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Memoro ziopoounamiunux docniodcenv ceeponosun (IHC) € eusnauenns mooeneil c6eponosuHiL, niacma i
Mednc nIacmis 3 no0anbuio ioenmuirayiro ix napamempis. Tpaouyitino — ye 3a60aHH NOKIAOAEMbCS HA eKCnep-
ma, AKUll 3icmagise peaibHi 0aHi 3 MUNOBUMU KPUBUMU 3MIHU MUCKY 6pYUHY abO 34 00NOMO2010 CReYidbHUX Npo-
epamHux npodykmie. Ilpu ybomy sunuxae HeobXionicms euseumu @ oanux JJ{IB ninitini Oinauxu, 3a AKUMU MOINCTU-
60 BCTAHOBUMU NEPEBANCAIOYULL HA KOHKPENHOMY HYACO80MY RPOMINCKY pinompayitinuil pescum (ninitnuil, paoi-
AbHULL MOWo).

Posenadaemovcs 3acnosanuii ha HenapHomy Kpumepii MAKCUMANbHOT ICIMUHHOCIT MEMOO KIACTNEPHO20 Hedim-
K020 pe2peciiinozo aHanizy, Wo UKOPUCMOBYE NAPAMEMPU HEBUSHAUCHOCT GUXIOHUX OAHUX Y AGHOMY 8u2nsdi (me-
moo T-peepecii) . Posenanymuii npukiad 00800ums, wjo WIAXOM KOPEKMHO20 3A0AHHs HEGUIHAYEHOCMEl GUXIOHUX
OaHnux i eubopy napamempie Memooy, mpaouyittHoCmi 6UPIULY8AHY eKCNePmoM 3A80AHHS YCMAHOBKU KLIbKOCMI |
napamempie AHIUHUX OUIAHOK KPUBOT MONCIUBO GUDTUUMU 8 HANIBAGTNOMAMUYHOMY PeAHCUMI, 0151 NOOATLULOT I0eH-
mugpikayii Mmooeni konrekmopa ma ii napamempie

KirouoBi croBa: eMysslis €KCHEPTHOTO MiAXOAy, TiAPOJMHAMIYHI JOCIIJUKEHHS, CBEPIJIOBHHA, METOJ
f-perpecii.

Lenvio ananuza dannvix 2udpoounamuyeckux uccneoosanuil ckeaxcun ([JHC) aensemes onpedenenue mooe-
Q€ CKEAdICUHBL, NIACMA U 2PAKUY ¢ nocaedyioujel uoenmugpurayueri ux napamempos. Tpaduyuonro sma 3aoaua
80371a2aemcst Ha IKCnepma, KOMopblii CONOCMABAem peanbhble OAHHbIE ¢ MUNUYHBIMU KPUBLIMU USMEHEHUs 0asie-
HUsL, 6PVUHYIO ULU NPU HOMOWU CHEYUATbHBIX NPOSPAMMHBIX NPOOYKmos. [Ipu smom go3HuKaem HeobX00UMOCb
Hatimu 6 dannvix 1/JUC nunelinvle yuacmku, no3eo0nsowue YCmaHogums npeobraoarowull Ha KOHKPEmHOM epe-
MEHHOM NPOMEINCYMKE PUIbMPAYUOHHBITL pedcum (TUHelHbLIL, PAOUATbHBLEL U M.0.).

Paccmampueaemcest ocnosanHblll HA HEYEMKOM KpUmMepuu MaKCUMAIbHOU UCTHUHHOCHU Memo0 KAACHEPHO20
HeuemK020 pespecCUOHHO20 aHAU3A, UCNOLLIVIOWUL RAPAMEMPbL HEONPEOeNeHHOCMU UCXOOHbIX OAHHbIX 6 SIGHOM
suode (memoo f-peepeccuu). Paccmompennvlil npumep noxkaswléaem, Ymo nymem KOPPeKmHo20 3a0anus Heonpeoe-
JIEHHOCMEU UCXOOHbIX OAHHBIX U 6blO0PA NAPAMEMPOE Memood MpPAOUYUOHHYIO Peuaemyr0 dKCHepmoM 3a0ady
YCMAHOBKY KOIUYECMEd U NAPAMEmpOs8 TUHEUHbIX YUACMKO8 KPUBOL ¢ Yelblo nociedyoujell udenmupurayuu mo-
Oellu KOLIeKMopa u ee napamempos MOJNCHO Peuums 8 HOIYAGMOMAMUYECKOM pedlcuMe.

KiroueBbie ciioBa: 3MyIISIUs SKCHEPTHOTO MOJXO0/a, THAPOAMHAMUYCCKUC UCCICIOBAHUS, CKBAXKHHA, METO
f-pezcpeccuu.

The main aim of well hydrostatic research (WHSRadmalysis is to determine a model of a well, tagred
boundaries with the following identificatiorf their parameters. Traditionally this task is parhed by an expe
who compares real data with typical pressure cuntbat is done manually or with a help of sp@ software
Therefore, there arises the task to determine lirmaas in WHED data tit allows establishing filtration mo
dominant on the certain time slot (linear, radiat .

This article investigates the method of clusteryuegression analysis which is based on maximuidity:
fuzzy measure. This method usarameters of explicit basic data uncertaintygfression method). The analy
example has shown that the task traditionally penfed by an epert (set of quantity and parameters of curve In
areas) and can be carried out in semi-automatedeniydmeans of proper set basic data uncertainty and choa
of method parameters for consequent identificatibreservoir model and its parameters.

Keywords: expert approach emulation, hydrodynamsearch, well, f-regression method.

Beenenue. MecTOpoXXI€HUE SIBISETCS T'E0JI0-
THYECKUM 00BEKTOM IPUPOIHOTO MPOUCKOKICHUS
Y COJICPKUT 3apaHee HEM3BECTHBIH 00BEM YTIIEBO-
JIOPOOB, NPEACTABISIONIUX KOMMEPUYECKUI UHTE-
pec. CoBpeMeHHbIE METOBI MJIAHUPOBAHUS pa3pa-
OOTKH MECTOPOXKACHHS MOAPA3ZyMEBAIOT CO3/IaHUE
TPEXMEPHOMW KOMIIBIOTEPHON MOJETH MECTOPOXK-
JICHUs, U3HAYAJIbHO CO3/1aBaéMOM Ha OCHOBE JaH-
HBIX CEHCMOpa3BeAKU U TIOUCKOBHIX CKBXKUH W
YTOYHSIEMOH M0 Mepe IMOCTYIUICHUsI NaHHBIX. [lo-
CKOJIBKY TIPOOYpPEHHBIC CKBAKHHBI 00€CIICUNBAIOT
MPSIMON JTOCTYI K KOJJIEKTOPY, OHU SIBJSIIOTCS Ha-
nboJee HaJIC)KHBIM UCTOYHUKOM JaHHBIX. [y m3-
BIICUYCHUST MH(OPMAITUU, HEOOXOIUMOU ISl OIICH-

