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PosraguyTo 3apady IpOrHO3yBaHHS IIapaMeTPiB Pi3UKO-reOAOTi9HOI MOAEAL AN HEOAHODIA-
HUX CEPEeAOBUII] Ha MiACTaBi HasIBHOI €TaAOHHOI BUOIPKY AQHUX SIK TIOASI PO3CiIOBaHHS BIATIOBIA-
HUX nlapamMeTpiB. Po3citoBaHHS TapaMeTpiB AOCAIAJKEHO SK CIIOCTEPEe’KyBaHy KOMIIOHEHTY IIPO-
By e(PeKTiB HEOAHOPIAHOCTI CEPEAOBHUINA, MOAEABOBAHOTO (DYHKITIEIO KOHIIEHTpaIlil Ha OCHOBI
piBHSHb ANY3il. OnlepaTop po3cisHHSA TOOYAOBaHUY Ha MiACTaBi (pyHAAMEHTAaABHUX PO3B'A3KiB
piBHAHB AUQY3ii, 1110 Aa€ 3MOTY OTPHUMATH IIPOTHO3HE IIOAE PO3CIIOBAHHS AAS IITyKaHOTO IIapa-
MeTpa. 3apady PeKOHCTPYKITil MTIABHOCTI KOHIIEHTPAIlil HEOAHOPIAHOCTEN Y PO3IIOAIAL TPOTHO3-
HOTO IapamMeTpa chOPMYyAbOBAHO SIK PO3B'SI30K iHTErpaAbHOIO PiBHSAHHS mHepIioro poay. Ha
mipcTaBi IpaBuAa MaMaaHi AOTIYHOTO BUCHOBKY CKOHCTPYHOBAHO AQHITIOIOBI IIPaBUAA pO3pa-
XYHKY IIACYMKOBOTI'O IIOAS PO3CiIOBaHHS AASL IPOTHO3Y HEOAHOPIAHOCTEH KiHIIeBUX IITapaMeTpiB.
HaBepeHO IIpUKAaA MOAEAIOBAHHS IIOAS PO3CiIOBAaHHS AAT HA(PTOHOCHOCTI 3@ OAHUM 3 YMOBHUX
Ha(TOBUX POAOBHUII, 1110 AEMOHCTPY€E OOI'PyHTOBAHICTh YBEACHUX HOBUX ITOHSTh.

KAaro4o0Bi croBa: IpOrHO3yBaHHS lTapaMeTpPiB, HEOAHOPIAHICTE CepepAOBUINE, PO3CiIOBAHHS
rapameTpiB, TIOAe PO3CifOBaHHS, PiBHAHHS ANQY3il, PyHAAMEHTAABHUY PO3B' 30K, OIlepaTop Po3-
CisTHH4, TpaBUAO MaMAaHi, PyHKIlig KOHIIeHTpallil, o0OepHeHa 3aAa4a, AQHIIIOTOBI ITpaBUAA IIPOT-

HO3Y, O-lepepi3u, KprUBa AOKaAi3allii.

BBeapenune. OaHOM M3 KAIOUEBBHIX ¥ HanboAee
pacnpoCTpaHeHHBIX 3aAa4 IIPU CO3AAHUU (DU3U-
KO-TE€OAOTMYECKUX MOAEAEU Cpep, SIBASIETCS 3aAa-
Yya MPOrHO3UPOBAHUS OAHUX IIapaMeTPOB 110 13-
MepEHHBIM APYTUM C IIOMOIIBIO TPEABAPUTEABHO
HAKOIAEHHBIX 3KCIIePUMEHTAABHBIX AQHHBIX 00
UX COBMEeCTHBIX 3HAUeHMAX. JTa 3ajada IoBCe-
MeCTHO BO3HUKAET IIPU KOMIIAeKCHOM MHTepIIpe-
TAIlUU reOAOTO-re0(PU3NIeCKUX AQHHEIX, TI03BO-
A1 OOBEAVHUTE B EAMHYIO NIPOLIEAYPY UHBEPCUH
YaCTHBIX TeO(PU3UIECKUX ITIOAEU. AAS 3apa9 KOMIT-
AE€KCHOU MHTEePIpPEeTallui AGHHBIX CeHCMOIPaBU-
MeTPUM TaKoe IIPOTHO3UPOBAHME CAYKUT dIAEMEH-
TOM TEXHOAOTUHM COBMECTHOM UHBEPCUU B TOU AU-
00 nHoM opmyauposke [KoopyHos, 1980; 'orus-
Apa, 1984; Starostenko et al., 1988; Akcenos, 1998].
OpHako HaubOAbBIIIee IPUKAAAHOE 3HaueHUe 3a-
Aa4a IIPOTHO3UPOBAHUS [IaPAMETPOB UMEET B CBS-
31 C UHTepIpeTaliel AGHHBIX reO(DU3NIECKUX UC-
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CAepOBaHUY CKBakKMH [AaxHOB, 1975; BeHpenb-
mtetiH, Pe3Banos, 1978] 1 0ocoGeHHO IIPU TIOA-
cueTe 3allaCoB YTAEBOAOPOAHOTIO CHIPBS. Tpapu-
L[UOHHBIN CIIOCOO ee pellleHus XOPOIIO U3BeCTEH
U COCTOUT B IIOCTPOEHNHU YPABHEHUU perpecCcuu
Me>KAY SKCIIEPUMEHTAABHO U3MEPEHHBIMU I1apa-
MeTPaMU U IIOCAEAYIOIIUM UCIIOAB30BAHUU 3TO-
To YpaBHEHUS AN IIPOTHO3a MCKOMBIX ITapaMeT-
poB. IIpyHIMIEI perpecCUOHHOrO aHaAU3a AOC-
TQTOYHO U3y4eHbI ¥ OO0OIIEeHEl B TEXHOAOTUU T'eo-
CTQTUCTUKHU, BIIEPBLIE IIPEANOKEHHOU B paboTe
[Krige, 1951]. OHU COCTOAT B BEIAGA€HUU IIPOCT-
PaHCTBEHHBIX (DETUOHAABHBIX II0 ADYT'OM TEPMU-
HOAOT'MH) IIepeMeHHBIX U IIOCTPOEHUM AAS HUX T10
9KCIIEpUMEHTAaABHBIM A@HHBIM BaprorpaMM, Xa-
PaKTepU3yIOIUX IPOCTPAHCTBEHHYIO U3MEHUN -
BOCTB 3TUX IIepeMeHHBIX. Aaree 3TU BApUOIpPaM-
MBI MCIIOAB3YIOTCSI AASI IPOTHO3UPOBAHUS, HHTEP-
TIOASIITAY, Ha3bIBAEMOU KPUKUHTOM, 3HAUEHN TIepe-
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MEHHBIX B APYTHX TOUYKaX. DTO HallpaBAeHUE WH-
TEHCHBHO Pa3BUBAAOCH B paboTax [MatepoHs, 1968;
Aro6pya, 2002; AembsinoB, CaBeabeBa, 2010 1 Ap.].
TeM He MeHee MeTOABI F€OCTaTUCTUKY TPUMEHM-
TEABHO K IIPOTHO3Y IIapaMeTPOB AAS MAAOTO UHC-
AQ AQHHBIX U BKAIOYAIOIUeE B ce0s IellOUKy B3a-
UMOTIOACTAHOBOK Pa3AUYHBIX II0 IPUPOAE ITapa-
METPOB AAS IOAYYEHUST OKOHUYaTEALHOTO ITPOrHO3-
HOTO COOTHOIIIEHHNS OKa3bIBaIOTCS B IPUBEACHHBIX
MOAN(HUKAIUSAX HEIIPUMEHUMBI.

