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0 CXOOAMMOCTM NOCNELOBATENBHOCTEW HEYETKUX NEPCENTUBHbIX
SMNEMEHTOB, 3ALAHHbIX HA PA3HbIX MPOCTPAHCTBAX BO3MOXHOCTEM

Anekcen bbiykoB, EBrennn MBaHoB, Onbra CynpyH

Abstract: B cmambe nony4eHbl Kpumepuu cyuecmgosaHusi Modenu cxodumMocmu u pacxodumocmu ¢
Heobxodumocmabio 1 0ns cucmem KOHEYHOMEPHBIX pacnpedeneHuli nocnedosamenbHocmel HeYEMKUX
nepcenmugHbIX 31eMeHmos, dokasaHbl MeopeMbl O He 8bINOHEHUU MEeoPemuK0-803MOXHOCMHO20
aHanoea 3akoHa 6ombwux 4qucen Ons cxodumocmu NO  8O3MOXHOCMU U cxodumocmu ¢
Heobxodumocmeio 1.

Keywords: meopusi 803MoxHocmel, Heyémkas 02uka, CXO0UMOCMb HEYEMKUX NEPCenmueHbIX

3N1eMeHmos.

ACM Classification Keywords: G.3 — Probability and Statistics; | — Computing Methodologies, 1.6 -
Simulation and Modeling.

BBeaeHue

B pabotax [[bitbeB, 2000], [BbiukoB, 2007a], [Bbiukos, 2007b] ANS MOAENMpOBaHust
HeonpeaeneHHoOCTEN npeanaraeTcs MPUMEHSTb Teoputo BO3MOXHOCTEN. OCHOBbI 3TON TEOpUM
3anoxeHbl B [Zadeh, 1978] u moHorpacdum [Qiobya, 1990]. B atux pabotax BBOAMTCA NOHATME MEP
BO3MOXHOCTU, HEOBXOAMMOCTM 1 OCHOBHbIE aKCHOMbI MOCTPOEHMS NPOCTPAHCTBA BO3MOXHOCTEN.

A3 moHorpadpum [MMbiTbes, 2000] n3BECTEH TEOPETUKO-BO3MOXHOCTHBIN aHasor 3akoHa BonbLmnx Yucen
ANs CXOAUMOCTW  pacnpefeneHnd, HO [ANs [pyruX OCHOBHbIX BMAOB CXOAMMOCT B Teopuu
BO3MOXHOCTEN (M0 BO3MOXHOCTU M C HEOOXOAMMOCTbIO 1) He BbINO U3BECTHO, UMEET N MECTO TaKOA

aHanor.

B aToit cTaTbe MccrieayeM CBOWCTBA CXOAMMOCTM MOCHELOBATENbHOCTEN HEYETKNX MepCenTUBHbIX
9NEMEHTOB, 3afaHHbIX Ha pPasHbIX BO3MOXHOCTHbIX MPOCTPAHCTBAX W MPUMEHUM MOMyYeHHbIE
pesynbTaTbl K WCCNefoBaHMI0 TEOPETUKO-BOMOXHOCTHOTO aHarora 3akoHa 6omblumx uucen Ans
CXOAMMOCTM MO BO3MOXHOCTM U C He0BXOAMMOCTbHO 1.
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OcHoBHOM pe3ynbTaTt

Myctb X — He nycToe MHOXECTBO (MPOCTPAHCTBO 3MeMeHTapHbIX COBbITUI), A — Knacc NOAMHOXECTB

X, koTopbin copepxut & 1 X (MHOXECTBO COCTaBHbIX COObITUR), B(X) — OyneaH MHoxectBa X .

Onpepenenue 1. MoNHOCTLIO aaaUTUBHON MEPO BO3MOXHOCTM Ha Kacce MHOXECTB A Ha3blBaeTCA
DyHKUMS P: A — [0,1], KOTOpas yAoBNeTBOPSET YCIOBUIO

P[UAJ =supP(A,)

teT teT

ANs kaxporo cemenctea {A, | te T} MHOXeCTB 13 Knacca A Takoro, YTo UA, eA.

teT

Mepa BO3MOXHOCTM P Ha3blBaeTCs HOPMUPOBAHHOM, ecriu P(X)=1 n P(&)=0.

B manbHenwem, ecnm He ckasaHo WMHave, Mepbl BO3MOXHOCTHU 6y,uyT CYMTaTbCA HOPMUPOBAHHbLIMU Y
NONHOCTLIO aaANTUBHBIMW.

OnpepeneHne 2. P -Mogenbio Teopuu BO3MOXHOCTEN HasbiBaeTcs Tpomka (X,A,P) , rae
{0,X}c Ac2¥, P -Mepa BO3MOXHOCTM Ha Knacce MHOXeCTB A . P -Modenb Mbl Takke Gyaem
Ha3bIBaTb NMPOCTPAHCTBOM BO3MOXHOCTEN.

[Ons panbHenwero Ham noHagobuTCs TeXHWKa NPOAOMKEHUS Mepbl BO3MOXHOCTM C OOHOMO Knacca
MHOXeCTB Ha Oonee LUMPOKWA Knacc MHoxecTB. [lpobrnema npoJommKeHUs Mepbl BO3MOXHOCTY
paccmaTtpusanacb MHorumu asTopamu [Boyel,1995], [Wang, 1992], [Bbbiukos, 2007a], [[TeiTbes, 2000].
Mol Byfem ncnonb3osaTh CeayLLmMin BapuaHT Teopembl 0 npogomkeHnn [Wang, 1992].

Onpepenenue 3. OyHKUMSA P*(A)=inf{supP(At)|UHA, QA}, roe HWKHAS rpaHb Gepétca no
teT

cemencTBaM MHOXeCTB (A )., M3 Knacca A, KOTOpble MOKPbIBAOT MHOXeCTBO A , Ha3blBaeTcs

BHELLHeN Mepoy BO3MOXHOCTU, COOTBETCTBYIOLEN (yHKUMM P : A — [0,1].
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Teopema (O npogomKeHN Mepbl BO3MOXHOCTH).

1) OyHkuMto P, onpedenéHHyld Ha Knacce MHOXECTB A < 2% MOXHO NPOAOIKWTb [0 Mepbl
BO3MOXHOCTU Ha A(X) Torga M TOMbKO TOrAa, Korga AN NPOM3BOSIbHOMO CEMENCcTBa MHOXECTB

(A)ics» A € A nMHOXecTBa A€ A BbINOMHAETCA MMNMKALNA

Ac|JA =P(A)<supP(A)).

jed Jjed

2) Ecrm P uMeeT HeKoTopoe MpOAOIKeHne P [0 Mepbl BO3MOXHOCTM Ha S(X), To P* aBnseTcs

npopomkeHem P 1o mepbl BO3MOXHOCTM HA B(X) n VAcC X .B(A) <P'(A).

CnepctBue. Ecnmn knacc MHOXeCTB A 3aMKHYT OTHOCUTENBbHO KOHEYHbIX nepeceyeHnit n P -mepa
BO3MOXHOCTU, TO P’ ABNsieTcs €€ (HambomnbLuMM) NPOLOMKEHNEM O Mepbl BO3MOXHOCTU Ha B(X) .

MpocTpaHCTBO BO3MOXHOCTEN (X, A,P) Ha30BEM perynspHbiM, ecrm A= /f4(X) W Mepa

BO3MOXHOCTU P : B(X)— L ABNAeTCA NOMHOCTLIO afauTUBHON 1 HOPMUPOBAHHOM.

[MyCTb 3a4aHO METPUYECKOe NPOCTPaHCTBO M = (M,d).

OnpeaeneHue 4. Hey€Tkum nepcenTUBHLIM aNeMeHToM & Ha NPOCTPaHCTBE BO3MOXHOCTEN (X, A,P)

HasblBaeTca A -usMepumas TotanbHas yHkuma £: X — M.

Onpepenenue 5. B cnyvae, korga A = B(X), pacnpefgeneHnem He4eTKoro NepcenTUBHOMO aNeMeHTa

& HasbiBaeTcs (yHKuma f.(y)=P{S =y}, ye M.

Beenem cneaytowme 0603HaueHus:

M* = JM* - MHOXecTBO KopTexel u3 anemexTos M (cnos B andasute M),

k=1
M® — MHOXeCTBO nocrnefosatenbHocTeil anemeHTos M ( w-cnos B andasute M);
a*b — KOHKaTeHauus kopTexei (cnoB) a u b, rge ae M*, be M UM?;

a=<b — oTHoweHwe “ObiTb CTporum npedmkcom”, T.e. dce M UM® axc=b;
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B.(M)= U,B(M”) — MHOXECTBO COB (PMKCMPOBAHHOM KOHEYHOW ANWHBI;

nx1

B.M)= . (M)w SM?).

[ns nap mHoxectB Ae S, (M), Be f_(M) BBegém 0b03HaveHus:
len(A)=n,ecrm AcM" A+,

AxB={axb|ae Abe B}e [_(M) — KOHKaTeHaLus BCeX Nap 3MeMeHTOB;
Pref (B)={ae M" |3b a*be B} — MHOXECTBO NPEUKCOB ANUHbI N ;

Suff(B)={w|Jue M" u*we A} — MHOXeCTBO Cy(h(hIKCOB.

Onpegenum crieaytoLme MHOXeCTBa:

1) FD,, — MHOXeCTBO MONHOCTbIO aAAUTMBHBLIX HOPMUPOBAHHLIX Mep BO3MOXHOCTU Ha B(M). Ero
anemeHTbl 6ygem HasblBaTb (HEYETKUMM) pacnpeaeneHnamu;

2) FDy, — MHOXeCTBO NnocrefoBaTenbHOCTEN pacnpeieneHnii (snemMeHTos FD,, );

3) FS,, — MHOXECTBO MOMHOCTLIO aAAUTUBHBIX HOPMUPOBAHHBLIX MEP BO3MOXHOCTU Ha S(M”). Ero
anemeHTbl 6ygem HasblBaTb (HEYETKMM) pacnpeaeneHnsMn nocneaoBaTensHoCTy;

4) FS,, — MHOXeCTBO MOSTHOCTbIO afANTUBHBIX HOPMUPOBAHHbLIX Mep BO3MOXHOCTM Q, Ha /. (M),

KoTopble yaoBneTsopsioT ycrosuio Q. (Y)=Q, (Y *M) ans scex Y e S, (M). Ero anemeHTbl bygem

Ha3biBaTb CUCTEMaMMN KOHEYHOMEPHbIX pacnpep,eneHMDl nocnegoBaTesibHOCTU.

Onpegenum ToTanbHbIM onepatop Fin: FS;, — FS,, paBeHCTBOM

(Fin(Q)(Y)=Q(Y «M®), Ye B.(M).

Beegem Ha MHOXECTBe M“ TOMOMOMMK: OTKPbITbIE MHOXECTBA UMeEKT Bug W = M®, roe W c M*
(Tononorus mpousseaeHnsl). MHoxectBa u3 BT, ={u*M”|ue M’} Gygem cuutatb (OTKpbITbIMM)

wapamu. Knacc oTkpbITbIX MHOXeCTB bynem obosHavate kak BT,, ={U «*M”,U e S, (M)}.
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YTBepxaeHue 1. BoINOMHATCS CreaytoLe CBONCTBA:

1) knacc BT,, 3aMKHYT OTHOCUTENbHO KOHEYHbIX 06 bEANHEHN 1 NEPeCceyeHuir;

2) ToTanbHas yHkuns Q) : BT,, — L, onpeaenenHas paseHctBoM Q) (U *M?)=Q, (U), siensetcs

MepoW BO3MOXHOCTU Ha BT,,. bynem ee obosHayaTtb Kak Inf(Q,);

3)ans Q e FS;, n Q,eFSy, Fin(Q,)=Q, Toraa v Tonbko Toraa, korda Q,, |s; =Inf(Q,).

[lokasaTenbCTBO.

1) Cnepyet u3 paseHctBa U, *M” o U, *M” =(U, U,)*M”, rge o obosHa4yaeT U M N .

2) [yctb UxM®=U"«M" pns HeKoTopbIX UeM"U'e M , cuitaem k<n .
Torga U *M"™* =Pref (U +M®)=Pref (U +M?)=U" n, cnegosatensHo: Q,(U)=Q,(U’).

MoaTomy dyHKUMS Q° sBNSIETCS KOPPEKTHO ONpeLeneHHoN. PaccMOTpIM CEMENCTBO MHOXECTB:

Y,=U, *M”e BT, teT Takoe,4to Y =JY,=U=*M"eBT,.

teT

Mycts n=len(U). Torga U =|JU, *M"™"), rpe obbemuHerme o Takum i, uto len(U,)<n. U

COOTBETCTBEHHO:

Q(Y)=Q,(U)=supQ, (U, * M) =supQ,(U,) =supQ, (U,) = supQ,(Y,) .
i i teT teT

CnepoBatenbHo, Q) SIBNSIETCS NOMHOCTHIO AANTUBHOM MEPOI BOIMOXHOCTU Ha BT, .

3) Heobxogumocts. Myctb Fin(Q,)=Q, . Torga Q, (U*M*)=Q,(U)=Inf(Q, )(U*M?).
AocratouHocts. Myctb  Q, |5, =Inf(Q,). Torga Q,(U)=Inf(Q, )(U*M*)=Q,(U*M?), oTkyna,
no onpegenexno, Fin(Q,)=Q, .

YTBEpXOEHNE L0Ka3aHO.
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BBegém Takoe 0603HaueHue: ecnu fnZX%M — nocnenoBatesibHOCTb HEYETKNUX MNepCenTUBHbIX

ONIEMEHTOB,  TO  HEYeTkuid  MepcenTuBHbI  anemeHT &, : X —M®  onpegensetcs  kak

é:(n)(x): (é(X),fz(X),...) .

YrBepxaeHue 2. [lyctb (X,2%,P) - npOCTPaHCTBO BO3MOXHOCTEM, EX>M -
nocnegoBaTENbHOCTb HEYETKUX MEPCENTUBHBLIX 3MEMEHTOB, &: X — M — HEYETKMA MepcenTUBHbIN

anemeHt. Torpa P, e FD,, P. €FSy w Fin(P; )eFS,,.

JokazatenbcTBo. OueBnaHO.

Onpepenenue 6. Mapa (PS,&), rne PS — perynapHoe NpocTpaHCcTBO BO3MOXHocTen (X,2%,P),
&1 X > M — HeyeTKUil NepCenTUBHLIN 3EMEHT, Ha3blBaeTCA MOLENbIo pacnpedenenns Qe FD,, ,
ecn Q=F..

AHanornyHo napa (PS,&,) $n - X —M?  HasbiBaeTcs  Mofenblo - pacnpeseneHms

nocnegosarensHoctu Q, € FSy, .

Mogenbto nocrnegosatenbHoCT pacnipedeneHnn Q€ FD;; HasbiBaetca napa  (PS,§,) ,

&n i X > M? Takas, 40 VneN Q, =P, .

Mogenbto cucTeMbl KOHEYHOMEPHBIX pacrpedenieHnit nocnefoBaTensHocT Q. e FS,, HasblBaeTcs

napa (PS,¢,,), Takas, 4to Q+=Fin(P§(n)).

Onpepenenne 7. Mopgenblo CXoauMoCTM C  HeobXxoaumMocTblo 1 CUCTEMbI  KOHEYHOMEPHBIX

pacnpefeneHuit  MocriedoBaTeNbHoCTM  Q,  HasbiBaeTc Takas  mogenb  (PS,&,,)  cucTembl

pacnpefenexuit Q, , B KOTOPOW &, CXOAMTCS C HEOBXOAMMOCTbHO 1.

AHanornyHo onpeaenaTbCs MOHATMS MOAENM PacxoaumocT ¢ HeobxogumocTetd 1 M mogenm
CX0AMMOCTH (PacXOAMMOCTU) C NONOXUTENBHON HEOBXOANMOCTLIO.

Myctb  (X,A,P) — NpOCTPaHCTBO BO3MOXHOCTEW, B KOTOPOM KNacC MHOXECTB A 3aMKHYT

OTHOCUTENIBHO KOHEYHbIX MepeceyveHnit, a P — HopMMpoBaHHasi Mepa BO3MOXHOCTW. [lycTb P —
BHELLHSIS Mepa BO3MOXHOCTI, COOTBETCTBYIOLLAA P .
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Onpenenum dyHkUuMio P, : 2% — L [ns kaxaoro D ¢ X PaBeHCTBOM:
P.(D)=sup{P(A)| Ac A,P(A)>P (A\D)}
(B 9TOM 3anucu npegnonaraeTcs, YTo supd =0).

Nemma 1. (O npogomkeHnn Mepbl BO3MOXHOCTY C YCIOBUEM).

Mycts D — nogmHoxectBo X, de L. Torna P MOXHO NPOJOMKUTL [0 Mepbl BO3MOXHOCTM P Ha
2% TaKoil, 4YTo I5(D)=5 TOrAa W TOMbKO Torga, koraa & <P’ (D) w BbinonHaeTcs Xots bl 0gHO
cnegyoLmx YCnoBui:

1) ecrm A, (B). - MHOXecTBa W3 knmacca A Takue, 4TO AQDUU,ETBr , TO

P(A)<Sv supP(B,);

2) VAe A P(A)> 8= P (A\D)=P(A);

3) P(D)<§.

HokasatenbcTBO. [JoKaXeM yTBepXaeHWe neMmbl AN yernosus 1.

HeobxoaumocTb. Mpeanonoxum, 4to npogomkeHre P cyllecTayeT. Boibepem MHoXecTBa A, B, € A

, Takne, YTOA c D U [U B,j . Torga

teT

P(A)<P(D)v supP(B,)< v supP(B,).
teT teT

Takke, 6 =P(D)< P’ (D).

LoctatouHocTb. Monoxum A° = A U{D} . Onpegenum dyHKUMIO P Ha Knacce AP paBeHCTBamu
P(D)=6 n P(A)=P,(A) npn Ac A . MNyctb A° n (A°),_, — anemenTtsl A°. [lokaxem, 4To 13

Bkniovenns A° < JA? cnepyer  P(A®)<supP(A’).
teT

teT

[ns aToro paccmoTpum 4 cnyyas:

1) anementsl A® u (A”).; npuHapnexat A. Torpa A° =| J(A? N A®%) u
teT
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P(AP)=supP(A’ n A®)<supP(A?).

teT teT

2) A® =D, a anemeHTbl (A)., NpuHagnexar A . Toraa MHoxectBa A 0BpasyloT MOKpbITUE

MHoxectBa D, noatomy P(A°)=5<P’(D)<supP(AP).

teA
3) A® e A ¥ cpeam anemeHToB (A”),., ecTb MHoXecTBo D . MycTb T° = T — MHOXECTBO MHAEKCOB

t, Takux, yto A° € A (BO3MOXHO nycToe). Toraa no YCroBuio NeMMbI:

P(AP)=P,(AP)< & v supP,(A?)=supP(Al).
teT

teT?

4) AP = D 1 cpeay anemeHToB (A?P),.,; ecTb MHoxecTBo D . Torga P(AP) < supP(AP).
teT

Takum 06pa3oM, BbINOMHSIOTCS YCHOBUS TEOPEMbI O NPOLOMMKEHUM MEPbI BO3MOXHOCTW Anst yHKLMM
P Ha knacce A°, noaTomy Cyl|ecTByeT MpOJOMkeHre P [0 Mepbl BO3MOXHOCTM P Ha 2% . Mepa

BO3MOXHOCTM P ABMSIETCA NPOAOMKEHMEM P, 1 YIOBNeTBOpseT ycrnosuio P(D)=4.

[okaxem, 4To U3 ycnosus 1 cnegyer ycnosue 2.

Myctb Ac A un  P(A)>65 . MNyctb (B,)., — Npou3BOnbHOEe MOKpbiTe MHOxecTBa A\D
anemeHTamu knacca A . Torga A\Dc|JB, , AcDul B . W no ycnosuo 1:
teT teT

P(A)< 6 vsupP(B,). Yuntbigas, uto P(A)> &, nonydaem P(A)<supP(B,).
teT

teT

Takum oBpasom, P(A)<P’'(A\D),otkyaa P (A\D)=P(A).

[okaxem, 4To 13 ycnosus 2 cnegyeT ycrnosue 3.
W3 ycnosus 2 cregyeT, yto Ans mwoboro MHoxectsa A€ A , Takoro, 4to P(A)>P (A\D)

BbINOMNHAETCS HepaBeHeTBO P(A)< o . Torna P.(D)=sup{P(A)|Ac A,P(A)>P (A\D)}<§.

[okaxem, 4to 13 ycrosus 3 cnepyert ycrosue 1.

Mycte P.(D)<& u A, (B,),; — MHOXeCTBa u3 knacca A , Takue, uto Ac DU | JB, .
teT
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Torpa A\D;UB, , T.e. MHoxectBa (B,),., obpasytoT nokpbiTe MHoxectBa A\D , noartomy
teT

P (A\D)<supP(B,). Ecrn P(A)<P(A\D), T0o P’ (A\D)<supP(B,).

teT teT
Ecru xe P(A)>P (A\D), 10 no ycnosuo 3, P(A)<&S . B 06oux cnyyasx BbiNOMHsAETCS

HEpPaBEHCTBO:

P(A)<ovsupP(B,).

teT

Jlemma gokasaHa.

CnepctBue. Ecrm Ae A, 10 P.(A)=P(A).

MokasatenbcTBo. ockonbky P MMeeT NpoforkeHne 40 Mepbl BO3MOXHOCTM Ha 2* 1 noboe Takoe

npoJomkeHne P yaosneTsopseT yerosuio P(A)=P(A), 1o P.(A)=P(A)=P’(A).

MpumeyaHne. OyHkuMs P. MOXET He OblTb Mepoil BO3MOXHOCTM, KaK MOKasblBaeT CreaytoLyui
npumep. Monoxum X ={0,1} , A={T, X}, P(D)=0, P(X)=1. Toraa P {0})=P ({1})=1
P.{0})=P.({1}) =0, Ho P.({0,1})=1.

Onpepenenue 8. Pacnpegenenne Qe FD,, HasbiBaeTCs BbIPOXAEHHbIM, ecri Q({y}) > 0 He bonee

YyeMm Ana ofHOro anemMeHTa ye M.

YTrBepxaeHue 3. BoinonHawTca cnegytowe CBOMCTBA:

1) Kaxgoe pacnpegenenme Qe FD,, UMeeT MOAENb;

2) Kaxpoe pacrnpefeneHue nocrnegosatensHocTn Q, € FSy, uMmeet moaens;

HlokasaTtenbcTBO.

