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Oxapaxmepu308ano 6N1UG PIHUX YUHHUKIG HA Xapakmep (6U2lii0) 3aNedCHOCHI 36e0eH020 CepeOHbO2o NaAc-
MO0B020 MUCKY i0 HAKONUYEHO20 8UO0OYMKY 2a3y 3 po0osuwd. 3pobiieHo NPUNYUeHHs, Wo OOHIEI 3 NPUYUH GIOXU-
JIeHHsL Yyiel 3anedcHocmi 8i0 meopemuyHoi npsamoi 01 2a308020 POOOBUWA 3 2A308UM DENCUMOM PO3POOKU MOodice
OYymu HAABHICMb Y MeXHCaX POOOSUYA PISHONPOHUKHUX 301 (8 MOMY YUCTT 3 ROYAMKOBUM 2PAOIEHMOM MUCKY) | 83a-
emo0isn ix 3 nepemixannam 2azy. [ns niomeepOtCeHHs Yb02o NPURYWEHHS GUKOHAHO Meopemutti 00CaiONCeHM s
npoyecy po3pooKu SinOMmemuyHo20 KPY208020 POOOSUYA I3 YEHMPATLbHOW GUCOKONPOHUKHOKW (AKMUBHOI0) 30HOI0 3
BUO0OYEHUMU CEEPONLOBUHAMU T NEPUPEPIIHOI0 HUZLKONPOHUKHOIO (NACUBHOI0) 301010, 6 AKIIL 6UO0DYEHI CEEePONOBU-
Hu eiocymHui. Mamemamuuna mooenb 00CAIONHCYBAHO2O NPOYeCy GKIIOUANA PIBHSHHA MAMEPIalIbHO20 6ANancy 0
akmueHol | nacuenoi 301, popmyny [ronwi ons 0ebimy 2azy, wjo nepemixac 3 NACUHOL 30HU 6 AKMUBHY, OBOUJICHHY
Gdopmyny npunaugy eazy 00 616010 8udobyeHUX c8eponosunr i gopmyny I'. A. Aoamosa 011 pyxy 2azy y cmosodypi
8U000YBHOI c8epOnosuHU. Pesytbmamu 6UKOHAHUX 00CTI0NCEHb NOBHICMIO NIOMEEPOULU 3p0DIeHe NPUNYWEHHS NPO
BNIUB 30HANLHOI HEOOHOPIOHOCHT NPOOYKMUBHUX NJACIE HA XAPAKMeD 3ANeHCHOCHI 36e0eH020 CepedHbo20 NIAC-
MO6020 MUCKY 8I0 HAKONUYEHO20 BUOOOYMKY 2a3y 3 podosuwa. Taka 3aKOHOMIPHICMb NPOYECy UCHAINICEHHS 2430~
6020 pOO0BUA 6CMAHOBTIEHA 8nepute. 32I0H0 3 pe3yIbmamamu NPOBeOeHUx O0CIIONCeHb U0 BKA3AHOT 3anedic-
HOCMI 3aiedcums 6i0 NPOHUKHOCMEN AKMUBHOL I NACUBHOI 30H, WO HEeOOXIOHO 8paxo8ysamu npu 6UKOPUCTIAHHI il
0J11 NPOBEOeHH sl AHANIZY PO3POOKU 2A308UX POOOGULY.

KitrouoBi croBa: pofoBHuile, IIacT, 30HAIBHA HEOJHOPIIHICTh, pO3p00Ka, IIIACTOBHIA TUCK, BUIOOYTOK ra3y.

Hana oyenka enusnusi pasnuynblx Gaxmopoe na Xapakxmep 3a6UCUMOCIU NPUBEOEHO20 CPEOHe20 NAACHOB020
0agneHUss Om HAKONJIEHHOU 000blul 2a3a uz mecmopoxcoenus. [Ipeononazaemcs, ymo 00HOU U3 NPUHUH OMKIOHE-
HUS MO 3A8UCUMOCTNY OM Teopemuieckol NPAMOoU Ol 24308020 MECHOPONCOCHUS C 2A308bIM PEHCUMOM PA3Pa-
bomKu A61AeMCA HATUYUe 8 NPeoeiax Mecmopo*COeHUS PASHONPOHUYAEMBIX 30H, 8 MOM YUCILe C HAYATbHBIM 2paou-
EHMOM OA6IeHUs, U B3AUMOOEUCMEUe UX ¢ NepemoKamu 2a3d. /i noOmeepicOeHUs Moo NPeonoNoHCeHUs npose-
OeHbl meopemudecKue UCCIe008aHUsi NPoYecca paspadbomKu SUNOMemu4ecKo20 Kpy208020 MeCmOpPON’COeHUs C
YeHmpanvroll evicokonponuyaemol: (AKmueHoll) 30H0U ¢ 00ObIBAIOWUMU CKEANCUHAMU U NEPUPEPULIHOL HUZKONPO-
Huyaemoti (naccueHoti) 30H0U, 8 KOMOPOU 000bIBAIOWUE CKEANCUHBI omcymcemeayiom. Mamemamuueckas modeib
uccnedyemMozo npoyecca SKI0YANA YPAGHEHUS MAMEPUATbHOZO OANAHCA 05l AKIMUBHOU U NACCUBHOU 30H, (opMYyIy
Lliontou ons debuma 2asza, nepemexarOuje2o u3 NACCUBHOU 30Hbl 8 AKMUBHYIO, 08YYIICHHYIO (POPMYIY NPUMOKA 2A3d K
6610010 0obBIBAIOWEl ckeadicunbl U Gpopmyny I. A. Aoamosa 0as dsudicenus 2aza 8 cmeoie 000LIBAIOWEU CKBANCU-
Houl. Pesynomamol 6b1NOIHEHHBIX UCCTIE008AHUL NOTHOCTNBIO NOOMEEPOUNU NPEONONONCEHUE O GIUAHUU 30HANLHOU
HEOOHOPOOHOCMU NPOOYKMUBHBIX NIAACMOS8 HA XapaKmep 3A6UCUMOCTU NPUBCOCHHO20 CPEOHe20 NIACHOB8020 0UG-
JIeHUsl O HAKONJIeHHOU 000bIYU 2a3a U3 Mecmopodcoenus. Takas 3aKOHOMEPHOCIb npoyecca UCMOWeHUs 24308020
MecmopodcOeHuss ycmanosnena enepsvie. CO21ACHO pe3yibmamam Npo8e0eHHbIX UCCAe008aHUll 8UO YKA3AHHOU
3a6UCUMOCIU 3A6UCUN OM NPOHUYAEMOCTU AKMUBHOU U NACCUBHOU 30H, YMO Cledyem Y4umol8ams npu UCHOIb30-
8aHUU ee 0I5l NPOBEOEHUs AHANU3A PA3PAOOMKU 2A308bIX MECMOPOIHCOEHUI.