[MpuHIMn nopb0pa NapaMeTpoB YPaBHEHUS Pe-
Irpeccuy, Aa’kKe eCAM 3TO COIIPOBOKAAETCS IOCT-
poeHHneM BaprorpaMM, OCHOBaH Ha TOM, 4TO BCe,
YTO He YKAGABIBAETCS B 3Ty UICKOMYIO 3aBUCHUMOCTD,
€CTb OIIMOKA U 3Ty OLIUOKY CAEAYET CACAATH MU-
HUMaABHOM, OTOpackiBas 0OCOOEHHOCTH M XapakK-
Tep pacCessHUsI peaAbHBIX HAaOAIOAEHUM, CUHUTas
paccesnue omnbkamu. Ho pusudeckas npupoaa
paccesgHUsa AQHHBIX CBs3aHa He C OIINOKaMU U3-
MEepEeHUl, a C HEOAHOPOAHOCTSIMU U3y4aeMOro O0L
eKTa, ¥ HeceT MHPOPMAIIUIO O Mepe 3TOU HEeOA-
HOPOAHOCTH C OIIIMOOYHOCTBIO IPEACTABACHUM 00
13y4aeMOM OObeKTe KaK OAHOPOAHOM C BEIAEPIKaH-
HBIMU ITapaMeTpaMu. Takou B3rAgA TpeOyeT IIpor-
HO3MpOBaHUe 3HaUeHNM ITapaMeTpa U3 CUHTe3H-
POBAHHOTO II0 UCXOAHBIM AQHHBLIM YpaBHEHUS pe-
I'PECCUM C YIETOM HEOAHOPOAHOCTH 1 KaK MUHU-
MyM IPOTHO3UPOBATh U paccesgHue. Ocoboe 3Ha-
yeHue NMeeT U3ydeHne HEOAHOPOAHOCTEH KOAEK-
TOPOB B reo(U3NIECKUX METOAAX MCCAEAOBAHNUS
CKBa)KUH B CBI3U C IPUHATHUEM pelIeHN O 3alla-
Cax YTA€BOAOPOAOB U BAUSIHHEM 3THX pe3yAbTa-
TOB Ha TeXHOAOTHUYECKUe pellleHns IIpyu pa3padboT-
Ke MeCTOPO’KACHHH YTAeBOAOPOAOB [Macket, 2004].