1) NMonoxum X ={(y,p)|y € M,p=Q({y})}, P(A)z(fEpr’ Sy.p)=y.

Toraa P:(Y)=P{(y.p)IS((y.p))e Y} =sup{Q{y}|ye Y}=Q(Y), YcM.

2) [loka3aTenbCTBO aHaNOrMYHO NyHKTY 1.

YTBEpXaeH1e [0Ka3aHo.
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Nlemma 2. |_|yCTb Q+ — CuctemMa KOHEYHOMEPHbIX pacnpeneneHMDl nocnegosaTensHocTh. Torga

Kaxgas ee Mofernb ABNAETCa MOAENbI0 CXOANMOCTM C HE0OX0AMMOCTbLIO 1 TOrAa 1 TONbKO Toraa, Koraa

ANS KaXOon pacxofsLyenca nocnegosatensHocT (y,) eeinonuserca Iim Q. ({(y,..-.y,)}) =0.

DNokasatenbcTtBo.  HeobxogumocTb.  [lpeanonoxum, — 4To  CylecTByeT  pacxopsLiascs

nocnegoeatenbHoctb y° = (y’,ys,..)e M?, Takas, uto & =1lim Q, ({(y,,--, ¥y )}) > 0.

MycTb Q' - BHELHSs Mepa BO3MOXHOCTM, COOTBETCTBYIOLLAS Mepe BO3MOXHocTH Inf(Q,). Toraa
Q*({y(.)})zinnglnf(Q)((yl,..,yn)*M‘”):LirEQ{(yl,..,yn )} Ans npoussonbHoro y,, € M”. Otciopa

Q ({y"})=05>0, v nockonbky Q" WMeET Mofienb, koTopas SBNSIETCS MOfenblo Q,, T0 Q, UMeeT

MOAeNlb KOTOpad, HE ABNAeTCA MOAEenbito CXOAMMOCTU C HeobxoaumocTblo 1, 4TO NPOTNBOPEYUT

NPENONOXEHNIO U 3aBEPLLAET A0KA3aATENLCTBO HEOOXOAUMOCTH.

floctatouHoCTb. [ns Kaxgon pacxopsilencs nocnefoBaTeNnbHOCT (y,) BbIMOMHSETCS PaBEHCTBO

imQ,({(v,»-..y,))=0 , u nosatomy Q ({(¥,,¥,,-)})=0 . Tlockonbky [ns MPOU3BOMLHOMO
npojomkeHns Q. Mepbl BO3MOXHOCTM  Inf(Q,) Ha OyneaH MHOXecTBa M® BbINOMHSAETCS

HepaBeHcTBO Q {(V,,Y,- N} <Q{(Y,. ¥, )}, T0 Q. {(v,,¥,..)}=0 . CremosatenbHo, MpoN3BObHas
MOJEemnb CUCTEMbl KOHEYHOMEpPHbIX pacnpefeneHMn Q, SBnSeTcs MOAENbI  CXOAUMOCTU  C
HeobxoamMmocTbio 1.

JNlemma gokasaHa.

Cnepcteue. Ecnv npocTpaHcTBO M NONMHO M OrpaHNYeHo, TO YCMOBUE NEMMbl MOXHO 3aMEHWTb
TakM:  Q, {(¥,,...Yy )t sup d(y,,y, ) — 0 npn N — oo [ONS NPOWU3BOMBHON MOCHEA0BATENBHOCTY

n,m>N

(v,)-

[okasatenbctBo. [lyCTb ANA KaX[od PaCXOAsLIENncs MocrenoBaTensHoCTM  (y,) BbIMOMHAETCA

paseHcTBO lim Q, ({(y,,..,y,)})=0. Torga

M Q{(yy,-yn )} sUp d(y,,y,m) = lim Q{(y,,...yy )} lim sup d(y,,y,),

n,m>N
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NOCKOJbKY NPOCTPaHCTBO M OrpaHun4eHo.

Ecnn nocnegosatensHOCTb Yy, CX0OuTCd, TO U3 NONHOTbI NPOCTpaHCTBa M nony4yaem paBeHCTBO

m sup d(y,.¥,)=0.

li
N—=pn m>N

Ecnn nocnegosatenbHOCTb y, PacXxoamuTes, TO AIlim Q.{(¥,s-» Yy} =0. B obonx cnyyasx
—oo

Q+{(y1’--ny )} sup d(yrﬂym) 0.

n,m>N

Haobopot, ecrv Q, {(y,,--, ¥, )} sup d(y,,y,, ) — 0 ONa Kaxaoi nocnegosarensHocT (y,), T0 Ans

n,m>N

KaXOoi  pacxopsilleiics  NocrenoBaTerbHOCTM (y,)  BbINOMHSETCS  HEPaBEHCTBO

m sup d(y,,y,,)>0,0Tkyaa Q. {(y,,...yy)} —0.

li
N—e n msN

CnepacTeue gokasaHo.

Kak nokasblBaeT criegytolwuii npumep, YCrioe neMmbl 2 He 3KBUBANEHTHO YCOBUKO CYLLECTBOBAHUS
MOZENN CXOAMMOCTM MO BO3MOXHOCTM (T.€. Hanu4ne MOAENN CXOAMMOCTU MO BO3MOXHOCTW SBNSETCS
MULWb AOCTATOYHBIM YCMOBMEM AN1st TOrO, YTOObI, Kaxaas Mogenb CXOAMMOCTW SBNSNach MOAENbH
CXOAMMOCTH C HeobXxoaumocTbio 1).

Mpumep 1. Cuctema KOHEYHOMEPHBIX pacnpedeneHun nocnefoBaTenbHOCTH, KOTOpas He WUMeeTt
MOZESN CXOAMMOCTY MO BO3MOXHOCTU, M MPK 3TOM BCE ee MOAENH SBNSTCA MOAENSAMM CXOQUMOCTH C

HeobxoamMmocTbio 1.

Monoxum M = {0,1} C AUCKPETHOIN METPUKOM U

Ly+.+y,<],

Q+({(y1,.-,yn)}):{0 Vio+..+y >1.

Torga B Kaxgoi pacxogsllencss nocnegoeatenbHocT  (y,) wmeeTcs Bonee 1 eduHMubl W,

cneposatenbHo, Iim Q, ({(y,,.,¥,)})=0. o nemme 2, kaxgas mogens Q, SBNSETCH MOAENbIO

CXOOMMOCTM C HEOOXOAMMOCTBIO 1.
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nyCTb nocrnenoBaTesibHOCTb HEYETKUX NMEPCENTUBHLIX INEMEHTOB fn MMeeT pacnpeneneHune Q+.

Torpga gns  Kaxgoro n=z1 , P{supd((,.,.&,)=21}2Q ({0"1})=1 ,  moaTtomy
P
P{supd(¢,.,.&,)=1} =1 Npu n—>co U, CNELOBATENBHO, NOCNEAOBATENBHOCTL & HE SBNSETCS
P

(byHOameHTarnbHOM no BO3MOXHOCTU. [lockonbky mpoctpaHctBo M nonHoe, T0 & He sBNseTCH

CXoAsLLencs no Bo3MoxXHocTW. CnepoBaTensHo, Q, He MMeeT MOAENN CXOAMMOCTM MO BO3MOXHOCTY.

Nemma 3. Myctb Q, — cuCTEMA KOHEYHOMEPHBIX pacnpefeneHunit nocneaosarenbHocTn. OHa umeeTt

MoZenb CXOAMMOCTM C HeoOXoaMMOCTbio 1 TOrAa M TOMbKO Toraa, koraa Ans Kaxaoro 6 >0, ke N u

9NEMEHTOB y,.., ¥, € M CyLLECTBYET CXoAsLLasaca NOCNeAoBaTENbHOCT Y, .., V. ,,-.- Takasi, 4To
M QA5 ¥o 1+ 6> QA Y} -

[okazatenbcTBo. MpumeHum nemmy 1 k cnyvaio, korja X =M“, A =BT, , D - MHOxXecTBO

pacxogswmxcs nocrnegosatensHocTei. Mepy Bo3moxHOCTW P nonoxum pasHon Inf(Q,) . Torga

P*{(yl,yz..)}zIimQ+{(y1,.., y,)} , W YCrOBMEM CYLIECTBOBAHUS MOLENM  CXOOMMOCTU C

HeoBxoaumocTslo 1 ana Q, sensetcs ycnose YV Ac A P (A\D)=P(A), TO eCTb Kaxaoro

keN wn anemeHToB ViV €M, sup{lim{(y,,-. Y, | (Vis1»Yssr»--)  CXOBALAACH
nocneposatenbHoCTb } = Q, {(¥,,.., ¥, )} - OTCIoAa nosyyaem ycnosue ieMMb.

Jlemma gokasaHa.

Nemma 4. Myctb Q, — cucTeMa KOHEYHOMEPHBIX pacrnpeserneHnii nocnegosarensHocTh. Toraa oHa

“MeeT MOoJenb PacXoaUMOCTH ¢ HeOOXOAMMOCTbIO 1 Torga M TONbKO TOraa, Koraa Ans Kaxaoro & >0,

ke N n anemeHToB y,,..,y, € M CylecTByeT pacxofsllasicst nocneaoBaTeNnbHOCTb ¥, ., Viusse - »

Takas, 4To

IMQ {(yy,, ¥, )} + 6> QA1 ¥}

[loka3aTenbCTBO aHanorM4yHo [O0Ka3aTenbCTBY npenbl,qyw,elh JIEMMbI.

Cnegytowwmi npuMep nokasblBaeT, YTO YCoBWS NIEMM 3 1 4 He SBNAIOTCA B3aUMHO UCKITIOYAKOLLMMM.
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I'Ipumep 2. Cuctema KOHEYHOMEPHbIX pacnpep,eneHMM nocrnenoBaTesibHOCTU, KOTopad UMEET MOAEIb

CXOAMMOCTM C He0bX0ANMOCTLI0 1 M MOAENb PAacX0AUMMOCTM C HE0OX0AMMOCTbIO 1.
Onpegenum cuctemy Q, Takum obpasom, 4yto Q. ({(y,.....y,))=1 Ana kaxgoro n=1 u
Y-y, € M. Torga Q, ABNAETCA CUCTEMOIN KOHEYHOMEPHBIX pacrpefeneHunit nocnesoBaTensHOCTH.

ﬂOCKOJ’Ibe ANs NPOU3BOSILHON NOCNEA0BAaTENBLHOCTY y, WWHOEKCa K BbinonHseTcs
ImQ ({(yy,-- ¥, D = QA ¥ b

TO0 No nemmam 3 1 4, Q, UMeeT KaK mMogenb CXOAMMOCTU C HeobxoaumocTbio 1, Tak U Moaenb
pacxoaMMocTyi ¢ HeobXoaMMOCTbIo 1.

MpuMeHUM NoNyYeHHble Bbille pesynbTaTbl A4S TOro, YToObl ONpeaenuTb, UMEET NI MeCTo TeOPETMKO-
BO3MOXHOCTHbI aHaror 3akoHa GonbLUnX Yncen.

Onpepenenve 9. [IBe nocnenoBaTernbHOCTU HEYETKMX MEpCenTUBHbIX 3remMeHToB & : X - R W
& X’ > R, 3ajaHHble Ha MPOCTpaHCTBax BO3MOXHOCTe (X,2,P) n (X’,2*,P’) Ha3blBaioTcs
9KBWBANIEHTHLIMW MO KOHEYHOMEpPHbIM pacnpepeneHuam, ecnu ang mobbix n=1, y,,...,y, € R

BbINONHAETCA
P{él :y15'~~1§n :yn} :P,{gl’:ylw-wgr,; :yn}

Teopema 1. MycTb & — NOCNeAOBaTENbHOCT HE3ABUCUMBIX OAMHAKOBO PacrpedeneHHbIX HeYeTKuX

MepCcenTUBHbIX ANIEMEHTOB Ha MPOCTPaHCTBE BO3MOXHOCTeN (X,2%,P). Toraa:

1) cylwecTByeT NPOCTPAHCTBO BO3MOXHOCTEN (X’,2*,P’) W NOCneaoBaTeNbHOCTb  HEYETKX
NepcenTuBHbIX 3NEeMEHTOB & Ha HeM, 9KBMBAreHTHas MO KOHEYHOMEpPHbIM pacrpefeneHusM

1 &,
nocnenoBaTenbHOCTU Cfn Takas, 4YTo nocrnenoBaTeNlbHOCTb _Zé:' CX0AUTCA C He0BX0ANMOCTLIO 1;
n

i=1
2) ecnu pacnpefenedne  f, MepCenTMBHONO aneMeHTa & He BbIPOXOEHO, TO CyllecTsyeT

MPOCTPaHCTBO  BO3MOXHOCTEM (X”,2*",P”) ¥ nOCnenoBaTeNbHOCTb  HEYETKUX  MepCernTUBHbIX
aNeMeHTOB &£ Ha HeM, 3KBUBAMNEHTHAst N0 KOHEYHOMEPHBIM pacrpedeneHnsiM NocresoBaTenbHOCTH

1& ., .
&, TaKas, 4To MOCNeaoBaTeNbHOCTL — Y & PaCXoAMTCA C NONOKMUTENBHOA HEOBXOAMMOCTbIO.
n

i=1
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[lokasaTenbCTBO.

. 1 <
1) Monoxum Q, — ciCTeMa KOHEYHOMEPHBIX PACTPEAENEHNi NOCNeA0BATENbHOCTY 77, = — > & .
n'I

a) Bocnonbsyemcss nemmoit 3. [lycTb BbibpaHO nponsBonbHoe & >0, KkKeN u anemeHTbl
z,...,z,€ M . Tlockonbky supf,(y)=1, TO CyliecTByeT Yy, ONs KOTOpOro ff(y*)>1—§.

y
Y +Jjz,

Jj+1

Monoxum z,,, = npu j=k.

b) Mpn n>k, QA{(z,....z,)} =P{& =y, i=1...,n}, 10 z,:lziji=1,...,n.

ijsi
Moatomy y, =iz, — (i —1)z,_,. Y4uTbiBas HE3aBUCUMOCTb & 1 ONPESENeHne SMeMeHToB z,,,,j 2K,

nonyvaem:

Q{(z,...2,} =F(z)) A .22, -2 ) A...Af(nZ, - 2, )=

=Q{(z,... Z B AF(Y ) A AF(Y).

W3 nocneaHero paBeHcTBa crieayeT, YTo

im Q{(2,--,2, )} 2Q{(Z,--,Z )} A (1= 8), U

rI)i_r)an+{(zl,..‘,z,,)}+52Q+{(zl,..‘,zk)}.

Kpome Toro, zjﬂ—y*:M—y*:M npu j >k, noatomy
Jj+1 Jj+1
n-1n-2 k

zZ, -y |= Z, -y |=—|z, -y |—=0Npn N —oo.
| ay[=la

n n-1"k+1



International Journal "Information Models and Analyses" Volume 4, Number 3, 2015 217

W3 yero crepyeT cxoguMocTb nocrefoBaTtenbHocTW z, . Mockonbky 5>0 1 z

e Z € M Bbinn

BblbpaHbl NPOM3BOMbHO, TO No nemme 3, Q, WMeeT Mopenb ((X',P’),n) cxooMmocTn ¢
HeobxoaMmocTbio 1.

Monoxum & =nm, —(n—1),_,,n>1. [INa NPOU3BONbHLIX Y, BbINOMHAETCA PABEHCTBO:

P{& =y, i=1...ny=P{n/=z,i=1,...ny=P{n, =z,i=1...,n}=P{& =y,,i=1,...,n},

ae z, =Y y.i=l...,n

j=1
MostoMy  nocrnefoBaTenbHOCTb & SKBUBANEHTHA MO KOHEYHOMEPHBIM  pacnpeneneHnsiM

nocrnefosaTenbHoCcTh &, .

2) MockornbKy pacnpepeneHne & He BbIPOXAEHO, TO CYLLECTBYIOT BELECTBEHHbIE YACna a,b, a#b
, Takue, uTo . (a)>0 1 f. (b)>0. MocTpoUM NocneaoBarensHoCTs y = k®(a2k b )e R, e ®
1 1 >1

n =+ 00603HAYalOT KOHKATEHALMO 3NMeMeHTOB Ans obpasoBaHWs CroBa UMK @ -CrioBa. [1onoxum

= —z y, . Torpa

i=1

Q,({(Z--+2, )2 P& = yi =L....n} = min £(y,) =F(@) A F(b),

N COOTBETCTBEHHO, Ilm Q. ({(z,....z,)}) 2f.(a) Af.(b)>0.

Monoxum n=2(1+2+2*+...+2°%), p=2°".Torga

) nep B n+p n n+p B
Znep ~Zn| = n+p ;yi n D i‘ n+p an;Iyl n= I‘
| a=b_ 2t Ja-b_ 1 Ja-b

pa—Bﬂ(a+b)= 1 -
n?2 n+p 2 2(2°7 —1)+2°" 2 3-1/2° 2



218 International Journal "Information Models and Analyses" Volume 4, Number 3, 2015

MoaToMy NS KaXOoro n, sup zu W, CnefoBaTenbHO, MOCNeaoBaTenbHOCTL 2z,

p>0

V4

n+p

Zn

pacxogutca. Torga no nemMMe 2, He Kaxpas mogenb Q, SBNAETCS MOAENb0 CXOAUMOCTU C
HeobxoammocTblo 1 W, creposatenbHo, Q, umeer mogenb  ((X”,P”),;7) pacxogumocTn C
NONOXMTENbHON HEOBXOAMMOCTbIO. AHANOrMYHO NyHKTY 1, Aenaem BbIBOA, YTO MOCNELOBaTENbHOCTb

E=nnl —(n-1n._,n>1 9KBMBANEHTHA no KOHEYHOMEPHbIM pacrnpeaeneHmsMn

n

nocregosaTenbHocTn &, .

Teopema gokasaHa.

Teopema 2. [lyctb £ : X — R — nocneaoBaTenibHOCTb HE3aBUCUMbIX OAMHAKOBO pacrpefeneHHbIX

HEYETKNX  NEepCenTMBHbIX  3NEeMEHTOB Ha  OAHOM  MPOCTPaHCTBE BO3MOXHOCTEN.  Toraa

1 n
nocrenoBaTesibHOCTb ﬂnz—Zé CXoOQuTCA MO BO3MOXHOCTM TOrga W TONbKO TOrAa, Koraa
n

i=1

pacnipegerneHne &, BbIPOXAEHO.

LokazatenbcTBO. HeobxoaumocTb. [Mpeanonoxum, Yto 7, CXOAUTCS C HeOoBXoaMMOCTbio 1, HO
pacnpegenedme £ He BblpoxgeHo. Torma no kputepuio Tuna Koww ans cxogumoctn ¢

HeobxoaMMOCTbIO 1, BbINOMHAETCA COOTHOLLEHNE
Ve >0:lim P(sup|77m -1, > c) =0.
N—eo m>n

Myctb  f(y) — (YHKUMA pacnpefeneHns HeYeTkoro nepcenTuBHOro anemeHta & . [lockonbky
pacrnpefeneHre He BbIPOXAEHO, TO Bbibepem napy Touek y, #y,, Ang kotopblx f(y,)>0,i=12.

Tormanpu m=2n, ANs HEKOTOPOTO & >0 BbINOMHAETCSH HEPABEHCTBO:

P{|77m_77n 2|y1_y2|/2}2P{77n:y1’77m:(yl+y2)/2}2

ZP{é:l :":‘fn :y1!§n+1 :":gzn :yz}:min{f(y1)=f(y2)}>g'
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Monoxus c:| Y, — y2|/ 4, nony4yaem, 4To Ans kaxgoro n=>1 cywectsyeT x, e X, , Ans KOTOPOro

sup|,,(x,)-n,(x,)|>c . CneaosarensHo, Ii_mP(sup|77m -7n,|> c) > g — NpoTuBopeYne. Takum

N—o0 m>n

oGpa3om, pacnpeaeneHie & BbIPOKAEHO.

HocratouHoctb. Ecrim P{{, e M}=0, TO yTBepXaeHue oyeBuaHo. [lycTb pacnpegenexve &

BbIpoxXaeHo, P. ({y})=0 n Vy = y,,P. ({y,})>0. Toraa He4eTtkve nepcenTuBHble aNeMeHTbl &, 1

17, PaBHbI C HEOOXOAMMOCTBIO 1 KOHCTaHTE Y, , MO3TOMY P(sup|nm —1,|> Cj =0 npu ¢>0.

Teopema fokasaHa.

TeOpeMbI 1 W 2 nokasbiBalT, YTO ANA CXOAMMOCTM NO BO3MOXHOCTW W AN CXOOQMMOCTU C

HeobxoanmocTbio 1, TeOpeTVIKO-BO3MO)KHOCTHbIl7I aHanor 3akoHa 60mMbLUMX YNCEN He BbIMONHAETCS.

3akniouyeHue

B cratbe nomnyyeHbl KpUTEpUM CYLLECTBOBAaHUS MOAENM CXOOWMOCTM M pacxoguMoCT C
HeobxoanMoCTbl0 1 ANs CUCTEM KOHEYHOMEPHbIX pacnpeaeneHunii NocneaoBaTeNnbHOCTEN  HEYETKMX
nepcenTuUBHbIX 3neMeHTOB (nemmbl 2-4). Kpome TOro, fokasaHbl TEOPEMbl O HE BbIMOSHEHUM
TEOPETUKO-BO3MOXHOCTHOrO aHariora 3akoHa Gomblimx Yucen NS CXOAMMOCTW MO BO3MOXHOCTU U

CXOAMMOCTM C HEOOXOAMMOCTbIO 1.
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About convergence of fuzzy perceptive elements sequences, defined on
different opportunities spaces

Alexei Bychkov, Eugene Ivanov, Olha Suprun

Abstract: Criteria for the existence of a model of convergence and divergence with the need 1 for
systems of finite-element sequences of fuzzy perceptive elements are obtained in this paper. Theorems
about failing of the theoretic-possibility analogue of the law of large numbers for converge with the
opportunities and the converge with need 1 are proven.

