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HoBbie noaxoAbl K MporHo3MpoBaHUIO

Ha OCHOBe CUCTEM MOALAEPXKKUN

npuHATUS peLueHnii, MaTeMaTu4eCckum
S4POM KOTOPbIX SIBJISIOTCS METOA
aHann3a nepapxuvi ¢ AUHaMN4YeCKUMu
CY)XOeHUSIMU U MeTo4 aHaJINTU4eCKnNnx
ceTei, NO3BOJISIIOLLMNI OrpeaesiInTb
rnpuopuTeTsl aibTepHaTUB B YCJI0BUSIX
B3avMHOIO BJINSIHUS. PaCCMOTpeHbI
npumepsbi NPOrHO3UpPOBaHUS MNEPCrNeKTUB
cUCTEM PecCOpPHOro noaBeLINBaHNS AJsl
BbICOKOCKOPOCTHOIO )X€J/1€3HOA0POXHOIo
noABUMXHOIo cocTaBa. BoisiBnieHbl
3aBUCUMOCTHU Ppa3MepHOCTU MHopmaunum
un 3agad, CBsI3aHHbIX C OueHKOﬁ CJ10XKHbIX
no cBouUM riocsiegCcrBussm peLueHMﬁ.

KnioyeBble cnoBa: yripaBneHve, Teopus
MPUHSTAS PELLEHNI, UHHOPMaLS, KDUTEPUU,
r10CneAcTBUSl, MUHTEJIIEKTYaIbHbIE€ CUCTEMbI,
POrHo3npoBaHue, MeTon Nepapxmi, MetTosn
aHaIMTNYECKNX CETEN, BbICOKOCKOPOCTHOM
TPaHCopT.
|
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3a1a4ax ynpaBaeHUs CIIOXKHBIMU CH-
cTeMaMM, B COCTaB KOTOPBIX BXOAUT
YeJIOBEK, MPOLIECChI IPUHITUS Pellie-
HUIi UrpalOT KIIOYEBYIO POJib. OTIMYUTE b~
HBIMM MPU3HAKAMU TAKUX CUCTEM SIBJISIIOTCSI
HEIpepbIBHOE Pa3BUTHUE U HEIIPEICKA3yeMbIi
XapakTep BO3MOXKHbIX U3MEHEHU I COCTOSTHMSI.
DTH YepThl CYIIECTBEHHO BJIMSIOT Ha MOCTa-
HOBKY 3aJa4 IIpY IPUHSATUM PEILICHUIA.
TpanuuKMOHHBIE MHOTOKPUTEpPUAIbHbIE
3a7a4M OOBIYHO CBOJSTCS K BHIOOPY JIyullieit
aJIbTepHATHUBBI U3 MHOXECTBA JOIMYCTUMbIX
WIH K YIOPSIIOYMBAHUIO 3aJaHHOTO KOHEY-
Horo Habopa ansTepHaTuB. B pa3BuBaronmx-
Csl CCTeMax pe3yJ/ibraT BbIOOpa JIy4Ilieil aib-
TEPHATUBBI U3 HEKOTOPOIO KOHEYHOTO MHO-
JKeCTBa BapUaHTOB MMeEET TMHAMUYECKU
XapaKTep B CBSI3U C MOSIBJ€HUMEM HOBBIX
KPUTEPUEB U aJIbTEepHATUB, a TaKXe M3-3a
HEMOCTOSIHCTBA MPEANOYTEeHU, KOTOPbIE
OTpaxalT U3MEHEHMSI, IPOUCXOIsIIINE B
cucteme. B Takux cucteMax TpYIHO BbIICIUTh

* PaboTa BbIMTOJIHEHA TPU (PUHAHCOBOI MOIEPKKE
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HE3aBUCUMBIE 2JIEMEHTHI, TTOCKOJIbKY aKTHB-
HbIE YUYACTHUKU (aKTOPBHI), 1IeJI1, KPUTEPUH,
aJbTepHATUBHI U T.TI. OKa3bIBAIOT BIUSIHUE
Ipyr Ha apyra. Kpome toro, B cucremax, Mo-
JETUPYIOIINX COLMAIbHBIC SIBIEHUST, MOTYT
BO3HUKATh KOH(MIMKTHI MEXKTy yYaCTHUKAMU
TIPUHSITUS PEIICHUA.

TPAOULIMOHHbIA METOA AHAJIN3A
MEPAPXUA

Meton ananu3za uepapxuii (MAN) [1]
OCHOBAaH Ha MPeICTaBICHUY 3HAHUI SKCTIEP-
TOB B BUJIC M€pAPXUU LieJieli, (aKTOpOB, Aeii-
CTBYIOIIIUX CUJ (AKTOPOB), KPUTEPUEB, TTOM-
KpuTepueB U aibrepHaTuB. [IpeamoureHus
5KCMEPTOB BBISBIISIIOTCS C TOMOILBIO MTPOLIe-
Jypbl MapHBIX CPABHEHU 3JIEMEHTOB Uepap-
XUU HUKEJIEeXKAIIUX YPOBHEN OTHOCUTEIBHO
CBSI3aHHBIX C HUMU 3JIEMEHTOB 00Jiee BBICO-
KOro ypoBHS. JIJ1s1 U3MEpEeHUs CTeNeHU Mpe/l-
MOYTUTEIbHOCTU UCITOIb3YETCS 1IKAJIa OTHO-
LLIEHUH.

J 151 Kax a0l MaTpuLIbl TAPHBIX CPABHEHU I
(MTIC) BbIuMcCIIsieTCs TIaBHBIN TTPaBbIil COO-
CTBEHHBII BEKTOP, KOTOPBIA UHTEPIPETUDPY-
€TCs1 KaK BEKTOP IPUOPUTETOB CPABHUBAEMBIX
00BEKTOB. 3aTeM OCYIIECTBIISICTCS JIMHEHHAST
CBEpTKAa MPUOPUTETOB aJILTEPHATUB Ha Uepap-
XUU KPUTEPUEB, aKTOPOB U Lejieil. Merton
OTJINYAETCS MTPOCTOTON U aeT XOPOIee Co-
OTBETCTBUE UHTYUTUBHBIM MPEACTABICHUSIM.

CTOpOHHUKAMU KPUTEPUATHHO-ONITUMMU -
3anMoHHOTO TIonxoa [ 2] MAU kpurtukyercst
32 TO, YTO 10OABJIEHUE HOBOW aIbTepHATUBEI
B Habop, MpeabsaBIsieMbIil 4151 BbIOOpa, MO-
JKET BbI3BaTh U3MEHEHUE MOPSIAKA PAHXUPO-
BaHHBIX paHee anbTepHaTUB. Ha camom nene
KpUTEPUHU, UCTTONb3yeMble B MAU, aBIS10T-
CSl MCEBAOKPUTEPUSIMU, MOITOMY BBIOOD
JIyYIIUX PEUIEHUI CYIlIEeCTBEHHO 3aBUCUT OT
npeabsasieHusi. B MAU nnsa usmepeHus
KayecTBa aJlbTePHATUB UCHOJb3YeTCd TaK
Ha3blBaeMas MPOU3BOJHAS IIKaJa, TJ1aBHAs
0COOEHHOCTh KOTOPOI TO, YTO CyMMa MPUO-
PUTETOB aJBTEPHATHUB I10 JTIOOOMY KPUTEPUIO
paBHa equHuile. OLIEHKU B MPOU3BOIHOMN
1IKaJIe 3aBUCST HE TOJIbKO OT CBOMCTB CpaB-
HUBAEMbIX JIbTEPHATUB, HO U OT UX KOJIUYE-
ctBa. CnenosarenbHo, MAW mipeacrasisiet
co00if mpUMep MCEBAOKPUTEPUATBHOTO
BbIOOpA, MPUYEM 3HAUYECHUE [ICEBAOKPUTEPUS
OTHOCUTEJIBHOE, YTO AENaeT OECCMBICIEH-
HBIM CPaBHEHUE €0 a0OCOTIOTHBIX YUCIOBBIX
3HaueHui. BoiOop, ocylIecTBIsIeMblii B
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MAMW, MOXHO XxapaKTepHU30BaTh TOJbKO B
TepMUHAX COXPAHEHUS WJIU U3MEHEHUS 0~
psiiKa paHXXUPOBAHHBIX O0BEKTOB MTPU CYXKe-
HUW WIN PaCIIMPEHUN MPETbIBICHUS.

Boruucnenue npuoputetoB B MAU pas-
HOLIEHHO 3a/1a4€ pacIpeaesIeHUs HEKOTOPOTO
pecypca cpey albTepHATUB, KOTOPOE MPOUC-
XOAUT NPOIOPIUOHATBLHO UX TPEATOYTUTE b~
HOCTH. BrioJTHe ecTeCTBEHHO, YTO 3TO pacnpe-
JIeJIEHWEe 3aBUCUT OT KOJWYECTBA U COCTaBa
YYaCTHUKOB Ipolecca. [TosBieHrue HOBBIX
aJbTepHaTUB, BIIPOYEM, KaK U yAaJeHue, Ja-
CTO COINPOBOXKIAETCS U3MEHEHUEM MPEKHUX
MPEeANOYTEHUN IKCIepTa, 3aMOTHSIOIEr0
MIIC.

