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METOAUYECKOE U ITPOI'PAMMHOE OBECIIEYHEHHE
NCCIEJOBAHUA UEPAPXUU CBA3EU ITAPAMETPOB,
PETUCTPUPYEMBIX B ITPOHECCE ®YHKIHMOHUPOBAHUA CUCTEM

B.A. YNIKOB

B craTtpe onmcanbl 0COOCHHOCTH alTOPUTMHYECKOTO M IIPOTPAMMHOIO 00ECIeUeHHs, pa3padoTaHHOTO ATl UCCIIEO-
BaHMS CBS3€H MapaMeTpOB, PETUCTPUPYEMBIX B CUCTEMAax PasIMIHON Npupoabl. OTININTEIbHON 0COOCHHOCTBIO Pealln3y-
€MOT0 cIoco0a UCCIEIOBaHNS SBIACTCS IOMYICHUE PELICHHUS 3a4ad MHOTOMEPHOH CTAaTUCTUKU HE Ha CTATHIHOM BBIOOpKE,
a Ha COBOKYIHOCTH IOCJIEOBATENILHBIX BBIOOPOK, YTO COOTBETCTBYET AWHAMHYECKOMY XapaKTepy paccMaTpHBacMbIX
CHCTEM.

Karouesble ciioBa: cucTeMa, rnapameTp, BpeMeHHOﬁ paA, AMHaMHKa, MHOT'OMEpHast CTaTUCTHKA, CBA3U, MMapaMETpu-
YECKOC JUAarHoCTUPOBAHUC, UE€pAPXU.

B mpouecce QpyHKIIMOHUPOBAHUSI CUCTEM Pa3IMYHON MPHPOJBI (TEXHUYECKUX, SIKOHOMHYECKUX,
OHMOJIOTMYECKHX ), KaK MPaBUJI0, COOMPAIOT JaHHBIC B BUJIC BPEMEHHBIX PSIOB, OTPAXKAIOIIUX COCTOS-
HHE CHCTEM.

Tak, nmpu SKCITyaTaluy aBUAIIMOHHBIX JBUTATEINICH BBIMTOIHACTCS PETUCTPAIHS ITapaMeTpUIeCKO
U HemapaMeTpuieckoil nudopMariu (1o pe3ysibTaTaM cpadaTbIBaHUS CUTHAIU3ATOPOB).

OreHKa TEXHIYECKOTO COCTOSIHUS ABUTATEIICH OCYIIECTBISIETCS C MCIIOJIb30BaHHEM TUArHOCTHYC-
CKUX MOJIEJIeH, COYeTAIONINX B ce0e MaTeMaTHYeCKOe ONMMCAHUE M MPaBWiIa NPUHITUS TUArHOCTHYEC-
CKUX PEIICHHI TI0 Pe3yJIbTaTaM OIICHKH XapaKTePUCTHK MAaTEeMAaTUYECKOTO ONMMCAHUS M3MEHEHUS I1a-
paMeTpoB B Tmpolecce dKCIuTyatanuu. s mosydeHus] KOJIMYeCTBEHHBIX OLICHOK TCHACHIMI H3MEHe-
HUSl PETUCTPHPYEMBIX IMApaMETPOB HUCIOIB3YeTCs TPEHA-aHAJIM3 10 HapaOOTKE C HCIOJIb30BAaHHEM
JIMHEHHBIX PErpecCHOHHBIX Mojeneit [3; 6].

OrneHKa TMHAMUKU XapaKTEPUCTHK CBS3EH PETHCTPUPYEMBIX ITapaMeTPOB Ha HACTOSIIIUN MOMEHT
NPaKTHYECKH HE BBINOJHsACTCA. TakuM 00pa3oM, U3 AMAarHOCTHYECKOTO PACCMOTPEHUS MCKITIOYAeTCs
¢du3uveckas cocTaBIIIIONIasl, HEOOXOAUMAS ISl TOCTOBEPHON OIEHKH TEXHUYECKOTO COCTOSHUS JIBU-
raTeseu.

