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MNPUHATHUE PEINEHUHA IPU BYPEHUU CKBAYKHUH B OCJIO)KHEHHBIX
YCJIOBUAX C YYETOM HEOIIPEJAEJIEHHOCTH

Cmambsi noceswena npobieme NPUHAMUS peuleHull ¢ yuemom HeonpeoeienHocmu. Panee
PAccMampugacs 60NPOC NPUHAMUSL peuleHull no GulOopy 00I0M U PENCUMHbIX NAPAMEmPO8 Nymem
peutenus 08YXKpUMepuaibHou 3adayu. B uacmoswem O0oxnade 6 nNpoooadceHue OAHHO20 60Npoca
PACCMampusaromest GONPOCyl OYPEHUsl CKGANCUH 8 YCIOGUAX AHOMATLHO 6bICOKUX HIACHOGLIX O0asleHull
(ABII/]) u nocnowenuti, npuHamus pewenul 8 OaHHbIX YCI08usx. 3a0aua NpuHAmus peulenus 8 YCio8usx
ABII]] 3axmouaemcs 8 8blO0pe MAKou HAOMHOCIU OYPOBO2O PACMEOpd, KOMOPAs, YUCTIEHHO HAX0OSCb 8
npomedcymrke mexucoy 2epacuenmamu niacmosozo 0agierus (M) u Oasienus 2udpopaspviéd (M.p.), He
npugena 6vl K 3aMEMHOMY CHUIICEHUIO cKopocmu Oyperus. Pewums yKa3aHHYIO 3a0a4y MOAICHO COMOWBIO
no0X00d, OCHOBAHHO20 HA NOJONCEHUSX Meopuu Heuemkux MHodcecms. [lpu smom sicno, umobwvl pewiums
NOCMABNEHHYI0 3A0a4y HAM OOJJHCHbI OblMb U36ECHMbl 3HAYEHUS. NOPOB02O (NIACMO8020) OasieHus,
dasnenusi 2uOpopaspvléd, a MAKdIce 3AGUCUMOCHb MEXAHUYECKOU CKOPOCMU Om HIOMHOCHU OYPOB0O20
pacmeopa 01s NOpoo  paccmampugaemozo unmepsaida. Ilonv3ysacy mexHonocuuecKuMU  OQHHLIMU,
nocmynarowuMy 8 npoyecce OypeHus, MOJICHO oyeHums yKazauuwle xapaxkmepucmuxu. C  yuémom
OMMEUEHHO20 NOJYYEHO 6blpadiceHue O OYEHKU HeoOXOo0UMOl NIOMHOCMU 0YpPO6020 pacmeopa ¢
uoenmuuxayueti Oas1 PATUYHLIX MeCMOpPOoXCOeHull. s panuell OUAeHOCMUKU NO2LoujeHull 0ypo8oco
pacmeopa ¢ npumMeHeHueM HeuemKo20 KIACMep-aHaau3a OaHd OYEHKA CMeneHu MSNCECmu NOo210ujeHul.
Bvinonnena knaccuguxayus u oyenka pucka no2ioujeHul.

Knwouesvle cnosa: npunsmue pewieHull, HeOnpeoeieHHOCMb, AHOMANbHO BbICOKUE NIACTIOBbLE
daesnenusi, No2nouenUs, NOPUCMOCHb, NPOHUYAEMOCHb.

Beenenne

Pa3zButue MeTon0B momyueHus] MHPOPMAIMY, €€ aHAIM3a M NPUHATHS PEUICHUH, YPOBEHb
pa3BUTHsSL TEXHMKM M TEXHOJOTMH BBIIBUIAlOT COOTBETCTBYIOIIME TpeOOBaHMS K METOAMKAM
MPOCKTHUPOBAHUS ONTHMAJBHBIX PEXKUMOB OypEeHHs, YUUTHIBAIOLIHE CIOCOOHOCTH COBPEMEHHBIX
J0JOT MPOWTH 3a OJHO J0J0JeHHe OOJIBIION MHTEpBaj, OCHOBBIBAIOIIMECS HAa MOJECIAX,
YUUTHIBAIONIMX BJIMSHUE BCEX PEKUMHBIX IapaMeTpOB Ha TOKa3aTelnu OypeHHs, a TaKxke
YUUTBHIBAIOIINX HEONPEIEICHHOCTD YCIOBUI MOTydyeHUs HHGOPMALUU U IPUHATHUS PELICHUH.