KM MECTOpPOKIeHus, n3 (KpaliHe OrpaHHYeHHOIO)
o0beMa IaHHBIX [0 CKBa)XKHUHAM, IPUMEHSETCS
LIMPOKUI CTIEKTP METO/IOB HCCIIEAO0BAHUS.
I'unponuHamMuueckue uccieaoBaHus CKBaKUH
(TANUC) sBusOTCS CPEACTBOM OLCHKU KITFOUEBBIX
XapaKTePUCTUK OKOJIOCKBAXXMHHOW 30HBI. CKHH-
¢dakTopa, TUAPOIPOBOJHOCTH, XapaKTEPUCTUK
reoyiornueckoii opmanuu u T.4. PactipoctpaHeH-
Hele MeToasl ['JIMC mompa3yMeBaroT 3KCIUTyaTa-
LU0 CKBRXWHBI TPH 3aJaHHOM JAeOHuTe mapai-
JIEJIBHO C 3aMEpaMU JIaBJICHUs Ha 3a00€ CKBa)KUHBI.
B uactHOCTH, KpuBasi BOCCTaHOBIICHHS [aBJICHUS
CHUMAeTCs B TEYEHHME HECKOJBKMX YacoB WIH
JIECATKOB 4acoB TIIOCIE€ OCTAHOBKH CKBA)KHWHBI
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(ne6ur = 0). [Tpopwunu naBneHUs ¥ MPOU3BOIHON
JaBJICHHUS MO0 BPEMEHHU OTPaKAIOT HECKOJBKO OJI-
HOBPEMEHHO IMPOHUCXOAALINX MPOLECCOB, CIUTHIX B
EANHYI0 KpUBYIO. D GHEKThI, OKa3bIBAEMbIC 3TUMHU
HpoleccaMy Ha pe3yJbTHPYIOUIYI0 KPUBYIO, K Ha-
CTOSIIIEMY MOMEHTY Xopomo u3y4ensl [1]. Pac-
NPOCTPaHEHHBIM METOJIOM, NPUMEHSEMBIM HHXKe-
HepaMH, SIBISIETCSI COIOCTaBJICHHE MNPOM3BOIAHOM
JIaBJICHUS IO BPEMEHH B JIOTApH(PMHUIECKHUX KOOp-
JMHATaX C TUMWYHBIMH KPUBBIMH W3MECHCHHUS J1aB-
nenus. JIuHelHBIE Y4acTKH Ha TpPOQUIE MPOU3-
BOJHOW YKa3bIBalOT Ha MpeodiagaHue TOro WM
uHoro 3ddekra, MOITOMY NPOBEACHHE MPSIMBIX
gepe3 TPYIMITBl TOYEK MO3BOJISIET MOJTYYUTh OLEHKY
HapaMeTpoOB JIMHEHHBIX y4acTKOB PAacCUUTATh HC-
KOMBIE (PUIBTPALIMOHHBIE XapaKTEPUCTUKH.

Henabio padoTbl SBISETCS OMPECICHUE MO-
Jleeld CKBa)KHMHBI, TUIACTa M TPaHUI] C TOCIETyI0-
ek uaeHTu(UKaIueH uX mapaMeTpoB.

PesyabTaThl. [lpuBogurcs mpumep oOHapy-
KEHHsl JIMHEHHBIX YYacTKOB B JAHHBIX KPHBOH
BOCCTaHOBJIEHUS JaBJICHUS C MCIIOJIb30BAHUEM J0-
CTYNHOH MH(OpMaIMKU O HEONPEIEICHHOCTH JaH-
HBIX.

JInneiinbiii Metox f-pezpeccuu

TpaaunuoHHasi 3aa4a perpecCUOHHOTO aHa-
732 COCTOUT B TOM, YTOOBI 1O OIPaHUYCHHOMY
YHUCITy HAONIOJCHUH TMOCTPOUTH AHATUTHYECKYIO
MOJIeNb, HAWIYyYIIUM 00pa3oM (B OHpeleieCHHOM
CMBICJIE) TO3BOJISFOLIYIO MPE/ICKa3bIBaTh 3HAUCHHS
3aBUCUMOI MEPEMEHHON IO 3HAYECHUSAM HE3aBUCHU-
MBIX TEpPeMEHHBIX. [IpH 3TOM WCXOJHbBIE JTaHHBIC
9acTO HECOBEPILICHHBI, T.€. COJAEPKAT Heompese-
JICHHOCTH, 00YCJIOBJICHHBIC KaK HETOYHOCTHIO HH-
CTPYMEHTOB M METO/IOB M3MEPEHHUS, TaK U BIUSHU-
€M Heu3BeCTHBIX (akTopoB. Jlordu A. 3axe B cBO-
eit pabore [2] momYepKHYIT BaKHOCTH BKIFOUEHIS
HEONPEICICHHOCTH MCXOAHBIX JaHHBIX B IIOCTa-
HOBKY AaHAJIUTHYECKUX 3aj]a4, HauyaB ¢ (pasbl
«HeormpeneneHHOCTD sBIsETCA aTpuOyTOM HHDOP-
Marmm».

Teopus HeueTKMX MHOXKeCTB [3] mpemocras-
JSIeT MaTeMaTHYEeCKUI ammapar, IO3BOJISIOIIUIA
ornepupoBaTh MH(MOpMaIMeH, coaepkamieldl Heol-
PEIEeNICHHOCTH PAa3IMYHOrO MPOUCXOXKIeHHs. Teo-
pysi HEYETKMX MHOXKECTB OTHOCHUTCS K 00JacTu
NPUKIATHBIX HCCIIEAOBAaHUNA HCKYCCTBEHHOTO WH-
TEJUIEKTa, OCHOBOIOJIATAIOIIUM MTPUHIUIIOM KOTO-
PBIX SBISETCS CO3IAaHHWE METOJOB M CHCTEM, HC-
MOJB3YIOIIMX T€ WIM HHBIC CBOWCTBA YelOBEYe-
CKOT'0 MHTEIJICKTa B ()OPMaITM30BAHHOM BHJIEC, JUIS
pellieHHsT IIMPOKOTO CIieKTpa 3anad. [IpumeHu-
TENIBHO K PErpecCHOHHOMY aHaJIHM3y MOXKHO CKa-
3aTh O TPYIIE METOJIO0B, CIHOCOOHBIX IOJydYaTh
OLICHKH TapaMeTPOB PErpecCHOHHONW MOJICTH C
YUETOM anpuOpPHON HEOIPEeICHHOCTH HCXOIHBIX
JIAHHBIX, 33JJAHHOW B SBHOM BHJIE NPH ITOMOIIU
HeueTKuX yucend. TaHaka u np. B 1982r. nepBeiMu
copMyIIHpOBaIH 3a/1a4y HEYETKOTO PErpecCHOH-
HOTO aHanu3a [4].

OCHOBOIIONATAIOIIAM TOHSTHEM 3]1eCh SIBIISI-
eTCS  Heuemkoe MHOMCeCmeo, OICHIBAcMOe
(byHKIMEH MTPUHAUICKHOCTH.

Onpeoenenue 1. Ilycts U —ueTkOC MHOXKECT-
Bo. [lycth manee A — HeueTkoe MHOXecTBO Ha U ¢
¢ynkmeit npunamiexnoctn Y U-[0,1]. OyHk-
sl TIPUHAJUIC)KHOCTH TIOKa3bIBACT CTENeHb MNpH-
HAJJIOKHOCTH 3JIEMEHTOB MHOKecTBa U HeueTko-
My MHOxecTBy A. B

Onpeoenenue 2. Tycts U=R' (och neitctBu-
TENBHBIX YhCeN). A Ha3bIBACTCA HEUEemKUM HUC-
JI0M, €CTIH .

. 1. 0 mo xpaiineli Mepe OJHO YUCIO X C Ha
x)=1.

2. Ua TIONYHENpEephIBHA CBEpPXy W KBa3u-
BBIITYKJIA.

3. Bce MHOKecTBa O-ypoBHel A, orpaHuye-
ue! s aJ(0,1]. W

Onpeoenenue 3. Heuerkoe uncno A HasbIBa-
€Tcs HEYETKUM YHCIOM CHMMETpH4YHOro L-Thmna
(mns xpatkoctH L-umciom), ecnu CymiecTBYIOT
JIeHCTBUTEIIBHEIC YKCIa A, O (> 0) u GyHKrwst L:

1. L:[00) - [0,1]; L(O)= 1,L() = 0.

2. L wHempepbiBHA, SBISETCS CTPOTO MOHO-
TOHHO YOBIBAIOIICH, U (QYHKIUS TPHUHAICKHOCTH
npejicTaBuMa B BUJIC

t-a
upo=1/ 2] &
a

IIpu >TOM & Ha3bIBa€TCS CPEHUM 3HAUYECHU-
eM (moooti) uucna, a o — pazopocom (MapameTpoMm
HeuyeTKocTH). PopMasibHOE MPEACTABICHHE YETKUX
yucel nojiaydaercs npu 0=0. i

IIpennonoxeHus MEeToJia JIMHEUHOU
f-peepeccuu, BiepBbIe ONMYOJIMKOBAHHOTO B padoOTe
[5], cBomsATCS K CiienyronEeMy:

* 3aBUCHMOCTh MEXIy BXOJHBIMHU (HE3aBUCH-
MBIMH) M BBIXOJHOM (3aBHCHMOI) TepeMEHHBIMU
OIMCBHIBACTCSl YETKOW MapaMeTpuueckoil MOJEIbI0
¢ p mapamerpamu, all R".

