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Hagedeno saneacnicme 015 GUBHAYEHHS KIHYEB020 KOEDIYIEHMA 2a3068UNYUEHHS 2a308020 NOKAAOY 8 YMOBAX
20308020 pexHcUMy po3pOOKU i 0OXAPAKMEPUS0BAHO MemOOU 11020 NidguueHHs. 3 BUKOPUCMAHHAM DIBHAHbL cmayio-
HapHol ¢hinempayii 2azy 6 naiacmi i pyxy 6 cmogoypi c6epOI0GUHU OMPUMAHO AHATIMUYHY 3ANEeHCHICINY 018 KIHYeo-
20 NIACMOB020 MUCKY, 3d 8EAUYUHOI AKO20 OOYUCTIOEMbCS KIHYesUll Koeiyichm 2a308uiy4eHHs. 3anpononosana
3ANIEAHCHICDb BPAXOBYE BNIUE HA KiHYesUll NAACMOSULl MUCK i, 8BI0N0BIOHO, HA KiHyesull Koepiyicnm 2a308Uny4ents
24306020 NOKAAOY 3HAUEHb YCMbOBO20 MUCKY I 6Mpam mucKy y cmoeoypi i npusubitiniti 301i céeponosunu. Obepy-
HMOBAHO Memoou MIiHIMI3ayii 3HaueHb HAGeOeHUux napamempie. 3 UKOPUCAHHAM 3aNPONOHOBAHOIL 3ANEHCHOCIE
OYIHEHO NIUG HA KIHYesUll KoeDiyicHm 2a308UNYYEHHS 3HAYEHb YCMbOBO2O MUCKY, MIHIMATLHO PeHMabenbHO20
O0ebimy eazy i koe@iyienmie inempayitinux onopié npusuoditnoi 3ouu niacma. Jlocaiodicenns nposoounucs Os
ymos noxnady eopusonumy HJ[-4 Onapcokozo 2a306020 pooosuwya, akutl 3HaX00UmsbCs Ha 3a8epUuLanrvHil cmaoii pos-
poOKu npu nomouromy Koegiyicnmi eazosunyyenns 85,8 %.3a pezyrbmamamu docniodxcenv Kinyeguil KoediyicHm
2A308UTYYEHHSL ICMOMHO 30IIbULYEMbCS 13 3MEHUEHHAM 3HAYeHb Koe@iyichmis Qitempayiinux onopie npueubdiinoi
souu nracma A i B 0o 4-x pasie. [looanvute smenuenus koegpiyicumie A i B mano enausac na xoeghiyicum 2azosu-
JIYYUEHHs. 06p06ﬂ€HH}l npuBUOIIIHOL 30HU NAACMA 3 MEMOK 3MeHULeHHsl 3HaYeHb Koepiyicumis A i B doyinbHo npo-
600UMU HA PAHHIX CMAOISAX p03p06i<u nok1ady 6 ymoeax eucokux oebimie 2asy. Ilpu nusekux oebimax 2azy (6 na-
wiomy eunaoxy 0,1-0,5mucy°10) smenwenns snavens koeiyienmis A i B matixce ne eniusae na Kinyeguti koeiyi-
EHM 2a308UNYYUEHHA. Bniue 3nudcentss mucky Ha ycmi ceepOnosunu Ha 30i1buieHHs KiHyeso2o Koeiyicuma 2a3o8u-
JIVUEHHS 3pOCmace i3 3MeHulenHam o0ebimy eazy. Ha 3asepuwanevhiti cmadii po3pobku nokiady Hanbineui icmomHuil
BNIUB ZHUIICEHHS YCMbOBO2O MUCKY HA KOeDIYICHM 2a3068UNYYEHHSI CHOCMEPI2AEMbCS NPU HU3LKUX debimax 2azy.
3anpononosana mamemamuuna Mooenb npoyecy MiHiMiz3ayii 3HAYeHb KiHYego20 NIACMO8020 MUCKY MOX*CE BUKOPU-
CMOBYBAMUCH OISl OYIHKU 6NIUEY NPUPOOHUX (20N02IUHUX) | MEXHONO2IUHUX YUHHUKIE HA KiHyesull Koegiyicum 2a-
308UNYHeHHs. MA OOIPYHINYBAHHS HANPAMIG U020 30iNbUEHH .

KittouoBi ciioBa: mokinaj, cBepJIOBHHA, MPUBUOiitHA 30Ha, Ta3, po3pooKa, nediT, TUCK, Ta30BUIyYSHHS.