KiroueBrie ciioBa: MECTOpOXKIEHHE, IJIACT, 30HAIBHAS HEOXHOPOJHOCTH, pa3paboTka, IJIACTOBOE NABJICHUE,
noObIva raza.

The influence of various factors on the nature (appearance) of the dependence of reduced average reservoir
pressure on cumulative gas production was characterized. It is suggested that one of the reasons for this
dependence deviation from the theoretical straight line for the gas field developed with the help of gas drive may be
the presence different permeable zones within the field boundaries, including zones with the initial pressure
gradient, and interaction between them with gas inflow. To confirm this assumption, the theoretical research of the
hypothetical circular field development process with the central highly permeable (active) zone with production
wells and peripheral low permeable (passive) zone with no production wells was conducted. A mathematical model
of the process included the material balance equation for active and passive zones, Dupuis formula for flowrate of
gas that flows from the passive to the active zone, binomial equation of gas inflow to production wells and
G. A. Adamov equation for gas flow in the production well wellbore. The results of the conducted studies fully con-
firmed the assumptions about the influence of productive layers zonal heterogeneity on the dependence of reduced
average reservoir pressure on cumulative gas production. This pattern of gas field depletion process was deter-
mined for the first time. The suggested dependence is different according to the results of the study depending on the
permeability of the active and passive zones. This should be considered when analyzing the gas field development.

Keywords: deposit, layer, zonal heterogeneity, tguent, reservoir pressure, gas production.
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IHocTanoBka mpo0eMH JOCTiIKeHHS

PamionansHa cuctema po3poOKH POIOBHII
MIPUPOJTHUX Ta3iB MOBHHHA TepeadayaTu CUcTeMa-
THYHUN KOHTPOJIb Ta aHAJI3 AUHAMIKHA (HaKTHIHUX
MMOKA3HUKIB  PO3POOKH, CTYNEHS BHUPOOJICHHS
OKpPEeMHX IUIACTiB 1 JUISHOK pPOJOBHIN, HAIXO-
JDKEHHSI TUIACTOBUX BOJ Ta OOBOJHEHHS CBEPHJIO-
BuH [1]. 3a pesyiabTaTamMyd BHKOHAHOTO aHATI3y
BCTAHOBJIIOIOTh XapaKTEPHI OCOOIUBOCTI MPOIECY
PO3pOOKH POJOBHINA 1 TMPUYUHA HEBIAMOBIIHOCTI
NPOCKTHUX Ta (PAKTUYHHX MOKAa3HHUKIB PO3POOKH,
BUSIBIISIIOTh YWHHUKH, SKI HETaTUBHO BIUTUBAIOTh
Ha MpOIeC PO3POOKH POAOBHIIA, IX MPUYUHH 1 BU-
JIAIOTh PEKOMEHAIlil M0J0 BIOCKOHAJICHHS CHC-
TEMH PO3POOKH POIOBHIIA.

Jlo eQeKTHBHUX METOAIB KOHTPOJIIO 3a Ipo-
IIECOM PO3POOKH POJIOBHINA BiTHOCUTHCS TOOYI0-
Ba 3aJIE)KHOCTI 3BEICHOTO CEPEIHBOTO MIaCTOBOTO
THCKY BiJI HAKOIIMYEHOTO BUIOOYTKY Tazy 3 poJo-
BHINA. 3 11 BAKOPUCTAHHSIM BCTAHOBIIOIOTH PEKHM
pPO3pOOKH pOIOBHUINA, BU3HAYAIOTH 332 METOJOM
3HIDKEHHS TUTACTOBOT'O THCKY MOYATKOBI 1 3aJIUIII-
KOBI JIPCHOBaHi 3aracu ra3y Ta OI[iHIOIOTh aKTHB-
HICTh TJIACTOBOI BOAOHAITIPHOI CHCTEMH TIPU HaI-
XOJPKEHHI B POJIOBHINE IIIACTOBUX BOJ, & TaKOX
OIIHIOIOTh XapakTep JPCHYBAaHHS MPOIYKTHBHUX
Bigkmamis [2, 3].

