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Ha ocHosi ananisy c6imoeozo 00csidy chopmynv06ano HAnpsamu yOOCKOHANIEHHS MEXHOT02itl COPYOHEHHS C6ePONIOBUH HA CTIAHYeBUIL
2as. Ocobnusy ysazy npudineno AKOCMi CHoPyOHeHHs cBePONIOBUH, MEXHONIO2IIM POSKPUMIMS il 0CBOEHHS NPOOYKIMUBHUX NILACINIS.

Ha ocHosanuu ananusa MUpPos8oeo onvima céopmyﬂuposaﬂw HANPAaseHUsI COBEPUIEHCIMBOBAHUS mMexHono0euti CmpoumesnvCcmea ckea-
JHCUH HA CIAHUEBDLIL 243. Ocoboe Bnumanueybeﬂeuo Ka4ecmey CrpoumesnvCmea CK8AXUH, mexHon02UiIM 6CKPbIMuUsL U 0C60EHUS NPo-

ameuBHblx nnacmos.

Based on the analysis of international practices the directions for improvement of the construction technologies for shale gas wells are
worded. Particular attention is paid to the quality of the well construction, technologies of drilling-in and development of a payout beds.

3a excrneptHuMU oliHkamu [1-3], Ha Tepuropil Ykpainu
30cepemkeni 3HayHi (moHax 1,1 TpiaH M?) 3amacu CraHIEBOTO
rasy, 1o BiJKpMBa€e MOXX/IMBOCTi IONIOBHEHH I €HEPTeTUYHMUX
pecypciB 3a paxyHOK BlacHOro BupoOyBaHHs rasy. CraHie-
BUII Ta3 HAJeXUTDb NEPEBAKHO [0 PO3CIAHOrO rasy B IOpO-
BO-TPIlIMHHNX MOPO>KHUHAX, ITOBSI3aHMX i3 0COONMMBOCTAMMU
HalllapyBaHHS HeTiTOMOP(GHUX CIaHIIeBUX TOBIL, BKIIOYAI04U
ra3 3aKpUTHUX IIOp i copbOBaHMII MiHEPaJIbHNMU Ta OpraHid-
HUMMJ PEeYOBMHAMM, IO IPUYPOUEHUIT [O CTAOOMPOHUKHUX
ITACTiB i 3yMOB/IIOE HM3bKI febiTn cBepamoBuH [2].

Ha cporopni B YKpaini 0CBify CIOPY/)KEHHA CBEPAIOBUH
Ha C/IaHI|eBMil ra3 HeMae. TOMy Ba>k/IMBUM € BUBYEHHA Ta y3a-
rajJibHEHHSA CBiTOBOTO JIOCBifY, IO JJA€ 3MOTY BIOCKOHAINUTU
TEXHOJIOTiI CTIOPYI KEHH A CBEPIJIOBUH.

AHani3 cBiTOBOTO JOCBify CIOPY/I>KeHH I CBepAIOBMH

Crenndiuni 0ocob6nmBOCTi BUAOOyBaHHS CTaHI[EBOTO rasy
BMIMAaraloThb BUKOPUCTAHH: TEXHONOTIiiT 6ypiHHA CBEPATIOBUH,
CIpAMOBAaHMX Ha IMifBUIIEHHA iX mpopykTusHOCTi. Cnopy-
I KEHHA CBEPAJIOBMH Ha CIAHLEBUI Ta3 3[iJICHIOIOTD i3 BUKO-
PVICTAHHSIM TeXHOJIOTiN 6ypiHHS rOpM3OHTAIBHUX CTOBOYPIB,
a inTeHcudikalio IPUIINBY ra3y — 3a JOIIOMOTIOI0 6ararocra-
mirtHOTO rifpasmivnoro pospusy macta (['PIT) [3-5].

HocBif ciopy XKeHHs CBEPANIOBMH Ha pofloBuIax Barnett,
Woodford, Haynesville, Bakken, Fayetteville ta in.[3, 4] moxka-
3ye, 10 KOXKHe POJIOBUIIE C/IaHIIeBOrO rasdy HoTpebye BIacHOi
TexHO/Oril po3pobku. Ile 3ymMOBIEHO 0COGMMBOCTSIMY Te0IO-
riqHOi 6y0BM POZOBMIL, BIACTUBOCTSMM IIOPif i pisHOIO IpH-
ponmoro yrpuMyBaHHA rasy. Ha puc. 1 cucreMaTn3oBaHO OCHO-
BHi IIpo6eMy i yac 6ypiHHA CBepAIOBMH Ha C/IaHIIeBUIL Tas.