[Ipu stom ucxonHas uHpopmanus, Kak MokazaHo Ha Ojok-cxeme (puc. 1), MOXKeT ObITh
pa3IMYHOM: pe3yabTaThl MO paHee MPOOYPEHHBIM Ha JaHHOM IUIOMIAAM (MECTOPOXKACHUHU) WU
AQHAJIOTMYHBIX IUIOIMAAX (MECTOPOXKACHMSIX) CKBaXXMHAM; PE3yJIbTaThl, OCTYMHAIOIINE B MIPOLIECCe
OypeHusi, T.e. pe3yJabTaThl TI€0JIOTO-TEXHOJIOTMYECKHX MCCIEOBaHUI B Tmpouecce OypeHus,
KOTOpBIE UMEIOT Ba)KHOE 3HAUEHUE MPHU HEJOCTAaTOUYHON MH(pOpMaluu 0 OypeHUU CKBaXHH WM €€
OTCYTCTBHH.
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Buwinyck 21. [IOPOJJOPA3PYIIAIOIJUN U METAJIOOBPABATHIBAIOIIUH HHCTPYMEHT — TEXHHKA
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Puc. 1. Brok-cxema npunamus peutenutl 6 npoyecce Oypenus

Ot xapakTepa HCXOAHON WMHGOpPMALMK, MOJYYEHHOW TEM WJIM HMHBIM IyT€M, 3aBUCUT U
moaxon, OCYH_IGCTBJ'I?IGMBIf/'I K MPUHATHIO pemeHHﬁ. Panee mamMu BBITOTHSIINCH uccjieag0oBaHus B
5TOM HampasieHud [l1], a B 3TOM J0KiIaze Mbl NOAPOOHEE OCTAaHOBMMCS Ha pe3ylbTaTax
UCCIIeI0OBaHM, CBSI3aHHBIX C OCJIO)KHEHUSAMHU IIPU OYPEHUH CKBaKHH.

IIpunsiTue pemiennii npu OypeHun cCKBaxuH B ycaoBusix ABII/{

HpI/I 6ypeHI/II/I CKBAXXMH B YCJIOBHUAX aHOMAJIbHO BBICOKHX IIIACTOBBIX }laBHeHI/Iﬁ ,B IICPBYIO
ouepellb, CIeAyeT YyIelsITb oco0oe BHMMAaHUE IapamMeTpaMm OypoBBIX PpacTBOPOB, a TaKXke
KOHCTPYKLIMU CKBaXXMH, TPU BHIOOpE KOTOPHIX BAXHYIO pOJIb HIPaeT IMpPaBWIIbHAS OIICHKA
re0JIOTUYECKUX YCIOBHH.

Heyqu TOYHBIX 3HAUYEHHWH IMOPOBOro MJaBJICHWA IPUBOAUT K TAKHUM OCJIOKHCHUAM, KakK
NIPOSIBJICHUS, BBIOPOCHI, KOTOPbIE, B CBOIO OY€pelb, MOT'YT IPUBECTH K MOTEPE CKBa)KUHBI, 4TO
BBI3OBET OOJBINON MaTepHalbHBIN yiiep0. [loaToMy cBOeBpeMeHHas OIEHKA MOPOBOTO JABIICHUS
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PA3JJEJI 1. [IOPOHOPA3PYIIAFOLIUN MHCTPYMEHT 13 CBEPXTBEPIBIX MATEPHAJIOB
U TEXHOJIOI'HA EI'O IIPUMEHEHUA