[MpuHIHMITHATTEHON 0COOCHHOCTBIO CTATUCTUYECKUX MOJENIEH JIFOOBIX PaOOTArOIINX CUCTEM SIBIISICT-
Csl UX IMHAMHYECKUI XapaKTep — TECHOTA M XapaKTEPUCTHKH CBS3EH MEXIy MapaMeTpaMu MEHSIOTCS CO
BpeMeHeM (HarmpuMep, HapabOTKOM ABUTATEIIA) U 3aBUCAT OT (TEXHUYECKOT0) COCTOSHHS CHCTEMBI.

Oo6menocrymnHast nHGopMarus, GopmMupyemas B rpouecce (yHKIHOHUPOBAHUS SKOHOMHYECKUX
CHCTEM — BPEMEHHBIE PSJIbI TI0 KypcaM BaJIioT.

B npakTrueckoM Iu1aHe KenaTenbHO 3HaTh, KAKUE CBSI3U MEXKIy PErHCTPUPYEMBIMU MapaMeTpaMu
HanOoJiee 3HAYUMBI, YCTOWYMBBI, U OTPAKACTCS JIM M3MEHEHHE BHYTPEHHETO COCTOSIHHUS CUCTEMBI Ha
xapakrtepe cBszeil. [Ipu 3ToM CTpyKTypa cBsi3ell He BCeraa O4eBUIHA WM €€ CTPOroe OIMCAHUE C UC-
MI0JIb30BaHUEM (PH3UYECKOTO, @ HE CTATUCTHYECKOTO ONMUCAHMS MOXKET OBITh 3aTPYIHEHO.

[To cyru penraemas 3aiada 1O YCTaHOBJICHHUIO M OLIEHKE CBS3EH MOXKET OBITH OTHECEHa K Pa3HO-
BUIHOCTH 3a/1a4, PEIIAEMbIX METOJIaMH MHOTOMEPHOW CTaTUCTUKH — METOAaMU (PaKTOPHOTO, TUCKPH-
MHHaHTHOTO M KJIacTepHOro aHanu3a [2; 4; 5], rpap-monenupoBanus. Hampumep, MOKHO mpenmnosna-
raTh, 4TO WACOJIOTHS HAMPABIECHHOTO Tpad-MOIEIUPOBAHUS ISl OTIMCAHUS CTPYKTYPHI MOZCIH 3aJI0-
*eHa u B nmporenypax moayns SEPATH (Structural Equation Modeling and the Path Diagram) cucre-
Mol STATISTICA®. Jlnst mocrpoerns Path Diagram HeoGXOIMMO IPEBAPUTEIBHO BBIIOIHHTH IOCTPO-
€HUE MaTPHIIbI KOBAPHAIMI WIIM KOPPEISALUIA C UCTIOIh30BAaHUEM, HANIpUMEp, MOAYJISl JaKTOPHOTO aHa-
mu3a (Factor Analysis) [2].
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JIJis TuCTaHIMPOBAHUS OT MPOYUX AJTOPUTMUYECKUX U MPOTPaAMMHBIX pa3paboOTOK cienyer oopa-
TUTh BHUMaHHUE HA TO, YTO YKa3aHHBIC BBIIIE 33/1a41 MHOTOMEPHOW CTaTUCTUYECKONH 0OpabOTKHU JaH-
HBIX PEIIaloTCs M0 OTHOIIEHHWIO K HEKOTOPOM OJHOM MaTpHile, HE YUYUTHIBAeTCS TO, YTO MaTpHIa MO-
KeT MPUHIUITUAIBHO U3MEHATHCS OT BBIOOPKH K BbIOOpKe. OObeM BHIOOPKH B KIIACCHUECKUX METO/aX
MOCTOSTHEH JJIs Bcex nap rnepeMeHHbix. Heobxoaumo 3anaBaTh npeanoaraeMele cBsizu. PaccMarpuBa-
€MBIH 3/1eCh CIOCO0 OIICHOK CBS3EH MpennoiaracT MoJdy4eHnue PelIeHNs 10 pe3yibTaTaM OLIEHKU CBS-
3el B MOCJIEeI0BAaTEIIbHOCTH MaTpHIl, YTO COOTBETCTBYET AMHAMHUYECKOMY XapakKTepy peajbHO (YyHK-
[IHOHUPYIOIINUX CUCTEM U B YCJIOBHSIX BBIOOpAa 0ObheMa BHIOOPOK HAOJIOJACHUHN (IJTUH BPEMEHHBIX Psi-
7I0B), 00€CTIeunBAIOIINX HAWIYUIIee CTATUCTUYECKOE KaueCTBO MOJEIICH, OMUCHIBAIOLINX CBSI3H MEX-
Iy PETUCTPUPYEMBIMU MapaMeTPaMHU MO KOPPEISAIUOHHOMY KPUTEPHIO.