JInsa OypiHHA TOPM3OHTANBHMX CTOBOYPiB BUKOPUCTO-
ByIOTb OYpOBi po3umHu Ha BOAHIN i HadToBilt ocHOBI. [opu-
30HTA/IbHI CTOBOYpYM IepeBa)KHO KPIIUIATh OOCAZHUMU KO-
noHamu 1 nemeHTyioTh. Ha poposuiii Bakken cBepmmoBuiu
3aKiHYYIOTH BIJKPUTUM CTOBOYpOM ab0 He3aleMeHTOBaHUM
XBOCTOBMKOM, Ha poposumii Fayetteville Takox cmocrepira-
€TbCS TEHTEHLiA IO BiTKPUTOTO 3aBepIIEHHSA CBEPAJIOBMH i3

BUKOPUCTaHHAM MamXeT i makepiB [4]. ¥ [5] pns inTencudi-
Kauii npunnmBy rasy posrnangaerbea I'PII i3 BukopucTtanHAM
TE€XHOJIOTIYHMX PifiTH Ha OCHOBI ITpOIaHy.

Y [6, 7] peKOMEHIOBAaHO TEXHOJIOTiI0 KEPOBAHOTO KOJTIO-
6iHroBOro OypiHHA rOPU3OHTATBHUX CTOBOYPIB B yMOBax Jie-
npecii Ha NPOAYKTUBHMII TI/IaCT, TaK 3BaHa TexHonoria UBD
(underbalanced drilling). Taxa TexHONOriA NepcrekTUBHA i Ma€e
PpAQ IepeBar, 30Kpema:

Hif{BUIEHH S MeXaHIYHOI IBUAKOCTI Oy piHHS;

3amobiraHHs 3a6pyIHEHHIO TPORAYKTUBHOTO [/1aCTa;

OlLliHKa ITapaMeTpiB NPOZYKTUBHOIO IJIACTA B PEXXUMI pe-
aJIBHOTO Yacy 3a PaXYHOK BUKOPUCTaHHSA KabelbHOTO KaHaly
3B’I3KY i cMCTeM CKepOBaHOTO Oy piHHS;

MOXIMBICTh IPOXOJ>)KEHHS CTOBOypa CBepHIOBUHU B
MIacTaxX MaJjiol TOBIIMHY Ta iH.

Ins1 cTBOpeHHs fenpecii B OKpeMIX Bunagkax eQeKTUBHO
3aCTOCOBYBATH a30THI yCTAHOBKM KPiOTEHHOTO TUITY.

KonTio6iHroBi TeXHOMOTII YCIIIIHO 3aCTOCOBYIOTH AJIA iH-
TeHcndikanii Bumo6yTKy rasy 3a fomomororo TexHosnoriit RDS
a6o papaianbHoro 6ypinna (kommnaHis «Radial Drilling Services,
Inc.», CIIA) i I'PIL

CucreMa OLiHIOBaHH A AKOCTi CBepHJIOBUH

B 0CHOBY CTPYKTYpU MEHEIKMEHTY AKOCTi CIIOPYKEHHS
Ha(TOra30BMX CBEPAJIOBVH MOK/IAaJeHO IIOHATTSA AKOCTI i cmc-
temu ii oninoBaHHA [8]. Komnnexc nokasuuxis, ujo xapax-
mepusyomos HAPMo2a3osy c6epoNIoBUHY 3 NO3ULILI BUKOHAHHS
OCHOBHUX 8UMO2 00 Hei 8i0N0BIOHO 3 NPoeKmom po3pooKu pooo-
8UL4A, BUSHAYAE AKICMY CBEPOTIOBUHU K THIHEHEPHOT CHOPYOU.

Y 3aranbHOMY BMIIAfIKy SKICTb CBEPAJIOBMHU HOTPiOGHO
OLIIHIOBATM 3a THYYKOK i€papXiYHOK CTPYKTYPOI KpUTEPiiB
3a7IEXKHO BiJi IPU3HAYEHHSA i TPAa€KTOPil CBEPAIOBUHMU, BULY
i ripuumdoreonoriyHMx ymoB OypiHHA Ta iHmMX (aKTOpiB.
BepxHiit piBeHb i€epapXi4HOi CTPYKTYpM Ma€ BK/IIOYATU KpPMU-
Tepil, AKi XapaKTepU3yIOTb AKICTb TPAEKTOpii CBEpHIOBUHY,
11 KpiIUIEHHA, POSKPUTTSA NPOAYKTUBHUX TOPU3OHTIB, a TAKOX
€KOJIOTi4YHi BUMOTIH.
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Puc. 1. Mpo6nemu BuaoGyBaHHA ClaHLEBOro rasy

3amponoHOBaHa BiIKpNTa iepapXidHa CTPYKTypa KpuTepi-
iB stKOCTi HapTOra30BMX CBEPAIOBNH, 51K HOMYCKAE IX MOXKJIN-
Bi JOMIOBHEHH: 1 BUK/TIOUEHHSI Ha Pi3HUX PiBHX iepapxii (puc.
2). ITe 3a6e3meunTs OiNbLI JOCTOBIPHY OLIIHKY SIKOCTi CBEPAJIO-
BUHU 3aJIeXKHO Bif ii mpysHaYeHHs Ta 0COOMMBOCTEIL.

T'eomeTpuyHi KpuTEpii OL[iHIOIOTH AKICTb CBEPAIOBUHM 32
BiJITOBiZHICTIO 1i TPA€KTOpPii IPOEKTHOMY 3aBIaHHIO.