MO3BOJISIET Pa3yMHO BBIOMpaTh TpeOyeMylo IIJIOTHOCTh OypoBoro pactBopa. IIpoGiema
ONTUMU3ALIMY YIIPABJICHUS MpoLeccoM OypeHUus SBISIETCS OJHOM M3 Ba)KHEHIIMX MpodieM B
nociuenHue roasl. CI0XKHOCTh ATOH 3aauu 3aKIF0YAETCs] B HEOJAHOPOIHOCTH MTPOOYPEHHBIX MOPO]
Y OTPaHMYCHHON MH(pOpManny 00 X CBOMCTBAaX M WX BIMSHUW Ha MPOU3BOAUTEIBHOCTh OypPEHHUSI.
VnpaBnenue OypoBbIMH pabotamu TpeOyeT TIyOOKOTO aHajau3a pas3iIUyuHBIX (PAKTOPOB,
00OCHOBaHHS KPUTEPUEB, CTPYKTYPBI H METOIOB MTOCTPOSHHSI MOZEIICH M MPUHATHS ONTHMAaIHHOTO
peleH s, OLIEHKH PUCKOB NMPUHATUS OIIMOOUHBIX perieHuil. ToT (akt, 4To MHOTHE reoIornyecKue
Y TEXHOJIOTHYECKHE TTapaMeTphl, a Takke GOpMyITUpOBaHHE IEJIel W OTpaHUYCHUI TP TPUHATHA
peILIeHUH ABISAIOTCS HEYSTKUMH, 3aTPYAHSET NPUHATHE ONTUMANbHBIX pemeHuid. [Ipu noctpoenun
CHCTEM yrpaBlieHUsI OypeHHUs] BOSHUKAET MpobiieMa, CBSI3aHHas ¢ pa3paboTKoi HOBBIX Mojeinei. [1o
Mepe HaKOIUIeHUs HMHPOpPMAaLMU 3TM MOAEIM MOTYT aJalnTHUPOBATbCi K  CHUTyallUu
HEONpPEJCICHHOCTH. Monenb MoXeT ObITh 3(PGEeKTHBHO pealin30BaHA C HCIOJIH30BAHUEM
pa3IMYHBIX MaTeMaTHYEeCKUX METOJIOB, BKJIOYas TEOPUI0 HEUETKUX MHoXecTB. Mcxons wu3
OTMEUYEHHOr0, IpobsieMa MOBBIIIEHHS d(PPEeKTUBHOCTH Tpolecca OypeHHs MyTeM ONTUMAIbHOTO
YIIpaBIEHUs] TEXHUKO-TEXHOJOIMYECKUMH IapaMeTpaMu SIBJSIETCS AKTyalbHOM M IpencTaBiseT
untepec. Crenyer OTMETUTh, YTO pEUICHHE 3a/Jayl OLIEHKH TEXHOJOTMYECKHX MapaMeTpoB B
YCJIOBUSIX aHOMAJIbHO BBICOKMX IUIACTOBBIX JIaBJICHUI MPeJICTaBIIseT COO0H CI0KHYIO MPOLEAYPY, B
npouecce KOTOopod HeoOXoauMo oOpaTWTh BHHMaHUWE Ha W3MEHEHHs IOoKaszarenel OypeHus, a
TaKXe OCJIO)KHEHHOCTb YCJIOBUH, BbI3BaHHYI0 HannuueMm ABII/L.

[Ipu pemieHnu HacTOSIIEH 3a/1a4yu B paMKax TE€OPUHU HEYETKMX MHOKECTB ObUIO OTMEYEHO,
YTO MOCTABJICHHBIE 11eJb (IO AeP>KaTh BHICOKYIO CKOPOCTh MPOXOJKH) U OrpaHUYEHHUE (IIOTHOCTh
pacTBopa JOJDKHA HAXOAMTHCA B HPOMEXKYTKE MEXIy TpaJUeHTaMH IOPOBOTO (IUIacTOBOIO)
JaBJICHUS] M JABJICHUS THIPOpPa3pbiBa) MO CBOMM (POpMyTUpOBKaM HeueTKdu. B Takom ciydae
pelieHre npeacTaBiseT co00i MHOKECTBO, SIBJSIOLIEECS NepecedeHreM 1iefiell U OrpaHUYeHUi ¢
COOTBETCTBYIOLIEH (DyHKIMEH NPUHAIICKHOCTH:

Mo =p, Ap, =minfu,p, ) (1)

Hcnonp3yst 3aBUCUMOCTh MEXAHUYECKOW CKOPOCTU OT IUIOTHOCTHU OypOBOro pacTtBopa IJis
Pa3IMYHBIX MTOPOJI, @ TAK)KE 3HAYECHHUS I'PAJUEHTOB ITOPOBOI0 JABJIECHUS U JAAaBICHUS THAPOpa3phbIBa,
MO>KHO BBIOPATh COOTBETCTBYIOUIHMIA BU (DYHKIHIA MPUHAIIICKHOCTH U MPUHATH perieHue [2].