YCOBEPLUEHCTBOBAHUE METOOA

InaBHBIE ycoBepuieHcTBOBaHUSI MAU B
JTAaHHOM cJTyJae HalipaBJICHBI Ha pacIlIMpeHue
BO3MOXHOCTEN 3TOTO MOAXO0JA U CBOASTCS K
MPUMEHEHUIO PA3JIMYHBIX TPUHIIUITOB ONTHU-
MaJIbHOCTHU; UCHOJb30BAHUIO Pa3TUYHBIX
CITOCOOOB OLIEHWBAaHMST 0OBEKTOB; MTPOBEPKE
CYXIIEHUI 9KCTIEPTOB Ha COTJIACOBAHHOCTb 1
HEMPOTUBOPEUYUBOCTD; BBISIBICHUIO U YUYETY
3aBUCUMOCTEN MEXIY KPUTEPUSIMU.

Tpumenenue pazauunvix NPUHYUNOS ONMU-
MmanvHocmu. B pa3paboTaHHOM MPOrpaMMHOM
o0ecIieYeHN U peaqu30BaHbl Pa3IMYHbIE
MPUHLATIBI ONTUMATIBHOCTHU MPY BEIYUCIEHUU
WHTETPAJIbHOTO KpuTepus [4]:

* TPAAVLIMOHHBIA KPUTEPUIA B3BELLIEHHON
CYMMBI IPUOPUTETOB

X =argmax

x,x"eX

1 n
—Zajwj(x) , Te j=1, ...,
nio

N — KOJIMYECTBO KPUTEPUEB, 0., — BECOBOM
K03 (PUILINEHT j-TO KPUTEPUSI; wj(x) — TIpHO-
PUTET aTbTePHATUBHI X TI0 j-MYy KPUTEPUIO;
* MYJIbTUTJIMKATUBHBIN B3BEIICHHBIN
[v) * a]
kpurepnit x =argmax [ [w) () ;

x,xk eX J

* MAKCUMMHHBII KpUTEPUM

% o
X =arg m*aX mj‘nwj’(x).
xx eX J

Hcnonvzosanue pazauumix cnocobos oyenu-
éanus o6eexmos. OIHUM U3 HELOCTATKOB
MAMW sBnsieTcst 00JIbIIOE KOJMYECTBO TPEOy-
eMO# OT 3Kcrepra MHPoOpMaIuu, KoTopas
MpeacTaBiaseT co00ii MHOXKECTBO OLIEHOK
MPEANOYTUTETLHOCTH, MMOJYYEHHBIX B IIPO-
lecce MmapHbIX CPaBHEHUI ajlbTepPHATUB
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U KpuTepueB. MeToa uMeeT OorpaHu4YeHre Ha
KOJIMYECTBO OJHOBPEMEHHO CPaBHUBAEMBIX
00beKTOB (He pekoMeHayeTcs Oosblie 9),
MOCKOJIbKY U3BECTHO, YTO YEJOBEKY TPYIHO
OCYILIECTBJISITh PALlMOHAIBHBINA BBIOOD, €CJIU
YUCJIO 00BEKTOB BbiOOpa mpeBbiiiaeT 7+2. C
LIEJIbI0 YCTPAHEHUSI ATOTO OTPAHUYEHUS B
pa3paboTaHHOI CUCTEME MPEITOXKEHBI CIIeTy-
olIMe CPEeACTBA: aJTOPUTM YMEHbBIIEHUS
MOIIIHOCTU MHOXECTBa aJIbTEpPHATUB MyTEM
€ro KjacTepu3alliy; OLleHKa MPeAnOYTeHU
C MCTOJIb30BAaHUEM IIKAJIbl TUHTBUCTUYECKUX
MEePEMEHHBIX; AJITOPUTM YBEIMYEHUS MOIITHO-
CTU MHOXECTBA aJITEPHATUB MyTEM 100aBJIe-
HUS KOTIUH.

IIposepka cyxcdenuii sxcnepmos Ha coena-
CcO8aHHOCMb U Henpomugopeuugocms. I1pu
0OJIBIIIOM KOJIMYECTBE TIBTEPHATUB CTAHOBHUT-
cs1 mpobsieMaTnyHbIM hopmupoBanue MITC,
TaK KaK pe3Ko MaJaeT BEPOSITHOCTb XOPOoIllei
COITACOBAHHOCTH 71 MATPUIL OOJIBIIION pa3-
MepHocTu. s KoppekTHolt pabotet MAU
HY>XHO YMEHBIIIUTh KOJIMYECTBO OMHOBPEMEH -
HO CpaBHUBaeMbIX 00beKTOB. K aTOMy Hago
MOJOUTH, TNUOO YMEHbIIAs UCXOIHOE MHOXKE-
CTBO aJIbTepHATUB X, 1100 MOCTENEHHO yBe-
JIMYrBasi MHOXecTBO. [Ipolienypsl mapHbIX
CpPaBHEHUIT MOXHO BOOOIIE U30eXaTh, MPU-
MEHSISI IITKaJTy JIMHTBUCTUYECKHUX TIepeMEH-
HBIX.

Buvisgaenue u yuem 3agucumocmeii mexncoy
kpumepuamu. Eiie onHo orpanudyenue MAU
CBSI3aHO C HE3aBUCUMOCTBIO KPUTEPUEB, Ha-
XOJSIIMXCSI Ha OJHOM YpPOBHE Mepapxuu. B
HMepapXuu yIUTHIBAIOTCS OTHOIIEHUS TIOTIM -
HEHHOCTHU (1leJ0e-4acTh, 00llee-4acTHOE)
MEXJy KPUTEPUSIMU, HAXOASAIIMMUCS Ha
Pa3HBIX ypOBHSIX. MeXIy KpUTEPUSIMU OTHO-
IO YPOBHSI He JIOJDKHBI MMETh MecTa (DYHKIIM -
OHAJIbHBIE WK OJIM3KKE K HUM CBS3U. Tpebo-
BaHUE B3aMMHOU HE3aBUCUMOCTHU KPUTEPUEB
SIBJISIETCSI €CTECTBEHHBIM 711 OOJIBIIMHCTBA
(opMaNbHBIX METOMIOB TEOPUM TIPUHSTUS
peleHui (Teopusi MOJe3HOCTH, MaTeMaThye-
CKO€ MporpaMMupoBaHue U T.1.). OTcyTcTBUE
CPEACTB JUISl BBIpAXEHUS 3aBUCUMOCTEN Of-
HUX KPUTEPUEB OT APYTUX TPUBOIUT UHOTIA
K TPOTUBOPEYHUSIM, KOTOPbIE BOZHUKAIOT U3-3a
TOTO, YTO B CIIMCOK BKJIIOYAIOTCS 3aBUCSIIINE
IpyT OT Apyra Kputepuu. [TosaTomy npu no-
CTPOEHUU UEPAPXUYECKO CTPYKTYPHI U O1Ie-
HUBAHWUU €€ 2JIEMEHTOB XeJIaTeJIbHO UMETh
CpeACTBa, MO3BOJISIONINE OTCIEXUBATh BO3-
MOXHBIE MPOTUBOpPeuNs. IJIsi 3TOro Hy>KHbBI
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crienMalbHble 3HAHUSI O B3aUMHBIX CBSI3SIX
3JIEMEHTOB Mepapxuu. TakuMu cpeicTBaMu
SIBJISTIOTCSI 2JITOPUTMBI TIPOBEPKH TTOCTYTIAIO-
IIIUX OT 9KCIIEPTOB 3HAHWI Ha HETTPOTUBOPE-
YUBOCTD, Ha YIOBJIETBOPEHNE TIPUHIIUITY Ue-
papxXu4eckoil KOMITO3UIINH, a TAKKE KOMITO-
HEHTa U3BJIeUeHUsI 3HAHWI CUCTeMBbI, KOTOpast
TTO3BOJISIET OMPEACUTh HAJIMUKUE 3aBUCUMO-
CTelt MEXy 2JIeMEHTaMU NepapXuHu.

HOBbIE NOAXO0A4bl K SAOAYAM
NMPOrHO3NPOBAHUSA

KpoMe TpanuiiMoHHOrO MoAXoaa paHXu-
POBaHUS KOHEYHOTO Habopa aJIkTePHATHUB IO
MHOTUM KPUTEPUAM OJ8 pelIeHus 3anay
nporHo3upoBaHus paspadortansl e CIIIIP,
MO3BOJISIOIINE MPOBOAUTh PAHXUPOBAHUE
AJITEPHATUB C YYETOM M3MEHSIOLIUXCS BO
BPEMEHU TPEATIOUTeHUI (B TOM YMCIIe BaXkK-
HOCTU KpuTepueB) [3—5] v B3aMMHOTO BIIUSI-
HUS LeJel, KpUTepueB, MOAKPUTEPUEB U
aJIbTEpHATUB.

Junamuueckue npednoumenus u npuopume-
mbl. 3aa4a MPOTHO3UPOBAHUSI IKCTIEPTHBIX
MNPEANOYTEeHU I CBSI3aHA C MOJTYYEHUEM Olle-
HOK MPUOPUTETHOCTU AJITEPHATUB B hopme
3aBUCUMOCTEN OT BpeMeHHU. [ 3Toro uc-
XOIHbIE IKCIEPTHBIE OLEHKU JOJXKHBI CO-
JepxaTh HGOPMAINIo 00 UBMEHEHUY TTPe/T -
MOYTUTEBHOCTU OTHON aJIETepHATUBBI TIEPE]
JPYroii Ha HEKOTOPOM BPEMEHHOM OTPE3KE.
CrienoBatebHO, OIleHKA TTPEAMOYTUTETHHO-
CTU MOXET ObITh 3aJjaHa HE KOHCTaHTOH, a
dynxkuueit. [Togdbop Takux PyHKIINIT MOKHO
OCYILECTBUTD, TMOO MPEIOCTABUB B pACTIOPSI-
JKEHUE DKCIepTa HEKOTOPYIo (DYyHKIIMOHAIb-
HYIO0 IKady [3], 1100 ImyTeM anmpoKCUMAaIliN
9KCMEPTHBIX OLEHOK, MOJIyYEHHBIX B Pa3JINy-
HBbIC MOMEHTHI BpeMeHU [4, 5]. DTH GyHKINN
OTpaXaroT UHTYUTUBHbBIE UyBCTBA JIULIA, TPU-
HUMAIOUEro pemeHuss o0 U3MEHEHUU B
TPeH[Ie: MOCTOSTHHOM, JJUHEHHOM, Jjorapud-
MUYECKOM U SKCITOHEHIIMAIbHOM, BO3pacTa-
OLEeM 10 MaKCUMyMa U yObIBAIOIIEM WU
OITyCKAIOIEMCS 10 MUHUMYyMa U BO3pacTalo-
1IeM, KOJieOaTeIbHOM U, HAKOHELL, JOMyCKa-
f01lIeM KaTacTpoduieckre n3MeHeHUsI.