Ilpusedeno ypasnenue 0 onpeoenenuss KOHeUHO20 KOIDPuyuenma 2a300moadu 2a3080u 3aexHCU 8 YCI08UIX
20306020 pedxcuma paspabomxu u oxapaxmepuzoeanvl memoovt e2o yseauuenus. C ucnoib3o8aHuem ypasHeHutl
CMAayUOHAPHOL purbmpayuy 2a3a 6 NAACMe U OBUICEHUSL 8 CKBANICUHE NOTYYEHA AHATUMUYECKAsl 3A8UCUMOCTb OISl
KOHEYHO20 NAACMOB020 O0AGIeHUsl, 3d 3HAYEHUEM KOMOPO2O HAXOOUMCS KOHEuHbll Kodp@uyuenm eazoomoayu.
IIpeonoosicennas 3a6UcumMoOCmy yuumvieaem 6IUsAHUE HA KOHEUHOe NIACMO8oe 0d8IeHUe U COOMBEMCMEEHHO HA KO-
HeuHblll KOIDPuyUeHm 2a300moayu 2430601l 3a1eHCU 3HAYEHULL YCMbeso20 0aseHus U NOMepb OAGIeHUsl 8 CMEOIe
u npu3aboinol 30He ckeancunvl. OOOCHOBANBL MEMOObl MUHUMUZAYUY 3HAYEHUU Hagedenblx napamempos. C ucno-
Nb306aHUEM NPEOTIONHCEHHOU 3A6UCUMOCIU OYEHEHO GIUSHUE HA KOHEUHbIU KOIDduyuenm 2azoomoayu 3Ha4eHu
YCMbego2o 0asNeHUs, MUHUMAIbHO PeHmabeibHo20 0eduma 2aza u Kodaguyuenmos GuibmpayuoHHbIX CORPOMueG-
Jlenutl npuzabolinou 301l naacma. Hcciedosanus nposoounucs 0as yciogutl zanedcu copuzonma HJ[-4 Onapckozo
24306020 MeCMOPOANCOEHUs, KOMOPAsl HAXOOUMCS HA 3asepuiaiowjeli Cmaouu papabomxu npu mexyuwem xod¢pgu-
yuenme 2azoomoauu 85,8%.11o pezynomamam ucciedo8anuti KOHEYHbII KOIDDUYUEHM 2a300MOayl CYUjeCmEeHHO
VEEIUYUBAENICSl C YMEHbULEHUEM 3HAYEHUL KOIDPUYUeHmos GuibmpayuoHHbiX cOnpomusieHuti npu3abotunol 301bl
nracma 00 4x pas. Jlanvueiuee ymenvuienue koagpuyuenmos A u B mano enusem na kozpgpuyuenm cazoomoa-
yu. Obpabomky npuzaOoiHoU 30HblL NIACMA C Yelbl0 YMEHbUeHUS 3HauYeHull Koagguyuenmos A u B yenecoobpasno
npo8oOUMb HA PAHHUX CMAOUSX Pa3pabOmKU 3a1eXCU 8 YCI08UAX 8blCOKUX 0ebumog 2asza. Ilpu Huskux dedumax
easa (8 nawem ciyyae 0,1-0,5muic. m*lcym) ymenvuenue suavenuii kodpduyuenmos A u B noumu ne éiusem na
KOHeuHblll Kod(duyuenm 2cazoomoauu. Biusnue cnudicenus 0agienus Ha Ycmbe CKEANCUHBL HA YEeTUUeHUe KOHed-
HO20 Kodgpuyuenma eazoomoauu eo3pacmaem ¢ ymeHvuienuem oebuma easa. Ha 3aseepwarowen cmaouu paspa-
bomxu 3anexcu Haubonee CyWecmeeHHoe 6IUAHIE CHUINCEHUS YCNbe8o20 0asieHusl Ha Kodpduyuenm 2azo0omoaiu
ommeyaemcst npu HU3KUX debumax 2aza. Ilpednoscennas mamemamuyeckas MoOeb NPOYecca MUHUMUSAYUU 3HA-
YeHUL KOHEUHO20 NAACIOB020 OAGLEHUSL MONCEM UCTIONb3068AMbCA 0TIl OYCHKU GIUAHUS NPUPOOHBIX (2e002utecKux)
U MEXHONOSUYECKUX (aKMOPO8 HA KOHEUHbII KOIPuyuenm 2az00moauu u 060CHOBAHUS HANPAGIEHUT €20 YEelu-
YeHus..

KiroueBble ci10Ba: 3a51eKb, CKBRXKMHA, IPU3a00iiHas 30Ha, ra3, pa3paboTka, 1eOuT, [aBlieHre, ra300T/Aava.

The equation for determination of the final gasanary factor from the gas reservoir under gas déeadi-
tions has been developed and methods for its isai@dave been characterized. The analytical equatfonshe
final formation pressure have been obtained bygi#ie equations of stee-state gas filtration in the reservoir a
movement in the wellbore. It helps to calculatefthal gas recovery factoiThe suggested dependence accoun
effect of the values of wellhead pressure and predsst in wellbore and bottomhole zone onto thal formatior
pressure and, as a consequence, onto the finategassery from the gas reservoir. The method the suggeste
characteristics minimization have been groundece iifluence of the values of the wellhead pressmajma
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cos-effective @as rate, and filtration resistance factors of tienfiation bottomhole zone onto the final gecover
factor has been evaluated with the help of the ssiggl dependence. The studies have been condoictad €oni-
tions of the LD-4 horizons of the Ogée gas field, which are in the final stage of dmwaent under the curre
gas recovery factor of 85,8%. According to the lissihe final gas recovery factor increases eda#ntup to foul
times with the decrease of the filtration resiserfactor of the A and B formation bottomhole zone. Fui
decrease of the A and B factors effects gas regaslghtly. It is reasonably to conduct the bottatehzone treat-
ment for decreasing of the values for the A anddiofs on the early stages of reservéévelopment under hi
gas rate conditions. The decrease of the A andcBifs values hardlyffects final gas recovery factor at low ¢
rates (in our case 0.1-0.5 thousand/d). The influence of wellhead pressure decreage thre final gas recove
factor increases when the gas rate decreases. The modicagniinfluence of the wellhead pressure decraage
the gas recovery factor is observed at low gas flates on the final stage of reservoir developménsuggeste
mathematical model of final reservoir pressure mization process can be utilized to assess theeinfle of natu-
ral (geological) and technological factors ontodlrgas recovery factor and to ground the ways®fritreasing.
Keywords: deposit, well, bottomhole zone, gas, ttgvaent, gas rate, pressure, gas recovery.

B yMmoBax ra3oBoro pexumMy po3poOKu Ta3o-
BUX TOKJIA/IIB KiHIIEBUI KOe(DilliEHT Ta30BUITYYCH-
HSl BU3HAYAETHCS 3 BUPA3y, OTPUMAHOTO 3 PiBHSH-
HS MaTepiaJIbHOTO OajlaHCy IS Ta30BOTO ITOKJIATY
[1-3]:
B :1_PK |IHO'-[ , (1)

K
PHO‘I mK

ne Poo, P« — BIAOBIZHO MOYATKOBHUH 1 KIHIIEBHI
TUTACTOBI THCKH;

Ziouy Zi —KOSDIMIEHAT CTUCIMBOCTI Ta3y MPHU
IUIACTOBIM Temmeparypi 1 BiONOBIAHO MpH MOYAT-
KOBOMY 1 KIHIIEBOMY TJIACTOBHUX THCKaX.

