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Oxapaxmepu3o06an0 MONCIUG] HANPAMKU RIOBUWEHHS 2A308UTYYEHHS 3 BUCHAMCEHUX 2A306UX pooosuuy. Y3a-
2ANIbHEHO pe3ybmamu NONepeoHix O0CIIONCEHb 3 QPIZUYHO20 | MAMEMAMULHO20 MOOETIOBANHS NPOYEC) BUMICHEHHS
nPUPOOHO20 2a3)y OIOKCUOOM 8y2Neylo, OUMOBUMU 2A3AMU T A30MOM 3 BUCHAICEHO20 24308020 POOOSUWA. 3 BUKOPU-
cmannam komn omepnoi npoepamu CMG sukonano mamemamuyne MOOeENO8AHHS NPOYECY BUMICHEHHS 3ANUUKO-
8020 NPUPOOHO20 2a3y A30MOM i3 eleMEHMA BUCHAICEHO20 2A308020 POOOGUWA Y U0l K8AOpAma iz womupma
8UO0OYGHUMU CEEPONOSUHAMU NO U020 KYMAxX nicis 3HusxcenHs: niacmosozo mucky Ha 90 %eio nouamkogozo 3Ha-
uennsi. A30m 3anoMno8ysanu 6 HASHIMAILHY C6EPONOSURY Y yenmpi keaopama pisuuii nepioo uacy (6i0 1 0o 36 mi-
cayis). 3a pesyriomamamu 00CHIONCEHb 6CMAHOBLEHO 3aKOHOMIDHOCIE 3MIHU 8 YACK | 3AIeXHCHO 610 MPUBALOCTII ne-
Pio0y HAcHIMAHHA a30my 6 pooosuwe NIACMOB020 MUCKY, 0ebimy 2aszy, 0ebimy azomy, MIiCmy a3omy y c8epoio-
BUHHIL NPoOdyKYiil | Koeiyicnma 2azosunyuentns. Y 6Cix 6apianmax HASHIMAHHA A30My 8 NIACH NPU3800Umsb 00
30inbuents Koegiyicnma eazosunyyenus. Lllaxom cmamucmuunozo 00poOIeHHs PO3PAXYHKOBUX OAHUX MEMOOOM
HAUMEHUWUX K8AOpamie OmpuMaHo KpUumuiHe 3HA4eHHs MPUsaiocmi nepiody HACHIMAHHA A30my 6 Nidcm, euiye
AK020 KOeiyicHm 2a308uUnyHertss Maao 3MiHIOEMbCsL. Pesynbmamu 0ocniodcenb c8iouams npo MONICIUBICIb UOODY
maxoi mpueanocmi nepiody HAZHIMAHHsL A30My 6 NAACH, 34 SIKOI 3d BUCOKUX 3HAUEHb KIHYe8020 Koepiyichma 2a30-
BUTYHUEHHS. NPOPUBY A30MY Y BUO0OYEHI C8epON0GUHU He 8i00Yy0embcsi b0 8MIC 11020 Y C8ePONIOSUNHINL NPOOYKYIL
6y0e HUNCUUM OONYCMUMOT HOPMU OJIst GUKOPUCMAHHSA 1T K NAUSA Y NPOMUCTOBOCMI | nOOY M.

KitrouoBi croBa: pofoBuile, CBEpAJIOBUHA, T'a3, a30T, BUAOOYBaHHS, HATHITAHHS, TUCK, €0IT, ra30BIITyYCHHS.

