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"CraTbsi NOATOTOBAEHA MO PE3YNbTATAM UCCIEAOBAHUS, BEINMOMHIEMOro Npu GUHAHCOBOM noaaepxke rpaqTa Poceuiickoro Hayuroro Pok-
na (npoekt 14-38-00009) «[MporpammHo-uenesoe ynpasneHme KOMIekcHsIM passutem Apktudeckon 3omsl PPy (Cankr-MNetepbyprekuit
nonutexHudeckuin yHusepeutet [Netpa Benukoro). Astopsl 6naropapsat CM6MY u PH® 3a ykasaHHyto dpuHaHcosyio nogaepxky, Gnarogaps
KOTOPO# BbinK NOMyYEHbI BCE OCHOBHbIE PE3YNbTATH UCCIEAOBAHMA.

AHHOTauuA. B daHHoU cmamee npedcmassieH hopmManu308aHHelli NOOX00 K NOCMPOEHUI0 NOIMANHBIX U UepapXuyeckux UHGHOPpMAayuoHHO-
Ji02uyeckux modeseli Hay4YHO-MexXHOI02UYECKUX U COYUATbHO-IKOHOMUYECKUX NPOo2HO308. Paccmampusaemcs komnsiekc cpedcme modesu-
poeaHus npobiem: om 8blsienieHus nompebHocmeli o nosydeHus onpedeneHHo20 8uda pe3ybmama, codepxaHue Komopoz2o omeedydem
BHEWHUM NPU3HAKAM OAHHO20 COCMOAHUS. YcmaHoeseHue xenaemozo 6ydyuje2o coCmosHUs Npouecca passumus, Xapakmepusyowezo
npednonazaemsili pe3ynbmam, 3K8U8asIeHMHO OPMUPOBAHUIO Ueau pazeumus. [poyedypsl NOCMPoeHUs NO3MANHLIX U UePapXUu4ecKux
UHOpMAayuoHHo-102u4eckux Mmodeseli Mo2ym NpUMeHAMbCA 8 pexxuMe UCN0/b308aHUs 0UAI02d «pyKo8oOUMEb — UCNOIHUMEby, a npeo-
cmaseJieHHble OMHOWeHUs 8 8UOe JT02UHECKUX U MeopemuKo-MHOXeCMBeHHbIX NPABUJT CO2A1ACOBAHUSA UHBHOPMAYUOHHbLIX COCMABAAIOUUX
Nno38os15em Ha co0epxamesnbHOM yposHe PopMUpPO8AMb NPOCMble 80NPOCHI A1 UcnosiHUMenel u pykogodumered.

KntoueBble c/ioBa: Hay4YHO-mexHOI02u4ecKuli U CO4uanbHO-3KOHOMUYeCKUL NPo2HO3bI, Uesiu pa3sumus, UHGOPMAYUOHHO-/I02u4ecKue MoOeu.
Ona ccoinku: Komkoas H.U., Jlazapes A. A. Dopmanu308aHHbIl N0OX00 K NOCMPOEHU0 NO3MANHbIX U UepdpXuyeckux UHGHOPMayuoHHO-/10-
2uyeckux moodeneli // MUP (ModepHusayus. HHosayuu. Pazgumue). 2015. T. 6. N° 4. C. 303-308. DOI:10.18184/2079-4665.2015.6.4.303.308

LLinpokoe pacnpoCTpaHeHne  HAYYHO-TEXHOMOM-
UECKMX W COLMANIbHO-3KOHOMMYECKUX MPOrHO30B, d
TOKXE BBELEHWE B MPAKTUKY YNPABIEHWE PA3BUTUEM

OTBETCTBYET MOMYYEHMIO OMPEAENEHHOro BUAA pe-
3yNbTATA, COAEPXKAHNE KOTOPOTO OTBEYAET BHELLIHUM
MPU3HAKAM AAHHOTO COCTOSIHWA. YCTAHOBNEHME Xe-

CTPATErMH, LOPOXKHBIX KAPT, MPOrPAMM U MPOEKTOB 06-
YCIOBMIM NOTPEBHOCTL B MX METOAMYECKOM Obecrneye-
Hum. [lepexon OT ConepXaTensHoro ONMCaHMA NPor-
HO3MPYEMBIX M YNPABNAEMbIX NPOLECCOB, PACCMATPM-
BAEMbIX HO KQYECTBEHHOM YPOBHE, OCHOBLIBAETCS HA
MCMONb30BAHUM  PA3HOOOPA3HBIX MHPOPMALMOHHO-
nornueckmx mogeneit (MIIM) [1, 2], a ux noctpoenmne
60a3MPYETCA HA MOSTAMHBIX M MEPAPXMYECKMX MOAENAX,
M3BECTHBIX KOK MOLIENb «aepesa Lenei» [3].