XapakTepHOM CUTyalllel IIpu IPOTrHO3UPOBa-
HUM (PU3UKO-TeOAOTHUECKUX ITapaMeTpoB IO Iie-
IIOYKe IIPOME’KYTOUHBIX PACCEeSTHHBIX AQHHBIX 13-
MepeHUN KOCBEHHBIX IPU3HAKOB IBASIETCS TO, UTO
IIPOTHO3UpPOBaHNe lTapaMeTPoB | z > BBITIOAHSIET-
Cs1 IO HECKOABKUM HEe3aBUCHMBIM IlelloYkaM KOC-
BEHHBIX AQHHBIX, PE3YABTATHl KOTOPHIX B AAABHEN-
1IeM B3aUMHO KOPPEKTUPYIOTCA. MOAEAB 3TOM 1e-
IIOYKHU TAKOBA: AQHHBIE ‘ X > SKCIIepPUMEeHTaABHO
CBsI3@HBI HEKOTOPBIM IIPABUAOM PaCIIPEAECAEHUST
rmapamMeTpoB ‘ Y, > , IOCAEAHME, B CBOIO OUepeAb,
CBSI3@HBl C ADYTUMH — | Y, > U Tak pAaree. U
AMIIb B KOHEUHOM UTOre AaHHBIE ‘ Yy > MOTYT
CAY>KUThH HEIIOCPEACTBEHHO AAS IIPOTHO3a | z > .
B sTOoM MOpeA TpeOyeTcsl He TOABKO KOHCTPYH-
pOBaHMe dAeMEeHTOB OIIePaTOPOB [IEPEX0AA, CAa-
TaIOIIUX [IeIIOYKY IIPOTHO3@, HO U MIOCAEAYIOIAsT
"cOopKa" ATOM IEITOYKM B UTOTOBBIM OllepaTop IIpo-
rHo3a. KpoMe Toro, IporHos napameTpa ‘ Z > 3a-
YaCTYIO BHIIIOAHSIETCS 10 HECKOABKMM He3aBUCHU-
MbM HenoykaM: X —-Y, - Z uEZ->Y¥Y;, = Z, gro
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TpeOyeT COOTBETCTBYIOIEr0 NHCTPYMEHTa, 00ec-
NIeYNBAIOIIEero KOHCTPYHPOBaHUe IO Pe3yAbTaTaM
CcOOPKHM pa3HbIX [ell0YeK IIPOrHO3a UTOTOBOTO OIle-
paropa.

AABPTEepPHATHUBOM K CTaTUCTUYECKUM METOAAM
NIPOTHO3UPOBAHUS MOTYT CAYKUTH METOABI Y IIPHH-
LIUIIBI HEYeTKOI'O MOAEAMPOBAHU, OCHOBAHHBIE Ha
PacCMOTPEHUH NCXOAHBIX AQHHBIX KaK HEUETKUX,
U OIlepPUPOBAHMS UMHU 10 IIPAaBUAAM HEYETKOM AO-
kY [Zadeh, 1965]. B ocHOBe METOAOB AEKUT TIPEA;
cTaBAeHMe 0 QYHKIUSIX TPUHAANEIKHOCTH Lot (&),
XapaKTEPUIYIOLINX Mepy IPUHAAAEKHOCTH 3Ha-
YEHUsT HeUETKOU BeAMUUHE! & MHOKeCTBY R, mpu-
HHUMAIOIel BO3MOKHBIE 3HAUEHUS OT HyAs AO EAU-
HUIILI, ¥ MEPY OTHOILIEHUN MEJKAY ABYMSI UAU He-
CKOABKUMM HEUYeTKUMM BeAndnHaMu. [TocaepHIsS
ACCOLIUMPYETCSI C MEPOU AOITYCTUMOCTH AASL CO-
BMECTHOTO 3HQUEeHUS AT KQKAOU ITaphl BEAMYUH
{&, n}. UHTeHCUBHOE pa3BUTHE 3TO HAIIPABAEHHUE
IIOAYYHMAO U B IPUAOSKEHUAX K ONMCAHUIO HEOII-
PeAeAeHHOCTeN IIPpYU ToACYeTe 3al1acoB [AATYHUH,
CemyxwuH, 2011], ¥ Ipu pa3BUTHU TEXHOAOTHUHU IIPO-
THO3WPOBAHMU ITIOACUETHBIX IapaMeTPOB HEOAHO-
POAHBIX Cpep, II0 reopu3ndeckuM AaHHBIM [Ko0-
pyHoB, I'puropeesrix, 2010]. Tem He MeHee Hepe-
LIIeHHBIMU OCTAaBAAUCH BOIIPOCEI O €CTECTBEHHOM
BBIOOPE AHAAUTHUYECKUX [IPEACTABACHUN (PYHKITAN
NIPUHAANEIKHOCTH AASL OTHOILIEHUU Me>KAY ITapa-
MeTpaMU 1, 4TO caMoe BasKHOe, ITOBLIIIIeHNE pa3-
PEelIeHHOCTH ITPOrHO3HBIX IOCTPOEHUHN Ha OCHO-
Be aHaAM3a 3PEKTOB paccesTHUA KaK HEOAHOPOA-
HOCTel 00beKTa. Pemmenue sTux npobaeM cOCTo-
UT B CO3AQHUU €CTeCTBEHHOT'O MHCTPYMEHTA AN
AQHAAM3A U IIPOTHO3a PACCESHUSA AQHHBIX, OCHOBAH-
HOTO Ha CHHTe3e UAeU HeUYeTKOIO MOAEAMPOBAHUSA
U IOCTYAQTOB MaKPOCKOIIMYECKOM TEOPUU pacce-
STHUS, BKAIOUasi KOHCTPYHUPOBaHUE OIlepaToOpPOB pac-
CesTHUSA U NUCTOKOOOpAa3HOoe IIPeACTaBACHUE UX Xa-
PaKTEPUCTUK.

