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Hageoeno memoouxu npocHo3yeanns mexHon02iuHUX NOKAZHUKIE pO3POOKU OOHONNACIOBO20 24308020 POOO-
8UWA O/l 24308020 PEACUMY MA eKCHLYamayii c6epoON0SUH i3 NOCMIUHUM 2UPLOBUM MUCKOM. [l 080NAACMOB8020
20306020 pOOOBUWA 3 PIZHONPOHUKHUMU, 2IOPOOUHAMIYHO (301b0GAHUMU HAACMAMU, SAKI PO3POOIAIOMBCSA COUHOIO
CImKOI0 C68epONIOGUH I3 ROCMIIHUM 2UPILOBUM TMUCKOM, GIOCYMHI OOCMYNHI IHICEHEPHI PO3PAXYHKOBI MemOoOUKU, sKi
OU 00380JIANU ONEPAMUBHO 3 OOCMAMHBOIO MOYHICIIO NPOSHO3YEAMU MEXHOI02IYHI NOKAZHUKU UOOOYBAHHS 2d3).
Po3pobreno memoouxy 0ns GU3HAUEHHS NPOSHOZHUX MEXHOLO02IYHUX NOKAZHUKIE PO3POOKU OBONIACMOBO20 24308020
PO00BUYA Y 2A3080MY PEHCUME CRITIBHOIO CIMKOI0 C8ePON0SUH MdA eKCHIYamayii ix 3 NOCMIIHUM SUPTIO8UM MUCKOM.
Bukonano docniosicennsn na einomemuunomy (MOOeIbHOMY) 0BONAACTOBOMY 2A3080M) POOOSUWI 3 PIZHONPOHUKHU-
MU, 2iOpOOUHAMIYHO [30bOGAHUMYU HAACMAMU, SIKI PO3POOISIOMbCS CRIIBHO €OUHOIO CIMKOK C8EPONOGUH i3 3ACM O-
CYBAHHAM MemoOi8 MAMeMAMUyHO20 MOOENI08ANHS, 30KpeMa, Memooy HOCTIO06HOI 3MIHU CIMAYIOHAPHUX CINAHIE.
3anpononosana memoouxa IpyHmMyemovcs Ha CRIILHOMY PO36'3aHHI PIGHAHHA MAMEPIANLHO20 OANAHCY OSi KONCHO-
20 2A30HOCHO20 NAACA OISl 24308020 PEICUMY, OBOUNEHHOT YOPMYIU NPUNIUBY 2A3Y Y KOJICHOMY NAACMI 00 cepeo-
HbOI' C6epONOBUHY, PIGHANHA PYXY 2a3) ¥ 6EPMUKANLHUX MPYOAX C6ePONOSUH i DIGHAHMNS, Ke GCMAHOGIIOE 38'A30K
MiDIC BUOTTIHUMU MUCKamMu Y KOJHCHOMY niacmi. Ompumano 3anedlcHocmi, wjo 00360110Mb GUSHAYUMU NOMOYHI 3HA-
YeHHs NAACMOB020 i UOIUHO20 MUCKIE Y KOJICHOMY NAACMI, 0eDIiny 2a3y 3 KOJHCHO20 NAACMa i «CepeoHboiy» c6epono-
BUHU, PIYHO2O | HAKONUYEHO20 6U00OYMKY 2a3y 3 KOJICHO20 niacma i podosuwa. Hasedena memoouxa peanizoeana
y npoepamuomy 3abesneuenni Mathcad i anpobosana na einomemuunomy pooosuwi. 3anponoHosana mMemoouxa
BU3HAYEHHA NPOSHOZHUX TMEXHONO2IUHUX NOKA3HUKIE PO3POOKU OB0NAACIOB02020308020 POOOSUA Ol 2A308020
pedrcUMy CRibHOKW CIMKOI0 C8epONI08UH MA eKCNLyamayii ix 3 NOCMIHUM 2UPIO8UM TMUCKOM 003805E€ ONEPATNUBHO
3 BUKOPUCMAHHAM WUPOKO OOCIYRHUX KOMN'TOMEPHUX Npospam po3paxoeysamu mexHon02iyHi noKasHuKu 6udody-
BaHHA 2a3Y.

KirouoBi croBa: GararoruracToBe poOAOBHIIE, CHCTEMa PO3POOKH, CiTKa CBEP/JIOBHH, CITiIIbHA E€KCILTyaTallis
IUTACTIiB, TEXHOJIOTIYHUH PEXNM, J1e0IT ra3y, KoedillieHT ra30BIUITyYeHHS.

Methods for predicting technological indicators for the development of a single-layer gas field for the gas re-
gime and operation of wells with constant wellhead pressure are presented. For a two-layer gas field with different
permeability, hydrodynamically isolated layers, developed by a single network of wells with constant wellhead pres-
sure, there are no available engineering calculation methods that allow one to quickly predict technological indica-
tors of gas production with sufficient accuracy. A methodology has been developed to determine predictive techno-
logical indicators for the development of a two-layer gas field in gas mode, using a common well pattern and oper-
ating at constant wellhead pressure. Studies were carried out on a hypothetical (model) two-layer gas field with
different permeability, hydrodynamically isolated layers, developed together by a single well grid, using mathemati-
cal modelling methods, in particular the method of sequential changes in steady states. The proposed methodology
is based on the joint solution of the material balance equation for each gas-bearing formation for the gas regime,
the two-term formula for gas inflow in each formation to the average well, the equation for gas movement in vertical
well pipes and the equation establishing the relationship between bottomhole pressures in each layer. Dependencies
have been obtained that make it possible to determine the current values of reservoir and bottomhole pressures in
each formation, the gas flow rate from each formation and the "average" well, annual and cumulative gas produc-
tion from each formation and field. The methodology presented is implemented in Mathcad software and tested on a
hypothetical field. The proposed methodology for determining the predicted technological indicators of development
of a two-layer gas field for the gas regime with a common well pattern and their operation at constant wellhead
pressure allows you to quickly calculate the technological indicators of gas production using widely available com-
puter programs.