YkpynHeHHas 0J0K-CXeMa alrOpUTMa MOCTPOCHUS PAHKUPOBAHHBIX MATPHII, HCIIOIB3yEeMbIX IS
UCCJIEIOBAHMSI TUHAMUKHU CBSA3EH MEXAY PETUCTPUPYEMBIMH ITapaMeTpaMu, IpecTaBieHa Ha puc. 1.

B nanpHelineM MCoONb30BaHbl clieAyloye o0o3HayeHus napamerpos: Hapab — napaboTka 1BU-
ratens; A PY ][ — yron ycranoBku PY/[; A BHA — yron yctaHOBKM BXOZHOTO HAMPABJISIONIETO all-
napata; N KB/l — gactora BpameHus poropa komipeccopa Beicokoro aasienusi; N BEH — gactora
BpamieHus potopa BeHTwiasTopa; T THJI — Temmeparypa ra3oB 3a TypOMHOW HHU3KOTO JaBJICHUS,
P1/PBx — mapametp Tsaru; P KB/l — naBnenue 3a kommpeccopom Bbicokoro nasnenus; T KB/l — Tem-
neparypa 3a KOMIIpeccopoM Bbicokoro nasieHus; Pt HP — naBnenuwe 3a Hacocom-perynstopow;
Pt 1k — maBnenue TorumBa B repBoM KoHType ¢opcyHok; TB I'T — Temmeparypa Bo3myxa moj maHe-
JSIMM TazoreHeparopa; PM_B — naBieHue Macia Ha BXoje B ABHratenb, P_cyd — naBrneHue B cucteme
cypmmpoBanusi; TM_BX — Temmeparypa mMaciia Ha Bxoje; TM*** — remmeparypa Maciia Ha BBIXOJE W3
noamuianka (omopsr), rae *** — y3ner KBJI, TBI, TH/I; VB P(K) — BUOpOCKOpPOCTH B 30HE pa3aeiu-
TEJILHOTO KOpITyca IO MepBOM rapMoHuke potopa BeHTUsATOpa; VB 3(I1) — BUOPOCKOPOCTH B 30HE
3aJIHEH MOJIBECKH IO TIEpBOM rapMoHUKe poTopa BeHTwiaTopa; VK P(K) — BubpockopocTs B 30He pas-
NENUTETHHOTO Kopiyca 1o nepBoi rapmonuke potopa KB/, Vk 3(IT) — BuOpockopocTh B 30HE 3a1-
HEW MOJIBECKH MO MepBoil rapmonnke potopa KB/I.

HopmupoBanue 3HaueHuit kosdduipientoB koppensauuu (RR), aucrnepcnOHHBIX OTHOIICHUN BbI-
MOJIHSAETCS. OTHOCUTENLHO TaOJIMYHBIX 3HAUEHUN U1 COOTBETCTBYIOIICH UIMHBI pssia HAOIIOaeHUN 1
YPOBHSI 3HAYMMOCTH.

