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PaccmatpuvBaeTcs 3a[a4a MBEeHTUHUKALMY TMAPOAUHAMUYECKMX NMaPaMETPOB CKBaXWH Ha HEYCTaHOBUBLLMXCA PEXUMAaX puibTpaumm
MeTof oM KPMBOVVI BOCCTaHOBJIeHVA aBrieHnd C y4eTom ZJOMNOHATENIbHOV anpmop/-/oh MHd)O,DMaL{VIVI M 3KCNePTHbIX OLIEHOK. ”pVIBO,ﬂﬂTCﬂ
pe3ynbTatbl aHaM3a TOYHOCTY OLEHOK M1aCcTOBOrO AABJIEHNA U (uiibTPAUMOHHBLIX NapameTpoB naacra.

3amaueil MAEHTU(OUKALUU TUAPOIUHAMUYECKUX
MapaMeTPOB CKBAXUH SIBJISIETCS ITIOCTPOCHME OITH-
MAaJIbHOM, B CMBIC/IE 3aJaHHBIX KPUTEPUEB KAauecTBa,
MaTeMaTUYECKOM MOIEIN TUIACTOBOM CUCTEMBI IO pe-
3yJbTaTaM M3MEpeHUi 3a00iHOro NaBiIeHUs U 1eOU-
TOB CKBaXXMH. MeToanl MaeHTUOUKALMK ISl TUAPO-
IuHamMueckux uccnenoBanuii cksaxun (IAUC) [1,
2] MO3BOJSIOT MOJIYYaTh JaHHBIE O (PUIETPALIMOHHBIX
U IUHAMMYECKMX CBOMCTBAX HE(TAHBIX ILIACTOB M
Mpu3a00MHOIM 30HBI CKBAXUHBI, OMPEAEIIsTh IapaMe-
TpPbI TPEIIMH IMAPOpa3phiBa IJIacTa, YTOUHSITH IJ1aCTO-
BOE JaBJieHUE, OLIEHMBaTh reOMETpUUYECKUE Mapame-
Tphl Iwacta 1 T. 1. Ha ocHose IJIUC ocymiecTBisioTcst
MIPOLIECCHI OOBIYM (PIIOMIOB, COCTABISIOTCS TEXHOJO-
TMYECKUE TIPOEKTHI pa3pa00TKKU HE(DTSIHBIX U ra30BbIX
MECTOPOXKICHMI, CO3MAIOTCS I€0JI0r0-TeXHOIOTUYE-
CKMe MOJIEJIH MPOLIECCOB HedTera3oa00bIuM.

OnnauM n3 ocHoBHBIX MeTonoB I'JIMC Ha HeycTa-
HOBMBIIMXCSI pexXMMaX (PMIBTpALK SBIISETCS METO,
KPUBOIl BOCCTAaHOBJIEHMS 3a00MHOTO JABJICHUS
(KBJ), mosty4eHHOIi Mpy HEMOCPEACTBEHHOM M3Mepe-
HUU JaBJIEHUS Ha 3a00€ CKBaXUHBI JTUOO pacCUMTaH-
HOM 10 M3MEPEHHBIM 3HAYEHUSM IWHAMUYECKOTO
ypoBHs (MeTon KBY) [1]. Hanbonee odmmM perieHn-
em 3agaun uneHTuukammu IJIUC mo KB/ sBistercst
METOJl MHTETPUPOBAHHBIX MOJEJIEH, KOTOPBIA IT03BO-
JISIeT YYUTHIBATh PA3IMYHYI0 HEOTHOPOIHYIO, IOMOJ-
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HUTENIbHYIO alpUOPHYI0 MHGOpMALIMIO, AaeT ONTH-
MaJIbHOE pellIeHKe 3aauu UAeHTUbUKaIMY ¢ obecrie-
YeHUEeM YCTOMYMBOCTHU pEILEHMS, COTIACOBAHHOCTU
WCXOJHBIX JTaHHBIX M JOMOJHUTEIbHBIX alPUOPHBIX
cBeneHuii [3-5].

JlaHHasi paboTa sIBsieTCsl pa3BUTUEM TEXHOJIOTUU
MHTETPUPOBAHHBIX MoOJeell Mpu MAEHTU(hUKALNUN
[T C no KB/l Ha ocHOBe HemapaMeTpUYeCKOro Me-
tona aHajoroB (HMA) [6], koTopblii 06/1anaeT ruOKuM
MEXaHU3MOM YUY€ETA JOMOJHUTEIBHOM allPpUOPHO UH-
(bopmMalu, MpeacTaBIeHHON KJIacCOM HemapaMeTpu-
yeckux Mogeneil. HeobXxomuMocTh MCMONb30BaHUS
HerapaMeTpu4yecKuX MeTOIOB CBsI3aHa C OTCYTCTBUEM
JIOCTOBEpHOI MH(OPMALIUK O MOAESX TOMOJHUTEb-
HBIX alPUOPHBIX CBEAEHUI U DKCMEPTHBIX OLEHOK O
napaMeTpax Iiacra.