Jns nnHaMUYeCcKUX 3a1a4 MaTpuliia nap-
HBIX CPAaBHEHUU COAEPKUT (PYHKIIMU BpEeMe-
HU B KaUeCTBE 3JIEMEHTOB, TO3TOMY MaKCH-
MaJibHOE COOCTBEHHOE YMCIIO A, & TaKKe
COOCTBEHHBIN BeKTOp W OyanyT 3aBUCETH OT
BPEMEHU:

AW = h, (OWN(D). (1)
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Puc. 1. Uepapxus auHamun4eckori 3aga4uv Bbibopa nepcrnekTuBHoii B3C.

3aech A(f) — MaTpulla MapHbIX CPaBHEHU
00BEKTOB, coaepxKaias MHGopMalo ob u3-
MEHEHUU MPEANOYTUTEIbHOCTY OHOM aJIbTep-
HATUBBI TIepe]l APYroil Ha HEKOTOPOM IIpOMe-
JKyTKE BpeMEHU, KOTopas 3a1aHa QyHKIIMEH.

Ecnu nopsimok MaTpuiibl MapHBIX CpaBHE-
HUI HE TIPEeBbIIIaeT YeThIPeX, M1 YPaBHEHUS
(1) MOXHO MOTYYUTh AHATUTUUECKOE PElIeHE
[3]. AnbTepHaTUBHBIM CIIOCOOOM SIBISIETCS
noaydeHue A(f) u W(f) YucieHHbIMU METOTAMU
[4, 5]. lnst 5TOr0 HEOOXOAMMO UMETH B PaCIO-
PSIKEHUM MHGOPMALIMIO O MPEANOYTeHUSIX
SKCIIEPTOB 3a OIpeNeeHHbIN Mepro BpeMe-
Hu. [1py HaKamIMBaHUU TaKoW MHGbOPMALIUKU
B pa3paboTaHHOI KOMITbIOTEPHOI cucTeMe
CTaHOBSITCSI BO3MOXKHBIMHU TTPOTHO3UPOBAHUE
MPEeArnoYTEHUI U OLIeHKa OIVDKANUIIIIX TTOCIIe/-
CTBUM IIPUHUMAEMBIX PEILIEHUIA.

Ilpumep 1. PaccmoTpuM nipumMep MpuUMe-
HEHMSI 9TOTO MOIX0Aa K MPOTHO3UPOBAHUIO
MPUOPUTETOB MEPCIEKTUBHOCTU KOMMEPIIH -
aJu3alry aJlbTePHATUBHBIX MHHOBALIMOHHBIX
TexHoJsioruii st Buopo3amutsl (B3C) Brico-
KOCKOPOCTHOIO Ha3eMHOIro TpaHcIopTa
(Ha Onuxaimue mecTth Jet). Mepapxus
(hakTOpOB, NEUCTBYIOIINUX CUJ U KPUTEPUEB
3aJa4M MpeJCTaBIeHbI Ha puc. 1.

InaBHas uenb 3agaun (pokyc) — BEIOpATh
tun B3C, KoTopblii OyneT npeanoyTUTe TbHbIM
JUTSL YCTAaHOBKM Ha BBICOKOCKOPOCTHBIX TPaHC-
nopTHbIX cpenctBax (TC) B TeueHUe ycTaHOB-
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JICHHOT'O CpOKa MpOorHo3upoBaHus. OCHOB-
Hble (DAKTOPBI, BIMSIONINE HA IPEATIOYTCHUSI,
pa3MellieHbl Ha IIePBOM YPOBHE MepapXuM.
DTO — MaKpO3KOHOMUKA, HAYYHO-TEXHUYE-
ckuit mporpecc (HTII), uHBecTMLIMU U Tpe-
0oBaHMs MOKyHaTeJeid TpaHCIOPTHBIX
CPEICTB, IpeabsBIIsieMble K BUOpo3aiure. Ha
BTOPOM YPOBHE MEpPapXWU PaciioOXeHbI
[JIaBHbIE ICMCTBYIOIIME CUIIBI — IIPOU3BOIM -
tenu B3C, npousBoautenu TC u TexHOI0TMN
npousBoactBa B3C. DiaeMeHTH JaHHOTO
YPOBHS BiUsIIOT Ha BbIOOp Tuna B3C uepes
oIpeeeHHbIe TpeOOBaHUSI, BbIpakeHHbIE
KPUTEPUSIMU KayecTBa, COCTABIISIIOIIUMU
TPETUii ypoBeHb uepapxuu. Ha mociegHeM
YPOBHE HaXOISTCs aJbTePHATUBHBIC TUIIbI
B3C.

Ha nepBoM atamne pelaercs craTudeckast
3aja4a BbIOOpA JIydllleid U3 paccMaTpuBae-
MBIX aJIbTEPHATUB B HACTOSIIMIA MOMEHT
BPEMEHH 1,

Ha BropoM atare ¢ oMoIIbIo 9KCIIEPTOB
OIIPEICIISTIOTCS IIPEIITOYTEHYSI, 3aBUCSIIIAE OT
BPEMEHU. DTO — CYKICHMSI 9KCIIEPTOB O IIPeI-
IMOYTUTEJIPHOCTU (haKTOPOB OTHOCUTEIBHO
[JIABHOM LIEJIU Y CYKICHUSI O TIPEATIOYTUTE b~
HOCTHU KpuTepueB 11 mpousBoauteneit TC u
B3C. B nanHHOM npuMepe npearosaraioch,
YTO MPEANOYTCHUSI, BBICKA3aHHBIE 9KCIIepTa-
MM IS aJITEPHATUB 10 KPUTEPUSIM TPETHErO
YPOBHSI MepapXuu, He OYAyT U3BMEHSIThCS C
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Ta0muua 1

CBOWCTBa

DOKYC MakposkoHomuka | HTIT WMuBectuunu TpebGoBaHus
noxkynaresein

MakposkoHomuka | 1 1/0,25¢%6 Auto 1/(0,2—0,05t+0,08t?)

HTI 0,25¢e%¢ 1 0,2—0,18t+0,15t? Auto

Unsectuunm Auto 1/(0,2—0,18t+0,15t%) |1 Auto

TpeGoBanus 0,2—0,05t+0,08t> | Auto Auto 1

ToKymnarenei

TTpoussoautenu B3C TTpuGbLIL Poct npousBoacTaa KoHkypeHTo-croco6- | PeiHKY cObITa

HOCTh

[puGsUTH 1 1/(0,24+0,05t+0,025t2) 1/0,333e"4 1/0,333¢0:43t

Poct npousBoacTa 0,2+0,05t+0,025t> | 1 Auto Auto

KonkypeHTocmocoo- 0,333e04 Auto 1 Auto

HOCTb

PoIHKM cOBITA 0,333e043¢ Auto Auto 1

TTpoussoautenu TC | Kauectso CTouMOCTh HanexHocTtb KommnoHoBoYHbIe

CBOICTBa

KauectBo 1 0,333+0,4t+0,04t> | 3—1,15t+0,18t? 0,333+0,15t

CTOMMOCTh 1/(0,333+0,4t+0,04t?) |1 Auto Auto

HanexHocTtb 1/(3—1,15t+0,18t?) Auto 1 Auto

KoMmmnoHoBouYHbIE 1/(0,333+0,15t) Auto Auto 1

TeyeHueM BpemeHHU. [1pu 3armoaHeHun T1uHa-
muyeckux MIIC skcnepTy AOCTaTOYHO BbI-
OpaTh BUJA U OMPEAETUTh MapaMeTphl AJs
(n—1) 6a30BbIX QDYHKIUH, e n — pa3Mmep-
HOCTb MaTpulibl. OcranabHble (n’—2n+1) 3Ha-
YEHUSI TPEINOYTEHU I BIYMCIISIMCh aBTOMA-
TUYECKU Ha OCHOBE 0a30BbIX 3HaUeHU I (Auto),
HUCXONS U3 CBOMCTBAa 0OPAaTHON CUMMETpPUY-
HOCTHU U MIPEITOIOKEeHUS abCOMIOTHOM coria-
COBAHHOCTH cyxaeHuil. HauaibHble 3Haye-
HUS TIPEANOYTEHUI OMpeesiuCh Mo AaH-
HBIM CTaTUYECKOU 3a1auu.

JdvHamMuyeckre MaTpULIbl MapHBIX CpaB-
HEHUIT uMetoT BUJ (Taou. 1).