Key words: multilayer field, development system, well pattern, joint exploitation of formations, technological
regime, gas flow rate, gas recovery factor.
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Beryn

PopoBuiiia npupoaHux rasip 3a3Bu4ai Xapak-
TEepPHU3YIOThCS 0araToriacToBOO OYyZOBOIO 1 CKIla-
JAIOTHCS 3 OKPEMHX Ta30HOCHHX IIIACTIB Ta IMPO-
LIapKiB Pi3HOI TOBLIMHU, IPOHUKHOCTI 1 MIIOMIOBO-
ro nomupenHs [1-2]. ¥ mpoueci po3poOku Gara-
TOILIACTOBOTO POJOBHIIA TAa30HOCHI IUIACTH MO-
KYTh TIAPOTUHAMIYHO B3a€MOIISITH MK COOOIO IO
BCii TIOIII Ta30HOCHOCTI (3a BiJICYTHOCTI HEIPO-
HUKHUX TJIMHUCTUX TOPiJl M HUMH) a00o yepes
JITOJIOTIYHI BIKHA y TJIMHUCTUX IOPOJAX,II0 TO-
B'sI3aHI 3 PO3MHBAHHSAM OCTaHHIX Ha OKPEMHX Ji-
JISTHKAX, YW CJIA0KO MPOHUKHI MEPETHHKH B MICIISIX
BHKJIMHIOBaHHS HETIPOHUKHUX TIWHUCTHX IOPIJ, a
TaKOX Yepe3 TPIUHU y TIMHUCTHX MTOpoJax i Te-
KTOHIYHI TTOPYIICHHS.

SIKII0 Ta30HOCHI IIACTH PO3AiNIEHI MO BCiit
ILIONIi TA30HOCHOCTI HENPOHUKHUMH TJIUHHCTUMH
MOPOJIaMH, X BBaXKAIOTh TiJAPOJUHAMIUHO 130J1bO-
BaHMMU. Taki IIACTH MOXYTh PO3POOISTHCS MOO-
JUHIT OKPEMHUMH CITKaMH CBEpIJIOBHH abo 00'e-
HYBaTHCS B OAWMH CKCIUTyaTalidHWHA O0'€KT s
CIIITEHOI PO3POOKH €QMHOI0 CITKOIO CBEPIIOBHH.
l'azoHOCHI IacTH 00'€THYIOTH B OAMH SKCIUTyaTa-
UidHUN 00'€KT y BUMAAKY BUKOHAHHS TaKUX YMOB!
OJTHAKOBUY (HAONMKEHHUU CKJax ra3y); MoiOHi 3a
CKJIQJIOM 1 KOJIEKTOPCHKMMHU BJIACTUBOCTSMHU IIPO-
JIYKTHBHI IIACTH; OJIM3bKI IMOYATKOBI IUIOIII I'a30-
HOCHOCTI 1 TOYaTKOBI 3aracH rasy; o4aTKOBi Iuia-
CTOBI THCKHU Y TIaCTaX BiJPi3HSIOTHCS HE Oinblie,
HIDK HATHUCK CTOBMA Ta3y MiX HHMH; OJHAKOBHH
peXuM po3poOKH TuIacTiB [3].

3anporoHOBaHO TaKi METOAW BHW3HAYCHHS
IIPOTHO3HUX TEXHOJIOTIYHHUX MOKA3HUKIB PO3POOKHU
POJIOBHIIIA: METOJI IHTETpyBaHHs AudepeHIliabHO-
ro piBHAHHS HeycTaneHoi (ijbTpalii peasbHOro
ra3y B HEOJHOPIJHOMY 3a KOJEKTOPCHKHMH BIac-
TUBOCTSMH TIOPHCTOMY CEPEIIOBHIII 32 BiIOBiJ-
HUX MOYATKOBUX 1 FPAHUYHUX KPalOBUX YMOB, SIKi
TPYHTYIOTBCS Ha TOOY/IOBi T'€0JI0T0-TEXHOIOTIYHOT
MOJIETIi POJIOBHINA 1| BUKOPUCTAHHI CYYacHUX KOM-
M'IOTEPHUX TIPOTPaMm JJisi MPOBEACHHS PO3PaXYHKIB
[4-6]; MeTon mMOCHiAOBHOI 3MiHM CTalliOHAPHUX
CTaHIB; METOJ, OCHOBOIO SIKOTO € EKCTPamoJIAIlis
3aKOHOMIpHOCTEH 3MiHU B Yaci (JaKTHYHHUX MOKa3-
HUKIB pO3pOOKM pONOBMIIA Ha HAHOMMXK4i POKH
[7]. Cepen meronmiB HpOTHO3YBaHHS IOKAa3HHKIB
PO3pOOKH POJIOBUIIIA 3HAYHOI yBaru 3acilyrOBYE
METOJT TIOCHIIOBHOI 3MiHH CTaIliOHAPHUX CTaHiB,
SIKUM XapaKTePU3y€EThCS MPOCTOTOK 1 JIOCTYIIHIC-
TIO PILICHB 1 TO3BOJISIE ONMEPATHBHO 3 JOCTATHBOIO
TOYHICTIO BU3HAYHUTH TPOTHO3HI IMOKAa3HUKH BUIO-
OyBamHs Tazy [8-9]. 3 BHKOPHUCTAHHSM METOLY
MIOCITIZIOBHOT 3MiHM CTalllOHAPHUX CTaHIB PO3p00-
JICHO METOJUKH PO3PaxXyHKY IPOTHO3HUX TEXHO-
JIOTIYHUX TIOKa3HUKIB PO3POOKH OJIHO IJIACTOBOTO
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ra3oBOr0 POJOBHIIA 33 TA30BOTO PEKUMY 1 Pi3HUX
TEXHOJIOTIYHUX PEKUMIB EKCIUTyaTallii CBepJIo-
BHH (32 TIOCTIHHUX 3Ha4YeHb AeOiTy ra3y, Aempecii
Ha IUIaCT, TUPJIOBOTO THUCKY, IIBUIKOCTI PyXy rasy
Ha BXOAi B HacocHo-kommpecopHi Tpyou (HKT) i
Ha rupii ceepanioBunu) [10]. Bigomi Takox MeTo-
VKK PO3PaXxyHKY TMPOTHO3HHUX TEXHOJIOTIYHUX
MMOKa3HHUKIB PO3POOKH T'a30BOr0 PONOBHIIA 32 ra-
30BOT0 PEXHMY CIIJIBHOIO CITKOIO CBEPIJIOBUH
IpU eKCIuTyaTtalii iX 3 MOCTIHHUM Ae0iToM Tazy i
MOCTIHHOIO Jenpeciero Ha twiact [11-12]. [dns in-
X TEXHOJOTIYHUX PEeXHMMIB eKCIUTyaTamii cBep-
JUIOBHH Taki pO3paxyHKOBI METOIUKH BIJICYTHI,
TOMY BHHUKJIA HEOOXiTHICTh B iX po3poOuseHHi. [le
OCOOJIMBO aKTyaJdbHO JUISI 3aBEPIIATLHOI CcTamii
PO3POOKH POMOBHIL, SIKA XapaKTEPU3YETbCs 3HAU-
HOIO TPUBAJICTIO B Yaci i eKCIUTyaTali€r0 cBepIIo-
BUH 3 TIOCTIHHUM THPJIOBUM THCKOM [13-15].