Keywords: theory of possibility, fuzzy logic, convergence of fuzzy perceptive elements.
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AN APPROACH TO MULTIFACETED BUSINESS PROCESS MODELING
WITH MODEL TRANSFORMATION TOOLS

Roman Nesterov, Lyudmila Lyadova

Abstract: The approach to models generation automation and implementation of multifaceted business
process modeling on the basis of graphical model transformation is described. To create graphical
models of diverse notations (diagrams in notations of visual modeling languages) one can exploit visual
modeling software tools and language workbenches, DSM platforms. Domain specific modeling tools
allow simplifying model design process, to involve domain experts (they are not masters of information
technologies and have not programming skills) to formal model development. Newly-created models
can be converted into simulation models or specific analytical models with the model transformation
tools. Therefore, at new task solving process with modeling tools modelers have not to duplicate model
development with new tools in new language notation. Model designers can use most suitable tools and
most expressive languages for models development in their domain to solve their tasks. Obtained
models after transformation can be examined with means of specific simulation modeling systems
including, for instance, AnyLogic, or with mathematical software packages such as Mathcad, Maple or
Mathematica. The visual business process modeling notation choice is substantiated. Mathematical
model named DFD-graph is used as mathematical basis of model generation tools. The normalization
rules form the backbone to the DFD business process model normalization. This algorithm is the basis
of automating model generation software implementation.

Keywords: business process modeling, visual modeling languages, business process analysis,
mathematical modeling, model development automation, model transformations, model reusing.
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Introduction

The efficient company management is impossible without employing informational and analytical
systems being created and functioned following the business process models developed by analysts.
The process of modeling itself has two tasks: model development (in terms of visual language notations
or mathematical constructs) and model examination with tools meeting the needs identified by analysts
and supporting the decision-making process. Analysts and domain experts need a great variety of
analytical tools for the multifaceted exploration of business systems and processes via different models
expressing various aspects to be studied to solve decision-making tasks. These models are based on
the formal notations varied in form or in mathematical apparatus suitable for analytical tasks solving.

Nowadays there exists a lot of diverse visual (graphical) notations one can use to build visual business
process models including, for example, IDEFO notation used for identifying causal order of operations;
DFD - for data flows representation; eEPC - for event-driven processes description et cetera. Different
instruments and graphical model editors can be exploited for the development of visual business
process models.

The modeling software choice often determines the modeling language or formal notation to be used
while developing visual business process models. The same systems and processes can be described
using various languages regarding the primary modeling objectives. Thus, analysts are forced to build
models of object in question all over again while moving among modeling objectives achievement.

To conduct holistic model analysis by means of mathematical software toolkits (Matlab, Maple, Mathcad
etc.) it is necessary to develop analytical models in terms of corresponding constructs and formats being
utilized in those tools listed above. Moreover, analytical or numerical model development corresponding
to high dimension systems to perform the analysis employing those mathematical software packages
can prove to be non-trivial task: apart from model scope itself, another reason making the movement
from visual business process model to its analytical representation can be the lack of data required for
full-fledged model development. Notice, however, that having the high dimension visual business
process model, described with means of chosen graphical notation, the movement to a corresponding
analytical model representation being applicable for further examination can be automated.

There are partial solution to the problem of transformation of process and system models based on Petri
net exploitations [Dorrer, 2011; Zhow, 2015], simulation modeling techniques and tools [Lantsev, 2013]
and specific visual model transformation mechanisms [Poryazov, 2005; Poryazov, 2008; Poryazov,
2009].
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This paper suggests to find a solution to the following tasks connected with model transformation aimed
at further multifaceted business processes analysis execution:

1) to create the abstract graph model of business process relevant to the model proposed and
developed by analyst in terms of the notation of the visual modeling language applied by domain
expert to solve tasks of business process analysis;

2) to develop an algorithm transforming visual model, represented with chosen visual notation, into
created on the first step abstract graph model;

3) to perform the transformation of the obtained abstract graph model into the classical Petri net;

4) to develop the queuing system model corresponding to the abstract graph model obtained on the
first step.

These mathematical models (Petri net and queuing system) can give the comprehensive view of the
business process in question, especially possible bottlenecks. In addition, their analysis can be
automated and implemented with the help of mathematical software toolkits listed in this section.

An Approach Logic

Taking into account the existing transformation methods of visual business process models developed
in the different notations, the general layout of abstract graph model of business process development is
being proposed below. It is based on the model normalization and generic internal representation
generation that can be transformed in its turn into different analytical representations according to the
primary objectives.

The proposed approach includes following steps:

1. A visual business process models development by analysts in terms of chosen modeling language
and notations relevant for analysis tasks.

2. An identification whether the visual model meets the requirements specified for the normalized visual
model in a given notation.

3. The normalization process is to be implemented in case of any non-compliances identified at the
previous step.

4. The generation of the business process model internal graph representation taking the normalized

visual models as an input (model export).

5. The parse and loading the internal graph representation of the business process model into the
environment of the chosen mathematical software tool.

6. An extension (refinement) of business process model definition (namely, determination of any control
parameters of the model relevant to modeling goal) in the environment of the mathematical software
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package exploited by analysts.

7. Automatically converting of the extended internal graph representation into an algebraic or
differential equation system with means of tools offered by the chosen mathematical software
package.

8. Finding the numerical or symbolic solution to the equation system obtained on the previous step.

9. A generation of a report on the business process analysis (the equation system solution output and
analysis).

This proposed sequence of actions is supported by the implementation of algorithms aimed at the

generation of analytical representation taking the visual business process model as an input.

The approach logic is shown in Fig. 1.

Visual model : Visual model
creation editor
include , <~
Model clice Model . Transformation
development > transformation component
include , >~ include
L; N
Model Model
parsing normalizing
-\ Model uploading
f”Cf”d‘?f” Uploading
- component
include . T
Model analysis ---=->|  Model refinement !
extend !
. «_ Include v
pY Mode{ 2 Mathematical
processing software

Figure 1. An approach to multifaceted business process modeling with model transformation tools and
mathematical software



226 International Journal "Information Models and Analyses" Volume 4, Number 3, 2015

Furthermore, analysts can use DSM platforms to create domain specific languages (DSL) for the
multifaceted business process modeling [Lyadova, 2014]. Domain specific modeling (DSM) tools allow
to combine domain expert knowledge and model designer skills to develop and analyze models (Fig. 2).
The language toolkits can become the basis for integration of various analytical tools (in particular,
simulation systems). Maximal flexibility of modeling tools may be obtained with creating the multilevel
models describing the researched systems and processes from various points of view and with different
levels of details. For matching of various system descriptions it is necessary to develop the whole
hierarchy of models (model, metamodel, meta-metamodel, etc.), where model is an abstract description
of system characteristics that are important from the point of view of the modeling purpose, metamodel
is @ model of the language (DSL metamodel), which is used for models development, and meta-
metamodel (metalanguage) is a language, on which metamodels are described in DSM platform.

Fig. 2 shows model development and analyzing with DSM platform MetaLanguage.

DSL creation

Visual model

development
MetaLanguage
DSM platform
Visual model ;
validation :
v

Visual model
transformation

Model repository

Simulation
system

Model analysis

Figure 2. An approach to multifaceted business process modeling with model transformation tools
and simulation systems
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The Metalanguage system as an integration tool is presented in [Lyadova, 2014]. Transformations of
business process models, described with MetaLanguage in various notations, into GPSS and AnyLogic
models were realized.

The model editors and transformation tools allow to use various visual notations for business modeling.
Therefore, analysts can choose more expressive and available modeling language to create models.

Business Process Modeling Notation Choice

To develop and pilot the proposed visual business process model transformation method to use
mathematical software for model analysis it is necessary to choose the modeling language allowing an
analyst to develop the model for business process of interest.

While choosing the graphical notation it is necessary to take into consideration the following:

1) the ability to yield the formal business process description;

2) the necessity to alter the developed model to implement the analysis with mathematical software
toolkit instruments;

3) the ability to develop “end user friendly” business process model definition extension algorithm
(business process control parameters specification).

Table 1 shows the results for comparison of different visual business process modeling notations
against the listed criteria.

Table 1. The Comparison of Visual Business Process Modeling Notations

Notation |Possible indicators to examine Mathematical apparatus

—_

operation execution time;

N
= = —= —

actor time occupancy;

IDEFO Algebraic equation systems

wW

operation cost evaluation;

scenario probabilistic assessment
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Notation | Possible indicators to examine Mathematical apparatus
1) operation execution time;
IDEF3 2) operation cost evaluation;
3) scenario probabilistic assessment
1) operation execution time;
2) operation cost evaluation;
3) a number of data access operation and
time needed;
DFD 4) actor and external participant time Simulation modeling tools;
occupancy; . ,
pancy Algebraic equation systems;
5) data flow time characteristics; , _ _
Differential equation systems;
6) the volume of data extracted and uploaded; . ,
Probabilistic evaluation models;
7) scenario probabilistic assessment , ,
Cols  evaluation  economical
: o models
1) operation execution time;
2) operation cost evaluation;
BPMN 3) actor time occupancy;
4) control flow time characteristics;
5) scenario probabilistic assessment
1) operation execution time;
2) operation cost evaluation;
eEPC
3) actor time occupancy;
4) scenario probabilistic assessment

According to the analysis results, DFD notation is chosen [Le Vie]. It is also chosen because it is not
that “popular” notation exploited to model business processes and existing visual business process
modeling tools offers too few tools to examine the models developed in terms of DFD notation. Analysts
while building the models for business process mainly takes advantage of UML [Badreddin, 2010;
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Bendraou, 2010; Hansen, 2012, a; Hansen, 2012, b; Mellor, 2002], IDEF3 or eEPC [Kim, 2001;
Kim, 2003; Sterle, 2015]. These notations illustrate flow of operations, event chains and other related
indicators. Nonetheless, an analyst can extract a lot of useful information that can be taken advantage
of in the process of taking managerial decisions from extended DFD model defining it with control
parameters.

The Main Business Process Indicators Identification

According to the DFD modeling capabilities main parameters values of which one can define or
compute while processing the analytical representation of a visual business process models are listed
below (the domain of interest is chosen regarding the usage of information resources while executing
the business process defined with the help of DFD):

1) process is characterized by:
a) execution time consisting of the time spent by all actors for executing this process operations;

b) resource spend consisting of fixed and variable costs depending on the number of actors directly
involved and time they spent;

c) process run quantity generally defined by the input control parameters values and corresponding

execution results;

2) flow is characterized by:

a) speed/time of data movement (queries, requests, queries results et cetera) along the flow from
one process to another or from a process to a data warehouse and vice versa;

b) the amount of data moving across the flow of interest (only for flows connecting processes and
warehouses);

c) flow operation costs needed for data transmission organization including both fixed and variable

ones;

3) data warehouse is characterized by:

a) the number of extraction queries implemented by the processes;

)
b) the number of update/insert queries implemented by the processes;
c) the amount of data uploaded into the warehouses by the processes;
)

d) the amount of data extracted from the warehouses by the process.
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Apart from numerical indicators describing the specific business process DFD model parts, it is
necessary to identify figures that can be computed using above listed control parameters as an input
and that can help build the comprehensive picture of a business process in question, namely:

1) total execution time for one instance of a business process modeled with the help of DFD notation;

2) total amount of data uploaded and extracted from data warehouses according to queries done by the
process parts of current instance of a business process in question;

3) total costs needed for the implementation process of one business process instance (including both
fixed and variable costs).

It is necessary to mention that a part of all indicators cling to the currently studied business process is to
be explicitly determined by the user. Thus, dependent parameters describing both single business
process elements (processes, flows, data warehouses) and the business process on the whole is to be
computed according to the mathematical and computing model described in the next section.

Mathematical Model of Business Process

The main formal definitions of business processes model obtained in terms of DFD visual modeling
notation are listed below.

Definition 1. Graphical business process model M is a DFD-model if it can be represented as a directed
marked graph as follows:

M= (P, D, F), (1)

where P = {p1, p, ..., pn} — a set of nodes representing processes, D = {d1, da, ..., dm} — a set of nodes —
data warehouses; and a set F represents data flows and being the union of two sets:

F=FpuUFo, )

where Fp = {fn, f2, ..., fon} — represent flows between processes, Fp = {fu, fw, ..., fan} — flows between
processes and data warehouses.
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Definition 2. Cross-process data flow in DFD-model M is a directed arc fj = (pj, pj) from a subset Fp that

meets: p;, pj e P and p; # p.

So, the characteristic property for the elements of Fp is as follows:

Fe={(pi, p) | pi, pj € P, pi# pj}. (3)

Definition 3. “Process-Warehouse” data flow in DFD-model M is a directed arc fj= (p;, dj) from the
subset Fp meeting pie P, dje D.

Definition 4. “Warehouse-Process” data flow in DFD-model M is a directed arc f;j=(d; pj) from the

subset Fp meeting die D, pje P.

The characteristic property for the elements of Fp is defined as follows:

Fo={((d,p)|die D,pje P)v((p,d)|pie P, deD)}cDxPUPxD. (4)

Definition 5. Process pi from a set P in DFD-model M is called starting if its in-degree is equal to 0, i.e.
din(pi) = 0. Starting process is defined by the means of subgraph M: = (Fp, P).

Definition 6. Process p; from a set P DFD-model M is called terminating if its out-degree is equal to 0,
i.e. dout(pi) = 0. Starting process is also defined by the means of subgraph M = (Fp, P).

Definition 7. Business-process scenario defined via DFD-model M, is a path of the graph M connecting
starting and terminating processes. Thus, scenario S; ordered process subset {p1, po, ..., px} of the set of
all processes P where each neighbor processes in S; connected with cross-process data flow, i.e the set
{(p1, P2), (P2, P3), ..., (P, Px)} is @ subset to a set of all cross-process data flows Fp.

Fig. 3 shows the example of business process visual model, and Fig. 4 illustrates its corresponding
abstract graph model M before additional marks for control parameters are introduced.
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Model Normalization Rules

As it was mentioned above, one of the main stages for the generation of business process analytical
representation is normalization during that input model is checked to meet a set of predefined
requirements. The set of normalization rules indicates the requirements for the visual DFD model of a
business process providing the ability to develop the corresponding analytical representations pursuant
to the formats listed in previous sections. Normalization rules is described in terms of definitions listed in
the previous section.

Rule 1. DFD-model M can have only one starting process pstart. Otherwise, the model M is to be divided
into several submodels having single starting processes.

Rule 2. DFD-model M can have at list one terminating process prnish. Otherwise, it is necessary to
introduce additional termination process node to the input graph M. The absence of a terminating
process can be caused by graph cycles, that's why one need to introduce arc providing an exit from a
cycles.

Rule 3. Each process of the DFD-model M is to be connected with another process pj (at lest one), i.e..
Otherwise, the isolated process node not having connections with other process nodes is to be deleted.

Rule 4. Each process node pi of the DFD-model M has to be connected with at least one data
warehouse node d; through the “Process-Warehouse” or “Warehouse-Process” data flows, i.e.
(pi, d) € Fp v (d;, pi) € Fp. Otherwise, the process node not having connections with warehouse nodes
is to be deleted.

Rule 5. Each data warehouse node d; of the DFD-model M is to have the connection with at least one
process p; across the “Process-Warehouse” or “Warehouse-Process” dataflows correspondingly.
Otherwise, process node not having any connections with the process nodes is to be removed from the
initial graph.

The normalization rules described above form the backbone to the DFD business process model
normalization software implementation. Besides, the normalization algorithms is not described in this

paper.
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Figures Computing Technique

To facilitate the process of computing main process indicators and figures listed above, it is necessary
to execute the additional business process abstract graph M transformation introducing arcs and nodes
inscriptions (the input of this information is implemented by the user). Formal definitions to these
parameters and definition extension algorithms will not be discussed in this paper.

To define the computing mechanism for business process indicators an initial abstract graph is to be
divided into two subgraphs including a cross-process data flow subgraph M; = (Fp, P) and a bipartite
subgraph M. = (Fp, P) indicating the interaction between processes and warehouses. Fig. 5 shows the
example of graph division.

Figure 5. Initial business process abstract graph division

The cross-process data flow subgraph is used to analyze the business process implementation
scenarios, and process-warehouse interaction subgraph is used to define and compute volume of
information processed while business process instance operation.
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As far as business process can be implemented through different scenarios, it is vital to inscribe each
cross-process dataflow (p;, p;) with P showing the probability of choosing this flow among the number of
all available ones.

That is why, the total probability of business process implementation scenario S; can be computed in the
following way:

PS:)= TI(R)
piypjesr':j (5)
Pi=pj

Formulas for each scenario characteristics computation are constructed (but these formulas aren't
shown here):

— T(S)) - the execution time of the business process scenario Sj;

— I(Si) - the amount of information processed during implementation of the business process
scenario S;;

— C(S)) - the costs necessary for the execution of the business process scenario S.

By using the above mentioned extended graph and numerical indicators describing the single elements
of the process, the following total business process (modeled with DFD-model M) figures computing
algorithm were implemented:

— Thtar — the total business process execution time;
— It — the total amount of information processed during the business process implementation;
— Cuotar — the total costs necessary for the execution of the business process in question.

The computing of DFD-model M above listed total figures, one need to get the values for the
corresponding single business process element indicators.

Calculations can be executed with mathematical software.

DFD-model Transformation into a Classical Petri Net

To get more precise view on a possible problems that can occur while the business process instance
implementation, one can exploit the apparatus offered by classical Petri net following the DFD-model
transformation rules based on the correspondence of the DFD-model elements and Petri net constructs
(see Table 2).
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Table 2. Petri net and DFD-model correspondence

Element Meaning

DFD-model Elements

Petri Net Elements

Query data from a
warehouse during
process implementation

Upload data to a
warehouse during
process implementation

Simultaneous data
query and upload while
process implementation

=) =)
\9
>

Data query and upload
while terminating
process implementation

Alternative business
process evolution

> L

Fig.7 shows the result of applying these transformation rules to a DFD-model abstract graph form a

Fig.6.
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The obtained Petri net will allow an analyst to perform additional analysis capabilities by means of Petri
net specific algorithms: invariants, traps, deadlocks et cetera.

Figure 6. Abstract graph example of a DFD-model for a business process

Figure 7. Corresponding Petri net

The generated Petri Net model can be uploaded to mathematical program to investigate its properties.
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Queueing Model Application

Above described model do not resolve all the business process analysis problems. The other aspects
concerning the business process modeled by using DFD notation can be examined with the help of
queueing models, namely process of destruction and multiplication.

Within the framework of this model one can define the probabilities for a system being in one of the n
possible states. The queuing system state S; described by the occupancy of i queues from all n
available ones.

The results obtained after the queueing model implementation can serve as a business process
reengineering decision support. First of all, they can be applied to configure the queues work intensity,
i.e. the probability of a system being in the idle state is to be decreased (when all queues are idle, or
only the little part of them is occupied). Secondly, queueing modeling results can also help to
redistribute the load among queues (more even possible system state probabilities distribution).

Software Implementation

Visual business process model transformation software research prototype has the following
components implemented:

1) the visual business process model creation and its internal representation generation component;

2) the component for uploading and processing the internal representation into mathematical
software tool Matlab.

The general scheme of the described above approach implementation is shown in Fig. 8.

The visual business process model creation and its internal representation generation component were
implemented with the help of following instruments:

1) Microsoft Visual Studio 2012;
2) XML-file C# processing tools;
3) CASE-tool for automated model-driven development CASEBERRY (ICS company software);

4) ASP.NET MVC tools for model definition extension module development.
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The component for uploading and processing the internal representation into mathematical software tool
Matlab was implemented by means of following instruments:

1) Matlab Java integrated development environment;
2) Matlab graphical user interface development environment (GUIDE);

3) Java programming language XML-file processing tools.

51;22'9;503;?%55 Extended analytical ) o
development model generation for Mpdel investigation
P Matlab with external with Matlab
C++/C# library |

Graph model
\T_— XML file of normalized Investigation results
< DFD model
\______/
Model repository
- Calculation
Business process results
model analysis
Graph model (DFD) normalization
Intermediate B XML file of Analytical report
model  |N\§ >| intermediate model (structured text)
generation |°
X

Figure 8. General implementation scheme
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Conclusion

The research software prototype implemented shows the practical value for the proposed approach.
The open system architecture allows to extend it with new components adding functionality including, for
example, generation of other analytical representation types to study different business process aspects
not presented in this paper so far.

It has to be mentioned that one can use DSM-platform MetaLanguage [Sukhov, 2013; Sukhov, 2014, b]
to develop visual business process models of other types and notations and to transform and
investigate diagrams.
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POLLEN GRAINS RECOGNITION USING STRUCTURAL APPROACH AND NEURAL
NETWORKS

Natalia Khanzhina, Elena Zamyatina

Abstract: This paper describes the problem of automated pollen grains image recognition using images
from microscope. This problem is relevant because it allows to automate a complex process of pollen
grains classification and to determine the beginning of pollen dispersion which cause an the allergic
responses. The main recognition methods are Hamming network [Korotkiy, 1992] and structural
approach [Fu, 1977]. The paper includes Hamming network advantages over Hopfield network
[Ossowski, 2000]. The steps of preprocessing (noise filtering, image binarization, segmentation) use
OpenCV [Bradsky et al, 2008] functions and the feature point method [Bay et al, 2008]. The paper
describes both preprocessing algorithms and main recognition methods. The experiments results
showed a relative efficiency of these methods. The conclusions about methods productivity based on
errors of type | and Il. The paper includes alternative recognition methods which are planning to use in
the follow up research.

Keywords: image recognition, OpenCV, Hamming network, feature points method, pollen-grains,
Structural pattern recognition.

ACM Classification Keywords: 1.5.1 Pattern Recognition Model - Neural nets, Structural, 1.5.4 Pattern
Recognition Applications - Computer vision

Introduction

The automated pollen grains recognition problem is a part of rapid-growing and popular intellectual
fields - pattern recognition and computer vision. The problem of pollen grains recognition is relevant, as
far as the right classification of pollen grains can allow to draw the appropriate conclusions and to solve
problems facing biologists (the honey quality control, determination of the pollen dispersion beginning),
geologists (determination of the fossil minerals bedding) and experts of other areas. The pollen grains
automated recognition problem involves two steps - the image preprocessing and recognition actually.

Today there are some open source software libraries which are used for a particular step of recognition
or for some recognition method. One of these libraries is OpenCV. This is the open source computer
vision and machine learning software library. The library has more than 2,500 optimized algorithms,



244  International Journal "Information Models and Analyses" Volume 4, Number 3, 2015

both classic and modern. They can be used for the face recognition and detection, objects identification,
movement tracking, and more and, in particular, for the objects classification on an image.