ITonyyeHHbIe pe3yabTaThl MTOKa3aHbl Ha
puc. 2 u 3. 3 puc. 2 BUAHO, UTO BaXKHOCTh
HayYHO-TeXHUYECKMX MHHOBALIMI B OyayIieM
3aMeTHO Bo3pacTaeT. [Iproputet TpedoBaHMA
MoKymnaTesieil yBeIMYMBaeTCs B TeUEHUE CPO-
Ka MpOrHO3UpOBaHUs HeMHoOro ciabee. OT-
HOCHUTEJIbHAsl 3HAYMMOCTbh WHBECTOPOB U
MaKpOKOHOMUYECKUX (DAKTOPOB CHIKAETCS
B Oynyiiem. Takoii TpOorHo3 MOXHO CUMTaTh
JIOCTATOYHO ONTUMUCTUYECKUM. OH COOTBET-
CTBYET TEHIAEHIMSIM CTaOUIBHOTO SKOHOMMU-
YECKOro pocTa.

[noGanpHbIe TUHAMWYECKUE TPUOPUTETHI
aJIbTepHATUB, BBIUMCICHHbBIE C YIETOM OITH-
CaHHBIX UBMEHEHUI mpeanouyTeHui (puc. 3),
HarJasgHO AEMOHCTPUPYIOT BO3pacTaHUE
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MPEANOYTUTEIEHOCTA MPOU3BOACTBA CIIOXK-
HOWl M KOHKYPEHTOCIIOCOOHOM MPOAYKIINN
(aktuBHas u nHeBMatudeckass B3C) nepen
npoctoil u aemeBoil (mpyxunHasg B3C) B
oymymieM. HeBbICOKMIT MPUOPUTET THEBMA-
Tudeckux B3C B JaHHOM ciiyyae 0ObsICHSIET-
Csl OTHOCUTEJIBHO BBICOKOW CTOMMOCTBIO U
HU3KOI Ha/IeXKHOCTBIO CCTEM 3TOTO KJlacca.

Takum o6pazoM, NMpUHUMAsI 10JITOCPOY-
HbIE PEIIeHUsT, BAXKHO YIUTHIBATh TCHACHITNN
W3MEHEHUS MPEATNIOYTEHU ¢ TeYeHNEM Bpe-
MEHU. DTU TeHIEHIIMM MOXHO BBISIBUTH Ha
OCHOBE PEeJIEBAaHTHBIX CTATUYECKUX TaHHBIX.
Eciu TakoBbIe OTCYTCTBYIOT, TO AUHAMUYE-
CKMe 337aui MOTYT OBITh pElIeHbl HA OCHOBE
000CHOBaHHBIX TUTIOTE3 00 U3BMEHEHUH TTPE/T -
TMOYTEHUM.

Ilpobaema 63aumnoeo eausHus. AKCrioma-
TUYECKME METObI TEOPUU MOJIe3HOCTH [6, 7|
OCHOBaHBI Ha B3aMMHOI HE3aBUCHUMOCTHU
KpuTepueB 1 ansTepHaTtB. HoBast mapagurma
MPUHATHUS PEIIeHUN C 3aBUCUMOCTBIO U
00paTHOI1 CB3bI0 C(hopMyIMpOBaHa B paboTe
[3], B KoTOpOIt MpeasiaraeTcsl MpeAcTaBIsITh
CJIOXHYIO ITPO0OJIeMy MepapXuiecKol Win
CETEBOW CTPYKTYPOU, 3JIEMEHTBHI KOTOPOU
MOTYT BJIMSITB IPYT Ha ApyTa.

Merton aHa/IM3a ceTeil TO3BOJISIeT YyCTaHO-
BUTbH TCHACHIIMA U3MEHEHUs TTPUOPUTETOB
3JIEMEHTOB B CUCTeMe OTHOCUTEIHHO 3aIaH-
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3HaueHue BCKTOpa

[IPHOPUTETOR
0.5 Puc. 2. UsmeHeHmne npuoputeToB

’ /3 ¢akTopoB oTHOCUTEILHO pOKYyCca BO
0.4 e — BpemeHn:
03 B . ZE— - "‘-é% 1 — MmakpoakoHomuka, 2 — HTII,

g e S q______l 3 — uHBecTopsl, 4 — Tpe6oBaHns
0.2 S | g nokynareneyi.
01 be—tr==—= o] !

b (=" ’\’/\.

HOM 1LIeJTW U OTIPeNenThb MpeieSibHbIe 3HaUe-
HUS 9TUX MPUOPUTETOB. [IpenenbHbIe pro-
PUTETHI MOXHO MHTEPIPETUPOBATH KakK
MPUOPUTETHI JIEMEHTOB CUCTEMBI B OYIYILIEM,
TO €CTh KaK BO3MOXHBII IMPOTHO3 /151 ciyyvasi,
KOTJa BbICKa3aHHbIE MPEANOYTEHUS OymyT
OCTaBaTbCsl HEM3MEHHBIMU B TEUEHUE CPOKa
MPOTHO3UPOBAHUS.

B MeTone aHanmv3a ceteli 371eMeHThI 3a1a4u
MPUHSTUS pelieHn 0OBEIUHSIOTCS B KJIacTe-
PBI, MEXKITy KOTOPBIMU BO3MOXHBI TTPOV3BOJIb-
Hble cBs131. POpMUPOBaHKE KJIACTEPOB U CBsI3ei
sIBJIIETCS He(hOpMaJIbHOM MpOLIEAypOii 1 OCy-
ecTBisiercs akcnepramu u JITIP (siiwo, npu-
HUMalolllee pellieHre) Ha OCHOBE 3HaHUI O
crietuke peraeMoii 3anaun. O0beAMHEHUE
5JIEMEHTOB B KJIaCTEePbI MO3BOJISIET CHU3UTH
Pa3MEepHOCTD 33Ja4U U YITy4IIIUTh COrJIaCOBaH-
HOCTb cyxaeHnid. CIieyIonmmM 3TarioM CTaHO-
BUTCS IOCTPOEHKE MATPUIL TAPHBIX CPABHEHUI
JUIS. KJTACTEPOB U UX dJIeMeHTOB. [Ipu 3ToM
SKCIepTaMU OLIEHWBAETCSI UHTEHCUBHOCTh
BJIMSIHUSI OMHMUX KJIacTepoB (3J€MEHTOB) Ha
npyrue. [1aBHble coOcTBeHHbIE BeKTOophl MITC
WHTEPITPETUPYIOTCS KaK BEKTOPHI IPMOPUTETOB
CpaBHUBaeMbIX 00BEKTOB. 3 rmaBHBIX cOOCT-
BEHHBIX BEKTOPOB, BBIYMCJIEHHBIX /IS 2JIEMEH-
TOB KJIacTepoB, (hOPMUPYETCsl CyNepMaTpulia.
151 HOpMUPOBaHMS €€ CTOIOLOB UCTIONb3YIOT-
Cs1 BEKTOPBI IPUOPUTETOB KJIACTEPOB.

CynepMaTpulia CETEBOU 3aauyu MPUBO-
JIATCS K CTOXaCTUYECKOMY BUAY ITyTEM YMHO-

3HaucHue BCKTOpPA

6 Jer

>KEHUSI Ha MATPUILY BECOBBIX KOO DUITMEHTOB
kjactepoB. Bo3BeneHue croxacTuueckoi
MaTpUIIBl B BBICOKHME CTEIIEHU IMO3BOJISIET
MOJIYYUTh PEIIeHUE 3alauu O TpelesIbHOM
BKJIaJle KaXII0To KjacTtepa B 3alaHHYIO 11eJTb
(TIpeneibHbIe TIPUOPUTETHI BO3IEHCTBYS ).
Takum ob6pa3zoM, cnoco® BbIYUCIECHUS
TPUOPUTETOB BO3JEICTBUS 3aBUCUT OT CTPYK-
TYpHBI CBSI3€l 2JIeMEeHTOB 3a1aun. PopMupo-
BaHUE CTPYKTYPhI — CJIIOXHBII MPOIIECC, KO-
TOPBI MOXET MPUBOAUTH K Pa3INIHBIM pe-
3yJbTaTaM. DTOT MpPOoLecC TpedyeT TITyOOKMX
3HaHMI MPoOJIEeMHOI 00J1aCTU U pacCCMOTpe-
HUS MHOXECTBa BapuaHTOB. [l obecrieue-
HUST TaKO BO3MOXKHOCTH HEOOXOaMMa KOM-
MbIOTEpHAst 1 MH(POPMaIIMOHHAS TTOIAePKKA.
[Tpumep nepapxuyeckoi CTpPyKTyphI, CO-
JlepaKalleil Tpu ypoBHsI, TIPUBEICH Ha puC. 4a.
Ecnu akTophl, KpUTepUU M aabTepHATUBBI
BJIVSIIOT IPYT Ha JIpyTa, TO Mepapxus peBpa-
IIAETCS B CETh, OIMH M3 BO3MOXHbBIX BApUaH-
TOB KOTOPOI MIoKa3aH Ha puc. 40.
PesynbraThl, MOTy4eHHBIE ¢ YIETOM B3a-
WMHOTO BJIIMSIHUSI JIEMEHTOB MPOOIEMBI,
MOTYT OTJIMYATHCSI OT PE3YJIBTaTOB MepapXu-
YECKOW KOMIO3UIIMKU TpropuTeToB. Mepap-
XUYECKUI TTOIXO TO3BOJISIET ONPENAeTUTh
JIYYIIYIO aJIbTePHATUBY HA MOMEHT IIPUHSTHS
pelieHusi. B3aumMHoe BIMSIHUE 37€MEHTOB
pelieHusT BhI3bIBACT U3MEHEHNE TTPUOPUTE-
TOB, TTOATOMY B JAHHOM CJIy4yae IpeaesIbHbINA
pe3yJIbTaT MOXXHO paccMaTpuBaTh Kak Ipo-

MPHOPHTETOB
0.5 | S - % Puc. 3. UsmeHeHmne rno6ansHbix
0.4 ' D‘z‘— - 2 NPUOPUTETOB asibTEPHATUB BO
. S R Bpemenun: 1 — npyxuHHas B3C,
03 ...r.,...-----*r M '.L_ N 2 — nHeBmaTnyeckasi B3C,
02 [7 3 — akTnBHas B3C.
0.1
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| Axmop 1 Axmop 2 |

| Kpumepuii 1 Kpumepuii 2 Kpumepuii 3 Kpumepuii 4 |

|Aﬂbmepnamu6a 1 Anomepnamuea 2 Anomepnamusa 3 |

0)

1 AKTOpBI

Q Axmop 1
Axmop 2 \
3 AIbTepHATHBBI
Anvmepnamusa 1 O

Anemepnamuea 2
Anvmepnamuea 3

2 Kpurtepuu
Kpumepuii 1
Q Kpumepuii 2
Kpumepuii 3
Kpumepuii 4

Puc. 4. Mpumepbl CTPYKTYpP 3agay NPUHATAS PeLLeHnii: a) nepapxus; 6) ceTb.

