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OreyecTBeHHbIE CTaHAapThl 110 IIPOBENEHUIO0 naﬁopaTopHux I/ICCJ'Ie}:[OBaHI/Iﬁ Ha 06pa3uax KepHa nopong He(I)TﬂHLIX U ra3oBbIX
IUIaCTOB NpeJlyCMaTPUBAIOT OYUCTKY OT YIJIEBOAOPOJOB C MOMOLIbI0 3KCTPAKLMHU. OUKMCTKA MOArOTaB/JIMBaeT 06paslbl KepHa K
OCHOBHBIM BHOaM I/ICCJIe}Z[OBaHI/If/'I. HPI/I OTOM NPUMEHAETCA PpAA Pa3JINYHbIX paCTBOpI/ITeHef[ " crnenuayibHble 3KCTPaKIMOHHO-
AUCTUJUIALMOHHBIE arraparhl. 06pa3um KepHa, [IOMEIIeHHbIE B annaparsl, IPOXOAAT LUKJIbI OYVCTKU B T€Y€HUE NJIUTEJIbHOIO
BpPeMeHH C BHICOKOTEMIIEpaTypHbIM Bo3jelicTBHeM. OJHAKO JKCTPaKUMsA MNPUBOAUT K MCKAXEeHHBIM MpeJCTaBIeHUsAM 00
ecTecTBEHHOI CMaylBaeMOCTU OBEPXHOCTH MOPOAbI, KOTOpas MoJBepraeTcs N3MeHeHUI0 1, KaK IPaBujo, THAPOGUIU3UPYeTCs.
B cBaA3u ¢ aTUM IIpeaCTaBJIAKT Haqumﬁ u l'[paKTP[‘{eCKl/[ﬁ HUHTEpeC OLEHKH CMavyrBaeMOCTH IIOPOAbl Ha pa3/IMYHBIX 3Tanax
MOATOTOBKM 00pasLoB — JO M II0CJIe NpoLefyphl 3KCTpakuuu. Llesb MccaefoBaHMil — aHAIU3 BeJIMYMHBI CMAaYMBAEMOCTH
0o6pa3loB KepHa A0 OKCTPAKIMH OT YIJIeBOJOPOJOB C NPHMEHEHHeM CTAaTHCTUYeCKMX MeTOJOB HCCiIefioBaHuMil. B pabore
IIPOBOAUTCA aHaIN3 BJIUAHNA Ha HU3MEHEHHE CMaYrBaeMOCTU KOBq)(I)I/IIII/[EHTa IIOPUCTOCTU W TIPOHULAEMOCTH. PeByHLTaTbI
PICCﬂeJ:[OBaHI/Iﬁ IoKasajii, 4TO C IOMOLIBI0O IMPOBEAEHHOI'O0 KOMILJIEKCa naﬁopaTopme l/ICCJ‘[C}Z[OBaHI/Iﬁ C HCIOJIb30BAHUEM
Pa3JIMYHbIX CTAaTUCTUYECKUX METOHNOB YyAaJIoCh CO34aTh MaTeMaTHh4eCcKue MOoJAesiM MPOorHosa 3HAYeHUI MoKa3aTessa
CMaYyMBaeMOCTH IO HedTU A0 OSKCTPAKIUU HA OCHOBe (IUIbTPAIIOHHO-eMKOCTHBIX CBOMCTB 00pasIioB KepHa. B pabote
TNpUBEAEHBI ITPHUMEPHI aHa/l3a KOPpeJIALVOHHBIX noJieit Pa3JINYHBIX IMapaMeTpOB N0 W IIOCJI€ 3KCTPaKIUH. Hpone;:[eHthf[ B
pab6oTe MHOrOMEpHbIi CTaTUCTUYECKUI aHAJIN3 MO3BOJIMJI YCTAHOBUTD, YTO IIPOrHO3MPOBaHUE 3HAYEHUI CMAaYMBaeMOCTH 110cJie
9KCTpaKLuu HauboJjiee Ieecoo00pasHoO BHINOJHATh JuddepeHIPOBAaHHO 0 MeToJaM CMa4ylBaeMOCTH H IO H3ydYaeMbIM
mwiactaM. ITosyyeHHble B paGoTe MHOrOMepHble MOAEIM B JaJbHEHIIeM MOXXHO HCIIOJIb30BaTh JJIA NPOTHO3a HM3MEHeHUs
CMeNIMBaeMOCTH /Il HEKOTOPBIX 06beKTOB B THMaHO-IIedopcKoii IPOBUHIMM.

