further research, including tests under different conditions, is emphasized. The influence of flow control devices
on these factors is separately noted, even if they are omitted in the calculations. The proposed methodology using NETool
is a valuable tool for increasing technological efficiency, reducing costs and ensuring the sustainability of development in
difficult economic conditions.

Keywords: oil, gas, oil and gas field, well completion, enhanced oil recovery, bottom well completion, offshore oil
and gas fields, well completion optimization, well
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BBenenue

ITnarrpoBaHUe HOBBIX CKBaYKMH HA MECTOPOXKICHH-
sx CeBepHoro Kacmusi 0€3yCIIOBHO aKTyalbHO B CBSI3U
CO CTPEMHTCIBHBIM Pa3BUTHEM He()TEra3oBOW OTpac-
JI B 9TOM PETHOHE M OCHOBBIBACTCS HA paHee pas3oy-
peHHOM (DoHIIE TOOBIBAIOIIMX CKBAXXUH HA MECTOPOXK-
nenusix uM. HO. Kopuarmna, um. B. ®umnanockoro
u uM. B. U. T'paticepa [1].

HmwxHee 3akaHunBaHne HePTETOOBIBAIONINX CKBA-
JKUH — 3aBEPIIAIONIUI ATAll CTPOUTEIHCTBA CKBAYKHUHBI,
BKITIOUAIONUH YCTaHOBKY OOOpYymOBaHUS, oOecredn-
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BaroImero 3QpQeKTUBHBIA 1 O0€30MaCHBI JTOCTYI K yT-
neBosiopoaHoMy tuiacty. OCHOBHAs LieNib YCTAHOBKH
JIOPOTOCTOSAIIETO O00OPYJOBAaHUS CHUCTEM HIKHETO
3aKaH4YMBaHUA ((QUIBTPOB, YCTPOHUCTB KOHTPOJIS IPU-
TOKa, 00CAJIHBIX KOJIOHH U IMaKepPOB) — MaKCHMHU3AIUS
nebuta, MUHUMH3ALUS OOBOJHCHUS/Ta30IPOSIBICHUS
U pa3pylICHUs IJIacTa.

B ycnoBusx caHKIMA, pocTa IICH, TCOMOIUTHYC-
CKOW HECTaOMJIBHOCTH IPaMOTHOE IUIAHUPOBAHUE
HIDKHETO 3aKaHYMBAHUSI CTAHOBUTCS KIFOUEBBIM (hax-
TOPOM PEHTA0ENbHOCTH MPOEKTOB. AKIIEHT Ha MHHO-
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BallMM, JIOKAJIH3AUUI0O U HU(POBU3ALUIO TO3BOJISET
CHHU3UTh 3aBHCHUMOCTb OT BHEIIHHX (HaKTOPOB H CO-
XPaHUTh KOHKYPEHTOCHOCOOHOCTh JaKe B CIOMKHBIX
PHIHOYHBIX ycloBHsX. OCOOCHHO 3TO aKTyallbHO IS
MOPCKHX MECTOPOXICHHUIA — 3TO HE MPOCTO ITAIl CTPO-
WUTEJILCTBA CKBAXKUH, MO3BOJISIOIININ YBEIUIUTh OXBAT
IUIaCTa ¥ COKPATHTh KOJIMYECTBO CKBAXKKH, a JJICMCHT,
OTPENCISAIONINA KUIHECIIOCOOHOCTh BCErO MPOCKTA.
Omm0OKu 371€Ch BEAYT K MHOTOMUJIIHOHHBIM YOBITKAM.
IocTosiHHOE pa3BUTHE B JAHHOM HANpaBICHHH — 3a-
JIOT CTaOMJIBHOCTH TIPH Pa3pabOTKe MeCTOPOXKIESHUH
He(dTerazomo0bIBalONMINX OOIIECTB.

OnbIT NpUMEHEeHUs

MopepHu3anys HIWKHEro 3aKaHYMBaHHS Tpedyer
KOMIUIEKCHOTO TM0JX0Jla B IUIAHHPOBAaHWUHU CIIyCKa
HIDKHETO 3akaHunBaHus. Ha mecropoxnenusx Cesep-
Horo Kacmus Ui rulaHMpOBaHHMSI CXeM HIDKHETO 3a-
KaHYMBaHUSI MCHOJIB3YETCSl MPOTPAMMHBIH KOMILIEKC
NETool — 310 crnenuanu3upoBaHHBINA YHUCICHHBIH CH-
MyISTOp, pazpabotannbiii kommanuer Halliburton most
MOJICITUPOBAHUS M ONTHMH3ALUM HH)KHErO 3aKaH4H-
BaHMS CKBaxkuH. Komruiekc oOecredynmBaeT BBICOKO-
TOYHOE NPOEKTHPOBAHME CHCTEM 3aKaHYMBAHUS, yUH-