MoaeAbHBIE TIPEACTAaBAEHHS U OOpaTHas 3a-
Aada paccessHHA. PaccMOTpUM HEOAHOPOAHBIN
OOBEKT, MOAEAB KOTOPOT'O IIPUBEAEHA puUC. 1 (Teo-
MeTpUYecKas CAeBa U lTapaMeTpUUYecKasi CIIPaBa).
HM3MepeHne 1apaMeTpoB, BEIIIOAHEHHOE Hap, 00-
pasliaMu 3TOro OOBEKTA, AACT PA3ANYHBIE PE3YAb-
TaTBL OTO pa3Andre HaOAIOAQETCS IIPU PACCETHUN
TIOAY4YEHHBIX 3HQUeHUY [TapaMeTPOB U XapaKTepH-
3yeT Mepy HeOAHOPOAHOCTH 00BbeKTa. ITycTs S —
(hazoBOE MPOCTPAHCTBO MapaMeTpoB s ={s', i=1+
+M}e S cpa3sMepHOCTbIO M2>2 1 s={sl, s2 }.
'pynna napaMeTpoB S aCCOUMPYETCS C TEMHU,
KOTOPBIE UCIIOAB3YIOTCS AAS IIPOTHO3Q, § © — 3Ha-
4eHUsl, KOTOpble IPOrHO3UPYIOTCS.

[MTocTponM MOAEAB 3aBUCHMOCTH Pe3yABTaTOB
U3MepeHUN OT MePBl HEOAHOPOAHOCTH OOBEKTA.
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[Tpeskae Bcero HEOOXOAMMO OIIPEAEAUTD 3Ty Me-
py. BeBeaeMm nonaTue "(yHKINA KOHIIEHTpALUK"
u(s) arsg mapaMeTpa s B ooaactd S. 3Ta PyHK-
ITUS CTPOTO HEOTPUIlaTeAbHA, TPUHUMAaEeT 3Haue-
HUS OT HyASI AO €AMHUITL U yCTaHaBAUBAET OTHO-
CUTEABHYIO AOAIO BellleCTBa B 0011[eM oO0beMe Co
3HaueHUeM napamerpa s. OyHKIUSA WU (S) MOKeT
WHTEPIIPETUPOBATLCS TaK)Ke B paMKaX TEOPUU He-
YETKMX MHOKECTB KaK Mepa BO3MOKHOCTH VAU TIPU-
HaAAEKHOCTH AN 3HAYeHU IlapameTpa s [Zadeh,
1965]. Apyras ee HHTepIIpeTaIs — 3TO IIOAE Pac-
cesgHud. [TocrepHSS TPAKTOBKA AOCTAaTOYHO YA00-
Ha C TOYKM 3PEHMsT BBOAUMBIX AaAee ITpeodpaso-
BaHUHN ANST KOHCTPYUPOBAHUS MaTPUL] PACCESTHUS,
QHAAOTUYHBIX MaTpUIlaM S B KBAHTOBOU TEOPUH
[Bogoljubov, Sirkov, 1959]. Micrioab3yeMm caeayio-
e 0603HAYeHHS: CUMBOABL ‘ X) \Y) | Z),
‘ E> — AOKaABbHBIE II0ASl PACCesSHUs, COOTBETCTBY-
FOIIVe AQHHBIM AASI KOHKPETHOTO IIPOTHO34a, MAU TI0-
Al paccesHUs, IOAYYEHHbBIE B Pe3YAbTaTe BLIIIOA-
HEHHOT'0 AOKAABHOTO KOHKPETHOTO IPOrHo3a. B yacT
HOCTH, aKcnepHMeHTblgi(El ) ‘ X> =Hgsh (s! ),
rae § | — HaGArOA@eMBIe 3HAUCHHS, 00pa3yIoT IPyII-
Iy U3MepeHUN lTapaMeTpa s, 10 KOTOPBIM CAEAY-
eT BLIIIOAHUTE IPOTHO3 | Z ) = Macst) (s”).3T0
AOKAABHBIN IIPOTHO3, OTHOCSIINUCSA K KOHKPeT-
HOM 3apaue.

B oTAMumMe OT AOKaABHBIX AQHHBIX U IIPOTHO3-
HBIX TTIOAEH, OTIEPATOP PaCCeSTHUs, C TOMOIITBIO KO-
TOPOTO 3TOT ITPOTHO3 BBITTOAHSIETCST, AOAJKEH BKAIO-
YaThb B Ce0s TIOAE PaCCesTHUS A BCETro TPOCTpaH-
CTBa rtapamMeTpoB. TakuM 06pa3oM, AOKaAbHBIE TTO-
Asl CAY’KAT ero IIOAMHO>KeCTBaMu. AaabHelIIee
paccMOTpeHUe MTOSICHUT COOTHOIIIEHHE MEFKAY BBE-
AEHHBIMU TTOHSATUSMU.

[TporHo3upoBaHue BLIIIOAHSIETCS II0 Pe3yAbTa-
TaM HAaKOMAEHHBIX U3MepPeHul R AAST AOTyCTHU-
MBbIX 1ap { st s2 }, 06pa3yIoIUX II0AE PaCCessHUs
Wa; (8), CAyPKalllee, IO CyTH, OOYYAIOIIUM AAS IIPO-
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rHO3a BEIOOpKOM. KOHCTpyHpyeMoe IIoAe pacce-
SHUS Ug; (S) He COBIAAAET C IIOAEM PACCESTHUS
— (pyHKIIMEeN KOHIIEHTPAuU U (S), OAHAKO CAY-
SKUT ero HaOAIopAaeMOM TpaHCcopMalireii.
PaccmoTtpum pAndy3mnOHHYIO MOAEAB IIPOIie-
AYPHL paccessHUsS. ByaeM cuMTaTh, 4TO IIOAE pac-
cesTHUS (KOHIleHTparus U (s) = W ( s! . s2 ) ) moA-
Bep>KeHO AU dy3uH, IPOUCXOoAAIel ¢ Koaddu-
OUEeHTOM AUDPY3HUHU a, U IIPOAOATKAETCSI HEKOTO-
poe BpeM4 ¢, BCAEACTBUE YeTO BO3HUKaeT HabAIO-
A@eMoe IToAe KOHIIeHTpalui Ug; () = gy (s1 . s2 ).
Anddysus ocymiecTBageTcs B (0a30BOM IIPOCTPAH-
CTBe ITapaMeTpa s = | S | U IOAYMHEHA YPaBHEHUIO

