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MprBeneH KpaTkuin aHanu3 peanusaumin 3agaym
aBTOMaTUYECKOro pacrno3HaBaHunA NpegaBapuUiiHbIX 1
aBapuiiHbIX CUTyaumin B NporpaMMHOM o6ecneyeHmmn CTaHummn
reonoro-TexHn4eckunx nccneposanuii (F'TN). Mpeanoxex
BapuaHT pa3BUTUA STOW 3a4a4v C UCNONb30BaHUEM
€camo0o0by4aloLMXCA UCKYCCTBEHHbIX HEMPOHHbIX CETEN.

Bl BsepeHue

OpHOM U3 OCHOBHbIX Lienein NpoBeaeHnA reosioro-
TEeXHONorn4eckKunx Mccne,u,osanﬁ npun cTponTenbCcTee
CKBaXXMH ABNAETCA CBOEBPEMEHHOE pacrno3HaBaHue
aHoMaJsIbHbIX CUTYaUuiA, BOSHUKAIOLWMX B NpoLecce
BbINonHeHUA paboT. Noa aHomanbHbIMU CUTYauUNAMU
NOHMMAKTCA MNpOoLECChl Ha 6ypOBOM U B CKBaXKMHE,
OTIyaroLmeca OT WTaTHbIX U Tpebylolwme afeKkBaTHOrO
pearmpoBaHuA.

Hawnbonblwne npobnembl B CBOEBPEMEHHOM

aBTOMaTU3MPOBaHHOM OBHApPY>XEHWUU U onpedeneHnm

aHOMaJ1bHbIX CI/ITyaLlI/II7I BO3HMKAIOT HEeNnocpeAaCTBEHHO Ha

6ypoBon, B xoae paboT No CTPOUTENBCTBY CKBaXXUHbI. OTO

Bbl3BAHO MHOI'MMU NpUYNHaMK:

® HeobXoAUMOCTb NPaKTUYECKN NOCTOAHHOIO BU3yanbHOro
KOHTPOSA TEXHOSIOrMYEeCKUX NpoLieccoB Ha BypoBoW 1 B
CKBa>XVHE;

® HeobXo0AUMOCTb MPUHATUA PELLEHUA 1 Bblaadva
pekomMeHAauui B peasibHOM BPEMEHM B YCNOBUAX
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The following article briefly analyzes how to meet the
challenges of automatic recognition for pre-emergency and
emergency events within geotechnical studies (GTS).

An option is suggested for the development of this task based
on the use of self-learning artificial neural networks.

B Introduction

The timely recognition of anomalous situations arising in the
process of job execution is a major goal of geotechnical studies
conducted during well construction. Anomalous situations
are those events that occur on the rig and in the borehole
differing from a routine situation and requiring an adequate
response.

The greatest challenges posed to timely detection and
identifying of anomalous situations arise directly on the rig
during the well construction phase. This may be due to a
variety of reasons such as:

e the need for virtually constant visual monitoring of operating
procedures on the rig and in the borehole;

¢ the need for making decisions and issuing
recommendations in real time while being constrained by
lack of information;

¢ the need for taking into account a huge amount of diverse
factors and initial data;

e inadequate at times personnel qualification.



HepocTaTka nHgopmaumu;

® Heo6X0AMMOCTb yyeTa 60nbLIOro KonuyecTea
pasHonnaHoBbIX q)aKTOpOB N NCXOOHbIX OAAHHbIX;

® He Bceraa AocTaTtodHaA KBanvdumkauma nepcoHana.

1. MpyHUMNBI M NPUMEPBI peLleHnA 3aaa4du
aBTOMAaTU3MPOBAHHOroO pacno3HaBaHUA aHOMaJlbHbIX
cuTyauumn

ABTOMaTU3NpPOBaHHOE onpeaeneHne npeaaBapuiHbIX U
aBapuUHbIX CUTyaumin nNpu BypeHun CKBa>kvH NpoBOANTCA
nyTeM CpaBHEHUA TEKYLLUX 3HAYEHUN HECKOMbKUX
TEXHONMOrMYECKNX NapaMeTpoB C UX MOPOroBbIMU
3HaYeHUAMN, 3aaBaeMbiMM 06CIY>KMBAIOLLMM NEPCOHANIOM
unn PaspaboTtymkamm ctaHumm N'TN. Onpenenexuve

BeMM4YNH NOPOroBbIX 3HaYeHun Yalle Bcero oCHoBaHO Ha
Cy6bEKTUBHOM MHEHUM onepaTtopa unn PaspaboTymka
cTaHummn. K 4OCTOMHCTBaM AaHHOMO peLleHnsa 3a4adum MOXHO
OTHECTU TO, YTO HACTPOMKa NPOrpaMmMHOro obecneyeHns He
TpebyeT BbICOKON KBannuKaumm 1 3Ha4nTenbHbIX 3aTpart
BpemeHun. K HefgocTaTkam MOXHO OTHECTU HEHONbLLYIO
HOMEHKaTypy pacrno3HaBaeMbIX aHOManui, orpaHUYEHHbIN
nepeYeHb aHanMampyembix hakTopoB, OTCYTCTBUE
aBTOMAaTU3MPOBAHHOIO aHann3a AMHaAMUKN TEXHONMOrMYECKUX
napameTpoB.

MOXHO paccMOTpeTb NpMMEpPb! peanusaumm aBTOMaTUHecKoro
pacnosHaBaHWA aHOMasbHbIX CUTYauUuiA, CNOSb3yeMble B
POCCMIACKOW NpakTuke GypeHus.

1.1. TexHonorndecknt mogynb «Pacno3HaBaHue
HeLlTaTHbIX cuTyauun» (paspaborka OAO «O3I
«lMeTpocepBuUc»)

[JaHHbIR MoZynNb NCNONb3yeTcA NPY NPOBEAEHUN YAANIEHHOMO
MOHUTOPMWHIa NPOLIECCOB CTPOUTENBCTBA CKBaXKMHbI, NMPK
KOTOpPOM MHpopMaumMA B macutabe BpEMEHU U MyOuHbI

B peanbHOM BPEMEHW NMOCTYNaeT Ha Kakow-nnbo ypoBEHb
yrnpaeneHuA.

Pacno3HaBaHue aHoMasibHbIX CUTyaLuil MOXeT NPOBOAUTLCH
npw 6ypeHun 1 NpopaboTKe, pacno3HarTcA creayoLmne
cUTyaumu: normoLleHne, NosfiHoe Un YacTUYHoe, NPOoABIeHe,
CNoMm, NpUXBaT GYPUSIbHOW KOJSTIOHHbI, MPOMbIB 6YpPOBOro
Hacoca. AHaNIM3UPYIOTCA creayloLune TEXHONOMMYecKme
napameTpbl: aBNEHNEe HarHeTaHUA, BEC Ha KPIOKE U Harpyska
Ha [OM0To, 060POThI U MOMEHT Ha POTOPE, Pacxos pacTeopa
Ha BXOAe 1 BbIXoAe, 06beM pacTBoOpa B EMKOCTAX, CyMMapHoe
coaepxaHue rasa B pacTBOpE U TemnepaTypa BbIXOAALLEro 13
CKBaXXVHbl pacTBopa.

[lnA Kaxgoro napameTpa MOryT BbICTABNATLCA abCOMNOTHbIE
MOPOroBble 3HAYEHNA UK CpaBHUBAETCA TeKyllee
3Ha4veHune napameTpa ¢ npeapiaywmmM. ObLana BEPOATHOCTb
pacrnosHasaHuA aHoManuMu onpeaenaeTcA Kak cymma
BECOBbIX KO3h(PMLMEHTOB pacno3HaBaHUA Mo KaXxaomy
napameTpy.