3TiHO 3 MPOMUCIOBUMH JAHWMH I10 3aKiHUe-
HUX pO3pOOKOI0 Ta30BUX IMOKJIAJaX KiHIIEBUH Koe-
(hiIieHT Ta30BWIIYICHHS B YMOBaX Ta30BOTO PEXKH-
My 3MiHIOEThCS B Mexkax Bixm 70% mo 99%ii B ce-
peanboMy ctaHoBuTh 85-90%.To0TO Ha MOMEHT
MPUIHHEHHS PO3POOKH ra30BUX MOKJIAIIB Y TUTACTI
Mmoske sanuiiarucs g0 10-15%ra3y Bix mouarko-
BUX 3aIaciB.

KinmeBuii koedillieHT Ta30BUWIYYCHHS 3alie-
KHUTH BiJl T€0JOro-(Pi3NuHOi XapaKTEepUCTUKU MO-
iany (rmuOuHA 3aisraHHsS NPOAYKTUBHHX Bif-
KJIaJ(iB, THI TOPiA-KOJEKTOPiB, iX MPOHUKHICTB,
HACHYEHICTh 3B A3aHOI0 BOIOK0, HEOAHOPIAHICTH 3a
TUIOILEIO 1 PO3pi3oM, CTymiHb Aedopmanii y mpo-
1eci 3HKCHHS TUIACTOBOTO THCKY), CHCTEMH PO3-
pOOKH TIOKIaxy (TeMIT BigOopy rasy, po3MilleHHs
CBEPIUIOBHH Ha IUIOMII Ta30HOCHOCTI, HEOOXITHMI
THCK JUIS TIOJa4i Ta3y CIOXKHMBa4eBi), i TEXHIKO-
E€KOHOMIYHHX IMOKAa3HWKIB (BiJICTAHb IO CIOKHBA-
Ya, BUMOTH JIO KOHJMIIIi rasy, BiAIyCKHA IliHA Ha
ra3 tomo). Kinmesuit koedillieHT ra3oBHIyIeHHS
3MEHIIYETHCS 13 30UTBIISHHSM BiZICTaHI IO CIIOKHU-
Baya, TTMOWHN 3aJSITaHHS Ta30HOCHUX BiAKIAIiB
Ta X HEOAHOPIAHOCTI, MOTIPIICHHAM HPOIYKTHB-
HOI XapaKTePUCTHKH (B MEPIITy Yepry, SHIKEHHIM
MPOHKMKHOCTI) TIOPiA-KOJIEKTOPIiB Ta y pasi medop-
Marii MopiI MpH 3HIKEHHI IUTACTOBOTO THCKY Y
MpoIieCi po3poOKH ra30BOro MOKIAAY. 3a IPOMHC-
JIOBUMH JAHMMH KiHIEBUH KOeQilieHT ra3oBHIy-
YEeHHS 3pOCTaE i3 30UIBIICHHSIM CyMapHOTO Bij0O-
py Ta3y Ha KiHeIlb Mepioxy MOCTIHOTO BUIOOYTKY
rasy, TeMITy BiOOpy Ta3y B Iiei mepio HOTro TpH-
BAJIOCTi 1 CIIOBUTBHEHHSIM TEMITy 3HW)KEHHS Big0o-
py ra3sy B IepioJ] CragHoro BUAO0YTKY rasy.

I3 3anexnocti (1) BUAHO, 110 KIHICBHHA KOe-
(himieHT ra30BUIydeHHS Oyae TUM OUTBIIUN, YHM
MEHIIIe CHiBBIIHOIICHHS 3BEICHHUX KIHIIEBOTO 1
MOYATKOBOTO IJIACTOBUX TUCKIB, a JUIsl KOHKPETHO-
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ro pojoBuiia Oyjae TUM OiNbIIMNA, YUM HUKYAN
KIHIIEBHII II7JTACTOBUI THCK.

Jlo MOXIMBHX HampsMiB 30UIbIICHHS KiHILIE-
BOTO KoedillieHTa Ta30BWIYUCHHS BiIHOCSATHCS:
3a0e3medeHHs PIBHOMIPHOTO OXOIUICHHS PEHY-
BaHHAM BCHOT'O I'a30HACHMYEHOTO IMOPOBOrO 00 €My
HOKJIay 1 ogHaKoBuX (ONM3bKUX) 3HAYEHb KiHIIE-
BOTO TIACTOBOTO THCKY B Pi3HUX JiISHKAX IIACTa,
MiHIMi3alis 3HA4YeHb KIiHIIEBOTO IIACTOBOTO THC-
Ky, BUTICHEHHS (3aMIIll€HHs) YACTHHH 3aJIHIITKOBO-
ro Tra3y y BHCHaXXEHHX ra30BUX IOKJIaJaX HEBYT-
JICBOJTHEBUMHU ra3aMU Ta PiIMHAMH.

VY 3aranbHOMY BHINAJKY IUIACTOBUN TUCK Py,
MO>KHA IPEJCTaBUTH SIK CyMy YCTBOBOI'O TUCKY Py,
BTpaT THCKY B IIPOIIeCi pyXy razy B CTOBOypi cBe-
PIIOBUHH (HaCOCHO-KOMMIPECOPHUX  TpyOax
(HKT)) APykr 1 BTpaT THCKY B IpOIECi pyXy rasy
y mpuBHOIiiHI 30HI TWIacTa (30HI AempeciiiHoi BO-
POHKH CBEPATIOBUHK) APy

Puy =Py + APykr + AP, (2)

Jis MiHiMi3amii 3Ha4eHb KiHIIEBOTO ILIACTO-
BOTO THUCKY HEOOXigHO 3a0e3MeuuTH MiHIMalbHI
3HAYeHHS YCTHOBOTO THCKY, BTpAaT THUCKY B CTOB-
Oypi CBEpUIOBHH 1 BTpPaT THUCKY y TPUBHOINHIMI
30Hi TUIACTA.

