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MPUHSTUE PEINIEHUI ITPU BYPEHHUU CKBAYKHH B OCJIO)KHEHHBIX
YCJIOBUAX C YYETOM HEOIIPEJAEJIEHHOCTH

Cmamus noceawjeHa npobOieme HNPUHAMUSL peuleHUull ¢ yuemom HeonpedeneHHocmu. Panee
pAccMampugaics 80NpoOC NPUHAMUS peuleHull no 6ulO0py O00I0M U DPEeHCUMHbIX NapamMempos nymem
pewlenus  08yXKpumepuanphol 3adauu. B unacmoswem oOokiade 6 npooondceHue OAHHO20 BONPOCa
PaAccmMampugaromest 6ONPoOcyl OYPeHuUs CKEANCUH 8 YCIOBUSAX AHOMATLHO GbICOKUX NIACTOBLIX OAGNeHUll
(ABII]]) u noznowenuti, npunamus peulenuti 8 OAHHLIX YClo8UuAxX. 3adaua NpuHAMuUS peueHuss 8 YCi08UIX
ABII] 3axmouaemcs 6 8vibope makou NAOMHOCMU OYPOBO20 PACMBOPA, KOMOPAs, YUCIEHHO HAXOOACh 6
NPOMEINCYMKE MeANCOY SPAOUSHMAMU NAACMO8020 0d6NeHus (My) U 0asleHus euopopazpviéd (M.p.), He
npugena 0wl K 3aMeMHOMY CHUNCEHUI0 CKopocmu OypeHus. Peuwums ykazannyo 3a0ayy MOXCHO CHOMOUBIO
n00X00a, OCHOBAHHO20 HA NOJOJNCEHUSAX MEOopuU Heuemkux mMHoxcecms. Ilpu smom scho, umodwvl pewums
NOCMABNEHHYI0 3A0ayy HAM OOJHCHbL OblMb U3IBECHbI 3HAUEHUS NOpP08020 (NIACMO08020) 0d8leHUs,
0asneHusi 2uopopaspuvled, a mMaKice 3A6UCUMOCHb MEXAHUYECKOU CKOPOCMU Om WIOMHOCMU OYPOB0O2O
pacmeopa 01 NOpoO paccmampusaemoz2o uumepsana. Ilonv3ysace mexuHonrocuyeckumMy  OaHHbIMU,
nOCMynanwumy 8 npoyecce OypeHus, MOJCHO oyeHums Yykazauuvie xapaxmepucmuku. C yuémom
OMMEUEeHH020 NOTYYEHO 6blpadiceHue O OYEHKU HeoOXO00UMOU NIOMHOCHU 0YPO6020 pacmeopa ¢
uoenmugpuxkayuell 011 PA3IUYHbIX MeCmopodicoeHull. /i1 panHell OUAeHOCMUKU NO2I0UujeHUutl OYposozo
pacmeopa ¢ npUMeHeHUeM HeYyemKo20 KIACmep-aHaiu3a OaHd OYEeHKA CMeneHu madicecmu HOo2N0UWeHU.
Buvinoanena xnaccugpurayus u oyenxa pucka no2noueHul.

Kntouesvle cnoea: npumsmue peuieHull, HeonpeoeieHHOCHb, AHOMAIbHO BbICOKUE NIACHOB8ble
0asieHust, NO2N0UueHUs, NOPUCTOCHb, NPOHUYAEMOCHb.

Brenenne

Pa3BuTre MeToN0B MosydeHus MHGOpMAIUK, €€ aHalIu3a U MPUHATUS PEIIeHUN, YPOBEHb
pa3sBUTHS TEXHMKH M TEXHOJOTMU BBIIBUTAIOT COOTBETCTBYIOIIME TpPeOOBAaHHS K METOAMKAM
MPOEKTUPOBAHUS ONTUMAJIbHBIX PEXKUMOB OYpEeHHs, YUHUTHIBAIOIINE CHOCOOHOCTh COBPEMEHHBIX
JIOJIOT TPOWTH 3a OAHO JoNOJNeHHe OONbIIOW HMHTEpBaJ, OCHOBBIBAIOIIMECS HA MOJAECIX,
YUUTHIBAIOUINX BIMSHUE BCEX PEKHUMHBIX IMapaMeTpoB Ha I[OKazaTreian OypeHus, a Takxke
YUUTBIBAIOLINX HEONPEAETICHHOCTD YCIOBUN MOTy4YeHUsI HH(POPMAIIUH U IPUHSATHUS pEIICHUH.