[ocTouHcTBa peanusauun:

® npexpe BCero, 3T0 BO3MOXHOCTb yAaNeHHON
HaCTPOMKW MOAYNA;

® [aHHbIA MOAYSb, KaK U B LIENIOM, MH(POPMaLMOHHanA
cuctema «YganeHHbln MOHUTOPUHT BypEeHNA» MOXET
paboTaTtb C pa3nnyHbIMM cucTemamm cbopa;

® [0OCTATO4HO 60MbLION NepeyeHb NCNOoNb3yeMblX

1. Principles and examples of solution of problems relating
to automatic recognition of the anomalous situations

The automatic determination of pre-emergency and emergency
situations that may arise during borehole drilling is carried

out through comparison of current values of several process
parameters with their threshold values set by service personnel
or GTS station developers.

Determination of the quantity of threshold values is most
commonly based on the subjective opinion of the operator or
developer of the station.

Among the merits of this approach to problem solving is the
fact that software tuning does not require high proficiency or
considerable time input. The downside is the small range of
identified anomalies, a limited number of analyzed factors, lack
of automated analysis of process parameters dynamics. We
can consider the examples of implementation of automated
recognition of anomalous situations that are seeing increasing
use in Russian drilling practice.

1.1 Recognizing the need for contingency planning
(developed by UPEG)

This module is utilized when conducting remote monitoring

of the well construction processes where the information on
time, scale and depth, are all provided to specific management
levels in real time.

The recognition of anomalous situations can be conducted
during both drilling and borehole reaming, and the following
situations are recognized: partial or complete lost circulation,
drilling show, tool failure, stuck drill string, washout the of mud
pump. The following process parameters are analyzed: injection
pressure, hook weight and bit pressure, RPM and rotary table
torque, inlet and outlet mud circulation rate, mud pit volume,
drilling fluid cumulative gas content and the temperature of
the outgoing mud. Absolute threshold values may be set for
each parameter or the instantaneous value of the parameter
is compared with the previous one. The total probability of
anomaly recognition is defined as the sum of the weighted
coefficients of recognition for each parameter. The module
offers the following advantages:

e first is the option of remote tuning;

¢ this module just like the entire information system “Remote
monitoring of drilling” can operate with different data
gathering systems;

a fairly large array of used parameters and recognizable
scenarios;

Major drawbacks:

the necessity of constant adjustment of threshold values of
parameters and weight coefficients of recognition;

analysis of process dynamics boils down to comparison of
the instantaneous and previous values of the parameter, the
dynamics is not monitored when the period of analysis is
1-10sec.and there is no preliminary data preparation
(filtration, ranking of parameter state);

zero capability of setting a negative value of situation
probability to a parameter;

a relatively high level of complexity, labor input and
intuitiveness is involved in module tuning;

the list of parameters and data to be used in the analysis of
situation is still far from being complete.
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napaMeTpoB M pacrio3HaBaeMbIX CUTYyaLui.

OCHOBHbIe He4oCTaTKu:

® Heob6XOAUMOCTb MOCTOAHHOW KOPPEKTUPOBKU MOPOroBbIX
3HaYeHn NapaMeTpPoB N BECOBbIX KOAPMLMEHTOB
pacno3HaBaHus;

® aHanu3 AUHaMMKKN TEXHOMOIMYECKOro NpoLecca CBoAUTCA
K CpaBHEHUIO TeKyLllero 1 npeabigyuiero 3HaYeHun
napameTpa, npu nepnoge aHanusa 1-10 cekyHA
N OTCYTCTBUU npe,qBapMTeanon noaroToBKMU AaHHbIX
(cbmnbTpauma, paHXmnpoBaHNe COCTOAHMA NapameTpa)
OMHaMuKa He OTCNneXuBaeTcs;

® HeT BO3MOXHOCTM 3afaHnA OTpuLlaTesIbHON BENNYUHDI
BEPOATHOCTU CUTYaLMN NO KakoMy-nmbo napameTpy;

® [10CTaTO4HO BbICOKAA CMOXHOCTb, TPYAOEMKOCTb U
WHTYUTMBHOCTb HAaCTPONKN MOAYNA;

® nepeyveHb NapamMeTpoB U AaHHbIX, KOTOpblE HEO6X0AUMO
MCrnonb3oBaTh B aHANMM3e CUTyaumm BCE Xe Janeko He
MOJTHbIN.

1.2. Mogynb «AHanusatopa cuTyauuin»
(paspaborka 3A0 «AMT»)

B «AHanusaTope cutyaumin» NCNonb3yTCA OCHOBHbIE

TEXHOMOrM4yecKre napaMeTpbl Kak nofydaemMble C A4aTUMKOB,

Tak 1 pacyeTHble, NP 3TOM aHaNU3UPYIOTCA HE TOMbKO

3HaYeHUA NapameTpoB, HO U CKOPOCTb MX N3MEHEHUA,

YTO NO3BOMAET YYNTbLIBATb AMHAMUKY BO3HUKHOBEHUA U

pasBUTMA aHOManbHOW CMTyaumu. Vicnonb3yloTcA cneayiowme

napameTpsbl:

® BEC Ha Kpioke

® Harpyska Ha JonoTo

® yacToTa BpaLleHuna poTopa

® 4MCNO ABONHbIX XO40B Hacoca

® pacxof pacTeBopa Ha BXOAe W BbIXOAE N3 CKBaXXMHbI

® [aBfiEHNE HarHeTaHWA

® CyMMapHbIi 06beM pacTBopa B EMKOCTAX

® MexaHunyeckan CKopoCTb BypeHus

® cpegHekBagpaTU4eckune OTKNOHEHUA AaBreHus
HarHeTaHWA N MOMeHTa Ha poTope

Kaxk bl 13 BbllleHa3BaHHbIX MapameTpoB MOXET
NpUHMUMaTb OAHO U3 NATU COCTOAHUN: «O4YeHb Mano», «Mao»,
«HOPMasIbHO», «MHOF0», «04€Hb MHOI0», T.€. peanM3oBaHo
paH>XupoBaHMe COCTOAHMA Ka)XkAoro napameTpa.

[anbHenwan HacTponKa CBOAMTCA K BbIGOPY COBOKYMHOCTU

COCTOAHWI NapaMeTpoB, XapakTePU3YOLMX NOABMIEHNE

Kakon-nmbo aBapuinHON cuTyaumm n 3a4aHn0 BENNYUHbI

YCNOBHON BEPOATHOCTM pacrno3HaBaHunA 3TON cuTyauum

MO COCTOAHUIO KaXKAOoro napameTpa. Bo3amoxHo 3aaaHvne

OTpVILI,aTeﬂbHOVI BEPOATHOCTW ANA KOMNeHcauun BnnAHNA

ynpaBnAemMoro YeyloBEKOM napameTpa Ha Apyron napameTp.