Kpurepii kpinleHHA OLiHIOIOTH HaAiHICTh (TOTOBHICTD,
6e3BiIMOBHICTb, PEMOHTOIIPUATHICTD) CBEPAIOBUHM SIK TeX-
HIYHOI CITOPYAY 3 ITO3M1IiTt BUKOHAHHA 1i PyHKIIiOHAIBHUX 3a-
BAaHb. OLiHKY AKOCTi CBep/I/IOBMHY 32 KpUTEPiAMU KpillJIeHHA
Mo>Ke 6yTI BIKOHAHO OKpeMO 32 06CafHOI0 KOIOHOIO (B TOMY
YMCIIi TMP/IOBOTO i CBEPA/IOBUHHOIO OONafHAHHS) 1 PO3Mex-
YBaHHAM IIIACTiB.

Kpurepii po3skpUTTa NPOAYKTMBHUX MIACTiB OIiHIOIOTD
eeKTMBHICTb TeXHOJOTiI 3aBepIIeHHs CBEpHIOBUH i3 MO3U-
11ii1 36epe>keHH KOIEKTOPChKUX BIaCTUBOCTEIL.

Exonoriuni kpurtepii o1iHIOIOTH AKiCTb CBEPAIIOBUHN 3a
MTOKa3HMKAMM OXOPOHM HaJp i JOBKiNiA. Y 3arajbHOMY BU-
MajKy CTPYKTypa €KOJOTiYHMX KpUTepiiB CKIafHa, IO 3Y-
MOBJIEHO PiSHUM XapaKTepoM 3a0pyAHEHH: JOBKins. [i BuGip
3aJIEXUTDh BiJl MiCIlA PO3TAallyBaHHA CBEPJIOBMHMU Ta YMHHOI
CHUICTE€MM €KOTOTiYHOTO MOHITOPMHTY.

Cucrema KputepiiB i IpMHIUIN OIiHIOBAHHSA AKOCTI MO-
XyTh 6yTM peaisoBaHi Ha eTamaxX IPOEKTYBaHHSI i CIIOpPY-
I>KeHHs CBepJIOBUH [8], 110 A€ MOXKIMBICTb GOPMYTIOBATH
MifiBUIEHI BUMOIY /IO IIPOEKTIB i3 METOX0 NOCATHEHHA BUCOKOI
AKOCTi CHOPY/I>KEHHA CBEPATIOBIH.

IIpuHIMIM OjiHIOBAaHH A AKOCTi TEXHONOTIYHIIX ONepaiii

3PpeITo, AKICTh CBEPAIOBMHMY 3a/IeKUTD Bif IepemiKy Ta
MOCTiZOBHOCTi TEXHONIOTIYHMX IIPOLECiB, BiJIIOBIJHOCTI IX Ia-
paMeTpiB ripHNYOre0/IOTiYHNM YMOBaM 6ypinHs Toiro. Takum
YJHOM, LIi/IECIIPAMOBAHNI KOHTPOJIb i KEPYBaHHA TEXHO/IOIIY-
HUMM TIpOliecaMMi € HeBi €MHOI JaCTUMHOI CUCTEMY MEHEJX-
MEHTY AKICTIO CIOPYKEHHA CBEPI/IOBIH.

Texnornoril mornmubmreHHs i 3aBeplIeHHs CBEPA/IOBUH II0-
TAIOTbCS Bi[INOBIIHMMM IOENHAHHAMM OCHOBHUX OII€paliil.
KoxxHa omnepanis xapakTepusyeTbcs CyKyIHICTIO BifiloBiAHMX
IapaMeTpiB Ta CUCTEMOIO IIEBHMX 0OMeXeHb Ha IX mapaMeTpH,
10 BM3HAYaIOTh AKiCTh BUKOHAHHA Ollepalil.

3arajoM OIiHIOBaHHS SKOCTi TeXHOJOTIYHMX OIlepalii
3BOJUTHCA IO BUJiJIEHHA OCHOBHUX i KOHTPONbOBAaHMX I1apa-
MeTpiB, GOPMYBaHHS CUCTEMU 0OMeXXEHb 32 YMOB O€3[eYHOTO
BefleHHs OYpoBMX pOOIT i 3abe3nedeHHs SIKOCTI CIIOPY/ I KeHH I
CBEPHTIOBMHY, OO PYHTYBaHH: KPUTEPilo ONTUMAIBHOCTI i ma-
pameTpiB onepanii [8].
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Puc. 2. CuctemaTtnka KpuTepiis AKOCTi cBEpANOBUH

Mimkoaouni THCKRH '

EdexTuBHICTD TEXHONOTIYHMX OIepaliii MOranbIeHHs
CBEp/JIOBMH BM3HAYAIOTh KpuUTepii, WO BifIOBifZarTh MiHi-
MaJIbHill BAPTOCTI CIIOPY/>)KEHHA CBEP/I/IOBMH.

Kpurepii eexTHBHOCTI TEXHOMOTIYHUX OIEpariil 3aBep-
IIEHHsI CBEPA/IOBMH MAIOTh OYyTU CIPSIMOBAHMMU Ha MigBU-
LIEHHA AKOCTi pO3KPUTTA IPOAYKTUBHMX FOPU3OHTIB i Hafill-
HOCTI CBEPI/IOBMHM AK TEXHIYHOI CIIOPYA.

