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METOAUKA U PE3YJIBTATBI OITPOBOBAHUSA U UCIIBITAHUSA CKBAXKUH

BbakbiT:kan H.A., U3maxanoBa A.M.

Kazaxcmancko-bpumanckuii mexnudeckuul yHusepcumem,
050000, Anmamuer, Kazaxcman

Aunomayua. B cmamve npusedenvl pe3yromamsl OnpobOSaHUs, UCCIE008aAHUS, NPOOHOU
IKCHIyamayuu HepmsaHwvixX cK8aiCUH Ha mecmopodcoeruu N. Obvexmamu onpobo8aHus 6 NOUCKOBOU
cmaouu AGNANUC, NPAKMUYECKU 6ce NAACmbl, umerowue O1a2onpusmHyr0 2eo1020-2e0Qu3uyecKyio
xapaxmepucmuxky. I[Ipu ucnvimanuu cKeaxicuH noayuyersvl npumoxu Hegpmu oeoumamu om 12 0o 31
M /cym na wmyyepax 2—5 mm (cksaxcuna Ne 3) u om 45 0o 72 m*/cym na wmyyepax 8—12 mm
(cksascuna Ne 5). H3yuenue mamepuanos onpobo6anus CKEANCUH NOKA3bIEAeN, 4MoO 30ech Hem
AKMUBHO20 B00OHANOPHO20 DEXCUMA, U 8 YCIOBUAX BbIKIUHUBAHUS NPOOVKMUBHBIX KOJIEKMOPO8
Ha HeOONbUUX PACCMOAHUAX 00bIYHO OH He Habadaemcs. Imomy cnocoocmeyem makaice Hanudue
PA0a pasiomos, OmceKaouwux npooyKmusHvle naacmul Om ocmaivhou yacmu pesepgyapa. Co2nacho
2e0J1020-2e0hu3U4ecKoll U NPOMbICI080U UHGOpMayuu no mecmopodcoeHuro N negpmsanvie 3anemxicu
8 BEPXHEIOPCKUX OMJLONCEHUSX ABNAIMCA naacmosuimu. Muposoii pblHOK Hedhmu xapakxmepuszyemcs
OMHOCUMENLHOU CMAOUTLHOCIBIO Chpoca U npeodnoxceruil. 11o umerowumcsa npocHo3am, Muposas
nOMpeObHOCMb 8 Y21e8000POOHOM CbIPbe, 8EPOSIMHO, OY0em pacmu U YeHvl Ha Heghmb, No NPOSHO3AM
aKcnepmos, 6yoym noonumamucs 0o 100 u bonee donnapos CILLA 3a o0un bappens. B smux ycnosusx
paspabomka negpmu eceeoa 6ydem penmadenbHOlL.

Knrwoueswie cnosa: bypenue, onpobosanue, npooyKmueHull 20pU30HM, CKEANCUHA, 0eOUMm, N1acmogoe
oasnenue.

YHI'BIMAJIAPJABI TEKCEPY )KOHE CbIHAY HOTHUXEJIEPI
MEH 9JICTEMECI

BbakpbiT:kan H.A., U3maxanoBa A.M.

Kazaxcman-bpuman mexnukanvix yHugepcumenti,
050000, Anmameul, Kazakcman

Anoamna. Kypeizineen sepmmeyoiy maxcamol N KeHOPHbIHOA MYHAU YHRLIMALAPLIH CbIHAY,
3epmmey, CbIHAKMbIK NA0anany Hamuoicenepi bepineen. I30ecmipy camulcblHOA CbIHAK 00beKminepi
ic Jlcy3iHOe KONAlLIbl 2€07102USLNbIK HCIHE 2e0PUUKANBIK cUunammamaiapsl 6ap dapivlk kabammap
001061, ¥HevImanapovl 6HOIpicMIK KOPHYC apkblivl CblHAY Ke3iHoe 2-5 Mm Opoccenvoepoe (Ne3
yHevima) 12-0en 31 m° /may Oetiin sicone 8-12 mm Opoccenvoepoe 45-men 72 m’/may Oetiin myHatl
a2blHbL ANbIHObL (NS yHevima). ¥HRLIMANapobl CblHAY HCYMbICMAPLIH JHCYPII3y MAMepuaioapbit
3epmmey (MexaHUuKaiaHObIPbIIZAH HCYMbICKA me3 KOULY) €y KblCbIMbIHbIH 0eCeHOl PetCUMi Heox
eKeHiH Kkepcemedi, an OHIMOI KOJLIeKMOopiapOaH KblCKaA KAUbBIKMbIKMA CHIHY HCA0AUbIHOA 20emme
batikaimauovl. byean cy Kotmacwinely Kaneaum OenicineH OHIMOI MY3iniMOepoi axicvlpamamvii
bipkamap axaynapowiy 601ybl 0a komexkmecedi. N KeHOPHbLIHOARb 2e0N02UANbIK, 2€0QU3UKATBIK
JHCOHE OANANbIK MaNiMemmepee CIUKeC, HCoapavl 10pa WOciHOIlepindeci MYHAL KeHOPbIHOAPbL
Kabammuol. ONeMOIK MYHAl HAPLIZbL CABICMbIPMATbL MYPOe MYPAKmMbvl CYPAHbIC NeH YCbIHbICHEH
cunammanaowvl. Konoa 6ap 6onsxcam 6OotibiHuwa KOMIpCymeK WUKI3AMbIHA 271eMOIK CYPAHbIC
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ecyl bIKMUMal, ail capanuvliapovly Ooaxcamvl OolblHuwa mMyHai daeacel 6appenine 100 AKII
doapulna Oetiin Hemece 00aH 0a dHcoeapwvl bonradsl. MyHnoatl sHcaz0aioa MyHauovl ueepy apKauaH
muimoi 601aovl.

Tyitinoi cezoep: Oypeviiay, ColHay, OHIMOL KOKIHCUEK, YHRLIMA, AbIH HCbLIOAMObIEbL, KAOAM KblChIMbI.
PROCEDURE AND RESULTS OF TESTING AND TESTING OF WELLS
Bakytzhan N.A., Izmakhanova A.M.

Kazakh-British Technical University,
050000, Almaty, Kazakhstan

Abstract. The article presents the results of testing, research, trial operation of oil wells at the N
field. The objects of sampling in the prospecting stage were practically all layers with favorable
geological and geophysical characteristics.When testing wells through the production casing, oil
inflows were obtained with flow rates from 12 to 31 m’/day at chokes 2-5 mm (well Ne3) and from
45 to 72 m3/day at chokes 8-12 mm (well No5). The study of the materials of well testing shows that
there is no active water pressure regime, and in conditions of wedging out of productive reservoirs
at short distances, it is usually not observed. This is also facilitated by the presence of a number
of faults that cut off productive formations from the rest of the reservoir.According to geological,
geophysical and field information on the N field, oil deposits in the Upper Jurassic deposits are
stratal. The world oil market is characterized by a relatively stable supply and demand. According to
available forecasts, the world demand for hydrocarbon raw materials is likely to grow and oil prices,
according to experts' forecasts, will rise to USD 100 or more per barrel. Under these conditions, oil
development will always be profitable.

Key words: drilling, testing, productive horizon, well, flow rate, reservoir pressure.

BBenenue

Mectopoxaenue N B aJMHUHUCTPATUBHOM
OTHOIIEHWU Haxoautcs B KbI3putopauHCKon
obnactu PecmyOnmukm Kaszaxcran. Mectopoxk-
JIEHUE MPUYPOUYCHO K APBICKYMCKOMY MpPOTrHOY
FOxHo-Topraiickoil BriaiuHBbI.

[Iporu® BBIIOTHEH OCaTOYHBIMU OTIOXKE-
HUSIMH ME30-KalfHO305 B COCTaB€ JIByX CTPYK-
TYpHBIX sipycoB (pucyHok 1, ctp. 8): Tadpo-
reHHOro (puTOreHHOro) OPCKOM CHUCTEMBI U
wiargopMeHHOro  Mena-nangeoreHa. OcHoBa-
HUEM OCAaJIOYHBIX OTJIOKEHUH SIBISETCA CKIIa-
4aTelii MeTaMOp(UYECKUN KOMIUIEKC MpPOTEpO-
305, MECTaMU HIDKHEro Iajeo3os (KeMOpus-
OpIOBHKA), a Takke OJOKH OTIOXKEHHH cpen-
HEro majeo3os (JIEBOHA W HIDKHETO KapOoHa).
[Tocnennue OTHOCATCS B PETMOHE K KBa3HILIAT-
(bOopMEHHOMY CTPYKTYpHOMY 3Taxy, ¢ Hepepbl-
BOM B OCAaJKOHAKOIUIEHUH U YTJIIOBBIMH HECOT-
JacUsIMH TIEPEKPBITOMY OTIOKEHUSIMU OpPHI H
Mena.

IOpckuit pudToreHHbI CTPYKTYpPHBIN SpYC
BBITIOJIHSET CUCTEMY aCUMMETPUYHBIX I'paleH-
cuHKIMHANEH (ApbICKyMcKas, AKinalOymakcKas,
Capputanckass 1 bo3uHreHcKkas) ¥ TIpeIcTaBlIeH
TpeMsi pPUTMOKOMILIEKCAMH OTIIOKEHUH, KaX bl
U3 KOTOPBIX B HHKHEM YacTH NpeaCTaBlICH
OOJIOMOYHBIMU OTJIOKEHUSMU, @ B BEpXHEH —
[JIMHUCTBIMH, BBIJICICHHBIMU B pAaHIE€ CBUT:
HIDKHEIOPCKUM (ca3bIiMOaiickas U anOanrmHCKas
CBUTHI), HIDKHE-CPEAHCIOPCKUM  (JIOIIaHCKas
U KaparaHcaiickasi CBUTBbI) U BEPXHEIOPCKUM
(KyMKOJbCKass W akmaOyJakcKas — CBUTHI).
Pasmepsr rpaben-cunkimunanein 200-250 kM B
nuHy npu mmpude 20-30 kM, ¢ cyMMapHOi
TOJIIIMHOM FOPCKOT0 pa3pes3a 10 5 KM.

lopcT-aHTUKIMHANIM ~ OCJIOKHEHBI  BBICTY-
aMu JTIOME3030MCKOro (yHIaMeHTa C BbIMNa-
JeHUeM Ha HUX HauOojee MOAHATBHIX YacCTIX
OTJIIOKEHUH BCEro pHUQPTOreHHOro spyca, 3a
UCKJTIOYEHHEM OTAENbHBIX BICTYNOB (Kymkoinb,
ApbIC), B CTPOCHHMH KOTOPBIX YYacTBYET
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BEPXHEIOPCKUN pUTMOKOMILIEKC. Ha ocTanbHbIX
BBICTyIIaX, Ha nopojaax (yHIaMeHTa 3ajeraroT
OTJIOKEHHUs MIaTGopMeHHOTro sipyca, 0azanbHas
4acThb KOTOPOTO peAyLupOBaHA Ha OTIENIbHBIX
y4acTKax.

BepxHeropckuii pUTMOKOMIUIEKC Y4aCTBYET
B CTPOEHHUU OOPTOBBIX YacTeW TrOpCT-aHTHKIH-
HaJIell ¥ OrpaHUyeH B PACIPOCTPAHEHUH KOHCE-
JTUMEHTAIIMOHHBIMH PA3JIOMaMHU, MPEICTaBIISAIO-
HIMMH YCTYIIBl IO TIOBEPXHOCTU (pyHIaMEHTA.
AHaJOru4HbIE KOHCEAMMEHTAIIMOHHBIE Pa3JIOMBI
OTPaHUYMBAIOT PACIPOCTPAHEHHE HUKHE-CPE/-
HEIOPCKOTO PUTMOKOMIUIEKCA B 30HaX COUJICHE-
HUSl TOPCT-aHTUKJIMHAJIEH U rpabeH-CUHKIMHA-
Jeil M HIKHEIOPCKOTO PUTMOKOMILIEKCa B UX
BHYTPEHHUX YaCTSIX.

Ilouckoso-pazeedounoe bypenue

[Touckwu 3anexeit HEPTH Ha MECTOPOXKICHUH
N Oputn HauaTel B KoHie 1989 1. Oypenumem
CKBa)KMHBI Ne 3 Ha JIOBYIIIKE HEAHTUKJIMHAJIBHOTO
TUMA, BBIABICHHON W M3ydyeHHOUW TypraHckoit
['®3 o OI'-1V (kpoBiist KaparaHCaiCKON CBUTHI).