B paboTe «AHanuMsaTopa cuTyauuin» UCNomb3yTCA He

MFHOBEHHbIE 3HaYeHUA NapameTpoB, a NpeaBapuTeNbHO

npoBoauTCA pAL Npoueayp:

* hunbTpauna 3Ha4YeHWn napameTpoB

® onpeaeneHne CTaumoHapHbIX 3HAYEHNI

e cneuvanbHbIM Moaynem «/3MepeHne» NpoBoaUTCA hukcauma
COOTHOLLEHUM «MOMEHT Ha poTope — 060pOThbI pOTOpa»,
«[aBfieHNe HarHeTaHWA — pacxof, pacTeopa» NPy HOPManbHOM
COCTOAHUM CKBaXXMHbI, UHCTPYMEHTa 1 060pyAOBaHnA

® onpegenAlTCcA TeHaeHUUn B USMEeHEeHUN HEKOTOPbIX
napameTpoB
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1.2 Situation Analyzer (developed by AMT)
The “Situation analyzer” utilizes the basic process parameters
both sensor-derived and rated, with parameter values analyzed
along with their rate of change which allows one to consider
the dynamics of occurrence and development of an abnormal
situation. The following parameters are used:
¢ hook weight
e bit pressure
e rotary rotations per minute
¢ double-stroke number
e inlet and outlet mud circulation rate
* injection pressure
e total mud pit volume
¢ mechanical drilling speed
e the mean-square deviations of injection pressure and
rotary torque

Each of the above parameters can assume one of the five
states: “very small’, ”small’; “normal’; “much’, “very much’; that
is to say, the ranking of each parameter state is implemented.

By fine tuning the range of the total parameters which characterize
the probability of an emergency situation and by setting the

value according to the state of each parameter, it is possible to

set a negative probability to make up for the impact of a human-
controlled effects on the other parameters.

The “Situation Analyzer” deploys a number of preliminary
procedures prior to its operation rather than instantaneous
parameter values:

e filtering the parameter values;

e determination of steady-state values ;

¢ using a dedicated module “Measurements” the ratios “rotary
torque — rpm’; “injection pressure- circulation rate” are
recorded at the normal condition of the borehole, tools
and equipment.

e trends in the change of some parameters are determined.

e thus, the current value of each analyzed parameter is
ranked into five categories and is normalized to the results of
operation of the module “Measurements’”.

e the operation of the “Situation analyzer” is
reduced essentially to comparison of the totality of the
current parameter states with the previously adjusted model
and to determination of the conditional cumulative probability
of occurrence of each situation. If the conditional
probability exceeds the threshold value, a warning is issued.

e the salient points of its implementation:

¢ arelatively large set of analyzed parameters;

e analysis of parameter change dynamics;

e the possibility of human intervention to compensate for
control actions on the process by setting negative values of
recognition probabilities;

¢ the mechanisms of ranking and normalizing the parameters
are implemented.

The main drawbacks of the current implementation:

e the “Situation analyzer “is only run for drilling and tripping
operations while the bulk of accidents and complications
occur during the execution of other jobs.

e permanent monitoring is required of the compliance of preset
limits with actual conditions.

e the lack of range within the analysis of time impacting the
outcome. As with any long-duration processes where any
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Taknm 06pa3oM, TeKyLlee 3Ha4YEHNEe KaxXaoro
aHanu3npyemoro napameTpa paH>XuMpyeTcA Ha NATb
KaTeropui n HopMupyeTcA K pesysbTatam paboTbl MOAynaA
«13mepeHnA».

PaboTa «AHanusaropa cuTyauui» CBOAUTCA K CPaBHEHMIO
COBOKYMHOCTU TEKYLUMX COCTOAHMIN NapaMeTpoB C paHee
HacCTPOEHHON MOAEeNbIo U ONpeaeneHunto YCIOBHOM CyMMapHOW
BEPOATHOCTU NOABNEHNA KaXxaomn cutyaumn. Ecnn ycnosHaa
BEPOATHOCTb BbILLIE MOPOrOBOro 3Ha4YeHWA BblhaeTcA
npesynpexaeHue.

[docTouHcTBa peanusauun:

e [0CTaTO4HO 60sbLION Habop aHaNU3NpPyeMbIX NapaMeTpoB;

® aHanu3 AUHaMWKN N3MEHEHUA NapameTpoB;

® BO3MOXHOCTb KOMMNeHcauun ynpaBnaoLwnx BOS,EI,eI7ICTBI/II7I
Ha TEeXHOMOrM4YecKuii NPOLIECC CO CTOPOHbLI YeroBeka
3ajgaHnemM oTpuuaTtesbHblX BENNYUH BepOHTHOCTeIZ
pacno3HaBaHus;

® peanu3oBaHbl MexaHU3Mbl PaHXXUPOBaHUA N HOPMUPOBaHNA
napameTpoB.

OCHOBHbIe HeAOCTaTKN peanusauum:

® [aHHbIN «AHanM3arTop cutyauuii» pabotaeT TOMbKO
npv 6ypeHnmn n cnyckonogbeMHbIX onepaumsax, Npyu ToM,
YTO 3HAYMTENBHOE KOMMYECTBO aBapuil 1 OCIIOXXHEHUIA
NPOVCXOAAT NPY BbINONHEHUM Apyrux paboT;

e TpebyeTcA NOCTOAHHbLIN KOHTPO/b COOTBETCTBUA 3a4aHHbIX
rpaHuL peanbHbIM YCIIOBUAM;

® He3HauuTenbHa «rmybuHa» aHanvsa no BpeMeHM, Npu 3ToM
ONNTENbHO pasBuBaroLLMECcH NPoLEeCcChl, Koraa Kakom-nmbo
napameTp unm nx rpynna U3MeHATCA MeASIEHHO U/unun He
CVMHXPOHHO, He 6yayT y4TEHb;

® LCMOMb3YIOTCA TOMbKO perucTpmpyemble gartynkamm
napameTpbl U1 UX NPoOn3BOAHbIE, MPW 3TOM U3BECTHAA U
3Ha4Mmas uHdopMauma, onpeaenaemas apyrumm
cnocobamu, He ncnonb3dyeTcA. Hanpumep: napameTpebl
pacTBopa, onpeaenaeMble PyYHbIMU U3MEPEHNAMU,
NPOEKTHbIE AaHHbIE O BEPOATHOCTM TEX UM UHbIX
OCIOXXHEHUI, OTPaboTaHHbIN pecypc onop JosnoTta v T.4.;

® HacTpounka «AHanusaropa cutyauuii» TpebyeT BbICOKON
KBanudukauum nepcoHana, TpyaoeMka v B 605bLwomn
CTENEHN UHTYUTUBHA;

® OTCYTCTBYIOT a/ifOPUTMbl YTOYHEHUA CUTYaLMN METOA0M
«aKTUBHOIO 3KCnepuMeHTa»;

e B Cfy4ae NIOXXKHOro pacrno3HaBaHuA cuTyauum HeT
BO3MOXHOCTV aBTOMaTUYECKOro YTOYHEHUA HACTPONKM
«AHanmsaTopa cuTyauumn» (BO3MOXHOCTM caMoobyyeHus);

® He y4MTbIBAIOTCA NEpexofHble NPoLecChl Mpu CMeHe
TEXHOMOrMYECKMX onepauni, Kak cneacTaue — 60onbluoe
KOJIMYECTBO JIOXKHBIX PACNO3HaBaHUA, CHUXKEHWE [OBEPUA K
paboTe 3aja4qv u ee oTknoYeHune Monb3oBatenem.