The main steps of pollen grains analysis are collecting (by special-purpose pots), chemical treatment,
obtaining images by a microscope, and finally getting statistics [Sladkov, 1967]. At the last stage an
expert determines species of plants. Determination of a plant genus is a quite simple task, while the
determination of a specie within this genusis often difficult to do. To determine specie of pollen
palynologists use a plant atlas, which takes a lot of time. At this stage, the automated recognition of
pollen grains would be suitable.

Thus, the recognizing program must be able to determine the amount of pollen grains by input image (a
picture obtained by the microscope), localize them on the original image and determine their genuses
and species.

The preprocessing step is performed by OpenCV and includes:

1. Image noise reduction, including the feature points method.
2. Image binarization.
3. Pollen grains localization and segmentation.

It was decided to make an attempt of using the structural approach and the neural networks in order to
continue the investigations in pollen recognition. The authors [Cherhyh et al, 2013] have tried to use
some classical methods of recognition to solve the automated pollen grains recognition problem, but
their approach have not produced the desired results, the quantity of correctly recognized images was
54%.

Initial data

A microscope is connected to a computer, so that an expert can get digital photographic images of
pollen grains immediately and see them on the computer screen in high quality. As a result of the
processing photographic images of pollen grains can be obtained from different sides.

Figure 1 shows images of the same pollen grain from inside and outside. The left image shows inside of
the grain. The right image is more blurred, this is the exine, or the outside. The form is less clear, but
surface is more clear.
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O

20 um 20 um

Figure 1. Images of clover pollen grain

Fig. 2 shows the image of the same pollen grain from different angles:

20 um 20 um

Figure 2. Image of buckwheat pollen grain from different angles

The images may have stains, see Fig. 3:

S

Figure 3. Image with stains
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All these things are causes of complexity of the automated recognition. Therefore it is necessary to
perform the preprocessing step in a quality manner. Let’s consider the steps of preprocessing: the noise
reduction, binarization etc.

Preprocessing

1.1 Noise Reduction

The first operation of noise reduction is smoothing. Smoothing, or blurring, is the simple and frequently
used image processing operation. There are many cases where smoothing is needed, but usually it is
used to reduce the noise.

The method used for noise reduction is Gaussian blur. Gaussian blur, also known as Gaussian
smoothing, is done by convolving each point in the input array with a Gaussian kernel and then
summing to produce the output array. The Gaussian filter changes every point by setting its value to the
average of all points in some radius (corresponding to the kernel of smoothing).

The following steps of noise removing are using such morphological operations as the dilation and

erosion functions.

The erode operation is often used to eliminate “speckle” noise in an image. The idea here is that the
speckles are eroded to nothing while larger regions that contain visually significant content are not
affected. The dilate operation is often used when attempting to find connected components. The utility
of dilation arises because in many cases a large region might otherwise be broken apart into multiple
components as a result of noise, shadows, or some other similar effect. A small dilation will cause such
components to “melt” together into one [Bradsky et al, 2008].

A good example of using of these operations is shown in Figure 4:

Dip will go away
Gray
&

\ Dilate

-
L L Ll

Figure 4. Using of dilation and erosion

Repeated using of these functions on the same image can give a significant noise reduction as a result.
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1.2  Binarization
The next step of the preprocessing is the image thresholding.

To perform this step, the following algorithm is applied:

1. The image is converted from the RGB color model (Red, Green, Blue) to the HSB color model
(Hue, Saturation, Brightness).

2. All pixels of the necessary hue (from claret to violet, the dye used in a treatment of pollen always
has a color of that hue) are converted to the black. This kind of binarization is double-threshold
according to the following formula (1):

0, f(m,n)=t;
f'(m,n)={1t, < f(m,n)<t,; (1)
0, f(m,n)>t,,

where t, t2 - threshold values, f - the input image, f - the output image, m,n - pixel coordinates, t1<t,.

3. Saturation of all the pixels whose saturation value is more than 30 (where maximum is 255) is
maximized, saturation of the rest is minimized. Thus, this is the low-threshold binarization.

This operation is a quiet simple and uses the only one threshold value according to the formula (2):

, B 255, f(m,n) 2t ;
f(m’”)_{o,f(m,n)q,

where t - threshold value,f - the input image, f '- the output image, m, n - pixel coordinates.

4. Calculating the conjunction of the hue and saturation layers.
Let's consider the next step - segmentation.

1.3  Segmentation
The goal of segmentation in this case is to separate pollen grains contained on the image.

One of the stages of segmentation is contour finding. OpenCV has several methods for this, one of
them is the Canny edge detector.
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The most significant dimension to the Canny algorithm is that it tries to assemble the individual edge
candidate pixels into contours. These contours are formed by applying an hysteresis threshold to the
pixels. This means that there are two thresholds, an upper and a lower. If a pixel has a gradient larger
than the upper threshold, then it is accepted as an edge pixel; if a pixel is below the lower threshold, it is
rejected. If the pixel's gradient is between the thresholds, then it will be accepted only if it is connected
to a pixel that is above the high threshold [Bradsky et al, 2008].

The found edges can help to find the contours of pollen grains. Then recursive algorithm builds from the
contours tree a list of those that can be pollen grain contour:

1. The first stage is to remove too small areas of contours.

2. The areas containing contour is compared with pollen grains patterns using Hu-moments.

3. The rest of contours are filled with black color. These are the separate pollen grains already.
There are the results of the preprocessing (Fig. 5-7):

Figure 5.The result of angelica image preprocessing
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Figure 6. The result of clover image preprocessing

T

_
\

20 um

Figure 7. The result of preprocessing of angelica image with stains
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1.4 Scaling
For those recognition methods which are not invariant to image scale it needs to apply another stage of
the image preprocessing called scaling.

All the images are scaled to the size of 200x200. That allows, for example, to compare the input images
with patterns using Hamming metric (an amount of distinct bits in a two-dimensional vector representing
an image).

Image recognition methods

1.5 Structural approach

This method is also called structural, because an object is described as a grammar, not as a features
vector. The recognition presents parsing.

The adaption of this approach to two-dimensional objects like images is difficult. Firstly, there is no
obvious way of choice of finite elements. Secondly, there is no obvious way of choice of reduction rules
[Fu, 1977].

The alternative for the structural approach is the Freeman chain code. Finite elements are the numbers
from 0 to 7. The encoder moves along the boundary of the object and, at each step, transmits a symbol
representing the direction of this movement (Fig. 8).

7 0 1
A

6|« »|2
¥

5 - 3

Figure 8. Directions of movement

Thus, the Freeman code is a sequence of numbers describing the boundary of the image. An example
of such code is shown in Figure 9, the entry arrow is red.
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Figure 9. Chain of the pollen grain image

Fig. 10 shows how boundary looks in a program:

™, &

\\ ~ —

Figure10. The boundary of pollen grain image in program
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Next, the chain code of the image is compared with the chains of patterns, the closest one is the answer
(in sense of Euclidean distance). Consider the next method of recognition.

1.6 Hamming neural network

The usage of a neural network is one of non-classical methods of pattern recognition. The training set
here is the set of patterns including each plant's specie, from different angles of pollen grains.

The chosen architecture is Hamming network. This network requires a few memory and small amount of
computation, against, for example, Hopfield network. Figure 11 shows Hamming neural network layout.

The advantage of that network is a small amount of weighted connections between neurons. Hopfield
network with input size of 100 can memorize 10 patterns, while its layout will have 10,000 synapses.
The Hamming network layout with the same capacity will have only 1000 synapses [Ossowski, 2000].

The Hamming network consists of two layers. The first and second layers each have m neurons, where
m is the training set capacity. The first layer neurons have n synapses connected to the input (which is
called zero layer). The second layer neurons are linked by negative synaptic feedback. For each neuron
the only one synapse with positive feedback is connected to his own axon.
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Figure11. Hamming neural network layout
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The idea of the network is to compute the minimum of Hamming distances between an input image and
all patterns. The network should activate the only one output corresponding to the pattern with the
minimum distance.

At the stage of initialization weights of the first layer and the activation function threshold have the
following values:

k

W, = % i=0...n1-1, k=0...m-1 3)

L.

Te=nl2,k=0..m-1 (4)

where x#- i-th element of the k-th pattern.

The weights of inhibiting synapses in the second layer have a value between 0 and 1/m. A synapse
neuron which is connected with his own axon has a weight of 1.

The Hamming network has the following algorithm [Korotkiy, 1992):

1. The input is an unknown vector X = {xi:i=0 ... n-1}, the first layer neurons state is calculated from
the input (the superscript means the layer number):

n—l
yi =5 = Zw[jxl. +7,,J=0..m-1 (5)
i=0

The resulting values are the inputs to the axons of the second layer:

Y2 =y, j=0..m-1 (6)

2. The second layer neurons new state calculation:

m—1
sSPp+1)=y,)—-e> v ¥ @)kl j=0.m-1 (7)

k=0
and their axons values calculation:
YWp+)=flsP e+ j=0.m-1 (®)
The activation function fis a threshold, the F value must be large enough to avoid the oversaturation.

3. Check if the second layer outputs changed since the last iteration. If yes then go to the step 2.
Else this is the end.
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The only problem with Hamming neural network is when images with noise are at the same Hamming
distance from two or more patterns. In this case, the choice between these patterns is random
[Ossowski, 2000].

1.7 The feature points method
The following image recognition method is the feature points method.

The image is represented as a set of special key points. A scene feature point or a point feature is a
point of the image, whose neighborhood is stand out from other points neighborhood [Bay et al, 2008].

A feature point can be determined as a point of a sudden gradient drop in the image by two directions
(corner points).

The feature points are compared with each other by their descriptors. There is the class in OpenCV for
describing the feature points named SURF (Speeded up Robust Features). This is one of descriptors,
which searches feature points and describes them in invariant to the scaling and rotation way. Besides,
the feature points are invariant in the sense that the object on the image from different points of view
has the same set of feature points [Bovyrin et al, 2013].

The feature points method does not give good results: only 35% of the right classification. On Fig. 12
feature points comparison gave the right answer, in Fig. 13 - the wrong answer.

Figure 121. Example of correct recognition by the feature points method
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Figure13. Example of incorrect recognition by feature points method

The feature points method was less effective in the pollen grains images classifying, but good enough to
throw out stains, which are not pollen grains, but have the same color. Perhaps the cause of low
efficiency is the rounded shape of pollen grains of different species. Thus, this method completes the
preprocessing.

Results

The estimation of efficiency of all methods is based on measure of errors of the first and second kinds.
The error of the first kind is the incorrect miss (false negative), when an event of interest is not detected.

The error of the second kind is incorrect detection (false positive), when an event of interest is absent,
but is detected [Vezhnevec, 2007].

Let us consider the neural network estimation results (Table. 1):
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Table 1. Results of testing the neural network

Angelica | Clover | Buckwheat | Pigweed | Carnation |Averages

Pollen grains amount 122 135 53 74 73 452

Normalized rate of errors of the
o 20% 36% 26% 23% 32% 28%

first kind

Normalized rate of errors of the

_ 28% 5% 0% 0% 0% 7%
second kind

Percent of correct misses 72% 95% 100% 100% 100% 93%
Percent of correct detections 80% 64% 74% 7% 68% 72%

The structural method gave the highest result of angelica recognizing: 44% of errors of the first kind, 0%

of errors of the second kind, 100% of correct misses and 56% of correct detections. The average of

correct detections across five species is 42%.

The combination of all three methods gave a good result in the sense of errors of the second type, the

average is 7% for the neural network, and 0% for the structural method.

The average of correct detections is 72% for the neural network and 42% for the structural method.

The cause of the most of the errors of the first kind is the pollen grains taken from the exine.

Conclusion

The feature points method is well suited for exclusion from the list for recognition those objects which

are not pollen grains, like stains. Hamming neural network and structural approach do not distinguish

stains from grains, this is their main disadvantage. The combination of preprocessing basic methods

with the feature points method maximizes stains elimination for further recognition by the neural

network.

This approach has the following results: for the neural network an average error rate of the first kind is

27%, of the second kind - 7%. Accordingly, neural network recognized correctly about 72% of the pollen

grains. Structural method detected correctly about 42% of the pollen grains.
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The cause of the most of the first kind errors is the pollen grains taken from the exine, that is, their
boundaries are blurry. The next problem is the pollen grains stuck together, but this happens rare, about
two pairs per 250 grains.

The next step in research isto use the OpenCV’s boosting. It is also planned to apply a texture
recognition, a support vector machine. Research of neural networks is not finished: the next network
would be convolutional neural network.

One of the major drawbacks of the used methods is that the speed of processing and recognition is
quite low. It takes about 40 seconds per an image with one pollen grain. Obviously, the program needs
an optimization. Therefore, one of the following stages of development is the usage of concurrency.
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OCOBEHHOCTMW AHATNU3A CTATUCTUYECKOW MHOOPMALIUM B COEPE
WMHOOKOMMYHUKALIUIA

anuHa ManBopoHckas, Metp Auyk, Onua Kasak

AHHomayus: OcpomHble 06beMbl cmamucmuydeckol UHbopmayuu, komopas cmana docmynHol npu
NOCMPOEHUU  UHGOPMayUOHHO20 obuiecmea, npueenu K y8eNUYEHUK Crly4yaes HEKOPPEKMHO20
ucnonb308aHus Memodos aHanu3a amol UHopMayuu, Ymo 3a4yacmyro eneyem 3a coboll owUbOYHbIe
8b1800bl, KOMOpble MO2ym npusecmu K He2amugHbIM nocnedcmeusm. Bo usbexaHue makol
cumyayuu 6 pabome daHbl HeKOMopPble peKoMeHdayuuU No YcrosuUsIM NPUMEHEHUs Memodos aHanu3a
OaHHbIX U ChopmuposaHa Memoduka no3manHo20 aHanu3a cmamucmku 8 Chepe 371eKMPOHHbIX
KOMMYHUKayud.

Knioyeeble cnosa: cmamucmudeckas — UHpOpMauus, aHanus  OaHHbIX, UHGHOPMALUOHHO-
KOMMYHUKaUUOHHbIE MEXHOM02UU, UHGHOKOMMYHUKaUUOHHBIE yCryau.

ACM Classification Keywords: G.3 Mathematics Of Computing — Probability And Statistics —
Statistical Computing, Time Series Analysis, Correlation and Regression Analysis;, C.2 Computer-
Communication Networks.

BBeaeHue

B Hactosllee Bpems B npouecce nepexoga OT MHOYCTpWUanbHoro obuiectsa K MHGOPMaLMOHHOMY
HEBO3MOXHO MePEeOLIEHUTb porib BCeoBbeMITIOWEN 1 JOCTOBEPHOM MHAOpMaLM O NPOUCXOSALMX B
obuiecTBe npoLeccax u sBneHusx. ECTeCTBEHHO Takyto MHGopMaLmio LenecoobpasHo nomyyatb nyTem
aHanusa UMelLencs CTaTUCTUYECKOM WHGOpMauWK, OAHAaKO B MOCNeaHWe oAbl pesynbTarthb
CTaTUCTMYECKUX OTYETOB BCE Yalle BbI3blBAT HEAOBEpUE, CBA3AHHOE C  HeafeKBaTHbIM
OTOOpaXeHNemM UMW [OEUCTBUTENBHOCTU. JTO CBHA3AHHO HE TOMbKO C 3aBEAOMO MOATACOBKOW U
NCKaXEHUEM VMEILLENCS CTaTUCTUYECKON MH(OPMALMK, HO 3a4acTyld U C HEyMEHWEM NpaBWibHO
NPUMEHATb METOAb! aHanM3a JaHHbIX.

Ecnn B npeablgylieM CTONETUM aHaNM30M CTaTUCTWKW, CBS3aHHOW C nepeaayen WHopMauun no
WH(OPMALMOHHBIM CETSM, 3aHUMarnMCb B OCHOBHOM CMELMAnUCTbI, OCYLLECTBASIOWME BECH KOMMMEKC
MeponpuUsATANA, CBS3aHHLIX C MomnyyeHneM, (Yawe BCero mnyTeM ChneuuanbHO OpraHW30BaHHbIX
N3MepeHnil) n 06paboTKoM CTaTUCTMYECKOM MHOPMaUWK, TO Tenepb, Korga WHdopmauus W
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nporpammHble cpeactea ee 00paboTkM cTannm Gonee AOCTYMHbIMK, €€ aHanM3oM MbiTaKTCs
3aHMMATbCS W OUNETaHTbl, NNOX0 MPEeLCTaBMstoOLLME YCIOBUS MPUMEHEHNS TEX WM UHbIX METOAOB
aHanu3a gaHHbix (Afl). Takas cuTyauus NpUBOANUT K HEBEPHBIM Pe3yrbTaTaM Ha OCHOBaHWUW KOTOPbIX
[enatoTcst oWNBoYHble BbIBOALI, MHOMAA NPUBOASLUME K JANEKO MAYLIMM NOCNEeACTBUSM He NyyLinMm
06pa3om, Cka3bIBaOLLMMCS HA Pa3BUTUM HALLEN CTPaHbI.

Ewe oaHOM 0COBEHHOCTBIO CROXMBLUEACS CUTyaUuu CTano TO, YTO €CnM paHblue CreunanucTbl B
OCHOBHOM CTasnKMBanuCb C HEXBATKOW [AOCTOBEPHOW CTAaTUCTUMYECKOM MHGOpMaLuMW, TO cenmyac Ans
NOMyYeHNss HECMELLEHHbIX OLIEHOK MCCregyeMOon CryvyanHoONW BenuuMHbl Heobxogumo obpabaTtbiBaTb
ceepxbonbLune 06beMbl CTaTUCTUKN. DT 06BEMBI UBMEPSIOTCA AECATKAMU, @ TO U COTHAMM rurabanr,
YTO TOXE BbI3blBAET ONPEAEneHHble TPYOHOCTM, TaK Kak HM OAWMH MNPOrpaMMHbIA  MPOAYKT,
npeaHasHayeHHbIn ang obpaboTku cTaTUCTMKM He cnocobeH KoppekTHO obpaboTaTtb Takue Gonbline
MacCyBbl JaHHBbIX.

Cnepytwlyas CMOXHOCTb CBf3aHa C HanuuneMm 6OMbLIOrO KONMWYeCTBa  Creumani3npoBaHHbIX
nporpaMMHbIX NPOAYKTOB, MpedHa3HaveHHbIX Ang aHanu3a AadHbX (MMNAL). Ux Hanuuve uHoraa,
BMeCTO TOro, YTobbl NOMOYb CreyuanucTam, cokpallas Tpygo3aTpaTbl Ha BbINOMHEHWe TPYAOEMKMX
PYTUHHbLIX OMepauyui, NPUBOAWUT K HEKOPPEKTHOMY WCMOMb30BaHWK, MpU KOTOPOM Wccregosaterb
3a4acTyto Jjaxe He NOHUMaeT, YTo UMeHHO paccunTbiBaeTcs MMAL, no kakum opmynam v npu Kakux
YCOBUSX AONYCTUMO UCMOSb30BaHWE TeX UMK MHbIX MeTogoB All, 4TO anpuopy NPUBOAMT K 3aBEAOMO
HEBEPHbIM pesyrnbTaTtaM, @ COOTBETCTBEHHO W K OLUIMOOYHLIM BbIBOLAM, CAENaHHbIM HA OCHOBE 9TUX
pesynbTaToB.

MocTaHoBKa 3apaun

Bce 9710, Takke M psg ApYrMX HEManoBaXHbIX acrmekToB NpuBenn K HeobxogmmocTu paspaboTku
METOANKN KOPPEKTHOrO NMPUMEHEHWS! METOAOB aHanu3a AaHHbIX B WHAOKOMMYHUKaumsx. OgHomy 13
NOOXOAOB peLUeHNs Takoh 3agaun nocesilleHa 3Tta paborta. CyuwectByeT 60nMbLIOE KONMYECTBO
y4ebHON nnTepaTypbl ¥ HayYHbIX MCCNEOOBaHMA, B KOTOPbIX AAETCSA ONpedeneHne TeX WK MHbIX
MeTOJ0B aHanu3a craTucTyeckon uHdopmaumu. K Hanbonee M3BECTHbIM M3 HUX MOXHO OTHECTM
pabotbl AHgepcoHa T. [AHaepcoH, 1963; AvpepcoH, 1976], AinBassHa C.A. [ABa3sH, 1998; AiiBassH,
1989], boposkoBa A.A. [Boposkos, 2010], MopsinHoea B.B. [lopsuHos, 2001], UN6epnbl K. [bepna,
1980], Kob3aps A.W. [Ko63ap, 2006], Opnosa A.W. [Opno., 2004], Mexgans W.0. [Mangenb, 1988],
Kum k. O. [Kum, 1989], Noynm [. [Moynu, 1967], OkyHb A. [OkyHb, 1974], Xapmana [. [XapmaH, 1972],
®epctepa 3. [Pepctep, 1983, PeHua b. [PepcTep, 1983], Kenganna M. [Kengann, 1976], Ctbtoapta A.
[Kengann, 1976], llemana E. [Jlleman, 1964], lnonga 3. [JInona,1989; Nnona, 1990], llegepmana B.
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[Mrnong,1989; Mnong, 1990], v 1.4. OgHako 6OMBLUMHCTBO U3 HIUX NO3BOSISKOT XOPOLLO U3Y4UTb TEOPHIO,
HO He [JaloT NpaKTUYECKUX PEKOMEHZAUWi MO MOMyYEHWH0 HABbLIKOB MPUMEHEHMI0 3TUX METOAOB W
UCNONb30BaHWO ANa aTuX Lenei, umetowmxcs MMAL.

Haubonee nonHo 3agava ucnonb3oBaHuns metogos Al v cywectaytowmx MMAL oTpaxeHa B pabotax
npodp. H.Ll. Bancensn [Bancdensa, 2006], koTopas Ha NPOTSHKEHUM MHOMX NET KOHCYMbTMpOBana
COTPYOHUKOB Kadpeapbl MHAPOPMALMOHHO-KOMMYHUKALIMOHHBIX TexHomorun Opecckoi HauuoHanbHoM
akagemun nuwesbix TexHonornid (MKT OHAXT) B npouecce AMCCEPTALMOHHBIX WCCNEa0BaHNN,
CBSA3aHHbIX C NpuMeHeHneMm MetogoB A[l, npu pelieHnn pa3HooOpasHbiX 3adad, CBA3AHHBIX C
aHammM3oM W CWUHTE30M MH(OPMALMOHHLIX CeTeil YKpauHbl. Tak B 4aCTHOCTU pesynbTaTbl 3TUX
nccnegoBaHnide - onybrnukoBaHHble B pabotax [[aiBopoHckas, 2009a; [aiBopoHckas, 2007a;
ansopoHckas, 2007b; Maenos, 2007; Kotoea, 2009a; Kotosa, 2010a; Kotosa, 2010b; Kotosa, 2008;
KotoBa, 2009b; Caxaposa, 2008; boHgapeHko, 2010a; boHaaperko, 2010b; bonaapeHko, 2011], ganu
BO3MOXHOCTb 0006LNTL HEKOTOpble OCOBEHHOCTW MpuUMeHeHns mMeTogoB ALl Npu UCCeSOBaHWSX B
06nacTi MHPOKOMMYHMKALMIA.