DNeMeHTaMM NMPOCTPAHCTBA NMEPEMELLEHNS PE3YITb-
TATOB PA3BUTUS SBASIOTCS XAPOKTEPHbIE, PETYNSPHO
MOBTOPAIOLLMECS COCTOSIHMS MPOLECCA  PA3BUTUS.
Kaxpoe coctosHue B TOKOM NpOCTPAHCTBE onpeae-
NEHO MNOCPEACTBOM BHELLIHETO OMUCAHUS, T.€. NMyTeM
YCTAHOBNEHUA HOBOPA BHELUHMX MPWU3HAKOB, YCTOM-
UMBBIX MO OTHOLUEHMIO K M3MEHEHMIO COAEPXAHMS
OTAENbHOMO KOHKPETHOro pesynbtata. JoctuxeHue
XOPAKTEPHOrO COCTOSHMS MPOLECCa PA3BUTUS CO-

naemoro Byaywero CoCToaHMA NPOUECca Pa3BUTHS,
XQPOKTEPU3YIOWEro  NPEeanonaraemblii  PesynsTar,
SKBMBAMNEHTHO GOPMUPOBAHMIO Lenm passmtusa [4, 5].

Llenb moxeT 6bITb NPEACTABAEHA NPM MOMOLLM TPEX
coctasnsowmx {C", C.Y, C.}. Cocraensiowas C”
COOTBETCTBYET BHELIHWM TPEOOBAHMAM K LENM, Bbi-
nofHeHne KOTOPbIX ObecnednBaeT nepemelleHmne
PE3yNbTATOB PA3BUTHA B CEAyIOWEE COCTOSHUE B
PAMKAX NONHOro uukna. BbII'IOJ'IHeHMe BHELWHUX Tpe-
BOBAHUI BO3MOXHO, €CTIM NPEANONAraembli pesysb-
TaT 6yaet obnanats ceoicteamu C,’, BOCTATOUHbIMM
ons poctmxenna C”. MHaue rosops, coctasnaowias
C./ sBNAeTCa XapaKTEPUCTUKOM BHELIHMX TpeboBa-
HUM K COOEPXAHMIO NPEanonaraemMoro pesynsTaTa B
TepMmuHax (Ha aseike) paHHoro pesynstata. Cocras-
naowas C, COOTBETCTBYET COAEPXAHMIO MPEAno-
naraemoro pesynstata. Ecnu C,Y onpenenset cyuie-
CTBEHHbIE CBOMCTBA MPEANONAraemoro pesynstarta,
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COMacoBdHHbIE C BHELUHMMMU Tpe6OBOHMﬂMM, TO CO-
crasnqatoLwasa CR XAPAKTEPM3YET BCE OCHOBHbIE CBOW-
CTBA NpPennonaraemoro pes3ynbtata pa3BmUTmA.

3ananue sHewHnx Tpeboeanmin C¥, ¢ ogHoM cTopo-
Hbl, OPUEHTUPYET BEC MPOLECC PA3BUTHS, O C APYTOM
— obecneunBaeT BO3MOXHOCTb €r0 COMACOBAHMS C
NOCNeayloLWMMM PE3YNLTATAMM B PAMKAX MOJTHOTO
umnkna, passutus npoctparctea A3 PD, t.e. ucnons-
30BOHME, PA3BUTHE NPEAMNONATAEMOro PE3yNbTaTa.

Ins obecneyeHns BOZMOXHOCTH MepemelleHns pe-
3yNbTATOB B PAMKAX MOMHOTO uMkna passutus A3
P® npu dopmuposarun TpeboBaHMIA K comepxa-
HUIO KOXKAOTO COCTOSIHUS CriefyeT yuecTs Tpu 0643a-
TENbHBIX OPraHM3ALMOHHO-IKOHOMUYECKMX YCIOBMS:
noTpebHOCTb — COOTBETCTBME MPEANONAraemMoro
pesynbTaTa nocnegylowen uenu V¥, rotosHocTs
PA3BUTMIO — HANMYME HEOOXOLMMBIX YCIOBMM Ans
LQMNbHENLIErO PA3BUTUS AAHHOTO PE3YNLTATA, 3aBEP-
LWEHHOCTb — MOSHOTA COREPXAHMSA LAHHOTO COCTOS-
HUSI C TOUYKM 3PEHUS Er0 HEMOCPEACTBEHHOIO UCMOMb-
30BOHUS A1 JOCTUXEHWUSA CNEfyioLLero COCTOSHMS.
MepBoe ycnoBue npu LENEBOM MOAXOAE MOHUMAET-
Csl KAK COTNIACOBAHHOCTL LEMU PA3BUTUS C NOCIELyY-
IOLLEN LEeNblo, ONPefensiemMon C Mo3unuuM MOSHOro
unkna. Bropoe ycnosue cnegyet paccmaTpuBaTh KAK
HanMuMe HeobXOAMMbIX PECYPCOB, BKIIOUAS KAAPHI,
bUHAHCHI, HayYHOE 0B0PYAOBAHME U T.4.

CreneHb COMACOBAHHOCTH  (OPUEHTMPOBAHHOCTH)
MOXET GbiTb PA3ANYHON, HAYMHAA C GOPMMPOBA-
HUA TpebOoBAHMI, MCMONb3yembix ana obecnedeHus
HAMPOBAEHHOCTH MPOLECCA BHINOMHEHUA Cchopmy-
NMPOBAHHOIO 30/JAHUSA HA MCCNEeAOBAHKE, A0 ONpe-
[ENeHUs N1Lib HEKOTOPOM OBNacTM NOCNeayioLLEero
MCMONb30BAHMA PE3yNbTaTOB pa3euTua. [op ycnoem-
em 06ecneyeHHOCTM Pecypcammn NoapaA3yMeBatoTCs
KOK CyLLeCTBYIOWME (HanUuHbIE), TOK M Npeanonarae-
Mble (LenecoobpasHO BO3MOXHbIE) pECYPChl.