* DKCIEpUMCHTAIILHBIE BXOJIHBIC U BBIXOJHBIC
nepemennbie X; =(Xg,...,Xi) ¥ Y, — HedeTKue
L-uancna ¢ GyHKOUSIMH TPUHAIIICKHOCTH Hx } u

My (3aeck i=1+N —HOMep sKcnepuMenTa, j=1+n —

HOMEDP BXOJHOW II€pEeMEHHOH), MpHYeM BhIOpaHa
ciemyrommas peanu3amnust GyHKIn L
L(u)=ex —um),m>1, 2)

rae m—mapamerp GOpMbI HEYETKOTO YHCTIA.

3HadyeHne M1 KCIOMB3YeTCs B Clydae, eclid
CpeJlHee U3BECTHO TOYHO, HO O XapakTepe pa3opo-
ca u3BeCTHO Mayo (MubO0 OH HEM3BECTEH), M2 —
NpU BBICOKOW YBEPCHHOCTH B TOYHOCTH 3HAHHU O
cpeaneM u pazopoce; MF10 — ans uucen wHTEp-
BAJILHOTO THIIA.

Takum ob6pasoM, 3amaua Heuemkoii f-pezpec-
cuu [5] cocrout B TOM, 4TOOBI IO HEUYETKUM DKC-
MEPUMCHTAILHBIM ~ TAHHBIM, HEOTPEACICHHOCTh
KOTOPBIX 3aj7laHa B SIBHOM BHJE, ONPEACIHUTEH OII-
TUMalbHBI (B ONpPE/IETCHHOM CMBICIE) BEKTOD
napamMeTpoB MOJIEIH & .

Mepa coomeemcmeusn mexicoy
HeuemKoil moyKou u napamempuiecKoil Kpueoii

OcHOBHOE H MNPUHIOUIIAAIBHOC OTIUYHC I10-
CTaHOBKH 3aJa4ul HCYCTKOI'O f-pezpeccuomtozo
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ananuza [5], MO CpaBHEHHWIO C MPEIOKECHHOMN
Tanakoit u ap. [4], sBOsieTcs WAECHTHDUKAIHS
YeTKOM MapaMeTpu4ecKoi Momenu (T.e. MOJeInH,
napaMeTpbl KOTOPOH TMPENCTABICHBI OOBIYHBIMU
YHUCIIAMK), TI0 HEYeTKHM BXOJHBIM U BBIXOJHBIM
OKCIIEPUMEHTAIBHBIM  TaHHBIM. CyIleCTBEHHBIM
OTJIMYMEM OT CTATHCTUYECKUX METOJI0B perpec-
CHOHHOI0 AHAJM3a, OCHOBAHHBIX HA KPHUTEPHUSIX
HAMMCHBIINX KBAJpPaTOB WIA MaKCHMAJIbHOTO
NPaBIONOI00Ms, SBIISETCS MPEINOI0KEHHE O He-
YETKOM XapaKkTepe HEeOMPeaeIeHHOCTeH HCXOMHBIX
JAHHBIX, AOMyCKaroIee 6ojIee IMUPOKYI0 TPAKTOB-
Ky HEOIpEAETIeHHOCTEH M Jaroliee MONHbBIM KOH-
TPOJIb HAJ[ TTApaMeTPaMK 3TOH HEONpPeaeICHHOCTH.
OTMeTHM, YTO KPUTHKA CTATHCTHYCCKUX METOIOB
CBOAUTCS K KPUTHKE OTPaHUYCHHM, CBA3AHHBIX C
MPEMONIOKEHHEM O BEPOSATHOCTHOM MpUpOJE He-
OTIPEICIEHHOCTEH MCXOHBIX JAHHBIX, THIIOTE3E O
HOPMAJIbHOM pACIpEe/ICTICHHH OIMUOOK H3MEPEHHS
b0 C HECMOCOOHOCThIO METOJOB BKIIOYATh B
paccMOTpeHHE apHOPHYIO HEOMPECICHHOCTh KaK
TaKOBYIO.

KiroueBbiM monstHem Metona f-peepeccuu
SIBJISICTCS. HeYeTKasi Mepa COOTBETCTBHSI MEXTy
aHcamOJieM HEYETKUX TOYEK U YETKOU MmapameTpH-
YECKON MOJIETIBIO.

Onpeoenenue 4 [6]. Ilycts x, O R", a0 R®, u
mycth Y = f(X,8) — ueTkas Gpyukiws. s HedeTKO
touku Q; ompenenum ee mepy coomeemcemeus Qy-
ukian f (st 3amanHoro BekTopa a) Kak

3)

M, (a) = sup g (x, f(x,a)).
xOR"

MoxHo paccmarpuBathk M; (a) kak mepy wmc-
TUHHOCTH YTBEP)KICHUS «HedeTKas Touka Q Je-
KUT Ha KpHBO# f ¢ mapamerpamu a», mpuuem mpu
M; (@)=1 cumraercst, 9YTO HEUETKAS TOUKA JICKHUT Ha
KpHBOii, a eciu M; (4) 61m3Ka K HyI0 — «rouka Q
KPUBOH HE MPUHAJICKUT.

Hns f-peepeccuu wccnemoBaHo aBa criocoda
(OpMaLHOTO ONpeeIeH s HEYETKUX TOYCK:

1. C ucnosib30BaHueM T-HOPMBI <IIPOHU3Be-
nenue». [Ipeamnonaoxum, 4to pa3dopockl BceX BXO-
JTHBIX ¥ BBIXOJIHOM MEepEeMEHHOW He3aBUCHUMBI. To-
raa QYHKIHIO MPUHAIICKHOCTH HEYSTKOH TOYKH
Qi = (X,Y)) MOXHO 3amKcaTh B BUC

Mo, (X,¥) = Hy, (4) L THy . (%) [y (¥) . (@)

Jns nuHelHOM MOJenu METOJ HEONpeIeNeH-
HBIX MHOHTeJNeH Jlarpamxka mo3Bosisier, oaroa-
ps BeIOpaHHOMY BHIY (2), BHIBECTH BBIPAXKCHHE
st mepul coomeemcmeus Mi(a) Mexay i-it Heder-
KOM TOYKOM M MPOU3BOJIBHOM MapaMeTpUueCcKou
npsmoit Yy = f(X,a) B sBHOM BuJie KaK (YHKIIHIO Ia-
paMeTpPOB MOJICITH &:

Mi (@)=L — | (5)
s
riue
ao+zaj X =Y, (6)

m

s(a)=am Z\a

npuueM Touka (X ,y; ) Ha HpﬂMOI/I y =f(x,a), B ko-
TOPOM JOCTUTaeTCsl AaHHASI Mepa COOMBemCcmaus
MEXTy I-# TOUKOM M JTHHEHHON MOMEsbI0 ¢ mapa-
MeTpaMHu @, ONPEIEISETCS CIEAYIOIMMM BhIpaXKe-

@)=, ~sara ) e )

* *
yi = f(x,a). (8)

2. DiuIMNTAYeCKHe HeYeTKHe TOYKH. JlaH-
HBII CrOCOO TPEICTABICHUST MCXOMHBIX TaHHBIX
UCIIONB3YETCS B Cilydae HaJIMYIHs KOPPEISIHH
(B3auMHOW  3aBHCHMOCTH)  HEONPEIEeICHHOCTEH
Pa3IMYHBIX MEepPEeMEHHBIX. [TOCKOIBKY i HHXKe-
HEpHOM 3ajJlaud, ONMMCAHHON B HACTOSIIECH CTaThe,
TaKasl CHTyallusi HCTUIIMYHA, Mbl OTChUIACM YHTa-
TeNns K crathe [7] 3a mampHelinned uH(OpMAaImeit
00 SIUIMNTHYECKUX TOYKax. [Ipumep perueHus 3a-
nayn metonoM f-peepeccuu ¢ wmcnonp3oBaHUMEM
JaHHOTO BH/a HCUYCTKHUX TOYEK PACCMATPUBACTCS B

[8].