Jlis oTpuMaHHS MaTeMaTH4YHOI MOJEIi IMpo-
1ecy MiHiMi3allil 3Ha4eHb KIHIEBOTO ILIACTOBOTO
TUCKY BHUKOPHUCTAEMO [BOWIEHHY (OpMYIy MpH-
IUIMBY Ta3y 10 CBepIOBHHHU 1 dopmyny I'. Ana-
MOBa:

P? -P., =A+ BOXf, (3)

P..= /P& B, )
e
Z_ P T
:ucep.nn cep.u1T at™ © Il |n & +C1+C2 ’(5)
mkhT_ r,
Pl s inPur T 1 1
B: cr ™ cep.u1T atMm © ma ___+C +C ,6
2T, r. R, ° ° ©
$=0,03415 P L @)
Cep.CB Cep.CB
7> [T?
©=0,0133A -2~ (g5_ ) - (g)
d

—
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— Tnﬂ B Ty
cep.cB - T
In-L (©)
Ty
2 P
P ==lp +—r ,
cep.cB 3 BHO PB"6 + Py (10)
— unﬂ + uBI/I -_— Zl‘U‘I + ZBH
ucep.rm _Tﬁ ' cep.mut _T6 ' (11)
A=f(Reg) , (12)
Re=177ﬂ% (13)
cep.c BH
20,
€= ) 14
r (14)

Pusy Puuwss Pyy Peep.s — BIINOBITHO M1aCTOBUIMA
THCK, TUCKW Ha BHOOI Ta yCTi CBEPAJIOBHHHU 1 cepe-
ITHIA THCK Yy cTOBOYpi cBepuioBuan, Ml la;

To Ty, Teepes — TeMIeparypa BiJTIOBITHO
wiacToBa (BUOiitHA), YCTHOBA 1 CEpeHS B CTOBOYI
CBEpIOBUHHY, K;

q - nebiT razy 3a CTaHJapTHUX YMOB,
tHc.M"/11;

Si O — KOMILIEKCHI TapaMeTpH,

L — rimbuHa CrycKy HacOCHO-KOMITPECOPHHX
TpyO (BiZCTaHb Bijl yCTS CBEPIOBHHU [0 CEPEIH-
HU lHTepBaJIy nep(bopauu) M;

—BHyTpimHI# giameTp koinoun HKT, cMm;

k— Koe(illieHT MPOHUKHOCTI TUIacTa, M*;

h —ToBIMHa miacTa, M;

R« — paxiyc KoHTypy *wuBlIeHHs (pamiyc 30HH
JPCHYBaHHsI CBEPIOBHHU), M

I. — paJiiyc CBep/ITIOBUHHU 32 JIOJIOTOM, M;

| — mapaMeTp MakpOIIOPCTKOCTI TIACTa, M;

| —abcomoTHA IIOPCTKICTB TPYO, CM;

Re —uucno PeitHomnbaca,

€ — BIIHOCHA IMIOPCTKICTH TPYO;

P, —BigHOCHA rycTHHA ra3y;

Per — TYCTHHA Ta3y 3a CTaHIAPTHHX YMOB,
Kr/M”;

Zuny Zoys — KOCOIMIEHT CTUCITMBOCTI Ta3y MpH
IJIACTOBIM TeMIiepaTypi 1 BIATIOBIAHO TPHU THCKAX
Prm i PBPI6;

Mo Moug — ,Z[I/IHaMquI/II/I Koe(lnuleHT B’ SI3KOCTI
ra3y npH IUJIACTOBIH TeMmepartypi 1 BiIMOBITHO TPH
TUCKaX Py, 1 Py, [asc;

cep.cs — KOE(DIIEHT CTUCIMBOCTI Ta3zy IIpH
TCCp.CB i ccp.cs;

Heep.cs ;[I/IHaMquI/Iﬁ KoeiIlieHT B’ SI3KOCTI Ta-
3y IpH Teep.en 1 Peep.css MITac;

A — KoehILIEHT TiaPaBIIYHOIO OMOPY HACOC-
HO—KOMIIPECOPHHX TPYO;

C,, C3 —koe(ilieHTH HEAOCKOHAIIOCTI CBEP/I-
JIOBMHU 3a CTYIIEHEM PO3KPHTTS TUIACTA,;

C,, C4 — koe(ilieHTH HEAOCKOHAIIOCTI CBEP/I-
JIOBHHU 3a XapaKTEPOM PO3KPHUTTS ILIACTa.

P,,=0,101310° I1a; T.,=293K.

IMigcraBuBig BUpas s Py, 3 piBHsHHSA (4) B

piBHAHHS (3), OTpUMAEMO:

72 )

P,=/P & A@+(B+0O)[G*. (15)
IMizcraBumo B piBusHHs (15) BUpasu mas Ko-
edinieHTiB  QUIbTpAIMHUX OMOPIB MPUBUOIHHOT
30HM IUIACTa 1 KOMIUIEKCHOTO mapaMeTpa O 3 pis-
usub (5), (6)i (8). Otpumaemo:

P P’Z[@@ ucepnﬂzcemeaTMT
" nkhT,,
R
In r_k +C, +C, |G+

pCT cep.iut at™ 1 1 (16)
S +C+C, |+
20 h? EHEFCT r R,

c

_])[qz

Amnaris piBusaas (15)1 (16) cBiguuTh, mo s
MiHiMi3alii 3HaYeHHS TIACTOBOTO THUCKY P, He0O-
XiJJHO 3MEHUIUTH 3HA4YEHHS YCTBOBOIO THUCKY Py,
Koe(immieHTiB QUThTpaIlifHIX OMOPiB MPUBHOIHHOT
30HM macta 4 i B 1 KOMIDIEKCHOTO IapameTpa 0,
SKHI XapaKTepu3ye BTpaTH TUCKY B KOJIOHI HAcOC-
HO—KOMIIPECOPHUX TPYO.