[Ipu sTOoM ucxoaHass MHPOpMAIMs, Kak MOKa3aHO Ha Oyiok-cxeme (puc. 1), MOXeT ObITh
pa3IMYHOM: pe3yNbTaThl MO paHee MPOOYPEHHBIM Ha JAHHOM IUIOMIAAM (MECTOPOXKACHUHU) WU
AQHAJIOTMYHBIX TUIOMIAAAX (MECTOPOKACHUSIX) CKBAKUHAM; PE3yIbTaThl, MOCTYMAONIKNE B IpOIEcce
OypeHusi, T.e. PpEe3yJNbTaThl T'€O0JOr0-TEXHOJIOTMYECKHX MHCCIEOBaHUIl B mpolecce OypeHus,
KOTOPbIE UMEIOT BaXKHOE 3HAYEHHE MPH HENOCTaTOUYHON MH(OpMaK 0 OypeHUHN CKBAXKHH WIN €€
OTCYTCTBUH.
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Buinyck 21. [IOPOJOPA3PYIIAIOIIUA U METAJIOOEPABATHIBAIOIIHHA HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA ET'O U3I'OTOBJIEHUA U IIPUMEHEHUA
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Puc. 1. Bnok-cxema npunsamus pewienuti 8 npoyecce OypeHus

Ot xapakTepa MCXOAHOM MH(POPMALMHU, MOJYYEHHOM TeM HIIM MHBIM IyTeM, 3aBUCHUT U
MOIXOJ, OCYHIECTBIIIEMBIM K NPUHATUIO peulcHWW. PaHee HamMu BBINOIHSUINCH MCCIENOBAaHUSA B
9TOoM HampapieHun [1], a B 3TOM JoKIame Mbl MOAPOOHEE OCTAHOBMMCS Ha pe3yibTarax
UCCIICIOBaHUM, CBSI3aHHBIX C OCJIIO)KHEHUSMU ITPU OYPEHUU CKBa)KUH.

IIpunsiTHe pemieHuii npu OypeHUN CKBaXKUH B ycuaoBusax ABIL

ITpu OypeHuun CKBaKMH B yCIOBHUSAX aHOMAJIbHO BBICOKHMX IUIACTOBBIX JIaBICHUH ,B IIEPBYIO
ouepenb, clenyeT YyAeNnsATh ocoboe BHUMaHUE MapameTrpamM OypOBBIX pAacTBOPOB, a TaKxke
KOHCTPYKLIMM CKBaXXHMH, IPHU BHIOOpE KOTOPBIX BaXXHYIO pOJb HUIpaeT IpaBUJIbHAS OLIEHKA
re0JIOTMYECKUX YCIOBUM.

Heyder TOYHBIX 3Ha4eHMI IOPOBOTO AABJICHUS IPHUBOJUT K TAKUM OCIOKHEHUSM, Kak
IPOSIBJIICHUS, BBIOPOCHI, KOTOpPBIE, B CBOIO OYEpEb, MOTYT MPUBECTH K IMOTEPE CKBAXKUHBI, UYTO
BBI30BET 00JbIION MaTepuanbHbli ymiepo. [1o3ToMy cBOeBpeMeHHas OLlEHKa MOPOBOrO JIaBJICHUS
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PA3JIEJI 1. [TIOPOJOPA3PYIIAROIMH HHCTPYMEHT U3 CBEPXTBEPBIX MATEPHUAJIOB
U TEXHOJIOI'UA EI'O IIPUMEHEHNUA