Oxapaxmepu3z08anbl 603MONCHbLE HANPAGICHUS YEEIUYEHUS 2A300MOAUU UCTOWEHHBIX 2A308bIX MECMOpPOdiC-
Oenuti. 0606wenbl pezyrbmamsl nPeoblOYUUX UCCAEO08AHUL PUULECKO20 U MAMEMAMUYECKO20 MOOeNUPOBAHUSL
BbIMECHEHUsL NPUPOOHO20 2A3A OUOKCUOOM Y2Nepood, ObLMOGbIMU 2A3aMU U A30MOM C UCTHOUWEHHO20 24308020 MeC-
mopocoenus. C ucnoavzosanuem komnvromepnoi npozpammvl CMG ebinonneno mamemamuunoe Mooenuposanue
npoyecca @biMeCHeHUs: OCMAMOYHO20 NPUPOOHO2O 2A3d A30MOM C INEMEHMA UCHMOWEHHO20 2A308020 MECHOPOIC-
OeHus 8 8Ude K8aopama ¢ YemvlpbMs 000bIEAIOWUMU CKEANCUHAMU 8 YePAaX K8aopama NOCie CHUNCEHUs NAaAcmo60-
20 oaenenus Ha 90% om HauanrbHo20 3HAUEHUA. A30M 3AKAUUBANU 6 HASHEMAMENbHYIO CKEANCURY 6 YEeHmpe K8daO-
pama 8 meuenue paziuunoz2o epemenu (om 1 0o 36 mecayes). Io pesyromamam uccie008anuii BCMAHOBICHbL 3AKO-
HOMEPHOCU USMEHEHUs 60 GDEMEHU U 8 3AGUCUMOCIU OM NPOOOIICUMENbHOCIU NePUodd HACHEMAHUs a30ma 6
MecmopodicOeHue NIAcmogozo dasienus, debuma 2aza, 0ebuma azoma, CoOepIHCaAnUsl A30ma 8 CKEANCUHHOU NPooy-
Kyuu u kodpguyuenma 2azoomoauu. Bo écex sapuanmax Hazhemanue d3omd 8 NAACH NPUSOOUN K YECIUUCHUIO
Koapuyuenma eazoomoaqu. Ilymem cmamucmuueckou 06pabomKu pacuemuvlx OaHHbIX MEeMOOOM HAUMEHLUUX
K6aopamos NoiyueHo KPpUmuyeckoe 3HaveHue npoooiCUmenbHOCmy nepuodd HaeHemaHus azoma 6 niacm, @bluie
KOMopo2o kodgpuyuenm 2azoomoauu mano usmensemcs. Pesynomamol ucciedosanuii ceudemenscmeyiom o 603-
MONCHOCIU 8b160PA MAKOU RPOOOINCUMETILHOCU NepUodd HASHEMAHUs d30Mmd 6 NAACM, NPU KOMOPOU Npu 8bLCo-
KUX 3HAYEHUSIX KOHeUH020 KO3 huyuenma 2az0omoayu npopuléa azoma 6 000viearujue CKeadcunvl He 6ydem uiu
cooepaicanue e20 6 CKEANCUHHOU NPOOYKYUU 6yO0em Hudce OONyCmuUMOl HOpMbl O UCNONb306AHUsL ee 8 KAuecmee
RAIUBA 8 NPOMBIULCHHOCU U OblMY .

Kitouerbie ciioBa: MeCTOpOXICHIE, CKBAXKWHA, Ta3, a30T, 00bIYa, HarHETaHNE, aBJIcHHe, eOUT, ra300Taaqa.

The article analyzes possible ways for gas recoesiyancement from depleted gas fields. The rest
previous studies of physical and mathematical ningebf the natural gas cplacement by carbon dioxic
nitrogen, and flue gases from depleted gas field wenensrized. Using CMG software, there was perform
mathematical modeling of the process of residual natgas$ displacement by nitrogen from the depletedfigid
in the form of a square element with four productionismen its corners after the reservoir pressure loesal by
90% of the initial value. Nitrogen was injectedarthe injection well, which is situated in the sguaenter, for
different period of timeffom 1 to 36 months). According to the researchiltssthere were established pattern
change over time and depending on the length op#ni®d of nitrogen injection into the field, reseir pressure
gas flow rate, nitrogen flow rate, nitrogen ¢ent in the downhole products, and gas recoveryofadn all
instances, nitrogen injection into the reservoimads to the gas recovery factor increase. Usingistteal
calculation of the results with the help of thesesquares method, there wastained the critical value of nitrog:
injection duration into the reservoir, above which tresgecovery factor changes a little. The resultthefstudie
indicate the possibility of choice of such periagation of nitrogen injection into the reseiwgoat which, at higl
gas recovery factors, nogen breakthrough in production wells will not happs its content in downhole produ
will be lower than the allowed value for industnydaeveryday life.

Key words: field, well, gas, nitrogen, productiamection, pressure, flow rate, gas recovery
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IHocTanoBka mpo0JeMH JOCTiIKeHHS

CyuacHuii cran HaTorazoBoi raysi Ykpainu
XapaKkTepU3yeThest AePIUTOM Tasy BIACHOIO BH-
JMOOYTKY 1 3HAYHUM BHCHA)KCHHSIM OCHOBHHX 32
3armacamM BYTJICBOJHIB T'a30BUX 1 ra30KOHJEHCAT-
HUX POJOBHIN. B UX yMOBax akTyalbHOIO € IPO-
0JieMa 301TBIICHHS CTYTICHS BHITyYEHHS BYTJIEBOJI-
HiB 3 POJIOBHIL, SIKi PO3POOIAIOTHCS.