B kayectBe OCHOBHOrO CBOMCTBA MHGMOPMALMOHHO-
nornyeckoi mogeru (MJIM) passutus npuHumaercs
OTHOLLEHME CTPOTOro IMHEMHOTO MOPAAKA HA MHO-
XKECTBE XAPOKTEPHbIX COCTOSHWUIA MONHOTO BHYTPEH-
HEro UMKAQ:

0>0>.>0, (1)

rae Q, — HayaneHoe coctosHKe npouecca, a Q= 3k-
BMBQMNEHTHO JOCTMXEHMIO Luenm V.

3a KpUTEPUI YNOPALOHEHUS COCTOAHMIA NMOMHOTO BHY-
TPEHHEro LUMKIA MOXET ObiTb MPUHATA XAPAKTEPUCTH-
KO 3aBEPLUEHHOCTH:

P1(Q1) < Py(Q2) < < Pp(@p), (2

KOTOPASst MOHOTOHHO BO3pacTtaet no Q.

K nepevncreHHbIM OJIMKHO ObITb JJ,O6OBJ'IeHO CBOWMCTBO
nocnenoBATesIbHOro yBENMMYEHUA MHd)OpMOLIMM O CTPYK-

Type NPOoLECca PA3BUTUS 1 COAEPXKAHMM Er0 MPOMEXY-
TOYHBIX COCTOSIHUM MO Mepe NPUBNMKEHUS K KOHEYHO-
my. Mpu 3Tom kaxpoe coctoskmre Q, € {Qf moxeT BbiTb
NPELCTABNEHO B BUAE ABYX COCTABMSIOLLMX:

vQ; € {Q}:Q; = Qv Q. (3)

Cocrasnsiowas O 5KBUBANEHTHA COAEPXAHMIO pe-
QNM30BAHHOMN 4ACTM MPOLECCA Ans AOCTUIHYTOrO CO-
crosHuns Q,, a O — ocTaslelics He3aBEPLIEHHON
4OCTH, MHPOPMALMA O COREPXKAHUM KOTOPOM OTCYT-
ctByeT nMBO ONpefeneHa NOCPEACTBOM BHELLHMX
npuaHakos. Npouecc RoCTMXEHUs Lenu ynpasneHms
PA3BUTUEM MOXET BbiITb NPEACTABNEH B BUAE YNOPS-
[O4YEeHHONM nocnenosaTtensHocTn (2), rae opHospe-
MEHHO MPOMCXOAUT YBENUYEHUE €r0 3ABEPLUEHHOI
4ACTM M, HAOBOPOT, YMEHbLUEHNE HE3ABEPLIEHHOMN.
MocneaHve ABA YCNOBMA MOXHO MPEACTOBMUTL C MO-
MOLLBIO CEAYIOLLMX COOTHOLIEHMIA:

QicQ;c - cQn )
Q' 2Q'>>0Qn (5)

3aBepLIeHHas YacTb Kaxaoro nocneayowero Q.. co-
CTOAHMA MOMHOCTbIO BKAKOYAET 30BEPLUEHHYIO 4ACTb
emy npeawectsyioutero Q.. Ysenuuenne 3aepLueH-
Hoi yacTu npu nepexoae u3 Q. B @, obycnosneHo
YOCTUYHOM OETANM3ALMEN M NPEBPALLEHMEM 4EeTanu-
3npoBaHHoit yacTn B 3asepluerHyio O, "\ Q. Cnpa-
BE/IMBO YCIIOBME:

.VM Qi,Qi+1 € {03:Q{'\Ql}1 2 0/41\0},
LE (6)

Qj+1\Qj # @

T.€. «KNMPpUPALLEHNEN 3C|BepLLIeHHOIZ 4acTM npu nepe-
xone m3 Qi B Qi+1 ABNAETCA NOAMHOXECTBOM YMEHb-
LeHuns He3OBepLUeHHOl;'1 COCTABNSAOLLEN, M — mHoxe-
CTBO HOMEPOB COCTOSIHUM.

Ecnm pacematpusats (1) kak nocneposatensHoCTs
NPOMEXYTOUHbIX YNPABAAIOLLMX BO3AENCTBUIM HO NPO-
UeCC AOCTMXEHMS uenu, To cocTasnsoulas Gyaert
COOTBETCTBOBATH MOAMHOXECTBY MPUHATLIX yCﬂOBMlji
OTHOCMUTENBHO KOMMAEKCHOro obecnedeHmns npouec-
ca, a O — NoAMHOXECTBY peLleHMit O BO3MOXHOI
AETONMU3AUMM MPUHATHIX YCIOBMIA B NOCIEAYIOLLMX
COCTOSHMAX MPOLECca AOCTMxeHus uenu. [loamHo-
xectso Q! xapakTepuayioLLee 30BEPLIEHHYIO YACTb,
npexae BCero MAOMKHO ObiTb  CTPYKTYPHM3OBAHO,
T.€.00JIKHbI 6bITb onpepeneHbl OCHOBHbIE COCTABA-
IoLLME KOMMNEKCHOTO YNPABAAIOLLEro BO3AEMCTBUA 1
YCTQHOBAEHbI OTHOWEHUS mexay Humu, CTpykTypu-
3aUMa NPOLECCa O3HAYAeT BBefeHMe TPebOoBaHMI
K MHPOPMALMM O COCTABHBIX YACTAX KOMMAEKCHOTO
ynpaBneHus.