IO3BOJISIET pa3yMHO BbIOMpaTh TpeOyeMylo IUIOTHOCTH OypoBoro pactBopa. IIpoGiema
ONTUMU3AIMH YIIPABICHHUS MPOILECCOM OYypeHHUs SBISETCS ONHOW M3 BaKHEHIMX mpolieM B
nocienHue roabl. CI0XKHOCTh 3TOM 3a/lauM 3aKJIF0YaeTCsl B HEOJAHOPOIHOCTH NPOOYPEHHBIX MOPOJL
U OTpaHUYCHHON MH(POpMaIUK 00 UX CBOMCTBAX M MX BIMSHUHU HA MPOU3BOIUTEILHOCTh OypEeHHUS.
VYrupasienue OypoBbIMH paboTamMu TpeOyeT TiayOOKOro aHanmu3a pas3IMdHbIX (aKTOPOB,
000CHOBaHUS KPUTEPUEB, CTPYKTYPHI M METOI0B ITOCTPOSHUS MOJENICH M IPUHATHS ONTHMAIbLHOTO
pELIeHUs], OLICHKH PUCKOB NIPUHATHUS OIUMOOUYHBIX perieHui. ToT Gakt, 4To MHOTHE Ireo0rnyecKue
U TEXHOJIOTUYECKHE TapaMeTphl, a Takke (GopMynupoBaHue Iesiei U OrpaHUYCHHUNA TPU NPUHATUN
pELICHUH SABJIAIOTCA HEYETKUMH, 3aTPYJHSIET NPUHIATHE ONTUMANbHBIX pemeHuil. [Ipu noctpoenun
CHCTEM yIpaBiieHHs OypeHHsI BOSHUKAET MpodiieMa, CBSI3aHHas ¢ pa3paboTkoi HOBBIX Mojeneid. [1o
Mepe HakoIUIeHWs HMH(pOpPMaluud 3TH MOJAEIM MOIYT aJanNTHpOBaTbCsi K  CHUTyalluu
HeomnpezaeneHHocTH. Mojenb MoxeT ObITb 3()QPEKTUBHO pealu3oBaHa C HCIIOJIB30BAHUEM
pasIMYHbIX MaTEeMaTHYECKUX METOJOB, BKIIOYas TEOPUI0 HEUeTKUX MHoxecTB. Mcxons u3
OTMEYEHHOro, MpobieMa NoBbieHUs 3()(HEKTUBHOCTH Mpolecca OypeHHs MyTeM ONTHMAaIbHOI'O
YIPaBJICHUSI TEXHUKO-TEXHOJIOTUYECKUMHU TapaMeTpaMy SIBISICTCS aKTyaJIbHOW W TPEICTaBISeT
untepec. CreayeT OTMETUTb, YTO pELICHHE 3aJaud OLEHKH TEXHOJOTMYECKHX IapaMeTpoB B
YCIJIOBUSIX AHOMAJIbHO BBICOKMX IUIACTOBBIX JABJICHUHN NPEACTABIISIET COO0M CII0KHYIO ITPOLEAYPY, B
npolecce KOTOpoil HeoOXoAuMO oOpaTUTh BHMMAaHHE Ha W3MEHEHMs IoKasaresed OypeHus, a
TaK)K€ OCJIOKHEHHOCTb yCJIOBH, BbI3BaHHYI0 Hannuuem ABIT/I.

[Ipu pemenun HacTosIIEeH 3aJaun B paMKax TEOPUHM HEUETKUX MHOXKECTB ObUIO OTMEUYEHO,
YTO MOCTaBJICHHBIE 11eJTb (MTOAEPHKaTh BHICOKYIO CKOPOCTh MPOXOAKH) M OrpaHu4eHUE (TUIOTHOCTD
pacTBOpa JOJKHA HaXOIUThCS B IPOMEKYTKE MEXAYy TIpajiu€HTaMU IOPOBOro (IUIACTOBOIO)
JABIICHUS M JaBJCHUS THIPOPa3phiBa) MO CBOMM (OPMYJIMPOBKAM HEYETKH. B Takom ciydae
peleHne MpesCTaBIseT coO00H MHOMKECTBO, SBJISIOIIEECS IepeceueHreM Lejded U OrpaHMYeHHN ¢
COOTBETCTBYIOIICH (QyHKIIUEH MPUHAICKHOCTH:

Mo = Hy, AL, = Min(u, ,p, ) (1)
Hcnonb3ys 3aBUCUMOCTh MEXAHHYECKOH CKOPOCTU OT IUIOTHOCTH OYpOBOrO pacTBopa s
pa3IMYHBIX NTOPOJ, a TAK)KE 3HAUYEHUS IPAJUEHTOB IIOPOBOT0O JaBJICHUS U JaBJIECHUS TMIPOpa3phIBa,
MO’KHO BBIOpATh COOTBETCTBYIOIINNA BUJ GYHKIIUIM MPUHAATICKHOCTH U IPUHSTH perieHue [2].
@YHKIMY NPUHAIIEKHOCTH Lix1 U [ix2 AMEIOT BUJL:

) o
K, =€ =115 GyHKIMKM NPUHA/UIE)KHOCTH MHOXKECTBA LeNei 2

W, =€ - GyHKIMK NPUHAIUTEKHOCTH MHOKECTBA OTPaHHYEHHE 3)

C yu€ToM OTMEUEHHOro MyTéM MPOCTEHIINX NMpeoOpa3oBaHUN MOIYYMM BBIPAXKEHUE IS
OLIEHKH IJIOTHOCTH OypOBOT0 pacTBoOpa:

A A*-4B
B 2t

p6.p (4)
rae: A=2tM+(n, —M,,)° (5)
B=t7®*+(m, —1,,)* (6)

3Ha4YeHUS] TPAJUEHTOB IOPOBOTO JAaBJICHUS W JABIICHUS THUIPOpPa3pbiBa MOTYT OBITh
OTIpe/ieNIeHbl PA3IMYHBIMU METOAaMH (Teo(U3MUeCKUMH, TEXHOJIOTUYECKUMU). B wacTHOCTH, AMist
UX OINPENEIICHUS MOXHO HCIOJIb30BATh B KAayeCTBE MCXOIHBIX TEXHOJIOTMYECKUE JaHHBIE O
OypeHHH CKBa)XHH, TIOyUYEHHBIC B PE3YJIbTATE I€0JIOTO-TEXHOIOTUIECKUX UCCIICIOBAHMIH.
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Jlanee HamMM paccMaTpHUBAJIMCh BOMPOCHI aHajdM3a W OICHKU IOTJIOMICHUH, KOTOpHIE
SIBIISTIOTCSI TAKXKE OJHUM M3 TSDKEJBIX BUI0B OCIOKHEHUH.

AHaJIM3 yCJI0BHI MOTJIOIEHNH OYpoBOro pacTBopa

B nanHOM mojpasnene paccMaTpUBaeTCS BO3MOXKHOCTD OLICHKH BIHMSIHUS NETPOPHU3UUECKUX
CBOMCTB TOpPHBIX MOPOJ Ha HWHTEHCHUBHOCTH MOTJIOUICHHS OypoBOro pactBopa. UToObl OLIEHUTH
BIIMSIHAE TEOJOTMUYECKMX YCIIOBHM Ha XapakTep IMOTJIOUICHUs MPUHEI0CTATOYHON WH(popManuy,
OBLJIO YCTaHOBJICHO B3aUMHOE COOTBETCTBHE MEXAY IIOKa3aTeasiMH NETPOPU3NUYECKUX CBOMCTB
TOPHBIX TOPOJ W HMHTEHCHBHOCTHIO MOTJIOIMIEHUS, YTO OYEHb BAXKHO JJIS paHHEW JWArHOCTUKU
MOTJIOUICHHUS] U OICHKM WX pHcka.B Hacrosimee BpeMmsi mpoOjembl KJIACTEPHOIO aHalu3a WU
ABTOMATHUYECKOW KIIaCCU()MKALMU IUPOKO UCIOIB3YIOTCA B PA3IMYHBIX 00JACTSAX, B YACTHOCTHU B
SKOHOMHMKE, COI[MOJIOTUH, MEIUIIMHE, Te0JIOTUU U APYTrux cdepax, rie CyIIeCTBYIOT MHOKECTBa
00BEKTOB MPOU3BOJIBHOTO THIIA, U OHH aBTOMATHYECKH AETATCS Ha TPYIIBI MOXO0KUX 0OBEKTOB Ha
OCHOBE UX 0COOCHHOCTEH «cxocTBa-paznuuusan[3, 4, 5]. B nocnennee BpeMsi 3TU METOJIbI IIIMPOKO
UCIIONIB3YIOTCS B 3aJa4yax aHanu3a JaHHbIX. OOBIYHBIE METObI KIACTEPHOTO aHAlU3a MpejiaraiT
YHCTOE Pa3/ieJICHne UCXOTHOTO MHOXKECTBA Ha MOIMHOKECTBA, B KOTOPOM Ka)kJasi TOUYKa BKIIFOYCHA
TOJILKO B OJMH KiacTep mocie pazaeneHus. OJHAKO B MPAKTUYECKUX MpodieMax, OCOOCHHO B
reoyiorud, He(TerasoBoM [eie, PpeAKd Ciaydyaw, KOrJa MHOXXECTBO OOBEKTOB COCTOHMT U3
KOMIAKTHBIX KJIACTEPOB, TJ€ KAX/IbIil 3aMETHO OTJIEJICH OT APYTUX, YTO MOKET MPUBECTU K IIIOXUM
pe3yibTaTaM KIacTepu3allii U3-3a CABHTa IIEHTpa KiIacTepa.