3a MPOMHCIOBMMH JaHWMH MO 3aKiHYCHHX
po3poOkoto razoBux pomoumnax CIIIA, Pocificek-
koi Dexnepanii, Ykpaiau Ta iHIIUX KpaiH KiHIEBUH
Koe(ili€HT Tra30BHJIYYEHHS B yMOBax TIa30BOr0
pexxumy 3miHtoeThes Big 70 mo 99 %1 B cepen-
HpoMy cranoButh 85-90 % [1-4].Tobto B pomo-
Bumiax 3anumaerbes 10-15 %ras3y Big moyaTko-
BUX 3amaciB. /|0 MOXJIMBUX HANPSMKIB ITi[BUIIICH-
HSl KIHIIEBOTO Koe(illieHTa Ta30BWIIYYCHHS Ta30-
BUX POAOBHIL 3 TA30BHUM PEXHMOM PO3POOKH BiJl-
HOCSITBCS: 3a0€3MIeUeHHST PIBHOMIPHOTO 3HIDKCHHS
IIACTOBOrO THCKY 32 IUIOLICI0 1 TPOJIyKTHBHAM
pO3pi3oM y mpoleci po3poOKH POAOBHIIA 1 OJHA-
KoBUX (OMM3bKMX) 3HAYEHD KiHIEBOTO ILIACTOBOTO
TUCKY B PI3HHX JUISHKAX POJOBUINA; MiHIMI3allis
3Ha4YeHb KIHIIEBOTO MJIACTOBOTO THUCKY; BUTICHEHHS
3aJIMIITKOBOTO Ta3y HEBYTJICBOJAHEBUMH Tra3zaMu i
pinmHamu Ta ix cymimamu [1-5]. ¥V crarTi po3ris-
JAETHCS TIUTAHHS BUTICHGHHS MPHUPOJIHOTO BYTJE-
BOJIHEBOTO T'a3y 3 BHCHA)KEHUX I'a30BUX POJOBHUII
HEBYTJICBOJJHEBUMH T'a3aMH.

Y poborax [6-11] naseneno pesynbraT ja-
OOpaTOPHHUX JOCIIUKEHD 3 BUTICHEHHS IPUPOJIHO-
ro razy (MeraHy) JIOKCHIOM BYTJICLIO, a30TOM i
JUMOBHMHU Ta3aMd 3 TOPHU3OHTAIBHUX MOJIENeh
OJIHOPIAHOTO IUTACTa 1 MBOIIACTOBHX MoOJIEJeH 3
PI3HEM PO3MIIIEHHSAM HU3HKOIPOHUKHOTO IPOIIa-
pka (BepxHiM a00 HWKHIM) 3a HasBHOCTI HEMpO-
HUKHOT MIEPETHHKY MiX TUIACTaMH a0o iX B3aEMOJI1
Oe3mocepeIHBO UM Yepe3 APOTSIHY CITKY MiX ILtac-
TaMu. Pe3ynpTaTi 1a00paTOPHUX MOCIIKEHD CBi-
I4aTh IPO BHUCOKY TEXHOJIOTIYHY e()EeKTHBHICTh
3aCTOCYBaHHS HEBYTJICBOJHEBUX Ta3iB I BIITY-
YEHHSI 3aJIUINKOBOTO Ta3y 3 BUCHAKCHUX Ta30BHUX
ponoBu. HaiiGinpmmii KoedilieHT ra30BHIyYeH-
HSl OTPUMAHO B €KCIIEPUMEHTAX 3 BUTICHCHHS Me-
TaHy 3 MOJIeJIeH TIacTa JIOKCHIOM BYTJICIIIO, SIKUH
Yy IUIACTOBHX YMOBAX Ma€ OuTpITy TycTHHY 1
B'S3KICTh, HIXK METaH 1 XapaKTePU3yEThCS BHUCO-
KO PO3YMHHICTIO y IUIACTOBiH Boi. B okpemux
fociiax KoeilieHT ra3OBUIYYEHHs IIPH BUTIC-
HECHHI METaHy TiOKCHIOM BYTJICLIO NOCATaB 3HA-
yenb 81-97,4 %Ilpu 3acTocyBaHHI JUMOBHUX Ta3iB
1 a30Ty AU BUTICHEHHS 3 MOJICJICH TUIacTa METaHy
OTPUMAHO JICHI0 MCHINI 3HAYCHHS KoedillieHTa
ra30BUITYYCHHS.

Pesynpratu nabopaTopHUX IOCIIIHKEHb CBIJ-
4aTh, UI0 KOE(iiEHT BUTICHEHHS METaHy Pi3HUMH
HEBYTJICBOJHEBUMH Ta3aMH 3aJICKUTh BiJ| THUILY
BUTICHIOBAJIbHOTO areHTY, CTYIEHs HEOJHOPiTHO-
CTi KOJICKTOpA, XapaKTepy B3aeMoIlii i B3a€MHOTO
PO3MIILCHHS PI3HONPOHUKHUX Mpoiuapkis. Moue-
KyJsipHa audysist MDK [IBOMa IpOLIAPKAaMH, LIO
TiAPOMHAMIYHO B3a€MOZIIOTE MikK COGOIO, HacT-
KOBO 3MEHIIIYE€ HETaTUBHUHN BIUTMB HEOTHOPITHOCTI
Ha KOe(]IIi€HT ra30BUITYYCHHS.