Domestic standards for conducting laboratory studies on core samples of oil and gas formations provide for purification
from hydrocarbons using extraction. Purification prepares core samples for the main types of research. A number of
different solvents and special extraction and distillation apparatus are used. Core samples placed in the apparatus
undergo purification cycles for a long time with high-temperature exposure. However, extraction leads to distorted ideas
about the natural wettability of the rock surface, which is subject to change and, as a rule, hydrophilizes. In this regard,
it is of scientific and practical interest to assess the wettability of the rock at various stages of sample preparation —
before and after the extraction procedure. The purpose of the research is to analyze the wettability of core samples
before extraction from hydrocarbons using statistical research methods. The work analyzes the effect of the porosity and
permeability coefficient on the change in wettability. The results of the research showed that with the help of the
conducted complex of laboratory studies using various statistical methods it was possible to create mathematical models
for predicting the values of the wettability index for oil before extraction based on the filtration and capacity properties
of core samples. The paper provides examples of the correlation fields analysis of various parameters before and after
extraction. The multivariate statistical analysis conducted in the work made it possible to establish that it is most
expedient to predict the wettability values after extraction differentially by wettability methods and by the studied
formations. The multivariate models obtained in the work can be further used to predict changes in miscibility for some
objects in the Timan-Pechora province.
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HEAQPOMOJIb3OBAHUE

BBeneHune

CMaunBaeMOCTb IOPOA-KOJUIEKTOpoB HedTH U rasa
ABJISIETCS OOHOM 13 OCHOBHBIX XapaKTePUCTHK, BJIMAIOMNX Ha
pacnpefiesieHrie U GQUIbBTpalLMI0 IUIACTOBBIX (IIIOMAOB B
IMyCTOTHOM MPOCTPAHCTBE [1-6]. CMaunBaeMoCThb
MPOABJIAETCA B YAaCTUYHOM WM ITIOJIHOM PpacTeKaHUU
KUOKOCTM IO TBepAONM MoBepxXHOCTU. J[j1A 06beKToB
pa3paboTku TakuMud (aszaMd MOTYT SABJIATBCA HePTh,
IUIacTOBas BOJAa Y Tra3. B cBA3M C 3TUM onpejesieHUe
CMauMBaeMOCTU fABJIAETCA BaXXHOM 3a4adell Kak IIpU
IoJIcyeTe 3amacoB YIJIEBOJIOPOJIOB, TaKk U Ipu pa3paboTke
He(TerasoBbIx MeCTOpOXJeHUil. B jrabopaTOpHOI IMpaKTHKe
[IPUMEHAITCA PpazJiyHble MeTO[IbI orpeJiesieHrA
CMauMBaeMOCTH: MeTOJ] KpaeBoro yrja, MeToJ AMOTTa
(AmortT — Xapsu) [7, 8], meroguka I'opHoro 6iopo (USBM)
[9-11], xombuHupoBaHHb Meron Amorta — USBM[12,13],
Mmeronq Tyme6oBuua (OCT 39-180-85) [14]. IlmacTel-
KOJUJIEKTOpEl 00JIafjaloT CMelIaHHOM CMauynBaeMOCThbI0, TakK
KakK IOBEpPXHOCTh ITyCTOTHOTO IIPOCTPAHCTBA OJHOBPeMEHHO
XapakTepusyeTcsi TMAPOPWIBHBIMU UM THAPOMOOHBIMU
CBOICTBaMH, ITOTOMY YTO OTJeJIbHble MIHepaJibl, BXOJAIINE B
COCTaB IOPOJI-KOJUIEKTOPOB, O0JIANAIOT PA3IMYHBIM THUIIOM
CMauMBaeMoOCTH. B wucciefgoBaHMM € 3TOM TOYKH 3peHHs
MU3y4YalTCs TPU TeOJIOTMYECKUX OObeKTa: OTJIOXKEHHA
33[IOHCKOTO TOPH30HTa HIDKHe(haMEHCKOro IoAbsApyca
BEpPXHEro oTjesia JAeBoHCKoil cuicteMmbl (D3zd), oTyiokeHus
acceJIbCKO-CAaKMapCKOro spyca HIDKHEro OTAeJia MepMCKON
cucreMsl (Pla+s) 1 OTJIOXKEHUSA apTUHCKOTO sApyca HIDKHETO
oraesia mepMckon cuctembl (Pla). W3ywarorcss mo JaHHBIM
KEPHOB BBHIILIENIPUBE/IEHHBIX OTJIOXKEHUI CMAauluBaeMOCTH I10
Heptu (Cm-H), mo OCT (Cm-O) u Ammora (Cm-A) 1o
npoBefieHnss akcrpakuuu (9) u mnocie Hee (I13). A
aHa/m3a ObUIM IpUBJIEYEHBl JaHHbIE MO KoadduireHTaMm
nopucrocty — K, v npoHuifaeMoctu — K.