CkBaxxnna Ne 3 ycraHoBHIIa 00BOJTHEHHOCTh
KOJUIEKTOPOB JOIIAHCKOW CBUTHI, HO BBISIBUJIA
He(TeHACHIINIEHHBII TOPU30HT B  CpeIHEH
YaCTU BEPXHEKYMKOJIbCKOW MOACBUTHI, JaBIIUMA
MIPOMBIIIIICHHBIN PUTOK HEPTH.

B nepoii nosoBuHe 90-X roj1oB MOMCKOBOE
OypeHue ObLTO TIPOAOKEeHO, U B 1994 1. Oype-
HUeM cKkBaXWHBI No 10, ycTaHOBMBIIEH JIUTO-
JIOTUYECKOE 3aMEIlleHHe MPOIYKTUBHOIO TOpH-
30HTa, BCKPBITOTO CKBaXMHOM Ne 3, Hempo-
HUI[AEMBbIMU TJIMHUCTBIMHM ~ aJIEeBPOJIUTAMH C
TOHKHUM TMpOciioeM He(PTEHACHIIIEHHOTO KOJ-
nekropa. Onpo6oBanuem MII Ha Tpybax nByX
MHTEPBAJIOB MOJyYEHbl IPUTOKU BOJBI C HETIPO-
MBIIIJICHHBIMU IPUTOKaMU HEPTH, B CBSI3U C UEM
CKBa)KMHA JMKBHUJIMpOBaHA. bypoBbie paboOTHI
OBLITH OCTAHOBJICHBI.

Memoouka u pe3yromamsl onpodoosanus,
UCNBIMAHUSL CKBANCUH

OnpoboBaHre CKBa)XMH B IKCIUTyaTallMOH-
HBIX KOJIOHHAX Ha MECTOPOXKICHUH TIPOBOIUIIOCH

Pucynok 1 — I'eonozo-numonocuueckuii paspesz mecmopodicoerus N



HE®TEFASOBAA VHXEHEPUA N TEOCNOIMNA

1o OOLIENPUHATON METOAMKE: BCKPBHITHE, BHI30B
MPUTOKA, TPOBEJACHHUE KOMILIEKCA HCCIIEeI0Ba-
TEJIbCKUX paboT, 3aJaBKa U H3OJSAILHUOHHBIC
padoTHI.

OObekTamMu  ONpoOOOBaHUS B IOWCKOBOU
CTaJUU SIBJSUIMCH TPAKTUYECKU BCE IUIACTHI,
MMEIOIIHE  OJIarONpHUSATHYIO  Teoyoro-reodu-
3UYECKYIO XapaKTEePUCTHUKY.

BcekpbiTHE  TPONYKTUBHBIX ~ TOPU3OHTOB
MPOBOIUJIOCH B CKB@)XHMHAX, 3allOJIHEHHBIX
[JIMHUCTBIM PaCTBOPOM C TEMHU e TapaMeTpaMH, ¢
KOTOPBIMH BCKPBIBAJICS TPOAYKTUBHBII TOPU3OHT
npu OypeHuu, ¢ 00s3aTeNbHBIM MPUBSI3KOW MO
I'K. IIpu 5TOM UCIHONB30BAINCH KYMYJISITUBHBIC
nepdoparopsl Tuna [TKC-80, [TKC-105 u 3ITKO-
102 DN-01 miotHOoCTBIO 3apsiioB oT 12 no 14
OTBEpPCTUI HA OJIUH MOTOHHBIA MeTp. TOYHOCTH
uHTepBana mnepdopauud  KOHTPOIMPOBAIACH
3alUChI0 TEPMOMETPUU U JA€PEKTOCKOMHEH.
[lepen onpoboBaHMEM CKBa)KMHBI MPOBOJIMIIACH
3amuch AKI] 1 KOHTposis 3a KayeCTBOM

[EMEHTaXa  OKCIUTyaTallMOHHBIX  KOJIOHH.
[Tocne oxoH4aHus ONpoOOBaHUS OOBEKTHI
U30JIUPOBAIUCh ~ YCTAHOBKOHW  IIEMEHTHBIX

MOCTOB HWJIM B3pBIB-IAKEPOB, TE€PMETUYHOCTH
KOTOPBIX OIpeaesiiach onpeccoBkor Ha 15-20
MIla uiu CHUKEHHEM YPOBHSI ¢ TTOCIEAYOUIUM
MPOCISKUBAHUEM Uepe3 2 yaca B TEUCHHE CYTOK.

B mnpomecce onpoOoBaHUS TPUMEHSIUCH
HACOCHO-KOMIIPECCOpPHbIE TPYOBbl JAMaMETPOM
73 mm (HKT) oredecTBEeHHOTro M 3apyOeKHOTO
MPOU3BOJICTBA, CIlycKaemble Ha 5—10 MeTpoB
BbIIIIE KPOBJIM BCKPBHITOrO HHTEpBajia. Bb3oB
MPUTOKA OCYIIECTBIISJICS IYT€M CHIDKEHUS
3a00MHOr0 JaBleHUSI C LENbI0  CO3/aHus
Jenpeccud Ha IUIaCT, 3aMEHON IJIMHHCTOTO
pacTBopa Ha HedTh € moOCIeAyolmel mpo-
nyBkoil kommpeccopom JIKC-250,-9/101 wnm
aspuzammern ¢ nomomipio  [[A-320. Tlocrne
MOJyuyeHus: MpuToka HedTH U3  IUIacTa
MPOM3BOAMIACH OYUCTKA CKBAXKHUHBI 4epe3
7-10 MM wmTynep A0  BOCCTAHOBJICHUS
€CTECTBEHHBIX (bUIBTPAIIIOHHO-EMKOCTHBIX
cBoiicTB miacta. [loka3arenem KayecTBEHHOMU
OYUCTKHU ABJISIIOCH CTAaOUIbHOE (POHTAHUPOBAHUE
HeptT um oTcyTcTBHE (uUIbTpaTa OYypOBOTO
pacTBOpa M TBEPABIX YACTHIL, YTO OMPEAEISAIOChH
pu paboTe uepes cenaparop.

B 3aBucumocTH OT TOJIYYEHHOrO TpHU-
TOKa  IUIACTOBOrO  (mrouja  IPOBOIUIICS
COOTBETCTBYIOIIMI KOMILJIEKC HCCIEAOBAHUM.
[Ipu nonyuyeHun (HOHTAHUPYIOMIETO TMPUTOKA
He(TH uCcclenoBaTeNIbckie paboThl HauyMHAIIN
C 3aMepa HayaJbHOIO IUIACTOBOTO JaBJICHUS,
IJIACTOBOM TeMIleparyphl IIyOMHHBIMU MaHO-
MeTpamu. B mepuox 3amepa pocT JaBiieHUs
PETUCTPUPOBAJICS  TOKAa3aHUSIMH  YCThEBBIX
MaHoMeTpoB dyepe3 3—10 MuH. B Hayajne H
30-60 muH. B KoHue. JlaBlieHHME CUMTaOCh
BOCCTAQHOBJICHHBIM, KOIJla IIOKa3aHUS IIOB-
TOPSJIUCH TPHU pa3a B Mpefesiax MOTrPelHOCTH
MaHoMeTpoB. [locne BoccTaHOBNIEHUS JaBICHUS
MIPOM3BOAMIICS 3aMep TpajueHTa AaBJICHUS IO
CTBOJY uepe3 Kaxibie SO M C BBIIECPIKKOM B KaXK 101
Touke 1o oxHomy uyacy. llpu HeoOxomumocTH
orObopa TIyOMHHOW mpoOBI HW3  OOBEKTa
CKBaKMHA TepeBoauiack Ha 1,5-2 MM mryuep
W TPOU3ZBOIWJICS OTOOp TIIYyOMHHOH mMPOOBI
npob6oordoparkom BIIII-300 B komuuectBe 3
npo6. 3areM HcCcleA0BaHUE TPOU3BOIUIOCH
METOJIOM YCTAaHOBHUBIIUXCS OTOOpPOB Ha 3-5
peXHMMax, U TMOCJe MaKCUMAaJIbHOTO peXHMa
CKBakMHa 3akpbiBasiack Ha KBJl ¢ mocrosiHHOM
perucrpainueit u3MepeHust AaBieHusl Ha 3a00€e U
Ha YCThE JI0 BHIXOJIAa HA CTAaTHUECKOE MOJIOKEHHE.

B cnyuae nomyuenuss HeOHTAHHPYIOIIUX
MPUTOKOB HE(TU WIM BOJBI HCCIIEAOBAHUS
MIPOBOJIUIIHCH METOI0M POCIIeKUBAHUS
ypoBHsA. CocTaB >KHMJIKOCTH IO CTBOJIY IIpH
MPOCIACKUBAHUM ~ YPOBHS  KOHTPOJIHMPYETCS
MOCTOSIHHBIM OTOOPOM IO CTBOJIY C IOMOIIBIO
XKeJOHKU. B xomogHoe Bpemsi rona mpu uccie-
JIOBAaHUM CKBaXUH HCIIOJIIB30BAIUCH Tepe-
BU>KHBIE nTapoBblie ycTaHoBku [1ITY-100-1200.

[To oxoHUYaHWU HCCIEAOBAHMK OTOMPAIHUCH
npoObl HedTH, Ta3a W IJIACTOBOM BOJIBI Ha
XUMHUYECKHH aHaIu3 v IpoObl He(hTH Ha TOBAPHO-
TEXHOJIOTMYECKHI aHau3.

T'opuzonT FO-1. [ I[pogyKTHBHOCTH TOPU30HTA
YCTaHOBJICHA OMPOOOBAHMEM OJHOTO OOBEKTA B
ckBakute Ne 1. Jlebut Hedrtu cocraBui 15 m?/
CyT Ha 5 MM HITYIIEpE.

T'opuzont FIO-II. Ilo »TOMYy TOpPH3OHTY
MIPOAYKTUBHOCTh CKB&)KHUH YCTaHOBJIEHA OIPO-
OoBaHMeM 2 OOBEKTOB B CKBakMHax Ne 3 u
7. B ckBaxxune Ne 3 mosrydeH NPUTOK ciiabo-



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHNYECKOIO YHUBEPCUTETA, N°4 (59), 2021 o

nepenuBaronieit Hepru nedurom 0,51 m/cyt, B
ckBakuHe Ne7 Ha 6 MM mmTynepe Aeout HedTH
cocTaBmi 2 M*/CyT.

T'opuzont IO-III. Onpenenenve NpoayK-
TUBHOCTHU TOPU30HTA MIPOBENICHO OMPOOOBAHUEM
4 00bexTOB B cKkBaxkuHax Ne 1, 3, 5, 6.

B ckBaxkune Ne 1 nebut HedTn Ha 3 MM
mrrynepe cocraBmi 10 M*/cyT.

B ckBaxxune Ne 3 nebut HedTH COCTaBHI

31,25 M¥/cyT Ha 5 MM wuTynepe, riae 6 TOpU30HT
MPEJICTaBICH KaK BOAOHE(MTAHOM.