Mepa coomeemcmeusn meixicoy ancamonem
OAHHBIX U NAPAMEMPUYECKOU KPUBOTL

(7)

OmnucaHHas BBIIC HEUETKAS Mepa cOOmeent-
cmeusi JUIA STUHHYHON TOYKH MOXET OBITh pac-
MpocTpaHeHa Ha Bech aHcaMOib 3 N Touek s
MOJTYYEHUS] MEPBI COOTBETCTBHSI ITApaMeTPpUIeCKOi
Mozenu aHcamOiro. B paGore [5] Bnepseie mpen-
JI0)KEHO CEMEHCTBO arperupyroumx OIepaTopoB,
UMEIOIUX CMBICTT HEYeTKHX MepP HCTHHHOCTH
(fuzzy plausibility measure)34xpenusmmuiics B
AHMIION3BIYHON Tpamuuuu Tepmu “plausibility”
JOCIIOBHO TIEPEBOJMTCS, KaK <«IIpaBaornoaodue,
BEPOSATHOCTE». [l0 TpUUMHE 3aKPEIyICHUS STHX
TEPMUHOB B PYCCKOSI3BIYHOW TPaJUIIMU 3a IOHS-
THSIMH TEOPHHM BEPOATHOCTH, 3aech “plausibility”
UCIIONIb3YEeTCS B 3HAYCHUH «UCTUHHOCTH®). Jliis
Mmerona f-peepeccuu ONTHMAIBHBIM BEKTOPOM IIa-
paMeTpoB MOJENH SIBIISICTCS TaKoil BekTOp &%, /s
KOTOPOTO JOCTHT'AETCSl MAKCUMYM HEYETKOH MEpHI
WUCTHHHOCTH.

Konuenuuio HeYeTKOM HCTUHHOCTH IIPOIIIE
BCETO IMPOMJUTIOCTPUPOBATH CIEIYIOMIUM TIPHME-
pom. IIpenmonoxuM, 4To y HaC UMEETCsl HedeTKast
TOUKa, 3a7aHHas (QYHKIOWEH TPUHAIUICKHOCTH

Ho (x,y) (4). Torma s 3amaHHOM MojenH

=f(x,&2) ¥ MPOM3BOIBLHOrO BEKTOpa MapaMeTpoB
a, Mepoii MaKCHMAaJbHOil MCTHHHOCTH YTBEp-
KICHUS «HedeTKas Touka Q MPHHAUICKHUT KpH-
Boii f ¢ HaFaMeTpaMI/I a» Oyner mepa coomeemcn-

8us Mi(a ).

TakuM oOpas3oM, omucanHble B paborax [5],
[9], [8] arperupyromue omepaTopsl UMEKOT CMBICI
crenyromux Mep ucturnoctu MP(a) [10]:

o CpeaHee reoMeTpUYecKoOe JacT OICHKY
HUCTHHHOCTH YTBEPXKICHHUS «MOJIENb C Mapamerpa-
MH & IPOXOIUT Yepe3 BCE TOUKH aHCAMOJIISI»:

)
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MG(@) = [ M" @. ©)
[

rae W —Beca dKCIePUMEHTAIBHBIX TOUEK.

I'eomeTpuyeckoe cpeaHee aHAIOTUYHO AWU3b-
IOHKIINA WHIUBUAYAIBHBIX MEpP COOTBETCTBUSA HE-
YETKUX TOYCK MOJICTH, U B Pa3BEPHYTOM BHJIE MO-
JKeT OBITh MPEJCTABICHO KAaK «MOJIENb C TapaMeT-
pamu a npoxomuT depes Touky 1 M uepes Touky 2
M ... ! gepe3 Touky N». B aToM cmBbIciie kpute-
puii (9) OOM30K IO CMBICAY K KPHTEPHIO Hawu-
MEHBIIINX KBaJAPATOB; (DAKTUYECKH, KaK TIOKa3aHO B
[10], mpu ompenencHHOM COYETAaHHM MapaMeTpPOB
OHHM MaTeMaTH9YEeCKH SKBHBAJICHTHBI, TO €CTh B HE-
KOTOPOM CMBICTIE METOJI HAMMEHBIIUX KBaJIpaToB
SIBJISICTCS YaCTHBIM CliydaeM metoza f-peepeccuu ¢
MEpOH cpeiHee TeOMETPUIECKOE.

* CpenHee apupmeTrnuyeckoe IacT OICHKY
WUCTHHHOCTH YTBEPXACHUS «MOZENb C ImapaMerpa-
MH 8 TPOXOAWT uepe3 OOJLIIMHCTBO TOYEK aH-

camoI»;
MA(a) = Z WM, (a).

[Ipaxktruecknii 3QPexT MpUMEHEHHUS TaHHON
MEphl MCTUHHOCTH 3aKII0YacTCs B aBTOMAaTH4e-
CKOM OTCEMBAaHHMM BBINAJAIONINX HAOJIOJIEeHHH,
MOCKOJIBKY TI0 OIPE/IEIICHUI0 BEIOPOCHI — 3TO TOY-
KU, OTJINYAOIINECS OT OOJIBIINHCTBA.

* Cpennee KBaapaTH4ecKoe acT OICHKY
HUCTUHHOCTH YTBEPKIACHHS «MOJENb C TapaMeTpa-
MU @ IPOXONT Yepe3 TPYMITY TOUCK aHCaAMOISI»:

MQ(a) = (11)

JlanHas Mepa UCTHHHOCTH yCHIHBacT dhdeKT
(11) 3a cuer TOrO, YTO OHA OTAAECT MPEIIOYTEHHE
<OIIUTHBIM» TPYIIIIaM TOYEK.

s metona f-peepeccuu BeIOpanHas Heyer-

xas Mepa ucturnoctu MP(a) onpenenser cMbicn

(10)

«HAWITY4IIEro» BEKTOpa NapaMeTpOB MOJEIH dyp
CIICAYIOIINM 00pa3oM.

Onpedenenue 5. Maxcumanvho ucmuHHble
OYeHKU TIapaMeTPOB — 3TO TaKOW BEKTOp MapameT-

POB Ay;p , IPU KOTOPOM JUIS 33aHHOTO aHCaMOJIs

9KCIIEPUMEHTANBHBIX TOYEK [OCTUTAETCS MAaKCH-
MyM BBIOpaHHOW HEUETKON MEPHI HCTHHHOCTH
ayp =argmaxMP(a). (12)
alRP

[TockonpKy mapaMeTpbl HEUETKHX YHCEN, Ha-
npuMep, mapameTp (GopMbl M, BIUSIOT Ha TOJY-
yaeMmble OIICHKH, B HOTAI[MM TPHUHATO YKa3bIBAaTh
WX 3HAYEHHs TaM, TAe 3TO HeoOXOoAWMo, B Cie-

ZyomeM BuAE: Ay -
B nzueanbHOM cityyae, KOrjaa BCe 9KCIIEPUMEH-

TaJIbHBIC TOYKHU JIC)KAT Ha BBI6paHHOI>’I MOACIH, BCC
TpU MCPLI AAOT OAWMHAKOBYIO OLICHKY IMapaMETPOB

Ay = aya = ayg - Ha npaxrtuke, oxHako, B ciy-

Yyae HEOJHOPOJHOCTEH SKCIEPUMEHTANIBHBIX JaH-
HBIX M OCOOCHHO TPUCYTCTBUS «BBITIAIAIOIIIX>
HAOIIOJICHU, X MaKCHUMaJIbHO UCTUHHBIC OICHKU
OymyT pasnmudarhbcs. B oOmmiem ciydae, MakCUMU-
3arus pasHeix MP maer pasmudHble YHHUKAJIBHBIC
OIICHKH MapaMEeTPOB MOJECIH, SBJISIONINECS <«MaK-

CHUMAaJIbHO HMCTHHHBIMH OICHKaMK>» B HX CIICIH-
aJIbHOM CMBICJIC.