Kak mpaBuio, wuccieioBaHus IO OIpeJiesIeHUI0
CMauMBaeMOCTH TIpPOBOJATCA Ha obpaslax KepHa,
MpeJBapuUTeIbHO OYMUIIEHHBIX OT YTJIeBOJOPOJAOB, C
KCIIOJIb30BAaHMEM pPa3/IMYHBIX PACTBOPUTEJIEH, TaKUX Kak
xj0podopM, cnupTroOeH30JIbHAsA CMeCh, TOJIyOJ W Ap.
[IoBepXHOCTh OUMUIEHHBIX TaKuM oOpa3oM 06pasroB
MPUBOAUT K M3MEHEeHHI0 cCMaunBaeMOCTH KepHa [15-17].
B pesyJsibTate 3TOro nosiyyeHHble JaHHbIe O XapaKTePUCTUKe
CMayMBaeMOCTH 3HAYUTEJIbHO U3MEHATCA. J{Jid IPOBEPKHU
M3MEeHeHNA CMaYrBaeMOCTH B IIpoliecce MOATOTOBKY 00pasLioB

KepHa K WCCJIeJoBaHUAM MPOBOAAT 3aMephl OaHHOI
BeJIMYMHBL 10 U MOCJle Tpoledyphl skcTpaknuu [18-20].
B cBA3M c O3TUM aKTyaJbHBIM CTAQHOBUTCA BOIPOC O
MPOTHO3e TMOKa3aTeJisi CMaynMBaeMOCTH 6e3 MpoBeaeHUs
JOTIOJIHUTEJIBHBIX ucciiefoBaHuii. [ia 3Toil nenu Obuia
pa3paboTaHa MeTOouKa MPOTHO3a rmokasaTeJis
CMaYMBaeMOCTH IOCJIe IPOBeAEeHUs IKCTPAKIUL
TeopeTuyeckre BO3MOXHOCTH KICTIOJIb30BaHUS
CTAaTUCTUYECKUX METOJOB [JJisi pelleHUs TeoJIoro-
IIPOMBICJIOBBIX 3a/lau IpuBelieHBl B paborax [21, 22].
MeTobl WCIOJIB30BAaHUS PA3JIMYHBIX  CTATUCTUYECKUX
METONOB M NpUMephl WX IpPUMeHeHUs MOJA pelleHus
aHaJIOTMYHBIX 3a/1a4 MprBedeHsl B paborax [23-45].

AHanus3 6a3bl gaHHbIX

JI1A ycTaHOBJIEHUs TOTO, YTO B NPOLiECCE DKCTPAKLUU
MPOMCXOAAT HW3MEHEHHs CMayuBaeMOCTH IIOpOJ IO
aHaJIM3UPyeMbIM JAHHBIM, BBIIIOJIHUM CPaBHEHHE CPeIHUX
3Ha4eHMH cMadyuMBaeMOCTel [0 3TUM MeToAaM A0 U Iocje
OKCTpAaKLUM C HCHOJIb30BaHUEM Kputepus CTbIOAeHTa t
(Tabmuia).

Orcioga BUAHO, YTO cpefHue 3HaueHuA CM-H o u
IocJle SKCTPAKIUM ABJIAIOTCA CTAaTHCTUYeCKU PasjInYHbIMU,
Ipyu 3TOM cpeaHue 3HadeHus CM-H mocie mpoBeaeHus
SKCTPaKLMM MeHblIlle, YeM 0 SKCTPaKLUH.

Juma Cm-O cpegHue 3HaueHHs I[IOCJe OSKCTPaKUuU
BHIIIIE, YeM A0 Hee. [Ipy 5TOM OTMeTHM, YTO MJIA IJIACTa
Pla cpemnue 3HaYeHHs CMadvMBaeMOCTH JO M TOCJe
9KCTPAKLMM CTAaTUCTUYECKU He Pa3JINYa0TCs.