B npotueononoxHocte Q/ cocraensiowas Q He
CTPYKTYPM3OBAHA, G 3QGAGHA MWL MNOCPEACTBOM
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BHELWHNX MPKU3HAKOB, XAPAKTEPUIYOLWMX OXnaae-
Mbl€ peLUeHNd.

WIIM (1) — (6) kOHKPETU3MPYIOTCA C YHETOM AOMOMHM-
TembHbIX OCOBEHHOCTEN KAXA0ro KNacca Npoueccos
ynpaenenus WP. Uaoentudukaums MM passutusa
npeanonaraeT NOCNEAOBATENLHOE peleHue 3aaaY:
HaxoxaeHne Hambonee AETANbHOM MOCNefoBATEMb-
HocTn cocTtosHmii (1), otBeuatowwmx ycnosuam (2) — (6)
(samaua A), v onpegeneHre cpean HOMAEHHBIX TONBKO
XQPAKTEPHBIX COCTOAHMI (3aaada B).

PopmanbHas NOCTAHOBKA 3aaa4M A COCTOWT B Cre-
ayowem. Haitr sbbekTUBHLIN anroputm, 3a8010LLMI
TIMHEWHbBIA NOPSAAOK NS COCTOSIHWM MOMHOTO LMKNA,
06pPA30BAHHbIX B COOTBETCTBMM C ycnosuamm (1) — (6),
a Takxe:

‘?IXQZX---an
(0} = 12 > 22 >+ > sz
qin > Q2n > Asn

Vqij € qj:qij = qi-1)j Y ﬂqfi—mﬂqg;‘—ﬂj
. (7)
+0,j=1n

Moctpoenme monenm (1) — (7) moxeT GbiTs npeacTasne-
HO KQK MOLLIAroBbIi NPOLECC BHIBOPA COCTOAHMM, KAX-
LO€ M3 KOTOPbIX XAPAKTEPU3YETCS COOTBETCTBYIOLLMM
KopTexem. ANropuTM ee peLLIeHUs PACCMOTPEH Aanee.

B o6uiem criyyae, korna xapaktepuctuka P(Q) sana-
€TCA B NOPAAKOBOI WKane, TpebyeTcs:

(=1 k) — 1
2

n

[ 5

j=1

NAPHBIX COABHEHMK, rae kj - YMCIIO YPOBHEMN j-I1 KOM-
NMOHEHTHI.

MpeanoxeHHoi B8 [2] anroputm nossonseT cyuie-
CTBEHHO CHU3WTL TPYAOeMkoCTs noctpoenus (1) = (7),
Q OLEHKOM CBEPXY eCTb:

m-1-| D j-2

JEN

[MocnepoBaTENbHOCTL  COCTOAHMI  MOSIHOTO  LMKNQ
NPOLECCa PA3BMTMSA, HOMAEHHAS B pe3ynbTate pe-
weHma sagaun A, Hambonee getansHa. OpHAko Ha
NPAKTUKE AANEKO He BCeraa yaobHO MONb30BATLCS
netansHoit MJIM, yacto 6onee npeanoyTutensHo
MCNONb30BaHME arpernpoBaHHbix MJIM, B KoTopbIX
BbIAENEHbl NINLLIb HEKOTOPBIE COCTOAHMA NMBO 4aCTb
COCTOSIHUI ArPErMPOBAHA B XOPAKTEPHbIE.

JaHHas 308040 OTHOCKTCA K KNACCY M3BECTHBIX 30AAY
QBTOMATMYECKOMN KNACCUMBUKALMM U PACIO3HABAHMS
06pasos.

B 06uwiem cnyuae 308040 onpeaeneHms xapakTepHbx
cocTosHMIt cpean nocnegosatensHoctn (1) moxet
ObiTb NPEACTABAEHA KAK MOUCK OTHOLLEHMS SKBMBA-
neHtHoctv R™Ha {O):

(1) (2) (s)
Qilay Y Qari—iy Y Y Qpriomy (8

i §
Q() )>Q(2)