I

THIBast TEOJIOTHYECKUE YCIOBHSA, XapaKTEPUCTHKH ILIa-
CTa ¥ CIIOKHBIC MH)KCHEPHBIE PEIICHI:

1) MomenupoBaHue MPUTOKA (PIFOUIOB — IPOrpaMMa
CO3/IaeT JIeTANIbHbIE MOJIEIN IIPUTOKA YTJIEBOAOPOIOB
oT 32005 10 YCThsl, BKJIIOYasi paboTy YCTPOWCTB yIpaB-
nenns nputokoM (YKII), MHOTOCTBOJIBHBIX CKBa)KMH
Y TOHKHX IUIACTOB;

2) UHTEerpanys JaHHBIX — OOBCIUHSCT JaHHBIC Te0-
JIOTOPA3BE/IKH, KAPOTaxka ¥ JOOBIUU B SAUHYIO MOJICIIB;

3) onTEMu3anUs KOHGUTyparuu 000OpYyIOBaHUS —
MTO3BOJISICT TECTHPOBATH PA3NWYHBIC BapHaHTHI 3aKaH-
quBaHUA (pacnojoxeHue GuiIbTpoB, makepos u YKII);

4) mpOTHO3MPOBAHNE TIPOIYKTUBHOCTH — aHAJIH3H-
pyeT BIHSHWE OU3aifHa 3aKaHUYMBAHHUA Ha SKOHOMHUKY
MIPOEKTA U OLEHKY MYJIbTH(A3HBIX TOTOKOB.

[IporpaMMHBIil KOMILICKC OCOOCHHO aKTyajeH s
MPOCKTOB C HCIIOJb30BAHUEM HWHTCIUICKTYaJIbHBIX CH-
cTeM 3aKkaHuuBaHusl U MHOrocTanuitHoro I'PII, roe Tou-
HOCTB PacyCeTOB HAMPSMYIO BIHSCT Ha pEHTA0CIbHOCTb.

Ha ocHoBaHMM NaHHOTO MPOTrpaMMHOrO obecreue-
HUS OBUTH TIPOAHAM3HPOBAHBI HECKOJBKO HOBBIX IIPO-
OypeHHBIX CKBaXKHH Ha HEOKOMCKHH sipyc. Ha puc. 1
MIPECTaBICHBI PAacdeThl (PaKTHUECKUX CXEM HIDKHETO
3aKaHIMBAHUS TPEX CKBAKHH.

b r—

qcofme BN |

Puc. 1. CxemMbI HIXKHETO 3aKaHYMBAHUS CKBaKHH-KaH/IUIaTOB

Fig. 1. Schemes of lower completion of candidate wells

OWIBTPEl WIPAIOT KIIOYEBYIO POJb B 3aIIUTE OT
necka U Jpyrux MEXaHUUYecKHx npumMeceid. KommdectBo
(UITBTPOB B HIDKHEM 3aKaHUMBAHWH JOOBIBAIOIINX CKBa-
JKFH HAIpPSIMYIO BIMSIET HA MX TEXHUIECKUE M HKCILTya-
TaIlMOHHBIE MOKa3aTen!, Gopmupys 6amaHc MexIy (-
(DEeKTUBHOCTBIO JTOOBIYM, HA/ICKHOCTHIO M 3KOHOMHYE-
CKOI 11e71eco00pa3HOCThI0. YBeNnueHne uucia QpuibT-
POB paciMpsieT oAb KOHTaKTa C IUIACTOM, OJIHAKO
M30BITOK (DPMIIBTPOB MOXKET CO3JaTh IOBBIIIEHHOE I'MA-
PaBJIMYECKOE CONPOTHBIICHUE, NPUBOJLIEE K MOTEPSIM
JIABJICHUSI M CHIDKCHUIO OOIIEH IPOW3BOAUTEILHOCTH
B pa3pe3e MOIHOTO IMKIIA )KU3HHU CKBAKUHEL. J{onroBed-
HOCTh OOOpYIOBaHWS TAKXKE 3aBHCUT OT KOJWYECTBA