Jua CM-A cpefHue 3Ha4eHHUA [10CJIe SKCTPAKIUU TaKxe
BBIIIIE, YeM [0 Hee, U ABJIAITCA CTaTUCTAYECKU 3HAUYMMBIMU.
[Ipy 3TOM OTMeTHM, UYTO CHU3Y-BBEepX IO paspesy
HabionaeTca OoJjlee CUJIBHOE pasjuuyvde B CpeJHUX
3HaQYeHMAX [0 U II0CJie CMauuBaeMOCTH.

Just ouenkn BiusHus K, v K, Ay pacCMOTPEHHbIX
BapUaHTOB CMA4YMBaeMOCTH IO IIJIacTaM ObLIA MOCTPOEHBI
KODPEJIALMOHHbIE TIOJIA MEXAy OTUMU 3HauYeHUsIMU U
BeJlMYMHaMu cMmauuBaeMmoctu 1D wu IID. IIpumepn
Takux moned mo CM-H Ao u mocie 3KCTpakuuM U
koadduunentamu K, K, nprBeieHs Ha puc. 1, a, 0.

Ananu3 NoCcTpoeHHHIX N0JIell KOppeJIAuN 0Ka3bIBaeT,
4TO A0 NpOBeAeHHUsA dKCTpaknuu 3HadveHusa Cm-HJ
MIpaKTU4YeCKU He KOHTPOJIUPYIOTCcA 3HadveHUsAMHU K. Ilocie
NpOBeJIeHNA JKCTpaknuu HaOJI0AaeTrcs, YTO BeJIMYMHAa

Cpe,E[HI/Ie 3HAYEHUs [TOKa3aTesiel CMaylBaeMOCTU

Cpeanue 3HaueHus 13
[Tnacte

CpepnHue 3HaueHus [10

3HaueHue t — BEPXHsAA CTPOKa,

Cm-HI

CMm-HIT 3HaveHHe KPUTEPUsA P — HIDKHAA CTPOKA

D3zd 0,381 = 0,201, n = 52

0,234 = 0,158, n = 52

4,125848
0,000076

Pla+s 0,328 + 0,161,n = 38

0,160 *+ 0,132, n = 38

4,991228
0,000004

Pla 0,392 *+ 0,185,n = 10

0,230 = 0,112,n = 10

2,360851
0,029715

[Inacte Cm-0Q

Cm-OI1

D3zd 0,263 = 0,162, n = 52

0,407 *= 0,209, n = 52

-3,91049
0,000166

Pla+s 0,279 *= 0,190, n = 38

0,438 = 0,192,n = 38

-3,63070
0,000518

Pla 0,250 *+ 0,250, n = 10

0,434 = 0,293,n = 10

-1,51017
0,148355

[TnacTte

CMm-ALl

CMm-ATT

D3zd -0,139 * 0,257, n = 52

0,176 = 0,227, n = 52

—6,61459
0,0000001

Pla+s -0,020 = 0,248, n

38 0,258 *+ 0,243,n = 38

—4,93620
0,000005

Plar -0,139 = 0,356, n

10 0,261 = 0,345,n = 10

-2,55131
0,0200045

PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING



08 08
oo o
oo o
07 °% ° 07
o
°68 o
0,6 o © q ° 0,6
° Bo o & 1
0,5 o ° o o 0,5 o °
8¢ 8° ° % ° o
04 °58 op ° 04 o °
o 0% apo o o = ° b o
: ® o T o o
3 0.3 @ B Lo u°o° ° s 03 2 o °
" G}OCP %0 o o °
T SO 2o o
02 DD@BS"D@%W oo 02 o9 o o °
O Toofp ° °8 8 o o
3 o
0.1 ® oads? o8 &, 0.1 co 0 s o
o
ogD mgn © DDDWD 50 ] o o @: 000 ¢%0 o
0,0 o ° o o @ 0,0 ¢ 0 o ° o
o D3zd
0.1 © [lo skcTpakuum o1 o Pla
2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 paKy 02 0.1 0.0 0.1 02 0.3 04 & Plats
o MNocne BKCTpakuumn
Knop,% Cm-HMv
a a
08 1,2
2 o
®
07 ® 5
&, 1,0 o
0,6 & o o8 o
% o © 0.8 ° o o
05 g ° ' ° o ”
B m o o o
° o
0.4 & 8 0.6 o0 0290 o o
T g c %o 0 %0
Z B o o oI o o . 0o,%0 O
5 o o 06 ©
S 03 oo a g o 93 go oo
0o o o o °° %0 3 °
o )
0,2 oo o ° g %o ° °
o o 0.2 o °§ 3 o . 00" o
0,1 o o o 0P ° .
&F o o
; o °
0,0 B mo 00
o D3zd
0,1 0,2
° g o Pla
-50 0 50 100 150 200 250 300 © Ao okcTPakumm 00 01 02 03 04 05 06 07 08
o [ocne akcTpakuyum o P1ats
Knp,mkm2 Cm-0n“