On(s, ) _ 2 0°H(s, D)
T 9s2

u(s,0)=u(s), (1)

rae a — koadpuriueHT A dysun. OyHpaMeHTarb
HOe pellleHNe 3TOr0 YPaBHEHUs IIPUMET BUA

2
e 2
2a\nt 4a”t
YTO IPUBEAET K peliieHuio (1):
u(s,t,a)=
2
1 E—s
T e - e
s 2a4mt 4a”t
W3 ypaBHeHUs (3) HOAYyIUM
! &=l
—— [r® e A= u(s. 0. (@)
QYL ¢
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rae {=2a \/_‘c — 3(p(PEeKTUBHEIN ITapaMeTp TAy-
Oounb AUGdy3un.

I'loae paccesgHus Ug; (S), COOTBETCTBYIOIEE BbI
[TOAHEHHBIM u3MepeHusM R, ects U (s, {) mpu He-
KOTOPOM 3HaueHHU Iapamerpa auddysuu {. Ta-
KUM 00pa3oM, MOKeT OBITh CPOPMYyAMPOBAHA 3a-
Aada HaXO’KAeHUA (QYyHKIIUYM KOHIIeHTPAIIuU AAS
U3y4aeMOoro OObeKTa, XapaKTepU3YIollasa ero He-
OAHOPOAHOCTE U paclipepeAeHMe COCTaBa Bellle-
CTBa MACHTUPUITHPOBAHHBIM IIapaMeTPOM S 110 Hali-
AEHHOMY B pe3yAbTaTe u3MepeHuu R oA pac-
cesdaHUsA Ug; (S):

2
— L [u@ew el

N s

dg =g (s). (9)

Ha3zoseM ypaBHeHmMe (5) 0OpaTHOM 3apauelt pac-
CesIHUS (OTHOCUTEABHO [ (S) ) AAS IIPOTHO3a IIapa-
MeTpoB. Ee onepaTtopHas opma

Ru(s) =pnug (s) (6)

TPaAULIMOHHA AT (POPMYAHPOBOK OOPATHBIX 3aAa4.
W3 06mux cooOpa’keHn! ITIOHATHO, YTO 3Ta 3a-

Aaua C AMHEMHBIM CaMOCOIIPS>KEHHBIM OIIePaTOPOM
HekoppekTHa. OAHAKO TpU (PUKCUPOBAHHOM 3Ha-
yeHUH HapamMeTpa { OAHO3HAYHO pa3peluMa pu
YCAOBUH, €CAU NTPABasi 4aCTb OTHOCUTCSH K 00pa-
3y oneparopa R: Ug (s) € ImR . Kpome Toro, prst
OrpaHUYeHHOI 00AaCTH S oriepaTop R BIIOAHE He-
IIpepHIBEH, OTKYAA cAepyeT, uTo Im R He oOpasy-
eT B L, (S) AOKaAbHO KOMIIAKTHOE MHOJKECTBO,
a obpaTHBIM K R — HeorpaHudeH. Takum oOpa-
30M, pelleHne 3aAaui (6) IOAHOCTBIO COOTBETCT-
BYET KAACCY 3aAa4, AT KOTOPHIX IPUMeHUMa IIpo-
IleAypa KBaszuobpaiienus [Aarrec, AnoHc, 1970;
AaBpeHThEB U Ap., 1980].

IIpsaMasa 3apaya paccessHUSI IPeACTaBAsSIET
co0o1 anmapaT pacueTa 13 COBOKYITHOCTH HaOAIO-
AAeMBIX AQHHBIX IPUOAVIKEHUS K [IOAIO paccesi-
HUA Ug; (). OHa HallpaBA€HA Ha pellleHre CAe-
AVIOIINX 3aAay4:

® KOHCTPYMPOBAHHKE OIlepaTopa paccestHus Ly 7,
OTOOpaKarolero PyHKIUIO PACCEIHUs, COOT-
BETCTBYIOUIYIO U3MEPEeHHBIM AQHHBIM ‘ X > , B
(PYHKIIUIO PacCesiHUs, COOTBETCTBYIOIIYIO IIPO-
THO3HBIM ITapaMeTpam ‘ Z);

e cuHTEe3 oneparopa Ly, 7 IO IleroYKe orepa-
TOPOB Ly, _ k=1+K;| Yo )=| X );| Yk )=

10Yr

® cuHTe3 oneparopa Lz g x)oz AN IPOrHO3a
‘ Z ) 1o omepaTopaM Iporuao3a Ly , 7 ‘ X > -
—|Z)u Lzyyg: E>—>‘Z>;
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® TIOCTaHOBKA 33AaUU HaXOKAEHMS ITOAS KOHIIEHT-
pamuti u (s 2 ) IIO IPOTHO3HOMY IIOAIO paccesi-

HUA MER(§1) (s™).