Uro0Obl MpeoioyieTh TaKoe HeKeIaTelIbHOE CBOMCTBO YETKOIO alrOpUTMa, JOJKEH OBbITh
npumeHeH FCM-anroputM (HEYETKHIl alropuTM C-CpelHUX) C HCIHOJb30BAHUEM BECOBBIX
Kod(duimeHToB (PyHKIMS TPUHAUICKHOCTH) i1 MOHUTOPUHTA BKJIaJa OOBEKTOB B OMpE/IEICHNE
neHtpa kiacrepa [6]. FCM-anropuTm JnaeT ajaekBaTHBIE pe3yJbTAaThl KJIACTEPU3AINH, ECIIH
MHOXECTBO OOBEKTOB COJCPKHUT IEPEKphIBAIONIUECS KiacTephl. Pe3ynbTaTsl KiacTepu3aluu
OCHOBAHBI Ha HEYETKOW (DYHKIIMH MPUHAIICKHOCTH, UCIOIB3YIOMIEH OTHOCUTEIFHOE PACcCTOSTHUE
00BEKTOB OTHOCUTENIBHO LIEHTPOB KilacTepoB. Hampumep, 00BEKT, KOTOPBIH HaXOAUTCS AAJIEKO OT
[IEHTpa KJIacTepa, JIeNaeT MEHBIIUH BKJIAJ B MPOIECC MOMCKA IEHTPOB KIACTEPOB, YeM OOBEKTHI,
KOTOpbIE OJIM3KH K LIEHTPY KJlacTepa.

Pe3ysbTaThl KIacTepu3anum
B pesynbrare npuMeHeHus anroputMa ObLIO MOTYYEHO MAThH KiaacTepoB (Tadu. 1).

Tabmuma 1. KavecTBeHHble W KOJH4YECTBEHHbIE OLEHKHM BEpPOSTHOCTH (4AaCTOTHI)
BO3HUKHOBEHMUSI MOTJIONIeHUA Tpu OypeHuu

KaTeropun BeposiTHOCTH Konnvecrsennasn
KauecTBenHOe onpe/ie/lcHHRE

JACTOTHI) COOBITHS OIMCHKA

Cpennsst IMorToImennsi NPOHCXOAAT HECKOJIBKO pPa3

(BeposTHOE) B Opomnecce 6ypeHAS CKBAXKHH 0,08-0,30
Ymepennan Bo3MoKHO, MOTYT AMETH MeCTO

" 0,05-0,08
(Bo3moxkHOR) MOLIOMIEHHSI, HO B HeD0ILIIOM 00hEMe

Bo3AHKHOBEHHE MOLJI0MeAHA-COOBITHE
BechbMA HeIPAaBIoNoJo0Hoe; B JAHHOM
CJIy49ae CHTYAIHS He OTHOCHTCH K
ABAPHHHOM

O4eHb MaJIaf

(HepeposTHOE) 0-0,02
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PA3JIEJI 1. [TIOPOJOPA3PYIIAROIMH HHCTPYMEHT U3 CBEPXTBEPBIX MATEPHUAJIOB
U TEXHOJIOI'UA EI'O IIPUMEHEHNUA