Puc. 1. ITona koppessanun: a — Mexay K, u Cm-HJ, Cm-HIT;
6 — mexay K, u Cm-HJI, Cm-HIT

CM-HII mo craTucTUveckd 3HAYUMOW KOPPeALMOHHON
cBA3u yMmeHbmaetrcsa. OTcioa BUAHO, YTO AaHHBIE IOJIA
XapaKTepU3yITCA He TOJIbKO Pa3jIMYHbBIMU CHUJIaMU CBSA3U
vexay K, u Cm-HJl, CMm-HII, HO ¥ 3HaYUTESIbHBIM
cmemfenueM BeanunH Cm-HJI u Cm-HII oTtHOcuTesbHO
ApyT Apyra.

AHaJtornyHble 1osist 66U OCTPOEHBI U ITPOAHAI3VPOBAHEL
nis MetonoB CM-O u CMm-A. AHa/M3 MOCTPOEHHBIX I0JIeit
MOKa3kbIBaeT, YTO [0 U3yYyaeMbIM MeTO/laM U IjlacTaM I0Jisg
KOppeJIANN XapaKTepru3ylTcs pa3InYHBIMU BUAaMU.

Paspa6oTka moaenen nporHo3a 3Ha4eHumn
CMaunBaeMoCTM Nocrie IKCTPaKLUn

[TpuBefeHHble BBl [AaHHBIE 0 U IIOCJIEe SKCTPaKIUU
MOKa3bIBAIOT, YTO pe3yJIbTaThl 3HAYeHWI CMauyuBaeMOCTH,
TOJTyYeHHble pa3HbIMU MeTOJaMy, 3HaUMTeJIbHO pas3jifidyaeTcs.
IToaToMy npOrHO3MpOBaHHWE 3HAYEHWH CMauMBaeMOCTU
mocjle 3KCTPaKIUU BBINOJIHUM AuddepeHIpoBaHHO IO
merofaM u miactam. Kpome koadpouumentos K, u K, K
aHaM3y JONOJIHUTEJIbHO IIPHUBJIEYeH BO3PacT H3ydaeMBIX
mwiactoB. [Tnacty D3zd 6but mpucBoeH wmHpeke (M) — 1,
mwiacty Pla+s - 2, miacty Pla - 3.

Jiia CM-H no BceM I1acTaM COBMECTHO MHOTOMepHas
MO/JIeJIb UMEEeT CJIEAYIOUINN BUL;:

Cm-HITM = 0,268 - 0,022176K,, + 0,075532U, +
+ 0,000523K,,

mpu R = 0,584, p < 0,0000001, crangapTHas ommoka 0,120.

Puc. 2. Iosisa koppessauuu: a — Mexay Cm-HIT u Cvm-HITY,
6 — mexay Cm-OIT u Cm-OI

®dopMHUpOBaHNEe MOJeJN CMauyuBAaeMOCTU 1O HedTu
1ocJie 3KCTPaKIUy IPOMCXOAWJIO B IOCJIeIOBATEJIbHOCTH,
NpUBeJeHHON B ypaBHEHUM perpeccruu. JTO MIOKa3hbIBaeT,
4TO (popMHpOBaHME MOJEJIN Havaiock ¢ K, nanee Obu1 1,
Y Ha 3aBeplIAIIeM ware GbUT UCTOJb30BaH K ,. 3HaUeHUs
K03)OUIMEHTOB R, ONMUCHIBAKIUX CUJIy CTATUCTUYECKUX
cBs3el, U3MeHsINCh ciiefyomum obpasom: 0,501; 0,562;
0,584. Ilo nmanHOI! ¢opmyJie BbIUMCIJIeHB 3HayeHUss CMm-
HITY, koTophle GuuM conocTapiedsl ¢ Cym-H (puc. 2, a).