Marepiaju Ta MeTOAU

Po3po0nena MeToanka BU3HAYEHHS NPOTHO3-
HUX TEXHOJIOTIYHHX TOKa3HUKIB PO3POOKH IBOII-
JIACTOBOTO T'a30BOr0 POJOBHUINA 32 Ta30BOI0 PEKU-
MY CIIUTBHOI CITKOIO CBEPIJIOBHMH Ta EKCILIyaTarlii
iX 3 NOCTIIHUM THPJIOM THCKOM, SKa I'PYHTY€EThCS
Ha CHIBHOMY PO3B'SI3aHHI PiBHAHHS MaTepiajbHO-
ro OajaHcy AJisl KO)KHOTO Ta30HOCHOTO IIIacTa 3a
ra3oBOro pexuMy, ABOWICHHOI (GOpMyYIH MPHUILIN-
By ra3zy y KO)KHOMY TIIACTi JI0 CepeTHbOI CBEPIIO-
BUHM, PIBHSHHS PyXY ra3y y BEpTUKAIbHUX TpyOax
CBEPUIOBHUHU (110 €KCIUTyaTaIlifiHiii KOJIOHI Ha Bij-
Pi3Ky CTOBOYpa CBEPIUIOBUH BiJl CEPEIUHU IHTEP-
Bany mepdopariii HIKHBOTO TIIacTa 0 CepeluHU
iHTepBay mepdoparlii BEpXHBROTO IUTacTa 1 TO
HKT Ha Bigpi3ky croBOypa CBEpIUIOBHHH BiJ ce-
peawHU iHTEpBaly nepdopailii BEpXHBOTO IIacTa
i JIo THpya) i PiBHSHHSI, SIKE BCTAHOBIIOE 3B'S30K
MK BHOIMHUMH TUCKaMU B KO)KHOMY TuiacTi. Po3-
paxyHKOBa CX€Ma JBOIIACTOBOTO POAOBHILIA 30-
OpakeHa Ha PUCYHKY 1.

I'a3 3 mpyroro (HIKHBOTO) TUTACTA PYXAETHCS
Bropy €KCILTyaTalliifHOI0 KOJIOHOIO 1 Jalli pa3oM 3
ra3om 3 1 muacra nigHiMaerbes mo HKT Ha noep-
XHIO.

Po3paxyHKHM HNPOTrHO3HUX TEXHOJIOTIYHUX IIO-
Ka3HHKIB pO3POOKH JABOIIACTOBOIO T'a30BOIO PO-
JOBHIIA 32 Ta30BOI0 PEXHUMY CHUIBHOIO CITKOIO
CBEpJUIOBHMH Ta €KCIUTyaTalii ix 3 MOCTIHHUM THp-
JIOBUM THUCKOM BHKOHYIOTH JUIS TIEPIOYy CIIAAHOTO
BUAOOYTKY rasy, IKMi XapakTepHHUH Ul 3aBeplua-
JBHOI CcTafil po3poOKU POJOBHINA, B TaKid MOCIi-
JOBHOCTI.

1. 3amaroThCs PAAOM TOCTITOBHUX 3HAYCHB
gacy t (depe3 oauH piK).

2. 1511 KO>)KHOT'O 3HAUEHHsI Yacy t BU3HAYAIOTh
HaKOMUYEHUH BU00YTOK a3y 3 MEpIIOro i Ipyro-
'O TUIACTIB.
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1 — nepwuii (epxuiti niacm); 2 — opyeuti (nudcuii niacm); 3 — inmepsean nepgopayii;
4 — excnmyamayiuna xkonoua, 5 — konrona HKT
Pucynok 1 — Po3paxynkoBa cxemMa JBOINJIACTOBOI0 POJOBHUIIA 32 CHiJILHOI eKCIJIyaTallii miacris
€IMHOI0 CITKOI0 CBEPIJIOBMH i3 MOCTII{HMM r'MPJIOBUM THCKOM

Q@ud.l (t) = Qeut).l (tn—l) +
+ n(t, 1) -4 ([n21) +n(1)-q,(7) oAL,
qudl (t) = Qeud.Z (tn—l) +

4 n(t, 1) gL, 1) +n(1)- g, (1) oA,
2
1€ Oupi(ly1) s Quupat, ) — Maxommsenyii pi-
J00yTOK Tra3y BIJIIMOBIJHO 3 TMEPIUIOrO i JPYroro
IUTACTIB HA MOMEHT Yacy f,.;;

0> 42(t,) s ¢(0), q,(t) — nebit razy
3 MEPIIOTro 1 JPYroro IUTACTIB BIAMOBIIHO HA MO-
MEHT Yacy f,.;1t.

n(t,_;), n(t) — KUIbKICTb CBEpAJOBMH Ha
MOMEHT Yacy BiAMOBITHO f,.; 1

@ — Koe(illieHT eKCITyaTallii CBep/IJIOBUH;

At — Xpok 1o 4acy B po3paxyHkax (4=365
nio).