(s)
(1-d (d+1-k) = " 2 Q(p+1—m)’ (9)

vo. 0 e{Q X Qine =9, (0

rae {Q7} — MHOXECTBO ArperMpoBAHHbIX COCTOSIHUMA

(knaccos skBrMBANEHTHOCTH):
k
(1) (2)
Qo) = UQf Qa+i-1) = U Qn
n=d+1

Mog «aepesom uenei» npobnems P Oynem noHMMaTs
COMACOBAHHYIO M YNOPSAOYEHHYIO MO YPOBHAM Me-
PAPX1M COBOKYMHOCTL Lieneit (noagpobnem) Heobxoau-
MbIX 1 IOCTATOYHbBIX ANS AOCTUMXEHMS Lenu (Mpobnembi)
Vp. Moanpobnemoit P R-ro ypoeHs nepapxuu sens-
€TCA 4acTb NPOBNEMbI, COOTBETCTBYIOLLASA R-My ypOB-
HIO nepapxum, uenb V¥ koTtopoit Heobxommma ans
OOCTUXEHUS Lenm npobnems Vp. Moanpobnema P,
KOTOPQAs B CBOKO OYEpefb He MOXET BbITh NpeacTasse-
Ha (nmbo Takoe npeacTaeneHne HeuenecoobpasHo)
C MOMOLLBIO COBOKYMHOCTM, COAEPXALLEN HE MeHee
aByx noanpobnem cneayouwero (m+1) yposHs geta-
SIM3ALMM, HOZBIBAETCA HEAENMMOM Noanpobnemon.

Mon (k+1) yposHem nepapxmu (metanmsaummn) npo-
BeMbl MOHMMAETCS €€ NPEACTABIEHUE C NMOMOLLBIO
HEOBXOAMMOM M JOCTATOUHOM, C TOYKU 3PEHMA OCTU-
XEHMS LENU, COBOKYMHOCTU TAOKUX NOANPOBIEM:

k+1 k+1
{PE**, Pk

noanpo6rema 3Tol COBOKYMHOCTM ABASETCA YACTbIO
noanpobnemsl 6onee Bbicokoro R-ro yposHs. Coso-
KYMHOCTb AETANU3MPYIOLLMX noanpobnem (R+1)-ro

YPOBHS: {Pk+1 P{‘?l, ,Pi’gl}, aBnseTcs

[IOCTATOYHOM MO OTHOWEHMIO K ucxogHoin PR nog-
npobneme 6onee BbICOKOro R-ro ypoBHs, ecnu ao-
CTUXXEHME Lenu, COOTBETCTBYIOLLEN WCXOAHOM MOA-
npobneme, obecnedmBaeTcs NpPU OfHOBPEMEHHOM
[OCTUXEHWM LIenei COOTBETCTBYIOLIMX ETANUUPYIO-
WM ee Noanpobnemam.

k+1 k+1
, Pim } 4TO KaXAaas P

HOCTpoeHMe aepesa Luenen CoOCTOMT B MOCNEeAoBa-
TeNbHOM AEeTANU3aLmUn I'IpO6J'IeMbI 0O YPOBHA HEOENN-
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MbIXx TOANPO6EM M B MPOBEPKE NPABMALHOCTM NOSY-
yeHHoro pasbuenus. MNpouecc noctpoeHus aepesa
uenen mMoxet ObiTb NPEACTABAEH C MOMOLLBIO YNO-
PALOYEHHOM COBOKYMHOCTM CTAHAAPTHLIX NPOUEayp,
KOTOPbIE MOFYT PACCMATPMBATLCA KAK ONEpPaTOpPbI
npeobpasoBaHUs.

[Mon cTaHpOpTHOM nNpouesypor MNOHMMAETCS CO-
BOKYMHOCTb AENCTBUMA (KOK OPMAbHBIX, TAK M He
bopmanbHbIx), HANPABNEHHBIX HA NPEOBPA30BAHKE
MCXOMHBIX ACHHBIX [ JOCTMXEHUs TpebOoBaHMiA,
npenbsBNeHHbIX K 30BEPLUEHWUIO 3TOM NPOLEAYPSI.
[Mpu noctpoeHun aepesa Lenen Kaxaas npouey-
pPA BLIMOSHAETCS SKCNEPTOM MU TPYMMNOM SKCNEPTOB.
HeicTaus akCnepToB NPU NOCTPOEHUM AEPEBA LiENEN
PErNaMeHTUPYIOTCA CeayOWLMMM NPABUIAMM:

1. Mepexon ot ucxogHon uenn V& k mHoxecTsy
06eCneunBaloLLMX ee LOCTVXEHUE LENet:

{lgl, Vajz, ey Va‘;,n} OCYLLECTBASETCA HO OCHOBE

MCMOMb30BAHMS HEKOTOPOro OnepaTopa npeob-
pasosanua F, /!, umerowlero copepxartenshyio
MHTEPMNPETALMIO B BUAE MAEM, TUMOTESbI, COBOKYM-
HOCTM NPABKA M T.M., O6OCHOBLIBAKOLLMX MPUYMHBI
M BO3MOXHOCTb TaKOro nepexond. PopmanbHo
LOHHOE YCNIOBME MOXHO MPELCTABUTL B ClEfLyto-
Lem Buae:
(1)

J-1, ya-1 { b oy J } j-1
V8 o (Ul Vi VIR )E) T 2 0
2. Kaxpas obecneunsaiowias uens V / nomxHa Gbie
HE30BMCUMA B CMbICTE CYLLECTBOBAHMSA M HEOBXO-

OVMA AN JOCTUMXKEHNS MCXOAHOM.