(UIBTPOB.
BaxxHbIM (haKTOPOM SIBISIFOTCS] TEOJIOTHYECKHE yC-
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noBUsl. B HEOAHOPOAHBIX IIacTax, HAIPUMEP CIIOH-
CTBIX WJIM TPEIIMHOBATHIX, HECKONBKO (PUIBTPOB IMO3-
BOJISIFOT TIEPEKPBITh PAa3HbIE MPOAYKTHBHBIC 30HBI, TO-
BBIIIAs OXBaT A0OBIYM. B mecuaHWKax MM PBIXIIBIX
MOpOAaxX aKIEHT JENIAeTCsl Ha 3aIIUTy OT MEecKa C IOo-
MOILIBI0 (GUIBTPOB € TpaBUitHOW HaOuBKOIL. [Ipu aTOM
CTOMMOCTh MOHT@)Xa M OOCIIYy>KUBaHHUSI pacTeT Ipo-
MOPLUMOHAIBLHO KOJINYECTBY (PUIBTPOB.

PenoBanust HHKHEro 3aKaHYHBaHUS

Br160p onTManbHOrO KOJIM4EcTBa (UIBTPOB — ATO
MOUCK KOMIPOMHCCA MEXAy YBEIHMYeHHeM neOura,
MHHAMH3AIHAEH 3aCOpPEeHUs] W CTOMMOCTBIO BHYTpPHC-
KBaXMHHOTO OOOpyzmoBaHus. I[losTomy s ckBaxwH-
KaH/AWAaTOB OBUIM TPOBEIECHBI pacdeTsl B IPOTPaMM-

spoyjow A19A0031 [10
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HoM komiutekce NETool mo cremyromemy Habopy
BHYTPHUCKBXKUHHOTO 000pyIoBaHus (puc. 2, 3):
1) npumenenwue 3 puibTpoB Ha 100 MeTpOB MpOIyK-

THBHOM YaCTH IJIACTa;

2) npumenenue 1 ¢uibrpa Ha 100 METPOB MPOAYK-

THBHOM 4acTH ILIacTa.
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Puc. 2. VI3MeHeHHas cxeMa HI)KHETO 3aKaHIUBAHUS UL CKBaXXUH ¢ 3 ¢rurbTpamu Ha 100 M IPOIyKTHBHOTO KOJUIEKTOP

Fig. 2. Modified bottom termination scheme for wells with 3 filters per 100 m of productive reservoir
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Puc. 3. VI3mMeHeHHas cxeMa HI)KHET0 3aKaHuYUBaHHs [Tl CKBakuH ¢ | puibTpom Ha 100 M MPpOyKTHBHOTO KOJUIEKTOP

Fig. 3. Modified bottom termination scheme for wells with 1 filter per 100 m of productive reservoir

Jliist cuctemarn3anuy MaTepraia HIKe MPUBEICHBI
CKPHHIIOTHl TEXHOJIOIMYECKHX IIOKa3zaTesed mo pe-
3ylbTaTaM pacueTa Ha MNPOTPAMMHOM KOMIUIEKCE B
paspes3e KaxxJoi ckBaxuHbl. Ha ckpuHIIOTax B cpas-

HCHMH CBEpXy BHM3 IPEICTABIECH pPacdeT CO CTaH-
JApTHBIM HaOOpOM 00OpYHOBaHUSI HUIKHETO 3aKaHYH-
BaHu, 3 ¢puiabTpa HA 100 M 1 1 PunbTp Ha 100 M mpo-
JIYKTHBHOTO KOJUICKTOpa (puc. 4—6).

Pressure at Oil Gas Water Liquid Gas/oil Oillgas | Water | D« hole | Wellhead Well P.l. Well P.I. Well P.l.
first node rate rate rate rate ratio ratio cut rate pressure Oil Gas Water
[Bar] [Sm?/day] | (kSm?/day] | [Sm*/day] | [Sm*/day] | [Sm¥Sm?] | [Sm*Sm?] | [%] | [Rm*/day] [Bar] | [Sm*day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
122.095 283.55 | 22.6892 0.0 283.55 | 80.0183 | 0.0124971| 0.0 | 351.753 36.0 73.9614 5.91804 0.0
Pressure at Qil Gas Water Liquid Gas/oil Oiligas | Water | Downhole | Wellhead |  Well P.l. Well P.I. Well P.I.
first node rate rate rate rate ratio ratio cut rate pressure Qil Gas Water
[Bar] [Sm*/day] | [kKSm?/day] | [Sm*/day] | [Sm?/day] | [Sm¥Sm?] | [Sm*Sm?] | [%] | [Rm*/day] [Bar] | [Sm*/day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
122107 | 283.799 | 22.7088 0.0 283.799 | 80.0175 | 0.0124973| 0.0 | 352.045 36.0 74.2608 5.94195 0.0
Pressure at Qil Gas Water | Liquid Gasloil Oillgas | Water | Downhole | Wellhead |  Well P.l. Well P.1. Well P.I.
first node rate rate rate rate ratio ratio cut rate pressure Oil Gas Water
[Bar] [Sm?/day] | [kSm*/day] | [Sm*/day] | [Sm*/day] | [Sm*Sm?] | [Sm¥Sm?] | [%] | [Rm?/day] [Bar] | [Sm®/day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
121.977 | 281.091 | 22.4941 0.0 281.091 | 80.0243 | 0.0124962| 0.0 | 348.853 36.0 70.8618 5.6707 0.0