Kinpkicte cBepayioBuH y ¢opmymax 1 i 2
MpUHHATa 3MIHHOIO, OCKUIBKM Ha 3aBeplIalibHIH
cTafii po3poOKM POMOBHUINA MOXKJIMBA JIIKBiIaIlis
YaCTUHH CBEPAJIOBUH 3 TEXHIYHMX NPUYMH. Y pasi

e

2

MOCTifHOT KUTBKOCTI CBEPJJIOBUH
n(t, )i n(t)=n.
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Y  mepmomMy  HaOMMKEHHI
G(O=q,(t,1), ¢ (O=q,(,)-

3. 3HaxomATh i3 3aCTOCYBaHHSIM METOMY IIO-
CITIIOBHUX HAOIMKEHb MMOTOYHUN CEepeIHil Iuiac-
TOBHH TUCK y TIEPIIOMY 1 PyTOMY TUIacTaX:

NpUHAMAIOTh

5 b Qouoa () 5
Pa)=| b= . Z(P,, ), (3
e (Pur) ©
~ P t ~
Pnﬂ.Z(t) = LQ_QKLE() 'Z(Pn,mZ)’ 4)
Zn.2 Q2
ne P,,, P,, — TOYaTKOBUH IIACTOBUH THCK

BiJIIIOBIAHO y MEPLIOMY 1 IPyroMy IUIACTaX;
* * o o

Q,, Q, — 3BeneHuil ra30HACUYCHUH TOPO-

BUil 00'eM BiANOBIAHO MEPLIOTO 1 APYToro IJIACTIB;

Zn.l’ Zn.2’ Z(i)}’l/l.l)’ Z(ﬁml

CTHCIIMBOCTI razy 3a IJIaCTOBO1 TEMIIEpaTypu Tm 1
P.l’ P Pn.l.l(t)a

n n

) — xoedimieHT

BIAIIOBIAHO 3a THCKIB
P,,(1).

V nepioMy HaGIMKEHHI 3HAYEHHA Z (Pm‘] ),

2

Z (Pm.2 ) MPUAMAIOTh PIBHUMHU IXHIM 3HAYCHHSIM

Ha MOTIePE/IHI MOMEHT 4acy.

ISSN 1993-9973 print
ISSN 2415-332X online



HocnigxeHHs 1a merogn aHanizy

4. Bu3Ha4aroTh i3 3aCTOCYBaHHSM METOJY TI0-
CIIIJOBHUX HAOJIMKEHb IOTOYHUM BUOIMHUII THCK
JUTSL IPYTOTO I1acTa:

Pgu6.2 (t) = (5)

=B () -4 (2),, 02 (1) B a2 (1)
e

A, = 2 —; By=—>—; (6)
? (ﬂz)cep,zn ? Zcep.Zn
(,uZ) 1.2 +(yZ) 62 .
(/uZ )cep.2 = n > 68U :
oo = 21227 Ltz ™

*

* PV .. .
A4,, B, — moCTiliHi 4acTMHU Koe(illieHTiB
¢GinpTpaniiHux omnopiB NPUBHOIRHOT 30HH JUIs
JPYroro Iuiacra,

Zcep,Zn ’ Zcep.Z: ('uz)cepln’ ('uZ)cep.Z - cepe-

JTHI 3HAYEHHS BIJIIOBITHO KOS]IIliEHTa CTUCIHBO-
cTi razy i moOyTKy auHamidHOro KoedimieHTa
B’SI3KOCTI Ta Koe(illieHTa CTUCIHBOCTI Ta3y B 30Hi
JPCHYBaHHS CBEPJUIOBUHM JIPYrOoro IUiacTa Jjs
IMOYaTKOBUX YMOB (Ha TIOYATOK PO3PAaXyHKIB) 1 TO-
TOYHHUX YMOB.

CepenHi 3HaueHHS KoedillieHTa CTUCIUBOCTI

rasy Z.,, 1 000yTKy AMHaMi4HOro KoedilieHra

B'I3KOCTI 1 KoedillieHTa CTHCIMBOCTI  rasy

(uz )Cep2 BH3HAYAKOTh AK CEpeIHbOapUpMeTHYHE
3HAYEHHS IMX NapaMeTpiB 3a MOTOYHOTO Cepell-
HBOTO IIACTOBOIO THCKY P, (1)1 moTousoro Bu-

O1iHOrO TUCKY P, 5 5(1).

V' nmepmioMy HaONMXCHHI 3HAYCHHSZ,,,, ,

( 774 )cep.2 , ¢, (t) npuiimMaroTs piBHMHE iX 3HAYEH-
HSIM Ha TOTIepeTHIif MOMEHT Yacy.
5. 3HaxomaTh 3 BUKOPUCTaHHAM (OpMyIH

Anamosa ['.A. i MeToy TIOCTITOBHUX HAONIKEHB
IMOTOYHUN BUOIMHMN TUCK JUIS TIEPILIOTO IJIACTa.