[Tocne mocTpoeHUsT paH>XUPOBAHHBIX MaTpHIl (B TUHAMUKE, HAaIIpuUMep, I mocieqHux 30 BIOO-
POK JaHHBIX) IPOBOJUTCS OLEHKA YACTOTHI MOSBICHUS B IEPBOM PaHTe MaTPUIIbI TOW UM MHOW CBS3HU
¥ Ha rpad HAHOCUTCS HanOOJIee YacTO BCTPEUAIOLIASICS CBA3b.

B ycioBusX orpaHn4eHHOro 00beMa HACTOSIIEN CTaTbU MPUBEACHBI UMb HEKOTOPbIE TUITUYHbBIE
IPUMEPBI PE3yIbTATOB OLEHOK MO0 OMMCAHHOMY BBIIIE JITOPUTMY U C MCIIOJIB30BAaHHEM pa3paboTaH-
HOTO NMPOTPAaMMHOI0 00eCIICUEHHS.

CHauazna mpeJcTaBUM pe3yNIbTaThl 1O OLEHKE CBS3€H MapaMeTpoB, PETUCTPUPYEMBIX B MpoLIecce
AKCIUTyaTalMu OQHOTO U3 oTeuecTBeHHBIX TPJI/I.

J1J1 B3JI€THOTO pexkrMa paboThl OIIEHKU MOTYT OBITh BBIMOJIHEHBI IO 24 mapaMeTpam.

J7ist momydeHus: MpUMEpPOB, IPUBEACHHBIX HA PUC. 3, UCTIOIH30BAINCH JaHHBIC Psi/ia UCIIPABHBIX U
HEWCIpaBHbIX NBYXBalbHBIX TPJIJI, mraTHO 3aperucTpupoBaHHbIE B IIpoliecce ux sKciutyaranuu. [Ipu-
BEJICHBI PE3YJIbTaThl TOJBKO IO MOKA3aTeN0 “TapaMeTp TAru (10 CyTHM — MHTErPAJIbHBIN M0Ka3aTelb
cocrostaust ['T/1). KonmuecTBo BEIOOPOK, eci 0c000 He oroBopeHo, — 50; KOIMYecTBO paHToB — 1.
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C Hauaro ) 3amanue U CYNTHIBAHUE MAacCUBOB MaHHBIX I1, 3a1anue Komu-
YecTBa aHANM3UPYEMbIX HA0OpOB AaHHBIX 00beMoM N Habuo-
JEHHUI U TapaMeTpa, AJsl KOTOPOro OyJaeT aHaTu3upOBaThCs
JTUHAMHKA UEpapXui

RR EE Pacuer HOpMUpPOBaHHBIX 3HAUCHUH KOA(D(DUITUSHTOB KOPPEIs-
L ! A |’3 WY, TUCTICPCUOHHBIX OTHOIIEHUH U XapaKTEPUCTUK PErpeccu-
o, A, OHHBIX Moeieh A, B, 3 peKTUBHBIX JUIMH PSIOB HAOIIOICHU I

BrimonauTe noctpoenue nuaroHanbHbeix MaTpull RR, A, B B ycnoBusix Beibopa
3¢ beKTUBHOMN JIMHBI psia HaOaroaeHu [7] A MOCTpOEHUs perpeCCHOHHBIX MOIEIEH
(U1t yKa3aHHOM JJIMHBI psiAa HAOII0ACHUH HOPMUPOBAHHBIN KO3()(DUITMEHT KOPPEIALIH
3HAYUM U MaKCHMaJIeH)

1 | Hapa6 | A PYZ| A _BHA
CopTHpoBKa TapaMeTpoOB Hapab 1,000 | 0967 | 0783
no yosiBannio RR A PYA 1,000 | 1281
A_BHA 1,000
N _KB/[I
Bemonnute noctpoenue K Matpui Bujia (paHXHUpOBaHHBIX )
II; — I, A I1;
I (1) c RR=max < —— | o~ > N
«<h T = . Kopnuu nepapxuit
=mi R e
H|(¢H1)CRR min —— L= _551\ o
== e o
| Panrun

uepapxum

Jlist mapaMeTpa — KOpHs U 3aJaHHOTO KOJINYECTBA IIEPBBIX PAHIOB
- /
OHeHHTB YacCTOTHI IMOABJICHHUA IMapaMETpa B Hapat A PV w BHA | N KBT
HepapXuM U JMHAMUKY MOSIBICHUS IMapaMeTpa Gr Te IT JNKBJ| A BHA