OyHKIMY IPUHATIICKHOCTH L] U [x2 UMEIOT BUJ:

—\2 ~
n, =e =" s (GyHKIMY IPUHAITICKHOCTH MHOXKECTBA LIeTIei 2)

n, =e "V -ms (GYHKIMH IPUHAITICKHOCTH MHOKECTBA OTPaHUYICHUN 3)
C y4éroM OTMEYEHHOrOo MyTEM IMPOCTEHUIMX MPEOOPa3OBaHMN IOJIyYUM BBIPAKEHUE JIS

OLIEHKH IJIOTHOCTH OypOBOI'0 pacTBoOpa:

A—~A* - 4B
= 4
p6,p, 2t , ( )
rae: A=2tM+(n, -n,,)’ ©)
B=tq"+(n,-m,)’ (6)

3HaueHus TPAJUCHTOB MOPOBOTO JaBIEHUS U MJaBICHUSA THUAPOpPa3pbiBa MOTYT OBITH
OTpeieNICHbl Pa3IUYHBIMU METOJaMHu (reo(pu3NUeCKUMHU, TEXHOJIOTHYeCKUMHU). B "acTHOCTH, AJis
WX OMpeeNieHHusT MOXHO HCIONb30BaTh B KA4eCTBE HCXOAHBIX TEXHOJIIOTMYECKUE TaHHBIE O
OypeHHH CKBA)KWH, MIOJTYYCHHBIE B PE3yIbTaTE I€OJIOT0-TEXHOIOTUICCKIX UCCIICIOBAHIM.
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Buinyck 21. ITOPOJOPA3PYIIAROILHHA U METAJTOO5PABATBIBAIOLMI MHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'"A EI'O U3IOTOBJIEHUA U ITPUMEHEHUA

Jlanee HaMu paccMaTpUBAJIUCh BOIPOCHl aHAIM3a M OLIGHKHM IMOIJVIOIIEHUH, KOTOpbIE
SIBIISTEOTCS TAK)KE OJTHUM M3 TSDKEJBIX BUJIOB OCIIOKHEHHIA.

AHaJau3 ycJI0BU MOIJIoOMEeHnH 0ypoBOro pacteopa

B manHOM mojapasnene paccMaTpUBaeTCS BOBMOKHOCTD OIIEHKU BIUSHHS METPOPUINICCKUX
CBOWCTB TOpPHBIX MOPOJ HAa MHTEHCHUBHOCTH MOIJIOIIEHUS OypoBOro pactBopa. UToObl OLIEHUTh
BJIMSTHAE TEOJIOTMUECKUX YCIOBHHM Ha XapakTep TOTJIOMEHHS MPUHEIOCTaTOYHON WH(pOpMaIuH,
ObUIO YCTAaHOBJIEHO B3aMMHOE COOTBETCTBHE MEXIy IOKa3aTeNIIMU HEeTPO(U3NYECKHX CBOWCTB
TOPHBIX TIOPOJ W HMHTEHCHBHOCTBIO TOTJIOIIEHHS, YTO OYEHb BAXKHO JJISI paHHEH IHAarHOCTUKU
MIOTJIOIIEHUST M OLIEHKUM UX pucka.B HacTosiiee Bpems mpoOieMbl KIAaCTEpPHOTO aHajiu3a WU
aBTOMATHYECKOW KJIacCH(UKAMU IMUPOKO HUCIOIB3YIOTCS B PA3JIMYHBIX 00JIACTSIX, B YaCTHOCTH B
HKOHOMHKE, COLIMOJIOTUH, MEIMIIMHE, FeOJOTHH U JAPYrux cdepax, Te CyLIECTBYIOT MHOXXECTBA
00BEKTOB MMPOU3BOJIEHOTO THIIA, 1 OHH aBTOMATHYECKH JICTISTCS Ha TPYIIIBI TOXOXKUX 00BEKTOB Ha
OCHOBE MX 0COOEHHOCTEH «cXxonacTBa-paznnuus»|[3, 4, 5]. B nocieanee Bpemsi 3TH METOABI IIUPOKO
UCIIOJIb3YIOTCS B 3aJja4ax aHajiu3a AaHHbIX. OOBIYHBIE METObI KJIACTEPHOTO aHalu3a MpesiaraiT
YHCTOE pa3/ielieHne UCXOJHOI0 MHOXKECTBA Ha IMOJIMHOKECTBA, B KOTOPOM KakKias TOUKa BKIIIOUYEHA
TOJIBKO B OJIMH KiacTep mociie pasjeieHus. OJHAKO B IPAKTHUUECKUX IMpoOiieMax, 0COOCHHO B
reoJIoruy, He(TerasoBoM Jene, peIKd ciaydad, KOrja MHOXXECTBO OOBEKTOB COCTOMT U3
KOMITAaKTHBIX KJIaCTEPOB, TJe KaXKIBIH 3aMETHO OTJIEJICH OT APYT'HX, YTO MOXKET MPUBECTU K TUIOXUM
pe3yibTaTaM KJIacTepu3alluy U3-3a CABHra IIEHTpa KilacTepa.