Pfuaz (t) -0.,9, (t)z

Psai(0)= 2512 , (8)
e

0,03415p,, -

Sy, = Poz Ly , )
Zcep.1—2 ’ Tcep.1—2
z: | T2
6, =0,01334,_, —CEP"‘Dzzce”'l‘z (€92 -1), (10)
Zcep‘l—2 = f(B:ep‘l—Z’Tcep.l—Z )’
2 P2 (1)

Pcep.l—Z (t) = g P8u6.2 (t) + fu6 ’ (1 1)

Psu6‘1 (t) + P3u6.2 (t)

ISSN 1993-9973 print
ISSN 2415-332X online

Po3Bigka Ta po3po6ka HathTOBMX i ra30BUX POAOBULY,
2023. Ne 3(88)

Tu6.2_Tu6.1

Tcep.172 (t) = ¢ H (12)

In T3u6.2

T 6u6.1
L,_, — BiACTaHb MiX CEpEIMHAMU iHTEPBAIIiB
riepdopalrii mepIoro i IPyroro IJIACTIB;
D,, — BHYTpilIHIi JiameTp ekcruryarauiifHoi
KOJIOHH,
p., — BIIHOCHA TYCTHHA ra3y 3 JAPYyroro Ia-
cTa;

Pcep,1—2 >

1 cepemHs TeMIiepaTypa B iHTEpBaIi CTOBOypa cBe-
PIJIOBUHH MiX IIaCTaMU;
A_, — KOe®IiLlieHT TipaBIigHOrO ONOPY EKC-

T

cep.1-2 — BIJIMOBIIHO cepenHiii THCK

IUTyaTamifHoOl KOJIOHM.
6. 3a smavennsvu P, (¢), P;(1), T

3HAXOJATh CEPEIHE 3HAYCHHS KOeQillieHTa CTHC-

NMBOCTI Ta3y Z,,,; 1 NOOYTKY JMHAMIYHOIO KOe-

(himieHTa B'I3KOCTI 1 KOe(illi€eHTa CTUCIUBOCTI Ta3y

(’uz)cep.l

7. Buznagarots Ae0iT ra3y 3 HepIIoro Iiacra:

*

Al (’uz)cep.l i
2B/Z

cep.1

JJI IEPpIIOTo 11acTa.

qi\t)=-

- T B (13)
Al ('uz)cep.l n Pi’l.l (t) _P621¢5.1 (t) )

2Bl Zcep‘l BIZ

+

cep.1

8. st 3a1aHOrO 3HAYCHHSI TUPJIOBOTO THCKY
YTOYHIOIOTH METOJIOM TIOCIITIOBHUX HAOIMKECHb
MTOTOYHUIN BUOIHHWN TUCK IS TIEPIIIOTO IIacTa:

P ()= P2 (1) 64, [ 3 () + 2 (1) - 19)

3HaueHHA KOMIUIEKCHUX HapaMeTpiB s, ; 1

6,_, BU3HauaTh 32 popmynamu (9) i (10), B sKi
nigcrapisaote popxkuny HKT L, |, BHyTpimmHii
niamerp HKT 4,

onopy HKT A,;.

Peopo-1 (t) i cepennro Temneparypy B HKT T, o

KoeilieHT TigpaBIivHOrO
Cepenniii tick B HKT

BH3HAYAIOTH 3a Gopmymamu (11) 1 (12) 3a 3HAUCH-
HSM TUCKY 1 Temmepatypu Ha Bxoai i Buxoai HKT

(Bimnosimno P, (1), T,5,, P,, T,). Cepenne

3HAYCHHS BIJHOCHOI TYCTHHH Ta3y BHU3HAYAIOThH

METOJIOM 3Ba)KyBaHHS BIJIHOCHMX TYyCTHH Tra3y
OKPEMHX IIJIACTiB IO J1ebiTax rasy i3 MHUX IUIACTiB:

pe.cep = 152.1 “q (t) + /52.2 9> (t) / 91 (t) +4q, (t) (15)

9. TloBTOPIOIOTH PO3PaxXyHKH 3a IyHKTaMH

6-8 110 oTpuMaHHsI 33JaH0T TOYHOCTI Y BU3HAYCHHI

P6u6‘1 (t) .

—
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10. BukopucTOBYHOUM NBOWICHHY (QOPMYITY
MIPUILIMBY Ta3y 1O BUOOKO CBEPJIOBHHHM i (hopmy-
ny Anamosa . A. i pyxy rasy B BEpTHKaJIbHUX
TpyOax, YTOYHIOIOTH METOJOM IIOCHiJOBHHX Ha-
OmkeHb 1e0iT ra3y 3 APyroro miacra.

A2 (/J Z)cepAZ
9 (t) == * +
2(BZZcep.2 +6, )

(16)

A;(#Z)cep.Z
2(B;Zcep.2 + 9172 )

2
N P2, (1)- P2, (1)-€512
* .
BZZcep.Z + 0]—2

V' nepiioMy HaONMWKEHHI 3HAYCHHS Z,,,,,

(uz )an2 , S, 6_, TpHAMAOTH pIBHMMH iX
3HAYCHHSM 3 TIOTIEPEAHBOI ITeparii.

11. YTOouHIOIOTH BUOIMHUI THCK IJIST JPYTOTO
IIacTa.

2
P ()= \/szu6.1 (£)e*2 46,5 g, (1)".(17)
Y nepuioMy HaONMKEHHI 3HAYEHHA S| ,,

6,_, IpuiiMalOTh PIBHUMHU iX 3Ha4€HHSM 3 IOIepe-
TTHBOT iTepaIii.

12. 3a 3a3HayeHHAMH Pm_z (t), P (t) ,
P@u6.2 (t) s T6u6.2

(uz )cep,za Si25 O g

13. I1oBTOpIOIOTE PO3paxyHKH 3a IIYHKTaMH
(10-12) mo oTpmMaHHS 3aaHOI TOYHOCTI Y BH3Ha-

yeHHi P, (t) > G (t)

14. I3 3Haiinennmu 3HauenHsmu g, (1), g, (1)

YTOUHIOIOTh  Z,

Teu&.la cep.2 s

MOBTOPIOIOTH PO3PaxyHKH 3a myHKTamu (8-13) mo
OTpUMAaHHS 3aJaHO0l TOYHOCTI Yy BH3HAYCHHI

P3u6.1 (t)l P6M6.2 (t) .

15. 3a mpoMHCIOBUMH JAaHUMHU YTOYHIOIOTH
MTOTOYHY KIJBKICTh JIFOUMX BHIOOYBHHUX CBEPIJIO-
BUH 7(?).