Jle6ut HedTH HA 8 MM IITYIIEpe B CKBAXKHHE
Ne 5 pasen 40,5 M*/cyr. Ilocie npoBeacHHs
M30JIALIMOHHBIX PabOT BOAOMPUTOKA IOIYYEH
OPUTOK  JKUAKOCTH — aebutom 30  M/cyT,
ob6BonHeHHOCTh — 1,4%. Pesynbrarsl omnpobo-
BaHUsSI M MUCCIICIOBAaHUI MPUBEICHBI B Tabiuie 1

Tabnuya 1 — Pe3ynemamsi onpob0o8anusi u UcCie008anusi CKANCUH

Cnocod
Ne ckBaxunbl, | UHTEepBan Crnocod BCKpBITHS
onpo0oBaHusI IIpumeuanue
TOPU30HTA ONpoGOBaHNS, M TOPU30HTA
TOPHU30HTA
CxkB. Ne 1 |1 1955,6-1956,9 IIpuToxa He
3 MIOJTy4eHO
I [1779,5-1782,4 311KO-10 DN-01 aviera preeot® | Myascupysouunii
Ha TEXHUYECKYIO
TIOTH. 17 OTB/M. 50 NPUTOK HEPTH
I [1742-1755 w ITony4en npurtox
IJIACTOBOM BOJIBI
CkB.Ne3 |I  |2082-2092 —
I |1828-1832 CmeHa OO0beKT
TTKC-80 [JIMHUCTOTO HE()TCHOCHBIH
IIT |1817-1821 pacTBopa Ha OObeKT
TEXHUYECKYIO BOJIOHOCHBIH
IV [1779-1782; 1791-1794 |IIKC-105 Bcero 72 orB. |BOAy OObeKT
BOJIOHE(PTSHOM
CkB. Ne 5 1772,8-1775,1 3IIKO 105DN-01 3ameHa paccomna -
TIOTH. 170TB/M. B CKBKMHE Ha
He(Th
Buieoo MHUYECKH IIEIeCO00pa3HbIM PUMEHEHUE METO-

B cBs31 C BBIIIETIPUBEICHHBIMU IPHYHHAMH
paspaboTka mectopoxaeHuss N Oymer >ddek-
THUBHEE C MOJJICPKAHUEM TUIACTOBOTO JaBIICHUSI.
Ho mpu »TOM HEOOXOAWMO YYHTHIBaTh, 4YTO
3aJIeKH 3/1€Ch HEOOIBIINE 10 3armacam, pa3pos-
HEHHBIE 10 OJIOKaM, W BpSAJ JIU OyAeT IKOHO-

JIOB  TIOJJICP)KaHHsI  IUIACTOBOTO  JaBIICHHS
npu pa3paboTKe BCEX BBISIBICHHBIX 3aJICKEH.
[ToaToMy HEOOXOIMMO MPETYCMOTPETh 3aKauKy
BOJbI HA 3aJIe)KH C OTHOCHUTEILHO OOJIBIITUMH
3armacamMu He(TH.
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METO/ SAGD U BO3MOKHOCTH IPUMEHEHUA JIJII MECTOPOXJIEHUM
TAKEJIBIX HE®TEA KASAXCTAHA

3aypoexos K.C., baiimyxameroB M.A., 3aypoexoB C.A, Kankumanosa I'.H.

Kaszaxckuu Hayuonanouwiii ucciedosamenbckuii mexHu4ecKuil YyHugepcumem
umenu K.U. Camnaesa, 050000, Anmamui, Kazaxcman

Annomayusn. /[00b1ua 8blcOK0BA3KUX Hehmell 8 HACMOosAUee 8peMsl CMAHOBUMCS 6ce Dolee aKMYdlb-
HOUL 6 C853U C UCIOWeHUeM MPAOUYUOHHBIX MECTOPOHCOeHUL Heghmu u 2aza. B cesasu ¢ ucmowenuem
3anacos cpeoHux u Jjeckux Hegmeil HepmezazooodvIBaOWeEl ompaciu NPUOemcs yoeusimv 6ce
bonbuLee BHUMAHUE OCBOEHUIO U 8600 8 NPOMBIULLEHHYIO PA3PADOMKY MECHOPONCOCHUT MAINCENBIX,
8bICOKOBA3KUX MPYOHOU38IeKaemblx Heghpmell. J[oOblua, no02omoska u mpaHcCnopmupo8Ka maxux
Heghmetl 4acmo OCIOHCHAIOMCA U NOPOLL HEBO3MONCHBI U3-30 €€ HUZKOU NOOBUINCHOCMU NO NPUYUHE
8bICOKOI 6513k0Cmu dmotl hegpmu. Ilone nayyHou deamenbHOCMU NpU 8800€ 8 PA3PAOOMKY MANHCENbIX
8bICOKOBA3KUX Hepmell pacuupsemcs. B mupe neexue negpmu uzenexaromes ne 6onee 50%, msoicenvie
svicokossaskue negpmu 6 npedenax om 10 0o 30% 6 3asucumocmu om xapaxmepucmuxku Hegpmu, 600bl
u konnexmopa. /s pazpabomku 3anedicetl msdicenvix Heghmetl HAUOOIbULUL UHIMEPEC NPEOCABIION
menJiogvie memoowvl 000biyu. Tenniosvie Memoovl paspadbomKy HehmsaHbIX MECMOPONCOEHUL OeNamcs
Ha 064 NPUHYUNUANLHO PA3TUYHLIX 6uod. Ilepvlil, OCHOBAHMbII HA BHYMPUNIACTOBbIX NPOYECCAX
20peHUsl, cO30A8aeMbIX NymemM UHUYUUPOBAHUS 20PEHUS KOKCOBLIX OCMAMKO8 8 Npu3abolHOl 30He
HACHEMAamenbHbIX CK8AXCUH C NOCIeOVIOWUM nepemMelyeHuemM ponma 20peHusi nymem HaeHemanus
6030yxa (cyxoe coperue) unu 6030yxa u 800wl (61axcHoe copenue). Bmopoti ocnoean na nacnemanuu
(c nosepxnocmu) mennonocumenei 6 Hepmsmnvie niacmol. Cymv mMeniosvix mMemooos8 000uIUU
3aKIIOUAEMCS 8 3aKAYKe MEeNnJOHOCUMeNsl — napa 6 NPoOYKMUGHsII NAACI OJisi CHUNCEHUsL 6513KOCTU
Hegpmu. U3 yenoco psi0da meniosvix mMemooos HAuboIbuwull UHmepec npeocmasisnenm MmexHoI02us
napocpasumayuoHHo20 8030eucmasusi Ha npooykmusHuii niacm (SAGD).

Knrwueswvie cnosa: evicokossskas Hed)mb, mAosftcena Hed)mb, nap, napozpasumayuorHHoe 6o30elicmeue.

CATJI 91ICI ’KOHE KABAKCTAHHBIH AYBIP MYHAM KEH OPBIHJIAPBI YIIITH
KOJLJAHY MYMKIHIII'T

3aypoexoB K.C., baiimyxametoB M.A., 3aypoexoB C.A, Kankumanona I .H.

K.U. Combaes amvinoaswt Kazax ¥immulx mexnuxkaivlx
sepmme)y yHusepcumemi, 050000, Anmamul, Kazaxcman

Anoamna. J{ocmypni mMyHau-eaz KeH OpbIHOAPLIHGIY CAPKLLIYbIHA OAUIAHLICIbL MYMKbIPIbIb]
JHco2apvl MYHAU OHOIPY Kazipel Kezde MaHbul30bl 6ona 6acmaowvl. Ayblp MYHAU KeH OpPbIHOAPbIH
ueepy YywiH mepMusivblK any 20icmepi YIKeH Kbl3bl2YUIbLIbIK MYyoblpaosl. Tepmusnvlk ©HOIpic
20iCcmepiHiy MaHI MYHAll MYMKbIPIbIZLIH MOMEHOemy YUWliH pe3epsyaped JHCblIy mMAacbiMAl0debli
— Oy aiiday 6onvin madwiiaovl. Mynoatl MyHaiiovbl 6HOIPY, 0AUbLIHOAY JHCIHE MACLIMANOAY KODIHece
KypOelneHe mycedi dtcane Ketioe 0¥l MYHAUObIH HCO2APbl MYMKbIPIbIZbIHA OALLIAHLICIbL OHbIY MOMEH
KO032AN2bIUMbIZLIHA OAULIAHBICIbL MYMKIH emec. Ayblp MYMKbIPIbIZbL HCOAPbL MYHAUObL Ucepy2e
eH2I3y Ke3iHOe bLIbIMU Kbl3Mem aschl Keyerooe. Onemoe dxcenin mynau 50%-0an acnaiiovl, ayvlp
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MYMKBIPILIZbL HCOLAPLL MYHAUOBIH, CYObIH HCIHE KOLLEKMOPObIH CUNAMMAMALAPLIHA OAULIAHBICIbL
10-nan 30%- 2a detiin wbl2apvliaowvl. Ayvip MYHAll KeH OPbIHOAPbIH U2ep) YULiH HCbLLy OHOIpY 20icmepi
YAKeH Kbl3bl2YUbLIbIK MYyoblpadsl. MyHail keH opbiHOapulH ueepyOil Jcvliy adicmepi mybezelini ap
mypai exi mypee Ooninedi. Bipinwi, nHeciz0encen HYmMpuniacmogvlx npoyecmep HCamy HcoablMeH
KYPblIambvlH 0ACMamMauiblil HCany KOKC KAlObIKMApbiH KeHOI alMazblHOa auiody YHbIMAlapblHbIH
KelliHHeH O6mKi3yee MAlOaH JHCAHY apKblibl AyaHvl atody (KYpeax JiCaHy) Hemece ayaHbl JHCIHE
cyowl (bLneanovl scany). Exinwici oceiny macvimanoaguiuumapobl MYHAU KaOammapulHa auoayed
(6eminen) necizoencen. OHOIpyOiy JHcbly 20iCMeEPIHiy MIHI MYHANIObIY MYMKbIDIbIZLIH MOMEHOenty
Yuin cankblHoamgwvlul — 0y0vl 6HIMOI Kabamka auday doavin mabwviiadvl. bipkamap mepmusiiviy
a0icmepoiH iWiHOe2l eH Kbl3bIKMblCbl — C)Y KOUMACHIHbIY 0) KOMe2iMeH Mapmbulily CIMUMYIAYUSCIHbIY
mexnonoeusicol (SAGD).

Tyiiinoi ce30ep: mymxblpiviebl H02Apbl MYHAL, ayblp matl, 6, Oy-epasumayusiivlk acep.

SAGD METHOD AND POSSIBILITY OF APPLICATION FOR HEAVY
OIL FIELDS OF KAZAKHSTAN

Zaurbekov K.S., Baymukhametov M.A., Zaurbekov S.A, Zhankimanova G.N.
Satbayev University,050000, Almaty, Kazakhstan

Abstract. The production of high-viscosity oils is now becoming more and more important due to
the depletion of traditional oil and gas fields. For the development of deposits of heavy oils, thermal
extraction methods are of greatest interest. The essence of thermal production methods is the injection
of a heat carrier — steam into the reservoir to reduce the viscosity of oil. The extraction, preparation
and transportation of such oils is often complicated and sometimes impossible due to its low mobility
due to the high viscosity of this oil. The field of scientific activity during the commissioning of heavy
high-viscosity oils is expanding. In the world, light oils are extracted no more than 50%, heavy
high-viscosity oils in the range of 10 to 30%, depending on the characteristics of oil, water and
reservoir. Thermal extraction methods are of the greatest interest for the development of heavy oil
deposits. Thermal methods of oil field development are divided into two fundamentally different types.
The first is based on intra-layer combustion processes created by initiating the combustion of coke
residues in the bottom-hole zone of injection wells, followed by the movement of the combustion front
by pumping air (dry gorenje gorenje gorenje gorenje gorenje) or air and water (wet gorenje). The
second is based on the injection (from the surface) of heat carriers into oil formations. The essence of
thermal extraction methods is the injection of a coolant — steam into a productive reservoir to reduce
the viscosity of 0il.Of a number of thermal methods, the most interesting is the technology of steam-
assisted gravity stimulation of a reservoir (SAGD).

Key words: high-viscosity oil, heavy oil, steam, steam-gravity impact.

Beenenue

Mectopoxaenust HepTH ¢ HEOOIBIION TITy-
OMHOHN 3ajeraHusi NPOAYKTHBHBIX IIJIACTOB C
(doHTaHUpYIONMEH HEPTHIO B HACTOAIIEE BPEMS
BCTPEYaIOTCsl O4eHb peniko. OTKphIBaeMble Mec-
TOPOXKIIEHHSI He(DTH XapaKTepHU3yIOTCs OOIBIIOMN
[TyOMHOMN 3ajieraHusi NMPOAYKTHBHBIX 3alIeXkei.
JloObiBaTh HE()TH CTAHOBHUTCS BCE CIIOXKHEE.

Opa nerkoit HePTH (KaK 1Mo TUIOTHOCTH, TaK | 110
JIETKOCTH €€ M3BJICUCHUS] U3 HEJNlP) MOAXOAUT K
koHiy. Hactymaer spa Tskenoii HedTu.