Henuneunwtii memoo f-pezpeccuu

B oOmem cnygae HEBO3MOXHO IOIYYUTH
AHAINTUYECKHE BBIPAXEHHS JUII MEPBl COOTBETCT-
Bus (5) MEXIy HEUETKOW TOYKOH M TPOU3BOJIBHOU
HeJIuHeitHoM KpuBoi. OqHaKoO, B CiIy4ae, eciu Mo-
JIeb MOXKET OBITh TpPHBEJCHA K JHHEHHOMY TIO
napaMeTpaMm BUAY, JWHEHHBIH PErpecCUOHHBIN
aHaJgnu3 MOXKET OBITh TPOBEICH C IpeoOpa3oBaH-
HBIMH HEYETKMMH YHUCIAMH, IPEACTaBISIFOIIIMU
ucxoanele pgaHHble. lIpeoOpasoBanus L-uucen,
OCHOBaHHBIC Ha PA3JIOKCHUU MPEOOPa3yIOIINX
(dbyskmit B psg Teinopa mepBoro mopsiaka, moj-
poOHO omrcaHs! B [8].

2 KaacrepHas f-perpeccus

BriepBeie moaxom K pelIeHUI0 3aladyd Kiac-
cudukanuu npu nomoinu f-perpeccun 6bUT Tpen-
noxeH B pabote [8]. B Hacrosiieit pabore maercs
00001IeHIE TTOIX0/1a K PETPECCHOHHOMY aHAIH3Y
SKCIICPUMEHTAIBHBIX JTaHHBIX, MPEICTABISIONIINX
HECKOJIBKO KJIACCOB, KXKIBIH M3 KOTOPBIX OIUCHI-
BaeTCsl COOCTBEHHOW JIMHEHHON MOJIENBIO C Tapa-

MeTpaMu ﬂm, a® T.1. Mepa UCTUHHOCTH He-
YETKOTO YTBEPKACHHUSA <«i-s1 TOYKA NPUHAMICKHUT
Knaccy 1 MJIUA Knaccy 2 WM ...», win, aus

KPAaTKOCTH, - TOYKAa MPUHAIICKHUT JIHOOOMY
KJ1accy», o0o3Hagaemas Mic(...), SIBJISICTCSI pac-

IIUpEeHHEM OOBbIYHOI Mepbl cooTBeTcTBUS (5) M
3a/1a€TCsl CIEAYIOIINM BbIPaKEHUEM:

M (a”,....a%) =M, (d')%...% M (), (13)

rae K — obImee KOIMYECTBO KIIACCOB, BEIOMpaeMoe
9KCTIEPUMEHTATOPOM HIIM IIyT€M aBTOMATHUYECKOM
npouenypsl (B HacTosIIeH paboTe Ha paccMaTpu-
BacTCs);

+ —SHopwma (T-koHOpMa) «ajredGpanyecKast
cyMMa».

JIt000#t M3 ONMMCAaHHBIX BBIIIEC arperupyroNIuxX
kputepreB ucTHHHOCTH (9)-(11) MOKET MCIONb30-
BaThCSl B COYETAHUM C KJIACTEPHOM MEpOH COOT-

BetctBus MS(...).

B pasgene 3 paccmarpuBaeTcs mpumep Hc-
II0JIb30BaHUs KJIACTEPHOTO PErpecCHOHHOIO aHa-
Ju3a U HPUBOIATCS IPAKTHUECKUE COOOpa)xKeHHe
OTHOCHUTEIBHO UCTIOIb30BAHNS JAHHOTO MOAXO0/A.

3 Ananu3 JAHHBbIX HCIIBITAHHUA CKBA’KUHbI

B xauectBe mpumepa paccMaTpUBaroOTCs AaH-
Hbl€ BOCCTaHOBJIEHUS JaBJIEHUS HAa CKBAKHUHE C
3dexkToM TOCIEeNPUTOKA W  CKUH-(PAKTOPOM,
BCKPBIBAIOIIEH MJIACT C JBOMHON MOJAEIBIO MOpHC-
toctu ([Ipumep 2 B pabore bypme u mp. [10]).
Janneie mpon3BoHON 3a00HHOTO IaBieHus 00pa-
0aThIBAaIOTCS METOJOM KiacTepHoil f-perpeccum,
OIMCaHHBIM B pa3jeiie 2. B cuiry orpaHH4eHHOCTH
MecTa CoJiepKaTeNbHas MHTEPIPETAlUs MOTy4YeH-
HBIX JAHHBIX WU COIIOCTAaBJIIEHHWE C pe3yJbTaTaMu
OLIGHKM MapaMeTpoB, MOdy4YeHHBIMH bypne u ap.,
HE NPHUBOAMTCS, MO3TOMY IPUMEDP HPECIEAYIOT B
OCHOBHOM JIEMOHCTPALIMOHHYIO 1IETIb.
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[IpumeHHuTENBPHO K 3a/auye aHalu3a KPUBOH
BOCCTAHOBJICHUSI JIaBJICHHS MOXHO KOHCTaTHPO-
BaTh, yTo uHTepnperanus KB/l skcneprom Bpyu-
HYI0 OCHOBaHa Ha CJIEIyIOIIUX OCOOCHHOCTSX de-
JIOBEYECKOTO MHTEIJIEKTA!

1. CnocoOHOCTh BU3yadbHO BBIACISATE JTUHCH-
HBIC YYaCTKHU B IKCIICPUMEHTAIBHBIX JAaHHBIX, TIPU
3TOM OT(WIBTPOBBIBAS OTACIHHBIC CHUIBHO BBHIOH-
Bafomuecss M3 OOMIel 3aKOHOMEPHOCTH TOYKH
(«BBIOPOCHI» MM «BBHITIAJAIOIINE HAOIIOMEHUS»).

2. Cnusaue ckoruieHud Todek. HeBo3MOKHO
Y HET HEOOXOIUMOCTH ONPEACIATh, CKOJIBKO KOH-
KpeTHO Touek HaxomuTcs B ckorueHun — 20, 50
win 100, 103TOMy OHH BOCIPHUHHMMAIOTCS U 00pa-
0aTBIBAIOTCS KaK €AWHAsI COBOKYITHOCTD.

3. OTHeceHUEe BOCIIPHHUMAEMOT0 00pasa Kpu-
BOM K OAHOMY M3 U3BECTHBIX TUNMUYHBIX KBJ[ mist
Pa3HBIX MOJEJCH CKBAKHMHBI, TUIaCTa ¥ rpaHull. B
3TOM TIpOIlecce BAXKHYIO POJIb UTPaeT TeopeThde-
CKas TIOJITOTOBKA M MPAKTHYECKUH OIIBIT.

[lepeuncnenHble CIOCOOHOCTH YEIOBEYECKO-
T0 WHTEIUICKTa HaXOJAT CICAYIOIIee OTPaKCHUE B
MOAXO0/€ KJIaCTEPHOTO PErPEeCCUOHHOTO aHAN3a:

1. JlaHHBIE aNMMPOKCUMHUPYIOTCS JTUHEHHBIME
MoJieNsiMU. B KadecTBe KpUTEpUsT MaKCHMaJIbHOM
WMCTUHHOCTH BBIOpaHA Mepa <«CpelHee KBaJipaTude-
CKOE», IMMaHCHTHBIM CBOHCTBOM KOTOPOTO SIBIISi-
€TCSl CIOCOOHOCTh HWACHTU(DHUIIUPOBATH MOJICIb,
OIUCHIBAIOIIYIO TPYIIY HEYETKHX TOuek (ciemo-
BaTeIbHO, OTQIIFTPOBBIBATH <«BHITIAIAIONINE» Ha-
OJroIeCHNS).