THO3, KOTOPBIi TTOKA3bIBAET, KaKast albTepHa-
THBa OyaeT HAMJTYJIIeii B OyayIIeM.

Ilpumep 2. PaccMoTpyM IpUMEHEHUE Me-
TONAa AHATIUTUYECKUX CEeTEl ISl BHIOOpA BU-
opozamurtHoii TexHonorun (B3C) Bricoko-
CKOPOCTHOTO HAa3eMHOTO TPAHCIIOPTa, KOTO-
pasi OyIeT mepCreKTUBHOM /IS IPOU3BOACTBA
Ha OJIKaliie IIecTh JIeT.

OcHoBHBIE (PaKTOPHI U NEUCTBYOIINE
CUJIBI JIJISI pacCMaTpuUBaeMOU TPoOIeMBbl
npencTaBieHbl Ha puc. 5. KpoMme anbrepHa-
TUBHBIX BApUAHTOB TEXHOJOTUM YYUThIBA-
ercs BnusiHue nmpousBoauteneit B3C, mpo-
usBonuteneir TC, mokynareneit TC, nuse-
CTOPOB, TEXHOJIOTUI mpomu3BoacTtBa B3C,
MaKpO3IKOHOMUYECKUX (DaKTOPOB U HAYIHO-
TEXHUYECKUX TOCTUKEHUI B TaHHOM 00.1a-

1. B3C

ctu. CTpenku Ha puc. 5 yKa3bIBAIOT HATIPaB-
JIEHUST BIVSTHUSI.

3ajaua MpUHATUS pelIeHnit BKIodaeT 29
9JIEMEHTOB, KOTOPbIE OObEANHEHBI B BOCEMb
kinactepoB. [1epBbIit KJ1acTep COMEPXKUT alb-
TepHaTuBHBIE BapuaHTel B3C, mpemmoxeH-
HbIE [IJIST TPOU3BOMICTBA.

IMonyyeHHBIE IPUOPUTETHI KIACTEPOB
HCTIONIb3YIOTCS B KAUeCTBE BECOBBIX KO u-
IIMEHTOB B TIPOLIeype MPUBEICHMS CyTIepMa-
TPUIIBI K CTOXaCTUYECKOMY BUILY.

B miporiecce ¢opMupoBaHUS CTOXaCTHIE-
CKOM cyrepMaTpulibl HEOOXOIUMO 3aOJIHUTh
90 MaTpuIl TTapHBIX CPaBHCHUN 3JEMEHTOB
KJIaCTEPOB, MOJIBEPKEHHBIX BIUSHUIO, TIO
KaXxIOMy M3 3JIEMEHTOB BJIMSIIONINX KJIacTe-
poB. BeKTOpBI IPUOPUTETOB, BHIYMCICHHBIC

8. Mokynarean
8.1 Komgpopm

8.2 Besonacnocmp
8.3 Cmoumocmo

ﬁ. Tpoussourenu TC

1.1 Ipyswcunnas
1.2 ITnesmamuueckas
1.3 Vnpasnsemasn

Puc. 5. Ctpyktypa
ceTeBoVi 3aga4un
NPOrHo3upoBaHUs
nepcnekTuBHbix B3C.

4.Texnosnorun

4.1 Jocmynnocmo
4.2 Ilepcnexmusnocms
4.3 Cmoumocmp

4.4 Duepeoemrocmp
4.5 Mamepuanst
4.6 Ksanugpuxayus
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2. Ipounssoauresn B3C
2.1 Ipubvine

2.2 Pocm npouseodcmea
2.3 Kourypenmocnocob-

2.4 [pueneuenue

npoussoacTea B3C

3.1 Kavecmso

3.2 Cmoumocmo

3.3 Haoesrcrocms
3.4. Komnonosounvie
ceoticmsa

HOCMb

5. MaKkpo3KoOHOMHKA

5.1 Paseumue
npouszeodcmea

5.2 3auamocmp

5.3 Pacuupenue

PblHKOE

uneecmuyuil

6. MuBecTopnbl

6.1 Yacmnvre

6.2 I'ocyoapcemeennvie
6.3 Hnocmpannvie

7.HTI
7.1 B o6nacmu B3C
7.2 B obnacmu TC
7.3 B obnacmu
mexnono2ui
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MpyxuHa :

yYnp

Poct B3C

WuBectuunn B3C

CroumocTb B3C

KomnoHosouHble cBoiicTBa

MepcneKTVBHOCTb TEXHONMOTUN

SHEeproemKoCTb TeXHONornin

Keanudukayma kanpos

3aHATOCTb

YacTHble nHBecTopbl

VHOCTpaH. nHBeCTopbI

HTATC

Komdopt TC

CroumocTb TC

S}
o
<}
N

0,04

0,06 0,08 0,1 0,12 0,14 0,16

Puc. 6. 3Ha4yeHuns npenesibHbIX IPUOPUTETOB W 371IeMEHTOB rnpobieMbl BbiI6opa nepcrneKTUBHON As
npounsBoacTea B3C.

JUISL 9TMX MaTpPULI, 3alIMChIBAIOTCS B COOTBET-
CTBYIOLIME OJIOKM CyIIepMaTPULIbL.

Bce maTpuiibl UMEIOT XOpOIue OLEHKHU
COINIACOBAaHHOCTH, YTO XapaKTepU3yeT MOCIe-
JIOBATEJIbHOCTD CY>KICHUI 9KCIIepPTa.

ITocnenoBaTeabHOE BO3BEACHUE ITOJYYEeH-
HOIi cyrnepMaTpuLbl B 1IJIOYUCIICHHbIE CTe-
IeHU [IOMOT'aeT IMOIYYUTh HE M3MEHSIFOIIMIACS
IpU JajbHeWIIeM YBEJIUYEHUM CTEIeHU
BEKTOD IpeIeIbHbIX IPUOPUTETOB BIMSHMS
w*, IpUBEIECHHBII Ha puc. 6.

ITonyyeHHBIe Pe3yabTaThl MO3BOJSIOT
cuuTtaTh ynpasisemyto B3C nHanboiee nep-
CIIEKTUBHOM JJIs1 IIPOM3BOJCTBA B OYIyLIEM.
ITHeBMaTHYeCKuE peCCOPhI 3aHUMAIOT BTOPOE
MECTO, a IPYXUHHBIE — TocieaHee. OTpbIB
JIMAUPYIOLIC CUCTEMBI OT OCTaJIbHBIX — J10-
BOJIBHO 3HaYUTEIbHbII. ClieI0BaTEIbHO, €CIU
BbICKa3aHHbBIE KCIIEPTAMM IIPEANIOYTCHUST HE
OyIyT CYLIECTBEHHO M3MEHSThLCSI B TeUCHUE
CpOKa IIPOrHO3UPOBAHMSI, TO IIPU CYLIECTBY-
IOLIMX B3aMMOCBSI3sIX MEXAY dJIEeMEHTaMU
3aJa4y JYYIIUMM U1 IIPOM3BOACTBA OyIyT
yrnpansiembie B3C.

Haubomnee 3HauuTe bHOE BIMSIHUE Ha
BBIOOP IEPCIEKTUBHOIM U1 IIPOU3BOACTBA
B3C oka3pIBaloOT 1IeJIM MPOU3BOICTBA, OCO-
OEHHO KOHKYPEHTOCIOCOOHOCTD BhITyCKae-
Moii mpoaykiuu. 3atem cieayeT T B3C (cm.
puc. 6). Ha TpeTbeM MecTe HaxoasTcst Tpebo-
Banwus nmpousBoauTesieil TC k B3C. Cpenu Hux
[JIABHBIMU SIBJISTIOTCSI KAUECTBO BUOPO3aLUThI
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M HaIexKHOCTh. [IprMepHO OAMHAKOBOE B~
sIHME Ha BbIOOP MEPCIIEKTUBHBIX CUCTEM BU-
OpOo3alUThI 0KAa3bIBAIOT IIAPAMETPhI TEXHOJIO-
Uil 1 MHBECTOPHI. BiusHMe rocynapcTBeH-
HbIX U MHOCTPAaHHBIX MHBECTOPOB OoJice
3HAYMMO I10 CpaBHEHMIO ¢ YacTHbIMU. Cpenu
TEXHOJIOTMYECKUX (PaKTOPOB BaxKHEUIIMMM
BBICTYIAIOT JOCTYITHOCTb U IIEPCIIEKTUBHOCTD
TexHosioruii. HeBhICOKOE 110 CpaBHEHUIO C
MepevYrcIeHHBIMU (haKTopaMu BIUSIHUE Ma-
KPOYKOHOMMYECKHUX IOKa3aTeeil MOXHO
OOBSICHUTD TCUXOJOTNYECKUMU OCOOCHHO-
CTSMU DKCIEPTOB, KOTOPbIE HE CKJIOHHBI K
KaTacTpouueckuM mporHo3aM. [Topsmok
IIPUOPUTETHOCTU BJIUSHUS MaKPO3IKOHOMM-
YeCKUX (haKTOPOB SIBJISIETCSI OYEBUIHBIM.