Cucrema OLIiHKM AKOCTi TE€XHOJIOTiil COPYJKeHHs CBep-
IJIOBMH TIOBMHHA BK/IIOYaTV CTaHZAPTM Ha BMKOHAHHA KOX-
HOI TEXHOJIOTiYHOI omeparii s BiAMOBIZHNX YMOB OypiHHSL
CraHpapTyu MaloTb BMIIIyBaTH peKoMeHAauii 3 BuOOpy 3Ha-
YeHb IapaMeTpiB, IX MOHITOPUHIY Ta aHa/Mi3y i BHECEHHA 3MiH
Yy TEXHOJIOTi4HYy OIlepallil0 3 METOK IIiJABMINEHHSA Ii AKOCTI.
[TapaMeTpy TEXHONOTIYHUX OMEPaLiil X = (X, X,, ... X,)” BUOU-
paloTh i3 yMOB 6e3IIe9HOr0 BefleHHsI 6ypoBuX pobiT, BUKOHAH-
HsI 0OMeXeHb ((x) 151 3abe3nedeH st IKOCTI CBEPIIOBUHN Ta
onTUManbHOCTI Kputepito K(x, a) edektuBHOCTI

K,(x,a) > min, e L, x € D;

9(x) <0,
me D - obnacTh BU3HAYEHHA NapaMeTPiB TeXHOJNOTIYHUX Olle-
pauiit; a = (a,, 4, ... 4,,)T — BEKTOp IIapaMeTpiB MOJIEIi.

OTxe, Ha OCHOBI BMK/Ia[IeHOTO MO)XHa 3aIIPOIIOHYBaTM
4OTUPUOATbHY CUCTEMY OLIHIOBAHHS SIKOCTI TeXHOJIOTIYHUX
omepanin:

Oyxce 8UCOKAa — MapaMeTpy TeXHOJIOTIYHMX OIlepaliiil Bif-

@

HOBiZAIOTh IPUITHATIN cUCTeMi 0OMeXXeHb 1 OOIPYHTOBAHOMY
KPUTEPiI0 ONTUMAaIbHOCTI;

8UCOKA — ITapaMeTPU TEXHOJIOTIYHMX OIEepaLill BifoBiza-
FOTb IPUITHATIN cucTeMi 06MexeHb i Xoua 6 OffMH i3 HUX He BifI-
HOBiZla€ OOIPYHTOBaHOMY KPUTEPil0 ONTUMA/IbHOCTI;

3a008i71bHA — TTApAMETPY TEXHOMOTTIHNX OIepaliit Bigmo-
BiJaIOTh IPUITHATIN crcTeMi 0OMeXKeHb i xo4a 6 OfyH i3 HUX He
BifilIOBilae 0OMe>KeHHAM 3abesIeueHHA AKOCTI CIOPYAKeHHs
CBEPJIOBMHI;

He3a008ibHA — TAPAMETPYU TEXHOIOTIYHUX OIIepaLiil Bifl-
MOBiZAIOTh IPUITHATIN CHCTeMi 06MeXXeHb i x04a 6 OfuH i3 Hux
He BiJITIOBiZla€ yMOBaM 6e3I1eYHOT0 BefleHHs 6y POBUX POOIT.

TexHonorii po3KpUTTA NPOXYKTUBHUX IUIACTiB

36epexxeHHS TNPUPONHOI IPOHMKHOCTI HPORYKTUBHUX
IUIACTiB € HAaMBa)K/IMBILIOK BMMOIOK [0 TE€XHOJOTiN 3aBep-
IIEHHs CBEPAJIOBNH. Bif ehexTBHOTrO 11 BUPIllIEHHS 3a/IEXXUTH
IPONYKTUBHICTb CBEPIJIOBUH i CTYIIiHb BUTyY€HHA BYI/IEBOJ-
HiB y mpoiieci po3po6Ku poJZOBMIL.

3amobiraHHsA 3a6pyIHEHHIO MPOAYKTMBHOTO IIIacTa IO-
Tpebye KOMIIIEKCHOTO i JeTaIbHOTO MifAX0oAy Ko 1i BupilleH-
HA i 6a3yeTbcA Ha HAyKOBill OCHOBi. Y 3arajJbHOMy BUIIQJIKy
MeTOfY 3amobiraHHs 3abpyHHEHHIO IPOAYKTUBHOIO IIIAcTa
OXOIUTIOITH BUOIP KOHCTPYKIIT CBEpA/IOBUHY, TEXHOJIOTII mmep-
BUHHOTO i BTOPMHHOTO PO3KPUTTS IUIACTa, BUOIp cucTeMu
6ypOBOro pO34NMHY, KepyBaHHA Tiffpo- i TepMOAMHAMIYHUMMU
yMoOBaMM pO3KpUTTA InacTa [9]. Bubip xoncTpykuii cBepao-
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OyTH FOCATHYTI TiIMBKM IiJ Yac PO3KPUTTS IPO-
OYKTUBHMX IIACTiB Ha JeTpecii.