Tak, Hanpumep, B pabotax [[amBopoHckas, 2009b; [aHHuukuin, 2009; [ansBopoHckas, 2009c;
FaHHuUbkuiA, 2011; TanBopoHckas, 2007¢; MaHHuukmi, 2008a; ManHuukmi, 2008b; Gannitskiy, 2010;
Fannuukuin, 2010a; anHuubkui, 2010b; Gannytskyi, 2012], onybnukoBaHHbIX NO pesynbTatam
ANCCepTaUMOHHbIX  uccnegoBaHun W.B. TaHHMUKMM Ha OCHOBE aHanu3a MetogoB 06paboTku
CTaTUCTUYECKOW  MH(OPMALMM MNOKa3aHO, YTO MPUMEHEHME  CyLLECTBYIOLUUX  CTATUCTUYECKMX
NPOrpamMMHbIX NPOLAYKTOB HEe [JaeT BO3MOXHOCTM obpabaTbiBaTb CBEPXOOMbLUME MACCHBbI [AHHbIX
obbemom Gonee 1 MnH. 3anuceit. MMoatomy MM pa3paboTaH MeTod aHanuTudeckol oBpaboTku
CTaTUCTUYECKUX AaHHbIX, BKITIOYAIOWMA KELIMPOBAHWE, CEMMIIMHI, UEPApPXUYECKOe CTPYKTYpUpOBaHue
NCXOZHOW MHGopMaLmu, 4To no3sonuno obpaboTtatb ceepxbonblume 06bEMbI AaHHBIX U MOBBLICUTb
TOMHOCTb M CKOpPOCTb 00paboTkM [Ans  UCCnefoBaHMs MacCWBOB — CTAaTUCTUYECKUX — AaHHbIX
ceepxbonbLuoro obvema (bonee 250 I'b).

OGpaboTka pesynbTaToB W3MEPEHWH, BbINONMHEHHAs C MCMONb30BAaHWEM aBTOPCKOTO MPOrpamMMHOr0
npoayKTa, NO3BOMWMA MPOAHANN3MPOBATh TEHAEHLMM M3MEHEHWs MapaMeTpoB MOTOKOB BbI30BOB W
rnocTynatowien Harpyskn. B pesynbtaTe nokasaHo, YTO CYLIECTBEHHbIM SBMSIETCS SIBHO BblpaXEHHOE
CHV)XXEHWE TeMMOB POCTa Harpyski OnepaTtopoB MOOWIIbHOW CBS3W, KONMYECTBO BbI3OBOB MOBUMLHOM
CBS3M M WX ANUTENBHOCTb MMEKT SIPKO BbIP@XEHHYID TEHAEHUMIO NajeHusi, a MUKW Harpysku B
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npasgHu4Hble OHW CTaHOBATCA BCE Bonee APKO BbIPaXEHHbIM MpU o6u4e|7| TeHAeHUMN CrnaxuBaHUA

Harpysku.

Pa3paboTaHHbIi aBTOPOM METOA MOBbIWEHNS ddeKTUBHOCTM 06paboTkn cBepxbonblumx 06bEMOB
NCXOOHBIX [aHHbIX C MCMOMb30BaHMEM CUCTEMbI YynpaBneHus Gason pgauHblx (CYB[) Oracle,
OTNMYAIOLLMIACA UCMONb30BaHNEM Cneumduyecknx BHyTpeHHUX yHkunin CYB[, nepeHocom meToaoB
cTatuctuyeckon 06paboTku Ha ypoBeHb paboTtsl CYB[] nossonser:

— CokpatuTb Bpems, Heobxoaumoe ans 06paboTku CTaTUCTUYECKMX AaHHbIX;
— [oBbICKTb CKOPOCTL AOCTYNa k 06paboTaHHbIM AaHHLIM B 67 pas;

- ABTOMaTI/I3VIpOBaTb CO30aHne 0T4ETOB B Pa3nn4HbIX BPEMEHHbIX Cpe3ax N peXnmax;

YBENMYNTb TOUHOCTb NONYYEHHbIX pe3ynbTatoB Ha 12-15% 3a cyeT nogbopa nHTepBana ycpeaHeHns 1
obecneunTb B3aUMOAENCTBME C CYLLECTBYHOLMMM NPOrPaMMHbIMU NPOAYKTaMK1, NpeaHasHa4yeHHbIMM

Ans 06paboTkM CTaTUCTHKN.

MoxHO yTBepxgaTb, 4TO B OOMbLUIMHCTBE UCCMEA0OBaHUA, CBSA3aHHbIX C pasBuUTUEM Cdepbl
WH(OKOMMYHMKaLUMA B TOW WM MHOW CTEMEeHW NPUCYTCTBYIOT pesynbTaTthl, MONyYeHHble C
npumeHeHnem metogos Afl.

Ota pabota HanmpaBneHa Ha pa3paboTKy NOLWAroBOrO anropuTMa, Onpefensiowero YcrnoBus
KOPPEKTHOro mpumMeHeHus metogoB ALl v pekomengaumin no ucnonb3oanuto [MA[, Hanbonee
yAobHbIX AN pelleHus OTAenbHbIX 3agadv All, OTHOCAWMXCA K aHanu3y (YHKUMOHMPOBAHUS U

NNaH1POBAHMNIO Pa3BUTUSI MHCOPMALIMOHHBIX CeTel U MH(POPMALIMOHHOMO 0BLLECTBA B LiENoM.

OcHoBHas 4YacTb

Mpexge 4Yem NPUCTYNUTL K WUCMOSb30BAHWKO METOAOB MaTeMaTW4ecKoW CTaTUCTWKW HeobXoaumo
onpeaenuTb cnocod NpeacTaBneHNs WUMEIOLENCH CTaTUCTUYECKOW WHGopMaLuK, KoTopas MOXET
npeacTaensTb coboi BbIOOPKY MnM BpeMeHHON psag. Ecnv uMetowyascs ctatuctuyeckas MHGopMaums
ynopsiao4YeHa BO BPEMEHM - OHA MpeacTaBnseT coboit BpeMEeHHON psif, ecnu xe chopMmupoBaHa no
KakuM-TO ApYyrM NpuU3Hakam, ee HasblBaloT BbIOOPKOW. B nutepaType, NOCBALLEHHOWM UCMOMNb30BaHMI0
MeTogoB MaTemaTuyeckon ctatuctukn [KobBsap, 2006] nog BbIOOpKOW NOHWMAOT pesynbTaT n
He3aBUCUMbIX MOCNefoBaTENbHbIX HAOMIOAEHUA CnyYaHoi BenuuMHbl X W3 paccmaTpuBaeMoil
reHepanbHON COBOKYMHOCTH.
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Onsa Toro 4Tobbl OnNpedennUTb KakMe MMEHHO MeTofbl KOPPEKTHO MCMofb3oBaTh ANS aHanusa
KOHKPETHON BbIBOPKM, HEOOXOAMMO OLEHUTb ee BUA, TO eCTb OnpedenuTb SBnseTcs N Bblbopka
CTaHAAPTHOW, NapHOM, KOMOMHMPOBAHHOW, CTPATUULMPOBAHHON, KNACTEPHO MAN CUCTEMATUYECKOMN.

— [Ecnn ucnonb3yetcs napHas ctatucTuyeckas Bblbopka, TO npexnae, BCEro HeobXOAMMO
OLIEHUTb SBMSIETCS NN OHA PENPE3eHTaTUBHOM, 1 3TOT0 OHa AOIKHA cofepxaTb He MeHee 30
00bEeKTOB, B Cryyae, €cru BblOOPKA COOEPkWUT MEHbLUEE KOMMYECTBO OOBLEKTOB,

Mncnonb3oBaHMe CTaTUCTUYECKNX METOOB ANA ee UCCnegoBaHna CHATAeTCA HEKOPPEKTHBIM.

— Ecnn craHpapTHas cTaTucTUYeckast BbiOOpKa penpe3eHTaTWBHA, NPOBOAWUTCS aHanu3

XapakTepa pacnpegeneHus uccnegyemoi criyqyanHon BENUYMHbI.

— Ecnn Bbibopka nogumHseTcs xoTs Obl OOHOMY W3 pacnpefeneHunit M3BECTHOMO Buaa, TO ee
MOXHO MCCNeaoBaTb MeTodamMyt NapamMeTpuyeckon CTaTUCTUKW, NpU 3TOM ONpeaenstoTcs
OCHOBHbIE LiEHTparbHble MOMEHTbI, @ MMEHHO MaTeMaTU4ecKoe OXuaaHue, Aucnepcus W

cpedHeKkBagpaTn4eckoe OTKIOHEHWE.

— Ecrnm Bug yHKUMM pacnpeneneHus uccrnegyemoit CriyqaiHol BEnWYMHbl HEe MOXET ObiTb
ONMUCaH M3BECTHbIMM 3aKOHAMW pacnpedeneHns, TO pacyeT MepeyunUCneHHbIX OCHOBHbIX
LleHTpanbHbIX MOMEHTOB He MMEEeT cMmbicna. B aTom cnyyae Heobxogumo Wcnonb3oBaTh
METOAbI HenapameTpPUYECKO CTaTUCTUKKL, K KOTOPbIM OTHOCUTCS BbIYKUCMEHWE: MEAMaHbl, TO

€CTb 4ucrna, KoTopoe Aenut BapI/IaLl'I/IOHHbIIh pad Ha ABe 4acTu, coAaepxallue OOMHaKoBOE

1+1)

YMCTMO 3MEMEHTOB, ecrin 0Gbem BbIGOpKM n =2/ +1 (HenapHbii), T0 Me, = x| ecnmn xe
. (X(/+1) + X(/+1))
06bem BbIBOPKK NapHbIiA, TO Me, :f; MOZb! — BENWYMHbI NPU3HAKa, Yalle BCEro
3 M - f o~ _
BCTPEYatoLLErocs B [aHHOM COBOKYMHOCTU M, =X, +n ; pasmaxa -

(fm-fm-1)+(fm-fm+1)

pasHuubl Mexgy MakcumanbHbiM U MUHUManbHbIM 3Ha4Y€HWEM NPU3HaKa R=Xmax - XU

KBapTUNS — 3HAYEHUS NPU3HaKa B PaHXUPOBAHHOM psify pacnpefeneHns, BbIGpaHHOMO Takum
obpa3om, 4to 25% eauHuL COBOKYnHOCTU OyayT MeHbwe no pasmepy Q, ; 25% 6yayt

3aKmoyeHbl Mexay Q, n Q,; 25% - mexgy Q, u Q,; apyrve 25 % npesocxogar Q, :

1 2 3
A5, 1S, TS
f. f, f.

Q Q, Q

Q = Xq *lq , Q, = Xq, +1q, , Q, = Xq, +ig,
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Ha PucyHke 1 npeactaBneH obLymin noaxog K UCNosb30BaHWK METOLOB MaTeMaTUYeCKon CTaTUCTUKM.

Her. i C?op 7
I [AaHHbIX
Boibopka

7 1
MapHas
gf”ﬂ:ﬂ??:ﬂ cTaTucTUyeckas
cramc C BbiGopka
BbiGopka
]
AHanuz

penpe3eHTaTMBHOCTU

Hert

PenpeseHTatnBHan

(N> 30) 1
ccnepoBaHue AHanus xapakrepa
HEBO3MOXHO! pacnpegeneHus

MapameTpuyeckas
BoluncneHus MNoctpoexue runoTessl 0
ONMCATENbHBIX CTATUCTHK xapakTepe pacnpegeneHus.
pacnpegenesus rvnotesa HO

n RO Tex
l nop, noKka He
PacueTt meuaHbl AHanu3 NpUHUMAETCA
runoTesa
CTaTUCTHYECKOro

KputTepus

MpUHATE OCHOBHOIA
runoTessl NNk H
ansTepHaTUBHOM
|
Pacuet: aucnepcum,
cpegnero n CKO

|

PacueT: Moga, KBaHTWNb,

MUHAMAILHOE 3HAYeHMe,

MaKCHManbHOe 3HadeHue,
pasmax, NepyeHTb

AHanus pesynerara

PucyHok 1. MeToabl aHann3a CTaTuCTMYECKON HCopMaLmMK Ans BbIGOPKK

B kayectBe npumepa npenBapuTENbHOrO aHanusa CTaTUCTUYECKOW MHQOpMauuu paccMOTpUM
pesynbTaTbl, NOMyYEHHbIE MPU aHanM3e COCTOSHUS TENEeKOMMYHUKALMOHHON OTpaci B pasnuyHbIX
CTpaHax Mupa, pa3sMeLleHHOW Ha canTtax MexayHapogHOro cok3a anekTpocsssu (International
Telecommunication Union, ITU) [ITU] n EBponeickon akoHomuyeckoin komuccun OOH (United Nations
Economic Commission for Europe, UNECE) [UNECE Statistic Database]. Ha ocHoBe aTux AaHHbIX
BbIMOMHEH aHanu3 WHQOPMaLMK, XapakTepuayloLen KONMMYecTBO Monb3oBaTenen YeTbipex BUOOB
CBSA3N:  (OMKCMPOBAHHOW MPOBOAHOM  wmpokononocHon ceasm  (OMLLUC), obosHayeHHon T1,
(ukcupoBaHHoW TenedoHHon ceasn (PTC) (T2), mobunbHon cessu (MC) u WHtepHet (T4). B
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UCCreaoBaHMK MCnonb3oBaHbl Nokasatenu ana 53 ctpad mupa 3a nepuog ¢ 2000 no 2012 rogbl.

Mpumep aHanuanpyeMblX UCXOAHbIX AaHHbIX NpuBedeH B Tabn. 1 - 4, oTpaxaoLmx Ucnomnb3oBaHue

OMWC, ®TC, MC v npoueHT nonb3osatenen MHTepHeT.

Tabnuua 1. Konnyectso To4ek noaknoyeHms T1

CrpaHa 2000 2001 2002 2009 2010 2011 2012
AscTpus 190500 | 320600 451000 1845600 | 2029000 | 2078000 | 2118000
Monposa 239 418 186973 | 269067 | 355099 | 417177
Poccus 0 0 11000 12900000 | 15700000 | 17420161 | 20703653
CLLA 7069874 | 12792812 | 19881549 78349000 | 82759000 | 86445000 | 90341000
Y36ekucTaH 0 0 88735 118000 | 147760 | 212729
YKkpanHa 0 1906725 | 2954556 | 3169396 | 3643460
Weenuapus | 56416 | 140000 455220 2739149 | 2911504 | 3076384 | 3210631

Tabnuua 2. KonnmyecTso To4EK NOAKNHOYEHUS T2

CrpaHa 2000 2001 2002 2009 2010 2011 2012
Asctpus 3997000 | 3997000 | 3883000 3253000 | 3398000 | 3388000 | 3380000
MonpoBa 583811 639165 719286 1138729 | 1161148 | 1179953 | 1205768
Poceus 32070000 | 33278200 | 35500000 45379601 | 44915829 | 44151461 | 42168388
CLUA 192513000 | 191570800 | 189250143 152873000 | 149652000 | 143319000 | 138595000
Y3bekuctan | 1655044 | 1662963 | 1681127 1856592 | 1892164 | 1927735 | 1980038
YkpaunHa 10417000 | 10669600 | 10833300 13026293 | 12941346 | 12680881 | 12182142
Wsenuapus | 5235733 | 5383483 | 5387568 5131810 | 4907773 | 4898770 | 4721981
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Tabnuua 3. Konnyectso To4ek noakmoyeHns T3

CrpaHa 2000 2001 2002 2009 2010 2011 2012
ABcTpus 8562000 | 11132000 | 12670000 22200000 | 22500000 | 24490000 | 24338000
Monposa 139000 | 225000 338225 2184832 | 3165052 | 3587431 | 4080143
Poccus 3263200 | 7750499 | 17608756 230050000 | 237689224 | 256116581 | 261886329
CLLA 109478031 | 128500000 | 141800000 274283000 | 285118000 | 298293000 | 310000000
Y3bekucTaH 53128 128012 186900 16417914 | 20952000 | 25441789 | 20274090
YkpanHa 818524 | 2224600 | 3692700 54942815 | 53928830 | 55576481 | 59343693
LBeiyapus 4638519 | 5275791 | 5736303 9322580 | 9644157 | 10082636 | 10460000

Tabnuua 4. Konnyectso To4ek noakmoyeHns T4

CrpaHa 2000 2001 2002 2009 2010 2011 2012
ABcTpus 33,73 39,19 36,56 73,45 7517 78,74 80,00
MonpoBa 1,28 1,49 3,79 27,50 32,30 38,00 43,37
Poccus 1,98 2,94 4,13 29,00 43,00 49,00 63,80
CLUA 43,08 49,08 58,79 71,00 71,69 69,73 79,30
Y36ekucTaH 0,48 0,60 1,08 17,06 20,00 30,20 36,52
YkpauHa 0,72 1,24 1,87 17,90 23,30 28,71 35,27
LBeiyapus 47,10 55,10 61,40 81,30 83,90 85,19 85,20

N3 Tabmuy 1 - 4 BMAOHO, YTO MMeEKLLAACs CTaTUCTUYeckast MHopMauus npeacTaBnseT cobow

CTaHOapTHYI0 CTATUCTUYECKyl0 BbIGOPKY, cocTosiyto M3 53-x OOBLEKTOB, YTO NOATBEPXKOAET ee

penpeseHTaTUBHOCTb. [pn aHanuse xapakTepa pacrnpefeneHns BbiGopka CBOAUTCA K OAHOPOAHOMY
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nokasaTternto. CnyanHaﬂ BeIM4MHa, NOAYNHAKOLWAACA HOPManbHOMY pacnpeneneHnto Ha FpaCbI/IKe,

VMEET BUA KPVBOIA ,KOMOKOI000pa3Hoi” hopMbl, B Mpeaenax KoTopoi HaX0ASATCS BCE €€ 3HaYEeHNS.

Ha Puc. 2 npefcraBneHbl ructorpammbl pacrnpefeneHns CryqanHon BenuuuHbl, NpeacTaBeHHon B
aHanusupyemon BbIGOpKe C NOMOLLBIO KpUTepns ¥ -kBagpar.

[epemernas: Bup ceazu T1, Pacnpenensuus: Hopuanenos Tepemennas: Bug cexze T1, Pacnpepensuus: Hopuaneros
Kpwurepuit: Xu-reappar=69,81003, ce=2 (roppanuposarseit), p=0 Kpurepwi: Xu-geagpar=83,37413, cc=2 (roppanmuposannzi), p=0

EpEtE

- . | .

20 i =0 (v 7 20 a g C x W &0 0 a0 na B 00
Cpvnmna (EepXHAT TPaKHLaE) Tpynna (sepxuts rpammma)

[lepemerran: Bun ceazn T3, Pacnpenenstns: Hopuanesos Iepemernan: Bun ceasi T4, Pacnpeneneane: Hopuaneros
{perepuit: Xu-xeanpar=6,36672, co=3 (koppemuporanszdt), p=0,25 Kpurepuit: Nu-xsanpar=102,75853, ce=3 (xoppamrposansent), p=0

8} 1 1 45|

DN A

R —

4 E & ] a0 6 10 nd 0 0 @ W 8 T™ & 00 10 110

T'pvnna (eepxEas rpamsgna)

N

- fﬁ}'ﬁﬁl (eepxHan rpa.mtui_:

PucyHok 2. 'mcTorpammbl aHanun3a HopMansbHOro pacnpeaenenus ans suaos cesasu 11 - T4

[Ins [OCTOBEPHOCTI pesynbTaToB NPOBEPKA HOPMAnbHOTO pacnpesenieHns BbIMONHEHO UCCNeaoBaHNe
TEX Xe BbIOOPOK C MCMOMNb30BaHNEM ELLE TPEX KPUTEPHEB:
— Konmoroposa-CMMpHOBa OCHOBaHHOTO Ha MakCUMyMe pPasHOCTU MEXOY KyMYNnsSTUBHBIM
pacnpegeneHnem BbIBOpKM 1 npegnonaraeMbiM KyMynsTUBHbIM pacnpeaeneHneM;
— Jlunnuedopca npeacraenstoLero mogugukaunio kputepus Konmoroposa-CMUMpHOBS;

—  W-kputepusi LWanupo-Yunku ssnsiowerocs Hanbonee addekTMBHbIM, TaK kak OH obnagaet
fonblien MOLHOCTBIO MO CPaBHEHMIO C  anbTepHATUBHBIMA  KPUTEPUSMU  MPOBEPKY
HOPMasbHOCTH.
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PesynbTaTbl NPOAEMOHCTPUPOBaHbI Ha Puc. 3.