[To ouenkam 1enoro psiga y4eHbIX, JIETKast
HEe(Th KOHYHUTCS YKE B MIEPBOM MOJIOBUHE ITOTO
Beka. B crpanax, ne Bxomamux B OIIEK, ona
KOHUMTCS eule pasble — yepe3 20-25 ner. Ho
B IeloM He(TsHbIE 3amachl emie MajJeKd OT
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ucTouieHus. B Heipax ecTh orpomMHbIe 3amachl
TSDKEJION, WITH, KaK €€ eIlle Ha3bIBAIOT, OUTYMHOM
Hedru. Hedtr, koTopyro 10 HeraBHEro BpeMeH!
Ja)kKe HE MbITAINCH 100bIBaTh. 32 UCKIIIOYCHHEM
pa3Be UYTO EIUHUYHBIX OSKCIIEPUMEHTAIbHBIX
MONbITOK [1].

B nocnennee Bpems HaOnMoqaeTCs CHIKEHUE
00beMOB 10OBIYM HE()TU B CBSI3HM C UCTOIICHUEM
KpYIIHBIX MecCTOpOoXxaeHU Kak B Ka3zaxcraue,
Tak U B mupe. B cBsi3u c »TuM Bce Oobliee
BHUMAHUE YAEISAETCS MECTOPOXKICHUSAM C
TSDKEIOU HePThIO U OUTYMaMH.

JlaHHBIE MECTOPOXKACHUS XapaKTEePHU3YIOT-
cs1 BBICOKOM BsizkocThio Hedptum 10 000—
45 000 mlla*c. [IpuMeHsieMbie METOBI JOOBIYH
TaKuX He(PTEH MOJDKHBI 00ECIICYUTh CHIKCHHE
BSI3KOCTH U 00ECIIEYUTh TEKyUeCTh HePTH /1S ee
U3BJICUCHUSI.

Tax, eme B 1987 1. na XII MupoBom HedTs-
HOM KOHTpecce B I XbIOCTOHE Oblja IMpUHATA
obmas cxema kiaccupukanuu HedTeH W TPH-
POIHBIX OUTYMOB:

e jerkue He(pTU — C IJIOTHOCTBIO MEHee
870,3 kr/m3;

e cpeanue HedTr — 870,3-920,0 kr/™M?;

o Tspkenbie Hedtr — 920,0—-1000 kr/m?;

e cBepxTspkenbie HedTu — 6osee 1000 kr/m?
nipu Bsizkoctr meHee 10 000 mlTa-c;

e npupoaHbie OuTyMbl — 6omee 1000 kr/m?
nipu BsizkocTH cBbimie 10 000 mlla-c.

[Ipuponupie OUTYyMBI — 3TO OKHCJICHHBIE
BBICOKOBSI3KHE, MJIOTHbIE HE(TU KHUIKOH, MOIy-
JKUJIKOW M TBEPAOM KOHCHUCTEHIIMU C BBICOKUM
COJIEp>KaHUEM CEPBbI, Mace, CMOJI U ac(abTEHOB.
OTnnyaroTcst O0NBIIMM COJAEP)KAHUEM BaHAIUS,
HUKEJs, MOJIUOJeHa U 3HAYUTEIHbHO MEHBIINM
(mo 25%) coneprxkaHueM OCH3WHOBBIX U JTU3EIIb-
HBIX (ppakiiuii.

OO0BIYHO, KOTJIa TOBOPAT O TSKEIOW He]TH,
MOJPa3yMEBAIOT KaK TKENYyI0 He(pTb, Tak U
CBEpXTSDKEIYI0 He(pTh W 4YacTo MPHUPOJIHBIC
OUTYMBI B TOM YHCJIE.

Pa3zBenannbie MHpOBBIE 3alachl TSHKEJIOU
HepTH Ha JaHHBIA MOMEHT HACUUTHIBAIOT,
no paHHbIM [eonorumueckoit cimyxObpr CIIA,
nopsiaka 3385 mupna Gappeneit (464 mipa T), UX
pacmpezieieHue MO0 pPEeruoHaM MHpa IMOKa3aHO
Ha pucyHke 1. JlaHHbIe 3amachkl NpPENCTABISAIOT
OOJIBIION HHTEPEC B OCBOCHUN 00BEMOB TSKEIION
He(dTH, HO [IPH ITOM CYIIECTBEHHO YCIOKHIETCA
TEXHOJIOTHsSI T0OBIYM M BO3PACTAIOT 3aTparhl Ha
W3BJICUCHUE TAaKOW HEDTH.

Muposbie sanachl maxenoill Hepmu*
mipg Gapp.

‘Hammmm-gﬁmtcmmmmmﬂ

WCTOYHME: MECAROTAECKAR CAYVIREA CLUIA

Pucynox 1 — Muposvie 3anacet msiicenoui nepmu [1]
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OcHoBHas 4acTh
JloGprua  TspKenol HedTH TpelyeT mpu-
MEHEHHsI HOBBIX, HETPaIMLIUOHHBIX ITOJXO/OB.

CyuiecTByloT pa3iMyHble CIOCOOBl  pas3pa-
OO0TKM 3ayiexed TsDKeNnbIX  HedTe U mpu-
POAHBIX  OUTYMOB, KOTOpBIE pa3IMYaOTCS

TEXHOJIOTMYECKMMH M DKOHOMHYECKHMH Xapak-
TEPUCTUKAMU. YCIIOBHO T€XHOJOTHH U CHOCOOBI
pa3paboTKu 3ayiexel TsKenblx HedTel u npu-
POAHBIX OUTYMOB, KOTOpBIE HCIBITBIBAJINCH U
HAIlUTM IPUMEHEHUE B IPAKTUKE JOOBIYM HEPTH,
MOXKHO MOJIPa3JIeNUTh Ha TPU TPy [2].

® KapbepHBIIl U IIAXTHBIA CIIOCOOBI pa3pa-
0OTKH;

® TaK HA3bIBAEMbIE XOJIOIHBIE CIIOCOOBI J10-
OBIYH;

® TEIJIOBbIE METO/bI TOOBIYH.

[IpaBunbHBIN BBIOOP TOM WM WHOM TeX-
HOJIOTMM  OOYCJIOBIIMBAETCS  TE€0JIOTUYECKUM
CTPOEHUEM M YCIOBHUSAMHM 3aJIETaHMsl ILIACTOB,
(U3UKO-XUMUYECKMMU  CBOWCTBAMM  IjIac-
TOBOTO (hItOMa, COCTOSIHUEM U 3aracaMu yriie-
BOJIOPOJTHOTO CBIPBS, KIMMAaTHYECKUMH, I€O-
rpadMu4eCKUMHU YCIOBUSAMH U JIP.

B Kanane nauunas ¢ cepenunsl 80-X rofoB

XX Beka Omarogapss WHBECTHUIIUSAM B Hay4dHO-
HCCIIEIOBATEIbCKUE IMPOEKThl B 00JacTH Tel-
JIOBBIX METOJIOB JOOBIYM, @ TAKXKE C Pa3BUTHEM
TEXHOJIOTMH TOPU3OHTAIBHOrO OypeHus B
Kanane Owuta pa3zpaboTaHa TEXHOJIOTHS Iapo-
IPaBUTALIMOHHOTO BO3CHCTBUS C IPUMEHEHUEM
JIBYX TOPU30HTAJIbHBIX CKBaXHH, O0J€e U3BECT-
Hasi B MUPOBOM NpPOMBINIJIEHHOCTH Kak SAGD
(Steam Assisted Gravity Drainage). TexHomorus
SAGD crana mNpPOMBINUICHHBIM CTaHAAPTOM
pa3pabOTKK 3amacoB OWUTyMa Ha TEPPUTOPHH
Kananpr [3].

B knaccuueckoM NOHMMAaHUU TEXHOJIOTHS
SAGD Ttpebyer OypeHusl ABYX TOPHU30HTAJIb-
HBIX CKBa)XHH, PACIOJIOKEHHBIX MapajlieIbHO
omHa Hanx apyro. CKBaxuHBI  OypsTCs
yepe3 He(TEHACHIIIEHHBIC TOJIIUHBI BOJIU3H
MOJOWIBHI 1iacTa. PaccrosHue Mexmy IByMs
CKBOKMHAMH, KaK IPaBHJIO, COCTaBIsET 5 M.
JllnHa TOPU30HTAIBHBIX CTBOJIOB JOCTUTAET
1000 M. BepxHss ropu3oHTaJIbHasi CKBa)KMHA
UCIIONB3YeTCs JJIi HarHeTaHwsl mapa B IUIacT
U CO3JIaHUSI BBICOKOTEMIIEPATYpHOU MapoOBOM
KaMephbl, Kak [MOKa3aHO Ha PUCYHKE 2.

D TeXHONOIMA 400K 1AKXENON HeDTH - SAGD (Stearn Assisted Granvity Drainage)
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Pucynok 2 — Texnonozeus 0obvruu masxcenoi negpmu memooom SAGD
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[Iponiecc maporpaBUTallMOHHOTO BO3JIEH-
CTBUSI HAYMHAETCS CO CTaJAUU MPEarporpena,
B TEYCHUE KOTOPOW (HECKOIBKO MECSIICB)
MPOM3BOAMTCA ULUPKYIALMA Tapa B 00eux
ckBakuHax. [Ipu 3TOM 3a cYeT KOHIYKTHBHOTO
MEPEeHOCa TeII1a OCYLIECTRIISIETCS Pa30TPEB 30HbBI
I1acTa MeXAy J0ObIBatoIIel U HarHeTaTeaIbHON
CKBKMHAMH, CHIDKAETCS BSA3KOCTh He(pTH B
9TOM 30HE U TEM CaMbIM 00€CIeYnBaeTCs TUAPO-
JIMHAMUYECKas CBSI3b MEXKIY CKBaKMHAMHU [4].

Ha ocHoBHO¥ cTaauu 100BIYH TPOU3BOIUTCS
y)K€ HarHeTaHuWe Iapa B HarHeTaTelIbHYIO
CKB)KMHY. 3aKauMBAaE€MbIil Map H3-3a Pa3sHUIIbI
IJIOTHOCTEH TIpOOMBaeTcs K BEpXHEH YacTu
MPOAYKTUBHOIO IUIacTa, CO3[aBas YBEIUYU-
BAIOLYIOCS B pa3Mepax [apoByl Kamepy.
Ha mnoBepxHOCTH pa3znena MapoBOM Kamephbl
U XOJOAHBIX HE(PTEHACHIIEHHBIX TOJIIHUH
MOCTOSTHHO MPOUCXOAUT MPOLECC TEII000MEHa,
B PE3yJbTaTe KOTOPOTo Map KOHACHCHUPYETCS B
BOJly U BMECTE C Pa30rperoil HepThIO CTEKaeT
BHM3 K JOOBIBAIOIIEN CKBaKUHE I10]1] J€HCTBUEM
CHJIBI TSKECTH.

Poct nmapoBoii kamepbl BBEPX MPOJIOHKACTCSA
0 TeX IOp, MOKa OHa HE JOCTUTHET KpPOBIH
IUIaCTa, MOCJIEe YET0 OHA HAYMHACT PaCHIMPATHCS
B cTopoHbl. [Ipu 3TOM HeTh Bcerga HaxonuTCs
B KOHTAaKT€ C BBICOKOTEMIIEpaTypHON MapoBOH
kamepou. Takum oOpa3om, IOTepH TeIia MUHH-
MajbHBI, YTO JEJNAaeT 3TOT Crocod pa3padoTKu
BBITOJTHBIM C 9KOHOMUYECKOW TOUKHU 3PCHHUS.

[TepBoiii munotHed mpoekT SAGD  Obun
oTpaboTaH  KaHAJACKUMU  pa3paboTYrKaMu
Ha KpyIHEWIIEeH B MHUpE 3alekd MPUPOIHBIX
OuTyMOB — Ha mecuyanukax Arabacka B Kanane.
B Teuyenue mepBoil craauu npoekra B 1988 .
OBLIIO0 TPOOYPEHO TPU Maphbl CKBAXKUH C JJIMHON
ropu3oHTajJbHOro yyactka 60 M. B 3Tux
CKBaKMHAX OblIa oTpaboTaHa Kiaccuyeckas
cxema mnaporpaBuTanimoHHoro apeHaxa. KHWH
no aneMmeHty cocraBmil 50%, a HakOIUIEHHOE
napoHe(TIHOE COOTHOUICHHE HE MPEBBICUIIO
2,5, 4TO TOATBEPAMIIO SKOHOMHUYECKYIO PEHTa-
OenbHOCTh TIpoekTa. Ha cremyromeit cramuu
npoekTa B 1993 1. Obuta HauaTta KOMMeEpUYecKas
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pa3paboTka 3ajexHu TpeMmsl HapaMu CKBaXHH
C JIMHOW TOpU3OHTaIbHOTO y4actka 500 M.
Jlnst MOHUTOpUHTA Tpoliecca pa3padoTKu ObLIa
npoOypena 21 HaOmromaTenbHasi CKBaKHHA,
0o0opyJIoBaHHAs TepMOMapaMu M IbE30METPHU-
YECKHMMM JIaTYUKaMU JIaBJIeHUs [S].