COBOKYIIHOCTb A@HHBIX, 00pa3yoliux CHUCTe-
My R B CAy’KAIIUX OCHOBOU AAST KOHCTPYUPOBa-
HUS OTIEPaTOPOB IIPOTHO3a, MOYKHO TTPEACTaBUTh
Kak o0beputenne usmepeHuii R (), j= 1+ N. Kax-

MO€e U3MepeHNe AQET PEaAr30BaHHOE 3HAUEHUE AAS
napaMerpoB s ; = { slj , s? }I/I TTIOPO’KAQET TTOAE Pac-
cestaust Mot (j) (8), 3HaYeHME KOTOPOTO B TOUKE

_Ja 2} .
sj = {sj, s’ | crepyrolee:
2

5]

xp “un(s;). ()

€2

— €
N

IToae paccessHusA g (S) COCTOUT U3 CBOUX A€
MEHTOB [Lg; () (S) ¥ SIBASIETCSI PeIlleHHeM ypaB-
HeHUsS AUPPY3UU OT UCTOUYHUKOB R (§), j=1+N.
[Tapametp { B ypaBHeHUU (7) OTAWYEH IO 3HaYe-
HUIO OT ypaBHeHU4 (). Toraa, paccMaTpuBast Aud-
y3HI0 Ka’KAOIO U3 3HAQUYEHUN (7) U CKAGABIBAS pe-
3YABTaTHl, IIOAYYaEM

Mgt (8) =) Mot () (S;) Har(j)(s) =
j

1 _
=2 Hoi(j)(s;) ——exp| - ————[. (8
IR 7~ 2

TTpriviem AAsT TIPOCTOTBE Uag ( 1y (S ;) = Hay (k) (S )
MM BCeX j, k 1 IPUMEHUM IIPABUAO HOPMUPOB-
KU Uq (s) < 1. Torpa ypaBHeHUe (8) mpuBepeT
€ro K COOTHOILIEHUIO
2
1 1 - ‘

Mg ()= D exp| - |. (9

N e ¢

PaccmorpuM nponieaypy Ly , z pacuera ‘ Z > =

_ 2
= um(gl)(s ) MO AQHHBIM

[ X) =g g1, (8 =

1
D U S SN ) it
NG on ¢

rae N ( s! ) — 4KCAO u3Mepenuii B rpytie R ( s! );
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Ly , 7 — olepaTop paccessHus1, IpeoOpas3yIomni
noae K o1 (s) B mone Uy 1, (8")Ha ocrope
ANIIPOKCUMALNHU IIOAEM PACCESTHUS g (S) PYHK-
U KOHIeHTpanuu W (s).

Onepupys QyHKIUAMU PACCETHUSA KaK SKBU-
BAA€HTOM (DYHKITUM IPUHAANEKHOCTH, OTPasKako-
1M OTHOCUTEABHYIO BO3MOSKHOCTE 3HAUEHNM pac-
CMaTPUBAEMOI'O apryMeHTa, IPUXOAUM K BEIBOAY
0 HEOOXOAMMOCTU HMCIOAB30BAHUS IIPABUA aA-
reOpBI AOTUKHU AASL OTIEPUPOBAHUS ITUMHU (PYHK-
nuaMu. HanmoMHUM, YTO OHM SKBUBAA€HTHBI OOBIU-
HBIM IIPaBUAAM YMHOKEHHS U CYMMHUPOBAHMS Olle-
paiuu MaTpuYHOU apuMeTHUKHU C UX 3aMEHOM Ha
COOTBETCTBYIOIIHE AOTHYeCKe 5KBUBaAeHTEL. Op-
HUM U3 Hauboaee 3P(PEeKTUBHBIX TAKUX ITPABUA SIB-
AgeTcs npaBuAo Mamaanu [Mamdani, 1974], co-
CTosilllee B CAEAYIOIIEM:

|X)Ly.z =
i [min{“%(sl’sz)’ “‘Jﬁ(sl)(sl)ﬂ -
ENCOEIFA (11)

3amMeTuM, 4YTO OHOABIIIOEe KOAMUECTBO AUTEPATY-
PBI IOCBAIIEHO IPaBUAY MaMAAQHU U eT0 UCIIOAD-
30BaHUIO B PA3AMYHBIX OOAACTAX TEXHUKH, YIIPaB-
AEHMs, a TakKyKe ero IporpaMMHO-aATOPUTMIYEC-
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KOM ¥ KOHCTPYKTUBHO-TEXHUUECKOM pearm3aliiu.
OpAHaKo 3Ta AuTepaTypa He UMeeT [IPSIMOTro OTHO-
IIIeHUsI K pacCMaTpUBaeMoOMy BOIIPOCY, IIO3TOMY
OI'PaHUYUMCS] CCBIAKOM Ha OPUTUHAABHYIO pabo-
Ty CaMoro aBTOpa 3TOr'o IIPaBHUAQ.