Kaxnplik w3  HHX ~ XapakTepuzyercs  NeTpoU3MYECKUMH  XapaKTEepUCTHUKaMH,
COOTBETCTBYIOIIMMHU CKOPOCTHU IMOTJIOMICHUSI HA OCHOBE HEYETKUX MPaBUIIL:
ECJIM nopona motHas 1 HenpoHuiaeMas, TO ckopocTh MOrIoMeHUsI HE3HAYUTEIbHAS;
ECJIN nopoaa Hu3komnopucras u cpeanenponuiiaemas, TO ckopocTh MOIIONIEHUSI UHTEHCUBHAS;
ECJIM nopona ymepeHHO nopuctas U Hu3konponuiaemas, TO cKopocTh NOTJIONIEHUS YaCTUYHAS,
ECJIN nopona nopuctasi ¥ BeIcokonpoHuraemasi, TO cKopocTh MOTIIOUICHUsT KaTacTpopuieckas;
ECJIM nopoja Beicokonopuctas U mponunaemasi, TO ckopocTh NOTJIONIEHUS CEPbE3HAsL.
TepM-MHOMXECTBa BXOAHBIX U BBIXOJHBIX NTapaMETPOB MOKa3aHbl Ha puc. 2-4.

1,2

0.8

0.6

0.4

0,2

Puc. 2. Tepm-muoorcecmea nopucmocmu:1l — niomuas,; 2 — nuzkonopucmasi, 3 — cpeOHenopucmasi;
4 — nopucmasi; 5 — evicokonopucmas
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Puc.4. Tepm-mnoscecmea no2nowenuii:
1 — nesnauumenvroe; 2 — uacmuynoe;
3 — unmencuenoe, 4 — cepvesnoe;

5 — kamacmpoduueckoe

Puc. 3. Tepm-mnoorcecmea nponuyaemocmu.
1 — nenponuyaemas; 2 — nusxonponuyaemas;
3 — cpednenponuyaemas, 4 — nponuyaemasi;
5 — @bicOKONDOHUUAEMAS

BriBoabI

Takum o00pazom, uTOOBI OIEHUTH BIUSHHE T'EOJOTMUYECKHX YCIOBHM Ha Xapakrep
HOIJIOIIEHUH B YCJIOBUSIX OTCYTCTBUS MH(pOpMalMU, ObUIO JOCTUTHYTO B3aMMHOE COOTBETCTBHE
MEXY IOKa3aTeNIIMU METPOPU3NIECKUX CBOWCTB TOPHBIX MOPOJA M CTEIEHBIO MOIJIOIIEHUS Ha
OCHOBE HEYETKOI'0 KJIACTEP-aHAIN3a, YTO OYEHb BAKHO JJI1 PAHHEH NMAarHOCTUKH IOIVIOIIECHUN U
OLICHKH UX pucka.llpu sTom:
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Buinyck 21. [IOPOJOPA3PYIIAIOIIUA U METAJIOOEPABATHIBAIOIIHHA HHCTPYMEHT — TEXHHUKA
U TEXHOJIOI'UA ET'O U3I'OTOBJIEHUA U IIPUMEHEHUA

1. IIpemioxxeHO BBIpaKCHUE IS OLEHKH IUIOTHOCTH OYpOBOTO pacTBOpa, HMCXOIS W3
nepeceueHs] MHOXKECTB LENH (IJIOTHOCTh JOJDKHA HAXOTUTHCS MEXAY I'PaJWEHTaMHU IJIACTOBOTO
JABJICHUSI W JABIICHHS THIPOPA3phiBa, B3ATHIX B SKBHUBAJICHTHBIX CIUHHIAX) W OTPAHUYCHHS
(coxpaHeHue 3HAYCHUN MEXaHHYECKOW CKOPOCTH Ha JOCTATOYHO BHICOKOM YPOBHE).