Fpurepuit Komvoropoza-Cumproea=0.33517, p<0.1,

I'mcrorpavua: Buga cexsm T1

Kpurepuit Tumuadopea p<0.1,

W-rpsrepiit Mamupo-Bumee=0.37003, p=0

'ucrorpavua: Bupa cexse T2

Kpwrepuit Konuoroposa-Caumprosa=0.34600, p<0.1,

Kpurepuit Tumuadopea p<0.1,
W-rpurepui amepo-Bumer=0.35423, p=0
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I'merorpasua: Buga ceame T3 Tuerorpasmua: Buna cease T4
Kpurepuit Komuoropoea-Cuuproea=0.09408, p>20, Kpurepuit Komuoropoea-Cuuprosa=0.33937, p<0.1,
Kpurepui Tumeedopea p>20, Kpurepuit Tumuebopea p><0.1,
W-rpurepuit Mlanupo-Buma=0.957772, p=0.5825 W-rperrepnit [ampo-Brma=0.51841, p=0
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PucyHok 3. ['vctorpammbl aHanusa HopMasbHOro pacnpegenenns ans sugos ceasn T1 - T4

N3 Puc. 2 n Puc. 3 BMAHO, YTO 3HAYeHWs HE OOHOM W3 aHanM3Mpyemblx BbIGOPOK He HaxXoAAaTCs B
npegenax KonokonoobpasHoi KpuBOW, CrefoBaTenbHO, aHanmavpyemble BblGOpKM He MOryT ObiTb
onucaHbl HOpManbHbIM pacrnpedeneHuem. [103ToMy ANS UCCNENOBaHUS OCHOBHBIX XapakTepucTUK
pacnpefeneHus aHanuaupyemon CryqyanHon BenUYMHbI aaekBaTHbIM SBMSETCA NPUMEHEHWE METOAO0B
HenapaMeTpuyeckon cTaTUCTUKK. [onyyeHHble pesynbTaTbl NpeacTaBsneHsl B Tabn. 5.
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Tabnuua 5. Pe3ynbtaT pacyeta OCHOBHbIX CTAaTUCTUYECKWX XapaKTepucTuk ana T1 - T4

OnucartenbHble XapakTepuCTUKK T T2 T3 T4
CpepaHee 3HaueHe BbIOOPKM 2965924 9965559 19501476 42,14
MakcumanbsHoe 3HaveHme Boibopkn | 90341000 192513000 310000000 96,21
MuHUManbHoe 3HaveHue BblIBOpKM 0 18470 1160 0,05
Pasmax 90341000 192494530 309998840 96,16
Mopga - - - -
Meguara 540850 2490022 5828157 40,41
KeapTunb Q 108804 587642 1817835 23,55
Keaptunb Q2 557167 2303484 5952441 41,39
Keaptunb Qs 1830508 5396746 15414791 60,71
CpepnHee NMMHENHOE OTKMNOHEHWe 2886107 9799232 19350479 41,55

N3 Tabnuupl 5 BUAHO, YTO CpeaHee KonnyecTBo Touek nogknoyeHus (TM) ana ®MWC cocrasnseT 2
965 924, npn HynesoM MuHUMyme, ¢ Makcumymom B 90341000 TI1. CpegHee 3HaveHne OTC — 9 965
559 TMM, MC — 19 501 476 TT1.

CnepoBatenbHo, B HacTosllee Bpemsi Haubonee LWMPOKO pacnpOCTPaHEHHOM B aHanm3vpyembix
CTpaHax siBnsieTcs MobunbHas CBs3b, cpeaHee konnyecTBo TIT Ans KOTOPOi NpakTUYeCky B ABa pasa
Bonble, yem y ®TC v B 10 pa3 npesbllwaeT cpegHee 3HaveHne nonbsosatenen GrWC. 1o MoxHO
MOSICHWTL TEM, YTO LUMPOKOMONOCHAs CBA3b MOKA €Lie He AOCTUIMAa MaKCUManbHOro pasBuTys,
nnaTexecnocobHbI CNPOC Ha 3TV YCNYTU eLLe He YCNeBaeT 3a NPEANIOKEHNEM.

N3 Tabmuy 1 - 4 BuaHO, 4TO Hanboree YacTo BCTPEYAIOLLErocs 3Ha4yeHns B aHanu3npyemon Bbibopke
He CyWlecTByeT, MO3TOMy MOZY ONpedenuTb HEBO3MOXKHO, OAHAKO CepeauHoi BblOOpkM ans T1
aBnserca 3HadeHne 540 850, ana T2 — 2 490 022, pna T3 — 5 828 157, otcioga BMAOHO, YTO
“Cnonb3oBaHe PUKCMPOBAHHON TENEOHHON CBA3W NO-NPEXHEMY aKTyanbHO 1 NoKa NPeBOCXoanT B 4
pasa ucrnonb3oBaHne PUKCMPOBAHHON NPOBOAHON LLMPOKOMOSIOCHOW CBSA3N.
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Momumo aToro B Tabnuue npeacTaBneHbl TpU 3HAYEHUS, KOTOpble AENST UCCneLyemMyro BoliOopky Ha
yeTbipe paBHble YacTn (kBaptuim Qi, Qz, Qz) yto, Hanpumep, ans ®TC Qz cocTasnsieT 5 396 746, a
9TO 03HAYAET, YTO 3HAYEHNS konnyecTBa TI1 LOCTAaTOMHO CKOHLEHTPUPOBAHbLI OTHOCUTENBHO CepeamHb
BbIBOpKM.

[ns Toro 4ytobbl y4eCTb pa3nnumsa 3HaYeHU Uccnegyemoit BolbOpKM paccynTaHo CpeaHee NMHEHoe
oTknoHeHue (CJ10), kotopoe ans ®MWC cocrasuno 2 886 107, ana ®TC - 9 799 232, ana MC - 19
350 479. 3ta xapakTepuCTMKa MokasbiBaeT BeNNYMHY pas3bpoca 3HaYeHW uccrnegyeMblX CryYanHbix
BEMWYMH OTHOCUTENBHO CPEAHEro 3HaveHns Bblbopku, Hanpumep, ansa T1 CJ1O coctasuno 2 886 107
OTHOCUTENBHO CEepeamHbl BbIBOPKM, 3TO 0OBACHAETCA TeM, 4TO 3HadeHus Tl gns aToro Buaa CBA3M
CYLLECTBEHHO OTIMYalOTCA ApYr OT Apyra, MOCKOMbKY 9TOT BUA CBA3W eLle He JOCTUT MakCUManbHOro
Pa3BUTWSA 1 Er0 UCNOMNb30BaHME CYLLECTBEHHO OTNNYAETCS B Pa3fnYHbIX CTpaHax, B COOTBETCTBUM C UX
9KOHOMMYECKUM Pa3BUTUEM B LLESIOM.

Ha cnepylowem aTane BbIMOMHAETCS aHanu3 MPU3HAKoB WMeELLencs BbIOOPKK, AN 3TOro
paspaboTaHo MHOXeCTBO MeTogoB Afl, K KOTOpbIM OTHOCATCS, B YaCTHOCTW, (PaKTOPHbIN,
KOPPENALUMOHHBIN, KNaCTEPHbIN U PErpecCUOHHbIN aHanu3bl, KOTOPble MOXHO WCMONb30BaTh Kak

He3aBMCNMO ApYyr OT Apyra, Tak 1 B COBOKYNMHOCTH.

®akTtopHbii aHanu3 [/6epna, 1980] no3sonser OUEHUTb BIUSHWE OTAEMbHbIX (PAKTOPOB Ha
pesynbTUPYILLMe XapakTEPUCTUKIA NpoLiecca W BKIKOYAET NATb 3Tanos. Ha nepBom atane otbupatoTcs
(haKTOopbI, ONpefensoLme uccnesyemble nokasaTen.

Crepyrowmm a1anomM sBRSETCs Knaccudukaums n cuctematinsaumst akTopos C Lienbio obecneyeHus
KOMMNEKCHOrO CUCTEMHOrO MOAXOAA K WCCNEdOBaHWI0 WX BIMSHWS Ha WMCCTeayemylo CryyaiiHyio

BEITUYUHY.

[anee onpegensetca opma 3aBUCUMOCTM W MOLENMPYETCH B3aWMOCBA3b Mexzy aktopamu K
pesynbTaTMBHbIMK NoKa3aTensamu. Ha 4eTBEpTOM 3Tane pacCuuTbIBAETCS BNMUSHWUE (PaKTOPOB W OLiEHKA
PONW KAXKOOTO W3 HUX B W3MEHEHUM BENWUYMHbI PEe3ynbTaTUBHOrO Mokasatens. 3aknunTenbHbIM
aTanoM sBNsieTcs npakTuyeckas paborta ¢ PakTopHON MOAENbIO0 M COOCTBEHHO (DAKTOPHbIN aHaNM3.

MocnenoBaTenbHOCTb BbIMOMHEHNS 3TUX 3TanoB oTobpaxaet Puc. 4.
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®aKTOPHBIN aHAIU3

!

YcTpaHeHHe B3aMM03aBUCHMOCTH
$aKkTOpoB ¥ yTOYHEeHHe Habopa
II0Ka3aTeJsIeH IIyTeM pacyeTa IIapHBIX
K03$OUITHEeHTOB KOppeJssIIiuu

!

BrizresieHue ¢aKTOpPOB
I1epBOr0 poja

!

OneHKa pe3yJILTaTOB aHa/IM3a U
IIOAITOTOBKA PeKOMEHAITHH 110 UX
IIpaKTUYeCKOMY
HCII0JIE30BAaHUIO

PucyHok 4. lNocnenosaTenbHOCTb BbINOHEHUS (DAaKTOPHOMO aHanmsa

B kayectBe npumepa npuBedeHbl pe3ynbTaTbl MCMONb30BaHUS METOAOB (DAKTOPHOTO aHanusa npu
BbISIBNIEHUN CTEMEHW BIMSHUS OTAENbHbIX (PAKTOPOB Ha NPOLECC pasBUTUS MHDOKOMMYHUKALMOHHBIX
TEXHOMOTUIA.

B kayecTBe UCXOOHbIX AaHHBIX MCMOMb30BaHa CTaTUCTUYECKas MHPOPMALIUS N0 MAKPOIKOHOMUYECKON
W reHgepHon cratuctuke ana 53-x ctpaH mupa UNECE [UNECE Statistic Database].
MakpoakoHOMMYecKkas MHGOpMaLMs — 3TO COBOKYMHOCTb 3KOHOMMYECKMX MokasaTenei ans CTpaH
BCEro MWpa, a reHepHas CTaTUCTWKa npedctaBnser cobo  couuarnbHble  JaHHble,
KnaccuuumpoBaHHble N0 NOMOBOMY Npu3Haky. MHdopmaumio, nonyyeHHyto u3 6a3 ganHbix UNECE,
MOXHO OXapakTepu3oBaTb napameTpamu, BblOOp KOTOpbIX OOYCMOBREH Tem, YTO Ha caiTe
EBponeiickas  akoHOMMyeckas komuccus Opravusaumn  OBbeguHeHHbix Hauuin (ESK  OOH)
NPeACTaBneHbl UX pearnbHble 3HAYEHUs:, a Takke, TEM YTO JOCTYN K APYTUM UCTOYHMKAM aHanornyHowm
WHOPMaLMKM 3aTpyaHUTENEH.
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MpoaHanuanpoBaHbl crieaytoLme hakTopbl:

1. HaceneHue ctpaHbl: Tepputopusi; obLiasi YUCNEHHOCTb HAceNeHUs; MAOTHOCTb HaceneHus,
Yer. Ha KB. KM.

2. YnCneHHOCTb HaceneHus CTpaHbl B OTAENbHbIX BO3PACTHbIX rpynnax no mnomy: MyXYWHb
Bo3pacTHbix rpynn 0-14, 15-64, 64+ W XEHLWWHbI TeX e BO3pacTHbIX rpynn, NpOLeHTHas
COCTaBIAHOLLASA MYXUMH U XEHLLWH B 06LLEM HaceNeHnn CTpaHbl.

3. [ons HaceneHus CTpaHbl, MCNOMb3YtoLLEro nepcoHanbHbin kKomnbiotep (1K), pasgeneqHas no
NOMOBOW MPUHALANEXHOCTU W pacnpesfeneHHas B OTAEMNbHbIE rpynnbl N0 BO3pacTy M nony:
MY)XYMHbI B Bo3pacTe 16-24, 25-54, 55-74 1 XeHLMHbI TEX e BO3PACTHbIX rpyn.

4. 3aHATOCTb HAcCeneHusi, C TOYKW 3PEHUS MEeXAyHapOAHOM CTaHA4APTHOM OTPacneBoi
knaccugpukaumn (MCOK) n Gespabotuua Hacenenus: ypoeeHb 6e3paboTuubl MOMOLEXM;
3aHsaToctb (MCOK Bepcusa 3.1 pasgen A u B) UNECE [UNECE Publications]; 3aHsTocTb B
npombiLuneHHocT u anektpoaeprin (MCOK Bepceusi 3.1 C-E); 3ansitocts (MCOK Bepcus 3.1
pasgensl G-l n J-K); 3aHatoctb B gpyrux yenyrax (MCOK sepcumsad.1 L-P).

5. 0O606LieHHbIE  9KOHOMMYECKME MOKasaTeMM B MEXOYHAPOAHO-COMOCTaBUMbIX — LiEHaX,
BKMHOYaOLLME:

— Banoson BHyTpeHHuit npopykT (BBI) B Tekywux LeHax W napwuteT noKynaTenbCcKow
cnocobHocTu (MMNC) B mnH. gonn. CLWA;

— BBI1 B Tekywymx LeHax, MiH. HaLMOHaNbHOW BankoThl;
— BBIT Ha gywy HaceneHus B ueHax v MMC (CLUA) Tekywero roga, gonnapos CLUA;

— BBIllHa AYyLWwy Hacenenua B LeHax TekyLero roda, eanHnL, HaLIMOHaJ'IbHOVI BantoThbl.

6. 0O606LLieHHbIE SKOHOMMYECKNE NOKA3aTeNM, BKIKOYAOLMeE: YPoBEHb 6e3paboTiLibl; 3aHATOCTb
W TEMMbI €€ POCTa; MHAEKC NOTPEOUTENBCKMX LIEH M TEMMbI 70 POCTA; MAPUTET NOKYNaTENbHOM
cnocobHocTtn (MMC); pacxogbl Ha koHeyHoe noTpebneHue WHEOKOMMYHMKALMOHHBIX YCIyr
(VIKY) Ha gywy HaceneHus.

7. OKOHOMWYeCKas OesATernbHOCTb:
— [Jons akcnopTa u uMnopTa ToBapoB M yCryr B npoueHTax ot BBIT;
— BHewHwi 6anaxc Toapos u ycnyr, % ot BBIT;

— BHewnwnn gonr, mnH. gonn. CLA; BBIT: cenbckoe X0351CTBO, NPOMBILLIEHHOCTb (BKMOYas
CTPOMTENbLCTBO), YCNYru: NPOnU3BOACTBEHHbIN MeTod, uHaekc 2005 = 100, ueHax v MMNC
2005;

— BBIM: MCOK A-B, C-E, F, G-I, J-K, L-P, npon3BoaCTBEHHbIN METOA, AONS B NPOLEHTax OT
Banoson fobasneHHoi ctoumoctn (BAC), ueHax u MMNC Tekywwymi rog.
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DaKTOPHbLIN aHanK3, He3aBMCUMO OT MCMOMb3YEMbIX METOLOB, HAYMHAETCS C ONPeaeNeHns KONNYecTa
(hakTopoB, KOTOPblE MMEET CMbICI CNONb30BaTh ANs aHann3a. JTOT 3Tan ABMSAETCH OYeHb BaXHbIM,
TaK KaK MCCreaoBaTenb 3a4acTylo MMeeT GOmbLion HAbop xapaKTepuCTUK, HO 3apaHee HEeW3BECTHO,
CKOIbKO (haKTOpOB HEOHXOANMO 1 BOCTATOMHO ANS NPEA0CTABNEHNS AaHHOMO Habopa XapaKTeEPUCTUK.

Cama xe npouegypa (akTOPHOrO aHanu3a npeanonaraeT npeaBapuTenbHOE 3adaHue  uucna
takTopoB. Mcxoasa w3 aToro, uccrnegosatesb JOMKEH 3apaHee onpeaenuTb UK OLEHUTb BO3MOXHOE
Konn4ecTBO (hakTopoB. [Ans onpefeneHns yucna aktopoB yAobHO MCMonb30BaTh NPOrPaMMHbINA
nakeT Ans CTaTUCTUYECKOro aHann3a uHgopmauun ,STATISTICA-8’, ¢ NOMOLLbO KOTOPOrO B HalleMm
Cnyyae paccunTaHo fBa KpUTepus: METOZ MMaBHbIX KOMMNOHEHT 1 KPUTEPWIA KAMEHOM OChINK.

OpHuM 13 Hambonee pacnpOCTPaHEHHbIX KPUTEPUEB MOWCKa (DAKTOPOB SBMSETCS METOZ rMaBHbIX
KOMMOHEHT. OLieHKa 3HaYMMOCTM rNaBHbIX KOMMOHEHT NPOM3BOANTCSA NO UX COBCTBEHHBIM 3HAYEHMSAM,
npegcTaensowmm coboit Aucnepcuio CTaH4apTU3MPOBaHHbIX MUCXOAHbIX AaHHbIX. OCHOBHas waes
MeToga OCHOBaHa Ha CriedyloleM MpeanonoxeHnn: yem Boiwe % obien aucnepcun, Tem Gonblue
WH(opMaLmMK  codepkuT  3HadeHue. [loaToMy MeToA  rMnaBHbIX  KOMMOHEHT — CBOAWTCA K
nocreaoBaTenbHoON npoueaype: BHavarne uweTcs nepsblit haktop, 06bACHSAOLWMI HanborbLUY YacTb
AMCNEepCUM, 3aTeEM HE3aBWUCUMbIA OT Hero BTOPOW (hakTop, OOBACHSIOWMIA Hanbombluyld YacTb
OCTaBLUEWCa gucnepeuu, 1 T.4.

Ons pabotbl ¢ nporpamMmmHbiM naketom ,STATISTICA-8" HeobXxogumo BBECTM BCE 3HAYEHMS
nccneagyemoi CrnyvanmHon BENMWYMHbI B rMaBHbIM MOAYIb, MOCHE Yero 3amnyckaetcs Mogynb ,AHanua
[MaBHbIX KOMMOHEHT”, NOcne Yero BblbupaloTcs NepemMeHHble AN aHanu3a (B Hallem cnydvae 3To
napameTpbl npeacTasneHHble Bolle). locne Toro Kak nepemeHHble 3afaHbl, HeobXoaMMO MPUHATL
pelleHne kak ByaeT npoBOAMTCA aHanu3: Ha OCHOBe koBapuauuin, nubo koppensauwit. Kosapuauus
HECeT TOT e CMbICM, YTO U KO3(DPUUMEHT KOppensuum — OHa MoKa3biBaeT, ecTb N fIMHeNHas
B3aMMOCBSA3b MexXZy ABYMS Cry4aiHbIMU BENMYMHAMU, W MOXET paccmaTpusaTtbes Kak ,AByMepHas
ancnepens’. 3HaK KoBapuauuu yKasbiBaeT Ha BWO NMHENHOWM CBA3W MExXay paccmMaTpuBaeMbiMi
BeNMYMHaMK: ecnn oHa 6onblue 0 — 3TO 03HaYaeT NpsMYH0 CBA3b (MPY POCTE OAHOW BEMUYMHBI pacTeT
n apyras), kosapuauus <0 ykasbiBaeT Ha 06paTHyto ¢Bs3b. [1pu koBapuaLmmn pasHon 0 NuHeHas CBs3b
Mexay nepemMeHHbIMM OTCYTCTBYeT. B Hawem cnyyae aHanu3 NpoBeAeH Ha OCHOBE KOPPEmnsLMOHHON
MaTpuubl, NO3TOMY, BblbpaHa onums ,AHann3 0CHOBaH Ha koppenaumsx’, a 4ns Toro, YTobbl 3aMeHUTb

nponylieHHble 3Ha4eHnda aHanu3npyembiX BENWYUH Ha WX CpedHWe 3HaYeHuA, B rpynne OI'ILI,VI17I
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,yaaneHue nponyLeHHbIX AaHHbIX” YCTAHOBMEHO 3HaYeHue ,3ameHa cpefHum’. Tocne 3Toro Haxas
kHonky ,OK” nony4yaem pesynbTaThbl, NpeacTaBreHHble Ha PUCyHKe 5.

B2 I naBHbIE KOMNOHEHTH W PESYALTATH aHanWsa knaccudukaumi: ActivitifElIES |

Uptcmo. oCH. mepeM.: 45 Upcmo ECTIOMODAT. IIepex. - ()
Yoo ocH. Habm. - - Yromo Ecrmomorar. Habmo:o )
Cober. zmawen: 1240170 §.11953 607133 384856 2.008%4 151786 .. E'ﬂ

Yucno pakTopos © IE K.ayecTteo npegcTagnenwa: 810 &

EelcTpRIG I nEDEMEHHbIEI HaﬁmmEHHﬂl OnucareneHele

[SUHH]

P aKTOpHBIE KOOPAMHATEI NEPEM 2M rpaduk pakTOpoE NEpem. E Orumu v

fiffl 9P akTopHEIE KOORAWHATEN Hafin.

2M rpaduk pakTopos Hatn,

i CofcTEEHHBIE 3HAYEHMA [patiik KareHWCTOM 0CkInK

PucyHok 5. ®opma mogyns “AHanus rnasHbIX KOMMOHEHT”

B mHdopmaumroHHom none auanora I naBHble KOMMOHEHTLI U pe3ynbTaTbl aHanuaa knaccugpukaumn’
npeacTaBneHa obwas uHopmauus O pesynbTaTax Tekylero aHammaa. OTO YUCNO aKTMBHBIX W
BCMOMOraTenbHbIX NepeMEHHbIX, HabrniogeHndn 1 COBCTBEHHbIE 3HaYeHus. [lpu HaxaTum KHOMKW
,COOCTBEHHbIE 3HauYeHus”, nonyyaem Tabnuuy co6CTBEHHbIX 3HaveHuin (Tabn. 6), B KoTopoit Ans
Kaxgoro COGCTBEHHOMO 3HAYeHUs NpPeLCTaBneH NPOLEHT ODbSCHEHHOW AMCMEPCMM, KyMYyNSTUBHOE
COBCTBEHHOE 3HAYEHME W KyMYNATUBHBIN NPOLEHT 06 BACHEHHOM AnCnepcui.
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MepBoe COBCTBEHHOE 3HAYEHME BCeraa SBMSETCA HaMbOMbLUMM 1M MPEBbILAET EeauHULY; 3TO

OonpenenseTcs anroputMoM paboTbl MpoLeaypbl — akTopbl BbIYATAKTCS B MOPSAKe UX BMUSHUS Ha

OUCNEepcni0  NepemMeHHblX. 3aTeéM BbIMUCNAETCA OUCnepcus, 06yCJ'IaBJ'IVIBaeMaF| onpefdeneHHbIM

thaktopom. C M3BbATUEM KaXOOro HOBOTO (hakTopa COOCTBEHHbIE 3HAYEHWS YMEHbLUAKTCH, a

KyMYNSTUBHbIN NpoLeHT npubnmxaetcs k 100.