®opmyaa (11) paeT peltieHue epBoi u3 cop-
MYAMPOBaHHBIX B HauaAe ITyHKTa 3apad. To ke mpa-
BUAO MaMAaHI/I IIO3BOASIET PEIINTb U BTOPYIO nus3
IMOCTaBAEHHBIX 3aAa4, KOTOPas UMeeT UCKAFOUM -
TeAbHO Ba’KHOe 3HaUeHUe B MHTEPIIpPeTaliuu pe-
3YABTATOB reO(PU3NIECKUX UCCAEAOBAHUU CKBa-
KUH C UCITOAB30BaHUEM ITIEeITHBIX ITPaBUA ITPOTHO34.

[TycTh 3apaHa MOCAEAOBATEABLHOCTE U3 K TI0-
AeU paccestHUs M1 (s, s?), K2 (s2,8), ..,

MoK -1 ( sK-1 . sK ), COOTBETCTBYIOLINX AIIIIPOKCU-

MalusaM KOHIIeHTpalui p.(s1 . 52 ); u(s2, s3 ),
e p.(sk -1 . sk ). TToAe paccesiHUSI AAST TIPOTHO3a

_ = 3 _ 1 :
| Q>_“9{109{2 (s®)mo| X>_p%1(§1)(s ) dhopmu
pyeTcsd Kak KOMIO3UITHg MaMaaHu “9%1 X2 (sl, 53)

IIOAEU pacCesTHUS “9%1 (sl, sz) u “%2 (s2 . s ):
1 3

[mi“{“snl (Sl’s2)’ Hor2 (SZ’SS)H‘UZ)

OTO MOAHOCTBIO 9KBHBAAEHTHO OOBIYHOMY IIpa-
BUAY YMHOKEHUS ABYX MATPHI], C 3aMeHOM apud-

= max
s2e S2

85



A.H. KOBPYHOB

86

Puc. 3.

Puc. 4.
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MEeTHUYEeCKHUX Ollepallui Ha Aorrudeckue. AaHHAs
IIeI0YKa MOKEeT OBITh ITPOAOAJKEHaA

|4 |4
Mg, o3 (S '8 )=“wom2om3 (S '8 )=

Zm‘;"{“‘j“{“wow (sl,s3), o3 (s3,s4)H(13)

U Tak panee. TeM caMbIM IIOCTPOEHO MOAE paccesd-

HAI U 1 2 .3 (s1 , sK ) . pearmsytolee COOPKy
R0 R0 R0 ...

SAEMEHTAapHBIX OIIEPAaTOPOB paccesHus L -

XoY
. LYK 140 Bomeparop Ly , g CIIOCAEAYIOUIMM
IIPOTHO3OM IIO IIPABUAY

|X)Ly.g =

— max {mm{u%l Gk- 1( 1’5K)’“9<1(s1)(sl)H:

sle s!
_ K\ _
_Mml(gl)(s )—|Z>- (14)

AN peltieHus TpeThel 13 TOCTaBAEHHBIX 3aAa4
HeOOXOAUMO OIIPEAEAUTH IPABUAO OO BEANHEHUS
IIPOTHO3HBIX (DYHKIUU PACCETHUS AT ‘ Z , IIOAY-
YeHHOMU 10 ABYM PAa3AUYHBIM LIeTIOUYKaM pOTHO33,
OAHA M3 KOTOPBIX ONUpaeTcs Ha AauHbe R (S S D)
W IIOAYYEHHYIO (DYHKIIAIO paCCQHHI/IH Mo st ) (s )
BTOpasi — Ha AaHHBIE K ( & ) mu HOqueHHyIO o
HIM (DYHKIIMIO paccestus M (S ). C aToi
IIEABIO CAeAYeT BEIOPATh AOI‘I/I‘IGCKOG NIpou3BeAe-
HUe (lepeceyeHre HEUETKUX MHOJKECTB), BhIpa-
JKarleecs A IIOCTPOEHHBIX (PYHKIIUU pacce-
SIHUS IPaBUAOM

K\ _
My cgtyoacey (8=

= min| w1 5 (5] 0s)

AAS XapaKTepUCTUKM 0000IIeHHON MephI pac-
CesTHUS IPOTHO3HBIX ITapaMeTPOB, 3aAaHHBIX T10-
K
AeM paccesTHUus U, 4 21. (s ), yr0o0HO BOC-
X(EHom(eh 0 Y
TTOAB30BATLCS @HAAM30M Ol-CeYEeHUH !

Q¢ =
_ PITLD)
“xcdhem(d

K . K
I:S . MN(EI)OER(EI)(S )Z(X‘i|7 (16)

a TakK>XXe ee KpHBOIZ AOKAAM3aAlluN .
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mes | Q% K
_ 4 (s™)
L MxEhem(d |
f(o) = - —, (17)
mes QP K
e @yomd) )

rAe mes[Q] — Mepa MHOKRecTBa Q. [ToHATHO,
uro f(0)=1,;f(1)=0, u KkpyTU3HA YOBIBAHUS 3TOU
(PYHKIMU KaueCTBEHHO XapaKTepU3yeT CTelleHb
CTPYNIINPOBAHHOCTY AQHHBIX.