2. C mpuMeHEHHEeM aJITOPUTMa HEUYETKOW KJIAaCTEpU3alliU BBIMOJHEHA KiacCHU(UKaIUs
YCIIOBHI OYpEHHUs MO CTETEHH TSHKECTH MOTJIOIIEHHUH MO JAaHHBIM O METPO(U3NIECKUX CBOHCTBAX
pa30ypuBaeMbIX MOPO/I.

3. IlpeanoxkeHa METOAMKA OLICHKH U KJIacCU(UKAIIUN PUCKOB MOTJIOMIECHHH.

Pa6oTa BeimonHeHa B pamkax npoektos 01KQIT-18LR u 07LR-AMEA.

Cmamms npucesyena npoOnemi nputinamms piulenb 3 YpaxyeanHsM HeeusHayenocmi. Paniwe
PO3210aN0CA NUMAHHA NPUUHAMMA piuleHb Wo0o 6UuOOpy O0NIm I PeNCUMHUX Napamempie wiaxom
supiuienHs 08oKpumepiaibHoi 3a0aui. Y yvomy 38imi 6 npoo0Bx*CeHH OAHO20 NUMAHHA PO32AA0AMbCS
numanHsi OYpiHHA CEepONOGUH 8 YMOBAX AHOMANLHO GUCOKUX naacmoeux muckie (ABIIT) i noenunams,
npUUHAMmMS piuteHb 6 Oanux ymoeax. 3asdanus npuuusmms piwenns ¢ ymosax ABIIT nonseac y eubopi
makoi eycmunu 0ypo8020 pO3uUUHY, SKA, UYUCETbHO nepeby8aiouu 6 NPOMINCKY MidC epadicHmamu
nIacmo8o2o mucky (M) i mucky 2iopopo3pusy (M.p), He npugeid 6 00 NOMIMHO20 3HUNCEHHS WBUOKOCI
oypinua. Bupiviumu 3a3naueny 3a0auy ModcHa 3 00NOM0O2010 Ni0Xo0y, 3ACHOBAHO20 HA NONOHCEHHAX Meopii
Heuimxkux muoxcun. Ilpu ybomy AcHo, wo 011 moz2o wob eupiwumu nocmagiene 3a80aHHs HAM NOBUHHI
Oymu 8i00Mi 3HAYeHHA MUCKY 8 Nopax (NIAcmo8o20), MUCKY 2i0pOopO3pUsy, d MAKONC 3ALeHCHICMb
MeXaniyHol weudkocmi 6i0 WinbHOCMi 6OYyp0o8020 pO3UUHY Ol NOPI0  PO3SIAHYMO20 IHMEPBATY.
Kopucmyiouuce mexnonoiunumu Oanumu, siki HA0OX00simb 8 npoyeci OYPIHHS, MOJNCHA OYIHUMU 3A3HAYEH]
xapaxmepucmuxu. 3 Ypaxy8anHsaM 3a3HA4eH020 OMPUMAHO UPA3 015 OYIHKU HeoOXIOHOT eycmunu 6ypo8o2o
po3uuny 3 idenmuixayicio 0 pizHux podosuwy. /s pauHboi 0ilacHOCMUKYU NO2TUHAHL OYPOBO20 POZUUHY i3
3aCMOCYBAHHAM HEeYimK020 KIACmep-aHanisy O0aHa OYiHKA CMYNeHS 6aXCKOCMi no2iuHamnb. Bukonano
KAAcughikayito ma oyiHKa pusuxy no2iuHaHb.

Knwuoei cnoea: npuiinamms piuieHb, HeSUHAUEHICTb, AHOMANLHO BUCOKI NAACMOSI TMUCKU,
NO2NUHAHHS, NOPUCTICIMb, NPOHUKHIC®.

G. M. Efendiyev, H. H. Guliyev, I. 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 (i) and the fracture pressure gradient
(n), 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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PA3JIEJI 1. [TIOPOJOPA3PYIIAROIMH HHCTPYMEHT U3 CBEPXTBEPBIX MATEPHUAJIOB
U TEXHOJIOI'UA EI'O IIPUMEHEHNUA
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