2. 3HaYMMOCTh KaKJOH HKCIIEPHUMEHTATBHOM
TOYKH JUIS BU3YaJIbHOTO W, CJIENOBATEILHO, per-
PECCHOHHOTO aHallM3a TEM MEHBIIE, YeM OOJIbIle
«KYYHOCTB» TOYEK B ee OKpecTHocTH. Dopmanu-
3allusl BOCOPHHUMAEMOH <IIIIOTHOCTU» O; JKCIie-

PUMEHTAIBHBIX JAHHBIX B OKPECTHOCTH i-i TOYKH
B JorapuMuvecknx KOOpIWHATAX, OIpPEelsio-
niell HOpMaJIM30BAHHBIA BEC TOYKH W, , IIPOHU3BO-
JUTCSI CIISTYFOIIUM 00pa3oM:

J:iLi og t_D —|Og t_D
T4 10CDi 10CDj-
5—1

w =2 (16)

2.9
j=1
3nech HacTpauBaeMbId MapaMeTp ® ompene-
JSIET MIMPUHY «OKHA», BHYTPH KOTOPOTO TOYKH | U
| CUMTAIOTCS HAXOMSAIIUMHUCS «PSIOM» APYT C APY-
rOM Ha JorapupMuyYeckoil ocu Oe3pa3MepHOro
BpeMeHH. [lOCKONBbKY MOHSATHE <«PSIOM» TaKXKe
SIBJISIETCS Pa3MbITBIM (HEYETKUM), B €0 OIpe/ierie-
HUM UCIIONB3yeTCs yke 3HaKomas L-pyrkrms (2).
3. JlanHas crmocoOHOCTh HE SBIIIETCS CBOM-
CTBOM METOJa KaK TaKOBOI'O, TOCKOJBbKY METOX
f-peepeccuu He TpUBs3aH K KOHKPETHOW MpeaMeT-
Hoil oOnactu. TeM He MeHee, MOJENU THITUYHBIX
KB/l ¥ sMmMmupuyeckue 3HaHUS JKCIEepTa MOTYT
OBITh 3aJIOKEHBI B TpEIJIaraeMblii METOZ B BHJIE
OrpaHMYCHUH Ha 3HAYCHHUS] MapaMeTPOB KyCOYHO-
JIMHENHON MOJIENHN — HalpuMep, Ha4aJIbHBIN MepH-
on ¢ a~ (0; 1) unu OGecKOHEYHO-paaHAIbHBIN Tie-

puoa ¢ a~(0,5; 0). 3mech *e MBI OrpaHHYUMCS
TEM, YTO MOMYCPKHEM. HEUCTKUN KPUTEPUl Mak-
CHUMAJIbHOW MCTUHHOCTH OJ{HOBPEMEHHO SIBIIACTCS
HHIAKATOPOM aJ€KBATHOCTH BBEIOPAHHOM MOIEITH
OKCIEPUMEHTATBHEIM JTaHHBIM M JIETKO MHTEpIIpe-
THPYEMBbIM MOKa3aTejieM KadecTBa Mojeian. Ta-
KM 00pa3oM, pe3ylbTaToM KyCOUHO-THHEHHOM
amnMpOKCUMAIIUHU SIBIIACTCS OICHKA aJeKBATHOCTH
BBIIBUHYTHIX IMIPEITIONOKEHUH O XapaKkTepe Moje-
JIH C YYETOM HUMEIOIIUXCS allPHOPHBIX CBEICHHUH O
HEOIPEICICHHOCTH UCXOIHBIX TaHHBIX.

IIpu anamuse OBUTH CHENAHBI CIEAYIOIINE
MPEMONIOKEHUST OTHOCUTENBHO HEOTPeIeIeHHO-

. . t
CTHU BXOJHOI nepeMeHHoi 10g;, C_D (srorapudm
D
0e3pa3MepHOr0 BPEMEHH C MOMEHTa OCTAHOBKH

CKBa)KMHBI):

e [llar quckpeTn3anuu Mo BpeMEHU COCTABIIS-
er ~1,85 cekynnel. [lockonbky paccmarpuBaeTcs
Pa3HOCTh MEXAY TEKYIIUM BpeMEHEM U HEH3BECT-
HBIM MOMCHTOM OCTAHOBKH CKB2)KHHBI, 0a30BBIif
pa3bpoc BpeMeHH coctapisieT ~0,92cekyHpl.

¢ [TockonbKy maHHBIC B TaOJMIIE TIPEICTABIIC-
HBl YHCJIAMH, OKPYIJICHHBIMH 10 5 3Havammx
nudp, IMEET MECTO OMIMOKAa OKPYIJICHUS, 3aBHCS-
mast oT abCOMFOTHOTO 3HAYEHUS BPEMEHHU.

* [lepecuer BpeMeHH B Oe3pazMepHOE BpeMsi
OCYIIECTBISICTCS MO0 (OopMynaM, B KOTOPBIX TpH-
CYTCTBYET 3HAYUTEIBHO KOJMYECTBO MapaMeTpOB
MOJIENIN, COJEpPKAIINX HEONpeNeNIeHHOCTH, B TOM
Yrcyie B CHITYy HETIOCTOSTHCTBA STHX MapaMeTpPOB BO
BPEMEHHU. TPOHUIIAEMOCTh, IMOPUCTOCTh, MOIII-
HOCTh TUIAcTa, TUHAMUYECKas BA3KOCTh U T.1. [1].
Onuaxko, B cuiny npunsatoro B [10] MeToandyeckoro
MOAX0/a W HMEIOIIET0 MecTo (akTa IMpeaBapu-
TebHON 00paObOTKY MAHHBIX, JAHHBIH KOMITOHEHT
OBLIO PEIIeHO HE YYUTHIBATh.

e JlorapupmupoBanue At TpuBOAMT K TIpe-
00pazoBaHi0 (PYHKITUU TPHHAIICKHOCTH HCXOI-
HOT'O HEYeTKOro yrcia. B obmem ciydae pesyiib-
TUpyIOmas (QYHKIUS MPUHAIISKHOCTH TOHKHA
OTIpeneAThCS MPUMEHEHHEM NpUHIMIA 0000IIe-
HUA 3aze, oJHaKo, B Meroxne f-peepeccuu mpussT
yrporienusiii moaxon (cm. pasmen «1.3 Hemuneii-
HbIl MeTox f-pecpeccuu»).

[lpu ananmu3e ObUTM cHeNaHBl CIEAYIOLINE
MPEIIONIOKEHHSI OTHOCHTENBHO HEOTpeIeIeHHO-

CTH BBIXOAHOH mepeMeHHoi 109, P’y (1orapudm

MIPOW3BOAHON Oe3pa3sMepHON Pa3HOCTH ABIICHUI
mo JjorapupMudeckomMy Oe3pazmepHoMy dddek-
THBHOMY BPEMCHH):

e TlorpenHOCTh M3MEpEHHS 3a00WHOTO JIaB-
nenus pasua 0,010ap.

* Kak u B ciiyyae U3MepeHUd BpEMEHH, UMEET
MECTO OITHOKA OKPYTJICHHS.

e CnyyaifHple (UIYKTyalliu AaBJICHUS, TIPOUC-
XOJISIIIIHE B CHJIy MHOXECTBA MPHUPOJIHBIX (HhaKTo-
POB, OYEBUIHBIM 00pPa3OM CBEIEHBI K MUHHUMYMY
3a CYET TPEABAPUTEIBHON 00pabOTKH JaHHBIX.
KocBeHHBIM TIOATBEPKACHUEM 3TOMY CIYKHT TO,
gyro mpezctaBieHHbic B [10] maHHBIC H3MEHEHHUS
Pa3HOCTH JABJICHUS HOCAT CTPOTO MOHOTOHHO BO-
3pacTarolluii XapakTep.