[MTpennaraemsblii B paboTe MoaXo K MaAeHTU(PUKALMN
I'TAC ocHOBaH Ha CTOXacTMYECKOM HeIapamMeTphye-
CKOIi MIHTeTprpOBaHHOM crucTeMe Moneneit KB/I Buma:

P’ =P(a,q)+&,
Pu = @(P,(at,g(T)) +, (1)
ai = fi(a)+v, k=11,

rie P=(P;(t),i=1,n), P(o,q)=(P(t,c,q(t),i=1,n) — Bex-
TOPbI M3MEPEHHBIX HA CKBaXWHE 3HAYEHHI 3a00HHOIO
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JIaBJICHUSI B MOMEHTBI BpEMEHH # M BBIYMCIICHHBIX HA OC-
HoBe Moneau KBJI, 3a1aHHO# ¢ TOYHOCTBIO 10 BEKTOpa
HEM3BECTHBIX MapaMeTpoB oa=(a,0,...,q,) GYHKIUK
P(t,a,9(1)); ¢=(q(t),i=1,n) — 3HaYeHMe NEOMTA KUIKO-
CTM B CKBAXMHE Mocjie ee octaHoBky; P,=(P,.j=1,r),
a=(a,,=1,p), k=1, — nomojHUTEIbHbIE aTIPHOPHBIE
JaHHBIE, SKCIIEPTHBIC OLIEHKMU IIACTOBOTO NABJICHUS U
napametpoB Monent KBJI; P(ct,q(T)) — 3HaueHue T1a-
CTOBOTO JIaBJIEHMS, ITOTydeHHOEe Ha ocHOBE Moenu KB/
(T — rapaHTMpOBaHHOE BpPeMsl MCCIeIOBAHUIA 17151 BOC-
CTAHOBJIEHWS TIACTOBOTO JaBieHus mopsaka 200 u ms
HU3KOIEONTHBIX CKBAXWH); @,f,,k=1,/ — Hen3BeCTHbIE
0,[lH03Ha‘{@e @&K”\HM; éz(éé(ti)aizhn)’ Uz(anzl,r),
v=(v;,i=1,p),k=1,/ — cyJaiiHble BeJIMYMHBI, TIpEICTA-
BIITIOIIME MOTPEITHOCTH U3MEPEHUI 3a00MHOTO JaBie-
HUS ¥ OIIMOKY TOTIOJTHUTENTBHBIX alPHOPHBIX CBEICHMIA
1 OKCIIEPTHHIX OLIEHOK.

3anava uaeHTUOUKALMY 3aKII04YaeTcsl B OLIEHUBA-
HUMYM HEU3BECTHBIX (DMIBTPALIMOHHBIX MapaMeTPoOB
Korna GYHKIUK @.f,,k=1,/ Heu3BecTHbI. MOXHO Mpea-
oJjiarath, 4To 3T (PYHKIMU OrpaHUYEHbI, HENPEPhIB-
HbI€, UMEIOT MPOU3BOIHbBIE U T. 1. B ycloBusIX 1aHHO-
TO BUJa allpMOPHON HEOMNpeeNeHHOCTH (4acTo roBO-
PAT O HemapaMeTPUUYECKOM alipMOPHO HEOTIPEIeIeH-
HOCTH), BO3HMKAeT MOTPeOHOCTb B HMCIONb30BAHUM
HemapaMeTpUYeCcKX MeTOIOB [7].

3agaya mpeHtuguKauuu (1) ¢ MCIONb30BaHUEM
HMA [6] cocroutr B pelieHnn IBYX ONTHMM3ALMOH-
HBIX 3a]1a4 BUIA:

a*(ﬂ)zargmin D(a), 3)

2
s

P —P(a’(B)q")

B = argmin‘
B

4)

rae argmxinf(x) 0003HaYaeT TOUKy MUHMMYyMa X (DyHK-
wi fix) fix)=minflx);  P(a)=(|P,—P (' (B), ¢+
P, ~P e (B4 ]c—eul, — xomBunmposan-
HBII (DyHKIIMOHA KayecTBa Moneau (1), cocrosuuii
M3 YaCTHBIX KBAaJPAaTUYHBIX KPUTEPHEB KauyecTBa MO-
nemn KBJI 1 Mozieneit TOTOMHUTEbHBIX alpHOPHBIX
CBE/IEHHI; W=diag(w(P,(a",q)—P,)/Brj=1r),
Wy=diag(w(P,(c},0;)/ Brj=1,2) — nuaroHanbHBIE Ma-
TPUIIbl BeCOBOW (DYHKIIMU W C YIPaBJISIONIMMU T1apa-
meTpamu B=(f,,3,); &’ — HaYalbHbIE OLIEHKU (UIBT-
PALIMOHHBIX MapaMeTpoB; ¢=(q(¢),i=1,n) — oLeHKN
nebMta  XKHUAKOCTM B CTBOJE  CKBaXWHBI;
od(B)=(a/(B),a)(B),...,a, (B)) — onTUMATLHbBIE OIIEH-
k1 napamerpoB monenu KB, B'=(B/,B,) — onru-
MaJibHbIe OLIEHKH YIPABISIONMX Tapametpos; |X| —
HopMa BekTopa X. BecoBble hyHKIMU (siApa) obnaga-
10T clenyoluuMu coiictBamu [7]: w(x—u/h)—1,
h—o0; w(x—u/h)—0, h—0.

CrenyeT OTMETUTD, UTO MPU 3HAYEHUSIX YITPABIISIO-
LIMX MTApaMeTPOB, PaBHBIX HYJIO, alipuopHasi MH(OpP-
Manus He YIUTHIBACTCS, U OLEHKN (QUIBTPAIIMOHHBIX
napameTpoB (3) coBMaaloT ¢ OLEHKaMU MeToa Hau-
ayuiero copmenienus (HC) [2]

a"(0) =argmin(®(a) =| P - P(a, q")

DG

AHanus To4HOCTM oLeHOK napameTpos KBJl meTopom
CTaTMCTUYECKOro MOAENMPOBaHUSA

AHaJIM3 TOYHOCTH OLEHOK (PMIIBTPALIMOHHBIX TIa-
paMeTpoB M IJIACTOBOTO AaBieHHUs (3) MPOBOAMICS ¢
MCIIOJIb30BAaHUEM CTOXaCTHYECKON MHTETPUPOBAHHOM
CHCTEMBI MOJIEJIE BUA:

P =P (a,q)-(1+¢8),

Pus = P(a,q(T))- (L+ca0), (6)

o =o,(l+cyv, ) k= 1,1,
rie P=(P(t),i=1,n), P(a.q)=(P(t,aq(t),i=1,n) —
UMUTUPYEMbIE 3HAYEHUSI M3MEPEHHBIX Ha CKBAXMHE
3200 HBIX TABACHMI U PAaCCUMTAHHBIX HA OCHOBE MO-

ngenu KB/I, yauTbiBaroleit mpoaoKaouuics IpUToK
KMIKOCTH B CKBaxXuHYy [1, 2]:

P (a,q(0) =P, (1) +

t
|l -gt-na) o
4ra, i T 4a, -t

+

)-dt, (7)

ot — TUIPOITPOBOIHOCTh HE(PTIHOTO TIACTA, y — €T0
MIbE30IIPOBOTHOCTD; (T,0)=q(f)exp(—ca;7) — nedut
MIPUTOKA XUIKOCTU B CKBAXUHY; q(%) — 1eOUT CKBAXU-
Hbl B MOMEHT €e¢ OCTaHOBKU (#); P(f) — HauajbHOe
3HaueHue 3a0oiiHoro nmasieHud; r.=0,1 M — pamuyc
ckBaxuHbl; P,=(P,j=1r), a=(0,ayay) k=1, —
UMUTHPYEMble 3HAUEHUS JOIOMHUTEILHBIX alpHop-
HBIX JaHHBIX U SKCIIEPTHBIX OLIEHOK ILIACTOBOTO JIaBJIe-
Hus u napameTpoB monenu KBJI; P(a,q(T)) — 3Haue-
HYE TUIACTOBOTO JABJICHUS, PACCYNTAHHOE HA OCHOBE
monenu KB/ (7); &n,v,,k=1,/ — BeKTOpbI CIyyaiiHbIX
BeJIMYMH, TIOMyYEeHHBIE C MCIIOIb30BAHUEM NATYMKA
TICEBIOCTYYAHBIX YUCEN, pachpeneNeHHbIe 110 HOp-
MaJIbHOMY 3aKOHY C HYJIEBBIMU CPELHUMH 3HAYEHUSIMU
U eIMHUYHOW HOUCHepcueit; c,i=1,3 — KOHCTaHTHI,
MPeCTABISIONIME OTHOCUTENbHBIN YPOBEHD OIIMOOK.

Jlns peleHUs] ONTUMU3ALMOHHON 3amaun (3) uc-
noJjib3oBaH MeToq [aycca-HeiotoHa [§]

a'=a+y, Aa,i=1,2,3,.., 8)
I1e npupaiieHue Ao~ BeKTopa (puasTpalMoOHHbIX Ha-

paMeTpoB ¢ Ha are i—1 onpenensercs U3 peleHus
CUCTEM JIMHENHBIX YPAaBHEHUIA

Ai*l .Aaifl — B i*l,

nn

I
A~ =(DID,+ D, WD, +> W, )",
k=1

_ i _
(D'e, + D Wen + Y Wy Ao)'™;

Bi*l:
k=1
Pag () . — . —
p =| B@a @) 1, i3
oo,

J

— MaTpula YaCcTHBIX MPOM3BOIHBIX OT (DYHKIMU 3a-
OoiiHoro naBneHus (7) Mo mapameTpam Q;

D = aP;(aaQ(T))’ ]:B

3
da,

157
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— BEKTOp YaCTHBIX MPOU3BOIHBIX OT MOIENH TIaCTO-
Boro nasiaeHust P(a,q(7)) mo mapameTpam o;

e, = (P (t)-P(a’,q(t)),i=1n)),
ew =(Pu—P(a’q(T)), j=1,r),

Aoy =ar—a’, k=11
— BEKTOPbI HEBSI30K MEXIy UMUTHPYeMBbIMU 3Haue-
HUAMH 3a001{HOTO JaBJIeHMsI, SKCIIEPTHBIMU OLIEHKA-
MU IIJJACTOBOTO JABJICHUS, SKCHEPTHHIMU OLEHKAMM
mapamerpoB Mozmenu KB/l m ux 3HaYeHMsAMH, IONIy-
YEeHHBIMM Ha OCHOBE MOJEJIei:

Wy, = diag(a(P, (a’,q(T) = Pu)/ B), j =17),
W, =diag(o(a) —o i)/ B,), j=1,3), k=1,

— IMaroHalbHBIE MATPUIBI BECOBBIX (DYHKIIMIA BUIA
w(u)=exp(—u?/2), ompeaensiomie 3HAYNMOCTb JI0-
MOJHUTEIbHBIX allpPUOPHBIX JAHHBIX M 3KCIEPTHBIX
OLIEHOK; o — HavallbHble MPUOIMXKEHUS TTapaMeTpoB
mozemu KBJI; ¥, — mapameTp mara B Metone laycca-
HbeiotoHa (y,=0).

Cremyet OTMETHUTb, YTO IPY 3HAYCHHUSX YIIPABISIO-
wux napamerpoB (=0 mpoueaypa oueHuUBaHUS (8)
COBIAACT C M3BECTHBIM aaropuTMoM laycca-Hploto-
Ha JUIsl pellieHUs] ONTUMU3ALMOHHO 3anaun (5) 8]

a'=a"+y A, i=1,2,3,...
(D:Dg)ifl 'AaFl — (Dzej )i*l‘ (9)
OueHKy ympapisiionux napamerpos B° (8) ompe-
JEJSIUCH MyTeM pellieHMs] ONTUMU3ALMOHHON 3a0a4u
(4) MeTomoM necopMUPOBAaHHOTO MHOTOTPaHHHUKA [8].
HauanbHble mpubmxeHus mapaMeTpoB @ B alTOPUT-

Me (8) pacCUMTHIBAIMCH IO PEryIIpU3UPOBAHHOMY
METOy Hauayyiero copmenieHus [10]

a =a'! +y’.AaH, i=12,3,..,
(DID,+h-I)"-Ad'' =(D"e )"

(10)

C TapaMeTPOM PETYISIPU3aLNHU /1, KOTOPBI BEIOMpPAICS
MyTeM pellieHUs] ONTUMU3AILMOHHOI 3a1a4nt

P —P (e’ (h.q)|

h' =arg mﬂin ‘

METOIOM IUX0ToMUM [§].