2.Mpepnaraembivi crnocob pelueHUA 3afaqu
pacno3HaBaHUA aHOMasibHbIX CUTyaUuun

B poccuiickon komnaHum «O3I «[MeTpocepBnc», COBMECTHO
C 3aKas4MKamm U3 HedTAHBIX Komnanuii IYKOWI un
POCHE®Tb BepneTcA pa3paboTka HOBOro nogxoaa

K peLlleHunio 3a4a4m MoBbILEHUA KavyecTBa aHanmsa
aHoManuim n OLUEHKN CUTyaumin, OCHOBaHHOIO Ha MeTodax
NCKYCCTBEHHOIO MHTENNeKTa — camoobyyatoLwmxca
NCKYCCTBEHHbIX HEMPOHHbIX ceTAX (HC). HelnpoHHble ceTun
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one parameter, or a group of them, can change slowly and/or
their asynchronously is being ignored

¢ only sensor-recorded parameters or their derivatives are
used whereas known and relevant data defined by other
methods remains untapped. For example, drilling mud
properties, defined by manual probing, design
data on the probability of various complications, the residual
service life of drilling bit bearings, etc.

e tuning the “Situation analyzer” requires a high degree of
technical expertise, is labor-consuming, and is largely done
on a hunch

e zero algorithms for defining the situation more exactly by
using the method of “active experiment”

¢ in the event of false recognition of situation there is no
capability for automatically updating the tuning of the
“Situation analyzer” (self-learning capability)

e transient processes are ignored during the change of
process operations and as a result there is a large number
of false recognitions, reduced confidence in the performance
of the task and its disabling by the User.

2.The proposed method for solving the task of
recognition of abnormal situations

The Russian company UPEG in conjunction with customers
from LUKOIL and ROSNEFT is busy working to develop a
new approach to solving the task of upgrading the quality of
analyses of abnormal situations and their appraisal based
on the methods of artificial intelligence —the so-called self-
learning artificial neural network (ANN).

Neural networks are essentially systems capable of not only
performing previously programmed sequence of actions
over preset data, but also of analyzing by themselves the
incoming information, finding regularities in it, generating
prognostications, etc.

The proven experience of applying these methods for solving
the problems of classification and prediction in many areas

of economics, technology and medicine provides the basis

for anticipated effectiveness of utilizing similar systems for
geotechnical investigations. An impressive array of different
types of neural networks that differ in architecture, design and
learning methods has been developed. But despite differences
in kind, individual types of neural networks have several
features in common.

Inputs
Synapses
X4 ynap Neural
Cell
X5

Output

n
S=in+Wi Y=F(S)
i=1



3TO CMCTeMbl, KOTOpble CMNOCOBHbI HE TOMNBbKO BbIMNOSHATL
OAHaXX bl 3anporpaMMUMpOBaHHYHO NOCNeaoBaTebHOCTb
OEeNCcTBUA HaA 3apaHee onpeaeneHHbIMU AaHHbIMU, HO

1 CNOCOBHbI CaMu aHaNM3MpoBaTh BHOBb MOCTYNAaLLYHO
MHOPMaUNIO, HAXOAWUTb B HEN 3aKOHOMEPHOCTWN,
Npon3BOAUTL NPOrHo3MpoBaHue u T.4. OcHoBaHWEM AnA
oKmaaemon ahpeKTUBHOCTU NPUMEHEHNA NOLOBHLIX CUCTEM
B NPaKTUKE reofioro-TEXHONOrMYEeCKNX UCCNefoBaHNM CyXXuT
NMOMOXUTESbHBIA OMNbIT NMPUMEHEHNA 3TUX METOA0B ANA
pelleHns 3aga4y Knaccugukaumm n NPOrHo3npoBaHna Bo
MHOTUX 06M1aCTAX 3KOHOMUKMU, TEXHUKU, MEAULIMHBI.

PaspaboTaHo 60nblLOE KONMYECTBO Pa3fM4YHbIX TUMOB
HEMPOHHbIX CETEN, pa3nMyaloLmMXcA No apxuTexkType,
MeToaam NoCcTpoeHuA n 0bydyeHmA. Ho HecmoTpA Ha
CYLUECTBEHHbIE pasnuundA, otTaensHble Tunel HC obnagatot
HECKOMbKNUMM OBLLIMMN YepTamm.

Bxoabl
CuHanchbl

Auyenka
HeMpoHa

Puc.1 VickyccTBEHHbIN HEMPOH

Bo-nepB.bix, ocHOBY Kaxxaon HC cocTaBnAlT OTHOCUTENBHO
npocTble, B 6ONbLUMHCTBE CNyYaeB — OAHOTUMHbLIE, SNTEMEHTbI
(AYenkmn), MUTUpYoLWMEe paboTy HEMPOHOB Mo3ra. Kaxxabln
HENPOH XapakTepu3yeTcA CBOMM TEKYLLMM COCTOAHUEM NO
aHanornv ¢ HePBHbLIMU KNeTKamu ronoBHOro Mo3ra, KoTopble
MOryT 6bITb BO36Y>XAEHbl UMK 3aTOPMOXEHBI.

OH obnapaeT rpynnowv CUHanNcoB — OAHOHANPaBNEeHHbIX
BXOJHbIX CBA3EW, COEAMHEHHbIX C BbIXOAamu APYyrmx
HENPOHOB, a TakXe NMEeeT aKCOH — BbIXOAHYIO CBA3b
[aHHOro HeMpoHa, ¢ KOTOPON curHan (Bo3by>kaeHna nnm
TOPMOXEHMA) NOCTyNaeT Ha CUHANChbl CreayoLmnX HePOHOB.
O6wwuin BUA HenmpoHa npueegeH Ha puc. 1. Kaxxabin cuHanc
XapaKkTepu3yeTCcA BENNYNMHON CUHANTUYECKOW CBA3N UNn ee
BECOM Wi, KOTOPbIA MO (PU3NYECKOMY CMbICITY S3KBMBANEHTEH
3MEeKTPUYECKON NPOBOANMOCTM.

Tekyuiee cocToAHME He|7|p0Ha onpenenAeTcA, Kak
B3BelleHHaA CyMmMa ero BxonosB:

n
s=2£n-w,(ﬂ
i=1

Bbixoa HelipoHa ecTb (oyHKLMA ero COCTOAHUA:

y=1(s) @

First, the core of each ANN is made up of relatively simple,
mostly uniform elements (cells) which emulate the function of
neurons in the brain.

Each neuron is characterized by its current state similar to
nerve cells of the brain which can be either excited or inhibited.
It has a group of synapses — unidirectional input connections
connected to the outputs of other neurons and also has an
axon — the output connection of this neuron from which the
signal (excitation or inhibition) is transmitted to synapses of the
next neurons. The overall view of the neuron is given in Fig.1..