NBEH |Prix |s s
B 3aJJaHHBIX paHTrax P KBI | DTuKBZI | Prix | Pr ix

S /— 0,35 - Ve 3, DTuTHI | Te IT Te IT
03 |22 Hapab NKBI [P KBO|PKBO

o Ve P TuTHI T THO | A PV

0,216 DTuTH] | Ve P N_BEH | N BEH
0,2 APV A BHA PM B P1/Pex

0,15
0.115 /
0,1 -

by

0,05 0,041
0,020

20
o ]
a o m @ = 11
ml =\ u‘ EI o
= > = & B = 9
= =
7
4 4
3 3 3
2 2 2 2
. . . - . -
3aBepmeHHe J- ] i -- ] J
= = | & { I I T = T 1 | I I I I |
FE e 2 Jd g2 o2 KRR 2o o2 o2 o2 £ 02
< = — < [

N~ -
Puc. 1. YkpynHeHHas O6J0K-CXemMa aJlrOpUTMA OIEHKH HepapXHil

ba3bl JaHHBIX, C KOTOPBIMU Pa0OTAET MPOrpamMMa, MPEACTABISAIOT 13 ceOst kuuru Excel, Ha mucrax
KOTOPBIX B IIEPBON CTPOKE NMPUBOAATCS HAMMEHOBAHUS [1apaMETPOB, & CAMU JAHHBIE BBOJATCS B XpO-
HOJIOTUYECKOM TOPSIZIKE 110 CTOIOLAM.
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Puc. 2. Bun nuanora nporpaMMbl U Ha3HaYCHHUE HJIEMEHTOB MHTEpdetica

Jlis TeXHMYeCKHUX cucTteM 0co00oe MECTO B aHalHM3€ CBSI3el 3aHMMAET BBISBICHUE 3HAUUMBIX U
YCTOHYHMBBIX CBS3€H PETUCTPUPYEMBIX MapaMeTPOB ¢ HapaOOTKOW (Ha3HAYaeTCsI KOPHEM HEepapXuu).
[Ipumep pesynbraTa TAaKOro pojaa aHajIW3a MPEICTABICH Ha PHUC. 3/ — OMUCHIBAEMBIN 3/IeCh CIIOCOO
obecrieunBaeT 0OHAPYKEHUE PETHCTPUPYEMBIX MapaMETPOB, YCTOMUUBEIE CBSI3U KOTOPBIX ¢ HapaboOT-
KOU THIWYHBI I Pa3BUTHsI pacCMaTpUBAaeMbIX HeucnpaBHocTe. COCTOSIHUS IBUTATENEH UIst puc. 3:
a — oTpaboTKa pecypca; 6 — mporap pabouyux JIONAaTOK TYPOMHBI BBICOKOTO JaBJICHUs — 0€3 MOCIEeTHUX
100 moneroB; B — mporap pabo4yuXx JOMATOK TYpOUHBI BEICOKOTO JaBiieHUs — mocieanue 20 moieTos;
I — MOMIaX B IMOJIETe, pa3pylUIeHHE KOMIIpeccopa BBICOKOTO AaBlieHus, nocieanue 20 MOJETOB;
Il — TOBBIIICHHAsT BUOparus. Bropas rpymnmna npuMepoB, KOTOpasi TOKa3bIBa€T YHUBEPCATHHOCTh OIMU-
CBIBAEMOTI'0 MOJXO0Ja K aHAJIN3y BPEMEHHBIX PSAIOB PA3IUYHOM MPHUPO/BI, MOJyuyeHa B pe3ysbTare Hc-
CJIETOBAHUS CBS3CH I BPEMEHHBIX PSOB JAHHBIX MO Kypcam BajiroT. Jlanee /Uit oTydeHus IpruMe-
POB HCHOJB30BAINCH JaHHBIE MO KypcaMm BallOT K pPYyOJIO IO JaHHBIM caita [1] 3a mepuon
11.01.2012...26.05.2012. Vcnonp30BaiucCh JaHHBIE IO aMEPUKAHCKOMY JOJUIAPY, aBCTPATUNCKOMY
JoJUTIapy, €BpO, MHIUNUCKON PYNMUH, KaHAJACKOMY JO0JUIapy, KUTAliCKOMY I0aHIO, CHUHTallypcKoMy AOJ-
Japy, YKpauHCKOW TpHBHE, sroHCKo# ieHe (3a 100 iieH), roxxHOadgpukanckomy pauny (3a 10 paun),
Typeukou jgupe. Pe3ynbTaTbl OIEHKH JOMUHAHTHOCTH CBSI3€M MEXKy BaJlOTaMU C MO3UIUNA CTATUCTH-
YECKHMX MOJICJICH Mpe/ICTaBICHbI HAa pUC. 4 (M3 SKOHOMUU MECTa, OCTAaBJICHBI TOJILKO HAanOOJIee 3HAYH-
MbIC CBSI3M, 3a]]a4a aHAJIN3a CBSA3e C MO3UIMI SKOHOMUKH HE CTABHJIACH).
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YacroTa (710151 mapamerpa
B 3aJ[aHHOM paHTe)