J11st Ta30BOTO PEXUMY PO3POOKH Ta30BHX PO-
JIOBUII 3 OJHOPIIHUMH HECTUCIUBHUMH KOJEKTO-
paMu, 3aJIeKHICTh 3BEJICHOTO CEPEJHLOrO ILIACTO-
BOTO THCKY BiJl HAKOIUYCHOTO BHIOOYTKY Ta3y
Ma€ BHIJISAJ] TIPSMO] JIiHi1, sKa BiITUHAE Ha OCi Ha-
KOMTUYCHOTO BUIOOYTKY ra3y MOYaTKOBI IPSHOBaHI
3amacu rasy. B ymoBax aedopmariii KOJIEKTOpIB y
mporieci po3poOKH POJTOBHINA, TIPOSBY BOJOHAIIIP-
HOTO PEeKUMY, KOHJIGHCAIll 3 Ta3y y IUIACTI Bax-
KHX BYTJICBOZAHIB, IEPETIKaHHS Ta3y 3 1HIIUX TOpuU-
30HTIB, MiJKIIOYEHHS Yy CBEPIJIOBUHAX J[OJIATKO-
BHX Ta30HACHYEHUX IUIACTIB UM BIAKIIOYEHHS 00-
BOIHEHMX IUIACTIB IS 3aJICKHICTh BIIXWISETHCS
BiJl TEOPETUYHOI MPSIMOT JIiHii.

Ha mpaxTuii 3ycTpidaroThcs BUMAIKH, KOJU
HaBiTh B YMOBax ra30BOI'0O PEXHMY pPO3POOKH Ta-
30BUX POJIOBHI 3 HECTHCIMBHMH KOJCKTOPAMH
3aJIeKHICTh 3BEJICHOTO CEPEJHBOrO IIACTOBOTO
TUCKY BiJi HAKOMTUYEHOTO BHIO0YTKY Ta3y 3 pojio-
BUIIA BiIXUISETHCS Bl TEOPETUYHOI MPSAMOI JTiHii.
Hamu BHCYHYTO NpHIYIICHHS, [0 TPUYHUHOIO
IIOTO MOXKE OyTH HAsSBHICTH Yy MeXaX POIOBHIIA
30H 13 CIaOKOIPEHOBAaHMUMH, HHU3HKOIMPOHUKHUMH
KOJICKTOpaMH, SIKi MOXYTh XapaKTepU3yBaTHUCh
IMOYaTKOBUM TPaJieHTOM THCKY. Ha 1ux 30Hax me-
pEBaXXHO BiACyTHI BHOOOYBHI CBep/uIOBHHHU. o
HUX BITHOCATHCS TIEPUQEPiiHi AUITHKH Ta OKpeMi
TUIISTHKY BcepeuHi poaoBuiia. Lli 30HM MoCTymoBo
MIIKITI0YAI0TECS B PO3POOKY, XapaKTEpU3YIOTHCS
ITiIBUIIICHUM TIJIACTOBUM THUCKOM 1 Ta3 3 HUX Iepe-
TiKa€ B 30HY BiIOOpY 3 BUAOOYBHHMHU CBEPAJIOBU-
Hamu. J[si miATBEpIDKEHHS IHOTO TPUIYIICHHS
PO3pO0IIEHO MaTeMaTHYHY MOJIENb TPOIECy B3ae-
MOJii B Ta30BOMY POJOBHII IIMSHOK IJIacta pis-
HOI MPOHHMKHOCTI 1 CTYIEHs IpeHyBaHHS 3 MEpPeTi-
KaHHSM a3y MiX HAMHU.

62 )

MeToan nociimkeHHss (MaTeMaTH4YHA MO-
hi ()19

PosrasiHeMo oHOIUIACTOBE Tra30Be POJOBHILE
3 IEHTPAIbHOI0 BHCOKOMPOHHKHOIO (aKTHBHOIO)
30HOIO 3 BUIOOYBHUMH CBEPIJIOBUHAMHU 1 TIepude-
PIfHOI0 HU3BKOIPOHHUKHOK (ITACHBHOO) 30HOIO, B
sKiii BUOOOYBHI cBepanoBUHHM BincyTHi. [asoBe
pOIOBHUIIIE PO3POOISETHCS B YMOBaxX ra3oBOro pe-
)kuMmy. I[loyaTkoBUM TUIACTOBUM THCK, IUIaCTOBA
TeMIrepaTypa i CKiaa ra3y B 000X 30HaX OJHAKOBI.
OO0’ eM mOp B aKTHBHIiH 1 MaCUBHIN 30HaX y mporeci
PO3pOOKH POJOBHUINA 3ATUIIAETHCS HE3MIHHHM.
ATpPOKCUMY€EMO Ta30BE PoAoOBHILIE KpyroMm. Pamiyc
aKTHBHOI 30HM IMO3HAYNMO R,, pamiyc 30BHIIIHBO-
ro KOHTYpy pomoBuiia (rmacuBHoi 30uu) — R, (pu-
CyHOK 1).

Pucynok 1 —Cxema anpoxkcumanii ra3oBoro
POIOBHIIA 3 AKTUBHOIO i IACHBHOIO 30HAMH
AJIs1 IPOBeIeHHS IOCTiIsKeHHSI poLecy
nepeTikaHHA ra3y Mix HUMH

3anuiieMo piBHSAHHS MaTepiajJbHOrO OanaHcy
JUTSL aKTHBHOI 1 TACHBHOI 30H POJAOBUILA!

anoq.aQnou.aPnoq T - anoq.agnoq.apn,z.a (t)Tcm +
ZnquamMTm Z(Pm.a )PamMTnﬂ
+ QBH}l(t) - Q'mp(t)’ _ (1)
anov.nQnov.nPnovTcm - anov.n?nov.npnﬂ.n (t)Tcm +
ZnouPamme Z(Pm.n )PamMTm
+ Quep(V), 2)
e
Q) = Qi) + 2 ) Gy Oly @
qnep (t) - K, hnTcm Pnz.a.n (t) B P’12“|1:2(:)| ; (4)
:ucep.nzcep.nPamMTm InRi

a
—3a YMOBH PIBHOCTI TUTACTOBOT'O TUCKY Ha 30-
BHIITHHOMY KOHTYpPi MACHUBHOI 30HH CEPETHHOMY
TUTACTOBOMY THCKY B IIiH 30H,