16. TIoBTOPIOIOTH BCi pO3paxyHKH 3 MYHKTY
1.2 1o mocsTHEeHHS 3a7aHOl TOYHOCTI Y BU3HAYECHHI
3HA4YEHb IIYKAHUX BEJIUYHH.

17. BusHavaoTh 3HaYCHHs AeNpecii Ha OKpe-
Mi IJ1acTu:

API(t)zﬁnml(t)_Peuﬁ.l(t)’ (18)
APz(t)zi)m.z(f)_Pgua.z(f)~ (19)

18. 3HaxomsITh HAKOMYEHHUH BUAOOYTOK ra3y
3 POJIOBHIIA:

Qeuz) (t) = qu().l (Z) + Qeud.Z (t) (20)

19. 3HaxomATh TeMI BUAOOYTKY razy 3 KOX-
HOTO TIIacTa i POIOBHIIL;

0 (t)=n(t)-¢-a (7).
O, (1) =n(t)-¢-a2 (1),

e2y)
(22)
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0(1)=0,(1)+ 0, (7). (23)
3amponoHoBaHa METOAMKA BH3HAYCHHS IPO-
THO3HHMX TEXHOJIOTIYHUX IIOKa3HUKIB PO3POOKHU
JIBOTIACTOBOTO Ta30BOTO POJOBHUIINA 33 Ta30BOTO
PEXKUMY CITUTHHOIO CITKOIO CBEPJIOBHH Ta €KCILTY-
BaHa JIJI YMOB TiMOTETUYHOTO JBOILIACTOBOTO Ta-
30BOT0 POJIOBHIIA 3 TAKUMH JAHUMH:
MMOYATKOBI 3aIacH rasy:
ISl IEPIIOro Iiacra — 50-10° m° R
quist apyroro mracta — 30-10° m’;
MMOYaTKOBUH IJIaCTOBUN THUCK:
11t mepioro 1racta — 33 Mlla,
Jutst apyroro miacta — 33,06 Mlla;
IJ1acTOBa TEMIIEpaTypa:
st eprmoro miacta — 67 °C,
st apyroro mwiacta —69 °C;
TemnepaTypa Ha rupii ceepuiouan —20 'C;
BIJTHOCHA TYCTHHA Ta3y 3 MEPUIOTO i JAPYroro
maactis — 0,6;
3BEJIEHUI Ta30HACHYCHUI TIOPOBHUI 00’ €M:
IS Tepioro macra — 1,461+ 10° M*/MITa,
IS Apyroro 1uiacta — 8,776- 108 M3/MHa,
ITOYATKOBI 3HAYECHHsI Koe(iIlieHTIB (inmbTpa-
[IAHUX OTOPiB MPUBUOINHOT 30HU:
JUTSI TIEPILIOTO TIJIacTa
A4,=0,72 (MITa)* no6/Tac. M,
B=2,4-10" (MIla- no6/tuc.M’);
JUTSL APYTOTO TIacTa
A,=2,5 (MITa)*: mo6/THc. M,
B,=5,8-10 (MIla- 106/Tuc.M);
MoCTiiiHI yacTUHN Koe(ilieHTiB (iabTpamiii-
HHX OTIOPiB IPUBUOINHOT 30HU:
JUTSI TIEPIIIOTO TIIacTa
A;"=28,152 (MIIa)* 1o6/(trc.m’ mITa‘c),
B,=2,51-10" (MITa: no6/Tuc.m)’;
JUTSL APYTOTO TIIacTa
A4,"=98,23 (MIla)* 106/(trc.m’mIIa c),
B,"=6,05-10" (MIIa- 1o6/Trc.M’);
BIJICTaHb BiJl THpJa CBEPAJOBHHU JO CEPEIH-
HU iHTepBaly mnepdopalii mepmoro mracra —
3200 wm;
BIICTaHb MDX CepeMHaMH iHTEpBajiB mep-
(hopartii BepxHBOTO 1 HIXKHBOTO IacTiB — 100 Mm;
rmbuHa onmyckanHs HKT mo cepemunu inTe-
pBaity nepdopaii neprroro miacta — 3200 m;
BHyTpimHI# giamerp HKT — 0,062 wm;
BHYTpILIHIA JiaMeTp eKCIUTyaTalliifHoI KOJo-
Hu — 0,150 m.
st po3pobku pomoBuia mpodypero 80 cBe-
pAnoBHH. 3HaUYEHHS MOYATKOBOI Aempecii Ha mep-
nmii mwiact AP;=1,3 MIla i Ha npyruii miact
AP,=1,5 MlIla. IlogaTkoBuii ne6IT razy 3 KOKHOTO
IIacTa CTAHOBUB BIAMOBIIHO ¢,;=89,89 THC. M /100
1 ¢,,=35,95 THe.M /106, a 1e6iT CBEPAJIOBUHU —
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125,84 tuc.m/n06. TIpu 1EOMY MOYATKOBMI THCK
Ha THPJIi CBEpAJIOBUH JopiBHIOBaB 23,2 MIla.

YV modaTkoBUil TIepiol POJOBHIIE PO3POOIISITH
3 MOCTIHHUM TeMIIOM BHI00YTKY rasy (3,674 % na
pPiK BiIl MMOYAaTKOBMX 3amaciB) NpU eKCIUTyaTaiii
CBEpJUIOBMH 3 TocTidHuM  aebitom (125,84
THC.M/100), IO CYMPOBOIKYBANOCS MOCTYIIOBHM
3pocTaHHsAM fernpecii B 000x mactax. [licms qocs-
THEHHS Y JPyroMy IUiacTi JOIYCTHMOI aempecii 3
METOI0 3armobiranHs pyiHYBaHHIO TIOPiJ Y TPHBH-
O1ifHIH 30HI TIEpEHITH HA TEXHOJIOTIYHUH PEXUM
eKCIDTyaTalii CBepAJIOBHH i3 TOCTIHHOIO Jempeci-
€0 Ha apyruid miact (4P,,=3,314 Mlla = const).
Ha kinens 17-oro poky po3poOKu poIOBHIIA THCK
Ha THPJI CBEPJTIOBUHHU 3HU3UBCS JI0 MiHIMAIHHOTO
3HAYCHHS, HEOOXIIHOTO IS TMOJadvi Ta3y CIIOXKH-
BayaM. ToMmy y MOJaJbIIOMY POJOBHIIE pPO3pOO-
JSUTA, TIATPUMYIOYM TOCTIMHWUH THCK Ha THpIax
ceepioBuH P= 4,432 MIla = const.