Each synapsis is characterized by the value of synaptic
connection or its weight wi, which is physically equivalent
to electrical conductivity. The current state of the neuron is
defined as the weighted sum of its inputs:

n
s = E X, "W,
=1 1

The output of a neuron is a function of its state:

y=1(s) @
Y Y
1 1
X X
0oT 0
a) 6)
1Y 1 Y
X
-1 0 X

Fig. 2 a) unit step function; b) linear threshold (hysteresis); c)
sigmoid — hyperbolic tangent; d) sigmoid — formula- (3)

The function f is called activation function and can take different
forms as shown in Fig.2. One of the most commonly encountered
is a non-linear function with saturation, or the so-called logistic
function, also known as sigmoid (i.e.an S-shaped function) :

f@ = ©

l+e

Please turn overleaf for Figure 3
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Puc.2 a) dyHKUMA €OMHNYHOIO CKaY4-1Ka; 6) JIMHEVHbIN Nopor

(rmc—~Te-pen3unc); B) curMong — runepbo—IM—HECKUIN TaHTEHC; T)
curmomg — chop—myna (3)

®yHKUMA f HasbiBaeTCA aKTUBALMOHHOW U MOXET UMeTb
pas3nunyHbIi BUA, Kak NoKasaHo Ha pucyHke 2. OgHoun

13 Hanbornee pacnpoCcTpaHEHHbIX ABNAETCA HENMMHENHanA
(PYHKUMA C HaCbIWEeHNeM, TaK Ha3biBaeman fiornctu4eckan
OYHKUMA UK curMong, (T.e. pyHKUmMA S-o6pasHoro Buaa):

f(x)=% 3)

l+e

Puc.3 OgHOCNONHBIN NepLEenTpoH

Bo-BTOpbIX, BcCem HC npucyLy npuHumMn napansiensHon
06paboTKMN CUrHaNoOB, KOTOPbIN JOCTUraeTCcA NyTem
06beAnHeHVA 6OMbLLOro Y1ca HEMPOHOB B TaK Ha3blBaeMble
Cnov 1 coeanHeHNA onpeaeneHHbIM 06pa3oM HEMPOHOB
pasnunyHbIX CMOEB, a TakXe, B HEKOTOPbIX KOHMrypaumaAx,
1 HENPOHOB OJHOrO CrnoA Mexay cobown, npuyem obpaboTka
B3auMOAENCTBNA BCEX HEMPOHOB BEAETCA NMOCOMHO.

B kayecTBe npumepa paccMOTPUM NPOCTENLLYIO HEUPOHHYIO
CETb — OAHOCNONHBIA TPEXHENPOHHbBIN NepuenTpoH. Ha

N BXOA0B NOCTYyNnakT HEKNUe curHanbl, npoxoaAawine no
crvHancam Ha 3 HeMpoHa, obpasyolme e AMHCTBEHHbIA CNON
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Fig.3 A single-layer perceptron

Second, inherent in all neural networks is the principle of
parallel processing of the signals. This is achieved through the
integration of a large number of neurons into so-called layers
and then interconnected in a certain manner. Neurons can be
interconnected in various single or multiple layersFurthermore,
processing of neuron interaction is conducted on a layer by
layer basis. As an example let us consider the simplest form of
neural network — a single-layer three-neuron perceptron. Some
signals arrive at n inputs and then pass through synapses

to three neurons forming the only layer of this ANN and
generating three output signals :

, =13

Y= f[jxr 'WU}

Actually the implementation of the “Situation analyzer “ in

the AMT station is consistent with this simplest network: the
inputs (xi) are the states of the parameters being analyzed, the
neuron is the identified abnormal situation, the output (Yi) of
which is the probability of recognition of this situation and the
synapses are the individual probabilities of recognition of the
situation for each analyzed parameter.

Implementation of a more complex structure of neural network
with functionalities of adaptation, training, and self-learning

is a further development of an already tried and tested over
the years and proven realization of this task. The effort would
involve the use of more advanced mathematical tools and the
services of highly skilled specialists in the field.

Theoretically the number of layers and the number of neurons
in each layer may be arbitrary, however it is actually limited

by the resources of the computer on which a neural network

is implemented. The choice of the neural network structure is
made in accordance with the specific features and complexity
of the task involved. There exist optimal for the current state of
the art configurations to solve some specific types of problems.
It the task cannot be reduced to any one of the known types,
the developer has to solve the complex problem of synthesis of
new configuration.



aTor HC v BblaatoWwme Tpy BbIXOAHBIX CUrHana:
c |

Yi= f in .wijJ j=13
i=1

Mo cywecTBy, peanu3auma «AHanm3aTopa CUTyaumin» B CTaHUMN
«AMT>» COOTBETCTBYET AAHHOW NPOCTENLLEN CXEME: BXOAAMM (Xi)
ABNAIOTCA COCTOAHNA aHANTM3NPYEMbIX NapamMeTpPoB, HENPOHOM
ABNAETCA pacno3HaBaeMan aHOMaslbHaA CUTYaLMA, BbIXOAOM
koToporo (Yi) ABNAeTcA BEPOATHOCTb pacno3HaBaHWA 3TON
CMTyauuu, cmHancamu ABAAKOTCA OTAeNbHble BEPOATHOCTU
pacno3HaBaHMA CUTyaunn No KaXkaomy aHannsanpyemomy
napameTpy. Peanusauma 6onee CNoXHON CTPyKTYpbl HEMPOHHON
ceTu ¢ pyHKUmMAMM agantauun, oby4eHmA n camoobyyeHunA
CTaHOBUTCA pPa3BUTUEM y>ke ONPoBOBaHHOM B TeHEHME
MHOTUX NeT 1 onpasbiBatollen cebA peannsaummn gaHHOW
3agaun. Npn aTom noTpebyeTcA ncnonb3osaHune 6onee
NPOABMHYTbIX MaTeMaTM4YeCcKnx CPeAcTB U NpuBfieYeHne
BbICOKOKBanMuumMpoBaHHbIX CeumanicToB B 9TON 0bnacTu.
TeopeTu4ecKy YMCNO CMOEB M YNCIO HEMPOHOB B KaXKAOM CIloe
MOXET 6bITb MPOU3BOSIbHBIM, OAHAKO (PaKTUHECKV OHO OrpaHUHEHO
pecypcamu KOMnbloTepa, Ha koTopom peanuayetcA HC.

Bobi6op cTpykTypbl HC ocywecTBnAeTcA B COOTBETCTBUN

€ 0COBEHHOCTAMM U CNOXHOCTbIO 3aaayn. [AnA peweHnA
HEKOTOPbIX OTAENbHbIX TUMOB 3a4a4 Y>XXe CyLLeCTBYIOT
onTMMarnbHble, HA CEroAHALHUIA AeHb, KOHUrypaummn.

Ecnu 3apaya He MOXeT 6blTb CBeAeHa HU K OOHOMY M3
M3BECTHbIX TUMNOB, Pa3paboTuMKy NPUXOANTCA pellaTb
CMOXKHyIo Npobnemy cnHTe3a HOBOW KoHdwurypaumm. MNpu
3TOM HEO6X0AMMO PYKOBOACTBOBATLCA HECKOIbKUMM
OCHOBOMONArarLWMN NPUHLMNAMK: BO3MOXKHOCTM CETH
BO3PAacTaloT C yBEMYEHNEM Y1cna A4YeeK CeTu, NI0THOCTU
CBA3€E MeX 4y HAMWN N YUCIOM BblAeNIEHHbIX CNOEB, BBEAEHWE
06paTHbIX CBA3EWN HapA4y C YBENMYEHNEM BO3MOXHOCTEN
CeTn NOAHMMAET BOMPOC O €€ ANHAMUYECKOW YCTONYUBOCTMY;
CNOXHOCTb anropuTMOB (PYHKLMOHUPOBAaHNA ceTH (B TOM
yucne, Hanpuvep, BBeAEHWE HECKOMbKUX TUMOB CMHANcoB
— BO30y>AaroLmx, TOPMO3ALMX 1 Ap.) TaKxe cnocobeTeyeT
ycunenuto mowwm HC. Tak kak npobnema cuHtesa HC
CUIIbHO 3aBWCUT OT pellaemon 3agayu, obwmx nogpobHbIX
pekomeHAauni He cywecTsyeT. B 6onbwMHCTBE crnyyaes
onTMManbHbI BapuaHT KoHdurypaumm HC moxeT 6biTb
onpefernieH Ha OCHOBE MHTYUTMBHOrO nogbopa.