—
34 )

ISSN 1993—9868. HachtorazoBa eHepreTuka. 2013. Ne 2(20)



Diznko-rexHiyHi npobremn BHHOOYBaAHHS eHEProHOCIiB

* [lepecuer pa3HOCTH AaBieHUs B Oe3pa3zmep-
HBbIE BEJIMYMHBI, TI0 CPAaBHEHHUIO ¢ Oe3pa3MepHBIM
BPEMEHEM, OCYILECTBISIETCA C HCIONb30BAHUEM
JIBYX JOIOJHUTENIbHBIX IAPaMETPOB. MIPUBEAECHHO-
ro neOuTa B MOMEHT OCTAHOBKU CKBaXKMHBI U KO-
spunmenTa cxuMaeMocTH. HeomnpeneaeHHOCTh
YKa3aHHBIX KOMIIOHEHTOB HE YUUTHIBACTCSI.

» Oopmyna ans nepecyera BpeMeHH At B 3¢-
t, [At

(bCKTI/IBHOC BpeMA te = SABIIACTCA HMCTOY-

+
p

HUKOM HEOTIPENICIICHHOCTH B TEPBYIO OYepe/lb B
CUIIy CJIIEIaHHOTO TIPH pacueTe IPUBEICHHOTO
BpeMeHHU [, MPEIOI0KEHUs] O XapakTepe (QUIbT-
PaLMOHHOTO TEYCHUS Ha MPEIIICCTBYIONUIEM OCTa-
HOBKE CKBa)KHHBI repuoze. [loaToMy B mensx aHa-
nu3a ObUIO MPUHATO JAOMYIICHUE O CYIECTBOBAHUT
HEOMPEJICTICHHOCTH METOJIUYECKOTO MPOUCXOXKIC-
HUSI B 3HAUCHUN d(PPEKTUBHOTO BPEMEHH, HE 3aBU-
CsILIeH MPOYMX TMapaMeTpoB u cocTtaBisromei 1%
OT ero abCONIIOTHOrO 3HaueHHs. JlaHHOE nomylie-
HHE SIBIISICTCS HAUMEHEe 000CHOBAaHHBIM U CITYXKHUT
NpEIMETOM JIUIsl OTKPBITON JucKyccuu. OTMETHM,
YTO MPHUBEJICHHOE BpeMsl OKa3bIBaeT Hambojee Cy-
IIECTBEHHOE BIIMSIHUE UMEHHO B IO3JHEE BpEMs
(tp/Cp >5000).

* Meronuka pacuera MpOU3BOTHON TaBICHUS
no siorapupmuueckoMy 3QQPEeKTHBHOMY BpEMEHH,
npemoxKeHnas B [12], omnpenenser mpou3BOAHYIO
KaK CpEJIHEB3BEIICHHOE 3HAYCHUS IMPOU3BOJHBIX
Ha COCEJIHUX YYacTKaX U COJEPXHT OOJbINOE KO-
JMYECTBO apuMeTHyeckux omnepauuii. [Ipumene-
HHE TIOCIIEIOBATEIBHOCTH ITUX OIepalnuil K He-
YeTKHM YHCJIaM TIPUBOJHUT K JIABUHOOOpa3HOMY
pa3pacTaHUIo WX TapaMeTpoB pa3dpoca, cocTas-
JSIIOIIEMY B cpemHeM it aHcamOias 163% ot
CpeIHero MoJydaeMbIX 3HaueHHi. [loaTomy B Ie-
JSIX OmpeeneHus pa3dpoca MPOM3BOAHON JaBiie-
HUsI ObUTa TIPUMEHEHa MpOoCTasi, HEB3BEIICHHAS
(dhopmyiia, naromias B cpeaHeM s ancamoias 15%
OT BEJIUYMHBI cpellHero. Mbl UCXOJMM U3 MPE/IIO-
JIOXKCHUS, UTO TaHHAs 3aMEHa HE MCKaKaeT Xapak-
Tep HEONPEIESICHHOCTH MPOU3BOIHOM, MTOCKOJIBKY
NPUMEHEHUE CpEJTHEB3BEIIeHHONH (opMyJBl mpe-
CIIEZIyeT 1ellb CHU)KEHUSI HEONpeAeICHHOCTH 3Ha-
YEHUS IPOU3BOIHOM.

ITpu BBIOOpe mapameTpa (GOPMBI HEUCTKHUX
YHCENl MBI PYKOBOJCTBOBAIHCH CICIAYIOIIUMHU CO-
00paKECHUAMHU:

* l3MepeHHbIC 3HAYCHUS BPEMEHH W JIaBJIe-
HUSI COJIEpKAT HEONPEIeIEHHOCTH UHTEPBATBLHOTO
XapakTepa, TaKMe KaK IIar JUCKPETH3aluH U
omMOKa OKPYTJICHUs, KOTOPbIE MOJICIHPYIOTCS C
mpUMeHeHHeM mapamerpa popmer m> 10.

* VI3MepeHus: Takke COJepKaT HeonpeaeicH-
HOCTH, CBSI3aHHBIC C TIEPEMHOKCHHUEM HEYETKO
OIIPE/ICICHHBIX TAPaMETPOB, BO3HHUKAIOIINE B MO-
MEHT TIiepexoja K Oe3pa3MepHbIM BEIUYMHAM.
[IpoBojs BIONIHE YMECTHBIC B JJAHHOM CITydae aHa-
JIOTHH C TEOPEMaMHU TEOPUH BEPOSATHOCTEH, MOXKHO
TPEMOIIOKUTh JIOTHOPMANbHYI0 GOopMy (GYHKITUH
NPUHAIICKHOCTH Oe3pa3MEpHBIX JaBJICHHS U Bpe-
Menu. Jlanee, MOCKOMBKY B LIENSX aHATH3a KPUBBIX
NPOUCXOJNT JOTapu(PMUPOBAHHE STHX TEPEMCH-
HBIX, pe3yJbTUpYIomas GopMa HeonpeaeIeHHOCTH

OyIeT UMeTh BHJ, MATeMAaTHYCeCKU SKBUBAJICHTHBIN
HOPMaJIbHOM TUIOTHOCTU BEPOSTHOCTH, KOTOPBIN
MOJCJIHMPYETCSl TPH TMOMOUIM MapameTpa (OpMBbI
m= 2.

* PesynapTupyromuii mapameTp GhopMbl HEUeT-
KUX JaHHBIX CIIeIyeT BHIOMpaTh B JHAIa30HE
2 <m< 10. DMOUpHYECKHM IyTEM YCTaHOBJIEHO,
4r0 Haubojee aJeKBaTHBIC PE3yNbTAaThl MOJTyYa-
I0TCA TIPH HCIOJB30BaHUM TapameTrpa (OpMBbI
m=4.

Pesynprartel ammpoxcumarnu 151 skcnepu-
MCHTaJIbHOW TOYKH 4 JTMHEHHBIMU (hparMeHTaMu
noka3aHbl Ha puc. 1. JlaHHas anmpoKcuManus moj-
pa3yMeBaeT pemieHue 3a1adu 0e3 OrpaHHYeHHi B
BOCBMHMEPHOM IIPOCTPAaHCTBE HapaMeTpoB. Pe-
IICHWE STOHM 3aJa4yM J1aeT OICHKY aJeKBaTHOCTH
(MCTHHHOCTH) TIOJTYYEHHOW COBOKYITHOCTH JIMHEH-
HBIX MOJENIC U MaKCHMaJbHO MCTHHHBIC OLCHKU
(MHO) mapamerpoB Kiacrepuoii f-perpeccum,
npeacraBieHHble B Tabmuie 1. Himxe nmpuBoguTcs
KOMMCHTApUii OTHOCHUTEIBFHO TMOJYYEHHBIX pe-
3yJIBTATOB.