OtHocUTeIbHbIE OLIMOKU OLIEHOK T1ACTOBOTO Ja-
BJIEHUSI U (PUIBTPALIMOHHBIX TApaMETPOB IIACTa B 3a-
BUCHMOCTH OT JUTUTEIHFHOCTH NCCETOBAHUI CKBAXIM-
HHI ¢,=n, (n=1,2,3,...) onpenesuch mo ¢hopmyJiam:

511 (R:) = abs((PnTl _};,1 )/Bn )’
8, (a)=abs((a;(h',B)—a) o), j=12, (11)
e P, =P (a (h,B"),q (),
o, =a,(h,B"), j=12

— OLEHKM TutactoBoro napieHusi, (7=200 u), rugpo-
MIPOBOTHOCTH ¥ TIbe30IIPOBOTHOCTH TIIACTA.

B xauecTBe npuMepa B Tab:1. | mpuBeneHHI pe3yb-
TaThl pacyeTa OTHOCUTEIBHBIX OIIMOOK OLIEHOK IUIa-

158

CTOBOTO JaBjeHUS U (DUIBTPALIMOHHBIX MAapaMeTPOB
TIacTa B 3aBUCUMOCTH OT BUJIa UHTETPUPOBAHHOM MO-
nemu KBJI (6) v ypOBHS TIOTPEIITHOCTEM JOMOTHUTETb-
HBIX aIPUOPHBIX TAHHBIX U 9KCTIEPTHBIX OLICHOK.

Tabnmua 1. OTHoCUTeNbHble OLLMBKM OLIEHOK M1aCTOBOro fasrie-
HUS 1 OUITBTPALMOHHBIX MapaMeTpos rnnacra, %

Bu MHTErprpOBaHHOM Mofenn

1 2 3 4
{p} Pt o} {p Pt
OueHkm
YpoBeHb OWMOOK anpropHbIX AaHHbIX, %
- 6} G 0,65

2 5102 |5 (10]2]5]10
P, 11203253 |72|31]42(68| 142442
ap 83126(48(57(22(39|47]13|21|3.8
a, [98[44|56|74|46(43[69]16]|23(43

Hna ykazanust Buga mozaenu KBJI BBegeHsl 0003-
HaueHust: {p’} — ampuopHas MHMOPMALMSI OTCYTCTBY-
eT; {p',p .} — YUET JHOMOJHUTEIbHBIX allPUOPHBIX JaH-
HBIX M 3KCHEPTHBIX OLEHOK MJAaCTOBOTO JaBJIEHUS;
{p’,0} — yueT anpuOpPHBIX TAaHHBIX U SKCIIEPTHBIX OlLie-
HOK ¥ (UIbTPAIlMOHHBIX MapaMeTpPoOB IITACTa;
{p',p,,O} — Y4ET alpUOPHBIX JAaHHBIX U IKCIEPTHHIX
OLIEHOK TUIACTOBOTO JaBJE€HUS M (DUIBTPALIMOHHBIX
napaMeTpoB TLIacTa.

VYpoBeHb ommboK 3a00IHOTO JaBICHMS BRIOMPAI-
cs opsaka 1 %, 4To COOTBETCTBYET TOYHOCTU MaHO-
METPOB, MCIMOJIb3YEMbIX MPU TMAPOIUHAMUYECKUX UC-
cnegoBaHusX ckBaxuH [10]. st uMUTAIIMM 3a00HBIX
JaBIICHU ¢ OTHOCHTENLHBIM YpOBHeM oImmboK 1 %
napametp BblOMpasicst paBHbIM ¢,=0,01. JIng umwura-
LIMM BEKTOPOB JNOMOJHUTENbHBIX alpUOPHbIX CBeEje-
HUI ¥ 5KCMIEPTHBIX OLIEHOK O MJIACTOBOM JIaBIE€HUU U
(buNBTpallMOHHBIX MapaMeTpax Iiacta npu (r=[=3) ¢
OTHOCUTEJTEHBIM YPOBHEM oIOoK 2, 5 1 10 % mapa-
METPBHI ¢,,¢; BeIoupanuch paBHbiMu 0,02; 0,051 0,1, co-
OTBETCTBEHHO. JlaHHbI! YpOBeHb OIIMOOK COOTBET-
CTBYET JIOMYCTUMBbIM B TpaKTUKe HedTerazonodbrun
IpaHu1IaM YPOBHSI MOTPELTHOCTEN OLIEHOK TMAPOANHA-
MUYECKUX MapaMeTpoB HeTSHBIX maactoB [10].

3aboitHoe maBieHue (7) 1 OTHOCUTENIBHBIC OIIMO-
KM oueHok (11) paccuuThiBaIUCh AJISI CpEAHENeOUT-
HOM cKBaXuHHBI ¢(f,)=130 M’/cyt, MpK 3HAYEHUSX TH-
aponposogHoct —a, =80 MIla/cIl, nmbe3onpoBomHO-
ctn ,=2500 cM?/c, HayaabHOM 3a00MHOM HaBICHUU
P(t)=16,5 MIla [10. C. 59]. INapameTp a; B Momenn
ngeouta (7) pacCUUTHIBAJICS C YYETOM IIPOAOJLKUTEIIb-
HOCTH TTPUTOKA XXUIKOCTH B CKBaXUHY, paBHO# 3600 C.