V pob6orax [12-15] HaBeneHo pe3ynbTaT Ma-
TEMAaTUYHOTO MOJIENIOBAHHA MPOLECY BUTICHEHHS
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MIPUPOTHOTO Ta3y 3 BUCHAKEHUX POJIOBHII JTIOKCH-
JIOM BYIJIELO. 3riHO 3 pe3ysbTaTaMi TE€OPeTHY-
HUX JIOCIHIJDKCHb HATHITaHHS MIOKCHIY BYTJIEITIO
IIPH MEHIIIOMY IIIACTOBOMY THCKY 3a0e3reuye Oi-
TBIUH  KOeIIiEHT Ta30BHIIYUCHHS IOPIBHSHO 3
HarHITaHHSM HOT0 3 CaMoOro IOYaTKy pO3pOOKH
poIoBUIIA.

Y PpO3MIISHYTHX MOCIHIPKCHHSX HE OIIIHCHO
BIUIUB TPHBAJIOCTI TEPiOqy HArHITAaHHSI HEBYTJE-
BOJHEBOTO Ta3y B IIACT HA KOCQIIIEHT Ta30BHIIY-
YEeHHSI, IO MOCITYKUJIO MiFCTaBOIO IS MPOBEICH-
HS JJOJJATKOBHX JIOCIiKCHb.

MeTtoauka ocaixKeHb i BUXiAHI 1aHi

JIns1 OIIHKYM BIUIMBY TPUBAJIOCTI IMEpioay Ha-
THITaHHS HEBYIJIEBOJHEBOIO Ta3y y BHCHa)KEHE
ra3oBe pOAOBHUINE Ha KOE(DILi€HT ra30BUITYYEHHS
BUKOHAaHO MaTeMaTH4YHE MOJEIIOBAHHA MPOILECY
BUTICHEHHSI 3QJIMIIKOBOI'O BYTJICBOJHEBOTO Tra3y
HEBYTJICBOJJHEBUM ra3oM. B poii HeByTrieBojHe-
BOTO T'a3y BUOpaHO a30T, SIKUM MOXHa OTPUMATH 3
MOBITPs B M0OOMY HadTOra3oBUAOOYBHOMY paiio-
Hi 32 JOIIOMOT'OI0 MPOMHUCIOBO OCBOEHUX yCTaHO-
BOK. BuKOpHCTaHHS TIOKCHIY BYTJICHIO € Mpo0Jie-
MAaTUIHUM, OCKUTHKH XIMIYHI Ta 1HII BHPOOHUIIT-
Ba, MOOIYHUM TIPOJYKTOM SIKUX € JIIOKCHUJ BYTJe-
110, TIEPEBAKHO 3HAXOJIATHCS Ha 3HAYHIN BifCTaHI
BiJl poAoBHUII HA(TH i Ta3y i TPAaHCHOPTYBAHHS [i-
OKCHIy BYTJCITI0O BUMaraTuMe 3HAYHUX (iHAHCO-
BUX BUTpAT.

MaremaTu4Hi JOCHIPKCHHS BHKOHAHO IS
€NeMEHTa posIoBUINA (HAJaJli MO TEKCTY «POIOBH-
[a») y BUIVIAZI KBaJpaTa 3 TAKUMH MTapaMeTpaMu:
JIOBKMHA CTOPOHH I(B azipata — 1500 M, mormia
poznosuia — 2,25- 10 m?, ToBIMHA 1acta — 10w,
Koe(iLieHT BiIKPUTOI MOPUCTOCTI — 0,14,1(06(1)1111-
€HT MOYaTKOBOI razoHacudeHocti — 0,78,koedii-
€HT MPOHUKHOCTI miacta — 0,2 MKM®, TIMOWHA 3a-
JISITAHHS TIPOAYKTUBHOTO IiacTa (riubuHa CBEpa-
noBuan) — 3200M, MOYATKOBHUI IIIACTOBHM THCK —
33 MlIla, mnacrosa Temnepatypa — 340K, BimHOC-
Ha ryctuHa razy - 0,553, koedinieHT cTHCIMBOCTI
ra3y 3a MO4aTKOBOI'O IJIACTOBOT'O THCKY 1 ITUIACTO-
Boi Temneparypu — 0,934,no4aTkoBi 3amacu rasy,
miipaxoBaHi MPOrpaMoro CMG (Computer Model-
ling Group), — 800,044us.m°.