UroOBbI TpeoioNieTh TaKoe HEXKENaTeNbHOE CBOMCTBO YETKOTO ajrOpUTMa, TOJDKEH OBITh
npuMeHeH FCM-anroput™ (HEYETKUH alNrOpUTM C-CPEIHUX) C HCIOJIb30BAHUEM BECOBBIX
k03¢ duLneHToB (PYHKINS MPUHAJIEKHOCTH) JUIsl MOHUTOPUHTA BKJIaJa OOBEKTOB B ONpE/EICHHE
neHrpa kinacrepa [6]. FCM-anroputMm Jnaetr ajekBaTHblE pe3yibTaThl KIACTEPU3ALUH, €CIIU
MHOXECTBO OOBEKTOB COJEPKHUT MEPEKPHIBAIONINECS KIAaCcTephl. Pe3ynbTaThl KiacTepu3anuu
OCHOBAHbI Ha HEYETKON (DYHKIMU MPUHAJIEHKHOCTH, UCHOJIB3YIOUIEH OTHOCUTEIbHOE PACCTOSHUE
00BEKTOB OTHOCHTEIHFHO IIEHTPOB KiacTepoB. Hampumep, 00BEKT, KOTOPBIH HAXOIUTCS NAIEKO OT
LIEHTpa KJIacTepa, JAejacT MEHbIIUI BKJIaJ B MPOLECC MOMCKa IIEHTPOB KIACTEPOB, YeM OOBEKTHI,
KOTOpBIE OJIM3KHU K HEHTPY KilacTepa.

Pe3yJbTaThl KIacTepu3anuu
B pe3ynbraTe npumMeHeHus alropuTMa ObUIO MOTYYEHO MATh KiiacTepos (Tad. 1).

Tabnmuma 1. KavecTBeHHble M KOJUYECTBEHHbIE OIEHKH BEPOSITHOCTH (YACTOTHI)
BO3HUKHOBCHHUS MOIJIOIIEHNH TPU OypeHnH

KaTeropus BepodaTHOCTH | KonmuecTeeHHAR
KavecTBeHHO€E oNpeieIeHEE
YACTOTHI) COOBITHS OIEHKA

Cpennssi IlormomeHHs OPOHCXOIAT HECKOIBKO Pa3

(BeposiTHO®) B Opolecce OYpeRns CKBAKAH f,08 020
YMeperHas Bo3MO:KHO, MOI'YT HMETh MeCTO

" 0,05-0,08
(BozMo:kHOE) HOTTI0MEeHHs], HO B HeQ0ILIIOM 00bEMe

Bo3HHEKHOBEeHHE HOLIOIMEHHA-COOBITHE
BeCbMA HeNpaBIonoq00H0e; B JAHHOM
CJIydae CHTYAIlHS He OTHOCHTCH K
aABapHiHOH

Ouenb MaIAA

(HeBepoaTHOE) 8 hez
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PA3JJEJI 1. [IOPOHOPA3PYIIAFOLIUN MHCTPYMEHT 13 CBEPXTBEPIBIX MATEPHAJIOB
U TEXHOJIOI'HA EI'O IIPUMEHEHUA