Puc. 4. Pe3ynbraTsel pacuera Ui CKBaKUHBI-KaHAuaaTa Ne 1
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Fig. 4. Calculation results for candidate well No. 1
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Pressure at Qil Gas Water Liquid Gas/oil Oillgas | Water | Downhole | Wellhead Well Pl Well P Well Pl
first node rate rate rate rate ratio ratio cut rate pressure Qil Gas Water
[Bar] [Sm?/day] | (kSm*/day] | [Sm*/day] | [Sm*/day] | [Sm*Sm?] | [Sm¥Sm?] | [%] | [Rm*/day] [Bar] | [Sm*/day/Bar] | [kSm>*/day/Bar] | [Sm*/day/Bar]
123.206 306.828 | 24.5577 0.0 306.828 | 80.0373 | 0.0124942| 0.0 379.302 36.0 134.267 10.7434 0.0
Pressure at Qil Gas Water Liquid G il Oillgas | Water | Downhole | Wellhead Well Pl Well P.1. Well P.1.
first node rate rate rate rate ratio ratio cut rate pressure Oil Gas Water
[Bar] [Sm?/day] | (kSm?/day] | [Sm*/day] | [Sm*/day] | [Sm*Sm?] | [Sm¥Sm?] | [%] | [Rm*day] [Bar] | [Sm*/day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
123.205 | 306.827 | 24.5576 0.0 306.827 | 80.0373 | 0.0124942| 0.0 | 379.301 36.0 134.265 10.7432 0.0
Pressure at Qil Gas Water Liquid loil Oillgas | Water | Downhole | Wellhead Well P.1. Well P.1. Well P.1.
first node rate rate rate rate ratio ratio cut rate pressure Oil Gas Water
[Bar] [Sm?/day] | (kSm*/day] | [Sm*/day] | [Sm*/day] | [Sm*Sm?] | [Sm¥Sm?] | [%] | [Rm*/day] [Bar] | [Sm*/day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
123.205 | 306.827 | 24.5576 0.0 306.827 | 80.0373 | 0.0124942| 0.0 | 379.301 36.0 134.265 10.7432 0.0
Puc. 5. Pe3ynbrarsl pacuera JuIsl CKBaKUHBI-Kanauata Ne 2
Fig. 5. Calculation results for candidate well No. 2
Pressure at Oil Gas Water Liquid Gasloil Oillgas | Water | D hole | Wellhead Well P.I. Well P.I. Well P.I.
first node rate rate rate rate ratio ratio cut rate pressure Oil Gas Water
[Bar] [Sm?/day] | [kSm?/day] | [Sm*/day] | [Sm*/day] | [SmSm?] | [Sm*Sm?] | [%] | [Rm*/day] [Bar] | [Sm/day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
119.396 | 230.678 | 18.9049 0.0 230.678 | 81.9535 | 0.012202 | 0.0 | 292.737 36.0 40.9515 3.35612 0.0
Pressure at Qil Gas Water | Liquid foil Oillgas | Water | Downhole | Wellhead |  Well P.l. Well P.l. Well P.l.
first node rate rate rate rate ratio ratio cut rate pressure Qil Gas Water
[Bar] [Sm?/day] | [(kSm*/day] | [Sm*/day] | [Sm/day] | [Sm¥Sm?] | [Sm¥Sm?]| [%] | [Rm¥day] [Bar] [Sm®/day/Bar] | [kSm*/day/Bar] | [Sm*/day/Bar]
119.401 | 230.773 | 18.9127 0.0 230.773 | 81.9537 | 0.012202 | 0.0 | 292.854 36.0 41.0277 3.36237 0.0
Pressure at Oil Gas Water Liquid Gas/oil Oillgas | Water | Downhole | Wellhead | Well P.1. Well P.I. Well P.l.
first node rate rate rate rate ratio ratio cut rate pressure Oil Gas Water
[Bar] [Sm?/day] | (kSm*/day] | [Sm*/day] | [Sm*/day] | [SmISm?] | [Sm¥Sm?] | [%] | [Rm*/day] [Bar] | [Sm*/day/Bar] | [kSm¥/day/Bar] | [Sm*/day/Bar]
119.401 | 230.775 | 18.9129 0.0 230.775 | 81.9537 | 0.012202 | 0.0 | 292.856 36.0 41.0291 3.36248 0.0