B npyroit kpynHeiiiiei mo 3amacaM TsbKe-
JBIX YIJIEBOIOPO/IOB cTpaHe Benecyarne nepsblii
nuiaoTHBIH mpoekt SAGD Obu1 3amymieH B
nekabpe 1997 r. PesynbTarhl ONBITHBIX pabOT
MoKa3ajau, 4YTo pa3paboTka 3ayexeil BbICO-
koBsi3kor HedTr (10 00045 000 mlla-c) HOBBIM
MetoaoMm nossiaetT KMH 1o 60% o cpaBHeHUIO
¢ 10% mpu muKIMYecKoil mapoTerioBoil oopa-
0O0TKE CKBa)KHH.

B cocenueii ¢ mamu Poccum wucnbiTanue
METOa MaporpaBUTALIMOHHOTO JApeHa)ka Ipo-
poutcd ¢ 1999 r. ma AAaJIBYMHCKOM MECTO-
poxnenun (Pecnybmuka Tarapcran). JlanHoe
MECTOPOXKACHUE XapaKTepHu3yeTcsi HeOObIION
IyOMHON 3alieraHus MPOAYKTUBHOIO IUIACTa:
KpoBJId Mulacta — 72,2 M, mojomiBa IJlacta —
110 M. IlonmydeHwl BBICOKHE pe3YyJbTaThl IO
MaporpaBUTALMOHHOMY BO3/ICHCTBHUIO HA IJIACT.
Tak, noObplYa XKUAKOCTH BO3pOCIAa B TEUCHUE
8 mer ¢ 14,6 TICc. T 10 197,3 THIC. T, @ HEDTH,
COOTBETCTBEHHO, ¢ 1 ThiC. T 10 39,8 ThIC. T. [IpH
TOM OTMEUYaeTcs, YTO IO Mepe BBIPAOOTKU
3aImacoB BSI3KOCTh J0OBIBAEMON HE(PTH YBEIIH-
YyUBaeTcs, T. €. CHauyaja JoObIBaeTcs MeHee
Bs3Kas He(Th, a 3aTeM MO Mepe YBEIUMYCHUs
TEMIIEpaTypbl M NporpeBa IUlacTa HaYMHAET
paboTarh BeCh 00BbEM IJ1aCTa, IPUTEKAET HEDTH C
0oJiee BHICOKOM BA3KOCTBIO, U CPEAHSISI BI3KOCTh
HedTH Bo3pacraet [6].

B Kazaxcrane meroq SAGD Ha Tekyuuii
MOMEHT HE HallleJl IPaKTUYECKOTO MPUMEHEHHUS.
Komnanueit Conoco Phillips 6p11 npousBenex
aHaJIU3 MECTOPOXKJCHHUI BBHICOKOBSI3KMX HeTel
u npupomHoro oOutyma Kazaxcrana c wuemnbio
ompeseicHus HanboJiee IeIeCO00pa3HON TeX-
Hosloruu 11t MectopoxkaeHuid Kazaxcrana. Ha
pucyske 3 (ctp. 17) nmpencraBieHbl TEXHOJIOTHH,
HaubOoee TMOAXOASIIUE JUISi  BBICOKOBSI3KHX
MectopoxaeHuid Kazaxcrana [7].
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nhu pa3paborke pasHbIX 3anexen
«TAXeNOI» HedbTi Uenecoobpasno
NPHMEHATL PAINBIC TEXHONOTHM

—
SAGD/VAPEX
h

Pucynok 3 — Texnonocuu 006614y 8b1COK0853KUX Hepmell

Kak BunHo u3 pucynka 3, naubonee 1eine-
cooOpa3HbIMu TexHonorusamu st Kazaxcrana
spisitorcst SAGD u VAPEX. Ilpumenenue Toit
WIM UHOW TEXHOJOTUU J00bIYM OOYCIOBICHO
reOJIOTMYECKUMH  YCIOBHUSIMH, (PU3UKO-XHUMHU-
YeCKMMHU CBOMCTBAMHU, COCTOSTHUEM M 3aracaMu
U PSAOM JApYTHX (DaKTOPOB.

Jlis MecTtopokaeHuil ¢ TIyOMHOM 3ajera-
HUSl MPOAYKTUBHBIX IUIACTOB C BBICOKOBSI3KOU
Hedthro 200 M u 10 1000 M HanboEe MIEepCIeK-
TUBHBIMU SIBIISIIOTCS TEXHOJIOTUU, OTHOCSIIHUECS
K TETJIOBBIM METOAAM J00BIYH, K KOTOPBIM OTHO-
carcs [8]:

* nUKIMYecKoe HarHetanue napa (CSS);

* BeITecHeHHE HeTH TapoM (SD);

* ApPOrPAaBUTALMOHHBIA PEXHUM 3aKayKu
(SAGD);

* OKCTPAKIMsI PACTBOPUTENIEM B IMapOBOU
¢daze (VAPEX);

® [IapOrpaBUTALMOHHOE BO3JEUCTBUE C JI0-
6askoit pactBopurens — (ES-SAGD);

e 1poriecc ¢ 1006aBkoii pactBoputenis — (SAP);

e yepe/0BaHUE 3aKayKy Iapa U PacTBOPHU-
tenst — (SAS).

[Ipn mranupoBanuu pa3paboTKu HeoOXo-
JUMO YYUTBIBaTh BO3MOYKHBIE MPOOJIEMbI, BO3HU-
Kalolllue MpHU SKCIUTyaTalluu MOJ0OHBIX MECTO-
poxnaeHui [9]:

* BBICOKAsl JeTIpecCusi B CKBaKMHAX U HU3-
Kue 1eOUTHI;

* BIMSHUE XapaKTepUCTUK IUiacTta — olpa-
30BaHUE BOJHOTO Oapbepa, KOHycooOpa3oBaHHE,
BCIICHWBaHUE HEDTH U IP.;

* TPYIHOCTH IIPU MEXaHU3UPOBAHHOMN TOOBI-
4ye U TPAHCIIOPTUPOBKE;

* MpoOJIEMbl  3arpsI3HEHUS  OKPYXKaromiei
Cpelbl MPU KCIIONB30BAaHUU I1apa, 3arpsi3HEHHE
BO3/yXa U MOBEPXHOCTU 3€MJIU U T. 1.;

* HaJM4YMe UCTOYHUKOB BOJIbI ITPH TEILIIOBBIX
MeToJax;

* OYCHb HH3KHE KOdhdUIHEeHTH HedTe-
OTJa4M 110 CPABHEHUIO C TPATUIIMOHHBIMU METO-
JaMU pa3pab0TKH HEPTIHBIX MECTOPOXKICHU;

* HEOOXOUMOCTH JIOTIOJIHUTEIIbHON UH(OP-
Malui PYU MOHUTOPUHTE Pa3pabOTKH;

* HEOMpeAENIEHHOCTH MPOTHO3a 100bIYH;

* 0opb0a ¢ BHIHOCOM IIE€CKa.

IIpu wucnonwszoBanum merona SAGD s
JTOOBIYM TSOKEBIX HE(DTEH CyIIeCTBYET HECKOJIb-
KO KJIIOYEBBIX MpOoOJieM, KOTOpbhIE KOMIIaHWH,
ucnonb3yronme TexHoiaoruro SAGD, nomxHBI
MPEOI0JIETh, YTOOBI JOCTUYL PEHTAOCIBHOCTH
TEXHOJIOTHH, TAKUE KaK:

® JIOCTIKEHHE MaKCHUMAaJbHOM 3Heprosd-
(heKTUBHOCTH;

e ONTHUMAJLHBIN NpoLIECC pa3eieHne Hed-
TU U BOJBL;
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® OUUCTKA BOJBI Uil OBTOPHOTO HCHOJb-
30BaHUS B MPOU3BOJICTBE Mapa.

HeoOxogumocts  momudukaruii  SAGD
o0ycIoBlieHa CTPEMJIEHUEM YIYYIIUTh 3KOHO-
MUYECKHE IOKa3aTeld MPOEKTOB, y4eCTh KOH-
KpETHBIE Ieooro-pu3nYecKue yCIOBHUsSI MECTO-
POXICHHUS, a TAKXKE KECTKUMU TPEOOBAHUSMU B
o0nactu oxpaHbl OKpy»xKatouieit cpensl. [IpoexTs
SAGD sBasitoTCS KpYITHEUITUMH TIOTPEOUTEIISIMHU
MIPECHON BOJBI B peruoHax A0ObIYM, a IUIara 3a
BBIOPOCHI TAPHUKOBBIX T'a30B MPU MPOU3BOJICTBE
napa yxe B 0003puMoM OyayIieM MOXKET CTaTh
BecoMmoii ctaTbel 3arpar [10].

[Ipu »TOoM TakXke HaIO0 OTMETHUTH, UYTO
MPEUMYIIECTBA TEXHOJIOTUN MapOrpaBUTAIIUOH-
Horo npeHaxa (SAGD) — aro:

* BBICOKMH KOXDOUIMEHT HU3BJICUCHUS
Hetr (KMH) — npu GaronpusTHEIX yCIOBUSX
nocturaet 75%;

* mporecc J00bIYM HEPTH MPOUCXOIUT
HEIPEPBIBHO;

+ 0ajaHc MEeX]ly IOJyYeHHEM Iapa B yClio-
BUAX 32005 U MOTEPSIMU TeIla, KaK pe3yJabTar —
MaKCUMaJbHbIE 00bEMbI U3BICUCHHUS;

* ONTUMAJIbHBI CyMMapHBIA MapoHe(Ts-
HOH KOd(DPHUIEHT.

3akiiroueHue

OnHUM U3 OCHOBHBIX OTPaHHYMBAIOIIUX
dakropoB mnpumeneHuss wmeroma SAGD B
Kazaxcrane sBnsieTcsi, 1Mo HaleMy MHEHHUIO,
Oonblas IIyOMHA 3ajeraHusi MPOAYKTUBHBIX
IUIACTOB  C  BBICOKOBSI3KOM ~ He(THIO, YTO

00ycCJIOBIMBaeT NpoOJIIeMy JOCTaBKH TEILIO-
HOCHUTENSl K IPOAYKTUBHOMY IUIACTy C 3aJaH-
HOM Temmeparypoil mapa. Temmeparypa Teruio-
HOCUTEJS  sIBIIsIeTCS  MokaszareneMm  dddek-
TUBHOCTH npumeHeHus Meroaa SAGD, B cBsizu
C YeM pellleHHuEe BOIPOCa CHHKEHUS IOTeph
TeIla B MpOLEecce JOCTaBKU TEIJIOHOCUTEIS
no koinoHHe HKT no nmpoayktuBHOro mniacra
SIBJISIETCSI BAXKHOM TEXHUYECKOW 3ajadyeid, penie-
HUE KOTOpPOM € MHUHUMAJbHBIMU 3aTparaMu
MaTepualbHBIX PECYpCOB TO3BOJHUT  IOBBI-
CUTh MHTEpeC NOOBIBAIOMIMX KOMIAHUHM K MpH-
MeHeHno gaggoro meroma SAGD.

CymectByomue crnoco0bl CHMXKEHUS I0-
Tepb Teria no koinonHe HKT, takue kak cu-
JUKaTHO-OMaJIeBOE MOKPBITHE HA BHYTPEHHIOIO
MOBEPXHOCTh BHYTPEHHEH TpyObl, MPUMEHEHUE
MHOTOCJIOMHOM SKpaHHOW H30JISIIUM  BHYT-
penneit  mosepxHoctu HKT, npumenenue
2-tpyoHnoii konouasl HKT u HarpeB BHyTpeHHEH
KOJIOHHBI TPYO U T. J., HE TO3BOJSIOT JOCTHYb
CYILIECTBEHHOTO CHIDKEHHUS IOTEeph TeIula IO
KOJIOHHE TpyO U SIBIAIOTCS JOPOTOCTOSIIUMU
croco0amu, 4YTO OrpaHUYMBAET BO3MOKHOCTD X
HIUPOKOTO MPUMEHEHUSI.