Takum 4MHOM, 10 OCHOBHHX HATPSMKIB 3MEH-
UWeHHSL KIHYe8020 NIACHOB020 MUCKY GIOHOCAMbCSL:

- 3MCHIIICHHS POOOYOT0 THUCKY Ha THPJi CBEp-
IUIOBHHH, Py;

- 3MCHIIICHHS T1IpaBIiYHUX BTPAT TUCKY B Ha-
COCHO—KOMITPECOPHHUX TpyDOax (3MEHIIEHHS Koe-
(¢irieHTa TiIPaBIYHOTO OMOPY A);

- 3MCHIIICHHSI BTpaT THCKY y MPUBUOIWHINA 30-
HI TUTacTa NUIIXOM 301TBIICHHS Koe]iIlieHTiB mpo-
HukHOCTI K i MakpomopctkocTi | mnacra;

- MIABUIIIEHHS riﬂpoz[I/IHaMquo'i JIOCKOHAJIOCTI
CBEP/UIOBUH 3a CTYIIEHEM i XapaKTEPOM PO3KPUTTSL
miacta (3MEHIICHHS KOe(illieHTIB HeOCKOHAIOCTI
ceepmmosun (C1, C2,C3, C4)).

MiHimasbHi 3HaY€HHSI YCTHOBOTO THCKY MOXK-
Ha 3a0e3MEeYNUTH YBEICHHSAM B CKCILTyaTaIlilo J0-
THCKYBaJILHOT KOMITPECOPHOI CTaHIIii, 3aCTOCYBaH-
HSM TPUYCTHOBUX C€KEKTOPIB 1 3aHYPEHUX CBEPI-
JIOBUHHHUX BaKyyMHUX KOMIIPECOPIB, MOJaueIo Ta-
3y MICIIEBUM CHOXHBayaM i mepepoOKoro rasy Ha
Micii BHAOOYyBaHHA. BTpaTu THCKy y CTOBOYpi
CBEPIUIOBUH MOXXHA 3MEHIIMTH MOMNEPEIKEHHAM
YTBOPEHHS! [JIMHUCTO-TIIIAHKX i PiIMHHAX TTPOGOK
Ha BHOOSX CBEpIOBHMH, TiIPATiB 1 BIIKIAJCHHS
colieli y HacOCHO-KOMITPECOPHUX TPyOax i CTBO-
PEHHSM OJHOPITHOTO BUCOKOAMCIIEPCHOTO Ta30pi-
JMHHOTO IOTOKY B HACOCHO-KOMIPECOPHHX TpY-
0ax 3a HAsBHOCTI PIJIMHU Yy TUIACTOBIMA MPOMYKIIIL.
Brparu Thcky y npuBuOIfHIA 30HI CBEPIOBHH
MOKH& 3MEHLIMTH NPOBEJICHHSM BiINOBIAHUX Xi-
MiYHMX, (DI3UYHUX, MEXAHIYHMX 1 KOMIUICKCHHUX
o6p06neHL miacTa y MpUBHOIWHIA 30HI 3 METOIO
OYHINEHHST HOTO BiM 3a0pymHEHB, 301TBIICHHS
MPOHUKHOCTI MOPIBHSHO 3 MPHPOJHUM 3HAUYCHHSIM
1 TABUILEHHS TOCKOHAJIOCTI CBEPJIOBHUHH 3a CTY-
TICHEM 1 XapaKTepOM PO3KPUTTs IiacTa. JlockoHa-
JCTh CBEPIUIOBHHH 332 XapaKTEPOM PO3KPHUTTS
TUTaCTa MOXKHA MiJBUIIUTH CTBOPCHHSM JOJIaTKO-

Z2 e T2
+0,01332 (2t e (e

BH

ISSN 1993—9973. Po3Bigka Ta po3pobka HadToBuMX i rasoBux pogosuwy. 2013. Ne 3(48)



HocnigxeHHs ta merogu aHanizy

BHX TepOpalliiHUX KaHAJiB Ui 3 €HAHHS I1ac-
Ta 13 CBEP/UIOBHHOIO 1 MIAKIIOYEHHS B eKCILTyaTa-
U0 HENPALIOKYMX Ta30HOCHUX Mpomapkis. Jlo-
CKOHAIIICTh CBEP/JIOBHHH 33 CTYIICHEM PO3KPHTTS
IlacTa MOYKHA IJBHIIUTH IOTIMOJICHHSIM CTOB-
Oypy CBEpAJIOBHHH, SIKIIO IJISl LBOTO € YMOBA, ab0
OypiHHSIM OJAaTKOBUX OOKOBHUX CTOBOYPIB.

3amponoHoBaHa MaTeMaTHYHa MOJENb Mpo-
1ecy MiHiMi3amii 3Ha4eHb KIiHIIEBOTO ILIACTOBOTO
THCKY anpoOoBaHa JUIi YMOB IOKJIAay TOPH30HTY
HJ-4 OnapcbKoro ra30Boro poJoBUIIa.

l'opuzontr HA-4 3ansarae B iHTepBani raubuH
520-560M i cknageHnii 4epryBaHHSIM MpPOIIAPKiIB
MCKOBHKIB Ta ajeBpoidiTiB. CKyImueHHs Tra3y B ro-
pusonti HJ[-4 yTBOPIOIOTH CKJICHIHHUN ITOKJIA
ra3y miaacroBoro tumy. [lokmax yBeneHuit B pos-
pooky y 1940 poui. Ha 01.01.2012poky mokian
po3pobIsieThest 9-Ma CBEPIOBUHAMM. I[e61TI/I razy
smiHtoroTECH Bix 0,3 THC. M3/,I[ mo 8,5 tuc.m /z[ (B
cepenHbOMy J1e0iT rasy popiHioe 4,22 THC.M *In),
poOouMii THCK Ha YCTi CBEPJIOBHH KOJHMBAETHCA B
mexax 0,5-0,6 MIla (B cepenHbOMY CTaHOBHUTH
0,57 MIla). 3a yac po3poOKH NOKJIAAY IUIACTOBHI
TUcK 3HM3MBCs 3 5,39MIla no 0,6 MIla. Cepenni
3HAYCHHS KOEQiUieHTiB (inbTpamiiHuX  ONOpiB

npuBHOIHHOT 30HU [1acta (3H3H) JIOPIBHIOIOTh
A=0,099 MIla® g/tuc., B=3,7510*
(MHa e M),