Baxxnusi BuMoru o Bu6opy cucreM 6ypoBuUx
POSUMHIB A POSKPUTTA NPOSYKTUBHUX ILIac-
TiB CTOCYIOTbCA IX CK/IaJy, TEXHOJIOTIYHUX BJIaC-
THUBOCTell (rycTuHa, ¢inbrpauiiiai i peonorivsxi
BJIACTUBOCTi, BOZHEBUII IOKAa3HYK Ta iH.), CTYIeHAd
MiHepaisauii i ckagy coneit ¢pinbrpary 6yposoro
pO34MHY, TOBEPXHEBUX BIACTUBOCTEN Ha MeXi II0-
miny ¢as ¢inprpar — dmroin.

KepyBaHHA riipofyHaMiyHMMM yMOBaMM IIiJ
Yac BMKOHAHHSA PiSHMX TE€XHOJNOTIYHMX OIepalii
Bigmosiguo no (1) € HeobXimHuM n1s 3ab6e3meden-
Hs AKiCHOTO PO3KPUTTA HPOAYKTMBHOIO IIIACTA.
s TeXHONMOTIYHMX ollepalilf, AKi MifBUIYIOTDb
rifipoAMHAaMIYHMI TUCK Yy CBEP/JIOBMHI, YMOBY 3a-
nobiraHHs 3a0pyZHEHHI0O MOXXHa (popMmainisyBaTu
06MeXXeHHIM perpecii Ha IIacT

Pi(zn) < P+ Apew @)
e pj(zn) — TiIpOAMHAMIYHMII TUCK Y CBEPH/IOBU-
Hi Ha IMIMOMHI z;; TPOAYKTMBHOTO IJIACTa IIij Yac
BMKOHAaHHA j-0I TeXHONOTiYHOI omepauii; Apy.. —
MaKCUMaJIbHO JIONYCTUMa pelpecis Ha IacT (Ha-
NPUKIIaJ, MiJj YaC PO3KPUTTA IJIAcTa y XOfli MexXa-
HiYHOTO Oy piHHSI).

Cucrema [nasA JOCTi)KEHHS PeONOTiYHMX
BIACTUBOCTell NpM3HadeHa AIsA 06pOOKM HaHUX
poraniiiHoi BickosuMmeTpil 6ypOBUX TeXHONOTiY-
HUX pifuH, mo6yfoBaHa Ha CTPOTOMY PO3BA3KY
OCHOBHOTO pPiBHAHHA pOTaliliHOI BiCKO3MMeETPil
Ta BpPaxoBye iH(QOpMALiiHy 3MICTOBHICTH HOCTI-
ziB [11]. Kmac peonoriuHo cTaijioHapHUX MOfenei
BKJIIOYa€e IOLIMpPeHi y OypoBiii mpakTuii mopmeni
Hbpiotona, llIBegosa-binrama, OcTBanppa, I'epue-
na-banxni, lynsmana-Keccona, a Takox 6iBs3Ki
MofieITi BUTTIALY

yk,aW )<t
L y.a® )T >t

BifIHOB/IOBAHHA TUCKY (KNanaH 3akputmi)

Punc. 3. Cxema komnoHyBaHHA YTUC-(31-40) LU ana ocBoeHHA i ekcnnyaTauii ceep-
LNOBUH: d — poboTa 3 kopnycom YTUC ansa kncnoTtHoi 06po6ku, IPT, doHTaHHOT
ekcnnyaTauii (knanaH 3akpuTuii); 6 — poboTa 3 Kopnycom YIUC gns npoMmBaHHsA
BMOOIO Bif NpOnaHTy 3a JONOMOroto KONTIOGIHIY (KnanaH 3akpuTtuii); 8 - poboTa 3
KapOTa)KHUM eXXeKTOpOM ANA BUAaneHHA NPoAYyKTiB peakuii i pignHn MPI i3 nnacTa,
reodisnyHMX JOCNiAXeHb y peXXumi NpUnInBY, peecTpauii iHGUKaTOpHMUX KpUBUX (Kna-
naH BigKpuTniA); 2 — poboTa 3 rigpoArHaMIYHUM eXXeKTOPOM A/1A BUAANEHHA NPOAYKTIB
peakuii i pignHn I'PT i3 nnacTta, BUKNUKY NPUNANBY, peeCTpaLlii iHGMKaTOPHUX

KpuBUX, BUA0OYBaHHA HadTL | KOHAeHcaTy (KnanaH BigKpuTuiA) Ta peecTpauii KpnBmx

ne a®, a® - peonoriuni BracTMBOCTI MofIenel M
HM3DbKUX i BUCOKMX TPafliEeHTiB IIBUJKOCTEN 3CYBY
¥; T" — ’paHMYHE HAIIPY>KEHHA 3CYBY, 1[0 BU3HAYa-
eTbcs 3 posBasKy piBHanHA Y(T,a" ) =7(t,a?).
Cucrema 3abesmedye moOYyLOBY afjeKBaTHUX
OLIiIHOK pEOJIOTiYHMX MOJeNell i BIaCTUBOCTEN,
MaTpUIi KOBapiallill OLIiIHOK peOJOriYyHUX BjIac-
TUBOCTEIl, MAaKeTHY OOpOOKy MacuBy [JaHUX, IO-
OymoBy OapoTepMiYHMX Ta IHINMX PIBHSIHb CTAHY

3aBepIleHHs MAIOTh 3/JifICHIOBATUCA 3 YPaXyBaHHAM BUMOT JIO
AKICHOTO pO3KPUTTA NPOAYKTUBHMUX TOPU3OHTIB.