OuyeBunaHoO, 4YTO Npouecc yHKLUMoHMpoBaHua HC, To ecTb
CYLLHOCTb [AEMCTBUIA, KOTOpbIe OHa CrocobHa BhIMNOMHATL, 3aBUCUT
OT BEJINYMH CMHaNTUYECKUX CBA3EW, MOITOMY, 3a4aBLUNCh
onpeneneHHol cTpykTypon HC, oTBevatoLLen Kakon-nnbo 3ajaqge,
pas3paboTUmK CETU AOMHKEH HANTU ONTUMATbHbIE 3HAYEHWA BCEX
nepeMeHHbIX BECOBbIX KOIhULNEHTOB.

OT0T aTan Ha3biBaeTcA obyyeHnem HC, 1 OT TOro, HACKOMbKO
Ka4yeCTBEHHO OH ByaeT BbIMOSIHEH, 3aBUCUT CNOCOOHOCTb
CETU pelLaTb NOCTaBEHHbIE Nepes Hel NpobiemMbl BO

BpeMsA aKcnnyataumn. Ha atane obyyeHnsa Kpome napameTtpa
KayecTBa nogbopa BeCOB BaXHYIO POrb urpaeT Bpems
06y4eHuA. Kak npaBumno, 3T1 ABa napameTpa CBA3aHbl
06paTHON 3aBUCUMOCTbIO U UX MPUXOANTCA BbIGUpaTh Ha
OCHOBE KOMMpomMmcca.

CyLI.l,eCTByeT BeNIMKoe MHOXXeCTBO pPa3JIn4HbIX anropnTmMoB

"\

.

IS Wi

However it is necessary to be guided in the process by several
fundamental principles: the capabilities of the neural network
tend to increase with increased number of cells as well as
increased density of connections among them and the number
of dedicated layers, the introduction of feedback along with the
increase of network capability raises the issue of its dynamic
stability. Another factor contributing to increased ANN capacity
is the complexity of network algorithms (including, for instance,
the introduction of several types of synapses- excitory,
inhibitory, etc)

Since the problem of ANN synthesis depends to a larger
extent on the active task, there exist no general detailed
recommendations. In most cases the optimum version of

ANN configuration can be determined tentatively by relying

on intuition. It is obvious that the process of ANN functioning
which is about the actions it is capable of performing, depends
on the values of synaptic connections, therefore a developer
dealing with a specific ANN structure tailored to meet some
objective must find the optimal values of all weighting factor
variables.

This stage is called network training and the ability of the
ANN to handle performance problems assigned to it during its

service life will be contingent on how well it is organized.

At this stage of instruction besides the parameter of weight
selection of great importance is the time it takes to train the
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0byyeHnnA, KOTopble, 04HAKO, AeNATCA Ha ABa 60MbLMX
Knacca: 4eTEPMUHUCTCKME U cToxacTudeckme. B nepeom n3
HUX NOACTPOVKA BECOBbIX KO3(hUUMEHTOB NpeacTaBnAeT
€060 >XECTKYIO NOC/1eA0BaTENbHOCTb AENCTBUA, BO BTOPOM
— OHa NPOV3BOAMNTCA Ha OCHOBE AEeNCTBUA, MOAYNHAOLLMXCA
HEKOTOpPOMY Cny4aHoMy npoueccy. PassmBanA ganblue
BOMPOC 0 BO3MOXHOM Knaccudmkaumm HC, BaxxHO
OTMETUTb CyLIEeCTBOBaHNE BUHAPHbLIX N aHaNOroBbIX CETEN.
MepBble N3 HUX ONepupyOT C ABONYHBIMW CUrHanamu, 1
BbIXO Ka)X4Oro He/ipoHa MOXeT NMpUHUMAaTh TOMbKO ABa
3HAYeHNA: NTOrMYECKMIN HOMb (“3aTOPMOXKEHHOE” COCTOAHME)
1 niormyeckas eguHunua (“Bo3by>xaeHHOEe” COCTOAHME).

B aHanoroBbIx CETAX BbIXOAHbIE 3HAYEHUA HENPOHOB
Cno-Cco6-Hbl NPUHMMATb HEMNpepPbIBHbIE 3HAYEHNA B
HEKOTOPOM AunanasoHe.

3.06wue noaxoabl K NOCTaHOBKE 3aAayu

Mpu Bcem MHOroo6pa3unm paboT, NPoOBOAUMBIX Ha BypoBOM 1
B CKBaXXMHE, MOXKHO BblAEMNTb AOCTATOYHO OrpaHNyeHHbI
CMMCOK onepauuii, oTobpaxkaroLmx (U3NYECKYIO CYLLIHOCTb
NPOMNCXOAALLMX B CKBaXXMHE NPOLIECCOB, 3TW onepauum
aBTOMAaTUYECKN Pacno3HalTCA NPOrpamMmMHbIM 06ecneyeHnem
cTtaHumn MY no COBOKYMHOCTM NOKasaHun AaT4UKOB,
pacyeTHbIM napameTpam 1 3aAaHHbIM HACTPONKaM.
PasnunyHbiMn cuctemamm cbopa pacnosHaeTcA pasHbiv
nepeyeHb TEXHONOMMYECKNX CUTyaLUMiA C UCMONMb30BaHNEM
npoueayp, B AeTanax pasnuyarowmxca mexxay coboin. Ana
OYHKUMOHNPOBaHWNA 3a4a4M pacno3HaBaHnA aHoOMasbHbIX
cuTyauun B coctaee cTaHumi ' pasnunyHoro Tuna
HeobX04UM eMHbIV anropuTM pacno3HaBaHnA onepaumn.

CBoNCTBa aHOMasbHbIX (aBapUMHBIX) CUTYaLUA C TOYKN

3pEHNA NX pacro3HaBaHuA:

e [1nA pas3nu4HbIX TEXHONOMMYECKMX ornepaumnii MOXXHO
COCTaBUTb CBOV NepeyeHb BO3MOXHbBIX aHOMasTbHbIX CUTYaLWINA.

e OpgHa v Ta ke aHoManbHaA cUTyauma Npy pasnuyHbIX
TEeXHONorn4eckux onepaumax MoXXeT NpoABNATbLCA
no pasHbIM Npu3Hakam nn6o BoobLe He NPOABNATLCA,

HO Y>ke MMeeTCA, NPU BbINOMIHEHUM APYrOi onepaumm
aHomManua ctaHoBuTCA onpeaenAemon. OTcloaa BO3HUKAET
HeobX0AUMOCTb NPOBEAEHNA «aKTUBHOMO 3KCMEPUMEHTa»
ONA YTOYHEHMA TUNa aHOManuy 1 NoBbILLEHWA
[OCTOBEPHOCTU €€ AVarHoCTVKW. [laHHbI noaxoz onvcaH B [3].

e OpHM aHOManuu B NPOLIECCE CBOEro pasBuUTUA MOryT
nepexoauTb B apyrne. OCHOBHaA 3ajaya paHHeun
OVarHOCTMKN aHOManuni u COCTOUT B PaHHEM ee
O6Hapy)KeHI/II/I, Korga aHomManuio MOXXHO NMKBMANpoBaTb
6e3 AONONHUTENbHBLIX MaTepuasibHbIX 3aTpar.