VYTouHEHi 32 MPOMUCIOBUMH JAaHUMH IOYaT-
KOBI JpeHOBaHI 3amacu rasy cTaHoBisaTh 4036
MiH.M". [loTOuHMI KOe]iUieHT Ta30BUITyYCHHS
nopiHioe 85,8%. OrnineHnii 32 MPOMUCIOBUMHU
JTaHuMH (3a ,, KpUBOIO CEpeIHBOT MPOTYKTUBHOCTI")
KiHIIeBUH KOoe(ilMieHT Ta30BWIIYICHHS 3a iCHYI0YO1
CHUCTEMH PO3pOOKH IOKJIaay CTaHOBHTH 86,73%,
o OOIPYHTOBYE HEOOXIAHICTH MPOBEICHHS IeEO-
JIOTO-TEXHIYHUX 3aXOJiB 3 HOro 301IbIICHHS.

Jnst ymos moknany ropusonty H/-4 Onapce-
KOTO T'a30BOTO POJOBHUINA OLIHEHO BIUIMB HA KiH-
1eBril KOe(iIlieHT ra30BIIIyYEeHHS 3Ha4YCHb PO0O-
YOro THCKY Ha YCTi CBEpIUIOBHHHM, AEOITYy Tasy i
KoeimieHTiB QUIBTpaliiHIX OMOPiB MPUBUOIHHOT
30HM M1acta 4 i B.

Po3paxyHKH BHKOHAHO Ul DI3HUX 3HA4YECHb

THCKY Ha ycTi ceepanosuH Py - 0,503; 0,5; 0,4; 0,3;

0,2; 01MHa z[e61Tyra3yq 422 4, 3 2,1, 05
0,1 tc.M%/1 i CTyIeHS 3MEHIICHHS 3HAYeHb KOe-
(bluleHTlB ¢inprpaniitnux onopis [13[1 41 By 2; 4;
6; 8; 10pas3iB mopiBHIHO 3 (HAKTUYHHUMH 3HAYCH-
HSIMH.

Y pospaxyHKax BUKOPHCTAHO HACTYIHI (ak-
THYHI TMPOMUCIIOBI JaHi: MOYATKOBUH IMIACTOBHUI
THCK P,,,=5,39 MIla; moToYHMI MMIACTOBUI THUCK
P.,=0,6 MIla; BigHOCHa TycTMHa raszy —

pP. = 0,559;nnacroBa remneparypa T, — 298K;

TeMIIepaTypa rasy Ha ycti CBEPIUIOBHHH T, — 291K,
MOTOYHHH I[C61T »CePEHBOI” CBep,Z[JIOBI/IHI/I
q-= 4 22tuc.M /Il, HOTO‘lHI/II/I TUCK Ha YCTI ,,cepe/-
HBOI” CBepUIOBUHU P 0,503 MIla; rnmmnbOuna
omyckanas HKT L= 5%0 M; BHYTPIIIHIA IiaMeTp
HKT d,=0,062 m; xoedimieHT TrigpaBIig4HOrO
omopy HKT A=0,024.

KoedimieHT cTucnuBocTi rasy npu pizHUX TU-
CKax, TeMIepaTypax BU3HAYAIM 3a 3aJCKHOCTIMH,
HaBeIeHUMH B poborTi [3].
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VY nmocmimKeHHAX 3a BaﬂaHI/IMI/I 3HAYCHHSIMH
nebiTy razy ( i ycTbOBOTO THCKY P, BH3Hauamm
BUOIiHUI THCK P, 32 Popmymoro (4v) a TOTIM —
IJIACTOBHMM THCK IJIS 3aJlaHUX 3HA4YCHb KoeirtieH-
TiB (iNBTpALifHUX OMOPIB MPUBUOINHOI 30HHU IJIa-
cTa 3a (opMyIIOIo:

R, =P +AlG+BIY’ (17)
3a 3HaYCHHSMU IUIACTOBOTO THUCKY BH3HAYATH
Koe(ilieHT ra3oBuITydeHHs 3a popmymoro (1).

3a pe3yiapTaTaMH BUKOHAHUX pO3pPaxyHKIB
mo0OyIOBaHO 3aJIEKHOCTI KIHIIEBOro KoedilieHTa
ra3sOBUJIYYEHHs! BIJl CTYIICHs 3MEHIICHHs Koedii-
€HTIB (UIBTPALIMHUX OMOPIB NPUBHUOIHHOI 30HH
TUIacTa JUIS PI3HUX 3HAYEHb JIe0iTy ra3y i yCThOoBO-
ro THCKY, siKi mus nebitie rasy 4,22; 2; 1; 0,5;
0,1 tuc.m’/1 306paxeno Ha puc. 1-5.