Hait6inpmr HagitHymu [ 3amobiraHHs 3a0py[HEHHIO
HpPOAYKTUBHMUX ropusoHTiB € texHomorii UBD (i3 BigeMHum
nudepeHninauM TicKoM) [10], fKi 3acTOCOBYIOTH IPOBiAHI 6y-
poBi koMmaHii cBiTy. BBaXkaeTbcs oBefleHNM, 1O MOTEHIilHi
MO>KX/IMBOCTi TEXHONOTill 3aBeplIeHHSA CBEPATIOBUH MOXYTb

peonoriunux BaactuBocrei. Lle Baxnampo [nA
MOJIe/IIOBaHH S TiIPOAMHAMIYHIX IpoLeciB (OLjiHKa BIHOCHOI
3paTtHOCTi OypoBUX posumHiB [12], kepyBaHHS TigpogyHaMid-
HUMY yMOBaMy 3a (2) Ta iH.) i3 MeTOr0 IpUITHATTA e(peKTUBHUX
TEXHONOT{YHMX pimmeHb. 3a QYHKIiOHaTbBHNMU MOXKIMBOCTSA-
MM CUCTEMA IlepeBa’ka€ BiloMi aHaIOT M.

Cucrema BuUOGOpPY ONTHMMANTbHUX peuentyp O6ypoBux
PO3YMHIB MOOyIOBaHAa 3 BUKOPMCTAaHHAM MOJeNi BUTTARY

(1) (13]
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E(x')—> min, ve 4, x'eD;

o(x")<0,

me E(x') — KpuTepiit ONTUMAIBHOCTI; X' — BEKTOp KOHIIEH-
Tpalill peareHTiB V-ro KOMIOHEHTHOTO CKJIagy; 3 — Kjac
HZomycTHMuX HabopiB pearentis; DY — 06/acTh BUSHAYEHHSI
BekTOpa x"; p(x") - cucteMa 06MeXKeHb Ha KOHI[EHTpaLlii pe-
areHTiB.

Ocobnusictio Mopmeni (3) € momepenHiit BuOip MOKamb-
Horo Kpurepiio E(x') onTMManapHOCTI 3 [esKOI MHOXWHU
MO>X/IMBUX, KM [JI 3aJlaHUX YMOB OypiHHA HallKpalolo
Mipol0 BifIOBifae r106anbHOMY KpuTepio. 3aleXXHO Bif
YMOB PO3KPUTTA NMPOAYKTUBHOTO I/IacTa MOXHA BUKOPIUC-
TOBYBAaTH Pi3Hi KpUTepil ONTUMANBHOCTi: BAPTiCTh OFMHMUILI
06’eMy 6ypOBOTO PO3YNHY, BiIMOBiAHICTb IIEBHUX MOKAa3HU-
KiB B/IaCTMBOCTEN 3alaHMM 3HAYEHHAM, BUHOCHA 3[JaTHIiCTh
IIOTOKY OypPOBOr0O PO3YMHY B 3alaHOMY iHTepBaJli CBepJIO-
BYIHM, BiTHOCHE 3MEHIIEHHA NPOHMKHOCTi KEPHOBOTO MaTe-
piany Tomo. Indopmaniiine 3abesmeuenns mogeni (3) ocHo-
BaHe Ha pe3y/nbTaTaX eKCIePUMMEHTaNbHUX JOCTifI)KeHb 3a
BiJIIOBIAHMMMU MJIAHAMU.

Insa poSKpUTTA HMSBKONPOHMKHUX MPOAYKTUBHUX
nnactiB y [13] pekoOMeH/IOBaHO [BOETAIIHY IpOLEAYPY BU-
6opy 6ypoBoro posumny. Ha mepmmomy erami BubuparmoTsh
6a30Bi peuenTtypu i3 ymoBM MiHiManbHOI BapTOCTi, a Ha
APyroMy — ONTMMAJIbHY pelenTypy OypoBOro posumHy 3a
KpuTepieM MiHiManbHOTO MiX(}asHOrO HATATY Ha MeXIi Io-
miny ¢as ¢inprpar 6ypoBoro posdnny-drois.

CrBOpeHO cucTeMy MifTPUMKIU NPUIHATTA pillleHb, AKa
[OIyCKAa€e NOBiNbHMIT BUOIp KpUTEpil0 ONTMMAIBHOCTI Ta
cucTeMy 0OMeXeHb, IIOOYLOBY i CyNpoBij IIaHiB excIiepu-
MEHTIiB, iHTepIIpeTalilo iX pe3ynbTaTiB, MOMIYK ONTUMAaslb-
Hoi pemnentypu OypoBoro posumHy. Il cucreMy MoXHa
BUKOPUCTOBYBATHU Ji/1s1 BUOOPY ONTMMAIbHOI peLlenTypu 06-
po6Ky 6YpOBOro po3uMHY B Ipolieci OypiHHA CBEPIOBKH.