Pemenne ueTBepTOi 13 CPOPMYAUPOBAHHBIX
33Aa4u — HaXOKAEHVe TTOAST KOHITeHTpauh WU (S 3 )
IO IIPOTHO3HOMY IIOAIO PACCesTHUA U _ 4 ) (s3 )

R(s
— OCHOBBIBAeTCS Ha YpPaBHeHUU (4):
oo
1 3 3 _
——— [ (&) exp| - |at=
Cym 3 ¢
=Hg 1 (s7), (18)

rae He u3BecTeH 3(h(HEeKTUBHBIN [TapaMeTp IAy-
ouHbl A pysun §, mpu YMeHbI_HeHI/II/I KOTOPOTO
3apava perieHus (16) m W ( s3) craHosurcs BCe
OoAee HeycTOWUMBOU. [ToaTOMY IleaecOoOOpa3HO
BBIIIOAHUTS Ilepebop pelreHni o 3(pHeKTUBHO-
My napameTpy rAyOuHBI AUDPY3UH C LEABIO BBI-
O0Opa MaKCUMaAbHO pa3pelieHHOro, HO YCTOWYH-
BOT'O OTHOCHUTEABHO 3aAaBaeMbIX KPUTEPHUEB Ka-
JeCTBa pellleHus. JTa 3apada aHaAOTMYHA 3apaue
QHAAUTUYECKOTO IIPOAOAYKEHMS KpaeBhIX 3Hade-
HUl rapMoHnYecKoy pyHkiuu [Ctpaxos, 1962; Na-
nuHa, 1967 >Kaauos, 1973].

3akarodeHne. Pa3BuThie METOABI IIOCTPOEHUS
IIOAEM paccesgHUs AAS IIPOTHO3HBIX ITapaMeTpOoB
UMeIOT 0c000 Ba’KHOe 3HaueHNe IIPU UCIIOAB30-
BAHUU LIEMTHBIX [IPAaBUA IPOTHO3UPOBAHUS, Xapak-
TEPHBIX, B YaCTHOCTH, AASI IIPOTHO3a ITOACUYETHBIX
IIapaMeTpPOB 3aIlaCcOB YTAEBOAOPOAOB U UX OIleH-
K. OpUeHTHPYSICh Ha 3TH 3aAa4¥, CUAAMHU CO-
TPYAHUKOB AaO0PaTOPUN MaTeMaTUUeCKOTO MOAE-
auposaHus YI'TY A.H. Xyaoxxkunrosoii, A.C. Mo-
ryroBa, B.E. KyaelioBa Ha OCHOBE Pa3BUTHIX Me-
TOAOB M TEOPETUUECKUX PE3YABTATOB OBIAO CO3AA-
HO IIPOTPaMMHO-aATOPUTMUYECKOe U TEXHOAOTH-
yecKoe obecrieueHre IPOTHO3a IOACYETHBIX I1apa-
MeTPOB, HA3BAHHOE BIIOCAEACTBUU METOAOM IIE€T-
poduzndeckrux KoMmnosurui. OAHUM 13 UTOTOB pa-
OOTBI 3TOM TEXHOAOTHU SIBASETCS [IOCTPOEHME IIPO-
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THO3HOTO TIOASI PACCEeSTHUS AASL TIOACUETHBIX TIa-
paMeTpoB, B YaCTHOCTH ITOPUCTOCTH U HedTera-
30HOCHOCTH 110 pAaHHBIM [[MIC. DT napameTrpsl
IIPOTHO3UPOBAAUCE TI0 Ienouke mpaBua: 'TMC-
KepH, KepH-TlapaMeTp (IOPUCTOCTh, He(pTeHaCHI-
II[EHHOCTh) C UCTIOAB30BaHMEM KOMTIO3UIIMU Mawm-
AQHU AAS pacdyeTa UTOTOBOTO MOAS paccesiHus (13)
U KOHCTPYMPOBAHUS Olleparopa paccesHud (14).
B mTore mocTpoeHo 1moAe pacCessHUsI 1O TPOTHO3-
HOMY ITapaMeTpy He()TeHOCHOCTH U ero O-ceue-
Hus. [IpuBeaAeM 3TH ceueHUs II0 OAHOMY U3 yda-
CTBOBABIINX B pacueTax MeCTOPOKAEHUIO C yC-
AOBHBIM HazBaHueM "“TecToBoe".

Ha puc. 2 npuBeaeHo ceueHne KyOa IIOAS pac-
CesTHUS AAS 3a11aCOB MeCTOpPO>kaeHud "TecToBoe"
npu o = 0,25. 3TO Kak pa3 Ta CTPyKTypa, KoTopas
OBIAa IEPBOHAYAABHO OTCTPOEHA reOAOTaMU TPU
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Dispersion effects modeling while
forecasting physical-geological
parameters of heterogeneous media

© A.I. Kobrunov, 2014

A problem of forecasting the parameters of physical-chemical model for heterogeneous
media based on available standard data selection considered as a field of corresponding param-
eters dispersion is being considered. Dispersion of parameters is considered as an observed
component of medium heterogeneity effects manifestation, which is simulated by a function of
concentration based on diffusion equations. Diffusion operator is being designed based on fun-
damental solutions of diffusion equations, which made possible to obtain prognostic field of
dispersion for sought for parameter. A problem of reconstruction of heterogeneities density
concentration in distribution of expected parameter as a solution of integral equation of the
first kind is formulated. On the basis of Mamdani rule of logical conclusion chain rules of cal-
culation for resultant dispersion field for prediction of heterogeneities of final parameters have
been designed. An example of modeling the dispersion field for presence of oil by one of con-
ditional oil deposits is presented, which demonstrates validity of new notions introduced.

Key words: prediction of parameters, heterogeneity of medium, dispersion of parameters, fi-
eld of dispersion, diffusion equations, fundamental solution, operator of diffusion, Mamdani ru-
le, function of concentration, inverse problem, chain rules of forecast, a sections, localization

curve.
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