Jluia cmauuBaeMocTty o Cm-O moJsiydyeHa cieqyrolias
MHOTOMepHas MOJeJib:

Cm-OIM™ = 0,275 + 0,205466U, — 0,018862K, —
- 0,000793K,,

mpu R = 0,579, p < 0,0000001, crangaprtHas oumibka 0,177.

dopmupoBaHue Mogeau cmauusaemMoctu no OCT
nocjie 3KCTpakLMU IPOMCXOJWJIO B IOCJIeI0BaTeIbHOCTH,
IpUBeeHHON B ypaBHEHMH perpeccuu. JTO MOKa3bIBaeT,
yTO0 (OpMHpOBaHME MOJelu Hadajoch ¢ M, manee ObLI
HCIIOJIb30BaH Iokasaresb K, ¥ Ha 3aBepliaionieM Iiare —
K, 3HaueHus Ko3pUUUEHTOB R, ONKCHIBAWUINX CHUIY
CTaTUCTUYECKUX  CBA3eH, M3MEHANUCh  CJIeqyIOUUM
o6paszom: 0,402; 0,555; 0,579.

ITo paHHOWI GopMyJsie OBUIM BBIYKCJIEHB 3HayeHUs
CMm-OIM u comocrasiiensl ¢ CM-OIT (puc. 2, 6).

U3 puc. 2, a, BUgHO, uyTO Koppesnua mexay Cm-HII u
CM-HIT™ xapakrepusyercs MOJIOXUTEIbHON HeJIMHEHHOM
CBAI3bI0, B IpefiejlaX KOTOPON HabJII0aloTCs pa3IMYHOTO
BUJa Koppesanuu aAuddepeHnpoBaHHO M0 IJIacTaM.
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Puc. 4. TlosA KOppeiAnuu MexXay
Cwm-HIT u Cm-HITMM

W3 puc. 2, 6, BUJHO, 4TO COOTHOIIeHUA Mexay Cm-OI1
u CM-OIIM mo wu3yyaemMblM IJlacTaM 3HAYUTEJIHHO
pasinuanTtcsa. OTMETHUM, YTO MO NMPOTHO3HBIM 3HAYEHUSAM
CM-OIMM  Hab6momaeTca IocJefoBaTesIbHOE CMelleHHe
moJjiei KoOppeJjAluMUd OTHOCUTEeJbHO Apyr JApyra 1o
M3y4aeMBbIM IJIACTaM.

Jia cmaunBaemoct no CMm-A MHOromMepHas MOAEsIb
vMeeT CJIeAYIOMIUI BU:

Cm-ATTM = 0,0067 + 0,129934H4, - 0,0011317K,,, +
+ 0,003315K,,

npu R = 0,471, p < 0,00008, crangaprHas omubka 0,219.

®dopmupoBaHre MoOAeIN CMayuBaeMOCTH IO AMOTTY
rocJjie 3KCTPaKI[U MPOHCXOAWJIO B IOCJIeJOBATEJIbHOCTH,
NprBeeHHON B ypaBHEHUHU perpeccuy. JTO IOKa3hIBaer,
yTo popmMHpoBaHMEe MoAesnd Haudajoch ¢ W, manee Obu1
WCIOJIb30BaH MOKaszaTesb K, 1 Ha 3aBepLIAIOLIeM Luare —
K,. 3Hauenusa koapounueHTOB R, ONMCHIBAIOIUX CHIIY
CTAaTUCTUYECKUX  CBA3€l, U3MEHSJIUCh  CJIeTYIOUUM
o6pasom: 0,405; 0,468; 0,471.

Mo naHHO¥ (opMysie BHIYMCIIEHB 3HaYeHus Cm-AITM u
conoctasiieHsl CMm-All (puc. 3).