B Tabn. 2 npuBeneHbl 3HAYEHUS OTHOCHUTEIbHBIX
OIIMOOK TIJIaCTOBOTO JAABIEHWS B 3aBUCUMOCTH OT
TIPONOJIKUTETEHOCTY MCCIeI0BaHuiA pu 5 % ypoBHe
OLIMOOK 3aJaHus JTOMOJHUTENbHBIX alPUOPHBIX CBe-
TICHUI.

B tabn. 3 mpuBeneHbl pe3yabTaThl pacyeTa JH-
TEJLHOCTH MCCIIEIOBAHMUS CKBAXUH (B Yacax), KotTopas
HeoOxonuMa Uil o0ecrevyeHusT 3a0aHHOM TOYHOCTH
OLIEHOK TMpY OLIMOKAX JOMOJHUTENIbHBIX allPUOPHBIX
TaHHBIX, SKCIIEPTHBIX OIIEHOK IIACTOBOTO JaBICHUS U
(bUNBTpalIMOHHBIX MapaMeTpoB miacta 2 u 10 %.
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Tabmmya 2. OTHoCHTeNbHas oLMOKa OLEHOK MIacToBoro Aasse-

Tabnuya 4. Mpombicrosbie faHHbie [ANC

Hus, % _

[ata | Bpems cytok|YpoBeHb, M|3abonHoe aasnequne, Mla
Mogenb Bpems nccnepgoBaHnn ckBaxmHbl £,=n1, 4 21.07.05 11,40 1515 11,09
KB 1121314567819 l10[n]|12 21.07.05 12,40 1294 13,33
vy |- |-[46]35]12]81(63]57[49]43]3.8]33 21.07.05 | 13,40 1208 14,29
rp. |41]32]16]7,4[53]4,8[4,4]41]3.8]3.4][3.1]27 21.07.05 14,40 129 15,12
(r.a) [39|28]14]6,5[4.2] 4.1(3.9(3.6(3.4[33(29(26 2.07.05 | 15,40 1074 15,68
whmat| 21]16(7,7]3.1]2,4]2.35[2,23[2,15[ 2,1]2,08] 2 | 1.6 22.07.05 8,15 936 18,91
22.07.05 13,00 848 17,99
22.07.05 18,40 8N 18,45
Tabnnya 3. Tf)e6yemaﬂ L/NTENIbHOCTb UCCIEA0BAHMS CKBAXMHbI 23.07.05 10,08 787 18,74
Y 23.07.05 14,15 769 18,91
YpoBeHb OLLIMOOK anpropHbIX AaHHbIX, % 23.07.05 18,09 761 19,03
’V'Ege“b §=0.02, /=13 e=0.1,/-13 24.0705| 9,26 742 19,22
A A P ™ A P @ 24.07.05 13,08 730 19,32
T N N N N T N N o e e X
{{’;pa}} Zg 32 Z; 55‘11 j; :g 2507.05| 13,02 716 19,55
— . . . : . : 25.07.05 18,13 710 19,73
Wpwat] 65 | 62 | 64 | 32 | 315 | 36 26.07.05| 10,04 700 19,85
Pacuer TpeOyemoii AIMTENBHOCTM UCClenoBaHMi | 26.07.05 14,34 690 19,94
TMIPOM3BOWICS C UCTIOb30BAHMEM YPaBHEHMUIA 26.0705] 18,05 681 20,03
27.07.05 9,30 680 20,02

5jn(aj )zgj,j:l,z, 6,(B,)=¢;,

e &, j=1,3 — 3aIaHHble 3HAYCHHSI OTHOCHTEIBHBIX
OLIMOOK THAPOIPOBOIHOCTHU, IThE30MPOBOIHOCTH W
riactoBoro aasiaeHus (11) 11s onpeneneHus Tpedye-
MO JJIUTETBHOCTY MCCIIEIOBAHMIA 7',

AHanu3 pe3y/bTaToB MOAEIMPOBAHUS MTOKA3bIBAET,
YTO YYET AOMOJHMUTENbHBIX allPUOPHBIX CBENCHUU U
JKCTIEPTHBIX O1IEHOK MO3BOJISIET YBEIUYUTD O0Jiee, yeM
B JIBa pa3a TOYHOCTh OLIEHOK IIJIACTOBOTO JaBJACHUS U
napametpoB KBJI npennaraemoro Metoma MHTETprUpPO-
BaHHbIX Mozeneit (MM) (3), (4) Mo cpaBHEHHUIO ¢ METO-
oM (HC) (5), B xoTopom anpuopHast “HGOpMaLus He
YUUTBHIBAETCH, U COKPATUTb BPEMS MCCIEA0BAHMIA.
3HAYUTENbHOE YBEIMYEHUE TOYHOCTH HaOMIIogaeTcs
MU HEMPOIOKUTENbHBIX MCCISA0BAHUSIX CKBAXUH
mopsaaxka 3...6 u (Taom. 2).

AHanu3 To4HoCTU oLeHoK napameTtpos KB
N0 NPOMBbICNOBbIM AaHHbIM

AHau3 TOYHOCTH OILIEHOK IIACTOBOTO IaBleHUs 1
(bubTpallMOHHBIX MapaMeTpoB (3) MPOBOAMIICS C UC-
MOJTb30BAaHUEM TTPOMBICTIOBBIX THAPOINHAMIYECKUX
uccaenoBaHuil CKBaXWHBI CaMOTIOPCKOTO MECTO-
poxaeHust TromeHCKO#M obnacTu. Pe3ynbTaThl rMapo-
JMHAMMYECKUX MCCJIEeNI0BAaHUIA, MPOBOAUMBIX B Teue-
HUe 6 CYT. METOIOM KPUBOM BOCCTAHOBJICHUS YPOBHS
(KBY), npusenensl B Tada. 4. B 1ab. 5 npuBeneHbl
TaHHBIE TI0 CKBAXUHE U IKCIIEPTHBIC OIEHKH (DHITBT-
PAIMOHHBIX TTAPAMETPOB U SHEPTETUYECKOTO COCTOS-
HUSI TI1acTa K MOMEHTY UCCeI0BAaHMsI CKBAXKMHBI.