TexHomOrii 0CBOEHHA CBEPATOBUH

OCBO€HHA CBEpPANIOBMHU 3BOAUTHCS [[O BUKIMUKY IIPU-
By rroify, ounieHHs NpuBMOITHOI 30HM IIacTa Bif
¢binpTpaTy 6ypoBOro po3umHy Ta iHINX 3a6PyAHIOIYNX J10-
MIIIIOK, IPOBeIEeHHA HeOOXiTZHUX PoOiT i3 MeTOI0 HifBKIIeH-
HA inbTpalilffHUX XapaKTepUCTUK IIaCTa i IepegaBaHHA
CBEPAOBMHY B eKCIITyaTallilo.

ITapameTpy BCiX TEXHOMOTIYHMUX ONlePalili IIifl 9ac OCBO-
€HHS CBEPJJIOBMH MAalOTb BifiOBifaTM BMMOTAaM SAKOCTI 3a
(1). TexHoMOriYHI PifMHM [ OCBOEHHS CBEPHIOBMH CIif
BMOMpPATY 3 BUKOPUCTAHHAM MOJeli BUIIAny (3).

JInsa ocBOeHHA cmaHUeBuX cBephnosuH i3 I'PII MmoxyThb
6yt edexTuBHO BuKOpucraHi Texnomorii TsOB «EMIII-
cepBic», sIKi [ONMYCKAlOTh peani3alilo HEOOXifHUX TEXHO-
JIOTIYHMX NPOLECIB 3a OJjHE CIIYyCKAaHHA KOMIIJIEKTY iHCTpPY-
MeHTY 3 exxeKTopHuMu Hacocamu YIVIC cepiit 11-20, 31-40
i 41-50 [14, 15], 3oxpema:

npomucnoBo-reodi3sudHi Ta TrifpopgmHaMiuHi mocri-
mxenHs go I'PII;

I'PII yepes exxexTopHuit Hacoc YT UC;

BuaaneHHs pob6oyoi piguau I'PII i npomanTy i3 maacta
3a monomorow YI'VC;

IIOBTOPHI IIPOMMUCIOBO-Te0di3nyHi Ta rifpoguHaMiuHi
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Puc. 4. Cxema KOMMNOHYBaHHA CBEPANOBUHHOIO 06/1aAHaHHA Nig vac
eKkcnnyaTauii ra3oBoi CBEPASIOBUHM 3a JOMNOMOTOI0 €XEKTOPHOro Hacoca
HE[-1B: a - BcTaHOBNEHHA ABopAfHOrO nidTa 3 Kopnycom HE[-1B;

6 — BUganeHHA piguHn 3a gonomoroto HEJ-1B

mocmimxeHHs. TexHomOril 3aCTOCOBYIOTh y BePTUKATbHUX
i MOXMIO-CKEpPOBaHMUX CBEPJIOBMHAX Y IIOENHAHHI 3 KOJTIO-
6iHroBMMM ycTaHOBKamu [14, 15].

Ha puc. 3 nokasaHo cXeMy KOMIIOHYBaHHA iHCTpyMeHTa
exxekTopHuMM Hacocamy YIVIC-(31-40)III nns mocnimxeH-
HA /1 OCBOEHHA CBEPAJIOBMH i3 aHOMa/IbHO-HU3bKMMMU II/Iac-
toBuMu tuckamu (AHIIT) sa gomomororo I'PIL. Tyt i3 on-
HMM KOPIIYyCOM BUKODPUCTOBYIOTb Pi3Hi BCTaBHi €X€KTOpHi
HPUCTPOI, a TAKOX 3BOPOTHY (puc. 3, 8 Ta 2) i npsamy (puc. 3,
aTa 0) UMPKYIALi0 piguH.

IIns excrinyaTanii MeTaHO-BYTiZIbHUX i CTaHIIeBUX CBep-
pnoBuH i3 AHIIT po3po6neHO KOHCTPYKIil0 BCTaBHUX
exxekTopHux Hacocis HEJI-1B [16], saxi 3acTocoByloTh i3
LBOPSIIHUM KOMIIOHYBaHHSIM HaCOCHO-KOMIIPECOPHUX TPYO
piamerpamu 48 i 89 mm. ExxextopHi Hacocu HEJI-1B MaroTb
BUICOKY €KCIIJIyaTallilfHy HaJifiHiCTh 3a HAABHOCTI rasy i me-
XaHIYHUX JOMIIIOK y roifi, 3aMiHa eXeKTOpPHMX Iap He
noTpebye BUKOPUCTAHHA OpuUraj KalliTaJbHOTO PEMOHTY
CBEpM/IOBMH i KAHATHOI TEXHIKMU.