Ponosuie p03pO6J'I$IIOTI> Ha BUCHQ)KECHHS 4O-
TUPMa CBEP/IOBUHAMH, DPO3MIIICHUMH B KyTax
KkBaJpata. CBEpIUIOBUHH YBOJISTE B CKCILITyaTallif0
16.07.201%p. i excrulyaTyrOTh Ha PEXKMMi MOCTIH-
HOi nenpecii Trcky Ha tuiact 0,26 MIla. [Touatko-
BUil 1eOiT onHiel BUAOOYBHOI CBEPAJIOBUHH IO
rasy craHoButs 55 tuc.m/n. Ilicns 3HmKeHHS
miactoBoro Tucky Ha 90 % Bix MoYaTKOBOrO 3HA-
YeHHsl MOYMHAIOTH 3allOMIIOBYBAaHHSI a30Ty B Ha-
THITaJIbHY CBEPAJIOBUHY, pPO3MillleHy B LEHTpi
kBajgpara Ha Bifactani 1061 m Bing BHIOOYBHHX
cBepuIoBHH. [Ipn 1IbOMY NMPOJOBXKYIOTH EKCILTya-
Talio BHIOOYBHHUX CBepUIoBHH. HaBemene 3Ha-
YyeHHs moToyHoro rmractoBoro tucky (0,1 Bix mo-
YaTKOBOTO THUCKY) YacTo NPHUHAMAIOTh B JOCII-
JDKEHHSIX SIK eKOHOMIYHY MEKy peHTabeIbHOl po3-
pOoOKH pOJOBHIIIA.

Jlo6oBy BUTpaTy a30Ty, SIKMH 3allOMIIOBYIOTh
Y HATHITalbHY CBEPIJIOBUHY, BUOMPAIOTH 3aJICHKHO
BiJl CyMapHOTro TMOTOYHOro JeOiTy BCiX BHAOOYB-
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ILmacroruii THCcK, Mlla
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1 —esucnancenns; 2 — Imicayw; 3 — 3micayi;, 4 — 6micayie; 5 — Omicayis;, 6 — 12micsayis;
7 — 15micayis; 8 — 18micayie; 9 — 21lmicayw; 10 — 24micayi; 11 — 30micayie; 12 — 36micsayis
Pucynok 1 —/[uHamMika niacToBoro THCKY JUIsl Pi3HOI TPUBAJIOCTI NMepioay HAarHiTaHHsI a30Ty
B POAOBHIIE

HUX CBEP/JIOBHH, BUXOMSYM 3 YMOBHU PIBHOCTI iX
3HAauYeHb Yy TUIACTOBHX YMOBaX i 3a0€3MeUYeHHS I10-
CTIHOCTI TIACTOBOTO THCKY BIPOIOBXK TMEpPioay
3aIIOMITOBYBaHHS a30Ty B TuiacT. [licns 3amaHoro
Mepioay Yacy HarHiTaHHS a30Ty B IDIACT IPHITH-
HSIOTh 1 MPOJIOBXYIOTh MOJAIBITY EKCILTyaTallito
BUJI00YBHUX CBEPJIOBHH.

JlochipKkeHHs. BUKOHAHO JIJISl Pi3HOI TPUBAJIO-

CTI Iepioay HarHiTaHHsg a3oTy B mwiact: 1, 3, 6, 9,

12, 15, 18, 21, 24, 30, 36csuiB.
Po3paxyHKkH mporiecy po3poOKH POAOBHIIA 3
HATHITAHHAM y TUIACT a30Ty MPOBOIWIN 3 BUKOPH-

CTaHHSIM JILIEH30BaHOI KOMIH IOTEPHOI MpOrpamu
CMG.

Pe3yabTaTu gocaigxenn

Po3pobka pomosuma posnouata 16.07.201%.
YOTUPMA BUAOOYBHUMU CBEP/JIOBUHAMH.
16.06.202%. micis 3HMKSHHS IUIACTOBOI'O THCKY
mo 0,1 Big MOYaTKOBOIO 3HAYEHHS 1 BUIAOOYTKY
88,78 %ra3zy Bij MoYaTKOBUX 3aIaciB MOYaIH 3a-
MOMIIOBYBAaHHS a30Ty B IEHTPAJIbHY HArHITAIbHY
CBEPJUUIOBHHY 3 pI3HOI TPUBANICTIO. Y JOCIHI-
JUKCHHSIX BU3HAYalM 3MiHY B 4aci 1 3aJIC)KHO Bij
TPUBAIIOCTI TIEPiOAY HATHITAHHS A30Ty TEXHOJIOTI-
YHHMX IOKA3HUKIB JOPO3POOKK POLOBHILA 1 Xapak-
TEPUCTUKH TPOIECY HATHITAHHA a30Ty B POJIOBH-
we. Y poboTi 1isl HAMJSIHOCTI HABEACHO rpadiui
3aJEKHOCTI TUIBKU IS 3aBEPIIANBHOT cTaii pos-
pPOOKHM pOJIOBHINA, KOJM PO3MOYATO HATHITAHHS
a30Ty B IJIACT.