[Touck HOBBIX TEXHMYECKHX PEIICHUM,
00naalouX BBICOKOW CTENEHbIO CHIDKEHUS
NoTeph TeIjia MPU MUHUMAIBHON CTOMMOCTH,
ABJISIETCS BECbMa aKTyaJbHOU 3ajauei, KoTopas
MO3BOJIUT PACIIUPUTH 007acTh NPUMEHEHUs
meTona SAGD B Kazaxcrane.
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OPU3NKO-MATEMATUYECKHUE
N TEXHUYECKUE HAYKHA

UDC 004.021
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MODELLING, RECOMMENDATION AND ANALISYS OF DEMAND
PLANNING IN FMCG

Bakytbek B.!, Bektembayeva A.R.?

'PepsiCo Kazakhstan, 050000, Almaty, Kazakhstan
’Beeline, 050000, Almaty, Kazakhstan

Abstract. Most of the fast-moving consumer goods companies (FMCG) have two main targets in
order to become successful on the market. First, it is profit maximization and the second one is cost
optimization or minimization. If the company can hold those two key performance indicator (KPlIs)
in balance, it has all the odds to be competitive and successful in the field of operation. Supply Chain
(SC) team and in particular Demand planning (DP) plays a crucial role in achieving those targets
mentioned above with help of recommendation modelling systems. Demand planning team are those
who can translate business needs into meaningful and measurable numbers for Supply Chain keeping
healthy inventory level and delivering the goods that needed with the best freshness and availability
possible. Further, we will describe and analyze how to achieve better results vs. current solutions on
specific company called PepsiCo via modelling and analyzing Demand Planning in FMCG sector
overall.

Key words: prediction, analyze, recommendation system, machine learning, big data, supervised
training, dataset, Demand Planning, FMCG, Supply Chain.

CEKTOPIA KY¥YMBIC KACAY, YCBIHBICTAP )KOHE TAJIAIITHI TAJIJAY
BakbiToek B.!, Bekrem0aeBa A.P.?

'PepsiCo Kazakhstan,050000, Aimamel, Kazakcman
’Beeline, 050000, Anmamul, Kazaxcman

Anoamna. JKvinoam ecin Kene xcamkan mymulHyuvlivl mayapnap (Fast-moving consumer goods
— FMCG) rxomnanusnapolnvly Kenwiiniei HapblKkma cammilikKe dcemy VuliH exi Hezizei maxcam
K0s10vl. Bipinwioen, Oyn natloanvl MAKCUMU3AYUSAILAY, eKIHWIOeH, Wbl2bIHOApObl OHMALLAHOLIPY
Hemece azaumy. Eeep komnanus ocwl exi nezizei kepcemxiwmi (key performance indicator — KPI)
meneepe anca, OHblH Dacekeze KabOiiemmi JicaHe 63 icinoe mabvicmbl Oonyea 6apiblK MYMKIHOICI
bap. ¥cviHbicmapovl Moodenvoey dicylienepi apKblibl HCOAPbIOd AMalean MAKCAmmapea xHeemyoe
arcemxizinim mizoeei (Supply Chain — SC) mobwi ocone acipece Cypanvlcmul #CoCNapiay weutyuli poi
amkapaosl. Kabovikmay mizoeei — Oy mayapivik-mamepuanioblk KYHObLILIKMAPObl CAKMAy HCIHE
Kasicemmi mayapiapobl MAKCUMAIObl CEPeeKMIKNeH HCaHe KOl HCeMIMOLIIKNEeH JHcemKize Omulpuln,
Ou3Hec Kad)cemminikmepin dcemiizinim mizoeci yulin MAauvi30bl JHCOHE ONUleHemiH CaHOaped
aunanovipa arameinoap. bByoan api 60i3 ocarnvt FMCG cexmopvbina cypanvicmvl HcoCnapiayobvl
Mooenvoey dHcaHe manoay apkwlivl Hakmel PepsiCo komnanusacsl yuin Kazipei wewimoepee Kapazanoa
JHCAKCHL HaMuUDICeNepae Kauat scemyee 601amvlHObIRbIH CUNAMMAUMbI3 HCIHE MALOAUMbL3.

Tyiiinoi co3dep: 6ondicay, manoay, YColHbICMAp JHCYUueci, MAauUHAIbIK OKbIMY, YIKeH Malimemmep,
bakwiiaHamvlH OKbImYy, Manimemmep 6azacwl, cypanvicmul sxcocnapnay, FMCG, scabovixkmay mizoeei.
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MOJIEJIUPOBAHUE, PEKOMEHIALIUU 1 AHAJIN3 CITPOCA
IINTAHUPOBAHMUSA B CEKTOPE

BakeiToek B.!, BekrembaeBa A. P.?

'PepsiCo Kazakhstan, 050000, Armamei, Kazaxcman
’Beeline, 050000, Aimamul, Kazaxcman

Annomayusn. Bonvuuncmseo 6b1cmpopassusaruuxcs KOMRAHUl o nPou3800Ccmey nompeoumens-
ckux moeapoe (Fast-moving consumer goods — FMCG) npecnedyrom 0ee ocnognvle yenu, 4umoovl
00bumb sl ycnexa Ha puiHke. Bo-nepeulx, 3mo maxcumuzayus npudbLIU, a 60-8MOpPbLX, ONMUMU3AYUSL
un MuHumMuzayus 3ampam. Eciu Komnaumus cmodcem cOANAHCUpO8ams dmu 08d KI04esblx
nokasamens sgpgpexmusnocmu (key performance indicator — KPI), y nee ecmv 6ce wiancvl Ha mo,
4mooOvl ObIMb KOHKYPEHMOCNOCOOHOU U YCNewHol 6 ceoell oonacmu oesamenvrocmu. Komanoa
Supply Chain (SC), u ¢ uwacmnocmu nianuposanue cnpoca (Demand Planning — DP), uepaem
Pewanuyro poib 8 Q0CMUICEHUU Yelell, VIOMSIHYMbIX 8blule, C NOMOWBIO CUCTEM MOOETUPOBAHUSL
pexomenoayuti. Komanoa no Supply chain — smo me, kmo moxcem npeobpazosams nompeoHocmu
buzneca 6 3Hayumvle U usmepumvle uucia 0as supply chain, noodepoicusas 300po8vlll YPOGeHb
3anacos u 00Cmaegisis HeodXo0UMble MOBaAPbL ¢ MAKCUMATILHOU CEENCECIbIO U OOCHYNHOCMbIO. [lanee
Mbl OnuUeM U NPOAHATUZUPYEM, KaK 00OUMbCA IYHUUX Pe3VIbmamos no CPAGHEHUI0 ¢ MeKyWUMU
peweHusamMU 0 KoHKpemuot komnanuu PepsiCo, nymem mooenuposanus u anaiuza naaHupoBaHusl
cnpoca 6 cekmope FMCG 6 yenom.

Kniouesvie cnoea: npocnosuposauue, aHanu3, cucmema pekoMeHOayuil, MauiluHHoe oOyueHue,
bonvbuue dannvie, 0OyUeHue ¢ yuumenem, Habop OoanHwvlx, nianuposanue cnpoca, FMCG, yenouka

nocnaeokx.

Introduction

Majority of international companies in
FMCG sector have complexities related to Supply
Chain operations starting from Demand Planning
and ending with Customer orders fulfillment.

There are many chains in between like
procurement of raw materials, factory planning,
supply  planning, logistics, warehousing,
distribution and customer service, but in this
paper, we will be focusing only on Demand
Planning and in particular Kazakhstan market,
which makes this research unique and supposedly
should solve profit maximization and cost
optimization KPI issues, basically, meaning save
some cash and time.

* DP function within Supply Chain is the
starting point for a business that has production
and appropriate scale. DP team works with
Forecast Accuracy (FA) and bias, in other words
DP planner predicts which product will be sold
in particular city, channel (traditional or modern
trade) with lag time of up to 16 weeks with best
possible forecast accuracy (FA). So, providing

high FA on Stock Keeping Unit (SKU) level with
lag intervals two or four weeks lead to lower
inventory levels, fresh products on shelves,
product availability, less out of stocks of products
and as a result, to higher cash flow, which makes
the company agile and more competitive on the
market.

* Lots of uncertainties should be taken into
accountin order to get high results. Such obstacles
might be promotional activities, discounts, new
product developments, equipment installations,
ATL(Above The Line) and BTL(Below The
Line) activities by Marketing team, competitor’s
activities, price increase, external factor (perhaps,
COVID-19 or fasting periods) and many more...

* Modelling, recommendation and analysis
is a big part of DP and to make predictions as
accurate as possible, the company has to take the
changing variables mentioned above and we will
take into account only several of them, which are
relevant to us and available on hand. As ethics
suggest we cannot take insider’s information to
take advantage over the competitors. So, we will
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be using in this research only historical data as
well as the data available to us.

Healthy business supposed to have healthy
inventory stocks in order to operate the business
properly and have enough cash flow to pay the
employees’ salaries and dividends to shareholders
and buy raw materials to keep business running.
So, in this research we will try to answer how
to predict the best possible FA and bias with
the data on hand within scarcity of resources
like manpower, time, efficiency & effectiveness
resulting the highest possible productivity level.

* The dataset we need to analyze and observe
mainly is historical data sales, which helps us
to identify season spikes and the trend that will
most probably will occur from period to period
by categories.

» Legitimate external sources like Nielsen
research reports, which can help us to get grasp
of market share and analyze how the market
is evolving, category growth and give an
understanding where we are vs. our competitors
and identify whether our actions in the past
and current are well designed and executed by
counterpart departments like Sales, Marketing,
Trade Marketing, Finance and Supply Chain.

Answering and analyzing all the questions
above with the help of new machine learning
modelling in DP, we will be able to excel at
predictions vs. current state resulting in higher
profitability and cash flow optimization meaning
that business unit can earn more profit, market
share and other crucial performance indicators.
Our model/recommendation system should help
in sales prediction in right amount, in the right
place and in a timely manner.

Methodology

Now the whole world faced pandemic virus
called COVID-19, which dramatically changed
the way people behaved before and after the virus
entered our lives. One example with toilet papers
that stocked out around the world during the first
a couple of weeks since quarantines around the
world were announced. There are researchers who
proposed solution to manage demand uncertainty
in Supply Chain Planning with manufacturing
decisions modeled as "here-and-now", which are
made before demand realization. Subsequently,
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the logistics decisions are postponed in a *wait-
and-see’ mode to optimize in the face of un-
certainty. But with such approach we can face out
of stock on shelves plus increased prices for the
goods in high demand, which will directly affect
final customers who buy those products. [1]

Another research paper that proposes
a new paradigm for tactical Demand Chain
Planning (DCP), called robust planning, based
on risk assessment of the supply and demand
chain. It outlines that a significant number of
information systems have emerged, but most
of the adopt a myopic view of planning, based
on pure deterministic planning methods. It
demonstrates that such an approach fails to coop
with the considerable uncertainty of the planning
information. The proposed robust planning
paradigm is introduced and it promise to reduce
the number of re-planning cycles, through a
better characterization of the expected service
level performance over a medium planning
horizon. [3]

Third paper shows large benefits which are
achieved by Supply Chain Management that
are accredited to the reduction of inventories,
especially to decrease of safety stocks.
While safety stocks are mainly influenced by
uncertainty, it is appealing that most effort
should be spent on the reduction of uncertainty.
Two sources of uncertainty are known in supply
chains: process uncertainty (ex. unreliable
production processes, fluctuating lead times etc.)
and demand uncertainty (difference in planned or
estimated demand and actual sales). The purpose
of Demand Planning is to improve decisions
affecting demand accuracy and the calculation of
safety stocks to reach a predefined service level.
All decisions in the whole supply chain should
be based on already fixed (accepted) customer
orders and planned forecasts, the latter ones are
determined in the Demand Planning process.
Therefore, the performance of each supply chain
entity depends on the quality 2 of the demand
plan. This also implies that these figures need to
be the result of a collaborative effort. [4]

The last paper talks about mainstream
inventory management approaches typically
assume a given theoretical demand distribution
and estimate the required parameters from
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historical data. A time series based framework
uses a forecast (and a measure of forecast error)
to characterize the demand model. However,
demand might depend on many other factors
rather than just time and demand history. Inspired
by a retail inventory management application
where customer demand, among other factors,
highly depends on sales prices, price changes,
weather conditions, paper presents two data-
driven frameworks to set safety stock levels
when demand depends on several exogenous
variables. The first approach uses regression
models to forecast demand and illustrates how
estimation errors in this framework can be
utilized to set required safety stocks. The second
approach uses Linear Programming under
different objectives and service level constraints
to optimize a (linear) target inventory function of
the exogenous variables. The researchers show
that considerable improvements of the overly
simplifying method of moments are possible
and that the ordinary least squares approach
yields a better performance than the LP-method,
especially when the data sample for estimation is
small and the objective is to satisfy a non-stock
out probability constraint. However, if some
of the standard assumptions of ordinary least
squares regression are violated, the LP approach
provides more robust inventory levels. [2] So,
I have checked different approaches, which
are discussed above and will try to find unique
solution with insights from the researchers above.
All the papers say that lower inventory level is
good for the company, but it should not be at the
cost of out of stock and the hardest part is that
there are a lot of uncertainties and variables that
fluctuate a lot.