Ha puc.1 npencrasneHsl ucxonHsie (Tabi. 4) u Boc-
craHopleHHbIe 3HaueHus KBJI, mojydyeHHBIe ¢ ucC-
oJb30BaHueM Mojenu (7) u anroputMa (8) mpu miu-
TeNLHOCTHU McciaegoBanus 143 4. Ha puc. 2 u B Ta61. 6
MPUBEAEHBI 3HAYEHUS] OTHOCUTEJbHBIX OIIMOOK Mapa-
metpoB KBJI (11) B 3aBUCMMOCTH OT UTUTEIBHOCTH
cusatugd KBY u Buna uHTerpupoBaHHON MOJETTH.

Tabnuuya 5. [JononHuTeNbHble AaHHbIE Y SKCREPTHbIE OLEHKM -
APOANHAMNYECKMX MapameTpoB

lMepeyeHb cBeaeHU 3HavyeHus
Paanyc ckBaXwuHbl, M 0,108
[nactoBoe gasneHve, Mlla 19,0
20,7
21,5
MmaponposofHoCTb, ficm/cll 65
70
85
Mbe30MpoBOAHOCTb, CM?/C 1,5
2,0
4,0
[ebuT xunpkoctn , M*/cyT. 144
3abonHoe naenexve, MMa 10,6
< 20 o2 060 é
= o o3
% 18
% —o0—1
= 16
E —_—2
o 14
]
2
g 12
O
3
10 T T T T T
1 25 49 73 97 121
JIMMTenbHOCTh MCCIeIOBAaHMIMA, U
Puc. 1. 3HaveHus 3ab0ViHOrO [aBReHUS CKBaXuHbl: 1) mncxom-

Hble U 2) BoccTaHoBeHHbIe o mogenv KB/ (7)

OTHOCUTENbHbBIE OLIMOKU OLEHOK ILIACTOBOTO Ja-
Binenus 1 nmapamerpos KBJI, mpuBegeHHble B Tab1. 6,
PaCCUMTHIBAIUCH MPHU 3HAYEHHUSIX TJIACTOBOTO NaBlie-
HUA P,=20,3 MIla, ruaponpoBOJHOCTH —
o, =75 MIla/cll, nbe3onpoBogHOCT — =3 cM?/c,
MOJTyYeHHBbIE MO aITOPUTMY (8) MPU AIUTETbHOCTH HC-
cnenoBaHui 154 y.
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Puc. 2. OTHOCUTENIbHbIE OLLMOKY OLEHOK MIaCTOBOrO AABIEHMA:
1) meton HC, 2) meton VM ¢ y4eTom mHpopmaLm o
M1aCTOBOM aBfieH 1 3) MHgopmaLm o naactoBom
AaBneHnu, raponpoBOAHOCTY 1 Mbe30NPOBOAHOCTH

Tabnuua 6. OTHocuTeNbHas OLLMbKa OLEHOK MIacToBoro fassne-
HWS, MAPOMPOBOAHOCTV U MbE30MPOBOJHOCTU, %

(]
% _ ,D,J'IVITeﬂbHOCTb I/ICCJ'IeJJ,OBaHl/lVI CKBa>XWHbI, 4
F D0
§§ Mogenb
Sz KBA
ge 11213141[5]|21(26(32|47|70|95| 119 |143
g
{py |- |-(37]34(32|38]|15]12|10| 6 |3.2| 1,3 |06
pu 1231181513 11(63[4,2] 3|21[21[1,4] 11]0,5

{p,a} [24|19]17(14]10|7,5|58|4,4(2,8{23(1,7(/0,8 0,4

ot 15]12]9|7|6(37][21]15[11]0,9(0,7/ 06|03

{r} |- |16 [14[12]|15|7,4{51(3,9|3,1(15/0,7|0,2

PP |14 (83| 6|47(48(29(2,3(16]12]0,8| 0,3 ]0,12
{p,a} (1512197 5 |4,3|4,5|3.1|2,5(17]13]0,9/ 0,4 [0,14

wpwmat|6|51(42(3,7)3(1.8]12]0,8[0,6/0,2(0,1/0,09/0,06

{p} |- |21(18|16|17[9(7]5|28|16(/08(0,6
P, (1086|454 |36(24[1.8[15(13]11]09]05

{pay (1|97 |57]5|41)27] 2 (1,8{15[13| 11|06

HbE3OHpOBO,U,HOCTb anponpoeonHocrb [nactoBoe gaBnexHne

PPt 9654 4|28[16[14]11(0,8|06/04|02]0,

CreyeT OTMETUTb, YTO HCIIOJb30BaHUE YKa3aH-
HBbIX Bbille mapameTpoB KB/l B kauecTBe TOUHBIX, MTPU-
TOIHBIX U CPaBHEHWS 3HAYCHMH, TTOATBEPXKIACTCS
pacyeTamu, IpUBEIEHHBIMH B Ta0J1. 6 ¥ Ha puc. 2, 3, a
HUMEHHO, TIPY MPOAOKUTEIbHBIX MCCIEHOBAHUSIX 00-
Jee 120 4y oTHOCUTEIbHBIE OIIMOKHU OLIEHOK, MOMyYeH-
Hbix Metonamu (HC) (5) u (UM) (8), Mastbl 1 mpakTu-
Yyecku COBManaoT. PesynbraTel, MpenacTaBieHHbIE Ha
puc. 1, Takxe MOATBEPKIAIOT XOPOIllee COTTacOBaHME
ucxonHsix faHHbIX KBJI, mpuBeneHHBIX B Ta0I. 1, ¢ uX
BOCCTaHOBJICHHBIMU 3HAYEHUSIMU.
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JUTMTEeNbHOCTD UCCIIeIOBAHUH, U