HesaBMCMMOCTb B CMbICNIE CyLLECTBOBAHUS OTAENb-
HbIX 06ECNeYnBAIOLLMX LENEN O3HAYAET, YTO AN HUX
HAMAEHb TaKMe cneumduueckue n yCToMuMBO pasnu-
UMMbIE CTOPOHBI KOXAOM LENn, KOTOPbIE MOXHO MC-
CrefloBATh HE3ABMCUMO OT OCTASbHBIX, O OXMAAEMbIE
PEe3ynbTATH UX BOCTUXKEHMS UMEIOT COMOCTOSTENBHOE
3HAYEHWE, YCNOBME HE3ABUCUMMOCTM B CMbICTE CyLLie-
CTBOBAHMS, ObecnednBaiowmx Lenei GopMansHo 3a-
NUCHIBAETCS Creayiowmm o6pasom:

(v (W) )li = 1, m&k = T, m&i

= k&V), # 0 (12)
&V} £ 0 - vI&V) vy ny) =0

3. Buinonrenne obecneumsaiowmx  Uenen  [onx-
HO ObITb AOCTATOYHO AAA AOCTMXEHMA MCXOLHOM
uenu, T.e.

m

UV; >yt (13)

i=1

4. Kaxnas obecneumnsatowas uens V. /, netanuamnpy-
IoLLas ucxonHyto V1, obnanaet MHOXeCTsom

=i/
NPU3HOKOB TFJ(Vm') COOTBETCTBYIOLLMX

. A~ T
YCTAQHOBJTIEHHbIM 0714 L YPOBHA NPU3HAKAM 71'}

t(V))=#l,i=Tm (14)
5. ns obecneyeHmns pasnmums Kakasii ypOBEHb 1eTa-
SU3AUMM BOIKEH ObITh MPEACTABNEH MHOXECTBOM
PSRN | ~ ]
CYLLECTBEHHbIX MPU3HAKOB {‘»'1'1 yTo, ey rrn},

TAK, YTO WX COBMECTHOE BhINOMHEHWe, obecneunsaert
YCTOMUYMBOE PA3NMUME YPOBHEN LETANU3ALMM:

n f

UT[::, ~ft); U:frf ~7P (15)

j=1 e=1
ftl~>aPj=1rp=1r1j#p

Moa npusHakamu L/ ypoBHs noHumaetcs Habop
KQYECTBEHHO OT/IMYHLIX CBOWCTB, KOTOPbIMM 065a-
ACIOT BCE LEeNU UCCNEAOBAHUMI, NPEACTABNEHHbIX HA
LOCQHHOM ypOBHe aetanuaaumu. B kayectse aTux npu-
3HOKOB MOTYT MCMOMb30BATLCS, HAMPUMEP, NPEANa-
raemsiit obbvem mccnegosanui TtV (tpysoemkocty) um
Tpebyemast Cneumuanm3aums KOnIekTMBOB UCMONHU-

Teneit (Y, 5, ..., M), toe T’ = cooTseTCTByeT
I-My BUAY CNELMANU3ALMM.

6. CosokynHoctb yposheit {L!, L2,... L%}, xapakTe-
PU3YEMbIX MHOXECTBOM CYLLIECTBEHHbIX MPU3HOKOB

(7', 7%, .., 7%}, L) & #t),j = 1,r ynopsno-
YeHa TAK, 4TO:
L'>1%2 > >17 (16)

7. MHOXeCTBO NPU3HAKOB YPOBHEH
~1 A2 ~z
{ft1, 7%, ..., 1%} HesaBncHMbI B CMbICTIE CYLLECTBO

BAHMA:
(17)

M HOXOAATCA B OTHOLUEHWMU BKITIOYEHNA!

flof2 > DR? (18)

YKa3aHHbIE NPABUAA CITYXAT OCHOBOW AN GOpMUPO-
BOHMS CTOHAAPTHbIX MNPOLEnyP MNOCTPOEHMs Lepesa
ueneit. [Mpu nocTpoeHnn aepesa uene LOCTATOYHO MC-
NOMb30BAHKS CERYIOLLMX NPOLEnyp, KOTOpble AEeNsTCs
Ha [1BA KNOCCA: NPOLLEnyPbl NOCTPOEHMS 1 NPOBEPKM.

K npouenypam noctpoeHus OTHOCATCS
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1. MNpoueaypa peaykumu uenn — HedoOpManbHAS
(3BprCTUUECKan) Npoueaypa, C NOMOLLBIO KOTO-
POW OCYLLLECTBASETCA NEPEXOL OT AAHHOM Lenu K
MHOXeCTBY moguenei, 06ecneunsalowmx ee 1o-
cTuxenue. B ocHose 31Ol npouenypsl, COrNAcHoO
npasmna 1, nexut onepatop npeobpasosaHms,
MMEIOLLMI  COLEPXATENbHYIO  MHTEPNPETALMIO
Mem, rMnoTess, 060CHOBLIBAIOLLYIO MPUYMHBI W
BO3MOXHOCTb TOKOTO Mepexonal.

2. MNpouenypa onpeaeneHuns COREPXAHUA LENU —
HedOpManbHAs NPoUesypd, HAMPABAEHHAR HA
BblgBNEHME OCHOBHbIX CBOﬁCTB, NPWU3HAKOB, Xa-
PAKTEPU3YIOLLMX LENb CUCTEMBI, KOTOPLIE NO3BO-
NS0T JATh ee GOPMYIMPOBKY.