Uy = AP, (t)];ﬂ[Pm.a ] LG
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L 2P, 0]+ 2]P. )
cep.n 2 '

(6)

P,oy —IOYATKOBUH INIACTOBUH THCK,
Tun Ter — BIAOBIHO IIACTOBA 1 CTaHIapTHA
TEeMIIepaTypa,
How.ay Qnm MOYaTKOBUI 00’ €M TMOp BiIO-
BI,Z[HO B aKTUBHIH i MACHBHIN 30HaX POJIOBHUILA,;

pP,.1, Pmn (t) — noTounuit cepenniii mua-
CTOBHI THCK BiJNIOBIIHO B aKTHBHIM 1 MacWBHIN
30HaXx;

Onosay Onown — KOE(IIEHT MOYATKOBOT ra3oHa-
CHYEHOCTI Bi/IIOBIIHO aKTHBHOT i [IACUBHOI 30H;

Zious Z(in), Z(Pm'n) KOeiIlieHT CTHUC-
JIMBOCTI ra3y IpH IUIaCTOBIM TeMIlepaTypi i, Bigmo-
BiIHO, Ip¥ TUCKAX Proy, P, , (), P,,, (t);

Quua(t) — Hakommuenuit (cymapuuii) BumoOy-
TOK Tra3y 3 POJIOBHIIA;

Quep(t) — cyMapHa KinbKiCTh rasy, mo nepere-
KJia 3 MACMBHOT 30HH B aKTHBHY 30HY;

Ouep(t) — MOTOUHA BUTpaTa rasy, o MepeTiKae
3 MACHBHOI 30HU B aKTUBHY 30HY;

. — CepellHe 3Ha4YeHHS Koe(illieHTa MPOHUK-
HOCTI Ta30HOCHOTO TIJIACTa B MACUBHIH 30Hi;

h, — cepenne 3HaueHHs eeKTHBHOI ra3oHa-
CHYEHOI TOBIIWHY I1aCTa B TACUBHIH 30Hi;

Ueepn — CEPEIIHE TIOTOYHE 3HAUECHHS JUHAMId-
HOTO Koe(iIlieHTa B’ I3KOCTI ra3y B TaCHBHIN 30Hi;

Zeepn — Cepe/He IOTOYHE 3HAYCHHS Koedirrie-
HTa CTHCJMBOCTI I'a3y B MACHBHIl 30Hi;

At —inTepBan yacy (Kpok B po3paxyHI<ax)

Po3paxyHOK TEXHONOIIYHKX [OKA3HHUKIB B3a-
emoii B mporieci po3poOKH ra3zoBOTO POJOBHIINA
MMACHUBHOI 1 aKTUBHOI 30H 3 MEPETIKAHHIM Ta3y Mixk
HUMH MPOBOJATH B TaKii MOCIiOBHOCTI.

1 Ilepioau 3pocTaHHs 1 MOCTIHHOTO BUIOOYT-
Ky rasy.

1.1 3amatoThcs pSIOM TOCIITOBHUX 3HAYCHB
gacy t (gepes 1 pik).

1.2 JIist KO’KHOTO 3HA4YeHHS yacy ! BH3Haua-
10Th TemIl Binbopy razy Q(t) i HakonmyeHuit Bumo-
OyTOK a3y 3 poaoBuiia Qg,,(t)

Jlist mepioay 3pOoCcTaHHs BUAOOYTKY Ta3y TeMIT
Bimoopy rasy Q(t) 1 HakomMueHnit BUAOOYTOK rasy
Qunn(t) BuBHAUAIOTH 32 (popmymamu JUISL yMOBH
3MIHH TEMITy BiZI0Opy ra3y 3a MpsIMOJiHIHHO 3a-

JISJKHICTIO!
Q) = Ct(Q3an a + Qann), (7)
QBPI,H(t) = (Q3an at Qsan n) (8)

Jlns mepiomy TOCTIHHOTO BHIOOYTKY Tasy
TemI Binoopy razy Q(t) i HakomuueHuit BUIOOyTOK
razy Q,,(t) BU3Ha4a0Th 3a PopMynamu:

(9)

Q(t) = Ctl(Q3an.a + Q3an.n) = ConSt,
tp
QBI/IH(t) = QBHLI(tl)+ ZQ(t) , (10)

t=t;
ne t — TpuBaiicTh TEepiomy 3pOCTaHHS BHIOOYT-
Ky rasy,
t, — 3araibHa TPUBAJIICTH MEPIOAIB 3POCTAHHA
1 nocTiiiHOro BUI0OYTKy rasy (BUOMpAcThCs 3 YMOBH
BiZI0OPY Ha KiHElb MePiOoAy MOCTIHHOTO BUAOOYT-
Ky ra3y 65-70 %ra3y BiJ Mo4aTKOBHX 3aIlaciB);
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C —xoedirieHT, BUOMPAETHCS 3 YMOBH, 1100 B
nepio]l MOCTIHHOTO BUAOOYTKY Ta3y TeMI BigOopy
ra3y 3 poaoBuiia craHoBuB 4-5 %B pik Bij movar-
KOBHX 3aITaciB Tazy.