Bnusinue tpeboBanuii moxkymnareneit TC,
CBSI3aHHBIX C BUOPO3AIUTOM, TAKXKE HEBEIM -
KO, IVIABHBII M3 HUX — KOMGOPT.

DaKTOphl HAYYHO-TEXHUYECKOTO ITPOrpec-
ca MMEIOT HaMEeHbIIIee CYMMapHOE BIUsSHUE
Ha 3aJIaHHYIO 1IeJIb [10 CPABHEHUIO C OCTaJIb-
HBIMM 3jieMeHTaMu 3agaur. CaMoe CyILecT-
BEHHOE HallpaBJIeHUE — TeXHOJOTUU IIPOU3-
Boactea B3C.

[TonyyeHHbIE pe3y/IbTaThl XOPOILIO COIIa-
CYIOTCSI C MHTYUTUBHBIMM IIPEICTaBICHUSIMU
SKCIIEPTOB, JOCTATOYHO JIETKO MHTEPIIPETH-
PYIOTCS UM MO3BOJISIIOT MOJYYUTh ITOAPOOHOE
obocHoBaHue mporHo3a. ITpomexXyTouHbIe
pe3yJibTaThl TaKXKe IPEICTaBIIsSIOT MHTEpEC,
TaK Kak JaloT BO3MOXHOCTb IIpOaHaIU3UPO-
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BaTh BEPOSITHBIE B3aUMOJEHCTBUS 2JIEMEHTOB
cuctemsl. [1o cpaBHEHUIO C TPAIUIIUOHHBIMU
MOJEISIMU TMHAMUYECKUX CUCTEM B BUJE
nuddepeHInaIbHbIX YPABHEHU paccMoO-
TPEHHBI MOJIXO/I UMEET HEKOTOPbIE MMPEUMY-
IIECTBA: OOJIETYaeT TOCTYN K KaueCTBEHHOM
“H(OpPMaALIMU TTPU TOCTPOSHUM MOJENU; TS
HEro XapakTepHbl OTCYTCTBUE MPOOJEeMBbI
OIpeeNieHNs] 3HaYeHU mapaMeTpoB AWHA-
MUYECKUX MOJeJieid U MpoOJeMbl IMoUcKa
HavyaJbHBIX MPUOJVXKEHUN; 3HAUUTEIbHAS
SKOHOMUS BPEMEHU.

cnneP nNPOrHO3

CucteMa rmoafep>KKu MPUHSITUS peIIeHU
JUIs 33124 TPOTHO3MPOBAaHUS pa3paboTaHa Ha
OCHOBE METOJIOB aHaJIM3a Uepapxuii u ceTeit.
OHa pacriosiaraetT pa3HooOpa3HbIMU CITOCO-
0aMu MCCIeTOBaHUS CIIOXHBIX CUCTEM B
YCIIOBUSIX HEOTIPEEJIEHHOCTA U MOXKET UC-
TMOJTb30BATHCS TS TOAEPXKKU TTPUHSITUS
pElIeHNH, CTPaTernIeckoro MiIaHUuPOBaHUS
u niporHo3upoBanus. CITTTP BxitouaeT 6azy
JTAHHBIX, IIIUPOKUI HA0OP MpoLemryp 00padboT-
KU 3KCTIEPTHBIX TIPEATIOYTEHU, a TAKXKE OJIOK
METOJIOB CTATUCTUYECKOTO aHaIN3a JaHHbIX,
TpeaHa3HAYeHHBIH TS U3BJICUCHUSI 3HAHUIA.
3HaHUS TIPUMEHSIOTCS TIPY PEIIeHUN 3a1a4
TMPOTHO3WPOBAHUSI, OIIEHKE B3aMMOOTHOIIIE-
HUI MEXKTy KPUTEPUSIMU U IPYTUMU BJIEMEH -
TaMM MepapXvuu, TPOBEPKe IKCTIEPTHBIX CY-
KIACHWI Ha HETTPOTUBOPEUYMBOCTh. Hammuue
3HAaHWW U MEXaHU3MOB JIJIT UX 00pabOTKHU
MO3BOJISIET HA3BaTh Pa3pabOTaHHYIO CUCTEMY
WHTEJUIEKTYaJIbHOM. Y Hee IUPOKUI CIIEKTP
3a/a4 TTPOTHO3MPOBAHUST Y aHAJTUTUIECKOTO
TUTAHUPOBAHUS B TAKWX TPEJIMETHBIX 00J1ac-
TSIX, KaK 9KOHOMWKA, MHHOBaTHKa, 00pa3o-
Banue [§—11].

SAKJTIOMEHUE

PazButue ob1iecTBa MPUBOIUT K U3MEHE-
HWIO 33124 YTIPABJIEHUS CJIOKHBIMU aHTPOTIO-
TeHHBIMU CUCTEMaMU, TJIe BaKHEUIIIYIO POJib
WUTPAIOT TIPOIIECCHl MPUHATUS peteHuit. [1o-
SIBJIEHUE TIPU 3TOM HOBBIX TIOJIXOZIOB O0YCJIOB-
JIEHO:

— yBEJIMUEHNEM KOJIMYecTBa MH(popMalum
JUTSI IPUHSITUST PELISHUI;

— TIpUBJIEYEHUEM BCE OOJBIIEro Yyucia
YYaCTHUKOB, KOJUIEKTUBHBIM XapaKTEPOM ITPO-
1IECCOB IMPUHSTUST CJIOXKHBIX PEIICHUIA;

— HEOOXOIMMOCTBIO BCECTOPOHHE OLIEHKH!
WX BOBMOXHBIX TIOCJIE/ICTBUIA;

— Pa3BUTUEM BBIYMCIUTEIBHBIX CPENCTB 1
TEOPUU TTPUHSATHS PELICHUIA.

YBenuueHne KoJnmvyecTBa MHGOpMaInu
TPUBOIUT K YBEJIMISHUIO Pa3MEPHOCTH 3a/1ay
TpU IPUHATAM pettieHnid. Kpome Toro, BO3HU-
KaeT HeoOXOAUMOCTh B TpeIBapUTEIbHOM
aHaIM3e U CTPYKTYpUPOBAaHWUU MHOOPMAIIHN.
ITpuyem Haubosiee aKTyalbHbIE 3a0a4d, CBSI-
3aHHbIe ¢ CIIITP, oTHOCSTCS K 00:1aCTH C1ab0-
CTPYKTYPUPOBAHHBIX TIPOOJIEM, TSI PELIeCHUST
KOTOPBIX TPEOYIOTCSI MHTEJUIEKTYaIbHBIE CHC-
TEMBI, CITOCOOHBIE HAKATTMBATH MHMOpMAIIHIO,
W3BJIEKATh U3 HEe 3HAHUST Y IPUMEHSITh MX CO-
OTBETCTBEHHO LIEJISIM (B TOM YKCJIe TIPOTHOCTH -
YECKHUM).
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ABSTRACT

New approaches are given to forecasting based
on decision support systems, the mathematical
core of which is analytic hierarchy process with
dynamic judgments and analytical networks
method, allowing to prioritize alternatives in terms

of mutual influence. Examples of forecasting pros-
pects for spring suspension systems for high-
speed rolling stock are considered. The depen-
dences of dimension of information and tasks re-
lated to assessment of decisions complex on their
consequences are identified.

Keywords: management, decision theory, information, criteria, consequences intelligent systems, fore-
casting, analytic hierarchy process, analytical networks method, high-speed transport.

Background. /n tasks of managing complex
systems, which include a person, decision-making
processes play a key role. The distinctive features
of these systems are continuous development and
unpredictable nature of possible changes in the
state. These features significantly affect formula-
tion of tasks in decision-making.

Traditional multi-criteria tasks are usually
boiled down to a choice of the best alternative from
the set of admissible ones or to ordering a given
finite set of alternatives. In developing systems
result of choosing the best alternative out of a finite
set of options is dynamic due to emergence of new
criteria and alternatives, as well as variability of
preferences, which reflect changes in the system.
In such systems, it is difficult to identify indepen-
dent elements as active participants (actors),
objectives, criteria, alternatives, etc. influence
each other. Furthermore, in systems that simulate
social phenomena, conflicts may arise between
participants of decision-making process.

Objective. The objective of the authors is to
consider methods, used to forecast prospects of
inventions’ commercialization.

Methods. The authors use general scientific
methods, comparative analysis, analytic hierarchy
process and analytical networks method.

Results.

Traditional analytic hierarchy process

Analytic hierarchy process (hereinafter - AHP)
[1] is based on representation of expert knowledge
in the form of a hierarchy of objectives, factors,
acting forces (actors), criteria, sub-criteria and
alternatives. Preferences of experts are identified
by the procedure of paired comparisons of ele-
ments of the hierarchy of the lower levels relative
to related items of higher levels. To measure pre-
ference degree ratio scale is used.

For each pairwise comparisons matrix (here-
inafter — PCM) principal right eigenvector is calcu-
lated, which is interpreted as a vector of priorities
of compared objects. Then, linear convolution of
priorities of alternatives on hierarchy of criteria,
objectives and actors is performed. The method is
simple and gives a good match with intuitions.