3rifHO 3 pe3yNbTaTaMu PO3PaxyHKIiB 3MEH-
IICHHSA B KOMIUIEKCI 3HAYECHb BCIX JTOCIIKYBaHUX
mapamMeTpiB MPU3BOIUTE 0 30UTBIIIECHHS KiHIIEBOTO
Koe(irmienTa Ta30BWIYYCHHS. BIUIMB 3HIDKCHHS
THCKY Ha YCTi CBEPJUIOBUHH HA 301IBIICHHS KiHIIE-
BOro KoeilieHTa ra30BHIY4YEHHS 3pOCTae i3 3Me-
HIICHHSM 3HAYCHHS MiHIMAJIBHO pPEHTA0CIHHOTO
Ae0iTy rasy i 30UIBLICHHSM CTYNCHS 3MCHLICHHS
KoediuienTiB pinbTpaniinux onopis 4 i B. Brums
3MEHIIICHHSI 3HAYEeHHS MiHIMalIbHO PEHTA0EIHHOTO
Je0iTy ra3y Ha 30UTBIIEHHS KiHIICBOTO KOSQIIlieH-
Ta Ta30BWIyYEHHS 3POCTAE 31 3MCHIICHHSIM THUCKY
Ha YCTI CBEPMJIOBUHU 1 30UIBIIEHHSM CTYTICHS
3MEHIICHHS Koe(ilieHTIB (iNbTpalifiHUX OIOpPiB
AiB.

I3 aHani3zy po3paxyHKOBUX JAaHWX BUIHO, IO
i3 3MEHIICHHAM THCKY Ha YCTi TeMIl 30UIbIICHHS
KIHIIEBOTO KOe(illi€HTa Ta30BIIYICHHS TIOCTYTIOBO
3HIKYETHCSA. SHIKCHHS THCKY Ha yCTi CBEPAJIOBU-
HU HaWOLIBII ICTOTHO BIUIMBAa€ Ha 3HAYCHHA KiH-
LEBOr0 KOC(ILIEHTA Ta30BUIYICHHs Ha 3aBepilia-
JBHIH cTafil po3po0KU MOKIaay B YMOBaX HU3BKHUX
neOiTiB ra3y.

ToMy, Jayke BaXJIMBUM JIJIsI OTPUMAHHS BUCO-
KHMX 3HAaueHb KIHIIEBOIO KoeQilli€HTa T'a30BHIY-
YCHHSI € MaKCHMalbHE 3HWKCHHS THCKY Ha YCTi
CBEPJIJIOBHHU 1 EKCIUTyaTallisi CBEpAJIOBUHH 3 €KO-
HOMIYHO peHTaOETbHUM MiHIMAJIBHAM J1e0iTOM
rasy.

AHaJi3 3aJIeKHOCTEH KIHIEBOTO KoedillieHTa
ra30BUIIYYEHHS BiJl CTYINEHs 3MEHIICHHS Koediri-
€HTIB (ITBTpalifHUX OMOpPiB NPUBHOIAHOI 30HH
miacta A 1 B Ta THCKY Ha YCTi CBEpUIOBHH CBifI-
YNTh, WO JUIsl YMOB IOKIAAy TOPH30HTY H/I-4
Onapchkoro ponoBuIIa KiHIEBUH KoedilieHT ra-
30BHILYYCHHs ICTOTHO 30UIBIIYETHCS IPU 3MEH-
mieHHi 3HayeHb A i B go 4=x pasiB. [lomanbmie
3MeHIICHHS 4 1 B BIUIMBa€ MEHII CYTTEBO. Tak,
IpH 3MCHILIEHHI 3Ha4YeHb Koe(dilieHTiB (imbTpa-
uiiiaux omnopis 11311 4 i B'y 4oTHpH pasu KIHUEBHi
KOeQiIliEHT Ta30BUITyYEHHS 3M1HIO€TI>C$I B TaKWX
MeKax: Tpu fe6iTi rasy 4,22 Tuc.M /1 i THCKY Ha
yeri 0,1 MHa — 88,87- 94 2%, 0pu  nebiTi rasy
0,1 tuc.m*/x i THCKY Ha yeri O, 503MHa - 91,04-
91 16%, npu 1e6iti rasy 0,1 tme.mln i TUCKY
Ha yCTi 0,1MHa - 97,6- 98,08%.Hp1/1 3MEHIIIEHH]
3Ha4YeHb KoedinieHTiB QinprpaniiHux omopis I13I1
B 10 pasiB KiHIEBHI KOE(DIIIEHT ra30BHIIYUCHHS
3MIHIOETHCS B TAKHX MEXKAX:

—
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q=4,22 tnc.m3/p

by
0.98 -
0.96 -
0.94 -
0,92 -
0.9 -
0.88 -
0.86 -
0.84 -
R B T T e s S
0.8 ———————— ————

1-0,6;2-0,503;3-0,5;4-0,4;5-0,3; 6,2,0d —0,1MIla
Pucynoxk 1 —3ajexknicTh KiHIeBoro koe@imieHra ra3oBuaydeHHst

Bi cTynenst 3MeHIIeHH] KkoeQinieHTiB pinbTpaniiinux onopis A i B
s aedity rasy 4,22tuc.m/n i pi3sHIX 3HaYE€Hb THCKY HA YCTi CBEpP/IVIOBHH

P 1
(.98 -
(.96 -
(.94 -
(192 -
0.9 -
088 -
0.86 -
0.84 -
0.82 | | | . | . | | | |

0.8 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5

0 | 2 3 4 3 ¢ 7 S 9 10 11
n, pasie

1-0,6;2-0,503;3-0,5:4-0,4:5-0,3; 6,2, —0,1MIla

Pucynok 2 —3anexHicTb KiHueBOro koedinieHTa ra3oBuIy4eHHs
B cTyneHs 3MEHIIeHHs koediuieHTiB gisbTpaniiinux onopis A i B
AJ1s qediTy razy 2 tuc.M /1 i pi3HHX 3HaYeHb THCKY HA YCTi CBePAJIOBHH
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0 | 2 3 4 3 ¢ 7 S 9 10 11
n, pasie
1-0,6;2-0,503;3-0,5;4-0,4,5-0,3; 6,2,(0d —0,1MIla

Pucynok 3 —3anexHicTb KiHleBOro koedinieHTa ra3oBUIy4eHHS
Bl cTyneHs 3MeHIIeHHs KoediuieHTiB giabTpaniiinux onopis A i B
s aedity razy 1ruc.m/a i pisHHX 3HAYeHb THCKY HA YCTi CBePAJIOBHH

q=0,5 tnc.m3/p

{ 1 2 3 4 3 O 7 s 9 10 11
n, pasie
1-0,6;2-0,503;3-0,5:4-0,4:5-0,3; 62,04 —0,1MIla

Pucynok 4 —3anexHicTb KiHleBoro koedinieHTa ra3oBuIy4eHHs
Bil cTynenst 3MeHILIeHHsI KkoepinieHTiB pinbTpaniiinux onopis A i B
s aedity razy 0,5Tuc.m’/n i pi3sHMX 3HaYEHb THCKY HA YCTi CBEP/IJIOBHH
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q=0,1 tnc.m?/p,

(.98

0496
0.94 1
(.92 4

09 -
{1.88
1.86
.84 1
.82

0.8 5 i 5 .