1.3 Bu3HauaroTh CyMapHy KiJIbKICTb Ta3y, II0
MEpeTiK 3 MACUBHOI 30HU B aKTUBHY 30HY, Quep(t)
(3a hopmystoro (3)).

MEPIIOMY  HaONIKEHHI  MPUHMAIOTh
qnep(t% = Gep(tn-)-

4 Bu3Ha4yaroTh METOIOM IIOCIIJOBHHX Ha-
OJIMKCHb TIOTOYHUH CEpeHIM TUIACTOBHMI THCK B

aKTHBHI# 30HI pojosuma P, (t), BUKOpUCTOBY-
10un piBHHHS (1).

nui.a

Ppa()= (11)
anomaQnottaPnochm _Q (t) +Q (t)
- ZnowPam an'l em) " Z(P )
anOlt a Qnou a Tcm e
Pl on

1.5 BusHauaroTh METOIOM IIOCIIJZOBHHUX Ha-
OMIKEeHb TIOTOYHHMM CEpenHid IUTACTOBUU THCK B

macHBHIiN 30HI pomosuma P, . (t), BUKOPHCTOBY-
104K piBHAHHES (2).

ni.n

(12)

Pm n (t) =
D ou. nQ

nou. }’IPI’IOU Tcm —_ Qnep (t)
— ZnquamMTm Z (P )
Q Tcm ni.n

aﬂO‘t n nou4.n

Pyl

amm

1.6 BusHavaroTh HOTO‘-IHi CEpe/IHi 3HAYCHHSI
JMHAMIYHOTO KOE(ili€HTa B'A3KOCTI Ta3y Heepn 1
Koe(blmeHTa CTHUCITMBOCTI Ta3y ZCePH Yy TacUBHIN
30Hi pogosuina (3a popmymamu (5)1 (6)).

1.7 Bu3HavaroTh MOTOYHY BUTpATy rasy, o
TepeTiKae 3 MaCUBHOI 30HU B AKTUBHY 30HY, Chep(1)
(3a hopmyitoro (4)).

1.8 3 yTOYHEHMM 3HAUCHHAM Op(t) MMOBTO-
PIOIOTH BCi po3paxyHku 3 11.1.3 10 JOCSATHEHHS
3aJ1aHO1 TOYHOCTI Y BU3HAUCHHI 3HAYCHD MOTOYHHUX
CepeHIX IIACTOBUX THCKIB B aKTUBHIHN i MTACUBHIN
30Hax poposuma P,, () i P,,, ().

IMoganeIn po3paxyHKW BHUKOHYIOTH 3aJICHKHO
BiJl TEXHOJIOTIYHOTO PEXHMY EKCIUTyaTallii BHJIO-
OyBHHX CBEpJIOBHH. [IpHITycTHMO, IO CBEpJIO-
BHHM CKCIUTyaTyIOTh Ha TEXHOJOTIYHOMY PEIKHMI
nocTiiHOT nernpecii THCKY Ha 1acT

AP(t) = P, (t) — Puus(t) = const.
1.9 BusHauaroTb MOTOYHUNA BUOIMHUNA THUCK

Peuﬁ.a(t)
8u6 a(t) = m a (t) -4P. (13)
1.10 Bu3HauaroTh cepeiHi 3HAYCHHS IMHAMI-
YHOTO KOe(iLieHTa B’ I3KOCTI Ta3y leepa 1 KOCPIIIi-
€HTA CTUCIHMBOCTI Trasy Z.p, AAd aKTUBHOI 30HU
poaoBHUII 3a GOpMyIaMU:

#[Pm a (t)] + lu[Peu6 a (t)]

/ucep.a - 2 (14)
Zcep.a - Z[Pm.a (t)] +22[Peu6.a (t)] . (15)
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1.11 3naxonarte neOIT ,cepeaHboi” BUIOOYB-
HOi cBepaoBuHU ((t), BHKOPHUCTOBYIOYM JBO-
wieHHY (hOpMyITy MIPUILTUBY Ta3y 10 BUOOIO CBEp-
JUIOBUHU

A, (12) cepa .

qt)=-—— (16)
2B, Zcep.a
% 2
Aa (qu) cep.a n_7 a (t) gu6 (t)
2Ba*zcep.a Ba Zeep.a ’
e
Aa* - Anoq.a : Ba* — Bnoq.a ' (17)
(,UZ) cep.a.nou cep.a.nou

Anowar Buowa — 3HaUCHHS KOChIIiEHTIB (iNbT-
pariiHuX OIOpiB NMPWUBHOIMHOI 30HW TUIacTa Ha
mo4yaTox po3paxyHkis (t=0);

MZ)cepanoss Zeepanos — 3HAUCHHA (UZ)cep.a 1 Zeepa
Ha M0YaTOK po3paxyHkiB (t=0).

1.12 3HaxoAsaTh MOTOYHHMH YCTHOBHH THCK,

BUKOPHCTOBYIOUU opmyiay I'.A. Anamora,

PLa)= \/ R

(18)

ne
0,0341%,L

i i el (19)
Zcep.ce.aTcep.ce.a
v 2 T 2
©=0,01331 P22 (028 1) (20)
T,--T
Tcepcea :M; (21)
o T@uﬁ
In
y
2
2 Pra(®)
Pcep.ce.a (t) :g P@uﬁ.a( ) + - 1(22)
P@uﬁ.a (t) + Py.a (t)

ne  S,0 — KOMIUIEKCHI IapaMeTpH;

Peep.csa(t), Tcepesa — BIATIOBIIHO CepenHilt TUCK

1 cepeHs TeMIiepaTypa B CTOBOYpi CBEpIJIOBHHH;
cepa = KOC(biI_IiCHT CTUCIIMBOCTI Ta3y IIpH

Pccp CB. a(t) 1 TCepCB as

0y — BHYTIIIHINA AiaMeTp KOJOHU HACOCHO-
xkomnpecopuux Tpyo (HKT);

L — nomxkwuua (rmmOuna coycky) HKT (Big-
CTaHb BiJ YCTs CBEPUIOBUHH [0 CEPEIMHH iHTEp-
Baity nepdopaliii ekcryaraiiitHoi KOJ0HH);

A —koediuienT riapasniunoro onopy HKT;

0. - BIIHOCHA I'yCTHHA Iaz3y.