Ha pucynky 1 300pakeHO 3aJIeKHOCTI 3MiHU
B Yaci IUIACTOBOTO THUCKY B POAOBHILI AJISI Pi3HUX
3HAYCHb TPHUBAJIOCTI IEPiOIy HATHITAHHS a30Ty B
miacT. 3a YMOBH PIiBHOCTI B IUIACTOBHX YMOBax
00’eMy a30Ty, IO HATHITaIOTH B POJIOBHINE, 1
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00’ eMy rasy, sIKHii BIAOHPAIOTH, [UIACTOBHUI THCK B
POJIOBHILI B MPOLECI HATHITAHHS a30Ty MiATPUMY-
€THCSI TOCTIMHUM. Y TIOJJANTLIIIOMY TLTACTOBUN THUCK
MOCTYIOBO 3HIKYETHCSA 1 OyJe TUM OUIBIIMHA Bij
TUCKY B YMOBaX PO3pPOOKH pOJIOBHINA HA BUCHA-
JKEHHs, YdM OiJbllla TPHUBAJICTh MEpioLy HarHi-
TaHHS a30Ty B IUIACT. BiAmoBigHi 3aiexHOCTI AMs
IJJACTOBOTO THUCKY Ha pUCYHKY 1 maibke mapare-
JBHI 1 HE TIEPETUHAIOTHCS MK coOoro. [limBuimeH-
HS TUTACTOBOTO THCKY Ha 3aBepIIabHIA CTamii
pO3pOoOKK poOMOBHINA, KpiM 30UIBIICHHS AcOITY
ra3y, NpHU3BEAE TAaKOX 10 3POCTaHHS yCTHOBOTO
TUCKY, 110 MTOKPAIUTh YMOBH I10/Iayi ra3y CIIOXKH-
BaueBi 1 CIPHUATUME TPOJOBKECHHIO TIEPIOAY PCH-
TabeIbHOT PO3POOKH POIOBHIIIA.

VY mporeci HarHiTaHHA a30TY B IUIACT 3POCTAE
neOiT ras3y, SKuil B MOJAIBIIOMY MOCTYIIOBO 3HU-
JKYETHCS, aJIe 3ATUIIAETHCS BUIIMM, HIX 32 BiICYT-
HOCTI HarHiTaHHs a30T1y (pucynok 2). Y 2033-2035
pp. Y 3B’ 3Ky 3 MPOPUBOM a30Ty y BUIOOYBHI CBe-
PAJIOBHHU CIIOCTEPITra€ThCs Pi3Ke 3HIKEHHS N1e0i-
Ty raszy. Ha pucynky 2 3anexxnocti s nedity ra-
3y 3a TPUBAJOCTI TEPiOiB HArHITaHHS a30Ty B
mwiact 301 36 MicAIiB MEPEeTUHAIOTh 1HIII 3aJIeK-
HOCTI. 3arajoM HarHiTaHHS a30Ty B IJIACT TTO3UTH-
BHO BIUTUBA€ Ha 3pocTaHHA neOiTy razy. Tak, Ha
16.07.2032p. nebit cBep/UIOBHHM 10 rasy 3a BiA-

CYTHOCTI HaFHlTaHHH a30Ty B IUIACT CTAaHOBHTH
5,91 THc.M /z[, a 3a TPUBAJIOCTI neplo;[y HarHITaHHS
asory 36 micsuiB — 10,461uc.Mm/1 (36inbLICHHS B
1,72pa3m).

3riHO 3 pe3yNabTaTaMH JOCIIHKeHb, Koedilli-
€HT Ta30BWJIYYCHHS 3pOCTa€ i3 30UTBIICHHSM TPH-
BaJIOCTI TepioAy HATHITAHHA a30Ty B IUIacT (pUCy-
ki 31 4). [TounHa04M 3 TEBHOTO «KPUTHYHOTO»
3HA4YEHHS TPUBAIOCTI NEPiOAY HATHITAaHHS a30TY B
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Hedir razy oHiel cEepI0BMHH, THC.M (T

4

3
2028 2029 2030 2031 2032 2033 2034 2035
Pokn
1 —eucnascenns; 2 — Imicayw, 3 — 3micayi; 4 — 6micayis; 5 — Qmicayis; 6 — 12uicayis,
7 — 15micayis; 8 — 18micayie; 9 — 2lmicayw; 10 — 24micayi; 11 — 30micayie; 12 — 36micayie
Pucynok 2 —/Iunamika nedity rasy ajis pi3Hoi TpuBaJI0CTi nMepiogy HArHITAHHA a30Ty B POOBHIIE
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Porn
1 —sucnascenns;, 2 — Imicayw;, 3 — 3micayi; 4 — 6micayie;, 5 — Qumicayis, 6 — 12micsayis;
7 — 15micayis; 8 — 18micayie; 9 — 2lmicayw; 10 — 24micayi; 11 — 30micayie; 12 — 36micayie
Pucynok 3 —/Iunamika KoegimicHTa ra3oBUJIy4eHHs JAJIs Pi3HOI TPHBAJIOCTI nepioay HArHITAHHA
a30Ty B pooBHMIIle

IJIacT, KPpUBI Ha PUCYHKY 4 BHITONOKYIOThCS. 3a  TIEpiofly HarHITAaHHSA a30Ty B INIACT CTAHOBHTH
pe3yabTaTaMH CTATUCTHYHOTO OOpOoOSeHHA po3pa-  Omu3bKko 18 MicsiB.