Orciofa BUAHO, YTO COOTHOmeHus Mexay Cm-All u
CM-ATI™ 10 M3yyYaeMbIM IUIACTAM 3HAYUTEJIBHO OTJIMYAKTCH,
Kak 1o BUAY, TaK U MO TECHOTe CTAaTUCTUYECKUX JIMHEHHBIX
cBsizell. Byl KOppeJIAIMOHHEIX TT0JIeli 10 IUIacTaM [OKa3bIBaeT,
4yTOo HabIOAAeTCs MPaKTUYeCKy He IepeceKaroliyecs Mo 1o
MPOTHO3HBIM 3HaueHusAM CM-ATTY, Torga Kak o 3HaueHUAM
Cwm-All Takoii crwibHON aubdepeHiay He HaOmO4aeTcs.
IMosTomy [y1s1 BCcex BHIOB CMAauMBaeMOCTU ObLIM pa3paboTaHbI
MOZeJI1 pa3iesIbHO [0 IUIacTaM.
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Puc. 5. [Tosis koppenAquu: a — mexay Cm-OIT u Cm-OIT"™
C y4eToM MiacToB; 6 — Mexay Cm-AIl u Cm-AIT"™

B xauecTBe mpuMepa MOCTPOeHNU Mojiesiell o IjlacTam
OyaeM ucroJib3oBaTh Metod Cm-H.
Juia wiacta D3zd mopaesns nMeeT CIeayIOmui BUI:

Cm-HITM-P%2d = 0,571 — 0,034350K,,

mpu R = 0,585, p < 0,00006, crangapTtHas ommubka 0,135.
OTcioga BUAHO, 4TO AJiA JAHHOTO IJIaCTa MPOTHO3HbIE
3HaueHUs GopMUpYIOTCA TOJIBKO 3a cueT K.
Juia miacta Pla+s Mozens UMeeT cieqyIouuii BUI:

CMHITV™"'2*s = (0,328 — 0,015923K,, + 0,000811K,,

mpu R = 0,584, p < 0,00067, crangapTtHas omubka 0,108.

®dopMHUpoBaHHEe MOMeJN CMauylBAaeMOCTU 1O HedTu
mocJjie 3KCTpakuuu A miacra Pla+s npoucxonuso B
nocjeqoBaTeJbHOCTHA, IMpPUBEAEHHONW B ypaBHEHUU
perpeccuu. 3HaueHHA K03Q(PUIMEHTOB R, ONUCHIBAIOIINX
CUJIy CTaTUCTUYECKUX CBA3EN, U3MEHAJIUCH CJIeqVIOUUM
ob6pazom: 0,528; 0,584. 3pmech TakXke BUIOHO, UTO
dopMupoBaHUe 3HAUEeHUN B OCHOBHOM IPOMCXOAUJIO 3a
cyeT 3HaueHUH K.

Juia wiacra Pla mopesis nmeeT cJIeAyIOMUiI BUA:

CMHITM™2 = 0,452 — 0,017234K,

mpu R = 0,588, p < 0,07344, crangaprtHas omubka 0,096.
OTcofja BUAHO, YTO [JIA AAHHOTO IJIacTa MPOrHO3HBIE
3HaueHusa GOpMUPYIOTCA TOJIBKO 3a cueT K.
PaspaboTaHHbBle MOAeJIM @O OAHHOMY MeTOAy
9KCTPaKLMM MOKAa3BIBAIOT, YTO (OpMUpPOBaHKE MOJEJIbHBIX
3Ha4YeHUH IPOMCXOANJIO B OCHOBHOM 3a cyeT K.
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[To BbuIenprBeAeHHBIM ¢opMyaM OBLIA BBIYKCJIEHBI
3HaueHusa Cm-HIIMI-P32d  Cy-HIIMI-Pla+s  Cm-HITMI-P1a;
(Cm-HITMM), koTopmie 6buIM comocTaBjeHn ¢ Cwm-HII
(puc. 4).

Orcioga BuAHO, uTo Mexay Cm-HIT u Cm-HITM™ Ha
BCceM [uana3oHe 3HauyeHUI HabuiofjaeTcA  TecHas
koppesALyA. OTMeTHM, YTO BBINOJIHEHHOE CTaTHUCTUYECKOoe
MOJIeJIMpOBaHUE 3JKCTPAKIMU IO IUIacTaM, BO-IEPBBIX,
M03BOJIMJIO YCTPAHUTh HEJIMHENHOCTh MeXay 3HaueHUAMU
CM-HIT m Cwm-HII™M, Bo-BTOpHIX, OIpPENENNTb, 4YTO
BesinunHbl CM-HIIM B ocHOBHOM 3aBucAT oT K.