=

1
=]
N

11
n, pazie

1-0,6;,2-0,503;3-0,5;4-0,4;,5-0,3; 6,2,0d —0,1M!la

Pucynox 5 —3ajexknicTh KiHIeBoro koe@imieHra ra3oBujayyeHHst
Bl cTynenst 3MeHILIeHHsI KkoedinieHTiB pinbTpaniiinux onopis A i B
s aedity razy O,1tue.m’/n i pi3HMX 3HAYEHb THCKY HA YCTi CBEP/IJIOBHH

npu 1e6iti razy 4,22THc.M/ 1 i THCKY Ha ycTi
0,1Mlla — 88,87-96,2%,

npu ae6iti razy 0,1 tmc.mM*/x i THCKy Ha ycri
0,503MlIla — 91,04-91,19%,

npu xe6iti razy 0,1 Tie.M/x i THCKY Ha yeri
0,1MIla — 97,6-98,19%.

[Ipu mocriiiHOMY yCTBOBOMY THCKY 1 3MEH-
HICHH] 3Ha4YeHb Koe(ilieHTIB (inbTpaliiHUX OMO-
piB A 1 B B 10 pa3iB kiHLeBUi Koe(]illiEHT ra30BH-

JIy4eHHsI 30UIBIIYEThCS B cepeaHboMy Ha 4-6 9.

[Ipu omHakoBOMy 3MEHIIEHH] 3Ha4YeHb KoegilieH-
TiB ¢inbTpauiiinux omnopiB 4 i B kiHueBuit xoedi-
I[IEHT Ta30BWIIyYeHHS Oyae TUM OiNbIIvid, YUM
MEHIITUH THUCK Ha YCTi CBEPIJIOBUHU. 3HIKCHHS
THCKY Ha YCTI CBEPIJIOBHUH ICTOTHIIIC BIUTMBAE HA
301IBLICHHS KiHIIEBOTO Koe(ilieHTa ra30BHIydYeH-
Hsl TOPIBHSHO 13 3MEHIIICHHSIM 3HAa4eHb KOCQIIli€H-
TiB QiIbTpaLiiHuX omopi 4 i B.

Pe3ynbTaTi BUKOHAaHHUX JOCTIHKCHD CBiA9aTh,
mo 0OpoOJIeHHs MPUBUOINHOI 30HM IIIacTa 3 Me-
TOIO 3MEHIIEHHA KoedimieHTiB (inbTpamiiHux
omnopiB 4 1 B AOUiNbHO NPOBOANUTH Ha PaHHIX cTa-
TISIX PO3POOKH MOKITaAy B yMOBaX BHCOKHX JeOITIB
rasy. Ilpu HU3BKUX éue6iTax rasy (B HaIIOMy BHIIa-
aky 0,1-0,3 tuc.M”/n) 3MeHIIEHHS KOEQIIiEHTIB
¢inpTpaniiHux onopis 4 i B Maiie He BIUTUBA€E Ha
3HA4YEeHHS KiHIIEBOTO KoeQilieHTa ra3oBHIY4YCHHS
(muB. puc. 4i 5).

3anponoHoBaHa MaTeMaTHYHa MOJENb IpO-
1ecy MiHiMi3alii 3Ha4eHb KIiHIIEBOTO ILIACTOBOTO
razy y BUCHQ)XEHUX ra30BUX MOKIAAaxX 3 ra30BUM
PEKMMOM PO3pPOOKH BpaxoBY€ MOTOYHUH CTaH
pPO3pOOKH Ta30BOTO TIOKJIAMy, XapaKTEPUCTHKY
MPUBUOINHOI 30HM TUTACTA 1 TEXHOJIOTIYHI ITapame-
TPU eKCIDITyaTalii cBepuioBUH. J[aHa Mozenb mae
3MOTy OLIHUTH BIUIMB OKPEMHX BH3HAYaJIbHUX

C)

YUHHHKIB YM CYKYIMHOCTI YMHHUKIB Ha 3HAYCHHS
KIHIIEBOTO TUTACTOBOTO TUCKY 1 KiHIIEBOTO Koeilli-
€HTA Ta30BHIYYCHHS 1 OOIpyHTYyBaTh HalOUIBII
MEePCIEKTUBHUMA METOA 30UIBIIECHHS KIHIIEBOTO
Koe(imienTa Ta30BUIIYyUCHHS IS YMOB KOHKpPET-
HOTO TOKIamy. JlociiKeHHs, BUKOHAHI JJIsT YMOB
noknany ropusonty HJI-4 Onapcekoro pogoBuia,
CBiAUaTh Mpo OaraToBapiaHTHICTb PilIeHb 10O
30UTBbIIIEHHST BHIOOYTKY Ta3y Ha 3aBepIiaibHii
cTafii po3poOKHU ra30BHUX MOKIAIIB.

Y monanpmioMy nepeadadaeThcs PO3UTUPUTH
CIIEKTP JOCIIHKeHb TSl YMOB T'€0JIOTi9HOI OyI0BH
1 po3pOoOKHM 1HIIMX Ta30BUX MOKIAIIB.
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