1.13 Bu3HauaroTh KiJIbKICTh BUIOOYBHUX CBE-

PIUIOBUH
oy — e Q)
n(t)=n(t) = Kp—(t) :

ne K, — koedilieHT pe3epBy KiIbKOCTI CBEPIJIO-
BUH (K =1,1-1,3).

1. 14 BI/I3Ha‘laIOTB MOTOYHUH, CcepeaHbO3Ba-
JKEHHUI THCK y Ta30BOMY POJIOBHILI 33 (HOPMYJIOHO:

)

(23)

- P (t
P}’Ul (t) = {anoq.a mﬂO‘l.(l L() +
Z( ni.a )
P (t
+ anoq.n mﬂO‘l.ﬂ ’” - ( ) } X (24)
Z(P,.,)
x {anoq.a mnoq.a + anoq.n mnou.n}_lz(ﬁnﬂ ) *

1.15 BuzHavaroTh OTOYHI KOE(DilliEHTH ra30-
BUJIYYCHHS aKTUBHOI 1 TTACHBHOI 30H Ta Ta30BOTO
ponmosuIa 3a hopMyIamMu:

Qe () ~ Qe (t)J

. 25
B..(t) = Q. (25)
Qyep (1)
a2 =— 26
B, (1) Q. (26)
— Qeu() (t) 27
IBZ (t) (Q3an.a + Qsan.n) . ( )

2 Ilepion ciagHOrO BUAOOYTKY rasy.

Y mepion cragHOro BUAOOYTKY ra3y KUTbKICTh
BHJIOOYBHUX CBEPJIJIOBHH ITOCTiiHA, a TeMI Bigbo-
py Ta3y i HakomM4YeHUH BUIOOYTOK ra3y HE 3ama-
I0Th, 2 BU3HAYAIOTh 3aJIC)KHO B KUTLKOCTI CBEPJI-
JIOBHMH Ta iX MPOAYKTUBHOI XapaKTepUCTHKU. Po3-
pPaxyHKH TPOTHO3HUX TEXHOJOTIYHHX IMOKAa3HHKIB
PO3pOOKH POJOBHINA MPOBOIATH B TaKii MOCTIIO-
BHOCTI.

2.1 3agaroThCsl PAAOM TOCTIOBHUX 3HAYCHB
yacy t.

2.2 JI)1st KO’)KHOT'0 3HaYeHHS { BU3HAYAIOTh Ha-
KOIMMYEHUH BUAOOYTOK rasy 3a (hopMyJioro:

Qu 02 Qu i)+ 2 O

Ie @ — KOoe]illieHT eKcIulyaramii CBEpIJIOBHH
(o= 0 9-0,95).
TepIIOMY
a) = CI(tq V-

VY noaanbImoMy BUKOHYIOTh PO3PaxyHKH 32 II.
2.3-2.11 sxi ananoriuni myakram 1.3-1.11.

2.12 3 yToyHeHMM 3HAYCHHSAM Je0ITy rasy
q(t) TOBTOPIOIOTE PO3PAXYHKHU 3 1. 2.2 10 JOCST-
HEHHS 3aJ1aHO0l TOYHOCTI Y BHU3HAYCHHI MOTOYHHX
CepemHix TIACTOBAX THCKIB B aKTHBHIH 1 MTacCUBHIM

3oHax pogosuma P (t)i P (t).

2.13 Bu3HavalTh MOTOYHHA YCTHOBHH THCK
cepmoBuru Py (1) (32 popmyitoro (18)).

2.14 Bu3HavaroTh TEMII BiIOOPY Ta3y 3 pojio-
BUIIIA 3a (popmyIoro:

QM) =neq(®) . (29)

2.15 Bu3HauaroTh MOTOYHUH CepeIHbO3BaXKe-
HHUM IUTACTOBUIM THCK y Ta30BOMY poIoOBuIli (3a
dopmynoro (24)).

2.16 Bu3HayaroTh MOTOYHI KOSPIIliEHTH Ta3o-
BHJTyYEHHSI aKTHBHOI 1 TTAaCHBHOI 30H Ta T'a30BOTO
pozosuina 3a popmynamu (25) — (27).

HaOMMKEHHI  MPUHAMAIOTh

PesyabTaTu gocaigxeHHs

3 BHUKOPUCTAHHSM HAaBEACHUX 3aJICKHOCTEH
BUKOHAHO JIOCJIJDKEHHS BILUTUBY IPOIIECY B3aEMO-
Iii y Ta30BOMY POJOBHIII IEHTPAIBHOI BHCOKO-
POHKUKHOI (aKTHBHOI) 30HM 3 BUIO0OYBHHMH CBEp-
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Pucynok 2 —3ane:KHOCTi 3Be1€HOI0 CepeIHBOI0 MJIACTOBOr0 THCKY BiJl HAKOMUYEHOI'0 BUA00YTKY
rasy 3 poAoBHINA /15 AKTUBHOI 30HH (1), MacCHBHOI 30HH gZ) i Bchoro pojoBuima (3) 3a mpoHUKHOCTI
nacuBHoi 30uu 0,110° Mxm®