Anasornunsle guddepeHUUPOBaHHbIE MOAEJIU C
y4eToM IJIacToB pa3paboTaHsl o MetoaaM Cm-O u CM-A.
I[lo paHHBEIM MofesaAM OBUTM BBIYMCJIEHBl 3HAUYeHUs
Cuv-OIT™ u Cm-ATI™Y, koTOpble GBIV COMOCTABJIEHBI CO
3HaveHusMu Cm-OIl u Cm-All (puc. 5, a, 6).

U3 puc. 5, a, BUOHO, YTO IIOCJe TIOCTPOEHUS
MHOTOMEpHBIX ~ Mofesiel,  yYWTHIBAIOUIINX  3HaYeHUA
auddepeHNPOBAaHHO MO ILIacTaM IoJie KOppeJIAlUH,
XapaKTepU3ylTCs TeCHBIM BUOM.

U3 puc. 5, 6, BUOHO, UYTO TMOCJe MOCTPOEHUA
MHOTOMEPHBIX MO/IeJIeli, YUUTHIBAIOIMX 3HAUEHUS pas/IeIbHO
IO IIJIacTaM, IoJie KoppeJiAluy UMeeT TECHBII BU/I.

3akno4yeHue

TakuMm 06pa3oM, BBIIOJTHEHHBIH aHAJIA3 MOKAa3aJ, YTO
cpeJiHUe 3HaYeHUs CMayrMBaeMOCTU 1o HedTU A0 U MOcJie
SKCTPaKUUM SABJIAIOTCA CTAaTUCTUYECKU 3HAUYUMBIMM, NpU

9TOM CpeJHMe 3HaueHUs IocJie NpOoBefeHUsA SKCTPaKIUU
MeHbllle, YeM 10 3KCTPaKIUU.

Jna cmaumBaemMoctd no OCT u AMMOT cpeaHue
3HaYeHM IocJie SKCTPAKIMU Bhllle, yeM J10 Hee. [Tpu saToM
orMmeTuM, 4uto o Meroay OCT pgia niacra Pla cpeanue
3HaYeHWs CMauMBaeMOCTM [JO U Iocjie 3KCTPaKIuu
CTAaTUCTUYECKU He Pa3JINYaloTCs.

BrIlTOJTHEHHBII ~ MHOTOMEPHBIH  CTaTHUCTHUYeCKUN
aHaJu3 I[oKasaJ, 4YTO MPOrHO3MpOBaHUE 3HAYeHUH
CMaunBaeMOCTH nocje 9KCTpaKIUU Haubosee
1[es1ecoo0pa3Ho BHINOJHATE AuddepeHUnpPOBaHHO, He
TOJIBKO II0 MeTOJaM CMayMBaeMOCTH, HO U pa3fieIbHO
110 U3yYaeMbIM IJIacTaM.

[MosyyeHBl MaTeMaTH4YecKue MO [JIA IPOrHo3a
3HaYeHUH CMa4YuBaeMOCTH IIOCJIe JKCTPaKIUM  JJIA
OTJIOKEHUH 3a[JOHCKOrO0 TOpU30HTa HHUXHedaMeHCKOro
noAgbsApyca BepXHEro OT[esJa MJeBOHCKOW CHCTEMH,
OTJIOXKEHMA  aCCeJbCKO-CAKMApCKOTO  sApyca  HIXKHEro
oT/JleJla IePMCKON CHUCTEMBl M OTJIOXKEHUS apTUHCKOTO
sipyca HIDKHero oTjesia nepMcKoi cructeMbl. KoaddurmeHTs
YJI€HOB MOJIy4eHHBIX MHOTOMEpHBIX Mojejell MO3BOJIAIT
KOJIMYECTBEHHO OLIEHWTh B3aWMOCBA3b CMEIINBAEMOCTU
C TOPHUCTOCTBIO, MPOHUIIAEMOCTBI0 T'OPHOM IOPOABl AJIA
Pa3JINYHbIX OTJIOXKEHUI. B JajbHeHmeM aTH
MHOTOMEpHBIE MOJeJM MOXHO MCHOJIb30BaTh  AJiA
MIPOTHO3MPOBaHUA CMaYMBAeMOCTH 00paslloB KepHa, rae
He [POBOAWJIMCH CIel[HaJIbHble  HCCIIe[JOBaHusA, U
HocJieyIomero MporHo3a 3Toro nokasaTesiA MO IJIoMaau
HeTSIHON 3aJIeXU.
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