Puc. 3. OueHku nnactosoro pasnenms: 1) metoq HC, 2) meton
VIM ¢ y4eTom mHGopmaLmm o nnactoBoM AaBieHuu, -
ZAPOnpPOBOAHOCTY M MbE30MPOBOAHOCTU

AHaM3 pe3yIbTaToB, MPUBEICHHBIX B TA0M. 6, IMO-
Ka3bIBAET, YTO YYET NOIOJTHUTEIbHBIX AIPMOPHBIX CBE-
JICHMIA ¥ 3KCIEPTHBIX OLIEHOK IO3BOJISIET 3HAUUTEIb-
HO, B JIBa pa3a u 0oJjiee, YBEINYUTh TOYHOCTh OLIEHOK
J1acTOBOTO JaBieHus U napamerpoB KBJI mpeasara-
emoro metoza (8) mo cpaBHeHuto ¢ MerogoM HC (9),
COKpaTUTh BpeMs uccienoBaHuit. Hanpumep, mis mo-
JIy4eHUS OLIEHOK TJIACTOBOTO aBJIE€HUS C OTHOCUTE/b-
HoIi o1MOKo# ropsiika 1 % NnTenbHOCTb UCCIenoBa-
Huit coctaBnsieT 50 ¥ (Tabi. 6). JMTeNbHOCTD MCCTe-
JIOBaHUI 111 MOAenu {p’}, HE yYUTHIBAIOILIEH TOMOJ-
HUTEJIbHBIC allPMOPHLIE JaHHbIe, cocTaBsaeT 120 u.

BobiBoab!

IMpenioxXeHHbI METOI MHTETPUPOBAHHBIX MOJE-
neit (3), (4) nnst upentudukanuu [JMC Ha HeycTaHO-
BUBIINXCS peXUMaxX (PUIIBTPALIK M aITOPUTMBI OLICH-
ku apametpoB KBJI (8) mozBossior:

1. YuuTbIBaTh NOMONHUTEIbHBIE AIPHMOPHBIE JaHHbBIE
U 3KCIIEPTHbBIE OLIEHKH THIPOIMHAMMYCCKIX Mapa-
METpOB (IUIACTOBOE JaBJIeHME, TUAPOIIPOBOIHOCTD,
MbE30MPOBOIHOCTD U T. 1I.).

2. TlomyJaTh OLEHKM THAPOAMHAMUIECKHX Iapame-
TPOB B YCJIOBUSIX alIPHOPHOM HEOTIPEIEIEHHOCTH O
CTaTUCTUYECKUX XapaKTEPUCTHKAX OIIMOOK J0-
MOJIHUTENBHBIX AIPUOPHBIX JAHHBIX U 9KCTIEPTHBIX
OLICHOK.

3. 3HauyMTenabHO, B IBa pasa M 0ojiee, IOBLICUTH TOY-
HOCTb OLIEHOK IIapaMeTpPOB ¥ COKPATUThb MPOIOJ-
KUTETBHOCTh MCCIEA0BAHUI CKBAXUH 110 CPaBHe-
HUIO ¢ TpaguliMoHHbIM MeTogoM HC (5), uTo mo-
3BOJIMT YMEHBILIUTH 3aTpaThl Ha MPOBEAEHUE MC-
CNIeJIOBaHUI U yBEMYUTD TOOBIYY HE(DTH.

3. Ceprees B.JI. MHTerpupoBaHHbe cUCTEMbl MACHTU(DUKALUK, —
Tomck: U3n-o HTJI, 2004. — 240 c.

4, CepreesI1.B., Ceprees B.JI. UnTerpupoBaHHble CHCTEMBI HACHTH-
(bVKAIMK THIPONMHAMITIECKUX MCCIIENOBAHUM CKBAXWH C YIETOM
anpropHoit uHbopmauyy // CoBpeMeHHbIe THAPOTMHAMUYECKIE
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APXUTEKTYPA U OBLLUAS TEXHONOMNS ®YHKLIMOHWUPOBAHWNSA TEPPUTOPUANBHO
PACMNPEJENEHHBIX AMMAPATHO-MPOrPAMMHbIX KOMMJIEKCOB
C NAKETHOW MEPEAAYEN JAHHbIX

M.A. ConbkuH, E.E. CnagHunkos

Tomckui HayyHbIn LenTp CO PAH
TOMCKMI NOANTEXHUYECKUIA YHUBEPCUTET
E-mail: opi@hg.tsc.ru

ChopMynvpoBaHbl MPUHLMIEI MOCTPOEHUS, MPEATOXEHb! apXMTEKTYPa 1 0BLLas TEXHONMOMS (YHKLUMOHUPOBAHMS UHTEMPUPOBAHHBIX
MHPOPMALIMOHHO - TENEKOMMYHUKALMOHHbIX CUCTEM C MaKETHON nepeaadest HGopMaUmm no pasfniHeIM KaHanam CBA3V A8 TPYAHO-
L[OCTYNHbIX 06beKTOB. Matepuan paccMOTpeH B MPUAOXEHUN K CPEACTBaM [JOBEAEHNS AaHHbIX OT MAaT¢opm coopa [aHHbIX beperoBo-
ro v MOpCKOro 6asmpoBanms 0 LIEHTPOB euHOM CUCTEMbI 06PabOTKM METEOUHGOPMALMN.