Proponents of criterion-optimization ap-
proach [2] criticize AHP for the fact that addition
of a new set of alternatives presented for selec-

tion can cause changes in the order of previ-
ously ranked alternatives. In fact, criteria used
in AHP are pseudocriteria, so the choice of the
best solutions essentially depends on presenta-
tion. In AHP to measure the quality of alterna-
tives a so-called derive scale is used, the main
feature of which is that the sum of priorities of
alternatives by any criterion is equal to one.
Rankings in the derived scale depend not only
on the properties, compared alternatives, but
also on their quantity. Consequently, AHP is an
example of pseudocriterial choice and value of
pseudocriterion is relative, making it pointless
to compare its absolute numerical values.
Choice in AHP can be described only in terms
of maintaining or changing the order of ranked
objects by narrowing or expanding the presen-
tation.

Calculation of priorities in AHP is equivalent to
the task of distribution of some resource among
alternatives, which occurs in proportion to their
preference. It is natural that this distribution de-
pends on the number and composition of partici-
pants. The emergence of new alternatives, how-
ever, as well as removal, is often accompanied by
a change in former preferences of an expert, filling
PCM.

Improvement of the method

Major improvements in AHP in this case are
aimed at strengthening the capacity of this ap-
proach and are reduced to the use of different
optimality principles; the use of different methods
of object evaluation; verification of expert judg-
ments by coherence and consistency; identifica-
tion and accounting of dependencies between
criteria.

The use of different optimality principles. In
developed software various optimality principles
in the calculation of the integral criterion are imple-
mented [4]:

« traditional criterion of a weighted sum of
priorities

5 1
X =argmax [’Z“jwi(x)} ;
xaxkex [ M3
where j=1, ..., n is a number of criteria, a, is
weighing coefficient of the j-th criterion; wl(x) is
priority of the alternative x by the j-th criterion;

* The research was supported by RFBR, project N° 14-06-00225.
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- multiplicative weighted criterion
x' =argmax [[w) ()
x,x"e)( J
- maximin criterion x" =arg Max minw; (x) -
x,x*eX J

The use of different methods of object evalu-
ations. One of the drawbacks of AHP is a large

amount of information required from experts,
which is a set of preference assessments obtained
in the course of pairwise comparisons of alterna-
tives and criteria. The method has a limit on the
number of objects to be compared at the same
time (not recommended for more than 9), since it
is known that the person finds it difficult to carry
out a rational choice if the number of objects of
selection exceeds 7+2. In order to eliminate this
restriction in the developed system the following
means are offered: an algorithm for reducing car-
dinality of the set of alternatives through its cluster-
ing; evaluation of preferences using a scale of
linguistic variables; ability to increase capacity of
a set of alternatives by adding copies.

Checking the judgment of experts on coher-
ence and consistency. With a large number of al-
ternatives formation of PCM becomes problem-
atic, as probability of good consistency for matri-
ces of large dimension drops sharply. For correct
operation of AHP it is necessary to reduce the
number of simultaneously compared objects. To
this we must go, either reducing the original set of
alternatives X, or gradually increasing the set.
Procedures for pairwise comparisons can be
avoided altogether by using a scale of linguistic
variables.

Identification and accounting of dependencies
between criteria. Another limitation of AHP is as-
sociated with independence of criteria, which are
located at the same level of hierarchy. In the hier-
archy subordination relations are taken into ac-
count (whole-part, general-private) between the
criteria at different levels. Between one level cri-
teria functional or close to them relations should
not take place. The requirement for mutual inde-
pendence of criteria is natural for most formal
methods of decision theory (utility theory, math-
ematical programming, etc.). The lack of means
to express dependencies of some criteria on
other sometimes leads to contradictions that arise
from the fact that criteria independent of each
other are included in the list. Therefore, when
constructing a hierarchical structure and evaluat-
ing its elements, it is desirable to have means to
monitor possible conflicts. This requires special
knowledge of mutual relations between elements
of the hierarchy. These means are checking algo-
rithms of an expert’s knowledge for consistency,
of satisfying the principle of hierarchical composi-
tion, as well as component of system knowledge
extraction that allows to determine existence of
dependencies between elements of the hierarchy.

New approaches to forecasting issues

In addition to the traditional approach of rank-
ing finite set of alternatives on many criteria to
solve tasks of forecasting two DSS are developed,
which allow to rank alternatives based on time-
varying preferences (including importance of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 13, Iss. 6, pp. 6—21 (2015)

criteria) [3-5], and mutual influence of objectives,
criteria, sub-criteria and alternatives .

Dynamic preferences and priorities. The task
of forecasting expert preferences is related with
obtaining estimates of alternatives priority in the
form of time dependencies. For this, initial expert
assessments should contain information about
changing preference of one alternative over an-
other at some pointin time. Therefore, preference
evaluation may be set not to a constant, but to a
function. Selection of these functions can be done
by either providing to the expert a functionality
scale [3], or by fitting expert estimates obtained
at different times [4, 5]. These features reflect the
intuitive sense of the decision-maker on changes
in the trend: constant, linear, logarithmic and ex-
ponential, increasing to a maximum and decreas-
ing or lowering to a minimum and increasing, vi-
brational and finally allowing catastrophic chang-
es.

For dynamic tasks the matrix of pairwise com-
parisons contains time functions as elements, so
the maximum eigenvalue ) , and the eigenvector
W will also depend on time:

A(W(E) =, (H)W(T). (1)

Here A(t) is a matrix of pairwise comparisons
of objects containing information about the change
of preference of one alternative over the other at
a time interval that is specified by a function.

Ifthe order of the matrix of paired comparisons
does not exceed four for the equation (1) it is pos-
sible to obtain an analytical solution [3]. An alterna-
tive method is to obtain A(t) and W(t) numerically
[4, 5]. Todo this, itis necessary to have information
about preferences of experts for a certain period
of time. When accumulating such information in a
developed computer system preference forecast-
ing and assessment of immediate consequences
of made decisions become possible.

Example 1. Let’s consider the example of ap-
plying this approach to forecasting priorities of
prospects of commercialization of alternative of
innovative technologies for vibration protection
(VP) of high-speed ground transport (for the next
six years). Hierarchy of factors, acting forces and
criteria of tasks are presented in Pic. 1.

The main objective of the task (focus) is to
choose a type of VP that will be advantageous
for installation on high-speed transport vehicles
(TV) within the prescribed forecasting period.
The main factors influencing preferences, are
located at the first level of the hierarchy. They
are macroeconomics, scientific and technical
progress (STP), investment and requirements of
buyers of transport vehicles for vibration protec-
tion. At the second level of the hierarchy pro-
tagonists forces are located — VP manufacturers,
TV manufacturers and VP production technolo-
gies. Elements of this level influence the choice
of VP type through specific requirements ex-
pressed by quality criteria that make up the third
level of the hierarchy. At the last level, there are
alternative types of VP.

At thefirst stage static task of selecting the best
of the considered alternatives at present point in
time t, is decided.

At the second stage with the help of experts

Andreychikov, Alexander V., Andreychikova, Olga N., Tabunov, Evgeny V. Methods of Forecasting

Prospects of Inventions’ Commercialization



Table 1

FOCUS Macroeconomics | STP Investments Requirements of
buyers
Macroeconomics 1 1/0.25¢0¢ Auto 1/(0.2—0.05t+0.08t?)
STP 0.25¢0%¢ 1 0.2—0.18t+0.15t? Auto
Investments Auto 1/(0.2—0.18t+0.15t%) |1 Auto
Requirements of 0.2—0.05t+0.08t? Auto Auto 1
buyers
Manufacturers of VP | Profit Production growth Competitiveness Sales markets
Profit 1 1/ 1/0.333e%4¢ 1/0.333e%4
(0.2+0.05t+0.025t%)
Production growth 0.2+0.05t+0.025t? 1 Auto Auto
Competitiveness 0.333e4¢ Auto 1 Auto
Sales markets 0.333e04% Auto Auto 1
Manufacturers of TV | Quality Cost Reliability Layout features
Quality 1 0.333+0.4t+0.04t 3—1.15t+0.18t? 0.333+0.15t
Cost 1/ 1 Auto Auto
(0.33340.4t+0.04t2)
Reliability 1/(3—1.15t+0.18t?) Auto 1 Auto
Layout features 1/(0.333+0.15t) Auto Auto 1

factors

Macroeconomic

VP manufacturers

Production

Technologies

/

Competitivenes:

Cost

Requirements of
TV buyers

TV manufacturers

Quality

growth
Reliability
Ease of fabri-
Layout fea-
Profit Sales cation ytures
markets
I I I
Metal spring Pneumatic viba- Active VP

tion isolator

Pic. 1. The hierarchy of dynamic task to select perspective VP.

preferences are determined, which depend on
time. They are expert judgments on preference of
factors relative to the main purpose and judgment
on the preference of criteria for manufacturers of
TV and VP. This example assumes that preferences
expressed by experts for alternatives by criteria of
the third level of the hierarchy, will not change over
time. When filling out dynamic PCM expert can
simply choose a form and define parameters for
(n-1) basic functions, where n is dimension of the
matrix. The rest (n°-2n+1) values of preference

were calculated automatically based on the basic
values (Auto), based on the reverse symmetry
properties and assumptions of the absolute con-
sistency of judgment. The initial values of prefer-
ences were determined according to data of the
static task.

Dynamic matrices of paired comparisons have
a form shown in Table 1.

The results are shown in Pic. 2 and 3. Pic. 2
shows that the importance of scientific and tech-
nological innovation in the future will significantly
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Value of priority
vector

0.3
0.4

0.3

[t

0.2

0.1

years

Pic. 2. Change in priority factors relative to focus over time:
1 — macroeconomics, 2 — STP, 3 — investors, 4 — requirements of buyers.

increase. Priority of requirements of buyers in-
creases during the term of prediction slightly
weaker. The relative importance of investors and
macroeconomic factors reduces in the future. This
forecast can be considered rather optimistic. It is
consistent with the trends of stable economic
growth.