Tabnuua 6. CobCTBEHHbIE 3HAYEHUS MATPULBI KOpPENALMM

daxrop CobcTBEHHOE 3HaYeHue % obLen KymynstueHoe KymynatueHbIn

napameTpoB avenepeun CoBCTBEHHOE 3HaYeHNe MPOLEHT
1 12,40170 27,55932 12,40170 27,55932
2 8,11953 18,04340 20,52123 45,60273
3 6,07133 13,49185 26,59256 59,09457
4 3,84856 8,55236 30,44112 67,64694
5 2,00894 4,46431 32,45006 72,1125
6 1,91786 4,26191 34,36792 76,37316
7 1,61008 3,57796 35,97800 79,95112
8 1,46741 3,26090 37,44541 83,21202
9 1,17164 2,60364 38,61705 85,81566
10 1,10646 2,45880 39,72351 88,27446

Kak BugHO m3 Tabnuubl 6, COBCTBEHHOE 3HaYeHWe Anst nepeoro haktopa paeHo 12,4, TO ecCTb 3TOT

(hakTop onucbiBaeT npumepHo 27,6% obuien Bbibopku. BTopon daktop, umetowuin 3HaveHue 8,12

oTBevaeT 3a 18,04% o6Leit BbIBOPKK 1 T.4.
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B paccMaTpuBaemMom rnpumepe ocTasndemM Ansd AanbHenLwero 1ceneaoBaHns ToMbKo nepeblie NATb

(haKTOPOB, KOTOPbIE MMEIT 3HayeHue Gonblue ABYX, B COOTBETCTBUW C kpuTepunem Kaisepa [Kaiser,
1960].

[Opyrum cnocobom onpegenenus Hanbonee 3HauMMbIX (DAKTOPOB SBMSIETCS MOCTPOEHUE W aHanws
rpacmka kameHHom oceinu (Puc. 6), Ha KOTOPOM OTOBpaxaeTcs NocneaoBaTeNbHOCTb COBCTBEHHBIX
3HauyeHuin paktopos. P. B. Ketten [Cattel, 1966] npeanoxun onpegenntb Ha rpaduke cobCTBEHHOE
3Ha4YeHne, HauynHas C KOTOpOro ,ropka” TepsieT CBOK KPUBM3HY U BbIXOAMT HA MPUMEPHO NOCTOSHHbIN
ypoBeHb. [1paBas YacTb rpaguka ABMSETCS NULb HE3HAYNUTENbHLIMU OCTaTKaMK ,KAMEHUCTON OChINK™.
Takum o0Opasom, npu MCMONb3OBAHUM TaKOrO MOAXO4A HYXHO OCTaBUTb TOMbKO (PaKTOpbI,
pacronoXeHHble CrieBa OT ,KaMeHHoW ockinn”. Ha Puc. 6 nokasaH rpaduk, Ha KOTOPOM TOuYKa, rae

HernpepbIBHOE NafeHne COOCTBEHHbIX 3HAYEHUI 3aMefnfeTcs, MOXKET COOTBETCTBOBATb MATOMY WM
LIECTOMY (hakTopy.

B pesynbrate conoctaBneHns Tabnuubl COOCTBEHHbIX 3HAYEHWA W rpadmka ,KameHHon ocbinu’

ornpeaeneHo, Y4To B aHanNM3npyeMom cnyyae LienecoobpasHo BblaenuTb NsiTb hakTopos.

I'paduk coOCTBEHHBIX 3HAYEHHIT
14 T T

13 |
2t 3 — Ileperrit daxrop

11 r '!

JHAYEHHA

5 Ilatent darxTop
4 ll'}- / "
3

1 - Te—o e

—

T e —— ——

0 A oo

Yncno coOCTEEHHBIX 3HAYESHHIT

PucyHok 6. pachuk COBCTBEHHbBIX 3HAYEHMI (haKTOPOB
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OcHoBHble pe3ynbTaTbl (haKTOPHOTO aHanu3a BblpaxatoTcs B Habopax (hakTOpHbIX Harpy3ok, TO ecTb
3HaYeHWUN KOIPULMEHTOB KOPPENALMA KaXAOr0 U3 UCXOAHBIX MPU3HAKOB KaabIM W3 BbISIBMEHHbIX
(haKTOPOB M (haKTOPHLIX pblvaroB. PaKTOPHLIMM pblyaramMmy HasbiBalOT KONMYECTBEHHbIE 3HAYEeHMs
BblAENEHHbIX (DAKTOPOB AN KaXZoro U3 n uMerowmxcs obbekToB. Yem TecHee CBSA3b KOHKPETHOMO
npu3Haka C KakuM-T0 (HaKTOPOM, TEM Bbllle 3HaYeHWe (DAKTOPHOW Harpysku. [MONOXWUTENbHbLIA 3HAK
(haKTOPHOW Harpy3k1 yKasbiBaeT Ha NpsMYI0 (@ OTpULATENbHbIA 3HAK — Ha 0BpaTHYH)) CBSA3b JAHHOMO
npu3Haka ¢ HakTopoMm.

B npumepe ncnonb30BaHO HECKOMBKO BUMAOB (haKTOPHBIX HArpy30K, KacatoLmecs cnocoboB BpalLeHus,
Lenblo KOTOpbIX SBNSIETCS MOMyYyeHUe MHTEPNPETMPYEMON MaTpuLbl Harpy3ok, TO €CTb (haKTOpoB,
OTMEYEHHbIX BbICOKMMW Harpy3kamn Ansi HEKOTOPbIX MEPEMEHHbIX W HU3KUMK Anst apyrux. Mpn aToMm
ncnonb3oBaHbl MeToabl 6e3 obpalleHus, Bapumakc u kBapTumakc [Iloynu, 1967]. Bapumakc [Kum,
1989] - Haubonee 4acToO MCMOMb3yeMbld HAa NpakTUKE METOA, Lenb KOTOPOro MWHMMM3MPOBATb
KONMWYECTBO MEPEMEHHBIX, WMEILMX BbICOKME HArpy3kM Ha [AaHHbl hakTop, 4TO cnocobCTByeT
YNPOLLEHNIO ONMUCaHNS (PaKTopa 3a CYET rPYNNUPOBKI BOKPYT HErO TOMbKO TEX NEPEMEHHBIX, KOTOPbIE C
HWM CBS3aHbl B BOMbLUEN CTENEHM, YEM OCTarbHbIE.

Ksaptumakc [Kum, 1989] — B onpegeneHHOM CMbICIE NPOTUBOMNOIIOKEH BapUMaKcy, T.K. MUHUMU3NPYET
KONM4eCTBO (HaKTOPOB, HEOBXOAUMBIX ANs 06BACHEHWS AaHHOW nepeMeHHoi. [1o3aToMy OH ycunueaeTt
WHTeponepabenbHOCTL NepemeHHbiX. KBapTUMake — BpalleHue NpUBOAMT K BbIAENEHWO OZHOT0 U3
obwmx akTopoB C LOCTAaTOMHO BOMbWWMK Harpyskamy Ha OGOMbWWHCTBO NepeMeHHbIX. [lpumep
pesynbTaTa pacyeToB Ans O4HOMO W3 3TUX METOLOB NpMBEAEH B Tabnuue 7, rae NpuHATLI cneayioLyme
o6o3HaveHns: M — MyxuyuHbl, XX — xeHwuHbl, Bl — Bo3pacTHas rpynna.

Mpu aHanuse Tabmuupl 7, MOXHO 3aMETWUTb, YTO HauanbHble NapameTpbl 06beauHUnMCh, obpasys
thakTopbl. Hanpumep, obLuas YUCNEHHOCTb HACceNeHUs 1 BO3pacTHbIe rpynibl 06pasyioT dhakTop ABa, a
o6Las YMCNEHHOCTb MYXYMH W KeHWMH obbeauHunuck B haktop Tpu, W Tak Aanee. Mcxogs u3
pe3ynbTaToB Tabnuubl 7, B KayeCTBe OCHOBHbIX BblAENEHO criedylolme nsTb  haKkTopos:
ucnonb3oaHe [K B NpOM3BOACTBEHHBIX LENSX, YMCNEHHOCTb HACENeHUs, MPOU3BOLACTBEHHAS

HeobX0AMMOCTb, AKOHOMUYECKUI (haKTOP W YpoBEHb 6e3paboTuLpb!.



278 International Journal "Information Models and Analyses" Volume 4, Number 3, 2015

KoppensauuoHHbii aHanu3 [Pepctep, 1983] ABYyx cryyvanHbIX BENMYMH BKMKOYAET B cebs: NOCTPOEHIe

KOPPENALUMOHHOTO MONsi W COCTaBNEHUE KOPPENSILMOHHON Tabnuubl, BblYUCTIEHUE BbIOOPOYHBIX

KO3(P(OULIMEHTOB KOPPENAUMM WU KOPPENALMOHHBIX OTHOLIEHUW, a Takke NPOBEPKY CTAaTUCTUYECKOM

rMnoTesbl 3Ha4YMMocTH cBsa3m (Puc. 7).

Tabnuua 7. ®aktopbl Harpy3ok 6e3 BpaLeHus

[NepemeHHble Gaktop 1 | PakTop 2 dakTop 3 daktop4 | daktop 5
O6Lwwas umcneHHocTb Hacenexns | -0,60644 | 0,784758 | -0,048107 0,028718 | 0,027946
BIr 0-14, M -0,56028 | 0,805252 | -0,035146 0,023690 | -0,008963
BI 0-14, X -0,55984 | 0,805216 | -0,034697 0,023430 | -0,008984
Bl 15-64, M -0,60767 | 0,782602 | -0,049392 0,028653 | 0,032558
BI 15-64, X -0,60305 | 0,783924 | -0,051367 0,024812 | 0,032395
Bl 64+, M -0,66333 | 0,718933 | -0,046818 0,062626 | 0,061124
BI 64+, X -0,64517 | 0,725005 | -0,059302 0,033788 | 0,063937
Obwee Hacenenne, M (%) -0,10863 | -0,047701 | -0,720109 0,002136 | -0,107401
Obwee Hacenerme, X (%) -0,08897 | -0,006833 | -0,762461 -0,033656 | -0,016059
Wcnonb3osanue MK, 16-24, M -0,71622 | -0,432270 | -0,212928 -0,051869 | 0,130498
Wcnonb3osanue MK, 16-24, K | -0,73283 | -0,440734 | -0,197314 -0,051307 | 0,141277
Wcnonb3osanue MK, 25-54, M -0,79541 | -0,431768 | -0,174681 -0,113321 | 0,047776
Wcnonb3oanue MK, 25-54, K | -0,79837 | -0,426325 | -0,161282 -0,116773 | 0,061987
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[MepemeHHble OGaktop 1 | Paktop 2 | dakTop 3 ®daktop4 | PakTop 5
Wcnonbsosaxue K, 55-74, M -0,80783 | -0,358019 | -0,093864 -0,195795 | -0,094792
Wcnonb3osaxue MK, 55-74, X -0,78132 | -0,322063 | -0,082339 -0,190662 | -0,077259
BBIM B Tekywmx ueHax, (MnH.
5 0,17189 | 0,309228 | -0,089602 -0,834416 | 0,294933

HaLMOHabHOMN BasoThl)
BBl Ha pywy Hacenexus B
LeHax Tekywero roga, (eannwy | 0,18696 0,076216 -0,104545 -0,820006 | 0,308456
HaL. BanioTbl)
Pacxogpl Ha KOHe4YHoe
notpebneqne WKY Ha pywy | -0,85094 | -0,269061 | -0,070655 -0,056333 | -0,031010
Hacenenus, (qon. CLUA)
MMNC, eouHuy HauMoHanbHOM

0,32237 | 0,217275 | -0,085943 -0,804335 | 0,249007
BantoTbl 3a gonn. CLUA
BHewnwin gonr, (MnH.  gonn.

-0,71501 | 0,490130 | -0,008225 0,064208 | -0,003780
CLUA)
BBI: cenbckoe x0341CTBO -0,11039 | -0,080288 | -0,802218 -0,117216 | -0,164368
BBIT: npombILwneHHOCTb -0,02994 | 0,029975 | -0,817944 -0,138809 | -0,257610
BBIM ycnyru -0,01826 | 0,039206 | -0,840393 -0,105549 | -0,267240
BBIM: MCOK A-B 0,70899 | 0,321233 | -0,323788 0,058450 | -0,191523
BBIT: MCOK J-K -0,76247 | -0,299351 | -0,202627 0,030646 | 0,129242
3aHsTocTb (MCOK Bep. 3.1 J-K) | -0,77092 | -0,345382 | 0,331043 -0,011503 | -0,049646
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KoppeariMoOHHbIN aHaINU3

'

[TocTaHOBKA 3a/Ia4y U BEIOOP
IIPU3HAKOB

'

Co6op uHPoOpMaITHU U ee IIepBUYHAS
obpaboTka (rpyIIIupoBKa,
HUCKJII0YeHHe aHOMaJJIbHBIX

HaOJII0IeHUH, IIpoBepKa
HOPMaJILHOCTH OJJTHOMEPHOTI'0
pacliipeje/eHus)

l

[TpeppiayIias XxapakTepUCTHKA
B3aUMOCBS3eH (AHAJUTUYECKUe
IPYIIIUPOBKH, IpadUKH)

PucyHok 7. NocnenoBaTenbHOCTb KOPPENSALMOHHOTO aHanuaa

OCHOBHOE Ha3Ha4eHWe KOPPensALMOHHOTO aHanu3a — BbISIBNIEHWE CBS3M Mexay AByms unu Gonee
N3y4aembiMi NEpPEMEHHbIMU, KOTOpas paccMaTpuBaeTCs Kak COBMECTHOE COrMacoBaHWe U3MEHEHUs
OBYX MCCriefyeMblX XapakTepucTuk. Takas W3MEHYMBOCTb OMUCHIBAETCH TPEMS  OCHOBHbIMM
XapakTepucTukamu: popmoit, HanpaeneHneM u cunoi. o hopme KOppeNALMOHHas CBSA3b MOXKET ObiTb

NUHEWNHON UMW HEMUHEWNHON.

Bonee ynoGHOM Onsa BbLISIBMEHUS W WHTEpRpeTaunn KOPPENSLMOHHON CBA3N SBNSIETCA JMHENHAs
dopma. [ns  NMHENHOW KOPPENsLUMOHHOW CBA3WM BbIAENAOT [BAa OCHOBHbIX HANpaBIiEHMS:
nonoxurensHoe (,Npsmas cBs3b’) U oTpuuatensHoe (,00paTtHas cBssb’). Cuna CBA3KM yKa3blBaer,
HacKonMbkO Apko nposenseTcs oblas W3MEeHYMBOCTb WCCredyemblX MNepeMeHHbIX. B kavecTse
YNCIIOBOW XapaKTEPUCTUKI BEPOSTHOCTHON CBSA3W UCMOMNb3YIOT KO3MMPULMEHTLI KOPPENSLMM, 3HAYEeHNs
KOTOPbIX U3MEHAOTCS B AnanasoHe ot -1 o +1 [®epcrep, 1983]
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n

D (% = x)y, - y)

-

oy = (1)
\/Z(X/_X)z(yi_y)z

i=1

roe x, — 3HaveHwe, NpuHUMaemoe B BbiGopke X;

Yy, — 3HauyeHne, npuHuMaemoe B Bbibopke Y;

X W y — cpeaHue 3HaueHue BbIGopok X 1 Y.

Mocne npoBeAeHMs pacyeToB, Kak NpaBuro, OTOMPAOTCA TOMbKO CaMble CUMbHbIE KOPPEnsLuM,
KoTopble 3aTem WHTepnpeTupyloTcs. Kputepuem ans otbopa ,[0CTAaTOMHO CMMbHBIX" KOpPENsuui
MOXeT ObITb, kak abCoMoTHOe 3HaYeHWe camoro Koaduunenta koppensummn (ot 0,6 go 1), Tak u
OTHOCUTENbHAs BeNMYMHA 3TOrO0  KOIP(ULIMEHTA, ONPEAenseMoro Mo YPOBHK CTaTUCTUYECKOM
3Haummoctm (o1 0,01 go 0,1), 3aBucswas ot pasmepa Bbibopku [Pepctep, 1983).

Takum obpasomM, 3agaya KOPPensuMOHHOTO aHanm3a CBOAMTCS K YCTAHOBMEHWKD HampaBreHus M
(HOPMbI CBSA3N Mexzy BapbupyeMbiMW MpU3HaKamu, U3MEPEHW0 ee TeCHOTbl U K MPOBEPKE YPOBHS
3HAYMMOCTM MONYYeHHbIX KOIPMULMEHTOB Koppensaumn. cnonb3yeTcs MHOXeCTBO KOS((MULMEHTOB
Koppensauuu, Yalle BCEro NPUMEHSIOT koddhduumeHTbl r-MupcoHa, r-Cnupmena u 1-Kenganna. Beibop
METOda BbIMMCNEHUSI KOAPUUMEHTA KOPPENSALMM 3aBUCMT OT TWMa LKanbl, K KOTOPOM OTHOCATCS
nepemMeHHble (Tabn. 8). [Ind nepeMeHHbIX C WHTEPBanbHOM W HOMUHAIBHOW LUKANOM WUCMOMb3yeTcs
KoadhpuumeHT koppensauun MupcoHa, a ecrnu, N0 MeHbLLe Mepe, OfHa M3 ABYX NepeMeHHbIX UmeeT
NOPSIAKOBYKD LWKany WM He MoxeT OblTb OnMcaHa HOpManbHbIM pacnpeneneHneM, UCnonb3yeTcs
paHroBas koppensauus no CnvpmeHy unu Kenganny.

[Ons  ycnoBuiA npumMepa, PaCCMOTPEHHOrO Bbille, NpPOAHaNU3MpyeM MPUMEHEHUE METOA0B
KOPPEMNSILUMOHHOTO aHammM3a C LENbl  BbISIBNEHWS 3aBUCUMOCTEN Mexdy HaWAeHHbIMW paHee
thakTopami 1 paccmaTpuBaeMbiMi Buaamu CBS3W. B xoge MOATOTOBKM AaHHbIX K NPOBEOEHMIO
PaCcYeToB Ha MEPBOM 3Tane BbISBMEHO OTCYTCTBME HOPMAmnbHOMO PaCcnpederieHnsi, B CBSA3N C 3TUM
NCMONb3YKTC  METOAbl  HEerapaMeTpuYeckoi  CTATUCTMKM, pesynbTaTbl  pacyeTa  OCHOBHbIX
XapaKTepuCTUK KOTOPbIX NpefcTaBneHbl B Tabn. 9 B Buae MatpuLbl.
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Tabnuua 8. Mepbl paccTosiHui

Tunbl Wwxan

[epeMeHHas

[epemeHHas

Mepa cBsi3un

/HTepBanbHas 1nm OTHOLLEHWI

/HTepBanbHas 1nm OTHOLLIEHWI

KoadpdmumeHT MupcoHa

PaHroBasi, wHTepBanbHas wnu | PaHroBas, WHTepBanbHas wnu
5 5 KoadppmumeHT Cnnpmera
OTHOLLEHWI OTHOLUEHMI
PaHrosas PaHroBas KoatbduumeHT Kenganna
KoadpdpuumeHT o,
[JunxoTommnyeckas [nxoTomunyeckas
YeTbIpexnonesas Koppensuus
PaHroBo-6ucepuarnbHbIn
[lnxotommyeckast PaHroBas
koathpuLmeHT
. BucepuanbHbii
[JunxoTommnyeckas WHTepBanbHas unm OTHOLIEHNN
KoathpuLmeHT

WHTepBanbHas

Paxrosas

He pa3spaboTaHbl
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Tabnuua 9. Tabnuua pacyeta HenapameTPUYECKON CTATUCTUKM

AS D MSD MaxS MinS R M
®axTop 1 0,518 0,114 0,338 1 0 1 0,620
®aktop2 | 0,013 0,001 0,026 0,167 0 0,167 0,004
®aktop3 | 0,776 0,054 0,232 1 0 1 0,843
®aktop 4 | 0,042 0,022 0,147 1 0,00092 0,999 0,005
®aktop5 | 0,315 0,044 0,209 1 0,02021 0,979 0,274
T 0,044 0,015 0,121 0,831 0 0,831 0,008
T2 0,034 0,008 0,087 0,588 0,00007 0,588 0,007
T3 0,037 0,005 0,073 0,419 0,00005 0,419 0,012
T4 0,500 0,072 0,269 1,000 0,02270 0,977 0,492

B Tabn. 9 ucnonbaosaHbl crieaytoLme nokasaTtenu:

— AS (average of sample) — cpefHee 3HaveHne BbIGOPKM,

— D (dispersion) — oucnepcus,

— MSD (mean square deviation) — cpegHeKBagpaTU4ECKOE OTKITOHEHNE,
— MaxS (maximum sample) — MakcumarnbHOe 3Ha4eHwe,

— MinS (minimum sample) — MMHAUManbHOE 3HaYeHue,

— R (range) - pasmax,

— M (median) — megnaHa.

PesynbTupyloLme 3HaYeHnss TMHENHON Koppensuun npeacTasneHsl B Buge Tabn. 10, roe kaxgas
f4enka COAEPXUT 3HAYEHNe KO3GhdULMEHTa KoppensLum ABYX BbIOOPOK.
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Mpu 3HaveHun KoathduumeHta koppenauymn 6onbwe wmm pasHo 0,6 [Pepcrep, 1983], MOXHO
yTBEPXAaThb, YTO Mexay ABYMS MaccuBamu, KOTOpble WCCRedylTcs, CyLecTByeT 3aBMCUMOCTb. B
Tabn. 10 cooTBETCTBYHOLLME 3HAYEHUS], YKA3bIBAKOLLME HA HANMYME NIMHEHOW KOPPEnaLMM, BblAeNeHbI
KUPHBIM LLPUGTOM.

Mo pesynbTaTaM pacCyMTaHHbIX 3HAYEHWUIA KOPPENALMM, BbILENEHO CrieayioLLne 3aBUCUMOCTH:

1. OyeHb BbLICOKOE 3HAYEHWe PaCHETHOro MoKa3aTens Koppensauuu, NpPaKTUYecKM paBHOe
eauHnue, otmedeHo mexay OMLWC (T1) n ¢TC (T2).

2. CpefHuit nokasaTenb  KOpPpensuum  npucyTcTByeT  Mexay (akTopoM nepBbiM 1
ncnonb3oBaHneMm VHTepHeT. 370 06yCrnoBneHo Tem, 4TO BOMbLIMHCTBO KOMMbIOTEPOB,
NCMOMb3yeMbIX B NPON3BOACTBEHHbIX LIEMNsX, NOAKIIYEHO K VIHTEpHET.