¢ Heo6x0AMMO BECTM pa3fenbHylo ANArHoCTUKY KadKaoum
aHoManuu 4nA pasHblx onepauuii (rpynn onepauui) ¢
Yy4eTOM NepexoaHbIX MPOLECCOB MeXay onepaumamMu.

e YnpaenawLwme Bo3AeNCTBUA, MMH0 aHoManmu,
BO3HMKAIOLLME NPV NPOBEAEHNM OJHUX Onepauni, MoryT
NoBbIWaTb BEPOATHOCTb BO3HUKHOBEHUA aHOManum npu
NpoBeAEHWM APYroi onepaumn, NpuYeM paspbiB BO
BPEMEHMN MeX Ay BO3AENCTBMEM U NOCNEACTBUEM MOXET
6bITb 3HA4YMTENbHBIM. Hanpumep: HeponycTUMo BbiCOKanA
CKOPOCTb CNyCcKa UHCTPYMEHTA MOXET BMOCNEACTBUN
0KasaTbCA NPUYMHOM NOINOLWEHNA pacTeBopa.

e HenbanA AnarHocTnpoBaTb aHOMauno TONbKO NO TeEKyLUeMy
COCTOAHMIO MapaMeTpPOoB MO CreayowmMM NpuyMHaMm:

- BO3MOXHO HECMHXPOHHOE U3MeHEeHMe B3auMOCBA3aHHbIX
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network. As a rule, these two parameters are inversely related
and there is always a tradeoff when selecting them.

There exist a host of different training algorithms which,
however, are divided into two large classes: deterministic and
stochastic algorithms. In the first class of algorithms the fine-
tuning of weighting factors is a rigid sequence of actions, in
the second it is effected by actions governed by some random
process.

Pursuing further the problem of possible classification of
ANN it is essential to note the existence of binary and analog
networks. The first of these operate with binary signals and
the output of each neuron can only take two values: logical
zero (inhibited state) and logical unit (excited state). In the
analog networks the output values of neurons are capable of
taking on continuous values within a certain range

3. General approaches to problem identification

For all the multitude of jobs performed on the rig and in the
well, it is possible to single out a sufficiently restricted list of
operations which reflect the physical essence of processes
going on in the well. These operations are automatically
recognized by GTS stations software from combined sensor
readings, design parameters and prescribed settings.

The different field gathering facilities recognize a different
listing of process situations with use of procedures that differ
in details. A unified algorithm of operation recognition should
be present within GTS stations of different types to ensure the
functioning of the task for recognition of abnormal situations.

The properties of abnormal (emergency) situations with respect

to their recognition are as follows:

e For different process operations it is possible to compile their
own list of potential anomalous situations.

¢ One and the same anomalous situation during different
process operations can manifest itself through different
signs or fail to reveal itself at all, but it is already there
and once another operation is performed the abnormality
becomes identifiable. Hence there is a need for conducting
an “active experiment” in order to specify the type of
abnormality and to enhance the validity of its diagnosis.
This approach is described in (3).

e Some abnormalities may change in the process of their
development into others. A major challenge of the early




napameTpoB, HanpUMep BCMeACTBME yNpaBiAloLWero
BO34ENCTBUA.

- W3MeHeHMe napameTpa Unn nx rpynnbl MOXXeT
6bITb Pe3ynbTaToOM NEPEXOAHOrO NpoLecca OT OAHON
TEXHOMOrM4YeCcKon onepaunm K Opyrow.

¢ Heo6x0AMMO NCMONL30BaTb HE TONbKO TEXHOMOrNYeckme
napameTpbl, perncTpupyemble Ha3emHbIM 060pyAOBaHNEM
ctaHumm 'TU, Ho n opyrue naHHble, onpeaenatowme
BEPOATHOCTb BO3HWKHOBEHUA aHoManuu. K aTuMm AaHHbIM
OTHOCUTCH:

- KOMIMJIEKC NapaMeTpoB, OnpeaenaemMbIX Py4HbIMM
U3MEPEHUAMU N NX COOTBETCTBME MPOEKTHBLIM NOKa3aTenaM,
npe>xae Bcero napameTpbl 6ypoBOro pacTeopa;

- VHTerpasbHble XapaKTePUCTUKK perca N CTaTtucTuyeckmne
nokasarenu paboTbl 6ypoBoro 060pyaoBaHuNA: BpemA
6ypeHunA, CTOMKOCTb ONop A0M0Ta; KNacc U N3HOC
6ypunbHbIX TPy U T.4.;

- BEPOATHOCTb BO3HWKHOBEHMA aHOManuu UcxoanA U3
NPOEKTHbIX AaHHbIX, U3 AaHHbIX FTVC nnun 13 onbita
CTPOMTENbLCTBA aHaNOMMYHbIX CKBaXWH;

4.Mpegnonaraeman nocneaoBaTesibHOCTb peLleHusA
nocTtaBJfIeHHOW 3afa4u

e dopmmpoBaHue 6a3bl npeueaeHTHOM nHopMaummn no
VMMEBLUMM MECTO B NPOLUSIOM aHOMaMAM NpU pasnnyHbIX
ycnosuax paboT. B kauecTBe npeueneHToB npeanonaraeTcA
MCNOMb30BaHUe BPEeMEHHbIX PAAOB AAHHBLIX NO
napameTpam, aBTOMaTU4ECKU PErNCTPUpPyEMbIM Ha
ctaHumAax ', AononHUTENbHLIMKU MOTYT BbITb AaHHbIE,
nony4yaemble pyYHbIMU N3MEPEHNAMMN, BbIYNCIAEMbIE
WHTErpasnbHble XapakTepPUCTUKN paboTbl AoNoTa,
6ypWIBHOrO MHCTPYMEHTA U T.A.

diagnosis of abnormality is its early detection when it can
be eliminated without incurring any additional costs.

It is mandatory to conduct a separate diagnosis of each
abnormality for different operations (groups of operations)
with account taken of transitions between operations.
Control actions or abnormalities arising during the
performance of some operations can increase the
probability of abnormality occurrence during the conduct

of another operation, the time lapse between the action and
the consequences may be quite substantial. For instance:
the intolerably high speed of running the tool into the well
may subsequently prove to be the cause of lost circulation.
The abnormality cannot be diagnosed by the current state of
parameters alone for the following reasons:

there is a possibility of asynchronous change of
interconnected parameters, for example, due to control action.
a change of the parameter or of their group may occur as a
result of transition from one process operation to another..
It is essential to use in addition to process parameters
recorded by GTS station surface equipment other data

as well which define the occurrence probability.

These data include:

a set of parameters determined by manual measurement
and their compliance with design indices, primarily the
parameters of drilling fluid;

the integral trip characteristics and statistical indices of
drilling equipment performance: boring time, bit bearing
durability; class and wear of drill pipes, etc.;

the probability of occurrence of abnormality proceeding from
design data, GTS data or the experience of construction of
similar wells.
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e Pa3paboTka MeToAoB CrnaXkmMBaHUA BPEMEHHbIX
pAOOB, BbiABNIEHUA TPEHO0B, onpeaeneHua pasnnyHbIX
YPOBHEWN COCTOAHNA NapaMeTpoB MO BEINYMHE U LLYMOBbIX
XapaKTepUCTUK.

e OnpepeneHne MHHOPMaTUBHBLIX NPU3HAKOB, OCHOBaHHbIX
Ha MHTerpanbHbIX XapaKTepucTukax BpeMEHHbIX PAAOB,
NPUMEHNTENBHO K paccMaTpuBaeMbiM CUTYaLMAM.

e [locTpoeHre u nepBoHaYanbHaA HaCcTponKa
KnaccudmnkaTopoB Ha OCHOBE BblIGpaHHOM CUCTEMbI MPU3HAKOB.

e HacTpowka knaccugpmkaropos («0byyYeHue» HEMPOHHOM
CeTun) Ha OCHoBe Oby4atoLlen BLIBOPKU NPELEeAEHTOB.

e OKCMepuMeHTanbHOEe NccneaoBaHne KnaccngukaTopos
MO KOHTPONbHOM BbIGOPKE MpeueaeHToB — NPoBepKa
CMOCOBHOCTM HACTPOEHHOW HEMPOHHOM CETK pacno3HaBaTb
npeanaraemyto ev cuTyauuio.