Puc. 6. Pesynbratsl pacdera i CKBaKUHbI-KaHauaata Ne 3

Fig. 6. Calculation results for candidate well No. 3

CTOouT aKIeHTHPOBaTh BHUMAaHHE, YTO IPU MPOBE-
neHuu pacueroB He yuutbiBaiauch YKII. YKII B ropu-
30HTAJIBHBIX JOOBIBAIOIINX CKBKMHAX WIPAIOT KIIIO-
YEeBYIO POJIb B YIPABJIECHHU Y4acTKaMH, KOTOpbHIE 4a-
CTO CTAJIKHBAIOTCS C IPOOJIEMOM paHHEro 00BOHEHHS
WIN TIPOPBIBA ra3a MpU YCKOPEHHOH OTpaboTKe BBICO-
KOTIPOHHMIIAEMBIX 30H, CHWXas 3(Q(eKTHBHOCT 100bBI-
yn Hedru. Taxke YKII B ropH30HTaNbHBIX CKBRKUHAX
CHOCOOCTBYET YBEIMUYCHHUIO KOHEYHOH HEPTEeOoTIauH
3a CUET PABHOMEPHOTO JPEHUPOBAHUS IIIACTA.

3akJroueHue

B pesynbrare NIpoBeJEHHBIX pacyeTOB MOXKHO Cle-
JaTh BBIBOJ, YTO KoJm4ecTBO ¢(mipTpoB Ha 100 M
B KOMIIOHOBKE HIDKHErO 3aKaHYMBAHHS HE BIHSIOT
100 BIMSIOT HAa YPOBHE MOTPEIIHOCTH Ha pa3padaThl-
BaeMbIe 30HBI TPOAYKTHBHOI'O KOJUIEKTOpPAa HEOKOM-
ckoro sipyca. OnHako ¢opmupoBaHue BbIBOJA 10 OI-
TUMaJIbHOMY KOJHMYECTBY (HUIBTPOB TpeOyeT ydera
MHOXXECTBAa B3aMMOCBS3aHHBIX (DaKTOPOB, BKIJIIOYAs
LeJIeBbIe [IOKa3aTeN JOOBIYH U TE0JIOTHI0 MECTOPOXK-

nenus. [Ipy JUTMTeNIbHOM KCIUTyaTallii yBEJINYHBACT-
Cs PUCK 3aCOpEHHUS (PHIBTPOBOH 4acTH OTJIOXKEHUSIMH,
NIPUBHOCHMBIMH M3-32 ABHXXEHUs! (DIIIOMIOB U3 IUIacTa.
3acopeHue MPUBOJIUT K CHHXKCHUIO J1eONTa CKBa)KUHBI,
T. K. JUId TPEOJIOJICHHUs] COIPOTHUBIEHHUS B (UIIBTpE
Tpebyercs Oonblnee narienue. Ho ctouT Takxke otMe-
TUTb, YTO MEHBIIEE KOJIMYECTBO (HILTPOB YIPOLIAET
nocneayoomiee 00CIy)KMBaHNE KaK caMOM CKBa)KHHBI,
Tak M BHYTPHCKBaOXHHHOTO obopymnoBanus (BCO),
CHI)Kasi KOPPO3HOHHYIO aKTHBHOCTh M YIPOLIasi Ipo-
BEJICHHE Te0JIOTO-TeXHHIecknx mepompuiatuii (I'TM).
Bompoc 0 npuMeHeHNH MEHBLIEro KOJIMYecTBa (HIlb-
TPOB B KOMIIOHOBKE HIDKHETO 3aKaHYHMBAHUS 1O CHUX
IOp ocTaeTcs OTKPHITHIM. [IpoBeneHne TecToB (uIIb-
TPOB HOA 100BIYY B PA3HBIX T€OJOTNYECKUX YCIOBUIX
HE HaIUIO IIMPOKOro IIPUMEHEHHs B HedTerazoBoii
OTpaciii COBPEMEHHOCTH, HO HPOJODKEHUE HCCIIENO-
BaHMs JaHHOTO HampasjeHUs HeoOXOIUMO i yBe-
JMYEHUS] DKOHOMHYECKOH s¢ddexTuBHOCTH OypeHus
IOOBIBAIOIIMX CKBAXUH.
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