JUIOBMHAMHU 1 mnepudepiiiHoi, HHU3BKOMPOHUKHOI
(macuBHOT) 30HM, B SIKii BUAOOYBHI CBEpPIJIOBHHU
BIJICYTHI, Ha XapakTep 3aJeKHOCTI 3BEICHOTO Ce-
pPEHBOTO IIJIACTOBOTO THCKY BiJl HAKOIHMYEHOTO
BUIOOYTKy rasy. Y pO3paxyHKax BHKOPHCTAHO
TaKi BUXijHI JqaHi: rmubuna ceepuioBuHu — 3500M;
ra3oHacHYCeHa TOBIWHA IiacTa — 12w; Koeq)luleHT
BIIKPUTOI MOPUCTOCTI: akTuBHOI 30HM — 0,13;ma-
cuBHOl 300U — 0,09;Kk0edillieHT MOYaTKOBOI ra30-
HacuyeHocTi: aktuBHOT 30U — 0,80;macuBHOI 30HU
— 0,70; mouaTkoBwMii HJ‘IaCTOBI/II/I tuck — 36 Mlla;
mmactoBa Temmeparypa — 74 °C; TeMIepaTypa Ha
ycri cBepioBuar — 19 "C; BHYTpILIHIN IiaMeTp
HacocHo-koMmmpecopuux Tpydo — 0,062wM; TpuBa-
JICTh Tepioy 3pOCTaHHs BHIOOYTKY Tra3zy — 4 po-
KM, TEMII BigOopy ra3y B piK BiJ MOYaTKOBUX 3ara-
ciB y mepiog moctiiiHoro BunoOyTKy razy — 5 %,
nmocTiitHa ,¢” 'y dopmymni Temiy BigOopy Tasy B
nepioz 3poctanHs BuaoOyTKy rasy (7) — 0, 0125
TOYATKOBI 3amacy rasy B nokpani - 401 , B
T.4. B aKTHBHii1 30Hi - 3010° Mm%, y macusHiit 30Hi -
1010° M Jenpecis THCKy Ha riact — 1,4 MIla;
paaiyc akTHBHOI 30HH — 5067,59m; pamiyc 30BHi-
WIHBOrO KOHTYDY MAacHBHOI 30HH — 6309,64 m;
HO‘{aTKOBI/II/I o0'eM mOp: B aKTHBHIH 30HI —
1,25810° m*; y TacuBHIN 30HI 4,79210" m
KoedimieHTn (blanpaLuI/IHI/Ix OIIOpiB an/IBI/I6iI71H0'1'
30HH CBEPJUIOBHH B aKkTUBHIA 30HI: A =0, 012
(MITIa)? ,Z[/TI/IC m% B= 1,53310° (Mlla-a/tuc.m®)?
MMOYaTKOBUH z[e61T ra3zy — 250tuc. MB,I[, KoeqnuleHT
MPOHMKHOCTI IIACTa B aKTHBHIH 30HI — 0,5 MKM;
KoeqnmeHT HpOHI/IKHOCTl niactTy y naanHm 30H1
-0, 110 0,510% 1-10% 510% 1010% 1510°
MKM?,

Ha pucynkax 2-4 njist npukiagy HaBeaeHo 3a-
JISKHOCTI 3BEICHOTO CEPEAHBOrO TUIACTOBOTO THC-
Ky BiJl HAKOITHYEHOTO BUIOOYTKY a3y JJsl aKTHB-
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HOI 1 TACHBHOI 30H Ta BCHOTO POMOBHINA JUISI 3HA-
YeHb 3p0HI/IKH0CT1 nacusHoi 3ouu 0,1:10°% 1-10° i
15107 mkm”. Ha pucyHKax Takox HaHECEHO nps-
MY JTiHIIO, SIKa BiJIMOBIJIa€ 3amacaM ra3y B aKTUBHIH
30Hi B 06cs3i 3010° M.

PesynbraTi BUKOHAHHMX PO3PaxyHKiB MiJTBe-
PIUKYIOTH 3pOOJIEHE MPUITYIIEHHS PO MEPETIKAH-
Hsl Ta3y MK Pi3SHONPOHUKHUMH 30HAMHU B IPOLIEC
PO3pPOOKH POJIOBHINA Ta HOTO BIUIMB Ha XapakTep
3aJIe)KHOCTI 3BEJICGHOTO CEPEAHBOrO IIACTOBOTO
THUCKY BiJI HAKOMHUYEHOTO BUA00YTKY rasy. Cry-
MiHb B3a€EMOJIIi MK IIEHTPaIbHOI, BHCOKOIIPOHHU-
KHOIO (aKTMBHOIO) 30HOIO 1 TepH(epiiiHOI0 HU3B-
KOIPOHUKHOIO (TACHBHOIO) 30HOI0 3aJIEKUTHh BijI
MIPOHUKHOCTI ITACWBHOI 30HM 1 3pocTae i3 i1 3011b-
HICHHSIM. I[Jm 3HQUCHHS NIPOHMKHOCTI TIaCHBHOI
30mn 0,1:10° MKM® 3aEKHICTh 3BEIEHOTO Cepe-
HBOT'O IJTACTOBOTO THCKY BiJ] HAKOITUYEHOTO BHJIO-
OyTKy ra3y mjis aKTUBHOI 30HHM IPAKTHYHO CITiBIIA-
lae 3 MpsIMOI0 JIiHI€I0, SKa BIAMOBiIAE 3amacam
ra3y B akTUBHil 30Hi B obcszi 3010° m° (nmB. puc.
2). IlnactoBuii TMCK y NMAcCHBHI{ 30Hi 3MiHIOEThCS
BIJ] moyaTkoBoro 3HadeHHs 36 MIla no 35,12MIla
Ha 1041 pix po3poOku, mo 33,35MIla — na 2041
pik po3podkw, 10 31,81 MIla —uHa 3041 pik po3po-
Oku. Ha MOMEHT 3aKiHYEHHs PO3POOKH POAOBHILA
(3141 pix) TCK B macuBHii 30HI craHOBUB 31,67
MIlIa. TakuM 9uHOM, TIPU 3HAYCHHI MPOHUKHOCTI
0,1:10° Mxm® macHBHA 30HA MPAKTHYHO HE IIPH-
fiMae ydacTi y 3arajJbHOMY BHIOOYTKY rasy 3 po-
JIOBHIIIA.