1. BBegeHue

C pasButueM MH(POPMALMOHHBIX TEXHOJOTHH B
007acT LIM(BPOBBIX METOJOB Mepefaul JaHHBIX T10-
SIBUJIaCh BO3MOXHOCTb CO3[aHUSI MH(MOPMALIMOHHBIX
TEPPUTOPUATTLHBIX CHUCTEM, O0ECTIEUMBAIOIINX BbICO-
KY10 3 (eKTUBHOCTD, OIIEPaTUBHOCTh, HAAEKHOCTb U
JIOCTOBEPHOCTh Tepefayu AaHHBIX ISl TPYAHOAOCTY-
MHBIX 00beKTOB [1, 2]. TIpMMeHMUTENbHO K TeXHUYE-
CKOH cpefie ¥ CYLIECTBYIOLIEH TeXHOJOrMU cOopa, Te-
penauu ¥ o0pabOTKM TMAPOMETEOMH(OPMALIUU, MC-
MOJIb3YEMbIX B HACTOSIILIEE BPEMSI B TUIPOMETEOCTYX-
0ax Poccum u 3apybexns, Haubosee lieaecoodpas-
HBIM, 110 HallleMy MHEHUIO0, SIBJISIETCS TOXOJ, Pe/To-
Jlaralolmuii «MMIUIaHTalMIo» WU «BCTpauBaHUE» Ta-
KETHBIX PEXUMOB 00OMEHA JaHHBIMM 110 paguoKaHaIy
U CITYTHUKOBBIM CHCTEMaM CBSI3U B IEHCTBYIOIIME Te-
JIEKOMMYHUKAIIMOHHbIE  TEXHOJOTMM  TMIpOME-
Teocayx0 [3, 4]. Takoil moaxon ¢ y4eTOM IIMPOKOIO
PacrpoCTpaHEHUSI PaJUOCPENCTB B KAYECTBE OCHOB-
HBIX KaHAJIOB CBSI3U TPU Tepeaayt JaHHBIX OT TPYIHO-
noctynHbix MeteoctaHuuit (T C) B KycToBbIe MK pe-
rMOHaNbHbIe 1EeHTpbl cbopa maHHbIX (IICH) Tpebyer
CO3/IaHMSI TEXHOJIOTUI KOMILIEKCHOTO UCTIONb30BaHUS
Pa3IMYHBIX KaHAIOB CBS3M MYTEM WMHTErpalMu COOT-
BETCTBYIOIIMX alNapaTHbIX U MPOTPAMMHBIX CPEJICTB.

st peanuzaliMy TEXHOJOTMU KOMILIEKCHOTO HC-
MOJIb30BAaHMsl pajyoKaHala B COYETAaHUM C APYTUMU
KaHaJlaMM CBSI31 Pa3pad0oTaHO CeMEICTBO YHU(DUIIMPO-
BaHHBIX alapaTHO-IIPOrPaMMHBIX TEPMMHAIIOB |3, 4],
00ecneyrBaoIIMX HAlEXHYI0 NTOKYMEHTHPOBAHHYIO
CBSI3b 10 MTPOBOAHBIM, CITYTHUKOBBIM 1 PaAOKaHAIaM.

CrnocoGHOCTb BCTPaUBATHCS B IEHCTBYIONIYIO TEXHOJIO-
M0 MHGOPMALMOHHOTO 00MEHa, UCIIOIb3YEMYIO B TH-
JIpOMETeocTyx0e, 00ecIeunBaeT CKBO3HYIO TEXHOJIO-
TUI0 IOCTaBKY THApoMeTeonH(popMmatuu. Mcnomnbaye-
Mble MMKPOIPOLECCOPHbIE TepMUHAbI UMEIOT BO3-
MOXHOCTb CTBIKOBKM CO CTaHAApPTHOM ammapaTypow,
MPUMEHSIOLIECS IS aBTOMATUIECKOM perncTpalun
MeTeoJaHHbIX. Takue ammapaTtHO-IIpOrpaMMHBIE Tep-
MUHAaJIbl CTaIX 6a30BbIM KOMITOHEHTOM [UISI CO3IaHMUS
ABTOMAaTH3MPOBAHHBIX pabourx Mect onepaTtopa TJIC.

Ilenbto HacTosimIel paboTHI sIBJsIETCS: (hOpMUpPOBa-
HUE TIPEIUIOXEHUI 110 apXUTEKType M CKBO3HOM TeX-
HOJIOTUY (DYHKLIMOHMPOBAHUS MHTETPUPOBAHHBIX MH-
(hopMalIMOHHO-TEIEKOMMYHUKAUOHHBIX CUCTEM C Ta-
KeTHOIi mepegaueil MHGOPMALIMKU 110 Pa3TMYHbIM Ka-
HajaM CBS3M JUIS IOBEAEHUS] JaHHBIX OT ILIaThopM
coopa mannbix (IICJI) 6eperoBoro m Mopckoro 6a3u-
POBaHMS 10 IIEHTPOB eIMHOMN CHCTEMBI 00pabOTKY Me-
TeonHGbOopMaLuu.

ITo oueHkaM 3KcnepToB U cnenuanuctoB «BHUA
TUIPOMETEOPOJIOTMYECKOl MHGMOPMAlIMU — MUPOBOI
LEHTp JaHHBIX» PocruapoMera — IMOJHBIX aHAJIOIOB
JaHHo# npoxykuuu B Poccun u crpanax CHI Hert, a
3apy0eKHbIe KOMIUIEKCHBIE PELIEHNUST HEMTPUEMIIEMBI B
JaHHOM oTpacau [5]. Yalie Bcero B cocTaB COBpeMEH-
HOTO aBTOMATMUYECKOTO MH(MOPMALKOHHO-U3MEPH-
teabHOTrO KoMIutekca (MUK), ocymecTisiomniero mn3-
MEpeHMe IIapaMeTPOB OKPYXKAIOIIEH Cpeabl, BXOAUT
KOHTpoJLIep Ha 6a3e MuUKponpoleccopa. Pazpadboryuu-
K1 uHTeIekTyanbHeix MUK, Kak npaBuiio, ogHOBpe-
MEHHO pPEIIaloT 3a1avy nepeaayy JTaHHbIX 110 JUHUSIM
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