First, we suggest dividing planning into
two parts: short-term demand planning (up to
16 weeks) and long-term demand planning (16
weeks and up to 18 months). Where short-term
planning looks for shorter periods on weekly
basis by cities, channels (Traditional Trade —
TT and Modern Trade — MT) and on SKU level
and long-term planning analyzes broader period
of time up to 18 months on monthly basis by
regions, channels and pricing groups (group of
the same SKUs or so-called sub-categories).
The main difference is that the closer forecast

appears the more focused analysis should be in
place, since we have more data available to be
analyzed, which directly affects inventory level
and safety stocks.

Second, we propose to forecast sell out (sales
from distributor to stores) and taking into account
stock levels at the beginning of the month and
respectively plan sell in volumes (sales from
company to distributors). This approach results
in win-win strategy and shows that we are caring
about distributors as well as sales overall. This
brings partnership to the next and loyalty toward
us. In future, the best results might show sell out
data (from stores to final consumers), but in real
world of Kazakhstan it is hard to acquire such
information. This approach is more suitable for
developed countries, but we might come to the
point when we will be able to analyze such data
as well.

Third, data validity and history horizon.
We decided that synchronization between
distributor’s ERP systems and our sales system
should be on weekly basis and consolidated
information for whole country will be as a
baseline for DP. Three years should be more
than enough to identify baseline for each SKU
in portfolio (5 categories and around 350 SKUs).

Fourth, we mentioned above that there
are a lot of uncertainties that should be taken
into account like promotional activities and
actions by competitors, price changes, weather
conditions, any governmental restrictions,
marketing advertisements, lottery and so on. But
we should limit all the features that will be fed
to modelling/recommendation system, otherwise
it will consume a lot of manpower in collecting
all those data and normalizing it on weekly basis
for short-term planning. In addition, FMCG
sector changes rapidly meaning that it might be
a monkey work and increase FA slightly, when
spending many resources.

Fifth, weekly meetings are deployed with
Sales, Marketing, Trade Marketing and Supply
Chain teams to get feedback in real time
from the field of sales (stores, supermarkets
and hypermarkets). Now, I explained the
methodology how it supposed to work. Let’s
compare current state versus what will change
with implementation of ML modelling/recom-
mendation system in current processes.
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Currently, there is a tool called Prolink
that uses historical data for short-term planning
and particularly excel spreadsheets, which uses
statistical model Lewandowski, but is highly
depended on DP planners that are feeding inputs
manually from weekly short-term meetings and
asymptotically produce FA. This approach is
good, but human error-prone.

As a solution, we identified features that
influence Demand forecast the most. Those are
promo 3 activities, issues on factory, weather
conditions that delay transportation, motivational
programs for sales representatives and equipment
installations in the stores. I gathered sell out
historical data for the past three years, promo
activities are partially in place, weather conditions
can be acquired online, motivational programs
and equipment installations are in process.
Feeding the main features into ML modelling/
recommendation system should give better FA
results and lessen human interaction thus giving
better financial results to company and allot more
time for planners to analyze forecast thoroughly.

Expected Results

Now, we got to the point where we will share
our pathway to find a better solution. We did not
implement the ML modelling/recommendation
system yet. We will share our expectations and
let us put our ideas below:

* We have specific company called
PepsiCo Kazakhstan operating in Kazakhstan in
two channels Traditional and Modern/Organized
Trade within all the cities in the country.

* In our armory, we have the following
parameters: historical baseline data by SKUs,
channels, cities; historical promo activities
by pricing groups/sub-categories and with
exact discounting percentage; pricing history;
weather conditions; equipment installations and
motivational program for sales teams (bonuses
for achieving sales target for defined period).

* We have to differentiate around 350
SKUs by categories, sub-categories, brands and
pricing groups. The differentiation is needed to
plan short-term and long-term on different levels.

* Analyze the current data on hand and
create a model that will take as an input all the
parameters above and give an output and we
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call it time-series Demand Planning model/
recommendation system. We plan to implement
different models using the following approaches
Moving Average, ARIMAX, SARIMAX,
LSTM, linear regression, ordinary least squares
regression and perhaps during the research we
will encounter a few other models that might
come in handy. After comparison, it will be seen,
which works the best.

» We split the dataset as train and test and
play around to get the best possible prediction
outcomes with better FA and bias.

* Also, dataset will be cleaned of outliers
(one-time promo activities or sales) to receive
less noise from our model.

* After testing whole categories and
getting the best possible outcomes, we will be
able to define optimal inventory level to cover
sell-out based on lead-time and sell-in plans,
which supposedly should unfreeze cash in stock
and decrease inventory level with no decrease in
service level for final customers.

We believe that our research work should
bring benefits to company we are focusing on
and help keeping its leading positions in the
categories they are presented and give a sense
of how to execute sales in the most optimal and
efficient way. If it works out, our proposal can be
applied to other companies on the market. Since
all the companies try to achieve the same goals
and earn more money.

Conclusion

Summing up all the said above, every
company wants to shift from good to best.
In order to do so, it is not enough to rely only
on manpower, which is error-prone as we did
for decades during preceding manufacturing
revolutions, the forth-manufacturing revolution
is here. It is an era of new technologies,
technologies like machine and deep learning,
Al and other technologies can ease our daily,
and work lives substantially with less errors and
better results. Keeping that in mind, business
owners/managers from small to big can gain a
lot from those technologies and earn more cash
with less efforts. We hope that our research will
solve the current issues in the company and it can
be applied to other companies on the market as
well.



DPU3NKO-MATEMATUYHECKUME N TEXHNYECKUME HAYKHA

REFERENCES

1. Anshuman Gupta and Costas D. Maranas. “Managing demand uncertainty in supply chain
planning”. In: (2003). ISSN: 00981354. — pp. 5.

2. “Safety stock planning under causal demand forecasting”. In: International Journal of
Production Economics. 2012. — pp. 2-3.

3. Hendrik Van Landeghem and Hendrik Vanmaele. “Robust planning: A new paradigm for
demand chain planning”. In: Journal of Operations Management (2002). ISSN: 02726963. — pp. 1-2.

4. Michael Wagner. “Demand planning”. In: Supply Chain Management and Advanced Planning
(Third Edition): Concepts, Models, Software and Case Studies. 2005. ISBN: 3540220658. — pp.
133-137.

5. Sunil Chopra and Peter Meindl. “Strategy, Planning, and Operation”. In: Supply Chain
Management (Fifth Edition). 2013. ISBN: 0132743957. pp. 1-3.

6. Sunil Chopra and Peter Meindl. “Strategy, Planning, and Operation”. In: Supply Chain
Management (Fifth Edition). 2013. — ISBN: 0132743957. — P. 178.

7. “Supply Chain 4.0 — the next-generation digital supply chain”. Online: www.mckinsey.com/
business-functions/operations/our-insights/supply-chain-40--the-next-generation-digital-supply-
chain.

8. “Moving Average Smoothing for Data Preparation and Time Series Forecasting in Python.”
Online: www,machinelearningmastery.com/moving-average-smoothing-for-time-series-forecasting-
python.

9. “A Brief Introduction to ARIMA and SARIMAX Modeling in Python.” Online: www.medium.
com/swlh/a-brief-introduction-to-arima-and-sarima-modeling-in-python-87a58d375def/

10. “A Gentle Introduction to Long Short-Term Memory Networks by the Experts.” Online:
www.machinelearningmastery.com/gentle-introduction-long-short-term-memory-networks-experts.

Information about authors:
1. Bakytbek Bekzat
Master of Technical Sciences, Demand Planning manager,
PepsiCo Kazakhstan, Abay avenue, 109b, Almaty, Kazakhstan
ORCID ID: 0000-0002-3712-5726
E-mail: bbakytbek@gmail.com
2. Bektembayeva Aidana Rizaevna (Corresponding author)
Master of Technical Sciences, Senior expert E-Commerce,
Beeline, Timiryazev st. 28b, Almaty, Kazakhstan
ORCID ID: 0000-0002-0146-6633
E-mail: Aidana.bektem@gmail.com

25



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHNYECKOIO YHUBEPCUTETA, N°4 (59), 2021 o

UDC 510.67
IRSTI 27.03.66 DOI 10.55452/1998-6688-2021-18-4-26-31

ON 1-INDISCERNIBILITY OF E-COMBINATIONS OF ORDERED THEORIES
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Abstract. In this paper, we investigate properties that are preserved or acquired when combining
an arbitrary number of theories or structures. Recently, an interest has been shown in the study
of P-combinations (when each structure is distinguished by a separate unary predicate) and
E-combinations (when each structure is distinguished by a separate class of equivalence with
respect to E). Here we studied the properties of E-combinations of linearly ordered theories. The
1-indiscernibilty and density of a weakly o-minimal E-combination of countably many copies of an
almost omega-categorical weakly o-minimal theory in a language that does not contain distinguished
constants are established.

Keywords: linearly ordered structure, weak o-minimality, E-combination, omega-categoricity, dense
ordering.

PETTEJII'EH TEOPUAJIAPABIH E-KOMBUHALUAJIAPBIHBIH
1-A’KBIPATBIJIMAYBI TYPAJIbBI

Cynonaaros C.B.

Hoeocibip memnexemmix mexuuxanvlK yHugepcumemi,
630073, K. Mapxc np., 20, Hosocubupck, Peceti

Anoamna. byn makanada 6i3 meopusinapovly Hemece KYpblLiblMOapOblH epKiH CaHbIH Oipikmipy Ke3iHO0e
cakmanean Hemece anvinean xacuemmepoi zepmmeumiz. Coyebl yageimma P-xombunayuaniapvin
(apOip KYpulibiM diceKe YHApbl NpeOuKamneH epekuieslenemin ke3oe) sxcane E-kombunayusiapolt (ap
Kypolivim E-2e kamvicmbvl 5K6UBANEHMMIKMIK JceKe KAACLIMEH epeKulelleHemin Ke30e) 3epmmeyze
Kbl3b12YUbLIbIK, manbimyod. Mynoa cei3blKkmulk pemmenzen meopusnapoviy E-komounayusnapviHuly
Kacuemmepin 3epmmeoik. 1-aibipbiKuia KOHCMaHmManapvl HeoxK minoei 0epiik ome2a-Kame2opusiivlK
NCI3  O-MUHUMANObI MEOPUSAHBIY  KOWIpMelepiHiy —ecenmik CAHbIHbIY —21CI3  O-MUHUMATIOb]
E-kombunayusceineiy 1-ativipulimayst sHane mulabl30bl2bl OeniieHOi.

Tyiiinoi ce30ep: cvi3bIKmulK pemmeinzer KYpblibiM, d1CI3 O-MUHUMANObIK, E-kombunayuscol, omeza-
KAMe2opusLivlK, mulebl3 pen.
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OB 1-HEPA3JIMUMMOCTHU E-KOMBUHAIIUI YIOPAJOUYEHHBIX TEOPUI

Cynomnaros C.B.