Ha xinens 17 poky oTpuManu Taki IOKa3HUKH
PO3pOOKHM pOIOBHIIA: HOTOYHUH MJIACTOBUN THCK Y
nepmomy tiacti — 8,649 Mlla, y npyromy miacTi
— 9,55 Mlla; BuOifiHUH THCK IS TIEPIIOTO IIacTa
— 6,195 MIla, mis gpyroro miacta — 6,236 Mlla;
Jenpecig Ha nepmwii miact — 2,454 Mlla, na npy-
ruii mact — 3,314 Mlla; neOit rasy 3 mepuioro
macta — 41,108 tuc. M’ /106, 3 Apyroro miacta —
19,998 THc. M’/106, ne6iT cBepanoBuun — 61,106
THC.M/1106; KOe(il[ieHT ra30BHIydYEHHS TIEPIIOro
mwiacta — 71,44 %, npyroro miacta — 68,2 %; 3ara-
JbHUA KOe(IIIEHT Ta30BUIIyYEHHS POJIOBUINA —
70,25 %.

PesynpTatu po3paxyHKiB NPOTHO3HHUX TEXHO-
JIOTIYHUX MOKAa3HHUKIB PO3POOKH [BOILIACTOBOTO
ra3oBOr0 POJIOBHIA 32 Ta30BOTO PEKHUMY CITiJIb-
HOIO CITKOIO CBEPJJIOBMH Ta EKCIUTyaTallii ix 3 mo-
CTIHUM THPJIOBUM THCKOM 300pakK€HO Ha PHCYH-
Ky 2. AHali3 pe3ynbTaTiB JOCITIKEHb CBIIYUTH,
0 PO3PaxOBaHI TEXHOJOTIYHI TMOKAa3HUKH MOJIe-
JHHOTO Ta30BOTO POJOBHUINA 3MIHIOETHCS B dYaci
AHAJIOTIYHO, K (DaKTUYHI TMOKa3HUKH PO3POOKH
peanbHUX poaoBHI. sl KOXHOro miacra 3aKo-
HOMIPHO 3HIWKYIOTbCS IIACTOBHH 1 BUOIHHMIA THC-
KH, JIeTpecis Ha IUIacT, AeOIT Tra3y, PidHHA TeMIr
BUAOOYTKY ra3y i 3pocTaroTh Koe(ilieHTH ra30BU-
ayueHHs. [IpoTsrom posrisigyBaHoro mepiony po-
3pOOKH Ta30BOTO POJIOBHINA IUIACTOBHH THCK Y
JIpyroMy (HHU3bKOTIPOHWKHOMY) IUIACTI OUTBIINH,
HDXK y TIEpIIOMY IUIACTi, a Pi3HUIIA IJIACTOBUX THC-
KiB B 000X IJIacTax MOCTYMOBO 3MEHINyeThes. Ha
MOYaTOK PO3TJLLYyBaHOTO TEPioAy PO3pOOKH Po-
JIOBUIIA JeOIT ra3y 3 MepIIoro Iuracta OLTBIIHM,
HIXK 3 APYTOTO IJIACTA, 1 y TOMAIBIIOMY Pi3KO 3Me-
Hiryetses. Ha 28 pik po3poOku poAoBuILa KpHBa
ne0iTy raszy 3 MepIIoro Ijacta MepeTUHAE KPUBY
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JIe0iTy rasy 3 APyroro Iwiacta i gajii po3Mil[y€eThCs
HIDKYE.

Ha MOMEHT 3HI)XEHHS TeMIly PidHOrO BHIO-
OyTtky razy no 0,0956% Bim mo4yaTkoBHX 3amaciB
(ma xineup 34-0ro pOKy pO3POOKM POFOBUILA)
OTPUMAHO TaKi TEXHOJIOTIYHI MOKa3HUKU PO3PO0-
KH: TIOTOYHHUH TUTACTOBUI THCK Yy MEPIIOMY TUIACTI
— 5,58 Mlla, y npyromy muiacti — 6,15 Mlla; Bu-
OiitHmMiA THCK U mepmioro rwracta — 5,49 Mlla,
Jutst Apyroro twiacta — 5,6 MIla; nenpecis Ha niep-
mmii mnact — 0,09 Mlla, va apyruit mmact —

0,5 MlIla; pgebitr ra3y 3 mepmoro Imacra —
0,9 Tuc. ™M /mo6, 3 JIpyroro Iuiacta —
2,5 tie. M/106;  ne6ir CBEP/UIOBUHU —

3,4 THC.M/106; KOeDiI[i€HT Ta30BHIYYCHHS IIep-
moro tiacta — 81,94 %, npyroro miacta — 80 %;
3araJbHUA KOe(ilieHT Ta30BHIYYEHHS POJOBHIIA
- 81,21 %.