I3 30inMbpIIEHHSM MPOHUKHOCTI MACHBHOI 30HU
3aJIEKHICTh 3BEJICHOTO CEPEJHBOrO IIACTOBOTO
THCKY BiJI HAKOIIMYEHOTO BUIOOYTKY Ta3y 3 pojo-
BHIIA JJI1 aKTHBHOI 30HH BCe OUIbIIE BIOXUIACTH-
s B IpsMOT JTiHIT 1 Bi oci abcIuc, a AJis macuB-
HOI 30HHM IHTCHCHBHIIIE 3HUXKYETHCS B CTOPOHY

—
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PucyHok 3 —3aJiesKHOCTI 3BeIeHOT0 cepeJHbOI0 IUIACTOBOI0 THCKY BiJl HAKONUYEHOT0 BHI00YTKY
rasy 3 poaoBHINA /15 AKTUBHOI 30HH (1), macuBHOL 30}m3(2) i Bcboro poxoBuina (3) 32 MPOHUKHOCTI
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Pucynok 4 —3ane:KHOCTi 3Be1€HOI0 CepeIHBOI0 MJIACTOBOr0 THCKY BiJl HAKOMUYEHOI'0 BUA00YTKY

rasy 3 poJoBHIIA JJisi AKTHBHOI 30HHU (1), macuBHOI 30HK

gZ) i Bcboro pogoBuina (3) 32 MPOHUKHOCTI

nacuBHoi 301 1510° MKM

Bici abcuue (uB. puc. 2-4). Tak, na 2041 pik pos-
pOoOKM POIIOBHINA THCK B TIACHBHH 30H1 ISl Pi3HUX
3HAYCHb KOE 1u1eHTa MPOHUKHOCTI 30HH CTaHO-
BuTh. 0,110 MKM — 33235MHa 0,510° mxm? —
26,88 MHa 110° mxm* — 22, 68 MIla; 510°
MKM® — 12é65MHa 10102 mxm? — 9, 91 MIla;
1510° mkm® — 8,46MI1a. Ha 3aBepuransHiii craii

C) ¢

PO3pOOKH PONOBHINA 13 30LIBIICHHSIM MPOHHKHOC-
Ti NACHBHOI 30HH CIIOCTEPIraeThesl AESAKE BHIIONO-
JKYBaHHS 3aJIE)KHOCTI 3BEJICHOTO CEPEIHBOTO IIJIac-
TOBOTO THCKY BijJi HAKOIMYCHOTO BUIOOYTKY Ta3y
JUTsl aKTHBHOI 30HM, a JUIS MACUBHOI 30HU BOHA
CTPIMKO HaOIMKY€ETHCS 10 OCi abCIHC.
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BucnoBku

3rigHo 3 pe3yiabTaTaMH BHKOHAaHMX MJOCITi-
JOKEeHb, JJI1 Ta30BOTO POAOBHUIIA 3 TA30BUM PEXKH-
MOM pO3pOOKH BIIXWICHHS 3aJICKHOCTI 3BEIACHOTO
CEPEIHBOrO IIACTOBOTO THCKY BiJl HAKOIMAYCHOTO
BI/I,Z[06yTKy rasy BiJ mpsMoi JiHIl MOxe Oyru
TOB’ S13aHO 3 HAABHICTIO B POJOBHILI AUISHOK pi3-
HO{ IPOHUKHOCTI 1 BHYTPIITHHOIUIACTOBUM MEPETi-
KaHHSIM Ta3y i3 HU3BKOMPOHUKHUX, CIA0KOAPEHO-
BaHUX JIUISHOK, HA SIKUX BHJIOOYBHI CBEpIJIOBUHU
NepeBaKHO BiJCYTHI, y BUCOKOIPOHUKHI JiISTHKH 3
BUIOOYBHHMH CBEpAJIOBUHAMH. 3a pe3yJbTaTaMH
JOCITIKEHB 3aJIC)KHO BiJ MMPOHUKHOCTI aKTUBHOT 1
MACHBHOI 30H 3aJIe)KHICTb 3BEICHOTO CEePEeIHBOTO
IUTACTOBOTO THUCKY BiJl HAKOIMYCHOTO BHIOOYTKY
razy 3 pOAOBHUINA Ma€ Pi3HUN BUTJIAN, IO HEOO-
XiJIHO BPaxOBYBATH NPU BUKOPHUCTAHHI ii Juist Ipo-
BEJICHHSI aHaJIi3y PO3POOKH ra30BUX POJOBHILL.

Bumiue 30HanbHOI HEOIHOPIAHOCTI MPOIYK-
THBHHX IUIACTIB 1 B3a€MOZii B HPOLECI PO3POOKH
POIOBHINA JNISTHOK IUIacTa Pi3HOI MPOHHMKHOCTI i
CTYNCHs IPEHYBaHHS 3 MEpEeTIKaHHAM Tra3y Mix
HUMH Ha XapakTep 3aJeKHOCTI 3BEACHOTO Cepel-
HBOTO TUTACTOBOTO THUCKY BiJl HAKOMTUYEHOTO BHUJO-
OyTKy rasy 3 poIOBHIIa BCTaHOBIEHO Brepiie. Ha
NPaKTUI OTPUMYIOTh TIUIBKH 3aJISKHICTD 3BEIEHO-
IO CepelHBOr0 IUIACTOBOIO THCKY BiJ HakoIu4e-
HOTO BUJIOOYTKY ra3zy 3 pOJOBHUINA JJIsi aKTHBHOT
3ouM (minis 1 Ha pucynkax 2-4). SIk cBimuath pe-
3yJbTAaTH JIOJATKOBUX JIOCII/DKeHb 3 1i BHKOpHC-
TaHHAM MOXHA OLIHUTH 3aIIaCH rasy B CIa0Koape-
HOBAaHMX HEKOHAMLIHHUX KOJIEKTOpaXx.
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