Hoesocubupcruil 2ocydapcmeennviii mexHu4ecKutl yHugepcumen,
630073, np. K. Mapxca, 20, Hosocubupck, Poccus

Annomayun. B nacmosweii pabome mvl ucciedyem coUCMEd, KOMOpble COXPAHAIOMCA UIU
npuodpemaromcs npu KOMOUHUPOBAHUU NPOUZBOTLHO20 YUCLA MeOPUll uiu cmpykmyp. B nocieonee
epemsi unmepec Obl NPosAGIeH K uzyyeHuio P-kombunayuii (koeoa kaxcoas cmpykmypa 8vl0ensemcst
OMOeNbHLIM YHAPHLIM npeduxamom) u E-xomoOunayuil (xoeda kasxicoas cmpykmypa 6vloensemcs
OMOENbHLIM KIACCOM IK8UBALeHMHOocmu no omuowenuio E). 30ecv mbl uzyuanu ceoticmea
E-kombunayuii aunetino ynopsaooueHuvix meoputl. Yemanosienst 1-Hepaziuuumocms u niOmMHOCMb
cnabo o-munumanvHou E-kombunayuu cuemnoco yucia KOnuti noYmu ome2a-Kame2opuyHoU ciabo
O-MUHUMATILHOU MeOPUU 8 A3bIKE, He COOEPAHCAULeM BblOECTEHHbIX KOHCTAHM.

Knroueswvie cnosa: nuneiino ynopaooveHnas cmpykmypa, c1aoas o-MuHuUMaibHocmeo, E-kombunayus,

omMmeza-KkamecopuiHocmeao, NAOMHbIU l’lOpﬂ()OK.

Introduction

Earlier, in [1]-[12], various combinations
of theories were considered. In this paper, we
continue the study of combinations, namely,
we will consider E-combinations of almost
w-categorical weakly o-minimal theories.

Let us introduce the necessary definitions.
The notion of weak o-minimality was originally
investigated by D. Macpherson, D. Marker, and
C. Steinhorn in [13]. A subset 4 of a linearly
ordered structure M is said to be convex if for any
a,b € A and ¢ € M, whenever a < ¢ < b,
we have ¢ € A. A weakly o-minimal structure
is a linearly ordered structure M = (M, <, ...)
such that any definable (with parameters) subset
of the structure M is the union of finitely many
convex sets in M.

Definition 1. [14, 15] Let T be a complete
thCOI'y, pl[xl]!"'!pn [x:lz] € 51[@]- An n-type
g(xy, .., ) € 5,(0) is said to be a (Pys - Py)
-type if (x4, ..., x,) 2 UL, p;(x;). The set of
all (Py. ... P,)-types of the theory T is denoted
by S5p...».(T). A countable theory T is said
to be almost w-categorical if for any types
py(xy)s e, (x,) € 5,(0) there exist only
finitely many types q(xy,...,x,) € 5,__, (T).

Almost w-categoricity is closely connected
with the notion of Ehrenfeuchtness of a theory.
Thus, in the work [14] it was proved that if T is

an almost w-categorical theory with I(T,w) = 3,
then a dense linear ordering is interpreted in the
theory T.

Throughout this article, we will consider
linearly ordered structures, i.e. structures of a
language containing a binary relation symbol <
that satisfies the axioms of a linear order.

Let M, be a linearly ordered structure of
the signature {<, %} for each { < @, where E;
does not contain distingushed constants. We
will denote by dclj, (@) the sets of elements of
a structure M, being @-definable by the order
realtion <, .

We say that
M*:= (Ui, M; <, E’E:fci}k{.-l,-,iEm is a
linearly ordered disjoint E-combination (or

will

just E-combination) of the structures M;, if
B:=U,, I, {alk <4}CE ddfﬁ(@] for some
ordinal 4;; either M, < M,, or M,, <M, for
any LM €@ _and E is an equivalence relation
partitioning M ¥ into convex classes so that for
any @ € M™ we have E(a, M) = M, for some
i<<w, EEX.

Thus, we include in the sigmature of an
arbitrary E-combination of structures M;, [ Ew,
all elements lying in dely (@) for every i € @,
i.e. if My and M, are isomorphic copies of the
same structure M, that has 4 elements lying
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in dcl3 (@) for some cardinal A, then in the
signature of an E-combination of the structures
M, and M, exactly 24 elements will be included.

Here we are interested in the questions of
preserving certain properties of the original
structures in their £-combination. For example,
if all M; are almost @-categorical, then under
what conditions will an elementary theory of an
arbitrary E-combination of these structures be
almost w-categorical as well? Or when will it
have the maximal countable spectrum?

Results

Fact 1. Let T; be an almost «-categorical
weakly o-minimal theory for every i € w, M; £ T;,
M™ be a linearly ordered disjoint E-combination
of finitely many such models. Then Th(M ™) is an
almost w-categorical weakly o-minimal theory.

We say that a tuple a:= {ay,...,a,) € M"
forms a finite linear ordering or F(n)-ordering
if a; <a,<--<a, a; does not have an
immediate predecessor in M, @, does not
have an immediate successor in M, and a;.,
is an immediate successor of a@; for every
1<i=n-—1,

Example 1. Let M:={Q, <,P!);c,, be a
linearly ordered structure, @ be the set of rational
numbers, P, (M)={beEQ@|b<V2+i} for
every i € w. Then, obviously, P;(M) is convex
for every i € w and
P,(M)c P(M)c P,(M) c - c B (M) c -

Observe that since the structure My: = (@, <)
is o-minimal then by Theorem 63 [16] Th(M]) is
weakly o-minimal. Consider the following set of
formulas:

Wy[P(y) sy <x]licw}

It is locally consistent and determines a
complete type over @. Denote it by p(x). This
type is non-isolated; the set of realizations of p
can be empty, have the ordering type [0,1) N @
or (0,1) N @. Thus, Th(M) has exactly three
countable pairwise non-isomorphic models, i.e.
is Ehrenfeucht. Consequently, by Theorem 3.7
[17] Th(M) is almost «-categorical.
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Let M™ be a linearly ordered disjoint E
-combination of countably many copies of
the model M. Obviously, M " is not weakly
o-minimal, since Py (M ™) is an union of infinitely
many convex sets.

We assert that independently from that how
E-classes are ordered in M™, the theory Th(M™)

has 2“ countable models.

Case 1. E-classes are densely ordered
without endpoints.

Let

p*(x):={vy[P,(y) = y <x AE(y,x)] | i€ w}

This set of formulas 1ia consistent
and determines a complete type over @ in
Th{M*). The type p* can be omitted in every
concrete class of equivalence, i.e. the set of
realizations of P can be empty, can have the
ordering type [0.1)N@ or (0,1)Nn@. Let’s
select an arbitrary @ equivalence classes with
the least left class: E,, E;, E,, ..., i.e. there exist
g, @y, @4, ... such that

E, =E(ay,M™),E, = E(a,, MY),E;, = E(a,, M™),...
and E; < E; < E; < -

We will consider only countable models of
the theory Th(M¥), in which p*(E;)# @ for
any i € w, and in the remaining equivalence
classes the set of realizations of type " s
empty. We define the following encoding: if
one of these classes is implemented by the set
of realizations with the smallest element, then
we encode it by 1, but if it is implemented by
the set of realizations without the smallest
element, then we encode it by 2. Since the set
of all possible countable sequences from 1 and
2 is of cardinality continuum, we conclude that
Th(M™) has 2“ countable models.

We also assert that in this case Th(M™) is
almost w-categorical.

Case 2. E-classes are ordered by the type w.

Consider the following formulas:

¢y (x):=Vy[-E(x,y) 2 x <¥],
G, (x):=Vy[y <x A=E(x,y) =VIE] ¢,(0)]n= 2.
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Obviously, @;(x) defines the leftmost
equivalence class, ¢, (x) defines the second
class, ¢, (x) definces the n-th equivalence class
for each n < w.

Consider the following set of formulas:

pp(x):={vy[e,(¥) =y <x] [n€ w}.

It is locally consistent. Consequently, there
exists M = M¥, in which p,(x) is realized by
countably many E-classes ordered by the type
w + w*

Consider the following formulas:

SLE[:X’}F]:= x=yh ﬁE[I,_}F] A
AVz(x €z <y = E(x,z) VE(z,¥)),

s,zE[x,y]:=x < yA=E(x,y)A

n—2

3ty .. 36, [HE(x ) A /\ —E (t;, tiey ) A—E(t,_1, )
i=1

Ax <t < <t, | <YAVE(x<t<y-—

n—1

(E(x,£)V \/ E (t,t)VE(ty)]n = 2.

i=1

Let p(x):= pp(x) VU {Py(x)}. This set of
formulas determines a complete type over @
. Then considering for each natural k = 1 the
following set of formulas:

p(x) Up(») U {s;z(x, )},

we obtain that the number of (P P:2)
-types is infinite, where p;(x):=p(x), i = 1,2
, and consequently Th(M™¥) is not almost
-categorical.

Let ZE denote the set of E-classes orderd
by the type @” + @. Then we denote by F(k)=E
(w™E and @=E) the set of ZE-copies ordered by
the type F(k) (@ and @ respectively). Then we
assert that Pp () can be realized by the following
set:

Fy(k)*F + Q% + F (k;)*® + @°F + - + F, (k,,)*® + @

for any 0= mk; =@, where for every
2=i=n—1if 5 #0 then k, = 2; and if
k; = w then F,(k;,)*F = w™F, whence we obtain
that ThR(M™) has 2% countable models.

Theorem 1. Let T be an almost w-categorical
weakly o-minimal theory of a language non-
containing distinguished constants, M & T, M¥
be a linearly ordered disjoint E-combination
of countably many copies of the structure
M. Suppose that Th(M¥) is weakly o-minimal.
Then the following holds:

(1) M*/E is partitioned into finitely many
convex sets on each of which either all the
elements have both an immediate predecessor
and an immediate successor or all the elements
have neither an immediate predecessor not an
immediate successor.

(2) M is dense.

(3) M is 1-indiscernible.

Proof of theorem 1. Consider the following
formula:

B(x):=3tAy[t<x < yA-E(tx) A—E(x,¥) A
Vuvz{t<u<x<z<y-—
(E(t,u)VE(ux))A(E(x,z) VE(z,¥v))]

Since Th{M™) is weakly o-minimal, the set
g(M™) is an union of finitely many convex sets,
and therefore (1) holds.

Prove now that M is dense. If M is not
dense then there exist elements in M having
an immediate predecessor or an immediate
successor. By both almost @-categoricity and
weak o-minimality of the theory T there exist only
finitely many elements in M having an immediate
predecessor or an immediate successor. Consider
the following formula:

@(x):=Ty[x <yvAVz(x <z = y < z)].

Obviously, (M) is a union of infinitely
many —¢(M*)-separable convex sets, whence
M* is not weakly o-minimal that contradicts the
hypotheses of the theorem.
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We prove now that M is l-indiscernible. If
this is not true then there exist @ b € M such that
a # b and tp(a/0) # tp(b/0). Consequently,
there exists an L-formula 1(x) such that

M| = w(a) A-(b),

ie. Y(M)=+ M. By weak o-minimality
we can assume that (M) is convex. But then
(M ™) is an union of infinitely many —(M M)
-separable convex sets, that contradicts the weak
o-minimality of M¥.

Corollary 1. Let T; be an almost w-categorical
weakly o-minimal theory of a language non-
containing distinguished constants for each
i € w M; ET; M7 bealinearly ordered disjoint
E-combination of the structures M;. Suppose
that Th(M™) is weakly o-minimal. Then the
following holds:

(1) M*/E is partitioned into finitely many
convex sets on each of which either all the
elements have both an immediate predecessor
and an immediate successor or all the elements
have neither an immediate predecessor not an
immediate successor.

(2) M, 1s dense for almost all i € w.

(3) M, is 1-indiscernibel for almost all i € w.

Conclusion

Examples of E-combinations of countably
many almost omega-categorical  weakly
o-minimal theories were constructed, in which
both weak o-minimality and almost omega-
categoricity are not preserved. It also was
established that the countable spectrum might
change. At the same time, it has been proved that
when considering an E-combination of countably
many copies of an almost omega-categorical
weakly o-minimal theory in a language
without distinguished constants, if the resulting
combination is weakly o-minimal then the initial
structure should be dense and 1-indiscernible.
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