Ha puc. 4 mokasaHO cxeMy KOMIIOHYBaHH I CBePJ/IOBMH-
HOTro OoOafHaHHS IS eKCIUTyaTallii ra30Bol CBepAIOBUHMI
3 AHIIT 3a ponomoromo exekropHoro Hacocy HEJI-1B. fx
pobounit areHT MOXKe BUCTYIIaTH TeXHiuHa Bofa. [ 3abes-
MeYeHHs TeXHONOTiYHMX BMMOTI eKCIyaTallii ra3okoMIpe-
COPHMX CTAaHIIiJi CXeMa KOMIIOHYBaHHsA BKJIIOYa€ BUKOPUC-
TaHHA ABOPARHOTrO midTa 1Mo BCiit JOBXWMHI CBEPIIOBUHMN.
CxeMy KOMIIOHYBaHHS MOXXHa 3aCTOCOBYBaTU J1 3a yMOBU
IOBiNbHOI KPUBU3HY CTOBOYpA CBEPJIOBUHIL.

Texnomnorii T3OB «EMIII-cepBic» i3 BUKOpUCTaHHAM
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eXeKTOpHuX HacociB YIVIC BMKOPUCTOBYIOTb Ha POJOBMU-
max Pocii [14, 15]. Exekropunit Hacoc HEJI-1B ycmimno
HpPOXOAUTH BUIPOOYBAaHHSA Ha METAaHOBYTIIBHUX CBEPHJIO-
BuHax Pociiicbkoi Pefepanii.

Ha ocHOBi 3a3HayeHOro y CTarTi 0 MOXIMBUX HANpPs-
MiB YOCKOHaJIEHHA TE€XHOJIOTiN CIIOPY/I>KEHHA CBEPJ/IOBUH
Ha CIaHIIeBUI ra3 MOXKHA BigHeCTH:

CUCTEMY OLIiHIOBAaHHA AKOCTi CIIOPY/>)KEHHA CBEP/I/IOBIUH;

CHCTEMY OLJiHIOBaHHA AKOCTi TEXHOJIOTIYHUX OIEepalLill;

TeXHOMOTii 3amobiraHHs 3a6pyHEHHIO IPONYKTUBHUX
II/IaCTiB 3a paXyHOK BMOOPY BIaCTMBOCTENl TE€XHOJNOTiYHUX
pifiMH i KepyBaHHA Ti[pPOAMHAMIYHOIO CUTYalli€l0 B CBEPJ-
JIOBMHI;

6araToyHKIIiOHA/NbHI €XKeKTOPHI KOMIIOHOBKY i TEXHO-
JI0Tii OCBOEHHSA Ta €KCIUIyaTalii CBepATOBMH.
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ABTOpMU CTaTTI

Mucnrox Muxaiino Anopiiioeuy

J-p mexn. Hayk, npogecop xapedpu OypinHa
nagmosux i easoeux ceeponosur ICDHTYHI
Hanpsamu naykosux inmepecié - 6u6ip i npu-

- UHAMMS MEXHONO2IMHUX PillleHb Y OypinHi
s L . .
I C8epOTOBUH, MOOETIOBAHHS NPOYECi8 OYPiHHSIL.
b giiad
— Xomuneuo
' 3inoeiil
| 4 Imumposuu

H-p mexn. Hayx,
oupexmop T30B «EMIII-Cepsic». Hanpsimu
HAyKo8UX iHmepecie — pO3PoOKA MeXHIUHUX
3acobie i mexuonoziii inmencugixayii 6udo-
bysanns nagmu i easy.

Canuncun IOpiii
Mupocnasosuu
Kanoudam mexniunux Hayx, ooueHm xage-
Opu 6ypiHHS HAPMOBUX | 2A308UX CBEPOTIOBUH
IOHTYHI. Hanpamu naykosux inmepecie —
pOo3pobka npozpamHozo 3abesneueHHs O
BUpIWEHHST  NPUKAAOHUX  3a0a4  OyPiHHSA
C6epONIo6UH, ONMUMISAUIA  MeXHONOIMHUX
npouecis, 6yposi po3uuHu.

bozocnaseuv
Bonooumup Bacunvosuu
Acniparm xagpedpu 6ypinHs HAPMOBUX | 2a308UX
ceeponosur IPHTYHI. 3axinuue leano-DPparkis- o
CoKULL HAUIOHATLHUTL MexXHIYHULL YHieepcumem D . - ‘."

Hagmu i 2asy, cneyiameticmv 6Gypinmsa. Ceepa
HAYKOBUX iHIMEPeCi8 — YOOCKOHANIEHHS MEXHO-
7I02iLL  POSKpUMms

npodyKkmueHux \?’”
naacmis. ¥ )

Bonowun FOpiii [mumposuyu

j Acucmenm xageopu 6ypinHa Hagmosux i 2a-
- 4 3o6ux ceeponosur IOHTYHI. 3axinuue Isaro-
Dpankiecokuil  HAYIOHATDHUTL  MeXHIMHUIL
YHigepcumem Hadmu i eazy, cneuianvHicmp 6y-
pinns. Ciepa Hayxosux inmepecie — mexHomnozit
OYpiHSI C6ePOTIOBUH HA CTIAHUEBUT 2a3.
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