Pannee Bpems (tp/Cp <12) mpexacraBieHo
(1) >pdpexroM mepBHUHOrO HAKOMIEHHST HEPTU B
CTBOJIC CKB&KHMHBI B pPE3yJbTaTe IMOCICIPUTOKA,

omciBaemoro Kiaccom 1 (3nauenne a” #1 maer

HOBOJI TIPEIINOIIOKHUTh, YTO MOMEHT OCTaHOBKH
CKBaXKMHBI OIpEeTIeH HeTouHo), (2) myroii Max-
CHMaJIFHOTO 3HAYeHHus mpousBomHoi, (3) mepmo-
JIOM CHHYKEHHMsl TPOM3BOIHON, OIMUCHIBAEMBIM
Knaccom 2 (cm. Tlpumevanue B KOHIIE pasjena) U
(4) mceBmOpaaUAIBHBIM TEPEXOMHBIM IPOIECCOM
(B maHHOM TIpEMEPE OTCYTCTBYET).

Cpennee Bpems (tp/Cp <5000) memoHCT-
pUPYET XapaKTEpHBIN ISl pe3epByapoB ABOMHOM
MOPHCTOCTH MPOTHO MPOU3BOIHOM CO 3HAYCHUS-
mu p, <0,5. IMapamerpsr Kracca 3 mo3BONSIOT
0oyiee TOYHO OIICHWTH MApaMETPhbl JIBOMHOW TO-
PHCTOCTH.

Io3nnee Bpems (tp/Cp >5000) nokasbisa-

eT 0eCKOHEYHO-painaIbHOe TeUCHNE TOMOTE€HU3H-
POBaHHOM TUIACTOBON CHUCTEMBI C TEOPETHUYECKUM
p, =0,5 (mocrosHHOE 3HaueHue). OTpuLATEIb-

HBIN yron HakioHa Knacca 4 aﬁ‘” =-0,04 npaer 1o-

BOJ IIPEANONOKUTh, YTO JaBJICHUE B CUCTEME IO-
CTETICHHO MPUOIMKACTCS K IIACTOBOMY.
Ilpumeuanue: Tlpu paccMOTpEeHUUN PE3yibTa-
TOB aHalIW3a MOXKHO CJeNaTh ABa HAOIIOJCHWUS.
Bo-niepBhIX, TeHACHIUS K 00OOIIECHUIO 3aBHCUMO-
CTel Ha BeCh aHCAMOJIb SKCIICPUMEHTAIBHBIX JaH-
HBIX MOYKET MPUBECTH K MCKAXKCHUIO OICHOK (CM.
MyHKTHPHOE MPOJOobKeHne moaenu Krnacca 4 BbI-
3BIBaET cMelenne Moaenu Knacca 2). Bo-BTOpHIX,
Opocaercsi B Tla3a OTCYTCTBHE TEPEXOI0B MEXIY
(hparmMeHTamMu, Ha CaMOM Jelie aNMpPOKCUMHUPYIO-
IIMMU HENPEphIBHBIN MO mpupoje mpoiecc. Bos-
MOYHO, pacIIUPEHHUs! JIJIsi KyCOYHO-TUHEUHON per-
peccun win Moaenu CyreHo TO3BOJIAT IOOWTHCS
Ty4lIei HHTEPIPETUPYEMOCTH PE3YIbTATOB.
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Tadnuua 1 — Pe3yabTaTsl KiIacTepHOTo f-perpeccnoHHOro aHaju3a TaHHBIX

BOCCTAHOBJICHHUA JAaBJICHUA

MHO a&)o KonnuectBo ToUeEkK, “ BI;%J;H‘;%TBP?X”
¢ a MIPUHAICKAIITIX MOICITH H aGJIfOI[ e]I:II-[I/Iﬁ
Kn = _D_ MQ(a
acchl o _10"{CD} (M, (a)>0.9) (M, (a)<0.1) Q(a)
a, a Kon-Bo BsBer. Kon-Bo BsBemnr.
Kimaccl —0.1983 0.6797 6 17.5 144 130.1 0.3413
Kiacc2 0.2010 —-0.2617 21 23.5 113 109.6 0.4440
Knacc3 0.3192 —0.5839 22 47.5 126 98.72 0.5839
Kimacc4d —-0.1348| -0.0403 48 18.3 97 128.9 0.3539
Bce knaccel 94 94.1 37 38.3 0.815p
1
10

=Y
OO

Dimensionless pressurg and derivative,/C,]p,’

1
|
|
L — 1
” |
1 }
10 4 ) . a
E o Dimensionless pl’eSSUrB P = = = ® gt — by -kt
= \’777T77. T I e e e e e e |
| o Dimensionless pressure derivative/@_ ]’ | :I:ﬁ{ Ha coorororrrom
L L S N A o A O U I
|| === Class 1 (Wellbore storage unit slope) oo R
=== Class 2 (Wellbore storage negative slope A Lo
| »==== Class 3 (Dual-porosity transition) 0T T T
2 [T Class 4 (Total system flow) | R R R
10 -1 0 1 !
10 10 10 10

10
Dimensionless timeDtCD

Pucynok 1 —Annpoxcumanusi 1aHubsix KB/[ B pe3epByape 1BoiiHO# MOpUCTOCTH
B OmtorapugMuvecKuxX KOOpANHATAX

BriBOI

B paborte mpomemoHcTpupoBaHa 3(PQEKTHB-
HOCThH TIOAXOAa K KJIACTEPHOMY PETPECCHOHHOMY
aHaJIN3y JAHHBIX UCIBITAHUN CKBaKMH METOAOM f-
pezpeccuu, OCHOBaHHBIM Ha MEpE COOTBETCTBUS
HEYETKOHN TOUKH U napameTpuyeckoit mogenu. [lo-
Ka3aHO, KakuM 00pa3oM MOAXO0J dKCIepTa Gopma-
JI3YETCS TIPYU TIOMOIIM arapaTa TEOpUH HEYeT-
KX MHOXKECTB B BHJIC HEUECTKOTO KPHUTEPHS MaK-
CUMAaJIbHON MCTUHHOCTU Ha OCHOBaHWUU HEOMpere-
JICHHOCTEH, 3aJaHHBIX B SBHOM Buue. Dopmymu-
pPOBKa KpUTEpHUsS TMOJApa3yMeBaeT OIMH W3 Cle-
IVIONTUX CMBICTIOB ONTHMAIBHOCTH ITOTYIaeMBIX
OIICHOK TIapaMETPOB. MPOXOXKIACHUEC MOJICIH Yepe3
BCC TOYKHA OJHOBPEMEHHO, 4Yepe3 OOIBIIUHCTBO
TOYCK, WU 4Yepe3 rpymnmy Touek. [lokazaHo, 4TO
HEYeTKasi MEPbl UCTUHHOCTH «CPEIHEE TeOMETPH-
YeCKoe» OT(MIBTPOBBIBACT TOYKH, <BBIIAIAI0-
[He» U3 ancaMoJs.

ITogxon mo3BOMSET MOCTPOUTH aBTOMAaTHUE-
CKYIO MPOLIeNypy KIacTepU3allu JaHHBIX U UJCH-
TUQUKAIMNA T1ApaMEeTPOB, KOTOpas MOXKET OBITh
aJlanTHpOBaHa JIIsl pelieHus Ooliee crenuduye-
CKHX 3aJlay aHaJIM3a JaHHBIX UCIBITAHUN CKBKUH
3a cueT N00aBIeHUs SKCIIEPTHBIX 3HAHUN O MOJIe-
JIU CKBA)XWHBI, IJJacTa WIMA TPaHUI], a TaKXKe IS
pEIIeHNsT IIMPOKOTO CIIEKTpa APYTHX 3a/1a4 aHaJH-
3a.
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