¢ AHanu3 apheKTUBHOCTU NPUMEHEHNA MeToAA U
paclpeHne HOMEHKaTypbl Pacno3HaBaeMbIX aHOMasnui.
Mpy 3TOM K Yncny aHoManuin MoryT 6bITb OTHECEHbBI HE
TOSMBKO NpejaBapuiiHbIe 1 aBapuiiHbie cuTyauum
B npotiecce paboT No CTPOUTENLCTBY CKBaXKUHbI, HO 1
BCKPbITUE N1aCTOB C aHOMasIbHO BbICOKUMM (HU3KMMW)
OaBneHNAMMU, BCKPbITUE KOMNIEKTOPOB U T.A.

e PaspaboTka nporpamMmHoOro obecneveHua.

5.3apaya aBTOMaTM4YeCKOro pacrno3HaBaHuA
aHoMasibHbIX CATyaLui C UCNOJSIb30OBaHUEM
MCKYCCTBEHHbIX HEMPOHHbIX CETEN KaK cocTaBHaA
YacTb KOPNopaTUBHbIX CUCTEM MHGOPMALMOHHOM
noapepXXKu 6ypeHna CKBa)kuH

B HacToAwee BpemA B pamkax paspaboTtku ana OAO
«JTIYKOWIT» VHchopmaLmoHHol crcTeMbl «ConpoBOXAEHUA
CTpOUTENLCTBA CKBaXMH» - IC CCC BbINonHEHa NOoCTaHOBKA
3ajayn n Havyata nporpaMMHas peannsauua noacucTeMbI
«OnepaTvBHOE ynpaBneHne CTPOMTENLCTBOM CKBa>KUH».
JaHHanA nogcucTema npepnonaraeT pa3BuTUE UCMONb3YEMON
BO MHOIMX POCCUNACKMX KoMnaHuax noctaenaemonn OAO «O3I
«[NeTpocepBnc MIHhopMaLMOHHON cuCTEMBI «Y AaneHHbIV
MOHUTOPUWHI BypeHunsa».

3apaya, onvcbiBaeman B JAHHOW CTaTbe, HA30BEM ee

«HeNpoHHbIN aHann3aTop aHoManuin 6ypeHna», MoXeT

cTaTb AanbHENWUM pa3BuTeM nogcuctemMol «OnepaTmBHoOe

ynpaeneHne CTPOMTENLCTBA CKBAXXMH». B aTom cnyvae

«HenpoHHbIN aHann3aTop aHomanmin 6yperna» bygeT

MCNOMb30BaTLCA HEe KaxxAoi BypoBon NnoLiaake, e BO3MOXHbI

Npobnembl C BbICOKOKBaANTMMLIMPOBAaHHbLIM 06CY>KUBAIOLLMM

nepcoHarsiom, a B odouce HedpTerasonobeiBaroLLEro

npeanpuAaTyA. MNpn focTaBKe B peanbHOM BpeMeHn

He0b6X0AMMON TEXHOMOMMYECKOM 1 reoriormyeckon nHdopmMaumm

B 0uC NPEANPUATUA 1 YNPaBNEHYECKUX PELLEHNI HA OOBEKTbI

MOHUTOPUHIa 3TO AacT crieaylome NpeMmyLLecTsa:

* Bo3MOXXHOCTb 06CNY>XXMBaHUA BbICOKOKBaNMMOMLMPOBaHHbLIMU
Kagpamu, Kak npuknagHblx, Tak v IT HanpasneHui.

e BO3MOXHOCTb aKKyMyn“poBaHUA B OOHOM MeCTe BCeW
HeobXoANMOW MHAOPMaLumu: onepaTuBHOW, NNaHOBOWN,
[AaHHbIX MO aHaNOMMYHbIM CKBaXKMHaM.

PelweHne 3agayn pa3paboTku, BHeAPEHUA, HACTPONKMN U
nocneaytoLen akcnnyaTaumm «HepoHHoro aHanmsaropa
aHomanun 6ypeHna» Kak COCTaBHOW YacTW KOPropaTuBHOWA
WHOPMALIMOHHOM CUCTEMbI MOTPebyeT 06 beaMHEHMA

YCUMNIA KPYMHbIX HE(YTEra3oBbiX KOMMaHUIA, CEPBUCHBIX
KOMMaHWI, a TaKxe NPUBIeYEHNA NPUKNAaHbIX MaTEMaTUKOB

N KUBEPHETMKOB, CNeLManavpyoLLMXCA B AaHHOMHaNPaBneHuu.
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4. The assumed sequence of solving the task set

e Building a precedental data base from past abnormalities
that occurred during different operating conditions. As
precedents use is proposed to be made of temporary data
sequences using the parameters automatically recorded
at GTS stations, additional data may come from manual
measurements, calculated integral characteristics of bit,
drilling tool performance, etc.

¢ Development of the methods of time series smoothing,
identifying trends, determination of different levels of
parameter state by value and noise characteristics.

e Determination of informative signs based on the integral
characteristics of time series relevant to situations under
review.

e Construction and the initial tuning of classifiers on the basis
of selected system of signs.

¢ Tuning the classifiers (training of a neural network) based on
the training sample of precedents

e Experimental investigation of classifiers using a control
sample of precedents - checking the ability of the tuned
neural network to recognize the suggested situation.

¢ Analysis of the effectiveness of applying the method and
expansion of the range of identifiable abnormalities. Among
the abnormalities may be not only pre-emergency and
emergency situations that may occur during well construction
but also the drilling of formations under abnormally high (low)
pressures, reservoir penetration, etc.

e Software development.

5. The task of automated recognition of abnormal
situations with the use of artificial neural networks as
a component part of corporate systems of well drilling
data support

Presently as part of development for LUKOIL joint-stock
company of the Information system “Monitoring well
construction” the problem formulation has been finalized and
work was started on implementing the subsystem “Real-time
control of well construction”

This system presupposes the development of UPEG-supplied
information system “Remote monitoring of drilling” used by
many Russian companies. The task, as described in this
article, we shall designate it the “Neural analyzer of drilling
anomalies” may become a follow-on to the subsystem “Real-
time control of well construction”

In this case the “Neural analyzer of drilling anomalies” will be
used in the office of an oil and gas production enterprise rather
than on each drill site where there may be a paucity of highly
skilled service personnel. With delivery of requisite process and
geological data to the office of the enterprise and managerial
decisions to monitoring sites this will offer the following
advantages:
e The possibility of providing highly-skilled personnel to deal
with both applied and IT trends.
¢ The possibility of concentrating in one place all required
information: real-time data, planning data, data on similar wells.
e Solving the problem of development, integration, tuning
and subsequent operation of the “Neural analyzer of
drilling anomalies” as component part of corporate information
system will require the pooling of efforts of oil and gas majors,
service companies as well as enlisting the services of applied
mathematicians and cybernetists specializing in this field.