XYHKOBHX JIJaHUX METOJIOM HaiiMEHIIHMX KBaJpaTiB 3a 0AHAKOBHX 3HAYEHb IUIACTOBOI'O THUCKY KO-
OTPUMAHO TaKi 3HAYCHHS NOCHTIUKYBaHOTO Mapa- e(ilieHT Ta30BHIy4YEeHHS Oyae TUM OiIbLINMA, YuM
MeTpa It «KpuTHuHOi» Touku: 2033 pik — 17,05 TpuBamimmii 1epioa HarHITaHHS a30Ty Y POJOBHU-
micsmis, 2034pik — 18,3 1micanis, 2035pik — 18,6 mie (pucymok 5). Tak, 3a 3HaUeHHs IIACTOBOTO
MicsniB. TakuMm 4MHOM, omnTUManbHa TpuBamicTh TucKy 1,8 MIla koedimieHT ra3oBHIyYEeHHS 3Mi-
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Pucynok 4 —3anexHocti koedinieHTa ra30BHIIy4eHHS Bil TPUBAJIOCTI Mepioay HATHITAHHS a30TY
B POIOBHIIE IS Pi3HUX MOMEHTIB 4Yacy (pPoKiB)
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Tuck, MIIa

1 —esucnancenns; 2 — Imicayw; 3 — 3micayi;, 4 — 6micayie; 5 — Omicayis;, 6 — 12uicsayis;
7 — 15micayis; 8 — 18micayie; 9 — 2lmicayw; 10 — 24micayi; 11 — 30micayie; 12 — 36micsayis
Pucynok 5 —3ajexunocti koedinieHTa ra30BHIyYeHHS Bill J1aCTOBOr0 THCKY
JJIs pi3HOI TPHUBAJIOCTI NMepioAy HATHITAHHA a30Ty B PO/IOBHILE

HioeTbes Bixm 93,16 %3a BiACYTHOCTI HarHITaHHS
azoTy B pomosuie 10 95,72 %3a tpuBanocTi me-
piony HarHiTanHs a3zory 18 micsui i mo 98,41 %
3a TPUBAJIOTO MEPioAy HarHiTaHHs a30Ty 36 mics-
IiB.

A30T, KWW 3alOMIIOBYIOTh y HarHITAJIbHY
CBEP/UIOBHHY, PYXa€ThCS 10 BHJIOOYBHHX CBEpI-
JOBHH. Y MeXax pO3riIsiIyBaHOTO IHTEpBATY 4acy

)

1m0 16.07.203%. 3a TpuBasIOCTi HEepioay HarHiTaH-
HA a30Ty 1 MICAIlb IPOPUBY HOro y BHI00YBHI
CBEpUIOBHHU He BinOyBaeThes (pucyHok 6). s
IHIINX 3HA4YeHb TPUBAIOCTI IMEPiONy HArHITAaHHA
a30Ty B IuIacT t, mpopus ioro y BuaoOyBHi cBepII-
JIOBMHHU BiZIOYBA€ThCSA B Taki MOMEHTH yacy: t,=3
Micsi — 5,92poky, t,=6 micsuis — 4,75poky, t,=9
MicsiB — 4,25poky, t,=12micsmiB — 4poku, ;=15
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Pucynok 6 —3ajexHicTb yacy npopuBy a30Ty y BU100yYBHi CBepIJIOBHHU BiJl TPUBAJIOCTI nmepioay
HATHITAHHSA #0T0 B POIOBUIIE
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Pucynok 7 —3anexHocTi 1e6iTy a30Ty i3 BUI00yBHHX CBEpPIJIOBHH
Bi/l TpHBasOCTi Nepiofy HATHITAHHSA 100 B POAOBHINE AJISl Pi3HUX MOMEHTIB 4acy

micsanis — 3,92 poky. IlounHatoun 3 TpHUBaIOCTI
nepioly HarHiTaHHS a30Ty B IuacT 18 wicsmiB
IIPOPHB HOro y BUAOOYBHI CBEPAJIOBHHU BimOyBa-
€Thcs uepes 3,6 7pokiB.