Kaxnapii w3  HUX  XapakTtepusyeTcss  NETpPOPHU3MUECKUMH  XapaKTepUCTUKAMH,
COOTBETCTBYIOIIUMHU CKOPOCTH MOTJIOUIEHUSI HA OCHOBE HEUETKUX MPaBUII:
ECJIM nopoaa nnotHas u HenpoHunaeMas, TO ckopocTh MOIIIOIIEHNsI HE3HAYUTEIbHAS;
ECJIN nopoaa HU3KOMOpHUCTast U cpeanenponuiaemasi, TO CKOpOCTh MOTJIONICHUS MHTEHCHUBHAS;
ECJIM nopona ymepeHHO nopucras U Hu3Kkonponunaemas, TO ckopocTs NOTIONIEHHS YaCTUYHAS;
ECJIM nopoaa nopuctas u Bbicokonponunaemasi, TO ckopocTh nmoriouieHust karactpoduyeckas;
ECJIM nopoaa Bbicokonopucras u nponunaemasi, TO ckopocTs NOIVIOIIEHNS CEPbE3Hasl.
TepmM-MHO)KECTBAa BXOAHBIX Y BBIXOAHBIX ITapaMETPOB IMOKA3aHbI Ha pUc. 2-4.

12

Puc. 2. Tepm-mnoorcecmea nopucmocmu: 1 — niomunas, 2 — Huskonopucmas, 3 — CpeOHenopucmasi;
4 — nopucmas, 5 — 8blcokonopucmast

0 0,05 01 0,15 02 0,25

Puc.4. Tepm-mnoscecmea noanoweruii:
1 — neznauumenvuoe, 2 — wacmuuroe,
3 — unmencusnoe, 4 — cepvesroe;

5 — kamacmpoduueckoe

Puc. 3. Tepm-mnoocecmea nponuyaemocmu:
1 — nenponuyaemas, 2 — HU3KONPOHUYAEMAsl,
3 — cpeonenponuyaemas,; 4 — nponuyaemas;
5 — evicoxonponuuaemasn

BeiBoasbl

Takum o00pa3om, dYTOOBI OICHUTH BIUSHHE TEOJIOTHYECKUX YCIOBHM Ha XapakTep
MOTJIOIEHUI B YCIOBUSX OTCYTCTBUS MH(pOpMalMH, ObUIO JOCTUIHYTO B3aMMHOE COOTBETCTBHE
MEXIy TMOKa3aTeIsIMU NMETPOPU3NIECKUX CBOWCTB TOPHBIX TOPOA M CTETEHBIO IOTJIOMICHUS Ha
OCHOBE HEYETKOIr'0 KJIACTEpP-aHAJIN3a, YTO OYEHb BAKHO NI PAaHHEW IMAarHOCTUKH IOTJIOLIEHUN U
OLICHKHU uX pucka.llpu stom:
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Buinyck 21. ITOPOJOPA3PYIIAROILHHA U METAJTOO5PABATBIBAIOLMI MHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'"A EI'O U3IOTOBJIEHUA U ITPUMEHEHUA

1. IlpeanoxeHO BbIpa)k€HUE JUIsI OLEHKH IJIOTHOCTH OYpOBOIO pacTBOpa, MCXOIS M3
MepeceueHns] MHOXKECTB 11eNU (IUIOTHOCTh JOJIKHA HaXOAMTHCS MEXIy T'paAleHTaMH IJIaCTOBOTO
JaBJICHUS] M JAABJICHHUS THIPOpPa3pblBa, B3SATHIX B HKBUBAJICHTHBIX E€AMHUIAX) M OTPaHUYCHHUS
(coxpaHeHue 3HaYeHUI MEXaHUYECKO CKOPOCTH Ha JIOCTATOYHO BBICOKOM YPOBHE).

2. C mpuMeHEHHeM aIropuTMa HEYeTKOW KJIacTepHU3alliy BBINOJHEHA KiacCU(UKaLUsI
yCIIOBUIM OypeHHs 10 CTENEHU TSKECTH IMOTJIOIIEHUH MO JaHHBIM O NMeTpo(U3NUECKUX CBOMCTBaX
pa30ypuBaeMbIX MOPO/I.

3. Ilpennoxena MeToAMKa OLEHKU U KJIacCU(PUKAIIMN PUCKOB MOTJIOMICHUH.

Pa6ora BhinoHeHa B pamkax npoektos 01KQIT-18LR u 07LR-AMEA.