3HaYHI 3aJIMIIKOBI 3aMacy Ta3y POAOBUINA, SKi
cTaHOBIAThH 18,79% BiJ MOYATKOBUX 3aIlaciB, IMO-
B'A3aHi 3 BHCOKMM 3HAU€HHAM THCKYy Ha THpJax
CBEPJIOBHH 1 HU3bKOIO MPOAYKTUBHICTIO HUKHBO-
ro macta. s inTeHcudikarii BUAOOyTKy Tasy 3
pOMIOBHUINA 1 IMABHINEHHS KiHIIEBOTO KoedirieHTa
ra30BUIIyYEHHS NOTPiOHO 3HM3MTH POOOYMH THCK
Ha TUpJax CBEPIUIOBHH, HANPHUKIAJ, IUIIXOM BBeE-
JICHHSI B CKCIUTyaTallil0 JOTHCKHOI KOMIIPECOPHOI
CTaHIIii, MoJayi ra3y MiCIIEBUM CIOXKHBa4YaM YH
BUKOPHUCTaHHS MOTO Ha MICIli BUIOOYBaHHS i TIPO-
BECTH T'€OJIOTO-TEXHIUHI 3aX0AW 3 OOpOOIEeHHS Y
CBEPIOBUHAX NPUBUOIHHUX 30H JIPyroro Iuiacta
JUIT  3MCEHIIEHHS KOedilieHTiB  (DUIbTpaIiiiHux
OTIOPiB 1 TUM caMHM 30UTBIIIEHHS ae0iTy rasy 3
npyroro miacrta. Taki poGoTH citif 6yo IpoBecTH
e Ha 18-oMy porti po3poOKHu pogOBHINIA.

Pe3ynbraTtd BUKOHAHUX NOCIKEHb CBIIYaTh
PO MOKJIMBICTh NMPAKTUYHOTO BUKOPUCTAHHS 3a-
MIPOIIOHOBAHOI METOAUKU NPOTHO3YBAHHS TEXHO-
JIOTIYHHUX TOKA3HUKIB PO3POOKU JIBOTLIACTOBOTO
ra3oBOro pOJIOBHIIA 3a TAa30BOI0 PEXHUMY CIJIb-
HOIO CITKOIO CBEPJIOBHH IPH EKCIUTyaTalii 3 moc-
TifHUM TUPJIOBUM THCKOM.

BucHoBku

Y3arabHEeHO 0COOTMBOCTI Te0JIOTIYHOI Oy10-
BH 1 po3p0o0OKH 0AaraToIIaCTOBHX POJIOBHIIL i METO-
JI1 TIPOTHO3YBaHHS TEXHOJIOTTYHUX MMOKAa3HMKIB X
PO3pOOKH 1 CTBOpEHO Ha X OCHOBI PO3PaxyHKOBI
METOMKH Ta ¢(HOPMYJILOBAHO HACTYITHI BUCHOBKHU:

- PO3pO0JICHO METOJUKY BU3HAYCHHS POTHO-
3HHMX TEXHOJIOTIYHHMX MOKA3HUKIB PO3POOKHU IBOII-
JIACTOBOTO T'a30BOT0 POJIOBHINA Y Ta30BOMY PEKH-
Mi CITUJTEHOIO CITKOIO CBEPIUIOBHH Ta €KCILTyaTarlii
iX 3 MOCTIHHUM THUPJIOM THUCKOM, SIKa IPYHTY€EThCS
Ha CIUTBHOMY PO3B'sI3aHHS PiBHSIHHS MaTepialbHO-
ro OajgaHCy Ui KOXKHOI'O Fa30HOCHOTO ILIacTa y

—
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Prn1(t), Pana(t), Pausi(t), Peusz2(t), AP4, APy, MMa

Qaua(t), Qauaz(t), 10° M3, Qq(t), Qo(t), 10° m*/pik
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6) Oi(1)s 02 (1)s Quuot (1)s Quuoa (1), Bi (1), Ba(?)

Pucynok 2 — /luHaMika NpPOrHO3HUX TEXHOJIOTiYHUX MOKA3HUKIB Po3po0KHn
JABOIIACTOBOI0 ra30BOr0 POIOBHIIA CHiJILHOK CITKOIO CBEPIJIOBHH

Y BHIIAJKY iX eKCIUTyaTalil 3 MOCTIHHNM THCKOM HA THpJIi

v
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ra3oBOMY PEXUMi, JBOWICHHOI (YOpMYIH PUILIU-
By T'a3y y KO)KHOMY ILIACTi 0 CEPEIHBOI CBEPIIO-
BUHH, PIBHSHHS PYXYy raszy y BepTUKaJIbHUX TpyOax
CBEP/UUIOBHHU 1 PIBHSIHHA 3B'A3KY MiX BHOIMHIMH
TUCKaMH Y KO)KHOMY TUIACTI;

- CKJI3JICHO aJTOPUTM PO3B'sI3aHHs 3aIpoIio-
HOBaHOI METOJUKH IPOTHO3YBAHHS TEXHOJOTIYHUX
ITOKa3HUKIB PO3POOKH JIBOILIACTOBOTO Ta30BOTO
POJIOBHIIIA;

- anmpo6oBaHO PO3POOJIEHY METOIUKY BU3HA-
YeHHsSI TPOTHO3HUX TEXHOJIOTIYHUX TOKAa3HUKIB
PO3pPOOKH JBOILTACTOBOTO TA30BOTO POJOBHUINA Y
ra30BOMY PEXHUMIi CHUIEHOK CITKOK CBEpP/IOBUH
Ta eKCIUTyaTarlii iX 3 MOCTIHHUM TUPIOBUM TUCKOM
JUTSL YMOB TIiIIOTETUYHOTO POJIOBHIIIA;

- BUKOHAHO aHaJli3 Pe3yJIbTaTiB IPOTrHO3yBaH-
Hs TEXHOJOTIYHUX ITOKa3HHKIB PO3POOKH TiloTe-
TUYHO I'a30BOT'0 POIOBHIIA, IO JaJI0 3MOTY BCTa-
HOBHTHU XapaKTEePHI 0COOJUBOCTI MpoIiecy po3poo-
KM POJIOBHINA, PO3POOUTH PEKOMEHMAIli 11010
iHTeHcH(iKamii BUAOOYTKY Ta3y Ta IIiIBUIICHHS
ra30BHJIyYCHHS 3 POJIOBUINA 1 3aCBITYUTH MOXIIH-
BiCTh BUKOPHCTAHHS 3aPONOHOBAHOT METOIUKH.
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