Jo 2033p. nebit a3otry i3 BUHOOYBHUX CBEp-
uIoBMH € He3HauHuM. Tinpku y 20341 2035 pp.
Je0IT a30Ty 3pOCTa€, MOYMHAIOYM 3 TPUBAJIOCTI
NepioAy HAarHITaHHSA WOTO B IJIacT BiAmoBigHO 181
12 micsris (pucynok 7). Ha MOMEHT MpUITHHEHHS
pospobku ponosuiya (16.07.2035p.) 7e6IT asoty
3a Pi3HOi TPUBANOCTI TEPIOLY HArHITAHHS I/IOFO B
IUIACT CTAaHOBUTH. 12 MICHLIIB — 0,01tuc.m /Il 15
micsamie — 0,04 tme.m¥/m., 18 wmicsmiz — 0 08
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tue.Mn., 21 MICSILIB — 0,22tuc.Mn., 24 micami —
0,51 trc.m /., 30micsuis — 0,78tuc. M., 36 Mi-
csiiB — 1, 391HC.M /.

Bwmict azoty y BumoOyBHOMY rasi mo 2033p.
meHmmit 1 %,a y 20341 2035pp. 3pocrae, moun-
HAIOYM 3 TPUBAIIOCTI NEPiOJly HArHiTaHHA HOro B
miact BianosigHo 181 12 micsuis (pucynok 8). Ha
16.07.2035p. BMICT a30Ty y BHIOOYBHOMY rasi
JUISL Pi3HOI TPUBAJIOCTI TIEPioly HATHITAaHHS HOTO B
mwIact craHoBUTh. 9 micsis — 0,263 %, 12ricariBs
— 0,252 %, 15vicaniB — 0,969 %, 18vicauis —
1,865 %, 2Ivicsup — 4,944 %, 24sicsui — 11,16
%, 30micsuiB — 16,387 %, 36ricaniB — 28,252 %.

[2)
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Pucynok 8 —3anexxHocTi BMicTy a30Ty Y BUAOOYBHOMY Ia3i Bil TpHBAJIOCTI mepioay HarHiTaHHsI
1HOro B poOBHIIE HA Pi3Hi MOMEHTH Yacy

TakuM 4YHMHOM, JUIS KPUTUYHOTO 3HAYCHHS
TPUBAJIOCTI MEPIOAY HArHITAHHA a30Ty B IUacT 18
MICSIIiB BMICT a30Ty Y BUJOOYBHOMY Ta3i Ha MoO-
MEHT 3aKiHYeHHS pO3pOOKH POIOBHINA CTAaHOBHUTH
1,865 %, 1m0 WIIKOM OOMYyCTHMO NPU BHKOPHC-
TaHHI IPUPOJHOTO Ta3y sK MajrBa B IPOMHUCIIOBO-
CTi 1 MOOYTI.

BucHoBku

Pesynpratn MareMaTHYHOTO MOJCTIOBAHHS
MPOIECY BUTICHEHHS i3 TIMOTETUYHOTO T'a30BOTO
POZIOBUINA 3JIUIIKOBOTO MPHPOTHOTO BYTJICBOJ-
HEBOTO Ta3y a30TOM CBIiAYaTh MPO TEXHOJOTIUHY
e(heKTUBHICTh HATHITAHHS a30Ty y BHCHa)KEHE ra-
30B€ POJIOBHIIE IMiCIsl 3HUKCHHS TUIACTOBOTO THUC-
Ky 10 €KOHOMIYHO peHTabesnbHOi Mexi BHHOOY-
BanHa rasy. [lixBuniyersest KiHUEBUH KoedilieHT
Ta30BUTYICHHS. 301IbIIYETbCS Ae0IT CBEPAIOBUH 1
MOTOYHHN BUIOOYTOK ra3y 3 PoJOBHINA. 3pOCTa€e
TUCK Ha TUPJI CBEPIJIOBHH, IIO MOKPAIIYE YMOBU
mojiayi ra3y CIOXHBadeBi. 3a pe3ysibTraTaMH Jo-
CII/UKEHb BCTAHOBJICHO ONTHMAJIbHY TPUBAIICTH
nepiojly HarHiTaHHs a30Ty B pojoBHiie (y MpoBe-
JIEHUX JIOCII/UKEHHAX Onm3bko 18 Micsiis), Buie
siK01 KOe(iIllieHT Ta30BWIIYYCHHS MaJIO 3MIHIOETH-
csl. 3aJIeKHO BiJf CUCTEMH PO3MIIIICHHS Ha TLUTOIII
ra30HOCHOCTI BHIOOYBHHX 1 HATHITAILHUX CBEP/-
JIOBMH MOKHA BHOpaTH TaKy TpHBaniCTL nepiojy
HaTHITaHHS a30Ty B POJOBUIIE, NIPH sIKiil OyJe Bi-
CYTHIH TIPOPHB a30Ty y BH100YBHI CBEPUIOBHHH
a00 BMICT MOTO y MPOIYKIlii CBEp/UIOBUH Ha MO-
MEHT 3aBEpIICHHS PO3pOOKU pOJOBHUIIA Oyae B
JIOITyCTUMHX MEXKaX.

)
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