Cmammsa npuceauena npobiemi NpUHAMMA pilleHb 3 VYPAXYBAHHAM HesusHayeHocmi. Pawiue
PO3210AN0C NUMAHHS NPUUHATMMA pilleHb Wo0o 8uOopy O00NIm i PedCUMHUX NApAMempie WisIxom
supiuents. 080Kpumepiaibhoi 3aoaui. Y yvomy 36imi 6 npooosdcenHs 0aH020 NUMAHHS PO32T10AI0MbCs
numaHHsi OYPIHHA C6ePOIOBUH 8 YMOBAX AHOMANLHO BUCOKUX naacmosux muckie (ABIIT) i noerunams,
NpUtiHAMmMA piuieHb 68 0aHux ymoeax. 3asoanus npuiinamms piuenns ¢ ymoeax ABIIT nonseac y eubopi
makoi 2ycmunu OYypo6020 pO3YUHY, SKd, UYUCEIbHO Nepedy8arouu 6 HNPOMIJNCKY Midc epadieHmamu
naacmoeozo mucky (W) i mucky eiopopo3pusy (M.p), He npugeia 6 00 NOMIMHO20 3HUNCEHHA WBUOKOCHI
OypinHA. Bupiwumu 3a3Haueny 3a0a4y MO’CHA 3 00NOMO2010 Ni0X00Y, 3ACHOBAHO20 HA NOJONCEHHAX Meopii
HeuimKkux MHodicun. Ilpu yvomy sicho, wo 01 mo2o wobd eupiuumu noCmasiene 3a80anHHs HAM NOGUHHI
Oymu 8Ii00MI 3HAYEHHS MUCKY 6 Nopax (MAAcmosoeo), MUCKY 2i0popo3pugy, a MaKo’C 3ANeHCHICHb
MeXaniuHol weuokocmi 60 winbHocmi OYypo8020 po3uuHy 01 NOPI0  PO32NAHYMO20  [HMEPBAT).
Kopucmyrouuce mexunonocivnumu oanumu, siKi HAOX00AMb 8 npoyeci OYPIHHA, MONCHA OYIHUMU 3A3HAYEH]
Xapaxmepucmuxu. 3 ypaxy8anHaM 3a3HAUeH020 OMPUMAHO GUPA3 011 OYIHKU He0OXIOHOI 2ycmunu 6ypo6o2o
po3uuny 3 idenmugbikayicio 05 pizHux pooosuwy. s paniuboi 0iacHOCMUKYU NOSTUHAHL OYDOBO2O PO3HUHY i3
3aCMOCYBAHHAM HEUIMKO20 KIACMEp-ananizy O0aHa OYIHKA CMYNeHsi GadCKOCMI NO2IuHanb. BukoHnamo
KAacugikayiio ma oyiHKa pusuxy no2iuHaHbs.

Knrouoei cnosa: nputinamms piulensb, HEBUIHAYEHICMb, AHOMAILHO BUCOKI NIACMOSBI MUCKU,
NO2UHAHHA, NOPUCMICMb, NPOHUKHICTb.

G. M. Efendiyev, H. H. Guliyev, L. A. Piriverdiyev
DECISION-MAKING DURING DRILLING WELLS TAKING
INTO ACCOUNT UNCERTAINTY

The paper is devoted to the problem of decision-making in conditions of uncertainty. Earlier, the
issue of making decisions on the choice of bits and regime parameters was considered by solving a two-
criteria problem. In the present paper, in the continuation of this issue, the issues of drilling wells in
abnormally high reservoir pressure (AHRP) and lost circulation, and decision-making under the given
conditions are considered. The task of making a decision under the AHRP is to choose a mud density that,
numerically in the interval between the formation pressure gradient (ny and the fracture pressure gradient
(n7), would not result in a noticeable decrease in drilling speed. This problem could be solved with the help
of an approach based on the theory of fuzzy sets. It is clear that in order to solve the problem posed, we need
to know the values of pore (reservoir) pressure, hydraulic fracturing pressure, and also the dependence of
the rate of penetration on the density of the drilling mud for the rocks of the interval under consideration.
Using the technological data receiving during the drilling process, it is possible to evaluate the indicated
characteristics. Taking into account the noted, an expression was obtained for estimating the necessary mud
density with identification for different deposits. For the early diagnosis of lost circulation with the use of
fuzzy cluster analysis, the rate of lost circulation was estimated. Classificationandevaluationof risks of lost
circulation was carried out.

Keywords: decision-making, uncertainty, abnormally high reservoir pressure, lost circulation,
porosity, permeability.
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