Yacrora (nomns napamerpa

B 3aJ[aHHOM DaHTe)

YacroTa (10151 mapamerpa
B 3aJ[aHHOM DaHTe)
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Puc. 3. [Ipumeps! pe3yabTaToOB aHAIN3a YaCTOT HAXOXKICHHS TTapaMeTPOB
B IIEPBOM PaHTe UEPAPXUH IIPU KOPHE “TtlapaMeTp TAru”~ (a-r) U KopHe “‘HapaboTka” (I
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AJTOpUTM U IIpOorpaMMHOe o0OecrieueHue, pa3paboTaHHOE AJIsl OLEHKU CBSI3ed MapaMeTpoB, peru-
CTPUPYEMBIX MPH (PYHKIIMOHUPOBAHWU CUCTEM PAa3IUYHON MPUPOIBI, YIUTHIBAIOT TUHAMHUYECKHHA Xa-
pakTep OLIEHWBAaEMBbIX CBA3eil. Pe3ynpTaThl, MOMyuyeHHBIE KaK Ui TEXHUUYECKUX CUCTEM (aBUALlMOHHbBIE
JIBUTATENM), TAK U SIKOHOMHYECKUX CUCTEM, TO3BOJISIIOT YTBEPKJaTh O YHUBEPCAIBHOCTH MPUMEHEH-
HOTO MOJX0/1a, AOMOJIHEHHOTO CO/IePKATEIbHBIM aHATH30M.
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qalcTOTa (moms mapameTpa B 3aJlaHHOM panre) YacroTa (momst mapaMeTpa B 3aJJaHHOM PAaHTE)
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Puc. 4. IlpumMeps! pe3yabTaTOB aHATN3a YaCTOT HAXOXKICHHS TAPAaMETPOB B TIEPBOM paHTe UEPAPXUU
MIpU KOpHE: a - “KUTaiCKuii 10anb’; 0 - “eBpo”’; B - “Typenkas aupa”; T - “yKpauHCKasi TpuBHA”
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ALGORITHMIC AND SOFTWARE, WHICH HAVE BEEN DEVELOPED FOR RESEARCH
OF COMMUNICATIONS OF PARAMETRES, REGISTERED IN SYSTEMS

Chichkov B.A.

The article deals with algorithmic and software, which have been developed for research of communications of pa-

rameters, registered in systems of various nature. Distinctive feature of a realized way of research is reception of the deci-

sion of tasks of multidimensional statistics not on static sample, but on set consecutive data that corresponds to dynamic
character of real systems.

Keywords: system, parameter, dynamics, the multidimensional statistics, parametrical diagnosing, hierarchy.
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