3. MNpouenypa onpepenexus TPeBOBAHMI K [OCTH-
XeHUIo uenn — HedbopmanbHas mpouesypa Co-
CTOMT B YCTQHOBMIEHUM AOMYCTUMbIX KONIMYECTBEH-
HbIX OLLEHOK NMOKA3ATENEM, O TAKXKE UX BOSMOXHbBIX
KOMOMHALMMA, MPY HAMUYMM KOTOPBIX MOXHO CYM-
TATb, YTO uenb gocturHyta. B tom cnyuae, korga
NOKA3AaTENb HE MOXET BbiTb ONpeaeneH Konmye-
CTBEHHO, (DOPMYNMPYIOTCS KAYECTBEHHbIE MPK-
3HOKM LOCTMXEHWUS LENU, BOMYCTUMbIE C TOYKM
3peHKs AAHHOTO NMOKA3ATENS.

[MpoBepka NPABMALHOCTU MOCTPOEHWS AEepPeBdA Le-
neMi MOXET BbiTb BINOMHEHA C MOMOLLBIO CHERYIOLLMX
npouenyp:

1. MNMpouenypa npoBepkn COOTBETCTBMS LENM PAC-
CMATPUBAEMOMY YPOBHIO MEPAPXMK. DTA NpoLe-
LypPa COCTOWT B YCTAHOBNEHWM LENCTBUTENEHOTO
YPOBHS LETANU3ALUMM U CPABHEHUM €ro C 3AACH-
HbIM CONIACHO Npasmna 5.

2. Mpouenypa NpoBepku AOCTATOUHOCTU [ KOHb-
IOKTMBHOTO OObeanHeHus obecneunBaomx Le-
newn, C TOYKM 3PEHNUT JOCTUXKEHUI MCXOQHOW Lenu,
COCTOMT B ONPEfENeHn BO3MOXHOCTH LOCTUXKE-
HMS UCXOAHOM LEnu Npu AOCTMXEHUM BCex obe-
cneuusaiowmx (npaswmno 3).

3. Mpouenypa nposepkn HeobxoammocTn obecne-
UMBAIOLLEN Lienn, C TOYKU 3PEHMA MCXOJHOM, 30-
KIIOYOETCS B OLEHKE BO3MOXHOCTU LOCTUXEHUS
MCXOIHOM LENU NPM UCKIIOYEHUM AAHHOM obecne-
ynsatoLLEn uenu (npasuno 2).

Mpouecc NocTpoeHus nepesa uenei CoOCTOUT U3 Lp-
KIOB, LUArOB M Onepaumid. [104 i-M UMKNOM NOHUMA-
eTCs MPOLECC MOCTPOEeHUA AEPEBA Lenei CUCTEMb
Ha i-om ypoeHe uepapxuu. Llykn, B ceolo ouepens,
cocTouT M3 psaa waros. LLlarom 6yaem HasbisaTs Co-
BOKYMHOCTb ONEpaLit HEOOXOAMMBIX U BOCTATOUYHbIX
ANs AeTanM3AUMM, MCXOLHOW Uemu R-ro ypoBHa Ha
obecneunsaowme ee uenu (k+1)-ro yposHs, npuyiem
KOXKAQS ONepaums HaNpPaBneHa Ha GopMMPOBAHME
onpepeneHHon obecneumsaouiei uenn (R+1)-ro
ypoBHsa. B cBoio ouepepb niobas onepauns MOxeTt

ObiTb BLINOMHEHA C NMOMOLLBIO MEPEUUCTIEHHBIX PAHEE
CTOHROPTHLIX Npoueayp. [ 1o3Tomy Bech npouecc no-
CTPOEHMS lepeBa Lener MOXHO NPeacTaBUTb B BUAE
YNOPAROYEHHOTO HOBOPA CTAHAAPTHLIX MPOUEayp,
OBOBLEAMHEHHBIX B ONEPALMM, WATH MU LUK,

PaccmoTtpm  nocnepoBaTensHOCTb  CTAHAAPTHBIX
npoueayp, UCNONb3YyEMbIX NMPWU BbIMONHEHUU OTAEMb-
Hoi onepaunn. OHA CBOAUTCA K BbIAENEHMIO OTAEMb-
HoW (oBecneunsatoLeit) noanpobnems, AETANU3UPY-
joLLei MCxoaHylo Npobnemy 6onee BbICOKOro ypOBHS.
B COoepPXATEeNbHbIX MOHATUAX TAKOE NMOCTPOEHNE CO-
cTouT B cnepyoulem. [peanonoxmm, 4To 4acTs obe-
cneurBaowmMx noanpobnem yxe Haitaena. lMocne
5TOrO HAXOAMTCA OCTABLIAACA HEAETANM3MPOBAHHOM
4acTb ncxopHoit npobnemsl. OHa ycTaHaBAMBOETCA
KOK HECTPYKTYPM3OBAHHAS 4ACTh MCXOAHOM Npobne-
Mbl, OCTOBLUQACA NOCNE CHOPMYIMPOBAHHbIX obecne-
umeaoLmx noanpobnem. M3 31oi yacti HeobxoanMmo
BLIAENUTb NOANPOBNEMY AAHHOTO YPOBHS MEPAPXMM.
MpK 5TOM MCNONB3YETCA CREayIOLMIA NOPAAOK.