3. [JloctaTOMHO BbICOKMA MOKa3aTenb  KOppensuuMm UMeKT  (DUKCMpOBaHHas MpoBOAHas
LUMPOKOMNOMOCHas CBA3b, PUKCMPOBaHHAs TenedoHHas CBA3b M MOBUnbHas CBA3b. [laHHbIN
nokasatenb OOBLSACHAETCA TeM, YTO KONMYEeCTBO Mofb3oBaTenen nobon TEXHONOrMM UMeeT
NPSMYI0 3aBMCUMOCTb OT KOIMYECTBA HaCeNeHus.

4. Wcxoms w3 OnMMCaHHOTO BbILLE ¥ NPSAMON 3aBUCUMOCTY konuyectBa nonb3oBatenen OrLWC u
OTC BbicoKoe 3HayeHue koadpdmumeHTa koppensaumn mexgy T3 u T1, T2 obycnosneHo
NOTPeBbHOCTLI0 HACeNeHNs B CBA3M HE3aBUCUMO OT UX MECTOMOOXEHNS.

KinacrepHBIN aHaIU3

v

HopMmupoBaHue
AJaHHBIX

'

BrruyucisieHUsI 3SHaYeHU M
CTeIleHH CXo/cTBa (M1
pasiauuusi) Me>Xay
o6’ beKTaMH

'

ITpriMeHeHHe MeToAa
KJIACTEPHOTIO aHaJIx3a JJIsd
CO3JaHUs I'PYIIII CXOHBIX

06'bEeKTOB IIPpU BEIOOpe

IIePBHUYHBIX METPHUK

'

ITpoBepka
AOCTOBEPHOCTH
pes3yjsTaToB

PucyHok 8. lNocnenosatenbHOCTb KNacTepHOro aHanusa
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Tabnuua 10. Tabnuua paccunTaHHbIX 3HAYEHNIA KOPPENALMM

®akrop1 | Gaktop2 | Daktop3 | Paktop4d | Paktop5 | T1 T2 T3 T4
®akTop 1 1,00 0,17 0,18 -0,28 012 | 021 | 0,20 | 0,23 | 0,65
®aktop2 | 0,17 1,00 0,06 -0,05 -0,11 093 | 097 | 098 | 0,11
®Gaktop3 | 0,18 0,06 1,00 0,10 0,25 0,00 | 0,02 | 0,09 | -0,14
®Gaktop4 | -0,28 -0,05 0,10 1,00 -0,20 | -0,08 | -0,07 | -0,08 | -0,22
®aktop 5| -0,12 -0,11 0,25 -0,20 1,00 -0,11 | -0,10 | -0,10 | -0,18
T1 0,21 0,93 0,00 -0,08 -0,11 1,00 | 0,99 | 0,89 | 028
T2 0,20 0,97 0,02 -0,07 -0,10 099 | 1,00 | 094 | 0,22
T3 0,23 0,98 0,09 -0,08 -0,10 089 | 094 | 1,00 | 0,15
T4 0,65 0,11 -0,14 -0,22 -0,18 | 0,28 | 0,22 | 0,15 | 1,00

KnactepHbin  aHanu3  npeactaBnser  cobod  COBOKYMHOCTb — MaTEMATUYECKMX  METOAOB,
NpeaHas3HayveHHbIX Ans (opMUPOBaHUS OTAEMbHLIX TPYNn OOBLEKTOB MOXOXWUX MO WHGOpMaLmK,
CBOWCTBaMM Unu apyrum kputepuam [dropaH, 1977], Takme rpynnbl 06bEKTOB Ha3bIBAKOT KnacTepamul.
KnactepHbln aHamu3 LWWPOKO WCMOMb3yeTCs B Hayke Kak CPeACcTBO TWUMOSIOTMYECKOTO aHanmsa,
(haKTUYeCKM KnacTepHbln aHanm3 — 910 0000LleHHOe Ha3BaHWe Oonbluoro Habopa anropuTMoB,
“cnonb3yeMblx Npu knaccudukauum o6bexTos, Puc. 8.

B nioboit HayyHoM [OEATENbHOCTW  Krmaccuukaums SBASETCS OOHOW K3 (PyHOAMEHTarbHbIX

cocTaBnsitowmx, 6e3 KOTOopoA HEBO3MOXHbI MOCTPOEHWE M MPOBEpKA Hay4HbIX TEOPUIA U rUnoTes.
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[NaBHOe OTNM4Me KnacTepus3auun OT Knaccudukaumy COCTOMT B TOM, YTO MepeydeHb rpynn YeTko He
3afdaH v onpegenseTcs B npouecce pabotsl anroputMa [Tryon, 1939].

[ns npuMEHeHNs KNacTepHOro aHanm3a Heobxo4MMO NPOBEPUTL YAOBNETBOPSIOT AaHHbIE CIEAYHOLLMM
TpeboBaHusaM:

1. Bbibopka gomkHa 6bITb 04HOPOAHON.
[MokasaTenu He JOMKHbI BbITb CBA3AHLI MEXAY COB0N 1 He JOMKHbI ObITb 6e3pasMepHbIMM.

Pacnpefenexue nokasatenein LOMKHO ObiTb GNN3KUM K HOPMaNbHOMY.

el

OTCyTCTBI/Ie BNUSIHWS HA 3HAYEHME NnoKasaTenen CJ'Iy‘-IaI7IHbIX (*)aKTopOB.

Mocne nonyyeHns pe3ynbTaToB M UX MOCMEAYHOLLEro aHann3a BO3MOXHA KOPPEKTMPOBKA BbIGpaHHOM
METPUKM WM MeToda Kractepusauuu O MOSYYEHUs ONTUMAsbHOMO pesynbTaTta, OnpenensemMoro
BbICOKOW CTEMeHbl0 CXOACTBa OOBEKTOB BHYTPW Kaxdoro krnactepa. Pe3ynbtatom npuMeHeHus
npoueaypbl knactepusauum [Mangenb, 1988] moxeT ObiTb (HOPMMPOBAHME HECKOMbKMX MOAMPYNM
knactepoB OOBEKTOB WCCMELOBaHWS, B KaX4OM M3 KOTOPbIX COAEPXUTCA 0O6beKTbl HabrogeHus

,MOX0XM” N0 HEKOTOPbIM BblGPaHHbLIM NOKa3aTENSIM UMK MO UHTErPUPOBAHHOMY MOKa3aTento.
[insi onpeeneHnst CXOXECTU UCMONb3YIOT CrieaytoLLe MeTpUKM:

1. 3OBKMMOoBO pacctosHue [Mangenb, 1988] — Hanbonee obLMn TMR PacCTOSHMS, ABNSIOLLMIACA
reOMETPUYECKIM PACcCTOSHEM B MHOTOMEPHOM MPOCTPaHCTBE

d(p,q)= (-0} +(p,-q, ) +--+(p,-q, ) 1/Z‘,(/ok -q,) (2)

2. Keappart aBknugoBa pacctosHusi [Mangens, 1988] — ucnonbayetca ans npugaHus 6onbLuero
Beca 6onee oTAaneHHbIM Apyr OT gpyra obbekTam

p(x,X)= 3 (%X ©
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3. PaccTtosHue ropoACKMX KBapTaroB (MaHX3TTeHckoe pacctosHue) [Mangenb, 1988] — ato
NPOCTO CpefHee pasHOCTEN NO KoopauHaTaM. B 60MbLUMHCTBE CriyyaeB 3Ta Mepa pacCcTosHNS
NPUBOANT K TaKWUM Xe pe3ynbTaTtam, kak U ans paccTosHus EBknuga. OgHako Ans 3Ton Mepbl
BNUsIHNE OTAEMNbHbIX BbIOPOCOB YMEHbLLIAETCS, Tak Kak OHU He BO3BOASTCS B KBagpaT

pxx)=Y

X% @)

4. PacctosHue YebbiweBa [MaHgenb, 1988] nonesHo wcnonb3oBaTth, koraa HeobXxoaumo
onpeaennTb ABa 00beKkTa Kak ,pasniyHble”, €CriM OHW OTNIMYAKTCSA MO Kakom-nnbo oaHOM
koopauHaTte

plx,x) = max(|x,-x) (5)

5. CreneHHoe pacctosHne [Mangenb, 1988] ucnonb3yloT B TOM Crnyyae, Koraa Heobxogumo
MPOrPECCUBHO YBENMNYMTL UM YMEHbLIUTL BEC, OTHOCSLLMIACA K pa3MepHOCTW, ANs KOTOPOA
COOTBETCTBYHOLLME OOBEKTbI CUNBHO OTNNYAOTCS

px,x)= |3 (%X ) ©)

B npumepe npuMeHeHUs KNacTEPHOro aHanm3a MCMoMb30BaH MHTErPUPOBAHHbIM MoKasaTenb, B
KayecTBe KOTOPOro BblbpaH cpeaHwit nokasatenb Tl Ans Kaxgoro M3 BMAOB CBSA3W. [Ns BbISBNEHUS
rpynn CTpaH, 6nn3kux MO YPOBHK MPUHATUS MHTErPUPOBAHHOTO MOKa3aTens, NPUMEHEH MeToq
,OnMxHero cocega’ npyM  MCMOMb30OBaHMM Tpex BUAOB MeTpuk: EBknugoson, Yebbiwesa u

MaHX3TTEHCKOMN.

B Tabnuue 11 paccMOTpeHbl HayanbHble CTaTUCTUYECKWNE AaHHbIE A1 KaXAO0W rpynmbl nokasatenen, u
BWOHO, YTO OHM MMEKT Bonbluoi pa3bpoc, YTO HEraTMBHO BMMSIET Ha NOCTPOEHMEe Knactepa. [ns
YMeHbLUEHNS pa3bpoca HavamnbHbIX AaHHbIX MPUMEHAETCS NPOLEAYPY NX HOPMUPOBAHUS.
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Tabnuua 11. [JaHHble 0 KONMYECTBE NONb30BaTENEN

dukcmpoBaHHas MobunbHast | ®ukcupoBaHHas MMpoueHT
CrpaHbl npoBoAHas TeneoHHas TeneoHHas nonb3osarenen

LIMPOKOMOMOCHas CBA3b CBSA3b CBA3b WHTepHeT
1 2 3 4 5
Asctpus 1262746 9509198 3614769 60
AsepbanmxaH 267279 4476405 1208219 21
Mongosa 119321 1718217 955713 19
MonbLa 2690346 31933336 10111327 41
CLUA 53646550 218217541 167908456 67
1 2 3 4 5
TypkmeHucTaH 753 1132026 444938 2
Y3b6ekucraH 51350 8125834 1801042 11
YKkpanHa 1132626 33905591 12011422 11
®paHums 12018732 49366166 36033248 53
Lseiuapus 1791004 7615364 4989000 72
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[MonyyeHHble 3HAYeHWs PacCTOSHWA Mexay KnacTepamu CTpaH C MCMofb3oBaHWeM EBKNngoBOW
METPUKM npefcTaBneHbl B Tabn. 12, npu 3TOM yyTeHAa CUMMETPUYHOCTL EBKNMAOBOM METPUKM,
COrMNacHO KOTOPOi paccTosHKWe, Hanpumep, Mexay Mongoson n ABCTpUen paBHa pacCTOSHUIO MEXay
Asctpuen n Mongoson, noatomy EBKNMAOBO pPacCTOSHWE PacCYMTAHO TOMbKO AN O4HOW M3 Kaxaom

napbl CTpaH.
Tabnuua 12. Matpuua paccTosHWN Mexay cTpaHamm
ABcTpM MongoB | Poccn | CLU | Y36ekuct | YkpauH | ®panum | LBenuyap
CTtpaHbl
A a A A aH a f usa
AscTpus 0 .| 050 0,74 | 1,66 0,60 0,60 0,33 0,15
0
MongoBa 050 |... 0 0,67 | 1,81 0,10 0,19 0,55 0,64
Poccus 0,74 |...| 0,67 0 1,32 0,66 0,53 0,54 0,86
CLIA 166 |..| 1,81 1,32 0 1,83 1,72 1,36 1,68
Y3bekucta
060 |..| 010 0,66 | 1,83 0 0,14 0,62 0,74
H
YkpauHa 060 |..| 019 053 | 1,72 0,14 0 0,56 0,75
OpaHuus 033 |..| 055 0,54 | 1,36 0,62 0,56 0
LLBenuap
015 |...| 064 0,86 | 1,68 0,74 0,75 0,40 0
ns
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Mocne nony4eHWs 3Ha4yeHUn EBKNWAOBBIX PAcCTOSIHUIA MEXAY CTpaHamu NPOBEAEHa KrnacTepusauns
OObeKTOB C MOMOLLBID  MPOrpaMMHOTO  MakeTa CTaTM4eckom 0BpaboTKM WUCXOOHBIX  AaHHbIX
LS TATISTICA-8’, B pesynbTaTe KOTOPON BbISIBMEHbI rPYnMbl CTPaH, 0606LLEHHbIN YPOBEHb KOTOPLIX, NO
npusHakam T1 - T4, poctatouHo 6mm3ok. [ns Gonbluen HarmsgHOCTM NpUBEAEHbI AEHAPUTSI,
UnnCTpupytowme coaepxanue knactepos (Puc. 9 n Tabn. 11, 12), onucbiBatowwme o6beamHeHne

CTpaH B knactepsl 1, 2 1 3 N0 pasnuyHbIM nokasaTensm.

Tabnuua 13. CtpaHbl, coctaBnstowme knactep Ne 1

Crpatia CpegHee konn4ecTBo nonb3osateneit / KoapuuneHT HOPMUPOBaHUS AaHHbIX 3a 10
net ans:

T Koadp. T2 Koadp. T3 Koacp. | T4 | Koad.

Knacrep 1
OpaHus 12019886 | 0,22 | 36090709 | 0,22 | 49366166 | 0,23 52 0,63
Typups 3434316 | 0,06 | 17657764 | 0,11 | 46403659 | 0,21 24 0,29
5:””“06'0””” 11225663 | 021 | 34046706 | 020 | 66470794 | 030 | 68 | 0,82
FepmaHus 14708381 | 0,27 | 52743846 | 0,31 | 84013461 | 0,39 | 6583 | 0,79
CLUA 53849396 1 167861456 1 218217541 1 66 0,79
Poccust 6647832 | 0,12 | 40524691 | 0,24 | 135816791 | 0,60 | 23,06 | 0,28
Wcnanus 6062649 | 0,11 | 19073325 | 0,11 | 42725493 | 0,20 | 47,28 | 0,57
Wranus 7469673 | 0,14 | 24586898 | 0,15 | 75095222 | 0,34 | 39,36 | 048
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Knactep 1 npeacrasnset coboit rpynny CTpaH, UMeKLLMX Hanbonbluee 3HaveHne nokasatenen T1 - T4.
OTun CTpaHbl npeacTasnexbl B Tabn. 13. Knactep 2 npeactasnser cobomn rpynny cTpaH Co CpeaHum
YPOBHEM pa3BUTMS BUOOB CBA3W. B 3TOM Knactepe, ypoBeHb pa3BuTMS NPUMEPHO B 1, 2 pasa Huxe,
yem B knacTepe 1. [JaHHble npeaocTasneHsl B Tabn. 14.

KiacTepHbIH aHAIH3
DBK/IHI0OBA MeTPHKA

ooa Knactep Nel

014 Knactep Ne2

Kitactep Ne3

Wm?ﬁmwﬁlmwwmm%

Ancrpns

5

Manposa,

PucyHok 9. Knacrep Ne1, 2, 3

B knactep 3 BKntuYeHbl CTpaHbl, B KOTOpbIX ypoBeHb passutus OMLWC, MC, ®TC u goctyna «
WHTepHET B Tpu pa3a Hke, Yem B knactepe 1. Cnncok CTpaH MOXHO onpesenuTb 13 obLern BoIGopKy,

WCKIIOYMB M3 Hee CTpaHbl, NPUHaAnexallme k knactepam 1 1 2,
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Tabnuua 14. CtpaHbl, coctaBnstowme knactep Ne 2

CrpaHa CpenHee Korm4ecTBo nonb3osaTenet / KoadhhmLMEHT HOPMUPOBaHMS AaHHbIX 3a 10 feT ans:
™ Koadh. T2 Koadp. T3 Koadp. T4 | Koadp.
Knacrep 2

VicnaHaus 71939 | 0,001 | 191338 | 0,001 300933 0,001 82,7 | 1,000
JinxTeHwTenH 10273 | 0,0002 | 19707 | 0,0001 26973 0,0001 | 659 | 0,796
Ttokcembypr 89519 | 0,002 | 255968 |0,0015 | 598625 0,003 | 67,9 | 0,821
Hunepnanabl 14100413 | 0,076 | 7719577 | 0,046 | 16530562 | 0,0758 | 76,2 | 0,921
KaHaga 7265525 | 0,11 |18537085 | 0,04  |19230156 0,07 7.4 | 0,86
Monbuwa 2658205 | 0,049 |10097934 | 0,06  [31933336 | 0,15 | 40,5 | 0,489
YkpanHa 1338558 | 0,025 |1201422 | 0,07  |33905591 0,16 10,9 | 0,131
Hopgerus 1037630 | 0,019 [1989249 | 0,012 | 4726491 0,022 | 762 | 0,921
OuHnsHAuS 1064900 | 0,020 | 195275 | 0,012 | 6181239 0,028 | 732 |0,885
seitjapns 1788976 | 0,033 |5090043 | 0,030 | 7615364 0,035 | 71,9 | 0,869
LIsevjms 2069195 | 0,038 | 5374828 | 0,320 | 9419770 0,043 | 80,2 | 0,969

Takum o6pa30M, Nno pesynbtataM KnacTepHOro aHann3a, MOXHO CAenaTb BbiBOO O CYLLECTBOBAHWUK

TPEX OCHOBHbIX rpynn CTpaH C paBHbIM Pa3BUTUEM YETbIPEX BUAOB CBA3N.
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I'IepByro rpynny CoCtaBndaT CTpaHbl C BbICOKOPA3BUTLIM YPOBHEM 3KOHOMUKW. 310 BeJ'II/IK06pI/ITaHI/IFI,

CLUA, WUtanus, Typums, Poccusi, PpaHums, Kanaga, Vicnanus, Mepmanus.

Btopoin knactep oObeanHsET BbICOKOPa3BUTblE CTpaHbl LleHTpanbHoit n CesepHoit EBponbi:
Wcnangmo, JnxteHwrenH, JlokcemBypr, Hugepnavgbl, Hopseruto, OuHnsHanto, Lsenuaputo,

LLBeyuto.

Hanbonee MHOrouMCNEHHbIM SBMSiETCA Knactep 3, 0ObeauHsOWWA CTpaHbl, KOTopble ObICTPO
pasBuBaroTcs, 310 ABcTpusi, AsepbangkaH, Anbanns, Apmenusi, benapycb, benbrus, Bonrapus,
Bochns u lepueroBuHa, Makeponus, BeHrpus, [peuws, [pysus, [danus, Wspaunb Vpnangws,
KasaxcraH, Kunp, Keipreiactan, flateus, lutea, Mansta, Mongosa, Monblua, Moptyranus, PymblHus,
Cepbusa, Cnosakus, CrnoseHusi, TampkukuctaH, TypkMmeHWcTaH, Y3bekuctaH, YkpauHa, XopsaTtus,

YepHoropus, Yexns, SCTOHMS.

PesynbTaThbl KNacTEPHOTO aHanM3a No3BONAKT TakKe OLEHUTbL CTEMEHb Pasnuums Mexay o6bekTamm n
cTeneHb MHGOPMALMOHHOTO HepaBeHCTBA Mexy OTAenbHbIMK rocydapcteamn. [ocymapcTsa,
BOWEAWME B OAMH KnacTep, WMMEKT MWHUMAmbHbIA  LUWMPOBOIA  paspbiB, NOA  KOTOPbIM
rnoppasyMeBaeTCst pasHuLa Mexay 06beMoM W1CMoMnb3oBaHUs Cepbl MHPOKOMMYHUKALMIA B PasBUTLIX
W pa3BUBAIOLLMXCS CTPaHaX.

Lincpposort paspbiB (digital divide) — noHATME, NOMyyMBlIEE B MOCNEAHEE BPEMS LUMPOKOE
pacnpocTpaHeHue B CBA3M C BO3POCLIMM 3HAYEHUEM HOBbIX MH(OPMALMOHHO-KOMMYHUKALMOHHBIX
TEXHOMOTUIA, YCUIEHNEM MPOLEeccoB rnobanusauun, CTaHOBREHMEM MH(OPMAaLMOHHOMO obLyecTsa u
nepexoaoMm K rrnobanbHoin akoHoMMKe. Yem Bonblue pasHuua B HOMepax KnacTepos, B KOTOPbIE BOLLN

OTAerbHble rocyfapcTBa, TeM Gonblue LgPOBOA pa3pbi MEXY HUMM.

3aknouyeHue

BBMay WHTEHCMBHOrO pa3sBMTMS  COBPEMEHHOTrO 0O6LLECTBA HEBO3MOXHO MEPEOLEeHNTb  Porb
WH(OPMaLMK SBNSIOWENCA aKTUBHBIM 3BEHOM BCEX Cep XW3HEeAeATEnbHOCTU YenoBeka, KOTOPYH
LienecoobpasHo OLeHWBaTb NMyTeM aHanm3a UMEKLENCcs ctatucTudeckon uHcgopmaumn. OpHako B
cBA3M C OonblumMM 0OBEMOM  AaHHbIX, OOMbLKMM  KONMYECTBOM nporpamMm  Ans  obpaboTku
CTaTUCTUYECKON MHDOPMaLMM 1 CMELMan1CTOB, MIOX0 NPEeACTaBNSOLMX YCIIOBUS MPUMEHEHNS TeX

NN WHBIX METOLIOB aHan13aa, OLEHKY MMEIOLLIENCSt MHAOPMaLMK BbINONHWTL HE Tak NPOCTO.
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WccrienoBaHue  CyLIECTBYIOLUMX METOAOB aHanM3a  CTAaTUCTUYECKMX [aHHbIX, Y4YEeT  YCroBWi
MPUMEHEHMS KaXaoro OTAeNbHOro MeToaa aHanuaa, hopM1poBaHE METOLMKM 1 anropuTMa aHanmaa
CTATUCTMYECKUX [AaHHbIX MO3BONSIET KOPPEKTHO WCMONb30BaTh METOMbl aHanM3a CTaTUCTUYECKON
WHOpMaLMN NS PeLUeHnst 3aaad, OTHOCALMXCS K aHanuay (DYHKUMOHMPOBAHUSI W MAHMPOBaHMS

PasBUTKS MHPOPMALIMOHHBIX CETEN.
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