Global dynamic priorities of alternatives, cal-
culated taking into account these changes of
preferences (Pic. 3), demonstrate an increase in
the preference of production of complex and com-
petitive products (active and pneumatic VP) to
simple and cheap (spring VP) in the future. Low
priority of pneumatic VP in this case is explained
by relatively high cost and low reliability of systems
of this class.

Thus, making long-term decisions, it is impor-
tant to take into account trends in preferences
changes over time. These trends can be identified
on the basis of relevant static data. If any are miss-
ing, dynamic tasks can be solved on the basis of
reasonable hypotheses about changing prefer-
ences.

The problem of mutual influence. Axiomatic
methods of utility theory [6, 7] are based on mu-
tual independence of criteria and alternatives. The
new paradigm of decision-making with depen-
dence and reverse relation is formulated in [3],

which proposed to present a difficult problem as a
hierarchical or network structure, elements of
which may affect each other.

The method of network analysis allows to set
trends in the changes in priorities of elements in the
system with respect to the intended target and define
limits of these priorities. Limit priorities can be inter-
preted as priorities of system elements in the future,
that is, as a possible prognosis for the case where
the expressed preferences will remain unchanged
during the forecasting term.

In the method of network analysis elements of
decision making task are clustered between which
arbitrary connections are possible. Formation of
clusters and linkages is an informal procedure and
is carried out by experts and decision-makers (deci-
sion maker) on the basis of knowledge about the
specific problem to be solved. Combining elements
into clusters reduces the dimension of the task and
improves consistency of judgments. The next stage
is the construction of a matrix of pairwise compari-
sons for clusters and their components. The experts
evaluate intensity of the influence of some clusters
(items) on the other. The main eigenvectors of PCM
are interpreted as vectors of priorities of compared
objects. Of the main eigenvectors computed for the
elements of clusters supermatrix is formed. For
normalization of the columns vectors of priority of

Values of priority vector

1

0.5 | | EE/
0.4 - 2
ﬂ_3 i _‘IH_'_I*- - T".“

0.2

0.1

6
years

Pic. 3. Change in global priorities of alternatives over time: 1 — spring VP, 2— pneumatic, 3 — active VP.
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b)

a)
-m 1 Actors
F ( \ Actor 1
| Actor 1 Actor 2 | Actor 2 \ -
3 Alternatives

l Alternative 1 O

| Criterion 1 Criterion 2 Criterion 3 Criterion 4 | 2 Criteria Alternative 2
Criterion 1 L —"|  Alternative 3

‘l' | Q Criterion 2

Alternative 1 Alternative 2 Alternative 3 L
Criterion 3
Criterion 4

Pic. 4. Examples of structures of decision-making tasks: a) hierarchy; b) network.

orities depends on the structure of links of elements
of the problem. Formation of the structure is a com-
plex process that can lead to different results. This
process requires deep knowledge of subject area
and consideration of a variety of options. To provide
this capability the computer and information support

is required.
Example of hierarchical structure comprising

clusters are used.
Supermatrix of network task is reduced to sto-

chastic form by multiplying weighting coefficients of
clusters by the matrix. Raising a stochastic matrix to
high degrees provides a solution to the task of limit-
ing contribution of each cluster in a given target
(utmost exposure priorities).

Thus, the method of calculating exposure pri-

8. Buyers
8.1 Comfort
8.2 Safety

8.3 Cost

3. TV manufacturers

1. VP ) 3.1 Quality
1.1 Spring ) 3.2 Cost
1.2 Pneumatic 3.3 Reliability

1.3 Controlled 3.4. Layout features

2. VP manufacturers
2.1 Profit

2.2 Production growth
2.3 Competitiveness

2.4 Investment attraction

5. Macroeconomics

5.1 Production
development

5.2 Employment

5.3 Expansion of

markets

4.VP production
technologies

4.1 Availability

4.2 Prospects

4.3 Cost

4.4 Energy intensity

6. Investors

4.5 Materials 6.1 Private
4.6 Qualification 6.2 State'
6.3 Foreign

7.STP
7.1 In field of VP
7.2 Infield of TV
7.3 In field of

technologies

Pic. 5. Structure of network task to forecast promising VP.
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7

Spring

|

Controlled

Growth of VP

Investments of VP

Cost of VP

Layout features

Prospects of technologies

Energy intensity of technologies
Qualification of staff
Employment

Private investors

Foreign investors

14

STP TV

Comfort of TV

Cost of TV

0,04

o
o
=)
]

0,06 0,08 0,1 0,12 0,14 0,16

Pic. 6. The values of limiting priorities w” of elements of the problem to choose VP promising for production.

three layers is shown in Pic. 4a. If actors, criteria
and alternatives influence each other, then the
hierarchy is transformed into a network, one pos-
sible embodiment of which is shown in Pic. 4b.

The results obtained by taking into account
mutual influence of elements of the task, may
differ from the hierarchical composition of pri-
orities. Hierarchical approach allows to determine
the best alternative at the time of decision-mak-
ing. The mutual influence of elements of the deci-
sion causes a change in priorities, so in this case
the maximum result can be regarded as a forecast
that shows which alternative would be best in the
future.

Example 2. Let’s consider the application of
analytical network method to select vibration pro-
tection technology (VP) of high-speed ground
transport which will be promising for the production
of the next six years.

Key drivers and operating forces for considered
task are shown in Pic. 5. In addition to the alternative
options of technologies the effect of VP manufactu-
rers, TV manufacturers, TV buyers, investors, VP
production technologies, macroeconomic factors
and scientific and technological achievements in
this field are taken into account. The arrows in Pic. 5
indicate the direction of influence.

The task of decision-making includes 29 ele-
ments, which are combined into eight clusters. The
first cluster contains alternatives of VP proposed
for production.

These priorities of clusters are used as weight-
ing factors in the process of bringing supermatri-
ces to stochastic form.

In the process of formation of stochastic super-
matrices it is necessary to complete 90 paired com-
parisons matrix of elements of clusters, which are
exposed, for each of the elements affecting clusters.
Priority vectors calculated for these matrices are
written into corresponding blocks of supermatrix.

All matrices have good assessment of coher-
ence that characterizes the sequence of expert
judgment.

Sequential raising of obtained supermatrix to
integer degrees helps to get not changing with
increasing degree vector of marginal influence
priority w*, shown in Pic. 6.

The results allow to consider a controlled VP
the most promising for production in the future. Air
springs are in the second place, and spring is the
last one. Breakdown of the leading system of the
rest is quite significant. Therefore, ifthe preference
expressed by experts does not change signifi-
cantly over the forecasting period, then in the
presence of relationship between elements of the
task the best option for production will be con-
trolled VP.

The most significant influence on the choice of
perspective for the production VP belongs to pro-
duction targets, especially competitiveness of its
products. This is followed by the type of VP (see
Pic. 6). In the third place there are requirements
of TV manufacturers for VP. Among them the main
are quality of vibration protection and reliability.
About the same impact on the choice of advanced
systems of vibration protection belongs to techno-
logy parameters and investors. Impact of state and
foreign investors is more important than of private.
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Among the technological factors the most impor-
tant are availability and prospects of technologies.
Low in comparison with aforementioned factors
influence of macroeconomic indicators can be
explained by psychological characteristics of ex-
perts who are not prone to catastrophic forecasts.
The order of priority of the impact of macroeco-
nomic factors is obvious.

Influence of requirements of TV buyers associ-
ated with vibration protection, is also small, the
main among them is comfort.

Factors of scientific and technological progress
have the least total impact on given target com-
pared with the rest elements of the task. The most
significant direction is VP production technologies.

The results are concerted with the intuitive
ideas of experts, easy enough to be interpreted
and give a detailed justification for the forecast.
Interim results are also of interest, since they make
it possible to analyze the possible interaction be-
tween system elements. Compared to traditional
models of dynamic systems in the form of diffe-
rential equations considered approach has sev-
eral advantages: it facilitates access to quality
information when building the model; it is charac-
terized by the absence of the problem of determin-
ing the parameters of dynamic models and the
problem of finding the initial approximations; sig-
nificant time savings.

DSS and forecast

Decision support system for forecasting tasks
is based on the methods of analysis of hierarchies
and networks. It offers a variety of research studies
of complex systems in the face of uncertainty, and
can be used for decision support, strategic plan-
ning and forecasting. DSS includes a database, a
set of procedures for processing of expert prefe-
rences, as well as a block of statistical data analy-
sis methods for extracting knowledge. Knowledge
is used in solving problems of forecasting, assess-
ment of relations between criteria and other ele-
ments of the hierarchy, checking consistency of
expert judgment. Presence of knowledge and tools
to process them allows to call the developed sys-
tem intellectual. It has a wide range of problems of
forecasting and analytical planning in such subject
areas as economics, innovation, education [8—11].

Conclusion. The development of society leads
to changes in the tasks of managing complex man-
made systems where the crucial role is played by
the processes of decision-making. The appear-
ance of new approaches is justified by:

— Increasing the amount of information of
decision-making;

— Involvement of an increasing number of
participants, collective nature of making complex
decisions;

— The need for comprehensive assessment of
their possible consequences;

— Development of computational tools and
decision theory.

Increase in the amount of information increas-
es the dimension of tasks of decision-making.
Furthermore, there is a need for preliminary
analysis and structuring information. And the most
crucial problems related to DSS belong to the field
of semi-structured problems to solve which intel-
ligent systems are required that can store informa-
tion, extract knowledge and apply it to respective
targets (including predictive ones).
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