Mpu peTanMaauMM B NepBylo oYepedb crneayer no-
MbITATLCA BbIAENMTL (CHOPMYNMPOBATL) TaKylo nop-
npobnemy, C KOTOPOH MOXET BbiTb HAUATO pelueHue
OCTOBLUEHCH HEAETANU3UPOBAHHOM YACTH HO AAHHOM
YPOBHE.

DopMUPOBAHME MCXOAHOMN NPOBAEMBI HOYMHOETCS C
onpefeneHuns ee CoLEPXAHUs, NOCNe Yero YCTAHAB-
NMBOETCA UeNb M MOKA3ATENM, XAPAKTeEpPU3ytoLLme
CTeneHb OOCTMXEHMUS Lenu, a TAkKkKe JonycTumas
obnacTe 3HaYeHui 3Tux nokasatenen. [locne storo
onpenenseTcs OCTOBLUAACS HEeLEeTANU3NPOBAHHAS
4OCTb MCXOAHOM NPOBNEMBI, HAOXOAMTCA €€ COoaep-
XAHUe, uenb, NoKasaTenu u TpeboBaHusa K HUM. DTO
HEobXoaMMO NS NPOBEPKM [OCTATOYHOCTU AeTanu-
3aUMM, KOTAa OMNpepenseTcs COOTBETCTBME COAep-
XaHUsA BCex uenen obecneynsaiowmx noanpobnem,
a TAKXE OCTOBLUEMCS HEAETANU3UMPOBAHHOM 4ACTH
COOEPXAHMIO M LENaM McxoaHoi npobnemsl. Ecnu
LOCTATOYHOCTE O6ECNeYnBaETCs, TO MPOBEPSIOT He-
0BXOAMMOCTL HanMuMa paHee CchOPMYIMPOBAHHOI
NOACKUCTEMbI U OCTABLLENCS NOCHE ee GOPMUPOBAHMS
4acTu ncxoaHod. [pobnemy, He apnsioLLyiocs Heob-
XOAMMOM, mckmodatoT. Ecnu BeinonHseTcs ycnosue
LOCTATOYHOCTHM, TO YTOUHSIIOT COLEPXAHWE U Lenu
KQK HOMAEHHOM NOANPOBNEMbl, TAK M OCTABLLENCS He-
AETANM3MPOBAHHOM YACTM UCXOAHOM NPOBIEMBI.

MpakTMyeckas peanuMaauus NPOLEecca MOCTPOEHUs
OEepeBA Lenei HA OCHOBE OMUCAHHBIX BbilLE CTOH-
LOPTHBIX NMPOLEelyp OCYLEeCTBAseTCs nytem bopmu-
POBAHMS BOMPOCOB K 3KcrnepTam. [lonyueHHsie oT
9KCNEPTOB OTBETHI AHAMM3UPYIOTCS 1 COMOCTABAIOT-
¢l ¢ TPEBOBAHUAMM, ONPEAENAEMbBIMU COLEPXKAHNEM
M YCNOBMAMM 30BEPLLUEHMS CAMMX MpoLeayp, B pe-
3ynbTATE Yero NPoLecC NOCTPOEHWS AepeBdA Lenew
NoBTOPSIETCS NMIMBO 30KAHUMBAETCA COBCEM.
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Moctpoerne MHGOPMALMOHHO-NOTMYECKON MOAENM
NPOLECcCa AOCTUXEHUA Lenel B BuAE ynopsaoyeH-
HOM NOCNEeNOBATENLHOCTU XOPOKTEPHBIX COCTOAHMIA
MMeeT psaf AOCTOMHCTB, CPEAU KOTOPbIX OCHOBHbLIMM
ABAAIOTCA MPOCTOTA WM HAMSAHOCTb NPEACTABAEHMS
npoLecca pelueHus CnoxHsix npobnem. MNpoctora
OMMCAHMS AOCTUIAETCA 30 CHET ArperMpoBaHMs OT-
[EeNbHbIX MPOMEXYTOUHBIX COCTOAHUIA B XAPAKTEPHBIE
M YCTAHOBNEHMS UX NIOMMYECKOM NOCNEA0BATENLHOCTH
(nuHerHoro nopsakal).
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A FORMAL APPROACH TO BUILDING INCREMENTAL
AND HIERARCHICAL INFORMATION AND LOGICAL MODELS
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Abstract

This article provides a formalized approach to building incremental and hierarchical information and logical models of scientific-technological
and socio-economic forecasts. We consider a set of tools for modeling problems: from identification of needs to produce a certain kind of result,
the content of which corresponds to the external signs of this condition. Establish the desired future state of the process of characterizing the
intended result is equivalent to the formation of development. Procedures for constructing incremental and hierarchical information and logical
models can be used in the mode of using dialogue "director - executor’; and presented in the form of logical relations and set-theoretic rules
harmonizing information components allows for a meaningful level to form simple questions for the artists and executives.
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